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METHOD AND COMPOSITION FOR CEMENTING 

OL WELL CASING 
Reece E. Wyant and Orien Van Dyke, Houston, Tex., as 

signors to Dresser Industries, Inc., Dallas, Tex., a cor 
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cementing). In the case of deep protection casing or the 
production string, it may be necessary to perforate the 
casing and squeeze cement under high pressure through 
the perforations into the annulus hoping that it will fill 
the zones that were not properly cemented during the 

5 a. a : poration of Delaware primary operation. Sometimes squeeze cementing is suc 
No Drawing. Filed June 28, 1968, Ser. No. 741,198 cessful, and sometimes many attempts to correct a faulty 

cit 33/14, C04b. 3 1/02,35/1 4 Claims primary cement job by squeeze cementing have resulted 
U.S. C. in failure which eventually led to abandoning of the hole, 

10 The problem of obtaining a good cementing job is a 
ABSTRACT OF THE DISCLOSURE problem of displacing substantially all the drilling fluid 

o f pipe in a borehole or mud in the annulus with cement. Unfortunately, drill 
by Sir ints EF E" drilling fluid ing fluids and oil well cements are not compatible with 

and powdered sodium silicate glass to form a mud con- W 
Crete. The increased temperature of the borehole triggers I'll it, i.e. As E. 
the setting reaction of the mud concrete, strength of the cement and substantially increase the set 

ting time. Hydrated shale and clay, such as most water 
BACKGROUND 20 muds contain when mixed with cement, greatly decrease 

w its strength. Muds used in deeper holes not only contain The general procedure for drilling an oil well includes its st 
setting a relatively short string ES, in the borehole EYE"...A.E.E.E.E. t 

s S ent s 

i.dE.A.Eled A. C2S- quebracho, starch, carboxymethyl cellulose, calcium ligno 
E. or “driving the pipe.” This first string of casing is nor- 25 sulfonates, chrome lignosulfonates, or other organic ma 
A. referred to a conductor pipe," and the annulus terials. These chemicals in small quantities are considered 
bween the outside of the pipe and the inside of the retarders that substantially increase the setting time of 
gol Ewing E.E.S.E EEEEEEEEEE 30 U.Satos, inited Mife conductor pipe, and Stirling O a's 1s Fing Wells,' issued to H. J. Beach. Lignosulfonates, which are As 3. 8 a s 

varia, Asia, pirie mix- currently considered to be one of the most useful and 
ture of cement and water down the inside of the casing ily citing city Eg,san 
and up around the outside displacing drilling fluid in th: 35 compounds E. are considered in Nai Ea s 
annulus. between the casing and the SE In the St 0.5 put d upon the weight of the an to be a po . 
EEE AEGE First erful retarder, or in larger quantities a cement-destroying 

tively deep holes f other areas surface casing may be retarder. A drilling fluid that is both physically and chem 
Set R. shROW aS s00 ft, or as deep as 6,000 ft. 4) ically stable is required for the drilling of deep holes in 

The String of easing that settle is usual "E.E.E.E.E. ly referred to as an "intermediate string" or a “protec- a fluid with the desired properties ... to p 
tion string” if it is in a deep l, E. next Egg might One of the f of a faulty cement job is 
be to case the hole to its total depth, in which case it s . . a 99 the comingling of the incompatible oil well cementin 
would be referred to as the "production String. This in 45 slurry Ali fluid FA hole and especially E. 
E. primarily to cementing intermediate and fluid that has formed a filter cake on the sides of the hole production strings. 
The Principabjective in centing surface easing is EE"E"ESE"E.R.", 

to secure the casing in the borehole so that the vibration cake, but these have given very limited success. Some and hammering of the whipping drill pipe will not dam- 50 IV - times relatively large quantities of water a ed 
age the casing. rally AE A. E separating G A the cement and tiny in is 
it. E. E. E" GE Gil being displaced by the cement slurry. Other times a special 

seal off communication of the borehole with upper water ity ASE "Et 
sands preventing a loss of. heavier drilling fluids that 55 that has given consistent results of improving primary 
might be required for drilling the deeper portion of a. cement jobs. The difficult displacement problem is com 
hole. When running the intermediate and Pitting plicated when the cement slurry and drilling fluid are 
Sha'i E.A. antagonistic; that is, the cement slurry flocculates and gells 

