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Abstract

Graphene has shown great research prospects in optoelectronics, magnetism, catalysts and other
fields. As a semiconductor material, zinc oxide (ZnO) has the ability of photocatalytic hydrogen
production, but its band gap is relatively large, and the internal photogenerated carrier recombi-
nation is fast, resulting in low photocatalytic efficiency. In this paper, ZnO rod arrays were grown
on graphene solid film (rGO) by in-situ growth method to construct more efficient and superior
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composite photocatalytic material rGO/ZnO, and the structure of rGO/Zn0O composites was cha-
racterized by X-ray diffraction (XRD), field emission scanning electron microscopy (SEM), trans-
mission electron microscopy (TEM) and other instruments. Photoelectric tests show that rGO/ZnO
exhibits enhanced photocurrent density, which is because rGO can promote the light absorption of
ZnO0 and promote the separation of photogenerated charge carriers in ZnO. The study on the pho-
toresponse performance of rGO/ZnO solid state films can provide references for the design and
construction of more advanced photocatalytic systems.
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1. 5|8

H ArkiE T e KRR EATI 2 BOv AR, e IBENLEIELE R B B[ 1] [2] [3], FIFJGHEK
SN 5 e B BRI E R AR R AT S RO O AR A BT R (4] [5] [6]. 4RT, L TECRMI
RMAL5EERT A e &, AT aERA IS, 855 REMYUE, EHLY T Enm
SERRR o RAh, R AR AT DA R B 1) R R R AN R A . AN SEF A SR UL, %o R A
AT, 2450 1 AR i 28 TR G T AT S e A s 7 i T B S8 B P 43 B 2 T B A R R AR 24 7]
[8] [9] [10] RUEICA —Lem I AEmE e[ 11] [12], {5 H RSt i Fr o A5 i T AR th R
L AR A SR 2 2R KA BR I, 1 HLI K BH B3 B AR AN BRAR . T E G FLfE Ak Ft R G,
e SE bR BB ARG, RIHUZ . FA AR E AR IR SRS S A TR, AT LB R
MR . G BUA 7 IR AT DLSEIE G R b s B SRR 7 B B 7, AT I8 3 AR 1Y) 0K BH BB e 45 2
.,

RIRHIZR R B R G, ARG 2 2 LG MM RERR S, (EA TR i 2 0 E
TER, Bk, oA B2 B AN S BOK P B e e AL TE M A0 [13] [14]0 oK B RSRGRM (1) RIEAN 2
HOERAR A F BT, SRR — AN RGN 2 EHSN R R S e AE, TE-AEEN
FEW] T ERR[15] [16], T =451 A s Boa Bl i 3Ee EE AR . SR . =n& I PE(97.7%)
G, FSRVE IR S ARG 2R . AT A4 R, A S2)d A B B L SR A Gk 5 [ 17]
[18]: TEKIEKAMIE T, A SIS N EBURM EA T UL 55 SRS, 33— D3 m KB A
FHZE[19] [20]. MbAh, 280tk o T A6 2 57 0 A A SR A K 2 G M A ISR AT S AL RN F f
o KRBT E[20] [21] [22].

RSO ERE T — 15 B (R YRR A 2 A A o 6 IR G AL AR . 7E 22 238 S A A 22 0 (reduced
Graphene Oxide, rGO)H# LK 4+ ZnO GKFEFEFI(IE A rGO/Zn0 ). FIF —4E ZnO Gk HERES A1 —
%k rGO K A R HOCRFI AT . = 4e 2L ME LRI, "W EUEmyE, Bkt
A L - 2 NORHE 22 A1 S R 45 AT PR 2 B« 1GO/ZnO R AN AT LAE Y HEAL A R — A b 0 AN
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2. SCGERSY
2.1. (XB5IRFHF

WA B, tral, [T BRI, Al TSR 30%Id LA, A ATal,
JUINRER s HE O s A AR, B R ESORM R R AR A E s SRR, riral, TN
WA s KB, atral, EAEBRHATAERAR: B, otral, E2EBS AR
AF] WHEREE, otval, RERTR T ANEHERG AR AR DI%FEdG, e, iR T AR
A PR A

