Vol. 27 BHEFEALFEFIR No. 6
2006 4F6H CHEMICAL JOURNAL OF CHINESE UNIVERSITIES 1080 ~ 1085

7E Co/SiO, 1Ef#E 4L 514 Fischer-Tropsch &z [
im FE X & B SR BT A R A2 TE T B 22 0

B #' A AR, IR
(1. PEBMZALE LT R FI AT, B LR R E A%, KR 030001
2. PEBEGEMFEABE, LA 100039)

WE BT RMIRIERT CosSio, #ALFILE Fischer-Tropseh ( F-T) 45 1 HH A S R FHAT b Bk g R4, 5%
A FTIR, TPSR, XRD, BET, HTPD il TPR % FBex AL IHEAT T RAE. 555K, CO FEM A2 T (1) W FF
JIIE AR, AE 270 CAMRREAAAE, BEE NIRRT, AT R AR RN B CO A 4 S 1]
Boudouard SR 4k, 24K iEEE =350 CHY, Ll Boudouard JZ W N 3. HAN, MLV IRE TG, 485 ke
SR, FEEREE R SOK A RERRAES YR AR B FERETIR R TR R R, Bed ol E R A,
KA Fischer-Tropsch G ; Co/Si0,; CO WMf; Boudouard N ; Hé4k

FESES 0643 XERARIRAD A MEHE 0251-0790 (2006 ) 06-1080-06
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— 2B B R AR, DR AR R A R A R A v, — R IR SR B R T R A Ak (i
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R AR RS R, A7) B4 S B 5 TR 4 285 W R S I S A B LG AR Sk
T, TEANIE F-T A AH, B80S0 e 2 S 8U AL 5 A0 R A=) 8 TR s B R A 38 i) 38 in s
IO SR HE T AR L CO A RE T3 mAEE RS K A8 J1 R I, Dy Ak, BEAE CO 43 T s il
PEAL TR ZeTH CH, WIRR s/, DT R AT B 1 - BB 0 1 =20y e 0 JSR S 23 5 T 8 43 P ) 25 3 30
AR 79 2 T B G K 2 LA B 22 B e O i A T 2 0. O SR P v T A A R A o R
KSR B AT, 38U RER K B8 T T, P be HLisi /b, CO, 3RS > | LUK =)
T SRR S E AL S R AR BN T AT O, RO S A s G B s AL R TE A M, Hop, )
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R A -BEME (Sol-gel ) ¥E il £ S0, 4044, LR N 278 m?®/g. W W FE G IR B 7K 75 i 25 14
RO TR I, 24T, T 400 CRIBES h, FEBTEAECR 15% (19 Co/Si0, HEALT ( LR
H215 m*/g). HitriE i Atom Scan 16 B EHE A 55 T K FHEIEIL (ICP-AES) Il 5E.
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JEi. TEAFNREE N CO 5% CO/H,, Pl HnBRE SOGIE BN HE &L 198 UG £L Ak . TPSR
FEF R L IEAT, AR 400 CARTREE, TERARIKHELTHA, FEEHHA
[V(H,)/V(CO) =2 h T, H HPR-20 BT (k. 11 XRD 3575 H 37 D/max-yA %4 X i
LEATEMN CHRHE | Bt ug) B, FRVERE 40 kV. By ACREE S SC AT SE Tl (20° ~75°) FH (0. 50/
min ) DURHIEALTR G AH SR 5% ROV IS AL RIEET T /MBI (42° ~47°) 941 (0. 2°/min) , 153 4 8 4
(20 =44. 5°) [RGB 0658, 42 Scherrer AT R4l fRLAY K /N, TPR MRAE H 28 B LT, ke
425 mg, MAFIECH 5% B9 H,-Ar IR SAEER A, SARFE R 40 mL/min, LA 10 °C/min A9 FHE
H, 60 CHZE 960 C, Fil TCD KlFES . AL A LR, FLA2 51504l ASAP2000 %4 [ 3
Py BFHASCI E . rEARTR 4 2 BIORE 1 A A S B B B CREAE S (100 mg) T 400 °C &/ i R
6 h, REZE 80 C, VIR, FFRELTEHE, BIPFHEZE 400 °C, FEF R B2 H TCD A
RV HG, TEIZAMEAT A T Uk b B 22 R, MR i 75 380 1 S 8 o 0 T AR 4 s Al 1) T S0
Bt ik, MR B AR s A3 e A 551 A S i Ot — 15 3038 T A 1 ) 4 T A HIORE
1.3 EHFA MK

