
IN THE UNITED STATES DISTRICT COURT 
FOR THE NORTHERN DISTRICT OF GEORGIA 

ATLANTA DIVISION 

C-E Minerals, Inc., ) 
) 
) 
) 

Plaintiff, 

v. ) CIVIL ACTION FILE 
) 

CARBO Ceramics Inc., ) NO.: 1:11-CV-2574-JOF 
) 

Defendant. ) 

Declaration of Frank Lowrey 

1. My name is Frank Lowrey. I am over the age of 18 and otherwise fit 

and competent to make this declaration. I make this declaration based on 

documents on file in government databases maintained by the U.S. Patent and 

Trademark Office and the Securities and Exchange Commission 

Expired Patents Discussing the Use of 
Andersonville, Georgia Clay to Make Proppants 

2. The U.S. Patent and Trademark Office maintains a searchable 

database of U.S. patents at http://patft.uspto.gov/. Exhibits 1-7 and 9-10 to my 

declaration are copies of patents maintained on and printed from that database. 
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U.S. Patent No. 4,921,820 

3. U.S. Patent No. 4,921,820 relates to "[a] lightweight oil and gas well 

proppant" made from "a mixture of kaolin clay." Exhibit 1, p. 1 (Abstract). It was 

filed in 1989 and issued in 1990 to the assignee Norton-Alcoa Proppants. Id. This 

patent discusses the types of clay, including clay from C-E's Andersonville, 

Georgia facility, preferred for making proppants: 

The preferred raw materials for use in making the low specific 
gravity, high strength proppants of the present invention are kaolin 
clay and amorphous to microcrystalline silica. Preferably the kaolin 
clay consists largely of kaolinite (AbSh05 (OH)4) and is essentially 
free of sand (i.e., quartz). One source of such material is from C.E. 
Minerals, headquartered in King of Prussia, Pennsylvania. The 
kaolinite deposits owned by C.E. Minerals are mined at C.E. 
Mineral's Mulcoa operations in Andersonville, Georgia. The 
Andersonville kaolin deposits owned by C.E. Minerals are well 
described in a report by Alfred D. Zapp entitled "Bauxite Deposits of 
the Andersonville District, Georgia", U.S. Geological Survey Bulletin 
1199-G. The report is incorporated herein by reference. The report 
states that the deposit consists largely of the mineral kaolinite and is 
essentially sand free. The chief impurities are compounds of iron and 
titanium and small amounts of gibbsite. The kaolin clay is deposited 
in tabular lenticular masses. Raw materials containing significant 
amounts of sand (free silica or quartz) produce a weaker proppant, 
while raw materials containing gibbsite or other hydrated aluminas 
yield a product having an undesirably high specific gravity. 

Id., p. 3, Column 4, lines 10-33 (emphasis added). 
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4. Patent No. 4,921,820 further explains: 

In general the kaolin clay most useful as a raw material in 
making the proppants in accordance with the invention may contain 
by chemical analysis about 45 w/o [i.e., weight-percentage] alumina 
and 52 w/o silica, less than 1 w/o iron oxide and less than 2 w/o 
(preferably less than 1 w/o) free quartz. Preferably the kaoline clay 
approaches 100% kaolinite. Most preferably the amount of free 
quartz is non-detectable. 

Id., p. 3, Column 4, lines 46-53. 

5. Patent No. 4,921,820 includes an illustrative example (Example III) 

involving the use of clay from C-E's Andersonville, Georgia facility to produce 

proppants: 

In this example a kaolin clay was obtained from C. E. Minerals. This 
clay was mined at their Mulcoa operation in Andersonville, Georgia. 
The chemical and mineralogical composition of thE calcined clay is 
indicated in Tables I and II. 

Id., p. 7, Column 11, lines 59-63. The referenced Tables I and II are at pages 5-6 

of the patent. 

U.S. Patent No. 4,977,116 

6. U.S. Patent No. 4,977,116 also relates to "[a] lightweight oil and gas 

well proppant" made from "a mixture of kaolin clay." Exhibit 2, p. 1 (Abstract). It 

was filed and issued in 1990 to the assignee Norton-Alcoa. Id. It contains 

substantively the same information regarding the use of clay mined from C-E's 
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Andersonville, Georgia clay to make proppants as Patent No. 4,921,820, discussed 

immediately above. !d., p. 3, Column 4, lines 15-68; pp. 5-6 (Tables I and II); p. 7, 

Column 11, lines 59-63 (Example III). 

U.S. Patent No. 5,030,603 

7. U.S. Patent No. 5,030,603 also relates to "[a] lightweight oil and gas 

well proppant" made from "kaolin clay powder." Exhibit 3, p. 1 (Abstract). It was 

filed in 1990 and issued in 1991 to the assignee Norton-Alcoa. !d. This patent 

explains as follows: 

922342.1 

The preferred raw material for use in making the low specific 
gravity, high strength proppants of the present invention is kaolin 
clay. Preferably the kaolin clay consists largely of kaolinite (AlzSiz05 

(OH)4) and is essentially free of sand (i.e., quartz). One source of 
such material is from the American Cyanamid Company in 
Andersonville, Ga. The Andersonville kaolin deposits owned by 
American Cyanamid are well described in a report by Alfred D. Zapp 
entitled "Bauxite Deposits of the Andersonville District, Ga.", U.S. 
Geological Survey Bulletin 1199-G. This report is incorporated 
herein by reference. The report states that the deposit consists largely 
of the mineral kaolinite and is essentially sand free. The chief 
impurities are compounds of iron and titanium and small amounts of 
gibbsite. The kaolin clay is deposited in tabular lenticular masses, the 
thicker of which may have cores of bauxite or bauxitic clay. Raw 
materials containing significant amounts of sand (free silica or quartz) 
produce a weaker proppant, while raw materials containing too much 
gibbsite or other hydrated aluminas yield a product having an 
undesirably high specific gravity. Another source of material 
believed to be suitable is the kaolin clay mined at the Mulcoa 
operations in Andersonville, Ga. ofC.E. Minerals, headquartered in 
King of Prussia, Pa. 
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In general the kaolin clay most useful as a raw material in 
making the proppants in accordance with the invention may contain 
by chemical analysis between about 43 w/o to 58 w/o alumina, about 
3 7 w/o to 52 w/o silica, less than 2 w/o (preferably less than 1 w/o) 
iron oxide and less than 5 w/o free quartz. Preferably, the kaolin clay 
comprises between 70 w/o and 90 w/o kaolinite, between 5 w/o and 
25 w/o cryptocrystalline to amorphous gibbsite and less than 5 w/o 
other crystalline materials. 

Preferably the amount of free quartz is less than 2 w/o and most 
preferably is non-detectable. Other naturally occurring minerals 
which may be present in minor or trace amounts include anatase and 
rutile. Minerals whose presence in the raw material appear to be 
somewhat detrimental to the properties of the final product include 
quartz, pyrite, marcasite, siderite, micas and montmorillonites. 

Id., p. 3, Column 3, line 58, through Column 4, line 33 (emphasis added). 

8. Patent No. 5,030,603 contains several illustrative examples of the 

patented process, including "Example I," which employed "milled, calcined kaolin 

clay obtained from the American Cyanamid, Andersonville, Ga. deposits and 

having the chemical and mineralogical composition indicated in Tables I and II." 

Jd., p. 5, Column 8, lines 58-61. The first column of Table I states the proportions 

of A]z03, SiOz, Fez03 , Ti02, CaO, MgO, NazO, K20 in the Andersonville clay 

employed in Example I to make proppants. Id. The first column of Table II 

contains information about the major and minor minerals contained in that clay. 

Id. at Table II. 
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U.S. Patent No. 4,921,821 

9. U.S. Patent No. 4,921,821 relates to "[a]lightweight oil and gas well 

proppant" made from "kaolin clay powder." Exhibit 4, p. 1 (Abstract). It was filed 

in 1989 and issued in 1990 to the assignee Norton-Alcoa Proppants. !d. It 

contains substantively the same information regarding the "preferred raw material" 

for use in making proppants, including the use of Andersonville, Georgia clay, as 

contained in Patent No. 5,030,603 discussed immediately above. !d., p. 3, Column 

3, line 56, through Column 4, line 30; p. 5 (Example I and Tables I & II). 

Expired Patents of CARBO or CARBO Predecessors Discussing the 
Composition of Raw Materials Used to Make Proppants 

U.S. Patent No. 5,120,455 

10. U.S. Patent No. 5,120,455 ("Hydraulic Fracturing Propping Agent") 

was filed in 1990 and issued in 1992 to CARBO Ceramics Inc., as the first-listed 

assignee. Exhibit 5, p. 1. That patent states: 

922342.1 

For purposes of the present invention the propping agent particles 
should have an alumina (A]z03) content of between 40 and 60%, 
preferably between 45.5 and 60%, and a silica (Si02) content of 
between 36.5 and 56.5%, preferably between 36.5 and 51%. Good 
results have been obtained with material having the following 
composition (calcined basis): 

45.8 
50.7 
2.60 
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Fe203 
CaO 
MgO 
Na20 
K20 
Li20 
Total 

0.70 
0.03 
0.04 
0.06 
0.05 
0.02 

100.00 

!d., p. 9, Column 3, line 58, through Column 4, line 9 (emphasis added). 

11. Patent No. 5,120,455 further explains: 

In a preferred embodiment, the propping agent particles are 
made from Eufaula bauxite. The term "Eufaula bauxite" refers to a 
bauxitic-kaolin type material deposited in and around Eufaula, 
Alabama. See Burst, J. F., "Genetic Relationship of the 
Andersonville, Georgia and Eufaula, Ala. Bauxitic-Kaolin Areas", 
Society of Mining Engineers, AIME Transactions, Vol. 246, pp. 13 7-
144 (June 1974), which is incorporated by reference herein as 
background information. Preferably, the Eufaula bauxite will contain 
at least some (above 5%) gibbsite. The greater the gibbsite content 
the higher the loss on ignition. Preferably the loss on ignition will be 
between 14.5 and 20%. Good results have been obtained with a 
gibbsite content yielding a loss on ignition of about 17.1 %. 

A small amount (up to 5%) of the Eufaula bauxite may be 
replaced with a crush strength enhancer selected from the group: 
nepheline syenite, fused bauxite dust, wollastonite, talc, and feldspar. 
Of these, nepheline syenite is the preferred crush strength enhancer. 

!d., p. 9, Column 4, lines 12-32. 

12. Example 11 in Patent No. 5,120,455 "illustrates a method of making 

the hydraulic fracturing propping agents." !d., p. 12, Column 10, lines 50-52. 

"The starting material in this example is a bauxitic-kaolin ore from Eufaula, [Ala.] 
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having the following analysis by weight after ignition at 800 °C.: Ab03 50.7%; 

Si02 45.8%; Ti02 2.60%; Fe20 3 0.71 %; with the remainder being alkali and alkali­

earth metal oxides." Id., p. 12, Column 10, lines 59-63. 

U.S. Patent No. 4,879,181 

13. U.S. Patent No. 4,879,181 ("Sintered Spherical Pellets Containing 

Clay as a Major Component Useful for Gas and Oil Well Proppants") was filed in 

1987 and issued in 1989 to the assignee CARBO Ceramics Inc. Exhibit 6, p. 1. 

The patent explains that proppant pellets may be prepared from a mixture of any of 

the clays described in Table I with bauxite or alumina or mixtures ofthese. Id., p. 

3, Column 4, lines 45-48. Table I states the chemical composition of each of the 

clays analyzed in the patent, including the exact proportion of Ab03, Si02, Fe20 3, 

Ti02 and other compounds. Id. Table II states the chemical composition, 

roundness, sphericity, acid solubility, bulk density and crush tolerance for pellets 

made using various blends of these clays. Id., pp. 5-6. 

U.S. Patent No. 4,623,630 

14. U.S. Patent No. 4,623,630 was filed in 1983 and issued in 1986 to the 

assignee Standard Oil Proppants Company. Exhibit 7, p. 1. CARBO's 1997 10-K 

states that: "CARBO Ceramics was formed in 1987 for the purpose of purchasing 

the assets of Standard Oil Proppants Company Ltd. (SOPCO). SOPCO was a joint 

922342.1 

Page 8 of 12 

Case 1:11-cv-02574-JOF   Document 22-1    Filed 10/31/11   Page 8 of 136



venture formed to operate the combined proppant businesses of the Carborundrum 

Company and Dresser Industries." Exhibit 8, p. 2 (excerpts of CARBO's 1997 

10-K, as maintained on the S.E.C.'s "Edgar" database, 

http:/ /www.sec.gov/ Archives/edgar/data/1 009672/0000950134-98-002057 .txt). 

15. Patent No. 4,623,630 relates to spherical oil and gas well proppants. 

Exhibit 7, p. 2, Column 1, lines 14-20. Like the CARBO patent discussed above, 

this patent explains that "[p]ellets according to the present invention and for use 

with the present invention may be prepared from a mixture of any of the clays 

described in Tables I and II with one or more bauxites or alumina or mixtures of 

these." Id., p. 4, Column 5, lines 23-27. Tables I and II describe the chemical 

composition, loss on ignition, specific gravity and other characteristics of the clays 

referenced in the preceding sentence. I d. 

U.S. Patent No. 4,658,899 

16. U.S. Patent No. 4,658,899 was filed in 1985 and issued in 1987 to 

CARBO's predecessor, Standard Oil Proppants Company. Exhibit 9. It contains 

the same substantive information regarding clay composition and characteristics as 

Patent No. 4,623,630, discussed immediately above. Id., p. 4, Column 5, lines 23-

27 and Tables I & II. 
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U.S. Patent No. 4,522,731 

17. U.S. Patent No. 4,522,731 ("Hydraulic Fracturing Propping Agent") 

was filed in 1982 and issued in 1985 to Dresser Industries, Inc. as the assignee. 

Exhibit 10. As noted above, Dresser Industries was originally a joint venturer in 

Standard Oil Proppants Company (SOPCO), whose assets were purchased by 

CARBO in 1987. 

18. Patent 4,522, 731 explains: 

For purposes of the present invention [spherical proppants] the 
propping agent particles should have an alumina (Ab03) content of 
between 40 and 60%, preferably between 45.5 and 60%, and a silica 
(Si02) content of between 36.5 and 56.5%, preferably between 36.5 
and 51%. Good results have been obtained with material having the 
following composition (calcined basis): 

SiOz 
A]z03 
TiOz 
Fe203 
CaO 
MgO 
Na20 
KzO 
LizO 
Total 

45.8 
50.7 
2.60 
0.70 
0.03 
0.04 
0.06 
0.05 
0.02 

100.00 

Id., p. 8 Column 3, line 53, through Column 4, line 4 (emphasis added). 

19. Example 11 in Patent 4,522,731 "illustrates a method of making 

hydraulic fracturing propping agents." I d., p. 11, Column 10, lines 35-37. "The 
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starting material in this example is a bauxitic-kaolin ore from Eufaula, Ala. having 

the following analysis by weight after ignition at 800 °C.: Ah03 50.7%; Si02 

45.8%; Ti02 2.60%; Fe20 3 0.71 %; with the remainder being alkali and alkali-earth 

metal oxides." !d., p. 11, Column !0, lines 43-47. 

CARBO Ceramics Inc.'s Mining Agreement 
with Arcilla Mining and Land Co. 

20. Attached as Exhibit 11 are excerpts printed from CARBO Ceramics 

Inc.'s Form 2002 10-K filing, as it appears on the S.E.C.'s "Edgar" database. 

www.sec.gov/ Archives/edgar/data/! 009672/000095013403 003 7 46/d03 686e 1 Ovk.t 

xt. 

21. CARBO's 2002 10-K reflects that CARBO produces ceramic 

proppants from (among other places) a production facility in Mcintyre, Georgia, 

which is in Wilkinson County, Georgia. !d., p. 5. 

22. Attached to my declaration as Exhibit 12 is a copy of a "Mining 

Agreement" between a Georgia company (Arcilla Mining & Land Co.) and 

CARBO dated as ofJanuary 1, 2003. As reflected on the face of this exhibit, 

CARBO filed this Mining Agreement as Exhibit 10.8 to its 2002 10-K, and it is 

publicly available on the Edgar database cited above. 
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23. This Mining Agreement "set[s] out the terms pursuant to which 

[Arcilla] shall mine (either from lands owned or leased by [CARBO] ... or from 

lands owned or leased by [Arcilla] ... and deliver to [CARBO's] Wilkinson 

County, Georgia manufacturing plant a supply of kaolin, a naturally occurring 

mineral more particularly described (and meeting the specifications set forth) in 

Exhibit A [to the Mining Agreement] .... " I d., p. 1. 

24. The Mining Agreement states that its term "shall be 20 years 

commencing January 1, 2003, and ending December 31, 2022." Id. § 1. 

I declare under penalty of perjury and subject to 28 U.S.C. § 1746 that the 

foregoing is true and correct. 

Executed on October 31st, 2011. 
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United States Patent [191 

Rumpf et al. 

[54] UGIITWEIGHT PROPP ANT FOR OIL AND 
GAS WELLS AND METHODS FOR MAKING 
AND USING SAME 

[75] Inventors: Da'rid S. Rumpf; Paul R. Lemieux, 
both of Ft. Smith, Ark. 

[73] Assignee: Norton-Alcoa Proppants, Fort Smith, 
Ark. 

[21] Appl. No.: 297,876 

[22] Filed: Jan. 17, 1989 

[51] Int. Cl.' .............................................. C04B 35/10 
[52] u.s. Cl ..................................... 501/128; 501/127; 

501/133; 501/144; 166/280 
[58] Field of Search ............... 501/133, 144, 127, 128; 

[56] References Cited 

U.S. PATENT DOCUMENTS 

3,642,505 2/1972 Bakker . 

166/280 

4,440,866 3/1984 Lunghofer et al .................. 501/127 
4,623,630 11/1986 Fitzgibbon .......................... 501/141 
4,632,876 12/1986 Laird et al .......................... 428/404 
4,639,427 1/1987 Khaund ............................... 501/128 
4,658,899 4/1987 Fitzgibbon .......................... 166/280 

[11] Patent Nwnb!lr: 

[45] Date of Patent: 

4,921,820 
May 1, 1990 

4,668,645 5/1987 Khaund ............................... 501/127 
4,680,230 7/1987 Gibbet a! ........................... 428/403 
4,713,203 12/1987 Andrews ............................. 264/117 

Primary Examiner-Mark L. Beil 
Assistant Examiner~Karl Group 
Attorney. Agent. or Firm-Weil, Gotshal & Manges 

[57] ABSTRACT 

A lightweight oil and gas well proppant made by simul­
taneously mixing and compacting a mixture of kaolin 
clay which has been calcined at a temperature low 
enough to prevent. the formation of mullite and crys­
tobalites to an LOI of 12 or less when tested at 1400" C., 
and amorphous to microcrystalline silica both of which 
have been milled to an average agglomerated particle 
size of 7 microns or less to form green pellets, and then 
drying, screening, and sintering the pellets to form 
proppant pellets having a sPecifiC gravity of 2.7 or less, 
the proppant having a conductivity of at least 3,000 
millidarci-feet as measured by the Stirn.-Lab Technique 
after SO hours at 8,000 psi and 275" F. in the presence of 
deoxygenated aqueous 2% solution of KCI using sand­
stone shims. 

21 Claims, No Drawings 
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LIGHTWEIGHT PROPP ANT FOR OIL AND GAS 
WELLS AND METHODS FOR MAKING AND 

USING SAME 

formation of composite spherical pellets from the pow­
dered mixture. Fitzgibbon states that the rate of water 
addition is not critical. The pellets are dried and then 
furnaced to sinter the pellets. The sintered pellets have 

FIELD OF INVENTION 
5 a Specific gravity of between 2.7 and 3.4. 

This invention relates generally to lightweight prop­
pants for oil and gas wells and more particularly to 
lightweight proppants for oil and gas wells which are 
lighter in weight than existing lightweight. proppants 10 
but which have strength and conductivity similar to and 
preferably substantially higher than such existing light· 
weight proppants, and to methods of making and using 

U.S. Pat. No. 4,522,731 to Lunghofer relates to an 
intermediate strength proppant having an alumina con­
tent between 40% and 60% which is produced using a 
spray agglomeration process and which has a density of 
less than 3.0 gr/cc. In a preferred embodiment Lung­
hofer produces his proppants from "Eufaula bauxite" 

such proppants. 

BACKGROUND 

which it states is bauxitickaolin type material deposited 
in and around Eufaula, Alabama. According to Lung­
hofer, the Eufaula bauxite preferably contains at least 

15 some (above 5%) gibbsite. 

Hydraulic fracturing is a process of injecting fluids 
into a selected oil or gas bearing subsurface earth forma­
tion traversed by a well bore at sufficiently high rates 
and pressures such that the formation fails in tension 20 
and fractures to accept the fluid. In order to hold the 
fracture open once the fracturing pressure is released a 
propping agent (proppant) is mixed with the fluid 
which is injected into the formation. 

Hydraulic fracturing increases the flow of fluids from 25 
an oil or gas reservoir to a well bore in at least three 
ways: (1) the overall reservoir area in communication 
with the well bore is increased, (2) the proppant in the 
fract~re generally has significantly higher permeability 
than that of the formation, thereby allowing fluids to 30 
flow more easily, and (3) the high conductivity channel 
causes large pressure gradients to be created in the 
reservoir past the tip of the fracture. 

Proppants are generally strong, preferably substan­
tially spherical, ·particulates that should be able to with- 35 
stand the high temperatures and pressures and corrosive 
environments experienced in the subsurface formations 
surrounding an oil or gas well. Early proppants were 
formed of material such as glass beads, sand, walnut 
shells and alUminum pellets. These materials did not 40 
have sufficient strength or resistance to corrosion to be 
successful in many wells, particularly where closure 
pressures above a few thousand psi were experienced. 

U.S. Pat. No. 4,068, 718 to Cooke relates to a prop­
pant which Cooke states is formed of "sintered bauxite" 45 
that has a specific gravity greater than 3.4. Cooke states 
that specific gravities above 3.4 are required in order 
that the proppant have sufficient compressiVe strength 
to resist fragmentation under the high stress levels expe­
rienced in use. While the proppant described in Cooke's 50 
example proved to have sufficient strength to resist 
crushing, the high specific gravity was undesirable 
since it required the use of higher viscosity fracturing 
fluids and resulted in a lower volumetric proppant con­
centration for a given weight of proppant loading in a 55 
fracturing fluid when compared with that achieved by a 
proppant of lower specific gravity. In general, the 
higher the volumetric concentration of the pr.oppant in 

U.S. Pat. No. 4,668,645 to Khaund relates to an inter­
mediate strength proppant made from a mined "bauxitic 
clay" having a specified chemical composition. 

The proppants described in the Fitzgibbons, Lung­
hofer imd Khaund patents have specific gravities lower 
than that of the earlier Cooke proppant and proppants 
having such lower specific gravities have been used 
with some success in intennediate depth wells where 
the stress on the proPpan_t is in t.he 5,000 to 10,000 psi 
range. It will be desirable, however, to have still lighter 
weight proppants which are easier to transport in the 
fracturing fluid and are therefore carried farther into 
the fracture before settling out and which will yield a 
wider propped fracture than the known lower specific 
gravity proppants. The lighter weight proppant should, 
however, have a conductivity rating at least as high as 
and preferably substantially higher than those obtain­
able with the presently available "lightweight" prop-
pants. 

The conductivity of a proppant under specific condi~ 
ti9ns .of stress, temperature, corrosive environment and 
time is the single most important measure of its quality. 
The conductivity of a packed proPpant such as might be 
deposited in a fracture is defined as the permeability of · 
the proppant pack multiplied by the width of the 
propped fracture and is usually stated in units of mil­
lidarci-feet ("md-ft"). 

The conductivity of currently available intermediate 
strength proppants is frequently measured by the tenta­
tive API 8 hour procedure, "Tentative Fifth Draft of 
REcommended Practices For Evaluating Short Term 
Proppant Pack Conductivity", (March 1987) (hereinaf­
ter the "API 8 hour Procedure"), which procedure is 
hereby incorporated by reference. 

Recently a consortium of some twenty-eight organi­
zations involved in various aspects of the fracturing and 
stimulation business has sponsored research on ways of 
evaluating and improving stimulation techniques. Stim­
Lab, Inc. of Duncan, OK acts as the testing arm of the 
consortium to develop consistent and repeatable testing 
procedures for proppants including tests for determin~ 
ing their permeability and conductivity. The long term 
conductivity testing techniques developed by Stim-Lab the fracturing fluid, the wider the propped fracture will 

be after the fracturing_ pressure is released. 60 have been widely accepted in the industry and are de­
scribed in a publication of the Society of Petroleum 
Engineer:s, No. SPE 16900, entitled "An Evaluation of 
the Effects of Environmental Conditions and Fractur-

U.S. Pat. No. 4,427,068 to Fitzgibbon relates to inter~ 
mediate strength composite proppants made by mixing 
calcined diaspore clay, burley clay or flint clay with 
alumina, "bauxite" or mixtures thereof such that the 
ratio of alumina to silica in the Composite mix is be- 65 

· tween nine to one and one to one. The powdered start­
ing materials are mixed in an Eirich mixer and while the 
mixing is in progress sufficient water is added to cause 

ing Fluids on the Long-Term Conductivity of Prop­
pants" by G. S. Penny ofStim-Lab, Inc., which publica­
tion is hereby incorporated _by reference. It should be 
understood that any gap in the description in the SPE 
publication should be filled in by reference to the API 8 
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4 
hour Procedure. The testing techniques used by the 
applicants to determine the conductivity of the prop~ 
Pants of the present invention as they are intended to be 
supplied to a customer (referred to as the "Stim-Lab 
Technique") are essentially identical to those described 5 
in SPE publication No. !6900 using Model-K SOO or 
sandstone shims in the conductivity cells, as noted 
herein. A single cell was used rather than stacking 4 
cells in the manner described in the SPE publication. 
This however should have no effect on the measured to 
results. The Stim-Lab Technique is considered to yield 
conductivity measurements that are repeatable to 
within about 5-10%. 

fracture, with the proppanf remaining in the fracture to 
prop it open after the fracturing pressure is removed. 
The measured conductivity of the proppants of the 
present invention are equal to and usually substantially 
better than those of other known lightweight proppants 
which have higher specific gravities and higher weight 
per unit of volume'. 

DETAILED DESCRIPTION 

The preferred raw materials for use in making the 
low specific gravity, high strength proppants of the 
present invention are kaolin clay and amorphous to 
microcrystalline silica. Preferably the kaolin clay con~ 
sists largely of kaolinite (AhShOs (OH),) and is essen-

SUMMARY OF THE INVENTION IS tially free of sand (i.e., quartz). One source of such 
In accordance with the invention there is provided a material is from C. E. Minerals, headquartered in King 

low density, high strength proppant which is formed of of Prussia, Pennsylvania. The kaolinite deposits owned 
solid ceramic particles having a dry specific gravity less by C. E. Minerals are mined at C. E. Mineral's Mulcoa 
than 2.70 and preferably 2.60 or less and a conductivity operations in Andersonville, Georgia. The Anderson~ 
of at least about 3,000 md·ft and preferably at least 4000 20 ville kaolin deposits owned by C. E. Minerals are well 
md·ft after SO hours S.t 8,000 psi and 275° F. in the pres· described in a report by Alfred D. Zapp entitled "Baux· 
ence of a deoxygenated 2% aqueous solution of KCI as ite Deposits of the Andersonville District, Georgia", 
measured by the Stim·Lab Technique using sandstone U.S. Geological Survey Bulletin 1199·0. This report is 
shims. Most preferably the conductivity is at least 4400 incorporated herein by reference. The report states that 
md·ft as measured under the above conditions. 25 the deposit consists largely of the mineral kaolinite and 

The proppant of the invention may be produced by is essentially sand free. The chief impurities are com· 
milling calcined kaolin clay and an amorphous to micro- pounds of iron and titanium and small amounts of gibbs-. 
crystalline silica to an average particle size ofless that 7 ite. The kaolin clay is deposited in tabular lenticular 
microns, and preferably about 3.0 microns or less and masses. Raw materials containing significant amounts of 
pelletizing a mixture of the resulting powders in a com- 30 sand (free silica or quartz;) produce a weaker proppant, 
pacting mixer. Preferably the mixture contains between while raw materials containing gibbsite or other hy· 
55 weight percent ("w/o") and 90 w/o kaolinite and drated aluminas yield a product having an undesirably 
between 45 w/o and 10 w/o silica, although the per· high specific gravity. 
centages may fall outside these ranges. Kaolinite is nor- By amorphous to microcrystalline silica is meant 
mally the major component of the mixture. However, in 35 silica which is truly amorphous or is "amorphous'' in 
the limit the silica content could reach 100% yielding a the sense that the ultimate submicron particles, as seen 
proppant of essentially all crystobablite having a spe· with the aid of a scanning electron microscope, do not 
cific gravity of about 2.3_3. The kaolinite and silica are have the angular shape of crystals. One source of amor· 
preferably milled together. phous to microcrystalline silica is from Illinois Minerals 

The kaolin clay is calcined at a temperature of less 40 Company in Cairo, Illinois. This silica, as described by 
than 900" C. to reduce the loss on ignition ("LOI'') to 12 Illinois Minerals, is an extremely fine·grained micro· 
w/o or less when tested at 1400" C., and preferably to crystalline silica formed by weathering of silica-rich 
about 2 w/o LOI when tested at 1400° C. It is important limestone. Materials from other deposits of kaolinite 
that the calcining be done at a low enough temperature and of amorphous to microcrystalline silica can also be 
that the kaolin clay does not undergo a phase transfor- 4S used in ma.lc.ing the proppants of the present invention. 
mation to mullite and crystobalite. The silica should not In general the lc.aolin clay most useful as a raw mate· 
contain any significant amount of crystalline quartz, rial in making the proppants in accordance with the 
other than amorphous to microcrystalline quartz as invention may contain by chemical analysis about 45 
hereinafter defined, and is preferably dried to a -LOI of w/o alumina and S2 w/o silica, less than 1 w/o iron 
about I w/o when tested at 1000' c.. so oxide and less than 2 w/o (preferably less than I w/o) 

Preferably, an organic binder is first dispersed in the free quartz. Preferably the lc.aoline clay approaches 
milled material in the mixer and then water is added to 100% kaolinite. Most preferably the amount of free 
the powder at a controlled rate while mixing and com· quartz is non~etectable. 
p~cting the powder to form rough pellets of a desired Other naturally occurring minerals which may be 
size. Next, with the mixer still running, additional dry. 55 present in minor or trace amounts include anatase and 
milled material is slowly added to yield smooth, spheri· rutile. Minerals whose presence in the raw material 
cal pellets. The pellets are then dried and fired to con· appear to be somewhat detrimental to the properties of 
vert the material to proppant pellets that preferably the final product include quartz, pyrite, marcasite, sid· 
comprise between about 35 (w/o) and 60 w/o mullite, erite, micas and montmorillonites. The amorphous to 
between about 35 w/o and 60 w/o crystobalite and a 60 microcystalline silic~ most useful as a raw material in 
minor amount Oess than 10 w/o) of a glassy phase. The making the proppants in accordance with the invention 
proppant has a specific gravity of less than 2.70 and should contain by chemical analysis at least 94 w/o 
preferably of 2.60 or less. Most preferably the pellets (preferably 100 w/o) silica. 
comprise between 35 w/o and SO w/o mullite and SO The kaolin clay is preferably calcined before further 
w/o to 60 w/o crystobalite. · 65 processing in order to remove water and organics. In 

In accordance with another aspect of the invention, accordance with the invention, applicants have found 
the proppant is mixed with a fluid and injected into a that the calcining should be performed at a temperature 
subterranean formation under high pressure to open a low enough that the kaolin clay does not undergo a 
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phase change to form mullite or crystoballte. Appli· 
cants have found that the presence of any significant 
amount of mullite or crystobalite in the kaolin clay 
before the final drying and firing steps has a severely 
detrimental effect on the properties of the proppants 5 
produced. Therefore the calcining should be performed 
at a temperature below 900c C. for a sufficient time that 
the loss on ignition ("LOI") of the kaolinite is 12 w/o or 
less and preferably 2 w/o or less when tested at 1400' C. 
The calcining may be performed relatively quickly at 10 
temperatures on the order of 1CIY to 800° C. or may be 
performed more slowly at lower temperatures. If the 
calcining temperature is above about 450" to 500" C., 
the kaolinite is converted to amorphous alumina and 
silica (sometimes referred to as umeta kaolinite"). Such IS 
a transformation, however, has no adverse effect on the 
product of the invention and such transformed material 
will still be referred to herein as kaolinite. The silica 
should be dried after mining to an LOI of less than 1 
w/o when tested at 1,000" C. This drying is typically 20 
done at temperatures ofbetween about 150 .. and 200° C. 

The calcined material and the silica is then reduced in 
particle size, Preferably by dry ball milling them in a 
closed loop system containing a particle classifier. The 
average agglomerated particle size in this milled mate- 25 
rial is less than 7 microns and preferably about 3.0 mi­
crons or less as measured by a Sedigraph (Micro Merit-
ics Instrument Corp.) or a Granulometer' (Cilas Com­
pagnie lndustrielle des Lasars). The true ultimate parti­
cle size, however, of the milled raw material (both the 30 
kaolin and silica) is much rmer than 3.0 microns and is 
believed to be made up of submicron flakes or particles. 
Such submicron flakes or particles tend _to agglooierate 
to form the composite particles which are sensed by the 
measuring instruments. The calcined kaolin clay and 35 
silica .are mixed together and preferable are milled to­
gether. The mixture preferably contains between 55 
w/o and 90 w/o kaolinite and between ·45 w/o and 10 
w/o silica, although different perCentage mixtures may 
be used. Kaolinite is normally the major component of 40 
the mixture. However, in the limit the amorphous to 
microcrystalline silica content can reach 100%, yielding 
a proppant that is essentially entirely crystobalite hav­
ing a specific gravity of about 2.33. Such a super light~ 
weight proppant would be very useful in shallow wells 45 
when closure stresses are on the order of 4000 psi or 
less. 

The milled raw material is pelletized preferably in a 
compacting mixer. The preferred commercially avail­
able machines for this purpose are the Eirich Counter· so 
current Intensive Mixers which are manufactured in 
several sizes of different capacities by the Maschinen~ 
fabrik Gustav Eirich of Hardheim, West Gennany and 
distributed in the United States by Eirich Machines, 
Inc., New York, N.Y. 55 

The Eirich mixer has a rotating mixing pan fanning 
the bottom of the mixing chamber which pan can be 
either horizontal or inclined at an angle and a "mixing 
star" which rotates in the opposite direction from the 
pan. The mixing star rotates about an axis parallel to and 60 
offset from that of the pan and has a diameter of about 
20 to 25 percent of that of the pan. The preferred fonn 
of mixing star for the pelletizing operation is referred to 
by Eirich as a suction type rotor and has a plurality of 
vertically extending trapidzoidally shaped mixing ele- 65 
ments which extend from the periphery of the rotating 
element. For the Model R7 machiD.e, the pan has a 
single rotational speed of about 45 rpm, while the mix-

ing star has a low and a high speed. The low speed is. 
about 700 rpm and the high speed is about twice that, 
about 1400 rpm. The rotational speeds of the elements 
of the larger mixers are adjusted so that rotating ele­
ments have similar tip speeds. The mixer may also con­
tain a second mixing star upon which can be mounted 
plows for cleaning the sides of the rotating pan. This 
second mixing star is also mounted eccentrically in. the 
mixer and rotates in the opposite direction from the 
mixing pan. An example of another compacting mixer 
that is believed suitable for use in the present invention 
is the Littleford Lodige mixer. 

The milled powder charge is preferably fll'St mixed 
dry in the mixer with up to about 3 w/o (calculated on 
the basis of the initial milled powder charge) of an or­
ganic binder such as gelatinized cornstarch for a period 
of about 30 seconds with the suction rotor on the low 
speed setting in order to fully disperse the binder in the 
raw material powder. 

It is preferred that such binders be such that they are 
pyrolized or driven off during later firing of the prop~ 
pant pellets. The amount of the binder is normally on 
the order of 1 w/o to 3 w/o of the initial milled powder 
charge. It is possible to make pellets with the method of 
the invention without a binder but it is believed that the 
use of a binder results in improved properties and yield. 

Next water is added at a controlled rate to the mixer 
with the suction rotor running at the low speed setting 
to initially pelletize the material, The rate of water 
addition should be controlled properly to facilitate the 
formation of the pellets in the mixer and can affect the 
quality of the final product. Typically the total amount 
of water for the Model R7 Eirich mixer is from about 35 
to 55 w/o of the initial starting material and preferably 
about 43.to 50 w/o. Preferably between about 40 and 60 
w/o of the expected total amount of water is added 
after the binder is dispersed and mixed for about 2 to 4 
minutes. Thereafter additions of about 8 to 10% of the 
total water are made about every 0.75 to 1.5 minutes 
until irregularly shaped pellets ranging in size from 
about 1/16 to i inch in diameter are formed. 

Once pellets have formed in the mixer, which at this 
point are nonnally large and irregularly shaped, the 
suction rotor is switched to the high speed setting and 
additional milled calcined raw material (referred to as 
"dust") is slowly added to the mixer over a period of 
about 5 to 7 minuteS in order to cause the pellets to 
become smaller, well shaped spheres of a narrower size 
distribution, typically 0.02 inches to 0.047 inches. Typi­
cally, the amount of dust required to fonn the desired 
size spheres is about 42 to 70 w/o of the starting raw 
materiaL Preferably about 46 to 54 w/o dust is. added. 

In some cases the suction rotor is switched back to 
the low speed setting for a later portion of the 5 to 7 
minute period after a major portion of the dust has been 
added to the mixer. After adding the dust, the suction 
rotor is then preferably set back to the low speed setting 
if it has not already been and the mixer run for a further 
period of about 30 seconds in order to improve the 
sphericity of the pellets and to increase yield of the 
desired size range. 

The amount and rate of water and dust additions to 
the mixer can have a significant impact on the conduc­
tivity of the proppant produced by the method of the 
invention. If toq much water is added, the particles are 
poorly shaped and are too large. If the dust is added too 
quickly it results in a poor yield of particles in the de­
sired size range. If not enough dust is added the parti-
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. cles are poorly shaped and will stick together in ag· genated aqueous 2% KCl solution using sandstone 
glomerated masses. If too much dust is added the parti· shims. A proppant in accordance with the preferred 
cles have a rough surface and unconsolidated dust re- embodiment of the present invention had conductivity 
mains in the mixer. When the right amount of dust is values of 7855 md-ft when measured under the same 
added, the process yields smooth, spherical, well com- 5 conditions. The same commercially available "light-
pacted pellets. weight" proppant had conductivities measured by the 

_The sphe~cal pellets are next discharged from the Stim-Lab technique of3616 to 3700 md·ft after 50 hours 
m.tXer and dned to a free mOisture content of less than at 275" F. and 8000 psi while the proppant of the present 
10% and preferably less than 5%. The drying tempera- invention had a conductivity of 4459 md-ft under simi-
ture and time does not appear to be critical and it has 10 1ar conditions. 
bee~ found, f~r instance, th~t drying at tempe~atures of The Loose Pack Bulk Density (LPBD) of the prop-
15~ C. overrugh~ or of 260 <?·for .10 to 15 ~utes are pant of the invention used in the above example is 1.45 
swtable. Once dned, t~e desn:ed SlZe .sphencal pellets gms/cm3. The LPBD of the commercially available 
~e separated by screenmg for mstance to a 18/35 mesh "lightweight" proppant used for comparison in the 
siZe. The larger than 18 _mesh and fmer than 35 m_esh ~e 15 above example is 1.61 gm/cm3. Their specific gravities 
recycle_d to _be repelletiZed. ~e screened.particle~ m were 2.56 and 2.70 respectively. 
the desrr_ed stze range are then smtered, for ~~stance tn ~ From a mineralogical point of view the sintered pel-
rotary kiln, at a temperature between 1300 and 1500 . . be 
C., preferably between 1375' to 1425' C. for about 15 to lets of the present mveni!On .are preferably tween 
30 minutes at temperature. The total time in the kiln is 20 about 35 w/o and 60 w/o ~ulhte and ?etween about 35 
normally from about 1 to 1! hours. The particles shrink w/o and 60 w/o crystobahte and a .mmo~ amount (less 
upon firing by about 15% to 20%. The desired fmished than 10 w/o). of a glas;;~ p~. It IS beheved that t~e 
size is typically between about 0.0167 inches and 0.0331 glassy phase 1s best mmmuzed for the htghest quality 
inches but can be larger or smaller as needed. The par- product. 
ticular temperature to which the screened particles are 2S 
ftred is selected in order to maximize their strength. 
This temperature depends on several variables, some of 
which are the raw material mineralogy, the milled parti­
cle size •. the pellet size and the volume of material in the 
kiln. 30 

After firing, the pellets are again screened to the 
desired fmal size. A typical product size is 20/40 mesh 
which contains 90 w/o of its pellets of between 0.0167 
inches and 0.0331 inches in size and preferably 90 w/o 
of the pellets between about 0.0232 inches and 0.0331 3l 
inches in size. 

The proppants of the invention have been found to 
have surprisingly and unexpectedly high conductivities 
for having such low specific gravities. More particu­
larly, the conductivities of the proppants of the pre- 40 
ferred embodiment of the present invention are at least 
3000 md-ft and preferably at least 4000 md·ft after 50 
hours at 80Cl0 psi and 275° F. in the presence of a deoxy­
genated 2% aqueous solution ofKCl as measured by the 
Stim-Lab Technique using sandstone shims. Most pref- 45 
erably the conductivity is at least 4500 md-ft when 
measured under the above conditions. The proppants of 
the present invention have specific gravities of less than 
2.70, and preferably 2.60 or less, which are lower than 
those of other commercially available lightweight prop- 50 
pants. In fact, the preferred proppants of the present 
invention are even lighter than sand· (specific gravity 
2.64), the lightest proppant which has heretofore been 
in common commercial use. The conductivity of the 
proppants of the present invention are between about 3 55 
and 20 times that of sand, however, depending upon 
operating conditions. Sand is of little use at pressures on 
the order of 8000 psi while the preferred proppants of 
the present invention still have high conductivities, on 

EXAMPLES 

The invention is further illustrated by reference to the 
following non~limiting examples wherein all percent~ 
ages are by weight unless otherwise specified. When 
applicable calcining conditions and milling techniques 
for each raw material are given with each example. 
Unless otherwise indicated, the pellets are screened to 
an 18/35 mesh size after drying and to a 20/30 mesh size 
after sintering wherein 90% of the peHets are between 
about 0.0232 inches and 0.0331 inches in size. The typi­
cal yield of properly size pellets in the ftrst screening is 
about 70%. The chemical compositions of the raw ma­
terials used in the following examples are summarized in 
Table I. The mineralogical composition of the calcined 
kaolin clays as measured by the X-ray diffraction tech­
nique is summarized in Table II. The kaolinite in both 
the Huber 40-C clay and the Mulcoa clay have been 
transformed to amorphous alumina and silica by being 
calcined at 750• C. and thus are not detected by X-ray 
diffraction. The figures in Tables II for the ACCO clay 
are for the uncalcined material so that kaolinite is de­
tected. Mineralogically the silicas used in the examples 
is of such a fine grain size as to be virtually undetectable 
as measured by X-ray diffraction techniques. The com­
ponents in ·Table II are divided into major minerals 
which comprise about 95 w/o of the detected minerals 
present and the minor minerals which together make up 
less then 5 w/o of the detected minerals present. Ka­
olinite is approximately 45 w/o AhOJ. After calcining 
or drying all the raw materials are milled to an average 
particle size of about 3 microns as measured by a Granu­
lometer. About 90% of the particles were measured to 
be less than 10 microns in size. 

the order of as much as 4500 md-ft, at such pressures. 60 TABLE I 
Compared to another heavier commercially available --------===..:E:..u_m_l,------

proppant which is considered to be in the lightweight 
2 

range, the preferred proppants of the present invention Huber 40-C ACCO 
have substantially higher conductivities. The commer- Clay Clay 
cially available .. lightweight" proppant has been mea- 65 
sured in accordance with the Stim-Lab technique to 
have a conductivity of 6067 md-ft after 50 hours at 250" 
F. and 6000 psi closure stress in the presence of deoxy-

Chemis1ry 

AlzOJ 
Si02 
Ti02 

.f.S.O 
53.0 

1.8 

45.9 
51.4 

\.8 

' Mulcoa 
Clay 

43.7 
51.8 

1.7 

4 
(Silica) 

0.7 
99.0 
o.s 
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the pellets were screened to a 20/30 mesh. The dry 
specific gravity of the material was 2.56 as measured by 
a Beckman air comparison pycnometer Model 930. 

A conductivity test using the Stim-Lab Technique 
I 

Huber 4Q.C 
Clay 

0.2 

2 
ACCO 
Clay 

0.9 

Mulcoa 
Clay 

0.8 

4 
(Silica) 

0.5 

5 referred to above was conducted with final closure 
stress of 6,000 psi at 250° F. in the presence a deoxygen­
ated aqueous 2% solution ofKCl for 50 hours. In accor~ 
dance with this procedure 63.06 grams of the screened 

-~=--.-----~~~~~:;;;;;;;;::::;::=== proppant pellets were loaded into a API Hasteloy-C 10 
10 in2 linear flow cell to give a loading of 2 Ibs./ft2 of 

proppaht and leveled loosely with a universal bevel 
blade device. A i inch thick sandstone core was placed 
on top of the test pack followed by an 0 ring fitted to a 
piston which was lightly coated with vacuum grease. 

15 The loaded test cell was then placed in a 150 ton Dake 
press and the closure stress was increased to 500 psi at a 
rate of 100 psi/min. The cell was saturated with deoxy­
genated aqueous 2 w/o KCI solution and then purged of 
air at the ambient laboratory temperature of 70_° F. to 

20 80° F. A Validyne DP15·30 differential pressure trans­

EXAMPLE! 

One hundred (100) lbs. of a kaolin clay/silica mixture 
was produced by combining 86 lbs. of calcined Huber 

5 40-C kaolin clay (manufactured by the J. M. Huber 2 

Corporation) and 14lbs of dried Imsil A-108 microcrys­
talline silica (manufactured by lllinois Minerals Com-. 
pany) in an Eirich Model R-7 Compacting Mixer and 
mixing· the two ingredients together for 60 seconds. 
Both the calcined kaolin clay and the silica had been 30 

milled separately to an average particle size of 3 mi­
crons as measured by a Granulometer. Hereafter in this 
example this mixture will be referred to as "blended 
material". 

A 50 lbs. charge of blended material was placed in an 35 
Eirich Compacting Mixer having an inclined pan and a 
suction type rotor along with 1 i lbs. of gelatinized corn­
starch binder and mixed for 30 seconds with the suction 
rotor in its low speed setting in order to fully disperse 
the binder in the blended material. With the suction 40 
rotor rotating at its low speed setting, 9 lbs. of water 
was added to the mixer and mixed for a period of two 
minutes. As the suction rotor continued to operate in 
the low speed setting, seven 2lb. additions, followed by 
a 1 lb. addition and then a i lb. addition of water were 45 
added sequentially to the mixer with a 45 second mixing 
period after each addition .. At this point irregularly 
shaped pellets had formed. 

The rotor was then switched to the high speed setting 
and an additional 17 lbs, of the same blended material 50 
was slowly added to the mixer over a three minute 
period. Then the rotor was reset to its low speed setting 
and additiona111lbs. of the blender material was added 
over a period of two minutes. The mixing was contin­
ued with the suction rotor in the low speed setting for 55 
an additional period of 30 seconds. At this point the 
particles had fairly good sphericity but had rather 
rough surfaces. An additional 7 lbs. of the blended ma­
terial was slowly added to the mixer over a 1 minute 
period and the material mixed for an additional 30 sec- 60. 
onds with the suction rotor continuing in the low speed 
setting. The pellets now had a good spherical shape and 
smooth surfaces. The pellets were discharged from the 
mixer and dried overnight at 150° C. in a box oven. 
After drying the pellets were screened to an 18/35 mesh 65 
and fired at 1405° C. in a rotary kiln for a period of 
about 30 minutes at temperature with a total time in the 
kiln of apprqiimately 1 hour 15 minutes. After cooling 

ducer connected across the cell was calibrated with 
water columns to 0.0001 psi -accuracy. Closure stress 
was then raised to 1,000 psi at a rate of 100 psi/min. A 
Reservoir Accumulator, made up of two 5 gal and two 
1 gal nitrogen driven fluid reservoir accumulators 
which were filled with a 2 w/o KCl aqueous solution 
that had been deoxygenated with nitrogen to a level of 
less than 15 ppb and preferably. less than 5 ppb of oxy­
gen was connected to the test cell and set at a driving 
pressure of 400 psi. The connection of the Reservoir 
Accumulator to the cell is make through two 150 ml 
sample cylinders filled with 100 mesh Oklahoma # 1 
sand with ceramic band heaters in order to saturate the 
test fluid with silica. It should be noted that the closure 
stresses on the proppant pack in the cell are stated in 
terms of the net closure stress on the pack which is 
equal to the gross pressure applied by the press minus 
the 400 psi pressure applied by the reservoir accumula~ 
tor. 

The system was allowed 30 minutes to come to equi­
librium and a series of five conductivity measurements 
were taken and averaged. The conductivity was calcu­
lated from the darci relationship: 

kwp26.78 p.Q/P 

where 

kwJ= Conductivity (md-ft) 
26.78=factor to account for a Hx5 inch flow area 

and pressure in psi 
p.=Viscosity of flowing fluid at temperature (cp) 
Q=Flow rate (ml/min) 
P=Pressure differential across 5 inch flow path. 
After the readings were taken at ambient tempera-

ture, the temperature was increased to 250° F. and held 
for 8 hours for temperature uniformity. Next readings 
with the system at 250° F. were taken at 1,000 psi, 2,000 
psi, 4,000 psi and 6,000 psi with the closure stress being 
raised between levels at a rate of 100 psi/min. After 
reaching each of the 1,000, 2,000, 4,000 and 6,000 clo­
sure stress levels, the system was held at 250" F. for 1.5 
hours before the conductivity readings were taken. At 
the 6,000 psi level the cell was held at 250" F. for 50 
hours during which conductivity measurements were 
taken at 10 hour intervals. The measured conductivity 
at the 50 hour time was 7,351 md-ft and 7084 md-ft on 
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a second sample of the raw material run at the same 
time. 

EXAMPLE !I 

Leads and Northrup Microtrac II. This milled clay was 
then mixed with Imseil A-108 silica in a similar manner 
as in Example I, the ratio again being 86% clay and 14% 
silica. Again as in the previous examples this mixture 

In this example a kaolin clay was obtained from the S will be referred to as "blended material" hereafter in 
American Cyanamid Co., Andersonville, Georgia. The this example. 
chemical and mineralogical composition of the uncal- A 45 lbs. charge of this blended material was placed 
cined clay as indicated in Table [ 3.nd II. This kaolin in the Eirich Model R-7 Compacting mixer described in 
clay was calcined a 480a C. for approximatCiy 24 hours Example· I ·along with 1 i lbs. of cornstarch binder and 
then crushed to less than !". The crushed kaolin clay 10 mixed with water in the same manner as described in 
was combined with 250 grade air-floated microcrystal- Example I with the exception of adding 2 lb. additions 
line silica provided by the Illinois Minerals Company. to 17lb. then llb. additions to 2llbs. then a i lb. addi-
This mixture contains 75 w/o clay and 25 w/o silica and tion. 
hereafter will be referred to as .. blended material" in Next 13 lbs. of blended material was slowly added 
this example. The mixture was tumbled in a "V" l!i over a minute period with the mixer in the high speed 
blender for approximately 2 minutes to insure complete setting. Next the mixer was switched back to the low 
mixing. speed setting and an additional 8 lbs. ofblended material 

The blended material was next reduced in particle was added over a period of 2 minutes after which the 
size using a jet mill manufactured by the Fluid Energy mixer continued to be operated for an additional 30 
Processing Equipment Company of Hatfield, Pennsyl- 20 seconds mixing time. The pellets formed by this proce-
vania. The average particle size of this milled material dure were slightly wet but had a good spherical shape. 
was 3.68 micons as measured by the Leads and North- The pellets were then removed from the mixer and 
rup Microtrac II particle size analyzer. dried, screened (both before and after sintering) and 

A 45 lb. charge of this blended material was placed in sintered in the same sintering temperature used was 
the Eirich Model R-7 Compacting Mixer describved in 25 1,385• C. 
Example I along with H lbs. of constarch binder and The Stirn-Lab conductivity test described in Example 
mixed dry for 30 seconds at the low speed setting. II was then performed on the proppant resulting in a 
Water was then added to the mixer with the mixer conductivity measurement of 4,459 md-ft. after !iO hours 
operating at the low speed setting with 9 lbs. being at 8,000 psi at 27!i• F. The dry specific gravity of the 
added and mixed for 2 minutes followed by 4 additions 30 proppant was 2.59. 
of 2 lbs. each, one addition of 1 lb. and three ·additions In accordance with the method of the present inven-
of lib., with a 45 second niixing period after each addi· tion the low density high strength proppant particles of 
tion. the present invention may be injected into fractures in 

The mixer was then set to the high speed mode and 10 subsurface formation as a propping agent. In fracturing 
lbs. of the blended material was slowly added to the 3!i treatment a viscous fluid, often referred to as a "pad" is 
mixer over a minute period. The mixer was then injected into the well at extremely high pressure to 
switched back to the low speed setting and an additional cause the formation to fail in tension and fracture to 
7lbs. of the blended material was slowly added over a accept the fluid. The fracturing fluid may be an oil base, 
2 minute period, followed by a 30 second low speed water base, acid. emulsion, foam or other fluid. Nor-
mixing. An additional 3 lbs. of the blended material was 40 mally the fluid contains several additives such as viscos-
added over the following minute followed by an addi- ity builders, drag reducers, fluid loss additives, corro-
tional 30 second mixing period at the low speed. Then a sian inhibitors. cross linkers and the like. The fluid of 
fmal 3 lbs. of the blended material was added over the the pad is injected until a fracture of sufficient geometry 
following minute followed by an additional 30 second is obtained to permit the placement of the proppant 
mixing period at low speed. The particles were thereaf- 4!i pellets. Normally the treatment is designed to provide a 
ter discharged from the mixer and screened, dried and fracture at the well bore of at least 2i times the diameter 
ftted in the same manner as described in Example I with of the largest proppant pellet. Once a fracture of the 
the- exception that the sintering temperature was 1395• desired geommetry is obtained, the proppants are car-
C. After cooling the pellets ·were screened to a 20-30 ried suspended in the fluid pad and placed in the frac-
mesh size. The dry specific gravity of the materi~ was !iO ture. Following placement of the proppant, the well is 
2.52. The Stim-Lab conductivity test deScnbed in con- shut-in for a length of time sufficient to permit the pres-
nection with Example I was then performed except that sure to bleed off into the fonnation which in tum causes 
the readings at the elevated temperature where taken at the fracture to close and exert closure stress on the 
275° C. and the maximum stress was 8000 psi. The test proppant particles. The shut-in period may vary from a 
yielded a measured conductivity after !iO hours at 8,000 !i!i few minutes to several days. The proppant particles of 
psi and 275° F. of 3,351 md/ft. the present invention are particularly suitable for use as 

EXAMPLE III propping agents in wells of depths less than about 
14,000 feet. 

