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ABSTRACT AFI (AIPO.-5, CoAPO-5, SAPO-5, CrAPO-5, FeAPO-5 and MnAPO-5) molecular sieves
were synthesized by hydrothermal method, and then single-walled carbon nanotubes (SWCNTs) with a di-
ameter of 0.4 nm were prepared in the channels of these kind molecular sieves by low-temperature hy-
drocracking. The effect of the type and the amount of active metals, the hydrocracking temperature and
the carbon content of template agents was investigated by means of XRD, NH:-TPD and micro-Raman
spectroscopy. The results show that the addition of Si or active metal can improve the quantities of acid
sites in the AFI molecular sieves, which can improve the density and quality of the SWCNTs in the chan-
nels of the hydrocracked AIPO4-5 molecular sieves. Besides, the hydrocracking temperature and the car-
bon content of template agents are also key influence factors for the preparation of SWCNTs.
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Table 1 Synthetic compositions of the AFI molecular sieves and the final products analysis
No. Gel composition Phase Crystallinity/%
@) ALO;: 1.3P,0s: 2.4TEA: 150H,0 AIPO.-5 100
2) ALOs: 1.3P,0s: 2.4TPA: 150H,O AIPO.-5 109.7
3) ALOs: 1.3 P,Os: 0.075Si0.: 2.4TEA: 150H,O SAPO-5 115.9
“) ALO;: 1.3 P,Os: 0.075Cr,0s: 2.4TEA: 150H,O CrAPO-5 79.1
5) ALOs: 1.3 P,Os: 0.075Mn,0s: 2.4TEA: 150H,O MnAPO-5 77.4
6) ALOs: 1.3 P,Os: 0.075C00: 2.4TEA : 150H.O CoAPO-5 74.6
@) ALO:s: 1.3P,0s: 0.15C00: 2.4TEA: 150H,O CoAPO-5 60.6
®) AlLO;: 1.3 P,Os: 0.2C00: 2.4TEA: 150H.0 CoAPO-5 58.9
©)] ALOs: 1.3 P,Os: 0.3Co0: 2.4TEA : 150H.O CoAPO-5, CoAPO-34 56.1
(10) AlO;: 1.3 P,Os: 0.075Fe,0s: 2.4TEA: 150H,0O FeAPO-5 75.4
(11) ALO:: 1.3P,0s: 0.15Fe,05: 2.4TEA: 150H,0 FeAPO-5 61.3
(12) ALOs: 1.3P,0s: 0.2Fe;0s: 2.4TEA: 150H,0O FeAPO-5 57.6
(13) AlO:: 1.3 P,Os: 0.3 Fe,Os: 2.4TEA: 150H0 FeAPO-5, FeAPO-34 52.2
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Fig.1 Schematic diagram of the apparatus for SWCNTs preparation via low-temperature hydrocracking
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Fig.2 XRD patterns of the synthesized molecular sieves
(1) AIPO.-5 (TEA); (2) AIPO.-5 (TPA); (3) SAPO-
5 (TEA); (4) CrAPO-5 (TEA, Cr/Al=0.0375); (5)
MnAPO- 5 (TEA, Mn/Al=0.0375); (6) FeAPO-5
(TEA, Fe/Al=0.0375); (7) CoAPO-5 (TEA, Co/Al=
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Fig.3 Raman spectrum of the SWCNTs in the samples hy-
drocracked at 350°C (1) AIPO.-5 (TEA); (2) SAPO-
5 (TEA); (3) CoAPO-5 (TEA, Co/Al=0.0375); (4)
FeAPO- 5 (TEA, Fe/Al=0.0375); (5) MnAPO- 5
(TEA, Mn/Al=0.0375); (6) CrAPO-5 (TEA, Cr/Al=
0.0375); (7) AIPO.-5 (TPA)
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Table 2 Normalized integrated intensities of the Raman bands of SWCNTs prepared in the channels of

