CIESC Journal, XXXX, XX(XX): 1-12 AL T2 XXXXAE 2B XX B 26 XX | www.hgxb.com.cn

Wit i DOI: 10.11949/0438-1157.

Y223353232233527

T2 351842 ZnO BT SN B Tik it | sE R 7200

T, TRAE?, B#’, HRwH, TER', AFF°
(" RJBEH T R 5850, NP8 KJF 0300245 2 KJEF TR ST, 1P KIE 030024)

FEE . HRIE ZoO AT S TR G AL F e vk Bk 410 52 B AR B2 i AL, AR B TR A0 AR M, it
PP T R SR OAEE SR K BRI Bl T PR RIS [) A T 5 6% 1) ZnO AR . — ol I R 44 R JB0A 28 2585 1 g
PIAK IR E5H (ZnO-NS), EZ&EE (100) fT; 5 —F AWk EE (ZnO-NR), FEHTE (101) M
. SCHEE R, ZnO-NS AIRA P4 32 52 FE SR B R, 1 ZnO-NR A IRORE 7 40 5 Y 1 R FR R 18 A A 2
B DL ZnO-NS AL FImE,  FHE P 2R 0 v i) 3K 13.12 wmol h™', X I A 364 7 89.38%; L ZnO-NR A {1
W, ZREEEREVE B 35.43%, M Z %4 2.74 wmol h' . FAE GRLSHIELE R T, ZnO-NS I 5 ik i
[« OH AT A HE « CH, 2 ] S A6 RS, 7 S50 il C-C AR BRI A2 5 117 ZnO-NR R T H K 1Y « CH,/« OH Y& J L Jl i 38
53 CH, RAABIRAE N W o AT ST DAFRTHT 171 P 22 S R 20 7 27 J2 T8 B W17 T2 300 18 R 4 R e A o 38 1 ) FO ML
i, RO BB A A A A B T TR AL T LK

KW RUREE B Wk bk

FESES: TSI XERFRERR: A

XEHRS: 0438-1157 (XXXX) XX-0001-12

Effect of Morphology Regulated ZnO Facets on the Photocatalytic Selective
Oxidation of Methane

Ding Qiang', Wang Haozhi’, Zhao Yue’, Chen Yanqun’, Wang Jiancheng', Zuo Zhijun’

(* College of Environment and Ecology, Taiyuan University of Technology, Taiyuan 030024;* College of Chemistry and
Chemical Engineering, Taiyuan University of Technology, Taiyuan 030024, Shanxi, China)

Abstract: To investigate the influence mechanism of ZnO facets on the reaction pathway of photocatalytic selective
oxidation of methane, this study employed a morphology engineering strategy to regulate the surface radical
microenvironment. Two ZnO materials with different exposed crystal facets were synthesized via a hydrothermal
method: one is a nanosheet—assembled structure (ZnO-NS) predominantly exposing the (100) facet, and the other is
an irregular nanorod structure (ZnO-NR) predominantly exposing the (101) facet. Experimental results show that
the liquid—phase products on ZnO-NS are mainly formaldehyde and formic acid, while the liquid—phase products
on ZnO-NR are mainly formaldehyde, formic acid and acetaldehyde. The highest formaldehyde production rate on
ZnO-NS reaches 13.12 pmol h™ with a corresponding selectivity of 89.38%. The highest acetaldehyde selectivity
on ZnO-NR reaches 35.43%, with a corresponding production rate of 2.74 wmol h™'. Characterization and

theoretical calculation results reveal that the relative concentrations of *OH and *CH, are the key factors governing
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product selectivity. The high concentration of *OH on the ZnO-NS surface promotes the oriented oxidation of *CH,

to formaldehyde, effectively suppressing the C—C coupling pathway; in contrast, the lower *CH,/*OH concentration

ratio on the ZnO-NR surface allows partial *CH, to undergo coupling to form acetaldehyde. This work elucidates,

from the perspective of surface radical reaction kinetics, the microscopic mechanism by which morphology

engineering regulates the selectivity of methane conversion, and provides new insights into the rational design of

efficient photocatalysts for methane conversion.
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Fig. 1 Photocatalytic performance of ZnO-NS (a, b) and ZnO-NR (d, e) and stability test results of the corresponding catalysts (c, f)
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%1 ZnO-NSHZnO-NRHIZHXWF=HILA
Table 1 Photocatalytic conversion of methane in the blank experiment of ZnO—-NS and ZnO-NR

7= (wmol h™)

i SR & A HCHO #EFFE (%)
HCHO HCOOH CH,CHO Co,
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24 bar CH,; 6 bar O,; light 6.69 0.43 1.98 0.05 73.32
24 bar CH,; 6 bar Ar; light 1.35 0.10 2.07 0.24 35.90
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24 bar Ar; 6 bar O,; light 0 0 0 0
24 bar CH,; 6 bar O,; dark 0 0 0 0
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X

Fig. 2 SEM (a, b) and HRTEM (c, d) of ZnO-NS (a, c¢) and ZnO-NR (b, d)
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Fig. 3 XRD (a) of ZnO-NS and ZnO-NR, Zn 2p (b) and O 1s (c) XPS spectra of ZnO—-NS and ZnO-NR and N, adsorption—desorption
isotherms (d) of ZnO-NS and ZnO-NR
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K4 KA ZnO-NS(a,c) 1 ZnO-NR(b,d) i) SEM & (a,b) #1HRTEM El (¢, d)
Fig. 4 SEM (a, b) and HRTEM (c, d) of ZnO-NS (a, ¢) and ZnO-NR (b, d) after the reaction
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Fig. 5 XRD (a) of ZnO-NS and ZnO-NR, Zn 2p (b) and O Is (c) XPS spectra of ZnO-NS and ZnO-NR after the reaction
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