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Abstract Depletion of crude oil resources and environmental concerns have spurred worldwide interest in finding un-oil
route for liquid fuels. Fischer-Tropsch synthesis is an effective progress for a wide spectrum of hydrocarbon chains from
synthesis gas. The use of iron-based catalysts would be preferred in the industry. Here we present a strategy to produce highly
dispersed active component embedded in a matrix of porous carbon. Through the carbonization of iron-containing metal-
organic frameworks (Fe-MIL-100) at different temperature in N,, four kinds of Fe@C catalysts were prepared. Glucose was
used as additional carbon precursor for the synthesis catalyst samples to prevent particle agglomeration. Our strategy avoids
the particle agglomeration in the weak metal-support interaction Fe@C catalysts during calcination, reduction and reaction.
The structure and morphology of prepared catalysts were characterized by X-ray diffraction (XRD), N, physical adsorption,
transmission electron microscopy (TEM), inductively coupled plasma-atomic emission spectrometer (ICP-AES). It is demon-
strated that the iron loading, the particle size, and the Fe phase structure of Fe@C catalysts can be controlled by changing the
carbonization temperature of Fe-MIL-100. With increasing the temperature, the iron loading and the particle size increase
gradually. Depending on the carbonization temperature, the Fe;04 phase is dominant at 400 and 500 ‘C. The FeO and Fe
phase appear at 600 C. The Fe;C phase prevails at 700 ‘C. The high dispersion of the metal phase and its encapsulation in a
highly porous carbon matrix result in an unrivalled FTS activity. The spatial restriction created by encapsulation seems to
minimize sintering and oxidation of the active Hagg carbide phase. When the reaction conditions were set at 260 C, 3 MPa,
the space velocity of 8000 h™', the conversion of CO is up to 68%. The Fe time yield (FTY) of the Fe@C-500 catalyst were
as high as 164 umolco*gr. '*s~', which surpasses that of most F-T catalysts reported in the literature in middle-temperature
Fischer-Tropsch synthesis.

Keywords Fischer-Tropsch synthesis; iron-based Fischer-Tropsch catalysts; iron carbide phases; metal organic frame-
works; Fe-MIL-100
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2.1 Fe-MIL-100 RIFLER

B 1 4 Fe-MIL-100 #£ 5 () XRD &, S5
B XRD i EAHE, 7E 3.1°. 3.8°. 10.6°%4 B 1 H I
Fratig, HorERkaE U, R0 C sl f] &
Fe-MIL-100 #1%}. & 2 )y Fe-MIL-100 N, W Fff i B it 2%
MR AL, BAKR LR EARAALAME R 1,
51#) Fe-MIL-100 A M= I LR AR 1744 m%/g, KM
DFT L4243 A tH A RIS 2 ) Fe-MIL-100 & 5 Fl A [
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B1 Fe-MIL-100 ffj XRD i
Figure 1 XRD patterns of sample Fe-MIL-100
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Figure 2 (a) N, adsorption/desorption isotherm at —196 ‘C of the
sample Fe-MIL-100. (b) Pore size distribution curve of DFT
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£ 1 Fe-MIL-100 FI& TR 25
Table 1 Data estimation from the N, adsorption/desorption isotherms
and pore size distribution from Figure 2 of the indicated samples

S ) Total Sger/  Micropore Sger/ Viota/ PSD peaks/
ample

P (meg)  (mg!)  (emgh
Fe-MIL-100 1744 747 0.95 19,23

JRSFHIAFLEE, 20708 1.9 nm 1 2.3 nm, S5EBEEG —
E 1w 22 12 B2 RS T AR R 2= 3N
Fe-MIL-100 7E N, 5Bl N TG KA s k. 28—k
H/NT 150 °C, AFEMFKIRE, KEZEN 38%, 5H
TANRELE 150~410 C, NS SEALIFIKIRE, K
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8 FIK RN E, REERAN 20%. HIUNKEL
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Figure 3 TG and heat flow of Fe-MIL-100
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Figure 4 XRD patterns of catalysts before and after FTS reaction
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Figure 5 XRD patterns of catalysts after reduction
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Fe@C-700 (16.7~30 nm).
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Figure 6 TEM images of samples under different carbonization tem-
peratures. (a~d) Fe@C-400, Fe@C-500, Fe@C-600, Fe@C-700
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PE. RATATAS B AL ] Fe@C-400. Fe@C-500
Fe@C-600 Fi¥ PR/, HBLF R4 s), i
Fe@C-700 $iF/~FIiA%] 16.7~30 nm, fi ¥ R~Fid K,
5 H A = Fh AL FRIAR b, SRS PR AL AT D, X R
Fe@C-700 AL AL RE A AR 1 S5 A,

22 NANEIAL IR B2 R P AL R I R 5 i e 2R
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i Fe@C-400 1] 20.9% T+ % Fe@C-700 ] 40.4%. RiibiG
JEE AR AR TR PR 2R P BT S0 I AN JR AR K, it 5 e A 7R T
AR B AL e AT, R T — 8 bR AR, R &
Fe@C-500 fE4L7 BET LLR A A 338 m/g, HA L
FILL R FLE 260 m*/g 4.
£ 2 Fe@C fiE1LF &I MOFs 74k 44 Fe-MIL-100 [ Fe £ 3k & 41
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Table 2 Fe loading and textural properties of the Fe@C and their MOFs
precursor Fe-MIL-100

