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Research Subject: The conversion of anthropogenesis CO, gas into
value-add chemicals known as solar fuel technology attracted much
consideration from the beginning of the 21st century owing to the
potential of this technology in solving the climate change and energy
shortage issues.

Research Approach: In the current study, Bismuth and copper
modified TiO, were prepared using sol-gel and wet impregnation
method in order to investigate as a catalyst for photocatalytic
conversion of carbon dioxide into renewable methane.

Main Results: The results of X-ray diffraction analysis, Field emission
scanning microscope images and Transmission electron microscope
images demonstrated that titanium dioxide nanoparticles with 20 nm
in size were synthesized that after the addition of bismuth, the size of
particles became smaller. Also, using energy dispersive x-ray analysis
and elemental mapping technique, it was determined that the bismuth
and copper were uniformly inserted in the prepared nanoparticles.
Diffuse reflectance spectroscopy showed that the bandgap became
smaller in bismuth and copper-containing samples, which resulted in
visible light absorption. In addition, photoluminescence spectroscopy
showed an impressive decrease in the rate of electron-hole separation
in the prepared nanocomposite. The result of CO, photoreduction
experiments revealed that the incorporation of 3 wt% Bismuth
and 1.5 wt% copper into the structure of TiO, would increase the
amount of methane production to 7.6 times greater than bare TiO,
This superior activity for methane generation could be related to the
ability of bismuth compounds in adsorption and activation of carbon
dioxide molecules and also the efficient separation of charge carriers
given by copper. Additionally, the smaller particle size and increase
in the surface area had also a positive effect on the CO, reduction
enhancement.
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Figure 3. The scanning electron microscope images of (a) T, (b) 1.5CuBiT and (c) transmission

electron image of 1.5CuBiT.
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oS A sl A ¢TI0, sl 4 Sgens
slras,o ;0 Saemus el 035 (59 dmo 0 ¥ Ll
o oyt 5 (35,8l (S 55k sl 65510 4 YU
= o2y Sa ST g0 slalooly as 09 o

RN
o= adsi FBIT o0 e 50,5 m—uili 31 ey
NUF ANEF oy e ol ade Jlade S 9—oy
=l ] IV IT OIS B W C)l_,a‘ sladiges
sl o gloanlid ol 18 ue a5 a0 o lid

S sle iolesl sl eslaiul U e pviman [YAYA]
S de—eST 63 9 595U 9 Sg2g poe Ll 4 o
3l STy o oad ader i g 00 el 1SS
ol 00l Jols jauST) d ol o)ly 1 Sa ST 60
oiSTy celiw Ve 5l sy e 0 dgr laas (A) JSi
adgi e a2 e i 1y S e ST g0 sl
yo—a> ;0 sl aJg i a s e ia S, 5
3l ss 9oy 0 9 ) Ly el Sy 55 5 (a5 TIO,

oy = (oo (o 60,15 G (gl ol Ay G (SABgR (oole allad AY


https://arcpe.modares.ac.ir/article-38-41281-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-15 ]

w ol a4 (S ST (65 Il g8 L]

CO:

CHa

H:0

C

O:

VOCUBIT o jsrsls lawgs S o (59 sleml solgity ,55l0 4 JSC5
Figure. 9 Proposed mechanism of carbon dioxide reduction using 1.5CuBiT composite.

G5 ami ¥

BLIT O N—we) l_> 03—% g,‘_>9_0.» TIOY Ao )9_b -
b Jidw gy e m R U e e (g sl
@) S ST 60 (Sl 5358 sl (gl 5 0as
Ogomns jl 559 dmo ) ¥ as aoiols lis mols ol
30 6,51, slaiolesl 5l oola ol L o eols 04—go
Ot oo 3l =59 Sy VD aS 0l et i Colyd
Syl SanST e sbal ol anJblgis8 o ) Slae
Loy oo ol TIO, a5 V,0CUBIT ioags ol )0
Wl oo 3100 )0 VD g Sge jl Si9 a0 0 ¥
S 1 Jomeg e Y+ 108 Lite ades 05l any il
oS de—ST s lanl slassee 5l JLsd 5 0aar
G5 ol L (S ST (63 Gz 1 odle Sigainy
Lo ol ol 5l asle poilind 5 5T slopsl 3545
g gn i Jlad slaciadge ioldla a4 S
95531 3 oy oilipnglgish b A 8lS ¢y e
035 ;L el (gilwlaz S5 Sl oo 5 Do
6o B ol 6 G loyamg Layg SIS
5o u,»;..\.:_wﬂ 6 sl ool 4 S o g0
Sg—d el TiO 5l iy b—ws V,0CUBIT

