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Abstract — Fischer—Tropsch (FT) synthesis converts CO and H; into hydrocarbons, including liquid fuels and olefins.
This process has recently gained significant attention due to the growing demand for alternative fuels in pursuit of
carbon neutrality. To efficiently produce liquid fuels, various catalysts have been investigated, among which zeolites are
known to enhance catalytic performance through their unique pore structures and acid sites. The product distribution is
governed by the pore characteristics of the zeolite. For instance, microporous zeolites with pore sizes of 2 nm or less
provide shape selectivity that enables the formation of branched hydrocarbons in the gasoline range, but they suffer from
mass-transfer limitations. To address this issue, strategies introducing mesopores of 2~50 nm into zeolites have emerged,
mesoporous and hierarchical zeolites improve mass transfer, thereby further enhancing catalytic performance and
process efficiency. Accordingly, this review surveys research trends in zeolite-based FT catalysts, analyzing the roles of
zeolites as supports. It also details, through numerous case studies, how factors such as Si/Al ratio, synthesis method,
and metal loading influence FT product selectivity, and proposes directions for future research.
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Aol diFH 1 Ik o] 3t 7l F sUE A 7k
(sustainable aviation fuel, SAF)7} & FE1031 Q)
A QR JEEE Fo|1 v viES AUE ¢ e A
© 7 H7FE AL QUeH1]. o] 2l §F W etel A 3] M-E 4] (Fischer-
Tropsch, FT) /32 $7125(CO + Hy)E F1l| oA &3l44
AR Aghshs A 7= 2 A (1), SAFE 1] F3 theket 859
27 A5 AAbel] A8 4 Qlok FT §/3& vlo] Qu, Ak )
7, B B XY V]EE T dEE AS Vs duE 48
o w37 3Rl AR TS 7hsstA sk, HY AR A
b 91F 712 7o R A 83 9Eg sk JITE FT &
2d2 192513 l| Franz Joseph Emil Fischer®} Hans Tropschell £] 3]
A5 L= o, A2t AA A FA] 5L AR Ak 23
-89 np7k Sk o] %, Agtolul MAZIAR N E MAATE A
Z3H= CTL (coal-to-liquid) 2! GTL (gas-to-liquid) 57§ 2.2 ¥
st A1 A &8 RIS WEl g2 HZols oliksteka v =
o] S7ksl o] 2 1% 71 +Wste] wilo] FrlsAA A& 7t
oA & o] &3 FT §do] 545k Qluh{3,4].

2n + DYH, + nCO —> CyHapis + Hy0, AH = ~165kJ/mol (1)

FT 373> Sull o] ellA 3Hd7k27t 2 sli] 9 53 oA
A HLIAE B8k, ol 5ol A4 ox AgE o] theket 9
sl s A5k AYSS ZHETHS] A9 FT 344
&S Fig. 13} 2] Anderson-Schulz-Flory (ASF) X5 w2
), Bk 7 3 908 'heleago] £33 FE R A Fohe-
9]. 3FAIRE, ot A HH S 'ekraiE Y] feide 54
Al L RAE T 7 58S Aok sk, o2l ek AL HAdet
31 H]go] ol Fo] E&F o)X gdri10,11]. o= FE F
o e 9 27, AN E FEE AHE 0= Ao &
Q% velral] S Eola Yk Wl 'ela
o7 AParek 4= QIti12).

FT 3ol 52 Co Hi= Fe 70| 55 Full7h AH8-H 11 9l
TH13,14]. Co Frlli= W 204 ehael 22 2 ghslgea s
Aol 2]kl FT /Eg- & =7} swof, 154 AA)] A5 AAke]
2kt Z1 o7 ey QIUH15,16]. Fe Fvll= vl s A H3h n]g-
7}t o] S Hy/CO 8] A7 AFSE o 2l stri17].
T3}, 573~623 K] 112 FT (high temperature FT, HTFT) 2} 473
~513 K& A2 FT (low temperature FT, LTFT) =71 & FollA] &
o] 7hsot] AP E HEE 2ET = QUTHI18] Wb, 95 7
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Fig. 1. Typical Fischer-Tropsch product distribution based on Anderson-
Schulz-Flory (ASF) model [7]. (a: chain growth probability).
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2~ 274 Bl =3E A efel] wet A S Ao

=% YA 2~Z (sintering) ¥ o] &4 T o] 7+
Ao % Fe Fu) vk Fu 249E Kol shAHe] EAIsth
[19]. whebA, W2 vEA S BA3 AR Aol 5455 FA] 5k
TE5E e YR FElE AREshe ko] Sl o, ol v
UARe] FAREE 20 Sl 23S S7AIRIEH20,21). o] 217
A= ti3EA 0% SiO,, ALO; 5°] ARg-E o] gL, F
A A g A4 by T, A A a7E A
T o]l st AX A S5 XA A 12 e deAE-
(strong metal-support interaction, SMSI)S K o], I} =5k A5 %
|07 3l T YA 84 AUt R EVE §r22]. o]
i}, 5 G E s st AR A 9 AAE B AN E
XS sk, dabe B4 HLY A8 S o7 ¢
g o)) A7F Dis] WA E AL QITH23,24].

1 5, A&l E(zeolite)= 11321 vA| 715 29} 2
WA zhe A dFu) A 2] A 0] E (aluminosilicate) &2 2,
S| 248, o] wE, T2 52 ool gl &8 Qlrt. Al
Selo|Ex S AR} T7F AbdA) ) A9k w918t TO, (T = Si,
Al P, Ti &) APEAIE 712 S92 sk, AFaA 7F Ak dAE &
ot 248 A3t o2f st =4 UloA Sit7F AP'E tiAlHol
w2} A E = SHsHE H'Z BAdst] 24 U Astke] 738 9]
FA ¥ a1, o= HIAE|E= AP (Brensted acid site) .2 285}
A5t 2dE A brb2s). o]l st Al tol EL) 4t £ thekst
Hhg-oll FHold 845 1o, FT gl 4838k e Aler 255 et
B3 718 37171 2 nm vk 7]E2] v M Y34 (microporous)
A&eto] EZ} ol 2}, 2~50 nme] ™| Z7] % (mesopore)S 2t U
Zth3-%d (mesoporous) % $] Atha/d (hierarchical) Al &2l | ES
G-g-3te) wet FT Sl Ad5o] 7ide A+ A3t &) By
I ek

wEhA], & FA M= FT 04 2 AlEete| EE &8st
o] A kel Tl LotR 1A} st} A FT =2 AE
W& S8l mAekEA Al&Eto| E 710ke] thekst Heks ALE-
Z27] A7 Abelel thal 278k, W 2 YA TEA ATl E
T 54 ¥l wE o] A7) Sl AA ek gk HE ATAL
gl 9 A5 A3 $it) o] 5 vl o' Al&efo]E 7|4 FT
o] o4 W 9l SYAL W, 718 7 Sl whE FT A =2
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518 Whgof| A 2Fu) B SAE AR ET 7] A9R9] FT &
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Fig. 2. FT synthesis product distribution on (a) Co/SiO,, (b) Co/SiO; + HZSM-5 catalyst [27]. (Reaction conditions: H,/CO = 3.0, 1.0 MPa, W/