In this example a kaolin c1ay was obtained from C. E. 
Minerals. This clay was mined at their Mulcoa opera· 60 
tion in Andersonville, Georgia. The chemical and min· 
eralogical composition of the calcined clay is indicated 
in Tables I and II. For this example the clay was cal­
cined in a rotary lciln at 750° C. and held at that temper­
ature for 2 hours. This clay was next crushed to minus 65 
! inch then milled in a similar method as the material in 
Example II. The average particle size of the milled clay 
in this example was 3.01 microns as measured by the 

What is claimed is: 
1. A low density proppant comprising solid sintered 

ceramic pellets which prior to sintering consist essen­
tially of a mixture of a kaolin clay and amorphous to 
microcrystalline silica, said clay being substantially free 
of quartz and, prior to sintering, having been maintained 
at a temperature low enough to prevent a phase trans­
formation of said kaolin clay to mullite and crystobalite, 
said pellets having specific gravity of less than 2.70, 
such proppant having a conductivity of at l~ast 3,000 
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md-ft after 50 hours at 8,000 psi and 275° F. in the pres­
ence of deoxygenated aqueous 2% solution of KCl as 
measured by the Stim-Lab Technique using sandstone 
shims. 

2. The proppant of claim 1 wherein said pellets have 5 
a specific gravity of 2.6 or less. 

3. The proppant of claim 1 wh~rein said pellets are 
produced by the method comprising the steps of: 

pelletizing an initial amount of material which con­
sists essentially of a mixture of milled, calcined 10 

kaolin clay and amorphous to microcrystalline 
silica by simultaneously mixing and compacting 
said material while adding water at a controlled 
rate; 15 

adding additional amounts of said material at a con­
trolled -rate while continuing said simultaneous 
mixing and compacting to form pellets therefrom 
in a desired size range; and 

drying and sintering said pellets. 20 
4. The proppant of claim 3 wherein said step of pellet­

izing further includes dispersing an organic binder in 
said material prior to adding water. 

S. The proppant ·of claim 3 wherein said kaolin clay is 
calcined at a temperature of less than 900" C. 25 

6. The low density proppant of claim 3 wherein said 
method further includes the steps_of: 

milling said kaolin clay and said silica to an agglomer­
ated particle size of 7 microns or less. 

7. The proppant of claim 6 wherein .. said calcined 30 
kaolin clay and silica are milled together. 

8. The low density 'proppant of claim 6 wherein said 
calcined kaolin clay and silica are milled to an agglom­
erated particle size of 3 microns or less. 

9. The proppant of claim 5 wherein said kaolin Clay is 35 

calcined to an LOI of 12 w/o or less when tested at 
1400' c. 

10. The proppant of claim 9 wherein said kaolin clay 
is calcined to an LOI of2 w/o or less when tested at a 40 
temperature of 1400" C. 

11. The proppant of claim 1 having a conductivity of 
at least 4,000 md-ft after 50 hours at 8,000 psi and 275" 
F. in the presence of deoxygenated aqueous 2% solution 
of KCl as measured by the Stim-Lab Technique using 45 
sandstone shims. 

12. The proppant of claim 1 wherein said clay con­
tains less than 1% quartz prior to sintering. 

13. The proppant of claim 1 consisting essentially of 
mullite and crystobalite. · so 

55 

60 

65 

14. A low density propp3nt comprising solid ceramic 
pellets consisting essentially of mullite and crystobalite 
and having a dry specific gravity of about 2.6 or less, 
said proppant having a conductivity of at least 3,000 
md-ft after 50 hours at 8,000 psi and 275" F. in the pres­
ence of a deoxygenated aqueous 2% solution of KCI as 
measured by the Stim-Lab Technique using sandstone 
shims. 

15. The low density proppant of claim 14 wherein 
said proppant has a conductivity of at least 4000 md-ft 
after 50 hours at 8000 psi and 275" F. in the presence of 
a deoxygenated aqueous 2% solution of KCl as mea· 
sured by the Stim-Lab Technique using sandstone 
shims. 

16. The proppant of claim 14 wherein said pellets 
contain between 35 w/o and 60 w/o mullite, between 
35 w/o and 60 w/o crystobalite, and less than 10 w/o of 
a glassy phase. · 

17. A low density proppant comprising sintered pel­
lets consisting ess~ntially of mullite and at least 35% 
crystobalite and which prior to sintering consist essen~ 
tially of a mixture of between 0 w/o to 90 w/o calcined 
kaolin clay and 10 w/o to 100 w/o amorphous to micro­
crystalline silica, said kaolin clay containing less that 2 
w/o quartz and less than 1 w/o iron, said mixture being 
substantially free of mullite and crystobalite prior to 
sintering, said pellets having a density ofless than about 

· 2.6, said calcined kaolin clay and silica having been 
milled to an average particle size ofless than 7 microns. 

18. The proppant of claim 17 wherein said calcined 
kaolin clay and silica were milled to an average particle 
size of 3 microns or less prior to sintering. 

19; The proppant of claim 18 wherein said kaolin clay . 
is calcined to an LOI ofless than 12 w/o when tested at 
1400' c. 

20. The proppant of claim 17 having a conductivity of 
at least 4,000 md-ft after 50 hours at 8,000 psi and 275" 
F. in the presence of deoxygenated aqueous 2% solution 
of KCI as measured by the Stim-Lab Technique using 
sandstone shims. 

21. A low density proppant comprising about from 35 
w/o to about 60 w/o mtillite and about 35 w/o to about 
60 w/o crystobalite, having a specific gravity of less 
than 2. 70, and having a conductivity of at least 3,000 
md-ft after 50 hours at 8,000 psi and 275" F. in the pres­
ence of deoxygenated aqueous 2% solution of KCI as 
measured by the Stim-Lab Technique using sandstone 
shims, with less than 10% of said proppant being a 
glassy phase. 

* * * * * 
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(57] ABSTRACT 

A lightweight oil and gas well proppant made by simul­
taneously mixing and compacting a mixture of kaolin 
clay which has been calcined at a temperatUre low 
enough to prevent the formatimi of mullite and crys­
tobalities to an LOI of 12 or less when tested at 1400° 
C., and amorphous to microcrystalline silica both of 
which have been mill.ed to an average. agglomerated 
particle size of 7 microns or less to form green pellets, 
and then drying, screening and sintering the pellets to 
fonn proppant pellets having a specific gravity of2.7 or 
less, the proppant having a conductivity of at least 3,000 
millidarci-feet as measured by the StimLab Technique 
after 50 hours at 8,000 psi and 275° F., in the presence of 
deoxygenated aqueous 2% solution of KCl using sand­
stone shims. 

12 Oaims, No Drawings 
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METHOD FOR MAKING LIGIITWEIGHT 
PROPP ANT FOR OIL AND GAS WELLS 

2 
ratio of alumina to silica in the composite mix is be· 
tween nine to one and one to one. The powdered start· 
ing materials are mixed in an Eirich mixer and while the 
mixing is in progress sufficient water is added to cause 

This is a divisional of copending application Ser. No. 
07/297,876, flied on Jan. 17, 1989, now U.S. Pat. No. 
4,921,820, which is a continuation~in~part of Ser. No. 
07/277,258, fl.led on Aug. 2, 1988, now abandoned. 

5 formation of composite spherical pellets from the pow· 
dered mixture. Fitzgibbon states that the rate of water 
addition is not critical. The pellets are dried and then 
furnaced to sinter the pellets. The sintered pellets have 

FIELD OF INVENTION 10 
a specific gravity of between 2.7 and 3.4. 

U.S. Pat. No. 4,522,731 to Lunghofer relates to an 
intermediate strength proppant having an alumina con­
tent between 40% and 60% which is produced using a 
spray agglomeration process and which has a density of 
less than 3.0 gr/cc. In a preferfed embodiment LungM 

This invention relates gene~ally to a method of mak~ 
ing lightweight proppants for oil and gas wells and 
more particularly to a ID:ethod- of making lightweight 
proppants for oil and gas wells which are lighter in 
weight than existing lightweight proppants but which 
have strength and conductivity similar to and prefera~ 
bly substantially higher than such existing lightweight 
prop pants. 

15 hofer produces his· proppants from "Eufaula bauxite" 
which it states is bauxitic.kaolin type material deposited 
in and around Eufaula, Ala. According to Lunghofer, 
the Eufaula bauxite preferably contains at least some 

BACKGROUND 20 
Hydraulic fracturing is a process of injecting fluids 

into a selected oil or gas bearing subsurface earth forma~ 
tion traversed by a well bore at sufficiently high rates 
and pressures such that the formation fails in tension 
and fractures to accept the fluid. In order to hold the 25 
fracture open once the fracturing pressure is released a 
propping agent (proppant) is mixed with the fluid 
which is injected into the formation. 

Hydraulic fracturing increases the flow of fluids from 
an oil or gas reservoir to a well bore in at least three 30 
ways: (1) the overall reservoir area in communication 
with the well bore is increased, (2) the proppant in the 
fracture generally has significantly higher permeability 
than that of the fonnation, thereby allowing fluids to 
flow more easily, and (3) the high conductivity channel 35 
causes large pressure gradients to be created in the 
reservoir past the tip of the fracture. . 

Proppants are generally strong, preferably substan­
tially spherical, particulates that should be able to with· 
stand the high temperatures and pressures and corrosive 40 
environments experienced in the subsurface formations 
surrounding an oil or gas well. Early proppants were 
formed of material such as glass beads, sand, walnut 
shells and aluminum pellets. These materials did not 
have sufficient strength or resistance to corrosion to be 45 
successful in many wells, particularly where closure 
pressures above a few thousand p.s.i. were experienced. 

U.S. Pat. No. 4,068,718 to Cooke relates to a prop· 
pant which Cooke states is formed of"sintered bauxite" 

· that has a specific gravity greater than 3.4. Cooke states 50 
that specific gravities above 3.4 are required in order 
that the proppant have sufficient compressive strength 
to resist fragmentation under the high stress levels expe· 
rienced in use. While the proppant described in Cooke's 
example proved to have sufficient strength to resist 55 
crushing, the high specific gravity" was undesirable 
since it required the use of higher viscosity fracturing 
fluids and resulted in a lower volumetric propPant con· 
centration for a given weight of proppant loading in a 
fracturing fluid when compared with that achieved by a 60 
proppant of lower specific gravity. In general, the 
higher the volumetric concentration of the proppant in 
the fracturing fluid, the- wider the propped fracture will 
be after the fracturing pressure is released. 

U.S. Pat. No. 4,427,068 to Fitzgibbon- relates to inter· 65 
mediate strength composite proppants made by mixing 
calcined diaspore clay, burley clay or flint clay with 
alumina, "J:>auxite" or mixtures thereof such . that the 

(above 5%) gibbsite. 
U.S. Pat. No. 4,668,645 to Khaund relates to an interM 

mediate strength proppant made from a mined "bauxitic 
clay" having a specified chemical composition. 

The prop pants described in the ·Fitzgibbons, Lung· 
hofer and Khaund patents have specific gravities lower 
than that of the earlier Cooke proppant and proppants 
having such lower specific gravities have been used 
with some success in intermediate depth wells where 
the stress on the proppant is in the 5,000 to 10,000 p.s.i. 
range. It will be desirable, however, to have still lighter 
weight proppants which are easier to transport in the 
fracturing fluid and are therefore carried farther into 
the fracture before settling out and which will yield a 
wider -propped fracture than the known lower specific 
gravity proppants. The lighter weight proppant should, 
however, have a conductivity rating at least as high as 
and preferably substantially higher than those obtain· 
able with the presently available "lightweight" propM 
pants. 

The conductivity of a proppant under specific condi· 
tions.of stress, temperature, corrosive environment and 
time is the single most important measure of its quality. 
The conductivity of a packed proppant such as might be 
deposited in a fracture is defined as the permeability of 
the proppant paclc multiplied by the width of the 
propped fracture and. is usually stated in units of mil· 
lidarci-feet ("mdMft"). 

The conductivity of currently available intermediate 
strength proppants is frequently measured by the tenta· 
tive API 8 hour procedure, "Tentative Fifth Draft of 
Recommended Prac· rices For Evaluating Short Term 
Propp ant Pack Conductivity", (March 1987) (hereinaf-
ter the "API 8 hour Procedure"), which procedure is 
hereby illcorporated by reference. 

Recently a consortium of some twenty·eight organi· 
zations involved in various aspects of the fracturing and 
stimulation business has sponsored research on ways of 
evaluating and improving stimulation techniques. Stirn· 
Lab, Inc. of Duncan, Okla. acts as the testing arm of the 
consortium to develop consistent and repeatable testing 
procedures for proppants including tests for determin· 
ing their permeability and conductivity. The long term 
conductivity testing techniques developed by Stim·Lab 
have been widely accepted in the industry and are de· 
scribed in a publication of the Society of Petroleum 
Engineers, No. SPE 16900, entitled "An EValuation of 
the Effects of Environmental Conditions and Fractur· 
ing Fluids on the LongMTerm Conductivity of PropM 
pants" by G.S. Penny of Stim·Lab, Inc., which publica-
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4 
comprise between 35 w/o and 50 w/o.mullite and 50 
w/o to 60 w/o crystobalite. 

The proppant produced in accordance with the 
method of the present invention is mixed with a fluid 

tion is hereby incorporated by reference. It should be 
understood that any gap in the description in the SPE 
publication should be filled in by reference to the API 8 
hour Procedure. The testing techniques used by the 
applicants to determine the conductivity of the prop~ 
pants of the present invention as they are intended to be 
supplied to a customer (referred to as the "Stim-Lab 
Technique") are essentially identical to those described 
in SPE publication No. 16900 using Monel-K 500 or 
sandstone shims in the conductivity cells, as noted 
herein A single cell was used rather than stacking 4 cells 

5 and injected into a subterranean formation under high 
pressure to open a fracture, with the proppant remain· 
ing in the fracture to prop it open after the fracturing 
pressure is removed. The measured conductivity of the 
proppants of the present invention are equal to and 

10 usually substantially better than those of other known 
lightweight proppants which have higher specific grav· 
ities and higher weight per unit o.f volume. in the manner described in the SPE publication. This 

however should have no effect on the measured results. 
The Stirn-Lab Technique is considered to yield conduc­
tivity measurements that are repeatable to within about l!i 
5-10%. 

SUMMARY OF THE INVENTION 

In accordance with the invention -there is pr~vided a 
low density, high strength proppant which is formed of 20 

solid ceramic particles having a dry specific gravity less 
than 2. 70 and preferably 2.60 or less and a conductivity 
of at least about 3,000 md·ft and preferably at least 4000 
md·ft after 50 hours at 8,000 p.s.i. and 275° F. in the Z!i 
presence of a deoxygenated 2% aqueous solution of 
KCl as measured by the Stim·Lab Technique using 
sandstone shims. Most preferably the conductivity is at 
least 4400 md.ft as measured under the above condi· 
tions. 30 

The method of the present invention .involves pro· 
ducing a proppant by milling calcined kaolin clay and 
an amorphous to microcrystalline silica to an average 
particle size of less that 7 microns, and preferably about 
3.0 microns or less and pelletizing a mixture of the re· 35 
suiting powders in a compacting mixer. Preferably the 
mixture contains between 55 weight percent ("w/o") 
and 90 w/o kaolinite and between 45 w/o and 10 w/o 
silica, although the percentages. may fall outside these 
ranges. Kaolinite is normally the major component of 40 
the mixture. However, in the limit the silica content 
could reach 100% yielding a proppant of essentially all 
crystobablite having a specific gravity of about 2.33. 
The kaolinite and silica are preferably milled together 

The kaolin clay is calcined at a temperature of less 45 
than 900° C. to reduce the loss on ignition ("LOI'') to 12 
W /o or less when tested at 1400° C., and preferably to 
about 2 w/o LOI when tested at 1400° C. It is important 
that the-calcining be done at a low enough temperature 
that the kaolin clay does not undergo a phase transfer~ so 
mation to mullite and crystobalite. The silica should not 
contain any significant amount of crystalline quartz, 
other than amorphous to microcrystalline quartz as 
hereinafter defined, and is preferably dried to a LOI of 
about 1 w/o when tested at l()(X)o C. 55 

Preferably, an organic binder is first dispersed in the 
milled material in the mixer and then water is added to 
the powder at a controlled rate while mixing and com· 
pacting the powder to form rough pellets of a desired 
size. Next, with the mixer still running, additional dry, 60 
milled material is slowly added to yield smooth, spheri~ 
cal pellets. The pellets are then dried and fired to con· 
vert the material to proppant pellets that preferably 
comprise between about 35 (w/o) and 60 w/o mullite, 
between about 35 w/o and 60 w/o crystobalite and a 65 
minor amount (less than 10 w/o) of a glassy phase. The 
proppant has a specific gravity of less than 2.70 and 
preferably of 2.60 or less. Most preferably the pellets 

DETAILED DESCRIPTION 

The preferred raw materials for use in making the 
low specific gravity, high strength proppants of the 
present invention are kaolin clay and amorphous to 
microcrystalline silica. Preferably the kaolin clay con~ 
sists largely of kaolinite {AhShs(OH)4) and is essen· 
tially free of sand (i.e., quartz). One source of such 
material is from C E. Minerals, headquartered in King 
of Prussia, Pa. The kaolinite deposits owned by C. E. 
·Minerals arc mined at C. E. Mineral's Mulcoa opera· 
tions in Andersonville, Ga. The Andersonville kaolin 
deposits owned by C. E. Minerals are well described in 
a report by Alfred D. Zapp entitled "Bauxite Deposits 
of the Andersonville District, Ga", U.S. Geological 
Survey Bulletin 1199·0. This report is incorporated 
herein ·by reference. The re"port states that the deposit 
consists largely of the mineral kaolinite and is essentially 
sand free. The chief impurities are compounds of iron 
and titanium and small amounts of gibbsite. The kaolin 
clay is deposited in tabular lenticular masses. Raw mate~ 
rials containing significant amounts of sand (free silica 
or quartz) produce a weaker proppant, while raw mate~ 
rials containing gibbsite or other hydrated aluminas 
yield a product having an. undesirably high specific 
gravity. 

By amorphous to microcrystalline silica is meant 
silica which is truly amorphous or is "amorphous" in 
the sense that the ultimate submicron particles, as seen 
with the aid of a scanning electron microscope, do not 
have the angular shape of crystals. One source of amor· 
phous to microcrystalline silica is from Illinois Minerals 
Company in Cairo, Ill. This silicS-t as described by Illi· 
nois Minerals, is an extremely fine·grained microcrys· 
talline silica formed by weathering of silica·rich lime­
stone. Materials from other deposits of kaolinite and of 
amorphous to microcrystalline silica can also be used in 
making the proppants of the present invention. 

In general the kaolin clay most useful as a raw mate· 
rial in making the proppants in accordance with the 
invention may contain by chemical analysis about 45 
w/o alumina and 52 w/o silica, less than 1 w/o iron 
oxide and less than 2 w/o (preferably less than 1 w/o) 
free quartz. Preferably the kaoline clay approaches 
100% kaolinite. Most preferably the amount of free 
quartz is non-detectable. 

Other naturally occurring minerals which may be 
present in minor or trace amounts include anatase and 
rutile. Minerals whose presence in the raw material 
appear to be somewhat detrimental to the properties of 
the final product include quartz, pyrite, marcasite, sid­
erite, micas and montmorillonites. The amorphous to 
microcystaliine silica most useful as a raw material in 
making the proppants in accordance with the invention 
should contain by chemical analysis at least 94 w/o 
(preferably 100 w/o) silica. 
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The kaolin clay is preferably calcined before further 

processing in order to remove water and organics. In 
accordance with the invention, applicants have found 
that the calcining should be performed at a temperature 
low enough. that the kaolin clay does not undergo a 5 
phase change to form mullite or crystobalite. Appli· 
cants have found that the presence of any significant 
amount of mullite or crystobalite in the kaolin clay 
before the fmal drying and firing steps has a severely 
detrimental effect on the properties of the proppants 10 
produced. Therefore the calcining should be performed 
at a temperature below 90(Y C. for a sufficient time that 
the loss on ignition ("LOT") of the kaolinite is 12 W/o or 
less and preferably 2 w/o or less when tested at 1400~ C. 
The calcining may be performed relatively 'quickly at 15 
temperatures on the order of 1CYY to 800° C. or may be 
performed more slowly at lower temperatures. If the 
calcining temperature is above_ about 450a to 500° C., 
the kaolinite is converted to amorphous alumina and 
silica (sometimes referred to as "meta kaolinite"). Such 20 
a transformation, however, has no adverse effect on the 
product of the invention. The silica should be dried 
after mining to an LOI of less than I w/o when tested 
at 1,000° C. This drying is typically done at tempera~ 
tures of between about 150° and 200° C. 25 

The calcined material and the silica is then reduced in 
particle size, preferably by dry ball milling them in a 
closed loop system containing a particle classifier. The 
average agglomerated particle size in this milled mate~ 
rial is less than 7 microns and preferably about 3.0 mi- 30 
crons or less as measured by a Sedigraph (Micro Merit~ 
ics Instrument Corp.) or a Granulometre' (Cilas Com~ 
pagnie Industrielle des Lasars). The true ultimate parti~ 
cle size, however, of the milled raw material (both the 
kaolin and silica) is much fmer than 3.0 microns and is 35 
believed to be-made up ofsubmicron flakes or particles. 
Such submicron flakes or particles tend to agglomerate 
to form the composite particles which are sensed by the 
measuring instruments. The calcined kaolin clay .and 
silica are mixed together and preferable are milled to- 40 
gether. The mixture preferably contains between 55 
w/o and 90 w/o kaolinite and between .45 w/o and 10 
w/o silica, although different percentage mixtures may 
be used. Kaolinite is normally the major component of 
the mixture. However, in the limit the amorphous to 45 
microcrystalline silica content can reach 100%, yielding 
a proppant that is essentially entirely crystobalite hav­
ing a specific gravity of about 2.33. Such a super light­
weight proppant would be very useful in shallow wells 
when closure stresses are on the order of 4000 p.s.i. or 50 
less. 

The milled raw material is pelletized preferably in a 
compacting mixer. The preferred commercially avail• 
able machines for this purpose are the Eirich Counter­
current Intensive Mixers which are manufactured in 55 
several sizes of different capacities by the Maschinen­
fabrik Gustav Eirich of Hardheim, West Germany and 
distributed in the United States by Ei+i.ch Machines, 
Inc., New York, N.Y. 

The Eirich mixer has a rotating mixing pan forming 60 
the bottom of the mixing chamber which pan can be 
either horizontal or inclined at an angle and a "mixing 
star" which rotates in the opposite direction from the 
pan. The mixing star rotates about an axis parallel to and 
offset from that of the pan and has a diameter of about 65 
20 to 25 percent of that of the pan. The preferred form 
of mixing star for the pelletizing operation is referred to 
by Eirich as a suction type rotor and has a plurality of 

vertically extending trapidzoida.J.ly shaped mixing ele­
ments which extend from the periphery of the rotating 
element. For the Model R7 machine, the pan has a 
single rotational speed of about 45 r.p.m., while the 
mixing star has_ a low and a high speed. The low speed 
is about 700 r.p.m. and the high speed is about twice 
that, about 1400 r.p.m. The rotational speeds of the 
elements of the larger mixers are adjusted so that rotat­
ing elements have similar tip speeds. The mixer may 
also contain a second mixing star upon which can be 
mounted plows for cleaning the sides of the rotating 
pan. This second mixing star ~s also mounted eccentri­
cally in the mixer and rotates in the opposite direction 
from the mixing pan. An example of another compact­
ing mixer that is believed suitable for use in the present 
invention is the Littleford Lodige mixer. 

The milled powder charge is preferably first mixed 
dry in the mixer with up to about 3 w/o (calculated on 
the basis of the initial milled powder charge) of an or­
ganic binder such as gelatinized cornstarch for a period 
of about 30 seconds with the suction rotor on the low 
speed setting in order to fully disperse the binder in the 
raw material powder. 

It is preferred that Such binders be such that they are 
pyrolized or driven off during later firing of the prop~ 
pant pellets. The amount of the binder is nonnaliy on 
the order of 1 w/o to 3 w/o of the initial milled powder 
charge. It is possible to make pellets with the method of 
the invention without a binder but it is believed that the 
use of a binder results in improved properties and yield. 

Next water is added at a controlled rate to the mixer 
with the suction "rotor running at the low speed setting 
to initially pelletize the material. The rate of water 
additiOn ·should be contro1led properly to facilitate the 
formation of the pellets in the mixer and can affect the 
quality of the final product. Typically the total amount 
of water for the Model R7 Eirich mixer is from about 35 
to 55 w/o of the initial starting material and preferably 
about 43 to 50 w/o. Preferably between about 40 and 60 
w/o of the expected total amount of water is added 
af~er the binder is dispersed and mixed for about 2 to 4 
minutes. Thereafter additions of about 8 to 10% of the 
total water are made about every 0.75 to 1.5 minutes 
until irregularly shaped pellets ranging in size from 
about 1/16 to l inch in diameter are formed. 

Once pellets have formed in the mixer, which at this 
point are normally large_ and irregularly shaped, the 
suction rotor is switched to the high speed setting and 
additional milled calcined raw material (referred to as 
"dust") is slowly added to the mixer over a period of 
about 5 to 7 minutes in order to cause the pellets to 
become smaller, well shaped spheres of a narrower size 
distribution, typically 0.02 inches to 0.047 inches. Typi~ 
cally, the amouilt of dust required to form the desired 
size spheres is about 42 to 70 w/o of the starting raw 
material. Preferably about 46 to 54 w/o dust is added. 

In some cases the suction rotor is switched back to 
the low speed setting for a later portion of the 5 to 7 
minute period after a major portion of the dust has been 
added to the mixer. After adding the dust, the suction 
rotor is then preferably set back to the low speed setting 
if it has not already been and the mixer run for a further 
period of about 30 seconds in order to improve the 
sphericity of the pellets and to increase yield of the 
desired size range. 

The amount and rate of water and dust additions to 
the mixer can have a significant impact on the conduc­
tivity of the proppant produc·ed by the method of the 
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8 
invention. If too much water is aclde~ the particles are 
poorly shaped and are too large. If the dust is added too 
quickly it results in a poor yield of particles in the de­
sired size range. If not enough dust is added the parti­
cles are poorly shaped and will stick together in ag- 5 
glomerated masses. If too much dust is added the parti· 
cles have a rough surface and unconsolidated dust re­
mains in the mixer. When the right amount of dust is 
added, the process yields smooth, spherical, well com­
pacted pellets. The spherical pellets are next discharged to 
from the mixer and dried to a free moisture content of 
less_ than 10% and preferably less than 5%. The drying 
temperature and time does not appear to be critical and 
it has been found, for instance, that drying at tempera· 
tures of 150° C. overnight, or of 260° C. for 10 to 15 15 
minutes are suitable. Once dried, the desired size spheri­
cal pellets are separated by screening for instance to a 
18/35 mesh size. The larger than 18 mesh and finer than 
35 mesh are recycled to be repelletized. The screened 
particles in the desired size range are then sintered, for 20 
instance in a rotary kiln, at a temperature between 1300° 
and 1500• C., preferably between 1375• to 1425° C." for 
about 15 to 30 minutes at temperature. The total time in 
the kiln is normally from about 1 to 1 i hours. The parti­
cles shrink upon firing by about 15% to 20%. The de- 25 
sired finished size is typically between about 0.0167 
inches and 0.0331 inches but can be larger or·smaller as 
needed. The particular temperature to which the 
screened particles are frred is selected in order to maxi­
mize their strength. This temperature depends on sev- 30 
eral variables, some of which are the raw material min­
eralogy, the milled particle size, the pellet size and the 
volume of material in the kiln. 

After firing, the pellets are again screened to the 
desired final size. A typical product size is 20/40 mesh 35 
which contains 90 w/o of its pellets of between 0.0167 
inches and 0.0331 inches in size and preferably 90 w/o 
of the pellets between about 0.0232 inches and 0.0331 
inches in size. 

The proppants of the invention have been found to 40 
have surprisingly and unexpectedly high conductivities 
for having such low specific gravities. More particu­
larly, the conductivities of the proppants of the pre­
ferred embodiment of the present invention are at least 
3000 md-ft and preferably at least 4000 md-ft after 50 45 
hours at SOCK> p.s.i. and 275° F. in the presence of a 
deoxygenated 2% aqueous solution of KCl as measured 
by the Stim-Lab Technique using sandstone shims. 
Most preferably the conductivity is at least 4500 md-ft 
when measured under the above conditions. The prop- 50 
pants of the present invention have specific gravities of 
less than 2. 70, and preferably 2.60 or less, which are 
lower than those of other commerci~ly available light· 
weight proppants. In fact, the preferred proppants of 
the present invention are even lighter than sand (spe- 55 
cific gravity 2.64), the lightest proppant which has here­
tofore been in common commercial use. The conductiv-
ity of the proppants of the present invention are be­
tween about 3 and 20 times that of sand, however, de­
pending upon ·operating conditions. Sand is of little use 60 
at pressures on the order of 8000 p.s.i. while the pre­
ferred proppants of the present invention still have high 
conductivities, on the order of as much as 4500 md·ft, at 
such pressures. 
Comp~red to another heavier commercially available 65 

proppant which is considered to be in the lightweight 
range, the preferred proppants of the present invention 
have substantially higher conductivities. The commer-:-

cially available "lightweight" proppant has been mea­
sured in accordance with the Stim-Lab technique to 
have a conductivity of 6067 md-ft after 50 hours at 250" 
F. and 6000 p.s.i. closure stress in t4e presence of deoxy­
genated aqueous 2% KCL solution using sandstone 
shims. A proppant in accordance with the preferred 
embodiment of the present invention had conductivity 
values of 7855 md-ft when measured under the same 
conditions. The same commercially available "light­
weight" proppant had conductivities measured by the 
Stim-Lab technique of3616 to 3700 md-ft after 50 hours 
at 275° F. and S{X)() p.S.i. while the proppant of the 
present invention had a conductivity of 4459 md-ft 
under similar conditions. 

The Loose Pack Bulk Density (LPBD) of the prop· 
pant of the invention used in the above example is 1.45 
gms/cm3. The LPBD of the commercially available 
"lightweight'" proppant used for comparison in the 
above example is.1.61 gm/cm3, Their specific gravities 
were 2.56 and 2.70 respectively. 

From a mineralogical point of view the sintered pel­
lets of the present invention are preferably between 
about 35 w/o and 60 w/o mullite and between about 38 
w/o and 60 w/o crystobalite and a minor amount (less 
than 10 w/o) of a glassy phase. It is believed that the 
glassy phase is best minimized for the highest quality 
product. 

EXAMPLES 

The invention is further illustrated by reference to the 
following non~limiting examples wherein all percent­
ages are by weight unless otherwise specified. When 
applicable calcining conditions and milling techniques 
for each raw material are given with each example. 
Unless otherwise indicated, the pellets are screened to 
an 18/35 mesh size after drying and to a 20/30 mesh size 
after sintering wherein 90% of the pellets are between 
about 0.0232 inches and 0.0331 inches in size. The typi­
cal yield of properly size pellets in the frrst screening is 
about 70%. The chemical compositions of the raw ma­
terials used in the following examples are summarized in 
Table I. The mineralogical composition of the calcined 
kaolin clays as measured by the X-ray diffraction tech~ 
nique is summarized in Table II. The kaolinite in both 
the Huber 40-C clay and the Mulcoa clay have been 
transformed to amorphous alumina and silica by being 
calcined at 750• C. and thus are no detected by X-ray 
diffraction. The figures in Tables II for the ACCO clay 
are for the uncalcined material so that kao1inite is de­
tected. MineraloSicaily the silicas used in the examples 
is of such a fme grain size as to be virtually undetectable 
as measured by X-ray diffraction techniques. The com­
ponents in Table II are divided into major minerals 
which comprise about 95 w/o of the detected minerals 
present and the minor minerals which together make up 
less then 5 w/o of the detected minerals present. Ka· 
olinite is approximately 45 w/o AhOJ. After calcining 
or drying all the raw materials are milled to an average 
particle size of about 3 microns as measured by a Granu­
lometre. About 90% of the particles were measured to 
be less than 10 microns in size. 

TABLE I 
2 4 

Huber 40-C ACCO Mulcoa 
Example Clay Clay Clay (Silica) 

Chemistn: 

Al203 45.0 45.9 43.7 0.7 
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2 
Huber 40-C 

Clay 

~3.0 
1.8 
Q2 

ACCO 
Clay 

~1.4 
1.8 
0,9 

Mulcoa 
Clay 

~1.8 
1.7 
0.8 

4,977,116 
10 

4 

(Silica) 

99.0 
o.s 
0.5 

5 

kiln of approximately 1 hour 15 minutes. After cooling 
the pellets were screened to a 20/30 mesh. The dry 
specific gravity of the material was 2.56 as measured by 
a Beckman air comparison pycnometer Model 930. 

A conductivity test using the Stim-Lab Techniq~e 
referred to above was conducted with final closure 
stress._of 6,000 p.s.i. at 250° F. in the presence a deoxy-
genated aqueous 2% solution of KCl for 50 hours. In 

TABLE II accordance with this procedure 63.06 grams of the 
--;:-=-::-----==;=..::.--::-----:--- 10 screened proppant pellets were loaded into a API Has-

2 Example teloy-C 10 in2 linear flow cell to give a loading of 2 

Major Minerals 

Kaolinite 
Minor Minerals 

An"'"' 
Rutile 
Qwuu 
Mullite 
Amorphous 

"ND" means non-detectable 

Mineralog;y 

ND 

Major 
ND 
ND 
ND 
Yoo 

EXAMPLE I 

Major NO 

Major Trace 
Trace NO 
NO Trace 
ND ND 
No y.,. 

IS 

20 

lbs./ft2 of proppant and leveled loosely with a universal 
bevel blade device. A 3/8 inch thick sandstone core was 
placed on top of the test pack followed by an 0-ring 
fitted to a piston which was lightly cOated with vacuum 
grease. The loaded test cell was then placed in a 150 ton 
Dake press and the closure stress was increased to 500 
p.s.i. at a rate of 100 p.s.i./min. The cell was saturated 
with deoxygenated aqueous 2 w/o KCl solution and 
then purged of air at the ambient laboratory tempera-
ture of70" F. to 80" F. A Validyne DPIS-30 differential 
pressure trafisducer connected across the cell was cali­
brated with water columns to .0001 p.s.i. accuracy. 
Closure stress was then raised to 1,000 p.s.i. at a rate of 
100 p.s.i./min. A Reservoir Accumulator, made up of 
two 5 gal and two 1 gal nitrogen driven fluid reservoir 
accumulators which were ftlled with a 2 w/o KCl aque­
ous solution that had been deoxygenated with nitrogen 
to a level of less than 15 ppb and preferably less than 5 
ppb of oxygen was connected to the test cell and set at 
a driving pressure of 400 p.s.i.. The connection of the 
Reservoir Accumulator to the cell is make through two 
150 ml sample cylinders filled with 100 mesh Oklahoma 

35 # 1 sand with ceramic band heaters in order to saturate 
the test fluid with silica. It should be noted that the 
closure stresses on the proppant pack in the cell are 
stated in terms of the net closure stress on the pack 

One hundred (100) lbs. of a kaolin clay /silica mixture 
was produced by combining 86 lbs. of calcined Huber 25 
40-C kaolin clay (manufactured by the J. M. Huber 
Corporation) and 14lbs of dried Imsil A-108 microcrys­
talline silica (manufactured by lllinois Minerals Com­
pany) in an Eirich Model R-7 Compacting Mixer and 
mixing the two ingredients together for 60 seconds. 30 
Both the calcined kaokin clay and the silica had been 
milled separately to an average particle sizC of 3 mi­
crons as measured by a Granulometre. Hereafter ffi this 
example this mixture will be referred to as "blended 
material". 

A 50 lbs. charge of blended material was placed in an 
Eirich Compacting Mixer having an inclined pan and a 
suction type· rotor along with 1! lbs. of gelatinized corn­
starch binder and mixed for 30 seconds with the suction · 
rotor in its low speed setting in order .to fully disperse 40 
the binder in the blended material. With the suction 
rotor rotating at its low speed setting, 9 lbs. of water 
was added to the mixer and mixed fo~ a period of two 
minutes. As the suction rotor continued to operate in 
the low speed setting, seven 2lb. additions, followed by 45 
a 1 lb. addition and then a lib. addition of water were 
added sequentially to the mixer with a 45 second mixing 
period after each addition. At this point irregularly 
shaped pellets had formed. 

The rotor was then switched to the high speed setting 50 
and an additional 17 lbs. of the same blended material 
was slowly added to the mixer over a three minute 
period. Then the rotor was reset to its low speed setting 
and additional lllbs. of the blender material was added 
over a period of two minutes. The mixing was contin- 55 
ued with the suction rotor in the low speed setting for 
an additional period of 30 seconds. At this point the 
particles had fairly good sphericity but had rather 
rough surfaces. An additional 7 lbs. of the blended ma~ 
terial was slowly added to the mixer over a 1 minute 60 
period and the material mixed for an additional 30 sec· 
ends with the suction rotor continuing in the low speed 
setting. The pellets now had a good spherical shape and 
smooth surfaces. The pellets were discharged from the 
mixer and dried overnight at 150° C. in a box oven. 65 
After drying the pellets were screened to an 18/35 mesh 
and fired at 1405° C. in a rotary kiln for a period of 
about 30 minutes at temperature with a total time in the 

which is equal to the gross pressure applied by the press 
minus the 400 p.s.i. pressure applied by the reservoir 
accumulator. 

The system was allowed 30 minutes to come to equi­
librium and a series of five conductivity measurements 
were taken and averaged. The conductivity was calcu­
lateQ from the darci relationship: 

K,.F26.78_uQ/8P where 

kwpConductivity (md-ft) 
26.78 =factor to account for a 1! X 5 inch flow area 
and pressure in p.s.i 
J.l.= Viscosity of flowing fluid at temperature (cp) 
Q=Fiow rare (ml/min) 
6P=Pressure differential across.5 inch flow path. 
After the readings were taken at ambient tempera-

ture, the temperature was increased to 250° F. and held 
for 8 hours for temperature uniformity. Next readings 
with the .system at 250° F. were taken at 1,000 p.s.i., 
2,000 p.s.i., 4,000 p.s.i. and 6,000 p.s.L with the closure 
stress being raised between levels at a rate of 100 p.s.i./­
min. After reaching each of the I ,000, 2,000, 4,000 and 
6,000 closure stress levels, the system was held at 250° 
F. for 1.5 hours before the conductivity readings were 
taken. At the 6,000-p.s.i. level the cell was held at 250° 
F. for 50 hours during which conductivity measure­
ments were taken at 10 hour intervals. The measured 
conductivity at the 50 hour time was 7,351 mdft and 
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7084 md-ft on a second sample of the raw material run 
at the same time. 

EXAMPLE II 

In this example a kaolin clay was obtained from the s 
American Cyanamid Co., Andersonville, Ga. The 
chemical and mineralogical composition of the uncal­
cined clay as indicated in Table I and II. This kaolin 
clay was·calcined a 480" C. for approximately 24 hours 
then crushed to less than i". The crushed kaolin clay 10 
was combined with 250 grade air-floated microcrystal­
line silica provided by the Illinois Minerals Company. 
This mixture contains 75 w/o clay and 25 w/o silica and 
hereafter' will be referred to as "blended material" in 
this example. The mixture was tumbled in a "V" 15 
blender for approximately 2 minutes to insure complete 
mixing. 

The blended material was next reduced in particle 
size using a jet mill manufactured by the Fluid Energy 
Processing Equipment Company of Hatfield, Pa. The 20 
average particle size of this milled material was 3.68 
micons as measured by the Leads and Northrup Micro~ 
trac II particle size analyzer. 

A 45 lb. charge of this blended material was placed in 
the Eirich Model R:-7 Compacting Mixer described in 25 
Example I along with 11 lbs. of cornstarch binder and 
mixed dry for 30 seconds at the low speed· setting. 
Water was then added to the mixer with the mixer 
operating at the low speed setting with 9 lbs. being 
added and mixed for 2 minutes followed by 4 additions 30 
of 2 lbs. each, one addition of I lb. and three additions 
of !lb., with a 45 second mixing period after each addi~ 
tion. 

The mixer was then set to the high speed mode and 10 
lbs. of the blended material was slowly added to the 35 
mixer over a minute period. The mixer was then 
switched back to the low speed setting and an additional 
7 lbs. of the blended material was slowly added over a 
2 minute period, followed by a 30 second low speed 
mixing. An additional 3 lbs. of the blended material was 40 
added over the following minute followed by an addi~ 
tiona! 30 second mixing period at the low speed. Then a 
final 3 lbs. of the blended material was added over the 
following minute followed by an additional 30 second 
mixing period at low speed. The particles were thereaf~ 45 
ter discharged from the mixer and screened, dried and 
fired in the same manner as described in Example I with 
the exception that the sintering temperature was 1395a 
C. After cooling the pellets were screened to a 20-30 
mesh size. The dry specific gravity of the material was 50 
2.52. The Stim~Lab conductivity test described in con~ 
nection with Example I was then performed except that 
the readings at the elevated temperature where takeil at 
275a c. and the maximum stress was 8000 p.s.i. The test 
yielded a measured conductivity after 50 hours at 81000 55 
p.s.i. and 275" F. of 3,351 md/ft. 

EXAMPLE Ill 

In this example a kaolin clay was obtained from C. E. 
Minerals. This clay was mined at their Mulcoa opera· 60 
tion in Andersonville~ Ga. The chemical and mineralog~ 
ical composition of the calcined clay is indicated in 
Tables I and II. For this example the clay was calcined 
in a rotary kiln at 750° C. and held at that temperature 
for 2 hours. This clay was next crushed to minus ! inch 65 
then milled in a similar method as the material in Exam· 
pie II. The average particle size of the milled clay in this 
example was 3.0 I microns as measured by the Leads 

and Northrup Microtrac II. This milled clay was then 
mixed with Imseil A~108 silica in a similar manner as in 
Example I 1 the ratio again being 86% clay and 14% 
silica. Again as in the previous examples this mixture 
will be referred to as "blended material" hereafter in 
this example. 

A 45 lbs. charge of this blended material was placed 
in the Eirich Model R~7 Compacting mixer descnbed in 
Example I along with ll lbs. of cornstarch binder and 
mixed with water in the same manner as described in 
Example I with the exception of adding 2 lb. additions 
to 17 lbs. then lib. additions to 21lbs. then a ! lb. addi~ 
tion. 

Next 13 lbs. of blended material was slowly added 
over a minute period with the mixer in the high speed 
setting, Next the mixer was switched back to the low 
speed setting and an additional 8 lbs. ofblended material 
was added over a period of 2 minutes after which the 
mixer continued to be operated for an additional 30 
seconds mixing time. The pellets formed by this proce-­
dure were slightly wet but had a good spherical shape. 
The pellets were then removed from the mixer and 
dried, screened (both before and after sintering) and 
sintered in the same sintering temperature used was 
1,385" c. 

The Stim-Lab conductivity test described in Example 
II was then performed on the proppant resUlting in a 
conductivity measurement of 41459 md~ft. after 50 hours 
at 8,000 p.s.i. at 275a F. The dry specific gravity of the 
proppant was 2.59. 

The low density high strength proppant particles 
produced in accordance with the method of the present 
invention may be injected into fractures in subsurface 
fonnation as a propping agent. In fracturing treatment a 
viscous fluid, often referred to as a "padu is injected into 
the· well at extremely high pressure to cause the fonna· 
tion to fail in tension and fracture to accept the fluid. 
The fracturing fluid may be an oil base, water base, 
acid, emulsion, foam or other fluid. Normally the fluid 
contains several additives such as viscosity builders, 
drag reducers, fluid loss additives, corrosion inhibitors, 
cross linkers and the like. The fluid of the pad is injected 
until a fracture of sufficient geometry is obtained to 
permit the placement of the proppant pellets. Normally 
the treatment is designed to provide a fracture at the 
well bore of at least 2i times the diameter of the largest 
proppant pellet Once a fracture of the desired geomme~ 
try is obtained1 the proppants are carried suspended in 
the fluid pad and placed in the fracture. Following 
placement of the proppant, the Well is shut-in for a 
length of time sufficient to permit the pressure to bleed 
off into the fonnation which in tum causes the fracture 
to close and exert closure stress on the proppant parti~ 
cles. The shutin period may vary from a few minutes to 
several days. The proppant particles of the present in~ 
vention are particularly suitable for use as propping 
agents in wells of depths less than about 14,000 feet. 

What is claimed is: 
1. A method for making a low density proppant com· 

prising the steps of: 
calcining kaolin clay at a temperature below that 

which Would cause the transformation of any sig~ 
nificant portion of said kaolin clay to mullite or 
crystobalite for a time sufficient to reduce the LOI 
thereof to 12% or less, when tested at 1400° C.; 

mixing said calcined kaolin clay with amorphous to 
microcrystalline silica; 
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pelletizing said mixture to form pellets in a selected 
size range; and 

sintering said pellets to form proppant particles hav~ 
ing a dry specific gravity of less than 2.70. 

2. The method of claim 1 further including the step of 5 
milling said calcined kaolin clay and said silica to an 
agglomerated particle size of 7 microns or less prior to 
the pelletizing step. 

3. The method of claim 2 wherein said calcined kaolin 
clay and silica are milled to an agglomerated particle 10 
size of 3 microns or less. 

4. The method of claims 1 wherein said calcining is 
performed at a temperature of less than 900° C. for a 
time sufficient to reduce the LOI of the kaolin clay to 2 
w/o or less at 1400° C. 15 

5. The method of claim 1 wherein said step of pellet· 
izing includes the steps of: 

pelletizing an initial amount of material which con­
sists essentially of a mixture of milled, calcined 
kaolin clay and amorphous to microcrystalline 20 
silica by simultaneously mixing and compacting 
said material while adding water at a controlled 
rate; and 

adding additional amounts of said material at a con~ 
trolled rate while continuing said. simultaneous 25 
mixing and compacting to form pellets therefrom 
in a desired size range. 

6. The method of claim 5 wherein said step of pellet­
izing further includes dispersing an organic binder in 
said material prior to adding water. 30 

7. The method of claim 5 wherein the amount of 
water added is between 35 w/o and 50 w/o of said 
initial amoUnt of material. 

35 

40 

45 

50 

55 

60 

65 

14 
8. The method of claim 7 wherein the said additional 

amounts of said material is between 42 w/o and 70 w/o 
of the initial amount of said material. 

9. The method of claim 1 wherein said propPailt has 
a conductivity at least 3000 md-ft after 50 hours at 8000 
p.s.i. and 275° F. in the presence of deoxygenated aque­
ous 2% solution of KCl as measured-by the Stim-Lab 
Technique using sandstone shims. 

10. The method of claim 9 wherein said conductivity 
is at least 4000 md-ft. 

11. A method for making a low density proppant 
comprising the steps of: 

providing a powder mixture of between 0 and 90 w /o 
calcined Kaolin clay and between 10 and 100 w/o 
of amorphOus to microcrystalline silica, said cal­
cined kaolin clay containing less than 2 w /o quartz, 
said calcined kaolin clay and silica having been 
milled to an average agglomerated particle size of 
less than 7 microns; 

pelletizing said powder. mixture by simultaneously 
mixing and compacting said mixture while adding 
water at a controlled rate and adding additional 
amounts of said mixture while continuing said si­
multaneous mixing and compacting, to form pellets 
in a selected size range; and 

drying and sintering said pellets to form proppant 
particles having a specific gravity of 2.60 and of 
less. 

12. The method .of claim 11 wherein said calcined 
kaolin clay is calcined at a temperature low enough 
such that substantially none of said kaolin clay is trans-: 
formed to mullite or crystobalite during calcining. 

* • • • • 
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[57] ABSTRACT 

A lightweight oil and gas well proppant made by simul­
taneously mixing and compacting a milled calcined 
kaolin clay powder to form green pellets and then dry­
ing, screening and sintering the pellets to form proppant 
pellets having a specific gravity of 3.0 or less and a 
conductivity of at least 4,200 millidarci-feet and prefera­
bly at least 5,100 md-ft as measured by the Stim-Lab 
method after SO hours at 8,000 psi and 275° F. in the 
presence of deoxygenated aqueous 2% solution of KCl. 
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LIGHTWEIGHT OIL AND GAS WELL 
PROPP ANTS 

This application is a division of application Ser. No. 
07/297,877, flied Jan. 17, 1989, now U.S. Pat. No. 
4·,921,821 which, in turn, is a continuation-in-part of 
application Ser. No. 071277,258, filed Aug. 2, 1988, no;v 
abandoned. 

FIELD OF INVENTION 

This invention relates generally to Jightweight prop~ 
.pants for. oil and gas Wells and mOre particularly to 
lightweight proppants for oil and gas wells having in­
creased strength and conductivity. 

BACKGROUND 

2 
mixing is in progress sufficient water is added to cause 
fonn3tion of composite spherical pellets from the pow· 
dered mixture. Fitzgibbon states that the rate of water 
addition is not critical. The pellets are dried and then 

S furnaced to sinter the pellets The sintered pellets have a 
specific gravity of between 2.7 and 3.4. 

U.S. Pat. No. 4,522,731 to Lunghofer relates to an 
intermediate strength proppant having an alumina con· 
tent between 40% and 60% which is produced using a 

10 spray aggloiperation process and which has a density of 
less than 3.0 gr/cc. In a prefe~red embodiment Lung· 
hofer ·produces his proppants from "Eufaula bauxite" 
which it states is bauxitic-kaolin type material deposited 
in and around Eufaula, Alabama. According to Lung-

IS hofer, the Eufaula bauxite preferably contains at least 
some (above 5%) gibbsite. 

