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Preparation and gas sensing property of Ce-doped NiO nanomaterial
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Abstract Using NiSO,+6H;0,Ce(NO;);+6H, O and NaOH as primary materials and PVP as a surfactant, Ce-
doped NiO nanomaterial was successfully synthesized through chemical deposition reaction combined with subsequent
calcination process. The structure and morphology of as-synthesized samples were characterized by X-ray diffraction
(XRD) and transmission electron microscopy ( TEM).To demonstrate the usage of Ce-doped NiO nanomaterial, gas
sensor was fabricated and investigated for ethanol detection. The results showed that 3% Ce-doped NiO nanomaterials
exhibited good gas sensing properties to ethanol. When the sensor based on 3% Ce-doped NiO nanomaterials was

exposed to 5X 107 ° ethanol, the sensitivity can reach to 2. 20 at 250°C ,and the response time was less than 20s.

Key words chemical deposition reaction,Ce-doped NiO,ethanol, gas sensing property

Vol.46 No.1
NEW CHEMICAL MATERIALS e 233 -

UEAESR TR AT B AR AR 2 S A 4 A
Y ST A DR B AT SRR s L e I K PR R
PEUF UL SR AR G A B T2 . # W
SREAY A SnO,  In, O, . ZnO Fl WO, 2 i
NiO VEN—Fh B ZE Y P AL SRR, 2570 98 B Ry
3. 8eV, A HLA I S5 i e M w8 bR ol 2
e, etz o fi Ak Bk R) et L e bk ik
b REPE AL RL B AR | Rk 2 AT R R AU SR A
SEAE Y

alifl NiO B AR S5 M e . (B A7 AE TR IR s
TR PR L R e 22 5 e DR 3 e R A S e
Bkt m A M GE . Wang 7R 38 HUE -

il £ T 4 BURR N1O #ERRE, X 30 X 10 & AR
FER IR 18 %6 W R A [A] Ry 27s, Li 2500 R F AR A 2
il T NiO 92K 7 20 %< 1 A9 250 3k 76 220°C
TAEIREE ST 6 50 X 10 ° S5 79 Tt P9 B, P st
T i A5 R MR BLA I RO 4 ok 11,3
9.9.8.2.7.7 Ml 5.0, Feng %" 5% H # e 4 22 ¥
Hilf W 2% NiO K48, 78 375°C TAE IR B A1
T 200X 1070 R RALE Rk 8. 74, 2y k4l
NiO 99K 1 3.3 fi5. WAL S SR FARIR UL vE %
AR T Fm B A 9K R ALIE A MnO, /NiO g4k &
AR, AT X 100X 1079 (9 NO, Sk R
JE 3K 36 %4, i I 5[] 4 11s,

EE&TB :ERAREFIS (51574143) s L THHUBITHH (L2013139) ;1L T4 H AR # 34 (201602358)

TEZE B A K B(1983) . L P ST AL L BB TE 5 1) S DD RE4 K b1 R



© 234 - b T A B R %46 &

A S LABR TR B i R s A0 2 4R 1 B O D 3R
N LM e B (PVP) Sy 2 T 3% 511, 5 SR AT A A9
A DURE S  #38 id m d R Be 15 31 Ce 878 NIO 94
KEL, BT Ce $84% NiO 9K BB < BOT
1 5 SEZ AN AR R X LB R SV RE L JF XA
LB AT T8R0T .

1 XLaERsy

1.1 R 5EE

BRI EL (NISO, « 6H, O) , K HE T K % 4k 27 3 #1
TR R [ Ce(NO,) 5«6 H, O) ], K HETH BF 85 B Ak 2%
RN A BR 2 7] 5 SA AN (NaOHD K HETT 6 &2 BE 5
R JRA MRS 5 5 M ik e B (PVP) |, B i 3% 95
CRED 2= A B R I Ak 25380500 32 2k 43 A 465 52
5 HIK S R 25 18K .

B RE A IRLE ) B 2% (SZCL-2A B i
WS T AL A BR A B LA TR A (DZF-6050
A, b B E R A T B0 AL (L-530 BD i F
WALE OIS ARAA; HEEAHIT RS
(CGS-1TP #) , b 5t L H R BH A BR S w5 HF e =X
BB (OTF-1200X A , & RER 5 A BB R A
FRAH
1.2 Ce 352 NiO #hk# R AY %1 &

FRIL 0. 53g BRIRERL 0. 33g PVP F3i& &t ity R 4
A 100mL ZE 48 K v, @ J3 9 FF 30min; 85 A
10mL 0.1mol/L. NaOH ¥ W . #E 71 i€ #F = h
10min, #5205 OLTE H 728 18 K R JE 7K &1 43 51 25
O VR BB, 60°C T HE T 15 3 Ce 2% Ni
(OH), ¥R, HismARE T8, =R
T 400°C #4548 2h, 155] Ce 2% NiO 94K K
1.3 #MRBRE

FH X-5F 2647 5L (XRD, D8 Advance %,
[ Bruker 24 FD X} Ce 824 NiO 40K B & 1R 25
FHEAT 53 Frs 2k 38 5 i 7 B B (TEM., JEM-
2100 B, HA JEOL A ®D X Ce 4% NiO 44K 44k}
M B HEAT WS . OIS YA S A% 1. omL £
A, 8 A 0 H 20min T2 ) R T VK .

