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(57) ABSTRACT 

Novel uses of reactive surfactants in treating subterranean 
formations and/or proppant particulates are provided. In one 
embodiment, the present invention provides a surfactant 
treated proppant particulate comprising a proppant particu 
late that comprises at least one surface that has been alloWed 
to interact With a reactive surfactant. 
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METHODS OF USING REACTIVE SURFACTANTS 
IN SUBTERRANEAN OPERATIONS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 11/133,554, entitled “Methods of 
Modifying Fracture Faces and Other Surfaces in Subterra 
nean Formations,” ?led on May 20, 2005 by Weaver et al., 
and US. patent application Ser. No. 11/133,697, entitled 
“Methods of Treating Particulates and Use in Subterranean 
Formations,” ?led on May 20, 2005, by Weaver et al., the 
entireties of Which are herein incorporated by reference for 
all purposes. The present invention is related to co-pending 
US. application Ser. No. ,Attomey Docket No. HES 
2005-IP-017362U1P1 entitled “Methods of Using Reactive 
Surfactants in Subterranean Operations,” ?led concurrently 
hereWith, the entire disclosure of Which is incorporated 
herein by reference. 

BACKGROUND 

[0002] The present invention relates to methods and com 
positions useful in subterranean operations, and more par 
ticularly, to novel uses of reactive surfactants in treating 
subterranean formations and/or proppant particulates. 

[0003] Hydrocarbon Wells are often located in subterra 
nean formations that contain unconsolidated particulates 
(e. g., sand, gravel, proppant, ?nes, etc.) that may migrate out 
of the subterranean formation into a Well bore and/or may be 
produced With the oil, gas, Water, and/or other ?uids pro 
duced by the Well. The term “unconsolidated particulates,” 
and derivatives thereof, is de?ned herein to include loose 
particulates and particulates bonded With insu?icient bond 
strength to Withstand the forces created by the ?oW of ?uids 
through the formation. Unconsolidated particulates may 
comprise, among other things, sand, gravel, ?nes, and/or 
proppant particulates in the subterranean formation, for 
example, proppant particulates placed in the subterranean 
formation in the course of a fracturing operation, among 
other purposes, to hold open conductive fractures created in 
that operation (e.g., forming a “proppant pack” Within the 
fracture). 
[0004] The presence of unconsolidated particulates in pro 
duced ?uids may be undesirable in that, among other prob 
lems, the particulates may abrade pumping and other pro 
ducing equipment and/or reduce the production of desired 
?uids from the Well. Moreover, particulates that have 
migrated into a Well bore, among other things, may clog 
portions of the Well bore and/or a proppant pack, reducing 
the conductivity of the subterranean formation (i.e., the 
ability of ?uids to ?oW through the formation). 

[0005] Several different treatments are used in the art to 
control the migration of unconsolidated particulates in sub 
terranean formations. One such method involves placing a 
?ltration bed containing gravel (e.g., a “gravel pack”) near 
the Well bore to present a physical barrier to the transport of 
unconsolidated particulates With the production of desired 
?uids. Typically, such “gravel-packing operations” involve 
the pumping and placement of a quantity of certain particu 
late, into the unconsolidated subterranean formation in an 
area adjacent to a Well bore. One common type of gravel 
packing operation involves placing a screen in the Well bore 
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and packing the surrounding annulus betWeen the screen and 
the Well bore With gravel of a speci?c siZe designed to 
prevent the passage of formation sand. The screen is gen 
erally a ?lter assembly used to retain the gravel placed 
during the gravel-pack operation. A Wide range of siZes and 
screen con?gurations are available to suit the characteristics 
of the gravel-pack sand used. To install the gravel pack, the 
gravel is carried to the formation in the form of a slurry by 
mixing the gravel With a viscous treatment ?uid. Once the 
gravel is placed in the Well bore, the viscosity of the 
treatment ?uid is reduced, and it is returned to the surface. 
The resulting structure presents a barrier to migrating sand 
from the formation While still permitting ?uid ?oW. HoW 
ever, the use of gravel packs and/or screens may exhibit 
problems such as screen plugging and screen erosion, or 
may be time-consuming and expensive to install. 

[0006] Other methods used to control unconsolidated par 
ticulates in subterranean formations involve consolidating 
unconsolidated particulates into stable, permeable masses by 
applying a resin or a tackifying agent to the subterranean 
formation, Which may cause unconsolidated particulates to 
adhere to one another, inter ali, presenting their migration 
into produced ?uids. HoWever, the use of conventional 
resins and tackifying agents may be problematic. For 
example, these treatments may require applying several 
different components (e.g., pre?ush ?uids, after?ush ?uids, 
catalysts, and the like) to the subterranean formation, Which 
may add cost and complexity to the operation and/or require 
longer periods of time. Also, conventional multi-component 
treatments may not be practical due to the di?iculty in 
determining if the entire interval has been treated With all of 
the components used. 

[0007] Surfactants have been used heretofore in the art for 
many purposes, including stabiliZing foams or emulsions, 
changing the Wettability of surfaces, solubiliZing certain 
materials, deWatering ?uids, reducing the surface tension of 
?uids, increasing the viscosity of ?uids, enhancing vis 
coelastic and rheological properties of ?uids, and/or aiding 
in the placement of treatment ?uids in subterranean forma 
tions. HoWever, in some instances, conventional surfactants 
may destabiliZe a coating (e.g., resin or tackifying agent) on 
a surface Within a subterranean formation or a surface of a 

proppant particulate, for example, by forming surfactant 
micelles Within the coating and/or making the coating less 
dense. In other instances, it may be desirable to deposit 
molecules of a surfactant on a surface Within a subterranean 

formation and/or a surface of a proppant particulate, for 
example, When the proppant particulate is to be treated With 
certain aqueous tackifying agents. HoWever, molecules of 
conventional surfactants may not distribute themselves 
evenly along the coating, Which may leave certain portions 
of a subterranean formation or a proppant particulate insuf 
?ciently treated With the surfactant for particular subterra 
nean operations. 

