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WE  LAFE Ni M Ce LA MATIRIE . & SiO2 MM, KRBT IEG4 T — K5 Ni/SiO2 . Ce02/Si0O2 Hl Ni-
Ce02/Si02 LTI, X CeO2 7E SiO2 Hifk LAY HUNG BLHEAT T 3RAE, FEMCEERL [ — D4R 5T T A [FI i SR A4 ] 4 1)
Ce02/Si02 XF Ni M E 1 Bl LL & Ni-CeO2/SiO2 fEALF A H HEEh /4 fk ( methane partial oxidation, POM ) #il & B
RNPERE, HHELEET Ni Pfh CeOr ZRIMAHEANEM . WFR A, LL Ce(NOs); Bk Ce(NOs3)s IRfIATHRR (CA) il
) Ce02/Si02 K& 5h Y Ho -TPR 3% K 3[R i H 3 T 3210 CeO2 FMAAE CeOr MfhHiE B, T LA Ce(CH3 COO)s il 510
Ce02/Si02 G N FEEFRIE CeO2 Wl ARIFTIRMAEI &R 1%Ni/Si02 AT POM S Wi a8 M2 . )
1%Ni/Si02 HHF NI CeO2 J5, VASERER s iR £0 VS AT B BR ] 45 1 1%Ni-10%CeO2 /Si02 ALY POM S i s 2 1 4%
W R, BLHIHOCRES LR CeOr WAl LI AR E AR [ Ni W, B 1k LAE SOy 2640 Fbedd o @it Ha-
TPR RAEATHN, XFFLL Ce(NO3)s 3 Ce(NOs3)3 WMAFIERR NI &Y 1%Ni-10%Ce02/Si02 AL, Ni #FP 138 Jidk E
VI rddE, UERHAHDCHER [ CeO2 5 Ni YR Z RIFEAERSRAEEAE M . 5L Ni(CHs COO)2 iy i B A il 4% 1
1%Ni/Si02 A#HEL, LI Ni(CH3; COO)2 #1 Ce(CH3 COO)s AHRTIRASN %19 1%Ni-10%Ce02/Si02 LI POM & R iE
PEFERS DL E o, IR T AR L 5 EiY CeO. 5 Ni WA Z MM BEAE TS ,, AR TS yFh,

KEIE  Ni-Ce02/Si02; FiBK{A; HLEdaHfb; &S
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Effects of nickel and ceria precursors on the performance of Ni-CeO2/S102
catalysts in methane partial oxidation to syngas

ZHAO Zhiying, ZHENG Fangfang, WENG Weizheng™, HUANG Chuanjing, WAN Huilin

(State Key Laboratory of Physical Chemistry of Solid Surface, National Engineering Laboratory for Green Chemical Productions of Alcohols-Ethers-
Esters, College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, China)

Abstract Ni/SiOz, Ce02/SiO2 and Ni-Ce0O2/SiO2 samples were prepared with an impregnation method using different Ni and
Ce compounds as precursors and commercial SiO2 as a supporter. We studied the dispersion of CeO2 on SiO2 surface in
details and we found that there were both surface and bulk reduction peaks of CeO2 prepared with Ce(NOs)s and citric acid in
H2-TPR profiles. However, CeO: prepared with Ce(CH3COO)s dominantly possessed the surface reduction peak in H2-TPR
profiles. Based on the results above, POM performance of Ni-CeO2/SiO2 catalysts and the interaction between NiO and CeO:
were further studied. Through experiments, it was found that the POM performance of 1%Ni/SiO2 catalysts prepared wtih
different precursors was quite poor, especially the stability. When adding CeO2 to 1%Ni/SiO2 catalysts, the POM performance
(particularly the stability) of the 1%Ni-10%CeO2/SiO2 catalysts prepared with acetate achieved a considerable improvement.
H2-TPR results showed that the reduction peak of Ni species for the 1%Ni-10%Ce02/Si02-NO3z and 1%Ni-10%Ce02/SiO2-CA
catalysts shifts to higher temperatures compared to the 1%Ni/SiO2-NOs and 1%Ni/SiO2-CA catalysts. This means that there
was a strong interaction between NiO and CeO: on these two catalysts. Therefore, CeO2 could stabilize Ni species under
reaction conditions. But the interaction between NiO and CeO:2 on the 1%Ni-10%Ce0O2/SiO2-Ac catalyst was relatively weak
according to the Hz-TPR results. As a result, Ni species cannot be stabilized very well by CeO-.

