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ABSTRACT

The excessive utilisation of fossil fuel for meeting global energy demand leads to
dwindling crude reserves, which develops an urge for alternative fuel production to meet
global energy demands. Fischer-Tropsch synthesis is a commercially available
technology capable of producing a broad range of gaseous, liquid and solid phase
hydrocarbons using syngas with an approximate H2/CO ratio in the range of 1.6-2.
Fischer-Tropsch fuel has gained interest due to its better Internal-Combustion engine
performance and NOxand SOx free emissions. The syngas used as a feedstock is generated
from steam reforming of natural gas and gasification of coal, biomass, heavy petroleum
residue and other carbonaceous waste. After removing contaminants, the cleaned syngas
obtained has a low Ribblet ratio (H2/ (2CO+3COz2) <1). In order to balance the Ribblet
ratio, the additional energy-intense pretreatment units involving Hz enrichment and CO2
absorption are installed before the Fischer-Tropsch reactors. Currently, direct utilisation
of syngas with low Ribblet as a feedstock has become an aspect of consideration. High
carbon utilisation in the Fischer-Tropsch process will improve energy efficiency, reduce
production costs, and enhance industrial sustainability. The enormous amount of COz2
released during syngas generation and from the Fischer-Tropsch tail-gas is added back to

the FT reactor.

The present study focuses on the catalytic conversion of low Ribblet ratio syngas over
Fe-Co bimetallic catalysts supported on hierarHZSM-5. Hierarchical pore structure was
developed on HZSM-5 with silica to alumina mole ratio 50 using the post-synthetic
modification technique. The catalytic activity of synthesized catalysts was tested in a
laboratory-scale fixed-bed reactor. Fe-Co bimetallic active metals were loaded on
hierarHZSM-5 varying Fe-Co ratio with a constant total metal loading of 30% using the
sonication process to increase active metal dispersion. The advantage of incorporating Fe
metal into Co catalyst was evidenced through positive CO2 conversion and higher
selectivity to diesel range hydrocarbons. Mechanistic studies reveal that the inter-
conversion of the oxide and the carbide phases of active metals during the Fischer-
Tropsch reaction conditions is responsible for carbon dioxide formation. Synergistic
effect of milder Bronsted acidity and hierarchial porous structure of Fe-Co bimetallic
catalyst supported over hierarchical HZSM-5 resulted in enhanced syngas conversion
towards high-quality C11-C20 range liquid synthetic fuel with stable catalytic activity for

a longer time.



A series of 26 experiments were conducted using optimised Fe-2Co/hierarZSM-5
catalyst for understanding the influence of a particular parameter and the synergy arising
due to the second-order interaction among these process parameters. The experimental
results were fitted into an empirical regression model, and the second-order Taylor series
with a coefficient of determination (R?) closer to 0.99 was used to approximate the
process response. The developed regression models were statistically and experimentally
validated. C2-Cs olefins play an essential role in deciding the chain growth. Thus, the
relationship between C2 and Cs hydrocarbons was experimentally investigated over

various process parameters.

In this study, the catalytic activity and stability of auxiliary iron introduced in different
proximities to CosO4 spinel are compared under the identical Fischer-Tropsch conditions
for a continuous 120 hours’ time-on-stream run. The spatial distance between different
functionalities was monitored by various bulk and surface characterisations. A
reconstructed partially inverse FeCo204 spinel with a closer and uniform iron and cobalt
proximity shows superior catalytic performance with excellent stability ascribing to the
interplay of cations having divalent and trivalent oxidation states in different geometric
coordination. The cation substitution is found to tailor catalyst properties through
modification in the preferential CO adsorption sites. The quantity and the nature of carbon

deposited on the spent catalyst during optimal process conditions were also evaluated.