IXE: EIREOHL, TGL6-WS, KNI E LAl B KT, EL104, e - #F6R 23 G R A
W 3% HE%s, DF-101B, I Tis THAXES s T84, DZF-6050, g mRsARAR; &
FEPIEVER, KQ-250E, RITTEANAAMRAR: BPVERSATEME, DHG-9070, Filgfs % St ik
FAMRAT]: X GHERATHAL, XD-2, JbntE @ HARA R ZRMERH I DTG-60, HA &
AT FES LT RIS, Tecnail2-TEM, fif == FEI A Al 543 #3374 L, Merlin, 45 [ ZEISS:
ML 2% TAESS, CHIOSOE, Lilg/RAEAUIRAR AR MUTFm I, PLS-SXE300UV, JbniiAFEkRHEA
PR

2.2. SEHBR

2.2.1. ELAEHBGOMHIE

SEIG TP AR T SEHE &4 TR0 250 mL = CUBAT 100 mL (&R, = DB St Pk as g3k, M
BRI 160 mL IKERER, BIAZ UG, FRE 4 g BEE A maifa 8, — Ui g emAsE=
Ui, ke 10 min, FEAREX 14 g mERIRHT, [FIFFZEBEIA= DRSS, £ 35 CIER K h R
N 24 /NE o

SRS 24 /NI SRR SIS R, K 2 L KA IR VKRS T, N HT 200 ml 7K 1 B IR R K B SR
GZEBINKBER R, FFRBIRAE G AU R AR, AAIEE W, NS R S AR AR )
WOHBEAREARGEIE IR, FREREm AN

Bei 1 mol/L EFRIEWRT 1 L &N, sk 78 e S SR AE & 0L B 5000 t/min,  BER =735
BT E DA, (REDUEB I RIS, F 300 mL SRhERVA WYL H UTHE JE MM £ — /e, FRREZ DL BB
BPUIR .

SEVU VAR BRI S SR FE— /N S, B S R BA 8000 r/min fRIEEIE, AR ES O LB, PR B UTTE (8]
H IS, 500 mL AK G H EHLBREEEE— /N, DLFRE L8 25 O 0ie, BERPIIR. 1EHE —IREO
B, PEdR U BT F I Ak 2R /b — i, e MR PTiE R 2@ M s v, B0 01, JRON 2 L KR,
SRR, HAE—ANEMP R VUK. BGMBR 1 LE, #H 60 min 5 24777 .

2.2.2. GO HEHRE KK EHRR

Bl 7 mg/mL Fb A S0 K L) AR IR, A8 AR AR IR T PR A e s R, B8 20 min,
I SR S - F 100 mL & A E AL 140 mL AR B TRt b, I 10 hiREds th i s A K 60 min.

HER A K IOEE Ay SRik$ 12 FTE AR 4 x 3 em® (OB F, TR A 8588 A 1 —THDRG 3, SR P/
MR I E R, SELZ RN . B 95%CENEUEE A, MERT, WE TRy, —A R
FEMAR 6 Fr8E F, HHEBL 65 mL 7 mg/mLGO /KIEW: LB D)AEKR, FoE NI L 58 412 1A 1
B REFRILE ™, [N/

FIFEUNLL 200, OB KRR, 2 AlkEe BT A Kl A K 3 /N, 6 /L 9 /NiFL 12 /)
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o ERKSERIE, KA FFIMAIALIK, Il fr, FHRCE IR 7 R, w2
RIMAKRMNK GO Ja, BT IR A IR DVFEEAIIL, ek BRIA 2K, HI4iKER
TR MR — /N, RN R — UOK . RS IR LA Ak, 1 OREERE, JBONVKAE AT AR T
12 /NI JEBCE R, 0 N S UFARZE RO AR AR R, 21T SEM HUBEIXS IR, 0k e T B O v A