- Basically, the purpose of cementing at the lower levels is 60 Fig.th sing,f E. E. 
to secure the casing and prevent communication between the cement is pumped out of the still of the casing and 
wer oil sites zones t R E. rise E. E. annulus, it may break flow R Failure of a well to produce may a result of a faulty : A 
cement job, which is not known to be faulty. It is only high relatively large sections of focculated drilling 
recently that surveys such as bond logs have been avail- 65 w 3 a 3 Experts in the oil drilling industry consider a cement 
able to Sysis asd ity of a PE with compressive into ity 400 and 500 lbs o t We a 1 cene 
if a. not good, as it. CO in 24 hours as being sufficiently strong to serve any re 
munication between water, gas or oil zones or by failure quirement that might be placed upon it. Some authorities 
of the hole to hold pressure, or by other testing devices, 70 state that strength even lower than these values would 
such as the bond log, temperature log, etc., it is neces 
sary to attempt some type of remedial work (secondary 

. . . a 
ma 

be satisfactory; however, there are some who favor higher 
strengths. 
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In view of the incompatibility of drilling fluids and 
cements, it is indeed surprising that we have invented a 
cementitious material for securing oil well casings which 
incorporates drilling muds available at the drilling site 
as an "aggregate.' 

BRIEF SUMMARY OF THE INVENTION 

A process of cementing a string of pipe in a borehole 
comprising an aqueous drilling fluid treated with dis 
persants such as lignite, tannins, lignosulfonates, and mix 
tures thereof, adding to the drilling fluid a cementitious 
combination of hydraulic cement and powdered sodium 
silicate glass, pumping the resulting mixture into the annu 
lar space between the string of pipe and the walls of the 
borehole, and allowing the temperature of the borehole 
to harden the mixture. Also, a process of treating aqueous 
drilling fluids to make same cementitious in the presence 
of increased temperature comprising adding to the drill 
ing fluid a dispersant as above defined and also a cementi 
tious combination of hydraulic cement and powdered 
sodium silicate glass. Further, a cementitious mixture for 
addition to equeous drilling fluids which have been treated 
with a dispersant as above defined said mixture compris 
ing hydraulic cement and powdered sodium silicate glass. 

It is an object of this invention to provide an oil well 
cement which incorporates drilling fluid as an aggregate, 
thereby saving cement costs. It is a further object of this 
invention to provide a cementitious material which is 
compatible with highly treated drilling mud. It is yet 
another object of this invention to provide a cementitious 
material incorporating drilling fluids that has sufficient 
thickening time to enable it to be pumped down a string 
of pipe and up the annular space between the string of 
pipe and the walls of a borehole. It is yet another object 
to provide a cementitious material which has little tend 
ency to thicken or set until it is placed in the borehole and 
subjected to the higher temperatures present therein. It is 
yet another object to provide a cementitious material 
which has adequate strength after about 24 hours. It is 
yet another object of this invention to provide a cementi 
tious material which has reduced tendency toward retro 
gression of strength at elevated temperatures. It is a further 
object of this invention to provide a method of cementing 
strings of casing in boreholes. It is an object of this in 
vention to convert water base drilling fluids into cementi 
tious materials suitable for cementing oil well casing. 

BRIEF DESCRIPTION OF THE INVENTION 

According to a broad aspect of this invention, there is 
provided a process of cementing a string of pipe in a 
borehole by combing a properly treated aqueous drill 
ing fluid with a cementitious mixture comprising hydraulic 
cenient and powdered sodium silicate glass. The drilling 
fluid with added cementitious mixture, hereinafter referred 
to as "mud concrete," is pumped down the string of pipe 
and up the annular space between the pipe and the walls 
of the borehole. The increased temperature of the bore 
hole triggers the setting reaction of the mud concrete. 
Most aqueous drilling fluids can be made suitable for 

use according to this invention. Additions of oil in the 
mud do not affect the suitability of the mud for the pur 
poses of this invention. Light mud such as those having a 
density less than about 10 lbs./gal. are not considered 
suitable for direct additions of cementitious mixture. For 
example, light muds such as those having a density of less 
than 9.6 lbs./gal. may require solids to be added, as well 
as chemical conditioning. By properly treated, it is meant 
that the mud must be treated with organic dispersants such 
as ignites, tannins, lignosulfonates, or mixtures thereof. 
The drilling fluid must contain sufficient organic dispers 
ants to make it resistant to the gelling effect of cement 
additions. Most muds can be properly conditioned with 
any or a mixture of any of the dispersants mentioned 
above. 

4. 
Lignites used as dispersants are humates or derivatives 

of humic acid. One especially effective lignite is a chrome 
reacted potassium humate sold under the trade name 
XP-20 by Dresser Industries, Inc. Another lignite product 
is sold under the trade name TannAthin by Dresser In 
dustries, Inc. The lignosulfonates which can be used 
to treat drilling fluids are well known. They include the 
lime neutralized lignosulfonates described in U.S. Patent 
2,491,437 issued to Barnes and the heavy metal oxide or 
heavy metal lignosulfonates described in U.S. Patent 
3,126,291 entitled "Hydraulic Cement Composition' is 
sued to E. G. King et al. Tannins are derived from the 
bark and wood of certain trees. The most notable tannin 
used as a drilling fluid treating agent is quebracho. 

