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ABSTRACT

The rising fuel prices along with the numerous climatic concerns such as global warming, acid
rains, melting of glaciers, etc, severely affect the incessant use of fossil reserves. By the year
2040, it is expected that the exponential rise in energy demands will be enhanced significantly
by about 28% of its present value. Lignocellulosic biomass (LCB) is an attractive alternative
due to its abundancy and its ability to produce a wide range of fuels and chemicals. Considering
the availability of LCB in India (~ 750 million tons), LCB conversion to fuels and feedstocks
is significant to tackle the burning clean energy issues. LCB consists of complex networks
containing cellulose (30-50%), hemicellulose (20-35%), and lignin (15-30%). A wide range of
chemicals e.g., sorbitol, xylitol, ethylene glycol, 5-hydroxymethylfurfural, levulinic acid,
guaiacol, vanillin, phenols, etc, can be extracted via different reactions viz., dehydration,
hydrogenation, oxidation, hydrolysis, hydrodeoxygenation, retro-aldol condensation, etc, in the

presence of catalysts.

This thesis is focussed on development of efficient catalysts for valorization of all the three
components of LCB which will be beneficial for the commercialization of sustainable future
bio-based refineries. Investigation of one-pot hydrolytic hydrogenation of cellulose to ethylene
glycol and hexitols by a combination of heteropolyacid/ZrO, and Ru/C was done. The
heterogeneous system produces 26.5% hexitol and 40% ethylene glycol yield. Mechanistically,
it was also proved that initial hydrolysis of cellulose to glucose followed by the formation of
glycolaldehyde was also accomplished by heteropolyacid/ZrO, support. The intermediate
glycolaldehyde and glucose was successively reduced to ethylene glycol and hexitols,
respectively, by Ru/C. Moreover, prior treatment of cellulose by ball-milling reduces its

crystallinity and thus accounts to high conversion to cellulose. In another study, organic-
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inorganic hybrid metal-free sulfonated porphyrin-based porous organic polymer was
synthesized for the production of 5-hydroxymethylfurfurl (HMF) from fructose in water. The
research is advantageous and shows high HMF yield of 85% in water, therefore bypassing the
use of toxic organic solvents. Incorporation of silica introduces hydrophilicity as well as inter-
particle mesopores to enhance interaction and diffusion of bulky substrates like fructose,
resulting in high HMF yield. Acid/base bifunctional organocatalyst was developed for direct
conversion of glucose to HMF in water giving a HMF yield of 60% under optimum conditions.
A thorough kinetic modelling was also done and the values predicted by the developed model
were found to give an excellent fit with the experimental data. Environmentally-friendly deep
eutectic solvents (DESs) were also synthesized and applied for the synthesis of HMF. HMF
yield of 88% was achieved when the reaction was performed under the microwave irradiation
at 140 °C for 30 min in the presence of acetone: water and choline chloride (ChCI): lactic acid
(LA) DES. The release of H* from the DES was favored due to competing hydrogen bonding
interactions between OH group of lactic acid and fructose, which promoted the dehydration of
fructose to HMF. Furthermore, DESs have also been utilized for the pretreatment of LCB to
extract lignin in high purity without much alteration in its native structure. Under optimum
conditions (150 °C, 20 min, ChCIl: LA DES), lignin yield of 82% was achieved using
microwave heating. A study was also done to show the advantages of Ru-single atoms for one-
pot hydrogenation of xylose and glucose to xylitol and sorbitol, respectively. The use of Ru-
single atom shows significant advantages over Ru-NPs supported catalysts for the
hydrogenation of sugar molecules using hydrogen donor solvents and thus avoiding the use of
high-pressure external hydrogen. Under such context, Ru-single atom catalyst enables steady
production of xylitol with 95% yield. This research deals a mild protocol to utilize biomass-

feedstocks for producing commercially important low-calorie sugars.
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AR ATUA g, 3ol aul, TATAIR & TUerele 311Te S S STorary Hath RIansii &

ATY ST SUA T A SNATeH HER & AT 3UANIT Y 7R T F T il g | ay

2040 e, Ig 3FHIG T ST & T St AT 3 aTclir e S8 TAATT Hed & SlaTeTeT 28%

deh §¢ ST | foleaiii ool fieh STATATE (Terdiel) SHehT TeRar 3R St 31N Targat &1

Teh TaEcl el 3T 3cUIG el ehT STHT & HRUT Ueh Tehveh Tdehod g | HRA H TordiaT

Y 3Tt (~ 750 AT o) Y €aTeT & WA g, Sefch §‘é+c|w. 3ol & Heal 8 foides

& ToIT SeeT AR hrsEeiard # Tordlel F9TcROT HgedqoT ¢ | Tordisl & STfeeT sicae gld &
foreTo AT (30-50%), EFFHIRT (20-35%), 3R FAfFetet (15-30%) @1 & | TaTI=it i v
Ao oS, apaaTeTe, Afafer, Reeier, 3f 1 Fafdve arafiramsit shy Frsteieror

ETSSISToehuT, TFdaul, gISaIfafayd, ETSsIe3iadelaee, 3cuia &1 3ufeafa &

Uoald oIl ATe ATETH T [ARToT ST b g

Ig ATEr H1Y Torelall o Gl et Teehl & FHedTehel & ToIT H2Tel Scoeh o [aehre IR hiod
g o wfosy & Sg-amaRa ResaRal & cgaariieor & T wracsHeg gem|

geUTTTTRAS/2r0, 3T Ru/C & HATSTeT GaRT U Tellsehiel 3R gfFdeter # egellst



% Ueheh GIS3TAISTCh BISSISTaiTehUT Sl ST FT 15| fawa woTrelr 26.5% giFdere 31X 40%
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TATSHISEISS & ISl & dlG Hegellol & Tofehlal & URIHG grSgiaiad i o

geTTeNTTaE / 2r02 FHAT GaRT YT f3hT 1T AT| AL TATSHIA 38158 3N Tl

Sh#2T: Ru/C EaRT UTAelTeT Teigenicl 3iR gfordcial 7 haAel: FA gl 1T | $HF 37clrdT, diel-

TATRT SaRT Aegellel & Yd ITAR W S ThEcal I dT & g1 STl § 3R 38 T Hefelrst

H 3T TUCRUT BT § | Teh 33 HEATA H, el H Perelal § 5-FI85I A (A ATS TP pIel

(HMF) & 3cuTee & [T rdfaeh-3rhreioie Hohi UTd-HeFd Hehleles NthRe-ATemRa

HIdfeleh SgeTh ol HLAT fohalm IT AUT| 3EETT BrICHE & 3 Tl H 85% I 3T

TIUHTE 39 [@TdT &, SATOIT STgol dhleielsh [delTdeh & 3YATIT T & ThalX I &l ¢
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FIsaATeen Alselar 8T foham arar A1 R AR Alsd, ITATHT Hed YA ST & AT

Teh Scapse fthe &l o oIt 1T 37T | TITATE o HLAVOT & foIT GITaR0T & 37o]ehel 6T
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T AT AgeaqoT oTé fE@Tar § 3R 38 YR 39 gaTd arel e gIsgiolel & 393 4
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