Material Sciences #1EFRI2Z, 2021, 11(4), 309-316 Hans )0
Published Online April 2021 in Hans. http://www.hanspub.org/journal/ms
https://doi.org/10.12677/ms.2021.114037

Cos;0/ZNOEEM PN =T RRSH
T gERf R

ﬂﬂ&’ ?g}ﬁ—’ 3‘]‘ HE, %%/ﬂ’ %l‘@r}}?{, E%'g
[ R 2 B A2 e, R

Email: lianxiaoxues@163.com

Wehs H . 2021483 H8H; FHHEM: 20214F4A5H; KA HM: 20214F4H13H

=

B AR R I ] 8 T Co304/ZnOE AR RFIFES . FIFXHLRATHAX XRD)HE# BT B4R
(SEM)XF R FIFESHET T R4 RS S MRAE . &R KR, Cos0. R A BRI IE T Zno MR KA K,
BB RRLAEF - ZESENRF, RILY T/ERE ~N240CH, KEMEHIS SR EMR T4iZno.
HARERZC-14%150 ppm=Z SR R BUEER)77.3, RAZnORE R I41%, HEBBHRKER(6 s)
AKE (13 s)i5tE, BRAAHRER1 ppm. FE, RITERNZC-14 88 RIFHER MR e,
KA

C0304, Zn0, EZAH&) %@‘&ﬁé

Triethylamine Gas Sensing Properties of
C0304/Zn0 Composites

Yichen Zhao, Xueqi Li, Zhao Sun, Qi’ao Wu, Sichen Wei, Xiaoxue Lian
College of Science, CAUC, Tianjin

Email: lianxiaoxues@163.com

Received: Mar. 8th, 2021; accepted: Apr. Sth, 2021; published: Apr. 13”‘, 2021

Abstract

Co304/Zn0 composites were successfully synthesized by hydrothermal method. The component,
morphology and structure of the samples were determined by X-ray diffraction (XRD) and scan-
ning electron microscopy (SEM). The results showed that the addition of Co30, successfully inhi-
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bited the growth of ZnO grains and refined them. In the gas sensitivity test, it was found that when
the working temperature was 240°C, the gas sensitivity property of the composites was obviously
higher than that of pure ZnO. The sensitivity of ZC-14 to 50 ppm triethylamine reaches 77.3, which
was 4 times that of pure ZnO, and it had fast response (6 s) and recovery (13 s), and the minimum
detection limit was 1 ppm. We also observed that ZC-14 had good repeatability and stability.
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1. 518

AAEEZnO)E Ny —Fh BB (1) SE 254 - AR R, BRI B A 2R e PEAN IR e M L (R FRIE
IRRA . IR AL [2] [3], 7EBUE IS 2 B2 W . KT ZnO A A8 1 <
HUER KB 1F 72 #N [R) 2 T 28 1 BRAES [4] [5] [6] [7], B H AR A5 A4 28 TH W B A 48 67 38 7 R AR SEALIE T
SBE, ISR R AR . R, LU R AR KR IR B AR Tl (R AR AL A8 R
BUESE R . T2 PHARE, ANFEST ZnO 9eRARb CFF . BRI ARSI RS B RIS
ePERE8] [9] [10]. 4RI, FESEBR N TS SRAFAE— 2L ) . [RI, SHRAT R 7 v R i) 4% v R AR AR
RIEFEIEN ZnO BgK AR IR H L E 1

SHEATHEFL R I, 16 ZnO % p-n 45+, BT M ZnO i p Z4pKL, 22700 ZnO, H2|E
LSRR R R 4P AT[11] [12] [13]. Rk, ZnO gKEikiH F B B R k>, FERE TR AT i T A
Ao AFFEREBIEI K p BOL R A A SBIG RE R S T Zn0 X AR R A B e[14]. B4, p BY
PRI 75 2 — Fh 8 ZnO GKARFBRE JI T AT ee, TIMERIRE . 1E p BE Ay,
Co0, RILH RUFHI O, MM B2 J1 A0 R UF AL IR [15], I HOX AN 88 A A T N H . B4R
C0304/Zn0 L BA% O HIE[16] [17] [18]. (HAZMRIEIRATN TH#E, Co304/Zn0 YKE AR = L
& I RE AR AAT L o

SRR AE W FER NS, S IR B AR i A S, S I A SR A
PR, NG 25 R AR K gET-[19]. Kk, = Z & iuerimldEs B2, Harieill = 251
F B IR S AE[20] [21] 66221 bL (e [23] . B EIRASIN T s B B, HRE 2L,
TSN = Z B s W BRIk, Rk PR AERHS IRIR B = 2ot Tk 22 4. SREE {3 Fl
NFEEFA AT EEZMIE.

KILHTE T Cog04/Zn0 YK G EFNAL ZnO HAKIURL ) & TS E S 4. KK I Co304/Zn0 4K
HEMER = CAEA RS R B, R, FATRRE T HA B SRR B MR
FaE k.

