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Abstract

The viscoelastic properties of polyethylene were studied with different percent of asphalt
(1%,3%,5%,7% and 10% ) and 1% of organic peroxide as crosslinking agent. The data shows that
the 1% of asphalt loading in the polymer decrease the shear stress and viscosity of the matrix
polymer in all the test temperature (170,190,210 and 230°C) .The best percent of asphalt that gives
controlled crosslinking between the polymer chains was 1% asphalt loading, while higher asphalt
percent will increase the chain entanglements .
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Introduction

Many fabrication process for
polymeric objects include melt extrusion
in which the molten polymer is
conveyed by a ram or a screw and the
melt is then forced through a shaping die
in continuous processing or into a mold
for the manufacture of discrete molded
partsY). Most commercial polymers have
high molecular weight ,their chain was
highly entangled for that the flow
properties of these polymer differ from
the low molecular weight polymer.
Viscosity is an important characterizing
the flow of polymer fluids®.The factors
affecting the viscosity were shear stress,
shear rate, temperature, pressure and
molecular chain structure.Crosslinking

between the polymer chain and with
other materials contain  functional
groups®® will effect the molecular chain
structure and effect the chain
entanglements. In this work we study the
effect of asphalt percent (0,1,3,5,7,and
10%) and 1% organic peroxide on the
shear stress and viscosity of low density
polyethylene 463 at different shear arte
and different temperatures .

Experimental

Materials

asphalt supplied from Basrah
refinery with the following
specifications.

PROPERTY VALUE
specific gravity at 15 6 °2C 1.04
Flash point 2C min. 240
Penetration at 25 °C {100 gm, 5 sec, 0.1 mm) 40-50
softening point °C 49-58
Ductility at 25 % min. (o) 100
Solubility 1n CCly ¥ w min. 99
Loss on heating % w max (Oh, 163 2C) 0.5

it frattrnn, mas. o hlasnnmm

Low density polyethylene was supplied
by SCPI  (state  company  of
petrochemical Industry), Basrah — lIraq
with (M1=0.38 g/10min. and
density=0.924 g / cm?®).2-ethyl terbutyl-
hexanoate peroxide (Cs7) was supplied
by Pergon g.m.b.h company with
peroxide content (98%).

Instrument

1- Capillary  rheometer  (Instron
Model 3211).the capillary die (D=1.257

mm, L/D=80)and the piston speeds ( V)
were 0.02,0.06,2.00,6.00 and 20.00
cm/min. .The relationship between shear
rate (y,, ) and V expressed as follows:
2 D’

=Zv, -2
7/W 15 XH DC3
where Dy and D is the diameter of the
cylinder and capillary diameter.
The wall shear stress was calculated
using the following equations:"")
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Wall shear stress (Oy) = i—Ex D,

Where [P = pressure applied along the
capillary ,D,= diameter of the cylinder
and L = length of the capillary .

The apparent viscosity (7,) was

calculated from the equation :

Tw

Na=—
Vw

Results and discussion

Plot of apparent shear stress versus shear
rate( flow curve ) of the composite
PE/asphalt ( different loading percent )
with 1% peroxide as crosslinking agent
was shown in Fig.1.It is seen that the

\Vol.2 (4

shear stress increased with an increase of
shear rate. At low value of shear rate
(velocity) ( 2.74,9.15 and 27.4 1/S) the
pure polyethylene with 1% peroxide
have the lower values of shear stress
,this can be attributed to the low speed of
test which gives the chain suffient time
to arrange with the direction of flow.
With increasing the value of shear rate
the pure polyethylene shear stress was
higher than the other asphalt loading and
the lower value of shear stress was for
1% asphalt loading .We expected that
the crosslinking between the asphalt
functional groups and polyethylene
chain at 1% asphalt loading gives the
better control .
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Fig.1. Relationship between apparent shear stress and shear rate
for PE/asphalt and 1% peroxide at 170 °C.

arrangement of the chain and exhibited
the highest flow curve. At higher
temperature of test(190,210 and 230 °C),
Fig.2,3 and 4 the percent of crosslinking
increase  between the polyethylene
chains with the asphalt functional
groups, which causes highly chain

entanglements and the flow of polymer
was restricted and the shear stress
increase with the 1% asphalt loading
remain with less shear stress value
compared with the other percent of
asphalt loading
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Fig.Y. Relationship between apparent shear stress and shear rate
for PE/asphalt and 1% peroxide at 190 °C
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Fig.¥. Relationship between apparent shear stress and shear rate for
PE/asphalt and 1% peroxide at 210 °C
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Fig.4. Relationship between apparent shear stress and shear rate
for PE/asphalt and 1% peroxide at 230 °C

the relationship between the apparent
shear viscosity and shear rate of the
composite from PE/asphalt ( different
loading percent ) with 1% peroxide as
crosslinking agent was shown in table 1.
We observed a decreasing in the value of
shear viscosity with an increasing in
shear rate. Therefore, for all the
polyethylene melt exhibited shear
thinning behavior that is the polymer
was pseudopalstic®. at a given apparent
shear rate, the apparent shear viscosity

increased with increasing the
temperature. The pure polyethylene with
1% peroxide show lower value of
apparent shear viscosity at lower value
of shear rate depending on the
temperature, while the 1% percent of
asphalt loading and 1% peroxide have
the lower value of apparent shear
viscosity. We contribute this behaviors
to the appropriate crosslinking that
reduce the resistance of the polyethylene
to flow.
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Table 1: Shows the relationship between apparent shear viscosity and shear rate

VISCOSITY (KPA/S)
0% 1% 3%
ShRa(S1) Temperature (°C)
170 | 190 ] 210 | 230 | 170 | 190 | 210 | 230 |17"U|190| 210| 230
o.M (4017 | 5272\ 6277 | Ta32 | T2 | TTES | B2B6 | 8286 | 7032|8035 | B3ET | HUER
915 | 1879|2250 | 2631 | 30.07 | 24.81| 2631 | 27.06 | 27.06 | 24.81| 2631 | 2762 | 2762
274 | 1004 | 1255 | 1381 | 15.06 | 10.04 | 1054 { 10.79 [ 11.04| 1029|1079 | 1129 | 1153
915 326 | 086 | 601 | 639 | 375 | 383 | 300 | 388 | 375 398 | 415 | 451
274 248 | 243 238 | 238 | 241 | 241 | 238 | 241 241 243
B! ™ 10%
204 | BO35| B33 9035 | 9541 | 5236 | 8TBE | 030 | 9200 | B286| 3537 8038 | 9341
915 | 2631|2782\ 3007|3158 | 2706|3233 | 3308 | 3458 30.07| 3383 | 3458 | 36.09
214 | 1054 | 1104 1155 ) 1205 1129 1230 1255 [ 13.05] 12.05] 1255 | 1305 | 1353
915 398 | 421 | 451 | 466 | 436 | 451 | 466 | 481 | 436 | 451 | 466 | 488
214 238 | 241 | 241 | 243 | 238 | 2380 | 241 | 241 | 2338 | 241 | 241 241
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