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Effect of Ce content of Ni-Ce/Al, O, catalyst on
structure and CO methanation in slurry-bed reactor
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Abstract: Ni-Ce/Al, O, catalysts with different Ce contents were prepared by wet impregnation method using +y-
Al, O, as support, and their catalytic performance of CO methanation in slurry-bed reactor were evaluated. The
catalysts were characterized with XRD, BET, H,-TPR, CO-TPD, and the relationship between the
microstructural properties of catalysts and CO methanation in slurry-bed reactor was investigated. The results
indicated that the addition of Ce into Ni/Al,O, catalyst strengthened the interaction between Ni species and the
support and enhanced the CO adsorption. With the increase of Ce content, the dispersion of Ni species on
support was improved, the particle size of nickel decreased, the specific surface area and the relative content of
B-NiO with stronger interaction with support increased firstly and then decreased. The catalytic performance of
CO methanation in slurry-bed changed regularly with the increase of Ce content, the conversion of CO and the
space-time yield (STY) of CH, were all increased firstly and then decreased slightly. When the content of Ce
reached 4% , the catalyst exhibited the best catalytic performance.
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KGR FUIR A i £ Ni-Ce/ AL O, f#EALF,
B ek — & 1) Ni(NO, ), -6H,0 Fll Ce (NO,), -
6H,0 (¥ k534l 254 B AR A BRA ) i
FRE KT EE SR G W, R G E 8 A
v-AL O, AR (100 H L b, INEREEN AR HAE IR
TR 24 h, oK TR T 450 CTHREBE 4 h,
550 CifJi 6 h il 551 2% Ni-Ce/Al, O, fEfLF, i
M 16NixCe/ Al O, , Hif1,16 F1 x 435143 Ni Hil Ce
1) o 448

Tl e A A AL 77 1108-2Q (Y 1] &) 2248 TRk
AN R ME R L, HFEE A5 18% NiO
4% i), ol AL O;
1.2 fEAFIE TS

R IR IR I 25 8 PR AL A s 4 6 2 ¢
PEAEFRIAIT 120 mL J A A I (3 5 KT 350 T) A
| 250 mL 5 e &, SN i BE 280 €, s )
1.0 MPa, J5oRFS V(H,)/V(CO) = 3, SRRz
#3000 mL/(g-h) , RN ZEHFERH 750 r/min, 7~
WA BRI T B a8 B e, SUATE IS & — 1|
HEY Agilent 7 980 A SAH G35 AT L 0 HT,
VL He M#S ., FID Rl #% % HE 409 4 HP-AL/S
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25 wm) BRI COCO, N, M K 23 i
250 C, RHSMzZE =T,
1.3 EAFIFRLE

XRD FAE7E H A Bl 2% Rigaku D/max 2500 7
X B & AT AL B AT, Cu Ko JF 4 (A =
0. 154 056 nm) , & L F FLEE HL 3 43 03 oF 40 kV Al
30 mA, HFHEH# 4 °/min, 10° ~85° 14,

PEA T B B 2% T B B L 25 A8 D e R FH 35
Micromeritics 2% 7 i) ASAP 2020 B FFAY , 75 7K &
SR AT N, A R BRI A, BRI A Ak R T
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H,-TPR 3% fE 7& & E Micromeritics 73 F]
Autochem 12920 AUk 27 W B4 b #547, f#E16 7] H
220 me, FFAELRE T U BAHE P, Ar fE3L
i 50 mL/min, P 10 €/min FHRE 2 350 °C 16
JRIKFT 40 min, FE#E ZE 100 °C, VI 10% H,/90%
Ar R G5, i 50 mL/min, fF L2 fa € )G, LA
10 T /minFHi % 800 C , ZIHAE(S 5 H TCD &,

CO-TPD £ 1iF £ 3% E Micromeritics 2 7
Autochem 112920 7! k2= W fAY 13647, 4k 57
124 40 mg,He fE#R, i it 50 mL/min, F 48 1L 71
BT U RGBSR 1R 550 T H, KHEHPIEJFE 1 h
JEkEZ 50 C , U4 i He fHIR KT 30 min, 2R f5 V46
% 10% CO/90% He 1AM, Jii 7 30 mL/min,
W RS DIy He , R R4S E 5, LA 10 C/min
T2 800 CJ5 Bk, i TCD A 2§46 Bkt CO .,
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FM CH, B 25 R 4 0 38 B 94, 1%
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I CO HeAL %A CH, A2 ICRAT HIR S T14.1%
F4.6% , HE=Y C,_  EBIEH BRI, h 7.8%
FE30 1.3% ,CO, ZEFEIENIH 4. 8% 34 /N5 10. 8% ;
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PEREIEAPREFAAL ; Ce F it iA 3] 10% W, 15 PR 2H 73
Ni # Ce B WG HENIIH/ , T8 CO Fe bR TN
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Table 1  Effect of Ce content on Ni/Al, O, catalyst for CO methanation in slurry reactor
Catalyst Xeo/ %o CH, Selectlcvzlzf s/ % co, STY ¢y, / (mL- g -hh)
16Ni/Al, O, 82.5 87.4 7.8 4.8 541.0
16Nil Ce/Al, O, 86.5 86.8 3.7 9.5 563.3
16Ni2Ce/ Al, O, 93.3 87.5 1.4 11.1 612.0
16Ni4Ce/ Al, O, 9.1 87.9 1.3 10.8 620.1
16Ni6Ce/ Al, O, 94.2 87.8 1.2 10.9 620.2
16Ni8Ce/Al, O, 94.3 87.9 1.2 10.9 621.5
16Ni10Ce/ Al O, 93.1 87.4 1.9 10.7 610.6
J108-2Q 88.9 82.7 3.4 13.9 551.5

