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the high molecular-weight chains under flow.

Prior to crystallization, the initially formed precursor structures, with a molecular
orientation induced by flow during polymer processing — such as extrusion, injec-
tion molding, fiber spinning, and film blowing — can often dictate the subsequent Contact information
morphology and, thus, the final properties of the polymer. Although extensive gtegg‘;n;igfk U?\ii?/c;rsity
research on orientation-induced crystallization has been conducted, the nature of

the earliest events during crystallization under flow is still not fully understood. In Email: bhsiao@notes.cc.sunysb.edu
this study, a unique polymer blend system, inspired by studies of dilute polymer
solutions under flow, was used to simulate the formation of precursor structures at
the initial stage of flow-induced crystallization. In these blends, two low molecu-
lar-weight polyethylene copolymers, containing 2 mol % of hexene, with average
molecular weights (M ) of 50,000 (MB-50k) and 100,000 (MB-100k) and a poly-
dispersity of 2, were used as the
matrix material of different vis-
cosity. A high molecular-weight
polyethylene homopolymer

with a Mw of 250,000 (MB-
250k) and a polydispersity of 2,
which is miscible with both low
molecular-weight polyethylene
matrices, was used as the crystal-
lizing minor component. Two
series of model blends, MB-50k/
MB-250k and MB-100k/MB-
250k, each containing weight
ratios of 100/0, 97/3, 95/5, and
90/10, were prepared by solu-
tion blending to ensure thorough
mixing at the molecular level.
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in-situ x-ray scattering measurements, was used to control the shear conditions (A)

of the polymer samples. Two-dimensional WAXD and SAXS measurements WAXD
(not measured simultaneously) were carried out at beamline X27C using a MAR L
CCD x-ray detector.

At the chosen shear conditions (rate = 60 s, duration = 5 s, T = 120°C, which -
is greater than the melting point of the matrix), while no flow-induced struc- SAXS
tures were seen in pure MB-50k and MB-100k melts, the blends in both series / . ¥
showed distinct but different shear-induced structures. Our results indicate that = i - 713;:\ "
the high molecular-weight MB-250k chains are responsible for the formation of
crystallization precursor structures in the blend under shear, which can act as a
template for further crystallization. A “shish-kebab” structure, detected by both
WAXD (Figure 1A) and SAXS (Figure 1B), was observed in the MB-100k/
MB-250k (90/10) blend, while only a twisted lamellar structure was seen in the
rest of the blends under the same shear conditions. These findings suggest that
the matrix viscosity plays an important role in influencing the formation of the
crystallization precursor structure from the high molecular-weight chains under
flow. The evolution of the shish-kebab structure from SAXS, consistent with the
appearance of two equatorial (110) reflection peaks in WAXD, can be explained
by the coil~stretch transition that is induced by flow. The observed “shish” is due
to the extended chain crystallization of the stretched chains, whereas the kebabs
are due to the folded chain crystallization of the coiled chains. In other blends, ] o

. . . Figure 1. Selected two-dimensional
because the stretched chains could not aggregate rapidly, no detectable shish was (A) WAXD and (B) SAXS patterns,
observed. In the MB-100k/MB-250k (90/10) blend, the length of the shish was which illustrate the development of the
es'tima'ted from'the equatorial streak i‘n SAXS, and 'sho.wed' a noticeable decrease 150}1(;::/11\1;‘:”1220??;8?10 (l)‘)’gbﬁe';l dt l:;g/f
with time, possibly due to the relaxation of stress distribution or the overall shear (rate = 60 s, duration =
crystal orientation. 55, T = 120 °C).




