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ZrO, FARI T A8« BC— 7 = P R 4 T IR
H1393 K fH{E 12 h, JSFES 4 673 K JiEe 3 h,
BRI B AR, ARIE R 200, 5 TERFSEEFE
T, KR EKZTHIMAF] 0.4 mol L7 (1 4 S fL 5%
KEEW P ERFR pH AE 9 ~ 10, VLIEY LR P %
16120 b J5, FHOBEERIFE O 10 IREL EZRTCAE
TR, BUTEYAE 393 K T4 12 h, J5 T 823 K
MEE T RRe 3 h, 153 BAUE — E ks, tridh m-
7r0,.
AL A H 2 . DARSIRRER TSR, R &4
PRk R §l 45 Ni 78838 10% 1) Ni/Zx0, fiEfk
A AR R B S S T 393 K T4 3 h, LU
m-7r0, R & I MELT T 673 K E5HE 3 h, 1
LA o-Zr0, SRy 2 AR i 5 04 48 46 550 43 301 F 573 673,
773 F1873 K Kihbe 3 h, 2 H, ik i 5 AL, L
m-210, R M AT BRIE R Ni/m-Zr0,-673, LA
1-2x0, REAR I FIFRIC A Ni/i-Zr0,-X, X J2& LA
K 7R 1) Ni/t-Zx0, HEATR AR5 8 il L -

1.2 N FIRRE

FERI LR AR L FLAR TR Y £LAR 7 Micro-
meritics ASAP2020 73 S b . MHT, #E5
TSEAE 423 K mEAa A EE S he s, A 7E
WAV Z 77 K, SR FH A W B2 00 A5 o
I3 B A8 TR D T 35 R A it 1) L SR TR 2L AR

X B AT i (XRD) il i 5% A Bruker D8 Ad-
vance B X SFFERAT S, Cu K 3@ S0, & HE 40
kV, &7 40 mA, FHETER 26 = 10° ~80°, FHH
WA 6° « min~'.

H,-TPR FAEETE A i A FE 7 3 & L AT
(). #% 30 mg kit 0.45 ~0.28 mm) AL E T4
HEH, A 5% Hy/NEEGA, Wk 20 mL -
min", FEEEZCFAUG, P10 K - min” @OREE T I
R 700 K, FAAS MR &% (TCD) A AEE At

J A 18 S5 2140 )3 (in-situ DRIFTS ) SRAE7E
Bruker 23w TENSOR 27 {8 B 722 46 21 S 354X T
HEAT, SR R DA 18 S SR A L, A U
MCT. KL K (30 mg) AIFE I e AR I8 I
SPRE R, BN, 3 30 ming ZJ5 T 673 K # s
sl H, AGUPRJE 1 by R, @i SR

EHRHOEE, ZEERSIM CO T IR, 10
o il T 3 A A L E RS, R 4
em’, FRERECH 128 K.

CO P TR m s i (CO-TPSR) 7 Microme-
ritics Autochem 11 2920 AL 220 [ffAX B 347, %
0.1 g 4L (CRif2 0.45 ~0.28 mm) & T 54
H, A H, fE—EHE TR 3 h, SRI57E H, <
AR 2 385 H1323 K, 43 i1 I 30 1 10 min.
FEERSE T EA 10% CO0-90% H, IRE5 AT
Bf, ZJEAETR B Ar L 20 K - min™' TR E
973 K. R 1%/ ( HIDEN model QIC-20) 74k K
I CO hn& ™y i A i
1.3 TR E TN

FEAEFAR CO e AT PP 76 3% 22 3 3 i ik
RBEE T, SR GC-930 B A A3 A BT IR
NHTE CO AU EE. fEALFIA &R 0. 1+0.003 g, i
%4 0.45 ~0.28 mm. JFURVT i &R CO R AT
B, COMRRRBE(W o) R 1%, JERH AR
(Vi) 0 30mL « min™', 283 4 20 000 h™", S )i
FEF7 R . AR S AT 283 30 9 &USUE 673 K
TIAGAS 1 h. CO B ALR X #it P15 X =
(1-59) 5 100% , S'co JyRBLEFIA CO VT
T, Sco R EEFIH CO HyUEHRIFR.

