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Preparation of degradable polyvinyl chloride by nano TiO2 fibers
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Preparation of degradable polyvinyl chloride by nano TiO, fibers
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Abstract

In this work, titanium dioxide (TiO,) ceramic nanofiber was prepared by
electrospinning technique. A homogeneous solution of titanium(IV)isopropoxide (TIP) in
poly(vinylpyrrolidone) (PVP) was prepared by contains 0.45 g PVP (in 10 ml ethanol) and 0.75
ml TIP (in 1.5 ml acetic acid). The solution were electrospun at 20 kV DC by maintaining tip
to collector distance (TCD) of 10 cm and syringe rate at 0.5 ml/hr. The thermal behavior of
the fiber was characterized by differential thermal analyzer (DTA) and thermogravimetric
analysis (TGA) to obtain the calcination temperature range.lt has been found that the
rutile/anatase phase of titanium dioxide was mixed at temperature of 600 - 700 °C. Finally,
the microstructure was characterized by a scanning electron microscope technique (SEM).
The diameter of titanium dioxide ceramic nanofibers were in the range of 80 - 40 nm. After
that, Photodegradation of polyvinyl chloride (PVC) - (particle and fiber) titanium dioxide
(TiO,) - polyethyleneoxide (PEO) composite films were studied. Several techniques were
performed to investigate the degradation of UV-VIS Spectroscopy (UV-VIS), differential
scanning calorimeters (DSC), fourier transform infrared spectroscopy (FT-IR), prepared films
such as weight loss monitoring and scanning electron microscopy (SEM).The film was
prepared on a spin-coater machine.The neat PVC, PVC-TIO, and PVC-TIO,-PEO films were
also prepared in a similar procedure, in order to compare their photocatalytic activities. The
absorption was analyzed by UV-VIS technique. It was found that the UV-Vis absorption of
the neat PVC film was interrupted above 200-250 nm,while all the PVC-TIO, composite
films have obvious absorption over this threshold due to the addition dopants. However,
the dopants of TiO, did not affected to the UV-Vis absorption when the PEO was added
inthe film , it was found that UV-Vis absorbs and glass transition temperature were
decreased.FT-IR spectra showed the carbonyl group around 1700-1750 cm’. When the

carbonyl group increase the degradation rate was increased.

Key words: poly(vinylpyrrolidone), electrospinning, titanium dioxide, polyvinylchloride,

poly(ethylene oxide), photo-degradation
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= feia . ' . as | X da =
swlaoenldiifivuinuilu (Nano-sized) axdsmalidnsdiuveiuiiianeUsunsvaseynalnm
devlaeenlaaiiuiu ilignsmsndumsudiulmivediarnsoutulsanslusynia (Volume

[ [V TR
o e o

recombination) anas vihluszansnmugisetlouaaladiniiuiu Snisiuniadiwgvedlnm
= &

Woulasenleddemaroniuaiuisalunisgaduaisdunid (Chemical Adsorption) nasmay

pmanansalun1snanauwal (Lisht Absorption) (Chawenget al.,2008)

3. wodlo¥iausanled (Polyethylene oxide)

- =R as '

Wumesluwarafindsgnineglunguwaradiniminssy wodlenidusenlesd ndnain

Y

Ethylene glycol F9158n8ntawilain Polyethylene glycol PEG n3s Polyethylene glycol 1Ty
aswniifupswiillassainadeguil 3 Wesnaud@ia wu dameuthgs vilfaansedlunaniu
a1soug Widuaureuild viliAandndusisagidiaonasussnaufng n 1wy wniesdions
a3 ladu Tay PEG Loslivanyvdiaunnsnslunutiwiin wu PEG200, PEG300, PEGA00 wa PEG600
desanthminluanaessinlidnvureeaiuarla wWisuifisufu PEG3350, PEGE500 wax
PEG8000 siidnwaizdundsuand dwinluanafiiuiilavamarininaandd wu sowannse
unsazaed nmsganwiu gaienuds LﬂﬁsuLLanluﬁw warmeANaInTalunIsazaly

(solubility) wazn15:U7iule (compatibility) Avainwatevinlvidinisun PEG Whunldlunisinseuen

LLa:m%'ade?wmﬂwawqqmseﬁw%’u (Miyazaki et al., 2009)

O _H
H O

n

JUT 4 uanageslassainavemediefiduseniys
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4.nalnnstauaanuvoIND AL

nstavaasvemediued fe wedwesngnaanwuuniiialiianisiasunUadlaseaing
il malianzmndenidmualiiawe Teereliinnisgydeauiuisenisiaansaiala

Ingldi8nsmeaeuimsguimuvasdmiunediues waznisldauludisiamils namsvaaey

-

awsahunldlunisssysile wazdszianvesnistesaaisvamediues wavlneluaunsouus

nalnnisgovaasvoinafmesidu 5 Usziam fie (Ammala warang, 2011)
a.1n58auaaelalaeues

nsgevdarslaskdsinifin NS uaIsRuLAIiiauIadlneLasaslunediwes wie

w « = £ v o= ' oo -y ar = = "o YR v
ﬁ\ﬂﬂ‘iqgwIﬂWEaLNﬂilﬁMiﬂuﬁﬁﬂﬂu WiawuﬁxLﬂﬂJmlutL%QLLiq LLﬁﬂwﬂQWUﬂqﬁJlW

u

o

$ady eglulaseadia Lﬁamw‘%awgﬁdﬁ%’uﬁmz—iné’mﬁaﬂuwﬁg%mﬁﬂmmmmadﬁuﬁz naneu

o = L]

oyyadasy Jaliades Jadwihufsesessniadfiiustiafivudumisenfusuluaielined

(0

wes vilmaansvinvasanely winistesaatstdarliifntunigluvstlinavuey nesrsulnay wse

ANMTWIAGDUDUNUR Y3 oWUNTEVITUN DAL NINITAUNI LRI NTWUILINUURURIAUAISANS5L AR

Uifsenssmesuandunaunis (1)- (3)

AUNINTNAUHATENTIIBUES

UfAseniandu O, +e — O, « ' (1)
Ujiseneendindu H,O + h*— OHe + H* (2)
Ufise3nand O,+e +HO+h" — 0, ¢+ OHe + H*  (3)

LﬁaqmﬂwaﬁLuaﬁ‘axlulﬁﬁ'uﬁaﬁ'u%’qa’qﬁmﬂmq UENaUmIY 2 TunDU 7

N.N15LME W3DgARARI (Adsorption process) LTuauaNIATRIA1TUTnluN1564
Luana viereanssrdeeglurasmvas wisufaliunnzdu wasiauuinvesiissUiisen (Catalyst)
Usingmisaiiguil Wunisindoudiearsainveaval visuhaundidivesvsuis nisnsaasen

=l =

Sunin fgngadu (Adsorbate) drurasdanisiiaduiinizdu Senindgadu (Adsorbent) N5y
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[ = = J L4 =) 2 =i = l‘:’ ' o
QU%BGISJLﬁQﬁU‘UN’J‘U’ENE‘!TSEJ']‘JLﬂQ‘UUW.}EILL‘NWNWTEIJTW{ WIDAILLITINIILAL NIDNIADIDYNTIUNU

AIUNTTUIUNITIALES A ‘iﬂ@‘ﬁu iRINUIIMBATTunan

@

¥. N15RBUAY (Irradiation process) LilBouN1AATAIANNNYNBYNIAVDILAY Tail
waIuwhiv viegenitgesinandsnuannsgnvimieymaasninlvibidianaseu (e7) gn

nsvsuasuioganIauduuud lWdirsudnduwuus vinliidnanizuiaunaudianasauinaud

= w

§ = ' = kg @ oA L3 + ! ] oo L3
wuud 5endn ea (Hole) Baunumednyanual h, diudidnaseuignnseaulveglumoudinfuiuug

o En s

wnudedydnual e, deAinnTow wazlea Mintu svdiunumlunisiiaufisersendindu

U

aroa

ondu lnedidnasauannsainufizensantuivarsdunidiiiianisaneandinduainn vinli

Anuduiwvesasdunsdanaslassannis 4

e+ MT— M0 (4)

-1

drulea ansafinuiisereendinduivaisdunss visloosusiag ludld Wuaunis

2.10
h* + OH'— OH" (5)

nsgapaarslalaowasdunszuiumsnldiswisemuuilduas Falunszuiunissy

o F

UfAseuuuiluwuuiisWus (Heterogeneous catalyst) Aanisiseifaminsswinsaniug Aiseiy

voeszuviiiinnnimisaniug laemlvluanavesansaiuavgnandulivuiavesiusaujite udd

L
& o ala ar ar

Upisenariiaduniavesiaswiisen luananignaatuasiinnisivdsuntadlundvanisinizesd

10IDANNTOU UazUIIRUszYRIlINANAIzuAAY



13

4.2 nstaeaaleniIang (Mechanical degradation)

[

nsgesaanemanalaensliusanseyiuitunedwes viliduaiunedwesunnesniuiy
Fa0uisnsldlaealy lunasvinliwedwesurniluliuidng wWunszuiunisuanedwedly

