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Abstract

Project Code : MRG5280166

Project Title : The effect of particle sizes and shapes of nanocrystalline metal oxide and

compatibilizer on polymer nanocomposite properties

Investigator : Asst.Prof.Dr.Sirirat Wacharawichanant Silpakorn University

Assoc.Prof.Dr.ML.Supakanok Thongyai Chulalongkorn University

E-mail Address : iamsirirat@yahoo.com

Project Period : 2 year

The first parts studied the effect of PP-g-MA compatibilizer on mechanical properties
of polypropylene (PP)/ZnO nanocomposites. The results found that the tensile strength LLag
stress at break of PP nonocomposites increased after adding ZnO and PP-g-MA
compatibilizer. Moreover, PP/ZnO nanocomposites with PP-g-MA compatibilizer had higher
stress at break than one without PP-g-MA compatibilizer. The second parts studied the
effects of polystyrene-co-maleic anhydride (SMA) compatibilizer on impact strength and
morphology of polystyrene (PS)/ZnO nanocomposites. The results found that the addition of
SMA increased the impact strength of PS/ZnO nanocomposites with increasing SMA content.
The dispersion of ZnO particles of PS/ZnO nanocomposites after adding SMA was relatively
good and only few aggregations exist. The study showed that SMA was used as a
compatibilizer to improve the dispersability and compatibility of ZnO particles in PS matrix.
The third parts studied the effect of V,05 on properties of polyvinyl alcohol (PVA) and V,05
nanocomposites. The results found that the Young’s modulus, tensile strength and stress at
break increased after adding V,0s. The degradation temperatures of PVA/V,0;5
nanocomposites increased with increasing filler content. The dispersion of the V,0s
nanoparticles was relatively good, only few aggregations exist after adding V,0s
nanoparticles more than 0.4 wt%. The addition of 0.4 wt% of V,05 nanoparticles into PVA

maximized the mechanical, thermal and electrical properties.

Keywords : polymer nanocomposites, nanocrystalline metal oxide, compatibilizer
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madunssssriiamansaiiusuiavesnanlndalndidsstn wazuwisoves Chatterjee [23]
AnEaNtanIIaNNTan aNUANIING WazRNUA viscoelastic VaiAaNINFATZHINI nanoTiO,
waz PMMA Tagld Tio, awia 5 wiluwas wasiianududu 2.0-30 %lagiinwin vas Tio,
HAMINARBINLTIY  nanoTiO,  &aNTaLTudsRuTAn9aNTan audaneng uazauda
viscoelastic 189 PMMA lagsansniiaendg g maauﬂuﬂauiwa@mu storage modulus tial
132814 60%, rubbery modulus AUz 210%, glass transition temperature [
13281tk 27%, crosslink density quﬂ‘s:mm 213%, initial decomposition temperature Lﬁ&l
Uszanme 83% 71 1 %lasimuniiniely uss  activation  energy tRnUsTANmE  141%

a a ¥ . a &£ P
UIzENTAIWNINALAZANULRD BIN1IANUTaUD B nanoTiO,-PMMA ﬂawlwa@muagﬂu



AINUZNTINTZNLAIVEY TiO, luilte PMMA 3nmseinmain SEM uaasliiduii aynnaves
TiO, N32218A7 lad Liita PMMA

1.3.2 nslFansdrensalunadwasnnannunanlanzaanladuwiawluaas

Viadimirov uasame [24] we3pumlunanlniaves PP uszdamlasldiedas Twin-
screw co-rotating extruder walTRNITIDNEN maleic anhydride grafted polypropylene (PP-g-
MA) Lﬁ'aﬂ%’uﬂ;omim:mUé”maaagmﬂmh MW TEM wudimaimenguzadaypnada
aluite PP Lﬁw‘*‘ﬁmi‘iaﬂ%mmmaa%mLﬁu%uLLa:ﬂﬁsLﬂﬁzﬂajua@aaLﬁaﬂ%mmma PP-g-
MA 1RR3% uazidanandananndurinle storage modulus gdﬁu WRZNIILAN PP-g-MA A
1% storage modulus gamnﬁmﬁaamﬂﬁmimzﬁnsé’wads’fﬁmLLa:Lmﬁ@mﬁmswimﬂaﬁ
P9 wazuIToued Li uazAmiz [25] Anmautd shear rheological 789 PS/nano-CaCoO,
aanlnda lagld poly(styrene-butadiene-styrene) triblock copolymer (SBS), poly(styrene-
isoprene-styrene) triblock copolymer (SIS), SBS-grafted maleic anhydride (SBS-MAH) L.z
SIS-grafted maleic anhydride Lﬂumsﬂ%'uﬂgm%amsmuwaw Lﬁaamnﬂﬁﬁ%miw’m
CaCO; uaziite PS dou eanlwdaien storage moduli Wudwdlaanuduiuaas CaCO,
$98 HANITNARBINULIN CaCO; NHARENITHANIINNWIGVad PS/SBS (W38 SBS-MAHY/
CaCO, naulwia 49 SBS fuszansmwluminiismaaaanlmivesduasls PS s
ﬂ%’uﬂgamswamﬁﬂﬁ'ﬂﬁﬁLﬁ@ﬁmﬁawfmﬂg‘jﬁ%mmﬁizwjfm CaCO; uUaz grafted maleic
anhydride ﬁﬁma@iawq@mm rheological 284AaulWRA WAz melt shear rate VainaNlnwdEa
ANRIDENININ LATHANIINARDILFAIIALAWIN nano-CaCO, 81130 plasticize \iio PS

NIV Suryadiansyah LRzt [26] ANBNRVBIFNITILNEN 2 Tha Ap ethylene
diamine dilaurate (EDD) uaz PP-g-MA fifldasuiiainina m‘s@@%m{w gmmﬂmm‘?ﬂum:
guAndaNNTantaInanlniasEning PP wasdani (PP/Sil) Nan1INaaadwuin tensile,
impact Wae flexural strengths (Lﬁuﬁo 2 php), Young’s modulus L8z elongation at break (Eb)
gaﬁumumﬂﬁluﬁmm EDD aghslsfiony iaUSanmaas PP-g-MA snngieifin  tensile
strength, Young’s modulus, impact L& flexural strengths LLazm’]&lﬁ’mmmiami@@%m{’] ‘ﬁ
USINUVITITIHENTS 2 ThRAWIUWLIN EDD vilw Eb, impact Wag flexural strengths &
A1§9Nd1 PP-g-MA ugl tensile strength, Young's modulus LLa:mwﬁmmu@iami@@%uﬁﬁﬁ
drdnindafisuiy PP-g-MA MnmsanAuiIsesLanINdIsgaMInasauussaslasls
SEM WaaIRaNgIWNIBaLINIENuUaITENUas PP fwiiled PP-g-MA uaz EDD fiatfiguriv
aanlwdamiauiud lifastionay na TGA TIWiRuinnIdu EDD wia MAPP tanifiy
anuEBgTMInnuiauas PP/SI aenlwialwidniay uazannuisoves Y. Wang Uay
ame 27]  18¥mIan A gfUNaTaILTINTE TR R ENARTaINSAANAN LazaNITA

