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Research title: Preparation of Photodegradable LDPE/TiO, film

Researcher: Chonlada Ritvirulh

Faculty: Science Department: Chemistry

ABSTRACT

This research was focused on studying photodegradability of low density polyethylene
(LDPE) films incorporated with photocatalysts. The catalyst namely titanium dioxide (TiO,
Degussa P25) was undoped and doped with various zinc precursors including CH,CO00),Zn,
ZnSO, and Zn(NO,),. Effect of calcination temperature of TiO, (300-500°C), TiO, loading (1-3
php) and zinc precursor types were investigated. The compound was mixed using a twin-screw
extruder and was shaped in film by an extrusion blown film process. Then the films were
irradiated under ultraviolet (UV) for 4, 8 and 12 days. It was found that calcination temperature
of TiO, at 400 °C exhibited high intensity ratio of anatase to rutile phase together with high
absorbance of UV-Visible. LDPE/TIO, films after irradiation under UV showed an enhancement
of carbonyl index value whereas tensile strength was decreased. This indicated that addition of
TiO, could accelerate an occurrence of free radical leading to chain scission of polymer. In
addition, an increase of TiO, content ﬁnd irradiation time resulted in higher carbonyl index value.
A well dispersion with poor distribution of TiO, in LDPE was observed from SEM. In case of
LDPE mixed with doped TiO,, it was found that a high intensity ratio of anatase to rutile phase,
high absorbance of UV-Visible and carbonyl index were obtained with LDPE/Zn(NO,), doped
into TiO,. Furthermore, morphology of films revealed crack and hole on the surface. The longer
of an irradiation time, the higher number of crack and holes were demonstrated, resulting in a

reduction of tensile strength.

Keywords: LDPE/TiO,/Degradation/Photocatalytic
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2.1 waadndesaaeld (6]

waaAnfidesaaitly (Degradable plastic) HN18D4 ‘Wmﬂﬂﬂ‘ﬂﬂﬂ’ﬂﬂﬂLL“lJ‘lJth’rﬂmﬂﬂﬂﬁ

wasuuladdnssadromaniimeldanizindey AeltifamsgandeauAviadszms fiswsa
Jala Tﬂﬂ“lanﬁmimﬁaummgmmwmwﬁummuwmamnuazm‘s‘lﬂmmiuﬂnmmﬂuq Wans
nagevrusainlFlumsssysiauazisannvesTagdosanield  Tasiallamsoudanaln
msdesaarvvesnaaanldidy 5 Uszian fe

1. MIPBUAAILNIINA (Mechanical degradation)

mstosameniena  AensitusinTiunsunaaEn ﬁﬂﬁ"?;uwmﬁﬁﬂumnaamﬂuéu
ing FuihsmsildlaeialulunszuunsHsda

2. warerAndesameladaeitmuniilned §ATu100ndindu (Oxidatively degradable
plastic)

msEmﬂﬁmﬂmuﬂgﬂimaﬂﬂmmwmmwmﬁmﬂ ulffTemsidvesndinuadiuTuana
YINORINDT cmmmsmnmu"lmaa‘luﬁsswmeUmnc] Inslloondinu uazanuiauuaeyinge
usenuna  duilededdy  dadluasdszneylelandesoonlsd (Hydroperoxide, ROOH)
“luwammn'ﬂ"luuﬂmmlmimmmqummmwummmaasmwmmmuaummmu (Stabilizing
additive) 1% ROOH unndnaufluoyyadsse RO- uay -OH fhiades unzidhinlgisend
Wuszniluudumismivoulumeldnedwes  sl¥iRamsuaniussuargdomniadana
9619520157

3. wWaw ﬁﬂﬁﬁaﬂﬁmﬂqmﬂﬂﬂﬁ Asenlelaslada (Hydrolytically degradable plastics)

wmﬁﬁﬂsiaaaaw"léﬁﬂmlﬁﬁ?mvlaiﬂs'lac?ﬁ Lﬁﬂﬁuﬁumaawaame{ﬁﬁwﬂmama{'ﬁ?e
m‘lm mm uth wedwames woduouleasied wedAnsueua uazwedaysmu 1Ufnselelasla-
FafiAniu et uiseenitiu 2 Yszian de ﬂsumwhmmﬂgnim (Catalytic hydrolysis)
uazlilddus Ui (Non-catalytic hydrolysis) Falszmnusnannsauteenldiiu 2 uuy e
Lmuﬁ“l%’ﬁm'qﬂﬁﬁ?mmnn1ﬂ“luimaQammwaﬁzuﬂiaa“luﬂmffq‘lﬁ'nﬁﬂﬂmiaﬂﬁma (Internal
catalytic ~ degradation) msuvuﬁ’l%’ﬁ’m'qﬂﬁﬁ?m%1nmauafﬂmanmmwaﬁmaﬂéﬂﬁlﬁﬂmi
EJ‘EJEI’deJ (External catalytic degradation) Fail 2 ¥tia Ao mmﬂgnsmmﬂumu‘lmwuﬂmm
lunsdiftadunsdesaaenaianm uawmmﬂgﬂsﬂm"lu“lcmu'lcnu (Non enzyme) 13 Tane
ueanlad (Alkaline metal) iU (Base) BENTA (Acid) 'vmaﬂ“luammnﬂaau“luﬁssmm lunsei
Fsaumsdosameniand

4, Wmﬁﬂﬂﬂﬂ@ﬂﬁmﬂqﬁlmﬂ%ﬁmw (Biodegradable plastics)

msere)ﬂﬁmaﬂumwamuasmwan1wmﬂmsmammawaumﬂ Taetlfinszuums 2
funou ﬂE) muu‘mLflumsaaﬂﬁmﬂiﬁmaﬂmmnwu'ﬁw Seniiuaneame sy (Depolymeri-
zation) FuRan1euend i u wuafiSenden ieannuuauazauTAR hiazaoves



OGIGH ﬁ;aumﬂ‘lcmu'lcnuamamﬂiﬂumﬂamuun Endo (Glﬂ‘WU‘ﬁuLL‘U‘UEISJ) uazUUY Exo
(FaRusznnueusweiaeganoustinisify) %u"lss’l'Imaﬂamaﬂm mﬂuuwmmumm fie
finelsird  (Mineralization) Tﬂﬂ’ﬁ'liﬂi“'ﬂ'ﬂ‘lj‘ﬂllﬂmﬂﬂﬁEJE)EJi]'lﬂ‘ll‘LlLLiﬂ‘t]“’t‘ll'lﬁl“lfaa‘ll’i)dilau‘}’liﬂ
umnmﬂaﬂumuwawu“luiﬂ ATP naneiufadn q 1wy Mamdueulaeenlss (co,) M
nmu (CH) maflulnsion (\N,) m InApAN i 1azF1n (Biomass) ﬂi“ﬁmmwmmmiaaﬂﬁmﬂ
mueﬂﬂwummwaamas yilauesgAuniduazanmuindondrs q ldun  eendiou ATuAY
HazgUUil

5. wanadAndesaat]Afleias (Photodegradable plastic)

msdesamednsumafannmnRvasAussiiianutechdeumaslunmadnmie
Funseilawedwoslfinyfaiduniotuszndihiufause  aunsafamsuaniuseldneld
uaagd (UV) eglulaseadie 19y wyAlau (Ketone group) iosnnienyilaisudenadude

Y as [~ a & 1 o aaa
funmgizifamsuanvosiusznatoidluoyyadease (Free radical) Fahiedes Fudrhuiven

[l < ] o ] [] a o a [} ]
st R usuaivud s veulumelanedwes  Mlinamsvinveseels uans

&

1 dy 1 a 43 1 & 3 oA A 9 o ny
El‘t’)EJ’s'Tﬁ'lElulhlﬁ’llﬂimﬂﬂ‘ll‘uﬂ’lEJcluU’t)HdﬂﬁU“UEJ“‘ UNIDANNICUIAADUOUNUR  HIDUUNTSYNTU

s

waadnfinsaidenfinunauiga e innaaanlidd Herfuuaag lnenss
a d’ Y 14
2.2 naaanneasaaeaenad[l]

WONAANGOUEAIUAI0LAY (Photodegradable  plastic)  aaulnajifluwefwesdunsizv
UsznninosTuwaredn Susdounnmsivarsiniiionglums viedunszdiiilawedmediile
°1hﬂiﬁﬁuﬁwmmweﬁmeﬂmﬂﬁﬂdw%’;’unwiﬁumﬁ waadndesaaeiouasgneanuuuli
mamsuandniie ldTunmaaaiiuaanig mms‘hummmnm‘lﬂ‘lmm Diketone, Ferrocence
derivatives {2i¢ Carbonyl-containing specws wmﬂmﬂmmuﬁmﬂm 2 ﬂlu LLfNEJ’J Miniuszndl
Lsﬂﬂaamwaamaﬂsmaumwﬂﬂw uumuﬂmmam cmmmmLmﬂﬁmﬂﬂd’lﬂmammmu
AU 19U an wanSuaidse m‘nuﬂqwamumnmannmuuwuﬂumawﬂumm

madesaaeiiaufuiadovaeeens gama  dnwaizneglimeand  anuanysn

k4
]

ez wanuRelmilumsdunneinaadnsesaatedeuazmunielavzioiu
fusalfisen dlewmadnldfuwdanuurauen Fufluwdsugnils Twanaveanara@nag
qanaundsuuaehlfifnl§fsereendiady  (Photo-oxidation) Wliauddidinauazmenin
mmwmaﬂmﬁanm uaz mﬁ‘]umsmﬂ“lviimwniﬂﬂaﬂamawammﬂmwwms myzlgnTen
aancnmmwﬂwmwuﬂTmﬁﬂaﬂlmwaamaiaﬂm umwgﬂqn%umsuauammu flagiuiils
fildweaesfouanndasuee 2 33 fe

L msnlasunaddnseadveanedwes Wilvyganduuas iunyasveialu
Taseerda mtﬂmﬁ‘nmuwum mmma“lwn'a Ecolyte LﬂuiﬂwamueiwwumsnauaeEJ g
naummmmm‘lwmmaﬂmmmmww 'ﬁmmﬂaeﬂcmmmLmqwmammaﬁammam‘lmwfﬁm
Snwilafie E/CO Copolymer (tofiau/a15usunauenludinnedimes) NRAIAANBU3ENI W
EL Dupont dwdasmiehuil af.1970 USwmwesmiveuususnlsdlulanediuesiiuda



f‘imuﬂﬁnﬁﬁmmwmﬁﬁﬂuaumm“hsiaum msiiny  C=0 mﬂuaﬂwﬂwmmwmuumm
Wl uagvin =0 didy 16% woamam i mmaaasmqmmsauwnu
S c-0 wuiu winfled 5% ﬂaumamaassmaﬂmnuﬂaﬂq sy uddd 13% ezan
ANUTLETDYTINYDI E/CO Copolymer 5°'m1qmms‘uusﬂ

wnmiuauamnauumumm‘lmnﬂﬂgﬂim Norrish type | eraelinisueunouenlss
(CO) «muaunaaﬁiwﬂmwgamamﬂ Norrish type Il inamsdaluanaluidenalilondnuia
AamfiaflauuazmeTafiivusey fwaums

Norrish type |
-CH,CH,CH,CH,CH,-CO-CH,CH,CH,- — 3 'CHCH,CH, + CHCH,CH, + CO

Norrish type Il
N S S T
;e LI AR N
L~ O
EN

mudenamnvedildy E/Co deldsunmanieuonitusuanumvesidy wsminldsuna
moluthunnigessamud  msidevanmastuduanumnuesidy msdumniienle-
sonlwdssissnsamedivesiidudeldsuuanielutn ity

2. msvaslues (Photo-initiator %39 UV absorber) wnumuniwanam IS
govamelaouas  desnmsmaiIau M3UsenaulanensUETY  (Transition  metal)
asdsznevlelasansueu eiu Huea uautad Hudu mamuaﬂuwmﬁﬂnmﬂwwmﬁﬁﬂnmﬂ
mﬂmmsvmnmwuaﬂaum“mammw dretunodwessesaaiolnouasiiimielufio
mmﬂuﬁmmmiww 2.1[6]



M3t 2.1 msnlAsundasmdyiinasuman uaz% mata o yavia vee E/Co Raudioldunes
Woolseaud [7]

Type of resin and film thickness | Elongation at break (%) at exposure | Melt index (g/10min) at exposure time
(mils) time (months) (month)

0 6 11 0 6 11
E(13% CO)
1.25 375 9 0 2.2 80 419
5 513 79 37 22 55 76
20 500 50 50 22 11 25
50 500 50 50
E(1% CO)
1.25 420 446 246
5 550 321 392
20 550 500 416 2.0 7.5 10
50 600 550 484

2.3 NIZUIUMIMENTINNIWAS [6]

Qs 1 ar 4 A
walvesmsnssduergnaelouliddaiuilaneluluana  (ntra-molecular) 3o
] ci 1 dy d'd o g/ o/ d‘ =y & 1
znInlumna (Inter-molecular) fogluiuifentuld wsnuadunasgiongaganiulaomy
TasTuwes (Chromophoric group) fingluTuanavesnafives
TanIndTuanalasTunesiganduumgiluszozSudu uasganszdulneiuil szqnae
o v = @ ey 2 & Yo ana 4 . =
Toundawmedesaiiluidnluananii Weldsulfisogeqa (Ultimate reaction) Tuunsdl
S A ) o oA = oA Y a 1 Y] [ = ]
dudedu  wiemsUSuunsiganivumegiSuusn  udufemsaeToundenuludanedwesi
himmsoganiuuaegildios uammnsoganseduldniedon deaunisii 2.1