223. SUESUAEREEERNGIE

B BB 4 H 0 GO RS T E A MR % . B 5EH 40 mmol ) Zn(NO3), A1 40 mmol F 2%+
AT 1 LR, R 12 7 GO R LI T sA B 177 2000 Bl e 12 AN OB IR — /N, I8 12 M e
N =2, 4 RRAE 95°C B SR T-SRAE SO 3 /NIF L 5 /NIE L 7 /N

B =20 S SR N 1 1GO/ZnO RSy BTRCEE RS FR LA, F 4K ph 25 [ N AR B I 8 ZnO, PR Ti5
Ji AR R I — /N, RGN e — oK, B 5I5 IR M BI7K, FRiEH BRI T o B )5 X RE i
PR AR IS BARRE, BT R — R .
2.2.4. FEFRMEREMK

FL A IR Y B 2 T At RO JR A ) Xe 4T, NS B3R E N 200 mW/em?, %K A > 400 nm.
FIFH Ha it R S AE N TAE A, Pt (2 x 2 em®) AXTHLMY, Ag/AgCl NS LU, =ik R, HE
N 0.5 M Na,SO, i -

3. HR5ITR
3.1. PSSR

AT A8 1 1GO R XRD BUnlEl 1 fos, B i 2ere 26° /4 B 1A SR AOAFAEAT A 06, T
XGRS EE R A2 T GO #od J5Us R )= MR FELED, [FI 1GO JHnHEB A 2R, 13
XRD & B AN SRR AL AT S0 o[RS BeA 10T LU 2UHE 30°~40° HE L ZnO RAFAEAT ST, I HLRE
A ARG G, TS IRBOR B B BT S, AN 3 h B — MBI DY 12 ho i) 4 DML L, I 1
INRHLE 1GO L FEE A 8] (UK ZnO 135 EABAEIE .
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Figure 1. XRD patterns of rGO films with different growth times
E 1. RNEI%EKEER rGO SEARE XRD [E
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Figure 2. XRD patterns of rGO/ZnO solid films with different growth times
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Figure 3. Thermogravimetric Analysis (TGA) of rGO membrane with different growth times
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Figure 4. SEM images of rGO/ZnO solid state film with growth time of 3 h
4. #FE 3 h B9 1GO/ZnO EIZSEERY SEM B

5 24K 5h A1 rGO/ZnO [FIZSMEN) SEM KB, ML T2EK 3 h 1 rGO/ZnO AR, FATHA AT LA
RKIL ZnO 7E rGO B CA KR T ARH UG IFERES, T A ZnO Fi K/ NI E# 43355, #eps
FITE rGO L IHEFIE 7855, 75 JR S BOR B T DL B S5 0 0 5 S04 1R 4 B R R /I, AT UK U B ZnO
BRI AR R 100 nm 7247, BRSPS R 900 nm /247, TSR AR U (R 41

W S
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Figure 5. SEM images of rGO/ZnO solid state film with growth time of 5 h
5. 4 KFE 5 h B9 rGO/ZnO EIZSEERY SEM B
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Figure 6. SEM images of rGO/ZnO solid state film with growth time of 7 h
6. 4 4RTE 7 h B9 1GO/ZnO EIZSEERY SEM B

K7 4K 5 h ) 1GO/ZnO [EZS MR TEM Bl MWEHH LU 3| ZnO £ 1GO M EAKIITEA R TER
HORZEHE, M F AT DURTE I 52 2 ZnO A KM BAATEES S 45, [FIN/E TEM B H 3R AT AT DL b7 Hh
MELR ZnO # I FEAELAR, 18 8 7 ml AR B R (1) 214258 100 nm 7247, K524 900 nm /47, 1 SEM
ML) ZnO BIEAST3WE o

(@ (b)
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Figure 7. TEM images of rGO/ZnO solid state film with growth time of 5 h
7. & AKETIE 5 h B rGO/ZnO EIZSEER TEM B H

3.3. EEFEMIR 4

] 8 52 rGO LA, BRI AL By Cv D 20li2 At 3. 64 9+ 12 /N[ rGO JEE[I X B '
4. 1GO EAEFITENL N BEAYGHR, X2 BMIEm B S, 1 HEEEE KB AR, H
JEHT IR M A, FZIL 2 THCAERTEEAE . N SEM B AT PLHIE, A KR
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AR R AR, OB RS, 5 B i F i AR A B 5 .

