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KEY WORD : POLY(ETHYLENE TEREPHTHALATE)/POLYCARBONATE/RECYCLE/ADDITIVES/

GLASS BEAD/CHAIN EXTENDER/METHYLENE DIPHENYL DISOCYANATE/

PYROMELLITIC DIANHYDRIDE

KANYAKARN LAPPOKACHAI : FEASIBILITY STUDY OF MECHANICAL PROPERTY ENHANCEMENT

OF RECYCLED POLY(ETHYLENE TEREPHTHALATE) WITH POLYCARBONATE AND ADDITIVES. THESIS
ADVISORS : ASST. PROF. NATTAKARN HONGSRIPHAN, D.Eng., AND ASST. PROF.
PAJAERA PATANATHABUTR, Ph.D. 139 pp.

This research was aimed to recycle plastics waste from post-consumer water bottles
(poly(ethylene terephthalate) or RPET) to be used in engineering application. The study was
divided into two parts. The first part was performed to improve mechanical properties of RPET by
blending with polycarbonate (PC)-in a ratio-of 80/20 w/w' and adding Pyromellitic dianhydride
(PMDA) or Methylene diphenyl-diisocyanate (MDI) with-content-of 0.5, 0.7-and 0.9 wt% as chain
extenders. It was found that RPET/PC with 0.9% of MDI could increase intrinsic viscosity (IV) more
effectively than using all content of PMDA. This confirms from study of intrinsic viscosity. It also
improved compatibility between phases from the shifting of glass transition temperatures (T,) of
both RPET and PC phases toward each other. Mechanical properties were studied using tensile
and notched Izod impact tests,-which the results showed that-the addition of MDI with 0.9 wt%
into the RPET/PC blends improved. mechanical, especially %Elongation” at break and Impact
strength.

In the second part, effect of blending sequence of glass beads into RPET/PC blend
adding MDI was studied in terms.of. mechanical.and-thermal properties of the composites.
Migration pattern was @also investigated by mean of DMA study:. The results indicated that glass
beads could improve thermal stability and increase modulus of RPET/PC significantly. But,
%Elongation at break of composite decreased due to glass beads prohibited mobility of polymer
molecules. Impact strength was poorly deteriorated, although good interfacial adhesion
between glass beads and polymer matrix was observed. Mixing glass beads into PC, and then
blended with RPET and MDI 0.9 wt% gave the highest Young’s Modulus, because glass beads
could not migrate from highly viscous PC phase into RPET phase, thus they improved rigidity of
PC phases and then reinforced RPET matrix phases.

Department of Materials Science and Engineering Graduate School, Silpakorn University
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LLDPE wag ABS Jusu ieifiuuszdnsam versveuwanailuldlusnuiivainaieun
fu vidomidumaiuasfuanauiRinsvuusanszunn (mpact modifier) Wy daalawes
[7] 974[8] karnISANANILETULTIINNIN glass bead, clay way fiber Dudu

wadasualun (Polycarbonate, /PC) ifunediuasiifaruiraulalunisiiun
UsuugsandRidanaliud RPET ilesanwodiuesiiaeadunedioaines Fvaunsnifnaninm
WulausdIurIuUfisen Transesterification lugisnisuaeunay vinliannisuenia
serineneAiesiaaesyiinlo) Radumanylisy uuNeAWDSHANTEINe RPET U PC 1y
14 audfidanaasifugeluiayvavioan ¥lduiin et dau slass bead Afnasluiiy

R I

I3 a . ° & da v = a a N
Lﬂuauﬂ’]ﬂ@uumiﬁ]ﬂ@iﬂq Aspect ratio AMLAEWUNNIUBDY ﬁ]ﬂar]llfﬁﬂLG]@JIU‘U?N’]WV]QQI@]I@U

daNansenumaa Melt strength vesnediwesiisadniey dnsdufiofinanuaiosnig

(%
9

sUSeuaziuALw s LA TR [10] 919

q

[

ﬁ WuNIsLAY glass bead aslunszuiunisvasy
naLuzd el TR snarilaunnmaein

NITE L unAalunAnw T atasUSiialuey Chain extender 7
winzauun RPET/RC Ie Chain | extender Mdlunisdnunivionaa 2 vl Ao Methy
lenediphenyl diisocyanate (MDI) ‘wag Pyromellitic-dianhydride (PMDA) %ﬂﬁmgdaﬂﬂu
nmMsviugnseInuagviianu ‘\]’]ﬂﬁ?ulﬁﬁmiﬁﬂwﬁEULLUUﬁWﬁUﬂ’ﬁNm\I RPET, PC uag glass
bead Tuansnafiuseatvidnasinnisideudie (Migration) vad elass bead aui@nng

ANUTDULAZEN WL NAUTIWINGIVBITEUUNEY

1.2 FnQUszaeAvaInuIY

121 AnwwiauazUsinames chain extender fmsngausdenisuuussaandfuls
wazauURLTanaves RPET/PC

12.2 Anwinavesgunuudifunisuan RPET, PC uag glass bead Mildeaut@idana auld

mqmm%auuazé’wmwNé’mg’mﬁmmmﬁzwmu

1.3 NSDUKUIANVDIIUIRY
NuITesidaanisdnwianudululalunisiivezainviniinatafinndvun gl

(RPET) Tneldnszurunmsvasuugulvg daluisnistlavdawmalviinnisaaigdimisaiuiou



wazaNUAse1 Hydrolysis vinlvaneldluanaves PET ¥1aainfiu ﬁqwaiﬁfwuﬁﬂIuLaqa
auviinuazausRidanaves PET anae[2] ieflagyinldl RPET fauURdenadifmuizause
nsldaudaiamnssy JssuSulgsaudfives  RPET misniswaunadnisueiua (PO) Tu
Ginaiomnzaudiinamils wesndivenudiiildidaaiivemedioamesinaessiingions
14 chain extender Tnglusndseidlsimsanviviauaz3unames chain extender 7
winzaw Werianisiinluana ity wezautBidnalvunnediuesnansewing RPET
iy PC uammmﬁé’aﬁmaﬂ%’uﬂqﬂauﬁaL%ﬂﬂaiﬁqﬂ%u WU AuLdanavesian (Modulus)
el ddmiuamudaimnssusenaiiy glass bead Tuumnandnios Fefidedanualaly
NSANYIAIAUTDINTITNEN class bead avlunedinesnaunoauURdna wagauiAnIIAIy
%aumaﬁa@ﬂamwa%mﬁiﬁ iauﬂgﬂaﬂﬁ]ﬁﬂquaﬂﬁumsmﬁ'auﬁw (Migration) ¥84 glass
bead lufanaeunedndefidiumnaniiunnasiu lasnuitetutseenit 2 dudd
ddl 1 wlsunediuesiay RPET/PC Faldndunisnausewine RPET fu PC 1du
80/20 w/w tneUsunas chain extender TldUsEnOUM 8 0.5, 0.7 ka2 0.9 Wt% H1uLA38aSn

Iouvvangg Aalifudn sntuinidadldlunaaeueimumie antiveaiuiou ssvaey

£
o a

vyfilaridudidndy TusuiunusiseIssdanadinifienndouiiseds mvamsalunnsiy
LSINTTUNN WaganuyaEn WENg I INe

dauﬁ 2 Lm%uwaﬁma%ﬂauwa%mﬁﬂszﬂaué’w RPET, PCtla¥ ¢lass bead é?fﬂﬁé’ﬂﬁ’u
MsaLananaiy 3 gULuy Tadadiumananyes RPET/PC Ay 80/20 w/w wagld
glass bead Uaau-5 wio% vhaanANseLAResRsauTuEn3e Falrduda gntutiding
#lunagoy autiniinaudeu uasduguiusiudaeiniosdnnanainionnaouussi

ﬂ’J’]ZJﬁ’]ZJ’]iﬂIUﬂ’ﬁ%JULLNﬂSSLL‘1/1ﬂLLﬁ%ﬁﬂHm%%’NgﬂJﬁﬂuaﬂﬂ’]

1.4 YaULANISANYILAZYRINNAVDIUTIY

141 PET dunanvintmanannsideuansitnunisldamuud

1.4.2 T¥nsrdrunedimesuan RPET/PC 1Ju 80/20 w/w tilsdnsnaiuiien

143 chain  extender  #l#luauidedl 2 viia Usznaudae Methylenediphenyl
diisocyanate (MDI) kaz Pyromellitic dianhydride (PMDA)

1.4.4 glass bead Mlua3deidu Hollow slass microsphere Firkun1sUuanIniavng
wilgavansazanglaineulansenlad (NaOH) wavasaaiuleiau  3-Glycidyloxypropyl

trimethoxy silane (GPS)



1.5 dumaunseiiueudse
151 enanswaseiddeiiieides
152 99NLUUIBNITYAADILAZINUNUNITIAGDY
153  aniluuiig
ASoutseendy 2 meu fsioluil
oufl 1 AnwivilanazyUIinaues chain extender ﬁmmzamiamiﬂ%’wqammlﬂw
Auld wagauiRdsnaves RPET/PC
g1t 1 w3eu RPET, PC way RPET/PC filaifinsiiiu chain extender $ne1a30ssn
EBNIGH
dauil 2 wisn RPET/PC #ifimassfisr chain extender Usunau 0.5, 0.7, waz 0.9
wi% feleessainuuuanse
Al 3 Wgutendnyad RPET, PC Uag RPET/PC Plaifuavinisiiu chain
extender Ysuau 0.5, 0.7, bag 0.9 wt%
nyaaounyilituitdifnyue swediiesnga tledudumndriuldyaadise
walda FTIR
Taanuniinveinediuas Maelonis Solution viscosity kag Melt viscosity
AnwnaudAiseuSomiiofnupudndulduamwedestausiawmeia DSC
Anw1anUANNANITRNTNAAOUNTAEA (Tensile testing) LagAIIUAIUNIUAD
N133ULS9ATZLNN (Impact testing)
Anwianuuendng1uInel (Morphology) diefnwaaud1vuld waznns
NSZANYAIUBINORNOTHAL AIEtvATla SEM
noufl 2 AnWIHAYBIFUNUUAAUNTSHEAN RPET; PC uae glass bead Piflfoaud
Wena audfin1ennusouLar A NBAE N FUFIUINEIVDITEUURAY
dawdl 1 nsuSuanIwinues glass bead ssansazaneluiealansanles (NaOH)
LLazmi@:mﬂ%Lau 3-Glycidyloxypropyltrimethoxy silane (GPS)

daui 2 wssunedwesnounadniil JUkuUa1AUNISNEN RPET, PC uae glass

[
v A

bead umnsnafiy 3 ULUU feinsessainuuuangasail
EIJLL‘UU‘ﬁI 1 RPET/glass bead/chain extender/PC
EULL‘U‘U‘?II 2 (RPET/glass bead)/chain extender/ PC
EULL‘U‘U‘ﬁ 3 (PC/glass bead)/chain extender/RPET



dwil 3 figilendnuaiveswoAiuesneumodniia 3 SULUY

AnwnaudRinisaatefanisaudouvesmediuesnounedndieinios Thermo
gravimeter analyzer (TGA)

Anwautanisnalalauniindgniewaia Dynamic Mechanical Analysis
(DMA)

AnwautRgana Nun1snaaaun1sReEn (Tensile testing) hag AINATUNIUY
FON1TTULTINTZUNN (Impact testing)

Anwrdnyaen19dag1uInga (Morphology) Lﬁa@miﬂssmaﬁwaa glass
bead uazisadamiinseming glass bead Aunedumes Tuusazsuuuy
NSHANAIBWATA SEM

1.5.4  Aesizikavaiunauidy
155 Lauamwﬁwaamamu’i%’dugﬂqusuaqmsﬁwLauawamu'ﬁa"’a‘iumsﬂizsqumq
IUINITILAVUIUIYVA

[

1.5.6 AMTIPUNAIUITY LaglauanadIulduiiien1saeuIneinug

1.6 Uselavifianninazlasuannuadnul g

1.6.1 awnsavvdawasdSians chainextender -lunasiiSgunoaiasnay RPET/PC 7
annsoviliauUR@anatinniay

1.6.2 @ansansiunIsnasuding (Migration) ¥®4 glass bead Lﬁaiussuuwamsiwqﬂ auvs
BaNa warauURNIIAINSOUTBINEAIIDSADUNDER

1.6.3 mmaaLﬂ'mgam%smﬂmmﬁnwmaaﬂ Lastapaasuavestuznatannitiniuly
Uy Peantgmlunsdaiuiidmiunisinay lazaa U nmaiuiiinainn s
Tndvewezanuintmaann

1.6.4 mmmLmEJLLWi'mmgyﬁlé’mmm%%’mjmﬁﬁmmu dielmAnwuamislunis Waun

ATrdugdudiusely
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[

LPNEITHAZINUIFYNNYIVDY

2.1 waAlwasHaN (Polymer Blends)[11]

nswan  (Blending) 1Ju3SnsUsuUtanTRvenediwesidevldiunniigalu

I3 ) a s a A = Y] a ' . = v

gravnTsy envasilunmsnaniunefiuesulindus visenauiuasiuwss (Additive) vivelv
IaauUaninarnratsauanufssniswasanunsadrluldnulananeaiu  8nviadunisan
suulunisnde msimedwesuaudunisihwedwesaum 2 vllevuly Jeegluanuei
Juvedlua loun Wuansazaty (Solution) wsearsnassingd (Molten) snwaslsisisnduiile
a Y] a ¢ o § val waaa a s a Y]
weaiulallunedmesuay (Polymer blend) Yhlvilauuanavesnedimesurazsdauisiniu
Anlunedwesviinlmindnaan Taunndsluainids dnalidosltinailunisdaunsizined
wesvllaniduindedddiauiuuareadesldnunugdunisdunsier wedweiiiinain
Msnaudnauth Wy Wenauiuudvelinedwesimnunlausaiiudu (Strength) Ay
wiled (Toughness) LiNTW Lazdauudalseinumunadiiiazans (Solvent resistance)
a X [ 4 &1 a s a o i Ya 2
dinannFu 1 udy wenaniinedwesnanuswiinaunsauiulsilaseasislvidalaweudsgy
(Processability) Tneaumanisidunnanvatsunau via ilanda suanifnduliauda
A (Product uniformity)-aw)sawdsuntasgasnisnadlunsndaliegiasinsuasli
[y a adaa & n A W o 2 a acd oA o [y
oRTINaNANNUIUUEIIU (High. productivity) usnannteuluenignisninungaudInsu

n3EUIUNTs lAananainauinauinldiniluasavnssuenigy

o/

2.1.1 anutanuld (Compatibility)[12]

[

J78d1PuNA9A1 099l UNTS L ASUUNDALNBSHAN AD ANLTAULA

o

¥
= (%)

(Compatibility) vawediuesassviavizauinnintuseauluana deanuiiulaasauiu

lassasamaaiivemediues Wialuana dndIuYeNeAlNaTYINERY WATANIILYRINITNAY

[y

TAgIUNUATASHAYN  9UNAILALIAT  WORLLDSUNNTRANANNWWAR bUT AU ULaY

9 Y

(Incompatible blend) vnswilafinnuiniulaiduuisdiu (Partially compatible blend)

wazurilnanusaniudnduiofeanulaisinn (Completely compatible blend)



2.1.1.1 waunuwalkiinudnnu Weanedweswauliniu asnun1shenula
pgatatau idnisuauduluszdvluanadanaliusinsssinsendnauna (nterfacial
adhesion) L4i# vilvinedwesnauluiniswaniuasuaudfsenineiu vinlmdladinsanseyvinly
YU NFNUILLAANITLANAN LAY
2.1.1.2 waudundlfianudnduladuuiediu wodweslaasilavanawma @
= aa o & a £ AN P =3 A
WusguuTisnus (Heterogeneous system) wagiinuaulaniy d9e13duselidussdninien
| @V v a [ a % [ dy
sehananile lnganusaindugiuinenlavaiewuunadl
Heterogeneous multi-phase WoAluasyvassrialidnsautinu wuns
LY NNADE 19T RLIU
] a R v o v | P
Interpenetrating polymer network (IPN) Wedluasnsaaadiiulauisadiu @
Junisuenila A (U B egaaenu Tneila A 9edssnaumenediues B ualluSuaudives
ndsenia A 91 A rich phase-agiSening B 31 B rich phase wlaiinediwas B agu1nnid
A Fasaosnialdlinentusgafavinuaglilaidumaniians ugndtiieesiien
Droplet particle in-continuous phase Wudugwinendiiulauisdrulaedl
B rich phase WJu Continuous phase Wa¥ A rich phase asﬂislugﬂmgmﬂﬁﬂizmaagﬂu
B rich phase 138111 Dispersed phase
2.1.1.3  waufundadnduiiafeinulaneun woawosnaunlsdanwuziu
Watreaiy luiuteulas (Boundary) vesnisuwania srmnnedwesiaudniulaf audn
YINDALND AN INATUNS Do ALaSuAUALS
NsNALTUYRIND AL NRFasaINTas T T daRe AUl INe InTIzazyi

a a

Tilanwedwesniuszdnsninldnuldniuinguseasd  uadminansuauiueinediuesly

[ = a LY v ! ! wa a § A [ Y a
ansanuduillepgiuliviinagdinadoauifivewmadiules Ao _sliiAnnsuoninaves
WoRkoWarylineg 1 tnial wainaLsazaY s RLaTILANKSIEAWTEINULBIUD A
azila vilinedwesiusenseyseninduananiglusmas  wasvilinediwesiaudsinig

M wazantRfsnanseauiRdugsnImediuesunasrianihuwaniu Jedioindune

a s

Awesilufianinwazlunsinlulgny AU IMINALININISHS SUNALNDALUDSADIAITNY

q

o w

Y v Y &
AN Auladud Ay



2.1.1.4 Bmsienzinsanudinuldveswediues vilanaieds laeaiuse
wiadu 2 3¥uay
/NN
miéaﬁ’mﬂé’mamﬁﬂﬂ%Lﬁﬂmamwuéaamm (Scanning electron microscope ,
SEm) Tnedmnuiudonedwesnaudumaionansimediwesiaosansadfuls
finnsananegumgiiiuasuaniugadienia (slass transition temperature, T,) 133
Algsuamieuilesnniedesilefldlsigesin wu Differential scanning calorimetry, DSC
uarlVinafiutiueu n1vn T, duazerdunsideunlasaudfsinvemedimesnalaed T,
%L‘fluagﬂﬁﬁﬂmﬂﬁlauamﬁﬁaéw%’ﬂLfﬂu mnkdu Incompatible 3o Partially compatible
blend azUsnge1 T, @ssruselu Broadening Ypieaas Y.
F’/N19Pau
Ms¥naumiln (Viscosity) Yainedimasnaaii e
M3¥nautAidana (Mechanical properties) $aonainldannarumusionssiia (Tensile
strength) n1stn o JAUIN (Elongation at break) LAZANUATUNIUABULTINTEUNA (Impact
strength) 3938HLTuNINAERVALTRIng WInaL I Tideunses (Defect) Tuntswaumiolsl
|y a1y Incompatible SuawiAanisuenaiuibiiAadudaunnsosvomediues
dlosniuldfiusansessmiaaa
2.1.1.5 nMsarsananudnuldananaslulaufing (Thermodynamic
miscibility)
armasolumsdiuldnamesiulaunind \undansiladinsialuly
Usslewiflunsfinisanauidaduldvesmeduiednas Tnevinaaisnaiitueg fuauna
SENIN0eUNIAURAZIOUIVS U0 I SHANT T AoNa v uBassvasnsHEy (Free enersy of

mixing) NMSLUABULUAINAIUBETEYBINSHENE NSO LEAlFnIENNS 2.1

AG,, = AH, - TAS,, (2.1)
Tned NG, = MILUABUMUAINE 1D AT UBIN TN
AH,, = AsiasuLUateuyadueInNay
AS. = mswasunlaseulnsUvesnsuan
T = gaungi (K)

Tagnann1sn1amasiulaunding Auaulsalun1siinulave eIl SNANNIAD

@ 1 «

winaginiuladuideile AG,, vesmskandanduau (AG, < 0) wagi AG,, Wuaukanei

' v
a s LYY ¥

AS,, Tefndmanernudn AS, Wuadieugumsdiduldveanedwes dwlu 6



farsanm AS,, Wlo AG,, Wuau f1 AS,, fosfiAn > 0 uddn AS,, T ~0 éffgﬁmuqumm
Wnuleveanedwas AeA1 AH,,
81A1 AG,,, YaIMsuauduuIn (AG,, > 0) ﬁqm%qﬁwﬁa wodwesaowiafivhuway
fuRanisuona seudielinsuaundifuld (@ AG, Foufuay) vesnauazdosane
WA (AH,, < 0) widiJuvesnaufigandsan (AH,, > 0) dxnaudnAulFonmgiigs
2.1.1.6 Fnsuaaniaarandiuld (Method of compatibilization)
wadaildlunisuauiiofivanudduld  wazvilildnedwesnauiifauding
dioanistiufogfotunansds Tasusarisenafimnuiitestu feunsdonldtuegi

<

nandundn tnefinnsanaindunuludifg madewaiiife

e

n1siANudanuIanIWAlanaaluad (Addition of block or graft
copolymers)
a & a % a ] a = ay v a
nsiinuaennionsaalanediuesiiumatautsnlasuaiudenlunis
adliaiinANansalunsidaiuls Udenlanediwestulasuanuieuuinniinsndla
nwedwes Inslanizudenlanediuesnuszneuniguasnvemedmesnuilouduiunediues
winzvllandananiu | leelanadieiniyneslassadanaaivazdiminluianad
wangaunazlegsendsnavemadiweiisazyin lassasionaaiuazivinluanaves
Tanediuesazinangruinnelsydudnanvesnisiduansvignal | 21nN15ATIEBY
UsednSnnuedansdienay lnamsvnaevantAnunulsmisadisoasUnalagall
< a &l a a 1 a 6
vaenlaneallesiusEaENMWInnnIansINAlANeAlLe S
laudenlanedwesiussavsnmmannainlnsudenlanefiues
laudenlanediuesNusynoudrgUdonfifiniatemanauaiuazi
UssAvsnmgaininlavdenianedmesiszneudie uieniifaywmen iy
2.1.1.7 maduwafimasivyisiduvsedundaslineanisiiufitsen
(Addition of functional/reactive polymers)
a a cala [l & o A o Y o & 1 % < o a
nsiiunedwesnivydiduievimidmiduasdionan dndunisimed
s a a ~ A ° Y] v ! ¢ o A A 1 ] aaa |
wesvlialavlianilanagyinisnansnsaulsiiiingilendunsediuniethisioufisenlaeny
Hlandunanansesausainufitemseliusefegaseninduana wu Nuselessiniuned
¢ a o v Y] a ya ¢ o ° a a ¢
wesyiaiaedld nszuviunsdnuUsnedwesiilivyilsiduaansavilalueiosdjnsaivie
TngrunszuIuNIIonsn Wil uuadnioulalase (Maleic anhydride) AnsavAuuanslgs

wodlatafiud  (Olefin) lagnyarsuenddnvesunadnuaulalaniainuaiunsalunisiia
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Uifseuaiitumjoriluremedieludly ssiwodlonflunsmduiadnueulelasddauans
Pgnaniileuaudeslumanmsiuasiisalaunan
2.1.1.8 mailiifaufizensmdlanedwesvsonadwalswduluszniienis
Weid (In-situ grafting polymerization)
n1sviliiAnuasennsindlanediuesusonsdiuels wiuseninenisnay
o Reactive blending t{3sInmuTldlunswaunedimeslidniuld Tnes1sanisausg fe
psRUsEnaUTivhmMsHaNazgnihidauUsite e sainy §Asonfuwediuesdnvdemdle
Tnglidndudonfivastionay Wy nskalserinanedmsuaiuniunedeames wiinly
vendimsuauuuylilseiiesanansathualdfunsuanuuy Reactive blending ¢ usnsld
NEUIUNTHALLUUS LD U mié’m'%mwuaﬂgl,?{m (Single-screw extruder) LagN1599
Sauuuange (Twin-screw extruder) AbASUAMINTMTUAT LNTIZNTLUIUNIIAINGTIAINNTD
muAuenmgll wazdalifasnisannmssiiiulivesugizelafinm
nalrlumsifnuiselonsnadeadlassd
Aansldvsoudentanediues s1nmatinufAzeeiiszninamyiiieshde
UiRzenailuwediues dienanssiulslagnisiduiiiitu (nitator) Tusewinanisaay
Aavdenlawodiiniinuizeinisuaniuaes (interchange reaction) fiane
TeluanavdnueanedlasidaseiaMiussu iy fudiveasieiumediuesudamuuiy
Aamsuiauaysaniilnivotusagliiana leassuasnviensmidlaned
woslnenszuunsdananssfinnelinnisiiusadeugs

duasuliiinUfnsenlnensiusiisedfjizen (Catalyst)

21.2 Uaseiifinadeaneaiznisniznin (Morphology) Uasnadiuasuay
ﬁm:uLsihﬁuiéfﬁuaqwaﬁLuas‘wamz%uasuiﬁ’uaiimwamaqﬁauﬂizﬂauﬁﬁwmmamﬁ’u
wazwadaildlunisnay
2.1.2.1 Ua9an19sssugnfvasdluysznau
Sasrdauaundia (Viscosity ratio) e Snsidruaruniinveai
ﬂssmaagﬂuwaal,ua%mau%aLﬂuﬁauﬂszﬂauﬁﬁﬁaa (Dispersed phase) faAuntnvaLNe

nanvoanedmesuandududiutsenouniluin (Matrix  phase)  @9a@un1s? 2.2

Dispersed phase

Viscosity =
y Matrix phase
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Tnavodwesuauiifirnuniaves Dispersed phase #1071 Matrix phase %
ANWYAULNINNIENINYDY Dispersed phase flaviBun wazN13NITANEVY Dispersed phase g3l
auasnaue(Uniform) Tunnemssdaudn Dispersed phase 1Munilagendn Matrix phase
N19n98319 Dispersed  phase TUNDRLUDSHANITADUTIINHIU WTONINRAITUIAINAT
Viscosity ratio T@awadLuesuausn vl Dispersed phase aziuuindnuazénen Viscosity
ratio YaaNeAleINANgGY Dispersed particle Agilvunlviey

29AUsENaY (Composition) N1sifiudnd uves Dispersed phase aevili
auA1A (Particle) veufuiiuty Wesnilntsdhsuiuves Dispersed phase ag13lsh
P13 ANUASA (Interfacial tension) YegamaRBSTI I WAL Az dnaian ST AULad
nafemINAIAUARIEITANSanNSHNTINETuved Dispersed particle I

anuBangu (Elasticity) Liesainanuiliu Viscoelastic vasdulsznauly
WoALOIHANANTOANARDANBAENIT LAY NE A TN ALl sy I INsEUIUNTHAN LS We
AesnanfifaudaveugideainnduAuuifulaine Juinliramdanduatunsadmasie

YUIALar U190 Dispersed particle 1ol

2.1.3 Yasearnmadaiildlunsuauiivanewiy 5

nswauneldussBena (Mechanical < blending) tJuisn1snaunediues
NuA3asle 1wy Lﬂiaﬂiﬂﬁmaﬂﬂm(Two roll mill) 1e3pemanelu(nternal mixer) uaz
\A3BI8A3A (Extruder) FINSUPNFIV Dispersed-phase A AOUY1INYU pgnalsiny
amﬁ’ﬁmaqwaémaswawlmzéuuagjﬁwmum e Lazgamgiililunnsuay

nasuauluaniazasazany (Solution blending) Junsuauiidesefons
avanenedwesludniharat 9l 2 38udng. e Casting ldlnsnisazanenediueslu
azans (Solvent) uaviiansasanefilivaswea uesusas vilnaauiu antuiinisssme
fvinazatseenly uag Freeze drying viMilaunTs Casting WeilodIvinaza1800nA18n1s
sudin eudAuldveamodiosnanariueg fumnuansalunisaraisvomediued uas
nsuenfvazatgesnInnediusaula

n1sHaNRTuUATeweRwalsiudy (Polymerisation) wedlueiazgnuay
aelduFATemedmelsivtunuudiiadu (Emulsion) lussuuiifosduszneuvedlulues
(Monomer) 3sfadvieioas(Emulsifier) wagdBuUiizen (nitiator) Magansliluianats 33

1n13nszaneilazunndived Dispersed phase 9ADUTINA
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nsuaunuUisersendncluianadisviialuaniszvasu(Reactive
blending) 1Junsuanidniinisiivaiswinlanediues (Copolymer) #iofaseujasen
wanwdeu (Trans reactive catalyst) asluiiieuSudsanuiiniuvesgnediwesnldidniu

a v

(Incompatible) IngasAsnanazanusiisivesedmes N wauLiu wieviminndudia
Fvihetees Tuseninaniswauuuunasy (Melt blending) weodiesnaunlaazinnuduiile
= (7
WweInu(homogeneous)
1 <@ 1 a o 3 Y v 1% a 4 é’ Y]
agulsinuusazimaliafldlunisnandu nisidriuldvesnefinesnauvziusgiu
MsIASULSUROU (Shear stress) NlasulusgmINNIINENAE IneillowodmNosASULIILAY

doulusgninansnangieyniaues Dispersed phase i6nas

2.1.4 é’mgﬂuﬁmawaawaﬁLua%Nau(Morphology of polymer blends)[13]
N133aLTuedInIedugIuingIveLaagiialunafiuesnan 019 ldn vz ves
Dispersed phase N5¥318pglu Matrix _phase | vesnediasanviiavila lny Dispersed

v

phase a19aviidnwauzidunsanan wiu viaidulesninm 2.1

A9 2.1 dnbaiznie9ued Dispersed phase Tu Matrix-phase UaswodLoswa

Fugruineaveinediuesminiulusyniren snalagtuiusnandiunisaan
Snsduvesanunialuiias0fUsenay WIIiRL wasnzaImskay Tnsesrusznauiia
Usunaufinnninveduudldudu Matrx wiewlandn Tnevunues Dispersed phase N
ﬂ’J‘UF’]iJlﬁiz‘Vi’jNﬂi%U’JUﬂ’ﬁ%{ugﬂ wazdnfindnsndrunauves Dispersed phase sy
Dispersed phase @13130LAANSNAULNE (Phase inversion) WaswSumandn lngnaungn
5ﬁm§1uimwaqwa§Luaﬁ‘mamzl,ﬁﬂﬂ'ﬁﬂé”uLﬁ/\laﬁy’q 2w BennsBsundasdand i
Co-continuous

2.1.5 mstavaansaznIsuinavunlglui[14]
Svdnavesnisidonles fie aneldnedinesvziinisdonlesdatunaziusening
Twana fnsideulesseninluanavesanswediues duldunnneazsilfuanaveswiavi

azarwausawnsndunlululuanavesansnedwesina 1ty davihlainaninnisnedag
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Feowih Ju (Gel formation) nsdiilaswodweifesiiussissenivanslalianags uiduse
nsgysyningdinazateiualsnediuesuinniusingasenitatglalianaluans
woRwedfues awlranswodwediuazanslusvinazans Fenuaiunsalunisazaneves
miwaamaﬁﬁua&ﬁmmmLLawfmﬁﬂIuLaqasuaqmiwa%ma%
nsgasaateanswadwed [unisdsuulasautiludnuasiifinisunnaenves
Tnssadrandsannidimedwed tululduds nsdesaarsluaiswedwed wisoendu 6
Useanm sl
nstsvaanelagldndsaruaanudou (Thermal degradation) wediesfild

a a

Nuivgmgiias o wianisdeganelaldaeldluianalzunneenuiednuinvinliiimin

Y

luianaanad

nsgesaanslaeldinasanung (Mechanical degradation) wedlesfiflane
o129 viendadleldSuusenssrhnienensrarilnannstosaaisly dadunaliimin
luianaanad

nsgavaaelagndeuuswizessdyd (Photo degradation) vedwesi
il drusnnazdoagnuedifousisan Tnsmsifuansiftusisiiiauiodarouasady

v a

a = o a Y 1 & v & Ly = [ C 2/
waraRnvsedunTgsilanedieslvidindilindunieiussiniiliudauss unnvindrenelased
(UV) Wu InyAlay (Ketone group) aglulaseasts iaanmsengian dunenandduiaiused