F-T B SR 78 34 22 sl N e 152 PRI it A 7. SR FH A S Rb VR A AL R R B 7). B 4 mLL Co/
Si0, 1L (60 ~80 H) M 8 mL A %fy, R ASas, A ES, fE25H# 1 000 h ' F 222 FHilk %2 400
C, EJF6 h, RIFHEE 160 C, VIHBBATIE A 2 /9 H,/CO A B (ZBE6R) , 7E2 MPa, 1000 h~' Y
AT, EMTHEZ 220, 240 J2270 °C, 31N 400 h. 1E 140 CHIO C HUHBHRI BF A IS ).
R4y M R FHSCHR[ 101 5. i VA 5 74 3 5l 7 95% ~105% Z (8] RN 45, K1k R
FEA BV T BEIR I I SO AR A B 2 Ak R0 2 1 7 =5 9 SO = s, F i AR I E 400
C R TR — B 2R A i b B

2 HR5HE

2.1 RMNEBEX CO/CO +H, WK 1TH8 20

2.1.1 BAHE F-T AR ER RGBT F-T AN (72 h) AR RV ERE. 7T,

BEHE R T, AR RIS () CO Btk Rk ) BT m, Wbt £etE T, i G, BERErEm]

R TR, BERE R T o B e L e SN R (4 T TR, Schulz 451 R IR, BEAE BN

TR FE T, IR A A ROBEIRES T N LR I e (8] 7= g BRI et fe 24 5 80w TR N 2% A1F

T Gy, AEPEMERRAR, X SACCE A B0 S3NETIFH, CO, MR RE 5 0 B2 A T 2 i T 5.
Table 1 The performance of the Co/SiO, catalyst for FT synthesis reaction at

initial reaction stage(72 h) and the deactivation rate

Temperature/  Conversion of ~ Selectivity of n(Olefin) /n(Paraffin) Hydrocarbon distribution(% )  Deactivation rate *
C CO(%) €O, (%) ¢ (C,—Cy) CH, Cs. 100/h !
220 70.5 3.6 0. 86 0.50 10.5 78.0 -0.030
240 86.3 5.3 0.83 0.13 11.2 63.6 -0.041
270 98.3 11.6 0.74 0.09 19.3 45.5 -0.067

# Deactivation rate for 400 h reaction. Reaction condition; p =2.0 MPa, GHSV =1 000 h-L.
2.1.2 @BAFEHAN IR L B 1A CosSio ML E CO M IR %K. EEHE T, 2 040
1940 cm ™" b B LTAMEIE 53 5T R CO T AP0 2 1f ) 22 B4 QW% B AN AR SR B> B R
FRHELRE A TH ST, CO A =X IR o 0 2 s 553, R L T iR 310 220 CRF, 1940 em ™" &b Ay 5 X R B 06 7
& HIAHR, CO 112 32 AW I i 5 DU) I 2 W BRI B85 1) P v T fm W5 2 ) Wl W 8, U
VE— ThE, WA R I AR OE RS, Sun SR, AEEE F-T S UL RS CO BRI
B EC 2R UM BTG U, AR IR T DU S IR A T R, 8 Co ML TR R, 51E k=0 Co )
Wl E RSO0 Ak, WO Y RS AT BB 1 R K CO VR BE RN v R R s A R R A, A
5 A FR AR AR A AR AR B A F R 7). O 22 2k oM Ae e 5 5 L 2 T s 1 38 i 156 W O 7E Co/
Si0, AR T A AR . 7E 270 °CAHE AR 2 ITD AR DR AR5 e i B2 (R MR AT, ] CO WRZ A FH A 3R
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Fig.1 FTIR spectra of CO adsorbed Fig.2 IR spectra of CO +H, adsorbed
on Co/SiO, catalyst on Co/SiO, catalyst

Bl 2 /s A R (CO/H, ) 7E Co/SiO ML BRI NAT . FEZIR T, fEfkin 2 m i B0 Ay Co
B bt | 222U BERIAUH CO PR ahide. Bl IR BRI 9 T, CO XM B0 9 s 55 DA 2815 2%
CO ZH LA M BT B3, 54y CO LLAMR M AR E, TEAAST, CO 2 LUk i
FHRE TR R AEa K. WHHREE TR 2 220 CHF, HBL2 927 F12 858 em ' W Ffh, 4350 %F R 37 H 3
H C—H S B FRAIAS K B sh il ™0 . Bl 3 A T, o B T S 3 —CHL, R R 9 C—H 4R 3h
(2 954 em ") AWK PRHGE TR, . YIRS & 270 CHF, FFER L CH, AR Bl IR i
(3017 em ") 2. XHFHEH CO MR, MraQmeit t 2k BTG i, T 285 i B & AR C—H .

