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22 Gl *g*']n«] A o)) vxle JFs 2Esisi.

Abstract — Fischer-Tropsch synthesis process is a typical method for synthesizing hydrocarbons from syngas and is
mainly known as iron (Fe) and cobalt (Co) catalysts. Currently, some technologies such as CTL (Coal to Liquid) and
GTL (Gas to Liquid) are operated on a commercial scale depending on the products, but the research to produce light
hydrocarbons and middle distillates directly has not been commercialized. Therefore, in this study, domestic studies for
direct production of light hydrocarbons and middle distillates are summarized and the effect of catalyst preparation,
promoter addition, zeolite combination on product selectivity is investigated.
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Fig. 1. Application of syngas [1].
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Fig. 2. Type of catalysts and reaction conditions for the heterogeneously
catalyzed gas conversion [4].
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Fig. 3. Schematic representation of the morphological and phase change
that occur on the a-Fe,O; catalyst as a result of activation and
reaction conditions [5].
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Fig. 4. Product distribution according to the Anderson-Schulz-Flory
(ASF) model [6].
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Table 1. Literatures for middle distillates production by F-T synthesis
Author Year Catalyst Summary Reference
Co/SiO,+Zeolites(USY-500, USY-720, Hbeta, HMOR,  Physical mixing by weight ratio 1: 1. USY is more selectivity
2007 z 21
, HZSM-5) than other catalysts.
Martinez et al. Co/SiO(medi lite; ZSM-5, MCM-22
2008 o x-(medium-pore)zeolite; _’ e Si/Al=14~15 zeolite use. Physical mixing by weight ratio 1: 1. 22
ITQ-2, IM-5
—— o - - -
2008 Co/Si0,, Co/HZSM-S, Co/SiO,-/HZSM-5 CH4 composition is about 30% for Co /SiO,/HZSM-5 which 23
Lictal > is the most excellent catalyst.
ietal
2009 Co/SG, Co/SG/Z, Ru-Co/SG/Z (Ru : 1~4) Added Ru to improve the above results.— If too many, CH, 24
(SG : SiO,, Z:HZSM-5) selectivity increases.
2005 Co/SiO,+Pd/Beta Mixing in powder forr‘n with granular form '(g'asolme). 5
Liuetal - Granular type conversion rate 1, CH, selectivity |
iuetal — 3
2007 Co/SiO,+Pd/Beta (or PyBeta, PYUSY, PA/USY) g;‘s‘;‘iﬁl‘g’d by JOGMEC Lower selectivity of CH, to 12% 26
He et al. 2005 Coating HZSM-5 membrane on a preshaped Co/ Iso-paraffin and CH4 selectivity increased 27

SiO,pellet (Sol-Gel method)

The conversion rate is very high, from 80.1 to 91.5%.

Zeolite-coated Co/Al,O;

Baoetal. 2008 (Hydrothermal synthesis)

CO conversion = 74.34%, C, selectivity = 13.85%, C,,,/ C, =
2.34 (0.19 for Co / AL, O catalyst) 28
C,, or higher is not generated.

Coating HZSM-5 membrane on a preshaped Co/SiO,

CH, selectivity = 22% (gasoline)

Yangetal. 2007 pellet (Hydrothermal synthesis) Because of the influence on the size of SiO, pellets. 2
. Physical mixing : iso-paraffin increase
_ _ 7 1 o 6‘]—
Lictal. 2000 -Y/COALO-MX( ] ?ﬂ B %) H-b/Co/ALO;-T3 Enwraped catalyst : iso-paraffin increase, Cy or higher is not 30
(Hydrothermal synthesis)
generated.
Ethylenediamine modified Co/SiO, (Sol-Gel method) en/Co=2; CO conversion = 73.5%, C, / Cs~Cg selectivity =
Wangetal. 2009 1y "ot s zeolite) 14.8/68.5%. 31
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Fig. 12. Correlation between the surface acidity and the selectivity of
hydrocarbons [32].
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Fig. 13. Catalytic performance (CO conversion and product distri-
bution) with respect to the acid site density on the ZSMS5-
modified Co/SiO, catalysts [33].