SUMMARY 

[0008] The present invention relates to methods and com 
positions useful in subterranean operations, and more par 
ticularly, to novel uses of reactive surfactants in treating 
subterranean formations and/or proppant particulates. 

[0009] In one embodiment, the present invention provides 
a proppant particulate comprising at least one treated surface 
that has interacted With a reactive surfactant. 
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[0010] In another embodiment, the present invention pro 
vides a treatment ?uid comprising a base ?uid and a reactive 
surfactant. 

[0011] In another embodiment, the present invention pro 
vides a treatment ?uid comprising a base ?uid and a prop 
pant particulate that comprises at least one treated surface 
that has interacted With a reactive surfactant. 

[0012] The features and advantages of the present inven 
tion Will be apparent to those skilled in the art. While 
numerous changes may be made by those skilled in the art, 
such changes are Within the spirit of the invention. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0013] The present invention relates to methods and com 
positions useful in subterranean operations, and more par 
ticularly, to novel uses of reactive surfactants in treating 
subterranean formations and/ or proppant particulates. 

[0014] The methods, treatment ?uids, and surfactant 
treated proppant particulates of the present invention gen 
erally involve the use of a reactive surfactant. The term 
“reactive surfactant” is de?ned herein to include any sur 
factant Whose molecules are capable of forming polymers, 
copolymers or crosslinks With itself or With other molecules. 
In certain embodiments of the present invention, the reactive 
surfactant is alloWed to interact With a surface in a subter 
ranean formation (e.g., a fracture face), a Wellbore Wall, or 
a particulate (e.g., sand, gravel, ?nes, proppant particulates, 
etc.) being treated. The term “interact With a surface,” as 
used herein, does not imply any particular action, and is 
de?ned herein to include any number of different chemical 
and/or mechanical interactions betWeen the reactive surfac 
tant and the surface being treated. For example, the reactive 
surfactant may form a “coating” on the surface being treated, 
Which is de?ned herein to include any ?lm or layer that 
covers some portion of the surface. In certain embodiments, 
the reactive surfactant may become absorbed into the sur 
face being treated (or some other coating thereon). In certain 
embodiments, at least some portion of the reactive surfactant 
may reside on a surface of a proppant particulate that has 
been alloWed to interact With a reactive surfactant. The 
results of this interaction may, inter alia, help “consolidate” 
unconsolidated particulates, as that term is de?ned herein, 
(e.g., by forming a tacky or curable coating that causes 
unconsolidated particulates to adhere to each other), modify 
the hydrophobicity or hydrophilicity of the surface, provide 
a site for subsequent reaction With one or more compounds, 
and/or maintain the conductivity of a subterranean forma 
tion, gravel pack, and/or proppant pack. Among other things, 
this coating may exhibit greater colloidal stability and/or 
comprise more densely packed polymer molecules than 
coatings generated using conventional materials. Moreover, 
the molecules of the reactive surfactants used in the present 
invention may distribute themselves more evenly along the 
surfaces treated herein than molecules of a conventional 
surfactant, Which may create a more uniform and/or more 
stable coating. 

[0015] The reactive surfactants suitable for use in the 
present invention comprise any surfactant Whose molecules 
are capable of forming polymers, copolymers, or crosslinks 
With itself or With other molecules. Examples of reactive 
surfactants that may be suitable for use in the present 
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invention include, but are not limited to the folloWing: 
diallyl amine pluronics; linoieic alcohols; allyl alkyl phe 
nols; acrylate derivatives; allyl alcohol alkenyl anhydride 
derivatives; maleic derivatives; sulfosuccinate derivatives; 
allyl amine salts; polymeriZable esters (e.g., ole?nically 
unsaturated esters, alkenylsuccinic monoesters); ethyleni 
cally unsaturated amine salts of sulfonic, phosphoric and 
carboxylic acids; alpha-beta ethylenically unsaturated poly 
(alkylenoxy) compounds; ring sulfonated maleate half esters 
of alkoxylated alkyl arylols; ring sulfonated half esters of 
maleic anhydride With alkoxylated alkyl arylols; aliphatic 
diols; polyoxyalkylene alkyl ethers; and mixtures thereof. 
The term “derivative” is de?ned herein to include any 
compound that is made from one of the listed compounds, 
for example, by replacing one atom in the listed compound 
With another atom or group of atoms, rearranging tWo or 
more atoms in the listed compound, ioniZing the listed 
compounds, or creating a salt of the listed compound. 

[0016] Certain reactive surfactants that may be suitable for 
use in the present invention may comprise at least one 
branched aliphatic hydrocarbon group or branched aliphatic 
acyl group. Certain reactive surfactants that may be suitable 
for use in the present invention may comprise unsaturated 
compounds having a pentenyl group to Which an alkylene 
oxide is added. Certain reactive surfactants that may be 
suitable for use in the present invention may comprise 
polyhydroxyl functional non-ionic surfactants having 
repeating polymer units in the backbone and from 3 to 31 
hydroxyl groups Wherein the hydroxyl groups on the repeat 
ing polymer unit are separated by 4 or more carbon atoms 
Wherein the reactive surfactant is substantially free of oxy 
ethylene units. Certain reactive surfactants that may be 
suitable for use in the present invention may comprise 
substantially linear synthetic Water-soluble surfactants 
Whose polymeric backbones are derived from the polymer 
iZation of one or more ethylenically unsaturated monomers 
and have an average molecular Weight of from about 500 to 
about 40,000. Certain reactive surfactants that may be 
suitable for use in the present invention may comprise 
polymeriZable surfactants formed by the reaction of a dial 
lylamine, ethylene oxide, propylene oxide, and/or butylene 
oxide. Certain reactive surfactants that may be suitable for 
use in the present invention may comprise ethylenically 
unsaturated polymeriZable Water-soluble nonionic surfac 
tants formed by the reaction of a diallylamine compound 
With ethylene oxide, propylene oxide, or butylene oxide in 
an emulsion polymeriZation reaction. Certain reactive sur 
factants that may be suitable for use in the present invention 
may comprise one or more polymeriZable antimicrobial 
quaternary ammonium compounds derived from at least one 
acid, Wherein the acid is a sulfonic acid, a carboxylic acid, 
a phosphoric acid, or a salt therof, Wherein the acid (or salt 
thereof) comprises at least one ethylenically unsaturated 
portion. Another type of reactive surfactant that may be 
suitable for use in the present invention are amine salts 
comprising: (a) at least one acid that is a sulfonic acid, a 
carboxylic acid, or a phosphoric acid, or a mixture thereof; 
and (b) at least one nitrogenous base that comprises at least 
one nitrogen atom and at least one ethylenically unsaturated 
portion. Another type of reactive surfactant that may be 
suitable for use in the present invention are esters of acrylic, 
methacrylic, and crotonic acids and the mono- and di-esters 
of maleic, fumaric, itaconic, and aconitic acids With one or 
more of the folloWing: (a) CS-C2O alkylphenoxy (ethyl 
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eneoXy)10-60 ethyl alcohol; (b) (ethyleneoxy)15_25 sorbitan 
esters of Clz-C2O fatty acids; or (c) methyl cellulose, 
hydroxymethyl cellulose, hydroxyethyl cellulose, and poly 
vinyl alcohol. 