I a LY I a b = 1 = = Y o aaa 1
glaziinn1suanveaiusznatsllueuyadasy (Free radical) Felaiadios Judviufisense
pganImSTussadivuiiliasveulugielanedesinbiiinnsuinvesansls

nsgegdaieHiuU)izenaandiatu (Oxidative degradation) 1udfiszen
n1siAveandiauasiuliianavesne fulesdeaninsaiinulatedusssuyified1edn ln el
a 2/ a A @@ [ o W a Id 3
20NTLAU AXToU Uased nIawsnenalludadvdidey iialuatsusenaulalasides
ponlea (Hydroperoxide, ROOH) Tuwana@n?ldinisiinansiiuuasninutniiiuau
:@fies (Stabilizing additive) wad uazauFauaziiilyd ROOH uanfmnaneidueyyadase RO
waz OH liiefesuazitvinuiseseniussiaivusiuniinsusuluaislenediues vinlv
Annsuaniinuazgayideauifdenasgngnss wisamalulagnswdaildsunisidenay
Wawwululagiuilinedleailuinnisgesaasiuujisensendindudveendiauldis
Junglugasafiiivue lnensiiuasiiuunsiidundevedangniuddu Fevhminiise
nsuandivesasusznaulalasileseanlen (Hydroperoxpide, ROOH) lueyyadasy

(Free radical) vilianeldnedwesiinnisunninuazagydoaudfidanasing
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1 aaa

n1sgagaatestuunsenlalaslada (Hydrolytic degradation) n1stos

sala s

gagveneduesninieawmes wistalus 1wy uds wedloanes woduoulensien ned

Y

AITUBLLA kagnadyTinu H1uUfisen neliiAinnisunneenvesaisldnefiues Uisen
lelasladaiiindulneidluutseooniluy 2 Ussinan Ae Ussinniildnznzdad (Catalytic
hydrolysis) waglsildmznzaad (Non-Catalytic hydrolysis) FaUsgianusndauusaanlamduy 2
LU fie wuunldasngdadainnieuenlutanaveinadiuesisabinnisgesaas (External
Catalytic Degradation) wazwuufildmgnzdananniluliianavesnediuesiadtunisisadn
\Ann1sgeeaany (Internal catalytic degradation) lnsagnraanannniauenil 2 vin Ao Ay
msaﬁ(ﬁﬁlﬂmaul%ﬁﬁhm (Enzyme) 181 Depolymerase lipase esterase Wag Glycohy
drolase lunsalidmdunisdesdarems@anm wazaznsaadiilidlyieulesl (Non-enzyme)
i lanzuoanilad (Alkaline metal)-\Ua (base) Waznsa (acid) Nilegluaniizuindonly
sysuwd Tunsaildmdunstoaateniaedl dwsuufnienlelnsladauu uiildnznzdadain
meluluanavesnediwesuuliniasuanda (Carboxyl group)-vewjiaainasvseLalus
Usnauanevesanslanedweslunisissujisemstesdataniuliizenlslnslada
N15898aa18N19Y 1NN (Biodegradation) N1380UEAYURINBALNBTINNNNT
o a = o a & - a fu
uveRdunidlneiluinseuiunis 2 Junou WewINTUInTeIaenedwesdvun
Ingjuagliazasin ludureuwsnussn seogaany aginvunguanigadlnenisuanlass
< ¢ a e a v & % - s o 9 v a )
Wuledvesgdunsdguinlavaiuuly Endo-enzyme  wiatauladnvilviinnisuandives
o ' a g = =1 - cal 0 § Y a
wuszneluaelenedwesogadhiilusulou wazsuuy Exoenzyme vsaleulednyilviin
mMsuaninvediusgfiagmeanbedildniiganegniulaievesanglinedes Wowed
waswandlaudauiatdnnessunsiunivgaddnliTuwed wasinnisdevaaiss olu
Junoui 2 landndugiludunsuannie (ultimate  biodegradation) #o WASY WAz
& o a a . 4 4 1 & I3 I3 6V
a1sUsenaurmainiiatesiusssued (Mineralization). 44y uiaa1svaulaesnled uia

Ty 11 108D KITINHNY WAZNIATININ (Biomass)

2.2 mMsuiarswaduasnauun gl
wodwesuszinnmeslunaiainlneuinaiuisainnduunlalul vetinandidglunis
nduinldluliieliiinUszavsna Usznaumedunsumsinuianilduas nsuendaiovy

aanledny warn1svinldinnaawnTaaEIunszUILNISHI Bt na ULl lvd e dwanafiny

9

Pnauantelug azfeallsrawansulanuainatafnninty Imswi”]Lﬂugﬂa’mmﬁamﬁﬁaﬂmaaam

Y Y

A1 (Three sided triangular arrow) LilaLeNATILANG19RENANAULFILAVRLATINAIMAY

Y

fenusegdld ieuanasBuiliinivugdy
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drunanafinuszenmnesiaee tdauisatinduuivasulndlawsanuisatiiundy
asiukainlanURveasnatafnNaufdu e lulanwatadnNiiunauduinvdeaudan
1AFANA197Y WanaRNIIusELANNTTY (WU ¥Ia PET wudu) wazlifida (Wwu HDPE

Wudw) vlaldarunsasduiamenduls sndudesdvaistienauadluialiinnisuay

[y

upvu answedmesdiulnggldansiiuunsussinvantlawwes (Stabiliser) asluiitetoaiu

a ) a ¢ A ! v o o v .
nsdeaanevesiagnediwesiloagnielininuiou ssddansilalown (Ultraviolet) uay

[

9119 Madeumanidanaainnindisud audiniadanaanas nsiinsos¥finaTan
[fosnnsdsuudasaindaninden fegrsvesarsanlatwes laun neddaduy
asdunidveslavgoonladuazindovedlavzilundn wsianuiivuasiian nusioauieu
Lazuaaan wu Innileuosnles (Titaniumoxide Tioy) iolstdimaes dhma wavduns
v3oansAIsuauLUA (Carbon black) Badusagedunisunisdvesdansibileandmsundn

FUNUNABINSHAM

2.2 ﬂ’muilﬁmﬁmﬁﬂ’aﬁu Polyethylene Terephthalate (PET)[15]

0 0
%o—‘c C‘—O—CH—CH+
2 21N

At 2:2 lassademisegives Polyethylene Terephthalate

s o v =

PET dnidunedioamosiilmiudifgunnigauasnaninnigaludinsiadatud
= 9

1974 wuilanlandnnedwesi 3x10

o

Jeunddlasainggnihluldnduleduasey

|
a v a v I

wodenaumsHInan AN A NESITNdunTITIDUGINA A Nan [Wunadiuasud T

T 74

'
=

fid \eannilunedwesitndunsendnisdnremsnqaoudrniuszlou uasiiussfige

v
s IS I v

senindluanagenedwesiidfianudundnaigavasusi 265°C wenanfidalandaidu

Y 9

auUlnAR o gunaiivies

v
6 =2

nodwsiinrudundnguarivyiidaninds () neluluiana wodiwesis
azanoldianngludviaraneiianansalilusaeuld 1wy msazaneld u gumgiivieslunas
Siumnlarigessiung avdfnesdin (1YW CLLOOH, F,COOH) Wueauazninlalasnessn
(HP) o gaumpiigeazazansldludvinazaroduniddug uisile 1Wu toufilea  (Anisole)
pzlsmAnAlau (Aromatic ketones) ladafiawinian (Dibutyl phthalate) wazlaliiia

Falnu (Dimethyl sulfone)
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(% (%

woAwesnumusiotuaznsneduyi3sfidensldduedsiuazazaasdasaensn
lundnuaznsadasinidudu waud wu msazansleioulensenledfanunsavinlvinediuesi
douanunmliduiiy wodlefidumisiniananinsanudensaasluanauuulnlaeddaled
Fann widlsiaudougeningeviaeudivesiu enafanisaaneluanauisdiuld Manaaua
nanvesnsaaslianalaeauiou laun arsueulneanled(CO,) avddaflas (CH,CHO)

LAZNIALLINNIEN

2.3.1 ASTUAUNISHAANDALRTAUMLSWNLEN wadld 2 wuu A.
WU 1 91nUfisemedwesiswduluuaisazate (Solution polymerization)

5¢%319 Di-acid wag Di-alcohol Wneufsenemnasiaty (Esterification) sen3ensawmLsw

a

1150 (Terephthalic acid, TPA) wazieidulnAoa (Ethylene gycol,EG) Fanndi 2.3
O

(@] (0]
OH—!—@—Q—OH + HO—CH.—CH —OH ﬂ» HO—H C—H C—O—QOJ—O—CH —CH —OH + 2HO
2 2 heat 2 2 2 2 2 2

terephthalic acid ethylene glycol bis-(2-hydroxyethy)terephthalate

o

At 2.3 Uiise weaiueslsudiusening Diracid wa Di-alcohol
Wil 2 widealdaanuisemeduieslsiwiulvtaisazats  (Solution poly
merization) IngUfA3entaniasuleames (Esterinterchange) szmindlawiiamisnniian
(Dimethy terephthalate, DMT)-wagiofiaulnanea Feonal30nan UnnIemsueamnesi

WU (Transesterification) AYAINT 2.4

i I i |
H c—c@—c—m + HO—CH ==CH —OH ——» HO==H C—=H C—O—COC—O—CH —CH—OH + 2CHOH
3 3 2 N2 2 2 2y 2 3
dimethy! terephthalate ethylene glycol bis-(2-hydroxyethy)terephthalate methanol

Al 2.4 UFAsemeniuestsedunuufisemsiieamesiliadu (Transesterification)

TuRoN nawntuasinaiugamngiluauia-270-280°C meldianmivgaainie

g

Uffsenvzafiuluauly PET Afumiinluanage Tutuiliseninduniswedweslswduwuy

el (Melt polymerization) fan il 2.5

O O

| | 270-280 °C
HO—H C—H C—0—C C—O0—CH —CH—OH ——=  PET

bis-(2-hydroxyethy)terephthalate

AMA 2.5 Mswedmeslsieduluuranial (Melt polymerization)



2.3.2 auauUANgAtyvaIwadafiaumsnnan[16]

< a [ a ! ' U & ¢ 1 a ¥ o
Dunanadinla uls nuusinszunnd Biszunnd1s uaziuuiadudiud T
T A S o o & v ° = a & P o v o & o
Us3gunAN vInuiuiy Wuiu awnsathansladadudule dwsuridedunun weu uae
leduaszidmsudanueou Wudu sgndlsinulunszuiunsudnvinniowdulennningsd

Audndusedd PET Afumidnluanags SA1anunia IV > 0.7 dV/s uag PET N3

= ] = wa Aa @ 1 '
waﬂqauu%mmmmamamwm NSINIVON LL@%I&JLﬂiWSLLG}ﬂ\‘I’]EJ

M99 2.1 wansaauuilaiiiinzay voe PET Tunisldauniueieg

A5 LY IV( dV/g)
wUduRndes 0.60
wduly 0.65
PInSna 0.73 - 0.80
Wuledaimnssy 0.85

A15197 2.2 wansauuRnluved PET,

T, 73-80 °C (163-176 °F)
T 245-265 °C (473-509°F)
AUAUILUY 1,29-1.40 g/cm3

Typical yield, 25 mm film

30 m’/kg (21,000 in’/lb)

Tensile strength

48.2-72.3 mPa (7.0-10.5 x 103 psi)

Tensile modulus

2,756-4,135 mPa (4-6 x 105 psi)

Elongation at brake

30-3,000 %

Tear strength, film

30 ¢/ 25 mm ( 0.066 lb/mil)

WVTR

390-510 ¢ mm/m2 day at 37.8°C, 90% RH

0, Permeability, 25°C

1.22.4 x 103 cm’ mm/m” day atm

CO, Permeability, 25°C

5.9-9.8 x 103 cm’ mm/m’ day atm

\Water absorption, 0.32 cm thick,
24 hour

0.1-0.2%
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2.4 aprwiivesfuiieaiu Polycarbonate (PC)[17]

AT 2.6 1As3a31912891909 Polycarbonate In@na1n Bisphenol A
wodnsualumdumeslunaiafnnediwes (Thermoplastic  Polymer) lunszna

Polyester  gninaglungunaiafiniminssy @aiivy  Carbonate (-O~(C=0)-0-) agflu

JEERGERR

2.4.1 AauanlRndAyvaIwaaAISUBLLA
O | (% v
JanaeNnaIgisguna 270°C Tusela ude  vuusenszunnlad T
° [ & [ 1 Y v Yl a ¢ A A = wa Aa
ansUsgnevdmsunuiuguiiundn Waiuladdunediwesytngy q Jaudfineluiie uay

ANHAMUABN1TIEFUIINAINTEU

2.4.2 A3EUIUNITNAANDAAITUBLUA
duasielaanuisunvestousiues 2 vllnfa Janueaie (Bisphenol A)
Auneadu (Phosgene) Lnauffzeanodiues sty TulbyunIvkiusenI1antnignin
(Interfacial - polycondensation)- Taguifsevinlufifitiafiduaaelsdtui uasliledou
lansonlafidusidnlalnsdunaslsfmiAntu adisnuenisiivasstuseu
Suneui. 1-nsuaneasy (COCL,) MNnrasIu (Cl) tayATiusuNauenlas (CO)
fumeuil 2 YRR 1TE IO AR LA DaRueae (Bisphenol A) luasaranaves
wunsaumaslsa (Methylene - Chloride) - Toifeulansonladlulsuiuuingnidusening
Uiisendians iilovinliAnDailusalaniazitassufizelnevilvinsainde (Hydrochloric

Acid) Mfinannufizedan1mdunans s 2.7

, o
|
OO
CH
CHCLHO J NaOH
2 2 2
CH 0
’ |
o O O o—Cf + Ha
n
CH

a' aaa o ¢ a ¢
ANNN 2.7 Uﬁﬂiﬂqﬂqiaﬂ LATNEURNDAATITUBDLUSR
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a ¢ S a & R < J o !
WodASUBATNANIINNTEUIUNTHY Y IR naznaulusU YRl MasRINHIY
N3UIUNTYIIAUTANG NSUILILENNDLENAZNOUBDNIINAITALAILLATAIUAILNNT

DU URINDEASUBLUA

2.4.3 duasglutunaunsuan
Tudszialnawnaiinmgnisalineveaiusilulssuvssusgnlnglng
4 [ a % (% A o o IS
A1SUBLUA 911A TUTALEAAIMNTTUNILAY WIUAINA JInTATEe0d WoTul 6 furau 2543

danalidmihnvedssudedin 1 ey wazgniulugwulndifsaiuiediuunn

2.4.4 HANNUNNTINAINTINAAITUBLUA
Tdvhauuin w1y @uUsenausasus NSEANVLN NuINUNOY wWIuNI

[

090y LAUANADIANEAIN  LHUTATL NFIALUT LAY 1ASBIUBINUDARNE LATBINTBILADA

dll a a 2 v ! ¢ cal v A
wsotaniasueandiauluden Mdudiulssnauvesgunsainianisunvdidessnaelse

1% ¥ [ e
AIEANTBU LUURU

2.4.5 Sunsngriaruilan
nNsANEINUIaat AL i nweAA S UsIUndr LN AN TaTluoale
gonuNLNNIUNRRY 55 waiipldundou liinasurimdwdovonlyalfiny Fsnnsdnun
Tae US FDA Tuaniwnastdeidnfinuinsinisunsyesdafiuoate 9109291vune 5 wnasey

Al luhidiuld-39 dUanih eglutng 0.1-4.7 dauluiudiudau

2.4.6 Yan3sANTN
waraRnedA TuaLuAfilaInnITIluAadrinmN MA1NINeus LulAa

(WuRBINUNAERNDY )

2.5 asihnuaslunaafn(Additives of plastic)[18]

v 6

a @ a a s A a o X .
E‘ﬁiL(ﬂﬂJLLWQL‘UULV‘WNJ\N%%N&NIUW@@Lll@ﬁ LW@%'JEJIUﬂ']iNa@]Vﬁ@‘U‘UE‘U (Processmg

' £%
va aa=f

aid) HrevasulynanafniautAnadiu Jaatunarafnainnisidsuanin @u1san1nunauls

YINAR AT NDUNL AL BNANLA WAIERNAUIIAINNATHULALIDHIUNTLUIUNSTVUSULIN

Y

1%
=3

Uszaulgyymanmsidenanin nsiied wasdununaiaindaiuiniesdnsililunsdusy
FansAvansfusaslunanainazandyminingnn
wodlesNilansANusmaNay (38N ABUN1IR (Compound) duUnssuislun1sxay

ANIANLALTIAUNDELLDT 138071 ABNNIIAAY (Compounding) N1IADNNIIAALFHDIANTIARNT
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wsesiefngay auiiiAeatesiuianiild arwansodmunauifvewdnfusineud
avasdiondn Mt uunUssamvesansiiuuRsmuniing annsouudld fedl

Tawaes (Filler)

&138 (Colourant)

waraRnlewwes (Plasticizer)

a19U19n15AA L (Flame retarders)

ansnaedu (Lubricant)

ansUasiunsi@onanIn (Anti-ageing additives)

2.5.1 Wawaas (Filler)
HamasJuasifuuniiisnwaizidureaddosdUsznovnarinssassiiunnsneain
wodwes dwlugiluianuszinnetiunidunenalulssinndunidnla
Hateesonauvsosntadilu2 Ussianlne)9
Uszunndl 1 Tataesiday (nert filler) W3adndinuaes (Extender) Wuilaias
fnanasluiloUTunnuazandunun1suan
Uszandl 2 Tlawdassdnasutss (Reinforcing fillen -dlawaasussiamniaagle
AUTANINEN LAV INAVEINANARATTL. LU ViU IUsensDras 130 ANNBNRAVDINTT
THasonty
Nawao it dndmuinosnas sialasase Lﬁ'awaﬂuwmaaﬂwﬁdwLﬁmﬁma@é’mm

nsBanguuazanuilsidlitanatafnliuinites msaSuuseigliuesvintuasyiy

USulsennununuien)sinals HataesngUsiamsenauasdietiauainuinsavemaaing

samagiglitnuslifmiioufianofiadunsseialnues fawasntlassaiiaduunuuns

9 Y

1 v 6

WU ian (Talc) w30 lunn (Miga) szvnglinyaudRninaTfiog uautn

2.5.1.1 dguUAnaLaas
azenn UsiAanansidevu uazeudy laduiiv
dow lilazas wasdadosnmmisnnudou
@m%umm%uuazms@uLLGiwﬁﬂ%'uwi"w
mlinszanemilunedwesinine
autRuaglasainslidsululussrinnssuunstugy

1n13nszaeveteynIAfiaiiaNe

'
A

Lidndmsostlemsasdnsnidlunisugy
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2.5.1.2 yurneynalagLadsuazn1snszatsvuinoyninvasilaiass (Average
particle size and size distribution)
mstivwineyndnndt 40 lulasiuns
nsdlfesnsuulgsandAdanadedioynaiiazifoaunn  Ae  wesnin
5 lulaswuns
flawaosTvuneyniaBaasden nanafnaedaruudusgty

TameininisnszargvuneuMALAy waraindzlaudianitiaaesninig

N3¥LVUINBUNIATNI

2.5.1.3 3U3199830ynNA (Particle shape)

Shape Sphere Cube Needle
ARS::;:t 1 1 5-20+ { -
| Xt
Shape Block Plate/Flake Fiber /' ‘/
Aspect 24 20-200 20-200+ — —
AN 2.8 FUSNUFINYBDUNIALLE] AN 2.9 WAASNITAIUIN Aspect ratio[18]

(Aspect ratio A DAFIAIUTTUINAILYNIANBAIIUNINIATBAIUNUN)
p

2.5.1.4 WionAnTinau(Glass bead)
< [y (Y] =l [ < a cala P ¥ 1 I3 ¥
diauimssnadliidunsenais ImduiiaeesidsUndundewdalus Wdauiins
nauvtafulidURIUgUINa I tUsSEU102-0.004-5 TaduainT Ualleslugle 4-44 lulasiuns Ay
wduiiU 2.5 nfu/ganunaneuswns sasdiiduriiuaugnaidlugae 10 - 250 lulasiuas
= 1 a I3 a 6 1 ¥ t': d' vdy cl'q c': d' (% 3
LsidousenitanediuesiasialaesAeudiesi tipsingunsanaulinunfingn fsluy

auidlunislualereudned vinlatunsanauiataasussianilunaiadinle luuSuiamnn

(%
v =€ o

Arveuiilagunfazaduillenaradnlalid Asnudsdnlusdedefavsogly
Coupling agent %8 laedrunisvasluianaves Coupling agent au15aviUfAsen URY
vaudlaniwazdndiunisveduanailudiunsiudmseritujiserdunaradinle lne

Coupling  agent 7ildfunin Taun wanlewau (Silane) wagnanlnviiun (Titanates)



22

2.6 d138A2U(Coupling agent)[10]

@138AU (Coupling agent) e msLﬁuLwiﬂm?iLsﬁwiﬂLﬁaU%’UﬂgqmsﬁmLmsssmﬁq
weAwas (Hydrophobic) fuflawaesviewduleaduuse (Hydrophilic) Tnevimididudanans
Fouszuianedwesiuilameinioduloduussonsadaiussindsuswniartaos f

A 2.10

e LN

or

Polymer

Coupling agent
Reinforcing fiber P Ig &

a = ] a o a s A v a
AN 2.10 LLaﬁNﬂqiﬂqiﬂfﬂLﬂqgigﬂﬁqQW@aLNaiﬂUwaLa@iﬁﬁaLausLﬁlLaiiiLLiﬂ

2.6.1 sUnuUMIY

(R'0),- M - (R-X), (2.3)
g M de | lave boun @dreu luvnillen wie weslawliay
X Ao ndiendunwiugize ey iuneaiues
R Ao mfBunIgnweagsendnang X fulans
RO-_fg . mimdwhijiseniaiuseiuilaaasvsowduleauuns

2.6.2 nalanisuudsinasensenindiaiaasviseidulenunadwes

UfRelagnssseminayansgaiunuiiaiaes OR’ Yesansgaiuiy

Y
1 a

93] OH ANuRIaLaas

(filler)-OH + R’O-M-R=X-=>.(filler)-O-M-R-X + R’-OH (2.4)
ny OR’ grlalnsladseautuiiiuinvesfiamesiinduny OH Fus
WU FAseniuiiataesne
H,O + R’O-M-R-X = HO-M-R-X + R’-OH (2.5)
(filler)-OH + HO-M-R-X —> (filler)-O-M-R-X + H O (2.6)
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2.6.2 nsBaszuinasgauiunediues

nanny X vesansgmuvihisendunyilanduresmediueslnevy X duansing
funmanevdafiolimuanlunsldnutunedwesafingie

ansaeuiivg X Ao vyjlila wievyjoreian axldfunedieameosviinlidusuie nod
Totaluvdaidening

asgmuiivg X Ao yjerily azldfudnendistuvionedtolud
2.6.3 fregruazn1sinluldauves Coupling agent Uszinnlatau

M1597 2.3 uansviialglauiuanzauiunediuessdnmnee[10]

Jaran wanadin

Vinyl-triethoxy silane Unsaturated polyesters,

Vinyl-tris {2-methoxy) silane Pololefins , PVC , PS , ABS

r-metha acyloxypropyltrimethoxy SAN , PMMA

silane

r-aminoproyliriethoxy silane Epoxy , phoenolic and melamine
Resins , PA .PHR , PP .PE
PMMA , PC

r-glycixyprolirimethoxy silane Epoxy , phenolic and melamine
Resine, unsaturated polyester,
PUR, PVC, PC PS5, ABS, SANPA
FP, PE, polysulfides

r-mercaptopropytrimethoxy silane Phenolic and epoxy resins , FVC,PS,
EPPM, polysulfones ,polysulfides.

2.7 Avu3iUauAgINU Chain extender[5]

Chain extender (138 coupling agent)-aisauiumvtinluianaroInediuesann
) o Aa aaa . a s = )

nsganefIvaANTaundanunUisen hydrolysis vesnedieamas w3aUsuUss
NORNTIUNTIaUDINEABSLNBLANAT Melt strength YoIWaANO3UUY Chain extender &
1 & o dl 1 o aaa ) L4 U dl o aaa o ! ! a
nilanduiiedhilunmsiuiisenedatdes 2 ngu wevhujiseriurguanganelgveaned
leames (Y Hydroxyl, -OH fiuny Carboxyl, -COOH) lag Chain extender Unewiiniilde13
T Asentrapesilidenisgsdinansenuievouiunnislidany  tag Chain - extender

ansaiinadlulunIesdnsn (angneavsen) vsvasunaulalay Yafiveenisidy Chain

Y

extender Ao fiunus YiUATE13INST waslianuBanduunu
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2.7.1 Chain extender ¥89 PET
Bifunctional chain extender e ansusznoufitvyiladdu 2 wyjegluluana

aaa [y 1

a LY = 1 o & [ a a LY N ! A U ey A o
bEINU mwjﬁamﬁumamawLﬂu%um@mmumamwumﬂuﬂlﬂ LW@VI’]‘IJQH?EHﬂUW%JJUaWEJ

=l

ve4 PET vilindnsaueinlaidulenss iy Diepoxides, Diisocyanates %38 Bis(oxazoline)

anusaiindmnluanaves PET Ia @i Polyfunctional chain extender fa a@nsuUsgnaui
fngilarduannndn 2 wdegluluanaiieniu dwalindndnailaduns
M1319% 2.4 $79879 Chain extender dmiunisiweusieansleluanaves PET[5]

Addition rate

Compound Tradename Manufacturer (wt%)
Pyromellitic PMDA Nippon Shokubai 0.05-2 % and
dianhydride Allco Chemical preferably

around
0.15%-0.25 %°
Trimellitic anhydride TMA - -
Phenylenebisoxazoline PEBO Mikum (Japan) 0.4-1.5, and
preferably
04-0.6
Carbonyl Allinco CBC DSM -
bis(1-caprolactam)
Diepoxide bisphenol Epon 1009? Shell 0.6
A-diglycidyl ether
Diepoxide bisphenol Epon 8282 Shell 0.6
A-diglycidyl ether
Tetraepoxide MY721 Ciba SC 0.4-0.6
tetraglycidyldi-
aminodiphenylmethane
resins (TGDDM)
Triphenylphosphite TPP Various 0.2-0.8

2.7.1.1 Pyromellitic dianhydride (PMDA)

TAs9a319m19sAdl
0) o)
O O
) 6]

A 2.11 Taseadranaaiives PMDA

duvanaluvas PMDA

AN5197 2.5 wansauURnaluves PMDA

Appearance White crystals
Assay [wt-% by HPLC] > 99.5
TMA [wt-% by HPLC] <02

M597 2.5 uansanUAvhluves PMDA (s)
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Free Acid [wt-%)] <05
Melting Point [°C] 286-288
Specific Gravity [¢/ml at 20°C] 1.68
Flash Point [*C] > 200
Angle of repose [°] 28-41
Insoluble Matter [ppm] <15
Fraction of particles [%]

> 500 um <50

> 80 um > 950

wiiiivanvas PMDA uaznsululd
n"]umiﬁﬂﬁﬂagﬂﬁﬁﬂizﬁm%quaﬁm% Epoxy resins (Coating adhesive
ez Moldings)
U Chain extender & %3u Polyester resins
Juasiduuaain PVC

USuU39An Melt strength Lag-Tensile strength ¥aa-PET gy PBT

2.7.1.2 Methylene diphenyl diisocyanate (MDI)

TAs9a319m19LAdl

21712 1a59a5 19 aadlved MDI

wihfivanuas MDI wazn1sinluly
Ju chain extender dwsu Polyester resin 1ng isocyanate group (NCO) @13130%
Ufn3e1iuny hydroxyl end group Wagwisl carboxyl end group w8 polyester
UFuugsanudniulaves polyester
Tdlunsudalnunedesinuviinuds wassindaneu

NAMANSIARBURT N1 kazdanalewuas (Elastomer)

dutanaluvas MDI
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AN5197 2.6 wansaudRnluuea MDI

Molecular formula: Cy5H10N,0O5
Molecular weight: 250.3

Melting point: 39.5°C

Boiling point: 210°C at 7 hPa

Vapour pressure at 20°C: | < 10 hPa

1 mlm’ (ppm) = 10.4 mg/m3
1 mg/m3 = 0.96 ml/m’ (ppm)
AUUARAAE[19]

yinsumeldsu MDI mnifuldasifndamuausoszumaiumels Fae1aimun
lgnadulsaiin rommidsiduiosinisaiuay penudusan Lilfufoanu 165 Mol
niudadinlusznisnsviay egalsidnnneuenissu MOl vindsanie Taimuiau
uansamsveslsafintagitaaiinanulaelalolelasaun lunsddiiEanududues
MDI Agthelesuazflasnindndafnsnn wafenaiitusmedisznseduliAnensmouiinld

MDI lusile axossans viovaunafinszfiuilon enadeliAnauszmelfoads
713991 won TNl MDI_ ReliAne s aidesreRanialuszduuiunais Tnsenavinld
RanifaAnnsuiviesnieudeuldlivesdn uiin MoL-asilarubuivinuiedgszuy
madueswianudufivesgeindessniglizu Mbl dhgssuumadumels ogslsia
Sofnunianalusyezenveanslifsu-MDI AifldeguaiwuesiiufiRnundulsinumnuduius
Wenatnuenmilslyannmsiauivesenstussuumadumela ldasliniuseunseniu
MDI st iunsiazmuauddimnssuesadunauasiuiRnudesmanniosdesiuinanie

MDI fansdufivindedaiunuazdatin Tag MDI %ﬁ']ﬂg’jﬁ%mﬁ’uﬁmﬁwﬂuwaa
4138 (Polyureas) FvoeluguvasufsuazdanifidesdonaiAnufizen Fatfu MDI fivinazifin
NansEMUADAIIndeuisadntes

1 a [ ' [ a o a
NYUFNNENNANVBN MDI - ansiiduaudnaesanivuleleleeiunuiuiend (Interna

eXe

tional Isocyanate Institute) @eidwmanelunisatuayunisdnnis MDI wae TDI 8819


http://th.wikipedia.org/w/index.php?title=%E0%B9%82%E0%B8%A3%E0%B8%84%E0%B8%AB%E0%B8%B7%E0%B8%94&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B8%A2%E0%B8%B9%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2&action=edit&redlink=1
http://th.wikipedia.org/w/index.php?title=%E0%B8%9E%E0%B8%AD%E0%B8%A5%E0%B8%B4%E0%B8%A2%E0%B8%B9%E0%B9%80%E0%B8%A3%E0%B8%B5%E0%B8%A2&action=edit&redlink=1
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Uaendeluaniudsenounts guwu uag Fuanden Teyalieliun1sdnnis aunsaidesiu
$19m8 Mshdaung msvudaedeudie nsuinwl N1sguiIeg1arATIZR MDI 113

IansivguRme quan uasUsunudawindeuiinnsdanuly

2.8 uddeiiiAeadas

N.Torres uwazamz[2] AnwiauifAnisainudeu Usenaunae glass  transition
temperature, melting temperature waz%Crystallinity aut@@ana  lauA Young’s
modulus, %Elongation at break wag Impact. strength GUEN‘W’eJaLaﬁﬁmmiﬁ/\lml,amu%zj%é

