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This application is a continuation of application Serial 
No. 191,409, entitled “Sand Consolidation,” ?led May 1, 
1962, and now abandoned, which application is a con 

-tinuation~in-part of application Serial No. 73,535, entitled 
“Sand Consolidation,” ?led December 5, 1960, and now 
abandoned. 

This invention is primarily directed to a method for 
consolidating the sands of loose or incompetent forma 
tions penetrated by a borehole, and in this regard the 
invention more particularly concerns a method for con 
solidating the sands of subsurface formations by injecting 
into them thermosetting plastics, which set in the forma 
tions and bind the sand particles of the formations to 
gether. 
A primary object of the present invention is to provide 

a method of sand consolidation that is economical, rapid 
acting, and generally applicable to various types of forma 
tions. Also, the method of the invention overcomes dis 
advantages inherent in other sand consolidating proce 
dures. ‘ 

In producing ?uids from subsurface formations, sand 
is produced along with the formation ?uids from loosely 
consolidated formations. Various sand control measures 
to inhibit or prevent sand particles from moving into the 
well bore from the formations have been attempted, be 
cause sand production vwith its attendant accumulation in 
the well bore or movement to the surface causes serious 
operational problems. One manner of sand control that 
has been tried is the use of thermosetting plastics which 
set and bind the sand particles of the formation together 
while permitting ?ow of well ?uids therethrough. 
One good sand consolidating plastic makes use of the 

resin-forming properties of the reaction between a water 
soluble aldehyde and a low molecular weight hydroxy 
aryl compound catalyzed by an alkaline or acid catalyst. 
When these compounds are injected into a sand forma 
tion, a resin forms which cements the particles of the 
formation together. Although any water-soluble alde 
hyde may be used, formaldehyde, acetaldehyde, propion 
aldehyde, or mixtures thereof are preferred. The low 
molecular weight hydroxy aryl compound may include 
phenol, cresol, beta naphthol, resorcinol, or cresylic acid, 
or mixtures thereof; for low temperature formations, xyle 
nol, especially 3,5-xylenol, is preferred. Suitable alkaline 
catalysts which may be used include guanidine salts, such 
as guanidine carbonate and amino-guanidine bicarbonate; 
alkali metal hydroxides and carbonates, such as sodium 
hydroxide or sodium carbonate; aliphatic amines, such 
as ethyl amine and triethyl amine; aromatic amines, such 
as aniline; and aliphatic diamines, such ~"as ethylene di 
amine. Suitable acidic catalysts which may be used in 
clude acidic salts, such as stannous chloride or mag 
nesium chloride; mineral acids, such as hydrochloric acid 
or sulfuric acid; acid anhydrides, such as maleic anhy 
dride; aromatic acids, such as picric acid or benzene sul 
fonic acid or sulfanilic acid; and polynuclear aromatic 
acids or acid salts, such as alpha naphthylamine sulfonic 
acid or sodium-1-naphthylamine-3,6,8-trisulfonate. 

It has been found that injection of the reactive in 
gredients of the phenolic type plastic mixture in two parts 
is better than injection of a mixture of all of the reactive 
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2 
ingredients together, for in the latter procedure, for ex 
ample, base catalyzed plastics must be refrigerated during 
mixing to prevent premature separation and hardening in 
the tanks or tubing; acid catalyzed plastics may not be 
used for low temperature formations because of the 
danger of slight deviation in a component of the com 
position causing premature separation; and neither the 
base catalyzed nor the acid catalyzed plastics can be used 
to consolidate unusually long producing intervals, because 
the prolonged injection time required to consolidatesuch 
intervals would cause separation of the plastic mixture 
before placement could be completed. 

