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A previously proposed predictive format for elastic, storage and loss moduli is
extended for the time-dependent compliance Db (t ) of polymer blends. The format
employs a two-parameter equivalent box model (EBM) and the data on the phase
continuity of components in blends obtained by using modified general equations
of the percolation theory. As input data, the compliances D1(t ) and D2 (t ) and the
critical volume fractions v 1cr and v 2cr (delimiting the interval of phase co-continuity
in blends) of components are sufficient. To describe the effect of time on D1(t ), D2 (t )
and Db (t ) within the linear stress-strain region, a routinely used empirical equation
was found suitable. Applicability of the proposed format is demonstrated on rubbertoughened polypropylene/poly(styrene-co-acrylonitrile) blends consisting of components with markedly different viscoelastic properties. The proposed predictive
format fits fairly well the creep behavior of blends over the interval 0.1–10,000
minutes.

INTRODUCTION

A

lthough preparation of polymer blends ranks
among the cost-effective ways of the upgrading of
common polymers, the prediction of resultant physical properties of blends is still under development. As
generally recognized, possible applications of polymeric materials are frequently determined by their
mechanical properties; thus, it is highly desirable to
anticipate selected properties of intended blends as
functions of composition. In our previous papers (1–14)
we have proposed and verified a versatile predictive
scheme for modulus Eb , yield strength Syb , tensile
* Corresponding author: E-mail: kolarik@imc.cas.cz

strength Sub and permeability Pb of two- or three-component heterogeneous polymer blends. Recently, the
format was extended for storage E and loss E  moduli
of binary blends (15). An essential feature of the proposed predictive scheme is that all considered properties of a blend are interrelated because they are calculated for a certain phase structure by means of an
identical set of input parameters.
Whenever products made of thermoplastics are exposed to a long-lasting dead load (constant external
force), their propensity to creep—which considerably
affects their dimensional stability—becomes a most
important characteristic. Thus, the acquisition of creep
data over appropriate periods of time and their analysis are undoubtedly of great practical interest (16).
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Although the creep of many polymers has been described, much less is known about the creep of polymer
blends. Even recent monographs on polymer blends
(17–20) pay no attention to this important topic. So
far, creep behavior has been mainly studied of blends
containing dispersed minority components or rubbery
particles (impact modifiers) (21–27). However, such
two-component materials were treated in the same
way as individual polymers (simple materials) and no
models were attempted to describe the creep of blends
as a sum of the contributions of constituents. Obviously, models for particulate composites (16) can be
modified for polymer blends with a fully dispersed
minority component; on the other hand, a dispersed
polymer component showing creep, yielding and plastic
deformation is very different from an ordinary inorganic filler (or reinforcement) mainly used in composites and characterized by “zero” permeability, compliance and plastic deformation.
Recent studies (3–7, 11–15, 28–30) have clearly
shown that a minority component in two-component
heterogeneous blends usually assumes partial continuity at a critical volume fraction as low as 0.1  v 1cr
(or v 2cr )  0.2. In a wide central interval, say 0.15  v1
(or v2 )  0.85, phase structures with partially co-continuous constituents are typical of polymer blends.
However, various models for composites with continuous fibers (31, 32) are not applicable to polymer blends
because the latter materials are isotropic. Thus, development of a predictive format for selected mechanical
properties of polymer blends and its experimental
verification remain basic problems of materials engineering since it is evident that a reliable prediction of
properties of envisaged blends can bring savings of time
and financial means. Such a predictive format should
allow for (i) the respective property of components, (ii)
real phase structures encompassing a wide interval of
the co-continuity of phases and, whenever necessary,
(iii) the strength of interfacial adhesion. The objective
of this paper is to extend the previously proposed predictive format for the time-dependent compliance of
heterogeneous binary blends because, at present, there
is no good way of predicting the creep of a blend with
the aid of the creep data of constituents. The predictive format and the effect of critical volume fractions
(percolation thresholds (33)) are verified on model
blends consisting of impact-resistant polypropylene
and poly(styrene-co-acrylonitrile) where the components have markedly different elastic and viscoelastic
properties (15).
EXPERIMENTAL
Materials
A rubber-toughened polypropylene (RTPP), Moplen
EPT30R (Montell, Ferrara, Italy), is a heterophase copolymer consisting of 88% of polypropylene and 12%
of ethylene/propylene (65/35) rubber (density 0.92
g/cm3 ). Poly(styrene-co-acrylonitrile) (SAN) Kostil B255
(Enichem, Mantova, Italy) is a copolymer containing
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about 24% of acrylonitrile (density 1.07 g/cm3 ). Polymers were mixed in a Banbury mixer (chamber 4.3 l;
164 rpm) at 175°C for 3.5 min. The produced pellets
were used for feeding a Negri-Bossi injection molding
machine (barrel temperature: 235°C; injection pressure: 200 bar) to produce test specimens for the measurements of mechanical properties. Test specimens
were stored at room temperature for about ten
months before the creep tests were initiated to eliminate any effect of physical aging in the course of creeping. Glass transition temperatures of EPR, PP and SAN
determined by DMTA (15) are about Tg  50, 0 and
100°C, respectively. Microphotographs visualizing the
phase structure of studied blends were discussed in
our previous paper (15).
Creep Measurements
Tensile measurements were performed with the aid
of a simple apparatus equipped with a mechanical
stress amplifier (lever) 10:1. The length of specimens
was measured with mechanical strain gauge with an
accuracy of 2 m, i.e., of about 0.002% (initial distance between grips: 90 mm; cross section: 10 mm 
4 mm). Mechanical conditioning before each creep
measurement consisted in applying a stress (for 1 min),
which produced a strain larger than the expected final
strain attained in the following short-term or longterm measurement; the recovery period after the conditioning was more than 1 h. Short-term tensile creep
measurements in the interval 0.1–100 min were performed at gradually increasing stress levels (between
2.7 and 27 MPa) in order to ascertain the linearity
limit between stress and strain. Each short-term creep
measurement was followed by a 22 h recovery before
another creep test (at an increased stress) was initiated. Long-term tensile creep experiments under a
selected stress extended from 0.1 to 10,000 min. Threepoint flexural creep was measured over the period
0.1–10 000 min by using test specimens 110 mm 
10 mm  4 mm (the distance between supports was
80 mm). All creep tests were implemented at room
temperature, i.e., 21–23°C. At the time of testing, the
specimens were about one year old so that no interfering effect of physical aging was considered.
DESCRIPTIVE FORMAT FOR CREEP OF BLENDS
Empirical Functions for the Creep of Polymers
Creep deformation of polymers depends on time
t, acting stress and temperature T (sometimes also
on other effects, such as physical aging and relative
humidity). In general, (t, , T ) consists of three components (7): (i) elastic (instantaneous) deformation o( , T );
(ii) viscoelastic (reversible) deformation v (t, , T ); (iii)
plastic (irreversible) deformation p (t, , T ):
(t, , T ) 