F =5.1 g h/mol, 513 K, 60 min).

A ZE Q) oH, Li 5251 Co/Si0, Fuljol] Al &efo]E Fuks &
g2 oz Z3sto] sto] He] = (hybrid) FHE A& &, 71E o
A Zufj o} vl wsled o] 5] EAJ-S HusISit) oluf, Al &l Ex
u A3 S A HZSM-55 AR89 3L, FT B2 H,/CO =
3.0, 1.0 MPa, 513 K9] 78} 22430014 A3/d=2] AE=s ads)l
th. 1 A3, Fig. 29} 120] Co/SiO0lM A5 = g4 whskrart
A &efo| EQ] AbdollA] 4878l (hydrocracking)¥]©] Co/SiO,2+
HZSM-52] 24 E3&52] C4-Co MBI 7T 71kt T8t FT
ol Al gl EL] EFES ARESo 24 A LEfo]| EL Aol
9} 2}3 (paraffin) 9] ©]4d 2 3}(isomerization)E =5+ Cy-Cy H
flellA o) 2uk} (iso-paraffin) B! 2214 (olefinye 21591 KT

Lol7k, Tsubaki 5 [28]8 £ £ % Pd/SIO7F 71
Co/SiO; + Pd/SiO, + HZSM-5 4+ Zwll & A 2s8har, Hy/CO = 1.8,
1.0 MPa, W/F = 5.1 g h/mol, 513 K %7 3}l FT &S 133}
of olaulei o] =g asIelnt. 21 A}, Pd/SIiO,S] F7H=E
I3l FEsk= HlA §HFol A9 ool ) FAl o] Avket
A A EE o =Y ¥k ok 2}, Wgk(methane) AHEE 18%
ol 11%% At 719 pd= A 1-299S g8 0
B FASIAA FasR R EA s HiE S 18%0
A 11%E FaAIH oM, 10087 A& Al ® Ff) E/do] Hof
2|2 ekoky ©ala BET FR|E STk g, i AE o] 4
= gA)slste] AT Qou] & (spillover effect)S E3) A &0 E
o] A et A oH, ukg F A0 B3 olatslekael o
3 FT Follof]l A28 FHES] 89 JEF FA]5t0] FAakze] 2
ok Sl v S A8l TH29). ool whe} pd7t 7 AFE
= TS @A%) T/, A HiE 2 S8 s
£ aeA7lE ATE Rl

0]% Yoneyama 5 [30]<> 719 A 7|4t FT Zvljof] ZSM-59
S dElste] Yl o® EFSIGITE 2 ATellAE ZSM-5
Fe Zuj|9] A= 712} 0, 1, 2, 3% 228t} FT dHAollA 9 &
e WAL, ZSM-59] o] STFFE Co-Cy 919 o]
gt o] AP E F7FFTt. 53], Fe-3 (ZSM-5/Fe = 3)°llA] Cyo
Sl ATt 2% O R AL, Gy TES OF 23%E 40
S7hetlom, Algeto] E] v o] FT AN ES] &4 &
A&k 4= Qhrk= FAE-E Bl

Martinez 5311 FHE 7|43k FT ZujQl Co/Si0,°]] Thakst 1]
AlthaAd Al&2ko] E(USY, Beta, Mordenite, ZSM-5)5 A5l
7HEH Q90 BAY wela A 9 g sE ARSI
Co/Si0y9}F 7H7}2] Al &efo] ES 101 v &R B4 oz T3
L FTIR 415 53l Z2F o] Abg o] SA-S glskal, FT kb
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Fig. 3. Evolution of the yield (% C) to branched hydrocarbons in
the Cs-Cg fraction with TOS for the base and hybrid cata-
lysts [31]. (Reaction conditions: H,/CO =2, 2.0 MPa, GHSV
of 13.5 Lgyngas/(8cat h), 523 K).

Sofl W ghelrae] s ERlEIsit) 1 AT, S ] B
HAXHE 4292 pmol/g)s 2t HZSM-57F 7 =2 7HEd
He &3lrs AL S Btk AElEE HZSM-5 (62.2%), HBeta
(57.3%), HMOR (55.8%), USY-720 (48.6%), USY-500 (44.4%) <=
O 7 VpEpsiTh Albel whE v]EMd 8} S5 Fig. 39} 22o] 12¢04) 31
2 PA o] 3394 07 T AdH V¥ Ald 25 ZH= USY
9} HBeta Al&e}o]|ES] % nlud & 713 2712 s Aol
A FT &89 A4 &8 8} 9 &4} (dehydrogenation)
AR Q13 ek F9 (coke)?] FH O Z w2 A B &3} Hrt.
Hhd | Z7F 7% 4719 HZSM-5% T332 71 A9 vekd 95
o] IAZE AU, 7P w2 n|EdsE Holn] Suje] by
& AT olof wt, stolBE|= Sl AA| Al vheket Al
2o EES] P27 544 delsfof stk o2& vkl
FT Svlj g} Al geto]| EQ] Bl £§-2 24 ehalras A7
(cracking)3}o] A& ©alAE AT 4= QU= o] S Elg
T ek

T Zhang 5321 4 /35 (hydrothermal synthesis method)
9 2 Fe,03 FOE A 23t H, Si0,2} MnO, 22 21402 78
sto] HEEo] Roke] FeSiMn & 33131t ©]F, S/AL vl &
o] Z+zF 179 2691 $1AItkE/d ZSM-5 Al &0 EE A 2351
FeSiMn Fll¢} B4 £3-8 53t 0|75 FlE Azt
M2 o2 Si/Ale] w2 AP B4 A3} FeSiMn-ZSM-5 (17) Z vl =
FeSiMn-ZSM-5 (26)°] )3l F A <] ekl ok 2,64l 1] EakTt. o]



Lee, J. et al.

