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Effect of Calcination Temperature of Support on the Performance of
Co-Mo/MgO-Al,0O; Water-Gas Shift Catalyst

LIAN Yixin, WANG Huifang, FANG Weiping, YANG Yiquan"

National Engineering Laboratory for Green Chemical Productions of Alcohols, Ethers and Esters, Department of Chemistry,
College of Chemistry and Chemical Engineering, Xiamen University, Xiamen 361005, Fujian, China

Abstract: The effect of calcination temperature of the MgO-AL O3 mixed oxide support on the physicochemical properties of the support and
the performance of the Co-Mo-based water-gas shift catalyst was studied by means of X-ray diffraction , N, adsorption-desorption, tempera-
ture-programmed desorption, temperature-programmed reduction, and electron paramagnetic resonance. The activity testing results showed
that the catalysts with the mixed oxide supports calcined at 600-800 °C exhibited high activity for the reaction. The physicochemical charac-
terization results indicated that MgO-Al,O3 mixed oxide supports calcined at 600-800 °C existed as amorphous compound MgALOs-
xMgO-yALOs, on which more middle strength acid-base sites were formed. For the Co-Mo/MgO-Al,Os catalysts in oxidation state, more
octahedral Mo species were found, while more oxysulfo-Mo®" species were detected on the sulfurized catalysts. These species were closely
related to the catalytic activity.
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1.1 BB &

SEK— B KES A R R I 2 20 L
(IR BEAL MRS b THUBR R 25 ) ) T, IR G
Tl 2 A1 I BRI, T IO S B RN A AL A R TR
ok ok, BEAT AR B SR, N F-7STIT 24 Hy HF
OVUEFF B 4 WL (B L2 B pLa) ) kAT 4 %
WA (A% 4 mm, K& 5~6 mm), 2R 58T, 52>
AAE 500, 600, 700, 800, 900 Al 1300 °C R K5 %% 4 h,
B — %41 MgO-ALO; & & b a4k, 4d b
Z(1), t FRAE KT Be i .

1.2 fENFIRY S &

Co-Mo/MgO-AlL,O5 i 4k 71 il £ 7 72 & AR I —
SE & (NHy)sM070,4-4H,0 Fil Co(NO3),-6H,0 ¥ fifh £+
2B K, BRI K, AR B AR e 4
WM. T I0ON _IA T % 1) MgO-ALO; B & b
Yy, R 8h, SR G T 120°C #t T 4 h, EIFS Co-Mo
FEAEALFIN2 G0k Co-Mo/Z(0).

1.3 fENFIRYIEM

HE ARG PR PR £ — A AR AN I L ) S WY 3
HREAT, AL FDRL T 0.25~0.59 mm, %% 3 & 0.5 ml.
HERFT AR I CONL:H, = 30:5:65 (A FLLL), 3575
L2354 0.3, 0.6 AT 1.0, RV k324 2.0 MPa, & V.
WL 250 °C, A # A 5000 h'. & WA JE M A
% (2ZB-1L10 A, dbag DA HIE) ) ¥ & WY Jr 75 1
IKFT N R A2, r= AR 28 & R R TN R
g, AR PE VP T, S 1% HaS (AR 43 %0
1 JEORHS LA 5 °C/min (1) 38 B TR AL, 5 i B AL TR
2R 400 °C, TR¥E 2 h. F= 050 B R AR 26 OMH ik
1, TCD £ &5, il 418 5A 4310, KK 2 m,
N, fE xR,

1.4 fEHFIBIRIE
AR XRD SZU6E X Pert PRO # X Hf £k A7

S EREAT, R Cu K, 94k, TAEH L 40 kV, T
fE L 30 mA, 4 98 [ 10°~90°, # H P K
0.016 7°, BEZ IS [A] 10.16 s.

