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1.1 HEHH&E
L1.1 ALOA#EHKegH & 78 AL(NO,) 35,
A w=10% [y NH, - H,0 5%, pH ik 10 B2 -
W NH, - H,O, FE/KEE B InAGE &1 R £ —BF
-20000 VEPFL7I, ZLehmidE2 h, ZHAPRIL 24 h
JE B RS, 120C T4 2 h, 900°CHHE4 h, 195
an A .
1.1.2  fRBEAYK 2r0,/AL O, 5 A H ARG 5] &
(1) ZipaJy #2940k 7r0,/ A1, 05 5 45 2 AK.
TER & ZFE - 20000 7 H A 1.0 mol/L 11y
ZrOCL TR FN AL Oy BEZR AR, $30 R 1) [ B I A
T TR R AN, L 12 h, I NH, - H,0
P pH 9 ~ 10, B4 e, WL C- ()
AgNOIERRESS ) , TEARE BRI 10 £ FHE )
ETEE, WS EHITZEM, HRZET, 650C
JEbe 4 h, BTl A8l ZrAl-l.

FHL 3R J7 1 82K K 7 IS AE 120°C )8 3 h,
650°C K58 4h AR BINAUKE UK, 10h ZrAl-2.
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(2) P77 AR AR R AR IR A T B R 90 K 200,/
ALO k. FEfiHE T4 1.0 mol/L 1y ZrOCl,
VSRR T AL O, 3Lk, kSl 12 h G INA R R
VW, S0CTF R 12 h, 3398, PEWDARR L C17,
120°C T3 h, 650°CKikE 4 h, MBI ke
GEM, 104 ZrAl-im.

(3) Zigphil ARG K 200,/ AL O, B A 3
TR, RSOk 4 R 4l m-Z00,/ AL OB 4
ik, i8h ZrAl-m.

P EEABIER 1 g ALO, [ Zr0, [ 12k 15
$0.55 g.

1.2 #eFHFE

DLl 28 1 S 4R gk Z00,/AL O, E /W)
HAEAR, TSR B S T Ni0/Zr0,/Al, O,
AL, Ni gy w =8.0% . fEAk 551
Fl NiO/ZrAl-tm . NiO/ZrAl-tl | NiO/ZrAl-2 . NiO/
ZrAl-m FEIR.

1.3 EAFRFEERREETN

PEAR AT M TEA 7 [ 2 PR 3l S g 2 B B i
17, ¥ 0.200 g L7 (0.28 ~0.45 mm) #HTF U
BRI Wigsr, 76 750°CF H, S0 i 1 h, [
SR IRA RN V(CH, )V (CO,) =2, &
2x10*'mL/ (h -« g), KR EE 800°C | # . =
MEFEEL S, TDX - 01 4, TCD &, fE{k
FIEPELL CH, b 3R, Bk = (WG
PEALFI B i - ROV AT AR T &) /SO G
R A
1.4 HAHRIE

X AT (XRD) 3 M 7E H A B2 20 v A=
PR D8 AL X — SR AT AN AT, L AR AR
CuKa #f8 (3% 0.154 18 nm), H & 30 kV, HR
30 mA.

L RN AL AR 43 A AE L 5 A BT AN ES A F A=
PR ST2000 #Y bb 3T 5 LA 4 A il i A #47,
N PRI AR, R PN H,, AR
TR, R

H, - TPR £ 76 [ © 4125 903 Lk AT, ¥
0.200 g A7 850°C YL T FH A 4 40 min
Ja, MR, BA 10%H, -90%N, (KFL)
RAS (40 mL/min), L) 10°C/min [ 3 B M= i
T % 850C.

CO, - TPD: ¥ 0.200 g 4k 7E 750°C F H,

A4 (80 mL/min) HifJi 1 h, SR 5 H &2 A A
W#130 min, ¥ EEE, EERE FWM CO,30 min
G, YHm s A< (15 mL/min) JREWcHT 2 54
FasE, LA 10°C/min (i3 M E IR T3 700C.
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Table 1 ~ Surface area and pore dispersion of supports %

T e/

F i (m>-g') <5 5~10 10~20 20~30 >30
AL O, 148.3 4.1 6.2 9.2 26.5 54.0
ZrAl-tl 113.2 3.8 11.2 22.4 45.6 15.0
ZrAl-2  106.6 14.5 33.3 28.4 18.6 5.3
ZrAl-m 108.4 9.6 23.8 25.1 34.4 8.1
ZrAl-tm 105.5 11.8 28.4 30.5 21.7 7.6

MECRTA T, TREAK 200, )5, EHH
AR L 2 THT AR LG R SRR AT i R B, H: B 2 il AR
NS A ZrAl-t] > ZrAl-m > ZrAl-t2 > ZrAl-tm.
SFELRTAUT B R 2 9K Ze0, 3 AT 4R
RN R, JFAE—E PR BIEE 1 R0 BR g IA
/L, R TIEERW], 7R 20,05, KT 30 nm
AFLEA s, AHR A NLBOR I 2, X 5 R
AR M2 — B0 A4 XRD 115 40k
ZrOkife (3R2), fRIRGIK Ze0, IERIE B2 4 5]
AR SR B b, R Z00, S BPRi AR FI L 244
(4 He F T AR AT 8 1 Ze0, JOURE (9 550 HRER R, i
A FHASTF] AR AR 2548 1) Z00, 1) % BEOR Y B v S A8 1A
AOREIE T2 0 Ze0, B 73 51 0. ZrAltl Oy 0.558 g,
ZrAl-2 4 0.564 ¢, ZrAl-m 2}y 0. 535 ¢, ZrAl-tm
0.527 g, HEEhrfidi it (0.55 ¢) MM, #PHAL
FRUT B2 A, Horb g 22 5902 T 45 B R 98 K RL
BRINAIF.

