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Influence of Calcining Temperature of Aerogel Catalyst on Its Catalytic
Activity for Synthesizing SWNT's
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Abstract: The influence of calcining temperatures of the Fe/Mo/Al2O3 aerogel catalyst on its catalytic
activity for synthesizing single walled carbon nanotubes(SWNTs) was investigated. The main research
aspects were the physical and chemical changes of the catalysts under different calcining temperatures,
the content of amorphous carbon, and the content and diameter and graphitization degree of SWNTs
synthesized by the catalysts. The results show that different calcining temperatures will change the
surface morphology of the catalyst and result in the crystallization of the AloO3 support, which influences
the growth of SWNTs. When it is calcined at 600°C, the aerogel catalyst has the highest catalytic
activity, the content of amorphous carbon is as low as 1.7%, and the content of SWNTSs is as high as
54.6%. SWNTs synthesized by the catalyst in the raw products have high quality, with narrow diameter
distribution of about 0.86nm.
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{52 CVD & i SWNTs i fix EZ LM E R, %R
T I ) R FH 25 i 7 R il 4% e v A 0 fE AR R, A
AT SWNTs A . Hrfr, REMA Cassell FH
TR IBE - BEIE i 45 (1 Fe/Mo/Al,03-SiOo AL, &
BT & ~40wt% ) SWNTs!MY, Su 25 % F# 1 R
THRIER % T m R 1Y Fe/Mo/AlL O3 figfb5H], 3k
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T A A B3 #opk 0 R Ho 5 ek ) 3t A
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2.1 Fe/Mo/Al, Oz L FI 69 &%

BT A AR TR X R T A e T AR s i 4. Bk
fill gt B N B 7.39g P T EEER NN 200mL Jg
K EEd, F 80°C T HiHE 0.5h J5IE BB THIEW. &
B 0.0176g 4HBR B, 0.808g MR &k & FiR W,
Fe/Mo/Al i /R H491 Ry 1:0.05:15, 4R SEEHE 2h ),
RAEER, WNBOEk 2K B8R AR, B
JEAEZE R T Hrfk 10h 5, BIATH F @A Tk, f#
Pl 550 ¥ 152 () R i Aok R B AR K SWINTs i i &%
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AL B TE SR 3 & S B 88 (FESEM,
FEL Sirion) #7487, X $F4A74 (XRD) ik
TEH A 2Z A7 X LAY (D/max-rA) b
7. SWNTs ¥ /™ dn F % it e85 (TEM, JEOL,
JEM-200CX), #E 247 (TGA, SDT Q600, Ft i &
2 10°C/min, #REEH: 2R) FIHLE 1% (Thermo
Nicolet, ALMEGA-Dispersive Raman, Nd: YAG, #
JE K 532nm) #EATRAL.
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Fig. 1 XRD patterns of Fe/Mo/Al;O3 aerogel cata-

lyst calcined at different temperatures

(a) 500°C; (b) 600°C; (c) 700°C; (d) 800°C; (e) 900°C;

(f) 1000°C
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Fig. 2 SEM images of Fe/Mo/Al2O3 aerogel catalyst
calcined at 500°C (a) and 1000 °C (b)
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ML= TGA k. AR SCEkE 17, Brank s
FL =4 v G 7 7Rk ) S AR TR B — MR HE 300~ 500°C,
SWNTs 24 500~ 600°C, ZBERR 49 KE (MWNTs) £
& 700°C.
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PR BE TR e K JE /. 600°C 48R &b Y i
L3l L SWNTs & &AE T HREE (710%). &
F A AR B R R A M B BV BE N A K A SWNTs
Jo B B A 0 Sk, X R RA AR Y Raman 5 5
110
100
90 F
80F
701
60F
50F
40r
30F b
20

