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Abstract The direct synthesis of light olefins from syngas via Fischer-Tropsch synthesis reaction is a promising technology
for direct synthesis of olefins from syngas. The key is to improve the selectivity of light olefins through the regulation of
product distribution. In this work, the hydrophobic Fe@Si catalyst was prepared by room temperature solid state method-
Stober-silylation method, and then the catalyst was combined with SAPO-34 molecular sieves with different contents to pre-
pare Fe@Si/S-34 composite catalysts. The effects of SAPO-34 molecular sieve content on the physicochemical properties of
the catalysts were investigated by X-ray diffraction, scanning electron microscopy, N2 adsorption-desorption, NH3 tempera-
ture programmed desorption and water contact angle measurement. The results showed that the content of SAPO-34 molecu-
lar sieve has significant influence on the surface area, pore volume, acidity and hydrophobicity of the catalysts. With the in-
crease of SAPO-34 molecular sieve content, the specific surface area and total pore volume of the catalyst increased, the
weak acid and medium-strong acid sites increased, and the hydrophobicity weakened. The catalytic performance evaluation
results showed that the Fe@Si/S-34 composite catalyst decomposed Cs+ hydrocarbons into light hydrocarbons, significantly
reduced the selectivity of Cs+ products and increased the selectivity of C2~C4 hydrocarbons. Appropriate SAPO-34 molecu-
lar sieve could significantly improve the selectivity of Co~Cs olefins. When the mass ratio of Fe@Si catalyst to SAPO-34 is
2, the C2~Cis olefin selectivity of Fe@Si/S-34 catalyst is the highest, the conversion of CO is 80.0%, the selectivity of CO2
in the product is 8.9%, and the selectivity of Co~Cjs olefins is 31.1%. In this study, the hydrophobicity of Fe@Si catalyst and
the cracking activity of SAPO-34 molecular sieve for Cs+ hydrocarbon were coupled together to inhibit the water-gas shift
(WGS) reaction, reduce the CO2 selectivity and obtain higher C2~Cs olefin selectivity, which provided a new strategy for the
development of catalysts for Fischer-Tropsch synthesis to olefins.
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Figure 1 XRD patterns of Fe@Si and Fe@Si/S-34 catalysts
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Figure 2 SEM images of (a) Fe@Si, (b) Fe@Si/S-34-1, (c)
Fe@Si/S-34-2 and (d) Fe@Si/S-34-3
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Table 1 The texture properties of Fe@Si and Fe@Si/S-34 catalysts

Soer/ Swd Seld VL Ved Vi
(m¥g) (meg!) (mPeg’) (emeg’) (emeg) (cmeg )
Fe@Si 4.06 1.75 2.31 0.019 0.001 0.018
Fe@Si/S-34-1 174.11 170.23 3.87 0.118 0.084 0.033
Fe@Si/S-34-2 228.42 214.92 13.49 0.144 0.106 0.038
Fe@Si/S-34-3 308.81 302.64 6.17 0.176 0.149 0.027
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Figure 4 NH;-TPD spectra of Fe@Si and Fe@Si/S-34 catalysts
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Figure 5 Water-droplet contact angles of (a) Fe@Si, (b) Fe@Si/S-34-1,
(c) Fe@Si/S-34-2 and (d) Fe@Si/S-34-3
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Figure 6 FTO performance of Fe@Si/S-34-2 catalyst at different reac-
tion temperatures
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Figure 7 Stability evaluation of Fe@Si/S-34-2 catalyst
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K FH 2 1, [ M 92:- Stober-fE e AL 25 % Fe@Si #i/K
AT, Bk 8.08 g LKA MRS 3.79 ¢ —/KEH
FR NI ERAIE BE 30~40 min, 7E 110 CHEF Tt %
RENFERRER, SRJ5 550 CHRLE 2 h 13 2I4iAH 1 Fe,05(id
N Fe L), 4 0.5 g Fe,03 78T 250 mL A, @8
20 min, BEFEFPRETIIA 2.5 mL #EER U L5
(TEOS)#iH¥ 4 h, JIA 5 mL & /K(NH;H,0), 20 mL % &
ToK, QREEBEEE 4 h, B0, PRI, 60 CT IR
133 Fe,0:@Si02. ¥ 5 g Fe,0;@Si0, 73 T 40 mL 75%
1) CBEK R, BT 0.1 mL /5 kit =
FAR B (HDTMS), 70 CHEFE 3 h, 2.0, T1REF)
BRI Fe0:@Si0-HDTMS AL F(iE N Fe@sSi
TEALFI).

