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ABSTRACT

A water soluble graft copolymer useful for dewatering
wastewater having the structure:

Tl
—[E]; [(IJH - (ll]b—-—-
G C=0
.

wherein E is the repeat unit obtained after polymerization of
an « , A ethylenically unsaturated compound, the molar

percentage of a:b is from about 95:5 to 5:95, with the proviso
that the sum of a and b equals 100%; G comprises the structure:

K ‘P
—[ (CHy - [!:)c — (CHy - ‘Il)d ]/
C =0 C=0
| |
NH. F

wherein d is a cationic monomer, Ry, Ry and Ry are the same or
different and are hydrogen or a lower alkyl group having C; to
C3, F is the salt of an ammonium cation and the molar percentage
of c:d is from 95:5 to 5:95 with the proviso that the sum of
¢ and d equals 100%.
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WATER SOLUBLE GRAFT COPOLYMERS AND
METHODS OF USE THEREOF

FIELD OF THE INVENTION

The present invention pertains to novel water soluble
graft copolymers which are useful for water treatment, such as
sludge dewatering and water clarification. In addition they are
also effective as retention and drainage aids in the paper making
process.

BACKGROUND OF THE INVENTION

There is an increasing usage of water soluble polymers
and copolymers in wastewater treatment industries. These
compounds have shown desirable utility for the purpose of
dewatering sludge and clarifying contaminated water.

The efficacies of the polymers or copolymers used will
vary depending upon the type of monomers chosen to form the
polymer or copolymer, the molecular weight of the synthesized
molecule and, in the case of a copolymer, the placement of the
selected monomers on the backbone of the copolymer. It is the
latter characteristic that is the focus of the present invention.
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Polymers with long sequences of two monomers can be
categorized as block copolymers or graft copolymers. In graft
copolymers sequences of one monomer are "grafted" onto a
"backbone" of the second monomer type,

--AAA--AAA--AAA--, etc.

B B B
B B B

Graft copolymers have unique and highly desirable pro-
perties as compared to random copolymers or the blend of two
homopolymers. Therefore, there is a great interest in preparing
them. Few techniques described in the literature satisfy the
need.

Furthermore, with ever increasing usages of water soluble
polymers and copolymers in industries such as wastewater
treatment, cooling, boiler and deposit control, coating, textile,
mining, detergency, cosmetics, and paper, etc., there is an
urgent need to synthesize novel water soluble graft copolymers
for this broad range of applications.

It is a further object of this invention to prepare
distinctive water soluble graft copolymers for water treatment
applications.
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U.S. Patent 3,869,418 describe a graft copolymer com-
prising a polymeric N-vinyl lactam such as N-vinyl pyrrolidone
with unsaturated carboxylic acids, like acrylic acid and meth-
acrylic acid in an emulsion process. The resulting copolymer
is not water soluble and is used for adhesive and coating
applications.

U.S. Patent 4,271,053 discloses quaternary ammonium graft
copolymers prepared by grafting quaternary ammonium ionene-type
polymeric side chains onto a polymer backbone formed by the
reaction of a difunctional amine and an epihalohydrin or diper-
oxide. The polymers are different than the present invention.

U.S. Patent 4,400,496 and European Patent Application
0 356 241 teach grafting acrylamide or acrylic acid with starch
in the presence of ceric ions. The product has to be precipi-
tated and separated in acetone prior to use.

Smirnova et. al., Journal of Polymer Science, Vol. 29,
pp. 139-145 describe a graft copolymerization of methacrylic acid
with polycaproamide by the persulfate/sulfite redox system in the
oresence of copper ions. It is a different reaction mechanism
and results in a different copolymer than the present invention.

U.S. Patent 4,916,191 discloses a graft copolymer
prepared from a macromonomer with hydrophilic and fluorinated
monomers for dispersion stabilizer in an emulsion polymerization
process.
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Compared to the related art disclosed above, there exists
a need to prepare water soluble graft copolymers in a convenient
and economic process. This objective is achieved by the present
invention. The resulting copolymers exhibit desired efficacy for
studge dewatering applications.

DETAILED DESCRIPTION OF THE INVENTION

The present invention pertains to novel water soluble
graft copolymers which are useful for water treatment, such as
sludge dewatering and water clarification. In addition, they are
also effective as retention and drainage aids in paper/pulp making
processes.

