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In this research , wood substituted composites were produced by the usage of 

poly (vinyl chloride) and agricultural fiber. Moreover, this research were studied the 

effects of content, si ze, and type of agricultural fiber on mechanical , thermal , and water 

absorption properties of composites by the usage of agricultural fiber as corncob (CC) , 

bagasse (BG), and rice straw (RS) as tillers of PVC with different fiber contents (20, 40, 

60 phr) and fiber size (small (S), large (L)). PVC with other additives (PVC dry blend) 

and agricultural fiber were mixed in a two-roll mill followed by compression molding. 

The results showed high content and small size of fiber can increase the modulus, heat 

distortion temperature (HOT), and vicat softening temperature of composites. It showed 

tensile and flexural modulus of these composites increased between 45-52%, and 30-73%, 

respectively compared to PVC dry blend value. However, these composites also showed 

high amount of water absorption. The amount of water absorption of composites with 60 

phr of fiber shows value between 6-9 wt%. Small-sized fiber increases the stiffness of 

composite better than that with large-sized fiber. Moreover, these composites adsorb less 

amount of water than that with large-sized fiber. However, size of fiber did not show 

significant effect on thermal properties of PVC/Agricultural fiber composites. Among 

three types of agricultural fiber , the composites with rice straw as filler showed the best 

results in modulus and thermal properties and they also showed the highest amount of 

water absorption. 
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CHAPTER I 

INTRODUCTIONS 

1.1 General Introduction 

The term wood-plastic compos ite (WPC) refers to any compos ites that co nta in 

wood as fill er and therm osets or therm oplastics as matri x. The woods used in 

composites are most often in particul ate form or very short fibers, rather than long 

individual wood fibers. Filler partic les are often incorporated into a polymer to 

modify properties to meet performance requirements. For certa in applications, hi gh 

filler content are needed to achieve th e des ired property modifi cati on. 

Thermoplasti c and therm osetting wood compos ites are the two major classes 

of plastic-wood products. Typica lly, use rul properties of conve ntional therm oplastic 

wood compos ites compared to therm osetting wood compos ites include hi gh cost

competitiveness, ease of process ing, and recyc lability. There are many therm oplasti c 

polymers which could be compounded with ag ri cultural fibers such as polypropylene 

(PP), low-density polyethylene (LOPE). hi gh-density polyethylene (HOPE) and 

polystyrene (PS) (Haihong and Kamdem, 2004). 

One of the most interestin g therm oplasti c .polymers I S poly(v inyl chloride) 

(PVC) due to its attracti veness of ease of process ing, high producti vity, and low cost 

(Georgopoulos et a I. , 2005). Furthermore, PVC wood compos ites have been proven to 

exhibit superior ultrav iolet li ght res istance and weatherin g dimensional stability to 

those of natural wood bes ides their inherent fire-res istant characteri stics with a 

limiting oxyge n index (LOI) as hi gh as 50 (LOI>26 is c lass ified as se lf

extingui shable). Fiber compos ite is very attracti ve for the construction or home 

decoration purposes. Typically, the PVC/wood compos ites are used to produ ce 

door/window profiles, decking, railing. and siding. 

The PVC compounding based on coni ca l counter-rotating intenneshing twin 

sc rew extruder is demonstrated to be one effecti ve way to get we ll di spersed wood 
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composite products. To obta in the enhanced PYC/\\'ood composites' performance. 

heat stabilizers, process in g aids. impact modifiers, lubricants, and pi gments are also 

incorporated in the materials. 

In recent years, there have been many researches on PYC/wood composites 

with many natura l fibers such as bagasse, jute. hemp and rice straw as filler to 

reinforce the polymer. These are due to several advantages of natural fibers such as 

renewable and biodegradable raw material s, low abrasive nature, low cost, low 

density and acceptable strength properties (Yu-Tao et aI., 2007 and Georgopou los et 

aI., 2005). The Li se of several types of agricu ltural nbers as we ll as the use of natural 

fiber with mica or glass fiber to form hybrid reinforcements is proved to help enhance 

the mechanical properties of the final products. 

In Thai land, severa l kinds 0 f agricu Itural fiber such as rice straw, flax, jute, 

bagasse, ground corncob are avai lab le and some are highly attractive as reinforcing 

filler as well as an extender for wood composites. The purpose of thi s study was to 

develop replacement for natural woods with composite material s made from 

poly(vinyl ch loride) as the matrix and the agricultural waste as filler such as ground 

corncob, bagasse, and rice straw. Specifica lly, thi s work focused on the effects of 

content, size, and type of agricu ltural fiber on mechanical and thermal proper1ies 

especially for heat di stortion temperature and vicat so ftening temperature of 

PYC/agricultural fiber composites. Moreover, water absorption property of 

PYC/agricultural fiber composites was also investigated . 

1.2 Objectives of the Present Study 

This research aimed to generate the technical knowledge and formulations for 

production of PYC/agricultural fiber composites by combining PYC resin and natural 

fibers avai lable locally, i.e. ground corn cob, bagasse and rice straw, as alternatives for 

natural wood. The objectives were 

I. To study the effect of agricu ltural fiber types, fiber particle sizes, and fiber 

loading on the properties of the resu lting PYC/agricultural fiber composites. 

2. To study the morphology of PYC/agricultural fiber composite. 



1.3 Scopes of the Present Study 

I. The following parameters \\ 'ere studied: 

A. Types of agricu ltu ra l fiber 

- Ground Corncob 

- Bagasse 

- Rice Straw 

B. Agricultura l fiber size: Small ( 106- 180 f-un) , Large (250-425 f-lm) . 

C. Agricultural fiber loading: 20, 40, 60 phr. 

2. The following properties wi ll be studied : 

A. Mechanical Properties 

- Tensile Property 

- Flexu ral Property 

- Impact Strength 

B. Thermal Properties 

- G lass Transition Temperature (Tg) 

- Heat Distortion Temperature 

- Vicat Softening Temperature 

C. Water Absorption 

3 



CHAPTER II 

THEORY 

2.1 PVC and Properties 

Poly(vinyl chloride) (PVC) is one of the major therm oplastic materi als 

because it is a polymer which is relati ve ly cheap and versatile. PVC is produced by 

polymerization of vinyl chloride monomer (VCM). Most of VCM is obtained from 

ethylene (C2l-i4) . The producing reactions of VCM were shown in Figure 2. I and the 

molecular structure of PVC was shown in Figu re 2.2. 

C2 l-i4 + Cb -> C2H4C1 2 

C2H4Ci2 + Heat -> C2H3Ci *+ HCI 

(Direct Chl orinati on Reacti on) 

(Ethylene Dichl oride Cracking) 

(*C2H3C1 = Vinyl Chl oride Monomer (VCM)) 

Figure 2.1: Vinyl Chl oride Monomer Producing Process (http ://www.v ityth ai.co. lh ) 

Figure 2.2: Molec ular Structure of PVC 

(http://en.wikipedia.org/wiki /Polyvinyl_chloride) 

Due to poor properties of PVC such as hard, tough and poor heat stability. 

PVC is never used without compounding with additi ves such as plasticizers, 

stabilize rs, modifiers, lubricants, flame retardant, and co lorants. When PVC is 

compounded with additives, the phys ica l properti es of the compounded material 

depend on PVC res in , types and compos ition of additives. Compounded PVC burns 



slowl y, tends to be se lf-e 'l:tingui shing, and has high fl ash ignition temperature. 

Weatherin g res istance, e'l:ce ll ent clarity and good fl e'l: ural strength are other 

advantages of PVc. Ho\\ ever. there are some limitations on using PVC because PVC 

is degradable at e levated temperatures and can be corros ive to process ing equipments. 

Plasticized PVC is one of the most versatile plastic materials ava il able. Compounding 

gives a very wide range o f applications to PVC which approaches to that of rubbers 

and engineering plasti cs. Table 2. 1 gives typica l va lues of PVC properties. 

