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Effect of Shell Thickness on Skeletal Fe@HZSM-5 Core—Shell Catalysts for
Fischer—Tropsch Synthesis
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Abstract Using the Raney Fe-Al alloy as the precursor for Fe and Al, and tetrapropylammonium hydroxide (TPAOH) as
both the base for the leaching of the alloy and the template for the synthesis of HZSM-5, we synthesized the skeletal Fe
core-HZSM-5 shell catalysts (Raney Fe@HZSM-5) via a facile one-pot hydrothermal strategy. The thickness of the zeolite
shell was adjusted by varying the hydrothermal time. The catalysts were characterized by inductively coupled plasma-atomic
emission spectroscopy (ICP-AES), N2 physisorption, X-ray powder diffraction (XRD), temperature-programmed desorption
of NH3 (NH3-TPD), and scanning electron microscopy (SEM). It was identified that the Raney Fe-Al alloy was more suitable
than the rapidly quenched Fe-Al alloy as the precursor to the skeletal Fe core, since the skeletal Fe catalyst alkali-leached
from the former produced more long-chain hydrocarbons during the Fischer-Tropsch synthesis (FTS) reaction for successive
cracking and isomerization. A complete HZSM-5 shell was obtained only after above 24 h of hydrothermal treatment. With
the hydrothermal time from 2 d to 8 d, the thickness of the compact HZSM-5 shell increased from 1.3 um to 9.7 um, the rela-
tive crystallinity increased steadily, while the SiO2/Al2Os ratio remained essentially constant, and the amount of the acid sites
is parallel to the thickness of the zeolite shell. In the FTS reaction using syngas with the Ho/CO molar ratio of 2 and at 543 K
and 2.0 MPa, the CO conversion and the selectivity to the gasoline fraction (Cs~Ci1 hydrocarbons) evolved in a volcanic
trend with the shell thickness, suggesting the existence of an optimal amount of the acid sites, while less or more is adverse to
the activity and selectivity to the gasoline fraction. The Raney Fe@HZSM-5 catalyst hydrothermally treated for 4 d exhibited
the highest CO conversion of 92% and the selectivity to the gasoline fraction of 71%, along with an iso-paraffin to n-paraffin
ratio of 1.9. At the n(H2)/n(CO) ratio of 1, the selectivity to the gasoline fraction and the iso-paraffin to n-paraffin ratio were
further improved to 73% and 2.1, respectively, which shows promise for this catalyst to transform the coal- or biomass-
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derived syngas to high-octane number gasoline.

Keywords skeletal Fe; HZSM-5; core-shell structure; Fischer-Tropsch synthesis; gasoline
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Figure 1 (a) CO conversions and (b, ¢) hydrocarbon distributions over
the Raney Fe and RQ Fe catalysts in the FTS reaction
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Figure 2 SEM images of the Fe@Z-5 catalysts after (a) 2 h, (b) 12 h,
and (c) 24 h of hydrothermal treatment
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Figure 3 XRD patterns of the Fe@Z-5 catalysts with different hydro-
thermal time
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Figure 4 SEM images of the (a) Raney Fe and (b) Fe@Z-5-4d catalysts
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Figure 5 Cross-sectional SEM images of the Fe@Z-5 catalysts with
different hydrothermal time. (a) Fe@Z-5-2d, (b) Fe@Z-5-4d, (c)
Fe@Z-5-6d, and (d) Fe@Z-5-8d
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Table 1 The physicochemical properties of the Fe@Z-5 catalysts with different hydrothermal time

Catalyst SBZET Z Vp;'ea ord w(Zeolite)/% SiOZ/AIZO.3 ' Relat'iv'e ey NH; uptalf K
(m’eg™) (cm’eg™) nm (molar ratio) tallinity/% (umoleg™)
Fe@Z-5-2d 100 0.12 6.54 7.9 62 73 385
Fe@Z-5-4d 116 0.08 6.47 12.5 63 76 56.1
Fe@Z-5-6d 121 0.10 6.39 20.8 63 89 77.6
Fe@Z-5-8d 132 0.14 6.08 25.1 63 100 94.5

@ Determined by N, physisorption. ? Determined by ICP-AES. ¢ Determined by NH;-TPD.
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Table 2 Catalytic performances of the Fe@Z-5 catalysts with different hydrothermal time in the FTS reaction”

b
Shydrocarbon /70

0, 0, c d
Catalyst Xco/%) Scoz/ﬁ) CH4 CZNC4 CS"\/CH C12+ CI/C,, O/P
Fe@Z-5-2d 71 18 11 23 61 53 0.7 0.4
Fe@Z-5-4d 92 13 7.7 21 71 — 1.9 0.5
Fe@Z-5-6d 87 16 12 24 64 — 2.1 0.3
Fe@Z-5-8d 77 13 16 30 55 — 2.4 0.3

@ Reaction conditions: 7=543 K, P=2.0 MPa, n(H,)/n(CO)=2, GHSV=2000 h™!, and TOS=24 h. ® Hydrocarbon selectivity has been normalized with the excep-
tion of CO,. ¢ C;/C, is the ratio of iso-paraffin to n-paraffin with C,+. ¢ O/P is the ratio of olefin to paraffin with C,~Cj.
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b, A AT n(Hy)/n(COY LR, Fe@Z-5-4d 1
AT 1 BRI B 3 16 1 A S O AR B3k — 20 i,
TE ST 1A 77 B 0% K AN R SRR 1 & Sk v <
VSIERaR: R