AR IR Bl 2 T R FLAR A A e AR A A B ) B
A 27 W B 3 A% (Micromeritics Tristar 3000 24) [
HEAT, LA ey 2l 50k W B T, 1 9 20 BE (=196 °C)
B WA AR A A 300 °C R KL ER 3 h.

2 A A4 NH; Al CO, (1) TPD SE36 7 [ 2
s Y e v EEAT, B R A TCD Al S48
INF, AE A 0 B N A ON 100 mg fiEAL T, 7 He
R THIR 2 300 °C, W4 1 h, #4250 °C, &
L R &M NH; 5% CO, W B 0.5 h, ¥ & 30
ml/min. WP 56 BE BH He 3 1 h, 285 H He
A HEAT R e TR BB, Uit & 40 ml/min,
Y[ 50~800 °C, FHEIH 4 10 °C/min.

AL TPR P 5E 5 B AT R 77 T 1) i #hp
TR U B A e N R EAT, A R B
4 100 mg. 7t He 40 F A A 100°C, 4 1h J5
MH 5%H,-95%Ar ¥4 < (30 ml/min) B 47 THE &
J5, K H TCD il 25 K0 00 H, W AR . FHIR VG Ay
100~800 °C, FHiff 3# 2 4y 10 °C/min. IR 77 A% 7E
TG T 350 °CHVRHE 3 h.

A A R N AL S AR TR EPR RAE
7t EMX EPR Spectrometer ! i i T %W 414 F
HEAT, K25 A K2 it D %6 5 mW, fl 2 9.06
GHz, i 45% 100 kHz, & Hl1iE & 6.0 Gpp, 3%
3312.26 Gauss, 11 % & 2000 Gauss. i 14 25 10
T A A 1.3,

2 ZR54E

2.1 fEUFITRR MR

x 140 T AR CO-Mo/Z(r) AL L CO
ek, R AL, AE =R RV A 1 R Y 4% 1R
T, Co-Mo/Z(600), Co-Mo/Z(700) F1 Co-Mo/Z(800)
i 4k 71 L 1 CO ¥ b % [t Co-Mo/Z(500), Co-Mo/
Z(900) Al Co-Mo/Z(1300) [ fmr. il A AERA L
1.0 15, Co-Mo/Z(700) fii A% 71 1% P 45 /&1, CO #44k
HIK 93.3%. 1K U BH A8 A4 R A8 R S K AR A ) A A
S5 R) R A 3 P S W ASEOR . AR A R 1 K /N I
J&: Co-Mo/Z(700) > Co-Mo/Z(600) > Co-Mo/Z(800)
> C0o-Mo/Z(500) > Co-Mo/Z(900) > Co-Mo/Z(1300).
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Table 1 CO conversion on the Co-Mo/MgO-Al>Os catalysts with the support calcined at different temperatures
L CO conversion (%)
Catalyst Calcination temperature (°C)
W/G=03 W/G=0.6 W/G=1.0

Co-Mo/Z(500) 500 41.4 80.6 83.5
Co-Mo/Z(600) 600 53.1 89.7 90.2
Co-Mo/Z(700) 700 553 92.8 93.3
Co-Mo/Z(800) 800 52.6 87.4 89.3
Co-Mo/Z(900) 900 21.4 46.0 51.6
Co-Mo/Z(1300) 1300 13.5 40.2 453

Z(t) represents MgO-Al,O3; mixed oxide calcined at ¢ °C. W/G denotes the volume ratio of water to gas.

2.2 HIKMYIILER
2.2.1 XRD %&£ R

Bl 1 AN TRDR B RS B8 I 280 MR 1) XRD %, tH A
AL, 100 °C T4 1) 52 4 2844 i B A4 AT A A
Mg,Al(OH); (20 & 12.1°,20.3° fil 59.8°), Al(OH);
(260 2y 18.8°F1 40.3°) Al Mg(OH), (20 4 18.3°, 38.3°
A1 59.0%) KALAH. T4 500~800 °C K558 i FE
i AF AE ALOs (20 h 19.5°,37.6°,45.9° Al 67.0°),
MgO (20 Jy 36.9°, 42.9° Fl 62.2°) 1 MgALLO, (20 A
19.3°, 31.5°, 37.0°, 38.8°, 45.1°, 56.0°, 59.6°, 65.7° Al
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Fig. 1. XRD patterns of mixed oxide support calcined at different
temperatures. (1) Z(100); (2) Z(500); (3) Z(600); (4) Z(700); (5)
Z(800); (6) Z(900); (7) Z(1300).