o(

,T)

v (t,

,T)

p (t,

, T ).

(1a)

However, in practice the conditions should be avoided
where p (t, , T )
0 because any plastic deformation
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can be viewed as an irreversible damage of a product.
In terms of the tensile compliance D  / we obtain
D (t, , T )  Do ( , T )

Dv (t, , T )

Dp (t, , T ).

(1b)

If an experimental creep curve can be fitted by a suitable equation, then storage of experimental data, evaluation of creep rate, interpolation or extrapolation of
creep deformation, etc., are facilitated. Several attempts
have been made (16, 34–36) to express creep deformation as a product of the functions of time, stress
and temperature, i.e., (t, , T )  C f (t ) g( ) h (T ). Obviously, factorizability would offer an essential simplification of the description of creep under various conditions. While h (T ) is usually identified with the Arrhenius
or WLF equation, several empirical functions have been
proposed for f (t ) and g( ) (they are reviewed in references 34 and 37). Clearly, the parameters of an applied empirical equation are determined a posteriori
by fitting experimental data.
Short-term isothermal creep of polymers in the region of a linear stress-strain relationship was successfully analyzed (37, 38) using the KohlrauschWilliams-Watts (KWW) function as an empirical fit to
experimental data:
(t ) 

to

exp (t/ r )n,

(2)