Specifically, the graft polymers in the invention contain
polymeric segments obtained from the polymerization of acrylamide
and cationic monomers which are attached or "grafted" to another
polymer chain which is comprised of the repeating units of one or
more monomers. The resulting graft copolymers are soluble in an
aqueous medium.

The graft copolymer of the invention has the general structure:

Formula I

R
|

—[ b ]y — [(llH-tlllb-———-
G C=0

|
NH,
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wherein E in the above formula (Formula I) is the repeat unit
obtained after polymerization of an oC, & ethylenically
unsaturated compound, preferably carboxylic acid, amide form
thereof, alkyl (C1-C8) ester or hydroxylated alkyl (C1-C8) ester
of such carboxylic acid. Compounds encompassed by E include the
repeat unit obtained after polymerization of acrylamide,
methacrylamide, acrylic acid, methacrylic acid, maleic acid or
anhydride, styrene sulfonic acid, 2-acrylamido-2-methylpropy!]
sulfonic acid, itaconic acid, and the like. Ester derivatives
of the above mentioned acids such as 2-hydroxypropyl acrylate,
methyl methacrylate, and 2-ethylhexyl acrylate, are also within
the purview of the invention.

The molar percentage of a:b is from about 95:5 to 5:95,
with the proviso that the sum of a and b equals 100%.

G in the above formula (Formula I) is a polymeric segment
comprising repeat units having the structure:

Formula 11
12 3
——[ (CHy - C ) ——— CHy - C ) J—
C I d
C=0 C=0

| |
NH, F
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wherein Ry, Ry, and R3 in Formulae I and II are the same or
different and are hydrogen or a lower alkyl group having C; to
C3. Monomer d is a cationic monomer. F in the above formula
is a salt of an ammonium cation, such as NHR7N'R(4 5 g} M or
OR;N*R(4 5 ) M, wherein Ry is a C; to C4 linear or

branched alkylene group, and R4, Rg and Rg can be selected

from the group consisting of hydrogen, C; to C4 linear or
branched alkyl, Cg to Cg cycloalkyl, aromatic or alkylaromatic
group; and M is an anion, such as chloride, bromide, or methyl
or hydrogen sulfate. Typical cationic monomers are 2-acryloyl-
oxyethyltrimethyl ammonium chloride (AETAC), 3-methacrylamido-
propyltrimethyl ammonium chloride (MAPTAC), 2-methacryloyloxyethyl-
trimethylammonium chloride (METAC) and diallyl dimethylammonium
chloride (DADMAC), etc.

[t is to be understood that more than one kind of
cationic monomer may be present in Formula II.

The molar percentage c:d in Formula II may vary from
95:5 to 5:95, with the proviso, however, the sum of c and d
equals 100%.

There is no limit to the kind and mole percent of the
monomers chosen so long as the total adds up to 100 mole % and
the resulting copolymers are water soluble.
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At present, the preferred water soluble graft copolymer
for use in sludge dewatering is:

Formula 11I

——[CH- CH] [CH-CH]—
2 1 a I I b
|=0 G ?=0
NH NH
2 2

The molar percentage of a:b is from about 95:5 to 5:95,
with the proviso that the sum of a and b equals 100%. G in
Formula III is:

Formula IV
e | (CHZ - (IZH)C ——mnee CH2 - ?H)d ] ——
C=0 C=0
l l
NHZ ?
CH
2
l
CHZ

l
HyC =—N" ——CHy  CI°

CHs
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Monomer d is 2-acryloyloxyethyltrimethyl ammonium chloride
(AETAC). The molar percentage c:d in the polymer segment G
(Formula IV) is the ratio of Acrylamide:AETAC. It may fall

within the range between 95:5 and 5:95. The sum of ¢ and d
must add up to 100%.

The number average molecular weight (Mn) of the
polymeric segment G is not critical and may fall within the
range of 1,000 to 1,000,000. Preferably, the number average
molecular weight will be within the range of 5,000 to 500,000,
with the range of about 10,000 to about 200,000 being even more
desirable. The key criterion is that the resulting graft
copolymer be water soluble.

