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1.7 Production of cellulosrom rice husk
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The porosity parameters of the all-snthesised materials were determined by

volumetric N adsorption/desorption tests using a micromeritics TriStar 1l ptugy(id

nitrogen temperature (77K))The samples were degassed at °@80or 4 h before

measurement. The textural characterisation of samples was carried out by the physical
adsorptiondesorption isotherms of gas AN\and applying the mathematical models to

guantify the specific surface area, pa@ume, average pore width, and pore size

distribution. Generally, the most reported texture parameter is the specific surface area

CH



(), determined by the model proposed by BrunabkemmettTeller. Thus, gerwas
calculated by applying the BET equation to the first part of the adsorption isotherms (0.05
< P/R < 0.3) Viotalis the pore volume at a relative pressure of 0.99. and$the average

pore diameter calculated using BJH method.
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Table2 Summary of variousonditions for SBA5 synthesis via conventional method
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Table3 The summary of various conditions for synthesis ofl5BAa microwave

assisted method at different hydrothermal temperatures

{eyiKSaAra O2yRAs?2

{FYLX S . . —

|l eRNRf &@anA: | @ RN2 0 KS NJY |
alwp yp/ FT2NJ pn
almnn nAal FT2NJ c Mmnath T 2NJYp N
almTtn MTWM  FT2NJ pn

HPn dodc 9TSOG 2F NBFOa2y oaYS 2F KeRNRf&aAad FyR
Y

Ly GKAA& LINIZ GKS St0SOG 2F 020K KE@RNRfeaira aYS
Mp RSNAGSR FNRY NROS Kdza|1 dzaAy3a RAGSNBYd oaYS T3
YA ONPRigd /53 1 SR K& RRR (TNt YAy MTtynR pn YAY 6SNB

GKS alyYS Ia LINBGJA2dza LINEnOBoRRpNE & O RSAONAOGSR Ay ¢
Hbnédn t NPREDD2RSAKIER2 TNRBY MAGH aKid3ER] LEINBY P AVAAEON
'3 YSYyorPKERWISMIYKS 2F0aS0a@Sa 2F GKS LINBaSyid o210
It GSNY I a@S 61 BAl2 RENADER FME Yo NA OS Kdzal 6A(GK2dz
GKS OIFNb2yl OBR#A Y ROFAO2NYIR2ADGES YIFIGSNALFT & o/ {/ &
(KS AybdzZSyOSa 2F RAGSNBYG LINBIONBFIGYSYyld YSiK2Ra
NAOS KdzAa|l |yR GKS adzoaSlidsSyid Frad LEBNRt&arAa Ay
OKSYAOIf LINPLINRER &GSRAT oAMRKNES 30 dzZRA SR

CKS YAQNRPAIABASR LRBNRfeara gl a OFNNASR 2dzi Ay [ 9
GAOK NRdzyR 062932Y blal oup Yi0 gKAOK O2y il AYySR
O2yRSY&SNI® ¢KS SELISNAYSyiGa 6SNB R2yS Ay I Reyl
a2 LNSFSAYAL 2F Hnn2d ¢KS GFNBSG GSYLISNY GdzNB 4|
HN YAYaod ¢KS LINBaAadzNE ftAYAG gl a aSad G2 onn t{Lc
FANI FYR GKS LIBNRfe&mA& NBKRANDAZSSES NBY AdH (GdENSSR  26FA (0KA 21



FYR GKSY S@I L2 NI G SR Ay ¢k 0 dr20 Siie2 v b 24NRa KOSAR
FG%cnF2NI vn K (2 @AStR 0A20KI N

/ KI' N} O SNR & Il®Rly 2IFYLIKNSE SAYARIZRS NI g NAOS
NAOS Kdza1 6. huHO FYR 1/ f LNBGNBFGISR N&XO:
OKNER Y I (& H&R LI BIS O aNROYSS 1ONRdzNMADS NI G NI ya T2 NY A
M MR YdzZOf SINJ YIFIYySaO NBaz2ylyoOoS aLISOGNRaC
HOn dndm t NBGNBFGYSyd 2F NAOS Kdzal 46AGK RS
¢ KSIRNABR YAff SR 2NNIOIBA R diil e 20 avY MURE & dyk R § ISR
LINSGNBFGYSYlG dzAXYF2H0NL pal WINIOF § DENH O22F Ay
YAONR Gl @S> GKS NBadzZ sy3d NROSTEKNAEAN o6KAG DT
LINBGONBI G§SR N OS82 AKidzaAly GRK LINR RO S4 (oS LAD

HOon dndH t NBGNBFGYSYyld 2F NAOS Kdzal 4AGK K@
¢ KSIRNABR YAt t SR 2NAIOIBA R diil o 20 aveY MirRE &dzyk R & ISIR
LINBONBFGYSY(l dza2AyIF2Naph/ YAYyd WMBDENI O022f Ay
YAONR G| @S3s GKS LINBOALAGEFEGS gl a Ut SNBR®
ASOSNIf oaYSa?l yFRNBNASRK 2 y2i0 G Ay GKS LINE
ONRAE AY GKS F2ft26Ay3a adSL®

Hbn dp AMANBOY O2YLRAAGS o6/{/0 YFGSNAIFIfa& RS
¢tKS OaNDRYlF O2YLRAAGS YIFIOGSNRFt A Fdzf £ & &
A8YUKSaAASR dzaAAYy3 4SO AYLINBIYyla22ys F2ff2¢
Ay (GKS Nyyd® ZERSOhBRy®wR RSNAISR FTNRY NROS
AVINBOA2dza a4SO0e2y0 6+ & dzaASR F2NJ / {/ YI (SN

v A

0 N2A f SNAGJSR FNRY NAROS Kdza]l O. ho0 gl & dza

HOn ®p ®M  h LJe YA & lwep2 Y I y28FA fOUAKRS o £ .1 R 2 WIOIO I KR XYY
LINBLI NF¥ a2y