2. SEERERSY

SEIG R FE A AR IR R (T 4E) . SRS REIREE(T4l) . DK & ZTRE (i ad) . K 20t
% A5E B (K30) A TG /K Zu1(99.7%), LA AR 7408 SEF Sigma Aldrich. 72 e &R (99%) £ % (4 #Hr4h)

DOI: 10.12677/ms.2021.114037 310 PR R


https://doi.org/10.12677/ms.2021.114037
http://creativecommons.org/licenses/by/4.0/

T | 2454055
2.1. C0;04/Zn0 B

B AR KT SRR A B HEEE 10 min, TERIR SR, SREFREL 1 mMol 7S /K A YR
B, 19 B OIHMME RN 1 g 22 e 2, UM B 2, BE A 25 3 oK KR A v R, s e #E 10 min,
B JE AR EL 4 mMol JREZEN LR IB AR A, B A5 UG B — 2 BE R FIDU 7K & 2R % (0 mMol,
0.01 mMol, 0.03 mMol, 0.05 mMol)7r HINIA B L IRVRA R+, milHid: 30 ming 3RS 1 UL R
AN 100 mL G R VUR LI WA IAFN M 28, 180°C R 12 h, NEiR )G, AHIE=RE, ¥
VIEH LB F/KFTC/K L5 APk 3 K, 80°C FHZ T 24 h, )5, 7F 600°C LR 2 h, FHE#HZ 5°C
Imin. B3RS E N ZC-11, ZC-12, ZC-13 1 ZC-14.

2.2. SHERBARAES AR

FE b AR 2l I X SR AT PR T7 XS BR 5], DX-2000X, ##EHf, 3K 0.154184 nm)
BHTRAL. KA R S B T S0 (Leo 1530 VP)XTRE S SO SR8 AT WA 73 My o S A
REMAF FH CGS-8 AU e A M A (AL 5 3SR B A IR A R ) 58 il . HUE & Co304/Zn0 A A
2 W RAEMKEHATINE, EEIREUREEGIE, FRIREHNRE TR RABUTH MBS R =ik T
T-48h 5, fERECEEE L 150°C#4k 240 h, 330°C#4k 3h, HEI5ERM Cos0/Zn0 ST I .

SBOTHRIRBE S & X

S=Ra/Rg

Hrr: Ra Q)R TCIHER P HIFAE, Ry (Q)F T HE H AR R o B BEAR o o K 53 N ) o 1 e i
TE 2SN H AR A A e BELAE 025 A A2 A A Hl BEAE AR AR 1) 90% T 5 2 FAT I 1]

3. &R5ve
3.1. EHMER
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Figure 1. XRD patterns of C0;0,/ZnO composites
[E 1. Co304/Zn0 E & ##¥4H#9 XRD 15[E
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BER %

1 /& C0;04/Zn0 &R XRD i & AR ILIX WYANEE S TE 20 A RIS LR 32.0°, 34.7°,
36.5°,47.6°,56.6° A1 62.9°, X LEAT A% 5 ZnO(100), (002), (101), (102)F1(103) & i 43 7 AH XS B (PDF#JCPDS
36-1451) [24]. ZnO MIRHEATHHE AL E A %, RINEA IR THEN M. BT HE ZC-14 1 Coz0,4
(& AT R, BT MG T Cos04 FIFTHTIE . 75 20 SN 36.8° ML E HEL T B S AT, X AT
VX5 N Co30,4 F(311) & THI (PDF#JCPDS 42-1467) [25]. IXEELEIREH, 5 Co0, BAJA, KM ZnO &
ROGARKESE. FR, ZEEFEM AT ERE R, B8 Co0, WEGIIKT ZnO IdhkLEE, M)
FELES T 40 ZnO ki Kok,

-

b

v 351 ¥ 400nm ;
ey .. o F g S

-

Figure 2. SEM images of C0;0,/ZnO composites: ZC-11 (a), ZC-12 (b), ZC-13 (c) and ZC-14 (d)
2.C030,/Zn0 E&## SEM BB : ZC-11 (a), ZC-12 (b), ZC-13 (c)Fn ZC-14 (d)

2 A SEM ME IR MRS AT WS H BB IR 8L, 21 ZnO A A2
JOIRKE, HEURIRYIE . 5401 ZnO MHEL, 5 Cos04 H & J5 1 ZnO 3B H LA A BRI TS . A ZC-12
B ZC-14, 9ORBURLZHIE L, FORGHNZHEED, HBRL RS AR HA D, [FR, RIS
Bk . KL, CoOu IR AAUMIE T ZnO SKIRIZAELS, M1 XRD AL RA [, RIS b 1 FE dh i)
ZiP 3

