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ABSTRACT

This research has focused on the development Cellulose/ TiO, nanocomposite
that can be applied as ultraviolet shielding materials. Cellulose was extracted from
sugarcane bagasse by ball milling assisted acid hydrolysis while TiO, nanostructured
material was derived from natural leucoxene mineral. Cellulose/TiO, nanocomposite
were prepared with various processing conditions of cellulose/TiO,. The plastic films
with prepared nanocomposite were prepared with various processing conditions with
different concentration of cellulose/TiO,. Ultraviolet shielding properties of the
prepared films were investigated by UV-Vis Spectroscopy by mean of optical
absorptivity. Crystalline structure of the cellulose was characterized by X-ray diffraction
and corresponding results indicate that the treated cellulose has higher crystallinity
than untreated cellulose. Fourier transform infrared spectrophotometer (FTIR) analysis
shows the evidence of hemicellulose and lignin removal from sugarcane bagasse after
chemical treatment. The optical results exhibit that the prepared cellulose/natural
mineral-derived nanostructured hybrid composite with ratio 1:1 have excellent UV-A
and UV-C absorption properties. These results suggest that this developed material can

be feasibly utilized as UV shielding material and relevant applications.
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lowdnihe 80-95 5-20 0

P9usiad 33-40 20-35 8-17

- a « v P = « -

YOINNINUVANARNTUDIDDE AD saccharum officinarum L. ag"lu’aaﬂ Poaceae %8
Qs = ¢l d' ] v o v L7 o ]
a1lgyfie sugarcane Fodu An douu wiadeud1 deullulidugn drdudiaung g
-l o w - - af & | v

Uszana 2-5 was danwusluidend uammgﬂw 2.4 (n) F991NM1519N 2.1 UUNUY1UDE
Usenau sewwaglaaiosay 26-50 lnsmaluudinszurunmsaiagaglaaainiagmdedns

a - - oS e Y o & Vv e a
mqm‘smwsﬂs:mwaﬂ‘[uwaq‘laa Falusideiidenyiudees Indudditunaunisusu

c‘ v s s s A 1]

AN (Pretreatment) mmuaawaam‘su'suamwuammgw 2.4 () WARINIWABYIU

L4 o/ ] o ld a
poEVAIIUNSTUIUMTUTUanieanaaglaa




(v)

d L L 4 v U v ar 1} a
JUN 2.4 aaneaugey (n) waznwalgvIuspsnasunIsUSUan T (v)

s s a < a4 O o & L9 =i ot <

msanawaglaasenainiananlueaglaafiuianfiviy Sududeadinisuivaniw 3
o ¢ a 5 - o a v a a o = v
WqUIzasAraINTIUIvanwiiuie Misleassairivesdntuiindeulassairvenvaglaa

- = 1 4 o o = o o 4 a a
uazielliwaglaa Falassairanluvesiananlugagladuansdeguit 2.5 eAntungasenly
wdwabiufisenihitslassairvenvaglaaviivainuazueniwaglaaldine nisade

4 - nIJ 14 a a =l = v =i 1
waglaanuiansssuyrdlasmluuaaniuanmsatnatsiidesnainyiudes 13uni
o ” 4 5 a: o w =i - s L 4

“dewaxing” #tunouiitun1sida asuly a15id wwnfu Asruty eenvnvusey

b [} ad a i . ” as o aa . . - o
NUUgNIIHENANTeNI “bleaching” Inea duUfisen oxidation luniswenianidn

o a = - = [ ] at a4 da 1 as
a1svmanantuuazieiiigaglaa aludiudsenavddgyluieniinadenisdnang
nszvIuNsuenigaglaauardesvuinigaglaa [22] Inevlunszuaumsuivanwuesian
wualdidu 4 35 dell nsuSuanmmenmenm nmsuuanmmesneamsandueil nsusu

ANINMIUAT UaENITUSUAN WY NTININ

)

\J 7 \W\[] [\]]

i S

1 V7 ¥

Bl 5, T
HD/\g
T~

o

Pretreatment =«

v

cellulose C
/ L
Hemicellulose - S -
ugnin H Y-
g \l N\
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2.2.1 msuivanmmanienw (Physical pretreatment)

L = o - -a‘ J 4% s a
L‘l‘Jumﬂ*mLsamqnamnmiamns'lumsum FWBLWUWUYIHY UASaNIUINTBNIAOAY TUIN

o @ v

INNAUNEIAINUALAINTUINUTEUN 0.2-2 Hadums F935n1sUSuanInnienienniinle

sufunszuumMsUSvanwdugie [23]
2.2.2 m3vFvanmvmemenInsauiuall (physicochemical pretreatment)
(1) mssadaseleth (stream explosion)
Fananlulwaglaaiiiumsiunazuaudrazgnuivanmsossleth Tasdwlng)

aa = =] a v
WAIUANGVNIN 160-260 BIrLwaIEed MMM 0.69-4.83 wngwiana (MPa) 13

& I‘: o

L4 'oar o c‘ -
Mazuzunily Mnuuanauiuadliiniewinfiuruduussena Jegumgiigaasainy

| o Yo a a a . o o '
punguiliiianisuenveaeiivaglaa uardniiueenainiu lnededeninasonis

U

L

a v Y oa a o -
vilndeloun Ae svpzian gungil waveum vosTuTINIER [24]
(2) msszdameusulidle (ammonia fiber explosion)
o el - ar s el A - '
Wumailiiagdnluwaglaadudatuwenlufloman fgaumgiiszning 60-100
) o -
IFAYALITEE UATAINAUUTENIN 1.71-2.06 LUIAEWIAAIE I8 30 U [25] B
ad & Vo ) oa @ - d o
BnstiaglddnwuzvesiiegsnEunMsuSuan wwuundanaval (slurry)
2.2.3 nmsUiuanmmaail (Chemical pretreatment)
(1) msusvanmemelaleu (ozonelysis)

a - ‘dd ’u/ vV oa -3 o - a =Y =
Toloulumoenduaudnauazazaisluinla 50y lnidansunndivesdniiy

a v d agda a a 0w _a a vl P a
waziaiiwaglaale (Juisndvseansanlunisidadniueenldd luflarsiiv
& o vl o 8 | aca L) -l
nszvaumstansavhlanguugiivies wilduisnenlgdengann [26]
(2) mevingisermenislyeng (Alkali pretreatment)
snslleuldAeludeilensenled laenalnnisvinuagluiuniswesiiluluana
soanewussneluvaslsuauluetiwaglaa vinlilAansuauwes wazansziuamudu
wadweivwialug uazanunsavinatslassainsszvinsdnilunazaslulense usviail
L7l - @ o (] o v & 1 | v & [ o o o
msldsaieuiuanminaghifinasetagwinldiiesouyiliilouds uazdnludosh
@ v o I a [] ot P v s o
n1susu pH idunansnesundsainiinisuSuanmive lulvdneananisyinauves
nszvuNsiutuaely [27]
(3) msvigisewenislenam (Acid pretreatment)
o VY w o o a a "o | e £
nsafitenld laun nsndaiiain uaznialalasranin udilasnnnsamaniifigns
Aansou dauduivuasiliudunsiorednandey amudddnisdesansalunis
) a v - " e a a - -l a
Uiuanm msuivanmeensiiesnnsanvaiu 2 via Ao nisideasnsaigumgil
' = - - a o | =
gan71 160 2IANYALILA UAa¥NITLIDINNIANYUNYUAINIT 160 DA TaITEA [28]

Y

ﬁmﬂ’i’umsﬂ%’Uamws‘f’lﬂn'smzmmmLﬁu'ussﬁw%mwmia}am-ﬁaqhaw el
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U ¥ A U 7 1 as =l A‘o [+ 8 ar v
Alddnengandnisuiuanmmamenmsauiuiad venaniisdu fesusu pH I
' a ° W = v ° o

Wunannsundaainiinisusuanm welilvdaunenisynauvesnssuiunisludy

falu

2.2.4 MIUTUANNIIETINITININ (Biological pretreatment)
dunsliyainlunisgesaardniuuazieiivaglaa 1u brown- fungi, white-
4 _ « -1 1 ar a Vol W

fungi uaz soft-rot fungi laulwilinarliazdevaaviaganluigaglaalad Jadves

& e v ow £ [ 0 vV o - | = W
nsevaunsuAeldnasnudey luldarswiilunszuiunisvinlvidulinsdedawndan
] ar (] IJ - dv U & é o 1]
pthalsfiny dnsnistevaansiindursutiesiylvdesldinauiulunisdesaans

V: -
warlduiilunisuanunn [29]

2.3 wiluwaglasuaznszuunianssuunlueaglas
uluigaglad (nanocellulose) minefia iduleiwaglaawazndnivaglaavuinainauly
1] v v ar o @ ° ' Val
wes Wuanshliainnsadawaglaairiiunszuiunisuivanin uinsdesisaglaaliil
v Y ot Voo ‘ ! { acda
Tnssaaudnsyduunlu Svuaduiiugudnasssning 10-200 wiluies F935Adealdlunng
& a aa @ a =
wisnululwaglaalaevaly & 235 uanadegud 2.6 e nsimSsuunluiwaglaadie
NsEUIUNIMALAL (chemical method) uagnisimisuunluigaglaasionszuiunisuaideng
(mechanical method) & 2 FBdvilvlaunluisaglaaniant@inaulundn (Crystallinity)
ad a . s . o [
WANNURD (Surface Chemistry) wazAuanuAnIIng (Mechanical property) 1673nu [30]
2.3.1 mawssnuluegaglaaamenszuiunsmaeil (chemical method)
) i = W = = - a vey
dwmiumstesaglaalaenszuiuntsmanil wansdsguil 2.6 Fansenidenldfe
nsadaiiain uaznsalalasaasin nalnnisdesisaglaanisnsaiienia “acid
hydrolysis” Ingn1svijisenvesnsasmunisusnaaiemetdasiiauiinnlatsans
a & ar o a v o
YaInadunAlsn (polysaccharide) wanasiaguil 2.7 Too3uilusmeusinnsadvi
Ujnsenusendiauveniuszlnaladiniitenseiuluanavenivia 2 Tuana iy
Wusy C-0 umneantiu cyclic carbonium ion ntuluanaveniviufisenianis
Vanudeslusmousenun warldivaglaaluvieuduq lnenistevivaglaaszduanas
- T [ - v o aaa ]
Wavunveawaglaahildsuudauds Wesainnsaazdrluiuisennsediue
o o v - Vo = oy v & o i
duguneliaaundauddiundn [31] unluwaglaaildannsrurunisiifoni
waglaaurluniadaniewdnuiluieaglaa (cellulose nanocrystals; CNCs) w3e
) - = v i =
Cellulose nanowriskers (CNWs) FsllvuradurugudnandlasiadsUszanm 4-25 un

= - -
quﬁ‘}s wazdANeNRasUsEu1e 100-1000 U'ﬂuLﬁJmi [32] F9UNALaYAIINE?

v
o o

ﬂ.’ L = < C‘ o ol -
‘UUﬂEJﬂU‘UUVI‘TfENW'UﬂU']lJ’]Lﬂu'] AHAURIAU

U
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HO
0
HO
Crystalline Amorphous on  Ho M0 N\ (?
domain domain Chemical method ? —
A A »

4 - ¥ - N (CNC) %}

o 0 . Mechanical metht:)d M
0 W
N HO (CNF)

d s s -y a -
UM 2.6 nszvumasienunlueaglaauazanvaensduginedmiunisudn CNC
waz CNF 91nwaglaa [32]

e

= Dominant Pathway

Ul 2.7 wamanalnnsiiaufisen acid hydrolysis [32]
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2.3.2 mawssunluwaglaasmiensyuiumsilang (mechanical method)
L] o ] - 5 s J s )
dwiumstesiwaglaamensyuiudinany Taserfeusadananiniaiesing wu
- al 4 . ° v oa - [ 2 - o s
\w3dlaludluiges (Homogenizer) vnliiAausudowduls Tassarainnsuaniniy
' v o g o v o v v & o '
sewiilpssahiindusdniundn waglaaildannszuaumsiiFendy waglaauly
Inu3a (cellulose nanofibrils; CNFs) visiaglaalulaslwuia (cellulose microfibrils;
& o v o ar - e < -
CMFs) Safidnyaziluiduly Tnednvuzniedugiineuansdisgui 2.6 Fsmuen
vaavaglaaninnii 1 llasns dauvunadurugudnarsuszanu 5-30 unluuns

o & " a 4 oo 2w a O w
PIVUBYNUTUAVBINTNU N WU INQAUAIAY [33]

2.4 Ustlvwivaawaglad

waglaaluiantinm uiinstudwinden uardsautinisuaazandinianaia
vougaglaa JeaniAniuaidfodinisganduisdsansililoanuarsonliuadudniada
Aldddslionwsiuiiduluiuasdmivminegunsadidnnsednd uazseiwaglaaiinam
udausauazBavgu thwiniun Lﬁaamnammﬁmﬁ'uﬁ'haﬁ’uﬁs"laTmmmwinmﬂamsan%a
uaza'm'ran%'Uqu-ﬁuﬁm14mﬁ1¢’1‘dﬂu%‘qﬁauﬁwuﬁnu'ﬂuuuaqiaau*fl%’ﬂss‘[uuu"lﬁua'lnna'm
oty Jagaoulndnlugnamnssueusus Mmnsesdmiuiaiasuiuerne (R RITGRITRD

uaziA3asdhons Wusu wandlusuiil 2.8 (3]

< u
JU# 2.8 msUseynaldanuunlueaglaa



14

2.5 lvmuilsulaseanled (Titanium dioxide)
limuiloulaeenled Duansuszneuiiiinannisviuiisentulanglmden (T) 39
aglungulavensndaduivelanzeandiau (0)
2.5.1 auvfveslnnudeulaeenles
(1) anddnanmenmuazniaail
Inmudeulaeenled fgnsluianade Tio, Anvuziduvesudaduns dmin
luiana 79.87 nusielua Anumuiuiuwiriu 4.23 nfudegnuiAdieudiung 90
wasumadf 1,870 aeriwaldua uaryaLen 2,927 ssmiraildva aulinaaiifely
avangluthld Liduity laianfal fieumusiensauaseng
(2) anUAnIauas
Inmiflsulaeenlediuarsiafiiddivesunundssudeaiuyinfy 3.2
didnmsoulias ddnwueiivuas mm'm‘lums@ﬂn%uumﬁwg’:‘lﬁﬁtﬁaamnﬁﬁﬁﬁﬁ
vinmvaauasgaiinliianisveariuvauas
2.5.2 Tassadrawdnvesdlnndouleeanles
Tnssaramdninulasialuveslnnioulneenles Tnsunfudrsznulaseaing
nAnuvUBUIUMALATInduansfizURl 2.9 Faiillassadrwdnuuuinnstlnuea
(Tetragonal) nniﬂﬂa"s'nﬂ'ssnauﬁumnwﬁwﬁugmgﬂmaLL‘Umwﬁ"l (Octahrdron) A
azma:ulwmLﬁ'sJu‘nﬁaaxmamsgné’amauﬁwasmauaan%mwnazmau‘[ﬂﬂTﬂ'ﬁdﬁ%’N

at < o v = val =
Hanuwuueuwaansawdsuulaseaimanuuugindlangamgiia |

Anatase Rutile

< Y v = = <
JUN 2.9 uansdnvarlassainwdnveseuunalymidenlasenlesuargindlniieale

oonlYn Mmualnu [35]
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2.5.3 Uselomivaslnmudleulaeenles
- -l I3 P ¢ - v v det - o v
wesnnlwmideulaeenledilulinsredundsy mewmnidadouiunuseynaly
Tunumsdundanunaun nsuszgnalugnavssuiaguazdanndou endiu n1s
v ¢ a f o [ | a o
arueasuaseinduiinddouliuas nsrvaunsuenluanadondandenulalnsiou
o a - L4 - -l (J = - ar 5
nsidnansduniduazarsetunigivuieuluivieina waznistusuaiicy
J a o a a o ] 1] L
uenanil dndunldlumsgaduiddansilalewan wu WudiunauvesaIuduuan

