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Catalytic properties of CoAl,0,/Al, 0,
supported cobalt catalysts for Fischer-Tropsch synthesis
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Abstract: The y-Al, O, modified with CoAl,O, by the impregnation method was used as support to prepare
cobalt catalysts. The physicochemical properties of the prepared catalysts were characterized with BET, XRD,
H,-TPR and XPS techniques and H,-chemisorption experiment. The catalytic properties of the prepared catalysts
were investigated for Fischer-Tropsch synthesis. It was shown that CoAl,O, existed on the surface of y-Al,O;,
and thus, effectively weakening the interaction of Co and Al,O, and resulting in a great increase in the reduction
degree and the catalytic activity. The sample with a CoAl,O, content of 20% shows the highest catalytic activity.
It is worth noting that the CoAl, O, modification decreased the CH, selectivity but enhanced the C;, selectivity and

catalytic stability.

Key words: Fischer-Tropsch synthesis; cobalt-based catalyst; modified Al,O,; CoAl,O,

TRIC(F-T) & e —Ff e RAR R AW 55
FORR IR 2 A R AL R T T TR R A RGE
e TERE TR AR ATk HL A d 2 s 2 S AT
IS IO 308 SR PR Rl i Ak 5], Hob A ik
R, BT A T | R T T R R R B A
IKHE AR i S TG P A AR 2 BTz e R
AL O, 1 FHAT LR 58 B = A% b R 445
Pz R ES ST Ak 2k . AL O, Tk
) Co FEMEALF], T Co 5 ALO, EA Al H/E
F, 5 e BOMER JR B AR R B A A AL A4, (e Ak 571
W JFRE SRR, Il AL TGP R R TR
1 ALO, T#R 1% Co FEAHE AL (134 S5 B AN TG 1, BR
AN Ru %5 5% 42 )@ Bh 00 19 5 O 9k A0 38 m] Xt
AL O, B AR BEA7 kM, 4 Enger 27 145 T Mg Ni

iR B H: 2015-03-13; fEEIBHA: 2015-05-10,
BEREE . TmY%, E-mail. jialitao910@ 163. com,

RENARACER ALO, HFEFERITA A, H,
Ni 2 fi A B BCHE (R A AL TR TG M C, IR PRI T 2
15, Mg 2R A 1) 00 00 e 44 A 00 06 A T R R
AELSCHR H R FH A0 T o 28 A e e A BIF 9 3 R I
KL, W5 2R FH CoAL O, 43 fh A ikt AL O, J5 13k
Co MEALH , BFFE B AR X 2 FEA 1l 10 e 1) 5%
M) 5 I Bl U B BEE AR TR A S S
W B X SR AT R X RO BB S R X
P 2 A R LB 3 A AL 50 A S AR 5 A A A
AL PEREIEA T T 3RAE
1 SEEER Ay
1.1 EEFIOHE

IR v-ALO, (RN 144 m* /g, LB N
0.31 cm®/g, F¥ L4 R7.7 nm) N 5252 [ i,

ARSI HESCHL TR Elsevier Y JRiH7E ScienceDirect I i i (http : //www. sciencedirect. com/science/journal/18725813)



7

BEHERE 55, CoAL /AL O, FRIHE S HATE (LIRS HERE R M B BT 847

CoAl O, il % & ALO, Bt J5 ik an ', 43 #r 4l i
Co(NO,),-6H,0 Al(NO, ), -9H,0 FIFF R (CA)
BT — R 2K, o, A /Co™ Wy Ty i 1L
F2.1:1, CA/M(EEEF)WRME L 11,1
BWWAE 353 K Bk hdidezs &, &£ — 2k BUE,
SERFRIR B ALO,, 7E 393 K T4 12 h, Dy gfreh
1073 K55E 10 h J5 BIAS 2 e vk 2 A, AR 45 AN W] A9
BFiE , £ 8RR CoAl, O, 7 i Ayl M 2 44, 431 Ky
9% . 20% . 30% , it A Al,0,-9CoAl, 0, . AlO,-
20CoAl 0, \Al,0,-30CoAL 0, , K1, 30% & N #
KIZBE], 2l CoAl,O, ¥ 5 AR 4l AH 7] Jr i il 45,
RN AL O, 1235t RIVAT k50 FH A AR IR o i ol
# . — 1 Co(NO, ), -6H,0% T — & R FL K 18 K
g G B BT A A # K y-ALO, . ALO;-
9CoALO, . Al,0,-20C0Al,0,. Al,0,-30CoAlO, .
CoAlLO,,7£ 393 K T4 12 h J& , Fi7E 673 K k54526 h
1R EMEALT] 10 h xCo/ 8k, x Fon Co 2%,
U1 15% 1) Co =25 T34 Al,0,-9CoAL O, AL
7M15Co/ Al,0,-9CoALO, .
1.2 EEFIHRE