U.S. Pat. No. 4,668,645 to Khaund relates to an inter-
Hydraulic fracturing is a process of injecting fluids mediate strength proppant made from a mined "bauxitic 

into a selected oil or gas bearing subsurface earth fonna· clay" having a specified chemical composition. 
tion traversed by a well_ bore at sufficiently high rate-s 20 The proppants described in the Fitzgibbons, Lung· 
and pressures such that the formation fails in tension hofer and Khaund patents have specific gravities lower 
and fractures to accept the fluid. In order to hold the than that of the earlier Cooke proppant and proppants 
fracture open once the fracturing pressure is released a having such lower specific gravities have been used 
propping agent (proppant) is mixed with the fluid with some success in intennediate depth wells where 
which is injected into the formation. 25 the stress on the proppant·is in the 5,000 to 10,000 psi 

Hydraulic_ffacturing increaSes the flow of fluids from range. These lower specific gravity proppants, how-
an oil- or gas reServoir to a well boie in at least three ever, all have compressive strengths which are substan-
ways: (1) the overall reservoir _area in communication tially lower than that of high specific gravity materials 
with the weU bore is increased, (2} the proppant in the such as that refetred to in the Cooke, et al. patent, 
fr1;1cture generally has significantly higher pe'rmeability 30 which limits the conductivities and permeabilities that 
than thar· of the formation, thereby allowing fluids to are obtained with such proppants, particularly at do-
flow more easily, and (3) the high conductivity channel sure pressures over about 10,000 psi. 
causes large pressure· gr3.dients to be created in the The conductivity of a proppant under sp.ecific condi· 
reservoir past the 'tip of the fracture. tions of stress, temperature, corrosive environment and 

Proppants are generally strong, preferably substan· 35 time is the single most important measure of its quality. 
tially spherical, particulates that should be able to with· The conductivity of a packed proppant such as might be 
stand the high temperatures and pressures and corrosive deposited in a fracture is defined as the permeability of 
environments experi(mced in the subsurface formations the proppant pack multiplied by the width of the 

. surrounding an Oil or gas well. Early proppants were propped fracture and is usually stated in units of mil· 
formed of material such as glass beads, sand, walnut 40 lidarci-feet ("md-ft"). 
shells .and aluminum pellets. These materials did not The conductivity of currently available intermediate 
have sufficient" strength or resistance to corrosion to be strength proppants is frequently measured by the tenta-
succes~fu))n many wells, particulaily where closure tive API 8 hour procedure, "Tentative Fifth Draft of 
preSsures above a few thousand psi were experienced. Recommended Practices For Evaluating Short Term 

U..S. Pat. No. 4,068~718 to Cooke relates to a prop- 45 Proppant Pack Conductivity'\ (March 1987) (hereinaf-
pant which Cooke states is formed of "sintered bauxite" ter the "API 8 hour Procedure"), which procedure is 
that ~as a specific gravity greater than 3.4. Cooke states hereby incorporated by reference, 
that. specific graVities above 3.4 are required in order Recently a consortium of some twenty-eight organi-
that the proppant have sufficient compressive strength zations involved in various aspects of the fracturing and 
to ·resist fragmentation under the high stress levels expe· SO stimulation business has sponsored research on ways of 
rienc~ in uSe. While the proppant described in Cooke's evaluating and improving stimulation techniques. Stim· 
example proved to have sufficient strength to resist "Lab, Inc. of Duncan, OK acts as the testing arm of the 
crushing, the high specific gravity- was undesirable consortium to develop consistent and repeatable testing 
since it required the use of higher viscosity fracturing procedures for ·proppants including tests for determin· 
fluids and resulted in a lower volumetric proppant con· SS ing their permeability and conductivity. The long tenn 
centration fOr a given weight of proppant loading in a conductivity testing techniques developed by Stim-Lab 
fracturing fluid when compared with that achieved by a have been widely accepted in the industry and are de-
proppant of lower specific gravity In general, the scribed in a publication of the Society of Petroleum 
higher the volumetric concentration of the proppant in Engineers, No. SPE 6900, entitled "An Evaluation of 
the fracturing-fluid the wider the propped fraCture will 60 the Effects of Environmental Conditions· and Fractur· 
be after the fracturing pressure is released. ing Fluids on the Long-Term Conductivity of Prop-

U.S. Pat. No. 4,427,068 to Fitzgibbon relates to inter- pants" by G. S. Penny of Stirn-Lab, Inc., which publica-
mediate strength composite proppants made by mixing tion is hereby incorporated by reference. It should be 
calcined diaspore clay, burley clay or flint clay with understood that any gap in the description in the SPE 
alumina, ••bauxite" or mixtures thereof such that the 65 publication should be filled in by reference to the API 8 
ratio of alumina to Silica in the composite mix is be· hour ProCedure. The testing techniques used by the 
tween nine to one and one to one. The powdered start· applicants to determine the conductivity of the prop· 
ing materials are mixed in an Eirich mixer and while the pants of the present invention as they are intended to be 
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by reference. The report states that the deposit consists 
largely of the mineral kaolinite and is essentially sand 
free. The chief impurities are compounds of iron and 
titanium and small amounts of gibbsite. The kaolin clay 

supplied to a customer (referred to as the "Stim-Lab 
Technique") are essentially identicaJ to those described 
in SPE publication No. 16900 using Monel·K 500 shims 
in the conductivity cells. A single cell was used rather 
than stacking 4 cells in the manner described in the SPE 
public"ation. This however should have no effect on the 
measured results. The· Stlm-Lab Technique is consid­
ered to yield conductivity measurements that are•re­
peatable to within about 5-10%. 

5 is deposited in tabular lenticular masses, the thicker of 
which may have cores of bauxite or bauxitic clay. Raw 
materials containing significant amounts of sand (free 
silica or quartz) produce a weaker proppant, while raw 
materials containing too much gibbsite or other hy-

SUMMARY OF THE INVENTION 
10 drated aluminas yield a product having an undesirably 

Jiigh specific gravity. Another source of material be­
lieved to be suitable is the kaolin clay mined at the 
Mulcoa operations in Andersonville, Ga. of C. E. Min'-

In accordance with the invention there is provided a 
low density, high strength proppant which is fanned of 
solid ceramic particles having a dry specific gravity 
between 2.65 and 3.0 and preferably between 2.65 and IS 
2.85 and a conductivity of at least about 4000 md-ft and 
preferably at least 4400 md-ft after SO hours at 8,000 psi 
arid 275• F. in the presence of a deoxygenated 2% aque­
ous solution of KCl as measured by the Stim-Lab Tech­
nique. Most preferably the conductivity is at least 5500 20 
md-ft as measured under the above conditions. 

The pn;>ppant of the inventiOn may be produced by 
milling or other comminuting calcined kaolin clay to an 
average agglomerated particle size of about 8 microns 
or less, and preferably of S microns or less, and pelletiz- 25 
ing said powder in a compacting mixer. Tlie kaolin clay 
is calcined at a temperature of less than 900° C. to re­
duce the loss on ignition ("LOI") to 12 w/o or less 
when ·tested at i400o C. Applicants have found in accor­
dance with the i.nvention that it is· important that the 30 
calcining be done at a low enough temperature that the 
kaolin clay does not undergo a phase transformation to 
ni.ullite and crystobaiite during such calcining. 

Preferably, an organic binder is first dispersed in the 
milled kaolin clay in the mixer and then water is added 35 
to the poWder at a controlled rate w~iJe mixing and 
compacting the powder to form rough pellets of a de­
sired size. Next, with the mixer still running, additional 
dry, milled kaolin clay powder is slowly added to yield 
smooth, spherical pellets. The pellets are then dried and 40 
fired· to convert the material to proppant peUets that 
preferably comprise between about 60 weight percent 
(hereinafter "w/o") and 85 w/o mullite, between about 
IS w/o and 35 w/o crystobalite and a minor amount 
(less than 10 w/o) of a glassy phase and having a spe- 45 
ciflc gravity of between 2.65 and 3.0. 

The proppant of the present invention is mixed with 
a fluid and injected into a subterranean fonnation under 
high pressure to open a fracture, with the proppant 
remaining in the fracture to prop it open after the frac- 50 
turing pressure is removed. Surprisingly and unpredict­
ably, the measured conductivities of the proppants of 
the present invention are up to 100% higher than those 
of other known intennediate strength proppants, even 
ones which have higher specific gravities. 55 

DETAILED DESCRIPTION 

The preferred raw material for use in making the low 
specific gravity, high strength proppants or the present 
invention is kaolin clay. Preferably the kaolin clay con- 60 
sists largely of kaolinite (AizShOl (OH)4) and is essen­
tially free of sand (i.e., quartz). One source of such 
material is from the American Cyanamid Company in 
Andersonville, Ga. The AndersonviHe kaolin deposits 
owned by American Cyanamid are well described in a 65 
report by Alfred D. Zapp entitled "Bauxite Deposits of 
the Andersonville District, Ga.", U.S. Geological Sur­
vey Bulletin 1199-G. This report is incorporated herein 

erals, headquartered in King of Prussia, Pa. 
In general the kaolin clay most useful as a raw mate­

rial in making the proppants in accordance with the 
invention may contain by chemical analysis between 
about 43 w/o to 58 w/o alumina, about 37 w/o to 52 
w/o silica, less than 2 w/o (preferably less than 1 "w/o) 
iron oxide and less than 5 w/o free quartz. Preferably, 
t!"!e kaolin clay comprises between 70 w/o and 90 w/o 
kaolinite, between 5 w/o and 25 w/o cryptocrystalline 
to amorphous gibbsite and Jess than 5 w/o other crystal­
line materials. 

Preferably the amount of free quartz is Jess than 2 
w/o and most preferably is non-detecta~le. Other natu­
rally occurring minerals which may be present in minor 
or trace amounts include anatase and rutile. Minerals 
whose presence in the raw material appear to be some­
what detrimental to the properties of the final product 
include quartz, pyrite, marcasite, siderite, micas and 
montmorillonites. 

The raw material is preferably calcined before further 
processing in order to remove water and organics. In 
accordance with the ip.vention, applicants have found 
that the calcining should be performed at a temperature 
low enough that the kaolin clay does not undergo a 
phase change to form mullite or crystobalite. Appli· 
cants have found that the presence of any significant 
amount of mullite or crystobalit~ in the kaolin clay 
before the final drying and firing steps has a severely 
detrimental effect on the properties of the proppants 
produced. Therefore the calcining should be performed 
at a temperatUre below 900° C. for a sufficient time that 
the loss on ignition ("LOI") of the kaolinite is 12 w/o or 
less when tested at 1400° C. The calcining may be per-
formed rel3.tively quickly at temperatures on the order 
of 700' to 800• C. or may be performed more slowly at 
lower temperatures. If the calcining temperature is 
above about 450• to sao· C., the kaolinite is converted 
to amorPhous alumina and silica (sometimes referred to 
as "meta kaolinite"). Such a transformation, however, 
has no adverse effect on the product of the invention. 

The calcined material is then reduced in particle size, 
preferably by dry ball milling in a closed loop system 
containing a particle classifier. The average agglomer­
ated particle size in this milled material should be about 
8 microns or less, and preferably S microns or less, as 
measured by a Sedigraph (Micro Meritics Instrument 
Corp.) or a Granulometer' (Cilas Compagnie Indus­
trielle des Lasars). The true ultimate particle size, how-
ever, of the milled raw material is much finer than 8 or 
S microns and is believed to be made up of submicron 
flakes. Such submicron flakes tend to agglomerate to 
form composite particles on the order ·of 8 microns or 
less which are sensed by the measuring instruments. 

The milled raw material is pelletized in a compacting 
mixer. The preferred commercially available machines 
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for this purpose are the Eirich Countercurrent Intensive tion, typically 0.02 inches to 0.047 inches. Typically, the 
Mixers .which are manufactured in several sizes of dif- amount of dust required to form the desired size spheres 
ferent Cap3citi~ by the Maschinenfabrik Gustav Eirich is about 32 to 50 w/o of the starting raw material. Pref-
of Hardheim, West Germany and distributed in the erably about 40 to 45 w/o dust is added. 
United States by Eirich Machines, Inc., New York, S In some cases the suction rotor is switched back to 
N.Y. the low speed setting for a later portion of the 5 minute 

·The Eirich mixer has a rotating mixing pan forming . period after a major portion of the dust has been added 
the bottom of the mixing 'chamber which pan can be to the mixer. After adding the dust, the suction rotor is 
either hOrizontal or ip.clirted at an angle and a umixing then preferably set back to the low speed setting if it bas 
StaJ:'" which rotates in the Opposite direction from the to not already been and the mixer run for a further period 
pan. The niixing star rOtates about an axis parallel to and of about 30 ·seconds in order to improve the sphericity 
offset from that of ihe pan and has a diameter of about of the pellets and to increase yield of the desired size 
20 to 2S percent of thli~ of the pan. The preferred form range. 
ofinixing star for the pelletizing operation is referred to The amount and rate of water and dust additions to 
by Eirich as a suct~on type rotor and has a plurality of IS the mixer can have a significant impact on the conduc­
vertically extending trapidzoidally shaped ririxing ele- tivity of the proppant produced by the method of the 
ments which extend fronl the periphery of the rotating · · invention. If too much water is added, the particles are 
element. For the MCK;Ie1 R 7 .machine, the pan h~ a poorly shaped and are too lirge. If the dust is added too 
single rotational speed of about 45 rpm, while the ffiix- quickly it results in a poor yield of particles in the de-
ing star has a low and a high speed. The low speed is 20 sired size range. If not enough dust is added the parti-
about 700 rpm and the_high speed is about twice that, cles are poorly shaped and will stick together in ag-
a~out 1400 rpm. The rotational speeds of the elements glomerated masses. If too much dust is added the parti-
of the larger mixers are adjusted so that rotating ele- cles ·have a rough surface and unconsolidated dust re-
ments have sirtiilar tip speeds. the mixer may also con- mains in the mixer. When the right amount of dust is 
tain a second: mixing star upon whjch can be mouDted 25 added, the process yields smooth, spherical, wen com-
ploWs for cleaning the sides of the rotating pan. This pacted pellets. It has been found that mixing times 
second rD.ixing star is also mounted eccentrically in the towards the lower end of the above stated time ranges 
mixer and rotates in the opp_osite direction from the during the addition of water in the mixer tend to yield 
mixing pan. An exanlple of another compacting ~ixer proppants having conductivities of about up to 30 per-
that is believed suitable for use in the present invention 30 cent higher than if the mixing times are towards the 
is the Littleford Lodige mixer. high end of those ranges. 

The milled, calcined kaolin clay powder charge is The spherical pellets are next discharged from the 
preferably first mixed dry in the mixer with about to 2 mixer and dried to a free moisture content of less than 
w/o (calcuta.ted on the basis of the initial kaolin clay 10% and preferably less than 5%. The drying tempera-
powder charge) of an organic binder such as a gelati- 35· ture and time does not appear to be critical and it has 
nfzed cornStarch for a period of about 30 seconds with been found, for instance, that drying at temperatures of 
the suction rotor on the low speed setting in order to 150° C. overnight, or of 260° C. for 10 to 15 minutes are 
fully_ disperse ihe binder in the raw material powder. suitable. Once dried, ·the desired size spherical petlets 

It is preferred that such binders be such that they are are separated by screening for instance to a 18/35 mesh 
pyrOlized or driven off during later firing.of the prop- 40 size. The larger than 18 mesh and finer than 35 mesh are 
pant petlets. The ainount of the binder is normally on recycled to be repelletized. The screened particles in 
the order of l w/o to 2 w/o of the initial kaolin clay the desired size range are then sintered, for instance in a 
powder charge. It is possible to make pellets with the rotary kiln, at a temperature between 1300g and 1500g 
method of the invention without a binder but it is be- C., preferably between 140Ct to 1470g C. for about 15 to 
lieved that the use of a binder results in improved prop· 45 30 minutes at temperature. The total time in the kiln is 
erties and yield. normally from about 1 to ! hours .. The particles shrink 

Next water is added at_ a controlled rate to the mixer upon firing by about 15% to 20%. The desired finished 
with the suction rotor running at the low speed setting size is between 0.0167 inches and 0.0331 inches but can 
to initially pelletize the material. The rate of water be larger or smaller as needed. The particular tempera-
addition should be controlled properly to facilitate the so ture to which the screened particles are fired is selected 
formation of the. Pellets in the mixer and can affect the in order to maximize their strength. This temperature 
ciuality of the final product. Typically the total amount depends on several variables, some of which are the raw 
of water for the Model R7 Eirich mixer is from about 32 material mineralogy, the milled particle size, the pellet 
to 40 w/o of the initial starting material and preferably size and the volume of material in the kiln. 
about 35 to 40 w/o. Prefetably between about 40 and 60 SS After firing, the pellets are again screened to the 
w/o of the expected total amount of water is added desired final size. A typical product size is 20/40 mesh 
after the binder is dispersed and mixed for about 2 to 4 which co1;1tains 90 w/o of its pellets of between 0.0167 
minutes. Thereafter additions of about 8 to 10% of the inches and 0.0331 inches in size and preferably 90 w/o 
total water are made about every 0.75 to 1.5 minutes ofthepelletsbetween0.0232inchesand0.0331 inches in 
until irregularly shaped pellets ranging in size from 60 size. · 
about i to ! inch in diameter are formed. Surprisingly and unexpectedly, it has been found that 

Once pellets have formed in the mixer, which at this the proppa~ts of the present invention have conductivi-
point are normally Jarge and irregularly shaped, the ties that are up to 100% higher than previously known 
suction rotor is switched to the high speed setting and intermediate strength proppants, even ones of higher 
additional"miJied calcin~d raw material (referred to as 65 specific gravities. The conductivities of the proppants 
"dust") is slowly added to the mixer over a period of of the preferred embodjment of the present invention 
about 5 minutes in order to c3.tise the pellets to become are at least 4000 md-ft, and preferably at least 4400 
smaller, well shaped spheres of a narrower size distribu- md-ft, after 50 hours at 8000 psi and 275° F. in the pres-
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ence of a deoxygenated 2% aqueous solution of KCI as raw materials have been calcined at a temperature of 
measured by the Stirn-Lab Technique. Most preferably 480° C. for a period of approximately 24 hours to an 
the conductivity is at least.5500 mdMft when measured LOI of between 11.0 and 12.1 when tested at 1400° C., 
under the above conditions. The proppants of the pre- and have been ball milled in a Conical closed circuit ball 
f~rred embodiment of the present invention have dry S mill with a gyrator air classifier manufactured by Min-
specific gravities of between 2.65 and 3.0 and preferably eral Processing SyStems, Inc. in York, Pa. Unless other-
between 2.65 and 2.85. wise indicated, the pellets are screened to an 18/35 

For example, one proppant in wide commercial use mesh size after drying and to a 20/30 mesh size after 
which is believed to have been made by the method sintering wherein 90% of the pellets are between 0.0232 
described in the above (eferred to Lunghofe( patent 10 inches and 0.0331 inches in size. The typical yield of 
from starting m'aterials which are very similar to those properly sized pellets in the first screening is about 
referred to in that patent have been measured in accor~ 70%. The chemical compositions of the calcined kaolin 
dance with the Stim-Lab Technique to have conductivi- clay powders used as raw materials in Examples 1-4 are 
ties between 3,057 md-ft and 3700 md-ft after SO hours summarized in Table I. The mineralogical composition 
at 275.· F. and 8,000 psi in the presence of a deoxygen- 15 of such raw materials as measured by the X-ray diffrac-
ated aqueo:us 2% KCI solution. The proppants of the tion tecnhique is summarized in Table II. It should be 
folJowing Examples. of the present invention, on the noted 'that in addition to the components listed in Table 
other hand, have conductiVities between about 4080 II, the raw material powders also contain cryptocrystal-
md-ft and 6,878. md·ft depending on starting materials line to amorphous gibbsite and perhaps other non-crys-
and processing conditions when measUred under the 20 talline materials which are not detected by the X-ray 
same conditions. 9iffraction technique. In the components in Table II 

While the reasons for the dramatically higher con- Which divide into major minerals which comprise about 
ductivities of the proppants of the present invention 95 w/o of the detected minerals present and the minor 
over those of the prior art are not fully understood, it is minerals which together make up less then S wlo of the 
believed that they may relate in substantial part to a 25 detected minerals present. The amount of gibbsite pres~ 

. combinatiOn of factors suCh as the mineralogy and mi- ent can be determined from Table II since in all but 
crostructure of the proppant pellets and to the fact that Example 3 the amount of Si02 present as free quartz is 
the proppant of the present invention is made from a non-detectable so that any Ab03 present which is not 
nearly pure kaolinite raw material which has been cal- part of the kaolinite is believed to be in the form of 
cin"ed at low enough temperatures that it is not then 30 cryptocrystalline to amorphous gibbsite. Kaolinite is 
converted to mullite and crystobalite and which has approximately 45 w/o AlzOJ. 
been milled to a fine particle size and then formed into TABLE 1 
pellets with compaction. In contrast, in the technique of 
the Lunghofer patent, the raw material is not calcined 
or milled prior to forming the pellets and the fluidized 35 
bed technique used to fonn the pellets does not provide 
any compaction during formation. 

From a mineralogical point of view the sintered pel­
lf:ts of the preferred embodiment of the present inven­
tion are between about 60 w/o and 85 w/o mullite and 40 
between about IS w/o and 35 w/o crystobalite and 
between about 0 w/o and 10 w/o of a glassy phase. It is 
believed that the glassy phase is best minimized for the 
highest quality product. 

While the measured specific gravity of the above 45 
referred to commercially available proppant is slightly 
lower than the proppants of the present invention to 
which it was compared (2.70 vs. 2.80 to 2.90, respec­
tively), this slight difference in density does not explain 
increases in conductivity of up to 100% and more. This 50 
is especially so in light of the fact that intermediate 
strength proppants such as Interprop Plus and Inter­
prop 1 manufactured by the assignee of the present 
invention which have specific gravities of about 3.17, 
have been measured by the same technique to have 55 
conductivities of 3808 md-ft and 3269 md-ft, (espec· 

· tively. Thus, even though the proppant of the present 
invention has a specific gravity lower than that of the 
Interprop Plus and Interprop 1 proppants, its conduc­
tivity is up to more than 80% higher than Interprop 60 
Plus and 110% highe( than Intel"p(Op 1. The Intel"j)mp 
Plus and Interprop 1 proppants are made with different 
raw materials but with a compacting mixer technique. 

E:o:amEle 
Chemistry 2 

AI203 57.14 57.14 48.76 
Si02 38.66 38.66 47.76 
Fe20J 1.19 1.19 .94 
Ti02 2.82 2.82 2.18 
c.o .08 .08 .07 
MgO .OJ .OJ .OJ 
Na20 .04 .04 .12 
KzO .04 .04 .14 

TABLE II 
Exam le 

Mineralogy 2 J 

Major Minerals 
Kaolinite Major Major Major 
Quartz ND ND Minor 
Gamma Fe203 ND ND ND 
Minor Minerals 
Anatase Major Major Trace 
Rutile Trace Trace Trace 

Where •NO' means non-delectable 

EXAMPLE! 

4 

49.29 
48.70 

.90 
1.95 
.03 
.OJ 
.04 
.06 

• 
Major 

ND 
Trace 

Minor 
0 

A SO lb. cha(ge of milled, calcined kaolin clay ob· 
tained from the American Cyanamid, Andersonville. 
Ga. deposits and having the chemical and mineralogical 
composi6on indicated in Tables I and II was placed in 
an Eirich Model R7 Compacting Mixer having an in­
clined pan and a suctiot. type rotor along with I lb. of 
gelatinized cornstarch binder and mixed for 30 seconds 

EXAMPLES 65 with the suction rotor in its low speed setting in order to 
The invention is further illustrated by reference to the fully disperse the binder in the kaolin clay powder. 

following non-limiting examples wherein all percent· With the suction rotor rotating at its low speed setting, 
ages are by weight unless otherwise specified. All oft he 9 lbs. of water was added to the mixer and mixed for a 
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period of two minutes. As the suction rotor continued 
to operate in the low speed setting, four 2 lb. additions, 
followed by two I lb. additions and a ! lb. addition of 
water were added sequentially to the mixer with a 45 
second mixing period .after each addition. At this point 5 
irregularly shaped pellets had formed. 

· The rotOr was then switched to the high speed setting 
and an additional 12 lbs. of the same nillled, calcined 
kaolin clay powder was slowly added to the mixer over 
a three minute period. nen the rotor was reset to its 10 
low ~peed· setting and :additional 6 lbs. of the kaolin clay 
powder was added over a period of two minutes.· The 
mixing was continued with the suction rotor in the low 
speed sCtting for an additiorial period of 30 seconds. At 
this point the particles had fairly good sphericity but 15 
had rather rough surfaces. An additional 2 ! lbs. of the 
kaolin clay powder were slowly added to the mixer 
over a 1 ri$ute period· and the material mixed· for an 
additional 30 seconds with the suction rotor continuing 

. iD. the 'tow speed setting. The pellets now had a good 20 
spherical shape and smooth surfaces. The pellets were 
discharged from the mixer and dried overnight at 150° 
C. in a box oven. After drying th~ pellets were screened 

were taken and averaged. The conductivity was calcu­
lated from the darci relationship: 

k11p26.78 p.Q/SP where 

kwpConductivity (md-ft) 

26.78 =factor to account for a 1 i X 5 inch flow area 
and pressure in psi 
J.l.=Viscosity of flowing fluid at temperature (cp) 
Q= Flow rate (ml/min) 
8P =Pressure differential across 5 inch flow path. 
After the readings were taken at ambient tempera-

ture, the temperature was increased to 275° F. and held 
for 8 hours for temperature uniformity. Next readings 
with the system at 275° F. were taken at 1,000 psi, 2,000 
psi, 4,000 psi, 6,000 psi and 8,000 psi with the closure 
stress being raised be"tween levels at a rate of 100 psi/­
mih. After reaching each of the 1,000, 2,000, 4,000 and 
6,000 Closure stress levels, the system was held at 275° 
F. for 1.5 hours before the conductivity readings were 
taken. At the 8,000 psi level the cell was held at 275' F. 
for 50 hOurs during which conductivity measurements 
were taken at 10 hour intervals. The measured conduc~ 
tivity at the 50 hour time wa"s 6,247 md-ft. 

EXAMPLE II 

to an 18/35 mesh and fired at 1470' C. in a rotary kiln 
for a period of about 30 ininutes at temperature with a 25 
iotal tiri:J.e in the kiln of approximately 1 hour 15 min· 
utes. After cooling the pellets were screened to a 20/30 
mesh. The dry specific gravity of the material was 2.90 
as measured by a Beckman air comparison pycnometer The same Stim-Lab conductivity test procedure de-
Model 930. 30 scribed in Example I was repeated on proppant particles 

A conductivity test using the Stim-Lab Technique made in Example I. This time the measured conductiv-
referred to above was conducted with fmal closure ity at the 50 hour time was 6,878 md·ft. 
stress of 8,000 psi at 275° F. in the presence a deoxygen­
ated aqueous 2% solution ofKCl for 50 hours. In accor­
dance with this procedure 63.06 grams of the screened 35 
proppant pellets were loaded into a API Hasteloy-C 10 
in2 linear flow cell to give a loading of 2 lbs.Jft2 of 
proppant and leveled loosely with a uniVersal bevel 
blade device. A 0.030" thick Monel·shim was placed on 
top of the test pack follOwed by an 0 ring fitted to a 40 
piston which was lightly coated with vacuum grease. 
The loaded test cell wis then placed in a 150 ton Dake 
press and the closure stress was increased to 500 psi at a 
rate of 100 psi/min. The cell was saturated with deoxy­
genated aqueous 2 w/o KCl solution and then purged of 45 
air at the ambient laboratory temperature of 70° F. to 
80° F. A Validyne DP15-30 differential pressure trans· 
ducer connected across the cell was calibrated with 
water· coluriins to 0.0001 psi accuracy. Closure stress 
was then raised to 1,000 psi at a rate of 100 psi/min. A 50 
Reservoir Accumulator, made up of two 5 gal and two 
1 gal nitrogen driven fluid reservoir accumulators 
which were fillC:d With a 2 w/o KCI aqueous solutiOn 
that had been deo.xygenated with nitrogen to a level of 
less than 15 ppb and preferably less than 5 ppb of oxy· 55 
gen was connected to the test cell and set at a driving 
pressure of 400 psi. The· connection of the Reservoir 
Accumulator to the cell is malc.e through two 1 SOml 
.sample cylinders mled with 100 mesh Oklahoma #I 
sand with ceramic band heaters in order to saturate the 60 
test fluid with silica. It should be noted that the closure 
stresses on the proppant pack in the cell are stated in 
terms of the net closure stress on the pack which is 
equal to the gross pressure applied by the press minus 
the 4® psi pressure applied by the reservoir accumula· 65 
tor. · 

The system was allowed 30 minutes to come to equi­
librium and a series of five conductivity measurements 

EXAMPLE III 

In this example kaolin clay, designated as SR105 
Stardis, obtained from Alcoa Corporation and having 
the chemical and mineralogical composition indicated 
in Tables I and II was utilized. A 50 lb. charge of milled, 
calcined kaolin clay was placed in the Eirich Model R 7 
Compacting Mixer described in Example I along with 1 
lb. of cornstarch binder and mixed dry for 30 seconds at 
the low speed setting. Water was then added to the 
mixer with the mixer operating at the low speed setting 
with 9 lbs. being added and mixed for 4 minutes fol­
lowed by 4 additions of 2 lbs. each and a final addition 
of lib., with 1.5 minute mixing period after each addi­
tion. 

The mixer was then set to the high speed mode and 1 
lbs. of the same milled, calcined kaolin clay powder was 
slowly added to the mixer over a 3 minute perio<;l. The 
mixer was then switched back to the low speed setting 
and an additional 7 lbs. of the same kaolin clay powder 
was slowly added over a 2 minute period, followed by 
a 30 second low speed niixing. An additional 3 llbs. of 
the same kaolin clay powder was added over the fol- · 
lowing minute followed by an additional 30 second 
mixing period at the low speed. Then a final 3 lbs. of the 
kaolin clay powder was added over the following min~ 
ute. The particles were thereafter discharged from the 
mixer and screened, dried and fired in the same-manner 
as described in Example I with the exception that the 
sintering temperature was 1420° C. After cooling the 
pellets were screened to a 20-30 mesh size. The dry 
specific gravity of the material ws 2.80. The Stim·Lab 
conductivity test described in connection with Example 
I was then performed yielding a measured conductivity 
after 50 hours at 8,000 psi and 275" F. of 4,080 md/ft. 
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EXAMPLE IV 

in the presence of a deoxygenated aqueous 2% solution 
of KCl as measured by the Stim-Lab Technique. 

A 50 lb. charge of milled, calcined kaolin clay ob- 2. The proppant of claim 1 wherein said pellets have 
tained from the American Cyanamid Andersonville, a. specific gravity between 2.65 and 3.0. 
Ga. deposits having the chemical_ and mineralogical S 3. The proppant of claim 2 wherein the pellets have a 
composition indicated in Tables I and II was placed in specific gravity between 2.65 and 2.85. 
the Eirich ·Model R7 Compacting Mixer described in 4. The proppant of claim 1 wherein said conductivity 
Example I along with 1 lb. of the cornstarch binder and is at least SSQO md-ft. · 
mixed with water in. the same manner as described in 5. The proppant of claim 2 wherein said conductivity 

·Example I with the exception that the final l lb. addi- 10 is at least 5500 md-ft. 
tion of water was eliminated so that only 19 lbs. of 6. The proppant of claim 3 wherein said conductivity 
water was added to the mixer. At that point the powder is at least 5500 md~ft. · 
had forMed into slightly wet looking somewhat irregu~ 7. The proppant of claim 1 wherein said kaolin clay is 
larly shaped pellets. calcined at a temperature below that which would 

__ Next the mixer was switched to the high speed sCtting 15 cause the transformation of any significant portion of 
and 15 lbs. of the same milled, calcined kaolin clay said kaolin clay to mullite or crystobalite for a time 
pOwder was sl_owly added over a 3 minute period. Next sufficient to reduce the LOI thereof to 12% or less 
the mixer was switched bac~ to the low speed setting when tested at 1400° C. 
and an additional 7 }lbs. of the kaolin clay powder was 8. The proppant of claim 7 wherein said pellets are 
added over the following 2 minutes after which the 20 produced by adding water to said kaolin clay after cal-
mixer continued to be operated for an additional 30 cining while simultaneously mixing and compacting it 
second period. The" pellets fanned by the mixer were to form pellets therefrom in a desired size range and 
slightly larger than desired but were still quite usable. · drying and sintering said pelJets. 
The pellets were then removed from the mixer and 9. The proppant of claim 8 wherein said mixing and 
dried~ screened (both before and after sintering) and 25 compacting comprise the steps of: 
sintered in the same manner as described in Example I pelletizing an initial amount of milled, calcined kaolin 
with the exception that the sintering temperature used clay powder by simultaneously mixing and com-
was 1,420• C. pacting said powder while adding water at a con-

The Stim-Lab conductivity test described in Example trolled rate, and 
I was then performed on the proppant resulting in a 30 adding additional amounts of said powder at a con~ 
conductivity measurement of 5,379 md-ft. after 50 hours trolled rate while continuing said simultaneous 
at 8,000 psi at 275• F. The dry specific gravity of the mixing and compacting to form pellets therefrom 
proppant was 2.81. in a desired size range. 

The low density high strength proppant particles of 10. The proppant of claim 9 wherein said step of 
the present invention may be injected into fractures in 35 pelletizing further includes dispersing an organic binder 
subsurface fonnation as a propping agent to increase oil in said powder prior to adding water. 
or gas production from the well. In fracturing treatment 11. The proppant of claim 9 wherein the amount of 
a viscous fluid, often referred to as a "pad" is injected water added is between 32 w/o and 40 w/o of the initial 
into the well at extremely high pressure to cause .the amount of said powder. 
formation to fail in tension and fracture to accept the 40 12. The proppant of claim 9 \~{herein the additional 
fluid. The fracturing fluid m·ay be an oil base, water amounts of said powder added subsequent to adding 
base, acid, emulsion, foam or other fluid. Nonna11y the said water is between 35 w/o and 50 w/o of the initial 
fluid contains several additives such as viscosity build- amount of said powder. 
ers, drag reducers, fluid loss additives, corrosion inhibi- 13. A low density, high strength proppant comprising 
tors, cross linkers and the like. The fluid of the pad is 45 solid ceramic sintered pellets having a dry specific grav~ 
injec.ted until a fr3cture of sufficient geometry is ob- ity of 3.0 or less produced by the steps of: 
tained to permit the placement of the proppant pellets. pelletizing a milled, calcined kaolin clay" powder 
Normally the .treatment is designed to provide a frac- which is substantia11Y free of mullite a"nd crystoba~ 
ture at the well bore of at least 2 j times the diameter of lite by simultaneously mixing and co~pacting said 
the largest proppant pellet. Once a fracture of the de- SO powder while adding water at a controlled rate, 
sired geometry is obtained, the proppants are carried and adding additional amounts of said powder at a 
suspended in the fluid pad and placed in the fracture. controlled rate while continuing said mixing to 
Following placement of the proppant, the well is shut-in fonn pellets therefrom in a desired size range; and 
for an amOunt of time sufficient to pennit the pressure drying and sintering said pellets. 
to bleed off into the formation which in turn causes the 55 14. The proppant of claim 13 wherein the pellets have 
fracture to close and exert closure stress on the prop- a dry specific gravity of between 2.65 and 2.85. 
pant particles. The shut-in period may vary from a few 15. A low density, high strength proppant comprising 
minutes to several days. The proppant particles of the solid ceramic pellets, said pellets consisting essentially 
present invention are particularly suitable for use as of a sintered kaolin clay having a dry specific gravity of 
propping agents in wells of depths less than about 60 3.0 or less, said proppant having a conductivity of at 
14,000 feet. least 4,400 md~ft after 50 hours at S,OCIO psi and 275° F. 

What is claimed is: in the presence of a deoxygenated aqueous 2% solution 
1. A low density, high strength proppant comprising of KCI as measured by the Stim~Lab Technique, said 

solid ceramic pellets consisting essentially of a sintered kaolin clay having been calcined before compaction at a 
kaolin clay and having a dry specific gravity of 3.0 or 65 temperature below that which would cause the trans~ 
Jess, said kaolin clay having an alumina content of about formation of any significant portion of said clay to mull· 
58% or less, said proppant having a conductivity of at ite or crystobalite for a time sufficient to reduce the LOI 
least 4,400 md-ft after 50 hours at 8,1X)() psi and 275° F. of said clay to 12% or less when tested at 1400° C. 
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16. The proppant of claim 15 wherein the dry specific 
gravity of said pellets is between 2.65 and 2.85. 

17. The proppant of claim 15 wherein said conductiv­
ity is at least S,SOO md-ft. 
· l8. The proppant of claim 15 wherein said pellets S 
contains less than about 10% of a glassy phase and less 
than about 2% iron oxide. 

19. A low density, high strength proppant comprising 
soJids cerarDic pellets cOnsisting essentially of mullite 
and crystobalite, said pellets containing less than about 10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10% of a glassy phase, said proppant having a dry spe· 
cific gravity of 3.0 or less and a conductivity of at least 
4AOO md-ft after 50 hours at 8,000 psi and 275° F. in the 
presence of a deoxygenated aqueous 2% solution of 
KCl as measured by the Stim-Lab Technique. 

20. The proppant of claim 19 wherein said pellets 
contain between 60 and 80 w/o mullite and between 
about 1> and 35 w/o crystobalite. 

• • • • • 
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[57] ABSTRACI 

A lightweight oil and gas well proppant made by simul­
taneously mixing and compaCting a milled calcined 
kaolin clay powder to fonn green pellets and then dry­
ing, screening and sintering the pellets to form proppant 
pellets having a specific gravity of 3.0 or less and a 
conductivity of at least 4,200 millidarci~feet and prefera­
bly at least 5,100 md~ft as measured by the Stim-Lab 
method after SO hours at 8,000 psi and 275° F. in the 
presence of deoxygenated aqueous 2% solution of KCl. 

22 Claims, No Drawings 
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LIGIITWEIGHT OIL AND GAS WELL 
PROPP ANTS AND METHODS FOR MAKING AND 

USING SAME 

furnaced to sinter the pellets, The sintered pellets have 
·a specific gravity of between 2. 7 and 3.4. 

U.S. Pat. No. 4,522,731 to Lunghofer relates to an 
intennediate strength proppant having an alumina con· 

FIELD OF INVENTION 
5 tent between 40% and 60% which is produced using a 

spray agglomeration process and which has a density of 
less than 3.0 gr/cc. In a preferred embodiment Lung­
hofer produces his proppants from "Eufaula bauxite" 

This invention relates generally to lightweig~t prop­
pants for oil and gas wells and more particularly to 
lightweight proppants for oil and gas wells having in­
creased strength and conductivity and to methods of lD 
making and using such proppants. 

BACKGROUND 

Hydra'ulic fracturing is a process of injecting fluids 
into a selected oil or gas bearing subsurface earth forma- 15 
tion tranversed by a well bore at sufficiently high rates 
and pressures such that the formation fails in tension 
and fractures to accept the fluid. In order to hold the 
fracture open once the fracturing pressure is released a 
propping agent (proppant) is mixed with the fluid 20 
which is injected into the formation. · 

Hydraulic fracturing increases the flow of fluids from 
an oil or gas reservoir to a well bore in at least three 
ways: (1) the overall reservoir area in communication 
with the well bore is increased, (2) the proppant in the 25 
fracture generally has significantly high~r. permeability 
than that of the formation, thereby .allowing fluids to 
flow more easily, and (3) the high conductivity channel 
causes large pressure gradients to be created in the 
reservoir past the tip of the fracture. 30 

Proppants are generally strong, preferably substan· 
tially spherical, particulates that should be able to with· 
stand the high temperatures and pressures and corrosive 
environments experienced in the subsurface formations 
surrounding an oil or gas _well. Early proppants were 35 
formed of material such as glass beads, sand, wa1nut 
shells and aluminum pellets. These materials did not 
have sufficient strength or resistance to c·orrosion to be 
successful in many wells, particularly where closure 
pressures above a few thousand psi were experienced. 40 

U.S. Pat. No. 4,068,718 to Cooke relates to a prop· 
pant which Cooke states is formed of "sintered bauxite" 
that has a specific gravity greater than 3.4. Cooke states 
that speCific gravities above 3.4 are required in order 
that the proppant have sufficient compressive strength 45 
to resist fragmentation under the high stress levels expe­
rienced in use. While the proppant described in Cooke's 
example proved to have sufficient strength _to resist 
crushing, the high specific gravity was ·undesirable 
since it required the use of higher viscosity fracturing so 
fluids and resulted in a lower volumetric. proppant con· 
centration for a given weight of proppant loading in a 
fracturing fluid when compared with that achieved by a 
proppant of lower specific gravity. In general, the 
higher the volumetric concentration of the proppant in 55 
the fracturing fluid the wider the propped fracture will 
be after the fracturing pressure is released. 

U.S. Pat. No. 4,427,068 to Fitzgibbon relates to inter­
mediate strength composite proppants made by mixing 
calcined diaspore clay, burley clay or flint clay with 60 
alumina, "bauxite" or mixtures thereof such that the 
ratio of alumina to silica in the composite mix .is be­
tween nine to one and one to one. The powdered start· 
ing materials are mixed in an Eirich mixer and while the 
mixing is in progress sufficient water is added to cause 65 
formation of composite spherical pellets from the pow­
dered mixture. Fitzgibbon states that the rate of water 
addition is not critical. The pellets are dried and then 

which it states is bauxitic-kaolin type material deposited 
in and around Eufaula, Ala. According to Lunghofer, 
the Eufaula bauxite preferably contains at least- some 
(above 5%) gibbsite. 

U.S. Pat. No. 4,668,645 to Khaund relates to an inter­
mediate strength proppant made frori::t a mined "bauxitic 
clay" having a specified chemical composition. 

The proppants described in the Fitzgibbons, Lung­
hofer and Khaund patents have specific gravities lower 
than that of the earlier Cooke proppant and proppants 
having such lower specific gravities have been used 
with some success in intermediate depth. wells where 
the stress on the proppant is in the 5,000 to 10,000 psi 
range. These lower specific gravity proppants, how­
ever, all have compressive strengths which are substan­
tially lower than that of high specific gravity materials 
such as that referred to in the Cooke, et al. patent, 
which limits the conductivities and permeabilities that 
are obtained with such proppants, particularly at clo­
sure pressures over-about 10,000 psi. 

The conductivity of a proppant under specific condi-
tions of stress, temperature, corrosive environment and 
time is the single most important measure of its quality. 
The conductivity of a packed proppant such as might be 
deposited in a fracture is defmed as the permeability of 
the proppant pack multiplied by the width of the 
propped fracture and is usually stated in units of mil­
lidarci-feet ("md-ft"). 

The conductivity of currently available intermediate 
strength proppants is frequently measured by the tenta· 
tive API 8 hour procedure, "Tentative Fifth Draft of 
Recommended Practices For Evaluating Short Term 
Proppant Pack Conductivity", (Mar. 1987) (hereinafter 
the "API 8 hour Procedure"), which procedure is 
hereby incorporated by reference. 

Recently a consortium of some twenty-eight organi­
zations involved in various aspects of the fracturing and 
stimulation business has sponsored research on ways of 
evaluating and improving stimulation techniques. Stirn· 
Lab, Inc. of Duncan, Okla. acts as the testing arm of the 
consortium to develop consistent and repeatable' testing 
procedures for proppants inCluding tests for determin-
ing their permeability and conductivity. The long term 
conductivity testing techniques developed by Stirn-Lab 
have been widely accepted in the industry and are de­
scribed in a publication of the Society of Petroleum 
Engineers1 No. SPE 16900, entitled "An Evaluation of 
the Effects of Environmental Conditions and Fractur­
ing Fluids on the Long-Term Conductivity of Prop­
pants" by G. S. Penny ofStim-Lab, Inc., which publica~ 
tion is hereby incorporated by reference. It should be 
understood that any gap in the description in the SPE 
publication should be fllled in by reference to the API 8 
hour Procedure. The testing techniciues used by the 
applicants to determine the conductivity of the prop­
pants of the present invention as they are intended to be 
supplied to a customer (referred to as the "Stim·Lab 
Technique") are essentially identical to those described 
in SPE publication No. 16900 using Monel-K 500 shims 
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in the conductivity cells. A single cell was used rather 
than stacking 4 cells in the manner described in the SPE 
publication. This however should have no effect on the 
measured results. The Stim·Lab Technique is consid~ 
ered to yield conductivity measurements that are re­
peatable to within about S-10%. 

SUMMARY OF THE INVENTION 

free. The chief impurities are compounds of iron and 
titanium and small amounts of gibbsite. The kaolin clay 
is deposited in tabular lenticular masses, the thicker of 
which may have cores of bauxite or bauxitic clay. Raw 

S materials containing significant amounts of sand (free 
silica or quartz) prc:xluce a weaker proppant, while raw 
materials containing too much gibbsite or other by~ 
drated aluminas yield a product having an undesirably 

In accordance with the invention there is provided a high specific gravity. Another source of material be-
low density, high strength proppant which is formed of to lieved to be suitable is the kaolin clay mined at the 
solid ceramic particles having a dry specific gravity Mulcoa operations in Andersonville, Ga. of C. E. Min-
between 2.65 and 3.0 and preferably between 2.65 and erals, headquartered in King of Prussia, Pa. 
2.85 and a conductivity of at least about 40ClO md-ft and In general the kaolin clay most useful as a raw mate-
preferably at least 4400 md·ft after SO hours at 8,000 psi rial in making the proppants in accordance with the 
and 275• F. in the presence of a deoxygenated 2% aque- 1S invention may contain by chemical analysis between 
ous solution of KCl as measured by the Slim-Lab Tech- about 43 w/o to 58 w/o alumina, about 37 w/o to 52 
nique. Most preferably the conductivity is at least 5500 w/o silica, less than 2 w/o (preferably less than 1 w/o) 
md~ft as measured under the above conditions. iron oxide and less than S w/o free quartz. Preferably, 

The proppant of the invention may be produced by the kaolin clay comprises between 70 w/o and 90 w/o 
milling or other comminuting calcined kaolin clay to an 20 kaolinite, between S w/o and 25 w/o cryptocrystalline 
average agglomerated particle size of about 8 microns to amorphous gibbsite and less than S w/o other crystal· 
or Less, and preferably of 5 microns or less, and pelletiz- line materials. 
ing said powder in a compacting mixer. The kaolin clay Preferably the amount of free quartz is less than 2 
is calcined at a temperature of less than 900• C. to re- w/o and most preferably is non~etectable. Other natu-
duce the loss on ignition ("LOI") to 12 w/o or less 25 rally occurring minerals which may be present in minor 
when tested at 1_400• C. Applicants have found in accor- or trace amounts include anatase and rutile. Minerals 
dance with the invention that it is important that the whose presenCC in the raw material appear to be some-
calcining be done at a low enough temperature that the what detrimental to the properties of the final product 
kaolin clay does not undergo a phase transformation to include quartz, pyrite, marcasite, siderite, micas and 
mullite and crystobalite during such calcining. 30 montmorillonites. 

Preferably, an organic binder is rust dispersed in the The raw material is preferably calcined before further 
milled kaolin clay in the mixer and then water is added processing in order to remove water and organics. In 
to the powder at a controlled rate while mixing and accordance with the invention, applicants have found 
compacting the powder to form rough pellets of a de· that the calcining should be performed at a temperature 
sired size. Next, with the mixer still running, additional 3S low enough that the kaolin clay does not undergo a 
dry, milled kaolin clay powder is slowly added to yield phase change to form mullite or crystobalite. Appli-
smooth, spherical pellets. The pellets are then dried and cants have found that the presence of any significant 
fired to convert the material to proppant pellets that amount of mullite or crystobalite in the kaolin clay 
preferably comprise between about 60 weight percent before the final drying and flring steps has a severaly 
(hereinafter "w/o") and 85 w/o mullite, between about 40 detrimental effect on the properties of the proppants 
15 w/o and 35 w/o crystobalite and a minor amount produced. Therefore the calcining should be perfonned 
(less than 10 w/o) of a glassy phase and having a spe- at a temperature below 900' C. for a sufficient time that 
cific gravity of between 2.65 and 3.0. the loss on ignition ("LOI") of the kaolinite.is 12 w/o or 

In accordance with another aspect of the invention, less when tested at 1400• C. The calcining may be per· 
the proppant is mixed with a fluid and injected into a 45 fanned relatively quickly at temperatures on the order 
subterranean formation under high pressure to open a of 100• to 800• C. or may be performed more slowly at 
fracture, with the proppant remaining in the fracture to lower temperatures. If the calcining temperature is 
prop it open after the fracturing pressure is removed. above about 4so• to soo• C., the kaolinite is converted 
Surprisingly and unpredictably, the measured conduc- to amorphous alumina and silica (sometimes referred to 
tivities of the proppants of the present invention are up so as "meta kaolinite"). Such a transformation, however, 
to 100% higher than those of other known intermediate has no adverse effect on the product of the invention. 
strength proppants, even ones which have higher spe· The calcined material is then reduced in particle size, 
cific gravities. preferably by dry ball milling in a closed loop system 

DETAILED DESCRIPTION 
containing a particle classifier. The average agglomer-

55 ated particle size in this milled material should be about 
The preferred raw material for use in making the low 8 microns or less, and preferably S microns or less, as 

specific gravity, high strength proppants of the present measured by a Sedigraph (Micro Meritics Instrument 
invention is kaolin clay. Preferably the kaolin clay con- Corp.) or a Granulometre' (Cilas Compagnie Indus~ 
sists largely of kaolinite (AhShOs (OH)4) and is essen- trielle des Lasars). The true ultimate particle size, how-
tially free of sand (i.e .• quartz). One source of such 60 ever, of the milled raw material is much fmer than 8 or 
material is from the American Cyanamid Company in 5 microns and is believed to be made up of submicron 
Andersonville, Ga. The Andersonville kaolin deposits flakes. Such submicron flakes tend to agglomerate to 
owned by American Cyanamid are well described in a form composite particles on the order of 8 microns or 
report by Alfred D. Zapp entitled "Bauxite Deposits of less which are sensed by the measuring instruments. 
the Andersonville District, Ga.", U.S. Geological Sur~ 65 The milled raw material is pelletized in a compacting 
vey Bulletin 1199-G. This report is incorporated hereiri mixer. The preferred commercially available machines 
by reference. The report states that the deposit consists for this purpose are the Eirich Countercurrent Intensive 
largely of the mineral kaolinite and is essentia1ly sand Mixers which are manufactured in several sizes of dif· 
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ferent"capacities by the Maschinenfabrik Gustav Eirich 
ofHardheim, West Gennany and distributed in the U.S. 
by Eirich Machines, Inc., New York, N.Y. 

The Eirich mixer has a rotating mixing pan forming 
the bottom of the mixing chamber which pan can be 5 
either horizontal or inclined at an angle and a "mixing 
star" which rotates in the opposite direction from the 
pan. The mixing star rotates· about an axis parallel to and 
offset from that of the pan and has a diameter of about 
20 to 25 percent of that of the pan. The preferred form 10 
of mixing star for the pelletizing operation is referred to 
by Eirich as a suction type rotor and has a plurality of 
vertically extending trapidzoidally shaped mixing ele­
ments which extend from the periphery of the rotating 
element. For the Model R7 machine, the pan has a 15 
single rotational speed of about 45 rpm, while the mix­
ing star has a low and a high speed. The low speed is 
about 700 rpm and the high speed is about twice that, 
about 1400 rpm. The rotational speeds of the elements 
of the larger mixers are adjusted so that rotating. ele· 20 

ments have similar tip speeds. The mixer may also con~ 
tain a second mixing star upon which can be mounted 
plows for cleaning the sides of the rotating pan. This 
second mixing star is also mounted eccentrically in the 

25 mixer and rotates in the opposite direction from the 
mixing pan. An example of another compacting-mixer 
that is believed suitable for use in the present invention 
is the Littleford Lodige mixer. 

The milled, calcined kaolin clay powder chaige is 30 
preferably first mixed dry in the mixer with about to 2 
w/o,(calculated on the basis of the initial kaolin clay 
powder charge) of an organic binder such as a gelati· 
nized cornstarch for a period of about 30 seconds with 
the suction rotor on the low speed setting in order to 35 
fully disperse the binder in the raw material powder. 

It is preferred that such.binders be such that they are 
pyrolized or driven off during later firing. of the prop· 
pant pellets. The amount of the binder is normally on 
the order of 1 w/o to 2 w/o of the initial kaolin clay 40 
powder charge. It is possible to make pellets. with the 
method of the invention without a binder but it is be· 
lieved that the use of a binder results in improved prop· 
erties and yield. 

Next water is added at a controlled rate to the mixer 45 
with the suction rotor running at the low speed setting 
to initially pelletize the material. The rate of water 
addition should be controlled properly to facilitate the 
fonnation of the pellets in the mixer and· can affect the 
quality of the fmal product. Typically the total amount 50 
of water for the Model R 7 Eirich mixer is from about 32 
to 40 w/o of the initial starting material and preferably 
about 35 to 40 w/o. Preferably between about 40 and 60 
w/o of the expected total amount of water is added 
after the binder is dispersed and mixed for about 2 to 4 55 
minutes. Thereafter additions of about 8 to 10% of the 
total water are made about every 0.75 to 1.5 minutes 
until irregularly shaped pellets ranging in size from 
about i to l inch in diameter are fanned. 

Once pellets have formed in the mixer, which at this 60 
point are normally large and irregularly shaped, the 
suction rotor is switched to the high speed setting and 
additional milled calcined raw material (referred to as 
"dust") is slowly added to the mixer over a period of 
about 5 minutes in order to cause the pellets to become 65 
smaller, well shaped spheres of a narrower size distribu­
tion, typically 0.02 inches to 0.047 inches. Typically, the 
amount of dust required to form the desired size spheres 

is about 32 to 50 w /o of the starting raw material. Pref­
erably about 40 to 45 w/o dust is added. 

