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R BhIR B ) S PR 4E Ni/SiOo i b7 J L H e — 4 Ak
i BB I . 1 e

N N~ S AR S 22, —H‘T"’: SH
TE®, RILE, SRS, BIY, REF, AR, TER
(ETTRAAA TR, B AR Y B R L0 %, BEmERS ML T A~ E X T SCs =, tad B 361005)

TEE DUHME A IOREY, F& Sio2 MEMA, RAZKHBNR B E S n(NHs)/n(Ni)#l % T 251 Ni/SiOa {51,
IR R T F e — S 4% (DRM) il RN, SEER a5 R R W] . FER B R ot AZUK T B3 M NifSiO2
) DRM S RTGHE . R ME AP R . E— R AP S5 SRR W], B EUK TS I BB b, L0 0 5 T R 4 ke 4
#, 2 n(NHs)/n(Ni) > 6 J&, % 800 Ckike/mfiEfbil b Nio #Fh iy ¥k 42/ NTF 5 nm. sl A8 &k, SiOz, RiI4RER
{35 Tt P % B AT A PR B 5 — e Wk B 1) 2K IE A TR 5 Vi WRIR W5t ST02 A REARAT HA R0 BRI Ni/SiO2 ik
Mo ZKE Ni BREREL A Y RE R e = Tt B A B Ni(OH)2 UL, HEMiA AT Ni Yiffide SiO2 F iy 4)14r
Bl KT B B PR 34 v ff 2R AR R 1T Si-O PR or v sl ifb >, R fR E Ni YRl 5 2R R 1 Si-O R i 41
HAEM, TERZMREREE BT A RS Si0 BA B AH BAE M B AN L R R B AR RRER R . X SR B R AT
Pibeahrkfe, Bk Ni DR e S T BRI 600 CLLEIE Ho i 55 15 814080k B4 BB B9 Hube 2 M e 10 (14 4
J& Ni Bk .

KR Ni/SIOz; ZUKEHINRET; Purbedl; BRaEmeEh; Wi ALk E i

HhEEE 0643.36%1 CERPR RS A DOI: 10.6043/j.issn.0438-0479.201811009

Preparation of sinter-resistant Ni/SiO> catalyst using ammonia-assisted
impregnation method and its performance in CO2 reforming of methane

WAN Jichun, ZHU Kongtao, WENG Weizheng™, CHU Shasha, ZHENG Yanping, 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/SiO: catalysts were prepared with ammonia-assisted impregnation method using Ni(NOs)2 6H20, NH3 H20 and
commercial SiOz as precursors. The catalysts were applied to dry reforming of methane (DRM) to syngas reaction. It is found
that addition of ammonia can significantly improve the activity and stability as well as coke resistance ability of the catalysts
for the reaction. Further characterization indicates that dispersion of the active phase in the catalysts increases with the
increase of the amount of ammonia addition in the impregnation step. When n(NHs):n(Ni) molar ratio in the impregnation
solution equals to 6 or above, the NiO species with average particle size less than 5 nm can be achieved after calcination in air
at 800 C. It is also found that highly dispersed Ni/SiO2 catalysts can only be obtained when SiO2 is impregnated with a
solution containing both nickel nitrate and ammonia with n(NHs):n(Ni) molar ratio higher than 6. The formation of nickel-
ammonia complex plays an important role in preventing the formation of Ni(OH)2 precipitation in the impregnation step, thus
facilitating the uniform dispersion of Ni species on the surface of SiO2. The alkaline environment caused by ammonia can also
partially dissolve or "soften" the Si-O species on the surface of the support, and thereby facilitate the formation of the Ni
species with strong interaction with SiO2 as well as Ni-silicate species by the interaction/reaction of Ni and Si-O species on
the surface of the SiO: in the calcintion step. Formation of these species prevents Ni from sintering at high temperature. These
species will further transform to well-dispersed and sinter-resistant Ni particles on SiO: after reduction by H2 at temperature
above 600 C.

