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Response characteristics of Co-ZnO gas-sensing materials to acetone and waste gas detection. YANG Jia-li'?, DANG Xiao-qing'",
WANG He'” (1.School of Environment & Municipal Engineering, Xi’an University of Architecture & Technology, Xi’an 710055,
China; 2.Key Laboratory of Northwest Water Resource, Environment and Ecology, Ministry of Education, Key Laboratory of
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Abstract: Co-doped ZnO gas—sensitive materials were synthesized via a hydrothermal method, and the influence of varying Co
doping concentrations on their gas-sensing properties was systematically investigated. Furthermore, focusing on the emission
characteristics of acetone within the multi-component VOCs generated during rubber vulcanization, the feasibility of real-time
acetone detection using these materials was explored, aiming to enable cost-effective operation of adsorption systems under
compliance conditions. The results indicated that the Co-ZnO-2% sensor achieved a high response value of 1146.8 to 260mg/m’
acetone at 240°C, with rapid response and recovery times of 16s and 8s, respectively. Additionally, it exhibited excellent selectivity,
reproducibility, and long-term stability toward acetone. In a simulated VOC adsorption purification experiment, the Co-ZnO-2%
sensor was applied, and its response values were demonstrated to effectively indicate both the breakthrough and saturation states of
the adsorbent. Under multi-component adsorption conditions, with acetone as a representative indicator, a warning threshold and a
concentration prediction model, Xcerone=(¥—16.89)/4.47, were established to estimate VOC concentrations. This approach
successfully realized online monitoring of the adsorption process and evaluation of the emission status.

Key words: acetone gas sensor; p-n heterojunction; gas-sensitive performance; adsorption

P& R AMEH WL (VOCs) A& K41 B0k 4 (PM,.5)
F BLAE(O5) 0 SRR AT VOCs HE
T S AT Wb 2 — e i I AE AT Mk —
T T (1) T A0, A A6 i s A v s AR AR
B KRG SRR, BB iR . S
HLI(OVOCs) LK —Fifb ik 0! 4 vOCs Jh #H A
oA TSR R BEREAR. ) ISR,
FERENA PR ALBE A 4531 32 T A 2, VO Cs HEI
R R AR BRHIE SR . RS T S5
T LB A7 A, AR iy 34 RSO 2 FH R B 571 1) ZE 3R B
ey FEANTEST BCARBE N AN HE TR SR A )

FIUS O R b, 75 A 20k e R A2 ) L K B ) 1 4ok
g RIE RS E AR A4S AT

BN IR H bR, TF A e RO | B e ]
FEAR A [Py 3 FEAST I 7 9. DA i 700 6 it 4 4 1) Oy
#1,VOCs I3 2241 73 0 LA Ut - BR CUpe Al A .
RS A i A B LA A A 4 43 B s 7B i
5 AT R Al 1) H b e, 5 141t VOCs
Yk BEA: 2025-08-20
HEEMB.: BVGYH &S HER R E S~ A #$5(2024SF-ZDCYL-05-
06); [E AL T 2% 5 K RHE T & 0 H (2023ZLKY-13); B2 4 45 i 0F & v &Il
(2024SF-YBXM-569); 81645 23 0l J5 B} 2 55 + L F2Nii”(2023K XI-259)
* THTAER, %, dangxq@163.com




3 34 AT

Co~ZnO “UIBAPEEXT P I ) Wiy AR A IRl 1321

JR IR TBGE b 15 DL, A AT BT B 751 ) BE 46 J 91 A
S A ] 7 s S AR . F AT X P R PR ARG I vk
TS O FORE. YOO LR,
S RGN 2 R e (AL B B A 2
e LA AL Tk B 37 68 S Il R M 4 5 B A R A
it KA LE 2R BT S AL A e 1) A Tk sk
JRAAR S AR R SR W IR, 5 i T e e
DI VEAFAE I L3R e b A A 132 9 1 OL DR e
R ey JOCHE R i 226 1 ) A I A Sl R I N T T
VOCs W Bt Ab FHIE AR R 70 20 i 0 o o5 TSI 75 Gy
B RAE . SEN R SR A T BAT R X

SJE A R R MOS) UL a1 S R
9 SRR R FRUE PEAFSE A AR TR AR A
V5 PRI S AT B )2 . ZnO R — R LA
AT A1 AR R LR M 4% 7 (5, 0 22 b
UM RDE J R LA TR A ARkt g2 AR
ZnO WAFFEREFENEZE . AR i SR BUREARAE: )
R i A VR 2 R R R S R A A T LL
FPER ZnO I RHIALIEYERE B R 273, H. Co
JERHLL Co™ M Co I RAEE T B e h,
Co™"/Co™ FR G5 FLAT WU 1Ay S LA I8 J5 7% 3 1o S A
A FIAIGS A (R AL/ T, BE 25 30T ZnO (07X
PR REN L A A B MR ZnO R4 3L
S ) 2R AR G R R T 3, Rl gD
Co JULHALHIFILREF I HERILR (L CoO, 273
BT M R T 1, B D A R X PR R 1
FFPE.