The graft copolymer is prepared via a two-step polymeri-
zation process. First, a macromonomer comprised of acrylamide
and AETAC is prepared by a solution polymerization method using
peroxide as an initiator. The initiator may be selected from
peroxides, persulfates, bromates, and azo-type initiators such
as 2,2’azobis-(2-amidino-propane) dihydrochloride, 2,2’-azobis-
(2,4-dimethylvaleronitrile). Copper (II) sulfate is added 1in
the process as an oxidative chain transfer agent to generate a
terminal unsaturated double bond in the polymer chain. It is
conceivable that transition metal ions other than copper, such
as iron, cobalt, and nickel etc., may be used in the invention.

Ethylenediamine tetraacetic acid or diethylenetriamine
pentaacetic acid and their salts are used as chelating agents
to chelate copper prior to the second polymerization step.
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The resulting macromonomer is then copolymerized with

acrylamide or other monomers to form graft copolymers by a
water-in-o0il inverse emulsion technique. Such processes have
been disclosed in U.S. Patents 3,284,393, Reissue 28,474 and

Reissue 28,576. The resulting
copolymer may also be further isolated by precipitating it in an
organic solvent such as acetone and dried to a powder form. The
powder can be easily dissolved in an aqueous medium for use in

desired applications.

Branching agents such as polyethyleneglycol di(meth)-
acrylate,'methylene bis(meth)acrylamide, N-vinyl acrylamide,
allyl glycidyl ether, glycidyl acrylate and the 1ike may also be
added, providing the resulting graft copolymer is water soluble.
Any of the well known chain transfer agents familiar to those who
skilled in the art may be used to control the molecular weight.
Those include, but are not limited to, lower alkyl alcohols such
as isopropanol, amines, mercaptans, phosphites, thioacids,
formate, allyl alcohol and the 1like.

Conventional initiators such as peroxide, persulfate,
along with sulfite/bisulfite and azo compounds may be used depend

on the system chosen.

High HLB inverting surfactants such as those described in
U.S. Patent Re. 28,474 are then added to the emulsion to convert
the resulting emulsion to a "self-inverting" emulsion. Using the
procedure described herein, a unique graft copolymer in emulsion

form is obtained.
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It is to be understood that the aforementioned polymeri-

zation methods do not in any way limit the synthesis of copoly-
mers according to this invention.

The resulting emulsion disperses and dissolves rapidly
into an aqueous solution upon addition to water. Within minutes,
a maximum solution viscosity is obtained. The emulsion dissolves
well even in water containing a high level of hardness and it
also retains most of its solution viscosity in brine water.

The structure of the graft copolymer is substantiated by
a conventional solution viscosity study and c13 NMR spectros-
copy. The molecular weight of the resulting graft copolymer is
not critical, as long as it is soluble in water. The molecular
weight may vary over a wide range, e.g., '10,000-30,000,000 and
may be selected depending upon the desired application. The
invention finds its greatest usefulness in sludge dewatering when
the acrylamide copolymers have molecular weights in excess of
1,000,000.

> -ug
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EXAMPLES
SYNTHESIS OF GRAFT COPOLYMERS

Example 1 - 3
Synthesis of Macromonomers

To a suitable flask equipped with a condenser, a thermo-
meter, a nitrogen inlet, and an overhead agitator was charged
with the desired amount of reagents as shown in Table I. The
solution was adjusted to pH 5.1 and then cooled to 15°C. After
the solution was sparged with nitrogen for 30 minutes, a tert-
butyl hydroperoxide solution was added to it. Exotherm started
immediately and the reaction temperature increased correspon-
dingly. The polymerization was terminated by purging with air
into the solution and by the addition of EDTA 2Na solution after
a certain period of reaction time.
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TABLE 1
Synthesis of Macromonomers
Reagents Charged Example 1 Example 2 Example 3
Acrylamide (53% in water) 100.70 196.62 228.15
AETAC* (79,2% in water) 173.61 181.58 129.98
CuSOy 5H)0 0.038 0.055 0.055
D.I. Water 101.31 108.29 77.40
t-BHP** (2.2% in water) 5.43 8.07 8.71
EDTA 2Na*** 50.00 75.00 75.31
Mn X 10477 5.5 4.2 3.1
* AETAC = 2-acryloyloxyethyltrimethyl ammonium chloride
ek t-BHP = tert-butylhydroperoxide; 70% active
kekk EDTA 2Na = disodium ethylenediamine tetraacetate

Fkkde The number average molecular weight of the polymers was
determined by gel permeation chromatography.

