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Abstract: xCeO,-Al,0; supports with different CeO, mass fraction (x%) were firstly synthesized by
hydrothermal method, and Ni/xCeO,-Al,O3 with a mass fraction of 2% Ni was then prepared by initial wet
impregnation method. The catalytic performance of Ni/xCeO,-Al,O; on the selective hydrogenation of
acetylene to ethylene was evaluated by XRD, SEM, H,-TPR, BET, XPS, NH;-TPD and TG. The results
showed that Ni/5Ce0,-Al,O5 exhibited excellent catalytic performance with an acetylene conversion of
99.7% and ethylene selectivity of 94.9% at 280 °C. Ni/5Ce0,-Al,O; exhibited the largest specific surface
area (164.2 m%/g) and pore size (7.2 nm), as well as the appropriate oxygen vacancy content [9.2%,
calculated by Ce’" peak area/(Ce’” peak area+Ce*" peak area), the same below]. The addition of CeO,
weakened the strong Ni/Al interaction, reduced the formation of inert NiAl,O, spinel phase, and
effectively improved the activity, selectivity and stability of the catalyst. Within 30 h, the acetylene
conversion decreased to 90.0%, which was attributed to the carbon deposition during the reaction process
reduced the specific surface area (151.5 m%/g) and pore size (6.6 nm) of Ni/5Ce0,-Al,05.
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( Joi i 73 80>99% ). AI(NO3)3*9H,O ( it i /3 %>
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FRRRBE A RARE; KBTIk, Al

UltimalV 5 X HFAT 4 ( XRD ), H A Rigaku
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’i% xCe0,-AL,04 ’i%qﬁ%jq Al O3, ﬁﬁﬁ%ﬂ#%%ﬁ s
il £ A AR R AT BRI S NiO/ALO; .
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NH;-TPD PEREMA : 78527 THER A AW B o B A 1
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FITHRHE AT 2 800 CIBEMT, HAMEIEYL TCD K
WEASIRR SR TG PR : 78 N, S50 F LA 10 °C/min
F4) TP T T 3 3 A L 7R AR A A L AR R AR
14 fELFIEREITEN
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P JFE AL Ni/xCeO,-ALOs, 313 180 °CH,
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ik 30 h MRRUE RN SE S, $R5T CeO, MY N4
AR e P s
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Fig. 1 XRD patterns of Ni/Al,05 and Ni/xCeO,-Al,0;
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CeO, Ji NiALO, I Wd /N, Uil CeO, HUTIA
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FEH NiALO, 22 i A1 AHITE B -
2.2 HTPR &

H,-TPR i F il i Ni/xCeO,-AlLO; A X {4
( NiO/xCeO,-ALL0; ) i A BEBE I8 L R E, FEXT
H B PEREFEAT I . 300~500 °CZ b)Y Gifs 5 5
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Fig. 2 H,-TPR curves of NiO/Al,0; and NiO/xCeO,-Al,03

MK 2 0T LIE H, CeO, ¥ NiO R i A B &5
. S5ARBI CeO, #HEHL, CeO, IAJG NiO AR #E
FETE S, UL CeO, MR INTESS T Ni/AL Z 8] A AH B
YEH, H458 T Ce-Al #AAZMIBIAEH . RESHN CeO,
AL NiO 7E 400 °CARMER A JF , nTRE =K A
NiALO, 4 i A AH 75 B AE T g Yk B A BE A Ji
2.3 SEM &#F

& 3 & Ni/AlL,O; 1 Ni/5Ce0,-Al,05 it} SEM [,
I 4k Ni/5Ce0,-Al,0; 1) EDS ¥,

a—Ni/Al,03; b—Ni/5Ce0,-Al,05
[gl 3 NI/A1203 *[] NI/SCCOZ-Alzoj, H/J SEM Izgl
Fig. 3 SEM images of Ni/Al,0; and Ni/5Ce0,-Al,03
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Fig. 4 EDS spectra of Ni/5Ce0,-Al,0,
M 3 A LIE H, Ni/ALO; AR ( lzl 3a),
Ni/5Ce0,-Al, 05 W 2 g R EEH) (E 3b ), X5

HRAE S RAN AT, B 4 Rl i, Niy Ce
Sy BT HLBA R BLA , ] CeO, MYTR LAY
AT BTG PR B 08, TR PRI R R 2
2.4 BET #4#7

% 1 ]9 Ni/ALO; 1 Ni/xCeO,-ALO; ) BET 44 .