[0017] One type of reactive surfactant that may be suitable 
for use in the present invention are reactive surfactants that 

comprise: (a) one anionic hydrophilic group; and (b) one 
reactive group selected from the group of a vinyl group, an 
allyl group, and groups having formula (1) beloW: 

(1) 
R1 R2 

wherein R1 and R2 are each a hydrogen atom or CHZX 

(Wherein X is a hydrogen atom or a substituent), Y is a 
carbonyl group or methylene group, and p is a number equal 
to Zero or 1. 

[0018] Another type of reactive surfactant that may be 
suitable for use in the present invention are phosphoric 
esters having formula (2) below: 

Wherein: R is a hydrogen atom or a methyl group; A0 is a 

C6-Cl8 oxyalkylene group or oxy(alkoxymethyl)ethylene 
group; A0‘ is a C2-C4 oxyalkylene group; M is a hydrogen 
atom, an alkali metal atom, or ammonium; m is a number 
equal to 0 or from 1 to 3; and n is a number from 1 to 100. 

[0019] Another type of reactive surfactant that may be 
suitable for use in the present invention are sulfate surfac 

tants having formula (3) beloW: 

(3) 
R2 

wherein: R1 is a C6-C22 alkyl group; R2 is a hydrogen atom 
or a methyl group; A is an ethylene group and/ or a propylene 

group; a is an integer from 1 to 20; b is 0 or an integer from 

1 to 20; and M is a hydrogen atom, an alkali metal atom, an 
alkaline earth metal atom, ammonium, a residual group of an 
alkyl amine, or a residual group of an alkanolamine. 

[0020] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 

having formula (4) or (5) beloW: 
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(4) 
CH3 

Wherein: Al is a C5-Cl8 alkylene group or an alkoxymeth 
ylethylene group (Whose alkoxy group has 4-18 carbon 
atoms); A2 is a C2-C4 alkylene group; n is a number from 0 
to 200; and M is a cation. 

[0021] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (6) beloW: 

(6) 

Wherein: n and m are each any number; X denotes a 
methylene group or carbonyl group; A0 is an oxyalkylene 
group or oxy(alkoxymethyl)ethylene group; and Rl-R6 are 
each alkyl groups. Reactive surfactants of this type comprise 
at least one substituted or unsubstituted aryl cyclic sulfo 
nium ZWitterion groups in the molecules of the reactive 
surfactant. 

[0022] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (7) beloW: 

(7) 

Wherein: a, b, and m are each any number; A0 is an 
oxyalkylene group or oXy(alkoxymethyl)ethylene group; 
and M is a hydrogen atom, an alkali metal atom, an alkaline 
earth metal atom, ammonium, a residual group of an alkyl 
amine, or a residual group of an alkanolamine. Reactive 
surfactants of this type comprise both a long-chain alkyl 
group and a polymeriZable reactive group having a hydro 
philic polyoxyalkylene chain. 

[0023] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (8) and/or (9) beloW: 
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(8) 

OH 

OH 

(0) 

OH 

wherein: R1 is a branched aliphatic hydrocarbyl group or a 
secondary aliphatic hydrocarbyl group; R2 is an alkylene 
group; R3 is a hydrogenator or a methyl group; A0 and A0‘ 
are each a C2-C4 oxyalkylene group; M is a hydrogen atom, 
an alkali metal, an alkaline earth metal, or an ammonium; m 
and n are each a number from 0 to 100; and a and b are each 
a number equal to 0 or 1. 

[0024] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
prepared by formulating a phosphoric ester-type reactive 
surfactant having formula (10) beloW With a sulfuric ester 
type surfactant having formula (11) beloW in a prescribed 
ratio: 

[M10], 

Wherein: Al is a C5-Cl8 alkylene group or an alkoxymeth 
ylethylene group (Whose alkoxy group has 4-18 carbon 
atoms); A2 is a C2-C4 alkylene group; X denotes a methylene 
group or a carbonyl group; M1 and M2 are each a hydrogen 
atom, an alkali metal atom, an alkaline earth metal atom, 
ammonium, a residual group of an alkyl amine, or a residual 
group of an alkanolamine; and e, f, g, m, and n are each any 
number. Another type of reactive surfactant that may be 
suitable for use in the present invention are unsaturated 
compounds having formula (12) beloW: 

CH2:CHi(CH2)P4Oi(AO)m-(EO)niS03M (12) 
Wherein: A0 is a C3-Cl8 oxyalkylene group; E0 is oxyeth 
ylene group; p is a number from 2 to 16; m is a number from 
0 to 50; n is a number from 0 to 200; and M is a hydrogen 
atom or a cation. 

[0025] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
prepared from a partially sulfated phosphate ester reactive 
surface active agent having formula (13) beloW: 
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[MO g 

Wherein: e, f, g, and n are each any number; A0 is an 

oxyalkylene group or an oxy(alkoxymethyl)ethylene group; 

X denotes a methylene group or a carbonyl group; and M is 

a hydrogen atom, an alkali metal atom, an alkaline earth 

metal atom, ammonium, a residual group of an alkyl amine, 
or a residual group of an alkanolamine. 