3 FT ¥H-$-S %8 FeSiMn-ZSM-5 (17) 7} 73.1%2] A 3-&
S Kol ZSM-57} Y& 715 FeSiMn F1(62.7%)H.0F 2 A
&S BP0, 7HEY 9L FeSiMn-ZSM-5 (26)°] H] &) oF

27% ©14 S713E 53.5 wit% 9 H2 e
FeSiMn-ZSM-5 (17) Zvj7} 713 33k oFst A Wl 71 e
o] Ak o 2 HE] 7]Qlgtt). o] AR Eel o3| FT W02 AJ/d%
A e @A s 7w gdoor g o® Asazlo gy
Zul] AT 71E HHEE Tl A7 Ao H st

Ageto)|Es} FT Ful2] Eel4 32 FT 38 S8t Fu Al
2EOA 37} J3-S Ao) AHIES Bal SO, o] W
o= T4 3T Al ST E AR Aol o] B4 Azt vlwd
Arhs 22421 SHAI7) EAgttt. o] 2 &l ZF o] HaH A
%2 BslraTt SAE Akl F| @R AT, o=
Zulj o] v] &3S frdste] FT 34 #42 584 Asks o]
B33

RSN
L

2 gl ol

.
ok
ol

2-2. 30|

olof] T3t Wk o 2 Li 5[34]2 Co/Al,O; FT ZFujjofl H-p A&
Zfo| ER 7H% F0]-4(core-shell) T-%2] 743 encapsulated)
wj = A 5FS . TEAOH (tetraethylammonium hydroxide) = A
A2 ¥ Co/ALO; A (pelletyS AlSeto) E A7) G-lof] W11 =
TS W eek a1, A7 SHcrystallization) S F38f 7o]-A 39
H-B/Co/ALOs-T3 FHllE Azt o] %, E2]4 S o= A
5 H-p/Co/ALOy MX %75} 518 FT 44 2ol 484
A oAb of =22t (normal-paraffin) 2] H]-&-2 H] W 3FS)
T} 71 437 Fig, 49} 2o] 43} Fu)% A8 RS W), o] 252
3 o) ewbsieha o] v7h 3,130 olasekae] Eeld &gl v
sl °F 23% 37 I, FATHA(C o) OS] BB E oA
s A7 YERYTE 01 Co/ALO; B3-S A 9% FT A
‘dEo] H-p AlEete| E e Sgtows T2 o dxsk=
AAA =of o] Azt o2 Ak s KT Zeiv Al
ghol E Fo] Sk Ao R sl cO o] 88.9%0114 81.8%
B A% siglon, ofo wket 4 2319 A3 Sl Al
glolE A7 A9} 7|3 T EE AlolE d Aol A7|=H it

wol7}, Huang 53512 ¢FrE 95% 4FulyF o] 222X
AFHz (aluminum isopropoxide)ys AHE-3t 4 MO = 5Y F
QF A% 32 HZSM-5% Co-ZrO, Zvllofl 1H 0] 917]52] }o]
B ZulE A28, o5 CoZr/Z-1-Pekal W33t o] %,
FT Whg-ofl k& A& 3 olA CoZi/Z-1-P Frl= o] d date
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Fig. 5. Thermal gravity curves of different catalyst [35]. (a) Fresh
CoZr/Z-1-P; (b) CoZr/Z-1-P after 740 h reaction; (c) used
CoZr/Z-1-7 after 288 h; (d) used CoZr after 336 h; (e) used
CoZr/Z-R after 288 h; (f) used CoZr/Z-1 after 288 h; and
(g) used CoZr/Z-M after 288 h.

FAFEHAl 712 Co-Zr0, Ejrtt ©e o S AL,
A B8] AAS 03%7HK] Ao 24 T 9] o]
2yt Aol sl 24.7%9] =2 A8 L9} 14.8%2] W& CHy
HAEEE B} L Bl o I e

T3, Fig. 59 ol DY

U= =5 06 L=

25 22 9] kS H| Wl 1L, CoZr/Z-I-P = oF 11%2] s
3 FXE 1] A F21EE et o= 2o 729
Zu) EA w0 R HA4

o [

[e]

315 B8, ARGl 239 FHS
3lslar o] A Al et AElEg £18 5= 9l3-S Wit

< Qi F[36]> F7FAEFE] 3T 29 ¥ (middle olefin,
Cs-Cp)& B8] Slall, 897} Sl in-situ 2738} 2S5 0]8-814
A2 FE AT o] WHE Fig. 67 2] Co/SiOE %
g7t AEZ 3o FTHE YAE ZSM-5 Al &) E o] T3]
3L, o] & thA] Y EAdo] =2 §hslfA(silicon carbide, SiC) A
A Al AdZAIA ASA Mg FvllQl Co@Nazs/SiCE g3kl
TEM #24 A3}, Co Y=Y A7} Naz5 A &2fo| E A2 o] &3
=31, o]Zlo] thA] Sic A XA TR | P st ATH 25 5
Q1&kAT}. B3t Sice] ©F 100 nm =712 vl 2.2 7] (macropore) ¥}
A&t ES v|lz7|Fo] 3&Eshe Al 7% 727 AHE
t}. o]% FT HES- A, Sicvt 8k HulE2 2 ddmdoz
Q1% e co AEES Btk 11 5 4 Fui] Co@Nazs/
SiCE 20.6%2] CO A&7 s 71<4d W) deleh T 52

T T

15 20

5
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Carbon number
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Fig. 4. Products distribution with (a) H-p/Co/Al,0;—MX (Physical mixing), (b) H-p/Co/Al;03—T3 (Core-shell structure) [34].
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Fig. 6. Illustration of the preparation and morphology of the Co@NaZ5/SiC catalyst [36].