Example 4 - 6
Synthesis of Graft Copolymer - Redox Initiation

Graft copolymers were prepared by copolymerizing the
macromonomers of Examples 1 to 3 with acrylamide by an inverse
emulsion polymerization method. The polymerizations were carried
out in a similar apparatus as the Example 1. The oil phase was
composed of sorbitan monoleate, oleic isopropanolamid and a low
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volatile aliphatic oil (LOPSR). The aqueous phase contained
acrylamide, ammonium chloride, water, and one of the macromonomers
from Examples 1-3. The aqueous phase was then transferred to the
oil phase and the mixture was homogenized to obtain a stable
emulsion. The resulting emulsion was then sparged with niirogen.

The polymerization was carried out by adding the aqueous
solution of sodium metabisulfite (SMB) into the emuision to react
with the t-BHP that remained in the macromonomer solution. About
15 g of 1.1% SMB solution was added over a period of time of 3
hours. The polymerization temperature was controlled to a maximum
of 40C. After the addition of SMB solution was complete,
additional t-BHP and 30% SMB solution was slowly added to react
with the residual monomers. High HLB surfactants were then slowly
added to the emulsion to obtain a self-inverting emulsion. The
reagent charges and the intrinsic viscosity of the resulting graft
copolymers are shown in Table II.
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TABLE II
Graft Copolymerization (by inverse emulsion pol merization)
Example Example Example Example
Reagents Charged 4 5 6 7

5 Sorbitan monooleate 3.78 3.78 3.78 3.77
01ei§ isopropanolamid 3.78 3.78 3.78 3.78

LOPS 105.63 105.13 105.27 100.12
Vazo 52 - - - 0.083
Acrylamide (50% in water) 189.64 160.64 131.11 160.62

10 Ammonium Chloride 13.52 13.50 13.50 13.52
Makeup Water 35.99 33.20 36.20 33.69
Example 1 94.60 - - -
Example 2 - 120.55 - 120.68
Example 3 - - 147.94 -

15 Sodium Metabisulfite (SMB) 0.17 0.18 0.17 -
D.I. Water 15.07 15.10 15.20 -
30% SMB Solution 7.95 8.00 8.10 8.10
Aerosol” OT 2.81 2.77 2.78 2.66
Tergitol” 15-S-9 9.4] 9.29 9.31 8.90

20  Emulsion Solids % 35.0  34.4 33.5 35.8

Intrinsic Viscosity (dL/c /.0 8.5 9.9 10.0

Aerosol” 0T=diocty] ester of sodium sulfosuccinic acid, American Cyanamid
Tergitol” 15-S-9 = C11-Cy5 secondary alcohol ethoxylate, Union Carbide

LOPSR = Tow odor petroleum solvent, Exxon

25 Vazo 52 = 2,2’-azobis (2,4-dimethylvaleronitrile), DuPont

* Trade-mark

ol R AL A T U A AL M DI W34 ks Bk 1w 10 T LIV CACRAL M TR U AL L UM LP 4 S 1 ' e T4 PP T TR 4060001 06 LN I M IO P ot BRI b {4
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Example 7
Graft Copolymer Synthesis - Thermal Initiation

The apparatus, procedure and reagents similar to that
described in Examples 4-6 was used except that this time, a
thermal initiator, Vazo 52 was chosen. The polymerization was
carried out at 40°C for 3.5 hours and then at 45°C for 2 more
hours. After the polymerization was complete, high HLB surfac-
tants were added to convert the emulsion into a self-inverting
emulsion. The reagent charges and the intrinsic viscosity of
Example 7 are shown in Table II.

PERFORMANCE TEST

In the following tests, the performance of the resulting
water soluble graft copolymers described in this invention 1is
demonstrated. A Capillary Suction Time (CST) device was used to
measure the dewatering performance of the various polymers on
several different substrates. The CST device consists of an
electronic timer, a plexiglass cell holder containing two
concentric electrodes, and a tall stainless steel cylindrical
cell. The device operates by measuring the drainage of water from
a sludge substrate out of the cell. This is accomplished by
placing the cell holder containing the two electrodes on a piece
of Whatman #17 chromatography paper, 7.0 x 9.0 cm in size. The
tall cylinder is then placed in the hole in the cell holder.
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The cell holder is connected to the electronic timer, which is
turned on and reset. A 7 ml aliquot of the substrate is
introduced into the cell. As the water migrates out of the celt,
it is absorbed onto the chromatography paper. This results in a
migration of a water front through the paper. As the water
advances, it contacts the first electrode, activating the timer.
Continued advancement of the water eventually reaches the second
electrode, completing the circuit and shutting off the timer.