1 Ni/ALO; il Ni/xCe0,-Al,05 i) BET %4

Table 1 BET data of Ni/Al,O3 and Ni/xCeO,-Al,03
PEAL R HEBBY/(mYg)  FLE/(em’/g)  FLiE/mm
Ni/ALO; 159.2 0.237 6.2
Ni/3Ce0,-AL,05 160.3 0.307 7.0
Ni/5Ce0,-AL,05 164.2 0.318 7.2
Ni/7Ce0,-Al,0; 144.0 0.285 6.5
Ni/10Ce0,-AL,04 134.3 0.234 5.7
WE 1A LIE ), BiE CeO, Bt 4 A3 fin,

i 1) EE 25 T BRI FLARS 257 S B0 ST n s s/ 1)
B M CeO, AN 5%, Ni/5Ce0,-Al,05 1
T BURIFLAR I R, 235100 164.2 mP/g A1 7.2 nm;
24 CeO, BTN 10%], 41k ) 1 He 22 im AL AT FL
oy M 134.3 m*/g F1 5.7 nm, ¥R CeO,
SOl PR R, WELE, SELRmAMILE
I/
25 XPS4#r

l’é‘l 5 4 Ni/xCeO0,-ALO; [ Ni 2p . Ce 3d =59
XPS A,

NiALO«(873.2 eV)

Q  NALOK8S6.1¢V)  NiALOTEHH(8627 V) z
x Mw@oz-mzo,
NoassTey) N
Ni%(852.3 cV)
”/W&oz-mzog
Mw/\&/fceor‘“’o’
Ni/3Ce0,-ALO;3

A M NVALO,
870 865

850

TN

%ﬁﬁ/ev

b
Ni/10Ce0,-Al,03 2@

N1/5C602 Ale;

Ce¥(902.8 eV) Ce¥(885.1 6V) Cel (882.6 ¢V)
Ni/3Ce0,-ALOs A ;

Ce*(888.3 eV)
Ce*(916.8 eV) A7 Ce* (8985 V)
P 2 A st
920 910 900 890 880
Ziarklev

a—Ni 2p M XPS # & ; b—Ce 3d Hi 4y ¥ XPS %A
l’é—] 5 NI/XCCOZ A1203 E’J XPS [ZZ]
Fig. 5 XPS spectra of Ni/xCeO,-Al,04
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M 5 AT LLE S, 7E Ni 2p 43P XPS &l
(Kl 5a) , 4546E 856.1 Fl 873.2 eV AbH B A~42
W, FHPEREE 862.7 eV AbRIZUIR Y () TR, i
NiALO, #F G AZAER2 ) ST R, B CeO, I
OB, R T NiALO, 235 A fl s Tl FR %
Wi/, X5 XRD 53R —2, £ Ni/Al A EAEH
W5 AELE A fE 855.7 eV Ak 15514 K I NiO HIFFAE ;
75 852.3 eV AbWLELH| I )@ T Ni° Py b it 55 e 2223 |
P A SR R NIALO, 4R A AR 1Y A7 7E (75
NI WH AR N, I H5 Ni/ALO; fEfLFIH L,
WIN CeO, Jii Ni HYHFAE I 1] =5 45 & BE A0 7 1] & A= M
%, XULHA Ni EA CeO, fik 51 & T Mks AL, fifi
15 NiO Ao #R i, 75 Ce 3d &4y 3E XPS 3K (4]
5b), Ce3d i T-454 HE 882.6. 888.3. 898.5. 900.4,
907.4 F1916.8 eV g8 T Ce* 1242 885.1 F1902.8 eV
R g T e’ PO, PESCIRRE , Ce* ARl ce’”
SOBON Y S S B R AT A 3 . E Y b
i RE R HE R 38, Ce I TR B /(Ce™ I 1T AR+ Ce™ I ]
RO WD TR PEAS A A (0 S80S 0 B i, 35 2 i
R RSN S B . TR, A& s
KENININFFE H : Ni/3Ce0,-ALOs>Ni/7Ce0,-Al,05>
Ni/5Ce0,-Al,05>Ni/10Ce0,-ALO5., 7311155 Ni/5CeO,-
ALO; WSS &l 9.2%, At T RmE
ZTEE L . A RS L E R Ni/SCeO,-
ALO; B A 5 1 LR E AR A e B

