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Absgstract of the Disclosure

DEFOAMING COMPOSITIONS AND METHODS

The present invention provides improved defoaming
compositions and methods. The compositions of the
invention are basically comprised of polypropylene

glycol, particulate hydrophobic silica and a liquid

diluent.
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1

DEFOAMING COMPOSITIONS AND METHODS

Background of the Invention

1. Field of the Invention.

The present invention relates to defoaming
compositions and methods, and more particularly, to such
compositions and methods for preventing the formation of

foam or breaking foam in well treating fluids.

2. Description of the Prior Art.

Defoaming compositions and agents have long been
used in the o0il and gas industry to prevent the formation
of a foam or to destroy a previously formed foam. The
defoaming compesltinns are commonly utilized as
components 1n well treating fluids to ©prevent the
formation of foam during the preparation and/or pumping

of the treating fluids. Also, defoaming compositions

have Dbeen utillized heretofore for breaking previously
formed foamed well treating fluilds. That 1s, when a
stable foamed well treating fluid must be disposed of on
the surface, a defoaming composition 1s added to the

fluid to destroy the foam whereby the non-foamed

components of the treating fluid can be readily disposed

of.

A variety of defoaming compositions and agerts have

b tllized heretofore. Examples of scuch defoaming
compositions and agents utilized irn well treatment fluids
include tributyl phosphate and acetylenic diol which are

environmentally unsafe. Other prior art defoaming agents
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which are environmentally safe include polypropylene

glycol and a mixture of polypropylene glycol with a
copolymer of ethylene oxide and propylene oxide monomers.

While these defoamers function adequately to prevent the

formation of foam in well treating fluids when they are
prepared and pumped, they do not function adequately for
defoaming previously formed foamed well treating fluids,

and particularly, previously formed foamed well cement
slurries.

Thus, there 1s a continuing need for improved
environmentally safe defoaming compositions for use in
various flulds 1ncludiug well treatment fluids.

Summary of the Inverntion

The present invention provides improved

environmentally safe defoaming compositions and methods

which meet the needs described above and overcome the

deficiencies of the prior art. The compositions of the

P

invention are Dpasically comprised of polypropylene

glycol, particulate hydrophobic silica and a ligquid
diluent. While various liquid diluents can be utilized,
those which are particularly suitable include fatty acid
methyl esters, olefins having one or more internal double

bonds, alpha-olefins, polyvalpha-olefins and linear

paraffins.

praw
—

f this i1nvention

A preferred defoaming composicion o
1s comprised of polypropylene glycol having a molecular

weight of about 4,000 present in the composition in an
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amount of about 30% by weight thereof, a particulate
hydrophobic silica comprised of silicone o0il treated
precipitated silica present in the composition in an
amount of about 16% Dby weight thereof and an olefin
having from about 11 to about 14 carbon atoms and one or

more 1nternal double bonds present in the composition in

an amount of about 54% by weight thereof.

A method of the present invention for preventing the

formation of foam in a well treating fluid during its

preparation or pumping into a well bore comprises

combining a defoaming composition of this invention with

the well treating fluid prior to preparing or pumping the

" [

fluid.

This invention also provides a method of defoaming a

previously formed stable foamed well treating fluid bv

combining a defoaming composition of this invention

therewlith.

It 1s, therefore, a principal object of the present

invention to provide improved defoaming compositions and

methods.

Other and further objects, features and advantages

of the 1nvention will be readily apparent to those

skilled 1in the art upon a reading of the description of
preferred empodiments which follows.
Descrintion of Preferred Embodiments
As mentioned above, defoaming compositions are

commonly utilized in a variety of fluids to prevent the
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fluids from forming foam with alr when they are agitated,
mixed or the 1like 1in the presence of air. In the
treatment of wells with well treating fluids, the fluids
are commonly mixed or blended 1in the presence of air on

the surface and then pumped 1into the well bore. If the

well treating fluids are inadvertently foamed while being
mixed and pumped, advexrse results can take place. For

example, 1n completing and stimulating a well, unfoamed

treating fluids are often utilized which, 1f foamed,

P =

would not accomplish their 1ntended purposes or would

produce less than desirable results.