& 9 & rGO/ZnO [EZAEHE R, Hd AL By C 0 BRAEKEE A 3. 5. 7 /M 1GO/ZnO [#
SRR ZE . MR AT LIS, A KIEA 5 h 1 rGO/ZnO [E & B i e, A2 KA 3 h
(1) tGO/ZnO [ A ME DG HTURAC, FERPZ 3 h FEE b ZnO B FEFIIHE A B2 AEK, KIHELHE
ZAF P HOG AR, 105 h (1) ZnO BFEFISEAEK, W H SRR, ([F1560] DLy IR e i
FEglp, R BURLF e, 17 7 h ) ZnO #EFES MM, K5 ZnO HEFE—E. HF H.
BEAE R K, DIEFEMm R Z, VDRI tHERaE, {315 ZnO HEFEFITEME, RO HRRER, HET
ZnO 2, Kbl 3h &,
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Figure 8. Photocurrent diagrams of rGO films with different growth times
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Figure 9. Photocurrent diagrams of rGO/ZnO solid state film with different growth times
9. FEI%E KA ERY rGO/ZnO BEZSEERI A TR
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SHAEH R AT HER) . A SCUE rGO/Zn0O [ AL A 45 A4 K R FO M RR IVIP I L, Xt R
E R = SRR 78 5% .

SE K

[1] Zhang, L., Zhang, J., Yu, H. and Yu, J. (2022) Emerging S-Scheme Photocatalyst. Advanced Materials, 34, Article 1D:

DOI: 10

.12677/ms.2023.137073 686 PR R


https://doi.org/10.12677/ms.2023.137073

JAE

(4]

(3]

1]

[10]

[11]

[12]

[13]

[17]

[18]

(19]

[20]

(21]

2107668. https://doi.org/10.1002/adma.202107668

Tran, D.P.H., Pham, M.T., Bui, X.T., Wang, Y.F. and You, S.J. (2022) CeO, as a Photocatalytic Material for CO,
Conversion: A Review. Solar Energy, 240, 443-466. https://doi.org/10.1016/j.solener.2022.04.051

Al-Mamun, M.R., Kader, S., Islam, M.S. and Khan, M.Z.H. (2019) Photocatalytic Activity Improvement and Applica-
tion of UV-TiO, Photocatalysis in Textile Wastewater Treatment: A Review. Journal of Environmental Chemical En-
gineering, 7, Article ID: 103248. https://doi.org/10.1016/j.jece.2019.103248

Yang, J. and Sun, X. (2022) Borate Particulate Photocatalysts for Photocatalytic Applications: A Review. International
Journal of Hydrogen Energy, 47, 25608-25630. https://doi.org/10.1016/j.ijhydene.2022.05.305

Li, R.G. and Li, C. (2022) Scalable Solar Water Splitting Using Particulate Photocatalysts. Current Opinion in Green
and Sustainable Chemistry, 33, Article ID: 100577. https://doi.org/10.1016/j.cogsc.2021.100577

Zhou, Z., Li, B., Liu, X,, Li, Z., Zhu, S., Liang, Y., Cui, Z. and Wu,S. (2021) Recent Progress in Photocatalytic Anti-
bacterial. ACS Applied Bio Materials, 4, 3909-3936. https://doi.org/10.1021/acsabm.0c01335

Jiang, W., An, Y., Wang, Z., Wang, M., Bao, X., Zheng, L., Cheng, H., Wang, P., Liu, Y., Zheng, Z., Dai, Y. and
Huang, B. (2022) Stress-Induced BiVO,4 Photoanode for Enhanced Photoelectrochemical Performance. Applied Cataly-
sis B: Environmental, 304, Article ID: 121012. https://doi.org/10.1016/j.apcatb.2021.121012