LG A& oSttt RSY2yadNI (SRl KIY2 diyKiS ANG a2 2AF3
O2y iNRfftAY3d (GKS LIBR2NB 6ARGK 2F GKS NBadz



OF ND 2yl OS2dza I @SN3 ¢2 2Ll YiedhSd (Frefd EOIIMBRLNA | § S
O2YLR&AGS LINBLI N}oa2ys YAEAY3I az2fdm2y 61 & LINBLI |
oAt Ayili2 (GKS RSAANBR |Y2dzyld 2FfwmpldDSN2y S>> F2ff
AKF1TAY3 Fd NB2Y GSYLISNY GdzNB 20SNYAIKGET GKS YAE
I 0Si2yS IyR (GKS NBadzZ Fyid az2tAR o1 & aOF Nb2y A aSR
CAylLffes GKS /{/ &l YLX $§/ csoAMid@@620 NY{RE | yR RSy 2
M Yal A fil RGN o/fR{ h \GwYT@RGIf NI a2 mMYnouo

C2NJ SEI YLX $Ep nettpd 3 RRFSR .2 2ARI RABY2RPSROPY IH 2
2F 1 O0SG2ySz akKIFI(1Sy Fd NB2Y GSYLISNI GdzZNBE 2 3SNY A 3
NRGFNE SOFLRNIG2N KSY 2Adzdz RH B YA ANROSND 2Vi R &R
IyR UylttmAti kKO OPRIRIaAAGSE o/ {/ mYMO 6SNB 20601 A\
Hbn dpdH 9GSOG 2F nASYASINI 022KB2 F2 65 OLINBRIWNY a2y

. NASbeampld KS G{SNAFf & | NBR AW Lty | NIRRT dah BRO 0 A 2
GAGK aLISOAUO IY2dzyd 2F | 0Si2ySe® ! DSNJ akKl{Ay3
YAEGdZNBE &2fdze2y 6Fa&a GKSYy S@IFLER2NIGSR (2 NBY2QS &
RAGSNBY G S YLISINI (i BN adryoRFFN® YY AolinN2 3 Sy | Y2 3 LIKSNS
OF N2y AOI O2YLlRaAiSa ¢ INSomh {mm3hdpmzy R RSy 23GSR
/ { kmzn |f By mdn

~ ~

HPbndc {GdzRE 2F YS{KGakSWBKDF dZBS R RASNAII2NE dx® YIahG S
RSNAGSR TNBY NAROS Kdza|

HOn e N iy o UOF a2y 2F YSGKeatSyS o6f dzS

¢KS lidzd yoill o@S tylteara 2F YSUikKpph#d#ofdsS d6a. 0
ALISOUNRBYSGOSNI G ccn yYmn! LASNA ST YB(1Q2YOEG U NX az
LINSLI NBR AY 5L gFGSN®P Ly |Raz2Nlle2y YR Ifearas (K

Of SIFNJ adzLISNY I (i Iwhayad Rded Ay} A dzDE S QDR o223 0€zNJ
R T2NJ 0KS RSOSNYAY IMINB/LIZNG R . Y [ (RIANANLIoZ2Y 2y (0 2

A
w»

l.:.l
dz

QX
(0p))



HPn dc dH YAYySo0ad 2F YSGKeatSyS ofdzS F Ra2Nlke
. FGOK FRaz2Nllk 2y SELISNAYSyida 6SNB OF NNA SR
FYR Mp Y3 Z2FmBIIOKR fi/A{ Yy | Ra2NDIGS &2f€ dzo:
FRa2NDBSyd FyR akKF{1Sy Fd wmpn NWY® ! &aYlff
GAGKRNY 6y |G RAGSNBY(G oYS AyliBNIHiRAAGQDY
YSIFadaNBYSyida oSNB GF 1Sy dzysef GKS I R&A2NlJs:
FR&2NlJl 2y OFLI OAGe G SIFIOK oaYS LAYyl o1 a
¢ K I Ra2NlJe 2y OlblvBkdAd blUaASOOKOdAXBIBR | &

(0p))

2 KSNB>Z/,0Y3dk3A0 Aad GKS AyAslf O2yOSYyiliN}azy
/s6YAkAO Aad GKS SljdzAf AGNARdzY O2y OSy il
2 930 A& GKS YlIaa 2F YSaz2L}R2NRdza &A
+ o0f0 Aada GKS @2ftdzyS 2F GKS I ljdzS2 dza
¢tKS NBY2@If NXYGS 2F a. ¢+ a OFf OdAZ FGSR o8
DZAI"I'C")A%I#—# pmmbp
¢2 FdzNIKSNI SELX 2NB (GKS &2Nll2y NXdsS 27 i
G§Sa0GSR sWHKG LA SBRRBMISIOZH RLIZNRBNI | AySad Y2R
¢CKS LB S#EMRRSNI {AySa0O SljdzZ a2y A& 3IABSY |ay

QX

1 TK¢ KN [\ —T[EO

0 A 0KS T Ra2Nll2y NIGS O2yaidl

QX

~

y
CKS LBSARER 2NRSNI {AySaO SldzZ a2y A& 3IABS)