Key words Ni-CeO2/SiOz; precursors; methane partial oxidation; syngas
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F b i 43 284K (methane partial oxidation, POM) il & B/ & R AR SACAL R I i e sk e v 2 —,
M5 52 AATHI iR D2, % N e —ANMR ARG RE, P2 Hp 5 CO Wi 2, WEBEM TG
SR RN AT A SRR, Uk, EARAETE R S R A R BE DL CO 81 CO, M 3R & b bl
A, 7 POM il & B S AL, sk Ni R A BRI TE 555 48 Rh A2 BN ARACEE, 2
B E DV BT BRI 2 — B8, {H Ni FEELFIE POM N 2HE R G kest . Bimg, #Eim 58U
AR, $Emr NI FEAE AT P RS e e e Tl Ak v F B

CeOy & —Fl B A % A G5 M s L840, Ce*™ Ml Ce¥" N ASTIM B4k, FA B84 MR 1)
R RO, BHLEE R AR CO BRI . KR AR RN 1R A0 R e 4 i b 77 1 B B A
GyU28 g TR A EUR St e B A, DA e g tERE 120, 24 KR, CeO:
B0\ AT 386 58 4 i 5 AR 2 IR AR AR, 3T R iR R A A 1 i 1T 2122 Tang &5 280 T R
B, PEAE CeO 99K #E LA Ni Al Ru 7F 600 “C I H It — S AL Bk B 3 ) B R T RE PR FF IR F R B &
J& 5 8k 2 (B JE ) Ni-O-Ce Al Ru-O-Ce B#X HL R T (A e & 8] 1 CEEH . (B4 CeO2 (M LR TH
MU/, AT HERERT CeO YA ity LU I it A UM A &, A8 5 8 5 304 SiO, 3 AlLOs %515
Eb 2 i BRI ik L, DURE 7 40 R AR RO M AL P AR 2428, Xie ZEPOVRE T T A FL SiOp S Ek I
NiCe/mSiO, M ALFITE F bt — A A b FE B I M A I PERE, RIL CeOo UMM & 1 2R 1H S4B i 3 1tk A
A, WD TR AE . ERG AR, NI CeO, kg, JEEL T Ni-Ce-O #)Ff,
Ni 5 CeO, 2 B 58 AH FLAE FH BRI 7 Ni BRI, f23F 7m0 B0 Ni 99oKRL 7 2B R, e s 1
AT PERE . Duarte Z5R7A) Rh/ALOs TN CeO; Ji, Rh/CeOz-Al,Os fi: 4k 71 ) F 5 7K 7% /< B 88
NPEREH 4R T, 7F CeOn-AlLOs FaEfEH T, Rh #WFi7E 500 ‘C T M 48 h R AR REfRE7E 2
nm LT,

