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EFFECT OF UNSATURATED POLYESTER CONCENTRATION ON
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Abstract: Reactive blends of polypropylene and unsaturated poly@ste different compositions were prepared by melt
processing using dicumyl peroxide (DCP) as initiator inaspitoder. Rheological Characteristics of the blends werdied
as a function of unsaturated polyester concentration ovange of strain rate. The possibility of forming a graft pobr
increased with increasing the unsaturated polyester obn@hange in viscosity behavior of the blends was a resutef
competing reactions of degradation and grafting.
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1. Introduction into it. Development of viscosity models that represent the
) ) ) ) viscosity and relevant parameters, including molecufaicst
Physical blending has been exercised as an effective megfye parameters and processing parameters to predictthe flo
to alter the properties of already available polyméis [n-  ,oerties, is one of the targets for rheologists and eegine
terfacial interaction and strength are the deciding factor Hence, a number of viscosity models were develoged(.
f[hg_ mqking of products from these blen_ds. Reactive _compat- In present work, PP-UP (Polypropylene-Unsaturated
ibilization has proved to be more effective than physical an ,yester) blends were prepared by melt blending of unsatu-
improves the interfacial properties along with stabilizedl ;0 polyester with polypropylene in different compasit
controlled morphologyZ]. _ o in the presence of peroxide initiator and Cobalt Octoate sal
PET is one of the most widely used engineering therq tion as a promoter. Blending was carried out in a plas-
moplastics but its moderate impact strength limits its USgjcqder at elevated temperature. Chemical modification of

in many of engineering applications. Many attempts ha$p_yp plend resulted in improved properties than the non-
been made to improve its impact strength by blending it withye 5 ctive blend{1]. In this study, the change in pseudoplastic

olefins 8], Ethylene Propylene Rubbef][ Ethylene Propy-  panayior of the blend is investigated as a function of UP (un-
lene Diene Monomerg], Maleic anhydride grafted rubber qrated polyester) concentration and strain rate. Plwer
[6] and many more. However, PET with reactive compatibi-n5-ameters are calculated for different blend composition

lized polypropylene-unsaturated polyester (PP-UP) besnd Bagley correction is also applied to the system.
a compatibilizer for rubber phase has established its impor

tance.
It is well recognized that the rheological behavior of the2. Theory

blend is dependent on molecular structu he stress- . . ..
P e [T In this work, the flow of polymer through a circular die is

strain rate relationship of polymeric fluids is best dessdlib . ) .
by mathematical models known as constitutive equations?tUd'ed' For general case of fully developed region with no

Different constitutive equations are developed becausigeof wall slip, the shear stress at the wall is calculated by
complex chain structure and viscoelastic behavior of poly- (P, — Po)R
mers but only few are satisfactory. For general flow of poly- = oL (2)
mer fluids, following equation is generally valid
whereR is pressure drop through the die argdis the pres-
T=n(T,y,P)Y' (1) sure drop through an orifice (with/R < 1) under the same
conditions. The apparent shear viscosity is given by the fol

where,T is the shear stresy,is the strain rate ang is . .
lowing equation

viscosity that is function of pressure, temperature arairstr T
rate. It can be noted from the above equation that consetuti n= y 3)
equation for various fluids at different conditions can be de o
rived if corresponding viscosity expressions are sulisitu  21d the apparent shear rate is given by

4Q 4
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Table 1: Blend compositions

Blend compostion (%) 80/20 60/40 40/60 30/70 54

PP (@) 40 30 20 15

UP (g) 10 20 30 35 4

DCP (g) 0.2 0.2 0.2 0.2 T

Cobalt salt solution (ml) 15 15 15 15 X 3 -

3 2 -
. . g
whereQ is the volumetric flow rate. e 1-

The values of shear stress and apparent shear rate are m 0 , : ‘ ,
s_ured _durlng flow of polymer through d|_e. Thus,_the melt U 00 _ 200 300 400
viscosity can be determined from Equati®nMelt viscos- Time (sec)

