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Fig. 1 XRD patterns of NiLa/A, NiLa/S and NiLa/A-S catalysts( A: calcined at 650 °C, B reduced at 650 °C)
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Table 1 Average size of NiO and Ni’ crystalline particles from
XRD data of calcined and reduced catalysts

catalysts NiO(nm) Ni’ (nm)
30NiSLa/A 8.9 6.8
30Ni5La/S 13.4 15.9
30Ni5La/A-S 11.6 11.0
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Fig. 2 TPR-H, profiles for NiLa/A, NiLa/S and
NiLa/A-S catalysts
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Table 2 Binding energies (eV) of core electrons and surface atomic ratios for calcined 30Ni5La/S,

30Ni5La/A and 30Ni5La/A-S catalysts

Catalysts Ni 2p;,, La3ds,, Al2p Si2p Ni/Al La/Al Ni/Si La/Si
30Ni5La/S 854.5(84.3%) 835.7 / 102.6 7/ 0.056 0.0043
856.2(15.7% ) 0.61° 0.043"*
30Ni5La/A 854.4(25.2%) 835.3 74.1 / 0.23 0.012 / /
856.2(74.8% ) 0.52° 0.037"*
854.4(24.4%) 835.6 74.1 102.7 1.33 0.047 1.18 0.042
30Ni5La/A-S ) ) )
856.2(75.6% ) 0.59° 0.042" 1.47° 0.10"

# corresponding to nominal values
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Fig. 3 TPD frofiles of H, adsorbed on reduced catalysts
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Fig. 4 TPD frofiles of NH, adsorbed on calcined catalysts

2.6 EAFIFREENR

30Ni5La/A . 30Ni5La/S F130Ni5La/A-S {4k 5
7E 400 °C | KEEH 4.0, Wik Zs 8 8 mL g h' il 56 F
T T Ok ZE R E R R AR Y, i s
7~: 30NiSLa/A-S AL 43 100 h e P i
30Ni5La/A H130Ni5La/S fAL KN FF I 254 48 h Az
PEIIA. 30NiSLa/A k700 i o 4 Bsf s i
PRI AR AR B Ak, R
A351H 58.4% | 6.61% . 45.4% F144.9% , W
RS, AR 55.5% ity — %A ALmR ik
PEPEZ R 25 h LU B2 FH A CO, s #avEiE 40
TR, TR X A — S AR e N L 4 U,
5. 30Ni5La/S fiELFIFE 35 h ZHi, SRR
FF1E 100% , 35 h Z )5 LEFEACRIF IR TR, 48 h
BFREE) 92.7% . SR IEBEMEAEHE A 48 h IRFFER
JE, —HTES. 0% fidy, TR 48 h NIk LAk
B, X SIZMEARI R R 554 O¢, 7 38 h B 3t
W, X5 ZmER IEELL S Ni i TR § 5
TEPE TR O, [EHA T B RIZ AT 23 h Z ATk
AR Bk, 23 h DS — AR IT 4G BT
FRGHERE N, 48 h B8 NE 15. 1% 247, 4 bk
WA TREEE. HREmEREr: 38 h XN KR,
38 h J5 A FF UG FWe. 30NiSLa/ A-S {4k 7ERT 50 h
W, CEEREE 100% 54k, M 52 h e & BEft ALt



55

KA . Ni-La AL b Z WKL E B H A 389

ISR, 100 h I £ B AL 3 AT 9K 3 93. 3%
— SRR B PEPETERE S 100 h NARFFTES. 1% ifq,
30 h i ZEETFA6A Hh BT HARSS A — BRI 7K,
e TR H 52 100 h £ P il F v Uk 4
PERRZARASFAE 67. 2% Zo i F HIC SRR Hl SOk
[ 15 4}3E :Ni/MxOy - AlL,O,(M =Ce, La, Zr 1 Mg)
HEALFAIAE 500 °CF #EAT £ WK 28 S H 8 Sy i AR e
PENNA, 7EREAS 24 h Py, 3 LR R i 2l e 4
PEERE 60% 7ty , BEHR RV IS, &R 0,
()74 AR ) RV BN ) 2 8 T i, 3] 24 b i JL
SEER AR T 40% . | AT UL, 30NiSLa/S. 30Ni5La/A
1 30NiS La/ A-S A7) A1 75 1 0 1 A AS8 E  2E
FF bk AR, JC L J2 30NiSLa/A (48 h) il
30NiSLa/A-S(100 h) {1k 75 7E 4 A Fe e i 1alad 7
HBCA R R L B A 2 B

§ 100: -'l-ll-l-l-llr-\‘--i--\. . . X

£ 90 . mu® "y m EtOH

;E g0 SONiSLa/A-S —e— Sy,

% Zg [ -e-0e®0 %0 o00 o o ee o :A: oo
I G

§ 30F P e S TE TR, |« Scuzcno
in s
g ot “Q;“;‘,“Q,‘:‘ﬂ*ibﬂiﬂ-dii

g 1051020 30 40 50 60 70 80 90 100

Time-on-steam(h)

(A)

100 [

Time-on-steam(h)

