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Abstract: Radical co-polymerization of N, N-dimethyl-N,N-diallyammonium chloride (DMDAAC)
with N,N-dimethyl acrylamide (DMAA) has been investigated by the dilatometer technique using
ammonium persulfate ((NH4),S,0,) as an initiator. The influences of the molar ratio of DMDAAC
to DMAA, concentrations of monomers and initiator, temperature on polymerization rate have been
analysed. From these analysis it was found that DMDAAC concentration in monomers composition
conversely affects the polymerization rate. Based on the experimental results, the polymerization
mechanisms were discussed in more detail.
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UCCJIEJOBAHUE CUHTE3A U KHHETUKHU JUMETHUJIJUATJIMIAMMOHUA
XJTOPUJIA U JTUMETHNJI AKPUJIIAMHUIA

Annomauun: Paouxanvnas cononumepusayuss N, N-oumemun-N, N-ouannuammonuti xiopuoa
(AMJ[AAX) ¢ N, N-oumemunaxpunamuoom ([IMAA) 6vina uccreoosarna memooom ounamomempa c
ucnonvsosanuem nepcyrogpama ammonus ((NH4) ,S,0,) 6 kauecmse unuyuamopa. Ilpoananusuposa-
HO enusinue monsapHo2o omuowenus JIMJJAAX k JIMAA, konyenmpayuu MoHomMepos u uHuyuamopa,
memnepamypuvl Ha CKOpoChs noaumepusayuu. Mz smoeo ananuza Oulio yCmanoeieHo, Ymo KOHYeH-
mpayusi JIMJ[AAX 6 cocmage monomepos, Haobopom, érusiem Ha ckopocms noaumepuzayuu. OcHo-
8b18ASICH HA IKCNEPUMEHMANbHBIX Pe3VIbMAamax, MexaHuzmMvl NOIUMepu3ayul 0ocyncoarucs bonee
nOOpoOHO.

Knrouesnie cnosa: paduxanvras norumepuzayust, OUMemuioUaIIUIAMMOHUUXIOPUO, OUMEMUIAKPU-
JIamMUuO, KUHEMUKd, SHepeust akmueayuu

JUMETUJIIAAATIIAIAMMOHUKA XJOPUJII MEH JIUMETHIJI
AKPUJIAMUAIHIH CUHTE3I MEH KUHETHUKACBIH 3EPTTEY

Anoamna: N, N-oumemun-N, N-ouannuammonuii xnopudiniy (AMJ/JAAX) N, N-Ooumemun axpuramu-
oimernt (/IMAA) paduxandwr cononumepuzayuscol ammuax nepcyivgpamot ((NH4),S,0 ) xkamvicvinoa
ounamomemp 20icimer sepmmendi. JIM/JAAX monapnoviy xamoinacwinwiy [JMAA-ea, monomepnep
MeH bacmamawsliapobly KOHYEeHMPayuscobl MeH memMnepamypansbly NOIUMepU3ayus Heoblioamoblebl-
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Ha acepi Kapacmuipvinovl. Ocvl manoay Homudicecinoe JJMJJAAX konyenmpayusacet monomeprepoiy
KYPAMbIHA, KepiciHule, NOAUMEPNEHY HCbLIOAMObIRbIHA dcep ememini aHbIKmanovl. IKCnepumenm
Homuoicenepine cyliene Omulpuln, noaUMepney memikmepi moavieblpax maikbliaHobl.

Tyitinoi ce3dep: paoukanovl norumepuzayusi, OUMemuiIOUAIIUIAMMOHUY XI0PUOL, OUMEMUL aKpu-

ﬂamud, KUuHemuKka, akmueayust SJHepcusiCobl

Introduction

Kinetics of radical polymerization has a
long history and it is very useful for large scale
polymer production [1, 2]. Homopolymers of
dimethyl acrylamide, dimethyl diallylammonium
chloride and their copolymers are often used for
flocculant production [3], in papermaking [4],
medicine [5], in developing hydrogels for heavy
metal removal [6, 7], for making sensors [8] etc.
due to their simplicity and versatility.

