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5uhstuutcd1 composites were¢ produced by the usage of

In this m“_{w w

poly (vinyl thnrld::]n ahi;aéulrurll fiber, Mareover, this research were studied the
1}pe of Egncultur'l] ['I:cr on mechanical, thermal, and water
sites 'I:?.f the umg& of agricultural fiber as comeob (CC),
"":'r];‘ﬂa fillers of PVC with different fiber contents (20, 40,
"['ﬂ{‘: Tﬁrgc (L) P ('"ivitli other additives (PVC dry blend)
mljtd in a two- l'l:iﬂ"'lmll jollewed by compression molding.
content and :m&lt sm:- df fiber can increase the modulus, heat
distortion temperature {EIDD?:M J.uml mﬁmmﬁ&mpumum: of composites. It showed
tensile and fexural mndmé of these cmnpumus,ﬁﬁ'ﬁﬁd between 45-32%, and 30-73%,

respectively compared to PVC drv blend value. ‘Hﬁur these composites also showed
high amount of water ﬂbﬁﬂrpfmn. Ti‘mamnum ul‘%&hmnplmn of mmpuallr.a with 60
phr of fiber h!lgv& vialue between 6-9 wita, Small-sized hiber mm:dﬁn;m the stifTness of
composite bctttrﬁﬁrl that with large-sized fiber. Moreover, ﬂ)ﬁemﬁﬁrylma adsorb less
amount of water than that with large-sized fiber. However, size a-E—l"hq:r did not show
significant effect on thermal properties of PVC/Agricultural fiber composites. Among

effects of content, gize,
absorption properties
bagasse (BG), and rice st
60 phr) and fiber size (s

and agricultural fi

The results showed hig

three types of agricultural fiber, the composites with rice straw as filler showed the best
resulis in'madulus.and thermal properiies. and they also shawed ibe highesi.amount of
waler absarption.
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CHAPTER I

7 Ic cony WG , composites that contain
wood as RllEF and 1 e thermoplis 5 he woods used in
composiles a L affen ' o : 1 fibers, rather than long

individual ‘wood nto a polymer 1o

modify proper _applications, high

filler content are nged achicye 7 .

Thermoplas .ir; d the i 1 : 1 es ‘- 5. - two major classes
of plastic-wobd producis/ T pically. uselul prope fional thermoplastic
wood composites hermasetting wood composiles include high cost-
competitiveness, ease pmn . ' evelability. her hm many thermoplastic

- ——ﬂ-'i;.

polymers which could b Ww Hillra! [Bers such as polypropylene
(PP}, low-density pﬂ!_','eth} fie (1LDPE), | 'fm‘?.—;'- ity polyethylene (HDPE) and
pﬂl\rs'l}run: [FEHH_'_{ . L ‘ e

: lj ng dim _ ﬂ ional stability 1o
those of na ral wood besides thl:ll‘ mh:rcm fire-resistant characteristics with a
limiting nxygel' undex (LON as high asQ30 (LOI=26 is classified as self-

Ei:iﬂﬂ amr WIUAIT
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composite products. To obtain the enhanced PVC/wood composites” performance,
heat stabilizers. processing aids, impact modiliers, lubricants, and pigments are also
ncorporated in the materials.

In recent vears, there have bog

my rescarches on PYVC/wood composites
mp and rice straw as Nller

i  These ar o e 1o severnl a s of natural fibers such as
renewable and biodegradabl ' i rasive nature, low cost, low
density and acce ot J--- . _ ﬂiﬂd Georgopoulos et
al., 2005). The use ol several typ ricultural fibers as well as the use of natural
fiber with mica or glas
the mechanical _

In Thaila ‘ ‘ ‘ 1,,‘- straw, flax, jute,
bagasse, gralind comfifob dre Av, some are highly anrctive as reinforcing

s is proved Lo help enhance

filler as well asdin exiéndsf fof wood composites, The purpose of this study was 1o
develop replacement for il woods. with composite materials made  from
poly(vinyl chlor “and the agriculi c s filler such as ground

corncob, bagasse, and rice siraw. Specifically, this work focused on the effects of
conlent, size, and | : fech ‘
especially  for
PYC/agricultural

d thermal properties

oftening temperature of

ihsorption  property  of

’Mﬁl m

2. To study the murphulngﬁ:l‘ PVCiagriculural &r composite.

ammnmmmwmaa



1.3 Scopes of the Present Study

1. The following parameters were studied:

-:Ar ’!’
i ! her size® Small (I .
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CHAPTER I

2.1 PVC ‘- 1

Fnl}-{vmyl il ey 'V Jis one . of th oplastic materials
because it i _ el par ‘ C is produced by
polymerization of vi hlaride monomer (VCM JCM is obtained from

ethylene (C:Hy). The produ sure 2.1 and the

molecular strugtiire

CallCly + Heat — ClCLos HEL
(*CaH:C1=Winy IChloride Monam

R:ﬂ:’lim]

loride Cracking)

\

i s (hp:Swww vitvthaico.th)

