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MISS WORRANUN WONGCHOMPOO : PREPARATION AND APPLICATIONS OF
TRIMETHYLSILYL CELLULOSE FROM VARIOUS PLANT FIBERS THESIS ADVISOR
ASSOCIATE PROFESSOR RADCHADA BUNTEM, Ph.D.

Agricultural waste is a good source of cellulose which can be easily
extracted by a strong base. In this research, corn husks (CH), corn silk (CS), coconut
meat residue (CMR), and pineapple core (PC) were treated with 4% (w/v) NaOH
solution to yield CH 1, CS 1, CMR 1,and PC 1, respectively. Then, all samples were
analyzed using FT-IR, SEM-EDX, and TGA techniques. The results revealed that both
lignin and hemicellulose were removed successfully. The extracted cellulose was
dissolved in N, N-dimethylacetamide = (DMA)/LICl  and  reacted  with
hexamethyldisilazane (HMDS), yielding CH TMSC, CSTMSC, CMR_ TMSC, and PC_
TMSC, respectively. After that, the samples were characterized using FT-IR, 'H-NMR,
SEM-EDX, and TGA. The 1% (w/v) TMSC films were prepared to study the hydrolysis
of TMSC under 100% RH humidity using FT-IR spectroscopy. The microencapsulation
of camphor (or borneol) by trimethylsilyl cellulose was carried out according to the
oil-in-water emulsion method. The oily phase composed of TMSC and camphor (or
borneol) dissolved in ethyl acetate was dispersed in 1% (w/v) SDS in an acidic
aqueous solution to obtain. TMSC microcapsule containing camphor (TMSC C) or
borneol (TMSC_B), respectively. Both TMSC C and TMSC B were studied against their
non-encapsulated counterparts, TMSC_MCC, using ATR-FTIR, SEM-EDX, and TGA
techniques. The 2% (w/v) of the TMSC solution was coated on filter paper to
determine its waterproofing properties. Interestingly, CS TMSC has proven the best
hydrophobicity. Remarkably, ink on filter paper which coated with TMSC was
dispersed under 100% RH humidity. It was found that over time, the ink was more

dispersed in filter paper because TMSC turned back to cellulose.
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wndIndudnuilaunaweteaglaariuigula iewinnaanisiiuneununsnsinazmindan

q

(% '
I a L =€

wideiiananisineasiensunduludupsesedinden dulunsiwaglaailaanias

v

<

widefimsnsineasutldusslosiiuindunsteduyarivesagmdofisonenisinens
suteanlymnisdandenndae ?iaimadau‘lmguéjamémﬁmsﬁﬁ'ﬁwmmm%@hﬁﬁn%
oeflugunseauuaynszawids (Rose & Palkovits, 2011) uazdidutiosiitanusuiasuny)
laftuionliisaglaseusaazaglutwiosiasaredurisiaorluld Fondroyius

vouwaglaa viliwaalaagnialldnulaegimainrateungdsauy

H,0
i HO i HHOH C
HOH,C y T OH 2 0
HO H W 0 H
(QH HD g 0 O\
HO OH =" YHonC HO-T OH
H H H H

A9 1.1 M5LAnUfA381 condensation was B-D-glucose

4
(% QUVLSJQJ

lurwddeliiifelaadinwaglaanmvaisazanslafoulansenladainie 4 vila Ao
a P Y 9 ) Y o A v )
Waendalna lyadnalne nnuenst wazunudulesn wiidieaglaailauduasieilag

wiialwdaiwaglaa (Trimethylsilyl cellulose, TMSC) Bailusyiiudivaglaadianuisaazans

o
1 o

Tudvhavaredunsdlidunls anduhuneiedlilasuadgalaeld TMSC usvievivans

6

sedind1e wu n1sys waghisay Wudu saufahanldlunsiefounseawitoniseysng



1.2 InQUszaeAvaINsivY

1.2.1 Anwinsaiawaglagnnitie 4 wia fe wWasntilne uut1ilwe nnuenia

LagwNUdUUL A

1.2.2 Anwn13daasiedt trimethylsilyl cellulose (TMSC) a]’]ﬂl,sziaqiaaﬁaﬁmléfmﬂlﬁa

4 ¥8a A WABNTMINA NI NIAUZNSIT LazwnuduULe
1.2.3 Anwinsslasunias TMSC anelamnudu

1.2.4 Anwniswsenlulasialuganievuansseiindny @i n1sushaziuay 1uduy
Y 9 Y

Tngldfvianudu TMSC
1.2.5 Anwautfnnulivevivessitegnnszaunsedilognindaunis TMSC

1.2.6 Anwianuauisalunisiadsuniinaraledivewneganseaenseilegn

WABUMY TMSC AeldAnuau

1.3 #NAgIUYDIIUIY

1.3.1 waglaafanalaainge 4 ¥ila fe wWaandalue nuthalne nnuenind waz

LAUAUULTA NANURALTLANLANAINY

1.3.2 TMSC ndupsignnwaglaaianialaainige 4 4ia Ae iWiendilne vy
71N NNNENIY BazknudulzIn azdanseAunIINUEN (degree of substitution, DS)

Mgy trimethylsilyl wansaenu

1.4  YaULIATDIUINY

1.4.1 afnwaglaaainige 4 vila Ae Waend1ilne lyudnilneg nnugns1i waginu

1.4.2 w38y TMSC Mnwaglaaiarinlaande 4 vlia Ao lWaent1ilne luudilne

NINUENIN Lazlnudulzse

1.4.3 AAeuNSLalasatavad TMSC #a19ntasuAINudu



1.4.4 wiswlulasuaugaiviouassuiniie 1wy n1sys wariiaau lneddvieviudu
TMSC

1.4.5 nagevaudinuliveuinvesweganseaunsaulegniaiauniy TMSC

1.4.6 MgUANEINNIOLUNSIAGRUNnazaeveiIRL 19N TEAN YN TOIlBgN

WABUMY TMSC Aeldninudiu

1.5  YUADUVDINUIY

1.5.1 afnwaglaaannide 4 vila e lWaent1ilwg lyudilne nnugni1i waginu

Agulzsn

1.5.2 Anwnaandiiguaivaznien nvesgaglaananalaainite 4 via fe wWaen

1NA U 1Ilne NMNNENE1I wasknudulyse Arewmada SEM-EDX, FTIR, TGA wag XRD

1.5.3 w38y TMSC 91nwaglaanainlaainge 4 9lia Ao wWaent1ilne luudilng

NUENSI waghnudulesn

1.5.4 AnwamantRvas TMSC Mwseulaainiie 4 viia Aa tudendrilne luudrilne

ANUEN3ET tazknudulysa aaenalla SEM-EDX, FTIR, TGA, H-NMR wag XRD
1.5.5 AnwIn1stalasasavas TMSC n1eldnnudy aaewmaia FT-IR

1.5.6 wisewlulasuaugaivionua1ssuiinie wu n1sysuaziisay usiu laglden

vioriudu TMSC

1.5.7 Bnswiilulasuauganvieviuansseidiindis wu n15ys uazisay lagld TMSC

Jusvieriu dmewaila FTIR, SEM-EDX uag TGA
1.5.8 Anwautfnnuliveutvessiteganseaunsedilognindounis TMSC

1.5.9 Anwianuanunsalunisiafeuniinaraleuivesmieg1anseaensaailegn

WAABUAIE TMSC AnelanINuTL



1.6 fRurUANLaNIY

nsteukAUgaty (Encapsulation) Ais nsudenTaguilanvierinaisideaely lned

drulseneufiddey 2 dau fe wWien (shel) FeTaniiludvionu uazununans (core) fe

anshgnviemiy

1.7 Uselewunazlasu
1.7.1 @u1saunds 4 wile Ao Wasndlwe lrudnilne nnuensl washnu
dulzan Fadutanmdenmnanmsinyasuviililiyaaiiugule

1.7.2 ansadiesigvanuwananvesandidandiaznmenmueagaglaanaiala
= a oA - v o v o % a
nie 4 vila Ao Waendilua lvudnilne ninugns1 wagwnudulesa mewmaia SEM-

EDX, FTIR, TGA wag XRD

1.7.3 ansamanmsimiizadluniswsed TMSC annwaglaaiaialnainige 4

a & = 4 ¥ v %} v
8n A WasnT1Ing nd1lng NALENEIT wazknudulzsale

1.7.4 ansaiAzdauwananvesauaganduarnen1nues TMSC vadgaglad
Panalaannda 4 e A WABNTINA MAUTIINA NINULNET LazwNUAUULIA fae

WwAlA SEM-EDX, FTIR, TGA tag XRD

1.7.5 ansamanenvuizadlunisweseulilasuaugaiiviovuansseiindte 1wy

nsysuaziaaule

1.7.6 11 TMSC anldluniseysnenseauld



LY

= awv a4 v
UNN 2 UYNLNYIVDY

2.1  undsiunveswaglad

L%aqiaalﬂuwaﬁLua%%amwﬁﬁmﬂﬁqmiuﬁsmma drusnnnulundasadvaing,
amseuede wavansandaldainuuadise Wy Acetobacter xylinum daduwuaiie
unsuaviiFesnseendiaulunisaiadvln 1@3gleAel pH 3-7 wazgamnd 25-30°C 14
nalaaduunasmsveulunisiasoyiule TnewaglaaiildanmviinvesuuaiiGeass
ARy Aesluadnideifisuiumaglaanniis Tanuuiansgs Lifiefiwaglas
Anfiu wazinaRudovu darwannsalunisdudildinn famuundngs wasnuseussisld
a9 (Esa, Tasirin, & Rahman, 2014) Wifidodinuiausems Wy duvunisuanas 1demns
AT LasldnananTios (Gupta et al., 2019) ‘mezﬁmaqiaaﬁwuﬁﬁqﬁﬂ%

agiueiigaglaa wavdniy Beninantuwaglaa (Lignocellulose) Aenni 2.1

2 H
hemlcelluloseo

OH
OH
H*o o] HO OH
HO o o
0 OMe OH
\ L OH n
A\ o cellulose
< OMe
G 5 .
lignocellulose 0 O O ;
MeO
o HO  OMe OH lignin

A9 2.2 ssrusenauvemtseaaiuiusenaulumeisaglaa tediwaglaa uwasdniiu
(Kuthi, Norzali, & Badri, 2016)

1N91UT98UDY Soundarrajan tazAale (Soundarrajan, Vennison, Saraswathi, &
Emmanuel, 2011) wuinisaiawaglaanivaisazaislaislansenledazyiominaniiy

waztadiwaglaasenlulagnislalasddaniiussieainesseninedniu uazislilwaglaans

UfAzelunwd 2.2



¢ 0 §
c
¢ ¢ . i
C-0—C « NsOH —» C—OH " NuO-C
0, Ok . OH
0 9
[}
/ 7

AN 2.3 nalnvesn13viuise1ves lignocellulose iu NaOH (Soundarrajan et al., 2011)

Tutagiunuirfaquienaenisinussiluiraagaglaanianuauladusgrmnn
\esniagwasianiinisinunsndduaudindy yilaiundmsulanauldiisans wazns
lumdedldRuamuas suwdneliifauaiivniteinia M fagmaedl im1en1sinens

& £ f2 dl' a v o N ! o
wiadunldusglevidalunsandynisewaivniseimakasdudunsiiuyarivasian
WRBNIMaN1siNensanaie aslnlunuideiasaulawaglaaainianwienimnanisinens

ToA wWasntlne ludnlng nnuzns vazwnudulzse Wusuy

2.1.1 waand1lwa (corn husk)

flwe Temeimermansin Zea mays L Wulsidugn fdwugs 2-20 W log
Trlwadunilduinvssandavdn @n Sudevds dnlna oo wazens) Tulszmelne
Tngveadeilldannisuaniialne loun Waen (husk) v (sitk) wagda (Cassellis, Pardo,
Escobedo, & Garcia, 2014) Tagwasndnalmafuluisesiuiindalnn fanwit 2.3 Weilnla
waznfouflazfiuden wWaandmlnatnavgnaenisly laeialushidnudondrilnalagly
NITLRN é?fw3dawaé’umwUﬁiaqﬁummmwia?ﬁumé’am PMNNUINEVY  Kampeerapappun
(Kampeerapappun, 2015) lananisesavssneuniaaiivesldontnilnaneuainuasna
afinmglodeulansonlen  nulndaentnlnwensuanaUsenoumeivaglod  29.3% 1ad
waglas 39.7% uavdniu 11.4% luvasiivdainnuitesduszneumaniiveavaglas

WinTuy 61.4% iuﬁumzﬁLaﬁmaqiaauazaﬂuua@mL"f]u 8.1% LAY 9.2% MIUAINU A

msaiameladeulanasenles Yislunisidaeliwaglaawasiniy



husk

car - kemel

N 2.4 dnwauzvaaldantialng

2.1.2 Tnaut1ane (corn silk)

ydnlne uduiiunaquilndninedaidnuazifuruen yuau uasifindesds
WAS FINWA 2.4 91neuiTeves Nita wavaay (Nita, Zhang, Dentzer, & Matei Ghimbeu,
2021)  lenamisesruseneunisaiiveslnudnilnaitiseneusmewaglaauasialiuaglad
Hundn wazianduluviunam wenanniianuiteves Al wagane (G. W. Al Elatf, &
Abdel-Fattah, 2020) lalvideyaintuluudrilnany Zein FudulUsaundniinuludnilne 3

Andu 45-50% vadlusAuIINT N INAVI IR

A9 2.5 dnwazvasluudnilug

2.1.3 AMNUEW31I (coconut meat residue)
ugni fPeneIne1mansin Cocos nucifera L. \uiiwnsznalndy waaniiuinnga
37 an. wezntnaileganuduuszneumeildentuuen  (exocarp),  wWasndunans

(mesocarp)  wazwdontuly  (endocarp)  @uiledvsulugnanduionsning



(endosperm) (Schmier et al., n.d.) fan1ni1 2.5 lugnamnssuainuenig 1wy ueniym
nasnsanamingfieentuaglddagmasnanseniininueni Feasralaymlunisida
dwiugnanvingsu

attachmet of the floral axis
"\ micropyle

exocarp
mesocarp

endocarp

endosperm

AN 2.6 BIAUSENBUVBINANTNGY (Schmier et al,, n.d.)

NUITBVEY Ngah wagmz (Ngah, Azlisham, Amin, & Farhana, 2014) wuailu
mnuzndniliedsvedusiu lutu 181 esdusayUSnandulofuwinfu 6.60% 19.16%,
1.73%, 49.86% way 49.53% MIUaIAU  2IAUTENOUMNIAAIYaININNENE1IUSTNaUAIE
waglea efiwaglaa Aoy swdunafunaskinddnidndes  annisainwaglaalaely
ansavanelaionlensenlas saufniswend wudnivdhwesninuzndanas 80 — 90%
danalvindniaidulowaglosanas 10.74-16.91% lagn1sanamefnasdivasatenaiy
uarpIrUsznavteelivaglaa wavgninliuiaritusolnfunnaeleinasnsauadin s

wliwaglaauayaniivasgnindneansesanysel  vibilmdulowaglaaiiouusans waviid

170U 1N8ANYULVBININUE NI ULARLVUN BUVBINTLUIUNITNIWAL AINTNT 2.6

ANA 2.7 SNYALIBININULNGII (3) NAUNITENAMEA1N (b) MEIENANIEA1Y Way () iaa

Wond (Ngah et al,, 2014)



2.1.4 unuduuzsa (pineapple core)

dulysn T39IMeNA@nsIn Ananas comosus Hnunialunivswsnle dulysa

=

Usgnaulume, astulawmse, Uisna, Fandiue, T waziudiwalsiiy, Tsay, lag, wn, W

D

a a v

wes  uazansiueuyadasy  uenandfulinia@ein  waznsaueameiUnanmy  lu
gnamnIsHeWs MskUsiunaliviiniinuinduneusing o luseniranisuds dlaqudedn
Judmaunn wu wéie wWaen wazunu Jialy 50% veahminveads lnswnudulzsn
< 1 1 [ (% a a o . 1

Judiwegnsinaavesdulesn Aunmi 2.7 91nnuideves Cassellis wazani wudiluunu
dulrsntlosAuseneuvenaglaa 24.53%, (ailwaglad 28.53% , Anflu 5.78% uazinaARy

1.58% (Cassellis et al., 2014)

Core

’

AN 2.8 ANUAULUBILAUAUUSTA

2.2 lassaEdrmanlivasaaglas
[ 1 1 o/ AR 1 a
ngleailumheegesveusaglaauaside IaglasaiwesnglaatuiviawuuldiUauas
oA % VAl Y = = Y) s w & a 1% aaa

WU ueikliesantasasiuuulntauuliiadesiuinnesudndun 6 wasy meufizen
n1suiiy nucleophile (nucleophilic addition) s¥winewiiieaflannsumis C1 wagnylans
angafisuvids C5 Tuluanaifednu lngdnuazuuui 6 ndeuvesnglaadl 2 Wesuds B-D-
glucose uaz a-D-glucose lng B-D-glucose uuariinglansandaves C1 oglusumia
equatorial Tuvaue? a-D-glucose visllansandaves C1 azaglusumus axial (Holtzapple,

2003) fan il 2.8
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B-D-glucose

1
OH

o-D-glucose

D-glucose

(Open chain form)

At 2.9 nsiinlassasawuulgadnvesiinnanglaa (Holtzapple, 2003)

maaﬂaa:ﬁmﬁ(?i’jqéfulﬂuﬂqiﬂa%ﬁm B-D-glucose &A1 Degree of polymerization (DP)
Uszanas 500 — 15000 waziininefisnty (repeating unit) \uweulalaswalaluled fowou
lelasnglaaiioginfuazgamuuly 180 sem ¥iilitinsdnisesiivensiunnssty fanwd
29  mamuivilieagieafannnsguneiasiuresaeleiswuaumlansonda
Wiy wasvhlmAniusglelanaussmamerensagloaesnemuiy - frdugaglaatsd
AnantAlunsgeduthlFa wilisgaoiuaslslasladlson  Tuvneiuterhilaaiiansd
srudunglaasiin o D-glucose i1 DP Uszanas 100 = 3000 wasdmiefidrfuduwey
lalnsnglaa fdnwmsluaieinden avanei uaglelasladldiemeaulys fanmil 2.9(0)
wialaianaveasagloanazuiliarlilaaiin sznaufemeaosineiifdnumzuandsiy
Tngtanedranidslusums Ca-OH fuazu non-reducing end luvaiivanednduniisly
Auus C1-OH 5uﬁmﬂamaﬂ%m7‘iamﬁm\la§uLﬁuLLaaﬁlaﬁlﬁ 138A91 reducing end

(Holtzapple, 2003) Fanmd 2.2
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| 1.038nm
I
H H.COH o- HgCOH
HO-%‘ / \ _Jx\ / \ _J‘\
H.COH H.COH : OH
Nonreducing Anhydrocellobiose " Reducing
end end
DP=2n+2 (500-15000)
(@
| 0.42nm |
| |
@]
H Hz@/ W 1y
H ™
o] H OH
HO
H
O HfOH — Anhydroglucose
II ||
IIII III
| H I.' DP=n+2 (100-3000)
H,COH H
HO
H_
HO
Nonreducing Reducing OH
end

end

(b)

At 2.10 Taseassves (a) wealaauay (b) wliezlulas (Holtzapple, 2003)

2.3 lassadrawdnvaaglad
Mnlassaiamaaiiveasaglaa danmil 2.9(@) wudezmeulalasiaununizely
FeARINAUTTUIUYR (axial) wazvislansendanavunaglumusnvuuiussuy
Y943 (equatorial) Favylensendawariaunsafiafiusylalasiauiuigaglaaneglndifes
fu  Ieeusnaniaiustlalasauegimuwivaginlianewaglaainisdaisesinegiaiy
~ = | - . . Y PN ! a PPN o a o
seilgulssendiuildn Crystalline region Aanmdl 2.10 diuusnaninisdnisewiivesany

waglagednsliidusudouisdendiuiiin Amorphous region (Holtzapple, 2003; Mittal,

Katahira, Himmel, & Johnson, 2011)



12

Ploby 4oy
f\ (
RIS
N
f
| o
f-'\,_‘d/k_‘\ -
e (
2 =
d b >Crysta\|lne LTAT T ©
o @
|| U =
k3 ) (
1
B f
i-\%?!l\gl}ﬁﬁ\morphous%x o
(i it
uv‘“-"\_,
(a) (b)

Al 2.11 Msdatesdiivesagivaglad (a) lwaglad | fidnvaseidu parallel (b) waglaa i

a

fanwauziduy antiparallel (Holtzapple, 2003)

PNMIANYILASIATIIRANVeag laasImalln X-ray diffraction (XRD) wazimatia
Nuclear magnetic resonance (NMR) wuintwaglaailasiainendn 4 susuuiiuansaiy
leun waglaa | 1110 waz v Taewaglaa | Juguuuinulusssund Insdadosily
Snwouz parallel fanmndl 2.10(a) Lﬁuﬁiﬁu’jﬂmqa%’]wﬁﬂﬁumLezja@:[aa | Usznaumiunan
avsgUnuULAnA1eTY fAowaglad lq (triclinic) waztwaglad Ig (monoclinic) lwaglad lo WU
TuwvafiBeuavamseluvasiwaglaa 1g wulufiv (Mittal et al, 2011) druwaglaa Il
MsdnSesiuuy antiparallet fan1wi 2.10(b) Idannmisiwaglea | a1 afadnewuaun
11 NaOH (36nn3¥UIun15ii1 mercerization w3e019l#a1nnszuaums regeneration e
Wnwaglaa | wiaza1gly Cuprammonium hydroxide uawiMsanKan waglaa Nl uag I,
wsesldanmsthiwaglaa | way 1| muddu sudlusesludemaniionmgll -80°C uaz
waglaa IV, uaz IV, wisuldlaemsudiwaglaa | uay 1| mudisy Tundleeiufoufigumni
260°C (Jisuke, Akinori, Junji, & Sadayoshi, 1975) InenisiUasuutadlasadrandnues

wagladluguwuusing q denmi 2.11
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NaOH
Cellulose 1 "' . Cellulose II

NH3 Cupralmncmmn I NH;
-80°C) hydroxide (-80°C)
- N - ™
- Cellulose III; . \;_q‘(‘.ellulose 1Ty /)
?lycerol l glycerol
(260°C) (260°C)
/, — 7-77-“‘-\‘ / - T ~
(_ CelluloseIv; ) {_ Cellulose IVy B J