Table 1. Summary of Reaction Conditions and Performance for Zeolite as Co-catalyst in FT Synthesis
CO Conv. Hydrocarbon Selectivity (%)

Preparation method Catalysts Reaction conditions o - Ref.
(%) CH, iso Cs-Cyy Cr+
. Hy/CO=3.0, 1.0 MPa,
Co/SiO, + HZSM-5 W/F=5.1g himol, 513 K 100 29.2 27.0 3.1 [27]
. . H,/CO=1.8, 1.0 MPa,
Co/SiO, + Pd/SiO, + HZSM-5 W/F=5.1 g imol, 513 K 97.1 11.0 45.0 22 [28]
. _ H,/CO=1, 1.0 MPa,
th?silgggﬂ Fe/ZSM-5 (ZSM-5/Fe = 3) WI/F = 10 g h/mol, 553 K 97.7 20.9 27.0 - [30]
X
. H,/CO=2,2.0 MPa,
Co/SiO, + ZSM-5 GHSV = 13.5 Lypgue/(geah), 523 K 823 11.0 62.2 12.1 [31]
. H,/CO=1,2.0 MPa,
FeSiMn-ZSM-5 GHSV =3 Ly (geath), 553 K 73.1 13.5 53.5 8.2 [32]
H-B/Co/AL,O3 — MX H,/CO=2.2,1.0 MPa, 83.7 152 335 10.0 [34]
H-p/Co/ALOs—T3 W/F =10 g h/mol, 538 K 81.8 133 437 0
H,/CO=2,2.0 MPa,
Core-shell CoZr/Z-1-P GHSV = 1000 h™", 533 K 823 14.8 24.7 35 [35]
. Hy/CO=2, 1.0 MPa,
Co@NaZ5/SiC WJ/F = 10 ¢ himol, 573 K 20.6 16.8 53.8 0.8 [36]
A’E2] Olefins.11/Cs.11©] 49.1%% 7 S e] Tt =2 A oh AEieo] ohal fojv)et g3 & = AT o]l thgh W82
35 AT o] SiC AAA| Y] 52 BHEA o7 QIS DA Table 1°] L.oFato] Ll
SX17} Co YAHE EER NazZs Al&eto]| E9 okt M7 e
T2 &R YL FAE L Lusgioh = e F 3. GRIHZM2| MZS20IE 712 FT Fai
XRD ¥ XPS #4& F3l SiC AAAZYEH FLE Fhulo]| =
(Co Oy g o =A 2l Aol T o3t SO R AAX = ol d7]s FulollA T B 25w G AlSTelE
AR el 71918 Ul A ke ARlE 55171 18l thekst ksl AlmE o] gttt
o], 2F|ZA Algefo] EE o] &3 FT Ful| 4 o olelgh ek T shubz, Hl vl A Ad gAY 55 T
2HE B @8 (C-Cy2h TS A RS S2)7] f9 Agto] =5 B3 AlEEte| E AR ke A E avprow &
FT @A ellx1 2] thekst A -5o] A=, 7w Jo9] o] 4ut g ol o2 gvh= w5 Ak 9 i 8t Al

Secondary reactions:
hydrocracking

Primary reaction: isomerization cc \(\/\)\
CO hydrogenation 571

CO/H, / ~Y
e, A | S

Q90
Zeolite )\/\/\/WY
Active metals

Fig. 7. Schematic illustrating the strategy of using a bifunctional catalytic system that integrates CO hydrogenation through the FT process
with hydrocarbon hydrocracking and isomerization [39].
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il s 7hdo] Barw o], Suff Atolel| A X|&2 0 & ALE-y
o] ZTH19]. FT Sl A A=A o] Al &efo| Ex= T2 3
(impregnation method) &3l &5 ¢IAHE Al&eto| Ee gx|3h=
o R AxA o] 5 Sl 55 gk HAEE =Y 9l
), B 557 AlSEelE B k] e atg-S S7AA
ok B3k, Fig. 7014 Yeh o] 4 54 71 AlEEe] ES FT
P4 F59] GXAR Gesto g dxpH oz A A w3
Gas T 9 ol AsEe] Boke ke S2 o W9l 5
o] a7t A AR ke 5 QIH[37-39]. o] F A& vhge
2, S ARA L ALOIE JuE FT S g7k sz o

Bl el e SRS g AEEE ol T o

32 |

>~
T

=
=

o

=
o7 A ar ol =3, 71 g2 9 A7, SiAL S WSt
o o3t 724 BAS &85 55 YA At Wk 24g
B3l FT A =2 A E 7IAAI717] $18t mdo] 3= ar Q)
t}H40,41].
3-1. OMICESY miE2lolE
"] A 7] (micropore, < 2 nm)& ZH= PlMUHEA] AlSBfo|E
[e]

W35 /g 5o wlAl|7]Eell thsh 741 12 (shape selectivity)=
7HA, 57 kg ARZE Alofete ] fEsitt. olst x4 &
O 7 Q& FT §A 7 2ol vhekst ehslia AdEo] Exsh=
& AlEloA] FulRA] AME o] ghom] ti3A O % ZSM-5¢ 1L
9] =2 v xRS 7AW 5452 A (dispersion) 3574
%2 A7} EA BT} o] ZSM-52] UIF- 7]F-0] ok 5~6 A2 #-2
A2 FGAE] o, FF ATAL AT E 7]F -2
Fibo] Alts= A0 = AdelA] Qlrh42)]. ol st 7] F 32 5432
=4 Ao Agor vhe F A S A EY A AdE
fretal, 2% Q8| mekst whgoluh A el AR EE

ol A¥E Bk webA, niAlt ] AlSelo] EE ARSShe

T oo

(e}
BF71e 7xe] 548 nHsha M 2Es well =l A
5735} 22k ke B EE HAskehs Zlo] o 94w A8t