Key words Ni/SiOz; ammonia-assisted impregnation; sinter-resistant; Ni-silicate; dry reforming of methane
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AROERE, STEMALERIL, WRRESAHRER A EER X, HirH T DRM M #EL7] 3
TH 3%, He, REAMRESRENTEREENER, BEdErEENE SRR SEFIY R
AT BRI AR BE(E 5 K AL T NI SR AL S M 518 H 5 T s 08, JEAEEE N R
Ri; FEMAET SRR, JUHZ Ni AN RS T, s S, BERMFETES KE
PeEE R A, TRV TR0, W R R e NI LR 1 B A R AR R ) 8, K Bh TS
DRM S DAV AGHERE o I AATTEE 5 fd Y N e Ak 70) e 45 RO AR R 12 RE A et il 7 R EF S . &
B TAEE R FHAA RS m I, B i 0 A 8], 258 1 A Ak B A 1 A 0 iR 45 ) 2% B AR 1) @) g (24181
DA Je Rl Bk T 30 1 B0 8 L Ak 70 FA A ) C16-181 Bk AR N UK B S AR S 4% A, RIE NI FE 3R R 1H 1 4
i, B I AR AR B A BT A R B NI/SIO. AL AN iR (19220 sl R P4 21903 b 28 S v
BT AN IR AL R N B A E R B9k NiimSiOo-AE AL, FHIXHME G211, Ni/mSiO2-AE f#
e B R PUbe s hft . IRRKARZEROLL SBA-15 N# A, @it 2R &M% 7 = 20 B Ni/SBA-15 i
FIFHE N T DRM B, #F 50 R LB RERR 2 I A7 A R R A NI 5 FAARVE 5% I OR F5 vy 20 U 22
JR R . 2 42 E i Sk AT BE, DL Steber REBRCNEMA, 2R be FE SR RS A% TS A
BIE1 4y B NiSIO, ALF],  FFIA AR K 5 0K 35 7632 i 72 v 2 % 7 [NI(NH3)e]** B7 1k Ni #k BA
Ni(OH), FERyiF, HEEALREER R AT 3E Ni S8AKRMLE S, HHH 2 M RAEF B THEER IR
e . P& oS R@ I 28 G0k 4% 7 35 A 5 8 AE I 58 i Ni/SiO, HEALF, #E— DR R IZ K
FIINAE 3E T Z R RE B 2 i B B, MTIE3E NI 58 Z MM EAEH . N T FIR A T & KLE
RFUE 2 Ni/SiOo AL AE - MLET, A5 LA Ni(NO3), 6H.0 JRTIREE, i SiOz &k, @il
FER W FE R IDAS R IR FE 2K #1457 &5 NilSio, fiEAL7, %% DRM viitfe, fEbHERt B
KH X BHA78 (XRD)Y , E8HEE (TEM) , X #H4GHEFREWE (XPS) , Brunauer-Emmett-Teller
BET Mk, CJRA) £L4M6iE ¢ Cinsitw) IR) , FEFFHRIEE (H-TPR) , #E (TG) FEXJAH M
AT T 3RAE, BRI T HEAF 1 ) £ B -

1 SLIEEY

1.1 #

Ni(NO3), 6H20 (Fr#frali, | ZRNGHERF RN ERAR) , SiO, (35~60 H, fL#% 6 nm, Sigma-
Aldrich A , WREK (tral, EZLERNLERFIAERAR) , @24l Hy (R4 99.999%)
mEal Ar (R0 %099.999%) « =4l Np (fRFH4r % 99.999%) =il O (fRFH 4% 99.995%) . CHq
(AR % 99.9%) « CO2 (HAFR/> 4 99.99%) (MIETHATIRAF]D
1.2 eyl & fERiE
1.2.1 Ni/SiO, 4L 57 9 5l &

