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ABSTRACT

In this research work, natural fiber-polymer composites (WPC) used as artificial wood
were prepared from vetiver grass and high impact polystyrene (HIPS). Two grades of HIPSs were
studied. i.e., HIPS with flame retardant (so called HIPS-FR) and HIPS. The composite samples
were prepared from mechanical pulp (20-50 mesh) at fiber loading of 0, 10, 20, 30, 40 and 50 phr.
Two silane coupling agents were also studied (vinyltrimethoxy silane (A-171 silane) and 7-
Aminopropyltriethoxy “silane (A-1100 silane) at 3% by weight of vetiver grass). Polymer
composites were prepared by mixing the vetiver grass and the polymer in a high speed mixer then
melt-blended by using a single screw extruder. The samples were formed by injection molding
technique. The results can be classified-into 3 groups : (1) effects of vetiver grass loading (2)
effects of coupling agents and (3) effects of HIPS polymer matrices. Properties of the composites
were characterized, such as, mechanical, physical, thermal, morphological, flame retardation and
termite resistant properties.

It was found that as the fiber loading was increased, mechanical properties were increased
to an optimum point (30 phr vetiver grass loading) including tensile modulus, hardness, flexural
strength and flexural modulus. However, some properties were deteriorated when the fibers were
incorporated such as % elongation and impact strength. By adding vetiver grass, two HIPS
matrices showed no effect on thermal properties and flame retardation. Nevertheless, % water

uptake, density and termite resistivity were/increased as increasing the fiber Toading!



By studying the effects of silane coupling agents on the composite properties, it was found
that the composites with A-171 silane (3%wt) yielded better mechanical properties e.g. modulus,
% elongation at break and flexural strength compared to those with A-1100 silane. The coupling
agents playeél no role on % water uptake, density and thermal properties. From morphological
study by SEM, good interfacial bonding between vetiver grass with a-171 silane and HIPS matrix
was found.

When HIPS-FR was used as the matrix, the composites with excellent flame retardation
(self extinguishing) were found compared to those made by community HIPS even at high fiber

loadings. However HIPS-FR composites possessed lower mechanical properties.
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' a A 1A Y &g ¥ o ‘o a = o

daesuuse AeduifiuTaseadresfildanuuiwswniagnenInda vlinnuudes
uazueRa g

l N = - 1 kY & = 1 9

dauaSuuse Tanyuzglsldvaronny FenenIndamunsontisesnldilu 3 Uszian
Tvgi mugtiauesaIuE@s s Al

2 kA . . A A aa a 9
1. aouIndavyudule (Fibrous Composites) 7o aoulndaniaiuasuusadwdulo

A Y

(Fibers) o1 wdulodu (Short fibers)  w301dulo1@01109 (Continuous fibers)
o g < = < o o 9 a o I
dndudulovnadn Tanudasunzvegdags  MidnoyIndaianuudaus
auuaMsisssiaveudulogendmuatug

2. aou INTAUDULAUNSBAINIUA (Laminar Composites) A9 oL InAaNUsenoudo9u

4

v 1 Ed
niourLvpimgvaanfudleduFeuuasT g Tanyaiiudug ARIBUYUAIY
4
(Sandwich) #3oiiuTasaadrand u5aMe (Honeycomb)

= £Y e | 3 a da a
3. aeulndaunudiufiou (Particulate Composites) i aouIndantdiuasunsailu

1{iA (Beads) 11U (Flakes) #3584 (Powder) NuvmiaEa(iatvaanni 1 lunsow)
) A s
e D
o
Particle Laminar Fiber

51U 2.4 dsznnvosnouinda 2]

Fuasuusannouldisnsazdudul Fivers) @y dulouda (Glass fibers)  1dule
A15UBY (Carbon' fibers).” 4ad  19iuduledoIena (Continvous fivers)  nieidulodu
(Discontinuous ¥5® Chopped short fibers) uenMaTio AL i fnSone (Weaves) &
Tassadapuaeg uaslin1s9niSes (Orientation) VOIEIMASUMTIIVDAIS Taod @S ULT S

wiudausuus man (Principle load-carrying members) v agnouInda



i 1 1 |
> RN —
=) T s
o THHHN o
| N
I S
e Wty I
] I I 1
(a) (b) (c) (d)

U7 2.5 dredrenon Tndafifidnaiuussiieiu [2)
' a I~ v @ '
(a) daasuusuiueyma Inseedmuungu
T a < :/) v A o a = o
(b) gaasuusutudulody sasosialufiamadedsy
' a [~ 9y 3 [YERP="1 @ 1
() mmeTusiudulodu SniSosnnunedy
] a 1< 9 @ ] a = o
(@) drnasuusauthudulony a5 ed lunemauReanu

[V

v v
autnvoadulonmuzandnsylhasuuss AsTanun s

- idnleaaslvendatangugaiiodss@nsamlumsiaSuis
Y = <
- aulensin NG s Ige
a 9 ' 9 ' ! o
- Al weudulonaasau lunsumndisuen
y a o < oo £ v
- wulonrsesiaes Suanuulwssvazianuiasiugal1é

) o ] = [ @
- wnadurkuguinaaieeiviveudulvasre sy azsimiouny

flhivdanueudulehiinademniduesneulnda 1dun
g) 1 o
ST RITATLETRR
Yy
- anwemvenduly
- PSumsveudule
% ' Y
- anvaggUnevendule
V=1 o 9 o a
- msdasesmveuduleluiagaeyInda
S o ~ < v a a o a rog
lagna ) dnlenldiduasdaanduasuusslutagaouInds sunsoutaiy

d ' Y

o o 9 4
1 wuledunsiey w5y 1dulon1sueu (Carbon fiber) 1&ulouda (Glass fiber) LIONANAS
a 4 o Yy v < a o d?
Tunwedwesazi v ldanuud s swoweAwe s gaiu
Y a v a daa o ) 9 | <
2. @ulesssund o2 Iaweawes NUANLLTILTS uaza1usaesaate’ld uan1uLt -