Table 2.1: Properties of Rigid and Plasticized PVC (Garvin , 1956) 

Properties Rigid PVC Plasticized PVC 

Density (g/cmJ) \.3- \.4 \.1 - \. 7 

Specific Heat Capacity (ca l/g 0C) 0.25 -

Sag Temperature (0C) 78 -

Milling Temperature (0C) 150 20- 140 

Power Factor (%) 1.25 -

Shore Hardness (D) - 47 

Tear Resistance (kg/m) - 8500 

2.2Natural Fibers and Their Compositions (Bledzki, 1999) 

Natural fibers or fill ers such as ground corncob, bagasse and j ute are 

renewable materials with very attrac ti ve mechanica l properti es. A grow ing awareness 

of environmental problems and the importance of energy conse rvati on have made 

such renewable reinforcing materials of great importance. 

The bas ic components of natura l fibers are ce llulose, hemice llulose, lignin , 

pectin, and waxes with regard to the physica l properties of the fibers. The percentage 

composition for each of these components varies for different fibers. 

2.2.t. Cellulose is the essential component of all pl ant-fibers. It is generally 

accepted that ce llulose is a linear condensation polymer consisting of 0 -

anhydroglucopyranose units whi ch are joined together by 1,4-(3-D-g lucan. The 

pyranose rings are in the 4C , conform ati on, whi ch means that the -CI-hOH , -01-{ 

groups, and the glycos idic bonds are equatorial with respect to the mean plane of the 

rings. The characte ri sti c of ce llulose is the presence of both crysta ll ine and amorpholl s 
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regions within their microfibril s th at single ce llulose chain may run through seve ral 

crysta l! ine regions and amorphous lones. Ce llulose, as the skeletal substance, 

contributes its high tensile strength to the complex of nber structure. Generally, the 

nbers contain 60-80 wt% of ce llulose. However, hard nbers contain more cellu lose 

than so ft fi bers do. 

H OH 

HO ~ ~H q" HX-
H 0 

CH,OH 

Figure 2.3: Structure of Cellulose (B ledzki, 1999) 

2.2.2. Hemicellulose is not a form of ce llulose at all and the name is an 

unfortunate one. They comprise a group of polysaccharides (exc luding pectin) that 

remains associated with the cellulose after li gnin has been removed. The constituents 

of hemicellulose differ from plant to plant. The function of hemice llulose is less clear; 

there is some possibility that they serve as a temporary matrix before li gnincation. 

The hemicellulose differs from ce llulose in three important aspects. In the first place 

they contain several different sugar units whereas cellu lose contains on ly 1,4-P-D

glucopyranose units. Second ly, they exhibit a considerable degree of chain branchin g, 

whereas cellulose is a strict ly linear polymer. Thirdly, the degree of polymerization of 

native ce llulose is ten to one hundred times which is higher than that of hemicellulose. 

Hem ice llulose is responsible for the biodegradation, moi sture absorption, and thermal 

degradation of the fiber as it shows the least resistance. Fiber contains the 

hemicellulose about of 5 to 20 wt%. 
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Figure 2.4: Structure of Hemicellulose (Bledzki, 1999) 

2.2.3. Lignin is a complex hydrocarbon polymer with both aliphatic and 

aromatic constituents. Their chief monomer units are various ring-substituted phenyl

propanes with C-O-C and C-C lin kages. However, these links are not full y 

understood. Structura l detail s difle r from one source to another. The mechanica l 

properties of lignin are lower than those of ce llulose. Although the li gnin is thermally 

stab le, it is responsible for the UV degradation . Composition of li gnin in fiber is about 

2 to 14 wt%. 

Figure 2.5: Structure of Lignin (Bledzki, \999) 
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I 
Fabric 
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Closed 

I I Open I 
laminates cell cell 

Figure 2.6 : Class ifications of Polymer based Composites 

(B irley et a I. , 1988) 

2.3.2 Theory of the Action of Filler and Reinforcements 

I 
Random 

orientation 

The action of active filler can be attributed to severa l mechanisms (Gachter 

and Muller, 1987). Some fi lIers form chem ical bond with the material to be 

rei nforced, such as carbon black produces cross link in elastomers by means of radical 

reaction . 

Other fillers act mainly through the volume they take up. The chain molecules 

of the polymer to be reinforced cannot assume all the conformational posi ti ons that 

are basically possib le. Moreover, it can be assumed that in certa in zones aro und the 

filler particles the polymeric phase differs in structure and properties from th e 

polymer matri x. The polymer segments attached to fi lI er surfaces by primary or 

secondary va lence bonds in turn case a certa in immobi li za ti on of adjacent segment 

J 
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and_ circumstances permittin g_ an orientati on of the pol) mer matri .\. The increase in 

glass transition temperatures observed in fill ed po l) mers, resulting from the 

limitations o f mobility in the fill er/polymer boundary zone_ can be rega rd ed as 

con formation of thi s theoretica I concept. 

The zone directly o f fill er surface. whose structure would appea r to be 

ordered, thus causes a stiffening of the material as a whole. Lower deforlll ability and 

higher strength are also due to thi s compos ite natu re . Uniform di stribution of fill ers is 

espec ially important, so that as many polymer chai ns as poss ible can be bound to the 

free fill er surface. The free surface energy and the polarity of the bond between the 

fill er and the matri x are important factors in thi s rega rd . 

2.4 Wood Fiber Composite Matrices 

A role o f a matrix In a fiber-reinforced compos ite is to transfer stresses 

between the fibers, to prov ide a barri er aga inst an adverse environment, and to protect 

the surface of the fibers from mechanica l abrasion. The matri x plays a minor role in 

the tensile load-carrying capac ity of a compos ite structure. However, se lecti on of a 

matri x has a major influence on the interl aminar shear as '.ve ll as on in -plane shear 

properties of the compos ite materia l. The i nterl am i nar shear strength is an important 

des ign consideration for structures under bending loads, whereas the in -plane shea r 

strength is important for structures under torsional loads. The matri x prov ides lateral 

support aga inst the poss ibility o f fiber buckling under compress ion loading, thus 

influencing to some extent the compressive strength of the compos ite materi a l. The 

interaction between fibers and matri x is also essentia l in des igning damage-tolerant 

structure. Finall y, the processability and defects in a compos ite material depend 

strongly on the physical and therm al characteri stics, sllch as viscos ity, melting point, 

and curing temperature o f the matri x. Other des irable properti es of a matri x are: 

minimize moi sture absorption, wet and bond to fiber, and e liminate voids during the 

compacting and curing processes. Moreover a matr ix could have these properti es i.e. 

have strength at elevated temperature (depending on the application), have low 

shrinkage, and have dimensional stability. 



CHAPTER HI 

LITERA TURE REVIEW 

There were many researches on the effect of parameters such as pretreatment of 

fibers, size of fibers , loading of fibers , and coupling agents on the mechanical and other 

properties of PVC/agricultural fiber composites. 

3.1 The Effect of Pretreatment of Fibers 

Many studies showed enhancement of mechanical properties when rice straw 

(Kamel, 2004), sawdust pulp (Aspen) (Maldas et aI., 1989), and sawdust particle 

(Sombatsompop and Chaochanchaikul, 2005) were pretreated before they were blended 

with PVc. 

By treating rice straw with 5% NaOH so luti on at 80°C for an hour, the maximum 

bending strength of PVC/rice straw composites was increased by 60%, and tensile 

strength was increased by 5% in comparison with PVC/untreated ri ce straw composite 

(Kamel,2004). 

The increment of the mechanical proper1ies of PVC/sawdust (Aspen) composite 

was observed with the improved compatibi lity between hydrophobic PVC matrix and 

hydrophilic fibers with cyclohexanone. Tensile strength, e longation at break, and impact 

energy were increased by 12%, 35%, and 20% from PVC/untreated sawdust (Aspen) 

composite, respectively (Maldas et aI. , 1989). 