GKSNBEMKYAYO A& GKS FTR&A2N1ll 2y NI GS O2vyail



HON dicRIBi02 N1LJo 2y A &2 KSNXa&

. FGOK SELISNARYSyia 6SNB R2ySYS#AKah &SI 20 K 8251 Ra 2 N
{ADh fwmp! FyRMMn{!I 6f &2Nll2y 2LISNlIaz2ya 66SNBE OF NNA
a2fdze2y O2yiGFAYyAy3d R24S 2F [Raz2NMB8Ket 8¢pp Ikt A
0 f dzSw Horm NLILIVE AeyNRmwa n LIIYm B2 NY R ndn{ V yiR &aKF {1 Ay 3 |

Mpn difdyt O2y OSy (N} o2y SljdzAf A omg dayy m Infa{ NS+ OKSR ¢
YR mMyn YY"PF2NJ { Ah

9 OK YAEGdINB 61 & OSYOGUNATFAdASR | yR RKXBSNX¥YAYSR 4 A

SdZAf AONARdzY | RE2 N1l 2¢Y DR AL DAXNE QIFf ORMAIZNDB yd A djK
RSAONAROSR 060St2g¢Y

¢tKS A&a20KSNXa RFEGF FINB lylrfteaSR o0& |Raz2Nllkz2y
SadlrofAdaK GKS Y2480 FLILINBLINARIFGS FRA2NlJl 2y YSOKI

[ Fy3YdzZAN) Y2RSt FaadzySa GKFG dzyAF2NY NBOSNBAOGE S

A

2T | RA2NPEINIZOy2y 200dz2NB | Y2y3d GKS | Raz2NDBSR 2 f
Y2fSOdzt  NJ A2NlJe2yd® ¢KS F2NXNdzZ I OFy o685 LJNSéSyGSF

p #

N A N

le H

GKSNBA GKS SljdaAf AGNAdzY O2yOSyi(iNroeaz2y 2F Re&S oY3)

~

isha GKS Y2dzyd 2F FRaz2NbdFGS FRa2NbSR LISNJI dzy.
SljdzA £ A 0 NA dzY

iviad OGKS Y2y2ft @SN FRA2N1Jl2y OF LI OAde o6Y3Ik I
0 Ad GKS [Fy3aAYdzAN O2yadl yi

A A 7

¢CKS &SLI NI g2 yA 8F H i 2\NJ La2wiRIA V8§ a[AlR WA Y dz2ORIWIE G I yi 6

A 2N A A -

SELINBaasSa (GKS FTSraAoAfAade 2F FRaz2Nlle2y |yR Oly



GKSNBA GKS AyAsalft | RaAa2NDIGS O02yOSyi(iNIazy
wihia GKS @FftdzS GKIG AYyRAOIGSaAa HKEMOXZKI LI
fAYSENMGOW Fl @2 NWdI SIH YR Tk NMBEDSNEA IS So & S

CNBdzy Rt AOK Aa20KSN)Y LINBRAOGA (GKIFIG GKS a

GKNRdzZAK KSGSNR3ISYyS2dza SySNHeé&> GKS | R&2ND

2F a2ftdz2iS I RaA2NDSR DXOFPGNSYE A o Ry @y A ili SO2 yI i

0St26 ¥ljdzr a2y

1 IRG 1 i+C TEi e

GKSMEEL G(KS CNBdzy Rt AOK LI N} YSGSNI 6KAOK A&

y Aa 0KS KSGSNRISySAide FFOiU2NX AYRAOI ¢

¢KS FIFO02NJ 6mMky 0 AYRAOIFIGSA (GKS GeLlS 2F A
6n £ MKY f MO FYR dzyFl @2N}¥ofS 6mMky B mMOX

HO N GEcKIEINX 2 R&EYF YA O | Ra42NlJe2y &aGdzRe

¢2 RSGSNNAYS (KS SiS0i0 2T KENNVRARNIYGF ENBD D
AYyOf dzZRAY 3 SHIIKE T LBA OKE yEHNEDS 0 Sy SNH NHE @R YOK!
$SNB OF f OdzZf F iSR (2 dzyRSNEGFYR GKS yI (dzNB
CKAA gl & LISNF2NX¥SR o6& OF tyGdeSINAY Hz2A S 6K
Sljdz a2y &y

S

=
e
[

PEr

Y3 Y(J 4Y3J



Ly GKS Glééé)\i'yrélmﬁl-laéﬁ GAUK O0KS AYONBI&asS 2F (SYLX

GSYLISNI G§GdzNB A & SYySUOAIT (2 (&0 adSNERZZ2 N1l 2 Y ¢
G SYLISNI G dzNB DRya OdzNIBS A& o0St2¢ 1 SNR>S GKSYy (KAa
F RE&2 Nl 2y LINRPOSaad ¢KS GSYLISNI §dz2NB RSLISYRSy G I F
SljdzZ e2yY

ENE(GE

#  y2 2

GKSNBE>w Aa GKS dzy A GSNE P K-Yaz2 fO2W@ iy 6y domn P
¢ A4 (0KS IRa2NlJe2y YSRAdzY F0&a2fdziS GSYLIS!
loAa | RAYSyarazytSaa GKSN¥Y2ReylYAO Sljdzt

Slidzt a2y |02 @0S®

tf 2ky &L ylok Ayad wmk¢ IAPSA I A0GNIGpIIKWE t AYyS Al
FYRlkwZ NBaLlSOa@Sted {2YS YSGK2Ra& 6SNB LINP LR A

