UNAALD

mstﬁummmmsn‘lums%’uLL‘samsznsl%S'a@mmLmu‘lﬁmmum%mjﬁmwaﬁhﬁama

v a o 1 aa a 6
13@Tﬂ Eﬂﬁﬁ']il‘ﬂ&lﬂ']?iﬂ LL39 niumnnqwﬂmuﬂfﬂwaa LN

Tassmimaiuanuamninlumssuusanszunnludagunaunu lfnnwesnyiianed hilanae 156 Iag 1
asiumssuusenszunnngualasinlanedwes Tasmssiuayuves d@ninnunesuaivayumiite (@n.)
wazu3Tm 3 lne e wryw) 1ﬁ%ﬂﬁ1swﬂqwuﬁﬁﬂaﬁuauyin§ (8.9, 2552 — a.0. 2554) UsznpuAIe3 189U 2 9
1 IS av 4 a @ [ a a a a
dyusnidlusieaudde Fes  mawanwawse lumssuusanszunn ludaguaunu Ionwasnaidaned ila

% Y A =7 a o = I~ aw A 2 @
nae 156 lne Istotiiemiuasiumssuusinszunn” dyiaouilusienndde Fes “msmmwaavawisalumssy

usanszunn ludagnaunu linnwasnyilanea lilanas I5d las 1505 1a lu lnsd alasu ezasian”

4
Ay A o o a

wamsanuluduusn  cuddsiiianiagaounedanaunull  Fulseneudiemmindwedeinay
Y
s Fazo Do auazasduyion 1l TaslimsAnyimavellSuaneawesviaedoadumiosas 0-50 ag
v
Wimin TunedweswanseriiFuazedwadoauiianiina auiianinnudou tazauianianenIn wun wea
4 nd‘o/ 1 =1 9 :’ Y a 1 d?’ wa <
weskHaunoasd@Iweleaiesay 50 lagiimin manuiwvuluauiansnuusanszunn  TagnNuuUas

Y a = a 1 2] [l I Y ANAR A [ Y
mﬂﬂlmzimimmmqum 65 ﬂTﬁ@ﬁGl@@ﬁNLMﬂi %Qq0ﬂ31ﬂ1ﬂ31m1“uQllix‘lfﬂﬂlﬁLliﬂﬂiglmﬂGUENW’JG]fGINlJﬂH‘Vﬂﬂ’U

Y

a 1 o @ wa T < < ' < o
6.5 ﬂTﬁfQjﬁ@]@ﬂTﬁNmﬂi dmSvauianina Ao ﬂ?ﬂ’JUJLHN!ﬂS\illagﬂ?ﬂ'ﬂll!!fllQLL‘NJ’]"IEJGLé]}LL'iﬂﬁ\?LLﬁgLL‘i\W]ﬂIﬂQM
Y A dg‘ 4' a A A a o d? 1 wa 9 a 4 a 4 1 A A
uun T dS e G lunedwosHauuINTY dIUaNtANINAINSoUYBUNNT NFNOAUDTHENTEHI1NNIT
v £4
uazieTioa Tudmgumgiiniinademsidogivesduau wu gungi Ingdidlennuiou (e¥di) tazguugiioou

U

Y 9
IS 1

o = y A 2 4 a ~ Aa < 2 2 A A A ~ 9
GIJ“I’JLL?WIJJLLUTIIUJJLWWUN!&JE)ﬂimmLfJiJLfJﬁGluW@amﬂﬁW’dmwmm UDNITNUFUNUNUDATITIULUIDATIDYAL 50

4
o v 1 a " o Y 9 v 1 an 3 1w
Tﬂﬂumuﬂ%ﬁmqmwgﬂﬂammammaaummu 73 mmmmc‘fmmm:ﬁﬂ1qmwgmaum“hgmmmﬂn 84 93
4

wased TuvaznFunuiINGUA MR TNAINIAD 68 aarmisaltdayA1gurleauluIAY 77 erwsaiFea

U a

3 = @ a £ Y a o4 & a J ' A ~ Ao 1 ~
mﬂuuﬁﬂynﬁﬂﬂauwaﬁwmmu'laﬂﬂﬂ%m‘mnmmﬂuwaamaswamsmwmwamamaﬁmmwmummLauLaﬁ

v v
"V v 9 o @ a 9/ @ 1 ' 9 o @ P
mnuseyas 50 Tagtimiin Iﬂﬂﬁﬂ‘]&l1Wﬁﬂ]®\1ﬂ1§l€°’lllNﬂhlilslu@ﬁiWﬁ’Juizﬁ’JNiﬂ81’:13 10-50 Tagtimiin ilgvlﬂ’ﬂﬂﬂll‘WE]