in the two-part injection procedure, the ?rst part in 
jected includes all the reactants except the low molecular 
weight hydroxy aryl compound. The second part in 
jected includes the low molecular weight hydroxy aryl 
compound dissolved in oil. The second part of the plas 
tic mixture is substantially imiscible with the first part of 
the mixture. Therefore, as the second part passes through 
the formation sand following injection thereof, a portion 
of the ?rst part remains on the sand surfaces as the con 
nate liquid and extracts a fraction of the low molecular 
weight hydroxy aryl compound from the second part. 
The concentration of the hydroxy aryl compound in the 
second injected part is so regulated that extraction of the 
hydroxy aryl compound will cease when the ?rst part in 
jected has dissolved the proper amount of the hydroxy 
aryl compound. The proper concentration of the hy 
droxy aryl compound in the second part of the mixture 
injected is experimentally determinable. This concentra 
tion is dependent on the volume of solution it is desired to 
use, and it is the amount that will cause the sand to be 
consolidated throughout the treated portion. An exces 
sive concentration of hydroxy aryl compound in the oil 
causes the sand nearest the well bore to be inadequately 
consolidated. Conversely, too low a concentration will 
consolidate too little sand to withstand the pressure dif 
ferential caused when the well is produced. 

Another good sand consolidating plastic makes use of 
the resin~for>ming properties of epoxy resin solutions to 
gether with a hardener or curing solution, as described 
and claimed in US. pat. appl. Serial No. 51,033, en 
titled “Sand Consolidation,” ?led August 22, 1960, now 
Patent No. 3,100,527, by Albert R. Hilton, Jr. and Horace 
H. Spain. The formation sand is treated with a solution 
of epoxy resin and an oil-alcohol solvent followed by a 
large volume of viscous oi1~hardener solution, or a limited 
volume of viscous oil-hardener solution and a large 
volume of light-oil-hardener solution. The desirable prop 
erties of chemical inertness, high strength, and superior 
wetting of the epoxy resins are utilized to give an im— 
proved sand consolidation. The epoxy resins preferred 
for purposes of this application are the diglycidyl ethers 
of bisphenol A [bis(4-hydroxypheno'l) dimethylmeth 
ane] obtained by the reaction between epichlorohydrin 
(1 chloro~2,3 epoxypropane) and bisphenol A using care~ 
fully controlled additions of caustic soda to control the 
pH neutralizing the hydrochloric acid formed in ‘the re 
action. The pH is ‘maintained just below the endpoint of 
phenolphthalein, about 8 to 8.5. The ihardeners or ac 
celerators having the property of catalyzing the reaction 
of the thermosetting resin at low temperatures include 
amines, dibasic acids, and acid anhydrides. Typical com 
pounds that will serve as curing agents are diethylene tri 
amine, diethylamino propylamine, ethylene diamine, tri 
ethylene triamine, ditrimethylaminome-thylphenol ,(DMP-~ 
30, made by Rohm and Haas and the preferred catalyst), 
benzyldimethylamine, metaphenylenediamine, and 4,4’ 
methylene dianiline, are typical of the amine curing 
agents. The acids and anhydrides are illustrated by 
oxalic, .phthalic, pyromel-litic dianhydride and dodecenyl 
succinic anhydride. 
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The epoxy resin is dissolved in a solvent that can also 
dissolve a substantial amount of water but still have a 
favorable partition coefficient to extract the hardener from 
the oil solution which is later used to displace the epoxy 
solution. In order that a ‘rather high saturation of the 
epoxy solution remains after immiscible displacement 
with the oil-hardener solution, it is desirable that the 
viscosity of the epoxy solution be at least 3 cps. at the 
temperature of the formation to be treated. The viscosity 
would be preferably in the range from 5 to 25 cps. at the 
formation temperature. 