Impurity —> Impurity*
Impurity* + polymer > Impurity + polymer* 2.1

TavetumSomaduazisinsdosantsyawedimeslnsumag?  uilerinlfAsnmtu
a 1 = P} a a g o a o o) 9/
sonduuluussnmaediafion nfomaadluasFudfourtunedmed [6] iHudu
a P & A o a o Y a [ -\ Hq Yo Fl
wedeiiganaunauuaeginaduhl sz ldiAesswliedesnldtuauneusnld
= 0 Y a a a o [V A 1 o
VowihliiiaanuedesTdlaons@umsszfundany  (Quencher)  adliemeToundsany



] v 3
v ldsaumsii 22 madaiivseleniildwedlealuaunsoilidmunisusnls Tng
fiadesnmaessiundsnuninuasg’

uv

Polymer > Polymer*

Polymer* + Quencher p Polymer + Quencher* 2.2)

2 2 d - :
Tﬂﬂwﬂﬂﬂszmumsmﬂmwmaumauqﬂmmaﬂaaﬂwamu°luﬁmusmzé’uﬁﬁmmﬂnﬂﬁu
vy s e d 4
gendvllfwdsniianuenatud uaznszuumsiaiinanedld

2.4 PIZUIUMTATIUES [8]

Tvmumsmﬁmmm;ﬁwﬁmﬁamiﬁu‘n?ETlﬁ'%'uwﬁNmﬂs qummmmwﬂwmsau-
mﬂm“ﬂuwamuﬁwu mwmamﬂi“ﬂuvﬂﬂmu"lmwmwawm’lmnmmsmawawu iiendy
mﬁﬁmuuwu‘lﬂ wﬂﬂwamﬂuuwamumumu‘nmwa"lmnﬂﬂmmmmwu‘ﬁﬂﬂnmuﬂ fiwa
‘VlﬂﬂﬂﬁtﬂﬂﬂﬁlﬂaEJuTﬂSﬁ’r.'ﬁ’lxiVl”l\uﬂiJE)Eﬂ\m'I’J‘i%\mﬂﬁLﬂﬂﬂ'litlﬂﬂffmﬂ TaeitahlussTan-
Lauﬂ“luiumﬂafumwamuanﬂuwuﬁvmmuswmmmmuwamuﬂswmumﬂﬂmﬂwmqmum
gI1d umuawuﬁﬂﬂnmum"lﬂiuwmamﬂivqum"Lwﬂ'nmwmswmwuﬁWTﬂmauﬂnmuaﬂm
.éqﬁwa'ﬂﬂmﬂmlg]ﬂsmmnﬂua"ﬂemwmmmanuwuﬁﬂﬂnmuﬁ“’lﬂ fI001TU WS C-H

]
[=1

‘Vlﬂﬂﬂiwﬁuiuf’f'lEJT“IfW’E)mlI’eJﬁJWﬁN'IHHﬂFJﬂ’J']Lll'r)mEJ‘iJﬂ‘Uﬂ'liﬂiu(ﬂumﬂﬁ'llmuﬂ’ﬂﬁ'ﬂ'l‘ll’t)\iﬂﬁilllu

G
'
a

sudiluaeldwefwes 1 c=C uaz c=0 Wudu Srumaiindanuaduuaegfignganin
Tﬂﬂswuuwamnasemwmwawm‘lwwuﬁﬂﬂnmuGﬂuiumqaﬂlmwaamanmﬂwuﬁs RGLIREEN
Uffsendrenaa 1];]ﬂiEJ’lLﬁSJGluVlLﬂﬂ‘l;’uﬁﬂﬂNﬂ’liﬁ 2.3 Tnodawanenszurumsialineuds il
gmstevaaicludiga 51{0ﬂizmumsmﬁmmmﬁwaﬁﬂ?ﬁumQmﬁﬂnm'ﬂ?{ﬂuuﬂm"lﬁ'wmmmu
18uf msuanuen (Cleavage) n1sfrdaTuanaiing (Elimination of small molecule) A2713/ 1351
voeluana  (Unsaturation) n59ASE9#7  (Rearrangement)  uaemaipaiihiig (Cyclization)
maieuTeueslnsesaniie (Cross-linking) M1599AHIATY (Oxidation) uazIWlanlalaslade
(Photohydrolysis)  (fludu msxsaﬂgﬂsfnmﬂumtsumnwuﬁﬂﬂnmuﬁ"lmuwamummumn

& = o Y a o a A as N
ﬂauumgu'ﬂﬂmﬂﬂnmmﬂwuﬁmaﬂmaqawmﬂmﬂu (Homolytic cleavage)

R : R m——= R + R 2.3)

R, == )R 2.4)

a o o o 3 a o =)
mnmmmwu-ﬁ %ﬂdiﬂlﬁﬂﬁ%umﬂﬂ?ﬂu ‘Vlﬂﬂl.ﬂﬂwﬁuﬂﬂﬂﬂﬂ‘ﬂ'lﬂﬂu (Cage effect) D
ayyan ﬁﬂ\iﬂ'ﬂ\iIJﬂ'li!.ﬂﬁ'f)‘L!'VI!J'Iﬂ‘W'r’J‘VI‘Uu‘ﬂﬂﬁLﬂﬂﬂ']illﬂﬂ‘aﬂﬂi]'lﬂﬂuuﬁuﬂu’t)ﬂ'l\m’l’Jillmﬂﬂﬂ”li

sauﬁqﬁuiwu ﬂ?ﬂlﬂﬂuqmﬁgmm$ﬂ1ﬁ'LLWiiNL1]uﬂi]i]EWIﬁ’IﬂﬂJLW’tﬂmﬂﬂﬂ;]ﬂiEJ'lﬁ’lLuuﬂ'Elll‘lJ



[

é aan = { o ] ) 4 ! ) {
Fulgnsnaesrianfinnwdidy 18ud wesSwuuud 1 (Nomish type ) uazuessvuuLA 2
(Norrish type II)

2.4.1 nszvaumssaUfasendaauas 2]
HANN1SUBINTEUIMITIURATed01eq (Photocatalysis) 15znoudas 2 Suney de

1. ﬂi’z‘U’Juﬂ‘Iiﬂﬂ“ff"lJ (Adsorption process)

mmmmmmmmsmwuﬂ”l.unﬁmeaﬂ’cmsaﬂaaaeﬂﬂmaﬂiumeqmamsﬂnwm
ﬂwuuuwwmmmﬂgnsm (Catalyst) s ingmssiilifumsindoutiomsonveamamtes
i veswewiavSeneanseaizondn §agngadu (Adsorbate) muﬂmmmmmmumwu
Sendi1 Aagady (Adsorbent) mmmumaﬂmaﬂauummmmmmﬂmumauiqmqmﬂmw
viedaousemaninionaaeedusaniy daunszuumiTalgisndasuas msgaduiann
usamuafidundn

2. ATSUIUNITRIBUAN (Irradiation process)

Lﬁ"'aaun1ﬂmsﬁaﬁamﬁaneumﬂﬂmmm Falindenumhfunieginivoetondeny
(Eg) smﬂswmumwmaumﬂmsmmum1“1wmaﬂmaunﬂnmgu wasuiieguinauauduuud
Ll‘llmﬂa'umflﬂm‘utmuﬂ ildideannzraunaudidnasoufiviauduund  Geni Yo (Hole)
Fumudroddnud 1 mumaﬂmau'ﬂnnniwau‘lﬂaﬂiuﬂauﬂn%mmuﬂ unudodydnyal
e, mmﬂgﬂsﬂmnmmmm pnifiAaguesdifinasen (o) uazTen (1) Feddnasouuaslen
ﬁuwum“lumsmﬂﬂgﬂimaanmmwiﬂﬂw Tngdidinaseu (¢) aunsofalfisesandufums
dunsdildiRamsaminveendindu 188

o + M -1 M’ (2.5)
Ed
daulea @) mwsadnlfisoeendindusumssuninielosousieg Luiidigu
h' A OH > OH (2.6)

L ]
]

- T aaa 1 aQas y o é o/ (-] i
AnselfiTenlunssuaumssafisndoastl  Wusagninh mmﬁeﬁ%z“lﬁ’ﬁ’fﬂ%
a aca 4 o v = 9 9 (Y F 2 o
msmﬂﬂgnsenmmsfluﬂmﬂnymamm'Jmm“laﬂ'uiﬂsmmﬂlmmsmmm a1sfagaiezd
uauwawuwmau%aaﬁmunu A9 UAYIUAUF (Valence band) ua%mumam"lﬂ% (Conduction
band) Lmuwmqm'mﬂ'aqunmwnmnﬂuTﬂummwmanwawm (Band gap) Fsflaunia Eg
fuey

2.42 dunaeiivluiaseriing 2]

Llﬁﬂllﬂﬂﬂi“’ﬂﬂﬂﬁ”lEJLLETﬂWﬁNﬂ’JWEJ'I’Jﬂﬁd‘uﬂ"N‘] it

L. uve 1A1Ne1A8Y  100-290 nm um“lumquiﬂamﬂmnnﬂwuiﬂﬂmcﬂahuiu
VI5NA mummermmnﬂaﬂmnmammmaﬂau 290-400 nm

2. UVB flanue1infu 290-320 nm um‘lumqumlmnﬂmnﬂ?ﬂmmmmzﬁmﬁqé’ﬂmu

s

o w s o Yo 1 o a J a d a o Y él
Lﬂumwaﬂwﬂﬂwmunnemﬂ meﬂmﬂﬂumiqmwm"lﬂuaenm
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3. UVA finnwenndy 320400 nm uﬁﬂwﬁfmﬁﬁﬂﬁ’tﬁﬂﬁm%nmﬂmnsxﬁu“lﬁs%
msaawariiv ua i lfifamssnery

4. wasidida (Visible light) $A21M817AAY 400-800 nm

5. uﬁqﬁuvhﬁﬂ (Infrared light) 172120619941 800-1700 nm

1uq1u’mUunmmau%“lwmqmmEmﬂauum UVA Uag UVB mmmmmqm‘luma
fmnﬂnﬂauummsamamwuiﬂwmaﬂan‘lﬂ wazamnsoswld inmiienlaoenlsd

2.5 lnnudieallaeenlad 2]

asdnhiilFlunssuoumsisal§isn ineglugveseenluduadalidinareyiia
15y Fefoonlad (Zno) Wemmuoonlye (WO, upaleudalie (cds) Feraalue zns) dudu
Fesaadnnuitenlaoonlad (TiO,) cmnﬂwmuum'nmu1~ﬁn‘lumsﬂswﬂnmﬂlﬁffiuniumu
mstsqﬂgnimmﬂum fidsz@ninmge Samulswasduilddewinddifueded S
mwumwwﬂamauwuﬁﬂumsﬂmu ummﬂqm'luulaﬂuiﬂmamﬂﬂgﬂsm waglifamsfia
nsou SneluduRude dundey nidenlaeenlwdfithund utimnndasaslas e dg
ulu 2 quuy fie BzuUNG (Anatase) uazging (Rutile) Tnefilnseadradauaadlunnd 2.1
Fonumsd un Innuiienlaoenlyd (Titanium Dioxide) M3olnmilanaulansied (Titanic
anhydride) lnofiauiAuteuszmsdumanddumsnii 22 Tio, fewldnaalaousinluszme
twosiluil fio Degussa P25 Ha1lsznoudIeezuuna (Anatase) 80 % uazglnd (Rutile) 20 %
uazfishszdvdndihvesneudnfunundias nauduuudiidu 03 waz 29 v @iy 0)
AR uaggadunasfineIInaud 52 390 nm

e
g
&
bl
o !
KR v
Jomer T B QPR et
W TFTSNNIE .
O A rEesy 3&{:}?3”
Crystal strocture of [Rutile titanium dioxide Crystal structure of Anxtase titanfum dioxide

Mui 2.1 Tnsead19nAnves Tio, LU Rutile 102 Anatase [2]
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1 aas o v 1 raaa Y {
AszuIUMIITAsedeuas Taedl Tio, ludusalfasnaunsouaadldfeaumsi 2.7

892.10
Light absorption TiO, + hv —* ¢ ' 2.7
Recombination : e, + hJ'vb ————#  heat 2.8
Oxidation : R + +vb ——— R’ 2.9)
Reduction M+ € o M (2.10)
tile hv = 8UNAUDIUAI (Photon)
W, = Teafinmuduuud
¢, = odmnaseuiinoudndunuud
R = Tuanavesmisdunss
M = lanznin
meft 22 msnfouifievaniaves TiO, 1Y Rutile 1A Anatase [2]
Property Rutile Anatase
Crytalline Orthorhombic Orthorhombic
Band gap energy (eV) 3.030 3.200
Hardness (Mohs) 6.0-7.0 5.5-6.0
Density (g/cms) 4.250 3.894
Gibbs free energy (Kcal/mole) | -212.6 -211.4
Lattice constants, a (A) 4.593 3.784
Lattice constants, ¢ (A) 2.959 9.515
Melting point (°C) 1858 Change to rutile at high
Temperature at 800 °C