[t

o]o Kang 5 [42]=> ZSM-52] Si/Al U] & Z}2} 15, 25, 140, 2507
ZAslo] LEE dx|alar, FT HEolM Q) Aeix 1l co AghH&-S
H]3FSITE Table 29} 2o Si/Al H]7} W& Co/ZSM-5% =2 4
A5 7HAH, o)z 3 '35 A (Cs-Co) B oA 8] 448}
9 B3k S} (aromatization) W82 ZXIAA 71 H9] ©ls]riol]
AEEE 7T v | Si/AL H] 7 352 Co/ZSM-5% AF
A7 ol AT A 0 2 ) ghslgA o] FRIE o] & of e
AJol Ztekdtt. o2 st A= AX|A Q] AT 248 B3

glo|E o] G A 2] FT 34 Helsel A& B s

4 2] FAE Baskglek i 77152 Co(NOs), 6H,09}
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Ru(NO)(NOs); 5 E&] ol 2 =2 Z (polyethylene glycol, PEG)}
S wehe} "ol o] 23k gl FAlel 341X F- 363 K
ol A 2A17F E<F BF3IGIT o] F, o] T AFA &Ml vhekst
Si0y/ALO; A& 1] 2] ZSM-5 25 H718lar 373 Kol A #|4:4
o7 AolFn S FAIZATE o714 PEG= Cos04 YA}
AAA ] £ EHe TR FAE RS FEagith o] %, s Al
5 37) 55 3ol 673 KollA 413k 240E F8ll ZSM-5 A A A
ol CoRu 42T &A1 E F ]S CoRWZSM-5-X (X =25, 50, 80;
Si0y/ALO3) EME A %8130t} ZF FHull= H, 35 3]l 723 Kol
A 16A17E Bt S E T 1 A Si/Al B]&o] U E g
v} ko] F7kehA HEAE = Abgo] v A E A, FT
WS- A= Fig. 87} o] Si/Al U] &0 W5 71 Al w3l
FA(Cs-Cpy)ell tist A E7t o =4 Jebset. Z1eu, SFou
ghefo] = 54-= ek Fu]E 3 dealumination)”| <] HHAY
oF A et Co® At} o A dEAgstar, AAbrt
H58E Co'e HES At F2ste] FT W2 &= A% WAE
A AAZIT} o] 7 &, 3 ¥ CoRwWZSM-5-25 2 CoRWZSM-5-50
il gdFuE3} glo] ¥ CoRwZSM-5-80 FuljH.c oF 2ulf
5H2 TOF (turnover frequency)E WEFU= 21 Table 30l4] €<l

sk = 9l whEkA, Si/Al Bl &0l 7HEd H ¢ sl tist
Aes utolug) 1 1f3 ol F o8 kS sl RS &
I Sl

Carvalho 5[44]& ZSM-5, MOR, BEA A|&2}o|Eof 2] 3k
Ho g TS ko] FUES x|k Ak 2 24 B4
AT}, 429 ZSM-52F MORE A7 F%9] Type 12 /MES B

16
—&— CoRw/ZSM-5-25 C5Cy[=71.9%
®— CoRWZSM-5-50 C5-C;;=652%
—A— CoRWZSM-5-80 C.-C,, =56.2%
12 511

0 5 10 15 20 25 30 35
Carbon number

Fig. 8. Liquid hydrocarbon distribution of the reduced CoRu/ZSM-
5-25, CoRu/ZSM-5-50 and CoRu/ZSM-5-80 catalysts [43].

Table 2. Catalytic performance of different Si/Al ratios in Co/ZSM-5 catalysts [42]. (Reaction conditions: H,/CO =2, 20 MPa, SV =3000 mL/g h)

Selectivi t%

Catalyst Si/Al ratio Conversion (%) clectivity (wt%)
CO, C C-Cy Cs-Cy Cio+
15 56.2 34 25.6 312 25.1 18.1
25 50.6 29 243 30.8 19.2 25.7

Co/ZSM-5

140 473 2.8 22.7 249 13.6 38.8
250 43.1 3.1 20.4 19.2 12.8 47.6
Co/SiO, - 91.1 17.2 14.5 133 7.1 65.1
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Table 3. FT synthesis rates and hydrocarbons selectivities of catalysts [43].

Catalyst Flow rat}e of syngas  CO conv. Co time yield TOF (moles per mole ~ CHy4 CO, Csy

(cm’/geac h) (%) (moles per mole of Co per hour) of Co per hour) (%) (%) (%)

CoRuw/ZSM-5-25 900 77.7 6.1 269.5 21.6 0.82 65.2

CoRu/ZSM-5-50 1800 61.9 9.0 256.5 252 0.42 57.9

CoRu/ZSM-5-80 3600 52.5 15.5 585.5 23.1 0.35 59.5
Stk BEAT VIA7] %3 tEe] 2k A so] AE SAIHA A TR QlEl A Uo7 elA 9] FAte] AlgtE T ST &=

71 A7 1t 7] ¥ (intercrystalline pore) B el S| Wl Z7]¥ G327 LH-
EA5F] Type 13 Tv7F 238 /NS Yehlch ZLE &4
Az}, JfF o7 A& BET £ 3} 73 $39 5 7IX& MOR
(71 A7) ~0.65 % 0.7 nm; 1D)S} ZSM-5 (713 7] ~0.55 nm;
D)= FE A% 9 B ZUE AstEo] By, 4%
Ujitoll= i Akl 18k vhd, BEA (7] 7] ~0.76x%
0.64 nm; 3D)= WZ7]3 02 Qs o] & BET 44 7|y 9 &
7HA A Yol Aol e g w2 IUHE AtslEo] EA5el ).
o]F, 137} & H;PW )04 (HPW)E ©]-§-310] A| &2} E )5
Bl S3E TLE YR A0 AAst] TUE v ¢
A7} A&epo B 7)E et A5 FT S Al Z381
HPW 2|5 A% B Frl52] FUHE A A% BEA < MOR <
ZSM-5 =0 2 718111, oAy ol whet A7 9] e EAIsh:
FHE AbslEo] o] Wol AARHNSS & = At ©] T HPW A
215 A3l Co/BEA-HPWOIA T 7|8 F-3]7} Z713 Ao w2ty
%0, o]i= Co/BEAS] Wx7]3-& vt Qld FHE A7} A|A
w0 3149] 713 22 Type IVE] F2 402 thA] 35 A121
A= SA¥ et olo] ulel BEA 73 Wi THE 4 190
O3t HEAS FHAASS AlAREL o] 5 FT 7 A9 =2,
Table 42} 7] HPW 2215 AR FT F| &2 BF olaveta

Ll 53], Co/BEA-HPWY] o] Aule}

ME 7} S S-S

W HNE T 7)E Co/BEACN H] &l 8%clA 35%% AA Z718k3
on, o)xvE o Euletd BlEE 0.6914 5802 S5
o} ol AlgEo)E o S FE5UAE AATOZA AS
glo| E Ul 2349 755 S7MIA AL, AlZEe| E ule] A v}
T4 A 0 QI8 Whgo] Tkl whet 248 vl AR o]
AFE FHE S-S o]t} o]H 3t A Arh= mAltkeAd Al
gefo|EQ] ik 23S FBElaiA} she AR R, HAE MElEo]
W3S 58l AlguolEL] 7% el tist 5235 ANkt