NINAVINBNINTATEWING PP a2 nano CaCO; (PP/nano CaCO;) lasvinnsAnsanssie



NEN 3 e b PP-g-MA, Ethylene-octane graft maleic anhydride (POE-g-MA) LR
Ethylene-vinyl acetate graft maleic anhydride (EVA-g-MA) lﬁﬂgﬂaﬁﬁuﬁﬁ’smﬁauﬁu fe
Maleic anhydride (MA) snsnuiisnslanan usanszyn iR suiasznitgsstIanNauny nano
CaCO; UAZETTIUHFNAY PP uanedny lagnan1inaaaduaadliiduinmaiaidundn uaz
FUUAN9NaVas PP/nano CaCO, ﬂawiwﬁmﬁuagjﬁ'mmmzﬁﬂﬁﬁaé‘uﬁa lasanzIINTi
AAVFURESZRIN PP uazanItionay mMinausniuldagnefsenine PP iu PP-g-MA l&f
WAIMINNINTZaNBAIa9 nano CaCo, lwianediwes nauasn131du nano CaCO, Trsifiaen
NUGADUTIAI LAZFARIBNNTNUBUALTIA udvilAaad1aunudausInTzunnvasnanlnge
MINFUENAR AT 521379 PP AU POE-g-MA Sinatdansaslunmaiiaidundn wazaudanie
Navad PP/nano CaCO; AaNINGa wasmINaunuli@s=ning PP AU EVA-g-MA (TJunarinld
MINTZANBAIVBI nano CaCo;, MR FINANIFNLANIING ﬁﬂ"l,ﬂ;jmm@@hwmial,maa AR

NINBUALTIOG LATAINUGDULTINTIUNNVBIADN INR®



UNN 2

A5N1INAan
2.1 g13LaNn 1

2.1.1 wadlwshawn (Polypropylene, PP)
(Huwana@nwfia Homopolymer Resin W3aa1nU3¥N HMC Polymers 3116 TailTanid

A36131 MOPLEN 1n3@ HP 400K(6531) laafidn melt flow rate 1Ay 4 adnsudauwf

2.1.2 WoAALATH (Polystyrene, PS)
PS NI WRANLIEN IRPC 3110 TI0T7aN19n1369171 PORENE lagiien

melt flow rate WAL 8 NFUA 10 WA

2.1.3 Polypropylene-graft-Maleic Anhydride (PP-g-MA)
PP-g-MA (Fusabond Mz-109D) asldiilnanitronsudsfaanu5un Chemical

Innovation $11@ LaziA1 melt flow rate L¥inNU 120 NINda 10 WA

2.1.4 woddlaInatadauanlalas (Poly(Styrene Maleic Anhydride), SMA)
A a o a A o . o v A& Ao & & Y AA
SMA NlTluwidTe NEANLSHN Aldrich 3710 Gelansusiduidadauwdnenay J&
a1 la lasian melt flow rate YNy 1.7 nsuda 10 WA

2.1.5 WaA lanawaanadaa (Polyvinyl Alcohol, PVA)
PVA 7lglunuiaes WRauannus®n Ajax Finechem n3a BF17W fianmeusiiu

a
WNIRU1Q

2.1.6 Bamaanlaa (Zinc Oxide, ZnO)

{ a a d >
ZnO mmmgmﬂmﬁﬂ 71 nm NRANNUSEN Aldrich TINAN oL WEIFUD

2.1.7 M A EANBNan lna (Vanadium Pentoxide, V,0,)

{ a a @ & Qs & U
V,05 mmﬂmgmmaﬁﬂ 42 W NAT HRAINNUTHN Fluka Tadlanwasidunsday



2.2 1@5avdlanly

2.2.1 1509 Twin screw extruder

= a & @ =< & A a & Aa &

lunswautiawafinasnunanlavrzaan laduwiawi luiuasiNalaIouidunadiuas
wlunadIngaww 3210309 Twin screw extruder NIlwIzUUNTUAZ INTFIITIUNEN  G2g)
matanInaaunaulasltiaIad Twin screw extruder sanInAILANa MR iLazaNALTITeL
maaang"l,@i" éf’sLﬂ%aaﬂizﬂamﬁ’aﬂaﬂgaaoﬁ’sﬁﬂﬁmmmmuqummauwaﬁLua§uquﬂaqu
a v o o v L { @ ' [ 1Y d .
RALALTIN WG AU 1558991NNNTNTEAN LA VAIEIBUTZNAY AN1TIRAINNTanTaILATad Twin

screw extruder FAUAAINAINNLIIY aaaﬂ;ﬂ@ a2 brauTaw T Lsdas T

2.2.2 1@509 Compression molding
{ . . & = a - &

1789 Compression molding 1#lumslugdsunuvasmefiwaiulunanlnga nalu
TeuunTuas eIty Naw I@ﬂﬂ’lﬂ%ﬂﬁé’@ﬁmmﬁug\iLLazﬁmsmuquqm%gﬁﬁmm:au

a 6 a 1 a d' > d'n % U 1 d' [ a &'
auwadtnasw lunaulndaudazsia ievasaantouuld loun eadsaszuulaatafa n13Uw
gﬂL‘%mnﬂmiﬁwLﬁ@waﬁLuaﬁ“miuﬂauiwammmalmlﬂﬁuﬁﬁ%u YauuuLANUN aaaae
anuiauuazanuaumoldgunniniinue  danefiwaiaznaauinarcuuuuniRan

RRINNUUDABENINNUINNN a:"l@T%uammmTaams

223 Lﬂéa\‘i Universal testing

MINATIUTWINUGIBLASY Universal testing 1ilwiadasilafildnasanussas (Tensile
test) F9azrinmsnasanlasin T wwNIUEadsRITULRLEIITUSY  TasUUBAass 13T
crosshead Ssanansatndaniituasldmonalnmsiuiadaumeluvesiaisimasay wWasuas
fadaaod lifuviuiaIosduans lurnefivnnimasey dadnagauazgnislitiasan
sruanausmaseuditnualy ﬂﬁmﬁai'a@;ﬁﬁmmuﬁamﬂ 9gwialtusadiog gazlFusedefitn
dm"i’aqﬁﬁmmLLﬁaﬂwuﬂawoﬁoﬁm:WﬂmuL%fmmamﬁ'uﬁumuéwﬁu M IeTUNagey
wnszRITunageuanaaanantn luuasidsaiunalnlunsiasmadaswulase B uam

lupnentiadieanfaziinsuaasnauasiuinanas guan 1y

2.2.4 1@589 Pendulum impact tester

WANNIINWVBILATEI Pendulum impact tester (Zwick/material testing August-
Nagelstr.11.D-89079 Uim Pendulum impact tester) fiasii fia ilatldasduimininmueii
uvwanliafaunain m mmgaﬁﬁmu@ (mmqaﬁmﬁu) VNITEWNNTUINWAIDENT Dh ﬁ;@ﬁ
@hﬁqﬂmaamim%m T dulaIaIaanay %é’amnﬁﬁuﬁmﬁfﬂm:meLﬁ'm:ﬁﬂﬁi'aQLﬁ(ﬂ

