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A CATIONIC POLYACRYLAMIDE DISPERSION SYNTHESIS BY 
DISPERSION POLYMERIZATION IN AQUEOUS SOLUTION 
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A cationic polyacrylamide (CPAM) dispersion, the copolymer of 
acrylamide (AM) and acryloyloxyethyltrimethyl ammonium chloride 
(DAC), has been synthesized through dispersion polymerization in 
aqueous ammonium sulfate ((NH4)2SO4) solution. The polymerization 
was initiated by tert-butyl hydroperoxide (TBHP) and ferrisulfas (FeSO4) 
using poly(dimethyl diallyl ammonium chloride) (PDMDAAC) as the 
stabilizer. At the optimal reaction conditions, the relative molecular 
weight of the CPAM dispersion was 4.2×106, its charge density was 2.2 
mmol·g-1, its average particle size was 6.01 μm, and its stability and 
dissolvability were both excellent. The CPAM dispersion was 
characterized using Fourier-transform infrared (FTIR) spectroscopy, 
nuclear magnetic resonance (NMR) spectroscopy, and differential 
scanning calorimeter (DSC). Results indicated that the copolymerization 
was successful. 
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INTRODUCTION 
 

In the past several years the production of cationic water-soluble homopolymers 
and copolymers with acrylamide has grown rapidly, along with their various commercial 
applications. These polymers are used as retention and drainage aids in papermaking, as 
flocculants in wastewater treatment, and as stabilizers for emulsion polymerization in 
cosmetics (Yan 1998). For the same applications, high molecular weight polyacrylamide 
(PAM) has been widely used because of its effectiveness and low price, but it is nonionic. 
If a polymer has charged groups on its chain, it will be more effective as a retention aid in 
papermaking and as a flocculant. Hence, many cationic polymers are prepared by 
copolymerizing acrylamide (AM) with monomers having cationic charge groups, and this 
has led to the development of water-soluble cationic polyelectrolytes having marked 
utility in many applications.  

PAM can be prepared through solution polymerization (Tanaka 1986; Okada et al. 
1979; Mabire et al. 1984), emulsion polymerization (Chen et al. 1997; Pross et al. 1998), 
and microemulsion polymerization (Ono and Deng 1997). However, there are some 
shortcomings in these processes. In order to produce high-molecular-weight polymers 
with the solution polymerization method, the monomer concentration has to be kept over 
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10 wt%. This will result in a gelatinous and crosslinked polymer, which is difficult to 
dissolve in water. The emulsion polymerization could cause environmental pollution 
problems, because this process needs a large amount of organic solvents. Similar to the 
emulsion polymerization, microemulsion polymerization also has problems of smelling 
and safety in the working environment because a mineral oil is used as the dispersion 
medium. In addition, the inflammability of the product and the wasteful utilization of 
expensive organic solvents are drawbacks of the water-in-oil emulsion polymerization 
process. 