FRHEL 14.84 g Ni(NO3), 6H0, IIAIE R % & T /KRG € 24 %) 100 mL, FC Ni 54 0.029 35
g/mL IR BRER 7K IR -

FREC 5 3 110 CHEF) SiO2 (B3 1.0 @) - #% 5%Ni/SiO2 (5% 4 Ni &4, FFED it
B UL HI R R /K I T 100 mL e, F% n(NHs)/n(Ni)2 78 0, 2, 4, 6, 8 BILLBIIMA
R IK I 2 8 KM BV MUSAR RN 20 mL, e K ARELA 5 43 SiO2 20 BN & i . 573 B
—~ 100 mL %, % 5%Ni/SiO, HITHE M AR KER, HIKE/KEHE 20 mL J5MA 1.0 g
SiOy. K LB EWME (BF) 12 h J5F 110 Cww L& T, BB EE T 50 mL/min (X
V(02):V(N2)=21:79 S FHZEHRLL 10 C/min (EE TR A 800 CREHE 2 h, HARAMIEG 53 # 1k
FUARTE A x%Ni/Si02-nNH3-800, H A x RIREMFAIF Ni IR, n Fx NHs 5 Ni BB,
800 F/nKEBeIL N 800 °C. LLZE /K FII &K il 2% 1 i 46 71 73 3l A5 1 8 x%Ni/SiO2-800 FH
X%Ni/SiOz-CNH3-8000
1.2.2 NH3 H,0 Ab IR R Si0, F kR Hl &

B 6 #r 110 CHETF SiO2 (KR4 1.0 g0 40 7l2E N 6 4~ 100 mL IR, F% 14 A [F n(NH3)/n(Ni)
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EC 1) 5%Ni/SiOo 1AL 7 I i K BE NN IR G/K A 25 B 1K, 2% 12 h J5T 110 Cig E& T+, Fr
3 SiO; #ARFRIEA SiO2(NNH3)-110. FIRZ/KIZFIALEL R SiOz kil A SiO2(cNH3)-110, A XL BT
IR AL TR B 6 R A S iC O Si0,-110. 110 FonAE i 28 TR E N 110 C

123 REKEMHRNHE

FREL 9.9 g Ni(NO3), 6H20 T- 100 mL &, fIA 20 mL 2 /K (13.3 mol/L) 784 i+ ¥ i 5F
JWE 12 h 5T 110 Cliixr LA TR EIAE SiO #ARKIFE M Ni-8NH3-110, H 1 8 F7x NHz A1 Ni 1
EER LG, 110 RAZATHE N 110 C)

1.3 DRM [ Rz % gE 1 EMY

DRM MW YERBEVEINFE N AE 6 mm A Y [ e R f o8 e B 4% B dbAT o S S as I rL Ak, pi [ e
TEA e M RER) K BUFA B IINR, 52FE 708P F2/P iR iR . fEfL7 (100.0 mg) J&fE 50 mL/min
sl Hy) AL 10 C/min [ ETFE 600 CHEHIRIEIE 1 h, Zmai Ar 4500 10 C/min
IR FAE 750 CH T FE TN V(CH4):V(CO2):V(N2)=47:47:6 (N2 AW MEER (2
=40000 mL/(gh)) , 20 min JGERE—"FE, ZJE®M 1 h RE—IR. RNRESMKIREIK-/KF 217K
BABFAHB 2K )G HECE TDX-01 (3 m) 1 5A 707 (3 m) i) GC2060 KA itk {y ( E
WBBACRAR AR LS, B NEa Ar. TDX-01 Hf5HE# S (TCD) M KIEE T
(FID) #&ij#s, FTHM Hae Na2o CO. CHsa A1 COz; 5A 4> 1kt )52 TCD & 2s, T Ha.
N2« CHav CO. ¥ 3 AN ZS ¥ 20 H SC I R AT SRAF AR 1E S5 00 S B B8 S 45 2 20 (P U T AR o s I 45 3R =
iEFIE R4 Ar SRRE T REA B ERH TS E M. CHs Fl CO L T 5 A it
Ho

n(CH4) = {1—"’*" (N2)>@,,, (CH “)}100% 1

o (N2)x 9, (CH4)
~ @n(N2)x o (CO2)
@ou(N2) x pin(CO2)

A H @in(N2) « @in(CHa) « @in(CO2) A RS Now CHaw CO2 IR0 20 ou(N2) -
@out(CH4) v @o(CO2)+ @ou(CO) + gou(H2) NS H Nov CHsw CO2v CO . Ho HIMEFR 4%

1.4 ELFIHIRIE

I 43 T A 4 [ i gt A B A W TG209F1 #vE oy A4 B k4T, FESFEWIE N 20 mL/min )
V(02):V(N2)=21:79 53t FAZEILLL 10 C/min FIE R F+ 45 900 C.

