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Abstract: Carbon coated mesoporous SBA-15, named SBA-15C, was obtained from as-synthesized SBA-15 after graphitization in inert gas.
With SBA-15 and SBA-15C as supports and cobalt nitrate aqueous solution as precursor, the supported cobalt-based catalyst samples were
prepared by a wet impregnation method. The catalyst samples were characterized by X-ray diffraction, N, physisorption, tempera-
ture-programmed reduction, and NH; microcalorimetric adsorption. The results suggested that upon doping the inner walls of SBA-15 with
carbon, the hexagonal ordered mesoporous framework was retained while the surface area decreased a little and the thickness of pore wall
increased. The supported cobalt-based catalyst retained the mesoporous characteristics with decreased surface area and pore volume. The
average particle size of Co3O4 on SBA-15C was smaller than that on SBA-15, which suggested that the existence of carbon improved the
dispersion of Co304 particles. However, the modification of SBA-15 with carbon films did not seem to increase the reducibility of Co304.
Both Co/SBA-15 and Co/SBA-15C exhibited high selectivity for Cs; hydrocarbons (~80%), but Co/SBA-15C showed higher stability in the
F-T synthesis reactions.
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1.1 ERFIEH &
1.1.1 SBA-15 5 SBA-15C B9& M

# 4.0 g [ P123 (EO2PO70EO,, Aldrich 2 7)) ¥
fi# 1 30 g 1 H,O A1 120 g ) HCI (2 mol/L) 1, £
35~38°C /K B FE B PE i, NN 8.50 g IEFEIR £,
fig (TEOS), 4k 445t #: 24 h J5, T 80 °C [tk 24 h. &k
P KYE. ST S LR8N A 500 °C (THELE
3R 1°C/min) K54% 6 h, L1753 SBA-15 Ff 5.

¥ BB E R 0L JE O T E T, 7R
WA A AR T T 500 °C (FFLE 2 1 °C/min) K
F 6 h, BI1S#6 15 1% [5] /48 K SBA-15C. H 46 {4 ok U5

TR P123 A5 il K 5% N g3 R L BE Bk (HH
CHN-O-RARID 2750 % 73 Hr A0 73 2 & ik 5220 3%).
TE WL SCHR[12].
1.1.2 Co EEMLFIMH &

¥ SBA-15 (E{ SBA-15C) 25k BT T — & &
1) Co(NOs), T, 10 A0 5 B0 % T, FRAE IR
B 7R (B HEAAR) BT 400 °C KE ke 4 h, BEGRIAE
Co F AL FIRE i x%Co/SBA-15(C). Hidx iy Co 11
JEH
12 fEHFIBRLE

XRD MR e Hi £ ARL 7 7] X°TRA B X £k
X BT, Cu #8 K, 826 (1 = 0.1506 nm), & HL K 40
KV, B HLI 20 mA, 33 2 2°/min.

N W B - it B 512 36 4F. Micromertics ASAP 2020
T PR A B BEAT. 3R RE L SEAE 300 °C HliEL A
WAL, AT BB 528G, ) BET A S A5 K L IF L
AR, BIH VL AL 0 A

TPR SEIGAE LR EHEAT. FESY (L1 50
mg), il 4t F 5.15% H,-94.85% N, & & < (40
ml/min) PRF9 1 h J5, BEAT R P RIS I (il s 4
10 °C/min), TCD il ¥ H, 5.

H, W B 76 B LB W 28 B EAT. ¥ 0.2 ¢
FE i B NV BN FE i, s 26 Hy (30 ml/min) R
30 min Ji7, LA 1 °C/min F+ & — il EIE R 4 h 5, %
HIZE 400 °C fii%S 1 h, A2 MRS, 1T
H, Wb, B 2 AR R4 K )8 5] 50 kPa /iAq. # T
£ 400 °C #h17% 1 h, fEHCHLE FHEAT O, W €. WA
ARG Hy WP . O, Wi E i JLFE i 1) Co & f, W43
FIFE S I8 5 A Co i L T B

NH; W ff 2 F4000 5 78 C80 T g f: i i A - 3k
AT, WE i RE S SE B, SRS VEN 66.7 kPa [¥] Oy,
TAAEE 400 °C fRFF 1 h, F 2 10 min, 2R )5 F A
66.7 kPa [f] O, {#FF 1 h, )5 T 400 °C 7 (L%
JE41 4 1.33 mPa) 1 h. %f T Co/SBA-15C ¥ il ANiF
A Oy, T 400 °C Hli EL A RI W], FF 5 AL B 5 71 150 °C
AT IR B B a2, AF IR NH; $ N ECA 1~10 pmol,
HAEKR Vi 115 5] 0.67 kPa B4 k.
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HE AT R VEAN 70 0 s 8] 2 IR ik 28 e o2 1 e
7. MR E N 0.25 ¢, IKJZ R %0 1.0 cm, &
MNHTAE 450 °C JH 4l Hy 36 J57 4 h. 685 5 F 4 50 °C
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Fig. 1. Low-angle XRD patterns of the support and supported
Co-based catalyst samples. (1) SBA-15; (2) SBA-15C; (3)
8.9%Co/SBA-15; (4) 8.9%Co/SBA-15C; (5) 16.4%Co/SBA-15; (6)
16.4%Co/SBA-15C.

