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ABSTRACT: 

     The effect of SiO2 physical properties (Shore D hardness, impact strength, 3 pts bending, 

thermal conductivity, and weight gain) after and before immersion in different liquid solution 

(water, HCL 0.2 N , and NaOH 0.2 N), of (UP/PU) blend was studied. Hand lay-up technique 

was applied using unsaturated polyester and polyurethane blend as a matrix and silicon oxide 

nano particles (Nano SiO2) as a filler with volume fraction (3% Vf ) . 

    Results showed that liquids affected bending properties and thermal conductivity (k) by 

decreasing values, while the impact strength, and weight gain also studied for 4 weeks and it 

increase with increasing of immersion time in liquids. 

Keywords: hand lay-up, nano SiO2, impact strength, weight gain. 

 

السيليكا النانوية على بعض الخصائص الفيزيائية لخليط متراكب دقائق تأثير  

(يورثان /بولي أستر)بولي    
 الخلاصه :

الفٍسٌائٍَ ) طلادٍ شْر , هقاّهَ الظذهَ ,  دقائق الطٍلٍكا الٌاًٌَْ على بعض الخظائضحن دراضَ حاثٍر      

الاًحٌاء, الخْطٍلٍَ الحرارٌَ ّالربح فً الْزى ( فبل ّبعذ الغور فً ضْائل ) الواء , حاهض الٍِذرّكلْرٌك 

على خلٍط هي البْلً ٌْرثاى ( اضابٍع 4لوذٍ )هْلاري(  2,0طٍذ الظْدٌْم , هْلاري , ٍُذرّك 2,0بخركٍس 

راكب )بْلً ٌْرثاى/ خّالبْلً اضخر الغٍر هشبعٍي , اضخخذهج حقٌٍَ القْلبَ الٍذٌَّ فً حظٌٍع عٌٍاث الخلٍط الو

                                                                                                                                                            .بْلً اضخر ( كوادٍ اضاش ّدقائق الطٍلٍكا كوادٍ حقٌَْ

ٌسداد اظِرث الٌخائج اى دقائق الطٍلٍكا حؤثر على جوٍع الخْاص حٍث حقل هقاّهَ الثًٌ ّالخْطٍلٍَ الحرارٌَ. ّ    

 .        كل هي الربح فً الْزى ّالظلادٍ ّهقاّهَ الظذهَ  بعذ الغور فً الطْائل الوخخلفَ

   

INTRODUCTION: 

he huge congress in industry and new techniques for finding a new materials having new 

properties not existing in metal, ceramic, or polymer alone, so a new composite materials 

using a mixed materials to  achieve a new one with a new physical properties especially 

when adding nano fillers particles like SiO2 , TiO2 and other nano oxides to reach optimum 

values of these properties.[1] 

     Resins like unsaturated polyester or polyurethane can be used as a binder (matrix) due to its 

adhesion property and also light weight and as a bad conductor materials; when using these 

resins as a blend to achieve a better properties as the unsaturated polyester is a brittle when 

hardend. [2]  

    Liu 2003 studied nanocomposites of nano SiO2  with epoxy resin as a matrix ; and found that 

Tg decreased and a good transparency and distribution of nanoparticles using SEM.[3] 

    Also Marur (2004) studied the effect of volume fraction and gain size of alumina Al2O3 (50-

500) nm and found that the fracture toughness decreased with increasing of volume fraction. [4] 

T 
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In (2006), Zehang studied the improvement of nanocomposite properties with decreasing of 

distance between the particles at high adding of Nano silica, he was found that the Young's 

modulus, impact strength, of nanocomposite increase with increasing of the weight fraction of 

nanosilica and it optimum value at 14%, also the homogenous of distribution leads to 

improvement of strength and stiffness of epoxy. [5] 

Also Zhzng and Chang (2007) studied Nano TiO2 compared with carbon fiber and graphite as a 

reinforcement materials used with epoxy resin and found that nano materials have better 

strength properties. [6] 

    Nanoparticles is  a small  groups of atoms  with    grain size of  ≤ 100 nanometer ,  there are 

many  ways to  produce  nanoparticles as sol gel, thermal chemical vapor deposit and 

electrospraying technique and other techniques. [6] 

There are many factors which affected the polymeric composites using nanoparticles: 

a. type of nano particles. 

b. surface treatment 

c. synthesis 

d. distribution of nanoparticles in the matrix. 

e. preparation technique of nanocomposite. 

 

Impact strength can be defined as the maximum energy absorbed by the specimen before 

fracture per unit area:[7]                                                                                              

    
     

 
                                                                                                                               

 

Where 

 I.S : impact strength 

U: energy of fracture 

A: cross section area of the sample 

 

Bending test is used to established the elasticity of material by using eq.  

