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Preparation and Gas Sensing Properties of Grophite Phase Tricarbon Tetranitride/Zinc
Oxide Composites
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Abstract: A seriesof g-C3N;-ZnO composites were synthesized by a hydrothermal method, and the structural and morphological
properties of as-prepared composites were using characterized X-ray diffraction (XRD), scanning electron microscopy (SEM), Fourier
transform infrared spectroscopy (FTIR) and X-ray photoelectron spectroscopy (XPS). The gas sensing properties of g-C3Ny;-ZnO
composites were investigated. The results indicate that the content of g-C3N, in the composite has an effect on the gas sensing performances
of the materials. 9% g-C3N4-ZnO composite exhibits the optimized gas sensing properties at 300 “C. The response to 1x107® acetic acid

vapor reaches 1.8, and the response/recovery time at different concentrations of acetic acid vapor (i.e., 10°-107) is shorter than 36 s.
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Table 1 Parameters of some acetic acid sensor in literatures

Material Concentration of gas Response/ detection limit ~ Optimal operating temperature/'C  Sycetic acid/Sethanol Ref.
8% Pr-doped ZnO 8x107* 5x10°° 380 3.0 [21]
5% Y-doped SnO, coral-like structure 5x107* Lower than 107 300 22 [22]
Co-doped LaFeO; nanofibers 5x107 Lower than 10~ 130 29 [23]
hierarchical SnO, nanoflowers 5x107 Lower than 107 260 2.1 [24]
porous flower-like SnO, 107 Lower than 2x107° 340 No data [25]
honeycomb-like porous ZnO 107 Lower than 2x10™ 370 No data [26]
9% g-C3N4.ZnO 10°° 1x10° 300 12.1 This work
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(c) Response/recovery curves of g-C3N4-ZnO (0-15%)
to 10~ acetic acid at 300 C
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Fig. 7 Response/recovery curves and continuous detection of sensors to acetic acid



+ 208 - CREMR £R 2741

J Chin Ceram Soc, 2020, 48(2): 292-298

2020 4F

HEINJE N, S Te IR S e v, T Se TOAAERE
AN B RS AR B T RBUEZ A8, mi Ry,
B [0 R i 52 B ) 1 2 5% e A R AR e 1) T R R
Fro B 7b A S3 TEAE 300 CRE10°~107° Z <1k
(g 52 2k o A% TTAERT 107 21 f1 o I i) A1
WA B 6 s M1 5s, 4 ZMIIE N 107° 1,
JOA IR M IS T R B2 IR [) 43530 A 4 s AT 11 se S5
TEHEXS 107, 5x107% 5x107°, 107 F1 10°° ZHR 1A
B4y 50k 260.4. 233.5. 52.4. 14.8 F1 1.8, X&
W S M AT LUK 2R IR S 4 10°° P 7¢ 4 S,
N g-C3N4-ZnO(6%-~ 7%~ 9%+ 11%+ 12%. 15%)
HEFEHE 300 CIRERE 107 20084 1 i 5 1k 52 I
2R . Sov Siv Sav Szv S Ss Al Sg JCAEIKIM Y
TR AR S P TR) 4330 28 11 s/5 s« 5 s/6 s+ 7 s/6 s
65/5s\ 65/5s\ 24s/6s Fl5s/3s. IRGERELMH,
Sy MOBFEAT R AL Fr, R ST TR DL A ARG PR
MR 5 o S5 TOHEAE 300 CIRERF 107 2SR R
BOEHHT T 3 IEE S, S8R 7d Bros. %o
PERARAGFER Y, HRBUEIEAR IS .
BRI, MR IR e 2, e s/
BB L RS M AT TIEAERIF T A

3

K K #0546 — R YA [\ 5y H
g-C3N4-ZnO S A PR, Tl I AR 5 S AR g-C3Ny
Wi s TR S FE R, 5 ZnO AL,
9% g-C3Ny-ZnO E A FEHE 300 CH, Xt 107° ZIK
ARG IL T 260.4, W 2018 1) 55 A A W B
107, Wi SRR AL I 1) 505904 6 s A1 5 s

S0k

[1] GALSTYAN V, COMINI E, BARATTO C, et al. Nanostructured ZnO
chemical gas sensors[J]. Ceram Int, 2015, 41(10): 14239-14244.

[2] HAN B, LIU X, XING X, et al. A high response butanol gas sensor
based on ZnO hollow spheres[J]. Sens Actuators B: Chem, 2016, 237:
423-430.

[3] LATYSHEV V M, BERESTOK T O, OPANASYUK A, et al.
Nanostructured ZnO films for potential use in LPG gas sensors[J].
Solid State Sci, 2017, 67: 109-113.

[4] MIRZAEI A, PARK S, KHEEL H, et al. ZnO-capped nanorod gas
sensors [J]. Ceram Int, 2016, 42: 6187-6197.

[5] LOPEZ R, VIGUERAS-SANTIAGO E, VILCHIS-NESTOR AR, et al.
Ether gas-sensor based on Au nanoparticles-decorated ZnO
microstructures[J]. Results Phys, 2017, 7: 1818-1823.

