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Effect of Processing History on Rheological Properties and
Processability of Low-density Polyethylene

Masayuki YAMAGUCHI

The role of applied processing history on the rheological properties and processability for low-density

polyethylene] LDPE[ has been studied in detail, using a cone-and-plate rheometer as the processing tool

to apply a shear history quantitatively. The rheological properties of processed LDPE were found to

depend on the product of applied shear stress and duration of shearing. Furthermore, the analysis of the

processing history applied by conventional processing machines has revealed that the processing by an

internal batch mixer or a twin-screw extruder depressed the viscosity as well as the drawdown force

probably due to the disentaglement of temporary couplings associated with long-chain branches. In

contrast, the specimen processed by a two-roll mill showed the same rheological properties as the

original unprocessed one.
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Fig.O O Screw configurations of co-rotating twin-screw extruder.
The sample, melted in the first kneading block KB45/5/28, is
forwarded in (A) 20 mm-pitch conveying screw SE20/20 or (B)
forward kneading blocks with 45° stagger angle KB45/5/42,
followed by reverse element R20/10.
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Fig.[0 alT] Growth curves of shear viscosity as a function of
time after start-up of steady shearing at various
shear rates at 19000 for the unprocessed sample.
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Fig.[ b[1J Growth curves of shear visosity as a function of
time after start-up of steady shearing at 0.4s”‘at
1900 for the unprocessed sample (circles) and
the sample processed in the internal mixer
for 150 min (diamonds).
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Fig.O O Growth curves of uniaxial elongational viscosity at
various elongational strain rates at 1600 for the
unprocessed sample (open circles) and the sample
processed in the internal mixer for 15 min (filled
circles). The solid line represents calculated values
from oscillatory shear modulus for the unprocessed
sample.
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Fig.O O Normalized drawdown force at 16000 as a function
of annealing time in the capillary rheometer for
the samples processed in the internal mixer for 15
min (filled circles) and 150 min (filled diamonds) as
compared with that of the unprocessed pellet (open
circles). The draw ratio is 10.
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Fig.O O Growth curves of normalized drawdown force at 190
O for the sheared samples by the cone-and-plate
rheometer for 30 min at 10s”* (open circles), 30s™*
(closed circles).
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Fig.O O Growth curves of storage modulus at 0.01 Hz at 1600
for the sheared samples by the cone-and-plate
rheometerd (o )10s"™*, 30 minO (O )20s™*, 23 minO (O )
30s”%,19 min
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Fig.O0 O Schematic model for* shear modification”
Mobility of a polymer chain is restricted in & tube”, which is made
of topological interaction by neighbor chains denoted by poins.
Applying shear history leads to the branches into the tube of a main
segment, shown in bottom. As a result, the polymer behaves like a
linear polymer. The conformation of the polymer chain, which is low
enthalpy state, will relax after cessation of shear flow due to micro-
Brownian motion.
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Fig.O O Growth curves of drawdown force at 1600 for the
processed samplesd (o ) twin-screw extruder with
screw(A)(conveying screw) (e ) twin-screw extruder
with screw(B)(kneading blocks) (O ) two-roll mill.
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Fig.100 Extrudates of the twin-screw extruder with (a)

screw (A)(conveying screw) and (b) screw (B)
(kneading blocks).

gogpoooood
goboobboooboobbooboooboo
goboobbooboobbobboobogee=g
gogbooobooboooboobboobboon
goobobooobobbooobo==0pooobn
gogboooboobooobooboobboon
gogbooobooboobobooboobboon
gogboooboobooobooboobboon
gooboboboboboooooboooooboooo
gboboboboboooooobooobooboobo
oboooboobobooobooboooboobg=e=gg
oboboboooooooooo

400000

gooooLbPEODOOOOOOOOOOOOOO
oobooooooooooOoooooooooonon
LDPEODOOOOOLDPEOOOODOOOOOOCOO
gobooooooooooooboboooboooo
gobooooooooooooobobooobooon
goboooooooooooooboboooooooo
goboooooooooooooboboooboooon
oobooooooooooooobboooooooo
ooooooooooobooooo

Table 00 Processing Condition of Twin-Screw Extruder

conveying screw

kneading blocks

resin temperature
torque
average residence time

760 820

1510 1510
790 9201
100sec 103sec
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