A9 2.12 mswdsuwdadlassaiandnveaaglaaluguwuusing 9

2.4  ayWusvaaglad
Mnlassadamuniveagaglaanuineaglaadunedweiiliszarslutiuas
asaraneBunieialy uwiansngaduinldidesannmylensondavousaglaaaiunsoiin
ftusylelnsiauiuinléd uenanilelnsiaulumylonsendamanivilfausaasisoyius
waglaals Inensunuillelsiauseviladdudu Tnevnluudneulslasnglaadaduming
dosvounaglaaiilalasiaulumylensendarianmsafionisunudild 3 duvs fafudedien
seAUN1sUNUA 38 Degree of substitution (DS) gegaldivifv 3 sondvtousylelas
nglaa damsunuiilelasiaulumflensendavesivaglaashemimivendiuia uazuylansen
Flnsia axviliwagladannsnayaislutia (Hydrophilic cellulose) usdumudidaevsjued

W wazngiedia asviliagladliasargluin uiainsoazargludivinavanedunidnlad

g (Hydrophobic cellulose)

2.4.1 arsuanduiiaigaglad (Carboxymethyl Cellulose, CMC)
s oA < = s i =
msvendiuiiawaglaailuwaglaadmesilalasiauvewmylansendavuneulalag
nalaagnunusIevdAsuenduiia dlassaiiedaning 2.12 wiseulaainnisdigaglaan
i dusemeladeulensenled antuiahunihujisenduinielufsuvensanaslsue

Fin  lnsansuendwiiawaglagaunsoazanslutile (BeMiller, 2019)
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OCH,COONa H OCH,COONa
H NaOOCH,CO
I 0)
o H
0]
NaOOCH,CO
H H H OCH,COONa
OCH,COONa

PN Y s a a
AN 2.13 Iﬂiﬂaiqqsﬂ@ﬂﬂqi‘U@ﬂGULiJV]aL‘UaQIaﬁ

2.4.2 lamsan%‘lwsﬁamagiaa (Hydroxypropyl cellulose, HPC)

lansondInsiawaglaaduvaglaadinesilalasiauvemylansendavuueulalng
nglaagnunuiisnenflensendinsiia fassadrefanimi 2.13 wdsaldainnisvinufazen
sewinawaglaaueanladiulnsidusenlediiniuiuuargungiigs laslensendlnsiia
waglaaazarsldfluthuaginiazas Bunieidin 1wy wnuea, lovwes, lelelnsiia
ueanosed wavueTlau msarasvadlensendinsfiawaglanluhtuiugnmnd lnsgumnd
fwinzavlunisazanefe 45°C (Durie & Karan, 2019)

H OHp OHp I

b o l/

H 0 CH;
4! Fip: /\(
Q o
OHp OHp
H

H o H A OH
A9 2.14 lassasevaslensondlnsawaglas

2.4.3 waglaauadian (Cellulose acetate, CA)
waglaauedimniduwaglaateameslasiinguedinmunuinylensondavuusulslns
nglea dlassadrefanmil 2.14 Ifenufisewesivaglaatunedinueulslnsduaznsnue
Fanlunsadaiiain lnensazanevesvaglaauediny Fuus Degree of substitution (DS)
Ineivaglaauedinnidan DS Uszanal 2 - 2.5 anansnazansldluuedlnulnoonisulaziuiia

WaTen A1 DS asndtazazanglalulamaslsiiinu (Fischer et al., 2008)

H
H OAc AcO
.- O S A 0
H .
Ac:
H
0 0
AcO OAC )K
H H H OAC

A 2.15 laseasnavesaaglaauadiam
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2.4.4 wiawwaglag (Ethyl cellulose, EC)
wiawaglaailugaglaadmesinglalasiauvemylansenduuneulalasnglaagn
Wasudunyiefiadimes (Murtaza, 2012) fllassadrefanmil 2.15 efiawaglaaliainnis
yufAsemesefianaelsfivwaglaaueanlatiofiawaglaaliavars uavaneldlush
Maganedunsiviateviln WU Loaneged dines AU wazleawes (Durig & Karan, 2019)

H OC,H;

C,H0 OC,H,
H H

A9 2.16 laseasraveseiiawaglad

2.5 msﬂszqnmﬂ%ﬁfvagiaaﬁhja:m813:'1 (Hydrophobic cellulose)
waglaadlngintflunisnannszmwiaznszanvuduasiiunsdiudiiieaglaau
Ufuidsungiladdudusyiusvoasaglaaiuwagloaaunsnasasluiwioazaglush
yhazanedunIsiliddald diflrenamiluide 2.4 Fsnsusuuneuauditvinlheagloa
ansnsavhur el dogmannvaneainndsty
fimswssteunusgaalaalnensiiuvdlnsiuialedaleetihwaglaauvigisedu
N,N-dimethylacetamide (DMA)/LICl ¥inlvigaglaanseanesilussuurasivinazae Nt
thuniUAgeiu Hexamethyldisilazane (HMDS) wansnaladiasnind 2.16 agldlasiiialy
ﬁat%agiaa (Trimethylsilyl cellulose, TMSC) (He et al., 2014) Iae TMSC Algifiaay
@3 an1u Yo uunndu. (Petzold, Koschella, Klemm, & Heublein, 2003 :
Wongchompoo & Buntem, 2020) wazlilazangluti usanansnavaneglusivnazaredunss
flaifidh 1wy Aaelsrledu nenani TMSC Sudusyiusvesaglaafianunsadounduludy
Lszjaqiaaiélﬁaé’mﬁaﬁumm%uﬁamamﬁuﬂmq (Cooper, Sandberg, & Hinck, 1981) v3agn

lalnsadanianss (Kontturi, Thine, Alexeev, & Niemantsverdriet, 2005)
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- >:O ....... o
_oommo—_
e oo g o
_—N aN N—" \f /[L %
Nty _N N7 N—
~ &y
=t /\ﬁ
W
QO o P FSiMe,
Uy Me;SiNH 0] o
HO
OH —~ HO “,
Me3Si—I‘\I—SiMe3 OH
H
Cellulose
HMDS
Wﬂf} Me;SiNH,
0]
o)
U
7 OH
TMSC

i 2.17 nalnnsiinufAsensening cellulose wag HMDS

finsdn TMSC Tlduselevilaeinluindaunssniviieniseusny tledainiie
szezarulUnuIINTEAgIsiamMsderan ndiaunseuiUse waslianseanwlasuly
a = [ = = s a a v
LGN Bedamananainnisinszatviesdvsenaunidunsa 310U v0s
Amornkitbamrung ttaganig (Amornkitbamrung et al., 2018) WUﬂ’mizmwﬁgmﬂﬁaUéjw
TMSC @1u130anAdunsawaziin U U1 RwInTY 1Ween TMSC gnlalaslad
Juwaglaa
dgj oA o d‘ 1 QOJ 1 a ¥
wenninuhiinnhwaglaanliveuun wu-teviawagiaa (Murtaza, 2012) 1ld
agaunsatenenue lasldiluastanie wazansiadoveiiounUandunazsa s
HemuannsUanUdegelagldnaiianisieusadyaty - lngldmatianisieuladgiaduis

enedsluiidensly

2.6 lulasuaugauazimalianisiouualyiaty (microcapsules and encapsulation
techniques)

lulasteuualgiat (microencapsulation) Llunszuiunsvieiuiaguilsdeianiue
[ I3 -y & vy v A < = [ ¢
uveawds veunar visewialineluiandulusdualgaruiaidn vwaduriuaugnaig
5811319 1-1000 lueaseu Sendlulasualya desenoume 2 @wmedn As wnunais (core
material) vsedaniignyvieniu uaziuden (shell material) viveTanvieviutieundasinunana

(Jyothi et al,, 2010) Inglulasuaugauuseenitu 2 suuuulng o laun wnunatavisnuagn-
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veyuAleLUFen (core-shell microcapsule) Uazununanenszatediegnngluasiuuden

(multinuclear microcapsule) fanmf 2.17 Jngusvasdvasnmsvilulasuaugafoundos

a

LNUNANNAINANINLINGDN AuANNTISUaaUaey wazUnUnanautinisssamduda wu @

Jav1F warndu Fenaantivarivedulasuauyalziuedivnnaudininienmyaslden
wazuNUNALY

shell material

(a) core material (b)
Al 2.18 anuauzvedlulATuAULALUU (a) core-shell microcapsule ag (b)

multinuclear microcapsule

Tunwidetaulanseuualgiatilaeld - TMSC Wuden  waslununanuiuans
a | A = av v 4 A A o = |
sedlinde Wy Mayskaziuay Jaduansulaunniiv Induemeiy sudaduundasy
YDIATBANGVENNYIN N
1) Meys
M3ys3adumesiiueudniians CyH O Raaluana 152.23 ¢/mol wuldlusuld
AN 9 LU é]jummi (Cinnamomum.camphora) wag ¢ kapur (Dryobalanops sp.)
msysilundniunsnaiusesuanveailell  lagdwieglnalausuasiinsysuinnindiud

%

agaeun  luluuazgendeuaziinisysegdosnitluin N1sysALinfuUVoLRUANIZM

D

Y < = & ' A A P g % o -
anwuzilunandagn 9 la Tswawsedidvn msysianvauzuazlasaasemaaifunind
d‘ ‘;j 14 1 1 U I ¥ = U ¥ a
2.18 Wienalioma wudmsysundmenduluiow  wasiinsaaneimilaainnisseiiia
98191 o WelinsdudaniegaauasiiiAnanuidnduantu uaddudadunauvesnisys
Mdududes 9 eraviliiensuivisesniaula nisysgnianldluaiy T waglatu e
UssimeInsiinseAngiAadlareIn1sAu Inensysilauaudilunisiuiuaiise wenanil

faflansinueyyadasziaraunsenausnme (Kaltschmidt et al., 2020)
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PN o o a
AN 2.19 aﬂ‘UﬂJSLLagiﬂiﬂﬁi'N‘V]'NLﬂu?]@ﬂﬂ']ﬁuui

2) WU

Nakau  (CyoH,0) ﬁmﬁﬂimaqa 154.25 ¢/mol) 1Juludanmesfiufiarunse
azaneluluiuldd Sinduvenifunavau tasfisasy | Aueulidnvauzuaslasiaiaonaadif
Al 2.19 Fefimauardidnvaiduindaiidnuazuun Tdvntuniesenunade tnefiuau
wdidowduniineys  sedalddandnsys  Tnefisauawnsaadald  CGinnamomum
camphora (L) Presl. ua¥ Blumea balsamiferd (1.) DC. vieduaszsiarmindunisysuay
dsfuau (State Pharmacopoeia Committee, 2010). fisiaugnldogaunsvaelugiuesa
dndsen  (messenger  drug) ﬁﬁwagulws%ulﬂﬁqai’msL{Jmmaimmawwﬂu AUUUVY

$79N18 LU @ued (Zheng et al,, 2018)

OH

AN 2.20 SNuLaLlATIASIINIATYDIRULEY

Tuttululasuaugagniunldiuvegnaunsvaslunigaamnssusg 9 1wy 1nyas
?1'@146 kaze (Casanova & Santos, 2016; Sato, Taguchi, & Tanaka, 2014) TA8NILUIUAIT
wisewlilasuweuya awnsouusliilu 2 nszuaunis (Madene, Jacquot, Scher, & Desobry,
2006) ADNTZUIUNITNINLAL (Chemical processes) WazNIZUIUNITNING (Mechanical

processes)
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2.6.1 n52UUNTNIUAN (Chemical processes)
1) Coacervation (phase separation)
75 coacervation %30 phase separation (Madene et al., 2006) Lﬂuﬂiﬂﬂammj

1%
=

minduluasavatereaaesn Wwisiunuilunsléeunalgaty Tnedagununaisazdes

[ A

wnulanulannldvieriy udazdesliavarevsearaislauinluaisavaty dns@nwiwazgn
dldasausnlag Green & Scheicher (1955) ienanlulasuaugadniiauliseusing
] % a < dy 14 I3 .
amsundnnseauneUduuulimsueu (carbonless copying paper)

ad . < ad L o a

T coacervation  uismsieunalyatulagedenisiudsuniasan1izves

1 a a A a an s 1 [ 1 A

ansarany WU el pH wasmsduingaleseiin lneddiluuesniluaesUssnndey Ao

¥

simple coacervation %ﬂ%ﬁ’?ﬁﬂﬁaﬁm‘ﬁﬁmam ¥ complex coacervation Faaglian

q

a

vierunivszannssiuiunusaesiinvull  nsduneulunisiindululasuaUgaiiog 3
] [ a - aa & a 2

Tupau laua 1. NsiineynIAnIevenvesmaInivuwIaEan 2. nsiinlden wag 3. nswen
lulasunUganlaesnanansasmeiieginsiniedlulasuauganieTs complex
coacervation aan il 2.20 Ieshindunauiuaisazanslanduioududdady antdudy
answandasiuasazanemanay fuseunanlmdriuga 9 Weusua pH Tidu 4.5 agviln

wanAuiivszquInuazinuiuauau duniivssaaudeusounemiriunanedululasuauya

D $% 0 |

formol

//Cf 7

and pH O
Emulsion Coacervation Reticulation
Gum arabic
Gelatin

Oil

A 2.21 nspuunswsealilasuauganies coacervation (Madene et al., 2006)
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2)  Molecular inclusion
& ac ) PP 2 % ! aa
Juitmseusaugiatuasiiluanavuimdnidluagnelulnssvesansidl

Lanavwinlgvisetesinanelulasaine degray B-cyclodextrin Fansanansluianail

[

anvauslulnsaaylifivalurusinufmuuentudidy denini 2.21 deu B-cyclodextrin

= |

Jeflmuandflunsdutanivieiuansiliftn  vhlansuszneuiiiintuazaneiiladosuds

ANPENaULENDBNANAITAZATY (Crumling, King, & Duncan, 2017)

OR
A B
RO o] 0,
o
OR™ ro
OR
RO
o R
OR

(&)
0,

i ° M 4 Hydrophilic

B-cyclodextrin

ho backbone
or
or

o

guest

0

" cyclodextrin
o OR R
O0oRr
0
OR

Hydrophobic

R

oH
R= )\ for HPECD

Al 2.22 lasasnevadlaana B-cyclodextrin (Crumling et -al., 2017)

2.6.2 N32UUNIINI9NEA (Mechanical processes)
1) Spray drying
HuiSleunavgatuiirfanidosmsverinnszaediluasazaisvosiani
ey antunisuanslidudiadudainiedeliluseiudailunuilffuszessady
hot chamber vhlsiiuagiaazansszmeaaniy mniululasuagaiintuazindaude
Tugslalnaud msuitunandne §anmil 2.22 (Casanova & Santos, 2016; Madene et al,

2006)
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Core material l Homogeniser Heated air
00000—F]L == .
Solvent . i
+ Mix tank
Shell material |
rFY

Cyclone
Powder
Collector
Drying Chamber

Collection
Vessel

AN 2,23 wudanszuiunmsihlulasieuwaugiatusigds spray drying (Casanova &

Santos, 2016)

2) Emulsion solvent evaporation

JuiSeuwadgiadunuimedwasnldiludimeiuuiazareludivinavaiei
dX Ly ) Nz W, (¢ PR I T
wisnzau Fauegiuauliveuihviemiuldyeuiivemediues lngdmediwesliveui

Y

=) o . . | a &l a v
ASIAIIULUU oil in water (o/w) emulsion Iag oil ADE1TALAENOALUDSNUAITNGDINT

sala

Iwvieny @ water Aawlanailio@ssenaumeddaglwions lnuansaratenediuesnians

nasensazveuazgnaszarelulumaseilasneglausadauni lusenitanisidfady

a sala o v ! 1% < 4 1% A v o
a1sarangnefiueiNilalsineinissnevulzunnesndungalasldnnuAuideu fivi
avangazsunsranglufalanedewarsameluluiian dhludnsudsiveanedweslaons

ANPLNAULAZLAANISINIUANS Aannd 2.23 (Abdi, 2015)

Organic
solvent
Active

Polymer l substance

0 |0o0@
: > Continuous o,o o Q Q&fﬁ_
\; \j — : phase and v\__/g

Surfactant Q 00
I y 9 9 __
O/W emulsion Solvent evaporation

AT 2.24 n3EUIUNTS emulsion solvent evaporation (Abdi, 2015)
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2.7 msszendldiaglaanliazatsunlunszurunisvieninlusululasuadgalu

AFIMNTIUA )

2.7.1 PAFIVNIIUNITLNYAT

v o =

Pérez-Martinez uarmmiz (2001) 1ot Norflurazon #aduansmdndngiivanviediu
meeiiawaglaadululasualgaiioannisuanUdesvesansiindagiivasgiu 1Wunisdae
ann1sUudaudsInaey waztasiunisaansfanuasilianUiunasmuesansiidn
Angaily
2.7.2 9AAIMNTTUEN

. Yo o (Y] 1 v . I

Soppimath wagansz (2001) leUsuusenszuIunsdmiuvieniu ibuprofen ululas

LLﬂUﬁaIuL%aQIaaLLa%LWl Tneldmada oil-in-water emulsification/solvent evaporation

iieanmsuasuaseves ibuprofen Tululasuatsa
28  wadaiildlunuide
2.8.1 Fourier Transform Infrared Spectroscopy (FT-IR)

mMaBeTeaewmala FT-R a1sfmetnsavegnieldsdudmanluinlugiudusin
uaziileansiegagandulasiurdunsusaiianzas  sxililuanavieiusyluluiana
Aamsdu  (vibration)  lasaraigmndufiatsiiegtsganauastuogifungitsituluans
e iesniuszrasilniuazifanisdulusisanudisnstu lnefin IR azuansny

g1pdUNansiegganaY Jududnvasamzyesiiussial

A
vay
<.> —_— Interferometer
£yr -

Source

V' /4 2 A [
—— i \ o W
Sample — £ \ / \
‘ \
" \7_ |
N ‘U‘
/ FFT Computer B SR PR T S A S o
— | ‘Wavenumber (om™')
-
<T Detector ) — Spectrum

Interferogram
'

mwﬁ 2.25 @udsynaunranuesased FTIR (Mohamed, Jaafar, Ismail, Othman, &

Rahman, 2017)

FTIR Tnium Attenuated Total Reflectance 3 ATR-FTIR I4iileTan1sidsundasd

Nafuvesauas IR Nazviouniglulloduasduidaiuiiodns lagnannisuaiaiuas IR aggn

IS aaal

daludsntasaniinnumnuwiugedasiiduidinmas (wu mes fngddalun wasaesiuniew)
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LA gNAIlUEIRIRENTWANMUNUILUUAINTT UNEINVDIE A IR NIRNNTenUazgnasyiou
LagNTTaEvaULiNLNTULLBYUANNTENUTNTUIUN SENIUANNTENUWINAULLINGR ARY IR
annsenuagliinuusiasasyisundunun (total reflected) N9HIT08ABTENINAINAN
409 LAYNUIIEHAIIENZANTIRITOLABIENINAINANVADI (AAU evanescent) lngsag
Ndudafiuafiu evanescent 3AANAUNTIUARY danaliindy evanescent gnannou
° - b Y A a o & = S v a o

auasignanneulzasvieundulunasadasintuazesnluiivarednduvesnsadanwazgn
deludunIemsnduluaunlasiines IR wn3eensaduasuiingiuas IR ignaaveu Tolu

A15a519dUnASY IR (Mohamed et al,, 2017) SN 2.15

Sample in contact with
evanescent wave

¢ / .
/ T To Detector

Infrared Beam ATR Crystal

Sample holder

|

AT 2.26 MAUNITBY IR beam 5emd19iae19fu crystal (Mohamed et al., 2017)

2.8.2 Thermogravimetric' Analysis (TGA)

TGA  Wumalianfivszansomdmiunisimatesninnsanuseuvesianlnenisin

£% '
o Y [y al

WwinvesTannidsuulasluisasyimaumginisnsesdminuligs Tun1siasies
Mgy nnssgnaslusunsuliusmgliegwaillesnigldussemauniviseuda
ey warinnsdsuidasiivtinvesianiielasuaiiuiey andudeyamiiaeiazgn
=1 < ~ al g Y Y] 1 a a g Y]
Tuiinidunesluunsunuaninsidsuwdanimdnvesitegauasaumaiinsaaydeunndn
lngtminvesieguiiilfsuiuasziinduigamgiiianisvesmsusazyin  Tugiusnves
NFIATIRIVS N A1 RAINMTITIEVRIIVS ORI INaEane  uaTigaumgiaeiniie
INNTAANYHIVDINBALDS  WARARTIUSE o UNINIUAITIHATIEIUEN SN e VS 0aNSLRY
G a & ¢ ) & ) ) P
wisildadlvlunediwes Gsanunsainnnudukasarsaanssiavesian e
1A3ae TGA Usenaulumeiesestaniianulimeonisilasuulasgs (thermo balance)
lumsinwdn  wagenaslusunsulaienivaugamgiivazusseimeld  usseIne

nmelusadundaoy wu lulnsau wsaufanilamnuieddl Wy 9101d “eeandau e
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TRtz wilamET  Taneuwviunianuudugiagnuuinainesesdadinnan  Tu
MIUYNBVDIABUYIUADIU (plate) dmTuldiiogng

To balance mechanism

Sample
Thermocouple

AN _ Sample (1-20 mg of
Evolved gases «— [ polymer, in Pt pan)

] Purge Gas (50-100 mL/min)

Furnace (5-20°C/min)

|} Source: TA Instruments.