The use ofsilanes such as N-2 (aminoethy l) 3-aminopropylmethyldimethoxysilane 

(KBM602), N-2 (aminoethyl) 3-aminopropyltrimethoxysilane (KBM603), and N-2 

(aminoethyl) 3-aminopropyltriethoxysilane (KBE603) for the surface treatment of wood 

sawdust particle had been reported (Sombatsompop and Chaochanchaikul, 2005). Tensi le 

strength of PVC/wood saw sawdust composite treated with N-2 (aminoethyl) 3-

aminopropylmethyldimethoxysilane (KBM602) was increased by 16% when compared 

with PVC/untreated wood sawdust composite. To improve the impact properties, the most 

suitab le s ilane was 1. 5 wt% KBE603 . The impact strength was increased by 20% from 

untreated wood sawdust composite. These effects can be seen from Figure 3.1. 



7r-------------.... 
~.I,..:{ '.I.{i.~ ", \;. 

l) i t,", 

'-':. t.;;\;~;I_· ;_~ _ " .• ·.n 
o !:;':~/,.;.J .:1 :~ ... '1: 

. .. ) . I...:u". .. : I i .~". ,:' 

I ~ 

Figure 3.1: Plots of impact strength aga inst the silane coupling 

agent content for the PYC/wood sawdust composites: 

(- ) 9. 1 and (- -) 41.2 wt % sawdust. 

(Sombatsompop and Chaochanchaikul , 2005) 

3.2 The Effect of Size of Fibers 

12 

The size of agricultural fiber is one o f the signifi cant facto rs on the mechanical 

properties of PYC/agri cultural fiber compos ites. It was reported th at the strength PYC/ 

wood compos ite with Aspen sawdust mesh size 60 was 50% higher than that with aspen 

sawdust mesh size 40 (Maldas et aI. , 1989). 

The reasons are th at a short fiber (mesh size 60) are homogeneous, have criti ca l 

length, and prevents entanglement whil e all fiber characteri stics are maintained. Short 

fiber length also prov ides better dimensional stability as we ll as res istance to break during 

fabrication . Therefore, sawdust (Aspen) with a smaller particle size is more compatible 

with polymer than those with larger one. However, the tensil e strengths o f PYC/sawdust 

(S pruce), and PYC/sawdust (Birch) compos ites with sawdust mesh 60 were not much 

di fferent from those with sawdust mesh 40. 
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3.3 The Effect of Loading of Fiber"s 

Adding small amount or fiber into PVC matr i" can enhance the mechanical 

properties of wood composi te. However, too much fiber wou ld decay the composite's 

properties. When loading of rice straw \-\as increased from 80 to 95 wt% based on the 

total we ight of compos ite sam ple. it was found that the tensi Ie strength of PVC/ri ce straw 

composite was decreased by 85% (Kamel, 2004). Other stud y showed that when loading 

. of coconut shell powder was increased from 60 to 80 phr, tear strength of PVC/coconut 

shell powder composite decreased by 57% and when loading of tea leaves was reduced 

from 100 phr to 50 phr, the tear strength of PVC/tea leave com posi te was increased by 

nearly to 2.4 times (Zurale et aI. , 1998). The hi gher tear strength could be related to the 

vein structure of tea leaves. The other research fou nd that tensil e strength and tensil e 

modulus of PYC/eucalyptus compos ite weredecreased by 2% and 50%, res pecti ve ly, 

when there was an increase of euca lyptus from 10 to 20 phI'. It was found th at th e loading 

of bagasse in PYC/bagasse compos ite was the significant parameter of tensil e and impact 

properties (Yu-Tao et a I. , 2007) . When loading of bagasse was doubled. tensile strength 

and tensile modulus increased by 8%. However. elongat ion at break was decreased by 

26%. Impact strength was decreased 2 times. The decrease of elongation at break mi ght 

be due to the hi gher brittleness introduced by blending bagasse with the PVC matri x. The 

decay on impact strength of the composites could be ex plained in terms of molecul ar 

motion of bagasse in PVC matrix. From these results, the optimum bagasse loading can 

improve the mechanica l properti es of PVClfiber compos ite. However a large proporti on 

of fibers did not show any des irable impact on the properties of the compos ites. 

3.4 The Effect of Coupling Agents 

The development of PVC/agricultural fiber compos ites was limited by a 

compatibility issue of poor interphase adhes ion between the hydrophobic PVC matri x and 

the hydrophilic fibers. Man y eftorts have been carried out on the improvement of the 

interfacial adhesion between fiber and PVC by combining compos ites with coupling 

agents such as maleated polypropylene (MAPP), aminopropyltriethoxysilane (A-II 00), 

dichlorodiethylsilane (DCS), phthali c anh ydride (PA), benzoic ac id , chitin, chitosan, and 

lignin . 
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Silane is an important cO llpling agent ill th e till ed-plasti c industr) since it has th e 

- 01-1 s ide group that can connect to the wood surface through hydrogen bonds form ed 

between the hydroxyl groups of sil all ols and wood. The other side of sil ano ls is the 

functional group which adheres to PVC matri x through the weak van der Waal s force 

sllch that stron g interfacial adhesion cannot be estab li shed between wood and PVc. 

It was found that aminopropyltriethoxysilane (A- II 00) was a suitab le adhesion 

promoter for PVC/ne\ovsprint compos ite (Matuana et a I. , 1998) and tensi Ie strength of the 

composites was improved signifi cantl y up to 34% from PVC/untreated fiber composi tes. 

The other coupling agents had no effect on tensil e strength when compared with the 

composite with untreated newsprint. Thi s effect could be seen from Table 3. 1. 

Table 3.1: Effect of Coupling Agents on Tensile Properties on PVClNewsprint-Fiber 

composite. (Matuana et aI. , 1998) 

Samples Strength Modulus Elongation at break 

(MPa) (GPa) (% ) 

Plasticized PVC 37.4±2.7 1.9±0.2 5.26±0. 1 

Composites with 
.-

Untreated Fiber 28.5±0.8 3.2±0. 1 1.4±0. 1 

Treated Fibers with 

A-IIOO 38.3±3.1 3.6±0.1 1.3±0.2 

DCS 30.0±1.9 2.7±0. 1 1.8±0.2 

PA 29.4±0.8 2.8±0.2 1.8±0.2 

E-43 29.3±2.2 2. 1±0. 1 1.2±0.2 

There was suggesti on that li gnin could improve the surface ad hesion between 

bagasse fiber and PVC matri x (Kamel, 2004) . The ex perimental resu lt showed that the 

bending strength of the composite was increased by 2.5 times with the add ition of 7 wt% 

lignin . This might be due to the attachment of lign in to the hydroxy l surface of 

lignocelluloses materials. 

Chitin and chitosan had a pos itive effect on the tlexural strength of PVC/wood 

flour compos ites. Flexural strength of PVC/woodtlour composite was increased by 20% 

when 6.67 wt% chitin or 0.5 wt% chitosan was added to the composi te. These could be 
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related with the better interacti on between woodtlour and matri x (S hah and Matu ana, 

2005). 



CHAPTER IV 

EXPERIMENT 

4.1 Materials 

4.1.1 PVC Resin 

Suspension PVC resin (Siam vic 258 RB, K-value 58), stabilizer, process ing 

aid, externa l lubricant, and internal lubricant are supplied by Vinythai Public 

Company Limited. Table 4.1 shows characteristics of suspension PVC resi n 

Suspension PVC resin with K-value 58 is a low K value resin suitable for rigid 

PVC processing. It produces very low dust during transportation. It can be processed 

easi ly at low temperature. It has good thermal stability, good initial color, no tendency 

to stick on hot metal surface, and very low level of fi sh-eyes. 

Table 4. t: Characteristics of Suspension PVC Resin 

Characteristics Units Values (*) Standards 

K-value (cyclohexanone) 58 DIN 53726 

Polymerization Degree 680 lIS K6721 

Apparent Bulk Density kg/I 0.56 [SO 60 

Volatile Matter % 0.3 [SO 1269 

, 

(*) [n the case ot certall1 characterIStics the values given 111 thi S are means based on a 

large number of individual measurements distributed around the means in a range 

corresponding to the normal manufacture and measurement tolerances. These values 

shou ld not be considered as specifications. 
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4.1.2 Agricultural fibers 

Three types of natural fibers were Ll sed In thi s research, namel y corncob, 

bagasse and rice straw. 

