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ABSTRACT

Bio-renewable transformations to produce fuels and chemicals from lignocellulosic
biomass are generally carried out at either high temperature (>750 K) or low
temperature (<550 K) conditions. At the high temperature, biomass is directly
converted into a mixture of valuable products either through a gasification process
or through pyrolysis. In contrast, at the low-temperature, biomass is first pretreated
to produce a platform chemical (e.g., levulinic acid, ethyl levulinate, 5-
hydroxymethylfurfural, etc.), which is further reacted to selectively yield a desired

product.

This thesis is focused on understanding and developing both low and high-
temperature processes by exploring the role of catalyst materials and process
conditions. More specifically, at the low temperature, catalytic transformation of
biomass-derived levulinic acid to alkyl levulinates is studied. The catalyst materials
explored for this purpose include supported and un-supported heteropolyacids
(HPAs) as well as sulfonated carbonaceous materials. The deprotonation energy of
the HPAs is theoretically calculated using density functional theory simulations and
correlated to the reactivity of the acid catalyst for the synthesis of alkyl levulinates.
In addition, reaction mechanisms and kinetics provided insight into the functioning
of the catalyst materials. For HPAs, two different types of processes have been
developed which include reactions carried out with and without microwave

irradiations in a batch reactor. The results obtained showed more than 90%



levulinic acid conversion at 383 K temperature in 90 minutes reaction time in both

the reactors.

In addition, heterogenization of Keggin Heteropolyacid has been explored over
metal oxide support while preserving the Keggin unit of the parent catalyst. The
synthesized catalysts have been characterized using several tools and techniques
such as XRD, FT-IR, Raman, HR-TEM which in turn confirmed the intact Keggin unit
of the HPW catalyst after heterogenization over TiO2 support. Furthermore,
heterogenized catalysts was found useful for at least 5 cycles without significant loss
in its activity and also suitable for synthesis of a wide range of alkyl levulinates by

replacing ethanol with other alcohols.

In parallel, the development of the high-temperature process is focused on studying
pyrolysis of the lignocellulosic waste biomass (sugarcane bagasse) to gaseous and
liquid phase products. In this reaction, biochar produced is observed to act as an in-
situ reforming catalyst. Biochar is characterized to understand the role of active
metals in producing the deoxygenated bio-oil and hydrogen-rich combustible gases.
The process conditions were optimized in order to achieve the maximum yield of
reformed products. Under optimum operating conditions, bio-oil obtained
contained less than 10 wt.% oxygen which make this process unique. Also, the
biochar obtained had a surface area above 90 m2/g, thereby making it suitable for
catalytic applications. Also, nearly 58 wt.% hydrogen-rich combustible gaseous

product was obtained under optimum operating conditions.

VI
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AN

fATaA e e aAE & $Ua 3N WRET #T 3cUe e & AU Sa-37870 IRade AR 9 a1
ar 3T agAT (> 750 K) I1 A dr9AT (<550 K) FHr Fufa 7 frar Srar g1 3T d9aA« ), S|
N WY Fogarel 3cdrel & AT A o1 O AT uishar & A@egHE § A1 arRifafdE & AreasE @
gRafdd frar Srar &1 sa% AwWa, &7 ddAa W), A S Ugd U A9 @ (S, dAfdeifas
TS, TR Agele, 5-gISSFHAABAFIIFIIC, 31fe) #T 3culesl el & fav frar smar &, 5 & o
qIfSd 3cUTE FT TIF el & foaw 3mr gfaferar #ar g

g N 3R Al 3R ufsear [Rafaat v sffer &1 gar eeme & iR 3= Qe gfhant &
Tse R R e W Fiea &1 31fs Oy &9 @, 77 aIEe ), SREE-Sgoded afdefae
TRAE & &R dfafoeicd & 3¢t IRadd FT eI fhaT ST §1 39 38T & folT @iell 318 30k
gl & gaAfda 3R e gafda geQdoey (vadivrd) 3R @Y & 1Y Tewies wElafaad
AER A §1 HPAs & HaeIaoT Fefl I Agifdd & & Gelcd Fricas Agid e &1 3aaT
X AU T ST § AR Tedsa Agioeicd & Hewor & fav ofdis e & gfafmareioar @
Fafad g1 s8% 3rarar, gfafhar a7 3R FAFT F 3RS A & HHGBST F Jdene Yeld Flet W/
Ffga & vadwrd & v, & 3rerer-3reeT YR & ufhansd # Gefaa fFar = § S w89
RueFex & #AEPaa afeor & @y 3k 9= gfafear e st gfafseare enfae g1 urea fhe ao afkomst
gl Ruaedt & 90 Aae &7 gfafhar ¥aw & 383 K dAMdAT W 90% ¥ 310 Jfgdf@s ufas
FTROT fg@m|

$HH IlAT, 3R I ST SRS & TIGTUT & GRTeT el geNUIAIS & TATHSROT &7 &1 HFarss
TAGA WX SR AT §| HRANT SARHT FY g ITROT IR Feheliohl FT 3UAT I gU fegrar arar
g S & XRD, FT-IR, Raman, HR-TEM, 3f ol # TiO, YA W AvaASAd & s HPW 3c0Reh &l
37EIUOT AN S AT YRE A &1 HH AT, FeSASS SH H HH & HH 5 Thi & v
39T 9T I AT, S SERT AT H FHgeaqul FJerdrel & 9T HR 3T ehigd & ATy sl I
SHTE § Toahlsel ofdeilelcd i1 U fATdd HWel & A0l & fov 3uged gl

AR &, 3Td d9HAT 9ishar 1 e IR0 3R aer =TT 3curel & fov foeadegetas saise
INATE (AT F971) & IRRITAET FT HeTTT T W higd g1 39 yfafrar &, scurfed @R &
Teh 3 FURSH & & H @M ST 1 Biochar T SI3HTeRISACS STET-301er 3R g3giol-Teg agreiiel
AT & IculesT A AR GTgt i SfAFT HT FHSA I AAAT &1 GURA Icurel H 3fhdd 39
ared A & T gfshar i1 el #1 eghiad har @ o1l gsead gRares Rufddt & dgd, sta-de
gred 10 wi% & HF JTerdioled giar § Sif 39 IihdT &l AGAd JoTdl gl $Hh 3elrdT, 9ied ararar #
90 TH 2 / S & FW T TAg &1F AT, AW Tg IR AT & AT 3UYSF g1 $Hb 3TelTaT, earaaaT
58 wt|% BTSgIolel-HeE agereliel AT 3curg gsead AR aRfEafadr # urea fomar arar |
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