[0026] Another type of reactive surfactant that may be 
suitable for use in the present invention are phosphate-type 

surfactants having formula (14) beloW: 

(14) 

wherein: R1 denotes a hydrogen atom or a methyl group; X 

denotes a methylene group or a carbonyl group; (AO) 

denotes a polyoxyalkyene group; M denotes a hydrogen 

atom, a metal atom, or ammonium; m denotes a number 

equal to l or 2; and n denotes a number greater than or equal 

to l. 

[0027] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 

having formula (15) beloW: 

wherein: R1 is a C6-C3O hydrocarbon group; R2 is a hydrogen 
atom or a methyl group; A is a C2 or C3 alkylene group; a is 

equal to 0 or an integer from 1 to 15; b is an integer from 1 

to 15; c is equal to 0 or an integer from 1 to 20; and M is a 

hydrogen atom, an alkali neutraliZed salt or ammonium of an 

amine. 

[0028] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (16) beloW: 
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(16) 

wherein: R1 is a C6-C3O hydrocarbon; R2 is a hydrogen atom 
or a methyl group; A is an ethylene or propylene group; a is 
equal to 0 or an integer from 1 to 15; b is an integer from 1 
to 15; c is equal to 0 or an integer from 1 to 20; n is equal 
to l or 2; the sum of m and n is equal to 3; and M is a 
hydrogen atom, an alkyl metal atom, or an alkaline earth 
metal. 

[0029] Another type of reactive surfactant that may be 
suitable for use in the present invention are phosphates (or 
alkali metal salts, alkaline earth metal salts, alkanolamine 
salts, or ammonium salts thereof) having formula (17) 

‘l 

(17) 

| 
OH 

wherein: R is a C6-Cl2 alkyl group; A is an ethylene group 
or a propylene group (With the proviso that all the A’s cannot 
be propylene groups); n is an integer from 1 to 50; q is equal 
to l or 2; r is equal to l or 2; s is equal to 0 or 1; the sum 
of q, r, and s is equal to 3; and X is a methacryloyl group, 
an acryloyl group, or an allyl group. Reactive surfactants of 
this type can be obtained by reacting a glycidyl compound 
(e.g., an acrylic glycidyl ester or allyl glycidyl ether) With a 
phosphate compound obtained by reacting a polyoxyalky 
lene alkylcyclohexyl ether With a phosphorylating agent 
e.g., phosphoric anhydride). 

[0030] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (18) beloW: 

(13) 
R 

Wherein: R is a hydrogen atom or a methyl group; R1 is a 
hydrocarbon group; M and M' are each a metal atom or 
ammonium; and n is an integer greater than or equal to 1. 
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[0031] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (19) beloW: 

Wherein: X is a polymeriZable group having C=C double 
bond; M is a hydrogen atom, a metal, or ammonium; R1 is 
a hydrocarbon; n is equal to 0 or a number greater than or 
equal to l; and A is a group having one of formulae (20), 
(21), or (22) beloW: 

Reactive surfactants of this type may be produced by a 
method subjecting a compound having polymeriZable C=C 
double bond of formula (23) beloW: 

xwiurlogin (23) 

to an addition reaction With epichlorohydrin and reacting the 
resultant chlorohydrin substance With a sulfurous acid salt to 
yield a sulfonic acid salt. One example of such a reactive 
surfactant has formula (24) beloW: 

[0032] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (25) beloW: 

(25) 
H2C—CRCH2OCOCHSO3M 

Wherein: R is a hydrogen atom or a methyl group; M is Li, 
Na, or K; n is a number from 1 to 6; and Rf is a Cl-C2O 
?uoroalkyl. An example of one such surfactant is repre 
sented by formula (26) beloW: 

(26) 
H2C=CHCH2OCOCH 

These surfactants may be made by reacting a metallic salt of 
a succinic acid monoester (e.g., potassium salt of monoallyl 
succiniate) With a ?uorine iodide [Rf-(CH2)nil] to provide 
a compound represented by formula (27) beloW: 
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(27) 
H2C=CRCH2OCOCH 

This compound is then dissolved in a mixed solvent of Water 
With ethanol. A metallic hydrogensul?te (e.g., sodium 
hydrogensul?te) is subsequently added to yield the reactive 
surfactant described by formula (25) above. The reactive 
surfactant is capable of forming a homopolymer of itself or 
a copolymer thereof With other vinyl monomers. 

[0033] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (28) beloW: 

(23) 
O 

wherein: R1 and R2 are each a hydrocarbon; X is a hydrogen 
atom or a hydrophilic functional group; Y is a hydrogen 
atom, a hydrocarbon, or Oi(R3iO)CiR4 (Wherein R3 is a 
hydrocarbon, R4 is a hydrocarbon or acyl group, and c is a 
number from 1 to 1000); and a and b are each a number from 
0 to 1000. An example of one such surfactant is represented 
by formula (29) beloW: 

(29) 
O 

[0034] These surfactants may be obtained from a reaction 
betWeen nonylphenol glycidyl ether and crotonic acid in the 
presence of a catalyst (e.g., triethylamine) at 120-1300 C. 

[0035] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (30) below: 

(30) 
R1 R2 

Wherein: Al is a C2-C4 alkylene; R1 is a hydrogen atom or a 
methyl group; R2 and R3 are each a hydrogen atom or a 
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C l-C4 hydrocarbon group; R4 is a CS-C24 hydrocarbon group 
or an acyl group; m is a number from 0 to 50; and X is a 

hydrogen atom or a nonionic, anionic, cationic or amphot 
eric hydrophilic functional group. In certain embodiments, 
the X in formula (30) above is a group represented by 
formula (31) beloW: 

-(A2O)niH (31) 

Wherein A2 is a C2-C4 alkylene and n is a number from 1 to 
100, or by formula (32) beloW: 

-(A30)PiSO3Ml (32) 
Wherein: A3 is a C2-C4 alkylene; p is a number from 0 to 100; 
and M1 is a hydrogen atom, an alkali metal, an alkaline earth 
metal, ammonium, or a C,-C4 hydroxyalkylammonium. 