AN 2.27 9aRUsTNaUYBNA3EY TGA (Gotro, 2014)

2.8.3 Scanning Electron Microscope - Energy-dispersive X-ray spectroscopy (SEM-
EDX)

1%
a

Scanning Electron Microscope (SEM) Suwmiiafifiusslovidmsunsiassviiumo
Tnedvdnnisie widsiniinddnaseu (Electron qun)  Fwhuifindndidnnseuazides
Budnaseuugund (Primary electron) aenin IngBidnnsouwmaniazgnissaednglnihgs
MnunguBianaseuagiaudTIUTWEE  (condenser lens) nanaiuddidnazeuy
ndnduddidnnsonavgnuiussesTniadomudlnddng (cbjective lens) adluuwiiuin

v 6 ! [

voe¥an  Ufduiussendrsduasuasiandmaliiianisuasedidnasouasinney e

¥
A a

BLanmseUNITNUNUR BUNIATUARYENINALYNTIUTIUAILATRINTINTULB VT YA
4 o X oo
BRI

Electron
source

Anode Anode

Electron beam =3

Scan coils

Sample

mwﬁ 2.28 LLNu;ﬂW@ﬂﬁﬂi%ﬂ@U‘U@ﬂLﬂé@ﬂ SEM (Kaliva & Vamvakaki, 2020)
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5 o a Y | v & I a s & =
A58 SEM a13150vNT3AT1295798 19 AV UUTDIUDY WUURS TANATDU 59089
o ! = = o ! & X a v P Iy 1
A0 NTININ 1ABNITLHTENFIENILLARDUNURINIENDS (Au) U 9 Lielisoes
anansalndhle fegraihuninsgivgdonis adesnisiidegiauidaeldidesusie
anunsavilalegldia3es Critical Point Dryer (CPD) wiawp3osviuis a1 gadnge Fadu
A4 N 9o o d Y I A = % % = o | .
iwnsesllelddnuwisuegiauiefnyimendes SEM laawsuusieglviegluasazate
woanegoantuuufineanssealnsldasveulasenlemmaniu  Transitional fluid %
gaunniuszaa 5°C JUNILDANDDRITIUA LY uddavdsuanmduuia
Asusulaeenled w AIngm Meauuiiuseanns 32°C wagAURUAY 1200 psi vinlwilidl
=2 a U 1 = ¥ A 1
LS9REn egedanidlaglaiidegusng
Energy-dispersive X-ray spectroscopy (EDX) JuiBumsgiulunismusuiu
peRUsEnauvessglusegsuiuimealin SEM . Tpglddyaaninainssdieond  (X-Ray
Image, XR)) WloBsssdidndiinludvesnanvassis didnaseulusziutulaassng o (K, L, M,
) ldsundinu  uasvgaeendnamey  vilEBanmseuaNTUNING s uEINI D1
WU wazANENaNINEeNYY  Bandsnuinesentiizeglutiavessi@onduazimdunig
Tuedfiurilnuewsn  INeSEANANIUTATERENNNTNIY - “characteristic  X-ray”  lagdn
a & g ) A A o o, v &
Aidnasautulugaran (K) 979U L ssnunufisslinisenendsu 1y Ke 6198 M 8
wnufizisend Kg ndwiudnsiuezlanuassosnuluguerauilndnivih wievilidies

Y v ¥ A q' Y a a & ) a a ]
NW@QQWULWWﬂUGUUIﬂf\ﬁVI"L‘ULL‘V]U‘V] BLANIBLANMTOUYU L Viﬁj@ BAIYU-M AU LLNUNILLIYNIN

Lo budu

2.8.4 Nuclear Magnetic Resonance Spectroscopy (NMR)
Nuclear Magnetic Resonance Spectroscopy NMR 1Juwnaflafidnwiieiiunisin

[y [} a | Y] a a a 1 va a 1 <
sEAUNAIUnuandeiuvesindsanegneladnsnavesauuudivin vedlelalnives
519Utn WU 'H, °C, F wag®'P naenduanedinfgsseuiieded W favinazane
Tnedviazatsazilu deuterated solvent Wi CDCl;, D,0O wag DMSO Wusu Inadiedea

1 dy = 2 1 < . = ¥ o 1 [ a
wianflagdluwusuaiunan (nuclear magnetic moment) @sdnilunsluauinuiivanaziin
nsdndegrndusudevlusuidulswaslimandaazuuady 2 wan As A uianig
WenduauItwdwdndnsuniniindsnus nsedadiluiianiensstuinuivaunudivan

dmTumnniinasanuas IngdnuiuvesidiedyanseAunauIuaaEluInnIseAuna g
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2 v L. . o & ¢ 1 & a aa
LaﬂuaﬂWWNEULLUUsﬂaQ Boltzmann Distribution WQUU?\WINLNUWLL@JLﬁaﬂ?jWﬁf\]guWﬂmqﬂlﬂ

a a

AUAAYDITLAUNS U A DRANI WAL ITUVDIAUINLLLAN

& o Nt

diglvmdsaulutieenudvesrduingivinsauiiafeassganiunasnunly  un

Y v
== S

WasuszFundnulgndanugeiy mMadsuulasiiAnduilioniinsiAaslowuud
(resonance) Mﬁﬂ%?ﬂﬁuﬁjLﬂaﬁlaﬁlgﬂ’lﬁlwﬁﬂﬁ’lu@aﬂLLﬁ%ﬁ@lUéi%ﬁUWé’N”}uﬁ’] Tnosiusian
Anduslouuudasiuegiunannnistuiiiwedifinsoufidouseuiinedoa s
Fananiiidedenin chemical shift Sidaudnuaidu 6 dwhedu ppm

A1 chemical shift 983 H-NMR daulngjazmuialneiisuanuuanaigsening
ANNAYBINIRANAUYDINBENRUATINASHIY tetramethylsilane (TMS) Tnelusaeumndn
Tuluanafifieavinisnfunaeiiazdmn chemical shift MAvat Wy TMS FaaziinLs
Tguuudfifentu widluanafluseeunnndr 1 slefilivinfendunand Tuanedy
NMR asdivianefia uenaniiuilifintesanniy sndudadnlnonssiuduaulslasioud
#liAnfiat 9 Teewadla NVR fiusglevtnnlumsAnwiieafugaslasiainsesans
desndnuagveniusyluluanaaunsaszylidhy NMR  Teensldaunpdusrsdanas

AMNDANBAUZIANIZENTUUTLANAN & VoINUELAL

2.8.5 X-ray Diffraction (XRD)

wmadla X-ray Diffraction waAdARASIEinIsEsu LS dsng Wumadail
yhaneogne uaglflunisAnuilassadmdnvesiansauiaiueedussdiond (Geving
0.2 83 10 ululuns) Wevldduszegreseniiosneuvesvesudaidundn (crystalline

solids) lnawatintiagdnssesmIundess NIt unIawnIved0n o Jeianuantaasyiall

1% v

1ASIAS190EABUNANIZAITITIDYINIT28TIFAI85 980 NT LU UUAI 981998 AL ARNNS

v v

BeILUY wazazTiousanuIfiygueng q fudsnini 2.28(c) TnedldyTndyayia (Detector) 1Ju

o =

fasudeya lngdnisunausiuuuunmsidenuumiluvesianedugiuiasuin danind

<9

v s

2.18(a) war 2.18(b) audiu lnenisiiealuuvesssdiendvesmanaiuisaeiuiglagldng

YDILUTNADINYITDINUAIIUENIAAUVDISIALDNT AU TLYLIIITENI90LADY IAUAUNIT

=

naluil: 2dsin® = N Tae#l d AB SE8EAIRINTENINeAURITEUIUNRLRANTY, 6 ABYUTBY

9

[y

gUAnIsalnSayuLUINA, A AOAIINENIAGUTBIEILAY UaT N ABTIUIUAY 13ENINEUTET
NTALY O ULAZITUANULANAIYDLAUNI I ULIVDIAINNEIATY TENINAFUNNTLAANTZAE

Iﬂmzmuazmauﬁaﬂamﬁu (Kaliva & Vamvakaki, 2020)

Y
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Intensity (a.u.)
Intensity (a.u.)

20 30 40 50 60 70 20 30 40 50 60 70
26 (degrees) 26 (degrees)
(a) (b) (c)

[ o 1

A9 2.29 FULUU XRD v01 (a) Janadnignu, (b) kdn wa (<) nsagviouainsyuuiied

Y

[y

fnnuneluxan (Kaliva & Vamvakaki, 2020)

29 uAdEiifisadas

Kampeerapappun (2015) (Kampeerapappun, 2015) Wﬁmﬁ’lmim%wL%agiaauﬂiu
Asada (Cellulose nanocrystals, CNCs) a1aLUGenw12lne %ULLiﬂﬂzﬁﬁﬂL%aQIaﬁﬂﬁﬂL‘Uaaﬂ
J1lnanieaisazanelyineslensonlan (NaOH) wanendlaglylaneunanlsn (NaClO,)
ntutunlelnsadasiensadaiinin (H,S0,) Mnasiadeumaila FTIR uaadlifiuianis

[

Mdndntuiazialiwaglaanasnaiameansazangledoulansenles wazainnnsivdaey

=3 = ¥ a 1 a v a v I3 = d' =
AaNudundnaiemaiin XRD nuiteaglaauilupsadadaidyidaiuduningsngn As
68.33%

Al uazmAniy (2021) (G. W, Ali et al., 2020) laAnwimsarinwaglaauaslusiu zein
Al nInngunlneltdedsnienmeme — n1snsad  (NaOH/H,SO,)  waznisavany
(NaOH/gi3e) . anuutwaglaauaclusiu - zein - 7idfnliannnsaesislunsiaaay
anwauziane lagldnalin XRD, FTIR way FESEM 331y EDAX wudianunsaanaiwaglad

. v & aa ] Y Aa & = oA 1Y)
uay zein l0viaeddl winisasargatlalgaglaanianudundnuinnindeiieuiunisnses

Neah wazamdy (2014) (Ngah et al,, 2014) ladnwininugni Tagldnszuiunisma
Alleng o Wemdndudevuduilildwagloa wu arswniin wwlwaglaa wazdniiu laenis
afnseasavarelaieulansenluniieasanaeiisaglaauasinaiu  wagvinsnendlagld
nsnuedinuaglodeunaslsn wudvsinaeagladluninuensny whiu 10.74%-16.91%
Hanmatla ATR-FTIR lawaninisidnesausenevitlildwaglaaesnly naannmaila TGA

1 U a a dy d‘ a ° a
wuhilnsaaneiveaglaauasieliwaglaaiintuigamgivszana 290°C wavnmadla

SEM wudnnnusndnnauanaiilassas1anilousie wazsuianudunanvondulenlaain

WALA XRD WUINIAINLIUNGINSTANA
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Buntem wagaade (2016) (Buntem, Boonkumkrong, & Kungkapradit, 2016) 4NN
g3 wnatmwaglaaiiiowoduiidy Tneth CMR wnafndniusonis reflux AU NaOH
ANUNTY 4% (WA) (CMR-1) watuieendaduniens reflux AU K,S,05 AIMULINTU
0.5 M (CMR-2) saundsduntalasadameninienis reflux AU H,SO, AMIANTN 6 M
(CMR-3) Dntuthuaglaafiadaliunéeuasriiliuieiigungd 50°C wéath CMR-1 CMR-2
war CMR-3 lUdmsigvimemaiin FT-IR, SEM, TGA, war XRD @ wnsunisimseuiauaziin
CMR-3  maufuansazanelefendadmn 1% Junulidiudunar 6 dluadielily
asazaneiiuidodeaiu ma’ﬁazawaﬂummwwLﬁ??aLLazﬁQ”L”;’LLﬁﬁuLmauﬁqmmﬁ 50°C
Hunan 6 Mluadislildfidy VR Weiluimsevisemaia SEM wuin fdy CMR 3
mufuidedoaty wazaininedn TGA wudwagladluidy CMR dAnuadiesnimm
arufoudiutu lurnsienuundnuongagladlufidy CMR anasesnsdifoddty

Kostag wazAny (2010) (Kostag, Kohler, Liebert, & Heinze, 2010) AIGRRER)
Trimethylsilyl cellulose (TMSC) lnaldiaviazatelunisiiugazen 3 sia laun 1-butyl-3-
methylimidazolium chloride (BMIMCL), 1-ethyl-3-methylimidazolium acetate (EMIMAC)
ez N,N-dimethyl acetamide (DMA)/LICl \ioazane microcrystalline cellulose T4ila
ansavanefifudlofenty wdnhuviufiseriu  hexamethyldisilazane (HMDS) uag
trimethylsilyl chloride (TMSCL) dlethluimsgimemaiia H-NMR spectroscopy kay
FT-IR  (KBr) ‘W‘wawﬁmﬁm%ﬁ%’éﬁﬁwasma‘lumiv‘fmgjﬁ'%mﬁy’ﬂ BMIMCL, EMIMAC W@
(DMA)/LICL ﬁﬂmmuﬁmawyj trimethylsityl uasiiloruiomngn degree of substitution
(DS) w‘%aigﬁumiLmuﬁwﬂamaﬂ%amm glucose unit fguy trimethylsilyl (TMS) w31
Lﬁaﬁéf’aﬁwazmaiumsﬁwﬁﬁ%mLfJu BMIMCL, EMIMAC waz (DMA)/LICl &A1 DS 1.85, 2.85
WAz 2.9 AUAINY

Badulescu wazany (2010) (Badulescu, Vivod, Jausovec, & Voncina, 2010) w38
Ethyl cellulose microcapsules ﬁﬁaﬁm limonene Wag rosemary ol M35 phase
separation ﬁ]’lﬂﬂjﬁuﬁ’] EC microcapsules lUAmszimewaia SEM WUN9uIaLazAll
ﬂamaqaqmﬂﬁiﬁ%uagjﬁwmmL%ﬁuaqmimumwmzﬁ'] encapsulation  lagwuangn
mudlumsmutiesasasrilivuiaves microcapsules natu wighaanandalunisniu
innTuazsiliruinves microcapsules WEnasuazvilinsuanddesisfuinasneg aint
Fnsmusinamesidiulaeth microcapsules Tiwdenldulaly cyclohexane wazthans
aeildludmszidemnaia FT-Raman spectroscopy %38 FTIR spectroscopy nasanniy

11 EC microcapsules Tuedavuuengne nely 1,2,3,4-butanetetracarboxylic acid (BTCA)
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Jududeu wagld cyanamide (CA) %sa N,N-dicyclohexylcarbodiimide (DCC) tHusiaigs
Ut didhenlalviwaeimewmatia FT-IR nulliiussioamesiintuseninmylans
anFavasriniheuavvylansendaves EC

Yadav wazany (2014) (Yadav, Datta, & Gour, 2014) @findis (wax) 91ntu Alstonia

scholaris wag Calotropis procera Ingldfvinazarenaesiin @y ethanol, methanol,

a

benzene Uay acetone WUINUSHARIGIanAD 0.54 pg/cm2 wag 0.13 pg/cm2 31N
Alstonia scholaris tag Calotropis procera ANaIAU nUULIIMagaUANivaUln 1ny
o X v o ! o o XX A = Aa I
itisnazarsludviazansusazinldlunisadiniiaiomsonasazais Nilnaugntu
8.0 ng/pL U311ms 250 pl ®asnuuidinsen1¥nTesdnuIL 5 uduungsimin waanhluus
Tuasavanefwsenl] wardsivindnase deunthnsyauignindeuguastuiiduian 5
wfkazdaimvdnifsudulinauunlunseaensedldlawiou wasiludmuum %

hydrophobicity wui1 % hydrophobicity ‘1‘71'2;]@171'?1@ (29.57%) Aonszanunsasindeusie

v v
[y

Insfianngie benzene 91nku Calotropis procera

Lunjakorn Amornkitbamrung wazAmy (2019) (Amornkitbamrung et al., 2018)
AnwinmsannnudunsauasUsuupguandfidanatesnseate  Historical wood  pulp
(HWP) #ldananuilsdedisanlul a.m.1913 FeiiUiuiaadntiugs Tnethnsyans HWP 3N
Lﬂﬁa‘ULLUUﬁjm (dip coating) Tu magnesium hydroxide nanoparticles (Mg(OH), NPs) ﬁgﬂ
Mlmatesee  trimethylsilyl cellulose (TMSC) Tumavinagans  Hexamethyldisiloxane

(HMDSO) antiutnszmeisitadoulazliindouinitaesnisidondnin (aging) tneaneld

(%
o

luesesgaanuduuuulaiifiun 200 mL BudIie NaCl uagsnwiauduil 75% RH

LY v 1

gamndl 90°C Wurian 14 Ju M89InN95ang aging Nsvawazgnyiliwisieagyania
0 v3) ﬁqmmﬁ 250C mnﬁ?uﬂ%’uqmmﬁlﬂu 23°C uay 65% RH WHua 24 F3lus il
ATI9AEUNTEATY HWP Tiadaudae Mg(OH), NPs-TMSC #ewwaila Infrared spectroscopy
(IR) WUNMIEUTeIUSE C-Si wes TMSC iilewdn Alkaline reserve (AR) Tanslamsn
foundu nudinszany HWP fiadeusie Mg(OH), NPs-TMSC new aging fif1 AR 47
meg[OH-1/100 g 98INT¥ATY LaZYAT aging UA1 AR 15 meg[OH-1/100 g U8InTEAY e
PlUNAAEUAMUAIUNULSITS nudinszane HWP Tiliedeufnfiannuduviuusedis 1.6
MPa &t9nLAReURaE Me(OH), NPs-TMSC Aeu aging ATwduvuLssiadiududy 5.5
MPa uaswds aging AudumULssALiintudy 9 MPa Tunsdivdawudn TMSC gnlalns

ladiluwaglaa
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3.1 gunsal uaziAIeslieATIEN

1.

O 00O ~N O U A~ WN

e e T =Y
N 0 A WN -, O

17

YINNUNANEIUAD (Three neck round bottom)

. wisuslwdnnauans (Magnetic bar)

s

. ABULAULBS (Condenser)

- vIngUvuniivesia (Erlenmeyer flask with joint)
. woslullwos (Thermometer)

. §au (Oven)

. NT2ANUIRNT (Watch glass)

. Unines (Beaker)

. N3zUBNA9 (Cylinder)

. Anatuvous
. U1nn1 8% Dong-A Hexaplus Fineliner No.10
. YANTOIGYYINA

. n3penulinNsou (Hot plate)

- WALLUUTRLUWILeT 12 BYie Renaissance-Artist Acrylic Brush

. 1P309¥0 pH (pH meter)

- ATeatendaLLRYn NAlEY 4 A1uEe JU SI-238

30

. w384 Fourier transform infrared spectroscopy (FT-IR) S0 Perkin Elmer q'u

Frontier AAs1EAlAgInAY Absorbance wag % Transmission T34 450-4000 cm™ Scan

number

WINAU 4 way Resolution 4 cm™

18. 1A389 Scanning Electron Microscope (SEM) %0 TESCAN §u MIRA 3 uay

Energy Dispersive X-ray Spectroscope (EDX) S0 EDAX i;u Element

19. \p309 Thermogravimetric analyzer (TGA) §va Perkin Elmer jzu Pyris 1 NATIER

gauniiluYag 45-800°C dns1n1slimuseu 20°C /unil

20. A3 Nuclear Magnetic Resonance Spectroscopy (NMR) S Bruker 'ﬁiu

Avance |

21. 1#304 Critical Point Drier (CPD) &%e Quarum Technologies 3u K850

22. \p304 X-ray diffractometer (XRD) Vo PANalytical $u Aris

Il HD
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3.2 a0 wazasAInly

aendmlne udnilue AnNzws1d kazwnudulysa

—_

. N3EATBNT84 WS 1 2w1A 110 mm Btfo Wintech
_nsalelasaan3n (Hydrochoric acid 37 %) 1nsa AR B%a QREC
. Calcium chloride (CaCl,) 1n5m AR §ve Fluka

. Sodium hydroxide (NaOH) th5e AR 8% Merck

. Ethyl acetate

. Hexamethyldisilazane (HMDS) in3a AR 8%a Sigma Aldrich

. Lithium chloride (LIC) 1n3a AR %p Fluka

O 00 ~N o U A~ WN

. Methanol (MeOH)

—
o

. Nitrogen gas (N, (g))
. N, N-Dimethylacetamide (DMA) insa AR 8o Fluka

[N
—_

. Sodium dodecyl sulfate (SDS) B Sigma Aldrich

—
w N

. N1TYT UasuEU

,_\
N

. NTTAMIPETIUN

—
U

. Methyl cellulose (MQ)

3.3 251157889

3.3.1 maafawaglasanidulefieildanagmianwemanenidsasazas
luieulansanlan

dUdentlng (Corn husk, CH), Tuagalwg (Corn silk, CS), nanugnina (Coconut
meat residue, CMR) wagknudulgsa (Pineapple core, PC) widnansazanglatfvulansen
lafarududy 4% wa) Tnglduminveaduled (9 wazUSunsvesasavanelaienls
psonles (mL) damsedt 3.1 anduily reflux una 24 92las Agaumgd 100°C 1nan
nsadlaglinmenseavuymueiudidisheindy  anthuindemn reflux  draulddves
asavanederamiiosunseililid Sandresensalelasrasiniduduy 1 M ieusu pH
Tdflandunans agl@ CH 1, CS 1, CMR_1 waz PC_1 muaeu

2ntiuth CH 1, CS_ 1, CMR 1 uay PC_1 dnniandaiwminden udanihlveuls
whndadaimindneds iedumamidminuimesie suvihdulefivrouasndeade

mearsaranlaneulansanlonluimsizviaiemada FT-IR , SEM-EDX way TGA f1ua1nu
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= S o v P a a 12
AITNN 3.1 u’]‘V]UﬂﬁJ@ﬂLﬁ‘lﬂEJ‘WGULLazﬂiu’]mﬁﬂa\‘iﬂqia%a']ﬂi“mﬂﬁllla@ﬁ@ﬂlsﬁm

o ninuiswenduleds | USunsvesansazanelaisulansanlan
fog
(e) (mL)
CH 16.9533 600
S 6.0450 300
CMR 50.1428 600
PC 11.6504 500

3.3.2 mafannest TMSC mndulsfivdilfaniaqwieionninnuns
Wnwaglaaainde 3.3.1 (CH 1, CMR 1 uag PC_1) it 1.5 ¢ (odnue) Tunsd

cs 1 adldimin 075 ¢ Glminuie) wiudludsimaanleseutiines 1000 mL i

grumndivies e 24 $alus mnduhunnsedleeldnsaensesuvuyaiued udnunugly

9 Y

DMA U311a3 50.0 mL figamnfivies unan 193l udnsesdneds desmiransazans
DMA  Us1195  150.0 —mL - wazuiswidnmuansidasluraiunataiuneudineniy
condenser iiviaeniiussy CaCly agfuuy mumumsazasaslinig reflux uae
ussmAmesialulasausasanarigungii 110°C Wuna 15 wiiteldeudu iy
gunpiivesansaranefu  165°C udhTufuimagloa  (dmnurly  DMA)  91ntuniy
ansazaneifuner 1 Hilue ndwinduangungiivie 100°C wdufu LiCl 150 g nuy
asazangaunsyis  LICL agangauvun | apgamgivesansazansluiigamgiviesasls
ansazansla andufiuguugiidu 80°C udiAequen HMDS 20 mL faedws 5 mL/
Halug wldnznouam nsewmeznoulngldnmensesnuuymues Menzneusnemea uan
auiﬁuﬁqﬁqwgﬁ 60°C azlgl CH TMSC, CS_TMSC, CMR_TMSC uaz PC_TMSC muasu
Nt TMSC Aildannioriinsing 9 UNIATIERMIBMALA FT-IR, SEM-EDX, 1H-NMR uag

TGA MUAIAU

3.3.3 AMUEREIYae TMSC neldanuty
WIBUAIRENTAN TMSC Tastn CH TMSC, CS TMSC, CMR TMSC #s8 PC_TMSC

wazanglusvinazany ethyl acetate THIANMUITNTY 1% (W/V) PIAUUTILNEABIUULHY
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nszanfievinduilan antuhfdunlalundilulawiuuula leeauauenudun 100%