FE 5 1 B R AR B Micromeritics 23 & 19 Tristar 3000 Y47 35 0 B A3 8 i B0 R Ik . 2 AT,
FESLSEAE 300 C R E S HALEE 3 h,

FE 5 0 FIAE LI 21 ARl 1 e AE 78 36 B v A W] ) Nicolet Avatar 330 Y HLIH-A5 460 47 71 6 i A%
AT, BUDERES KBr #% 1:100 FEIR S, BHES LG EHIRESR N 13 mm K, =R
R, WEESHE N 4cm?, FIEIEE Y 4000 ~ 800 cm, FIEIRECH 32 k.

JEASE 2T A0 1 R AE A6 BE A TR AL 2T AR S it AT A 20 ) MCT-A K6 2% 1 Nicolet Nexus 74 {# B i
LA EA EREAT, KRR R R R E AR 13 mm B, BN AL H S ) e B
A . BERERE N 50 mL/min BRI S (V(02):V(N2)=21:79) H, LA 10 C/min M ETHEE
110 CIHMEE — BN A JEE SR E, BB R HOERE, B iZob i bR A 48 T 3RE 0 25 it 3 50
RIFE S B Z0 A, FAR BRI 2% 4 5 8 A X AH A

X K RATHHTE Rigaku Ultima IV E#E47, PL Cu Ka (1=0.154 06 nm) AFEHFIE, & HIE 35
KV, &R 15 mA, fSRaaiEt, AEEDN 102 909 HHHE RN 20 (9/min. HFAFE ML
ARTF 264 T4 8 Ik, LA XRD EIHI{E HELL .

154 HEIE B L BR RAETE Philips FEI Tecnai 20 7Y & 4r #i% 51 i T B 608 Ldk4T, ¥R N 0.1
nm, N3 R 200 kV. BUDER R EE S ECE 1.5 mL Bk 28, A EUE, FWEE B
A X7 RO 5 Ik, BEJE BAREE T, A . X REANEE S RIS UKL OR AR GE T R IR 38, D 4

2

n(CO2) = {1 }100%
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300 AMMURE )R 5, iR AR 2 A B FE T H g oK R (1) - 38 R A%

X B 6% s T RE 1% R 4EZE Omicron Sphera Il Hemispherical B84 AT R, X ST SIEA Al
Ko (1486.6 eV, 300W) , HZKK0.2eV, LIFES L Si-1s 45 A 68 (Ex=103.3 eV) NN PR IEHAth
LR ARE.

FEPFHE G R SR I07E HATHE 128 B k4T, BL 20 mL/min V(H2):V(Ar)=5:95 RS AL JE A,
g GC-950 AAH BN 1 TCD k2% o I 2 BE- 8004 BRI 2508 JR 2R B 7K o B 5 (100.0 mg)
JE1E V(02):V(Ar)=5:95 HRA (30 m/-min)Bai & < (30 mL/min)H 435 FHiE % 500 ‘CEk 600 C
AbFE 15 min B 2 h FFEMRAR TR 25 Co YA Ho/Ar iRG AR EEL 25 0L 10 C/min 1)
HORTHE S 900 C.