Agiet, o] w713 ellA A8 T4 delrd 2 g
ol oJE S FAe Atololl HEskAl ZeF o] WAy stA o
223t A ©elral] o] STkeAY, 54 AT rIAY]
T8 ol S| &/do] HolX| & FAIE oIttt o] gl gt
|5 =53] flal 2~50 nme] 713715 2 vlnked Als
O|EE &gsh= A77F RuE L, WAzt Al&eto| Es
A 55 YA A7)E AlojshE s sto] 4 At
Z7|% A7)0l 2 L3 BT E ol TH45,46]. Lot
7F AAHEAS Algeto| Ex viA7]1 33 WiZ27]5-2 sAll 7=

oA ERE AU, o3t e A Al STl B
13l vz A o] Wi, Wl27] 32 Hlgo] Fol 24 Hgo] A
NAEITH47,48]. 53], FT W7} 22 vhdA] whg-ellA ] Whg-&
9 G EL] gk vl Adeel  JEFE v, AT Al
S| Ex A7 33 w2735 e 24 YellA e
24 71E9] Algetol Eofl vla #ate] o] F/de] i+ Ak
[49]. ¥RF ok 2}, 4= v m|E 8] gk A E Zhe U AT A
(nanosponge)L} LA E (nanosheet) e 2] Al 22| E= BT} wh
& ARE AFate] Sl Yt o] Gk S W o A
AR F3f Whgo] kA dofvh= Z& At o]of] whef, =]
Z 9 AATEA A&t EL AlEES EUIE FT S =4 A
el digt MEE g 75 glstaAt st

e g
e e

o}
o

)

il

K

1=

= —

18!

e

Jitt
i

s}

e

3-2-1. g el whE

o
HE Ha A&l EdA A2 E Fote] vx7]3-& EY5HA
L, A&l E 3 2y = A%
FrEshs o] SRt o9} e 3l
A& EE FT 9ROl 2] 4l 55 3PAIZA o= qith 1A,
A Ag e Bl S8 & Flo] vz e& =
38R (top-down) ®H o2} A5, &4l 2] Z3k(desilication) ¥} &

o
ol
HF
o
1
o

[¢]

3-2. M= R 2ACESY MEZ20IE AT 3t 5o o] At GAleEshs ] golow
71£2] W= (bulk) AlZeto] E= Ag AV 9 @d e de Ad 71 Algetol E Z2 oM tAE A8 A 07 A7 st vzt
i A8E ) A7 Yl o) 3 stell ARE-E O] ghizl, vAlY]E 3= BA3sk= otk Wi, 2kl Tike Ale o) Eo
Table 4. Catalytic properties of materials [44].
= =
Catalyst Conversion (%) Ciso (Cp)* CHy C,-Cs Sele:g:_t}éf?t © i50-C5-C; Cinr
Co/ZSM-5 27 2.6 12 5 6 16 52
Co/ZSM-5-HPW 14 53 28 0 6 32 21
Co/MOR 40 0.5 9 4 13 6 62
Co/MOR-HPW 18 52 26 0 5 26 32
Co/BEA 18 0.6 10 4 12 8 56
Co/BEA-HPW 22 5.8 25 0 7 35 21

Reaction conditions: H,/CO =2, 20 bar, GHSV=1.7~5L g'1 h', 523 K, “The ratio is calculated for Cs-C5 fraction.
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7tetel 24 Ul EFrES £ 02N MRS AT, T
oA W27 E-& /3t
Peng 5[50] 24 8|28+ 0] 8319 bulk-HZSM-5E meso-
= g@X5le] oA e SIS
EH07 AFE WY ¢ A5 NaOH §99] 528 %
Agoza A Algelo|ES 7|3 F1], gxE ZLES] 3%}
A7) 55 At FT W89 AREE nlwsoltt. ad 7
0.05M, 0.1 M, 0.15 M2] NaOH €4 &S o] &3] nAl7]| &S
gsta w2735 AN OH, Tt oS <k 30.5%
A | 27]5- 9] F-9]7F F7Fgho] B it Table 5+ 7917} ok
£ 7} meso-HZSM-50| HEE @435t} FT WE-&-& &5 &5l
20 B S Yepdch, A5 Arlel wp2H, NaOH §-99] 527}
Az} Fold4E FUE YA A7) 19.6, 16.9, 149, 13.6 nmE
W gl ekA B4 = leH, IRE §Ixte] FAE = 6.53, 7.57,
8.59, 9.41%% NaOH £ 9] ‘5o n]&|aA] Yebstth, 18,
Z7F552 0.1 M NaOH £ ° 2 HZSM-59] e8] 2315
St Co/MZ-0.1 Fvll7} CO A, Cp-Cig A EE, Cppo/C, VIE

p

o] 7P A F3E ATt o= 2 Co A7} Bl ol ahAIuL,
155 NaOH £ =] 2] 2] &2g] 2317} A2} (silanol, Si-OH)

IEE SIS BAle vEd FRE Ao ES 8t
o] CO Agkeo] I HAagly] Wl o= st webs, 2
St 559 NaOH £ 0 2 222315 73y st Co/MZ-0.1 Fvl|7F
T S Ee) A A EE AU PR, FT RESellA Co A3k
o] 7P Al Ve YA (Cp-C ) Akl HAQ)& & = Sl

STk 7)) EAlshE AlZEtel EL] SiAl ¥l wht
Mz o vzueA Aleele]| ES ghEo] Witk Zhang 551100
o8 MFI Al &efo] Eo] &5 ool = S/AI < 151
Q= BT Es) Aol ¢FvlE AR T2 B EY, ¢
vl O] B SYAL 2200 W) ol A wlZ7]E o) nw|Ehe
w ) o] A Aol M2, 4 2] Si/Al B &2 25~500] 1,
0] 5~20 nm 7] W|Z7]5- BA s} o] A9 7] U AlE
Zlo] E 9] Si/Al B &2 W 27]F B/ 4TS nAH, o] & FT
HESoll A B R SH vl AE A7) §3 vEAMl S & S
Art.