Polymerization kinetics focuses on many
factors like polymerization rate, initiator
concentration, monomer concentration and
temperature [9, 10]. Production of high-quality
polymer or copolymer with high production
rates requires a detailed and precise knowledge
of polymerization kinetics [11]. Thus, due to
the industrial application of poly (DMAA-
DMDAAC) copolymer, optimization of
polymerization process and controlling properties
of final copolymer is very important [12]. Usually,
dimethylacrylamide is added to DMDAAC
in order to increase the molecular weight of
copolymers and application of these copolymers
depend on copolymer composition. Therefore,
issues related to producing copolymers with
specific properties and right composition, and
their dependency on the reaction conditions can
be solved from investigation of the polymerization
kinetics [13].

Usually, kinetics of polymerization is inves-
tigated by different methods such as 1TH-NMR
spectroscopy [14], differential scanning cal-
orimetry [15,16], Polarographic Study [17],
Electrochemical method [18], gravimetry [19]
and dilatometry [20]. In this study to investigate
the kinetics of free radical co-polymerization ex-
perimentally, we used the dilatometric method
due to its simplicity and effectiveness [21, 22].
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Moreover, in this method the equation of polym-
erization rate can be easily calculated by poly-
mer and monomer mixture composition differ-
ence [23, 24]. The aim of this work is to obtain
the kinetic equation for co-polymerization of po-
ly (N, N-dimethyl-N,N-diallyammonium chlo-
ride-co-N,N-dimethylacrylamide) (DMDAAC-
DMAA) by mentioned method and to investigate
the influences of various parameters on the ki-
netics of polymerization. The co-polymerization
equation is also proposed.

EXPERIMENTAL

Materials

The monomers DMDAAC (65 wt. % in
water, density 1.183 g/mL) and DMAA (purity
99.5 wt %, density 0.962 g/mL) were purchased
from Sigma Aldrich (USA). AgNO, (purity
99.8 wt %), and (NH4)2S20s (purity 99.7 wt %)
were kindly provided by “Labor Pharma” Ltd.
(Kazakhstan). Acetone (purity 99.9 wt %) and
other organic chemicals were purchased from
“Labchimprom” Ltd. (Kazakhstan). Argon with
purity 0f 99.995 wt % was received from “Ikhsan”
Ltd. (Kazakhstan). For all kinetic study glass
dilatometers with capillary diameter of 1 mm
were used. Distilled water with a conductivity
2.4 mS/cm at 20°C was used in all experiments.

Copolymerization

The co-polymerization reaction of DMDAAC
with DMAA was carried out at different molar
ratios of monomers in the presence of ammonium
persulfate initiator. The total molar concentration
of monomers in the mixture was equal to 5
mol/l. After purging with argon gas for 20 min,
the ampule containing monomers was sealed
and placed in a water bath heated at 60°C. The
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reaction time was controlled to give conversions
less than 10 wt %. Then the copolymers were
washed and precipitated with fresh acetone. This
operation was repeated three times to remove
the unreacted monomers. The copolymers were
finally dried under vacuum at 40°C until constant
weight.

Kinetics of co-polymerization

In this experiment, the rate of polymerization
was measured using dilatometers. The
dilatometric method is based on a change in
the volume of the reaction mixture during the
polymerization of monomers. It works such a
way that the dilatometer is placed in a constant
temperature bath and the volume change of the
polymerizing system, which is quantitatively
related to the percent conversion, is controlled
with time.

Initially, dilatometers in which the co-po-
lymerization reactions will be carried out, are
cleaned and thoroughly dried. The formation of a
polymer is associated with an increase in the den-
sity, consequently with decrease in the volume of
the reaction mixture, which occurs during po-
lymerization of monomers.

