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Fig.1 The cathode chamber structure: (a) has not been improved; (b)entrance improvement;

(c)improvement at the surface of the cathode film
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Fig. 2 Improvement method for cathode chamber: (a)inlet improvement; (b)film facing half circle

improvement; (c) film facing triangle improvement
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Fig. 3 Computational domain: (a)computational domain axonometric view; (b)left view
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Fig. 4 Partial flow field structure under inlet disturbance: (a) ~ (d) flow field structure without improve-

ment, 1.0mm semicircular wall, 1. 5mm semicircular wall, and 2. 0Omm semicircular wall at a velocity of 0. 05

m/s; (e)~ (h) flow field structure without improvement, 1. Omm semicircular wall, 1. 5mm semicircular

wall, and 2. 0Omm semicircular wall at a velocity of 0. 2m/s
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Fig. 5 Hydrogen peroxide concentration distribution under inlet disturbance: (a)~ (d)concentration distribu-

tion diagram of no improvement, 1. 0mm semicircle wall, 1. 5mm semicircle wall and 2. 0Omm semicircle wall at

0.05m/s; (e)~ (h) concentration distribution diagram of no improvement, 1. Omm semicircle wall, 1. 5mm

semicircle wall and 2. Omm semicircle wall at 0. 2m/s
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Tab.1 Mean hydrogen peroxide concentration on the membrane surface under inlet improvement

A H gt R F /mm 0 1.0 1.5 2.0
P 1 A EE / (mol/m®) 7.0764 3. 7777 5. 7490 6. 6446
T 2 B/ (mol/m?) 3.1220 3.2142 2.5833 4. 7100
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Fig. 6 Multiple barrier structure flow field on the cathode film adhering surface: (a) ~(c) flow field structure
diagram with flow rates of 0. 05m/s, 0. 2m/s, and 0. 5m/s when half cylindrical barrier is set on the film sur-
face; (d)~(f) flow field structure diagram with flow rates of 0. 05m/s, 0. 2m/s, and 0. 5m/s when triple

prism barrier is set on the film surface
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Fig. 7 Concentration distribution of multiple obstacles on cathode film bonding surface: (a) ~ (c¢) concentration
distribution diagram of 0. 05m/s, 0. 2m/s, 0. 5m/s flow rate when setting semi cylindrical barriers on the film
surface; (d)~(f) concentration distribution diagram of 0. 05m/s, 0.2m/s, 0. 5m/s flow rate when setting trian-

gular prism barriers on the film surface
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Tab. 2 Mean hydrogen peroxide concentration on the membrane surface

under multiple obstacles on the membrane surface

WH/ (m/s) 0.05 0.2 0.5
2P [ 254 P () & B / (mol/m*) 7.7509 5.7219 2. 8674
SRR AEEE Y P I/ (mol/m*) 7. 3097 4. 0683 2.7488
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Fig. 8 Device components
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Fig. 9 (a)anode chamber; (b)cathode chamber
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Fig. 10 Cathode film: (a)gas diffusion layer; (b)catalytic layer
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Fig. 11  (a)physical diagram of experimental device; (b)connecting physical diagram
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Fig. 12 Schematic diagram of the principle of cathodic membrane reduction method for preparing hydrogen

peroxide (upper: acidic system; lower: alkaline system)
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Tab. 3 Concentration of hydrogen peroxide in cathode solution at different time

periods under different structures and flow rates(unit: mol/m®*)

5y Wk 1h 2h 3h 1h 5h 6h

) 0.05m/s 14.77 26. 85 37.58 46.98 57.72 64.43

PN $iinaay o]
0.20m/s 16. 11 26. 85 38.93 51.01 60. 40 71. 14
0.05m/s 16.75 31.41 43.98 58. 64 69. 11 83.77

[ 254

0.20m/s 23. 04 35. 60 48.17 62. 83 75. 39 87. 96
. 0.05m/s 16. 75 41. 88 62. 83 83.77 102. 62 121. 47

=Wk gEH
0.20m/s 23. 04 43.98 62. 83 75. 39 85. 86 92.15

F4 ARG B AN IR IR 4 I [ B 1) o 80

Tab. 4 Current efficiency at different time periods with different structures and flow rates

