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ABSTRACT

This research aims to study properties of polymer blends between poly(vinyl chloride)
(PVC) and low-density polyethylene (LDPE) reinforced by rubber-wood sawdust. Two
different mixing procedures were studied i was found that using both single-screw extruder and
then two-roll mill led to greater mechanical properties than using only single-screw extruder.
The experimental results suggested that as the LDPE contents were increased, the mechanical
properties of the polymer blend progressively decreased due to poor interfacial adhesion. The
phase compatibility between PVC and LDPE phase could be improved by three different types
of compatibilizers which included chlorinated polyethylene (CPE), poly(methyl-methacrylate-co-
butylacrylate) (PA 20) and poly(ethylene-co-methacrylate) (Elvaloy®). The PA 20 was found to be
more suitable compatibilizer for the polymer blends in order to prepare the composites. The
results from "C-NMR showed that no grafted products of PVC and LDPE was found and
decomposition temperature (T,) of PVC in the polymer blends of PVC100 : LDPEIO increased
because of a radical transfer reaction of PVC and LDPE during the mixing process. But the
T, of PVC in the blend decreased with the loading of the PA 20 and the wood sawdust.
Scanning electron microscopy (SEM) was used to observe the phase morphology of the blends.
It was found that the better phase dispersion and smaller particle size of LDPE of the
polymer blends with the PA 20 compatibilizer were obtained. In addition, T, of PVC decreased

in the PVC/LDPE (100/10) blends with and without the CPE and E]valoy® compatibilizers.

I



When PA 20 was used, T, of PVC was very close to that of neat PVC. Besides, tensile and
flexural moduli of the composites increased as sawdust contents were increased but tensile,
flexural and impact strengths decreased. Slight improvement in mechanical properties was

achieved if PA 20 was incorporated in the composites.
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Frunloudaduaaniominegeun Waonnunlszinm 6.5-

a oA 9 ' = & VoY 4
15.0 UnaluAI auesuiliaanuinnauun

ar Y A ny A 1 o ¥ d ﬂ o " w Z
ﬁﬂHszﬂﬁﬂﬁiNﬂﬂ@luﬂqu DHIAIAUATNUITNISIH ULV U U DUNITALDU =1m1u

ﬁ dy (V] 5 g4 a 1 . s
genthuilo linoud19uda5undmnu (Central axis) §ADONN
¥ v ¥
Wuiio s (Wood #39 Xylem) Hu180195 1y (Cambium)
o ' A a1 o a A o
1A9N80U (Soft blark) WealneduavieInis 1annuve
(Hard bark) 10911700 (Cork cambium) tazit/donua (Cork)
o w ' - [ - a4 A :’
MuUMAY szrNuldonoeuuazilasnuualnowiens (Latex

vessels) ﬁjuﬂ“maumn
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2.4 NUIVYNNYIVDI
Y “ as a =Y s 1
Fang Z. wazame [3] 18Anyinswavun)asdugiuinoiveanadmoinaussning
LDPE tay PVC iiolada139Iuman (Compatibilizer) Hag@135I0N15N3291007 (Dispersant)
Tavlddnsrdaulumsnay LDPE/PVC  1imfiu 70/30 uazl¥naosiuima wodienau
(Chlorinated Polyethylene (CPE)) Wumssenaunazonating 1adu (Butadiene rubber (BR))
Suasyenszaesalavlddasidaulunisweay LDPE/PVC/CPE #50 BR 110U 70/30/7.5
4 a A
uazlinToanauszunila HBI 90 Hakke Rheocord gainnilumswan 160°C alunis
¥
=1 = =1 1 [ s a 1
naaosil IdSouimounavoanusisouTuNISHANADAN YU NIIAUFIUINGT WU
a o P [l o A A = o =
wodmesHaui14n1u5230Ug (150 50U/ HUVHIADYNIAYBINDANDIHANIANAY i3
= - | i 4 a d’w [ 4 [
waliinmsnszawdianiuiieldnuiseu 50 sowani venvniidanuiuileld CPE uaz
a o ° Y] = 4 dJ °
BR lunedwesnay Mmlimsnszowdiveanodweswanavu laomniz CPE i1 ldvuinues
= o Y 4 =1 [ @ YY)
WoamIHaNAIAT Ao lelimsananuiiseulumskauateynimany Tunduinsmdiu
A 1 =y 4 d 1 a L)
BN ¥991991N5IAN BR 1leaan11u15250u umsHauaanyd 1ian1ssIudIvoIaynin

o o @ a 4
1an<) Vﬂiﬁﬂ'ﬁﬂ'j$ﬁ]1Uﬂ']'llfNWfJﬁlllﬂ?Nﬁ1Jﬁﬂﬁ3

@ a 4 = o
Xu C. uazamy [4] 1JAANNINITNIZ0AMALMIINANITITON TUaVDIND IO HETY
) ¥ ' o a a L3 [ .
s¥n319 PVC uaz LDPE lasld BR iWuasaunszneda uag lanadian)eseon loa (Dicumyl
peroxide, DCP) 1ilud313mfAsuoyyadaszinelfinanisi¥onTuaszning PVC uag LDPE
A o = =y ey -y 1 4 = |
Falunrsnaanail IdSvumsuauiiaFinaveaneameswauszni1e PVC/LDPE 1ieiin1s
a a a 42 a " o o .
19l BR 1tay DCP wﬂ“lmmﬂwmmuwmatﬁm WU’J'Iﬂ‘IﬂTIiJlL‘lNLLNﬁQ (Tensile strength)
= p' " a o i =y u’:
uar¥ouazmsnatia o 9AYIA (%Elongation at break) UAIAINTINDANOIHANNTMTIANNT
4 o o = da o
BR 1122 DCP 1110772000 UF M 14 INU 18NN HANAIUNADIYANST TAIBIANATOUNLIY
[ . . ' a e o a " a =
@049N31A (Scanning electron microscope) WUIWDAIUDIHTUNIAY BR NYI0U1UAYINNS
[ dcg A =y LY = o a Y a ] = ~
nszvwvesignindsuiionSouisusunedweswaui lildidu BR daumsidu DCP i#ivs
4
" =Y r 1 a “a 4 1 o [ (=1
DU1IALY WUTIMITAINEILHIINUAIVDINDRMDT HAY IANITNTLDILAIVDIIYNIA 1A
0 " ¥
WenlSouReununisiAn BR 1A0In151ANNE BR 1102 DCP W71 MINIEI10V0INNIAA

J = = i ; a = o 4 o o dw wa a U
‘uuuazumsUmmxszw'mwummmwaammNﬁnmaﬁuwuﬁﬂuﬂuumfmnaw"lﬂ

3= o & o v W
Ma G. uazamz [20] 1AdAnwINIZ1wA7 mMayoulvs uazysingmsaimsandy

q‘ - J = ' 4=§ =] o
(Entrapping phenomenon) inatulunedwesnanusznine PVC uay LDPE %31 DCP Wufa
S5uUFAseyyadase uazlivnalaiuiingladu (sBR) Hmhiidumssunszoed