[0036] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (33) beloW: 

(33) 
R1 R2 

Wherein: Al is a C2-C4 alkylene; R1 is a hydrogen atom or a 
methyl group; R2 and R3 are each a hydrogen atom or a 
Cl-C4 hydrocarbon group; R4 is a CS-C24 hydrocarbon group 
or an acyl group; m is a number from 0 to 50; and X is a 
hydrogen atom or a nonionic, anionic, cationic or amphot 
eric hydrophilic functional group. In certain embodiments, 
the X in formula (33) above is a group represented by 
formula (34) beloW: 

-(A2O)niH (34) 

Wherein A2 is a C2-C4 alkylene and n is a number from 1 to 
100, or by formula (35) beloW: 

Wherein: A3 is a C2-C4 alkylene; p is a number from 0 to 100; 
and M1 is a hydrogen atom, an alkali metal, an alkaline earth 
metal, ammonium, or a C l-C4 hydroxyalkylammonium. 

[0037] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (36) and/or (37) beloW: 
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-continued 
(37) 

wherein: R1 represents a hydrogen atom or a loW class alkyl; 
R2 represents a C2-C4 alkylene; R3 represents an allyl or 
methylol group; R4 represents a hydrogen atom or a loW 
class alkyl; R5 represents a Cl-C8 hydrocarbon; m and n 
each represent a number from 1 to 18; a and c each represent 
a number from 0 to 5; b is equal to 0.1; and M1 represents 
an alkali metal. These surfactants may be made by reacting 
maleic methyl oleate With allyl alcohol to prepare maleic 
methyl monoallyl. N-methyl taurine soda is then added 
therein to carry out dehydrating condensation to prepare a 
reactive surfactant represented by the formula (36) and/or 
(37) above. 

[0038] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having one or more of formulae (38), (39), (40), or (41) 
beloW: 

$03Ml 
(39) 

SO3M1 

(1:401 
NR3 

CHCOO(AO),,R2 

CH2COO(AO)mR1 
(40) 

CH2COO(AO)pR5 

cHcooM2 

1R3 
(R4)1 

SO3M1 
(41) 

$03Ml 

(1:401 
NR3 

ChCOO(AO)pR5 

cnzcooM2 

wherein: R1 is a hydrocarbon group; R2 is a hydrocarbon 
group having an allyl or methacrylic group; A is a C2-C4 
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alkylene group; m, n, and p are each a real number from 0 
to 100; R3 is a hydrogen atom or a loW class alkyl group; 1 
is equal to 0 or 1; R4 is a Cl-C8 alkylene group or a 
phenylene group; R5 is a hydrocarbon group having an allyl 
group or a methacrylic group; and M1 and M2 are each a 
metal or an amine. 

[0039] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (42) beloW: 

wherein: R1 is a C6-Cl8 alkyl group; R2, R3, R4, R5, and R6 
are each a hydrogen atom, a methyl group; a carboxymethyl 
group; or a carboxyl group; X is a hydrogen atom, an 
ammonium group, an amine base, an alkali metal, or an 
alkaline earth metal; Y is a hydrocarbon group having a 
polymeriZable unsaturated group; Z is a nitrile group, a 
phenyl group, an amide group, or an alkyl carboxylate 
group; a is an integer from 1 to 500; b is an integer from 1 
to 100; and c is equal to 0 or is an integer from 1 to 250. 

[0040] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (43) beloW: 

R3 OH 

wherein: R1 is a CS-C22 hydrocarbon (Which may have one 
or more substituent groups); R2 and R3 are each a Cl-C3 
alkyl group; R4 is a hydrogen atom or a methyl group; and 
X is a monovalent anion. An example of one such reactive 
surfactant is 3-allyloxy-2-hydroxypropyldimethylsteary 
lammonium chloride. 

[0041] Another type of reactive surfactant that may be 
suitable for use in the present invention are surfactants 
having formula (44) and/or (45) beloW: 

SO3M1/m 

wherein: R1 is a hydrocarbon, phenyl, amino or carboxylic 
acid residue; R2 is a hydrogen atom or a methyl group; A is 
a C2-C4 alkylene; n is a positive integer from 1 to 100; M1 
is a monovalent or bivalent cation; and m is the ionic 
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valency of M1. An example of one such reactive surfactant 
is sodium lauryl 2-hydroxy-3-allyloxy-1-propyl sulfosucci 
nate. 

[0042] Examples of commercially-available reactive sur 
factants include the HitenolTM and NoigenTM line of reactive 
surfactants available from Dai-Ichi Kogyo Seiyaku Co., Ltd. 
of Japan, the MaxemulTM line of reactive surfactants avail 
able from Uniqema of The Netherlands, and the PolystepTM 
RA series of reactive surfactants available from Stepan Co. 
of North?eld, Ill. 

[0043] Further examples of reactive surfactants that may 
be suitable for use in the present invention are described in 
the following US. patents, the relevant disclosures of Which 
are herein incorporated by reference: US. Pat. Nos. 6,841, 
655; 6,649,718; 6,534,597; 6,506,804; 6,242,526; 6,239, 
240; 5,478,883; 5,332,854; 5,324,862; 5,206,286; 4,918, 
211; 4,814,514; 4,611,087; 4,426,489; 4,337,185; 4,246, 
387; 4,224,455; 4,075,411; and 3,541,138. Further examples 
of suitable reactive surfactants are described in the following 
US. patent applications, the relevant disclosures of Which 
are herein incorporated by reference: US. Patent Applica 
tion Publication Nos. 2005/0070679; 2004/0242447; 2004/ 
0197357; 2004/0048963; and 2003/0181574. 

[0044] Examples of commercially-available reactive sur 
factants include the HitenolTM and NoigenTM line of reactive 
surfactants available from Dai-Ichi Kogyo Seiyaku Co., Ltd. 
of Japan, the MaxemulTM line of reactive surfactants avail 
able from Uniqema of The Netherlands, and the PolystepTM 
RA series of reactive surfactants available from Stepan Co. 
of North?eld, Ill. 