A

RAYSyaArzyfSaa GKSNY2Reyl YAO SljdAftAoONAdzY O2yail

Y J 24 EF

¢CKSAS LI NYYSGSNE AYRAOIFIGS GKS GNBYR F2N GKS (@K
LIN2 OS&da RSRdAzZOSR T2NJ 0KS SaonNlgbsR pigRMy2Rey Il YAO
HPp aSiK2R2f238

t NP wA GRS NRIZBSIR OStfdzf 23S YIOQNRREMRIXK yUIf yw2 U6 NB &
LINB LI N} a2y

HPpd®mM hNHBHFIY2432t Q3 FTNI TaDWNPH2PSR2FSRAAVSI KR | dza Ay 3
Ly GKA& 62N)] X 2NHlIy2a82f@ FTNIOe2ylo2y 2F NAROS K
5L gl 0SNIAY GKS LINBaSyOS 27 mm20KYy AaC AR RF NE- 20\ 27N
KSYAOSHKHX O @RISHHNIS T NI @NR20KE A2WRe R¢ RANRIOBSYI K2 R 61 &
Ffa2 atA3aIKIfte Y2RAUSR FTHNBUBMDPKS Lzt AOFa2y | a NI



CeLIAOIfteY INRdzyR NAOS Kdzal owdnn 3I0 o4l a
pnkpn 6020+t QE2NINBO2FORR &BOOkPR 61 & 2]
GKS YAEGdzZNBE 461 a ANNIRAIFIFPBRONBAIlYAST 9Wa Ay v
t fdza 9Fae tNBLI ¢Sb2y wmnn Y 7 &IY2AYS RF 20 S 253
K2t RAY3a oaYS #Z7F oMmip2 0FAY ol YIDSWMEFNB h O¥RY B P K S
R2gy (2 NR2Y { SartLIEENT RIQIANBdziol® LINPRINI YO ¢ KSyY
YR AlGa O2yiSyitas O2yaradasy3d 2F |  YAEQGdNB
OSY (i NR ¥dz3 SI {ixzolSKPS | DS SItK 61 & OF NBFdz £ & NA
6pn @2t @20 az2ftdze2y aSOSNIft oaYSa FyR (NI y:
YI 0SNASYIGaNRR Fdzal a2y ¢l a dzaASR (2 &ASLI NIGS @
NB&ARdzS 200FAYSR | DENOGSFHUNDS @b o By &40 QB § &
SOUKFYy2ft kgl GSN) a2fdze2y dzyeaf (KS azfdi@y NI
¢KS fAljdZAR LKIa&aS 61la& YIRS dzlJ 2F | YAEG
KSYAOSttdzA 2aS YR fAIYAY FNIOoe2ya az2f dzo.
SELISNAYSyGaod ¢KSys: SiKlIy2f 61 a& NBY2OSR ¥
NBaddZ ay fAIYAYy LINBOALIAGE a2y &2 mMRIOK2 FNY Do
06 SN FNI ONRYK FNIROEAVEAYRY2t AR FTNI O%Ry 0 0
| DSNJ 0KAA aSLI NIBRPE BPRPREREEA GKRNER AQW ATl
FNF Oo2y0 F2NJ FdzNI KSNI 0 KIFy edeadl SR (A SR roF NS A
TNI Ooa2y 6KAOK gAft 0SS lylteaSR Ay ¥dzidaNB

HPp dMdm 9GSOG 2F SiKIFIy2t O2yOSyiNraszy TF2N
OSt tHX @R STNI Oa2y

Ly GKA& LINOZ GKS SuSOl 2F SiKlFIyz2t 02y
AYy@Saeadl SR o6& dzaAy3d i(KS{ SNKDPERMIIS bR SGKO N
YFGSNAFE owdnn 30 gl a FNFXOs2ylGSR dzaAy3a |
Ay GKS LINBaASyOS @rS TEZHRNMINRA Y DRRE 6 pSeISNGED DN
YAONR gl @S aeaidsSYy 6AGK Ol NA2KAG YORHREBD 2y &



AYy@Saasadl S GKS 2 LJs YdC ANG o REF AIKERE mAd NasASTHt/ @ G S NJ
0S FAdNIKSNI Iyl f@aSRo

Table4 Various ratio of ethanol/DI water for orgasolv fractionation of rice husk using

microwaveassisted method
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Chapter3

Microwaveassisted synthesis bfo-derived mesoporous

materials from rice husk for methylene blue removal
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Tablebs The conditions for silica extraction from rice husk
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Fig.10 The yield of silica extracted from rice husk by conventional and microwave

assisted acid treatment at various ratio of stdidiquid
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Fig.11 The N adsorptiondesorption isotherms and pore width distributions of
RHSIQ-30, RHSIQ-45, and REBIQ-50

Table7 Porosity properties of REIQ from microwaveassisted pretreatment from rice

husk via microwavassisted acid treatment at 16C for 3650 min
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Fig.12 Infrared spectra of silica derived from rice husk from different methods
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Fig.13 SEM and TEM images of-RBi®-50
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Fig.14 The preparation of sodium silicate solution derived fraoa husk by

microwaveassisted method (denoted as 913)
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Table8 The conditions for preparation of SBA via conventional method
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Tabled The porosity properties of SBA materials prepared with different conditions
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Fig.20 N> adsorptiordesorption isotherms and pore size distributions of-SBA

materials using different conditions for synthesis
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Fig.21 SAX®atterns of (a) SBA5-T-C, (b) SBA5SC3 and (c) SBES-RHC
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Fig.22 SEM and TEM images of SIBAI-C (a,d), of (b,e) SBA-SC3 and
(c,f) SBAL5-RHC, respectively
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Microwave-assisted method (5 h-25 h)

* Hydrolysis step 4h-24h
¢ Hydrothermal step 30 min-50 min i
¢ Calcination at 500°C for 3 h (1°C/min) i