U viiaWaulatesiussdadanshlowaadudy

2.6 uigla¥u (Leucoxene)

uigladuiluudsssuid iinannisidsuuvasvesusdawlud gnsniaailde
Fe,04nTiO, filnmniflsulaeonlemiludiusenavuinnia 65% wazsmeIRUTENaUNANAe
Inudleu (Ti) wén (Fe) 8anBiau (0) uarsmduIavu iy Faneu uaz welaly Husu
Foinamweusarsnesdusznauiuiuuumasisnveaus wiglaulineswuuzyuagluus
Buq luvszmelneannsanuliuuauudiynludmiaUseauaiiug wazgiin Wusu Hu
wsilidnwazAaiuinadielany fddaauns wiwhaindidusgiuasiusznouuas
asidauu [36]

3 2.10 uansdnuarfouusvesgladu (36)
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2.7 TdqHeaN (Composite material)
s a J o a 1 ] o H‘-’F 1 - 3 a = @
Taquay AeTagminerfanieiiadusius 2 latulvinsuiulaglifianissusa
& 4’ = @ o= s o ' 1 = l v s [ v
Wullladsanu udlinwuszranuseninarsudazyianenlaaudilminudonis [37)
ara ar q‘" O Qi @ a ¢ o 1 a a o =
auUAveNIARTUNY AuTRveianisuiy dndiuvesianisuiy uazdnuuzveanannseany
o v s o 1o o & @ 2 | o a ' - f
71 psRUsEnavvesTaguan laun Jagniluidendnuaziluadeities 1Sen71 wnind
i ar 1 4 o s dv . u‘: =i 1 - - -
(Matrix) uaziandumdennszaemegluianiievaniu (undt a1sidu (filler) Tnowm3ing
o v od 1w - ° s <y ' 4’ 1 - [ v o = )
whwihivieuasiiunagyi v iaguaudugusnedu dwansifvasyiwiaSuaudaly
wvisnduagyilviiaananiiaudfinusonis
- s ar o w o da <l 1 I " awv &
WosnautRveniagraumdutunieuuarinnuirauladusgrunnluanuidsil
I Y Vo a R a o v o v ) v
Wumssunusswinidauanvesasdunid uazansetiunidimeyszandldiluiaglonuied

a - w o e L ar s
sansililotan Falasmaniidenldiiunmsduaseiiaqduleulugaglaaninyudes way

. ]

« -

) | - e a =
Janpynimnluanuigledu Juvaglaaiduansindwessssumd lnaluarsuseneuiiliag

| - = -t = ) w o '
Meutusadissnniimsgamieiumneiuslalasauinisluwasasusnsewindluana

v
b

<l W =l s o 4 - o o o 1 ] - =
anisdailandinnasifidesniimsgandusiddansliloanlugugid diuarsetiunid

' - e oo o ¢ | o a = wa P
E]Lliaiﬂ'ﬁu‘ﬁﬁul'ﬂﬂ']Luaulﬂaaﬂi‘ﬁﬂlﬂuﬂ'}uﬂiﬂnE]'U ‘UQI@UUﬂmﬁ]zuﬂﬂumﬂqﬂuﬁ\'lwmnn"ls

- o =

W ' e | R RY) ' =
anausadsansihilaanlugugliouazyitilissndamduivnmuasdeutiann Jadu

=
A
9
u
4 < Ve

nlgmhielwmilisulassnlefunuszandldiuaumanas

2.8 NITUIUNITUALUUGAUDA (Ball mill)

nsrvIuMsUamegnuea Wumsuaasiedlaenslénsmuremioun dsmsun
flanauuuAenisuauuuilen (wet milling) WaEAITUALLUWR (dry milling) TuaAdeiily
nszvIumstesiraglaglvilivuinidnaddnisuawuulonannseldagnualduszanniovas
50 wagiuillaingAuuazindnysznudonay 30 InemsunazUsznoumegnueaun ais

s ]

- o w = @
MIDUNN @19avane TﬂUn’]'ﬁUﬂﬂﬂLiuﬂ’lnLua“uaumtiu“l’lu Qﬂuaafwﬁmmﬂiztmnﬂ‘uaﬁ

ar ' =

fhaths Fanalniillunisun Uszneuse ussnsvunnviausing (impact or compression)
ld - s ] £ 1 Ll d.
niinvIngnuannasnsEunnansiegameusaliugisvadlan usudou (shear force) 34

a 1 s i ar & o a ar )
LNAATNLINNITUNNIETINNEITATIDYLD LLﬁZLLN‘Uﬂﬁ (abrasion) ‘UQLﬂW]"D']ﬂﬂ'I‘i‘IJﬂﬁ‘U'QQN'Jﬁ"]'i

o/ [

MBENNUGNUBALA NAIINMTUAANSFIRENIEvLIAENAIUDITUaBEn MensnIeny

e A ot ar L

wazmsideadnuszwinasiietnfuignueauauazintdwemiaun Amuisivesnsun
92U 60-80 % 183AEIINGR Fammiiingd e m‘lul.%"ﬁauﬁﬁ'ﬁﬁqnuaaqn
Wissialufunlinaoniian %‘mzﬁﬂﬁlﬁtﬁﬂmwmx.uuqnnmmnu‘%’aLﬁﬂﬁaamn Seanwii
Lﬁmmnmsﬁqnumﬁmwﬁawhﬁ'ummﬁwﬁquénawﬁa (gravimetric/centrifuging

o & - o & € & = —_— P ° v
Speed) FRUUILLIENAINULIIUIN ﬂ')']llﬁ')')ﬂf;]ﬁ] (critical SpGEd z Vc) 'ﬂﬁa']ll'l'iﬂﬂ"lu’Jmlﬂﬂ'lu
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YR o aa e o d a & <
aun1s (2.8) sautadeniinalunisuaiifie usenseviinadunislunszuaunsun mnunsa
1Y 1 g a a a v 2 o 4 v &
seunsipualaemsldanuivingiilugasusiulumsmanudfimuzay Fsdudumsun
= v o a =
Wonagldnusan 0.7 - 0.8 vesruiIingi[38]

WSINSENNLDINUS UL

P = mg (2.1)
wsnllaudnans
2
my
F. = 2.2
e = (2.2)

o

Worfwuali R fie wuruguénansvesliun
N Ap F1uIuseulunismu
P Ao Yailusanszvinenusliiusainfuusmilgudnans
m AD WIAVBIGAUA

A _= - L4 | o o v U
iegnuaegluan1izvesnaunivingd Ao usmilgudnaraiiiu usanseininusalifuai

Tuvauzmu
mv?
— = mgcosa (2.3)
Farfu
2mRN
e (m/sec) (2.4)

1 & v s @ «
unuAn (2.4) asluaunisy (2.3) agldanuduwus

4m2N?R
cosa = ng— (2.5)

PINAUNST (2.5) ANsavAmeiile

cosa = 0.0011 N2R (2.6)



18

| Sy e v U oo v o w_al a d g v ] ° o a
ummmmnqnummﬂu ﬂ‘luu%\?mﬂﬂU'ﬁﬂuﬂﬂ\lQﬂUﬂU']ﬂﬂﬁ'JEl LWE]‘[MQ'IﬂﬂE]ﬂ']iﬁ'IU'Jm WARAI

R anidfurugudnan Ao R = D/2 wnud

cosa = 0.0011 N?Z(D -d) (2.7)

A - ' L3 L
e D fe WukuAudnavedliun
d fie WuruAugna1LeIgNUA
=l a & < o a @ & -
fiypnnusiings e mmuniiivinlignueadaniilunasatufeny a = 0 wie cosa
e 3 - o 1] ] - ¥ = =
= 1uaz N = Ve Anludloinmsunudning q asluaunisi (2.7) avldaunmsennuiiingd
s qv
Aatl
42.3

= y (2.8)
(D-d)z

Ve

-l = ar = - < = = 3 a =i 1w = -
nMswdeuivesingiiwdaunmennuiaingitu Yngasiiauiwifumaniingd

o Y Y | | a o & o
ariugnuaauauavansimedunelumiounvzliiianisuanianisnszunniuliy Aausai

- o L3 ar s ] o o - a o
wanzauanibignueauannnszvuiumsiegiaievhliiiausinnszmuiy wazvilign

e -

uanuIngAUINANTUATENINULELAY

Rotating direction ﬁ

Grinding medium

Materials

- a4 a &
UM 2.11 nszuvumsiiauvnzun
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o A a ¢ wa
2.9 IATDIUBUATIZNANUALANIENI
- ] af A
2.9.1 m3nngiguuuuRuszuazyleidudlsnisaFeivsudvesuanla-
5dlnU (Fourier Transform Infrared Spectroscopy: FTIR)
Wispivsudnesuawnlasalnd Wumadianisiinssiaudfnslaseainswesans
w ' y - ' fo A a - a a -
Mot1e lngaiaaeunsduniamsmyuvemyiinduidlelinsganduaiudunsise e
- ° 0 vV a o w o < o =
luanaasganauuasiiliiinnmsduveniuseluana Faguuuunsduvesluianauanadszud
< a4 W aa < v da v v ow - y
2.12 msfinsganauiaddunsien miudvessiddunsisnivsssaenndosiuanuinisdu
ar as ' s o LY ' 1 - -
YaiusEuAElNANAYeIANTAIBY1N uaniiguRl 2.12 lnsansdmedusaveiiniinsgandu
1 ] A 4 ' s - el dy L =l
Tuudagdisarueaduuand1eiuy n1sieseisnsmatailondenisidounsinuans
v w ] =~ oA & ' a ! & 3
pudiussEnIneuivienuenAduimhaluiewuALns uazAUesisuinmneg
] o o ) - ] ' - = o ]
HIUYBIUAS (Transmission;%T) dmiunduuimaninirlugiedunsiise sefiiaunaulutae
a 4 = a o 1
400 - 4000 cm! wann1sfie Wanadunsusannnsznulianaasasiinusnseinsening
Y o ' a T | v w e W
wasiuluanardiegnans lasuasdunsusaluuissnfimnudasaiuiuauiivenisdu
@ o i = s n‘; L4 - P '
vaviuszluluanavesasfmednazgnaanauly dalumuduveanasdunsisaiingariu
s ' 2 =& = 1 ' o O
@15029814 (transmitted Infrared) 398AULTUUABAAILUUIGIVBIAUDNINUAVD
= o o A -l R ar A a
dunssn Tnendnnisviuvesniasyieivsuresuawninsalnluansdagui 2.13 Aeed
a 1 e = = ' o i s £ - =
dursusannuvasiiidasziiumesiigadarsimegaludigunsaluenuas iiveusnuasi

iufnaseeniiuasdiu lasdnuusnaznzauiuesnly uardndiuazgnasiiounduidng
o - R " . - < o 9 ellLv ] ' 1
NIEINLTILARDUNLA (moving mirror) laensganiiadauisgyiminliuamisdesduiu
o e ° i o ] - ar [ L o]
wswmnuuduanfsuiednginiesiingain (detector) lnedeyaditivldasiiuuuy

9 (data point) wansuazvuiinteyalureuiiimes




Symmetric Stretch Asmmetric Stretch

N Qb\\../"0

In-plane Bending

Rocking

Out of plane Bending

/ Wagging \ / Twisting \

o o - w
JUN 2.12 gUuuunsdunuuie wavuuute veswustluluiana [39]

| Stationary mirror

|
| Split beam

Delayed 1}

‘ split beam i
| Coherent . > -

light source 3 H
l Beam '
| spiter” 1 Recombined s
@ Moving mirror
|
| 3 ®
’ Sample | |
! Detector

gﬂ'ﬁ 2.13 ndnmavhauveaaiss FTIR spectroscopy [40]
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d - - 3 4
2.9.2 nspsiindineiidalassairwdndaemaiianisideauuvesiediond (X-ray
Diffractometer: XRD)
o 4 « A-lma e v - W ' @ a &
Wumsasdlenldinsieilasainndnvesansmedalneorfumatanisidediuuees
a 44 o =l « -Ja v s 1 4 1 s dv q‘:
Sediend diediendnnnsznuiilanihvesansiegreiigueinegiu Tnsyuvesnisiae iy

: I a a v al ' d s . ] e ] o - ar
wuagivanvaurlassairweiusazansietn WewnarsmesuaraiadinsdniGew
| ' TR ) 1 o <o o
wazvuIAvBINANAUANANAUAITUULUUNITIEEIVLYe S idlandiinnnsenuTady
anvazianzreIEsiug namsnnzirgnitluieuiisuiugudeyaunnsgiu (JCPDS)

U s s A
lauodumdnnisvasuusn (Bragg’s law) Aauanslugun 2.14

X ray beam

Crystal atoms

Ui 2.14 ngueauusnd [41]

2dsin® = nA (2.9)

L 1 v = =i a - d.
mshetnillassaiudundnesiinstadostvesesnounieluiifusuiou T
m3dnsesivesezmeunelundnasinuudussuuidunsauuiy udazszutvee oy
] e d 1 -l 1 1 a ﬂ. «
viafulusyee d Jesvesving o aedleuandeiusenludadulumunguesuusnd faunis

A s ' - v - dv s =i LA o lil
M (2.9) LLE‘WFnaU'Nﬂ'ﬁ')Lﬂ‘i']SMW)HLVlF]Uﬂﬂ'ﬁLﬂEJ')LUlJ‘NE‘lL’e]ﬂ‘ULLﬁﬂQﬂdEUVI 2.15
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(200)
6000 - n
S 4000 {(110) (110
S, \( ’ (004)
3
5 1)
S 2000 -
’/\J\\MW\%-I)—'
A 3)
0- R A A=A A 4
10 20 30 40 50 60 70

2 theta [degree]

4 . ' J @ =i
JUN 2.15 uansnetnguuuumadeiuuisdiond [42]

d = J - -
2.9.3 sesiipdaTeidnuurnulafiundesganssaidianaseunuudasnsin
(Scanning Electron Microscope: SEM)

- « o -&)' = L 14 = ] l‘: ¥ o =
MIAATININWULNURIAILNGDIansIAIBIaNATauLUdBInTIA UulddBidnaseau

as

:J:d s A’ - a ' L4

nilndanugalunisnsivasy Anwdnvariuiivesansiednlasadenisasviouves

= - v a 1 ts' v “ o 4 n‘ =

lanaseus NI vesasmethaiteaiadyg runmuansdagui 2.16 3uandiinaseu

QnuasgaanuaINuvaN LA (Electron gqun) IntiumBidnasouargniniase Condenser
dl a vV a = s [} . . ql:f - ar ] ala [

lens walialvinnasiuuiivasiiedlae Objective lens TiuRIvefBE1BIENATEY

a  w a & = w = @
mnnizw‘uamnﬂargfgﬂmmﬁnmawwmnwawgﬂuuumﬂﬁwnumswuaamnn‘szwmmquaz

td = g ‘ W 4’ = @ ] = = 2/
avVouDaNIINAIYeING T dnvuENuRIveet S suivransnasieudidnnsoulsd

-1

' = v - 1 v v v v &4 a - v
wanniaveiagilamegvszagliinsasviounisasvieuldlos Fedidnnseuiiazviou

@

2ONUIUILYNNTIITUMIBFINTIVUBENATaULazinnsad TunwiTldiuaildnuae
/

L.

