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TITLE
WATER SOLUBLE CHAIN TRANSFER AGENTS
BACKGROUND OF THE INVENTION

[0001] The disclosed technology relates to water soluble, or partially water soluble,
chain transfer agents for preparing water soluble polymers by Reversible Addition-
Fragmentation Chain Transfer (“RAFT”) polymerization in an aqueous medium.
[0002] Many references for Reversible Addition-Fragmentation Chain Transfer
(“RAFT”) polymerizations involving Chain Transfer Agents (“CTA”) teach polymer-
1zations done 1n organic solvents such as toluene or 1,4-dioxane 1n order to prepare
water-based polymers (meaning either water soluble polymers or emulsions). While
such organic solvents are certainly sufficient for polymerization, they pose both a
health risk and a fire hazard, and thus large scale commercialization using such sol-
vents 1s not desired. Further, when such organic solvent are employed for making
water soluble polymers, the organic solvent must be stripped to provide a useful wa-
ter-soluble polymer, which adds additional hazard as well as time and resources.
[0003] A more preferred way of synthesizing water soluble polymers 1s to make
the polymers directly in water with a water soluble CTA. This has been demonstrated
many times 1n the academic literature. In one report, Matsuno, Ryosuke; Goto,
Yusuke; Konno, Tomohiro; Takai, Madoka; Ishihara, Kazuhiko Journal of Nanosci-
ence and Nanotechnology (2009), 9(1), 358-365, researchers used CTA-Na that was
hydrophobically associated to a modified quantum dot (QD) 1n water to build a QD
supported biopolymer. In this example the researchers took advantage of the surfac-
tant properties of CTA-Na to help stabilize the QD and subsequent polymer that was
grown out from the core.
[0004] What 1s needed 1s an economically feasible way to control polymerization
of water soluble monomers such as AMPS ', acrylamide, acrylic acid, etc., in aqueous
solutions.

SUMMARY OF THE INVENTION
[0005] The disclosed technology, therefore, solves the problem of performing l1v-
1ng polymerizations in aqueous media by providing water soluble CTAs.
[0006] What we are proposing here, 1s a water soluble CTA-acid, or a water sol-

uble CTA-acid salt made by reacting a CTA-acid with a suitable base, such as sodium
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hydroxide, or an amine, to produce a water soluble RAFT agent. The molecule 1s
then used to controllably polymerize any water-soluble monomers directly 1n water.
The resulting polymers are of a predetermined molecular weight with a low polydis-
persity. Since the polymerization i1s living, water soluble block copolymers and other
interesting geometries can be envisioned such as star and comb polymers. These
materials have potential applications 1n any formulation that might require a water
soluble polymer of defined molecular weight and shape such as for example, paints
and coatings, personal and home care, energy exploration and refinery applications,
including but not limited to, water treatment applications, drilling fluids, paraffin
inhibiting applications, cementing applications, completion applications, and fuel
transportation applications and for improving refinery and oilfield operational effi-
ciencies.

[0007] In one aspect, the disclosed technology provides a compound comprising,
consisting of, or consisting essentially of a water soluble CTA-acid. In an embodi-
ment, the water soluble CTA-acid can be 1n the form of a water soluble CTA-acid
salt.

[0008] In an embodiment, the water soluble CTA-acid can be a thiocarbonate

compound of any one of formulas I, II, III or IV:

Formula I

wherein

each of R' and R” is an alkyl group of four carbons or less or H,

so long as the sum of the number of carbon atoms present for all R, and R*in
formula I together 1s less than four; or formula II

Formula II
S R
R3—S—J—S—l—COOH
|

wherein

each of R! and R” is as defined above; and
2
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R’ is an alkyl group of four carbons or less, or H,

so long as the sum of the number of carbon atoms present for all R', R* and R” in
formula II together 1s less than four; or formula III

Formula III

" !

wherein

each of R* and/or R” substituents, independently, comprise an alkyl group having
from 1 to 4 carbon atoms, or H;

jis 1 or 2, with the proviso that when j is 1, T is —€NR®°R’): and when j is 2, T
1s a divalent radical having a nitrogen atom directly connected to each carbon
atom of the two thiocarbonyl groups present;

R° and R’, independently, are the same or different, and are H or a linear or
branched alkyl having from 1 to 4 carbon atoms;

so long as the sum of the number of carbon atoms present for all R substituents
in formula III together 1s less than four; or formula IV

Formula IV

wherein
each of R*, and R” are as defined above

R’ is optionally substituted, and is a linear or branched alkyl having from 1 to 4
carbon atoms; and

ais 1 to 4;

so long as the sum of the number of carbon atoms present for all R substituents
in formula IV together 1s less than four.

[0009] In another embodiment, the water soluble CTA-acid can be in the form of
a water soluble CTA-acid salt, and the CTA-acid portion of the water soluble CTA -

acid salt can be a thiocarbonate compound having any of formulas I, II, III, or IV:
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Formula I
R’ S R’

HOOC—J,—S—C—S—J,—COOH

R2 R2

wherein

R' and R*, independently, are selected from a linear or branched alkyl having
from 1 to 6 carbon atoms, a substituted alkyl having from 1 to 6 carbon atoms,
substituted and unsubstituted aryl, R' and R* can form a substituted or unsub-
stituted cyclic ring having from 5 to 12 total carbon atoms; wherein said sub-
stituents, independently, are selected from an alkyl having from 1 to 6 carbon
atoms, aryl, a halogen which can be the same or different, cyano, an ether
having a total of from 2 to 20 carbon atoms, and a nitro group; or formula II

Formula II

wherein

R’ is selected from benzyl, a C; through Cis alkyl, a substituted C; to Cis alkyl,
wherein said substituted group 1s selected from halogen, hydroxyl, alkoxy, a
C:1 to Cig hydroxyalkyl, aralkyl, cyanoalkyl, aminoalkyl, carboxylalkyl, car-
boalkoxyalkyl, and mercaptoalkyl, and wherein R' and R“, independently, are
as described above; or formula III

Formula III

wherein

jis 1 or 2, with the proviso that when j is 1, T is (--NR°R"), and when j is 2, T is
a divalent radical having a nitrogen atom directly connected to each carbon
atom of the two thiocarbonyl groups;
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R* and R°, independently, are the same or different, are optionally substituted as

defined for R' and R*, and are selected from a linear or branched alkyl having
from 1 to 12 carbon atoms, aryl having from 6 to 18 carbon atoms, R* and R’
can form a substituted or unsubstituted cyclic ring having from 3 to 12 carbon
atoms, wherein said substituents, independently, are selected from an alkyl
having from 1 to 6 carbon atoms, aryl, halogen, cyano, an ether having a total
of from 2 to 20 carbon atoms, a nitro group, and combinations thereof; wherein
R® and R’, independently, are the same or different, optionally substituted as
defined for R' and R*, and are selected from hydrogen, a linear or branched
alkyl having from 1 to 18 carbon atoms, aryl, aryl alkyl having from 6 to 18
carbon atoms, optionally saturated or unsaturated, arylalkyl having from 7 to
18 carbons, alkenealkyl having from 3 to 18 carbon atoms, polyalkylene gly-
col ether having from 3 to 200 carbon atoms, and amine, or R® and R’ can
form a cyclic ring with the nitrogen atom having a total of 4 to 12 carbon
atoms; or formula IV

Formula IV
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wherein

R* and R° are as defined above:

R' is optionally substituted, and is selected from linear or branched alkyl having

from 1 to 12 carbon atoms, aryl optionally saturated or unsaturated, arylalkyl
having from 7 to 18 carbon atoms, acyl, alkene, alkenealkyl having from 3 to
18 carbon atoms, an alkylene group, an alkoxyalkyl, polyalkylene glycol, pol-
yalkylene glycol monoalkyl ether having from 3 to 200 carbon atoms, and 2-
trifluoroethyl; wherein when R'’ is optionally substituted the substituent is
selected from alkyl having from 1 to 6 carbon atoms, aryl, halogen, a cyano
group, an amino group, an alkene group, an alkoxycarbonyl group, an ar-
yloxycarbonyl group, a carboxy group, an acyloxy group, a carbamoyl group,
an alkylcarbonyl group, an alkylarylcarbonyl group, an arylcarbonyl group,
an arylalkylcarbonyl group, a phthalimido group, a maleimido group, a suc-
cintmido group, amidino group, guanidimo group, allyl group, epoxy group,
alkoxy group, an alkali metal salt, a cationic substituent, a hydroxyl group, an
ether having a total of from 2 to 20 carbon atoms, nitro, sulfur, phosphorous,
a carboalkoxy group, and combinations thereof; and

"a" 1s 1 to 4.
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[0010] In an embodiment, the water soluble CTA-acid 1n the form of a water sol-
uble CTA-acid salt can exclude the CTA-acid portion represented by formula II.
[0011] In embodiment of the compound, the water soluble CTA-acid can be 1n the
form of a water soluble CTA-acid salt, and the CTA-acid portion can comprise, con-
sists of, or consist essentially of 2-methyl-2-[(dodecylsulfanylthiocarbonyl)sulfa-
nyl|propionic acid. In another embodiment, the water soluble CTA-acid salt can ex-
clude 2-methyl-2-[(dodecylsulfanylthiocarbonyl)sulfanyl]propionic acid.