69.0°) FIORECAT T e, Bl R 2R FE 32 %1, MgA 1,0,
0T S Ve P i R R T i, (LU TR AT AR R 3K U
2 500~800 °C K% ke 1) 5 & 2 4K 2 UL MgALO,-
xMgO-yALO; To5E T & & AW e XAF A ). ks
FEU T 900 °C N, MgALOLR i A1 ¥ 1T 4 Vg
I RBE, Uk B I Ak 2 DA R T A AEAE. 4
G M S R ULE R, ALK X4 T
MgAlL, O, 2R i A1 AN 3T B AR 8 AR LA Ah 7).
222 FWMMELR

2 M AN TR BE R R MgO-ALOs B 5 %Ak
WA vE . R AT WL, 75 500~800 °C, Fifi 5 5 ke
T FSE TR, AR R TR BRI L BT s AT R B,
800~900 °C = Jill '~ &, T LA bifi 25 4% e ek 2 1) v
—H .

R2 TREBERBERMNESELMEIRAMILIELE
Table 2 Textural properties of the mixed oxide supports calcined
at different temperatures

Support Apgr/(m?/g) Ve (cm*/g) d/nm
Z(500) 152 0.41 8.36
Z(600) 135 0.35 11.13
Z(700) 132 0.34 11.44
Z(800) 125 0.33 11.56
Z(900) 66 0.25 16.28
Z(1300) 46 0.23 18.24

— MR, TR RS AR B 3 R i LG R TR AR
P/, T B AR P RS, PR Z(900) AT Z(1300)
BRI L 2 THI AR R AN A2 8 BSOAH I A A 79107 A 4 S
R PEAR IR . 5 Z(500) F1 Z(600) % 4A M L,
Z(700) AR LE & 1A I A & B i, {H Co-Mo/
Z(700) R A7) 3% 1 B e, DR R 804 R T AR 8, 3B A7
T B 5 W A T P i 1 R B R R
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2 (a) F1 (b) 73 &5 th T ASRNRJE R B 54
1) CO,-TPD 1 NH3-TPD i, 18 2 (a) AT W,
7t 100~150 °C [ it B e %k B - 40 B FfE CO, 1) ik
B, T AE 200~250, 350~450 1 500~650 °C 4b i /i Bt
WEE 53 S0 N T GG B A o SRR AL R SR AT W B CO,
BB . 53K Z(500) EL &, 2R Z(600), Z(700)
FZ(800) 2 THI 1) 568 B A7 568 F5E sk 55, 10 H 568 B 7 568 T
B A 3 0. 2k Z(900) 2 T ) s A 5 B R,
1M 2 AR Z(1300) &% A W1 CO, It B 0. tH
2(b) AT, — AN B BT NH; 1R B B g EB 3 A A1 il
X, Mi#E 200~300, 350~500 A1 550~700 °C Wl £ =
AN AN [i) o J3E TR P A7 W B NTHL T M B, 2 300 %o
59 ER A SR R A R A R A U, Ak Z(600) AN
Z(700) 2 [ (1) s 8 1 A7 1) 20 B I8 LR 304k Z(800)
1 Z(900) K [fi ) %, T # Ak Z(1300) % 1fi 2 A —A4
oW T A7 R BT NTHL, 1 00 B 0. 25 EmT DL, 44 Z(900)
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Fig. 2. CO,-TPD (a) and NH;-TPD (b) spectra of the mixed oxide
supports with different calcination temperatures. (1) Z(500); (2)
Z(600); (3) Z(700); (4) Z(800); (5) Z(900); (6) Z(1300).