2.2 fELFIE XRD FRIE

Ni-Ce/ AL, O; AL K5 B J5 19 XRD i &1 I [#]
1, H11&8 1 A %0,37.4° 46.0° 68. 8° 4k Hi B B A7 5 i
N y-Al, Oy HUFFERTHTIE,37. 3° 43, 3°H1 62. 9° 4k
HELAIAT 56 o NiO 1 45 iE 7T 4 14 ( JCPDS No.
65-5745) ,28.5° 33. 1°H1 56. 3° kb 1 B A AT 51 Hy
CeO, il FHEFAE AT 516 (JCPDS No. 34-0394) ,

Intensity /(a.u.)

n 1 n ' Il : " ‘ Il : L i 1 il Il ) n : 1 " 1
20 30 40 50 60 70 80
20/(°)

Bl 1 Ni-Ce/AlL O, fifbF1%5bef5 19 XRD &% &l
XRD patterns of calcined Ni-Ce/Al, O, catalysts
m: y-ALO,; A: NiO; v CeO,
a; 16Nil0Ce/AlL O, ; b: 16Ni8Ce/Al, O, ;
c: 16Ni6Ce/Al, O, ; d: 16Ni4Ce/ALO;;
e: 16Ni2Ce/AlL O, ; f: 16NilCe/Al,O;; g: 16Ni/AlO,
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Figure 1
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PREEANE 3SR BT A T R 4143 Ni 9 Ce 3
FrEL

Intensity /(a.u.)

720 30 40 50 60 70 80
20/()

2 Ni-Ce/AlO, fEALFIEE)F B XRD i &
Figure 2 XRD patterns of reduced Ni-Ce/Al, O, catalysts
m: y-ALO,; O: Ni; v: CeO,

a; 16Nil0Ce/Al,O,; b: 16Ni8Ce/Al,O;;

c: 16Ni6Ce/Al, O, ; d: 16Ni4Ce/Al, O, ;

e: 16Ni2Ce/AlL O, ; f: 16NilCe/Al,O;; g: 16Ni/Al,O,
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Table 2 Textural properties of support and catalysts

Catalyst Aggr/(m’-g™") Pore v/(cm’-g™") Pore d,,/nm Ni particle size * d/nm
-ALO, 191 0.376 5.81 -
16Ni/Al, O, 148 0.283 5.50 11.7
16NilCe/Al, O, 163 0.293 5.49 9.4
16Ni2Ce/ Al O, 164 0.288 5.47 9.0
16NidCe/ AL O, 169 0.294 5.30 8.3
16Ni8Ce/Al, O, 165 0.290 5.31 7.7
16Ni10Ce/Al, O, 154 0.259 5.21 -

* calculated by Scherrer’ s formula at 26 of 51.8°

2.3 {E{FIA BET R1E

v-AlL O, ik 16Ni/Al, O, 4B7% Ce Bl %
) Ni-Ce/ AL O, LRI SE WK 2, M2
AL B v-AL O, B LLRIEF R 191 m*/ g, LA
L5390 0.376 cm®/g F15.81 nm, 1% Ni Ji5 il
£ 1 16Ni/ AL O, L7 L R 1H A FLA FIFLAR B
B TRRE, 4350 148 m>/g 0.283 cm®/g F15.50 nm,
O TR NiO 5 2 48 H 5./F 3¢ Nio Uit
FEZAR I 598 T 3R HR o0 FLIE 9l N T LR Y
Fegeim AR, B2 1% B Ce BI#HI S, 16NilCe/
AL O, fEAEFIY b2 mi AR W3, 35 %] 163 m*/g,
HFA Ce 7 i i35 I 16 750 19 be 2 B S 0 n Js
WA, FLAR B W T %, Ce & 2l 4% M fiEAL 7 L
Femm R K, LA FFL AR 43 90 4 0.294 cm’/g Al
5.30 nm; 24 Ce &N 10% WAL LR AR W
h 154 m*/ g, LA FIFLAE I 43 5 B A 0. 259 em’/g
F15.21 nm, 54 XRD RAELE R0 H1, Ce 5| A
PRI T NIiO TEH AL 19 73 5L, W0 T NiO X244
FLIE A3 ZE P (Had B Ce T BG4 IG PE4L 4
Ni #7700 b 22 i BT B, R0 R o 1 00
TR,
2.4 fELFIE H,-TPR RAE

