
Because of the interdependency between molecular structure, rheological proper-
ties and material response during processing, the rheological properties of con-
trolled-rheology polypropylene (CR-PP) are investigated. The reactive experiment

is carried out in a modular self-wiping co-rotating twin-screw extruder. The initiator was
dicumylperoxide (DCP). The concentration range of DCP was 0.02-0.6% by wt. The pur-
pose of this study was to characterize the influence of peroxide degradation on rheolog-
ical properties of polypropylene homopolymer.  The results showed that rheological prop-
erties of PP change with peroxide degradation significantly. With increasing of peroxide
concentration the complex viscosity (η*) and torque decrease. Degraded resins had more
Newtonian behaviour than original resins. Storage modulus (G’) and loss modulus (G”)
decreased with peroxide concentration. Dissipation factor (tan δ) and complex compli-
ance (J*) increased with increasing DCP concentration.
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Controlled-rheology or vis-breaking
process for modification of the
molecular structure of polypropy-
lene (PP) after polymerization by
acting of peroxide-generated radi-
cals is now a well-recognized manu-
facturing method [1-4]. The product

of this controlled degradation
process is so-called the controlled-
rheology polypropylene  (CR-PP)
[5]. The process involves the blend-
ing of appropriate peroxide [6] with
polypropylene. When this mixture is
melt-extruded, the peroxide thermal-

INTRODUCTION

(*)To whom correspondence should be addressed. 
E-mail: h.azizi@ippi.ac.ir

Iranian Polymer Journal

14 (5), 2005, 465-471



466

Investigation on Influence of Peroxide-degradation... Azizi H. et al.

Iranian Polymer Journal / Volume 14 Number 5 (2005)

ly decomposes to produce peroxy radicals that attack
the polymeric chains. Statistically, the larger molecular
weight chains are cleaved more than lower molecular
weight chains, resulting in the overall effect of a
decrease in the average molecular weight and a narrow-
ing of the molecular weight distribution (MWD) [7-9].

In terms of processability, the CR-PP is easier to
process than the original resin because this material has
higher melt flow index (MFI), and it is less elastic and
less sensitive to shear.

Therefore, we can produce a product with less
warpage and better physical properties such as heat-
deflection temperature, clarity gloss and accurate
dimensional stability [10-11]. 

In a previous paper we studied the effect of perox-
ide-degradation on mechanical and thermal properties
of PP, and we also studied the effect of processing
parameters on controlled-degradation process [12].

Due to the importance of rheological properties of
PP during melt processing and the relationship between
molecular structure, rheological properties and pro-
cessing behaviour of polymer melts, this study was
undertaken to determine the influence of peroxide-
degradation process on rheological properties of
polypropylene.

EXPERIMENTAL

Materials  
The polypropylene was a homopolymer from Iran
Petrochemical Co. (Trade Name: S30S, MFI=
1.1g/10 min, density= 0.9 g/mL). The peroxide was
dicumylperoxide (DCP) as trade name Di-cup90 pro-
vided by Hercules in powder form with density of
1.02 g/cm3.

Sample Preparation
The reactive experiments were carried out in a Collin
laboratory co-rotating self-wiping twin-screw extruder
with 50 mm diameter and a L/D= 15/1 with six heating
zones. The extruder was equipped to vacuum pump for
venting of volatiles. The peroxide and PP premixed in
a turbo mixer at 70oC for 7 min and then fed into the
extruder at first zone. Profile temperature along the
extruder was: 175, 180, 190, 205, and 205oC  and screw
rotation speed was: 30 rpm. Concentration of peroxide

varied between 0.02-0.6% by wt.  The extrudate was
cooled through a water bath and granulated. 

Characterization
For evaluating the effects of peroxide degradation on
rheological properties of PP two apparatuses were
used:

- Modular compact rheometer (MCR): The rheo-
logical behaviour of different samples measured in a
modular compact rheometer (MCR 300) from Physica,
using a 25-mm-diameter parallel-plate geometry, in the
oscillatory mode. The dynamic measurement was car-
ried out in the linear domain at three different tempera-
tures (180, 200 and 230oC) for frequencies ranging
from 0.1- 200 rad/s. 

- Capillary rheometer: The rheological properties
measurement were carried out by capillary rheometer
Instron model 3211 at two different temperatures (200
and 230oC) using a die with L/D=30/1 Robinowitch
correction was applied to the data.

Melt flow index (MFI) was measured according to
ASTMD 1238 using a Zwick extrusion plastometer at
230oC/2.16 kg.

RESULTS AND DISCUSSION

In a previous study we showed that peroxide concentra-
tion is a dominant factor that influences the properties
of polypropylene during degradation process. The per-
oxide concentration has a net effect on the melt flow
index (MFI) of samples increases with increasing the
amount of peroxide [12].

Concerning the effect of peroxide degradation on
rheological behaviour of PP in capillary rheometer, the
Figure 1 shows the changes of shear viscosity of sam-
ples with peroxide concentration at different shear rates
at 200oC.

It can be seen that shear viscosity reduces with
increasing DCP concentration at different levels of
shear rate. Similar result were achieved for experiments
carried out at 230oC. The details of changes in flow
curves and viscosity of PP using capillary rheometer
were reported in our previous study, where the power
law index showed increases with increasing DCP con-
centration [12].