A

Mass/%

0 200 400 600 800 1000
Temperature/ C
100

==

90 L
300 400 500

Temperature/ C
B3 A [A] 48 it 3 Ak B ) i A 79 5 )9 SWIN'T's
i) TGA HiZk
Fig. 3 TGA curves of the SWNTs prepared by the
catalyst calcined at different temperatures
(a) 500°C; (b) 600°C; (c) 700°C; (d) 800°C; (e) 900°C;
(f) 1000°C
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& 3(B) & 3(A) 7£ 300~ 500°C X [] 14 fic K
Bl I 3(B) AT LAFE A R BRI BE AL 7 A A
(R i G e B AR & A S 2.25% L 1.70%
2.50% . 2.50% . 2.00% . 3.00%. 600°C Bt ik
3] A A By SWNT's HHL 79 v JC s B Bk 1) 2 et e IR
R L%, #E— SR EBREERE, TEAKRS BEES
Hhn, 1000°C B, JCEAmRE RIRE, K
T 3%.

& 4 24 600°C 1B Jee 4b 2 1 i AL 55 & LB SWNT's
() SEM B8 Ji. M o o] LAE B4 i 4h 570 (9 15 PR R
T, KAy SWNTs 48 28 i 4b 0l 09 i Bl B oo
() SR Ry AL TR, £F AR 9 I iy SWNTs. & 5(a)
A 600°C Bt Ab i 4k 55 & A SWNTs ) TEM
R, IWEHRLLE B KR SWNTs A4 K F ik
FI L, o HIEE K. B 5(b) & SWNTs [y
HRTEM B fr, MWEHATLLE B & B E SWNTs K
o R AR, X SRR A4 Ll 8~10 AR SWNT
AL, B SWNT @-F¥EHRN 0.8nm Z£4, H
A RE R (TS AR AR e AT E AR DS O T
KR AE SWNTs (& fi, X 600°C B 4k 22 i1y
AT A K By SWNTs #L 74 i) HRTEM & Jy ()
200 MRBRAOKE M T BEZ RS, 4R mE 6
B, B 78% LA EMIRAIKE S SWNTs, 10% 72
A RUEERG, ZREAT R BEAT |5 12% AT, EA R
BHZHARZ 1 MWNTs. K1, #4655 4 600°C
BT SWNTs & # 5% m, 298 54.6%(70%x78 %).
3.3 SWNTs# &4y Raman FR1E

Bl 724 SWNTs (& if k. B E85 R
P~ X: 100~400cm ™t X [H] & FAE SWNTs K45
X, 1 500cm~t PA X 8] Ul J& SWNTs 5 MWNTs
AR FEX D R X, fLF 1590cm !
i ¢ 7IE B ik Bt 45 3R 3 (Graphite band, G-band), ifi
1345cm 1 I U R E Bk Bk 58 JG 7 98 3 (Disorder band,
D-band), ¥ I (1 5% BE 16 I /Ic 7] ARIEGRAKE 1
i, BARK In/Ic (B UL BRAUKE 1 75 ST S5 1
ST, REERE PO @B, mTRAE R E
a & f % 4% Raman W& H In/Ic fH5 54 0.424,
0.141, 0.161, 0.250, 0.335, 0.364. 600 °C 4B 5% (1 it
50 L SWNTs 1y In/Ic (E&MK, Ui II% B
LB T AL 7 & BB SWNTs (i 47 S840 B2 B B 0
= FEBREE, IR0 In/Ic EFH,
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Fig. 4 SEM image of the SWNTs prepared by the
catalyst calcined at 600°C
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Fig. 5 Electron microscopic images of the SWNT's
prepared by the catalyst calcined at 600°C
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Fig. 6 Distribution of the number of walls of the
CNTs prepared by the catalyst calcined at 600°C

2715

Intensity/(a.u.)

100 200 300 400 500
Raman shift/cm™

1590
1345

Intensity/(a.u.)

i

1000 2000
Raman shift/cm™

B 7 A [F B i B AL BE AL 3R] &) SWNTs ) Ra-
man &

Fig. 7 Raman spectra of the SWNTs prepared by
the catalyst calcined at different temperatures
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700°C W, BEAREE Fe R THRE R EIFHR
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(241K ek p i AL TG VR 20 4 FE B AR PR A O B,
DL SWNTs iy & fit 0 5 2 FE AR
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