RH uaggaungiiuszanm 29.0 = 2.0°C

3.3.4 manseululasuadygaann TMSC

wseslalasuaugalaesl TMSC filsannde 3.3.2 usvieviunie shell wazansseiiin
f1w (maysvdeuan) Juiiignvievimie core diswasBoasioluil wisy aqueous
phase Tagd sodium dodecyl sulfate (SDS) 11 0.5000 ¢ azarelutndu 50.0 mL w&awh
TWBusE ethyl acetate 6 mL U§u pH ansavaneliivindu 3 d@wu oreanic phase w3eu
Tngldimdnues TMSC (g), dhnivesanssuveds (g) uazUsunsues ethyl acetate (mL)
Fap15197 3.2 mﬂﬁ?uﬁﬁ organic phase wld aqueous phase NIUANTRLANY LLE%L@@J‘SW
100.0 mL Pniuinnsesasdisdaetndu Adsiuieiigamaives aldlulasuavsa lns
lulnsuaugaisieviunisys sedendn TMSC C uazlilasuadgaiiviertufianay aziSon

TMSC_B dlulasuadgan Lilldansseiinig asiSendn TMSC_MCC annduiuninge

fewatla FT-IR, SEM-EDX way TGA m1uansu

M1579% 3.2 Umiinves TMSC, idhmiinyean1sysuseiiuay kasUsuinsves ethyl acetate

v dwitinves TMSC | dwiinvasnisys | dhwiinvesfisnay | U3uinsues ethyl
A29819
(9) (g) (9) acetate (mL)
CH_TMSC_MCC
0.3 - - 10
ey PC_ TMSC MCC
CH_TMSC_C
0.3 0.7 - 10
way PC_TMSC_C
CH_TMSC_B ua
0.3 - 0.7 10
PC_TMSC B

dwsuniswseululasuadgalagly TMSC annlyud1ilng (CS_TMSC) wagninugni
(CMR_TMSC) #eanU3unes aqueous phase Wwa organic phase adn3awil iiolilalulas
LmiJegaﬁﬁmmLaﬁaiLLazLﬂuLﬁmﬂam Tnensw3ey aqueous phase 2¥d3 sodium dodecyl
sulfate (SDS) 11 0.2500 ¢ avanelutndu 25.0 mlL udwinlisusagae ethyl acetate 3 mL
U3U pH asavaneliviniu 3 @ oreanic phase wieulneldthminues TMSC (g), vwin

VD9ENTITINLIY (g) UarUSUIMIUeY ethyl acetate (ML) Aam15199 3.3 91nUUUN organic




34

phase wild agueous phase NMIUANTALAY LLﬁdLamﬁﬂ 50.0 mL ﬁrmﬁ?uﬁ’lmmamazé”m
fhothndu  Adliuieiigumnivies azldlilasuedya Tnglulasuaugaiivieviunisys as
3onin TMSC_C uazlilasuaugadiviorfuiiuiay aziGendn TMSC B daulslasuadgadl laild
assEmede wdenin TMSC MCC mniuthunieseddemaiia FTIR, SEM-EDX way

TGA M1ua1eu

M1599% 3.3 Umiinves TMSC, ihniinveanisysvsefiuiay kazUsuinsues ethyl acetate

v . witinves TMSC ﬁmﬁfnﬂuaemigi dwiinvesfisay | Usunsuaq ethyl
FrapEe (9 (9) (9) acetate (mL)

CS_TMSC_MCC 0.06 \ - -
CS TMSC C 0.06 0.14 - 5
CS TMSC_B 0.06 - 0.14 5
CMR_TMSC_MCC 0.15 - - -
CMR_TMSC C 0.15 0.35 - 5
CMR_TMSC_B 0.15 - 0.35 5

3.3.5 nszANnsesiAREURIY TMSC
1) vegouaNsAnwliveun
11 TMSC aniBasing & (CH_TMSC, €S TMSC, CMR TMSC uag PC_TMSC) 311
avanelu ethyl acetate Wiimamdudu 2% W) Yiinns 4ml anduldyfunuuinou
\es 12 (Renaissance-Artist-Acrylic Brush) quansagang TMSC LATULNTEATUNTBIN
aosiufusnou 3 wiu udnilveuiigamgll 60°C Wunan 1 dalus Mliliduly
TogaeuFuudailudnindn anduinszaensesfigniedeviuadutidunm 5 wd
winisnduideivgiuna 2wl enduiudsudeudiminvesi dldsusy
nszaunseatilalléiadou TMSC Wieduinim % hydrophobicity
2)  weasuautFlunisiadoundinazansih
11 TMSC 9018064 9 (CH_TMSC, CS_TMSC, CMR_TMSC uag PC_TMSC) 311
azanely ethyl acetate finandadu 2% (wa) U3inas 2 mL anduldyfunuuiuuy
a3 12 (Renaissance-Artist Acrylic Brush) Juansagay TMSC WaInaauusidnysly

a [

nsgAwigniiuisleviinagateuissnuntiuasa1unas selwaudiiilueuiounal




35

60°C ifuaan 1 92las AslilnBululogaaruduudiheganmeaeuansinisgaduii
Tnensveaiasuunseamudunan 120 undl wazthnssawundeuiensyavaIuIuas
A Methyl Cellulose Tagnnsnseanuaitasuuinaduuous antuldnszuonaain Samsu
ihasunszawliistausy Wil sswuseuiunia Methyl Cellulose nasuunszny
Tnanasnmlfideuriuiuny udnanszaeadatuasuunsyanvlnendiiSouuasis

sealdliinseegunsasaenu
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unil 4 NaN15IYLALN1TDAUTIBRNANIINAADY

4.1 msafawaglagandaamaenmienisnens wu wWasndialue luaudalwe nn
v s

uzn317 wazunudulzen

Udentnlne (Corn husk, CH) lyudnalng (Com silk, CS) nnugnsn3 (Coconut
meat residue, CMR) wazgunudulzsn (Pineapple core, PC) 1nndndniiu uaziailigaglaa
panlumeasavarelafenlansenlonaudutu 4% (wiv) agla CH 1, CS 1, CMR 1 uay
PC_1 sudwiu lneansazanslaieulansenlenazsidnluiuiisenlalasdfaniussioamnas
seniedniuiuieliwaglaa (Soundarajan et al, 2011) Asnnd 4.1 yilvinsanfiunasied

waglageglunmiiazaneuld Inswennvliaiunisadameaisazarelodeslansonlen

LY
aa A o o A v d' 0 v 3 o Y o Y]
UFDDUANNUDNYUAULYDNDUNITANAAINTINN 4.2 ﬂ']‘VﬁUu’]WUﬂ?JaQLﬁusLFJW?IﬂBULLagﬂaQ

msanameansazanelufeulansanlannanslumnisied 4.1

Aouann: CH

VGNGIGE CH 1 cs 1 CMR_1

a o A o o v a I3
AN 4.31 aﬂ‘t‘}mgmaﬂLEJaﬂQULLagwaﬂﬁﬂﬂﬂrJﬁﬁqﬁagaqEJISULWHulaﬂiﬂﬂl"?jﬂ



NsAIN Yyield vouwaglad = (

v
iminuiweuwaglaa (8)

v
wminuiwesduleiy (8)

)><100

= S o v A ) o v a I3
$15190 4.4 uqﬁuﬂsuaﬂLﬁUISWGUﬂ@uLLaSMaﬁﬂqﬁaﬂﬂﬁnEJa'ﬁaga']EJI"?ILﬂEJNVL@@ﬁ@ﬂl‘?j@l

L dwiinvaadulediy (o)
N9819 : ” ” = % Yield
faun13ena NAIN3ENA
CH 16.9533 4.2906 2531
cS 6.0450 1.001 16.56
CMR 50.1428 2.8620 5.71
PC 11.6504 0.3060 2.63
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4.1.1 M3aszialegraduleaniaendiilng
1) wan1shAsIzalsmalia FT-IR
PnMsAnwmglsituluitegne CH uay CH_ 1 mewaia FT-R loaiunaduds
A 4.3 WaENanTIATIERATIT 4.2 Pndnaured CH agnun1sduresiusy C=0
stretching 7 1730 erm? Gauanafiavy) acetyl wag ester Tuisfiwaglaavisenyasusndalu
ferulic uaz p-coumeric FnduduUssnouvedniiy (Kampeerapappun, 2015) luvaid
anafuves CH 1 liusingaisduvesiuse C=0 stretching wanritansazanslaifoailons

anlgatisavaeiniiy wavieliwaglageanaindulo iyl

% Transmittance
)

Ve=o0

3950 3450 2950 2450 1950 1450 950 450
‘Wave number (cm)

AN 4.32 FT-IR spectra v84 CH wag CH_ 1



AT 4.5 Snwalyn1TaUTOINUSE uazlaunay (cm™) Y09f19E19 CH uag CH 1

ANYULNITAUVDINUSY

lavAaY (cm™) YaeR29819
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CH CH 1
O-H stretching 3336 3338
C-H stretching 2920 2901
C=0 stretching 1730 -
O-H bending 1631 1640
C-H bending 1422, 1371, 1319 1429, 1369, 1317
C-O-C stretching (Pyranose ring
1149 1160
skeletal)
C-O stretching 2° alcohol 1098 1103

2) n15aATIZYIRRewAata SEM-EDX

INHANITIATIZA CH ag CH 1 argwalla SEM Aen1uyl 4.4 (@) waz (b)

AINEIAU WU CH Tanvaiziniieudanluiia uazliiuruaan druiuiissdanvauzagusey

[
[

A9l 4.4 () Tuugd CH_1 insnsyaneiuroonduliy waziiufddsnvuziduduly
a o v @ d' ° o a ¢ 1 1
YUIAULULSEIRILENIINAL AINNA- 4.4 (D) @1 TUNANITTLATIEYIT10BIAUTENBUAIEY

wAdA EDX handlunIni 4.5 @nsusiag1e CH g7 N5 A1 AULNURIEINUS UG 98]

4 1
[ = | Y

anwuLNuRINLANA9NY Tneagny Si UUEIUUa8Y89UUIUIALEN (Area 1) LARIDY

perUsznautldudan Tuvasd CH 1 lbiwu Siuuiiufa Fwansliviuinasazatelaiels

a A ¥

asonlgavinatslasiasnewesiuidiiidendmlnanaztisaza1eddninazesnlsznoudu 9

;% 1%

W Leieaglaa andy inaRuwazIieenaNURY (Kampeerapappun, 2015)
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SEM HV: 5.0 kV. WD: 10.36 mm i MIRA3 TESCAN|

View fleld: 20.8 pm Det: SE 5pm

SEM HV: 15.0 kV WD: 15.05 mm MIRA3 TESCAN|

View field: 208 ym Det: SE 50 pm

SEM MAG: 1000 x Bl: 6.99 Silpakorn University SEM MAG: 10.00 kx BI: 1.00 Silpakorn University

b

7
SEM HV: 5.0 kV WD: 10.50 mm L MIRA3 TESCAN|

View field: 10.4 ym Det: SE 2pm
SEM MAG: 20.0 kx BI: 1.00 Silpakorn University

SEM HV: 5.0 kV. WD: 10.45 mm L MIRA3 TESCAN|
View fleld: 208 pm Det: SE 50 pm
SEM MAG: 1.00 kx BI: 1.00 Silpakorn University

@

Area 2

SEM HV: 15.0 kV WD: 15.05 mm L MIRA3 TESCA!

View field: 208 ym Det: BSE 50 ym
SEM MAG: 1000 x BI: 6.99 Silpakorn University

SEM HV: 15.0 kV i MIRA3 TESCA!
View field: 41.5 pm
SEM MAG: 5.00 kx Silpakorn University

v . Atomic %
fIBEYY

C @) Si Al

CH (Area 1) 35.61 | 4455 | 19.06 | 0.77

CH (Area 2) 59.52 | 40.48 - -

CH (Area 3) 50.32 | 49.68 - -

CH 1 51.21 | 48.79 - -

ANl 4.34 wa EDX ¥a4 (a) CH wae (b) CH 1
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3) msaATIRlsmalin TGA

PNNFIATIEA0619 CH uaz CH_1 Fewmada TGA 16 thermogram fanndi
0.6 uarkanTIATiRINs197 4.3 Tneduusnvesidesioghanilunsseveveni uay
PNNsaUALTBanUIIFentNInaileiiwaglaa waglad wazdnfiuagluiduly
(Kampeerapappun, 2015) ImaLaﬁmaqiaa%ﬁmiﬁmaéfﬂ 200-260°C Lezjaqiaaamaéf’aﬁ
260-350°C uazAniiuaanesafi 280-500°C (Lomeli-Ramirez et al., 2014) fstiugaagng CH
%"’uﬁaawzLﬂumsamsJé‘f'maaLaﬁL%aQIaaLLawnaQIaa wartuiianudunisaanesves
waglaauaraniu dwiusesn CH 1 duflaesasfunisaaiefvesansssvedes uasdud

anudunsaaneiiveseaglad ewndniavudu 9 gnidneenlulavansazanelufeuls

asanlan

<

CH

'
w
1

—
(=]
1

CH 1

b L —
w =1 wn
1 L L

Derivative Weight loss (%/min)

%)
L=}
L

'
[
w

150 250 350 450 550 650
Temperature (°C)

L
(=1

AN 4.35 Thermogram 189 CH ey CH 1

A5 4.6 NMTIATINVEYS TGA AINMTaanefTaueaglas

.. Y - - Sawazn1smneluves
A9YN YUADUNIINA e (°C) _
UrUuUn
Decomposition 3u gaving Tp* usazu 593
1 50.23 | 14587 | 80.73 2.67
CH 2" (ellwaglaauasisaglas) | 14587 | 331.49 | 288.71 41.34 86.54
3 @nfusazivaglad) 331.49 | 663.83 | 3632 42.53
1 50.05 | 126.78 | 87.77 3.40
CH_1 2" 126.78 | 21500 | 168.56 4.95 80.29
3 (waglaa) 21500 | 66373 | 34216 | 7194

Tp* Ao gaungiifiinnisaanefmunigalulsazdisweinsaansm



41

4) n15AAsITRAEmatin XRD

lnssaswenvaglaaUsenaumediundnsewineginlusedeu (Crystalline)

wazdundnisesmegeliidusyideu (Amorphous) fanwi 4.7

TR
) (L
S

|
K

30-60 nm
-

> Crystalline

Amorphous

e
)

e

_—

Al 4.36 nsInseaveseaglad (Holtzapple, 2003)

dieAnwaudundnuesdiogie CH 1 memaila XRD lanan1sAneifanind 4.8
wazilAimudundn (Crystallinity index, Crl) windu- 45,58 % laeAwiailaainaunig
salull (Rambo & Ferreira, 2015)

Crl(%)= 'Iﬁ x100

c

Tae? Crl Ao Audunan

| 482 |y, Poruduves diffraction peak vengaglaaduiidundn uazwaglasdiunly

I3 = o
Wunan anuannu

4 Amorphous cellulose

® Crystalline cellulose

2-theta (deg)

A9 4.37 wa XRD wes CH_1



a2

4.1.2 msaaszalegaduleanluudialng
1) mseszinemaila FT-IR
nnsAnwmyenduludiiedns CS wag CS_1 amewmailla FT-IR laaiunasuss
AW 4.9 Lazran1T1ATIERluATeT 4.4 aUnasues CS 9ENUNITEUTEIRUSE C=0
stretchingﬁ 1729 cm™ wousiiiwaglaa wazdnduluidule (Asadpour, Sapari, lsa,
Kakooei, & Orji, 2015) Turaziannsuees cs 1 lm'ﬂﬁﬂgmsé’u%qﬁuﬁzﬁl,l,amdwLLam

Marsavaelufvilansenladtiuindneiiwaglaa wazdniiueenlula

% Transmittance

3950 3450 2950 2450 1950 1450 950 450
Wave number (cm')

ATl 4.38 FT-IR spectra 984 CS ua CS_1

AN 4.7 ANUUENITAUVDINUSE Lazavaau (cm ™) vadsaee19 CS way CS 1

dnuairnsduveiusy .avedu (cm) vassiegng
CS cs 1

O-H stretching 3275 3339
C-H stretching 2922 2917
C=0 stretching 1729 -
O-H bending 1632 1637
C-H bending 1414, 1375, 1317 1429, 1370, 1316
C-O-C stretching 1187 1159
(Pyranose ring skeletal
C-O stretching (2° alcohol) 1030 1103
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2) mswATzRlamAtin SEM-EDX

INHANTTINATIER CS wag CS 1 feomaflan SEM Fanndl 4.10 (a) wag (b)
auaIRu nud €S dnsdndsadulevunalngesradussfounarnfniu Tuvaei Cs 1
finsnszaneduieondundy wanduleszauunlufinisFeadueniieaindu esin
ansazansleionlonsenlesiildlunsaindierharensinde v adulovuituialng
Flnakazidnansiiavudng 9 sananidule dnsunanisinsieisinesrlsenausie
wafda EDX uansdslunmd 4.11 wuswlnunaden (0 vuitufaves CS swlnunadeusin
wuludulovaslnudralng (Sumarl, Hirnaw, Wulandari, & Sukarni, 2019) luwauedi CS 1

Linusalnunafenuunuiy wesanaisuszneulnunadeuluduloansoazagluinle

@

SEM HV: 50kV
View field: 10.4 ym
SEM MAG: 20.0 kx

" MIRA3 TESCAN

Siipakorn University

SEM HV: 5.0 kV WD: 1047 mm MIRA3 TESCAN|
View field: 4.15 ym Det: SE
SEM MAG: 50.0 kx BI: 1.00 Silpakorn Universi ity

SEM HV: 5.0 kV. WD: 10.45 mm L

View field: 208 ym Det: SE ET
SEM MAG: 1.00 kx BI: 1.00

anil 4.39 Whaituihiiasiaaeu () CS uay (b) CS 1



s

@

o . Atomic %
AU
C o) K
Gs 57.28 41.69 1.03
s 1 51.02 48.98 -

AN 4.40 wa EDX 2049 (a) CS ka (b) CS.1

3) msaAsInlealia TGA
PNMTIATILWII0E19 CS_ waw CS_1 femaiin TGA I thermogram fanmil
012 wavHansIATRIRIeR 4.5 Inetuusnvesidesiegendunssameveni
wazanmsduaudeyanuitlvudnlneditediwaglaa waglaa uagdniu (Nita et al, 2021)
SDalUsAY zein G'TJAQL‘fJUIUsauﬁﬁagﬂut,a”u‘l,asuaﬂm%ﬂwm (G.W. Ali et al, 2020) lny
Tsiu zein Aedinsaanesadl 275-350°C (S, Ali, Khatri, Oh, Kim, & Kim, 2014) sty

Y 1 & A < (Y ' & A < o a
ALY CS UUNERIILLUUNITEANYAIVBIAITISNYINY  VUNFWILLUUNTARYF VD98

' o
a a ] Y

waglaauazigaglad Juiidasilunisanediveswaglad, WWsAu zein wasdniu diutu
4 < v A o ° [ ! S A < v
gavngavilumsaanedivesansiteludu q dwiuiiegn CS_1 Tunaesazilunisaaiest
. 1 & v ) Ly a A a 1 a [
Youwaglaa uay zein druduganegazidunisaaiedivesduievudu o wudeiiu

0

Ccs

Derivative Weight loss (%/min)
=

-20

50 150 250 350 450 550 650
Temperature (°C)

Al 4.41 Thermogram 183 CS uag CS_1



M3197 4.8 NFIATIENTRYA TGA INMIaaemvewaglad

a5

.. M - - Favazniamgluvas
RRERR YURBUNISIAN gungil (°C) y
WnAtin
Decomposition 5u gaving Tp* ufazau | 5w
1™ 50.05 122.86 88.34 2.53
2" 122.86 185.80 165.69 2.63
3rd
R 185.80 316.61 297.99 29.69
cs (eflwaglaauasivaglas) 81.86
4th
- - 316.61 428.82 333.51 24.13
(waglaa, zein uazdnil)
5" 428.82 663.86 502.08 22.88
1™ 50.07 152.37 96.11 4.05
CS 1 2" (LGUaQIaﬁLLaS zein) 15237 428.82 316.42 47.00 63.39
34 428.82 663.26 586.75 12.34

Tp* Ao gaungiifiinn saangfmunignlulsiaed1veInsaanef

4) n15AIZIIRlEWmAatin XRD

dlefnwenulundnvendulewaglaavesditedas €S 1 sewaia XRD lina

AsAN®IRINING 4.13 Lagainnsmuianunaudundnaes CS_1 fAwviniu 49.38 %

@ =

NUTIAT 31.96° way 45.69° FeUad

(Y]

wANaNY nuazHanvaIlUsAY zein Mnauagluidule

(G. W. Ali et al., 2020)

4500

4 Amorphous cellulose

L]
4000 1 31.96°

& Crystalline cellulose
3500 ® Zein

3000
.

