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Abstract — Fischer-Tropsch synthesis is the technology of converting a syngas (CO+H,) derived from such as coal, nat-
ural gas and biomass into a hydrocarbon using a catalyst. The catalyst used in the Fischer-Tropsch synthesis consists of
active metal, promoter and support. The types of these components and composition affect the reaction activity and product
selectivity. In this study, we manufactured an iron catalyst using y-Al,0,/SiO, mixed support (100/0 wt%, 75/25 wt%, 50/
50 wt%, 25/75 wt%, 0/100 wt%) by an impregnation method to investigate how the composition of y-Al,0,/SiO, mixed
support effects on the reaction activity and product selectivity. The physical properties of catalyst were analyzed by N,
physical adsorption and X-Ray diffraction method. The Fischer-Tropsch synthesis was conducted at 300 °C, 20bar in a
fixed bed reactor for 60h. According to the results of the N, physical adsorption analysis, the BET surface area decreases as
the composition of y-Al,O; decreases, and the pore volume and pore average diameter increase as the composition of y-
Al O, decreases except for the composition of y-Al,0,/Si0, of 50/50 wt%. By the results of the X-Ray diffraction analysis,
the particle size of a-Fe,O; decreases as the composition of y-Al,O; decreases. As a result of the Fischer-Tropsch synthesis,
the CO conversion decreases as the composition of y-Al,O; decreases, and the selectivity of C1-C4 decreases until the com-
position of y-Al,O; was 25 wt%. In contrast, the selectivity of C5+ increases until the composition of y-Al,O; is 25 wt%.
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230 FeC, (elold7halo| =ydo 7 wgttha a4 glom o2 st
] 9] B Fey0/d-2 WHg 27]ell= Srlsttt dabd oz
Fhaxah FeC/d- WhS- & A2 0.2 Z7FsH=t| FeC/d-& Fischer-
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1-ALO; S} 250 m¥/ge] ¥] B A2 ZH= Si0,5 A3 1-AL,0,4
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A5 AHE BT A|Z3E Sfjol] ARE-SF XA A 2 /35 Table 101
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Table 1. Types of the support by support composition

Support Composition (Weight Percentage)

¥-AlLO4 SiO,
Al-100 100 0
Al-75 75 25
Al-50 50 50
Al-25 20 75
Al-0 0 100
N
—D—N— Sttic Mixer
Check Valve
MFC

Cylinder

Fig. 1. Schematic diagram of the Fischer-Tropsch Process.
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3-3. Fischer-Tropsch & 3 MME FM O
Fischer-Tropsch 3 WH§-> 178 5 WES71e) 2.5 9] SHlE X,
FHUARFE ARSI $3 = 29 1°CHA BH7 & & AlA pn® o
350 °c getellA 1043FEF 5% HyE Ny ko) § F9dsto] $F e j @
A 5 9k S8 SRtk -2 300 °C, 20 barollA] 60417+ 52k .
T8 3913, ¥hE oFgS BPRE o] &3l 24 it kg ES "

H,/CO=2:12] & H|(mole ratio)Z Zt= F/37H5 W] AR 5
ujj o] Ak vk-8-32-o] £33 Z e GHSV (Gas Hourly Space
Velocity) 2304 ml,, /hr/g = %) R} 0™, N, 5 UF-EE7F~
(Internal standard gas)@ =% 3FSIth.

CO, CO,, H,9] 412 Shincarbon ST Column (RESTEK @
Co)¥} 914 ¥ TCD (Thermal Conductivity Detector)S |83} 11,

f
Volume (cm®/g)
B
K{
l'

C CS E]' —/1\—94 ;gao]: E‘@'% Rt-Alumina Band/NaZSO4 Column r; 01 02 03 04 05 06 07 08 09 1
(RESTEK Co)3} <1 @5] FID (Flame Ionization Detector)E- ]85} P/Po (STP)

o A B =2 Hbg - Trapell A =51 811 CP7542 Column Fig. 2. Nitrogen adsorption isotherm of the catalyst with several sup-
(Agilent CO)I’,]— ?i@% FID (F lame Ionization Detector)%— O] —g—:o‘]—OZ] port compositions of (a) Al-100, (b) Al-75, (c) Al-50, (d) Al-2S5,
ek 1Al Fhor), (¢) Al-0. @: adsorption, [ll: desorption.

