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ABSTRACT

The water-soluble cationic terpolymer of acrylamide was prepared by the
aqueous sol ution polymerization with (2-methacryloyl oxyethyl) trimethyl
ammonium chloride (DM C) and dimethyldiallylammonium (DMDAAC) as
cationic monomers, persulphate/bisulphite and the water-soluble
azo-compound as the hybrid initiators. The structure and composition of
the cationic terpolymer were characterized by Fourier Transform Infra-Red,
'H-NMR and Thermogravimetry. Through discussing the effects of
terpolymer concentration, shear rate, pH and concentration of added salts
on apparent viscosity of terpolymer solution, the rheological properties of
terpolymer solution were studied in details. The results indicated that the
cationic polymer was P(AM/DMC/DMDAAC) possessing excellent thermal
stability. The apparent viscosity of polymer solution increased with
increasing terpolymer concentration and was sensitive to pH. However,
the apparent viscosity decreased with increasing shear rate, and the shear
thinning behavior was obviously irreversible. The terpolymer solution
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displayed anti-polyelectrolyte characteristics in added salts solution.

© 2009 Trade Sciencelnc. - INDIA

INTRODUCTION

Water-s0luble polymersof acrylamidearecurrently
commercidized and widdy applied innumerousfields
such as the petroleum, paper industries and water
treatment!Y. Polyacrylamides can bedivided into four
different groups according to their ionic characters.
Nonionic polymers are mainly applied in mineral
processes. Anionic polymersaremainly used for potable
water production or the flocculation of inorganic
dispersions. Amphoteric polymersaremainly usedin
water-trestment processes. Cationic polymersareused

for dudgeflocculation and dewatering in wastewater
treatment due to the excellent flocculation function
originating from synergetic effects of charge
neutralization and bridging adsorption?3, Becausethe
solid suspensions particlesare negatively chargedin
water, flocculant gpplicationsarethe principa target for
cationic polyacrylamides, and they have ahigh added
vauefromacommercia point of view.

Cationic polyacrylamide can be prepared by the
modificationsof polyacrylamideor thecopolymerization
of acrylamide with comonomers having cationic
dectrolytegroups?. Polyacrylamideismodified by the
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Mannich reaction or Hofmann rearrangement to give
cationicflocculant withrdaively highmolecular weight.
However, theproductsfrom the Mannich reaction have
amino groupswhich areasreactiveasto crosslink with
each other. Inthe Hofmann rearrangement, theyield of
cationic polymer isvery low, and the main chain of
polymer iseasly hydrolyzed by causticalkali togivea
lower molecular wei ght polymert®. The other way of
obtai ning higher molecular weight cationic polymersin
aliquid formisto packagethe polymer inawater-in-ail
emulsion®” or microemulsion®®. However, problems
arise concerning smell and safety in the working
environment because of amineral oil being used asthe
dispersion medium. In addition, thistype of polymer
typicaly requiresmoree aboratefeeding equipment than
that requiresfor the solution polymers, and this causes
agreat reluctance among papermakers against using
thistypeof polymer. Theinflammability of the products,
aswd| asthewagteful useof expengveorganic solvents,
is the drawback of the water-in-oil emulsion
polymerization process®. Emulsions are
thermodynamically unstable and lead to phase
separationwithinafew months. Solution polymerization
isawell-known process*®*2, |n solution polymerization,
monomer concentration can behigh, and the obtained
polymer has suitableand high viscosity.

Inthisarticle, wechose DMC and DMDAAC as
the cationic monomers, and the new cationic
polyacrylamidewas synthesized viafree-radicd agueous
solution polymerization. Thenew cationic terpolymer
possesses high viscosity and thermal stability. The
rheological propertiesof terpolymer solutionwereaso
reasonedly studied.

EXPERIMENTAL SECTION

Materials

Acrylamide(AM) from Dia-Nitrix Co. Ltd. Japan,
was industrial material and used without further
purification; (2-methacryloyloxyethyl) trimethyla-
mmonium chloride (DMC) (78wt%) was given by
Mitsubishi Gas Chemical Company, INC;
Dimethyldialyammonium chloride(DMDAAC) was
from Binzhou Chemica Group Company, Shandong;
Poassium persulfate (AR) wasfrom Shanghai Plant of
Amide; Sodium formal dehyde sulfoxylate dehydrate
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(AR) wasgiven by BASF Chemical Co. Ltd. Tianjin;
Water-sol uble azo-compound was made by ourselves,
Deionized water was used throughout thiswork. Other
reagentswereAR-grade and used asreceived.

