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ABSTRACT
The stoichiometric ratio H2/CO for selective synthesis of Cs-20 hydrocarbons by
Fisher-Tropsch process is around 2 which needs development of novel catalyst
system which tunes this ratio in the syngas (with lower ratio < 2.0) from various
feedstock like coal, petcoke, biomass and various gasification processes. Bimetallic
catalysts of Fe-Co seem to be the answer for achieving high Cs-20 selectivity with
controlled water gas shift activity. Catalysts with varying Fe to Co weight ratio
(Fe/Co = 0.25, 0.5, 1) with constant metal loading (30 %) and at constant Fe to Co
weight ratio (0.5) with varying metal loadings (9, 18 and 30 %) were prepared in
the laboratory by co-precipitation method. These catalysts were characterized by
different techniques such as BET Surface analyzer and pore size analyzer, XRD,
TPD, TPR, FTIR, SEM, TEM, and TGA. Catalyst containing 10%Fe/20%Co/SiO2
with Fe to Co ratio of 0.5 was found to be an optimum catalyst in which more than
65 % CO conversion was achieved at 220 °C, 2.0 MPa, H2/CO ratio of 1.48, and
GHSV-1200 mL/hr-gcat. Reaction parameters temperature, pressure, H2/CO ratio
and gas hourly space velocity (GHSV) were optimized to give maximum yield of
the Cs—Cz0 hydrocarbons and they were found to be 240 °C, 2.0 MPa, 1.48 ratio
and 1200 mL/gcat-h repectively for 72 % CO conversion and 50 % Cs-Czo
selectivity. Incorporation of 0.5% rhodium on the catalyst increases the WGS
activity with increased CO conversion and increased Cs+ selectivity. Promotion
with Rh metal on the bimetallic catalyst shows that the best catalyst was
0.5Rh/10%Fe/20%Co/SiO2 for 78% CO conversion and the 53 % selectivity to Cs-
20 hydrocarbons at the optimum conditions. Rh promoted Fe-Co bimetallic catalyst

showed promise when CO:2 containing syngas was used. The product distributions
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shifted towards lower hydrocarbons with increasing composition of CO2. The
kinetics of FTS reaction over 10%Fe/20%Co/SiO. catalyst seems to follow
Langmuir-Hinshelwood-Hougen-Watson and Eley-Riedel mechanisms. The
developed kinetic model for the rate of CO consumption based on H-assisted CO
dissociation mechanism fit the data adequately. Kinetic models were also
developed for the rate of product formation in which the mechanisms of chain
propagation and termination were included. The model based on chain length
dependent a-olefin desorption was able to predict the non-ASF behavior, mainly
the decreasing a-olefin to paraffin ratios. The activation energy of methane
formation (71kJ/mol) was lower than that of the other paraffins (113 kJ/mol) which
is in agreement with the observed higher mole fraction of methane in the product

stream.
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TR -Z AT TThAT BT C 5.20 SIS IHTEH o AAATCHE FTT o (oIT TEEH TAHICH gI2goid MY
TS HIAT SIS STATT ol SAFLTHAT AMAT 2 8, ST I TUITEAT o6 [T T A9l &,
T, Ul , ATATHTH o (AT TR THATE ZIT T AT & SYN 9 (FH 1qu1a <2.0)
FH Y gd g B Fe- Co & amaHeler® IcuTahl HT YA &7 & 3 Fata WGS stfsfwar %
ATT 37 C 520 AMET I TTH AT ST THAT g1 AAT-AAT HeeT AT (9, 18 3T 30%) F a1

T AT (30%) 3T AT-TT Tg Fi Tqa1d (Fe / Co = 0.25, 0.5, 1) & S T-37T Fe Co
ITH Co-precipitation fafer g1 y=RTem=T § G2M= foFw 10 o) 7 I FAfae a9
A (BET) fgyws, wsaamest (XRD), &RE(TPD), &fiame (TPR), Twdsrssm (FTIR), 3T
ST(TGA) # g1 fagfua 7 21 0.5 % @g-31q1a & 917 10% Fe / 20% Co / SiO2 & |1
TEE T TIAH TATE TTAT AT B 220 © &Y, 2.0 MPa, H 2/CO ST ¥ 1.48 ¥ @i

65% FTa=T TIAT A(FaS TATILOT ITF FHAT 4T 9T, 3T GHSV-1200 THUS Tia =Fear-ufad a19
S NUFIE ATIEST ATIHT, Za7d, H 2/CO SIqaTa ¥ I I =eT o (Siu=uadt) Cs.2o

SISSIRTE il SATEHAH TS &l o (T ALl o 3T & 240 °C, 2.0 THHT(HAT 9¢F) , 1.48
AT 3T 1200 9 T =T a7 72% YA T 3T 50% Cs.o0 FAATHFAT & forw [z
& T TH| I 9T 0.5% Rh F1 AfeAa" WGS rfafafer T agrar gar #isir Faa<or 3w Cs +

FIATHFAT FETaT | AT IS U2 0= Hee & A1 9989 g9r7ar 8 3 T =37 I3
78% #Hralr =atawer % frw 0.5 0.5Rh/10%Fe/20%Co/SiO2 =T 3T sgan fRafaai # Cs.zo

ETESTaTa T 53% FIATHFATI Rh 7 H¥Ra {31 17 Fe- Co bimetallic 3T = aTaT fa@mam

ST COz T HIUASHT TEAHTA AT AT ATl CO2 T F@dl T=AT & a1 38 (Fae &7
SIESTEA #hl A T H7 <47 4T 10%Fe/20%Co/SiO, ITF 9T FTS wiatsar &

kinetics T ATAAT g o Az L-gag ade-goH-aiedd (L-H-H-W) &iT ta-REe (E-R) T &1
T A1 gTESiei JgradT atet CO fa®qmds o & g 9% CO @Uq #f 3% # forw foefea
i gieet 22T 7 7410 &9 & fhe F:3d € Freates Aied @t 3cqre Futor 6 22 F oo GwlEa
T 0 S @ THTE 3T G819 % 9 9THe (R0 TU g1 =4 daTs 9¥ W97 72 a-olefin

desorption ¥ TUHAUE AT I ATASTATIN e | TAT AT, &I & & T AqITT I FH

a-olefinl HrA= &= it FHFFAT ST (71 kd/mol) 3= T=7f (113 kJ/mol) & %9 =ft, ST Icame
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