According to this invention, properly treated drilling 
fluids are converted to a mud concrete by addition of ap 
proximately 100 to 200 lbs. of the cementitious mixture 
per barrel (42 gallons). Sodium silicate suitable must 
have a soda (NaO) to silica (SiO) weight ratio between 
1:1.6 and 1:4.5. By glass, it is meant that the sodium 
silicate contains less than about 5% water. The hydraulic 
cement and powdered sodium silicate should be mixed 
in a ratio between 6:1 and 1:1. By powdered, it is meant 
that the sodium silicate is crushed or ground to substan 
tially all pass 65 mesh Tyler. 

By hydraulic cement, this invention intends to include 
all compositions of lime, silica and alumina or of lime 
and magnesia, silica and alumina and iron oxide as are 
commonly known as hydraulic cements. Hydraulic 
cements include hydraulic limes, grappier cements, poz 
Zolan cements, high alumina and portland cements. Cer-N 
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clays have pozzolanic properties and are commonly used 
in cements. Because of its wide availability and superior 
strength, portland cement is preferred. It is also preferable 
to include 10 to 25%, by weight of the cementitious mix 
ture of a pozzolanic material. 
The thickening time of cementitious fluids, according 

to this invention, varies with the ratio of sodium silicate to 
cement. Also, sodium silicates having a lower silica to 
soda ratio have a greater tendency to accelerate gelling 
and shorten thicking times. In some boreholes, the pres 
sure and temperature conditions may necessitate the addi 
tion of a retarding agent to cementitious fluids, according 
to this invention. We have found that certain alkaline 
materials including caustic soda, hydrated lime, soda ash, 
lithium carbonate, lithium hydroxide, and lithium chloride 
are effective in retarding the set without appreciably re 
ducing set strength. These materials are especially effec 
tive when combined. For example, soda ash and lithium 
hydroxide together are very effective retarding agents. 

DETALED DESCRIPTION 

Further features and other objects and advantages of 
this invention will become clear to those skilled in the 
art by a careful study of the following examples and 
detailed description. In the specification and appended 
claims, all percentages and ratios and parts are by weight, 
unless indicated otherwise. The designations used to de 
scribe some of the sodium silicates are trade names of 
commercial products sold by Philadelphia Quartz Co, 
A standard mud was prepared for the following labora 

tory tests which is typical of the highly treated muds 
used for drilling for the Gulf Coast area. It had a density 
of approximately 16 lbs./gal, and a composition as 
follows: 
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SANDARD MUD 

.69 bbl. of water (241.5 lbs.) 
14 lbs. bentonite 
7 lbs, high yield clay 
385 lbs. ground barite 
3.5 lbs. caustic soda 
14 lbs. Spersene (chrome lignosulfonate) 
7 lbs./bbl., XP-20 (chrome reacted potassium humate) 

70 

75 

tain materials, such as volcanic ash, fly ash and set; 
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The ingredients combined provided one oil field barrel 
(42 gallons) of mud. This mud is a properly treated mud 
within the concepts of this invention as it is resistant to 
the gelling effects caused by additions of cements. On the 
other hand, as it is highly treated with organic additives, 
it prevents the set of cement with which it became mixed 
in relatively small quantities. 
To this standard mud we added various cementitious 

mixtures. Table I contains the composition of the cementi 
tious additive to exemplary mixes A through J. The 
effects of this cement on the standard mud are recorded 
in the table. 

O 

6 
of our invention where a relatively short thickening time 
is desired at 190° F. Example F was similar to the other 
examples of Table I, except that the sodium silicate used 
as part of the cementitious mixture had a soda to silica 
ratio of 1:2 and was ground to all pass 200 mesh. In 
Example G, the cementitious mixture contained a sodium 
silicate having a soda to silica ratio of 1:4.5. It should 
be noticed that the standard mud with addition of this 
cementitious mixture did not thicken in the laboratory 
consistometer at 190 F. in 5.5 hours. Hence, this mixture 
would only be suitable for use in very deep wells where 
the temperature of the borehole exceeded about 200 F. 