¢, nTnnuesndiauigaduuuiiy Tio, it luanassndnunldsuiugluled

a - ] { @ ag
oonlyduenlovousifa (0) dwlsairnausuuudannsaiudidnaseuninTuanavesss

dun3dlalasase n3elensendalossu (OH) iliiAnlsasondasada (OH) uazduililuana
oy 1 [ a . 4 [~ 1 @ 3 o v o adg {
youhiigaduyuiy Tio, Waswilu -OH dwwuiu & -oH WudFudilnaseunianul

Tumeinlgifngs wagimibhiigasTuegevesmsdunidfigaduuufaves Tio, dw o
musahwiehilgiserdehidiulalasounlesesnlsd (1,0, faumsi2.11

+

20, + 2H

'

H202

\ @.11)
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3
v ad $

{ a o o aaa § o
H0, ffiatuiludifudidnaseniin uoz Ho, aunsongniendelf]d Taseesi

€

» MMINAIARE deaun1sh 2.12 §4 2.13

HO, + ¢, »«OH + OH (2.12)

HO, + O, » :OH + OH + 0, (213
2.6 wodefiauriianNuvLHe [9]

wodleAaurianrumunniud (Low density polyethylene, LDPE) Haa 189100520315
weﬁme‘lsm‘ff’ummmﬁﬁmmmwgaﬁﬁiﬂﬂﬂiﬁ%’ﬂannﬁuqa aungll 1502000 vnfadent
w*aﬁmﬁﬁummﬁum woRme 8T lsRuusmauun ﬁ‘lﬁlﬁWf)ﬁulﬂ{‘HﬁﬂJSJﬂ'J’IJJL‘lJuNaﬂuE]EJ
AT A T, diseana 80-110°C uaziidanng numuﬂTmaﬂaaﬂ“Luma 6,000 — 40,000
nsu/lua “lumwm%uamw‘uumunTmanamamwums‘lﬂa Funmnedniminduniuves
wamuasﬂ"lwaaaﬂmﬂﬁaammﬂmmimummwﬂnwmﬁuﬂiﬂﬂuumuﬂﬂﬂﬂa‘nﬂmmmw
fnualunat 10 wiil lnaldnansedsiinmsinaquudadiinaumiates mﬂhau vt
Tumﬂam uadlvasenuildtesnsosaiing "lwamuﬂam nﬂmwuﬂmmaumuﬂmaﬂam
Tiutee sutiAutelsEmsueq LDPE naaedennsted 2.3

M3197 2.3 duTAD19158n13v09 LDPE [9]

ANLiA VATEL ASTM LDPE
ANUDNTUNIE - D792 0.91-0.93
anudunin % - 50.0-70.0
guninauval °C - 98.0-120.0
ANUUTT IR MPa D638 4.10-16.0
vogad GPa D638 0.10-0.26
MseeBa o 9991A % D638 90-800
anuudausanszunn J/m D256 No break
ganpdifeanunannudon | oc D648 38.0-49.0

mniaTaeitaluves LDPE Hewo il [10]
1. fanunuiuuagyavasumaii mamemn‘uwaamﬂammﬂmmwmuuum
2. Gimylnadifif fe Melt flow index 0614324 0.1 - 10.9 /10 177
3. fimanuudauseanszunn (Impact strength) ANOETUAT
4. Aduildn LDPE vefinnuiiueig (High gloss) wazfaudluidi Low haze)
5. Wunuulnihiideudud (Good dielectric property)
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LDPE uluwmﬁmﬂw”lwm“lmmwaunsiqnmmumwmmumtssﬂm “quiu” tifeqnin
ﬂﬂm‘lﬂﬂ nuremIiunzquazmsinne sunsatlesiuanuduldinensunis  nunsaas AN
W9 W uaztdesliormadurndie uadeoves LDPE fip ﬂaaa‘lﬁ‘lﬂmuwmu'lmw
1151997 ve9 LDPE Tunuddudungeeduludovae PUUINAE Fug ﬂmmmnw“lqmssﬂ
Fudialy anonubsvinalugiideansuunsuiminun 1dus

- PUTIEIMNIT 15U An waldae vuuil grnan o1susuSe emsu

kY 3
- edmiussydudimin iy wianainyas 12y il Fudruasosing uduy

€e

o o

o
- qwu"lmmqqnsxmw?anizaauwa1ff¢m°m“l°1’f'usﬁ;mmsam {lo 1@

- Wouna  (Shrink film) unzTAUEA  (Stretch film) fidosmsanumileags g
3

M¥SadudineS sauunmusesduaud (Pallet) Lwemswmmﬂwma“lwm

a W

2.7 IefHeTo

1IR5 nfudumna uasnue 2] AnmsUsulgemsganfuneaves Tio, ¥elnerlnd
ﬂﬂﬂauum‘luqmﬂ'ﬂ‘ﬁuﬂ:mJamﬁn“lumsﬂﬂnamm‘lmr’mama Tﬂﬂmiﬂsuﬂﬁwummm
TiO, 1A8W® (Doping) @100 neveImIgdamesininlegsy Tnelddnsrdulaslvaseniig
"lwmman"lai&ﬂwawmﬂ“lcmnu"lﬂamsmﬂu 1:4 mmw“lﬂmimmﬁﬂﬂmmmmu 400, 500 Ay
600°C mnuuﬁﬂmﬂsuﬁmmwmsﬂmwm Tio, dleoenvaslanznsiu- a4y 1Qur Fe*
o’ uay v wmmﬂuummwmmcvrmmEm"lﬂunmﬂwwmﬂmﬂuﬂmsmwuﬂm HazIUIAYDY
TWIU (BET), madinmsidoiuusedisnd (XRD) uag g3-3tdin aulaTnsalnd (UV-Vis) wuh
wmemmﬁmcmwammﬁnsaauunummﬂﬂauuﬁwm TiO, “lmmmaa“iuﬂmmmua'lﬂﬂw
uaﬂmnumwmmmwnnﬁlﬂi’ﬂumsmmawuwﬂwmmﬂﬂauum‘lummmuanﬂs“ﬁmmwmﬂ
f-uuLmwmmﬂgniammwu‘lﬂnnum”mﬂmmﬂswﬁmmwiumsﬂmﬂmmuma Tnolduian
vgdlussmagoy wudh S-doped TiO, S unAsiage v'* 2.84 % asadlidamsaaieda
YoImITazauINNaUUY lAgegn 95.25 %

b

P.K. Roy uazanz [3] Anywaveslnoandinduiiinanomsdosaatsisy LDPE T
N13HaY LDPE fulnusadaifeisa (Cobalt stearate) YT 05, 1, 2, 3 uag S%wt Qi 100°C
meldranzusseniresndiou mumsmaﬂsmmmﬂamwueuﬂua Lﬂwusﬂﬂawm 70 pm
mmﬁnymumwanmwuamnmu avwuiiansady, avwannsomsda w 019, Al
mfvetla (C.L), amgmmm umunTwaﬂa uazeemauiunan wuh Ay LDPE fATSuta
Tnueadafesaiuiy, m”lwmuﬂﬁuauaummmmmﬂuwamwmm uAnINUTsaRe, A
musalunisia w %mnﬂuauumuﬂimanauuaﬂm

G.L. Liu uazanig [4] #Anvinmsdovaaeldy LDPE naudeaisinodlng (Goethite) Tne
ﬂi“’U’JuﬂﬁLNﬂgﬂ‘iEﬂﬂ’JfJLLfNﬂ‘IEﬂﬁLL’sNEJ’J TaomswaumisinesIngd aslu LDPE USuna 0.4 uay
1 %wt m"lllimsﬂwan wasmenagIanuduLay 1 mWiem® [Jwan 300 b ATAATIZH
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b4
o

wihwiinves#iay LDPE Al 'JLﬂ’i’l:"“riﬂ"ISLﬂﬂWﬂJWQﬂ“Imﬂ’JEJmﬂuﬂ FTIR, A329gdnyale
?\Iﬁm’hﬂmﬂuﬂ SEM  wunildu LDPE wuﬂsmmmimaé‘lm meuuwam“lmﬂﬂms
qzygﬁﬂumuﬂmmﬂau LDPE odudeiiies, (Aanmstosaatonniy TuuSaftmnnesing
nIeeAleg  uazvi g LDPE mﬂmsulaEmLulmTﬂsmimﬂuwuﬁqnmumsuﬂua
ua“lamancmmﬂmuma uanmﬂumwmmmmmmmmwmuuwam“lmnﬂms dosaaeld
1Py Tﬂﬂﬂ'lﬂmﬂmiﬁmmamwuﬂmmwan

Y. Zhiyong uazame [5] fnvimsdunsie mm‘“mimsﬂuﬂmmmﬁmmﬂﬂ (ZnSO,) L)
(Doping) a4l TiO, (P25) ARPYLY Raschig ring (RR) Inon1sidelualSuna 1,2, 4 uaz 6 %
Tnolua wnmﬂ‘lﬁmimmﬁﬂﬂm‘namwnu 500 °C alumsan 3, 5 uaz 7 hr vinuth
3J'I’JLﬂ'i’l°’Hﬂ’JEJmﬂuﬂmi’JLﬂ'i’lu‘Viﬁ'm (EA), mﬂuﬂmsamwmmmwawm (Energy Dispersive
X-Ray Spectrometer; EDS), nam%a‘nﬁﬂuemnmammuammu (TEM), madaendisdInla
didnasoumilnTnsalng (XPs) HazmAiia XRD wuhl4 Tio, fse ZnSO, IAGBLY Raschig ring
®RR) WdszAniamlunisdesantndion  azo dye Orange II UAZAIAZAY  2-propanol
uvullfauaaldgenduny Tio, (P25) wdsuuy Raschig ring (RR) UoN9INTIS WU nmdada
ua“amﬁnu"lumsmmmlswﬁwﬁmwmqa Ao 4% laglua uaz 500°C gaungilunsminlseg
Tugefimuz ey mem‘wmeNm‘mameaaswazmmama Tio,  uAtgamngisluiing
AemudenTnssad ez naveg TiO,

Amd  lwewuasd  uazame  [11] imssediniginsdiadudunadonlugie
AIEUAUNMSIFIUYRINITIN Ti0, W ldiludusalfisodunneziunslunssuiumsdesaas
maluTasinueenledlueime AsEUIUMSEoBEA e UDa Lm""luTmmumuiumnﬁﬂ Ty
anfmmemﬂuns“mumsaaaamﬂiﬂﬂ‘lmnswmuﬂﬁeuq wu“l«fflui"]%uu fierlaFaanszuay
mi‘wﬂ'eﬂmnﬂwanswwmemmﬂaanuaﬂmﬁﬂ WU Degussa P-25 (Huwrly Tio, fiTlszdAns-
NG Tumsihnldhinvoude Lm‘mamsm"lﬂ“lcmmm Tio, fieliAnnsgaduauvieszune
viuiosnin TiO, Lﬂuaun1ﬂw‘lua~mﬂu1 Yedawanseny ilenSoudoutunszuiunsise
Tae388uq wn”lﬂi’ﬂuﬂ%uu muumiwaﬂmmmsmuﬂu Tio, Ml¥lunszuiumsiise usedh
mmmsﬂswmumsm%ﬂﬁnﬂsxﬁmmw Tumsdivagenasldunly Tio, saufuaisafildly
mstidaveudedsuy

gilan founey uasaus [12) Animsdisaiuea TaeldUgAsen T Ineondimdu (Photo
oxidation) 139U§A561%0 Tio, 1n5AMIM Degussa P25 Fuhwundeuvunedmfianmaian
leomatiansquindeoy Anwavesdauls dnndulasTuaveuedfinezdlause Tio,
i‘imauiauiumsmﬁauﬁa Lmvamwnu“lunmmmniqﬂgniﬂmaaﬂymwmwanma TiO,
fndovuuRvesriumfianmagian nagevlszAninmvediiduun Tio, fndevuusiy
mwammﬂﬂaﬂ Tﬂﬂ“h’flumsﬁmﬂwuﬂammwmuﬁmu 50 ppm mu”lmﬂsmﬂ;]nmum

ﬂﬂﬂﬁﬂﬂiﬂﬂﬂ’)ﬂﬁﬁ@ﬂﬂﬂm1ﬂ 9 ’Jﬁﬁ 91U 15 viaen 1’1 28 £ 1°C 'JLﬂi'l“’ﬂﬂ’JEJmﬂUﬂ XRD
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uazmaiinmsldndesganssmisidnaseunuydesnsia (SEM) wamsnaaeswuddue Tio,
‘mmiem"lﬂmnaﬁﬂmuiﬂaiuaﬂlmuawaawﬂﬂuma TiO, 7l 294 infevuuNe R Fanm-
aston 3 7ou uagldnanlumsihl§Ase s ar mlsuamﬂ1w°1umsamavluaamanﬂm 68%

X. Zhao uagams [13] ﬁnmmsaaaamwmwmﬁmn LDPE #1¢ TiO, TaonszuIuns
mﬂgmmmmmq ma‘lmmwauauumamm Tnomswan Tio, aslu LDPE 1Sw1a1 0.02, 0.1 Liae
1 %wt m'lﬂwsﬂvlau avhhildy LDPE uasWdn LDPE waufy TiO, (I %wt)
meAeumegdiilunm 20 way 100 br unJ’I’JLﬂi’I“’ﬁﬂﬁLﬂﬂﬁlJW\iﬂ‘l)'uﬂ’JEJmﬂuﬂmiﬂi"ﬂuﬂTi
ﬂ'Jﬂwamuuﬂwaqumauvlsmﬂ (FTIR) msmﬂaﬂymuﬂanmﬂmﬂuﬂ SEM wuhFunw Tio,
WRUAYU LDPE mwmmuaunm“lumimmmmuﬂm l#Wdy LDPE mﬂﬂmﬂaauuﬂm
Tassadradlunyiladsunifueiia leasenda HAZWLIIVUIA, mmaﬂﬂlmgiaﬂmmwnmnwma
uaasiufansdosaans 1S5y

