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Table 1

B R A G A G R IR ] 40 Wekg !, T 5 Fp
Ykt AL M AFAETE ¥ B AN L 128 mL S50 =
G ZEAE N o X — 2 BRI, 0T BE & A RN #R R
L, e 2T BN R 5 L 5 R 1 e
BEAI 78 50 22 4 AU PFAl Hh i %) A, LA
TN BRAR T A R 28 T i 0 S B B s R LU
o F1hn o & L (ARC) k], HA I B — R
0.02 C-min™'c § ARC WY TEPEH + 2 2.5 B, ¥ BHE
e A SCRES  VREE CR B X 7 3R B ) T 1 7 ARG R
0.05 °C-min™", X T A HE 2 Tl Aifh 7 1) 15HA ik
UL, o T 0O 2 4, 38 5 T BB 4 $A 5 i BOGR B
TR TR AIC 50 °C, AR b 28 45V i i B B A

Heat dissipation rate in tanks as reactors and storage vessels

vessel, temperature difference 30 °C, 80% fill level of reactor(with cooling jacket,

storage vessel(without cooling jacket,

water U=250 W-m™-K™',70% cooling area) U=11 W-m™-K™',100 % cooling area)
size v/l A m coolin% capacity cooling fate coolin% capacity cooling fate
1% /W kg™ /°C-min”' /W kg™ /°C-min”
test tube 0.01 ~224.5 1473 21.13 1.33 93
beaker 0.1 ~104.4 684 9.81 0.62 43
flask 1 ~48.4 317 4.55 0.29 20
small reactor 500 ~6.09 40 0.57 0.04 2.5
reactor 2500 ~3.55 23 0.34 0.02 1.5

I 2RI A R A R T RN AR (10 pm~
T mm) # Tolb B RCAS G I #8448 i P — e o 1~
30 mm, HoE 0 A FRUA 2 T AR AR XA R DL Yl
T8 X BN 0 B R R R AR A T 133~4000 mT'
ABEGE R M AL T E N BE OB L R B R
500 Wem™« K201 5575 31 5 1 X R B 2 ) 1% A R
W& 2 R o AT UL T8 2SN BE 6% 55 B R A 2000~
60000 W kg™ YL A8 5 Tl ) 48 =X e v i (L
B PGH RO B AR 20~40 W kg™ Y ) A L, =X
IV A ) HCHAGH R R T T R 2 B 3B L BB

F2 A T

Table 2 Heat dissipation rate of channel reactors

tubular reactor, static cooling rate,temperature difference 30 °C,

overall heat transfer coefficient 500 W-m™-K™'

cooling capacity cooling rate

D/ mm —/m _ _
% /W-kg™! /°C-min”"
1 4000 60000 860.8
5 800 12000 172.2
10 400 6000 86.1
30 133 2000 28.7
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Fig.2 Cooling curve within a batch reactor or a tubular reactor
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Fig.3 Simulation results of temperature change in thermo-

physical cooling process of microchannel reactor
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Fig.4 Simulation results of heat transfer process for physical

constant heat production in a microchannel reactor
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actor(should be less than 10 min)'*
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Table 3
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Reaction kinetics parameters for assumed half-lives

reaction  AH,/)-g”  E /kl'mol” In(A) noot,/s
1 200 112.7 36.45 1 180
2 200 100 36.45 1 1.5

FEAS B 5% op BT S AN B Y RN AR B R
200 J-g ' BRI N 2 ). g7 - KT BRI B AT A A A
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G N, A 4R v R N PR 2 g S e (H R 2 R I R
wb Pt AT AE £ BN R 6b T 7S Y 2 B T Ta) A
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H YRR EE I 50 CHeE [ TF 3] 149.6 °C, RPAE 9 41
K 25 38 99.6 °C, 3% — J B 06 {E HH B 7E 0 01 a4
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99.75 m 4 il HUE HR ¥ 1Yk AN B Kk AR AT AT R o
AHEE T 3 min 22 52 109 0% 5048 R 8 1 1 L, PR R
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Fig.6 Variation of temperature and solubility of a reaction with different half-lives into a channel reactor (a. half-life of 3 min,

b. half-life of 1.5 s)
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Fig.7 Validation of common measures to improve the temperature problem of adiabatic temperature rise reaction
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Fig.8 Variation of temperature and conversion rate of the re-
action with different half-lives into the channel reactor (the
solid line is the temperature and the dashed line is the conver-

sion rate)
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benzene from chlorobenzene
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Table 4

synthesis of dinitrochlorobenzene

Half-life of four target reactions for chlorobenzene

reaction k1 k2 k3 k4

T/C 25 25 85" 85"

tnls 9.5 4.2 129 >240

Note: 1) 85 °C is the highest temperature for the adiabatic temperature rise

reaction of k1 and k2 at 25 °C.
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Fig.13 Simulation results of the channel-based secondary ni-

tration of chlorobenzene with 3.1 dilution of sulfuric acid
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Thermal Safety Risk Assessment Method Based on Critical Reaction Half-life for Continuous Flow Reactors

SHENG Min', TIAN Jun-jun’, WANG Fang-fang', LI Wei-ye', WU Zhan-hua'
(1. Reactive Chemical Safety Center, East China University of Science and Technology, Shanghai 200237, China; 2. Institute of Chemical Materials, CAEP,
Mianyang 621999, China)

Abstract: To better evaluate the thermal safety risk of continuous flow reactions, a study was conducted using a tubular reactor
as an example. By constructing a reaction system model based on heat balance and material balance, the actual heat transfer
and thermal safety risk of continuous flow reaction systems were investigated. To address the adiabatic temperature rise reaction
phenomenon at the inlet end of a channel reactor, a method based on the critical reaction half-life was proposed as a criterion
for thermal safety assessment. Two major reaction conditions with high thermal safety risk were identified: when the total heat re-
lease of the target reaction is greater than 800 J-g™', and the reaction half-life of the reaction at the reaction temperature is less
than the critical reaction half-life; when the total heat release of the decomposition reaction is greater than 800 J-g”, and the re-
action half-life of the target reaction at the reaction temperature is less than the critical reaction half-life, while the reaction
half-life of the decomposition reaction at 100% MTSR(maximum temperature that the process reaction can reach) is also less
than the critical reaction half-life.Furthermore, the accuracy and practicality were verified through the nitration reaction of chloro-
benzene, and the results show that an explosively decomposition reaction could occur in the channel reactor under these condi-
tions, thus confirming the high-risk thermal safety conditions of continuous flow reactions determined by this evaluation method.
Key words: channel reactor;heat transfer rate;adiabatic temperature rise reaction;reaction safety risk assessment method ;decom-
position explosion accident
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