Dispersion polymerization is a unique polymerization process, capable of forming 
particles of 0.1 to 10 μm in a single step (Sivakumar 2002; Fong 2005). During 
dispersion polymerization the polymer precipitates from the originally homogeneous 
reaction mixture that contains monomer, initiator, solvent, and stabilizer. The reaction 
medium is selected on the basis of not only its nonsolvent properties for the forming 
polymer but also its solubility properties for the stabilizer and its miscibility with the 
monomer. Most research on dispersion polymerization has involved common vinyl 
monomers such as styrene or (meth)acrylates in polar media (Liu 1998; Winzor 1994). 
More recently, a dispersion polymerization technique in supercritical carbon dioxide has 
been developed (Baran et al. 2005; Woods et al. 2005). However, there exist only a few 
works dealing with dispersion polymerization of water-soluble monomer in aqueous 
media. Some researchers have carried out the dispersion polymerization of acrylamide 
(Ray and Mandal 1997, 1999; Guha and Mandal 2004; Ondaral et al. 2010) in aqueous 
alcohol media. A proper salt added in the water plays a big role on dispersion of 
polymers, especially for the water-soluble polymers. As the molecular weight of the 
polymer increases in a highly concentrated salt solution, the polymer precipitates as 
viscous gel particles. Such a system is obtained when the salt dissolved in the aqueous 
phase is capable of inducing the salting out (Fong 2005). However, very few study papers 
have dealt with dispersion polymerization in aqueous without any organic solvent. As far 
as our information goes, only Song and Ye (2003) have published results concerning the 
dispersion of acrylamide in aqueous ammonium sulfate solution (see Cho et al. 2002; 
Song et al. 2003; Ye et al. 2003). In Song’s works, a copolymer consisting of acrylamide 
(AM) and acryloyloxyethyl dimethylbenzyl ammonium chloride (AODBAC) was 
prepared by dispersion polymerization in an aqueous solution of ammonium sulfate and 
in the presence of poly(acryloyloxyethyl trimethyl ammonium chloride) (PDAC) as the 
stabilizer. In Ye’s works, a water-soluble cationic copolymer dispersion was prepared by 
the polymerization of the cationic monomer dimethylaminomethacrylate methyl chloride 
quaternary (DMC) and acrylamide (AM), and the stabilizer was a copolymer of dimethyl 
diallyl ammonium chloride and AM (PDMA), a commercially available polymer. 

In the present work, A cationic polyacrylamide (PAM) emulsion was synthesized 
from acrylamide (AM) and a cationic monomer, acryloyloxyethyltrimethyl ammonium 
chloride (DAC), using the dispersion polymerization method in aqueous ammonium 
sulfate ((NH4)2SO4) solution. The polymerization was initiated by tert-butyl hydroper-
oxide (TBHP) and ferrisulfas (FeSO4), using poly(dimethyl diallyl ammonium chloride) 
(PDMDAAC) as the stabilizer. DAC and DMDAAC were chosen because they are cheap 
and easy to get, and have not appeared in academic research. The formed cationic 
acrylamide copolymer (CPAM) was characterized using Fourier-transform infrared 



 

PEER-

 

 
Wang

(FTIR
scann
 
 
EXP
 
Mate

from 
ammo
obtain
80%,
ammo
obtain
from 
hydro
Tiany
 
Expe
The s

was 
soluti
hydro
the r
accor
chem

 
 
 
The s

soluti
equip
tube. 
at 20 
and F
fixed
6 h to
struct

REVIEWED ART

g et al. (2011)

R), 1H nuc
ning calorim

ERIMENTA

erials 
Acrylami

Shandong 
onium chlor
ned as an ind
 from Shan
onium chlor
ned as an in
Shandong S

operoxide (T
yi chemical r

erimental M
synthesis of s

The polym
synthesized 
ion under ni
operoxide (T
relative mol
rding to Chi

mical structur
 

  
  

synthesis of C
Varying q

ion of amm
pped with an

After purgi
oC in a wate

FeSO4) solu
d at 300 revo
o get a CPA
ture of CPAM

 

TICLE 

). “CPAM disp

clear magne
meter (DSC). 

AL 

de (AM) wa
Sangong ch
ride (DAC),
dustrial prod
ndong Sang
ride (DMDA
ndustrial pro
Sangong che
TBHP) and 
reagents com

Methods 
stabilizer 
meric stabili
in this labo

itrogen atmo
TBHP) and 
lecular weig
ina national 
re of PDMD

 
Fig. 1. 