The process is repeated for several polymer dosages. A dosage
response curve plotting CST time (in seconds) versus polymer
dosage gives an indication of a particular polymer’s effectiveness
in dewatering a substrate. The dosage curve minimum is an
indication of the optimum polymer dosage, while the extent of the
trough gives a measure of the polymer’s tendency to overdose.
Overdosing is observed when the CST values increase with
increasing polymer dosage. Generally, the treatment which
produces the lowest CST value at the lowest dosage is the most
effective.

A sample of mixed primary and secondary sludge from a
paper mill was used as the test substrate. The graft copolymer
performance was compared to a commercial copolymer containing
similar mole % of the cationic monomer used for this type of
application. The copolymers were added to the water sysiem
to be treated in an amount sufficient to maintain a concentration,
based on active polymer, of from about 10 ppm to 1000 ppm.

Dewatering performance is presented in Table III.
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TABLE 111
Dewatering Performance

Total Solids = 2.04%
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TABLE III (Cont’d)
Dewatering Performance
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Treatment
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-18~

Total Solids = 2.04%

67

100.
117.

134

150.
167.

201

234,

268

35.
/1.
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179

214.
250.
286.

358
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34.
16.
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10.
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22.
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17.
25.
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* Polymer A = A commercial AMD/AETAC copolymer in emu]sioq
form with an intrinsic viscosity of 14 dL/g and 37% solids.

The above data show that the graft copolymers 1in

this invention are more effective in sludge dewatering than the
commercially available material which is a random copolymer.
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While this invention has been described with respect to
particular embodiments thereof, it is apparent that numerous other
forms and modifications of this invention will be obvious to those
skilled in the art. The appended claims and this invention
generally should be construed to cover all such obvious forms and
modifications which are within the true spirit and scope of the
present invention.
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CLAIMS:

1. A water soluble graft copolymer having the structure:

R

|
—lEJa——[H-C Jp—

s

wherein E is the repeat unit obtained after polymerization of an a,8 ethylenically
unsaturated compound, the molar percentage of a:b is from about 95:5 to 5:95, with the

proviso that the sum of a and b equais 100%; G comprises the structure:

';‘2 E
—[ (CH; - f ) ¢ (CHy - ? )d 1—
C =0 C=0
| l
NH, F

wherein R,, R,and R, are the same or different and are hydrogen or a lower alkyl group
having C, to C,, F is the salt of an ammonium cation and the molar percentage of c:d is

from 95:5 to 5:95 with the proviso that the sum of ¢ and d equals 100%.

2.  The copolymer of claim 1 wherein the a,8 ethylenically unsaturated compound
is selected from the group consisting of an ethylenically unsaturated carboxylic acid, the
amide form thereof, the alkyl (C,-C,) ester thereof, the hydroxylated alkyl (C.-C;) ester

thereof, styrene sulfonic acid and 2-acrylamido-2-methylpropyl sulfonic acid.

3. The copolymer of claim 2 wherein the a,B ethylenically unsaturated compound
is selected from the group consisting of acrylamide, methacrylamide, acrylic acid,
methacrylic acid, maleic acid, maleic anhydride, itaconic acid, 2-hydroxylpropy! acrylate,

methyl methacryiate and 2-ethylhexyl acrylate.
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4. The copolymer of claim 1 wherein F is selected from the group consisting of
NHR,N*(R,,Rs,Rs)M and OR; N* (R,,R;,Rs)M", wherein R, is a C, to C, linear or branched
alkylene group, R,, Rs, and R, are selected from the group consisting of hydrogen, C; to
C, linear and branched alkyl, C, to C, cycloalkyl, aromatic and alkylaromatic group, and
M- is an anion selected from the group consisting of chloride, bromide, methyl sulfate and

hydrogen sulfate.

5.  The copolymer of claim 4 wherein the cationic monomer is selected from the
group consisting of 2-acryloyloxyethyitrimethyl ammonium chloride,
3-methacrylamidopropyltrimethyl ammonium chloride, 2-methyacryloyoxyethyltrimethyi

ammonium chioride and diallyl dimethyl ammonium chloride.