45 I 1h 2h 3h 4h 5h 6h
0.05m/s 69.07%  57.20%  54.96%  53.67%  50.52%  49.27%
PN iy o]
0.20m/s 63.38%  57.23%  53.07%  49.43%  48.27%  44.62%
0.05m/s 71.84%  66.93%  62.08%  61.69%  57.79%  58.00%
[ 4544 h
0.20m/s  89.80%  75.86%  67.99%  66.09%  63.04%  60.90%
s 0.05m/s  71.84%  89.24%  88.68%  88.12%  85.81%  84.10%
=W
0.20m/s 89.80%  93.71%  88.68%  79.31%  71.80%  63.80%
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5 MOEGH G A G S5 R AN TR I 38 B S B[R] B T T A AL AR VR B 25 (PR mol/m?)
Tab.5 The concentration difference of hydrogen peroxide produced by the modified structure and

the unmodified structure at different flow rates at different time periods(unit: mol/m?*)

e ] L 1h 2h 3h 4h 5h 6h
) 0.05m/s 1.98 4.56 6. 40 11.66 11. 39 19. 34
P B 454 5 R U A5
0.20m/s 4.83 8.75 9.24 11. 82 14.99 16. 82
o 0.05m/s 1.98 15.03 25. 25 36.79 44. 90 57.04
SERHE 5 R UGS
0.20m/s 4.83 17.13 23.90 24. 38 25. 46 21.01
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& Eoit-02
a— VB H-0.05
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Fig. 13 Time dependent curve of hydrogen peroxide concentration under different conditions

2.2.3 SRS

A o X 5 56 AR 9 Xk EE 55 23 T A e B Rt % P A [ B R R A5 A A Y A T SR T A
ST B S R ) A AR S A U R e 2 R A I R ) A R R B AR AR R ] 2 ki
S5 ) £ B o A A S B AR T OR AR A R L S b i e SR A U A B TR R WL 5. DAIAT 13 AT
VL H B I 2540 25 Ve BE G & TR BOE 454 [ ) b 45 2R 5 BB B 400 P 7 25 SR A — B0 g — 2D T
I K JBE R 30 97 7 o e U R 22 AR A SR I B e T Y B
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66 WL LA 1 Ak A

Tab. 6 Hydrogen peroxide concentration at the end of 6 experiments

25K E N g ) 2F [543 4 Y Y = S ik )
Wk /(m/s) 0. 05 0.20 0. 05 0.20 0. 05 0.20
WeE /(mol/m®)  64. 43 71. 14 83.77 87.96 121. 47 92.15

3 #ie

R B S 3 itk PR LA T Uy A 7l TG o i 2 4 [ e 45 00 a5 T 6 52 SR T o (H B A I3 Jk B AT
A TR 3 R T 5 B R A2 B BR A o AR SO R A0 25 45 R R O Y A S O e R R A S
HAEE G B T7 Bk 1 ik — 25 DA B AR B D ik 14 ] A

(1) B 28 5 K ) 80 T A o3 /A% O 3 05 ) o 2 o 58 T ok 41 S0 B2 1 i T LG A B B B i A
JE.

(2) S8 1 B0 A0 IR0 14 A2 A 249 T L2 Wiy i S A S e B A L5 ) 4532 ARG T 30 T 7 B/
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(3) P i i 4 5 B0 AR A S A 3t 3 3 O A R A AT 52 ik S A S 7 B 2 A o (5L 3 3 AR 2 5 )
Hh T DT 52 00 3 1 e S A SR T

L5 LA R S5IE  NSE PR A R o A B AR S o i AR Al SR e A L — O TN 2% A AT S L Y
Rgi@m/ﬁl%,})&ﬁﬁﬁml_ﬂ% SRR 5 93— 0 T TSR A B 25 4 A 0 A M) T B A R T Ak A
SE R R » DA AE R — 25 ik 4 1 S B0 0 BRF  2E T i g o 4T SR AR 7 R0
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Simulation and experimental study on the effect of
flow field structure on hydrogen peroxide production

GUO Yaoxuan, XU Xianzhi
(Department of Modern Mechanics, University of Science and Technology of China, Hefei 230027, Anhui, China)

Abstract: The cathodic membrane reduction method for preparing hydrogen peroxide involves the
generation of hydrogen peroxide through a two-electron reduction reaction of oxygen on the cathodic
membrane. When the reduction reaction of oxygen occurs on the cathode membrane, the accumulation
of hydrogen peroxide, a product of the two-electron reduction reaction, on the membrane surface will
inhibit the subsequent reaction and affect the preparation effect. Therefore, suitable working
conditions need to be selected in production to improve the preparation ability. Change the structure of
the cathode chamber and the flow rate of the cathode liquid. and analyze the flow field structure and
hydrogen peroxide concentration distribution under corresponding conditions through numerical
simulation. Screen out the structure and flow rate conditions that are conducive to hydrogen peroxide
preparation, conduct experimental verification, study the influence of the cathode chamber structure
and flow rate on hydrogen peroxide production, and propose a more efficient plan for hydrogen
peroxide preparation, this provides further theoretical support for the industrial process of preparing
hydrogen peroxide by cathodic membrane reduction method.

Keywords: cathodic membrane reduction method; flow field; current speed; numerical simulation;

concentration distribution