AR, Bl CO WM BE B AR B, R ESHY C FI O ZEAMITERT T, fif Co FiMi iy TR R Az ik
Ay, NI A Z B M MHAOLT RS . BbAh, 78 H,SAFAE T, KRS A A B /E A i &
H co ZELAWMMAR. B, Wk R E N TR & EOR, SIS B, RON IR EE T R
Syl CO B, X F-T RS R I E RN, CO B Je e AT 2 1 JEAT A 2 W BtE, B 1l 3 i e )
Fly SRIG, R RN 5% B 0 SR AE —CH, —Fh, —CH,—4Fh o] DLt — 20 & AR ARG K
AT DU B B TR T R E] 220 C R, HVBIE LA, UAEA F-T ROW B4 & . Schulz
FEPINK, TEANIE F-T A RUEAER 1, CO TN EZE SW H AL A 5. MEREN T, 7=Er
WHIEETE Z | AR R A CO ISR WG TR &, 31X 5 HT TR 0 SN 25 SR — 8. J4b, BiE
TR TH R, U I PR IR E— BT & 270 CE, IR, 1A Y R N TR E S
FIF =yl R e K, AR SE T Befb N, T S-80 Cs, SRR T
2.1.3 A FWEH R (TPSR) K3 A H T Co/SiO, HEALFITE 400 CiE 5, M 50 CTHEZE 420
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Fig.3 TPSR profiles of Co/SiO, catalyst
(A) a. Hy; b. CH,; c. Hy0;5 d. CO;e. CO,. (B) a. CyHg; b. CyH,; c. CyHg.
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K2, 5, CIGFPNIGTE 200 CHIRRIBAERL, A H,F CO MITHFEJL-FAE R & A, X2
JEAE 220, 260 1350 °CHRA W S A A= pl e, i SRt 187 T s o7 F ) (A 4 b=, DAAS [ Js2 g 3 B8
WERIABXTSR BT Y, 220 CF—CH,—¥F A iR 2 TR 2] 260 C oY, PRIk B FEAIR,
VA S N K RE 1 R R TR TR 8 350 CCHE, KNSR AE Ak, HBEAE 220, 260 F1350 C
HA A BRI , A3 I R R (R R R A A B SR, 350 °C HE B A F B A 0, TR T8 ANt i 1)
FOVIRJE T, B i dE% B 5. CO,7E 200 °C W IF A4 i, F] 220 °C A A mil, Bl SN iR i T+
B, COMRFRIE A B, BT 350 CR, Al CO, BB, CO,nT BT JeK H Boudouard S, HiK
ok F KIS AR B, ol H B R EL v Y . (BT AN FHIERR , 78 Co/SiO, fEA 77 2 1 5 A FF R R4 1l
(E2), aTHER: CO, 3% A HRELAY /0. @i TPSR F, R & FUKAYWHAE, WrlHEE: Co, 3k A /KBS
A €O, %K H Boudouard SR, B 2CO—C + CO,, BEMAIREE R T 350 C i, k73 im
AU ARR. 28 EITR, ANFERIRE T, AN 2B R EAR. 220 CHE, DUAER KR
MR RN, AU Boudouard [N & 5 Bl R MR ETHE, #E 260 C A AT, BEME K RN IS, T
Boudouard 2 i 52 A, O RETHE 2] 350 CH, DL Boudouard S A, MiBERE K 5w ASBH .
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Fig.4 The stability of the Co/SiO, catalyst at different temperatures
Reaction condition; 2.0 MPa, 1 000 h =, V( H,)/V(CO) =2.

2.2.2 tEfuRlbg A 5 DN TR] BRI R R RO O 2 il f A PRSI R B XRD B L W LR

2 BRI RE A0 R R L A A L B 6 -

LA R ERATEE. 7E S IR AL F s - e
B RERRS A, R T ITREA N B A AR

AT LR 0200 SATHE, BEST TR ik e ﬁmmmwhmwﬁﬁ&
TR T 5 1 /N R TR A4 7 ¢

T XRD KX /MR e 2% AR R A 53 4 /m“wwﬁmwwﬂﬁ
R, 28107 220 C N PpEAR ) 2 B0 5 1 % L
e IR R, TR S IR K TS, P R e T

FHAETIAR. U WS N, Tt B B vy, e o S M AR B il
PURLELR. AR Scherrer 23T HRL ARSI A9 5B fiE different reaction temperatures
BRSBTS T2 2. rTLAE iR 4 © S0, ; W metallic cobalt.