Lg 9 ob)_f J._Q.C s)tl}'_w O9y° 4= °"\59—‘i">)‘9 O yg—o Ao
=S b = pealS A L sl s lail sls 4
‘é_f)/l; 6_:l;|9; O (e S S o)_»—ujrs.”
Algd oo oS T L0l Sa ST g0 Cds o
Lo yg,nSdl adlos a p-n g LS Lwg 2o slool L
S8y Sa ST 6o szl oojls g o0, 5 WS
99 o S iiee Jmad jo LSl g ie e ) aa
%0 9 (TI0, Ll o) g9 51 (56 blw ) 4o
Loy ,nSdl Jlaslan aS 0-i (o JoSis (CuO) p g4
a TiO, 3l Lse o> JL &l g TIO, 4 oo auuST 3
il i el d s 0e oo porie (eeduS|
PSS sl oy o d s oa i ol L
gm0 Ay eS| C > 0] 0 0 S e S
oylg b ¥V il oo, 5 Jae SaS e bl g6
S 5358 (555 y— S ST 50 slem! 55
00 w5 (V) S5 )0 gty ol 5o 0ad cola
K ‘53_»....”;{59395 sl Lg‘)_g ‘:_15)519 Aol
Pl = opdle Sl (oo SmndBl 9398 (S 0S|
Sl s sl (595U oly 5 o 2155550
Lrv] acsl aals o SaasT oo sl g s3lw Jlsd
TIOY 9O M0 9 O g aaJlas u_:‘ B ‘l:_u:‘) Oy 40
d mmli =l wea ) oS ST oo sl 6l—
et 05 7l g Sgen 43,5 3l 0dal Cwd
sy 003l TIO, yau—isn oo Lo cnl ailgs
3o Gl o5 Joeg SeaV + 108 a4y YIVF 51, e
A oS oSt 60 Jmald j0 guie—b),l o sl ws a S
S99 Q—" ‘_> 05_,.,.: s ad °‘>5}—é‘ u»))| L: 0‘9_4
=SS0 (Gl g8 Lol o3jls j5n
9 Sl by Sl s B sl s sla 55Ul (g,
L 5 oms @bl 559 angs 4 5L (ligen
D08 852y Ay as Cd g ddei gl YL 2ol

QY ok - ood ol 60015 o gy sl A o (Audgdy (oole aolidiald


https://arcpe.modares.ac.ir/article-38-41281-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-15]

e a (S 9S50 (il 5358 L)

&=l

[1] Cook, T. R, Dogutan, D. K., Reece, S. Y.,
Surendranath, Y, Teets, T. S., & Nocera, D.

G, Solar Energy Supply and Storage for The
Legacy and Nonlegacy Worlds, Chemical
Reviews, 2010),6502-6474 :(11)110).

[2] Centi, G., & Perathoner, S, Towards Solar
Fuels from Water and CO,. ChemSusChe:

Chemistry & Sustainability Energy & Materials:

2010),208-195:(2)3).

[3] Habisreutinger, S. N., Schmidt-Mende, L.,
& Stolarczyk, |. K, Photocatalytic Reduction
of CO2 on TiO2 and Other Semiconductors,
Angewandte Chemie International Edition,
2013) 7408-7372 :(29)52).

[4] Centi, G., & Perathoner, S, Opportunities
and Prospects in the Chemical Recycling of
Carbon dioxide to Fuels, Catalysis Today,
2009) 205-191 :(4-3)148).

[5] Torres, J.A., Nogueira, A.E., da Silva,

G.T, Lopes, O.F, Wang, Y., He, T. & Ribeiro,

C. Enhancing TiO, Activity for CO,
Photoreduction through MgO Decoration.
Journal of CO, Utilization, 35, pp.,114-106
2020)).

[6] Zhao, Q., Li, H., Zhang, L. & Cao, Y.,

Study of PdO Species on Surface of TiO, for
Photoreduction of CO, into CH,. Journal

of Photochemistry and Photobiology A:
Chemistry, 384, p.2019,112032.