  
    

     
                                                                                                                                        

 

L: length of specimen, I: moment of inertia and it equal: 

  
   

  
                                                                                                                                      

 

Materials and methods  

      Nano silica (Nano SiO2) from NANOSHELL LLC, America with 99.5% purity and 15-20 

nm granular size was used. 

     Unsaturated polyester with 1.4 gm/cm3 density, thermal conductivity (0.2 W/m.K) was used, 

Iraqi production. 

Unsaturated polyurethane with (1.13) gm / cm3 density also used. Jordin production.  

     Three samples with (90:10, 70:30, 50:50) weight ratios blends were prepared by lay-up 

technique. 

   Then the optimum ratio is (70:30) was reinforced with (3% Vf) weight fraction of nanosilica. 

  Tensile test was measured according to ASTM 0638-2006. [8], also for impact strength, using 

ISO179. [9]                                                                                                                  

    As well as  using 4 digits microbalance for calculating the weight gain after immersion in 

NaOH solution. The weight gain after immersion in NaOH solution was measured.                                                                                                                               

Lee's disc technique was used for calculating thermal conductivity of the specimen. 
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Result and Discussion: 

    1- Impact resistance: mechanism of failure occurring in material due to quick stress, and can 

be calculated according to (eq. 1), fig. 1 showed the values of impact strength of all blends for 

limiting the optimum sample (OMR) as a matrix. This fig shows the second sample with (30:70) 

% ratio of (PU/US) has the optimum value of impact strength.                                                                                                                               

   Fig (2) show the impact strength of optimum sample reinforced by Nano  (SiO2) with (3% Vf 

) before and after immersion in water, it was increased by 125% after 4 week . The increase in 

the values of impact strength after immersion was related to the plasticization effect [10-11]     

Also Shore D hardness increased after immersion in water for (4) weeks as in fig (3), this is 

because there is a secondary bonded created and leads to a cross linking between resins blends 

after immersion in water. [12]                                                                                                                                                               

     Lee's disc results of  the coefficient of thermal conductivity (k) for the specimen before and 

after immersion in water  showed in  Fig (4) , results showed there is an  decreasing by 35% 

after immersion in water as the value of (k) was noticed ; affected by the values of heat capacity 

at low temperature while (k) inversely proportional with temperature; this means that it depends 

on the mean free path (the distance that the phonon moved between tow collisions) so the liquid 

solution affect the interphase region between polymer and fillers (SiO2) and causing the water to 

pass through the specimen causing to break chemical bonds and reduce the interphase causing 

bubble and holes to take place so the mean free path decrease rapidly, which leads to the rapid 

decrease of its thermal conductivity.[13]                                                                                          

   Fig (5) shows the bending strength of optimum sample reinforced by Nano  (SiO2) with (3% 

Vf ) before and after water. Bending strength decreases after immersion in water. The failure 

occurs by destroying all bonds between matrix and   fillers,   so the interphase   region is more 

affected by the solution [14]                                                                                                                                                

Fig (6) showed the relation between weight gain% for the sample immersed in NaOH, HCL and 

water solution for 4 weeks, when the sample immersed in the chemical solution, it was found 

that the weight increased as the molecules of the solution will pass through the polymer to 

occupy the micro vitiation and voids, so the distance between the polymer chains will be 

increased and destroying the interphase region. [15]. Fig (7. a-b) show the surface image of 

OMR sample , we notice that after immersion in NaOH, the surface of sample is more 

roughness than before immersion this is because there is an degradation was happened.                                                                                         

 

CONCLUSIONS: 

1- Bending strength, values decrease with increasing the time immersion for the specimen in all 

solutions.                                                           

2- Impact strength Shore D hardness and weight gain % increased with time of immersion till 4 

weeks.                                                            .       

3- Thermal conductivity (k) decreased with time of immersion for 4 weeks    .                                                                                                                                                                                            
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Figure (1). Impact strength of (UP/PU) blends 

 

 
Figure(2). Impact strength of (optimum UP+PS)/SiO2) nanocomposite with (3% Vf SiO2) 

before and after immersion in water  

 

 
Figure (3). Shore D hardness vs. time of immersion to (optimum UP+PS)/SiO2) 

nanocomposite with (3% Vf SiO2) before and after immersion in water  
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Figure (4).  Change in Thermal conductivity of (optimum UP+PS)/SiO2) nanocomposite 

with (3% Vf SiO2) before and after immersion in water  

 

 
Figure (5).  Change in bending strength of (optimum UP+PS)/SiO2) nanocomposite with 

(3% Vf SiO2) before and after immersion in water  
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Figure(6).  Change in the weight gain  of (optimum UP+PS)/SiO2) nanocomposite with 

(3% Vf SiO2) before and after immersion in different solutions. 

 

 

 

 

 

 

             

             

 

 

 

 

 

                            (a)                                                                          (b)    

Figure (7. a-b) The surface image of OMR sample , a. before immersion    b. after 

immersion 
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