some well treating fluids are 1intentionally formed

et |
M N

into stable foams on the surface 1in order to reduce the

densities of the fluids or for other reasons. Wnen sucn

stable foams must Dbe disposed of on the surface, 1t is

often necessary to Dbreak the foams in order t

O

efficiently dispose of the non-foamed components. Whi

|t
(D

defoaming compositions and agents have been developed and

used successfully heretofore, such defoaming compositions
and agents generally have elther Dbeen environmentally

unsafe or have produced less than desirable results when

-

utilized to break previously formed stable foams. By the

present invention, improved defoaming compositions and
methods are provided which are environmentally safe and
alao procduce better defoaming regulits =han the heretofore

utilized defoaming compositions and agents.
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The 1mproved defoaming compositions of the present
invention are Dbasically comprised of ©polypropylene
glycol, particulate hydrophobic silica and a 1liquid

diluent. The polypropylene glycol utilized in the

compositions can have a molecular weight in the range of

from about 425 to about 4,000. It 1s preferred that the
polypropylene glycol have a molecular weight at the high

end of the above range, most preferably about 4,000. The

polypropylene glycol i1s generally included in the

—

——

defoaming compositions of this invention in an amount in

1}

the range of from about 20% to about 75% by weight of the

composlitions, most preferaklv about 30%.
A particulate hydrophobic silica useful in

accordance with this invention 1s silicone oil treated

precipitated silica. This hydrophobic silica functions

in comblnation with the polypropylene glycol to defoam

fluids very efficiently. The precipitated silica can be

prepared by simultaneously adding sulfuric acid and
sodium silicate solutions to water with agitation. The

pH of the mixture during the reaction is maintained above

about 9 whereby smaller particles are continuously
dissolved during the precipitation of silica. As a
result, uniform particle sizes are obtained. During the
precipitation process, the properties of the silica can
be wvaried ky changing the ratio of reactants, the
reaction time, the reaction temperature and the reaction

mixture concentrations. The suspension that results from

ROl . BN AP NS e AL S e AL S
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the precipitation process 1is filtered and dried followed

by milling to reduce the size of agglomerates formed in

the drying stage.
The precipitated silica 1s hydrophobized by spraying
it with a uniform coating of silicone oil followed by

heating. The quantity of silicone o1l utilized 1is

usually apbout 10% by weight of the precipitated silica.
Particularly suitable silicone c¢il treated precipitated
silica for wuse 1In accordance with this invention 1is

commercially available under the trade designations

SIPERNET D-11"™ and SIPERNET D-13™ from the Degussa

Company having a place of Dbusiness 1n  Chester,

Pennsylvania. The SIPERNET D-11"™ has a BET surface aresa

of 90 sqgquare centimeters per gram whlle the SIPERNET D-

R

13™ has a BET surface area of 85 sguare centimeters p=ar

gram. Other proverties of the procucts are the same and
are as follows: average particle size - less than &
microns; tapped density - 120 grams per liter; pHE - 9.5
to 11.5; moisture loss at 105 C atfter 2 hours - 1.5%;

ignition loss after 2 hours at 1,000 C -5%; methanol

f

wetability - greater than about 60%; S10, content - 98%;
and NaSO, content - 2%.

The particulate hydrophobic silica 1s generally
included in the defocaming compositions of this invention

in an amount in the range of from about 10% to abocut 20%

by weight of the compositions, preferably about 16%.

R AP M et M |
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A variety of liquid diluents which also function as

dispersion mediums for the particulate hydrophobic silica

can be utilized 1n accordance with the present invention.

