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ABSTRACT: Steady and dynamic melt viscoelasticity, thermodynamics and morphologies
were investigated for linear/linear, branched/branched and linear/branched polyethylene blends.
Elastic parameters such as the first normal stress difference (P;;—P,,) and storage modulus (G”)
have large positive dependence on blend composition and show much higher values than those
calculated from the following mixing rule which is valid for linear/linear and branched/branched
polyethylene blends at a constant shear rate: P%*=w, P,%*+w,P,%*. The deviation from this
mixing rule is sensitive to shear rate in case of linear/branched polyethylene blends. The Flory—
Huggins interaction parameter, x;,, which is calculated from melting temperature depression
suggests these blends to be miscible. The rate of crystallization and the spherulite size of linear
polyethylene are remarkably reduced by mixing a small amount of branched polyethylene.
From observations by SEM and TEM, it has been proved that linear- and branched-polyethyl-
enes in the blend are well mixed in sub-micron order though they separate from each other during
crystallization to make their individual lamellar crystals.
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Linear low-density polyethylene (L-LD) has
been produced all over the world for about the
last 10 years and gradually replaced conven-
tional high-pressure low-density polyethylene
(HP-LD) through its superior mechanical and
thermal properties. However, a number of L-
LD is really used as a blend with HP-LD to
improve a manufacturing processability and to
improve the properties of products. The so-
called necking phenomenon which is a con-
striction of a polymer extruded from a flat die
is one of the severe problems in lamination (a
film coating) manufacturing of L-LD. This
phenomenon is said to be related to the elastic
property of a polymer, and in the case of HP-
LD the polymer having a wide molecular
weight distribution and many long chain
branchings is generally used as a lamination

grade. In the case of L-LD and high-density
polyethylene (HD), it is known that necking
can be less remarkable in the blends with HP-
LD. In the manufacturing of a L-LD blown
film, it is also well known that the addition of
a small amount of HP-LD has a remarkable
efficiency to improve both the processing sta-
bility and optical properties of a film, and a
considerable amount of L-LD blown film is
now commercially produced as a blend
with HP-LD. Here the processing stability
described above is mainly for the bubble
shape stability. The stable bubble which
makes the high-quality film of an uniform
thickness is obtained under very limited oper-
ating conditions in case of L-LD and HD
contrary to rather wide conditions for HP-
LD, as reported by Kanai et al.! The differ-
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ence of the bubble stability between L-LD
and HP-LD is considered to be due to the
difference of the melt tension of the bubble.
From these points of view, the melt visco-
elastic properties of L-LD/HP-LD blend
should be investigated to understand the origin
of the improvement effect on the processability
of some L-LD manufacturings.

Further, the second point of our interest for
this binary blend is the improvement of optical
properties of a blown film. The transparency

200 {100
g | =
@ g
3 4 ¢
I l 7]
A S
i 4 —/ 4s0 ©
\ /
%
Lo
o — 0
0 20 40 60 80 0

HP-LD(1) (wt%)

Figure 1. The optical properties of the blown film of L-
LD(1)/HP-LD(1) blend vs. blend composition.

and gloss of a L-LD film are drastically im-
proved by the addition of a small amount of
HP-LD as shown in Figure 1. It was re-
ported®?® that the transparency of a L-LD
blown film is governed generally not of the
internal but the external haze which is caused
by surface roughness, and the control of a
crystallization rate during processing is the
most important for the optical properties of a
film. However, what kinds of changes in the
crystallization rate and the crystal size are
caused by the addition of HP-LD are still
unclear. In this paper, to understand the
phenomena in blown film extrusion and elu-
cidate the origin of the improvement effects
caused by mixing HP-LD on a manufacturing
processability and the optical properties of L-
LD blown film, some basic approaches for
various polyethylene binary blends were ad-
opted from the viewpoints of melt rheology,
thermodynamics and morphology.

EXPERIMENTAL

Samples

HP-LD, L-LD, and HD samples used in this
work are commercial grades of Sumitomo
Chemical Co., Ltd. Ethylene-butene type L-
LDs were used here (Table I). Quantitative

Table I. Molecular characteristics of polyethylene samples

Samples Melt index® Density® M,* M* M id

g/10 min g/cm? x 10* x 10* x 10* v

HP-LD(1) 7 0.920 2.6 65.4 475 14.5
HP-LD(2) 7 0.920 49 11.8 16 0.43

HP-LD(3) 2 0.920 2.8 97.4 887 48.0
HP-LD(4) 2 0.925 4.6 15.5 24 0.39

HP-LD(5) 7 0.920 3.0 66.6 614 17.4

L-LD(1) 1 0.917 4.1 13.1 27 —

L-LD(2) 4 0.930 2.4 8.4 18 —

L-LD(3) 7 0.920 1.5 48 16 —

HD(1) 0.9 0.955 3.8 14.6 37 —

* Measured at 190°C.
® Measured at 23°C.