2 Ni/xCeO,-ALO; I E S (i f it
Table 2 Oxygen vacancy content of Ni/xCeQO,-Al,04

CeO, it 4350/% Ni/xCeO,-AlL0; AL R %
3 Ni/3Ce0,-AL0; 27.3
5 Ni/5Ce0,-Al,0; 9.2
7 Ni/7Ce0,-Al,0; 24.6
10 Ni/10Ce0,-AL05 2.3

2.6 NH,-TPD 4#7
[ 6 1 Ni/ALO; FINi/xCeO,-ALO; [}y NH;-TPD £k .

T 0w,
L

Ni/7Ce0,-Al;0;

/ —

/
/ Ni/5Ce02-Al,0s

/\_/ —— T
Ni/3Ce0,-ALOs

—
/\/ Ni/ALOs

100 200 300 400 500 600 700 800
1R EE/C

Kl 6 Ni/Al,O5 Fl Ni/xCeO,-Al,05 %] NH;-TPD i1k
Fig. 6 NH;-TPD curves of Ni/Al,03 and Ni/xCeO,-Al,0;

MIE 6 AT, FrAHE A TE 100~800 °CHElF
WA 3 NSRRI, 0 ESmR . R MR R 1Y
fi# I, Ni/ALO; Fll Ni/xCeO,-Al,05 FIIETE AR,
IAEAE X R T 55 R HP 0 A IG TR BE B 25~200 °C ).
X T H SR R 0 Y R I (200~400 °C ). XN T
SRR L B E RIS (400 °CLLE) P XFHckRE,
Bl CeO, Ji i AU BN , T A WA 14y vy SE KK 114 L1
%, RABRMRIEZEART . XEH K, CeO, 1
INAAAER &5 T R R A P om BE a6, i HL el
T Ni/ALSRA AR TS 55 F1 CeO, FUR Y 553 IR 1 117 e
1% T AR 70 B 5 R PO
2.7 EALFIERED T

& 7 4 Ni/ALOs Fl Ni/xCeO,-AlO5 fiEfL Z Hefin
AMERE.

100 CHFEES) « LIRS | |00
< 80 | / 80 ©
5 =
N 60} 60 Mt
® pist
‘—3 40 | 40 %
20 4120
0 S} o o o o 0
R -
< Cf‘ow Cf'o Q@Q«» CPO”
& & & F
%
HEALFR

Bl 7 Ni/Al,O; Fl Ni/xCeO,-Al,0; #E L AE
Fig. 7 Catalytic performance of Ni/Al,O3 and Ni/xCeO,-Al,05

ME 7 o LUEH, BiE CeO, 45Uy,
LR R S R A TR, MR
ST E R, 2 CeO, i EHN 5%
(Ni/5Ce0,-AL,0; ), LIRFLALFRN Mk Btk #435
K, 391 99.7%F1 94.9%., 5 Ni/ALO; ( ZHk
AL 43.0%, S HEBENEZ R 93% )M L, CeO,
A AR R H R SR EE AL R H CeO, T
SIBOHEACMERER SCHEERZ I . XY CeO, i 4 h
3%HT ( Ni/3Ce0,-Al,03 ), ZIFEALZRIEINF] 76.3%;
2 CeO, T /M EUN 5%} (Ni/5Ce0,-AlL0; ), Zkk
HALRIEINE] 99.7%. X5 Ho-TPR 43 #r 45 3R —2,
DO R, GIA CeO, Ja AT Y0 JERE BE 42 &, 14
T NI RIS PEAL, PR e TR R N TR . SR,
CeO, JIi & 73 50 >5%J5 ( Ni/7Ce0,-AL,0; Fl Ni/
10Ce0,-AL0; ), ALY LR AR A LA IR,
CeO, ¥ FEMALFIFLIA , S EUEIL 3 1m0 P Fh H R IE &
i FRAORE , SZ AR AT N1 W0 A0 0 BORE RS, 32 1T 5 M)
PRALFI RS PERE . 454 XPS 45541, A& m4A
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Fig. 8 Catalytic stability of Ni/5Ce0,-Al,05 and Ni/Al,04

M 8 W IEH, W 30h 5, LI Ni/ALOs A
PRAET, L HREEAL R BRI 43.0%F% K] 13.1%;
Ph Ni/5Ce0,-ALO; L], FEFRFELAEIL I 30 h
i, CHEEALR N 99.7%F% E 90.0%, FHH CeO, 1Y
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Fig. 9 TG curves of Ni/5Ce0,-Al,05 before and after reaction
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