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Abstract

Storage and loss moduli for two samples of linear low-density polyethylene,
LLDPE, and a sample of branched polyethylene, which have 14.6 ethyl branches, 13.4
hexyl branches and 13.1 short-chain branches per 1000 carbon atoms respectively, are
measured and compared with each other and with those for linear polyethylene in the
temperature range from ca. —170°C to ca. 80°C.

Four relaxations are observed in temperature dependence of storage and loss
moduli for LLDPE as in that for branched polyethylene and named «a, 8, % and y in
the order of the descending temperature. The frequency-temperature positions and
activation energies for these processes and relaxation spectra for «, 8 and y, processes
are determined and compared with those for branched polyethylene and found to be in
good agreement with the latter.

The intensity of relaxation for the 8 process increases in parallel with that for the
v process as the length of branch and (1—crystallinity) increase in all the samples
investigated. This fact suggests that these two processes are caused by the same
amorphous molecular chains and the amount of such chains increases with the increase
in the length of branches and (1-crystallinity).
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Table.l Physical characteristics of samples

sample " number of branches densitay crystallinity
per 1000 carbon atoms  (g/cm?) (wt. %)
LLDPE, ethyl 14.6 0.920 46
LLDPE, hexyl 13.4 0.917 44
BPE 13.1 0.936 56
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Fig.1 Storage and loss moduli for two kinds of polyethylene plotted against

temperature : circles, for complex Young’s modulus of branched polyethylene
with 13.1 short-chain branches/1000C, frequencies at the-loss peaks are
indicated ; solid curve, for complex shear modulus of linear polyethylene

measured at ca.1 H, by Wolf*®,
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Fig.2  Storage and loss Young’s molduli plotted against temperature for LLDPE

with 14.6 ethyl branches/1000C, frequencies at the loss peaks are in-
dicated.
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Fig.3 Storage and loss Young’s moduli plotted against temperature for LLDPE
with 13.4 hexyl branches/1000C, frequencies at the loss peaks are in-
dicated.
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Fig.4 Relaxation map for a, 3, % and y, processes in three samples of
polyethylene ; open circles, for LLDPE with 14.6 ethyl branches/
1000C ; crossed circles, for LLDPE with 13.4 hexyl branches/
1000C ; closed circles, for branched polyethylene with 13.1 short

-chain branches/1000C; solid lines, for the data reported
before.*®
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Fig.5 Plots of loss modulus normalized by its
maximum vs. logarithm of relaxation time
normalized by its value at the loss maximum for
(a) es-relaxation and (b} 9y -relaxation: open
circles, for loss Young’s modulus of LLDPE with
14.6 ethyl branches/1000C; crossed circles, for
loss Young’s modulus of LLDPE with 13.4 hexyl
branches/1000C : closed circles, for loss Young's
modulus of branched polyethylene with 13.1 short
~chain branches/1000C ; solid curve, for loss
shear modulus calculated from shear relaxation
spectrum for polyethylene.
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Fig.6 (a) Plots of loss Young’s modulus normalized by its

maximum vs. logarithm of relaxation time
normalized by its value at the loss maximum: open
circles, for LLDPE with 14.6 ethyl branches/1000C;
crossed circles for LLDPE with 13.4 hexyl branches/
1000C ; closed circles, for branched polyethylene with
13.1 short-chain branches/1000C.
(b) Plots of loss compliance and loss permittivity
normalized by their maximum values vs. logarithm of
retardation time normalized by its value at the loss
maximum : open circles, for loss Young’s compliance of
LLDPE with 13.4 hexyl branches/1000C; solid curve,
for loss permittivity of oxidized branched polyethylene
with 29 short-chain branches/1000C.
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Fig.7 Relation between the intensities for 8 and 3 mechanical re-
laxations in various kinds of polyethylene.
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