Figure 2.1: Vinyl Chlorida Moudrier Pro

‘l

2 M ire of PVC
[lﬂtp,-l"ﬁm wIklpﬂdm.urymk#PuIymyl chloride)

g%tﬁﬁ" RUNI B g

lizers, modifiers, Iuhriumr.‘ﬂnm: retardant, a {.‘ﬂlnmnts When F'u'

q (B R eatt e an it ekoa]



slowly, tends 1o be self-extinguishing. and has high flash ignimon temperaiure.
Weathering resistance, excellent clariy and good flexural strength are other
advantages of PYC. However, there are some limitations on using PYC because PV
is degradable at elevated temperatures and ¢ COPFOSive 10 processing equipments,
Plasticized PVC is one of thr. ile plastie materials available. Compounding

gives a v::} wide range " applic . _“- ' whi ‘ A'pmh:su-rthat of rubbers

'''''''

TIHE Xl *:il |

ﬂmm |
) /AW m‘%ﬁ
Socciea oy @eq TN NN
A‘i" o & PEET VAN

Plasticized PVC
1.1-1.7

-

ﬂ" g Eg!!ﬁ-\‘\u 20
El\‘k‘l .

unmh%mﬂﬂm*' o ErgWing awareness
of environment: i : IELEY. CONSErvatio
such renés able

Th:ﬁi ponents o 7 , il lulose, lignin,
pectin, and ax with regard to Ih;aphys’ecul-b’mpﬁﬁcs of the Fh The perceniage
composition for ﬂcﬂthﬂt cmpm:ms wu'Wr different fibers,

ARSI

gl'ucupymnusc units 'I|"|'|'IIL|'I are joined together by 1d-B-D-glucan, The
pyranose rings are in the 'C, nm‘ta{mn which mieafs that the -CH-OH, 01

RS ERI RH R
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regions within their microfibrils that single cellulose chain may run through several
crystalline regions and amorphous zones. Cellulose, as the skeletal substance,
contributes its high tensile strength to the complex of fiber structure. Generally, the
fibers contain 60-80 wi%s of m:ll I
tham soll fibers do.

. hard fibers contain more cellulose

;-u

2.2.2, He ‘_ cellulose is not '. lose at all and the name is an

nm:l The constituents

unfortunate o luding pectin} that
remains associated . rl
of hemicellulose differ fro i To plii L Thet : e nicellulose is less ¢lear;
there is some possibility that i TR A
The hemicellulose differs ffo

they contain several different Sigs
-

¥ matrix before lignification,
oriant aspects, In the first place
lulose comtains only 1.4-f-1D-

glucopyranose units. Secondly, thiey exhibit a con & degree of chain branching,

Whﬂ a4 € ol -IA_...; < 8 elrcilvy Linear o]y _”7:.._.,.,75 Ak i '-:E-'":?'--. [ tﬁmh“ ur
native cellile: hat of hemicellulose.
Hemicellulose is re: ure absorption, and thermal
degradati BOF the fiber as it ShOWS The Ieast resistance. dBlber contains ihe

hemicellulose n?ul of 510 20 wi%,

ﬂ‘UH’JﬂEJWTWEJ’]ﬂ'i
ammmmwnﬂmaa
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2.2.4. Pectin is a collective name for heteropolysaccharides, which consist
essentially of polygalacturon acid. Pectin is soluble in water only afier a partial
neutralization with alkali or ammonium hydroxide,

2.1.5. Waxes make up the part of the fiber which can be extracted with
organic solutions. These waxy materials consist of differem types of alcohols, which
are insoluble in water as well as several acids.

2.3 Composites

Composite material can be defined as a macroscopic combination of two or
more distinct materials, having a recognizable interface between them. However,
because composites are usually used for their structural properties. the definition can
be restricted o include only those materials that contain reinforcement (such as fibers
or particles) supported by a binder (matrix) material. The constituents can be organic,
morganic or metallic (synthetic and naturally occurring) in from of the particles, rods,
fibers, plates, foams, cte. Compared with homogeneous materials, these additional
variables often provide greater latitude in optimizing, for a given application, such
physically uncorrelated parameters as sirength, density, electrical properties, and cost.
Further, the compaosite may be the only effective vehicle for exploiting the unique
properties of certain special material (Reinhart, et al., 1989; Hillig et al., 1981).

2.3.1 Classification of Composite Materials

Most polymer-based composites do not have a formal nomenclature at this
time. Figure | provides a polymer composite classification scheme. There are three
major types of polymer composites: those where the matrix is non-polymeric
(although wood, clearly polymeric, plays a matrix role here); those with the polymer
" as the matrix, usually being reinforced or filled with another material, such as fibers.
plates, or particulates; and those where some degree of dual-phase continuity prevails,
as in laminates foams. (Birley et al., 1988)



Polymer based Composites
Filled privriviis systens Reialoroed Polymers
[ : |
Ceramic Platelet Fibwe
[ | dispensions Compasites
I Silis Pobymer . |
Palymen imgpreg | . Rein Continuous Shor liber
AN natsan s -~ fon : _ filament materialy
, s I
Random
orented orientation
a ,:' T
di 4( “Hu
f | - ' Foams
¥, ‘\ly | Ohpen
A cell
Ll i
Ji’ﬁi"lf-;:'l "'u ‘
Figure 2.6: Classi E ed Composites
LTRIN
- —
C s (Gachier
and Muller, 1987). _ i with the material 1o be
reinforced, such as l:'.arbnn black produces crosslink in elastomers By means of radical

reaction.

