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A Study of Voluntary Protection Program for Batch Reactors
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Degree of Industrial Safety and Risk Management
College of Engineering
National Chiao Tung University

Abstract

In chemical industry, many production processes are carried out by
exothermic reactions. In Taiwan, exothermic reactions are mostly employed in
the production processes for the chemical factories using batch processes.
During the exothermic reaction processes;if any careless operation is taken that
may cause the difficulty in the:immediate removal of reaction heat and bring
about an increase of the temperature, then, runaway reaction is prone to occur.
Hazards, such as the fire and explosion resulted from the runaway reaction
during the reaction processes, ‘are likely to bring substantial damage to the
organizations. Accidents like the explosions occurring at Yun Hsin Resin
Corp., Taoyuan, 1996, and at Fu Kuo Chemical Industrial Corp., Hsinchu, 2001,
were attributed to the runaway reactions that occur during the production
processes.

This study assesses the runaway onset temperature of individual reactant
and the quantity of required quench water and corresponding vessel volume for
the mixed monomer reaction in acrylic resin process. The dynamic scanning
thermal analysis by DSC and the isothermal experiments by C80 are utilized. To

summarize, the onset reaction temperatures of monomers of styrene, acrylic acid,
butyl acrylate and catalyst potassium persulfate are obtained as 134.7C -

180.19°C -~ 169.42°C and 205.59°C, respectively. In addition, the onset reaction
temperature of mixed monomersis 80.88°C (isothermal at 82°C for 10hrs) and
can be reached to the maximum one up to 235.6°C.This study conducts the

adiabatic experiments by using VSP2 as well to investigate the runaway



scenario internal the mixed monomer reactor. Development from the
experimental results the adiabatic runaway onset temperature at 150°C and the

maximum temperature and pressure are respectively 329°C and 82psig.
Therefore, it needs 742.9 kg of quench water within a 3.65 m* of quench vessel
to conduct the emergency disposal quench. It is expected that such the strategy
information of this study can directly be used by the industry and applied to
design an inherently safer emergency disposal system.

Besides the emergency venting quench technology, this work also studies
the voluntary protection program for the batch process. Based on the
understanding of voluntary protection program, this work establishes the
planning methods for the strategy, organization, operator, scheme and
implement system. In addition, the measures of achieved assessment can be used
to inspect, audit and examine the management to confirm the efficiency of
voluntary protection program. Eventually, the conclusion of this thesis integrates
the inherently hazard prevention technology -and equipment and establishes the
voluntary protection program that: can be applied to reaction process industry
popularly. It is wished to preach the-inherently safer design of emergency
venting quench system and enhance thetlevel ‘and regulation of process safety
management in the domestic industry to achieve the goa of lowering the
accident rate.

Keywords. batch process, runaway reaction, emergency venting quench,
voluntary protection program
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Integral 414,54 ml
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104
7 Integral 1580.70 ot
4 normalized 490,30 Jg*-1
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Peak Height 17.29 oW
1 Peak 173.15 °C
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0 r AL
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normalized 139.11 Jg*-1
4 Onszet 205,59 °C Integral -197.99 wl
Peak Height 1.04 miy norpalized -66.4d Jgt-1
04 Peak 232.83 °C onaet. 336.00 °C
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4.3 FHFHES

TR 11 81 > B4 i @ARE R ES AR R
145.64°C » 7 i~ B & 5 328.92°C » &~ B f:# 5 5 36.33 'C/min > @
12 Bgmdx A4 R4 5 82.01 psig: B~ B R 5 5 15,27 psg/mln, 1
FO & 3ei 3] 150°CHF > k SUR A 7 B s Roid W 4 > JLPREER S K i S
B (TMR) &% 8 A4 - B A 3 Hk ’T EPE R B F RS FE
Flot g B4 B AR BEM O R AR TR R R L Y
ARF R T R~ FARLE SRR o PO R S g R fﬁ
irE B iy SRR S L ’}vt\ﬁ\lﬁi?‘u;}%*‘{/{;‘fl’ﬁ&g£j‘é’f%{?_ﬁﬂmé}t

2t o
P

375 -
350
325 N
300
275

250 E \\'
225 \~
200 I
175

/ N
- Pt i
100 /// \\\\
75 ’//

50 /
25

Temperature (C)

Time (min)

B 11 R4 wrq@lAeE 8 F B VSP2 889 % PFF vs. i & B

31



75 3
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Pressure (psig)

Time (min)
W12 B4 A lAeE ATEVSP2 & £ %R vs. R

4.4 WARF ¥ F il 44

RFEDEURF BF Fofiks kU2 #14 8 580 VR R LA A
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LERFAF A A NET > TWELHFT R AR FEAAREE A
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Skt Vb o d QWS Fahs b4 Sl 1T 0 X FEREF TR i
BUE g A4 %BF RTZRENNE  BAs R4 Slens o AR
FBgp F RiE i SR TS 22 F i ¥ s FR L Rlena e
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4 B4 Bl F Bid4 Sdc [13-25]

’ Ea In A n
g . .
(kJ/mol) (1/s) (dimensionless)
F oW 75. 3 24. 65 0.5
ik 170 + 10 40 + 5 1.01 £ 0.02
[ fig | 150 + 10 35+ 5 1.02 + 0.03
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# 5 R4 AT EARR * F it

hN
o £F | A | M| & P LA
B IR PR R . WERE| K 3
Mg (kg) |(kg/m”)| (m") [(kJ/kgeK)| (C .
C)
B
a. * 3.400 | 998.2 |3.406| 4.18 100. 0 _
H0
bl somA | 40 |900.0 |0.044] — - - th
c.| semB | 38 |900.00.042 — _ _
d. 1,600 | 906.0 |1.766 1.75 145.2  |134.70
CsHs, SM
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© CiHi202, BA ’R;Tﬁ:l
[ s =hiF|o
f, 20 |1, 050. 00, 2|5 141.0 |180.1
CHOL AL 0 |1,050.00,019 - 148 0 [180.19
B AR 4 5100
g | (7AE) 3 | 2,477 0001/ (“3EL: (205,59
K20sS: 100) A= 40 45
h, k 17 1998.210.017] 4.18 100. 0 _
H:0
T B PP 1.74 | 146.36 |145.64| i~
“|(SMEBATAA) |7 ' ' ' FTH
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