T B S R, Bl RO, SR AR el T B S R
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Fig.5 XRD patterns of the Co/SiO, catalysts at
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Thiss, MEALHI B LE R BURIIB N, FLAFEAR AR | 1 FLAR S TR G P A 70 28 13 B4 52 ot 8 v sy
Bl ORI, ATTIIGE 1AL R 6, L4585 XRD SRALER (18] 5) A —E

Table 2 The physico-chemical properties of the Co/SiO, catalysts

N Sper/ Viore” ) . ) ) . H, uptake/ Corrected Reduction
Condition N . 5 Pore size/nm Particle size/nm . o . d
(m® - g7 )" (g-em™)” (pmol - g=" cat)“ dispersion(% ) degree(% )°
Fresh 215 0.6 11.2 — 81.8 6.42 100. 0
220 C 188 0.6 12.0 19 51.9 4.34 92.1
240 C 159 0.6 14.4 24 42.9 3.82 88.2
270 C 136 0.6 18. 1 26 25.8 3.04 76. 6

a. The catalyst was treated with solvent-extraction; b. the catalyst was treated with calcinations; c¢. metallic cobalt particle size: calculated
from XRD using Scherrer equation; d. obtained from H, chemisorption and corrected by reduction degree; e. obtained from O, pulse adsorption.
2.2.4  PEACRIGT A B CROBTEE K SO S RIRTBRAL BE, H,-TPD 4531 4 {27 S0 B e o3 1R %
PEULAR 2. AL, SR ) BEAT FURONE I RE B T s, kA TR0 2 T 4 fl o U B sl . S R 22
400 h SN, SNl RE R PR TR R T A I PR R D, AR ) o R R e — 2P SR, B
SR FEA T A S SR B ) T e, B AR b A Rl UK O, B S i B, AR T 5 e
Bartholomew" ™" $i§ tH | 745 i S K 28 S 23 e 61 2R B0 (AL 0] () BE 4. Bertole 551 ik, w5 K 43 J
( >0.4 MPa) b 5 AR 6 8L SRR 195845, Jacobs 555 J2 Das 5“8 H, 78 F-T A U Mt 72
W, A RTRER A R A I S AR JFAE R I R, T B SR A AR 4s. 5 IR, A SO Bl O
JERITEE, F-T VRN, AR A= MK s i, DT 1 g Jm Al il , B2 AL i B4

2.2.5 BHANEREME ALK NE Co/ 5.5

Si0, AL IR Y TPR 35 K (18l 6) AT A& 1, 220 °C o ke

TR MALRIZE 280 #1330 CAMEAEFIARES < °f

W, SR T Co,0,%] CoO & CoO 1R Co s & 7

EE . BRI OTE, DR — 8

ARG, % 270 T, MRl TPR 1 T |

K I, 650 ~810 C N HEL—A/NRALs, BLFESIE e 1] S R

UEI VI F RERRH K £ RERER IR 5. TR o e
2 HA JE R R ] B , Biti sz 1o ¥R ) T v s i Fig.6 TPR profiles of the Co/SiO, catalysts
AL AER TR AP . 254G TPR 25 5% AT LUHE B s at different reaction temperatures
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2, N T A JE A R A . SRTHT TPR 15, AR A MEE SRR XD 45T I BN K
TG, AT RERR AL BK A RERREN WA Y A IOT AN JEA ST Cor SiO, AR 2535 1Y 32 2 i A
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Effects of Temperature on Adsorption Behavior of Synthesis Gas and
Stability for Co/SiO, as Catalyst in Fischer-Tropsch Synthesis

ZHOU Wei, FANG Ke-Gong, CHEN Jian-Gang, SUN Yu-Han"
(1. State Key Laboratory of Coal Conversion, Shanxi Institute of Coal Chemistry, Chinese Academy of Sciences ,
Tatyuan 030001, China; 2. Graduate School of Chinese Academy of Sciences, Betjing 100039, China)

Abstract The effects of temperature on adsorption behavior of synthesis gas and stability for Co/SiO, catalyst
in Fischer-Tropsch synthesis( FTS) were studied by using FTIR, TPSR, XRD, BET, HTPD and TPR technol-
ogies. It was found that the CO adsorption was active on the surface of the catalyst and that was still stable at
270 °C. With the reaction temperature increasing, the main reaction changed from the CO hydrogenation reac-
tion to the Boudouard reaction, and the latter became overwhelming beyond 350 °C. Besides, cobalt sintering
became more evident accompanied with the formation of cobalt silicates and/or hydrosilicates species on the
catalyst with the increase of the reaction temperature. It was also proved that sintering was the dominant reason
for the catalyst deactivation at higher reaction temperature.

Keywords Fischer-Tropsch synthesis; Co/Si0,; CO adsorption; Boudouard reaction; Sintering
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