£2500 - 45.69°
=

g
£ 2000 22.83°

1500 A .

1000 4
500 A

0

5 15 25 35 45 55
2-theta (deg)

AN 4.42 ua XRD Vo4 cs1
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4.1.3 mynsigialegraduleainninuzniig
1)  msiesgialemala FT-IR

nMsAnymgileiduluiied1s CMR uwag CMR_1 mewaila FT-R loawnnsy
Fanmil 4.14 uagnansiaselumsnd 4.6 lnsanaduves CMR agnunsduvesiusy
C=0 stretching 7l 1744 cm’® %ﬁmeﬁwaﬂ'ﬂﬁuaﬂ%amﬂﬂi@lmﬁuiu CMR (Buntem et al.,
2016) 59199 ny acetyl uag ester lutsiliwaglaansavyaisuendalu ferulic uag p-
coumeric FududruUszneuresdniiu (Neah et al, 2014) Tuvnisdiawnasuves CMR 1l
Usingnsduresiusy C=0 stretching udnsinansavaneluifeslensonladanansamdned

waglaa anllu wasnsnludiulg

CMR_1

% Transmittance
)

Ve=o0

3950 3450 2950 2450 1950 1450 950 450
‘Wave number (cm 1)

ANl 4.43 FT-IR spectra ¥a¢ CMR ag CMR -1

M19199 4.9 ANUUTNITAUYRINUSE WaslaTAdau (cm ') 199678873 CMR waz CMR_1

dnuarnsduvesiusy lwaAu (cm ) vasiegng
CMR CMR 1

O-H stretching 3329 3326
C-H stretching 2953 2918
C=0 stretching 1744 -
O-H bending 1637 1639
C-H bending 1431, 1377, 1317 1429, 1370, 1316
C-O-C stretching 1148 1159
(Pyranose ring skeletal
C-O stretching 2° alcohol 1056 1054




a7

2) A15AAsITRaEmatin SEM-EDX

v a

ANANITIATIZYE CMR kagCMR_1 sealla SEM fan i 4.14 (a) wag (b) auasu

12 1
o N o

wud1 CMR Sidnuaradnedaia Rufadidnuedou esnimsunaqueguuiiufin danm
0.15 (a) Tunuedifiuiiines CVR 1 2sdidnunzaguszanmsidulevmauuiendandy
Fanmil 4.15 (b) dmdunamsiesgiisinesiUszneusemada EDX wansdslunind 4.16
WU C way O vuiiuAves CMR luvaisiiiuiives CMR_1 Fafinsvhnsdiesegiaesudion
fumnsinaifu wuindlsnn C, O, Na, Mg, AL, Si Waz Ca ussdsznau (Fonseca et al, 2015)
uansliiuinansazaneludenlensonlondasridnnsaluiunazansiievurs o senannidu

Teviliiuesdusznaufiognieglu

@

SEM HV: 5.0 kV WD: 9.52 mm
View fieid: 20.8 pm Det: SE
SEM MAG: 10.0 kx 8L 1.00

View fieid: 207 ym Det: SE
SEM MAG: 1.00 kx BI: 1.00

b

SEM HV: 5.0 kV WD: 10.38 mm
View fieid: 4.15 ym Det: SE
SEM MAG: 50.0 kx BI: 1.00

SEM HV: 5.0 kV. WD: 10.35 mm
View fleld: 206 pm Det: SE 50 pm
SEM MAG: 1.01 kx BI: 1.00

A 4.40 WnuiuRafinsadeuves () CMR wag (b) CMR 1
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@

\ !
SEM HV: 15.0kV. WD: 14,66 mm MIRA3 TESCAN| SEM HV: 15.0 KV WD: 15.05 mm MIRAS TESCAN|

Ll
View field: 41.5 ym Det: BSE 10 pm View field: 41.5 ym Det: SE 10 pm
SEM MAG: 5.00 Kx BI: 7.00 Siipakorn University SEM MAG: 5.00 kx B1:6.99 Silpakor University

Atomic %

A9819
C O Na Mg Al Si Ca

CMR 51.36 | 48.64 | - - - - -

CMR 1 (Area 1) | 53.73 [ 40.53 | 1.80 [ 0.45 | 1.19 | 1.91 | 0.38

CMR 1 (Area 2).| 58.12'(38.60 | 0.90 [ 0.58 |.0.81 | 0.98 | -

AW 4.45 ua EDX w09 () CMR wa (b) CMR 1

3)  A1sAAsIzRaematia TGA

91NNFATIEAAIBEN CMR  way CMR 1-daemalla TGA 16 thermogram #3
awil 417 wagramTleTeRdinaai 4.7 Tnstudsnuesisaasshosaandunisssive
vosh Meg19 CMR Tufiaesasdunsaaneiansiivaglas waglea aniu nsnluduuay
asBunIGoU 9 (Ngah et al., 2014) dw5ufI8813 CMR 1 Sufieeandunsaaneiives

Y
U ¥

ansszwieie luvaefidugaiesgidunmsaaeiiveasaglaa

CMR_1

Derivative Weight loss (%/min)

50 150 250 350 450 550 650
Temperature (°C)

Al 4.46 Thermogram (a) CMR uag (b) CMR 1
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M1597 4.10 N1FIATIENTeNa TGA ANNsaaIemveaglas

L Y - R Sewazn1sunely
ZRLERN YUABUNIINA gy (°0) ¥ .
VaUnTin
decomposition BN | gaving | Tp* | udaztu | 99
1t 50.21 | 184.1 | 90.26 | 278
2nd
CMR (ailigaglaa Wwaglaa 95.46

- . . 184.1 | 663.83 | 330.45 92.68
anflu nsmlusiunay

a e
A150UNYDY 9)

1°t 50.14 | 127.24 | 75.45 2.24
ond 127.24-| 209.99 | 199.86 5.22

CMR 1 / 93.64
3

209.99 | 663.76 | 327.00 | 86.18

(waglad)

Tp* Ao gaumgiiinnisaaigdmungaluliazdiweinsaae

4) MIIATIZiRIemATia XRD
defnwirnuundnvenduluwaglaavesditegns CMR_1 mewnaila XRD lina

NSANYIAININA 4.18 uazannsAiuanuAnubuREnues CMR_ 1 SAwvindu 28.18%

1600 ™ A Amorphous cellulose
1400 A 22.31° ® Crystalline cellulose
1200 N

21000 - 15.53°

z

=

2 800 -

=
600 -
400 -
200 A

o+—r—T 7T T T T 7T 71
5 15 25 35 45 55

2-theta (deg)

AN 4.47 XRD 489 CMR 1
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4.1.4 msesziaedaduleanunududssn
1) mseszinemaila FT-IR
NMIFnymdilenduluiiedns PC uag PC_ 1 mewelia FT-IR laawnasuds
AT 4.19 uazran1TeTeRlun151e7l 4.8 Tneanasuaes PC agnunsduvesiusy C=0
stretching 71 1730 cm™ wansfony ester luisfiwaglaa uavwunsduves aromatic
skeletal Tuandufl 1516 cm! (Wee et al,, 2020) %ﬂlﬁﬂﬁﬂgiuamﬂm%’maﬂ PC_ 1 uan9a1

ansavanglufeulansenlenaunsoazatedniy uazieiiwaglaaeananiduleiivla

% Transmittance
%}/

3950 3450 2950 2450 1950 1450 950 450
Wave number (em™)

A9 4.48 FT-IR spectra 784 PC uag PC_1

A5 4.11 aNYzNITAUYINUSY Lavkaraay (cm ™) U99d19819 PC way PC_1

dnuarnsduvesiusy .auedu (cm) veeiiegng

PC PC 1
O-H stretching 3336 3336
C-H stretching 2918 2918
C=0 stretching 1730 -
O-H bending 1632 1638
aromatic skeletal (lignin) 1516 -
C-H bending 1422, 1371, 1315 1430, 1369, 1316
C-O-C stretching 1156 1158
(Pyranose ring skeletal)
C-O stretching 2° alcohol 1034 1051
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2) MIIATIRIemALln SEM-EDX
MNHANTIATIZA PC Uuaz PC 1 feomala SEM fanwdl 4.20 (a) uaz (b)
paddu wud PC Sdnwnmmieuntusadfiniivafanmsinioon fuladiaueguse
uaziisosuuaidn fagu .20 (a) luvausdl PC_ 1 sgwuidilovuneunlutendoonainiu ¢
sU 4.20 (b) dwSunamsiinsesisiesduszneufomalia EDX uanwislunmil 4.21
WU’jﬂﬁlﬂﬁmg}J’mEj’Nﬁﬁﬁﬂ C waz O wWueasUsznau (Rosales, Escudero, Pazos, &

Sanroman, 2019)

@

Wo: 9.86mm |
Det: SE
SEM MAG: 20.0 kx BI: 1.00

b

ANl 4.49 USnmiuRITinTIadeuTes (a) PC wax (b) PC_1
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(o)
o . Atomic %
AI9814
C 0]
PC 51.27 48.73
PC_1 54.34 45.66

A 4.50 wa EDX we9 (a) PC wae (b) PC. 1

3) msaATIRVslemALla TGA
NNFIATIENAFI0E19 PC uag PC. 1 shewadia TGA 1§ thermogram fanndi
022 uazHaMTIATIZRIIR 49 lasduusnaesitaashesaziunsssmeesth
wagnuInuduleIailisliwaglad waglaa uazdniuegluiduly (Rosales et al, 2019)
Fuulutuiiaesveaiaagie  PC | asfunisaaeitensiiwaglas  dwduitanmduns

'
a

aaedveddnfiukaviwaglaa luvaendufiaes PC 1 aullunisaaefvesvaglad

0

= 5| PC
z
£.10 -
@ PC_1
=15 A -
=
]
2 -20
2
£ 25
Z
5]
2 -30 1

35 . . : : .

50 150 250 350 450 550 650

Temperature (°C)

ANl 4.51 Thermogram (a) PC uaz (b) PC 1



M157 4.12 NFIATIERTeNa TGA AnNsaaemveaglas

.. M - - Savaznismgly
A28 YUABUNITAA gauugdl (°C) v .
Y9UmLN
decomposition 34 gaving Tp* | wdazvu | 9%
1™ 50.13 116.45 78.39 2.16
PC 2 (efiwaglad) | 11645 | 24554 | 22206 | 1737 | 88.20
39 @nfunarivaglas) | 24554 | 663.71 | 34838 | 68.67
1™ 50.10 204.29 90.97 4.35
PC 1 - 88.16
2" (L‘lﬁa@lﬁ’ﬁ) 204.29 663.77 365.59 83.81

Tp* Ao gaungiifiinnisaanefmungnluliaedisueinsaansf

4) n15RATIZYIR2EWMALA XRD

53

definwanulundnvenduloaglaauesdiad s CMR 1 mawmnaila XRD leka

NSANYIRININT 4.23 uazanaseuanuinanuidundnues PC_1 fAwviiu 48.46 %

4000
3500 -
3000 -

2500 4

sity

2000 -

Inten:

1500 -

1000 4

500 4

4 Amorphous cellulose
& Crystalline cellulose

poo e

0

AN 4.52 XRD %84 PC_1

25

35 45 55

2-theta (deg)
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4.2 n13dAATIZA TMSC

TuauAdeils waglad 4 vllm As CH_1, CS 1, CMR_1, uag PC_1 undunsiey
™SC  Iaetueaglaauudluidnannleseudiovlvidulowaglaanansieenainiu
Tneiluanavesiudluunsnssinaduleviliiusslelanaussnismeveasagloasouas
Fothlulimnudeuluinihazats DMA/LICL siusylalasiaussniniansveeaglaaazgn
vhane 1leaan CU agluifin interaction Au H vesvyflensendavesivaglaa Tuvnei Lit 9z
gnaeusoumelilanaves DMA silvianawagladalinduinsindanudn waglaadanszatudn
Tusharaenaeduasazaradeafieoty  anduiahuvhuiisendu HMDS  Tae
didnaseudn O vewylansendaveswaglaaazliia interaction fu Si vaewy TMS vinli

N"HSiMe; wgaaen N1 N HSIMe, Ainanoenunaginluiin interaction fu H vewle

AsenTaveseaglad segazidennalnlunini 4.25 landasiaaidu TMSC

o~

+ Me;Si—N-—SiMe;
H

Cellulose HMDS

O—SiMe; Me;SiNH,
Q=5
s

HO OH

TMSC

A7 4.53 nalnnsiinufisensening cellulose wag HMDS

TMSC idauasiesilédie CH TMSC, €S TMSC, CMR TMSC uag PC_TMSC 11n
waglaafildarnidendnlne (CH 1) Tvudmlwa (€S 1) nmawgwin (CMR_1) uazunu
Fulvsa (PC_1) muddu Tnednwaizues TMSC Aildannileusarsiauandunmil 4.26 Tng
fimnhluSsudisutu C TMSC Fafiu TMSC fiduAsgvinain commercial cellulose
WU C_TMSC, CH TMSC war CMR TMSC aefidnuasiluns luvaedl €S TMSC waz
PC TMSC  agilunedimiduns  uazuisdudinsdidnvazaududuloed  uazuansa

%yield lglupsnsdl 4.12
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(b) CH TMSC () CS_TMSC  (d) CMR_TMSC  (e) PC_TMSC

A9 4.54 Enunirvewined1s (a) C TMSC, (b) CH TMSC, (c) CS_TMSC, (d) CMR TMSC
wag (e) PC_ TMSC

AN57971 4.13 uans %yield vas TMSC fidamsienléann CH 1, CS_1, CMR 1 uag PC_1

9879 %Yield
CH_TMSC 72.39
CS TMSC 82.48

CMR_TMSC 88.32
PC TMSC 75.01

ntuth CH TMSC, CS. TMSC, CMR TMSC wag PC_TMSC TMSC fidaiaszsilén
ASIFDUDNANUAIMEWATRA - FT-IR, SEM-EDX, NMR waz TGA suaisu  wadunun

Wiuileuiu C TMSC Fadu TMSC fdaaszilaann commercial cellulose

4.2.1 nM53AszAaemAlla FT-IR

HANITILATIZN C_TMSC, CH_TMSC, CS_TMSC, CMR_TMSC wag PC_TMSC snudau
mewatla FT-R loainasudssy 4.27 wagnamsiasizdlunsn 4.13 lngannsuvemn
Fr0819mUN1SEUVRINUSE Si-C stretching 7l 1249, 837 waz 748 cm' wanaI1fin1sunud
lslasiaulunylonsendaveswaglaaseny TMS Gstheduduldinaiunsadansiegs

trimethylsilyl cellulose i) (Puspasari, Pradeep, & Peinemann, 2015)



% Transmittance

1500

Vsic ¢ T™MsC

|
i
\H \/M CH_TMSC
|
; CS_TMSC
1 | Ve NP
N\\//\\\/ CMR_TMSC
‘ [
PC_TMSC

Vsic

&

1300 1100 900 700 500

‘Wave number (cm)
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A9 4.55 FT-IR spectra 984 C_TMSC, CH.TMSC, CS_TMSC, CMR_TMSC uagPC_TMSC

MIINT 4.14 GNYUNITEUYOINUSY taztauaay (cm™) U9eiiee1s C TMSC, CH TMSC,

CS_TMSC, CMR_TMSC ua PC_TMSC

. . lauAAY (cm™) vasfiaE
ANYUSNITAUYDINUTS
C_TMSC CH_TMSC CS_TMSC CMR_TMSC PC_TMSC
O-H stretching 3484 3478 3480 3466 3477
C-H stretching 2958 2957 2955 2956 2957
O-H bending 1631 1639 1645 1636 1635
1415,.1373, | 1406, 1371, | 1413, 1371, 1459, 1379, 1458, 1373,
C-H bending
1313 1312 1313 1310 1311
C-O-C stretching
1061 1044 1041 1048 1044
(Pyranose ring skeletal)
C-O stretching
1121 1117 1115 1110 1117
2° alcohol
1251, 843, 1249, 837, 1249, 837, 1248, 833, 1249, 837,
Si-CH, stretching
751 748 749 747 748

Y]

& o v & dg v = U aa a
UBNIINU \‘1E‘ﬁllWiﬂuqm@yjawuwﬁlmﬂiq‘iﬂlﬂqiaﬂﬂauLLaﬂiﬂﬁ@u‘WiﬁlLiﬂ (DN 4.28) way

O-H stretching ( ~ 3500 cm™) wag C-H stretching (~ 2900 cm™) ¥8310e19 C_TMSC,

CH TMSC, CS TMSC, CMR_TMSC way PC_TMSC anenuiaidn Degree of substitution

(DS) vi3osviun1sunuil H vomylansendared glucose unit fewy trimethylsilyl (TMS)
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Tneldnsmunsg1uwes Mormann (Mormann, Demeter, & Wagner, 1999) a1nnsiazla

£%

AUNITANUINAT DS A9l
AOH
405——
ACH

1.37

1neil DS fo Degree of substitution #303EAUNITUNUTN

DS=

Agn AB NuAlengINAIRANAULAISIEBUNTNIAYEY O-H stretching (~ 3500 cm™)
Ay P9 NulANTMNIRANauKaTaaauns11snves C-H stretching (~ 2900 cm™)

NANISAIUIUAT DS 983f18818 C TMSC, CH. TMSC, CS TMSC, CMR_TMSC #agPC_TMSC

wARIlUM1S19N 4.14

(a)
C_TMSC \
2 I
£ |
< |
[ | J‘
Y
___,_/ﬁ"k"\-.,jb\i_.,g_ /\_/‘%J / \"].‘ A
3950 3450 2950 2450 1950 1450 950 450
Wave number (em )
(b) (©
CH_TMSC CS_TMSC
| H ﬂ
2 | H
; 1 | E A
z H v
i l 2 M
| f ‘HK.‘
SN W T f Y T
3‘)‘50 34‘50 1-;50 34‘5u ]';Isu 14‘5(} g;lio 450 3950 3450 2950 2450 1950 1450 950 450
Wave number (¢m ') Wave number (em™)
(d) (e)
CMR_TMSC PC_TMSC \
H H
H H
2 | 3
: I g " ‘
2 M| 2 | (1
' \
A / l\
h ! TR"A
); r__/qu J " S . T |V B W, ™
3950 3450 2950 2450 1950 1450 950 450 3950 3450 2950 2450 1950 1450 950 450

‘Wave number (cm™) Wave number (cm)

A9 4.56 FT-IR spectra (absorbance) 984 (a) C TMSC, (b) CH_TMSC, (c) CS_TMSC, (d)

CMR_ TMSC uag (e) PC_ TMSC
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AN97991 4.15 @ DS INTeYA FT-IR v83f9819 CH_TMSC, CS_TMSC, CMR_TMSC wag
PC_TMSC

19819 Aoy Ach DS
C_TMSC 2.00 2.08 2.26
CH_TMSC 2.72 1.74 1.81
CS_TMSC 9.29 4.64 1.48
CMR_TMSC 1.90 1.97 2.26
PC_TMSC 3.84 2.60 1.87

4.2.2 MsAATEnalemaila SEM-EDX

HaNIFIATIZR C_ TMSC, CH TMSC, CS TMSC, CMR TMSC uwaz PC_TMSC @8
wedla SEM @il 4.29 wuhituiaves CH. TMSC  uagPC TMSC fldnuwauzadaiu
C TMSC luvmziifiufinres CS_TMSC way CMR.TMSC Ssasiidnwasifunnududuly
dmunaninneisigesiUsenausemala EDX Wansiansnadl 4.15 wuimnsogisd
59 C, O uar Si WuesAUsznou uansIlinsunuil H weanlensendavesivaglaasens

trimethylsilyl

At 4.57 USnaiuRafinsiedeunes (a) C_TMSC, (b) CH_TMSC, (c) CS_TMSC, (d)
CMR_TMSC wag (e) PC_ TMSC
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AN57991 4.16 1@ EDX 101 (a) C_TMSC, (b) CH_TMSC, (c) CS_TMSC, (d) CMR_TMSC uay
(e) PC_TMSC

v . Atomic %
MDY
C o) Si
C_TMSC 58.74 | 2597 | 15.29

CH TMSC 58.30 32.36 9.34

CS_TMSC 70.57 26.14 3.29

CMR TMSC | 64.72 | 28.98 6.29

PC_TMSC 6279 | 31.57 5.64

NUSHIVD0AUTENBUTMENITAUINIAIUINAT Degree of substitution (DS) #3a5ediU

nsunud leanaunsaeluid (He et al, 2014)

5X Si%
0%

DS=

1nel DS fw Degree of substitution (DS) 1385AUNITUNUN, Si% Ao USunu Si (atomic
%), 0% A Usu1ad O (atomic %) warsiay 5 tuaunisinaindiwiusinesndiaulu 1 unit
994 anhydroglucose fiagluwaglaa nan13AIneY DS 98910819 C_ TMSC, CH_TMSC,

CS_TMSC, CMR_TMSC Wag PC. TMSC anndieya EDX uamalusngtedl 4.16

51971 4.17 1 DS 9nTosa EDX 4998813 C TMSC, CH TMSC, CS_ TMSC, CMR_TMSC
way PC_TMSC

29819 DS
C_TMSC 2.94
CH TMSC 1.44
CS_TMSC 0.63
CMR_TMSC 1.09
PC_TMSC 0.89
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4.2.3 mMyaszviaemaiia 'H-NMR

AATIPRAIEN C TMSC, CH TMSC, CS_TMSC, CMR_TMSC uag PC_TMSC #e
wadla 'H-NMR Tfaunafudsnmil 4.30 990 'H-NMR spectrum Usingdnyanmedlusaeu
a 7 & Uszuns 0 ppm %uﬂuiﬂimausuaqmg trimethylsilyl 9z3iA1 chemical shift ﬁaaﬁqm
Lﬁmmﬂgﬂ shield mm‘?iqm wazUsIngdaya1auveslusnou b ¥e933 anhydroglucose %qaeuj
lugrafediuvedlusneu ¢ veamy —CH,- 76 = 3049 ppm (Livazovic, Li, Behzad,

Peinemann, & Nunes, 2015)

(@) C_TMsC (b) CH_TMSC

) Al AU

(€ Cs.TMsC | ‘ (d) CMR_TMSC I '\
\

U MJ N

) J
5 4 3 i ﬂ npm u ppm

AW 4.58 H—NMR spectrum VDY (a) C_TMSC, (b) CH_TMSC, (c) CS_TMSC, (d)
CMR_TMSC uag (e) PC_TMSC

N13ATUIBUAT Degree of substitution (DS) #395¥AUNITUNUN ARIN 1 unit glucose
= a Aaa A a ' ° X 1
vougaglad FeAnlunsaldivg TMS unuivylensendavesaaglad 1 vl n1sAwInAILeY
v v o 1 ° X do va
AuanwazresdygIu 'H-NMR TngazAuaaniunlanavelusneuy a (A,) wag b+c

(Apso) A1 (Puspasari et al., 2015)

D=/ x_A@
9 A(b + c)

19A1 DS wesdeE1e C TMSC, CH TMSC, CS_TMSC, CMR TMSC wag PC_TMSC

ARSI UMISI9T 4.17
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AN91991 4.18 @ DS 31nvoya NMR 98939819 C_TMSC, CH_TMSC, CS_TMSC,
CMR_TMSC uag PC_TMSC

fDE9 DS
C_TMSC 2.49
CH TMSC 1.91
CS_TMSC 4.57
CMR_TMSC 2.99
PC_TMSC 3.26

4.2.4 M3ATIZHAT DS 9nmALia FT-IR, SEM-EDX waz NMR
a & 1 o a I A Aaal ) o | A [
N15ATIeNiAn DS maewalin NMR umalipfidiandnsunismen DS iWesainidu
walleienseimegtluglatsavate | ibiyndiuvesansazanslasuauiuuivan
woe Audvilidygranliuannseisremndadiuvadansiiedns dumelln EDX uay
FT-R {Jumallaiiangiusnaiuiivesinedns  dsoraduimunuresiegnlilavimun

LariAnuAaIALARaUIINGRTNTAIAIUIN

4.2.5 NM5ATIZRAEALA TGA

NATUATIZRABEY  trimethylsilyl cellulose  lgn € TMSC, CH_TMSC,
CS_TMSC, CMR_TMSC uag PC TMSC duwiaiia TGA dalumeiiafildlinseviauatios
Waanudeuveagiaa Io Thermogram 8¢ C TMSC, CH_TMSC, CS_TMSC, CMR_TMSC
ez PC_TMSC uandlunmit-4.31 uasnanisiasieinanisnsdl 4.18 awdidu annns
Anneiguvnliifinnsaanefvessaglaauesiiedis trimethylsilyl cellulose Mudnalen
Tp* snniwaglaaiignarindeasazansluifoulansonlediiosaniogns trimethylsiyl
cellulose ﬁmﬂmuﬁ%wyj trimethylsiyl silvdananeatesideauiousnniy (Petzold

et al,, 2003)
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5 - C_TMSC

CH_TMSC

CS_TMSC

¥
L
L

CMR_TMSC

[

[v5)

Lh
L

PC_TMSC

h Lh Lh
1 L L

Derivative Weight loss (%/min)

2
h
.