ASLUIUNITS buLAa

4.3 nsgavaaruUiseneandiatu (Oxidative degradation)

mstesaameiuUiseeendinduvemeiues luujiteimaiueendiauadluluana
yompAweitiaansaiiatuldieslusssumiegndng lnsllsendlumiuiouviouasyd wazus
manadutafuddny auansusznevlelaseseanles (Hydroperoxide, ROOH) Tunedwesi
Lifimsifvansiiuudaiivimindiuanuaiosuas (Stablilizing additive) wazarmsouszyinlvlelns

s = o

wWedsenled unndinatelusyyadaseiliiatios waztiviug e e nwuszalivuAuwia
Asuavluatelenadiwed i liAansuaniin u,axqﬂéLﬁaauﬂj’ﬁ%qﬂaaéwmm%’; wimlsmalulad
. nl 2 as -oar as é’ o o v - ey = [] ] o oy - ar
msuaeilasunTIvewariaudu lutegluinbinedlediuinnstevaaiuriuljiiseeendntu
Fupandaulsiitumelugrmatiinue Insnsivansiuwasiiduindevadlanens1uddu devin
wihidudsiisenisuanmvesarsusznaulelasaseenlediuoyyadasy yilianslined

wasiiansuanin wazadsantmidnasiniigely

4.4 msdevaasiulfinselalaslada (Hydrolytic degradation)

cale

ﬂﬁaiaaamamaawaﬁmawwgmamas’ wiaolud 1wy wily nedwamoswadnsusLun

= f aaa

wazwedgimy dhudfisedelfiinnisunniinvesarsldwedmesuiisonlalasladainaiu

e

Tagaluwvseeniiu 2 Usviam fufe Useuanillééisauiizen (Catalytic hydrolysis) waglald
§2139UA381 (Non-catalytic hydrolysis) §aUszinnusndauwusoantdilu 2 uuu o wuuitldaaige
UjiSenanaeusninanaveswedues avisslviiianisdevaane (External catalytic degradation)
waruuuildmissugitennnnelulnanavemedwesiedunsisiliiinnsdgesanis (Internal
catalytic degradation) Tnesissuisenainmeueni 2 viia A nsisafisenfilueulusineg
WU Depolymerase, Lipase, Esterasewa¥ Glycohydrolase Tunsadsadunisdesaaieniaiann

wagiisauisoadilaildioulsd (Non-enzyme) v Tavzuaaanlall (Alkaline metal) w# (Base)

war n3n (Add) Ailedluaniizuindenlusssuyid lunsdiidadunsdesaaienivnail dwmsy
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2 ] L3

ujisenlelasladauvuinlddisaujisenanaeluluianaveanefiweiuu azldvyaisvanda

u

(Carboxyl group) ¥eswleamnes visielus uinnUatsvesmelanadiweslunisssiiseinistes

- e

aaneruUfisenlelaslada
4.5 M3LUAAIENINTINIW (Biodegradation)

N138REARIEYRINBANDIINNTTNNNYRIAUNTE tnevluilinszuiunis 2

W 1l
o =

Tunau Wasnvuaresaiewedwesiiivunlvg warliazaisun luduneunsnvesnistesaans

' u
=l et e

uuinfndumesuenead lnemsuasuadeeiduluivesydunisduialsnauuuldieulaimiliinans

wanmvasiuszeluaslgnefuesodalailuseilou (Endo-enzyme) wazuuuouluifivihliie

=3 Tl

MIwAninvasiusyiazmilsanmhiedidnianisgaularsvesaelanediues (Exo-enzyme)

WoanadwesunnsauiivuisdnnovszwnsiiunturadidnlUluwad waziinnisgevaansnaly

=

unaun 2 landndasilutuneugayine (Ultimate biodegradation) Aa W&y uava1susyneu

(43

=2

uadnMLaneslusssued (Mineralization) 1wy feasusulasenlas (CO,) fwilnu (CH,) 1n

NAB WITINA UAZINATININ
= ar =
5.1A3933AN1I9ANAULES (UV-VIS Spectrophotometer; UV-Vis)

winvinmsganduuas WweissdienidlunisnsiainUiuniunas warAinnuduyeauas

s

lutaededlyd uadrouasnn inzqriou viagnaandulnesiedaiineeglueisile Tnsfiniuen
pAuLAIEd AN FuTUS U LLawﬁﬂ'uaaa'nsﬁagﬂuﬁ?aaiw Fedrulngaviduansdunid
asUsrnouddeu uasansetuvienaunsogandunadutasemiugnedumenild auaudiluns
ganduuasyesansiieluianarefiaggnateseuasiindsnumnrauapvilisidnasounisly
avaouinmsganauLawdiAsuanurluaglutuiiiissdumdsnugandt Wevimsiauiunuves
wasiiru wisazviouunndedrafisuiuuasninunaainilafinameiadudsig AIUNNYEN
Beer-Lambert MM 3ganAuLaasasazusiutuiulinanaifimsnandusas fadudsamnse

Wwetatlussyrile warUinavesanseingg Aleglusegiald Suans, 2557, Skoog, 2007)
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LR R S S

= | o4 o =
NN 5 LafIaIuUIENaUYDUATDIINNN INANAULLEN

AUUTZNBUVBNATDNIANITAANTUUES

n. wvasndauas unasiliauasngdediidlugisaueieduiifeinisegi
faLiles warasfimaennat Mualimuduuasiiinnwede vaeadifiauas fivansatiamuaiuen
AauuaitUAIvenIn Sesaidentdlvigniaamnsauturesmariitin fndiganiunas fat
uwnasiudauasinag? livasalolasiau wazvaeaduou Tauenindueglugiuningd 160-380 un
Tuns wisvesawnlnsalnl UV molecular absorption waztiaididaldvasaisausy Timauen
adueglugiuaiud 240-2,500 wiluns sinvesaninsalndiuuuy UV visible/near-IR

molecular absorption

. #ULBNANNEIIARY (Monochromaton)drulsenauiltudiuildmuauuailaeazyin
Wuawissnuansuiuiawas Fuduwedlaswin Wi luwadululaswdn Fadunauuasuaug wie

imuenrauwies lesldfawes (nsyand) US¥u (Prism) wieinsmia (Grating)

& =i ar ] 5 =i J = - if L oa
A. lwanlda3naeeng (Cell sample)unansasandt Avamm (Cuvettes) JULuUTIL Ty

MU laun wadivimiewiisssunn avldldaniydidada WML ITUAIYNYANFULAY

[
' = -

ludedle wadivhieddn uazmiese 19linsaed wazidila

U
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1. gUnsnlnTrdudnyayin (Detectonviuihitlunisinanudusesiidfignaandulasnis
wamdanuedudidiundsennlii gunsainmadudygudideianimaibgadousiviuna
wannziasuludnios Aannsaamadudygiueauunndiild wissiauadidlonldiuegi
Jaq0u Ao waoalwindadiwatalens (Photomultiplier tube; PMT) uazinserinuasniindanoy

lalan (Silicon diode detector)
o a ' s ' v oo
winsiamsganduuas Mdlasnaluuiseanidu 2 Uszanliun

n. Single-Beam spectrophotometer Lilpa153doanainunasniindsdaviiuiaud

dal a @ ' Y o w B YY) P
Tlulaswwesndunsmfaiiuansiegn wiidningaunsainiadudyyin iewinawalnsivia

[0
= ]

fwesusvinil laSidmesdndesiunnlululaswnesivgarsazareifesnisinafsdtiaglug

gunsainsIaiudyganes Myiausazasaiiedldiend 2 wadlianSsdsvaduiu

Readout
Detector e

= :
—Mw__,l |
Amplifler !

|
-t

Refarence

ceil

i Fitter or E. Py
| Monochmator el
14  Biiln |

&
E
| !

AT 6 LEARIAIUYUTENBUVBLATDITR MmN NAUWLAS

WUV Single-Beam spectrophotometer

%. Double-Beam Spectrophotometer dn5adazsiulululasiines 2 asanaeiuvinlila

s = a

A59dmnNusIRAUREI0819TUSEANS N waEAINALLEEANINTY RaNTINY BN IULEIBaN (Exit

0w o=

stit) wandn$sdazlugaunsaldnd3sd (Beam chopper) udifagyiouludtuansdedne Tuvasiien

-, [

Auarfadavruludianssnade sl srdidduderndmlululaswneiszgnaunsaidaaTadiuen



17

L
0w = ar

sonduaisidansanianudumidusasaaniiedisidnasailuannsenu Ilavind Ay

wansnsvaseuLiaznanadudygaudeludgunsaiduiindgyaamely

| Shutter Referance  Dgtector 1
| call 7
i
| Yy _ IP: Reagout
' Source --—I 1
O_q £ o Beam - Offierence | |
v | Monochmator apkitter A s A
| 1 Ls
I Sample =
| oy Delector2

AN T LERIEIUUSENBUTDLATEYIA msamn?ﬁu bbE1d

LUV Double-Beam spectrophotometer

6. ﬂﬁﬂaqam‘iﬁﬁﬁLﬁnmauu‘uuﬁmnﬂﬁ (Scanning Electron Microscope)

v fa & d & =i = ale e = : = e a
ﬂa@ﬁﬂﬂ‘ﬂ'ﬁfﬂu@Lﬂﬂ9‘1'ﬁaukﬂuqﬂﬂﬂum'ﬁur]”ﬁﬂﬂ@']ﬂﬂ?ﬁiﬂﬂiL']mﬂ?uaﬂlﬂaﬂﬁ'ﬂaﬂ'}ﬁﬂ Iﬂﬂﬂ%

o a

= 8 as = =) a a8 = -l (-] A e ar -
Nﬁ?ﬂﬂ‘i%ﬂﬂtlﬁ?ﬂﬂy A Uumanm'sawmznmi1.3\1manmau‘[mwadmuﬂﬁxmm 20 Aladianasou