?meﬂﬂﬂ’ﬁ 3w i

n:ally possible. Moreover, it can be assumed that in certain zones around Ihr:
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and, circumstances permitting, an orientation of the polymer matrix. The increase in
glass transition temperatures observed in filled  polymers. resulting  from  the
limitations of mobility in the I'Elr:ra‘pulg-mrr boundary #one. can be regarded as

conformation of this theoretical concepl.

The zone directly of __: aurf d e structure would appear 1o be
ordered, thus causes a s ifening _ _ L male . 7 Lower deformability and

higher strength are also due o this : distribution of fillers is
especially impo ) P many p*m:rw can be bound to the
free filler surf: [arity he bond between the

2.4 Wood F

A role transfer stresses

between the fibers 0 provide o barriér against an adverse environment, and to protect

the surface of _ fibers fram by asion. The m ix plays a minor role in
the tensile load-careyi 'y .-:‘ |%Hgﬂ .] \ 'Iu'l-'ﬂl:l', selection of a
matrix has a m nfigince on e inerlaming vell as on in-plane shear
| LR ‘
propertics of the composite maters i'i.. ‘ minar shear strength is an imporant
. a P Ao s =T - I P
design consideration for striien hending loads, whereas the in-plane shear

strength is important for structures i | loads. The mairix provides lateral

possibibity- ol 1 mder co pression loading, thus

fnﬂmn.:(g}:b e extent the compressive strength of mpositc. material. The

interaction between fibers and malrix s also essential in designing damage-tolerant
=4 o

structure. Finmally, the posite. material depend

strongly on ‘r:ph}'ﬂ:nl and 1 i riStics, such as vi -_ v, melting point.

and curing temperature of the matrix. Other desirable properties of a matrix are:
minimize mmstﬂ":“rplmn wet and bond fa.fiber, and eliminate voids during the

I e s g Sy Ay o

shrinkage, and have dimensional ﬁuthllm

ammmmumawmaﬂ




CHAPTER T

such as pretreatment of

bending strength of BMC/rie "  increased by 60%, and tensile
strength was increased by 5% in comiparison with ntreated rice straw composite

(Kamel. 2004), .

The increment ¢ the Clsawdust {Aspen) composite
was abserved with the im Tity veen hydrophobic PVC matrix and
hydrophilic 3 . Te o ian at break, and impact

nireated s ‘Il!il. {Aspen)
—

The use o uch as wldimethoxysilane
(KBM602), N- ‘ nmmnﬂhrl} 3ﬂmlﬂbpﬁ:lﬁ'l lmclhux:.'sllane i 603), and N-2
pvltriethoxysilane (KBE603) for the surface treatment of wood

composile, esp

{aminocthyl) 3-amin

sawW [ 0 Tensile
5 imocthyly 3-
amin ylm i..'dirru:i oxysilane (KB 2) was increasc ' compared

with PVC/untreated wood sawdust copfposite. To improve Empml properties, the E’

QNIRRT TINTTHY
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"

t factors on the mechanical
eported that the strength PVC/
0% higher than that with aspen

The size of ﬁ ic
properties of PYClagricultural fib
wood composite with Aspen saw
sawdust mesh size 40 s era

feaso 60) are ho e ave critical
length, and prévents entanglement while a -.Hﬂ ained. Shon
ﬁbcrlcngihu' o il esTtaiee o break during
cre o fust (Aspen) with a smaller panticle size is more compatible
with polymer than those with larger one. However, the tensile strengths of PYCisawdust

BT TS ™
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3.3 The Effect of Loading of Fibers

Adding small amount of fiber imo PYC matrix can enhance the mechanical

propertics of wood composite. Ha 1 liber would decay the composite’s
propertics. When loading of rice 80 10 95 wi%s based on the
total weight of composite s rength of PYC/rice straw
composite was decreased: owed that when loading
of coconui shell po ngth of PVC/coconut
shell powder 3 7% and wher ves was reduced
from 100 phr to 50_phe of PVC/e _;; mpasite was increased by
nearly to 2 al Lal.. 1998). Th rlear s . 1 be related 10 the
vein structure o [ 2 thier re found 1 - - gth and tensile
modulus of PVC/eucalyptug « nposi e ; respectively,
when there was aginere; ol euclvplusdi 20 [ , .‘ und that the loading
of bagasse in PV /bagi I ol poariagk of tensile and impact
properties (Yu-Taget al 2007 7 do abled. tensile strength
and tensile modulus inéreased by 8%, 0 "; elun ‘_-- i ak was decreased by
26%. Impact strengil ase . Th § locrease 8 k Jaflgation at break might
be due 1o the higher brittlgess inirbdiiced by blending.t ; with the PVC matrix. The
decay on impact strengt! s | be explained i terms of molecular

motion of bagasse in PVC mmﬁﬁ' i ih ptlmum bagasse loading can
improve the m:chum-;a_l-, erties of PV fiber eomposite. However a large proportion
of fibers did not show any desirable impact on the properties of the composite:

v vl »
3.4 The Eﬂe«ﬁf' Coupling Ag i T
| : i

The devulurmnl of P\"C."n.gm:ulluml ber composites was limited by a

TR e o

mll:rfipl adhesion between fiber and PVC by combining composites with coupling
agents such as maleated pﬂly‘pmp}li (MAPP), aminoprapyliriethoxysilane (A-1100)

qEARITIRCHNT THRS
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Silane 15 an important coupling agent in the lilled-plastic industry since it has the
~OH side group that can connect 1o the wood surface through hyvdrogen bonds formed
between the hydroxyl groups of silanols and wood. The other side of silanols 15 the
functional group which adheres 1o PVC matry

ugh the weak van der Waals force

promoter for PYC/newsprint composite | A99%) and tensile sirength of the

composites was improved signiticant]y J on PV Ciuntreated fiber composites.
The other coupli “had _po el sile strength when compared with the
composite with untreatcd new sprint, This efle { could be seen from Table 3.1.