Corncob 

Corncob is the central wooden core of a cornear. Young cornears, al so called 

baby corn, can be consumed raw. But as the plant matures the cob becomes tougher 

until only the kernel s are edible. When harvesting corn the corncob is collected as part 

of the cornear, leaving the corn stover in the field . Ground corncob used in thi s 

research was obtained from B&C Pulaski Corporation, Ltd, Thailand. The proximate 

composition of corncob received from B&C Pulaski Corporation, LTD, Thailand, is 

shown in Table 4.2. 

Corncob 

Kernel----;tIj 

Figu re 4.1: Corncob 

Table 4.2: Proximate Composition of Corncob 

Composition wt% 
.-

Cellulose 34 

Nitrogen-Free Extract (NFE) 55 

Ash Content I 

Moisture 10 
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Bagasse 

Bagasse is the biomass remaining after sugarca ne sta lks are cru shed to extract 

their juice. In thi s research, bagasse was rece ived from Sa raburi sugar, Co. Ltd ., 

Thailand. The composition of bagasse is shown in Table 4.3 

Figure 4.2: Bagasse 

Table 4.3: Average Composition of Bagasse (HUFA, 200 I) 

Composition Percentage base on Dry Weight 

Ash 1.50 

Lignin 18.29 

Hemicellulose 35.84 

Alphacellulose 41.00 

Other 3.37 
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Rice Straw 

Ri ce straw is an agricultural by product, the dry sta lk of a cerea l plant, afte r 

the nutrient grain o r seed has been removed. Ri ce stra\V makes LIp about half o f the 

yield of rice. In times go ne by, it was regarded as a Ll seful by-product of the harves t 

such as animal food, roof, and natural fertilizer. Rice straw in this resea rch was 

obtained from rice researc h center, Pathumthani , Thailand . The composi ti on of ri ce 

straw has shown in Table 4.4. 

Figure 4.3: Ri ce Straw 

Table 4.4: Average Composition of Rice Straw (Linko, 1997) 

Composition Wt% 

Cellulose 43.92 

Hem icellulose 25 .00 

Lignin 12.00 

Ash 17.00 

Other 2.08 
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4.2 Preparation of PVC Dry Blend 

PVC dry blend for PVC/agricultural fiber composites in thi s research was 

prepared from the formula given in Table 4.5 which was rece ived rrom Vinyth ai PCL. 

Thailand . Ingredients or PVC dry blend were ex pressed in parts per hundred parts of 

pure PVC resi n (phr) . PVC and additives were mi xed in dry blend machine at the 

temperature of 130°C for 15 minutes and then coo led with the temperature or 30°C 

for 5 minutes. 

Table 4.5: PVC Dry Blend Formulation 

Ingredients Concentration (phr) 

PVC 100 

Stabilizer 4 

Processing aid 6 

External Lubricant 2 

Internal Lubricant 0.5 

4.3 Preparation of PVC/Agricultural Fiber Composites 

PVC dry blend and agricultural fiber such as ground corncob, bagasse, and 

rice straw were mi xed together in the two-roll mill s as shown in Figure 4.4 (Labtech) 

for 10 min with temperature of both front and back rolls at 175°C and the roll gap was 

0.3 mm. The contents and sizes of agricultural fiber in each formulati on were va ried 

following Table 4.6. After mi xing, the mi xtures were compress ion molded into 

rectangular sheets (20x20 cm) of about 4 mm thickness using stee l mold (flash type) 

and heated with hydraulic press for 8 min at 170 °C under pressure of 10 MPa, and 

followed by cooling to room temperature in another press for 4 min . The obtained 

sheets were cut into appropriate samples for mechanica l and therm al properties 

testing. 
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Figure 4.4: Two Roll s Mill Machine 

Table 4.6: Size and Content of Agricultural Fiber Used 

Particle Size 

Type Content (phr) 

size 11m mesh 

Corncob (CC) 20 

S 106-180 140-80 

Bagasse (BG) 40 

L 250-425 60-40 

Rice Straw (RS) 60 

4.4 Characterizations 

4.4.1. Mechanical Properties 

Tensile Property 

Tensile test measures the force required to break a specimen and the extent to 

which the specimen stretches or elongates to that breaking point. Tens ile test 

produces a stress-strain diagram , which is used to determine tensile modulus. 

The dog-bone shape specimens were prepared for tens ile testing followin g 

ASTM D638 (or ISO 527). The dimension of the spec ime n was shown in Figure 4.5. 

At least five meas urements were taken us ing Instron Universal Testing Machine 



22 

(Instron 5567, NY, USA) and stati stica lly averaged to obtain an ave rage va lue and a 

standard dev iati on. The crosshead speed was 50 mm/min . 

Dimension, in millimetres 

A: Overall length, minimum 150mm. 

B : Width at ends 20 ± 0.5 mm . 

e : Length of narrow parallel portion 60 ± 0.5 mm . 

D : Width of narrow parallel portion 10 ± 0.5 mm . 

E : Radius, minimum 60mm. 

F : Thickness 4 ± 1 mm. 

G : Distance between reference lines 50 ± 0.5 mm . 

H : Initial di stance between grips 11 5 ± 5 mm . 

Figure 4.5 : Dimensions of Dog-bone Shape Spec imen (ASTM D638 or ISO 527) 

Flexural Property 

In engineering mechanics, flexure (also known as bending) characterizes the 

behavior of a structural e lement subj ec ted to a lateral load. A structural element 

SUbj ected to bending is known as a beam. A closet rod sagging under the we ight of 

clothes on clothes hangers is an example of a beam experiencin g bending. 

The bar shape spec imens (IO x4x80 mm) are prepared for flexural testing 

following ASTM D790. At least seven measurements are taken using Instro n 

Universal Testing Machine (instron 5567, NY , USA) as shown in Figure 4.6 and 

stati stica lly averaged to obtain an average va lue and a standard dev iati on. The set up 

va lue for fl exural testing fo ll ow by ASTM D790 are standard speed 1.2 mm/min, span 

48 mm, and load ce ll I kN . 
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Figure 4.6: Flexural Testing (http ://www.ptli .com) 

lzod Im pact Property 

Notched Izod Impact is a single point test that measures a res istance or 

material to impact from a swingin g pendulum . Izod impact is defin ed as the kineti c 

energy needed to ini tiate fracture and continue the fracture unt il the spec imen is 

broken. Izod spec imen is notched to prevent deform ation of the spec imen upon 

impact. The spec imen is clamped into the pendulum impact tes t fi xture with the 

notched side fac ing the striking edge of the pendulul11 . The pendulum is re leased and 

all owed to strike th ro ugh the spec imen. I f breakage does not occur, a heav ier hamm er 

is used until failure occurs. ASTM impac t energy is ex pressed in Ji m or ft- Ib!in . ISO 

impact strength is ex pressed in k.J!m2
. I mpact strength is ca Icul ated by d iv id i ng 

impact energy in .I (or Ir- Ib) by the thickness or the speci men. The test resul t is 

typica lly the average or 10 spec imens. The bar shape spec imens we re prepared for 

Izod impact strength testing following ASTM D256 (or ISO 180). The dimension of 

the standard specimen was 64x I2.7x3.2 mm3
• The depth under notch of the spec imen 

was 10.2 111111 . The impact tester (Yasuda Se iki . Se isakushi Ltd. , Japan) was shown in 

Figure 4.7. 
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Figure 4.7: Impact Tester (Yasuda) 

4.4.2. Scanning Electron Microscope (SEM) 

The scanning electron microscope (SEM) as shown in Figure 4.8 is a type of 

electron microscope capable of producing high-resolution images of a sample surface. 

Due to the manner in which the image is created, SEM images have a characteristic 

three-dimensional appearance and are useful for judging the surface structure of the 

sample. 

Test specimens are sputter coated with gold, then placed in a vacuum chamber 

for viewing on the computer monitor at up to I O,OOOx magnification. 