= |

Tad §a 40 Aladidnmsauliad ntuazliiaudrownueas ludlnding wasndfgildiuntenin

=

= s =i

YAAIAKANY (scanning coil) TIABBABINTIAGIBIANATOUAIVUTUIU WARIAININT 7 LAZLND

= =] s ==t

dLanAsaURNNIEMUNURIYBITWI svvhimAndidnasouniunil Sianasauarvioundunsossdouy

u

=f

Mandasyoanunanis Faargnasindumeririawuusieg lagagyinnisiausagganinisawnu @

u

v == oar o

MANN1TVRINADIYANTIAUBLANATOULUUADINTIA FriUNAUNTANBUENTVINNUAGENTALNY
awlulnsviad Amiuiidamegienmiuaziansuannsaudvasy F9UsEnaualNguuniun I

Suniusames (raster) enUILIAARINIgNAUNUMEIAnATaLILIANNINTAMBSTIUTINUUIN W
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Elsction
Baon

Mugnonc
- ey
To TV
Scannar

sccnn ing

‘\\El.:hon

Datecto

Spacirmaenr

A ] L dl o Al ‘*I 5;,
MW 8 wHunwaUsEnaUNAN A AU nauTuu

NABIRANTIAUBANATOULUUARINTIA

luntrsadresninlundesganssAudidnnsaunvudoInsia 9¢ldn19n 9193

aLaﬂmauwaﬁaanmnm %dl@‘\]’]ﬂﬁﬂﬂiﬂiﬂ?‘ﬂﬂ\‘lﬁ’]E]LaﬂWi@‘wU‘ﬁil 'a%mmﬁaﬂﬁmg’mmwﬁ 9

Fauanauaunnuesdsitiniy wieddidnnseunnnsenutuaiy Inswusdudyaiasiieg lundes

JaNIIAUBIANATOULUUADINTIA

=3

dwusumsasieniwdiuluguas lundesgansseididnaseunuudainsinaylddygimain

dldnasauninll uavdiinnsouazvioundu wennfuuddyg nvessidiendiignuanuaat

U

ansadninsgimssduszneumaeiiveaianle (naujml, 2549)

daulsznaunanysanassganssaudianasaunuudaansianddgiawesluil

1.

o v oA W

widsiuladidnaseu (electron source)

BidnasoumniuAniaud (electromagnetic lens) wisuaalavimiihfinrupunisdes
NSIATDIEBANATOU

ﬂ"uizuuqmmwmmaxmuaummﬁu (control pressure lens system)

%93ldsn9ena (specimen chamber)

ﬁ?@i?%ﬁ‘ﬁﬁmm’lm@.ﬁﬂmau (electron signal detector)

gUNSaIas 190N (imaging devices)
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Dilinasaunssnutune

Sathand
alslaginudvoud

ineauasfaundy

- "
// difinasownBugii

r Troh

Bulinasounzadn

v v i
w =f = =i

AR 9 SunsissNarAyiiiaTuuLTuunazdalglunisuUsdaye e

TundeaganssAmidiannIouluuasInsn

7. fvlwlasudeadunuiisuaasiiwes (Differential Scanning Calorimetry)

DSC 1umadafildiinizinaasuianlasmsinAndsauauieunazgungivesans
fegraFsuiisuivansuinsgu Welinswdsuwlamianenin visnsdsuuvamaeil wu
msuaoumas Mawasuanuy madsusundn maiaufAseuad Wudy Taednuildnsmi
Aintuariiaudiiuslasesstumsasuwasanudouresiedia findnnisvinnu fie msmetia
uazanssadiiidossonsiiaufisen iussqludeesgiidonvuindn (aauns wie unslwdld
dmumsinsmifigumgiigendy 800 svmuwauiva) avgrlianuieuluusssmalulnsiau snndu
auvFnemiuiourefegieiiuasuwlasmuguvailusiegnanrgnasiate uaruUsauiinaues
egilidinvieglutie 05 - 1.0 fadnfumeiia DSC a1t uavarsdradavgnliaam
founinuvamdanuassuvasiiueniudwdsnumiuiou Alilunsinwgungivesiiogis uay
mseedsliviiuazgniudinl el aumgiifidvihfunasn 1e3es DSC szdeslindnnsliumgl
windu Aefansfedauinmsiasunamuugeanuieu Insgandundinwirlieamgiives
fegns (7)) anaadadisufugumgiinesdreds (To) Aufuedoszyiniswawelasmislieiuiou
wé’amulwﬁﬂ’{.ﬁﬁuawﬁqaem«?iawhﬁ’uﬁmwﬁ@mﬂﬁwﬁ”qmﬁauuﬂaaamwﬁﬂﬁ T, = Tp faLANLAY
s ssasgniuinld segraiansiasuuiauuuaeauiouiinsmeondsusili
7. dianilanSeuidisuiv T, Faesesssiimsvawelaslianudounnwdsnuliiuianssads
T. = Tp fafunsam DSC w3e Thermogram Tdanaduduwudssuing heat flow rate wavgamyil

wanalunwi 10
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Crystallization

< ]
¥ 5
3
s .10 1 Glass Transition
3 ]
_Ls : .
] Melting
) dee—— - ’ . — ,
0 50 100 150 200 250 300

Temperature (Degree Celsius)

- [ - £ v
AW 10 ma‘ﬂuu.niumﬁ%’mmﬂmi’]wmmDSC

[

o ' = ~ = = e & ' | - o '
1nmesluunIuIzIiuIgaMIiasuLUaITBINAANN Andudugrsnnnitiazludile

= =

Fwiils aai1&1‘3ﬁmml‘uﬂ13'swmuma'ﬂz‘mammﬂuqquﬂﬁmﬁqﬁ&ﬁ fio gruugiimswasuaniuy
AEuLA(T, 9218 mid-point temperature Argaumgiinisiianan (70 warqunaiin1suasunan (7,)
\Ju peak temperature wAtin DSC Humadiafitilsyleviuari segndlumsldaumsiunaiadn
WIMaeuAATIEIMNIAMAW wazU3ana Loy

n. mqmwgﬁm‘zLﬂﬁaugmmamuzﬂé’wuﬁa

4. ANWINIIVADIUAY WA Ty WAz AH,

A, AnIMSAaRanmAT T, uae AH,

1. W % aautuRan

waiia DSC L'T‘JumﬂﬁﬂmﬁmwE‘f\muﬁumnsiNﬁ’uaImn'ﬁ‘ia'wé’aqmt.%"fh_ﬂum'sﬁaaai'laﬁ'uaw

ar

91984 L{‘Juﬁaﬁ%’uﬂuqquﬁiﬂaﬁwé’a&mﬁlﬁLﬂ'wlﬂﬂxﬁaammmﬁw temperature program DSC
curve \ilaifin thermal transition aomadsuwlamnaaiiviennsnenimaziinaviliiAnanuiou
1 (emission of heat 38 exothermic) n3agandunl1uiou (absorption of heat v 39
Endothermic) fuanssegne wasnuaadouideslddldfuatsiiegnamie fuansdradaitovinlil
grumnllvasansfiag1uaransensdewiniu DSC anldlasnsanenmmgll LATNATINTDIMAN U8

AswasunUad (transition) ¥58 heat of reaction (S9ma, 2556)

wdnmsHugiures DSC Ae axiln1n (Pan) og 2 119 uARdan Wil 11 RRUTRLITRREIIVERD
an3ietna (sample pan) dunafiassdun1ngnsds (reference pan) Fuduniawailuineguu

aunsailvinudou (furnace) ¥laifeaiu Svnaesging afudlaisunveasazdulinuisunionn
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Waans IneiATos DSC %sm‘uﬁué'mﬂmnﬁuqquﬁlﬁmﬁ (1Wu 10 periwaLdoa sa 1 unil) uei
ddqyiianfifownies DSC aznruAulE gamgiivisans (msliaudouveamaiivssgansmagiauay
U8I0IN19D4) LﬁuqquﬁﬂmfﬁaaaﬁmaLwnﬁurﬁimé‘mswm'3Lﬁumm%’auﬁﬁwﬁ‘uﬂaamﬁgamwﬁaaa
(F5waw, 2556)

mmaﬁmm%’au‘uadmm’?\maawﬂuﬁ?aa"mﬁﬁ‘lmﬁwﬁuﬁﬁammﬁg\aamﬁmmwﬂﬁhaﬁ'u i
fia anfagadisnogimedmeiegddlu uinmdddiliarsinedveginduirliniaietnad
amsluvsinaiiuinniaiededaiunineanuit gunseilimuseussdviauieuiunndioi
snmiilinindssaiterlazassnnmaiugamgiliuity fafugunsailiruieudiegldn
fodhagfanhauminnitgunsallimwiauiieglinaddafetudedimuieunnniiuaznig
o uuangresUinuenieusin gunsafliaiufeuisaesil Afenihiindnvewaies DSC
(UT9La9, 2533)