The preferred solvent for the epoxy is ethyl alcohol 
denatured with methyl alcohol and kerosene in the range 
from 60 to 90 percent by volume alcohol to 40 to 10 per 
cent kerosene. The kerosene must contain some aroma 
tics to give a clear, homogeneous solution suitable for use. 
Other oils that may be used are diesel oil and white oil 
to which some aromatics, i.e., toluene, have been added. 
Suitable solvents other than ethyl alcohol are acetone or 
methyl-ethyl ketone. 
The oil used for the solvent for the hardener must be 

substantially immiscible with the alcohol-kerosene mix 
ture, contain no aromatics, and offer a satisfactory parti 
tion coef?cient for the hardener to go into the epoxy solu 
tion. These requirements are satis?ed by an acid-treated 
kerosene or diesel oil by the white oils such as Bayol D 
or White Oil 95. White oils are specially treated, re?ned 
oils that contain no unsaturated or aromatic compounds. 
The hardener solution may contain from 0.5 to 10 per 

cent hardener dissolved in the oil. The preferred range 
is from 1 to 5 percent hardener. 

Typical commercial epoxy materials are: 

Epoxide Viscosity at 
Equivalent 25° C., cps. 

Bakelite 00.: 
E RL-2774_ _____________________ __ 185-200 10, 500-19. 500 

3794 170-182 7, 200-19, 500 

190 8, 000 
105 16, 000 
210 19, 000 

0 225 35, 000 
Jones-Dahney Co.. Epi-Rez 510 _____ __ 180-200 9, 000-18, 000 
Shell Chem. 00., Epon: 

56 140-105 150-200 
175-210 500-000 
175-210 4, 000-10, 000 
175-210 5, 000-15, 000 

1 Shell Chemical Co., Epon 815, is the preferred epoxy and the one 
with which the experimental work has been (lone. This composition 
contains an undisclosed diluent, which accounts for its high epoxide 
equivalent and low viscosity. 

In the sand consolidation process a solution of 50 to 
100 percent epoxy resin dissolved in a solvent composed 
of 60 to 90 percent denatured alcohol and 10 to 40 per 
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cent kerosene is prepared and injected into the formation. ' 
The kerosene in this solution must contain some aro 
matics. A volume of hardener in a viscous white oil, the 
volume of which is about equal to the epoxy solution, then 
is prepared and injected into the formation. After this, 
about 2 to 10 volumes of a hardener kerosene solution is 
prepared and injected into the formation. The concen 
tration of the hardener in the white oil and kerosene solu 
tions preferably is in the range of 0.5 to 10 percent, and 
both the white oil and kerosene must be free of aromatics. 
To improve the effectiveness of the phenolformalde 

hyde resins and the epoxy-type resins when used as sand 
consolidating media, it is proposed to incorporate in the 
solution or solutions which deposit the resin in the for 
mation sands, a moderate quantity of a chemical agent. 
The chemical agents used for this purpose are amino 

functional organo silane compounds, typical examples of 
which are 2,aminoethyl-aminopropyl-trimethoxy silane; 
2,a'minoethyl-aminopropyl-tripropylene oxide silane; 2, 
a'minoethyl-aminopropyl-triethylene oxide silane; 2,amino 
methyl-aminopropyl-trimethoxy silane; 2,aminopropyl 
aminopropyl-trimethoxy silane; 1,trimethoxy-2,amino~ 
ethyl-2,aminopropyl disilane; 1,triethylene oxide-2,amino 75 

it 
ethyl-2,-aminopropyl disilane; 1,tripropylene oxide-2, 
aminoethyl-2,aminopropyl disilane; l,trimethoxy-2,amino 
methyl-2,aminopropy1 disilane; l,trimethoxy-2,amino 
propyl-2,aminopropyl disilane; and l,trimethoxy-2,amino 
ethyl-2,aminoethyl disilane. 
The preferred agent is the compound 2,aminoethyl 

aminopropyl-trimethoxy silane, which is a product manu 
factured ‘and marketed by the Dow-Corning Corporation, 
Midland, Michigan, under the trade name Z-6020. 