' Vv
TAumey PVC 1azmsifuiaId 0in3 anausiinaoagnnas (Two-roll mill) 1dgmngiluns
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WY 145-160 °C 1Tunan 5 1l niTuiAn LDPE oz SBR wandidadundasadn pep
aarude 118 5 uril mudugudauiimsnada hiuoui ldinazaidonnss lalas
#3714 (Tetrahydrofuran, THF) Woara PVC oonannoamoinay udnihduiimasninns
analUSinszidomainsudsusamdnInsalndl (FTIR)  srnnisiAnyInuiniels
dnsraIuveINeaWesHauY PVC/LDPE (100/10) tiag PVC/LDPE/DCP (100/10/1) Wy
demhdfimieninnisaialuTinszidromaiin FTIR Linufinfidumids 1426 cm” na
1256 cm” Guilufinfivweniniuves Pve nanai luamsien Toafuszni1a PVC uay
LDPE udiiiel¥8as1d7u PVC/LDPE/DCP (50/50/1) a2 PVC/LDPE/DCP (10/100/1) TERLY)
Tligunsoaia PVC senvnmedmeinaudau THE 1éamun uaasiiiadsingmsains
§niuves PVC §2u LDPE {09910 LDPE ifanisidonTouilusraunlauil Dep fiudqsisy
Ufseeyyadasy uaznui Manuudaussaaaziovaznsade o yavIa voawodues
HaufiTin1sHaY DCP uaz SBR ‘ﬁﬂ'1qqi{mﬁmmﬂﬁnm§ﬂﬂuwm LDPE uaziinis

o e o - a o L4
nizawigmnng lasasreden ldninduguinuivesnedweinaulavlgndesganssmi

HUVLEA (Optical microscope)

Fang Z. uazAmz [1] 1AANEI8NINAY0I0AT 10U V0IANUNIIAYDIND DI HETY
s¥nIe PVCuay PE Nilnadedugiuinviveanwsdmeinan Tavldwaunsdweslu
W i ; 3
8n3109U PVC/PE  (50/50) A201n303nauszuula HBI 90 Hakke Rheocord azdiuzilau

e J 1 ﬂ' 4
nszuaumsoadugl luszndnmswan 1S ouifounnuiseui 30 50 uaz 100 rpm 1o
s [l ] 4 < @ ]
ANYIBATIEINYDIANUNTA IAMTANE WY 10 19ANW5 21501 S0 rpm  BATIAINVDY

] a V a ~ A et o o ¥ o
ANunila PVC/PE DM lndifis 1 wnige fie Iif1 0.99 dmsumslgnnumiisen 30 uaz
100 pm UMOATFIUANUNLA 0.82 Uz 1.13 MUMAY waznnmIAnpIautamFina

VoA w \ & Y v wa Y =2 3 ]
wunneandiuanunialndifies 1 Iaudaduniunssfs uazdovazmsata w yavia
3/

4 [ a a o " y o q’.: @ [ o
q3qa LﬁmmﬂﬁmgmamwmwamuaﬁNnuﬁmmmmﬁmnumﬂm'sgnm muiumm‘n‘l‘n

o ' @ ' 4 - wa ¥
ANI5230V 30 rpm Wuhil PE iWudgmadeniesinliilaui@dumuusanszunngaqe

= Al Q. 1 é

Sombatsompop N. nazanz [2] 1AANYINISIAANTABNITEHI1 LDPE 1lag PVC &4
= ‘3} ] a n‘: a dy = .
INATUTEHININTZUIUNITNANVDINDALND31S 2 ¥iiatl TavlHinatin Gel  permeation
chromatography (GPC) i1z Solid-State "C-NMR  1/5u1a1 LDPE #il¥lunisfiny v 0-16.7
¢ d o °y o ¥ A a q " a

oy lavimin uazldns oanauriandvmuoug lunisway gungilunisnaw 140

= = 1 - = ! Q' J 4
150 160 DIAUTAITUE 91NNIIATIVAOVAWIMATIA GPC WU M, v83 PVC Hannudwilo

= 4 4 a0 A |a 1w dd o :a a —
UTu LDPE s Taofimigaganiium LDPE vinu 13.0 nlediyua lavvimin lauh
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M, G lin)avuutlas 33050101891 Macroradical 404 PVC g LDPE fiRnduszn
nszuIMMIHaNFITinnLdouIazIs U 01IAANI 5N (Cross-recombination) 34%11H M,
Y939 PVC ﬁmqa{fu ienstvaoulnseadavosneamwosnaufouiu Tasaad1aves PVC uag
LDPE Tauldinaiin Solid-State “C-NMR wuirlu PVC uaaafind 57.3 ppm Famuivita
Tn5398319909 —~CHCI- 1Az 46.2 ppm @AY —CH,- lud2auvos LDPE wWuRn# 32.5 ppm
wanate —cH,- dauluwedwesnaunuiniuninlu PVC uaz LDPE fdumia 26 uaz 22
ppm Faiu 1 183 dudumisvesmivenozaeuiioglulaseadnues LDPE finensogun
Tnsaad1av0s PVC uonvIniinisasdvaey Tneldauianisazateves pve Tu THE wudilu
woamesway PVC higwsoazaioldvua mm’fﬂgafﬂﬂumﬁﬁﬁ'uﬁquiuﬁﬂmsﬂ'aﬁq

¥
" = o a A
FEUININOANDIHNTY 2 YUAU

Marcovich N. E. uazawmg [21] lddnuauianiaanudouiazantidinaves
woamesnon TndnsznianedioRausianumuiuduuidunse (Linear Low Density
Polyethylene, LLDPE) uazwa'ldl iflonausoiniiinleseon’lad 3919 2,5-dimethyl 2,5-
diterbuthyl-peroxyhexane (DBPH)) 1o mmﬁmmu%mwﬁ' (Maleic anhydride (MA)) Taole
in30esasATTianauInuous gunnilumsndy 180 190 180 220 DerIFAITU uazi’fugﬂ
Tﬂumié'ﬂfugﬂ (Compression molding) 1¥quuyii 140 ssrmaraiFoa iiuiaan 20 wri 97n
nsasavaeuanuilundnnud oy DBPH uaz MA manuilundnyes LLDPE anad
o0 nfnlfAsisendne LLDPE woz MA idieiinlesoonladiflud3suifAsuoyya
Saszipaiilu mAtomaneienay (Maleated PE) Fuilunissuniumsiiandnues LLDPE ua
Lﬁawﬁnm'lﬁ’fhmmrfluwﬁﬂqqifu iieaninma liidadlumsnendn (Nucleating agent) s
oy MA uag DBPH Manuiundnanaaiiosnnwoamefuasse 18dame i 148315
Wunssunaunsindeufivesaiols LLDPE Tunisanwin dnaui@idinavesnonInda
wuduileiin MA waz DBPH autfmidenadniuileiduinmniz DBPH Lﬁ'mmmflumsﬂ%’uﬂqs
M3BANEIENINANA (Interfacial adhesion) Yoaweawaiuazke 1l daumuianisnimdoy
lﬁ@ﬂﬂ%ﬁﬂuﬁ?f}mﬂﬁﬂ Derivative thermogravimetry (DTG) wuiwqmwgﬁﬂmﬁuamwvm
LLDPE #in151Au MA 1az DBPH anas Ao 482 LAz 479 esrusaidua oS ouifouiu

=1 a0 oA =

é (&) “ 1 o =) 1
LLDPE %9ilguviiinstdoamwininy 484 esrniaidoa diulunou Indniimisidoanin

