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ABSTRACT 
 

This work presents results of shrinkage and ejection 

force in glass fiber reinforced thermoplastics and 

nanoclays in injection molding. The part is a tubular 

deep geometry. The part surface temperature, cavity 

pressure and ejection force were measured. In general, 

the glass fiber decreases the shrinkage and increases 

the ejection forces and the nanoclays decrease the 

shrinkage and the ejection forces. 

 
INTRODUCTION 
  

The reinforced thermoplastics have gained more 

market due to improved mechanical properties 

compared to unreinforced thermoplastics. The modulus 

of the material is significantly increased providing 

greater mechanical strength. The glass fibers are widely 

used as reinforcement because of its low cost. The use 

of reinforced materials becomes more versatile when 

molded by the injection process.  

The shrinkage of the part depends of many variables 

such as processing conditions, the polymer type and 

part geometry (Jansen et al. 1995 and Jansen et al. 

1998a). The glass fiber has anisotropic shrinkage the 

difficult to obtain dimensions e shape of the final part. 

The force required to eject the part is a fundamental 

design variable, because it defines the design of the 

ejection system (Pontes, 2002).  

The ejection force depends of shrinkage of polymer, 

the surface roughness of the mold and the friction 

coefficient between the steel mold and molded part at 

the time of ejection (Burke, 1991). 

 

 

 

 

 

MATERIALS AND PROCESSING 
 

This mold has sensors with the possibility of monitor 

cycles injection parts since its injection until its 

ejection. The sensors attached to the injection molding 

are thermocouples, pressure sensors and force sensors.  

The materials used: PP Domolen 1100L, PP Domolen 

P1-013-V10-N with 10% of glass fiber, PP  Domolen 

P1-102-V30-N with 30% of glass fiber and Nanoclay 

Nanomax P-802. 

The parts were molded with PP, PP with 10% glass 

fiber, PP with 30% glass fiber, PP with 2% nanoclay, 

PP with 6% nanoclay, PP with 10% nanoclay, and still, 

PP with 10% glass fiber and 2% nanoclay and PP with 

30% glass fiber with 2% nanoclay.  

The processing temperature of the material was 220 ° C 

and several mold temperatures were used such as 30 ° 

C, 50 ° C and 75 ° C.  

After the moldings of the parts, the diametrical 

shrinkage was measured on a three-dimensional 

measuring machine.  

 

RESULTS AND DISCUSSIONS 
 

After an analysis of the results was observed that 

shrinkage decreases when it increases the percentage of 

glass fiber, due to the increased elastic modulus. The 

nanoclays also decrease the shrinkage of the material, 

but its effect is less pronounced than glass fiber (figure 

1). In relation the gate location, the pure PP shrink 

more far of the gate than near of the gate. It is happen 

because the gate is last zone to freeze and, 

consequently, the second press has bigger effect to 

compact the material, this behavior hold for nanoclays.  

The glass fiber reinforced PP shrinks less far of the 

gate than near of the gate. The higher temperature of 

the mold was observed that the shrinkage of the part 

also increased. 
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Figure 1 – Diametrical shrinkage internal in relation to 

material in the mold temperature of 30°C 

The ejection forces were compared for the materials 

mentioned and for different mold temperatures. The 

ejection force decreases with increasing temperature of 

the mold, due the part may deform at the time of 

ejection. Moreover, the lower temperature of the mold 

is required greater ejection force. The ejection force 

also increases with increasing content of glass fibers in 

the material, because this is tougher, higher elastic 

modulus, which hinders the ejection of part of the 

mold. The nanoclays decrease the ejection force when 

compared with glass fiber and pure PP (figure 2). 

 

CONCLUSIONS 
 

In this study, glass fiber reinforced thermoplastics in 

matrix PP decreases shrinkage and increases the 

ejection forces when compared with pure PP. The 

nanoclays decrease the shrinkage and the ejection 

forces when compared with pure PP. This work will 

give support to develop an analytical model for 

predicting the shrinkage and ejection forces for 

materials reinforced with glass fiber and nanoclays. 

This model will be based in the Jansen’s model, that 

provides shrinkage and residual stresses for materials 

reinforced with glass fibers in two dimensions, and the 

Pontes’s model that to predict the shrinkage and 

ejection forces for deep tubular geometry parts (Jansen 

et al. 1998b, Pontes 2002 and Pontes et al. 2005). 
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Figure 2 – Ejection forces in relation the mold 

temperature 
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