Table 3.1: Eflect of
COmposi

Samples F & | T Sl 1 “*' gation at break

Plasticized PVC
Composites with
Untreated Fiber
Treated Fibers with

L
L Il|:I:L’II

A-1100 13502
s 18202
A 03 02— 1802
TR S % 7 & B— T FT ) |

There @“ﬂgﬁﬁﬂﬁ hat lig: ¢ the mrfm@hrsim between

bagasse fiber and P"-"E matrix {Kamel, 2004). The experimental result showed that the
bending strength ﬁl' posite was increased -5 times with the addition of 7 wi%s

o o B 0 i

hitin and chitosan had a pusdnc cflect on the fMexural strength of PVC/wood

Latavilave]



related with the bewer imeraction between woodillour and mateix (Shah and Matuana,

AU INENIneINg
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CHAPTER IV

ilizer, processing
inythai Public
sion PVC  resin

B resin suitable for rigid
| Spo It can be processed
easily at low X ""\ ( ility, goo init lor, no tendency
to stick on hot v low
N
i _‘ ;-;i
Table 4.1: Charac tspension P
bl - b 1
Characteristics — (*) | Standards
-hj L :Ja'h :'.. E "
- ‘ f 726
- I
t ] O 60

ponding to the normal man clure and mmmm:m tolerances. These valu:s

QRTETS MM N8 Y
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4.1.2 Agricultural fibers

Three 1vpes of natural fibers were used in this research, namely comcob,

bagasse and rice straw.

Comecob

Comcob is the @ n core of wung cornears, also called
baby comn. can be consu aht lenme cob becomes tougher
until only the kernels are edible. Wh © _‘-- comcab is collected as parn
of the corncar, leaving the Com oy i © - eld. Ground col neob used in this
om | ‘ ' : . The proximate
LTD Thailand, is

research was ghiained
composition of ¢g
shown in Tablé 4.2,

AN TUNNINYIAY
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Bagasse
Bagasse is the biomass remaining afer sugarcane stalks are crushed 1o extract

: ::wed from Saraburi sugar, Co, Lid.,
. ahl:-H

their juice. In this research, h:.glssa was
Thailand. The composition n!’ \1\ ,

ﬂ‘UH’JﬂEJWTWEJ’]ﬂ'i
ammmmwnﬂmaa
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Rice Straw

Rice straw is an agricultural by product, the dry stalk of a cereal plam, afier
the nutrient grain or seed has been removed. Rice straw makes up about half of the

yield of rice. In times gone by, it was 15 a useful by-product of the harvest

@ straw in this research was

i The composition of rice

such as animal lood,
obtamed Tfrom rice res
straw has shown in ¥ '

Table 4.4: Ave

AUEINENINYINS
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4.2 Preparation of PYC Dry Blend

PVC dry blend for PYClagricultural fiber composites in this research was
prepared from the formula given in T 4.3 which was received from Vinythai PCL.
iry ble sed in parts per hundred parts of

pure PVC resin (phr). PYC and dditives were miinediin dry blend machine at the
temperature of 130 °C o LS minutes and therl soblcdatith the temperature of 30 °C

for 5 minutes.

Table 4.5: PVC

4.3 Preparation of PVC/Agricultural Fibe

mpaosites

.' L ;'imm"?mmm ,"
i‘ Oy DLETEC SRR JOTECLTUTAL IO SR IE SRS SRrEErEly L8 CLELTN B

1. ! lural_fiber such 0 h passe, and
sice stradl M A (Labtech)

for 10 mn:mnn ral mlh: roll gap was
0.3 mm. tents and sizes of agricultural fiber in w:h lor ion were varied

following Tablc 4. Hﬁ:r mixing. the mlw were compression molded into

P e AL T

n‘l by cooling 1o room t:mpcral,ur: in another press for 4 min. The obtained
sheets were cut into app m les for mechanidal and thermal pro “

QW‘%ﬁﬂ‘im AR1INTIRY




Figure 4.4: Two Rolls Mill Machine

Table 4.6: Size and Content of Agficultwral Fiber Used

Particle Size

4.4 Characterizations

4.4.1. Mechanical Properties

Tensilé Property

Tensile west measures the force required 1o break 4 Specimenand thegxient 1o
which theé specimen (stretches or_elongales o that ‘breaking point. | Tefisile test
produces a stress-strain diagram, which is used (o determine tensile modulus.

The dog-bone shape specimens were prepared tor tensile testing following
ASTM D638 (or IS0 327} The dimension of the specimen was shown in Figureds.