'
=

(VPET) waznediofiaumsrinianiivhndtuivaedidlnianvintdmanain (RPET) fouuas
‘viﬁ'ﬂﬂizmumiam%{ugﬂimEliuﬂﬁu‘iﬁ'aﬁ’ﬁmﬂ% RPET .2 %3ia A@® Homogeneous deposits
WAy Heterogeneous deposit (Bas3oUn 1 PVC waz (113) Tnenuinnsiidaievy was
audulu RPET dewaliinnisanndntiienia VPET Savkduniioatiliinnisuaneen
yosanglgluanalutisnisasimandwiilie Intrinsic viscosity-uaz Molecular weight &
manasegraiuladn Tnglunanismaasswuan VPET Anginssuiuuianin Ductile Hen
Elongation at break > 200% Tuaueil RPET ﬁwqaﬂi'ﬁmmmﬁmwu Brittle &A1 elongation
at break < 10% 33a11130a3U1037 VPET uaz RPET dAn sinndniiuaeausutanan n1sil

dudevuey Usyiiniepnuseulayandmainanuanseiuseving VPET wag RPET

F. Fraisse wasAmz[6] insAnwnediuesnanszyudtsmediefaumisrinianity
sldauuda(RPET) Aunedaniuein (PC) tieviwnldinumedllianaslss (PVO) us wud
PET Suiinifnntaaaisdanitniuasdanalugismsnasy sainlunssuiunsvaoy PET
nduanldlmifesiimsauauiios seisadisnn Tngludurounsanounvasudesinns
naasiiomsziunsaatedivesaieTeluana PET uen NSNS UUSsanRves
RPET signisnauiiu PC wagfnwiarmmdaiulaves RPET uag PC lngnuindinnudniule
s¥1319 RPET AU PC 91nmaiinuji3en Transesterification @aiiutladefiddnysoninuith
fulfveswodiosuau RPET/PC lutuneunasunay Snvisldfinsfnuandfidsnavomed
wosHan RPET/PC 91nnsUiuilasudndrunisnauseving RPET fu PC 1u 80/20, 70/30
uay 50/50 w/w H1uAIessanansg euandliiiiiuiinszuiunssedafiiunisaun

a8 NzaulNaneauURATINaNAATL FaNUINNeALLBSNALN PET/PC Allonsdiu 80/20

w/w Iiandadananaan
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Souad Mbarek wazaniz[20] lEinsAnenssuiunmsihwedefiaumsnniand
H1uNsIguuas (RPET) wwmenldlvyd navesiasaufjisenTransesterification wavauys
yosmeamasHay RPET/PC Tngluauideldisnsvasunay PET/PC fuindossninansa Tu
nsnulaldsnsndru RPET/PC sl iileiSeuiieunavesnsifuvioldiudage snlu
nsEnEsEAUANUNTUlATRINe R BSNANEIUNTaNS U RINNNSANET DSC, SEM kagnns
NAADULTING WUIT AIL39 Sn LBNSnaren1siaUfAsen Transesterification Tun1svasy
NEY N13NAABINUIINOAWBINaN RPET/PC Tudnsndiu 80/20 w/w dwaliuuinveanad
nsxemifvunadniian 9nnsAnURATe) Transesterification il Copolymer sewing
RPET waz PC lpgnsvageu DSC wuiA T 989 RPET dAanasdiouSune PC T
MNINsLFANAsIUATEN wenanian Tee w89 PET/PC | fifinsidusissdiaannninitladl
AsIANELE TussuumSHELRe 2 Nudarn %Elongation at ‘break fifutuannswe
PC aslulu PET &1 PET/PC 9siantautd Tensile Wil PET Wdumandn nswiusiiss
annsowmieniiAnUfATen Transesterification Lilalfisannandaiuléves RPET/PC a7n
copolymer TiinTuaslUthuanusiiamianing wimiiiadnefuluddadvineens waziiiy
ussBamiersenineindaudedniuseasttn Toughness taydnuazdug e vouad
nszanef agnelsinmuinivsuussanniullagsdiina ansaaresivesanalevinli

[y

a
aniANLUITY

N. TORRESuazaaiz[3] lAnw138n15UsuUsanIsaiiuaanediafiaunsnnias

a

USans (VPET) kazweasafaussunitaniuinauuivasulglngannuinunanadn(RPET)

q

Faun1siiiy Chain | extender Tugasnasnasunairtiiosaant PET aldudativaeldy
Aeadestunsaatedimneaninion-uagUiAzen Hydrolytic #aitliaa Intrinsic viscosity
uwazauUadenaiidranas lagnsaaedivesmelsliianaansaniuaulaainnisly Chain
extender 491101591 Preliminary test-wu3anastd Diisocyanates fiainudadlalunisyi
Ufiseriunyuaneangleves Virgin PET 11nndinisly Bisoxazolines 38 Diepoxides
aeldaniiznismeastfeniu lnensusulsamaaiives VPET e Diisocyanates 1vien
Molecular weight wag Intrinsic viscosity (M,, > 60,000 ¢/mol wag [n] > 1 dL/g) ‘?jﬂzjdﬂj’]
PET U%qwé (M, > 40,000 ¢/mol waz [n] > 0.70 dL/g) d@runsusuugmuaiives RPET

A28 Diisocyanates Lwﬁmﬁﬂﬁ Molecular weight ﬁ@i'nﬁﬁumﬂ 30,000 W 51,000
g/mol @A Intrinsic viscosity SAnfinduain 0.60 \Ju 0.84 dL/g wazaudRdnaiiag

'
a

Tneenzeen98iAn %Elongation at break HANANTIUIIN 5 WU 300% awiiulainnig

[
=

USuUgamnaaiives RPET daenszuaun1sdatuguiuduisnuiaulsluyuuesves

Y
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9RaMNT Iy LlesINaasavibiTans leAaliandAnlndifusiu PET uSans meluduneu

Lie)

Xianwen Tang wasanz[21] lAnw1isnisusulgennumilenves PET faen1si
Recycled PET (RPET) waufiu Polycarbonate (PC) ag Methylenediphenyl diisocyanate
(MDI) umaesnanuUULAnUfATe1nelunTesdnin nan1smaaesaInnIsindl  Intrinsic
viscosity uazan Melt viscosity Senfintudsanunsatandusulddn Molecular weights
93 PET fenfinduriuufiseinisseatsld (Chain extending reaction) Hawes FTIR ua
DMA &nu1saiiganlainfia RPET-PC copolymers \eBudurnudniuldveana RPET wax
i PC wenaniidanuinnisifial M AWANILYIUABNGANTIUNITANKANVDY RPET 910015
gy DSC neUSinansiinndnues RPET SeranasiioUsina MDI tiusnndu Ssanunse
asulédn MDI Sinasenedueiuan RPET/PC #o viliiAn molecular weight 1fingatiu A
dnfuldveanediuesualiutu ngRnssunisiiokinanas gazaar Notched-Impact

strength fiAfinTuegawnnan 17.3 Wu 70.5 kl/m’

Weihong Guo ' wavamuz[22] Anwiandflganalardugiuing1veanediuaskas
Recycled poly(ethylene terephthalate)/bisphenol A “polycarbonate/poly(styrene-b-
(ethylene-co-butylene)-b-styrene)(RPET/PC/SEBS) frsnvatiA- Low | temperature solid
state extrusion ‘lesanluvinunataivane ST dlunIsTanIsTEE ATaR nn ULl
T wmedanswaeunan it Tagluaadeildldmedia Low-temperature solid-
state extrusion Vian15uasnwan RPET/PC/SEBS- WU AN IAA1EFINI9AIIUTOULAZ AN
Ui)n3e1 Hydrolytic u8s PET apas Lﬁaﬁy’qqmmmuméaqﬁﬂ%aguJ"utz'van T, uag T B
fin %Elongation at break dAwfisueg HulATa 159% W 1036 % uaz Notched
Impact strength feniuduituiuionn 8.6 ki/m’ 0y 204 ki/m” annsinenaga
TumimuaﬂgwudwmmL%’Jﬁmwamagj'ﬁwdw 100 WAz 150 rpm iiesarnanudaseu
vosanginaressdueuniindslugasfindnilfimumngausonisuay RPET wag PC
demniliAnnisnszanesiveanasonis PC uay SEBS ilmnuazidenuaziauiadn
Uszanad 1 mm Tae Chain extender #ildusuiseie Methylenediphenyl diisocyanate
(MDI) %ﬂmmmﬁwﬁﬁ%mﬁwyjﬂmam8168'1715& 2 913994 Recycled PET @a Carboxyl group
waz Hydroxyl group n1nAaeu FTIR mmiaﬁué’uié‘jﬁLﬁmuﬁﬁ’%mLﬂﬁﬁﬁuiuﬂizuauﬂWi

ey 1my Chain extender ldilgaustiia molecular weight 984 PET way PC iiigaiyiniudy
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Peviliiin  PET-g¢-PC  copolymer a1nn1svinthilududieuysyaiudnaie waviile

ns@nen SEM nuddlassaisveadulovunalilasegluguaudiegie

Fugen Daver wazamz[23] Anwinginssunislnavesnediefiaumisvnianiiniu

'
o

nsldauias (RPET) gagnuiuusenenissniauuuinujisen (lesann RPET de1 Melt

9

strength @z Viscosity #i Fofunisazai RPET unlélueu Blow moulding Sndufesiian
Melt strength 7igs Tusideiiwuindlow RPET luvin1sviaeudeindosdninlaensadana
Wﬁmﬁﬂimaqasuaﬂ PET anas waninurlunauiu Pyromellitic Dianhydride (PMDA) W31
annsnUTuUTIngAnssumsivaves RPET 14 dansnaaeunsiinufATe1ves RPET i
PMDA $neiLa3ea Parallel plate rheometer wWSauifleuru RPET waz VPET wudn RPET i
171l PMDA 1vifin Complex viscosity iae Storage modulus 431 RPET Tneniaauiud
A1MANIINAITHAL PMDA /. adly RPET wiinvndSunad PMDA __sinnluagdenanaaudd
Viscoelastic  Gsflanudaiiuslasiadieluianaes RPET Mifin-PMDA lagainnnsin
ngRnssunIsiaausadiuduldan RPET fiA1 Molecular weight WSS
PMDA i wazdfanudvnaiu PMDA 1410n47-0.25 wi ¥inlvTaginlassaddlaana

LUUNY

Yong Peng ‘uazame[8] lndnwlassainsiazanu@ved Recycled Poly(ethylene
terephthalate) /Bisphenol 'A-Polycarbonate/(E/nBA/GMA) sauddAnEa1aunIsNas PET
PC waz E/nBA/GMA (PTW) nausnatif Low temperature solid state extrusion (LTSSE) R
WUy PTW ansnsauFulseninuviley (Tougheness) sasnediuesle daunalaainen
Impact strengths SATiftugstu 91nnIsaeoy Tensite Tunsdifivianiamded Pre blend lne
nsnaeNNas PC AU PTW feuganiuiiiuin Pre blend ldunasursauiu PET sy
gaving (PC/PTW)/RPET) W*ud'm'mufﬁqmeaﬁamﬁiﬁlﬂmﬁuas}wLﬁulé’%’ﬂ dauguineved
(PC/PTW)/RPET 1udstudu iilesanneynia PC ihfulddfummdng PET vinlidaugnuinen
firnudey @enuades) lunsdiiviiniswien pre blend Tneniswasunas RPET AU PTW
Aouvntuiidia Pre blend #ldluvaounaniu PC @udduantine (RPET/PTW) /PO)
WUIINSeIed Pre blend PET/PTW Hpnumiaunns1eiu PC il PC ifinufjiseniu
PTW lfenn daunisnadeu DSC FliiuinuSunandnveansnd PET Sauansiafurecus

arsyuUNay 1ee PET/PTW)/PC > PET/PC/PTW > (PC/PTW)/PET
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OU Yuchun uazane[24] léAnwussdamietseniniiniinadenismnudnias
auURiganavesanaeunedn Poly(ethylene terephthalate)/glass bead Tnausadanien
sewinsfntfuanunsofnunldandugiuinevesianain SEM  waz Parallel  plate
rheometer #anaveussdamierseninsiadonginssunsanadnuazauifdanagnin
fU DSC WazN1sMAEaULIng (Tensile Flexural Kag Impact) AIUAIRU INNANITNARDY
Fiiudn elass bead Vmthillu ansrendn (nucleating agent) T PET wasnuiuss
Samilenfiuseninainiifives PET wag glass bead azdwnaliautd Tensile vastannasme
Andundu 1oy elass bead Mdnasiulutagly PET 3 wuu Ao 1) launisusudgeiiugin
(Untreated glass bead) 2) U%Uﬂqﬂﬁuﬁaﬁw y-Aminopropyl Triethoxy Silane(KH-550)
uay 3) ﬂ%’UU‘;ﬂﬁuﬁiéj’gﬁJ Epoxy resin (BY=94) Aiu y-Aminopropyl Triethoxy Silane (KH-
550) ilevimsnageunuINdnsILINgwes Tanasunedn PET/Untreated glass bead 911
Fuau Impact wuinfinaausde WA PET/KHS50 glass bead wanslifiudiausddn
wilonseninefinues glass bead, ifndy aasnesuIInnsIyUatsvedleiau(vy
Amino) ¥uUFATefU PET lunsal | PET/BY-984KH550, glass | bead wuiniussdamilen

FENINRIANGR eI nyUaIened Epoxy MUHASeU1amileiu KH550 glass bead waz

andranileviuiTeniu PET - (ma -hydroxyl . wae carbonyl) lugaenisviasumas
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Asn1sAniuIuIY

3.1 Jagildanuise
3.1.1 wedlefiaumsnynan (Poly(ethylene terephthalate), PET) lusnuideiianwagidu

nén dvngu ldunannsuewintimatafnasiadinsfiniunisldeuuds

! ®
3.1.2 wedA15uealum (Polycarbonate, PC) #ldlusuidy Ao WONDERLITE tasa PC-122

anwandudela T dydnislanuanesgiu ASTM 1238 Winiu 22 n5u/10 widl (@ane
nageu 300 “C/1.2 kg) 9MNUSEM Chimeizasahi Carporation, lévniuy

3.1.3 Glass bead (Hollow glass microsphere, HGMS) tnsa iIM30K iﬁ%ﬂmmaymiwﬁ
211 3M Useinelng

3.1.4 Fuea (Phenol) Idnwazvesndalalidid 91nusth Sigma-Aldrich d1in

3.1.5 1,1,2,2-nszAaslsoinu (1,1,2,2-tetrachloroethane, TCE) fianwugiJuroavaila
i3 21nUTEM Sigma-Aldrich, 37110

3.1.6 widuladidalalololoeun (Methylene diphenyl diisocyanate, MDI) fianwely
D wsunda 8917 9InuS® Sigma-Aldrich 17

3.1.7 Wnlswadnalaweulalasd  (Pyromellitic -dianhydride, PMDA) #dnweaugiduns
azldeAdY1 AINUTHU Sigma-Aldrich T

3.1.8 3-Glycidyloxypropyltrimethoxy silane “(GPS) ddnwugiduvesvaila a1nuSom
Sigma-Aldrich 3711m

3.1.9 ldeulonsenlen (NaOH) fflanwasiluvesuddun

3.1.10 nIALOTAN (Acetic acid)

3.1.11 1ndu (Distilled water)

3.1.12 @nuoea (Ethanol)

3.2 inFesdiefildlunsiwdsutuaunagey
3.2.1 \A3eauawanadn (Plastic grinder) 8%e Bosco u BG 2523 Uszinellng
3.2.2 \eosianTiiu (Moisture analyzer) U HX204 US¥N Mettler-Toledo Usinalne
3.2.3 1A30dA3ALUANgE (Co-rotating twin screw extruder) §u SHI-25 U3

Yongteng UseinAlu

32
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3.2.4 1A309dnTusUnatafin (njection molding machine) $u S-200011008 UTEW
FANUC Roboshot
3.2.5 Lﬂ%’a\‘i laser cutter

3.2.6 ﬁamﬁuwuawgu (air-circulating over)

3.3 ia3esilefldlunsiasied

3.3.1 inseafnunsidsunasauifivesanslnefunuantinianiiuiou (Differential
Scanning Calorimetry, DSC) 'i;u DSC 1 US®W-Mettler Toledo

3.3.2 \AseafnwInsaanefmisALFouuesas (Thermogravimeter analyzer , TGA) Ju
TGA/DSC 1 U3¥ Mettler Toledo

3.3.3 \p3eilAsziandivianadslauifing (Dynamic Mechanical Analyzer, DMA)
GABO §u EPLEXOR QC 25)

3.3.4 \psesnaaevaNTAveIanuUualy (Universal  testing” machine) u 5969 U3t
Instron Engineering Corporation Uﬁzmﬂaw%:ﬁam%m

335 \n3annaouianiuuinienszunn  (mpact . Tester) oM19n1561  Swick u
Pendulum Impact Tester B5102.202-4 J

3.3.6 \A3emnaoufTinTinave maraRnvaoimad (Melt Flow  Indexer) JU Galaxy
Melt D7050 U3¥" Kayeness Inc. Uslndanigelasna

33.7 NA0I9aNIIAUBANATEULUUAEINTIA (Scanning Electron. Microscope, SEM) §u
Tabletop Microscope TM3030 USu HITACHI

3.3.8 Lﬂ%wjﬁﬂ%mwuﬁﬂ/\la%m%umﬂLimamﬂimaiﬂﬂ Fourier-Transform’ Spectroscopy
(FTIR) $u Vertex 70.US¥m Bruker Yseinriyasudl

3.3.9 Cannon-Ubbelohde Viscometer, Size 1B

3.3.10 Yindl (pipette) 3u1A 2 Waz 10 ml

3.3.11 insedinn pH

3.3.12 Lﬂ%amuauqmmﬁ (Temperature Controller)


http://www.google.co.th/aclk?sa=l&ai=C8oo_6bZ_VeWOEdjW9AXmuILQB8WE1-IGtYf9ooMCiOCeDAgAEAIgyZiiCygDYP3dm4bELqAB3O-Q-wPIAQGpAsf0PnW36bI-qgQfT9AvoZfR-zCMRnt2-L9g0gpGfY6syruhQYmsGnfQroAFkE66BRMIuteApsCTxgIVBiamCh3OBQ-IygUAgAft25c4iAcBkAcCqAemvhvYBwE&ei=6bZ_Vfq-DYbMmAXOi7zACA&sig=AOD64_0InQFsTXe0wrZJIt61osXsGdDVuQ&clui=1&rct=j&q=&sqi=2&ved=0CB4Q0QxqFQoTCLrXgKbAk8YCFQYmpgodzgUPiA&adurl=http://th.mt.com/th/th/home/perm-lp/product-organizations/pro/pH-Meters.html%3Fcmp%3Dsea_52011736%26bookedkeyword%3Dph%2520meter%26matchtype%3Dp%26adtext%3D69643115781%26placement%3D%26network%3Dg
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3.4 35015998
3.4.1 %’umaumim%uLﬁmwaﬁma%mamLLasmisﬁugU RPET, PC, RPET/PC filaifiuaziinis
USuasuusuna chain extender Usenaudae 0.5, 0.7 wag 0.9 wt% iield@nwisiauay
U31Nouues chain extender  Ailvnzassionsuiudgsmandiiuld waraui@idanaves
RPET/PC fistoaviSondesialud
3411 3wy RPET idnuazilu flake anvantmanadnasidauinsiriunsls
U Taptheintnanasnaainesn faaiuriwan (HDPE) wazdrufuwiefaileliazain
sensvhAuareranislusivn thaanludraiiterdndsiuidou anntunnuanliuis

Wav I WAL IYINNTAALUING19UIA TUTIRLALUL ke LAToIuUANaaRAn (grinder)

— ] [ 4 --‘: s _. 1 . -
_ B B 1 "

3412 1h RPET waz PC etlugevansouiiaamail 120 ‘Ciiunan 12 lus ey

'
A o w

vin1suaeNHaNeIAIedsRFRRIuANTE mammm%uuazﬁaaﬁumaLﬁ@ﬂﬁﬁ‘%m
hydrolysis Tusgnangnasvas ke Imﬂ%’qmmﬁwaamaméﬁu’qm hopper 4 die A 200-
240-250-250-250-240-230-250C pamsaseulunissas 60 sau/andl 1du extrudate 7
navenuanshnisgnarni i isad e esinda diiodaliiusuiununaaeusioly &
qmmﬁwﬁau‘waﬁma%mauﬁgwmgmLamﬂﬁumiNﬁ 3.1

M5797 3.1 WARIEASNSLATEUNRALNeSHAY RPET, PCRPET/PC Flituavimsusudsu

USu1ad chainextender

Chain extender (Wt%)
gas | PET Wt%) | PC (wt%)
MDI PMDA
RPET 100 0 0 0
pPC 0 100 0 0
RPET/PC 80 20 0 0
PMDAO.5 79.6 19.9 0 0.5
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M15097 3.1 ULaAEnINseseunedwesua RPET, PC, RPET/PC Milifiuaziinnsusuilaeuy

J33184 chain extender (a9)

Chain extender (Wt%)
gns PET (Wt%) | PC (wt%)

MDI PMDA
PMDAOQ.7 79.44 19.86 0 0.7
PMDAO.9 79.28 19.82 0 0.9
MDIO.5 79.6 19.90 0.5 0
MDIO.7 79.44 19.86 0.7 0
MDIO0.9 79.28 19.82 0.9 0

VUMD : BRTIAIUYDINBANBINANTENIW RPET wag PC Mg 80/20 w/w

ANTT 3.2 FURBUNITVADUHANINIULATDISASARUTANSE

3.4.1.3 " 3AUUgUBUNUMBLATBY Injection molding machine Lieldlunisvaaeau
auuRLgng

a

sudlanediuesnauLrazgnnInde 3.4.1.2 Meamvgll 120°C Wuan 6 Falus Lo

U

v v

fdndanuty ndintiuinsteeadsualudianeawesnan (Water content) #ae
\A393 moisture analyzer G4dfasfiAn Water content g1 0.02% Fvaztiludatugudae
GECY Injection molding machine qqumumia@@?\um hopper 4 nozzle Ao 260-250-
220-180-50 °C Tnggaungfiusifusiogil 80 °C Fuawdilélu 1 shot Usznoude dumbbell-
shaped tensile bars A1UNIAT51U ASTM D638 type | ieldlunsvaaeu Tensile testing
1 %u waz rectangular shapes dwSunAdey Flexural AMamnsgIu ASTM D790 1 %y
MNTTNsuUeRsetue Flexural Wisldmagou Notched Izod Impact tester a1y

UM3g1U ASTM D256 ﬁ?&fl‘?ﬁﬂ%aﬂ laser cutter
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AW 3.3 1389 Moisture Analyzer Al 3.4 \edosdatugUnanain
(Injection molding machine)
3.4.1.4 Wganliendnualvaswafiuasnay
3.4.1.4.1 Solution yiscosity AUNITANNNTFIU ASTM-D4603

i3eNdYiaranenansznIe - Phenol fu TCE Tudhsdu 60/40 wiw
QM iviad

WTHUA1TAZANELTO0IVBI N AN S HANANIINTW 05 _g/dl Tnenisine
woAosHaumTinUsEINM 0,2525 a3 azatelu Phenol/TCE YSial 50 fiaddns Mionmgd
110 °C w¥oun1stluniunaenaTiiowis. magnetic bar \Juian 30 Wi wisaunifiane
Aosuanazangauvin S il 3.5 eliAnnisavangegauysal vdsaniuiluyily

Wuiasfignmngivies

AT 3.5 NSPSULENTaZAYNERILD AN

#1589 Cannon Ubbelohde Type 1B Viscometer lgza1asg acetone
2-3 as muge Phenol/TCE Tudsinandiasiion q 2 A%t 9ntudndsernamdulash
azanenalliszineoonaumLn

fn Viscometer Triagluuunfslugrairfifinsmunugangilviadiil 30 °C
naonn1TNAdeURBLASesauaugamnd Tastilugns Fewhnsedu D ves viscometer

2 v a
LANUDYHIUAINS 3.6
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Mnstndvinavanenay (Co) 10 Jadans Wwuasluluyes C vee viscometer
ﬁmuauqmmﬁﬁﬂuéwﬁﬁ 30 °C munwdl 3.6 1Wunan 15 unit euSugumgiinneuen
waznelu viscometer vinsgaivinazanenauantes A egwileTa E dndesmieqn
o3 Tngauivhmageans fadldtindatos B 1 9ndutdesynens tufinnanfidavhazae
\naeufiande E Gudn F 3 ad udrhumAeae

MnstiunansazaenaamesHan ALY 0.5 ¢/dL (C;) 10 HaddnT LANas
1ulues C 109 viscometer fimuauanmnfithlug1slid 30 °C wiwhmnasoumiloudh
Yhavaneway Sufinnanfiasazanenedweinay wasufiannda E dda F 3 ade udaian
MANRRY

thdfeyafilsisnduanm intrinsic viscosity (1)) Inaunisanudusiusues
Billmeyer fvamnssioluil

n=025n,—1+3Inn,)/c (3.1)
Tagnvualn
7, Ao AUNLEdUNNS (relative viscosity) SIRLVINAU t/t,
t fio A mesnsinatesaTaraneis My Iund
t, Ao BaweIMshavaiTharasaie wiie Iund

C A9 MNULUTUVRIEITATANE UL NTUABLATANS

a (% = A o 1 1 Y 1 o] 14
AN 3.6 LEAINITAIALATDINBLATALIAUINNE TunsveaesinAianunialagly

viscometer
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3.4.1.4.2 Melt viscosity Aiun1samuInsg1e ASTM-D1238
vhifianediwesnanlusuiionmad 120 °C 1Wuna1 6 #lus ieridn
AnuBuouiinsnaaeumaraiinsolunisinavesnedwefnauudazgnsluaniie
vasumad sanydurdadnislva (Melt flow index, MFI) sulA3es Melt flow indexer
Tngannylunmadevegiigumnd 260 °C tniinng 2.16 Alany Fsaduiimslvausas

anslagnaenunalduaiaisnnnismegeuansay 3 Ase lumeniu/10 wi

AN 3.7 wSewnasusutinsivavednalafnuasuiial (Melt Flow Indexer)

3.4.1.4.3 MINAFIUNI5ANEA (Tensile testing)
ANIUNITNAUATNNINIFIN ASTM D638-type | Mgluvipsniuaugamgil
25 °C nadeusglAzpasaeUaNTRvesTanuUUTALY (Universal ) testing machine) Tag
Funuieunnasussaivlfluiesruatanmniifiunm 48 i Tnsndlumsis 10
mm/min wagld load cell uam 50 kN anasuin1sUufindn Young's Modulus,
%Elongation at break tiag Tensile stress at break LLé’UﬁW’Jjayjam’lﬁ’m’ﬁmmLa?ilsLLawh

WeauuinsgIu 1nguaundaAlnalfesiu 981985 JUIW WeINIMIANduTuS

~ a wa a P [
L‘Uiﬂ'UL‘V]EJ‘UalI'U@lﬂNﬂa‘V]LmiﬂN‘LﬂLLG\LLaSQGﬁﬂqimaN

N9 3.8 esewmndeuanURvesianuuunaly (Universal testing machine)
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3.4.1.4.4 NIVAFBUAMNEINTAUNITTULSINTEUNN (Impact testing)
ANUUNITNAFDUANNNINTFIY ASTM D256 wuUU Notched Izod Impact
testing meluipsmuaugamniifl 25 °C lasFunudeurhmavaaeusonduliluiosniuny
pumpfifunan 48 Falus duneunismedeuliBatunuiugiurenaiemeaeuliuiy los
WuseguINdIM Pendulum wuia 4 98 vinisudey  Pendulum Winnasannseunniu
Funy  dufindmdanudildanedeadeldmumusmisnuaisdefiuiivossosuan
(Impact strength) ‘Wm'wLa?iaLLasﬂ'm‘jmLuummsgmmﬂ%uqmﬁﬁﬁﬂﬂﬁtﬁmﬁuaéwﬂaa 10

Fua ethumnanuduiusiUSsuisuandMdananwsouliusuazgnInisnay

NN 3.9 IASEMAARUTAAKUUAMIBNTEUNN (Impact Tester)

3.4.1.4.5 mylesginslasuulasantavisanadou uazanudniuldves
woRlwasnaudleLASas Differential Scanning Calorimetry (DSC)
nsnageuaznIsagldanzusssInaiulagian lasussglanediues
waufildlunisuageuas alumina pan Useaingd 5-10 faansu wagvnis@nwilvun Tiau
Sousilndudn-liaamiou (Temperatures scan) Tugasanmgl 50 63300 C dn1n13l4
audeunaziliiuia. 10 °C/min-lagadslfrnndetuduusniiodunisminuse ams
Arwdou (heat  history) annswisifinmediuosuauusiasgns arntuudeslibuiag
wdlsimnudoudnainsldtoua anmgiindioui (glass transition temperature,T,) 94

Y 9

woRllosusargnsian eIty

Al 3.10 w304 Differential Scanning Calorimetry (DSC)
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3.4.1.4.6 M3nsIRFRUNY R FuNd Ay vewadluasNaudI8LATas Fourier
Transform Spectroscopy (FTIR)
wiey KBr disc lnensuanefiuesnauusazgasin lurauiunslnunadey
Tuslad (KBr) Frumseuldmnuiu Tusasdau 1:9 udailusadeiniessalensodn auls
wrunaukuy vdantuueiy Ker disc vasusiarans ldadlugesldsogavanniomasou
dioviinisiiuadu IR ludiaaa1ue1andu 4000-400 cm ' gndosdandu 16 ads

1%

. -l o & A = a ¢ | s aAa &£
resolution 4 cm ~ Y1iiaNUTINYIMNIATBIMAdR UL AT IVl dunAnusiely

Al 3.11 1394 Fourier Transform Spectroscopy

3.4.1.4.7 M3AnelATaS I mRdagIUINg 1 W RKIDSHENAIUNADIYaNTIAY
BianasaunuUdaInIIA(SEM)

JusniiigAnwUsenaudie SuauvsInnIseaevautRding Tdun
NINAABULIIAS (Tensile testing) wag MIMAFDUAINEINITAIUNITTULTINTZUNN (Impact
testing) ilognaAnTsavasnsidesUdssnealosnanuAargns. N1TEaRn TG uaz
arundnfuvaanodiuesuan Tnadidusumarisgni lUAnuusiunssanfifudonszne
wood antiufamunneiveuuuduuidielilumswuguses ainduthluedouunadiy
feedes SPUTTER letiesmililiiinnsazanvosaualiiiainduufegnaainnisais

a a Ao & ! 1 o & d' a Y o a (8% 1
dlannsounanduluseniagnisangnImn uwmmmmsﬂmmmmiamiﬂwma SEM G]EJI‘U