Experiments were performed which show improved 
sand consolidations result when an amino-functional silane 
is used with the sand consolidating phenol formaldehyde 
and epoxy-type resins. 
The following experiments illustrate the bene?cial re 

sults obtainable using an amino-functional silane with 
the phenol formaldehyde type resin. 
Two l-in. I.D. plastic tubes were packed with sand 

produced from a well. These sand-packed tubes were 
treated by ?owing through the tubes 100 ml. of salt water 
followed by 100 ml. of diesel oil to simulate oil sand in 
its natural condition. Through one of the tubes then was 
?owed a solution consisting of 100 ml. of commercial 
37 percent formalin, 13.9 weight percent guanidine car 
bonate, and 2.8 weight percent sodium hydroxide. 
Through the other of the tubes then was flowed the same 
solution, including 1 weight percent of the silane com 
pound Z-6020. Through each of the tubes then was 
flowed a solution consisting of 100 ml. of diesel oil, 1.4 
gm. meta-para cresol, and 1.4 gm. of 3,5 xylenol. The two 
tubes were cured in a 140° F. water bath for 16 hours. 
At the end of the curing period, samples were cut from 
each of the tubes and the compressive strengths were 
measured. The compressive strength of the sample in 
the tube treated with the solution containing the com 
pound Z—6020 was 1275 p.s.i., while the compressive 
strength of the other sample was only 427 p.s.i. 
The following experiments illustrate the bene?ts obtain 

able through the use of an amino-functional silane with 
the epoxy resins. 

Eight sand tubes were prepared and saturated to simu 
late an oil sand containing vconnate water. The sand in 
each of the tubes was treated with epoxy resin mixed in 
situ using 400 cc. of resin solution containing 75 percent 
epoxy dissolved in a solvent of 75 percent denatured eth 
anol and 25 percent kerosene, 350 cc. Humble White Oil 
95 (an acid-treated re?ned oil having a viscosity of about 
25 centipoises) containing 21/2 percent DMP-30, and 
2000 cc. of kerosene (an acid-treated kerosene of a vis 
cosity of about 2 centipoises). In four of the tubes, the 
silane compound Z-6020 (-0.5 percent by weight) was in 
cluded in the epoxy solution, and in the other four tubes 
it was omitted. After treatment, the tubes were cured in 
a water bath at 120° F. The treatment was substantial in 
"volume compared with the pore volume of the sand tube 
in order to simulate the effect of the flow through the 
sand immediately adjacent the perforation. 
The results of these experiments are given in Table I. 

TABLE I 

Treatment Silane Cure Compressive After 
Test Injection Compound Time, Strength, Flush 
No. Rate, Z-0020, hrs. p.s.i. with 

cc./mm wt. percent Water 

1 ____ __ 30.8 0 2 331 Yes. 
2 ____ __ 133. 0 0 3 05 268 Yes. 

258. 0 0 3. 18 230 Yes. 
80. 5 0 3. 0 815 N0. 

5 85. 1 0. 5 2. 5 828 Yes. 
6 177. 0 0. 5 2. 5 547 Yes. 
7 276. 0 0. 5 2. 5 357 Yes. 
8 87. 0 0.5 3. 0 890 No. 

It is seen from Table I that injection rate has an effect 
on the compressive strength of the treated sand; the faster 
the rate, the lower the strength. Also, these data show 
that the addition of silane gives a substantially improved 
strength at any rate of injection. The dependence of 
strength on. rate is believed due to the stripping down to 
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low residual saturation of the epoxy solution by the vis 
cous drag of the hardener solution. 

In test Nos. 1, 4, 5, and 8 of Table I the tubes were 
treated at about the same injection rate. In the case 
where no water contacted the treated sand and no silane 
was used, test No. 4, the strength was 815 p.s.i.; whereas 
when water contacted the sand, test No.1, the strength 
was reduced to 331 p.s.i. In contrast, the tests where the 
silane was used, test Nos. 5 and 8 particularly, the strength 
was about 850 psi. regardless of whether water contacted 
the treated sand or not. 
The results of an additional series of tests conducted 

in a manner similar to that described for test Nos. 1-8 
are shown in Table II. 