Tnwssa aumqsu [14] Anvmsaanedaidiouasvesiidy LLDPE Tasldnovloaidasa
(Copper stearate) Fuaienldninaouileddania (CuSO,) oz wannmmwmﬂﬂﬂwﬂ LLDPE
Tuusum 0.005, 0.1, 0.02, 0.03 uaz 0.04 %wt Tﬂﬂ"lﬂvumuimawmflummﬂﬂi $18A7
ﬂmﬂaﬂnﬂasﬂmmm umﬂlusﬂtﬂuwaﬂﬂﬂ%msm Blown film extruder umm‘lﬂmﬂufm
SenFeassaniae QUV Accelerated Weathering (flui3a1 7, 50 uaz 100 hr 9101 usiWgui1e
"M ClL mﬂmﬂuﬂ FTIR wmw'ﬂsmmﬂmJulasﬁmmmumnaﬂumsmmmmwumnw
il C.L diuanndy fnavhlnisdesaaevesilgy LLDPE uinniudag

C. Chen tazAz [15] An¥IMstosanisimiiaonidi (Methyl orange) Tuilaenseuaums
1lasendneuay Tﬂﬂnﬁmmﬂ‘Vﬁamwm ((CH,C00),Zn)  aslulnnuiisumnszlolalns-
wonlsa (Titanium tetralsopropox1de) A2875 ﬂ1ﬂ‘lfﬂiﬂﬁlﬁﬂ‘iﬂ11&ﬁﬂﬂ~ﬁ]ﬁ (Stearic acid gel method)
Y3 0.05, 0.1, 0.3, 0.5 taz 1.0 %Tﬂfﬂua zmmﬂ“lmussmmﬁﬂnmmmwnn 400, 450, 500 Lz
600 °C AU 2 br mnuuummmuwmamﬂuﬂ XRD, mada SEM, mAila BET
wazmalin UV-vis nudgaungdlumsmn 450°C uagdSuadang 8oy TiO, 0.1 %laglua
“lﬁﬂsvﬂmmwiumsaaﬂﬁmamwaamsu"lﬂmqmueamnmumﬂlmwanumﬂimmﬁﬂmu
ozuunadeyInduiniiga

ﬁq*»fmm"?%’&ﬁﬁﬂmwmﬁﬁﬂﬁiaﬂﬁmaﬁ’aﬂum Temsl¥  Tio, Alieunzidodrens
ﬂszﬂanﬁqﬂ“?nmzmiﬂsvnau'lumimﬂu LDPE LwammUﬂswﬁmmwiunmﬂumm
ﬂgnsmmw"lumaumm lumsdesamodasuaalifuiidy LDPE uasiliSinssriauiaves
Aullfisediemaiia  XRD, DRUV uasihnagevmuiimsdesamuvoilgudemniia
FTIR - fnmndaguinedas SEM uaswaaevausfiGnadiontes Universal testing machine
UT™M)



UNN 3

o a

ABMIAUTUNUI T

Y d
3.1 MIAY INTIND uazqtlnsm

3.1.1 M5l
L. WORANAUFTAA NN UL LA (LDPE) 1n3@ LD1905FA 91nuSHn Inewedenay $15a
2. vlﬂ?luﬁﬂil"lﬂﬂ@ﬂvl%ﬁ'(Degussa P25) USH" Fluka sigma-aldrich 91A@

3. danz@lumsn (za(NO,),) 1n3@ 1271 U5 Ajax finechem 177

4. danzddaina (ZnSO,) 1N3ATNTIEN USEN Fluka garantie 91119

5. 490z @0 HINTA (CH,CO0),Zn) In37 2091702 155N Merck KGaa 130
6. Liquid N,

Aedi 3.1 auniAnasenisves Tio,

QFI TiO, Degussa P25
ANYULNINYAIN 28]
YUIAYDIDYN A 21 nm
a TP
Q’ Tt
nau i
) Q"
ANVUTANT 99.5%
WU UMY 35-45m’/g
AN lumsazale N30 (HF)
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aefi 3.2 audAueilsensved LDPE

GEBI[ LD1905FA (Film) Ny IEMIneans
Aartinislva (MFI) 2.0 AFN/10 W19 ASTM D1238
(Melt flow index)
ANUVUMUY 0.919 nu/aL. %Y. ASTM D1505
(Density)
AT R o 019 MD :300* NAN/AT. B, ASTM D638
(Tensile strength at break) TD :230%*
esidudnmsta w yavin MD :180* % ASTM D638
(%Elongation at break) TD :590%*
AMUANNA (Shore A) 46 ASTM D2240
(Hardness)
WHADNHAI (T, ) 108 °C ASTM D2117
(Melting point)
NBOUAD (HDT) 92 iC ASTM D1525
(Softening point)

v Qawv 9 a
NUBIHA ToyavinuTingnin
MD: NAFOUAINLU AN BITAS

TD: NATOUAINUINIATOISNS

3.1.2 iTesilounzginsalililumsmaans

1. uSfuaiinsouda

a 4

2. '1nTﬂﬁJmas

3. Lﬂsmmumuﬂwﬂuﬂn 4 AN i‘u ED2248 :U5H% Scienttfic promation 31@

4. msmi‘]umumna (Mechanical sterier) %33 1Us AN 5 35U Eurostarbasic :U55M Kika
Labortechik 911&
WA (Furnace) q'u F6010 :158% Kerper boukvard 311@

é’au%’au (Hot air oven) ';;'u 1350FX USH™ Shel lab 311
Lﬂ‘i"'e)aﬂimqmmmmmuaﬂmmﬁu

Lﬂiﬂﬂﬂﬂwmﬁﬂﬂ (Grinding machine) 5u FC 209: US8M Bosco Engineering 9111
Lﬂimemmmumamwuauﬂ (Twin screw extruder) su PL-200: USH% Intro

¥ © N o ow

Engmeenng 11f@
10. 1A7096A5 Saduuuuh (Blown film extruder) ';' W LF-400: USH" Labtech Engineering
1A

131086
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11. m?am’mm')“ 34 QUV/SE 151t

12. msmmaﬁnmﬂmmmﬂnausoﬁauwmm (Fourier transform infrared spectroscopy;
FTIR) iu Nlcolet 6700: USHN Bec thai 19

13 inSoens@eIuieding (X-ray diffractrometer; XRD) §14 D8 Advance: USHn

Bruker AG 911#)

14. namilawssﬁuamﬂmauuuuﬂmﬂsm (Scanning electron microscope; SEM) su LEO

1455VP : U580 LEO 1A

15. msmﬂwﬂ'smwlﬂwwﬂﬁﬁgﬁamﬂniwsﬁma{ (Diffuse reflective UV-visible spectro-

meter; DRUV) i W Helios alpha: US¥% Thermo electron corporation 9119

16. m5906“@6uummwmw‘mmﬂniﬂﬂvﬁﬂnmm (Atomic absorption spectrophoto-

meter; AAS) su Solaar M5 dual AA Spectrophotometer: U55% Thermo elemental 31if

17. Lﬂimﬂﬂﬁﬂumuﬂﬂi:ﬁmﬂ (Universal testing machine) 's;u LLOYD LR 30K: USH#%

Lloyd Instrument 31116

3.2 M3n3Bn Tio, vilaleuaz laiise
- nadiithifimaifemsasuu Tio,
0 . o o ¥ a a d' a I~ o
W1TiO, 111471 2 nsy Tdlunsdida sl wniigamail 300-500°C Whuna 2 42T
- pIAiRimafemsasuy TiO, (315 Ienmal [12-13])
%4 Tio, U 2 0¥ (marilon 4 duomnis Nﬁuﬂﬂﬁﬁﬂi“ﬂﬂ‘u 1 i@ (Zn(NO,),, ZnSO, 1130
(CH,C00),7n) finnundudy 4% TnsTuavos TiO, hindu 100 Faaans gTmnesvua 250
finddas WmsilunauSenadinimuds soo pm Li'junm 15 3l nsmmszwauaaﬂmamsm

ﬂimqmmmmm‘uaﬂﬂammua“m‘lﬂauiumusau‘namwnu 100°C mnuum‘lﬂ“lﬁﬂ;mma
memﬂmmmmamﬂnu 300-500°C Fuan 2 $17u
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o o P \ A 1A A
AINA 3.1 VUADUNTATYY TIO2 ‘Vllmimua::ma

M31af 3.3 gasluniswnion Tio, sianouazhine

GRPCRGLN guuadlunIsw a15190 Ysmmmsidely
(°C) TiO, (%mol)
T(NC) = F =
T(300) 300 - -
T(400) 400 - -
T(500) 500 - -
TZA4%(300) 300 (CH,CO0), Zn 4
TZS4%(300) 300 ZnSO0, 4
TZN4%(300) 300 Zn(NO,), 4

3.3 M3n3uuTlaa LDPE way Tio,

. a Y Y A& o oa a ' Aq ¥
WY TIO2 ﬂilﬂm 2-4 php N LDPE ﬂ’JUlﬂSQQﬂﬂiﬂLLUULﬂaUFJﬁuﬂuﬂ ﬂﬂ133°ﬂ1‘]§

Feed zone 160°C
Compression zone 170°C
Metering zone 180°C
Die zone 190°C

Screw speed 8-10 rpm
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umu1"l1lu¢1mumsmumuﬂwmﬁﬂn udnilmanudn 1 sauiumsmaﬂsmmumamwuauﬂuaw
yad ﬂmuummwugﬂ &roin3oasa3auuuildunth Blown film extrusion) #n11z1A3pasATA
FHANAYIMUDWAYY AIVAAIWNUILUTZUI 25 - 30 pm

Feed zone 160°C
Compression zone 170°C
Metering zone 170°C
Screw speed 22 rpm
anmzneauthiuguildy

Blow zone 170°C
vnailuauiild 5 bar
ﬂ’ﬂmi’mﬂﬂédﬁ 1 1.5-2.0 rpm
mmmanﬂ?iyqﬁ 2 1.5-2.0 rpm

.
e

N

' v
AW 3.2 YuABuM3ATeNNAY LDPE AduURY TiO,

N v
M99 3.4 gaswanlunsugiiau

Waw Y3 Tio, | gungilunisian /135190 Ysmmanively
(php) (°C) TiO, (%mol)
LDPE - - -
LDT1(NC) 2 - -
LDT1(300) 2 300 -
LDT1(400) 2 400 -
LDT1(500) 2 500 -
LDT2(400) 3 400 -
LDT3(400) 4 400 -
LDT1ZA4%(300) 2 300 Zn(CH,C00), 4
LDT1Z54%(300) 2 300 ZnS0, 4
LDT1ZN4%(300) 2 300 Zn(NO,), 4
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3.4 M3nINTIEHNIs§ATen Tio,
a d v v 1 aaa
3.4.1 MIANTITHMIAIATINVRIR NI {3 TiO,

dusaFase Tio, silafimIoufinnneaieg gnithliinsrlaumailn XRD milaseads
szmmmm:flﬂﬁnﬁaw16’@151&1’11@?\111111’1’11%’141104Mﬂazuunﬁﬂ'mﬂﬁﬂwﬁ Faaraslunwi 3.3
Anserlaonsdadusafiter Tio, Uszina 3 n3u ldaslu Sample holder Wmsthaiamih
W3vuuaznasaliiniu nthunithAadai Analysis station Ta614 Cu, Ko Wunvasfuiasad
BN MM ITATIZHAIAT 26 910 0-80 degree

l:l A = =Y 4
A 3.3 1nTealendsdanunsaInsiines (X-ray diffractometer; XRD)

3.4.2 msfAnplszanimmyiamsganauuasgIves Tio, laumaiin Diffuse Reflective UV-

Visible Spectroscopy (DRUYV)

o 1 aaa i oA 1A A a ald' 1 ° a 's ] A

ansalfnsen Tio, Mveuazlie Nwseuldnanizang ihh/inngdmsimsganiu
LENAIBIATEY  UV-visible spectrometer Taumadn Diffuse reflective UV-visible spectroscopy
(DRUV)  sangaslunini 3.4 dimsimsizdlasmsidusaw§iser Tio, laaslu Sample Cell

[ 4 ' * E4
1d2111 Sample cell 1UAARIN Analysis station 1A51£1 1UA1IANNE1IANY ALA 300-500 U TUINAT
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MW 3.4 nTeadnihdsnlaivg ididemnlnsiines