different AFI crystals

Sample Len (510 cm™) Lo (550 cm™) I Lron/ I
AIPO.,-5(TEA) 80.959 / 1000.04 0.081
SAPO-5(TEA) 151.619 / 980.994 0.1545
FeAPO-5(TEA, Fe/Al=0.0375) 165.2357 / 978.439 0.1689
CoAPO-5(TEA, Co/Al=0.0375) 195.4236 / 1120.456 0.1772
MnAPO-5(TEA, Mn/Al=0.0375) 149.896 / 1050.78 0.142
CrAPO-5(TEA, Cr/Al=0.0375) 101.510 / 975.439 0.104
AIPO,-5(TPA) 382.71 420.81 3908.27 0.206
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Fig.4 XRD patterns of the synthesized CoAPO.-5 (TEA) and FeAPO,-5 (TEA) molecular sieves: (1) Co/
Al=0.0375; (2) Co/Al=0.075; (3) Co/Al=0.1; (4) Co/Al=0.15; (5) Fe/Al=0.0375; (6) Fe/Al=0.075;
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Fig.5 Raman spectrum of the SWCNTs in the channels of CoAPO,-5 (TEA) and FeAPO.-5 (TEA) crys-
tals hydrocracked at 350°C (1) Co/Al=0.0375; (2) Co/Al=0.075; (3) Co/Al=0.1; (4) Co/Al=0.15;
(5) Fe/Al=0.0375; (6) Fe/Al=0.075; (7) Fe/Al=0.1; (8) Fe/Al=0.15
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Table 3 Normalized integrated intensities of the Raman bands of SWCNTs prepared in the channels of
CoAPO.-5 and FeAPO.-5 crystals with different Co/Al or Fe/Al ratio

Sample Lev (510 cm™) Lo (550 cm™) I Lo/ I

CoAPO-5 (TEA, Co/Al=0.0375) 195.4236 / 1120.456 0.1772
CoAPO-5 (TEA, Co/Al=0.075) 194.6231 / 1092.709 0.1781
CoAPO-5 (TEA, Co/Al=0.1) 76.715 / 921.591 0.08324
CoAPO-5 (TEA, Co/Al=0.15) 62.493 / 768.427 0.08132
FeAPO-5(TEA, Fe/Al=0.0375) 165.2357 / 978.439 0.1689

FeAPO-5(TEA, Fe/Al=0.075) 159.371 / 645.2138 0.24
FeAPO-5(TEA, Fe/Al=0.1) 138.983 / 906.7461 0.1532
FeAPO-5(TEA, Fe/Al=0.15) 18.862 / 384.731 0.049
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Fig.7 Raman spectra of SWCNTs in AIPO4-5 (TEA) and AIPO.-5 (TPA) crystals hydrocracked at various
temperatures (1) AIPO.-5 (TEA, 280°C), (2) AIPO,-5 (TEA, 300°C), (3) AIPO.-5 (TEA, 320C),
(4) AIPO.-5 (TEA, 350°C), (5) AIPO.-5 (TEA, 400°C), (6) AIPO.-5 (TPA, 280°C) (7) AIPO.-5
(TPA, 300°C), (8) AIPO.-5 (TPA, 320C), (9) AIPO:-5 (TPA, 350°C ) and (10) AIPO.-5 (TPA,

400°C)
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Table 4 Normalized integrated intensities of the Raman bands of SWCNTs prepared in the channels of

AIPO,-5 (TEA) and AIPO,-5 (TPA) crystals hydrocracked at 280, 300, 320, 350 and 400°C

Sample Lew (510 cm™) Len (550 cm™) I Tenn/ I
AIPO.-5(TEA,320°C) 65.437 / 961.38 0.071
AIPO.-5(TEA,350°C) 80.959 / 1000.04 0.081
AIPO.-5(TPA,2807C) / 184.311 2220.61 0.083
AIPO.-5(TPA,3007C) / 261.144 2664.73 0.098
AIPO.-5(TPA, 3207C) 439.984 420.709 4627.87 0.186
AIPO,-5(TPA, 350C) 382.71 420.81 3908.27 0.206
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