2 R 5iTit

2.1 A FIE DRM K 54 EEIEM

B 1 R B FR IS AN [F) 34 B S 7K ) 45 1K Ni/SIO, AL F7E 750 C T4k DRM i CHa F1
CO ¥ AL E [ CO Al Ho 15 R BEIS (A A tE 0l . BT %1, 24 n(NHs)/n(Ni) R 2 B, AL 7] A e A
COp AR UL S B RS AF 23R 35 0 25 v T AR I & /K ) 2% A6 7], ELZE 20 h 19 5 BB TR) P {40 1 e T 1%
AR FBE A /0N 5 U B /K RN BE 5 35 B2 v AR TR B N AT X 2R 41l £ 19 Ni/SIO, fiEALF ) DRM s b ik
FFaE M. 4RS8Ok n(NHz)/In(Ni) (1 2 % 8) J5, CHa Ml CO #4L = K& CO il Hy 3R 4 FritTt,
{EL 3 1 358 25 0N

(a) WhEHALTR; (b) HMBEATE; ()CO M, (d) Ho K.

1 5%Ni/SiO,-nNH;-800 {4 ) DRM J5Z 7
Fig.1 DRM reaction over the 5%Ni/SiO,-nNH;3-800 catalysts

Kl 2 iR imad FE s AN [R] B Z K ) 5 B Ni/SiO fiE 4671 T 750 °C FiEfk. DRM B 20 h 5/ TG
El. BT DRM SB[ RN F= ) 35 ik JE PR SR, RBLZ&AE R AEACT B NI #0Fh R E R,
1E V(02):V(N2)=21:79 S+ Ai#d 2 200 CLA LB, Ni#Midtl, SEESEKRARM. AERE
500 CLAEJa, il 45 m R In& K B 7]t BB B0 B, %k R R N T A R B RR AR R
723 2 R, SRR INE K B R ST B R BV KRR E, U N &K T S GE
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Ni/SiO, flE AL 71 7E DRM S o B HT AR B 1 RE

P4 2 DRM J B 5 ) 5%Ni/SiO2-nNH3-800 it k71 ) TG
Fig.2 TG profiles of the 5%Ni/SiO,-nNH3-800 catalysts after the DRM reaction

2.2, EUFIHRLE

IR INZ KRS Ni/SiO2 fHEA 77 2 TR 12 S5 RS20, % 5%Ni/Si02-nNH3-800 5 51 AL k4T BET
M, RWNE 1 s, FEE n(NHs)/n(Ni)H 2 382 8, fifb i b R i A, LR A fL1E
Vg dr s o, Ul W& K I N SE MR 1 AR R T LR 454 . WREKIR BT 5%Ni/SiO2-cNH3-800 ) EL
MBI /N, HILAE 5%Ni/SiO-8NH3-800 BEA /N, HIEK 5HI# 4 800 CHRr ke a K iH
AT BOR B REE IR Sh AN A o0, AR JE 2R 3 O IX — WA — B AR A 8

71 5%Ni/Si0,-NNH3-800 7 41l i AL K BETRAE L
Tab. 1 BET surface area and pore properties of the 5%Ni/SiO,-nNH;3-800 catalysts
BET KM / LA 1 FflE 1

Catalyst

(m?- g% (cm® - g1 nm

5%Ni/SiO»-800 414 0.80 6.3
5%Ni/SiO,-2NH3-800 414 0.86 6.8
5%Ni/SiO,-4NH3-800 364 0.86 7.7
5%Ni/SiO,-6NH3-800 350 0.88 8.4
5%Ni/SiO,-8NH3-800 341 0.90 8.7
5%Ni/SiO,-cNH;-800 304 0.76 8.0

BrF AR FLBRZE M4, FEm Ni/SiOp MEALFITERE R 5 — E BRI K2 Ni PFh 78 2 7A 2% 1 43 1k
E. B 3 A 5%Ni/Si02-nNH3-800 RAIMELTIH XRD K. BEEZ/KBIMERIIE I, NiO FFEAT 5 ik
(20=37< 431 63°) PARGREZFHIE N, 24 n(NH3)/n(NiI)=6 5, NiO IATHHIEIEAN &, dif kA
TR G, AT B, W TFRORAAEOR, Ni FE B E, HHZKIAEZIRE T Ni
VIR 53 B