[0012] In embodiments, the salts of the compounds can be derived from alkali or
alkali earth metal hydroxides; alkali earth carbonates; mono-, di-, and/or tri-alkyl-
substituted amines; and combinations thereof.

[0013] Another aspect of the disclosed technology includes a polymer comprising,
consisting of, or consisting essentially of (A) at least one water soluble CTA-acid or
CTA-acid salt as described herein, or combinations thereof, and (B) monomer units
derived from at least one water soluble monomer. In an embodiment, the polymer
can also optionally include (C) monomer units derived from at least one water 1nsol-
uble vinyl monomer. In an embodiment of the polymer, the water soluble CTA-acid
can include a water soluble CTA-acid salt having a CTA-acid portion represented by
formula II, and 1n a particular embodiment, the CTA-acid salt can be the sodium salt
of 2-methyl-2-[(dodecylsultanylthiocarbonyl)sulfanyl]propionic acid.

[0014] In an embodiment, the water soluble monomers can comprise, consist of,
or consist essentially of AMPS®, acrylic acid, methacrylic acid, itaconic acid, maleic
acid, fumaric acid, citraconic acid, mesaconic acid, (alkyl) acrylamide, and deriva-
tives or salts thereof, or any combination thereof. Water insoluble monomers can
comprise, consist of, or consist essentially of any polymerizable monomer that in-
cludes an alkyl group containing 1-18 carbon atoms consisting of a simple ester, a
vinyl ester, a mono-allyl ether, styrene, derivatives thereof, or any combination
thereof.

[0015] In an embodiment, the polymer can comprise, consist of, or consist essen-
tially of about 0.1 to about 50 weight percent units derived from (A) and from about
50 to about 99.9 percent by weight of the combination of (B) and optional (C).
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[0016] A further aspect of the disclosed technology includes a process of produc-
1ng a water soluble polymer. The process can comprise, consist of, or consist essen-
tially of the steps of 1) combining in an aqueous solution a water soluble ethylenically
substituted monomer, a CTA-Acid or CTA-acid salt as described herein, or combi-
nations thereof, and a free radical initiator, and 2) free radically polymerizing the
water soluble monomers or allowing the water soluble monomers to free radically
polymerize. In an embodiment, the process can include producing a macro-CTA -
Acid or macro-CTA-Acid salt, and the process can further include adding a water-
insoluble monomer to form an oil-in-water emulsion, and further free radically poly-
merizing the water-insoluble monomer with the macro-CTA-Acid or macro-CTA-
Acid salt. In an embodiment of the process, the water soluble CTA-acid can include
a water soluble CTA-acid salt having a CTA-acid portion represented by formula II,
and 1n a particular embodiment, the CTA-acid salt can be the sodium salt of 2-methyl-
2-[(dodecylsulfanylthiocarbonyl)sulfanyl [propionic acid.

[0017]  Another aspect of the disclosed technology contemplates the use of a CTA -
Acid, CTA-acid salt or mixture thereof as a chain transfer agent. In an embodiment,
the water soluble CTA-acid can be used as a chain transfer agent 1n the form of a
water soluble CTA-acid salt having a CTA-acid portion represented by formula II,
and 1n a particular embodiment, the CTA-acid salt can be the sodium salt of 2-methyl-
2-[(dodecylsultfanylthiocarbonyl)sultanyl [propionic acid.

[0018] These and other aspects will be described below by way of non-limiting
1llustration.

DETAILED DESCRIPTION OF THE INVENTION

[0019] An aspect of the present technology 1s directed to a compound comprising,
consisting essentially of, or consisting of a water soluble chain transfer agent, also
referred to herein as a water soluble CTA-acid. In some embodiments, the CTA-acid
1s inherently water soluble and 1n other embodiments, the CTA-acid 1s prepared into
a water soluble salt, also referred to as a CTA-acid salt. As used herein, the term
water soluble CTA-acid, or even simply CTA-acid, includes water soluble CTA-acid
salts.

[0020] As used herein, water soluble means sufficiently miscible to form a 5 wt%

solution.
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CTA-Acids

[0021] Many CTA-acids are known. There are, for example, the thiocarbonates,
for example, polythiocarbonates such as dithiocarbonate or trithiocarbonate com-
pounds and derivatives thereof. By the term "thiocarbonate", it 1s meant a compound

having at least one segment having the formula:

wherein X comprises OR (also referred to herein as “xanthates™), SR (also referred
to herein as “carbonates™), or NR (also referred to herein as “carbamates™), for ex-
ample with R being various hydrocarbon, heteroatom and/or hydrogen containing
structures or the like preferably as 1llustrated hereinbelow, but not limited thereto.

[0022] Suitable trithiocarbonate compounds for use 1n the present invention, 1n-
clude, but are not limited to, those disclosed in U.S. Pat. No. 6,596,899 to Lai, herein
fully incorporated by reference. In one embodiment, di-acid trithiocarbonate com-

pounds have the following general formula:

R S R

| | |
IIDOC—*-?“§————C~——-S--?——-—C(}OH

R R*

wherein, in one embodiment, R' and R, independently, are the same or different, and
are hydrogen (“H”), or linear or branched alkyls having from 1 to about 6 carbon
atoms, or from 1 to 4 carbon atoms, or a C; to about Cs alkyl having one or more
substituents, or one or more aryls or a substituted aryl group having 1 to 6 substituents
on the aryl ring, where the one or more substituents, independently, comprise an alkyl
having from 1 to 6 carbon atoms; or an aryl; or a halogen such as fluorine or chlorine;
Or a cyano group; or an ether having a total of from 2 to about 20 carbon atoms such
as methoxy, or hexanoxy; or a nitro; or combinations thereof. Examples of such

3
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compounds include s,s’-bis-2-methyl-2-propanoic acid-trithiocarbonate and s,s’-bis-
(2-phenyl-2-propanoic acid)-trithiocarbonate. R' and R* can also form or be a part of
a cyclic ring having from 5 to about 12 total carbon atoms. R' and R* are preferably,
independently, methyl or phenyl groups. As will be the case for all CTA-acids dis-
closed herein, the compound represented by the formula will be water-soluble, or at
least partially water-soluble depending on the number of carbon atoms 1n the substit-
uents, and in the case of the formula above specifically, R' and R*. In a water-soluble
embodiment, of the above di-acid thiocarbonate, the sum of the number of carbon
atoms present for all R' and R* together can be less than 4, or less than 3, with any
remainder substituents being H. In such a case, R' and R* are preferably, inde-
pendently, methyl or H groups.

[0023] The abbreviated reaction formula for one method for the preparation of
s,s'-b1s-(a, a'-disubstituted-a''-acetic acid)-trithiocarbonates 1s generally written as

follows:

.""‘ T M | 4 . I » Na{:} }:I
2 ?53 . LI‘L\'&;} 4 )’L S0 e
5 e LN

E]:il IS R]
I e e e e el B R ) 3]

A

R* R*

[0024]  The process utilized to form s,s'-bis-(a, a'-disubstituted-a'-acetic acid)-
trithiocarbonate compounds 1s generally a multi-step process and includes combining
the carbon disulfide and a base whereby an intermediate trithio structure 1s formed.
A ketone can serve as solvent for the carbon disulfide/base reaction and thus can be
added 1n the first step of the reaction. In the second step of the reaction, the haloform,
or haloform and ketone, or an a-trthalomethyl-a-alkanol are added to the trithio 1n-
termediate mixture and reacted 1n the presence of additional base. The formed reac-
tion product, 1s subsequently acidified, thus completing the reaction and forming the
above described s,s'-bis-(a,0'-disubstituted-a''-acetic acid)-trithiocarbonate com-

pound.
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[0025]  Another aspect of present invention utilizes mono-acid trithiocarbonate

compounds having the following formula:

wherein R® comprises H, a benzyl group, C1 — Cis or C1 — Cs alkyl, or substituted alkyl
such as halogen, hydroxyl, or alkoxy, Ci; — Cig hydroxyalkyl, aralkyl, hydroxyalkyl, cy-
anoalkyl, aminoalkyl, carboxylalkyl, carboalkoxyalkyl or mercaptoalkyl, and R' and R*

are defined hereinabove. The resulting compound 1s an s—substituted— s’-(o, a0’ — disubsti-

tuted-o”—acetic acid)—trithiocarbonate, such as, for example, 2-methyl-2-[(dodecyl-
sulfanylthiocarbonyl)sulfanyl |propionic acid. Here again, the compound will be water-
soluble, or at least partially water-soluble depending on the number of carbon atoms in the
substituents, in this case R'. R* and R’. In an embodiment, of the mono-acid thiocarbonate,
the sum of the number of carbon atoms present for all R', R* and R’ together can be less
than 4, or less than 3, with any remainder being H. In a water-soluble embodiment, R', R*
and R° are preferably, independently, methyl or H groups.