1.4 SEENK

H B OB TR R AE BIIE S 50pm 1 E A4S XA
Sk b, TR S A S EOT . R OB R 2 )
AR PEARE B B 2B SR SR )5 8 A S T HE
B A S FH AE A I 0 312 57 SR 78 R 66 R 5 e ot
R AR AL . REEE XL S=R, /R, . H,
R, RouEEE S B BHE . R, R ICFfE — & W

JEE A I A A PR BELAEL o O OE ] g 6 7 — 7 T
JEE AR I AR v 28 8 i R R ABURE 90 0 T A LAY IR 1]

2 GRS

2.1 XRD 5 TEM 4 #f

18 Ce $B4% NiO 49k # K XRD % &,
H P8 ] 1, 20=237. 2°.43. 3°,62. 9°.75. 4°Fl 79. 4°4b
B AF B 0, 43 B N 52 7 A NIO A o 5 1A
(JCPDS 47-1049) i (111), (200), (220), (311) flI
(222) & 10 A7 F 0 5 Ce 2% NiO 44k 4 B B9 XRD
WEE A B CeO, 1 RRAEAT 35 0 L 31X 7T g &
T Ce' B NiO H Ay Ni2© L JE %A B 28 NiO 4
RS L R, B AR RE S AT R A7 5 A NiO,

3ﬁﬁl(a.u.)

N I R
20 30 40 50 60 70 80 90
20/(°)

Bl 1 4l NiO Fl Ce 2% NiO 44k RHH XRD 3% K

K2 & Ce B2% NiO 99K BHHY TEM & F .
H AT, BT AR AR i B /N Sk 359 50 1 BROE J0RE 21
B RRAR 2 R 8. 6nm . HAFHE— 2 W A R4,
12 5% 08 Bk B2 b, ik B — A AT AR I o B
(EDXD .45 R an &l 3 fron. B A0, #F 5 B N,
O.Ce Fl Cu(Cu 35 F 4 PG4 M 5% B 25 50 2H
Ho Ni il O IR F L2 1: 1. 04, 452 35 B AR fb 2

Bl 2 Ce#B% NiO 40K41 81y TEM &

fE& /keV
3 Ce 182 NiO 44K 41 B EDX 3% &



%14 B AR Ce B2 NIO GUKBHRHY i £ B H B REBIT 5T © 235 .

T A NiO; Ce TR EM LR Y] Ce B A
NiO 1, 454 XRD fil EDX 4387, #F— 45 0E 0 fir 15
FEf R Ce B4 NiO 4k 18},
2.2 Cei8Z: NiO HAMBIHSBEEBEST
M IR AL T T AR E 250°C 1), 43 B
50X 10 [ L mE  H B TN B L H I R £ T AT ARURR
W, 25 R WA 4 fros . o BRSO 2B
) R U e, BAW Ce 4% NiO BT 1 X & 1
AP e B 1 L AR AT 2% S8 IR it & B AR 1Y U
BRI
2.5

2.0f

RAEE
MUMI b.IIY

AN\

150

AN\

N

A\

\\

7 7 ) ) ,
W WEE ONE WE LRk

B4 AT HRTE 250°C XA Al A Y 2 0% 7R R 1R

B 5 AATE TAEWR BT, 4 NiO FUR[E] Ce
Zetk NiO SATTHEX 5X 10 ° 2 BEmy 7 0 th 46,
i AT B T AR TR A T, 4 NiO FAS TR Ce
BZR A NiO St X £ B i 52 858 5L e 3 KR
N R B JT AR SIFE 300 FT 250°C I ik B B KM,
FEIR — TAEREE T B Ce #8445 0938 . < filoT
PEXT OB R B R Y Ce BN 3%
(w0 20 85, T D B 2800 36 B 35 KA 5 {H Ce
B 2% Rk 1 K SRC X 2 BERY RRRE R
K. fEEAETAEIREE 250°C F.Ce 38280 3%
NiO BT X 2 BE R B R 2. 20, 29 2k 4l NiO
SEBOTHE X B R UE (1.63) 89 1.35 f5, H I,
Ce BZAUFEAR T NiO S 8o 4 /Y B 4E T 4E I
FE AT B AR T NiO SBOTlE X S B R

