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Abstract: SANS experiments on blends of linear, high density (HD) and long chain branched, low
density (LD) polyethylenes indicate that these systems form a one-phase mixture in the melt.
However, the maximum spatial resolution of pinhole cameras is ~ 10%A and it has therefore been
suggested that data might also be interpreted as arising from a bi-phasic melt with large a particle
size (- 1 pm), because most of the scattering from the different phases would not be resolved. We
have addressed this hypothesis by means of USANS experiments, which confirm that HDPE/LDPE
blends are homogenous in the melt on length scales up to 20 pm. We have also studied blends of
HDPE and short-chain branched linear low density polyethylenes (LLDPES), which phase separate
when the branch content is sufficiently high. LLDPEs prepared with Ziegler-Natta catalysts exhibit a
wide distribution of compositions, and may therefore be thought of as a "biend" of different species.
When the composition distribution is broad enough, a fraction of highly branched chains may phase

separate on pm-length scales, and USANS has also been used to quantify this phenomenon.

*Managed by Lockheed Martin Energy Research Corp. under confract DE-AC05-840R2140 for the
U. S. Department of Energy.




Introduction: Polyethylene (PE) is produced in many forms, each of which has different
properties resulting from variations in structure. High density polyethylene (HDPE) is the most
crystalline form, because the chains contain very little branching. Typical low density
polyethylenes (LDPE) contain both short chain branches (I-3 per 100 backbone carbon atoms), as
well as long chain branches (0.1-0.3 per 100 backbone carbon atoms). Linear low density
polyethylene (LLDPE) contains only short-chain branches, but can have a wide range of branch
contents, depending on the catalyst and concentration of added (alpha olefin) comonomer. The
properties of the individual species can be altered by mixing the components and blends of HDPE,
LDPE and LLDPE are widely used commercially. However, understanding of the mechanical and
melt flow properties of such blends is handicapped by the absence of a consensus concerning the
melt miscibility of the components. For example, different views have been expressed in the
literature ranging from complete homogeneity in the melt (Alamo et al., 1994, 1997) to liquid-liquid
phase segregation (Schipp, 1996, Barham, 1968, Hill, 1991 and co-workers) for HDPE/LDPE
mixtures. SANS can supply information on melt homogeneity of polymer blends via the contrast
achieved by deuteration, and this technique has been used extensively to study the melt
compatibility, solid state morphology (Wignall et al., 1996) and thermodynamics (Londono, 1995,
Krishnamoorti, 1994, Graessley, 1994, Nesarikar, 1994 and co-workers) of mixtures of linear and
branched polyolefins, including HD, LD and LLDPEs.

Pinhole SANS data indicate that for HDPE/LDPE blends with molecular weights ~ 10°, the
melt are homogenous (Alamo et al., 1994), after accounting for H'/D? isotope effects (Londono et
al., 1994). Similarly, mixtures of HDPE and LLDPE are homogenous in the melt when the branch
content is low (i.e. < 4 br./100 backbone carbons). However, when the branch content is higher (>
10 br./100 C), the blends phase separate (Alamo et al., 1997). However, Schipp and co-workers
(1996) have asserted that these experiments do not provide unambiguous evidence for a |-phase
(homogenous) melt for HDPE/LDPE blends, as the data might also be interpreted as arising from

a bi-phasic melt with a very large particle size.







