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Abstract- Specimens of polyvinyl-acetate (PVA)-polyol blend by percentages by weight 3:1 have been prepared with percentage by weight 
of kaolin (20wt%) at different particles size (75µm, 212µm, 300µm, 600µm and 2.36 mm.) as dumbbell shape. These are specimens (1, 2, 3, 
4 and 5).  Tension test of these specimens were measured such as tensile modulus, begin (ólow), tensile modulus, end (óhigh), tensile 

strength (óM) and tensile strength at break (óB). The measured values of tensile strength (óM) of specimens (1, 2, 3, 4 and 5) are (1.41, 
0.731, 0.873, 1.55 and 0.880 MPa), the tensile strength at break is (0.955, 0.461, 0.537, 1.23 and 0.657 MPa). The calculated values of final 
lengths at break according to the adjustment gauge length of the machine are Lo = 60 mm. at both ends of the specimens are (65.949, 
68.304, 66.913, 67.224 and 65.112 mm). These values are investigated.                                                                     
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I. INTRODUCTION 
 

      Fiber reinforced composites are certainly widely used. 
There study and development have largely carried out due to 
their vast structural potential and also concept and technology 
of fibre reinforced polymer composites have undergone a sea 
change with better understanding of the fundamentals like 
bonding mechanism between the matrix and fiber reinforced, 
fiber orientation, fiber reinforcement size, distribution and 
morphological features etc. fiber reinforced polymer 
composites have steadily gained applications in the fields 
industry require rubber like materials composites. This appeal 
is due to primarily to their high strength-to-weight ratio, 
tailorable mechanical behavior and fatigue resistance. 
Polymeric composites are susceptible to mechanical damages 
if they are subjected to efforts of compression, tension and 
flexural, these can lead to interlayer delaminating [k. G. 
Satish et al (2010)]. Many of our technologies require 
materials with unusual combination that cannot be met by the 
conventional constituents. The technique uses reinforced 
polymer composites use polymers either thermoplastics or 
thermoset, as matrix and fibers of various types as 
reinforcement. The purpose of the matrix material is to bind 
the fibre together [S. A. Altaf et al (2011)]. Fillers are used 
along with various commodity as well as engineering 
polymers to improve materials composites and reduce the 
cost.               
     In-corporating inorganic filler into plastic resin improves 
various physical nature of the materials such as mechanical 
strength, modulus etc. in general the mechanical behavior of 
particulate filled polymer composites depend strongly on 
size, shape and distribution of filler particles in polymer 
matrix. As fillers, mica, kaolin, calcium carbonate and talc 
are the most often used to reduce both the production cost 
and to improve nature of thermoplastic, such as rigidity, 
strength, hardness, modulus, dimensional stability, 
crystalline, electrical and thermal conductivity. The fillers  

 
 

affect ultimate mechanical behavior in two ways (i) they act 
directly as harder particles with determined (shape, size and 
modulus) and (ii) they affect crystallization processes in 
polymer matrix and ultimate super molecular structure of 
semi crystalline polymer[S. N. Mustafa, (2012)]. In order to 
predict their mechanical behavior not only intrinsic of the 
resin, filler and volume fractions of both constituents are 
important, but geometrical factors such as filler aspects ratio, 
particle size and mean particle distance are also important 
parameters to be taken into account. Many authors have dealt 
with problem of the existing theories to predict the 
mechanical evaluations and the effect of the above-cited 
geometrical parameters on the mathematical behavior of 
particulate filled resin matrix composites [J. R. M. D, 
Almeida, et al (1988)]. High strain rate loading is probable in 
many of the applications that is fiber reinforced polymer 
composites find use as candidate materials. It has always 
been a cause for concern that the mechanical behavior of 
composite materials may be poor at high rates of strain. 
Hence, study how the mechanical behavior of these 
composites would change with strain rate is warranted to be 
able to design structures that would not fail prematurely and 
unexpectedly at high loading rates. Various test methods have 
different advantages and limitations and must be chosen 
appropriately to to produce good and comparable results [G. 
C. Jacob et al (2004)]. If a polymer deformed, the stress 
increased with strain. Typically the behavior of these can be 
related to their stress-strain curves. Test may be performed in 
shear, flexure, compression, torsion or tension. Typical high 
elasticity of rubber arises from its molecular structure. The 
polymer molecule are long, flexible, coiled and take up 
random configurations under Brownian motion. They are 
straightened out by deformation under applied force. Either 
the force is released the spring back to random shapes as fast 
as their thermal motion allows, or cut is happened at break 
region [A. K. Bhowmick, (2014)]. The point at is fixed at a 
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straight line behavior ceases is called the limit of 
proportionality, beyond this the material will not spring back 
to its original shape and is said to exhibit some plastic 
behavior. The stress that the material starts to exhibit 
permanent deformation is called elastic limit or yield point, if 
the stress increases beyond the yield point the sample will 
eventually break. The term ultimate tensile strength is used 
for the maximum value of the tensile stress that the material 
can withstand without breaking and is calculated at the 
maximum tensile force divided by the original cross-sectional 
area [Hooke's Law (2014)].    
                                                                            
