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Abstract: To address the limited understanding of the photo-thermal coupling effects and micro-
scopic mechanisms involved in solar-driven photothermochemical methanol steam reforming for
hydrogen production, a comparative study that compares the performance of photothermochemi-
cal reactions with thermochemical reactions is conducted, with the microscopic experiments com-
plemented. This study aims to examine the synergistic effects of light and heat in photothermo-
chemical methanol steam reforming and elucidate the reaction pathways of light and heat involved
in the microscopic conversion of the reactants. The research findings reveal that, at relatively low
temperatures, light has a positive influence on enhancing hydrogen yield. Compared to thermo-
chemical reactions that achieve the same hydrogen yield, photo-thermochemical reactions operate

at lower temperatures. The reason for the experimental observation is attributed to the facilita-
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tion of water dissociation, the generation of HCOO™ , and the decomposition of carbonate species

facilitated by light. The importance of water in the reaction is confirmed through experiments in-

volving varying water-to-methanol ratios. Furthermore, as the temperature increases, the promo-

ting effect of light diminishes under a fixed light intensity, which is primarily attributed to the

light’s diminishing influence on the decomposition of carbonate species with increasing tempera-

ture. The study provides a clear understanding of synergistic effects of light and heat, and analy-

zes the corresponding microscopic mechanisms, thereby establishing a theoretical basis for under-

standing the photo-thermal synergistic mechanisms.

Keywords: photo-thermal synergistic effects; methanol steam reforming; hydrogen production;

microscopic mechanisms
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Fig. 1 Experimental equipment of photothermochemical

methanol steam reforming
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Fig. 2 Schematic diagram of photothermochemical

methanol steam reforming system
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Fig. 3 Experimental equipment of in-situ infrared tests

2 ZERSHNE

PP o 3 rp R 1 R A NN
CH,OH + H,0 = 3H, + CO, (D
AR )M ) T & A7 R AR
EE 53 E (o) B3R (3D TH 5 R b b 25 A 44
2 RS RN, Y Mo B TR A
_ n(H,)
3n(CH,OH)

_ nl)(Hz) *nt(H2>
a = . (H,) (3

A n(Hy) R 7= AW EE /R It # » mol/min;
n(CH,; OH) 7~ B H i /% 28 /R i & mol/minj;
n, (Hy) Al n (Hy) 430 26 R e ik 28 F i 24 2 14
T EUSUBE JR I & S mol/min,
2.1 FHEEERH/HEAE

Tk F B E RN T2 S50 2565
VI RN R KB RSN R . 6B OR B RAT
BEAPL R PHOE » (G RS, (KT 48 1t 1) 4 R
290 8~18 kW/m’, S N ik FE i % € 5 I8 T i1k
FR) 3 R R B A R . CZA AR 7E iR
JE 150~300 "C A K 4F 36 M, 2 i EE it 300 °C
B A TR P SRR . TR A, — S AR R R — 4 fk
e FE Ao A 140 0 2 oD o A RN 4 R TBCHR L  B
RN IR EART 5, i T AHESE 0 55 H A R
b 25 RO Ak 2 B 1) P R, AN 5 B v Y IR L TR
IS R E AR R TE 150 ~ 240 °C . K B F A9 3
B R B AL K 5 B (D R Y EE L
S 1, R K A A A A ) b B
b AR5 R K 25 T AR BE 22 i i S TG I AR E
FEiE— b R S BB TRIR 9% . AR &
W, B AR 00 K B LU I 45 I AE 1. 6 ~2. 0, PR AR S ik
BEOKEE LR 1. 75 FE RARFRME T, FRAR R 1A F
TR0 IE 818 8l AH S AR 09 R g 2 {45 R OK 78
AR B RGBS N AR FE 4 PR AR BF 5 v R

(2




84 [N S R NI S %58 &

N R J135E 58 R # R (101 325 Pa) . AH G230 2 5 350
EIEE AT TR RE 1, 300}

1 R#MFFEIELEILAHK

Table 1 Parameters of photothermochemical methanol steam
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Fig. 7 In-situ DRIFT spectroscopy at different temperatures
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Fig. 8 In-situ DRIFT spectroscopy between thermochemistry

and photothermochemistry at 80 °C
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