Further, the reaction mechanism and kinetics is investigated over the most promising
catalyst. The combined transient IR and steady-state LHHW intrinsic kinetic model
suggests the formation of HCO/HCOQO' intermediate species over Fe-Co sites. In order to
derive a more reliable rate expression, simultaneous kinetics of Fischer-Tropsch and
Water-Gas-Shift reactions are studied. The developed comprehensive reaction model
postulates that the CO molecule adsorbed on FT active sites dissociates via a hydrogen
assisted route and forms HCO intermediate species, and its subsequent reaction with
atomic hydrogen (H*) initiates chain growth. The hydrogenation of surface formyl (HCO)
is the Fischer-Tropsch rate-controlling step more relevant than the other proposed
elementary reactions. Finally, a three-layer Back Propagation Neural Network was tested
and trained to predict the relation of non-linearity among the five process variables and
the consumption rate of CO and total syngas. A similar prediction trend of CO and total
syngas consumption rate provides evidence for the applicability of machine learning in

modelling the Kinetics of a complex gas-solid reaction.
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dfRa® FSlT AT F @ A & AT SlanrdA Sy & 3cAfUs 3uder & F
del & #HSR #H HAT I §, e dRash 3o AWl A QU &l & v
depfoueh S 3cUiGel T 3ToT UaT gidl gl fhaR-gicd HRelYUT U cIIadTideh
T 8 39AY dehollh § o1 1.6-2 &I WAT H HTATTAT Ho/CO 39T & A1
Ot &1 39ANT i A, R 3N B TWOT FISShIe Sl Teh faEdd
G T 3cUleeT I H FeTH g1 TR-gIeH el o 3 g’ TSH Solel
vede AR TANTHE R THINCFH HFd Icdold b HROT T gIed dr gl
BIsEeih & & H IYANT fhar ST arelm fAemE grepfas 3 & o gur 3iR
I, ST, AR Ifere ANt R 3T HTgerd TR & AR 4
3cUel BT &1 Gud derdf #r geret & 918, ued @ v v {7 w5
Reele 31qard (H2/(2C0+3C0,) <1) 8Idr &1 Reele 3eurd & ddfod il &
fore, vhdr Rueredl & vgel T 2 Haeler 3R A3 2 3aRNvor & g AR
Foll-3gd WEIeHE SHIBAT TAAT HI Sdl &l dTddAT H, PIsTcidh & &
A Reelc arel A8 T JcgeT 39T [JaR &1 T gge] &1 1T §1 UHeT
UfhaT # 3T HIel YT § Foll GaTcl H FUR oM, Sculeed ofEld A gl
3R e FEerar # gfg gl Redte scurest & alrer 3R vhdy ea-3m
T SR CO, &1 AR ATFT & I9d Ther Ruger H ST J1ar g