In some cases the suction rotor is switched back to 
the low speed setting for a later portion of the 5 minute 
period after a major portion of the dust has been added 
to the mixer. After adding the dust, the suction rotor is 
then preferably set back to the low spet!d setting if it has 
not already been and the mixer run for a further period 
of about 30 seconds in order to improve the sphericity 
of the pellets and to increase yield of the desired size 
range. 

The amount and rate of water and dust additions to 
the mixer can have a significant impact on the conduc­
tivity of the proppant produced by the method of the 
invention. If too much water is added, the particles are 
poorly sh3ped and are too large. If the dust is added too 
quickly it results in a poor yield of particles in the d~ 
sired size range. If not enough dust is added the parti­
cles are poorly shaped and will stick together in ag· 
glomerated masses. If too much dust is added the parti· 
cles have a rough surface and unconsolidated dust re­
mains in the mixer. When the right amount of dust is 
added, the process yields smooth, spherical, well com­
pacted pellets. It has been found that mixing times 
towards the lower end of the above stated time ranges 
during the addition of water in the mixer tend to yield 
proppants having conductivities of about up to 30 per­
cent higher than if the mixing times are towards the 
high end of those ranges. 

The spherical pellets are next discharg~d .. from the 
mixer and dried to a free moisture content of less than 
10% and preferably Jess than 5%. The drying tempera­
ture and time does not appear to be critical and it has 
been found, for instance, that drying at temperatures of 
150" C. overnight, or of260" C. for 10 to 15 minutes are· 
suitable. Once dried, the desired size spherical pellets 
are separated by screening for instance to a 18/35 mesh 
size. The larger than 18 mesh and fmer than 35 mesh are 
recycled to be repelletized. The screened particles in 
the desired size range are then sintered, for instance in a 
rotary kiln, at a temperature between 1300" and 1500" 
C., preferably between 1400" to 1470" C. for about 15 to 
30 minutes at temperature. The total time in the kiln is 
normally from about 1 to 1! hours. The particles shrink 
upon firing by about 15% to 20%. The desired finished 
size is between 0.0167 inches and 0.0331 inches but can 
be larger or smaller as needed. The particular tempera­
ture to which the screened particles are frred is selected 
in order to maximize their strength. This temperature 
depends on several variables, some' of which are the raw 
material mineralogy, the milled particle size, the pellet 
size and the volume of material in the kiln. 

After .firing, the pellets are again screened to the 
desired final size. A typical product size is 20/40 mesh 
which contains 90 w/o of its pellets of between 0.0167 
inches and 0.0331 inches in size and preferably 90 w/o 
of the pellets between 0.0232 inches and 0.0331 inches in 
size. 

Surprisingly and unexpectedly, it has been found that 
the prop pants of the present invention have conductivi­
ties that are up to 100% higher than previously known 
intermediate strength proppants, even ones of higher 
specific gravities. The conductivities of the proppants 
of the preferred embodiment of the present invention 
are at least 4000 md·ft, and preferably at least 4400 
md-ft, after 50 hours at 8()(X) psi and 275" F. in the pres· 
ence of a deoxygenated 2% aqueouS solution of KCl as 
measured by the Stim-Lab Technique. Most preferably 
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the conductivity is at least 5500 md-ft when measured LOI of between 11.0 and 12.1 when tested at 1400• C., 
under the above conditions. The proppants of the pre- and have been ball milled in a Conical closed circuit ball 
ferred embodiment of the present· invention have dry mill with a gyro tor air classifier manufactured by Min-
specific gravities ofbetween 2.65 and 3.0 and preferably era! Processing Systems, Inc. in York, Pa. Unless other-
between 2.65 and 2.85. S wise indicated, the pellets are -screened to an 18/35 

For example, one proppant in wide commercial use mesh size after drying and to a 20/30 mesh size after 
which is believed to have been made by the method sintering wherein 90% of the pellets are between 0.0232 
described in the above referred to Lunghofer patent inches and 0.0331 inches in size. The typical yield of 
from starting materials which are very similar to those properly sized pellets in the first screening is about 
referred to in that patent have been measured in accor- 10 70%. The chemical compositions of the calcined kaolin 
dance with the Sti.m~Lab Technique to have conductivi- clay powders used as raw materials in Examples 1-4 are 
ties between 3,057 md-ft and 3700 md-ft after 50 hours summarized in Table I. The mineralogical composition 
at 275• F. and 8,QOC) psi in the presence of a deoxygen- of such raw materials as measured by the X-ray diffrac-
ated aqueous 2% KCl solution. The proppants of the tion technique is summarized in Table II. It should be 
following Examples of the present invention, on the 15 noted that in addition to the components listed in Table 
other hand, have conductivities between about 4080 II. the raw material powders also contain cryptocrystal-
md-ft and 6,878 md-ft depending on starting materials line to amorphous gibbsite and perhaps other non-crys-
and processing conditions when measured under the talline materials which are not detected by the X-ray 
same conditions. diffraction technique. In the components in Table II 

While the reasons for the dramatically higher con- 20 which divide into major minerals which comprise about 
ductivities of the proppants of the presem invention 95 w/o of the detected ritinera1s present and the minor 
over those of the prior art are not fully understood, it is minerals which together make up less then 5 w/o of the 
believed that they may relate in substantial part to a detected minerals present. The amount of gibbsite pres-
combination of factors such as the mineralogy and mi- ent can be determined. from Table II since in all but 
crostructure of the proppant pellets and to the fact that 25 Example 3 the amount of Si02 present as free quartz is 
the proppant of the present invention is made from a non-detectable so tha~ ~Y Ah03 present which is not 
nearly pure kaolinite raw material which has been cal- part of the kaolinite is believed to be in the form of 
cined at low enough temperatures that it is not then cryptocrystalline to amorphous gibbsite. Kaolinite is 
converted to muUite and crystobalite and which has approximately 45 w/o Ah03. 
been milled to a fme particle size and then formed into 30 TABLE I 
pellets with compaction. In contrast, in the technique of 
the Lunghofer patent, the raw material is not calcined Example 2 4 

or milled prior to forming the pellets and the fluidized Chemisny 
bed technique used to form the pellets does not provide Al20J 57.14 s7.14 48.76 49.29 
any compaction during formation. 35 Si~ 38.66 38.66 47.76 48.70 

From a mineralogical point of view the sintered pel~ ~~~3 i:~i i:g ii: 1:~ 
lets of the preferred embodiment of the present inven~ eao .08 .OB .07 .OJ 
tion are between about 60 w/o and 85 w/o mullite and MgO . .03 .03 .03 .oJ 
between about 15 w/o and 35 w/o crystobalite and Na20 .04- .04 .12 .04 
between about 0 w/o and 10 w/o of a glassy phase. It is 40 _..:K::2::::0 ____ ..;:·04::,_ __ ;::·04:...._....:.·1::4 __ ...;·06:::..._ 
believed that the glassy phase is best minimized for the 
highest quality product. TABLE II 

Example 2 3 4 
While the measured specific gravity of the above 

referred to commercially available proppant is slightly 
. lower than the proppants of the present invention to 45 Mineralogv 
which it was compared (2.70 vs. 2.80 to 2.90, respec~ Major Mtnemls 
tively), this slight difference in density does not explain Kaolinile 

Quanz 
Major 
ND 
ND 

Major 
ND 
ND 

Major 
Minor 
ND 

Major 
ND 

increases in conductivity of up to 100% and more. This Gamma Fe2o3 
is especially so in light of the fact that intermediate Minor Minerals 

Trace 

strength proppants such as Interprop Plus and Inter- 50 Anatase Major Major Trace Minor 
prop 1 manufactured by the assignee of the present Ru1ile Trace Trace Trace 0 
invention which have specific gravities of about 3.17, :;w;:-,:::"':.~N:::D:-. -m~-,-,-,-,-:~:;"~C:,':,,::-t,--'==--=::...-.::... __ 
have been measured by the same technique to have 
conductivities of 3808 md-ft and 3269 md-ft, respec-
tively. Thus, even though the prop pant of the present 55 
invention has a specific gravity lower than that of the 
Interprop Plus and Interprop 1 proppants, its conduc­
tivity is up to more than 80% higher than Interprop 
Plus and 110% higher than Interprop 1. The Interprop 
Plus and Interprop 1 proppants are made with different 60 
raw materials but with a compacting mixer technique. 

EXAMPLES 

The invention is further illustrated by reference to the 
following non-limiting examples wherein all percent- 65 
ages are by weight unless otherwise specified. All of the 
raw materials have been calcined at a temperature of 
480• C. for a period of approximately 24 hours to an 

EXAMPLE! 

A 50 lb. charge of milled, calcined kaolin clay ob­
tained from the American Cyanamid, Andersonville, 
Ga. deposits and having the chemical and mineralogical 
composition indicated in Tables I and II was placed in 
an Eirich Model R 7 Compacting Mixer having an in­
clined pan and a suction type rotor along with 1 lb. of 
gelatinized cornstarch binder and mixed for 30 seconds 
with the suction rotor in its low speed setting in order to 
fully disperse the binder in the kaolin clay powder. 
With the suction rotor rotating at its low speed setting, 
9 lbs. of water was added to the mixer and mixed for a 
period of two minutes. As the suction rotor continued 
to operate in the low speed setting, four.2lb. additions, 
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followed by two I lb. additions and a ! lb. addition of 
water were added seqUentially to the mixer with a 45 
second mixing period after each addition. At this point 
irregularly shaped pellets had formed. 

The rotor was then switched to the high speed setting 5 
and an additional 12 lbs. of the same milled, calcined 
·kaolin clay powder was slowly added to the mixer over 
a three minute period. Then the rotor was reset to its 
low speed setting and additional 6lbs. of the kaolin clay 
powder was added over a period of two minutes. The 10 
mixing was continued with the suction rotor in the low 
speed setting for an additional period of 30 seconds. At 
this point the particles had fairly good sphericity but 
had rather rough surfaces. An additional 2! lbs. of the 
kaolin clay powder were slowly added to the mixer IS 

· over a 1 minute period and the material mixed for an 
additional 30 seconds with the suction rotor contin.uing 
in the low speed setting. The pellets now had a goad 
spherical s~pe and smooth surfaces. The pellets were 
discharged from the mixer and dried overnight at 1S0° 20 
C. in a box oven. After drying the pellets were screened 
to an 18/3S mesh and fired at 1470° C. in a rotary kiln 
for a period of about 30 minutes at temperature with a 
total time in the kiln of approximately 1 hour 15 min­
utes. After cooling the pellets were screened to a 20/30 25 
mesh. The dry specific gravity of the material was 2.90 

.. ils measured by a Beckman air comparison pycnometer 
Model930. 

A conductivity test using the Stim-Lab Technique 
referred to above was conducted with final closure 30 
stress of 8,000 psi at 275° F. in the presence a deoxygen­
ated aqueous 2% solution ofKCI for SO hours. In accor-

where 

kwpConductivity (md-ft) 
26.78=factor to account for a HX5 inch flow area 

and pressure in psi 
J.L= Viscosity of flowing fluid at temperature (cp) 
Q=Flow rate (ml/min) 
P=Pressure differential across S inch flow path. 
After the readings were taken at ambient tempera.:. 

ture, the temperature was increased to 275° F. and held 
for 8 hours for temperature uniformity. Next readings 
with the system at 275° F. were taken at 1,000 psi, 2,000 
psi, 4,000· psi, 6,000 psi and 8,000 psi with the closure 
stress .being raised between levels at a rate of 100 psi/­
min. After reaching each of the 1,000, 2,000, 4,000 and 
6,000 closure stress levels, the system was held at 275° 
F. for 1.5 .hours before the conductivity readings were 
taken. At the 8,000 psi level the cell was held at 275° F. 
for 50 hours during which conductivity measurements 
were taken at 10 hour intervals. The measured conduc­
tivity at the 50 hour time was 6,247 md-ft. 

EXAMPLE II 

The same Stim-Lab conductivity test procedure de­
scribed in Example I was repeated on proppant particles 
made in Example I. 'Th..is time the measured conductiv~ 
ity at the SO hour time was 6,878 md-ft. 

dance with this procedure 63.06 grams of the screened EXAMPLE III 
proppant pellets were loaded into a API Hasteloy-C 10 In this example kaolin clay, designated as SRI OS 
in2 linear flow cell to give a loading of 2 lbs./ft2 of 35 
proppant and leveled loosely with a universal bevel Sardis, Obtained from Alcoa Corporation and having 
blade device. A 0.030" thick Monel shim was placed on the chemical and mineralogical composition indicated 
top of the test pack followed by an 0 ring fitted to a in T~bles I an~ II was utilized. A. 50 lb. c~~ge of milled, 
piston which was lightly coated with vacuum grease. calcmed ~olin.clay was plac~d m the Emch Mode! R7 
The loaded test cell was then placed in a 150 ton Dake 40 Compactmg M1xe: descnbed ~ Example I along With 1 
press and the closure stress was increased to 500 psi at a lb. of cornstarch bi~der and mixed dry for 30 seconds at 
rate of 100 psi/min. The cell was saturated with deoxy- the low speed settmg. Water was then added to the 
genated aqueous 2 w /o KCI solution and then purged of mixer with the mixer operating at the low speed setting 
air at the ambient laboratory temperature of 70 .. F. to with 9 lbs. being added and mixed for 4 minutes fol-
800 F. A Validyne DPlS-30 differential pi'essure trans- 45 lowed by 4 additions of2lbs. each and a fmal addition 
ducer connected across the cell was calibrated with of ! lb., with 1.5 minute mixing period after each addi-
·water columns to 0.0001 psi accuracy. Closure stress tion. 
was then raised to 1,000 psi at a rate of 100 psi/min. A The mixer was then set to the high speed mode and 11 
Reservoir Accumulator, made up of two S gal and two lbs. of the same milled, calcined kaolin clay powder was 
1 ~al nitrogen dri-:en fluid reservoir accumulat?rs 50 slowly added to the mixer over a 3 minute period. The 
whtch were frlled w1th a 2 w~o K~l aqueous solution mixer was then switched back to the low speed setting 
that had been deoxygenated wtth mtrogen to a level of and an additional 7 lbs. of the same kaolin clay powder 
les~ than 15 ppb and preferably less than 5 ppb of_o~y- was slowly added over a 2 minute period, followed by. 
gen was connecte~ to the test eel! and set at a dnvm.g a 30 second low speed mixing. An additional 3! lbs. of 
pressure of 400 psi. The :connection of the Reservorr 55 the same kaolin clay powder was added over the fol-
Accumulator to the cel11s make through two lSO m1 . . .. 
sample cylinders filled with 100 mesh Oklahoma #l lo:n~ng m~ute followed by an additional 30 second 
sand with ceramic band heaters in order to saturate the rmXI~g pen ad at the low speed. Then a final 3 l~s. of t?e 
test fluid with silica. It should be noted that the closure I<a:olm clay powder was added over the followmg rom-
stresses on the proppant pack in .the cell are stated in 60 ut~. The ·particles wer~ thereafter d~scharged from the 
terms of the n"et closure stress on the pack which is nuxer ~d scr.eened, dned an~ tired m the s~me manner 
equal to the gross pressure applied by the press minus as descnbed m Example I with the exceptiOn that the 
the 400 psi pressure applied by the reservoir accumula- sintering temperature was 1420° C. After cooling the 
tor. pellets were screened to a 20-30 mesh size. The dry 

The system was allowed 30 minutes to come to equi- 65 specific gravity of the material was 2.80. The Stirn-Lab 
librium and a series of five conductivity measurements Conductivity test described in connection with Example 
were taken and averaged. The cqnductivity was calcu~ I was then performed yielding a measured conductivity 
lated from the darci relationship: after 50 hours at 8,000 psi and 275g F. of 4,080 mdlft. 
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A SO lb. charge of milled, calcined kaolin clay ob­
tained from the American Cyanamid Andersonville, 
Ga. deposits having the chemical and mineralogical s 
composition indicated in Tables I and II was placed in 
the Eirich Model R 7 Compacting Mixer described in 
Example I along with 1 lb. of the cornstarch binder and 
mixed with water in the same manner as described in 
Example I with the exception that the fmal ! lb. addi· 10 
tion of water was eliminated so that only 19 lbs. of 
water was added to the mixer. At that point the powder 
had fanned into slightly wet looking somewhat irregu­
larly shaped pellets. 

Next the mixer was switched to the high speed setting 15 
and 15 lbs. of the same milled, calcined kaolin clay 
powder was slowly added over a 3 minute period. Next 
the mixer was switched back to the low speed setting 
and an additional7! lbs. of the kaolin clay powder was 
added over the following 2 minutes after which the 20 
mixer continued to be operated ·rar an additional 30 
second period. The pellets formed by the mixer were 
slightly larger than desired but were still quite usable. 
The pellets were then removed from the mixer and 
dried, screened (both before and after sintering) and 2!5 
sintered in the same manner as described in Example I 
with the exception that the sintCiing temperature used 
was 1,420' C. 

The Stim-Lab conductivity test described in Example 
I was then performed on the proppant resulting in a 30 
conductivity measurement of 5,379 md-ft. after 50 hours 
at 8,()(X) psi at 275• F. The dry specifiC gravity of the 
proppant was 2.81. 

In accordance with the method of the present inven­
tion the low density high strength proppant particles of 35 
the present invention may be injected into fractures in 
subsurface formation as a propping agent to increase oil 
or gas production from the well. In fracturing treatment 
a viscous fluid, often referred to as a "pad" is injected 
into the well at extremely high pressure to cause the 40 
formation to fail in tension and fracture to accept the 
fluid. The fracturing fluid may be an oil base, water 
base, acid, emulsion, foam or other fluid. Normally the 
fluid contains several additives such as viscosity build­
ers, drag reducers, fluid loss additives, corrosion inhibi- 4!5 
tors, cross linkers and the like. The fluid of the pad is 
injected until a fracture of sufficient geometry is ob­
tained to permit the placement of the proppant pellets. 
Normally the treatment is designed to prOvide a frac­
ture at the well bore of at least 2i times the diameter of SO 
the largest proppant pellet. Once a fracture of the de­
sired geometry is obtained, the proppants are carried 
suspended iit the fluid pad and placed in the fracture. 
Following placement of the proppant, the well is shut-in 
for an amount of time sufficient to permit the pressure 55 
to bleed off into the formation which in turn causes the 
fracture to close and exert closure stress on the prop­
pant particles. The shut-in period may vary from a few 
minutes to several days. The proppant particles of the 
present invention are particularly suitable for use as 60 
propping agents in wells of depths less than about 
14,000 feet. 

What is claimed is: 
1. A method for making a low density, high strength 

proppant comprising the steps of: 6!5 
pelletizing a comminuted powder consisting essen­

tially of kaolin clay by simultaneously mixing and 
compacting said powder while adding water at a 

controlled rate and adding additional amounts of 
said powder while continuing said simultaneous 
mixing and compacting, to form pellets in a se­
lected size range; and 

drying and sintering said pellets to form proppant 
particles having a dry specific gravity of 3.0 or less. 

2. The method of claim 1 further including the step of 
calcining said kaolin clay. prior to pelletizing at a tem­
perature sufficiently low that the kaolin clay is not con­
verted to mullite or crystobalite. 

3. The method of claim 2 further including dispersing 
an organic binder in said powder prior to the addition of 
water. 

4. The method of claim 2 wherein said pellets have a 
conductivity of at least 4,000 md-ft after 50 hours at 
8,000 psi and 275' F. in the presence of a deoxygenated 
aqueous 2% solution of KCI. as measured by the Stim­
Lab Technique. 

5. The method of claim 2 wherein said conductivity is 
at least 5500 md-ft. 

6. The method of claim 1 further comprising screen~·­
ing said pellets to obtain sintered pellets in a desired size 
range. 

7. A method for making a low density high strength 
proppant comprising the steps of: 

calcining kaolin clay under conditions which prevent 
the transformation of such kaolin clay to mullite or 
crystobalite; 

comminuting said calcined kaolin clay to a powder; 
pelletizing said powder by adding water thereto and 

simultaneously mixing and compacting it to form 
pellets in a desired size range; and 

drying and sintering said pellets. 
8. The method of claim 7 wherein said pellets have a 

dry specific gravity of 3 or less. 
9. The method of claim 7 wherein said step of pellet· 

izing further comprises the step of pelletizing an initial 
amount of said powder while adding water at a con­
trolled rate in an amount from between 32 w/o to 40 
w/o of said powder and adding additional amounts of 
said powder while continuing said simultaneous mixing 
and compacting to form pellets in a selected size range. 

10. The method of claim 9 wherein said step of pellet· 
izing further comprises dispersing an organic binder in 
said initial amount of kaolin clay powder prior to the 
addition of said water. 

11. The method of claim 10 wherein said step of pel· 
letizing includes: 

adding between 40 w/o to 60 w/o of the total amount 
of water after dispersing said binder and simulta­
neously mixing and compacting for an initial per­
iod; and 

adding additional increments of water periodically 
while continuing said simultaneous mixing and 
compacting. 

12. The method of claim 9 wherein said additional 
amount of said powder is between about 32 w/o to 50 
w/o of the initial amount of kaolin clay powder. 

13. The method of claim 7 further comprising the step 
of screening said pellets to obtain sintered pellets in a 
desired size range. 

14. The method of claim 13 wherein said step of 
screening includes screening said pellets prior to drying 
and sintering and further including the step of recycling 
the pellets falling outside the size range selected by said 
screening. 

15. The method of claim 7 wherein said kaolin clay is 
calcined at a temperature of less than 900• C. 
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16. The method of claim 15 where said kaolin clay is 

calcined to an LOI of 12 w/o or less when tested at 
.!40()' c. 

17. The method of claim 9 wherein said step of com­
minuting includes milling said kaolin clay to an agglom­
erated particle size of 8 microns or less. 

18. The method of claim 16 wherein said kaolin clay 
is mostly kaolinite. · 

19. A method for making a low density, high strength 
proppant comprising the steps ofr 

calcining a clay material containing alumina and silica 
and less than about 2 w/o iron oxide and about 5 
w/o free quartz wtder conditions which prevent 
the transformation of such clay material to mullite 
and crystobalitei 

comminuting said calcined clay material to a powder; 

pelletizing said powder by adding water thereto, and 
forming pellets in a desired size range; and 

drying and sintering said pellets. 
20. The method of claim 19 wherein said pellets have 

5 a specific gravity of 3.0 or less. 
21. The method of claim 19 wherein said pellets have 

a conductivity of at least 4,000 md·ft after 50 hours at 
8,000 psi and 275° F. in the presence of a deoxygenated 
aqueous 2% solution of KCI, as measured by the Stirn· 

10 Lab Technique. 
22. The method of claim 19 wherein said clay mate­

rial contains between about 43 w/o and about 58 w/o 
alumina. 

23. The method of claim 22 wherein said clay mate· 
15 rial contains less than 2 w/o free quartz. 

* * * * * 
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FIG. 2 
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FIG. 3 
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FIG. 4 
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HYDRAULIC FRACfURJNG PROPPING AGENT 
High grade alumina propping agents were also re­

ported to be able to withstand c1osure pressures of 
10,000 psi in U.S. Pat. No. 3,976,138 (Colpoys et al.). 
This, however, has not been confirmed by independent This is a continuation of application Ser. No. 613,032 

filed May 22, 1984, now abandoned, which is a division 
of application Ser. No. 437,206 filed Oct. 28, 1982, now 
U.S. Pat. No. 4,522, 73!. 

BACKGROUND OF THE INVENTION 

5 investigators. In any event, the Colpoys·et al. propping 
agent also consists of high density partic1es, i.e., specific 
gravities of 3.40 and greater. Although Colpoys et al. 
describe a lower density low grade alumina propping 

The present invention relates to propping agents for to 
use in hydraulic fracturing of subterranean formations 
surrounding oil wells, gas wells, and similar boreholes. 

Hydraulic fracturing is a well stimulation te"chnique 
designed to in~rease the productivity of a well by creat­
ing highly conductive fractures or channels in the pro- 15 
ducing formation surrounding the well. The process 
nonna1ly involves two steps. First a flUid is injected into 
the well at a sufficient rate and pressure to rupture the 
formation thereby creating a crack (fracture) in the 
reservoir rock. Thereafter· a particulate material (prop- 20 

ping agent) is placed into the formation to "prop" open 
the fracture. 

In order for well stimulation to occur, the propping 
agent must have sufficient mechanical strength to with- ..,

5 stand the closure stresses exerted by the earth. If the -
propping agent is not Strong enough to resist the earth's 
closure stresses, then the propping agent wili tend to 
disintegrate thereby reducing the permeability of the 
propped fracture. 30 On the other band, the propping agent must also be 
inexpensive since large volumes of propping agent are 
used in a well stimulation treatment. For example, it 
takes 135,520 pounds of sintered bauxite propping agent 
to fill a 968 ft3 fracture. McDaniel et al., "The Effect of 35 
Various Proppants and Proppant Mixtures on Fracture 
Permeability," SOCIETY OF PETROLEUM ENG!· 
NEERS OF AIME, AIME Paper No. SPE 7573 (1978) 
at p. 4 (McDaniel ·et al.) 

Because of its low cost, relative abundance and low 40 
density sand is the ideal propping agent for hydraulic 
fracturing oflow closure stress (4,000 psi or less) forma­
tions. While specially screened (usually 20-40 mesh) 
high grade sand (e.g., Ottawa sand) can be used with 
higher closure stress formations, performance drops off 45 
drastically as stress increases, particularly above 8,000 
psi. At stresses of 10,000 psi and above even the highest 
grade sand is inadequate. 

Heretofore, the only propping agents known to be 
able to withstand closure pressures of 10,000 psi or so 
greater was a high density sintered bauxite propping 
agent. Cooke, "Hydraulic Fracturing with a Highp 
Strength Proppant", SOCIETY OF PETROLEUM 

. ENGINEERS OF AIME, AIME Paper No. SPE 6213 
(1976); Jones et al., "'Light Weight Proppants for Deep ss 
Gas Well Stimulation .. , submitted to Bartlesville En­
ergy Technology Center by Terra Tek, Inc., under 
Government Contract #DE·AC19-79BC10038 (June 
1980) (Terra Tek paper); McDaniel et al. Described iri 
U.S. Pat. No. 4,068,718 (Cooke et al.), this high strength 60 
propping agent consists of s~ntered bauxite particles 
having a specific gravity greater than 3.4. High density 
is described as a critical feature of this propping agent. 
According to Cooke et al., the high density is necessary 
to attain high strength and resist fragmentation under 65 
high stress levels, They explain that permeability drops 
off significantly when low density particles (specific 
gravity below 3.4) are used. (Col. 6, lines 6-35.) 

agent as well, they do not report that this less preferred 
propping agent is able to withstand such severe condip 
tions. 

While the -sintered bauxite propping agent is advanta· 
geous in that it can withstand closure pressures of 
10,000 psi or greater, there are certain disadvantages 
associated with its use. On accoUnt of its high-density, it 
requires high viscosity fracturing fluids· and/or high 
pumping rates along with low proppant concentration. 
This makes fracture control and high conductivity frac­
tures more diffiCult to obtain. (See Terra Tek paper at p. 
3.) Since the Colpoys et al. propping agent has a simib.r 
high density, the same problems would be expected to 
be associated with its use. Additionally, sintered bauxite 
is relatively expensive. The cost per pound of bauxite is 
ten to fifteen times that of sand. (See Terra Tek paper at 
pp. 2-3 and McDaniel et al. at -p. 4.) Accordingly, there 
has been a definite need for a lower density and less 
expensive propping agent having the mechanical 
strength to withstand closure pressures of 10,000 psi or 
greater. 

SUMMARY OF THE INVENTION 

It is, therefore, a main object of the present invention 
to provide a propping agent for hydraulic fracturing of 
subterranean formations which overcomes the above­
mentioned drawbacks. 

It is a more specific object of the present invention to 
provide a propping S:gent for hydraulic fracturing of 
subterranean formations which has sufficient mechani­
cal strength to be able to withstand closure pressures of 
I O,()()J psi or greater but also has a density of Jess than 
3.0 gm/cc. 

A further object of this invention is to provide a 
propping agent for use in hydraulic fracturing of subter­
ranean formations which is less expensive than sintered 
bauxite propping agent. 

Another object of this invention is to provide a prop­
ping agent for use in hydraulic fracturing of subterra­
nean formations which requires lower viscosity fractur­
ing fluids and lower pumping rates than sintered bauxite 
pr<;>pping agent. 

A still further object of this invention is to provide a 
propping agent for hydraulic fracturing of subterranean 
fonnations which faci1itates. fracture control and the 
obtaining of high conductivity fractures. 

An additional object of this invention is to provide an 
economical alternative ·to sand for medium closure 
stress (6,000-10,000 psi) subterranean formations. 

Additional objects and advantages of the invention 
will be se~ forth in part in the description which follows, 
and in part will be obvious from the description, or may 
be learned by practice of the invention. The objects and 
advantages of the invention may be realized and ob­
tained by means of instrumentalities and combinations 
particularly pointed out in the appended claims. 

To achieve the objects, and in accordance with the 
purpose of the invention, as embodied and broadly 
4escribed hereiq, the invention comprises a high­
strength propping agent for use in hydraulic fracturing 
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of subterranean formations comprising solid spherical 
particles, the particles .having an alumina content of 
between 40 and 60%, a density of less than 3.0 gm/cc, 
and an ambient temperature permeability of 100,000 or 
more millidarcies at 10,000 psi. s 

To further achieve the objects in accordance with the 
purpose of the invention as embodied and broadly de­
scribed herein, the invention comprises a hydraulic 
fracturing method in which a fluid is injected into a 
subterranean formation to open a fracture therein and a to 
propping agent is placed in the formation to prop open 
the fracture, the propping agent being solid, spherical 
particles having~an alumina content of between 40 and 
60%, a density of less than 3.0 gm/cc, and an ambient 
temperature permeability of a 100,000 or more mi11idar- 15 
cies at 10,000 psi. 

The foregoing and other objects. features, and advan­
tages of the present invention will be made more appar­
ent from the_ following description of the preferred 
embodiment. 20 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plot of permeability versus closure stress 
for samples of sintered bauxite, Ottawa sand and the 
propping agent of the present invention tested under 25 
laboratory conditions. 

FIG. 2 is a plot of conductivity decay from brine and 
high temperature exposure versus time for samples of 
sintered bauxite and the propping agent of the present 
invention tested under laboratory conditions. 30 

FIG. 3 is a plot of conductivity decay from brine and 
high temperature exposure versus time for samples of 
Ottawa sand and the propping agent of the present 
invention tested under laboratory conditions. 

FIG. 4 is a plot of conductivity versus closure stress 35 
at a flow rate of 1 Mscf/D for a concentration of 1 
lbJft2 oft he Propping agent of the present invention and 
a concentration of 3 Ibfft2 of Ottawa sand tested under 
laboratory conditions. 

FIG. 5 is a plot of conductivity versus closure stress 40 

at a flow rate of 10 Mscf/D for a concentration of I 
lb/ft2ofthe propping agent of the present invention and 
a concentration of 3 lb/ft2 of Ottawa sand tested under 

Ti02 
Fe20) 
c.a 
MgO 
Na20 
K,o 
Li~O 

Total 

-continued 
2.00 
0.70 
0.03 
0.04 
0.06 
0.05 
0.02 

100.00 

This material had a density of about 2.62-2.65 gm/cc. 
In a preferred embodiment, the propping agent pani~ 

cles are made from Eufaula bauxite. The term .. Eufaula 
bauxite" refers to a bauxitic-kaolin type material depos­
ited in and around Eufaula, Alabama. See Burst, J. F., 
..Genetic Relationship of the Andersonville, Ga. and 
Eufaula, Ala. Bauxitic-Kaolin Areas", Society of Min­
ing Engineers, AIME Transactions, Vol. 246, pp. 
137-144 (June 1974), which is incorporated by refer­
ence herein as background information. Preferably, t!te 
Eufaula bauxite will contain at least some (above 5%) 
gibbsite. The greater the gibbsite content the higher the 
Joss on ignition. Preferably the loss on ignition will be 
between 14.5 and 20%. Good results have been ob-
tained with a gibbsite content yielding a loss on ignition 
of about 17.1%. 

A smal1 amount (up to 5%) of the Eufaula bauxite 
may be replaced with a crush strength enhancer se­
lected from the group: nepheline syenite, fused bauxite 
dust, wollastonite, talc, and feldspar. Of these, nephe­
line syenite is the preferred crush strength enhancer. It 
is believed that addition of up to 5% of one of these 
crush strength enhancers will serve to impede cristobal­
ite· formation upon sintering of the raw material and 
thereby enhance the crushing strength of the final parti· 
cles. 

The propping agent particles of the present invention 
may be made by the methods disclosed in copending 
U.S. Patent application No. 437,321 of Eugene Paul 
Lunghofer, Sten Mortensen, and Aubrey Ward, filed 
concurrently herewith on Oct. 28, 1982 for A Process 
For The Production Of Sintered Bauxite Spheres, now 
U.S. Pat. No. 4,440,866. As explained therein, an aque­
ous feed suspension comprising the bauxitic·kaolin type laboratory conditions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the present 
preferred embodiments of the invention. 

45 material and a suitable binder is prepared. The feed 
suspension is then continuously atomized into a layer of 
already partly dried particles fluidized in a stream of 
drying ~ir. Panicles are continually recovered ffom this 

A high strength propping agent for use in hydraulic 50 

fracturing of subterranean formations surrounding oil 
wells, gas wells and similar boreholes in accordance 
with the present inVention comprises solid, spherical 
particles having an alumina content of between 40 and 
60%, a density of less than 3.0 grn!cc, and an ambient 

55 

temperature permeability of 100,000 or more millidar­
cies at 10,000 psi. 

For purposes of the present invention the propping 
agent particles should have an alumina (Ah03) content 
of between 40 and 60%, preferably between 45.5 and 

60 

60%, and a siHca (Si02) content of between 36.5 and 
56.5%, preferably between 36.5 and 51%. Good results 
have been obtained with material having the following 

layer and continuously separated into oversized, under­
sized, and product fractions, making allowance for an­
ticipated shrinkage in the subsequent sintering opera-
tion. Undersized fractions, relatively fine product frac· 
tions, ground product fractions, and ground oversized 
product fractions are continuously recycled to the layer 
of fluidized particles at a ~ubstantial distance (measured 
along the flow path of the particles) from the site where 
the recovery of such particles takes place. The non· 
recycled product fractions are dried and sintered by 
heating at a temperature of between 120fY and 1650• C. 

Propping agents made from the above-described ma­
terials and by the above-described methods will have a 
density of less than 3.0 gm/cc, thus; overcoming the 
disadvantages associated with the high-density sintered 
bauxite propping agent described above. In a preferred 

composition (calcined basis): 65 embodiment, the propping agent of the present inven-

------;:~--------::-:------- tion has a Krum being sphericity of about 0.9 or greater. 
Si02 45.8 Preferably, 90 ~rcent or more of the propping agent 
AhOJ 50.7 particles of the present invention are 30-40 mesh. More-
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6 
an official specification for sintered bauxite propping 
agent.) 

EXAMPLEZ 

Sieve Analysis 

over, contrary to the teachings of Cooke et al., the 
lower density propping agen1 of the present invention 
has sufficient mechanical strength to withstand closure 
stresses of 10,000 psi or greater. The suitability of the 
propping agents of the present invention for such high 5 
closure stress applications is demonstrated by the Com­
parative permeability testing described in Example I. 

Samples of 100.0 gm of the materials tested in Exam­
ple 1 were placed in a nest of sieves S:nd shaken for 15 
minutes using sieve sizes recommended by _American 

10 Petroleum Institute procedures. The sample remaining 
on each sieve was then weighed to determine the per­
cent retained. The results Were as follows: 

EXAMPLE I 

Penneability 

The penneability of a 20-40 mesh sample of the prop­
ping agent of the present invention was_ compared to a 
20-40 mesh sample of sintered bauxite propping agent 
of the type described by Cooke et al. The propping 15 
agent of the present invention had the following com­
position (calcined basis): 

Si02 45,80 
Ai203 50.70 20 
Ti02 2.60 
Fe203 0.70 
CaO 0.03 
MgO 0.04 
Na20 0.06 
K20 0.05 25 
Li20 0.02 

Total 100.00 

It .had a density of about 2.62-2.65 gm/cc. The sintered 
bauxite propping agent was a commercial product ob- 30 
tained from The Norton Company. It had an alumina 
content of between 86 and 89% and a density of about 
3.68-3.75 gm/cc. 

PermeabiJity was determined by pumping deionized 
water at a known rate through a known volume (70 ml 35 
loose) of each sample placed in a permeameter designed 
to stimulate a propped fracture This was done at ambi­
ent temperature and at various closure stresses between 
500 and 12,000 psi. A constant value of closure stress 
was maintained by a hydraulic press. The pressure drop 40 
across·,the simulated fracture was recorded as was the 
propped fracture thickness for each closure stress. The 
test results ar graphically illustrated in FIG. 1. For 
additional comparison, the results of permeability test-
ing on 20-40 mesh Ottawa sand is also plotted. 45 

The permeability of the propping agent of the present 
invention ·decreases more rapidly with increasing clo­
sure stress than does the permeability of the sintered 
bauxite propping agent. Nevertheless, the_ propping 
agent of the present invention maintains a permeability 50 
of greater thah I 00,000 millidarcies at closure pressures 
of up to 10,000 psi. Even at 12,000 psi, the permeability 
of the proPping agent of the present invention is still 
very high. These results indicate that the propping 
agent of the present invention is suitable for high clo- 55 
sure stress gas and oil weU applications. 

Examples 2-4 illustrate that the propping agent of the 
present invention also meets the American Petroleum. 
Institute's san4 specifications for ·sieve analysis, spheric-
ity and roundness evaluation, and crush resistance. AI- 60 
though Example S shows that the acid solubility of the 
propping agent of the present invention is just oUtside 
the American Petroleum Institute sand specifications, 
the brine exposure test reported in Examples 6 and 7 
shows that the propping agent of the present invention 65 
has corrosive resiStance of the same order as both sin­
tered bauxite and Ottawa sand propping agents. (The 
American Petroleum Institute has not yet promulgated 

Percent Retained 

Propping 
Agent of API 

Sieve Present Sintered Specifications 
Size Invention Bauxite (Sand) 

16 0.00 0.00 0.00 
20 0.00 8.33 

J 
30 55.84 60.37 ii;90.00 
JS 41.28 23.23 
40 2.82 7.66 

so 0.02 0.25 J PAN 
;i 1.00 

0.01 0.01 

EXAMPLE3 

Sphericity and Roundness Evaluation 

Twenty particles of the materials tested in Example l 
were visually examined for sphericity and roundness 
using Krumbein's and Sloss' chart for visual estimation 
of roundness and sphericity. The results were· as fol­
lows: 

Sample Sphericity 

Propping Agent of 0.9 
Present Invention 
Sintered Bauxite 0.9 
API Specification (Sand) ~0.6 

EXAMPLE4 

Crush Resistance 

Roundness 

0.9 

0.9 
;;:::0,6 

Forty-gram samples of a particular particle size of the 
materials tested in Example I were isolated and placed 
in a test cell. The cell was placed in a hydraulic press 
and 12,500pounds afforce was applied for two minutes. 
The samples where then sieved and the fines collected 
and weighed. The results were aS follows: 

Sample 

-Propping Agent of 
Present Invention. 
Sintered Bauxite 
API Specification (Sand) 

Percent Crushable 

0.20 

0.25 
;;s.oo 

Samples of the materials tested in Example 1 were 
dried to a constant weight and 5 gni. were weighed to 
the nearest 0.1 mg. The sample was treated with 100 mi. 
of 12% HCI-3% HF. in a water bath at 65.6° C/ for 
30-35 minutes. The samples were filtered, washed and 
dried to a constant weight. The weight loss was deter­
mined and comppted as a percent. The results were as 
follows: 
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Sample Percenr Solubility 

2.99 

1 em/sec to 30 em/sec. Gas temperatures at entrance 
and exit of celJ along with cell temperature were re­
corded. Gas flow rate, sample height and pressure drop 
along 10 em. cell length was measured. Each flow was Propping Agent of 

Present Invention 
Sintcred Bauxite 
API Specification (Sand) 

1.39 
<2.00 

(Because of the small sample size. the precision of this 
test is questionable. For example, other tests with sin­
tered bauxite propping agent have yielded a 7% acid 
solubility.) 

5 allowed to reach steady state conditions before pro­
ceeding to the next flow rate. The above flow ranges 
were repeated for closure stresses of 2,000, 4,0Cl0, 6,000, 
8,<XXl and 10,000 psi. The data was then. analyzed pro­
ducing values at each closure stress for Darcy permea-

EXAMPLE6 

Brine Exposure 

10 bility and conductivity at various flow rates, turbulence 
factor and absolute permeability. FJow rates were con­
trolled by use of a metering valve placed at the exit of 
the cell, thus allowing test pressure to be controlled. 
Flow rates were measured at atmospheric conditions by 

15 a thermal flowmeter at high and medium rates and a 
rotameter for low flow rates. Gas flow rate and density 
at test conditions was calculated from atmospheric mea­
surements assuming ideal gas behavior and using an 

20-40 mesh samples of the materials tested in Exam­
ple 1 were placed in a test cell and heated to 250° F. For 
both propping agents, a concentration of 2 lb/ft2 were 
used. A liquid brine solution was pumped through the 
propping agent at a constant rate for a period of 24 20 
hours. The brine solution had the following ingredients: 
8% NaCI and 2.5% CaCI. This solution was preheated 
to match the cell temperature of 250G F. The closure 
stress on the propping agents were maintained at a con­
stant level of 8,000 psi throughout the test. During the 25 
entire test, the pressure drop through the propping 
agent was recorded in order to determine the permea­
bility decay. 

The results of the conductivity decay over time for 
these two materials is shown in FIG. 2. The conductivi- 30 
ties were normalized with respective initial conductivi­
ties to enable direct comparison. As can be seen from 
FIG. 2, the percent decay in the conductivity of the 
propping agent of the present invention was slightly less 
than that of the sinter~d bauxite propping agent. 35 

EXAMPLE7 

Brine Exposure 

Tests similar to that of Example 6 were run with 
20-40 mesh samples of the propping agent of the pres- 40 
ent invention tested in Example 1 and Ottawa sand at 
4,000 psi. These results are graphically illustrated in 
FIG. 3. As can be seen from FIG. 3, the percent decay 
in conductivity is essentially identical for both the prop­
ping agent of the present invention and Ottawa sand. 45 

In addition to being useful in hydraulic fracturing of 
high closure stress (10,000 psi or greater) subterranean 
formations, the propping agent of the present invention 
is also useful for medium closure stress (6,000-10,000 
psi) applications. Not only Will the propping agent of 50 
the present invention perform better than sand under 
such conditions, but also only one third as much prop­
ping agent is required. Thus, treatment of medium clo­
sure stress subterranean formations with the propping 
agent or thC present invention is an economically feasi- 55 
ble alternative to treatment with sand. Examples 8-10 
illustrate the comparative effectiveness of the propping 
agent of the present invention and Ottawa sand at ~ 
concentration ratio of 1:3. 

EXAMPLES 
60 

20-40 mesh samples of the propping agent of the 
present invention tested in Example 1 and Ottawa sand 
were placed in a test cell and heated to 250° F. at a 
closure stress of 1,000 psi. Preheated nitrogen at 100 psi 65 
was passed through the sample during this period. 
When the target test temperature was reached, gas flow 
rates were varied to produce superficial velocities from 

average gas temperature pressure in the cell. 
Tests were conducted using the propping agent of the 

present invention at concentrations of 0.5, 1.0 and 1.5 
lbfft2, and Ottawa sand at concentrations of 1.5, 3.0 and 
4.5 Jbfft2. For the propPing agent of the present inven­
tion the following results were obtained: 

Con- Turbulence Predicted 
centra· Closure Factor 2 Conduc- Permea- ""' lion Stress (alm-sec2 tivity "bility ~atm·sec2 

(lb/ft21 (psi) gm) (mdll'tl (md) gml 

0.5 6.000 480 
l.O 6,000 z.3 x w-3 1.550 I 39,{)()) u x w- 3 

1.5 6.000 1.s x w- 3 2,270 )39,{)()) 1.3 x w- 3 

0.5 8.000 210 
l.O 8.000 2.9 x w- 3 1,030 89.300 2.6 x w- 3 

1.5 8,000 2.0 x w- 3 ),210 78,(XX) 3.2 x w- 3 

0.5 10,CXXl J70 
J.O IO,OCX) 5.7 x w-J 520 52.600 6.0 x w-3 
J.5 10.000 J.t x w- 3 750 55.000 5.5 x w-J 

(Due to the difficulty of measuring sample height at low 
proppant concentrations, the permeability and turbu-
lence factors for 0.5 lb/ft2 tests are not reported.) 

For Ottawa sand, the following data was obtained: 

Con- Turbulence Con· Predicled 
centra- Closure Factor 2 due· Permea· ""' lion Stress !atrn-sec2 livity bility {atm-sec2 

(lb/ft2) (psi) gm) (md/ft) (md) gm1 

1.5 6,000 600 
l.O 6,000 J.t x w-J l,Q70 44,000 1.1 x w- 3 

4.5 6,000 3.3 X to- 3 2,000 106,300 2.0 x w- 3 

1.5 8,000 JSO 
l.O 8,000 2.05 X 550 22,520 2.2 X I0-2 

to-2 

4.5 8,000 7.6 x w-3 600 18,500 2.9 x w-2 
1.5 10,000 100 
l.O 10,000 6.91 X 200 8,620 9.6 x w-2 

w-2 

4.5 10,{)()) 1.0 x w-2 280 10,700 6.8 X 10-2 

Because of the effect of turbulance becomes more 
predominant at increasing velocities, it is not sufficient 
to compare. absolute permeabilities and conductivities 
alone. Therefore, FIGS. 4 and 5 show Darcy conduc­
tivity at two different velocities, which would be en­
countered in fractured wells produci.ng approximately 
1,000 Mscf/D to 10,000 Mscf/D. These figures illus­
trate that at low. flow rates the propping agent of the 
present invention possesses a conductivity exceeding 
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that of three times the concentration of sand at 6,000 psi 
and above, and at higher flow rates the propping agent 
of the present invention has a conductivity .exceeding 
that of three times the concentration of sand at 6, 500 psi 
and above. s 

EXAMPLE9 

20-40 mesh sample of the propping agent of the pres­
ent invention tested in Example 1 and Ottawa sand were 
placed in a test ~U in concentrations of 1 lb/ft2 and 3 10 
1b/ft2, respectively. The test cell was set up as in Exam­
ple 8. The closure stress was brought to 4,000 psi and 
the temperature of the cell increased to 250° F. Pre­
heated nitrogen was flowed through the propping agent 
as previously described to determine the initial conduc- 15 
tivity. Next, a solution of fracturing fluid, broken with 
an enzyme breaker, was pumped through the propping 
agent at a low, constant rate for a period of four hours. 
This simulated the initiation of the clean-up process. 
The fluid was preheated to approximately 250" F. The 20 
same volume of the broken fluid was pumped for each 
test. This was followed by preheated nitrogen to con­
tinue the simulation of the clean-up process. Pressure 
drop through the sample was monitored until it became 

Case 1: 

10 
propping agent of the present invention than on the 
Ottawa sand. 

EXAMPLE 10 

Several cases were run on a single phase, two-dimen­
sional, finite difference reservoir simulator. The effects 
of both· formation properties and fracture properties 
were studied. For each set of formation and fracture 
properties, two cases were run: one with Ottawa sand as 
propping agent and another with the propping agent of 
the present invention tested in Ex.ample 1. The propping 
agent of the present invention was used at a 1:3 ratio (by 
weight) compared to Ottawa sand. The following prop­
erties were held constant for all simulations presented 
here: 
I. New pay thickness 125 ft. 
2. Initial closure stress= 8000 psi 
3. Initial reservoir pressure=4000 psi 
4. Gas gravity=0.68 
5. Well spacing 640 acres 
6. Minimum surface flowing pressure= 1000 psi 

The sensitivity to (1) formation permeability, (2) 
proppant permeability damage by fluid residue, and (3) 
fracture length are presented in Table 1: 

Cumulative Production Improvement 
@ 1 ~ear @: 7 ~ears @ 1s· years 

MMSCF " MMSCF " MMSCF " 
Fonnation·Penn = 0.008 md, 0 0 10 0.2 9J 1.6 
Frac Length = 1600 fl. 
No Damage 
Initial Q = 3.S MMSCF/D 
Case 2: 
Formation Perm = 0.1 md, 0 0 533 6.9 925 7.3 
Frac Length = 1600 ft. 
7S% Damage 
Initial Q = 3.S MMSCF /D 
Case 3: 
Formation Perm = 0.1 md, 0 0 315 3.8 775 5.7 
Frac Leng.th = 1100 ft. 
SO% Damage 
Initial Q = 3.5 MMSCF !D 
Case 4: 
Formation Perm = 0.008 md, 0 0 14 0.4 II 0.33 
Frac Length = 1600 ft. 
No Damage 
Initial Q = 2 MMSCF !D 

a constant. At this time, various flow rates of nitrogen 
were used to determine the final permeability. The re­
sults were as foUows: 

Conductivity (darcy-ft) 
Propping Agent Initi~l Final 

Propping Agent of 1.46 0.20 
Present Invention 
Ottawa Sand l62 018 

so 

ss 

The initial conductivities correspond to measure-. 
ments made prior to pumping the broken fracturing 
fluid. The final conductivities were measured after resi- 60 
due damage by the broken fracturing fluid had been 
accomplished. It is evident from these results that a 
very large amount of damage occurred in both tests. 
However,.it is interesting to note that even though the 
conductivity of the propping agent of the present inven- 65 
tion was initially much less than the OttaWa sand, the 
fina1 conductivities were essentially equal. This indi­
cates that Jess damage was aCtually incurred on the 

EXAMPLE II 

This Example illustrates a method of making the 
hydraulic fracturing propping agents of the present 
invention. It is also recorded as Example 3 of co-pend­
ing U.S. Patent application No. 437,321 of Eugene Paul 
Lunghofer, Sten Mortensen, and Aubrey Ward, flied 
concurrently herewith on Oct. 28, 1982 for A Process 
For The Production Of Sintered Bauxite Spheres now 
U.S. Pat. No. 4,440,866. 

The starting material in this example is a bauxitic-kao­
lin ore from Eufaula, Alabama having the following 
analysis by weight after ignition at 8()1Y C.: Ab03 
50.7%; Si0245.8%; Ti02 2.60%; Fe203 0.71 %; with the 
remainder being alkali and alkali-earth metal oxides. An 
aqueous dispersion of the material as mined is prepared 
using ball milling or .mechanical agitation and addition 
of 0.25% "DAR VAN C" or 0.2% sodium pyrophos­
phate. Water is a,dded to a solids content of 45%. The 
pH is adjust~d with NaOH to above 8 to insure com-
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pJete deflocculation and low viscosity. 0. 75% "GEL­
VATOL" 20/30 is added as a temporary binder. 

This feed, in a~ amount of 4,000 kg/hour, is passed 
through pressure nozzles in a fluid bed unit having a 
fluidizing area of 3 m.2 The velocity of the fluidizing air 5 
is ] 2 m/sec, the inlet temperature of the air is sso~ c., 
and the outlet temperature of the air is 70° C. Recycled 
material introduced through a powder inlet amounts to 
1700 kg/hour. The height of the fluidized particle layer 
is approximately 35 em. The average residence time of 10 
the particles in the fluidized layer is about 15 minutes. 

Material is withdrawn in a quantity of 3400 kg/hour, 
which by sieving is separated into: an oversized fraction 
having a particle size of about 2.1 mm (50 kg/hour); a 
course product fraction having a partic1e size of be· 15 
tween 1.2 and 2.1 mm (300 kg/hr); a fine product frac­
tion having a partic1e size of between 0.6 and 1.2 mm 
(2450 kg/hour); and an undersized fraction ha.ving a 
particle size below 0.6 mm (600 kg/hour). Also in a bag 
filter collector unit 300 kg/hour entrained particles are 20 

coJJected ·and recycled to the tank holding the feed. 
The total amount of the oversized fraction together 

with 400 kg/hour of the fine product fraction is ground 
in a grinding unit having a sieve of mesh size 3,000 .,

5 microns, and together with the undersized fraction is ... 
lead to the fluid bed unit as seed or nuclei particles. 650 
kg/hour of the fine product fraction is recycled without 
prior grinding. 

The remaining material from the product fractions is 30 
led through an oven in which the remaining moisture 
and organic additions (approximately 4% by weight) 
are removed. The material is then sintered in a rotary 
kiln at a temperature of approximately ISCXY C. for 
approximately 10 minutes. The sintered particles are 35 
then subjected to a further sieving operation to assure 
that substantially all of the product has the appropriate 
particle size. 

It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 40 
present invention without departing from the scope or 
spirit of the invention. Thus, it is intended that the pres· 
ent invention cover the modifications and variations of 
this invention provided that they come within the scope 
of the appended claims and their equivalents. 45 

What is claimed is: 
1. A high strength propping agent for use in hydrau-

lic fracturing of subterranean formations comprising 
solid, spherical particles, said particles having an alu­
mina (A1203) content of between 40 and 60%, a density 50 
ofless than 3.0 gm/cc and ambient temperature permea­
bility of 100,000 or more millidarcies at lO,OCXJ psi. 

