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ABSTRACT

This research studied the effect of zinc oxide (ZnO) on mechanical properties, thermal
properties and morphological properties of polyoxymethylene (POM)/ZnO nanocomposites.
These nanocomposites were prepared by using twin screw extruder. Then the composites were
molded by compression method and injection method. The results found that Young’s modulus
increased with increasing ZnO content. The tensile strength decreased with increasing ZnO
content. Increasing content of ZnO up to 1.0 wt% increased the impact strength of POM while
addition of ZnO beyond 1.0 wt% decreased the impact strength. The effect of molding methods
found that the mechanical properties of compression method were better than injection method.
ZnO 250 nm improved mechanical properties of POM more than ZnO 71 nm. The melting
temperatures did not change after adding ZnO and the decomposition temperatures increased
with increasing ZnO content. The dispersion of ZnO particles on POM composites was studied
by scanning electron microscope (SEM). It was observed that the dispersion of ZnO particles
was relatively good and the aggregates of ZnO particles in polymer matrix increased with
increasing ZnO content. Moreover this research studied the effect of particle sizes of titanium
dioxide (TiO,) on mechanical and morphological properties of polypropylene (PP)/TiO,
nanocomposites. It found that TiO, 130 nm could improve mechanical properties better than
TiO, 42.3 nm. The dispersion of TiO, particles in polymer matrix, it observed that the

aggregates of TiO, 42.3 nm were more than TiO, 130 nm.
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N9LAaNVaINITANBIIwaa b Bnlw PP Sautianadn Talugamnniruninaaiiia
WRIFAN LLa:miLLﬂigﬂwmaaﬂ ImslaTfunes iNaUTusuauaIna’AN L RNIZNU
msannzmﬂ*‘ﬁmmauamezmnawLwiaﬁvimﬂﬂizmwLLazmmmﬂszgn@ﬂﬂﬁmumw
9T LLGARZAILIN% ABBNAAZNEN L IWIN LIl TRI T AN an9as luiwaadinni
sudmunzuinmIdszgndldnuinannaiy LLazq@mmsmwmaﬁﬂmﬂﬁﬁmwuéwﬁm

)

]
=

UNAI LﬁuLﬂuagnﬂfuﬁ ﬁaﬁfuﬂ%mmmwﬁ@LLaxgaﬂ'waamilﬁuLL@iﬁdﬁé’@ﬂmiLauI@ﬂ

gdmﬂluﬁﬁlﬁ;ﬂ‘u AR AU WINazin 39U AN AN

1.2 FnnUseasnzadnuivy
= ad a a 6 a a 6
1.2.1 AnEATMaasuunaflasnanlwdauad POM Was ZnO Lazwastuasaaulw
faUa4 PP uaz Tio, swam lwuasuaz lulasiuas Aanudududng g
122 @ANEIANTWAVDIAATIFINNENUINAALNTADNINRANINAA /NI ALEING
LASRNLGNIIANNTAN

Qo v g { a J A a
1.2.3 fAnwansuzlasganduguiiialumolunafiweinanlnge



UNN 2

A5N1INAaDY

2.1 @SNy

2.1.1 nadoanBLuNan (Polyoxymethylene, POM)

POM Al luaudsoil naaanUSEn POLYPLASTICS @4iian13¢131 DURACON

N8 M90-44 Lazlaudaniameninuasnaiines é’dLLﬁ@GVL’ﬂ%@']TNﬁ 2.1

A15191 2.1 LEAIRNUANIINEAIN (Physical properties) 284iianafiuas POM

FUNIITOYA Unit | TestMethod | Standard M90-
44 General

Specific gravity g/cm3 ASTM D792 1.41
Tensile strength MPa ASTM D638 60
Tensile elongation % ASTM D638 60
Flexural strength MPa ASTM D790 90
Flexural modulus MPa ASTM D790 2,580
Izod impact strength (Notch side) J/m ASTM D256 63
Izod impact strength (Reversed notch side) J/m ASTM D256 760
Temperature of deflection under load (1.82MPa) °C ASTM D648 110
Coefficient of linear thermal expansion (room ><1O-5/ °C | ASTM D696 10
temperature, Flow direction)
Coefficient of linear thermal expansion (room ><1O-5/ °C | ASTM D696 10
temperature, Transverse direction)
Dielectric breakdown strength (Short-time test : MV/m ASTM D149 24
2mmt)
Volume resistivity (Thickness 3mm) O-cm | ASTM D257 1x10"
Surface resistivity (Thickness 3mm) 9 ASTM D257 1x10"°
Flammability ((UL94)) UL 94 HB




2.1.2 wadlnsnan (Polypropylene, PP)

Huwana@nmiia Homopolymer Resin W3A9NU5HN HMC POLYMERS $11ia 4493
Zan9n3R1i1 MOPLEN 3@ HP 400K(6531) lasfauiianismoninasinasiuaies
waas 3 luasnsi 2.2

A15191 2.2 LFAIRNUANIINBATN (Physical properties) 2adiianadiuas PP

GHOIL VAIFIUNINARDY N
Melt flow rate, dg/min ASTM D 1238 4
Density, g/cm3 ASTM D 792 B 0.90
Tensile strength at yield, MPa ASTM D 638 33
Elongation at yield, % ASTM D 638 10
Flexural modulus, MPa ASTM D 790A 1400
Notched izod impact strength at 23 °C J/m ASTM D 256A 30
Deflection temperature, at 455 kPa, °C ASTM D 648 94

2.1.3 Bemaanlwa (Zinc oxide, ZnO)

2.1.3.1 ZnO muwagmmaﬁﬂ 250 nm WAAINLIEN Ajax Finechem Ln¥a AR 9
Nanwousidunsdan

2.1.3.2 ZnO mummgmmaﬁy 71 nm WAANNLSHN Aldrich Tefianwoeifluued

711

2.1.4 lnniftanlaaanled (Titanium dioxide, TiO,)