The degree of conversion of monomers A

_ﬁ* 0
= 100%

(D

(%) is calculated from formula (1):
where V —is the initial volume of the reaction
mixture at the polymerization temperature;
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AV — change in the volume of the reaction
mixture over a given period of time;
K'=K/'w+ K/ (1 —w) (2)
K’ — is the contraction factor for co-polymer-
ization, which is found from equation (2):
where K1 and K’’2 are contraction factors

for the homo-polymerization of DMDAAC and
DMAA, respectively;

lIir:.lr-.r Hé” _ PFp—Fm

fm (3)

o — 1s the DMDAAC content in the starting
monomer mixture. The values of K”1 and K2
were found from the formula (3):

where p_ and p, are the density of the
monomer and polymer, respectively, g/cm3.

Results and discussion

Kinetics of co-polymerization

In this study, the influences of various
polymerization parameters, including the molar
ratio of DMDAAC to DMAA, monomer [M]
and initiator [I] concentrations to the rate of the
reaction were investigated.

Effect of the molar ratio of DMDAAC to

DMAA on co-polymerization

For DMDAAC copolymers, the cationic
degree of the product can change the property
of the polymer notably. Increasing the cationic
degree of DMDAAC copolymers by increasing
DMDAAC content leads to wider applicability of
the material in water treatment processes.
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Fig. 1 — Conversion vs. time curves at different molar ratios of DMDAAC to DMAA; conditions: [M]= 5M, T =60°C, [I] = 0.03%

(monomer)

143



BECTHHUK KA3AXCTAHCKO-BPUTAHCKOI'O TEXHUYECKOI'O YHUBEPCUTETA, Ne2 (53), 2020

As can be seen from the Fig 1, the greater the
mole fraction of DMAA in the original monomer
mixture, the higher is conversion. This is due
to the fact, that the reactivity of the DMAA
monomer is higher, as the monomer DMDAAC
is not active due to the steric hindrance of
molecular structure [12].

Effect of polymerization temperature on

co-polymerization
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Fig. 2 — Conversion vs. time curves at different temperature;
conditions: [M]= 5M, MDMDAAC:MDMAA=50:50, [I] =
0.03% (monomer)

The effect of temperature on the
polymerization rate is shown in Fig.2. With
increasing temperature, the initiation process
accelerates, which subsequently increases the
concentration of radicals, finally resulting in an
increase of the polymerization rate.

concentration on

Effect of initiator
co-polymerization
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Fig. 3 — Conversion vs. time curves at different initiator
concentration; conditions: [M]= 5M, T =60°C,
MDMDAAC:MDMAA=50:50
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Infigure 3 it was found that conversion and the
rate of polymerization increase with increasing
initiator concentration. Consequently, this result
leads to make assumption that termination of
bimolecular interaction of polymer radicals
slightly decreases due to the bulky molecular
structure and positive charge of DMDAAC [26].

Effect of monomer concentration on
co-polymerization
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Fig. 4 — Conversion vs. time curves at different monomer
concentration, conditions: MDMDAAC:MDMAA=50:50, T
=60°C, [1] = 0.03% (monomer)

Figure 4 illustrates the dependence of mono-
mer concentration on polymerization conversion
and rate.

From these figures it can be seen, that with
increasing monomer concentration, polymer-
ization conversion and rate also increase. This
may be due to formation of more active centers
which leads to more interactions between radi-
cals [25,26].

Conclusion

Aqueous  radical  polymerization  of
DMDAAC-DMAA has been prepared by free
radical polymerization in the presence of ammo-
nium persulfate initiator which was studied by
dilatometry method. The kinetics of radical po-
lymerization were discussed as well. It was found
that the polymerization rate decreases with the
increase of DMDAAC composition in the copo-
lymer due to the bulky molecular structure and
positive charge, resulting in the significant steric
hindrance and electrical repulsion.
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