At least five medsurcments were taken wusing Instron Universal Testing Machine

|

Type Content (phr) |

size jum mesh |

Corncob (CC) ' . 20 I

S 106-180 140-80 -

‘Bagasse (BG) | | 40 '
L 250425 60-40 |

Rice Straw (RS) | | [ 60
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(Instron 3367, NY., USA) and statistically averaged o obtain an average value and a
standard deviation, The crosshead speed was 50 mm/min.

- fﬂ ~
A Overall lenglugliiny® U 1 l\\x” L
B : Widih gl lifMﬂ‘mkx
© 2 Langh of 'iﬂ’ﬂr. e L
D : Width offivow gralléf pdion™ N\‘f&x
ExRadivs i o '-ﬂ‘lm.‘h

F : Thickness 7

G : Distance be —ﬁ’ nee line: :
H : Initial distance betwd wﬂiﬁf-’t :
*'.r

i _,,_ﬁ-"' *.!" ‘
Figure 4.5: Dimensions of Dog-h nen (ASTM D638 or 150 327)

H"’J'ir""'

‘_1:'" " clerizes the

behavior nrm 7 A Structural element
subjected to bending is known as a beam. A closet rod sagging tader the weight of

clothes on chl rs is an example of a exper!tm:mg b:ndln,g

Ly T e e

u.@ml Testing Machine (Instron 5567, NY. USA) as shown in Figure 4.6 and
statistically averaged 1o obtain an ‘emgc value and a stndard deviation. The sedup’

q RARILIRIRTTARYTRE



Figure 4:6: Flexural Testing (hitp:fwww ptli.com)

lzod Lmpact Properns

Motched lzod Tmpact ds @ single jpoint test that measures a resistance ol
material o impagt from'a swinging pendulum. Lsod impact is defined as the kinetic
energy needed 1o initiate fragture and continue the fracture until the specimen is
broken. lzod spegimen 15 aotched o prevent defonmation of the specimen upon
impact. The specimen is €lamped“into the pendulum impaet test lixture with the
notched side facing the sifiking edge of the pendulum. The pendulum is released and
allowed to strike through the specimen. [T breakage docs nol oceur, a heavier hammer
is used until failure og@lirs, JASTR impact energy is expressed in J/m or fi-Ib/in. 150
impact strength is expresséd_in kim’.  lmpact strength is caleulated by dividing
impact energy in J {or fi-lb) by the thickness ol the specimen. The test result is
typically the average of 10 specimens. The bar shape specimens were prepared for
lzod impactstrength testing following ASTM D256 {or {50180y The dimension of
the standand $pecimen was 64x12.7«3.2 mm’. The depth under notch ofthe specimen
was 10.2 mm, The impaet tester (Yasuda Seiki. Seisakushi Lid., Japan) was shown in

Figure 4.7.



Figure 4.7: Impact Tester (Y asuda)
4.4.2. Scamning Electron Microscope (SEM)

The scanning clectran micrascope (SEM) as shown in Figure 4.8 is a type ol
electron microscope capable of producing high-resolution images of a sample surface,
Due to the magner inwhich the image is créated, SEM images have a characteristic
three-dimensional appeamnce and arc useful for judging the surface structure of the
sample.

Test specimens arc Sputter coated with gold, then placed in a vacuum chamber
for viewing on the eomputer monitor al up o 10,000x magnification,

Figure 4.8: Scanning Electron Microscope (SEM]



4.4.3. Thermal Propertics

Differential scanni thermoanalytical technigque in
which the difference in 1 al reguan ncrease the temperature of a
sample and reference are measur o abaemperaure. Both the sample and

reference are ' throughout the

experiment. Thenmal transition '- s ;: tural composiles were determined by
means of differential seanning ca o ' re 4.10. A sample
of 10 to 20 n ag \%\, i\?\ H erential scanning
calorimeter. Thean _' wx\\l\h‘\ 0°/min) and a plod
of heat Nlow Versus gemper it :

analyzed for Tl A

pgram was then

F’iglrc 4.9: The Resulting Thcnﬂugmn of DSC

ﬂ‘IJEJ’JVIEWl‘iWEI’lﬂ‘i
QW’]@\‘Jﬂ‘iﬂJNW]’JﬂEJ']ﬂEJ



Figure 4.10: Differcntial Scanning Calorimeter (DSC)

Heat Distoption Temperature and Vicat Softening Temperature

Heat distartion temperature is defined as the temperature al which a standard
test bar deflects a gpecified distance under a load as shown in Figure 411, It is used
to determing Short-teem heil resistance. 1t distinguishes between materials that are
able to sustain light loads athigh temperatures and those that fose their rigidity over a
narrow lemperature manges The specimen was placed under the deflection measuring
device. The specimen was then lowered intosa sificone oil bath where the temperature

was raised at 120°C per hour until they deflected (.25 mm.

Figure 4.11: Heat Distortion Temperature Tester (hutp://www ptli.com)

The vicat softening Memperatare s the empératiire’ atwhichy a fat-ended
needle pepetrites the specimen 1@ the depth of § mm under a specific load as shown in
Figure 4.12. The temperature reflects the poant ol softening to be expected when a
material is used in an elevated tlemperature application. Adest specimen was placed in
the testing apparatus so that the penetrating needlé resied on 18 surfage o least fanm
from the edge A load of 10N was applied 10 the specimen. The speeimen wasthen



lowered into a silicon bath at 23 “C. The bath was raised at a rate of 30 °C per hour

until the needle penetrated | mm.