2 HREWE
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Fig. 1 Catalytic performance of Ni/ZrO, catalysts
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SRR B e, ARSI B At = i A . el
1AL, BARAL T K A CO R B Ak 5 g e s YL
14393 K, Bl sz i R ) T, ARG CO F
R B WA TR, (HAHFRRE T, Sk
FIy CO AL B A, 473 K i Ni/m-Zr0,-673
PEALFIHY CO BE AL T 3k 100% , 1M 4H 5] Sz i 4 1F
F Ni/t-Zr0,-673 AL FIf CO LR N 25.5% .
JESE SRR EE SRy 473 KO, BEAAR 0k B i 2 4 T
1, Ni/e-Zr0, AL CO F bR B Wi T, k%
BRIREE A 873 K I, CO B4LRAT FHi & 92. 7% .
WL, I 1 SR A4, Ni/m-Zr0,-673 | Ni/t-Z10,-
873 . Ni/t-Zr0,-773 . Ni/t-710,-673 L) J% Ni/t-Zx0,-
573 1) Ts, (CO B54b38 50% ) JRLEE 2953 5 h 445

454 . 458, 488 1493 K. DL L4t AAXER Hi, %
HEALFANEY CO B Ak T M e v 2R A IR Sy : N/
m-7r0,-673 > Ni/t-7Zr0,-873 > Ni/t-Zxr0,-773 > Ni/t-
7r0,-673 > Ni/t-Zx0,-573.
2.2 AT AR

% Ni/ZrO, AL LIRS T2 1. Ni/m-
7x0,-673 fEALF 1 L 2 mi Ay, A 82 m® - g7,
[, HALA LA 2 & T Nise-ZeO, fEALF]. B
REBEIREE T, Ni/e-ZeO, AL A LL 35 T ER AT e
fIK, ML ML MBI K, /3 HIN 0. 12 em® -
g F110.6 nm #ERKFEO0.16 cm’ - g F114.5 nm, i
HIITE g i e e R P i AR i LI S5 R BT e AN
HHE.

% 1 NVZrO, LI AR
Table 1 Textural properties of Ni/ZrO, catalysts

Catalyst BET Surface Area /(m” + g™") Pore Volume/ (cem® + g™") Average Pore Diameter /nm
Ni/m-7r0,-673 82 0.19 17.6
Ni/1-Zr0,-573 59 0.12 10.6
Ni/1-210,-673 57 0.14 11.8
Ni/1-Zr0,-773 55 0.15 13.7
Ni/1-7x0,-873 52 0.16 14.5

2.3 fELFIH XRD SHER

2 Ry a5 Ak 00 S AH W B i XRD 35 &1, |
B A%, m-ZrO, 7F 26 = 24.25°, 28.08°, 31.32°,
34.64°, 35.20°, 49.20°F150. 10° 4t H I m-Zr0, ()
FRIEATSTIE, [RIAF7E 20 2y 30. 30° 2 3 JE 5 1k
[ 70, MRRAERT SHIE T, M 200, B LAY
FHAETE, (R S 09 1Y J7 A Zr0, fE7E. Ni/m-
7r0,-673 AL ZrO, F 77T 5 0 55 AR Y 2 A4 (1)
firirue—2, KRR ZAME AT & L FE rh Zr0, 2%
ORFE TR B, Rk A ARV AR, 1-Z2x0, HE
29 = 30.30°, 35.18°, 50. 56° Fl 60. 04° 4b ¥ H 81
T t-Zr0, PIFRRIERT 106, RWLEE R m-ZrO, WRRIE
firiug, BB Zr0, LAZEDY Jy d BIFETE. AN (R S
B Ni/i-2r0, fEALFIF) XRD 35 &, Zr0, 24411
fir i I X ). 28 573 5 673 K BB fifb Al
H Ze0, A LAY 7 FRAFAE, T 25 5 b i B2 T
| 773 K i}, Ni/t-Zr0,-773 f4L77E 26 =28. 08° Fl
31. 32940 BRAL 55 19 m-ZrO, WHFAEAT S 0%, &
K o 1 B ) Ak 22 TR, Nis/t-Zx0, -8T 344K 5 |- m-