6. The copolymer of claim 1 having the structure:

—[CH, - (':H]a —[CH - %H]b —
RERER
NH, NH,

wherein the molar percentage a:b is from about 95:5 to 5:95, with the proviso that the sum
of a and b equals 100%, and G has the structure:

—[ (CHp - f'lH)C — (CHp - (IZH)d ]/
C=0 C=0
b |
CH,
ch
H3C — r}* —CHy  C1”

CHs

wherein the molar percentage of c:d and the sum of ¢ and d are as defined in claim 1.
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7.  The copolymer of claim 1 wherein the number average molecular weight of G
is from about 1,000 to about 1,000,000.

8. The copolymer of claim 7 wherein the number average molecular weight of G
is from about 5,000 to about 500,000.

9. The copolymer of claim 8 wherein the number average molecular weight of G
is from about 10,000 to about 200,000,

10. The copolymer of claim 1 having a number average molecular weight of from
about 10,000 to 30,000,000.

11. The copolymer of claim 10 having a number average molecular weight of from
about 1,000,000 to 30,000,000.

12. A method of dewatering wastewater comprising adding to the wastewater a

water soluble graft copolymer having the structure:

‘i‘l
—[El ——[ OH - € Jp—
6 C=0
H,

wherein E is the repeat unit obtained after polymerization of an a,B ethylenically

unsaturated compound, the molar percentage of a:b is from about 95:5 to 5:95, with the

proviso that the sum of a and b equals 100%; G comprises the structure:

?2 Ts
—[ (CHyp - ? )c— (CHy - (I: )¢ 11—
C = 0 C =0
| I
F

S TLE C S I e o [ R e L g et
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wherein R,, R,and R, are the same or different and are hydrogen or a lower alkyl group

having C, to C,, F is the salt of an ammonium cation and the molar percentage of c:d is
from 95:5 to 5:95 with the proviso that the sum of ¢ and d equals 100%.

13. The method of claim 12 wherein the a,8 ethylenically unsaturated compound
is selected from the group consisting of an ethylenically unsaturated carboxylic acid, the
amide form thereof, the alkyl (C,-C;) ester thereof, the hydroxylated alkyi (C,-C;) ester

thereof, styrene sulfonic acid and 2-acrylamido-2-methyipropyl sulfonic acid.

14. The method of claim 13 wherein the q,B ethylenically unsaturated compound
is selected from the group consisting of acrylamide, methacryiamide, acrylic acid,

methacrylic acid, maleic acid, maleic anhydride, itaconic acid, 2-hydroxypropy! acrylate,

methy! methacrylate and 2-ethylhexy! acrylate.

15. The method of claim 12 wherein F is selected from the group consisting of
NHR,N'R(,,s.c)M", wherein R, is a C, to C, linear or branched alkylene group, R,, Rs and
R, are selected from the group consisting of hydrogen, C, to C, linear and branched alkyl,
C. to C, cycloalkyl, aromatic and alkyl-aromatic group, and M is an anion selected from

the group consisting of chloride, bromide, methyl sulfate and hydrogen sulfate.

16. The method of claim 15, wherein the cationic monomer is selected from the
group consisting of 2-acryloyloxyethyltrimethyl ammonium chioride,
3-methacrylamidopropyltrimethyl ammonium chloride, 2-methacryloyloxyethyitrimethy!

ammonium chloride and diallyl dimethyl ammonium chloride.

17. The method of claim 12 wherein the copolymer has the structure:

—{CH, - CHl, —-——-[?H : ?H]b —
R

NH, NH,
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wherein the molar percentage a:b is from about 85:5 to 5:95, with the proviso that the sum

of a and b equals 100%, and G has the structure:

—{ (CHyp - ?H)c —-:" (CHy - ?H)d ]— o
? = 0 “ (ll = ( .
NH, ;
[
X
HyC — N — CHj C1”

|

CHy

wherein the molar percentage of c:.d and the sum of ¢ and d are as defined in claim 12.