[0026]  Dithiocarbonate compounds which are utilized 1n some embodiments of
the present invention are disclosed 1in U.S. application Ser. No. 10/278,335 filed Oct.
23, 2002 and U.S. application Ser. No. 10/681,679 filed Oct. 8, 2003, herein fully
incorporated by reference. In one embodiment the dithiocarbamate compounds have

the following formula:

e .
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wherein j is 1 or 2, with the proviso that when j is 1, T is —¢NR®R"): and when j is
2, T 1s a divalent radical having a nitrogen atom directly connected to each carbon
atom of the two thiocarbonyl groups present:;

wherein R* and R, independently, are the same or different, are H or optionally sub-
stituted, and are linear or branched alkyls having from 1 to about 4 carbon atoms, or
1 to about 6 or about 12 carbon atoms; or an aryl group having from 6 to about 18
carbon atoms, optionally containing heteroatoms;

wherein the R* and/or R” substituents, independently, comprise an alkyl having from
1 to 4 or 6 carbon atoms; an aryl group; a halogen; a cyano group; an ether having a
total of from 2 to about 20 carbon atoms; a nitro; or combinations thereof. R*and R”
can also form or be a part of a substituted or unsubstituted cyclic ring having from 3
to about 12 total carbon atoms wherein the substituents are described above. R*and
R°, in an embodiment, are, independently, methyl, H, or phenyl groups;

wherein R® and R’, independently, are the same or different, optionally are substi-
tuted, optionally contains heteroatoms; and are H; a linear or branched alkyl having
from 1 to 4 carbon atoms, or from 1 to about 18 carbon atoms, an aryl group having
from about 6 to about 18 carbon atoms optionally saturated or unsaturated; an ar-
ylalkyl having from about 7 to about 18 carbon atoms; an alkenealkyl having from 3
to about 18 carbon atoms; or derived from a polyalkylene glycol ether having from 3
to about 200 carbon atoms. R°® and R’ can also be derived from amines such as, but
not limited to, piperazine, morpholine, pyrrolidine, piperidine, 4-alkylamino-2,2,6,6-
tetramethyl piperidine,l-alkylamioalkyl-3,3,5,5-tetramethyl-2 piperazinone, hexa-
methyleneimine, phenothiazine, iminodibenzyl, phenoxazine, N,N'-diphenyl-1,4-
phenylenediamine, dicyclohexylamine and derivatives thereof. R°® and R’ can also
form a substituted or unsubstituted cyclic ring, optionally containing heteroatoms,
along with the nitrogen having a total of from 4 to about 12 carbon atoms, such as
benzotriazole, tolyltriazole, imidazole, 2-oxazolidone, 4,4-dimethyloxazolidone and
the like. The R° and R’ substituents, independently, can be the same as described
herein with respect to R'°>. R°®and R’ can be, in an embodiment, independently, a
phenyl group or an alkyl or substituted alkyl having from 1 to about 18 carbon atoms
such as a methyl group, or R® and R’, independently, can be hexamethylene. In an

embodiment, R*, R°, R® and R’ are, independently, methyl or H groups.
11
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[0027]  Whenjis 1, T of the above formula is —€NR® R’) and the dithiocarbamate
compound 1s an S-(a,0'-disubstituted-a'-acetic acid) dithiocarbamate generally hav-

ing the following formula:

L. ¥
. N § §
T o nnen e { s [T
# \
RN S
B SN

wherein R*, R>, R®, and R’ are as defined hereinabove.
[0028] When j 1s 2, the dithiocarbarbamate compound 1s a bis-S-(o,a'-disubsti-

tuted-o''-acetic acid) dithiocarbamate having the following formula:

rl % & ]
| | | §
II{‘*E‘R"‘—%‘ N E—fﬁﬁ—{—%—l.g —{ {0

wherein R* and R° are defined hereinabove; and
wherein T 1s a divalent bridging radical having a nitrogen atom directly connected to
each of the thiocarbonyl groups present.

[0029] In one embodiment T 1s:

o Y-
] R i
RS
Vot g‘:‘ Q E : .;' f \ RN
i‘s 33

wherein R® and R”, independently, is the same or different, is optionally substituted, and
1s H, a linear or branched alkyl having from 1 to 4 carbon atoms, or 1 to about 18 carbon
atoms, an aryl group having from about 6 to about 18 carbon atoms, an arylalkyl having
from 7 to about 18 carbon atoms, or an alkenealkyl having from 3 to about 18 carbon
atoms, wherein the substitutents can be the same as described herein for R' and R*:

wherein R'" is optionally substituted, and is non-existent, or an alkylene group having from
1 to about 18 carbon atoms with about 1 to about 4 or 6 carbon atoms preferred, or dertved

from a polyalkylene glycol ether having from 3 to about 200 carbon atoms, wherein the
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substituents can be the same as described herein for R' and R or are heteroatoms such as
oxygen, nitrogen, sulfur or phosphorous; and

wherein R'! and R'* independently, is the same or different, and is optionally substi-
tuted as described for R' and R?, and is an alkylene group having from 1 to about 4
carbon atoms, with R'' and R'* preferably having a collective total of 2 or 3 to 5

carbon atoms.

[0030]  In further embodiments, T 1s:

f‘ﬁi\\\\\\\\\ 1 i’t\\\\\\\\\\
, ,‘ 2 ‘, s.\.c v .. . W s
ﬁ N y ‘.:' { _-\_E‘.i‘\it-‘; [gj % !.r
- e e e \f

Kﬁﬂﬂ%ﬂ\%ﬂ\%f{

-

wherein n 1s O to about 18, with O or 1 to about 6 preferred;

wherein n 1s O to about 18, with O to about 6 preferred;

[0031] Some specific non-limiting examples of T bridging radicals are:

§ TN & A
. . . Ry T Y . - o
E@" L4 escecqe B ol ofpoosnon 2 ey
.'\' \\"g.‘q.‘ N Z~
YR, TIAS
AN
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i
" :5 e
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[0032] The S-(a,a'-disubstituted-o''-acetic acid) or bis-S-(o,o'-disubstituted-o"-ace-
tic acid) dithiocarbamates are generally a reaction product of a metal salt of a dithiocarba-

mate, a haloform, and a ketone. A phase transfer catalyst, solvent, and a base such as

sodium hydroxide or potassium hydroxide can also be utilized to form the S-(o, o’ -disub-

stituted-o"-acetic acid) or bis S-(o, 0’ -disubstituted-o'-acetic acid) dithiocarbamates.
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[0033] It 1s to be understood throughout the application formulas, reaction schemes,
mechanisms, etc., and the specification that metals such as sodium or bases such as sodium
hydroxide are referred to and the application of the present invention 1s not meant to be
solely limited thereto. Other metals or bases such as, but not limited to, potassium and
potassium hydroxide, respectively, or combinations thereof are contemplated by the dis-
closure of the present invention.

[0034]  Alkoxy dithiocarbonate compounds are utilized 1in some embodiments of
the present invention and having the following general formula, which may be re-

ferred to herein as a xanthate,

wherein R* and R° are as defined hereinabove:

wherein R’ is optionally substituted, and can be a linear or branched alkyl
having from 1 to 4 carbon atoms, or 1 to about 12 carbon atoms; an aryl group, op-
tionally saturated or unsaturated; an arylalkyl having from 7 to about 18 carbon at-
oms; an acyl group; an alkenealkyl having from 3 to about 18 carbon atoms; an alkene
group; an alkylene group; an alkoxyalkyl; derived from a polyalkylene glycol; de-
rived from a polyalkylene glycol monoalkyl ether having from 3 to 200 carbon atoms;
derived from a polyalkylene glycol monoaryl ether having from 3 to 200 carbon at-
oms; a polyfluoroalkyl such as 2-trifluoroethyl; a phosphorous containing alkyl; or a
substituted or unsubstituted aryl ring containing heteroatoms. Alkyl and alkylene
groups from 1 to 4 or 6 carbon atoms are preferred;

wherein the R'’ substituents comprise an alkyl having from 1 to 4 or 6 carbon
atoms; an aryl; a halogen such as fluorine or chlorine; a cyano group; an amino group;
an alkene group; an alkoxycarbonyl group; an aryloxycarbonyl group; a carboxy
group; an acyloxy group; a carbamoyl group; an alkylcarbonyl group; an alkylaryl-

carbonyl group; an arylcarbonyl group; an arylalkylcarbonyl group; a phthalimido
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group; a maleimido group; a succinimido group;, amidino group; guanidimo group;
allyl group; epoxy group; alkoxy group; an alkali metal salt; a cationic substitutent
such as a quaternary ammonium salt; a hydroxyl group; an ether having a total of
from 2 to about 20 carbon atoms such as methoxy, or hexanoxy; a nitro; sulfur; phos-
phorous; a carboalkoxy group; a heterocyclic group containing one or more sulfur,
oxygen or nitrogen atoms, or combinations thereof; and wherein “a” 1s 1 to about 4,
with 1 or 2 preferred.

[0035] The compounds of the above formula are generally 1dentified as O-alkyl-

S-(a,o'-disubstituted-o''-acetic acid) xanthates. The O-alkyl-S-(o,o'-disubstituted-
o''-acetic acid) xanthates are generated as the reaction product of an alkoxylate salt,

carbon disulfide, a haloform, and a ketone. Alternatively, a metal salt of xanthate

can be utilized in place of the alkoxylate salt and carbon disulfide.