Figure 4.8: Scanning Electron Microscope (SEM) 
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4.4.3. Thermal Properties 

Differential Scanning Ca lorimeter (DSC) 

Differential scanning calorimetry or DSC is a thermoanalytical technique in 

whi ch the difference in the amount of heat required to increase the temperature of a 

sample and reference are measured as a function of temperature . Both the sample and 

reference are maintained at very nearly the same temperature throughout the 

experiment. Thermal transitions of PVC/agricultural composites were determined by 

means of differential scanning ca lorimeter (DSC) as shown in Figure 4.10. A sample 

of 10 to 20 mg. in an aluminum sample pan is placed into the differential scanning 

calorimeter. The sample was heated at a contro lled rate (usually 10o/min) and a plot 

of heat flow versus temperature was produced. The resulting thermogram was then 

analyzed for Tg, T m, ilH m or ilHc as shown in Figure 4.9 (as an example) . 

' 2 
.00 

Differential Scanning Calorimeter (DSC) 
~ Scan of Polyetheretherketone (PEEK) .. 
" III 
~ 

• &0 35 • 

Figure 4.9: The Resulting Thermogram of DSC 

. 0( 
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Figure 4.10: DitTe rentia l Scanning Ca lo rimete r (DSC) 

Heat Distortion Temperature and Vicat Softenin g Temperature 

Heat di stortion temperature is de fined as the temperature at which a standard 

test bar de fl ects a spec ified distance under a load as shown in Fig ure 4 . 11. It is used 

to determine short-te rm heat res istance. It di stin gui shes between mate ria ls that a re 

able to sustain li ght load s at high temperatures and those that lose th e ir ri g idity over a 

narrow temperature range. The spec imen was placed under the de fl ec tio n measuring 

device. The spec imen was then lowered into a s ilicone o il bath where the temperature 

was rai sed at 120°C pe r hour until they de fl ected 0. 25 mm . 

Figure 4.11: Heat Di stortion Temperature Teste r (http ://www. ptli .com) 

The vi cat softe ning temperature is the temperature at w hich a fl at-ended 

needle penetrates the spec imen to the depth o f 1 ml11 under a specifi c load as shown in 

Fi gure 4.1 2. The tempera ture re fl ects the po int o f so ftening to be expected when a 

material is used in an elevated temperature application. A test specimen was placed in 

the testing apparatus so th at the penetrating needle rested on its sur face at least I mm 

from the edge. A load of ION was appli ed to the specimen. T he specimen was then 
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lowered into a silicon bath at 23°C. The bath was rai sed at a rate of 50 DC per hour 

until the needle penetrated I mm . 

Figure 4.12: Vicat Tester (http://www.ptli.com) 

4.4.4. Water Absorption 

Water absorption is used to determ ine the amount of water absorbed under 

specified conditions. Factors affecting water absorption include type of plastic, 

additives used, temperature and length of exposure. The data sheds light on the 

performance of the materials in \Vater or humid environments. For the water 

absorption test, the specimen is dried in an oven for a speci tied time and temperature 

and then placed in a desiccator to cool. Immediately upon cooling, the specimens are 

weighed. The material is then emerged in water at agreed upon conditions, often 

23°e for 24 hours or until equi librium . Specimens are removed, patted dry with a lint 

free cloth, and weighed every week. The dimension of sample is 4 mm thick. Water 

absorption is expressed as increase in weight percent. As given in eqn. (I) 

Percent Water Absorption = [(Wet weight - Dry weight)/ Dry weight] x 100 (I) 
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Figure 4.13: Water absorption testing (http://www.ptli.com) 

4.4.5. Aspect Ratio 

The aspect ratio (which is defined as the ratio of length to with) of agricultural 

fiber can be determined by measuring the length and with of the fiber from SEM 

micrograph of agricultural fiber. One hundred samples of agricultural fiber were 

measured. 



CHAPTER V 

RESUL TS AND DISCUSSION 

The effects of fiber loading, fiber s ize, and fiber type on the mechanical , 

thermal, water absorption , and morphological properties were studied. The wood 

composite samples were prepared by two roll s mill at 175°C and compression 

molding at 170 °C and 10M Pa. The PYC/agricultural fiber composites were tested for 

the following properties : tension and flexural properties were te sted by Universa l 

testing machine (instron, 5567), impact property was tested by impact tester (Yasuda, 

Japan) . Thermal properties such as glass transition temperature (Tg) were tested by 

differential scanning calorimeter, heat di stortion temperature and vicat softening 

temperature were test by vicat/HOT tester (Ceast, USA) . Moreover, the 

microstructure of impact fracture of the composites was observed by a scanning 

e lectron microscope (SEM) (Joel , JSM 5410, LY) . 

It can be note that the abbreviation in thi s chapter refers to full name of 

PYC/agricultural fiber composites as folio\\' : 

Full name Abbreviation 

Corncob CC 

Bagasse BG 

Rice Straw RS 

Small Size (106-180 /lm) S 

Large Size (250-425/lm) L 

For example, PYC/CC-S refers to PYC dry blend filled with sma ll sized

corncob. 
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5.1 Mechanical Properties 

The mechanical properties meas ured in thi s resea rch consisted of tens ile 

properties, flexural properties and impact strength . It can be observed from the results 

that fiber size and fiber loading affected properties of the composites. 

5.1.1 Tensile Property Measurement 

Tensi Ie Strength and Elongation at break 

The effect of fiber loading on tens ile strength of composites was shown in 

Figures 5. 1-5.2. It "vould be seen that these va lues generally decreased when the 

agricultural fiber were added into PVC matrix. It would be clearly see n at composites 

with high fiber content. At 40 phr of CC-S, tensile strength of PVC/corncob 

compos ite was 38 MPa while ten sile strength of PVC dry blend is 46 MPa and 

e longation at break of these composites decreased almost 18 tim es compared to that 

of PVC dry blend. Moreover, the composites with higher fiber content show lower 

values of ten sile strength and e longation at break. In addition, at 60 phr of CC-S, 

tensile strength and e longation at break of PVC/corncob composite s lightl y decreased 

by 7% and l3% compared to composites with 20 phr of CC-S. It could be exp la ined 

that the addition of fiber in PVC dry blend made the composites more brittle due to 

the increment of interfacial defects causing more debonding between polymer and 

fibers and the agricu ltura l fibers them se lves have lower elongation at break than PVC 

matrix (Yu-Tao et aI., 2007). Moreover, these results were caused by poor dispersion 

of fi bers in the matrix. 

The effect of fiber s ize on tensile property of PVC/agricu ltura l fiber 

composites were also shown in Figure 5. 1-5.2. It showed the addition of sma ll-sized 

fiber in PVC dry blend reduced the ten s ile strength of composites less than larged

sized fiber when these 2 figures were compared . Composite with 60 phr of small

sized rice straw showed 27 % higher tens i Ie strength than that with large-sized rice 

straw because the small-s ized fiber had hi gher specific area than that of large-s ized 
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fiber. Moreover, sma ll -sized fibers cou ld be better di spersed in PVC matri x; hence, 

the compos ites with sma ll -s ized fibe rs showed less vo id s between fibers and PVC 

matrix than composites w ith large-s ized fibers. Therefore, the small-sized fibers cou ld 

bette r reinforce composi tes. However, s ize of fiber did not s ignificantly affect the 

elongation at break o f composites as cou ld be seen in Figure 5.3-5.4. Elongati on at 

break of compos ite with 60 phr of CC-S was 1.58% while tha t or compos ite with 60 

phr of CC-L is 1.47%. It could be concluded that s izes of fiber used in this researc h 

were not s ignificantly different enough from each other to have different effect on the 

brittleness of composites. 
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Figure 5.1: Tensile Strength of PVC/Agricultural Fiber 

Composites with Fiber Size of 106-180 flm (S) 
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Tensile Modulus 

The addition of fibers in PVC caused the composite to be stiffer than PVC dry 

blend because fiber was reinforcing filler so the increase of tensil e modulus of 

composite is occurred. These results "vere shown in Figure 5.6-5.7. They showed th at 

the addition of fiber in PVC could increase th e tensile modulus. At 20 phr of 

PVC/BG-L composite, tensile modulus of composite was 2.9 GPa while tensil e 

modulus of PVC dry blend was 2.5 GPa. Moreover, compos ites with hi gh fiber 

contents showed higher tensile modulus than that with low fiber contents. For 

example, composite with 60 phr of BG-L showed tensil e modulus 25% higher value 

than that with 20 phr of BG-L. 