[0045] The reactive surfactant may be present in any 
amount that does not adversely affect the subterranean 
formation being treated, the proppant particulate being 
treated, and/or the properties or components of any ?uid 
used in conjunction With the present invention (e.g., by 
forming a gel that is too viscous to pump). In certain 
embodiments, the reactive surfactant may be present in a 
treatment ?uid used in the present invention in an amount in 
the range of from about 0.01% to about 10% by volume of 
the treatment ?uid. In certain embodiments, the reactive 
surfactant may be present in a treatment ?uid used in the 
present invention in an amount in the range of from about 
1% to about 5% by volume of the treatment ?uid. 

[0046] In certain embodiments, the reactive surfactant 
may perform one or more additional functions prior to 
interacting With the surface being treated, including, but not 
limited to, stabiliZing a foam or emulsion, changing the 
Wettability of a surface, solubiliZing certain materials, deWa 
tering a ?uid, increasing the viscosity of a ?uid, reducing the 
surface tension of a ?uid, enhancing viscoelastic or rheo 
logical properties of a ?uid, stabiliZing a ?lm or coating on 
a surface, and/or aiding in the placement of a treatment ?uid 
in a subterranean formation. In certain embodiments, after 
interacting With the surface being treated, the reactive sur 
factant may be capable of interacting With some other 
substance introduced to the surface of the particulate (e.g., 
a resin or tackifying agent subsequently introduced into the 
subterranean formation). In those embodiments, the reactive 
surfactant may, inter alia, “disappear” from the surface being 
treated or become adsorbed into the surface and/or into a 
coating on that surface, Which may impart the functionality 
of the surfactant (e.g., reactivity, curability, spreadability, 
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Wettability, hydrophobicity, or hydrophilicity) to the surface 
and/or any coating residing thereon. 

[0047] In certain embodiments of the present invention, a 
resin and/or tackifying agent optionally may be alloWed to 
interact With the surface being treated, among other pur 
poses, to help consolidate and/or stabiliZe unconsolidated 
particulates, modify the hydrophobicity or hydrophilicity of 
the surface of the particulate, and/or maintain the conduc 
tivity of a subterranean formation, gravel pack, and/or 
proppant pack. The optional resin or tackifying agent may be 
provided as a component of a treatment ?uid to be intro 
duced into a subterranean formation, or it may be pre 
applied to a proppant particulate (e.g., a surfactant-treated 
proppant particulate of the present invention). The optional 
resin or tackifying agent may comprise any such substance 
knoWn and suitable for use in subterranean operations. 
Suitable resins may include, but are not limited to, tWo 
component epoxy based resins, novolak resins, polyepoxide 
resins, phenol-aldehyde resins, urea-aldehyde resins, ure 
thane resins, phenolic resins, furan resins, furan/furfuryl 
alcohol resins, phenolic/latex resins, phenol formaldehyde 
resins, polyester resins and hybrids and copolymers thereof, 
polyurethane resins (and hybrids and copolymers thereof), 
acrylate resins, and mixtures thereof. Suitable tackifying 
agents may include, but are not limited to, include non 
aqueous tackifying agents, aqueous tackifying agents, silyl 
modi?ed polyamides, aqueous and non-aqueous gelable 
polymer compositions, and mixtures thereof. The applica 
tion of the optional resin or tackifying agent may further 
require the application of one or more pre?ush ?uids, 
after?ush ?uids, catalysts, or other additives, among other 
purposes, to prepare a surface of a particulate for placement 
of the resin or tackifying agent and/or to activate the resin or 
tackifying agent. The optional resin or tackifying agent may 
be provided prior to, during, or subsequent to any portion of 
a method of the present invention, and may be provided as 
a component of a treatment ?uid comprising the reactive 
surfactant and/or in a separate treatment ?uid. A person 
skilled in the art, With the bene?t of this disclosure, Will 
recogniZe When the use of an optional resin or tackifying 
agent is appropriate for a particular application of the 
present invention, as Well as the type of resin or tackifying 
agent to use and the appropriate method of applying that 
resin or tackifying agent to a particulate and/or subterranean 
formation. In those embodiments Where an optional resin or 
tackifying agent is used, the reactive surfactant may, inter 
alia, aid in the placement of the resin or tackifying agent, 
activate the resin or tackifying agent, and/or become 
adsorbed into a coating formed on the surface being treated 
by the resin or tackifying agent. 

[0048] Proppant particulates suitable for the present 
invention, including the surfactant-treated proppant particu 
lates of the present invention, may comprise any particulate 
suitable for use in subterranean operations. It should be 
understood that the term “proppant particulate,” as used 
herein, includes all knoWn shapes of materials including 
substantially spherical materials, ?brous materials, polygo 
nal materials (e.g., cubic materials), and mixtures thereof. 
Suitable proppant particulates include, but are not limited to, 
sand, bauxite, ceramic materials, glass materials (e.g., glass 
beads), polymer materials, Te?on® materials, nut shell 
pieces, seed shell pieces, cured resinous particulates com 
prising nut shell pieces, cured resinous particulates com 
prising seed shell pieces, fruit pit pieces, cured resinous 
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particulates comprising fruit pit pieces, Wood, composite 
particulates and combinations thereof. Suitable composite 
particulates may comprise a binder and a ?ller material 
Wherein suitable ?ller materials include silica, alumina, 
fumed carbon, carbon black, graphite, mica, titanium diox 
ide, meta-silicate, calcium silicate, kaolin, talc, Zirconia, 
boron, ?y ash, holloW glass microspheres, solid glass, 
ground nut/seed shells or husks, saW dust, ground cellulose 
?ber, and combinations thereof. The proppant particulates 
may have a siZe in the range of from about 2 to about 400 
mesh, U.S. Sieve Series. In particular embodiments, pre 
ferred particulates siZe distribution ranges are one or more of 

6/12 mesh, 8/16, 12/20, 16/30, 20/40, 30/50, 40/60, 40/70, or 
50/70 mesh. 