®2 EA/A#GH 20, MEBAM R EBIK/N

Table 2 Composition of ZrO,phase and particle size

B w(t-Zr0,)  w(mZi0,) w(y-ALO,) w(3-ALO,)  [FkiR~f
/% /% /% /% /nm
AL O, 0.00 0.00 90.75 9.25
ZrAl-tl 43.90 0.00 50.91 5.18 3.60
ZrAl-22 44.50 0.00 50.41 5.08 5.64
ZrAl-m 0.00 45.40 51.36 5.23 6.36
ZrAl-tm 17.98 19.58 56.66 5.77 9.53
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6 ZrAl-m 7F 20 =22.0°, 24.8°, 28.9°, 32.1°11
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BUBAT S I, RIIGIK Zr0, 5B ATE K
B, oK Zr0, J2 97 7 B 48 1A 1 % 1.
R4 Scherrer J5 21T 94K 700, V- ki 42 DL K
XRD B3 9 i A A B 55 2.
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Fig. 1 XRD patterns of catalysts

1—ZrAl-tl ; 2— ZrAl-t 2; 3—ZrAl-tm; 4—ZrAl-m
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Table 3 Composition of ZrO,phase and particle size after reaction

v w(t-Z0,)  w(mZr0,)  w(y-ALO,) w(3-ALO,)  fkiR~;
P /% /% /% /% /nm
ZrAl-tl 39.80 4.10 50.91 5.18 3.88
ZrAl-2 38.20 6.30 50.41 5.08 6.13
ZrAl-m 0.00 45.40 51.36 5.23 6.88

ZrAl-tm 12.38 25.18 56. 66 5.77 10.20
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Fig.2 CO, — TPD profiles of different catalysts
1—Ni/ZrAl-12 ;2—Ni/ZrAl-tl ;2—Ni/ZrAl-tm ;4—Ni/ZrAl-m
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Fig. 3 TPR profiles of different catalysts
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Jir U A A FEAX AR B TR, TV RE o 363°C,
B AR AR I [ W TR AR /N T NiO/ZrAl-tm (1)
TR, (HUEE TR0 B 34 K F NiO/ZrAl-tm, KB HL
TR ZrO, 46 B 1 B 52 45 R 1 i TE PR
T DA 25 AR IR o 5 —M7E 510 ~ 580°C
ZIa], HIEIHE T NiO 544K Ze0, Fr e i —Fh
BORERB SR, Bk Ze0, 7R B3k 420
HZAM G, RIS E S 5EAAF L LR
R 255 AL, T3 NIO 54K 7e0, B
BN RAE T, A 05 P P Fh o 0 R 3 A
XFPVE A F T 2R 45 5 2 B0 H AR 2 10 TR P25 44
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1) Dt e = S b Y T, e T AR RIS TR R 1 K
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25 53—~ 7E 780 ~ 830°C Z[a], 7EX G #ik FA1F
FE— 0 R 9 oK Ze0, T 4 55 1 3 804K AL O,
NiO 5 Al, O, JF i NiAl, O,, J3A J5 3R B 7F 730 ~
820°C, [A]if i T Zr0, B A SE AL JE M, A 45r
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{2 ] 4 R ELAE P .
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AR i A e s ) AR TR A 9 T R R
FE S AEA R B 2 T AR R A G, BR AR AL R SRR
) S A A T R T A R T L 28 A [ A
SERGI K ZrO, 11 30T 52 G A P i 5 1 A 1 71
PGPS E YE AT TR R (B 4) . AT &
P, Ni/ZrAl-t] AL FIFE K 15 h 5, CH, L%
WA W RS, Ni/ZrAl-2 J2)i; 15 h J5 CH,
(EEAL R R R 1. 6% ,Ni/ZrAl-tm JZ )% 15 h J§ CH,
HEEAL T 8. 8% , Ni/ZrAl-m [T 13.3% ,
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Fig. 4 Catalytic activity of catalysts during reforming of CH,
with CH,/CO, =2 at 800°C
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Reforming of Methane with Carbon Dioxide over Ni/ZrO,/Al,O,
Catalysts Effect of Nanosized ZrQO,Crystal Structure and Size

LI Ning'?, LUO Lai-tao'
(1. Department of Chemistry, Nanchang University, Nanchang 330047, China;
2. Department of Materials and Chemisiry Engineering , Guilin University of Technology, Guilin 541004, China)

Abstract; Supported nanosized ZrO,/Al, O, composite supports in the big pore Al,O,are prepared by Pre-Dep
and Sol-Gel methods, Ni/ZrO,/Al, O, catalysts are prepared in pickling process. The study focuses on crystal
structure and size of nanosized ZrO,and effect of the catalytic properties in the reforming of methane with carbon
dioxide. The results show that t-ZrO, can improve the Ni/Zr0O,/Al,O,surface performance and stable property of
catalyst, the smaller size of ZrO,can improve catalysts active site and dipersion.

Key words: 7ZrO,; ZrO,/Al,O, composite support; crystal structure catalysis
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