]
sl
i

50 150 250 350 450 550 650
Temperature (*C)

AT 4.59 Thermogram 983 C_ TMSC, CH TMSC, CS. TMSC, CMR_TMSC itag PC_TMSC

A19197 4.19 mﬁmawﬁﬁaga TGA NANEAFIUD trimethylsilyl cellulose

ZERLAL gaungll (°C) $ewazniamneluves
U gaving Tp* dmin
C_TMSC 50.19 460.63 389.74 97.71
CH_TMSC 50.09 457.52 392.42 94.40
CS_TMSC 50.00 45776 395.31 95.74
CMR_TMSC 50.06 458.32 385.79 96.93
PC_TMSC 50.13 457.99 388.90 98.73

Tp* Ao gaungiifiAnn saanefmuInNgnlulsiazy1weinTsaaefa

4.2.6 M3AATIEVABINALA XRD

WATIEWFI0819 CH_TMSC, CS TMSC, CMR TMSC waz PC_TMSC sstnailn XRD
FaransAnwuandlunini 4.32 wudawnesuliusing diffraction peak il 20 = 22°
(waglaaduidundn) Wownannswden TMSC ansnsavianesiusylelnsiauseninsans
youwaglaafediiazans DMA/LICL figamgiias vilimnuidundnveawaglaamely
uonanil difffaction peak 7 Ussum 8° veswsazdega Huvdngiuinsaglaa

NnUAsen1sunuil H veaylensendaveawaglaameny trimethylsiyl lnefinlluanat

NSILYUYBITEEEVNNTENINTEUIUINAGLaasUAY (Filho et al., 2007)
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A9 4.60 XRD 784 () C TMSC, (b) CH TMSC, (c) CS TMSC, (d) CMR_TMSC uag

(e) PC_TMSC

C_TMSC

(a)
1200 4
1000 16.23"
8.83°
£ 800
=
é 600
E]
400
200
0 T T
5 15 25
1240° CH TMSC
g66  16.20°
5 15 25 35 45 55
2-theda (deg)
8.66° CMR_TMSC
16.90°
15 25 35 45 55
2-theda (deg)

35

45 55

2-theda (deg)

{e) 1800
1600
1400

Intensity (cps)
W o8 2 ® D W
=2 = = =2 =3 =3
g B 8 8 8 B

=Y

(e) 3000

2500 o

2000 -

Intensity (cps)
=
S

4.3 mswasunuasuas TMSC aelinauau

16.12°
o CS_TMSC

5 15 25 35 45 55
2-theda (deg)
79 PC_TMSC

3 15 25 35 45 55
2-theda (deg)
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Wdu TMSC Wladuianuiin araldnnudu 100% RH aztdun1sisan1sidauanin vin

91 Cell-0-Si(CHs); (Cell = waglaa) Lﬁﬂﬂﬁﬁ%&ﬁlﬁiﬂiﬁ%aLﬂﬁlauﬂé’umﬁluwyj Cell-OH

AL A1 4.33 Ingluntsnnassilatdmatia FT-IR Tulnum Absorbance wiaifigy

Sns1d1uNuildfasening Voo (785-715 cm™)/ Ve, (3000-2820 cm™) 40978 1

CH_TMSC, CS_TMSC, CMR_TMSC waw PC_TMSC aneldmauiu 100% RH {Juiian 28 Tu

! | Ay oy ~ dy e v = = 1 . . PN
NUIANRanad 1NN NUNANAYD Vsic Bakengaanyl trimethylsilyl anag Tuwaueh

(%

NUNLANAYBY Veyy WNTU AININT 4.34
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H
0—SiMe; o

Hydrolysis o
0 > HO
Me;Si—O T on T
0—SiMe;

A 4.61 Nslalasadaves TMSC naunduaglas

(a) (b) -
CH_TMSC CS_TMSC
o @
S 2
El £
2 a
- =
= =
2 2
= =
- &
Ven Ve
Von l Von o
P _’JH{LT._; =
3950 3450 2950 24350 1950 1450 950 450 3950 3450 2950 2450 1950 1450 950 450
‘Wave number (cm!) Wave number (cmrl)
—0D 28D —0D ---28D
(©) @
CMR_TMSC PC_TMSC

Absorbance
Absorbance

450 3950 3450 2950 2450 1950 1450 950 450

3550 3450 2950 2450 1950 1450 950
Wave number (cm-)

Wave number (em?)
—0D 28D

Al 4.62 FT-IR spectra (absorbance) Wauwa3 (a) C_TMSC, (b) CH_TMSC, (c) CS_TMSC,
(d) CMR_TMSC Wag () PC_TMSC

A15197 4.20 SAEAUNUTERASENIN Vo (785-715 ¢m ™)/ Ve (3000-2820 cm™) o4

& CH_TMSC, CS_TMSC, CMR_TMSC wag PC_TMSC aneliamnaidiy 100% RH

A10819 Snsdrununldnaszndng Ve (785-715 cm™)/

Ve (3000-2820 cm™?)

0 U 28 U
CH_TMSC 1.32 1.19
CS_TMSC 1.74 1.37
CMR_TMSC 1.26 1.15
PC_TMSC 1.82 1.23
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4.4  mawseululasuaugaan TMSC

Tumswien TMSC Meviuanssemedns Wy M3ys uasfiaiay Taesl TMSC 1Hudh
vievuvdolden (shel) wazanssemedroidusnfignieviunieununans (core) Tregluguls
lasualya ganalnlunnd 436 Tneduusnazinden aqueous phase Tagth SDS Faluans
AALIIFIRILUUUTERAY vimihdudiatliess (Emulsifien) tedesfiunmssiudvomen
fatusnavansluthndy wawilieuise ethyl acetate 9nuUSU pH vesasavaneli
\Junsa @ organic phase 91 TMSC wwanfiuasszivedts (Msysusofiuiau) azane
Thfuiedertily ethyl acetate udwldlu aqueous phase Tneniuansazanenaoniian
wlmAnlulasuatyatu lnefufiduuenvedlulasuaugaasinufitenlelasdta wWisy
9N Cell-0-Si(CH,); (Cell = 1waglaa) ndusndumy Cell-OH Fufu 1osmnmsusu pH

vosansazanelidunsn Tuvariifdluvedlulpsuaugadipaduy TMSC dufu Buduld

31N FT-IR spectra AanIWil-4.35 lagagnunnsduuediusy Si-C stretching auanafiay

(%
] a

trimethylsityl AivuRamuluvestulasualya wilinunmsduvesiuseiluiurisuuenves
lulaswauya wansimy trimethytsilyl galalasa@aluilumg OH

= .o VANV

Na SDS
O—SiMe;
0
0,
TMSC + (Camphor or Borneol) S Mesi—O0 . S
in Ethyl acetate TMSC O—SiMe;
/
/ / or P -
/ 4

Camphor Bo!;'neul

Water + Sodium dodecyl sulphate (SDS) o/w emulsion

Al 4.63 nalnmsvierinansseiindie (nMsyswsefiuaw) lagld TMSC (Judasienu
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Internal surface {VM

External surface

%Transmittance

Vsi-c Vsi-c
T T
50 4

T T T
3950 3450 2950 2450 1950 1450 9
‘Wave number (cm™)

50

A9 4.64 FT-IR spectra fiursuluwagiuuenveslulasialyga

4.4.1 nsATEiemalla FT-IR

MnMseTzivilsitusemeda FT-R vaslilasuausaiiiisnvierndu CH TMSC,
CS_TMSC, CMR_TMSC Wag PC_TMSC anadiu_leanunssuduandlugy 4.36 lnglulas
uavgadilsilildansszimeineg asiFendn TMSC MCC dulalasuadgareriunisys axiSendi
TMSC_C Fsusingmisdunesiiuse C=0- stretching ¥89n15ys# 1739 cm™ Tuvauedilulng
ueyaiivieviufisnay wiSend1 TMSC B eUsingnisduvesiuss C-O stretching ¥
faudl 1050 e ansanisusaeswuimneddlinufinfiuansnisgandunases
Wusy Si-CH, (1249, 837, 748 cm™) wedvy trimethylsilyl flowniinsusu pH wes
ansazanglidunsn Vil Cell.O-Si(CH,); (Cell = waglaa) Lﬁmﬂﬁﬁ%mldmé%amﬁau

neunduny Cell-OH Fghn
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(2) (b)

“" CH_TMSC_MCC CS_TMSC_MCC

CS_TMSC_C ?

CH_TMSC_C Veo

CS_TMSC_B

Y% Transmittance
% Transmittance

CH_TMSC_B

Voo -+ Veo

3950 3450 2950 2450 1950 1450 950 450 3950 3450 2950 2450 1950 1450 950 450
Wave number (cm’) ‘Wave number (em)

©F— _ I .. )
" CMR_TMSC_MCC PC_TMSC_MCC

>

CMR_TMSC €\
- - Ve=0

PC_TMSC_C

PC_TMSC_B

% Transmittance
% Transmittance

CMR_TMSC_B

Veo—»

Ve

3950 3450 2950 2450 1950 1450 950 450 3950 3450 2950 2450 1950 1450 950 450
Wave number (cm!) ‘Wave number (em)

A 4.65 FT-IR spectra wodlalasuasgaitgnuieviudng () CH TMSC, (b) CS_TMSC, ()
CMR_TMSC, wag (d) PC_ TMSC

4.4.2 mspsigialemaiia SEM-EDX

msesesilalasualgadlilldanssziiinine  (TMSC MCO)  uazlslasupUyaiivievia
Msys (TMSC_CO) Toedisaviesiuniu CH TMSC, CS_TMSC, CMR_TMSC uaz PC_TMSC #ig
welln  SEM.lguanasTiesisddenmit 438 dlefinundnuvasiiuiivesietng
CH TMSC MCC  wuanfidnwazidunsenauiifinnsguia. fvgusy Svunadusiugudnans
Usganad 300 um @ CH TMSC_C fanwauenad Wavgusetiasnd’ CH TMSC_MCC wagd
YUIALFURHUAUENAUTEU 250 pm

freE1e CS TMSC MCC wudiidnwasdunsanay Mufagese  Swwiadus
AugnaeUseanay 200 um @ CS_TMSC C fldnuwaugAaudienay ﬁuﬁ’;ﬁmmmq%z
W1 CS_TMSC_MCC  wagdivunaidusinuaudnatauseaa 150 um

M0819 CMR_TMSC_MCC agildnuaizAsudiena diivguseuaziignguinn dvuin

urugudnansUszana 300 pm @i CMR_TMSC_C Sdnwasilunsenay Ravgese 5

WU uazdvnaduruaudnaaUsEinn 110 pm
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Meg19 PC_TMSC_MCC eildnuaueaoudes mivguseuaziigngy  vunaiduniuy
AudnansUszanas 200 pm @ PC_TMSC_C fdnwazilunsanauiifinsguds favgusy 3

WU uazdvnadurugugna1aUsEann 300 pm

AN 4.66 AW SEM ¥ (3) CH TMSC MCC, (k) CH TMSC_C, (c) CS_TMSC_MCC, (d)
CS_TMSC_C, (e) PC_TMSC_MCC wag-(f) PC TMSC_C

HaN153LATIENAEmAlla EDX iiiafinui151903AUsenauusiiaiiuives
TMSC_MCC uag TMSC_C lam157199 4.20 Wudmiuiianuuenvesnmieg1eiusunusg Si
aguisadintes wanliiiiugl Cell-O-SiCH,); (Cell = wwaglaa) WinufAsenlelnsadaldeu

ndunduny Cell-OH faLiu



69

M1599 4.21 ¥ie UazUTUNUeeIAUTENausINUUNURIYes TMSC_MCC uag TMSC C

o . Atomic %
MDY
C O Si

(@) CH_TMSC_MCC 4788 | 51.8 | 0.32
(b) CH TMSC C 49.36 | 50.19 | 0.45
(c) CS_TMSC_MCC 49.27 | 50.73 -
(d) CS_ TMSC C 5255 | 4725 | 0.2
(e) CMR_TMSC_MCC 51.82 | 4794 | 0.24
(f) CMR_TMSC C 49.42 | 50.58 -
(g) PC_TMSC MCC 49.93 | 50.07 -
(h) PC_TMSC C 49.87 | 49.85 | 0.27

4.43 NTATITRRIBMALA TGA

PMNMTIATIEARENALA TGA IA thermogram Gumvl,;ﬂmLmﬂegaﬁiaﬂé‘lﬁmiizmsJ
18 (TMSC_MCQ), lulasuavganedunisys (TMSC_O) uazlulasuadgaiivieviufiutay
(TMSC B) Ta el i sio a8 u (a) CH TMSC, (b) CS TMSC, (c) CMR TMSC wa ez (d)
PC_TMSC audsiu danandl 4.38 wasnan1sTiasiwsidannsnsit 4.21 Tnstuusnvosiaogis
TMSC_MCC azifunisszumisvasiniigaghaies wasduiiaesandunisaarefves TMSC
ﬁLﬁuﬁ’Maﬁm d1m3uiieeg1e TMSC _C wag TMSC B funsnasdunssemevesiuasnis
TUANYRINITYTUTBNULAY uaztuiiaesazdunisaatsives TMSC dudaviery deian

Tp* Wend1 TMSC 3udu ieasngnlalasddamensa
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(b)
CH_TMSC_MCC 0 e = CS_TMSC_MCC
-0 W — P
E g N\ /
E .0 A% / CS_TVSC_C
<-10 1 \ |
=0 CH_TMSC_C 3
~ -
S 220 4 = G ImscR
= CI_TMSC_B 2
=20 B i =
= . =
¥ [ \ 230 -
3 \/ z
2 30 \ | ]
= \ % ]
g \ £ -40
Z \ Z
\ |/ 2
g \/ & -50
=50 T T T - T -60 T 4 T T .
50 150 250 350 450 550 50 150 250 350 450 550
Temperature (°C) Temperature (°C)
(c) (d)
T — ~ CMR_TMSC_MCC 0 PC_TMSC MCC
= <3 e [ ____ PCTMec]
- \ / —— ~
E ol \\\ [ CMR_TMSC_C g ™ /
£° \ & N\ i .
g \ S0 \ | PC_TMSC €
e 20 1 m
= 2 PC_TMSC B
=-30 4 =20 4 . "
=) =
3 o
Z 40 3
> 0]
4 B 40
& .60 4 g0
-70 T ‘ T 50 . : . . :
50 150 250 350 450 550 50 150 250 350 150 S50

Temperature (°C) Temperature (°C)

o v

AWl 4.67 Thermogram maqluiml,t,ﬂu#gaﬁﬁmﬁmqmLﬂu (a) CH_TMSC, (b) CS_TMSC, ()
CMR_TMSC uag (d) PC_TMSC



M5 4.22 MTUATIENTRYR TGA nnsaatedvatlulasualya

71

%

%

AU Weight AU Weight
AaLiNg A loss saating AY loss
- . WEA - . WEA
1su | gamne | Tp* P 13u | gAamne | Tp* P
AU AU
1 | 5423 | 190.10 | 7823 | 4.57 1| 5002 | 169.37 | 84.64 | 656
CH_TMSC_SDS | 2™ | 190.10 | 47532 | 328.19 | 7536 | CMR_TMSC_SDS | 16937 | a0a2a | 33758 | 7697
2
39 | 47532 | 645.85 | 606.76 | 8.76 50.08 | 130.20 | 8255 | 6.20
1 | 5005 | 19844 | 97.90 | 13.96 1 | 13020 | 404.76 | 34347 | T7.78
CH_TMSC C 2" | 198.44 | 420.19 | 318.30 65.63 CMR.TMSC C , 50.07 167.29 | 122.80 6.56
271
39 | 420.19 | 645.86 | 548.64 | 17.28 167.29 | 409.09 | 34347 | 7295
1 | 5005 | 124.83 | 91.39 | 24.80 1| 5002 | 16937 | 84.64 | 6.56
CH.TMSC B | 2™ | 124.83 | 260.79 | 211.97 | 5550 | CMR_TMSC B
2" | 169.37 | 404.24 | 33758 | 76.97
39 | 260.79 | 44523 | 310.42 | 1295
1 | 50.10 | 18370 | 81.68 | 831 1 | 5018 | 167.60 | 84.12 | 7.97
CS_TMSC_SDS PC_TMSC_SDS
2 | 183.70 | 407.17 | 348.98 | 66.84 2" | 167.60 | 429.26 | 34658 | 71.02
1t | 5002 | 17449 | 8204 | 826 1| 5004 | 219.84 | 15576 | 62.77
CS_TMSC_C PC TMSC C
2 |'174.49 || 408.88 | 344.92 | 66.32 2" | 219.84 | 400.56 | 343.14 | 27.681
1| 5015 | 17352 | 119.16 | 13.09 1| 5020 | 17274 | 13235 | 61.12
CS_TMSC_B PC_TMSC_B
20| 173,52 407.11 | 346,09 | 66.90 2'9| 172,74 | 397.16 | 33230 | 32.45

Tp* Ae gauugiifinnisaangfmungalulsnzd9weInsaaen

4.5 N15ASIZINTZANBNTBINARBUAIY TMSC

4.5.1 NAFUANUM MINISAUU

NI UaNURlLNITAULITRINITATYNTIIAAaUAIY TMSC antdulewtingng 9

JULSNLUNTEAENTIUTIINTN

ANTULIULAFBUAY

CH TMSC,

CS_TMSC,

CMR_TMSC #ag PC_TMSC fImnsaudu 2% (wAv) wandnundadinindnasa vdsiniu

P lurludnduna 5 wd Fuimenivy 2 Wi uaahludedmin antduihuSeudiey

Uminvesilasuiunszaensesiililaiaiou TMSC eauaum % hydrophobicity

(Yadav et al., 2014) 99ngn3
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%Hydrophobicity:%xmo

1

Tag W1 wag W2 s Unitin (g) vesihfilasulunszaunsesiililaefiou uagnszaunsosd

gnLARaUME TMSC MUafU

9INNSAIUIA % hydrophobicity Teinszaensasindeusie TMSC andulewia
e o Mekan1svaaeeRan1s1af 4.22 wude % hydrophobicity ¥89 CS TMSC mﬂﬁqm
pradunasnanasazats 2% CS TMSC ﬁ?uﬁmmwﬁmmnﬁqm Tuvnugd PC_TMSC,
CMR TMSC waz CH TMSC tuflnrunilnvesensazansanasnmiadndu vildlunism
asarany 2% CS_TMSC  ASUNNTEAENTBlANusmInnil TMSC  wfindu o

CS_TMSC 3481 % hydrophobicity 3indige

97971 4.23 %Hydrophobicity vesnsEA¥NseIeABURIE CH TMSC, CS TMSC,
CMR_TMSC wag PC_TMSC

nszATEnIasTlladaudIe %Hydrophobicity
CH_TMSC 75.47
CS-TMSC 82.62
CMR_TMSC 716.59
PC_TMSC 77.93

1) nsaasziinewmaila FTIR
Weganseaenseaildldindeu LLasﬂssmwmaqﬁQﬂLﬂﬁauﬁaa CH_TMSC,
CS TMSC, CMR_TMSC waz PC_ TMSC Aauldaidiu 2% (w/Av) uniasisisiemada FTIR Ta
awnmdudsnmil 4.39 Tasanniuvesniegianumsduresiusy Si-C stretching o8

AUV 1249, 835 Uag 749 cm™ Faiggududn TMSC gninfauuuNuRIv8INTEA1¥NTes



73

F_296PC_TMSC W
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F_2Z%CMR_THAS T \/\“ /\ \/\f\f/ o
T ] bV \ N~ AT
F_2%CS_TMSC
T — T
F_2%CH_TMSC
Filter paper A/\/W/‘
sic Vsic
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<

A9 4.68 FT-IR spectra venszaunsasiililiinfou wavnszanunsesiigniniiouse

CH_TMSC, CS_TMSC, CMR_TMSC tagPC TMSC A8t 2% (w/v)

2) mswATzRIgmAtian SEM-EDX
mami‘iLﬂiwﬁ&haa"mﬂizmwﬂiaqﬁdﬂaaqé’mﬁgﬂLﬂﬁa‘uéhs CH TMSC,
CS_TMSC, CMR_TMSC agPC TMSC AMLULTUL 2% (w/v) paemalia SEM-EDX Adlans
Tun il 4.40 wutitufsvenseaisnsesinui 1 (TMSC_1) wazdudiges (TMSC_2) fign

PADUTIENYAUSISEU  WedanadiudulauninssmEnsaauIedIl - amSUNanITIAS1Es e

9

a

23AUTENAUMEWATIA EDX  U09679819n52aenIassnuivilatasdns  aauandlumnisna

4.23 Wus"9) Si-anuy trimethylsilyl UUNURR

AT 4.69 N SEM vaenszaunsasiidausae (@) CH TMSC 1, (b) CH TMSC 2, (0)
CS TMSC_1, (d) CS_TMSC_2, (€) CMR_TMSC_1, (f) CMR_TMSC_2, (g) PC_TMSC_1 ua
(h) PC_TMSC 2
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A3 4.24 wa EDX v0ansen1unsasiiiadoudae (a) CH TMSC 1, (b) CH TMSC 2, (c)
CS TMSC 1, (d) CS_TMSC 2, (e) CMR_TMSC_1, (f) CMR_TMSC_2, (g) PC_ TMSC 1 wae
(h) PC_TMSC 2

q4 oo e Atomic %
NITATYNIDINLAGBUNIY
C @) Si
(a) CH_TMSC 1 57.73 30.48 11.79
(b) CH_TMSC 2 58.38 29.66 11.95
(c) CS_TMSC 1 55.99 33.55 10.45
(d) CS_TMSC .2 57.42 31.74 10.84
(e) CMR_TMSC 1 55.10 37.62 7.28
() CMR_TMSC 2 54.45 37.24 8.31
(g) PC_TMSC 1 58.22 29.30 12.48
(h) PC_TMSC -2 57.20 30.24 12.56

3)  msaAsziaematin TGA

HAN19IASIENN AR TGA 16 thermogram U89f19819nTEA1YN TN Lila
\ATOU UazgNARoUAIY CH_TMSC, CS_TMSC, CMR_TMSC kaiz PC_TMSC adaidudu 2%
(W/V) 9097 4.41 UagNANITIATIENAINNTIIN 4.24 919U T dunsnvaeyniieg1a9s
& H o A < o = | =
WUNI9T2EYD9UT LAz UNE 0398 TUNITEa8A29DY TMSC INUIINTEATYNTOINGN

P a ' A M YA = £ ' ° v a
WWABUILHAN Tp* gendinszarensaaiililiinfou Jauanddiiiuin TMSC vilinszaiunsasiinany