Table 2. Physical properties of the catalyst by support composition

BET Surface Area  Pore Volume Average Pore
(m?/q) (em’/g) Diameter (nm)
4-1. K2 2™ EM 2AM Al-100 171.9348 0.3725 6.5996
4-1-1. A% Ba) 32 24 A3} Al-75 168.8214 0.4725 8.7061
Azt Zujo] A B2 5242 Fig. 20] LERiglo ], Az Al-50 160.8021 0.4220 8.6695
Zv| T %7} %7457] Al F-(Mesopore, 2 nm~50 nm)& ZH= A4 Al-25 153.1294 0.5193 11.6254
53 =090] FEE LR 218 Sl 8 2= 9loir). Al-0 144.1112 0.5641 12.9306
BET W& o]-&-ato] A v 3323} BIH W& 01%3}01
Aabet 7] F-31] 9} 7182 Hi=17]E Table 20 YERASL L, 7] g), Al-50 (252.5 m¥g), Al-25 (251.25 m¥g), Al-0 (250.0 0m%g)°]t}.
3 37 BIZ Fig. 300 YERI Z)| A% 5 1] FEA Y] 78-S AL100 (32.57%), Al-75 (3346%),
Zrjol] AREE AR A= 255 mYgl] W] EHAS ZH= 1-ALO, 9} Al-50 (36.31%), Al-25 (39.05%), Al-0 (42.35%)%Z y-ALO;2] %A
250 m*/g®] H] EHAS ZH= Si0, 5 ARESI7] wlitell Fulf Azl o] prold = 1] A2 THago] SVt et o gk vlaEH
AREBE XX A 2] Ho 1] THAL AL-100 (255 m¥g), Al-75 (253.75 m%/ A Prat 2o GAFE U 227} 2 Ao e § AL
05 (a) 07 (b) 07
o8 06 (©)
04
05 0.5
03
m,° 02 dV/dlegD 0. dv/dlogd
Ll (em’e) o, (nn’7g) 0.2
01
01 0.1
0 0 0
0 20 40 60 80 0 20 40 60 80 0 20 40 60 80
Pore diameter(nm) Pore diameter(nm) Pore diameter(nm)
500 (d) 12 (e)
400 1
300 08
BJH |
BJH
dV/dlogD dv/diogd  *°
cm? 200 g
(em®/g) (em’fe) g4
100 -
02
0 0
0 20 40 60 80 100 0 2 40 60 80
Pore diameter(nm) Pore diameter(nm)

Fig. 3. Pore diameter distributions of the catalyst with several support compositions of (a) Al-100, (b) Al-75, (c) Al-50, (d) Al-25, (e) Al-0.
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1-ALO;E] Z7d0] 25 wi% W= 20 nm o)) A7)E Zh= 7]
S0l Wol urepittt.
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T
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4-1-2. XA 314 4

Fischer-Tropsch & W&
Z47+S: Fig, 40l el yiloh

1S A Sl X-A 314 24 A7} o-Fe,0,2 5498 UERE
Y] F50] 20=33~35°, 40~45°, 50~55° %< oA LERLAL 1-A1L0;2]
ZAdo] 100 wi%s! Sl & Yebl= Fig. 4(2)2 78-%- 20~25°11 A
YERH= Si0,°] ¥]a7F YeREA] 9k, Si0,°] /do] 57kl
e} 33 Al7)7F 571 8k, Si0,2] 230] 100 wt%?! FullE o
ER= Fig. 40l o) 2719 9241715 BTt &5 XA A=
ARESE F| o] XA 817 B4E VRIS Fig. 4(b~d) oK y-ALO;,
9} 8i0,9 54 ¥AE 2T gl & 5= 91}