However, tensil e modulus of compos ites with different fiber size were slightly 

different as compared between Figure 5.6 and 5.7 (when standard dev iation was taken 

in the account). For example, tensile modulus of compos ites with 60 phr of small

sized bagasse was 3.83 GPa while thi s va lue of compos ites with 60 phr of large-s ized 

bagasse was 3.48 GPa. 

Moreover. Figure 5.7 showed that composites \\ith bagasse and ri ce straw as 

fill ers had higher values of tensil e mod ulus than th at with co rn cob. At 60 phr of fiber 

content, tensile modulus of compos ites with 8G-L and RS-L were 3.48 and 3.72 G Pa, 

respectively, while tensile modulus of compos ites with CC-L was 3.39 GPa. The 

composites with other contents and sizes of fibers showd the same trends of results. 

These effects could be explained in term of amount of ce llulose of agricultural fiber. 

Table 5.1 showed that amounts of fiber (cellulose and hemicellulose together) of 

bagasse and rice straw were slightly hi gher than that of corncob (Yu Tao, 2007) . 
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(a) 20 phr (b)40phr (c) 60 phr 

Figure 5.5: SEM Micrograph of PVC/ Large-Sized Bagasse Composites at Variolls 

Bagasse Loading (a) 20 phr, (b) 40 phr, (c) 60 phr 
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Table 5.1: Chemical Composition of Agricultural fiber 

Fiber composition Corncob Bagasse Rice Straw 

(wt%) 

Cellulose 34 41 43 .92 

Hemicellulose 40 35.84 35 

Lignin 23 18.29 12 

Ash 1.50 1.50 7 

Other 1.5 3.37 2.08 
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(a) 106-180 ~m (b) 250-425 ~m 

Figure 5.8: SEM Micrograph of PVC/Rice Straw Composites with Rice 

Straw Content of 60 phr at VarioLis Size: (a) 1 06-180~m, 

(b) 250-425 ~m 
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5.1.2 Flexural Property Measurement 

Flexural Strength and Flexural Modulus 

The results of flexural property of PVC/agri cultural fiber composites show the 

same trend as the results of tensile property. The composites showed the decrease of 

flexural strength as shown in Figures 5.9-5. 10 and a lso show the increment of fl exural 

modulus as shown in Figures 5. 11-5. 12. From Figure 5.9, at 60 phr of CC-S, flexural 

strength of PVC/CC-S compos ite was 60 MPa whil e fl exural strength of PVC dry 

blend was 74 MPa. 

The effects of fiber size on fl exural property of PVC/agricultural fiber 

compos ites were also shown in Figures 5.9-5. 12. It could be seen from Figures 5.9 

and 5. 10 that tlexura l strength of compos ites with small -s ized fiber has hi gher va lue 

than that with large-s ized fiber. Composite with 60 phr of small -s ized bagasse shows 

12% higher fl exural strength than that with large-s ized bagasse. 

Similarly, the small -s ized rice straw improved fl exural modulus of compos ites 

more than large-sized ri ce straw. Flex ural modulus of PVC/RS-S composites at 60 ph r 

of ri ce straw was 4.82 GPa while PVC/RS-L was at 4.23 GPa as shown in Figure 5. 11 

and 5. 12. This could be due to hi gher spec ific area of RS-S than that of RS-L. 

Moreover, small-sized rice straw could be dispersed in PVC matri x better; hence, the 

compos ites with small - sized ri ce straw showed lower vo id between fiber and PVC 

matri x than compos ites with large-sized rice straw. Therefore, the small size fiber 

could reinforce compos ites better. Thi s effect was supported by SE M micrographs as 

shown in Figure 5.8. The SE M micrograph of the compos ite fill ed with RS-L (F igure 

5.8 (b» exhibited poorer interface between till er and polymer matri x. As a result, the 

tensile and fl exural modulus of PVC/agricultural fiber compos ites were decreased 

with increas ing fiber size. However, size of corncob and bagasse used in thi s work did 

not signifi cantly affect the tl exural modulus of compos ites. 

PVC/ri ce straw compos ites showed the hi ghest va lue of fl exura l modulu s. 

Especially at 60 phr of sma ll -s ized ri ce straw, fl exural modulus of compos ite almost 

doubled as compared to that of PVC dry blend (2.79 GPa). These results could be due 

to different amount of ce llulose in fiber, since the ce llulose and hemice llulose had a 
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significant effect on the sti ffness of materia l (Bledzki , 1999). When data in Table 5. 1, 

were considered, it could be expected that the compos ites with ri ce straw as fillers 

would be stifte r than the compos ites with corncob and bagasse. 
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5.1.3 Impact Property Measurement 

From Figures 5 .1 3-5. 14, the im pact strength of PYC/agric ultu ra l fibe r 

composites we re lower than that o f PYC dry ble nd . Moreover, the composites with 

the hi ghest fiber content showed the lowest va lues o f impact stre ngth . At 60 phr o f 

CC-S, impact strength of PYC/corncob compos ite \,vas 4 ,04 kJ /m2 whil e im pac t 

strength o f PYC dry blend is 8.80 kJ /m2
. As the fiber re in fo rced the matri x causin g 

the composites to be sti ffe r, the ductile portion o f PYC was reduced; thu s, the 

composite toughness was decreased. Moreover, the compos ites s howed more pores 

than pure PYC so it took less energy to break compos ites. 

The e ffect o f fiber s ize on impact property o f PYC/agri cultura l fiber 

compos ites was a lso shown in Figures 5. 13-5. 14. They showed that s ize of fibe r di d 

not have significant effect on thi s property. Impact strength of compos ites w ith 60 phr 

of sma ll-s ized corncob was 4 .04 kJ/m2 while thi s va lue of compos ites w ith 60 phr o f 

large-s ized corncob was 4 .02 kJ/m2
. This mi ght be due to s izes of fibe r were not 

differe nt enough to change the energy that composites absorbed be fo re breakin g 

(Ma ldas et a I. , 1989). 

In additi on, it shows th at type o f fiber do not affec t impac t strength of 

PYC/agricultura l fibe r co mpos ites. It can be seen that impact stre ngth of composites 

with 60 phr of CC-S, 8 G-S, and RS-S a re 4 .04, 4 .00, and 4.0 I kJ/m2
, respec ti ve ly. It 

could be conc luded tha t ty pe of fiber did not inc rease or decrease the ene rgy that 

composites absorbed be fore breaking. 
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5.2 Thermal Properties 

The thermal properties measured in thi s resea rch consisted of glass trans ition 

temperature (Tg), heat distortion temperature and vicat softening temperature. It can 

be observed from the results that fiber loading. fiber s ize and fiber loading affected 

these properties of the composites. 

5.2.1 Glass Transition Temperature (Tg) Measurement 

The effect of agricu ltura l fiber content on the g lass transition temperature of 

PVC/agricultural fiber compos ites was shown in Table 5.2. It showed that the addition 

of fiber in PVC dry blend does not change Tg of composites compared to that of PVC 

dry blend . Tg of composite with 20 phr of CC-S showed the same value of PVC dry 

blend. Table 5. 1 shows va lues of Tg as increased the fiber content. It showed that Tg 

of 60 phr of CC-S was 82 Dc. Thi s might imply that the hydrogen bonds between 

agricultural fiber and PVC matrix were not strong enough to have an effect on this 

property of the composites. 

The effect of fiber s ize on glass transition temperature of composites was a lso 

shown in Table 5. 1. It was found that size of fiber also did not affect Tg of 

PVC/agricultural fiber composites. For example, Tg of composite with 40 phr of 

small-sized rice straw was 81 DC wh ile Tg of composite with 60 phr of larged-sized 

rice straw is 82 Dc. 