Examples of preferred such liguid diluents include, but
are not limited to, fatty acid methyl esters, olefins

having one or more 1internal double bonds, alpha-olefins,

polyalpha-olefins and 1linear paraffins. Of these,

olefins having from about 11 to about 14 carbon atoms and
one Or more 1nternal double bonds are presently
preferred. Generally, the liquid diluent is included in
the defoaming compositions of this invention in an amount

P

in the range of from about 10% to about 70% by weight of

o\°

the composilitions, preferably apout 54

-

Thus, a preferred defoaming composition of the

i Y

present 1nvention 1s comprised of polypropylene glycol

having a molecular weight 1in the range of from about 425
to about 4,000, particulate hydropnooic silica and =

ligquid diluent. The particulate hydrophobic silica 1is

preferably silicone oil treated precipitated silica.

A more preferred defoaming composition of this

invention 1is comprised of polypropylene glycol having a

F

molecular weight of about 4,000, silicone o1l treated

precipitated silica and a 1liquid diluent selected from
the group of fatty acid meihnyvl esters, olefins having one
or more internal Jdcuble Dbonods, alpha olefins, polyalpha

olefins and linear paraffins.
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The most preferred composition of this invention 1is
comprised of polypropylene glycol having a molecular

welight of about 4,000 present 1n the composition in an

amount of about 30% by weight therecf, silicone oil

treated precipltated silica present in the composition in

an amount of about 16% by weight thereof and a diluent

F

comprised of an olefin having from about 11 to about 14

carbon atoms and one or more 1nternal double Dbonds

F
P—

present 1in the composition 1n an amount of about 54% by

weight thereof.

The methods of this 1nvention i1nclude methods of

i1

F

preventing the formation of foam in a well treating flu*d

—

during 1its preparation or pumping 1into a well bore and

methods of defcaming a previously formed stable foamed

pr— (] ~y

well treating fluid. More specifiically, the methods of

the present invention of preventing the formation of foam

in a well treating fluid during 1its prepvaration and

pumping are basically comprised of combining a defoaming

composition of this 1nvention with said well treating
fluid, the defoaming composition being comprised of
polypropylene glycol, particulate hydrophobic silica and
a liguid diluent. The methods of this invention for

defoaming a previously prepared stable foamed well

treating fluid are basically comprised of combining a
defoaming compousition with the foamed well treating

fluid, the defoaming composition being comprised of
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polypropylene glycol, particulate hydrophobic silica and

a liquid diluent.

As mentioned above, the defoaming compositions of

this invention can be utilized in a variety of different

fluids and are particularly well suited for use in well

treating fluids. Examples of well treating fluids in

which the defoaming compositions can be utilized to

prevent the formation of foam are aqueous gelled fluids

F

and cement slurries. An example of a previously prepared

foamed well treating fluid which can be efficiently

| —

defoamed using a defoaming composition of this invention

1s a stable foamed cement slurry. “Xcess previously

prepared stable foamed cement slurries are often pumpesd

into pits on the surface and must be disposed of. By

e

combining a defoaming composition ©f this invention with

such foamed cem=nt slurries, e.d. by  spraying the

defoaming composition thereon, tne Loamed camant
slurries, rapldly and completely break whereby they can

be readily disposed of.

In order to further 1llustrate the defoaming

compositions and methods of thilis 1invention, the following

examples are given.

Example 1

Test cement compositions w2re prepared from five
different cement slurries contalining various conventional
additives, i.e., five cement compos.ttions wilthout

defoamer, fine cement compositions containing each of

- akd=dr-apl owliD r LA 4 UL
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four prior art defoamers and five cement compositions
containing the defoaming composition of the present
invention. The components and guantities utilized in
forming the five cement slurries are given i1in Table I

below.
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The theoretical design density of each of the test
cement compositions as well as the densities of each test
cement composition which did not include a defoamer, each
test composition including a prior art defoamer and each

test composition including the defoaming composition o:

1)

the present 1invention were determined and are given in

Table II below. When included,

the defoamers were added

to the test cement compositions in amounts of 0.25% by
weight of cement.
TABLE IX
Defoaming
Compositi |
ocn of the !
Design NO Prior Prior Priog Prioxr Prasent
Slurr Densit Defoams At b AXL | Art Lnvention i
v No. v, r, Defoamexr* | Defocamer® | Defocamer’® | Defcamer? >, 1b/gal |
1b/gal 1b/gal , lb/gal , 1b/gal , lb/gal , lb/gal |
SR T ——
|
1 19.2 17.3 18.75 18.4 18.85 18.6 18 .8 ’
2 16 .8 13.2 16.7 16.7 16.65 16 .7 16 .65
3 16.4 12 .8 16,15 15.6 16.3 16 .2 16,3
4 14 .4 13 .4 14 .4 14 .4 Ld .4 14 .4 L, d
5 15.6 14.9 15.06 15.6 15.6 15.6 15.6

