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Abstract: This study investigates the mechanism of concentrated light in the photothermal CO,
methanation process using a highly reactive Ni/Al, O, catalyst with excellent photothermal con-
version characteristics experimental investigations were performed under concentrated photother-
mal and thermal driven conditions to shed light on the reaction mechanism. Apparent activation
energy tests, temperature gradient experiments and time-resolved in-situ diffuse reflectance infra-
red spectroscopy experiments were conducted, to gain insights into the process. The results dem-
onstrate that the photothermal-driven process outperforms the thermal-driven process, exhibiting
superior catalytic performance at the same temperature. Remarkably, a Ni/Al; O; catalyst contai-
ning 15% mass fraction of Ni achieved an impressive CO, conversion rate of 86. 8% at 350 °C un-
der the photothermal-driven condition. Notably, the photothermal-driven process required a 25°C

lower temperature to achieve the highest CO, conversion rate compared to the thermal-driven
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process. The apparent activation energy of the photothermal-driven process was reduced by 25 % ,

and the concentrated light-induced temperature gradient further enhanced CO, conversion. Time-

resolved in-situ diffuse reflectance infrared spectroscopy experiments showed that concentrated

light improved CO, adsorption on the catalyst surface, promoted the transformation of key inter-

mediates, and enhanced the reaction pathway of CO* to CH,, thereby enhancing CO, conversion

at a microscopic level. This study provides valuable insights into the role of concentrated light in

CO, methanation driven by concentrated solar energy, shedding light on the underlying mechanism.
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Fig. 1 Schematic diagram of the experimental system in

this study
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Fig. 2 Characterizations of Ni/Al, O; catalysts with different

Ni mass fractions

FE b G R — e B b kg T HOE AP
I 52 N2 PERE . F I 2Ch) T AN ] o (ND 5 281
FE L AE 22 Ah AT DL RD 2 A1 DX 38 2R B0 S AR S 1 O
WA Xt 2 VI IR 490 oK 465 Ja UK 1) S AR AIE . ot
Hb L BEAE NI B30 3 O, R R O Y W At 3 i
Ak, B 2(o) R TR M AE—196 C Hid %1
Ny 45 U W Rt BRF ottt 2k 5 e iz it 2 E 345 21 B9 AS [R] B
5 BET(Brunauer-Emmett-Teller) 22 10 L E 371
TR 1. MR 2o PARXTE J1 2 0.6 LA _E A9 9]
MR W] T AR P AL AR R X B R R v-ALO;
MRS AFLBR AR AR B 2( D 45 T R [ AR &k
IFLE TGO, nTRLR B B Ni 8 ik,
FE b 10 L R T AR LA B W R /N X 2 T RE e T
Ni KBRS v-Al Oy B Z 18] 77 7 5058 19 A B AR
M HAAEUR N gOKBURLE 28 1 4R S b 7R 2 b fL .
HL R 5 55 B9 1A BT SO R 45 SR 4 R A N
bR Y AR AR AR B AR 1R,
A1 AEACH AT B B AR A B TR A R AL
M X Ao N, B4 M R AR/ B 09 25 R
Table 1 The results of the characterization of catalysts by
Inductively coupled plasma optical emission spec-

trometry and N, adsorption

w(ND /% BET b2 i 2
Hx 52 bR /(m? « g™ h)
5 4.89 134. 284
10 9.91 124.554
15 14.78 119. 717
20 20. 04 114. 409
2.2 “EHBRPRAIRER

AR SCAE AR B AR B 26 15 350 I 3T A [R] i
P EC NI SUBRE ) CO, W e AR PERE 25 R an Al 3




501

FT7R o 4 Ni (9 6 288 i — 8 i), Bl 5 50 i 19 T
151, CO, Fe Ak 5e 4 KB IS 1 4 387 2% e A A BR
LR M. CH, B £ CE i b CHL B9 /5 B
P 375 C IR W /N . 3% & B A I R A I
AT 2 AR e Ak O 1 4T L AR A2 3l ) 2
BRI, CO, B bR Bk, bl & IR B0 T, 3h ) 2
15 2 B H AT 2 2 B H4 & A i KR AR
B A 43 CO, B4 2 M CH, S®EMER A T T
W . ZEAH TR SN i BN L BEE Ni 6 it i3 oK,
CO, Fefb R B I R HU/NEHE . w(ND R
15% /9 Ni/AL O, 8 £k 71 3 80 1 f A3 1 B 1 P g
JeIIR Bl R AE 350 °C B} CO, $5 /LR 1l 3k 86. 8% .
& T, B A B4 3G K, BN I R 6 a2 Y
Z RH#HET CO, Mk, M wND#F— LK E
20 Yo Bf o S MR R B L 3X RT RS2 NI 44K UKL & A
T ARG (AT A B

100 Rl tabiath STEeD cIEEE ToCE Y TESP SOPMD 100
___________ —_—
8o f — 480
* *
5 60 f {602
= ¥
% b —— AgEcofiex [0 R
8 —— HIRENCO, B 1% 5
2 -—e— LIRS CH, ik #4PE 0
} -—o— HUKA)CH ik 4P
== IV
0 e e S S, 0
250 275 300 325 350 375 400 425 450
g/ C
()w(ND K 5%
100 pm- @@= m @ @ m @m0 s e 100
______________ .~ =
80 F 80
S e
i 60F ) 160 <
! —— LIRS CO ik f—;
® 4ol —a— UK EHCO, 541k % 110 :Q
S ~—o— L AIRSCH i P e/
56 == HUKZ)CH L HE I 50 ©
— = TP

P N
250 275 300 325 350 375 400 425 450
R/ C

(B w(NDH 10%

80

© , *
0 FT —— Ao E {60
3 —— HUEECO S L% i
R —e— SEMUREICH AR YE {40 5
© -—e— HIKFICH e ##E ©
20 == BT 20

0 \ ., , 0

250 275 300 325 350 375 400 425 450
g/ C

(0)w(NDH 15%

http: // zkxb. xjtu. edu. cn

ML L 45 < RO K BA B 3K 8 — A ik Y ot Ak 55 30 3F 5% 93
100 ot i A ittt St ST D R 100
80 F - 480

L gob— Joo &
5 ~ ymmsicogeiex |0 £
& —— MIFNCO,FAL K ]
= e eraEicH et 140 T
8 -—e— HIKFICH JE o
207 == BT 1%

(2)50 2;5 3(.)0 3.25 3.50 3I75 4I00 4I25 45%
T/ C
(Dw(ND K 20%
3 AR w(ND ) Ni/ Al Oy fHE A6 75 A 7 i T Ot 84 K
TR B iy — AR TP B Ak 1 g
Fig. 3 CO, methanation performance under photothermal and
thermal-driven conditions at different temperatures on

Ni/Al; O; catalysts with different Ni mass fractions
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Fig. 6 In-situ DFTIR spectra of CO, adsorbed on Ni/Al, O

with Ni mass fraction of 15%
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Fig. 7 In-situ DFTIR spectra recorded at different tempera-
tures during CO, methanation on Ni/Al;O; with Ni

mass fraction of 15%
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