2.1.4.1 TiO, 2@ bulasiuas mummg,mﬂm?iﬂ 130 nm  WAAINNUIEN  Ajax
Finechem ﬁmmu’%qwﬁmaomimnn'jw 99.5% awlt Hanwaiiwnadana

2.1.4.2 TiO, YW1aU LiNAT Tiozmmamgmmoo?iﬂ 423 nm HWRAINNUIEN
Aldrich ﬁﬂ’nuu%qﬂ%fmaamsmﬂﬂdﬁ 99.9%4w 11 Fanwazilunsdon

2.2 1309i0 il

2.21 Lﬂ%‘ad Twin screw extruder [1]
TunsuauifananadniuamsdundaiaiaioudunediwainonTngain asld

LA30INABNIRAILL LA DA luﬁﬁazwmmﬁm%uamwumwﬁa LT WUUAIRLD U

(Double worm) Aifitndeadlugain WianeRimaiuazaaduudsazgnanialdluseanden

WA R MATNAINENITAIAIR LD TITULTITUNINTZULLNAATENE i ldtAan1Twie




& & o Y A . A Ac AN o )
nadLdulibarfean lauia3ad twin - screw  extruder NIT I UIFL T LG LRAINN B LD
Lﬂ%aa"lﬂugﬂﬁ 2.1

Eﬂﬁ 2.1 Lﬂ%la\‘i Twin screw extruder, Thermo Haake Polylab System, model; PTW16/25D,

Germany

fRITUINZVDILAIAY twin screw extruder NITluNINFULTaNaALNaTAON WG

3219 POM Uaz ZnO ludasndindny § Laadaiansen 2.3

M1519N 2.3 meama:‘lummamaaLﬂ%aa Twin screw extruder ¥ad POM ez ZnO

. . AN ann NIl POM nuawn1a ZnO
WORLNDY oo k
iauaﬂg TS-E1 TS-E2 TS-E3 TS-E4 TS-E5
POM 50 rpm 170°C 180°C 180 °C 190 °C 200 °C

o Qo A . A =1 a [ 4 a
RINITURNNILVDILAIBY Twin screw extruder V]I“Iﬂuﬂ']iﬂﬁ&lLN@]WE]GL?JE]?@]E’]SJIW&@I

3234 PP Uaz TiO, Thoamaineny 9 uaasninnsen 2.4

A13199 2.4 LLﬁ@x‘iﬁﬂ’]’)ﬂ%ﬂ'ﬁNﬁ&l‘UE}dLﬂ%ﬂx‘i Twin screw extruder U84 PP uwaz TiO,

o . AL anmnlwnanay PP nuayna Tio,
WORLNBY — :
sauany | TS-E1 TS-E2 TS-E3 TS-E4 | TS-E5
PP 50 rpm 160°C 180 °C 190 °C 200 °C 220 °C

ViﬁJ’]ElLVWJ :

TS-E1 ganniiluiadasdedalaufl 1 (funs hopper)




TS-E2 qmwgﬁlum%aaé’a%mimuﬁ 2
TS-E3 qmwgﬁlum%aaé’m’%mimuﬁ 3
TS-E4 qm%gmmﬂ%aaﬁﬂ%ﬂﬁmﬁ 4

7S-D1 gawnniluintasdnialond 5 (dunisia die)

2.2.2 1@509 Compression molding [2]
! % 1A 6 % I aa J d' U d'
msmugﬂmlwuwuwLmua@Lﬂmﬁmsmugﬂﬂlﬂmumnwq@luisoamqmm%mm
a a P o & v A & a & add, v
L:ual,ﬂsﬂ‘umwnumsmugﬂm‘lmmwuwLmuau6] stmﬂmﬁ'ﬂmmm:‘lmaaamu
maﬁﬁmﬂ%aﬁqu LWiW:LLajﬁwTLLa:Lﬂ%aoé'mﬁﬂﬂ"uvlajg\imﬂﬁfﬂ wwyasaantunld lawn
A @ a o . A A o ~ A a o & a
iIavaaTzuLlaatada mamaLmawamuamlugﬂﬂ 2.2 MINAALININNNITUNIANDR
wasnaulnFau e luliRuWNTon JauuuLinNuw aaeaaNTawLazauawniald
AMRNANTINUA  LUANDRLNDTITHAANLARIANLUULIANN BRINNHWDAABANANN

uAANNA 22 AT UIN AN DINT

Eﬂ‘ﬁ. 2.2 Lﬂ%lad Compression molding, model; 25-12H, Carver, USA

2.2.3 L1@389 Injection molding [3]
< o A A a A o o A ' o &

laan ldusedasdananadn sxfidandsznaudan Svsunsouddlaaandn 3
§I% Aa §IUTAda (Injection Unit) duzatla — \Uaudiaw (Clamping Unit) uaz &%
gaviy Aa fugnuvedaiaiia (Base) dausadlugli 2.3

1. dwgada xvimihndewaadnidhgnszuanda  nasuRIUAZEINANEEN

Ao A ° v A A [ o 3 = A &
wmad lUNvade uaziwinnlunsfauszinesianuandl  deazlisaudsznaunugin

asdiallit da walla (Nozzle) ang nszuanda ukuAINIaU (Heater) NIIBLANNAREN



(Hopper) ﬂ‘iwaﬂg‘].ll,l,a:gﬂguvlamaaﬂ (Hydraulic Cylinder and Pistol) LRZNBLADS
Juiafanang (Drive Motor)

v
6 o o A

2. dangaila - (Wausiian vmihnlunisaudininsesdin faulla - a
1A 6 v a =3 1a 6 1 ~ g a a n:q’
wdAuW Trusslunstafenualnun  wasliudunuianaiadin wazUaaduinwaanain
ra 4 v 1R 1A el A A A A Lo A o A
i dsznavlddsunubauifundiddiuniafoniiuazagiun iwaniiden szuy
a A A a 1A 4 1R s A
Tunfautle — iWaudNuW uazuNwiaIzULTULAIaY
1 di = o v A a g/ 04 = a a ra 6
3. damgmvaasasdn iwihnaeeiuiminueszede uazgala-auifuw
Ay‘v o Y d'd a a g: d' @ o Y d' & o 3’ [
wannniidaimihndafagunsallaasednninualueios uazdshmihndudnihduls
asadn laggmlngusiaagiuaios asvdmnmanmiies Mrewdsznaudndugiueios
oAU wazaanTsuinknan 9 laa