2. The propping agent of claim 1 wherein said parti­
cles have an alumina (AhOJ) content of between 45.5 
and 60% and a silica (Si02) content of between 36.5 and 55 
51%. 

3. The propping agent of claim 1 wherein the compo­
sition of said particles comprises: about 50.7% AhOJ; 
about 45.8% Si02;about 2.60% Ti02; and about 0.70% 
Fe203; with the remainder being alkali and alkali earth 60 
metal oxides 

4. The propping agent of claim 1 wherein said parti­
cles are made from Eufaula bauxite. 

12 
7. The propping agent of claim 4 wherein said 

Eufaula bauxite has a loss on ignition of about 17.1%. 
8. The propping agent of claim 1 wherein said parti· 

cles have a Krumbein sphericity of 0.9 or greater. 
9. The propping agent of claim 1 wherein 90% or 

more of said particles are 30-40 mesh. 
10. The propping agent of claim 1 wherein the parti­

cles also include a crush strength enhancer selected 
from the group of nepheline syenite, fused bauxite dust, 
wollastonite, feldspar and talc. 

11. The propping agent of claim 10 wherein the crush 
strength enhancer is nepheline syenite. 

12. The propping agent of claim 1 wherein said parti­
cles have been prepared from material comprising natu­
rally occurring. ore. 

13. The propping agent of claim 12 wherein said 
naturally occurring ore is Eufaula bauxitic kaolin. 

14. The propping agent of claim 12 wherein the den­
sity is in the range between 2.62 and 2.80 gm/cc, said 
particles have been prepared from material comprising 
naturally occurring ore, and the particles are sintered at 
a temperature in the range of about 1200° C. to about 
1650' c. 

15. The propping agent of claim 1 wherein said parti· 
cles have an alumina content of about 50%. 

16. The propping agent of claim 1 wherein said pani~ 
cles have been prepared by sintering. 

17. The propping agent of claim 16 wherein said 
particles have an alumina (Ah03) content of between 
45.5 and 60% and a silica (Si02) content of between 36.5 
and 51%. 

18. The propping agent of claim 16 wherein the com­
position of said particles comprises: about 50.7% Al203; 
about 45.8% Si02; about 2.60% Ti02; and about 0.70% 
Fe203; with the remainder being alkali and alkali earth 
metal oxides. 

19. The propping agent of claim 16 wherein said 
particles are made from naturally occurring ore, and the 
sintering is at temperatures in the range of about 1200° 
to about 1650' C. 

20. The propping agent of claim 19 wherein the natu­
rally occurring ore is Eufaula bauxitic kaolin. 

21. The propping agent of claim 20 wherein said 
Eufaula Bauxite includes over 5% gibbsite. 

22. The propping agent of c1aiin 20 wherein said 
Eufaula Bauxite has a loss on ignition of between 14.5 
and 20%. 

23. The propping agent of claim 1 wherein said parti­
cles have a Krumbein sphericity of 0.9 or greater, 90% 
or more of said particles are 30-40 mesh, and the parti­
cles also include a crush strength enhancer selected 
from the group of nepheline syenite, fused bauxite dust, 
wollastonite, feldspar and talc. 

24. The propping agent of claim 1 wherein said parti­
cles have a density between 2.62 and 2.80 gm/cc, and 
said particles have been prepared from naturally occur~ 
ring ore by sintering at temperatures in the range of 
about 1200' C. to about 1650' C. 

25. The propping agent of claim l4 wherein said 
particles have an alumina (AhOJ) content of between 
45,5 and 60% and a silica (Si02) content of between 36.5 
and 51%. 

26. The propping agent of claim 25 wherein the com-5. The propping agent of claim 4 wherein said 
Eufaula bauxite includes over 5% gibbsite. 

6, The propping agent of claim 4 wherein said 
Eufaula bauxite has a loss on ignition of between 14.5 
and 20%. 

65 position of said particles comprises: about 50.7% AbOJ: 
about 45.8% Si02; about 2.60% Ti02: and about 0.70% 
Fe203; with the (emainder being alkali and alkali earth 
metal oxides. 
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21. The propping agent of cJaim 24 wherein said 
particles are made from Eufaula bauxitic kaolin. 

28. The propping agent of claim 27 wherein said 
bauxitic kaolin includes over 5% gibbsite, said particles 
have a Krumbein sphericity of 0.9 or greater, 90% or 5 

10 

15 

20 

25 

lO 

lS 

40 

45 

so 

ss 

60 

65 

more of said particles are 30-40 mesh, and the particles 
also include a crush strength enhancer selected from the 
group of nepheline syenite, fused bauxite dust, wollas~ 
tonite, feldspar and talc. 

• • • • • 

Case 1:11-cv-02574-JOF   Document 22-1    Filed 10/31/11   Page 63 of 136



. " ' 

·~ '·· 

UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 
PATENT NO. 5,120,455 

DATED June 9, 1992 

INVENTOR(S) : Eugene P. Lunghofer 

It is certified that error appears in the above-identified patent and that said Letters Patent is hereby 
corrected as shown below: · 

At column A, line 66, change "Krum being" to --Krumbein--. 

At column 6, lines 60-61, insert --EXAMPLE 5--
--Acid Solubility--. 

At colUmn 7, line 55, change "agent or the present" to 
--agent of the present--. 

At column 8, line 28, change "Factor2" to --Factor--. 

At column 8, line 47, change "Factor211 to --Factor--. 

At column 11, line 5, change "area of 3 m.2 The" to --area of 3 m.2. 

At column 11, line 6, change "is l 2 m/sec" to --is 1.2 m/sec-- •. 

At column 11, line 49, change "mina (Al203) content" to 
--mina (Al o ) 2 3 content--. 

The--. 

Signed and Sealed this 

Twenty-fifth Day of January, 1994 

Attest: 

BRUCE LEHMAN 

Attesting Officer Commission~r of Patents and Trademarks .. ·-·--
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[57] ABSTRACT 

Sintered, spherical composite pellets or particles com­
prising one or more clays as a major component and 
bauxite, alumina, or mixtures thereof, are described, 
along with the process for their manufacture. The pel­
lets may have· an alumina-silica (Ah03-Si02) ratio 
from about 9:1 to about 1:1 by weight. The use of such 
pellets in hydraulic fracturing of subterranean forma­
tions is also described. 
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SINTERED SPHERICAL PELLETS CONTAINING 
CLAY AS A MAJOR COMPONENT USEFUL FOR 

GAS AND OIL WELL PROPP ANTS 

Unfortunately. the sintered bauxite material actually 
used in making the measurements disclosed in U.S. Pat. 
No. 4,068,718 does not have a desired spherical shape, 
which would provide high permeability. 

5 The prior. art sintered bauxite particles may be pro-
This is a continuation of application Ser. No. 712,909 duced in spherical shape as described in R. J. Seider's 

filed Mar. 15, 1985, now abandoned, which is a file commonly assigned, copending U.S. patent application 
wrapper continuation application of application Ser. Ser. No. 252,491, filed. Apr. 8, 1981, as a continuation of 
No. 565,429, filed Dec. 27, 1983, abandoned which is a U.S. patent application Ser. No. 969,122, flled Dec. 13, 
division of application Ser. No. 405,055, filed Aus-. 4, 10 1978. However, such proppants, although extreinely 
1982, now U.S. Pat. 4,427.068, which is a continuation- useful under high pressure conditions, over about 700 
in-part of application Ser. No. 347,210, filed Feb. 9, Kg/cm2(10,000 psi), are costly. The cost of the prior art 
1982, abandoned, which is a continuation-in-part of sinteredbauxiteproppantfOrwellsofintermediatepres-
application Ser. No. 347,210, filed Feb. 9, 1982 now sures, between about 350 and 700 Kglcm2 (5,000 and 
abandoned. 15 about 10,000 psi}, may not be economically justified. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to oil and gas well prop~ 

pants and, more particularly, to sintered proppants con- 20 

taining clay as a major component, a method of making 
such proppants, and to a method of maintaining a frac­
ture in a subterranean formation in a propped condition 

The present invention provides proppants aptly suited 
to use under pressures ·of up to about 700 Kglcm2 
(10,000 psi), which are more economical and have 
lower specific gravities and bulk densities,_ which would 
benefit the user, in that fewer pounds of proppant per 
cubic foot of fracture would be required. Handling, e.g., 
pumping of slurries of lower density .material, is also 
made easier. 

by utilizing such proppants. 25 BRIEF DESCRIPTION OF THE INVENTION 
2. History of the Prior Art In accord with the present invention, composite, 
Oil and natural gas are produced from wells having spherical pellets or particles containing clay as a major 

porous and permeable subterranean formations. The component, having an alumina to silica dry weight basis 
porosity of the formation permits the formation to store ratio from about 9:1 to about 1:1 and. apparent specific 
oil and gaS, and the permeability of the formation per- 30 gravities .less than 3.40, are produced. Diaspore clay, 
mits the oil or gas fluid to ~ove through the formation. burley clay and flint clay have been found to be useful 
Permeability of the formation is essential to permit oil in the mahufacture of such pellets althoUgh it is believed 
and gas to flow to a location where it can be pumped that other clays may be employed. Such spherical parti-
from the well. Sometimes the permeability of the fOrma- cles are useful as oil and gas well proppants. 
tion holding the gas or oil is insufficient for economic 35 The present calcined clay Materials are particularly 
recovery of oil and gas. In other cases, during operation adapted to use in combination with known, prior art 
of the well, the permeabilitY of the formation drops to propparit materials, for example, bauxite or alumina, to 

. the extent that further recovery becomes uneconomical. produce composite sinterable, spherical pellets· which 
In such cases, it is necessary to fracture the formation are subsequently furnaced to produce sintered, spheri-
and prop the fracture in an open condition by means of 40 cal pellets eminently useful as proppants. The compos~ 
a proppant material or propping agent. Such fracturing ites of the present invention contain a major portion 
is usually accomplished by hydraulic pressure, and the and, more preferably, greater than about 40 percent by 
proppant material or propping agent is a particulate weight, of clay. Diaspore clay is preferred and combi-
material, such as sand, glass beads or ceramic particles, nations containing up to 95 percent by weight diaspore 
which are carried into the fracture by means of a fluid. 45 clay are useful. 

Spherical particles of uniform-size are generally ac- The clay materials of the present invention are com~ 
knowledged to be the most effective proppants due to patible with, and may be used as a matrix for, a wide 
maxiized permeability. For this reason, assuming other variety of proppant materials, and, in this manner; a 
properties to be equal, spherical or esse.ntially spherical wide variety of composite proppants may be produced, 
proppants, such as rounded sand grains, metallic shot, 50 which may be customized to particular conditions or 
glass beads and tabular alumina, are preferred. fonnations .. Thus, the properties of the fmal sintered 

In practice, in deep wells, where high pressures are composite pellets, such as strength,· permeability, spe-
encountered, e.g., above about 700 Kg/cm2 (10,000 psi), cific· gravity, bulk density and acid resistance, may be 
the foregoing specifically mentioned proppants are ei~ controlled through variationS in the initial component 
ther entirely ineffective or do not exhibit desired penne- ·55 mixture. 
ability. Examples of prior art p~;oppants ap . .d their use Combinations of diaspore clay and bauxite are partie-
are found in U.S. Pat. Nos, 2,950,247, McGuire et al; ularly useful. Such mixtures may suitably contain up to 
3,026,938, Huitt et al; 3,126,056, Harrell; 3,497,008, Gra- 95 percent by weight clay. Mixtures containing up to 80 
ham et al; 3,976,138, Colpoys et al; and 4,068,718, percent by weight clay have a broad range of use, and 
Cooke et al. One of tl)e better proppants useful at high 60 mixtures containing 50 to 60 percent by weight clay · 
pressures, disclosed in U.S. Pat. No. 3,976,138, is alu- .have a particularly broad range of use. 
mina However, eVen alumina, as disclosed in U.S. Pat. The present invention also provides a process fpr 
No. 3,976,138, has reduced penneability at pressures in propping fractures in oil and gas wells at depths of 7,000 
excess of 350 Kglcm2 (5,000 psi). to 14,000 feet utilizing. the present sintered pellets by 

As disclosed in U.S. Pat. No. 4,068,718, sintered 65 mixing the pellets with a fluid, such as oil or water, and 
bauxite unexpectedly has a permeability which is supe- introducing the mixture into a fraCture in a subterranean 
rior to the previously. mentioned proppant materials at formation. The compaction pressure upon the· fracture 
pressures as high as 700 Kg/cm2 (10,000 psi) or higher. generally is at least 280 Kg!cm2 (4,000 psi) and usually 
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4 
is in the range of from about 350 to about 700 Kg/cm2 
(5,000 to about 10,000 psi). The present pellets have an 
average particle size between 0.1 and 2.5 millimeters. It 
has been found that the present composite pellets con­
taining 50 percent or more parts by weight clay, at 5 
pressures up to about 700 Kg/cm2 (10,000 psi), have 
desirable permeability characteristics, i.e., they exhibit a 
permeability to brine at about 93.r C. (200° F.) which 
decreases not more than about three4 fourths when the 
pressure applied to them is increased from 140 to 700 10 
Kg!cm2 (2,000 to 10,000 psi). 

The present proppant materials are produced by 
forming a mixture comprised of clay with a material, 
such as bauxite or alumina. The starting ingredients 
have an average particle size ofless than about 15 mi· 15 
crons and, preferably, less than about 10 microns and, 
most preferably, less than about 5 microns. 

In a preferred method, the mixture is produced on an 
intensive mixer having a rotatable table provided with a 
rotatable impacting impeller, such as described in U.S. 20 
Pat. No. 3,690,622, to Brunner. Sufficient water is 
added to cause essentially spherical ceramic pellets to 
form, and, after such pellets have fanned, from about 5 
to about 15 percent of additional ceramic powder by 
weight of pellets is added, and the mixer is further oper- 25 
ated to cause accretion of the added material to the 
pellets being formed. 

The resulting pellets are then dried at between about 
100 and about 300 degrees centigrade and furnaced at 
sintering temperature until an apparent specific gravity 30 
between about 2.70 and about 3,40 is obtained, depend­
ing on the composition of the starting mixture. 

have an average sphericity of about 0.8 or greater when 
visually compared with the K.rum.bcin and Sloss chart. 

"Spherical" and related forms, as used herein, is in­
tended to mean an average ratio of minimum diameter 
to maximum diameter of about 0.80 or greater, or hav­
ing an average sphericity value of about 0.8 or greater 
compared to a Krumbein and Sloss chart. 

"Bulk density", as used herein, is the weight per unit 
volume, including in the volume considered, the void 
spaces between the particles. 

"Apparent. .specific gravity" is a number without 
units, but numerically equal to the weight in grams per 
cubic centimeter of volume, excluding void space or 
open porosity in determining the volume. The apparent 
specific gravity values given herein were determined by 
liquid (ethylbenzene) displacement. · 

"Theoretical density" and "true specific gravity" 
exclude not only the void space between particles and 
open porosity of particles from the volume, but also 
exclude closed porosity. These latter two measures are 
not customarily used for characterizing proppants. The-
oretical density and true specific gravity require fine 
grinding to expose any closed porosity. 

Unless otherwise stated at the point of interest, all 
percentages, proportions and values with respect to 
composition are expressed in terms of weight. 

The sintered, spherical pellets of the present inven-
tion may be manufactured by furnacing a composite 
clay mixture. Various sintering aids may be incorpo~ 
rated with the starting mixture, for example, minor 
amounts of bentonite clay or iron oxide,· boron, boron 
carbide, aluminum diboride, boron nitride, boron phos­
phide and other boron compounds. If sintering aids are 
used, generally up to about 30 weight percent are found DETAILED DESCRIPTION OF THE 

INVENTION 

The sintered composite proppant pellets of the pres­
ent invention have apparent specific gravities less than 
3.40 and are spherical in shape. 

35 useful. The most desirable .range of sintering aid can be 
readily determined by those skilled in the art, depending 
upon the particular clay mixture used. Fluxes, such as 
sodium carbonate, lithium carbonate, feldspar, manga-

The sphericity of the pellets may be determined using 
a visual comparator. K.rumbein and Sloss, Stratigraphy 40 
and Sedimentation, second edition, 1955, W.H. 
Freeman & Co., San Francisco, Calif., describe a chart 
for. use in visual determination of sphericity and round­
ness. Visual comparison using this chart is a widely used 
method of evaluating sphericity or roundness of parti- 45 
cles. In using the visual comparison method, a random 
sample of 10 to 20 particles of the material to be tested 
is selected. The particles are viewed under a 10 to 20 
power microscope or a photomicrograph and their 
shapes compared ·to the Krumbein and Sloss chart. The so 
chart values for sphericity range from 0.3 to 0.9. The 
chart values for the indiVidual particles are then aver­
aged to obtain a sphericity value. The present particles 

Chemical 
Compound 

Ah03 
SiDJ: 
F~03 
Ti02 
Other 
(e.s. 
MgO,CaO) 
Loss on 
Ignition 

nese oxide, titania, iron oxide and sodium silicates, up to 
about 30 weight percent, may be added to aid sintering. 
If desired, a binder, f6r example, various resins or waxes 
known in the prior art, may be added to the initial mix­
ture to improve pelletizing and to increase the green 
strength of the unsintered pellets. 

Pellets according to the present invention and for use 
with the present invention may be prepared from a 
mixture of any of the clays described in Table I with 
bauxite or alumina or mixtures of these. The composi­
tion of the specific bauxite employed in the manufacture 
of the pelletS described herein is also given in Table I. 
All values in Table I are expressed as percentages by 
weight. Where an omission occurs, it indicates that 
sufficient testing was not conducted to obtain a value. 

TABLE! 
ffi(!ical Anal;tsis of Bauxite and Cla;ts ~calcined) 

High 
High High Iron 

Purity Silica (Brown) 
Surinam Diaspore Diaspore Diaspore Burley Flint 
Bauxite Clay Clny Clay Clay Clay 

86.80 75.10 70.00 78.30 54.o7 38.52 
3.42 18.60 24.40 15.09 41.33 56.64 
4.74 0.80 .80 2.63 1.26 0.65 
3.13 2.99 3.04 3.05 2.45 3.49 
1.00 1.51 0.72 0,74 0.67 

0.91 1.00 0.21 0,15 0.03 
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TABLE !~continued 

(Typical Analysis of Bauxite and Clays - calcined) 
. Ffigh 

Hlgh High Iron 
Purity Silica (Brown) 

Chemical 
Compound 

Surinam Diaspore Diaspore Diaspore 
Bauxite Clay Clay Clay 

Burley 
Clay 

Flint 
Clay 

Apparent 
Specific 
Gravity 
Afte' 
Calcining 
gloo 

3.6-3.7 2.9'-3.1 2.9-3 2.9-3.1 2.7-2.8 2.5-2.6 

Each of the clays described in Table I may be ob­
tained from Missouri Minerals Processing, High Hill, 15 
Mo. 63350, in calcined form. 

The Surinam bauxite described in Table I may be 
obtained from Aluminum Company of America, Pitts­
burgh, Pa. 15219. Surinam bauxite is so designated for 
that is the country in which it is mined. It is expected 20 
that other bauxites may be substituted without depart· 
ing from the present invention. 

Disaspore clays, as found in nature, are predomi­
nantly hydrated aluminum oxide (AlzOJ.HzO). Such 
clays occur in emery rock in association with corun- 25 
dum. The main deposits of diaspore clays in the United 
States are in Missouri and Pennsylvania. Diaspore clays 
have a hardness between 6.5 and 7.0 and a true specific 
gravity usually between 3.30 and 3.45 gmlcm3. The 
crystal structure of diaspore clay is orthorhombic. Typ- 30 
ically, diaspore clay, as found in nature, contains 25 to 
30 percent by weight, and, in some cases, as high as 35 
percent by weight, of impurities. Generally, the major 
impurities are: Si02, which typically ranges from about 
12 to about 25 percent by weight; Ti02, which typically 35 
ranges from aboUt 2.75 to 3.75 percent; Fe203, typically 
between 0.25 and 1.0 percent; and MgO and CaO, gen­
erally less than 1.0 percent. 

The clay materials for use in the present invention are 
initially calcined, by known prior art methods, at tem- 40 
peratures and times sufficiently high to remove any 
organic material and to substantially remove water of 
hydration. · 

The sintered, spherical pellets of the present inven-
tion are preferably made as follows: 45 

1. Starting ingredients of calcined clay and alumina, 
bauxite, or mixtures thereof, are added in a predeter­
mined ratio to a high intensity mixer. At least 40 percent 
of the total ingredients on a dry weight basis is clay. 
Each of the ceramic ingredients has an average particle 50 
size of less than about 15 microns and preferably less 
than about 10 microns and most preferably, less than 
about 5 microns. 

The small particle size is required in order to obtain a 
finished spherical sintered pellet having the desired 55 
density. An average particle size of smaller than 5 mi­
crons is desirable, and the average particle size is most 
preferably below 3 microns and usually above 0.5 mi· 
crons. 

tions per minute (rpm), and is provided with a rotatable 
impacting impeller, which can be made to rotate at a tip 
speed of from about 5 to about 50 meters per second. 
The direction of rotation of the table is opposite that of 
the impeller, causing material added to the mixer tO 
flow over itself in countercurrent manner. The central 
axis of the impacting impeller is generally located . 
within the mixer at a position off center from the central 
axis of the rotatable table. The table may be in· a hori­
zontal or inclined position, wherein the incline, if any, is 
between 0 and 35 degrees from the horizontal. 

3. While the mixture is being stirred, there is addeq 
sufficient water to cause formation of composite, spheri­
cal pellets from the ceramic powder mixture. 

In general, the total quantity of water which is suffi· 
cient to cause essentially spherical pellets to form is 
from about 17 to about 20 percent by weight of the 
initial starting ceramic ingredients and usually between 
about 18 and about 20 percent by weight"of the initial 
ceramic powder, The total mixing time usually is from 
about 2 to about 6 minutes. · 

After ·the clay mixture is added to the mixer, the table 
is rotated at from about 10 to about 60 rpm and, prefera· 
bly, from about 20 to about 40 rpm, and the impacting 
impeller is rotated to obtain a tip speed of from-about 25 
to about 50, preferably, from about 25 to about 35, · 
meters per second, and. sufficient water is added to 
cause essentially spherical pellets of the desired size to 
form. If desired, the impeller may be initially rotated at 
from about 5 to about 20 meters per second during 
addition of one-half of the sufficient water and subsew 
quently rotated at the higher tip speed of 25 to about 50 
meters per second during the addition of the balance of 
the water. The rate of water addition is not critical. The 
intense mixing action quickly disperses the water 
throughout the particles. 

4. The resulting pellets are dried at a temperature· of 
between about 100' (212' F.) and about 300' C. (572' F.) 
until preferably less than 3 percent and. most prefera-
bly, less than 1 percent moisture remains in the pellets. 
The ·most preferred drying_ temperature is between 
about 175' (347' F.) and 275' C. (527' F.), and the dry-
ing time· is usually between about 30 and about 60 min· 
utes. 

5. The dried. pellets are then furnaced at sintering 
2. The powdered ceramic starting ingredients are 

stirred to form a·dry homogeneous particulate mixture 
having an average particle size of less than about 15 
microns. 

A preferred stirring or mixing device is that obtain~ 
able from Eirich Machines, Inc., known as the Eirich 
Mixer. A ~er of this type is provided with a horizon­
tal or inclined circular table, which can be made to 
rotate at a speed of from about 10 to about 60 revolu-

60 temperature for a period sufficient to enable recovery of 
sintered, spherical pellets having an apparent specific 
gravity of between 2.70 and 3.40 and a bulk·density of 
from about 1.35 to about 1.80 grams per cubic centime­
ter. The specific time and temperature to be employed 

65 is, of course, dependent on the starting ingredients and 
is determined empirically according to the results of 
physical testing of pellets ·after furnacing. The furnacing 
step is carried out to sinter the composite pellets; gener-
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8 
ally, temperatures of between about 1,350° C. (2,462° 
F.) and about 1,550" C. (2,822" F.) for about 4 to about 
20 minutes and, more preferably, from about 1,485° 
(2, 705" F.) to about 1,515" C. (2, 759" F.) for about 4 to 
about 8 minutes, are useful, depending upon the sinter· 5 
ing aids and fluxes which may be included. 

While the process just described hereinabove will 
yield pellets according to the invention, it is preferred 
that from about 5 to about -15 percent and, preferably, 
from about 8 to about 10 percent of additional starting 10 
ingredients by weight of pellets be added, after the 
addition of water but prior to drying of the pellets. The 
added material is of the same composition as that de· 
scribed in step 1. The addition of more dry ceramic 
powder is followed by rotating the impeller at a tip 15 
speed of between about 5 and about 20 meters per sec· 
and, preferably, between about 10 and about 20 meters 
per second, for from about 1 to about 6 minutes, while 
continuing to rotate the table at from about 10 to about 
60 rpm and, preferably, from about 20 to about 40 rpm. 20 
This step improves yield and results in improved sphe­
ricity of the pellets. 

If desired, the rotation of the impeller may then be 
stopped while the table continues to rotate for between 
about 1 and about 5 minutes. 25 

The impacting impeller is preferably a disk provided 
with peripheral rods or bars attached to the disk. The 
longitudinal axis of the rods or bars- is desirably essen­
tially parallel with the axis of rotation of the impeller, 
which is usually a vertical axis. The diameter of the 30 
impeller is measured from the axis of rotation to the 
center of the most distant rod or bar. Tip speed is the 
speed of the most distant rod or bar. 

I 
SO% 

The diameter of the impeller depends upon the size of 
the mixer but is usually less than 25 percent of the diam­
eter of the mixer, The impeller in most applications is 
between 10 and 100 centimeters in diameter and usually 
rotates at from 200 to 3, 750 rpm at the lower tip speeds 
of 10 to 20 meters per second, depending upon impeller 
diameter, and at from 500 to 6,500 rpm at the higher tip 
speeds of 25 to 35 meters per second, depending upon 
impeller diameter. 

The pellets are screened for size preferably after dry­
ing. However, they may be screened before drying or 
after fumacing. The rejected oversized aiJ.d undersized 
pellets and powdered material obtained after the drying 
and screening steps may be recycled. The finished pel­
lets may be tumbled to enhance smoothness. The resul­
tant sintered pellets have a bulk density ranging from 
about 1.35 to about l.SS grams per cubic centimeter, 
depending upon the ceramic starting ingredients em­
ployed. 

The overall particle size of the pellets for Use as prop­
ping agent for increasing permeability in a subterranean 
formation penetrated by well is between 0.1 and about 
2.5 millimeters and preferably between about 0.15 and 
1. 7 millimeters. 

In Table II is summarized the composition for several 
pellets according to the invention produced from the 
raw material indicated. Also given are the results of 
testing of these pellets. Unless otherwise indicated, ·parts 
and percentages are by weight. All samples were pre­
pared in accord with the procedures given herein. Ex­
ample 1 gives in detail the procedure employed in the 
preparation of Sample No.2, which procedure is typical 
of that employed in preparation of the remainder of the 
samples reported in Table II. 

TABLE !I 
SAMPLE.NO. 

2 
4 l 

DIASPORE 60% 70% 80% 90% 

INGREDIENTS 

Composition 
of furnaced pellets 

Ah03 
Si02 
AI203-Si02 ratio 
(based on % by wgt.) 
Fe,.03 
TiOz 
Other 
Roundness 
Sphericity 
Acid Solubility 
(12% Hydrochloric, 
3% Hydrofluoric) 
Bulk Density 
grams/cubic centimeter 
pounds/cubic foot 
Apparent Specific Ora'Vi.ty 
grams/cubic centimeter 
API Crush (% imes) 

7500 psi 
10000 psi 

Applied Pressure 
.£&_ Kglcm2 

Permeability, 
Darcics at 
.125" fracture 
width 

2000 
4000 
6000 
8000 

10000 

140 
281 
422 
l62 
703 

CLAY DIASPORE 
SO% CLAY 

SURINAM 40% 
BAUXITE BAUXITE 

82.10 79.78 
9.31 12.52 
8.82 6.37 

3.14 2.36 
3.06 3.04 
2.39 2.30 

.86 

.8l 

5.42 

1.79 
112 

3.27 

9.9 

22l 
193 
163 
138 
113 

DIASPORE 
CLAY 
30% 

BAUXITE 

78.61 
14.04 
5.60 

1.97 
2.88 
2.50 

4.86 

1.70 
106 

3.20 

5.88 

"' 180 
Ill 
122 
9l 

DIASPORE 
CLAY 
20% 

BAUXITE 

77.44 
15.56 
4.98 

1.58 
3.02 
2.40 
.78 
.7l 

5.73 

1.63 
102 

3.10 

7.24 
11.61 

ll6 
139 
113 
8l 
69 

DIASPORE 
CLAY 

10% 
BAUXITE 

76.27 
17.08 
4.46 

1.19 
3.01 
2.45 

1.53 
96 

3.07 

12.27 

162 
134 
108 
84 
61 
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TABLE II-continued 

12000 844 .. 73 44 41 
14000 984· 64 ss 32 21 

% decrease in 50 51 56 62 
permeability 
2000-10,000 psi 

SAMPLE NO. 

6 1 8 9 10 
95% 70% 50% 65% 75% 

DIASPORE BURLEY FLINT FLINT ·FLINT 
CLAY CLAY CLAY CLAY CLAY 
05% 30% 50% 35% 25% 

INGREDIENTS BAUXITE BAUXITE BAUXITE BAUXITE BAUXITE 

Composition 
of furnaced :J2!:!lets 
AlzOJ 75.68 63.91 62.65 55.41 50.58 
SiDl 17.84 29.93 30.00 37.98 43.30 
Ah03-Si02 ratio 4.24 2.14 2.09 1.46 1.17 
(based on % by wgt.) 
Ft!203 1.00 2.32 2.70 . 2.11 t.7t 
TiOz 3.01 2.68 3.30 3.37 3.41 
Other 17.53 1.16 1.35 1.13 1.00 
Roundness .80 .84 .81 .81 .84 
Sphericity .82 .82 .82 .80 .81 
Acid Solubility 
(12% Hydrochloric, 6.28 7.40 4.96 4.83 4,60 
3% Hydrofluoric) 
Bulk Densi!}:: 
grams/cubic centimeter 1.51 1.47 1.53 1.43 1.40 
pounds/cubic fOot 95 92 95.5 89 88 
Apparent Specific Gravity 
grams/cubic centimeter 3.05 2.86 2.83 2.79 2.75 
API Crush (% fmesl 
7500 psi 3.55 8.51 
10000 psi 17.48 11.30 

AJ1:E:lied Pressure 

.E!L K~cm2 
Permeability, 
Darcies at 2000 140 109 198 250 185 225 
.125" fracture 4000 28! 98 lBO 222 172 210 
width 6000 422 84 137 169 134 173 

8000 562 65 91 116 90 112 
10000 703 37 56 74 55 64 
12000 844 20 32 46 32 35 
14000 984 II 18 27 16 17 

% decrease in 66 12 70 70 12 
penneability 
2000-10,000 psi 

-not tested 

45 results are reported as a percentage by weight of the 
The test procedures and apparatus employed to test original sample. 

the permeability in darcies of the pellets of the present Acid solubility of the samples. reported in Table II 
invention included placing a predetermined quantity of was tested in accordance with recommended API test 
the material to be tested between two parallel hardened procedure, fourth draft, June 1980. In this procedure a 
steel plates, applying force tending to close the initially 50 known weight of sample (5 g) is placed in a· 150 ml 
established 0.125 inch gap between the plates, then polyethylene beaker containing 100 ml of 12%-3% 
measuring the flow rate through the packed cell using Hcl·HF acid. The sample acid containing beaker is then 
brine (2 percent KCI) at 93.3' C. (200' F.) at .various placed in a 65.6' C. (ISO' F.) water bath for 30 to 35 
applied stresses or pressures. The particle size distribu- minutes. The sample is not stirred. The sample is there-
tion of the pellets. was 20X 40 mesh, U.S. Standard 55 after filtered through a previously weighed filter cruci-
Sieves (ninety percent by weight minimum of pellets ble or funnel and washed three times. with 20 ml poi-
will pass through 20 mesh [841 micron] screen but not tions of distilled water. The filtered and washed sample 
through 40 mesh (420 micron] screen). is thereafter dried to constant weight (appro:d.mately 

Values obtained using the American Petroleum Insti-· one hour) at 105° C. (220° F.). The values given in Table 
tute (API) procedure for determining resistance to 60 II represent the percentage of weight lost or dissolved 
crushing are also reported in Table II. AcCording to this· due to the acid. 
procedure, a bed of about 6 mm depth of sample to be Sphericity of the pellets reported in Table II was 
tested is placed in a hollow Cylindrical cell. A piston is determined using a Krumbein and Sloss chart. The 
inserted in the cell. Thereafter, a lciad is applied to the values reported represent an average of 10-20 pellets 
sample via the piston. One. minute is taken to reach 65 per sample. 
maximum load which is then held for two minutes. The Roundness as reported in Table Il is ·a measure of the 
load is thereafter removed, the sample remoVed from relative sharpness of the pellet comers, or of curvature. 
the cell, and screened to separate crushed material. The This evaluation may be done at the same time and on 
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TABLE IV 
11 

the same sample as that used for sphericity. The pellets 
are visually compared with a Krumbein and Sloss chart. 
The values reported represent an average of 10-20 pel­
lets per sample. 

Bulk density values reported in Table II were. deter- 5 

mined by weighing that amount of sample that would 
flU a cup of known volume. 

EXAMPLE I 

About 81 kilograms of diaspore clay material that had 
been previously calcined at a temperature sufficiently 
high to remove any organic materials and substantially 

10 

all of the water of hydration from the clay, together 
with about 54 kilograms of bauxite (60% by weight 15 
clay) powder having an average particle size of be­
tween 4 and 8 microns were added to an Eirich mixer 
having a table diameter of about 115 centimeters, an 
operating capacity of about 160 kilograms and an im-
pacting impeller diameter of about 27 centimeters. 20 

The table was rotated at about 35 rpm, and the impel­
ler was rotated at about 1,090 rpm, and about 27 kilo~ 
grams of water was added. Rotation of the table and 
impeller was continued for about 1 minute; subse~ 

quently, the impeller speed was increased to abt;mt 2,175 25 

rpm. The table and impeller were rotated until seed 
pellets were fanned, less than 5 percent of which were 
of a size smaller than 0.50 mm (about 3 minutes). The 
imPeller was then reduced to about 1,090 rpm, and 30 
about 4.08 kilograms of the initial diaspore clay -bauxite 
powder mixture was added. Rotation of the pan and 
impeller was then continued for an additional2 minutes 
to fonn spherical pellets. 

The pellets were then dried for about 20 minutes at 35 
about 110' C. (230~ F.) in a rotary dryer and then flred 
at about 1,500' C. (2,732' F.) for about 5 minutes. The 
yield of useful pellets having a size between 150 and 
1,700 microns (0.15 and 1.7 millimeters) was greater 
than 90 percent by weight of starting ceramic powder. 40 
The resulting pellets had an apparent specific gravity of 
about 3.25, a bulk density of 1.79 gm/cm,and a spheric-
ity of greater than 0.8, as determined using the Krum-
bein and ~loss chart. 45 

The permeability in darcies of the pellets like Sample 
2 was determined in 2% KCI solution at 93.3' C. (200' 
F.) at various applied pressures. The results are shown 
in Table III. 

TABLE III 50 

60% Diasoore Clay/40% Bauxite 

60% Diaspore Clay/40% Bauxite 

Compaction Induced 

0.254 mm (0.010 inch) 
0.508 mm (0.020 inch) 
0, 762 mm (0.030 inch) 

·. 1.016 mm (0,040 inch) 
1.270 mm (0.050 inch) 
1,524 mm (0.060 inch) 
1.778 mm (0.070 inch) 

Pressure R~uircd 
Kg/em 

119 
238 
399 
58! 
749 
959 

1,155 

psi 

1693 
3385 
S675 
8264 

10,653 
t3,640 
16,428 

The composite, spherical, sintered pellets of the pres-­
ent invention are useful as a propping agent in methods 
of fracturing subterranean formations to increase the 
permeability thereof, particularly those formations hav­
ing a compaction pressure of at least 280 Kg/cm2 (4000 
psi), which are typically located at a depth 6,000 feet or 
greater. Pellets according to the present invention are 
presently believed to be particularly suitable for use at 
depths greater than 7,000 feet but less than 14,000 feet. 

When used as a propping agent, the pellets of the 
present invention may be handled in the same manner as 
other propping agents. The pellets may be delivered to 
the well site in bags or in bulk form along with the other 
materials used in fracturing treatment. Conventional 
equipment and techniques may be used to place the 
spherical pellets as propping agent. 

A viscous fluid, frequently referred to as ·"pad", is 
injected into the well at a rate and pressure to initiate 
and propagate a fracture in the subterranean formation. 
The fracturing fluid may be an oil base, water base, 
acid, emulsion, foam, or any other fluid. Injection of the 
fracturing flui¢1 is co~tinued until a fracture of sufficient 
geometry is obtained to permit placement of the prop· 
ping pellets. Thereafter, pellets as hereinbefOre de· 
scribed are placed in the fracture by injecting into the 
fracture a fluid into which the pellets have previously 
been introduced and suspended. The propping distribu­
tion is usually, but not necessarily, a multi-layer pack. 
The overall particle size of the pellets is between about 
0.1 and about 2.5 millimeters and, more preferably, 
between about 0.15 and about 1.7 millimeters. Follow­
ing placement of the pellets, the well is shut-~ for a time 
sufficient to permit the pressure in the fracture to bleed 
off into the fonrui.tion. This causes the fracture to close 
and apply pressure on the propping pellets which resist 
further closure of the fracture. 

The foregoing description and embodiments are in­
tended to illustrate the invention without limiting it 
thereby. It will be understood that various modifica· 

Applied Pressure tions can be made .in the invention without departing 
(K.g/cm3) (psi) Penneability (Darcies) from the spirit or scope thereof. 

122.5 1742 233 55 I claim: 
245.0 3485 199 1. A gas and oil well proppant comprising a plurality 
367.5 5227 176 of composite, sintered, ·spherical pellets having a penne· 
!~:~ :;~i :;~ ability to brine at about 200" F. (93.r C.) which de-
735.0 10454 102 ceases not more than about three-fourths when the 

__ ....:,::::;:. ___ ..::.;;:;;_ _____ .:;:: _____ 60 applied pressure on said pellets is increased from 2,000 

The crush strength of the pellets like Sample 2 was 
tested by measuring the compressibility of the pellets by 
placing a bed of about 6 millimeters of furnaced pellets 
in a cylinder and applying pressure by means of a piston. 65 
The amount Of pressure required to induce various fixed 
amounts of compaction was measured. The results are 
shown in Table IV. 

to 10,000 psi (140 to 700 kg!cm2), said pellets being 
p~epared from a mixture of calcined clay and calcined 
bauxite, said mixture containing at least 40 percent clay 
on a dry weight basis, and said pellets having an alumina 
to silica ratio on a dry weight basis from about 9: I to 
1.17:1, more than 6.12 weight percent of other than 
alumina and silica, a diameter of between 0.1 and about 
2.5 millimeters, an apparent specific gravity of less than 
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14 
3.40 but greater than 2.75 glee and a bulk density 
greater than 88 lbs./cubic ft. 

9. The proppant of claim 8, wherein said pellets. are 
prepared from at least 60 percent by weight of diaspore 
clay. 2. The proppant of claim 1, wherein the pellets have 

an alumina to silica dry weight basis ratiO from about 
4:1 to about 6.5:1. 

10. The proppant of claim 1, wherein the pellets are 
5 prepared from disapore clay and bauxite. 

3. The proppant of claim 2, wherein the pellets have 
an alumina to silica ratio of about 5:1. 

4. The proppant of claim 1, wherein said pellets have 
an apparent specific gravity from about 3.0 to about 3.3 10 
and an alumina to silica ratio on a dry weight basis from 
about 4:1 to about 6.5:1. 

5. The proppant of claim 1, wherein said pellets have 
at least 90 percent by weight of Ah03 and Si02. 

6. The proppant of claim 5, wherein the clay is dia· 15 

spore, flint or burley. 
1. The proppant of claim 1, wherein the pellets have 

not more than about 82 percent by weight of AhOJ. 
8. The proppant of claim 1, wherein the pellets are 20 

prepared from at least 40 percent by weight of diaspore 
clay. 

25 

30 

35 

I 40 

' I 
45 

50 

55 

60 

65 

11. The proppant of claim 10 wherein the pellets are 
prepared from at least 60 percent by weight of disapore 
clay. · 

12. The proppant of claim 1, wherein the pellets are 
prepared from about 80 percent by weight of disapore 
cJay and about 20 percent by weight of Surinam baux­
ite. 

13. The proppant of claim 1, wherein the pellets are­
prepared from about 70 ·percent by weight of burley 
clay and about 30 percent by weight of bauxite, said 
pellets having an appai'ent specific gravity of about 
2.86. 

14. The proppant of claim 1, wherein the pellets are 
prepared from about 50 to about 75 percent by weight 
of flint clay and from about 50 to about 25 percent by 
weight of bauxite. 

* • * ... ... 
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[57) ABSTRACT 

Sintered, spherical composite pellets or particles com­
prising one or more clays as a major component and 
bauxite, alumina, or mixtures thereof, are described, 
along with the process for their manufacture. The pel­
lets may have an alumina-silica (Ah03-Si02) ratio 
from about 9:1 to about 1:1 by weight. The use of such 
pellets in hydraulic fracturing of subterranean fonna­
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AS A RESULT OF REEXAMINATION, IT HAS 
BEEN DETERMINED THAT: 

The patentability of claims 1 to 14 is confirmed. 

... . . . . 
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[57] ABSTRACT 

A composite, sintered, spherical pellet and a method for 
its manufacture are described. The pellet comprises clay 
and a member of the group of bauxite, alumina, or mix­
tures thereof; the pellet being prepared from at least one 
uncalcined or partially calcined ingredient. The pellet 
may have an alumina-to-silica ratio from about 9:1 to 
about 1:1. The pellet has a specific gravity ofless than 
3.40. Use of such pellets in propping hydraulicaliy frac­
tured subterranean formations is also described. 

26 Claims, No Drawings 
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The prior art sintered bauxite particles made from 

calcined ·bauxite may be pfoduced in spherical shape as 
described in R. J. Seider's commonly assigned, copend~ 
ing U.S. Patent Application Ser. No. 252,491, filed Apr. 

USE OF UNCALCINED/PARTIALLY CALCINED 
INGREDffiNTS IN THE MANUFACfURE OF 

SINTERED PELLETS USEFUL FOR GAS AND OIL 
WELL PROPP ANTS 

This is a continuation-in-part of Ser. No .. 405,055, 
filed Aug. 4, 1982, now U.S. Pat. No. 4,427,068, which 
is a continuation-in-part of Ser. No. 347,210, filed Feb. 
9, 1982, abandoned. 

S 8, 1981 abandonec:l, as a continuation of U.S. Patent 
Application Ser. No. 969,122, filed Dec. 13, 1978 aban­
doned, Such prior art sintered bauxite proppants pre· 
pared from fully calcined bauxite, although extremely 
useful under high pressure conditions, over about 700 

BACKGROUND OF THE INVENTION 

10 kg/cm2 (10,000 psi), are costly. The cost of the prior art 
high strength, .sintered, calcined bauxite proppant for 
wells ofintermediate·pressures, between about 350 and 

1. Field of the Invention 700 kg/cm2 (5,000 and about 10,000 psi), may not be 
The present invention relates to oil and gas well prop~ economically justified. 

pants and, more particularly, to sintered proppants 15 The manufacture of sintered spherical pellets from 
made from ingredients at least some of which are uncB.I- calcined clay and calcined bauxite, calcined alumina or 
cined or partially calcined, a method of making such mixtures thereof, is described in J. F. Fitzgibbon's com-
proppants, and to a method of maintaining a fracture in manly assigned, copending U.S. Patent Application 
a subterranean fonnation in a propped condition by Ser. Nos. 347,210 ftled Feb. 9, 1982 abandoned, and 
utilizing such proppants. 20 405,055 filed Aug. 4, 1982 now U.S. Pat. No. 4,427,068. 

2. History of the Prior Art These pellets are available at somewhat lower cost and 
Oil and natural gas are produced from wells having are aptly suited to use under pressures of up to about 

porous and penneable subterranean formations. The 700 Kg/cm2 (lO,(X)Q psi), These pellets have lower spe-
porosity of the formation permits the formation to store cific gravities and bulk densities than those made ac-
oil and gas, and the permeabiJity of the formation per- 25 cording to U.S. Pat. No. 4,068,718. 
mits the oil or gas fluid to move through the formation. Calcining adds considerably to the cost of the raw 
PermeabiJity of the fonnation is essential to permit oil materials or ingredients used in the manufacture of 
and g~ to flow to a location where it can be pumped pellets useful as proppant. For example, the cost of 
from the well. Sometimes the permeability of the forma· dried diaspore clay is about 35 dollars per ton, if air 
tion ho1ding the gas or oil is insufficient for economic 30 dried. The cost of the same material is about 70 dollars 
recOvery of oil and gas. In other cases, during operation per ton, if fully calcined. 
of the well, the permeability of the formation drops to While the prior art ceramic pellets made from fu1ly 
the extent that further recovery becomes uneconomical. calcined ingredients ~e aply suited for many_proppant 
In such cases, it is ·necessciry to fracture the formation applications there remains a need to provide strong 
and prop the fracture in an open condition by means of 35 ceramic pellets that are of even lower cost. 
a proppant material or propping agent. Such fracturing The present invention provides strong pellets aptly 
is usually accomplished by hydraulic pressure, and the suited to use as proppants under pressures of up to about 
proppant material or propping agent is a particulate 700 kg/cm2 (10,000 psi), which are more economical· 
material, such as sand, glass beads or ceramic pellets, than previously available synthetic ceramic proppants 
which are carried into the fracture by means of a fluid. 40 and have low specific gravities and bulk densities, 

Spherical pellets of uniform size are believed to be the which benefit the user, in that fewer pounds ofproppant 
most effective prop pants due to maximized permeabil- per cubic foot of fracture are required. Handling, e.g.,· 
ity. For this reason, assuming other properties to. be pumping of slurries of low density material, is easier 
equal, spherical or essentially spherical proppants, such than handling of high density materials. 
as rounded sand grains, metallic shot, glass beads and 45 
tabular alumina, are preferred. 

In practice; in deep wells, where high pressures are 
"'encountered, e.g., above about 700 kg/cm2 (10,000 psi), 
the immediately foregoing specifically ·mentioned prop­
pants are either entirely ineffective or do not exhibit 50 
desired permeability. Examples of prior art proppants 
and their use are found in U.S. Pat. Nos. 2,950,247, 
McGuire, et a!; 3,026,938, Huitt, et a!; 3,126,056, Har­
rell; 3,497,008, Graham, et al; 3,976,138, Colpoys, et al; 
and 4,068,718, Cooke, et al. One of the better proppants 55 
useful at high pressures, disclosed in U.S. Pat. No. 
3,976,138, is predominantly alumina. However, even 
such alumina, as disclosed in U.S. Pat. No. 3,976,138, 
has reduced permeability at pressures in excess of 350 
Kg!cm' (5,000 psi). 60 

As disclosed in U.S. Pat. No. 4,068,718, sintered 
bauxite made from calcined bauxite unexpectedly has a 
penneability which is superior to the previously men· 
tioned proppant materials at pressures as high as 700 
kg/cm2 (10,000 psi) or higher. Pellets having a high 65 
apparent specific gravity, i.e. greater than 3.4, are dis­
closed in U.S. Pat. No. 4,068,718 to be most suitable as 
proppant materials. · 

BRIEF DESCRIPTION OF THE INVENTION 

In accord with the . present invention, composite, 
spherical pellets or particles containing one or more 
uncalcined or partially calcined ingredients as a compo­
nent and having an alumina-toMsilica dry weight basis . 
ratio of from about 9:1 to about 1:1 and apparent spe· 
cific gravities less than .3.30, are produced. Diaspore 
clay, burley clay and flint·clay have been found to be 
useful in the manufacture of such pellets ·although it is 
believed that other clays may be employed. Surinam 
and Comalco bauxites have been found to be useful 
although it is believed that other bauxites may be em~ 
played. Such spherical particles having an alumina to 
silica dry weight basis ratio of from about 9:1 to 1:1 and 
an apparent specific gravity of at least about 2.6 are 
useful as oil and gas well proppants. 

The present uncalcined or partially calcined materials 
which are particularly adapted to use in combination 
with known, prior art proppant materials include fines 
from the dust collection systems of clay calcining kilns, 
and uncalcined or partially calcined clays and uncal­
cined or partially calcined bauxites. These uncalcined 
or partially calcined materials are blended with fully 
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calcined clays and fully calcined bauxites or alumina to 
produce composite sinterable, spherical pellets which 
are subsequently fumaced to produce sintered, spheri­
cal pellets eminently useful as proppants. The comPos~ 
ites of the present invention may be made from a signifi- 5 
cant portion and may even be made from a major por­
tion of an uncalcined or partially calcined ingredient or 
ingredients. Composites of the present invention may be 
made from a very small amount of uncalcined or par­
tially calcined ingredients but preferably are made from 10 
at least about five (5) percent by weight of uncalcined 
or partially calcined ingredients. 

The partially calcined and uncalcined clay and baux-
ite materials of the present invention are compatible 
with, and may be formed into a matrix with, a wide 15 
variety of proppant materials, and, in this manner, a 
wide variety of composite proppants may be produced, 
which may be customized to particular conditions or 
formations. Thus, the properties of the final sintered 
composite pellets, such as strength, permeability, spe- 20 
cific gravity, bulk density and acid resistance, may be 
controlled through variations in the initial component 
mixture. 

Combinations of dust co11ector fines, diaspore clay 
and bauxite are particularly useful. Such mixtures may 25 
suitably contain up to 70 percent by weight uncalcined 
clay. Mixtures containing up to 50 percent by weight 
uncalcined cJay have a broad range of use, and mixtures 
containing up to 40 percent by weight uncalcined clay 
have a particularly broad range of use. 30 

The present invention also provides a process for 
propping fractures in oil and gas wells at depths of 6,000 
to 14,000 feet utilizing the present sintered pellets by 

··mixing the pellets with a fluid, such as oil or water, and 
introducing the mixture into a fracture in a subterranean 35 
formation. The compaction pressure upon the fracture 

. . generally is at least 280 kg/cm2 (4,000 psi) and usually is 
in the range of from about 350 to about 700 kg/cm2 
(5,000 to about 10,000 psi). The present pellets have an 
average particle size between 0.1 and 2.5 millimeters. It 40 
has been found that the present composite pellets con- · 
taining SO percent or more parts by weight uncalcined 
clay, at pressures up to about 700 kg/cm2 (10,000 psi), 
have desirable permeability characteristics, i.e., they 
exhibit a permeability to brine at about 93.3'" C. (2CXt F.) 45 
which decreases not more than about three-fourths 
when the pressure applied to them is increased from 140 
to 700 kg!cm2 (2,000 to 10,000 psi). 

The present proppant materials are produced by 
forming a mixture of dried but uncalcined or only par- 50 
tially calcined clays and bauxites and dust collector 
fines with fully calcined materials. The starting ingredi­
ents have an average particle size of less than about 15 
microns and, preferably, less than about 10 microns and, 
most preferably, less than about 5 microns. 55 

In a preferred method, the mixture is produced on an 
intensive mixer having a rotatable table provided with a 
rotatable impacting impeller, such as described in U.S. 
Pat. No. 3,690,622, to Brunner. Sufficient water is 
added to cause essentially spherical ceramic pellets to 60 
form, and, after such pe1lets have formed, from about 5 
to about 15 percent of additional ceramic powder by 
weight of peHets is added, and the mixer is further oper· 
ated to cause accretion of the added material to the 
pellets being formed. 65 

The resulting pellets are then dried to a moisture 
content of less than ten (10) weight percent, usually at 
between about 100 and about 300 degrees· centigrade, 

4 
and thereafter fumaced at sintering temperature until an 
apparent specific gravity between about 2.60 and about 
3.30 is obtained, depending on the composition of the 
sintering mixture. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The sintered composite proppant pellets of the pres· 
ent invention have apparent specific gravities less than 
3.30. Preferably they spherical in shape. 

The sphericity of the pellets may be determined using 
a visual comparator. Krumbein and Sloss, Stratigraphy 
and Sedimentation, second edition, 1955, W. H. 
Freeman & Co., San Francisco, CA, describe a chart for 
use in visual determination of sphericity and roundness. 
Visual comparison using this chart is a widely used 
method of evaluating sphericity or roundness of pani· 
cles. In using the visual comparison method, a random 
sample of 10 to 20 particles of the material to be tested 
is selected. The particles are viewed under a 10 to 20 
power microscope or photomicrograph and their 
shapes compared to the K.rumbein and Sloss chart. The 
chart values for sphericity range from 0.3 to 0.9. The 
chart values for the individual particles are then aver· 
aged to obtain a sphericity value. The present particles 
have an average sphericity of about 0.7 or greater when 
visually compared with the Krumbein and Sloss chart. 