[0036]  The general reaction mechanism for forming the O-alkyl-S-(o,o'-disubsti-

tuted-o''-acetic acid) xanthates 1s as follows:

RIHFN =k = i3 CHD
9 i
s :.; R
Q o
H Nt sesl | Ei E
EDODDNIGONNE  ESORODNTI R S . T - S b SO . b
' (.‘3 R‘} e t. N ::-:_--.' LR !"[ﬁ S
R;;,s-"““ T g E
. o~ -E{.}‘:
&

wherein R*, R>. and R"® are defined herein.

Salts

[0037] The foregoing CTA-acids can be salted, either to impart water-solubility or
for ease of use. The salts of the CTA-acid are not particularly limited. Salts can in-
clude, for example, alkal1 or alkali earth metal hydroxides; alkali earth carbonates;
mono-, di-, and/or tri- alkyl-substituted amines; and combinations thereof.

[0038] In an embodiment, the alkali metal hydroxides can include, but not be lim-
1ited to, for example, lithium hydroxide, sodium hydroxide, potassium hydroxide. In
some preferred embodiments the alkali metal hydroxide salt can comprise, consist
essentially of, or consist of sodium hydroxide. In an embodiment, the alkali metal
hydroxide can exclude sodium hydroxide, and the resultant polymer can exclude so-

dium salts.
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[0039] In an embodiment, the alkal1 earth metal hydroxides can include, but not
be limited to, for example, magnesium hydroxide or calcium hydroxide. Similarly,
alkali earth carbonates can include, but not be limited to, for example, magnesium
carbonate or calcium carbonate.

[0040] Mono, di, and/or tr1 alkyl substituted amines can include those having an
alkyl substitute having from 1 to 12 carbon atoms, or 1 to 8 carbon atoms, or even from
1 to 4 or 6 carbon atoms. The amine can also be an alkanol amine 1n which the alkyl
substituent includes at least one OH group. Particular alkyl amines can comprise, con-
s1st essentially of, or consist of any one or more of triethanolamine (“TEA”), ethan-
olamine, 2-(dimethylamino)ethanol, diethylamine, 2-(2-aminoethoxy)ethanol, 3-
amino-1-propanol, N-(2-hydroxyethyl)ethylenediamine.

Polymer

[0041] A water soluble form of the CTA-acid or a water soluble CTA-acid 1n 1ts
salt form (1.e., a CTA-acid salt) can be employed to prepare a polymer in an aqueous
medium.

[0042] The term aqueous medium, or aqueous solution, and the like, means a me-
dium containing a majority of water, optionally along with other water miscible sol-
vents, such as, for example, alcohols and the like. Preferred water miscible solvents
include ethyl alcohol, 1sopropyl alcohol, t-butyl alcohol. Other solvents that may be
partially water miscible can include, for example, ethyl acetate, methyl acetate, butyl
acetate, benzene, toluene, methyl ethyl ketone, and methylene choride. These sol-
vents also can be used 1in combination with minor amounts, such as less than 10 vol-
ume%, of hydrocarbon solvents such as hexane, cyclohexane, mineral spirits, and the
like. A preferred water miscible solvent 1s 1sopropyl alcohol. In an embodiment, the
aqueous medium consists of water.

[0043] Such a polymer would comprise, consist essentially of, or consist of at least
one CTA-acid or CTA-acid salt (as the end-cap of the polymer chain), monomer units
derived from at least one water soluble monomer, and optionally, monomer units derived
from at least one water insoluble vinyl monomer. In an embodiment, the CTA-acid pol-
ymer can be made up of about 0.1 to about 49.9 or 50 weight percent, or 0.1 to about
10 or 25 weight percent units dertved from a CTA-acid, CTA-acid salt, or combina-

tion thereof, but generally from about 0.5 to about 5 weight percent, such as about 1
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to about 3 weight percent units derived from a CTA-acid, CTA-acid salt, or combi-
nation thereof; and from about 50 to about 99.8 or 99.9 weight percent, or about 75
or even about 90 or 95 to about 99 .8 or 99.9 weight percent, or 97 to 99 weight percent
of the combination of a water soluble monomer and optional water insoluble vinyl
monomer. In an embodiment, the CTA-acid polymer can have about 0.1 to about
49 9 or 50 weight percent, or 0.1 to about 10 or 25 weight percent units derived from
a CTA-acid, CTA-acid salt, or combination thereof; from about 50 to about 99.9 per-
cent by weight, or 75 or 90 to about 99.8 or 99.9 weight percent units derived from
water soluble monomer, and optionally 0.1 to about 49.9 or 50 weight percent, or
from about 0.5 to about 24.9 weight percent, or from about 1 to about 9.9 weight
percent units derived from polymerizable water insoluble vinyl monomers.

Water Soluble Monomers

[0044] Water soluble monomers that can be included 1n the polymer are not particu-
larly limited and can comprise, consist essentially of, or consist of any water soluble eth-
ylenically substituted monomer, such as, for example, 2-acrylamido-2-methylpropane sul-
fonic acid (“AMPS™”)  carboxylic acid monomers, (Ci - Ci2 alkyl) acrylamide, and de-
rivatives or salts thereof, or any combination thereof.

[0045] Water soluble carboxylic acid monomers can include, for example, ethyleni-
cally unsaturated polymerizable carboxylic acid monomers. Suitable examples include
what are often referred to as carboxylic monomers or acrylate monomers.

[0046] Additional examples of suitable sulfonic acid monomers can include: Si-
pomer COPS®-I, commercially available from Rhodia, which 1s a 40% aqueous solution
of sodium allyl ether sulfonate and sodium 1-allyloxy-2-hydroxypropyl sulfonate, having
a molecular weight of about 218; vinyl benzene sulfonic acids, vinyl benzene sulfonates,
alkyl vinyl benzene sulfonic acids, alkyl vinyl benzene sulfonates for example
SPINOMAR® NaSS, commercially available from Tosoh, which 1s a sodium p-styrene
sulfonate having a molecular weight of about 206; 2-sulfoethylmetahcrylate; alkylvinyl
sulfonic acids, alkyl vinyl sulfonates for example sodium vinyl sulfonate (SVS); sodium
allylsulfonate (SAS); sodium methally sulfonate (SMAS); dialkylaminoalkyl(meth)acry-
late; alkyl or hydrogen halide salts of aminoalkyl(meth)acrylate; hydroxy al-

kyl(meth)acrylate; or any combination thereof.
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[0047] In one embodiment, the unsaturated carboxylic monomers can have the
following general formulae:
CH,=C(CH3)-COOX,
CH,=CH-COOX, or
CH>=C(CH3)-CONH3, or
CH;=CHCONH,,
wherein X 1s H; a metal 1on such as Li, Na, K, or Ca; an amino group such as an
alkylamino or dialkylamino group having from 1 to about 6 carbon atoms or an al-
kyl/hydrogen halide salt thereof; or hydroxy alkyl group having from 1 to 6 carbon
atoms.
[0048] Specific water-soluble monomers or co-monomers for use in the pre-
sent technology include, but are not limited to, the following: acrylic acid, meth-
acrylic acid, 2-hydroxyethyl methacrylate, hydroxypropyl methacrylate (all 1somers),
hydroxybutyl methacrylate (all 1somers), N ,N-dimethylaminoethyl methacrylate,
N,N-diethylaminoethyl methacrylate, 2-dimethylaminoethyl acrylate and its al-
kyl/hydrogen halide salts, 2-dimethylaminoethyl methacrylate and i1ts alkyl/hydrogen
halide salts, 2-hydroxyethyl acrylate, hydroxypropyl acrylate (all isomers), hydroxy-
butyl acrylate (all isomers), polyethylene glycol monoacrylate, polyethylene glycol
monomethacrylate, polypropylene glycol monoacrylate, polypropylene glycol mono-
methacrylate, N,N-diethylaminoethyl acrylate, maleic acid, fumaric acid, 1taconic
acid, crotonic acid, oleic acid, cinnamic acid, styrene sulfonic acid, and 2-
acrylamido-2-methylpropane sulfonic acid (AMPS). Some preferred monomers are
AMPS™ acrylic acid, methacrylic acid, and acrylamide.
[0049] In some embodiments the water soluble monomers are essentially free of
any acrylate monomers. In some embodiments the water soluble monomers are free of
any acrylate monomers. In some embodiments the polymers described herein are essen-
tially free of any acrylate monomers. In some embodiments the polymers described herein
are free of any acrylate monomers.
[0050] In other embodiments the water soluble monomers can include acrylic acid,
methacrylic acid, itaconic acid, maleic acid, fumaric acid, citraconic acid, mesaconic acid.
[0051] In some embodiments the water soluble monomers can include one or more

compounds having the structural formula:
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(R12)(R1})C=C(R“)R)
wherein: R'*is H or CH3: R" is H or COOH: R'* is H or COOH: and R'* is H, COOH or
CH,COOH, provided that when R'* is H and R"’ is COOH, R'* and R"* are different and
are either H or COOH: when R'* and R"* are both H, R'* is COOH and R"> is CH,COOH:
and when R**is CH3, R"” is COOH and R'* and R" are different and are either H or COOH.
Suitable examples include maleic acid, itaconic acid, fumaric acid, citraconic acid and
mesaconic acid, oleic acid, cinnamic acid or salts thereof. Unsaturated polymerizable
monomers containing sulfonic acid or a salts thereof can also be included.