©

AT R P I

é_ EE - EEE - SR EEE-E-EE-EE-ms-m | —m— Xgon
£ 50| 3ONISLa/A —@— Sm
Z 700 —4—Sco
;; 60 oe-ecee®e-®e-cce oo eeq, | —v—Scu
= S0F Jw-vVv-ve vy —&— Sco
ey | “_‘ ~ v & 2
= ;g [ oo "\:’“‘\Ofiiitxtqi;‘;x: <« ScyHy
S 20} cpanana TER e sauan
S 10} aa-and-an-4aaRpdl p> T | —e— Xpyo
g ot I:¢-¢§Q=I#:l<"-<<:-;-<< < « ?
g 0 10 20 30 40 50
= Time-on-steam(h)

(B)
=< 100 ARy
£ 90 . ™| —m— Xgon
= 30Ni5La/S
£ 80 g —®— Sy,
Z 70 —4A—Sco
IS e £ S R Sl B
= 0»0""_ g ‘»tbgzz;t"vz?x —*— Sco,
S 3ol e T T ey | 4 Scaeno
§ —br—X
5 fg P S o
P ilaaaaaasssTITNTA
g 0 10 20 30 40 50

& 5 30Ni5La/S | 30Ni5La/A 1 30NiSLa/A-S

Fig. 5 Catalytic performance of 30Ni5SLa/S, 30Ni5La/A and
30Ni5La/ A-S with time on stream in the reforming of ethanol
(T =400 °C, ISHV = 8 mL g"h™and water/ethanol ratio =4)
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TR 2 2B, 30NiSLa/S il 30NiSLa/A-
S AL H R R Y G E, WA TR . Bl
AT NH;-TPD Ly A Ak 77 2% 18 12 P 5 55 00y o
30Ni5La/A > 30NiSLa/A-S > 30Ni5La/S, 30Ni5La/S
F1 30NiSLa/A-S HEALFIBRPE A X 455, A 1k LB
7K AL B A B AT S A R A
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Fig. 6 TG and DSC of catalysts used in the stability test
(30Ni5La/A-S: 100 h, 30Ni5La/A and 30Ni5La/S: 48 h)
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JZIRANBURAR KL 5 ST 1 60. 6% , 1 85k
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Al,0,-7r0,: 3. 00 ¢C g , Ni//Al,0,-Ce0,:1.73 g
C g, Ni//Al, 0,-MgO,: 2.92 oC g , Ni//ALO,-
La,0,: 1. 48 ¢C g'. 30NiSLa/A. 30Ni5La/S F
30NiSLa/A-S {6 55 i Bk 1 B S /0 T iR fiE 4k
F. UEETIZ R M A BT R R 1k RE i

(A5 1 B A I 30NiSLa/A-S AL Z24 100 h
e MRS B AR OO 0. 86 oC g, , 1881
17 42.81% , 5 48 h fa & i /5 30NiSLa/A
30Ni5La/S b 7] A0 SRRl o A 52 Bl 2 1 AH Y.
H AT WAZ A AR B R A i P AR B 1 BE

I EAFREENXEHNRRHRE
Table 3 Total carbon deposition on catalysts used after

the stability test
(30Ni5La/A-S; 100 h, 30Ni5La/A and 30NiSLa/S: 48 h)

Catalysts 30Ni5La’A 30Ni5La/S  30Ni5La/A-S

Total carbon

. N 0.795 0.60 0.86
deposition gC g,
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v-AL 0, . SiO, Fl y-AL O, - SiO, i #% Ni-La fi#:fk
FIH G 43 Ni (it 2 f LS IR IR A ) 19 5
RLRSEARAR N . 2 HUBE . y-AL Oy - SiO, 548 Ni-
La fiEfL5H Ni S840 4 222 DA BE A, dEfb2
T I ICE L NiAL O, L U1, AR T
AR A T P D S R PR

HEAL R AR E PR B y-AL, O, - Si0, 1 2
Ni-La f#EFI7EHE A 100 h £ 0E P it 72 vhoAS 7
i, AARERE LA TR, REFTE 67.2%

Fedi, CO MMBERRMEMIRTFAE 3. 1% idy, BA R
MR ETE. S A A3 H y-AL O; - SiO,
T3 Ni-La LG 225 100 h A8 PR 105 SR
AR 0.86 oC g, 188 5 42.81% , 1548
h FE MRS y-AL O; 7328 Ni-La fiEAL57] Fl Si0, 11
% Ni-La AR SRR Bk 5 LR A7 sk &5 Bk 2, il
AT WAZ AT HAT R AF AR R PR RE.
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Hydrogen production for fuel cell via ethanol steam reforming
reaction over Ni-La catalysts

ZHANG Li-feng, WANG Yi-ping, HUANG Qun-wu
(School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China)

Abstract; Ni-La catalysts supported on y-Al,O,, SiO,and y-AlL, O, - SiO, were prepared using impregnation meth-
ods. The structure and surface characteristics of the catalysts were measured by XRD, TPR, XPS, H,-TPD, NH,-
TPD and TG. Tt revealed that these catalysts had higher Ni metal dispersion degree, and La’* oxides were highly
dispersed in the catalysts. The stability of the catalysts with different supports was examined at T =400 °C , LSHV
= 8 mL g'h™, water / ethanol ratio =4. 0, and found that the hydrogen selectivity remained about 67.0% during
the whole 100 h over Ni-La catalyst supported on y-Al,O; - SiO,. TG results were used to detect the carbon deposi-
ted on the catalysts and found that the deposition carbon over Ni-La catalyst supported on vy-Al,O; - SiO, was only
0.86 g¢C g, among which graphite carbon was about 42.81% .

Key word: Ni; La; y-Al,O, - SiO, ; Ethanol; Hydrogen



