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Influence of Preparation Methods on Catalytic Performance of
Fe/NCNTs Fischer—-Tropsch Catalysts
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Abstract  Fischer-Tropsch synthesis (FTS) is a classical topic of great significance because of the approach of
post-petroleum times. Recently we found that, taking the advantage of the anchoring effect and intrinsic basicity of nitro-
gen-doped carbon nanotubes (NCNTs), iron nanoparticles could be conveniently immobilized on the NCNTs without surface
pre-modification. The so-constructed Fe/NCNTs catalyst presents the superb catalytic performance in FTS with high selectiv-
ity as well as high catalytic activity and stability. In this study, three Fe/NCNTs catalysts were prepared by incipient wetness
impregnation method, colloidal method and deposition-precipitation method, denoted as Fe/NCNTs-IWP, Fe/NCNTs-C, and
Fe/NCNTs-DP, respectively. The influence of preparation methods on the particle size distribution and morphology, reduc-
tion and carbonization of the active species, as well as the FTS catalytic performance were systematically examined. The
results indicate that the incipient impregnation method could achieve high dispersion, smaller particles and narrower size
distribution [(8 £4) nm], leading to the easier reduction and carbonization of the iron nanoparticles compared with those
prepared by the other two methods. The FTS catalytic performance of the Fe/NCNTs-IWP catalyst is much better than those
of the Fe/NCNTs-C and the Fe/NCNTs-DP catalysts in terms of the high lower olefins selectivity, high catalytic activity and
stability. Colloid method got the different morphologies of iron particles with the average size of (13 £7) nm. The active iron
species was susceptible to oxidation during the reaction, which cause poor catalytic activity and stability. The deposi-
tion-precipitation method got the largest particles of (19 % 11) nm which were difficult to be reduced and carbonized, leading
to the sharp decline of the catalytic activity and stability after 15 h reaction. The size-dependence of the catalytic performance
for the Fe/NCNTs catalysts in this study are generally in consistent with those in literatures for the iron catalysts supported on
carbon nanotubes. These results should be suggestive for exploring the advanced FTS catalysts with the abundant N-doped
carbon nanostructures.
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NCNTs, Fe/NCNTs-IWP, Fe/NCNTs-C, Fe/NCNTs-DP.

Figure 1 TEM images of the NCNTs and the unreduced Fe/NCNTs
catalysts prepared by different methods. Insets are the corresponding
particle size distributions of 200 particles. (a ~ d) NCNTs,
Fe/NCNTs-IWP, Fe/NCNTs-C, and Fe/NCNTs-DP.
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Table 1 Influence of preparation methods on the Fe/NCNTs
catalysts
Measured Fe Surface Pore volume/ fron 0x1‘des
Sample area/ . crystalline
content/wt% 5. -1 (cm’*g ) -
(m™*g ") size’/nm
NCNTs* — 235 0.44 —
Fe/NCNTs-IWP 9.3 160 0.40 104
Fe/NCNTs-C 8.7 164 0.42 13.7
Fe/NCNTs-DP 9.0 61 0.09 18.8

K S| E SCHR[20]. © H Scherrer 2330 d=0.89/Bcos 0 3k4%, B &1 5.
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M JEUE (FRE S AR R 1, 2R 3" 7K. a-Fe,0s, y-Fe;04 F Fe [ JCPDS
FrRUER %k L AT 08 IR bR Y . (b) Fe/NCNTs-IWP, Fe/NCNTs-C Al
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Figure 2 XRD patterns and H,-TPR profiles for the catalysts prepared
by different methods. (a) XRD patterns of Fe/NCNTs-IWP, Fe/NCNTs-C
and Fe/NCNTs-DP catalysts before (1, 2 and 3) and after (1', 2' and 3") H,
reduction. The diffraction sites of a-Fe,0s, y-Fe;0, and Fe° are plotted,
corresponding to JCPDS No. 13-0534, 75-0449, and 06-0696, respec-
tively. (b) H,-TPR profiles for Fe/NCNTs-IWP, Fe/NCNTs-C and
Fe/NCNTs-DP catalysts. The curve of Fe/NCNTs-IWP was taken from
reference [20]

—AMEALFI Ho-TPR & (] 2b)is 28 MR B, 7E 650
CZHMHIL T = AN Jieg, A4 J el MR 2 =y o] 13
K4 Fe,O3 HIKIE S5y Fes04, FeO F1 Fe' (L FE, mi T

Table 2 Effect of preparation methods on particle size and catalytic performance

Products distribution/% Particle size/nm

Catalysts CO conversion/% CO; selectivity/mol%

CH, C, ~Cy GC'~CS Cs' Before reaction  After reaction
Fe/NCNTs-IWP? 14.4 18.6 222 46.7 57 25.4 8+4 12+6
Fe/NCNTs-C 10.7 20.5 25.6 36.8 59 31.7 13+7 18+11
Fe/NCNTs-DP 12.0 17.7 24.1 37.5 5.8 32.6 19411 28+15

“ Reaction conditions, 300 °C, 1 bar, Hy/CO=1, 4200 mL*h""*g™', TOS=12 h. * $t#& 5| 14 3CH#k[20].
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Figure 4 The morphologies and structures of the catalysts after reaction
at the conditions of 300 ‘C and 1 bar for 24 h. (a~c) TEM images and
particle size distributions for the as-reacted Fe/NCNTs-IWP,
Fe/NCNTs-C, and Fe/NCNTs-DP. (d) The corresponding XRD patterns.
The diffraction sites of FesC,, y-Fe;04, and C (graphite) are plotted, cor-
responding to JCPDS No. 51-0997, 75-0449, and 75-1621, respectively
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H, F& 5 FHELIE B (H,-TPR)SE K P B U R ARIL 100 mg
HEAFIBELA AL W TP, A T e BRAE i BT R K 23 BA
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WRE =YK 1] PLOT-ALO; Il HP-PONA B4 55
FID Kl #8347, 1 FR i Co~Cy KB, 58
FERKRAHT Cs LLEM SRR, RREKAKRED
BHEVA-H1 S I JEHLZL 50 ) TDX-01 7843 25 TCD Al
.
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