[7] Low, ]., Cheng, B., & Yu, ], Surface
Modification and Enhanced Photocatalytic
CO2 Reduction Performance of TiO,: A Review,
Applied Surface Science, 2017) 686-658 :392).
[8] Lingampallj, S. R., Ayyub, M. M., & Rao, C.
N. R, Recent Progress in the Photocatalytic
Reduction of Carbon dioxide, ACS omega, :(6)2
2017) 2748-2740).

[9] Nolan, M, Adsorption of CO, on
Heterostructures of Bi203 Nanocluster-
Modified TiO, and the Role of Reduction in
Promoting CO, Activation, ACS Omega, :(10)3
2018) 13128-13117).

[10] Liu, Lizhen, Hongwei, H., Fang, C.,
Hongjian, Y, Na, T, Yihe, Z., & Tierui, Z.,
Cooperation of Oxygen Vacancies and

2D Ultrathin Structure Promoting CO2
Photoreduction Performance of Bi4Ti3012.
Science Bulletin (2020).

[11] Kong, X.Y., Ng, B.]., Tan, K.H., Chen, X,,
Wang, H., Mohamed, A.R. and Chai, S.P,

Simultaneous Generation of Oxygen Vacancies
on Ultrathin BiOBr Nanosheets During Visible-
Light-Driven CO, Photoreduction Evoked
Superior Activity and Long-term Stability.
Catalysis Today, 314, pp.2018) 27-20).

[12] Ye, L., Deng, Y., Wang, L., Xie, H. & Su,

F, Bismuth-Based Photocatalysts for Solar
Photocatalytic Carbon Dioxide Conversion.
ChemSusChem, 16)12), pp.2019) 3701-3671).
[13] Wu, ], Li, X., Shi, W,, Ling, P, Sun, Y,, Jiao,
X., Gao, S., Liang, L., Xu, ], Yan, W. & Wang, C,,
Efficient Visible-Light-Driven CO, Reduction
Mediated by Defect-Engineered BiOBr

Atomic Layers. Angewandte Chemie, 28)130),
pp.2018) 8859-8855).

[14] Bai, Y, Yang, P, Wang, L., Yang, B., Xie, H,,
Zhou, Y. & Ye, L., Ultrathin Bi,0,Br, Nanosheets
for Selective Photocatalytic CO, Conversion
into CO. Chemical Engineering Journal, 360,
pp.2019) 482-473).

[15] Jin, X,, Lv, C., Zhou, X., Xie, H., Sun, S, Liu,
Y., Meng, Q. & Chen, G., A Bismuth Rich Hollow
Bi,0_Br, Photocatalyst Enables Dramatic CO2
Reduction Activity. Nano Energy, 64, p.103955
2019)).

[16] Xiao, L., Lin, R, Wang, ], Cui, C., Wang, |. &
Li, Z., A novel Hollow-hierarchical Structured
Bi,WO, with Enhanced Photocatalytic Activity
for CO, Photoreduction. Journal of colloid and
interface science, 523, pp.2018) 158-151).
[17] Xiong, Z., Lei, Z., Kuang, C. C., Chen,

X, Gong, B,, Zhao, Y.,, & Wy, ]. C, Selective
Photocatalytic Reduction of CO, into CH, over
Pt-Cu,0 TiO, nanocrystals: The Interaction
between Pt and Cu,0 Cocatalysts, Applied
Catalysis B: Environmental, 703-695 :202
2017)).

[18] Zhang, M., Cheng, G., Wei, Y., Wen, Z.,
Chen, R, Xiong, ], Li, W,, Han, C. & Li, Z,,
Cuprous ion (Cu+) Doping Induced Surface/
Interface Engineering for Enhancing the

CO2 Photoreduction Capability of W18049
Nanowires. Journal of Colloid and Interface
Science, (2020).

[19] Zhao, ]., Li, Y,, Zhu, Y, Wang, Y. and Wang,
C., Enhanced CO, Photoreduction Activity of
Black TiO-2 coated Cu Nanoparticles under
Visible Light Irradiation: Role of Metallic Cu.
Applied Catalysis A: General, 510, pp.41-34
2016)).

oy — (o (oiien (59,1 S Gagl sl ah) (o (B9 (oole aldlad AP


https://arcpe.modares.ac.ir/article-38-41281-en.html

[ Downloaded from arcpe.modares.ac.ir on 2025-07-15]

[20] Spurr, R.A. & Myers, H. Quantitative
Analysis of Anatase-Rutile Mixtures with an
X-ray Diffractometer. Analytical chemistry,
5)29), pp.1957),762-760).