@ & o 7 o A A o A Ao 2 o A A
NILANHEN mmuuqmmmum:mmmmaauma"lﬂ"l,@ Sﬁasw:mmgm@lum%uﬂLﬂaau'ﬂvl,ﬂ

i ﬁ]xgﬂ'ﬁnvh.lﬁwmmmmmmﬁmmudame:Lmﬂ



2.2.5 LASDINITDLUIN
IAT9NTaNLIN Le3aIN M YiNTa LU NUBE R BWaRLNES Aawlin lUnaraunNIINUea

LLIINISHNN

2.2.6 l,vﬁlaa Differential scanning calormeter (DSC)

DsC wnafiafilddnmnlsunmanuion warmsasnwulasanuiauiiiisatesiv
poannlvasnadiued fnanmIvinewesit Ao a13em089 uaz mreeBsRldandanis
AUz Musnludisesgliionamnaiin axgnlianuauluvsssmelulasian NNYw

auﬁ'@mommé’aumméﬁaamﬁLﬂ§ﬂuLLﬂaamuqm%gﬁazgnmmi’w LaZLYINE

2.2.7 1@589 Thermogravimetric analyzer (TGA)
a 6 %% d' dl' Qe [ o
TElun1saezvaslagiansidasuntasniariaia lasunasnuanudan laaln
Nuwddplugiuwes PPZzno i luaenlndaiinsiduanstionay PP-g-MA  lia3as
Thermogravimetric Analyzer (Perkin - Elmer; TGA 7) Laz&1%189 PVA/V,05 wlunanlnga
l1a389 Diamond TG/DTA Thermogravimetric/Differrential Thermal Analyzer Waz&IWVAI
a { a ' v d . ™
PS/Zn0 wluaauIWRANINITLANRIITIUNRN SMA 141a3a9 DSC - TGA Q Series
instrument ﬁaaqmﬁgﬁmﬁi’@ﬁa gaunilviad A 600 °C UazlTaaIINIsaNNTaw iy

10 °C/w# nalarn1zuia lulasia

2.2.8 LA389 Scanning electron microscope (SEM)
a & A A A & 1 'Y ¢ A9 vo
10389 SEM  LulaIasliaineimanitiomoandszian naasvansiad AlTaILRS
ALANGIan mw%aeiaaﬂim"l,ﬂuuﬁwaaéhashdﬁﬁaaﬂﬁmwaaﬂﬁlﬁiaa&amaaé’nwm:

A a & ai ~ v Y 1 =} o KR d' 1 a| 6 £
WHIUIIN L wANB B NEINTONDILA lauadaiviaaatwinannuwlwiayla

2.2.9 \@3asnadauantanie i
A & 1 I Aa 6 g (% ™
sutaanuduawinvasuduisunefiwed ldundsmiaanumansalunislsz
Innamngiifes uaz 119ad @2 Agilent E 4980A Precision LCR meter unuilanfildlu

A

MIaTAaUT AN INHA L FUN U AR UG8 E19NNARBLTUIN 1.5%1.5 AT ILTUALNGT



2.3 35n1INAa09

321 NIANEINABIENTIINEN PP-g-MA NaAasnian19navas PPIZnO
Twaanlnda

2.3.1.1 m3wa3en PPizno wiluasalndaniduaslaifsasgranss PP-g-MA

(1) ¥udlawadiuas PP, PP-g-MA uag ZnO VLaJau"La'mm%uﬁqm%Qﬁ 100 °C 1w
i 3 Tl mnﬁf’mﬁuvlﬂuing@mm%mﬁaﬂaaﬁ'umm%umﬂmmﬂ

2) Toimiinia PP waz Zno iiaiadsunwedwefinlunanIndalasswnauiiniig
dududng 9 @a 0, 0.5, 1, 2 waz 4 %lagtinein lagliimitionan PP-g-MA

(3) ihsunsuuaazaanlUnsuiudasesas Twin screw extruder lﬁﬁaaqmﬁgﬁ
160-210 °C UaANNLTITBIAN] 50 TaUdUN fratewedwasulunanlndafisanunazda
1Huida

(4) %é’aﬁnﬂNam:ﬁwmsauwa&ua%uﬂuﬂauiwﬁmﬁqmﬁgﬁ 100 °C fulan 3
a9 ﬁauﬁﬂﬂ%ugﬂﬁm%% Compression molding ﬁqmﬂgﬁ 190 °C Lﬂusﬁuaﬁugﬂ dumb-
bell LA bars FRILNATDUUITIAILAZNITNUBADUIINTZUNN

(5) MILATBNLATHN PP/ZnO wlunanlnda AsN51uNay PP-g-MA azia3oulas’ds

Wwennu lagltanudutuuas PP-g-MA 1 1, 3, 5 %lagtinnin

2.3.1.2 MInadaudaNUANIING

MINARIULIIAINAFALANNIAIZI% ASTM D 638 TawldiaSas Universal testing (LR
50K, Lloyd instruments) Waz@da28a3152 50.8 FaRLUATAOUIN NTNARBLNITNUADUTS
NITUNNLUY Charpy ﬁqm%{]ﬁﬁaa laglfia3as Pendulum impact tester (Zwick/material
testing August-Nagelstr.11.D-89079 Uim) naminasasazldaaisanmimasaudiadns 5

TUIN

3.2.2 NIANBINATBISISTIDHEN SMA NN EENTANITNWADIIINTEUNNUAS
sUuuulas9a319 (Morphology) 289 PS/zno wiluaaalnda

3.2.2.1 maa3ea PS/zno wiluaaalndafiduazlaifiasgranaa SMA

(1) #ifla PS ALK ZnO aumazuIa 71 uaz 250 wiluiwas uaz SMA luauls
mw%ué’ammauﬁqmﬁﬁﬁ 90 °C {utaan 3 Talwg mnifmﬁﬂﬂuin@@mm%u 1
fasuANIIINaMe

(2) NRULUA PS NUKY ZnO ﬁau"t&imm%uuéhﬁmm%a Twin screw extruder lag
SATMEIUMIHEY A0 0, 0.5, 1, 3 uaz 5 %lassiminuas Zno QUNIATWIA 71 UAZ 250 W1lu

bUAT lfﬁaaqmﬂgﬁ 180-210 °C LLﬂtﬂ'J’]EJL%’J“Da\‘]ﬁﬂE 50 YaUdawIN Lﬁawaamaﬁ?miuﬂaﬂw
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RABONINNLA38I Twin screw extruder LLﬁaﬁmiaLﬁuéhUﬁwﬁqmﬂgﬁﬁaamﬂmum’%aaLﬂ’mw
TinusudidieiasaaliwedwefunTunauIndedsnwas duia