RN e LG

Filter paper
220

F_2%CH_TMSC
40 4

60 | F_2%CS_TMSC

-80 F_2%CMR_TMSC

1001 \ T_2%PC_TMSC
-120 -

-140

Derivative Weight loss (%/min)

50 150 250 350 450 550 650
Temperature (°C)

A9 4.70 Thermogram YaenszATENsasAFaUIE (a) CH TMSC, (b) CS_TMSC, (C)

CMR_TMSC wag (d) PC_TMSC
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A5 4.25 MTUATIETeLa TGA INNTaa1efIvainTEmuynsesiliinfaulazinfiou

#e CH_TMSC, CS_TMSC, CMR_TMSC uag PC_TMSC

f29819N32ATYNTDI JUABUNISAA il % Weight loss
findaudae decomposition Su gavine Tp* urazey | s
1% 50.12 135.56 71.07 2.26
laindou 86.97
2nd 135.56 426.05 368.65 84.72
1% 50.06 120.94 80.69 2.39
CH TMSC 87.95
2 120.94 422.9 378.69 85.56
1 50.01 115.68 78.76 3.03
CS TMSC 86.27
an 115.68 419.41 371.14 83.23
1 50.15 117.99 81.94 2.61
CMR_TMSC 86.18
an 117.99 418.44 376.23 83.57
1 50.18 130.84 72.69 4.06
PC_TMSC 86.88
2 130.84 423.95 382.67 82.82

Tp* Ao gaungiiniinnIaa iU INgnlulsingdweInIsdaef

4.5.2 negeuANNETIIsEluMsIAGaUnEnazaten]
Tunrsegeuaruaiuisalunisindeuniinazatein lnszaiwuuin 4.0x4.0
wuRlns fAgnAiusidieninazats u1adoudisaisazals CH TMSC, CS TMSC,
CMR_TMSC wag PC_TMSC (2 % w/Av) U3ums 2 mL lagldyiiulunismivsiudmidede
mﬂﬁ?uﬁw(Ehasmmmaauauﬁ’amiﬂm%’uﬁﬂmamsmmﬁwawu N3¥ANY ANANITNAAOUAS

% =

N 1w 1 1 o g @ 3 % 1
AT 4.43 wudndegansemunsesraeniiadeulinaduin Tngasiuduneauieguy
g o . . ¥ oo & ~
WU Woszpznarulunulmeniilianvashuusuandu uazdumeluluszeziian 120
Wil wudmiinuunseaengniadeunls CH_TMSC, CS_TMSC wag PC_TMSC lidazanein

gnriu CMR_TMSC findinfimuaisaadntoy
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fegnanszauiign 0 Ui 60 W 120 w1l

\AFOUME

— e
Loy - -

E— —
—

€S TMSC ﬁ
CMR_TMSC ﬂ ﬁ
PC_TMSC ﬂ

|

) 2 |

AT 4.71 HANMINAFBUANTRNISAATUNIVBINTEAWIAREUAIEY TMSC Wuwan 0, 60

kay 120 w9

INUULINTEAYNUIAFDU kazAFaUA8 TMSC ANULTUTU 2% (W/V) 3NNLEouin

#19 9 (CH TMSC, CS TMSC, CMR_TMSC wag PC_TMSC) 1iAAnudienseawanuieiag

117 Methyl Cellulose linan1svaaassanng 4.43 wuinseauiililfindouse TMSC

A o = Y Ay Y] A =
WAUIUNIARDUAIENTEANYEILAZNTIT Methyl cellulose NATUNRAINTEANY eUNUNATAY

99N11 AIUNTLANBNLARBUAY TMSC aunsanuniinazatsdils fau TMSC 3981317190

Puntguselevilunisnisieasuniinazatetile wenant TMSC §9a1u1saaalgfiinauun

& = & I3 v 1 = o  w P
Juwaglaadadussdusenavvenseaulaiesveziaiiiulydanungd miuniseysny

nszae Wesanuandidgluniseusnunisde Jannldlunisdoudosdanunius amy
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dl o ) a o
umn 5 agﬂwamsmmummaﬂ

5.1  agunan1saniuauiag

PMNKaNSANEIsNsEATIzLarnsilultves trimethylsilyl cellulose (TMSC)
Imm‘%'méfumﬂmiaﬁ’mLszfaqiaamﬂL?ia 4 ¥fn Ao Waendalwe (CH), Tuudalne (CS), AN
NIy (CMR),  wazwnududesa (PO uanlwaglasunazangludviazate  NN-
dimethylacetamide (DMA)/ LICl uagyUfiseniu Hexamethyldisilazane (HMDS) U3
1h TMSC Aldandnwiniaiusuntasneldenudy, mawdeslalasuatyalagld TMSC
fvieriuanssuifindie Wy msyswaziimay  lanaadaeiilu TMSC C waz TMSC B
IRy, uazth TMSC aafeutunseisnsanienadeunmandilunistuiuasnaaey
arwannsolumstuniinagate dkaasussil

1. msaﬁ’m%aq‘laammﬁa 4 wiln fAp Ao LWasndlue (CH), lug1ilna (CS), nn
N33 (CMR), wazknudulzsa (PO) mearsavarslaieulensenlen aunsaazareaniu
wazefiwaglaaoanluld 9¢ld CH 1, CS 1, CMR 1, uasPC 1 mudidy daduideiifiaany
U3avinntu Buduldaninadia FT-R wagmaila TGA

2. MsduATIE trimethylsiyl cellulose mﬂlﬁuaaﬂaaﬁaﬁmmm?ja 4 il fe
Waendmlwe  lwmdnlna  ninugwsn  wasunududese azlenansueniidu CH TMSC,
CS_TMSC, CMR_TMSC uag PC_TIMSC snudidiu dlotisiesnsldiinsevisemeaia FT-R
EDX Waz 'H-NMR ‘W‘U’J"l(;ha‘EJ'Ni;lJ'\‘IﬁENﬁﬂ’]iLLVluﬁlﬁI@iLﬁ]iﬂu%yﬂﬁﬂi@ﬂ%astl@ﬂLLEJul@I@i
nglaasemy - timethylsilyl - hagainmsAasziumsunuit (0S)  wuitlunsdlues
CH_TMSC fien DS Aidmunilaanmedia FT-IR Tndifssiuan DS Aldannmaiia NMR Sadu
wadlafidfigndmiunsmen DS kaziderhiniianeinruatosidsniuieureavaglas
paewmAtia TGA Wuil CH TMSC, CS TMSC, CMR TMSC Waz PC_TMSC SAastadesun
Fudleiou CH 1,CS 1, CMR 1, wagPC 1 muaeu

3, nsfnwnsisuslames TMSC ngldanuty Tnowdeafidy TMSC ey
ity 19 wA) ldlulawuuBadifienudu 100% RH wazgumgil 29.0 + 2.0°C 1y
na1 28 Ju TeeRemunisidsusdasinemeadin FT-R luluun Absorbance tieufisy
Sasnauiuilafiasening Voo (785715 cm) Vey (3000-2820 cm'l) wesildy
CH_TMSC, CS_TMSC, CMR_TMSC wae PC_TMSC aneldmnadiy 100% RH luaan 28 Su

wuefldanandnies ewnaniuilldfinves Ve Jsuandiaony trimethylsilyl anas

TuvugNNuNlANAYeY Ve, LT Uidinsingnsdunes Ve og
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v & &

4. mawsedlulaswavyalagld TMSC Wusvieriunisysuasiiuay lanansdosidu
TMSC_C wagTMSC_B auaidu daululasualgailildarsseiindrelandnduandu

TMSC_MCC audlag19bidnsizvaiamaiia FT-IR Usingni1sduvesiuse C=0

A1 v oa

stretching ¥84n15Y37 1739 cm™ Turauzlulasuadganvieviuiisiay ag5endn TMSC B

q
[
=

Fausingnisduveiusy C-O stretching vaafiutaudl 1050 cm™ uanandufiaduuen
voslulasuatgaaziinujisenlelasada 1Wasuan Cell-O-SICHy); (Cell = waglaa)
nduadumy Cell-oH iy lesanmsusu pH vesansazanelviidunsa Tuvazdiiasu
Tuvedulasuaugadanalu TMSC dudn arnmaia SEM nunlulasuadgaddnvauzidu
SUNSINANYLIA 200-300 pm waziiuifidnuarrgusy uasanmsnusigesdusznaui
VSR URIveq TMSC_MCC wag TMSC C sautnaila EDXWwaﬁyuﬁaﬁmuaﬂmamﬂ
Areg1adiusunnsig Siegdiiendnties waasliiiudl Cell-O-SI(CH,); (Cell = waglaa)

Anufisenlelnsddauasunaunnidumy Cell-OH Aafy

5. 9nmsiadoy TMSC Admdudu 2% (wiv) vunszasnsesiaesinuiitovadoy
anaudAlunsiuth nuiinsentunsesiidonsaeg CS TMSC & %hydrophobicity giian
Ao 82.62 % T998911AD PC TMSC, CMR_TMSC way CH TMSC a1ua1au a1nn 15Uy
Ainnzisemaia FT-IR 9wwUNI3dUYed 188WUSE SIC stretching agjiduvis 1249, 835
uar 749 cm’ 270 SEM-EDX Wy wuhiluilavasnszatunsesfigniadoudidnuasSeu ud
fapaiiuduloveInsyniunsasuiddiy dmsunanisinigioinetdalsznoumemaila EDX
NUTH Si mﬂwyj trimethylsilyl vnituRe uazainmaila TGA Aszaunsasii TMSC finana
iafesdinudeugeniinszaunsedilidlfindey wazannsmaasunmanansalunisiu

pinagateun wuln TMSC a@unsanuuniinazaneuila

5.2 dednfinlusuide
- DA = - o ' D2
\losanansarany TMSC Asidudu 2% (w/v) dauviinannililiamnsaldtie
Tunsgeansazangls aeulunisiedeunseniunsesing TMSC Jedndusesddniulunism
ilnldanunsoiusunsiuuueuluwdazwiunadould anvidlunismiusazasienaagll

aaueluynusiiu
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5.3  daidusuuzanauivy
1. waglaanlavdminfiadauddldaishuiliuds nsizagyiliianisunasy

[y

Anduwdy wazihluduasnzsd TMSC Toenn saiuiennsinludeluiduiilurewsudaenly

2. Tumsdaesient TMSC Tudusnounistdidesndudesldifiofiaztios lnsaniziie
At lnedsstdudesanUsunanieasnsamilsdnale  iesainnistdaslulufimenazyin
igelinsged  wavagyifisendu HMDS laldauysal uhnldanunseduasies

TMSC ¢



S18N1591994

Abdi, S. (2015). Preparation and process optimization of encapsulating cellulose
microspheres. STOCKHOLM, SWEDEN.

Ali, G. W., Ellatif, M. A. A., & Abdel-Fattah, W. I. (2020). Extraction of Natural Cellulose
and Zein Protein from Corn Silk: Physico-Chemical and Biological
Characterization. Biointerface Research in Applied Chemistry, 11(3), 10614-
10619. doi:10.33263/briac113.1061410619

Ali, S., Khatri, Z., Oh, K. W,, Kim, 1., & Kim, S. H. (2014). Zein/cellulose acetate hybrid
nanofibers: Electrospinning and characterization. Macromolecular Research,
22(9), 971-977. doi:10.1007/s13233-014-2136-4

Amornkitbamrung, L., Marnul, M.-C.; Palani, T., Hribernik, S., Kovalcik, A., Kargl, R., . ..
Mohan, T. (2018). Strengthening of paper by treatment with a suspension of
alkaline nanoparticles stabilized by trimethylsilyl cellulose. Nano-Structures &
Nano-Objects, 16, 363-370. doi:10.1016/j.nan0s0.2018.09.009

Asadpour, R., Sapari, N. B., Isa, M. H., Kakooei, S., & Orji, K. U. (2015). Acetylation of corn
silk and its application for oil sorption. Fibers and Polymers, 16(9), 1830-1835.
doi:10.1007/512221-015-4745-8

Badulescu, R., Vivod, V., Jausovec, D., & Voncina, B. (2010). Treatment of Cotton Fabrics
with Ethyl Cellulose Microcapsules. In Medical and Healthcare Textiles (pp.
226-235).

BeMiller, J. N. (2019). Cellulose and Cellulose-Based Hydrocolloids. In Carbohydrate
Chemistry for Food Scientists (pp. 223-240).

Buntem, R., Boonkumkrong, R., & Kungkapradit, W. (2016). Studies on the Cellulose
Extraction and Film Preparation from Coconut Meat Residue. Veridian E-Journal,
Science and Technology Silpakorn University, 3, 205-216.

Casanova, F., & Santos, L. (2016). Encapsulation of cosmetic active ingredients for

topical application--a review. J Microencapsul, 33(1), 1-17.



82

doi:10.3109/02652048.2015.1115900

Cassellis, M. E. R., Pardo, M. E. S., Escobedo, R. M., & Garcia, E. J. (2014). Chemical
Characterisation of the Industrial Residues of the Pineapple (Ananas comosus).
Journal of Agricultural Chemistry and Environment, 03(02), 53-56.
doi:10.4236/jacen.2014.32B009

Cooper, G. K, Sandberg, K. R., & Hinck, J. F. (1981). Trimethylsilyl Cellulose as Precursor
to Regenerated Cellulose Fiber. Journal of Applied Polymer Science, 26, 3827-
3836.

Crumling, M. A, King, K. A., & Duncan, R. K. (2017). Cyclodextrins and latrogenic Hearing
Loss: New Drugs with Significant Risk. Front Cell Neurosci, 11, 355.
doi:10.3389/fncel.2017.00355

Darig, T., & Karan, K. (2019). Binders-in Wet Granulation. In-Handbook of Pharmaceutical
Wet Granulation (pp. 317-349).

Esa, F., Tasirin, S. M., & Rahman, N. A. (2014). Overview of Bacterial Cellulose Production
and Application. Agriculture and Agricultural Science Procedia, 2, 113-119.
doi:10.1016/j.aaspro.2014.11.017

Filho, G. R., de Assuncao, R.- M. N., Vieira, J. G., Meireles, C. d. S., Cerqueira, D. A, da
Silva Barud, H., ... . Messaddeq, Y. (2007). Characterization of methylcellulose
produced from sugar cane bagasse cellulose: Crystallinity and thermal
properties. Polymer Degradation and Stability, 92(2), 205-210.
doi:10.1016/j.polymdegradstab.2006.11.008

Fischer, S., Thimmler, K., Volkert, B., Hettrich, K., Schmidt, I., & Fischer, K. (2008).
Properties and Applications of Cellulose Acetate. Macromolecular Symposia,
262(1), 89-96. doi:10.1002/masy.200850210

Fonseca, H. C. O,, Garcia, R. H. L., Ferreira, R. J,, Silva, F. R. O, Jr, A. J. P., & Sakata, S. K.
(2015). XRD AND SEM/EDS CHARACTERIZATION OF COCONUT FIBERS IN RAW AND
TREATED FORMS USED IN THE TRATMENT OF STRONTIUM IN AQUEOUS

SOLUTION. Paper presented at the International Nuclear Atlantic Conference -



83

INAC 2015, Sao Paulo, SP, Brazil.

Gotro, J. (2014). Thermoset Characterization Part 12: Introduction to Thermogravimetric
Analysis (TGA).

Gupta, P. K, Raghunath, S. S., Prasanna, D. V., Venkat, P., Shree, V., Chithananthan, C,, . .
. Geetha, K. (2019). An Update on Overview of Cellulose, Its Structure and
Applications. Cellulose, 1-21.

He, A, Liu, D., Tian, H., Jin, Y., Cheng, Q., & Song, J. (2014). IMPROVING THE YIELD OF
TRIMETHYLSILYL CELLULOSE BY ACTIVATION OF CELLULOSE WITH
ETHYLENEDIAMINE. CELLULOSE CHEMISTRY AND TECHNOLOGY, 48(1-2), 19-23.

Holtzapple, M. T. (2003). Cellulose(pp. 998-1007).

Jisuke, H., Akinori, S., Junji, O., & Sadayoshi, W. (1975). The Confirmation of Existences of
Cellulose HlII, I VI, and IVIFby the X-=ray - method. Journal of Polymer Science
Part A: Polymer Chemistry, 13, 23-27.

Jyothi, N. V., Prasanna, P. M., Sakarkar, S. N., Prabha, K. S., Ramaiah, P. S., & Srawan, G. Y.
(2010). Microencapsulation techniques, factors influencing encapsulation
efficiency. J Microencapsul, 27(3), 187-197. doi:10.3109/02652040903131301

Kaliva, M., & Vamvakaki, M. (2020). Nanomaterials characterization. Polymer Science and
Nanotechnology. In (pp. 401-433). doi:10.1016/B978-0-12-816806-6.00017-0

Kaltschmidt, B. P., Ennen, ., Greiner, J. F. W., Dietsch, R., Patel, A, Kaltschmidt, B., . ..
Hutten, A. (2020). Preparation of Terpenoid-Invasomes with Selective Activity
against S. aureus and Characterization by Cryo Transmission Electron
Microscopy. Biomedlicines, 8(5). doi:10.3390/biomedicines8050105

Kampeerapappun, P. (2015). Extraction and Characterization of Cellulose Nanocrystals
Produced by Acid Hydrolysis from Corn Husk. Journal of Metals, Materials and
Minerals, 25(1), 19-26. doi:10.14456/jmmm.2015.3

Kontturi, E., Thine, P. C., Alexeev, A., & Niemantsverdriet, J. W. (2005). Introducing open
films of nanosized cellulose—atomic force microscopy and quantification of

morphology. Polymer, 46(10), 3307-3317. doi:10.1016/j.polymer.2005.02.087



84

Kostag, M., Kohler, S., Liebert, T., & Heinze, T. (2010). Pure Cellulose Nanoparticles from
Trimethylsilyl Cellulose. Macromolecular Symposia, 294(2), 96-106.
doi:10.1002/masy.200900095

Kuthi, F. A. A., Norzali, N. R. A., & Badri, K. H. (2016). Thermal Characteristics of
Microcrystalline Cellulose from Oil Palm Biomass. Malaysian Journal of
Analytical Science, 20(5), 1112-1122. doi:10.17576/mjas-2016-2005-17

Livazovic, S., Li, Z., Behzad, A. R,, Peinemann, K. V., & Nunes, S. P. (2015). Cellulose
multilayer membranes manufacture with ionic liquid. Journal of Membrane
Science, 490, 282-293. doi:10.1016/j.memsci.2015.05.009

Lomeli-Ramirez, M. G., Kestur, S. G., Manriquez-Gonzalez, R., Iwakiri, S., de Muniz, G. B.,
& Flores-Sahagun, T.'S. (2014). Bio-composites of cassava starch-green coconut
fiber: part lI-Structure and properties. Carbohydr Polym, 102, 576-583.
doi:10.1016/j.carbpol.2013.11.020

Madene, A., Jacquot, M., Scher, J., & Desobry, S. (2006). Flavour encapsulation and
controlled release - a review. International Journal of Food Science and
Technology, 41(1), 1-21. doi:10.1111/j.1365-2621.2005.00980.x

Mittal, A., Katahira, R., Himmel, M. E., & Johnson, D. K. (2011). Effects of alkaline or
liquid-ammonia treatment on crystalline cellulose: changes in crystalline
structure and effects on enzymatic digestibility. Biotechnology for Biofuels,
4(41), 1-16.

Mohamed, M. A., Jaafar, J.,, Ismail, A. F., Othman, M. H. D., & Rahman, M. A. (2017).
Fourier Transform Infrared (FTIR) Spectroscopy. In Membrane Characterization
(pp. 3-29).

Mormann, W., Demeter, J., & Wagner, T. (1999). Partial silylation of cellulose with
predictible degree of silylation - stoichiometric silylation with
hexamethyldisilazane in ammonia. Macromolecular Chemistry and Physics, 200,
693-697.

Murtaza, G. (2012). ETHYLCELLULOSE MICROPARTICLES: A REVIEW. Acta Poloniae



85

Pharmaceutica i Drug Research,, 69(1), 11-22.

Ngah, C. W. Z. C. W., Azlisham, N. A., Amin, K., & Farhana, N. (2014). Characterization of
Coconut (Cocos nucifera L.) Grated Residue by SEM, FTIR, TGA and XRD
Analysis. Paper presented at the ISOSTECH 2014, Tegalboto Campus University
of Jember.

Nita, C., Zhang, B., Dentzer, J., & Matei Ghimbeu, C. (2021). Hard carbon derived from
coconut shells, walnut shells, and corn silk biomass waste exhibiting high
capacity for Na-ion batteries. Journal of Energy Chemistry, 58, 207-218.
doi:10.1016/j.jechem.2020.08.065

Petzold, K., Koschella, A., Klemm, D., & Heublein, B. (2003). Silylation of cellulose and
starch — selectivity, structure analysis, and subsequent reactions. Cellulose, 10,
251-269.

Puspasari, T., Pradeep, N., & Peinemann, K.-V. (2015). Crosslinked cellulose thin film
composite nanofiltration membranes with zero salt rejection. Journal of
Membrane Science, 491, 132-137. doi:10.1016/j.memsci.2015.05.002

Rambo, M. K. D., & Ferreira, M. M. C. (2015). Determination of Cellulose Crystallinity of
Banana Residues Using Near Infrared Spectroscopy and Multivariate Analysis.
Journal of the Brazilian Chemical Society. doi:10.5935/0103-5053.20150118

Rosales, E., Escudero, S., Pazos, M., & Sanroman, M. ‘A. (2019). Sustainable Removal of
Cr(VI) by Lime Peel-and Pineapple Core Wastes. Applied Sciences, 9(10).
doi:10.3390/app9101967

Rose, M., & Palkovits, R. (2011). Cellulose-based sustainable polymers: state of the art
and future trends. Macromol Rapid Commun, 32(17), 1299-1311.
doi:10.1002/marc.201100230

Sato, H., Taguchi, Y., & Tanaka, M. (2014). Development of Preparation Method for
Microencapsulating Uycalyptus Oil Containing Fine Aqueous Droplets by Use of
Interfacial Condensation Reaction between Hydroxy Propyl Methyl Cellulose

and Tannic Acid. Journal of Cosmetics, Dermatological Sciences and



86

Applications, 04(04), 219-227. doi:10.4236/jcdsa.2014.44030

Schmier, S., Lauer, C., Schéfer, |, Klang, K., Bauer, G., Thielen, M., . . . Nickel, K. G. (n.d. ).
DEVELOPING THE EXPERIMENTAL BASIS FOR AN EVALUATION OF SCALING
PROPERTIES OF BRITTLE AND "QUASIBRITTLE" BIOLOGICAL MATERIALS. In (pp. 1-
20).

Soundarrajan, C., Vennison, S. J., Saraswathi, K., & Emmanuel, E. S. C. (2011). Does Chip
Size of the Lignocellulosic Bagasse Influence Lignin Degradation with NaOH
treatment. Biosciences Biotechnology Research Asia, 8, 765-769.