R & AR AR ke —, SR RABRERE R AR, &EFHEEEMm
Mo BRI, & RO IR P R S i M A A AR R R A B L. 4, Monteiro 512810
PdCl,. Pd(NOs), f1 Pd(acac), Mok, KR BULS % T — &K% Pd/ALOs HEALFI, HF578 KILLE LA
Pd(NO3)2 24 B BRAA il 2% H i AL 750 E Pd i3 805 R 16%, 1 LA PACIl F1 Pd(acac), 4 Hij B 4 il 2 1 4
FAH Pd 15 B L 51%, HEAFT CO MR . A TIRFAAFETIKAXT Ni-CeO2/SiO,
Ni P07 i 3 B 0 LA & Ni 5 CeO, [A1AH BLAE F BI52m . ASHE ST LAANE] Ce A1 Ni (46 &40 9w IR A%,
KRR BHER & T —FR5IM CeO/SiO 1 Ni/SiOz # it . #IE X HFZATH (XRD)  EH ¥ B
(TEM) FIESFEFFFHRER (H-TPR) Z5%f CeO il Ni #FhTE SiO 3k L o B il b 47 7 RAEFN
Wit. R b, #2058 T DUAS[E AT IK AR HI %% 1) Ni-CeO2/SiO, ALK POM il A 5 A [
PEBE, LLK Ni 5 CeO, 2 a A HAE .

S

1.1 K #

SiO, (35~60 H) M H Sigma-Aldrich A #; Ce(CH3COO0)s*H,0, Zr#ral, Wy b Ak,
Ce(NO3)3*6H,0. Ni(NO3)2¢6H,0. Ni(CH3CO0)204H,0. — /K A7 IEER « KA TR AN /K 2B, 5 4%
Fraf, WEEZGERLERAERAF; 0N (BRI 21:79)  Hy (BI040 99.99%) . Ou/Ar
CPRBULL 1:4) F1 No (AR 730 99.999%) ¥ H & M AT SR A R AR ma Ar (RFL 3L
99.999%) . Ou/Ar ({fAFHEL 5:95) . Ho/Ar (fAFHEL 5:95) F1 CHs (IRFL43%L 99.9%) I H M fES
HRAA .

1.2 EAEFIRH&E
1.2.1 SiO, H R K i &b 18

¥ SiO, HAKIRIBIE 20%MASIR AT 24 h, JHEGIEE 3~5 K, ZJa ARG E M, 7
110 C TR & H . BG4 WAL HE ) Si0 #i A& T 20 mL/min V(02):V(N2) = 21:79 S # LA 1 “C/min
[ R THIR 25 800 "CH5ke 2 h, TS #E A bric v Si0,-800.
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1.2.2 Ni-CeO,/SiO, ¢ 3 B &l &

1) DARSTR 25 A7 16 TR N A X

FREL 0.651 2 g Ni(NO3)2#6H20 i1 1.770 g Ce(NO3)3+6H,0 73 A TiE & 21Kt , E4AE 250 mL
M. o, Ni Al Ce W5t &K B4 v 0.525 7 1 2.262 mg/mL.

EBE — EARFE Ni(NOs)226H20 /A1 Ce(NO3)s+6H,O W T 20 mL 7Z&1E/KH, ¥
nNi):N(FER) = 1:1 1 n(Ce):n(FriEER) = 1:1 MILLBIIn AHH N &1 — /K AR . i\ 050 g &
110 CHFH SiO,, HAEZFIE T#E 24 h. 76 80 CHIEERE, KB EET 20 mL/min
V(02):V(N2) = 21:79 Ky LL 1 Clmin FEEF TR E 800 CHike 2 h, A3 MR N x%Ni-
y%Ce02/Si02-CA-800, H:Ht x Fl'y 735l Jy#f i Ni A1 CeO 1 B & 73 £ o

2) DA A RSN AT ok A4

P TR B — E AR R Ni(NO3)226H20 Hi/A1 Ce(NO3)3*6H0 AR T 20 mL Z&4E/K A, Hm A
A 050 g £ 110 CHETHI SiO,, FHAEFI FEHE 24 h. 1E 80 CIAR ARG, K EAET 20
mL/min V(02):V(N2) = 21:79 Sy L 1 C/min (I FRFHE S 800 CREHE 2 h, ArfFMIMEALTIFRICA
X%Ni-y%CeO,/Si0>-N03-800,