E] U
¥ ¥
o =1

¥ v
nenudou 3 vuaoulaolu 2 duasuusnilunsidoaninvoans Iduvui 3 uves

LLDPE
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wa a a 4 = [
Rozman H. D. uazame [22] ladnmauifFinavoanodwainonlndassnin
= =Y =) ' - . 3/
NOAUDNAUFUANIIUHUIIUUY (High-Density Polycthylene, HDPE) waz ldvranis Taw
nSouiouszninems 1w Wuazdule i lumsinen Inda USunaldi s lunsin fe
dy Y a wa o = v "
20 30 uaz 40 % wona1niiladivleauifizenavesnonInda Taovnislymsgaiu
24 =] -t - ' a ' i
(Coupling agent) #4185 1s1fSvuifvua1sgaiv 2 iia 5¥11919 3-(Trimethoxysilyl) propyl
. . . b g 3 =
methacrylate (TPM) 8¢ 3-Aminopropyltriethoxysilane (APE) Y lylumsiny de 13
uaz 5% laonfSowisudvdsunun1dnld vinwanmisnaaoswuhrauidaidinaves
aow Indanldme Iduazidule s wegdanisuaniin (Modulus of rupture) azuaRAEANS
4 J 4 = J 1 ] 5 1 c:
ftin (Tensile modulus) igavudledTua lsfundu uazwunenIndan lavinne 1
' 4 o o = 1 ‘& o =
gannms 1dule sl diesnnwe ldamrsonsznei lunming ldandudulodgainfans
o ot o "o Y a o' e ' o
saduuiaduloidvuialvg mlvnszaedr luwming 18108 dauainauudans
1 =1 =S 9 | =
N3ZUNA (Impact strength)  AIANULTINIIAT LAz TovazmIsAsia w gavia Tnranauiu
o_w A a Y 4y 3 a = 4 4 a ' '
dev dlodum imSodulo i lulsmainniu viavamsnaneaiia@uaisgaiunyd
a dqw ' a o 2 A o 1y A 4
aouIndnild TPM Wuasgaivilnwegdanisdtadias uaiifovaznisistn o yavia
4 s . s 4 ' '
gediu fialuneuIndavinee Iduazidule 1 daunenIndaiild APE 1Wumisgaiu wuh
a 40 Vet 1 o = o < A 4 o @ o
aouIndaniininka ldlsnnuudanssfaazvendansAstngavn IMTuANNIYINS
1 y 1 q o 3
nszunniimanauidellsuiuns limiedulonindunaziols TPM  Wuasgaivlu

a a0 £ Y "o =1 a0 J
ﬂf)llIW'ﬁﬁﬂﬂ'ﬁnﬂlﬁu10111'“1]'ﬂﬂ'lﬂ'ﬂlllﬁlﬂlli\ﬂﬂigllﬂﬂnﬂ'quvu

Liao B. wazaniz [23] &Anudninavesmsusulyaduleiifinadeamifizana
yoanodwesnoy Indnsenina LLDPE uazidulolduoamu (Aspen fiber) Tauldaisgaiu
Inyun (Titanate coupling agent ) 2 %1iA fin TC-PBT itaz TC-POT (ﬁTﬂim%’N@iwﬁuﬁﬂyj
R #i0 TC-PBT i C, Chain alkyl 1iag TC-POT §1 C, — C,, Chain alkyl) HAZMIADNIRIL
02n3 10111058 (Acrylonitrile) 1n30ailoluniswasy LLDPE uaz duly'ls! Ao inseanauaiia
2 Qnﬂa':a gunniilumswan Ao 160 asrmsaiFoa iunal 10 wid uaxifugﬂiﬂumsﬁm‘fu
1Uldgamgli 170 esmuaadoa ifunar 10 Wil wamsnagevaulAFINaNyI M3
Ysulzaduleliiamslasgaavuaznisrons (Grafiing) Wanuuiaussita Josaznis
Aada Aanhims hisudsadulels Tasmmemssulyaduleld@onsdensdivezaiia
Tulasd Waud@Finaianitidesninnisdenudumsmililassadeiidundn
(Crystalline) vo1'lfiiAanaunailuodaigiu (Amorphous) nay MdiRansimeRay

o
LLDPE 1@a3u
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Zhang F. wazang [24] 1A% msAnuimgAnssumsanean uagn1svanumalves
a o1 ' a aa VA a [ = '
WOAWD3IIMIZHINNDAINAUADN WU NADNUEY 18A510A (MPE) taznou Indasening
MPE  uaz iduluvaglaa 91nn15ns1ed MPE daumatin DSC Wudl gungiingg
-:; =) -‘:'\ 3‘ [ a |y vs o 4:: by =
waoumalanaalolSu MA wuvn diuluneuindalafinyr PE fnensdlunadn
o o ada - "y Yo a y = o
wou'lensiwd  (MPE) unzwodiefiaui hildaensdionnadnuenlansied (UPE) 1ifu
¥
wm3nd Tavld)Suandulo s 15 30 uag 60 wesidua Tavimin anmatia DSC wuily
= J = =Y =<
aouIndnsznite UPE uaziduluwaglaaiing@nssunisannanuaznisnaouimaingn
o =] 4 a a J ' = "
wavwlasdmieuidiedSunaudulowag lamiiuiu diuaouIndasznilg MPE uag 1du
- a ' o o 4 a
luwag laaiiguugiinsanwinanasediaiiu lddade 19T maduluaaglae 5% uaz
¥ ¥ .
gUNINADINAIABYY aAad NITIBInINMIAAGUAIATYY (Interaction)  3¥HI13 MPE

o 4 \ ) 5 ci J
uaziduluwag Taa Mildmsindeuiivesan s PE ndeui lduinau

Canche -Escamilla G. uazame [25] 1dAnuaudaginaveaduluyaglaoansdens
Ao 1nsian (Methyl methacrylate, (MMA)) uaziinnaos lnsian (Butyl acrylate,
¥ ¥
(BA)) uonnil ladnuausaFnavonenTndasznite pve uazdulonlulddiviye

¥ ¥ '
AuAd nazdivlganuridionisaensiunedmfiamlnsian (Poly(methyl methacry
late), PMMA) Lag woaianaes 1nsian (Poly(butyl acrylate), PBA) laswamdulowaglaa
wazasisgnou PVC Tuinseewanszuuila Brabender torque rheometer gumgiilunmisnan
= J U ad s J 3/ = =t
160 paruaaIdud uaziuglaruiinisoavugylasldgunnil 160 osrwaFoa 910
= - - o " a ) P Y o A )
MsfAnyINDI1 Womusuin PMMA uaz PBA Tumisaefsuudululinalivegdatangu
(Modulus  of elasticity) sazauudaussasveudulovanas iioaninanuidunin
(Crystallinity) vouduloivag laganasninmsdenada PMMA uaziiduiiduedugiuves
¥
] = o ar wa a a o =
PMMA 1in1zaguunurlveudulomwaglag dmsuauifirainavesnedmesnonInda
szninmsdszneu PvC nazidulomagloa TaoldSmandulo s 10 15 20 25 uaz 30 %
! 4 L | 1 J = 9/ A A J a o ¥ b3 -
wunmuegdatangugaiunnySaveuduloimiuiu uaznen Indainaudndulon