3.2. SRR

wiE 3@)FR, fERYITAERE T, C0s04/Zn0 FA RN 50 ppm = £ Ji i) - 5 bl 2 il 52 (1) v
HIL S RGNS . £ 240°CIf ZC-14 () R BUELR B il , P DAs AR TAEIRE /2 240°C, HoAth#e
Al 1) R U B L AL S ZC-14 ML, BB ZC RAE S A ARG AR JF R M A2 . kT
A, Cos04 I A 1A FRARAR AR 1 e TARIRE, (HRX = M RS H B EiRm, 240°CH
ZC-14 [ R /&40 ZnO FEMIT 4 fi o
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Figure 3. (a) Gas sensitivity of Co;04/ZnO composites to 50 ppm triethylamine at series of working temperatures; (b) Sensi-

tivity of samples to 50 ppm different gases at 240°C
] 3. (a) C0;04/Zn0 E &5 50 ppm =ZREERFITIERE FTHREE; (b) 7 240°Cxt 50 ppm RESFHIR BUE

] 3(b) /& C0304/Zn0 E &M EHIALIKAFTE 240°C T X} 50 ppm FEE, HIZK, —HIZER = L kB .
ALAEH, S5HEE, FIRA IR, FrE A KSRt 50 ppm = ZREHE L. ZC-14 X = 2%
(1 RBUZ R, YWY Coz0, MIE A7 S2 5%, Xt = Z I HUsK. IR PR L. Kk, T H 4057 240°C
T, W= CHAE MR, 3P HRE Co04/Zn0 FFIFE it 1) & TP RE -

ya
200 - 500ppm
(@) p90 | ™ ZC1 ®) I ——zC1 P
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Figure 4. (a) Response and (b) the response-recovery graph of Co30,/ZnO composites at different concentrations of triethy-
lamine at 240°C

[& 4. 240°CHY, C0304/Zn0 EAMBERRIREN=Z IR R EE (MRS (b)IF5R

B 4 B, BTSRRI R B E = SRR I nmsg im. IE@)H T LLE
M= LR EE T 300 ppm B, REEIE NSNS TR IR AR B TR SR TR R AR T
MR A R SR . PURREEES 0 = 2 f& ma SIS A ZC-14 > ZC-13 > ZC-12 > ZC-11, 2R Cos0,
B (3D T BRI, GX 6 Coa0, I 1 3 2 R — 2 i RBUZ Ik e VR 3R . S T WL%E C0304/Zn0
SEMEHIE RN R EAED, (ERAE TARRE T, WS T ZC RIS 5% 1. 3. 5. 10, 20,
30. 50, 100. 200. 300 #1500 ppm = Z kM R BEE M2, SR K, BEE = ZMEURIKRER &,
FEJRER ) R B, B SR E LR IF. BEME Cos04/Zn0 RFIFE SN = 2 HA RIS
PERE.
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Figure 5. The response-recovery time (a) and repeatability (b) of the ZC-14 sensor, and the stability of the ZC series of
sensors for 30 days (c) to 50ppm triethylamine gas at 240°C

[ 5. 7£ 240°C 50 ppm = ZBg Sk, ZC-14 £ R%25RIM Rk E BT [8] () FNE E M (b), ZC RFIELRLEEHY 30 XTaE
TR (c)

i Jo7 K A2 1) R B A2 1 SRR RE 1) 57 AP AR, ZC-14 7F 240°C 50 ppm = Z Sk BA e s
PRI 10 K2 (6 s) A (13 )R (4] 5(a)), X% T BUE BRI S 2 2O E E1 . O T IiE AL &S
M, AL T =AEHNE(E 5(b)), WA B RZAE 240°C 50 ppm = Lk d . MRS
AT LAE Y, AR I T FEAH R AR R RS, IERA T ZC-14 ML B . AL RIS K
HiteE MR IRUF LR ) — AN SRR 3R . FRATIE S T 30 RINTE 240°C 4 HF R, C0s04/Zn0 R FIFE fivfe
JRARAE 50 ppm = ZJES A 7 ANASFIRT [ 00 R BUE, Wil S(0)FaR. SRKRM, RYMEERIRI RS
FEIX BRI E) 2 — 30, WEhiR/N, HETT L, Cos04/Zn0 RAIKE AL K4 BA RIFH K ek, 41,
XL E AR BB RIS UE T ZC-14 & —FRAEE AW 0 = L S AL A R

3.3. S®wE

FTRER SRR LI, Coj04/ZNO AR AIRE Rk AR AR TN, ZC RERH ORI RS T,
FAERE S AR T, WA, MAERZINGE, SEPRI LR, T B R T AR
PAUA=Z R, RO, 05, O WENHITHIZIK[26] [27] [28], FM=2 M, A
BT, BB ZC BERR, B THRERD BB R . ZC-14 AR RS I UL RERLAE, X B MBI
BRSPS, RN FTEL29] [30] [3L]. ZFURE M th Co0, & MM, X4/ TR H AR TR I AY
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HERHRIE T IEAZ W JEHGZ ZC-14 FEfn BA I R RBEAERENE, RIFMESEMKREENE, B
St min SR S 4 ol EEBBRAT AR, BA 5 IR A PR IZ = T ZnO B — 273 HIRE &, 9 ZnO
FEGUKE G EME N ik = LAt A3 4L T 7T RE .
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