! Tributyl phosphate
‘ Acetylenic diol

3

oxide

' Polypropylene glycol
(MW=4,000)
16% and C,,-C,, olefin with internal double
composition.

)

Propylene glycol

From Table

- 30%,

Polypropylene glycol mixed with copolymer

silicone

1t can be

of ethvlene oxide

bonds -

and propylene

o1l treated precipitated silica -

54%, all by weight of

seen that the defoaming

composition of the nresent invention  substantially
agualed or exceeded tne cdefoaming efficiencies of the
conventional defoamers. That 1s, the defoaming
composition of the present 1nvention prevented the

formation of focam 1in the test cement compositions to a
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substantially equal or greater degree than the prior art

defoamers tested.

Example 2

Stable foamed test cement compositions were prepared

contalning various prior art defoamers

composition of the present

compositions contained the following components:

cement ; a fluid

carboxymethylhydroxyethylcellulose

by weight of cement;

of cement;

alcohol sulfate 1in an amount ot

a foam stabilizer

B
e

0.75%

N

an amount o:

by weilight of

defoamer

compositions had a density o

after bein foamed,

10.5 1bs. per gallon.

composition was

below.

loss

a foaming agent comprised

comnrisad Ot

by volume

invention.

control

F
whra
QL

tna

determined

cCompos1tl1ons
The density of

and thne

agent

1.5% by volume of
coccamlidopnrovyibataines

water;

results

and the defoaming

The test cement

Premium

1

comprised  of

1n an amount of 0.3%

water 1in an amount of 43% by weight

of an ethoxylated

wacer;

and 1.

The unifoamed tegst

had a& density cof
cach test cement

QAre

ETY T T I P TV P FAF R P TR FC UL Wy, = v W

17k 3 wlllo-Srdiy. inOuer v il ashet-1 1200 vk
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Cement Composition
Defoamer Dengit¥, lb/gal
- tributyl phosphate L 2 12.39
] acetylenic diol o 11.91
polypropylene glycol mixed 10.75

with copolymer of ethylene

oxlde and propylene oxide

polypropyvlene glycol 10.65

present lnvention (same as 15.8

footnote 5, Table II)

From Lhe aseve, 1t can be seen that the defoaming

composition of this invention 1s nighly efficient in

iy

defoaming stable foamed fluids.

The procedure desscriped 1n Example 2 utilizing ths=

A

foamed cement slurry described therein was repeated using

a defoaming composition of the  present invention

(footnote 5, Table 1II) 1including a linear alpha-olefin

having from about 11 to about 14 carbon atoms as the

liquid diluent instead of the olefin having internal
double bonds. A second test was also conducted using a
linear paraffin having from about 11 to about 14 carbon

atoms as the ligquid diluent. The results of these tests

are giliven beliow.

Dbl b ol 13 el eI q --'---b'mmlmer\-mlhl%m-&bum--fm»mwusn F N R Y . B e T D e W e IO T, el Lt Db Ol AN ML FE: SR PN b 2L 3 £ i N LA dl 7 1r. & O b, b M Kbl faielal™. b
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Defoamer Density, 1lb/gal
present 1nvention, but 15.85

including linear alpha-

olefin diluenp

present 1nvention, but 15.8

including linear

paraffin diluent

From the above, it can be seen that wvarious liquid

diluents can be utilized 1n the compositions of this

invention without changing the effectiveness o:

Fh
(1
)
(D

compositions.