¢ Number average (M,), weight average (M,), and Z-average (M,) molecular weight determined by means of GPC

combined with low-angle laser light scattering (GPC-LALLS).

4 Weight average number of long-chain branching points per molecule (see the text).
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Table II. [n] of L-LD, HP-LD, and their mixtures

[n]

Samples

dig™!
L-LD(1) 1.764
HP-LD(1) 0.973
Brabender-mixed® 1.353
Solution-mixed® 1.354

* Measured in tetrahydronaphthalene at 135°C (2,6-di-z-
butylphenol, 0.2%).

® L-LD(1) and HP-LD(1) were mixed (50/50) with a
Brabender Plasticorder at 160°C for 5 min at 60 rpm.

¢ The above sample pellets of equivalent weight were
solved in hot tetrahydronaphthalene, precipitated from
methyl alcohol, and then dried in vacuo at 60°C.

determination of the molecular weight and
number of long-chain branching of the sam-
ples was carried out by use of GPC-LALLS.
The number of branching points per molecule
(n,) was determined following the method
proposed by Drott,* taking the b-value as 0.9°
in the equation: g'=g° (9'=[nly/In), 9=
{8%>,,/<S5*>). Two kinds of PE pellets at a
desired blend ratio were mixed mainly with a
Brabender Plasticorder at 160°C for 5 minutes
at 60 rpm. No remarkable change in structure
occurred under this condition, judging from
the intrinsic viscosity of the mixture made by
two different methods as shown in Table II. A
blown film was manufactured with a Tomi
IFA 600-50 screw extruder with annular blown
film die. The extrusion temperature was 180°C
at the die slit and the extrusion rate was
15kgh~'. The optical properties (haze and
gloss) were measured following JIS K7105.
Rheological Measurement: A Rheometrics
Mechanical Spectrometer Model 605 was used
to measure both the dynamic and the steady
viscoelastic properties at 140°C over the
angular frequency and shear rate ranges of
1072—10?s~!. The samples were melt-pressed
to sheets of 2.50cm in diameter and 2 mm in
thickness. Rheological measurement was car-
ried out by using a cone/plate type fixture.
Thermal Analysis: Melting temperature and
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crystallization rate of the blend were measured
using a Perkin Elmer Differential Scanning
Calorimeter (DSC), Model 2. A 5—9 mg speci-
men was placed in a sealed aluminum pan,
heated from 30°C to 150°C at 80°Cmin !,
held for 5 minutes, then cooled down to 30°C
and the endothermic curve was measured at a
heating rate of 10°Cmin~!. The equilibrium
melting temperature of the blend was de-
termined from a series of melting temperatures
of the sample crystallized isothermally in DSC
at various temperatures. The crystallization
rate of the blend was measured by the DSC
exothermic curve in the isothermal crystalli-
zation, and was expressed by the reciprocal
time that the system reaches the half degree of
the whole crystallization. Morphology: The
lamellar morphology was observed by trans-
mission electron-microscopy. The extruded
strand from a Capillary Rheometer was
quenched in a liquid nitrogen bath installed
just under the exit of the die, and it was stain-
ed by using both chlorosulfonic acid and
uranyl acetate according to Kanig® and then
sectioned at room temperature by ultra-
microtome. The hot-press molded sample
sheet was etched by trichloroethylene at
80°C for 5min, and the etched surface was
observed by scanning electron-microscopy.
The small angle laser light scattering (SALS)
pattern was measured under H, polarization
and the average radius of the spherulite was
calculated from the scattering angle of the
maximum light intensity.

RESULTS AND DISCUSSION

Melt Rheology

Storage modulus (G’), loss modulus (G"),
and absolute value of complex dynamic vis-
cosity (n*), first normal stress difference
(Py;—P,,) and steady shear viscosity (), for
the blends of L-LD/L-LD, HP-LD/HP-LD,
and L-LD/HP-LD were measured. The pa-
rameters except G’ are presented as functions
of the angular frequency (w) and the shear
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rates (y) in Figures 2—7. It is interesting
that the L-LD/HP-LD blend series clearly
show a different dependence of these param-
eters on w or y, especially at low frequencies
and shear rate compared to L-LD/L-LD and
HP-LD/HP-LD blends (Figures 4 and 7).