AT 3.12 napsganssAidianaseu A7 3.13 1ATe9 SPUTTE

R

LUUEDINIIA(SEM)
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[y

3.4.2 FupeunianisuLarnstusUnediuesaonnednnisiiiardunisuay RPET, PC uay
glass bead fiuansnafiu

1u%umauiﬂumﬁnmgﬂLLUUﬁﬁwaqmsmam RPET, PC uwag ¢lass bead ?jq*ﬁ

favua 3 sUkLY deautRianauazautimaudouvestagaounedn Tufannfinssunis

wAeugne (Migration) vad glass bead Tne glass bead AldlduNTUSUANTWAF I NaOH

a

wagansgaIulean mua1ay uananissldfimaiuriauasUsinaues chain extender
wngaudenniiutmidnluana anudduld wazautRidanaves RPET/PC fianndudl
3.4.1 Falnetunoumsssteezsonismoll
34.2.1 msUSuanmiaues class bead ‘aavasazaelaifoulansenlen(NaOH)
WU 0.5 luans[25] LLazmiMU@ﬂ%Lau 3-Glycidyloxypropyltrimethoxy silane (GPS)
111 glass bead wuu Hollow glass microsphere (HGMS) Usinad 10 nsu walu
ansazany NaOH 0.5 Tuand Usunas 400 fadans Tnedimstiuniudag magnetic bar uiu 1
Flaa figaumgfl 90 °C wdgnnduthunddeinduiieidoTumimiuua vinsasil
Hunansdnadadne acetic acid wavdresnerinduaunsyited pH Wiy 7 (Junane) ¥y
oulugeuilgamnd 120 °C L Budan 12 Falas wieaunseiadaminasd evluusuanini
mueansamulaiay 3-Glycidyloxypropyltrimethoxy silane (GPS) sialy
111 glass” bead A TBATIYSUanIWRAEIE - NaOH W3 gudosudunviini s
arsavanslaian 3-Glycidyloxypropyltrimethoxy: silane Tu-ethanol asluipdeuuuiivey
glass bead Wivh-wdsanifuiilueauld ethanot gamgfi 80 °C \Human-12 dalus uide
qunszitaimdnasi 9918 olass bead ndondmsunisiissumeawosaeunade
3.4.2.2 %umaumsm%uwaama%muwa%mﬁﬁgmwuéﬁumiwau RPET, PC uag
Glass uansinefiu 3 sUwuY Syl
Tudunouiisnsarivemeaiosnausenine RPET way PC dAnasii Ao 80/20
w/w wazU3unas slass bead Aild7e 5 wt%
g‘tJLL‘U‘Uﬁ 1 RPET/glass bead/chain extender/PC : YINANSUABUNEN RPET, PC, glass
bead (GB) way chain extender 1 gmﬁmmzaumﬂﬂ']'ﬁl,m'lw‘lusﬁu’uﬁ 3.4.1 wiouriu
e
g‘ULL‘U‘Uﬁ 2 (RPET/glass bead)/chain extender/ PC : %1A1% Pre-blend lnens
viaeuwaL RPET U glass bead (GB) anntuniuda Pre-blend (RPET/GB) Mlaluvasunay

fiu PC waw chain extender 1 gasfunzauainnisiasigiludud 3.4.1 \Juddvaniing
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gULLU‘Uﬁ 3 (PC/glass bead)/chain extender/RPET : %1115 Pre-blend lnenisuasy
Wy PC U glass bead (GB) 91ntutiudin Pre-blend (PC/GB) #ildlumasuiiu RPET ua
chain extender 1 gnsfiangananmsiinseiludui 3.4.1 Juddugarie
Tnenaweunodiuosaounadnii 3 gﬂu;uufi founsraeuNauAe1 RPET, PC
ua glass bead ulugouansouiigamgil 120 °C 1uan 12 Halus Aewhnnsvasuna
fheinTesdainuuuansg anmgiviasunausaus hopper i die fla 200-240-250-250-250-
240-230-250 °C psi§iseuluniswas 60 59U/uni 1du extrudate lnasenanainiiang
gnannenuiuazdeosinuin
3423 dianedwesaounedniinieulfgnunniugudeieies Injection molding
machine willouluduil 3.4.1.3 ualimsusuAeu anvasluntsia Tnsgamgiilunisdndaud
hopper &3 nozzle e 240-235-220-180-50 °C HgamTisifaniog 80 °C
3.4.2.4  Wignlionanvalueansdiieineunadn
34241 msiesgiautinisnaiislauiing (Dynamic—Mechanical Analysis,
DMA)

WREUTUNUIAA 5 mm %3 cm x 3.2 mm i ludiaies DMA egeulae
4na tension mode F1sgamniinagey 30-200°C asfidwmsunisnaaey 10 Hz Static
strain 0.1% Dynamic strain 0.05% mgsnsnstiaiiseu 2 °C/and

34242 aniAnnsaaiedimanufeuvomediuenesmednmeinies Thermo
gravimeter analyzer (TGA)

nanadeuIznsETneldanrussenelulasan lagussydanedues
wanildlunsmasouas alumina pan Usgara 3-5-fadnsu 9agaumgil 50 e 600 °C $asn

nsliauSeu 10 °C

2
3
&
B
E
g

ATl 3.14 1389 Thermo gravimeter analyzer (TGA)
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3.4.2.43  @uUALTINav0INeAILDIADNNEER UTENBUAIY NITNAADUNITANEN
(Tensile testing) NMSNARDUAIILAINITALUNITIULTINTZUNA (Impact testing) @n12glunis
npgUmloutui 3.4.1.4.3 war 3.4.1.4.4 pudy

3.4.2.4.4 NM3AN¥NIATIATINIFUTININGIVDIND AU THANMIUNABIFANTIAY

ANATAULUUADINTIA (SEM) TURDUNIITNAADUTIDUTUN 3.4.1.4.7
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NANISNAABILAZITUNANTITNAADY

miAdeillddnumarudululdlunsfulsseudiidainavemedieAdumsnyian
vty szullue (RPET) Tngnasiiumedaniusiun (PC) uagatsifiuus
(additive) Lsanmsimediefiduinisuniian (PET) ‘1'7ishumﬂ%muua”aﬁmmaam%ugﬂ
TmifianuAeadestueufousazarudy vilvaelaluanaves PET 1ian1suinesnain
fu Mnmsaatedmisaufeunaranuiaselalaslada mudiiu dwalidminliana
ANUile uagaudRiBanaleiana

nndymidatunuiinmsiiuneduesvinduuavarsiiuusadudes iy weswn
Huisfde uazanldangligann awnsaduadluluszwinnszuviunsvasunauls Tngly
sidedldutsoondu 2 sen Usgnouda meud 1 AnwsiianazUIuiaues chain
extender TwinzaudomsviuUInmEiulduaraRiganaves RPET/PC TngUTunal
Mafnedn1sueiun (PQ) Ao 20 wi% @ PC  tuidunefeivssinnwodiosnes
e RPET dau chain extender #il4f Usgnoudis MDI uay PMDA Safuansluana
&n fifvgdeslilunsyiujisendunyuarsanslduosmedieanas[s] Insusuaildly
M3AnwY fe 05, 0.7 uaz 0.9 wit% drumeuit2 1funisinwinavesguuuvadunTHaY
RPET, PC uag glass bead unnmneiu.3. sUlluy PfimeduRdena @nvaniemnuounas
SnungmedgIuivenvedszuunan ag glass bead My Hollow glass microsphere
FesiunnsuvanimindieasazareleldgulansenleniNaOH)  wazaisaugloiay

3-Glycidyloxypropyltrimethoxy (GPS) TneUSinaildlunsfine fe 5wt

aaq
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4.1 AnwiviiauazuIuinuas chain extender wmnzaudansUuUgsaNudrfuld
waauUALdenavas RPET/PC
4.1.1 mimwaauﬂﬁﬁ%mﬁLﬁﬂ%ﬂuimdwnﬁzmumiwaauwamaa RPET/PC ilaid]
uazlinsiiy chain extender dqewaila FTIR
wadla FTR unaiaiignldlunms@nvmmgilsddululassairauas Buduujazen
iAnTUlusEMITNsTUINNTiReNaNTes RPET/PC filaifiuasdinisufin chain extender
Nneduwiman Wi dinedie sganduiiieldlunisdu (vibration) vedluanaluguuuusiieg

[

AT 4.1 uansiunusauenInaundfyuaviiudnvazlanizues RPET [26-28]

1, carbonyl overtone‘ﬁl 3,433 cm_l, Cc=0

laun hydroxyl end group i 3,551 /cm-
stretching 484 aliphatic ester WU, 1,724 cm_l, C-H bending i 1452 cm_l, deformation
C-H alkane 71 1338 cm&, asymmetric. C-C-O stretehing @84 carbon Tu aromatic ring‘ﬁl
1244 cm’', O-C-C asymmetric stretching 1,096 cm - out of plane bending ¥4
aromatic C-H 7 871 cm ', aromatic C-H wagsing i 724-cm . Tnesuvartananding1aan
‘ﬁﬂﬂﬁuﬁlﬁﬂiﬂﬂgiu PC uanmnﬁs’)’qwu C-H asymmetric stretching ‘1'71| 2,965 cm>1, aromatic
C-C stretching 7 1508 cmfl, deformation C-H alkane 7 1,408 cm  wag C-H bending in

plane 71 1,015 cm |

100

V"\jV
90 l
) — N
80 - 239
o o0
|
a)
B el
—_~ o
£ 60 - S ¢
o 1 L
=
£ 50 %
E ]
£ a0 L
[ =
E T e}
30 S
I
20 o o] 0 © 2
(o))
: I | g
104 o< C—0—CH—CH-
2 2n
0 T L T Y T Y T Y T ¥ T X T
4000 3500 3000 2500 2000 1500 1000 500

1
Wavenumber (cm )

A7 4.1 FTIR awnm$awes RPET
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o w

ATl 4.2 uansuntsauenpdufidduanludnvazianizves PC [28, 29]
lAun CH; stretching Wi 2,970 cm_l, C=0 stretching 983 amorphous aromatic
carbonate ‘17i 1,776 cm_1, C-C band stretching Tu benzene ring stretching ﬁ 1,599 cm_l,
Isopropylidene 7 1,991 cmfl, C-H stretching i 1,154 cmfl, C-C-C Bending i 1,079 cmfl,
para-substituted phenol rings Tuanelgndnaes PC 7 824 cm’ wag (CH,), tay n = 4
(Alkane) @ 551 cm’ Tassuwidsiinganieovueildusinglu RPET  uenainidmy
aromatic C-C stretching ‘17i 1,505 cm_1, deformation C-H aLkane‘ﬁ 1,403 cm_1 way C-H

bending in plane 7 1,006 crn’'

100

A W AN
% V

80

70 4

1599 -—
1403

60

50

2970 —-—

820 --—
551

40

1079

1006 +—

Transmittance (%)

30

1776 -—
1505 -—

7 ;‘
0 o
20 4 oH, | =
1 Mo—c%n%
10 O O 2 3
CH -
4 4
0 —
4000 3500 3000 2500 2000 1500 1000 500

-1
Wavenumber (cm )

AT 4:2 FTIR awdnesiiwas PC

o o . =%

AT 4.3 LARIFIMALIAINUEIARUNE R TInUlY RPET/PC Mfldnsidiunisual

]

80/20 w/w @1nstundudunisiinufAsenssnane RPET fu PC laannisiwdsuudas

= A ~ ° I oa \ ° A
PIDNILAABUVBINALUIINAMNULAY  IAYANNNISNAFBU FTIR WU ALNUIAAYD
RPET/PC fiusingusznaulusefinfiintiuludiegne RPET waz PC insizilunediuosuay

] ] Y oA A Y A A A ° I a 2 v A
WAFAALTAULAIINAT AU T NN AN AINTBINITLARDUINNAILNULALLANUBDY LTD9970
gnIIAUNANTENIN RPET AU PC LAy waglassasianlandsainnisiinugisentu
FEWINNTEUIUNTNRDUNEN AIUAIAU

fumavasiiafinuly RPET/PC Usenausie 1) para-substituted phenol rings fiag

Y

Tuanelgnanuos PC (824 cm ) wufl 835 cm  lu RPET/PC 2) wunisiasuulasuesiia

. -1, Ao % Y] a ! |
lsopropylidene Ty PC (1,991 cm )vmmmmmgjqLLazLmuﬂauﬂiﬁﬂg@umamim
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(shoulden) 71 1,197 cm™ Tu RPET/PC 3) nsiadeusunisasfiauiian C-H bending w84
RPET 910 1,452 \Ju 1,455 cm ' Tu RPET/PC 4) asymmetric C-C-O stretching 984 carbon
T aromatic ring o4 RPET 71 1,244 cm’ adeulufl 1,249 cm ™ Tu RPET/PC 5) O-C-C
asymmetric stretching @4 RPET i 1,096 ' Qmﬂ?{auiﬂﬁ' 1,091 cm ' lu RPET/PC
6) fin151ARUAINUTIN aromatic C-H out of plane bending 7 871 cm (RPET) «Ju 875
cm’’ U5 Msganauves C=0 stretching At 2 fiumis USLI 1,778 uae 1,723 cm’ @
ml,muwﬂi’mgL‘Uumimaauwmm C=0 stretching lu PC U RPET 7 1,776 way 1,724
e mudnsu Taenisny C=0 stretching’ 2 s Tu RPET/PC v (umstuduinly
3$WINNTEUIUNTNAURANLINITAR RPET/PC. copolymer mﬂmiLLaﬂLUﬁ'awijaama%
s¥9319 RPET fu PC riuufjiien transésterification 1ng C=0 stretching filAntududon
284 aliphatic aromatic carbonate flAsaas RN Ml 4.4 Fsaenadostunuideves LAFI
M. AL-OMAIRI28] TfBudunainufidennsuaniasunipamieslusgnitanisvaoums
r;hum‘%'mé’m%aﬂglﬁm ANLISSEU 100 rpm ¥4 PC, PTT tag PBT annmeila FTIR wu
C=0 stretching ¥4 aliphatic aromatic_carbonate i 1,777 cm Fadudumiafilngifes
fudinuluauise uenani RPET/PC fimsaany hydroxyl” end group 7 3,551 cm’,
carbonyl overtoneﬁ3,433 cm_1, C=0 stretching ¥a¥ aliphatic esterﬁ 1,724 cm—1,
deformation C-H alkane i 1,338 lag 1,408 cmfl, aromatic C-H .wagging 7i 724 cm”
Dufimsuniadertufinuly RPET agdinu (CHy), Tns~n > 4 (Alkane) 7 551 cm

ALAULABINY-PC

100

S

90

3551
3433

80

704

2967 ——

60

50 4

40

Transmittance (%)

30 4

20l smressesessemsawcasoe
AN / \

v T ; T - T T T . T T : T

4000 3500 3000 2500 2000 1500 1000 500
-1

Wavenumber (cm )

A7 4.3 FTIR awnn$awes RPET/PC



a8

@)

O—C—0O—CHon
2

ANl 4.4 aliphatic aromatic carbonate

chain extender fil4lusuideusznaudis PMDA wag MDI tufludnvangiladdu
Jashilumsviugasedunyuaieaneldues RPET AU PC wanenaiu laglawanasdiumus
AnNgnAAUTidTuS AUy Tladdufidfylulaseaireves chain extender wrazaialiied

namd 45@)  ldwansiuntiainenaduiidfysasdudnuaziansves
PMDA [30, 31] Usgnaunae C=0, stretching 489 anhydride group (0=C-O-C=0) 2 Us\1eu
flo 1,860 waz 1,774 cm |, C-C stretching ¥ad-benzene fing 7l 1,620 cm ', C-O-C asym
metric Way symmetric stretching 89 anhydride MR WMLY 1,237 waz 928 cm - AINEITY

voura g 4.50)  lduansiuniinisganauvemysadunddaly MDI[30,  32]
-1

al

UsznaunaY isocyanate grodp (-N=C=0 stretching) 712,288 cm %ﬂLﬂuwij\‘lﬁﬁi‘fuﬁiaﬂa

lumsvinisentungduameanglevemetiaames anvagdanu C-C stretching Tu aromatic
ring USAY 1,603, 1,577 WAY 1,517,cm., C-N stretching #1,382 cm wagduvosmy CH,
71912 cm’ (wagging)

(a) PMDA

(b) MDI of the anhydride gr.

g 4 o 1620

g C-C stretch.

c 928 C-O-C
E 1860,1774 1237 symm. stretch.
€ C=0 stretch. C-O-C asymm. stretch.

g

o

|_

1603, 1577,1517

2288
N=C=0 stretch. C-C stretch.
aromatic ring

1382
C-N stretch.

T J T ! T Y T ! T x T
4000 3500 3000 2500 2000 1500 1000 500

-1
Wavenumber (cm )

A7 4.5 FTIR anm$awed chain extender (a) PMDA uwag (b) MDI
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{losa1nn1siin PMDA w3e MDI asluszninaniswaeunan RPET fiu PC U
wunsmfivsngdisuvdsenuemedunieutu fdufudenfiarsannsmves RPET/PC
fifin1sin chain extender Usunauindu A 0.9 wit% iesanduliuanisdiuiinnid
chain extender awnsaiAnUfA3e1Au RPET wag PC Tuszminenisviaeumassndign

AT 4.6(3) wARITIWIIANETIAAUTIEEUEs RPET/PC fifin15ufiy  PMDA
U310 0.9 wt% wud1 PMDA iU RPET uag PC 1inufAseniuegreauysallusening
nszuIuMIMaeNnaiosnltasonsanURaUTan 1,791-1,792 cm  dadusumis
C=O stretching 483 anhydride Tng PMDA anunsaiieusiofu RPET waz PC saewusy
LOAMBIIINNITYIULATE581IN anhydride group Tu PMDA U hydroxyl end group v@1
RPET ffu PC JsaenndosfuanfideveyYone L waeadel33] Alinistudunisinnd
58113197y anhydride 484 PEg-MA 1y hydroxyl end-group vad RPET a1nn1skinudinves
C=0 stretching 783 anhydride Savilisuniifinfinsniafidnvaueadiotu RPET/PC il
AN15LAY chain extender

AT 4.6(b) wANIRIWANANEIPENTIdfTes  RPET/PC  #ifinnsiin MDI
U3e 0.9 wioe leldlunsdusutfisediintulusswingmsvasunaudeimaia FTIR
Wung FTIR aUnesulinudyaianes isocyanate grolp (-N=C=0 stretching) 71
2,288 cm wes MDI Tunediiassay wansliiiuin isocyanate ‘group | IfiAnuASelne
auysaifumyuaneansldves RPET U PC Asapandosiumuidsund Yong L. uazany(33]
Fldvinistudunsiinaiisewing isocyanate group 89 MDI1U hydroxyl end group waw
carboxyl end group ¥4 RPET 9 nnslinuiiaves =N=C=0 stretching ¥4 MDI Tu RPET
weluUELAEITUN L@ sansaanURinvesuseielild ((NH-CO-)- US1Iu 1,663 ffu 1,582
o’ 1NNYIUHATEIENIN isocyanate eroup NU-carboxyl end group Tu RPET Was
PC saulU s umisvesiuss Urethane Usiia 1,690-1,740-¢m NNAFIUGATE1TENN
isocyanate group fiu hydroxyl end group Tu R-RET way PC dosandusundsdoustu
U C=0 stretching 283 RPET AU PC faflen3dunes Xianwen T. uwazamg[21] Iiseanuna
FTIR w83 RPET/PC (70/30 w/w) fiu MDI 13 madnfianwmnunainu3unas MO fhnsifuas
Wlunswaeunauiivsunatesdedioufuewussnavlunsuautmun Seilvfaiiaany
duiidauldanuisansiaald  dwalidundsiiafinsiatalifuanidnvuzadieiv
RPET/PC #ilalfinnsiiu chain extender wuiienfiu w83 RPET/PC #ifinnsifin PMDA U3una
0.9 wt%
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(a) PMDAO0.9

1791-1792 cm’
C=0 stretching
(anhydride)

(b) MDIO.9

2,288 cm '
-N=C=0 stretching

Transmittance (%)

T T T T ¥ T J T T T T T y T
4000 3500 3000 2500 2000 1500 1000 500

-1
Wavenumber (cm )

A 4.6 FTIR awnm$awed RPET/PC filfinichain extender USuanl 0.9 wtd% wirfiu

Usznaume (a) PMDA wag (b) MDI

wananilluaddelaiinisAnwipnuntinvesnediuesuauiliduazinisidy chain
extender TusUiuuansagangiToaltiazibuivasuivaiveswadwes iealdlunisatduayy

nsinufAsetusenimsvesuaNvuReIfUmeda FTIR Tuitennly

4.1.2 3vSwavaevHaLazUSINAIN AL chain extender AidkafanNuilnvas

#13592A18199979 RPET/PC

M1 Intrinsic” viseosity (V) (dudiliianinriaviiauasansagangidonnediuns 2
annsalideyaifeafudmnluanavemesueiivinmaaewdismatia  Ubbelohde
Viscometer Tngnsifisdiunesat iy dufirnuduiusliaensstumaiinturesiminluana
%"qihmﬂﬁﬂﬁuﬂ%’lﬁaﬁﬂmﬁaLLUiﬁaflmsaU%’wqaﬁmﬂﬂIuLaqasuaa RPET oA PC, chain
extender Us¥nausie PMDA way MDI USunansidiu 0.5, 0.7 uway 0.9 wto% uwazds
g solggudufINAnULATeNTE NN S aRUNEY

91ne519% 4.1 1fuansen IV 909 RPET,PC, RPET/PC #iluflwasiinsifia chain
extender wu31 n1svaeunan PC adlulu RPET Lilwsogafen N1y PMDA nnUsunn
LAz MDI USuiau 0.5 uag 0.7 wt% aslu RPET/PC wanadn IV fifesndn RPET lagA1adn
U fAsenaiiiiaetulutimasunanseaing RPET #u PC filifluasdinisifiu chain
extender fiUSunauesveanatinanastld (by product) idwalanslsnediuesiinnns

ganwsa lawAl IV 989 RPET, PC way RPET/PC fawindu 0.75, 0.50 uaz 0.59 dL/g
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pddu Wldne IV 9o RPET/PC tufidnogsswing RPET fu PC Buduldinlusewing
mMsnasukaNTnIsAansLaniUAguvgieame LU A3eN transesterification Andu was
dlowSeuifiou RPET/PC #dinsifin chain extender #a 2 dln #USunad 0.5, 0.7 wag 0.9
Wto% WU IV eufiusnnTunauiinanaifiu chain extender 1niu Tnglunsdififinng
/&3 PMDA aslu RPET/PC dn IV fluunTiudfiududfieadniios fo 0.48, 0.50 wag 0.51 dL/g
U v finisdin MDI adlu RPET/PC ansnsaifiunsifindugesa IV snaiinmnis
By MDI TiiinTusgnadiuladn /o 0.62, 0.66 uaz 0.78 diL/g audsu Taglamznnsii
MDI U3 0.9 wt% asly RPET/PC TWien IV #iwnnnin RPET (0.75 dL/g)

nRaNIsNARBIT Y wandliduiuRRsenediRndulusE it snas RPET fu
PC Tunsdlild PMDA viwhilusnidouseansldlaanaves RPET 3o RPET Ay PC nuin
vz AnTuiidunanaeslsl (by product) TasthilAnduilvinliiAnnisaanesves
aelanedweiniuufizelelnslatasioly dwalyiflan Iv ey Gsdanadesiunalnnisi
UFATEnszwing PMDA U RPET fAntulusiuidetes Firas Auazame[34] wuildindy
wawaeule (by product) Taaunu

nalnmsiAnufAseinisilenseacleluiana RPET %30 RPET fu PC ¢e PMDA az
AnTuann hydroxyl end grotip (Taaalelvid) vee RPET wae PC Wadsiuslniaus lne
MaDmaumuvey anhydride (Bifnlasld) SanansurilatuegfuUumnisiiu PMDA

faaunIsa Ul

(a) Blocking reaction s Uuuizenilananaves PMDA i@ewsdonunedioames 1

luana

O\ o
COOH
g g;\/\/ (a.1)
O 0

HS \/ \UCOOH is Polyester (RPET or PC)



(b) Coupling reaction LJuufiseniluianaves PMDA Wausefiunedioavas 2

Tuana wansdaeinlauuseandu 2 nsdl

nsal 1
0 0
A (4.2)
HO 0\ /\ COCH
Hooc 7\ L@ OH
O 0
HO \/\LCOOH is Polyester (RPET or PC)
NIl 2
0] O
A
) S\ JCOOH JA\
0N\ CooH 2 (4.3)
e 0

HO X\ \LCOOH is Polyester (RPET or PC)

() Branching reactions tUuuAsenvluiananes PMDA eusorunedioames

wnn31 2 luana nandasinliulseandu 2 nadl

nsel 1
o) o)
HOOC/\/\/O\ COOH/ ¥ H.0 (4.4)
O% 2
Hooc AR OH
0 o)
HO A\ \LCOOH. is-Polyester (RPET.or PC)
nsel 2
o)
A (4.5)
Hooc \/\Lo o\ \_ COOH 5
+ H
2
Hooc”\/\LP O\ /\_ CooH
©) o)

HO \L/\_COOH s Polyester (RPET or PC)

52
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PnaunIsveINinuAsefinaundediu wul aunsi 4.3-4.5 fundunanase
161 (by product) Fahiintuaunsainufiselalasladasaly deaunisi 4.6 Favilane

lgluanatinnisianeen

7 7
wv@—c—o—CH—CH—o—c—@Aw
¢ 22

O
H/ \H l (4.6)

0 i
ww@g—ona + WQC—O—CH;CH;OH

yaugilold MDI it ildududeuseaslaluanaves RPET 3o RPET #u PC
Tuthsmsvasuwas wuirlien IV annndnisld PMDA Weifsuiiviinunisidiumintu uans
Tdiuinnsld MDl SiUSinaumaAnufiseriinnnndinisld PMDA TunsvinufAsendu RPET
Wio321I19 RPET fiu PC 1ilesan MDI a5 UfATeNU hydroxyl end group (-OH)
way carboxyl end group-(-COOH) 9pe RPET 'Au PC-laglivinlilAnnanasels (by
product) fidwmalanalelaianaiisnisaassvazvasunanluannziioadiu Jevinlien v
iatumnuUSNansRL MDI A 0.62, 0.66 Lz 0.78dL/e MIua1ny

dlewFeuifiey RPET/PC Aifinsiin chain extender USinauviniu @e 0.9 wi%
wu31 nsld PMDA 190 IV Wfies 0.51 dL/g wauedi MDI Sen IV 89 0.78 dL/g s‘z’ialff]umﬁqq
A4 RPET (0.75 dL/g) Taemsifinduvese IV danansoldlubusumaiinufasenail s
Jodla warUnansieuizemaniludouseaelsluanaliun RPET 3o RPET fu PC
Tutenisviaeumay 9n15ifin chain extender snndutiuFouladiountsiiuUiunamsy
laituiitedlumehuisendeusefumUasaelgveamediuosifiunniu lneusuo
chain extender %1 PMDA wag MDI dslusideiiliviliAnnisdeudetuuuulaseads
19U (crosslink)  1losnnwedmesnauyngnsanunsaazanslfedisanysallusivhazaie
Phenol/TCE

nalnmsviisensziing MDI fu RPET w3e RPET fu PC guandliluaunisil 4.7
uaz 4.8 ey isocyanate group (-NCO) Tu MDI ﬁ?ummmﬁwﬂﬁﬁ%miﬁﬁ'ﬂ hydroxyl end
group (-OH) Wag carboxyl end group (-COOH) 489 RPET ag PC Iﬂwﬁﬁ%mﬁmm'}m%

WRTUBIINITVRDUNEN LRIl
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H O
RN=C0 + HO T\ \LCOOH o Rt \ /| COOH (a.7)
Polyester
1
R-N=C=0 + HOOC\ /\_OH — [R—N—C—O—C/\/\/OH
Polyester (4.8)

o 5= —( el o

WiulAa1 isocyanate group 3zyURAEANY hydroxyl end. group J8snediodLnes

a o scav v & I A v ) = . A a
nanduannliduaeldluanaiideunomeiusyyiinu - (Urethane  linkage) uzTiile

isocyanate group vUfAzeN URY carboxyl end group YasneRtednasazlanansaiiu

Y

'
aa v

msuaulaeanleaiuarsleluananinussialus (amide linkages) @edinalnnisiinufisen
\ilaonndaeiuauITeves No-Torres[3]-M1iin15i@L MDI wag HMDI aslu RPET uag VPET
annsavibien IV kagiuinluianaaaduainm it §asersendnnisvasuna

M347 4.1 wandA Intrinsic viscosity (IV) 489U unAdoUyneans

Intrinsic-viscosity (IV)
Sample
[n] (dL/g)

RPET 0.75
PC 0.50
RPET/PC 0.59
PMDAOQ.5 0.48
PMDAO.7 0.50
PMDAOQ.9 0.51
MDIO.5 0.62
MDIO.7 0.66
MDI0.9 0.78
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413 INSWavaerlanazUSu1UNISLAY chain extender NiNaRBANIUNAUA

®aauLaIvad RPET/PC

=

Melt flow index (MFI) 3edviinsinavesnedisosnasumal a1u1nesuienINy
nilnvomedweifivinimazeuld Snviedudunisinumisdeslunisvenisdmidnluiana
voawodiund Inedmansvagoudian MRl i vdefinuniings asuansdeiminluanaiid
A1ge Tusauedien M1 gs viefinnuniiash azuansdsimdnluanadifdim dufuisaunse
anlfnyinavaan1sidy PC waz chain extender Usenausie PMDA waz MDI USuna
0.5, 0.7 waz 0.9 wt% MeAINUNUATBY RPET ﬁamwmaa‘uLﬁmﬁ’uuasmmmﬁﬁfmquﬁq
nsiinugAsetuseninamIviaeunEy

15197 4.2 Ifuansdnanamidausariedmosvasuivaleensidud Melt flow
index (MFI) fivthefunusio 10 il vieasuiigamgdl 260 °C twdana 2.16 kg wudnile
vaeunay PC adlu RPET luiissgenafen vihlvientuviidanfiata dunaldand M 7
anae9n 146.49 1 64.28'n$ude10 udi mudiu Tapanmaiilvien MFI anas Lilesann
U381 transesterification 5¥1319 RPET (ester) fiu PC-(carbonate) vlAansideusie
fudu RPET/PC copolymerlag PC ﬁﬁmwwﬁmqa (MFI 983 PC #@1v1AU 10.80 n3ues
10 ufl) Hrediunmmmialyiud RPET Fsdun1sn1siiatfAsen transesterification 581319
RPET fu PC fdnwaizadnefuiiniulunsvasuna PCPTT uay PBT lua1uideves LAF

M. AL-OMAIRI [28] 3@inns#i 4.9

PC R-PET
v ] I ]
O O o=c—o}+—< C=0—CH=CH—01=
CH i
3
(4.9)
g
OGO
2 2
CH
g +

wazkilawSeuwigua MFI U89 RPET/PC A5in15s@y chain extender wanm19iu 2
win ieldlunisinihnveussanslgluianasening RPET %3e RPET ffu PC wud nsly

MDI a@nunsasiumIuntnliiwn RPET/PC @anmuSu1ainsidiiied 0.5 wt% UaeinIswhiy
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PMDA  aslu RPET/PC  wuinaunilanduiiantiosnin RPET/PC #ilifinsuiiu chain
extender faudalduSuraunisiude 0.9 wt% usuanlaitsfianasUSuianisis chain
extender dnananuniinves RPET/PC

A" MFI 984 RPET/PC 7ilinl PMDA USu1as 0.5, 0.7 wae 0.9 wit% fianwinfu 146.09,
124.71 uag 68.78 n¥usie 10 Uit awddy Tneavndien MFI e RPET/PC Afiifiu PMDA
yUSana fletfesndn RPET/PC flaifinnsify chain extender mainUSanumsiinu§ien
4 PMDA Tumaideuseasleluianares RPET wdo RPET ffu PC Tudrsnanaounauiiii
Hunanaeylél (by product) hlinsideufiusyninsaelsluanatios :1nnaAnUFAzen
nsaaefvesmelanedwefiiuizelelaslada wazidlainaidu PMDA USaaunnty
Wui1A MFL azdidnanas iilesganu3uan PMDA ﬁu’m‘ﬁmmmﬁqmiﬁmyjimhmmiﬁﬂ
UfRsenaiiiteideude RPET 30 RPET fu-PC wntu yilsraneleluanasniuazinan
inznzveslassadnannty Jeilindeuiunisnmelgenn naninedies vatumsi
MBI wNTY

d1uA1 MFI 99 RPET/PC 9itfiy MDI ‘US04 05, 0.7 uaz 0.9 wt% ieanasniu
Usunaimsiiuegadiulddn #e-62.08, 46:99 ua 19.79 nSusa10 U7t mudsu 39103
FUnanuInnIsin MDLLRBY 05 wive aslu RPET/PC liia Ml filndidsadu RPET/PC il
fin151y chain exterder (66-28-n$ue10 unit) BnsiaiolSeudlsuysunanisidy chain
extender MvifunUa1 MDI annsaviwiihildotdeaslelianates RPET vie RPET fu
PC l8fnd1 PMDA-&naleaanan MFI 989 RPET/PC sl MDI fifnsanda-RPET/PC fitfi
PMDA WnU3tnas uandlviiiingin1sifis MO aslu-RPET/PC seminamsmaounay UFATend
Aetulaifidunanaesld (by product) lunsiddlsiAnufisenlalnslada viiousu PMDA
S0l RPET/PC  Sdaniinfdiganndu Theannzed 889 RPET/PC Wiy MDI USuney
0.9 Wt% WwanINITanawed MEL AU 19.79 ndusetd wdl ddieilnaideeiu PC
(10.80 N3u6B10 W)