II. EXPERIMENT: 

 

Specimens Preparation: 
 

    Dumbbell shape specimens has been cut into polyethylene 
sheet with dimensions 120 mm. in length, 5.3 mm. the width 
of the neck and 55 mm. the neck length as shown in Figure 
(1). PVA has been blend with polyol by percentages by 
weight 3:1 and wt 20% kaolin with different particles sizes 
were sieved to (75µm, 212µm, 300µm, 600µm and 2.36 

mm.) of PVA-polyol weight have been mixed. The mixture 
has been poured into the specimens and the specimens were 
left over night to be dried, and the specimens have been taken 
off from the polyethylene sheet for tension test by using 
Zwick Roll machine. Table (1) shows the specimen 
preparation and calculations of change in length of specimens 
at tension test.                                                                 
                                                                                             
             

 
                                                                                                  
 
Tension Test: 
   Tensile strength testing machine sort Zwic Roell serial no. 
197735/2011, Germany, has been used for the samples 
tension test. Tensile test was carried out at crosshead absolute 
213.508 [mm]. The results are as shown in Table (2). The 
results were obtained, referred to tensile modulus (Ett), the 
tensile strength (óMM), yield strength (óYY), tensile strength at 
break (óBB), strain at tensile strength (åMM), strain at yield (åYY) 
and break (åBB). The elongation (e) can be determined by 
using the formula:   
                                   
 e% = (ÄL/Loo))* 1000        (1)   
 
 
 
 

 

      Where Loo is the initial length of the sample in mm is 
equal to 60 mm. ÄL the change in length after applied force 

in mm. is equal to L-Loo,,  L is the final length after applied 
force in mm.  
 
       The maximum force applied is 25 Newton at specimen 4 
as shown in Figure (1). The tensile strength (óMM) can be 
calculated by the following equation [A. Grujic, et al., 
(2010)]:     

 óMM                       (2)        

    Where Fmax is the maximum force applied on the 
specimen in Newton.          b: is the width of the specimen in 
[mm]. d: is the thickness of the specimen in [mm].                                                                 
The tensile modulus E  ooff  the investigated composite material 
can be calculated by the equation: 
 

E =              (3) 

 
 Where the ratio Äó/Äå is determined by linear regression 

method from linear portion of stress strain curves. 
 
 Table (1) shows the specimens preparations and calculations 
of specimens change in length.    
                                                                                                               

Lmm. 
Final at 
break 

ÄL mm. 

break     
Particle 
size 
µm. 

Total   
weight 
gm. 

Wt% 
kaolin 

Polyol 
gm 

PVA 
gm. 

Sample 
No. 

65.946 5.946 75 19.2 20% 4 12 1 
68.304 8.304 212 19.2 20% 4 12 2 
66.918 6.918 300 19.2 20% 4 12 3 
67.224 7.224 600 19.2 20% 4 12 4 
65.112 5.112 2.36 19.2 20% 4 12 5 

Parameters for the report: 
Customer :  
Job no. :  
Test standard :  
Type and designation of :  
Material  :  
Specimen removal :  
Specimen type :  
Pre-treatment :  
Tester :  
Note :  
Machine data :  
 

Results Table: (2). 
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Statistics Table: 

 

Curve graph:(2) 

 
 

 
 

Fig.(3). The relation between åB % at break and particles 
size of kaolin 

 

 
Fig.(4). The effect of particles size on tensile strength óM 

 

 
Fig.(5). The dependence of tensile modulus on the 

particles size of kaolin 

 
Fig.(6).  The relation between tensile strength at break 

with particles size 
 
III.   RESULTS AND DISCUSSION: 

 

   Table (1) shows the specimens preparations and the 
calculations of change in length and the final length at break 
for particles size of kaolin [(75, 212, 300, 600) µm, and 2.36 

mm]. The dumbbell shape specimen in Figure (1) has been 
used for preparing specimens of PVA-polyol and kaolin 
mixture, for tension test. Table Results (2) shows the 
compressions modulus at begin (óllooww) and end (óhhiigghh) exerted 
by the machine on the specimens are identical. The calculated 
values of ÄL in specimens are (5.946, 8.304, 6.918, 7.224 

and 5.112 mm.). for specimens (1, 2, 3, 4 and 5) for wt 20% 
kaolin and particles size are  (75, 212, 300, 600 µm, and 2.36 

mm), to total weight of PVA and polyol. The curve graph (2) 
shows the relation between the force applied by the machine 
on the specimens at different particles size with the 
percentage of strain, the relation indicates increase in åBB % 
with increasing particles size at sample (2) wt 20% kaolin to 
total weight of PVA and Polyol at particle size 212 µm. to the 

value 138.4 and sample (4) 600µm of kaolin size particle to 

the value 120.4% as shown in Figure (3). Figure (4) shows 
the effect of particles size of specimen on the tensile strength 
óMM that is indicated increases in óMM at sample (1) 75 µm. 