"Spherical" and related forms, as used herein, is in­
tended to mean an average ratio of minimum diameter 
to maximum diameter of about 0. 70 or greater, or hav­
ing an average sphericity value of about 0.7 or greater 
compared to a Krumbein and Sloss chart. 

"Bulk density", as used herein, is the weight per unit 
volume, including in the volume considered, the void 
spaces between the particles . 

"Apparent specific gravity" is a number without 
units, but numerically equal to the weight in grams per 
cubic centimeter of volume, excluding void space or 
open porosity in determining the volume. The apparent 
specific gravity values given herein were determined by 
liquid (ethylbenzene) displacement. 

"Theoretical density" and "true specific gravity" 
exclude not only the void space between particles and 
open porosity of particles from the volume, but also 
exclude closed porosity. These latter two measures are 
not customarily used for characterizing proppants. The­
oretical density and true specific gravity require fine 
grinding to expose any closed porosity. 

"Calcined" as used herein, refers to a process to 
which a material has been subjected. Ore materials that 
have been fully subjected to calcination or a calcining 
process exhibit very low loss on ignition (LOI) and 
moisture contents, e.g. about 1-2 percent by weight or 
less. Uncalcined ore materials such as bauxites and clays 
can contain from about 10 to about 40 percent by 
weight volatiles. "Partially calcined" materials such as 
diaspore clay calcination kiln dust collection system 
fmes typically exhibit total volatiles (LOI plus moisture 
content) of 5 to 8 percent by weight. Volatiles can in· 
clude moisture, organics and chemically held water (eg 
water of hydration). 

"Dust collector fmes" as used herein refers to mate­
rial obtained from the dust collection system of a calcin· 
ing kiln operating on a clay or bauxite ore. Such fines 
are usually partially calcined and exhibit a higher silica 
(Si02) content than the ore being processed in the kiln. 
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6 
Unless otherwise stated at the point of inteiest, all 

percentages, proportions and values with respect to 
composition are expressed in tenns of weight. 

The sintered, spherical pellets of the present inven­
tion may be manufactured by furnacing a mixture of 5 
calcined and p3rtially calcined or uncalcined ingredi­
ents. While various sintering aids, such as bentonite clay 
or iron oxide, boron,-boron carbide, aluminum diboride, 
boron nitride, boron phosphide and other boron com­
pounds, and fluxes, such as sodium carbonate, lithium 10 
carbonate, feldspar, manganese oxide, titania. iron oxide 
and sodium silicates, may be_ added in amounts up to 
about ten (10) weight percent to aid sintering, such 
additions are generally unnecessary because the use of 
partially or totally uncalcined ingredients promotes 15 
sintering at lower temperatures than those necessary to 
obtain finished pellets having comparable properties 
when using only fully calcined ingredients. If desired, a 
binder, for example, various resins or waxes known in 
the prior art, may be added to the initial mixture to 20 
improve pelletizing and to increase the green strength 
of the unsintered pellets. 

Chemical 
Com­
poood 

glee 

TABLE 11-continued 
ITvpical Analvsis of Ingredients • calcined) 

High High High 
Purity Silica Iron 
Dis- Dis-. (Brown) 

Surinam apore apore Disapore Burley 
Bauxite Clay Clay Clay Clay 

Flint 
Clay 

Each of the clays and dust collector fines described in 
Tables I and· II may be obtained from Missouri Minerals 
Processing, High Hill, Mo. 63350, in raw or calcined 
form. 

The Surinam bauxite described in Table I may be 
obtained from Aluminum Company of America, Pitts­
burgh, Pa. 15219. Surinam bauxite is so deSignated for 
that is the country in which it is mined. It is expected 
that other bauxites may be used without departing from 
the present invention. 

Diaspore clays, as found in nature, are predominantly 
hydrated aluminum oxide (A120J.H20). Such clays 
occur in emery rock in association with corund,um. The 
main deposits of diaspore clays in the United States are 
in Missouri and Pennsylvania. Diaspore clays have a 
hardness between 6.5 and 7.0 and a true Specific gravity 
usually between 3.30 and 3.45 gm/cmJ. The crystal 
structure of diasPore clay is orthorhombic. Typically, 
diaspore clay, as found in nature, contaitis 25 to 30 
percent by weight, and, in some cases, .as·high as 35 
percent by weight, ·or impurities. Generall'y, the major 
impurities are: Si02, which typically ranges from about 

Pellets according to the present invention and for use 
with the present invention may be prepared from a 
mixture of any of the clays described "in Tables I and II 25 
with one or more bauxites or alumina or mixtures of 
these. The composition of specific bauxites employed in 
the manufacture of the pellets described herein is also 
given in Tables I and II. Ail values in Tables I and II are 
expressed as percentages by weight. Where an omission 30 
occurs, it indicates that sufficient testing was.not conR 
ducted to obtain a value. 12 to about 25 percent by weight; TiOz, which typically 

TABLE! 

H,o 
LOI 
AlzOJ 
Si02 
Fe203 
Ti02 
Na20 
K,o 
c.o 

Chemical 
Com­
pound 

Ah03 
Si02 
Fez03 
Ti02 
Other 
(e.g. 
MgO, 
C.O) 
Loss on 
Ignition 
Moisture 
Apparent 
2.5-2.6 
Specific 
Gravity 
After 
Calcining 

~Eical Anal :isis of Ingredients} 
Surinam Control Uncalcined Clay Uncalcined Clay 
Bauxite Batch (16 Mesh and Finer) (1982 Stockpile) 

0.57 .6ll 0.88 
1.23 1.26 11.12 

86.96 71.6 51.84 
~51 16.929 37.87 
5.95 4.84 1.04 
3.35 3.06 2.65 

1.32 .021 
.94 4.25 
.08 0.14 

TABLE II 
ITvoical Analysis of Ingredients - calcined) 

lflgh High High 
Purity Silica Iron 
Dis- Dis- (Brown) 

Surinam apore apore Disapore Burley 
Baultite Clay Clay Clay Clay 

86.80 
3.42 
4.74 
3.13 
1.00 

0.91 

75.10 70.00 78.30 
18.60 24.40 15.09 
0.80 0.80 2.63 
2.99 3.04 3.05 
1.51 0.72 

1.00 0.21 

54.07 
41.33 

1.26 
2.45 
0.74 

0.15 

3.6-3.7 2.9-3.1 2.9-3 2.9-3.1 2.7-2.8 

0.88 
11.12 
51.84 
37.87 

1.04 
2.65 
.021 

4.25 
0.14 

50 

Flint 
Clay 

38.52 55 
56.64 
0.65 
3.49 
0.67 

60 

0,03 

65 

Unca.lcined Clay Q2ust Collector Fines~ 

(Stockpile #1) Sarnp. I Sarnp. 2 Samp. 3 Samp. 4 

0.81 1.51 
12.75 6.20 6.27 6.07 6.51 
58.53 45.52 45.44 47.33 58.41 
29.53 41.00 41.08 39.76 26.18 

1.00 ~30 2.29 2.49 3.34 
3.09 4.08 4.06 4.28 4.05 
.009 1.41 1.37 1.91 

2.82 o.b55 0.017 0.049 
0.15 1.42 1.42 1.30 

ranges from about 2.75 to 3.15 percent; Fe203, typically 
between 0.25 and 1.0 percent, and MgO and CaO, gen~ 
erally less than 1.0 percent. 

Dust collector fmes sample 4 was generated while 
calcining diaspore c1ay. The materials which were 
being calcined during generation of dust collector fines 
samples 1-3 are not known. . . . . 

The uncalcined clay and bauxttic matenals for use m 
the present invention are usually air dried at low tem­
perature, e.g. 90'-150' C. (200'-300' F.) prior to use 
with other calcined ingredients. Air drying removes 
free moisture; that is, moisture·that is not chemically 
combined. The calcined ingredients are initially cal­
cined, by known prior art methods, at temperatures and 
times sufficiently high, typically 1000'-1200' C., to 
remove any organic material and to .remove most or all 
water of hydration. Water of hydration is chemically 
combined water. Calcined and partially calcined mate· 
rials may be used without further treatment unless they 
have been stored in a manner that permits pickup offree 
moisture, in which circumstance they should be dried in 
air or at low temperature prior to use. Free water or 
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8 
of the balance of the water. The rate of water addition 
is not critical. The intense mixing action quicldy dis­
perses the water throughout the particles. 

4. The resulting pellets are dried at a temperature 

moisture is not chemica11y combined. Excess free mois~ 
ture may cause agglomeration and caking during ba11 
milling of the ingredients. Ball milling is normally em­
ployed to reduce the particle size of the ceramic ingre­
dients the desired small size. 

The sintered pe11ets of the present invention are pref· 
erably made as follows: 

5 well below sintering temperature until less than 10 per­
cent, preferably less than 3 percent and, most prefera­
bly, less than 1 percent free moisture remains in the 
pellets. Drying is preferably done in a rotary kiln ·with 1. Starting ingredients of uncalCined .or partially cal­

cined clay and calcined clay and unca1cined or partially 
calcined bauxite and calcined bauxite or alumina, or 10 
mixtures thereof, are added in a predetermined ratio to 
a high intensity mixer. The ratio of ingredients is chosen 
based on analysis of the ingredients and desired analysis 
and specific gravity of the pellets to be produced. Pref­
erably, at least five (5) percent of the total ingredients 15 
on a dry weight basis is uncalcined or partially calcined 
material. Each of the ceramic ingredients has an aver­
age particle size ofless than about 15 microns and pref­
erably less than about 10 microns and most preferably, 
less than about S microns. 20 

Small particle size is required in order to obtain a 
finished spherical sintered pellet having the desired 
density. An average particle size of smaller than 5 mi­
crons is desirable, and the average particle size is most 
preferably below 3 microns and usually above 0.5 mi- 25 
crons. 

2. The powdered ceramic starting ingredients are 
stirred to form a dry homogeneous particulate mixture 
having an average particle size of less than about 15 
microns. 30 

A preferred stirring or mixing device is that obtain­
able from Eirich Machines, Inc., known as the Eirich 
Mixer. A mixer of this type is provided with a horizon-
tal or inclined circular table, which can be made to 
rotate at a speed of from about 10 to about 60 revolu- 35 
tions per minute (rpm), and is provided with a rotatable 
impacting impeller, which can be made to rotate at a tip 
speed of from about 5 to about 50 meters per second .. 

·. The direction of rotation of the table is opposite that of 
the impeller, causing material added to the mixer to 40 

·· flow over itself in countercurrent manner. The central 
axis of the impacting impeller is generally located 
within the mixer at a position off center from the central 
axis of the rotatable table. The table may be in a hori­
zontal or inclined position, wherein the incline, if any, is 45 
between 0 and 35 degrees fro~p the horizontal. 

3. While the mixture is being stirred, there is added 
sufficient water to cause formation of composite, spheri­
cal pellets from the ceramic powder mixture. 

In general, the total quantity of water which is suffi~ 50 
cient to cause essentially spherical pellets to form is 
from about 17 to about 20 percent by weight of the 
initial starting ceramic ingredients and usually between 
about 18 and about 20 percent by weight of the initial 
ceramic powder. The total mixing time usually is from .55 
about 2 to about 6 minutes. 

After the clay mixture is added to the mixer, the tabl!! 
is rotated at from about 10 to ilbout 60 rpm and, prefera­
bly, from about 20 to about 40 rpm, and the impacting 
impeller is rotated to obtain a tip speed of from about 25 60 
to about 50, preferably, from about 25 to about 35, 
meters per second, and sufficient water is added to 
cause essentially spherical pellets of the desired size to 
form. If desired, the impeller may be initially rotated at 
a lower tip speed of from about 5 to about 20 meters per 65 
second during addition of the ftrst half of the sufficient 
water and subsequently rotated at the higher tip speed 
of 25 to about 50 meters per second during the addition 

flowing gas at a temperature of between about 100° 
(212• F.) and about 300• C. (572• F.). The most pre­
ferred drying gas temperature is between about 175° 
(347• F.) and 275• C. (527• F.), and the drying time 
required is usually between about 30 and about 60 min­
utes. The pellets themselves are generally at a lower 
temperature than that of the heated gas used to dry 
them. 

5. The dried pellets are then fumaced at sintering 
temperature for a period sufficient to enable recovery of 
sintered, spherical Pellets having an apparent specific 
gravity of between 2. 70 and 3.30 and a bulk density of 
from about 1.35 to about 1.80 grams per cubic centime-
ter. The specific time and temperature to be employed 
is, of course, dependent on the ingredients employed 
and the optimum time and temperature for a given start­
ing composition is determined empirically according to 
the results of physical testing of the resulting pellets 
after fumacing. 

The fumacing step is carried out to sinter the com­
posite pelJets; generally, temperatures of between about 
1,300• c. (2,372• F.) and about 1,500• c. (2,732• F.) for 
about 4 to about 20 minutes and, more preferably, from 
about 1,375• (2,498• F.) to about 1,435• C. (2,606' F.) 
for about 4 to about 8 minutes, are useful, depending 
upon the sintering aids and fluxes which may be in­
cluded or naturally present in the ingredients. 

While the· process just described hereinabove will 
yield pellets according to the invention, it is preferred 
that from about 5 to about 15 percent and, preferably, 
from about 8 to about 10 percent of additional starting 
ingredients by weight of pellets be added, after the 
addition of water but prior to drying of the pellets. The 
added material is usually but not necessarily of the same 
composition as that described in step 1. For example, 
the added material may be ·pure calcined bauxite or 
alumina when starting ingredients include uncalcined or 
partially calcined bauxites and/or claysi thus the com-
position of the pellets may vary with radius. The addi­
tion of more dry ceramic powder is followed by rotat~ 
ing the impeller at a tip speed of between about 5 and 
about 20 meters per second, preferably, between about 
10 and about 20 meters per second, for from about I to 
about 6 minutes, while continuing to rotate the table at 
from about 10 to about 60 rpm and, preferably, from 
about 20 to about 40 rpm. This step improves yield and 
results in improved sphericity of the pellets. 

If desired, the rotation of the impeller may then be 
stopped while the table continues to rotate for between 
about 1 and about 5 minutes. 

The impacting impeller is preferably a disk provided 
with peripheral rods or bars attached to the disk. The 
longitudinal axis of the rods or bars is desirably essen­
tially parallel with the axis of rotation of the impeller, 
which is usually a vertical axis. The diameter of the 
impeller is measured from the axis of rotation to the 
center of the most distant rod or bar. Tip speed is the 
speed of the most distant rod or bar. 

The diameter of the impeller depends upon the size of 
the mixer but is usually slightly less than 25 percent of 
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10 
the diameter of the mixer. The impeller in most applica­
tions is between 10 and 100 centimeters in diameter and 
usually rotates at from 200 to 3,750 rpm at the lower tip 
speeds of 10 to 20 meters per second, depending upon 
impeller diameter, and at from 500 to 6,500 rpm at the S 
higher tip speeds of 25 to 35 meters per second, depend­
ing upon impeller diameter. 

The pellets are screened for size, preferably after 
drying. However, they may be screened before drying 
or after furnacing. The rejected oversized and under- 10 
sized pellets and powdered material obtained after the 
drying and screening steps may be recycled. The fin­
ished peUets may be tumbled to enhance smoothn~ss. 
The resultant sintered pellets have a bulk density rang­
ing from about 1.35 to about 1.80 grams per cubic centi- 15 
meter, depending upon the ceramic starting ingredients 
employed. 

The overall particle size of the pellets recommended 
for use as propping agent for increasing permeability in 
a subterranean formation penetrated by well·is between 20 
0.1 and about 2.5 millimeters and preferably between 
about 0.15 atid 1. 7 millitn.eters. 

EXAMPLE I 

The pellets which may be produced according to this 25 
example correspond to those identified as Sample No. 1 
in Table III. About 81 kilograms of diaspore clay mate­
rial that had been previously calcined at a temperature 
sufficiently high to remove any organic materials and 
substantially all of the water of hydration from the clay, 30 
together with about 54 kilograms of bauxite (60 percent 
by weight calcined clay 40 percent by weight calcined 
bauxite) powder having an average particle size of be­
tween 4 and 8 microns is added to an Eirich mixer hav­
ing a table diameter of about 115 centimeters, an operat- 35 
ing capacity of about 160 kilograms and an impacting 
impelJer diameter of about 27 centimeters. 

The table is rotated at about 35 rpm, and the impeller 
is rotated at about 1,090 rpm, and about 27 kilograms of 
water is added. Rotation of the table and impeller is 40 
continued for about 1 minute; subsequently, the impel­
ler speed is increased to about 2,175 rpm. The table and 
impeller is rotated until seed pellets are foniled, less 
than 5 percent of which being of a size smaller than 0.50 
mm (about 3 minutes). The impeller is then reduced to 45 
about 1,090 rpm, and about 4.08 kilograms of the initial 
diaspore. clay-bauxite powder mixture is added. Rota­
tion of the pan and impeller is then continued for an 
additional 2 minutes to fonn spherical pellets. 

The pellets are then dried for about 20 minutes at 50 
about 110' C. (230' F.) in a rotary dryer and then fired 
at about 1,480° C. (2,696° F.) for about 5 minutes to 
sinter them. The yield of useful pellets having a size 
between 150 and 1,700 microns (0.15 and 1.7 millime· 
ters) is typically greater that 80 percent by weight of 55 
starting ceramic powder. The resulting pellets have an 
apparent specific gravity of about 3.27, a bulk density of 
1.79 gm/cm3 and a sphericity of greater than 0.7, as 
detennined using the Krumbein- and _Sloss chart. These 
pellets are identified as. Sample No. 1 in the accompany- 60 
ing Table III. 

The pellets identified as SamPle Nos. 2-29 in Table 
III were prepared in a manner comparable to that given 
in Example I except for the use of different ingredients 
and proportions and sintering temperatures. 65 

In accompanying Table III is summarized the results 
of testing for several different pellets according to the 
invention which were prod"Qced from the raw materials 

in the proportions indicated. Unless otherwise indi­
cated1 parts and percentages are by weight. All samples 
were prepared in accord with the procedures given 
herein. Example· 1 gives in detail the procedure em­
ployed in the preparation of Sample No. 1, which pro­
cedure is typical of that employed in preparation of the 
remainder of the samples reported in Table III. 

The test procedures and apparatus employed to test 
the permeability in darcies of the pellets of"the present 
invention including placing a predetermined quantity of 
the material to be tested between two parallel hardened 
steel plates, applying force tending to close the initially 
established 0.125 inch gap between the plates1 then 
measuring the flow rate through the packed cell using 
distilled water at room temperature at various applied 
stresses or pressures. The particle size distribution of the 
pellets was 20X 40 mesh, U.S. Standard Sieve (ninety 
percent by weight minimum of pellets will pass through 
20 mesh [841 micron] screen but not through 40 mesh 
[420 micron] screen). · 

Values obtained using the American Petroleum lnsti­
. tute (API) procedure for determining resistance to 
crushing are also reported in Table III. According to 
this procedure,_ a bed of about 6 mm depth of sample to 
be tested is placed in a hollow cylindrical cell. A piston 
is- thereafter inserted iD. the cell. Thereafter, a load is 
applied to the sample via the piston. One minute is taken 
to reach maximum load which is then held for two 
minutes. The load ·is thereafter removed, the sample 
removed from the cell, and screened to separate 
crushed material. The results are reported as the weight 
percentage the original sample that crushed. This 
crushed material is referred to in Table III as "percent 
fines generated. " 

Single Pellet Crush is another procedure useful in 
deterniining the resistance of pellets to an applied load. 
In this procedure the pellets of a given sample are first 
separated into size fractions by sieving. United States 
Standard Sieves were employed for the data reported in 
Table III. Thereafter,.for each size fraction a quantity, 
eg. about twenty (20), of the individual pellets are mea­
sured and recorded. Each individual pellet is thereafter 
placed between two flat, hardened parallel plates which 
are mounted in a press. A load is thereafter applied to 
the-plates. The amount of load required to crush a spe­
cific pellet is noted. Results are reported as the arithme­
tic average value obtained within each size fraction of a 
given pellet sample for the· amount of applied load 
(pounds force) divided by the diameter-in-inches 
squared for each of the individual pellets tested Qoad/­
diameter squared) .. The use of ceramic plates is recom­
mended to minimize wear of the testing apparatus. 

Carborundum Crush is another procedure for deter­
mining the resistance of pellets to an applied load. In 
this procedure a steel die having a cylindrical cavity of 
one and one-eighth inch diameter (one square inch area) 
is filled 10 grams of the pellets to be tested. Thereafter 
a right cylindrical plunger closely corresponding in 
diameter to that of the die is inserted into the die and 
loaded by manually pumping a hydraulic press. The 
results are repOrted as the amount of compression (orig­
inal unloaded pellet column height minus loaded pellet 
colunin height) versus applied load. The amount of 
compression is expressed in thousandths of an inch. The 
load is expressed in psi. 

Acid solubility of the samples reported in Table III 
was tested in accordance with recommended API test 
procedure, fourth draft, ~une 1980. In this procedure a 
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12 
known weight of sample (5 g) is placed in a 150 ml 
polyethylene beaker containing 100 ml of a combined 
acid solution containing 12 percent HCI acid and 3 
percent HF acid. The sample-and-acid-containing bea­
ker is then placed in a 65.6g C. (150" F.) water bath for 5 

30 to 35 minutes. The sample is not stirred. The sample 
is thereafter filtered through a previously weighed filter 
crucible or funnel and washed three times with 20 ml 
portions of distilled water. The filtered and washed 10 
sample is thereafter dried to constant weight (approxi­
mately one hour) at 105" C. (220" F.). The values given 
in Table III represent the percentage of weight lost or 
dissolved due to the acid. 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

Sphericity of the pellets reported in Table Ill was 
determined using a Krumbein and Sloss chart. The 
values reported represent an average of I 0-20 pellets 
per sample. 

Roundness as reported in Table III is a measure of the 
relative sharpness of the pellet comers, or of curvature. 
This evaluation may be done at the same time and on 
the same sample as that used for sphericity. The pellets 
are visually compared with a Krumbein and Sloss chart. 
The values reported represent an average of 10-20 pel­
lets per sample. 

Bulk density values reported in Table III were deter­
mined by weighing that amount of sample that would 
fill a cup of known volume. 
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SINTERING TEMP. (C.") 
ROUNDNESS 
SPHERICITY 
ACID SOLUBILITY (12-3) 
BULK DENSITY 

ASG (glee) 
API CRUSH 
(%weight 
or lines generated) 
SINGLE PELLET 
CRUSH 

PERMEABILITY 
(Darcies) ,, 
Applied 
Pressure 
(psi) 

CARBO CRUSH 
(force 
applied in 
lbs X 1000 
to induce 
specified 
deflection) 

SINTERING TEMP. (C.o) 
ROUNDNESS 
SPHERICITY 
ACID SOLUBILITY (12-3) 
BULK DENSITY 

ASG (glee} 
API CRUSH 

(glee) 
(pel) 

(7500 psi) 
(10000 psi) 

(-16/+20) 
(-20/+25) 
(-25/+30) 
(-30/+35) 
(-35/+40) 

2000 
4000 
6000 
8000 

10000 
12000 
14000 

0.010 inch 
0.020 inch 
0.030 inch 
0.040 inch 
0.050 inch 
0.060 inch 
0.070 Inch 

(glee) 
(pcQ 

(7500 psi) 

2 

60% Calcined 
Diaspore Clay Sintercd 
40% Calcined Calcined 

Bauxite Bauxite 

1480 1495 
0.86 0.82 
0.85 0.87 
5.42 1.60 
1.79 2.05 
112 128 
3.27 3.58 
- -

9.9 3.8 

- 26542 
30903 28990 
31021 -
34011 34250 
30827 33379 

"' 229 
192 208 
162 188 
136 165 
110 144 
86 123 
64 102 

8 

Control Batch 
(Refer to Table I) 

1465 1480 1495 1510 

3.89 

3.20 3.22 3.22 3.22 

TABLE III 
SAMPLE NO. 

3 4 6 
COMPOSITION 

4% D.C. Fines 
76% Calcined Clay 

20% Calcined 

D.C. Fines 
72% Calcined Clay 

20% Calcined 
Bauxite 

60% Calcined Clay 
10% Oust Collector 
Fines 30% Calcined 

SO% Calcined Clay 
10% Dust Collector 
Fines 40% Calcined 

Bauxite 

1465 

1435 

7.09 
1.62 

101 
3.05 
-

8.4 

25974 
22481 
27985 
30319 

9 

Control Batch 
(Rerer to Table I)_ 

1480 1495 

3.20 3.21 3.21 

1410 
0.78 
0.79 
6.92 
1.64 
102 
3.02 

7.50 

22852 
25415 
28757 
30604 
34717 

214 
194 
166 
135 
99 
76 
62 

1510 

3.21 

SAMPLE NO. 
10 

COMPOSITION 

Bauxite 

1480 
0.78 
0.80 
6.33 
1.71 
107 
3.05 

7.42 

235 
210 
ISO 
140 
104 
82 
66 

5% Dust Collector 
Fines Remainder 

Control Batch 
Material 

1480 1495 1510 

3.10 3.09 3.10 

II 

Bauxite 

1400-1500 
0.81 
0.81 
5.11 
1.67 

104.00 
3.02 

7.19 

23427 
24158 
27365 
28703 
30599 

5% Uncalcined Clay 
Addition (1982 Stockpile) 

Remainder Control 
Batch Material 

)465 1485 .1495 1510 

3.14 3.12 3.12 3.13 

7 

70% Dust Collector 
Fines 30% Calcined 

Bauxite 

Repeat Samples 
Failed Initial 

Strength Quali­
fication Tests 

Very PoOr Product 

12 

5% Uncalcined Clay 
Addition (I982 Stockpile) 

Remainder control 
Batch Materia! 

1465 1485 "!495 1510 

3.14 3.13 3.13 3.13 

.... ... 

~ 
Ri ...., 
0.. 

; 

w 
0 
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TABLE III-continued 
(%weight (10000 psi) 7.00 6.02 4.69 5.26 7.90 6.06 3.96 4.25 1.45 6.77 5.98 10.32 9.86 8.34 7.34 8.43 7.01 6.75 6.50 
of fines generated) 
SINGLE PELLET (-16/+20) 
CRUSH (-20/+25) 

(-25/+30) 
(-301+35) 
(-35/+40) 

PERMEADIL1TY 2000 
(Darcies) 4000 

" 6000 
Applied 8000 ... 
Pressure 10000 "' (psi) 12000 

14000 
CARBO CRUSH 0.010 inch 1.4 1.8 2.0 2.0 1.4 2.0 , 2.0 2.0 2.0 2.4 1.6 2.0 2.0 2.2 2.0 2.4 2.6 26 

0.020 inch 28 4.0 4.8 4.0 2.8 4.2 5.0 5.0 4.6 5.0 6.2 4.2 4.6 5.6 6.2 5.5 6.4 5.6 S.8 
0.030 inch 6.6 9.0 9.8 8.4 6.6 9.6 10.2 9.6 10.2 10.8 11.2 8.0 8.6 9.4 10.2 8.0 lo.4 10.4 10.4 
0.040 inch lOA 142 14.6 14.6 10.4 14.2 15.2 14.8 14.0 14.8 15.6 11.6 12.4 13.0 13.8 11.6 13.8 14.0 142 
0.050 inch 14.2 18.4 18.6 18.0 14.2 18.6 19.0 18.4 17.8 18.4 20.0 19.6 15.4 16.8 17.2 14.6 17.6 18.6 18.6 
0.060 inch 18.0 23.2 23.6 21.6 18.0 23.6 24+ 228 20.8 22.4 24.0 17.4 18.2 19.2 20.2 18.0 2n8 22.8 22.6 
0.070 inch 21.0 24.0 24.0 23.4 21.0 24+ - 24+ ns 24.0+ - 20.4 21.6 22.0 23.0 21.8 23.2 24+ 24+ 

SAMPLE NO. 

13 14 15 16 17 18 .!'-
COMPOSITION a-

N 
S% Uncalcined w 

Clay Addition (16 5% UncaJcincd Clay 10% Uncalcined Clay 20% Uncalcincd Clay "' 5% Uncalcined Clay Me.<>h and Finer) Addition (16 Mesh Addilion (1982 IS% Uncalcined Clay Addition (1982 w 
Addition (1982 Stockpile) Remainder Con- and Finer) Remain· Stockpile) Addition (1982 Stockpile) Stockpile) 0 

Remainder Control trol Batch der Control Batch Remainder control Remainder Control Remainder Control 
Batch Material Material Material Batch Material Batch Material Batch Material 

SINTERINO TEMP. (C.") 1465 1485 1495 1510 1465 1480 1495 1465 1480 1495 1495 1465 1480 1495 1510 1465 1480 1495 1510 
ROUNDNESS 
SPHERICITY 
ACID SOLUBILITY (12-3) 
BULK DENSITY (g/oc) 

(pcO 
ASG (glee) 3.14 3.13 3.12 3.13 3.15 3.13 3.13 3.16 • 3.14 3.14 3.11 3.09 3.08 3.09 3.09 3.04 3.04 3.04 

3.08 
API CRUSH (7500 psi) ... 
(%weight (10000 psi) 10.7 7.16 6.85 6.34 10.1 8.35 8.49 11.8 9.86 9.95 7.88 9.55 8.26 7.59 6.72 10.12 8.76 7.83 7.56 "' of fines generated) 
SINGLE PELLET (-16/+20) 
CRUSH (-20/+25) 

(-25/+30) 
(-30/+35) 
(-35/+40) 

PERMEABILITY 2000 
(Darcies) 4000 

" 6000 
Applied 8000 
Pressure 10000 
(psi) 12000 
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TABLE III-continued 
14000 

CARBO CRUSH 0.010 inch 2.0 2.0 24 2.2 2.0 2.2 ~4 ~0 >O >O 1.6 1.8 2.0 >O 2.0 1.8 2.2 
(force 0.020inch 5.0 5.2 M 6.2 5.0 5.4 5.0 5.0 4.4 4.6 4.0 3.8 5.0 5.0 5.2 3.4 5.0 
applied in 0.030 inch 8.6 9.2 10.0 10.4 8.0 9.0 9.0 6.8 7.4 8.0 7.4 8.0 10.0 10.2 10.2 8.0 10.2 
lbs X 1000 0.040 inch 11.6 ID 14.0 14.6 10.6 12.0 16.8 9.6 10.2 10.6 10.4 11.0 13.2 13.6 14.6 11.4 "13.2 
to induce 0.050 inch 15.0 15.8 17.6 18.4 13.0 15.0 16.0 ti.6 12.6 12.8 14.8 14.4 17.0 17.4 19.0 13.8 17.0 
specified 0.060 inch 17.6 18.4 21.8 23.2 15.0 18.0 19.2 14.0 15.0 15.4 17.8 17.0 20.0 21.0 U8 17.4 19.6 
deflection) 0.070 inch 21.2 22.8 24+ 24+ 19.0 22.0 22.8 17.0 19.2 19.8 21.8 20.6 24+ 24+ 24+ 20.6 23.2 

SAMPLE NO. 

19 20 21 22 23 24 ... 
COMPOSITION ..... 

30% Uncalcined Clay 40% Uncalcincd Clay 52% Uncalcined SO% Uncalcined SO% Uncalcined 60% Uncalcined 
Addition (1982 Stockpile) (1982 Stockpile) Clay (Stockpile Clay (Stockpile Clay (Stockpile # 1) Clay (Stockpile 

Remainder Control 60% Calcined #I) SO% Calcined #I) 50% Calcined SO% Calcined #I) 40% Calcined 
Batch Material Bauxite Bauxite Bauxite Bauxite Bauxite 

SINTERING TEMP. (C.") 1465 1480 1495 1510 1450 1465 1480 1495 1450 1465 1480 1450 1465 1480 1440 1450 1465 1450 1465 
ROUNDNESS 
SPHERICITY 
ACID SOLUBILITY (12-3) 4.35 
BULK DENSITY (glee) 

(pel) !'-ASG (glee) 3.03 2.98 

~·· 
2.97 3.11 3.09 3.09 3.09 3.17 3.17 3.15 3.13 3.I1 3.09 3.14 3.13 3.11 3.00 3.00 a-

API CRUSH (7500 psi) tv 
(%weight (10000 "") 11.98 8.61 8.50 9.04 6.72 7.00 8.26 8.78 9.65 8.20 7.45 10.52 7.60 8.98 7.41 6.90" 12.14 14.21 w 
of fines generated) "' SINGLE PELLET (-16/+20) w 

0 
(-20/+25) 
(-25/+30) 
(-30/+35) 
(-35/+40) 

PERMEABILITY 2000 260 
(Darcics) 4000 224 ,, 6000 189 
Applied 8000 153 
Pressure 10000 117.3 
(psi) 12000 81.5 

14000 45.7 
CARBO CRUSH 0.010 inch 3.2 4.0 4.0 5.0 2.6 2.2 3.3 3.1 >1 2.3 ... 
(force 0.020 inch 7.0 8.2 8.0 10.0 5.6 4.8 6.1 5.8 5.3 4.7 00 

appli_ed in 0.030 inch 10.0. 11.1 11.0 14.0 11.2 10.0 8.8 8.4 7.4 6.5 
lhs X 1000 0.040 inch 12.6 13.8 14.0 17.2 14.6 13.0 11.7 10.4 9.6 8.9 
to indu~:e O.OSO in~:h 14.6 16.2 16.4 20.6 17.8 17.4 14.9 13.9 12.2 11.3 

srecilied 0.060 inch 16.6 20.6 20.0 23.0 21.2 19.4 18.6 16.9 14.8 7.4 
deflection) 0.070 inch 20.6 23.2 23.8 24+ 24~ 22.8 21.7 19.8 17.9 17.0 

SAMPLE NO. 

25 26 
COMPOSITION 

Uncalcined 
60% Uncalcined Clay Clay (Stockpile 

(Stockpile #I) # J) 30% Calcined 
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TABLE III·continued 

SINTERING TEMP. (C:} 
ROUNDNESS 
SHPERICITY 
ACID SOLUBILITY (12-3) 
BULK DENSITY 

ASO (glee) 
API CURSH 
(%weight 
of fines generated) 
SINGLE PELLET 

PERMEABILITY 
(Darcies) 

" Applit"d 
Pressure 
(psi) 

CARBO CRUSH 
(force 
applied in 
lbs X 1000 
to induce 
specified 
deflection) 

(glee) 
(pcQ 

(7500 psi) 

40% calcined Bauxite Bauxite 

1450 1400 1370 1350 1440 1450 1460 

1.52 1.59 1.66 1.75 

2.82 2.88 3.06 3.08 2.92 2.93 2.80 

(10000 psi) 15.32 12.4 8.70 9.29 11.78 11.58 14.71 

(-16/+20) 
(-20/+25) 
(-25/+30) 
(-30/+35) 
(-35/+40) 

2000 
4000 
6000 
8000 

UXlOO 
12000 
14000 

0.010 inch 
0.020 inch 
0.030 inch 
0.040 inch 
0.050 inch 
0.060 inch 
0.070 inch 

249 
219 
189 
159 
130 
100 
70 

tC 

.of>. 

Rl 
<» 

"' <» 
0 

~ 
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Referring to Table Ill, Sample Nos. I and 2 may be 

used as baselines for comparison with pellets prepared 
according to the· invention. Sample No. 1 was prepared 
from 60 perc_ent calcined diaspore clay and 40 percent 
calcined bauxite and is considered to be an intennediate S 
strength product suitable for use in wells down. to ·a 
depth of about 14,000 feet, which corresponds to pres­
sures of about 700 kg/em' (10,000 psi). Sample 2 was 
prepared from calcined bauxite and is considered to be 
a premium high strength product suitable for use in 10 
wells of a depth exceeding 14,000 feet. Sample No. 2 is 
the standard against which other products including 
other standards such as Sample No. 1 are compared. 

Samples Nos. 8 and 9 were prepared· from a control 
batch of calcined clay and bauxite ingredients having 15 
the analy~is indicated in Table 1:. The control batch 
material is standard employed to -assure that processing 
conditions are being maintained. The chemical campo· 
sition of the control batch is similar to that of Sample 
No. I, Table III. 20 

Samples Nos. 3-7 and 10-26 of Table III were pre· 
pared utilizing at least one uncalcined or partially cal­
cined ingredient. 

The data given in Table III with respect to Sample 
Nos. 3, 4, 5, 6, 10 when compared with Sample No. 1 25 
supports a conclusion that Sample Nos. 3, 4, _5, 6, 10 
made from ingredients, including dust collector tines, 
are suitable as intermediate strength proppants. It is 
notable that the apparent specific gravity of Sample 
Nos. 3-6 and 10 are lower than that of Control Sample 30 
Nos. 1 and 8-9, yet the resistance-to-crushing as di· 
rectly indicated by any of the crush resistance test re· 
suits or indirectly indicated by the permeability test 
results of Saniple Nos. 3-6 and 10 are comparable to 
that of the controls. 35 

Sample No. 7 was prepared using 70 percent dust 
collector fines. This product was unsatisfactory and 
crushed easily. 

Samples Nos. 11-15 were each prepared from the 
same. ratio and type of ingredients (5 percent uncalcined 40 
clay, remainder control batch). These samples demon­
strate the variations in product characteristics that can 
be expected. These samples are within the invention and 
are deemed suitable for use as intermediate strength 
proppants. These samples also exhibit lower apparent 45 
specific gravities than control samples 1 and 8-9. 

Sample Nos. 11-25 were prepared from using differ­
ent amounts and sources of uncalcined clay. Each of 
these samples is deemed suitable for use as pi-oppants. 

Generally speaking, as the amount of uncalcined clay 50 
is increased, the apparent specific gravity of the result· 
ing pellets is reduced and effective sintering may be 
done at a lower temperature. Sample No. 26 is d.eemed 
marginally suitable due to its high level of fmes gener· 
ated on API Crush. 55 

A comparison of the test results for Samples Nos. 1 
and_5 indicates that substitution of 10 percent dust col· 
lector fmes for calcined bauxite when the remaining 
ingredient is clay actually improves characteristics of 
the pellets that are considered significant for proppants. 60 
Note that Sample 5 exhibited lower apparent specific 
gravity, lower percent fmes generated on API Crush 
and greater permeability than Sample No._l. The per· 
meability of Sample Nos. 1 and 5 was comparable. This 

due to the lower amount of alumina and greater amount 
of closed porosity as evidenced by lower apparent spe· 
cific gravity. It was. thought that use of a material hav-
ing a high LOI (eg. greater than 1-2 percent) would 
damage the structure as the chemically bound water 
and volatiles are driven off during furnacing of the 
pellets. 

Referring now to Sample Nos. 8 and 9 of Table III, it 
can be seen that sinteri,ng temperature has a significant 
effect on the strength of .pellets of a given composition. 
For Sample Nos. 8 and 9 fumacing the dried pellets at 
1495° C. provided greatest "resistance to crushing as 
evidenced by lowest percent lines generated for API 
Crush and greatest amount of applied load to induce a 
specified compression. A value of ;M+ or lack of an 
entry following a 24+ entry indicates that the capacity 
of the press was reached or Would have been exceeded 
for the specified amount of compression. 

A comparison of the results given· in Table III for 
Sample Nos. 1 and 25 reveals that use of· 60 percent 
uncalcined clay permits fumacing at lower temperature 
while" yielding a product of lower apparent specific 
gravity, lower API Crush and greater permeability. 

The composite, spherical, Sintered pellets of the pres-
ent invention are useful as a propping agent in methods 
of fracturing subterranean formations· to increase the 
permeability thereof, particularly those formations hav· 
ing a compaction.pressure of at least 280 kg/cm2 (4000 
psi), which are typically located at a depth 6,000 feet or 
greater.- Pellets according to the present invention are 
presently believed to be particularly suitable for use at 
depths greater than_7,000 feet but less than 14,000 feet. 

When used as a propping agent, the pellets of the 
present invention may be handled in the same manner as 
other propping agents. The pellets may be delivered to 
the welJ site in bags or in bulk form along with the other 
materials used in fracturing treatment. Conventional 
equipment and techniques may be used to place tJte 
spherical pellets as propping agent. 

A viscous fluid, frequently referred to as "pad",· is 
injected into the well at a rate and pressure to Initiate 
and propagate a fracture in the subterranean formation. 
The fracturing fluid may be an oil base, water base, 
acid, emulsion, foam, or any other fluid. Injection of the 
fracturing fluid is continued ~til a fracture of sufficient 
geometry is obtained to permit placement of the prop-
ping pellets. Thereafter, pellets as hereinbefore de­
scribed are placed in _the fracture by injecting into the 
fracture a fluid into which the pellets have previously 
been introduced and suspended. The propping distribu­
tion is usua11y, but not necessarily, a multi·layer pack. 
The overall particle size of the pellets is between about 
0.1 and about 2.5 millimeters and, more preferably, 
between about 0.15 and about 1.7 millimeters. Follow­
ing placement of the pellets, the well is shut·in for a time 
sufficient to permit the pressure in the fracture to bleed 
off into the formation. This causes the fracture to close 
and apply pressure on the propping pellets which resist 
further closure of the fracture. 

The foregoing description and embodiments are in· 
tended to illustrate the invention without limiting it 
thereby. It will l?e understood that various moditica- · 
tions can be made in the invention without departing 
from the spirit or scope thereof. 

We claim: is surprising. It was previously thought that the use of a 65 
higher amount of silica and material having a high LOI 
(due to substitution of dust collector fines for calcined 
bauxite) would result in a lower performance product 

1. A composite, sintered, spherical pellet suitable for 
.. gas and oil well proppant which is prepared from mate~ 

rials consisting essentially of clay materials, bauxitic 
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24 
tered, spherical, composite pellets having a bulk 
density from about 1.35 to 1.8 grams per cubic 
centimeter. 

12. The pellet of claim 11, wherein the mixture is 
intensively stirred during step (b). 

13. The pellet of claim 11, wherein the particulate 
mixture has an average particle size ofless than about 10 
microns. 

materials and alumina, wherein said materials include at 
least one uncalcined or partially calcined ingredient 
selected from the group consisting of clay materials, 
bauxitic materials and dust collector fines produced 
during the calcination of clay materials and bauxitic S 
materials, and alumina, said pellet having on a dry 
weight basis_ an alumina-to-silica ratio from about 9:1 to 
about 1:1 and at least about 6.51 percent by weight of 
other than alumina and silica, said pellet having an ap­
parent specific gravity of less than 3.30. 

14. The pellet of claim 11, further comprising, prior 
10 to step (c), adding from about 5 to about IS percent by 

weight of pellets of any of the ingredients of the mixture 
of step (a). 

2. The -peUet of claim 1 wherein a plurality of said 
pellets has a permeability to distilled water at about 75° 
F. (24° C.) which decreases not more than about three­
fourths when the pressure applied to said pellets is in­
creased from 2000 to 10,000 psi (140-700 kg/cm2). 

15. The pellet of claim 11 wherein the dried pellets 
are furnaced for a period from about 4 to about 8 min­

IS Utes. 
3. The pellet of claim 1, wherein the pellet has an 

alumina~to~silica dry weight basis ration from about 4:1 
to about 6.5:1. 

4. The pellet of claim 1, wherein the pellet has an 
alumina-to~si1ica ratio of about 5:1. 20 

5. The pellet of claim 1, 2 or 3 wherein said pellet is 
of an overall size ranging from about 0.1 to 2.5 millime­
ters and an apparent specific gravity from about 2.6 to 
3.3. 

6. The pe11et of claim 1, wherein the pellet is at least 25 
85 percent by weight of Al203 and Si02. 

7. The pellet of claim 1, wherein the pellet is not more 
than about 82 percent by weight of A}z03. 

8. The pe1let of c1aim 1 wherein the pellet is prepared 
from a mixture containing on a dry weight basis from 30 
about 20 to about 40 percent calcined bauxite, from 
about 4 to about 10 percent dust collector fines with the 
remainder being calcined c1ay. 

9. The pellet of claim 1 wherein the pellet is prepared 
from a mixture containing on a dry weight basis from 35 
about 5 to about 30 percent uncalcined clay with the 
remainder being calcined bauxite and calcined clay. 

10. The pel1et of claim 1 wherein the pellet is pre­
pared from a mixture containing on a dry weight basis 
from about 40 to about 70 percent uncalcined clay with 40 
the remainder being calcined bauxite. 

11. A sintered, spherical composite pellet suitable for 
use as gas and oil well proppant, said pellet having an 
Ah03/Si02 dry weight basis ratio from about 9:1 to 
aboUt 1:1, said pellet having an apparent specific gravity 45 
of less than 3.30 glee and at least about 6.51 percent by 
weight of other than Ah03 and Si02, said pellet being 
made by a process including the steps of: 

(a) Fanning a particulate mixture from materials 
consisting essentially of clay materials, bauxitic so 
materials and alumina wherein said materials in­
clude at least one uncalcined or partially calcined 
ingredient selected from the group consisting of 
clay materials, bauxitic materials and dust collector 
fines produced during the calcination of clay mate~ 55 
rials and bauxitic materials and alumina, having an 
average particle size of less than 15 microns in a 
high intensity mixture and at least about 6.51 per­
cent on a dry weight basis other than Ah03 and 
Si02i 60 

(b) while stirring the mixture, adding sufficient water 
to cause formation of composite spherical pellets 
from the mixture; 

(c) drying the pellets until less than three (3) weight 
percent free moisture remains in the pellets; 65 

(d) furnacing the dried pellets at a furnace tempera­
ture ranging from about 1300° C. to about 1500° C. 
for a period sufficient to enable recovery of sin-

16. The pellet of claim 15 wherein prior to step (c) 
there is added from about 5 to 15 percent by weight of 
pellets of the mixture of step (a) while continuing to stir 
the pellets. 

17. A plurality of pellets as described in claim 1, hav-
ing a bulk density of between about 1.35 and 1.80 grams 
per cubic centimeter wherein said pellets are of a diame~ 
ter from about 0.1 to about 2.5 millimeters. 

18 .. A process for manufacturing composite, sintered, 
spherical pellets suitable for use as gas and oil well 
proppant having an alumina-to-silica ratio on a dry~ 
weight-basis from about 9:1 to about 1:1 and at least 
about 6.51 percent by weight of other than alumina and 
silica, said process comprising the steps of: 

(a) adding to a high-intensity mixer, in predetermined 
ratio, starting ingredients consisting essentially of 
clay materials, bauxitic materials and alumina 
wherein said materials include at least one uncal­
cined or partially calcined ingredient selected from 
the group consisting of clay materials, bauxite rna· 
terials and dust collector fines produced during the 
calcination of clay materials and bauxitic materials, 
to materials consisting essentially of calcined clay 
materials and/or a member of the group of calcined 
bauxite materials, alumina or mixtures thereof, 
each ingredient having an average particle size of 
less than 15 microns; 

(b) stirring said starting ingredients to form a particu­
late: mixture having an average particle size of less 
than 15 microns and at least about 6.51 percent on 
a dry weight basis of other than alumina and silica; 

(c) while stirring the mixture, adding sufficient water 
to cause formation of composite, spherical pellets 
from the mixture; 

(d) drying the pellets until less than ten (10) weight 
percent free moisture remains in the pe11ets; 

(e) furnacing the dried pellets at a furnace tempera-
ture of from about 1300° C. to about 1500° C. for a 
period sufficient to enable recovery of sintered, 
spherical, composite pellets having a bulk density 
of from about 1.35 to about 1.80 grams per cubic 
centimeter and at least about 6.51 percent by 
weight of other than alumina and silica. 

19. The process of claim 18 wherein the pellets are 
dried at a temperature between about 100° C. and about 
3CXY C. until less than three (3) weight percent free 
moisture remains in the pellets. 

20. The process of.claim 18 wherein each ingredient 
of the particulate mixture has an average particle size of 
less than 10 microns. 

21. The process of claim 18, further comprising, prior 
to step (d), adding from about 5 to about 15 percent of 
any of the ingredients given in step (a). 
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22. The process of claim 18, wherein the dried pellets 

are fumaced for a period from about 4 to about 20 min­
utes. 

23. The process of claim 18, further comprising, prior 
to step (d), adding from about 5 to 15 percent of any of s 
the ingredients given in step (a) while stirring the pel­
lets. 

24. A gas and oil well proppant comprising a plurality 
of composite, sintered, spherical pellets having a perme­
ability to distilled water at about 75' F. (24' C.) which 10 
decreases not more than about three-fourths when the 
pressure applied to said pellets is increased from 2000 to 
10,000 psi (140-700 kg/cm2), said pellets being prepared 
from, on a dry weight basis, materials consisting essen­
tially of clay materials, bauxitic materials and alumina 15 
wherein said materials include at least orie uncalcined or 
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partially calcined ingredient selected from the group 
consisting of clay materials, bauxitic materials and dust 
collector fines produced during caJcination of clay ma­
terials and bauxitic materiaJs, and aJumina. or mixtures 
thereof, said pellets having an alumina-to-silica dry 
weight basis ratio from about 9:1 to about 1:1, said pel­
lets having an apparent specific gravity of less than 3.30 
and at least about 6.51 weight percent of other than 
aJumina and silica and a diameter between about 0.1 and 
about 2.5 millimeters. 

25. The pellet of claim 1 wherein said pellet is pre­
pared from a mixture consisting essentially of clay mate­
rials and bauxitic materials. 

26. The method of claim 18 wherein fluxes are not 
added to the high-intensity mixer. 

• • • • • • 
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PART I 

ITEM 1. BUSINESS 

GENERAL 

CARBO Ceramics Inc. is the world's largest producer and supplier of ceramic 
proppants for use in the hydraulic fracturing of natural gas and oil wells. 
Demand for ceramic proppants depends generally upon the demand for natural gas 
and oil and on the number of natural gas and oil wells drilled, completed or 
recompleted worldwide. More specifically, the demand for ceramic proppants is 
dependent on the number of oil and gas wells that are hydraulically fractured to 
stimulate production. 

The hydraulic fracturing process consists of pumping fluids down a natural 
gas or oil well at pressures and flow rates sufficient to split the hydrocarbon 
bearing formation and create fractures in the formation. A granular material, 
such as ceramic proppant or sand-based proppant, is suspended in the fluid and 
packs the newly created fracture, keeping the fracture open once high-pressure 
pumping stops. The proppant-filled fracture creates a permeable channel through 
which the hydrocarbons can flow more freely from the formation to the well and 
then to the surface. 

CARBO Ceramics was formed in 1987 for the purpose of purchasing the assets 
of Standard Oil Proppants Company Ltd. (SOPCO). SOPCO was a joint venture formed 
to operate the combined proppant businesses of the Carborundum Company and 
Dresser Industries. These proppants businesses were started in 1978 and 1984 
respectively. While the Carborundum Company and Dresser Industries had primarily 
manufactured high strength, premium priced proppants for use in very deep wells, 
CARBO Ceramics has pursued a strategy of introducing new, lower-priced, 
lightweight, intermediate strength ceramic proppants to capture a greater 
portion of the large market for sand-based proppants. 

The Company estimates that it supplies 60% of the ceramic proppants and 5% 
of all proppants used worldwide. 

http://www .sec. gov I Archives/ edgar/ data/1 009672/000095 0 134-98-002057. txt 

Page 2 of 57 

10/27/2011 

Case 1:11-cv-02574-JOF   Document 22-1    Filed 10/31/11   Page 94 of 136



PRODUCTS 

The Company's four product lines cover the entire spectrum of commercially 
available ceramic proppants. CARBOHSP(TM) and CARBOPROP(RJ are premium priced, 
high strength proppants designed primarily for use in deep gas wells. 
CARBOHSP(TM), which was introduced in 1979, is the original ceramic proppant, 
formerly marketed as "Sintered Bauxite". CARBOHSP (TM) offers the highest level 
of strength and conductivity for use primarily in deep gas wells. CARBOPROP(R), 
which was introduced by the Company in 1982, is slightly lower in weight and 
strength than CARBOHSP(TM) and was developed for use in deep gas wells that do 
not require the strength of CARBOHSP(TM). 

The CARBOLITE(R) and CARBOECONOPROP(R) products are lightweight, 
intermediate strength proppants designed for use in gas wells of moderate depth 
and shallower oil wells. The products are manufactured and sold to compete 
directly with sand-based proppants. CARBOLITE(RJ, introduced in 1984, is used in 
medium depth oil and gas wells, where the additional strength of ceramic 
proppants may not be essential, but where higher production rates can be 
achieved due to the products' roundness and uniform grain size. 

CARBOECONOPROP(R), introduced in 1992 to compete directly with sand-based 
proppants, is the Company's lowest priced and fastest growing product. The 
introduction of CARBOECONOPROP(R) has resulted in ceramics being used in many 
new markets by end users that had not previously used ceramic proppants. The 
Company believes that many of the users of CARBOECONOPROP{Rl had previously used 
sand or resin-coated sand. The Company further believes that its ability to 
continue to penetrate the market for sand-based proppants in 1997 was limited by 
its production capacity for lightweight ceramic proppants. 