Cs-Cy, CH,
paraffin
olefin

olefin
Pg;’:ffi:" cracking hydrocarbons

CO+H, CO+H,

ZSM5-modified Co/SiO,

Co/SiO, or Co/ZSM5

Fig. 14. Schematic diagram of ZSMS-modified Co/SiO, and impreg-
nated cobalt-based catalysts [33].
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Fig. 15. Effct of Promoter on the correlation between the surface activ-
ity and the selectivity of hydrocarbons [34].
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Fig. 16. Correlation between the Pt content and the yield of hydro-
carbons [36].
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Table 2. CO hydrogenation over Co-Al,O;-promoter/ZSM-5 catalysts (CO hydrogenation was carried out at H,/CO=2, WHSV=4,000 ml/g-h and

P=2.0MPa)
. CcO To CO Selectivity in hydrocarbons %Yield
Notation 2 .

conv. conv. C, C,-C, Cs-Cy Cyot in C5-Cy
Co-Pt/ZSM-5 42.1 02 8.9 9.5 139 67.7 5.8
Co-ALLO4/ZSM-5 32.8 1.6 21.9 26.1 16.9 35.1 11.0
Co-ALO;-RU/ZSM-5 30.9 0.9 10.4 12.9 214 553 16.6
Co-ALO;-PYVZSM-5 413 0.7 10.2 103 17.8 61.7 25.1
Co-ALO;-La/ZSM-5 20.7 1.5 15.6 24.1 14.1 46.2 8.9

Table 3. Catalytic activity and product distribution on the ordered mesoporous Fe,0;-ZrO, catalysts (CO hydrogenation was carried out at H,/

CO=2, T=300 °C, WHSV=8,000 L/kg-h and P=2.0MPa)

Notation CcO To CO, Selectivity in hydrocarbons

conv. conv. C, C,-C, Cs-Cy Cy+
FeZr(0) 5.6 46.5 7.6 14.1 78.3
FeZr(0.1) 88.3 422 9.6 14.1 22.4 53.9
FeZr(0.3) 82.1 41.2 4.6 9.8 13.3 72.3
FeZr(0.5) 77.0 41.4 9.9 14.1 20.6 55.4
FeZr(1) 44.8 38.3 9.4 13.8 19.6 57.2
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Table 4. Catalytic performances on the Fe/KIT-6 catalysts (CO hydrogenation was carried out at Hy/CO=2, T=350 °C, WHSV=4,000 L/kg-h and

P=2.0 MPa)
Notation CO conv. Selectivity in hydrocarbons Olefin Selectivity
G CC Cs
Fe/KIT-6(M7) 46.7 20.5 20.8 58.7 31.0
Fe/KIT-6(B5) 69.9 18.4 16.1 65.5 313
Fe/KIT-6(B4) 513 24.3 19.3 56.4 8.8
KFe/KIT-6(B5) 70.8 16.0 15.1 68.9 44.6

Table 5. Catalytic performances at a steady-state on the P/m-CoAl catalysts (CO hydrogenation was carried out at H,/CO=2, T=230 °C, WHSV=
6,000 L/kg-h and P=2.0 MPa)

Selectivity in hydrocarbons

Notation CO conv. C ., o Olefin Selectivity
P(0)/m-CoAl 66.0 16.2 189 64.9 228
P(1)/m-CoAl 71.9 143 16.3 69.4 263
P(3)/m-CoAl 83.0 12.0 13.1 749 29.8
P(4)/m-CoAl 354 19.4 15.7 64.8 275
P(10)/m-CoAl 25.4 227 284 489 16.3

Table 6. Catalytic performances at a steady-state on the CoZrP/KIT-6 catalysts (CO hydrogenation was carried out at Hy/CO=2, T=230 °C,
WHSV=8,000 L/kg-h and P=2.0 MPa)

. Selectivity in hydrocarbons
Notation P/Zr CO conv.