Figure -l.‘il___l‘: \-"Eﬁ‘ﬁILI":smf Chipy 'www ptli.com )

4+

=

4.4.4. Water gﬁmﬁniﬁn h—

Water absorption |5i'uu:d o :Iﬂcnﬁ‘n: lh:' amount of water absorbed under
specified Lnndllumg Iﬁﬂﬂ dﬂmlmg wa],‘er .l;gsﬂrpmu'l include 1vpe of plastic,
additives used. u:.ﬂp.rq'li,lrc and Tqm;,lh of g'.l:pne.llrc The data sheds light on the
performance of the mnlr.:rmlw-hf wiler nHﬁnmd environments. For the water
absorption test, the spm:nm'n |51:|-rs¢d - ﬂw‘_ﬁ;’.h' specificd time and iemperature
and then placed in a desiccator toeool. Immﬁi}, upon cooling, the specimens are
weighed. The material=is thew l:mugud in water al agrecd upon conditions, often
23°C for 24 hotirs or until equilibrium. Specimens are removed, pnuéd dry with a lint
free cEnlh. lﬂd weighed every week. The dimension of sample is 4 tr!m {thick. Water

ahm::rptmn lﬁ,;};prﬁy:d as increase in weight percent. As given in t:g,n. ()

Percent Wa[cFﬁhmrplEun = [{Wet weight - Dry weight)/ Dry w-::ighlti x 100 )]



Figure 4.13; Watcrabsorption testing (hitpz//www _pthi.com)

4.4.5. Aspeet Ratio

The aspect rauo (which is defined as the ratia of length 1o with) of agricultural
fiber can be determined by measuring the length and with of the fiber from SEM
micrograph of agricaliural fiber. One hundred samples of agricultural fiber were

measured.



CHAPTER Y

SULTS AND DISCUSSION

The effects.of fiberloading. fib ﬂz-&m the mechanical,
thermal, water_absorption: and- morphological propérties were siudied. The wood
composite samples ¥ ; | I
molding at 1] . 0
the following proper !
testing machine |
Japan). The
differential scanni
temperature

COMPression
mposites were tested for
ested by Universal
‘ (Yasuda.
‘i were lested by
vicat softening
Moreover, the
microstructure of | erved by a scanning
electron microscop (SED
It can b
PV C/agricultural fibeg

rs o full name of

i fw*

J L}.urgn Size [1511-4151
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5.1 Mechanical Properties

The mechanical .1_._-__.,__ .y it d in is rescarch consisted of tensile
: ' : ¢ observed from the resulis

5 was showm in

Figures 5.1-54 alues penel ally & ccreased when the

agricultural fib v i rly seen at composites

with high fibef © . tensile s _ h of PVCicomcob

s 38 MPa vhile ter ile ength of “dry blend is 46 MPa and
W ke T

composite
clongation at br  limes compared 1o that
of PVC dry blend.

values of tensile strer

igher fiber content show lower
ddution, at 60 phr of CC-5,

aséen polymer and
WS
hreak than PYVC

of fibers in the matrix.
:fﬁtﬁ fiber size on tensilg property of PVC/lagricultural fiber

mﬂmﬂm s

I'I:cr when these 2 f'gur:s re cumpamd Cmnpnmt: with 60 phr of small-




il

fiber. Morcover, small-sized libers could be better dispersed in PVU matrix: hence.
the composites with small-sized fiber

showed less voids between fibers and PVC
matrix than composites with large-sized fibers: The
betier reinforce composites. However, size of'f  did not significantly affect the
composie 4 Bure 5.3-5.4. Elongation at
- that of composite with 60

_ Tensile Strength (MPa)

AutFnendngans
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Tensile Modulus

- posite 10 be stiffer than PVC dny
erease ol tensile modulus of

2 _5.6-1'.-‘. They showed that
e modulus. At 20 phr of
“ﬂfﬁ 9 GPa while tensile

The addition nfﬁlers
blend because fiber
composile is occu '
the addition of (TBer
PVC/BG-L composite, lens

\H b

modulis of ¢

modulus of F sites with high fiber
contents sha when ! “\*\"‘:\i‘;\’[ fiber contents. For
example, composile i f hr @ ‘C\\\ | " odulus 25% higher value
than that with 20 p | H"

Howeven tensi dulus of: x differe rsize were slightly
different as gom| | " € § _ ' viation was taken
in the account), For ctample, fensile modulis of composites with 60 phr of small-
sized bagasscavas 3,83 GiPa whilethis value of compasites: -n ) phr of large-sized
bagasse was 348 ] | b -

Moreover. Figare 5.7 shay cbmiposites with b asse and rice straw as

fillers had higher valtes of tensile-miodulus than tha with orcob. At 60 phr of fiber
cbmpeies with i RSY were 3.48 and 3.72 GFa,

ith CC-L was 339 GPa. The

conlent, tensile moc
respectively, while I:ns:i _  i oF 9op 7
composites with other contents and sizes of fibe lhe. same grends of results,
These effects could be explained in term of amount of “of apricultural fiber.
Table 5.1 sh (cel | f together) of

m,,.w 20, 2007)
ﬂ‘UH’JﬂEWﬁWEJ’]ﬂ‘E
ammmm UN1INLAY
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(o) 20 phr (h) 40 phr {c) 60 phr

