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Risk assessment of hydrogen peroxide production technology by using

anthraquinone process based on dynamic Bayesian network
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Abstract; In order to reduce the risk of fire and explosion caused by the anthraquinone process for
preparing hydrogen peroxide, a risk assessment was carried out for the extraction and purification process,
which is a more hazardous process in the preparation of hydrogen peroxide by anthraquinone process.
Firstly, hazard sources of this process were analysed and a fault tree model was established through Freefta
software. On the basis of this fault tree model, a dynamic Bayesian network model was drawn using GeNle
software. Secondly, expert scoring method and fuzzy analysis method were used to calculate prior
probabilities of basic events in the model, and GeNle sofiware was used to calculate posterior probabilities
of basic events in the model under the set preconditions. Eventually, by comparing change range between

prior and posterior probabilities, important basic events were determined, hazard sources causing fire and
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explosion were revealed, and emergency response technologies were proposed. The results show that four
major hazard sources, including pollution caused by degradation products and impurities, generation and
increase of side reactions in process, catalyst failure and active chemical properties of hydrogen peroxide,
have great impact on fire and explosion during extraction and purification process. It is more effective to

develop emergency response technologies for important hazard sources from the perspective of preventing

fire spread and liquid evacuation.

Keywords: anthraquinone process; preparation process; hydrogen peroxide;  dynamic Bayesian
network; risk assessment; fault tree; emergency response technology
o 3| = TERBGER G2, 2Kk % Y 2 ME ik
=]

TR IE AL T Rl & R, SR KA — gt
AT ARz, HR, ik R R A
FREEUK T EAF AR T T A5 R ] sl )
e ol O TN 1 A A S N
2023 4 5 7, IIAREPE 3T X AL SR BBUAEUK AR 7= X
R R R, T R 9 ABETS 1 A T
AEYE B RCEK RS 45 R R, 12% I Rk
S ARG TR SR I B R R

i IR 35 1) 5 DUEUK T2 1 i, IR A % T
B RPE R T T2 KU PEAG 5 3 T R 2k 4
ARBIFTHE, ZERRL D TR kA R K i
G% FE IS PR R BB A P sl R A R,
PTG 2 A7 B2 () £ B 43 BT LR VR A7 AR O B R
TR HIN T2 ERREE 5 A GE AL PREE 2 J7 T IE
W BRI SR R R ZE TR T 2 fa b v i L ik 1
JREFF T2 RS PF-Aly 2 5 T By 1) A AL F- B, ZE
DB GRS T BRSO M2 48 R kA

5 T HEEDE SRR B IEAl 2 FhOSUSEUK i 4 T
Lo XLV T LR AR AR A IF BT PRI
K w8 TSRS TS A A R e B ) 24
PR , 2255 TR ] R 3R 2% Bl FRR S R XA
Kl T LR B, AU, 5 ol 3% ok
FAE R S A2 T N 2 B AR AR,
AT A A R KU A AN, X 2 i T By
WEEMAGT . — FR S AR AT RE S & M
(¥ 22 Kt RE BN

PRI, 2825 0008 FH RS TR A M AU A 7
TEAZ A A E ARG IR, IR X A B YR el e
AL BB USROS K i 6 T 28 K R g M
O AR R

1 EERZEIZRE

ENRERAFERE D JRRRBOT (AL, BT
R, RS AL R AERUSE R AL BEAE
4 TETJF, AL mE 1R,

[
i
| A
!gq T -
|
A a1 (U
AL
1. ST 2| SHTR
= 4, FRETRE 3. SIS TR
«
e THERALE R ;
THEW
P > THHE N
~ 7K
=2 R
Myt o ‘FQ EATe
o/
@ AL
! R Rl !
o S, A
E1 EEREHENEKkIZRE