N9 4.2 uanarn Melt flow index (MFI) neldianing 260 °C/2.16 kg

Sample Melt flow index(MFI), g¢/10 min
RPET 146.49
PC 10.80
RPET/PC 64.28
PMDAOQ.5 146.09
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AN5799 4.2 wansan Melt flow index (MFI) neldiantie 260 °C/2.16 kg ()

Sample Melt flow index(MFI), ¢/10 min
PMDAO.7 124.71
PMDAOQ.9 68.78

MDIO.5 62.08
MDIO.7 46.99
MDIO.9 19.79

4.1.4 SvdwavesviauazU3uaunsias chain extender MiinasaautAninnuiou

wazAudnulavas RPET/PC

minfulfvosmedluesHANTy i1 RPET | kag PC filifuasiinisifu chain
extender anunsnfusuldaninaia DSC Tasnisgaanilasundasantfinismiuiouves
woAlosMIMAdey

Mnassi 4.3 Ilansingamaiindrenia (T,) ¥oe RPET, PC wag RPET/PC il
wazdimaiin chain extender 9nnslinmFoundsil 2 muda T, ves RPET uay PC Us1ng
figuvindl 79.16 uay 142.92 °Coalansiy unizdl RPET/PC. laifinastiia chain extender
Us1ng T, 2 funtl Ae 8216 iaw. 130:28 'C miudiy dadudiiegszming T, ves RPET
way PC lngaadn Ty dwniausmiu Ty 999 RPET ﬁﬂiﬂﬂﬂgiuﬁ’lmeqmmﬁqﬁummam
du T, dumbsiaewduvea PC Usngludimisgamgianasainisiy %awqaﬂﬁmﬁﬁmsﬁu
vsvenisanudadulavesnedimesiluwuy partial~miscible _blend Inaaaindinisiia
RPET/PC polymer. d1utfjfise transesterification 5¥%319 RPET way PC [35] atvayuls
9NN1TNU C=0 stretching ¥84 aliphatic-aromatic carbonate fudian 1,778 cm 210019
vaey FTIR ludedl 4.1.1 uazifuihinanlasthaann iile RPET/PC finsifia chain extender
2 il Ysenoumiy PMDA fiu MDI USuau 0.5, 0.7 waw 0.9 wit% wuin T, Usng 2
fumids Tngen T, Tnsedeuiidnlndrusnnndilifinsidu chain extender

Tunsdifisinigiin PMDA aslu RPET/PC wu T, 2 s Inesuviis T, ¥e9 RPET
Usngil 85.4 8, 87.15 uag 86.32 °C mua iy @ T, ¥es PC flrlsiuandnsduseaiiule
FanuUSNNTIAY PMDA Miingy Ao 133.44, 132.41 uay 133.46 “C auaIfu v
Slowdin MDI aslu RPET/PC wu T, 2 siusia Taesumna T, ves RPET A 85.55, 88.18 uay
87.1 “Cowudnu lae T, 909 PC - fuwililuanasniuusuianisifuegiaiuladn 10y

141.08, 136.77 wag 130.95 °C mua1du 9 nuan1saaesfinuldnsliiiuinnisld Mol &
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Uszgansamlunsifinanudiiuldseinamedweslafniinisly PMDA Faazdanmifiudi
n5LAL MDI U3t 0.9 wi% awnsasivli RPET uaw PC Lindulfinniianvidedinisiin
RPET/PC copolymer mﬂﬁqﬂmﬂnﬂgmiﬂﬁimauﬁuLaq

mi’m‘ﬁ 4.3 LLamﬂﬁﬂqm%QﬁﬂﬁﬁﬂLLﬁa (glass transition temperature, T,) 989 RPET, PC uay

RPET/PC #lsifiuaziinisi@y chain extender

Sample €O
PET phase | PC phase

RPET 79.16 -

PC - 142.92
RPET/PC 82.16 130.28
PMDAO.5 85.48 133.44
PMDAO.7 87.15 132.41
PMDAO.9 86.32 133.46
MDIO.5 85.55 141.08
MDIO.7 88.18 136.77
MDI0.9 87.1 130.95

4.1.5 Bn3navasudnuasUsnainIsRa chain extender fisinasioautiniadanavas
RPET/PC
miﬁﬁwaﬁwﬁﬁumm\lmLamﬁshumﬂﬁé’famuﬁammaaw‘ﬁugﬂim (RPET) wuasin
Annsaanesvesasldliianalussninnszuaunsasy shivanelduaziminluana
yomedeinas dwalaudRidsnanves PET arudaly Tnslowizarmmieiduanda
flanAures PET Feaenadosiuaiiideves Nores uazane[2] finuirausfidnaves
PET U%qﬁné (VPET) wag PET Menunisldanunds (RPET) uansaut@iBanafiunnsnaiu Tag
VPET fingRnssuuansinuuumies (Ductile) vauedl RPET fingRinssunisuaninuuuiusng
(Brittle) seriulunuiseddsldinngiin PC uas chain extender 2 ¥ia Usznaudae PMDA
U MDI USunad 0.5, 0.7 uag 0.9 wt% eRnwauUAdnaves RPET filasuulasiu Tng
auUAdanafivhnisine liun nsnaaeunseda (Tensile  testing  wazn1svAgdeu
AUAILNTALUAITIULTINTZUNA (Impact testing) %qmaﬁuaqmimmaauL%Qﬂa"l,é’gmt,amL"f]u

Toyargadnaulilumsned 4.4



A5 4.4 LanstayAalavINNTNAFBULBINAYRY RPET, PC, RPET/PC #laiiuay

1In154AY chain extender

Tensile testing Impact testing
Sample
Young’s Modulus Elongation Notched Impact
(MPa) (%) strength(kJ/mz)
RPET 958.4 + 5.63 11.35 + 1.35 4.64 + 0.32
PC 803.21 + 10.56 152.43 + 8.36 73.4 +2.28
RPET/PC 1053.38 + 4.91 11.51.+.1.48 534 + 0.57
PMDAO.5 1046.34 +£3.47 6.73+0.68 2.86 + 0.62
PMDAO.7 1084.7 + 5.76 528+ 0.97 2.75 + 0.55
PMDA0.9 | 1044.78 + 11.13 10.35+ 1.08 3.78 + 0.65
MDIO.5 959.24 + 26.33 1137 + 0:34 5.05+ 0.24
MDIO.7 911.52 +/16.94 162.86 +14.78 6.19 + 0.27
MDIO.9 942.29+39.64 381.95 +'15.19 596 + 0.33

4.1.5.1 NSNAABULSIAN (Tensile testing)
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ASNAADUWIINIYAY RPET, PC ey RPET/PC #luidiuagdinistis chain extender g

\A3InaaevaNTRvasTaquLuunaly (Universal «testingmachine) laglddnsinisds 10
mm/min uag load cell. 311050 kN adnsalvdeyaiieang@nssdmsunniinainnsvl

ANUFUTUS TEnINgATIUAL-(Stress) NUAULATEA (strain),” “A1degdavaads (Young's

Modulus) uazAUesidudnsensh o qam1a (%Elongation at bréak) Fstoyatianunaiign
WUAATIINATDINTTLAL PC Wag-chain_extender-Usenausie PMDA fiu MDI USunay
0.5, 0.7 uaz 0.9 wi% seantAidenaiiolduusans snvadsvaslunsiusufiannufuls
uayMIBamieafusening RPET Ay PC

INNFRNTUINTINANUFURUTTENINAMULAY (stress) AUAMULATEA (strain) VD3
%umumaamqﬂgm WUIUAANGANTTUNSIHEU 2 JURUU Fasteluil

gULLUUﬁ 1 unsusninuuusig (orittle fracture) Usgneausie RPET, RPET/PC,
RPET/PC fifin15ifiu PMDA nnU3unas uag RPET/PC Afinmaidiu MDI U3inal 0.5 wid fia
Al 4.7 Taonswitldlifnisunngan yield violiinnisiasuaindanain (elastio) 1y

Wuunanain (plastic  deformation) Usuenfisadnuaiunsalun1sgadundasuseninanis
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unintiesvastununagou dsdunaldaniuedidusinisdng a 9anm (%Elongation at
break) fiAos

gULLUUﬁ 2 MSHANENLUUMTNET (ductile fracture) Usenaunae PC, RPET/PC Ffhdu
MDI U310 0.7 uaz 0.9 wt% fsnmil 4.8 Ing RPET/PC 715in5ifin MDI Uunal 0.7 wi%
LLﬁmﬂﬁWﬁﬁmiﬂi’]ﬂQ%@Wﬁ yield, N15tinAaAan (necking) kag cold drawing MINA1AY
rowAnnsuanin Tuvaedl PC U3avd uay RPET/PC fifin1sifiu MDI Ui 0.9 wi%
W19 INNSAR cold drawing udadainmsiinTuvesauesen (strain hardening) 7iszey
msfiings deuaziiantsuanin Uswenldiiununnaeumiuaansagadundanusening
Msuaniiniige Fedannldainiuesidudnsdee a 99919 (%Elongation at break) Jfnge
Tngdsiiunaulasgraunn Ao wleld MDI Um0 wid lu RPET/PC anansaiiin strain

hardening FalungAnssufiiinduimidourny PC

RPET

R
80 - PET/PC

PMDAO.5

70 PMDAQ.7

PMDAO.9
60 4

J MDIO.5
50 4

40 4

Stress (MPa)

30 4
20 4

10 4

. T % 1 ¥ 1 4 T L] T ] T
0.00 0.02 0.04 0.06 0.08 0.10 0.12
Strain (mm/mm)

AN 4.7 Lanangan stress AU strain LAAINOANTIUNIIHANAARUULUIISVDITUNUNAEDY

70 4 PC

1 MDIO.7
60

MDI0.9

50

40

Stress(MPa)

30

20

10

O 1 T ¥ T L. T IIAI L T
0.0 0.5 1.0 15 3 q
Strian(mm/mm)

AN 4.8 UaAINTIN stress AU strain LAAINAANTTUNITHANANLUULULEIVBITUIIUNADY
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PNNITNAFOUVLTIAINUIN %Elongation at break waz Young's Modulus %uagjﬁ'u
oadUsznaulunsHALvasTuTULsazgms Tneile %Elongation at break gatiuagnu
mmmm5a1umi§1’1u‘1/nuﬂmﬂﬁsugﬂ (Young's Modulus) azanas

ilo RPET/PC. finsufin PMDA luvhwihiiiu chain extender nudndusiudiaa
udause dunaldannsmanuduiussening stress AU strain fanndl 4.7 agen
%Elongation at break 7ilgfiantiosnin RPET/PC #iliifin1sifin chain extender TunnuSuna
5N PMDA Ingiawizeg1aBeniaiis PMDA USuna 0.7 wit% 1u RPET/PC wanasn
%Elongation at break ﬁaaﬁqﬂ ueluaELAeIiuAT Young's modulus ﬂﬁuﬁm@ﬂﬂﬁ
RPET/PC #ilaifinnsifin chain extender fan1wil 4.9 uay 4.10 amiady

amnfin1siAn PMDA, aslu RPET/PC uda %Elongation at break fiAntesnin
RPET/PC #ilaifin1sifin chain'extender agaiiulgda Aadadamguiainufasonadii
Aeduannmsld PMDA lushldasse RPET /#3e RPET AU PC fundunanassld (by
product) vhlsAnuiASelelaslada dualiamelluanaduas Busuldaindr v fiddios
¥309InA MFI igendn RPET/PC #laifin1sidias chain extender @slsiosungliludiod 4.1.2
uay 4.1.3 lngnalnnsijaseildesuigesasdonliluneui 4.1.2 Snawvamieanain
ussBawmilenszming RRET AU-PC_ihitdaussannmsld PMDA Wusudeuse atuayuain
M5 ANYIANEIUINE USSP U NUBITL UM 1T REU NSRS WuTnsldfiuasding
A PMDA  WnUSinnilansnsisninaniusening RPET dwviviiduvandniveyniai
nszaneseg fePC vimlindumases Iner %Elongation at break Aldduogfudnuos
MsaBuuUaIUTINese YA PC, | nsBinAnfuseninag RPET wasPC ndald3uussi
sfSinansmgaesnue PC_(debonding) Tae il 4.12(d) uas, 4.12(e) uanssasunn
Y93 RPET/PC fifiiAiu PMDA U3 0.5 wa¥ 0.7 wi% Snudasiu wustnmiis 2 wanseynie
93 PC Aifidnuamduounanssnas (droplet particle) wagnsugaoonuas PC i
MsBamiensening RPET v PC liudeuss Insudnndfinisdndalddviosunad PC
waneana N RPET aztinidugnsiuusadu (stress concentration) Tngtamny RPET/PC il
N154AU PMDA 0.7 wt% iliiAnnisanalounselidfsening RPET waz PC adlaiuanunse
TunsBasas Tuvazifiortuen Young's Modulus ndulsiangandn RPET/PC #ilsifinnsiin
chain extender iasanlassads RPET/PC copolymer fiintuainnsld PMDA s
dousioanaldszaing RPET #u PC lutamsvaeunaniulassadiefiananngnzannnii
RPET/PC copolymer fi RPET fu PC ﬁmil,%awiaﬁumuﬂﬁﬁ%’l transesterification Vil

\lo RPET/PC Mfin1siiy PMDA USunad 0.7 wit% lesuwsansanelaniilassasiangnyaziin
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<

N133ALSEeAalaen 8nvie PC Ainseanedegilidnwauzidusyniansinauagludnuinems

9

oA

\ndouiivesanelaluiana viiliiAn Young's Modulus siiAndige vaugfiand 4.12(f) wans
SOULANUSARITUNUNEINSNAFOULSIAas RPET/PC 7iiltiin PMDA Usunas 0.9 wto
Nu3us1awes PC %qﬁl,ﬂuaymﬂmmau wazliAN138Avae PC MIULUINITAN (elongated)
wansliiiuiusdnmiensswing RPET fu PC fitu Sevildiinnsaneleunsesywing RPET
fu PC I¥ATy Funuannsodeldifiutu omniinanisvaneenves PC anamdoqniy
WSAU (stress concentration) anadtiutesdedanalirn Young's Modulus anatufiy

dlo RPET/PC finsifiu MDI vhudhiislu chain extender adly wuin RPET/PC i3
A15RY MDI Uiy 0.5 wio Wuiuenidifimnuidausiemiloutu RPET/PC Filaifinnsidy
chain extender fansMlAIEURUSSENIN stress iU strain Tunmdl 4.7 Tagen
%Elongation at break TiiAnmaiUAsuuUasegsiiibddey uailoUsuanisiiy MDI ashy
RPET/PC lenindundiu 07 waz 0.9, wi% wuiiunuiimnumisniuiuegrann a1
n5IMANLELTLSSENING stress AU strain §anTndl 4.8 IngAn %Elongation at break fen
LﬁmﬁumwmﬂémwmﬂﬁﬁLﬁu MDI ﬁLﬁwﬁuﬁ’mmﬂﬁumwﬁ 49 Yz Young's Modulus
99 RPET/PC Aifinsifin MDIAUTanasidnioenin RPET/PC laifinnsidy chain extender
Tag RPET/PC #An15iin MDI U531040.5" wid% wansan Young's' Modulus qaﬁqmﬁmmﬂ
Fusuilnnuudausng 1aedt RPET/PC - Hiflnnsiin MDI-USiMas0.7 | was 0.9 wit% A
Young's Modulus %ieenin RPET/PC fidindsiiin MOI UStmr0.5 wi% \ilesaintusuiinana
wilennntu fenand 4.10

NM5LAL MDP USunad 0.5 wit% aslil RPET/PC udnsa %Elongation at break L
WANEN491n RPET/PCliTin1sWAY chain extender agailiiudnda ueilodanae IV wuin
RPET/PC #ifinnsifiy MBI US316470:5 wi% fd1gauaze1 MFI dfatiaenin RPET/PC filyifing
Wi chain extender G‘z’;ameﬁmammfmaqmaﬁﬂmLaqaﬁmﬂéﬁmﬁaﬁmi@u MDI aslusite
vmhideuseanelalinana SniaduiuusaBamiasewing RPET fu PC Ssanansoduduls
mﬂmsﬁﬂmé’mgmiwmu%nmiaaLLmﬂGzJaﬁgjjumwé’qmimaauLmﬁq Tunn 4.12(c) waz
4.12(g) wuia RPET/PC laliuariinisidiu MDI Usunas 0.5 wi% iunnsusniafusewing
RPET fu PC usivunnvesaynia PC inszanedlu RPET fuwiednas wlefinisifin MDI ag
1U 0.5 wt% Fsmsfivuinveseynia PC 18nas wazUSnanisaaues PC Toe wansliiiiu
fannsnfinszminana (interfacial adhesion) #if TussRaRas (interfacial tension) waznns
{AnLdugasiuusadu (stress concentration) oy ¥inl# RPET/PC ifin1siiiu MDI U3unay

0.5 wt% A1 Young's Modulus ©ieenin RPET/PC ilaifin sifiu chain extender waziiled
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A94in MDI USunes 0.7 wae 0.9 wt% aslu RPET/PC wudsiiunaulafie a1 %Elongation at
break fAnfuduegiann dewssuifisusu RPET/PC flsifinsifis chain extender 270
1151% Ju 162.8% uay 381.95% AWAU 391 %Elongation at break TLfisdu
AonAdastumaiiindutesen IV uazen MFI flanas wandlidiuinuinumaiin RPET/PC
copolymer 91nn15l4 MDI euseanelalanana RPET fu PC iAnduuSanamnn vilvdannu
fulFsewing RPET uax PC 7id Suduldaindn T, shumafia DSC wudt T, vesvis 2 wed
wefindouilidmniuegiaunn LLazmﬂmiﬁﬂmé’mgm‘iwmﬁnmiaameaa%umwé’qmi
NAFDULTIRIRININT 4.12(h) uag 4.120) wuituRadunuiinisinvenideonedivesaud
dnwazadneidule (florillar structure) d4laianunsaszysumisves RPET uay PC Tunmls
Hosniaveswedimediia 2 wiin grvidliBraunangdudsiieatuiindu eswinliny
Msnszatefauaznsvanves PC 1 RPET. anunsaatudyulddn MDI anwnsavimiiiidu
fudousening RPET Ay PC 1nu RPET/PC “copolymer 6 uazifiniiugnsamusaidy
(stress concentration) tae Tagawnz RPET/PC fifinnsifin MD) U5med 0.9 wit% 1futuau
Afauwmidennign osnwunisineenveanediuedauddnvusadieidule(fibilar
structure) fAudaunn uenainilssiinasifie strain hardening Seuansfanuanunsalunis
AnnEnanmsdadeshresaeldsswiteiinisin uesdiotusndmiumisafiunnduiy

zdunainlaiiiu A1 Young's Modulus amaalguriu

450
400 ]
350 ]
300 ]
250 ]
200 3
150 ] 1
100 J
127

11T

RPET RPET/PC 0.5 0.7 0.7 0.9
PMDA MDI

AN 4.9 wanaen %Elongation at break ¥83 RPET, RPET/PC flafuavinsdu chain

AV

% Elongation at break

extender
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1200
1050 — L

o0 [T =
750
600

450 4

Young's Modulus (MPa)

300

150 4

RPET RPET/PC 0.5 0.7 0.9 0.5 0.7 0.9
PMDA MDI

A 4.10 wansAIANNEIFaluN SR IIATTUAEUSU (Young’s Modulus) ¥@s RPET,

RPET/PC #ilalfluaziinnsiisr chain extender

4.1.5.2 MINAFBUANUAINITAIUNITTULIINTZUNA (Impact testing)

Hunsnageuiiioldosursaumile (Toughness) vastusunagey Aaandniuls
seminaneduednay siudusBawmieseninamares RPET fAu PC filifluaziinisifia
chain extender HIUAIAIUAIUNIULTINTZUNA (IMmpact strength) TnemniinsBamdend
fseming RPET fy PC agdilwdnasanelouuseiia ﬂﬁﬁ?ﬁ@ﬁ’l%ﬂﬂ’]ﬂﬁﬂ’J’liJﬁ’]ﬂJ’]iﬂsLumi@(51
Fundesulauin A1 Impact  strength AgiiAE9 WONaINlAN Impact  strength §adl
auduiuslaeasafunndug U IneIUs DR TLeunddlF UL nseumn Tunuddedls
NAFBUTUNULUU Notched Izod Impact testing duduiafigesnstusiunadeulilunuids
uazliignduniin 4 gadhnszimadufuiifisesuin

vié’amﬂmﬁmaauwudﬁ?umunﬂqmLﬁﬂmmmnLLUU Complete Break st PC &
NSWANUUU Partial Break Awift-4.11 IfuansAnaudmumiuLsanszunn (Impact strength)
483 RPET, PC, RPET/PC wag RPET/PC AifinsifiutilauazUsunas chain extender sinee Tng
namazdiuldindiediu PC adlulu RPET vl¥en Impact streneth qqﬁu 11 4.64 \Ju
534 kJ/m’ u@n15iAn PMDA USunal 05, 0.7 wag 0.9 wt% aslu RPET/PC nduvileian
Impact strength fifntiosndn RPET/PC #ilaifinnsifiu chain extender lnefidwinfu 2.86,
275 way 3.78 ki/m’ muandu lunaigfinisiiy MDI USunad 0.5, 0.7 way 0.9 wt% aslu
RPET/PC uandf Impact strength 31U 5.05, 6.19 uag 5.96 ki/m’ aagudtuladdnnis
F MDI U3uo 0.7 waz 0.9 wi% aslu RPET/PC T Impact strength  figendniia

RPET/PC #lsifinsiiu chain extender uay RPET
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avgiien Impact strength amadidefininifn PMDA aslu RPET/PC A1ad13197n
UFASe AL PMDA fiu RPET vi30szwing RPET ffu PC iAntu Sundunanasslilunisii
UFATen (by  product) FsihfiiAnanunsavilfansldvamedieamesiAinnsaaisdsin
UfAsenlelaslada lnsiawie RPET desnrnidunedieamesfiiiunisléiuud wandu
psrUszneundnlumsnauieilonainnsaanedaaind1endn PC dswalv RPET dafiuwia

wangaydenuwitieInndy daunsdinsnay RPET Ay PC 7ilin1sifiu chain extender 1y

T

UiAsemaideusiossning RPET AU PC LAns transesterification vivlwlifunfunanass
16lun9¥iUfAsen (by product) Amiwilenves RPET dalumlandnislugadely e
ﬁﬂmmwé’myuﬁmmﬁmmiaaLmﬂmaa%uawumé’alﬁ%’ULLiaﬂisLmﬂ RPET/PC  #ifinnsifu
PMDA U311y 0.5, 0.7 uaz 0.9 Wt fannd 4.14(c-d), 4.14(e-f) was 4.14(g-h) puaay
Ineldmidevene 500 way 3000 Wi danadiuladninniswenmasening RPET v PC
tYovasuariinisidouresyning RPET AU PC  fintumiuuSuias PMDA  #isnndy nns

AnufAseritlidndunanaosldiiosas LHes1amaiiaPMDA- fiundunansienisiing
ilafduitiedhsonisvinujisendeusearslaluanaves RPET fu PC Téundu Taglunm
4.14(c-d) Wunmdguiingninusesuanues RPET/PC fidnsifin PMDA U3uas 0.5
Wt% waalisunsINTEWNN._ Lanen1sueniaiusening RPET fu PC aghaiiuletn uazny
Foeinesewing RPET fu PC saulufismsvaaeenyes PC Miumanszanglu RPET davauen
famsBnfnifusewing RPET way PC iR Tasveriwineiliniuasnaneifugamunsady
(stress concentration) hiviilel@funsanszunnInfnnisaneleunseiilsid ileaan PC &

inialunisgadunasulalidiud waz RPET Fudumandnianumisifanatain

'
a1 o

Uisenlalasla®ia A1 Impact strength 338iA167 welilpUTUIUNISHN PMDA 1nTU hand

¥
= U

feUSnafisennisidouse RPET fu PC fiunndu dunnldainnisngaesnues PC anad
uarnsBamiensewing RPET fu PC fiftu fnm 4.14(e-H Twhlaunsofunssnssunn
ity esananunsadielounssszwing RPET fu PC14R denalyt PC vhmihilunisga
Fundaldiiutu uarUSinanisaanesaves RPET Wintutiosas Tnsamzand 4.14(g-h)
w1 RPET/PC fifin1aifi PMDA U3ana 0.9 wtd% uamsdnwiuzaes PC Aifiiaduayniansy
nauLardNuzEnn LU ULSINSEUINN WuNSTgaeenves PC Hebnn Tidiud
nsBAMTEIsEIng RPET fu PC iR Usinaunisiauffsenanntuannisld PMDA fiiiuiu
Tunsideuseasleluanasening RPET fu PC viliidlold3unisnszunniafansdnelou
w597l waziilesaniqasiuusadu (stress concentration) He Favinlsf PC ansagady

NEIULIALTY N1sAaNefived RPET anauilasaniiindunanaselatasas danali RPET
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ﬁLﬂuLﬂ/\lamé’ﬂgﬁg@ammmﬁmﬁaaaa fin Impact strength 3aileniiniy usegnslsAnuan
Impact  strength fil#SsnsdiAntosndn RPET/PC  #ilaifinsifis chain extender Ingann
MsfnwIN WAV UTNAITosUANYRY RPET/PC laifin1sifiu chain extender 1ad
I§Sunsanszunn Mdwwens 500 way 3000 Wi lunmd 4.14(b) Funadiuiisdndiiing
usnilasesring RPET U PC wagdaufl RPET fu PC Banauguiuiioifion wandliifiuinginag
Safninserinava

NIANISHAN MDI aslu RPET/PC wud1nstd MDI wies 0.5 wt% 1A Impact
strength TndLAesu RPET/PC #laifin sifin chain extender uazilowinu3unainisiiiu MDI
0 0.7 uaz 0.9 wit% WuiiAn Impact strensth gsnd1 RPET/PC filaifinsifia chain
extender uay RPET dawansliifiuinufAzenniifiiinainnsld Mol WWouseansldluana
RPET fiu PC lutsmsvaeunay liindudunanasslindmniuiasen (by product)
wiilouffu PMDA vilvinedtoawmesliiianisaaeimituuiaselalasleda anumiends
HuandFiidves RPET wag PC laigaydely Tnendleld MDI U%mmgﬁ’fu Safiny3unanis
Fousteansly aadnuld wavnsiin RPET/PC copolymer 5291919 RPET wag PC 11ntu
HoanUian MDI funnduduiusiunsiuTunumyilsiduiidesilumeiujazenduny
Uaneiaaosinses RPET way PC Aany Hydroxyl waevy Carboxyl 1NTY Fesenndoety
ANFUFINYIUTIUTREUANYBY RPET/PC fiTinasLRa MO U3Aa 0.5, 0.7 uway 0.9 wt%
WSIFTULTINTTUVID RIANT 4:16(), 418k 4ag 4.180m-n) auddu Tagldingdaens
500 waz 3000 Wi wuirdueuiinsuannuuumiles Wesinusnasesuanvesduaudl
a1 wazkwansuanbiilusudeu wandidiuimediwesniansuiniaudiu
T8unTu flosnldanuisaswunla RPET fu PC ¥30N151qA8NT09 PC USLIUTBELAN

vo9usuld i lidielasuussdufnnisaieloundsnuid wasviligadundasulaunn

6+ _I_—[_
+

Impact strength (kJ/m )

RPET RPET/PC _05 0.7 0.9 0.5 0.7 0.9
PMDA MDI

AN 411 WARIANAIUAUTNLLSINTEIN (Impact strength) 484 RPET, RPET/PC 7ilaifuasd

AU chain extender FUUNARDU
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4.1.6 dnwnzneduguinenves RPET/PC #lifiuaziinisiAu chain extender

NSANYANGILINEIPILNEIaNIIAUBANATEULUUADINTIA (Scanning Electron
Microscope, SEM) Jumaiiafiaunsavsvendesanudniuldvemedwesnanianis Iny
AnpinamuinasesLanvestuN U UNAINsadauLding Tunmil 4.12 Iduang
AugIUINeUTIUTEILANTIT LN IgNNAABULIIRY Tifdauene 1500 Wi wudinis
A MDI Simwanansolunisideuseaeleluanaseving RPET fu PC lédndannsld PMDA
oghadiulddnduiuiinannfidios 0.5 wtt Liosnuuineyma PC inszaefogly
RPET wilold MDI flwunadidnninnisld PMDA fannd 4.12(0) uaz 4.12(d) augdidiu 3
vneyniA PC fdnasiuannsauandiiuiansbauiensswinggia RPET fu PC flunn
(interfacial adhesion) MsuaAeRNYBRILUNIA PC tae uaztileidn MDI USanas 0.7 wtd% ad
Tu RPET/PC lalanansnszysummisues RPET fu PC 1flosanlinunisnszatevesaynia PC
Tu RPET FauandliiufanisBamileasewing RPET fu PC 91f uazaudnduléfiunndush
Tidle RPET/PC 1#¥unsais iaaannAnnisfsdaludesuawilfslaianudeiiosdiu
Huidlefentu fdnuneadedule (fibrillar structlre) fanmd 4.12(0)  vauzdinisify
PMDA U3u1au 0.7 wt% adlu RPET/PC dapsuananisuanilaszning RPET fiu PC agaiiy
1¢#n wagwunnsvanoenves PC 910 RPET fauanslunind 4.12(e) loldiu MDI 0.9 wi%
aslu RPET/PC wuinnildnuwazadiendaiiu RPET/PC Afinnsifia MDI USunad 0.7 wi% fe
Ldaunsaseysiunueves RPET fAu PC 19 Tnedinsiinadtesdule (fbrillar structure) 1n
Juarniiy Tuvmedinaiu PMDA Usinm 09 wit% aslu RPET/PC fiaaiiunisusning
531919 RPET AU PC usivunmeynafinszaedivunidn uaziinnisvgasentiosas uand
TAAuIINIsHy MDI ansauiuugemnudniulaszning RPET Au PC ladnannsly PMDA
1fl8997n  isocyanate group T MDI @1u1savinufiAsendu . -hydroxyl end  group wag
carboxyl end group wes RPET fu PC TaesUSunainisiiiu MDI fiiindu Sevinliinedies
faaasdiaudnfulfundy Suansfaniaidn RPET/PC copolymer snutiues atuayy
Isnnsidouiivesrn T, Whunlndiusnnndinisld PMDA saulufiern v fiflgauazen MF
fiflentfeninnisld PMDA sanunsatandusunsifnufizenlddueeed Tuvazfininis
PMDA v;ﬂﬂ%mml,mmmsLLstWaizwm RPET #u PC 1ilosann anhydride group 84
PMDA vihUfjAsenteiiiesriu hydroxyl end group veswadieawas (RPET waz PC) Snvieuns
Uiisenihiwdunanassls (by product) SsdwmalAnnisBamieasewing RPET fu PC Laid

WISk MDI
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(c) RPET/PC

x1.5k 50 pum ¥1.5k 50 pm

(d) PMDAO.5 (g) MDIO.5

X1.5k 50 um

(e) PMDAO.7 (h) MDI0.7
AN 4.12 UARITUFININIUTIUTRULANIINTUNUNIONVIAAOULTIAY (tensile test) vaq

noAaSNaALN Tkazin 1Sy chain extender Ana3v81e 1,500 i1
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H x1.5k  50um

(f) PMDA0.9 (i) MDIO.9

AT 4.12 WEAIFUFININGIUTINTOIUANIINTUNUNAIYNNAGBULTIAN (tensile test) Vo9

nodasnaunliduazinisiiy chain extender ifnnaaveny 1,500 i)

AWM 4.13 UAAIFUFININGIUSRNUTEYLANYBITUNUNAINVARB ULTINTEUNN VB
RPET wag PC 7ifaswens 500 w1 Tapaand 4.13(a) 1Juvas RPET. Wulniavestusudl
Auvguse T5ansuaniinilidusedey dwnanil 4.13(0) WuveePC aziuliinie PC