[0052] In some embodiments the water soluble monomers can include: (111) one or
more (C1-Cs alkyl or dialkyl) amide monomers. In such embodiments the water soluble
monomers may include one or more acrylamide monomers, which may also be described
as ethylenically unsaturated amido functional monomers. Suitable examples include
acrylamide, methyl acrylamide, methyl methacrylamide, N-alkylmethacrylamide, N, N-di-
alkylmethacrylamide, N-alkylacrylamide, N,N-dialkylacrylamide, and any combination
thereof.

[0053] In some embodiments the water soluble monomers can include N, N’-dime-
thylacrylamide, t-butylacrylamide, t-octylacrylamide, or a combination thereof.

Optional Other Monomers

[0054] In an embodiment other monomers, other than the water-soluble mono-
mers described above, are optionally polymerized with the water soluble monomers
during a polymerization reaction. Examples of monomers include, but are not limited
to, polymerizable water insoluble vinyl monomers, such as any polymerizable mon-
omer that includes an alkyl group containing 1-18 carbon atoms consisting of a sim-
ple ester, a vinyl ester, a mono-allyl ether, derivatives thereof, or any combination
thereof. Some examples of other monomers include vinyl acetate; styrene; diene
monomers having a total of from 4 to 12 carbon atoms with examples including, but
not limited to, 1,3-butadiene, 1soprene, 1,3-pentadiene, 2,3-dimethyl-1-3-butadiene,
2-methyl-1,3-pentadiene, 2,3-dimethyl-1,3-pentadiene, 2-phenyl-1,3-butadiene, and
4.5-diethyl-1,3-octadiene; a-methyl styrene; and C1-Ci2 alkyl styrenes with substitute

agroups either on the chain or on the ring or both.

Polymerization Process
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[0055] A water soluble CTA-acid or a CTA-acid salt, can be employed to poly-
merize the above monomers in an aqueous medium by a living polymerization pro-
cess as described hereinbelow to form a CTA-acid polymer.
[00S6] A living polymerization 1s a chain polymerization which proceeds in the
absence of termination and chain transfer. The following experimental criteria can be
utilized to diagnose a living polymerization.
1. Polymerization proceeds until all monomer has been consumed. Further ad-
dition of monomer results in continued polymerization.
2. The number average molecular weight, M, (or X,, the number average de-
ogree of polymerization), 1s a linear function of conversion.
3. The number of polymer molecules (and active centres) 1s constant and 1n-
dependent of conversion.
4. The molecular weight can be controlled by the stoichiometry of the reac-
tion.
5. Narrow molecular weight distribution polymers are produced.

6. Chain-end functionalized polymers can be prepared in quantitative yields.

[0057] Besides those mentioned above, other criteria can also help to determine
the living character of polymerization. For radical living polymerization, one 1s the
ability of the polymer 1solated from the first step of polymerization to be used as a
macroinitiator for the second step of a polymerization in which block copolymers or
ografted polymers are ultimately formed. To confirm the formation of block copoly-
mers, measurements of molecular weights and a determination of the structure of the
blocks are employed. For structure measurements, the examination of NMR or IR
signals for the segments where 1ndividual blocks are linked together and a determi-
nation of the end groups are both very important. In radical polymerization, only
some of the criteria for living polymerizations are actually fulfilled. Due to their abil-
1ty to undergo further polymerization, these types of polymers can also be called re-
active polymers . A more detailed description of living polymerization can be found
in "Living Free-Radical Block Copolymerization Using Thio-Inifertors”, by Anton
Sebenik, Progress in Polymer Science, vol. 23, p. 876, 1998.
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[0058] The living polymerization processes can be used to produce polymers of
narrow molecular weight distribution containing one or more monomers sequences
whose length and composition are controlled by the stoichiometery of the reaction
and degree of conversion. Homopolymers, random copolymers or block polymers can
be produced with a high degree of control and with low polydispersity. Low polydis-
persity polymers are those with polydispersities that are significantly less than those
produced by conventional free radical polymerization. In conventional free radical
polymerization, polydispersities (polydispersity 1s defined as the ratio of the weight
average to the number average molecular weight My/My) of the polymers formed are
typically greater than 2.0. Polydispersities obtained by utilizing water soluble CTA-
acid or CTA-acid salt compounds and derivatives thereof as described herein can be
1.75 or 1.5, orless, often 1.3 orless, and, with appropriate choice of the chain transfer
agent and the reaction conditions, can be 1.25 or less.

[0059] When the water soluble CTA-acids and CTA-acid salts are utilized only as
chain-transfer agents, the polymerization can be initiated with other initiators at
lower temperature while yielding polymers with similarly controlled fashion.

[0060]  Free radical polymerizations utilizing the water soluble CTA-acids and
CTA-acid salts as both 1nitiators and chain transfer agents generally form telechelic
polymers. When an 1nitiator other than the water soluble CTA-acids and CTA-acid
salts 1s also utilized, a polymer having a single functional end group 1s formed 1n
proportion to the amount of said other initiator to the water soluble CTA-acids or
CTA-acid salts utilized.

[0061] The free radical living polymerization process can be applied to any mon-
omers or monomer combinations which can be free-radically polymerized.

[0062] In order to 1nitiate the polymerization process, 1t 1s often desirable to uti-
lize an 1ni1tiator as a source for initiating free radicals. Generally, the source of 1niti-
ating radicals can be any suitable method of generating free radicals such as the ther-
mally induced homolytic scission of a suitable compound(s) (thermal 1nitiators such
as peroxides, peroxyesters, or azo compounds), the spontaneous generation from
monomer, redox initiating systems, photochemical 1nitiating systems or high energy
radiation such as electron beam, X- or gamma-radiation. The initiating system 1s cho-

sen such that under the reaction conditions there 1s no substantial adverse interaction
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of the 1nitiator or the initiating radicals with the transfer agent under the conditions
of the experiment. The 1nitiator should also have the requisite solubility in the reac-
tton medium or monomer mixture.

[0063] Thermal 1nitiators are chosen to have an appropriate half-life at the tem-
perature of polymerization. The 1nitiators can include one or more of the following
compounds: 2,2'-azobis(isobutyronitrile)(AIBN), 2,2'-azobis(2-cyano-2-butane), di-
methyl 2,2'-azobisdimethylisobutyrate, 4,4'-azobis(4-cyanopentanoic acid), 1,1'-azo-
bis(cyclohexanecarbanitrile), 2-(t-butylazo)-2-cyanopropane, 2,2'-azobis[2-methyl-
N-(1,1)-bis(hydoxymethyl)-2-hydroxyethyl]|propionamide, 2,2'-azobis[2-methyl-N-
hydroxyethyl)|-propionamide, 2,2'-azobis(N,N'-dimethyleneisobutyramidine)dihy-
drochlonide, 2,2'-azobis(2-amidinopropane)dihydrochloride, 2,2'-azobis(N,N'-d1-
methyleneisobutyramine), 2,2'-azobis(2-methyl-N-[1,1-bis(hydroxymethyl)-2-hy-
droxyethyl |propionamide), 2,2'-azobis(2-methyl N-[1,1-bis(hydroxyme-
thyl)ethyl Jpropionamide), 2,2'-azobis[2-methyl-N-(2-hydroxyethyl)propionamide],
2,2'-azobis(isobutyramide)dehydrate, 2,2'-azobis(2,2,4-trimethylpentane), 2,2'-azo-
bis(2-methylpropane), t-butyl peroxyacetate, t-butylperoxy-2-ethylhexanoate, t-butyl
peroxybenzoate, t-butyl peroxyoctoate, t-butylperoxyneodecanoate, t-butylperoxy
1sobutyrate, t-amyl peroxypivalate, t-butyl peroxypivalate, di-isopropyl peroxydicar-
bonate, dicyclohexyl peroxydicarbonate, dicumyl peroxide, dibenzoyl peroxide, di-
lauroylperoxide, potassium peroxydisulfate, ammonium peroxydisulfate, di-t-butyl
hyponitrite, and dicumyl hyponitrite.

[0064] Photochemical 1nitiator systems are chosen to have the requisite solubility
in the reaction medium or monomer mixture and have an appropriate quantum yield
for radical production under the conditions of the polymerization. Examples include
benzoin dernivatives, benzophenone, acyl phosphine oxides, and photo-redox systems
production under the conditions of the polymerization. These 1nitiating systems can
include, but are not limited to, combinations of the following oxidants, potassium
peroxydisuffate, hydrogen peroxide, t-butyl hydroperoxide and reductants, iron (+2),
titanium (+3), potassium thiosulfite, and potassium bisulfite.

[0065] Other suitable 1nitiating systems are known to those of ordinary skill 1in the
art, and are described 1n recent texts. See, for example, Moad and Solomon "The

Chemistry of Free Radical Polymerization"”, Pergamon, London. 1995. pp 53-95.