where to is a limiting deformation at short times, r is
the mean retardation time and 0  n  1 is the creep
curve shape parameter reflecting the distribution of
retardation times. Isothermal nonlinear creep of polymers was in many papers (16, 39– 44) plausibly described by a simple power law
(t, )  C *

m

t n,

Creep of Heterogeneous Binary Blends in
Terms of the Equivalent Box Model
The proposed predictive scheme is based on a combination of a two-parameter equivalent box model (EBM)
(Fig. 1) and the data on the phase continuity of components obtained from modified equations of the percolation theory. (It should be noted that “phase continuity” or “phase connectivity” may have different
meanings in other papers.) Standard polymer blends
are isotropic materials with three-dimensional continuity of one or more components so that series or
parallel models as well as models for orthotropic or
quasi-isotropic materials are not applicable. Thus more
complex models appropriately combining both parallel
and series couplings of constituents should be introduced (1–15). However, the EBM’s are not self-consistent models, so it is necessary to evaluate their parameters (volume fractions vi j ) in an independent way. In
brief, if we intend to use the EBM for the prediction of
physical properties of blends, we must 1) derive the
equations for the properties under consideration and
2) calculate the volume fractions vi j (Fig. 1). The EBM
assumes that either component can be modeled as
consisting of a fraction continuous in the direction of
the acting force (v 1p or v 2 p ) and a fraction discontinuous in that direction (v 1s or v 2s ). Fractions v 1p and v 2 p
form the parallel branch (being coupled in parallel to
the acting stress), fractions v 1s and v 2s form the series
branch (being coupled in series); these two branches,
each consisting of two blocks, are coupled in parallel.

(3)

where C * is a constant, 1  m and n are empirical parameters. Also, nonlinear creep behavior of PP was
found (45) to obey a similar equation:
(t, )  A( ) (t/ r )n,

(4)

where A( ) is a nonlinear function of the stress and
0  n  1 is assumed to be independent of the applied
stress.
Apparently more rigorous equations separating the
elastic o ( ) (which can be obtained by extrapolation
of (t, , T ) for t  0) and viscoelastic v (t, )  (t, ) 
o ( ) components of strain were applied in a number of papers (34, 35, 46–50). It is worth noting that
analogous functions were proposed for both (t, ) and
v (t, ):
v (t,
v (t,
v (t,

)  *( ) t n,

(5)

)  C

(6)

m

t n,

)  C  sin h ( /

re )

t n,

(7)

where *( ) is a constant for a given stress, re is a reference stress and C  or C  are empirical constants.
As can be seen, parameter n in Eqs 3–7 can be formally related to the creep rate:
d (t )/dt  n t (n1).

(8)
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The EBM in Fig. 1 is a two-parameter model as of four
fractions vi j only two are independent. The blocks in
the EBM are presumed to have mechanical properties
of neat components; the model is likely to fail if the
blending process produces a significant change in the
structure (e.g., in crystallinity) and, consequently, in
considered properties of a constituent.
Compliance of the parallel branch Dp (t ) or of the series branch Ds (t ) of the EBM (Fig. 1) is related to the
compliance of components in the following manner
(cf. ref. 1, 39, 15):
(v 1p

v 2 p )/Dp (t )  v1p /D1(t )

(v 1s

v 2 s ) Ds (t )  v1s D1(t )

v 2 p /D2 (t );
v 2 s D2 (t ).

(9a)
(9b)

The resulting compliance of heterogeneous two-component blends is then given as the sum of the contributions of the parallel and series branches; i.e.,
D b (t )  [(v 1p v 2 p )/Dp (t ) (v 1s v 2 s )/Ds (t )]1:
D b (t )  {v 1p /D1(t )
(v 1s

E1b  E1[(v1  v 1cr )/(1  v 1cr )]q1;

v 2 s )2/[D1(t ) v 1s

D2 (t ) v 2s]}1.

(10)

D b1(t )  D1(t ) (1  B11v 2 )/(1

A1B1v 2 ).

