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ABSTRACT

In this study, novel approach of biopolymer processing by using subcritical water technology
was reported. A new green extraction method of producing nanofibrillated cellulose by using
subcritical water/CO, (SC-NFC) from softwood pulp (SWP) was developed. Subcritical
water/CO; led to a controlled hydrolysis of SWP and the treated SWP was fibrillated by
sonication to produce SC-NFC. Effect of process parameters (time, temperature and pressure)
on the crystallinity and thermal properties of SC-NFC was studied to optimize the process
conditions for controlled hydrolysis. The influence of the extraction process on the properties
of prepared SC-NFC was studied. Nanofibrillated cellulosic materials were characterized by
using morphological, chemical, thermal analysis and crystallinity studies. The SC-NFC
obtained at optimum process conditions (Process pressure: 100 bar, Process temperature:
145°C and Process time: 30 minutes) showed significantly high crystallinity (66%) and high
yield (75-80%) compared to that of the NFC prepared by conventional mechanical grinding
method (MC-NFC). The present method of producing SC-NFC used water and pressurized
CO, and therefore eliminated use of acids and chemicals. Plasticized poly vinyl alcohol (p-
PVA) based biocomposite with SC-NFC showed significant improvement in thermal stability
(36%), tensile strength (77%) with reduced water vapor transmission rate as compared to virgin
p-PVA indicating their potential as nanofiller for making biocomposites. Further, a novel
method of poly (vinyl alcohol) (PVA) and PVA/SC-NFC based hydrogel preparation was
reported using subcritical water/CO, medium in presence of citric acid (CA) as crosslinker.
This was a single step procedure, less time consuming and industrially viable method. In
contrast, existing PVA based hydrogel preparations mainly consisted of two steps, PVA
solution preparation and curing of the same. PVA powder loaded into aqueous solution of CA

was taken into subcritical state by using CO,. Water acted as plasticizer and reduced melting



temperature of PVA. Further, subcritical water acts as catalyst and reduces the
crosslinkingreaction time. Additionally, co, gas at 100 bar pressure, produced carbonic acid in
subcritical water which also acted as mild acid catalyst for crosslinking reaction. In subcritical
medium, PVA powder got melted, fused and cross-linked in a single step process to develop
hydrogel. Effect of process time, process temperature and crosslinker percentage on the
properties of prepared PVA hydrogels were studied. PVA/SC-NFC based biocomposite based
hydrogels were prepared and characterized in the same way to achieve high mechanical
property. Prepared hydrogels were characterized by thermal, chemical, morphological analysis,
gel content and swelling ratio measurement, rheology and dye absorption study. Successful
dye adsorption, high swelling property and high storage modulus established the potential
application of prepared hydrogels in several areas such as biomedical, textile affluent filtration,
water purification etc. Further, SC-NFC based foam was prepared by Pickering emulsion by
using octylamine. Freeze dried wet foam showed maximum density of 0.035g/cc and
corresponding compression strength was 0.24 MPa. Dye adsorption increased compared to
SWP establishing potential application of prepared cellular foam as industrial affluent
filtration. In this thesis, a new innovative green extraction method of nanofibrillated cellulose
by using subcritical water/CO, medium is established and its applications are studied. Further,
a new crosslinking method of poly (vinyl alcohol) and its nanofibrillated cellulose based
biocomposites in subcritical water/CO, medium is established which can help in achieving

reduced production time.
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S 31T H, e fsblchal STl UIEfTiehl T 3UFNT PBch AT AR YEEBIUT b Y GBI Bl