3.4.3 MIRNEiIISIne Za(NO,), sl §Asen Tio,

Auslgisen Tio, ivemisulananzaieg gminnmiSunaasidelu Tio, dunes
a d @ a 4 9/ [ L4 o o
gaouiinuouraIwiuanlnIns Inlnimes (AAS) 19vasae Tanunoni (HC lamp) a0 3.5
i 4
Tavldanenaaeudail

nizudlviana HC lamp 4mA
ANWEIATN 0.50 nm
Tnua Emission
anlw Air-acetylene

mmslinnzilanhmsazaredinzddudy 1000 ppm Wovidiohinduliua sy
0.50, 0.75, 1.00, 1.25 1Az 1.50 ppm IAAIANsQANAUNTINAZ a319051WUIATF 1 (Calibration curve)
ITMINAINIgANAUIAY  (Absorbance)  fumdudumTazaeRniold  sinthussoums
Mednlieglugmsazawlaeldnsalalasmgin (HF) Yszanm 50-100 mtiusiazats oglu
219 dudY 0.50-1.50 ppm IAMNSQANAULAINITATAILIATFIMLAL MTAI0613 ud N
msf}ﬂnﬁuumﬁ"lﬁ'lﬂ'imswﬁﬁumwﬂummmsﬁ'amﬂ'nmi’fah’fuﬂlmmsazmﬂﬁmdw
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{ A = L3 -
MWA 3.5 InSesozaouiiniense s nFumninsiWlalmes (AAS)

3.5 MR HIasnaaevaNTAveINan
3.5.1 mywnszvivesdunaaniluwanveailan

W LDPE raw Tio, Maieuldgmithiainssimlesidudanudiundnues LDPE Tae
AN Differential Scanning Calorimetry (DSC) fauaaslunini 3.6 nsinsizrlasldanioz
v

=1

Al

Vst 7-10 mg

gl 25-150°C
on31msnanudon 20 °C/min
BATIMIIUE 20°C/min

anmzmaild N,
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MW 3.6 Ao s wiBeaaunuiiunaniines (DSC)

3.5.2 migesaawvesilandisnayd

AauAuTldn dedas 2 udu TalunseuTanseqiiilon IWsuumaaouivun 75300
mm’ wdnhlnageumsdosamedamnioussanng QUV daaadumwi 3.7 Tavnismoue
g3 dune 4, 8 ez 120 Ay melulszneusonasayifififinnwenau 313 s
AU 0.63 W/m'/am $1191 8 naen 119ngdhaay 4 wana

d' A o @ 1 o
NIWN 3.7 19599 QUV tazrad msulaway LDPE
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3.5.3 MyIamaviinfuetia (Carbonyl index)

° ¢ A = A ' a 7Y A
u‘lﬂanqﬂﬂ'luﬂ'ﬁ'Q]ULLﬂQg'ﬂu!ﬂi@ﬂ!iQﬁﬂ’ljz QUV ¥1M979UATITHAUATOY FTIR

vy ac 1 A -1 A "o a a
spectrophotometer A287%5 absorbance %34A1UY1IAAU 500-4000 cm™ INDHMIAIASHAIS UONA (C.1)
b
v A
AU

C.L Peak area at 1715 cm '

Peak area at 725 cm’’

2 3.8 InFeafiSemsuanesudususamilnInsfiwes (FTIR)

3.5.4 msfinm@ugIngrveailan LDPE pauiudis sl jisen Tio,

wSonFuanufieinumsnsenofaung Tio, - (mafavne)  Tashduauusly
Tulaswumaniiunm 5 i adainduan iazdnwinsdesaaovesildufinga vinnh
Suamiideansinyindoumes (Gold sputter) 101l lTins1zidaundeaganssmisiin-
ATOUNLUADINTIA (SEM) Aaudasluning 3.9

NN 3.9 ﬂé’ﬂmamsﬂﬁﬁsﬁﬂmﬂmmuﬁmﬂsm (Scanning electron microscope, SEM)
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= wa a
3.5.5 MIANIAUUABING

TE I nageULsIRa (Tensile tests) AreinToanameuennUszaas (Universal testing
machine) AUNINTFIU ASTM D882 ﬁ"amw"?; 3.10 5§w‘i1miﬁﬂuw'uﬂﬁnﬁaathwnuumm%"mﬁ'm
(Machine Direction, MD) LmuLLu’W’J’NLﬂii’N%ﬂi (Transverse Direction, TD) Tmmmwmm
ﬂ’)'f)UN ﬂ1ﬂuﬂﬂﬂ1?wlﬂiﬂ\3“ﬂﬂﬁﬂUﬂ\1u

VAT 15x80 HaAmMAT
anuis2lumsfada 100 NadwasAoUIN
AMNEINND HEBAMLEI N UAY (Gauge length) 25 Naawns
muiqmqwmﬂsmsu‘lﬂ 100 178U
usuudodeinaaey 10 Fuau

= 4 4 . .
MR 3.10 InTPaNAdOUBIUALTY AR (Universal testing machine)



uni 4
WA
4.1 mswq«amanaymmm TiO nmmﬁmw;amwnumaq
4.1.1 msfigeritenduaives Tio, MeumaiiamaeuuvesSsdisna
mﬂwamswfﬁmmﬂaynﬁﬂim‘mﬂwmﬂuﬂ X-ray powder dlffractlon (XRD) 494 TiO,
filiien uavmﬂmwmﬂmwnu 300, 400 uaz 500°C ‘lmﬂuunmimmmuwmnmm 20
@oafudannd 4.1 FenudluTaseadwes Tio, fimezune (20 = 25°, 37° uas 48%), {ind
(26 =27.8°, 36.7° Az 41.8°) uazedagiy  udetlsAmuwuanudl (ntensity) voaftaiing
Wasumladly uaradldiiumsnfeumavesedaugnliiduesuume wiegndRuandreiuile
M3 Tio, figaingdl ae %1ﬂ§ﬂll‘1jUﬂ1iL§ﬂ’JLUuﬁ\‘lﬂﬁ1’J annsonlSinaanuduvesdia
fiflummozumanazdagindldnninildfa  udnilldsandmamuduveuaozume
domlaging (i @Tasumaslunined 41 nudeamgilumsminedontsfeuTasead
WAnves Tio, Aogumgilunisin Tio, fi 300, 400 Lm“ 500°C fitasdauanudusznin
ﬂ“mmamai"l'na (/1) f0 15.64, 22.39 11.85 mudidy Sefisuinnd Tio, Aliisn (11, = 10.48)
muu‘nemwﬂn Tumsinn 400°C silASifluaezsumaninnia Tio, Wl¥gamaiilumswni 300,
500°C  uazTimn mmuawmqmﬁgu“luﬂmm'vimm:ﬁu ltdaufiduedagudoui
mapzmaitnay dqwa’lﬁ'ﬁﬂﬂﬁ'ausmdnavmmﬁda5"lv1ﬁ’ﬁfhmﬂ%’fu Srommgiilunisimd
Aulduiiduedugummsofamsnfouiuslgezumaldtosnds meﬂmﬁnu“luﬂmm
mmﬂmﬂmﬂﬁmmmammsmﬂaamﬂm‘lwé‘lﬂ miden L/, anaswuiu fahluemsseil
ungilumswn Tio, Mgyl 400°C Faildfilaozumanniige

2
E
NP S Hoen Jan,
(anatase)
@) R (rutile) R A R '
T 1 ] ¥ H 1 H
20 25 30 35 40 45 50 55 60

Two Theta (Degree)

] E4 ) 1
ami 4.1 gluuumsifeauudi@iong (XRD pattern) 84 Ti0, hirnuazimniigamgiin1en; ()
Tt (NC), (b) 300°C, (c) 400°C Ua (d) 500°C
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M3l 4.1 Sandmanududaezuunadenaging @ /1,) vee Tio, limuazni

aungangY

gungilumsis (°c) Tadwwnn 300 400 500
9 1 '

anudumaezumasemaging (1) 10.48 15.64 22.39 11.85

4.1.2 msgwnﬁuumq‘imm TiO, A28MATIA Diffuse reflective UV-visible spectroscopy (DRUYV)

0.15 -

Absorbance
o
=

0.05 -

0 T >
390 395 400 405 410 415 420 425

Wavelength (nm)

a

il 4.2 Mnsganduegidaemadia DRUV ves Tio, liruasfigaingin;
() laiw1 (NC), (b) 300°C, () 400°C L@ (d) 500°C

NnHaNIINTZITINIganduuagives Tio, dliwuazeniigangd 300, 400 uas
500°C aomaila DRUV wudifinamenadu@eadu Tio, uniigamgidl 400°C Wanisqanduy
umeg3-3fiageqe seangumgli 300, s00°C waghivn (NC) iflesnngamg iz auiild
FOITNUDUNGITULAV A ’d'wa”lﬁ'ﬁmsﬂivTﬂm’fm%yuwﬁNmmﬂéi?yimmucﬁu,uuﬁ“hlﬂauﬁm?u
nufvessiinaseudasdsindumazinniy %muumaﬂmauaﬁsvmmsnmﬂﬂgnimﬂuaan-
Fuasinailidvesglulosoondnuneulessusanen  ( 0y ) mmmiamﬂgﬂimﬂum

et leasondaisda (OH") fidedldedfiserfigs
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4.2 AnrngaungRlumsien Tio, Aflwanemsaaedavesilds LDPE
421 mameariimsuetia (Carbonyl index, C.L) vosHdu LDPE finey TiO: dremnaiia

Fourier transformed infrared Spectrophotometer (FTIR)
Anvimsamiedavesiidu LDPE finaw Tio, himuaziniigumgiiiieg TaeRersanen

v 4
Marfinsueiia Fanalnlumsaaiedveanefwe TRt uGIaNNTS

+

TiO, + hV » ¢ +h
H,0 +h > H + OH
0, +¢ > O,

0, +H » HOO
2HOO' > HO,+0,
HO, + ¢ » OH + OH

«(CH:CH2)- +.OH ——— Degradation products

AT 4.3-4.4 Laasandnns1vesildudied1s LDPE fimer Tio, #ldmn TuySutas 1 php
WaIMIRIBNTaEd 8 U Memaiia FTIR 48z FTIR-ATR MAnamsnaaeanuhiifinfid iy

ALANS UM 19N 4.2
M5199 4.2 HAVUDINITIATIZH IR Annsy

Sample UARY (cm™) wyjilardfdu
LDT1(NC) 2900 — 2800 é-H stretching
1465 CH, bending
725 C-H stretching
1715 C=0 stretching

ilmmﬂﬂmuummmmmmmmmmumiuaua (Carbonyl index, CI) TR 151910
14

NURIAROR 1715 e Loz finfl 725 em” Saqumsi

ClL. = Peak area at 1715 cm”

Peak area at 725 cm |

9 1 @ < a dyy 0 Y o ~
‘Ll1f”l'lﬂ‘]mﬂ'liUﬂ‘Llﬁ‘ﬂ‘lﬂiﬂﬂﬂﬁﬂ'I‘L!’Jtu1J'Ifﬁ’l<‘lﬂﬂ1/\|!,m’ﬂ\3ﬂﬂﬂ'lw1’l 4.5
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N

o i R e T fiey
Sy by

&3

AN 4.3 FTIR anlan$uvesilan LDPE warw Tio» limnlu/Funas 1 php ndenisuaag s Ju

Abacrhance

654

60

55

50

45

2691 32

$l719.96
%”14&&3
hraze.rs

§m&7:«' 32

g 326,20

»W 00 =il 2000 1500 100
Warsnumbars fcm-1)

MW 4.4 FTIR-ATR #)nnSuvesWay LDPE wers Tio: 1 s luy/5uas 1 php

=4 Y

NN 8 T
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2.5 1
s | DT1(500)
=3¢ |_DT1(400)
~ Z2 7
p—t === DT1(300})
S
bd &= LDT1(NC)
) 1.5 -
'g == | DPE
Dy
B
=) 1
£
-}
(]
0.5
0 & t 3
0 4 8 12
Days

i 45 AsiAELiEEn 198 Carbonyl index funalumisnisuaagivesilay LDPE
uaz#du LDPE fiwe Tio, U511 1 php nfigaimgiisen i

fnmwamsmﬂamwmmwmu"lmummnﬁwfm TiOz lu LDPE wudwwifiamfueiiaiian
ivdudtedoufuiidy LopE ke Tios mmmﬂ TiO: mﬂum”l,umsﬁn'wmﬂgnsmmi
ganduneagd Aaidhididnnseudasauazlen (Hole) u mnuuamnmauaﬁimnﬂﬂaaﬂaan
mﬁwﬂﬁﬁ?mﬁuﬁﬁu&ﬁnmau fio  oondon  waziamsaduadFdvesieseendiou
uewleoeuisdda (O ) cmmmmmﬂgﬂwmummmﬂu lensondnisada (OH) #idedh
wazannsamalfasndulelasmisveulumeldues  LDPE  vhildifanmisdnviaussmeldves
LDPE uazaramedalufiga faaunsdadu

ievnSeuifeumdsiiauofinuosildy LDPE vmﬁn TiO2 “luﬁmmmﬂu 3
mmu’m‘lumsmﬂummsmnmqnu wuhidaiimsvedamuiudondy LDPE finaw Tios
wmmsmﬂuﬁwaLﬂunmmumu osueldTsseznatlunmsmouasiiiviy 1l Tio, qanau
umm"lﬂmumu wasadredidnnsoudaszinidulensendasada com IMiuAy wazdah
ﬂgﬂsmﬂﬂnmmwiumﬂwm LDPE dannldifinnsdnviauesatsls (Chain scission) ¥4
LDPE ifiunniu

mawmimwwau LDPE wwan TiO2 wlmmua%mﬁamﬁnumm wmmm%umiueua

Q
A

“Uﬂ\i‘l"‘ﬂll LDPE ‘ﬂWfﬂJ TiO2 mmemwnu 400°C 1lﬂ'lll’lﬂ‘ﬂffﬂ !‘l«lﬁNi]'lﬂ TiO2 ‘Vl‘Y]']ﬂ'liLW'WlmeﬁﬂJJ
400°C UASATIAIUTENINOZIMARDIING (Ia/Ix) mﬂwqﬂ mmia@ﬂnauumga"lmmanﬂ
o3 o ad a a a o o ] a @

duwaihiadeddnasoudaszuaslonsendasisa (OH) $wmmnn dewalfiianisdavia
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Y0IM181y (Chain scission) ved LDPE IudSwiamnn vldAdy LDPE Ransdosaaisle
DINTIAG