: SBA-15 Calcination

Fig.23 Schematic overview of th@rocedures to produce SBIA materials via

microwaveassisted method
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Tablel0 The conditions fopreparation of SBA5 via microwavassisted method
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Fig.24 N> adsorptiondesorption isotherms and the pore width distributionsS&A1L5

synthesised using different hydrothermal temperatures

Tablell1 The porosity properties of SBA derived from rice husk using hydrolysis step

at 40°C for 6 h and microwaxessisted hydrothermal at different temperatures
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MHT-85 606 168 438 0.67 0.07 0.60 4.43
MHT-100 609 162 438 0.72 0.07 0.65 4.70
MHT-170 585 180 405 0.92 0.08 0.84 6.26
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Fig.25 TEM images of SBA synthesised using different hydrotherrtexhperatures:
MHT-85 (a), MHA100 (b), and MHI70 (c), respectively



CKSNavitfoAf AGe A&a o0SYSUOALIE F2NJ OF NA2dza | |
OFGFfead" a@&LINENHG2Y KB O2YRMBRZ yi T2 N Ké RN
hy g+ &a asSt SOGSR G2 aiGdzReé GKS SuaSOG 2F NBI
aYS Ay KEeRNROIKSNX¥YIf &a0dSL) 6KAOK NBLR2NISR
oo @SSO0 2F NBIFOes2y oYS 2F KeKNERIfKES ALZR2 NPy
LINPLISNb 1 2F {.!

¢ KA&a LI NI GdzZRASR GKS Su0SO0 2F KeRNRtH 2aAisj
Mp® ¢KS NBadzZ Gda 2F L2 NP aAQAEt NMESNR X S2 F
Mdt KS S0SO0 2F KERNBENSINIGIANA ASRS LIN2 WAIDK & 19
on YAY FTYR pn YAY BKAOK F2dzyR GKI G GKS LI
GAGK GKS AYyONBlFaAy3d 2F KERNRBIOIKSNXIfoeaYS>
| SISSINIE t WASNBEIIY iy R Sdeft WAiZb 61 & | f 42 F2dzy R
Ay (eF @308 AYySR LINRBRAZOG 6A 0K iy NI &ALy H Ko
A¢LF oMHSKE RN2 G KSNX | {1 o6 F SMESKRIROE ( KEWNKF I £ oaYS
Ly @#@XKMBE>S GKS NBadzZ §a akKz2g¢g GKFG (KSmw@dzNF |
LINE RdzOG & 6SNB AYONBIFaSR ¢gAGK AYONBlIaAAYy3I
Affdzad N GS GKFEG GKS AYyONBlLaAy3a 2F KGERNRE
FNRY WwaAHITKBA0oA2M on YAY 2F K& BRaE K SN [ FINR2
ncMkKY (2« BMBE2MI pn YAY 2F oG8R NR ( KSWaT  NJad &
20aSNISIRp ALINB BIN KSBIR V" £

¢CKS | OSNI3IS LWMNB YBPAERUKIRE gL & |faz2 AyONE
YA ONPgd /558 0 SR KERNBUKSNYIf LISNA2RA FNRY
I 002 NRIFy OS 4 Al &G NBId2 RANEZR fydRe b/SSt @pr NJ

LG aK2dzZ R 6S y2GSR (KI{d GKS&aS NBadzZ Ga Ayl
gARGKmPT G{2. 'y SEGSYy(d o0& @FNRBAYy3a GKS GSYL
F LILJXE A Ol a2y a Qhla adk®&BAIYSR KRRNRAIIKSNY | £ NP dzi S

N

Qax
Pl

M p



Tablel2 The porosity properties of SBA derived from rice husk using different time

for hydrolysis and microwasaessisted hydrothermal at 170 for 30 min
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Tablel3 The porosity properties of SBA derived from rice husk using different time
for hydrolysis and microwaxassisted hydrothermal at 170 for 50 min
| 8RNP § { d2NF I OS t2NBE @2f d2
o V& 6% 30 6 O30 > wi
6K2dzNn { 9¢ {vaonz {vsase Hiz2dr Hraons Hrsae SRAS
n nmcM TH oy nody ndnc ndy| 1 PCI
c CNH MTY nHn néd ndén' nddcp. c Pp
HnN cnc MMy nyy Mdn| ndn| mMmdn. c ORI
HnN TMM MM cnm MO®MI ndn| Mmd®nt c dn.,
b2GSY 1 ff @FtdzSa 2F LIR2NRPaAGEe LINRPLISNBSa ¢SNBE YSI&adz2NBR I yR
aAONRPYSNAoaO&t C¢NR{GF N LL LI dza
Ly GKAA #BERXSampSBREEYyH | KeRNRFTF2BMA a8 &iSHRI G

KERNRBOKSNXYIf INBRNYPYGYRY miRAESAEKICA KA FaKAZNF | OS

G2GFf LIR2NB ORHIZVER2FI NB& Y LIDNE 6ARGK 2F cdpo

&ddzLJLJ2 NI G2 LINBALYE NBK § pyBSEVAmasSAINA LR d® yili K S&E K & SIRa

Y Y2



{ .mip TNAYA O2yRAo2Yy 200FAYSR FNRY NI LAR N
YAONRwad S5 1 SR KERNRUKSNXYIf adSL) 6KAOK Lka
O2YLJ NBR (2 2K\ENICENFRMAIZKEIE F NBES L2 NB
aAt AOlI  adeLad2 N2 [ Fe2yNd 6lA22 Y2 RAFE GKS &dzNFI OS
gAff 0SS RAAOdzaaSR f I gSN®

-

—4-30
—4-50
—6-30
—6-50
— 20-30
20-50
—24-30
—24-50

o
oo
|

o
(2]
1

o
N
1

o
!

dV/dw Pore Volume (cm®/g-nm)
o
»

0 02 04 06 08 1 2 4 6 8 10 12 14 16 18 20
Relative Pressure (P/P,) Pore Width (nm)