o N

o & € off| didReds ey (SWP) ¥ Hefshfehel d1ey/CO2 (SC-NFC) HI 3UINT PHich

AABTSfsieies AGellsT & IUTET Pl Yeb 78 &1 fsepefur fafey faesfaed bl ¢ off| Hafhfeapet
AT/ 7 TSl & FfEd STEI i BT Aqcd foaT 3R IuaTRd THseeguT BT THH-
TAUTHT T IcUTe A &b Ty Qb2 gRT fhfsicics foam mam| afad greglfciad & foiv
wfchar 1 feeifd b 3rgRfeid B & fel Tot-gauet & fobeeailardr 3R et 7ot W wfdhar
HIYSS! (FAA, dTOHTA 3R SE1d) & YHTG BT 3TeFd fbal TRIT 7| diR THRT-TAUshE! & o1l
R AR T Ufshar & g{Ta T 37e03 fosarm 7| Aftsfsieics Acgelifes ATHUT Pl BUTHDP,
ITIfA®, o fdoayuT 3R fohedtiadr 3reaa) &1 39T &3 fafad fdsar mar o swedn
ufesar fefaat (Ufehar ga1da: 100 R, Uihar aTaqM : 14501C 3R Hihar Gaa: 30 fAe) R urd
TERA-TAQw A 3o foheeatiaaT (66%) 3R 350 3UST (75-80%) B gai-T H b 31feies feama|
URYRe Fifes G & fafer (THHT-TIuedt) GRT AR TIUHET | TEEl-UTUhT & 3cre &l
A fdfe ® gt &1 sxaHTe fobar T 3R i3 2 W &g STeT 7T 3R 9ol Uihe 3R
AT & 3YANT Bl JHTG &Y fear T TEE-UATHhHT & Iie W EeHTSss Uiei! famrget
3fepled (N-UIdIY) maTRA IraTbuUIfoie 7 e RERAT (36%), a3 e (77%) W Hequot

R & &, o Gart -ty Bt a1 § BH STl arsy HeRT & A91{heik & %Y H 39!

&MHdT BT Hdbd &1 ITATGUISIC §1H & felq | 83eb 37TdT, Uiet! (fGAT8e 3feigd) (PVA) 3R

PVA/SC-NFC 3THTRd gEgIoid ddR &3 Y U 78 faft Y spidfcier & wU § HTefie Ufds
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(CA) & 3ufRifd # Haftbfel aTe/CO2 AN &1 3YANT @k Jfeid fhar 7T 2Tl Ig Uh
Tebel TRUT UfshaT &Y, BH THY ol dTcit 31R 3itefiies w7 § agrd fafe| g8 fawid, Aisar

Yty 3mera gregioid daral # @0 BU I &1 TRT A 3, Ty THTE dIR BT 3iR

3BT SATST BT PVA I3 Bl CA &b ST Gl H Al BIb CO2 BT IYINT Bicb T fshichal

3T H o STIRIT TATI UHET 3 TATREITSoR & B H 61 T 31k Udiv & fUee & draqmE oy

B B ST 3Tb 37TaT, Gafehfehed U IOREB &b BY H BT BIdT & 3R pidfai b1 Ufafpar
HHY Pl BH BAT &1 3D 3TN, 100 IR P &&Td R CO2 T4, Hefsblehel T H Braifep
TS T 3cUTeT Bl & S hidlci{epTT HdfshdT &b el Bob YRS 3R &b BU H I BT &l
2| Hafspfcpet ATETH |, TT U3 BIegioid fddbfad &3 & faT Yol TROT Ufshar § fuere
T, RIS 8 7T 3R P-foies 81 Tl qOR Uiy gegeid & Ui W UfhaT IHd, fhar
dTYH 3R hifeicR Tfdeld & YHTa T 37e03 fbaT TRl UidiY/QEET-UAUwhE! 3THTRd
TSR UITSIE TR BTggIotel 3o Fifzieh T YT i &b foiQ 3T ag dIR TehT TTT & 37 39eh!
T2V 2ft| dIR gregioiet Bl AH, AT, BUTHD TdQesUT, SieT ATHIT 3R oI 31uTd
AU, RATATS 3R 8T 3/a2N9OT 3720 <l fa2Ivdr &t | Thel 8T8 HIGHT, 3= Joid Fufd 3R
3T HERUT HIUIH - JRAIR{SHd, BUST THg e, STol e 311fE o &g &A1 H 3R
EISGIoTd & HUTfAd 3TISRANT T FATYAT DY 5P 1], THA-YATHH! 3TUTRT BT B
3TTREATHTS T 3T e TUhRT SHERM GRT (R bl TTIT &T| ThIST §TI I BIH 7 37ftidhdH
1 0.035g/cc fe@mar 3iR g3t e 2ifar 0.24 MPa 2ft1 3TN Ty e & BU # dIR

Ao’ I P FHTIAd TN bl LA B dTet THsegU! &l JoiT | 1€ HIEHT H gig g8
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