AR S LIRS PR AR AR S H 38 T K A
il 4 AN A Co BRI LI ZnO 9K AR 4544, I LA
BB D U R A AR A AR WP T AN
Co BARWRIEN ZnO 9K e 45 1 A IR 1) Ui
BEL[AI N 70 #T T #30% Co JTEHR i ZnO A4 4% 11U
FE SR AUBE IR AR IS 5 R i VOCs #4547,
I 3 A D0 VR A A 1D Ak P IR A E R AR A, A B R
AR A IE bR R 5 A O W R R AR R e Ae
SR, ATt 35 TH R B i B AR S (K R RE AL ARG
ALK

1 MR5EFAE

1.1
— K LBREE(CH5CO0),Zn-2H,0) FER ;757K

HI(Co(NO;3) 6H20) I CUbE(CoHipn)~ HZERA CUfE
(CoH14), ¥ M 43 2l W F BT R T I (CsHgO) SR
LB (NaOH), ¥ 2k 43 A1 400, 1 )k o8 e 2k — A
LR (C 1oH 4o BrN), 23 BT 41, 98 I 556 FH /K Ok
EETK.
1.2 bR

T 3 7K Pk 4 AN [F] Co B 2R1K) ZnO Bk K
56 AERE I TERE R 0.0347g /N et = FE AL,
¥ 1.2gNaOH A S 20mL 2 5 17K 3t dE 4 4
O R LYK 0.878g(CH5CO0),Zn-2H,0 Fil— 5
[ Co(NO3),'6H,0 I F] 20mL 252 77K, B il
Co/Zn JRFEEIRLEAT A 0% 1% 2% 3% 4%
(R A W IE B RE 30min KR 2 15 I 2218
TN E] IR b B 30min S, B ARUA
100mL (1) 58 VU 3K £ 0 N At RO 28 078 120°C R OV
10h. ¥4 H) J5 43 B U0E W, 1 25 3 F /K R e K S REAL
Brubi s 0B 60°CHIBAE T8 12h 5ol
FRAT I 08 22 il IR AP L LA 15°C/min 0
IR THE 2 400°C Ja ke 20,1535 ZnO M AIF] Co
BAE 1 ZnO,H ZnO Fl Co-ZnO-X%FE /.

PIERTES
1
W/ 1
!

—————

B BRSO RE I R S

Fig.1 Static gas sensing performance test system

1.3 PR RAE

i X 3 26 A7 S 1 (XRD,Panalytical X’pert
Pro,Netherlands) 73 #7 ¥ /i 1 AH &5 1) 48 1 3% ) 46 91
i #1758 (FESEMLJEOL JSM—6 490,Japan) A
UYL &5 04 48 FH O 5 Fe 7 2 3 BE (TEMLFEL Talos
F200X G2,USA) M i 4 #F 26 3% 5 W 2 7k 8%
(HRTEM) 73 /T FF i (1 JE SRS S ot 3 4 A1 al o
PRS0 52 30 1) it A 4% BUE— 25 4 W ) AH 48 A



1322 A 46 %

X SR T BEIE I (XPS, Thermo SCIENTIFIC
ESCALAB Xi+,USA)X #4 k1 4k 2R A 34T 43 #T;
A7 1 HL BB & 45 B T 4R R O % X (ICP-OES,
Agilent5800 5 254 R SR G A0l 5 4 Ak 75 v Al
TG 3 ) SE bR a5 2% s A FH AUOB - I Y R 4 (BET,
Micromeritics ASAP 2460,USA )Ml A i i bb 2 1
HURIFLAR 2> A

1.4 AR B IR 25 2

DL 55 KA oeF ok Ak g 1 T 2% AR A Ik
BB S R A A 4 AN 1D e S Al e YA |
AR B AR R L PR B AR A i 2 g i
Wi T8 A O e e A B B A IR b2 S RS PRI
518 5 L8 KBS TE O 41 B AN L3S
VRBUAE B R R R 24 b BE S AR R
125mA i 24k 24h AR E.

SRR R G R W 1 s Ak AfE
TR BB M I KA S = AR R (A
(RH)20%,25°C)H1 5 CGS-8 F et &4
(bR R R A R 2 =], o D AT I . R R
VB A A2 I AR TG A S5 A A ) BB R JE 1 HR A,
FH e AR AT 275 n B S AR RL A A B (4 )
NAK(S) A S=Ra/Rg (Ra: Ak I ge e 23 (1
PH;Rg AR A AE M. VOCs A4 i L BHD, AR
F A1 R BURE I /W ST I (]2 AT A A B
I I e D AG 1) 5 — T 2 50 ) 1. B ) s
A IR AR AR RS N il B bR AR IR F
R XA R A F BHAE AR Ak 90% o T ¥ FE1¥T s [
P ST )4 8 SCA AR AR AE H AR AR e RS
P fih 2 R BIRE E I A IS 1 FB BEAE R 4 90%
T A IR B ).

1.5 BhA&L

HVFAE Co-ZnO-2% TRk s 46 W b v Ak ik
T 0 N AT AT M AR OB i A R 3
W B S 361 5 BT T IBCIE . AE 25 SRR 3.5L/min.
IR PE A 50°C R4 2 I v S 2 4 1) A4 11
WL JFFIH CGS-8 B MM RG89 A%
R 1A g AR ] P A B A (35 A(GC) [m] 22 s
SRR SR RGN 2 PR,

2 H 1 PSR FE T A 30E R BE(C/Co)fF) 5%,
SE S A WS B 500 4 2 24 D RO T R
WL IR 95 %I, 5 XN W B ATA B M AR AR,

2 MUK AR N T I B A5 S R 4

Fig.2 Dynamic experimental system diagram of gas—sensitive

sensor in adsorption of acetone
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