18. The method of claim 12 wherein the number average molecular weight of G is
from about 1,000 to about 1,000,000.

19. The method of claim 18 wherein the number average molecular weight of G is
from about 5,000 to about 500,000.

20. The method of claim 19 wherein the number average molecular weight of G is
from about 10,000 to about 200,000.

21. The method of ciaim 12 wherein the graft copolymer is added to the
wastewater in an amount sufficient to maintain a concentration, based on active polymer,

of from about 10 ppm to about 1,000 ppm.

22. The method of claim 12 wherein the copolymer has a number average
molecular weight of from about 10,000 to about 30,000,000.

23. The method of claim 22 wherein the copolymer has a number average
molecular weight of from about 1,000,000 to about 30,000,000.
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24. A method of improving the retention and drainage characteristics of a

papermaking process comprising adding to the pulp furnish a water soluble graft

copolymer having the structure:

Ry _

—(EF— “TCH~<'315"‘—““
5 o
,

wherein E is the repeat unit obtained after polymerization of an a,p ethylenically

unsaturated compound, the molar percentage of a:b is from about 95:5 to 5:95, with the

proviso that the sum of a and b equals 100%; G comprises the structure:

R, T:,

——{ (CHy — (|3}cr————'"——(CH2 — b
G0 S
A, ,':

wherein R,, R,and R, are the same or different and are hydrogen or a lower alkyl group
having C, to C,, d is the number of repeating units of a cationic monomer, F is the salt of

an ammonium cation, and the molar percentage c:d is from 95:5 to 5:95, with the proviso

that the sum of ¢ and d equals 100%.

25. The method of claim 24 wherein the q,B ethylenically unsaturated compound
is selected from the group consisting of an ethylenically unsaturated carboxylic acid, the
amide form thereof, the alky!l (C,-C,) ester thereof, the hydroxylated alky! (C,-C;) ester

thereof, styrene sulfonic acid and 2-acrylamido-2-methylpropyl sulfonic acid.

26. The method of claim 25 wherein the a, ethylenically unsaturated compound
is selected from the group consisting of acrylamide, methacrylamide, acrylic acid,
methacrylic acid, maleic acid, maleic anhydride, itaconic acid, 2-hydroxylpropyl| acrylate,

methyl methacrylate and 2-ethylhexyl acrylate.

[T “l‘:' :!!‘f'lh";' llllllllll
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27. The method of claim 24 wherein F is selected from the group consisting of
NHR,N*(R,.s,s )M and OR,N*(R,,Rs,Rs)M", wherein R, is a C, to C, linear or branched
alkylene group, R,, Rs and R, are selected from the group consisting of hydrogen, C, to C,
linear and branched alkyl, Cs to C; cycloalkyl, aromatic and alkylaromatic group, and M is

an anion selected from the group consisting of chloride, bromide, methyl sulfate and

hydrogen sulfate.

278 The method of claim 27 wherein the cationic monomer is selected from the

group consisting of 2-acryloyloxyethyitrimethyl ammonium chloride, 3-

methacrylamidopropyitrimethyl ammonium chloride, 2-methacryloyloxyethyltrimethyl

ammonium chloride and diallyl dimethyl ammonium chloride.

29. The method of claim 24 wherein the copolymer has the structure:

— CH—CH}——{ CH—CH }—b——
2 a I '

C=0 G (l3=0
|

NH, NH,

wherein the molar percentage of a:b is from about 95:5 to 5:95, with the proviso that the

sum of a and b equals 100%, and G has the structure:

—{(CH; “‘*?)'c——f (CHy— CIJ)d'}—'—

C=0 C=0

" g
ch
ch

|
H3C""' rl\|+ P— CH3 —C1-

CHa

wherein the molar percentage of c:d and the sum of c and d are as defined in claim 24.
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30. The method of claim 24 or 29 wherein the number average molecular weight
of G is from about 1,000 to about 1,000,000.

31. The method of claim 30 wherein the number average molecular weight of G is
from about 5,000 to about 500,000.

32. The method of claim 31 wherein the number average molecular weight of G is
from about 10,000 to about 200,000.

33. The method of any one of claims 24 to 32 wherein the graft copolymer has a

number average molecular weight of from about 10,000 to 30,000,000.

34. The method of claim 33 wherein the graft copolymer has a number average
molecular weight of from about 1,000,000 to 30,000,000.



1 R s
—[E], - Clh— 0 (O - O — (O - Oy 1—
G g=0 C = ¢ C = 0
\H, (1) \H, , (11)
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