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Abstract - The aim of this study is to assess thermal hazards of polystyrene polymerization process by bulk
polymerization with accelerating rate calorimeter(ARC) and Multimax reactor system(MM). From this study,
we found out that the polymerization process should be operated at reaction temperature of 120 C ~ 130 C.
At reaction temperature over 130 C, there was a runaway reaction hazard due to the temperature control
failure following a viscosity increase of reaction products. With a cooling failure of a reactor in the early stage
of process operation at the reaction temperature (120C ~ 130 C), there was a high thermal hazard of burst of
areactor’s rupture disk or explosion of a reactor caused by the rapid rise of temperature and pressure to 340 C,
5.3 bar respectively within 30 - 50 minutes.

Key words : polystyrene polymerization process, thermal hazard, cooling failure, reaction temperature,
runaway reaction, TMR
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Fig. 1. Photography of ARC.
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2.2.2. Multimax reactor system(MM)
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Table 2. Experimental conditions and methods for
thermal hazard in MM

Reactor material Hastelloy

Agitator type Pitched paddle

Agitator speed 600 rpm

Reaction temperature 110, 120, 130, 140 C

Heating rate 1 C/min

5 hr

Reaction time

styrene monomer ethyl benzene

volume ratio

(total 40 ml)
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Fig. 2. Photography of MM.
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Fig. 3. Temperature and pressure as a function
of time in ARC.

jg{v—v-[:ndnmu{un el
Ty

TR data o

Temperature ()

Time to Max Rate (min)

Fig. 4. Relations with TMR and T.

o2 QI3ko] 20~50% ol el Zokel o] WA
Bn @ 4 Atk Re] WA, w3FAel
TMRE 244171 o) ge] 5|9 shsteta & 5 9o
o 8A1%F ol3k7k S|W Aol Arkw & 5 gk
51

KIGAS Vol. 17, No. 4, August, 2013

Z¥7} 333.6 ‘C$} 5.3 bar7}A F43] A
5ol 9t 44 Aol vl§- Ak

32. SEAMA Fel2o ME g5 fyd

STHAAAQ oAl e] F]iwFo] vk-g-7] 2] ¥zt
Aol wE 43 APl PA e dEFE 1E]
8t BELART 0T BYE = dguAe] S
ZEAEA 2AE vk EFES TS EE B
(ARQZ 33+ 4 g4 A3 A& Fig 59 et
Witk

Fig. 5@) 04 & <= 1ol SHAAAIR] ol
o] ol EEH2AU 12 %olA Ha¥es L
A% (onset temperature)= oA GE2E
3 (adiabatic temperature rise)2 F75HE A L=
Uebsth A= dgdldle] Be] &
TEAEA] 50 % o)de] & 44110 T ~ 111 C
2 yehgtoy, oduldlo] M3 FUHA L 47
ol 1065 T2 Yebsdth B9 gdeedse o
drlAle] FYFo] FEH x50 % ool =
49133 C ~ 143 T2 Uepton, ojgduldo] F4

R
.

£ 4

i

R e ALolE 1605 CTE gddesAse =
7 A= B =4 Uebth ol SFAAARI o

drldlo] BUE A FE A7 ¥H-E71 8] W)
of Mg €4 Aol ¢ A= AL vt

Fig. 5(b)ollA & & Sl%ol HF5(final tem-
perature) 9} HU| 25454 E(Maximum temper-
ature rate)= o &HWlA L] Fgo] HaTrE St
she A&ES Uil o ol SEAIARL o
gl o] F]jgFo] AR gl S
S92 THEI}F It WS4 =) ek 7] u &
ozt & + Ut

Fig. 5(c)°llA & 5 3ol HF<hH(final pres-
sure)> olgHlAl o] F]lgFo] SV E 254 F
7ok Wl Hi 4354 = (maximum pressure
rate)= olEWA Y] FhFo] FUMEFF Hashs
¢S vehia ik o]

I

:

o
£ ZqelAA oA
o Eigo] PaUFE FelxE)AY TR 5
Fhste] 2712 Wske ZElAmen|g] ool Zadt
7] WEe] HEekeo) AaFThL & 4 o, 1

"ol BesEE 27hetel QENSSEI} 2

Fig. 5.(d)lA & & =0l v E3=of a7
Al &% (onset temperature)©ll 4] TMR(time to max-
imum rate)> S A olDuldlo] YA &
St Aol 70202 71 wskar, oddlle] £l



EEE A EEE

=
=}

Effect of Inhibitor input ratio on onset temp. and ATad

120 170
onset tem)
adiabatic temp. rise
t 160
~ 115
o
T
2 F 150
o o
g 110 .
£ 2
e b 140
b a
@
c
O 105 {
t 130
100 T T T T T 120
0 2 4 6 8 10 12
Inhibitor input ratio(%)
(a) Effect of inhibitor input ratio on onset T and ATad
7 9
@ - final pressure
® @ max. pressure rate | 8
64
= H7
IS
=3
[
5 o ®6
P 5
2
Q r5
s e °
[=
= ®
(i F4
4
® 23
3 T T T T T 2
0 2 4 6 8 10 12

Inhibitor input ratio(%)

Adiabatic temperature rise(C)

Max. pressure rate(bar/min)

(c) Effect of inhibitor input ratio on final P and max. P rate

50 4 —0— a1120:C >
v at130 C
—@- at140C
40 +
- [
£
E
[h4
S 304 A\
=
v
v
20 -
T L
10 + : : : : :
0 2 4 6 8 10 12

Inhibitor input ratio(%)
(e) Effect of inhibitor input ratio on TMR

Fig. 5. Results of thermal stability on reaction mixture
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& : Phi factor

M : Mass of reactant [kg]

M., : Mass of cell [kg]

¢,. : Heat capacity of reactant [kJ/kg « K]
¢, © Heat capacity of cell [kJ/kg + K]
7; : Final temperature [C]
7, : Initial temperature [TC]
AT, : Adiabatic temperature rise [C]
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