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(The system is able to reduce CO, to HCOOH with 99% selectivity)
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Table 1 Summary of photothermal catalytic CO, reduction reactor system and its operating parameters and characteristics
Reactor Catalyst Lightsource Operating parameters Results Ref.
. L CO,:H,:He=1:4:5 S(H_977%
Continuous ~ 21%Co/ALL,0; 1.3 Weem”™ Xe lamp T=20) LH 6,036 mmol - oo [35]
. I CO, : Hy=1:1 Sc0=99.9%
Continuous ~ 10Cu5Ga/CeO, 1.95 W+em” Xe lamp =20 mLemin” Yo =111.2 mmnl‘g_] 0 [36]
. ) 206 mL reactor volume 1441
Batched Bi,Sy/UiO-6 300 W Xe | Yeo=25. lg” +h 7
atche 1,5,/U10-66 e lamp Humid CO, (5% H,0) 0=25.6 pmol-g [37]
. . CO,:H,:Ny=1:1:3 gCH =83.4%
Continuous Ni/Nb,C 300 W Xe lamp =10 ml.- min”! Y _72 5 ol g . [38]
600 W Fresnel lens Humid CO
Batched  1.2%Cu@P25 : Y =76 g +h™!
atche lu@ condensing P=1.5x%10’Pa o 3 pmol-g [39]
S —99%
CO,: Hy: Ar=37:9:4 CH
Continuous Au-Ru/Ti0, 500 W Hg lamp 2 2 _lr LH =1.60 x 10 mmol * g “h' [40]
q=2 mL/min~ T=150 C |
YCH =243 pmol * g “h
Batched 2%Pd@SiNS 300 W Xe lamp CO,: H=1:1 T=170 C Yo=74 pmol-g ' +h™ [41]
10 W+em® ) ) o
Continuous Al@Cu,O supercontinuum fiber €0, : Hz_; ’ l_lgglo(émL mm Y=2.03 mmol-g ™' +h™ [42]
laser surface™
Batched IHZOSS{]';](\())VH))/ 2 W-cm® Xe lamp CO, : Hy=1:1 T=150 °C Y0=22 pmol-g'+h”' [43]
Batched In,05_/ In,04 300 W Xe lamp CO,: Hy=1:1 P=2.07x10’Pa Y(=23.883 mmol+g ' -h”' [44 ]
i CO, < Hyml : 4 qCH_IOO/b 1
Batched RuO,/STO 108 mW*em™ Xe lamp P=13x10° Pa T=150 °C Yo CH, =14.6 mmol g™ +h” [45]
XC()2—89 5%
e $00=99.87%
Continuous FeO-CeO, 2.2 W-em’ Xe lamp €O, : H, j}lr—IS $ 60 255 Y(=19.61 mmol-g™-h™' [46]
q=15mL:min~ P=1.8x 10" Pa
XC02=43'63%
Batched Ru/i-Si-o 2.47 W+cm® Xe lamp CO, : H2=1 14 Yoy, 28 mmol-g'-h™  [28]
CO,: Hy=1:4
Batched C-In,054_, 2.98 W+cm” Xe lamp : Yo=123.6 mmol-g™'-h”' [47]
330 mL reactor volume
Fe/FeO,@MgO- tH,: Ar=15: 12 Sepy =47.1 Sen =52.
Batched e/ (Xlli)@ &t 1.88 W+em® Xe lamp CO, Pz—l 81 1055 Pa60 > CH, X %—5() 1‘1‘705 o% [29]
2 - €0,
, , P,=2000 Pa  Py,,,=7400 Pa Y (=962 pmol-g™+h™!
Microchannel In/TiO, 150 mW+em” Hg lamp o T=100 géo YC(;l=55.4MMm01 ‘gg’] ! [48]
Y (=43.46 mmol-g™'-h™'
H, : CO, : Ar=30: 19.3 : 40.7 ’
Continuous ~ Co/Co-ALO; 500 W Xe spotlight ¢ 289 2r Lemi 9_. Y}, =39.42 mmol-g-h™ [ 30]
=89.2 mL*min 2
q N light to el =27.1%
Y=19.9 mmol g "' +h™
Continuous ~ SCM-Ni/Si0, 500 W Xe spotlight CH, : CO, : Ar=9.8 : 9.7 : 80.5 Yy =17.1 mmol+g ' +h™ [33]
M light to we=12.5%
=74.57 mmol * g_] h™
H,:CO,: Ar=29.15 : 2896 : 41.89
Continuous  Ni/Mg-ALO; 5500 W Xe spotlight ¢ 200 o Y} =69.71 mmol g~ “h' o [49]
q=90.36 mL* min
”T] light to fuel=32. 9%
) e s ) Yo=89.41 mmol+g'+h™
Continuous Pt/Co-AL 0, 500 W Xe spotlight CH, = €0, .8(?;_2%6 . 2,2?'7 HazT Y =75.6 mmol+g ™' +h™ [50]
=89.8 mL*min >
1 N light o wa=27.2%
Y x=6.0 mmol 'gfl -h!
CH, : CO, : Ar=10.2 : 10.2 : 79.6 ’
Continuous ~ Pt/CeO,-MNR 500 W Xe spotlight 4 2 ! L 0 YH =5.7 mrnol'g71 “h! [51]
q=120.5 mL+min 2
M light to we=10.3%
. o . 1n . Y =627 mmol g "' +h™
Continuous Ni/CeO, 500 W Xe spotlight CH, + €O, : Ar=9.8 1 10+ 802 Y}, =6.53 mmol-g™'+h™' [52]