CPAM dispe
quantities of
monium sulf
n anchor-like
ng with N2 
er bath, the p

ution into th
olutions per m
AM dispersio
M dispersion

persion synthe

etic resonan

as obtained 
hemistry ind
 having the 

duct, a colou
gong chemi
AAC), havin
oduct, a fain
mistry indus
ferrisulfas (

mpany (Chin

izer poly(dim
oratory by p
osphere usin
ferrisulfas (F
ght of PDM

standards, 
AAC is show

Chemical stru

ersion 
f monomers 
fate were a
e paddle stirr
(purity>99.9
polymerizati

he reaction m
minute in al
on (Ni and K
n is shown in

esis,” BioRe

nce (1H NM

as an indust
dustry group

formula CH
urless transpa
stry industr
ng the formu
nt yellow liq
stry group (C
(FeSO4), AR
na). 

methyldially
polymerizing
ng 0.03 wt%
FeSO4) as th

MDAAC wa
GB 12005.1
wn in Fig. 1

ucture of stab

(AM and D
added to a 
rer, a thermo
99%) for 30
ion was initi
mixture und
ll experimen
Kawaguchi 
n Fig. 2. 

biore

esources 6(3

MR) spectro

trial produc
p (China). A
H2=CH-COO
arent liquid h
ry group (C
ula (CH2=C
quid having 
China). Amm
R grade, wer

ylammonium
g DMDAAC

% (based on 
the initiator 
as about 5.
1-1989 and 
. 

 

bilizer PDMDA

DAC), PDM
500-mL fo

ometer, a fe
min and co

iated by inje
der stirring. 
nts. The reac
2004; Ye et

esourc

), 3087-3095

oscopy, and

t, in white p
Acryloyloxye
O(CH2)2-N(C
having a con

China). Dim
CH-CH2)2N(C

a concentra
monium sulf
re obtained 

m chloride) (
C in a 20 w
the monom
at 20 oC. A
0× 105 whe
GB 12005.

AAC 

MDAAC, and
our-neck sep
eeder, and a 
ontrolling the
ecting the ini
The agitatio

ctions were c
t al. 2002). T

ces.com

.  308

d differentia

powder form
ethyltrimethy
CH3)3Cl, wa
ncentration o

methyl dially
CH3)2Cl, wa
ation of 80%
fate, tert-buty
from Tianji

(PDMDAAC
wt% aqueou

mer) tert-buty
s a stabilize
en calculate
10-1992. Th

d the aqueou
parable flas
nitrogen inle
e temperatur
itiator (TBH
on speed wa
conducted fo
The chemica

m 

89 

al 

m, 
yl 
as 
of 
yl 
as 

%, 
yl 
in 

C) 
us 
yl 
er, 
ed 
he 

us 
sk 
et 
re 

HP 
as 
or 
al 



 

PEER-

 

 
Wang

 

ammo
(AM 
was 9
conce
mono
 
The c

the c
itated
aceto
unrea
40  oC

to Ch
densi

(mod
Rad F
 
oxide

obtain
differ
 
 
RES
 
The 
Physi

mole
physi
 
 

REVIEWED ART

g et al. (2011)

 

In this pa
onium sulfa
and DAC) 

90/10. The P
entration wa
omers, and th

characteriza
After reac

opolymer w
d by pouring
one. These o
acted monom
C under vacu

The mole
hina nationa
ity was meas

The parti
del: GSL-101
FTS 135 Fo

The 1H N
e (D2O) with

Differenti
ned at a hea
rential scann

ULTS AND

Characteri
ical properti

Under the
cular weight
ical propertie

TICLE 

). “CPAM disp

Fig. 2. 

aper, the con
ate are weigh
concentratio

PDMDAAC
as 30 wt%. 
he initiator c

tion of CPAM
ction, the po

was purified 
g the polyme
perations we

mers. Then t
uum. The dri
ecular weigh
al standards
sured by coll
cle size wa
1BI). Infra-r
ourier infra-r
NMR spectru
h a Bruker (3
ial scanning 
ating rate of 
ning calorim

D DISCUSS

ization of C
ies  
e optimal re
t, high charg
es of the CP

persion synthe

Chemical str

ncentrations 
ht percent b

on was kept 
 concentrati
The concent

concentration

M dispersion
olymerization

using the fo
er solution i
ere repeated
the copolym
ied sample w

ht of the CPA
s, GB 1200
loidal titratio

as measured 
ed spectra o
red spectrom
um of the d
300MHz 1H)

calorimetry
f 10 oC/min
eter. 