Fischer-Tropsch &/ Wh& 78 & ZFul& X-A 3|9 £4¢ 4
3= 717} Fig. 590 YEF YA TE. 20=40~50° G Il 4] Tron carbide®
£ 977} YR aL, S Aol 26=33~35°, 40~45°, 50~55° B ol

* a- Fe 03
o [m] Sio,
@ v-ALOs
* %
X o % % °
= (@

Intensity(cps)

”"“'JJM @

20 25 30 35 40 45 50 55 60 65 70 75 80
Degree(2 6)

Fig. 4. X-ray diffraction patterns of the catalyst with several sup-
port compositions of (a) Al-100, (b) Al-75, (c) Al-50, (d) Al-

A Tron Carbide
@ Metallic Fe

(e)

()

C]

Intensity(cps)

(b)

(@)

Degree(2 6)

Fig. 5. X-ray diffraction patterns of the catalyst with several sup-
port compositions of (a) Al-100, (b) Al-75, (c) Al-50, (d) Al-
25, (e) Al-0 after reaction.

=10 & =) 2~
ArTS RIS 4

A A A

UERR= a-Fe 0,8 54 9==0]
¢l Iron carbide®] 54 ¥ A7} LERd o] f+=
a-Fe,0,5 39374 = Fe,0,0 %2 W3l tA| Fe,0,0] FeC,
(Tron Carbides) 2. % H3}7| wjto|tt.

Zmol A 0-Fe,0,84F2] 4kl T 5 Lolr 7] 9]3 Scherrer
equations ©]-8319 a-Fe,0,8] UAF 271 A4k 3k} Scherrer
equationS &3l o-Fe,0,8] 1A+ 715 ARt A7} Al-1005H ol A=
20.17 nm, Al-75 Z vl ol A= 15.24 nm, Al-50 =l ol A= 13.60 nm,
Al-25 1] e A= 10.70 nm, Al-0 FH] o4& 9.70 nm 2] Z71&
BT IA=7] AR AP} y-ALO,S] 0] 1HATE a-Fe,04
o] A A7 % Fasti=rl, Sl Az Al FA ko] AA A
YT o TSI 2FE TR ARNOER o-Fe 058 Y
2} 2717} Aths AL 0-Fe,0,8] 97F] 4 Dispersion)©] T H
A HR5E 2u)diet. o) 9} 2 ddo] Yot o] a-Fe,0,°]
UA7} y-ALO; Bt} Si0,ol A A (Sintering)©] @ dojut 2t
P F GRS FAdsh] wiimolehar BT 20].

4-2. Fischer-Tropsch & MME 2M

Fishcer-Tropsch &4 ¥H8--= 300 °C, 20 barel| A H,/CO=2:19] &
IS Zh= 94 71~5 GHSV (Gas Hourly Space Velocity) 2304 mly,
/g, 2 ) 3ke] 60A1F NS 3 skgl o, whg A
Eo] 4 A¥E Table 30 YERHSITE

CORZHEL y-ALO,9] /o] HAadrS sk 4=
Stk Fuje] 224 B4 4 A y-ALO0,0] Al FHAaETSE

25, (¢) Al-0 before reaction. 0-Fe,0,8] YA 277} 744813 BET H] 14 #Aado] Tk
Table 3. Results of the Fischer-Tropsch synthesis by support compositions
Al-100 Al-75 Al-50 Al-25 Al-0
CO Conversion (%) 92.51 91.88 81.91 79 54.45
CO, Selectivity (%) 50.12 43.4871 50.46 61.03 25.84
Hydrocarbon Selectivity (%) 49.88 56.52 49.54 38.97 74.16
Hydrocarbon Distribution (C-mol%)
Cl 20.08 17.75 10.52 9.87 14.00
C2-C4 28.64 25.52 18.33 15.33 21.33
C5, 51.28 56.73 71.15 74.8 64.67
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RIS B ol & Tl y-ALO; Y] o] FATFE F,
Si0,°] 40| T7F ETF a-Fe,0,7F T &