22



10

15

20

25

30

CA 029848958 2017-11-02

WO 2016/182711 PCT/US2016/028787

[0066] The preferred 1nitiators of the present technology are 2,2'-azobis[2-mthyl-
N(2-hydroxyethyl)propionamide. The amount of initiators utilized 1n the polymeri-
zation process can vary widely as generally from about 0.001 percent to about 99
percent, and desirably from about 0.01 percent to about 50 or 75 percent based on the
total moles of CTA-acid or CTA-acid salt utilized. Preferably small amounts are uti-
lized, such as from about 0.1 percent to about 5, 10, 15, 20, or 25 mole percent based
on the total moles of CTA-acid or CTA-acid salt. In order to form polymers which
are predominately telechelic, initiators other than the thiocarbonate compounds are
utilized 1n lesser amounts, such as from about 0.001 percent to about 5 percent, de-
sirably from about 0.01 percent to about 4.5 percent, and preferably from about 0.1
percent to about 3 percent based on the molar equivalent to the total moles of CTA-
acid or CTA-acid salt utilized.

[0067] In order to form CTA-acid polymers having monomer repeat units therein,
a predetermined amount of CTA-acid or CTA-acid salt, or combination thereof, can
be added to a suitable reaction vessel along with a predetermined amount of mono-
mer(s), optional solvent, and optionally 1nitiator. The amount of CTA-acid or CTA-
acid salt utilized depends on the desired molecular weight of the polymer to be
formed and can be calculated as known to one of ordinary skill in the art. A formula

for calculating the amount of CTA-acid or CTA-acid salt (CTA) 1s as follows:

Weight of monomer x molecular Weight of CTA

Mn of polymer =
Weight of CTA

+ molecular weight of CTA
[0068] The resulting compound can be a macro-CTA-acid monomer, or a polymer
or copolymer. The resulting compounds are either telechelic with identical functional
agroups at the ends of the chain, or a compound having a single functional end group
and also an initiator terminated chain (formed by using a conventional 1nitiator such
as AIBN). As stated above, the ratios between the resulting polymers can be con-
trolled to give desired results and generally depends on the amount of initiator uti-
lized. The number of repeat groups from all sources, 1.e., water soluble, optionally
water insoluble and other monomers, or a combination thereof incorporated into each
CTA-acid polymer 1s generally from about 1 to about 400, desirably from about 1 to
about 200, and preferably from about 2 to about 80. Inasmuch as one or more water

soluble monomers and optionally one or more water insoluble monomers or other
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monomers which are generally neither hydrophilic or hydrophobic can be utilized, 1t
1s to be understood that repeat groups of the polymers or copolymers of the present
technology can be the same or different, respectively. That 1s, random copolymers,
terpolymers, etc., can be formed within either of the repeat groups noted, as well as
block copolymers which can be formed by initially adding one monomer and then
subsequently adding a different monomer (e.g., an internal block copolymer).

[0069] The reaction conditions are chosen so that the temperature utilized will
generate a radical 1in a controlled fashion, wherein the temperature 1s generally from
about room temperature to about 200 °C. The reaction can be run at temperatures
lower than room temperature, but i1t 1s impractical to do so. The temperature often
depends on the 1nitiator chosen for the reaction, for example, when AIBN 1s utilized,
the temperature generally 1s from about 40 °C. to about 80 °C., when azodicyanodi-
valeric acid 1s utilized, the temperature generally 1s from about 50 °C. to about 90
°C., when di-t-butylperoxide 1s utilized, the temperature generally 1s from about 110
°C. to about 160 °C., when a thiocarbonate 1s utilized, the temperature 1s generally
from about 80 °C. to about 200 °C.

[0070] The polymerization process of this invention can be carried out 1n emul-
sion, solution or suspension, in either a batch, semi-batch, continuous, or feed mode.
In the case of emulsion or suspension polymerization, the medium will often be pre-
dominately water and conventional stabilizers, dispersants and other additives can be
present. For solution polymerization, the reaction medium can be chosen from a wide
range of media to suit the monomer(s) being used.

[0071] Examples of polymerization mechanisms incorporating water soluble

monomers 1nto CTA-acid polymers are as follows:
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wherein ¢ and ¢ are each 1 {o about 200, and B, B2, and ®? sre defined herein.

(HTE] Example reaction mechanisms for adding monomers having & hydropbobic group, as well
a5 water soluble monomers to a CTA-acid polymer can include preparing 8 macre-CT A~acid

mopomer and adding the water insoluble monomer, as follows:

&3
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wherein b, b', ¢, o, n, RY, R%, B>, RY und v are defined herein,
{8475 The process disclosed herein can be carried out in emulsion, solution or
suepension in sither 2 balch, semi-baich, continuous, or feed mode. Otherwise-con-

ventional procedurss can be used to produce namrow polvdispersity polymers. For

L

lowest polydispersity polymers, the chais trapsfer agent is added befors polymeriza.
tion 18 commenced. For example, when carried out in baich mode in solution, the
reactor 3¢ typially charged with chain transfer agent and monomer or medium phs
monomer. The desired ameoun! of initiator is then added to the mixture and the mix-
ture is heated for & time which i dictated by the desired conversion and molecular
10 weight,

GU74)  Polyvmers with brosd, yet controlled, polydispersity or with multimodal
moleciiar weight distribution can be produced by controlled addition of the CTA-
avid o CTA-acid salf over the course of the polyvmerization process.

{0073 In the case of smubsion or suspension polymerization the medium will of-

13 ten be predominately water and the conventional stabilizers, dispersants and other

additives can be present. For selution polymerizatinn, the reaction medium can be

chosen from a wide range of media to suit the monomer(s) being used.

WE7E; As already staled, the use of feed polvmerization conditions allows the use

of chain tranmsfer agents with lower transfer constanis and allows the svothesis of

20 biock polymers that are not readily achigved using baich polymerization processes.

if the polymerization is carried out 3¢ g feed system the reaction can be carried out
as foilows. The reactor is charged with the aquesus medium, the CTA-acid, CTA-

acid sait or combination thereod, and optionally a portion of the monomer{s}, The

remaining monomer{s) is placed info 2 separate vessel, Initistor is dissolved or gus-

23 pepded in the reaction mediom in another separate vessel. The mediym tn the reactor
i3 heated and stirved while the monomertagueous medium and inttiatortagusous me-
dinin are indroduced over time, for example by a syringe pump or other pumping
device, The rate and duration of feed is determined largely by the quantity of solotion
the desired monomer/chain transfer agent/initiator ratio and the rate of the polymer-

3 azation, When the feed is coraplete, keating can be continued for an additional period.
YT The water soluble CTA-acids can be cmployved to prepare polymers for

potential applications in apy {ormulation that might require 2 water soloble polvmer

27
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of defined molecular weight and shape such as for exampls, patnds and costings, per-
sonal and home care, gnergy sxploration and refinery applications, including but not
imited io, waler treatment applications, dnilling fhuids, paraffin inbibiling applica-
trong, cementing apphications, completion apphications, and fuel {ransportation appli-
cations and oy improving refinery and oilfield operational sfficiencies,

i 307E]  In an embodunent, the water soluble UT A-acids can bhe employed {0 pre-
pare improved polymers for use i a method of chelating 1o0s of hardness {e.g., che-
tating or sequesiering metal 1ons and the like) from s schution,

8791 Typieal houggchold and %] products that may contain polvmers of the in-
vention, inclade, without being limited thereto, fabric care products, such as laundry
detergents {powder, hguid, gel, snd unit doses) and fabric softeners (Houide or
sheets), troning sprays, dry cleaning aids, sntiwrinkde spravs, stain and spot removers

and the hike; hard surface cleaners for the kitchen and bathroom and utilities and

appliances empioyed or located therein, such as toilet bowl gels, tub and shower
clganers, hard water deposit removers, Hoor and tile cleaners, wall cleaners, floor and
chrome findore polishes, alkali-strippable viny! fioor cleaners, marble and ceramic
ciggners, air freshener geis, liguid or powder cleansrs for dishes {automatic and man-
uai}, and the ke disinfeotant cleaners, such as tolet bowl and bidet cleaners, disin-
feciant hand soaps. room deodorizers, heavy duty band soaps, cleaners and sanitizers,
automotive cleaners and the like

(80 In ap embodiment, the tmproved polvmers or solutiong thereofl are sm-

ploved 1 automatic dish detergents. Such dish detergents can be in different forms,

such as, for example, lpuid, powder, gels, tablets and uni dose pouchss, bars, paste,

hard or soit compressed monolayered tablet, hard or soft compressed multilavered

talet, single phase umdosse detergent, multiphase wnidose comprising, for example,
any combination of powder, granulate, guid and gel phases. In another emnbodiment,
the mmproved polyiners can be used in laundry detergents both in Hauid, powder, gels,
tablets and unit dose pouches, bavs, paste, hard or soft compressed monolavered tab-
lef, bard ot soft compressed multidavered tablet, single phase vnidose deterzent, mul-
tiphase unidose comprising, for example, any combination of powder, granulate, lig-

uid and gei phases,

Z&
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{881 Exemplary water treatment applications include, for example, water puri-

fwation processes for potable & industrial uses, cooling water treatmen, boiler water

ireatment, desalination {2.2., reverse osmosis, disiillation), wastewaier {2.g., munic-

ipal & mdustrial} trealment, and the hke. In one preforved embodiment, the improved