. . . . — o, — G,
ity calculated in this way can be plotted against shear mte t 20%UP 40%UP

get melt viscosity- shear rate curve. It can be seen from the

curve that change of viscosity with strain rate is not signifi

cant at low strain rate for non Newtonian fluids. But it showsFigure 1: Torque as a function of time for different PP-UP dien
a drastic change over a moderate range of strain rate and then

again a constant region at higher strain rate is obsed/gd [ 4. Results and Discussion

3. Experimental 4.1. Plastograph study
_ The plastograph was studied to have an insight into pro-
3.1. Materials cessing characteristics. The changing trend of torqueifor d

Basic materials used in present work are polypropylenderent blend compositions over experimental range of téne i
and unsaturated polyester. PP (Polypropylene) was pushown in Figurel.
chased from Reliance Company limited Jamnagar Gujrat. Initially, the torque value is high because of un-melted
UP (unsaturated polyester) was purchased from Descogranules of polypropylene. The torque value tends to de-
Chemicals Limited, Pakistan. Both are commercial gradecrease as the melting proceeds. At this stage, addition of
DCP was imported from Sigma Aldrich Cheme Stelnheimunsaturated polyester reduces the torque sharply by provid

Germany. ing lubrication to the melt. As the mixing proceeds, the ealu
of torque tends to be stable. After 3 minutes, a sudden rise
3.2. Blend preparation in torque is observed which corresponds to the grafting of

PP-UP blends are generally prepared by reactive blendnsaturated polyest_er due to addition _of DCP followed by
ing techniques. For the present work, blends were preparetﬁ_‘e cobalt salt solution. The degradation of -PP als_o starts
by melt mixing of polypropylene with unsaturated po|yester5|multgneously but at a slower rgte than grafting. It isrclea
using DCP as an initiator and cobalt octoate solution as proffom slight but steady decrease in torque value. When both
moter. Blending was carried out in a Brabender plasticodef€ reactions are completed, the torque remains stable. It i
(PLE-330) at a temperature of 18Dand at a rotor speed of e\_/ldent from the graph that_torque vf';llu_e |s_h|ghe_r for blenqls
80 revolutions per minute. Mixing was continued for 5 min- with greater UP content which is an indication of increase in
utes. During blend formation, the following sequence wasdrafting.
adopted to prepare the blends of different composition. PP )
was introduced first into the mixer followed by UP. After the 4-2- Rheological study
complete melting of the components, DCP was added to ini- Figure2 represents Melt flow index (MFI) as a function
tiate the reaction. Cobalt salt solution was introduced @&hm of unsaturated Polyester concentration. It has been agerv
diately after DCP. Different compositions of PP-UP blendsthat MFI decreases with increase in UP concentration. MFI

are shown in Tablé. is dependent upon two competing reactions: first one is the
peroxide initiated degradation of PP, which tends to ineeea
3.3. Apparatus and methodology the MFI value. The second reaction is the coupling reaction

Melt Flow Basic supplied by KARG Industrietechnik was of PP-UP which tends to reduce the MFI. It is evident from
used to measure the melt flow index of the blends. The resef?€ fig. that MFI shows an overall decreasing trend with in-
voir diameter is 9.55mm with different dies having equal di- c"€@se in UP concentration for all conditions of load. This
ameter (2.095mm) but different lengths of 4, 10 and 30 mmgecrease_ in MFl is a clear |_nd|cat|or! of dommance of graft-
The piston was inserted inside the reservoir carrying wario INg reaction over .degradatlon reaction. It is also observed
loads and it moves inside the reservoir with precise tolegan rom the fig. that increase of unsaturated polyester concen-
between piston and reservoir wall. The experiment was cori/ation over 60% slightly effect the MFI value.