Li, Y., Mei, Q., Liu, Z., Hu, X., Zhou, Z., Huang, J., Bai, B., Liu, H., Ding, F. and Wang, Q. (2022) Fluorine-Doped
Iron Oxyhydroxide Cocatalyst: Promotion on the WO; Photoanode Conducted Photoelectrochemical Water Splitting.
Applied Catalysis B: Environmental, 304, Article ID: 120995. https://doi.org/10.1016/j.apcatb.2021.120995

Deng, J., Li, Y., Xiao, Y., Feng, K., Lu, C., Nie, K., Lv, X., Xu, H. and Zhong, J. (2022) Improved Water Oxidation of
Fe,03/Fe,TiOs Photoanode by Functionalizing with a Hydrophilic Organic Hole Storage Overlayer. ACS Catalysis, 12,
7833-7842. https://doi.org/10.1021/acscatal.2c01328

Ouyang, T., Ye, Y.Q., Tan, C., Guo, S.T., Huang, S., Zhao, R., Zhao, S. and Liu, Z.Q. (2022) 1D a-Fe,03/Zn0O Junc-
tion Arrays Modified by Bi as Photocathode: High Efficiency in Photoelectrochemical Reduction of CO, to HCOOH.
The Journal of Physical Chemistry Letters, 13, 6867-6874. https://doi.org/10.1021/acs.jpclett.2c01509

Du, M., Xing, M., Kang, S., Ma, Y., Qiu, B. and Chai, Y. (2022) Building a Bridge from Solid Wastes to Solar Fuels
and Chemicals via Artificial Photosynthesis. EcoMat, 4, €12259. https://doi.org/10.1002/eom2.12259

Zhao, L., Yu, S.H., Li, X.P.,, Wu, M.Y. and Li, L.X. (2019) Cuprous High-Performance Flexible Transparent Conduc-
tive Films Based on Copper Nanowires with Electroplating Welded Junctions. Solar Energy Materials and Solar Cells,
201, Article ID: 110067 https://doi.org/10.1016/j.s0lmat.2019.110067

Ruiz-Aguirre, A., Villachica-Llamosas, J.G., Polo-Lopez, M.1., Cabrera-Reina, A., Colon, G., Peral, J. and Malato, S.
(2022) Assessment of Pilot-Plant Scale Solar Photocatalytic Hydrogen Generation with Multiple Approaches: Valori-
zation, Water Decontamination and Disinfection. Energy, 260, Article ID: 125199.
https://doi.org/10.1016/j.energy.2022.125199

Awfa, D., Ateia, M., Fujii, M. and Yoshimura, C. (2020) Photocatalytic Degradation of Organic Micropollutants: Inhi-
bition Mechanisms by Different Fractions of Natural Organic Matter. Water Research, 174, Article ID: 115643.
https://doi.org/10.1016/j.watres.2020.115643

Peng, R., Song, W., Yan, T., Fanady, B., Li, Y., Zhan, Q. and Ge, Z. (2019) Interface Bonding Engineering of a Transpa-
rent Conductive Electrode towards Highly Efficient and Mechanically Flexible ITO-Free Organic Solar Cells. Journal
of Materials Chemistry 4,7, 11460-11467. https://doi.org/10.1039/C9TA02900A

Chen, Y., Carmichael, R.S. and Carmichael, T.B. (2019) Patterned, Flexible, and Stretchable Silver Nanowire/Polymer
Composite Films as Transparent Conductive Electrodes. ACS Applied Materials & Interfaces, 11,31210-31219.
https://doi.org/10.1021/acsami.9b11149

Ma, Y. and Zhi, L. (2019) Graphene-Based Transparent Conductive Films: Material Systems, Preparation and Applica-
tions. Small Methods, 3, Article ID: 1800199. https://doi.org/10.1002/smtd.201800199