CUSTOMERS AND MARKETING 

The Company's largest customers are, in alphabetical order, BJ Services 
Company, Dowell and Halliburton Company, the three largest participants in the 
worldwide petroleum pressure pumping industry. 

1 
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These companies collectively accounted for approximately 84% of the Company's 
1997 revenues. The Company's other customers include primarily foreign pumping 
service companies, that compete in the worldwide fracturing business. The end 
users of the Company's products, however, are the operators of natural gas and 
oil wells that engage pumping service companies to hydraulically fracture wells 
to improve the recovery of natural gas or oil wells, thereby enhancing the rate 
of return on the investment made in such wells. The Company works with the 
pressure pumping service companies to present the advantages of using ceramic 
proppants to the operators of natural gas and oil wells. The Company generally 
supplies its customers with products on a just-in-time basis, with transactions 
governed by individual purchase orders. Continuing sales of product depend on 
the Company's direct customers and the well operators being satisfied with both 
product and delivery performance. 

The Company recognizes the importance of aggressive marketing when 
introducing a technically advanced and performance enhancing, but intrinsically 
more costly, product. The Company must market its products both to its direct 
customers and to owners and operators of the natural gas and oil wells. The 
Company's sales and marketing staff regularly calls on and keeps close contact 
with the people who are influential in the proppant purchasing decision: 
production companies, regional offices of well service companies that offer 
pressure pumping services, and various completion engineering consultants. The 
Company provides a variety of technical support services and has developed 
computer software that models the return on investment achievable by using the 
Company's ceramic proppants versus that of other proppants in the hydraulic 
fracturing of a natural gas or oil well. 

The Company's Vice President of Marketing and Technology coordinates 
worldwide sales and marketing activities. The Company's export marketing efforts 
are conducted through its sales office in Aberdeen, Scotland and through two 
commissioned sales agents located in South America and Australia. 

The Company's ceramic proppants are used worldwide by U.S. customers 
operating abroad and by foreign customers. Sales outside the United States 
accounted for 37%, 31% and 37% of the Company's sales for 1995, 1996 and 1997, 
respectively. 

The distribution of the Company's export and domestic revenues is shown 
below, based upon the region in which proppants were used by the customer: 

<TABLE> 
<CAPTION> 

1995 1996 1997 

($ IN MILLIONS) 
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<S> 
LOCATION 

United States ........ , ... , ............................. . 
International .......................................... . 

Total ................. , ... ,,, .......... , ..... , .. 

</TABLE> 

COMPETITION AND MARKET SHARE 

<C> 

$36.8 
21.2 

$58.0 

<C> 

$45.3 
19.9 

$65·. 2 

<C> 

$53.3 
31.8 

$85.1 

The Company's chief worldwide competitor is Norton-Alcoa Proppants 
("Norton-Alcoa"), Norton-Alcoa is a joint venture of Compagnie de Saint-Gobain, 
a French glass and materials company, and Aluminum Company of America. 
Norton-Alcoa manufactures ceramic proppants that directly compete with each of 
the Company's products. In addition, Mineraco Curimbaba ("Curimbaba"), based in 
Brazil, manufactures a sintered bauxite product similar to the Company's 
CARBOHSP(TM), which is marketed in the United States under the name 
"Sinterball". The Company believes that Curimbaba has not expanded its U.S. 
product line to include a full range of ceramic proppants and is unlikely to do 
so in light of patents held by the Company and Norton-Alcoa. The Company 
believes that it supplies approximately 60% of the ceramic proppants and 
approximately 5% of all proppants used by the oilfield services companies that 
perform fracturing services worldwide. 

Competition for CARBOHSP(TM) and CARBOPROP(R) includes ceramic proppants 
manufactured by Norton-Alcoa and Curimbaba. The Company's CARBOLITE(R) and 
CARBOECONOPROP(Rl products compete with ceramic proppants produced by 
Norton-Alcoa and with sand-based proppants for use in the hydraulic fracturing 
of medium depth natural gas and oil wells. The leading suppliers of mined sand 
are 
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Unimin Corp., Badger Mining Corp., Wedron Silica Co., Ogelbay-Norton Company and 
Colorado Silica Sand, Inc. The leading suppliers of resin-coated sand are Borden 
Proppants Corp. and Santrol, a subsidiary of Fairmont Minerals Limited, Inc. 

The Company believes that the most significant factors that influence a 
customer's decision to purchase the Company's products are: ( i) 
price/performance ratio, (ii) on-time delivery performance, (iii) technical 
support and (iv) proppant availability. The Company believes that its products 
are competitively priced and that its delivery performance is excellent. The 
Company also believes that its superior technical support has enabled it to 
persuade customers to use ceramic proppants in an increasingly broad range of 
applications and thus increased the overall market for the Company's products. 

Prior to 1997, the Company had generally maintained sufficient inventory to 
satisfy demand for its products. However, in 1997, it became obvious to the 
management of the Company that previous capacity additions were insufficient to 
satisfy demand in an improving market. The Company has addressed this issue 
through the construction of a new manufacturing facility in Mcintyre, Georgia 
which is scheduled for completion in the fourth quarter of 1998. 

The Company continually conducts testing and development activities with 
respect to alternative raw materials to be used in the Company's existing 
production methods and alternative production methods. The Company is not aware 
of the development of alternative products for use as proppants in the hydraulic 
fracturing process. The Company believes that the main barriers to entry for 
additional competitors are the patent rights held by the Company and certain of 
its current competitors and the capital costs involved in building production 
facilities of sufficient size to be operated efficiently. 

DISTRIBUTION 

The Company maintains finished goods inventories at its plants in New 
Iberia, Louisiana, and Eufaula, Alabama, and at six remote stocking facilities 
located in: Rock Springs, Wyoming; Oklahoma City, Oklahoma; San Antonio, Texas; 
Fairbanks, Alaska; Edmonton, Alberta, Canada; and Rotterdam, The Netherlands. 
The remote stocking facilities consist of bulk storage silos with truck trailer 
loading facilities. The Company owns the facilities in San Antonio, Rock Springs 
and Edmonton and subcontracts the operation of the facilities and transportation 
to a local trucking company. The remaining stocking facilities are owned and 
operated by local trucking companies under contract with the Company. The North 
American sites are supplied by rail, and the site in the Netherlands is supplied 
by container ship. In total, the Company leases 79 rails cars, and owns or 
leases 62 dedicated trailers. The price of the Company's products sold for 
delivery in the lower 48 United States and Canada includes just-in-time delivery 
of proppants to the operator's well site, which eliminates the need for 
customers to maintain an inventory of ceramic proppants. 

The Company increased storage capacity at its remote storage facilities in 
San Antonio, Rock Springs and Edmonton in 1997 at a cost of approximately $4.1 
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million. 

RAW MATERIALS 

Ceramic proppants are made from alumina-bearing ores (commonly referred to 
as bauxite, bauxitic clay or kaolin, depending on the alumina content), which 
are readily available on the world market. Bauxite is largely used in the 
production of aluminum metal, refractory material and abrasives. The main 
deposits of alumina-bearing ores in the United States are in Arkansas, Alabama 
and Georgia; other economically mineable deposits are located in Australia, 
China, Jamaica, Russia and Surinam. 

The Company's New Iberia facility currently uses bauxite imported from 
Australia and bauxitic clay mined in Arkansas. The Company has decreased its 
dependence on imported bauxite and bauxitic clay as it has entered into a 
long-term contract for the processing and supply of Arkansas bauxite and 
bauxitic clay for use at the New Iberia facility. The Company believes that this 
agreement, which stipulates a fixed price, subject to annual upward adjustments 
in accordance with a producer price index, will provide a sufficient supply of 
bauxite and bauxitic clay to meet the requirements of the New Iberia facility 
through 1999. 

3 
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The Company's Eufaula facility exclusively employs locally mined uncalcined 
kaolin, and the Company has entered into a contract requiring the supplier to 
sell to the Company up to 200,000 net tons of kaolin per year and the Company to 
purchase from the supplier 80% of the Eufaula facility's annual kaolin 
requirements, each through 2003. This agreement stipulates a fixed price, 
subject to annual adjustment in accordance with fluctuations (within an 8% 
annual limit) in the producer price index. Raw material costs for the Eufaula 
facility are substantially below those for the New Iberia plant, due to the 
Eufaula facility's proximity to raw material reserves and use of uncalcined raw 
materials, 

The new production facility in Mcintyre, Georgia will also utilize 
primarily locally mined uncalcined kaolin. The Company has entered into a 
long-term supply agreement for these raw materials which stipulates a fixed 
price subject to annual adjustments for changes in the producer price index and 
fuel costs. The supply contract provides for a twenty-year supply of raw 
materials. 

PRODUCTION PROCESS 

Ceramic proppants are made by grinding or dispersing ore to a fine powder, 
combining the powder into small, green (i.e., unfired) pellets and sintering the 
pellets at 2,500F to 3,000F in a rotary kiln. 

The Company uses two different methods to produce ceramic proppants. The 
Company's plant in New Iberia, Louisiana, uses a dry process (the "Dry Process") 
which starts with bauxite or bauxitic clay which has been dried to remove both 
free water and water which was chemically bound within the ore. This drying 
process is referred to as calcining. The calcined ores are received at the plant 
and ground into a dry powder. Pellets are formed by combining the powder with 
water and binders and introducing the mixture into a high-shear mixer. The 
process is completed once the green pellets are sintered in a rotary kiln. The 
Company's competitors also use the Dry Process to produce ceramic proppants. 

The Company's plant in Eufaula, Alabama, uses a wet process (the "Wet 
Process"), which starts with moist, uncalcined kaolin from local mines. The 
kaolin is dispersed with chemicals in a water slurry. With an atomizer, the 
slurry is sprayed like a mist into a dryer which causes the slurry to harden 
into green pellets. Finally, these green pellets are sintered in rotary kilns. 
The Company believes that the Wet Process is unique to its plant in Eufaula, 
Alabama. 

The Company's plant in Mcintrye, Georgia will use the Dry Process. However, 
the Company expects to maintain lower production costs at this facility by 
purchasing locally mined ore and performing the calcining process itself. 

PATENT PROTECTION 

The Company's ceramic proppants are made by processes and techniques that 
involve a high degree of proprietary technology, some of which is protected by 
patents. 

The Company owns outright six issued U.S. patents and seven issued foreign 
patents; three of these U.S. patents and four of these foreign patents relate to 
the CARBOPROP(R) product produced by the Dry Process. 

The Company ~ointly owns with A/S NIRO Atomizer ("NIRO"l, the Danish 
designer and manufacturer of the spray atomizer device used in the Wet Process, 
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three issued U.S. patents and 17 issued foreign patents. The patents owned 
jointly with NIRO generally relate to the Wet Process, and the products produced 
thereby (CARBOLITE(R) and CARBOECONOPROP(R)), 

The current versions of the Company's six most important U.S. patents 
expire at various times in the years 2002 through 2009 with its two key product 
patents expiring in 2006 and 2009. The Company believes that these patents have 
been and will continue to be important in enabling the Company to compete in the 
market to supply proppants to the natural gas and oil industry. The Company 
intends to enforce and has in the past vigorously enforced its patents. The 
Company may be involved from time to time in the future, as it has been in the 
past, in litigation to determine the enforceability, scope and validity of its 
patent rights. Past disputes with its main competitor have been resolved in ways 
that permit the Company to continue to benefit fully from its patent rights. The 
Company and this competitor have cross-licensed certain of their respective 
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patents relating to intermediate and low density proppants on both a 
royalty-free and royalty-bearing basis. (Royalties under these licenses are not 
material to the Company's financial results.) The Company and NIRO have not 
granted any licenses to third parties relating to the use of the Wet Process. As 
a result of these cross licensing arrangements, both the Company and its main 
competitor are able to produce a broad range of ceramic proppants, while third 
parties are unlikely to be able to enter the ceramic proppants market without 
infringing on the patent rights held by the Company, its main competitor or 
both. 

PRODUCTION CAPACITY 

The Company believes that constructing adequate capacity ahead of demand 
while incorporating new technology to reduce manufacturing costs are important 
competitive strategies to increase its overall share of the market for 
proppants. Prior to 1993, the Company's production capacity was substantially in 
excess of its sales requirements. Since that time, however, the Company has been 
expanding its capacity in order to meet the generally increasing demand for its 
products. In October 1993, the Company increased the capacity of the Eufaula 
facility from 90 million pounds per year to 170 million pounds per year, in 
response to the increasing demand for the Company's CARBOLITE(R) and 
CARBOECONOPROP(R) products. In May 1995, the Company completed a 40 million 
pound per year capacity expansion at the New Iberia facility, intended to meet 
increasing demand for CARBOHSP(TM) and CARBOPROP(R). Most recently, in February 
1996, the Company commenced operations of its second 80 million pound per year 
expansion of the Eufaula plant. Total annual capacity is currently 100 million 
pounds at the New Iberia facility and is 250 million pounds at the Eufaula 
facility. 

In July 1997, the Company began construction of a new $40 million 
manufacturing facility in Mcintyre, Georgia. The plant is expected to be 
completed in the fourth quarter of 1998 and is expected to have initial capacity 
of 200 million pounds per year. The plant will be capable of producing all of 
the Company's product lines and has been designed to be expandable to a capacity 
of 400 million pounds per year. 

The following table sets forth the date of construction of and recent 
expansion of the Company's manufacturing facilities: 

<TABLE> 
<CAPTION> 

LOCATION 

<S> 
New Iberia, Louisiana 

Unit 1 ............. . 
Unit 2 ............ . 

1995 
Expansion ..... 

Total ..... . 

Eufaula, Alabama 
Unit 3 ............ . 

1993 
Expansion ..... 

1996 
Expansion ..... 

Total ..... . 

YEAR OF 
COMPLETION 

<C> 

1979 
1981 

1995 

1983 

1993 

1996 

ANNUAL 
CAPACITY 

(MILLIONS 
OF 

POUNDS) 
<C> 

20 
40 

40 

100 

90 

80 

80 

250 

PRODUCTS 

<C> 

CARBOHSP{TM) and CARBOPROP{R) 
CARBOHSP(TM) and CARBOPROP(R) 

CARBOHSP(TM) and CARBOPROP(R) 

CARBOLITE(R) and CARBOECONOPROP(R) 

CARBOLITE(R) and CARBOECONOPROP(R) 

CARBOLITE{R) and CARBOECONOPROP{R) 
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Mcintyre, Georgia(!) 
Units 1 and 2 ..... . 

</TABLE> 

1998 200 CARBOLITE(R), CARBOECONOPROP(R) 
CARBOHSP{TM) and CARBOPROP(R) 

(1) The Mcintyre, Georgia plant is expected to be completed in the fourth 
quarter of 1998, and is expected to have an initial installed capacity of 
200 million pounds per year. 

5 
<PAGE> 7 

ORDER BACKLOG 

The Company generally operates without any material backlog. 

ENVIRONMENTAL AND OTHER GOVERNMENTAL REGULATIONS 

The Company believes that its operations are in substantial compliance with 
applicable federal, state and local environmental and safety laws and 
regulations. The Company does not anticipate any significant expenditures in 
order to continue to comply with such laws and regulations. 

EMPLOYEES 

At December 31, 1997, the Company had 117 full-time employees. In addition 
to the services of its employees, the Company employs the services of 
consultants as required. The Company's employees are not represented by labor 
unions. There have been no work stoppages or strikes during the last three years 
that have resulted' in the loss of production or production delays. The Company 
believes its relations with its employees are satisfactory. 

FORWARD-LOOKING INFORMATION 

The Private Securities Litigation Reform Act of 1995 provides a "safe 
harbor" for forward-looking statements. This Form 10-K, the Company's Annual 
Report to Shareholders, any Form 10-Q or any Form 8-K of the Company or any 
other written or oral statements made by or on behalf of the Company may include 
forward-looking statements which reflect the Company's current views with 
respect to future events and financial performance. These forward-looking 
statements are subject to certain risks and uncertainties that could cause 
actual results to differ materially from such statements. This document contains 
forward-looking statements within the meaning of the Private Securities 
Litigation Reform Act of 1995 concerning, among other things, the Company's 
prospects, developments and business strategies for its operations, all of which 
are subject to certain risks, uncertainties and assumptions. These risks and 
uncertainties include but are not limited to, changes in the demand for oil and 
natural gas, the development of alternative stimulation techniques and the 
development of alternative proppants for use in hydraulic fracturing. The words 
"believe", "expect", "anticipate", "project" and similar expressions identify 
forward-looking statements. Readers are cautioned not to place undue reliance on 
these forward-looking statements, which speak only as of the date the statement 
was made. The Company undertakes no obligation to publicly update or revise any 
forward-looking statements, whether as a result of new information, future 
events or otherwise. 

ITEM 2. PROPERTIES 

The Company maintains its corporate headquarters (approximately 2,700 
square feet of leased office space) in Irving, Texas, and owns its manufacturing 
facilities, land and substantially all of the related production equipment in 
New Iberia, Louisiana, and Eufaula, Alabama. 

The facility in New Iberia, Louisiana, located on 24 acres of land owned by 
the Company, consists of two production units (approximately 85,000 square 
feet), a laboratory (approximately 4,000 square feet) and an office building 
(approximately 3,000 square feet). The Company also owns an 80,000 square foot 
warehouse on the plant grounds in New Iberia, Louisiana. 

The facility in Eufaula, Alabama, located on 14 acres of land owned by the 
Company, consists of one production unit (approximately 111,000 square feet}, a 
laboratory (approximately 2,000 square feet) and an office (approximately 1,700 
square feet) , 

The Company's customer service and distribution operations are located at 
the New Iberia facility, while its quality control, testing and development 
functions operate out of both the New Iberia and Eufaula facilities. The Company 
owns distribution facilities in San Antonio, Texas, Rock Springs, Wyoming and 
Edmonton, Alberta, Canada. 

http://www.sec.gov/ Archives/edgar/data/1 009672/0000950134-98-002057 .txt 
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A high strength propping agent for use in hydraulic 
fracturing of subterranean formations comprising solid, 
sphe.rical particles having an alumina ·content of be· 
tween 40 and 60%, a density of less than 3.0 gm/cc and 
an ambient temperature permeability of 100,000 or.more 
millidarcies at 10,000 psi. 
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HYDRAULIC FRACI'URING PROPPING AGENT 

BACKGROUND OF THE INVENTION 

The present invention relates to propping "agents for 5 

use in hydraulic fracturing of subterranean formations 
surrounding oil wells, gas wells, and similar boreholes. 

Hydraulic fracturing is a well stimulation technique 
designed to increase the productivity of a well by creat­
ing highly conductive fractures or channels in the pro· 10 
ducing formation surrounding the well. The process 
normally involves two steps. First a fluid is injected into 
the well at a sufficient rate and pressure to rupture the 
formation thereby creating a crack (fracture) in the 
reservoir rock. Thereafter a particulate material (prop- 1 S 
ping agent) is placed into the formation to "prop" open 
the fracture. 

In order for well stimulation to occur, the propping 
agent must ha:ve sufficient mechanical strength to with~ 
stand the closure stresses exerted by the earth. If the 20 
propping agent is not strong enough to resist the earth's 
closure stresses, then the propping agent will tend to 
disintegrate thereby reducing the permeability of the 
propped fracture. 

On the other hand, the propping agent must also be 25 
inexpensive since large volumes of propping agent are 
used in a well stimulation treatment. For example, it 
takes 135,520 pounds of sintered bauxite propping agent 
to fill a 968 ft3 fracture. McDaniel et al., 11The Effect of 
Various Proppants and Proppant Mixtures on Fracture 30 
Permeability," SOCIETY OF PETROLEUM ENGI­
NEERS OF AIME, AIME Paper No. SPE 7573 (1978) 
at p. 4 (McDaniel et a!.) 

Because of its low cost, relative abundance and low 
density, sand is the ideal propping agent for hydraulic 35 
fracturing of low closure stress ( 4,000 psi or less) forma­
tions. While. specially screened (usual1y 20-40 mesh) 
high grade sand (e.g., Ottawa sand) can be used with 
higher closure stress formations, performance drops off 
drastically as stress increases, particularly above 8,000 40 
psi. At stresses of 10,000 psi and above even the highest 
grade sand is inadequate. 

Heretofore, the only propping agents known to be 
able to withstand closure pressures of 10,000 psi or 
greater was a high density sintered bauxite propping 45 
agent. Cooke, .. Hydraulic Fracturing with a High­
Strength Proppant", SOCIETY OF PETROLEUM 
ENGINEERS OF AIME, AIME Paper No. SPE 6213 
(1976); Jones et al., "Light Weight Proppants for Deep 
Gas Well Stimulation", submitted to Bartlesville En~ 50 
ergy Technology Center by Terra Tek, Inc., under 
Government Contract # DE·AC19-79BCI0038 (June 
1980) (Terra Tek paper); McDaniel et al. Described in 
U.S. Pat. No. 4,068,718 (Cooke et al.), this high strength 
propping agent consists of sintered bauxite particles 55 
having a specific gravity greater than 3.4. High density 
is described as a critical feature of this propping agent. 
According to Cooke et al., the high density is necessary 
to attain high strength and resist fragmentation under 
high stress levels. They explain that permeability drops 60 
off significantly when low density particles (specific 
gravity below 3.4) are used. (Col. 6, lines 6-35.) 

High grade alumina propping agents were also re­
ported to be able to withstand closure pressures of 
10,000 psi in U.S. Pat. No. 3,976,138 (Colpoys eta!.). 65 
This, however, has not been confirmed by independent 
investigators. In any event, the Colpoys et al. propping 
agent also consists of high density particles, i.e., specific 

2 
gravities of 3.40 and gr'eater. Although CoJpoys et al. 
describe a lower density low grade alumina propping 
agent as well, they do not report that this less preferred 
propping agent is able to withstand such severe condi­
tions. 

While the sintered bauxite propping agent is advanta­
geous in that it can withstand closure pressures of 
10,000 psi or greater, there are certain disadvantages 
associated with its use. On account of its high-density, it 
requires high viscosity fracturing fluids and/or high 
pumping rates along with low proppant concentration. 
This makes fracture control and high conductivity frac­
tures more difficult to obtain. (See Terra Tek paper at p. 
3.) Since the Colpoys et al. propping agent has a similar 
high density, the same problems would be expected to 
be associated with its use. Additionally, sintered bauxite 
is relatively expensive. The cost per pound of bauxite is 
ten to fifteen times that of sand. (See Terra Tek paper at 
pp. 2-3 and McDaniel et al. at p. 4.) Accordingly, there 
h~ been a defmite need for a lower density and less 
expensive propping agent having the mechanical 
strength to withstand closure pressures of 10,000 psi or 
greater. 

SUMMARY OF THE INVENTION 

It is, therefore, a main object of the present invention 
to provide a propping agent for hydraulic fracturing of 
subterranean formations which overcomes the above­
mentioned drawbacks. 

It is a more specific object of the present invention to 
provide a propping agent for hydraulic fracturing of 
subterranean· formations which has sufficient mechani­
cal strength to be able to withstand closure pressures of 
10,000 psi or greater but also has a density of less than 
3.0gm/cc. 

A further object of this invention is to p~ovide a 
propping agent for use in hydraulic fracturing of subter­
ranean formations which is less expensive than sintered 
bauxite propping agent. 

Another object of this invention is to provide a prop­
ping agent for use in hydraulic fracturing of subterra­
nean formations which requires lower viscosity fractur­
ing fluids and lower pumping rates than sintered bauxite 
propping agent. 

A still further object of this invention is to provide a 
propping agent for hydraulic fracturing of subterranean 
formations which facilitates fracture control and the 
obtaining of high conductivity fractures. 

An additional object of this invention is to provide an 
economical alternative to sand for medium closure 
stress (6,000-10,000 psi) subterranean formations. 

Additional objects and advantages of the invention 
will be set forth in part in·the description which follows, 
and in part will be obvious from the description, or may 
be learned by practice of the invention. The objects and 
advantages of the invention may be realized and ob­
tained by means of instrumentalities and combinations 
particularly pointed out in the appended claims. 

To achieve the objects, and in accordance with the 
purpose of the invention, as embodied and broadly 
described herein, the invention comprises a high­
strength propping agent for use in hydraulic fracturing 
of subterranean formations· comprising solid, spherical 
particles, the particles having an alumina content of 
between 40 and 60%, a density of less than 3.0 gm/cc, 
and an ambient temperature permeability of 100,000 or 
more millidarcies at 10,000 psi. 
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To further achieve the objects in accordance with the 

purpose of the invention as embodied and broadly de­
scribed herein, the invention comprises a hydraulic 
fracturing method in which a fluid is injected into a 
subterranean formation to open a fracture therein and a 5 
propping agent is placed in the formation to prop open 
the fracture, the propping agent being solid, spherical 
particles having an all:lmina content of between 40 and 
60%, a density of less than 3.0 gm/cc, and an ambient 
temperature permeability of a 100,000 or more millidar- lO 
cies at 10,000 psi. 

The foregoing and other objects, features, and advan­
tages of the present invention will be made more appar­
ent from the following description of the preferred 
embodiment. 15 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plot of permeability versus closure stress 
for samples of sintered bauxite, Ottawa sand and the 
propping agent of the present invention tested under 20 

laboratory conditions. 
FIG. 2 is a plot of conductivity decay from brine and 

high temperature exposure versus time for samples of 
sintered bauxite and the propping agent of the present 
invention tested under laboratory conditions. 25 

FIG. 3 is a plot of conductivity decay from brine and 
high temperature e.,"{posure versus time for samples of 
Ottawa sand and the propping agent of the present 
invention tested under laboratory conditions. 

FIG. 4 is a plot of conductivity versus closure stress 30 

at a flow rate of 1 Mscf/D for a concentration of 1 
lb/ft2 of the propping agent of the present invention and 
a concentration of 3 lb/ft2 of Ottawa sand tested under 
laboratory conditions. 

35 FIG. 5 is a plot of conductivity versus closure stress 
at a flow rate of 10 Mscf/D for a concentration of 1 
lb/ft2 of the propping agent of the present invention and 
a concentration of 3 lb/ft2 of Ottawa sand tested under 

Li2o 
Total 

·continued 
___Q&L 

100.00 

This material had a density of about 2.62-2.65 gm/cc. 
In a preferred embodiment, the propping agent parti· 

cles are made from Eufaula bauxite. The term "Eufaula 
bauxite" refers to a bauxltic·kaolin type material depos· 
ited in and around Eufaula, Ala. See Burst, J. F., "Ge· 
netic Relationship of the Andersonville, Georgia and 
Eufaula, Alabama Bauxitic·Kaolin Areas", Society of 
Mining Engineers, AIME Transactions, Vol. 246, pp. 
137-144 (June 1974), which is incorporated by refer· 
ence herein as background information. Preferably, the 
Eufaula bauxite wil1 contain at least some (above 5%) 
gibbsite. The greater the gibbsite content the higher the 
loss on ignition. Preferably, the loss on ignition will be 
between 14.5 and 20%. Good results have been ob· 
tained with a gibbsite content yielding a loss on ignition 
of about 17.1%. 

A small amount (up to 5%) of the Eufaula bauxite 
may be replaced with a crush strength enhancer se· 
lected from the group: nepheline syenite, fused bauxite 
dust, wollastonite, talc, and feldspar. Of these, nephe­
line syenite is the preferred crush strength enhancer. It 
is believed that addition of up to 5% of one of these 
crush strength enhancers will serve to impede cristobal· 
ite formation upon sintering of the raw material and 
thereby enhance the crushing strength of the final parti-
cles. 

The proppip.g agent particles of the present invention 
may be made by the methods disclosed in copending 
U.S. patent application No. 437,321 of Eugene Paul 
Lunghofer, Sten Mortensen, and Aubrey Ward, filed 
concurrently herewith on Oct. 28, 1982 for A Process 
For The Production Of Sintered Bauxite Spheres. As 
explained therein, an aqueous feed suspension compris· laboratory conditions. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Reference will now be made in detail to the present 

40 ing the bauxitic·kaolin type material and a suitable 
binder is prepared. The feed suspension is then continu~ 
ously atomized into a layer of already partly dried parti· 
cles fluidized in a stream of drying air. Particles are 
continually recovered from this layer and continuously 
separated into oversized, undersized, and product fracw 

preferred embodiments of the invention. 45 A high strength propping agent for use in hydraulic 
fracturing of subterranean formations surrounding oil 
wells, gas wens and similar boreholes in accordance 
with the present invention comprises solid, spherical 
particles having an alumina content of between 40 and 50 
60%, a density of less than 3.0 gm/cc, and an ambient 
temperature permeability of 100,000 or more millictarw 
cies at 10,000 psi. 

tions, making allowance for anticipated shrinkage in the 
subsequent sintering operation. Undersized fractions, 
relatively fine product fractions, ground product frac· 
tions, and ground oversized product fractions are con· 
tinuously recycled to the layer of fluidized particles at a 
substantial distap.ce (measured along the flow path of 
the particles) from the site where the recovery of such 
particles takes place. The non·recycled product frac· 
tions are dried and sintered. by heating at a temperature 
of between 1200' and 1650' C. 

Propping agents made from the above-described rna· 
terials and by the above·described methods will have a 
density of less than 3.0 gm/cc, thus, overcoming the 

For pur:poses of the present invention the propping 
agent particles should have an alumina (AhOJ) content 55 
of between 40 and 60%, preferably between 45.5 and 
60%, and a silica (Si02) content of between 36.5 and 
56.5%, preferably between 36.5 and 51%. Good results 
have been obtained with material having the following 
composition (calcined basis): 60 disadvantages associated with the high·density sintered 

bauxite propping agent described above. Moreover, 
contrary to the teachings of Cooke et al., the lower 
density propping agent of the present invention has 
sufficient mechanical strength to withstand closure 

Si(}z 
AI20J 
Ti(h 
F~03 
c,o 
MgO 
NazO 
K,o 

45.8 
50.1 
2.60 
0.70 
0,03 
0.04 
0.06 
0.05 

65 stresses of 10,000 psi or greater. The suitability of the 
propping agents of the present invention for such high 
closure stress applications is demonstrated by the com­
parative permeability testing described in Example I: 
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EXAMPLE !-Permeability 

The permeability of a 20-40 mesh sample of the prop­
ping agent of the present invention was compared to a 
·20-40 mesh sample of sintered bauxite propping agent 5 
of the type described by Cooke et al. The propping 
agent of the present invention bad the following com­
position (calcined basis): 

------------------------~---------10 Si02 45.80 
Al2DJ 50.70 
Ti02 2.60 
F~03 0.70 
CaD O.Q3 
MgO 0.04 15 
Na20 0.06 
K 2o 0.05 
LhO 20.02 
Total 100.00 

It had a density of about 2.62-2.65 gm/cc. The sintered 
20 

bauxite propping agent was a commercial product ob­
tained from The Norton Company. It had an alumina 
content of between 86 and 89% and a density of about 

on each sieve was then weighed to determine the per­
cent retained. The results were as follows: 

Percent Retained 

Propping 
Agent of API 

Sieve Present Sintered Specifications 
Size Invention Bauxite (Sand) 

16 0.00 0.00 o.oo 
20 0.00 8.33 
30 55.84 60.37 ) 3l 41.28 23.23 ~90.00 
40 2.82 7.66 
50 0.02 0.25 ) ;;;]! }.{)() 

PAN 0.01 O.Ql 

EXAMPLE 3-Sphericity and Roundness Evaluation 

Twenty particles of the materials tested in Example 1 
were visua11y examined for sphericity and roundness 
using Krumbein's and Sloss' chart for visual estimation 
of roundness and sphericity. The results were as fol­
lows: 

3.68-3.75 gm/cc. 25 ---::-:-------::-:--:-:---::---:---
Permeability was determined by pumping deionized Sample Sphericity Roundness 

water at a known rate through a known volume (70 ml 
loose) of each sample placed in a permeameter designed 
to stimulate a propped fracture. This was done at ambi-

Propping Agent of 
Present Invention 
Sintered Bauxite 

0.9 0.9 

0.9 0.9 
ent temperature and at various closure stesses between 30 --'.:::..:.:o:::::;;;;o:::::..:::::::::::.._ __ :::.:::... ___ ..::,:;.:. __ API Specification (Sand) ~0.6 ~0.6 

500 and 121000 psi. A constant value of closure stress 
was maintained by a hydraulic press. The pressure drop 
across the simulated fracture was recorded as was the 
propped fracture thickness for each closure stress. The 
test results are graphically illustrated in FIG. 1. For 35 
additional comparison, the results of permeability test­
ing on 20-40 mesh Ottawa sand is also plotted. 

The permeability of the Propping agent of the present 
invention decreases more rapidly with increasing clo­
sure stress than does the permeability of the sintered 40 
bauxite propping agent. Nevertheless, the propping 
agent of the present invention maintains a permeability 
of greater than 100,000 millidarcies at closure pressures 
of up to 10,000 psi. Even at 12,000 psi, the permeability 
of the propping agent of the present invention is still 45 
very high. These results indicate that the propping 
agent of the present invention is suitable for high clo­
sure stress gas and oil well applications. 

Examples 2-4 illustrate that the propping agent of the 
present invention also meets the American Petroleum so 
Institute's sand specifications for sieve analysis, spheric­
ity and roundness evaluation, and crush resistance, Al­
though Example 5 shows that the acid solubility of the 
propping agent of the present invention is just outside 
the American Petroleum Institute sand specifications, 55 
the brine exposure test reported in Examples 6 and 7 
shows that the propping agent of the present invention 
has corrosive resistance of the same order as both sin-
tered bauxite and Ottawa sand propping agents. (The 
American Petroleum Institute has not yet promulgated 60 
an officia1 specification for sintered bauxite propping 
agent.) 

EXAMPLE 2-Sieve Analysis 

Samples of 100.0 gm of the rDaterials tested in Exam- 65 
ple 1 were placed in a nest of sieves and shaken for 15 
minutes using sieve sizes recommended by American 
Petroleum Institute procedures. The sample remaining 

.EXAMPLE 4-Crush Resistance 

Forty-gram samples of a particular particle size of the 
matedals tested in Example 1 were isolated and placed 
in a test' cell. The cell was placed in a hydraulic ·press 
:u;td 12,500 pounds offeree was applied for two minutes. 
The samples were then sieved and the fmes collected 
and weighed. The results were as follows: 

Sample 

Propping Agent of 
Present Invention 
Sintered Bauxlte 
API Specification (Sand) 

Percent Crushable 

0.20 

0.25 
;;;1!8.00 

EXAMPLE 5-Acid Solubility 

Samples of the materials tested in Example 1 were 
dried to a constant weight and 5 gm. were weighed to 
the nearest 0.1 mg. The sample was treated with 100 mi. 
of 12% HCI-3% HF in a water bath at 65.6' C. for 
30-35 minutes. The samples were filtered, washed and 
dried to a constant weight. The weight loss was deter­
mined and computed as a percent. The results were as 
follows; 

Sample 

Propping Agent of 
Present Invention 
Sintered Bauxite 
API Specification (Sand) 

Percent Solubility 

2.99 

1.39 
<2.00 

(Because of the small sample size, the precision of this 
test is questionable. For example, other tests with sin­
tered bauxite propping agent have yielded a 7% acid 
solubility.) 
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EXAMPLE 6-Brine Exposure 

20-40 mesh samples of the materials tested iil Exam· 
pie 1 were placed in a test cell and heated to 250° F. For 
both propping agents, a concentration of 2 lb/ft2 were 5 
used. A liquid brine solution was pumped through the 
propping agent at a constant rate for a period of 24 
hours. The brine solution had the following ingredients: 
8% NaCI and 2.5% CaCJ. This solution was preheated 
to match the cell temperature of 250° F. The closure 10 
stress on the propping agents were maintained at a con­
stant level of 8,000 psi throughout the test. During the 
entire test, the pressure drop through the propping 
agent was recorded in order to determine the permea-
bility decay. 15 

The results of the conductivity decay over time for 
these two materials is shown in FIG. 2. The conductivi~ 
ties were normalized with respective initial conductivi~ 
ties to enable direct comparison. As can be seen from 
FIG. 2, the percent decay in the conductivity of the 20 
propping agent of the present invention was slightly less 
than that of the sintered bauxite propping agent. 

EXAMPLE 7-Brine Exposure 

Tests similar to that of Example 6 were run with 25 
20-40 mesh samples of the propping agent of the pres~ 
ent invention tested in Example 1 and Ottawa sand at 
4,000 psi. These results are graphically illustrated in 
FIG. 3. As can be seen from FIG. 3, the percent decay 
in conductivity is essentially identical for both the prop~ 30 
ping agent of the present invention and Ottawa sand. 

In addition to being useful in hydraulic fracturing of 
high closure stress (10,000 psi or greater) subterranean 
fonnations, the propping agent of the present invention 
is also useful for medium closure stress (6,000-10,000 35 
psi) applications. Not only will the propping agent of 
the present invention perform better than sand under 
such conditions, but also only one third as much prop~ 
ping agent is required. Thus, treatment of medium clo~ 
sure stress subterranean formations with the propping 40 
agent of the present invention is an economically feasi~ 
ble alternative to treatment with sand. Examples 8~ 10 
illustrate the comparative effectiveness of the propping 
agent of the present invention and Ottawa sand at a 
concentration ratio of 1:3. 45 

EXAMPLES 
20-40 mesh samples of the propping agent of the 

present invention tested in Example 1 and Ottawa sand 
were placed in a test cell and heated to 250° F. at a 50 
closure stress of 1,000 psi. Preheated nitrogen at 100 psi 
was passed through th~ sample during this period. 
When the target test temperature was reached, gas flow 
rates were varied to produce superficial velocities from 
1 em/sec to 30 em/sec. Gas temperatures at entrance 55 
and exit of cell along with cell temperature were re~ 
corded. Gas flow rate, sample height and pressure drop 
along 10 em. cell length was measured. Each flow was 
alJowed to reach steady state conditions before pro~ 
ceeding to the next flow rate. The above flow ranges 60 
were repeated for closure stresses of 2,000, 4,000, 6,000, 
8,000 and 10,000 psi. The data was then analyzed pro· 
ducing values at each closure stress for Darcy ·permea~ 
bility and conductivity at various flow rates, turbulence 
factor and absolute permeability. Flow rates were con~ 65 
trolled by use of a metering valve placed at the exit of 
the celJ, thus allowing test pressure to be controlled. 
Flow rates were measur~d at atmospheric conditions by 

a thermal flowmeter at high and medium rates and a 
rotameter for low flow rates. Gas flow rate and denshy 
at test conditions was calculated from atmospheric mea· 
surements assuming ideal gas behavior and using an 
average gas temperature pressure in the cell. 

Tests were conducted using the propping agent of the 
present invention at concentrations of 0.5, 1.0 and 1.5 
lb/ft2, and Ottawa sand at concentrations of 1.5, 3.0 and 
4.5 Ib/ft2. For the propping agent of the present inven~ 
tion the following results were obtained: 

Con- Clo- Turbulence Con- Predicted 
"'n- '""' Factor due· Permea- "'"' tration Stress (atm - sec2 tivity bility {:lim ·~' (lb/ft2) (psi) gm) (md/ft) (md) gm) 

0.5 6,000 480 
1.0 ~000 2.3 x to-J 1,550 139,000 1.3 x w-3 

1.5 ~000 1.5 x w-3 2,270 139,000 L3 x w-J 
0.5 8,000 210 
1.0 8,000 2.9 x to-3 1,030 89,300 2.6 x to-J 
1.5 8,000 2.0 X 10-J 1,210 78,000 3.2 x w-3 

0.5 10.000 170 
1.0 10,000 5.7 x 1o-3 520 52,600 6.o x to-3 

1.5 10,000 3.1 x to-J 150 55,000 5.5 x w-3 

(Due to the difficulty of measuring sample height at low 
proppant concentrations, the permeability and turbu· 
lence factors for 0.5 lb/ft2 testS are not reported.) 

For Ottawa sand, the following data was obtained: 

Con- Clo· Turbulence Con- Predicted 
een· sure Factor due- Perrnea· Beta 
tration Stress (atm- secl tivity bility !atm ,.,, 
(lb/ft2) (psi) gm) (md/ft) (md) gm) 

1.5 6,000 600 
3.0 6,000 3.1 x ao-J 1,070 44,000 1.1 x w-J 
4.5 6,000 3.3 x w-3 2,000 106,300 2.0 x w-J 
1.5 8,000 180 
3.0 8,000 2.os x w-2 550 22,520 2.2 x w-2 

4.5 8,000 7.6 X 1-J 600 18,500 2.9 x w-2 

1.5 10,000 100 
3.0 10,000 6.91 x w-2 200 8,620 9.6 x w-2 

4.5 10,000 1.0 x ro-2 280 10,700 6.8 x w-2 

Because the effect of turbulence becomes more pre· 
dominant at increasing velocities, it is not sufficient to 
compare absolute penneabilities and conductivities 
alone. Therefore, FIGS. 4 and 5 show Darcy conduc­
tivity at two different velocities, which would be en~ 
countered in fractured wells producing approximately 
1,000 Mscf/D to 10,000 Mscf/D. These figures illus~ 
trate that at low flow rates the propping agent of the 
present invention. possesses a conductivity exceeding 
that of three times the concentration of sand at 6,000 psi 
and above, and at higher flow rates the propping agent 
of the present invention has a conductivity exceeding 
that of three times the concentration of sand at 6,500 psi 
and above. 

EXAMPLE9 

20~40 mesh samples of the propping agent of the 
present invention tested in Example 1 and Ottawa sand 
were placed in a test cell in concentrations of I lb/ft2 
and 3 lb/ft2, respectively. The test cell was set up as in 
Example 8. The closure stress was brought to 4,000 psi 
and the temperature of the cell increased to 250° F. 
Preheated nitrogen was flowed through the propping 
agent as previously described to determine the initial 
conductivity. Next, a solution of fracturing fluid, bra· 
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10 
ken with an enzyme breaker, was pumped through the 
propping agent at a low, constant rate for a period of 
four hours. This simulated the initiation of the clean-up 
process. The fluid was preheated to approximately 250° 
F. The same volume of the broken fluid was pumped for 5 
each test. This was followed by preheated nitrogen to 
continue the simulation of the clean-up process. Pres­
sure drop through the sample was monitored until it 
became a constant. At this time, various flow rates of 

~. 

1. New pay thickness= 125ft. 
2. Initial closure stress=8000 psi 
3. Initial reservoir pressure=4000 psi 
4. Gas gravity=0.68 
5. Well spacing=640 acres 
6. Minimum surface flowing pressure= 1000 psi 
The sensitivity to (!) formation permeability, (2) 

proppant permeability damage by fluid residue, and (3) 
fracture length are presented in Table 1: 

Cumulative Production Im!!:rovement 

@ 1 ;tear @ 7 :tears @ 15 ;tears 

MMSCF % MMSCF % MMSCF % 

Formation Perm = 0.008 md, 0 0 10 0.2 93 1.6 
Frac Length = 1600 ft. 
No Damage 
Initial Q = 3.5 MMSCF/D 

~ 
Formation Perm = 0.1 md, 0 0 533 6.9 925 7.3 
Frac Length = 1600 ft. 
75% Damage 
Initial Q = 3.5 MMSCF/D 
Case 3: 

Formation Perm = 0.1 md, 0 0 liS 3.8 775 5.7 
Frac Length = 1100 ft. 
50% Damage 
Initial Q = 3.5 MMSCF/D 
Case 4: 
Formation Perm = 0.008 md, 0 0 14 0.4 II 0.33 
Frac Length = 1600 ft. 
No Damage 
Initial Q = 2 MMSCF/D 

nitrogen were used to determine the fmal permeability. 
The results were as follows: 

Conductivity (darcy·ft) 
Propping Agent Initial Final 

Propping Agent of 1.46 0.20 
Present Invention 
Ottawa Sand 2.62 0.18 

35 

40 

The initial conductivities correspond to measure­
ments made prior to pumping the broken fracturing 
fluid, The final conductivities were measured after resi- 45 
due damage by the broken fracturing fluid had been 
accomplished. It is evident from these results that a 
very large amount of damage occurred in both tests. 
However, it is interesting to note that even though the 
conductivity of the propping agent of the present inven- 50 
tion was initially much less than the Ottawa sand, the 
final conductivities were essentially equal. This indi­
cates that less damage was actually incurred on the 
propping agent of the present invention than on the 
Ottawa sand. 55 

EXAMPLE 10 

Several cases were run on a single phase, two-dimen­
sional, fmite difference reservoir simulator. The effects 
of both formation properties and fracture properties 60 
were studied. For each set of formation and fracture 
properties, two cases were run: one with Ottawa sand as 
propping agent and another with the propping agent of 
the present invention tested in Example 1. The propping 
agent of the present invention was used at a 1:3 ratio (by 65 
weight) compared to Ottawa sand. The foilowing prop­
erties were held constant for all simulations presented 
here: 

EXAMPLE 11 

This Example illustrates a method of making the 
hydraulic fracturing propping agents of the present 
invention. It is also recorded as Example 3 of co-pend­
ing U.S. pat. application No. 437,321 of Eugene Paul 
Lunghofer, Sten Mortensen, and Aubrey Ward, flied 
concurrently herewith on Oct. ·28, 1982 for A Process 
For The Production Of Sintered Bauxite Spheres. 

The starting material in this example is a bauxitic~kao­
lin ore from Eufaula, Ala. having the following analysis 
by weight after ignition at 800' C.: AJ,o, 50. 7%; Si02 
45.8%; Ti02 2.60%; Fe203 0. 71 %; with the remainder 
being alkali and alkali-earth metal oxides. An aqueous 
dispersion of the material as mined is prepared using ball 
milling or mechanical agitation and addition of 0.25% 
<~DAR VAN C11 or 0.2% sodium pyrophosphate. Water 
is added to a solids content of 45%. The pH is adjusted 
with NaOH to above 8 to insure complete defloccula­
tion and low viscosity. 0.75% "GELVATOL" 20/30 is 
added as a temporary binder. 

This feed, in an amount of 4,000 kg/hour, is passed 
through pressure nozzles in a fluid bed unit having a 
fluidizing area of3 m.2. The velocity of the fluidizing air 
is 1.2 m/sec, the inlet temperature of the air is 550° C., 
and the outlet temperature of the air is 70° C. Recycled 
material introduced through a powder inlet amounts to 
1700 kg/hour. The height of th"e fluidized particle layer 
is approximately 35 em. The average residence time of 
the particles in the fluidized layer is about 15 minutes. 

Material is withdrawn in a quantity of 3400 kg/hour, 
which by sieving is separated into: an oversized fraction 
having a particle size of about 2.1 mm (50 kg!hour)j a 
course product fraction having a particle size of be­
tween 1.2 and 2.1 mm (300 kg!hr); a fine product frac-
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It will be apparent to those skilled in the art that 
various modifications and variations can be made in the 
present invention without departing from the scope or 
spirit of the invention. Thus, it is intended that the pres-

tion having a particle size of between 0.6 and 1.2 mm 
(2450 kg/hour)i and an undersized fraction having a 
particle size below 0.6 mm (600 kg/hour). Also in a bag 
filter collector unit 300 kg/hour entrained particles are 
collected and recycled to the tank holding the feed. 

The total amount of the oversized fraction together 
with 400 kg/hour of the fine product fraction is ground 

S ent invention cover the modifications and variations of 
this invention provided that they come within the scope 
of the appended claims and their equivalents. · 

What is claimed is: 
1. In a hydraulic fracturing method in which a fluid is in a grinding unit having a sieve of mesh size 3,000 

microns, and together with the undersized fraction is 
lead to the fluid bed unit as seed or nuclei particles. 650 
kg/hour of the fme product fraction is recycled without 
prior grinding. 

10 injected into a subterranean formatiOn to open a frac­
ture therein, the improvement wherein said fracture is 
propped open with a high strength propping agent com­
prising solid, spherical particles, said particles having an 
alumina content of between 40 and 60%, a density of The remaining material from the product fractions is 

led through an oven in which the remaining moisture 
and organic additions (approximately 4% by weight) 
are removed. The material is then sintered in a rotary 
kiln at a temperature of approximately 1500° C. for 
approximately 10 minutes. The sintered particles are 20 
then subjected to a further sieving operation to assure 
that substantially all of the product has the appropriate 
particle size. 

15 less than 3.0 gm/cc, and an ambient temperature perme­
ability of 100,000 or more millidarcies at 10,000 psi. 

25 

30 

35 

45 

50 

55 

60 

65 

2. The hydraulic fracturing method of claim 1 
wherein the subterranean formation is a high closure 
stress (10,000 psi or greater) formation. 

3. The hydraulic fracturing method of claim 1 
wherein the subterranean formation is a medium closure 
stress (6,000-10,000 psi) formation. 

• • * * • 
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PART I 

ITEM 1. BUSINESS 

GENERAL 

CARBO Ceramics Inc. ("the Company"} was formed in 1987 to acquire the 
assets of Standard Oil Proppants Company, LP, a joint venture between two 
ceramic proppant manufacturers. Since its founding in 1987, CARBO Ceramics has 
become the world's largest producer and supplier of ceramic proppant for use in 
the hydraulic fracturing of natural gas and oil wells. Demand for ceramic 
proppant depends primarily upon the demand for natural gas and oil and on the 
number of natural gas and oil wells drilled, completed or recompleted worldwide. 
More specifically, the demand for ceramic proppant is dependent on the number of 
oil and gas wells that are hydraulically fractured to stimulate production. 

Hydraulic fracturing is the most widely used method of increasing 
production from oil and gas wells. The hydraulic fracturing process consists of 
pumping fluids down a natural gas or oil well at pressures sufficient to create 
fractures in the hydrocarbon-bearing rock formation. A granular material, called 
proppant, is suspended and transported in the fluid and fills the fracture, 
"propping" it open once high-pressure pumping stops. The proppant-filled 
fracture creates a permeable channel through which the hydrocarbons can flow 
more freely from the formation to the well and then to the surface. 

There are three primary types of proppant that can be utilized in the 
hydraulic fracturing process: sand, resin-coated sand and ceramic. Sand is the 
least expensive proppant, resin-coated sand is more expensive and ceramic 
proppant is typically the highest cost. The higher initial cost of ceramic 
proppant is justified by the fact that the use of these proppants in certain 
well conditions results in increased production of oil and gas and increased 
cash flow for the operators of oil and gas wells. The increased production rates 
are primarily attributable to the higher strength and more uniform size and 
shape of ceramic proppant versus alternative materials. 

Based on the Company's internally generated market information and 
information contained in the United States Geological Survey Minerals Yearbook, 
the Company estimates that it supplies approximately 56% of the ceramic proppant 
and 9% of all proppant used worldwide. During the year ended December 31, 2002, 
the Company generated approximately 70% of its revenues in the U.S. and 30% in 
international markets. 

In May 2002, the Company expanded its business through the acquisition of 
Pinnacle Technologies, Inc. ("Pinnacle"}, Pinnacle is the world's leading 
provider of fracture mapping services, and its fracture simulation software 
FracproPT{R} is the most widely used model in the world. For the year ended 
December 31, 2002, Pinnacle accounted for less than 5% of the Company's total 
revenues. 

PRODUCTS 

The Company manufactures four distinct ceramic proppants. CARBOHSP(TM}2000 
and CARBOPROP(Rl are premium priced, high strength proppants designed primarily 
for use in deep gas wells. CARBOHSP{TM)2000 was introduced in January 2000 and 
is an improved version of CARBOHSP(TM}, which was introduced in 1979 as the 
original ceramic proppant. CARBOHSP(TM}2000 has the highest strength of the 
ceramic proppant manufactured by CARBO Ceramics and is used primarily in the 
fracturing of deep gas wells. CARBOPROP(R), which was introduced by the Company 
in 1982, is slightly lower in weight and strength than CARBOHSP{TM)2000 and was 
developed for use in deep gas wells that do not require the strength of 
CARBOHSPCTMJ2000. 

The CARBOLITE{R) and CARBOECONOPROP(R) products are lightweight proppants 
designed for use in gas wells of moderate depth and shallower oil wells. 
CARBOLITE(Rl, introduced in 1984, is used in medium depth oil and gas wells, 
where the additional strength of ceramic proppant may not be essential, but 
where higher production rates can be achieved due to the product's roundness and 
uniform grain size. CARBOECONOPROP{R}, introduced in 1992 to compete directly 
with sand-based proppant, has been the Company's lowest priced and fastest 
growing product. The introduction of CARBOECONOPROP{R} has resulted in ceramic 
proppant being used by operators of oil and gas wells that had not previously 
used 

1 
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ceramics. The Company believes that many of the users of CARBOECONOPROP(R} had 
previously used sand or resin-coated sand. 

COMPETITION AND MARKET SHARE 
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The Company's chief worldwide competitor is Norton Proppants ("Norton"), 
Norton is owned by Compagnie de Saint-Gobain, a large French glass and materials 
company. Norton manufactures ceramic proppants that directly compete with each 
of the Company's products. In addition, Mineracao Curimbaba ("Curimbaba"), based 
in Brazil, manufactures a sintered bauxite product similar to the Company's 
CARBOHSP(TM), which is marketed in the United States under the name 
"Sinterball". Curimbaba has notified the Company that it intends to introduce an 
intermediate strength ceramic proppant similar to the Company's CARBOPROP(Rl 
although the Company believes that it would be difficult for Curimbaba to 
introduce such a product that does not infringe patents held by the Company and 
Norton. The Company believes that Curimbaba has not expanded its U.S. product 
line to include a lightweight ceramic proppant and is unlikely to do so in light 
of patents held by the Company. The Company is also aware of Borovichi 
Refractories, a manufacturer of ceramic proppant located in Russia about which 
the Company has limited information. The Company believes that Borovichi to date 
has sold its product solely within Russia. 