Table 2 Comparison of the catalytic performance of Fe@Si/S-34-2 with the works reported in the literatures

o CO, A% Cy ~Cy
AL CO HLF/% SEFEHE % oL o Ci—cr o e

FeMnK/S-34¢20) 86.3 28.1 14.9 23.8 5.8 55.5 14.8
FeMnNa? (221 64.3 54.8 40.1 35.0 13.4 11.5 10.2
FeMnNa/S-34% 22] 64.1 45.1 33.1 40.3 112 15.4 142
FeZnNa/S-34¢31] 92.6 54.6 15.9 38.6 9.2 36.3 17.8
FeKS/S-347132] 458 48.7 14.0 39.1 7.7 36.3 17.9
Fe@Si/S-34-2¢ 80.0 7.2 20.7 34.2 27.6 17.5 24.9

@ [T R4 A: AR 4.0 g, p=1.0 MPa, n(H,)/n(CO)=3.5, GHSV=1000 h™!, T=325 C.? xS 4{F: fi#4L7) 1.0 g, p=1.0 MPa, n(H,)/n(CO)=1, GHSV=4500
h!, T=325 C.< %A 47 0.5~2.0 g, p=2.0 MPa, n(H,)/n(CO)=1, GHSV=2400 h™!, T=330 C. 4 M %k ffk7)0.2 g, p=1.0 MPa, n(H,)/n(CO)
=1, GHSV=27000 h™!, T=340 °C. ¢ N 5kfF: #1L7) 1.0 g, p=2.0 MPa, n(H,)/n(CO)=2, GHSV=2400 h™', =320 C.
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4.2 Fe@Si/S-34 HELFIAIHIE

¥ Fe@Si AL 5 SAPO-34 7> TR B L 1
1,121 378G, 7T 40 mL ZFEH, 75 30 min
JEE L, IRFE 60 CTFTIE 12 h, HE IR SIT K
s e TR ACEE, fREF 20~40 H Bk, A
te 1 1) 15 /) 1 4k 55 2 5l id N Fe@Si/S-34-1
Fe@Si/S-34-2 F1 Fe@Si/S-34-3.
4.3 ELTIRIRIE

EALFIRE S ) X SZRATHH(XRD)R FH 42 [E Bruker
D8 Advance % X SFERATHACI E; HE A0TSR H S
[ 4% 7] (ZEISS) A Al 4277 1] Zeiss Sigma300 & X FHHiH
TRABEI 2 ; N, P B3t B K FH 32 [ Micromeritics A
FIf ASAP 2020 EEIR AN E; NHs 277 i i bt
(NH;-TPD) K i 35 [H Micromeritics /A 7] ff] AutoChem
2920 L ZEWL B E ;M4 T K B fih AR F g R
JR 1) JC2000CT 24 fi £ W B ASC I
4.4 ELFIMEEEITMN

7 1 & ] 52 PRI R S o 3 AT AL FTO 4
REVPIT. FX 1.0 g 20~40 H A FRIBOE I N8 e I
X, B Sext AT AR, TRALEEZAPE A R T1(p)
=2 MPa, CO i &}y 80 mL/min, #HJE(T)=350 C,
(=4 h®. FAIEE R G, ¥ 5250 2 HOR N [V 4
1, R AR M A S BURE 3T

SN FAI AL 2 SP-3420A HY AR (0 R ASGHEAT ARG 0,
CO MIHARER . =W $ M B P4 45 FH P9 A vkt
ﬁ[34-35]'
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