[ - o -] o o & v - w -l -]
Wunw 3 87 TlnedianaseuiiinuwazidluimSudygrnieniididne seu

Aond
Y

5

(Secondary electron) [43]
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A
.!!ll_'

secondary
electron detector

stage

=l ! a '
JU# 2.16 dulsznoureandpsanssmididnaseuluudensia [44]

d - J - .
2.9.4 n3sliodnnsiansariuiafiendosganssaididnaseunuudastinu
(Transmission Electron Microscope: TEM)
ManNIT1IuTeINABIYaNIIAUBIANATOULULAR Y UsEnoussunaaniiiln
a g o Yy o a ag - v o -] nlev I s -
awnaseuivimihvindndidnaseuieleuliiuszuu lnenqudidnaseuildvinunasniide
] l‘: L 1) ) d o ey
egnisssauilii 1ndungudidnasourziuaudsinddidnnseu wevilvdidnnsou
< i & o a g o a g - o Y ' - o -
Adunqunaneiluddidnaseu uarddiinaseusnindeuiikuansietly Fiansiatd
v = ar 4 - = ; 4 = ]
Anwneslidnvaziiuuuuazuinnn waniinnsnszlveyniatuilodidnnseunzqaiu
. 1 - d ] a 1 é‘ a ar a
Megeld uardidnmseuinrqruiiedsluilfergnuiuiniavesnimlasiaudlndiag
(objective lens) :1ntuazlaiunisvenemeiaudnenninlugedu (projector lens) uay
. ar ° = -ﬂd - o CJ
UiulniiavesdreymindianaseulienimediiazusnguuainiGesuas fauandluguil 2.17

v = v ; . aa
'qﬂmuwmmn1sai'l~1mwwmanvtustﬂumw 34m
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d 1 o v fa | ]
JUN 2.17 dulsznaunansinnurenaeRanssausidnaseuluuderIul4s)

af - _a = -l a a
2.9.5 spsliofinTwianAnuaiiedeinioy? 380a awnlasalnd (UV-vis
spectrophotometer)

[ |

o L4 Qren s 1 ﬂil 1 as oo A
fﬂ'i"JLﬂ'i’WHﬂ'IiEINUﬁWI'NLLEN'U'ENET’]SF]'JEJU'N‘VIEJQILU'U’NN?{ amwh‘[amm WLUA NAIU

-

A 1 I'J -l - vl e - -l
g1AAUTENINY 190-700 wluiums leemluiSenwmaiatiin gNdila awnlvslalnlawnd
¢ P T - @ ' a o S - P '
#aluruideinnisgandunasesasimetalaadleduasnunasiidauandouiiogng
aviiiasiurui lluansdedne sgnuiuasunsdiugneandu visdiuRanisasiou

] = =y 1 ] ar 4 1 =l
UREAUANNITNTYAY wazudumqiueonty Awwandluguil 2.18 AINTIAANTUVBILAS
v vz sAURUIIwIuYelianaiiinisgandu FaSunaunsganduveuasey
PUBYNUAUTLTUYDIATAYAUAYAIIUNUIVDIANTHIDENN FINATILEINATIASIZIEE

- dv L7 s . 1 i ] @ d ] 1 = s
WMAUALUIZUANIA ARG TENINAINMITNERIURUAMNEIAAY wiBrNseanduiuAIY

d o ' as ‘J
gIATU FIDENNTIMUARAIAITUN 2.19




(n)

(v)

Absorbance (a.u)

%
e 3 8 2 8 8 & 3 8 =

g
E
g
‘ :
H
£
Z
£

undsﬁommm
Wavelength, am Wavelength (nm)

d as 1 L) - d o o = as 1] J
JUN 2.18 wamns e ummzquuavesiidueaglaaninauivinduludadiud

e (n) uar MIgandunasrasianmeulndnvasgaglaauazlnmuioule
panlwa (v) [46]

\\ |
.,
Grating  * I
Detector

Tungsten Halogen O

-, l ,
Gratng L

Beam Splitter

Single beam

Detector 1

P

=
3Un 2.19 uu*umaaqmﬂmuamsanmmwvamumaum (n) u.u'ua'lu,aamm

uay (1) wuuduase [47]
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1 d o s d 1 1 o = o
dulsenouNd1AueaAIas UV-VIS spectrophotometer Usynaumisuvaniiinisd
o

Tilulrsuwimesd waziadewsain indesdanililewan IadaaunlnsalnUuvadu 2 ssuu
Ao
1) wiaduanien (single beam type) I¥dnasiferfudmiunisinansdieds
uarasiiege mstamuduuanivvilasuiumiudues mengqriiuiu
100% louanfunekiuansdieds udsniuiamnmzqrinuniens gandu
YDIAIFOLNNHUAUAITONDY
(2) wuuduasg (Double beam) uasanuvasffiausnazusnaenilu 2 & Tneudas
Svilsagriuansdneds uazuasdndmilsasiuansinetng ssuuduasgeziing

Wisuifisudgailasuanansiesiuarsidmasnan

2.10 NUNMUITIUNTIU
Paqiulaiimaidaquilulmdlsalaeenlduinuuivugsiilutagimismemaia
e nsliTaguilulnmideslasenleddmiuiduianlesiuiddansililaanlaiuniu
&, ! o oo @ = G wa =l =
aulauegannlutagiu Weswniaquilulvndedlesenlediiaui@naunsoganiuuas
1 d’ 1 o = e U o -l a‘ J e
Tugsmuemaduguidsanshilean uavasnulusila uaglandnussinvmilandanda
A 1 o o = w 1. dl
nauaand lnsdanulusauasazanniatesiuivddanaliloanldfowaglaa Suvaglaa
WuTaanawsoadaldainsssusd laslunuideiiadawaglaasiniagnasnamig
v o v = a 5 - o
msineas Aevudes Jaudesuvendeingramnisunisndniinia uazdeeilunivh
wulsvialuluviestiu dsiulumddeidunisiaun daguanssnindulowlueaglaauazin
¢ a ar w w o e = fal
mifloulaeenledioyssynaliilutagtoaiuisddanstliloan laglnnilleulasanled
e ok | owoales | = oo i
antRnlunmsgandunadlugnisddansblaanluguglieuasyil nuenaiu 315-350
s L] = e o W oaw ] aa o
wilues wazdsnsmnulysila wazwaglaaliaudfganduisddansliloanlaluguyid 7
ql =l c&‘ n‘ o v
AMNE1IAAY 100-280 unluiues Insluauidetdunnseuiunisiunisanaidulouilu
waglaavnyugss Fnnuidenianiaiins@nwinszuiunsmissiaguilueaglaa
a § & awv o v oal o o w a ¢
warfduvengaglaa usniniiluidenlndifesmiriaguilulnilieulasenledun
viudgadutaglmidheamediadaqielddmiviaglesiuiddanslilean uazdinminy
Wasla FailswaviBuanall
M Rahimi Kord Sofla uagame [32] vinnmsdnwiisnisieseuunluisaglaanmeiniaai
(chemical method) waz35v19na (mechanical method) uaziUauvisvaulAnedugu
a o = i a4 = v o
nuarlasiainndnvasnluwaglaa laenuiigaglaaiiasousienszuIun1smaail
szldaglaaurluniadaniendnuiluiwaglaa (Cellulose nanocrystals, CNCs) wagun

o a I a o
waglaanwieualunsruiunmsuadainaselaiwaglaaunlulvuia (Cellulose nanofibril,
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CNFs) FainuusdngIuine) uannaguil 2.20 uazainnisAnwlassaiwanmemaiianis
weauuiidiendwuih uluwaglaaildanmsatadginaaiifaudundngenii ae

J s -t =5 = | 1 o/ A 1 o =l
nnmsAuusvinautusanes kinulueaglaalCNC) dauviiy 73% lusuziidndvil

m’mLﬂuwﬁﬂwaué’u’lﬂuﬂumaqiaaagjﬁ 67%

3UA 2.20 FESEM (n) wiudeerewhnisuduanm flvuin 100 lulasins uas (1) vides
fivuna 10 Lilasins (p) Wilowagloadt 100 lulasiuns (1) dulowaglaadi
un 20 Lulasums (3) 1w SEM 289 waglaauilulvuda (CNF) uaz (@) TEM
03 waglaauilulua (CNF) AldnnszuIumsumdana (1) nw SEM v

wanuluiwaglaa (CNC) uag () 2w TEM vaawdnuluiwaglaa (CNC) lfan

ASEUIUNTTLAL [32)

Intensity (count)

10 20 30 40 50 60
20 (°) (copper)

4 = < ﬂll} o o « v 13 ar ar
31]'“ 2.21 ATIAATIEVNISLAILUUYDISIELDND YDYIUDDY, YIUDBENAINTEUIUNITUSU

anm, waglaaululwuia (CNF) uay wdnunluiwaglaa (CNC) [32]
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TnlunmAsuivilimsuisnawieuunluwaglaamyisiunnseiy fenszuaums
wil uaznszurumsuadana mbilddnvazveadulowazanuiundnveunluisaglaai
unnsiteifu Tasrmenvesmdnuiluwaglaa (CNC) v 160-400 WNTUAT WaLIUIATET
Wuruguenaneit 20-30 wluwes duvuaduihugudnarwsadulounluwaglaa (CNF)
agil 50 wnluims wavsnAvesAMEMBYH 2000 unluwins Fuandluguil 2.20 uas 2.21

W T Wulandari uazay [48] levinnisAinsnisnseununluiwaglaasinyiudessiy
NSTUIUNITMAUAT %‘q’[uns::mumsm‘%faumiuLﬁaqiaaﬁ"'ulﬂﬁ’nszmums Acid hydrolysis @1
Tuewideiidenldnsndaiiasnlunshuiiselasdne 2 Yedundniiinasonssurums
wisnuluwaglaahe ANutTuYeINTALarsEEEaTluN UL Tnsuuinmsiniey
unluiwaglaaifu 2 FeulAe Nanocellulose A Aainisunisgssisaglaase mnududy
60% voansadaiain MUfATuafiguugd 40 ssaneaideaifuiian 5uni uas
Nanocellulose B ABwannsepeigaglaane aMududu 50% veinsadaiain iujnsen
figamgfl 40 samwaluaduian 10 il :nnsAnwilassasandndeiaias XRD JULUY
mﬂgmLuwm%’qﬁmn'ﬁuamo‘fqgﬂﬁ 2.22 waziiloman Ardeiianudundn(crystallinity
index) wuin Nanocellulose B fiddwiiarudundniviniu 76.01% Bagandn Nanocellulose
A iledilanudundnvintu 67.83%  diaenadesfudnuuenadugiuineriiiasey
feiedes TEM uanedaguil 2.23 Tnsswddeivilinsusdeuleimnzanlunisnioundn
wluaglaa uivziildidedeedmiladeldnsaiiamduduroutregs

Junli Ren wazpnz [49] ¥insdaaswwianidunan Tio, PVA/xylan Aiilaut@idena
waztesiutdsansilileian Famneianiluuszgnaldfuiagussydnsiomns dn waldl
16 wanidunstuduléin Tio, anunsoldifuansiestuisdsansilaloan waziiovhlUnauiu
woAwesmelFdaulviivmnzaudsmeuiuusaudRidnalint sy

Juho Antti Sirvio wazaniy [50] vhmsduaseinduesranndnunluwaglaaiusuyss
myilsidulnenauiunedwes (PVA) wuiwdnuluwaglaaanaunsauiuusliiiniuseiune
dweslduasteliianiauudunianniy uaraunsadesiuvisanslleanldfuays
mulusdlags Fadudefvemdnunlulwaglaaianunsofiazthluuuussiuianduuazwed

a o A L4 ar @ ool i
wesriaduldvanvaneiieldiiuiagtesiuiiddansblomauazasnulusida
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3 (c)
g
=
g (b)
(a)
10 20 30 10 S0 50

26 (°)

=l & o el « s ] - W v
3UM 2.22 sUwuumsidsuuresisdlenduasined (a) Aewaglaananninyiudes
as i o o ¥ W P P
Mot (b) Aewluiwaglaa A NReulvmadiduveinsadaiiain 60%
o aaa !J ] Bl o 1
(v/v) viufisenigamail 40 ssmieaidsaiduiian 5 unil uazsetne (o)

= al.ni‘ L P PG o - aa d
Apwluiwaglad B Meulvaudnturensadaiiain 50% (v/v) viujise

gamail 40 asmneadsaluiian 10 wnil (49]

i Y ) a o ' - ol o v v
JUN 2.23 uaesdnuurdnuguINeITeIiieg (b) Asurluwaglaa A Mdeulvanududy
W ay = o aaa A - -l g
YoInsagaain 60% (v/v) viufiseniigaumail 40 asmwadeaduiian 5 unil
o ' E 4 v oW v oo a
wazmoy (o) Avunluwaglaa B MaulvAnudutuveansadaiain 50%

o aaa A = =
(v/v) iufjisengamgil 40 esmwaidvaiiuinat 10 wnii [49]
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Jian Zeng wazamg [51] Anwmaveanisissisemanainelasiddansilileianves
Inmudlsaleeenledlumnindisaglaameonsyuiunmslvana wazuaniuusassveamming
waglaadeguit 2.24 Famuirfleymeauilulmdenlasenledluilveguumnindivaglaa
wazannansAnwlassainnesiagrenindnvenvaglaauaslniioulaesnles dae
mﬂﬁﬂnm'gmmwaa%’aﬁLﬁnﬁﬁ”uwmxmuwﬁnwaqwagiaauaz'iﬂsms”wammau.azg‘lwé

s d
vaslymlloulneanled uansdisgun 2.25

Cellulose matrix Composite film

= 3 = ¢ a €
JUN 2.24 wuudaeseslmilloulaeenlenuuaglaawning [51]