A Z(1300) % [ 55 1R - 6k A7 (1) 25 B 8 D T #k
Z(500), Z(600), Z(700) F Z(800). %54+ XRD &5 Ay
A, B FA W BAR R U 22 R 2 T 2 AN R
U SR B R JLA R 5k AR AR AT S TR 1. MgO
2 B A A B, T ALOS 2 M IR A A W, MgO Al
ALOs AH B AE AT R BEAK T 9 198 A7 R S A7 1) i JiE
T B2 i T iR R R e SR AR A ) B s T, Z(500) H
A 2 (1) R IR A A SR A% A7 5 MgO Al ALO; AH B/
H 8 59 % . Co-Mo/Z(500) I % 7 kb Co-Mo/
Z(600), Co-Mo/Z(700) F1 Co-Mo/Z(800) [, iX AJ
e 5 HA Z(500) T AE R 2 S IR -0 A A K.

P SCHR[15, 16418, 18 4x I8 15 2% I MoE Fl Cudt
HEAL AT BT Be AL AR, b 45 2 1 i< & A7
T CO 5B 1 BN AR i R 5 9 5T Rodri-
guezl' IR, A ALY R B H,0 4 34 OH,g,,
BGRB8 4 2R 1 CO Je A2 e HOC Oy, S8 J5 3R
THI P47 HR 2 36 400 o 9 it 7B B CO, A Hygse Mg AE R —
ANEEE I B ALO; H, il Co-Mo/MgO-AlLLO; Ji& Hy
e i S - A A . e 2 23 e e % R M R T,
A e S5 N IR R TR A (R R )T, R KO P
h, £ MgO-ALO; # /&, T MgO 5 ALO; 15t
KA A TAEH, SO T 8RR A S PR T, 2 U
553 205> Co A1 Mo 5 Bk (W AH I AE H, M {2 ik
T4 Co 5 Mo Z MBI FLAEH, $&m T M
I AR By vE. b B 2 T A5 8 1 b iR R AR 11
KNl Z(600~800) > Z(500) > Z(900) =~ Z(1300),
X BRI A AL B CO B R —8. 2 b
AT DLAE W7, A A 750 3 2 AN AN 5 3 b 3R T RN L 25
Ry A7 9K, 3 b5 B0 3 T8I 1R PR B 1k A7 K
2.3 EEFIEMILIER
23.1 TPREZR

3 47t T AN R BE R e G A ) A
AL A TPR W% . 461 MoOs I8 J5 73 4 P 25,
MoO; — MoO, —Mo, 2R 1 — H. 47 8 76 84k I,
MoOs i J5 PR R A2 AR K 1 AR 46120, Tk 2 0 S P
2R AE Si0, b1 MoOs 1745 M Fh 48 AL A W F
— iR BN A AL, RS IR IR, 5 —
Tt & RUZ o H s SR AL i A A . AV 3 WT BUE
55— AN I8 SR L BLAE 345~375 °C, Vg T 2 0
] MoO; i& J&i i MoO,. 5 A~k J& & Yy 3 4
525~582 °C, IHJE T2 JZ 43 ] MoO; it iR 4 MoO,.
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Fig. 3. H,-TPR profiles of the catalysts with mixed oxide supports
calcined at different temperatures. (1) Co-Mo/Z(600); (2) Co-Mo/
Z(700); (3) Co-Mo/Z(800); (4) Co-Mo/Z(900).