q=120 mL+*min"'

MNiwna=11.1%
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Table 2 Mainstream reactors and their characteristics

Mainstream reactors Advantages

Disadvantages

Slurry reactor Reactants are well exposed

Fluidized bed reactor

Fiber optic reactor

Fixed bed reactor

Uniform catalyst and temperature distribution

High light reaction surface area

High reaction area, low reactor requirements

Low photo-reaction surface area, low light utilization
efficiency, difficult to separate catalysts in the recovery

process

Large container size and higher cost

Catalyst deactivation due to heat accumulation in optical
fibers, limited light transmission distance under side
lighting

Optical dark areas exist in catalyst-based film loading

Pl SERRARE, a4 PR

Photothermal reactor

Feeding type

Temperature control

Lighting method

[ Heating method ]

[ Temperature monitoring ]

Optical fluid control

B8 =
f_lﬁ (_lﬁ
[ Carbon dioxide + hydrogen j [ Carbon dioxide + ws-er] [Comi uuuuu ] [ Light-generated heat J lExteran heating ] { Thermocmlple] {Infnred cnmera] [ Light inlensily] [ Spectral range J [ ?

b channels;{ e }

K4 T CO LAY S 25873 2R B

Fig.4 Overview of the reactor classification for CO, photothermal catalysis
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Surface reactions
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Fig.6 (a) Light transmission to the photoreactor using optically excited optical fibers' ®'; (b) Surface reaction-driven conversion structure

inside the reactor; (¢) Tubular quartz reaction channe
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The State of the Art Review on the Photo-thermal Reactor of
CO, Reduction

TANG Wen-bin, ZHANG Zhi-xiang*, CHI Jia-sheng, CHEN Ming-xia, JIANG Zhi,
SHANGGUAN Wen-feng’
( School of Mechanical Engineering, Shanghai Jiao Tong University Shanghai 200240 )

Abstract: Photothermal catalytic reduction technology is one of the research hotspots for CO, resource utilization. The
design of efficient new catalyst materials is the primary element to build an effective photothermal catalytic reaction
system, while the development of a reactor adapted to the catalytic material to maximize the catalyst performance is
the key to the photothermal catalytic amplification reaction. This paper reviews the different forms of photothermal
catalytic reactors and discusses the influence of the key photothermal catalytic variables temperature, light, feed type
and operation mode on reactor design. The limitations, challenges of reactor design are summarized, and an outlook
for the technological development of photothermal catalytic CO, reduction is presented.

Key words: photothermal catalysis; carbon dioxide reduction; reactor design