M easur ements

Given quantitiesAM, DMC and DMDAAC were
dissolved in deionzed water intheflask. The pH was
adjusted to 6.0 with 0.1M hydrochloric acid. Purified
nitrogen was bubbled through the solution at room
temperaturefor about 30minfor oxygenremoval. The
hybrid initiatorswere added into the solution, and then
the sealed flask was put into water bath at 80°C for 4
hours. Afterward, the productsweredried, broken and
packed.

Characterization

Theinfrared spectrum of the cationic terpolymer
wasmeasured by the 510PFT-IR spectrometer (Nicolet
Company of USA); The *H-NMR spectrum of the
cationic terpolymer was recorded on a DRX-500
instrument (Bruker of Switzerland) with D,O assolvent.
Thermogravimetry of the cationic terpolymer was
measured by the TG209 (Netzch of Germany),
differentia scanning caorimeter a ahegtingrateof 10°C
per minute; The apparent viscosity was measured by
the Brookfield Programmable DV-I1+ Viscometer
(Brookfield Engineering Labs, INC.) a 20°C in
delonized water andin severd added sdltswith different
concentrations.

RESULTSAND DISCUSSION

Sructurecharacterization of terpolymer
The FTIR spectrumindicated that characteristic
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Figurel: FTIR spectrum of copolymer
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absorption bands of the sampleat 3401 cnrt and 1669
cm* wereassigned to the stretching vibration of -NH,
and —-C=0 of —-CONH,, groups in AM unit; The
characteristic absorption peaksat 1453 cnrand 945
cm* arosefrom—CH, and N*(CH,)) stretching vibration
of -CH,-N*(CH,) groupsin DMC unit; The peak at
1347 cm* and 1216 cmrt came from the—CH,, and -
CH, asymmetry stretching vibrationin DMDAAC unit.
Since cationic terpolymer had alittle coa escent water,
therewas abroad absorption peak of —OH over 3000
cml(i.e. the overlapping double peaks). The above
mentioned characteri stic pegksindi cated the copolymer
wasP(AM/DMC/DMDAAC).
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Figure2: *H-NM R spectrum of copolymer

TheH-NM R spectrum indicated that the pesks at
1.165 ppmwas ascribed to the protons of the—CH,in
the DM C unit. The pesksat therangesof 1.641~1.755
ppm and 2.19~2.33 ppm assigned to the protons of —
CH,—and ~CH~-in AM unit, respectively. The peak at
5.712 ppm wasthe proton of -NH,, of -CONH,, group.
The peaks at 3.005~3.234 ppm corresponded to the
three protons of ~CH,, group bonded with N atominthe
moleculechainsof DMC/DMDAAC. Theresultsproved
that the copolymer was P(AM/DMC/DMDAAC).
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Figure3: Thermogravimetry cureof copolymer
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The thermal decomposition processes were
dividedintothree stages. Thefirgt stage began at about
100°C, which was physical losses process.
Polyacrylamide could be cross-linked by imide
formation. Theweight ratio of thermal losseswasabout
9.19 percent, dueto thevolatilization of some water
and reagents. The second stage started at about
180°C, and ended at about 330°C. Becausetheimidic
reaction rel eased ammoniagas, the weight ratio of
thermal losses was 36.54 percent (the theoretical
weight ratio of thermal |osses was 36.84 percent).
There was an inflexion at 265°C. It could be
concluded that it wasthe glasstransition temperature
of the terpolymer, at which the micro-Brownian
movements of themolecular chain segmentsbecame
significant. The curve rapidly decreased between
277.1°C and 330°C, indicating that the chemical
reaction take place and methyl group escape from
guaternary ammonium. Thethird stage began at about
330°C. Thedecomposition rate reached maximum at
about 440°C. The breakdown of imide groups
released nitrile, and the polymer backbone gradually
ruptured*®, Theweight of the samplebecame constant
at about 490°C. Since any responses of the material
to aparticular chemical and physical environment
mainly occurred at or above the glass transition
temperature, so the higher the glass transition
temperature, the better the chemical and physical
resistance. The results displayed that the cationic
terpolymer had thermal stability.