Eﬂ‘ﬁl 2.3 1A30q Injection molding, Battenfeld; PLUS 350/75

2.2.4 1.@389 Universal testing [4]
ny ¥ A . . < A A A ¥ =
AMINAFTBUTWINUAILLATDS universal  testing  1DuLaIasNenldnasauusia
. & o o Aq/ Q v = > > > 1 Qs Qs
(Tensile test) TIz¥NMINAFEULALINTUINUINTVTAAIDAITUUUUALAITLEN HITULY
A &V od = A AL oo o a A
faaaliN crosshead TIRINIILARAUNTW-RI LGN A NA1ITTULARA LA WD B ILAT DS
maaué’umm‘lugﬂﬁ 24  WIUANIAAAAIDAL ITNLNWLATAIGIUENS MU NININNT
NAFaU 61'1azhm@aangnﬁolﬁﬁmaaﬂﬁasm'ml,‘%’m@aauﬁﬁmu@"li ﬂsmﬁai'a@;ﬁﬁ
= A o =< o 2 Ao ' o Aa = 2 a o
ﬂ’J’]SJLL"]J\‘]SJ’mﬂ%i@l“ﬁLLix‘)@]dgx‘iG]EIZI‘ZTLLN@NV]W] mma@mummLLmﬂmﬂmamumﬂ"n
o X . e & o .
AU IMNAFAULANTUATNEIAL FINNIIAITUWNARALAUNIZNITUWNARALUIADANIINN 1ib
=} s e 1 d' Qq, d'dl a 3 o
YZLAINWAR LN FBAITIAAINITLU R WL RIVDITUIN WL M NEAA10aNNALHAINT
LEAINALAZLUWANAA19 L LT




Eﬂﬁ 24 Lﬂ%lad Universal testing, LLOYD Instruments; LR 50K

2.2.5 1@309 Pendulum impact tester [1]
o ° a i A A a A ' o & o A
WANMIYINIUTBILATAY pendulum impact tester Haat Aa (laldasduiniing
nudfuiseulilafeunann m aNugINimue (ANUFITUER) IINTIUNINTUNL
g 1 { ol { { v v d L { v :/ L
AIDENI T ﬁ;@ﬁmﬁqmaamimﬁm T L& laan399naw mamﬂﬁ@;wmﬂuﬂmumﬂ
o ° v A o & o 7 o { { v A
LLma:ﬂﬂma@;m@msl,mﬂ‘m mnuu@;wmﬂum:mmsmﬂﬁauﬁ@avl,ﬂvl,@ TITTHLANE
ﬁ@jwﬁmﬁfmﬂﬁauﬁ"lﬂﬁfu fﬂ:gnﬁﬂﬂﬁwmmmmmwﬁmmu@iaLLiam:Lmﬂ GERN

Pendulum impact tester ﬁGLLa@GIugﬂﬁ 2.5

gﬂﬁ 25 Lﬂi}a\‘l Pendulum impact tester, Zwick/material testing August-Nagelstr.11.D-
89079 Ulm



2.2.6 LAS2INITOHUIN

LATIINTANUIN LATINTINTasUINUWT I UNFINES nawin lUnagauniIny
FARLIINTZUNN é’auamlugﬂﬁ 2.6

311 2.6 LATa9viTasLN

2.2.7 \@309 Differential Scanning Calormeter (DSC) [5]

DSC JuinafianlsdnsUSuimanysan wazmsiasnilasanuTaunnglidas
[ A a ¢ A A o A A @ o o A a o \
nugmnnAveINafiaes Lmawamuamlugﬂﬂ 2.7 IRAaNNIFNNUAIN Aa #1TAI8819
uaz a3ddinidesdenafiadfisen Ausmludisezafifivavnadn azgnldanuian
Tupssmalulasiau antusuddninnuiousasinadnuasuulasnugmungiioz

Qﬂ@]i’)"ﬂ’?@] LAz ING

gllﬁ 2.7 Lﬂ%la{i Differential Scanning Calorimeter, Pyris |, Perkin EImer, USA
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2.2.8 LAY Thermogravimetric Analyzer (TGA) [5]
& aa d%’ U a 6 A a 6 di Qs U
TGA Wwitidasdulunisiaswianaigiasvasnasasiialasuanuion lag
Qldq/ Q : = 1 1 dl v dll QI/ dld 1
lFnugrumriaiminadvdaiiiesdioiniastandanuligs (thermobalance) Tuszwing
=) =Y L= 1 A 1 =) (2% { o v QI ‘g’
ek gunplivesmetdieglusismealnd  wisfhodesazgnildidnau
1 1 di L% a 6 @ £ I d' n{ g/ [
e R0 °uagaﬂmme:ngﬂuuwﬂLﬂumaﬂmmmﬂLLammiLﬂaﬂuLLﬂmmﬁun
20967889 uazgmangll nagaFshrinlugsuIneINIie M WiaNgunniidiana
fiannmsszmerasihmisdmrhazay wifigunnigainifiaanmsaapaiveanadiues
@ o o A [ a ' Aa a & A Ao a ¢
dayamsiilinauiisaiuanuaiiosdegunnivaswaiiues naiangsdyelumd
a 6 n‘ A a 1 d' 1 a [ =) % d‘
PN IUNNTILATIERAIRIINIRE wraraLAunasnlaad i lunadinasdndly 1a3a9 TGA
LL&@Nl%Eﬂﬁ 2.8