(3) Waula PS funs SMA fiavlannuduudrenaiadas twin screw extruder Lo
SATMEIUMTHEY A0 3 Uaz 5 %lAviinwinues SMA

4) wauda PS AUWS ZnO sz SMA fiaulannuiuudisneieias Twin screw
extruder lag8ATEIMNITHEY A0 1, 3 Uaz 5 %lastimiinues zno aUMATUIA 71 UAz 250
wilniuas Taonay SMA 7 3 uaz 5 %lagsimsin

(5) %é’amﬂwamzﬁﬂmiauwaﬁLuﬁuﬂuﬂauiwa@ﬁqmwgﬁ 90 °C 1flutaan 3 Talug
ﬁauﬁﬂﬂ%ugﬂﬁw%% Compression molding ‘ﬁ'qmﬁgﬁ 200 °C L‘i‘"]u%umugﬂ bars §1%IL

NARDUNIINUADUTINTZUNN

3.2.2.2 NM1INAFTAUNITNHADUIINITZUND

ﬁﬁ%m’mgﬂﬁL@l’%wvlﬁmﬁwmimaau Fanounsrinnsnesoudasiafuiindiea
PITITHUT I IR FUUTINTE NG B St n A1 aF a1niwi e lUnageuN TN
AITUNNVad PS/ZnO W lunanlnge, PS/SMA aaulnie waz PS/ZnO/SMA i luaaulnge
feLe3oanagoUnInwLsnTeunn Tasthduinuwnsuweriniuussluusvenlasliinsiy

& Aq/ a v
ﬁ(ﬂ TITWINWILIY LL?GﬂﬁZLL‘Ylﬂ’i}’mgﬂ@lﬂJ

3.2.2.3 3Uuuulaseasrs (Morphology)

mimmaaugﬂLmuiﬂ‘saa’s”'mmaa%mm AN T U NN TN RO LN TN LTS
NITUNN U LARIUNAY %aﬁw%umumdaagimaa%aé’aal SEM  meldgyaimealu
Chamber 0.001 - 0.0001 Aadun$ IEFmanwlun133uNNULY Secondary electron image %3
wFaIgUInAMAAaNILANTNIINMINIIUNNFIBgNEL LHBATIIFELNINIZINLFIVS

E]‘Iéﬂ’]ﬂ ZnO M &IluL‘ﬁa“ll AIWORLN oH

3.2.3 MIANBINAEY V,0, Ndaaauiinas g 289 PVAV,0, wilnaaalnia

3.2.3.1 M3ta38n PVAIV,0, wiluaaulnda

(1) F9Umen PVA uazaMAUIlUTad V50, iaespudunedwesulunanlnga
Tan V,0, fdivasldasfinnuidnduensg @il 0, 0.2, 0.4, 0.6, 0.8 uaz 1.0 %lagrinnein

(2) ¥NFIWHRNVDI PVA LAz V,05 MALARLEATIEIBNANIIHRNAYK lagdavazansl
I4datirfiaannlessn uazldiedosnusmsuuuldanufon lumsvinmsnas ﬁqmwgﬁ

90 °C wazaNtsaulun1InIn 500 saudauwf twaan 3 Talad
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3.2.3.2 M32usdiwewmiaii lunageuaaifag 9

(1) wansazanef ldannmsessunafwasinluaaulnfaasluiuuudinniniasonly

v
a

ﬁnﬂﬁfumvliﬁqmﬁgﬁﬁaaLi’lunm 1 19

6 o a

(2) ﬁmmmmiﬁwwngTauLﬁaﬁ'mﬁ"ldéf'sﬁwazmmaaﬂ ﬁqm%gu 110 °C 1Juaan 3
731309
(3) ﬁnmmmﬂuﬁaaﬂmﬂﬁau wazinmMIunzuHuAaunadwasu luaanlndasen

AN u,a:ﬁ’]"l,ﬂLﬁuvli’luing@mm%mﬁa‘i‘]aoﬁ'umm%u

3.2.3.3 MINAFBUANLANING

(1) MINaFaULIIAs  lasdauduwdsnlilamaniig 1.5 iudiuasuazeony 12
rudwas answilunesaulagia3as Universal testing

2) g lUsutumsutease 2 o laglidszoesewinamsunsgoain
10 LTUAWAT FNATUSU Load Mdluua 20 frau

3) nmdsudansanlslunmseelifianrinny 5.00 Sadwasdauii

(4) MNURANMITLEWLATBILALWRITUNIFBIYINMTAILHUA S NIUTIABNIINA

3.2.3.4 MINATDUANLANIIANNTD
(1) MnamauaNUanInNNSanlasiaIas DSC

A

o Qs 6 v & Aq' =1
- fmsaausuisn v aiduswinann g (wueas)
- dukuisunaauadlaadluluunwuinarinnitoa laoudnisunlalulwiwwaziui
ﬁmﬁfﬂagluma 3-5 V88N
A 6

- dhuwnnldlglweIainasau LLazﬁﬂﬂwﬂd‘*ﬁayamaa TRUNVAILHBA RN LATTIIVa
qmﬁgﬁﬁﬁ]ﬂ%’lumimaauﬁa 50-250 °C NalARAIZUBIANDT ILATLa%

(2) MINARALFNLANIIANNTaulasaIas TGA
o s ] Al 6 v Id : =3
- fmsaausuianlivmaiduswinann g (wwuras)
- Iﬁﬂmﬁauﬁqmﬂgﬁ 50 °C 1lwaa1 3 wnneldrNIzUaIRiNT I laTan
- Wiugmaiiann 50 °C 112y 600 °C draaaIINITIRAMNTAN 10 °C/wA

A & & o > <K A v
- IANIINORDULFIINVITNITIUUNNNR LL@Zﬂi’]WV]VL@]ﬁ]'mﬂ’ﬁﬂ@]ﬂaG

3.2.3.5 nInadauaNtani9 Il

(1) ¥msaausuiaulAlawandng 1.5 [ oudiuaseazend 1.5 oudiuag

@) ihldneaseuenusansomailWinaes PVANV,0; wilunaulnge  dreie3as
LCR Meter
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3.2.3.6 NMINATIUNIINTXINYAIVDIARNA V,0; Tuiite PVA @8 SEM

(1) FmsaaucuiaulFlawaniig 1.5 [ wudiuasuazend 1.5 oudiuag

2) Muruisuiisaudrl)indaunasdasiaSas Splutter Coater 108 1iluiaan 2 wifl
(3) mﬂifum%mmnh"mmaauLﬁa@msm:mmé’waaagmﬂ V,05 628 SEM uazld

wtytyﬁmfl,umﬁ”i_mﬂmmu Back Scattered Electron Image (BEI) %30 Primary Electron Image
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UNN 3