I 3 5%Ni/SiO-nNH3-800 % 51l i 4k 7 i) XRD K&
Fig.3 XRD patterns of the 5%Ni/SiO,-nNH3-800 catalysts

R EHMHL TR K AT B NI 8 o B 2, %) 5%Ni/Si02-nNH3-800 Z& 41l {1k
FBEAT T TEM RAE, WHE 4 Fior, BEEZKBINEAER, KFEEREAT L NiO Zfh -7k 2%
RN, KRS AR, 5 XRD B4 R —3.
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4 5%Ni/SiO,-NNH3-800 Z 5 AL 711 TEM HE A
Fig.4 TEM images of the 5%Ni/SiO,-nNH3-800 catalysts
MR 20 h 5 ) 5%Ni/Si02-800 A 5%Ni/Si02-8NH3-800 AL TEM FALELEHE (K 5) ATLLE
W, KIEWIR B 5%Ni/Si02-800 4k 55 b Ni B FH R AR KE 2 20 nm, WM& /KR F R

5%Ni/Si02-8NH3-800 fiE 4L 7 . Ni [FSFEIRAATIRFFE 4 nm 24, #E— DU IR BRI &K &3
HGE T NI PRI 2 HORE R e 4 TR R

Ry

196 £ 4.1 nm

L bt
/%,
27 off

9
3

Distributio
Distribution/(%)
i

H

o

0 15 20 25 30
Diameter / nm

0 s 0 [
Diameter/(nm)

20

& 5 DRM % N J& 5%Ni/Si0»-800 1 5%Ni/SiO,-8NH3-800 i 4k 5 f] TEM H& Fr
Fig.5 TEM images of the 5%Ni/SiO,-800 and 5%Ni/SiO,-8NH3-800 catalysts after DRM reaction

NTRFCRBUSFET Si02 RMAEZKKIMER T TR LA, WAFIKEZ KB K Sio, #dh
BEAT T BET RAE, ZRWR 2 Pron. LEKLE)SH SiO, LR IR F b, LEEFEK, #t—
AU 2 E KRGS, SiO BARM LA A T .

F2 RRWKERKR B HSIOA A MBET RS S
Tab. 2 BET surface area and pore properties of the SiO, pretreatment with NH3 H,0 of different concentrations

NH; H,O WK/ BET R/ FUEH 1 P /
Catalyst (mol + L) (m2 + g (cm? « g nm
Si0,-110 0

470 0.89 6.2
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SiO2(4NH3)-110 0.18 351 0.93 8.6
SiO»(cNH5)-110 12.1 277 0.92 10.6

K 6 AR FE K AL FE 5 SiO2 3R I L AN, B AL 1095 cm™ Fi & A Si-O-Si K
A %o TR AR 45 415 S W WA 0 1281, 965 omt BRI 1 0y Si-OH 25 il 4R 3 W Wig e 271, 802 AT 470 cm™ b1
P0G % BT Si-O-Si [l FRAH 45 A2 gh R 5h 28], 5 oR AP SiO, MLLAMEIEAHEL AT LR H, &
FOKAE G, #HAR SO RS Si-OH & #i IR AH K L Al (960 ecm™) HIBL T4, 15144
Si-O B 2R 4R S W USRS i 06 (1 095, 802 A1 470 ecm™) (6 B AR BN BAS 4k, T B2 /K B AE
T 8RR 1 Si-O M XA A0 Si-O BIF2m /N 1X 52 T NHs HO £ £ Bl 14 24 358 58 % X 1k 204k
KZ Si0y, MMEHE Ni 58K RIS G, SR kEERSEMERERNEDM, X—4RbE
SCHR AR s — g Y,

6 AFREZEKALEL G B SO I H ALZL AN 61 (a) A1 960 ome® BT 15 Uk Fr) J= ¥ JEOK 18 (b)
Fig.6 IR spectra of the SiO, pretreated with NH3 H,0 of different concentrations(a), magnification of the spectra at 960 cm-(b)