CAHldR | Ra 2 NBR®HP2ANILIo 2y AA20KSNXA& | YRWMIPE2ZNE &)

RSNAGSR FTNRBY NROS Hdzéla AgzalA RA TKABMNEf dx5a

FYR YAQGNBAIAASR KERNRPEFRENWHhE YRY MYR p.

odoPOdMI YR ¢9a OKI RipO BBENNIKISAAVATERT ME.GITRON
YSGK2R dzaAy3 KERNRf&&aAAA oaYS G ¢ K FYyR HI
¢2 AYy@S&a3lGS (GKS AybdsSyO0S 2fm&KEgRNEIR&ASA
MPp® ¢KS Y2NLAKRNS2ZHNBRTGHXKSAYAE@S AAIBISHT 10 & | {
F2dzyR GKIF GO GKS aANXMISNIAYI ANMIOK 2ANBAE T2 RY BR |
KERNRfe&aAa oYSs odzi GKS aK2NISNICNFRA288N
FOO2NRIyOS gAGK GKS KA %KSMN2 Y 19¢NBRIONTFE AOBE B
LINE RdzOG +Fd ¢ K KRBIOBRISAINE oiviSS GLIRMBNBI YRR R (
L8R RdzOia Aad |jdm (iSEOOFH VI NRaADTI § 6 SCATIOVH TA Y



{9a YR ¢9a AYlI3ISa NBO S RLINABL LYIA B oD {5 A91aS & | YR &
AYlIF3S4a &4dA3SAa0GSR Iy FF@SNI3IAS RAFYSGSNI aATS 2F w
O2dzy i SRUO FT2NJ &l YL S&a dzaAy3

GKS LINR2f2y3aISR KEeRNRfeara o

0 K SLINFLI NBROIWUNR RdzO G @

Fig.27 SEM and TEM images of SBAsynthesised for hydrolysis tirag6 h (a,c) and
24 h (b,d), followed by microwaessisted hydrothermal at 170 oC for 50 min
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Fig.30Yield of the a®btained bicoil, biochar, and gas from raw rice husk, DI

pretreated rice husk and Hftetreated rice husk
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Fig.31 GCGMS chromatograms of BO1, BO2 and BO3 samples
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Tablel4 The list oimain chemical compounds in bad identified by G®IS by library
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Fig.32 Infrared spectra of bioil BO1, BO2 and BO3 samples
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Tablel5FTIR spectra of the thréxo-oil samples
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Tablel6 'H NMR results of the three bal samples
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Fig.33'H NMR spectra of BO1, BO2 and BO3 samples
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Fig.34 3C NMR spectra of BO1, B@fl BO3 samples

Tablel7 :°C NMR results of three bal samples
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Fig.35TG and DTG curves of BO1, BO2 and BO3 samples
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Fig.36 BET results of the CSC materials prepared with diffareatints of the biepil



Table 18 Textural properties of SBS and CSC materials preparetth different

amounts of the biapil
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Fig.37 Carbonsilica composite materials prepared at different temperature




obp ®H Om O. WNHHHE UASENI 6. 9¢ 0 {20MNFpdS yI RESHE NXY2IYE @ 5 A &
O2YLRAAGS RSNANERLITNRR IN(R OFBA (KINRY (G GSYLISNI  dzNB A
COHIpfftdzAGNI GSa GKS yAGNRIASY | RazNlimpy A&az2i0KSNY
SEKAOAGA I +iAIRGIKISNIe ti® PRI &KAIKSNBAAEm f 2215 | Y
OFLIAfEtFNE O2yRSyalo2y ai0SLI AY [RA2Nll 2y 06N} yOK
¢CSEGdzNI f LINRPISNY&A/ F YILSNALFE & LINBLI NBR G RAQ
RSY2yadmyr a8 /Ay Y GSNRI t/& OLBNSS/LA GNSSRRA 10 &l | ABERY nin

nmh O6RSy2G8RAE ORPA R y2i LINRERRKRBDRHSIISEYISOIGSR
Aa20KSNYSI LR2RAL00OE 2Rz yd2 0&52LI2NBE a0 NHzOG dzNB 2 F
GKS GKS2NEB (GKIFG GKS aAftAORPALBNBYRKGEBS OSBRI 2 ¥ dz f
KIa y2i 0SSy NBY2OSR SBENSy amdmo®d d¢/Rdad KA ¥ Lidf KR a
GKFGO GKS @2XdzYRARTYDA2O0KI YIS (KA VERERKR |0 (KA
I 002 NRIFYyOS 4AGK GSEGdzNI f LINPRASNGR BER /MK Ay O2 dAf R
Ada20KSNYao

I {/ YFGSNRAIFTt a/ LBREBYRBBRINGD Z/p enn@y 2 i8R nlb& / {/ n
YR "W naRSY20(%R nlba NEBLiN®LIS yKie d HSNBaAa 2210 ¢KAaA
I O02YLX SE LBZNB aiGNHzOGdzNBE O2yardasy3d 2F |y AyidSN
aKILSa FyR aAl Sad . 9¢ adaNFIFIRSI HiREoBNMIYB&E Gt e RS
a GKS LIS NI £y0it SGNDB2 B SRRc wori:T0dc:rA G K GKS Ay ONBL &S
OF ND2yAdl a2y GSYLISNI (dzNBd@mwE: &Y QB2 YR SRS ®Fils NOSyYy (I 3
02 Todm:r GgAIGK GKS AYyONBFraS 2F GKS OFNb2yAal a2
| R2dzaGYSylG o6& OFNb2yAal SFyael YRIRSNIOTH &z @IFYy (KS d
YR LIR2NB aldNHzOGdzZNBE 2F /°FFY YIGSNAIf & 060& FdzyOe2Vy |