Gas vent

Fumace —————® il S R . Heat flux plate

E\zs' £
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i ]
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&

et - o d e =
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W
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O

Gas in ,: T and AT out

AN 11 LHUNIWLAASAIUYIENBUNANYBUATES DSC

8. Besnsrudesudursnsadadalasdlal (Fourier Transform Infrared (FTIR)

Spectroscopy)

s =i

FT-R Wuedoadierliflumsinnuianiiduansdunsd wavelunis medatiduismma
spectroscopy -5{161uﬁaﬁﬁnmﬂ’13Q@mﬁuu,aa‘uaaaaﬁluﬂwmm?ﬁamaﬂma NFAATIEMLATIASN
aww:ﬂané‘s’am'ir.g]@ﬂéuﬁLw:n@mﬁ'umaauﬁaximaqa%ﬂmLaQaLm'awﬁmzﬁmiﬂmﬂﬁuﬂduﬂﬁu
SunsisaTumnsaiulasdaAdY (wavenumbers) 4000 - 1500 Aaiwufuns axidutasiivsuen

= [ € ar 1 v ! A ! by
fomyilarduvedlana Wy -OH, C=0, N-H, CHs Wudiu uavlutinavadu 1500 - 400 AdLYuALLAT

Juta4 the fingerprint region Fa9xildnvaiyaIdUnASLNIANIZIILIIWRIANTUAREAILALTDITN

v
L

wiiafadouihaserdmumwsianadudieideutisenn nmsueaiadsgiliusyyndld
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vgmamnsuinfusuiandans 1wy wodweivawlunsduunsiiaveanedimes uaglusiu

geamnssudingiail dissanmediaiiicldirgreudicliunaarsinlfviavesiiegeamnia
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Sieseildieunneiiafiiuinsiouildmedailunismssiwszimlasainuae 23AUsENBY

yesluanasuiumaiindus
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d1uU5ENaULATeY FT-IR spectroscopy NAALY LaRIAININY

o e

12 #e \ileSedBunsusaii
nanspLRTnUMaaALTEtuns e thudlugBumeslsiiwes duasszgnuiaiu 2 dn
Ay beamsplitter Sruasnimilaviuludansvaniindeag fud Laznszanindeuiildaig
G aasiiloduasaieunduunit beamsplitter AANISUNINADALUUETUAUNTBNITUNIN

at £ ] A 4’ ] at ) or Al ke ﬂ‘ " [ Y ﬁl
ApALUURNE e LAarANEARY iouasiuasiegeludainTadynyim newlamanaud

i [ =

v a w1 = ar | o 4 av v
WIDUNAUNUYWAWNUVBINTEAN Iﬂﬂ‘ﬂ@m'i"lﬂ"l'iﬁ‘jﬂ.]')ﬁafgiy']mLLaﬁﬂ?WﬂLiTﬁaﬂﬂig'ﬂﬂwLﬂaﬂuﬂlﬂ%ggﬂ

muaulifinnugniouazasiiSendyusrsdsnndindyauiiinainvaen He - Ne laser M

internal reference laser dyaiiinindygrusiulaazeglugudumasinlsunsy

i lsouwe 2 mterferometer Jsanple |

AT 12 LaunIwLanIdIuYsENauTeaAsed FT-IR

Tordeaidy FT-R Wnanisiesiziisindnariiannulags (esdiulngarldnailunis
Anseiuseann 1-5 signal-to-noise; S/N ) 8m31 S/N azuUstiunusnfiassvesuiunadygy ui

asradalaviiuneiy v nadsansiataaiunsoiudulanen1siin S/N SINAUMSRNTIUIUTEU

ol

vp3aunuiin1sl4 circular optical aperture wnu#l entrance stit ¥inlvidnFaddvuiauinnatwuy

as s

dispersive fi1 75-100 whild1dauasgadumndwiviedaviamaiauismataiildedinnves
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frdauas uanannd FTIR gilwusransnmlunisuengesiuiaiaanugndedisings 001 Ao

o

Wwudiwes dnalnnisviianunang we FT-R ﬁ%’amﬂm‘Lunﬁm‘%mjﬁqaaiw%a’kumamﬂﬁmﬁﬁaalﬂ&’

- i ot '

ansavansiiiueulrsdnyaiiuuarfognangRoaganiunatlug o uNsLee wenNt iAssilod

Kl

Wiisaroudisguariialdielunsiigsinwgs (Brian, 2011)

kY

awv o a
HAITUIUNENYIVD

ﬁ%ﬂﬁ’uiﬁﬁmiﬁwmwmaﬁnﬁlﬁﬂaaaawlﬁﬁqammﬁmﬁaﬂ Fainanauuds wadunsine
2annaeuliaty Tnowalianistosaaiesneuas #3e Photodegradation Sumaiafiinideliang
aulalunisfinen (Ren-De uavamy, 2002, Cho uagAmy, 2001) Tnowmaiadavdunsiliansls
*uaﬂmaqamaawaﬁma%ﬁ‘:uaqﬁm Ld9 waveandiou viaesunsntouilain auto-oxidation Falunns
AaUAR3EN Mina wazaniy wuin TIO, Wiwihujiieniy 1 waveendiaulusmedeaylananandu
carboxylic %38 hydro-carboxylic acids, esters %39 aldehydes wag alcohols FazannIouansa
Esasa (OHe) Fansisadassilvwedimesiianistesaaisla (Mina uazauy, 2009) wsnINil
Cho (Cho wazAMe, 2001)“LﬁmsﬁnmnalﬂmiEJ'aaaa'1madwaﬁhﬁaﬂaaliﬁﬁwlwuﬁwlﬁ
senloddanu r\alﬂam'w'aaamaﬁmu,awaawaﬁhﬁaﬁaa‘tiﬁﬁjﬂﬂﬁaaumi 6-21 Famnnsges

aanwauysaivldieasueulagenldldasaengsiiuyid

TiO, + hv — TiO,* (eqy - + o) (6)
ew +0,— 0, (7)
TiO,* + 0,—'0; (8)
0, +Hy0 (§) —'OH + OH (9)
2°0,H — H,0, + O; (10)
H,0, + hv — 2"OH (11)

Av* + H,0 (ad) — "OH (12)
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"OH (ad) — "OH (¢) (13)
~(CH,CHCV- + "OH (g) = -("CHCHCD- + H;0 (14)
~(CH,CHCV- + "O,H (g) = ~("'CHCHCD- + H;0; (15)
~CH=CH-CH,CHC\- + '0;—> ~(HOO)CH-CH=CHCHCl- (16)
~(*CHCHCV- + O, ~(CH(OO")CHCL- (17)
~(CH(0O")CHCV- + ~(CH,CHCD- — «(CHOOH)CHC- + ~("CHCHCU)- (18)
~(CH(OOH)CHCV- + hv—> ~(CH(O")CHC)- + "OH (19)
~(CH(O")CHC)~ — —(CH,CHCOCHO + "CHCUCH,CHCL)- (20)
*CHCW(CH,CHC- + O,—>— successive cleavage withCO, evolution (21)

Tnglnmuioulasenlediloldsurudou visuasgIaziinnisuansali superoxide anion,
singlet oxgen, gydroperoxyl radical &g hydroxyl radical Fravvmihidningisenduanslawe

dweitieglndifius Tnenuinlunisiugiseneihiy waroandauidunieadewing uenainil

Mina wagamenuin Tio, ety 1 waveendiaulusinimdildnandsiiiu hydroperoxide

' |
o a el

group (~CH-OO0H) FudusssuivilvAnnisgesaaieianin pufounazuas lnsasandeaiy
33uu03 Cho wazamy wansliiiuinidony hydroperoxide group Tsundanuagyinbminws
Sasatule LLaz'ti’w'LﬁLﬁmm‘saiaﬂamﬁmamaalaﬁaﬂaaliélﬁ'@"‘ﬁu (Cho wavAMy, 2001) 1ae Ren
waTAMY lﬁﬁmimaa»m'13&1'@3ammaawaﬁlqﬁaﬂaalﬁéﬁwlmmLﬁauimaanleziﬁwuiwé’wmm{[ﬁ
saniunan 200 Hluswedwesiinnsdesaaslulaulinaliiinfineg HCL FaudufreReiiAnnng
snnealafiaraslsnias (Ren-De uavAnig, 2002) usiag1lsfiniu Miyazaki Auandlviviuin TiO, ¥
Iieiweansaay (polypropylene) apnudemennnslaiuiad uv Hunan a8 Falus uay
Wediunsiasiiuiu LLa:nﬁﬂ'aEJamas’iaau.awzLﬁ@%uﬁLawwﬂwaawaémaﬁé’mmﬁuw