4.2.2 MINATOUANUNTITIAIU9TEN LDPE finay Tio.

T o a { s i 1 { a
MInATeUAIAIIILAWSAeeHAN LDPE finauiuns Tio: Mhivnuaziniigangd
AN AeumImtenaeginasudansaienasy 4 Su uaaanni 4.6

30
Mg day

Tensile strength (MPa)

LDT1(NC) LDT1(300) LDT1(400) LDT1(500)

Film types
o ' o = A a a e P ] a
MNN 4.6 ANNUUYUITIAY (Tensile Strength) ¥o9WAN LDPE tasWdu LDPE finay Tio, Ui
2 php tiiQungiANafuneuLazrdRBuayd 4 Tu

wamsmﬁaumﬂ’nmwmsqm (Tensﬂe Strength) “UEN‘VdﬁiJ LDPE WaunU TiO, ‘VIthLN']
ua“mmam‘nﬂu 300, 400 1ag 500°C (ﬂ'I‘W‘VI 4.6) W‘]J’J'lﬂ’t']uﬂ’lﬂuﬁﬂfn ﬂ']ﬂ’)'lllll“ll\ilﬁ\iﬂ\i‘llﬂﬂﬂﬁu
LDPE W&y TiO, 'VlhhlLW"leuLN'l Nﬂﬂﬂmﬂﬂﬂﬂu 23.5-25 MPa mmmnamwnu“lumssm"lwwa
ﬂﬂﬁll‘i]ﬁﬂ’ﬂmﬁ]ﬂuiﬂﬂﬂ Llﬁtﬂﬂﬂ'lﬂllﬁﬂﬂﬂtﬂul’m1 4 W“lJ’J'lﬂ'lﬂ’J'liJLHJ»ilLi\iﬂQ‘llﬂ\iWﬁ!J LDPE
RAN TiO, ‘YIHhJLW'ILLa“’tN'mﬂﬁQLM’EJL‘VIEJ‘Uﬂ‘UV\lmJﬂGUQWLLﬁQEJ’J mmummnwau LDPE W@V TiO,
mﬂ‘lﬂ‘iUWﬁN'ﬁllﬂﬂmﬁﬂﬂiﬂuﬂfﬁ“’ ‘Vlﬂﬂﬂﬁlmﬂﬁﬂﬂ“lﬂﬂ‘llﬂﬂﬂ'lﬂicﬂ (Chain scission) NAN1S
ﬁa'lElﬂ'lll'lﬂ‘llu’s'NNﬁﬂl‘ﬂﬁ?J‘lJﬂﬂ’J'lJJLL“INLLiQﬂQﬁﬂﬂG
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43 finvwaveaifiana Tio, ifinademsdesaareve sildn LDPE malauesg?
4.3.1 gudAmennuiow (Thermal properties)

MIAATIENRIEATOL Differential Scanning Calorimeter (DSC) lnsmsmigmuugiilums
NAadINAlY (Tw) ‘1J'immmmsauw“lﬁfﬂumiwaﬂumm (AHy) mmsauﬂ‘lq’fluﬂmﬂﬂwaﬂ uag
munsonnuiuesiFudanuiiundnuostaqld

5199 4.3 N'ﬁﬂ’li'ﬂﬂﬁ@ﬂﬁﬂﬁﬁ'ﬂNﬂ’J'IiJ%’ﬂuﬁs{’Jﬂ DSC

A15A0U1 T, (°C) T, (°C) AH,()/g) % Crystallinity
LDPE 115 94 45.49 15.5
LDPE +TiO, 1 php 114 94 49.44 17.2
LDPE +TiO, 2 php 113 96 47.84 16.7
LDPE +TiO, 3 php 113 95 39.78 14.1

1INMTUATIZHNNA MY DUUDILNUTENAI10619 LDPE d161n509 Differential Scanning
Calorimeter HU1DUAAIHANITUATIEHEIA3197 4.3 WoRINITAVMS TiO: a9 lUNEY LDPE Wyt
amwnnmﬁﬁaaummwaﬂ (Tm) umasflmm 113-115 °C amwnu“lumsmﬂwaﬂ (To) Yolay
LDPE mwmmﬂummmumnm Tio: im lndReafiy Lmumnﬂasmuﬁmmﬁluwaﬂumaﬂ”lwmq
14-18 % WaAITIMSIAY TiO: Winademssasesdvowanluaiels LDPE vlduuiauas
o o Q2 o0 Y a o
wWefduaanuidunanialndifeedy

432 mymewiyfimiveiiavesilan LDPE finax Tio: lut/Sanashseq

nnmsianeiamdaiinveda lunwf 4.8 wudnilovimadfivySuia Tio: Usina 1,2
oz 3 php aelufldy LDPE mdwfimsvotiafiauftuiy Lﬁ"mmn Tio: mthfidudvaess
UhTenmsgandundenuoinueg’ dotSumm Tio: Ay asagandunasgilann
iaz ‘wﬂmﬂﬂamﬂmauﬂﬁiwuauiamwumnmumu'lﬂmﬂ ihlgmsdavinvesmel (Chain
scission) LDPE Tainay ﬂ1°114Lﬂﬂmiﬁmﬂm‘lumeﬂqf‘umvlau LDPE Fanalnmsaaiedafifiasy
“geandesfiunalnmyraiedavesildy LDPE finey Tio: feiildna g lusiaded 4.2.1
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=== | DT3(400)

=~ DT2(400)
6 4 —®LDT1(400)
e | DPE

Carbonyl Index (C.1.)
NN

Days

AT 4.7 PR LRV PIRITE AV BRI Carbonyl index Aunarlunsnienasgivesildy LDPE
uaeHdu LDPE finau Tio , U 1mn1en

43.3 msAnndagniInenvesildn LDPE fifin Tio, lunfSanashey

MAMIANYIFUFIUING (Morphology) VoaTSu LDPE Tidiam Tio, Tuilsur 1, 2 uag 3
php Tﬂfﬂfvmﬂuﬂilamiﬁuamﬂmammnﬁmﬂsm (SEM) Masvens 3000 111 Taognmainain
mmmwmmﬁ“mmsm MBAVBIN TIO, fufvasly LDPE wmmumﬂﬂm TiO, ians
ATEYIERIRa (Dispersion) uafiin1sutesauly LDPE dolid (Distribution) (flosuannng TiO,
mlumaunmsvﬂuuﬂummsmxﬂuﬂumﬂ‘nmmﬂmﬂmn farudiudh Tuvaied LDPE finu
i mnmﬂmﬁmwmumnmaﬂumm‘lmumﬂ TiO: #lemaAansutea iy  LDPE
Tahiain uanadeanwd 4.8-4.10
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2um Scan Speed =6 EHT = 15.00 kV Signal A = SE1
st WD= 11 mm Mag= 3.00 K X

MW 4.8 GnuuznIndaYIYesldl LDPE rasufum Tio: u/5uma 1 php

2um Scan Speed = 6 EHT =1500kV  Signal A = SE1
— WD= 11mm -~ Mag= 300KX

M 4.9 ANy IAAAYIves TN LDPE amfumg Tios TuSuna: 2 php

2um  ScanSpeed=6 EHT =1500kV  Signal A = SE1
— WD= 10mm Mag= 300K X
Al 4.0 Fnuaiznindauavesildy LDPE WatuAUma TiO2 Tuil5uat 3 php
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4.3.4 minaseunNUuTssisvesilda LDPE finay Tio: hnlSanamag

1 <1 - o o '8 A a . =)
AINAADUAINIVUUITIANUDINEN LDPE uazWan LDPE fmung Tio: ludSua 1,2
1ag 3 php ADUMINBUTIGINAZHAINTRIBUAET 4 TU LEAIRINIWR 4.11

35 L 1] day
30 7 1 4 day
25 7

20

15 7

Tensile strength (MPa)

LDPE LDT1(400) LDT2(400) LDT3(400)

Film types

P ' < = o o = 3 a ' J
Mufl 4.11 anuudusisvesilan LDPE finarw Tio, ilS1naia19 Aounteuas
uagvaameuaagiiiuna 4 Ju

a g I 2 ¥ a o 4 =
WANITAATIENAIANUANLTIAY (Tensile strength) Y99Way LDPE uazWan LDPE NNew
[ ¥
Tio, WiSue 1, 2 uag 3 php wudAldy LDPE finawn Tio, uiSuiusdwe i deuniouaay?
= o =2 dy A4 o~ v ard A B <3 a o daa
fianumminsalumsiuusspegeruledisunuilay LDPE iiiesninns Tio, Huaiseiiunidni
] 4 [ o & <] 3 q o
anuudusege denaudy LDPE 39 l##ay LDPE fanuudausedu uazdioimsniene
[ Y (L] [ $ 1Y) a
ghihunan 4 Ju wuhmenuniwssfwesiau LDPE finaufuns Tio, WUSuas 1, 2 uag 3 php
fihanaulefoudufldy LDPE esninmsiinifSunaime Tio, uildy LDPE dinldfuumagd
1 ] aaa A a A 1 9 dy ° Y =1 =2
aunsagesalfnsnaidszaniamlumsdesaaglauniu Mldanuudasedsanas

4.4 Anugamngilumsn Tio. fignidenes Zns0. Afinadelaseaiiandn

NAMINd - 4.4 Anvwavesgumglumsimng Tio, figniSeday znso, fgamgil 300,
400 UA 500 °C WU ZnSO, Uazgaimgiilumsn fwademsnldeuTasadranaves Tio, Tay
gamgilumsnng Tio, fignidedae zaso, #t 300°C fUSwnamaesyumeanitniy mldfidsas
dawanuduseninesuumadeging 11, mnnigungilumsinii 400 uaz 500 °C uwaed
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M5190818 ZnSO, m“lﬁ'“lsmmﬂnu“lumsxmﬁﬁm'hm TiO, ilignive 1ifesn1n znSO, vl
Mﬂmﬂuaﬁmgmmaﬂutﬂmwﬁmmmﬁl b mwﬂumm

M9l 4.4 Sasradwanuduaesuunanemaging (1,/1,) vee Tio, Meda znso, Wil

QUMY
UNYN UMSIHT (°C) 300 400 500
anudulaezumadsmaging (/1) 25.28 14.05 9.45

4.5 Anmaveslsuanasasaudansdililumaideaduns Tio fiflwademsaaesavesild
LDPE meleuasg?

duns1zng TiO, Inn529A28 ZnSO4, Zn(N03)2 uag (CH:CO0)Zn uifunar 4% mol
Tunsdunsziiiumiouiadon 44 umm TiO mﬂmmﬂ ZnSO4, (CH:COQ).Zn &g
(CHsCO0)2Zn "hJmeamﬁnu 300°C 9niuREY TiO ‘nanw'emwmimmuﬁm“ﬁwﬂmm fil
LDPE lutlSuat 1 php mﬂnswmumiammmumamwuauﬂ umm‘lﬂwiﬂﬂawm 25-30
luTaswas ueﬁauﬁlﬁ‘lﬂmﬁeuanummweﬂﬁmﬂmmﬂim QUV dlunm 4, 8 uaz 12 Ju
wefnuin1seesaatedivesian LDPE fild Tlozwgﬂme umm"lﬂamswwwammm

451 Wanslassadieadniifatiudiemadin X-ray powder diffraction (XRD)

ﬂ Afanatase) o
: i A A A
&uf; xwé(.mtxle) Y w”&» N Jﬂ\., .N&f%“*
=1
< (b}
=
= = m 4 ‘M"‘ ‘ ! 'j\* L -
L‘ .
.‘ st S s A, P
H H H b 1 1 i
20 25 30 35 40 45 50 55 60
Two Theata Degree

MW 4.12 XRD pattern Y94 TiO, ignifedsasddudanzuszinna199; (a) (CH:COO):zn ,
(b) Zn(NOs),, (¢) ZnSO,
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=Y

diovhimsie ZnS0,, Zn(NOs3): Uag (CH3COO)2Zn EFOLY 4% mol 983 TiO, meamwgn
300°C Fnsizvidiemailn XRD wudms TiO, ﬂnnmmammmumﬂuﬁﬂs“m'ﬂmm i
mwﬁmmmfma~mvlﬁs"l‘nammuﬂmuwmmmnunn‘lummew 4.1.1 &l XRD pattern Aindie
ARefuR Tio, A liruntsen uafnymzvesinimsnldountan/Suanudiduvoumrezii-
mfmavzwas"lﬂa"”lmmnummmsnmﬂimmﬂ'mJwuwmmwnmﬂmwaawmmmm slaging
“1m1ﬂwu*n“lmwﬂumm‘lﬂmaﬁﬂmummwmauﬂﬂa suinasiomlaging (i) Wawaasly