T6

Intensity

20 / degree

J ::’ o =i « o ' - - a ]
JUN 225 Uuuumsidenuuvesisdianduesiiatng RC Aeflauvevaglaa fathaTa
way T6 AefldunaulndnvasvaglaauasUsunalvmideulaeenlvsludadui
fnaiu [51]
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uavaInwanIsAnwFULUUTRsiusEsEninluanantlinsgandusddunsise
MeA3es FTIR uansieguil 2.26 vesnaulwdsvadinmidenlasenlesuazivaglaawyii i
Fyqnuaunauyszanm 3423 cm’ faaenadestunisdululvun stretching vomylensen
3 duinnisasuuandu 3400 cm' uaneiiinsyiujauiustuuuiuinseniale
asendavasluanalvnidenlaeenleduariuanavenvaglaameiusylelasiou wazan
msfinwnsisuiitemuanelassdsanililoan wud Haureuindnveswagloauay
lnmidloulaeenledilant@duiisifitomaadifdlovhnmsiudadusunvedinm

w -
eulneanled uansdagun 2.27

&
Q
(4]
[ =
g T RC
£ 3423
(7]
c
o
[
3400 T8
Wavenumbers (cm™)

d s = a - a 1 3 ar ]
JUN 2.26 anmsumsganauisddunsiin vasiiegn RC Aeflduvonvaglaa faotns T8

AefduneilndnvesvaglaauazUsinalmideulasenled [52]
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s

= 1 a o 1 o oy f a 1
JUN 2.27 dnsiduntsaanemivesinedn RC Aeflauveswaglaa Meee TiO, uax

MeL T6, T8 AeWaumsuindnvougaglaauazuiunalnieulassnlys
A - -
Y 6 uay 8 Uaaans [51]

o =l =

Antoni W wazany [52] lvimsiuszavinmganauseded 3810 vasianuilunox
Twﬁmwaawaﬂaauaz‘lwmLﬁuu“lﬂaaﬂlﬂﬁ Tnen1sw3suunlupedlndnues TiO./N-cellulose
psasaras (cyclohexyl) hexyl dimethyl ammonium acetate-dimethyl sulfoxide ua?
AnwantAnisganduuadluluamnisaziou wanedeguil 2.28 Anwinisairaiussuesian
nauseanniunsganduesdiddunssn uanafeguil 229 Anwilassadandndae
wadamsiasuuvesidianduansiazui 2.30 uarAnwiatiosnmmenudou wanafagy
#i 2.31 wuih feg1ves crystalline cellulose warTan9198ave precipitated cellulose il
mIganduiugiuaritida widledutanuanves ves cellulose -TIO/N iinsgandu
oghahulddaludugd lesnnlasiaitvesdasinunundanures TO, iaenndosiused
Tughuyd JoiliiinsgandulugugIiiingu wasannsinnguuuunsdsauuesid
\ndvasined Januanves cellulose -TO/N fnuviapidsivuvesnineaglaa i 20
Wiy 14.5° 16.6° 22.7° way 34.4° wazapnasauuvesiimiilualaeenled Taseadeeun
M@ 71 20 Winfiy 25.4° 38.0° 48.3° 53.8° 68.2° warlpseaiiaging 7 20 iy 27.5°
WAXRINNANTSANIYBY FTIR/DRS Tuguil 2.29 wuiy fimsnsevisgniniuvesgaglaauay
limufeallneenlasidheiustlalasiou Frnguuuuanaiumsganiuvesdaegne TIO/N

- v P o o - o
nauwaglaaiesar 10 lashwin fnsideulusin 3,455 e U 3,470 cm?
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(=
o

Y
o

Reflectance [%)]

~
o

200 300 400 500 600 700 800
Wavelenght [nm]

UM 2.28 awnn3unsganduuases 1) duseufisemauas TIO/N 2) arystalline
Cellulose 3) precipitated cellulose—reference material way 4) Jaauau

U849 cellulose -TiO,/N [52]

S

~

Reflectance [%]

4000 3400 2800 2200 1600 1000 400
Wavenumber [cm™!)

Ul 2.29 sUkuvanaiun1sazyiouss@dunsisn FTIR/DRS ves 1) crystalline cellulose
2) precipitated cellulose 3) fi3aUATeN TiO/N ﬁnauwaqiaa%’aaas 10 lng

vhwin uaz a) AASWHATEMNER TIO/N [52]
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6000 -

ﬂiﬁ) (110)

4000

D)

- 2)
’A’W
=_.ﬁ; B K e A A
10 20 30 40 50 60 70
2theta[degree]

Counts [a.u.]

g’dﬁ' 2.30 E'ULLUUﬂTiL‘aTEI’JLU‘IJ%'\‘IﬁLEm‘ﬁ‘UEN 1) crystalline cellulose 2) precipitated

cellulose 3) TanuaNvd cellulose -TIO/N wag 4) AusaUHATemMnas

TiO,/N [52]
100 1 — - — ionic liquid
" —— crystalline cellulose
------- precipitated cellulose

Mass change [%]
z

40 -
20 - ‘ N e i —
o L] T L L L]
25 200 375 550 725 900

Temperature [°C]

31Jﬁ 231 @desn1mmanuieuves 1) crystalline cellulose 2) precipitated cellulose

3) danuanves cellulose wazALIIUHATEN TIOYN Sowar 10 lasrwmin [52]
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v
YUADUNITAUUNITIAY

w
- e o ao

lullagiunszuiumsadawaglaa annsawioulsvarnuansds dduanuidetidens
afalgaglaaannyiudeslasnisusuanineaglaasionszuiunismiaail (chemical
treatment) Iaenisldsnsfiearsazarelaidoulansonleduasmsviuiisereondiaduain
lelnsioueseanlusotananluisaglaa Tassssrlmaanisuauneludunsiiuiug
Adudalumesvinjiseviliannsouenaanelassainvesdniuuaviefigaglaale d1e
Mntutheudeseunisuivanimuazudaiuanimiaans Sinseilassadrawdniae
windiansideauuresisdiens uasiinreilasiaduluanameanaiunsganduisd
Bunssn Ansesidnuariuiveadulowluwaglaasendosganssmididnaseunuunsy
k1w wintiuineaglaafiaialduvhnsansusluiuneumsnissulueaglaa fe
nsruINUALInaTIunsa (ball-miling assisted acid hydrolysis) n1eldiisulons
Wasuwaweanalunisuauazyuuaududureansadailain ielildanied
wanganlunsindsudulounluwaglaasnuiudes mntumieniaguilunosindaves
waglaauazlnmuidenlaeenled Ineluideildnmnidenlnoenledneniséin (P25) way
wigladu Taodedeanauideuedlasinis grant number JRA-CO-2558- 857-TH 1uansna
sugenrsafnlnndoulasenledainuigladu Menszurumsuaidananiounduidss
Mnduthiagrosindnvessaglaauar niilusleenledfuguiidulneldidanarainyiia

Y

. - o @ = & a Pi
Low Density Polyethylene (LDPE) @39uUnauN1IINAaaILanInIguyn 3.1 91nUulAIIe
¢ = ' fo W - = 3 § a a ¢
asrUsEnaumuAlinavmyfeidumeiniaaigiieinsudwesudunsusaaninsiivnes
Aaseidnvurveadulfmendesganssaudidnasounuunzgriu Iinseilassadanan
L

td g o = - « aten -
MBIATDINSIEEILNYDITIENG wazdinTwaulfinisganduisddansilalaianvesiidy

v - o aa a a ¢
poulndnseiATasI-Talaaninsiwes
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}

Extraction of cellulose Titanium dioxide
(sugarcane bagasse) (Activated Leucoxene)

Indnvanwaglaauarussssuyd

3.1 Jaguazasiaiitldlunismanas
v L) = A o e/
1. vaudevamsinunsanyiusesuazuigladu ieldlunisaiaanuily
2. P25 Titanium dioxide nanopowder
3. wigladu
4. dlawanadnvila LDPE (Low Dendity Polyethylene)

aaadildlunismeass

1. nsadaW3n (Sulfuric acid; H,SO,)
nsalalasmassn (Hydrochloric acid; HCL)
lidsulensenles (Sodium hydroxide; NaOH)
lalasiaulaseanles (Hydrogen peroxide; H,0,)
LOnNIUuDa 95% (Ethanol; C,HsOH)

15’1‘1%'%3;; (Deionized Water; DI)

N R LN

WoaAes Low density polyethylene (LDPE)



38

3.2 gUnsafitldlunisvaaes

1. Ungeygyne
2. AIENTDIRENDU
- y -
3 Lﬂiﬂ\lﬂﬂlﬂ?ﬂiﬂgﬂau
= v
4, LASD9LLN7
o
5. AID9UENS
4 @ -
6. Lﬂﬁ'ﬂﬁﬂaﬂ'ﬁ'ﬂ‘ﬁUﬂ
- - Il v v v i ' y
7. Lﬂ'iiNﬂ?Uﬁ"I'ﬁﬂSﬁ"lﬁ‘ﬁUﬂllllL'ﬂﬁﬂW'ialﬂ“ﬂTuﬁﬂuuazLW]\'H.L!JlMﬁﬂﬂUﬂ'JU
-
8. LATDIUALUULAUIIU
9. wipuaAnaann
10. gnuawgaslaiesvuin 5 Nadluns
- ar o
11. 1AF9IAANULTITOU
4 X . v & - .
12 Lﬂiawugﬂ Twin screw extruder AaMBYATUFUNAL Cast film machine
13. glovans
14. AsuNIINIDY
15. NSEUDNAN

y o o
3.3 YuAdUNITANLUNNST
Tumiadeiidunswisueaglaauasiduloulugaglaaanmudsemenssuiunisun
Wainaswnsa Rntunssniaguiluneuindnvewraglaauarivmiilenlneenles waziag
a ' a ¥ o & af W a o o v
wilupaulndnvauvaglaauazuigladu nnuuinistuguilduianaeuindninioulduas

= A a s as dl .‘:’ o = ) l‘; a g 4’
Anvandinisdesiuisddanslilean Ftuneunsiniunisuiadu 3 Tuneundn dail
3.3.1 nsanawaglasanviudeslaenisuivanmdlsnszuaunismaadl

& - o ' - v ' ")
Tuturaulinvusoanilu 2 Jurautafa N1SWWSEUBIUSPENDUNISUSUANINLALNIS

USuannmienseuiumsmaail lnedlsieazidunsatl
d = v 1 o
fauN 1 NMSWSeNTUDBENaUNISUSUANIN

TUNBUNTATINMBYIUAZNTTYINAINAL IR IUTBERARIRIFUT 3.2 13uRINN15Y
v a v v = =
ANNATDIAYIUDBY laslTuInn1Taseudeelaren ainus aungumgil 60 aen

a - ' & v o -l - ' & w o
waldea Wisldnurusen warualviiluns ewisugiuneunseuiunsannwaglaadnly
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=l & - ) ' ° v
EU“ 3.2 YUMDUNTITLATHUAI DY NUALNIANLELDINY U DY

‘J as v -
AOUN 2 ATEUIUNITUIUEANNAILNTEUIUNTIININLAL

Humeuiifunsatmwaglaalnenisuiuanmiensraunsmaeilaglénsnsouuas
safievhaelasairsluduvesdniuuaneiivagloaliivaneenty Fanmsnvestuneud
uanafaguil 3.3 Buainnsadaasiduarlufuilindevindeslneinisuaisazarense
Faia3n Anududu 5% azarelutilivsyy UuuSunmstild 200 faddns ntusasy
opuAL 20 n$u wanadluasasasinienly Taodudiseiainiudoanuiiseu 500
soudounil Migamail 60 ssmiwaidea (una 2 Halus Tnedumevififumsidnansiduas
asdndusondudy mmf’uﬁwm'sniaaLmzf'm-mué’aUﬁwmsazawmmuaa:ﬁﬂ"s’ﬂszq Tu
dmsndau 1:1 Auarnsesaunseiee pH vesansazarsitinldilendunan uam’lugﬂﬁ 34
nntuveudaildainnisidnasilduarasuiuesnudaunsinisend Mdendn
“bleaching” lntaeUfiisureondintu (oxidation) lumsweniefdanandniiuwaziei
wagladeon demsiinzneufimdenauivaisazaslelasiaueieenladamududy
24% lngU3msuavansavarsludoilensenledmudutu 4% Tnshwindeusuns
armfoutigamail 60 ssrwaldsaduim 2 Halus Tnsliadesniummnsisey 500 sau
L DPRLT mﬂuzuﬂiamazﬁ’w’muﬁaaﬁaumsasawmw'luaa:wf'ﬂ%'ﬂ'izq onTIdM 1:1 ¥ins
dauaznsesaunsevisnn pH vesasazateiinldiiAndunans wrEnaseiliuseydnade
%‘alu%umauﬁﬂumsﬁw5ma'mﬁﬁwa§1aa uarldiwaglaaeanun Mntuthansieteiiane
pananli uamdluzuil 3.5 Wawieniinsisiosdusznaunaeil Tassairandn waziAIEg

TuneunstepvuAaglaalunszuiunsialy
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N1SUSUNTNAENITSUIUNTITNIAL

gﬁi
neutral pH
SCB(20g)  5%H,SO,

stirring at
60°C for 2h

The residue (previous step)

- 2 EE
neutral pH

| F¥=—"+Y (24%H,0, + 4%NaOH )
stirring at
60°C for 2h

- ll:; ar v ar v
JUN 3.3 wnunmuanstumeumsanawagladainviuseslagnisuiuanines

NSYUIUNSMIALI

A L s “; o ar - - -
:J"'LIVI 3.5 YIUDYUANITVUADUNITNNIAAITANUULATLEL L‘Uﬂ@Iﬁﬂ
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3.3.2 nszvaunsnseudulounlueaglagdienisuadenasounsa (Ball-milling
assisted acid hydrolysis)

o

) i o w a a a v U
dwmivasilaannnszuvaunisideansaniuuazisiiiwaglageanuaitu azgnunun
=l ] n‘: v = ' I - N
WIBugTunauMTAnTUIAEaglaaf1en1TuALBINasIuNsa (ball-milling assisted acid
hydrolysis) laguuimsfnwinisanvuinaglaalaed 2 Uade Ninadoaudiinidlasaaing
wazynuawauduleunluwaglaa Ae AN INANTENULEITLLLIAT LATHANTINULDIAY

& 7
Wutureansadaiiin lunszuiunsuadenasiunse wuadu 2 Yunsudail

= 5 1 =i 124 v -
pauil 1 TumsunsAnwRavesszezawanwisduluwaglaamenszuIunsualng

SIUNTA

o a L ar L o oy e = L4 v o ey =

wisuwaglaanadala 0.2 niu nauduaisazaredaiiiniaudududaiasn 20%

= a o a aa v - v oo
laeuTunmsAivsunng 70 fadans uarmegnuawesilaide auiadurIugudnalgnua 5
a a - a [ < -t ' - o
fiadluns Umiinvssgnuadiléfe 200 nfu uafindnu3asou 180 e 200 sBUADUNI #