& Jeong 5[52] FT Z1|(CoP/Al,03) 2} H-ZSM-55- SiO,
HiIE 2 At AAY slo|He|= FulS $AISISITt o) %, 9715
o] g3 Bl g 235 B4 vl 27| E 25 £33 FTmeso-H-
ZSM-5-40% Azt sld Frli= 040 em® g '9] Bl W27 F
FIE Agen, ol vzl 727t 8l FoH0.21 an’ g')e
vl ok & 1) H& $X9tk. FT W 23}, FT-meso-H-ZSM-5-40
Zufl= oF 57.5%°] CO A& 3| 70.7 wi%s] =2 7HEY
Jo AEEE Yelion, ] oz oA oL 1.8%E a4
O = ATt E3F 900A1XF o)) 7] HES-oll A = 79% o132
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s MAAR AEES FAskl ol dAY S F3l FT
SR ALES} ashie] FHRA Al2o|E A 1k =
24 23dE SoisketaL, Al&elel B o vzl =t
e k] B g RS AA A7) Ak ekt
ofef wpe} &k w0 a&2Ql FalE FAIeke] 12 CO gt

Baranak 5 [53]& B¢FHEsHE 483 ZSM-55 AAAE A
L3} Fe Zuljol| 4] FT WH&- YA E9) 71&
%om, 0.5 M =2k oxalic acid) §8S o]
FrESHE Aas Fof] AE M TE v wasith gdFr)E
3= A A5, CO FAgHEo] 7]Ee] vlal 12.2% FHAsial ot
718 9ol 9] Elalaran o] MElei= 59 6% <k 20% A UERiT)
Chatupka-Spiewak & [54] ¥4 &3 2 A28k Fe,Coy/
AIBEA Z 1| (x = Fe wt%, y = Co wt%)2} BEA ATl ES 2ot
FrlEstE B8l 24 Ul ¢FuES AASE 1 Agle ZHE
o] 2= Atsleke 297 #A1 2] W 0% AZF Fe,Co,/SIBEA
Zu)|2 vy ATkt TPR-H, 24 A7}, SiBEA ZHjollA] 770
~820 T |- =& 2Eolx] T3t 8¢l 177} BA= I o=
A geo|E FZ o) 7JslA A L E o]2uto] Hol= 5A S
2, IRE ATAA =4 4Q1S Fukdsit). o] ¢ FT Hke- A,
Fe10Co10SiBEA 17} Fe yCoioAIBEA ol BH]3) oF 14% 52
81%2] =2 A8E7} 76.8%2] IA| A& MU EE YeERLE &
3], Ciso/Cy HIE0] 2.960.% W9~ 9k 0.1, o]i= 7] AIBEA %
](2.52)°l vl LF77ER] B4 ghslras Aakel] 243k s
< YeRIQITE. =g, vl v]&/dsle] FR1Ql ghA H AR et
AIBEA (31.7%)°ll H]all Ank =20 18.1%2 d*

i

AR s|Ask 4= Qi
Xing & [551> @gFulrstel @Alel st o R Alxd Stk
d Y AT ES AA AR AMES ILE Fu|o] FT ¥R A5
AT sk, AT RS A =T A E A s of
F S 71X AE UERILE 9] A el e Y AlgEol B
A S G e Sl vlaste] co M, BEkra
Ciso/C, B8-S LRI, Y-Ax gob )53} Aejqt 218
st Y A &) E, Y-Bi= BAlElEs) Aeuk [ast Y AlgeolE,
Y-ABxE BFu|E3 28] F xAke] galg 23 A2d v A
ol Eo|u, 7} 1o wheh A w37 E K] 9} SUAl vl S-S
Ssoleh A2 b HElg ARl B vzr]ee] 84
Rom, GdFuEs A & ST A ARte] S/ TS
W27 Fo] ¥ Wol A4S gleh 4 9ol 53], gddFvlw

st A7k 23 AlsTtol EES A 0% Si/Al Bl&0] oF

Table 5. Catalytic performance of cobalt catalysts supported ZSM-5 and mesoporous ZSM-5 for FT reaction [50].

Catalyst Conversion (%) Ciso /(Ch)* Selectivity (wt%)
C Cr-Cy Cs-Cyy Cip-Cig Cig+
Co/ZSM-5 50.5 0.52 36.0 224 31.2 4.8 5.7
Co/MZ-0.05 56.8 0.56 30.8 20.0 254 153 8.5
Co/MZ-0.10 65.8 0.59 16.4 11.7 273 349 9.7
Co/MZ-0.15 46.2 0.62 24.5 16.5 30.5 279 8.6

Reaction conditions: H,/CO =2, 2 MPa, GHSV = 1200 h'', 483 K, TOS = 24 h, “The ratio of iso-paraffins to n-paraffins in the range Cs-C;g.
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Table 6. Catalytic performance of the pristine and hierarchical zeolite Y supported cobalt catalysts [55].

Catalyst Conversion (%) Ciso (Cp) Selectivity (Wi%)
CO, CH, C-Cy Cs-Cy Ciz+
Co/Y-P 50.2 1.40 1.1 21.9 13.6 59.2 53
Co/Y-A 66.2 1.97 1.5 10.8 13.9 69.4 34
Co/Y-B 69.7 1.47 29 11.9 13.6 65.2 9.3
Co/Y-ABO0.25 66.3 1.46 1.9 14.7 10.7 67.6 7.0
Co/Y-ABI 75.7 1.89 35 114 10.2 67.0 114
Co/Y-AB4 75.9 3.06 1.8 84 7.7 71.8 12.1
Co/Y-AB6 66.5 1.58 2.0 14.5 12.8 65.0 7.7

Reaction conditions: Hy/CO = 2, 1.0 MPa, Wcaalyst/Fsyngas = 10 g h/mol, 733 K, catalyst 0.5 g, C;s,/C,, is the ratio of iso-paraffin to paraffin of Cy..