NFEFRBEFREETEKES NiFRLESERR Ni/SiO #EALF £ Ni #rkh2 BUE sem, #4% 7
5%Ni/Si02-800 (4l H,O 2 Fiil & HIMELL 7)) , 5%Ni/SiOa-cNH3-800 (¥ b ik &2 7K 15 15t 1] 45 F) i AL,
7D 1 59%Ni/SiO2(cNH3)-800 (SiO; ek A /KIZHIALH T T 110 CHET /5 -5 i 9X 21 7K i IR
FIA BT FFHEIT T XRD FAE, 45 RWE 7@)m. 5%Ni/SiO2-cNH3-800 1k 7 F 76 B & i)
NiO RHAEATH %, T 5%Ni/SiO2(cNH3)-800 A1 5%Ni/Si02-800 1471 _E 35t B T H 2 f¥) NiO 5 AEAT 4
W, P AT M EUK S R LR I A R e HE Ni R e SiO, BRI B 7(b) AR it FE i
TIAS [ 94 5 28 /K 1l £ 1) 5%Ni/Si02-nNH3-110 R A1 FE 5 1 A7 2040 e . B A2+ 3 737 em™® (404 g
N SiO, F T H H AR 45 3R s W i 1629320, 71 3 240 em™t UG RE N T N-H B4R RS2,
BT LA, B R IINZE KB 5%Ni/SiOL-110 Ff i LI AR H B N-H {20 4h i Ui . 1 78
Ni(NOs), 6H20 52 /KL iR Fifil % ) 5%Ni/SiO2-nNH3-110 #£ 5 ESHILS N-H SRS HH 5 20 4R 1
e O N ERE L T N-H O 8EB3D | I ILRIR BN AR R T B R K A, RS IR G E RE L ) A
LR AR B Ni(OH) P, BEMiA FF Ni Y8 e Si0, i 13551 7 #.

K 7 5%Ni/SiO,-cNH;3-800, 5%Ni/SiO,-800, 5%Ni/SiO,(CNH;3)-800 #4471 1) XRD & (a) il 5%Ni/SiO2-nNH3-110 F F1l i 4k 77 7 A7 £1 70 6 3t (b)
Fig.7 XRD patterns of 5%Ni/SiO,-cNH3-800, 5%Ni/SiO,-800, and 5%Ni-SiO,(cNH3)-800 catalysts (a )and in situ IR spectra of the 5%Ni/SiO,-nNH;-
110 catalysts(b)

NERAF R ALK S AL P AR 1 70 W EE , %) 5%Ni/Si02-8NH3-110 fEALF (& 8 (a) ) AR N
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FEab BB R (EEPBOK D BURMBR R L S @) - BEST 320 Cla, —#HHREHA
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F 8 5%Ni/Si0,-8NH3-110(a)F1  Ni-8NH3-110(b) ¥ & (1) TG-DTG Kl
Fig.8 TG-DTG profiles of the 5%Ni/SiO,-8NH3-110 (a) and Ni-8NH3-110 samples(b)

Rt — SR EAIMNEHE NI P o S AR, EATX A n(NHs)/n(Ni) ) 5%Ni/SiO--
nNH3-800 fEALFIHE4T 7 Ho-TPR F4E. I 9 (a) Al%0, BE n(NHa)/n(Ni)ELRIIE i, 477 L Ni 4
ol 1) 3 J5 06 R B T 1R R T R A2 3, BRI T AL T 800 °C B AT 1 Ry R A R U, 1% U TR T A B
N(NH3)/n(Ni) L 1 386 i3 3 386 K . AR 95 A1 ¢ SCHR T4 800 °C Bt /T (1 3 Ji g 1) J& v 4 1k R 6 (1) ik
JR 21341 35 B K A NARR 33 T 5 38 A AF B A FH 805 BB P Bk DA R AR R TR SR M I A . F DRM ¢
iR, Ni/SiO2 AL F3 T 600 C T HAIEIEIE 2 he W2 600 CAiEILJE 2 h 5 AT Ho-TPR &
(9 (b)) ATLLEH, BIMEXT HAG i id JRIEIE ) 5%Ni/Si0-8NH3-800 L7 (FH £ 5 SiO,
B A RA HAF M AR SR M) . ©F =85%M Ni MRt R v & B, tLRIRT H,-
TPR RAEMAF HE R =3 %2, KRN A LR EE 71 Ho-TPR SZE6 Y V(02):V(N2)=21:79 &
ARERMSZ . A DRM [ JECRFRT = 038 N I8 JE A SR, (E 750 CHIR B &R, A7) /b