10*

10°

G'(dyn/cm®), 7* (poise)

10*

and P,,—P,, are expressed as functions
of shear stress (P,,) in Figures 8 and 9, re-
spectively. 5 for L-LD/L-LD blend changes
between 1 of two component L-LDs de-
pending on the blend composition; how-
ever, L-LD/HP-LD blend shows a higher 5
than the components in the wide range of
shear stress. Plots of P,,—P,, vs. P,, for L-
LD/L-LD blend showed a single line inde-
pendent on the blend composition. Never-
theless, the same plots for L-LD/HP-LD blend
showed a different relation. Since P;, and
P,—P,, or G'" and G’ may be interpreted re-
spectively, as a measure of dissipated energy
and that stored in the molecules during the
shearing deformation, the ratio of the stored
energy and that dissipated is expected to be
independent of the blend composition as long
as the molecular structure of the component
polymer is the same. This point of view in-
dicates that the difference of P,,—P,, between
HP-LD and L-LD at the same P,, would be
mainly due to the difference of molecular

4
10* . + o structure classified by long-chain branching
w . . .
10 ° (rad/s) though the effect of molecular weight distri-
Figure 2. G’ and n* vs. @ at 140°C for L-LD(1)/L- butlQn s7h0}lld be cpnmdered for further dis-
LD(3) blends. L-LD(1)/L-LD(3): ——, 100/0; ——,  cussion.’ Viscoelastic parameters measured for
70/30; ——--, 50/50; —--—, 30/70; ——, 0/100. L-LD/HP-LD blend at a constant shear rate
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Figure 3. G’ and n* vs. w at 140°C for HP-LD(1)/HP-LD(3) blends. HP-LD(3)/HP-LD(1): ——, 100/0;
——, 70/30; ————, 50/50; —-—, 30/70; — —, 0/100.
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Figure 4. G’ and n* vs. w at 140°C for L-LD(1)/HP-LD(3) blends. L-LD(1)/HP-LD(3): ——, 100/0;
—-—, 70/30; ————, 50/50; — +—, 30/70; ——, 20/80; —--—, 10/90; — —, 0/100.
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Figure 5. P,,—P,, and n vs. y at 140°C for L-LD(1)/L- Figure 6. P,,—P,, and 7 vs. y at 140°C for HP-LD(1)/
LD(3) blends. L-LD(1)/L-LD(3): —, 100/0; ——,  HP-LD(3) blends. HP-LD(3)/HP-LD(1): ——, 100/0;
70/30; ——~~, 50/50; —-—, 30/70; ——, 0/100. ——, 70/30; ————, 50/50; —-—, 30/70; ——, 0/100.

(j=10"'s"!) are plotted as a function of
blend composition in Figure 10. Every pa-
rameter shows a positive deviation from the
following log-additivity rule,

log P,=w, log P, +w, log P, )
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where P is a viscoelastic parameter, w the
weight faction, and subscripts b, 1, and 2, stand
for the blend, component polymers 1 and 2,
respectively. It can be easily seen from Figure 9
that the plot of P,,—P,, vs. blend composition
at a constant shear stress (P;,) also shows a
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positive deviation from the log-additivity rule
for L-LD/HP-LD blend. The same kind of
compositional dependences of some viscoelas-
tic parameters for polyethylene blends have
also been reported® ~!! and some mixing rules
for melt viscosity were proposed. Then a mix-
ing rule for elastic parameters was examined
for L-LD(1)/L-LD(2) and HP-LD(1)/HP-
LD(2) blends, and it was found that G’ and
P,;—P,, completely fit the following equa-
tion,

10°

10

Pn-P22 (dyn/cm®), 7 (poise)

A i — -
0 10° 10'
i

Figure 7. P,,—P,, and 5 vs. y at 140°C for L-LD(1)/

04 _ 0.4 0.4
Po*=w,P,° " 4+w,P,

)]

where P is G’ or P,;—P,, and the other
notations are the same in eq 1. This mixing
rule is also applicable to the other blend
samples of HP-LD/HP-LD, L-LD/L-LD, and
L-LD/HD as shown in Figure 13, where the
longitudinal axis expresses the ratio of P;;—
P,, of the blend to that calculated from eq 2.
Furthermore, this rule seems to be valid inde-
pendent of the shear rate for these blends as
shown in Figure 14.