Effect of theterpolymer concentration

Asshownin Figure 4, the apparent viscosities
decreased first and then increased with increasing
terpolymer concentrations. At the high dilute, the
apparent viscosities increased with decreasing
terpolymer concentration, which showed the
polyelectrolyte effect!'#1°, Becausethe el ectrostatic
repulsions of the same charges became strong on
the chains, the macromolecular chains adopted
extended conformations and possessed large
hydrodynamic volumes*®, resulting in thefalling of
the el ectrol ytes shield function. However, when the
terpolymer concentration increased, the counterions
could not escape from the macromol ecular chains.
The ionization induced the obvious change of
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Figure4: Effect of terpolymer concentration on theappar ent
viscosity of ter polymer

macromolecular conformation. The apparent
viscositiesdidn’t only depend on the charge densities,
but aso oninter and intramolecul ar interaction. The
polyelectrolyte effect wasrestrained. Therefore, the
apparent viscosities increased with increasing
terpolymer concentration.
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Figure5: Effect of shear rate on the apparent viscosity of
ter polymer

Effect of shear rate

As shown in Figure 5, apparent viscosities
decreased with increasing shear rate, which exhibited
pesudopl astic behaviort3, It wasreasonableto consider
that shearing force made the chains ruptured and
macromol ecul es decomposed. When the shear rate
decreased again, the apparent viscosities could not
recover. Macroscopically, the apparent viscosities
decreased.

—=== Py | Paper

sity / mPa-s
1 [
1 1

Ccosity /!
@
]

Apparent vis
.
1

-—

T T T T T ¥ T T T T T
4 s E T B 9

pH
Figure6: Effect of pH on theapparent viscosity of ter polymer

Effect of pH

To study effect of pH on the apparent viscosity,
several experimentswere conducted with pH varied
from 4.0t09.0. It indicated that terpolymer solution
was obviously pH-responsive. The pH determined the
charge density and molecular conformation!*”. When
hydrochloric acid was added into the solution, H*
neutralized thecounter ion OH". Thedensitiesof free-
charge became higher on the chains, and the
el ectrostatic repulsion of the cations became stronger.
The apparent viscosity reached peak at pH=6.0.
However, at theregion of pH<6.0, the redundant H*
formed ion-atmosphere of the strong electric field,
restricting the el ectrostati c repul sions of the cation,
and the chains coiled to contract, leading to the
apparent viscosity decreasing. When ammoniawas
added into the solution, much OH- diffusedinter and
intramol ecul es. Polymer chainscarried many negative
charges, making the electrostatic field balanced and
electrostatic repulsions weak. In addition, the
polyacrylamide could form NTP in the high pH
solution, and NTPwasthe chain-translated reagent.
Consequently, the apparent viscosity decreased and
solution becameturbid and phases separated at the
region of pH>9.0.

Effect of theconcentration of added salts

Theapparent viscositiesincreased with increasing
concentration of added salts. At the same concentration
of added salts, the gpparent viscositiesin NaCl solution
were higher thanin CaCl,, or Na,SO, solution. Under
the sameconcentration of anion Cl-, thethickening effect
of Na* wasbetter than Ca?*, and under thesamecation
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Figure7: Effect of the concentration of added saltson the
appar ent viscosity of terpolymer

Na', the thickening effect of Cl- wasbetter than SO .
When the low-molecular-weight electrolytes were
added to polymer solution, the sat-ionsmade amount
of free-water trand ateinto water of hydration of salt-
ions, which enhanced the polarity of solution and
destroyed the hydrogen bonds between polymer
moleculesand water molecules. The chainsassociated
with each other, and the hydrodynamic volumesbecame
large. Asaresult, the gpparent viscostiesincreased with
rising concentration of added salts.

According to the soft-hard acihd-base theory, CI-
was the hard anion, and easily combined with hard
cationic Na'*®l, The bondage degree of Cl- on
quaternary ammonium decreased, and thehigh molecular
chains tended to extend, which leaded the apparent
viscosity increase. However, under the same
concentration of added salts, the apparent viscosity in
theNa,SO, waslower thanin CaCl, and NaCl. Because
the charge of SO,* was notably higher than Cl-, the
effect of el ectrostatic screening on polymer molecules
was moreeffective, and the solvating action of Na,SO,
was al so weaker than both CaCl,,and NaCl.

CONCLUSION

Thecationicterpolymer PAM/DMC/DMDAAC)
was prepared by aqueous sol ution polymerization of
acrylamide (AM), (2-methacryloyloxyethyl)
trimethylammonium chloride (DMC) and
dimethyldidlylammonium chloride(DMDAAC) asthe

raw materials. The FTIR, *H-NMR and
Thermogravimetry of copolymer indicated that the new
cationic polymer wasP(AM/DMC/DMDAAC) having
better thermd stability anditsglasstrangtion temperature
was 265°C. The apparent viscosity of terpolymer
decreased first and then increased with increasing
terpolymer concentration, and decreased withincreasng
shear rate. Theterpolymer aqueous sol ution was pH-
responsive, and phases separated at the region of
pH>9.0. The terpolymer solution showed anti-
polyeectrolyteeffect in different added salts solution.
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