From Tab le 5.2, it cou ld be seen that g lass transition temperature of 

composites with different type of fiber also showed nearly the same values. As can be 

seen in PVC/rice straw compos ites, Tg of composites with 60 phr of large-s ized ri ce 

straw and bagasse were 82.7 DC while Tg of composite with 60 phr of large-sized 

corncob was 81.3 Dc. 



49 

Table 5.2: Glass Transition Temperature of PYC/ Agricu ltural Fiber Composites 

Filler Fiber Size Fiber Content (phr) Tg (0C) 

PYC dry blend - - 81 

20 81 

S 40 81 

(106-180 11m) 60 82 
Corncob 

20 81 

L 40 81 

(250-425 11m) 60 81 

20 81 

S 40 82 

(106-180 11m) 60 82 
Bagasse 

20 81 

L 40 82 

(250-425 11m) 60 82 

20 81 

S 40 81 

(106-180 11m) 60 82 
Rice Straw 

20 81 

L 40 82 

(250-425 11m) 60 82 
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5.2.2 Heat Distortion Temperature (HOT) Measurement 

The additi on of tiber in PVC matrix s lightl y in c reased the heat di stortio n 

temperature (HOT) o f compos ites as shown in Figures 5. 15-5. 16. As shown in Figure 

5.15, HOT of co mpos ite wi th 20 phr o f RS-S was 73 °c whi Ie thi s va lue of PVC dry 

blend was 71°C. Moreover, composites with hi gh fiber content a lso show hi gh va lue 

of HOT. As show·n in Figure 5. 16, at 60 phr of 8G-L, HOT of PVC/bagasse 

composite was 74.5 ° C while HOT of compos ite with 20 phr of 8G-L was 71 °C. The 

reason for these effects was the same as g iven for glass tra ns iti on temperature of 

composites. As fiber re inforced the compos ites and made the m stiffe r than PVC dry 

blend (Yu-Tao et a I. , 2007), therefore, the more fibe r content in PVC matrix, th e 

better the compos ites could withstand heat before di stortion. 

Figure 5. 15 and 5. 16 a lso showed that fibe r s ize s li ghtly affected the heat 

di stortion temperature of compos ites. HOT of compos ites w ith 60 phr of large-s ized 

rice straw increased 12% compared to sma ll -s ized rice straw composites . Thi s e ffec t 

could be supported by SEM micrograph as shown in Figure 5.8. [t could be seen that 

the large-sized tibe r (aspect ratio=5) has higher aspect ratio tha n th at o f sma ll -s ized 

fiber (aspect ra ti o=3), and it could improve therm a l properties of compos ite better 

than small -s ized fibe r (Matuana et a l. . 1998). 

T he compari son of three types of fiber showed that type o f fiber s li ghtly 

affected HOT of composites. Figure 5. 15 showed that composite w ith bagasse as fill e r 

had the hi ghest va lue of HOT. For example, HOT of PVC/bagasse compos ite with 60 

phr of large-s ized bagasse was 79 °C while this value of compos ite with 60 phr of 

large-s ized corncob and ri ce straw was 74 and 78 °C, respecti ve ly. [t could be seen 

that the amount of ce llulose in fiber improved the stiffness of compos ites such that the 

HOT of compos ites increased. 
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5.2.3 Vicat Softening Temperature Measurement 

The addition of fiber in PVC matrix slightly increased vicat softening 

temperature of composites as shown in Figures 5.17-5.18. For example, vicat 

softening temperature of composite with 20 phr of CC-L was 75.5 °C while thi s 

property of PVC dry blend was 74°C. Moreover, high fiber content added in PYC 

matrix slightly increased vicat softening temperature of composites. When thi s 

property was compared between composites with 20 and 60 phr of CC-L, it was 

found that composite with 60 phr had 10% higher value than that with 20 phr. These 

effects cou ld be explained that the addition of fiber increaseed the stiffness of 
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composites due of cellulose and hemicellulose content of fiber and so the composite 

could resisted the penetration better than PVC dry blend (Bledzki et aI. , 1999). 

Figures 5.17 and 5.18 showed vicat so ftening te mperatue o f 

PVC/agricultural fiber composites with different fiber s ize. It showed that compos ites 

with small-sized bagasse and rice straw had higher value of vicat softening 

temperature than that with larged-sized fiber. Vicat so ftening temperature o f 

composite with 60 phr of small-s ized rice straw was 87 °C while thi s value o f 

composite with large-s ized rice straw was 83 DC. This effect could be explained that 

composites with small-sized fiber could be dispersed in pol ymer matrix better than 

large-sized fiber. Therefore, both PVC and dispersed filler in the composite could 

better hinder the needle to penetrate into the composite than the composite with poor 

di spersion of fi lIers. 

Moreover, these 2 figures showed that composites with bagasse (BG) 

and rice straw (RS) as filler showed higher values of vicat so ftening temperature than 

that of composites with corncob (CC). For example, vicat softening temperature of 

composite with 60 phr of small-s ized bagasse and rice straw was 87 and 86 °C, 

respectively, while thi s value of composite with 60 phr of small -sized corncob was 82 

DC. As shown in TableS.I, it could be seen that bagasse and ri ce straw have hi ghe r 

weight percentage of cellulose than corncob. Therefore, the composites with bagasse 

and rice straw were sti ffer than that with corncob. 
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5.3 Water Absorption 

The amounts of water absorption after soaking for 4 month s of PVC/agricultural 

fiber composites were shown in Figure 5.19-5.20. They showed that the addition of 

fiber increases water absorption of composites. The higher the fiber content, the 

higher the amount of water that can be absorbed by the composites. At 60 phr of 

small-sized rice straw, water absorption of PVC/rice straw composite was 5.9 wt% 

while water absorption of PVC dry blend was 0.32 wt%. This occurred because fiber 

is a hydrophilic material. Moreover, the addition of fiber into the PVC matrix made 

the composites to be more pores between pal1icles of PVC and fibers; so water ca n 

also be stored in these pores. Moreover, Figure 5.\9 showed that 60 phr of RS-S, 

PVC/RS-S composites had the highest water absorption content and was 37.5 % 

higher than that with 20 phr of RS-S. 

Moreover, it showed that large-sized fiber could absorb water more than that of 

small-sized fiber. Water absorption of PVC/ RS-S composite at 60 phr fill er is 8.41 

wt% while water absorption of PVC/ RS-L composite at the same filler content is 9.47 

wt%. It could be that the large-sized fiber which had more amount of void between 

PVC matrix and fiber to absorb water than that of small-sized fiber. This effect can be 

supported by SEM micrograph as shown in Figure 5.21. 

Table 5.2 showed that rice straw had the highest percentage of ce llulose so it 

could absorb more water than other fibers. It could be observed that water absorption 

of PVC/rice straw composites had the highest water absorption value. Water 

absorption of composite with 60 phr of large-s ized rice straw was 9.47 wt% while thi s 

value of composite with 60 phr of large-si zed corncob and bagasse were 7.29 and 7.55 

wt%, respectively. Cellulose and hemicellulose were the significant factor of water 

absorption (Bledzki, \999). 
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(a) 1 06-180 ~lm (b) 250-425 ~m 

Figure 5.21: SEM Micrograph of PVC/Rice Straw Composites with Rice Straw 

Content of 60 phr at Variolls S ize: (a) 1 06-180~m , (b) 250-425 ~m 
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CHAPTER VI 

CONCLUSIONS 

The addition of agricu ltural fibers into PVC dry blend resulted in stiff and 

brittle composites compared to PVC dry blend, as noticed from an increase in tensile 

modulus and flexural modulus of PVC/agricultural fiber composites. On the other 

hand, the strength properties of composite were decreased and PVC/agricultural fiber 

composites absorbed more water than PVC dry blend . 

Small-sized fibers increased the sti ffne ss of composites better than that with 

large-sized fiber. Moreover, these composites adsorbed less amount of water than that 

with large-sized fibers. However, size of fibers did not show signi ficant effect on 

thermal properties of PVC/agricultural fiber composites. 