GHS'NTI 4.5

1
P=3

T F
M3l 4.5 Sasrdmanuduveanaozuunadeniaynd (W) ves Tio, Agnidedsmsdadu
Fanzdsziana1eg

Uszianvesaisdsdudaned ZnSO, | Zn(NO,), |(CH:COO):Zn

anudumlaezuimademlaging 11 25.28 27.11 21.82

mmiﬁ]a Zn(NO,), A1 1 A mummmnmmmm TiO, a15139 Zn(NO,),
mﬁmamrﬂumsﬂizﬂaumﬂvﬁaaﬂ"lmﬁ"lﬂamqﬁuum"lﬂﬂmw ZnS0, WY (CHsCOO):Zn il
mumﬂueﬁmmunJaﬂusﬂuswaﬁavmmmwumﬂmu damald IA/IRqumﬂw

4.5.2 ﬂ]iﬂﬂﬂﬁul!ﬁ\‘l‘ﬂﬂﬂ TiO: ‘nmamamsmﬂumnvﬂﬂsumnmaq aennaia Diffuse Reflective
UV-Visible Spectroscopy (DRUV)

0.25
.y (c)
W
w
4 X
0.2 x]
o
(@) ¥
o 015 - ;
o
c
8 -
g | Sa
2 0.1 v,
g, Stoenmms, (b)
SRR |
0.05
0 T i ) T
400 405 410 415 420 425

Wavelength (nm)

MW 4.13 ganduuaagives Tio, ignBedrvmadadudansdUssinna1en; () (CH:COO)za,
(b) ZnSO,, (c) Zn(NO3):
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) g
HaMsARTITHINMIgandunayd-dTidaves Tio, Aedemsdedudanzdyiianien
~

((CH,C00),Zn, ZnSO,, Zn(NOy),) (AWl 4.13) wudiianuenadudesdu  Tio, fiede
Zn(NOy), Tsmsgandunasgd-adageqa iieann zaNo,), flidesiszdundsay Band
gap energy) U894 TiO, uaumd aawdsnulumanszdudidnasen MmlMdEnaseuannsagiem
Enniy @Tﬂ‘fu‘ﬁammsa@ﬂﬂﬁuwﬁwmumg%-"?ﬁtﬁa'lﬁ’ﬁﬂamanﬂéumﬂﬁu

ar J o d { v { & e
4.5.3 mammaviasvetiavestlay LDPE finauiuwe Tio iBedseminnudnsdvinig

oo LEYPRZNYS00} /
E R
sy L HT22S {300}
18 4 s L DTREALRED}
14 - wmndomn | DTRLFDT}
et s LUPE
12 4

Carbonyl Index{(C.l.)

Days

W 4.14 nndanuduingazndiedr C.L funarlunsaieusagivesWay LDPE finausy Tios
v v
ReMeasdsaudansusznneien USunas 4%mol wniigaingdl 300°C ifisufuTldy LDPE
Wwer Tio, 1 e (300°C)

wansnaneumiRdrimiveiavesildugasdng wuh LDPE fiwan Tio, filife
(300°C) fifngendnildy LDPE fimau Tio, iiefan (CH,C00),Zn, ZasSO,, uaz Za(NO,), teaeih
Tio2 filiifedusnl§ATnmasosamomeldusdildy LDPE 18801 srarileawnnn oraouwes
00 Fimzeguuiuiiives Tio, HszAnamlumsifludusaljisnganduuaslidosnin
munsauaimIganduuasgIves Tio, it lemaifailudidnasousaszuazleariosas Tufia
msdaviavesmeltves LDPE ladeendy



40

4.5.4 MsANNTUgIMINvesHldn LDPE finan Tio: idedae Zn(NO,),
MIAMIANMIFUFIINGT (Morphology) V0TS LDPE fiwaw TiO, Mi¥eA28 Zn(NO,), lu

S 1 php IﬂUi‘]ﬂ?’lﬂﬂﬂQi’l‘ﬂiﬁ'ﬁuﬂlﬁﬂﬁi‘i)ulmﬂﬂﬂﬁﬂi’lﬂ (SEM) Ma3v#19 3000 (M1 Tﬂﬂ@ﬂ’lw
i)mﬁyummamﬂﬂmanymzmmeUﬁmwmﬂauneuuammmimuumqmﬂunm 4, 8 llaz 12
U VNN 4 15 wu:nwum‘umﬁwmmsnwummuuaﬂymwﬁ‘lusammn Uag inmugmu
1J'Iﬂ‘léll‘ll mamumimmmuﬂunmmuw FALAAIIINTHEY TiO, ‘Yllil‘t)ﬂ'.lﬂ Zn(NO) ‘]f’JUli\ﬂ'H

lﬂﬂﬂ'liﬂﬂ‘lﬂﬂ‘\lﬂiﬁ'lﬂi‘ﬁlﬂ\i LDPE N‘n'ﬂﬂﬁﬁﬂnaﬂBﬂlulﬂuiﬂﬂl!ﬁﬂ lag Lﬂui

(@ (b)

(© (d)

Y

' v
MW 415 AnyguAIveIWAY LDPE wery Tio: isadae Zn(NO,), lwil3uai 1 php; (a)
feumsmoasgd, (o) niamsmiouaag? 4 u, (o) MAIMINIBLEIYI 8 U uay
(d) nasmsmisiaag 12 Ju



4]

455 manaaeuAMMNTsIResTldn LDPE finan Tio: Msediumsaadudansilszian
M3

MINAFeUAIAIINLT WS IAeINAN LDPE Werw Tio: (US1ed 1 php) fised1u znso,
Zn(NOs): 182 (CH:CO0):Zn S1ai 4%mol tileifioufuildy LDPE ADUMINIBLTIGINATHA
mIntoueagd 4 Su uaaadaninii 4.16 wuhAldy LDPE finauiy Tio: Risediomsdadudangd
yiaang  Aeumimoumgialndifivsty  udnisneasuTaundamsmenasy?  wuhild
LDPE finaufiy Tio: #iso&s ZaNoOs): fisrifeuiiqn tamad zavoo): A0 PT0
mstovaawiifilse@Anialdand) znsos Ay (CH:COO)Zn  Fanasoandestunamsiinyy
Tnseadundniinuiniside zn(NO,), hlddfiiueduginvea Tio, Wasuiumaezuina
Runiiqa dawalfiAamsaaromels LDPE musnnia iliaauniassieanns

30 -
(0 day
25 - .4day

20 -

15

10

Tensile strength (MPa)

0

.

LDT1ZS4%(300) LDT1ZA4%(300) LDT1ZN4%(300) LDPE

Film Types

a ' o = e a . a4 A g o Y o s a
MNN 4.16 AIATIWUTTIAIVOINAN LDPE iWau Tio, Nideriomiasdudans driianie
WeuiuAdu LDPE finaudiy Tio, hide Aoumsumanazndmouaagiiiuna 4 Ju



UNi 5
aginamsidauazderauonus

agUnamsIoe
ae ; =4 4 a 1 a adg a ]
nutslAny IS snldunanadndesaarslasuasninwedenausianuvumiy
& (LDPE) finannuilonoonlyd (Tno)Tﬂﬂmﬂﬂmamwnﬂunmm TiO,, USu1aive4 Tio, fio
1, 2 4ag 3 php uazmside TiO, mamimﬂumn # ldun ZnSO,, Zn(NO3): ltay (CHsCOO0)Zn
mnmswﬂammmma;ﬂwamsma"lﬂmu

vnmsfnygamgilumsmn Tio, fikide wutgumgilumsniinnnzaude 400 °C
Fudugamgiil¥ Tio, filavesesummnniiqn unel¥mnisganduusey’-3 aamamqﬂ
mam%u‘lﬂmumsmﬂummwuﬂ LDPE Waw Tio, imdyfimivefianinni gy LopE fili
HAN TiO, mmummﬂ TiOz 'wmum°1unmnmﬁﬂgﬂimmmﬂﬂammm Hadludidnaseu
Sassuazlen (Hole) Au mﬂuuamﬂmauaasm11l§]ﬂimﬂnaanmmu uaziamsadealsd
vosgililoseenduuenlessusdna (0)) mmmsa'ﬂ1‘1J§]ﬂ5enﬂuuunmﬂu’lameﬂmmiﬂﬂa
(oH) fidedla wagmnnsafialgasetulalasmsvenlumeldves LDPE midiAamsdauia
1om8THv0s LDPE unzamedaluiiqa uaﬂmnf:wuﬁwmm'sﬁnu1qquﬁ1umsm1 TiO, il
e hinaderanuudaussfavesildunoumsnenacyd uatinai i dundamsnioudag? 4 Su
fimnruudwssisvediiduanas Taofdufinau Tio, fumnfigamg® 400 °C fafeuiigadaaen-
adofunavesidsiinifveilaiqgeiiqa

vnmsAnywaYelzie Tio, 1-3 php finauly LDPE wuihms@u Tio, Twilsum
ﬁqna'n"lajﬁwasiamﬁ‘l”m?Uaﬁwmwﬁn‘luwaﬁmﬁﬁwﬁﬂmmwmuﬁw‘h Mlduurauaznles-
wuﬂmmﬁ‘luwanum‘lnmﬂmﬂu mammiﬁnmammmwmwmmumﬂ TiO, UNMINTL18A7
'Vlﬂ (Good dispersion) meummmmuﬂuﬂ (Bad distribution) 1w LDPE mmumm%m TiO, i
aumﬂwmuﬂumm smmmiuamwmmmnmanu LDPE INMTNATOUANULTLTIAY
wmmmwuﬂimm Tio, thldmmmundauseduituiy ifoan TiO, Hwmsedunsdifianm
udausegailenauiu LDPE Sui iy LDPE Sarmfusanniu

VINNTANYIHANTTIID TiO, mamimﬂumnm Ao ZnS0O,, Zn(NOs): 1ag (CH:CO0)2Zn
nuhmade Tio, A1v Za®Nox: il Tio, Hiavesezuumanniiaqa wazldmnisganduum
I-IMiagega 59909118 ZnSO, way (CH:COO)Zn msdnmfdriimsvetia wuhinants
wﬂammuamnﬂa Zn(NOs): >ZnS0, > (CH:COO).Zn MRl ums ey
T wﬂwmmﬂwmsnaumwmu Lumﬁﬂﬂ’ﬂam'mmqmﬂmig]ﬂwwamu uazldsunaaay
mnuranniy denaliinsdnasoudassunsleaiuuiniu uazausanalgiserivlelas-
mivoulumeldwedives ildifamsdariavosaels (Chain scission) Wodiwed wazaand



43

=)

] v H
Ny msEnuIFuguInevesildu LDPE waw Tio, Afed1s Zn(NOs): wuiimanieueag?

o Yoy & A a o o & a .5’ o 9/ '3 a
milnNauiisesuanuazg maudwauiuildlumsnenaansiuildsesuan uazsuauginy
4 A a -1 = e ' A . Y] o q ¥t ] =]
U 1OWNIUIAMWLTWTIAWBITTY WUTIMTIT TiO, A28 Zn(NOs) ldAIANuLTTeAs
4 ] ' a ad a '
anad 118993l Zo(NOs): Frussliiiedidnaseudaszuaslealdaniinisdedas Znso, uay
o 4 H a o ]

(CH:COO):Zn 3931 1¥Hau LDPE wetw Tio, iSeda8 Zn(NOs): ifamsaanedaldniiga

Y
LRIGTGIITE
o =) . 1Y a 4 1 ° . A a A a
1. $1M19198 TiO, AILMALADY 13U N15¥1 Impregnation IaFIANTzANTAMIUMS
1 aaa o : o '3 9 4?’
walgnTenildnisaaredrvesilanlag i
=) kY a a P\ [} EY & @ = oA
2. lwenl¥nszuaumsHauianIamuLsutey wu mylfinTesdaianivavusug (e
¥ Tio, imanszareduazuiiaduiialy LDPE
° [y a a 4 ' [~ Y ¢ 1 ¢ d
3. awsah zno weruiunedmesyiladuaildiuussyiual iy nodlewndlud Ae
wodleauriianunuiuduFudy (LLDPE) uaz woansoay (PP)



(BNEI91989

[ swnR annfe. waaAnsevameldiftedauandon. fuvinded 1. gudmaTulad
uazYaquvend @uma) dufnauiannInnmaasiazmaTuladuren@insznga
Ineenaasuazimalulad 2549.

21  9%nf nfuduniga. mslSuudsdmivedlimuionlaeenledifeysuigadsz@niam
Tunszuaumsisalgisendaouas. Inerinusumiinoduma lulagnszeeundmssuns
102549 nih 1-120.

[31 PXK.Roy,P. Surekha, C. Rajagopal , S.N. Chatterjee , V. Choudhary. Studies on the photo-
oxidative degradation of LDPE films in the presence of oxidised polyethylene.

Polymer Degradation and Stability 92 (2007): 1151-1160.

[4]  G.L.Liu, D.W. Zhu, S.J. Liao, L.Y. Ren, J.Z. Cui, W.B. Zhou. Solid-phase photocatalytic
degradation of polyethylene—goethite composite film under UV-light irradiation. Journal of
Hazardous Materials 172 (2009): 1424—-1429.

[5] Y. Zhiyong, M. Bensimon, V. Sarria, 1. Stolitchnov, W, Jardim, D. Laub, E. Mielczarski,

J. Mielczarski, L. KiwiMinsker and J. Kiwi. ZnSO~TiO, doped catalyst with higher activity
in photocatalytic processes. Applied catalysis B: Environmental 76 (2007): 185-195

[6]  se.asudil dognaviug, wmaAnludunadouaznsdlnfanaiadn, nadvuad
AuzInemnans aontumaluladnszaeunduimaunmsatanseiia i 300-301.