0 m-Zr0,
*

% t—Zr0,
. A Ni
oflo = = Nift-Zr0,-873
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Fig.2 XRD patterns of Ni/ZrO, catalysts and its supports
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210, [FRIEAT S W B 0. Li %5 6 F 200, i
DY 5 AH 1) B AR R AE AR 2 RR TS SR, FE R
PR, DU A Ze0, 3 1 FIA A 1 4 AL 2 A 6]
Ry, BARUHE SSTENY T A Zr0, fk B R TE AL,
e R JEENAAE. JUHOR YA AR Ak A AR SR THTET
XRD FR1G A f S5 (5 S A& P07 #H. A3 Ni/
1-Zr0,-873 fAL 7] Hp S B BA 5 1 SRR ZrO, 175
. FETF X — IR, AT IR, A Ak
R 1-Zr0, 58228 HN m-7x0,.

R BRI R IE AT S 0ok, £ AL R TE 20
44.5°4b LTI I A4 42 08 Ni (LLL) ) 17 A9 RRAE 37 55
07100 R Scherrer 4 315 3| Ni/m-Zr0,-
673 AL G M4 R Ni By ik RSF o8 12,6 nm.
B e B THEr , Ni/e-Ze0, AR50 NiC111) @i
FROERT 062 M A A5 08, ORI R SF i 573 K i
19.9 nm ZE WK E 873 K [ 24. 2 nm, 72 ik
AEBREE TR, WEPESRE NI YR TR, G
PEFIPEM 25, HA KA Ni ki i Ni/t-Zr0, -
773 55 Ni/t-Zx0,-873 HEAL 19 CO Hl Ak i 14 W i3
BT Ni/t-2r0,-573 5 Ni/1-7r0,-673 i fb 5. 220
FEARIA] Ni f7 0 i 4514 T, 52 NisZrO, i 4k 7]
CO HBEAL TG PRy B P R 200, ZRAAHY 2.
2.4 fEEFIE H,-TPR &R

Ni/ZrO, i A6 57 B H,-TPR 3% & 4 &l 3 i,
Liu 25 BF5E 26 W 700, 30K 1938 JFUR 1 = F 900
K, HCE 3 sl 50 i #E S 34 0 ) & S Nio 4
IR, NiO e85 42 @ Ni 95 7 i A P Al 4%,
H,-TPR 3% [ v A [ L1 (0 RE S04 mT 1)@ ok AS ) 47
TEFEAS NiO FiR . NIEL 3 ] LA Y, Nism-
Zr0,-673 fEfL I FE R 600 K FF45 % 790 K 45
W, 624, 656 5732 K 3 PNHAHEZ HFEEIEA]
B, A3 R N TR INRAR ) NIO | (&40 NiO J2 5 m-
210, Z A SR AR B AR B9 NiO [ Jugt 2L i
Ni/t-Zx0,-673 44L& H 630 F1 656 K HAHE S
HITASEE S R T 777 K B W2 . AR O A
A SCHRARE " A 30 o A0 R e I 7 35 A1
SRR NiO @b /NG 26, NiO dihr #/)s
Har g5 H, #fl, R IR g%, M Lk
WAL SR FE S B () X EEASHMER S, Ni/m-Zr0,-
673 AL AR R 4R 8 i BE RN /DN ok NIO 9 38 it it
FESI AR T Ni/e-Zr0,-673 fiEfb ], HiZid i g
AEXT Ni/e-Zr0,-673 {4 5 45 a7, 3= B/ d R
NiO £ Ni/m-Zr0,-673 {4k 50 3% 11 43 A 46 v, i

T Ni/t-Zr0,-673 AL _E 5286 B o A, MR Al
T Ni/m-Zr0,-673 L5 | 624 K ByEh Al N7 Y38
JEUEFN Ni/t-Z10,-673 Ak _E 630 K fJ5 .