In the dynamic experiment, we measured the com-



plex viscosity, G’ and G”, tan δ, J* and torque as a
function of frequency for different levels of peroxide
concentration at three experiment temperatures. 

Figures 2-4 show the influence of peroxide degra-
dation on η* of samples at 180, 200 and 230oC, respec-
tively. It can be seen from Figures 2-4 that δ* decreas-
es with increasing peroxide concentration at all experi-
mental temperatures. 

The change of G’ and G” with frequency at differ-
ent levels of peroxide is shown in Figures 5-10 (at three
different temperatures, 180, 200 and 230oC). Both G’
and G” decrease with increasing DCP concentration at
constant frequency. Decreasing of G’ means that the
degraded material is less elastic than original resin.

The effect of controlled-rheology process on tan δ
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Figure 1. Variation of viscosity with peroxide concentration at

six shear rate levels using capillary viscometer viscosity

measured at 200oC.

Figure 2. Variation of complex viscosity with frequency at dif-

ferent peroxide concentrations viscosity measured at 180oC.

Figure 4. Variation of complex viscosity with frequency at dif-

ferent peroxide concentrations viscosity measured at 230oC.

Figure 3. Variation of complex viscosity with frequency at dif-

ferent peroxide concentrations viscosity measured at 200oC.

Figure 5. Variation of storage modulus with frequency at dif-

ferent peroxide concentrations at 180oC. 



of samples at three different temperatures are shown in
Figures 11-13. At a given frequency the tan δ increases

with increasing peroxide concentration. 
At contant frequency J* increases with increasing
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Figure 6. Variation of storage modulus with frequency at dif-

ferent peroxide concentrations at 200oC. 

Figure 8. Variation of loss modulus with frequency at differ-

ent peroxide concentrations at 180oC.

Figure 7. Variation of storage modulus with frequency at dif-

ferent peroxide concentrations at 230oC. 

Figure 9. Variation of loss modulus with frequency at differ-

ent peroxide concentrations at 200oC.

Figure 10. Variation of loss modulus with frequency at differ-

ent peroxide concentrations at 230oC.

Figure 11. Variation of tan δ with frequency at different per-

oxide concentrations at 180oC.
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DCP concentration at at all experimental temperatures.
Figures 14-16 show the variation of J* with frequency
at different levels of peroxide under three different tem-
peratures.

We have also evaluated the change of torque of
instrument for different samples at three different tem-
peratures. Figures 17-19 show the changes of torque
with frequency at different levels of peroxide for three
different temperatures (180, 200 and 230oC). It  can be
seen from Figures 17-19 that torque decreases with
increasing peroxide concentration at a given frequency

at all experimental temperatures.  The sensitivity of η*
of degraded material to frequency at three different
temperatures is shown in Figure 20. It can be seen that
with increasing peroxide concentration the variation of
η* with frequency reduces (at all different tempera-
tures). This is an indication of increased Newtonian and
reduced elastic behaviour of the melt. All of the afore-
mentioned changes in rheological properties reflect the
changes in molecular weight and MWD of PP resins.
These changes occur due to chain scission of
polypropylene chains and degradation of high molecu-

Figure 12. Variation of tan δ with frequency at different per-

oxide concentrations at 200oC.

Figure 13. Variation of tan δ with frequency at different per-

oxide concentrations at 230oC.

Figure 14. Variation of complex compliance with frequency at

different peroxide concentrations at 180oC.

Figure 15. Variation of complex compliance with frequency at

different peroxide concentrations at 200oC.



lar weight tailends in polypropylene chains. As the
molecular weight and polydispersity decrease the
power law index increases but at higher concentration
of DCP the variation of power law index is very low
[12]. Therefore, the changes of the η* and J* start to
level off at higher DCP concentration. These changes
show that that the degraded resin is less elastic and
more Newtonian than original resin. Therefore, it is
suitable for high-speed processing methods (such as
fibre and film extrusion). Decreasing of viscosity and
torque as a result of peroxide degradation means that
CR-PP resins can be processed at lower temperature
and have the energy saving advantages. 
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Figure 20. Effect of temperature on complex viscosity of

degraded resin.

Figure 19. Variation of torque with frequency at different per-

oxide concentrations at 230oC.

Figure 16. Variation of complex compliance with frequency at

different peroxide concentrations at 230oC. 

Figure 17. Variation of torque with frequency at different per-

oxide concentrations at 180oC. 

Figure 18. Variation of torque with frequency at different per-

oxide concentrations at 200oC.
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CONCLUSION

This paper presents the rheological properties of the
free-radical initiated degradation of polypropylene in a
self-wiping co-rotating twin-screw extruder. The initia-
tor was dicumylperoxide (DCP). The rheological
experiments were carried out in a 25-mm parallel plate
geometry in the oscillatory mode at three different tem-
peratures.

Based on the results reported in this paper the fol-
lowing conclusions are drawn:
H* decreases with increasing of peroxide concentration
at all different experimental temperatures. The degrad-
ed resins showed more Newtonian behaviour than the
original resin.
- G’ and G” decreased with increasing DCP concentra-

tion.
- J* increased with increasing DCP concentration.
- Torque of rheometer decreased with increasing perox-

ide concentration.
- Generally, with increasing peroxide concentration the

variation of complex viscosity and modulus with fre-
quency reduce.
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