[21] Miyagi, T., Kamei, M., Mitsuhashi, T,
Ishigaki, T., & Yamazaki, A, Charge Separation
at the Rutile/Anatase Interface: A Dominant
Factor of Photocatalytic Activity, Chemical
Physics Letters, 2004) 402-399 :(6-4)390).
[22] Tahir, M. & Amin, N.S., Photocatalytic
CO2 Reduction and Kinetic Study over In/
TiO2 Nanoparticles Supported Microchannel
Monolith Photoreactor. Applied Catalysis A:
General, 467, pp.2013) ,496-483).

[23] Wetchakun, N., Incessungvorn, B.,
Wetchakun, K. & Phanichphant, S. Influence of
Calcination Temperature on Anatase to Rutile
Phase Transformation in TiO, Nanoparticles
Synthesized by the Modified sol-gel Method.
Materials Letters, 82, pp.2012),198-195).
[24] Bagwasi, S., Tian, B., Zhang, ]., & Nasir, M,
Synthesis, Characterization and Application
of Bismuth and Boron Co-doped TiO,: A
Visible Light Active Photocatalyst, Chemical
Engineering Journal, 2013) 118-108:217).
[25] Farbod, M., & Khademalrasool, M,
Synthesis of TiO, Nanoparticles by a Combined
sol-gel Ball Milling Method and Investigation
of Nanoparticle Size Effect on Their
Photocatalytic Activities, Powder technology,
2011) 348-344 :(3)214).

[26] Tasbihi, M., Fresno, F.,, Simon, U., Villar-
Garcia, L.]., Pérez-Dieste, V., Escudero,

C. & Victor, A., On the Selectivity of CO,
Photoreduction Towards CH, Using Pt/TiO,
Catalysts Supported on Mesoporous Silica.
Applied Catalysis B: Environmental, 239,
pp.2018) 76-68).

[27] Abdullah, H., Khan, M. M. R,, Ong, H. R, &
Yaakob, Z, Modified TiO, Photocatalyst for CO,
Photocatalytic Reduction: An Overview, Journal
of CO, Utilization, 2017) 32-15 :22).

[28] Dilla, M., Schlégl, R. & Strunk, .,
Photocatalytic CO, Reduction Under
Continuous Flow High-Purity Conditions:
Quantitative Evaluation of CH4 Formation in
the Steady-State. ChemCatChem, 4)9), pp.-696
2017),704).

[29] Dilla, M., Becerikli, A.E., Jakubowski,

A., Schlogl, R. & Ristig, S., Development of

a Tubular Continuous Flow Reactor for

the Investigation of Improved Gas-Solid

w ol a4 (S ST (65 Il g8 L]

Interaction in photocatalytic CO, Reduction
on TiO,. Photochemical & Photobiological
Sciences, 2)18), pp.2019),318-314).

[30] Walker; R. ], Pougin, A., Oropeza, F. E,,
Villar-Garcia, L. J., Ryan, M. P, Strunk, J., &
Payne, D. ], Surface Termination and CO2
Adsorption onto Bismuth Pyrochlore oxides,
Chemistry of Materials, 2015) 96-90 :(1)28).
[31] Zhao, L., Cui, T, Li, Y,, Wang, B., Han,

], Han, L., & Liu, Z, Efficient Visible Light
Photocatalytic Activity of p—n Junction CuO/
TiO2 Loaded on Natural Zeolite, RSC Advances,
2015) 64502-64495 :(79)5).

[32] Tasbihi, M., Schwarze, M., Edelmannova,
M., Spori, C., Strasser, P., & Schomacker,

R, Photocatalytic Reduction of CO, to
Hydrocarbons by Using Photodeposited Pt
Nanoparticles on Carbon-doped Titania,
Catalysis Today, 2019) 14-8 :328).

OO roh - o ki 2,1 o gy (sl 4y m (Shudgy oole aolilad


https://arcpe.modares.ac.ir/article-38-41281-en.html
http://www.tcpdf.org