Ay v ] o - 4 a y 4 & @
ADNIAIY PMMA 1°r1ﬂ'lf1~3f!ﬂ Hﬂﬂ']']l“l"l.lQlliﬁﬂQﬁﬂﬂﬂlﬂﬂﬂilnfl\l'tiE]\'llﬁuulﬂlwn‘ﬂu‘i]uﬂq

'
=

Vsnandule 15 % domvdSunaudulodu 30 % asuIndanwaudindulonaensday
1 =1 J " o : { 1 1
PMMA  Idainauudanssdegeiunazgandinoy Indainaudandulon lildriiuns
3 " ¥ ¥ ¥ o
Ysvilgaiiuin naghdFuilgaiumidie PBA Mailifieesin PMMA uay PVC HANNAINISD

Tumsidiu (Compatibility) 14@
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Sombatsompop N. IRZAME [26] 1@fnuus etia (Torque) TunmsHan aulady
¥ o
HS9AT 15INTEUNN nazaulAf AN ouveInN TNAATEHIN PVC  uag Tidovlay
1%ﬁ13ﬂ:ﬂ’ln1“ﬁmu‘ﬁﬁﬂ9’ha 9 fo N-2(aminoethyl)-3-aminopropylenemethy — dimethoxysilane
(KBM602), N-2(aminoethyl)-3-aminopropyltrimethoxysilane (KBM603) N-2(aminoethyl)-3-
' ¥ ¥ o
aminopropyltricthoxysilane (KBE603) 33minaaasunimlivilyaiudivesuidos lnvldms
1 1 = = aq ¥ o o o : o dy & z cr d.l
ga2u lsauuaazyiialsnanly o - 2 wesiud laninninyeditdios MINUKTLVDY
ad A d A a o -] oy A =
uazfddnouthialuniesmausiannudguilung s il uasnaudeAILINT IR
= [ ad — <
ndvIMuoug Quuinld 165 175 175 185 oeruwsaiiua ANI52300 40 rpm TavTunis
& 5 g4 4 ¢ d o LS ¢ d o ¥
naavetiAny S uTaeen 9.1 Wosidud lasimin uag 41.2 esidud lavtimiin 910
' a a dvd' a o d‘, a 9y S
nan1InAaoanu usadalunsnaunen IndavesdidesilSurlgaiuiAadaelmsau g
) o dayd A dy my (o I a a ar a d 4 s P 4
nnou Indan 158iaosi i ldd vl eiuid uazussdafianisvuiio Ui e lomuinay
L T o da w4 s o d o o 44 &
Taomvvueoniganuluney Indanloviaon 41.2 tesidua lavimiln usadaniwuay
1 a o aa [ ¥ a cly 4 wa Y o
HAAIIURADUATASUITEM NIRRT I Tau aulARIuAIINIYINS AR
ot =Y 1 J 4 - ﬂ. J 1 ]
veqaavoanoy IndnllnrgeaduiloUTua laauiniu Tasiinigagalusie 0.5 -1
o o o : ar a8 a4 a aa = {
wWesiFudlanimin TaononIndai 14 laausiia KBM 603 Iiauifduussdagenga wa
[ wa o ' e =
vou lsaudemuiAdunnuudasanszunnanua KBE 603 IWaulifusanszunngagai
a od o : LY o ar wa = 4
YSua 1.5 esidud lamimdn dmsuauianianuiouves pve lunonlnda iio
- ﬁ' J = as 1 \ '
Ui lmawiuiiu guugiinisaailsdives Pve linlaounas minnamsnaneiuaasn

Tassadrauazsunmves lnaunaduiinaneauifidinavesnon Inda
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3.1 msainlluauide
1. woa lailanae’lsa (Poly(vinyl chloride)) : BO401 CLA 91nU3EM Inowaadnuas

= o o & = = Y ' =
AU $10A VMIFU 3 PVC Compound 1 1Flunmsnanilsznoudiomsiduuaivaivyiia
b

M3190 3.1 @mszneuves PVC Compound*

dauilszney 15178t (phr)
Suspension PVC grade K 66 100
Tetrabasic lead sulfate 1.2
Calcium stearate 1.2
Polyethylene wax 0.1
CaCoO, 4

o

¥ - Y a
% VOUAINUITHNHHGA

2. WOANAUFUANUHUNILUA (Low density polyethylene) : LD190SF 91AUTHN

¥
= o/

Tnowedenau 91na Jauiasail

M19199 3.2 AUITAYDINDADNAUYHAANUNUMUUAT *

iy WU | LDI90SF Test method

PR3IN3 11a (Melt flow rate) /10 min 5.0 ASTM D 1238

AWMLY (Density) g/em’ 0.919 ASTM D 1505

AT AL 1 9AVIA (Tensile kg/em’ | MD:210 ASTM D 638

strength at break) TD:170

msﬁaﬁﬂ o 9A91A (Elongation at break) % MD:200 ASTM D 638
TD:720

¥eRAaa 17198 (Flexural modulus) kg/em’ 2,100 ASTM D 790




M13149N 3.2 (71D)

autiana WU | LDI9OSF Test method
ANUNTIRIM (Hardness) . 46 ASTM D 2240
AN ADUKAT (Melting point) “c 110 ASTM D 2117

ar

* JoyanInuSHnANdn

** MD #1003 Machine direction 11a% TD HU1004 Transverse direction

o
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3. AABIIUIAANDAIDN AN (Chlorinated polyethylene, CPE) 910 UTHWM 1@51nd 3100 Ueruid

o

g
AU

M99 3.3 auiAveInansmANDAIDNaY (CPE 135A)*

auana MU | CPE 135A Test method

1Su1unan5u (Chlorine content) % 35 Q/WYX003-2002
anudoulunisvany (Heat of fusion) Ig 0.6 Q/WYX003-2002
ANUHUMUY (Bulk density) g/em’ 0.58 GB/3402-1994
AUITIAIMIT (Shore hardness A) - 56 GB/T531-1999
mmuﬁﬂguﬁ (Mooney Viscosity - 98 GB/T3232-1992
ML(1+4) 125 °C

AUUYUITIAY (Tensile strength) MPa 10 GB/T328-1998
N3AIUA 0 A9 (Elongation at break) % 850 GB/T528-1998

Y a

* JoyavINUTEINAKGR

“

a o1 ' a a a
4. WOALNDITINIZTHIN LlJVImiJ‘YI11ﬂilﬁﬂ!£ﬁ$ﬂ?ﬂﬂﬂ$~1ﬂ5lﬁﬂ (Methyl-methacrylate-

co-butylacrylate) : PA 20 UDIUTEN Kaneka Corporation 9109

| e a a1 1 o a a
FIHN‘?‘I 34 ﬁNUﬂﬂIUJWﬂﬁLME}SS'J‘Uizﬁ’J'lJllJﬂﬁllJﬂﬂﬂ‘imﬂllﬂ:‘,ﬂ']‘v‘lﬂﬂzvlﬂ‘imﬂ (PA 20)*

auiana 1y

PA 20

Test method

ANUDNTUNIZANY (Apparent specific gravity )

0.42 -0.52

JIS K6721

N1INITNVVUINDYNIA (Particle size distribution % )

0 (> 1000 pum)

Wet sieve method

ANUNTATUNIZ (Specific viscosity ,7 sp)

0.84-1.15

200 mg material in 50 ml toluene

LEADUININNIIANNSOU (Thermal stability)