Pinhole SANS data were collected on the W. C. Koehler 30m SANS facility (Koehler, 1986)
at the Oak Ridge National Laboratory via a 64x64 em? area detector with cell size ~ 1 ecm? and
sample-detector distances of 10m and 19m. The beamstop Size (diameter) was 4 cm, and the
wavelength (A) was 4.75A. The data were corrected on a cell-by-cell basis for the efficiency
variation of the detector, instrumental (beam blocked) backgrounds and also the intensities of the
corresponding sample cells with quartz windows, which formed only a minor perturbation. The net
intensities were converted to an absolute (£ 3%) differential cross section per unit sample volume
[dZ/dQ(Q) in units of cm-] by comparison with pre-calibrated secondary standards (Wignall and
Bates, 1986), and radially averaged to give a Q-range of 1.5 x 10° < Q < 0.06 A™'. The USANS
measurements were carried out on a Bonse-Hart Double-Crystal Diffractometer equipped by
triple-bounce Si(111) channel-cut crystals, modified by cutting an additional groove for a cadmium
absorber (Agamalian, Wignall and Triolo, 1997), which reduces the wings of the rocking curve by
three orders of magnitude. The Q-range (3 x 10° < Q < 2 x 10 A") was chosen to overlap with
the pinhole SANS measurements and the data normalized via the neutron beam monitor to correct
for drifts in the incident beam intensity. After subtracting the instrumental backgrounds, the net
intensities were divided by the sample thickness and transmission coefficient, which was
measured by the monitor detector located behind the analyzer crystal [fig. (1)]. Further details of
the data treatment and absolute calibration procedures are given by Agamalian et al. (1999).
Results and Discussion (1) Blends of Linear and Branched Polyethylenes: When a sample is
placed between the analyzer and monochromator in a USANS experiment [fig. (1)], small-angle
scattering “spreads” the beam, and this is reflected in the excess intensity observed for Q > Q=
3 x10° A", as shown in fig. (2) for the three samples at 160°C. It may be seen that the signal
from the phase separated (HDPE/HPB) blend is orders of magnitude higher than the scattering
from the HDPE-D/LDPE sample and unlabeled LDPE “blank”. Moreover, the latter data are
virtually superimposed on the signal produced by the empty cell, with no sample at all. Thus, the

cross section of these two samples close to the detection limit of current USANS instrumentation













where @,, @,, p,and p, are the volume fractions and neutron scattering length densities o the two
phases respectively. The scattering from the minority (disperse) phase is manifested below Q ~

0.01 A-", where it is superimposed on the cross section of the majority of the sample consisting of

a homogenous mixture of HDPE-D and LLDPE-H. This coherent “background” was removed by
subtracting the cross section of the xylene-extracted material, which superimposes on the
Scattering of the original blend for Q > 0.01 A'. In order to estimate the portion of the area’ below
the minimum Q-value (0.004 A™), it was assumed that the missing low-Q data follow the Guinier
approximation, to give an estimate of f = 0.021 for the original sample via the equation (1).

The xylene-extract formed 8% of the original polymer, 2% of which was phase separated,
and thus we might expect that the volume fraction of the disperse phase in the xylene extract
would be f = 0.20, when blended with 20% HDPE-D. Invariant analysis’leads to f « 0.20, after
correction for the coherent “background” from scattering from the homogeneously mixed material
(Wignall et al., 1996). The close agreement between these estimates is probably fortuitous in
view of the fact that the scattering from particles with dimensions > 1500A appears at Q-values
below the resolution limit of the experiment. However, USANS allows us to fill in the missing
portion of the data and improve the estimate of f. Figure (5) shows the overlap of the pinhole
SANS and USANS data and invariant analysis of the combined curve leads to a volume fraction of
the disperse phase of f = 0.30. This may be compared with the previous determination (f = 0.20),
derived from the pinhole SANS data. Thus USANS substantially improves the estimate of f by
filling in the previously inaccessible portion of the SANS invariant.
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Fig. 1. Schematic layout of USANS experiment: the analyzer is rotated to perform 6-scan;
scattering for the sample “spreads’ the beam and is recorded’ as a broadened

rocking curve.
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Fig. 3. Combined SANS and USANS data from HDPE/HPB and HDPE/LDPE polymer
blends. USANS experimental curves 1 from HDPE/HPB sample isfitted to the
Sabine-Bertram model (solid line) caculated for dlit geometry. Curve 2 shows the
same data transferred to point geometry by the Lake technique and overlapped
with SANS data (curve 3) obtained at he 30m pin-hole SANS instrument for
the same HDPE/HPB blend. Curve 4 is SANS data collected from HDPE/LDPE
sample fitted to the de Gennes' RPA function (dashed line).
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