4

a A wa 9 dldd
AANTUUANNNALUAZNINANUIDUNAY

@

A a y A & Ao ! vy S o
ulﬂ@ﬂjNWmWlellLWNq@"Uu L!agﬂ@ﬂﬁqﬁjququiaﬂag 50 Tﬂﬂu’]wuﬂ 99

a

a YAy va Y wa Aaa A~ As 1 o Y v
ﬂﬂﬂJW’é]ﬁiﬂ‘ﬂﬂlmulluﬂllﬂi]$3Jﬁ3J1JGI‘VI'Nﬂ’J']3J§’EJULm$ﬁ1ﬂJ@]‘V]']\iﬂm/lﬂ‘ﬂq@] Tmﬁ]:nmqmwgﬂmmmammmu (GE

a

A1) nazgungiioaudi luangada 87 evnwaifoauas 98 evnwarsanudiny lasiagaeunedadalindneiss

o { a a dycu a y a J a o 1
ogaaNguuineIgads 5.44 Innzihama  uenaniiiagaouneaanaunu linldwedmesunsndwansznin

=

A A = J gUpp o A 1o a Yaq Y a o ' a
W’J"’]ﬂlﬁ&ﬂﬂlﬁ]ﬁ’L!ENllfﬂﬂ’ﬂllfﬂll'liiﬂluﬂ']ﬁi’ULl,i\1ﬂiizm/lﬂ‘ﬂﬂﬂ’J'l’JﬁE]ﬂﬂllWﬂﬁ@lﬂﬂuﬂu]’lmﬂiﬂfwaaiﬂmwu YU Woa

aa a aa I a s 9
nautazneansenauumunIngonae



2
] 4
wamsaneludiuiiaes 11uITeiiliTagilsy mﬂLwa‘wwunaﬂﬂauwaawmmu"lmmm«ma idule
a 4 = a I A A 1Y a
ueni TagldozasTalulesd alasu ezaSan (ewae) Wumsmvauiamssuusanszunn TagdnylSuaans
v F E v
uaufaNINUUIINTEUNNFTIA AT oAy 0-50 Tasiiwiin luwedAwesHauszuaiIFuazowae
danagoauianiena  antianennudon  uazautiAnememn  WUNMINUUTINTLUNNVDIND AL HANTMS
A 4 1 4 A (a 3‘ Y A A : Y a =l
MUAURINNTIAMUTINaeeme 30-40% Tasiimiin uazhiSuaueede 50% Tastimiin woAmosHanazia
2 @ ~

anundansameldmssunsanszunngangans 77 flaganemsianns «mm1mfmﬂmammmiamzflmmﬁuuﬂ
A AR a 1 du} 1 < 1 < 9 =
NTLUNNVRINIFFITA NS 6.8 N1aaA0MIIIUNAT UONINTTINLI ANUUTINTIATANVLTTINYTALTIA

[ Y A 9 A dg‘ d' a A A a I'd d? o [ wa 9 a o
tazusaaa Iaaluud Ty uiiedSnadind lunedmes nauundy  dmsuanian1ennuouvo N auDs Hay
1 Aaa ' As 1 o Y v Aa a1l o ~ y A & 4
szrdNiduazioemonguugl Ingdidleanuiou  (ewaf) wazguuglisoudd luaaluud Tumuduile

Y
Usinaneeaelunedmesnauiiuiy Tnsneawesnanfinsandiuenmeosas 50 Tagmiinozliagungii 109
aenusounity 70 ssnwafeduazliaguugiiveuda luaawiy 83 esnwaed uonaniidiwudmed
J AA o 1 Y | 1 Y 1 AaA a’: =® K o
weswauniidasdwenmeiosay 50 wlinnunumudeannzeims laaniidun nniulidnuiganoune
a % 9 a oA a 4 1 A A A o 1 "V v 9
Fanaunu 3 TasldnIadnidunedwosnaussnieiisuazieeaenonsdiuveusoaoui U osay 50 Iag
Y

shmin Taednywavesmsimdulevendnlusanduszniedosas 10-50 Taemiin nuNTagneuNoTaNdA
auiamananaznennudeuiiaauioUsinandulous wamwmwu nazfisasanudulonzninosar 50 law

v ] 1 1
ihminjagneunedavziimanoisanegaanguugiivesgeds 506 annzihaaia uazliauianinnuieunangs
Tagazlinguingil Ineiidrennuson (ewdai) nazgunglooudi lunageda 82 esuwaiBoauaz 96 serusaiFod