Equal to STD

Geer’s Oven (190°C)

3 awv 3 a
¥ VOYDNNUIYNHHOA
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a o ' o =
5. woAWB3TWITNNUDNAULAzIN a0 Ins1an (Ethylene and mecthyl acrylate) :

v
Elvaloy® 1125 AC 91nu58% o Tundu 1ie Sauiaaail

4 wa o = o ] aa = ®
M 3.5 auianildvommenawessauszunaenavuazwnaos lasiaa (Elvaloy 1125

AC)*

e u'a ’ ®

autiana i WU | Elvaloy Test method
1125 AC
USanunaes lnsian (Methyl acrylate) % 25 DuPont Method
9313 1A (Melt flow rate) /10 min 0.4 ISO 1133/ ASTM D1238
AMUNUIUY (Density) kg/m’ 944 ISO 1183 / ASTM D792
yAABNINAI (Melting point) °c(°F) | 90(194) |ISO3146/ASTM D3418
QUNIUBOUAI (Vicat softening °c(®F) | 48(118) |ISO306/ASTM DI55
temperature) _
AUUTILTIAY (Tensile strength) MPa 14 1SO 527-2 / ASTM D638
M3AI0A o 9A%1A (Elongation at break) % 760 1SO 527-2 / ASTM D638
uaaﬁ'ﬂmiﬁaﬁﬂ (Tensile modulus) MPa 25 ISO 527-2/ ASTM D638
v ae Y a

* YOYANNUTHNANAR

Prgp ° da 7 o ot
6. Wapunn 019 (Hevea  brasiliensis) : 9n15aRunostinesnaly 38ms

¥V
wionuaesluiide 3.3.4.1

3.2 1n509aNaN ¥ IHuIdY

1.

Lﬂ?ﬂdﬁﬂ?ﬂLkUUlﬂﬁU’mu'EJLI@%U’J (Single-screw  extruder) : THERMO
HAAKE POLY DRIVE 3% Axon ab.Plasma : Sew Eurodrive

Lﬂ?mﬂﬁu"ﬁﬁﬂ 2 Qﬂﬂgﬂ (Two-roll-mill) LABTECH ENGINEERING iu LRM
110

Lﬂ?aqﬁugﬂunnﬁﬂﬁugﬂ (Compression molding machine) : LABTECH
ENGINEERING :;'u LP20

Lﬂ?ﬂa‘nﬂ ADUAWUVINTIAY (Universal testing machine) : LLYOD

INSTRUMENT LTD. ju LR 5K




10.
11.

19.
20.
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m?mmﬂaummu%umns:u‘nn (Izod impact tester) : USUMN Yasuda Seiki
Seisakusho 34 258-PC

ﬂﬁ’mqamsﬁﬁﬁsﬁﬂmammvdmnsWa (Scanning electron microscope, SEM)
{UTYN LEO M L455 VP

m?aaﬁuﬂsusﬂmﬂnimwiﬂﬁma{ (Fourier transform infrared
spectrophotometer, FTIR) : Perkin Elmer iu FTIR Spectrum GX
1n309MB$aN351301903 (Thermal Gravimeter, TGA) : 4 Pyris 1 TGA Perkin
Elmer

m?m Differential scanning calorimeter, DSC : Mettler Toledo DSC822°

m?m Dynamic mechanical analyzer, DMA : Mettler Toledo DMA/SDTA 86 1°
N30 MAROTUUNIMANIS THUUT (Nuclear  Magnetic  Resonance

Spectroscope) ';'u Bruker advance 300 system

. N30 (Grinder) : Bosco Engineering
. INTDITOUUUNVUIA
. ASHNIINIATIIUIUIA 50 1y 80 LY
Y
. QoY
=
. INUY
&
GPIEE N

. ailerunnuieu

da
LI03IHUT

Tulnsimos
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HAUMSANHUIY
PVC LDPE
I I
Y
oA 1a I lun1sHa Y (phr)
I
v v L 4 v v ¥
100:0 100:10 100:20 100:30 100:40 100:50

ANEIIBNSHAN

1. waulunToI0nIartanauIHUDUIAY)

' 1 ' ¥
2. wanlun3eednsAYANTUIMUBLIALIAE INTOINTUYIA 2 gNNDY

¥

= @ J a1
Yuzllasmsdavugiuasnadouminianig q
I

v v v Y
Finsrzvinyilanidu autiAiEng audannmiou dugmInm
[ | [ 1
v
AONTATIAIUVOINO RIS M LA I BN THAN
v
[ = o 9 [ uv ar
Usulganodwoeswan Tayldmsyiondn 5 10 uaz 15 % lagiimiinyes LDPE
v
wenyiatazismuas¥ionay
| 2

o« o~ 1 a o e.iyﬁ' 9 & = g Y e [ :’ w = o
oy lWﬂﬂ'ﬁgﬂ’ﬂQ‘Wf)ﬁlﬂJﬂﬁNﬁlllLﬁgﬂllﬂﬂﬂﬂ1ﬂ]lﬂﬂ1*ﬁw131cﬁﬂﬂ3Mjm‘ﬂﬁl‘lﬂﬂﬂﬂﬂﬂu’]ﬂuﬂ‘\lﬂﬁ'ﬁﬂﬂu}@iNﬂll

I
v v v v v L4

0 % 10 % 20 % 30 % 40 % 50 %

[ J
v

syl & o A o
Nﬁuiﬂmﬁ‘mmn:ﬁimﬂ::mugﬂimnmaﬂﬁmgﬂma‘nﬂﬁwauvﬂma q

[
Y v v L

Ansizrinyilandu auiAdna auianennudou dugminn
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ad
3.3 I3 MInanod

3.3.1 ANEIIEMINANNAYOAIIAIUTINNIZANVYDINDAINDSHANTZHING

PVC uaz LDPE

= a o s " ' o “
1. lﬁiUlJ‘WEiﬁLll‘ﬂiNﬂlﬂ‘Uﬂﬂﬂﬁ’)‘u%ﬂsﬂ AIRNITNN 3.6

1 1 " = o s = o
M0 3.6 dIRANA1Y RIFSMSUnedmDIHaY

qns3 51 (phr)
PVC LDPE
1 100 0
2 100 10
3 100 20
4 100 30
5 100 40
6 100 50

2.111PVC uag LDPE ludasiaiumag nauluiniosdniasianasimusuing)
- 4 a ' .
Tnoldgaimgil 170 180 190 190 ssruraiFva Fudugungilugiatlouds (Feed section)
29015 A9HIUAS (Transition section) FIINISHAY  (Metering section) HALHIAW (Die)
o @ £ =1 ] =

amudey 19n21157501 60 S0UADUIN

3. weanauin1d lluadiumnisaua

4. naveanauniiy 2 dau

o 1 | 3 o J - [
5. vdvesnandud 1 1diuglTaonmsoatugy Tasldguugiilumssaiou 200
= Y k) =1 ] ] [V o ‘:
DIMUTAFOA LAZAMNAY 1300 kg/em’ 1Taa1 8 11 Taouaranarlumsdadeuiludsil
- @ 9 =1 n’: o Y] J 4‘1 1 d. " o o
fip 9ATou 4 WA MIMiutinsnadavuauie laveseinianeglunedmesasuiman
o u’; Y I " - - [V n':' [ - - o 9 "’
11191 5 A5 nazlianuioude 1U8n 4 wiil nasnmindawu 4w Tavgungiinlyey
Turie 3-5 samradua
-] 1 a: Y d‘ qv 3 =Y
6. voanaudIui 2 naudrunieanauuuy 2 gnnas Tavlygungil 165-175
2., 2 o &

psmuaidoa uazlfinm lumsway 10 1A miuinniugdTaonsoatugTasldaniaz
= [ 9/
RYINY U0 5