1 AR Co FEAEALFIARE bl 9 AL 45 F PR 5.
LA Y, SBA-15C [4L42 . fLARBIAN LR i ALY
W5 A% T SBA-15, (HILEEH S, IXnlfigfe i L&
THT % pe e 8 5 T . 2 418 Co Jii, SBA-15 (4L
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Table 1 Pore structure properties of the support and supported
Co-based catalyst samples

dio a 14 d Ager 1
Sample )

(nm) (nm) (mlfg) (nm) (m7/g) (nm)
SBA-15 85 98 070 54 747 44
SBA-15C 9.0 104 0.69 52 719 52
8.9%Co/SBA-15 88 102 — — 600 —
16.4%Co/SBA-15 88 102 050 56 436 46
16.4%Co/SBA-15 (R) — — 054 56 484 —
8.9%Co/SBA-15C 8.6 100 — — 509 —
16.4%Co/SBA-15C 87 101 054 56 390 45

16.4%Co/SBA-15C(R) 8.6 10.0 0.55 5.6 435 4.4
a—LUnit cell parameter calculated by 2dy00/3"2. d—Pore size. —Wall

thickness obtained by subtracting d from a. The (R) after the sample

means the sample was reduced.

AR B, FLARIEAAN AR, R LR AR Co 4 E
P10 358 00 T S 5 BRAIG . JR LSS R T L T AR K
X AT e NN I8 )RS 42 Co M RLAE EE Cos04 /1N,
b FE L IE DAl sk 2 BT 3. SBA-15C A H 47138 Co
£ S M R A R AR Y SBA-15 A [H].

Bl 2 kAR Co B A Ak FURE 1) NG Bt - i
B AR Ze. T RURIL, &K S TE p/po= 0.7 25 th
I8 W] BB K. X2 IV 7R IR o 5 vl £ 17y g 7Y
REAIE, 2 W 204 FIAH BV A 0 770 8 B A 3 — 18 b L 25
*@[15,16].
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Fig. 2. N, adsorption-desorption isotherms of the support and sup-
ported Co-based catalyst samples. (1) SBA-15; (2) SBA-15C; (3)
16.4%Co/SBA-15; (4) 16.4%Co/SBA-15C.
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Fig. 3. Wide-angle XRD patterns of supported Co-based catalyst
samples. (1) 8.9%Co/SBA-15; (2) 8.9%Co/SBA-15C; (3) 16.4%Co/
SBA-15; (4) 16.4%Co/SBA-15C.
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Fig. 4. H,-TPR profiles of the supported Co-based catalyst samples.
(1) 8.9%Co/SBA-15; (2) 8.9%Co/SBA-15C; (3) 16.4%Co/SBA-15; (4
16.4%Co/SBA-15C.

Co30y it KLk /N IS, Co S AW 1) 38 i B A . 7
8.9%Co/SBA-15C 1, KA Co304 dit B B /)N 117 5 #fE
W, X5 XRD i g R 2L

Co FEMELFIZL 450 °C B 5 5, T 400 °C BEAT
O, 52, &5 WA TR 2. n[LLA H, Co 718k & 4 [F]
i}, Co/SBA-15 I % fb & 1 & JR /% 2 & T
Co/SBA-15C L. #lin, 4 Co & &M 8.9% I,
Co/SBA-15C L (1) Co i& J& J§ 1L Ky 23.9%, & Ak T
Co/SBA-15 L ] Co it J& ¥ (90.5%). X Wi W
SBA-15C f# (1) Co MM EMEL I, 5 Ho-TPR 4518

A 43 8 Co MR Hy A2 % A6 W B, Ho e K H,
W B S BT A i R U0 IS R 16.4%Cof
SBA-15C £ 400 °C & Ji Ji5, 754 [ (1) Hy W
B 2R, B AT, 150 °C R Ho W B (R B T
I VR P 58 3k 2 1 1 86 3 40 I 1) S KA 3)) S5 K, T A
FATIEE Hy W BHEE A 150 °C.

TEAH [F S5 A 0) Co S48 58 A7 [R] 1) 4 A4 7 47
T JEORT H, W B R, 45 R AT AR 2. nT LA,

F2 CoEMBUFHERE H, IRHHE

Table 2 Data of H, chemisorption on supported Co-based catalyst samples

Sample Reduction temperature H, adsorption O, adsorption Reducibility Co surface Area
4Y) (umol/g) (umol/g) (0) (m’/g)
16.4%Co/SBA-15C 450 80 1458 82.0 6.4
16.4%Co/SBA-15 450 101 1638 92.1 8.0
8.9%Co/SBA-15C 450 48 236 23.9 3.8
8.9%Co/SBA-15 450 59 894 90.5 4.7
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Fig. 5. H, chemisorption on 16.4%Co/SBA-15C reduced at 400 °C at
different temperatures. (1) 34 °C; (2) 100 °C; (3) 150 °C; (4) 200 °C.
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Fig. 6. Differential heat versus adsorbate coverage for adsorption of
NHj on the Co-based catalyst samples at 150 °C.
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tion time over supported Co-based catalyst samples.
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The changes of CO conversion and Cs. selectivity with reac-
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