Example 3

A base cement slurry comprised of Premium cament,

o~

foaming composition o©of the ©pressent invention

L

the de

(footnote 5, Table II) in an amount of 1% by weight o¢f

p—

cement, and water 1n an amount of 46% by welght of cement

was prepared. Three different fluid loss additives were

combined with three test portions of the base cement

slurry and the viscosity and fluid loss for each test

portion was determined in accordance wlth the procedures

gset forth 1in the API Svecification For Materials And

Testing For Well Cements, API Specification 10, 5th

Edition, dated July 1, 1990, of the American Petroleum
Institute. The results of these tests are given 1n Table

III below.
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Table III
125 F
Fluid Quanticy, Fluid Loss
Loss % by at 1,000 125 F Viscosity,
Additive | weight of | psi, cc/30 Bc
Used cement min. Initial 20 min.
A 1.2 36 8 9
B 0.6 2.0 10 | 12
C’ 1.2 34 9 7
* Fluid Loss 2Additive A was comprised of modified
hydroxyethylcellulose.

p

Fluid Loss Additive B was comprised of a modified

copolymer of AMPS® and N,N-dimethylacrylamide.

3

From the results given

that the presence

present

viscositilies or

A bas

water 1n an amount of 46%

invention

i
-..'"
O.&

e ca2menc

did

fluid losses of

in Table

Fluid Loss Additive C was hydroxyethylcellulose.

ITI 1t can be gean

the deifoaming composition of the

not

—
pr—

Example 4

slurry comprised ot

materially

by weight o©f cement, a

arffect the

The cement slurrilies.

praemium cement,

fluid

loss additive comprised of a modified copolymer of AMPS®

and N,N-dimethyl-acrylamide

weight of

modified lignosul:

cement was prepared.

slurry, the defoaming compositlion
(footnote 5, Table 1) was ~added
weight of cement.

portion of the base slurry.

base

conducted

slurry were

cement and

1n accordance

subjected to

in

a set

fonate in an amount of 0.2% by weight of

an amount

retarder

of 0.6% Dby

comprised of a

pr
p—

To one portion of the base cement

in an amount of 1%

thickening

with the above

of

this i1nvention

by

Ne defoamer was added to a second

The test portions of the

time tests

mentioned API

A AR ¥ AN O3] e AL Il At Rt PRI vk S ir S ML A st PR AL o vy o DUl d ARMR (L A G Aa Pl e e e al
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Specification 10. The results of these tests are set
forth below.
140 F BHCT, 5200 psi,
Defoamer of the Casing Schedule 5g, time
Present Invention Eo reach 70 Bc (hr:mn)
NO 6:39
] YeS 5:36

From the above results, 1t c¢can be seen that the

po—
Pum

presence of the defoaming composition of the present

-t

ftect on cemsnt slurrvy

wnde.

invertion nad little or noe e

thickening time.

4

Thus, the present invention 1s well adapted to carxry
out the objects and attain the ends and advantages

mentioned as well as those which are 1nherent therein.

While numerous changes may pe made by those skilled 1in

the art, such changes are encompassed within the spirit

of this invention as defined by the appended claims.
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What 1s claimed is:
1. An 1mproved defoaming compositlon comprising:
polypropylene glycol;

particulate hydrophobic silica; and

a liquid diluent.

2. The compeosition of c¢laim 1 wherein said

polypropylene glycol has a molecular weight 1n the range

of from about 425 to about 4,000.

3. The composition of c¢laim 1 wherein said

polypropylene glycol is present 1in sald composition in an

amount 1n the range of from about 20% to about 75% by

weilght thereof.
4 | The comgposition oOrf claim 1 wherein  said
hydrophobic silica 1s silicone o1l treated precipitated

silica and is present in sald compositilion 1n an amount 1in

the range of from about 10% to about 20% bv weight
thereof.
5. The composition of claim 1 wherein said ligquid

F

diluent 1s selected from the group of fatty acid methyl

esters, olefins having one or more internal double bonds,

alpha olefins, polyalpha olefins and linear paraffins.

J—
e

6 . The composition of claim 1 wherein said liquid

diluent 1s present in said composition 1n an amount 1in
the rarge of from about 1i0% to about 70% Dby weight
thereot.