@ °_ w Y o = v v w T uy !
sEE1IaT 3, 6 uay 12 $2lus auddu ntuieaglaanualaunaemeinliuseqauen
o o Ve 1 & © -3 d‘lu o = ¢ wa

pH vasasazanefialadiaintiunaauasinisiivansiaglaanlamelulinseiaudinig

Tassadranazaut@niauas

= & v oW o e a = v
Aauil 2 TunpunIsANwIKATEIRMiNTuYBINIada I nde nsnIsadlou luwaglaa

FUNTLUIUNITUATIANATINNTA

wisuwaglaafianale 0.2 n¥u wanfuansazanedaininiivsinunududuunnsing
fuReAuududaiinin 0% 20% uaz 40% TneUTuas audiu AUsuns 70 faddns
uaegnuawesladeruaduinugudnatsgnun 5 fadiuns dndnuesgnuadildfe 200
n3u uATiA IS0 180 fis 200 SBURBUIT Tiszeviaan 12 dalus 9ndutineaglaaiiue
IHundnefaniiasausegauan pH vesarsarareiidalédandunarsuaginisifuans

waq‘laaﬁlﬁ’lﬂ?Lﬂsﬂsﬁauﬁ'ﬁmﬂﬂiaa%’mmzauﬁﬁmmaa
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3.3.3 nswssaiaquiluaaulndvevaglasuaclmiioulasenled P25 uaznisiniey
Taquilunsulwdnveswagladuazinmiiieulaoenlydainusgladu
ﬁumaumimaaam‘%Uui‘aquﬂuﬂaﬂwaﬂamaq‘[aauas“lwmnﬁau"lﬂaan‘lﬁﬁ mula
Foulvmsidsuuwaswesdnsdvensagloa de anuilexlasonled (nevin) uas
waglaa sio wigladu fil 1:0, 1:1, 211, 1:2 uar 0:1 AL wAnagUN 3.6 Tnumauls
iifuluil3uszeiuniuilgumgil 60 ssrgaidva (unan 2 Falue udendutians

) ' v & a - & ) a a
Medrsluauuian gungil 60 ssrneaidea 1unan 12 Halue iegnszuiunisiasie

wazdugUilaulutuneudaly

Cellulose/TiO,

J o =] ar (3
JUN 3.6 Judnaasnswsouiaquilurenlndnveswaglaauarlniioulaeenled P25 uay

= a a ! =
manseuiaquilurenindnveuaglaauazusgladu

33.4 nstugUiiduvesiaquilunaulnanveawaglasuazinmiiloalaeenled P25 uas
msﬁuguﬂéwaaﬁ'ﬁqm'ﬁunau‘[wammwag‘iaﬁuaz‘lvm'\tﬁuu‘lﬂaan‘l-uﬁi\'lnu's'gin%u
Tasnaunuiliawanain LDPE (Low density polyethylene)
mseieuaneaglaatuiaquilulvmdloulaeenles P25 (Composite 1) uax

waglaatuusgladu (Composite 2) hniswauTanuilurenIndaiiwisuldfudianaiadin
wodlefiduriinnr1umuintumt (Low density polyethylene) #281A3 84 Twin screw
extruder fiusznauseynIafidy uansiaguil 3.7 lngldgamgil 180 ssmuwaidva auld
dnsrdsyninetaquilunenlndniiionld deidanaraiin LOPE Mauanslumisiedt 1
vntfuivheeiiduildluanssvantinisilesiuiidsansililown
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d s ! I - a 4 <h
A131e0 3.1 sedumsanseniidiawanaiin LOPE uaziagnoulndniinioule

Matrix
Condition
LDPE (g)
1 100
2 95
3 95
q 95
5 95
6 95

Composite 1

cellulose

TiO
2

(P25)

Composite 2
cellulose TiO,
(leucoxene)
0 0
1 0
0 1
2 1
1 1
1 2

P - : v -3 a e .
:J;U‘Irl 3.7 399 Twin screw extruder ﬂamﬂ‘qmﬁuwﬂau cast film machine
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3.4 \A3esiloAnszi

1. indedlsiinneisuuuuiuszuasmiitsiduseiniasiSeinsudresuanlngaln
¥ (Fourier Transform Infrared Spectroscopy: FTIR) 3ias1esidaeia3oswasuisvm Thermo
Scientific Ju Nicolet 6700 sl#5s@8unsusalurae 400-4000 Fleufims

2. pdiainssiddasadmdndomaiiansidsuuesiidiend (X-ray
Diffractometer: XRD) 31A5121%181A383¥89UFEM Bruker AXS §u D8 DISCOVER sl Cu

Vo of &

[ l a wad ¢ ¢l - Y
Koe tuuvaanilindadionduayvisdidndnilanueiedu 1.504 syansoy
J & = s A‘ - fa i
3. ipseuinlnzidnuaENURIMENdDI9anssAIBIENATOULULEDINTIA
. . a ¢ W - a W '
(Scanning Electron Microscope: SEM) 1LA31EMAI8LATDIVDIVTEN JEOL U JSM-6340F
way UIWN HITACHI Ju S4700
- = € s A‘ a v v fa ! 1
4. \A3BATlBATIEVENYNENLURIPIENADIYaNISAIBIANATOULUUEABINTY
. . . a v - - o ]
(Transmission Electron Microscope: TEM) FLA1ERAN8LATD903UTEN JEOL U4 JSM-ARM
200F
4 A a < wa - v v - o aa a a ¢
5. inseslpinnsiantinisganfunasineieniai s awnlasinlalines
o 1 4 A - 1) |
(UV-VIS spectrophotometer) 31A18119781A303989 U3EN PG Instruments Ju T90 Tuta4

ANEMAAY 190-700 UNTLLAS
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NANISNAADIaZaNUSENE

wansaapwUteenilu 3 diude mawisuvaglaauazidulouluiwaglaasnuu
seumenszuIuMIUABInaTNNTe NMansuiaquiluneuindnveavaglaauas e
lasanlas (P25) warmsiwieniaquilunenindnvenvaglaauazusgladu nisdnwianda
mstesiuiddansthlalanvesiiduvesiaquilurenindnvesgaglaauarinnuilole

3 i =l o v o &
panlen(P25) uaziwaglaauazusgladu Jaszneumeseazidundioluil

4.1 mswisuwagladuazidulounluwaglasainyudosdienszuaunisuailsnasau
nsn
4.1.1 wavesnsanawaglaaainviugesmensruiumsuivanmmani

- al v A .
4.1.1.1 WaMTIATILIRUSEAIBIATEY Fourier Transform Infrared Spectroscopy

2
H

(n) bleaching

Transmittance (%)

(n) raw

[
]
]

1
]
]
1
1
i
]
]
]
]
]
]
]
'
|l
[
[
1
1
1
]
]
]
1
]
]
'

Lignin removal;

N

4000

L)
3600

L]
3200

T v
2800

L]
2400

T

T
2000

T
1600

1200

-
L

Wavenumber cm”

4 = v - ar L) I ar
JUM 4.1 pluuunisganausiddunisiisn FTIR vasegnsewinnszuaumsanawaglaa
1 3 : A o J 1 3 1 ' o
Uszneulumetunuieuludil (n) musesnsuniunszuunsusuann uas
(VY UBBENFIIUNTTUIUMTUTUANMIU dewaxing FagansaralenIadaidn
- v el ) ) . v
HUULRBIN (A) YIUBDENHIUNTTUIUNTUTUAN MUY bleaching ssasarany

loinsulansanlenuazlalasiauiledooanles
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dlethiegsvesrudesnaurunsruIunsUTuanIIAT wazyudeendakiy
nsrvIuMIUTuanmnaaiiiniesgiiuszuaslassaieluanameanaiumsgandussd
dunsusn wansluguil 4.1 nsal (n) Aensvasansiiléantagidusudaiusmedsuudos
frinunsdevhennuareauazeuwisiaunsUsuaniw ns vl (v) Aensmuesansiildainms
mdnansiiduazidansuiiulagldnsadaiinnuuuiions nsv (a) Aensmvessudesd
WADINNTTUIUNITTFUNIHIUNTEUIUNIIWBNAuaEAdalAssas19vesdniunaz el
waglaarmuansazanenauszninansislasiouleseenlsduarladenlansenlesn laowuin
Fygruiiaraduuszana 3,300 cm i 3,600 cm aeandestunisdureaiusy O-H lu
Inua stretching -"uf«ﬁuﬁ‘uazLﬂﬁﬂamaq‘iaaﬁaﬁ'l Fyyruiiavaduyszana 2,900 cm’!
asapdesiunsduvaniusy C-H veuvaglaaluluun stretching Tnsfinvaassiaadui wu
Tunnsegravens i (n) (v) ua (r) Fauanvindiwaglaadudiuusenay Tasiideta (o) &
Snunirdygantiaouauas LLﬁm&lﬁLﬁudwﬁﬁnvmmamaqiaaﬁi’mﬁu Fyuiiavadu
Useana 1,727 cm'! @enndpsiunisduvesiusy C=0 lulvun stretching Sawusy C=0 wu
Tuluanavasansaniuiidnegns (n) uag () dwuftansiedns (A) Linudggrudingn @
Junstuduiifmegrandsiiunszuiunsuivanmmeansazanelonvulansonleduay
lalasiauleioanled dnadensinatewusy C=0 voangu carboxylic luansdndlu [53]
dynuiiavaduussana 1,634 cm? aenadestuntsduveniuse O-H lulvun stretching
eaenndosiumsgandundsnuveniuszuenilulwaglaadenuluiiauiodns lnsawe
agsBsludeeng (p) Tdnvasdudygrunite dygruiiavadulssunn 1,513 cm'
aanAdaafiunsduraaiuse C=C lulvun stretching Fadudnwarvonseylsininvesdn-
fudslainuiidhegns (A) Wumstududniuiuinlinvansaniy dygraiavaduussann
1,365 cm'! aeaadaafiumsdululvun bending vesWusy CH, dududnuuzvaimedusnm
1seﬁﬂssmwwaQTaauazwu‘luﬁamuﬁqaéw Fygnaiiaraduuszana 1,320 cm denndan
fumsduluua bending -?iﬁgmmu rocking U9IWusY CH, %aaﬂué’nwmwaawaq‘[aauaswu
Tuseene () (1) uay (A) Wuiy dygrafiaendulszann 1240 cm! denndoafunisdy
Tnun stretching va9Wusy C=0 Fadudnvarvedniu Tneilinuslusgie (A) uansin
antlugnitdaaanly Fyuiiavaduussunn 1200 et denadesfunisdulvun
stretching ¥89Wusy C-O %anﬂuﬁnwmmamaq'{aa Fyuiiavaduusyann 1,160 cm’!
aonadeafunisduluun bending veuusy C-O iudnwurveseaglaa dyandiavaiu
Uszu 1,051 cm! @enadeatun1sdulnue bending vaswusy C-O Hudnwuzuos
waglaa lnstavadu 1200 cm? 1,160 cm? waz 1,051 cm? wulugegna () (v) wa(e)
Fauanvifiwaglaadudiutsenou Tnsdyyinvesiietie (A) fdnvardyguuauas

) - ol W @ . a
dygruniiavaduyszunn 1,034 e aanadadnun1sdulnun stretching U84usy C-O
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Judnvuzveaaglaa wulussauiograguiy Fyuiiauaduuszana 897 cm’!
asnndofiumsdulymun deformation veswuse glycosidic Asumis 41,4 \Hudnwuzes
waglaa dyguiiiavaduyszanm 832 cm? asandasiunisdulnun bending (out of
plane) voswuse C-H iudnvuzaesdniiu Fslinulumetae (a) 9nmaidunisiudiuin
anflugnidneenly [54-55]

1NKa FTIR anuafindrandrefunansliidiutiosdusznaumaniivesarsietads
Budulein fMeedn (n) uag (v) Tantulavieliwaglaasy windwiniunszuaumsusuaniw
sheasavanslaifenlonsenleduazlelasiauesesnledmiy linumsdulmn stretching ves
Wusy C=0 vesdndu Faduduldidniulimely uazdimunsdulvun stretching vaawuse
O-H uaz C-H luwaglaauansirluansmediiwaglaadudiudseney Wailiidessnmsdvh

- e

et 0‘; o - - ' a = o L
Ufiteestludsulansenlediuwinujiselelasladanvyioamesluluianavesdniiuvial
v & I € o < & = "« o ot 5wy
lassadsdlvunadnasuaswiilsiduaeudumylensenda wasminisuonda Feazareld
v o aaa o el al ' - o Qv a
waziiwihuiselslasladaimilensendasewinluanaveusiiwaglaailiieiivaglaausn
sanuaziinnisuenvesduliwaglaa vinlvlaisavaglaaeenun [56] uazlelnsiauilas
sanledaarsinueyyadase Juinujisertumylensendasenirduianawaglaaiinnis
o @ o o Vo ' = o v @
vianeustlalasiouiieureriuseinluanaveadulawaglaa Inhlviannseaingaglas

aanunla[57)

4.1.1.2 MIAATEALATNESINANAIULATONIRNSIRNULYDIS 1A LN
e v = o ] J as o A
NANNSANANUANIIATIAS AN YDA E 19PN ISIRBINULTBISITONS wanafagua
=Y ' - v ' ' ar s Il - -
4.2 lagdog (n) Asyrudesnousnunszuaunsuivanin Megw (2) Aendnwaglaaly
sysiuluATau (Microcrystalline cellulose) Faluwaglaanansm uagieta (p) Aot

posvaanunsUsvanmenslunellensenleduaslalasiauesoanlan




Intensity (a.u.)
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(200)

(004)

(m) extracted cellulose

(v) Microcrystalline cellulose

(M) raw material

= ) v ] b I L ) ¥ J

30 40 50 60 70
2 theta (deg.)

J : o = « s q' v v o q‘ v 1
JUM 4.2 JUuwuumaideaiuuvesidenduesiagisusiuriudes (n) Yaasudurudesneu
1

v ot @ = A & &
nmsUivanw (v) winwaglaaluszauluaseu (Microcrystalline cellulose) #aiy

WwaglaanNIsin uay (A) YIUsenamIUNITUS VAN WMIBNIEUIUNSIAL]

- o < 2 = - - ) a1 = - '
\osnwaglaaivsdunidusalou Sendmdnuazduibiilusudeu Sundine-

o

4 s Rl ] 4!' o L] -1
dug waviwaglaananmnanivuduwaglaayin ig(cellulose g Ferumianisdsaiuu

L.