656 K

Intensity/a. u.

Ni/m-Zr0,-673
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Temperature / K

&l 3 Ni/ZrO, #E4L57 1 H,-TPR %
Fig. 3 H,-TPR profiles of Ni/ZrO, catalysts
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FATRM CO REF 737, WF5E CO £ Ni/ZrO,
HEAGRI R 1 )RR ) FHEL R NAT . 1B 4 2 Ni/Zr0,
HEALFAIY CO-TPSR &K, CO 7EZ A IS ¥
o CH, , A IS AR 7= ) A= 1. IR 4 a2
Aili, Ni/t-Zr0,-673 HEALFITE 460 K L2 B — AR}
BRI H oilée , T Ni/m-Zr0,-673 4L FI7E 460 K 5
PRI LEl , W72 500 K 24 B 7 —4>
AN R ot S W, 12 dR 0 T T R A CO i i #
m-Zr0, # AR B WY Ze-OCH, 4 1 HY g
g 17O S g A R A R CHL e A X L, S 2 B
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Fig.4 CO-TPSR profiles of Ni/ZrO, catalysts
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Ni/m-Zr0,-673 {7 F H 2 A K 2 1) CO H hifk
WML AR, (RIS 2 L3R T 1 O A 55 T 6 i Ak 7 3=
T T Ze-OCH, Pyfi.
2.6 Ni/ZrO, RE R CO & CO-H, HR1E
KRN 200, SR NisZrO, f4L5] CO H
BEALPEREE M AT, 4% T LRI B CO DL I
CO-H, A9 In-situ DRIFTS 724. &5 (a) R 75k
Bt CO fY In-situ DRIFTS [& 3%, Ni/m-Zr0,-673 #il
Ni/t-Z10,-673 fALFIH4E 2 172, 2 117 em™ Kb H
A CO, 2058 em™ b EEFIL K Ni-CO LT AMFAE
Wkl RIEEAE 2 359 em™ T2 341 em ™ Ab R
PR A B CO & A i Ak s g A B CO, 1 R A1 12 i
1. Ni/t-Zr0,-673 fEALF] 2 M FE CO A dRAE i
Wi T Ni/m-Zr0,-673 446, 1 CO, AYRFIEIL
WU I B 4. 55 F Ni/m-Zr0,-673 AL 7). X & i F
Ni/ZxO, Ak 70 35 1 A7 75 48 22 B e A7 AN A A 2™
1M Ni/m-Zr0,-673 Ak 1) 2 A7 76 55 2 1 BL A AN
A O* Bk s L B LA AN 2o -0 B B 0 B
ﬁ[lt}—l‘)] .

2172
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b — 4 0% it CO-H, % In-situ DRIFTS i [&]
(E5(b)) BTN T 2 176 F12 115 em™ 4k
A CO £ A W Wb 3 3 s, el i AE 3 015
em™ A BT S A4 CH, B9 RRAE W 004, 3k e WA
IR T CO RAERNA R T HAR™ 9 CH,. 1Ak,
Ni/m-Zr0,-673 fELF7E 2 052, 1 892 em™, LU K
2881 em™" Ab H BT 4 Bl 10 0 A W 0, T N/t
7r0,-673 fEALFITFAR IR S, 3 AT REJE R
HEALTR CO B e 1 22 HE R 22 SR A R 48 S
ka0, 2052 11 892 em™ Kb LT AL kI
AlFJE S CO HBefk b ] ) Fh e BE = Ak, 2 881
em”™ AU N Ze-OCH, #fha . FRA1HE
W Ni/m-Zr0,-673 3 471658 2 1 i A7 A1 Fn 0™
g, (G H B S KAWL, H 25 1E
PR Ni Xt CO 4319 S 8 B3 st i
(RIRE 1350, MG 58 Ni—C #, BI85 C—O 4,
RN T BRI AR ). T Ze-OCH, 7 i) 1
BT m-Zr0, 2 1A 3% T A7 16 55 22 19 BE 457 A F
Zr4+ -Oz'ﬂfiﬂﬁ*l[}@fﬁiu ,18-19] )
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Fig. 5 In-situ DRIFTS spectra of CO and CO-H, adsorbed on Ni/ZrO, catalysts
(a) CO adsorbed, (b) CO-H, co-adsorbed