Figure 5.5: SEM Micrograph of PVCY Large-Sized Bagasse Composites at Various
Bagasse Loading (a) 20 phr, (k) 40 phr. (¢) 60 phr
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(a) 106-180 pm {b) 2530-425 um

Figure 5.8: SEM Micrograph of PVC/Rice Straw Composites with Rice
Straw Content of 60 phr a1 Various Size: (a) 106-180pm,
(b} 250425 um
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5.1.2  Flexural Property Measurement

fiber compaosites show the

flexural slmnglﬁaq ; 7 v the
modulus as shown i 5 12, o  Fig e llﬁﬁﬁhf of CC-5, flexural

blend was 74 Mpal | | |
he effects of fiber e _ ety PV@lagricultural fiber
composites w ‘ { e seen from Figures 5.9

7 has higher value

and 5.10 that 1 zed (it
of small-sized bagasse shows

than that with larg

129 higher fléxural Str L
Similarly, ; I-siz éﬁe‘ Mlexural modulus of composites

more than large=sized e : ura : composites at 60 phr

of rice straw was 4.3 % as shown in Figure 5.11

\'I-'I- --'li__r_'_gr

and 5.12. This could hc'* ¢ 10 higher spegific area of RS-S than that of RS-L.
Moreover, small-sized ngqsgp;u ispersed in PVC matrix better; hence, the
wllhfsnﬂlﬂhmi mm{m : ber and PVC

) zed rice st fore, the small size fiber

sin ‘ _ . Th \ ! icrographs as
shown in Fﬁ 5 The 1 icroy posite ﬁmhh RS-L (Figure
5.8 (b)) ex i d poorer interface hr:n filler and polymer . As a resull, the
tensile and ﬂcgm odulus ol F\-’L‘fagm ural fiber composites were decreased

= USRS

PYC/rice straw composites showed the highest value of Nexural modulus,
LspcchI}* at 60 phr of small-'ilzﬁ rice straw. flexuralimedulus of composite alinost

IR YRATNHIRS
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significant effect on the stiffness of matenial (Bledzki, 1999), When data in Table 5.1,

were considered, it could be ::r.pﬂ: the :nmpmhn's with rice straw as fillers
would be stiffer than the comp \\ } S5,

Flexural Strength (MPa)
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5.1.3 Impact Property Measurement

From Fugun:s b s:_rcnglh ol PVC/agricultural fiber

composiles were Imn \\“:\ Qj‘ , : mFum. the composites with
the highest fi Fh-:r sitendt sh oweslvalies ofimpact strength. At 60 phr of
CC-5, impact s , ¢ T
strength of P'H"': "‘l"r’“ 8 .1' T‘-‘-ﬁd ed the matrix causing
the composili : s reduced: thus, the

mpﬂﬂtﬂ [ 7 &.“‘; 1 .V A .- 7 howed MOne ores

than pure PVC 5¢ break | osites.
5120 O}, LIPS \ Hper \-\ agricultural fiber

composites wasalso sho _“.;_ es St 3- ‘Iih. :\\"? hm size of fiber did

i ./ -

of small-sized cormcob was 4.04 ' le t ’}‘:f _‘ somposites with 60 phr of

large-sized cor ” s 402 Klir his m : \ -

5 of fiber were not
different enough

s 4.04 klm® while impact

psites with 60 phr

\‘ rbcd before breaking

(Maldas et al., 1989), - \

In addi i affect impact strength of
PVC/agricultural fib ‘r |: -';:' 1 car the 'i;iul strength of composites
with 60 phr of CC-S, S-S-are 404, 400, and 4.01 klm’, respectively. It
could be.goncl 1 “' or dec ase-the energy that

m" e ahsorbe

V.

e

!ll
ﬂumwamwmm
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5.2  Thermal Properties

The thermal properties | " i_ nuthis research consisted of glass transition
temperature (T,), h | ' ftening temperature. It can

d fiber loading affected

The effieet of al fiber ¢t lass temperature of
PVClagricultural fiber composites was sHown in Table 5.2, It showed that the addition
of fiber in PY@dry blendidogs not change T, of composit _n.-amhamrwc
dry blend: T, of gémpagite Avith 20/phr of CG=S showed the same value of PVC dry
blend. Table S shows values of ¥, as {aéreased the fiber content. It showed that T,
of 60 phr of CC-5 was 82 | ht i : bonds between
agricultural fibe and VC ;_,-i:‘ o ough t@ have an effect on this

property of the comp

The effiect of fi =}-~§ perature of composites was also
shown in Table 5.1, It was ilhat Sia& 0! liber also did not affect T, of
F\"C-fagm:ulluﬂl fibel composite with 40 phr of

small-sized i " ) phr of larged-sized

Trice straw Composiles, Tl uf composites with 60 phr of large-sized rice
straw and bngﬁnm £2.7 °C while T, 6f gomposite with 60 phr of large-sized