TABLE 

Example 

A. B C D G B 

Drilling fluid standard mud, barrel----------- t . 1. 1. 1. 
Cementitious mixture, pounds---------------- 30 30 30 30 20 30 130 20 
Cement, percent---------------- 60 O 80 88 75 68 85 75 
Sodium Silicate: 

S865, percent. 40 30 20 ---------------- 7 20 
SS C-200, percent.-------------------------------------------------------- 20 ------------------------ 
SS Ratio 4.5, percent.------------------------------------------------------------- 17 10 -------- 

Pozzolan, percent----------------------------------------------------- 15 -------- 1s ls -------- 
Soda Ash, percent---------------------------------------------------------------------------- 3 -------- 
Kaolin, percent---------------------------------------------------------- ---------------- 5 
Relative breakover viscosity------------- - None None None None None None None 
Apparent viscosity, after mixing centipoise... 180 163 20 153 225 88 108 
Thickening time, minutes to 100 poise: 

(136 F-)-------------------------------------------------- N.T. -------- 6 ---------------- () 
(150F.)---------------------------------- 248 ------------------- () ---------------- 
(172 F.).----------- 
(190. F.).----------- 
(206 F.)-------------------- Compressive strength, after agi 
(20 hours) (136 F.)-------------- 
(40 hours) (150 F).------ 
(62 hours) (150 F.)---- 
(20 hours) (172 F.). - 
(20 hours) (190F.) 
(44 hours) (190F.) 
(284 hours) (90°F.) 
(68 hours) (206 F.). - 

i N.T. means not tested. 
None at 5-hours. 

3Nswer thickened, 
4 Approximately 200. 
The cementitious mixtures were combined with the 

standard mud using high shear blenders, which was 
analogous to the mixing provided by the pumps adjacent 
to the mud pits in oil fields. The tendency, if any, of 
cement to gel the mud is apparent at this time and is 
referred to in this application as relative breakover vis 
cosity. After the cementitious mixture and drilling fluid 
were combined and mixed for 10 minutes, the apparent 
viscosity of the resulting mud concrete was measured with 
a direct indicating rotational type viscometer. The thick 
ening time of the mud concrete was determined with the 
use of a Halliburton consistometer. The time for the mud 
concrete to reach a viscosity of 100 poises at a selected 
testing temperature is referred to as thickening time. 
Other portions of the mud concrete being tested were 
placed into molds and aged for noted periods of time at 
selected test temperatures prior to testing for crushing 
strength. 

Referring now to the examples in Table I, which are 
all according to this invention, it should be noted that no 
example had a breakover viscosity. In other words, be 
cause of the proper treatment of the drilling fluids prior 
to the addition of cementitious mixture, the fluids were 
not highly gelled by the mixture. All examples after 
mixing had apparent viscosities within an acceptable 
range for pumping them down the casing string and up 
through the annulus between the outside of the casing 
and sides of the borehole. In Examples A, B, and C, the 
cementitious mixture comprised only cement and sodium 
silicate glass having a soda to silica ratio of 1:3.22. The 
glass was ground to all pass 65 mesh. Example D is simi 
lar to Examples A, B, and C, except that the cementitious 
mixture included 17% of a pozzolan material of the 
volcanic ash type. The suitability of a cementitious mix 
ture, according to this invention, depends on the particu 
lar borehole being cased and the cementing practice em 
ployed. Example D is a suitable mixture for the practice 
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In Example H, the cementitious mixture comprised two 
types of sodium silicate and a small addition of soda ash 
which applicants have found to be an effective retarder 
for the cementitious mixture. Example H had an ample 
working time at a temperature of 206 F. Example J 
demonstrates that the setting reaction of cementitious 
mixtures according to this invention must be triggered 
by an appropriate temperature. Example J showed no 
tendency to thicken in the consistometer after 5 hours at 
136 F. However, when the temperature was raised to 
190 F, the mixture thickened to 100 poises in 52 
minutes. 
The examples in Table II are not according to the 

teachings of this invention as they did not develop ade 
quate strength. 

TABLE II 

Example 

L. M N O 

Dring fluid standard mud, bb. 
Cementitious Mixture------- 160 100 40 40 
Cement, percent------------- OO 100 ----------------. 
Sodium Silicate: 

SS-85, percent-------------------------------------- 80 -------- 
SS-C, percent---------------------------------------------- 80 

Kaolin, percent----------------------------------------- 20 20 
Relative breakower viscosity----------- None None None None 
Apparent viscosity, after mixing cent 

se--------------------------------- 93 383 83 113 
Thickening time, minutes to 100 poise 

(190F.)------------------------------ N.T.1 N.T.: 20 2 
Cressive strength, after aging, 

S. 
(20 hours) (90. F.).-----------...-- (a) 
(140 hours) (190. F.).------------------------ 
N.T. Imeans not tested. 
Softgel, no set. 
Firm gel, no set. 
Examples L and M contain no sodium silicate glass. 