ansodanstosaaenisluldiidesnnirliannsefuihudilvhuideveanedmesle (Miyazaki
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warAy, 2009) Wenannil (Esthappan wazane, 2012) W58 unainUsuaves TO, Lifnase
§n3InnsEesaateveInednIanay uinstesaaievaaneansenaunesldnailunistevaane
\{lpsndinistosaaneazaAoe ) AAINEIvRIMDANTERAY LAIINNITNAABIVRA (Kagya WazAmY,
1976) wuin PEO ansaiinnistasaaelsng Tio, iy aldehyde Fvanunsaunndalinsish
adeiilinednseiduwinnisdevaatsld mus1891u04 (Broska WazAME, 1999) wuiile
PEO/PP \ilaiinnstianaatsve PEO AavidunavilinednseRduiinnisdesaaisfendisadai
Antuds PEO iunedwesiifienwanuisalunisuauiuls (blend) fuwodimaisdy nsianzned
hilanaslsalagliviliant@idana wazautinisnudouasuly vonanitymiiiliianis
dovameirfenainienguiuveseymeuilulnmiiexlneenleddsdmalinuiidudiassnineyne
il wawiilanadieitiosas Iy (Sung wazamy, 2012) wuih Wetugulnnideslasenledlveylu
sudulowlumwannsaluniadusauiifisernsitu uasiimamenguiudasnitauneunly
Tnenszurumsdanseiinmifiolassnledlutagduilldfunsinwmaindnidedie Tasannse
Zuanwildiluslayme warguvasdulounlu laslunmetagiinisduassioynauazdule
ululwdoylasenledniuauideves Sung uazame fe Mawmisuaynaurlulnniiieuls
vsenlasmemailn sol-gel Ingldansnaufie titanium tetraisopropoxide wagn1sthoymauiuly

nuflsuluazansluaisazans polyacrylonitile newin1stuzuiudulounlulvdeulaesnled

fswatindaninsatuia

Felumsvaansiazfuniswivuisuwedhianaslsifiansadesaatsldlasazrinnig
Usuusamsgesamevamedliiaraslsdmeaynaunlusasdlounlulwniienlasenlediiie
Anwiaruannselunsnszaefmuss puansalunistesaaisremeilaianaslsamiusisly
yiileulaeenladiiiyusternety uenaniinsusulgeuannsalunisgesaniefifintuain
meluBumatnildme Tnsannisvaasives Kagiya wuin PEO annsaianissesaasldseinm
deulneenleddeazlingm uaz aldehyde Feanunsounndalimisada uazyilinodnsefiay
awnsaiansgesaatslasaiiniinmsidlnnlisulaeenleniesesiuien uazitbiiianiseos
aawanmeludenarafnunufiaviinnisdesaasuinaiauenusnnednseiausindu luns

veasatidsayyiniswadinudeulasenladme PEO newdnuiulpaudiinistosaansvesiidune

dlhlaranlsn



26

gunsnluazisn1sive

1. asiadiuazgunsniinly

s

ansinilnanitldluidouandlusanei 1 fadl

Ei =l a ) -
a519d 1 ansiadinay Taniililunsivy

a1au Foans UTEN N39/5U
1 | nedbhialwlsdlau Sigma-Aldrich Pte., Ltd.
2 | lnntloulelelnsnsenled Sigma-Aldrich Pte., Ltd. | -
3 | ewedlilaraslss U3 Hymix 1110
4 | limidleulaeenled Sigma-Aldrich Pte., Ltd.
5 | wedlehiauasnled Sigma-Aldrich Pte., Ltd.
wasylalasyusu RCl Labscan Limited
° Co.,Ltd.

Lﬂ%@& Fourier Transform Infra- Red Thermo Scientisic
7 Spectroscopy Microscope (FTIR-

Microscope)

Nicolet 6700

ndesgavssmiBidnnsaunuudeanana | Jeol Techniecs Co,, Ltd. | JMS 5410-LV
8 | (Scanning Electron Microscope
:SEM)
\3annaRUANILTuTIRa AR Lloyd Co,, Ltd. LRX
\ (Universal testing machine)
s vanAnieanuiou METTLER TOLEDO DSC822e
v’ (Thermogravimetric analysis; TGA) Switzerland
. JasinnsiUasuslammeauieuy | METTLER TOLEDO DSC822e

a13#79814 (Differential scanning Switzerland
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10U Hodns UsEm N39/3U
' calorimetry; DSC)
12 | pdonisauumuAEay (spin coating)
13 | p3asinaumun (Thicknessmeter)
w3aadatmidn 4 fuva Scientific Promotion Co., | BP210
. Ltd.
15 | weulvh Edu System Co., Ltd.

‘ Binder

2. NNSAIUNTINY

awi 13 ansavansnedhifialnlsalaunauieniueadignniusmsuiaivianauudewisiiy

2.1 msdaasziduleunlulnniisy
. ANSLATENENTAZAIBNLNAINEALUES(Polymer source)

woalifalnlsalauanudutu 9.5% (wW/v) HauAuIENIUDAAIIMTNTUL0% (W/V)

9. MSLAsENATITAYAIEIINUNaLanY (Metal source)

iy ndsylelelnswsenlaamiududu 0.75% (wAv) Rauiunsawadan 1.5%

AauFisen uavdemaunisluusseinelulasiau wanwianini 14

ntunua saraesswisulivan (Magnetic stirrer) agnsasinauofigumgivios \lu

=i -] M ol & =i al al =i
syegIan 15 - 30 u %m’hﬂme‘ia:mwmmmﬂmuammﬂu LAAIAINTWW 13

wA) esnlndedleeenlediininulidesendiauiwesiiunsawedaninetosiuns
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A A 14 naylymdsulaleinswsenlaaiunsawamin

ntutiansaraefiessulaianuaumnan iy wanhlUnuseuisiwandnasi
FHuan 30 wit weliansazanedudiodeniu inludaniledadiuna 15 wi wWievinlv

ansaraneduidieieatuinntu dowdignszuiumsdiininsaluily wansianwd 15

AT 15 Ardeasennaluaisazatesiuiniowansiuiie

& 1 =l = -
a.mstugUduleunludaenszurunsdianinsatiui

=i =i

thansavanefiedsuandusey a ussgadunsruanidudnefidamedulany Aoss
ﬁ]’uU'~:'§fqaw5a-3’Lum§ad§-.,§rﬂmaﬂuﬁa Tunsyurunsdidninsatiuineldanusmedngliid
20 Alalhas svorduiuduleld 10 wufwes wazveTansasiusisagilideunasd a3
miﬁ@maqmiaxmngnmmuﬁ 0.5 faaansretalue ndsnsrurunsdidninsatiuds 1
ulotugulalueuuisiigamgliluiiu 90 sswnwadua Wavihlvimiavaigieniuea

Y ETIVUALARIFINTNNA 16
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awt 16 nsvurumstugudilunnludsmatiadidninsatuii

ﬂwLﬁu’Laﬁmuﬂ3zmum'§%’ugﬂLﬁ’u’LﬁJuﬂuﬁ'gasmﬂﬁﬂﬁLé‘iﬂimaﬂuﬁ&lﬂmealsaﬂﬁqmmﬁ
100-900 °C thiduleflgnanmaunlunsiagingAingsumninmiaunsiinssinginssuns
Aaulagimatansiasuuresf s ndmsiinneinaganduuadiugiedidduris i wavfine

SnwrduguendulsunlumendesanTsmidianasounuudansie
2.2 mawivauiuidgmedldianaslidfitoyaauld

n. mawiesiaanaunwailafianaslsd inuilsulasenled uaswodiafiau
sanlyn

dufionedhianaslss aunn wag Wil iniledlaeenlyn wodlonausenien
navlufvhararswasylalasyusu Wievhnsazanglndudadentu uswaniuludnadu
sraq lumswdenansazans Biudenedliianaslsd Tymuilsulaeanled (0.5-3 Wesidue
Tt nedefidusented (2.5-7.5 Wesiduilasimnin) uanluivihasarsanslolasy
w3y fignsdau laluviaifin Uaudy Wt lunueiAdsnIuasazasfIBwaLMAN
Hunan 24 Halus Tasglildansazarefinnlauuas ieanansavage aasyhufisennuuas
LLaxa'e:-ﬂ%mu;l,é’aL'ﬁmmiﬂaaaawaﬁ.euﬁwﬂwlﬂ%ugﬁ vilinalasenuillifvidiens antu
thansavanefidnfumiuiedetuud ihluvihmsdusiesyuuaausansileia (Ultrasonic

cleaner) Wil ileulaos nlednszanusnoga@inaNeLanIININA 17
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=] - w & o v o v
n1wn 17 aﬁazmﬂmﬂmﬁutuaL‘?‘i&!’muﬁlLLa’J

v, M3tugUuHUTEIUNS

ﬁwmiazawﬁwam{hﬁ'uﬁLLé";uww"]’ugULLsJuWéuﬁaaL@%aam%ameyumﬁau (Spin
coating) Tpgvnnnsnaaean e ilvingay $19959nu3deues Changun Y. wazamy [2) 19
J3unms 20 fadaes dadnluluieamlsaluunyuiadeu (spin coating) TABaLNITMAIINLST
faust 500-2,500 rpm anszLaawluﬂWiﬁugﬂéaLLﬁ 5-15 Junil wudafieniuds 2,000 RPM nantu
nstugy 10 Junil frnumunmnzauiigalunnstugUusuid wriuRduldaonunaziinammun

Jszsnm 20 lailaswmsmuiigesns duiulunmsveassielazldaniiyil LARIRININY 18-19

= o - - . ;
AR 18 1ATBINEILUUNLLAGDY (Spin coating)
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AT 19 LHUTlANNBUNITRIBLAY

NIINAFBUNTHIBAAIUNIEN
nstosaaemasadldvinnsmeassnels viaeaadeyd (PHILIPS (HDK 580 1HPI400W BU