F 2 AR K FL45 4 i Micromeritics ASAP 2010
PP BN R, XRD U %E 7F DX-2007 % X 52k
RS AT, A 40 KV, B HLIE 30 mA, F13
BOR 2(°)/min, H,-TPR R H A2 7] AY TP-5080
ZI1te B sl AL E , R 5% H,-95% N,IRA
SRJERE i AL 2 A 30 mg, 8 JFUE DL CuO
AR AR R R SR BT A ], XPS &R
fIEAE AXIS ULTRA DLD X Ht£R ¢ FREREAN b ik
7,81 Al Ka( 1486.7 eV) #EJE % H175 YL b i1
C 1s WEZ5 5 RE(H (284. 6 eV) JSERRbRE, FBR AT HL
RN, A SAE W 22 523 F] Y 2910 7 FFHY
Mg, LTI TE 673 K 4 H, <45 F 4 #6 h, 1
325 K& N HFAT H, MR, AR B W B 25 SR T G )
Tt IR BB R AR, Horp B 1% H/Co By i1
w1,
1.3 EAFIEESN

TRFC A B NPT 7 [ PR RO 2 kA T, A
fB5A 35 2 mL, 7E 673 K.0. 5 MPa [ H, 4
FAJE 6 h, R H E =5 V1 & < ( H,/CO
(mol ratio) & 2) , KNS 2 MPa, %531 000 h™',
ZSTHR RN . REFE 24 h J5E S RN
B REME 2 G TR, I AR SR ] YA
FIE AR 7 9 43 0 % TV BiF R 4, S CO
CO, .CH, \N, 1 H, Fifif 4+ i #E F1 TCD A5 2% ;

S AKEH Porapak-Q #:H1 FID A5l 75 5 1A FTEE AR
H OV-101 BAEHFA FID K,

2 ZR5vHe
2.1 HEWEHHER

1 R XRD R i 1 Al R
it CoAL O, fUAETE CoAlL O, I FhARAT S *° | H.
TE 49° AT SR ., HOl CoAlL O, RYHFAE I , 32
JIF I 45 BE 54y R CoALO, . i I8 1 ik W]
AL O, #ME N v-ALO, fi#, & CoAlO, Bt K
HOPE R B I, y-AL O, MR HEIGEAT SR A7 TE , 32
R PE T Be Xt AL O, 1Y RIRZ I AS K, (H — 2477 5 0
(37.6°.45.8°.67°) BN B, &t T v-AL O, fiTh}
It 5 CoAl,O, it S8 I fT B [F] s i B — 26 i
(31.1°.59. 4° 65. 4°) fii T CoAL,O, i ¥ &
HAT ISR BE 2 CoAL O, £ 2% f2 1 14 fin i 14 2
FATE ALO, KL T CoAl,O, &k, H 5
ki f2 bt CoAl,O, Bl 28 By I3 A

Intensity /(a.u.)

10 20 30 40 50 60 70 80
20/(°)

Bl 1 ki XRD %
Figure 1 XRD patterns of supports
a; ALO;; b: Al,0,-9CoAL0,; c: Al,0,-20C0AL 0, ;
d: Al,0,-30C0AL 0O, ; e: CoAl,O,
m: CoAlL,O,; O: ALO,
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Figure 2 H,-TPR patterns of supports
a: ALL,O;-9CoALO,; b: Al,0,-20CoAL 0O, ;
c: Al,0,-30CoAl,0O,; d: CoAlO,
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Figure 3  XPS spectra of the Co 2p and Al 2p levels of the supports
(a): Co2p; (b): Al2p
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Tablel Textural properties of all the prepared supports

Surface area  Pore volume Pore size

Sample 5 . N .
A/(m° - g7 ) v(em - g ) d/nm
Al O, 144 0.31 7.7
Al,0,-9CoAL 0, 98 0.29 11.8
Al,0,-20CoAL0, 91 0.28 10.6
Al,0,-30CoAl, O, 87 0.28 12.0
CoAlL O, 29 0.10 12.2

M1 3% 1 AT, 204K AL O, B Js , H 2 m AL
NSRRI AT BN P FLAR RS R, 3 PR 17
# CoAL O, )7, %84 CoAL O, 1 it Wik fE AL O, FL
(R N R TR, 535 Ll 2 T RRURIFL AR e 5 1 7 28K
CoAl O, JE MR A befli AL O, FB4rFLYTIR, 7
HHEMT B LIRS K, (BREE CoALO, MHH Y