As for the melt viscosity of the homologous
polymer blend, it is well known that the fol-
lowing mixing rule is applicable.?

nb"=Zwmi" (3)
It might be reasonable to take » as around 0.4
for the melt viscosity of the blends studied
here, considering the dependence of viscosity
on weight-average molecular weight (M,)
shown in eq 4, and the dependence of M, on
weight fraction and M, of the components.

anw:;j (4)

In case of eq 2, it would be better to consider
that the 0.4 power is just a fitting parameter
obtained experimentally, because we cannot
find an appropriate relationship having a

HP-LD(3) blends. L-LD(1)/HP-LD(3): ——, 100/0; ' ‘ _
e, 70/30; ——~—, S0/50; — +—, 30/70; ——, 20/80;  physical meaning between elastic parameters
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Figure 8. 7 vs. P, at 140°C for L-LD(1)/HP-LD(3) blends (left) and L-LD(1)/L-LD(2) blends (right).
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Figure 10. Compositional dependence of viscoelastic
parameters for L-LD(1)/HP-LD(3) blends at a constant
frequency (w=10"'rad's™!) and shear rate (y=
1071s™1) at 140°C.
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Figure 11. Compositional dependence of G’ for L-
LD(1)/HP-LD(3) blends at various frequency at 140°C.

of linear and branched polyethylene (L-LD/
HP-LD, HD/HP-LD), however, do not obey
the simple mixing rule and have larger values
than those calculated from eq 2 as shown in
Figure 13 (point No. 1—13). In this case the
deviation from the mixing rule increases with
decrease of the shear rate (Figure 14), suggest-

of slow relaxation. It can be recognized again
from the results shown in Figure 13 that the

ing that the effect of HP-LD on melt-elasticity
of the blend appears distinguishably in a range

Polymer J., Vol. 20, No. 1, 1988

molecular weight, the molecular weight distri-
bution and the number of long chain branch-
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Figure 12. Compositional dependence of viscoelastic parameters for L-LD(1)/L-LD(2) and HP-LD(1)/
HP-LD(2) at a constant frequency (w=10°rad-s!) and shear rate (7=10°s"!) at 140°C.
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Figure 13. The ratio of P,,—P,, of the blend to that
calculated from the mixing rule (eq 2 in the text) for
various polyethylene binary blends (w; =w,=0.5) at a
constant shear rate (j=10°s"!) at 140°C: 1—6 HP-LD/
L-LD(1) blend, (HP-LD) 1(1), 2(2), 3(3), 4(4), 5(5), 6(6,
MI=1, density=0.922); 7—12 HP-LD/HD(1) blend,
(HP-LD) 7(1), 8(2), 9(3), 10(4), 11(5), 12(7, MI=7,
density=0.920), 13 HP-LD(8) (MI=20, density="
0.918)/HD(2) (MI=0.5, density=0.951), 14 L-LD(1)/
L-LD(@3), 15 L-LD(1)/L-LD(2), 16 L-LD(1)/HD(1),
17 L-LD(2)/HD(2); 18—20 HP-LD/HP-LD blend, 18
(2)/3), 19 (1)/(3), 20 (H/(2).

ing of HP-LD have a pronounced effect on
deviation from the mixing rule. Though the
molecular characterization for some of the
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samples remains, generally the larger these
structural parameters, the more remarkable is
the deviation. A more detailed study of the
effects of temperature and the molecular struc-
ture of HP-LD has been in progress,'3 and will
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be published elsewhere.

The unexpected large increase of the melt-
elasticity of L-LD was achieved by mixing HP-
LD, and when an appropriate HP-LD is select-
ed this phenomenon should help to solve such
problems in L-LD manufacturing as the stabil-
ity of bubble in blown film extrusion, necking
in lamination and the like. Further discussion
will require a detailed phenomenological in-
vestigation for a temperature gradient and the
rate of deformation of melt polyethylene in a
real manufacturing process.