Mwannudundnues (cellulose /g ﬂzLﬁﬂmiLgﬂ?muﬁqu 261 16.5° uar 22.5° Fanse
fuszurundnil (110) uay (200) z’huﬁﬂﬁuamﬁadwﬁtﬂuaﬁ’mgw%Lﬁmmﬂ.?;mLuuﬁqu
207 18° Fmuzuuvunsideauuresiidiondludnuard Hafogn () () way (1) was
MnNsieuiisuguiuumsidiuuresiviiendvesiangns (n) fu Mag () wuin
Aumisfinfiuansnnudundnveaglaailauavas lesnniduivaglaandaniiu
nszvunsUSvanisladoulensenleduazlalasiaueseenlediugioyarsnny
Wusduguvenvaglaa Seaeardesiunamsiinssilasadrsluanadoinios FTIR iy

= ar Pa a - -l L] tf L4 L4
nsgudundniuuazieliwaglaasenlule[58-50] uaviliothwaannmsidenuueesisdiond
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flaluduiemAdvilngn (Crystallinity index; Crl) [60-61] lagrunlaangms aun1s
<
4.1

Erystallinlty fdex (36 1(200)—1 am
rystallinity index - 1(200)

x 100 % (4.1)
-4 = U 2 A ﬂl. - ] A = - 1
Tned 1200) ABANAINLVNFIFANIEUIU 200 Fauanafsdrunlunan uay / am AD AN
v ] o g ar =] 4” = o = L s [
AUTNYDIEIUNIUUDAUFIU NYUVDINTIALUUUY 18° FIANYUNENVDISI9E19 () (1)

w =
way (M) LaRININI1319N 4.1

P | e o e y - v 1 [Y) v
19199 4.1 Amvunan (Crystallinity index ; Crl) v9991upBENULALMAINITUTU

anm uaziwaglaanieinsin (microcrystalline cellulose)

FDE Crystallinity index (%)
(N) YIUDDUNBUNIUNTZUIUNNS 60
Usuanw
(v) waglaanianisen 92

(Microcrystalline cellulose)

(M) TIUDBENAIWIUNITUSUANN 74
mvansazarelumeulansen

loauazlalasiauasoonlas

| 4
o

= 4 o A =4 < o o '
INAITNN 4.1 WBATUIUMIANTUNANIUTBUYIEUTENINIAIB87 (N) (V) Was(R) Wy
W | o 2 v ¥ o oo e P~ o o Y oa =
WU Meds (1) Iduewaglaanemsadulianeiindngsiige osendegraiudundn
as 4 a1 do a v ' o = = o 8§ va 1 [ <t
wagladlusyauluasou AellusddundaGosiuodindusalovioihlifidanudundngs
IJ ] ar " 5 - 2 1 a ar b =l
Vdgn @umIne N (N) Uaz (A) UuAsYIURBENBURAYYAINISUTVan wmMeasavarslafoule
¢ 3 ¢ o ° i v oA o o X @
asenlduazlalasiouileioanled Faanuanisduiumud AdyinEnfigeiundiiy
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Cellulose/TiO, composite film
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Abstract

Cellulose/TiO2 composite film was prepared for UV shielding applications. Cellulose was extracted
from sugarcane bagasse by ball milling process. The cellulose/ TiO; composite film with different
concentrations of cellulose showed a synergic feature of optical transparency and UV-blocking. The
crystalline structure of cellulose was characterized by X-ray diffraction (XRD). The treated cellulose
has higher crystallinity than the untreated cellulose. Fourier transform infrared spectroscopy ( FT-
IR) analysis shows the evidence of chemical treatment hemicellulose and lignin removal from
sugarcane bagasse. The optical properties were measured by UV-Vis spectrometer, the results of
TiO; and cellulose solution correspond to UV- A and UV- C absorbance regions with high
transparent of cellulose composite films. The revealed results are essential for UV protecting
materials application.

Keywords: nanocellulose composite, TiO» UV-shielding, ball milling

1. Introduction

Cellulose is the most abundant resource material on earth. Cellulose is natural, renewable and
biodegradable polymers [ 1, 2]. It is a linear homo-polysaccharide composed of (1 — 4) linked D-
glucose units. Cellulose can be found in wood, cotton, rice straws, and sugarcane bagasse [2-5].
Sugarcane bagasse is a residue from sugar and alcohol industries. Many industries have used
sugarcane bagasse as a raw material for electronic sensor, paper production, fermented products,
and packaging [ 3]. In general, sugarcane bagasse contains 40- 50% cellulose, 25- 35% of
hemicellulose and 18-24% of lignin [3, 5]. Various methods, such as acid hydrolysis, ionic liquid
treatment, enzymatic hydrolysis and mechanical treatment, can be used to obtain cellulose. As a
mechanical treatment, ball milling is a top-down technique from micro to nano-scale materials. Ball
milling is widely used for the preparation of nanoparticles because of its simple operation, use of
relatively inexpensive equipment, and its broad applicability to most types of biomass [6-7].
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Hybrid inorganic/ organic materials constitute a new class of functional nano- composites
that exhibit high optical, thermal, and mechanical properties due to synergistic effects [8-9]. Natural
cellulose is a linear polymer of B-(1—4)-D-glucopyranose with abundant surface hydroxyl groups
forming plentiful inter- and intra- molecular hydrogen bonds. These hydroxyl groups provide
suitable substrate for metal oxide incorporation onto the cellulose surface. Moreover, the extensive
hydrogen bond network builds up a defined hierarchical order of supra- molecular organization for
providing a chamber with the formation of inorganic nano- materials. Incorporation of TiO:z to
polymer casting solution could greatly affect the morphologies and properties of the resulting
composite. Consequently, a wide range of applications can be obtained such as antimicrobial, anti-
fungal, UV protective or self-cleaning properties. TiO2is a promising metal oxide that is extensively
utilized in many industrial processes due to its stability, biocompatibility, non-toxicity and low cost
[5-8].

In this work, cellulose was extracted from sugarcane bagasse by ball milling with mild acid
hydrolysis and cellulose/ TiO; composite films were prepared for an ultraviolet protecting material
candidate.

2. Materials and Methods

2.1 Materials

Sugarcane bagasse was collected from plantations located at Sing Buri province, Thailand and used
as a starting source of cellulose. Other reagents used were sulfuric acid, sodium hydroxide and
hydrogen peroxide.

2.2 Methods

2.2.1 Isolation of cellulose

For extraction of cellulose, sugarcane bagasse was dried in sunlight and then cut into small pieces.
The cut bagasse was milled into a powder. The bagasse powder ( 100 g) was dewaxed using 5%
(v/v) sulfuric acid solution (2000 mL) for 2 h with constant stirring at 60 °C. The water-soluble
components were removed with 50% (v/v) ethanol solution. The dewaxing process was repeated for
4 times. The residue was consequently washed with distilled water until the pH of the washed water
became neutral. This step was conducted to remove lignin. In order to remove hemicellulose, the
residual was bleached using 24% hydroogen peroxide and 4% sodium hydroxide solution with
mechanical stirring at 60 °C for 2 h, filtered, and washed with distilled water to neutrality. After
that, the slurry of 1% (wt/wt) purified cellulose in water was processed by grinding with ball milling
process with the two different diameters size of zirconia balls (2 and 5 mm), in which the ball to
material weight ratio was 3: 1. The milling was performed for 24 h at 275 rpm with distilled water.
The product was filtered and washed with distilled water until the pH of the washing water became
neutral

2.2.2 Preparation of cellulose and cellulose/TiO: composite films

For preparing cellulose and cellulose/ TiO; composite films, poly vinyl alcohol (PVA) was used for
solution preparation. The 5% (wt/wt) PVA solution was prepared by dissolving in distilled water.
Cellulose (0.05, 0.5, and 1% (wt/wt)) was added to the PVA solution. The stirring was performed at
80 °C for 2 h. After that, the mixed precursor was dispersed by sonication for about 5 min. For the
preparation of cellulose/ TiO, composite films, the 0.01% (wt/wt) TiO; solution was prepared by
dispersed it in distilled water then added to the 5% (wt/wt) PVA solution using mechanical stirrer for
1 h. After that cellulose of 0.05, 0.5, and 1% (wt/wt) was added to the PVA/TiO, solution then stirring
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at 80 °C for 2 h and the resulting mixture was dispersed by sonication for 5 min. The final suspension
was casted in PET plates and dried at 55 °C for 4 h to remove water before characterization.

2.3 Characterization

The chemical constituents of sugarcane bagasse and cellulose composite were investigated by FTIR
spectroscopy ( Thermo Scientific Nicolet 6700). The FTIR spectra were recorded in the region
between 4000 and 400 cm™'. The crystalline structure and phase identification of the cellulose
composites were investigated by X-ray diffraction (Rigaku, Smartlab). The optical transmittance of
the prepared films was measured from 200 to 700 nm using UV-Vis spectrometer (PG, T90+).

3. Results and Discussion

3.1 FTIR spectroscopic analysis

FTIR spectra of sugarcane bagasse and extracted cellulose are shown in Figure 1. Accordingly, all
samples have three main absorbance regions (Figure 1(a)) in the ranges of 800- 1200 cm’!, 1200-
1800 cm™ and 2500-3900 cm™ which are assigned to different vibrations mode of various functional
groups as observed in Figure 1(b)-(d). The peak at 832 cm™' indicates the bending vibration of the
arene C-H bond in lignin. The peak was not found after the bleaching and extracted cellulose by
ball-milling in sample (3) and (4). The peak at 897 cm™' in sample (3) and (4) is associated with -
glycosidic linkages between glucose units in cellulose/hemicellulose [ 10]. This characteristic peak
was not found in lignin structure (sample (1) and (2)) indicating that the bleached and extracted
samples contain greater amount of cellulose and hemicellulose. The strong peaks observed in the
spectra of all samples between the ranges of 1034, 1051 and 1160 cm' are related to the C-O
stretching of cellulose, in plane aromatic C- H deformation vibration of lignin, and C- O
antisymmetric stretching vibration of glucosidic ring in cellulose/hemicellulose and pyranose ring
C-0O-C asymmetric stretching of cellulose/hemicellulose, respectively [12]. The peak at 1105 cm!
can be assigned to the C-O-C glucosidic ring vibration in cellulose. The absorption peaks at 1200
em ! is O- H deformation vibration mode of cellulose, while the 1240 cm™' peak is aryl C-O out of
plane stretching vibration in lignin. After bleaching process, the lignin peaks are not found in
samples (3) and (4), revealing the complete removal of lignin. The absorption peaks at 1320 cm’!
which are present in all samples are assigned to CH, wagging. The peak at 1365 cm™ and 1450 cm
! correspond to the bending vibrational mode of C-H and C-O bonds in polysaccharide aromatic
rings and the C-H asymmetric deformations, respectively [10 - 12]. The peak at 1513 cm™ is derived
from vibration mode of C=C aromatic ring skeletal in lignin. After bleaching process and extraction
in sample (3) and (4), this characteristic peak of lignin vanished. The peak at around 1600 cm™" in
raw bagasse and dewaxed sample is due to C=0 stretching vibration. This peak also disappears in
extracted and blenched samples. The wide absorbance peak at around 1634 cm™' in the extracted
and blenched samples is associated with absorbed water in cellulose. Moreover, the peak positioned
at 1728 cm ' is correlated to C= O stretching vibration of carboxylic group of lignin and
hemicellulose [10-12]. The cellulose samples after bleaching process do not have the peak at 1728
cm’!, indicating that lignin and hemicellulose are totally removed from sugarcane bagasse [13-15].
The absorption peak at around 2900 cm' is due to the C-H stretching vibration. The broad peak at
around 3340 cm™!' is attributed to the O-H stretching vibration of the OH groups.

From the FTIR analysis, it is shown that sample ( 1) and (2) contain lignin and
hemicellulose. After bleaching process with hydrogen peroxide solution and extraction of cellulose
by ball-milling, the characteristic peak of hemicellulose and lignin vanished. The cellulose was
purified by chemical and mechanical treatments to remove of lignin and hemicellulose during
cellulose isolation process.
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Figure 1. (a) FTIR spectra of lignocellulose, (b) FTIR spectra in the region between (800-1200 cm™),
(c) between (1200-1800 cm™) and between (2500-3900 cm™').

3.2 X-ray diffraction

X-ray diffraction was used to analyze the cellulose structure and crystalline. There are several
polymorphs of cellulose (I, II, 11l and IV). Typically, cellulose in natural such as trees, plants,
tunicates, algae, and bacteria is cellulose I polymorph with monoclinic and triclinic structures. The
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XRD pattern of cellulose I contains the main diffraction peaks at 20 are around 16.5°, 22.5° and
34.5° which correspond to the (110) (200) and (004) lattice planes [ 16]. The XRD results were
shown in Figure 2 in which sample (a) is untreated cellulose and sample (b) is treated cellulose by
ball-milling 24 h. There are two main peaks at 16.5, 22.5" in the XRD pattern of untreated cellulose
with broadening base peak due to the amorphous nature. After the cellulose was treated by bleaching
and ball-milling process, the flat base line in (110) and (200) peaks with the small peak at 26 =
34.5° are observed. From the XRD results, it can be summarized that the bleaching and ball-milling
processes increased the crystallinity of cellulose because the hydrolysis in bleaching process
removed the amorphous lignin and hemicellulose [11, 17].

(200)

(110)

/ (004)

Intensity(cps)

LA | LI, | i T T Y I T LN L A | = L I b I RS |
5 10 15 20 25 30 35 40 45 50 55 60 65 70
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Figure 2. XRD patterns of (a) sugarcane bagasse, (b) cellulose ball-milling 24 h

3.3 Transmittance

The UV absorbance spectra of TiO, and cellulose solution were measured from 200 to 700 nm. The
absorbance of TiO; and cellulose solution shown in Figure 3 exhibits its UV-blocking ability. The
strong absorbance peak at around 200 nm and 350 nm of cellulose and TiO; solution correspond to
UV-C and UV- A regions, respectively. UV- Vis spectra in transmission mode was recorded for
PVA/ cellulose without TiO, and PVA/ cellulose with TiO, composite films with different
concentrations of cellulose (0.05, 0.5 and 1 wt %). The results of transmittance were shown in
Figure 4. Bare PVA/cellulose without TiO, and PVA/cellulose with TiO, composite films have
rather high transparency in visible region implying that these films are able to transmit visible light
while shielding UV radiation. As the same time, when increasing the concentration of cellulose
composite films, the UV transmittance decreased (Figure 4) . Meanwhile, as the film was
incorporated with TiO»-P25 nanoparticles, their transparencies in UV region ranging from 250-350
nm drastically decreased but their values in visible region insignificantly decreased. The feature can
be related to the typically strong UV absorbance character of cellulose and TiO».
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Figure 3. The UV absorbance spectra of TiO, and cellulose solution.
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Figure 4. UV-Vis spectra of PVA/cellulose films (a) and PVA/cellulose composite films (b)

4. Conclusions

In this study, cellulose was successfully isolated from sugarcane bagasse by ball-milling process
and acid leaching. The FTIR spectra analysis shows that the chemical treatment could remove most
of hemicellulose and lignin from the sugarcane bagasse as shown by the disappearance of
characteristic peaks of hemicellulose and lignin. The XRD pattern revealed that the treated cellulose
by bleaching and ball-milling process has a higher crystallinity than the untreated cellulose. The
absorbance regions of of TiO: and cellulose solution correspond to UV-A and UV- C while the
optical transparency of cellulose composite films are high transmittance. Thus the composite films
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have the optical properties of UV protecting with high transparency. Under these conditions, the
obtained results show that the cellulose composite films could be applied for the realization of
transparent, low-cost, lightweight, and flexible substrates in UV-blocking fields.
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Abstract. This study is proposed to characterize nanocellulose extracted from sugarcane bagasse (SCB). For extracting
cellulose, the bagasse was treated by chemical treatment. The nanocellulose was prepared using ball-milling with acid
hydrolysis. Morphology of bagasse. cellulose and nanocellulose were characterized by scanning electron microscopy
(SEM).The chemical composition of extracted cellulose and nanocellulose was investigated by Fourier- transformed
infrared spectroscopy that verifying the removal of lignin and hemicellulose during cellulose isolation process from
sugarcane bagasse. The crystalline structure of cellulose and nanocellulose were characterized by X-ray diffraction (XRD),
indicating that the nanocellulose prepared by ball milling with acid hydrolysis has higher crystallinity than nanocellulose
prepared only ball milling.