BER By Lo AR ALIATR AL AR, 5
HALZAAA ., 41 CoAL O, HM FLA A 24/t 3
TR FIAL AR, 3 R A S PRI 7 U
HeE 22,

H LB SRAESS SR AT, 2R A 52 B 2 y- Al O,
BIAR I HE 5% T CoALO, & WURL, X Fh B Pk
ALO; #H Ak, 1 A v-ALO, W HL A, [A) i 22 T
CoALO, BKLIAF1E , il FEARE I Fl 15 AL O, AR
AT, A e A5 P 8 A
2.2 EUFIEEERMULER

B 15% Co Jm 45 BIAH N AL, T3
AR SRR P fLAR AR LR 2, ik 2 ATHIL, 5
AR G40 Co Jo AL IR AY Lo 2 AR AL AR
FRRISP-25 FLAR RIS, 2 WA Bl 135 M 4 20 A A A 3
T UAR B B ZE R 7 LA AN [ e 2 A i il 6
MEALHR] LU T AR P 2 FLAR AN FL AR R 22 50 BN
X5 BARPEBURAT



7

BEHERE 55, CoAL /AL O, FRIHE S HATE (LIRS HERE R M B BT 849

TEAEFIRHE )G , Co, 0, SR E B IS
fE51 A XRD 3% E UWLIE 4, FE 4 AT, AL O, iz
(G LA 1L 7 XRD 1% B B AT R 47 1% Co,0, i}
I, 5 CoAL O, FEMAHXT I, Co,0, MR N & 5
CoAL O, FHIT , Rt , Be P 28 1A 17 28 e A 300 0 A3 S e
Jii 4 Co,0, F1 CoAlL,O, EMMIMM., KM H,-fb#0k
B 52 4 A 79 2 1 3% M 4120 4 B K Co Uk AL

FRLOT W0 B R AR Y 15 9% 1 PRk S B
UL 2, AT 23 HIURE Bl A8 1A Lo 2 T BT o3 T
/)N, AR URE A A2 32 I K5 y-AL O, R HERR
TR BIRE e, WURERLAS B /)y ; 26 CoAL O, 70 iR
JEHR 2% s UM R 5 40 AL O, M EL, A HUE A T
Wi URDRLAR AT BT HE

®2 BEUNNAREYMEBLFER

Table 2 Textural and physicochemical properties of all the catalysts

Surface area Pore volume Pore size
Sample _ . d(Co)/nm Dispersion/%  Reducibility /%
A/(m"-g™) v/ (em’-g™) d/nm
15Co/Al, O, 110 0.22 8.0 9.8 10.1 25.5
15Co/ Al,0,-9CoAl O, 79 0.22 10.2 10.2 9.7 44.8
15Co/Al,0,-20Co0AlL, O, 78 0.20 9.6 10.8 9.2 50.1
15Co/ Al,0,-30CoAlL 0O, 73 0.20 10.8 11.2 8.9 51.7
15Co/CoAl 0, 24 0.05 8.0 13.1 7.6 63.0
= CoALO,
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Figure 4 XRD patterns of different catalysts
a: 15Co/ALO;;
b: 15Co/Al,0,-9CoAl, 0, ;
c¢: 15Co/Al,0,-20C0Al, O, ;
d: 15Co/Al,0,-30C0Al, 0, ; e: CoAl,O,
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Figure 5 H,-TPR profiles of different catalysts
a; 15Co/ALO;; b: 15Co/Al,0,-9C0Al,0,;
c: 15Co/Al,0,-20C0Al, O, ;
d: 15Co/Al,0,-30CoAL O, ; e: 15Co/CoAl,O,
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Table 3 Catalytic results obtained over different catalysts in FTS

Temperature

Production distribution w/ %

Catalyst /K Xeo/ P CTY*® CH, C.. C..

15Co/ Al O, 493 23.7 0.77 12. 1 10.7 77.2

503 49.1 1.45 13.3 11.2 75.5

15Co/ Al,0,-9CoAl, O, 493 32.3 1.03 11.4 10.2 78.4
503 60.8 1.80 12.6 10.6 76.8

15C0/AL 0,-20CoAL O, 493 49.0 1.46 10.1 8.9 81.0
503 73.7 2.08 11.0 10.8 78.2

15Co/ AL, 0,-30CoAL O, 493 50. 1 1.46 9.8 9.1 81. 1
503 75.1 2.09 10.9 10.6 78.5

15Co/CoAL 0, 493 43.5 0.68 12.7 8.5 78.8

503 63.8 0.99 13.9 11.8 74.3

reduction temperature: 673 K;

reaction condition: n(H,) /n(CO) = 2.0, p=2.0 MPa, CHSV=1000h"";
. CTY means a cobalt-specific activity based on the usage amount of cobalt by weight: CTY (10 mol.,-S™

'gC07l )

= (@co.in— Pco.ou )/ time on stream/ catalysts weight/cobalt loading
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