Thermodynamics and Morphologies of Poly-
ethylene Blend

The other points of our interest for L-LD/
HP-LD blend besides melt viscoelasticity are
thermodynamics and morphology. Because in
various practical uses the blends of linear
polyethylene (HD, L-LD) and branched poly-
ethylene (HP-LD) are used through their
favorable properties connected to the crystal
lization. For example, 10—209; addition of L-
LD causes a remarkable improvement in the
transparency and gloss of a blown film as
already shown in Figure 1. This is considered
to be closely related to the crystallization rate
and crystal size of the blend as being suggested
by Ashizawa et al?> They reported that the
majority of light scattered from polyethylene
films is from the surface and not from the film
interior, and the surface scattering results
mainly from a crystallization-induced rough-
ness in case of linear polyethylene. On the
other hand, though the studies on the mor-
phology,!#!% the thermal and X-ray anal-
yses,'®"1° and some mechanical proper-
ties!”2° of polyethylene blends have been re-
ported, detailed studies on the miscibility and
on the crystallization rate of the blends are
quite few.

First, concerning the miscibility between the
linear polyethylene and the branched poly-
ethylene, the Flory—-Huggins mutual interac-
tion parameter, y;, was evaluated from
equilibrium melting temperature depression.

Polymer J., Vol. 20, No. 1, 1988
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Figure 15. Relationship between crystallization tem-
perature (7,) and melting temperature (T,,) for HD(1)/
HP-LD(1) blends.

The relationship between melting peek tem-
perature (7,) and isothermal crystallization
temperature (7,) for HD/HP-LD blend is
shown in Figure 15. For all blend compo-
sitions, a linear relationship was observed
within the range of the crystallization temper-
ature studied here and this suggests that the
following equation is valid,

Tm,e_Tmzp(Tm,e_TC) (5)

where T, . is the equilibrium melting tempera-
ture of the blend and p the slope (the value of
0.22—0.25 was obtained from Figure 15). In
Figure 16 T, . obtained from eq 5 is plotted
against the blend composition for HD(1)/HP-
LD(1) and HD(1)/L-LD(1). T, . of HD de-
creases with increasing concentration of HP-
LD or L-LD. The melting temperature de-
pression of high-polymer blend can be con-
nected with x,, as follows,?!
1 1 RV},

BN S —u)? (6)
T Tl(')n,e AI-IZuI/Zu X12(1 02) (

m,e

where T, . is the equilibrium melting tempera-
ture of component 2 in the blend, Tﬂ,‘e, that of
pure component 2, V,,, V,, the molar volume
of the components 1 and 2, respectively, AH,,

the heat of fusion per repeating unit, v, the
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volume fraction of component 2. Here AH,,
of HD was experimentally obtained from
the relationship between AH, and T,
(733 cal mol ~'). The relationship between T, .
of HD(1) and blend composition was calcu-
lated from eq 6 for various values of y,, and
shown in Figure 16. y,, seems to be the same
between two kinds of blends and a value of
about —0.08 was obtained in HD rich com-
position. The negative value of y,, suggests
that these blends are miscible in thermo-
dynamically equilibrium state. Then, the iso-
thermal crystallization rate was investigated
using these blends. Figure 17 shows that the
crystallization rate of HD component in HD/
HP-LD blend is reduced to half of that of pure
HD by the addition of 109, of HP-LD, while
the retardation of crystallization rate is not so
remarkable in HD/L-LD blends of minor L-
LD composition. Since T, . seems to be the
same between two kinds of blend as shown in
Figure 16, the degree of super cooling in
crystallization at a given temperature (7,)
would be the same. So the difference in isother-
mal crystallization rate is considered to be due
not to thermodynamic equilibrium but to ki-
netics. The entanglements between HD mol-
ecule and HP-LD molecule of high molecular
weight having long relaxation time might be
the origin of the remarkable retardation of the
crystallization rate in HD/HP-LD blend. This
phenomenon was also seen in L-LD(1)/HP-
LD(1) blend. The crystallization rate of L-
LD(1) was reduced to half by mixing 10—209%,
of HP-LD(1). Then, to study the effects of the
reduction of crystallization rate of linear poly-
ethylene on spherulite size, small angle light
scattering (SALS) patterns of L-LD/HP-LD
blends were measured under H, condition
(Figure 18). All samples had a typical four-leaf
clover appearance and this suggests that a well
defined spherulite is formed for these blends.
The average spherulite radius was calculated
from the point of maximum light intensity
using the following relation,
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Figure 17. Relation between the blend composition
and crystallization rate at 122°C for HD(1)/L-LD(1) and
HD(1)/HP-LD(1) blends.