AT 3T hieraHZSM-5 W FAFIT Fe-Co sEAciold 3c0RPI W HA
Recle 3equrd e & 30RE AR W higd g Nee-fdfen dnus
ceheileh I 3UeT dich TAThT & TegfAAT Aol 39T 50 & &Y HZSM-5
W YeihiAd Be ween Asfda &1 g Ot @ 3w &1 3RS
aifafafer &1 adreTor gAeRTer-valiT fhars-ds Rueex & fohar mr a1l Fe-Co
SsAeToeh Aiohd ar3t 1 hierarHZSM-5 8= Fe-Co 3uid WX & femar
a7 oT, oEH | arg el &1 9elel & fIU sonication SfshaT &1 39T
b 30% HT R Fel g NS gl &1 T8 3RS & Fe oI A ATfAST
el B AH FhRIcHA® CO, FATROT 3R 3rotel A0l & grEgIdheT & fov 3Ta
TATcHAT & ATEIH F YATOIT fhar aram a1l IJifAsh 3reqT=l & 91 Terdn
¢ fo her-crow ufafkar fufaat & e 3fearss 3R afhg argsit &
FETSS TON FI A-FITAUT Fles] SBHFASS 6 & fav FFAeR &l
HISeS SIECS Faldl 1 HelshdlcHs Yd AR gerhiAd HZSM-5 1T #Afdd
Fe-Co aigAfdlh 3cUeh &1 UCKIshiAd SRR TG & TRUTAEIRT ofd
A e 8RR 3ce aifafaf®r & |y 3= Jordcdr arel Cq1-Coo A0 & el
fHafew uaT & fow el §IicRoT 7 gfg g3
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T QY RafeT & yaHa 3R o ufohar AMaEst & @ gaE HA H ardd
% FROUT 3cUeel gl Il A H FHASA & AT 3gpfad  Fe-
2Col hieratHZSM-5 39T T YA FTeh 26 TR T Th H@ell ST
dr 95 M| grAAn AROMAT Y T eTaeed TidaH Alser # fihe fhar
AT AT, HR GEY HH B ToR H@ell HT FUROT Uik (R?) & @y 0.99 &
S FishdT GTAfshar &1 3TAT oo & o foham arm ar| fasfld gicerse
Alsel HETHT iR TANTcHASD &7 & AT A| C-C JHIolthel HWel gie &l
dT G A UH HETS HfAST Fend 81 58 v, Afde ufshar Amdest «w
C, 3R C; BE3IFEA & ST HIUT T TIRNcHS 9 T ST F T

3H 3CTTA H, C030, aTer & ToIT 37e1er-37e1eT e dr & 92T fhU a0 g
oy &1 3R ARy 3R RERET & Joret Fae fher-giew Rufaat & dgd
TMAR 120 8 & TBH-ATA-EIH I & Tow T A1 g1 [affest srafcasnansi
& drg Tfee gt 7 R ffied 9% 3R aadr SRvanst ganr & g
oA T He IR THIAA dig 3R PaTee Hdedr & AT S T F 3oler
FeCo,0, Touad, Affied SIfANT FFead # gfaudies 3R PFEdes
3TTFEIRYOT TSt aTel 3€R0N & RER TohaT & T 3cpse FERCAT & A1y 9§k
3O UGl I GTAT g1 Roier dI3 ArGeT TT8et H MY & ATEId
3OS AU A oll & v wfege wfdeums 9rr Sirar g1 gsedd gfshan
Pufaat & gRe @ fhv a0 3R 9 STAT Hieel S AET AR Gehfa @ o
Hediehel fehar arm |

SH%h oIal, a0 3MeMelelsd 3ce 9 Ifafshar dF 3R Fadea $r sra $r
STclY 81 TgeFd &fforeh IR 3R FEuR-31a%ur LHHW 31idRes a1fdst Aiser Fe-Co
FEel W HCO/HCOO™ HEFadl Jelfardl & 96T &l A &l gl 3Hfeeh
faeaaeir ex 3ffcafda urcd &= & fovr, R 3R are-da-Rive
gfafham3it & Teh AT FHelcldd Hl eI fhar Srar g1 faefaa amus
gfafshar Al Ig AT § fob UHEr | @gel W adsorbed CO 307 Teh
gTSSIole] HETIdT YIS AT & AEIH ¥ 37T & Aar g 3k HCO #euadt
STl &1 fAHATOT e 8, 3R WA g8l (H') & |y HeT dlg hr
FTHShaT el gig T YT A ¢ Tclg BIAS (TUHIMN) HT TSI
3T yEdad wrafAs giafshansid & goen # fher-ged -fAafd sea
3t grafdes g1 3 #, U -0 dh WA ST Aeash HT eToT
foram s 3R g 9fshar @R IR W A U X AR FI B & T
IRIGRAr & Foy Fr dAfasgael wa & fov gffara ear m@r @er ik
Fol AT TU X 1 Toh FATT Hiasgarolt ggicd T Sfee drg-ara widfsmar
& Sercled & Asfes A AMT WEa T JAIAT & [T T I Hr g
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