The data established that the highly treated drilling mud 
destroys the ability of the cement to set up in the absence 
of sodium silicate. Examples N and O establish that 

() 
(3) 

  



3,499,491 
7 

sodiurn silicate without cement, however, does not de 
velop adequate strength. 
The examples in Table III are not according to the 

teachings of this invention. They are included to show 
that the mud aggregate must be properly treated and 
that only sodium silicate glasses having a silica to soda 
ratio between 2:1 and 4.5:1 are suitable agents to over 
come the effects of the chemical introduced by the highly 
treated muds. Two special muds of the gyp-type were 
prepared having the following composition: 

8 
having a soda to silica of 1:3.22 and comprising 37.6% 
solids. Examples S, T, and U establish that even with the 
properly treated standard mud, the metso anhydrous, 
D brand, and N brand sodium silicate were not suitable 
for use in this invention because they react too fast. 
Examples V and W establish that G brand powder, 
a hydrated sodium silicate having a soda to silica ratio 
of 1:3.22 and containing 19% water and GD brand 
powder, a sodium silicate having a soda to silica ratio 

o of 1:2 and containing 18% water are also unsuitable 
for use in this invention as they also react too fast. 
It should be noted that because of the very rapid thick 
ening of most of the examples in Table III, it was 
difficult to distinguish high breakover viscosity from 

Special Mud A Special Mud 15 rapid cement reaction. Both are equally bad, however. 
Density, s - - - - - - - - - - 14.5 1.5 

Water, bbls, (bs.)---- - - - 0.76(254) 0,752(263) 
Diesel Oil, bbls. (lbs.) - - - - 0.1 (28) 0.1(28) 
High Yield Clay, lbs... -- -- we 41.5 30,0 
Barite, lbs.--------------------------- 321 60 
Driscose (sodium carboxymethyl 
cellulose), lbs.----------------------. 0.2 

Tannathin (drilling mud lignite), 
lbs----------- 6 4. 

Caustic Sodal 1.85 1.0 
Gypsum, lbs.------------- 5 5 
Sprene (chrome lignosulfonate), 6 

S--------. - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

These special muds and the standard mud described 
above were used in the examples of Table III. 

TABLE III 

P Q 

Drilling fluid: 
Standard mud (16lbs./gal.), barrels------------------------------------ 
Water, gallons---------------------------------- 2. 2.5 
Special Mud A (14 lbs./gal.), barrels-------------...- ---------- 
Special Mud B (11.5 lbs./gal), barrels--------...---------- 

Cementitious mixture, cement, lbs.-----------------.. 70 88 
Sodium Silicate: 
G Powder, Ibs.... 
GD Powder, lbs.-- 
Metso Anhydrous, lbs. 
D Brand Sodium Silicate--------------------------------- 
N Brand Sodium Silicate----- 

Pozzolan, lbs.-----------...- 
Soda Ash, lbs.............. 
Relative breakower wiscosity. - 
ARE viscosity, after mixing centipose 75 
Thickening time, minutes to 100 poise: 

(180F.)-----------------------------------------. N.T.2 (4) 
(190F.).--------------------------------------------------------------- 

- - - - - - - - N.T. ---------- 

() --- 

Compressive strength, after aging, p.s.l.: ESYEgg, y 
(44 hours) (180° F.)-- 
Slurry thickened too fast to obtain test. 
Toothick to measure. Very high. 
Newer Eine, Firm gel, no set. 

Examples P, Q and R demonstrate that lightly treated 
gyp-type muds gel immediately upon mixing or else 
have a very high breakover viscosity when combined 
with the cementitions mixture comprising metso anhy 
drous silicate, D brand sodium silicate, or N brand 
sodium silicate. Metso anhydrous sodium silicate has a 
soda to silica ratio of 1:1. D brand is a liquid sodium sili 
cate having a soda to silica ratio of 1:2 and comprising 

N.T.1 N.T. N.T.1 
wn - - - -n - - - - - - - - - - - - - - - - - - - - - as a r - - - - - - - no 4, 5 -------- 

Noset N.T. N.T. N.T. N.T. N.T.3 

Drilling muds present at all drilling sites are not 
highly treated. Therefore, to make them suitable for 
the purposes of this invention, it may be necessary to 
treat the muds prior to the addition of the cementitious 

0.2 20 mixture. Examples X and Y, described in Table IV, are 
prepared from the special gyp-type muds (special muds 
A and B) already described. Example Z was prepared 
using a special untreated mud having the following com 
position: 

SPECIAL MUD C 
Density ---------------------- 14.1 lbs./gal. 
Water -----------------------. 0.76 bbl. (266 lbs). 
Wyoming bentonite ------------. 21.5 lbs. 