o Whe-ER1 PA7IASL H5 & 7 Sl & e
Hgo] tS &k dojt Zlojekar ol AR Co A& 2
5o 7rAastitt. o]l st Aok oA AFSt uls) o] ZA| 4k
B =5 dAke} AR A 112 A& 2-8-(SMSI, Strong metal-support
interaction) 0. % 13l &/ T2 gl Ast HAL RES F
&5 AAATE 25 452G 18| W] HEE Woke
Zolg} ekt 21,22]. &

Aoago R T A 8 4 Sl FeFmllold 2SR ARk

A

K AR S B4 A7 3019 Baleas] 44E 371 A

4
N
@
2]
K
X

7131, Fe Fafjollx] 542 0= dojup= 497k~ 8k w5 53
ghokar A e, o2l gk Ke} 8i0,9] et e ag o w <l

3| ghd/go] wol nkg-e] EAJo] ozt ATt AvtE By
TH23,24].

E/d 73+ Fe, Cu, KE 1-ALO;, Si0,Z U A|A Aol A1
Z)| 8] 9 y-ALOy S AIAAZ AHE-SIS - Si0, & AAA =
ARERIS WR T CO 3L o] AT, 5971 8 ukgo]
FAlEte O, Ayt o] a1, A ES dees 71 A4
E(C1-C4)0] ¥ om A Y E(C5hHe] e s o v 4
& R

7-ALO;, Si0EF A A A Full?l AL-75, Al-50, Al-259] A&
MBS 1-ALO;S| 240 Aads 1A Ad=(Cl-ce) A
ANC7) A, A A E(CSHY) ABEE T s AES
Hol Qlth. 53], Al25F 0] -9 7H & AA] A =(C5H2)
Aees el o= BET 34 92 5E d2 7% 739}
7150 Bt A7)} Aol Ak £F A XA E AHE-S Fl F
AlL25%0 8] Z39- 71 2 71 Fa] gl 718 Bt A7)E Heled
o3t A9 715l = BIEARE HHEQ €O, Hy2l Edzido]
O] o] g Bk o} Hooll vl A o2 377k 2 o2l A
o] golali#] co7t aElE o] A Coll &Jal AR/ 7ge] g5l
Zorm g aly el ALy} o} Atk dekEth2s].

5.4 B

y-AlL, 0,8} Si0, &3 A A A ©] Z4J 9] Fischer-Tropsch ¥F-g-2]
A A E AE s v A= S dot BI)9)E, y-ALOy/
Si0, E 3+ A X A 2] 1] Z(100/0 wt%, 75/25 wi%, 50/50 wt%, 25/
75 wt%, 0/100 wt%) ©]-8-3Fo1 8- (impregnation)H] ©. = 2 vl &
Azl ar, Alzg Fuje] Eul2 545 A A y-AL0;S)
ZAdo] S v] A, 0-Fe,0,5 #4dklaL, 7152 49
o} Hat A7) F7F S8tk ©@ A A A 24 9] y-ALOy/SIO,
(50%/50%) | ol 2]2] ° & FFastoict.

Fischer-Tropsch $/d W& =3 A ¥} &3 A XA & A8 P&

=

A5 1-ALO;S] 2A0] TAaTSE coXeha ) V1A BAES A

B 5 (Cl~C4)= 7HAskaL, COA B g A AAFE(CSH A
T T7kRE AEE Bt

B FE5Fest 2FH Cu, KE y-ALO,9} Si0, &3 A x| Aol &

A A7 S8 - AR A Aol whef Fwlj o] EEd] SAJo] ¥

3}l o, 384 5 w8l M lo] Fisheer-Tropsch 43 WH-S-oll

F&Fe vt
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