gllﬁ 2.8 Lﬂ%la{i Thermogravimetry Analyzer, Perkin - Elemer ; TGA 7

2.2.9 1A509 Scanning electron microscope (SEM) [6]
A & A A A & 1 ) ¢ A9 o
LAID9 SEM 1T waTaININUIEIRAITILRILAIYUIZLAN NNBIIANIIFAL 'l
SURIBLANATAY mw%adaaﬂsmvlﬂuuﬁwmﬁaamoﬁﬁaamsmwaaul%“’lﬁﬁayamm
L dw a & dl ~ v Y 1 =) L =4 dl
anwueNbRIUTINYLIuM NI BRI TINBILAK laduatansoanatiuinAInNL%
wniale 139 SEM é’dLLa@d‘Lugﬂﬁ 2.9



Eﬂﬁ 2.9 1A384 Scanning electron microscope

v =~
2.2.10 gouasiadl
g avltlunsavlannusuuaddiagrsnafwasnawnsin lnaudusuwinuna s

wasaaulwge é’auam‘lugﬂﬁ 2.10

gﬂﬁ 2.10 @aumsmﬁ, memmert

11



12

2.3 35n1INAa0IVaINaALNBIABNINAAIL1I19 POM Wag ZnO
2.3.1 nMIasgaLianafaNasnaulndnIzning POM was Zno

2.3.1.1 ddanafiuas POM Uaz W9 ZnO "Lﬂau"[simw%uﬁaqm%gﬁ 100 °C iw
a0 3 T2lus ansiwAul3ly desiccator Wiailasiuanuduainaina

2312 Tainwinde POM  uaz w9 ZnO tialassuiianadiuainaulndalas
FIUNENT AT RTUES o fa 0%, 0.5%, 1%, 2%, 4%, 6%, LAz 8% lauimin

2.3.1.3 thamnauudszsanainlUnaniud1010309 twin screw extruder

a

o = a e = Y Y : & A
2.3.1.4 PWIUANDNLUBINHIVBNIINRULILUIDY Ltaqvlﬂaﬂvlaﬂjqwmuﬂqm%ﬂu

U

100 °C 1¥uaan 3 T lu9 anvwAu 13l desiccator L1NatladnwANNTHINNAINE

2.3.2 m‘sﬁugﬂﬁsmmﬁ‘aslii‘lum‘mﬂaanauﬁ'a@ho 9

2.3.21 ms%ugﬂ%mmﬁ’ml,ﬂ%'aa compression molding

1) difanadiwesnonlnaafinanszning POM uaz Zno anldasluudfins (Mold)
AL s‘fiomwn3n§u3ﬂ§uawuﬁ1ﬁﬁwu%’uwaaauawﬂ'ﬁLLsoﬁa (Tensile test) Waznagay
RUUANINUABUIINTEUNA (Impact test) lFWTaNnY

2) ama:m‘iﬁﬂmwnadm‘%ad compression molding Ao ltanusan 190 °C 1lu
1281 15 W

3) ‘ﬂ@m’%aaﬁlﬁmﬂm”ammzsawqm%n“ﬁa@maﬁaqnmgﬁ 80 °C

4) N TuNnaanNNLIRUN

i S 9 L .
23.2.2 msmugﬂ"ﬁmmmﬂm%aa injection molding
o & a ¢ a & A . & o A L. .
mm@waaL&Jaimmaaﬂﬂi:naumﬂamﬂu"ﬁuLLa’mmﬁqmluLmaa injection
. v A v 1A [ A J < n“’ A Yo s A =
molding LLﬂ’Ja@]L°U’]LL&IW3J‘WLWE]“ll%gl]Lﬂ%“ﬁuﬁ%ﬂl“ﬁﬁ’]ﬂ‘iuY]@]&E]ﬂﬁ&lll@]LLSG@NLLﬂZV](ﬂﬁmJ
[N ) o & o o o {
ﬁﬂJU@Iﬂﬂiﬂu@E}LLidﬂiszﬂI@ El“/]’]ﬂ’]iﬁ@]“ﬂ%gﬂWimJﬂ% I@Uama:msmmumaam%d

injection molding lAL&AIAIAII1IN 2.5

A13199 2.5 LRAIRNIZNINUBILATEY Injection molding

. e ANNLT2 qm%gﬁlummaw POM fuaunf ZnO
WaRLNaT

JAURNG To T, T,

POM 50 rpm 190°C 185°C 180 °C
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2.3.3 MsAnw1daNUALBINa (Mechanical properties)

2.3.3.1 MINAFOUFNUALIIA (Tensile test)

AU AN URTULTIVIT U BN AN BTN TWER 31NN TN U INATOLUTIR
Tagsassnlglunsassingy 50 Sadiwasaowft 19 load cell 1110 50 kN ersiaias

universal testing HAN1INARDI WAANLARLVBINANITNARDUTIUIN 5 AN

2.3.3.2 MINAFaURNTANMINUEBUIINIZUNN (Impact test)
o Ay A v J o ¥ 6
mmmmw"lm’mmimugﬂmmmimaau lasldnisnageuuuuanstl (Charpy)

