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The Synthesis of FT Oil from Syngas (H;+CO) over Co-based Catalyst
YONHEE PARK, WOOSUNG JOO, JONGTAE JUNG, SEUNGHO LEE, YOUNGSOON BAEK '

Korea Gas Corporation R&D Division, Incheon, Korea

Abstract >> The synthesis of Fischer-Tropsch oil is the catalytic hydrogenation of CO to give a range of products,
which can be used for the production of high-quality diesel fuel, gasoline and linear chemicals. Our cobalt catalyst
was prepared Co/alumina, Cof/silica and Co/titania by the incipient wetness impregnation of the nitrates of cobalt
with supports. Co-based catalysts was calcined at 400°C before being loaded into the FT reactors. After the
reduction of catalyst has carried out under 450°C, FT reaction of the catalyst has carried out at GHSV of 4,000
under 200°C and 20atm. From test results, the order of increasing activity for the catalyst was Co/alumina >
Cofsilica > Coftitania. When the content of Co metal such as 5, 12, 20 and 30wt% was changed, an CO conversion
increased as the content of Co metal increased. The activity of catalyst has obtained the best value at 12wt%
Co content.
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Syngas(2d 7+2)
Nomenclature .M 2
FT  : Fischer Tropsch A 78] F5gt vkt ik Ao He
GTL : Gas to Liquids 7kA VAo Yol 1, Y8 FtAASR Q15ke] 34
GHSV : Gas Hourly Space Velocity 99] 7jato] ge etglo] 11 9t} o]g3t Al
PM  : Particulate Matters o)(Gas to Liquid) 7142 HAI7}A(HACO) 2 ELE]
wt : weight
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7AA0] £HUG= Ax5K= HIFT (High Temperature
Fischer -Tropsch) W47} t]d G} &AE AR5
LTFT (Low Temperature Fischer-Tropsch) ¥4]o] Qltt.
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of E4jo] gl AARIZ so] Agalglct. oLt
+= STREAMA}?] y-alumina (¥-AlLOs, 1/4"x1/4" white
pellets, 15mg/m’, 99+%), Al2]71= EvonikAF2] Aerolyst
3041 (SiO,, excluded type, 0,40~0.46kg/L, 99+%), E
ElYol= EvonikAFe] Aerolyst 7708 (TiO,, anatase :
rutile=7:3)5 ARSI O™ 37RA] AAA| B oF
~100pm= Z4fsto] AMGSHRILE FT Sulf SUE
(Cobalt)+= Sigma-AldrichA}2] Cobalt Nitrate Hexahydrate
(Co(IH(NOs)»'6H,0, ACS reagent, >98%) A|2F= A}
3190} 2 AAA Table 13} Zon] 47 ok
K, BeB AA, 729 W82 wusiud 77t

e 2w 24 F ARG
2.2 Eif HZYH

H JFof| Al IWI (Incipient Wetness Impregnation)
o z3 olasle] 2|2 A% 519t} Cobalt Nitrate
Hexahydrate (Co(Il) (NOs), -6H,0)2] ¥ol= =&
Artste] Zof Q1 5 A& Aol WL ®i o= gH
AA Z0e] AFAE Bt ARA st & &

2 Z]2]A9] pore volume (BET Z%)7HE1t AME-3F

Table 1 Calcination condition of supports

¥-ALO3 SiO, TiO,
1000°C, 5h 450°C, 10h 560°C, 5~8h

Cobalt(1l) nitrate hexahydrate
[Co(NO;),6H,0]

Water addition @ RT

Cobalt nitrate Solution

Incipient into support @ RT

CO/A1203, CO/SiOz, CO/TiOz
(Powder)

Dry (110°C, 24h)
Calcination (350°C, 3h)

CO/A1203, SiOZ, TlOz
(FT Catalyst)

Fig. 1 Catalyst preparation method(X=promoter)
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7] o] on-line 2.2 1A% GC (gas chromatograph,
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Fig. 2 Activity test equipment of catalyst
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Fig. 3 XRD pattern of calcined Alumina at 1,000°C

A25H8 A2z 20149 4



118 EIC]

ot

o{u

32 1,000°CE A8 A2 L(ALOs) ] X-A 34

¢

H
T,
o <
i
L
=
K
30,
i)

FAIZ717] f18te] 1,000°CflA] 5
2lEo] af} 6720 YFu|L7t
& = AUSATE dFAG 22|
7S Table 29} 7Ho| Ul
oF 1450 4] 93m’/g o & 7+As}glch

Fig. 4= Ag]7H= 450°Co)| A 5A17F 2430 X-
A 3 dofelS Uepit 20= 23014 135 e
o] uAdAgA Aapla 24 sh= AL & 4 Jut.

FT Zuj9] A A &2 Eefyols ARESE ST EA
Zufjo A= FRR3Q1 wgke] AHEE A5hA| 7],

B2 WS- 0] S vhehi, 3 2] ol
EA st = ¥hg-ofl WA= @3S v]ulskH Dr. Kim
of gragon ™, 2EHARutile)?] H]&o] £
.2 gAjo] Zrtar dHEsIIc) & oo A= Degussa
ElEfHoK(AIEE:P25) 5 &4 AIXES Wslsto] ElEt
Uote] x5 WAsto] ARESIGILh Fig. 54 &

0,
ox,
oX,
tlo
o|N

7

>
()
2

(e}

o
=
flo
S

rfo
=2
i)
2
30
fr
Job
filo

o

k3

Wi

Table 2 Physical properties of Alumina after calcination

Item Before After Remark
2

Surface area (m’/g) 145 93 Calcination
Pore volume (cc/g) 0.38 0.34 condition :

Pore size (nm) 140 140 1,000°C, 5h
n

&
z

n

o
&
iz

10 2ID 3ID -1-I[] SID BIU ?ID a0
2-theta | deg.

Fig. 4 XRD pattern of calcined Silica
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Table 3 Physical properties of Silica (SiO2) after calcination

Item Before After Remark
Surface area (m7/g) | 151 148 Calcination
Pore volume (cc/g) 0.87 0.87 condition :

Pore size (nm) 230 213 600°C, 16h
—&— Anatase
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Fig. 5 Structure change of Titania with calcination time

i J e | 9.5h
i J | 8.0h

= 1 \ 7.0h
poto
g I T S L L
2
2 \ 5.0h
K]
|
k]
=

st

| 0.0h

T T T T T T T T
10 20 230 40 50 60 7O 80

Two Theta [degree]

Fig. 6 XRD pattern of Titania with calcination time
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Table 4 Physical properties of Titania (TiOy) after calcination

Table 5 Surface area of Co-based catalysts

Items Before After Remarks

2
Surface area (m/g) 50.1 4.7 Calcination
Pore volume (cc/g) 0.34 0.16 condition :
Pore size (nm) - _ 500°C, 8h
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Co (Wt%) Co/AlLO; Co/SiO, Co/TiO;
Surface area of
metal (mz/g) 9.7 11.9 54
S|02(1 21)

TiO2(1 90)’ I

Intensity / arb. unit

1 1 I
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Temperature / °C

Fig. 7 TPR profile of Co-based catalyst
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Fig. 8 Activity data of Co-based catalysts
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Fig. 9 CO conversion and CHy selectivity of Co-based catalyst
with contents of Co metal
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Fig. 10 Activity of Co-based catalyst with contents of Co
metal

Table 6 Surface area of Co-based catalysts

Co (Wt%) Surface area (mz/g) Pore volume (cc/g)
5 196 0.68
12 98.8 0.3
20 83.8 0.25
30 80 0.22
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