particle size to the value 1.44 MPa and sample (4) particle 
size is 600 µm. to the value 1.55 MPa. And minimum value 

was indicated at specimen (3) particle size is 300 µm., to the 

value 0.731 MPa. Figure (5) shows that the dependence of 
tensile modulus on the particles size of kaolin. The positive 
values were indicated at specimen (1) particle size is 75 µm.  

to the value 0.782 MPa. And specimen (4) particle size is 600 
µm. to the value 0.921 MPa. The negative values were 

indicated at specimen (2) particle size 212 µm. to the value -
1.07 MPa, specimen (3) particle size is 300 µm. to the value - 
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0.321 MPa. And specimen (5) particle size is 2.36 mm. to the 
value -0.439 MPa. The tensile modulus for sample (3) -0.321 
MPa, indicates that the residual deformation of the specimen 
is very small [A. M. Bragov, et al., (1994)]. Figure (6) shows 
the relation between the tensile strength at break óBB with 
particles size of kaolin. The maximum value of óBB is 
indicated at specimen (4) particle size is 600 µm. to the value 

1.23 MPa. And minimum value was obtained at specimen (2) 
particle size is 212 µm. there is a critical particle size above 

this particle size there is no effect on composite modulus [T. 
S. Bachari (2014)]. When the particle size is below this 
critical value the effect on composite modulus is more 
significant. The magnitude of this particle size cannot be 
predicted a prior for depends on the particle matrix and 
particle matrix adhesion [S. Y. Fu, et al (2008)]. There are 
three distinct regions were indicated for the entire specimens, 
these are the linear region that Hooke's Law is applicable was 
so short and was appeared like end cut with second region the 
yield region. While the proportional limit is begun at the 
second region, this is indicated at the deflection in line of the 
curve. In this region, there is gradually increased in the 
proportional limit with increasing particle size of kaolin the 
tensile stress óMM (1.41, 0.731, 0.837, 1.55 and 0.880 MPa) for 
specimens (1, 2, 3, 4 and 5) particles size are (75, 212, 300, 
600 µm and 2.36 mm)  [J. R. M. D

, Almeida, et al., (1988)]. 
The measured values at the third region, the break region, of 
tensile strength at break are óBB  (0.955,,  0.462, 0.537, 1.23 and 
0.657 MPa). For specimens (1, 2, 3, 4 and 5) to wt 20% 
kaolin particles size are [(75, 212, 300, 600 µm. and 2.36 

mm) these are the same behavior of óMM [S. N. Mustafa 
(2012)]. The dispersion of the particles differs with particle 
content and particle size that is determining the properties 
of the composites. For a certain size particle, the 
dispersion in composite changes with content[S. Zhang, et 
al (2011)]. The deformation at this region is irreversible, 
results from the displacement in the molecules in content of 
PVA-polyol and kaolin mixture and end in cut of specimens. 
The development of polymer composites have largely carried 
out due to their vast structural potential and concept of 
technology of reinforced polymer composites have 
undergone a sea change with better understanding of the 
fundamentals like the bounding mechanism between matrix 
and kaolin size particles and distribution, morphological 
features etc. Polymer composite are intensively studied for 
the new concepts, these are given by the combination of both 
polymer matrix and kaolin and binds together a cluster or 
fragments of a much stronger material (the reinforcement) 
respectively[Y. P. Mamunya, et al (2002)].       
         
IV. CONCLUSIONS:                                                                                                         
   Particles sizes of kaolin mixed with PVA-Polyol have been 
chosen for determination high performance of ultimate 
mechanical of polymer composites.                                  
   Compression modulus at begin (óLLooww) and end (óhhiigghh) 
areidentical.  The first region was indicated as end cut with 
second region.  The yield stress óYY and elongation at yield 
åYY% are not measurable quantities by the machine, due the 
flexible specimens have been used to tension test and the 
quick recorded of the machine.    
        
 

The third region was indicated by the behavior of the curve 
rather than the measurements of óBB.                                                                                      
Measurements of óBB and óMM  were showed the same 
behaviors.  Uniform particle distribution and good adhesion 
between polymer matrixes and filler were obtained, these are 
crucial for superior mechanical behaviors'.     
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