TABLE II 

Treatment Silane Cure Compres- After 
Test Injection Compound Time, sive Strength Flush 
No Rate, Z-6020, Hrs. Range—psi with 

ccJmin. Wt. % Water 

Al..- 30 to 300"“. 0 about 16.- 102 to 1,390.. No. 
B 1.-. 30 to 300_.__- 0 ___do ____ _. 13 to 3 .__-. Yes. 
0 2..- _________ __ 0.5 __.do ____ __ 90 ________ __ No. 

D 1 . 80 to 300____. 0.5 _._do ____ __ 357 to 828.--. Yes. 

1A group of tests was performed. 
2 A single test was performed. 

The data of Table II are similar to the data of Table 
I. In the group of tests A where there was no silane 
used and no water ?ush, the sand strengths ranged from 
102 to 1390 p.s.i. (dependent upon the injection rate), 
whereas in the group of tests B where again no silane was 
used, but a water ?ush used, the strengths were reduced 
to 13 to 331 p.s.i. Also, in test C a strength of 890 p.s.i. 
resulted using silane and no after?ush, and in the group 
of tests D strengths in the range of 357 to 828 resulted 
using silane and the after?ush. 

Although epoxy resins provide a superior sand con 
solidation and at the same time avoid the hazard of the 
exothermic reaction often encountered with phenolic 
resins, it is seen from the data of Tables I and II that if 
the epoxy resin-treated sand is contacted by water after 
consolidation of the sand, serious weakening of the con 
solidation treatment results. However, these data also 
show that by employing an amino-functional silane in 
the epoxy solution, this di?iculty is overcome, and a good 
sand consolidation results. The importance of the dis 
covery that the use of an amino-functional silane aids 
in avoiding the loss of strength of the consolidation treat 
ment when water contacts the sand shortly after treat 
ment is stressed, for many wells requiring sand consolida 
tion produce water, and the loss of the strength of treat 
ment in such wells could easily cause failure. 

Having fully described the nature, objects, and opera 
tion of my invention, I claim: 

1. In a method for consolidating the sands of an in 
competent formation in which a resin-forming mixture is 
introduced into said formation in two parts, the ?rst part 
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6 
injected miscibly displacing liquid wetting the sand grains 
of the formation and a portion of the ?rst part remaining 
on the surface of the sand grains, and the second part 
injected immiscibly partially displacing the ?rst part in 
jected, the portion of the ?rst part injected remaining on 
the sand grain surfaces extracting a fraction of the second 
part injected to form the resin and thereby consolidating 
the sands of the formation, the improvement comprising: 
including an amino-functional organo silane in one of 
the parts of said resin-forming mixture. 

2. A method as recited in claim 1 including employing 
a phenol type resin-forming mixture. 

3. A method as recited in claim 2 including employing 
said amino-functional silane in the range of .1 to 10' per 
cent by weight. 

4. A method as recited in claim 2 in which said ?rst part 
of said resin-forming mixture comprises an aldehyde and 
a catalyst and said second part of said resin-forming mix— 
ture comprises a low molecular weight hydroxy aryl 
compound. 

5. A method as recited in claim 4 in which said silane 
is included in said ?rst part of said resin-forming mixture. 

6. A method as recited in claim 5 in which said ?rst 
part of said resin-forming mixture includes an aldehyde, 
guanidine carbonate and sodium hydroxide and said 
second part of said resin-forming mixture includes cresol 
and xylenol. 

7. A method as recited in claim 1 including employing 
an epoxy type resin-forming mixture. 

8. A method as recited in claim 7 including employing 
said amino-functional organo silane in the range of .1 to 
10 percent by weight. 

9. A method as recited in claim 7 in which said ?rst 
part of said resin-forming mixture comprises an epoxy 
resin solution and said second part of said resin-forming 
mixture comprises a hardener solution. 

10. A method as recited in claim 9 in which said silane 
is included in said ?rst part of said resin-forming mixture. 

11. A method as recited in claim 10 in which said 
?rst part of said resin-forming mixture includes epoxy 
dissolved in ethanol and kerosene and said second part 
of said resin-forming mixture includes ditrimethyl-amino 
methylphenol dissolved in oil. 
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