HOOK), A1A271@3149 200 WALLARAIABAITINIURLIAT) VWA 400 a6 Tas1 14T UNAFBUNINRN

yaoelw 50 wuiwns gumnilumsvadeu 35 ssmiealya danni 20-23

MW 20 wiuldL vz BLa
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AT 22 weuilduiknunsaneILEs 10 Tu
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AT 23 wHuilduTeunNsREuEs 20 U
= - : - s
2.3 (309l g luauide

n. N13A3IFBUNITIINTSRANAULEIvaIHANTAQHEY fruadasianisganiu

Wel
MN3N3IAABUILATIEIINTIINIAANAULA YD TN TG HAN Feaiosinnsgandu
Laaanndl 24 annsaiias1esilanie magiuauam uaziinm TnsAE1IAAUYB AT
gnaenduszannsaldlumsmeinnuduua wazviinvesans TusueAvTinunsaanau
uas arldluntsuenuinamesansiithuniesey tneagyinsnaaeuiliauianuaunaunis
anpuas FaududulvunaUsyane 2x2 wufiwes 1eluuiensiiedie udaning

1A38IIANTINANAULES TutaavAdu 1000-200 ADLHURLAT

>~ = a =
AN 24 LATBNIANTTAANAULE
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= o Y
o, nsAnenaiusdn uaznaasuwlasmeanudouvasilanianuay aa

= =
miawm's'\sﬁm'smaauuﬂaamqmm%au

w

Tun ’rwmaaumamﬂnﬁ wa aumm‘uaawaﬁhﬁaﬂaa‘lﬁﬁ LS IERANEY NISNAFDY

q

Eroeiasiasnzindsuulamianuiou Fanmit 25 Fuduedesingungll N3
uJaEmLmadmwmawaamamam‘mumam'uamwm N304787 m’lﬁlmauammemu
AN wazUSIM ARanmsasunUamamenin wavied mswdsuwasiifiatos
AUNITUIUNIIRA W38ANBANITOU v sasuulainugesiau (Heat capacity)34
druldifaAnwnantaiudnuay iavraaiandieg lasaunsaimundiegumaiingg
JiRs1ed wazdasnsi vﬁaaﬂqmwgﬁlﬁmﬂﬁmimuﬂumiﬁmuéhaszwﬂamﬁama%
Tunnsnaasy thdusuieunisatsuas dalifivunaussana 2x 2 wuimns Taelndl
dhwtindunueenai 10-15 fadndy musligumngfidusuiigamgiivios fegaunpiigaving
200 aeAwaLiEa Faednsinishiaiuiay 10 perwaduasoutit anglausseane

Tulasiau Tnsaulafinugamgiinisvasumad

=i & a « =i v
AN 25 LATIIAT N5 ABULURINIAINNT DY
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' d ar =t o = L3 = =
a. sastaseunyiedduiadl dreiaaditasizidniiin LazUsuNmvaEns

frumaiiadumsnsaaialasdlay
msmseasunilaidund seesesinssinuin wasUiinavesmniematn

sunsusaadalasalay vnismadeuiiduiaquaniinunisaisuantuna 0, 10 wax 20

Sy fatunuliiiowe 2 x 2 wufwes Tuthaavadu 4000-400 AeluRiuns

= d o & P -
AIWN 26 1ATDILATIENNIVUA LLE!%U?;JWQJ‘UBQE“'?

fhamatadunstsaalalnsalal

1. msAnndannsgydeimiinvesiiduTaguau

sAnwndnsnsga et minveiidiaquan 1xvhinisieesilasnisiings
Sorbminvesusuiidulusswinnsaeuas sdnhanfuamweiidudnisgaydemin
9nauns 22 sanirlunaeans i Wevinniswisuiieufuiduaauandidus 3801
ﬁ'\mmmma%t.%ucﬂmsqmﬁaﬁwﬁﬂwﬂﬁmn Fahwinsusuviervindeunisaneuas uay
yraufuthinwies et mindiunsarsuadussagu wsiedminGudugude
$ou avldiesidudnisgapdeimiindisieants

o 4 & o ¥ ar
gasnsmuaniUafidudnisgaydetmun

H v o2 W £ @ o
WINUALTLAU - U ;ﬂuﬂﬁéﬂﬁg

wWasdudnisgapdetmn = - N x 100 (22)
LUIHWUALS LA L
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fregnensAuamaiidudntsgay At
Wwiiniuau = 30 dadnsy wvinmae = 27 Aadnsu

30-27

el Weddudnsgaydninmin = x 100 = 0.1 %

§ o

oy Waedidudnsagdedimineitnu 0.1 %

ar A’ = i I [ L)
a.mIRnAnEnziuAaNIteaaTB TR MUY $rundasqanssaidianaiou

LUUABINTIN

AM9P5I9aRUENYAY AFIUINE VD ILHUT AN wnrsnaasulagnislindes
aaﬂnﬁﬁﬁﬁﬁﬂm‘saw,t.waiaammﬁamwﬁ 25 Tngihuuildufanuauiniunisatouashuam
#7199 WENWINEN YN TERBAAY ydalAtauan 0.5 x 0.5 LWURUNT Nt
ADUNISANELAT KU TANBLAT 10 way 20 u mmﬂmalmﬂmn‘suaunuwufmmamamm
WAV NMas dnuuzuLianay WdmasgmuaTusuiuN SlavinnsAntuenu
Seusauua 9w viynsanuiassan st iihdwanussiamlans Tumsmeaoulunds
& Mmedunisarviindannd 27-29 maquauummiuﬂwﬁﬂwﬂwwmaaﬂﬁEJﬂizm

Aelaan Ty I Tumsinenasatarldidnisvenanimi 1,000-5,000 i1

A 27 ndesqanssAiBlanaTeukUUdRINTIA
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AT 29 FUNUTRIUNTAURIENDIAN
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HaN153ITBLAYANIAINANNTIVY

1. msdaassidulounlulnition
n. HaMIIATIZANGANTTINIIAUTOY

mrmam'ﬁwmxﬁwqﬁﬂiﬁum&mm%’amaué’u’tﬂuﬂuﬂaﬂwﬁw TiO,/PVP lansw DTA wand
auduussinanswasuuvamdsnufvgungil uazni TGA WanIANFNIUETENIN
ﬂmﬁnﬁmﬁsuwaa {ﬁmﬂuwa%uﬁuﬁ) fuguvpil LARIRININT 30 WU A3 TGA Wiansgayide
Jnanenteutomn 3 A% e adwusniigungd 50 fa 205 sariaLYd Franandnaniuniw
DTA I@ammﬂgmmmmwamwaquu 88.15 e aLTYa sudunsaamefiuesrtuuagi v
avany WU 1ILALIONIUDS mwaawvmmm'iamLaauwuﬂmﬂ%mmmmu 205 fi3 530 DA
waldua annsgodsanaiosas 50.28 Fadunisaaneivemedliilalnlsdlau lasnsavl DTA
Lﬁmﬂﬁﬁ%mqmwé’muﬁqquﬁ 367,27 paAeaidva (Jamil uavang, 2012) waviignmnll 424.89
ssrwaLdaa ampinfinnsaaeivesansuseneuezdian (Suphankij wavAmus, 2013) wawpdevians
figaumail 530 fa 900 parnwwaliea iannsnedveaasuawazmazing Failnsid Uﬁﬁ%mma
wE1u 2 aSe gungh 379.13 pemwalded mmmmmsmmwanmauﬂaamma LLavmamwﬂu
456.07 ARG A mm‘zwaiummumaﬂmaamaammamnw (Jamil wazAne, 2012) AU vy

gamgiifiunnzadlumswmuaalnd Ao grumgiilugas 400 fa 900 BarLTaEEd

Heat flow (Wig)
f
Weaght (%)

-4.0

1] 200 400 600 800 1000
Tempureture (“C)

At 30 N5 DTA-TGA vaaduleunlupeulndn TiO,/PVP
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2, amTanszdnsganauuadlugaiaidurlang

mﬂNams‘imi’mﬁmsQﬂﬂauLLaa’lu‘&’la%’aﬁﬁuﬂimm‘uaamiazawawaéhﬁa‘lwk?ﬂﬂu
ansavanenmdisylelalwansonlen ansaz sanglvndleloleinsmsonlednaunsaue®in wdulown
Tupaulndn TiOy/PVP nauLmLLavwaa;mmal‘auwammww 9 Tugaaa77ud 500 - 4000 cm'*
A iladuanuduiusse vmmﬂ‘smwmu,aalummaaw«l'ﬁ’mmﬂmmmau LARIFIANT 31

ulountumeulndn TiO,/PVP Aoumupalmiuaunsgandulnaipssiuansas mawaahua
nlsdlau ﬂ'ﬂngmummcﬂﬂauwmmuuamauiumw (3243-3626) cm* #Wusg O-H Antu
RIIRVIVRT a%auivmw (2809-2990) cm* fiwusy C-H VinTu mwuauamau‘ivmw (1515-1714)
em't fusy C=0 Antu FutarAausEWIng (1348-1494) cm’! fiwusy C-H AT WAL
arAAuTENINg (1142-1328) et fivuse C-N Fntu fmu}uaﬂwmvmwaunmmaﬁmmu