B RIRER 7, BL Ni(CH3CO0)224H,0 1 Ce(CH3COO)seH20 Ay il WX A4 thil % 4H N AL 77, oiT
AL R FRIC A x%Ni-y%Ce02/SiO.-Ac-800. Fir i Ni(CH3COO), ¥ ' Ni )it K 2N 31.25
mg/mL, Ce(CH3COO)s i+ Ce )i ¥ & 4 2.296 mg/mL.

e N T ERUE IR SN 1A] Y L S AL R RE 0 22 57, FRATTKS NI 3R E %N 1%, Bh4t,
SCHR RS P32 s AL I BN 8%~15% M, M S AL T LA I 2 BRAE SR AR Si0, T,
HAH LA R &, WS EHAR Sio, HfLIE, SEEEM LRI S8 T, FrLl,
AL H CeO, g =N 10%.

1.3 POM [ R7 M BE1F M

AT POM il & BRI SN P B8 VP 52 56 75 fl 284 8] 72 PRI 3 e B 2% B B b AT . 4L TR (42.0
mg) fE 700 ‘CHJ Hy H Tiiik Ji 60 min J5, T [AME N 14 V(CHa):V(O2):V(Ar) = 2:1:4 JE RS (=
1 > 10° mL/(geh)) HEAT RN o JERFS LA RN S 87 e A A R e A VS A I 28 (TCD) Fl TDX-02 3 78
(3 m) B LMK GC-950 RIS ik A AELZR 0 M, AN EA Are HEIR . VRALE R ECTRI A8
IR 110 'C, HHA 70 mA. KH LBENREB AR BB 5 H0, RV E FH B & vkl
SE o CHaHIHALER, CO F Ho Mkt 2 B SClRE R B g i 2 sk A 715
1.4 EAFIFRAE

AT B 22 T AR SR B BET J7 5 4E Micromeritics Tristar 3000 47030 it il » W52 AT, A5
(£70.2 g) 7£ 300 C FIMEZTAEE 2 ho SRJ5 LB AR, (ER R T IREE, I 5E FF 5 1 b
KA. FLEFILE

AT A R 2E R B S5 46 R H AR B 22 (Rigaku) A FIZEFHIZ B AR XRD 4UllE. L Cu K,
(A1 = 0.154 06 nm) JNAEHFIR, HEN 40 kV, HHEN 30 mA, HFIX[EN 10 =90 < HFEE N 5
(9/min. SZEG K FHAEAH R 26 AF N IE SRS 4 IR 7 1 DASE = il P 145 e L o

Ho-TPR SEIG7E HATH M TPR-A M i ( Bk GC-950) % E Ei#47. LA 20 mL/min
V(H2):V(Ar) = 5:95 & SAE S, BL 20 mL/min V(Oo):V(Ar) = 5: 95 AL . i 75 72 i AR B
KRR 2 T R ) 1 [ -R B N BRA HIBR 2, THESRE T Hy MEFEE A SIS E . 3
fEFE S (100.0 mg) 7EEALS RS 400 CALEE 30 min J5FEE 20 'C, YNGR EFLL T
Fa, HJaLL 10 C/min R THE A 900 C, HRMELLFIM TPR i &,

AR 035 2 2 29 1 kL K /N B TR 3R W82 45 Phillips FEI Tecnai 20 %Y & 0 % TEM _E#E4T, fnak sk
200 kV, Z3#EFE N 0.1 nm. BULERMREES T 5 mL KK BT, HAESE2 h 5, FABE R
B O 10 IR, BEJG BAABE T, &M XWREASEE S SR SRR AR G AUINECE Y, &
2 300 MRURLI R ST I 2 R4S 23 A B R 11 55 H 9K BORL [~ 3 R A%
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2 HRSIE