] qy ::' 3 Y wa a " 113} 1
7. uwuamﬂ"lﬂmm:a S5HaT 6 "lﬂmﬁauﬂuummnamaq AL
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weay - Y o = @ ¥ “ A
- nagoumniAns I 1dun A2uudas iy NoRaT HAzIUATMIAIUA M JAVIA
- nagouauans 1dase 18un anuuvaseine nazueadalie
- AU INTEINN
¥ ) 0 1
8. 1ruaun ldnnnsiiuniesdasariiandoimuouand Anuaulianianig
$ou Taumailn Thermogravimetry analysis (TGA)
a « 1 o
9. Ansiznnyflendulavld FTIR
=y o 3 =) o = 13
10. In312H IAsaadaveanediwesHan Taomain | C - NMR
11. Anpdugiuane laumatin SEM
12. AnwautiAnnuiukdnyod LDPE Aumaiin DSC
13. Anugaingimisn/avuaniuzadioudives PVC Aaumatin DMA
o a o Adaa [ ' & o wva a wa
14, Ve Naun i s nauuazoadmImuzanlsvlanliaidina auila

4 ¥ "
mammsauiﬂuhmimunan

W sy a J
332 AnwdSuljsaniAvesnediueswanszyang PVC uaz LDPE laslymsyoe

HaNY¥HA CPE

a o 1 [Y [ ' o “ '
1, NﬁﬂWﬂﬂiUﬂillﬁgﬁTi‘H'JUN?I'NG['NE)ﬁsTﬁ?uﬂ'lﬁ q AIM1919N 3.7 Tﬂuﬁl‘ff’mi‘mowﬂn

¥1a CPE

d'. [l 1 Py Y | a d )
M3 3.7 aunauA1e9 N151U5u15anedmeiHauAIu CPE

qasi ERTRLN
PVC (phr) LDPE (phr) A13BWHAY (%/wt LDPE)
1 100 * 5
2 100 * 10
3 100 * 15

WuwMe * Ao USu LDPE 91 10 20 30 40 iag 50 phr

- 4 v ¥ v
2. ‘Uuﬂﬂun’]i”ﬁuuazﬂ'ﬁﬂu?jﬂﬂ_luﬂj'ﬂﬂ‘ﬂ 3.3.1 TNEUE] 2,3 a6

3. 1ABNEATIAINVDIND AT HANLAT I TIWHANRDANMITUIAA1I MuHITe

3.3.1 lude 7-9 uaz 11-13
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=) s " 1
333 AnndSudjamnifveswedmeswansyning PVC uaz LDPE lasldasyoe

Wad CPE, PA 20 uaz Elvaloy

1. Werunweamestarasyionay lusasaiunie 9 dasei 3.8Taunlsvuiouas

. - ®
BFIWWEY 3 ¥1A Ad CPE, PA 20 uag Elvaloy

= [l ' QY | a o ¥ ®
AITINN 3.8 TIUATUANG T]cl‘b'ﬂﬁﬂﬂiQWElﬁmﬂ'iNﬁllﬂ'JU CPE, PA 20 uag Elvaloy

qnsi U3
PVC (phr) LDPE (phr) T3V IHAY (%/wt LDPE)
1 100 * 5
2 100 * 10
3 100 * 15

M oA a EERY wa a
“u'wl‘ﬂﬂ *A0 mﬂﬂﬂimm LDPE ﬂi“ﬁnUﬂIﬂﬁﬁﬂﬁJﬂﬂQQ

2 py o i
4. dunoumskauuaznsiugdaiiten 3.3.1 Tude 2,3 uaz 6

kS

5. 1ABNEATIAIUYDINDADIHANIAZ NI WHAUNOANYIAUTAAIY A ITDN

3.3.1 luve 7-9 uaz 11-13
= =) 1 =Y d 4:'1' d'l Vv
3.3.4 MINIPNABHINTNITZH AN AINDIHTNNAZ VDo IN 11ENINI T

3.3.4.1 MINuNUIR0Y
° dvdl. ] A‘{ 9 ¥ o o o
1. 1o unIoauenvuIa Taoldnziuniasauvuia 50 uag 80 Ny lAoduWUS

fuame Uyl 180 94300 luasou

3 9

o o A 1 4
2. haideui 18 douiigumgil 105 °c Wuna 2 92Tus

a9
¥ o

3. hdeoi 18l 1F umsHaunazai ounen Indade 11



3.3.4.2 FuneumsmneaosnonInan

dy 4 ar = o ar 1 1 @t -
1. HEUADUAUNDAINDS IHOATIAIUNAUATIIT AIAIT19N 3.9

o ' Aq ¥ o -
M3190 3.9 gaswaua1ag Nlglunsinon Inda

qn3 SUERTRLY
PVC (phr) LDPE (phr) | @390 (%/wt LDPE) 100 (Yiwt
polymer blend)

1 100 * - 10
2 100 * ’ 20
3 100 * ) 30
4 100 * : 40
5 100 * ; 50
6 100 > - 10
7 100 > - 20
8 100 i - 30
9 100 o = 40
10 100 wox : 50
11 100 * *EX 10
12 100 * bk 20
13 100 * Lidd 30
14 100 * ek 40
15 100 * b 50
16 100 o *xk 10
17 100 *x Wikt 20
18 100 o ek 30
19 100 o exw 40
20 100 > b 50

- - = :; Vv wa a dc{
oMy * fe iiondsuin LDPE #auiaimanaanga
** @onlSuin LDPE nldauiaidanad

P a a v aq v wa A
XA laﬂﬂ%uﬂ“a3ﬂ5ﬂ1ﬂlﬂﬂﬂﬁ’lﬁ‘N‘JUN?‘U“THﬂuﬂﬂiﬂﬂsquﬂﬂqﬂ



11-12

a‘; J o 9 o 3
2. *uuma‘uminﬁmm:mwu;ﬂmnmmaﬂ 3.3.1 lude 2,3 BT 6

3. idendasiduveanen Indadnuiauiaaieg auwniaden 3.3.1 Tude 7-9 uag

33
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a a d
3.4 I5MINIVIATITHIAZMINATDY
3.4.1 mansimnzimplaniuvesmodmeinanuaznonlnan

3.4.1.1 dunsusaanInsalnil
msnaaauiila lautiia1sa00 19 NAIUMIHANAIUIAS 0I0AIATHANAYINUDUIAY?
' v
uduagaoasosvaroy mivth Tuglu lulasmumanyszus 10 win udrvaih llua
¥ A o ' . W w v o | da d ' '
A1ATPIVARLISTIFA (1400 sDUABLIH) 1 IdasAothTivinaan FuAzunsIsoU
a a n’:’ ° a a oy A =
YU 0.025 iaswas mntui lJuady KBr - nsizvidimaiesdunsusamilning
= 4 [ 4 u [ o
T ladmos Tugl3avAaY 4000-400 cm” Resolution 1A 4 LAZIIUIUTDUVYDINIG scan