Sumarli, S., Himaw, C. U. S. B. K., Wulandari, R., & Sukarni, S. (2019). Physicochemical
Characteristics of Corn Silk as Biomass Fuel Feedstock. Paper presented at the
IOP Conference Series: Materials Science and Engineering.

Wee, M. Y. J,, Azelee, N. I. W., Pachelles, S., Murad, A. M. A., Bakar, F. D. A., & Illias, R. M.
(2020). Bioconversion of pineapple pomace for xylooligosaccharide synthesis
using surface display of xylanase on Escherichia coli. Biomass Conversion and
Biorefinery. doi:10.1007/513399-020-01041-0

Wongchompoo, W., & Buntem, R. (2020). Synthesis and characterization of
hydrophobic cellulose from khoi fiber. Paper presented at the Pure and Applied
Chemistry International Conference (PACCON 2020), Bangkok, Thailand.

Yadav, J., Datta, M., & Gour, V. S.(2014). Developing Hydrophobic Paper as a Packaging
Material Using Epicuticular Wax: A Sustainable Approach. BioResources, 9(3).
doi:10.15376/biores.9.3.5066-5072

Zheng, Q., Chen, Z. X,, Xu, M. B., Zhou, X. L., Huang, Y. Y., Zheng, G. Q., & Wang, Y.
(2018). Borneol, a messenger agent, improves central nervous system drug
delivery through enhancing blood-brain barrier permeability: a preclinical
systematic review and meta-analysis. Drug Deliv, 25(1), 1617-1633.

doi:10.1080/10717544.2018.1486471






AMANUIN A

NAIIUNIIVINTG

NAUNNIBINTAUUN 1

@0

CrrsusTrY FOR CATALYZING SUSTAINABILITY AND ProsperiTy

Synthesis and characterization of hydrophobic cellulose from khoi fiber
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Abstract:

Cellulose can be easily hydrophobized using trimethylsilyl groups. The modified
cellulose is being used for drug delivery and microencapsulation. In this research, khoi fiber
was used as a source of cellulose fiber. Khoi bark was refluxed with 4 % (w/v) NaOH solution
to remove lignin and hemicellulose. The completeness of lignin removal was monitored by IR
spectroscopy. 1.0 g of extracted cellulose was soaked in water and N,N-dimethylacetamide
(DMA) respectively. The soaked cellulose was dissolved in dimethylacetamide/LiCl and
reacted with hexamethyldisilazane (HMDS) yielding trimethylsilylcellulose (K_TMSC). The
IR spectrum shows the presence of -Si(CH3)s groups: vsi.o at 1046 em™, vesi at 1252, 842 and
749 em’'. The '"H-NMR result confirms the presence of -Si(CH3)s groups at ~ 0 ppm and
pyranose ring protons in the range of 3-4 ppm. SEM image of K_TMSC shows the fibrous
characteristics of cellulose while the EDX shows the presence of Si. The degree of substitution
(DS) values calculated from FT-IR and EDX data are 1.56 and 1.02 respectively. TGA results
show the higher stability of cellulose in K_TMSC as compared with that of khoi fiber after

alkali treatment

1. Introduction

Cellulose, a natural long chain polymer, has
versatile uses in many industries such as
paper,' textiles’ and foods.* Cellulose is an
abundant, biodegradable and easily modified
biomaterial. Having a large number of reactive
hydroxyl  groups, cellulose can  be
functionalized via esterification®,
etherification,’ nitration,® oxidation’ and
silylation.® Among these, silylation is used to
hydrophobize the cellulose surface. The
hydrophobic cellulose has been used in various
applications like pharmaceuticals,” foods'* and
coating.'"" Many cellulose precursors from
different plant fibers have been attempted for
hydrophobized process.'>!* In the past, khoi
fiber from the bark of Streblus asper Lour. was
processed for making khoi paper used in Thai
manuscripts. A few studies were performed on
khoi fiber'*!S and no chemical modification
has been done on this Thai historical-related
fiber. In this research, cellulose was extracted
from khoi bark by an alkaline method. The
modification process was performed on treated
khoi and commercial celluloses using

hexamethyl-disilazane (HMDS) to yield
trimethylsilyl-substituted cellulose (TMSC).

2. Materials and Methods
2.1 Materials

Khoi bark (K) was cut from Streblus asper

Lour. Commercial cellulose (C) DS-0 was
obtained from Fluka. All chemicals were
obtained from Fluka and used as received. All
solvents were of analytical grade.

2.2 Cellulose extraction

Cellulose extraction was performed by
reacting khoi bark with 4% (w/v) NaOH
solution under reflux. The extraction process
was repeated several times until all lignin was
removed. The extracted cellulose was
neutralized by 1 M HCI, subsequently washed
several times with water and oven-dried to
yield K_1.

2.3 Synthesis of trimethylsilyl cellulose

The synthesis of trimethylsilyl cellulose was
followed from a previous publication.'” 1.0 g
of K_I or commercial cellulose (C) was
soaked with deionized water at 4°C for 24
hours and filtered. The fiber was then swelled
in a 100 mL of N,N-dimethylacetamide
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(DMA) for 1 hour and filtered. In a separate
flask, 150 mL of DMA were heated under
nitrogen to 110°C for 15 minutes. The DMA
was further heated to 165°C at which
temperature the treated fiber was added. After
1 hour the temperature was decrease to 100 °C
and 15 g of LiCl was then added and stirred
until dissolved. The solution was cooled to
room temperature and then the clear yellow
solution was heated to 80°C and 20 mL of
hexamethyldisilazane (HMDS) were added
dropwise. The mixture was maintained at this
temperature for 4 hours to obtain yellow gel.
The gel was filtered and washed by methanol
and left to dry in a desiccator to yield
trimethylsilylcellulose (K_TMSC or
C_TMSC).

2.4 Spectroscopic measurement

The cellulose samples were analyzed using
Spectrum 100 FT-IR  spectrophotometer
(Perkin  Elmer). 'H-NMR of TMSC was
measured by a Nuclear Magnetic Resonance
Spectrometer, Bruker 300 MHz (Avance 111
HD) using CDCl; as a solvent and a standard.
The surface morphology and elemental
composition were studied by a TESCAN
MIRA 3 scanning electron microscope
associated with EDAX microprobe (element).
The thermal stability was measured using Pyris
1 Thermogravimetric analyzer (Perkin Elmer)

3. Results & Discussion

3.1 Cellulose extraction and synthesis of
trimethylsilyl cellulose.

Lignin and hemicellulose in khoi (K) were
successfully removed via the hydrolysis of the
ester bond'® using NaOH solution. ATR-FTIR
spectra of K and K_1 are presented in Figure 1
(a) and (b) respectively. The carbonyl vibration
in lignin at 1733 cm™ is not observed in the
spectrum of K_1.
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Figure 1. IR spectra of (a) K (b) K1
(¢) K_TMSC (d) C_TMSC

Table 1. Modes of vibration in cellulose

samples

Mode of Vibration

Wave number (cm™)

K K1 KTMSC C TMSC

YO 3336 3337 3490 3484

W(C-H) 2918 2916 2959 2958
V(C=0) 1733 - X :

3(0-H) 1619 1635 1624 1631
1424, 1429, 1415, 1415,
S(C-H) 1367, 1371, 1373, 1373,

1316 1335 1311 1313
V(C-0-C) (pyramose 1158 1169 1159 1160

ring)

V(C-0) (2 alcohol) 1103 1104 1124 121
V(Si-0) : : 1046 1061
V(Si-CH3) 2 : 1252, 1251,
842, 841,

749 751

To synthesize TMSC, the crucial step is to
dissolve the cellulose. The strong hydrogen
bonds between the cellulose polymeric chains
are destroyed by DMA/LICl. The CI” anions
replace the OH:--O hydrogen bonds with the
formation of OH--CI” links'® Li" cations bind
strongly with the carbonyl oxygen of DMAc
molecules to form a Li*(DMAc)« complex
which can further stabilize the OH---CI” and
help disperse the cellulose chain.'” The
dispersed cellulose is then readily reacted with
HMDS to form TMSC as the following
details:"
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Figure 2. Reaction mechanism of cellulose
and HMDS

The K TMSC and C TMSC were
characterized by ATR-FTIR, 'H-NMR and
SEM-EDX. The IR data was presented in
Figurel (c,d) and Table 1. The characteristic
Si-CH3 vibrations of K_TMSC were observed
at 1252, 842, 749 while those of C_TMSC are
observed at 1251, 842, 751 ¢cm™. The Si-O
stretching of K_TMSC and C_TMSC appeared
at 1046 and 1061 cm'. The 'H-NMR spectrum
in Figure 3 showed the presence of -Si(CH3)3
groups at 0.08 (K_TMSC) and 0.12 ppm
(C_TMSC) and pyranose ring protons in the
range of 2.94-4.37 (K_TMSC) and 2.94-4.65
ppm (C_TMSC)."

Figure 3. '"H-NMR spectrum of (a) K_TMSC
(b) C_TMSC

TOGETHER FOR THE
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K_ 1, K. TMSC and C_TMSC were
analyzed by SEM-EDX technique. The SEM
image of K_1 shows clearly the microfibril
structure as seen in Figure 4(a). The fibrous
characteristics of cellulose were still observed
in K TMSC (Figure 4(b)) but none was
observed in C_TMSC (Figure 4(c)). This
indicates the incomplete conversion of
K_TMSC as compared with C_TMSC. The
elemental analysis of K_TMSC and C_TMSC
shows the presence of Si as seen in Figure 5.

Figure 4. SEM image of (a) K_1
(b) K_TMSC (¢) C_TMSC

(b)

& . Average atomic % (£SD) (n=3)
i C (0] Si
69.83 25.57 4.60
KTMSC | wosey | @7 | @0.84)
59.94 31.07 8.99
C_IMIG (x0.54) (£0.48) (x0.31)

Figure 5. SEM-EDX data of (a) K_TMSC
(b) C_TMSC
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Figure 6. TGA spectrum of (a) K_1
(b) K_TMSC (c) C (d) C_TMSC

The K_ I, C, K TMSC and C_TMSC were
analyzed by TGA technique. The higher
decomposition temperature of K _TMSC as
compared with K_1 indicates the higher
stability of modified cellulose. The same trend
was observed in the case of C_TMSC and C
samples as the data in Table 2. The silyl groups
help protect the cellulose®® so that the thermal
stability of both K_TMSC and C_TMSC is
increased.

Table 2. Decomposition of cellulose sample

Degree of substitution (DS). Degree of
substitution of K_TMSC was calculated using
IR, NMR and EDX data. For the IR data, the
DS value can be calculated by using the
following formula®'

4.05- 2o

DS = A(‘I|
1.37

Aon = peak area (absorbance mode) of the v(O-H)
Acn = peak area (absorbance mode) of the v(C-H)

Sample Decompo  Temperature (°C) % weight
-sition step loss
Start Final Tp* Each Total
step
K_1 L 488 1876 850 2.8 86.9
2nd 187.6 4354 361.0 58.7
3 4354 6939 494.8 248
4 6939 7752 716.6 0.7
C 1# 49.1 2149 927 20 920

o 214.9 405.7 353.0 90.0
K_TMSC 1* 48.8 431.7 390.1 87.0 87.0
C_TMSC " 48.4 2038 107.8 1.2 96.0
on 203.8 431.9 389.7 948

Tp* = Peak temperature the temperature at the maximum
decomposition

While the DS value from "H-NMR data was
determined using equation below :*

DS = ZX A(u)
9 A(b+c)

A = peak area of proton a
A+e) = peak area of proton b and ¢

The equation for calculating DS value from
EDX data is as below :*
DS = 5xSi%
0%

All DS values are summarized in Table 3.
Among the three techniques, NMR provides
better DS values due to the greater
homogeneity of the analyzed sample. In the
case of C_TMSC, the DS values obtained from
these three techniques are larger than two. This
indicates that more than half of the hydroxyl
groups of cellulose are substituted by
trimethylsilyl groups. While in the case of
K_TMSC, the DS values from ATR-FTIR and
SEM-EDX data are less than two. 'H-NMR
data showed very low signal of pyranose ring
protons in the range of 2.94-4.37 so the actual
DS value could not be calculated. The low DS
value of K_TMSC may come from the residual
lignin in K_1. Lignin removal®* by reacting the
K_1 with oxidizing agent like hydrogen
peroxide may help improve the DS value of the
K_TMSC.
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Table 3. DS values of TMSC calculated by
three different techniques

Technique G VRIIE
K TMSC C_TMSC
ATR-FTIR 1.56 2.26
'H-NMR - 249
EDX 1.02 1.39

4. Conclusion

The alkali treatment of khoi fiber using
4%(w/v) NaOH was successfully remove
lignin and hemicellulose. The extracted
cellulose was subsequently silylated to form
hydrophobic trimethylsilyl cellulose.  This
modified khoi cellulose is higher in thermal
sensitivity as compared with khoi after alkali
treatment.
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Abstract:

The agricultural waste is a good source of cellulose and the extraction is easily performed by strong
base like NaOH. In this research, corn husk was treated by 4% (w/v) NaOH solution to yield CH_1. 1.5 g of CH_1
was soaked in deionized water and N, N-dimethylacetamide (DMA) respectively. The soaked cellulose (CH_1)
was dissolved in dimethylacetamide/LiCl and reacted with hexamethyldisilazane (HMDS) vyielding
trimethylsilylcellulose (CH_TMSC). Cellulose can be easily hydrophobized using trimethylsilyl groups. The IR
spectrum shows the presence of -Si(CH3)3 groups: vsi.o at 1044 cm™, vcsiat 1249, 837 and 748 cm™. The 'H-NMR
result confirms the presence of -Si(CH3)s groups at ~ 0 ppm and pyranose ring protons in the range of 3.0-4.7
ppm. SEM image of TMSC shows the morphology characteristics of cellulose while the EDX shows the presence
of Si. The degree of substitution (DS) values calculated from FT-IR, '"H-NMR and EDX data are 1.63, 2.37 and 1.28
respectively. TGA results show the higher stability of cellulose in CH_TMSC as compared with that of corn husk
after alkali treatment.

Introduction:

Cellulose, a linear polymer of anhydrocellobiose,* is an unlimited, eco-friendly and biocompatible raw
material for the production of green products.? It can be extracted from various plants, bacteria and agricultural
residues. Corn, one of the major crops in Thailand, is used in farm or food industry. The corn husk, the main
waste from corn production, has no other utilization except for animal food in a small quantity. The rest must
be disposed by burning which causes the air pollution. The cellulose production from corn husk is an appropriate
solution for waste disposal.? Cellulose can be converted to various useful products like ethanol,* lactic acid,®
succinic acid® and another types of cellulose derivatives.” Various functionalization processes of hydroxyl groups
on the cellulose surface via esterification,® etherification,? and silylation' are readily performed. Among these,
silylation is used to hydrophobize the cellulose surface. The hydrophobic cellulose has been widely used in
pharmaceuticals,’! foods*? and coating.® Trimethylsilyl cellulose (TMSC) is potentially used for regenerating
cellulose by acid treatment to produce pure cellulose fibers, particles or films.**

In this research, cellulose is extracted from corn husk by an alkaline method. The extract is further
modified by using hexamethyldisilazane (HMDS) to yield trimethylsilylcellulose (CH_TMSC).

Methodology:
Materials

The corn husk (agro-waste) was collected from the local market in Nakorn Pathom, Thailand. Sodium
hydroxide was obtained from Merck. N, N-dimethylacetamide was obtained from Carlo Erba.
Hexamethyldisilazane and Lithium chloride were purchased from Sigma-Aldrich. All solvents were of analytical
grade and used as received.
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Cellulose extraction

Cellulose extraction was performed by reacting corn husk with 4% (w/v) NaOH solution under reflux. The
extraction process was repeated three times until all lignin was removed. The extracted cellulose was neutralized
by 1 M HCI, subsequently washed several times with distilled water and oven-dried to yield. (CH_1)

Synthesis of trimethylsilyl cellulose

The synthesis of trimethylsilyl cellulose was performed as the previous publication.’ 1.5 g of extracted
cellulose (CH_1) was soaked with deionized water at 4°C for 24 hours and filtered. The fiber was then swelled in
a 100 mL of N, N-dimethylacetamide (DMA) for 1 hour and filtered. In a separate flask, 150 mL of DMA were
heated under nitrogen to 110°C for 15 minutes. The DMA was further heated to 165°C at which temperature
the treated fiber was added. After 1 hour the temperature was decrease to 100°C and 15 g of LiCl was then
added and stirred until dissolved. The solution was cooled to room temperature and then the clear colorless
solution was heated to 80°C and 20 mL of hexamethyldisilazane (HMDS) were added dropwise. The mixture was
maintained at this temperature for 4 hours to obtain colorless gel. The gel was filtered and washed by methanol
and left to dry in a desiccator to yield trimethylsilyl cellulose (CH_TMSC).

Spectroscopic measurement

The cellulose samples were analyzed using Spectrum 100 FT-IR spectrophotometer (Perkin Elmer). *H-
NMR of TMSC was measured by a Nuclear Magnetic Resonance Spectrometer, Bruker 300 MHz (Avance Il HD)
using CDCl3 as a solvent and a standard. The surface morphology and elemental composition were studied by a
TESCAN MIRA 3 scanning electron microscope associated with EDAX microprobe (element). The thermal stability
was measured using Pyris 1 thermogravimetric analyzer (Perkin Elmer)

Results and Discussion:
Cellulose extraction and synthesis of trimethylsilyl cellulose

Lignin and hemicellulose in corn husk (CH) were successfully removed via the hydrolysis of the ester
bond'® using NaOH solution. ATR-FTIR spectra of CH and CH_1 are presented in Figure 1 (a) and (b) respectively.
The carbonyl vibration in lignin at 1730 cm™ is not observed in the spectrum of CH_1.
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Figure 1. IR spectra of (a) CH (b) CH_1 and (c) CH_TMSC

Table 1. Modes of vibration in cellulose samples

Wave number (cm™)
Mode of Vibration

CH CH_1 CH_TMSC
v(O-H) 3336 3338 3478
v(C=H) 2920 2901 2957
v(C=0) 1730 - -
3(O-H) 1631 1640 1639
3(C-H) 1422, 1371,1319 1429, 1369, 1317 1406, 1371, 1312
v(C=0-C) (pyranose ring) 1149 1160 1202
v(C=0) (22 alcohol) 1098 1103 1117
v(5i-=0) - - 1044
V(Si—CHz) - - 1249, 837, 748

The dissolution of the cellulose is the crucial step for synthesizing TMSC. DMA/LICl can break the strong
hydrogen bonds between the cellulose polymeric chains. The OH:--O hydrogen bonds are replaced with OH---CI~
links'” in the presence of CI anions. While Li* cations bind strongly with the carbonyl oxygen of DMA molecules
to form a Li*(DMA)« complex assisting the OH--Cl- stabilization and dispersing the cellulose chain.® The
dispersed cellulose is then readily reacted with HMDS to form TMSC as the details in Figure 2.*°
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Figure 2. Reaction mechanism of cellulose and HMDS

The CH_TMSC was characterized by ATR-FTIR, 'H-NMR and SEM-EDX. The IR data was presented in Figure
1 (c) and Table 1. The IR absorption bands at 1249, 837, 748 cm ! are characteristic Si-CHa vibrations. While the
band 1044 cm is identified as Si-O stretching. While the proton signals®® of -Si(CHs)3 (0.12 ppm) and pyranose
rings (3.0-4.7 ppm) are appeared in the 'H-NMR spectrum as in Figure 3.

2 S 1ii

CH, !

H;C—Si\—(e}*l} 7
0
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s ' T . H H 3 H ' o ppm
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Figure 3. 'H-NMR spectrum of CH_TMSC
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The SEM-EDX data of CH, CH_1 and CH_TMSC were presented in Figure 4. The SEM image of CH surface
shows the grid-like structure with small hairs containing silica particles. This pattern was removed after
treatment with NaOH. This strong base can help remove lignin, hemicellulose, wax, silica and other impurity in
corn husk. The fibrous surface with nano sized fiber is clearly seen in the CH_1image (Figure 4(b)). After silylation
process, the fibrous characteristics of the corn husk was totally changed as presented in Figure 4 (c). The Si atoms
indicating the presence of -Si(CHs)s groups are clearly found on the surface of CH_TMSC.

SEMHV: 150 WO: 15.05 mm
View field: 208 ym Dot: SE
SEM MAG: 1000 x B 8.3

WiRA3 TESCAN]

Suparorn niversity

Atomic %

Sample c_ o S al
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CH(Ara2) 032 4968 - -
| cH1 5121 4879 - :

CH IMSC(Areal) 3962 32.17 821 -
CH TMSC(Area2) 6138 3073  7.89 -

nAs TEBGAN

Siipakom University

Figure 4. SEM-EDX data of (a) CH (b) CH_1 and (c) CH_TMSC

The CH, CH_1 and CH_TMSC were analyzed by TGA technique. The higher decomposition temperature of
CH_TMSC as compared with CH_1 indicates the higher stability of modified cellulose. The silyl groups help
protect the cellulose?' so that the thermal stability of both CH_TMSC is increased.
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Figure 6. TGA data of (a) CH (b) CH_1 and (c) CH_TMSC

Degree of substitution (DS)

Degree of substitution of CH_TMSC was calculated using IR, NMR and EDX data. For the IR data, the DS
value can be calculated by using the following formula?

4.05 _Aon
DS = Acy
1.37

Aon = peak area (absorbance mode) of the v(O-H)

Acn = peak area (absorbance mode) of the v(C-H)

While the DS value from *H-NMR data was determined using equation below :%*

7 A
DS = —x—“"

9 (b+c)

A@) = peak area of proton a

Ap+c) = peak area of proton b and ¢
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The equation for calculating DS value from EDX data is as below :'4

DS = 5xSi%
0%

All DS values are summarized in Table 1. In the case of CH_TMSC, the DS value obtained from NMR technique is
larger than two while the DS values from FTIR and EDX are lower than two. In the case of FTIR and EDX, the
uneven distribution of the silyl groups on the cellulose chains causes the inhomogeneity of the solid sample
resulting in the low DS value in certain area. While in the case of NMR, the analyzed solution averages out the
number of silyl groups on cellulose chains resulting in the higher DS value.

Table 1 DS values of CH_TMSC calculated by three different techniques

Technique DS value
ATR-FTIR 1.63
IH-NMR 2.37
EDX 1.28

Conclusion:

The alkali treatment of corn husk using 4%(w/v) NaOH was successfully remove lignin and hemicellulose. The
extracted cellulose was subsequently silylated to form hydrophobic trimethylsilyl cellulose. This hydrophobized
corn husk cellulose is higher in thermal sensitivity as compared with corn husk after alkali treatment.
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