2.1 EUFIYL R
2.1.1 BET iz
£ 1 ONAFFE PR R . HRPEIE TR, 5 Si0.-800 FffiAHLL, 1%Ni/SiO2-800
Al bt R AR AL E B BA KR, XTRE2HR N Ni A ER /DN Mk CeO: 5,
10%Ce0,/Si02-800 FI 1%Ni-10%Ce02/SiO,-800 i 14 71 [y Lt 2 1 LA L 25 BU%L Si02-800 F¥: it BH ¥ Uik
AN, BLEHE E R CeOp MBI NIEZE T — o0 FLiE, 3 B0 A7) 1 bR TH AR/ -
F1 WA EETTR (Seer) « FLARITLE

Tab. 1 Specific surface area (Sg g 1), pore volume and aperture of the catalysts

FLA/ (em®-g) fL4%/ nm
AL Sper/ (m” + g™)

SiO, 473 0.85 7.22
Si0,-800 460 0.82 7.10
10%Ce0,/Si0,-NO3-800 414 0.76 5.60
10%Ce0,/Si0,-Ac-800 388 0.70 5.50
10%Ce0,/Si0,-CA-800 360 0.65 5.61
1%Ni/Si0,-NO;-800 436 0.81 7.46
1%Ni/Si0,-Ac-800 451 0.76 6.77
1%Ni/Si0,-CA-800 433 0.80 7.40
1%Ni-10%Ce0,/Si0,-NO;5-800 375 0.68 7.21
1%Ni-10%Ce0,/Si0,-Ac-800 376 0.69 7.36
1%Ni-10%Ce0,/Si0,-CA-800 375 0.67 7.12

2.1.2 XRD F1E

B 7 He R I AR AL M LA, AR B A i o B Sl s R N R B R R . B 1N
ANTR] B 9K A il £ 1) Ni-CeO2/Si02-800 A 5 1) XRD &, HE 1 (a) mTLAFEH, LL Ce(CHzCOO)s N AT
IR GRS CeOo M0 BT T I 5R FE 4 55 T BA Ce(NOs)s i SR A4 il 45 B FE i | CeO2 #1FH i
RTG U om R B 5k, Ui 10%Ce02/Si0-NO3-800 L) CeOy 7F SiO, H AR R 1M 1 /3 B AN X e 2« XF L
Bl 1 (b ME (o) Ar, ARZBHRM CeOz, LIATHEIR G4 PR IR HEIL NiO ) S AHATH
U, IR Z AL LA NiO 7E SiOp #ifk LB/ Bt BT s L Ni(NOs)2 A i 3% A il 2% A 1B Ak 77 7E R T
BN CeO, I HIEL T B & NiO fiTig¢ (20 = 37.2S 43.3S 62.95 75.4<f1 79.4< PDF: No. 00-047-
1049) , fIA CeO2 )5, NIiO [fi7 s B o By /N, PiHH CeO, MM BT NiO f4#41261; {HLL
Ni(CH3COO), 4 i IR A ihil] £ I {1 AL FIFE 3B N CeO2 Ji, NIO [T 5T U6 53k B f 177 384 5

Pl 1 A [ i 3R A 1) 4 1 4 AL R 79 XRD 1
Fig. 1 XRD patterns of the catalysts prepared by different precursors
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2.1.3TEM R1E

T EEMHL T AE NIO I CeOr fE# A E R B I, XHEMAIZEAT T TEM £k, B 2 A
AR A % 1f) 10%Ce02/Si02-800 A4 1 TEM KEIFIR42 A . B AT &1, 10%Ce02/Si02-NO3-800
FEdL | CeOa ISR E e K, 499 4.5 nm, 10%Ce0,/SiO2-Ac-800 ¥ i | CeO, ISR f2 i /N, £
Jy2.1nm, x5 iR XRD (IR MESE BAHAT

(a) 10%Ce0,/Si0,-NO;-800; (b) 10%Ce0./SiO,-CA-800; (c) 10%CeO,/SiO,-Ac-800

Pl 2 7N [F) T 3R 40 1) 4 (¥ 10%Ce0,/Si02-800 £k () TEM [ F1 CeO, K17 43 4ii I
Fig. 2 TEM images of the 10%CeO,/SiO, -800 samples prepared by different precursors and particle size distribution of CeO,