254y CO-TPSR RAEHHE, AN N 1-2:0,
17 DAL, AN A Ze' gy, CO 3232 LR S T
Ni/1-7r0,-673 ML R . m-Zr0, REAFERZ
AL ASH AT OF UL AT AN D Ze* -0 R
O, BEALAEA OF il 535 P4 & Ni JE hl i3 [F)
PEFRAE CO e AL R 1L CO Ltk iy
el e ——BR I S ALY, TR AT Zet-0”
PRtk 0 ) 5 3 M 42 Jm NI B[R] 2B B Zr-OCH,

Yikh. fETETE4)E Niy FCALAFD OF Hruts A K it
BN Zo -0 R B, o O B9 2L W) 7 R Nivme-
Zr0,-673 AL F2 B0 H =5 1) CO W Bff 5 1 &5 19 CO
FBEAL g
34 i

Zx0, A Ni/Zr0, fEAEF] CO B BefE P fE
FEEY. 1-Zr0, FIH LR AMA 2o gy, CO
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PLER S0 Bt F Ni/e-200,-673 fE4L K 3216 . m-Zr0,
RIMAFAERZ I FL LA LR O H L AS 1 1
2t -OT FRRR L, BT O rpts ] 5 5 1 4
J& Ni s R VE AR A CO 78 3% fif Ak 37 2 1 4 4k
i CO HUBEAR g v ] = ) —— B B A A, i RC A7
AHLFN Ze* -0 FRAg PO 5 75 P 4 T N BRI A
AR Ze-OCH, W) FP. fE36 R4 I8 Niy L7 AN 16 A
O™ Hus AR e S AN Ze* -0 B i Hh O ) S [ 4
FA'F Ni/m-Zr0,-673 #4671 F 3t &5 1) CO M ff i
FIE 1 CO HIBEAb G 1.
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Effect of ZrO, Polymorphs on Catalytic Performance
of Ni/ZrQ, Catalysts for CO Methanation

ZHANG Yan-xin, ZHANG Yin, ZHAO Yong-xiang "
( Engineering Research Center of Ministry of Education for Fine Chemicals, School of Chemistry and

Chemical Engineering, Shanxi University, Taiyuan 030006, China)

Abstract; The catalytic activities for CO methanation of the Ni/m-Zr0O, catalyst and Ni/t-ZrO, catalysts calcined at

different temperatures were investigated by a continuous flowing microreactor apparatus. All the catalysts were
characterized by N, physical adsorption-desorption, H,-TPR, XRD, CO-TPSR and In-situ DRIFTS. Under the re-
action conditions: CO 1% ., GHSV 5 000 h™" and an atmosphere pressure, the Ty, temperature for Ni/m-Zr0,-673
and Ni/t-Zr0,-673 catalyst was 445 K and 488 K, respectively. The catalytic activity for CO methanation of Ni/m-

Zr0,-673 catalyst is much higher than that of the Ni/¢-Zr0,-673 catalyst. As the calcination temperature increased,

the catalytic activity of Ni/t-ZrO, catalyst was significantly increased. Further characterization demonstrated that the

reason for this phenomenon resided that the surface ¢-ZrO, of Ni/t-ZrO, catalyst convert to m-ZrO, during the heat

treatment. Due to m-ZrO, has more unsaturated coordinatively O”" basic centers and coordinated unsaturated Zr*'-

07 acid-base centers, Ni/m-Zr0, catalyst exhibited higher catalytic activity for CO methanation.

Key words: m-Zr0,; i-Zr0, ; nickel-based catalyst; ZrO, polymorph; CO methanation