Keywords: Sugarcane bagasse, Nanocellulose, Ball milling, Acid hydrolysis

INTRODUCTION

Cellulose is a polysaccharide and is the main part of plant cell wall such as flax, bamboo, cotton, wheat straw and
sugarcane bagasse. It is also recognized as a renewable and environmentally friendly biodegradable polymer. In
general, cellulose has gained great interest in developing biodegradable materials from natural resource for
papermaking and transparent films. [1-3]. Cellulose generally possesses good properties, including a low density, high
specific surface area and good mechanical properties. Sugarcane bagasse that is a residue by the sugar and alcohol
industries is one of potential sources of cellulose [3]. It has been reported that about 40 - 50% of sugarcane bagasse
contains approximately 40 - 50% of cellulose, which is in a crystalline structure. Another 25 - 35% is hemicelluloses,
an amorphous polymer. The remainder of about 18 - 24% is lignin [4, 5]. Normally, there are several types of cellulose
including cellulose I, II, IIT and IV) and it is known that cellulose I and II are mostly found in nature [6].

Nanocellulose is a cellulose in nanometer scale has a size range from 10 nm to 350 nm. It typically has a greater
surface area than normal cellulose. There are different techniques used to produce nanocellulose, including acid
hydrolysis, ultrasonic technique and enzymatic hydrolysis [3, 7, and 8]. The acid hydrolysis method is considered to
be an easy and fast process to produce nanocellulose. The nanocellulose obtained from acid hydrolysis has small size
including microcrystalline cellulose and cellulose nanocrystalline (CNC) [9]. A strong acid such as H;SO4 and HCl is
practically used to break the glycoside bond in cellulose while mechanical method could produce cellulose nanofibrils
(CNF) which have both crystalline and amorphous phase. Different techniques have been employed to produce CNF,
including high pressure homogenization [10], grinding [11] and ultrasonic techniques [12]. Ball milling is one of
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attractive processes that can be employed to prepare from micro to nano-scale materials. This process has been widely
used for preparation of nanoparticles because of its simple operation and cost-effectiveness of equipment set-up [13].

This study represents the cellulose extraction from sugarcane bagasse using ball-milling process together with acid
hydrolysis. The production of ball-milling-assisted acid hydrolysis were expected high surface area and high
crystalline. The ball milling technique is increased the surface of cellulose and acid hydrolysis is increase the
crystallinity of cellulose because the hydrolysis can be removed the amorphous region of cellulose, giving fast to
formation of cellulose microfibrils. Characterization including Fourier transform spectroscopy (FTIR), X-ray
diffraction (XRD) and UV-VIS spectroscopy was conducted to investigate relevant properties of the prepared
products.

MATERIALS AND METHODS

Materials

Sugarcane bagasse was used as the source of the cellulose, collected from plantations located at Singburi, Thailand.
Sugarcane bagasse were cleaned using hot water and then dried in sunlight. After that cut into small pieces then grind
into a powder. The solvent used to remove lignin and hemicellulose were sulfuric, hydrogen peroxide and sodium
hydroxide.

Methods

Delignification of cellulose from sugarcane bagasse

The powder of sugarcane bagasse (20 g) was dewaxed using ethanol/water (1:1 v/v) while the mixture was boiled
for 2 h, and the process was repeated for 2 times to remove off waxes. The dewaxed powder was then bleached using
5% sulfuric acid (v/v) water solution (200 mL) with constant stirring at 60 °C for 2 h. The mixture was washed with
ethanol/water (1:1 v/v), and the process was repeated for 4 times to partially remove the lignin and hemicellulose.
Finally, the residue was filtered and washed with distilled water until the neutral pH was reached.

Extraction of cellulose

The residual was bleached using 24% hydrogen peroxide (v/v) and 4% sodium hydroxide (w/v) water solution
with mechanical stirring at 60°C for 2 h to completely remove lignin and hemicellulose. At the end of extraction, the
residue was filtered and washed with distilled water to reach neutrality.

Preparation of nanocellulose

Cellulose was dried to constant weight at 55°C. Nanocellulose was prepared using ball milling with acid hydrolysis.
Firstly, 2 g of dried cellulose was placed in a 160 mL polypropylene container with 80 mL of sulfuric solution using
acid concentration (0%, 20% and 40%), respectively and 200 g of zirconia balls (5 mm in diameter). The milling was
performed for 12 h at 150 rpm. The milled product was filtered and washed with distilled water until the pH of the
washing water became neutral.

Characterization

The FTIR spectra were recorded in the spectral region between 4000 and 400 cm™! ( Thermo Scientific Nicolet
6700) to investigate the chemical changes during cellulose extraction process from sugarcane bagasse.

The crystalline structure and phase identification of the cellulose composites were investigated by X-ray diffraction
(Rigaku, Smartlab).
The optical absorbance of cellulose was measured from 190 to 700 nm using UV-Vis spectrometer (PG, T90+).
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RESULTS AND DISCUSSION

Infrared spectroscopy (IR) analysis

The chemical constituents of sugarcane bagasse (untreated cellulose) and prepared nanocellulose are shown in
Figure 1 and 2, respectively. The FTIR spectra of all samples indicate two main absorbance regions in the range of
800 — 1800 cm™! and 2700 — 3500 cm "', The figure 1 shows FTIR spectra on extraction of cellulose process sample
(a), (b) and (c) are untreated sugarcane bagasse, delignification of cellulose (chemical treated) and alkali treated
(extracted cellulose) , respectively.

(a) untreated sugarcane bagasse

(b) chemical treated

(¢) extracted cellulose

Transmittance (%)

T T T

T T
4000 3500 3000

T T

T T T
2500 2000 1500 1000 500

Wavenumber (cm'lj

FIGURE 1. FTIR spectra of (a) is untreated cellulose, (b) chemical treatment and (c) extracted cellulose

In Fig.1 () and (b), the peaks at 832 cm' is attributed to the bending vibration of arenes C-H bond in lignin after
chemical treatment process using alkali treatment while this band cannot be found in sample(c). The peak at
897 cm'! is associated to B-glycosidic linkages between glucose units in cellulose/ hemicellulose. However, this
characteristic peak is not found in lignin structure. The peak at 1034 cm™ is related to the C-O stretching/ in plane
aromatic or aromatic C-H deformation vibration of cellulose/ lignin. The peak at 1051 is ascribed to the C-O
antisymmetric stretching vibration of glucosidic ring in cellulose/ hemicellulose. The peak at 1160 cm™! is related to
pyranose ring C-O-C asymmetric stretching of cellulose/ hemicellulose. Furthermore, the peak at 1105 cm™' can be
assigned to the C-O-C glucosidic ring vibration in cellulose and is agreeable with aromatic C-H in plane deformation
of lignin. The absorption peaks at 1200 cm™ is O-H deformation vibration mode of cellulose while 1240 cm™ is aryl
C-O out of plane stretching vibration in lignin. After chemical treatment process, these peaks are not found in sample
(b) and (c) suggesting the considerable lignin removal. The absorption peak at 1320 cm™' assigns to CH, wagging
frequency of cellulose which appear all of sample. The peak at 1365 cm ' corresponds to the C- H
bending/ polysaccharide aromatic C-O vibration and aliphatic C-H stretching mode of cellulose, hemicellulose and
lignin which can be found in all samples. Moreover, band situated at around 1450 cm™' is due to C-H asymmetric
deformations. Peak around 1600 cm™ in untreated sugarcane bagasse is due to C=0 stretching vibrations of lignin that
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is unobservable after alkali treatment (in sample c). The absorbance band located at around 1634 cm™ of all samples
are associated with absorbed water in cellulose. The peak positioned at 1728 cm™ is correlated to C=0 stretching
vibration of carboxylic group of the lignin and hemicellulose. The cellulose samples after chemical treatment process
using alkali treated do not have the peak at 1728 cm!, indicating that lignin and hemicellulose was removed from
sugarcane bagasse (Fig.1) [14-17]. The absorption peak around 2900 cm™ is due to the C-H stretching vibration. The
broad peak around 3340 cm is attributed to the O-H stretching vibration of the OH group.

Figure 2 represents FTIR spectra on preparation of nanocellulose process. Sample (a), (b), (c) and (d) are extracted
cellulose using alkali treated, prepared nanocellulose- I using ball milling for 12 h with acid hydrolysis (0%), prepared
nanocellulose- II using ball milling for 12 h with acid hydrolysis (20%) and prepared nanocellulose- I using ball
milling for 12 h with acid hydrolysis (40%), respectively. From the FTIR analysis, in Fig.1 sample (a) and (b) have
lignin and hemicellulose structure in untreated cellulose. On the other hand, after chemical treatment with hydrogen
peroxide and sodium hydroxide solution in sample (c), the characteristic peak of hemicellulose and lignin was not
found, indicating that the cellulose was purified by chemical treated process due to the removal of lignin and
hemicellulose during cellulose isolation process.

—~

(a) extracted cellulose

(b) Ball milling_DI

() Ball milling_20 H,SO,

Transmittance (%)

(d) Ball milling_40 H SO,

T

I
4000 3500

1 L] Ll I = L] ]
3000 2500 2000 1500 1000 500
Wavenumber (cm'l)

FIGURE 2. FTIR spectra of (a) extracted cellulose, (b) prepared nanocellulose- I using ball milling for 12 h with acid hydrolysis
(0%), (c) prepared nanocellulose- II using ball milling for 12 h with acid hydrolysis (20%) and (d) prepared nanocellulose- I
using ball milling for 12 h with acid hydrolysis (40%)
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X-ray diffraction analysis

There are several polymorphs of cellulose (I, I1, 111 and 1V). Cellulose I which is from natural source such as trees,
plants, tunicates, algae, and bacteria. Cellulose I polymorph has monoclinic and triclinic structure [6]. The crystalline
structure of cellulose was investigated by X-ray diffraction (XRD). In this work, cellulose was extracted from
sugarcane bagasse which is cellulose I. Figure 3 shows the X-ray diffraction patterns of samples known as extracted
cellulose and prepared nanocellulose by ball milling with acid hydrolysis for 12 h. These sample indicates diffracted
peaks at 26 around 16.5° 22.5° and 34.5° corresponding to the (110) (200) and (004) lattice planes which are
representing the typical cellulose I structure [ 17]. The crystallinity index and crystal size for extracted cellulose and
prepared cellulose were calculated by equation (1) and (2), respectively. The result of crystallinity index and crystal
size are shown in Table 1.

Crystallinity index (%) = [/ 200 - 1 am /I 200] X 100% (1

Where / (200 is the intensity value for the crystalline cellulose (26 = 22.5° for cellulose 1 and / 4 is the intensity
value for the amorphous cellulose (26 = 18° for cellulose 1) [3, 19, 20].

Crystal size = 0.9 4 / (g12cos 0) (2)

Where K is the correction factor and usually taken to be 0.91, A is the radiation wavelength, 6 is the diffraction
angle, and B1/2 is the corrected angular width (in radians) at half maximum intensity.

Fig. 3(a) represents XRD patterns of extracted cellulose. Sample (b), (¢) and (d) are prepared nanocellulose- | using
ball milling for 12 h with acid hydrolysis (0%), prepared nanocellulose- II using ball milling for 12 h with acid
hydrolysis (20%) and prepared nanocellulose- I using ball milling for 12 h with acid hydrolysis (40%), respectively.
From the XRD results, it can be summarized that after ball- milling with acid hydrolysis process the crystallinity of
cellulose can be increased because of the hydrolysis in bleaching process that can effectively remove the amorphous
phase, lignin and hemicellulose.

— cellulose
= Ball milling_ DI
—— Ball milling 20 H,S0,

— Ball milling 40 11,80,

Intensity (a.u.)

FIGURE 3. (a) is extracted cellulose using chemical treatment, (b) prepared nanocellulose- I using ball milling for 12 h with acid
hydrolysis (0%), (c) prepared nanocellulose- 11 using ball milling for 12 h with acid hydrolysis (20%) and (d) prepared
nanocellulose- I using ball milling for 12 h with acid hydrolysis (40%)
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TABLE 1. Crystallinity index and crystal size of extracted cellulose and prepared nanocellulose

Sample Crystallinity index (%) Crystal size (nm)
Extracted cellulose 71.2 3.74
Prepared cellulose-1
(Ball milling_DI) 78.7 247
Prepared cellulose-II
(Ball milling_20%H=S04) 71.1 247
Prepared cellulose-II1
(Ball milling_40%H:S04) 86.1 3:27

UV- Vis spectrometer analysis

The UV absorbance spectra of cellulose solution were measured from 190 to 700 nm and corresponding results are
shown in Figure 3. The sample (a) is extracted cellulose using chemical treatment, sample (b) is prepared
nanocellulose- I using ball milling for 12 h with acid hydrolysis (0%), sample (c) is prepared nanocellulose- II using
ball milling for 12 h with acid hydrolysis (20%) and sample (d) is prepared nanocellulose- III using ball milling for
12 h with acid hydrolysis (40%). The intensity absorbance peaks of all samples are around 200 nm, which correspond
to UV-C regions. It is further noticed that the intensity peak of prepared nanocellulose-III (sample d) is greater than
prepared nanocellulose-II (sample c). It can be summarized that the absorption of cellulose can be enhanced after ball-
milling with higher acid concentration due to the small size of cellulose with higher surface area.

2.6

2.4

2.2

2.0 4

1.8 (a) extracted cellulose
- L
5 16 ~—— (b) Ball milling_DI
\8, ! (c) Ball milling_20 H SO,
g —— (d) Ball milling_40 H SO,
£ 124
S )
'g 1.0
< : E

0.8 4

0.6 -

0.4 4

0.2 4

Ll é 1 v T & L] v L v
200 300 400 500 600 700
Wavelength (nm)

FIGURE 4. (a) is extracted cellulose using chemical treatment, (b) prepared nanocellulose- I using ball milling for 12 h with acid
hydrolysis (0%), (c) prepared nanocellulose- II using ball milling for 12 h with acid hydrolysis (20%) and (d) prepared
nanocellulose- I using ball milling for 12 h with acid hydrolysis (40%).