[71  M.Nabil, Plastic Waste Management disposal, Recycling, and Reuse. Chemosphere 34 (1993):
1027-1032

[8]  amA UTSIN LAz YAV A gNENIA. N35UIUATT Photocatalytic 2548,

1  unandns s Saund. Hauwaradndesaarnldandladndnauutlsdaulswames
woznfliwdinadmsuaunyasnssy, Inndwisaatumaluladwszeoumndudgunms
AN 2552.

[10] 358 Inwilng. navesutlriiad o
ﬁﬁm'aﬂméenf'rmwmmwaEmﬁﬁwﬁﬂmmﬁmuﬁuqﬂuﬂmazﬂmau.
Ienfiwusinnmaasuniuda nadsual ausineimaas
antumaluladnszvoundudnunmsaianseii 2546,

[11]  ofnd Tvewuash. masziuipindiadndunadenlugaenssuiums Hauvesms
11 Tio,. Ingntinusiranssumansumitudia anzimnssumand pnasnsaiuminese
2549,

[12]  giiam dounss. nsviafiusadaedusalfisenFuesdasmmifionlnoonlsdindoum
uduwemnamwmasian. gudanudiudauvanaduling@ou mmmﬁuaﬁﬁ@fuqa
PansalunInede.

[13] X uZhao, Zongwei Li, Yi Chen, Liyi Shi, Yongfa Zhu. Solid-phase photocatalytic degradation
of polyethylene plastic under UV and solar light irradiation. Chemical 268 (2007): 101-106.

[141  Iwwssas Fudgqy, m3ld Copper stearate 14 photoinitiator tHeNARNAITANTAMEFIAY



[16]

17]

18]

19]

20]

21]

22]

23]

24]

25]

27]

45

uer,senslane Yag wih 52-56.
C. Chen, Z. Wang, S. Ruan, B. Zou, M. Zhao, F. Wu. Photocatalytic degradation of C.I. acid
Orange 52 in the presence of Zn-doped TiO, prepared by a stearic acid gel method. Dyes and
Pigments 77 (2008): 204-209.
G.B. Song, J.K. Liang, F.S. Liu, T.J. Peng, G.H. Rao. Preparation and phase transformation
of anatase-rutile crystals in metal doped TiO, /muscovite nanocomposites. Thin Slid Films
491 (2005): 110-116.
W. Asghar, I.A. Qazi, H. Ilyas, A.A. Khan, M. Ali Awan, M.R. Aslam. Comparative Solid
Phase Photocatalytic Degradation of Polythene Films with Doped and Undoped TiO,
Nanoparticles. Nanomaterials (2011): 8 pages.
Susdind Inmnsas. Wouazu3msdnms winerderdedausl “nszaunums
photocatalytic” [Online]. Available :sichon.wu.ac.th/file/envi-shh-20090110-112240-
pwrgR.pdf, 2555.
angInernans unInederdednyal “nsUIUN1T Photocatalytic” [Online]. Available :
http://docs.google.com/viewer?a=v&q=cache:HnEaBULiDulJ
:www.gits.kmutnb.ac.th/ethesis/data/4, 25535.
MatWeb “Material Property Data”. [Online]. Available :http://www.matweb.com, 2555.
Steve Shellswell “Inorganic” [Online]. Available:
http://www.everyscience.com/Chemistry/Inorganic/lonic_Solids/b.1297.php, 2555.
H. Féll "Semiconductor Technology and Nano Electronics" [Online]. Available:
http://www.tf.uni-iel.de/matwis/amat/semitech_en/kap_2/illustr/i2_1 2.html, 2555.
gonfumaTulodnszaomndidganmsaianszss “quivsmsinsoaiioinsmans”
[Online]. Available :http://www.kmitl.ac.th/sisc/XRD/GettingStratOf XRDI1.html, 2555
R. Vino, G. Madras. Environmental remediation by photocatalysis. Journal of the Indian Institute
of Science 2010.
S. Cho, W. Choi. Solid-phase photocatalytic degradation of PVC-TiO, polymer composites.
Chemistry 143 (2001) 221-228.

Y. Zhiyoung, E. Mielczarski, J. Mielczarski, D. Laub, Ph. Buffat, U. Klehm, P. Albers, K. Lee, A.
Kulik, L. Kiwi-Minsker, A. Renken, J. Kiwi. Preparation, stabilization and characterization of
TiO, on thin polyethylene films (LDPE). Photocatalytic applications. Water research 41 (2007):
862-874.
[ 4 aan o ' Aﬂy A o s =
wdanys Yaeea. UPnTo W lnazuaznganssunsiugonuaiS svosdlauuelnnuiion
Tnoenlyduunefmes. Inenidnusuminedoasumuaiuns 2554, wih 1-74.



va 3 o
Uszifnaeiioy

UszIRaIue

4 a o
¥0 - WINANA (My1Ing) uavaan HAITWH
%0 - UIWANA (N¥189nGY) Miss Chonlada Ritvirulh
dwmdailogiiu demansinngd

Uszifimsfinm
2535 M.y, 1nll Uﬁ1aﬂ815ﬂlﬂyﬂ5ﬁ1ﬁﬂ;
2538 M.Sc. (Polymer science and Technology), UMIST, U.K.
2542 Ph.D. (Polymer science and Technology), UMIST, U.K.

o :{d o =
MUTIVYNNAIMNB UYWAY
Membrane technology
Nanocomposite materials

.Photodegradable films

=g a w t:' Vs
nUMsAnywazY I lasy
Py @ aaw @ v a A = d'd: o
1. U 2545 uaiuayuamisenngudlanzuasiaquveni FeamamTeunnthiuiy
anandmiumstananinulans (fmihlnsenisise)
a LY aq o 1 a 4 Qs o a a
2.1 2548 uauayuaITenngudlansunz Yaqurend Foamsnanlduiendini
aunsasisafe iduiieyzasmsgauazmsdonanmvesnannan (In35u5w)
3. 7 2549 vuavayuauifennauginemans  aanfumalulagnszaound
] . v
dgunmsmansys Feubamoniunonndadmivuenmiwenainenivea (favihiasens
298)
=Y LY = o 73 1 = d. s L=
4. Y 2551 yumluayuaitenngudlanzuasSaquvend Sesmswanunalulad
a o w oY = s v av 1
mswiafdussanmeiauluszfugamunssy (in3sesw)
5.1 2553 nuaiuayuaAlennusinnaisualaen @lszmelne) $1fa Seams
AnyauiAnsazaieveeni (n3desan)

o

E=3 d‘d = a
Nﬁsﬂﬂ?ﬂﬂ"ﬂﬂ‘w&lWﬂu31iﬁ1§?°ﬁ1ﬂﬁ

1. P. Monprasit, C. Ritvirulh, T. Sooknoi S. Rukchonlatee, A. Fuongfuchart and D.
Sirikittikul, Selective ethylene permeable zeolite composite double-layered film for novel
modified atmosphere packaging, Polmy. Eng. Sci. In press. (Impact factor 2008: 1.245)

(Corresponding author)



47

¢ o a =

2. yoam 3w algydl n3T35de wswtiey gavsaada uosasiu quiles. 2548,
Y] al =} 9/ [~ 5] Y 1 ana
MIADIWAIVDY wodlolynsulaeldvewmdunmiudusalfazen.
Nsmamalulaggsuis. 12(1) : 69-80.
a I'd Al o & ) = a o [y 9/
3. yaam  gadpw dadmd  dewds  quid wendund  uazazTuguiles.
2547.0158N818AT U504

UgnTonmsdulalasnvesenlelaniudomaingdudalniialeas 1z,
NIAIININAAT WY, 32(3) : 158-167.
4. Faan1 gAITWA. 2543, wedwesNay. NIMIIMeIMARTIANTLIIL 10(1) ; 14-19.

o -
mataweranuluiilszyadvims

L awer Saulwyadfe, azfu quies, veam gyl usz qmife Snaad
“TaunoRiefiauriannuminiuiidesaaelddouas  madssgdnms
Snermansise aded 4, 12-15 Tunaw wynyTan, 2555 wvl1 159-164.

2. K. Poolsawat, 1. Jangchud, C. Ritvirulh and P. Phinyocheep, Effects of viscosity
properties of therplastic natural rubber (TPNR) prepared from natural rubber (NR)
and low density polyethylene (LDPE), The proceeding of 49 " Kasetsart University
Annual Conference, February 1-4, Bangkok, Thailand, 265, 2011.

3. S. Laowakul, C. Ritviruth, T. Sooknoi, S. Rukchonlatee, A. Fuongfuchart and D.
Sirikittikul, Ethylene transmission rate through zeolite modified double-layered films
for Packaging of fresh produce, The7" International Symposium on Advance Material
in Asia-Pacific Rim (ISAMAP), Sepptember 30- October 1, Kanazawa, Japan, 45,
2010.

4. P. Monprasit, C. Ritvirulh, S. Rukchonlatee, T. Sooknoi and A. Fuongfuchart, Tensile
Properties of the Zeolite Composite Double-Layered Film, The 6" International
Symposium on Advance Material in Asia-Pacific Rim (ISAMAP), November 21-23,
Bangkok, Thailand, 156, 2009.

5. S.Laowakul, T. Sooknoi, C. Ritvirulh, S. Rukchonlatee, and A. Fuongfuchart, Study
on Tensile Properties of SEBS/LDPE and SEBS/OPP double-layer films for
Packaging Application, The 6" International Symposium on Advance Material in
Asia-Pacific Rim (ISAMAP), November 21-23, Bangkok, Thailand, 163, 2009.

6. P. Monprasit, C. Ritvirulh, S. Rukchonlatee, Sooknoi, T. and A. Fuongfuchart, Study
on Ethylene Gas Permeability of Double-layer Composite Film, Pure and Applied
Chemistry International Conference (PACCON), January 14-16, Naresuan University,
Phitsanulok, Thailand, 82, 2009.

7. A. Fuoungfuchat, W. Boonchareon, S. Apisittinet, D. Sirikittikul, C. Ritvirulh, and T.

Sooknoi, Highly ethylene permeable film : development and application in packaging,



10.

11.

12.

13.

14.

15.

48

Proceeding of the 16’ " IAPRI World Conference of Packaging, Bangkok, June 8 - 12,
2008.

W. Boonchareon, S. Apisittinet, D. Sirikittikul, S. Loykulnant, A. Fuougfuchat, C.
Ritvirulh, and T. Sooknoi, “Structure and Gas Selectivity of PE/Zeolite
Composite Film”, Proceeding of The 2™ International Conference on Advanced in
Petrochemicals and Polymers, Bangkok, 25 — 28 June, 2007.

S. Apisittinet, T. Sooknoi, C. Ritvirulh, D. Sirrikitikul, S. Loykulnant, A. Fuongfuchat
and W. Boonchareon, Ethylene permeation of silicalite I composite film, NSTDA
Annaul Conference 2007, Pathumthanee, 28-30 March 2007.

A. Fuongfuchat, C. Ritvirulh, S. Loykulnant, T. Sooknoi, An Investigation of the
Effect of Zeolite Structure on Adsorption of Gases in Postharvest Environment,
Proceedings of the 3" Thailand Materials Science and Technology Conference, 444-
446, 10-11 August 2004, Bangkok, Thailand.

C. Ritvirulh, P. Liawsomboon and S. Woramongkolchai, Compatibilisation effect of
SBS on Recycling PS/NR Blends, PPC 8, 2003, Thailand.

C. Ritvirulh, AJ. Ryan and AN. Wilkinson, Copolymers as compatibilisers in
LDPE/PS Blends,PPS Symposium, 1999, Thailand.

sefl Wuguily ymmwn @dusluy yaam gadgwd wazgmimd $nwes,
mamsendaqlszney wlusswhaed@laTu-Timladu-alnSw) funeudue-
Salaluddremaiiamsvasuyumsazao, M3lsgguIrnsIsIngsuall
naziafilszgnauvalszmelng afaft 17 (TICKE 17), 29-30 AaIAY, Fedlny,
2550.

oA Reulsziasy Yuaan ASNuslun gaise Sneat uasyaam gadgwd,
HAYDIMITMIBNaNAB AN liAveTaqlsznouui iy LDPE/MMT, msissayuan-
msiranssuaiiuazieiiiszgnduvadszme Tne a%af 17 (TIChE 17), 29-30
Aaay, (Fealu, 2550.

aussal a¥aduana ANS1YE vuddey Yunint ASTUTTUY uazsana gadgud,
mawIsniaglszneuuuseninnedesiaunedmiiamasiaaneioznas-
Emmc?mﬁu"lﬂhmumuﬁna?aia'luﬁﬁ";a?‘%‘waﬁma"lﬁcﬁmmzﬁugﬂ, msiyze
ImsImnssuaiuazniidszgnduviadsemelne Afa#17 (TICKE 17), 2930
qaiaw, 1ealud, 2550.



&z d‘ ¥ o [ ¥ - = & 1 ¥ o £ L83 14
wnanstluenansnanulidmsunisidauienis@nwiringy ldeugnlviiluldusslomismunisen

lidnsdlagisau Snsiuillidau @) § Geiesddstadveaenasynasaiiinisi iy