ducted at a temperature of 2@for different PP-UP com- Figure 3 shows a linear relati_onship_ bereen apparent

positions under different loads ranging from 1.6 kg to 7 oshear stress and shear rate on bi-logarithmic coordinate sy

kg. tem. It implies that the melt shear flow obeys the power law
relationship

T=Kya (®)



Chemical Engineering Research Bulletin 14(2010) 115-1X@rhoor et al 3

900

0.6

800 f
055 |
700 F

600 05 F

500 | = 045 F

400 r

MFI/ g/10 min

04 F
300

00 | 035 |

100 | 0.3

20 30 40 50 60 70
UP Conc. %

) ) ) Figure 4: Power law index as a function of UP concentration
Figure 2: MFI as a function of UP concentration

55
24
== 80-20
== 60-40 < a7
22 F ) 5
i ]
= 40-60 E 39
=5 2 [ ==>é=30-70 2
i &
B % 31
N £
= S 23
16
15
14 . ; . . ) 15 25 35 45 55 65 75
’ UP Conc. %
0.5 0.7 0.9 1.1 1.3 1.5 1.7

Logy/1/sec
Figure 5: Consistency index as function of the UP conceptrat

Figure 3: log as a function of log at different UP concentration
implies that force required to flow the resultant material in

creases in magnitudé4.
whereK is the melt viscosity index and is the power law Figure6 shows the trend of apparent viscosity as a func-
index. tion of apparent shear rate for different compositions ef th
From the calculated value of power law coefficients, it iSpjend. It is implicit in the fig that viscosity reduces with
clear that the value of n is lower for 30-70 composition andincrease in shear rate but the decrease in viscosity is quan-
itis higher for 80-20 batch (Figus. It has been found that titatively different for different compositions. This rec-
degraded PP exhibits newtonian behavior while the graftegion in viscosity is because of alignment of chains in direc-
PP-UP blend is inclined towards non-newtonian behaviotion of force. From the curve, it is evident that 80-20 batch
[13]. The higher value of the 80-20 composition is attributedshows poor shear thinning behavior. This behavior can be
towards the more newtonian behavior of degraded PP. On thgributed towards dominant PP degradation reaction. As un
other hand, as UP concentration is increased up to a lineit, thsaturated polyester concentration is increased, thetévyil
trend shifts from Newtonian to the non-newtonian behaviofyore grafting reaction and it is supported by marked shear
due to dominance of grafting reaction. The power law in-thinning behavior.
dices of these compositions also support this argument. For the case of flow of polymer through circular die, a cor-
From FigureS it is evident that increase in UP content is rection is normally applied to take into account pseudaplat
not much effective in increasing consistency index at loweatyre of the melt which implies that the assumed parabolic
concentration. However, at higher UP content, there is ofile in the die actually illustrates more plug behavith[
sharp increase in consistency index because of higherelegre s correction is generally expressed as
of grafting. At lower concentration of unsaturated polgest
the degradation of PP is governing reaction as indicated by - 4 (3n+1) (6)
the melt shear curves. Initially there is a slight increase i T MR8 4n
con;istency index, i.e. Iqwerforce is required to'flow ittBU e viscosity-strain rate curve obtained after applying
at higher UP concentration where grafting reaction beCOMeg e ction for viscosity and strain rate is illustrated fre t
dominant, further increase in unsaturated polyester gence Figure7. The curve is almost similar to the Figugdut the
tration will result in higher value of consistency index. It slop of curve for the case of 70% UP concentration changes
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Figure 7: True strain rate as a function of the true viscasitgtifferent UP
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slightly. This behavior is also followed by the 60% UP com-
position because of their proximity towards non-Newtonian
behavior.

5. Conclusion

The increase in UP content in the blend results in a de-
crease in MFI value and its magnitude is dependent on the
extent of grafting of UP on PP and degradation reaction of
PP. Decrease in the value of power law index and increase in
consistency index is also observed with increase in UP con-
centration. This behavior is associated with the pronodnce
shear thinning phenomenon.
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