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Crystallization of polymers under flows
have been extensively investigated because
during most polymers processing the poly-
mers are exposed to various flows such
as elongational, shear and mixed flows.
Many experimental evidences have estab-
lished that these flow processes can sig-
nificantly affect the crystallization kinet-
ics and final morphology. Imposed flow
conditions that are temperature, shear rate
and so on, are variables that affect the de-
velopment of flow-induced structure and
have strong impact on all processes of crys-
tal growth and morphology. For example,
when polymer crystallizes under flows, the
so-called shish-kebab structure could be
observed. The shish-kebab structure con-
sists of long central fiber core (shish) and
lamellar crystals (kebab) periodically at-
tached along the shish structure. It is be-
lieved that the shish structure is a molecu-
lar basis of ultra-high modulus and ultra-
high strength fiber.

In this experiment we used two PEs to pre-
pare a blend. One is high molecular weight
hydrogenated polyethylene (HMW-h-PE)
with molecular weight Mw = 2000000 and
the other is low molecular weight deuter-
ated PE (LMW-d-PE) with Mw = 600000,
where Mw is the weight-average molecu-
lar weight.

Small-angle neutron scattering (SANS)
measurements were performed using
SANS-U spectrometer at JRR-3 reactor in
JAEA, Tokai. In the SANS-U spectrometer,
the scattering vector Q range was from 6
x 10-3 to 7 x 10-2 A-1. Small angle x-ray
scattering measurements were carried out
using apparatus installed at the beam-line
BL-15A in Photon Factory, KEK, Tsukuba,
Japan. The range of the length of scattering
vector Q was 8 x 10-3 and 0.15 A-1.

At first we performed the structural for-
mation process of drawing polyethylene
blends from isotropic crystallized film at
125 C with time-resolved SAXS and SANS
measurements. The shish-kebab structure
formation process was observed with both
SAXS and SANS measurements in Figure
1. From 2D analysis, isotropic lamella crys-
tal stacking became the oriented lamella
structure from SAXS and SANS measure-
ments. On further drawing streak-like scat-
tering profile from shish-structure was ob-
served only in the SANS pattern. Above
drawing ratio of 4, the kebab structure
was disappeared, while the streak-like scat-
tering profiles grew strongly. This sug-
gests that polymer chains in the kebab
were gradually merged into the extended
chain crystals (shish-structure) on further
drawing. However, the number density of
shish-structure is not so high to be detected
with x-ray scattering measurement, but the
shish scattering was enhanced in the SANS
scattering profile due to the strong scatter-
ing contrast between deuterated and hy-
drogenated PEs. The number of shish-
structure was then evaluated from these
SANS profiles.

Fig. 1. Figure 1 Shish-kebab formation process dur-
ing drawing
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