(11a)

The quantities are defined (16) as follows: A1  (7 
5 1)/(8  10 1) where 1 is the Poisson ratio of the
matrix; B1(t )  [D1(t )/D2 (t )  1]/[D1(t )/D2 (t )
A1]; 1
 1 [(1  v 2max )/v 2max2 ] v 2 , where v 2max is the maximum packing fraction of the particles of component
2. If the component 1 is dispersed, e.g., as in rubbertoughened plastics, then inverted relations hold for
D2 (t )  D1(t ):
Db2 (t )  D2 (t ) (1

A2 B 2 v1)/(1 – B 2 2 v1).

v 1p  [(v 1  v 1cr )/(1  v 1cr )]q1;

(14a)

v 2 p  [(v 2  v 2cr )/(1  v 2cr )]q2;

(14b)

The remaining volume fractions v 1s and v 2s can be
evaluated by using some of the following relations:
v1  v 1p

v 1s ; v 2  v 2 p
vs  v 1s

v 2s ; v1

v 2s ; vp  v 1p
v 2  vp

v2 p ;

vs  1.

(15)

Most ascertained values of q are located in an interval
of 1.6–2.0 so that q  1.8 can be used as an average
value (1, 3, 51, 52). For three-dimensional cubic lattice,
the percolation threshold vcr  0.156 was calculated
(33, 51, 52). In general, the patterns predicted by
using “universal” values v 1cr  v 2cr  0.156 and q1 
q 2  1.8 should be viewed as a first approximation
that may not be in a good accord with experimental
data because v 1cr and v 2cr of polymer blends frequently
differ from 0.156 and from each other. Vice versa, as
soon as some experimental data on physical properties of blends are available, more precise values of v 1cr
and v 2cr can be obtained by a fitting procedure. In this
way, the EBM may become a source of quantitative
information on the phase duality in polymer blends.

(11b)

where A2  (8  10 2 )/(7  5 2 ); B 2 (t )  [D1(t )/D2 (t )
 1]/[D1(t )/D2 (t ) A 2 ]; 2 is analogous to 1.
Calculation of the Volume Fractions of the EBM
The second step of the outlined scheme is the evaluation of vi j defined in Fig. 1. Percolation theory (33, 51)
provides a universal formula for the elastic modulus
(or compliance) of binary systems where the contribution of the second component is negligible (in the
following text we will use the original notation for
modulus):
E1b  Ea (v  v 1cr )q

(13)

where E1  Ea (1  v 1cr )q1 is the modulus of the neat
component 1. If E1  E 2 , the contribution E 2v 2p of
that part of component 2 which is coupled in parallel
and the contribution of the whole series branch (Fig.
1) to the modulus of the EBM are negligible in comparison to the contribution E 1v 1p of component 1. Consequently, E 1v 1p (or E 2v 2p for E 2  E 1) can be set equal
to the apparent modulus E1b (or E2b ), i.e., E1b  E 1v 1p ;
E 2b  E 2 v 2 p . Comparing these relations with Eq 13,
we obtain expressions for v 1p and v 2 p :

v 2p /D2 (t )

To describe the compliance of blends with one continuous component and one discontinuous component, we can modify equations derived for modulus of
particulate systems. If the minority polymer 2 of the
volume fraction v 2 having a lower compliance D2 (t ) 
D1(t ) is dispersed in polymer 1, the compliance D b1(t )
of the blend can be expressed by using the KernerNielsen equation (16):

(12)

where Ea is a constant, v 1cr is the critical volume fraction (the percolation threshold) and q is the critical
universal exponent. E1b stands for the modulus of a
“single-component” blend in which the component 1
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assumes the same phase structure as in the blend
with component 2. Equation 12 was shown (3, 30) to
plausibly fit the modulus of model blends with E1  E 2
in the range v 1cr  v 1  1. Utilizing this experimental
finding we can modify Eq 12 to the following form:

RESULTS AND DISCUSSION
In order to ascertain the stress-strain linearity limit
for parent polymers and their blends, short-term
creep (lasting 100 min) was performed for a series of
stresses increased step-by-step in the interval 2.7–
16.2 MPa for RTPP (subscript 1) and 2.7–27 MPa for
SAN (subscript 2). In the case of RTPP (not all measured curves can be given in Fig. 2 for clarity reasons),
we can distinguish three types of creep behavior:
1) the log D1(t ) vs. log t plot is independent of stress
at
 about 5 MPa and can be approximated by a
straight line, i.e., n 1 of Eq 3 is a constant independent of stress. As can be seen, the corresponding dependencies log D1v (t ) vs. log t markedly deviate from
a straight line.
2) in the interval 5 MPa   10 MPa, the log D1(t)
vs. log t plot can be still approximated by a straight
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line, but the rising stress increases not only C1*( ) 
D1(t 1) (as expected), but also the slope of the straight
line, i.e., n 1  n 1 ( ), which is virtually independent of
time. Similarly to the previous case, the dependencies
log D1v (t ) vs. log t are not linear.