SION 

CPAM Disp

action condi
ge density, ex
AM dispersi

 

esis,” BioRe

ructure of CPA

of monomer
based on tot

at 12 wt%, 
on was kept
tration of in
n was kept a

n 
n product wa
ollowing pro
nto a large 

d several tim
mer precipitat
was used to d
AM dispersi
05.1-1989 an
on.  

with a lase
of the dried C
meter using a
dried CPAM
) NMR spec

y (DSC) curv
and a scann

persion 

itions, we p
xcellent stab
ion see Tabl

biore

esources 6(3

AM emulsion

rs (AM and 
tal aqueous 
 and the mo
t at 1.0 wt%
nitiator was
at 0.04 wt%.

as removed 
ocedures: th
quantity of 

mes to remov
ted was drie
determine th
ion samples 
nd GB 120

er particle s
CPAM samp
a potassium

M sample wa
ctrometer.  
ves of the dr
ning range o

prepared CPA
bility, and ea
le 1. 

esourc

), 3087-3095

 
 

DAC), PDM
solution. Th

olar ratio of 
%. The ammo

weight perc

from the gla
e copolymer
ethanol and 

ve the inorga
ed to a const
he characteriz

was measur
005.10-1992.

size distribu
ple was meas

m bromide di
as obtained 

ried CPAM 
f 20 oC to 3

AM dispersi
asy dissolvab

ces.com

.  309

MDAAC, an
he monomer

f AM to DA
onium sulfat
cent based o

ass vessel an
r was precip
washed wit

anic salts an
tant weight a
zations. 
red accordin
. The charg

ution analyze
sured by Bio
isc techniqu
in deuterium

samples wer
300 oC with

ion with hig
bility. For th

m 

90 

nd 
rs 
C 
te 

on 

nd 
p-
th 
nd 
at 

ng 
ge 

er 
o-
e. 
m 

re 
a 

gh 
he 



 

PEER-

 

 
Wang

Tabl

Re

Parti

to 10
the C
produ
size w
stabil
that t
succe

Fig. 3
 
FTIR

4. Th
peak 
is due
produ
of the

REVIEWED ART

g et al. (2011)

e 1.  Physic

A

Soli

D

Apparen

elative molecu

Charge 

Average

icle size anal
In theory,

0 μm can be 
CPAM dispe
uced CPAM
was 6.01μm
lity and diss
the dispersi
essful. 

 

3. Particle size

R spectrum of
The FTIR

he peak at 16
at 1733.48 c
e to the N-C
uct contained
e two monom

TICLE 

). “CPAM disp

cal Propert
Items 

Appearance 

ids content (%

Dissolvability 

nt viscosity (m

ular weight (×

density (m m

pH value 

e particle size

Stability 

lysis of CPA
, monodispe
obtained by

ersion is sho
 dispersion w

m. The partic
solvability o
ion polymer

e distribution 

f CPAM disp
R spectrum o
651.47 cm-1 

cm-1 is due t
CH3 bond of t

d both an AM
mers was suc

persion synthe

ies of CPA

%) 

mPa·s) 

×104 gmole-1

mol·g-1) 

e (μm) 

AM dispersio
erse polymer
y dispersion 
own in Fig. 3
was mainly 

cle size distr
of the CPAM
rization in t

of CPAM disp

persion 
of the laborat

is attributed
o the carbon
the DAC uni
M unit and a
ccessful. 

