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PEER REVIEWED

C OMMERCIAL POLYETHYLENE

resins are extruded with a
hot melt extruder into pel-
let form for shipment. In

the transformation from polymer
fluff to pellets, the melt index drops.
How does the polymer structure
change with this drop in melt index? 

The formation of a microgel has
been thought to be the main mecha-
nism, although there has been no
proof. This microgel hypothesis is
supported on one hand by rheology
data that show an increase in the
zero-shear viscosity for the pellets.
The hypothesis is contradicted on
the other hand by the gel perme-
ation chromatography (GPC) data
that show decreases in the values of
molecular weight and the z-average
molecular weight (1).

SAMPLE MATERIAL AND 
GENERAL METHODS

The sample used in the study was a
blown-film polyethylene resin that
had a high density of 0.945. The six
samples in the study set consist of
the original polymer fluff,or the base
resin, and the pellet products for the
first through the fifth extrusion
passes.

To maximize the effect of ther-
mal degradation in these test sam-
ples, we did not use antioxidants in
the pelletizing process. Without the
antioxidants, there is a better chance
of establishing a trend for the effect
of hot extrusion with repeated extru-
sions. The compounder we used to
prepare the samples was a co-rotat-
ing, twin-screw design that is com-
monly employed in commercial poly-
olefin plants.

INITIAL GPC EXPERIMENTS
Background and experimental 
procedure

GPC is a liquid chromatographic
technique that separates polymers
by their hydrodynamic volumes. Nor-
mally, linear polymer species are
used to perform the calibration.
Therefore,when linear molecules are
analyzed, the true molecular weight
distribution can be obtained (2).

As branching occurs within the
polymer network, however, the ratio
of polymer size to molecular weight
starts to decrease. In other words, the
material becomes more densely
packed, and the true value of molec-
ular weight is systematically underes-
timated when column size separa-
tion is used.

In this study, conventional chro-
matography was completed on a
Waters Corp. 150C High Tempera-
ture Chromatograph equipped with
an internal refractometer. The four-
column set was obtained from Poly-
mer Laboratories. The solvent used
was 1,2,4-trichlorobenzene, and con-
centrations were 2.5 mg/mL. The
injection volume was 400 µL,and the
flow rate was 0.7 mL/min. Data were
collected and processed with Vis-
cotek TriSEC GPC software, Version
3.0.

Results and discussion
FFiigguurree  11 is an overlay of GPC refrac-
tometer curves of the five extruded
samples along with the base resin.
Recall that the species of highest
molecular weight will elute earliest
from a chromatography column. As
the enlargement in the figure shows,
the base resin elutes earliest. The
first-pass sample is next, followed by
the second-pass sample.The volume
profile for the third-pass sample is
indistinguishable from the profiles of
the fourth-pass and fifth-pass sam-
ples. Nevertheless, this profile sepa-
ration in the high-molecular-weight
regime of the polymer peak indi-
cates that the molecular weight is
slightly degraded with successive
passes through the extruder.

The graph on the left in FFiigg..  22
shows the conventional GPC molec-
ular weight distributions as calcu-
lated for these samples.* This area
overlay shows the apparent decrease
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ABSTRACT
A comprehensive set of techniques
has been developed in a study to
determine whether or not microgels
form in hot melt extrusion. Using rhe-
ology techniques to comparing zero-
shear viscosity measurements with
high-shear viscosity measurements
can indicate the presence of micro-
gels.Temperature rising elution frac-
tionation (TREF) experiments further
indicate the presence of microgels.
With gel permeation chromatography
(GPC), microgels tend to be filtered
out by the columns and are not
detected.The batch light-scattering
technique can measure the total mol-
ecular weight content of the sample,
including both the separated polymer
molecules and the gelled molecular
weight species.

Application:

Knowledge gained from using these
techniques will aid pelletizing engi-
neers in polymer fabrication proc-
esses involving hot-melt extrusions.