(a)

(b)

(c)
Fig. 2. Short-term creep: effect of tensile stress (in MPa) on
the compliance D(t) (upper curves) and viscoelastic component
of compliance Dv (t) (lower curves); a) RTPP: (1) 2.7; (2) 8.1; (3)
10.8; (4) 13.5; (5) 16.2; b) SAN: (1) 5.4; (2) 16.2; (3) 27;
c) RTPP/SAN  85/15 blend: (1) 2.7; (2) 8.1; (3) 13.5; (4)
16.2; (5) 18.9.

3) at
10 MPa, C1*( ) continues rising with acting stress; moreover, an increase in the derivative
d [log D1(t )]/d [log (t )] can be observed with the elapsed
time of creeping, i.e., parameter n 1  n 1( , t ) rises
with (i) the stress and (ii) the elapsed time of creep
experiments. On the other hand, none of the corresponding dependencies log D1v (t ) vs. log t can be approximated by a straight line. At the highest applied
stress (16.2 MPa), the creep of RTPP profoundly accelerates after about 30 min because the yield strength
has obviously been exceeded (however, the deformation remains homogeneous, i.e., without neck formation). Complex creep behavior of RTPP is likely to be associated with complex phase structure because RTPP
consists of three phases and can hardly be expected
to perform as a rheologically simple material. A rather
complicated creep behavior was observed earlier even
for neat PP (53).
SAN shows (Fig. 2b) a creep behavior contrasting
to that of RTPP: D2 (t ) is practically independent of
time (in the interval 0.1–100 min) and of stress (up
to 21.6 MPa); at  27 MPa, the observed compliance
is somewhat higher. Consequently, D2v (t ) is very low,
corresponding to only a few percents of D2 (t ). Obviously, the compliance of SAN is virtually independent
of time and stress in the studied intervals because the
polymer is in the glassy state at the temperature of
creep measurements. The propensity to creep of parent polymers is very different as n 1  0.105 for RTPP
while n 2  0.005 for SAN (Table 1); thus, SAN can be
viewed as a low-creep polymer (54).
As SAN prevailingly displays a time-independent
elastic behavior, we can expect that viscoelastic effects characterizing blends are associated with the
RTPP component. For instance, stress affects the time
dependencies of D b (t ) and D bv (t ) of the blend RTPP/
SAN  85/15 (Fig. 2c ) in a similar way to those of
RTPP (Fig. 2a). The volume fraction of SAN v 2  0.13
in this blend lies approximately in the middle of the
studied composition interval (0  v 2  0.27) and corresponds to the critical volume fraction v 2cr of SAN in
the studied series of blends as found in our preceding
paper (15). Similarly to the neat RTPP, the 85/15
blend shows a linear dependence log D b (t ) vs. log t
only at low stresses, i.e.,  5 MPa. The slope of the
dependence slightly increases with applied stress for
5   13 MPa. At stresses ≥ 13.5 MPa, the parameter n b ( ,t ) rises with the time in the course of
creep experiments. Quite analogous effects of stress
on creep behavior were observed also for the other
blends RTPP/SAN. Obviously, the factorizability of the
effects of time and stress is rather questionable in the
case of the studied blends.
In this paper, the simplest case, i.e., the creep behavior in the region of the linear stress-strain relationship,