Namswmaaauazf‘um'}zﬁwa

3.1 HAVBIENTBIUNEN PP-g-MA NiAaanNtifinnenazas PPIZn0 wluaaw

naa

3.1.1 &xiiAn19nazas PPIZn0 wluaaslndafiduaz ladfiansdranas PP-g-MA

3.1.1.1 MINAFTDLUIIA

@1 Young’s modulus 283 PP/ZnO wlupaulnie LLa@olugﬂﬁ 3.1 Wu1@1 Young's
modulus w89 PP/Zn0 wlunaulwiasassmutTinmmanay PP-g-MA filfindu Ul 3.2
8z 3.3 uaaINTLlasuulasdn tensile strength LLaT stress at break WUA1AN tensile strength
W stress at break U89 PP/ZnO wluaaulnge Lﬁ&l%um’mﬂ%mmﬁlad Zn0O 8z PP-g-MA ﬁ
HENUINAY% ONNTE PP/IZNO w1 lunanIniandsainmsieiy PP-g-MA i@ stress at break
gandn PP/ZnO wilunanlndafilddnsey PP-g-MA 1iles PP-g-MA sanIndIuyys
AMUEANIININENTIIWIGUS interfacial area 284auN1A ZnO VWIAWLULUATUATWER

13a3 PP

1000

900
-
& 800 4
€
2 700 N
-
=
= 600
i
‘_'Iﬁ
gﬁ 500
H ——PP+Zn0 -=~PP+PP-g-MA 1%+Zn0O
400 7 Ly PP+PP--g-MA 3%+Zn0O —*=PP+PP-g-MA 5%+Zn0

300

0.0 0.5 1.0 2.0 4.0

ZnO (%)auiiniiimn)

311 3.1 NHURAIANNFUAUTIZATI96T Young’s modulus 2849 V89 PP/ZnO wluaauln
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317 3.8 usaImIIuuifisud impact strength w8z PS/ZnO71 waz PS/IZn0250 wlunay

I‘WEQW] WRINALAURIITIONEN SMA NANUTUTH 3 Uz 5 %I@]Uﬁ’]ﬁfm

3.2.2 3Uuuulaseasevas PS/Zno wilnnanndanduazlaifiasdronasn SMA
3.2.2.1 WapaIl3um ZnO wInaRA1A 71 wilwiuas ffiran1InIzaN8f1289
a®n1@ Zno Twiitauas PS

ﬁnﬂgﬂﬁ 3.9 ugaalAiAuiamInIzaudIvasaunia Zno moluiite Ps Aenuidudu
@19 9 WUINMINTTNLAVBIARATA ZnO fmInszanadafiananudutuas zno oy ud
Wadenudutuses zno &I’mﬁuddNﬂiﬁﬂ’]iﬂi:ﬁ]’]&lﬁ’mada%ﬂﬂﬂ zno molwite Ps luid
WRzaRNNA ZnO Lﬁ@m'mm:muﬁmﬂumﬁwﬁ”awumﬂimﬁmmzaﬁﬂmumn%umuﬂ%mm
ANUTITUas ZnO ALiindw WiesanieTU5unms zno W ndu auna ZnO Aaztmenwiu

@ v & A4 ] wa o A PN A
ﬂq&lﬂﬂuvls@lﬁqﬂmu PIRINAADRUUANINNAR ﬂWI%NaNU@]WWGﬂaﬂLLUaG

3.2.2.2 HaP@IUINM ZnO BWIABKNNA 250 wlwlaT NNADNI1INIZINLAIVDI
a1n1A ZnO Twiitanas PS

mﬂgﬂﬁ 3.10 melﬁtﬁuﬁamsmzmsléfwaaagmﬂ ZnO  lwiitaw PS  wWudn1s
m:mﬂﬁwaom&mﬂ ZnO ANNINILANLANANAMUTNTWVAI ZnO 1ae uatlaNanuLTun

X, . o ¥ .

284 ZnO mnmumwa%nwm:ﬁnsjmmaamgmﬂ Zn0o mulutite PS 4@ Lazau1a Zno
a Qs [~ 1 v I‘g/ o ¢§/ | U v
m@mim’]mwﬂul,ﬂuﬂqwﬂawnmﬂlmtymutl,a:awu’;uuwﬂmumuﬂ‘smmmmmewnaa ZnO
A A X P A A & & = v & @ o L A
MAuaIn hasniliediUSunm ZnO andu auna ZnO ﬂm:m:ﬂmﬂunquﬂaﬂ@mmm %9

RINRGARNUANIING YN IR RNRNUANIINAN WL H



20

AccV  SpotMagn Det WD Exp 1 5um
660kv 28 5000x SE 100 0 17

AccY Spot Magn Det WD Exp F———— 5m
660kv 22 B000x SE 100 0 23

2. PS/0.5%Zn0O (71 nm)

PR
AccV  SpotMagn Det WD Exp ——— bum g AccY SpotMagn Det WD Exp F——— 5um
800kv 30 5000x SE 10.0 0 1 §120kv38 5000x SE 1010 3
: g . ,
PS/1%Zn0O (71 nm) 3. PS/3%2Zn0O (71 nm)

. » B >
AccV Spot Magn Det WD Exp F———— 5um

% 660kv24 5000x SE 93 0 21
-

3. PS/5%Zn0O (71 nm)

E‘ljﬁ 3.9 NaPaIlINIm™ Zno mumau;mﬂ 71 %WI‘HLQJ@]‘J ﬁﬁ@iamimzmﬂﬁwaq Zn0O luLﬁa
Uad PS



21

2 -~
AccV SpotMagn Det WD Exp F————— 5ym

; * =y
AccV  Spot Magn Det WD Exp f——— 5um
6.60kv28 5000x SE 1000 17

* 660KV 22 5000x SE 100 0 22

]

Det WD Ep —— &sum
SE 100 0 12

AccV SpotMagn Det WD Bp 1 5um
690kv 28 B00Ox SE 97 0 16

3. PS/3%Zn0 (250 nm)

AccV Spot Magn Det WD Exp f———— 5mm

740kv 26 bB000x SE 106 0 13
-

3. PS/5%Zn0 (250 nm)

Eﬂﬁ 3.10 WavaIlINIm ZnO TUI9BRNAN 250 %"II‘[«LL&J@]? Aldan1INIzAN8@IVad ZnO 1%

1Wavuad PS

3.2.2.3 WazadlIum ZnO WIRERNIA 71 wIlwLNaS wazdSumaIa1I828
W&N SMA ﬁﬁ@ianﬁsnsza'\ﬂﬁmaaawgnm Zno lwiitawas PS
ﬁnﬂgﬂﬁ 3.11 URAIALRBIINAVAINITANFIITIUNRN SMA NNGaNITNTZANLAIVD

auna zno Mulwite PS Nanudududn 9 iiamanmznuiwdunguioudasainiuia



22

FNIENENTTIONFN SMA Imagmﬂ Zn0 2:n7218a7 1N1vadLa PS laauazin1snas
v . af ' ' en P wadaf '
\NRIEWING PS Uazauna ZnO Adn RINAADFNTANIINA AN RN AN AT Lia%1A ZnO