700 160

= 600 N

[ =

2} 0120

D500 2

© iyl

£ =

S o

= 400+ =

_E _8 80'

9 300 2

T e

< <

2200 Z

= g 40+

g )

& 1004 ¢}

SBA-15 CSC4_500
0 T T T T 0 T T T T
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8
Relative Pressure (P/Po) Relative Pressure (P/Po)
160 160

a a

= =

@ 120 @ 120

2 o

© ©

E £

o S

8 8

e 80 £ 80

o] [o]

0 [72]

o ©

< <

=y Z

2 404 £ 404

© ©

> >

g ]

CSC4 600 CSC4_800
0 T T T T 0 T T T T
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
Relative Pressure (P/Po) Relative Pressure (P/Po)

Fig.38 N2> adsorptionrdesorption isotherms of SBI&, CSG800, CSGB800,
and CSG800

MH P




Table 19 Textural properties of SBKkS and CSC materials prepared at different

temperatures
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Fig.39 SAXS spectra of SB3 CSG300, CSGB00, and CSCA0
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Fig.45 Calibration curve of methylene blue for UV quantification
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Fig.46 A schematic diagram of the methodology for methylene blue adsorption by as

synthesised mesoporous materials derived from rice husk
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Fig.48 Pseuddfirst-order adsorption kinetic and Pseudecondorder adsorption
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Table20 Kinetic parameters of methylene bladsorption onto Si©
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Table22 Isotherm parameters of methylene blue adsorption onte Sidifferent

temperature
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Table23 The thermodynamic parameters of methylene blue adsorption ontoa®ioO

different temperatue
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Fig.53 The plot of In kagainst 1/T for the determination of thermodynamic parameters
of SiQ
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Table25 The thermodynamic parameters of methylene blue adsorption ontelSB&

different temperature
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Fig.55 The plot of In kagainst 1/T for the determination of thermodynamic parameters

of SBALS
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Table26 Isotherm parameters of methylene blue adsorption onto CSC at different

temperature
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Table27 The thermodynamic parameters of methylene blue adsorption onto CSC at

different temperature
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Fig.57 The plot of In kagainst 1/T for the determination of thermodynamic parameters

of CSC material
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Chapter4

Rice husiderived cellulose microfibres/nanofibres for-bio

composite film preparation
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Table28 Various ratio of ethanol/DI water for orgasolv fractionation of rice husk using

microwaveassisted method
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Table29 The yield and Crl of C samples from organosolv process under different

conditions
. /] StimAOESa2f AR
| 2y RA o9 2 _ _

{FYLX S L,AStR ¢ I NL &7

h{wm /I ™ p Py T podn
h{H / H py ®orT pp PHY
h{o /o cndop pmMmM®dpo
h{n / n pT®no pp®cd




80

= Yield (%)
2 70 - crl (%)
| =
(D]
©
£ o 59.87 . 60.35 s
S 55.28 = =.55.69
T 53.20 -
é 50 - '
=)
E 40.98
O a0 -
o
=
(@)
X 30 -
he)
[ ot
@
o 201
2
=
X 10 A

0

Raw RH c1 2 c3 ca

Fig.59 The yield and Crl of cellulegeh solid obtained from organosolv process under

different conditions
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Fig.60 XRDpattern of RAWRH and cellulosgch solid obtained from organosolv

process under different conditions

-

nomIpoSOG 2F GSYLISNI GdzNBE F2NJ 2NBF Yy NRADIKS T NJ
a2t AR

' 4 YSyoea2ySR 0ST¥2NB:s (KS h{Hn O2yRAsaz2y 6Si
P2 F2NXYAO OAR gl a aSt SOGSR F2NJ 2NHlFy2a2¢
2F azaflgyRy iNBaSI NOKSaE NB@SItSR GKFG GKS G-
AAIAYAUOlLYy(d SuaSO0 F2NJ RStAIYAUOlFa2y @gKATES
2y £ AIYPRIFORR BE R

CKSYSi6RE8 2F NBI Oo Z/ys GASATLYSENDHIMIEINE bBiaa Ay«
F2N) 6KS Y2aid SiSOa@S 2NHIy2a2t @ LINBIONBL (
NEBY2@Ft IyR OSffdzZ 24S NBO2OSNE Ay GKAa LI
ndmdeoSIEMNBE S 2 F ONRB&EBAIS R AJMNGR (08 NI DR S y R
583aANBS 2F ONRBAGIttAYyAMROK / NREODAR y&R/ WTASTE R/
200FAYSR FTNBY 2NHIy2a2f0 TNl Ooa2yl d29f & R
on yRXA® LYONBFaAy3d 2F NBIFOsa2y (SYLISNI (dzN



gt dzSa FTNBY pmoyx: o6/ mtno G2 pcdHc: O/ HMNLI ¢K
2F /M7 G2 PpoPpw: 2F [/ HMA

l'a GKS alkyYS NBFazy & RSaEGN029R cAdEHHK ST HLINB JA 2
2LJoYdzY NBIFOa2y GSYLISNI Gd2NBY my (GKA&E 62N] 6F4& F2c

Table30 The yield and Crl of cellulegeh (C samples) obtained from organosolv

process at different temperatures
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Fig.61 The Crl and Yield of C170, C190 and C210 of cellulose rich products from

organosolv process at different temperatures
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Fig.62 XRD pattern of RAVRH, C170, C190 and C210 from organosolv fractionation at

different temperatures
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Thermal stability oRAWRH andcellulose rich products from organosolv process at
differenttemperatures (178G210°C) was investigated lyfferential thermogravimetric
analysis@TG) are shown Fig 63.