BRI B R Sh A T Bt — B oa I, b ORI AL A 2 0 AL JEES Ni MR 2 51k DRM
S o

[ 9 5%Ni/SiO,-nNH3-800 fi L #(a) LL M2 Stk & (L) #1482 600 CAiEEE 2h 5 (F) 1 5%Ni/SiO,-8NH3-800(b) ] Ho-TPR [
Fig.9 H,-TPR profiles of the 5%Ni/SiO,-nNH3-800(a) and the 5%Ni/SiO,-8NH3-800 samples(b) in oxidation state (upper) and after reducing with
pure H, at 600 °C for 2 h (lower)

N T SRAFHE i AR AR AR R 2h i3 — 2D SO UE M, P AH AL FIEAT T TEM R XPS FRAE. M
5%Ni/SiO2-6NH3-800 F1 5%Ni/SiO2-8NH3-800 fiE4L I TEM 5 (K 10(a), 10(b)) RILAEH, XM
AFES BB T 5k PR IE f AR REER £ TEM B H (I 10(c)) TESRARMLAIRIR YR, 83— 25 T HF
TR R TR R 25 10 A2 1 19 W0 55,
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B 10 5%Ni/SiO,-6NH3-800(a), 5%Ni/SiO,-8NH3-800(b) Al 3 ik (22 b L1k i 25 TEM HE F (c)
Fig.10 TEM images of 5%Ni/SiO,-6NH3-800 (a) , 5%Ni/SiO,-8NH3-800 (b),and the nickel phyllosilicate from referencel?? (c)

M 2%Ni/SiO2-cNH3-800 F 5%Ni/SiO2-800 fi# {71 ] XPS RAELE R (K 11) mfUULEH . fE4iKF
IR TR 5%Ni/Si02-800 | A M 52 3| 45 & EA7 T 854.6 eV A& A5 [ db Al NiOBS-38LYfFl1fi7 T 856.7 eV Ab
LR TR B M FP BT XPS I, AR AL T 862.0 eV (1) Ni-2P3; (1) P2 BT, 8 i ik & /K 12 15t ) 4 1)
29%Ni/SiO2-cNH3-800 |, #TEFREEMFT (856.7 eV) [K) XPS W& 9# i 3 5 T 5%Ni/Si02-800, i B 4
AN B BT A2 B 84 BAE R Ni P9 Fh Ah R (e 3t T 8k BR Sh i 2B Bk, ET 32 51 7 Ni 4 Fb
16 SiOy LM BUE FPikedithfe. MRAEAH I SCHRIRIE, DRM N2 F T NilSiO, A6 71 2 iE i 3 2L
JER DR R 4 Ja8 9 1k R ) e 45 A R TR B B8, RN AR I & Ni/SIO, = Ni 0 53R E oA K
%, N RA B fmpTRegitife. £/ Hy BR)G, XESEMF T4 8 0 Bt R i H R
B P LE  Re 14 JE NI Bk 21221 3% se e 2394 Bh T3 5 Ni/SiO {1k 7] DRM & B i M fifa 8
P, BOE NI RS BT P BURR A A R, (R AL SR B H B AR 1) DRM s o 14 R

11 2%Ni/SiO,-cNH3-800 A1 5%Ni/Si02-800 {4k 71 I XPS ¥ &
Fig.11 XPS profiles of 2%Ni/SiO,-cNH3-800 and 5%Ni/Si0,-800 catalysts
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