mé’ummalmﬂﬁqmmﬁma 9 ﬂ‘ﬂﬂngumiﬂﬂﬂaummmeLa‘umamxmw (2928-2937),
(2851-2867) uag (1615-1632) cm’! Tnafisumia (1615-1632) cm! Junsduvesngu O-H lamsen
Ta (Hydroxyt groups) waluamwiaduRuseuardasy SnvafianAIuMLa (1615-1632) cm™ uana
asnsduresiwayiusy Ti-OH wmmuﬁ]q,amaamuamunmmalﬂmmwmu wansliulainnauves
O-H T TiO, aapoenivlusyminanisuealey mmmumsamnauwm;mumamaunmw (2928-
2937) way (2851-2867) cm’! JAianisduvaawuse C-H wpsdruUsEneuiiiualsdunig ians
mmﬂaumwmi‘uma 1000-1500) et iuiduatefusianng (Fingerprint line) ¥89WU5Y vnelu
ansauN3e avnurigamall 400 aar ALY Wity LLammuﬂmmaqaLﬁﬂmiuwmmumwmnau‘m
ATWNUITENINE (650-730) cm ! §apraduiusy Ti-0-0 LaTAALNLITENINg (450-600) cm’ L Qu
Huszvad Ti-O-Ti ﬂmwammu 400, 700 waz 900 paFLwaLTed (nilaunu muuimaasmﬂa‘um
Ti0, FaUsingmevdamsuaala wulsurluneulnds TiO/PVP fgnumniidaus 400 peraTya

Fuly (Mahata wagm, 2015)
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mrmaﬂwﬁmswﬁwqﬁﬂﬁmmﬁmﬂaﬁ’aﬂmﬂﬁﬂﬂmé‘"mwwaﬁa&ﬁn’t‘waaLe’iu’iamiuman
Tndn TIO,/PVP Aeuwnuazndsuuaalediigumgll 400 1 900 BaAwaLTya uIu 2 Falus fay
§asmstu/amedgumgil 5 serniadivanauni IFnsanudusiussyninenudy (Intensity)
fuyunisidsauuresiididnd (Diffraction angle) waRaFan g 32 wuin Aneunlasiadawdnes
Wuedaugiu (Amorphous) s1zwedlailalnlsalauddliianisaaisd dlodumniigunail 400
Lay 500 pernwaLdea Wamasumaisaaiiior Tlassaimdnwuuinnsglnuea lnensaiuiin
(26) winfiu 25.281, 36.946, 37.800, 38.575, 48.049, 53.890 wav 55.060 Fansaudeyaunsguly
wiludaya JCPDS file no. 21-1272 dlowniigumgll 600 uaz 700 oerniwalea Waaginanaunu
wasuna Lwiwﬁﬂmaal,waamma%aﬂmufiaqmmvﬁmmmﬁﬁu wazilniigaumgll 800 uay
900 psmwAEa W deuAmasindiisamiaiies Tlasaamdnuuumesyinuea Tngmsaiuiie
(26) winifu 27,434, 36.077, 39.188, 41.237, 44.040, 54.317 way 56.622 Famseiudeyaunsgulu
uwiludoya JCPDS file no. 87-0920 (Jamil wazanuy, 2012)
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wazidule) MduTannaunedlilaraslsdfinaudie 1 uay 3 Wedidulasiwinlwdeulaoenled
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sonlundamyAulaRBely (Kensuke warAgy, 2010)
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149 ’“‘:L—-— neat PVC
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f. NamﬁLﬂﬂ:ﬁwQﬁaﬁ%’maﬁﬂaaWéuwaEhﬁaﬂaalm‘u%qw“ﬁ N F GGG

wansenwmflaidueiivesidamedhianaelsduiand warilauaaman Aikunisatouas
YNMINARBUMELATEIILATIERIYEN warUSunauasatssemetndunsusaaalnsalay wanass

AT 36-37

Transmittance (a.u.)

[ neat PVC |
PVC+3% TiO, nanofiber
PVC+3% TiO2 nanopaticles

N T I T T T ' 1 T T T
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= a o £ a = a4 a f | e e = 3
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ar ' = L
VANNIUNTTRIBLARTUIAT 20 WU
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ar
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(Conduction band) ie@39@158yyadasy (Reactive oxygen species) Y lMiinWusy C-H Lo
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v
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PN 0 a0
18K 0 %2, 500 10mm Bepe EME S

AW 39 MW SEM dnmnueituiinvasildy PCV+3wt.%TiO, nanofiber

(N) ABUNIIRIBLEY () UAINTAIBUEL 20 U

AW 40 A SEM dnwairiuRavesiay PCV+3wt.%TiO, nano paticles

(N) ABUNIIRTIBLAY (1) WAINIIRIBUEL 20 U

o & ae
AR 41 1N SEM Anwairuinveildy PCV+3wt.%TiO, paticles + 7.5wt% PEO

(n) ABUNIRNBWAY (1) NAINITANBLEY 20 YU
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Abstract

In this work. tifanium dioxide (TiOi) nanofiber was prepared by electrospinning technique
A homogeneous solution of titamum (IV) isopropoxide (TIP) 1n polvvinvipyrrolidone (PVP) was
prepared by contains 0.45 g PVP (in 10 ml ethanol) and 0.75 ml TIP (in 1.5 ml acetic). The structural
phase formations were characterized by x-ray diffraction rechnique (XRD). It has been found that the
rutile/anatase phase of titanium dioxide was obtained at temperature of 700 °C. The mucrostructure was
characterized by 2 scanming electron microscope technique (SEM). The diameter of titanium dioxide
nanofibers were in the range of 45 nm. After that. photodegradable polv(vinyl chlonide) (PVC) — titanium
dioxide (Ti0:) nanofiber composite film was prepared by mixing TiO, nanofiber into the PVC matrix,
The photocatalvtic degradation behavior of PVC — TiO- (panofiber) was investigated and compared PVC
— TiOs (nanopowder). by UV-vis spectroscopy. weight loss analysis. SEM and FT-IR. The result show
T10; (nanofiber) enhanced photedegradation of PVC film

Eeywords: Titarnim dioxide nanofiber: Photocatalytic Activiy: Pobyrvingyd chloride
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Abstract: [n this rescarch, photodegradable polyviny! chloride (PVC) — poly(ethylene oxide)
(PEO) — titanium dioxide (TiO2) composite film was prepared by mixing PEO with TiO-
nano-photocatalyst in to the PVC matrix. The photocatalytic degradation behavior of PVC -
PEO - Ti0» composite film under UV light irradiation was investigated and compared with
those of neat PVC, PVC = PEO and PVC - TiO;, by UV-Vis spectroscopy, weight loss
analysis, Scanning electron microscopy and Fourier transform infrared. Composites of PVC -
Ti0, and PVC - PEO - TiO, were prepared with 0.1-3 %owt. of TiOa and 1-10 %wt. of PEO.
The photodegradation rate was accelerated as amount of TiO» incorporate was increased from
0.1-3 %wt. due to a higher interaction among TiO; particle with polyviny! chloride chains. In
the same way, results show that the degraded PEO produced an acid and an aldehyde, which
were able to facilitate PVC degradation. The morphologies of the composite film before
irradiation are smooth. After irradiation the composite films are obviously decomposed. 1t
shows that the cavity size and depth of PVC ~ PEO — TiO; film is much larger than the other
film, the results confirm that the PEO promotes the degradation of PVC film.

1. Introduction

Polyvinyl chloride (PVC)  and means of TiO- has been proved an
related  plastic  products are  non-— attractive and  efficient  decomposition
biodegradable in  natural environment technique for treatment of waste polymers,
because of their chemical inertness. The in open-air under UV light irradiation or
waste PVC plastics become one of the main solar expusurci_?.
sources of “white pollution™. Traditional The PYC - TiO:» composite
processing methods, such as garbage represents a unique case of the
deposit or incineration, cause a serious photocatalytic degradation of solid wastes
secondary po]iutionl'l. Therefore, the while most of photocatalytic remediation
development of degradable PVC plastics systems: have dealt with aquatic or air
becomes an  important issue.  Several pollutants” " The development of polymer
biodegradable PVC plastics have been products that degrade under ambient
reported elsewhere’™. There are some sunlight irradiation with little formation of
disadvantages in these PVC plastics, toxic by — products could lead to an eco-
mainly the long degradation cycle and the friendly disposal of polymer wasles.
incompleteness of the degradation. which Previous studies on the photocatalytic
limit their practical applications. On the degradation of polymers mainly dealt with
other hand. the photodegradable PVC by liquid—phase reactions. Hidaka et al. have
embedding photocatalysts into the plastics studied the photocatalytic degradation of
demonstrates & high potential in rapid PVC particles'’ in  aqueous TiO:
decomposition of the plastics. The suspensions or TiO; - blended PVC films
photocatalytic degradation of polymers by in water'>. However, the photocatalytic
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degradation of the polymer composites
needs to be further studied under the
ambient air condition since the polymer
wastes are usually exposed to the sunlight
in the open air.

