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Fig. 1 Flow diagram of polymerization apparatus and
computerized temperature measure system

1) Dewar reactor; 2) Agitator; 3) Temperature sensor (Pr-
100); 4) Heat exchanger with temperature sensor; 5) Charge

pipe; 6) Storage tank of monomer and solvent; 7) Teflon cover
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Fig.2 Temperature curve of styrene solution
polymerization with ADVN in toluene
[1]4=0.04mol/L,[M]g = 4.40mol/L;

Symbols experiment data; Curves caleulated values
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Fig.3 Temperature curve of MMA solution
Polymerization with ADVN in toluene

{Tlg{mal/L): 1) 0.05; 2,3) 0.03; 4) 0.025;
[Mly(mol/L): 1) 2.82; 2) 4.71; 3) 2.90;4) 1.84;
Symbols Experiment data; Curves calculated values
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Table 1 Kinetic and thermodynamic parameters of MMA or St solution polyinerization with ADVN in toluene

Ty {1]e [M], Ag E4 - AHy
System
(T) (ol /1.} (mol /L) (10° emol®*+ L0 %57 1) {kJ/mcl) { k] /mol)
40 0.025 1.84 4.65 80.98 56.68
MMA 40 0.030 2.90 4.36+0.16"° 77.80+2.00"° 56.05+2.55°
40 0.030 4.71 3.55 80.23 55.55
45 0.050 2.81 2.58 7¢.31 54.09
St 60 0.040 4.40

10.04 87.17 65.25

° Awerage value of three measures

Table 2 Comparison of the experimental values with published data .

about kinetic and thermodynamic parameters of MMA or St

polymerization in toluene

Eu Ay - AHg Literature
Systerm
(kJ/mol) {10° - mol® *+L~9-%:5~ 1) (k]/mol)  resource
80.52 1.47 — [71*
83.66 4.89 - [81*
MMA  79.90 1.34 — [9]*
— — 54.4~57.7 (10,11,12]
77.80+2.00° 4.36:0.16* 56.05+2.55" our work
89.22 8.1 — {13]"
89.31 10.8 —- {14]"*
St — — 70.27 [12.15]
- — 72.99 [15]
87.17 10.04 65.25 our work

* Caleulated value according to equations {14} and (15);

** Average value of three measures
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Fig. 4 Temperature curve of DADMAC agquecus
solution polymerization

Initator 2,2 " -azobis(2-aminopropane) dihydrochloride
[T]o=0.017mol/L,[ Mly{mol/L):1,3,5} 2.21; 2)
2.46; 4) 2.06;

Symbols experiment data; Curves calculated values
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Fig.5 Initial temperature rise versus initial monomer
concentratich curve by pseudo adiabatic calorimetry for
determining the monomer reaction order system
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Fig.6 Initial temperature rise versus{1/T) curve for
determining overall activation energy system DADMAC/
AZ(O-initiator /water
[E]p=0.017mol/L,[M]3=2.21mol/L.
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Table 3
DADMAC/azo-initiator/water system

Polymerization kinetic and thermodynamic parameters of

Ty [Mlg Ay {~AHyR)
(T) (mol/L) ({mol/L) = ".57'}  (kJ/mol)
55 2.06 4.60x 10" $39.12
50 2.21 4.57x 10" 163.44
55 2.21 3.88x 10" 152.69
60 2.21 4.56x 10" 145.20
55  2.46 4.51x10" 128.57

(1] =0.017mol/L
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STUDY ON FREE-RADICAL POLYMERIZATION KINETICS
BY ADIABATIC CALORIMETRY

GUO Surong
( Department of Environment Science , Qingdao University , Qingdao  266071)
CHEN Mingguang
( Rhein Chemie (Qingdao) Lid ., Qingdao 266043)
PAN Zuren
( Chemical Engineering Department , Zhejiang University , Hangzhou 310027}

Abstract The aqueous solution polymerization of diallyl dimethyl ammonium chloride (DADMAC) with
2,2 -azobis{ 2-aminopropane) dihydrochloride as initiator was studied by means of adiabatic calorimetry in a
well adiabatic 1.5L Dewar-reactor equipped with an anchor stirrer. The temperature of the polymerization
medium and the surroundings of the reactor was measured by temperature sensors (Pt-100) and online
transmitted to a computer for further data processing. At first, a series of experiments were designed to
prove the reliability of adiabatic calorimetry. The homopolymerization of methylmethacrylate (MMA) or
styrene(St) initiated by dimethyl 2,2 -azobis(isobutyrate) in toluene was chosen because the polymerization
mechanism of this system has been thoroughly studied and all data are already well known {the reaction
order of monomers, MMA or St, was considered as m = 1, and the reaction order of AZO-initiator used in
this study was considered as n =0.5, its decomposition was a first-order reaction without any by-reaction,
so that p=1,7=0). At 40~607C and in the atmosphere of helium, the monomer was polymerized, and
the curves of fluid temperature versus time were obtained online, from which E, the overall activation
energy of the reaction, can be simulated by the adiabatic calorimeter, then the kinetic and thermodynamic
parameters A and ( — AHg) can be calculated by numerical method with the help of the experimental
parameters. The comparison between the simulated values and the published data proved that the method
was easy and reliable. Thereafter, the polymerization of DADMAC system was further investigated, a series
of temperature versus time curves were experimentally obtained by changing the initial concentrations of
monomer([MJ, = 2. 06 ~2.46mol/L) and the initial temperatures ( To = 50 ~60T ). According to the
adiabatic calorimetry the kinetic parameters were easily simulated: m , the order of monomer polymerization
was 2.05,and E was 108.83 kJ/mol,other parameters A and ( — AHg) were obtained in the same way
above. The results showed that the calculated values depending on the simulated kinetic and thermodynamic
parameters were coincident with the experimental data.

Key words Free radical polymerization kinetics, Adiabatic calorimetry, Methylmethacrylate, Styrene,

Diallyl dimethyl ammonmium chloride , Azo-initiator