esis,” BioRe

M Dispersio

) 

 
on 
r microspher
polymerizat

3. As shown
in the range

ribution was
M dispersion
the preparat

persion 

tory-produce
d to the carb
nyl(C＝O) o
it. The IR sp
a DAC unit,

biore

esources 6(3

on 

Te

Ivory

Dissolve q

No chan

res with part
tion. The pa
n, the partic
e 2 to 10 μm
s narrow and
n were excel
tion of CPA

ed CPAM di
bonyl(C＝O)
of the ester, a
pectra of CPA
, indicating t

esourc

), 3087-3095

sting result 

y-white liquid 

40 

quickly in tap w

12 

420 

2.2 

6.7 

6.01 

nge in 6 mont

ticle size in 
article size d
le size of th

m, and the av
d relatively 
llent. These 
AM microsp

ispersion is s
) of the ami
and the peak
AM dispersi
that the copo

ces.com

.  309

water 

ths 

the range 0.
distribution o
he laboratory
erage particl
uniform. Th
results show

phere can b

shown in Fig
ide group, th
k at 1419 cm
ion shows th
olymerizatio

m 

91 

.1 
of 
y-
le 
he 
w 
be 

 

g. 
he 

m-1 
he 
on 



 

PEER-

 

 
Wang

 
1H NM

From
NMR
equiv
AM a
analy
the co

 
 

REVIEWED ART

g et al. (2011)

 
Fig

NMR spectrum
The 1H N

m the spectru
R spectrum s
valent methy
and in the ra

ytical results
opolymer of

 

Fig. 5. 1H 

TICLE 

). “CPAM disp

g. 2. IR spec

m of CPAM 
NMR spectru
um, the appro
shows a sha
yl groups of
anges of 1.7
 of the 1H N

f AM and DA

NMR spectru

persion synthe

ctrum of CPAM

dispersion 
um of the d
oximate com

arp singlet at
f ammonium
8–1.22 ppm

NMR spectr
AC. 

m of CPAM p

esis,” BioRe

M product 

dried CPAM
mposition of
t 3.31 ppm 

m. 1H signal
m (a) and 2.
rum provide 

product 

biore

esources 6(3

M sample in
f the copolym
(g), which w
ls were from
.36–2.08 pp
further supp

esourc

), 3087-3095

D2O is show
mer is calcu
was assigned
m the -CH2- 
pm (b), resp
port for the 

ces.com

.  309

 

wn in Fig. 5
ulated. The 1H
d to the thre
and -CH- o

pectively. Th
formation o

 

m 

92 

5. 
H 
ee 
of 
he 
of 



 

PEER-

 

 
Wang

DSC 

transi
the C
acryl
dispe
two m
labor
the fl
polym

 

 
CON
 
1. A

aq
ch
A
pr
av
ex

2. T
sp
sc
th
cu
h

REVIEWED ART

g et al. (2011)

curve of CP
The DSC

ition point is
CPAM disper

amide, is 16
ersion produ
monomers, 
ratory-produ
lexible ester 
mer structure

 

 
Fig

NCLUSIONS

A cationic p
queous dispe
hloride throu

At the optim
roduced CPA
verage parti
xcellent. 

The CPAM 
pectroscopy,
canning calo
he existence 
urve indicate
omopolymer

TICLE 

). “CPAM disp

PAM dispersi
curve of th

s apparent in
rsion. The gl

65.0 oC (Zha
uct was 145.

not a mixtu
ced CPAM 
groups of D

e looser (Zha

g. 6. DSC cur

S 

polyacrylami
ersion with 
ugh dispersio
al reaction c
AM dispersi
icle size wa

dispersion 
, nuclear m
orimetry (DS
of copolym

ed that the p
rs of each m

persion synthe

ion 
e purified C
n the plot. T
lass transitio

ang and Liu 2
67 oC. This
ure of homo
was less tha

DAC molecul
ang and Liu 

rve of CPAM 

ide (CPAM
acrylamide 
on polymeri
conditions, t
ion  was 4.2
as 6.01 μm,

was charac
magnetic res
SC). The FT

merization bet
product was 

monomer. Th

esis,” BioRe

CPAM produ
This indicate
on temperatu
2000), wher
 implies tha
opolymers f
an the Tg of
lar chains in
2000).  