'
wva

Aamsialumuuuanisliuss wendlidiuine 2 mwiinsuandnuuumies Saduaudan
Tnniuues RPET AU PC Laviilasih PC wanumeatiy RPET wudndusufiaumidendiudu
910 RPET 1ffosannsosumnuostineiu RPET/PC lunawit @.14(a-b) uansusnaiinnisie
sonvaaiowedwesilldunsasuunytinvemeaiieslalagrnindunisinoenvosisaes
wla uarUSueya PC Aszansiagly RPET PinduderhnsdurtauasUuumes
chain extender Usgnaunie PMDA Lay MDI USu9ad 0.5, 0.7-4as0.9 wt% Loyt
\Beuseanslaluianaues RPET w30 RPET - Ay PC wuindnwnizdnugiuine ildianm
waneney Tngn15sai PMDPA a5ty RPET/PC USiias 0.5,0.7 kéy 009 wt% fanwil 4.14
(c-d), 4.14(e-) wag 4.14(g-h) Mudeu. uansliuasunI5AY PMDA fannTuazdae
AANISVRADBNYBIBUNTIA PC e RNANSBaRnsestine RPET AuPC dunndu Tnsannsd
USaumsifia PMDA U3anal 0.9 wi% Snwaszwes PC ilaaglu RPET Wasuaindnuaiznss
naunauuLEUdARULLINTSULSS %mzﬁé’myuﬁmwm RPET/PC ilouiu MDI U3unea
0.5, 0.7 waz 0.9 wt% QﬂLLaml’ﬂumwﬁ 4.14(-j), 4.14(k-0) uag 4.14(m-n) AINAIRU WU
Taifiunsuenmlasywing RPET fu PC dausnisiiu MDI 1iies 0.5 wi% wansliidiuinnnsly
MDI a@ansadaesinaudnfulészning RPET fu PC 1¢Rn3nn1siiu PMDA Tagamizns
sl MDI U3aneu 0.9 wit% adlu RPET/PC wudugiuineniifidnuaeBavouilonedimesuas
AULUINTSSULSS wazlianunsasuundunises RPET fu PC 16 Seuandliifiudoussdn

~ ! Aa I 4 U v I ! Y
WU ITEINUNENA ﬁﬂNﬁI‘Viﬁ’]ﬂﬂiﬂ@@‘UUWﬁ\‘imu wazanelouwseszwinanalas
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H x500 200 pm

(@) RPET (b) PC

%500 200um

A 4.13 LARIdugIUINgIUSINTRULANANTUNUNEIYNVAGOUAIINAINN T LUNTTU

WSINTZUNN (Impact testing) 189 RPET waz PC fif&sens 500 i

Sample X500 X3,000

PET/PC

x500 200 um x3.0k 30 uym

PMDAO.5

x500 200 um

x3.0k  30um

PMDAO.7

H x500 200 pm

H x3.0k 30 um

AN 4.14  UAIEFININGIUIUTOEUANIINTUNUNEIANAFDUAIINAINNTOLUNITTY
WSINIEUNA (Impact testing) Ue4 RPET/PC #iluifiuazdnisiAu chain extender 9

AN892818 500 thag 3,000 111 AUAIRU
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Sample X500 X3,000

PMDAO.9

x500 200 um H

MDI0.5

X500 200 um H x3.0k  30um

MDI0.7

X500 200 uym H

MDI0.9

x500 200 um H x3.0k 30 um

AN 414 waRIFgININEIUTINTELLANINTUNUNAIQNNAGBUAINAINITAIUNTFU

WSINTZUNN (Impact testing) o4 RPET/PC filaifiuasdin1siiu chain extender

o w

789818 500 waz 3,000 Win AUa1AU (9B)
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NNsAnyIYaLazUSUIUeY chain extender ﬁmezaWiamiﬂ%’UUqammLsih
Aulel wagandmanaves RPET/PC wuinisld MDI - USunas 0.9 wt%  aslu RPET/PC
anunsauiudlianaves RPET Iéfindwodiwednaugnsdug Busuldaindr IV uaz MFI
uana1ndl MDI Sevutihdiiuanudnfuldsening RPET U PC Tapnsiin RPET/PC
copolymer @sdughuléiannen T, ves RPET fu PC Tindoutinlndriusnniian uazdanunsa
USudgsdgnuinevemedmesnanainamdugiuineilinunmsueniaidaay sauld
feanunsauTuuseaudaanag TneLanireg1983 %Eloneation at break warA1 Impact
strength fetfu RPET/PC #ifinaii MDI Ui1ad 0.9 wio afugnsiiliiualassuiiianly

AsUNAULN LU UTIAINTTH

4.2 RNUINAVDIAIAUNITHADUNEN RPET, PC uaz glass bead Niiroaudfidena
AUUANIIANTOULATANWAIENISFUFINIMNEIVDITEUUREY

Tunsfnwantfigena  audfinienI NS ouRaLAN BUENIGUFIUING1 VB INBEWDS
AeumeAnTTisULUUAFUNIIaRMNAL RPET, PC uag glass bead umnsnaiu Tasdiuay
sULuUEmRuNsHaNTINisERdIuTeteIUsEnaulumsnSsunadesneunedngnuansl iy
m3adt 4.5 dunnldimngtuuandunisaniidad e sauseneuiliniu Tasnisinioumed
wiesreunednusasguliuwinNLSeu 1-2 Ay luAlasdniadnge dansriuaiou
MaesUITANAlINEAMSRAMIAaIEM uardiNaseaiURrasnfianas feunisieden
wodAosreumeAnuRazg U Tusefs chain. extenderitegatlumsiBendeasls
Tuianavedes Iag chain_extender #idonld e MDI YU3unal 0.9 wt% daduviauas
USnafivanzaddensiul sedwinlumna e iild wadaut@idanaes RPET/PC

o

AINNITIATIEANIUITET 4.1 H9UUNANITNAABIVINDALUDSADUNDARN N AL NUIUN

Y

Wisuiisuiu RPET/PC Miln15ify MDI USures 0.9 wi% 1Human
glass bead Maonlalusuide-Ae-Hollow glass microsphere Usgnaunig Aawin
Funeniidanuudadis (stiffness) ) nmeluussyingaes dnvauzilunsanaunarfivuiaduniy

AugnaeUsEunn 13-20 pm vt duansiinedumie (Inorganic filler) Afumiiniug

1 i

maammﬂmuawaamai bbeYe ﬂ’llﬂiﬂLW?JWJ’]?JLLGU\TLﬂiﬂLLﬂWEJaLll@iﬂ@ll‘WE)ﬁG] [36] laanvinnng

Y

USUanmiTavian 2 Sumeu Useneudie tuseuit 1 USuanminglsaisazats NaOH tile

a

WWun15v1Auaz 01Nl LRLAMUREIULANURY LagtAUNUNRIE I 1SUNISEAmUTeINIg
neAw (interfacial interlocking) wariidAtyAeidunisiiumy -OH Tidhlusguurives

alass bead (hydroxylate) Funaufi 2 11 olass bead fiuSuan1niadae NaOH WU ATeN

fuansaaiuleiay 3-Glycidyloxypropyl trimethoxy silane (GPS) lu ethanol vil# lass
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bead {13 Epoxide 8guTiaAa@111501UfAT81U hydroxyl end  group (-OH) wag
carboxyl end group (-COOH) ¥84 RPET iU PC UusyaouNau[37]

M399 4.5 A1kanssULUURAEdRdIUNIHEN RPET, PC , glass bead wag MDI

Extrusion 1° Extrusion 2"
sample RPET PC GB MDI RPET PC MDI
Wt%) | Wt%) | Wt%) | (wWt%) | (Wt%) | (wt%) (Wt%)
RPET/PC/GB 75.28 18.82 5 0.9 0 0 0
(RPET/GB)/PC 75.28 0 5 0 0 18.82 0.9
(PC/GB)/RPET 0 18.82 5 0 75.28 0 0.9

4.2.1 NAYRIAIRUNTSNEN RPET, PC, glass bead flamanuianesnisnnuioaune
wala TGA

[
|

nsdmedluesnaunadnuIadevmawaiia TGA uwdunshinudounntua
' a o o v 1% o , v ¢ &
Tugisgamall 50-600 “C dns1msliiausen 10 “¢Umin’ maldusseinia N, Fudufing
d‘ v A o U 9OJ U ‘NI d‘ d‘ a ‘;{ o a
ey lngnannisheyinisiadminiasuidasdiiliogumgiiaiu awisadiunesuiy
ANLEDEINIANLTOUTRINBALLESABUNRANNLAIAUNISNAY RPET, PC, glass bead
! % a = U/ v 6 J [ 1
WANAINAY LAYHATDINITLAN glass bead-a10n3NW TGA YUAAIANFUNUETENINEREIY
5 o a A v ¥ o a < v ¢
UINUNTLAED NN TFIATIIAWNATTDUNVYUNIL waznIIN DTG 1UuUnI B YnuUsUos
TGA LilauanipaEdunussenissai o shmingunuigadslurogamgd
PN 415 way 4 16-1Tuns 1 TeA way DTG 189 RPET, PC, RPET/PC, PET/PC
PAINSAL MDI UTHnad 0.9 wtd% snudndu-ladnisasudeyassiuauniaaninaila TGA 17
lup151991 4.6 WU RPET Uag PC. LaninIsaaIeiiniaadsfouiesiuisien 1ng gaumaiin
Annsaaefigeiign (T,.) ¥e4 RPET AU PC Usingil 434:94 waz 512.80 “C muaeiu
lurugNnefiuesnansening RPET fu PC vanlufiuazlinisifiu MDI USuad 0.9 wt% 3
NOANTIUNTARNLFINANNTBUANIEARITU AB UTINGYNTAAEAININANNTOU 3 TunU

Inensaanasitunsnusingsduluadia (shoulder) Fapaindusunisiniinnisaaiadives

ad a

angllunaduques RPET Nlifinniswenseaelesening RPET fu PC lnggaumaiiianis

AangiIgaian (T,.) Juduwsnues RPET/PC 7ilin sifiu MDI USuiay 0.9 wi% Hengendn

Y

RPET/PC #iluifinsidin MDI wansliiiiuinnsly Mol vinliingeuseanslgluanassning

RPET #%0 RPET fiu PC launnniunisvitujisenved isocyanate group 489 MDI fiumg

&

hydroxyl end group (-OH) Wwaz carboxyl end group (-COOH) w4 RPET Ay PC YUzl
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RPET/PC \inn13n15idausiasendne RPET U PC iuiigaufisenisuaniUfeunyioavos
(transesterification) W1t d@runi1saateditunasndudiunian RPET  Fanandnlu
RPET/PC LAANNSARIAINIIAINUSOU LAgNUINITHHN PC @110 ANANULANYTNI9AINY

Fouves RPET 1 dudulanineigamgiininnsaanefigengn (T,.) Ja1geuain 434.94

ad a

Gy 444.40 °C usdlefinisifin MDI U3ana 0.9 wid% aslu RPET/PC wansrgamaiifiin

) a1

NAANEAIEINER (Tre) MuANABEEITud1AYaIn RPET/PC MlidinsAn MDI Aadlen
WinAu 443.36

[¢] v Y

¢ Tuduflaslivsng Jufinedranudalneisnuazdouru (overlap) fu
msaaedtuiiaesinliliaunsomegungifiianisaansiagaiian (T, lutuild s
minduiumadl RPET/PC copolymer uag PC fiAansaanesa 91nuan1svnaiLans
Tifuinsids Mol WWudsdnduidsadasddudunouanievesnivaounanlumasiey
WodluesnounednTiilafuAITHAURANAIITY. 3 sduuy Usenauniy RPET/PC/GB,
(RPET/GB)/PC uay (PC/GB)/RPET \ileamnisaanedamnasaiuiou Lagteidousoasls

Lana vaiyinn1saeuNEy

90

60 -

Weight Loss (%)

30 4

RPET
PC

RPET/PC

MDIO.S

T T T T T . T . T
100 200 300 400 500 600
Temperature ( C)

AT 4.15 uanans s TGA wes RPET, PC, RPET/PC ilsifiuaziinisiiu MDI
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0.000

-0.005 <

-0.010 -

1/ C

-0.015 o

RPET

PC
RPET/PC

-0.020 -

MDIO.9

0.025

T T T T T T T T T T
100 200 300 " 400 500 600
Temperature ( C)

m‘wﬁ 4.16 wamnsnw DTG ¥89 RPET, PC, RPET/PC ﬁlﬁﬁLLazﬁmiLau MDI

PNAMNN 4.17 way-4:18 ha@aansan TGA way DTG U89 RPET/PC 715nN5LHu MDI
US1nas 0.9 wt% uagnedlosaounednnilafiunIsuauwandeny 3 sUkuy Usenausie
RPET/PC/GB, (RPET/GB)/PC— L@y (PC/GB)/RPET WU TNOALNE5ADUNDFAVANUALAANTS

o v 2 z WP.~N o 7 .
AANUAINIIANUSDU 3 TURBU LagTukIntazIunauilanwzulnaia (shoulder) ImLau
1NIU INANSNN 4.6 1511@@@65@%@@«?1’3Lawaqwaa‘?ma%ﬂamwaammmwﬂﬁﬂ TGA WuUIN

gauniTinNsaaIeRIaINan (T, Tulunaastarduiaiuveinediuasnounadnyiavundl

9 Y

Alduanansiuegasitdedin Tngswmusienarndudiimdel RPET, RPET/PC copolymer

Aada Y PN

fu PC iianTsaaneduilolasumnusou mauaau aaelioumgininanisaaigdiigeiian

a v

(Tono) TuduLsnTadudumisanelgdusves RPET nsiiamsaaieidininuuanaaiuiile

'
aa a %

fandunsuausneiu lngwudn (PC/GB)/RPET fA1gumniiiinnsaa1gfigagn (T,,,) 110

a

flanlunedeinesmodniisnun Audie RPET/PC/GB wag (RPET/GB)/PC aud iy wand
Isiuin (PC/GBY/RPET fUBinauaneledunves RPET iintutlosiian lnpdsfiinanlafinuie
(RPET/GB)/PC \Tumofiuosaouneniilussninamanion RPET Fasunnudoud 2 ade
ety (PC/GBY/RPET i PC dosknuanudou 2 aduduidisadu windunuidgumgii

Aansaanefgedn (T,.) lwiuiiass nduflanlndlAesiu RPET/PC/GB Fudunediueosao

a [

WOAMTEIUAINUTDUTETNINIMADULNEY 1 A5 LansliiudIauangsN1IIAUSounflay

'
a o

awmgiviliengungininnisaatefign (T,,,) kiinsifsuudauddoamiuaiusou
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= & i = & . . A = P ]
09 2 A3 AINIIUI91A glass bead LU Inorganic filler NUAILANYININAMINTDUEINI
WOTIIDTIIANNNTNYILAATUNAINUAIINTOURAL MUIINTARYAINANTRUYDINBAN DS

16 8nanwmenilsfianisiiin MDI wieyihlinihfwewsoanalenedmesidnaieiu Yievzasnis

U v
A818RININAINUTDU
100
80 -
2
% 60
[o]
i |
=
£
o
Q
= 40
MDIO.9
5| RPET/PC/GB
(RPET/GBIPC
(PC/GB)/R-PET
0 I v T ' T L T ' T
100 200 300 . 400 500 600

Temperature ( C)

AT 4.17 uanans v TGA - ves RPET/PC. #itin15wiu MO USunal 09 "wt% uaznediues

Ao o

ABNNOARVAAWIUNISNANUANANNY 3 JULUY

0.000

0.004 ] N A\

15C

0.008 <

MDI0.9
0.012 o

R-PET/PC/GB

(R-PET/GB)PC

(PC/GB)/R-PET

0.016

- T - T - T - v
100 200 300 . 400 500 600
Temperature ( C)

A7 4.18 uanens1vl DTG ¥4 RPET/PC fisinnsidiy MDI USanad 0.9 wt% uasneaies

A

ABUNBENNI

[y

ARUNSHANUANA1TY 3 JULUY



159 4.6 wansteyadisiaiaviilaanmalin TGA ves RPET, PC, RPET/PC #iliifluasiin1sidin MDI Usunas 0.9 wi% uaswadiuesnaunadn

stepl step2 Step3
Sample %Residue
Tonset Tmax Tend Tonset Tmax Tend Tonset Tmax Tend
RPET 415.21 | 43494 | 453.62 2 - - - - - 16.60
PC 495.81 | 512.94 | 526.29 - - - - - - 2691
RPET/PC 327.24 | 36697 | 3679 | 424.63 | 444.4° | 469.23 - - - 18.03
MDI0.9 352.27 | 377.91 |~378.51{.423.86 | 44336 | 472.43 < - - 14.48

RPET/PC/GB | 281.90 | 306.36 .| 327.78.| 416.26 | 439.01 |-458.74 499.49 | 509.67 | 530.56 11.56

(RPET/GB)/PC | 273.56 | 292.53 | 313.15 | 419:34.| 439.71. | 457.43 | 483.48 | 501.99 | 517.43 21.93

(PC/GB)/RPET | 293.53 | 316.83 | 332.52 | 420.03 | 441.27 | 459.46 | 496.17 | 505.76 | 527.4 19.96
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4.2.2 HavRIRIRUNISHEN RPET, PC, glass bead saduuanienaslauiinddia DMA

MsfnwantAmInadouse medimesaesmedn it suuuudFUNNSHEY RPET, PC
ua glass bead amun 3 sULUUABIMATA DSC WUIUTINGF UMY T, vae RPET ity
liamnsansaanusiumis T, ves PC Tunedweineunednls esaindedidnluFosmiy
aviBunsourauaiasile SnvaUlituniaiu PC Tussuunauduiuaios winisldmaia
DMA annsanTaainen T, 1éa RPET uay PC anfinvasns vl tan &

A7 4.19 wansns1W Tan & ved RRET/PC filaifiuazdinnsidu MDI U3ana 0.9
Wi% uagnediesnounednitafunsraulang Wiy 3 YUY nuIUTINgie 2 fums
Fsaenndoafuen T, vos RPET Wy PC Iaplsiinmsaguiludeyaideiniadlilunsed 4.7
MnuaMINAResT AL lananukan RPET-fu PC-3ifu MDI U3ias 0.9 wid vl T,
fandnlndfuinniudanaanmnadeudimfusesiialadad T, - ves RPET waz PC lu
RPET/PC fiAnwyiniu 97.89 1ag 161.50 “Claudidu (ilefin1atis MBI USanm 0.9 wid% as
Tu RPET/PC Usinginen T, wae RPET fenifintuidiesidntios a1 97.89 1u 98.70 °C
vuzdian T, w3 PC Tu RPET/PC Hufidanasoenaiiuladnain 161.50 1du 147.70 °C
wanslfifiudn MDI aasnsatfinaradfuldseniag RPET Fu.PC 1d 91nn151fn
RPET/PC copolymer $$1inNnIsuia osunas]

dlefinsuiu slass bead MaeuEauiU RPET, PC tag MDLUSinad 0.9 wt% lagil
SfunswaNuensaiy 3 ULDY wuh RPET/PC/GE -Failumediuasresmednilasenld
MnmsnaveskusEnoUaimnsaniuly 1 fumeu diuléih T,09 RPET fnsindeuiluly
sunsgumnifigiimdntosann 9870184 103-°C Tdvnsdt T,499 PC fidnanasogadiu
I¢# 910 147.70 Ju133.50 “C-iilawUSouliieufu RPET/PC Miinasidwiivs MDI Ui
0.9 wt% danlunsdives (RPET/GBYPC Mfuneduinaumedniifinanay 2 dunou Tngly
Fupouwsni slass bead lUnaufu RPET @ewhwihildumandn ntuhlunauiu MDI
uar PC Sadumasedudunouaning Awuen T, TusumisdlndiAeatu RPET/PC/GB el
MsUsINgAN T, a9 RPET fu PC lu (PC/GB)/RPET duusnssainwodiuesaounadn 2

a1

sUwuuriounthil Tnsen T, wee PC Tu (PC/GBY/RPET ndudidngandritnulu RPET/PC fifinns

a a

Wutiies MDI USunad 0.9 wt% 210 147 10u 149°C waziloilSeuifisuiunadiuasnaune

a ¥ [y 3

dnsngiuaviiuladndn T, ves PC lu (PC/GBY/RPET HA1adninnadiuesnaunadniuiuy

Y v '
a = oA v A

aue ANATulAINITENANIINNITNTEINLFIkAENISIATEUEY (Migration) U84 glass

bead luwsagguiuuddunswas n15A (PC/GB)/RPET wue T, U89 PC iganitnediues
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AouNOANTULUUAUY 1B991nnsNal glass bead adlu PC fiflaamilags Wethlunas
weu MDI uaz RPET Aiflnmilnga vilsf glass bead tadausenain PC g RPET leition
dwwalsi T, w89 PC lu (PC/GB)/RPET flAngatiu vuedl RPET/PC/GB 1lun1siiiu glass bead
adlunanify RPET, PC way MDI wouifulu 1 Funeu il glass bead anunsaudluoglévis
2 wlat wimminlasdnlngjsineglumaves RPET 1losan RPET fimmmiadiduazifuiia
NaNvoINSNEN YA glass bead wrluledne daunsel (RPET/GBY/PC 1Hunsin elass
bead waufu RPET Mifumandndedininumilasi n1sd class bead aglu RPET vilviaany
nilngedunidinsinrmiiaditiosndn PC dsutasinn shlsdetlunauiu MDI uay PC Tu
$udl 2 glass bead 2zinsAdsywain RPET Wrllu PC lédos uansliisiuin RPET/PC/GR
way (PC/GBY/RPET (Junedwesaounedninanes PC i glass bead agUTnatiey Jauana
fuviisres T, adendeiuldesnn glass bead dnilvginszanseglu RPET a1 T, o3 PC
Faflantdos vouwilen T, wes PC T (PC/GRY/RPET fifgq (flesdnn glass bead dulung)
n3e31860Y PC Flvnsindeuiivesaieldifaldonn denndasiuresiseass KC. Yung
warAme[38] Ainuindlefinisiiu hollow class microsphere (HGM) asludnendmounadn
ylst T, vosneumodniiagsiu lnonadndnlddliduhinafndunsisensswing HaM fu

wodes vilvianelenadmesirtounlienyuainmsa HGM aganelu

M159 4.7 uanstayavesautivasnadalauiindilnatnmaida DMA

Peck Tan O Peck Loss modulus (E”)
Sample = 3

(e | FACS (MPa)
PC B 172.27 80.78
RPET/PC 97.89 161.50 86.40
MDIO.9 98.70 14770 77.57
RPET/PC/GB 103.00 133.50 92.07
(RPET/GB)/PC 103.90 133.30 104.55
(PC/GB5)/RPET 104.70 149.60 100.52
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PC

2.0 o

RPET/PC

MDIO.9

RPET/PC/GB

(RPET/GB)PC
(PC/GB)/RPET

Tan delta
P
1

0.5 4

0.0

L T . T T
40 60 80 100 120 o 140 160 180 200

Temperature ( C)

ﬂ’]‘W‘ﬁl 4.19 ha@nansn Tan 6 V83 RPET/PC ﬁlﬁﬁuazﬁms@m MDI-U311ad 0.9 wt% Hay

A

NOALUDIADUNDARTLIAUNISHAL AN 3 sUluY

A1 Loss modulus (E7) adnsausuanieadnaibdanssuarAuaIusaiunisnadu
WEIUVBINORUBS  NANT 4.20 NUTINTSAN MDL Y3uew 0.9 wto% aslu RPET/PC
uansAn E” anasan 86.40-(RPET/RO)-18u 7757 MPa dngaumiivialiten £ anasifuan
nmsiiin MDI Tuatnnswaesie RPET fu PC ¥ilimeaasnanilédaumiennniy
danaltanslowediuosiaubnvy unaziadoudildieiileldunins ouvagiisainnis
AU DMA

ﬁaﬁﬁwaulaﬁaLﬁaﬁWﬂWSLﬁm glass “bead aslun1svaaunay RPET, PC wag MDI
U31104 0.9 wt% NngUluugwnskasl desalsien £ dangend 1 RPET/PC uay RPET/PC 7
finnsiiu MDI U3anau 0:9.wt% Tngiannzetisdmeatiosaeunadnisuuuuddunisnay
2 $unou nan1smaasLansliiiArelass bead Thaxatidannsadldasuusdlinedies

o glass bead Wwagludnvinnmsinfounvesansldluana dewalvidl B aadu awnse

A A

atuayulaannawideues Runzhou Huang wagame [39] Inudndlefiusuiaunisiiiy glass

o '
£ o v 1 1 a

fiber aslu HOPE viliseA1 E” g9n31 HDPE U3gw5 8nmsen B dudsllAnfinfunuusuns

a . A a & = a . o § v a s a o
N136MY glass fiber YLWUUU LUBIINNITUBYVDY glass fiber inlinodueinounodnil
ANNAN30LUNIAFUNRIUINNTY aaaddEINnTalunsEangY wazdrdanisiadeud

vaanglgluananedwes
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PC

120 A g
RPET/PC

MDIO.9

100 4 RPET/PC/GBS

(RPET/GBSIPC

80 (PC/GBS)/RPET

60 4

E" (MPa)

a0

20 4

T
80 120

Temperature ( C)

100

AT 420 wanangl Loss Moditus %8¢ RPET/PC | filaifiuazidnisiu MDI USunay

0.9 wt% uagnediloTAounodnnilmaunl SHatLANASiY 3 JULUY

4.2.3 WAYDIANAUNTISHEN RPET, PC was glass bead sodudUfidenavosnaaiuas
ABUWBER
audfdanavesnediuesneunadanisUuuudidunisnanunnenaiy 3

(RPET/GB)/PC wag (PC/GB)/RPET

UL
Usynaunae RPET/PC/GB, anAnwuUIeuinguny
RPET/PC fifinnsidiu MOI U3u9ad 0,9-wi9%, \ileAnemauaanisifisl glass bead uazguiuy
dfunisway RPET, PC, slass-bead neaudfiidanaiivinnisanet Ussnousne nsvaaey
L3954 (Tensile testing) wazN sNAFBUAINAINIIALUNITIULIINTEUNN (Mpact testing)
FanaveamsveaeUidsnalsgnuanadudeya@siaaulilumsie 48

31971 4.8 uanstogaisialarainnisvnaouIianatas RPET/PC Inaslin MDI USuas 0.9

Wt% LaLNoAIBSADLNAANNLAINUNISHANLANAIINY

Tensile testing Impact testing
Sample Young's Elongation Tensile stress Notched impact
Modulus (MPa) at break (%) at break (MPa) | strength (k)/m?)
MDIO0.9 942.29 + 39.64 381.95+ 1.24 48.59 + 15.19 596 +0.33
RPET/PC/GB 1143.84 + 24.85 4.24 + 0.95 42.69 + 8.94 4.45 + 0.26
(RPET/GB)/PC 1120.74 + 4.98 6.34 £ 0.72 58.6 + 4.98 4.21 + 0.35
(PC/GB)/RPET 1178.96 = 6.33 5.65 = 0.44 57.64 + 3.56 431 +0.15




82

4.2.3.1 NSNAABULTIAN (Tensile testing)
miwmaauLLiqﬁqmaa%quugﬂmmﬁaUﬁaaLﬂ%"awmaauauﬁ’amﬁaaquﬂl’ﬂﬂ
(Universal testing machine) 18m31115A9 10 mm/min wag load cell ¥11a 50 kN 1o
foyafilfiiedosiungfinssunsunninvesiusuainnasenuduiusseninnudy
(stress) fiuaLATYA (strain), ANLORAATDIEY (Young's modulus), ALUasidudnisinda
4 9219 (%Elongation at break) WATAIAIUNUABLIIAT U 9AYA (Tensile stress at
break) Tnsagudeyaisiiavlilunssd 4.8
INAITANAITUINTINAMNFUNUSTEWINIAIULAY (stress) AUAINLATEA (strain) Tu
mwﬁ 4.21 WUINISLAY glass .bead aslunisvaeunay RPET, PC wag MDI USunas 0.9
wto yngukuusRunsHa SngRnssinsunndnsuuilnsiameiosinnsmildli
N15U91n430 yield v3olsiiinnnsivdguaindanadn (elastic) \unuunatadn (plastic
deformation) vauxdl RPET/PC inn3ifial MDI U3anas 0.9 wide Sintsusniinuuuimdlendails

ssuneliludedi 4.15.1

70 4 MDIO.9

RPET/PC/GB

60 — (RPET/GB)/PC

(PC/GB)/RPET

50 4

40 4

Stress (MPa)

30 o

20 4

T T T T T T 1
0.00 0.02 0.04 0.06 0.08 0.10 0.12 0.14 0.16

Strain (mm/mm)

AN 4.21 wanansIvl stress AU strain LAAINHANITUNITUANTENTDY RPET/PC LAy MDI

Aa

U184 0.9 wt% wazwediuasnaunadni

LY

ANAUNITHNAULANANGAY

MM 4.22-6.24 FuansAianuanansafiumunsudsugy (Young's modulus)
AUBSHUANTEA V10 (%Elongation at break) WagAIAMUNILABLSIAT (4 AU
(Tensile stress at break) MuadU ¥93 RPET/PC fifin15ifis MDI USinal 0.9 wi% uaz
woAleIABNNEANTT FULUUAFUNSHNALUANAIAL WUIIn15LAN glass bead adlumns

waeUNEN RPET, PC Uag MDI USunaw 0.9 wt% vnsuluudwunisiay dan Young's
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Modulus e Tensile stress at break qﬁu Ydg? %Elongation at break dA1anai9819
wilddadlowSeuiieudu RPET/PC Nilin1sifisiiies MDI Usunas 0.9 wt%

HANINARBINAATUAING1IAIAINTANMNINN glass bead WInszaremagluned

¢ . . I3 1Y) =~ & = . ] a s

wesidu Inorganic filler vumdnseaulilasung IANULTIRS (stiffness) 1NN medwes

It ludnuanenisiedsuivesanslaluianailiolasuusafs Jevilinediuesaaunednd

ANNANNNTAAUNIUNTUEEUIY (Young's Modulus) 1nau TuvaeiiAn %Elongation at

break nauliAnanadiledn1siAy glass bead LHB991nANNANITAIUAITEARIVO glass

'
v

bead waznadiuosianataiuilolasunsand 1ng glass bead agiimua1nsalun1sindagn

'
o

#1 (stiffness) TuvauzAinedwesiauaiingalun1sgndigendn (ductile) Juvilvinediuesi
= a a N oAy A A Y
119N glass bead fanugunsalunisindaitiovasnsolanuiusigannTutiules 910
N15ANYININFUFIUINYIUTIUITDHUANUAINITNAFDUTIAIVBINDADTADUNDANNT
SUMUUEAUM TNANWANAA WY 3 JULUUAINTNG 4.27 WUA glass bead dnsileniafiu
a ya = Y & hoalo aa a ! Iy a ¢ v Y]
WoAeslan FaansliliulResunINTEMATININ glass bead funednes donndosiy
A1 Tensile stress at break ﬁﬁﬂ'ﬂqﬁu
iislUSyuiigunefiuesneunadnnligunuudniunisnauuanseiune 3 suuuuliy
Wud1 (PC/GB)/RPET #d1. Young’s —Modulus .  g@eiga lagdlanvnfu 1178.96 MPa
Heananiuguwuunisnanii slass. bead  daluginzaisedlumea PC Faduwmases
afuayulavnen T, ves PC Tu (PC/GB)/RPET Milldnganitnedilesaoymednguiuuau lag
ns7la PC &i-glass bead agtiuyilyininuwitleives PCanas wasinadumaiiudusaun
U (Rigid) lethlunasunauiu RPET Midumandnlumsuandsianuudanss (Rigid) mdu