£

polymers are used in water treatment applications as scale inhibitors and/or dispersants,
B082]  Exemplary deposit control applications, both scale and suspended solid
dispersion, 25 applied lo water ireatment including fresh, saline, and process water,
include, for example, cooling water treatment, botler water treatment, thermal and
reverse osmosis {RO) desalination, municipal and indusirial wastewater, geothermal
i exploration, o and gas exploration and produwetion, pulp and paper, sugar refining,
as well as mining processes. Scale examples include caleiwm carbonate: calcium
phoasphaies and phosphonates; calchun, bartum, and stroniium sulfates; magnesinm
hydroxide; calcium flnonide; calcium oxalates; silica; and silicates, In some cases,
the improved polymers can be used as scale removing agents, rheology modifiers in
15 drilling operations as well as for slurry fransport of solids suspended in water.
{8083}  Exemplary personal care cleansers inclrde but are not limited to shampoos
{e.g., 2-in-1 shampoos, conditioning shampoos, bodifying shampoos; moisturizing
shampoos, temporary hair color shampoos, 3-in-1 shampoos, aati~-dandrufl sham-
poos, parr eclor mamtenance shampoos, scid (neutralizing) shampoos, salicvlic acid
24 shampoos, medicated shampoos, baby shampoos, and the lke), and skin and body
cieansers {e.g., moisturizing body washes, antibacterial body washes; bath gels,
siower gels, liguid hand soaps, bar zoaps, body scrubs, bubble baths, facial scrubs,
foot scrubs, and the like}. Similarly, the improved polymer can be emploved in pet
and amimal care apphications. Exemplary pet and animal care cleansers include but
25 are not hmited to shampoos, medicated shampoos, conditioning shawpoos {e.g., de-
tangling, antistatic, grooming), and foaming shampoos.
{00841 Thne amount of each chemical component described is presenied exchusive
of any solvent or diuent oil, which may be costomarily present in the commercial ma-
terial, thai is, on an active chemical basis, unless stherwise indicated. However, unless

M otherwise mdicsted, gach chemicsl oy composition referred to herein should be inter-
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preted as Boing a commercial grade material which may contsin the somers, hy-prod-

ucts, dertvalives, and other such roaterials which are normally understood (o be present

i the commercial grade.

B08%] It is known that some of the materials descnbed gbove may mteract 1o the

N

final formulation, so that the composnents of the hnal formulstion mway be different
irom those that are titially added. For instance, metal ions {of, ¢.g., 2 detorgent) can
migrate (o other scidic or amionie sites of other molecules. The products formed
therehy, inciuding the products fonged ypon emploving the composition of the present
inveniion in is intended use, may not be sugeeptible of sasy deseription, Nevertheless,
16 all such modifications and reaciion producis are included within the scops of the pre-
sent invention; the present invention encompasses the composition prepared by admix-
ing the components described sbove.

GG%G6]  The wmvention herem s uselul for prepanng RAFT polviners in an aqueous

mediim, which may be belter understood with reference o the followng examples.
15 jo88TE  EXAMPLES
R8T Samples

Formation of €1 A-Acid Ralt{s)

8 5
/ N, A
gt {pa Ynce C oot \(/\ &
T A-asid {2 Ansail

20 [80888F  The following general laborgiory procedurs was used:

1.} 200g of water was added o a round bottom flack along with @ drops of 3§
wi.% NallH m water.
2.3 1.94g of CTA~ac1d was added and the mixture gently warmed until dis-
soived.
3.} pH was adjusied 1o 7.5
4.3 CTA-Ng solulion was poured o 2 1L 3-necked flask along with $1.55¢
Yaso-386 miliator {3 2.27~-Azobis] 2-methvi-N-{Z-hvdroxvethvlipropio-
namide| availabie from WAKO Chendcals)
5.3 The soiution of UTA-Ng and iniliator was heated (0 90°C and 100 g ot a 53
343 wi.% solution of acryviamide in water was added over 2 hours.
G.} The nuxture thickened over iime snd afier addition of all the monomer, soly-
tion was held at #O°C for an additional 2 brs. belore being air cooled (o room
tempergiure.

fonck
e

30U
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> [BUBB] A geries of polymerizations was conducted using the general polymeriza-
tion method Listed above. In this series the amount of CTA-Na was varied to producs
poiy{acrylamide} polymers of different molecular weighis to demonatrate the con-
troilability of this process {o produce defined and predictable molecular weight pol-
yimers. §he data 18 shown below in Table 1.

iQ
Tabie '_i P@h mﬁmﬁﬂm {a‘é" Asﬂ*ﬁamiﬁe with varied @TAMN

E%ﬁmem al

- Ma®

* M aﬁet@mm@d b}f’ GPC mmg p@iy{ﬁcﬁhmsde} «ammdmgﬁs

{56%1]  The same general synthetic process as described above was used to poly-
13 menze AMPS-Na monomer as well, Again the UTA-Na amount was varied to
demonstrate the controllability of this process te preduce defined molecular weight

poiymers. 1hose rasults are shown below in Table 2.

Fabie 4: Polvmerization of AME”“% Na waﬁﬁ varigd O Téu“ﬁﬂ

%amp‘ie 1 A | {initig- Conversion Mn - P

Naj : H}EE {34}
.......................... mol/L | mellL |
4 L 0.00647 | 0.00477
E 00038 0.00477

-----------------------------

R 00125 | 0.00477
20 "3, determined by GPC using pohy ﬁ{*f};iamlde } standards
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Copolvmers were produced using the above mentioned polymerization

Block copolvmers were also produced using AMPS-Na and AA.
were also svinthesized according 1o the general polyvmerization process listed shove

block, producing poby{ AMPS-b-acrylie acid), The regults are shown below in Table

by building a polyl AMPS-Na) block first, then adding scrvlic acid {o build 3 second
3,

in order (o keep the pH of the polymerization mixture above 7. i the pH dips below
this value, the CTA will revert back to iy acd form and precipitate oot of solution

AMPS-Na (50 wi.% in water), The sodium salt of acrvlic acid was osed in this case

procedure with AMPS-Na {1} gh and acrvhic acid {AA ~ 1036g). Random copolviners
of AMPS-Na and AA were made by dissolving sodium acrylate m a solulion of

ieading i uncontrolled polymerization.

L x
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N5 In addition fo neutralizing CTA~acid with NaDH to generate the wates-
soiuble chain transfer agend, various amines were used insiead of NaDH, These new
UTA-"bases” were made uvsing the same procedure shown above GFormation of
CTA-Acid Sal(s)”) starting with CTA&-acid. The stability of severs! amines was
tested by dispersing CTA-acid in water at | wi% CTA-acid, and then dissolution by
adding the amime. The resulting solutions were left at room temperature for 48 hrs.

al which point the solubilily was checked again, The resulis are shown below in Table

3,
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aasel Two of the UTA-amine salts (CTA-TEA and CTA-Gislbviaming) were

chosen to make pely{acryviamide) and poly{ AMPS} based on the previousty described

general polymerization process. Those results are shown below in Table 6.

Tuble & Voly(acrylnnude) and veip{AMEPD) Uaing Aming Saits of L1 A-anid
__Sample | Monomesr | Amise i Ma PR
R AMPS-Na {TEA 1 14408 12
18  AMPS-Na_| Disthylamine | 11,633 1,24
38 o Acylemide [TEA 114288 FRN L.
| 20 5 L\a.wiam:ad@ ﬁam‘hyﬁarn me | 16,037 F 1,16

Hxample i

08871 The calctum hinding abibity of the AMPY/AA block copolw

mists of samples

7 through 14 was tested agams! the comparative AMEPYAA random copolymers shown

i table 7

Sampie AMPS/AA (wide) Me
Lomp 25:75 <1{1,000 |

L a8 &5 8 N NN NN AN NN NN NN NN NN NN

{Comp 2 A58 20,800 |

098] Calorom binding was defermined by preparing 1l of a 1 wi% sclulion

of the polymers in water, and addmyg the solutions {0 a buretie. The poivmer solution

was then fitrated against 1H0mL of & glandard ¢ 01M Callly solution.

A Ca selective

clectrode 13 used 0 measure e U8 100 signal present o solution {not bound o the

polymer). Oncee the glectrode measures .00 concentyation, all of the Ca 1ons from

the standard have been chelated 1o the polvmer. From there, a calcuiation can then be

performed to determins the amount of polymer needed to bind all of the Ca from the

standard solution. The results of the calctum binding tests ave shown 1o Tabie 8.
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(00%9F  The data in Table 8 shows that the sample polymers prepared with the water
sefuble CTA-acid bound more calcium than the random copolviaers not prepared with
the water soluble T A-acid

(00188]  Each of the documents referred to sbove is incorporated hereln by reference,

nchuding any prioy applications, whether or not specifically Hsted above, from which

priority 18 ciatmed. The menlion of any document I8 not an admisston that such docye
ment gualitics as prior art or constifutes the general knowledge of the skilled parson in

any jurisdiction. EBxcept in the Examples, or where otherwise explicitly indicated, all

numerical quantiios o thus desoriplion specifving amounts of materials, reaction con-

gitions, moleculsr weights, mumber of carbon stoms, and the Hke, are to be understood
as modiiied by the word "aboul.” ¥ is to be understood that the upper and lower
amount, ranges, and ratio Hmits set forth herein may be independently combined. Sim-

Hariy, the ranges and amounts 1oy each glement of the imvention can be used together

with ranges or amounts for any of the other elements,
(00188}  Asused herein, the transitional term “comprising,” which is synonymous

p B RS

with “mnclading,” “containing,” or “characterized by,” is inchisive or open-ended and
does 8ot exclude additional, un-recited elements or method sieps, However, in each
reciiation of “comprising” herein, it is intended that the term also encompass, as alter-
native smbodunents, the phrases “consisting essentially of” and “consisting of” where

“consisting of” excludes any element or step not specified and “consisting essentially
35
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of” permits the inclusion of addibional un-recifed sioments or sieps that do not mater:-
ally affect the sesential or basic end povel characteristics of the composition or method
ander consideralion.