3 a > & 1 v [l A o pﬁ’ A a ¥ v a -2’
n aumﬁmmLﬂuﬂ@‘unauaQLLa:mmmmﬂmumaﬂsmmmmmmumaa ZnO IWJNINYH

1 '
A A

a A J <3 a | 1 v Y J
vhadndalyIunm Zno nan B%ﬂ"lﬂﬂ'fﬂzLﬂ?zﬂ%Lﬂ%ﬂquﬂa%vl@\‘l’lEJ“IJ‘H;

N~
- & -
AccV  SpotMagn Det WD Exp F—— 5um

660kv 22 B000x SE 100 0 22
"

AccV SpotMagn Det WD Exp fF——— 5um

740kv 26 b00Ox SE 97 0 n

N. PS/1%Zn0 (71 nm)/3%SMA . PS/1%Zn0O (71 nm)/5%SMA

-

|
AccV SpotMagn Det WD Bp ——— bum

12.0kV 39 B000x SE 10.1 0 3

AccV SpotMagn Det WD Exp F——— 6m
120kv 39 6000x SE 10.1 0 3

#
é

3. PS/3%Zn0O (71 nm)/5%SMA

AccV SpotMagn Det WD Exp
*690kv 30 bOOOX SE 109 0 9

o Lo
-
AccV  Spot Magn Det WD Exp F—— 5um
11.0kv 8.7 b000x SE 105 0 ]
e " | 1

Q. PS/5%2Zn0 (71 nm)/3%SMA 2. PS/5%2Zn0 (71 nm)/5%SMA

E‘]Jﬁ 3.11 WavasdIuIm ZnO TUIA8UNA 71 uﬂumm URZENITIONEN SMA Nfldans

m:mﬂﬁwaamgmﬂ Zn0O luLﬁamaa PS



23

3.2.2.4 waPa9l3N1MWH ZnO AWINBHATA 250 wiluluas wazilSurmuasanszag
WEN SMA ﬁﬁeiaminszmsléf'maaa%mﬂ zno lwiitawas PS
ﬁnngﬂﬁ 3.12 WA IALABDINAVBINITLANEITIUNRN SMA NUADNIINTZNYAIVDI
‘5‘ dl U U 1 a Q & 1 U v 1 lﬂl
auN"A ZnO meluiite PS fanuidududng Wanmsimznunwdunguiawtouainiuia
IN19LeNsNITIONEN SMA Iﬂﬁlﬂ‘%ﬂﬁﬂ Zn0 2:n72a18a1 lN2vadke PS laauazin1snay
v o \ af ' \ wn v vadad \
NNUszRI9 PS uazanna ZnO adn SINAGaRNUANIINA AN FUTAN AL LAauNIA ZnO
= = v & v ' Ao £ A a v o A &
Agsiimanuaidundudeuaguaziiunuwinniuiliodianaenudutuies Zno [RNINNAH

1 ]
A A

a A J =3 U I 1 v U t:g/
WhadndalyIunm ZnO nAn {’J‘l&ﬂ’]ﬂﬂﬁlzLﬂ’]zﬂuLﬂuﬂiﬂ&lﬂﬂ%vL@\‘]’]El?lu

AccV  Spot Magn Det WD Exp - sum

100kv 36 6000x SE 103 0 8
»

y 3N ) .
AccV  Spot Magn Det WD Exp b—— s5m
100kv 3.7 6000x SE 98 0
' z -

4. PS/1%Zn0 (250 nm)/5%SMA

Y ‘i
AccV  Spot Magn Det WD Exp ———— 5mm

6.60kvV 26 5000x SE 101 0 20

AccV Spot Magn Det WD Exp —— s5mm
100kv 3.1 6000x SE 103 0 6
.

A. PS/3%Zn0 (250 nm)/3%SMA 3. PS/3%Zn0O (250 nm)/5%SMA



24

& Acc. »’ Spoi Magn Det ‘JMD Exp }—| 5 um | AccY SpotMagn Det WD BExp 1 5um
650}-\/"9 6000x E 100 0 23 i 940kvV 26 b000x SE 97 0 10

2. PS/5%Zn0O (250 nm)/3%SMA . PS/5 %Zn0O (250 nm)/5%SMA

sﬂ‘n 3.12 WaYeILTNmh ZnO BWABRANA 250 W LLUAT LAZENITILNEY SMA NddanTy

ﬂjﬁﬁ]’]ﬂ@]jma\‘]ﬂ%ﬂ’]ﬂ ZnO luLuaTﬂ\‘] PS
3.3 HAwD9 V,0, NAaadnlian1e 9 289 PVAIV,0, wiluaaulnda

3.3.1 anlian19navas PVAIV,0, wiluaaulnda
3.3.1.1 Young’s modulus
9n3U7 3.13 UaAIAT Young's modulus U84 PVANV,0s wiluaaulwiananuidudu
. 9 o , o R - 4 d v o
284 V,05 6149 WiIWUIAn Young's modulus Suwiliuiauuazinuuinigananududu
284 V,05 WAL 0.4 %lassinnun ¥ada1nin PVA tuwafiwasniian Warhmatavaunia
lanz V,05 a9lt ildeumalunszasaiagluifieses PVA 166 inmzlusslamiioanuay
) o oA LA a & ) 2 v A g oA A
1584 PVA ¥ lddansloianuaiosnnndys waeaansasunssad laiuunnis uallanainy
WNTUad  V,05 N1NN31 0.4% Lasinwiin Wu31@l Young's modulus  Suuilduaaas
§ o o . [ L
iasanannInszanaaizaseyma lddasd Imaimenguimduionmalngau

3.3.1.2 Tensile strength
910717 3.14 UAAIAN tensile strength Ua3 PVAV,05 wiluaaulndafinnuiduduuas
' o ' . a v a & P A A v o
V,05 6199 WiIWUI16n tensile  strength Jumalduidinduuaziinuiniigananuiduiuuas
V,05 fiu 0.4 %lasimiin iasnndn PVA luwefiwainien Warmadveunialans
V,05 aald) fhldaumaldnszasdiagluiieves PVA 16 innsfiussBamtiornvanslduas
o A = =} J et =S v QI J 1 dl d‘ v v
PVA i liiianalaianuadosannis wazgiun asulssad laAuunnds uatlaNanudytn
289 V,0501NN31 0.4% lassinwiin wuinen tensile strength Aumiliiuaaad titasnnannms
L= 1 ' ] o ] v I‘:;l
nsznpavataymalidesd Inmunmzngunmduiousmalngu