product 

M) product w
(AM) and a
ization in aqu
the relative
2×106, its c
, and its sta

cterized by
sonance (NM
TIR and 1H N
tween the ca
a copolyme
e copolymer

biore

esources 6(3

uct is shown
es that there 
ure (Tg) of PA
reas the Tg o
at the produ
from each m
f PAM, whi
ncreasing the

was success
acryloyloxye
queous soluti

molecular w
charge densi
ability and 

Fourier-tra
MR) spectr
NMR spectr
ationic group
er of two mo
rization was

esourc

), 3087-3095

n in Fig.6. O
was only on
AM, the hom

of the newly 
uct was the c
monomer. T
ich could be
e free volum

 

sfully synth
ethyltrimethy
ion of ammo
weight of th
ity was 2.2 m
dissolvabilit

ansform infr
roscopy, and
ra of the pro
p DAC and 

onomers, not
 judged to b

ces.com

.  309

Only one glas
ne polymer i
mopolymer o
made CPAM
copolymer o

The Tg of th
e attributed t

me, making th

hesized as a
yl ammonium
onium sulfat
he laboratory
mmol·g-1, i
ty were bot

frared (FTIR
d differentia
oduct showe
AM. Its DS
t a mixture o
e successful

m 

93 

ss 
in 
of 
M 
of 
he 
to 
he 

an 
m 
e. 
y-
ts 
th 

R) 
al 
ed 
C 
of 
l. 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Wang et al. (2011). “CPAM dispersion synthesis,” BioResources 6(3), 3087-3095.  3094 

ACKNOWLEDGEMENT 
 
The authors wish to thank National Basic Research Program of China (973 

Program), No. 2010CB732205 for the support of this study.  
 
 

REFERENCES CITED 
 

Baran, N., Deniz, S., Akgun, M., Uzun, I. M., and Dincer, S. (2005). “Dispersion 
polymerization of styrene in supercritical carbon dioxide using monofunctional 
perfluoropolyether and silicone-containing fluoroacrylate stabilizers,” Eur Polym J. 
41, 1159-1167. 

Chen, L.-W., Yang, B.-Z., and Wu, M.-L. (1997). “Synthesis and kinetics of microgel 
in inverse emulsion polymerization of acrylamide,” Progress in Organic Coatings 
31(4), 393-399. 

Cho, M. S., Yoon, K. J., and Song, B. K. (2002). “Dispersion polymerization of 
acrylamide in aqueous solution of ammonium sulfate: Synthesis and characterization,” 
J Appl Polym Sci. 83(7), 1397-1405. 

Fong, D. W., Ramesh, M., and Sommese, A. G. (2005). “Preparation of water soluble 
polymer dispersions from vinylamiade monomers,” U.S. Patent 6,894,110, May 17. 

Guha, S., and Mandal, B. M. (2004). “Dispersion polymerization of acrylamide: III. 
Partial isopropyl ester of poly(vinyl methyl ether-alt-maleic anhydride) as a stabilizer,” 
Journal of Colloid and Interface Science 271(1), 55-59. 

Liu, J., Chew, C. H., Wong, S. Y., Gan, L. M., and Lin, J. (1998). “Dispersion 
polymerization of styrene in aqueous ethanol media using poly(ethylene oxide) 
macromonomer as a polymerizable stabilizer,” Polymer 39(2), 283-289. 

Mabire, F., Audebert, R., and Quivoron, C. (1984). “Synthesis and solution properties of 
water soluble copolymers based on acrylamide and quaternary ammonium acrylic 
comonomer,” Polymer 25, 1317-1322. 

Ni, H., and Kawaguchi, H. (2004). “Mechanism of preparing monodispersed 
poly(acrylamide/methacrylic acid) microspheres in ethanol. II,” J. Polym. Sci. 
Polym.Chem. 42(11), 2833-2844. 