D

TINAWITANNIINAROUA BIUNNTUINTUALLATEIVINTEHUIN A LLE‘T@GI%Eﬂﬁ 212 uazia

¥
=Y

AUNRUNAAYDITWINUNAFAU LTI N TULIINITZUNTAG LIS hea ALl as 31nwwiin

©

T %’JWGU‘I»LLLWH%’U&L%LL%’J%QNI@ FJVL&jﬁdJﬂ"IS‘:]IﬂJﬁ@] %G%%G’W%ﬁ] ZIUUIINTY LLV]iﬂﬁ]’WﬂQﬂ(;j&l

v AN A
“m\‘i(ﬂ’m‘ﬂvl,uuia guINn

2.3.4 MINAFBUFNLANINANMNITON (Thermal properties)
2.3.4.1 MINaFaUaNUANINAMNNTaUA8LAT8Y Differential scanning calorimetry
(DSC)
2 ada < =< v [ v
mMInamaual83d DSC (lumsAnmantanisanuseuvadans lummasavazli
anuiauunzunungndalu Pan asud 50 — 250 °C uazuaainaaananlugdnmumsing
2090uTaU (Heat flow) TUgmnniINFund1 DSC Thermogram Liladufiinsaiunlddadn

fAanmaasuulasaaus (Transition) V83481 axldndsnuanudendlslumsaen
f0ue (Enthalpy of fusion, AH) Lﬁﬂﬁ’]&l’lﬁﬁu’smwl % crystallinity maa%mm laganne
mimaaﬂmwia:ﬁgumauﬁﬁaf:

1 lﬁﬂaﬁmauwamﬂﬂw 50 °C L‘LI‘LLL’JE\]’] 1 u’]‘ﬂ

2) L &lanmnmnﬂ 50 °C ﬁ]%ﬂ\‘i 250 °C ALBATI 10 °C/1/l>’1°(]

3 1ﬁmwmaqum%{]u 250°C (fuiaan 1 Wi

5 Iﬁmwmaumm%nw 50 °C 1Twan 1 wf
6
7 Iﬂmwmauwam%ﬂu 250 °C 1Jwaan 1 winl

)
)
)

4) 3NN 250 °C AU 50 °C FABEATY 10 °C/UTT
)
) quamﬂnumﬂ 50 °C 9w 250 °C 28807 10 °C/T
)

2.3.4.2 MINAFALRNUANANNTOUAILLATY thermo gravimetric analyzer (TGA)
3 aa & = = (% a 6
MINARAUAILIT TGA L TUMIANEIANURDYITNHNANNTOUVAIRNT BAZILATIZR
1 1 a a { Q é U
wisulsznaudsguainadwaiaaulniaiaaodl Ssnanisnasasnelaussenmeavad
Malulasaw lagdainniniilfsw lluassnsila lasuainuian Gigniznlinagay Aa
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1) ldanufaunigunnil 50 °C Liluiam 1 wfl

2) \WugmuNlaN 100 °C AU 400 °C @288@IINNTIAAMNTEU 10 °C/wdi

2.3.5 Mmanadaulaseas19dmgIwalginaia Scanning electron microscope (SEM)
miaraseulanadnuimisnwidsiisihdeimeiiwaiaenlniadiriiu
msnaseuaNdAamINudausInszunn uindesglassaedaduninmiuaniniiasann
manesaulagnaufiezinaiodisllsas azdoindaunasdlniaios splutter coater 108
duwan 2 wift wdrsehdunuildliidiademasey SEM mulugainia lu
chamber 0.001-0.0001 TadUN3 ualTFWIGMIWNNIIIUNIWULLL secondary  electron

image

2.4 35nmaaasaasnadinasnanlndnszving PP uag Tio,
2.4.1 nMse3saanaanaTnanlninizring POM uag Tio,

2.4.1.1 dufawadiues PP wazwHd TiO, Vlﬂauvl,aimm%uﬁqmﬂgﬁ 100 °C 1Jutan
3 52w niwAv1Slu desiceator LiatlaaruaNudn

2.4.1.2 Fainwinidia PP wazng Tio, tiate3oumanay lagsiunauiianududn
199 f8 0%, 0.5%, 1.0%, 2.0%, 4.0%, 6.0%, 8.0% Wwaz 12.0%lapuirwin luzgaun

2413 tdmnsuuaazdanaiwlunsuiudisaias Twin screw extruder TWesu
Swmauswinfiiwuely

2.4.1.4 ﬁnLﬁ@waﬁmaﬁ"ﬁ'mumswauL‘%mﬁamuﬁﬂﬂau“ldmm%uﬁqmﬁgﬁ 100 °C

1uan 3 T2 lug anwwAy il desiccator tiailaanuaNNIUEINATI

2.4.2 miﬁugﬂﬁy‘v&mmﬁﬂ%‘lumsﬂﬂaauauﬁ'ﬁ@ha )

2421 dufewedwesiasvesnlsznoufinauszning PP uaz Tio, v laasln
WNANN (Mold) AL 6’%@'mmsn%ugﬂ%umuﬁl%ﬁm%’umaauauﬂ'@miﬁaﬁ@ (Tensile
test) LASNARBLAMNFIUNUUIINTEWNA (Impact test) FFWTaNN

2422 amazmsﬁﬂmmaam‘%f'aaé'@%ugﬂwmaaﬂ fa lfausan 190 °C u
L8120 W17

2423 ?J@Lﬂ'%‘f'aosl,ﬁmwu%amm:sawqmﬂgﬁa@mﬁaqmvﬁgﬁ 80 °C

2.4.2.4 ¥EUNWDaNNNUNRUR
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2.4.3 Ms@Anw1daNUALBINa (Mechanical properties)

2.4.3.1 MINAFOUFNLALIIA (Tensile test)

AU AN URTULTIVIT U BN AN BTN TWER 31NN TN U INATOLUTIR
Tagsassanldlunmsassingy 50 Sadiwasaowft 19 Load cell 1w1a 50 kN arsiaias