25

4,000 -
3.000

2.000

Young's Modulus (M[Pa)

gﬂﬁ 3.13 LEAIAT Young's modulus BIWaRLNBIABNINEATZHING PVA uar V,0s U4

auNA 42 Wl LNe s

45
40
= 35
& 3
6 30
=
YA
=
2 20
Ed
v
@ 15
£ w0
5
0 T
0.0 02 0.4 06 08 10
V,0. (%lagintiiin)

;sﬂﬁ 3.14 ugA4AN tensile strength VB INBRLNBIABNINTATZHING PVA LAz V205 TU100%NA

42 W lwluas

3.3.1.3 Stress at break
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ABSTRACT: In this study, we examined the effect of
vanadium pentoxide (V,Os) on the mechanical, thermal,
and morphological properties of poly(vinyl alcohol)
(PVA)/V,05 nanocomposites. The PVA/V,05 nanocom-
posites were prepared by solution mixing, followed by
film casting. The results show that the Young’s moduli of
the resulting nanocomposites films were higher than the
pure PVA modulus with increasing V,0Os content, and it
reached a maximum point at about 0.4 wt % V,0s con-
tent at 8.55 GPa. The tensile strength and stress at break
increased with increasing V,0s content. The addition of
V,05 did not affect the melting temperature. The crystal-
lization temperatures of PVA were significantly changed
with increasing V,0s content. The 5% weight loss degra-
dation temperature of the nanocomposites was measured
by thermogravimetric analysis. The degradation tempera-
tures of the V,Os nanocomposites increased with increas-
ing filler content and were higher than the degradation

temperature of pure PVA; this showed a lower thermal
stability compared to those of the nanocomposites. The
results show that the thermal stability increased with the
incorporation of V,0s nanoparticles. The dielectric con-
stant of PVA had a tendency to improve when the dis-
persion of particles was effective. The morphology of the
surfaces the nanocomposites was examined by scanning
electron microscopy. We observed that the dispersion of
the V,0s nanoparticles was relatively good; only few
aggregations existed after the addition of the V,05 nano-
particles at greater than 0.4 wt %. In perspective, the
addition of 0.4 wt % V,0Os nanoparticles into PVA maxi-
mized the mechanical, thermal, and electrical properties.
© 2011 Wiley Periodicals, Inc. ] Appl Polym Sci 000: 000-000,
2011

Key words: mechanical
thermal properties

properties; nanocomposites;

INTRODUCTION

The use of inorganic fillers is a common practice in
the plastics industry to improve some properties of
the thermoplastics, such as the heat distortion tem-
perature, mechanical properties, thermal stability,
and flame retardance.'™ The effects of fillers on the
mechanical, thermal, and other properties depend
strongly on the filler’s nature, shape, particle size,
aggregate size, surface characteristics, and degree of
dispersion in the polymer."*'" Poly(vinyl alcohol)
(PVA) is the largest synthetic water-soluble polymer
produced in the world. It is prepared by the hydro-
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lysis of poly(vinyl acetate). The degree of solubility,
the biodegradability, and other physical properties
can be controlled by the variation of the molecular
weight and the degree of hydrolysis (saponification)
of the polymer. Indeed, the chemical characteristics
of these polymers, for example, the reactivity of the
numerous hydroxyl groups depends strongly on the
residual acetyl group content and the degree of hy-
drolysis.'> PVA was chosen for this study as it
exhibits a high tensile strength, good flexibility, and
high thermal and chemical stability and is widely
used in applications for sizing processes of the tex-
tile industry and paper coatings."

Chae and Kim'* prepared polystyrene (PS)/zinc
oxide (ZnO) nanocomposites by solution mixing and
investigated the effects of ZnO nanoparticles on the
physical properties of PS. They found that the ther-
mal stability of PS was enhanced with increasing
ZnO content. Peng and Kong'® studied the thermal
degradation mechanism of PVA/silica (5iO,) nano-
composites. The PVA/SiO, nanocomposites, similar
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ABSTRACT: The effect of PP-g-MA compatibilizer on mechanical properties of polypropylene (PP)/zinc oxide (Zn0) nanocomposites were
investigated. PP/Zn0 nanocomposites were prepared by twin screw extruder with various concentrations of PP-g-MA (1, 3 and 5 wt%) and ZnO (0.5,
1, 2 and 4 wt%). The results found that the impact strength of PP/Zn0 nanocomposites did not change evidently with increasing ZnO contents.
Impact strength and Young's modulus of PP/Zn0 nanocomposites decreased after adding PP-g-MA compatibilizer. The values of stress at break

increased with increasing ZnO and PP-g-MA compatibilizer contents.

Keywords: polypropylene; zinc oxide; nanocomposites; polypropylene-graft-maleic anhydride; compatibilizer

INTRODUCTION

The addition of material at the nanometric scale into the
matrix of polymer has increased. The development in polymer
composites with nanometer-sized fillers has been interested
because of its increasing in surface area and the shorter distance
between particles that have been improvement in thermal
stability, gas barrier property and mechanical properties with a
minimum sacrifice in strain and impact strength (Chung et al.,
2008). In some case, particles are supplied in an aggregate form
and this required optimum mixing process to provide the
appropriate particles dispersion (Pascual et al, 2009).

PP is one of the most extensively used polyolefins due to its
good processability, relatively high mechanical properties, great
recycie ability and low cost (Hongxia et al, 2006). However,
owing to its low modulus, high notch sensitivity and poor impact
resistance, especially under extreme conditions such as low
temperatures or high strain rates, the usefulness of PP as an
engineering thermoplastic is still limited (Yang et al., 2006).

Particles filled polymer composites have attracted great
interest, both in industry and academia. The mechanical
properties of particulate filled polymer composites depend on
size, shape and distribution of filler particles in the matrix
polymer and good adhesion at the interface surface (Bose et al,
2004). Treatment of nanoparticles or modified polymer chains
had a complex method.

In many researches have used a maleated form of PP (PP-g-
MA) as compatibilizer for polymer nanocomposites (Horiuchi et
al, 1997; Tidjani et al., 2003; Tidjani , 2005; Agrawal et al., 2007;
Chung et al,, 2008; Hong et al., 2008; Pascual et al, 2009). Zn0
has useful in various applications such as photo-electric devices,
electronic devices, surface acoustic wave devices, field emitters,
sensors, ultraviolet lasers, solar cells (Liu et al, 2007) so it was
challenging to filled ZnO into PP matrix.

This work studied the effect of PP-g-MA compatibilizer on
mechanical properties of PP/Zn0O nanocomposites. PP/Zn0O
nanocomposites with varying concentration of ZnO and PP-g-MA
compatibilizer were prepared by a melt mixing technique in a
twin screw extruder.

MATERIALS AND METHODS

Materials

Pure PP (Mophen HP400K) and polypropylene-graft-
maleic anhydride (PP-g-MA, Fusabond MZ-109D) as a
compatibilizer were supplied by HMC Polymers Co, Ltd. and
Chemical Innovation Co.,Ltd., respectively. The melt flow rates of
such materials are 4 dg/min and 120 g/10 min, respectively. Zn0
with an average particle size 71 nm was purchased from Aldrich
Company.