N 16

3.4.1.2 "C-NMR
nsnaaeuinldlaol¥35nsoudetramilouliiaded 3.4.1.1 uazasaniadan
lﬂ?ﬂ»‘l Nuclear Magnetic Resonance ﬁmmﬁ 75.4 MHz 1‘1’1'nﬁ’mimquﬁﬂmw 04 Zirconia rotor
7 mm Recycle delay 1o Contact times WINY 2 s 1ag 1 ms MUAIAY Tﬂunnmﬂﬂw?u"lﬁ’mn

EY ¥
NS ALNUET 2000 AT

3.4.2 MInaaauaNYAyIna

auAdana ldimsnagouauuaIgIua1eg Amsei 3.10

4 i = o a o a
ﬂ'l'S'N‘?l 3.10 WIATTIUANG 111ﬂ']iﬂﬂﬂ"ﬂﬂ?’lﬂﬁmﬂiNﬁuBLaZWﬂﬁmﬂiﬂﬂuT"ﬂﬁﬂ

ania AT ldmade MUY

ANVLVAULTIA ASTM D 638 MPa
(Tensile strength)
MIAILA 1l §AUIA ASTM D 638 %
(Elongation at break)
AUUTILTINTZUNA ASTM D 256 kJ/m’
(Impact strength)
AW TR0 ASTM D 790 MPa
(Flexural strength)
weRad Ine ASTM D 790 MPa

(Flexural modulus)
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3.4.2.1 ANuNdaNsIRe weqda wazievazmsfba a 9ANIA
nmsnageuauiadunssauilulldanasgiu ASTM D 638 Taulfinseanaaeu
»
autiAliana (Universal testing machine) 4tz 1151053 WINDAP Tumisfuiuduaiudiegi
' w d w a y‘: or 1 qﬂ ' 3
og lugdduuad Asgii 3.1 19Fuaualed 8 suluudazgasuazldanzlunmisnaaey
¥
Al
nlatiaau (kN)

i

- Tvamad (Load cell)

- A27521uN13A4 (Test speed) 5 LGINGETATRL]
- Grammage 1.0 NIN/AITIUNAT
- 5EAUAd (Cell class) 0.5

- A7MUU12V0ND (Gauge length) 25 LGIGE

Y 74

JUN 3.1 dnvazdunuduuaaminmaoy [27]

-1 - ar Vv & A 3/
ANUHVAULTIAY UDADT LUASIOUASNITAIYA B JAVUIA ﬁ’]ll’lﬁﬂ”ﬁ']vlﬂ%']ﬂ aunIg

ae'luil

AULTA59RT (Tensile strength, O) = F,
A
uoRAAN (Tensile modulus , E) = ((F,/ A)—(F,/ A))
1/100
$ounzn15A1a M 9AU1A (%Elongation at break, At) = 1-1, x 100

Iy

A P =q 9 Qa2 Y ' {I a o
o F, A9 usan 19 lumsaita¥uaiuaiotne o 9agage (muiutluuinu; N)

A Hda v 2 M A w ¥4 a
quax F; flo u‘smﬁlﬂlf“lumsmummmmamm 218 3% ANURITLA (N)

& "

¥ )
A f MufinThaavessuaudietanouisuau (Muiuiuasaladas:

2
mm’)

I D 5208M193EMINTAABI9ANADTINIIAITUNUADG1 B JANIA (MY

Wudiafiuas: mm)
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[ 4 ] 3 ¥
1 Ao szuziFunuAIeiIuAUigauaziiuAnNFavIINAY (Gauge

0

length Hﬁ?ULﬁuﬁﬁﬁmﬂi;mm (I 25 mm)

3.4.2.2 Andansalase nazweqaalnioe
' o o
MINATOUMIAINMULTTI1A390 (Flexural strength) 1azuoqad 17990 (Flexural
¥ b d E
modulus) 1H1 1A 13193314 ASTM D 790 TaumisnaaeuuaazailFauauaI0e19 10 3

= o = o ¥
31 3.2 Wunmnsvagounnundusalfae annzildlumsnageumiudei

=

- Tnasaad (Load cell) 5 A latau (kN)

a a =

d
- AN lumsna (Compression speed) 5 uaawAI/UIMm
L
- 52UTHNUDIVITDITUTUNU (Span length) 40 uoaalas

- Grammage 1.0 NSU/MITINAT

- 5:¢Tm°na5 (Cell class) 0.5

¥

g 3 ° ' d 9 o ¥ Aw A
qmﬂ‘lﬂumsmummmmmausaImamm:naqaﬁTmmumu

Annundansalfe ; o, = LSFL
bh
woRdaliwe ; E, = L' x AF
abh’  Ad
il fo usanﬂqaqﬂﬁv‘iﬂﬁ%‘;uﬂu"[ﬁ'wa miboduiie; N)

fio Span length (ALY 40 mm

A9 ANV DIAIDES

=R = R o .

A0 ANMUNUIVOIAIDYI

AF  Aowadiavosusing  gasududausanadi 20N Tusag
anudududunse (miuduiadu; N)

Ad  feoszoznaldaelugiusing 020 N (mioiuiiaduns;

mm)
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[=5

Support span

UM 3.2 msnaseuanuudansaldae (28]

3.4.2.3 ANUUTINTINTZUND
MINATOUAMUUT T INTZUNN (Impact strength) 10 1UR A3 14 ASTM D 256
Taolumsnaaeulduiasgmuuulovon (1zod type) F19FI061 10 %u“luudazqm Tay
YAm311n (Noteh) Fuauneunaaey 314 3.3 uaaunioaiio lzod impact AFlumsnamon

4 2 <q v
nazgU 3.4 uaasdununlylunsmaaey

517 3.3 inTnailenaaeunnuudansanszunnuuy lowon [29)
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’. 1.
22-27 i—f
]
) i
IMPACTED END 8]
P
= c =

4 : as ' 1 o
5N 3.4 Funudetanldlunisnaaeunnuudansnszunn [29]

Tav A HAAIAIINOTT 10.16 + 0.05 HaaIuAS
Tav B HAAIAIINOTD 31.5 - 32.00 aduAs
Tav C HAAINIINOID 60.30 — 63.50 AAIIAT
lav D uamayuglda v ooy 225"+ 0.5°

v
=1 @ 1 =
AUt s anszunnasont ldnnaunsane lil

o
ANVLAIIINTZUNA (IS) = W/A
& =l ! < 1 =y [ 2
o IS fio manuudwsanszunn mheduilagarensawas; ki/m’)
W fo Amdsaunszimn misodluiTaga; k)
A d:‘ Y Y w a ' 2
A fAp NUNNTNAAVD AU (AT 1INAT; )

3.4.3 dugIuInm
3 da o ] Y o = ar d? =
Nd039aNIIMIdIANATOUIUABINIIA (SEM)  1HIINAnIany g NuHIvD
a o o A a o a @ ' ° ) o o
WodWBs NuANHNTgaMiia1 (Cryogenic fracture) N3IATENAIDON A TaorFuIM
™ VoA ¥ 1 ¥ o ' - . °
faet1an lavinnmsiugUdunisnadaniuglululnsoumad (Liquid nitrogen) uaziinis
@ w oA [N z L] - Y o ¥ A [ © =S
Wi wasmivhuuadoudioneaazindunios SEM  ae i Tavsiimisanuins

o a a v = A a ' b ar a L4
NIZVWAIVDINDAIUDINTY lﬂu1ULLﬁ$ﬁﬂB1ﬂ15UﬂﬂﬂiSH')NLﬁ‘HGlUﬂ‘UW'E]aLiJﬂ'i
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3.4.4 auuAmannuion