Research paper past was found.
They reported mechanical properties of PP
~ PEO blend. The PEO acted as an
elastomer in the PP matrix because of its
lower clasticity. The existence of the PEO
phase hardly impaired duetility of the PP.
In addition, PEO is photocatalytically
degraded by TiO;, and then acid and
aldehyde compounds  are produced. [t
appears that a combination of TiO; and
PEO becomes an excellent pro-oxidant for
RE phmodegradalion"".

in this study, we prepared a
Photodegradation  of  Polyvinyl chloride
(PVC) - Polyethyleneoxide (PEO) -
Titanium dioxide (TiO) Composite Films.
The photodegradation performance has
been investigated. The pohocatalytic
degradation behavior of PVC — PEO - TiO;
composite film under UV light irradiation
was investigated and compared with those
of neat PVC, PVC — PEO and PVC - TiOx,
by UV-Vis spectroscopy, weight  loss
analysis, scanning electron microscopy
(SEM) and Fourier transform infrared (FT-
1R).

2. Materials and Methods
2.1 Materials

PVC (film grade) was supplied by
TiOs was purchased from Sigma-Aldrich.
Co. The nanopowder -21 nm particle size
>09.5% trace metals basis. PEO was
purchased from Sigma-Aldrich. Co. The
average molecular weight was 1x10".

2.2 Preparation and characterization of
the composite of the composite films

20 g PVC powder particles (from
Hymix Co. Ltd.) were dissolved in 100 mL
THF under vigorous stirring for 36 h to
obtain the transparent PVC solution. The
colored suspension mentioned above was
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added to PVC solution. The solution was
under continuous stirring for 5 h. The film
was then prepared on a spin-coater
machine. About 20 mL viscous solutions
were spread on a smooth tile surface (10
em % 10 c¢m), and dried in airtight system
for 72 h at room temperature. The PVC -
Ti0» - PEO composite films containing
different amounts of PEO (from 0.25wt%
to 7.5wt%) were thus prepared. The PVC ~
Ti0, film and neat PVC film were also
prepared in a similar procedure, in order to
compare their photocatalytic activities.
Neat PVC transparent and colorless, while
PVC - TiO- film was of slightly white and
PVC - TiO, — PEO film was more than
white,

The thickness of these films was
measured to be 20 pm by a micrometer. A

UV-Vis spectrophotometer  (Shimadzu
UV-3100) was used to obtain the
absorption  spectra  of  films before

irradiation. The surface morphologies of
the composite films were observed by Field
Emission Scanning Electron Microscope
(JEOL JSM-6T00F).

2.3 Photocatalytic degradation of the
composite films

The typical surface area of the tilm
samples was 100 cm” (10 em=10 cm). Each
film was washed several times with the
deionized water and ultrasonic vibration to
remove the traces of THF solvent before
irradiation. The photocatalytic degradation
was performed under 400W UV lamp
(HPL-N400W/542 E40, Philps Co. Ltd.) in
the ambient air and the sample was
weighted every 24 h. The light intensity
was measured as 1.0 mW/em®.

The surface morphologies of all
samples after irradiation were observed by
SEM.

Session: Materials Science and Nanotechnology (MS)



3. Results & Discussion
3.1 Spectroscopic characterization

Figure 1. shows the UV-Vis
absorption spectra of the three types of
PVC films. The absorption of the neat PVC
film is interrupted above 250 nm, while all
the composite  films  have  obvious
absorption over this threshold, due to the
addition of dopants, The PVC-TiO; film
and the PVC-TiO—PEO film demonstrates
strong absorption until 400 nm owing to the
characteristic absorption of TiO2. Shows
that PEO did not help in the absorption of
light.

- meat PG
| PUCH1% I,
) PVC+1% TIO) +7 5% FED
TS
3 04
2 .
I h a
. T T e

Wavelsngih inm}
Figure 1. UV-vis absorption spectra of
difterent tilms betore irradiation. (a)PVC-
TiO~PEO  film (TiOx  Iwt%: PEO:
7.5wt%):  (h)PVC-TiO, film (TiO2:
Iwit%); (c)neat PVC film.

3.2 Weight loss analysis

The photodegradation extent of the
films can be evaluated directly by their
weight loss. Table 2.  demonstrates the
photo-induced weight loss of the neat PVC
film and PVC-TiO, composite films. The
weight loss rate of the neat film is about
1.04% after 30 day irradiation, The weight
loss rate of the PVC-Iwt%TiO; film.
which reaches about 12.37% after 30 day
irradiation, is the highest among these three
kinds of films. This result proves that the
addition of more TiO. remarkably
promotes the photocatalytic degradation of
PVC film.
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Table 2. Weight Loss Rate

Time Meal  PVC-0.5%Ti0,  PVC-1%TI0.
PVC o
0 day 0 0 0
10 day 0.206 5.20 763
20day  0.52 5.50 10.00
J0day  1.04 6,42 12.37

Table 3. shows the photo induced
weight loss of PVC=TiO~PEO composite
films. Ever 1wi% TiOi. The weight loss
rate  of the PVC-TiO»2.5wt%PEO
composite films. is about 7.28% after 30
day irradiation, The weight loss rate of the
PVC-TiO»-7.5wt%PEO composite films..
which reaches about 13.89% after 30 day
irradiation, This result proves that the
addition of more PEO remarkably promotes
the photocatalytic degradation of nano—
TiO, containing PVC film.

Table 3. Weight Loss Rate

3.3 Surface morphologies of the samples
after photodegradation

Figure 2. shows the surface
morphologies of the neat PVC film, PVC-
TiO- film and PVC-TiO-~PEO film before
and after 10 day and 20 day of irradiation.
It can be observed that all three of the neat
PVC film (Figure 2A.), PVC-TiO; film
(Figure 2D.) and PVC-TiO-—PEO film
(Figure 2G.) before irradiation are smooth.
After irradiation, the composite films are
obviously decomposed period increases as
showed in Figure 2(B, C. E. F, H and I).
There are lots of cavities. indicating the
photocatalytic reaction starts at  the
interface  between polymer and
photocatalyst’. It is interesting that the
cavity size and depth of PVC-TiD,=PED
film is much larger than the PVC-TiO:

Session: Materials Science and Nanotechnology (MS)

Time PVC-TiO--23%PEOQ PVC-Ti0;-7.5%PEO

0 day 0 ]

10 day 6.20 10,28

20 day 701 |
30 day 7.28 _13.89
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film, the results imply that the PEO film by modifying nano=TiO,.
evidentlv promotes the degradation of PVC

R L i

Figure 2. SEM images after irradiation with 1.0 mWiem® UV light intensity. (A)The neat PVC film 0
day irradiation; (B)the neat PVC film after 10 day irradiation; (C)the neat PVC film after 20 day
irradiation; (Dithe PVC=TiO, film 0 h irradiation: (E)the PVC-TiO, film after 10 day irradiation;
(F)the PVC-Ti0, film after 20 day irmadiation; (Githe PVC-Ti0--PEQ  film 0 h iradiation;
(Hithe PVC-TiO—PEO film after 10 day irradiation; (Dthe PYC-TiO--PEOQ film after 20 day
irrudiation.
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3.4 FTIR analysis

The functional groups in PVC were
monitored by an [R spectroscopic method.
Figure. 3 and 4 shows degradation is
expected to involve attack of the highly
oxidizing free radicals on the polymer
chains with the formation of different end-
groups in FT-IR spectra of the (Figure. 3)
the neat PVC film. PVC-TIO; film and
PVC-TiO--PEO film under UV radiation
20 day and (Figure. 4) PVC-TiO:-PEO
films with irradiation time. There are three
main peak regions in their FT-IR spectra:
3400-3300, 3000-2900, and 1770-1720
em ' centered peaks for the surface
hydroxyl (OH) groups on TiO,. C~H bonds
in PVC. and the carbonyl groups (C=0).
respectively. Both the composite and neat
PVC film contained the impurity carbonyl
moictics cven before imadiation'*. The
carbonyl  peak intensity grew  with
irradiation for both cases. The carbonyl
peak increased for the first 10 day
wrradiation probably due to the presence of
trace oxygen trapped in the film. In the case
of the PVC-TiO,-PEO films. The carbonyl
group peak appears shifts. The degraded of
PEO were a bole to facilitate PVC
degradation, The appearance of the
carbonvl groups in the photooxidized PVC
has been well documented' ™",

This result demonstrates that the
specimen with TiO, effectively restrained
the generation of carbonyl and polyene
groups during accelerated  weathering.
Gardette and Lemaire’ have reported a
similar trend. however, a relatively minor
chemical change was observed for PVC
with TiO.. Thus, TiO. appears to have
greatly suppressed the progression of photo
— oxidation. Therefore, the combined use of
PEO and Ti0O» resulted in a synergistic
effect that significantly increase photo —
degradation. All these evidences advocate
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oxidation of PVC by photocatalytic
method.
..... =
. 1J
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Figure 3. FT-IR spectra of neat PVC film,
PVC-TiO; film and PVC-TiO;-PEO film
under UV radiation 20 day.
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Figure 4. FT-IR spectra of PVC-TiO,-
PEO film under UV radiation 0, 10, 20 day.

4. Conclusion

This study demonstrates that the
addition of the polymer-TiO: composite
has a potential viability to be used as a
photodegradable product. As a result. a
greater degradation and combined use of
PEO and TiO: resulted in a synergistic
effect that significantly increase photo-
degradation. Therefore, PVC-TiO-PEO
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composite {ilm can be used as a potential
photodegradable polymer material.
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