[ 1 [ v =

ANWULLAUDYUAY AT 4.4 LFnanern Young’s Modulus. ¥e¥ RPET uwag PC 13

Y

v
N v A a

usnanildsiinain MO titevivthiiduansifeuseaneleluiana RPET w3esening RPET
fu PC FwihldaudRvomodmeinidosdsasudeiunaziu dnunie RPET/PC/GB wae
(RPET/GB)/PC a3 Young’s Modulus 1AU 1143.84 wag 1120.74 MPa aud1au 910
nansNRasItInaIUsuenléin MskaENLUUTUReWAEIves RPET/PC/GB thi glass bead il
Tonawilunszaneedlu RPET uay PC vnizil (RPET/GBY/PC Lunsnauuuy 2 dunoulae
Junisih glass bead Tnausu RPET #duwlandniiauniinsideudslunausu PC 7i%
ANunilags danaly glass  bead waouidluly PC edoendn efunisuauwuy
RPET/PC/GB 3afld1 Young’s Modulus gsninuuy (RPET/GB)/PC 1laaainU3unaiuea glass
bead flogflu PC o9 PET/PC/GB flnnndn (RPET/GB)/PC Fuiilefiuiuna glass bead aglu

wa PC unagliasesfinmuudeuss (Rigid) Tag RPET fmnuudenss (Rigid) 1Uudnwous



84

(%
6 o 1

Wuaguad v antfvesnefiuesisaesdaasudeiunaziuuiieaiu (PC/GB)/RPET
YU (RPET/GB)Y/PC wudnluilaves PC fU3ua glass bead agtosfideimnuudauss
(Rigid) Hoe iethlunauiu MDI wag RPET 7flaauudanss (Rigid) a9 vinlidean Young’s

modulus ﬁaaﬁqm

1400 -

277 mpi0.s (X reeT/PC/GB

] (RPET/GB)/PC (PC/GB)/RPET

1200

1000 4 \\

1

800 -] /

600 o

Young's Modulus (MPa)

400 A

200 4

0

AN 4.22 uansenANEnunIatunssumunIsiasusy (Young’s  Modulus) 989
RPET/PC MifinMDl U3a1ad 0.9-Wt% Uaznadimesneunadniilandunisnas

LANANIAY

WeolUSuuliisuan %Elongation-at break way Tensile stress at break Y8snodlLes

AouwednNIigULUUA UM IHALILANA9TUNT 3-5UkvY nudnAwmsassuuhilulufianig

.1

Wty dan i 423 waz 4.24 - 1ee (RPET/GB)/PC wae (PC/GB)/RPET \Junediues

U IS

ARNWRANTIAAT %Elongation at break waz Tensile stress at break luiunnansfiusgned
Weddny usitlAngenda RPET/PC/GB anamadasauaisausuenlaiimediuesneunadniil
o w ) = & o £ a o aa Y a 3 a
sULuUERUNSHEY 2 Tusau Buunisvili glass bead tnsdunsiseniunediwes 1 vila
oy {1uNSYIUGNSeNT8nINemy Epoxide UNRIUEN glass bead MQnUIuanInianiganse

mulgiauiuny hydroxyl end group (-OH) wag carboxyl end group (-COOH) Yasnedioa

= o A a

wed ldtinstamioiufiufuswariiussans amannniinsvasurauLuuTunouLR e
GensBanieniiisening glass bead AuneRwmeiutisanniningnsuu (stress
concentration) USausesfeszitaaileldFuuss uldarunsaazuliinnisti glass
bead lUnauiu RPET wde PC sulnufiauudeussvesiussannninduiesainuanis
naaosliadiliunnanety vasfinsdasmediueineunednfidnsnauwuuduneuiion iy

aaa 1

wudnflussdanierseninanaldd Wesanduszuunmsnauiinufiseuuvdy denndes
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AUIUITEUDS  Ji-Zhao  Liang[d0] MlAanURnIsnUAoLIIRAIUDInNediuesAouNDdn
Polypropylene (PP) 7tfis Hollow glass bead (HGB) wuildlefin1siiin HGB Adin1sUsy
anniaseasaauleiauadty PP dawalvien Tensile stress at break g9un3n PP u3ans
Y 1 wa v a = N a ad a & ' [ <
wandliliudn uaudRvesEsiALLavLssEnmtendunlininUusening HGB fu PP 1Ty
AawUsdrfgy FenrsiiaussBamileanfadvinldannisiinidugasiuusadu (stress

concentration) USLas0UY HGB vilvinediussaounadniunsslauniu

(rReeT/GeiecC ([T (Pc/GBYRPET
400
350
300 J
250 3

200
150
i

w0 JEZ2M010.9 Y RPET/PC/GB

)Y

7

Elongation (%)
I

AW 4.23 wansAudesiuRn1sEng A 9970 (% Floneation 4t break) ¥os RPET/PC

W3 MDI US3N8d 0.9 Wit% LaznadiilasanunadnilainunsNauLang1eiuy

| B2 Mo [S5] reemrecres BR35 reeT/aaivre [TTTTTT] (P/cayReET

60 - I
-
© 50+ -
=
<
B4
9 40+
s3]
-
L
@ \
g 30 7
w s
3 20 "
/

7
10 7
2 NN
/ 5
0 /o o

AT 4.2 LAAIANAINVIUABLTIA f4 9Av1M (Tensile stress at break) ¥89 RPET/PC 7

Ao o

WA MDI USunad 0.9 wit% waznaaasmounadnniansun1sualwnnaneny
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4.2.3.2 MINAFBUAMUAINITAIUNITTULIINTZUNN (Impact testing)

PNAMA 4.25 nudmediesneunedanisuuuudunisuau RPET, PC, glass
bead ¥4 3 ULUULYAY Impact strength laluansinsiuegnedideddny Bnnsdslirtosndn
RPET/PC #imsiastiios MDI USunau 0.9 wi% wansliiuinnisify glass bead wuldl
aunsaUsulgImNasatunssulsInssunnuinedwesaeunadnlanwiii glass bead

a Ql a dawo a s o A o a v ]
giimsenianfiunediuesainnisly glass bead #HIUNITUSUANIMRIMIEEISAAIY
lgtauudrnnin wazilodunnainamduguing1usnusesuannodmesnounedn i
JULUUAFUNTHANWANGIINIE 3 JULUUNAILATULTINTZUNNAININT 4.28 WUNITHAN
104 glass bead lagdaunamiuavuiinszaesgluiensfiweidnuiuunndaenndosiue
Impact strength MiilAanas AWARTUAAITANUANIIN 1) USIUTOEADTENINA glass
bead AunediuesilugasiuusiAu (Stress Concentration) 2) anvazaas glass bead 7
I3 @ o a . ° v
Wunsnaunalwtauianieluussyinedes (Hollow  glass  microsphere) 1119l
mmmmmiumi@m%’umeﬂmsﬂsnga (Shock Load) ¢ glass bead FuAnn1sUanle

9

J@weeT/ByPC [[]]]]]] PeraBIRPET

| P22 mons LS reeT/rece

Impact strength (kJ/m )

0

AT 4.25 WARIAIAINUEIUVNULSINTZUNN (Impact strength) Wee RPET/PC #iifisl MDI

Aa o o

U3uad 0.9 wt% WarnealuasAmoUnNadnnlasunISNALLANANGIY
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4.2.4 Anwazn1a§ugIuIng1ves glass bead uazwodnasreunadniitgUnuudAU
NSHENUANAIINY
4.2.4.1 FugnuMe1va4 glass bead ABULAZUAWIMNITUTUANINRH?
glass bead MmunganuAnIsUuUTaNTRveIwedimesfoslinisdainizfuia
581N glass bead LagwodlLDs FaunisUSuanmines glass bead Fadudssniulag
waidla SEM Idgminnlfifouansdnwaziinues glass bead MuAsuuUadlununssAsusy
anminusazdunou Tnenmil 4.26(a-b) uaasnmn glass bead #igaldrunsusuaniniia
WUILAeN glass bead dvunalivindu Taefivuinegluta 13-20 pm dsfidaiovuinis
Unaiiuin uasidlevhnisuSuaninindagaisazens NaOK 0.5 Tuan$ wutansazany
NaOH anunsarndnandovuusnaiiuioves slass bead Snadunsinmiziaoves glass
bead iimmvguszidntes wanlunsiuiuiidudalunisBandoamenienim
(interfacial interlocking) Fawanslunng 4.26(cd) wieAntuiionh glass bead fiusu
anniInIga1Iazaty NaOH 38usegual umuansaaaulaar—3-Glycidyloxypropyl
trimethoxy silane (GPS ) Mnguegly ethanol WUIIMAAYBA glass bead Hlansgnruluian
iReuLdutuunen FagUnmin 4.26(e-f) %aawdmﬂmauﬁmﬁa‘uaaﬂiﬁwmmimﬁmﬂﬁﬁ%m

a v a 1 1
Wi unedleslutanIsnasuNausialy

Sample x1,500 X3,000

Untreated glass

bead

x15k 50 pm x3.0k 30 um

Treated glass bead
1ae NaOH

x1.5k 50 pm

[

AT 4.26 LaAINUAIUD glass bead noULATNAMININITUSUEAINAY NINN89878 1,500

Lag 3,000 1
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Sample x1,500 X3,000

Treated glass bead
a8 NaOH+GPS

x1.5k 50 pm H x3.0k 30 pm

AT .26 UEPINURITDY glass bead NOULAERAMINNITUSUANIWRY NIAN8981Y 1,500

wag 3,000 n(so)

o

4.2.4.2 fugnuing1vaswadiuainaunainnlawunsaN RPET, PC uag glass

bead ANFAINY

anduguingivesnediuesneunedndldanivada SEM  duawisneiune
AMNENsalunsEaNEAUIEIITWeaLNesAU glass bead (interfacial adhesion) sauluiie
FUUILaENNSNSYaeEaYes glass bead lumeawed uenanitiiinasldluun EDX (Energy
Dispersive X-ray Spectrometer) ¥18lunisgudusuniewes glass bead 31nN153ATIEHA
swasrusznaulunediuesnounedn

MNAMT 4.27 uansdagIuINe1UINMTeILANYAIAINgNMAADULIIAY (Tensile

a 4

test) YBINBAWBSABUNDANNLTULUUAIAUNITHNANR1IAUNANFI8Y 500 kag 1,500 L¥i1

Y

1% '
Y

wulmediesnounadnviy 3 JULUURANITUAIRATNRUYLYI1E(Brittle) Wagnsosunnd
anuEUIVTE glass bead ﬂizmaé’hLLaxEJaagj’LuLf:awaﬁmaﬁ‘ Theiiv94 elass bead @11150
Wenilaffunediwed Jsanuisaaivayulainiinininsunsiserseninetudialunisvas
ey 1 glass bead ‘171|r}\iWUﬂ’ﬁU%"U’dﬂ’WWa’JVl’NLﬂﬁﬁ]%ﬁViyj Epoxide anunsaviruiseniumy
hydroxyl end group (-OH) wa¥ carboxyl end group (-COOH) ¥®4 RPET iU PC Aa7l
thaulafelinunisunnues glass bead weldiuusaidunnsuuuudidunisuan uandliiiu
11 glass bead 1Huansfufuiifinnnuudadis (stiffness) Sednasulinediuesiinuanunselu
maéﬁumuﬂmﬂf?{augﬂlﬁmﬂéﬁu nduthamdiddmens 1,500 wh avhnisiase
5ImpadUsznouse EDX lnusigiiawlafiedanau(s) :1nam 4.27(cf)) wWiuldiuinadiged
LAsAzANDEuINUARsT s ILeTEl glass bead (SIO,) wariUsRadudugadunaing
AsEeThuInATviinsAnude Si ieglumsdaiuluaudaimihiidamisissning glass

bead AU WoALWDS



89

HLS *15k 50 pm

RPET/PC/GB

X185k 50 um

(RPET/GB)/PC

BSE|

Wapping_1734
WAG: T500% AV: T5KV_ VDL 5_7mim

(PC/GB)/RPET
AN 4.27  UEASFUFIUINIUTIIUTOIULANMNTUNUNAIQNNAFBULIIAN (tensile  test)

YosnedlupsAsNNAATIda R UNISHEL RPET, PC Lay glass bead uansaiu %1

AN899818 500 kag 1,500 Win auaeU

HLS x500 200 pm

RPET/PC/GB

HLS x1.5k 50 pm

AT 4.28  WARIFUFININEIUTINTOLUANIINTUNUNAIQNNAFBUAINAINITAIUNTFU
WIINTZUNA (Impact testing) UasnodlupIADUNDANTNNAFUNITHEN RPET, PC

uaz glass bead WanFE1AU NA189818 500 kag 1,500 W1 AUaIRU
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HLS x500 200 pm

(PC/GB)/PET
AT 4.28 WARIFUFIUINGIUTANTRLLANIINTUINUNEIQNNAFBUAINAINTALUNTTU
WSINTZUNA (Impact testing) Yosnadiupinaunednndainunisuay RPET, PC

uag glass bead WANE1IAU NNAIVE18 500 Wag 1,500 Wi AUaIRU(FD)

PNAMF 4.30 LLamé’mg'miwa'm%nmﬁaau,mﬂmﬂe'??umwé’qgﬂmaaummmmm
Tunsuusenszunn (mpact testing) venedmeineunadnifidrdiunisuan RPET, PC uay
glass bead uanAeAl NUNISWANTEA glass bead lunedwesnounedniialdSuusinszunn
(Shock Load) a1nnsiituLAwYed glass bead ﬂszmaﬂ"uﬁawaﬁma% Feaonndosiua
Impact strength yosnediuesneunedndifidnansiandn RPET/PC fifinsifiu MDI U3una
0.9 Wt% uanalsiiiudn glass bead wuu Hollow: elass imicrosphere Tulaifluszansam
WBINDABNITIULTINTZLNN DUl glass bead Az unITUSUANMNRIaUTANLELNTa Y
nMseninfifsening glass bead funedlesudfinu dunaldanlinunismgaves glass

bead



unil 5
dyunan1Innay
5.1 #3UNan15Y
5.1.1 AnwnviliauazUsunaues chain extender Mwsnzaudan1suFulzsaadaiu
16 wazauldfgenavas RPET/PC
Tunuddeaiuisadiuugeaudivasnediofiduinisnvniian (Polyethylene
Terephthalate, PET) a1nviaimanainasiaauinsiiriunisideuudrdaensiu PC uaz
chain extender lagainnisfinyviaiagyIanainisidiu chain extender wu3inasld MO
Uinas 0.9 wt% Wuslauagyhinaiivingauimsusudssandflagsauves RPET/PC lag
fusulfAzonalifiAetulusewitansvaeunduldainnisasaaguny fleiduitddnlu
lassawihumaia FTIR daavilavedansazateneiuesidesnd (V) figenin RPET uas
AATAMTATaDIIaTERNS (MF) itbend RPET AlviirimintnTuanadfiutu 3n
faganuimedwesia 2 wiadanuirtuldunduanndr T, ssmedieisaonadouiidl
Wity Ferndnfinnsiia RPET/PC copolymer 3nM5¥1IUAS815¥%IN4 isocyanate group
Tu MDI fiuny hydroxyl end-group.(-OH) Wag carboxyl'end group (-COOH) vas RPET fiu
PC atfuayuldainnmdaguivgiuinasesuaniinndeinnsngeuldenailiasnsauiu
nsLeniMaszIing RPETAu PC. | IWedsdainu autfilenafitulasianizesiebs
%Elongation at break waven Impact strength vausdinnsT4 PMDA VNUSUIUNISLALAIATN
UFRseiAnTulusEiasnsraeimauidudunanaesld (by - product) Sedwmaliraaiu
vilnvesansararewodlle13a9n9 (V) firdn wasArrinumiaviaesinanveamediuos (MF)
ﬁﬁﬁ’lqm’j’l RPET {flosa1n anhydride group T PMDA viwiisenumy hydroxyl end
group (-OH) w84 RPET iy PC 1flesedaifieT ilagainnmdnguinenuinasesunniin

[ a [ J < [y 1 [y 1 o 1 wa
NAIINNITNAFDULYINANWUIUAUNITHENWNANUIL IS RPET NU PC 9814UALAU @1UANUR

[
== 1

\Banatudiliiedn Young’s  Modulus AflANgedu A1Adnananlaseasiesifinameasann

Uiz aiivinlranslandouilalaein
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51.2 AnwImavesdIfunIsiasuNal RPET, PC uas glass bead fifidaaudfidena
AUUANI9ANTDULBLAN YU NNITUFIVINYIVDITZUUNEY
M94fy glass bead WuU Hollow glass microsphere fikun1sUSuanIWRIGe
a15aga18 NaOH  uazansaauloiauasluseninanisvaeunauiu RPET, PC wag MDI
U3 0.9 wi%  Liledsumnedieineunedniitsunuudrdiunisnaninatiy 3 sULUY
Usznausiy RPET/PC/GB, (RPET/GB)/PC uag (PC/GB)/RPET Wu31A1 Young’s Modulus
voawoAleneumoAntuagiuauuding (Rigid) ves PC fvimiindifuases wagUsua
909 glass bead insvaredslunsasia dosaniaves RPET faruudauss Rigid) Hu
Snunsiduaguda dadumnug pC faangindaussiandu Anssiinaidia MDI ieraelunis
Housoanelaluanasewing RPET wie sswing RPET fu PC iitevhlfaudfvosmeiiuedit
aosdaaSudatunaziu Tne (PC/GBY/RPET Wuneduiosnaunadniiiian Youne’s Modulus
a9fian 18991 glass bead HnNTtARBUEIBBBNA N PC luid RPET Ldenn vinlviiwaves PC
Tu (PC/GBY/RPET  flmnaudaussgenitnedisiesaeunednguuvudu aduayuldainua T,
299 PC Tu (PC/GB)/RPET Viﬁﬁhguﬁmmﬂmi slass bead TUdnaenisindeuiivesasls
Liana wagnudnULUUAIRUNISHAL-RPET, PC, glassbead W 3 sUkuulviAn Impact
strength lilunnanetusgneiifodndny Snsedallaniiosndn  RPET/PC dimsiiuiiios MDI
U310 0.9 wt% uanslifiiiuinniaiiu glass bead duldainsnyivusauanansaluns
Sunsanszunnlyl falsdn glass bead T aglinsdeniaiffinediuedanamduguine

‘U%L’JEMSEJEJLLG]ﬂ‘ﬁﬂ%ﬁﬂ‘\]’]ﬂﬂ’ﬁgﬂ‘ﬂﬂﬁ@‘Uﬂ’)’]ﬂJﬂ’lM'ﬁﬂiUﬂ’]‘i%ULLix‘iﬂ'ﬁSLL‘V]ﬂ

5.2 dalauauus

5.2.1 msihauidesduiiaiu PMDA 1ae MDI asanaldinesiiotieafunisdudia
pspuanisgan LesnnTamsrnlfAnmssrmeiResiaiiode wanumsneunss as
ms@nwdeya MSDS vesansinidineuiiluldnuegruasiain

522 miaudiAsddostu glass bead msaldiniesiiedostunisgany
\Hosnnidusynrvuiaidn annsodmaessuumaiumelald

5.2.3 M3wieNdyinazats Phenol/TCE dowiludignaty amuiun Wosnnidu
asafidunse I uazdumsinniou Januidssionisiansanem

5.2.4 MsEnsAnYIUTINUASAN PMDA nieufuussanizlunisaay ieltluns

Uoatunsiimlunanassliainnisiugisen
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AMARNUIN N

dayauaznan1INAaaUaN TR vaIWaRiaSHEY
n-1 Nan1IMAgaUAUNLN

AITIEWIN N.1 kansdayaveianidmynasaneuazansazaleneillesuiaziIaanAdenily viscometer

avazang(ml) nanfiansazanewadeuii(min)

Sample Us11939231(m0)
i PET | | phenol/TCE adaiil | aSi2 | afeits
sovent 4 10 7 21.17 | 21.13 21.15
PET 0.125 10 10 30.31 | 30.21 30.25
PET/PC 0.125 10 - 10 28.12 | 28.16 28.15
PMDA 0.5 0.125 10 1 10 26.54 | 26.51 26.46
PMDA 0.7 0:125 10 - 10 27.01 | 27.05 26.57
PMDA 0.9 0.125 10 ¢ 10 27,10 71 27.12 27.09
MDI 0.5 0.125 10 - 10 28.36 | 28.30 28.38
MDI 0.7 0.125 10 - 10 29.21 |29.12 28.54
MDI 0.9 0.125 10 - 10 30.57 | 30.50 30.38




ANTIRUIN N.2 LERIATIMYINaransLaraIsaraIenodiuesLnazlina1uAaeuilu viscometer WiDATLIMUMAT intrinsic viscosity

AU DUV naflansazansiafaui(s) 4
sample d13azany (C) asaii 1 aSel 2 peii 3 S Nt n 7rel n
solvent 0 1277 1273 1275 1275 1

PET 0.5 1831 1821 1825 1825.67 1.43 0.36 0.75
PET/PC 0.5 1692 1696 1695 1694.33 1.33 0.28 0.59
MDI 0.5 0.5 1716 1710 1718 1714.67 1.34 0.30 0.62
MDI 0.7 0.5 1761 1752 1734 1749 1.37 0.32 0.66
MDI 0.9 0.5 1857 1850 1838 1848.33 1.45 0.37 0.78
PMDA 0.5 0.5 1614 1611 1606 1610.33 1.26 0.23 0.48
PMDA 0.7 0.5 1621 1625 1617 1621 1.27 0.24 0.50
PMDA 0.9 0.5 1630 1632 1629 1630.33 1.28 0.25 0.51




ATHUIN 1.3 LaRalazivinvesdy extrudate @angnInaaay 260°C/2.16 ke

v 5 R MFI MFlyq
ans FUN A3 U . . . .
N3U/10 W | nSU/10 ww
1.0913 4.47 146.48
PET 1.1877 4.87 146.33 146.49+0.17
1.1024 4.51 146.66
0.2892 15.59 11.13
PC 0.2875 15.5 11.13 10.8+0.57
0.2733 16.18 10.13
0:6282 705 64.12
PET/PC 0.8919 8.34 64.17 64.28+0.24
0.863 8.02 64.56
1.76 7.22 146.46
PMDAO.5 1.76 7.28 14514 146.09+0.83
1.23 5.04 146.68
1.42 6.82 125.30
PMDAOQ.7 1.39 6.75 123.13 124.71+1.39
1.12 5.35 125,72
1.39 12.25 68.28
PMDA 0.9 1.43 12.48 68.55 68.78+0.64
0.96 8.25 69.50
0.86 8.28 62.48
MDIQ.5 1.13 10.78 62.65 62.08+0.84
1.05 10.35 61.12

101



102

MTNHUIN N.3 UaAsIAUazdmMTUNYedU extrudate way A1 MFI Yaanedilesgnsnineg

danngnsnaEey 260 C/2.16 kg(#iv)

. v q MFI MFllade

ans YU ARy U . . . .

N3U/10 U N3U/10 U
1 0.87 11.32 46.07

MDIO.7 2 0.80 10.16 47.20 46.99+0.83
3 0.85 10.65 47.70
1 0.47 14.25 19.83

MDI0.9 2 0.50 15.06 19.83 19.79+0.07
3 0.45 13.66 19.72

N-2 HANISNAFDUANUALYLTING

ANSMHUIN N4 HANISNAADULSINILATYOS RPET, PC , RPET/PC 7luflnaziinisify

chain-extender

Tensile testing Impact testing

Sample Young’s Elongation at Notched impact

Modulus(MPa) break(%) strength(kJ/mz)
PET 958.4+5.63 11.35+1:35 4.64+0.32
PC 803.21+£10.56 152.43+8.36 73.4+2.28
PET/PC 1053.38+4.91 11.51+1.48 5.34+0.57
PMDAO0.5 1046.34+3.47 6.73+0.68 2.86+0.62
PMDAO.7 1084.7+£5.76 5.28+0.97 2.75+0.55
PMDAO.9 1044.78+11.13 10.35+1.08 3.78+0.65
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ATTHUIN 1.4 NANITNAFDULITIAILAZUD RPET, PC , RPET/PC laifiuagdin1s@y chain

extender(s19)
Tensile testing Impact testing
sample Young’s Elongation at Notched impact
Modulus(MPa) break (%) strength (kJ/m”)
MDIO0.5 959.24+26.33 11.37+0.34 5.05+0.24
MDIO.7 911.52£16.94 162.86+14.78 6.19+0.27
MDIO.9 942.29+39.64 381.95+15:19 5.96+0.33

ANSIHUIN N.5 NANISNAADVANUALTILTINAVDINDALLDSADUND AN NTA1AUNSNALNAL

RPET, PC , glass bead tmn#nanu

Tensile testing Impact testing
A ) Tensile stress
Sample Elongation Notched impact
Modulus or S5X 2
- atelren strength (kJ/m’)
(MPa) at break (%)
(MPa)
MDIO.9 942.29+39.64 381.95+1.24 48.59+15.19 5.96+0.33
RPET/PC/GB 1143.84+24.85 4.24+0.95 42.69+8.94 4.45+0.26
(RPET/GB)/PC 1120.74+4.98 6.34+0.72 58.6+4.98 4.21+0.35
(PC/GB)/RPET 1178.96+6.33 5.65+0.44 57.64+3.56 4.31+0.15
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v ¥ v a
-3 HANIINAHIUANUANINAINUIBUNWINAUA DSC

~exo

1&]2[RFET
RFET, 7.3000 ma

Intagral 324.18 m1
nommalized  44.41 3g~-1

201.11°C
Peak 191,99 °C
Endset 183.92 °C
Left Area 48,59 %

Right Area S141%
Wa~-1
154 [RFET

R-PET. 7.3000 mg

18]6[R-PET
R-PET, 7.3000 mg

Glass Transition
onset 7408 °C
Midpoint  79.16 °C

Integral -309.77 m)

nomalized 42,43 Jg~-1
Onset 236.86 °C
Peak 248.35 °C

Endset 254.45 °C
Left Area 75.18 %
Right Area  24.82 %

60 80 100 120 140 160 180 200 220 240 260 280 C

Lab: METTLER STAR® SW 10.00

AMNWUIAN N.1 DSC thermogram V8¢ RPET

~exo

18]2[PC
PC-bag, 7.4000 mg

1&J4[PC
0.5 PC-bag, 7.4000 mg
Wgn-1 |

1&]6[PC
PC-bag, 7.4000 mg
Glass Transition

Onset 139.97 °C
Midpoint  142.92 °C

i T T T T T
60 80 100

Lab: METTLER STAR® SW 10.00

T T
260 280 °C

AINHUIN N.2 DSC thermogram wae PC
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“exo
Integral -28.26 ml
normalized -4.04 Jg~-1
Onset 214.07 =C
Peak 235.02 °C
Endset 244,00 =C
Left Area 70.34 %
Right Area 29.66 Yo
1&]2[PC/PET
PC/PET, 7.0000 mg
0.5
Wg»-1

18]4[PC/PET )
PC/PET, 7.0000 mg

1&]6[PC/PET
PC/PET, 7.0Q01

Glass Transition
Onset 124.92 °C

Midpoint  129.34 °C
Glass Transition

Onset 80.37 °C
Midpoint 82.54 °C

T T T
60 80O 100 120 140 160 180 200 220 240 260 280 °C

Lab: METTLER STAR® SW 10.00

AMMNUIN N.3 DSC thermogram w84 RPET/PC

“exo
Integral -144.69 m]
normalized -30.78 Jg™-1
Onset 215.46 °C
Peak 233.38 °C
Endset 241.48 °C

Left Area 73.61 %
Right Area 26.39 %

“|'&12(PC/PET/MDI 0.5
PC/PET/MDI 0.5, 4.7000 mg

1
wign-1
g 18J4[PC/PET/MDI 0.5
PC/PET/MDI 0.5, 4.7000 mg
Glass Transition o
Onset  85.74°C T o
Midpoint §2.67 °C Midpoint  141.08 °C
1&]6[PC/PET/MDI 0.5
PC/PET/MDI 0.5, 4.7000 mg
T T T T T T T T T T T T T T T v T T T ¥ T T v 1
60 80 100 120 140 160 180 200 220 240 260 280 °c
Lab: METTLER STAR® SW 10.00

AMNNUIN N.4 DSC thermogram ¥891 MDIO.5
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1&]2[PC/PET/MDIO.7

PC/PET/MDIO.7, 9.4000 mg

1&]4[PC/PET/MDIO.7

&]6[PC/PET/MDIO.?