Methods

Preparation of the nanocomposites

Pure PP pellets, PP-g-MA pellets and ZnO particles were dried
in an oven at 100 °C for 3 hrs before melt extrusion. The PP
pellets and ZnO particles (0.5, 1, 2 and 4 wt%) were melt-
compounding with and without PP-g-MA in desired compositions
(1, 3, 5 wt%) in a twin screw extruder at temperatures in a range
of 160-210 °C and a screw rotation rate of 50 rpm. The
extrudates were palletized at the die exit. After compounding, the
blends were compression moided into standard dumb-bell
tensile bars and rectangular bars, the mold temperature was kept
at 190 °C.

Characterisation of the nanocomposites

Tensile tests were conducted according to ASTM D 638 with a
universal tensile testing machine LR 50k from Lloyd instruments.
The tensile tests were performed at a crosshead speed of 50.8
mm/min. Charpy impact strength tests were performed
according to D 6110-06 at room temperature. Each value
obtained represented the average of five samples.

RESULTS AND DISCUSSION

The impact strength of the nanocomposites of PP/Zn0 before
and after adding 1, 3 and 5 wt% of PP-g-MA is shown in Figure 1.
It can be seen that the impact strength of PP/Zn0
nanocomposites did not change after adding ZnO and the impact
strength decreased with increasing PP-g-MA content. The
Young’s modulus of PP/Zn0 nanocomposites at various Zn0 and
compatibilizer contents is presented in Figure 2. Young's
modulus of PP/Zn0 nanocomposites decreased with Increasing
PP-g-MA content. Figures 3 and 4 present the variation in the
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tensile strength and stress at break with varying concentrations
of ZnO and PP-g-MA. It is observed that in PP/Zn0O
nanocomposites the tensile strength and stress at break
increased with increasing ZnO and PP-g-MA content. The PP/Zn0
nanocomposites after adding PP-g-MA had higher stress at break
than PP/Zn0 nanocomposites without PP-g-MA. This may be due
to the PP-g-MA improved the compatibility and interfacial area of
Zn0 nanoparticles in PP matrix.

— PP 4 2100

g PPAPP-g-MA 1%+Zn0O

Impact strength (m)/mm2)

1 —_—PP+PP-g-MA 3%4Z00
s PP APPg-MA 5%4200
0 0.5 i 2 4

Zinc oxide content (wt%)

Figure 1. Charpy impact strength values of PP/Zn0 nanocomposites
at various ZnO and compatibilizer contents.

——PP+Zn0O

= PP4PP-g-MA 1%+4Zn0

Young's modulus (MPa)

—tr— PP4PP g -MA 3%+Zn0
— PP APP-g-MA 5%4Zn0

0 0.5 1 2 4 |

Zinc oxide content (wt%)

Figure 2. The Young’s modulus of the PP/Zn0 nanocomposites at
various ZnO and compatibilizer contents.
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Figure 3. The tensile strength values of the PP/Zn0 nanocomposites
at various Zn0O and compatibilizer contents.
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PP 00
= PPEPP MA L4200
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Figure 4. The stress at break values of the PP/Zn0 nanocomposites
at various ZnO and compatibilizer contents.

CONCLUSION

The effect of PP-g-MA compatibilizer on mechanical properties
of PP/Zn0 nanocomposites was investigated. PP/Zn0
nanocomposites were prepared by twin screw extruder. The
results found that the impact strength of PP/Zn0
nanocomposites did not change evidently with increasing Zn0
contents. impact strength and Young's modulus of PP/Zn0
nanocomposites decreased after adding PP-g-MA compatibilizer.
The values of tensile strength and stress at break increased with
increasing Zn0O and PP-g-MA compatibilizer contents. The
PP/Zn0 nanocomposites after adding PP-g-MA had higher stress
at break than PP/Zn0 nanocomposites without PP-g-MA.
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This article investigated the effects of particle size of zinc oxide (ZnO) and polystyrene-co-maleic anhydride (SMA)
compatibilizer on impact strength and morphology of polystyrene (PS)/ZnO71 (71 nm) and PS/Zn0250 (250 nm)
nanocomposites. PS/ZnO nanocomposites with varying concentration of ZnO and SMA were prepared by a melt
mixing technique in a twin screw extruder. It was found that the impact strength of PS nanocomposites increased up
to a ZnO content of 1.0 wt%. Moreover, PS/Zn0250 nanocomposites had higher impact strength than PS/Zn071
nanocomposites. The addition of SMA increased the impact strength of PS/ZnO nanocomposites with increasing
SMA content, this result showed that SMA could improve impact strength of nanocomposites [1]. The dispersion of
Zn0O particles on PS/ZnO nanocomposites was studied by scanning electron microscope (SEM). It was observed
that the dispersion of ZnO particles of PS/ZnO nanocomposites without SMA was non-uniform and the
agglomeration of ZnO particles in the polymer matrix increased with increasing ZnO content. The dispersion of
Zn0 particles of PS/ZnO nanocomposites after adding SMA was relatively good and only few aggregations exist.
These observations support the results of the impact test where the PS/ZnO nanocomposites with SMA displayed
higher impact strength than the PS/ZnO nanocomposites without SMA. The study showed that SMA was used as a
compatibilizer to improve the dispersability and compatibility of ZnO particles in PS matrix [2-4].

Situ Preparation of ZnO Nanorod/poly(1,4-di(thiophen-3-yl)benzene) Nanocomposites via Electrochemical
Polymerization and Their Properties

M. Ouyang', G. Wang', X. Lv', C. Zhang'
'State Key Laboratory Breeding Base of Green Chemistry-Synthesis Technology, College of Chemical Engineering
and Materials Science, Zhejiang University of Technology, Hangzhou, 310014, P. R. China.

In the past few decades, organic/inorganic nanocomposite has received a tremendous attention due to presenting
better performance than their bulk counterparts, and great progress has been made [1-3]. Therefore, a scientific
study on fabrication of polymer/inorganic nanoarray composites is of great interest, and has become one of the
focuses in polymer optoelectronics field[4]. Here, we report the fabrication of new ZnO
nanorod/poly(1,4-di(thiophen- 3-yl)benzene)(PDTB) nanocomposites via electrochemical polymerization. Field-
mission scanning electron microscope (FESEM) and High resolution-transmission electronic microscope (HR-
TEM) were used to investigate the morphology of resulting sample(see Fig 1 a, b and d), and the crystallization and
absorption spectrum of nanocomposite were recorded by X-ray diffraction (XRD) and UV-visible spectra,
respectively. The continuous cyclic voltammetry (CV) curves of PDTB in dichloromethane are illustrated in Fig.lc.
The composite between ZnO and PDTB improves the photoelectric conversion of materials, and the resulting
composites possess potential applications in optoelectronics field.
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