[0049] The treatment ?uids of the present invention gen 
erally comprise a base ?uid and a reactive surfactant and/or 
a surfactant-treated proppant particulate of the present 
invention. The base ?uid may comprise any ?uid suitable for 
use in subterranean operations that does not contain com 
pounds that adversely a?fect other components of the treat 
ment ?uid. The base ?uid used in the treatment ?uids of the 
present invention may be aqueous-based, non-aqueous 
based, or a combination thereof. Where the base ?uid is 
aqueous-based, it may comprise fresh Water, salt Water (e.g., 
Water containing one or more salts dissolved therein), a 
brine, seaWater, or a combination thereof. Where the base 
?uid is non-aqueous-based, the base ?uid may comprise any 
number of organic liquids. Examples of suitable organic 
liquids include, but are not limited to, mineral oils, synthetic 
oils, esters, and the like. 

[0050] The treatment ?uids of the present invention 
optionally may comprise any number of additional addi 
tives, including, but not limited to, salts, additional surfac 
tants, acids, ?uid loss control additives, gas, foamers, emul 
si?ers, demulsi?ers, defoamers, antifoamers, corrosion 
inhibitors, scale inhibitors, catalysts, clay control agents, 
biocides, friction reducers, bridging agents, dispersants, 
?occulants, H2S scavengers, CO2 scavengers, oxygen scav 
engers, lubricants, viscosi?ers, breakers, pH adjusting 
agents, Weighting agents, relative permeability modi?ers, 
resins, tackifying agents, particulate materials (e.g., prop 
pant particulates), Wetting agents, coating enhancement 
agents, and the like. A person skilled in the art, With the 
bene?t of this disclosure, Will recogniZe the types of addi 
tives that may be included in the treatment ?uid for a 
particular application depending upon, among other factors, 
the type of reactive surfactant used, the composition of the 
treatment ?uid, the composition of the subterranean forma 
tion and/or particulates being treated, and the like. 

[0051] The methods of the present invention generally 
comprise the use of a reactive surfactant to treat surfaces 
Within a subterranean formation (e.g., formation ?nes, prop 
pant particulates, fractures faces, propped fracture faces or 
Well bore Walls) or proppant particulates for use in a 
treatment ?uid, and/or the use of a proppant particulate that 
has been treated With a reactive surfactant. 

[0052] In certain embodiments, the methods of the present 
invention comprise: providing a treatment ?uid of the 
present invention that comprises a base ?uid and a reactive 
surfactant; introducing the treatment ?uid into a subterra 
nean formation; and alloWing the reactive surfactant to 
interact With a surface residing Within the subterranean 
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formation. In these embodiments, the surface residing Within 
the subterranean formation may comprise, among other 
things, a fracture face, a propped fracture face, a Well bore 
Wall, a surface of sand particulates, gravel particulates, ?nes, 
proppant particulates placed in the subterranean formation 
(e.g., during the course of a hydraulic fracturing treatment), 
or any other type of particulates found Within the subterra 
nean formation. In these embodiments, the treatment ?uid 
comprising the reactive surfactant may comprise a loW 
viscosity (e. g., lightly gelled or not gelled) aqueous solution, 
Which may be injected into the subterranean formation by 
any means knoWn in the art (e. g., through the tubing, casing, 
Wellbore, coiled tubing, annulus, jetting, acoustical pulsing, 
etc.). 
[0053] In certain embodiments, the methods of the present 
invention comprise: providing a treatment ?uid of the 
present invention that comprises a base ?uid and a proppant 
particulate of the present invention that comprises at least 
one surface that has been alloWed to interact With a reactive 
surfactant; and introducing the treatment ?uid into a sub 
terranean formation. In certain embodiments, at least some 
portion of the reactive surfactant may reside on a surface of 
a proppant particulate of the present invention. The proppant 
particulate of the present invention may be deposited in the 
subterranean formation, among other purposes, to form a 
portion of a gravel pack and/or to hold open conductive 
channels or fractures Within the subterranean formation 
(e.g., forming a “proppant pack” Within a subterranean 
fracture). In certain embodiments, the treatment ?uid may be 
introduced into the subterranean formation at or above a 
pressure su?icient to create or enhance one or more fractures 

Within the subterranean formation Wherein the proppant 
particulates of the present invention may be deposited. 
“Enhancing” one or more fractures in a subterranean for 
mation may include the extension or enlargement of one or 
more natural or previously created fractures in the subter 
ranean formation. 

[0054] In certain embodiments, the methods of the present 
invention comprise: providing a proppant particulate; pro 
viding a reactive surfactant; and alloWing the reactive sur 
factant to interact With a surface of the proppant particulate. 
The reactive surfactant may be alloWed to interact With the 
surface of the proppant particulate in any suitable manner 
knoWn in the art. For example, the reactive surfactant and 
proppant particulate may be mixed together in a treatment 
?uid and alloWed to interact therein. These components may 
be mixed together in a treatment ?uid prior to, during (e. g., 
“on the ?y”), or subsequent to introducing one or more of 
those components into a subterranean formation and/or a 
Well bore penetrating that subterranean formation. In certain 
embodiments, alloWing the reactive surfactant to interact 
With the surface of the proppant particulate may result in 
some portion of the reactive surfactant becoming attached to 
the surface of the proppant particulate and/or becoming 
adsorbed into the surface of the particulate (or a coating 
thereon). A proppant particulate treated using these methods 
of the present invention then may be used in a variety of 
subterranean operations, including, but not limited to, 
hydraulic fracturing operations. 
[0055] The reactive surfactants used in the methods of the 
present invention may be used in or in conjunction With 
numerous subterranean treatments, including but not limited 
to proppant fracturing, gravel packing, “frac-packing,” 
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screened completions, screenless completions, drilling ?u 
ids, acidiZing (e.g., matrix acidiZing or fracture acidiZing), 
conformance treatments (e.g., Water control, relative perme 
ability modi?ers, etc), other sand control applications (e.g., 
formation consolidation, near Wellbore consolidation, etc.), 
?uid loss “pills”, scale treatments, hydrate control treat 
ments, and the like. 