K 3 FIE 4 25500 3 Fhat ok 4R #) £ ) 1%Ni/Si0.-800 A1 1%Ni-10%Ce02/Si0»-800 i1k 7 i
TEM EA NiO ki Ail. BRI, K CeOxif, 1%Ni/SiO.-CA-800 Fl 1%Ni/SiO2-Ac-800 1L
7 _E NiO [ F YRR 588N, 730518 2.5 A113.2 nm, 1 1%Ni/Si02-NO3-800 {4k 7 | NiO 7 ki 4%
BIFMXEK . N CeOg Ja, VABSER 2k BN AT BB ] 45 [ 4k 7] b NiO PR B A K, 21k
3~4 nm, T LLRS TR £6 1) 4% (O HE AL 7] B NiO B P2k 42 S 2 0/, B CeO A A B T 7 NiO 194>
B, EnTFRE NiO, BhibHAEmR A FHIE, X5 iR XRD RAE4 RAHRF .

(a) 1%Ni/Si0,-NO;-800; (b) 1%Ni/SiO,-CA-800; (c) 1%Ni/SiO,-Ac-800

3 N [F] i 3K s 1) % A9 1%Ni/Si0,-800 AL 5 TEM [EIAT NiO FyHE 4% 73 45 [&]
Fig. 3 TEM images of the 1%Ni/SiO, -800 catalysts prepared by different precursors and particle size distribution of NiO

(a) 1%Ni-10%Ce0,/Si0,-NO3-800; (b) 1%Ni-10%Ce0,/Si0,-CA-800; (c) 1%Ni-10%CeO,/SiO,-Ac-800

P 4 SR T 3K A ) £ (¥ 19%Ni-10%Ce0/Si0,-800 AEAL K] TEM AT NiO Fy kL 4% 73 A7 1]
Fig. 4 TEM images the 1%Ni-10%Ce0O,/SiO,-800 catalysts prepared by different precursors and particle size distribution of NiO
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2.1.4 H,-TPR

NT HRMEAT L NIO 5 CeO, LK SiOx #ifk 2 [AIAH EAER, XH#EAFIEAT T Ha-TPR RAE. K
3 (a) NAS[H AT UK A4 i 4% ) 10%Ce0,/Si02-800 A il i1 Ho-TPR i & . & 2% M 9 ek BY ] 21, 7 T
500~600 °C [Jif 5 g8 TR H CeO MFI LR, =T 700 CHIEJEIE IS JE T1AHH CeO WFfryic
Ji o 10%Ce0,/Si0O2-Ac-800 #F i K #E 566 C At Bl T — A5 K CeOx #H X 138 i W 5 1
10%Ce0,/Si02-NO3-800 F£ ity [ 7 #F 500~600 °C 3 [ ¥l 5 F | CeO, # 3% B IL JR W 4N, B 7E
788 CHEHEL T 544 CeOp AR IL R IE, il 10%Ce0,/Si02-NO3-800 ¥ it I CeO, ¥ Fh 1t 43 it 1
WAL 10%Ce02/Si02-Ac-800 it 2. 1 10%Ce02/Si02-CA-800 £ i I CeOz K1 BUE WA T iR P&
2 If], X5 XRD Ml TEM R AL 45 5B — 3.

I 5 % LU 45 AL B H,-TPR i
Fig. 5 H, -TPR profiles of the catalysts prepared by different precursors

Bl 5 (b) AAS[FIHT R A4 ) 25 1 19%Ni/SiO2-800 ALK Ho-TPR 5. 5 1%Ni/SiO,-CA-800 F
1%Ni/SiO,-Ac-800 i AL 7FIAH L, 1%Ni/SiO.-NO3-800 fi AL 75 F Ni 470 Fd i) 3 JE I iR B AR A, Fe i i R
W U ILAE 572 CCHbiT, UM B Ni 005 SiO, 8tk 2 (B AH FLAE FHA N 8055, 1X 5 iz
) _E NI PR ) o B R 22 e — 3 .