[FIRELE 370~430 °C Kb 134 Ji i WX Y T 2R 48 MoO;
(R348 . 3K P A U6t AT 43 i) A JE 4 Co-Mo-O AH
2 5 3 T )\ T A 5 K Mo 4k 0w 34 Jit f D 1 440
gE ) Mo W Ah 20 I 3 FTLLE H, AR A
AT MR g5 Mo W B B & W Y
Co0-Mo/Z(700) > Co-Mo/Z(600) > Co-Mo/Z(800) >
Co-Mo/Z(900), T {E 4% 52 56 4% £+~ VY [ 44 45 #4 Mo
RO BT i N o N & SR N N T
L5 B A28 B8 A A0 5 M S I . AT D AR A R0 1
55\ THAA S5 ¥ Mo MR A K.

2.3.2 EPR %

4 R AN R BE RS e S5 A A ) s B AL S
fEAFRI M) EPR 3%, W W, 435l 7E G=1.93 (1),
1.98 (g5), 2.01 (g3), 2.04 (g4), 2.06 (gs) 1 2.10 (go) At
HAMET. 59 g THE TAQREHD R, 5
5 gy Al gs TV T A RN 38 43 A2 3 1T B B ) S B
L AR, 455 g3 AN g T U T 0 i 2t
W, 155 go ATAJE T Co-Mo-S AT —f
NH, MoS, (58 MoS,...) & 5 2516 £H 1 #3044 Al
W JFU R AT B0, A TRV A S N AP 3R A0 - A
A F B A B T IE B2 O-S A8 He™ 2 T Mo 4R
AL &9, Fit—20 il Mo Ik, T 75 H
o O B2 ST AR & RE S, WAl 41 1 i 2R AL Mo
WA, & Mo S BEIWT R, Mo® it J5i ok Mo*', #
ZLHT R AK MoS; 745 3 MoS, (5% MoS,.,) #IFh, [H] i

Intensity
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Fig. 4. EPR spectra of sulfided catalysts with mixed oxide supports
calcined at different temperatures. (1) Co-Mo/Z(600); (2) Co-Mo/
Z(700);(3) Co-Mo/Z(800); (4) Co-Mo/Z(900).

PR BT 5 Hy [NV E B HLS; 1 HAY T MoS,
W1 Co Pybiid i iy Xk 42, JE B Co-Mo-S ¥ 1
PR 2l B id Mo FOBR A HLER AT LAHEIT, 4775 54
fi A4 B 1Y) Mo W) Rl 2, JE i) Co-Mo-S ¥ 1k Al
£ . 5 Co-Mo/Z(600), Co-Mo/Z(700) F1 Co-Mo/
Z(800) i 1k 7 A £, Co-Mo/Z(900) 1L 51 g1, 25,
s AT go (A5 5 9 B2 B W ek 59, WK 36 /£ Co-Mo/
7(900) fiE AL 71 H Mo>" Fl Co-Mo-S MRl /. 44
A6 & Mo/ALOs fi 44 71 7 7K A5 AT AR 4 S B o i)
Mo’ /Mo* il I8 S Ak 3 JEUNL B 16 1534, A sz 86 1) 3%
PEVEA R EPR 45 J 38 WAL S T Mo™ W Rl
K.

3 %Hit

TEA IR BE T K be il 4 T — RN E G5 E
H K BEASAS e [ BT Co-Mo FEE AL 7 ik, B4
AP E 600~800 °C K5 48 J5 , % & LL MgAlL0,-
xMgO-yALO; Tt € T B R AEALE, 2 & JE 1
W2 - WAL T 28 900~1300 °C 4548 i, 34k 32 3 LU
MgAL O, 2R il A1 JE 30 A7 6, BET b 3 T AU /D
TPR Fl EPR & J 3R W, 7E A AL S MAL & Uk
1A Z5 K Mo W 1 45 2 DIy Co-Mo/Z(700) >
Co-Mo/Z(600) > Co-Mo/Z(800) > Co-Mo/Z(900). £
it b & Co-Mo/Z(600), Co-Mo/Z(700) I Co-Mo/
Z(800) A 771 T 2 A3 85 22 1) 5 3 P AH O ) AR A )
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