ﬁwwamwmm
QW']ﬁ\ﬂﬂ‘iElJﬂJWYMEJ'mEJ
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Talde 5.2: Glass Transition Temperature of PV Agriculiural Fiber Composites

Filler iber Size | Fiber Content (phr) T, (°C)
PVC dry blend Ny | 81
81

81
82
81
gl
81
]|

Corncob ™

AULINENINYINS
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5.2.2 Heat Distortion Temperature (HDT) Measurement

HDT of PVC/bagasse
phr o "‘-Lwas?l"C.T‘h:

of HDT. As sho 1
composite was 74.5 gy
' on temperature of
iITl:r than PVC dry

PVC matrix, the

reason for ihe

composites. As i ;
blend (Yu-Ta
better the compasi

o el al,

i- ‘ affected the heat

H of i‘% phrnfiargr. -sized

distortion tempefature

rice straw ing : _- posites. This effect
could be supported F rograph as shown in Figure S.8. It could be seen that
the large-sized fiber (@spect ratit her aspect ratio than that of small-sized

fiber (aspect ratio=3 und- i improve th prapertics of composite better
than small-sized fiber (Mdh al. 1 :
The comparison of three types of fiber Showed that type of fiber slightly

nposites. Fi 5 showed that composiic wi bagasse as filler

had the highes HDT. For example, HDT of PYC/bagasse eomposite with 60

“j vith 60 phr of

large-sized respe It could be seen
that the unt of cellulose in fiber improved the stiffness of composites such that the

HDT nrcmpoatf:émd

FWH’WIEJW?WEJ”IT]?
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VCiAgriculural Fiber

d : [ , 1 vicat softening
r.ernperﬂlun*i]’: osites as shown in Figures 5.17-5. 4 1‘ r example, vical
softening mhm“m of composite with 20 phr of CC-L. was 75.5 °C while this
property of P diyeblend was 74 °C. Moredver, high fiber content added in PVC

uE ol nivan kg yoimen

fi that composite with 60 phr had 10% higher v&lun than that with 20 phr. 'I

AR TANT] STMTIY TR Y
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composites due of cellulose and hemicellulose content of fiber and so the composite
PYC dry blend (Bledski et al. 1999),

could resisted the penetration better than

ze. It showed that composiles

with small-sized rice straw had ligher value of vical softening
temperature  than ith 1 ' Vieat sofiening temperature of

composite with 60 ph | while this value of

composite with large- i ed - st Wins “-‘ his effect could be explained that
composites with small-gized fiber could be dispersed ir et matrix better than
large-sized fiber f.' composite could

better hinder the
dispersion of fillers.

- composite with poor
th bagasse (B(i)
ning temperature than
sning temperature of
j aw was 87 and 86 °C,
respectively, wh e thi Iu:n | comp th r of smal sized corncob was 82
C. As shown in Tab 5.}; t“ seen bagass And rice straw have higher
are, the composites with bagasse

and rice straw (RS
that of compasit
composite with ¢

weight percentage of cellilase than

and rice straw were sul‘f ,ﬂu ..4‘-*

ﬂﬂﬂ?ﬂﬂﬂﬁﬂﬂﬂﬂ‘i
ammmmwnﬂmaa
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5.3 Water Absorption

higher the amg

small-sized rice

W, Wwalcr PV rice” Hmposite was 5.9 wi%
while water absorption of PVC dry blend wa 2 wi%. This occurred because fiber
is a hyd n / . 4 of fiber into the'PVC matrix made
the composites i ‘and fibers; so water can
also be stored i d that 60 phr of RS-S,

PVCIRS-5
higher tha

Murﬂu\': hat 12 c-sized fibe wuld absorb water more than that of

small-sized fiber. W ; "f:.’f Ve 50 phr filler is 8.41
unﬁ‘*ﬁr‘iﬂbﬁ e

1 and was 17.5 %

wi% while wateg absog filler content is 9.47

wi%. It could be that the la o

e amount of void between

PVC matrix and fik myrw mall-sized fiber. This effect can be
supported by SEM micrograg ‘ 5.21.
Table 5.2 shon percentage of cellulose so it

iter absorption

Cirice st composites had the highest water absol fion value. Water
value nfﬁu i il | LEN bﬂghﬂcr: 7.29 and 7.55
wi%e. respeclively. Cellulose and htmm:liulusu: were the significant factor of water
absorption {BMJ,HQ'H}

ﬂ‘NEJ’WﬂWﬁWEJ']ﬂ‘E
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{a} 106- 180 um (b) 250-425 pm

Figure 5.21: SEM Mierograph of PVC/Rice Straw Composites with Rice Straw
Content of 60 phr at Various Size: (a) 106-180pm, (B) 250-425um



CHAPTER VI

The addition o

€ dry blend resulted in stifl and
brittle composites cc un increase in tensile
modulus and: ‘b’“i smposites. On the other

\ C!agncultural fiber

better than that with
of water than that
o sh »,,1 significam effect on

stifiness of composite higher
use these two fillers had
. types of fibers did not

than that of comcob

higher amount of cellulo
show any effect on therm: rapertics of PY tural fiber composites. Finally. it
could be observed that PNCiriee sitaw co bed more water thin other

.~ I—t | . -
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Appendix A
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Appendix A-2 Properties of PVC/Bagasse Composites.
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