020005-6



CONCLUSIONS

In this work, cellulose was successfully extracted from sugarcane bagasse by ball-milling-assisted acid hydrolysis.
The FTIR spectra analysis shows that the chemical treatment could remove most of hemicellulose and lignin from the
sugarcane bagasse as shown by the disappearance of characteristic peak of hemicellulose and lignin. From XRD
results, it is found that the treated cellulose by alkali treatment and ball-milling with acid hydrolysis process had a
higher crystallinity than untreated cellulose. The absorbance of prepared cellulose using milling with acid hydrolysis

has greaterabsorption than extracted cellulose.
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ABSTRACT
Cellulose/TiO, composite was prepared by conventional mixing using distilled water as
medium. The structure and relevant properties of cellulose/TiO, composite were characterized
by X-ray diffraction (XRD), Fourier Transform Infrared Spectroscopy (FTIR) and UV- Vis
spectroscopy. XRD results exhibit typical cellulose structure type I. The absorbance spectra
of TiO, and cellulose exist in vicinity of 200 nm and 350 nm in the UV range, corresponding
to the UV-C, UV-B and UV-A. In addition, the UV absorption band of the composite can
be extended covering wide UV region. Corresponding FTIR results suggest the existence of

chemical bonding or surface interaction between TiO,and cellulose.

Keywords: titanium dioxide, cellulose, composite, FTTR

1. INTRODUCTION

Nowadays, organic-inorganic composite
materials express new unique properties
promising for superior performance in wide
range of applications and emerging advanced
technology. Cellulose / Titanium dioxide (T10,)
composite as potential organic-inorganic material
has gained considerable interest in several
applications including self-cleaning materials,
UV shielding materials, and air purification
filters [1-3]. Natural cellulose is typically a
polymer of B-(1—4)-D-glucopyranose with
abundant surface hydroxyl groups forming
plentiful inter- and intra- molecular hydrogen

bonds. These hydroxyl groups provide suitable
substrate for metal oxide incorporation onto
the cellulose surface [4]. TiO, nanoparticles
have attracted considerable attention because
of the exceptional properties including wide
optical band gap, strong ultraviolet absorptivity,
non-toxicity, good chemical stability, excellent
photocatalysis and high energy conversion
efficiency [5]. TiO, naturally exists in three
main phases: anatase, rutile, and brookite with
different energy band gaps of about 3.2, 3.0 and
3.3 eV, respectively. These absorption energies
are according to ultraviolet (UV) range to visible
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edge at around 416 nm [6-7]. In this work, the
TiO, (P25) powder containing mixed anatase
and rutile phases was used as an inorganic
component to prepare an organic-inorganic
material composite.

Furthermore, an incorporation of small
amount of functional organic-inorganic composite
can significantly improve mechanical, thermal
and optical properties of host matrix [10]. The
aim of the present work is proposed to study
optical absorption and interaction between the
cellulose and TiO, in form of organic-inorganic
hybrid nanocomposite materials.

2. MATERIAL AND METHOD
2.1 Material

Sugarcane bagasse was collected from a
factory located at Singburi province, Thailand
and was used as a starting source of cellulose.
Titanium dioxide (P25) was purchased from
Sigma Aldrich.
2.2 Method

Cellulose was prepared from sugarcane
bagasse by ball-milling-assisted acid hydrolysis
process [11]. The cellulose/TiO, composite
material was prepared from the extracted
cellulose and TiO, nanoparticles. 0.5 % (w/v)
of cellulose nanofibrils (CNF) was dispersed
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in distilled water at room temperature using
mechanical stirring at 500 rpm for 1h. Then
0.5% (w/v) of TiO, nanoparticles were mixed
and dispersed in the cellulose stock. The mixture
was prepared at room temperature by stirring
at 500 rpm for 1h. The final suspension was
casted onto PET substrate and dried at 40 °C
for 12 h to remove water and moisture before
characterization.

2.3 Characterizations

The chemical constituents of cellulose,
TiO, and the composite were investigated by
Fourier Transform Infrared (FTIR) spectroscopy
(Thermo Scientific Nicolet 6700). The FTIR
spectra were recorded in the region between
4000 and 400 cm. The crystalline structure and
phase identification of the cellulose composites
were investigated by X-ray diffraction (Rigaku,
Smart lab). The optical transmittance of the
prepared films was measured from 190 to
700 nm using UV-Vis spectrometer (PG, T90+).

3. RESULTS & DISCUSSIONS
3.1 Crystallinity Analysis

Figure 1 shows the XRD patterns of
cellulose, TiO, and cellulose/ T1O, composite. In
Figure 1 (a), peaks at 16.2° and 22.2° correspond

Intensity (a.u)

(c) Cellulose/T iOZ
-u M ‘IW Wt Marrrt st

B 1Oy Rutie
B 10O, Anatase
B Cellulose |,

= e 3 s -
= = S ) T = 5
% < = e 8 o2 3
= r = o P =
2 B | I i g =g %
M G w o
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aaliick 222" 200) (b) 10O,
(a) Cellulose

0 4
2-Theta (deg)
Figure 1 XRD pattern of (a) cellulose, (b) TiO, and (c) cellulose/TiO,.
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to the (110) and (200) lattice planes, respectively.
These peaks are attributed to typical crystal
lattice of cellulose I;. XRD spectra of the P25
(Figure 1(b)) confirm the presence of anatase
along with rutile phase. Several characteristic
peaks attributing to anatase at 25.4°, 38.0°,48.3°,
53.8° and 62.8° are observed. The small peak
at 27.5° corresponds to the typical rutile phase.
This XRD pattern is in good agreement with
the standard diffraction data (JCDS 21-1272
and 21-1276). The calculated weight fraction
between anatase and rutile from the integrated
intensity peaks of anatase (101) and rutile (110)
were 90.7% and 9.3 %, respectively [12]. The
cellulose/TiO, composite (Figure 1(c)) shows
the high intensity XRD pattern of TiO,, which
indicates the high crystalline anatase phase
according to the starting TiO, phase fraction
[13]. No any significant changes in the XRD
patterns of both TiO, and cellulose in the
composite.

3.2 FTIR Spectroscopic Analysis
Cellulose I, is long chain polysaccharide,
composed of f-1,4-linked D-glucopyranoside
units as shown in Figure 2(a). Linear §-D-
glucopyranoside chains are connect to parallel
adjacent chains by hydrogen bonds (O-H-O)
as shown in Figure 2(b). Hydrogen bonds

Chiang Mai J. Sci. 2019; 46(3)

involving OH at the C-2, C-3, and C-6 positions
play key roles in the packing of cellulose chain
to a particle of cellulose crystal. Each sheet of
B-D-glucopyranoside chain are stacked and
connected to neighboring layer by van der Waals
hydrophobic interaction between pyranose ring
without any hydrogen bonds along an a-axis.
The formation of hydrogen bonds reflects
cellulose information of amorphous, crystallinity,
and crystallographic structure. Moreover, the
packing of microfibril via surface hydroxyl
groups and the interactions between cellulose
surface hydroxyl groups and metal oxide surface
can be also examined by the hydrogen bond
formations [14-18]. In this study the FTIR
spectra were deconvoluted by using curve fitting
method in order to carefully investigate in the
region of OH stretching modes.

The overall IR spectra of cellulose (a),
cellulose/TiO, (b) and TiO, (c) in the range
between 4000-400 cm™ are shown in Figure
3. The board band at 3600-3000 cm refers
to the stretching vibration of hydroxyl groups
of cellulose chain via both inter- and intra-
molecular hydrogen bonds [14-16] contributing
with hydroxyl groups of water molecules. The
presence of O-H bending vibration mode of
the peak position at around 1600 cm ' confirms
the existence of adsorbed water molecules

(b)

Figure 2 (a) Cellulose I, crystal structure model [32] with (200) plane due to intersheet spacing
projection on b-direction and (b) part of cellulose chain molecule in cellulose sheet projection

on a-direction.
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Figure 3 FTIR spectra of (a) cellulose, (b) cellulose/TiO, and (c) TiO..

in all samples. The absorption band range at
around 2830 cm’' to 2970 cm” corresponds to
the C-H, CH, stretching vibration of cellulose
[17-21] which is not detected in the starting
TiO, sample. The peaks between 1250 and
1450 cm ' are assigned to the bending vibrational
mode of CH, wagging and rocking with C-C-H
and C-O-H bending modes [33, 34, 36]. The
cellulose fingerprint absorption region around
930 to 1160 cm ' is attributed to C-O-C and
C-O stretching vibrational mode of cellulose
structure [14, 16-18]. The strong peak intensity
at around 400-800 cm’' is characteristic of
metal oxide Ti-O bond which is presented in
both TiO, and cellulose/TiO, composite. The
results confirm the existence of TiO, particle
on cellulose composite sample.

Figure 4 presents the deconvoluted bands of
OH stretching region of intra- and inter-molecular
hydrogen bonds in crystalline, amorphous
and surface hydroxyl groups of cellulose. The
deconvoluted peak in this region can be used to
confirm the characteristic of cellulose I,. The
curve fitting method deconvoluted the IR band
in this region into seven bands [14-15, 18-23].
The main characteristic peak of cellulose I, at
3253 cm’ is assigned as an inter-chain hydrogen
bond interaction of O6-H-~03 [14,15]. While
the intra- molecular hydrogen bonds of O2-

H--O6 and O3-H--O5 are found at 3288
and 3392 cm’, respectively [15,19, 30]. The
deconvoluted peak at 3170 cm' is attributed
by the stretching mode of O3-H hydroxyl
group. The deconvoluted peak at 3341 cm is
contributed by O-H stretching in O6-H--O3-
H--O5 hydrogen bond network. The broad
peak at 3489 cm ' due to the hydrogen bond
formation of 02, O3, and O6 hydroxyl groups
at an amorphous cellulose surface. The last
deconvoluted peak at around 3590 cm’' was
contributed to water molecules and free surface
OH group [14, 15, 23]. After incorporated with
nanoTi0,, the shift of cellulose OH stretching
peaks corresponding to both inter- and
intramolecular hydrogen bonds are observed.
The change of inter- and intra-molecular
hydrogen bond conformation may come from
the interactions between surface O3 and O6
hydroxyl groups and TiO, surface. All possible
inter- and intramolecular hydrogen bonds and
possible interface between cellulose and TiO,
surface are shown in Figure 5(a) and 5(b) [24-27].
In bare nanoTiO, sample, surface OH group
signal is observed [24,25]. It is suggested that
the hydrogen bond formation between surface
Ti0, and surface cellulose hydroxyl groups result
in less flexibility of surface hydroxyl groups of
cellulose. The strong intramolecular H-bonds
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Figure 4 FTIR spectra of (a) cellulose, (b) cellulose/TiO,, and (c) TiO, in the region of OH
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Figure 5 Two possible-inter- and intra-molecular hydrogen bonds network between cellulose

and TiO, surface.

at the interface is confirmed by the increasing
of an intensity of the intrachain H-bond peak
and the shift to higher energy region.

3.3 Optical Spectra Analysis
The wavelength range of optical radiation
with shorter wavelength than 400 nm, namely

UV radiation, consists of three bands which are
1) 100-280 nm (UVC), 2) 280-315 nm (UVB),
and 3) 315-400 nm (UVA). The UV absorbance
spectra of cellulose, TiO, and cellulose/TiO,
were measured in the wavelength range of
190-700 nm and the corresponding results
are shown in Figure 6. As observed in the UV
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region ranging from 190-350 nm, cellulose, T1iO,
and cellulose/TiO, have strong absorbance
peaks at around 190-220, 220-330 nm and
210-330 nm corresponding to UVC, UVB and
UVA spectra, respectively. This result indicates
that the enhanced feature in absorptivity of
cellulose/TiO, hybrid composite could be
correlated to strong absorbance character of
both cellulose and TiO, which may be utilized
as UV absorption materials for all UV-A,
UV-B and UV-C range. Furthermore, the

Abserbance({a.u.)
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absorbance of cellulose/TiO, composite is
significantly increased at the ultraviolet region
corresponding to TiO, characteristics of both
anatase and rutile phases. As noticed in figure
6(b), the UV-Vis transmittance spectra of
cellulose/TiO, composite exhibit superiority
in UV shielding efficiency accompanying the
decrease in transmittance at around 15% in the
wavelength vicinity of 200-330 nm.

The direct optical band gap energies of
the cellulose, TiO, and cellulose/TiO, were

(b)

200 300 400 so0 w
Wavelength(nm)

Figure 6. (a) UV-Vis absorbance spectra of cellulose, TiO, and cellulose/ TiO, (b) UV-Vis
transmittance spectra of cellulose, TiO, and cellulose/ TiO,
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Figure 7. Optical properties of (a) cellulose, (b) TiO, and (c) cellulose/ TiO,.

evaluated using the Tauc’s relation as expressed
in equation (1).

ahv = A(hv — Eg)'/2, (1)

Noted here that, /»is a photon energy, E,
1s band gap energy, 4 is constant. The band gap
energy was evaluated from the plot of (a4)” and
as shown in Figure 7 (a) and (b) respectively.
The calculated optical band gap of cellulose,
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Figure 8 The energy band diagram of cellulose and TiO,.

TiO, and cellulose/TiO, were found to be
5.1 €V, 3.2 eV and 2.93 eV, respectively. The
corresponding electronic level and vacuum level
energy are illustrated in Figure 8. Typically, the
energy levels of conduction band and valence
band of TiO, are located at -4.2 and -7.4 eV
below vacuum level, respectively [28] meanwhile
the highest occupied molecular orbital (HOMO)
level of cellulose is approximately -8.07 eV [29]
with respect to vacuum level that is lower than
the valence band of TiO, and LUMO level is
situated at-2.97 eV below vacuum level which
is higher than the conduction band of TiO,. As
a result, it is suggested that the integration of
cellulose and TiO, can improve UV-shielding
efficiency because of the increase in ultraviolet
absorptivity of both materials.

4. CONCLUSIONS

In summary, cellulose/TiO, hybrid
composite was prepared by mixing method
and it exhibited strong absorbance in UV-A,
UV-B and UV-C region. FTIR results suggest
that cellulose may interact with TiO, by inter-
and intramolecular hydrogen bonds existing at
their interface. The lower band gap energy of
cellulose/TiO, hybrid composite, comparing
with bare TiO, and cellulose, at around 2.93 eV

is strongly correlated to the change in the
environment of cellulose surface hydroxyl
groups by interactions with TiO, particle. It is
suggested that the cellulose/TiO, composite
may be utilized as a UV blocking material due to
enhancement in its UV absorption performance
comparing to bare cellulose and TiO,.
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