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ABSTRACT: The rheological properties of linear low-density polyethylene (LLDPE)/poly(e-
caprolactone) (PCL) blends were investigated. A rheological constitutive equation was used
for describing and predicting the steady-state shear viscosities of pure LLDPE and PCL. The
rheological equation of state in this study was found to be useful to describe and predict the
viscosity of each polymer as functions of shear rate and temperature. The viscosity curves of
LLDPE/PCL blends showed negative deviation from the log-additivity rule. A model that
can describe the negative deviation, and hence the viscosities of LLDPE/PCL blends as func-
tions of shear rate, temperature and composition was proposed here.

Keywords: rheological equation of state, linear low-density polyethylene, poly( e-caprolactone),
polymer blends.
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Figure 1. Viscosities as a function of temperature at
various shear rate for LLDPE(closed) and PCL
(open): (M) 200s™, (@) 300s”, (A) 400s?,
(¥)600s™, and (@) 800s™".
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Figure 2. F; at a constant shear rate as a function of
log ¥ for LLDPE(M) and PCL(Q).
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Figure 3. Viscosities as a function of shear rate at
various temperatures for LLDPE(closed) and PCL
(open): (M) 433 K, (@) 443 K, (A) 453 K, and
(V¥) 463K.
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Figure 4. F; at a constant temperature as a function
of 1/T for LLDPE(M) and PCL(O).
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Table 1. The Values of @, @R and Log K of
LLDPE and PCL

LLDPE PCL
8 447 -610
@ 0:59 0.68
Q/R 4373 5297
log K -0.73 -0.36
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Figure 5. Melt viscosities of LLDPE/PCL blends as a function of PCL composition at (a) 433 K, (b) 443K, (c)

453 K, and (d) 463 K.
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Figure 6. The values of 4¢, ¢, versus PCL composition at (a) 433 K, (b) 443 K, (c) 453 K, and (d) 463 K.
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Table 2. The Values of 4 at Various Tempera-

tures and Shear Rates from the Results of Fig-
ure 6

temperature (K) shear rate (s!) a4
433 200 5.31
300 5.11

400 4.95

600 4.74

800 4.60

443 200 5.28
300 5.07

400 4.91

600 4.70

800 4.55

453 200 5.18
300 5.01

400 4.85

600 4.64

800 4.50

463 200 5.10
300 491

400 4.77

600 4.59

800 4.45

Table 3. The Values of a,, a,, a;, and a, Calcu-
lated Using the Results of Table 2

a 0.48
a; 1.35
as 3308
ay -0.24

log 7, = —0.36+ (0.68—610/T) log 7
+2300/T (11)

4=0.48(1+1.35log 7)
+3308(1—0.24 log y)/T (12)
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perature of 443 K as functions of shear rate and PCL
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equation (8).
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Figure 8. 3-Dimensional plot for viscosity at the
shear rate of 400 s™ as functions of temperature and

PCL composition: ((J) measured and (@) calculated
from equation (8).
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