Ni-Ce/Al, O, f# 4k 7 ) H,-TPR % & IL 1] 3,
Kl 3 1 10Ce/AlLO, 1L FIME N = L, #£ 350 ~
600 C H BLAY LS4 peak T & T2 i CeO, i )5
M Ce,0,,650 ~750 C HELAY/NA R peak 1T JH)E
FRA CeO, if i ok /D CeAlO, 2R i A 1)
E}E{zo,m )

100 200 300 400 500 600 700 800
Temperature ¢/C

B3 Ni-Ce/Al,O, fifLFI# H,-TPR % &
Figure 3 H,-TPR profiles of Ni-Ce/Al, O, catalysts
a; 10Ce/Al,O;; b: 16Nil0Ce/Al, O,
c: 16Ni8Ce/Al, O, ; d;: 16Ni6Ce/Al, O, ; e; 16Ni4Ce/Al,O,;
f: 16Ni2Ce/Al,O,; g: 16NilCe/Al,O;; h: 16Ni/Al,O,

i & 3 %1, 16Ni/AL O, LA T 3 4~ Ni
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WUESE TiX —gi #E— 2500 & B, B-NiO A X%
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Table 3  Gaussian fitting analysis of H,-TPR profiles of Ni-Ce/Al, O, catalysts

H, -consumption

Relative content w/% ( reduction temperature #/C )

Catalyst /(mmol - g*l)
total reduced Ce* o B 0% peak I peak 1I

16Ni/Al, O, 2.04 - 33.0 (432.4) 35.8 (500.5) 32.1(570.9) - -
16NilCe/AL,O; 1.95 0.06 37.9 (411.2) 39.3 (502.4) 19.4 (582.5) 2.4 (441.0) 0.9 (744.7)
16Ni2Ce/AL,O;  2.02 0.12 32.6 (411.5) 44.2 (507.6) 17.7 (604.2) 4.6 (458.6) 1.0 (757.2)
16Ni4Ce/ALLO;  2.09 0.23 26.6 (384.2) 45.9 (509.8) 16.6 (604.3) 9.6 (437.8) 1.3 (763.1)
16Ni6Ce/AL, O,  2.11 0.35 20.9 (384.5) 45.5 (511.0) 18.2 (605.5) 14.3 (445.3) 1.1 (750.5)
16Ni8Ce/ALLO, 2.04 0.46 19.7 (385.7) 45.2 (523.1) 13.6 (617.6) 19.2 (449.6) 2.3 (714.7)
16Nil0Ce/ALLO; 1.95 0.58 20.0 (379.4) 36.7 (511.0) 14.1 (597.8) 25.6 (460.0) 3.6 (688.6)

10Ce/Al, O, 0.58 0.58 - - - 90.0 (488.2) 10.0 (678.4)

* calculated by different Ce content based on the H,-consumpution of 10Ce/Al,O, catalyst

2.5 {E{FIR CO-TPD RAE

L) Ni-Ce/Al,O, ) CO-TPD i & W& 4,
FH &1 4 AT, Ni-Ce/ AL O, fEALFFITE 95 ~ 180 THyih
TR IR BT T | 7 278 °C Ky H 0 TS A R
Bifige, 5 16Ni/AL O, #E{LFIHH L, 16Nil Ce/ Al O,
AR A A IR O BRI UL 25 160 T, %Y Ce i ifid
2% K, Ni-Ce/ Al, O AT (4 AIKELIE R 0 3  F 22
133 CLAN, H CO (i i B 3G R, il i R g
e TR Ce 75 B AUHE MBS A 1K, Luo % i 5%
RIL, G CeO, ik i L&A CO MM,
AL, Ni-Ce/ Al O, #EALF] I CO By M B 3= 22 2 3%
PEZH 3 Ni %] CO 4k 2= W Bk, B Ce BN A T3 S0
[ CO 14 JB B U X T Ce X3 1 40 4% Ni (94 B4
. AR XRD BET & H,-TPR 52 £ M, Ce #
ISR TIEPELL 7 Ni 78 35K 2 1 9 43 0% Fi e
FEHAL, /N T N A SRR B T Y
o, A T £ 89 CO, A, Ce 5 Ni BYAHE.
VEFH 3B AR T 5 ME4143 Ni %F CO B4k 27 W B I
ok 0 R R T s A 700 1 R o Ak 0 P A i i

e

CO desorption /(a.u.)

300 400 500 600 700
Temperature ¢/C
&l 4 Ni-Ce/Al,0, fifLFE 5 4 CO-TPD &l
Figure 4 CO-TPD profiles of reduced Ni-Ce/Al, O, catalysts
a; 16Nil0Ce/AL O, ; b: 16Ni8Ce/Al, O, ;
c: 16Ni6Ce/AlL O, ; d: 16Ni4Ce/Al, O, ;

e: 16Ni2Ce/AL O, ; f: 16NilCe/ALO,; g: 16Ni/Al,O,

1 s 1 s
100 200 800

345 1B
Ni/ AL O, AR5 Ce BIFIRERS INGE Ni 4
T 5 484 2 TRl A EAE ] S5 4 T8 Ni X4 Co
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