Bagasse (BG) and rice straw (RS) enhanced the stiffness of composite higher 

than that of corncob when adding into PVC dry blend because these two fillers had 

higher amount of ce llulose than that of corncob. However, types of fibers did not 

show any effect on thermal properties of PVC/agricultural fiber composites. Finally, it 

could be observed that PVC/rice straw composite absorbed more water than other 

PV C/agricul tural fi ber com pos i tes. 
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Appendix A 

Properties of PVC/Agricultural Fiber Composites 

Appendix A-I Properties of PYC/Corncob Composites. 

Size of Content of Value of Value of 
Properties 

Fiber(llm) Fiber (phr) PVCref Composites 

Tensile 106-180 20 41.8±0.5 

Strength (MPa) 40 37.9±1.5 

60 37.7±O.2 

250-425 20 46.2±1 . 1 40.4±0.3 

40 37.2±1.7 

60 37.2±0.8 

Tensile 106-180 20 2.6±0.1 

Modulus (GPa) 40 2.9±0.2 

60 3.5±0.0 

250-425 20 2.5±0.0 2.6±0.0 

40 2.9±0.1 

60 3.3±0.0 

Elongation at 106-180 20 1.4±0.0 

Break (%) 40 1.6±0.0 

60 1.5±0.0 

250-425 20 53.9±0.6 2."3±O.0 

40 1.7±0.1 

60 1.4±0.1 
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Flexural 106-180 20 73.3± 1.9 

Strength (MPa) 40 60.0± 1.5 

60 59.9±1 .7 

250-425 20 74.3±0.8 59.1± 1.5 

40 56.7±1.5 

60 52.9±2.3 

Flexural 106-180 20 3.5±0.2 

Modulus (GPa) 40 4.0±0.3 

60 4.2±0.2 

250-425 20 2.8±0.1 3.2±0.1 

40 3.7±0.1 

60 4.2±0.1 

lmpact 106-180 20 4.6±0.2 

Strength 40 3.9±0.1 

(kJ/m2
) 60 4.0±0.1 

250-425 20 8.8±0.2 4.0±0.1 

40 4.0±0.1 

60 4.02±0.1 

Glass 106-180 20 81.1 

Transition 40 81.2 

Temperature 60 82.2 

(Tg) 250-425 20 82 81.4 

(0C) 40 81.3 

60 81.3 

Heat Distortion 106-180 20 71.0±0.8 

Temperature 40 72.1±0.4 

(0C) 60 73.7±0.8 

250-425 20 71.3± 1.3 71 .2±0.9 

40 72.2±0.9 

60 74.4±0 
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Vicat 106-180 20 75 .5±0. 1 

Temperature 40 76.7±0.0 

(0C) 60 83.0±0.0 

250-425 20 74.1 ±0.5 75.5±0.1 

40 76.5±0.0 

60 82.9±0.0 

Water 106-180 20 2.34 

absorption * 40 4.65 

(%) 60 6.96 

250-425 20 0.32 3.14 

40 5.21 

60 7.29 

* The amounts of water absorption were measured after being submerged in 

water for 4 months. 
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Appendix A-2 Properties of PYC/Bagasse Compos ites. 

Properties Size of Content of Value of Value of 

Fiber Fiber PVC ref Composite 

Tensile 106- 180 20 47.5±1.3 

Strength (MPa) 40 37. 1±0.3 

60 35.6±0.4 

250-425 20 46.2± 1.1 41.9± 1.6 

40 33.3±0.7 

60 33.3±3.2 

Tensile 106-180 20 2.9±0.1 

Modulus (OPa) 40 3.3±0.0 

60 3.8±0.1 

250-425 20 2.5±0.0 2.7±0.1 

40 2.9±0. 1 

60 3.4±0.1 

Elongation at 106-180 20 2.2±0.0 

Break (%) 40 1.9±0.0 

60 1.6±0. 1 

250-425 20 53.9±0.7 1.7±0.0 

40 1.9±0.0 

60 1.8±0. 1 

Flexural 106-180 20 56.6±3.0 

Strength (MPa) 40 68.7±3.7 

60 45.6±0.4 

250-425 20 74.3±0.8 68 .9±2.1 

40 55.2±2.0 

60 41.2±3.2 
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Flexural 106-180 20 3.4±0.1 

Modulus (GPa) 40 4.5±0.0 

60 2.7±0.1 4.2±0.2 

250-425 20 3.7±0.2 

40 3.8±0.1 

60 4.2±0.2 

Impact 106-180 20 4.9±0.1 

Strength 40 4.1±0.3 

(kJ/m2
) 60 4.0±0.5 

250-425 20 8.8±0.2 4.2±0.1 

40 4.3±0.1 

60 4.0±0. 1 

Glass 106-180 20 81.4 

Transition 40 82.6 

Temperature 60 82.7 

(Tg) 250-425 20 82 81.8 

(0C) 40 82.6 

60 82.7 

Heat Distortion 106-180 20 71.9±0.3 

Temperature 40 72.8±0.5 

(0C) 60 71.3± 1.3 74.0±0.5 

250-425 20 72.5±0.1 

40 74.0±0.7 

60 77.9±1.2 

Vicat 106-180 20 75.7±OA 

Temperature 40 80.4±0.6 

CC) 60 74.1±0.5 87.1±0.1 

250-425 20 75.1±0.6 

40 81.5±0.1 

60 86.0±0.2 
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Water 106-180 20 2.75 

absorption * 40 4.45 

(%) 60 0.32 7.17 

250-425 20 2.95 

40 6.63 

60 7.55 

* The amounts of water absorption were measured after being submerged in 

water for 4 months. 

Appendix A-3 Properties of PVC/Rice Straw Composi tes. 

Properties Size of Fiber Content of Value of Value of 

(11m) Fiber (phr) PVCrcf Composite 

Tensile Strength 106-180 20 43.5±1.4 

(MPa) 40 39.9±2.3 

60 38.6±1.5 

250-425 20 46.2±1.1 45.0±1 .8 

40 44.0±2.0 

60 30.2±0.5 

Tensile Modulus 106-180 20 3.1±0.1 

(GPa) 40 3.4±0.0 

60 3.9±0.1 

250-425 20 2.5±0.0 2.8±0.0 

40 3.5±0.2 

60 2.7±0.1 
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Elongation at 106-180 20 53.9±0.7 2.1±0.0 

Break (%) 40 1.6±0.0 

60 1.4±0.1 

250-425 20 2.0±0.1 

40 1.5±0.1 

60 1.2±0.1 

Flexural 106-180 20 76.6± 1.9 

Strength (MPa) 40 56.9±2.3 

60 57.8±2.7 

250-425 20 74.3±0.8 66.8±7.9 

40 63 .8±5.4 

60 42.5±3.5 

Flexural 106-\80 20 4.3±0.3 

Modulus (GPa) 40 3.5±0.3 

60 4.8±0.2 

250-425 20 2.8±0.1 3.3±0.3 

40 4.3±0.2 

60 4.5±0.1 

Impact Strength 106-180 20 4.8±0.3 

(kJ/m2
) 40 4.6±0.3 

60 4.0± 0.2 

250-425 20 8.8±0.2 4.6±OA 

40 5.0±05 

60 3.6±OA 

Glass Transition 106-180 20 81.3 

Temperature 40 81.5 

(Tg) 60 82.7 

(0C) 250-425 20 82 8 1.4 

40 82.1 

60 82.7 
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Heat Distortion 106-180 20 72.6±0.4 

Temperature 40 73.8±0.2 

(0C) 60 71.3± 1.3 74.0±0.5 

250-425 20 73.4±0.2 

40 72.4±0.4 

60 77.5±0.8 

Vicat 106-180 20 75.6±0.2 . 

Temperature 40 82.5±0.4 

(0C) 60 87.3±0.3 

250-425 20 74.1±0.5 76.5±0.3 

40 81.1 ±0.8 

60 83.0±0.4 

Water 106-180 20 3.56 

absorption* (%) 40 5.75 

60 8.41 

250-425 20 0.32 4.35 

40 7.14 

60 9.47 

*The amounts of water absorption were measured after be ing submerged in 

water for 4 months 
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