PC/PET/MDI0.7, 9.4000 mg

PC/PET/MDI0.7, 9.4000 mg

- Glass Transition ~ © T e
Onset 83.35°C Glass Transition 1
Midpoint 88.73 °C Onset 13743 °C Integral -323.84 ml
Midpoint  137.71°C normalized -34.451g"-1
Onset 212.02 °C
Peak 23337 °C
Endset 241,19 °C
Left Area 75.04 %
Right Area 24.96 %
v T T T T T T T T T T T T T T v T v T ¥ T T T T i
60 80 100 120 140 160 180 200 220 240 260 280 °C
Lab: METTLER STAR® SW 10.00
AMMNUIA 1.5 DSC thermogram ¥as MDIO.7
~exo

1&]4[PC/PET/MDID.9

1&]2[PC/PET/MDIO.9

1&]6[PC/PET/MDID.9

PC/PET/MDIO.9, 8.9000 mg

PC/PET/MDI0.9, 8.9000 mg

PC/PET/MDI0.9, 8.9000 mg

Integral 283.87 m]
normalized 31,90 Jg~-1

Onset 181.18 °C
Peak 168.90 °C
Endset 152.84 °C

Left Area 58.01 %
Right Area 41.99 %

Integral -302.68 m]

normalized -34.01 Jg~-1
Onset 215.98 °C
Peak 234.03 °C
Endset 241.36 °C

Left Area 75.13 %

Glass Transition Ghss Transition Right Area 24.87 %
Onset  84.35°C Onset  141.49 °C
Midpoint  87.59 °C Midpoint 141.50 °C
T T T T T T T T T T T T T T T T T T T T T T T i
60 80 100 120 140 160 180 200 220 240 260 280 °C

Lab: METTLER

STAR® SW 10.00

NNHUIN N.6 DSC thermogram a1 MDI0.9



~exo

107

1&]2[PC/PET/PMDAD.5
PC/PET/PMDAD.5, 7.6000 mg

Integral -5.61 W°Cg~-1
Onset 196.41 °C }| \
Peak 188.83 °C {l
Endset  180.70 °C f 1
1
1
Wg~-1

/
18]4[PC/PET/PMDAO. 5 ’//
PC/PET/PMDAD. 5%

|

1&]6[PC/PET/PMDAD.5
PC/PET/PMDAD.5, 7.6000 mg

/ L]
42 °C Glass Transition 4 1
Midpoint 84.69 °C Onset 129.07 °C Integral -5.22W=Cg™-1
Midpoint  129.94 °C Onset 220.37 °C
Peak 241.83 °C
Endset 248.67 °C
T T T T v T T T T T v T v T T T v T T T ¥ T T T
60 80 100 120 140 160 180 200 220 240 260 280
Lab: METTLER

STAR® SW 10.00

AMNUIN N7 DSC thermogram U84 PMDAO.5

rexo

1&]2[PC/PET/PMDAD.7
PC/PET/PMDAC.7, 6.3000 mg

Integral -4.94 W°Cg"-1
Onset 192.22 °C

Peak  182.50 °C T
1 Endset 17194 °C ! A
Wg™-1 | 1g]4[pC/PET/PMDAO.7 / \\
PC/PET/PMDAQ.7, 6.3000 mg b e
1
18]6[PC/PET/PMDAD.7

PC/PET/PMDAD.7, 6.3000 mg

Glass Transition
Onset 83.08 °C
Midpoint 87.47 °C

Glass Transition
Onset 129.08 °C

]
Midpoint 132.78 °C

Integral -4.82 W°Cg~-1
Onset 217.57 °C

Peak  240.67 °C
Endset 248,12 °C
T T T T T T T T T T T T T T T T T T T T T T T T 1
60 80 100 120 140 160 180 200 220 240 260 280 °c
Lab: METTLER

STAR® SW 10.00

NMNHUIN N.8 DSC thermogram ¥ad PMDAQ.7
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Integral 240.12 ml
normalized 30,40 Jg~-1
Onset 193.87 °C
Peak 185.28 °C
Endset 176.58 °C

Left Area 53.96 %
T Right Area 46,04 %

12J4[PMDA 0.9

PMDA 0.9, 7.9000 mg

1
Wg~-1)| line 18I6[PMDA 0.9
PMDA 0.9, 7,9000 mg

Glass Transition
Onset 81.22 °C

Midpoint 85,23 °C Glass Transition
Onset 130.30 °C

Midpoint  132.99 °C Integral -218.13 mJ
normalized -27.611g~-1
- Onset 218.30 °C
Peak 239.71°C
Endset 246.70 °C
Left Area 77.17 %
Right Area 22.83 %
i T g T T T T T T T T T T T T T T T T T T T T T i
60 80 100 120 140 160 180 200 220 240 260 280 °C

Lab: METTLER

ATMMNUIN N.9°DSC thermogram ¥8<¢' PMDAO0.9

N-4 NANISNAFBUANUANITAANAMIIANNSaumATiaA TGA

STAR® SW 10.00

Aexo
%
T r
| twazreeT
Sample Weight
Step -78.1122 %
80-| PET, 5.2819 mg -4,1258 mg
| Residue 16.5978 %
0.8767 mg
60 Onset 415.21 °C
| Inflect. Pt 436,79 °C
Endset 453.62 °C
40| Midpoint 434.42 °C
Angle Midpoint 434.31 °C
20
_\|||\||||\|l|\||1||||||\||1|\||||lr||||1\|||l||||\
50 100 150 200 250 300 350 400 450 500 550 °C
1/°C
T+
1 vegzreeT
7 PET, 5.2819 mg
-0.005
-0.010-
0.015-
] 1)
0,020
- ——— 1
50 100 150 200 250 300 350 400 450 500 550 °C
Lab: METTLER STAR® SW 13.00

ATMMNUIN N.10 TGA thermogram ¥89 RPET
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Aexo
%
:
18J2[PC
- sample Weight Step -66.97 %
PC, 3.6609 mg . -2.45mg
80 Residue 26.91 %
0.99 mg
7 Onset 495.81 °C
Inflect. Pt. 514.04 °C
60 Endset 526,29 °C
] Midpoint 510.79 °C
Angle Midpoint 510.87 °C
40
204
— T —— —_
50 100 150 200 250 300 350 400 450 500 550 °C
1/°C 7
1 vagaree /f—,
- PC, 3.6609 mg {
-0.01
-0.02
_..‘.... I e S S By S S B B T I e S e e I S ey Sy B e By Sy Sy e S ¥
50 100 150 200 250 300 350 400 450 500 550 °C
Lab: METTLER STAR® SW 13.00
AMWNUINN.11 TGA thermogram wae PC
Aexo
%
L » Step -63.35 %
] -3.74mg
1&]2[PET/PC Step _‘D";g ﬁg Residue 18.03 %
80 Sample Weight Residue 90,44 % 1.07 mg
| PET/PC, 5.9099 mg 5.35mg Onset 424,63 °C
Onset 327.24 5C Inflect. P, 444,40 °C
60 Inflect Pt 366.97 °C Endset 469.23 °C
Endset 367.90 °C Midpoint 447.48 °C
i Midpoint 351.82 °C Angle Midpoint 447.25 °C
40 Angle Midpoint 317.74 °C
20
_||||-| | B s T T T T L B S S N B S S E I B R S S B S B e R S S e |
50 100 150 200 250 300 350 400 450 500 550 °C
1/°C 7
4 \RJ2[PET/PC
- PET/PC, 5.9099 mg
-0.005
-0.010
] /
0.015 1 ————— — —————
50 100 150 200 250 300 350 400 450 500 550 °C

Lab: METTLER

ATMNNUIN N.12 TGA thermogram Y89 RPET/PC

STAR® SW 13.00
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fexo
% | 18]2[MDI0.9
Sampte-Weight:
Step -60.7873 %
| MDI0.9, 3.6359 mg Step -4.4827 % -2.2108 mg
804 -0.1630 mg Residue 14.4820 %
Residue 85.8283 % 0.5267 mg
] 3.1215 mg Onset 423.86 °C
Onset 352.27 °C Inflect. Pt. 444.58 °C
60 Inflect. Pt. 377.91 °C Endset 472.43°C
| Endset 378.51 °C Midpoint 448,40 °C
Midpoint 366.19 °C Angle Midpoint 449,36 °C
40 Angle Midpoint 346.98 °C
20
— T T L e e e e A e e e e e —— T
50 100 150 200 250 300 350 400 450 500 550 °C
1/°C | \1g]2[MDI0.9
1 kﬂbtﬁ.g, 36360 mg
-0.005 /
] {
-0.010 /
i !
B e e e e e e B e e e e e e e e e e e e e e e e e B e e e e e e e e
50 100 150 200 250 300 350 400 450 500 550 °C
Lab: METTLER STAR® SW 13.00
ATMNUIN N.13 TGA thermogram 3839 MDI 0.9
rexo
TSP T=PCGDIZ (e
Sample Weight
PET-PC-GB5-2(re), 5.2068 mg
—+ ,
Step -4.81 %
Step -6.30 % -0.25 mg
-0.33 mg Step -62.59 % Residue 11.56 %
Residue 88.35 % -3.26 mg 0.60 mg
50 4.60 mg Residue 19.84 % Onset 499.49 °C
% Onset 281.90 °C 1.03 mg Inflect. PL. 509.21 °C
Inflect. Pt. 308.42 °C Onset 416.26 °C Endset 530,56 °C
Endset 327.78 °C Inflect, Pt. 441,68 °C Midpoint 511.98 °C
Midpoint 307.83 °C Endset 458.74 °C Angle Midpoint 541.43 °C
Angle Midpoint 301.79 °C Midpoint 437.60 °C
Angle Midpoint 436.73 °C
S e e e e e e e B B N A e e e e e e e B S —— T
50 100 150 200 250 300 350 400 450 500 550 °C
—
\I&]2[PET-PC-GB5-2(re)
PET-PC-GB5-2(re), 5.2068 mg
0.01
1/°C
-_— —
50 100 150 200 250 300 350 400 450 500 550 °C

Lab: METTLER

ATNNUIN N.14 TGA thermogram ¥89 RPET/PC/GB

STAR® SW 13.00
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*exo
9% | 18]2[(PET-GBS)/PC (3)
Sample-Weight r
(PET-GB5)/PC (3), 4.5658 mg Stey -3.9568 %
1 P 01807 mg Step -6.2405 %
80 Residue 929507 %  Step -55.5116 ) -0.2849 mg
43439 mg 2.5345 mg Residue 21.9323 %
. Onset 273.56 °C Residue 29,9474 % 1.0014 ma
Inflect. Pt. 295.41 °C 1.3673 mg Onset 483.48 °C
60 Endeet 31915 oC Onset 419,34 °C Inflect. Pt 484.25 °C
i Midpoint 297.88 °C Inflect. Pt 441.47 °C Endset 517.43°C
Angle Midpoint 288.64 °C Endset 457.43 °C Midpoint 508.52 °C
40- Midpaint 438,74 °C Angle Midpoint 521.18 °C
Angle Midpaint 437.47 °C
20
— T — T — — — T
50 100 150 200 250 300 350 400 450 500 550 °C
1/°C 1 \18J2[(PET-GBS)/PC (3)
TPET-GBS)/FC (3], 4.5658 mg /V/—
-0.005
-0.010{
-0.015
T —
50 100 150 200 250 300 350 400 450 500 550 °C
Lab: METTLER STAR® SW 13.00
AMNUWAN A.15TGA thermogram @e4 (RPET/GB)/PC
*exo
%,
- ,
| &g2r(pc-cBSYPET (1) St _5.05 %
Sample Weight P _0:21 mg Step -6.60 %
80- (PC-GBS)/PET (1), 4.1008 mg Residue 89,06 9% Step 50,98 % -0.27 mg
] 3.65mg -2.09 mg Residue 19.96 %
Onset 203.53°c  Residue 30.94 % 0.82 mg
60 - Inflect. Pt 320.08 °C 1.27 mg Onset 496.17 °C
Endset 332,52 °C Onset 420.03 °C Inflect. Pt 503.70 °C
1 Midpaint 315.58 °C Inflect. Pt. 442,93 °C Endset 527.40 °C
] Angle Midpoint 308,42 o Endset 450.46 °C Midpoint 509.25 °C
40 Midpoint 440.05 °C Angle Midpoint 534.98 °C
E Angle Midpoint 438.41 °C
20
—————T T T T —— T
50 100 150 200 250 300 350 400 450 500 550 °C
1/°C
1 vaJ2[(PC-GBS)/PET (1)
1 (PC-GBS)/PET (1), 4.1008 mg
] /
-0.005
-0.010
T
50 100 150 200 250 300 350 400 450 500 550 °c
Lab: METTLER STAR® SW 13.00

ANHUIN N.16 TGA thermogram ¥ed TGA (PC/GB)/RPET
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9-1 NISATUIUAT intrinsic viscosity YBIEITATAUNDALUDS
n=0.25#n,—1+3Inn,)/C (1)

A . . . I~
1aeh Relative viscosity (,) A teoiution/tsolvent
a a a PN
towion A LIANETATAUARDUN,S
= Ao o = a
tonen: AB LIAMIAIVNATANBLAADUN,S
C D AUTNTUIBIENTALANLTDRN, ¢/dL

A79819 NSANWINAT intrinsic viscosity ¥8d RPET 3 ndayalumsnanuin n.2

sﬁaagaﬁ’[ﬁﬂumiﬁmm Usgnaunay C-= 0.5 ¢/dL, tuuion=1825.67 s, tepen=1275 s

NN TIT = toowtion/tsowent = 1825.67/1275 = 1.43
Inn =143 =0.36
i n.=0.250,~1+3Inn,)/C

n.=0.25(143 -1 +In1.43)/0.5

n-=10.75dl/g
Y-2 NFATUINATTURTAVDIND LU THADUNA

A79819 NMIATUINAYLMFIU8e RPET anndeyalumisnaniinn.3
JoyanldlunsauInm MFLYe Extrudate wduil 1 Usenausmig dmninveuduy

extrudate Nlrasanuiniely 5 Fund

MFI(g/10 min) - 1.0913 ¢ ‘ 600 s

447 s ‘ 10 min

146.48 g/ 10 min
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9-3 N13ATUINUAT Impact strength

ANTIHUIN V.1 LAAIUUIATDITUIIU

v N mm (n49) W mm (g4)
Jud
1 2 3 avg (mm) | avg (m) 1 2 3 | avg (mm) | avg (m)
1 10.1 | 10.1 10.12 10.11 | 0.01011 | 3.14 | 3.14 | 3.14 3.1400 | 0.00314

FNTINUIN U.2 UAANIWINTUURARAzTaYaTILARIN Impact tester

v o4 N } \ Area Impact strength
PUN 1179 (M) nu(m) | X(agp | X0 X( ) taue ) ()
1 001010 | 000314 | 0.155 {0.007 | 0.148 3.17349E-05 4.663
ANMMUAUNIULSINTZUNN (Impact strength) = Energy/ Area (2)
Tnedi E fAa WAINUAFY, k]
A R) ﬁuﬁwﬁwﬁﬂﬁnmﬁ'mmﬂ, M’

29819 NSANUIAIAT Impact strength U89 RPET
X(j)TRUE 3 X(j)app = X(j)air 3 0155 N 0007 = 0148 .J = Energy

—10.148x10- k)
A L A9 x 913 = 0.01010x0.00314 =3.173510 " 'm”
Impact strength = X(rrue/ Area
-3 -5 2
- 0.148x10" kJ / 3.173x10" m

- 4.663 ki/m’
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Effect of Chain Extenders on Mechanical Properties of
Recycled Poly(Ethylene Terephthalate)/Polycarbonate Blend

Kanyakarn Lappokachai and Nattakarn Hongsriphan

Department of Materials Science and Engineering, Faculty of Engineering and Industrial
Technology, Silpakorn University, Nakhon Pathom, 73000, Thailand

Abstract

Recycled poly(ethylene terephthalate) or RPET is well known to exhibit brittle behavior and
poor notched impact strength from thermal and hydrolysis degradation which occurs during
reprocessing through melt blending. This research attempted to improve mechanical properties of
recycled poly(ethylene terephthalate) (RPET) by blending with polycarbonate of 20 wt% and using
chain extenders to prevent molecular weight reduction of RPET and to increase interfacial adhesion.
Pyromellitic dianhydride (PMDA) and methylene diphenyl diisocyanate (MDI) with the concentration
of 0.5, 0.7 and 0.9 wt% were used as chain extenders. Influence of types and concentrations of chain
extender on the blends was studied by intrinsic viscosity (IV) and melt flow index (MFI). It was found
that using MDI as chain extenders in all concetrations could increase IVs more effectively than using
PMDA, and dramatically reduction of MFI implied that polymer networks between RPET and PC
phases was present. The shifting of glass transition temeratures of both PET and PC phases toward
each other from DSC thermogram indicates the increasing in miscibility in the partial-miscible blends.
Mechanical properties were studied using tensile and notched Izod impact tests, which the results
showed that the addition of MDI inte the RPET/PC blends improved mechanical properties to be more
ductile similarly to neat PC but-their Young’s modulus was reduced slightly.

Keywords— Recycled poly (ethylene terephthalate), chainextender, PMDA, MDI

1.INTRODUCTION brittle ~behavior .and- poor notched impact

strength  from thermal and  hydrolysis

Nowadays, plastic products are one of
the most used materials everywhere in the world
because plastics have various advantages such as
inexpensive, lightweight, strong, durable,
corrosion-resistant materials, and electrical
insulation properties. Demand for consumer
plastic products has been growing rapidly affects
the amount of plastic waste and/ increases
environmental problems. This is ‘mainly due to
petroleum-based plastics is non-degradable.
Conventional methods of plastic waste
management are incineration and landfill by
these methods cause air pollution and create bad
aesthetics in environment. Therefore, plastic
recycling is an important method currently
available to reduce these impacts on
environment. Among the many plastic waste,
post-consumer bottles from poly (ethylene
terephthalate) or people commonly known PET
is the most appropriate for plastic recycling due
to cost effectiveness and availability.

Nevertheless, recycled poly(ethylene
terephthalate) (RPET) is well known to exhibit

degradation which occurs during reprocessing
through melt blending and results on decreasing
of molecular weight and mechanical properties.
Many...-tesearchers” found that recycled
Poly(ethylene _terephthalate) ~ (RPET) exhibit
lower mechanical properties than the virgin PET
associated ~with the thermal and hydrolytic
degradation that occurs through melt processing
lead to reduction of molecular weight and the
intrinsic  viscosity[1] Blending technology of
RPET with other polymers is a simple method
and can improve mechanical properties[2-4].
Moreover, addition of chain extender is a
nessecary way to not only increase molecular
weight of RPET but also improve the
compatibility between polymer blends by it has
two or more reactive site in molecule, which can
react with terminal group of polymer chain,
bonding chemical structure[5].

The objective of this work was to
improve mechanical properties of recycled poly
(ethylene terephthalate) (RPET) by blending
polycarbonate (PC) of 20 wt% and using chain
extenders to prevent molecular weight reduction
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of RPET and increase interfacial adhesion. Two
types of commercial available chain extenders,
namely pyromellitic dianhydride (PMDA) and
methylene diphenyl diisocyanate (MDI), were
used. The concentration of chain extenders were
varied in the range of 0.5, 0.7, and 0.9 wt%.
Influence of chain extenders on molecular
weights of RPET/PC blends was studied by
means of intrinsic viscosity (IV) and melt flow
index (MFI). Miscibility of RPET/PC blends
with and without chain extender samples was
characterized by differential scanning
calorimetry (DSC). And, mechanical properties
of the blends were studied by tensile and notched
Izod impact tests.

2.Experimental
2.1 Materials and sample Preparation

Recycled poly(ethylene terephthalate)
(RPET) was obtained as flakes grinding from
post-consumer  drinking | water . bottles.
Polycarbonate (PC) (WONDERLITE® PC-122)
was purchased from Chimei-asahi Corporation
(Taiwan) (MFI 22 g/10 min at 300 °C/"1.2 kg).
1,1,2,2-tetrachloroethane (TCE), phenol,
methylene diphenyl diisocyanate (MDI) ~and
pyromellitic  dianhydride’, (PMDA) . were
purchased from Sigma-Aldrich Chemical.--All
chemicals were used without further purification:

Before blending, PC pellets and RPET
flakes were pre-dried-at 120°C for 6 hours in an
air-circulating ".oven to rtemove  moisture
(moisture content < 0.02%) that would cause
molecular weight reduction through a hydrolysis
reaction. Melt blending was performed in a co-
rotating twin-screw extruder (SHJ-25, Yongteng;
China) using a screw speed of 60 rpm and-a
temperature profile in the range of 220-250 °C.
The extrudates were pelletized, driedand
injected into specimens for mechanical testing
by an injection-molding machine with barrel
temperature at 260 °C and mold temperature at
80 °C.

Each polymer blend sample has the
same weight ratio of PET and PC (80/20 w/w%)
which various concentrations of chain extender
(0, 0.5, 0.7 and 0.9 wt %) were used. Neat RPET
samples were also prepared under the same
processing temperature for wusing as the
reference. The concentration and types of chain
extender are shown in Table 1.

Table 1 shows abbreviations and blend
compositions.
AbbreI:lVia tio RPIéT/P Chal(n We:,;(/f)e)tnder
(Wt%) MDI PMDA
RPET 100/0 - -
PC 0/100 - -
RPET/PC 80/20 - -
PMDAO.5 80/20 - 0.5
PMDAO.7 80/20 - 0.7
PMDAO.9 80/20 - 0.9
MDIO0.5 80/20 0.5 -
MDIO0.7 80/20 0.7 -
MDIO0.9 80/20 0.9 -

2.2 Characterization

The intrinsic viscosity (IV), [n] was
determined by an Ubbelohde dilution viscometer
using a mixture of  phenol/1,1,2,2-
tetrachloroethane. = (60:40 w/w) at 30°C
according. to ASTM D 4603. The intrinsic
viscosity: (IV) was calculated from the relative
viscosity in a“single measurement by Billmeyer
relationship:[6]

n=.0.25(n,=1+3Inn,)/c (1)

where.
1, = relative viscosity = t/t,
t = average solution flow time, s
t, = average solvent flow time, s
¢ =polymer solution concentration, g/dL

Melt flow-index (MFI) was determined
according to AASTM D-1238. The test were
performed at 260°C using a load of 2.16 kg.

Thermal analysis was performed by a
differential  scanning calorimeter (Mettler
Toledo). Samples of 4-10 mg were tested in a
heat-cool-heat mode under nitrogen atmosphere,
the first was heating from 50°C to 300°C at
10°C/min in order to eliminate the heat history
of the sample, the second step was cooling at
10°C/min to 50°C. Finally, the samples were
heated similarly to the first step.

Tensile testing was performed by a
universal testing machine (Instron 5969, Instron
Engineering Corporation, USA). All the samples
were dumbbell-shaped tensile bars according to
the ASTM D638 (type I). Young's modulus,
%elongation at break and tensile stress at yield
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were measured using a 50 kN load cell at a
crosshead speed of 10 mm/min. Five samples
were tested and the average values were
reported.

Notched Izod impact tester (Zwick,
B5102.202, Germany) was used to determine
impact strength from impact bars in rectangular
shapes according to ASTM D256. The test was
carried out with impact energy of 4 J. Fifteen
samples were tested and the average values were
reported.

3. RESULTS AND DISCUSSION
3.1 Intrinsic viscosity and melt flow index

One of the most- - important
characteristics of PET is referred to as Intrinsic
Viscosity (IV). Intrinsic viscosity (IV) is used to
give information about the molecular weight of
PET, which decreasing of intrinsic viscosity. (IV)
correlates to decreasing molecular  weight -of
polymer itself. In order to investigate influence
of chain extenders (PMDA or MDI) on the
change in molecular weight of RPET after
blending with PC and adding chain extenders,
the intrinsic viscosities (IVs) of the blends-were
studied and compared with neat-RPET under the
same thermal history.. All.. samples . were
completely dissolved in/ the mixing solvent of
phenol/TCE. Table 2 presents IVs‘of neat RPET,
PET/PC blends with “and “without chain
extenders. It was found that melt-blending PC
into RPET decreased IV significantly compared
with neat RPET. It is well known' that
transesterification oceurs between PC
(i.e.carbonate groups) and PET (i.e.ester groups)
during the melt processing. Montaudo et-al[7]
porposed that the uncatalyzed exchange reaction
of high molar mass PC with. PET sample
containing carboxyl end groups was-likely to
occur by an outer-inner mechanism or by attack
of outer functional groups (i.e.carboxylic end
groups) on inner groups (i.e.carbonate groups).
This mechanism did not produce two copolymer
chains, because only the polymer chain bearing
active chain ends (outer groups) could attack the
inner group of the other polymer, yielding a
copolymer molecule plus a shorter linear
homopolymer chain. Also, Zhang et al[8]
reported that the average lengths of PET and PC
sequences became shorter and shorter when the
transesterification  continued.  Thus, melt
blending between PET and PC in the ratio of
80/20 wt% at 250°C acceralated molecular
cleavage of PET via the transesterification

causing the IV to be reduced, although
increasing the comaptibility between them as
evident in DSC results later.

Table 2 shows the intrinsic viscosities (IVs) and
melt flow index (MFI) of RPET and RPET/PC
blends with and without chain extenders.

Sample visigtsriltI;SgV), .Melt flow

[n] (dL/g) index(MFI)
RPET 0.75 146.49
RPET/PC 0.59 64.28
PMDAO.5 0.48 146.09
PMDAO.7 0.50 124.71
PMDAO0.9 0.51 68.78
MDIO0.5 0.62 62.08
MDI0:7 0.66 46.99
MDIO0.9 0.78 19.79

Under the influence of chain extenders,
it was found that adding MDI into the RPET/PC
blends increased IVs of the blends with respect
to MDI content, but still lower than neat RPET.
In contrast; TV values of RPET/PC blends in all
PMDA (concentrations ' in this study were
decreased. Tang et al[41] reported that the
isocyanate functional groups (-NCO) of MDI
could-react~ with. hydroxyl groups (-OH) of
RPET and carboxyl-groups (-COOH) of RPET
and PC, which adding'MDI increased molecular
weight molecular weights of PET via chain-
extending reaction. The chain extension reaction
increased the molecular weight of the blend to be
higher-than the same blend ratio without MDI.
Extra MDI content could result in crosslinking
because of the extraordinary activity of isocyano
group, which the-copolymer network between
PET and PC phases would affect ductility of the
blend which would be seen later in impact

property.

For PMDA, the results contradicted
from other reports[10,11]. It was expected that
adding PMDA woud increase IVs of the blends
from the chain extension reaction. PMDA has
tetra-functional groups (fn = 4) that could add up
to four polymeric molecules leading to chain
extension and branching structure by involving
initial ring opening on the dianhydride on
reaction with the polyester hydroxy end groups
resulting in chain extension and concomitant
formation of pendant carboxylic acid group.
Forsythe et al[11] proposed that addition of
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PMDA at low concentration (i.e. 0.5 %wt) to
PET molecules resulted predominantly in chain
extension reactions between the anhydride
groups from PMDA and the alcohol end groups
from RPET. However, the thermal cleavage of
the PET ester bond resulted in PET chains with
carboxyl and vinyl ester end groups, which an
increase in the carboxyl end-group concentration
would increase the rate of hydrolysis of the
polymer. Moreover, transesterification between
PET and PC would result in copolymer with
higher steric hindrance from incorporating
aromatic ring into the RPET stracture. These
competitive reactions prevented PMDA to form
coupling or crossinking structure that could
increase molecular weight of PETsignificantly
as obtained in the system of MDL

Melt flow index of the blends was also
studied in order to determine melt viscosity of
the blends after melt blending with and without
chain extenders. It was seen that MFI value was
decreased when blending RPET with PC, from
146.49 ¢/10 min to 64.28 g/10 min: The MFI
value of neat PC was 10.80 g/10 minunder the
same testing condition. The increase in melt
viscosity of the RPET/PC blend was due to high
viscosity of PC in the blend, even though
decreasing in IV of the-blend implied. that
molecular weight of RPET ~moelcules was
decreasing. Similarly, using MDI. as chain
extender increased melt viscosity of the blends
dramatically, which was_closer to-the neat PC’s
MFI for using MDIL-of 0.9 wt%. This implied
that there were copolymer networks that resulted
from branching or crosslinking | reactions
between RPET, PC, or PET-co-PC molecules
under the influence. of' MDI.. Using. PMDA as
chain extender also decreased MFI value of the
blends, but its effect was evident significantly
only using in the concentration of 0.9 wt%. The
increase in MFI implied that the compatibility
between PET and PC phases were improved
although the increase of molecular weight of
PET did not be enhanced.

3.2 Thermal analysis of blends

In order to understand the miscibility
between PET and PC in the presence of chain
extenders, DSC of the blend was studied and the
T, from DSC thermogram was determined.
Table 3 shows T, values of neat RPET, neat PC,
and RPET/PC blends with and without chain
extenders. T, values of neat RPET and neat PC
were detected at 79.16 °C and 142.92 °C,

respectively. For RPET/PC blend, two T, were
presented which the T, prr Was present at higher
temperature from 79.16 °C to 82.16 °C, while
Topc was shifted to lower temperature from
142.92 °C to 130.28 °C. The shifting of both
Tgper and T, pc toward each other indicates these
two components were partial-miscible blend,
which would occur via trans-esterification
reaction between PET ester and PC carbonate
groups.

When chain extenders were
incorporated into RPET/PC blends during melt
blending, it was found that the shifting of Tgprr
and T,pc values was more pronounced. It was
observed that, changing in T, occurred in the
PET " phases more than in the PC phases.
However, the change in shifting of T, did not
correlate with. the change in concentration of
chain-extenders.

Table 3. Glass transition temperatures (T,) of
neat RPET; neat PC,-and RPET/PC blends with
and without chain-extenders.

Sample 1. (9
PET phase | PC phase

RPET 79.16 -

PC - 142.92
RPET/PC | 82.16 130.28
PMDAO.5 | 85.48 133.44
PMDAO.7 | 87.15 132.41
PMDAO.9 | 86.32 133.46
MDIO0.5 85.55 141.08
MDIO.7 88.18 136.77
MDI0.9 87.10 130.95

3.3 Mechanical properties of the blends
3.3.1 Tensile test

Tensile test was performed to examine
tensile properties of neat RPET, neat PC, and
RPET/PC blends with and without chain
extenders using crosshead speed of 10 mm/min.
Fig.1 presents stress-strain curves of neat RPET,
RPET/PC blends with PMDA (0.5, 0.7 and 0.9
wt%) and RPET/PC blends with MDI (0.5 wt%)
which they all exhibited relatively brittle failure,
while Fig.2 shows stress-strain curves of neat
PC, RPET/PC blends with MDI (0.7 and 0.9
wt%) that exhibited ductile behaviour.
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From Fig.3 and Fig.4, addition of PC
alone in RPET increased Young’s modulus of
RPET from 958.40 MPa to 1053.38 MPa, while
% elongation at break did not change obviously.
When PMDA of 0.5 and 0.7 wt% was added into
RPET/PC blends, it was found that modulus
increased slightly but % elongation at break was
reduced. For adding PMDA of 0.9 wt%,
Young’s modulus of the blend was in the same
range of other concentration, but its elongation at
break was much higher. The trend was in
accordance to the change in MFI indicating the
chain tension reaction gave the branching
network between PET and PC phases.

Using MDI as chain extender, it was
found that Young’s modulus ‘of the blends
decreased slightly but % elongation at break
increased dramatically from 11.35 %/ for the
RPET to 162.86 % and 381.95% for the-blend
with 0.7 wt% and 0.9 wt% MDI, respectively.
Transesterification between PET and PC along
with the chain extension introducing, by MDI
produced copolymers and polymer network that
had good interfacial adhesion between phases
resulting on the new polymeric system.

Tensile stress at yield of RPET/PC
blends with and without chain extenders are
presented in Fig.5. Tensile stress. atyield. is
related to ability of interfacial adhesion between
PET matrix and PC disperse phases. Although
miscibility of the blends adding chain extenders
was improved as-evident in the shifting of Ts,
the physical interlocking from branching -and
crosslinking inhibitted molecular mobility to slip
from each other and thus stress. transfer between
PET matrix and PC or copolymers phases were
much improved.

—R-PLT
804 ----R-PET/P(
----- PMDADS
G == PMDAOT
--=---- PMDAQ.9
- MM, 5

‘
F o |
B !
E 4] P
Z 304 W
pa
204 p
&
o4 %

0 T T T T T T
(.00 0.02 0.04 0.06 0.08 0.10 012

Strain (mm/mm)

Fig.1. Stress-strain curve show brittle behaviour
of RPET and RPET/PC blends adding PMDA of
0.5, 0.7, and 0.9 wt%, and RPET/PC blend
adding MDI 0.5 wt%.

704 —PC
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< MDI0.9
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T
0.0 .3 1.0 1533 4
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Fig.2. Stress-strain curve show ductile behaviour
of neat PC and RPET/PC blend adding MDI of
0.7.and 0.9 wt%.
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Fig.3. Young’s. Modulus. of RPET, RPET/PC
blends as a-function of types and chain extender
content.
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Fig.5. Tensile stress at yield of RPET, RPET/PC
blends as a function of types and chain extenders
content

3.3.2. Impact test

Impact strength is’ an important
property that gives an indication of-overall
material toughness. The effect of types and chain
extenders on impact strength- of RPET and
RPET/PC with and without chain extenders are
shown in Fig.6. Adding ductile PC into RPET
increased impact strength from 4.64 kJ/m”to
5.34 kJ/m®, which the improvement benefited
from partial-miscibility ( between them  from
transesterification. For-adding. PMDA as. chain
extenders, the impact strength of the blends-was
lower than the blends without/ chain extenders.
This indicates that the thermal.degradation of
RPET matrix__was dominant-.despite = of
miscibility between phases ‘was_improved. In
contrast, adding MDI of 0.7 and 0.9 wt%
increased impact strength of. the blends- from
4.64 kJ/m* (RPET) to 6.19 and. 5.96 kI/m?
respectively. This demonstrates-that MDI. was
more effective than PMDA, in term of acting as
chain extender to enhance compatibility and
interfacial adhesion between RPET matrix and
PC dispersed phases. This introduced stress
transfer between the PET matrix and the PC
dispersed phases which the PC dispersed phases
could dissipate impact energy more effectively.
This correlates with the increasing of
intrinsic viscosity and MFI as discussion
previously.

8

yid|
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: e

[mpact strength (kJ/m”)
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1 1

[
1

R-PET PET/PC _05 07 0.9 0.5 0.7 0.9
MDA MDI

Fig.6. Impact strength of RPET and RPET/PC
blends as a function of types and chain extender
content.

Conclusions

From the _experiment results, it was
found' that “properties of RPET could be
improved. by blending PC of 20 wt% and using
chain extenders to- improve miscibility between
phases.’Adding MDI increased intrinsic viscosity
(IV).of 'the blends to be higher than the blend
without any-.chain extender. This related to
increasing of the molecular weight of RPET by
chain extension reaction (coupling between MDI
and’ RPET). Reduction of MFI dramatically of
the blendsadding -MDI suggested that the
coupling. ‘between - MDL' and RPET and
copolymer networks-were formed. PMDA did
not ~improve’ [Vs--of the blends although
improved miscibility of the blends as evident in
MFLand DSC results. DSC results indicates that
the -RPET/PC blends with and without chain
extenders were  partial miscible. Adding chain
extenders caused the shifting of T, of both RPET
and PC phases toward each other indicating
better miscibility -between phases. Mechanical
properties. results show that adding MDI in the
RPET/PC blends changed polymer blend to
become ductile compared to brittle behavior of
RPET sample. Their % elongation at break and
notched Izod impact strength were increased
evidently, while Young’s modulus slightly
decreased. The most appropriate type and
amount of chain extender that produce RPET/PC
80:20 wt% blend to have the best mechanical
properties was using MDI of 0.9 wt%.
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