Okada, T., Ishigaki, I., Suwa, T., and Machi, S. (1979). “Synthesis of cationic flocculant 
by radiation-induced copolymerization of methyl chloride salt of N,N 
dimethylaminoethyl methacrylate with acrylamide in aqueous solution,” J. Appl. 
Polym. Sci. 24, 1713-1721. 

Ondaral, S. Usta, M., Gumusderelioglu, M., Arsu, N., and Balta, D. K. (2010). “The 
synthesis of water soluble cationic microgels by dispersion polymerization: 
their performance in kaolin deposition onto fibre,” Journal of Applied Polymer 
Science 116(2), 1157-1164. 

Ono, H., and and Deng, Y. (1997). “Flocculation and retention of precipitated calcium 
carbonate by cationic polymeric microparticle flocculants,” J. Colloid Interf. Sci. 188, 
183-192. 

Pross, A., Platkowski, K., and Reichert, K. H. (1998). “Inverse emulsion polymerization 
of acrylamide with pentaerythritolmyristate as emulsifier. 1. Experimental Studies,” 
Polymer International 45(1), 22-26. 



 

PEER-REVIEWED ARTICLE  bioresources.com 
 

 
Wang et al. (2011). “CPAM dispersion synthesis,” BioResources 6(3), 3087-3095.  3095 

Ray, B. and Mandal, B. M. (1997). “Dispersion polymerization of acrylamide,” Langmuir. 
13(6), 2191-2196. 

Ray, B. and Mandal, B. M. (1999). “Dispersion polymerization of acrylamide: Part II. 
2,2'-Azobisisobutyronitrile initiator,” J. Polym. Sci. Polym.Chem. 37(4), 493-499.  

Sivakumar (2002). “Very high molecular weight cationic dispersion polymers for 
dewatering animal farm wastewater,” U.S. Patent 6,365,052, Apr 2. 

Song, B. K., Cho, M. S., and Yoon, K. J. (2003). “Dispersion polymerization of 
acrylamide with quaternary ammonium cationic comonomer in aqueous solution,” J. 
Appl. Polym. Sci. 87(7), 1101-1108. 

Tanaka, H. (1986). “Copolymerization of cationic monomers with acrylamide in an 
aqueous solution,” J. Polym. Sci. Polym. Chem. 24, 29-36. 

Winzor, C. L., Marzek, Z., Winnik, M. A., Croucher, M. D., and Riess, G. (1994). 
“Stabilization of dispersion polymerization by poly(styrene-b-ethylene oxide) 
copolymers,” Eur Polym J. 30(1), 121-128. 

Woods, H. M., Nouvel, C., Licence, P., Irvine, D., and Howdle, S. M. (2005). 
“Dispersion polymerization of methyl methacrylate in supercritical carbon dioxide: 
An investigation into stabilizer anchor group,” Macromolecules 38, 3271-3283. 

Yan, R. X. (1998). Water Soluble Polymers, China Chemical Industry Press, Beijing. 
Ye, Q., Zhang, Z. C., and Ge, X. W. (2002). “Formation of monodisperse polyacrylamide 

particles by dispersion polymerization. I. Synthesis and polymerization kinetics,” 
Journal of Macromolecular Science - Pure and Applied Chemistry 39A(6), 545-556. 

Ye, Q., Zhang, Z. C., and Ge, X. W. (2003). “Highly efficient flocculant synthesized 
through the dispersion copolymerization of water-soluble monomers induced by γ-ray 
irradiation: Synthesis and polymerization kinetics,” J. Appl. Polym. Sci. 89(8), 2108-
2115. 

Zhang, M. Z. and Liu, B. J. (2000). Polymer Research Methods, China Light Industry 
Press, Beijing. 

 
Article submitted: March 3, 2011; Peer review completed: April 2, 2011; Revised version 
received and accepted: June 28, 2011; Published: June 30, 2011. 
 