[6] LID,QINL,ZHAO P, et al. Preparation and gas-sensing performances
of ZnO/CuO rough nanotubular arrays for low-working temperature
H,S detection[J]. Sens Actuators B: Chem, 2018, 254: 834-841.

[7] WONGRAT E, CHANLEK N, CHUEAIARROM C, et al. Acetone gas
sensors based on ZnO nanostructures decorated with Pt and Nb[J].
Ceram Int, 2017, 43: 8557-8566.

[8] TIAN S, ZHANG Y, ZENG D, et al. Surface doping of La ions into
ZnO nanocrystals to lower the optimal working temperature for HCHO
sensing properties[J]. Phys Chem Phys, 2015, 17: 27437-27445.

[91 HU Y, LI L, ZHANG L, et al. Dielectric barrier discharge
plasma-assisted ~ fabrication of g-C3N4-Mn3O4 composite for
high-performance cataluminescence H,S gas sensor[J]. Sens Actuators
B: Chem, 2017, 239: 1177-1184.

[10] ZHANG Y, ZHANG D, GUO W, et al. The a-Fe,Os/g-C3Ny
heterostructural nanocomposites with enhanced ethanol gas sensing
performance[J]. J Alloy Compd, 2016, 685: 84-90.

[11] CAO J, QIN C, WANG Y, et al. Synthesis of g-C;N4 nanosheet
modified SnO, composites with improved performance for ethanol gas
sensing[J]. RSC Adv, 2017, 7: 25504-25511.

[12] ZHAI J, TAO W, WANG C, et al. UV-light-assisted ethanol sensing
characteristics of g-C3N4/ZnO composites at room temperature[J].
Appl Surf Sci, 2018, 441: 317-323.

[13] WANG M, JU P, LI J J, et al. Facile synthesis of MoS,/g-CsN4/GO
ternary heterojunction with enhanced photocatalytic activity for water
splitting[J]. ACS Sustain Chem Eng, 2017, 5: 7878-7886.

[14] CHU X, CHEN T, ZHANG W, et al. Investigation on formaldehyde
gas sensor with ZnO thick film prepared through microwave heating
method[J]. Sen Actuators B: Chem, 2009, 142: 49-54.

[15] LV H, JI G, YANG Z, et al. Enhancement photocatalytic activity of the
graphite-like C;N4 coated hollow pencil-like ZnO[J]. J Colloid
Interface Sci, 2015, 450: 381-387.

[16] ADHIKARI S P, PANT H R, KIM H J, et al. Deposition of ZnO
flowers on the surface of g-CsNy sheets via hydrothermal process[J].
Ceram Int, 2015, 41: 12923-12929.

[17] WANG S, LI D, SUN C, et al. Synthesis and characterization of
2-C5N4/Ag;VO, composites with significantly enhanced visible-light
photocatalytic activity for triphenylmethane dye degradation[J]. Appl
Catal B: Environ, 2014, 144: 885-892.

[18] LIU Y, HU Y, ZHOU M, et al. Microwave-assisted non-aqueous route
to deposit well-dispersed ZnO nanocrystals on reduced graphene oxide
sheets with improved photoactivity for the decolorization of dyes under
visible light[J]. Appl Catal B: Environ, 2012, 125: 425-431.

[19] ANAND K, SINGH O, SINGH M P, et al. Hydrogen sensor based on
graphene/ZnO nanocomposite[J]. Sens Actuators B: Chem, 2014, 195:
409-415.

[20] MA J, TAN X, YU T, et al. Fabrication of g-C3;N4/TiO, hierarchical
spheres with reactive {001} TiO, crystal facets and its visible-light
photocatalytic activity[J]. Int J Hydrogen Energ, 2016, 41(6):
3877-3887.

[21] WANG X J, YANG W Y, LI F T, et al. In situ microwave-assisted
synthesis of porous N-TiO,/g-C3N4 heterojunctions with enhanced
visible-light photocatalytic properties[J]. Ind Eng Chem Res, 2013,
52(48): 17140-17150.

[22] XUE J, MA S, ZHOU Y, et al. Fabrication of porous g-C;N4/Ag/Fe,;Os
composites with enhanced visible light photocatalysis performance[J].
RSC Adv, 2015, 5: 58738-58745.

[23] CHENG L, MA S'Y, WANG T T, et al. Highly sensitive acetic acid gas
sensor based on coral-like and Y-doped SnO, nanoparticles prepared by
electrospinning[J]. Mater Lett, 2014, 137: 265-268.

[24] MA L, MA S Y, QIANG Z, et al. Preparation of Co-doped LaFeOs
nanofibers with enhanced acetic acid sensing properties[J]. Mater Lett,
2017, 200(10): 47-50.

[25] JIN W X, MA S Y, TIE Z Z, et al. Synthesis of hierarchical SnO,
nanoflowers with enhanced acetic acid gas sensing properties[J]. Appl
Surf Sci, 2015, 353: 71-78.

[26] WANG T T, MA S Y, CHENG L, et al. Performance of 3D SnO,
microstructure with porous nanosheets for acetic acid sensing[J]. Mater
Lett, 2015, 142: 141-144.

[27] WANG C, MA S, SUN A, et al. Characterization of electrospun
Pr-doped ZnO nanostructure for acetic acid sensor[J]. Sens Actuators B:
Chem, 2014, 193: 326-333.