B 5 (¢) AR FT R4 1] 4 11 1%Ni-10%Ce0,/Si02-800 AL FI 1] Ho-TPR 1. 45 & A 26 STk 3%
SSIPL 2 E3R Ho-TPR Al XRD R AELE vl LLHEWT: £ 5 (¢) w, fIF 650~850 C . [a] )ik J5 ik I
J&T5 CeOr #l HAE RN NIO Fl CeO, (4L [Fik J5ilg (sk35 Ni-Ce [EVEAMIEIRIE) o (HAE FT
IR AA i) 25 AL TR | NIO 5 CeOx AHEAE A5 IS AN, HoA 19%Ni-10%Ce02/SiO2-Ac-800 {7 I
NiO 5 CeO, A HAEF#:599 (XRD B iZFE S b NIiO B S AHATST A58 ) , NIO [k JF g 3= 55 Y
f£ 400~500 ‘CZ[], T 650~850 °C 2 [A] Hik il £ 28 CeO, IR i (HXT T 1%Ni-10%Ce02/SiO,-
NO3-800 F1 1%Ni-10%Ce0,/SiO,-CA-800 f#1k7, NiO 5 CeO, KM HAF %3 (XRD EH X pi A~
i F ARG I B NIO ) S AHATETIE) , T 650~850 °C 2 ] )ik JF g - F I T 5 CeOq A H./E H B it
1] NiO B Ni 5 CeO, JE Bl Ni-Ce [E¥ AR KA JE U, TAzT 300~400 C 2 [AlHiE JEIEHJE T 5 CeO,
AHEAE F 55 B NiO BL J 3R 1 CeO2 W ik 5
2.2 POM & Rt BETEM

Kl 6 A BT R4 % 1K) 1%Ni/Si02-800 A1 1%Ni-10%Ce02/Si0,-800 L5 ] POM Jz i 4 BE
AT HL, REN CeO2 B, 7% 1%Ni/SiO.-800 LK POM e MiPERE CReyl @i k) Bz, H
RIS T A B o) 5 I E AL TR RSO PEAR Y B, X5 HEAREZE SiOx /FHEGERM Ni #Fh 2 —8.
N CeO2 )5, 1%Ni-10%Ce02/Si02-NO3-800 1 1%Ni-10%Ce02/SiO»-CA-800 4L 7 ) POM Jxz Jvi 1 R
CRr i B fase ) B . B, 1%Ni/SiO.-CA-800 HEALFILE 6 h [ MIFEI N, CHa KL h
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(a) 1%Ni/Si0,-N03-800; (b) 1%Ni/SiO,-CA-800; (c) 1%Ni/SiO,-Ac-800;
(d) 1%Ni-10%Ce0,/Si0,-NO;-800; (¢) 1%Ni-10%Ce0,/SiO,-CA-800; (f) 1%Ni-10%Ce0,/Si0,-Ac-800
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Fig. 6 POM performance of the catalysts prepared by different precursors
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Fig. 7 XRD patterns of 1%Ni/SiO,-800 (a) and 1%Ni-10%Ce0O,/SiO, -800 (b) catalysts after POM reaction

(a) 1%Ni/Si0,-NO;3-800; (b) 1%Ni/SiO,-CA-800; (c) 1%Ni/SiO,-Ac-800
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Fig. 8 TEM images of the 1%Ni/SiO,-800 catalysts and particle size distribution of the Ni species after POM reaction

(a) 1%Ni-10%Ce0,/Si0,-NO;-800; (b) 1%Ni-10%Ce0,/SiO,-CA-800; (c) 1%Ni-10%CeO,/SiO,-Ac-800
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Fig. 9 TEM images of the 1%Ni-10%Ce0O,/SiO,-800 catalysts and particle size distribution of the Ni species after POM reaction
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