Universal testing

2.4.3.2 MINAFOURNTANINUABUIINTZUNN (Impact test)

° Ay c.{' (3 J o U 6

mﬂﬁmmw"lm’mmsmugﬂmmmsmaau lagldnsnagaunuusisl (Charpy)
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3.3 MIANYIANHMENAIVAY fractured surface VaIBHINWAI1DLNI AILLATAI SEM
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3.4.2 SNUANNNAAD Young's modulus
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3.6 MIANBIANBINWAIVDY fractured surface VBITUINNA2DEII AULATDI SEM
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The effects of particle size of zinc oxide (ZnO) on mechanical, thermal and morpho-
logical properties of pure polyoxymethylene (POM) and POM/ZnO nanocomposites
were investigated. POM/ZnO nanocomposites with varying concentration of ZnO were
prepared by a melt mixing technique in a twin screw extruder. The dispersion of ZnO
particles in POM composites was studied by scanning electron microscopy (SEM). The
agglomeration of ZnO71 (71 nm) particles in the polymer matrix increased with
increasing ZnO content. The POM/Zn071 and POM/Zn0250 (250 nm) nanocomposites
showed decrease in tensile strength with increasing filler content. Young’s modulus
and stress at break of POM/Zn0O71 and POM/Zn0250 nanocomposites increased with
increasing filler contents. The impact strength of POM nanocomposites increased up
to a ZnO content of 1.0 wt%. However, the POM/Zn0O71 nanocomposites had higher
mechanical properties than the POM/Zn0O250 nanocomposites. The degradation
temperature of POM/ZnO71 nanocomposites was higher than that of POM/Zn0250
nanocomposites.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

depend on the particle size, shape and loading, together
with distribution of filler particles in the matrix poly-

Developing nanocomposites based on polymers and
nanoscale fillers has been an attractive approach to
achieving good properties [1]. Various nanoscale fillers,
including montmorillonite [2,3], silica [4-6], calcium
carbonate [1,7-9], aluminum oxide [10] and titanium
dioxide [11,12], have been reported to enhance
mechanical and thermal properties of polymers, such as
toughness, stiffness and heat resistance [9,13-15]. The
properties of particulate filled polymer composites

* Corresponding author. Tel./fax: +66 034 219 368.
E-mail address: iamsirirat@yahoo.com (S. Wacharawichanant).

0142-9418/$ - see front matter © 2008 Elsevier Ltd. All rights reserved.
doi:10.1016/j.polymertesting.2008.08.012

mer and good adhesion at the interface surface [16-18].
POM is one of the major engineering thermoplastics
because of its high strength, stiffness and excellent
chemical resistance. However, its poor impact resis-
tance limits its range of applications [19]. Ma et al. [20]
investigated the effects of nanoscale zinc oxide (ZnO)
on the electrical and physical characteristics of the
polystyrene (PS) nanocomposites. It was reported that
the addition of ZnO nanopowder increased the flexural
modulus and reduced the flexural strength. The glass-
transition temperatures and thermal degradation
temperatures of the ZnO/PS nanocomposites increased
with ZnO content. Tang et al. [21] studied the effects of
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organic nucleating agents and ZnO nanoparticles on
isotactic polypropylene (iPP). It was found that the
nonisothermal crystallization temperature of isotactic
polypropylene increases by 7 °C when an aliphatic tri-
amine was distributed efficiently within the polymeric
matrix by coating this nucleating agent onto ZnO
nanoparticles. Chae and Kim [22] prepared PS/ZnO
nanocomposites by solution mixing and investigated
the effects of ZnO nanoparticles on the physical prop-
erties of PS. They found that the thermal stability of PS
was enhanced with increasing ZnO content. Liufu et al.
[23] investigated the thermal degradation behaviour of
polyacrylate and its zinc oxide composites by differen-
tial scanning calorimetry (DSC), thermogravimetry (TG)
and Fourier transform infrared spectroscopy (FTIR).
Filler-free polyacrylate exhibited one DSC peak, indi-
cating that the polymer was degraded with only one
stage of weight loss. Polyacrylate/ZnO composites
underwent two minor weight losses as well as the
major weight loss. ZnO stabilized or destabilized the
polymer molecules according to the temperature
region.

This work studied the influence of particle sizes of
ZnO on morphology, mechanical and thermal properties
of POM/ZnO nanocomposites. POM/ZnO nanocomposites
with varying concentration of ZnO were prepared by
a melt mixing technique in a twin screw extruder.

2. Experimental
2.1. Materials

Polyoxymethylene (POM) was supplied with the
trade name of “DURACON” by Polyplastics Co., Ltd. The
melting temperature of the POM was around 165 °C.
ZnO in the form of a white powder with average
particle sizes of 71 nm (ZnO71) and 250 nm (Zn0250)
was purchased from Aldrich and S.R. LAB Co., Ltd,
respectively.

2.2. Sample preparation

POM pellets and ZnO particles were dried in an oven
at 70°C for 3 h before melt extrusion. The POM/ZnO
nanocomposites were melt-compounded in the desired
compositions in a twin screw extruder at temperatures
in the range of 170-200°C and a screw speed of
50 rpm. After compounding, the nanocomposites were
injection-molded into standard dumb-bell tensile bars
and rectangular bars.

2.3. Sample characterization

Tensile tests were conducted according to ASTM D
638 (ISO 527) with a universal tensile testing machine
LR 50k from Lloyd instruments. The tensile tests were
performed at a crosshead speed of 50 mm/min. Charpy
impact strength tests were performed according to D
6110-06 (ISO 179) at room temperature. Each value
reported represents the average of five samples.

Thermal properties were studied by thermogravi-
metric analysis (TGA) with a Perkin Elmer instrument,
TGA 7. The samples were cut into small pieces and then
heated from room temperature to 400 °C at a heating
rate of 10 °C/min under a nitrogen atmosphere.

Scanning electron microscopy (SEM) was used to
study the morphology of the impact fracture surfaces of
the POM/ZnO nanocomposites and to evaluate the
dispersion quality of the ZnO particles. All specimens
were coated with gold before SEM study.
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Fig. 1. Tensile strength of pure POM and POM/ZnO nanocomposites at
various particle sizes of ZnO.
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Fig. 2. Young’s modulus of pure POM and POM/ZnO nanocomposites at
various particle sizes of ZnO.