G GGy Cs,
Co/KIT-6 30.0 255 173 572
CoZrP(0YKIT-6 0 6.8 42.8 448 12.4
CoZtP(0.1)/KIT-6 0.1 219 427 36.8 20.5
CoZtP(0.2)/KIT-6 02 60.4 15.9 11.7 724
CoZtP(0.6)/KIT-6 0.6 354 16.9 13.6 69.5
CoZrP2)/KIT-6 2.0 245 19.7 14.9 65.4
718 2718 Fe,04,2] %1 9] Fischer-Tropsch -5 7} 37 4.4 =
54 #7158 A71& ~0.7 nm (M7), ~5 nm (B5),
4 nm and 3.6 nm (B4) 52 & W3lslo] 2 wit%l] K ()5 =5 2 FAME I7IAE o] 83to] AU RkslrAs) SRS
]2 KFe/KIT-6 (B5) FvllE #2313 2.7, Table 4014 REntel AETE A7) 7] £13) thaket FeAl 9 CoAl Fvllol] o+ Az}
o] Fuje] wjzx e A 77} ehslra AgEl TS VA= S5 delste] EAsel tiF-2e] A 25 JL Ay
Ao WISt 232 KE ZFuE H7lskA =¥ C+2) A W, Al&etol Eel 23 Tol wpet o] Ed7 AYES] HEE
a7 co AEE, 18| ¥ Auwr) ozt SR of thall B w3t FeAl9t Corlel e Z2Fulls A2 U i
Park [39]5< KIT-62] 24 735 AHS-sh v 7148 Y o7 ARgERglom, Feﬁl Sl AREA] AR RS S EA '
S 2 AxE Coy0,-Al0; (m-CoAl) Z 2] Fischer-Tropsch RF-&- il MEler =2 107 By 3}1‘:]' Hbd | CoAl Sl AR
54 x4 EAE #FsIGe=, 7)o &% PRH= Alolli= el A ghalra] e mrt 29kom, S At
0.1 Wi%, 0.3 wt%, 0.4 wt%, 1 wt% 52 2 WA 2 2, Table 5 k=t E712)91 A7E I}
o4 Hi=ule} 7ol mZE e A KIT-6 Zulli= 919 dleko] wla} &b ZF AP S st Fae] 43S A AN
sra MBS SRR Al 9EE 7IXE A0 E Bst A5k, AR} SRR A YR A9-oll= o) & Fllo}
ATk A3 F 03 wi%l] PE TS Ful7h b 9 4gk o Algetol Egbe] 3t E3tolv A 9 33 )= 53l A4
X33t =Y AYEE aaA o7 FXIAA 5 QlSI gk, sk A
Cho [40]5 CoZrP/KIT-6 =v5 Al Z=8}o] Fischer-Tropsch Bk BAGSFAE A2 ) Nigh 2rg 43 A7 H T R
SEAY 727 548 A=, 20 wi%2] Co%t 12 wi% HAARE 23719] AT AP A FRelA it Fas Ao
Zroll 2232 PE 0.1 wi%, 0.2 wt%, 0.6 wt%, 2 wt% 5O 2 H3}A| 71o &5 g SujEo] AT o] F 93k W79 712 ¢l
7101, Table 6014 Ha=1}s} 2Eo] 1131%% KIT-6 Frlli= <12] §F AT d g ZoF JnkE),
ol uhe} ©hela AT ST ARl S 71X A
°7 Bk ol del AE Fezerll Frfjoll Blsl Cozrol ZH A}
0.1 wt%2] PE H718H9lS W cO A 3H&2 vto} C,-C,0] A8
T5 A O] ¥ 2017 5 A S AR MOTIE)S) ol A7 187}
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