30 Barite -----------------------. 275.0 lbs. 

Example 
R S T U W W 

-- - - - - - 1. 

Table IV establishes that even with applicants' cementi 
tious mixture comprising a powdered sodium silicate glass 
having a soda to silica ratio between 1:2 and 1:4.5, muds 
that are not highly treated are not suitable (Examples X, 
Y and Z). On addition of 4 lbs./bbl. of quebracho and 2 
lbs./bbl. of caustic soda to special mud A, it became a 
properly treated mud (Example XA). Addition of 4 lbs./ 
bbl. of Uni-Cal (a chromium lignosulfonate) and 1 lb./ 

44% silicate solids. N brand is a liquid sodium silicate bbl. of caustic soda also made mud A a properly treated 
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TABLE IV 

Example 

X XA, XB, XC Y YA YB YC Z. ZA ZB ZC ZD 2E 

Drilling Fluidi: 
Spec. Mud A (14.5/gal. Gyp 
s:"kiss" (iiiga. Gyp 1. 1. -------------------------------------------------------------------------------- At 11.5/gal. Gyp 
Ria, bbl.-------------- - - - - - - - - - - - - - - a a - - - - - - - - - - - - - - - - - - - - 1. l 1. ------------------------------------------------ 

Spec. Mud C (14.1#igal. Untreated 
ud), bbl.----------------...------------------------------------------------------------------- l 1. 1. Additional?Treatment: 

Quebracho, lbs. 8 
Uni-Cal, lbs -- 
Kembreak, lbs 
Tann Athin, lbs------------------------------------------------------------------- 8 ------------------------- 
Spersene, lbs.--------------------------------------------- ? ---------------------------------------- -------------------------------- 
Caustic, lbs.------------------------------- 2 1. 0.5 -------- 1.5 2 4 -------- 0, 6 0, 6 3 

Cementitious Mixture, Total libbl. ... 130 30 130 130 30 30 130 30 130 130 130 30 130 30 
Cement, percent---------------- 65. S 85.5 65 65 65. S 65, S 65, 5 65.5 85.5 85.5 85.5 65.5 65,5 65.5 
SS-65, Sodium Silicate, percent. 17 17 7 17 17 17 17 7 17 17 17 17 - 17 7 
Pozzolan, percent--- 4. 14 14 15 14 4. 14 14 14 14 4. 14 14 14 
Soda Ash, percent-- 3,5 3. 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3.5 3, 5 3.5 3.5 3.5 
Relative Breakower Wis. (i) None None None 8 None None None (i) None None None None (i) 
ARE Wisc. AfterMixing, Cp - - - - (2) 178 65 18 2) 27 30 45 () 130 158 50 188 210 
Thickening Time, Minutes.......... N.T. N.T. N.T. N.T. N.T. N.T. N.T. N.T. N.T. N.T. N.T. N.T. N.T. N.T.: Compressive Strength Tests: 

Aging Temp., F----------------- (4) 190 190 190 (4) 190 190 190 (4) 190 190 90 190 190 
Strength, p.s.i-...-- (4) 725 560 802 (4) 891. 1,231 268 (4) 45 140 484 338 435 
Aging Time, hours.--. (4) 20 20 44 (4) 20 20 20 (4) 20 20 20 20 68 

1W. High. 
2 Toothick. 
N.T. means not tested. 
Toothick to test. 

mud (Example XB). It should be noted that this mud 
originally contained 6 lbs./bbl. of TannAthin (lignite) 
and 6 lbs./bbl. of Spersene (a chrome lignosulfonate). It 
was found that special mud B could be made a properly 
treated mud by addition of 8 lbs./bbl. of Kembreak (calci 
um lignosulfonate), 8 lbs./bbl. of TannAthin, or 8 lbs./ 
bbl. of quebracho and a small addition of caustic soda (Ex 

30 

peratures. It should be noted that these retarding agents 
are effective only for retarding sodium silicate glasses 
having the soda to silica ratio between 1:2 and 1:4.5. 
By way of comparison, it is found that the most effective 
retarding agents we applicants have found are not effec 
tive for retarding the rapid set caused by metso anhydrous 
sodium silicate. 
TABLE W 

Example 
AA AB AC AD AE AF AG AH AI 

Drilling fluid, standard mud barrels.--------------------- 1. 1. 1. 
Cementitious mixture; pounds- - - - 120 120 130 130 130 130 130 130 30 