Raizada, P., Sudhaik, A. and Singh, P. (2019) Photocatalytic Water Decontamination Using Graphene and ZnO Coupled
Photocatalysts: A Review. Materials Science for Energy Technologies, 2, 509-525.
https://doi.org/10.1016/j.mset.2019.04.007

Xia, Y., Cheng, B., Fan, J., Yu, J. and Liu, G. (2020) Near-Infrared Absorbing 2D/3D ZnlIn,S,/N-Doped Graphene
Photocatalyst for Highly Efficient CO, Capture and Photocatalytic Reduction. Science China Materials, 63, 552-565.
https://doi.org/10.1007/s40843-019-1234-x

Bie, C., Yu, H., Cheng, B., Ho, W., Fan, J. and Yu, J. (2021) Design, Fabrication, and Mechanism of Nitrogen-Doped
Graphene-Based Photocatalyst. Advanced Material, 33, Article ID: 2003521. https://doi.org/10.1002/adma.202003521

Chang, C.J., Lin, Y.G., Chao, P.Y. and Chen, J.K. (2019) Agl-BiOI-Graphene Composite Photocatalysts with En-

DOI: 10.12677/ms.2023.137073 687 PR R


https://doi.org/10.12677/ms.2023.137073
https://doi.org/10.1002/adma.202107668
https://doi.org/10.1016/j.solener.2022.04.051
https://doi.org/10.1016/j.jece.2019.103248
https://doi.org/10.1016/j.ijhydene.2022.05.305
https://doi.org/10.1016/j.cogsc.2021.100577
https://doi.org/10.1021/acsabm.0c01335
https://doi.org/10.1016/j.apcatb.2021.121012
https://doi.org/10.1016/j.apcatb.2021.120995
https://doi.org/10.1021/acscatal.2c01328
https://doi.org/10.1021/acs.jpclett.2c01509
https://doi.org/10.1002/eom2.12259
https://doi.org/10.1016/j.solmat.2019.110067
https://doi.org/10.1016/j.energy.2022.125199
https://doi.org/10.1016/j.watres.2020.115643
https://doi.org/10.1039/C9TA02900A
https://doi.org/10.1021/acsami.9b11149
https://doi.org/10.1002/smtd.201800199
https://doi.org/10.1016/j.mset.2019.04.007
https://doi.org/10.1007/s40843-019-1234-x
https://doi.org/10.1002/adma.202003521

A&

hanced Interfacial Charge Transfer and Photocatalytic H, Production Activity. Applied Surface Science, 469, 703-712.
https://doi.org/10.1016/j.apsusc.2018.11.081

[22] Liu, X., Xu, S., Chi, H., Xu, T., Guo, Y., Yuan, Y. and Yang, B. (2019) Ultrafine 1D Graphene Interlayer in g-C;N,/
Graphene/Recycled Carbon Fiber Heterostructure for Enhanced Photocatalytic Hydrogen Generation. Chemical Engi-
neering Journal, 359, 1352-1359. https://doi.org/10.1016/j.cej.2018.11.043

DOI: 10.12677/ms.2023.137073 688 PR R


https://doi.org/10.12677/ms.2023.137073
https://doi.org/10.1016/j.apsusc.2018.11.081
https://doi.org/10.1016/j.cej.2018.11.043

	rGO/ZnO固态膜的光响应性能研究
	摘  要
	关键词
	Study on the Photoresponse Performance of rGO-ZnO Solid State Films
	Abstract
	Keywords
	1. 引言
	2. 实验部分
	2.1. 仪器与试剂
	2.2. 实验步骤
	2.2.1. 氧化石墨烯(GO)的制备
	2.2.2. GO薄膜样品生长时间探究
	2.2.3. 氧化锌/氧化石墨烯薄膜样品的制备
	2.2.4. 光电流性能测试


	3. 结果与讨论
	3.1. 物相结构分析
	3.2. 形貌表征
	3.3. 光电流测试分析

	4. 结论
	参考文献