2.5
2.0 /\
sl A

1.0

1.0

RIGEE

150 200 250 300 350
BEE/C

5 ANRTAERETRSOTHST 50X10 ° ZEES KK

F A 2

& 6 JiedE TAEIREE 250°C T, Ce 4% NiO X
BOTAE X AN [R] e BE 2 B W ) B -0k 2 i 2k . fl R AT
M — e R BT ST A He RE A R

BT IR IR B s 2 L BB S HL B
JE IS B3 S 52 3400 46 A 5 BT AR X A TR R BE 1 &
B AR L i Ry R B) 34 208 22 L R 2R (] R #E o
30s. TR 2 BE Y 2 8508 Bl 2, 1 Tk B Y 35
T B4 A0 X e B Ry 5.10,20,30,40 1 50X 10 Ay &
P 53 AR 4y W R 2. 20, 2. 62, 3.40, 4. 22, 4. 90 Al
5.61, VA LZEIRFEW, Ce B2 NIO LY &4
Pt ELA B G 14 i o A 52 5 e RS v ) SRS

6 30x10°
!

st 40)(110’6 I
4t AR
2. f11111
IR RS
AR
AT T

0 50 100 150 200 250 300 350
Al /s

Kl 6 AEITTHAE 250°C X AN R ik B L B 1Y
Wi 7 - A 1 £k 4]

2.3 Ce18Z: NiO XM BHSHEIIES

NiO J& T 3Rl i P A R A A0 . 5 i 30
TR, M NIO IR &E T2, O, Wkt
fE NiO REIJFfiR B F. B 0, .0 0" fi=
FCAH NiO PN 28 908 0 1 vk B 8 O, | PR T F%
M NiO THOTHE T RS R SR P i, 2B
B B A N1O 3R 17 I 5 5 3R 1 09 S B B - RN
A4 CO, VH, O, T NIO P28 930 1 1 BE B A
P BEL{EL 38 00

M NIO ST #2438 & Ce J5 . Ce'm BUR
NiO H 343 Nitt, NiO £ 15 8 8 £ 09 & s
T H A SO B A B 2 AR T P rpcs , BTN 2
B AR5 BB R R NiO P28 78R 1 ik
JE REAR , L BELAE 38 i, S BU BOT X OB ) R
R

3 #Hit

I 5 ) FH Ak 24 DT B 5 A TR B 0 ) 4% kL
R Ce B2 NiO gk # kL, H Ce BAREN 3%
L NiO SO 2 B ) ST RE B b . 7E TAE
IRJE R 250°C B, Ce $B824% NiO <o x 2B B A
P R R L v ) R AR R A P A ) PR A
P, L. Ce 2% NiO 95 K 1 k& — R AR A 1 &
) BB B

2% CHk

[ 1] Zhang J.Wang S.Xu M.et al.Polypyrrole-coated SnO; hollow



© 236 ¢ b T A B R %46 &

spheres and their application for ammonia sensor[ J].Journal
of Physical Chemistry C,2009,113(5):1662-1665.

[ 2] Zhang W H,Zhang W D,Chen L Y.Highly sensitive detection
of explosive triacetone triperoxide by an In»Oj; sensor[]].
Nanotechnology»2010,21(31) : 2534-2538.

[ 3] Kim K,Song Y W,Chang S, et al. Fabrication and character-
ization of Ga-doped ZnO nanowire gas sensor for the detection
of CO[J].Thin Solid Films,2009,518(4):1190-1193.

[4] Yan A H,Xie C S, Huang F, et al. Understanding the high
sensitivity of parallel WO3; sensor toward NO; gas at low
temperature[ ] ]. Advanced Materials Research, 2013, 634-638
(1) :3866-3869.

[ 5] Hameed A,Gondal M A.Production of hydrogen-rich syngas
using P-type NiO catalyst: a laser-based photocatalytic ap-
proach[ J].Journal of Molecular Catalysis A-Chemical, 2005,
233(1-2) :35-41.

[ 6] Feil,Chen H Y, Wang C M, et al. A novel modified NiO
cathode for molten carbonate fuel cells[ J].Journal of Electro-
analytical Chemistry,2002,531(1) :53-60.

[ 7] Gibson E A, Smeigh A L, Le Pleux L,et al. A P-type NiO-
based dye-sensitized solar cell with an open-circuit voltage of
0.35V[]J].Angewandte Chemie International Edition,2009,48
(24) :4402-4405.