The DTG curves represent that there were differences in decomposition temperature in
the RAW RH, C170, C190 and C210. Theveigit loss was found in all samples in the
around 106C attributed to the weaporation of moisture/water because of the
hydrophilic character of the lignocellulose fibé32%.2°RAWRH sample represents the
broad peak from 20@00°C in DTG curve due to the presence of lignin and hemicellulose
in raw fibres2®”While, C170 fibre from organosolv treatment at $@0resulting in the
sharper peak in the temperature in the range of 280 °C with a small shoulder peak
this might be due to some residual lignin and hemicelllisEnis result indicates that
170°C might be not enough to fractionate the purer cellulose fibre compared to higher

temperatures at 196C and 216C.
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Fig.63 The derivative thermogravimetric (DTG) curves of RAMC170, C190 and

C210 from organosofvactionation at different temperatures



The DTG curves of 19C and 21C show sharper peaks in the range of-300°C

without a shoulder, this might imply that the removal of lignin and hemicellulose and also
might be due to the increasing crystallinity of C190 and C210 samples, as evidenced by
XRD patterd?62°” This could suggest that an increase of organosolv fractionation
temperature at 19¢°C and 21©C led to purer cellulose.
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Fig.64 The OS, Q&kaline and OrganoseMkalineBleached fibre
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different chemical treatment stages
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Fig.65 XRD pattern of Raw RH, OSaB8line, and QB&lkalineBleached
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This increase in Crl of cellulose fibres was also expected to increase their stiffness and

rigidity, and therefore strength. Thus, it was assumed that the potential mechanical

properties and reinforcing capability of treated fibres increased.

Table31 The Crl of RAMRH, OS, G&8kaline, and G&lkalineBleached samples from

organosolhprocess
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Fig.66 FTIR spectra of Raw RH, OSalkeine OSAlkalineBleached and Commercial

Cellulose
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Table32 Assignment of FTIR spectra of Raw RH, G8k&ige OSAlkalineBleached

and Commercial Cellulose

2} GSYdzZY#BNI! 33aA3IYYSy

0 0 TOM N N hg aGNBUIGOKAYEKEBNBRISy292YIRKE
I £ ALKEF o O &l NHzOG dzNEB a

Hdnn /¢l IANRdzLIA Ay OSftftdzZ 2aA0 YI &

MT O /I Th aGNBGOKAY3a @GAONI a2y AY

fAYy1F3S Ay OFNb2E&f 8 dzZXSNA
2F fAIYAY
MPp Mn [T/ &aGNBGOKAY I AT {IANRYYAlYs Or 23
MHC N /h 2dzi 2F LXFyS aGdNBGIOKAyY3
KSYAOSTt t dzf 248

MMC Iche/ +Fa@YYSUGUNRO aAaGNBUGOKAY3A &
M CH Ich &GNBYOOSY H dafe2varyS GHNARD 7§ NE
M onN It/ a0WBOQKAgHE Ay OStfdzA 248
y don /T RSTF2NNI a2y 27F | yK&RNER I

KSYAOSttdzAZ 248 2F tA3dy20Stt dz
Tyn ¢KS a@YYSUONARO &adghBA OKNB/ @LIY 2




NPHEPH DS NIV I f  loINReLItisibcBlBlosach fraction at various stages of

treatment

Thermal properties ofRAWRH, OS, G&kaline and O8&lkalineBleached were
investigated by TGA technique. TG and DTG curves are represdfige@7n The initial
weight loss observed were found in all samples in the rangecdb8@C due to the
evaporation of moisturé!>2°0.299TG curvef RAWRH illustrates the broad peak at 200
400°C with a shoulder because RARM fibresnainly consisted of cellulose, lignin and

heimicellulose>’
| DSNJ OKSYAOIf LINBUONBI G 8y G E A gt & S| it SBA5/MID &z8I €

0S02YS VYINNRGSN Ayn Wi KRdzSII yiaS GKE oNBN2 DI €
KSYAOSHP gz SHSMHME ¢ Dit f DHINIBDFOKB Rh{da K296 GKS y
gAOGK2dz0 &aK2dz RSNIyMYy OGOKKASA NEFWLESA SRF Goknlnl  LJdz!
200FAYySR | DSNJ 6fSIFOKAy3a aitSL) RdzS G2 (GKS

FANBSYSY(d gAK@ w5 aALISOGNI @

— RAW RH
100+ 04
—O0Ss
— OS-Alkaline — RAW RH
804 —— O8-Alkaline-Bleached =54 — 0S8
_ — OS-Alkaline
—_— c >
S 5 E ~104 — OS-Alkaline-Bleached
= | X
=) 5
(7] -15
|_
2 404 =
-20 4
204
_25 -
0 T T T T T T T T T T T T T T
100 200 300 400 500 600 700 800 100 200 300 400 500 600 700 800
Temperature (°C) Temperature (°C)

Fig.67 TGA thermogram of RaRH, OS, G&kaline, O&lkalineBleached and

Commercial Cellulose
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Fig.68 SEM images of (a) R#&iH and (r) OSAlkalineBleached
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Fig.72 Schematic diagram of cellulose fibres anddamposites filmgroduction
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Fig.73Biocomposite films: Series A
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Fig.74 Optical properties of bicomposite filmsseries A in UWisible range
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Table33 The light transmittance of the bimbmposite filmsSeries A
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Fig.75TGA (a) and DTG (b) curves ofdumposite films: series A
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Table34 Tensile properties of gwepared films: Series A
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Fig.76 Tensile strength (a) and elongation at break (b) ctbiaposite films: Series A
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Fig.77 Biocomposite films: Series B
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Fig.78 Optical properties of biaomposite films: series B in UNsible range
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