[0056] Therefore, the present invention is Well adapted to 
attain the ends and advantages mentioned as Well as those 
that are inherent therein. While numerous changes may be 
made by those skilled in the art, such changes are encom 
passed Within the spirit of this invention as de?ned by the 
appended claims. The particular embodiments disclosed 
above are illustrative only, as the present invention may be 
modi?ed and practiced in different but equivalent manners 
apparent to those skilled in the art having the bene?t of the 
teachings herein. Furthermore, no limitations are intended to 
the details of construction or design herein shoWn, other than 
as described in the claims beloW. It is therefore evident that 
the particular illustrative embodiments disclosed above may 
be altered or modi?ed and all such variations are considered 
Within the scope and spirit of the present invention. In 
particular, every range of values (e.g., “from about a to about 
b,” or, equivalently, “from approximately a to b,” or, equiva 
lently, “from approximately a-b”) disclosed herein is to be 
understood as referring to the poWer set (the set of all 
subsets) of the respective range of values. The terms in the 
appended claims have their plain, ordinary meaning unless 
otherwise explicitly and clearly de?ned by the patentee. 

What is claimed is: 
1. A proppant particulate comprising at least one treated 

surface that has interacted With a reactive surfactant. 
2. The proppant particulate of claim 1 Wherein at least a 

portion of the reactive surfactant resides on the treated 
surface of the proppant particulate. 

3. The proppant particulate of claim 1 Wherein the prop 
pant particulate is selected from the group consisting of 
sand, bauxite, ceramic materials, glass materials, polymer 
materials, nut shell pieces, seed shell pieces, cured resinous 
particulates comprising nut shell pieces, cured resinous 
particulates comprising seed shell pieces, fruit pit pieces, 
cured resinous particulates comprising fruit pit pieces, 
Wood, composite particulates, and combinations thereof. 

4. The proppant particulate of claim 1 Wherein the reac 
tive surfactant is selected from the group consisting of 
diallyl amine pluronics, linoieic alcohols, allyl alkyl phe 
nols, acrylate derivatives, allyl alcohol alkenyl anhydride 
derivatives, maleic derivatives, sulfosuccinate derivatives, 
allyl amine salts, derivatives thereof, and combinations 
thereof. 

5. The proppant particulate of claim 1 further comprising 
a resin and/or tackifying agent. 

6. The proppant particulate of claim 5 Wherein the resin is 
selected from the group consisting of tWo component epoxy 
based resins, novolak resins, polyepoxide resins, phenol 
aldehyde resins, urea-aldehyde resins, urethane resins, phe 
nolic resins, furan resins, furan/furfuryl alcohol resins, phe 
nolic/latex resins, phenol formaldehyde resins, polyester 
resins, polyurethane resins, acrylate resins, derivatives 
thereof and combinations thereof. 

7. The proppant particulate of claim 5 Wherein the tacki 
fying agent is selected from the group consisting of non 
aqueous tackifying agents, aqueous tackifying agents, silyl 
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modi?ed polyamides, aqueous gelable polymer 
compositions, non-aqueous gelable polymer compositions, 
derivatives thereof and combinations thereof. 

8. A treatment ?uid comprising a base ?uid and a reactive 
surfactant. 

9. The treatment ?uid of claim 8 Wherein the reactive 
surfactant is selected from the group consisting of diallyl 
amine pluronics, linoieic alcohols, allyl alkyl phenols, acry 
late derivatives, allyl alcohol alkenyl anhydride derivatives, 
maleic derivatives, sulfosuccinate derivatives, allyl amine 
salts, derivatives thereof and combinations thereof, 

10. The treatment ?uid of claim 8 Wherein the reactive 
surfactant is present in an amount in the range of from about 
1% to about 5% by volume of the treatment ?uid. 

11. The treatment ?uid of claim 8 further comprising a 
resin and/or tackifying agent. 

12. The treatment ?uid of claim 8 further comprising a 
plurality of proppant particulates. 

13. The treatment ?uid of claim 12 Wherein the proppant 
particulate is selected from the group consisting of sand, 
bauxite, ceramic materials, glass materials, polymer mate 
rials, nut shell pieces, seed shell pieces, cured resinous 
particulates comprising nut shell pieces, cured resinous 
particulates comprising seed shell pieces, fruit pit pieces, 
cured resinous particulates comprising fruit pit pieces, 
Wood, composite particulates, and combinations thereof. 

14. The treatment ?uid of claim 12 Wherein the plurality 
of proppant particulates comprises one or more proppant 
particulates that comprise at least one treated surface that 
has interacted With a reactive surfactant. 

15. The treatment ?uid of claim 8 further comprising an 
additive selected from the group consisting of salts, surfac 
tants, acids, ?uid loss control additives, gas, foamers, emul 
si?ers, demulsi?ers, defoamers, antifoamers, corrosion 
inhibitors, scale inhibitors, catalysts, clay control agents, 
biocides, friction reducers, bridging agents, dispersants, 
?occulants, H2S scavengers, CO2 scavengers, oxygen scav 
engers, lubricants, viscosi?ers, breakers, pH adjusting 
agents, Weighting agents, relative permeability modi?ers, 
Wetting agents, coating enhancement agents, and combina 
tions thereof. 

16. A treatment ?uid comprising a base ?uid and a 
proppant particulate that comprises at least one treated 
surface that has interacted With a reactive surfactant. 

17. The treatment ?uid of claim 16 further comprising a 
reactive surfactant. 

18. The treatment ?uid of claim 16 Wherein the reactive 
surfactant is selected from the group consisting of diallyl 
amine pluronics, linoieic alcohols, allyl alkyl phenols, acry 
late derivatives, allyl alcohol alkenyl anhydride derivatives, 
maleic derivatives, sulfosuccinate derivatives, allyl amine 
salts, derivatives thereof and combinations thereof. 

19. The treatment ?uid of claim 16 Wherein the proppant 
particulate is selected from the group consisting of sand, 
bauxite, ceramic materials, glass materials, polymer mate 
rials, nut shell pieces, seed shell pieces, cured resinous 
particulates comprising nut shell pieces, cured resinous 
particulates comprising seed shell pieces, fruit pit pieces, 
cured resinous particulates comprising fruit pit pieces, 
Wood, composite particulates, and combinations thereof. 

20. The treatment ?uid of claim 16 further comprising a 
resin and/or tackifying agent. 

* * * * * 