Fig. 1

Process flow diagram of hydrogen peroxide preparation by anthraquinone method
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Tab.2 Summary of experts scoring and prior probabilities
X E, E, E, E, E, E, E, E, E, E, Y
X1 L L L VL L VL L L L L 7.80x107°
X2 L VL L L L VL L L L VL 7.20x107°
X3 VL VL VL VL VL VL VL L VL VL 5.90x107°
X4 VL VL VL VL VL VL VL VL VL L 6.01x107°
X5 L M L M M M 1.36x107
X6 VL L VL L L VL VL VL L L 7.20x107°
X7 M VH VH VH H M H 3.40%x107°
X8 VL VL L VL VL VL VL VL VL L 6.10x107°
X9 M M M H H M H H 2.35x107°
X10 L VL VL L L VL VL VL VL VL 6.30x107°
X11 L M L L L M L VL L L 8.90x107*
X12 VL VL VL VL L VL VL VL L VL 6.40x107°
X13 VL VL VL L L VL VL VL VL VL 6.10x107°
X14 VL VL VL VL VL VL VL VL VL VL 5.80x107°
X15 VL L VL VL VL VL VL VL VL VL 6.10x107°
X16 M L L L M L L M L 9.60x107°
X17 L M L 1. 04x1072
X18 VL VL VL L VL VL VL L VL L 6.30x107°
X19 VL L L VL VL VL VL L L VL 6.70x107°
X20 VL VL VL L VL VL VL VL VL VL 5.90x107°
X21 VL L VL VL VL VL L VL VL VL 6.23x107°
X22 L L L M L L L L M 9.02x107°
X23 L VL L VL L L VL VL VL VL 6.40x107°
X24 VL L VL VL VL VL L VL L VL 6. 60x107°
X25 VL L L L VL L VL L L L 7.40x107°
X26 L L VL L VL VL VL VL VL VL 6.30x107°
X27 M M H H M M H M M H 1.90x107
X28 M M M M M H M H H M 1. 87x1072
X29 L L L M L M M L M L 1.00x107?
X30 VL L L VL VL VL VL VL L L 6.90x107°
X31 VL L L L L VL L L L L 7.70x107°
X32 VL VL VL VL VL VL VL VL VL VL 5.80x107°
X33 VL VL VL VL VL VL VL VL VL VL 5.80x107°
X34 VL VL VL VL VL VL VL VL VL VL 5.80x107°
X35 L VL L L VL VL L VL VL VL 6.30x107°
X36 M H M M H M 2.05x107°
X37 L VL L VL L VL I VI VL VI 6.40x107°
X38 VL L VL VL VL VL VL L VL VL 6.20x107°
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Tab.3 Transition probabilities without maintenance

L+7 N DS1 DS2 F
N exp [ = (A + A, +A5)7] 0 0 0
A,
DS1 m{l—exp [=(A, + A, +A)7]} exp [ = (A, +A4)7] 0 0
As Ag
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Ay 2
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Tab.4 Transition probabilities of moving nodes
X Ay A A Ay As A X Ay A A Ay As Ag
X4 0.09 0.57 0.48 0.27 0.53 0.28 X20 0.10 0.62 0.57 0.28 0.56 0.30
X8 0.01 0. 66 0.73 0.29 0.59 0.32 X32 0.10 0.63 0. 60 0.29 0.57 0.31
X12 0.10 0. 67 0.89 0.30 0. 60 0.33 X33 0.10 0.63 0.62 0.29 0.58 0.31
X13 0.01 0. 60 0.69 0.29 0.59 0.32 X34 0.09 0.59 0.51 0.27 0.54 0.29
X14 0.08 0.53 0.40 0.25 0.49 0.26 X35 0.10 0.67 0. 86 0.30 0.59 0.33
X18 0.01 0. 66 0.78 0.30 0. 60 0.33
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Tab.5 Posterior probabilities and relative differences of events

X G Z X G Z

X G A X G Z

X1 1.09x107% | 0.40 X11 2.30x107% | 1.58

X21 | 9.70x107 | 0.56 X31 1.40x107% | 0.8l

X2 | 1.03x107% | 0.44 X12 | 1.03x1072 | 0.62

X22 | 2.92x1072 | 2.25 X32 | 6.10x107° | 0.06

X3 | 7.20x107° | 0.22 X13 1.10x1072 | 0.80

X23 1.18x107 | 0.84 X33 6.10x107° | 0.06

X4 | 7.16x107 | 0.19 X14 9.61x107 | 0.67

X24 1.43x107? 1.17 X34 6.10x107° 0. 06

X5 1.57x107 | 0.15 X15 8.85x107° | 0.46

X25 2.18x107° 1.95 X35 1.22x107 | 0.94

X6 |2.01x107° 1. 80 X16 2.48x1072 1.57

X26 1.50x107? 1.37 X36 7.32x107% | 2.57

X7 | 8.10x107 1. 40 X17 2.67x107 1.57

X27 5.89x107% | 2.11 X37 1.52x107° 1. 36

X8 | 7.90x107° | 0.29 X18 1.32x107° 1.11

X28 6.01x107% | 2.21 X38 1.33x107° 1.15

X9 | 7.09x107 | 2.02 X19 1.42x107? 1.11

X29 | 3.96x1072 | 2.96

X10 | 1.67x107° 1.67 X20 1.03x107> | 0.76

X30 1.52x107° 1.21
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