Cement; percent--------------- 75 70 78 63 88 68 68 65 85 
Sodium Silicate; SS-85; percent---. 20 20 17 18.5 17 17 7 17 17 
Pozzolan; percent.--------------------------------------------------- 15 4.5 15 5 15 is 5 
Kaolin; percent----------------------------- 6 -------------------------------------------------------- 

Hydrated Lime; percent------------------------------------------ ----------------------. . . . . .---------------------------- 
Soda Ash; percent--- 3 3 

Lithium Carbonate, pound---------------------------------------------------------------------- 1 ------------------------ 
Lithium Hydroxide, poun 0.5 0.1 
Relative breakower ty. None None None None None None None None None 
ARE viscosity, after nixing centipoise---- ---- 135 15S 20 48 203 175 200 183 200 
Thi 21, 173 38 90 36 85 255 (1) 114 ickening time, minutes to 100 poise (190°F.).----------- 
Compressive strength, after aging, p.s. i.: 

(20 hours) (190F.)-- 
(40 hours) (190F.) 
(68 hours) (190F.) 
(90 hours) (190°F.). 

Did not thicken in 400 minutes. 

amples YA, YB and YC). Special mud C, which is an 
untreated mud, could be made properly treated by the 
addition of as little as 4 lbs./bbl. of Spersene plus 1 lb./ 
bbl. of caustic soda or 4 lbs./bbl. of Kembreak plus 
6 lbs./bbl of caustic soda (Examples ZA and ZB). Ex 
ample ZE was treated with additional quebracho, but still 
had a very high breakover viscosity. This particular mud 
could be made suitable, however, by a small addition of 
water. Those skilled in the art of working with drilling 
muds can determine suitable treatments. 

In order for additions of lignite, tannins, lignosulfo 
nates, etc, to be effective, it is necessary to add a proper 
amount of caustic soda. As an example, we normally add 
one pound of caustic soda for each four pounds of Sper 
sene added. When using a tannin like quebracho, it is 
usual practice to add about one pound of caustic soda for 
every two pounds of quebracho. In the case of Tann Athin, 
we normally add about one pound of caustic soda for 
each six pounds of TannAthin. 
The examples in Table V are according to the teach 

ings of this invention and demonstrate the effectiveness 
of certain compounds for lengthening the thickening time 
of cementitious mixtures and drilling fluid. The retarding 
agents would be used in deep wells having higher tem 
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Examples AA and AB demonstrate the effectiveness of 
hydrated lime as a retarding agent. Examples AC and AD 
demonstrate the effectiveness of soda ash as a retarding 
agent. Examples AE and AF demonstrate the effective 
ness of lithium carbonate as a retarding agent. Examples 
AE and AG demonstrate the effectiveness of lithium hy 
droxide as a retarding agent. Examples AH and AI dem 
onstrate the effectiveness of a combination of soda ash 
and lithium hydroxide as retarding agents. With the ex 
ception of large additions of lithium hydroxide, the re 
tarding agents extend the thickening time without greatly 
reducing the compressive strength after 20 hours. Sum 
marizing, we have found that materials including caustic 
soda, hydrated lime, soda ash, lithium carbonate, lithium 
hydroxide and lithium chloride are effective in retarding 
the set of our cementitious mixtures. These materials are 
especially effective when combined. For example, soda 
ash and lithium hydroxide together are very effective re 
tarding agents, 

Cementitious mixtures, according to this invention, have 
reduced tendency to lose strength after extended times 
at elevated temperatures. For example, mix AD in Table 
V would have a comprissive strength of about 1623 p.si. 
after aging 500 hours at 190°F. If the aging temperature 
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were raised 350° F., the strength would be reduced to 
750 p.s. i. It is usual for conventional oil well cements con 
taining bentonite to show a retrogression in strength of 
between 75 and 90% after long periods of aging at high 
temperatures. 
We have found that the following well known set re 

tarders were either ineffective or acted as accelerators in 
our cementitious mixtures: sugar, NaCl, CMC, sodium 
gluconate, tartaric acid, borax, gallic acid, maleic acid, 
pyrogallic acid, sodium phosphates. 

It should be understood that mud concretes according 
to the teachings of this invention are suitable for use not 
only in primary cementing but in secondary cementing, 
plugging and other oil and gas well applications. 