831682] While certain represeniative embodiments and details bave besn shown o7
the purpose of iihustraling the subject invention, 1t will be apparent {0 those skilied
ity this art that various changes and modifications can be made therein without de-
parting from the scope of the subject invention. In fhig regard, {he acops of the -

vention 1s Lo be Himiled only by the following claims,
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What 15 clgimed is

1. A compound comprising, consisting of, consisting essentially of & water sol-
uile U1 A-acid.

Lond

The compound of claim 1, whereln the water soluble CTA-acid is in the form
of a water sohuble CTA-acid salt,

3. Thecompound of claim 1 or 2, wherein the water soluble CTA-acid comprises,
consists essentially of, or consists of a thiocarbonate compound having the
formaia g
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whersin

sach of R and R? is an alkyl group of four carbons or less or 1,

a0 long as the sum of the number of carbon aloms present for all BY and B- in
tormula I together is logs ﬂ‘ldﬁ t&mrﬁ ar formula
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hof B! and R is ag defined above; and

23Ch © and K2 15 ag defined above, and

B is an alkyi group of four carbons or less, or H,

so long as the sum of the number of carbon atoms present for sl B B and B in
tormulia 1 together i3 less than four; or formula [
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cach of R* and/or B substituents, independently, comprise an alkyl group having
fromt 1 1o 4 carbon atoms, or H;

$18 1 or 2, with the proviso thet when i is 1, T i3 - MR H?); and when 118 4, 1
is & divaleni radical having a nitrogen atom directly sonnected 1o each carbon
ato of the two iBiocarbosyl groups nresent;

R® and R, independently, are the same or different, and are H or a lingar or
branched alkyl having from | (¢ 4 carbon atoms;

5o long as the sum of the sumbser of carbon atoms present for all B subsiituents

i formula I together is fesg than four; or formuia IV
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wherein

each of B*, and B” are as defined above

R is optionally substituted, snd is s linear or branched alkyl having from 1 o 4
carbon gioms: and

a1is 1 to 42

s¢ long as the summ of the number of carbon atoms present for gl R substituents
in formuis IV {ogether s iess than four

4. The compound of claim 1, 2, or 3 wherein the CTA-acid portion of the water

sotuble CTA-acid sall compnises, consists essentially of, or consisis of g thig.
carbonaie compound baving the formuls §
Formula §

| - - =
Hﬁﬁﬁmémgm mﬁmimi}@@ﬁ

R Re 5
AR A Attt

WHETRIn
R' and R*, independently, are selecied from a linear or branched alkyl having
frome 1o 6 carbon aloms, & substituted alkyl baving from 1 {0 6 carbon atoms,

substituted and ansubstituted aryl, R and R? can form a substituied or unsube
stituted cvelie ring having from 5 to 12 total carbon atoms; wherein said sube
stifuents, independently, are selecied from an alkyl having from | o 6 carbon

Ld
o
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atoms, aryi, 4 halogen which can be the same or different, cvane, an ether

naving a fotal of from 2 (o 20 carbon atoms, and a nitro group; or fermuia 31
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whersin

jis 1 or 2, with the proviso that when jis 1, T is (--NE°R"), and when § is 2,7 13
a divaient radicsd having a siroges atom directly connected to sach carbon
aton of the iwo thiocarbonyl groups;

R* and R, independently, are the same or different, sre optionally substituted as
defined for R' and B%, and are sclected from a linear or branched alkyl having
from | 1o 12 carbon atoms, aryl having from 8 to 18 carbon atoms, R and B
can forim 3 substituied or unsubsiituied eyvelic ring having from 3 to 12 carbon
atome, wherein said substituents, mdependently, are selected from an alky!
having from 1 io 6 carbon atoms, aryl, halogen, cyane, an siher having s total
of from 2 (0 20 carbon atoms, 2 niire growp, and combinations thereof, wherein
R® and R', independently, are the same or different, optionally substituted as
defined for R' and R%, and sre selected from bydrogen, a linear or branched
alkyl baving from  to 18 carbon atoms, aryvl, aryl alkyl having from 6 {0 18
carbog atvons, optionally ssturated or unsaturated, arvialkyl having from 7 {o
i 8 carbons, atkenealkyl having from 3 o 18 carbon atoms, polvalkyiens gly-

col ether having from 3 to 200 carbon atoms, and amine, or R® and R” can

form a eychic ning with the nifrogen atom having a total of 4 to 12 carbon

atoms: or formula IV
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WHETein

R and R° are as defined sbove;

R is optionally substituted, and is selected from linsar or branched alkyl having
from 1 to 12 carbon stoms, aryl opticnally saturated or unsaturated, arviaikyl

3G
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having from 7 to 18 carbon atoms, acyl, alkene, alkenealkyl having from 3 {o

18 carbon atoms, an alkylene group, an altoxyalkyl, polvalkylene glyeol, pol-
yatkviene glyoel monoalbyl ether having from 3 to 200 carbon atoms, angd 2-
trittuorsethyl; wherein when R is optionslly substituied the subsiituent is
selected from aikyl having from 1 {0 & carbon atoms, aryt, halogen, 8 cyang
ZIOUD, an amine group, &n aikene group, an alkoxvearbonvi proup, an ar-
viexycarbonyl group, 4 carbuxy group, an acyloxy group, a carbamoyl group,
an alkylesrbonyl group, an alkylsrylearbonyl group, an arvicarbonvl group,
an arviaikvicarbonyl group, s pbthalimido group, a3 maleimido group, 8 sue-
cipiirde group, amidine groep, guanidimo group, allyl group, epoxy group,
atkoxy group, an atkal metal salt, a cationic substituent, & hvdroxyl group, an
ether having a fotal of from 2 {o 20 carbon atoms, nitre, sulfur, phosphorous,
a carboaikoxy group, and combinations thereof; and

3]

a’ 15 1 to 4,

-

The compound of any of ¢laims 1, 2, 3, or 4, whersin the salt comprises atkali
or alkali esrth meisl bydronide; alkal carth carbonate; mono-, di-, and/or tri-
alkvi-substibuted amung, and combinations thereot,

f. The compound of any previous claim wherein the salt comprises, congists of,

comsists essentially of sodnm hydroxide,

7. The compound of any of claims 1 1o 6 wherein the sall comprises, consisis of
congists egsentially of an aliviamine choten from at leagt one of triethancla-
ming {“TEA™), ethanolamine, 2-{dimethylammolethanel, diethviamine, 2-{2-
aminoethoxyisthanol, 3-amino-1-propancl, N-{Z2-hvdroxvethyilethylenedia-

& A polymer comprising, consisghing of, congisting essenhially of { A) at least one
water solable CTA~acid or UTA-acid saltl aceording o any of claims 1 o 7
and sombinahions therent, (B monomer unils denived from at least one water
soiuble monomer, and optionally {C) monomer anits derived from at least one

water insoluble vinyl monomer.

3, The polymer of claim 3, wherein the water soluble monomers comprise, con-
sist of, consist essentially of AMPR®, scrviic acid, methacrvlic acid, #taconic
acid, maleic acid, fumarie scid, citraconic acid, mesaconic avid, {alkvl) acrvia-
mide, and derivalives or salis thereof, or any combination thersofl

&4}
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H The polvmser of claim 8 or 9, wherein the water inzoluble monomers comprise,
consist of, consist essentially of any polvmerizable monomer that inchides an
aticyl group containing 1-1¥ carbon atoms consigting of a simple ester, 3 vinyl
esier, a mong-ailyl ether, styrene, derivatives thereof, or any combination

thereot.

i1, The polvmer of claim 3 to 10 where the polvmer is made up of about 8.1 io
about S weight percent uniig derived from {A) and from about 58 {0 about
29,9 percent by weight of the combimation of (B} and optional ()

1Z. A process of producing & water soluble polymer comprising, consisting of
consisting essentially of the steps of 1) combining in an agueous solution {&)
g CTAa-Acd or UTA~acid ssit sccording fo any of claims | o 7, and combi-
nations thereod; (B} a water soluble ethvienically subsiituted monomer, and
(12} a free radical initialor, and 2} free radically polyinerizing the water soluble
monomers of allowing the water soluble monomers to free radically polymer-
126,

13, The procsss of claim 12, whereln the procsss produces a macro-CTA-Acid or
macro-UTA-Acid salt, and wherein the process further comprises 3} adding

({{} a water-insoluble monomaer, fo form an oil-in-waler emulsion, and 4} free

radically polymerizing the water soluble monomers with the macro-CTA-Acid
ot macro-LTA-Acid salt or allowing the water soluble monowers (o free rad-

iwally pelymerize with the macro-CTA-Acid or macro-CTA-Acid salt

14, The use of 8 CTA-Actd, CTA-gcid salt or mizture thereof as a2 chain transfer

agent.

41
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