46% 7L, Y Aol EQ AR S F 41% FAAIZ T
Table 6= 2t Aol et AdE AlEEel i FT 4 <] &5}
T AU el Y, Co/Y-AB4 1= CO A 8H&0] 75.9%,
Cs-Cyy ©F8lra B 71.5%, CiyW/C, B8 3.06°0.5, 7=
Y olazteta ] AH T} 7MY 2 As ER1E 5 vk gl
223} g A1zte] O 71 Co/Y-AB6 17} 2 2] oS WA &
S AL A 71 @A EE8 A e A)REe R Ig AN Asf
7Folo 7 ¥ aE e}

2382 (bottom-up) W o= Hard template, Soft template 2]
o] oo, o= sk oA 8] Algetol E AR A, oS
E7Fs st A= W), Erdst Wizr)s 2719 FAIE s
$13ll AF-8-¥ T}, Hard template W22 54 AtslEoly g4
2 1A HER S ARES] 1 EE Y V]E 725 YT
o, 724 AUEIL v 52 vEueA Al STl EE
|23k 9= 3t} Soft template ¥4 AHHA 072 F-Agt 7]
A2 BE 0 R ARR-Sth= AlolRlo] glow, JIEsIe] frade
2 Q) vpekst ml2r)F A7) 7 2E sk 24 Thssta,
2218 AAl AAE S S1o] Soft template *2]o] A|&2o]E &
gl de] ARg-H A Qi

olF &3k A7 AR E Kim F[56k> ¢4 T vx7| 55 2=
nanosponge MFI (NS-MFI) Al &2lo| EE §H3le], o]& BAAIR
AR Ful| W B39 e =E B Ekgith NS-MFR= o=
EFQl 9] kil f-7] 4 g Al 23 Al (amphiphilic organosilane
surfactant)s B3 O & ARE-3F Soft template 12 2] =4 IR ol
o) &l AZE ATH57, 58]. ¥ ATl = Canug.6 [CroHas—N(CHz)o—
CeH2-N(CH3),—C¢H 3]Br, 9] % = Al(structure directing agent,
SDA)E o]&ate] Al&etol & /& X3t Fig. 9014 et
wRo] 42} bR B2 EAShE AMSIAE 7 FEAR
ARESHH A Y 5 oS S T2 ROl AL, o] % ST At
=AM e T TE2E FAEU59]. ol e W& F4l, 4 nm
o] st w2753 2.5 nm A1 FL3 YA EE A3
9] A3le] tiZ=T S = bulk MFI zeolite (B-MFI)$} y-AL,O5E %4
A= sk, 271 %2 &3 (incipient wetness impregnation)S &
&l 10 wi%2] FEE A5 FA ST S0l F4 27, NS-MFI
Zu o] u| A7) E2} w27 E F3= 24 0.04 em® g, 0.51 em?® g ' 2
UER o1, 713 B-MFI (0.12 em’ g, 0.06 cm® g9} B ws}3lS
w] u] A7) 3 oF 67% FASERA AL, Mz w0l of 8 F = STt
o] HuEgick AR A| Q] Fiell W FT $/39] 'helrd e
Fig. 102} 0] Co/NS-MFI7} 73.8%% 71 Goolr 714 =&
AEEE B3 EAo Cpy B8RS o] IA HasHs ¢

o

=
i=]
R

2

il

I
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SDA \1
'
sio, 150°C |
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Fig. 9. Schematic representation of crystallization process of Unil-
amellar and Multilamellar MFI nanosheets using diquaternary
ammonium surfactants as the zeolite structure-generating

agent [59].
100 T coins-MFI
[ Co/B-MFI
-l I coly-AlLLO,
S
< 60-
.‘? olefin
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Fig. 10. Product selectivity of Co/NS-MFI, Co/B-MFI, and Co/y-AL,O3
catalysts [56]. (Reaction conditions: (H,: CO: Ar = 6:3:1 in
moles) =20 mL min’, 20 bar, 493 K, over 100 h of the FT reac-
tion time).
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RAITH60,61]. 7L 5, 53] Co 74t FT &4 Sl =2 &4y} 71
THEE Hoj ¥IHS] ATE o] grow, o] thgh A XA = 71&011

HzrksA Ag7HE 838k A7 i R aEIvH62,63].
i, 2 73S B9 AlS ko) Evt S38HEA, ol & %“8—??}
A7 HE Sks] Barsa Qv o] ¥ AA A TR S
Holl whe} H 4] 4 A FE 2 A7 Ay glom, 5
& GRS T4 e W gl JEE 71H E dse W
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Fig. 11. Hydrocarbons distribution of the liquid product after 24 h of TOS [64].
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Fig. 12. Turnover frequency of the 10Fe/NSZ, 20Fe/NSZ and 30Fe/
NSZ catalysts in the Fischer-Tropsch synthesis reaction [66].
(Reaction conditions: H,/CO =2, 20 bar, GHSV =0.5~11.3 L
h'! g, 623 K, 10 h).
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Fig. 13. Time-on-stream (TOS) evolution of CO conversion during
FT synthesis [69]. (Reaction conditions: H,/CO =2, 15 bar,
GHSV =2.4 m’, kg o b7, 513 K).
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Fig. 14. Molar distribution of FT synthesis products of catalysts [69].
(after 20 h on-stream at H,/CO =2, 15 bar, 513 K and iso-
conversion conditions: GHSV/m%p kg"cm h'=6.0 and 2.4
for the rest of the catalysts).
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Table 7. Summary of reaction conditions and performance for mesoporous zeolite as supported-catalysts in FT synthesis

Preparation method Catalysts Reaction conditions CO(%())HV' I-gl(_ilzocarbocns_scell:ectivitéf‘;/j) Ref.
Desilication Co/MZ-0.10 Ggg\?g 1:220’02}'1(_)6\222’ K 65.8 30.8 273 34.9 [50]
Desilication meso-H-ZSM-5-40 GHI;I%;C:OI gi,hz'i(zg}\]/,[?(l)} K 57.5 94 70.7 275 [52]
Dealumination SFeDZ9 GEZS/S/C: 52 (')0}’1_},952?1( 19.3 16.0 59.6 2.2 [53]
g:;fiﬁg;’g; Co/mesoY W}ﬂlf/:c%zg fm;gll\gg " 759 8.4 71.8 12.1 [55]
Soft templating Co/NS-MFI GHSI\{,Q/: C2(?4:L2};"2(;'t‘,?293 ‘ 82.0 79 738 11 [56]

Desilication Co/mesoHZSM-5 Sy 222/2?;;'}?_’1 11(5;1:; Sk 75.0 160 550 100 [69]
Soft templating Co/beta-NP H,/CO =2, 20 bar, 55.0 14.4 60.1 136 [70]

GHSV=24Lh"g! 493K
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