[ 8] Pappas S D,Delimitis A, Kapaklis V,et al. Natural nanomor-
phous Ni/NiO magnetic multilayers: structure and magnetism
of the high-Ar pressure series[ J].Journal of Nanoscience and

Nanotechnology,2014,14(8) :6103-6107.

[ 97 Dakhel A A.Dielectric pelaxation behaviour of Li and La Co-
doped NiO ceramics[ J].Ceramics International, 2013,39(4)
4263-4268.

[10] QiuJ D,Cui S G,Deng M Q, et al.Direct electrochemistry of
myoglobin immobilized in NiO/MWNTs hybrid nanocompos-
ite for electrocatalytic detection of hydrogen peroxide[ ] ].
Journal of Applied Electrochemistry,2010,40(9):1651-1657.

[11] Nalage SR,Chougule M A,Sen S,et al.Novel method for fab-
rication of NiO sensor for NOj , monitoring[ ] ].Journal of Ma-
terials Science Materials in Electronics,2013,24(1) :368-375.

[12] Wang J.Yang P.Wei X.et al.Preparation of NiO two-dimen-
sional grainy films and their high-performance gas sensors for
ammonia detection[ ] ]. Nanoscale Research Letters, 2015, 10
(1):1-6.

[13] LiQ.,Chen N, Xing X, et al. NiO nanosheets assembled into
hollow microspheres for highly sensitive and fast-responding
VOC sensors[ ] ].Rsc Advances,2015,5(98):80786-80792.

[14] Feng C,Wang C,Zhang H,et al.Enhanced sensitive and selec-
tive xylene sensors using W-doped NiQO nanotubes[ ] ].Sensors
and Actuators B-Chemical,2015,221(12) :1475-1482.

(150 WA ARRE 2E L F 354, % MnO, /NiO 94K 5 A& ek i 45 X%
it NO, HIEREWT ST LI ] A T8 R 2% 41, 2015, 44 (1)
101-107.

[16] E&%, FEHER, LiEH. 5. Ce B2 Ina Oy GIK L 411 £
R = M RE LT ] W B AL 7 24 41, 2010, 26 (11) : 3101-
3105.

WrhE B #:2016-09-22

P3IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIID

(L% 232 70

[3] Tarascon ] M, Armand M. Issues and challenges facing re-
chargeable lithium batteries[ J]. Nature, 2001, 414 (6861); 359-
367.

[ 4] Goodenough J B,Park K S.The Li-ion rechargeable battery:a
perspective[ ] ].Journal of the American Chemical Society,2013,
135(4):1167-1176.

[5] Sun H,He X,Ren J,et al. Hard carbon/lithium composite an-
ode materials for Li-ion batteries[ J].Electrochim Acta,2007,52
(13):4312-4316.

[ 6] NiJ,Huang Y,Gao L.A high-performance hard carbon for Li-
ion batteries and supercapacitors application[ ] ].Journal of Pow-
er Sources,2013,223:306-311.

C7] MR, THF B3, 5 AR AR £ A VR4 B 7 o 3t 11
BRE R R B P BELT T A R B 22 15 TR 22 4], 2011,29(2) - 204-
209.

[8] Fey G TK,LeeD,Lin Y.et al. High-capacity disordered car-
bons derived from peanut shells as lithium-intercalating anode

materials[ ] ].Synthetic Metals,2003,139(1) :71-80.

[ 9] Gryszkin A,Zieba T,Kapelko M, et al.Effect of thermal mod-
ifications of potato starch on its selected properties[ J]. Food
Hydrocolloids,2014,40(40) :122-127.

[10] Li W,Chen M, Wang C.Spherical hard carbon prepared from
potato starch using as anode material for Li-ion batteries[ ] ].
Materials Letters,2011,65(23/24) :3368-3370.

[11] Zhao S,Wang C,Chen M, et al.Preparation of carbon sphere
from corn starch by a simple method [ ]J]. Materials Letters.,
2008,62(19):3322-3324.

[12] Wang H,Zhong Y.Li Q,et al.Cationic starch as a precursor
to prepare porous activated carbon for application in supercapac-
itor electrodes[J].] Phys Chem Solids,2008,69(10) :2420-2425.

[13] Xue Z,Chen P,Yang Q.et al.Effects of low-temperature car-
bonization temperature and time on morphology of carbon parti-
cles from maize starch[J].] Mater Sci,2014,49(5) :2180-2186.

(141 290 R 05 M7k B 45 00 IR B /460 T i Ak 06T R Jie & 4 4
SURAT R S e L), e B 27 4 5 1 L 2006,31(6) : 20-26.

Y B #7:2016-10-11
&R B H#:2017-10-11