Omax=2sin""(4/R) ()

where 0,_,, is the scattering angle of maximum
light intensity, A the wave length of the light
used (6328 A), R the average radius of spher-
ulite. As shown in Figure 19, R of L-LD
decreases drastically by mixing only 109, of
HP-LD. This should be due to retardation of
the spherulite growing rate and corresponds to
the reduction of crystallization rate of linear
polyethylene component by mixing HP-LD.
Finally the morphologies of polyethylene
blends were investigated. First the surface
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10070 90/10

50/50

Figure 18. SALS patterns (H,) of L-LD(1)/HP-LD(1) blends.

70/30

Q

RADIUS(pm)
FS

0 'l ' ' vl
o 20 40 60 80 100

HP-LD(1) (wt%)

Figure 19. Spherulite radius of L-LD(1)/HP-LD(1)
blends calculated from the SALS patterns.

morphologies of the sample etched by tri-
chloroethylene was observed by scanning
electron-microscopy (SEM). The morphologi-
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80/20

0/100

L-LD/HP-LD

cal difference between HD and HP-LD has
become apparent by etching at 80°C for 5 min.
Under this condition, the surface of HP-LD
was considerable etched by the solvent and the
spherulite-like structure having a diameter of
1—S5 pum can be found as shown in Figure 21c.
The bundle-like crystals randomly oriented are
observed at the etched surface of HD (Figure
21b). The surface morphology of HD/HP-LD
blend seems to be similar to that of HD and no
vigorously etched. part can be found. This
indicates that no aggromerate of HP-LD in
micron order would exist in the blend. Finally,
lamellar morphology of the same samples
shown above was observed by transmission
electron-microscopy (TEM). As already
shown in our recent study,?? thick (ca. 200 A),
straight lamellae are characteristic of the HD
sample, and the thin (ca. 100 A), curved lamel-
lac to HP-LD (Figures 2la and b). Both
kinds of lamellae are observed disorderly and
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(c) 5 um

(a) (b)

Figure 20, SEM photographs of trichloroethylene-ethched surtace of a) HD(1)/HP-LD(1) blend (70/30),
b) HD(1), and ¢) HP-LD(1).

(a) (b) (© g

Figure 21. TEM photographs of a) HD(1), b) HP-LD(1), and ¢) HD(1)/HP-LD(1) blend (30/70).
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interpenetratingly with each other in case of
HD/HP-LD (30:70) blend (Figure 21c). This
suggests that both polyethylenes are well mix-
ed in a molten state in sub-micron order at
least, though they are separated during crystal-
lization into an each lamellar crystal. These
morphological studies would also support
good miscibility between linear and branched
polyethylenes.

From the above investigations, it is con-
sidered that the reductions of the crystalli-
zation rate and spherulite size of linear poly-
ethylene caused by the addition of a small
amount HP-LD result in the decrease of
crystallization-induced surface roughness of a
blown film, and thus be the origin of the
improvement effect of blending HP-LD on the
optical properties of L-LD. The increase of
haze and decrease of gloss with increase of HP-
LD (Figure 1) may be due to the fact that the
die-flow-induced surface roughness becomes
dominant with increasing HP-LD.??

CONCLUSIONS

To elucidate the origin of the improvement
effect of polyethylene blends in various practi-
cal polyethylene manufacturings, some basic
approaches were tried for the blends of linear-
and branched-polyethylenes.

1. Melt viscoelastic properties were mea-
sured for linear/linear, branched/branched, and
linear/branched polyethylene blends. Among
the various parameters elastic ones such as G’
and P,,—P,,, especially of linear/branched
polyethylene blends, have a large positive de-
pendence on blend composition and do not
obey the following mixing rule which is valid
for both linear/linear and branched/branched
polyethylene blends at a constant shear rate,

0.4 _ 0.4 0.4
Pl =w P +w,P,

where P is G’ or P,,—P,,, w the weight
faction, and subscripts b, 1, and 2 stand for the
blend, component polymer 1 and 2, respec-
tively. The degree of deviation from the above

Polymer J., Vol. 20, No. 1, 1988

mixing rule is sensitively dependent on shear
rate for linear/branched polyethylene blends.

2. From the Flory-Huggins interaction
parameter, y,,, which is calculated from
equilibrium melting temperature depression,
the blend of linear- and branched-polyethylene
is considered to be miscible and the degree of
miscibility is the same as the linear/linear
system. The rate of isothermal crystallization
and spherulite size of linear polyethylene are
remarkably reduced by mixing a small amount
of HP-LD.

3. It has become apparent from SEM and
TEM analyses that linear- and branched-
polyethylenes in solid state are well mixed in
sub-micron order though they make their in-
dividual lamellar crystals.
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