"m— - 25

80 2.0

60 1.5

Ratio

40 1.0

20 4 0.5

Conversion and Selectivity/%

0- 0.0

Xco  Sco, Scw, Sc,, Sc,, Cis/Cn C7IC,

B 6 A[F HyCOMFIKELLT 150 h K35 Fe@Z-5-4d A7) L1
FTS #54

Figure 6 The FTS results over the Fe@Z-5-4d catalyst after 150 h on
stream using syngas with different H,/CO molar ratios

3 4

FIFH HZSM-5 73 F 5 6 O A GRI e sk, %
JRALK AR S AL 7%, eIt B A & — D%
Fe@Z-5 7oA. i 42l K A1), A 6% Se It
HZSM-5 7> T 76 )2 B (%, 76 FTS e, 707
i 572 J2 B RE ok v sl ok JEL S B R P A B B it b el 2
BIARFI TR BRI A K. 125> T 70 2 J5 B 3 B
Fe@Z-5-4d AT L, VRIMB = REEMERTE 71%,
SIEHN 1.9, G4 HAK n(H)/n(CO) L& BAN, K
B B R E Lt — D3 e, BoR Tz
FERIE T« AR I S R R S e (TR )

776  http://sioc-journal.cn

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

7.

4 SCERERSY

4.1 BRKEWTIEE

£ 343 K T, ¥ 1.0 g Raney FeAl & 48 RQ FeAl
E4(50% (w) Fe+50% (w) Al, 40~80 H, bt faElE)
TERE ST FE R A 218 i\ NaOH (12 mL, 8.33
moleL ), SRIG4kEEHRE 2 h. SR B A AR LS
TARBEE RS, FHIKOEESRLE K, &EH
HARAFET K L FEH.
4.2 ZEEXFIRFE

PLIERETR Z.BE(TEOS) AHEYR, TPAOH NARAR 5, Aic
HIZHECN n(TPAOH)/n(TEOS)/n(EtOH)/n(H,0)=0.25 :
1:4:60 1) HZSM-5 &R, FFE T/KAENRH. 18
333 K ~[A] 45 mL HZSM-5 &M 1.0 g Raney
FeAl 54, Hitt2h, AR KMEE T 453 KR+ —
SE T[] f B, AR RIS, BB TKREET N, T
393 K T4 12 h, 823 K NRHE 4 h, PLEERBIAR .
4.3 HEUFIRIE

FE il AR A ZH R B H A Hitachi A ] P-4010 B4 Ff
AR A S5 B TR R S G (ICP-AES) Ml 5E . 3k
A R R s T = < Micromeritics 2 )
TriStar3000 %! 5 )P EE % BHAY/E R ZGRE 77 K RIIlZE.
WCRR AT, BES T No U5 423 K R FlAbFE 4 h. X 5548
AT HH(XRD)TEHE[E Bruker 237 AXS D8 Advance % X
B ARATHH _EISE, Cu Ko 28 AR E(1=0.15418
nm). MEALFIFITESRER 22 Philips 2] XL30 FFH
T RAUEL(SEM)MIM, TAEHE 20 kV. MK ATHE & H
M4, DAY INARE & 0 S rE . (AT O R R A S
Micromeritics A& ChemSorb2750 B4k 2 F A3 Ml &2 .
TEAGTFI A NH; 7 393 K MBS, P20 Kemin ™ 1)
FhR AT, F PG I 25 (TCD)AS I B B 114
NH.
4.4 EEFIMERETEM

A 5 R U 2 18] 7 R ok B e B4 () REE AR A 10
mm. KJEH 470 mm) b FEAT M REVEAT. AL
IRIZEE AP ERX N, RBEHEEE TERAFIKZ
. RN A B TR A RS AA SR FH R B T T TR
. 1.0 g AFS 80~100 H A sEkiES LI )E,
FEFIEA 50 mLemin' ] Hy/Ar JE&S(V(Hy)/V(Ar)=
5/95) 723 K JEALIRJE 16 h, BHATMALTEREVET. &8
B )G, Fe@Z-5 %A N % i Fe05 M ALK
o-Fe FHUY. PP 26 N: T=1543 K, P=2.0 MPa,
V(H2)/V(CO)/V(N,) = 64/32/4. 4K A& n(Hy)/n(CO)LL
HIE BSAE R SIS, SR N V(H,)/ V(CO)/V(N2)
=48/48/4.
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F F R

SNLFE ) AR 28 SAR B 5 B AT R, Ho Nos
CO. CH4 Ml CO, 7E GC-122 FISAHEAL AT 40 HT,
A 2 m K TDX-01 EFHSE, KN A TCD;
PoraPlot Q E4H#H(12.5 mX0.53 mmX20 pm)4; & C~
Cs 72¥0, K& KIEE T 88 (FID)AE . Ci~Cso
FEYTE GC-9160 B AH X _E#E4T 731, PONA E4H
BEFE(50 mX 0.2 mmX 0.5 pm) 735, 3% 4 FID. 43
FENIE BRI TR R T B AT VR B, PR B A
T 95%.
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