3.4.4.1 Qmwg‘ﬁmmmuﬁh (Decomposition temperature, T )

G Thermogravimetry analysis  (TGA) “l‘i’fﬁunﬁﬂmﬁnﬁﬁmam1u§'auuaz
gumnpimsaa1udives PVC luwadmeiwan uazaon Inda anzlunmismaaon Ao 6as)
mslianuiou 10 esmraFvanouri Turiegungil 50 - 600 BIANUFAFUT LATNATOY
Tupssoimealulasiou

3.4.4.2 Differential scanning calorimeter (DSC)

psc ifhunieaiionldnguugiinisannin (Crystallization temperature, T,) gl
A1SNABUINAI (Melt temperature, T, ) naziuildnsmduiumivendalfinauanudouiild
Tun1smaeuMaInan (Enthalpy of fusion, AH) DA 1LINBIMYBIMIIAARAN (Degree of

¥
crystallinity) Y039@139 ngAsAIAD 111l

v [
AH = wunlansv (mn)
v

11MINYeIE5A29019 (mg)

AH = AH, x 100

nonmnalised

=S

o. r = L)
100 - % Tﬂuumunﬂmmm"lunwan

Degree of crystallinity = AH x 100
AH,,
. ¥ ‘:; A )
o AH, = Enthalpy of fusion ¥03g1sn3onu ldns vl ¥aldaininias
AH, = Enthalpy of fusion veswadfiauniiosmms

Hurdn 100 % 1110V 293.6 J/g [30]
AH

_AH = Enthalpy of fusion veanaalenauluvewnaulavfainoy
normaliscd n py
v
YSuuvoanedenay 100 % laviiivin
- 9/ 2 - [ 3y 3 =Y 1 =1 ] =
an1znlFdnul Ao dasinisIianuion 10 esmra@uanawin Tur19guuil 25 - 150

DIF Y AT

= a - v v
3.4.43 msfnuguHgIMmIasuanuzAMBINI
d’t = =Y e‘ 3 a L4 4:‘ s
ernyIguvniinsnldsuaniugadioudaves Pve lunodmoinauidiviguaz
Ti'l815v1lgsdwarssronanwiinaie q naaev1au Dynamic Mechanical Analyzer (DMA,

o o ' Ao o v ad
Mettler Teledo DMA/SDTA 861) dnvaigdiaciaihmmagoumiuiiosianiugllnoly
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o J =) ¥V A a
ﬂﬁz‘U'J‘uﬂﬁDﬂ‘ngﬂ HUVUDININATDY A0 LUV 19115 30U (Shear — bending mode) AN1I2
Tumsnago fe oA31ns IHALou 4 samuwaiduadonni Tuyeguugi 20 - 130

parnaaimoe Taolynnud 1 Hz



UNN 4

a d
HNANIINAADNAZIVTITIUNANTINAAD

= oa cs” 9 wa 1 a Cd ' a = o
NUITui 1AV A NTRA199 voanoaINBIHANTENI1INDd 1atanas lsAuay
a aa a v o A o '
WodNAUTHANNUHUMLUAT FalFons1aauTun1sway PVC100 : LDPEIO 20 30 40 tag
' v ¥
50 Taoldfdnu13smsnauszninanmsleiniosdasaviiandoinuouauINuITUADUIAY)
" ¥ ' v £
wazns19nToawanyiia 2 gRNAI NAININHANAILINGBIAIAFHAINALINUBUIAYITINNG
[ 4 [V wa a 4 Y a = [
13Anums 19mssonauiiod ol jeauidvoanedweinaylag ldiSsumouasyioway
a a a a a Lo '
3 ¥1iA A0 AADSIUIAANDAIDN AU (Chlorinated polyethylene, CPE) WOAINBIIINTTNIN
wiawm lasiaauaziinasz 1nsian (Methyl methacrylate-co-butylacrylate, PA 20) 1
WoAIBIIIWITHNueRAULazuiaoz In51an (Ethylene and methyl acrylate copolymer,
® -:ly 9. wa =Y [ =3 o d'r ar
Elvaloy ) uonvnil ladntauiavesnon Indaszninwodesnauniiumsdiviljaums

WY e y ! - 4 9 4 qw w
Tild)suljadumssronaunaziidesnin Iivaws Falmanisnanesdsi

4.1 HAMSANEANTAAII YOINDAINDIHANIZHIN PVC 1oz LDPE

4.1.1 msannmjilaniuvemedmeswaniililddivdjadsmsyenay
a ' 1 7 o =) J a a o [ ¥ Y A
mMsanseinglsddumaniivuiuirveanedweiwauinldlasms14inTos FTIR

waznnsannwenwesnayludasiadi PvC100: LDPE 10 Tdnanisnaaoadagiii 4.1
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%T

cm-1

s 4.1 Bursusamilansives (n) PVC 100 : LDPE 0 Lag (v) PVC 100 : LDPE 10

g7 4.1 nrnsmaniuvoadevarmsdaiuudaves PVC  uaswedmeiweay
319 PVC way LDPE  Taulugit 4.1 (n) iluanlaniuves Ve 100% Fewudin
Sumsusamnniigg 2835 - 2962 cm” FuudnynznsdUY0 C-H Stretching Y84 CH, 7
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LDPE 100 % 97.6 | 93.01 | 93.01 31.68
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LAAINITATUIUBIAINIINANAN (% crystallinity) Y99 LDPE

- - a a4 o &
M1319N 4.6 PBUHAUMITINANAN IBU“ﬂﬂLLa:ﬂﬂﬂ’lﬂj"llllﬂUHﬁﬂﬂ.lﬂQ LDPE

A20019 T AH,0/ig) | AH, (/g %
(OC) (mmﬂ?m) (normalized) | Crystallinity
LDPE 100 % 97.6 93.01 93.01 31.68
PVC 100 : LDPE10 (Single screw) 97.9 3.49 38.39 13.08
PVC 100 : LDPE10O (Single screw + Two roll mill) | 98.1 3.22 3542 12.06
PVC'100; LDPELD: CPE 15% 97.7 3.89 43.37 14.77
PVC 100 : LDPE10: PA 20 15 % 98.1 3.37 351 12,79
PVC 100 : LDPEIO : Elvaloy®15 % 97.3 379 42.25 14.39

parnmManaran musadun ldn

AH = AH, x 100
100 - % TAtMIINYY PVC
Degree of crystallinity = AH“Dm,iscd x 100
AH,

Y
ﬂ'JﬁJUNWE)ﬁLlJﬂ{N’CTM PVC100 : LDPEIO wuaﬂuwa'ﬁme%{mwﬁmﬂ'nsw
100(PVC) + 10(LDPE) t¥1101 110 N33 A91U3 PVC 90.91 %
AH = 3.22 x 100 = 35.42

normalised

100 - 90.91

Degree of crystallinity 3542 x 100 = 12.06

293.6
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