Stress at Break (MPa)

ZnO (wt%)

Fig. 3. Stress at break of pure POM and POM/ZnO nanocomposites at various
particle sizes of ZnO.
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Fig. 4. Impact strength of pure POM and POM/ZnO nanocomposites at
various particle sizes of ZnO.
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Fig. 5. Melting temperatures of pure POM and POM/Zn071 nanocomposites.
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Fig. 6. Melting temperatures of pure POM and POM/Zn0250
nanocomposites.

3. Results and discussion

3.1. Effect of particle size of ZnO on mechanical properties

The tensile strength and stress at break for the nano-
composites of POM/Zn0250 and POM/Zn071 as a function

Fig. 7. Decomposition temperatures of pure POM and POM/ZnO nano-
composites at various particle sizes of ZnO.

of composite composition are represented in Figs. 1-3. The
trend in variation of the tensile strength of POM/ZnO
composites at various particle sizes of ZnO is presented in
Fig. 1. The values of tensile strength decreased with
increasing ZnO content and, hence, ZnO does not improve
the tensile strength of POM specimens prepared by injec-
tion molding. This is due to the decrease in the degree of
crystallinity with increasing ZnO content.

Young’s modulus of POM/ZnO nanocomposites is pre-
sented in Fig. 2. It can be seen that Young’s modulus of
POM/ZnO increased with increasing filler content. This may
be due to the increased interfacial area in the nano-
composite with filler. The POM/Zn0O71 nanocomposites had
higher Young’s modulus than POM/Zn0250
nanocomposites.

Fig. 3 presents the variation in the stress at break with
varying concentrations of ZnO. It is observed that in POM/
ZnO nanocomposites the stress at break increased with
increasing ZnO content. The POM/Zn0O71 nanocomposites
had higher stress at break than POM/Zn0250 nano-
composites. A significant increase in Young's modulus and
stress at break has been observed in nanocomposites con-
taining ZnO due to the polar nature of the filler and the
polymer promoting good interaction and dispersion
between them.

The Charpy impact strength for the composites of POM/
ZnO is shown in Fig. 4. It is seen that the impact strength
increases up to a ZnO content of 1.0 wt% for POM/ZnO
composites, the improvement being due to increased
energy absorption during the impact process [24]. Addition
of ZnO beyond this level drastically decreases the impact
strength.

3.2. Effect of particle size of ZnO on thermal properties

Figs. 5 and 6 show melting temperature of pure
POM, POM/Zn0O71 and POM/Zn0250 nanocomposites at
various filler contents. The results showed that the
melting temperatures were not significantly changed
when Zn0O71 or Zn0O250 was incorporated into the
polymer matrix.

The effect of ZnO71 and Zn0250 on the degradation
temperature of all nanocomposites is shown in Fig. 7.
The degradation temperature was measured by TGA
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Fig. 8. SEM micrographs (a) pure POM, (b) POM after adding 1.0 wt% of Zn071, (c) POM after adding 2.0 wt% of Zn071, (d) POM after adding 4.0 wt% of Zn071, (e)

POM after adding 6.0 wt% of ZnO71 and (f) POM after adding 8.0 wt% of ZnO71.

and was calculated at 5% weight loss of the nano-
composites. It can be seen that the degradation
temperature of the ZnO nanocomposites increased with
increasing filler content and was higher than the
degradation temperature of pure POM, which showed
lower thermal stability than the nanocomposites. In
comparison between the POM/ZnO71 and POM/Zn0250
degradation temperatures, the degradation tempera-
tures did not show great differences.

3.3. Effect of particle sizes of ZnO on morphology

The morphology of fracture surfaces of impact
specimens of the nanocomposites was examined by
SEM. Fig. 8(a) shows the micrographs of the impact
fracture surface of pure POM while Fig. 8(b-f) show the

micrographs of the impact fracture surfaces of POM
nanocomposites filled with 1.0, 2.0, 4.0, 6.0 and 8.0 wt%
of ZnO71, respectively. It is observed that the dispersion
of the Zn0O71 on the polymer surface was non-uniform.
This non-uniform dispersion led to local agglomeration
of Zn0O71 within the polymer. Fracture surfaces and the
surface roughness of POM/ZnO71 nanocomposites and
pure POM were similar. Moreover, the aggregation of
Zn071 particles in the polymer matrix increased with
increasing ZnO71 content, and the dispersion of Zn071
particles could have an influence on the mechanical
properties of POM composites.

The SEM micrographs of the impact-fractured
surfaces of POM/Zn0250 nanocomposites at various
filler contents together with pure POM are represented
in Fig. 9. The SEM micrographs show that the
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Fig. 9. SEM micrographs (a) pure POM, (b) POM after adding 1.0 wt% of Zn0250, (c) POM after adding 2.0 wt% of Zn0250, (d) POM after adding 4.0 wt% of
Zn0250, (e) POM after adding 6.0 wt% of Zn0250 and (f) POM after adding 8.0 wt% of Zn0250.

dispersion of the Zn0250 particles was relatively good,
only few aggregations exist as shown in Fig. 9(b-f). It
can be seen that, there was good adhesion inside POM/
Zn0250 nanocomposites. These observations support
the results of the tensile tests where the POM/Zn0250
nanocomposites displayed higher Young’s modulus
than the pure POM.

Fig. 10 shows a comparison of the micrographs of the
impact-fractured surfaces of POM/Zn0250 and POM/
Zn0250 nanocomposites at various filler content. It can be
seen that the POM/ZnO71 nanocomposites had more
agglomeration than POM/Zn0250 nanocomposites.