7. The composition of claim 1 wherein saia

polypropylene glycol has a molecular weight of about
4,000 and is present in said composition 1n an amount of

about 30% by weight thereof.
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8 . The composition of c¢laim 7 wherein said
particulate hydrophobic silica 1s silicone o1l treated

precipitated silica and 1s present 1in said composition 1n

an amount of about 16% by weight thereof.

9. The composition of claim 8 wherein said liquid

diluent is comprised of an olefin having from about 11 to

about 14 carbon atoms and one or more 1internal double

bonds and 1s present in said composition in an amount o:

f 1]

about 54% by welght thereof.

10. A method of preventing the formation of foam in

a well treating fluid during its preparation and pumplng

into a well Dbore comprising combining a defoaming

composition with g3id well treating Ifluld during 1its

preparation, said defoaming composition being comprised

of polypropylene glycol, particulate hydrophobic silica

and a ligquid diluent.
11. The method oL claim 10 wherein saicd
polypropylene glycol is present 1n sald composition 1n an

amount 1in the range of from about 20% to about 75% by

weight thereof.

12. The method of claim 10 wherein said particulate
hydrophobic silica is silicone o1l treated precilpitated
silica and 1s present in said compositlion 1n an amount 1in

p—

the range of from about 10% to about 20% by weight

thereotf.
13. The method of claim 10 wherein said liquid
diluent is comprised of an olefin having from about 11 to

about 14 carbon atoms and one or more 1nternal double
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bonds and 1s present 1in said composition in an amount 1in
the range of from about 10% to about 70% thereof.

14. The method of claim 10 whereiln said
polypropylene glycol has a molecular weight of about
4,000 and 1s present in said composition in an amount of

about 30% by weilight thereof.

15. The method of claim 14 wherein said particulate

hydrophobic silica 1s silicone o011 treated precipitated

silica and is present in said composition in an amount of

about 16% by weight thereof.

16. The method of c¢laim 15 wherein said liguid

diluent is comprised of an olefin having from about 11 to

about 14 carbon acoms and one or nmore internal Jdcuble

V)

bonds and 1s present in sald composilition 1n an amount o

about 54% by weight thereof.

17. A method of defoaming a previously vrepared

stable foamed well treating fluid comprising combining a

-

defoaming composition with said foamed well treating

ﬁ

fluid, said defoaming composition being comprised o=

polypropylene glycol, particulate hydrophobic silica and

a ligquid diluent.

18. The metnhod of claim 17 whereiln said

polypropylene glycol is present in sailid composition in an
amount in the range of from ab.out 20% to about 75% by
weight thereof.

19. The method of claim 17 wherein sailid particulate
hydrophobic silica is silicone o011l treated precipitated

silica and i1s present in said composition in an amount in

et e Yo+ e e84 Ay S b e bt A e % hatamt ooy A B oG A B A A S U TR A AR I VIMTTIIAR b ot 3 ah - N e84 e 4 An g R SR S AL A SIS DTLD SO AT TIPS vl O AN 00 M 1 L) L o 4 PALC AP e WS A AR AR A VTR AL Lo ARGt AL AT e S s
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the range of from about 10% to about 20% by weight
thereof.

20. The method of claim 17 wherein said 1ligquid
diluent 1s comprised of an olefin having from about 11 to
about 14 carbon atoms and one or more 1internal double
bonds and 1s present in said composition 1in an amount in
the range of from about 10% to about 70% thereof.

21.. The method of claim 17 wherein sald
polypropylene glycol has a molecular weight of about
4 000 and 1s present 1n said composition in an amount of
about 30% by weight thereof.

22. The method of claim 21 wherein said particulate
hydrophobic silica 1s silicone o©i1il treated precipitated
silica and 1s present in said composition in an amount cof
about 16% by weilght thereof.

23. The method of claim 22 wherein said liguid

diluent is comprised of an olefin having from about 11 to

about 14 carbon atoms and one or more 1nternal double

’-

bonds and is present in said composition 1n an amount of

about 54% by weilight thereof.
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