Competition for CARBOHSP(TM)2000 and CARBOPROP(R) principally includes 
ceramic proppant manufactured by Norton and Curimbaba. The Company's 
CARBOLITE(R) and CARBOECONOPROP(R) products compete with ceramic proppant 
produced by Norton and with sand-based proppant for use in the hydraulic 
fracturing of medium depth natural gas and oil wells. The leading suppliers of 
mined sand are Unimin Corp., Badger Mining Corp., Fairmount Minerals Limited, 
Inc. and Ogelbay-Norton Company. The leading suppliers of resin-coated sand are 
Borden Chemical, Inc. Oilfield Products Group and Santrol, a subsidiary of 
Fairmount Minerals. 

The Company believes that the most significant factors that influence a 
customer's decision to purchase the Company's products are (i) price/performance 
ratio, (ii) on-time delivery performance, (iii) technical support and (iv) 
proppant availability. The Company believes that its products are competitively 
priced and that its delivery performance is excellent. The Company also believes 
that its superior technical support has enabled it to persuade customers to use 
ceramic proppant in an increasingly broad range of applications and thus 
increased the overall market for the Company's products. Since 1993, the Company 
has consistently expanded its manufacturing capacity and plans to continue its 
strategy of adding capacity to meet anticipated future increases in sales 
demand, 

The Company continually conducts testing and development activities with 
respect to alternative raw materials to be used in the Company's existing and 
alternative production methods. The Company is not aware of the development of 
alternative products for use as proppant in the hydraulic fracturing process. 
The Company believes that the main barriers to entry for additional competitors 
are the patent rights held by the Company and certain of its current 
competitors, the "know-how" and trade secrets necessary to manufacture a 
competitive product and the capital costs involved in building production 
facilities of sufficient size to be operated efficiently. 

CUSTOMERS AND MARKETING 

The Company's largest customers are, in alphabetical order, BJ Services 
Company, Halliburton Energy Services, Inc. and Schlumberger, the three largest 
participants in the worldwide petroleum pressure pumping industry. These 
companies collectively accounted for approximately 79% of the Company's 2002 
revenues and approximately 81% of the Company's 2001 revenues. However, the end 
users of the Company's products are the operators of natural gas and oil wells 
that hire the pressure pumping service companies to hydraulically fracture 
wells. The Company works both with the pressure pumping service companies and 
directly with the operators of natural gas and oil wells to present the 
technical and economic advantages of using ceramic proppant. The Company 
generally supplies its customers with products on a just-in-time basis, with 
transactions governed by individual purchase orders. Continuing sales of product 
depend on the Company's direct customers and the well operators being satisfied 
with both product quality and delivery performance. 

2 
<PAGE> 

The Company recognizes the importance of a technical marketing program when 
selling a product that offers financial benefits over time but is initially more 
costly than alternative products. The Company must market its products both to 
its direct customers and to owners and operators of natural gas and oil wells. 
The Company's sales and marketing staff regularly calls on and keeps close 
contact with the people who are influential in the proppant purchasing decision: 
production companies, regional offices of oilfield service companies that offer 
pressure pumping services and various completion engineering consultants. 
Beginning in 1999, the Company increased its marketing efforts to production 
companies. The Company expanded its technical sales force in recent years and 
plans to continue to increase its efforts to educate end users on the benefits 
of using ceramic proppant. While the company's products have historically been 
used in very deep wells that require high-strength proppant, the Company 
believes that there is economic benefit to well operators of using ceramic 
proppant in shallower wells that do not necessarily require a high-strength 
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proppant. The Company believes that its education-based technical marketing 
efforts will allow it to capture a greater portion of the large market for 
sand-based proppant over time. The Company currently provides a variety of 
technical support services and has developed computer software that models the 
return on investment achievable by using the Company's ceramic proppant versus 
other proppant in the hydraulic fracturing of a natural gas or oil well. 

The Company's worldwide sales and marketing activities are coordinated by 
its North American and International Marketing Managers. The Company's export 
marketing efforts in 2002 were conducted through its sales office in Aberdeen, 
Scotland and through commissioned sales agents located in South America, China 
and Australia. 

The Company's products and services are used worldwide by U.S. customers 
operating abroad and by foreign customers. Sales outside the United States 
accounted for 30%, 27% and 37% of the Company's sales for 2002, 2001 and 2000, 
respectively. The distribution of the Company's export and domestic revenues is 
shown below, based upon the region in which the customer used the products and 
services: 

<Table> 
<Caption> 
LOCATION 2002 2001 2000 

( $ IN MILLIONS l 
<S> <C> 
United States ...................... , ..... ,, ...... , .. ,, ... ,,, $ 88.0 
International ... , .. , , , .. , ................................. , . 38.3 

Total ............................................. $126.3 

</Table> 

DISTRIBUTION 

<C> 
$100.4 

36.8 

$137.2 

The Company maintains finished goods inventories at its plants in New 
Iberia, Louisiana, Eufaula, Alabama, and Mcintyre, Georgia, and at eleven remote 
stocking facilities located in Rock Springs, Wyoming; Oklahoma City, Oklahoma; 
San Antonio, Texas; Fairbanks, Alaska; Edmonton, Alberta, Canada; Grande 
Prairie, Alberta, Canada; Rotterdam, The Netherlands; Jebel Ali, United Arab 
Emirates; Adelaide, Australia; Shanghai, China; and Singapore. The North 
American remote stocking facilities consist of bulk storage silos with truck 
trailer loading facilities. The Company owns the facilities in San Antonio, Rock 
Springs, Edmonton and Grande Prairie and subcontracts the operation of the 
facilities and transportation to a local trucking company in each location. The 
remaining North American stocking facilities are owned and operated by local 
companies under contract with the Company. International sites are duty-free 
warehouses operated by independent owners. North American sites are typically 
supplied by rail and international sites are typically supplied by container 
ship. In total, the Company leases 216 rail cars for use in the distribution of 
its products. The price of the Company's products sold for delivery in the lower 
48 United States and Canada includes just-in-time delivery of proppant to the 
operator's well site, which eliminates the need for customers to maintain an 
inventory of ceramic proppant. 

RAW MATERIALS 

Ceramic proppant is made from alumina-bearing ores (commonly referred to as 
bauxite, bauxitic clay or kaolin, depending on the alumina content), that are 
readily available on the world market. Bauxite is largely 

3 
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used in the production of aluminum metal, refractory material and abrasives. The 
main deposits of alumina-bearing ores in the United States are in Arkansas, 
Alabama and Georgia; other economically mineable deposits are located in 
Australia, Brazil, China, Jamaica, Russia and Surinam. 

For the production of CARBOHSP(TM)2000, the Company uses calcined, 
abrasive-grade bauxite imported from Australia, and typically purchases its 
annual requirements at the seller's current prices. The Company has entered into 
an agreement with a supplier to supply its anticipated need for this ore through 
2005. For the production of CARBOPROP(R), the Company uses a variety of 
materials that meet specific chemical and mineralogical requirements. Raw 
material for the production of CARBOPROP(R) may be either as-mined bauxitic 
clays or a blend of bauxite and kaolin, either of which is readily available to 
the Company at sellers' current prices or through long-term contracts. 

The Company's Eufaula facility exclusively employs locally mined uncalcined 
kaolin for the production of CARBOLITE(R) and CARBOECONOPROP(R). The Company has 
entered into a contract that requires a supplier to sell to the Company up to 
200,000 net tons of kaolin per year and the Company to purchase from the 
supplier 80% of the Eufaula facility's annual kaolin requirements through 2003. 
This agreement, which had an original term of ten years, stipulates a fixed 

<C> 
$58.9 
34.4 

$93.3 
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price, subject to annual adjustment. A renewal or extension of this agreement is 
currently being negotiated. 

The Company's production facility in Mcintyre, Georgia uses locally mined 
uncalcined kaolin for the production of CARBOECONOPROP(R). During 2002, the 
Company acquired on both a fee simple and leasehold basis, acreage in Wilkinson 
County, Georgia which contains approximately 13 million tons of raw material 
suitable for production of CARBOLITE(R) and CARBOECONOPROP(R). At current 
production rates, the acquired raw material would supply the needs of the 
Mcintyre facility for a period in excess of 100 years. The Company is currently 
evaluating the suitability of the raw material for the production of 
CARBOLITE(R) and CARBOECONOPROP(R) at its Eufaula, Alabama facility. The Company 
has entered into a long-term agreement with a third party to mine and transport 
this material at a fixed price subject to annual adjustment. The agreement 
requires the Company to utilize the third party to mine and transport at least 
80% of the Mcintyre facility's annual kaolin requirement. 

The Company's production facility in Luoyang, China uses locally mined 
uncalcined kaolin and bauxite for the production of CARBOPROP(R) and 
CARBOLITE(R), Each of these materials is purchased under long term contracts 
with a minimum term of five years. The contracts stipulate a fixed price subject 
to annual adjustment. Under the terms of the agreements, the Company has an 
obligation to purchase, in total, a minimum of 10,000 metric tons per year. 

PRODUCTION PROCESS 

Ceramic proppants are made by grinding or dispersing ore to a fine powder, 
combining the powder into small, green (i.e., unfired) pellets and sintering the 
pellets at 2,SOO{LOGO)F to 3,000(LOGO)F in a rotary kiln. 

The Company uses two different methods to produce ceramic proppant. The 
Company's plants in New Iberia, Louisiana, Mcintyre, Georgia, and Luoyang, China 
use a dry process (the "Dry Process") which starts with bauxite, bauxitic clay 
or kaolin that has been dried to remove both free water and water which was 
chemically bound within the ore. This drying process is referred to as 
calcining. The Company has calcining facilities at its Mcintyre, Georgia and 
Luoyang, China plants. Once the raw material is calcined, the ore is ground to a 
very fine powder. Pellets are then formed by combining the powder with water and 
binders and introducing the mixture into high-shear mixers. The process is 
completed once these pellets are sintered in a rotary kiln. The Company believes 
its competitors also use the Dry Process to produce ceramic proppant. 

The Company's plant in Eufaula, Alabama, uses a wet process {the "Wet 
Process"), which starts with moist, uncalcined kaolin from local mines. The 
kaolin is dispersed with chemicals in a water slurry. With an atomizer, the 
slurry is sprayed into a dryer that causes the slurry to harden into green 
pellets. These green pellets are then sintered in rotary kilns. The Company 
believes that the Wet Process is unique to its plant in Eufaula, Alabama. 

4 
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PATENT PROTECTION 

The Company makes ceramic proppant by processes and techniques that involve 
a high degree of proprietary technology, some of which are protected by patents. 

The Company owns six U.S. patents and three foreign patents. Two of these 
u.s. patents and two of these foreign patents relate to the CARBOPROP(R) 
product. One of these U.S. patents and one of these foreign patents relate to 
the CARBOLITE(R) and CARBOECONOPROP(R) products. The Company's U.S. patents 
relating to the CARBOPROP(R) product expire in 2006. The Company's U.S. patent 
relating to the CARBOLITE(R) and CARBOECONOPROP(R)products expire in 2009. The 
three foreign patents cover various products in Canada, Mexico and Argentina and 
do not have a significant effect on the Company's business. 

The Company believes that its patents have been and will continue to be 
important in enabling the Company to compete in the market to supply proppant to 
the natural gas and oil industry. The Company intends to enforce and has in the 
past vigorously enforced its patents. The Company may be involved from time to 
time in the future, as it has been in the past, in litigation to determine the 
enforceability, scope and validity of its patent rights. Past disputes with its 
main competitor have been resolved in settlements that permit the Company to 
continue to benefit fully from its patent rights. The Company and this 
competitor have cross-licensed certain of their respective patents relating to 
intermediate and low density proppant on both a royalty-free and royalty-bearing 
basis. Royalties under these licenses are not material to the Company's 
financial results. As a result of these cross licensing arrangements, the 
Company is able to produce a broad range of ceramic proppant while third parties 
are unlikely to be able to produce certain of these ceramic proppant without 
infringing on the patent rights held by the Company, its main competitor or 
both. 

Pinnacle owns one U.S. patent application (together with a number of 
counterparts to that application in numerous foreign jurisdictions) that covers 
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certain of its proprietary systems. The patent application is in the early 
stages of the patent prosecution process, and a patent may not issue on such 
application in any jurisdiction for some time, if it issues at all. Pinnacle 
also licenses several patents from third parties for use in its business. In 
addition to patent rights, Pinnacle uses a significant amount of know-how and 
other proprietary technology in the conduct of its business, and a substantial 
portion of this know-how and technology is licensed by Pinnacle from third 
parties. 

PRODUCTION CAPACITY 

The Company believes that constructing adequate capacity ahead of demand 
while incorporating new technology to reduce manufacturing costs are important 
competitive strategies to increase its overall share of the market for proppant. 
Prior to 1993, the Company's production capacity was substantially in excess of 
its sales requirements. Since that time, the Company has been expanding its 
capacity in order to meet the generally increasing demand for its products. In 
1993, the Company increased the capacity of the Eufaula facility from 90 million 
pounds per year to 170 million pounds per year, in response to the increasing 
demand for the Company's CARBOLITE(R) and CARBOECONOPROP(R) products. In 1995, 
the Company completed a 40 million-pound per year capacity expansion at the New 
Iberia facility, intended to meet increasing demand for CARBOHSP(TM) and 
CARBOPROP(R). In 1996, the Company commenced operation of its second 80 
million-pound per year expansion of the Eufaula plant bringing total capacity at 
the facility to 250 million pounds per year. In late 2002, the Company installed 
additional equipment in its New Iberia facility to increase production and 
provide additional capacity for research and development work. Upon completion 
of the New Iberia project in early 2003, total annual capacity at the facility 
will be 120 million pounds. 

In June 1999, the Company substantially completed construction of a new 
manufacturing facility in Mcintyre, Georgia. Design capacity of the plant is 200 
million pounds per year and the total initial cost of the plant was 
approximately $60 million. The plant consists of two distinct production lines 
housed in a single building. Initial production was generated from the first 
production line in June 1999 and full design throughput was achieved on that 
line in November 1999. Initial production from the second production line began 
in December 1999 and the plant operated at approximately 61% of its design 
capacity in 2000 and 88% in 2001. During 2002, the Company spent approximately 
$15 million to expand the capacity of the Mcintyre facility. Total spending for 
this project is projected to be approximately $17 million. Upon the anticipated 
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completion of this expansion project in early 2003, total annual capacity at the 
Mcintyre facility is expected to be 275 million pounds. 

In September 2002, the Company completed construction of a new 
manufacturing facility in Luoyang, China. The plant began operation on schedule 
in the fourth quarter of 2002. The total cost of the plant was approximately $10 
million and the plant is expected to have annual production capacity of 40 
million pounds. The first saleable product was produced from the plant in 
January 2003. 

The following table sets forth the expected capacity of each of the 
Company's existing manufacturing facilities following completion of the 
expansions described above: 

<Table> 
<Caption> 

LOCATION 
ANNUAL 

CAPACITY 

(MILLIONS OF 
POUNDS) 

<S> <C> 
New Iberia, Louisiana......... 120 

Eufaula, Alabama.............. 250 

Mcintyre, Georgia............. 275 

Luoyang, China................ 40 
</Table> 

PRODUCTS 

<C> 
CARBOHSP(TM)2000 and 
CARBOPROP ( R) 
CARBOLITE ( R) and 
CARBOECONOPROP ( Rl 
CARBOLITE ( R), 
CARBOECONOPROP (R) 
CARBOHSP(TM)2000 and 
CARBOPROP (R) 
CARBOPROP(R) and CARBOLITE(R) 

The Company generally supplies its customers with products on a 
just-in-time basis and operates without any material backlog. 

ENVIRONMENTAL AND OTHER GOVERNMENTAL REGULATIONS 

The Company believes that its operations are in substantial compliance with 
applicable federal, state and local environmental and safety laws and 
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regulations. The Company does not anticipate any significant expenditures in 
order to continue to comply with such laws and regulations. 

EMPLOYEES 

At December 31, 2002, the Company had 319 full-time employees. In addition 
to the services of its employees, the Company employs the services of 
consultants as required. The Company's employees are not represented by labor 
unions. There have been no work stoppages or strikes during the last three years 
that have resulted in the loss of production or production delays. The Company 
believes its relations with its employees are satisfactory. 

FORWARD-LOOKING INFORMATION 

The Private Securities Litigation Reform Act of 1995 provides a "safe 
harbor" for forward-looking statements. This Form 10-K, the Company's Annual 
Report to Shareholders, any Form 10-Q or any Form 8-K of the Company or any 
other written or oral statements made by or on behalf of the Company may include 
forward-looking statements which reflect the Company's current views with 
respect to future events and financial performance. The words "believe", 
"expect", "anticipate", "project" and similar expressions identify 
forward-looking statements. Readers are cautioned not to place undue reliance on 
these forward-looking statements, each of which speaks only as of the date the 
statement was made. The Company undertakes no obligation to publicly update or 
revise any forward-looking statements, whether as a result of new information, 
future events or otherwise. The Company's forward-looking statements are based 
on assumptions that we believe to be reasonable but that may not prove to be 
accurate. All of the Company's forward-looking information is subject to risks 
and uncertainties that could cause actual results to differ materially from the 
results expected. Although it is not possible to identify all factors, these 
risks and uncertainties include the risk factors discussed below. 

The Company's results of operations could be adversely affected if its 
business assumptions do not prove to be accurate or if adverse changes occur in 
the Company's buSiness environment, including but not limited to the potential 
declines in the demand for oil and natural gas; potential declines or increased 
volatility in oil 
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and natural gas prices that would adversely affect our customers, the energy 
industry or our production costs; potential reductions in spending on 
exploration and development drilling in the oil and natural gas industry that 
would reduce demand for our products and services; the development of 
alternative stimulation techniques; and the development of alternative proppants 
for use in hydraulic fracturing. The Company's results of operations could also 
be adversely affected if adverse changes occur in general global economic and 
business conditions or as a result of worldwide economic, political and military 
events, including war, terrorist activity or initiatives by the Organization of 
the Petroleum Exporting Countries. 

AVAILABLE INFORMATION 

The Company's annual reports on Form 10-K, quarterly reports on Form 10-Q, 
current reports on Form 8-K and amendments to those reports filed or furnished 
pursuant to Section 13(a) or 15(dl of the Exchange Act are made available free 
of charge on the Company's internet website at http://www.carboceramics.com as 
soon as reasonably practicable after it electronically files such material with, 
or furnishes it to, the Securities and Exchange Commission. 

ITEM 2. PROPERTIES 

The Company maintains its corporate headquarters (approximately 5,000 
square feet of leased office space) in Irving, Texas, owns its manufacturing 
facilities, land and substantially all of the related production equipment in 
New Iberia, Louisiana, and Eufaula, Alabama, and leases its Mcintyre, Georgia, 
facility through 2009 at which time title will be conveyed to the Company. The 
Company owns the buildings and production equipment at its facility in Luoyang, 
China and has been granted use of the land on which the facility is located for 
fifty years under the terms of a land use agreement with the People's Republic 
of China. 

The facility in New Iberia, Louisiana, located on 24 acres of land owned by 
the Company, consists of two production units (approximately 85,000 square 
feet), a laboratory (approximately 4,000 square feet) and an office building 
(approximately 3,000 square feet). The Company also owns an 80,000 square foot 
warehouse on the plant grounds in New Iberia, Louisiana. 

The facility in Eufaula, Alabama, located on 14 acres of land owned- by the 
Company, consists of one production unit (approximately 111,000 square feet), a 
laboratory (approximately 2,000 square feet) and an office (approximately 1,700 
square feet) . 

The facility in Mcintyre, Georgia includes real property, consisting of 
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approximately 36 acres, plant and equipment that are leased by the Company from 
the Development Authority of Wilkinson County. The term of the lease commenced 
on September 1, 1997 and terminates on January 1, 2009. Under the terms of the 
lease, the Company was responsible for all costs incurred in connection with the 
premises, including costs of construction of the plant and equipment. As an 
inducement to locate the facility in Wilkinson County, Georgia, the Company 
received certain ad-valorem property taxes incentives. The "net" lease provides 
for annual lease payments in lieu of ad-valorem property taxes. The total of all 
lease payments is immaterial in relation to the cost of the facility borne by 
the Company. At the termination of the lease, title to all of the real property, 
plant and equipment will be conveyed to the Company in exchange for nominal 
consideration. The Company has the right to purchase the property, plant and 
equipment at any time during the term of the lease for a nominal price. 

The facility in Luoyang, China is located on approximately 9 acres and 
consists of various production and support buildings (approximately 106,000 
square feet), a laboratory (approximately 6,000 square feet) and an office 
building (approximately 6,000 square feet). 

The Company's customer service and distribution operations are located at 
the New Iberia facility, while its quality control, testing and development 
functions operate at the New Iberia, Eufaula and Mcintyre facilities. The 
Company owns distribution facilities in San Antonio, Texas, Rock Springs, 
Wyoming, Edmonton and Grande Prairie, Alberta, canada. 

During the third quarter of 2002, the Company completed the acquisition of 
approximately 1,500 acres of land and leasehold interests in Wilkinson County, 
Georgia, near its plant in Mcintyre, Georgia. The land 

<PAGE> 

contains approximately 13 million tons of raw material for use in the production 
of the Company's lightweight ceramic proppants. The Company has contracted with 
a third party to mine and haul the reserves and bear the responsibility for 
subsequent reclamation of the mined areas. 

The Company's wholly-owned subsidiary, Pinnacle Technologies, Inc., leases 
its corporate headquarters in San Francisco, California (approximately 6,800 
square feet) and maintains leased offices totaling approximately 23,000 square 
feet in Houston, Texas; Centennial, Colorado; Delft, The Netherlands; and 
Calgary, Alberta, Canada. Pinnacle also owns an office condominium 
(approximately 2,800 square feet) in Bakersfield, California. 

ITEM 3. LEGAL PROCEEDINGS 

On October 28, 2002, a state court jury in Texas found the Company liable 
for tortious interference with a contract between Proppant Technology, Inc. and 
its supplier. On November 22, 2002, a judgment in the amount of $993,000 was 
entered in this case. The Company believes that it did not act improperly in 
this matter but has decided to appeal only the amount of the judgment. 

From time to time, the Company is the subject of legal proceedings arising 
in the ordinary course of business. The Company does not believe that any of 
these proceedings will have a material adverse effect on its business or its 
results of operations. 

ITEM 4. SUBMISSION OF MATTERS TO A VOTE OF SECURITY HOLDERS 

No matters were submitted to a vote of security holders during the fourth 
quarter of fiscal year 2002. 

EXECUTIVE OFFICERS OF THE REGISTRANT 

Dr. C. Mark Pearson (age 47) has served as President and Chief Executive 
Officer since April 2001. Dr. Pearson joined the Company as Vice President of 
Marketing and Technology in March 1997. Prior to joining the Company, Dr. 
Pearson served as Associate Professor of Petroleum Engineering at the Colorado 
School of Mines from December 1995 and held various engineering and management 
positions with Atlantic Richfield Company from 1984 through December 1995. 

Paul G. Vitek (age 44) has been the Senior Vice President of Finance and 
Administration and Chief Financial Officer since January 2000. Prior to serving 
in his current capacity, Mr. Vitek served as Vice President of Finance from 
February 1996 and has served as Treasurer and Secretary of the Company since 
1988. 

Mark L. Edmunds (age 47) has been the Vice President, Operations since 
April 2002. From 2000 until joining the Company, Mr. Edmunds served as Business 
Unit Manager and Plant Manager for FMC Corporation. Prior to 2000 Mr. Edmunds 
served Union Carbide Corporation and The Dow Chemical Company in a variety of 
management positions including Director of Operations, Director of Internal 
Consulting and Manufacturing Operations Manager. 

Christopher A. Wright (age 38) has been a Vice President of the Company 
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EXHIBIT 10.8* 

MINING AGREEMENT 

THIS AGREEMENT (herein called "Agreement") made as of January 1, 2003, 
between Arcilla Mining & Land Co., a corporation organized and existing under 
the laws of the state of Georgia and having an office at P.O. Box 1371, 
Milledgeville, Georgia 31061 ("Contractor"), and CARBO Ceramics Inc., a 
corporation organized and existing under the laws of the state of Delaware and 
having an office at 6565 MacArthur Boulevard, Suite 1050, Irving, Texas 75039 

(
11 0wner"). 

WITNESSETH: 

WHEREAS 1 Contractor and Owner desire to enter into this Agreement which 
will (i) supercede and replace the Raw Materials Requirements Agreement entered 
into between Contractor and Owner dated November 18, 1997, and (ii) set out the 
terms pursuant to which Contractor shall mine (either from lands owned or leased 
by Owner (the "Owner's Lands") or from lands owned or leased by Contractor as 
described on Exhibits B, C, D and E hereto {the "Contractors' Lands") and 
deliver to Owner's Wilkinson County, Georgia manufacturing plant a supply of 
kaolin, a naturally occurring mineral more particularly described {and meeting 
the specifications set forth) in Exhibit A hereto {the "Product 11

), and, 

WHEREAS, Contractor is able and desires to mine and deliver such 
Product to Owner; 

NOW, THEREFORE, in consideration of the mutual covenants and promises 
contained herein, the parties agree as follows: 

1. TERM 

The term of this Agreement shall be 20 years commencing January 1, 
2003, and ending December 31, 2022. 

2. CONTRACTOR'S RESPONSIBILITIES 

Contractor shall be specifically responsible for the following (herein 
called the "Work"): 

A. Obtaining and maintaining a valid mining permit from the State of 
Georgia and any other governmental body which requires Contractor to have a 
license or permit to mine and remove Product from the Subject Properties 
pursuant to this Agreement. 

* Confidential Information in this Exhibit 10.8 has been omitted and filed 
separately with the Securities and Exchange Commission. 
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B. Removing overburden from the Subject Properties in a manner so as to 
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allow Owner unimpeded access to a minimum of 40,000 tons of Product at any given 
time. 

C. Maintaining roads to, from and across the Subject Properties in a 
manner suitable to mine and remove from the Subject Properties the Product 
described in this Contract. 

D. Reclaiming the Subject Properties in accordance with the permit(s) 
Contractor has obtained. 

E. Providing to Owner a site of location, size and character upon which 
to stockpile approximately 5,000 tons of the Product. Seller shall maintain such 
stockpile at all times during this Agreement. 

F. Contractor shall mine sufficient quantities of the Product to fill 
orders made by Owner on an "as needed" basis. 

G. Contractor shall deliver to the Owner's manufacturing plant (the 
"Plant") in Wilkinson County, Georgia the quantities of the Product ordered by 
Owner. If Owner requests delivery to any location other than the Plant, Owner 
shall bear all costs for transportation in excess of the cost to transport the 
Product to the Plant. 

3. Purchase Commitment 

A. In each year during the term of this Agreement, Owner shall be 
obligated to accept deliveries of conforming Product from Contractor totaling, 
as a minimum, eighty percent {80%) of its actual annual requirements of the 
Product during such year for its operations in Wilkinson County, Georgia. In the 
event Contractor fails to deliver Product in a timely manner which has been 
ordered by Owner and Owner purchases such Product from another source or 
contracts with another contractor to mine and deliver such Product, Owner shall 
deduct the amount of such purchase or delivery from another source from the 
minimum purchase requirements set out in the preceding sentence. 

4. PRICE 

The price per ton {the "Price Per Ton") for the Product mined and 
delivered by Contractor to the Plant shall be the sum of the Haulage Charge, the 
Overburden Charge, the Miscellaneous Charge, the Profit/Overhead Charge and, if 
applicable, the Royalty Charge. 

A. The Haulage Charge per short wet ton shall be determined from the 
following chart based on the number of miles the Product is hauled from the 
mining site to the Plant: 

-2-
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<Table> 
<Caption> 

Loading/ 
Distance Haulage Unloading Total 
--------------- ------- ---------

<S> <C> <C> <C> 
0-5 Miles $ [ * J $ [ *] $ [ * J 

5.001-10 Miles $[*] $ [ * J $ [ * J 
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10.001-15 Miles 
</Table> 

$ [ * l $ [ *] 
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$ [ * l 

B. The Overburden Charge per short wet ton shall be determined from the 
following chart based on the ratio of the number of feet of overburden which was 
removed to uncover the Product as compared to the number of feet of Product: 

<Table> 
<Caption> 
Ratio: 

Overburden 

<S> 
0.5 
0.75 
1.0 
1.5 
2.0 
2.5 
3.0 

</Table> 

Kaolin/Bauxite 

<C> 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

Price Per Short Wet Ton 

<C> 
$ [*] 

$ [ * l 
$ [ * l 
$[*] 
$ [ * l 
$ [ * l 
$ [ * l 

C. The Miscellaneous Charge is $[*] per short wet ton and is comprised 
of the following items per short wet ton: 

Water Control $ [ * l 

Quality/Safety Management $ [ * l 

Motor grading/Pit Clean-Up $ [ * l 

Environment $ [*] 

Survey Work $ [ * l 

TOTAL $ [ * l 

D. The Profit/Overhead Charge is $[*] per short wet ton. 

E. Owner shall pay to Contractor the Royalty Charge per short wet ton 
of Product mined and delivered from Contractor's Lands to Owner which is payable 
by Contractor pursuant to the terms of written agreements with the landowners of 
the Contractor's Lands in effect on the date hereof. The Royalty Charge per 
short wet ton of 

* Confidential Information omitted and filed separately with the Securities 
and Exchange Commission. 

-3-
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Product mined and delivered from Contractor's Lands which are owned (not leased) 
by Contractor shall be$[*] per short wet ton. No Royalty Charge shall be 
payable to Contractor with respect to Product mined from Owner's Lands. 
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F. Beginning on January 1, 2003, the amount shown for Haulage Charge in 
subpart 4A shall be increased or decreased on each semiannual anniversary date 
of this Agreement to reflect any changes in the Producer Price Index {11 PPI") for 
No. 2 Diesel Fuel (product code 2911-413) that occurred during the preceding 
six-month period (for an example of the calculation, see Appendix A). The 
adjustment shall be made as soon as the PPI for the applicable period is made 
available by the U.S. Department of Labor, Bureau of Labor Statistics or any 
other U.S. government organization that may have responsibility for publishing 
PPI data in the future. Contractor and Owner hereby recognize that such data is 
preliminary as initially published by the Bureau of Labor Statistics and agree 
to accept this preliminary data as final for purposes of calculating the 
adjustment to the Haulage Charge. Notwithstanding the adjustment determined in 
accordance with this subpart 4F, at no time shall the Haulage Charge be less 
than the amount shown for each relative distance in subpart 4A. 

G. Beginning on July 1, 2003, the amounts shown for Overburden Charge 
and Miscellaneous Charge in subparts 4B and 4C shall be adjusted on each 
anniversary date of this Agreement to reflect any changes in the Producer Price 
Index for kaolin and ball clay (product code 1455) that occurred during the 
prior twelve-month period {for an example of the calculation, see Appendix A). 
The adjustment shall be made as soon as the PPI for the applicable period is 
made available by the U.S. Department of Labor, Bureau of Labor Statistics or 
any other U.S. government organization that may have responsibility for 
publishing PPI data in the future. Contractor and Owner hereby recognize that 
such data is preliminary as initially published by the Bureau of Labor 
Statistics and agree to accept this preliminary data as final for purposes of 
calculating the adjustment to the Overburden Charge and the Miscellaneous 
Charge. Notwithstanding the adjustment determined in accordance with this 
subpart 4G, at no time shall the Overburden Charge and Miscellaneous Charge be 
less than the amount shown for each charge in subparts 4B and 4C. 

H. If the cost of insurance required to be carried by Contractor 
pursuant to Section 11 increases in any year by more than ten percent (10%) over 
the cost of such insurance for the immediately preceding year, Contractor shall 
notify Owner in writing (the Notice of Premium Increase). For a period of thirty 
{30) days from the date of Notice of Premium Increase, Contractor and Owner 
shall negotiate in good faith to reach a mutually agreeable increase in the 
Price Per Ton to compensate Contractor for the increased cost of insurance 
applicable to this Agreement. If Owner and Contractor fail to reach a mutually 
agreeable increase in the Price Per Ton within such thirty (30) day period, this 
Agreement shall terminate one year from the date of the most recent Notice of 
Premium Increase. 

* Confidential Information omitted and filed separately with the Securities 
and Exchange Commission. 
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5. MINING AND DELIVERY 

A. Owner shall advise Contractor prior to October 1, 2003 of the 
tonnage of its projected 2004 Product requirements, and shall thereafter advise 
Contractor on or before October 1 of each year, of the tonnage of the Product it 
projects to require during the next calendar year. Such projections should be 
estimates only and Owner shall not be committed to accept deliveries of such 
amounts. Owner shall use reasonable efforts to advise Contractor promptly in the 
event of any change in its annual requirements projections for any year. 
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B. Owner and Contractor shall communicate regularly, and Contractor 
shall ensure the availability of Product for delivery hereunder on an "as 
needed" basis. Owner shall use its best efforts (to the extent feasible) to 
space evenly its actual orders of the Product, and Contractor shall be obligated 
to fill such orders. 

C. Owner and Contractor shall jointly prepare and agree on a plan for 
the efficient mining of Product from the Owner 1 s Lands and the Contractor 1 s 
Lands (the "Mining Plan"). In the event of any dispute regarding the Mining 
Plan, the Owner shall make the final determination as to how properties will be 
mined. 

D. Risk of loss and title for all Product mined from the Contractor's 
Lands shall pass to Owner upon delivery to Owner's plant in Wilkinson Countyr 
Georgia. 

6. PAYMENT 

Invoices for Product mined and delivered hereunder shall be sent to 
Owner on a monthly basis. Payment for the Product mined and delivered hereunder 
shall be net thirty (30) days from date of invoice. 

Owner has advanced to Contractor the sum of $1,000,000 as a prepayment 
of Royalty Charge which shall become due for Product mined from the Contractor's 
Lands pursuant to this Agreement. Owner shall be entitled to credit such 
prepayment against Royalty Charge which would otherwise be due and shall not be 
required to pay any Royalty Charge until the full amount of such prepayment has 
been applied against the Royalty Charge otherwise payable hereunder. 

7. ASCERTAINMENT OF WEIGHT 

The weight of the Product delivered shall be determined by weighing on 
state-certified scales located at Owner's manufacturing facility in Wilkinson 
County 1 Georgia. Invoices shall include a copy of the weight-ticket covering the 
Product being invoiced. 

8. WARRANTY 

Contractor warrants that the kaolin material when delivered to the 
Plant will conform to all chemical and physical properties for the Product 
listed in Exhibit A hereto. Contractor warrants that the Product delivered 
hereunder shall be free of contaminants and other foreign substances rendering 
the Product unsuitable for the economic use of 
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Owner. In the event that kaolin material delivered to Owner does not conform to 
all chemical and physical properties listed in Exhibit A hereto, or is 
contaminated with foreign substances, all such non-conforming kaolin material 
shall be removed by Contractor and there shall be no invoice issued by 
Contractor for the non-conforming kaolin material. 

9. OWNER'S LANDS; RESERVED ORE & CONTRACTOR'S REPRESENTATION OF TITLE AND 
INDUCEMENTS TO OWNER: 
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A. Contractor's Lands. Contractor hereby represents that it holds title 
to or the right to mine crude Product located on the real property listed herein 
(herein called the "Contractor's Lands") which will be reserved by Contractor 
for sale to Owner: 

Property 

(a) Approximately 70 acres described 
on Exhibit B 

(b) 8 acres described 
on Exhibit C 

(c) 101.6 acres described on Exhibit D 

(d) the Allen Tract described on Exhibit E. 

Tons of Product 

2,000,000+ tons 

500,000 tons 

Back Up Tonnage Only 

Contractor covenants that it has a good and marketable title, in fee 
simple or leasehold estate, to the Contractor's Lands, that there are no liens, 
mortgages or encumbrances against the same and Contractor warrants the title to 
all Product which Owner, its successors and assigns may remove or receive from 
the Contractor's Lands for processing and/or sale as against the lawful claims 
of all persons whomsoever. Contractor shall provide to Owner evidence, such as a 
current title report or title insurance commitment, of (i) Contractor's good and 
marketable title to the portions of the Contractor's Lands which Contractor owns 
in fee simple and (ii) Contractor's lessor's good and marketable title to the 
portions of the Contractor's Lands as to which Contractor holds a leasehold 
estate. Also, Contractor shall provide to Owner a copy of the lease agreement 
covering those portions of the Contractor's Lands as to which Contractor holds a 
leasehold estate and letter signed by the lessor in the form of Exhibit F 
attached hereto. Contractor further covenants that hereafter Contractor will not 
create nor permit the existence of any liens or encumbrances against the 
minerals or surface which will in any way adversely affect the rights of Owner 
hereunder. Upon any default of Contractor with respect to the covenants and 
warranties herein contained, it is agreed that the Owner shall have the 
privilege of paying-off, discharging and satisfying any such lien or encumbrance 
and that the amount of any such payment or payments made by Owner for such 
purposes 1 together with interest thereon at the prime rate (as published in the 
Wall Street Journal on the date of default declaration) plus two (2) per cent 
per year, may be deducted by Owner from the payments herein provided to be paid 
to the Contractor. 
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Contractor further warrants that (a) Contractor has a good and lawful 
right, and full power to convey the Product on the Contractor's Lands and to 
authorize entry for the purposes(s) herein set forth, that the same are free 
from all encurnbranceSi (b) the Contractor's Lands connect to adjacent public 
roads and all present exits and entrances to the Contractor's Lands via adjacent 
public roads are without restrictioni (c) Contractor is not a party to any 
litigation affecting the Contractor's Lands 1 the Product thereon, or 
Contractor's rights to sell the Product on said Contractor's Lands or any 
interest therein and the Contractor knows of no litigation or threatened 
litigation affecting the said Product and/or the Contractor's Lands; (d) 
Contractor has no knowledge or information of any facts or circumstances that 
would adversely affect the use of the Contractor's Lands for mining operations 
that are not set forth hereini and (e) that Contractor has not committed, except 
as otherwise set forth herein, nor will Contractor in the future commit, any act 
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or acts which will encumber or cause a lien to be placed against said Product 
and/or the Contractor's Lands. 

B. Owner's Lands 

Owner holds title to or the right to mine crude Product 
located on the real property which is designated from time to time by Owner 
{herein called the "Owner's Lands") which shall be mined by Contractor pursuant 
to the terms of this Agreement. 

Owner's Lands and Contractor's Lands are herein sometimes collectively 
called the "Subject Properties" or a "Property". 

10. INDEMNIFICATION 

To the fullest extent permitted by law, the Contractor shall indemnify 
and hold harmless the Owner, and agents and employees of Owner from and against 
claims, damages, losses and expenses, including but not limited to attorneys' 
fees, arising out of or resulting from.performance of the Work, provided that 
such claim, damage, loss or expense is attributable to bodily injury, sickness, 
disease or death, or to injury to or destruction of tangible property (other 
than the Work itself) including loss of use resulting therefrom, but only to the 
extent caused in whole or in part by negligent acts or omissions or breach of 
this Agreement by the Contractor or anyone directly or indirectly employed by 
Contractor or anyone for whose acts Contractor may be liable, regardless of 
whether or not such claim, damage, loss or expense is caused in part by the 
negligence of a party indemnified hereunder. 

11. INSURANCE 

The Contractor shall purchase from and maintain in a company or 
companies lawfully authorized to do business in the jurisdiction in which the 
Subject Properties are located such insurance as will protect the Contractor and 
Owner from claims set forth below which may arise out of or result from the 
Contractor's operations under this Agreement and for which the Contractor may be 
legally liable, whether such operations 
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be by the Contractor or by a subcontractor or by anyone directly or indirectly 
employed by any of them, or by anyone for whose acts any of them may be liable: 

A. claims under workers' or workmen's compensation, disability benefits 
and other similar employee benefit acts which are applicable to the Work to be 
performed; 

B. claims for damages because of bodily injury, occupational sickness 
or disease, or death of the Contractor's employees; 

C. claims for damages because of bodily injury, sickness or disease, or 
death of any person other than the Contractor's employees; 

D. claims for damages insured by usual personal injury liability 
coverage which are sustained (1) by a person as a result of an offense directly 
or indirectly related to employment of such person by the Contractor, or (2) by 
another person; 
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E. claims for damages because of injury to or destruction of tangible 
property, including loss of use resulting therefrom; 

F. claims for damages because of bodily injury, death of a person or 
property damage arising out of ownership 1 maintenance or use of a motor vehicle; 
and 

G. claims involving contractual liability insurance applicable to the 
Contractor's obligations under Paragraph 10. 

The insurance required by this paragraph shall be written for not less 
than limits of liability specified herein or required by law, whichever coverage 
is greater. Coverages shall be written on an occurrence basis and shall be 
maintained without interruption from date of commencement of the Work until date 
of termination of this Agreement. 

Certificates of Insurance acceptable to the Owner shall be filed with 
the Owner prior to commencement of the Work. These Certificates and the 
insurance policies required by this Paragraph 11 shall contain a provision that 
coverages afforded under the policies will not be canceled or allowed to expire 
until at least 30 days' prior written notice has been given to the Owner. 
Contractor shall provide evidence of continued insurance on the anniversary date 
of each policy of insurance. 

Contractor shall maintain worker's compensation in at least the minimum 
amount stipulated under the Georgia worker's compensation statutes, including 
Employers Liability with a limit of at least: 

Statutory - Georgia Benefits 

Employer's Liability 

<PAGE> 

$100,000 Each Accident 
$1,000,000 Disease- Policy Limit 
$1,000,000 Disease- Each Employee 

-8-

Contractor shall maintain Commercial General Liability, written on an 
occurrence basis, including Contractor's Liability; Independent Contractors 
Liability; Contractual Liability; Completed Operations and Products Liability; 
Personal Injury Coverage and broad form Property Damage extended to apply to 
completed operations; and no property damage liability exclusions pertaining to 
loss by explosion, collapse or underground damage. 

Bodily Injury and Property Damage Liability: 

General Aggregate per Project $2,000,000 

Products Completed Operations Aggregate $2,000,000 

Personal and Advertising Injury $1,000,000 

Each Occurrence $1,000,000 

Products Completed Operations shall be maintained for a minimum period 
of one (l} year after final payment. 

Umbrella/Excess Liability: 
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Annual Aggregate $5,000,000 

Each Occurrence $5,000,000 

Automobile Liability including non-ownership and hired car coverage as 
well as owned vehicles: 

Bodily Injury and Property Damage: 

Combined Single Limit $1,000,000 

Contractor shall not commence Work at the Subject Properties under this 
Agreement until it has obtained all required insurance and until such insurance 
has been approved by the Owner. Approval of the insurance by the Owner shall not 
relieve or decrease the liability of the Contractor hereunder. Certificates of 
Insurance shall be filed with the Contractor prior to commencing Work. 

The required insurance shall be written by a Company licensed to do 
business in the state in which the Subject Properties are located, at the time 
the policy is issued. In addition, the Company shall be acceptable to the Owner. 
All liability insurance policies shall name Owner additional insured, IT BEING 
THE INTENT THAT SUCH POLICIES AFFORD CONTRACTOR AND OWNER COVERAGE AGAINST THEIR 
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NEGLIGENCE ARISING OUT OF PERFORMANCE OF THE WORK, and shall provide that 
coverage of Owner thereunder is primary in the event of overlapping coverage 
which may be carried by Owner. 

The Contractor shall not cause any insurance to be canceled nor permit 
any insurance to lapse. All insurance policies shall include a clause to the 
effect that the policy shall not be canceled or reduced, restricted or limited 
until thirty (30) days after the Owner has received written notice. Certificates 
of insurance shall contain transcripts from the proper office of the insurer, 
evidencing in particular those insured, the extent of insurance, the location 
and operations in which the insurance applies, the expiration date and the above 
mentioned notice of cancellation clause. An acceptable Certificate of Insurance 
Form shall be insurance industry standard ACORD Form 27. 

All insurance policies supplied by Contractor shall include a waiver of 
any right of subrogation of the insurers thereunder against Owner and of any 
right of the insurers to any set-off or counterclaim or any other deduction, 
whether by attachment of otherwise, in respect of any liability of any person or 
entity insured under any such policy. 

12. FORCE MAJEURE 

A. The term 11 Force Majeure" as used herein shall mean acts of God, 
natural calamities, acts of the public enemy, blockades, insurrections, strikes, 
slowdowns, riots, wars, disorders, civil disturbances, fires, explosions, 
storms, floods, landslides, washouts, labor or material shortages, boycotts, 
breakdowns or damage to plants, equipment or facilities, interruptions to 
transport, embargoes, acts of military authorities, acts of local or federal 
governmental agencies or regulatory bodies, court actions, arrests and 
constraints and, without limitation by enumeration, any other cause or causes 
not reasonably within the control and without the fault or negligence of the 
party affected which wholly or partly prevents the mining, processing, loading 
or transportation of Product by Contractor or the receiving, transporting, 
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accepting or using of the Product by Owner. 

B. If because of Force Majeure, either party hereto is unable to carry 
out its obligations under this Agreement and if such party shall promptly give 
to the other written notice of such Force Majeure, including a complete 
description thereof, then the obligation of the party giving such notice shall 
be suspended to the extent made necessary by Force Majeure and during its 
continuance; provided, however 1 that the party giving such notice shall use its 
best efforts to eliminate such Force Majeure insofar as possible with a minimum 
of delay. No event of Force Majeure shall relieve Owner of its obligation to 
make payments due for Product delivered by Contractor under this Agreement. 

-10-
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13. EVENTS OF DEFAULT 

In the absence of the existence of force majeure as defined in 
paragraph 12, if any of the following events ("Events of Default") shall occur 
and be continuing: 

A. Any amount due hereunder, unless being disputed in good faith, shall 
remain unpaid for thirty {30} days after becoming due, and the party adversely 
affected shall have delivered a notice to the party owing such amount stating 
the amount due and unpaid, and the party owing (and not disputing same in good 
faith} shall not have paid such amount within thirty {30} days after the 
delivery of such notice; or 

B. Contractor shall fail or refuse to provide to Owner the amount of 
Product as specified from time to time hereunder by Owner at the time requested 
by Owner; or 

C. Any deliveries of kaolin materials to Owner hereunder shall fail to 
meet the quality specifications provided in Exhibit A; or 

D. Any other covenant, obligation or agreement by either party 
hereunder shall not be performed or observed within twenty {20} days after 
written notice of the nonperformance thereof shall have been delivered to the 
nonperforming party by the other party; or 

E. Either party shall: 

{1} Fail to pay any judgment in an amount which would 
materially affect the net worth of such party within sixty {60} days after 
issuance of a writ of execution upon such final judgment; 

{2} Apply for or consent to the appointment of a receiver, 
trustee or liquidator of such party or of all or a substantial part of its 
assets; 

{3} Make a general assignment for the benefit of its 
creditors; 

{4} Be adjudicated bankrupt or insolvent, or file a voluntary 
petition in bankruptcy; 

(5) File a petition or an answer seeking reorganization under 
any insolvency law; or 
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(6) File an answer admitting the material allegations of, or 
consent to 1 or default in answering, a petition filed against it in any 
bankruptcy, reorganization or insolvency proceeding; or 

F. An order, judgment or decree shall be entered by any court of 
competent jurisdiction approving a petition seeking reorganization of such party 
or appointing a receiver, trustee or liquidator of a party or of all or a 
substantial part of its assets and such order, judgment or decree shall continue 
unstayed and in effect for a period of thirty (30) consecutive days; or 
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G. Any of the representations or warranties made by a party herein 
shall be or become untrue in any material respect; or 

H. Contractor shall be in default under any lease of any portion of the 
Contractor 1 s Lands after expiration of any cure periods permitted by the lease; 

then the party adversely affected by such Event of Default shall, in addition to 
other remedies available to such party at law or in equity, have any one (1) or 
more of the following remedies: 

(1) The party adversely affected by such Event of Default may 
by written notice delivered to the other party decline to perform under this 
Agreement until such Event of Default shall have been cured or shall no longer 
exist, without relieving the defaulting party of any of its obligations 
hereunderi 

(2) The party adversely affected by such Event of Default may, 
effective upon twenty (20) days' written notice to such effect delivered to the 
other party, terminate this Agreement without relieving the other party from any 
liability which shall have accrued or attached on or prior to the effective date 
of such terminationi and/or 

(3) If Contractor is in default for failure to deliver Product 
at the time requested or for delivering kaolin materials failing to meet quality 
specifications, Owner may recover all damages caused by such failure or Owner 
may purchase such quantities of Product from another source and Contractor shall 
reimburse Owner within twenty {20) days from invoice for any additional cost 
incurred by Owner above the Price Per Ton determined as provided herein for the 
Product which Contractor failed to deliver and for any costs incidental to 
obtaining such other supply. Termination of this Contract for any of the causes 
herein contained shall be without prejudice to any other right or remedy 
provided by this Contract or at law or in equity. Failure of either Owner or 
Contractor immediately to exercise its rights in any Event of Default will not 
constitute waiver of the injured party's rights. Both parties agree to use their 
best efforts to minimize the amount of damages that may be incurred as the 
result of an Event of Default. 

14. NOTICE 

All notices under this Contract required or permitted to be given by 
Owner to Contractor and all payments to be made by Owner to Contractor hereunder 
shall be delivered personally to Contractor or sent to Contractor at 
Contractor's address: Arcilla Mining & Land Co., P.O. Box 1371, Milledgeville, 
Georgia 31061, or at such other address as Contractor may hereafter furnish (by 
"Notice" as hereinafter described) to Owner. 
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All notices herein required or permitted to be given by Contractor to 
Owner shall be sent by registered or certified United States mail, return 
receipt requested, addressed to Owner at CARBO Ceramics Inc., Attn. Paul G. 
Vitek, 6565 MacArthur Boulevard, Suite 
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1050, Irving, TX 75039, or at such other address as Owner may hereafter furnish 
(by "Notice" as hereinafter described) to Contractor. 

15. ENTIRE AGREEMENT 

This written instrument contains the entire agreement between the 
parties hereto concerning the subject matter hereof, and there are no other 
understandings or agreements between said parties or either of them in respect 
hereto. No change, addition to or waiver of the terms and provision hereof shall 
be binding upon either party unless approved in writing by an authorized 
representative of such party, and no modifications shall be effected by the 
acknowledgment or acceptance of forms containing other or different terms and 
conditions. This Agreement may be executed in any number of counterparts, each 
of which shall be deemed an original, but all of which together shall constitute 
a single instrument. 

16. ASSIGNMENT 

This Agreement shall be binding on the legal successors of the parties 
hereto, but shall not otherwise be assignable by either party without the 
written consent of the other. 

17. INDEPENDENT CONTRACTOR 

Contractor shall be considered an independent contractor and shall not 
be considered a partner, employee, agent or servant of Owner. 

18. APPLICABLE LAW 

This Agreement and the language used herein shall be construed and 
enforced in accordance with the laws of the State of Georgia. 

19. MEMORANDUM OF THIS AGREEMENT 

Contractor and Owner agree to execute and record in the real property 
records of the county where the Contractor's Lands are located a memorandum of 
this Agreement. 

20. REPLACEMENT. This Agreement supercedes and replaces that certain Raw 
Materials Requirements Agreement dated November 18, 1997, between Owner and 
Contractor. 

IN WITNESS WHEREOF, the parties hereto have caused this Agreement to be 
executed as of the day and year first above written. 
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ARCILLA MINING & LAND CO. 
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Chemistry 

Moisture 

Calcined Basis 
Specification(1) 

Al203 

Si02 

Fe203 

Ti02 

CaO 

MgO 

Na20 

K20. 

Grit (+325 mesh)2 

Notes: 

By /s/ TED SMITH 

Ted Smith 
President & C.E.O. 

CARBO CERAMICS INC. 

By /s/ PAUL G. VITEK 

Paul G. Vitek 
Sr. Vice President, Finance & Admin. 
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EXHIBIT A 

RAW MATERIAL SPECIFICATION 

For 

WILKINSON COUNTY PLANT 
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1. The average properties of blended crude clay delivered must fall within 
these parameters such that the target specification can be met for 

http:/ /www.sec.gov/ Archives/edgar/data/1 009672/000095013403003 7 46/d03 686exv1 Ow... 1 0/20/2011 

Case 1:11-cv-02574-JOF   Document 22-1    Filed 10/31/11   Page 135 of 136



Page 14 of 14 

ongoing plant operations using crude clay storage at the plant site. 

2. Grit determined on a dry clay basis, percent of material not passing 
through 325 mesh screen is classified as grit. Unblundged clay in the 
+325 mesh sample does not count towards the grit level. 

* Confidential Information in this Exhibit 10.8 has been omitted and filed 
separately with the Securities and Exchange Commission. 
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