Sample Wrens  Sper/(m’sg ) Se/(m’eg)  Vi(em’eg ")
Fe-MIL-100 19.9 1774 997 0.95
Fe@C-400 20.9 276 72 0.17
Fe@C-500 23.0 338 69 0.19
Fe@C-600 29.7 257 40 0.15
Fe@C-700 40.4 257 188 0.29
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A5 A AR M e 1 R ZEJRIAL. 457 spent-400-+
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Figure 7 TEM images of catalysts after F-T reaction. (a~d) spent-400,
spent-500, spent-600, spent-700
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Figure 8 Conversion of CO with time on stream
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RE PR R DR, A ST R A FH AR 4 o e 05 o 22 W 485 o 1 2R 18T
A, XNRBEREHTTREE — e . Bk 7
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Table 4 Performance of catalysts in F-T reaction

CcO CO, Hydrocarbon selectivity Olefin/
Catalyst  Conversion Selectivity/ Sw/% parafin

Xmol/ %0 mol% CH; GCyy  Cse Cry
Fe@C-400 61 14.8 8.1 15.8 76.1 0.92
Fe@C-500 68 16.1 102 183 71.6 0.80
Fe@C-600 59 16.8 136 277 587 0.53
Fe@C-700 38 20.9 18.1 363 457 0.44

“ Reaction conditions, 260 ‘C, 3 MPa, V(H,)/V(CO)=2, 8000 h ', Reaction
time 24 h.

3 4hig

LE B EHLE 22868 Fe-MIL-100 ARTIRAA, i
IR 50% B % BE VA A AN IR AT 1% LABR 9 #K
A PR 53 B A B B A B A . S 1
AR AR B VT DA A R Rk S L A R RGT
MR IR I (400 °CL 500 C), fEALFIH LA
Fe;04 JEAFAE, ML N 600 CHIELLL Fe;O4n
FeO. Fe HITERAEAE, rfbiR 2 700 CHFELLL FesC
K Fe BIRAEAE, H B BRI B BT S AL R
RSFZEE R, S B IR di ok, N R AL
BLLL FesCy M RERMIEAATE, BT HAFIR T R
N, R EE(>20%) SR, AE R LIS AR R 5 K

Table 3 A comparison of the activities of catalyst in this work with those of iron catalysts previously reported in the literature

CO conver- FTY/

Catalyst Reaction conditions sion/% (umolcorgre s ™) Ref.
Fe@C-400 260 ‘C.3 MPa, V(Hy)/(CO)=2 61 163 Th%s work
Fe@C-500 GHSV=8000 h"! 68 164 This work
Fe@C-600 59 109 This work
Fe@C-700 38 50 This work

260~300 C
Fe/AFC 3 MPa, V(H,)/V(CO)=2 51~95 90~121 [5]
GHSV=600~700h""
Reduced Fe,O,@C 270 C,2 MPa 30.6 [22]
in-Fe/CNT 270 C, 2MPa, 85 50 [6]
V(H,)/V(CO)=2
out-Fe/CNT GHSY=2000 cm/(g+h) 79 44.6 [6]
340 C, 2 MPa,
38Fe@C V(H,)/V(CO)=1 72 380 [13]

GHSV=30000h""
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AR, TR BRI EE N 500 °C A5 4k 55 & B
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V), AR T AMEIRIEG . T, RS, M
AT Hy, IR 41E N2 #(GHSV)1000 h ™'y K /oA 0.2
MPa, fEFTHEZE 400 C, i&JF 20 h, BJF GRS
240 C, $EEJEIZSTHEIMAT RN, RNk NI
FE 260 C, RMNJE A 3 MPa, V(H,)/(CO)=2.0, %5k
8000 h'. RS H, Al CO Ziffi. Wi B deAn ik
LR E, 2REITHTEEEAN RN, RITE
FTBAF N ] 4R 7= 43 ) R FH A BE . PABRlcsE R 48, o
A BERUVKK I (0~3 C), B H IR EHITE 160 C
FEA. PR M SO B B R A

IR CO BAbE . CHyv Copoy A Cse i1k
Coy Wl LA N AL PR T b, S ER & E LR:
CO #AbF (mol%): ALK CO M HI &5 FR S H 1)
CO BRI EZ H; COy ik (mol%): CO, fE Bk
MR IR A 43 & &, CHy 1B FEME(Wt%): CHy fE S I i
BEADEE; Coy BEFEMEW%): Coy BTERIEF HIF
BHDEE, CoRIRFNEW%): CsBIE SRR R E
B EE; Coglikith: C iR Skl i & 2 th; FTY:
RV TR CO B IR &

_ XcoFinco(l —Sco, )

W,

FTY

ﬁ\:q:' Xco. CO E@iﬁ*%'ri, Fin,CO: CO jﬁubﬁ%, SCOQZ C02
PEPEME; wre: BRI
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