Having thus described the invention in detail, and with 
sufficient particularity as to enable those skilled in the 
art to practice it, what is desired to have protected by 
Letters Patent is set forth in the following claims. 
We claim: 
1. A process of cementing a string of pipe in a bore 

hole comprising: 
(1) preparing an aqueous drilling fluid comprising 

clay minerals treated with alkali and organic dis 
persants selected from the group consisting of lignites, 
tannins, lignosulfonates, and mixtures thereof, there 
being sufficient dispersants to make the fluid resistant 
to the gelling effect of cement additions, said fluid 
having a density of at least 10 lbs./gal., 

(2) adding to said drilling fluid to form a mud con 
crete 100 to 200 lbs./bbl. of a cementitious combina 
tion compirising hydraulic cement and powdered so 
dium silicate glass in a ratio between 6:1 and 2:1, said 
sodium silicate glass having an Na2O: SiO, ratio from 
1:1.6 to 1:4.5, 

(3) pumping the mud concrete into the annular space 
between the string of pipe and the walls of the bore 
hole, and 

(4) allowing the mud concrete to set due to the in 
creased temperature of the borehole. 

2. A process according to claim 1 in which there is 
added an amount of alkaline material sufficient to retard 
the set of the drilling fluid with added cementitious mix 
ture while it is pumped into the annular space between 
the string of pipe and the walls of the borehole. 

3. The process according to claim 1 in which a sufficient 
amount of a mixture of at least one of the materials in 
the group consisting of calcium hydroxide, lithium chlo 
ride, lithium hydroxide, lithium carbonate, sodium hy 
droxide and soda ash are added to the mud concrete to 
prevent set while the mud concrete is pumped into the 
annular space between the string of pipe and the walls of 
the borehole. 

4. The process according to claim 1 in which the ce 
mentitious mixture includes up to about 25% pozzolan 
material. 

5. The process according to claim 1 in which the 
cementitious mixture comprises 65% portland cement, 
17% powdered sodium silicate glass having a soda to silica 
ratio of 1:3.22, 15% ground volcanic ash with pozzolanic 
properties and 3% soda ash. 

6. The process according to claim 1 in which the 
cementitious mixture comprises 65 percent portland 
cement, 17 percent powdered sodium silicate glass having 
a soda to silica ratio of 1:2, 15 percent ground volcanic 
ash with pozzolanic properties and 3 percent soda ash. 

7. A process of treating aqueous drilling fluids contain 
ing clay minerals to make said fluids cementitious in the 
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12 
presence of increased temperature comprising the steps 
of: 

(1) adding sufficient caustic and dispersant selected 
from the group consisting of lignites, lignosulfonates, 
tannins and mixtures thereof sufficient to make the 
fluid resistant to the gelling effect of cement addi 
tions, 

- (2) adding to said drilling fluid 100 to 200 lbs./bbl. of 
a cementitious combination comprising hydraulic 
cement and powdered ilicate glass in a ratio 
between 6:1 and 1:1, said sodium silicate hav 
ing a soda to silica ratio from 1:1.6 to 1:4.5. 

8. The method of claim 7 in which the fluid is treated 
with between 4 and 20 lbs./bbl. of dispersant. 

9. A cementitious mixture for addition to aqueous drill 
ing fluids containing clay minerals which fluids have been 
sufficiently treated with organic dispersants selected from 
the group consisting of lignites, tannins, lignosulfonates, 
and mixtures thereof to make the fluids resistant to the 
gelling effect of cement additions, comprising hydraulic 
cement and powered sodium silicate glass in a ratio be 
ween 6 1:1, said sodi silicate glass having a 
soda to silica ratio from 1:1.6 to 1:4.5. 

10. A mixture according to claim 9 wherein said mix 
ture includes an amount of alkaline material sufficient to 
retard the set of the drilling fluid with added cementitious 
mixture while it is being pumped down the string of pipe 
and up the annular space between the string of pipe and 
the walls of the borehole. 

11. The mixture according to claim 9 wherein said mix 
ture includes a sufficient amount of a mixture of at least 
one of the materials in the group consisting of calcium hy 
droxide, lithium chloride, lithium hydroxide, lithium car 
bonate, sodium hydroxide and soda ash to prevent set 
while the drilling fluid with cementitious mixture is being 
pumped down the string of pipe and up the annular space 
between the string of pipe and the walls of the borehole. 

12. The mixture according to claim 9 comprising up to 
about 25% pozzolan material. 

13. The mixture according to claim 9 in which the 
cementitious mixture comprises 65 percent portland 
cement, 17 percent powdered sodium silicate glass hav 
ing a soda to silica ratio of 1:3.22, 15 percent ground 
Wolcanic ash with pozzolanic properties and 3 percent 
soda ash. 

14. The process according to claim 9 in which the 
cementitious mixture comprises 65 percent portland 
cement, 17 percent powdered sodium silicate glass hav 
ing a soda to silica ratio of 1:2, 15 percent ground vol 
canic ash with pozzolanic properties and 3 percent soda 
ash. 
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