= @ 4
use ludmuduledanaiey



9 ' A wa [ o a Jd a 4 '
mswaudule Monuauianuae Iifuneaweswasng 1wy
<
- AU
- AU
- anuEdesveeYig
=1
- MIAY (Creep)

- anunumuaensl4au

2.2 WoAdInIu (Polystyrene) [5]
a a [~ adsa < = £ o Y aAa ° Y
wedd laswluwargAnniinnuuds o nazlsmgn deiliiduidenlunsiw e

uwsviane  wodeleSugndunmiiel 1830 uede Ly ldgndan19se Teanilume

QU

Vg

gammnIsy  aunsene il Adi1938  wamaAnguaRnifaimsHanNInhigadnyianile

9 EY Yyt was a 1 a e a = Yy =
LLﬂZﬂ’JEJﬂ’J']iJﬂ@QﬂW‘J%ziﬁNﬁMUﬂVIWLﬁ‘HNWﬂﬂ’J nf mmﬂﬂmmﬂw N‘lﬂwﬂ'ﬁﬂﬂ‘klnmz

A

kY s Y o o a I~ a a ] dgl o VA Y] 1
ﬂUﬂ'J']Iﬂﬂﬂ]ﬁﬂﬁﬂ!ﬂl?ﬂﬂ')ﬁﬂ%i‘!ﬂ@uq ﬂﬁ?ﬂLﬂUWﬁ’]ﬁﬁﬂ‘HUﬂiﬁNﬂ"UUN'IW\‘]LGUUVINFLU{}%@UU Yy
ABS(Acrylonitrile-butadiene-styrene), -~ SAN(Styrene . Acrylonitrile), SMM(Styrene Methyl -

Methacrylate) [6]

{CHZ— CH—}
n

d‘ vy = a s
5N 2.6 Taseadremauniupimeddlniu
wa a =
2.2.1 anvAveIneaalnsy [7]
- Tusela adreudn
v
EVEL G ISR
a v Y Yt
- finnumadaios aegy1Ad

- uds usise
- Wunuau Wi 186

Y v
- M3RAFWNT (Water absorption) A1 Yszu1t 0.04 % (M1 1agldurudaot1anuiuuin
3 v 0
1/8 117 Touh 80 eeraliud WU 24 ¥ 109)
- ANUHUILUY Useam 1.04-1.07 g/ml

- qmwgﬁamuzﬂﬁwuﬁa (Glassy temperature, Tg) =100 ’ENFf’IL“lfm“TfEJET



- QUMNNBBUAT (Softening point, T,) = 70-115 DIFUBALTYH

u

Qmﬁgﬁwaaumm (Melting temperature, T _) = 240 NGAIG BIG T

falrlie Tndludar W lisueadiorhoonineinwas waey ez indifuves
war lWlufiFaudefimies Sasuda fwihun adunnumiieunals (nauves
Styrene)

- ABUNALY (Refractive Index, nDZO) =1.57-1.60

- ANNUMUADLSIAS (Tensile strength) = 7,000 psi

- ANUNUNIUADLIION (Compressive strength) = 15,000 psi

- ANUNUNIUABLIINTSUNA (Impact strength) = 0.7 Ib,

- azaw 1@ luesd Inu (Acetone) N (098 A 1AL (Methyl ethyl ketone, MEK)
mi‘{uaumm:ﬂaa‘liﬁ (Carbontetrachloride) Iwg%u (Toluene) (UL (Benzene)

v
' ° « =1 '
- lazaelui woaneeed Mo lady AsAlAzUAODY

222 msilszanalyau
3 da 2 an (o
- ldvhgunsaio@nnsenng
o 1 A Y 9/
- MvpaaniaziAseeignio Tt

° @ s A = 1
- T Ifussianazgunsalinieudyumiee

o o o o 1 v
T¥vuinyssyianfuveni

Tdvinaoauaztiri 1vlueee

NORT IATHTHANUNSINSZUNA (High Impact Polystyrene) [8]

'
[V =}

= = a S| @ a a2 o S| 5
W@aﬁ‘lﬂfEUGﬁUﬂWULLﬁ\?ﬂﬁmLWﬂ LﬂuﬂWﬁﬁ'JllﬂuﬂJ@QWﬂﬁﬁllﬂ5UﬂU'JﬁﬂVlLﬂuﬂ'N laons

q

= g

I
= 4 o [ o = [
azawoynnelue lasuuewewes udrhmsduanezda lasudium Jagnllues e o1
a = =) £ ' 4 ' a g dy [ '
1anz ladu Taelvwiaduniuguonae 5o um  Tudunidunsiagdlosfumsunsvosnisuan
o [ S = < =2 o o Yai
‘ﬂﬂngﬂW‘ilu'lﬂE]“Lgﬂ"lﬂ‘U@QEJ'Nc[ﬁﬂuJ“lJu SUANVUYILTIAINGN ‘ﬂ@\?ﬂuﬂﬁu@ﬂﬁﬂ‘lﬂﬂ HINBUNA
a wa o a < :// 4 5 o

Léﬂﬂ&WﬂJﬂNU@ﬂT}iﬂJutﬁ ANULHTUYDY  LUASANWLUN m'sLﬁammﬂﬂuu%zﬁuagﬂumsu1‘1‘1J

Uszgnaldam



Polystyrene Phase

Polybutadiene Phase
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