Y '

audey  wennniidanuhiagreunedanaunuldidwedmesumIndnausznieiiGuazioemeoasunsadig
@ulougnin falisnnudasameldmssuusanszunnganiszuniagasuneaanaunu liii ldwedwesunsnd

A A a 4 Y 9 @ a yAq Y a a 1 a an a as I
maasuussaadulonzwin uamaﬂﬂauwaﬁwmmu“lam“l%waaimaﬂu WU wWoalenaUtazweansonawu

a LS Y
NINFONAIY



ABSTRACT

Impact Property Enhancement of PVC-Wood Composites Using Styrenic Copolymer

This is the cooperative research between Thailand Research Fund, Vinythai Public
Company Limited, Bangkok, Thailand and Polymer Engineering Laboratory (PEL),
Department of Chemical Engineering, Faculty of Engineering, Chulalongkorn University,
Bangkok, Thailand. The report consists of 2 parts: Part One, the research entitled “Impact
Property Enhancement of PVC-Wood Composites Using ABS as Impact Modifier,” and Part
Two, the research entitled “Impact Property Enhancement of PVC-Wood Composites Using
Acrylonitrile Styrene Acrylate™.

Significant findings of part one can be summarized as follows:

The aim of this research is to develop of the high impact strength wood-substituted
composites based on PVC with an incorporation of ABS. The characteristics of the PVC/ABS
blend as a polymer matrix were firstly investigated by varying ABS content from 0-50 wt%, in
PVC/ABS blends on mechanical, thermal and physical properties were investigated. The
results showed that the PVC/ABS matrix at 50 wt% of ABS content provided the synergistic
behavior on impact strength as high as 65 kJ/m”, being higher than the impact strength of the
PVC which was 6.5 kJ/m®. In terms of mechanical properties, the modulus and strength under
tensile and flexural test tended to increase with the increase of the PVC content in the blends.
Additionally, thermal properties of the PVC/ABS blends, heat distortion temperature (HDT)
and vicat softening temperature, systematically increased with increasing ABS content. HDT
of the PVC/ABS blend was found to increase from 68°C for the neat PVC to 73°C for the
PVC/ABS blend at 50/50 mass ratio and vicat softening temperature was found to increase
from 77 C to 84 C. From those outstanding properties, PVC/ABS at a fixed mass ratio of 50/50
was selected to use as polymer matrix and then the effects of woodflour content varying from
10-50 wt% on the composites properties were studied. At 50 wt% of woodflour content, the
composite provided the highest thermal stability with the service temperature as high as 87°C
and 98°C for HDT and vicat softening temperature, respectively. Moreover, the storage
modulus at room temperature of the PVC/ABS/wood composite at 50 wt% of woodflour

content was high up to 5.44 GPa. Additionally, the impact strength value of the obtained
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PVC/ABS/wood composites was also found to be higher than that of polyolefin composites

such as HDPE/wood and PP/wood composites.

Significant findings of part two can be summarized as follows:

The aim of this research is to develop the high impact strength wood-substituted
composites based on PVC and coconut fiber with an incorporation of ASA as impact modifier.
The effect of ASA content ranging from 0-50 wt% on mechanical, thermal and physical
properties of PVC/ASA matrix was firstly investigated. The results showed that the impact
strength of the PVC/ASA matrix increased drastically at the ASA content of about 30-40 wt%.
At the ASA content of 50 wt%, the greatest impact strength as high as 77 kJ/m* was obtained;
this value was higher than the impact strength of the PVC which was only 6.8 kJ/m”. The
modulus and strength under tensile and flexural test tended to increase with the increase of the
PVC content in the blends. In terms of thermal properties, heat distortion temperature (HDT)
and vicat softening temperature of PVC/ASA blends systematically increased with increasing
ASA content. HDT values of the PVC/ASA blend increased from 64 C (for the neat PVC) to
70°C (for the PVC/ASA blend at 50 wt% of ASA content). In addition, vicat softening
temperature was found to increase from 77 C to 83 C. Moreover, PVC/ASA blends at a fixed
mass ratio of 50/50 showed the superior weatherability than PVC. According to the results,
PVC/ASA at a fixed mass ratio of 50/50 was used as polymer matrix for PVC/ASA/coconut
fiber composites. The effects of coconut fiber content ranging from 10-50 wt% on the
composites properties were studied. At 50 wt% of coconut fiber content, the composite
provided the storage modulus at room temperature as high as 5.06 GPa, the highest service
temperatures as high as 82°C, and 96°C for HDT and vicat softening temperature, respectively.
Additionally, the impact strength of the obtained PVC/ASA/coconut fiber composites was also
found to be higher than those of PVC/coconut fiber composite and other polyolefin composites

(such as HDPE/wood fiber and PP/wood fiber composites).
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