FILM EXTRUSION

*The area of the differential molecular weight distribution
is equivalent to one.The differential molecular weight dis-
tribution is the first derivative of the cumulative molecular
weight distribution.
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on the basis of melting temperature.
The sample is placed in solution

at an elevated temperature.The mix-
ture deposits on a nonporous col-
umn bed, which is cooled to allow
the deposit to crystallize.A flow rate
is established, and the temperature is
increased steadily. Polymer species
elute from the TREF column as they
melt and become solubilized by the
solvent (9). Commonly, an infrared
detector is placed after the TREF col-
umn to detect the concentration of
the emerging species (10).

The mobile phase for the TREF
work was 1,2,4-trichlorobenzene.
The TREF unit was modified from a
Waters 150C High Temperature Liq-
uid Chromatograph. Data were col-
lected and processed using in-house
software.

Results and discussion
FFiigguurree  77 is a TREF-IR overlay of five
extruded samples along with the
base resin. The upper graph shows
that the samples are relatively close
to each other in terms of overall pro-
files for melting temperature. Short-
chain branching attributable to some
comonomer groups on this resin
gives rise to a broad low-melting
population near 85°C.

When the plot is scaled across a
more narrow temperature region, as
presented in the lower graph, the
small differences in melt temperature
profile become more evident. In
accordance with the other types of
measurements, the trend is toward
lower melting temperatures (and
more highly branched molecules) as
a direct function of the number of
extrusion passes.

The fraction with the most linear
molecules and the highest melting
temperature (eluting at 103°C) is
shown to have the highest percent-
age of the base resin.This peak dete-

signal increases with repeat process-
ings is a firm validation of the conclu-
sion derived from the TREF data.

While the increase in TriSEC light
scattering shows the broad branch-
ing effect across the main polymer
constituents, a much larger increase
in the batch light-scattering signal is
observed for the same samples.This
increase in the signal provides a
novel tool for separating the effect of
microgels from the effect of general
branching behavior.

In summary, the results of our
study confirm that polymer microgel
structures form in hot-melt extrusion
if the antioxidant is insufficient to
protect the polymer from thermal
degradation.The thermal degradation
effect is not limited to the extremely
high-molecular-weight components
that lead to microgels in the samples.
Some degree of branching occurs
within the bulk of the polymer sam-
ple across almost the entire molecu-
lar weight distribution.

This finding means that polymer
properties are going to be affected
beyond the effects of microgel alone.
How much effect will this broad dis-
tribution of branching have on pro-
cessibility and performance? This
question will be an interesting one to
explore in future studies.TJ
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riorates rapidly at the onset of extru-
sion. By the fifth extrusion pass, this
linear component has almost com-
pletely vanished, indicating that vir-
tually all of the polymer molecules
possess at least a small amount of
branching (short or long chain).

CONCLUSIONS
The set of polymer characterization
techniques we have developed is a
solid package for characterizing ther-
mal or shear degradation in poly-
mers. Our results demonstrate the
value of using all of the various tech-
niques to study the thermal degrada-
tion effect in polyethylene.

The addition of the batch light-
scattering technique allowed us to
directly detect the presence of mi-
crogel for the first time. This new
technique will be found useful as
well in other studies of microgel-
related problems in polymer film
processing. Between GPC, TriSEC,
and batch light scattering, we should
be able to determine the origins of
ordinary microgel problems in poly-
mer films, such as how to distinguish
the “unmelt” versus the true cross-
linked type of microgel in films.

The TREF technique has the reso-
lution necessary to show the effect
of branching caused by hot-melt pro-
cessing.The entire TREF profile shifts
toward lower melting temperatures
with repeated processings. This ob-
servation shows that branching is
widely spread throughout the sample
and is not just limited to the forma-
tion of microgels.

Of course, it is nice to have this
conclusion further supported and
demonstrated in the TriSEC data. The
TriSEC data do not show microgel con-
tent,because the GPC column screens
out these species. Nevertheless, the
fact that the light-scattering detector
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