4. Conclusions

POM/ZnO nanocomposites were prepared by melt
compounding in a twin screw extruder. The POM/Zn071

and POM/Zn0250 nanocomposites showed a decrease in
tensile strength with increasing filler content. Young’s
modulus of POM/ZnO71 nanocomposite and POM/
Zn0250 nanocomposites increased with increasing filler
content. The impact strength of POM nanocomposites
increased up to a ZnO content of 1.0 wt%. The degradation
temperature of POM/ZnO71 and POM/Zn0O250 nano-
composites increased with increasing filler contents. In
addition, the degradation temperatures of POM/Zn071
nanocomposites were slightly higher than that of POM/
Zn0250 nanocomposites.
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Fig. 10. SEM micrographs comparing the impact fractured surfaces of between POM/Zn071 nanocomposites and POM/Zn0250 nanocomposites at (a) 2.0 wt% (b)

4.0 wt% and (c) 8.0 wt%.
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Abstract
The paper studies the effect of particle sizes of titanium
(TiO,) on properties  of

PP/TiO,

dioxide mechanical

polypropylene(PP)/TiO, nanocomposites.
nanocomposites were prepared by melt mixing technique in
a twin screw extruder. The results found that the tensile
strength of PP nanocomposites after adding TiO, 130 nm
(TD130) and TiO, 42.3 nm (TD42.3) decreased with
increasing TiO, content and stress at break increased after
adding TD130 and TD43.2. Moreover, the addition of
TD130 beyond 3.0 wt% increased the impact strength. The
effect of particle sizes showed that TDI130 improved

mechanical properties of PP more than TD42.3.

1. Introduction

The purpose of adding inorganic mineral fillers are used to
fulfill a functional rule, such as increasing the stiffness,
dimension stability, heat distortion temperature, hardness
and toughening of the polymers [1-4]. The properties of
particulate filled polymer composites depend on the particle
size, shape, loading, dispersion, interfacial bonding and
surface treatment of the fillers [5-8]. PP as one of the most
important commodity polymers is widely used in technical
applications. Because of its good processability, relatively

high mechanical properties, great recyclability, and low

609

cost. PP has found a wide range of applications in the
household goods, packaging, and automobiles [9].
Starkova et al. [10] studied the long-term tensile creep of
polyamide 66 and its nanocomposites filled with 1 vol.%
TiO, nanoparticles 21 and 300 nm in diameter. The
creep isochrones obtained show that the materials
exhibit a nonlinear viscoelastic behaviour and the degree
of nonlinearity is reduced significantly by incorporation
of the nanoparticles. DZzunuzovié¢ et al. [11] prepared
poly (methyl methacrylate) (PMMA)/TiO,
nanocomposites by in situ radical polymerization of
methyl methacrylate (MMA) in a toluene solution of
TiO,/6-palmitate ascorbic acid (6-PAA). The influence
of the TiO, nanoparticles on the thermal properties of
the PMMA matrix was investigated using thermo-
gravimetric  analysis and  differential  scanning
calorimetry. The glass transition temperature of the
polymer was not influenced by the presence of the
nanoparticles while the thermal stability was
significantly improved.

This work studies the effect of particle sizes of TiO, on
mechanical

properties of polypropylene (PP)/TiO,

nanocomposites.

2. Experimental

2.1 Materials

5]
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Pure PP (Mophen HP400K) was supplied by HMC
Polymers Co, Ltd. The melt flow rate of PP is 4 dg/min.
TiO, with an average particle size 42.3 nm (TD42.3) and
130 nm (TD130) purchased from Aldrich and S.R.LAB Co.,

Ltd, respectively. TiO, is in form of a white powder.

2.2 Polymer Nanocomposites Preparation

Pure PP pellets and TiO, nanoparticles were dried in an
oven at 100 °C for 3 hrs before melt extrusion. The PP
pellets and TiO, nanoparticles were melt-compounding in
desired compositions in a twin screw extruder at
temperatures in a range of 160-220 °C and a screw speed of
50 rpm. The extrudates were pelletized at the die exit.
After compounding, the blends were compression molded

into standard dumb-bell tensile bars and rectangular bars.

The mold temperature was kept at 190 °C.

2.3 Polymer Nanocomposites Characterization

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 crosshead
speed of 50 mm/min. Each value obtained represented the
average of five samples. Charpy impact strength tests were
performed according to D 6110-06 standard at room
temperature. Each value obtained represented the average

of five samples.

3. Results and discussion

In consideration of the effect of particle sizes of TiO, on
mechanical properties in Figures 1-4, it can be seen that the
values of tensile strength of PP/TD130 and PP/TD42.3
nanocomposites were not quite different and small
decreased with increasing TiO, content. The PP/TD130
nanocomposites exhibited higher Young’s modulus and
stress at break than PP/TD42.3 nanocomposites. This may
be due to difference in a polarity miss match of fillers and

polymer matrix, because TD42.3 has higher surface area

610

than that of TD130. This may induce agglomeration as

shown in Figure 5 and poor adhesion between TD42.3

and polymer matrix and subsequently decrease the

Young’s modulus and impact strength. Moreover, it can

be seen that impact strength of PP/TD130 was higher

than PP/TD42.3 nanocomposites.
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Figure 1. Tensile strength of neat PP and PP after
adding TD42.3 and TD130.
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Figure 2. Young’s modulus of neat PP and PP after
adding TD42.3 and TD130.
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Figure 3. Stress at break of neat PP and PP after adding

TD42.3 and TD130.


SIRIRAT
Typewritten Text
57


PP 29

40

——130nm

—a—423nm

Impact Strength (mJimm?)

00 05 10 15 20 25 30 3
TiO, (wt%)

in

Figure 4. Impact strength of neat PP and PP after adding
TD42.3 and TD130.

Figure 5. SEM micrograph of PP after adding 2.0 wt% of
TDA42.3.

4. Conclusions

The pure PP, PP/TD130 nanocomposites with increasing
TD130 contents showed small change tensile strength.
Young’s modulus, the stress at break and impact strength of
PP/TD130 nanocomposites increased with increasing
TD130 contents. The PP/TD130 nanocomposites exhibited
higher Young’s modulus and stress at break than

PP/TD42.3 nanocomposites.
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