POLYMER ENGINEERING AND SCIENCE, JANUARY 2002, Vol. 42, No. 1

165

Jan Kolar̆ík et al.
Table 1. Parameters of Eq 3 for the Creep Compliance of Rubber-Toughened Polypropylene,
Poly(styrene-co-acrylonitrile) and Their Blends.
RTPP/SAN

v2

Parameter Cb

Parameter n b

weight %

vol. fract

tensile

flexural

calculated

tensile

flexural

calculated

100/00
95/5
90/10
85/15
80/20
75/25
70/30
0/100

0.000
0.043
0.087
0.131
0.176
0.222
0.268
1.000

0.88
0.80
0.80
0.82
0.76
0.67
0.65
0.29

0.78
0.68
0.75
0.75
0.58
0.58
0.59
0.80

—
0.84*
0.80*
0.76*
0.71*
0.67*
0.63*
—

0.105
0.099
0.093
0.085
0.075
0.072
0.065
0.005

0.103
0.096
0.085
0.073
0.073
0.062
0.064
0.007

—
0.098*
0.090*
0.092*
0.084*
0.075*
0.067*
—

*Equation 11a was used instead of Eq 10 for the calculation of Cb and nb (see the text).

will be discussed on the basis of long-term experiments
performed at low stresses, i.e.,  5 MPa (Fig. 3). The
stress acting in flexural creep can be calculated by
using the relation (54):
 3 F L/2 b

h2

(16)

where F is the mid-span load, L is the span length, b is
the width and h is the thickness of the specimen. D (t )
and Dv (t ) found in flexure are systematically somewhat lower than the values ascertained in tension, but
the corresponding curves are parallel (Fig. 3). There
are several factors affecting the compliance observed
in flexural tests: 1) a stress gradient exists in the flexural specimens (53) where the maximum tensile stress
given by Eq 16 acts only in the outer layer, while decreases to zero in the neutral axis and becomes compressive towards the loaded surface; 2) plastics do not
perfectly obey the assumptions of the classical theory
of linear elasticity (55); 3) the “skin” layer containing
less minority component than the “core” plays a more
important role than in tensile tests; however, a quantitative evaluation of the difference would be very difficult.
For the following analysis of the creep behavior of
blends we will use D b (t ) because D bv (t ) can hardly be
approximated by a simple equations (for calculating
D bv (t ), it would be inevitable to employ numerical data
of D 1v (t ) and D 2v (t ) of components). Besides, D b (t ) is a
much more practical function than D bv (t). To fit and/or
to predict the straight lines D b(t ) vs. log (t ) we will
use Eq 3 (with m  1), which ranks among the simplest empirical equations because it contains only two
adjustable parameters. Linear dependencies log D b(t) 
log (t) (Fig. 3) can be approximated by Eq 3 with a plausible accuracy for parent polymers and their blends in
both types of creep tests. In this paper we intend (i) to
compare experimental and calculated data of C b and
n b and (ii) to predict a complete creep curve of a blend
by using the parameters C 1, n 1, C 2 and n 2 found for
parent polymers (Table 1) as the only experimental
input data. We will assume that, in addition to log
D 1(t )  log C 1
n 1 log t and log D 2 (t )  log C 2
n2
log t valid for the parent polymers, also log D b (t )  log
Cb
n b log t holds for a blend. Introducing these relations into Eq 10 and assuming t  1 we obtain the
relation between C 1, C 2 and C b:
166

C b  [(v 1p /C 1)
(v 1s

(v 2p /C 2 )
v 2s )2/(v 1sC 1

v 2s C 2 )]1.

(17)

The compliance of a blend is then given (for t  1) as
log D b (t )  log [(v 1p /C 1 t n1)
(v 1s

(v 2p /C 2 t n 2)

v 2s )2/(v 1sC 1 t n1
 log C b

v 2s C 2 t n 2)]1

n b log t.

(18)

The relation between n 1, n 2 and n b assumes the following form (for t  1):
n b  [log D b (t )  log C b ]/log t

(19)

Table 1 shows that experimental values of C b from
flexural creep are systematically somewhat lower than
C b from tensile experiments, which is a consequence
of lower values of the compliance in flexure (Fig. 3).
The values of C b calculated from Eq 17 (for C 1  0.88
and C 2  0.29 found for components) are in an acceptable accord with experimental data. On the other
hand, Eq 19 indicates that the parameter n b predicted
by the EBM is a function of the time of creeping though
n 1 and n 2 are assumed to be time-independent constants. Figure 4 shows (on a very extended scale) that
the calculated n b only slightly decreases with time.
(The values of n b given in Table 1 were calculated from
Eq 19 for log t  3.) For v 2  v 2cr  0.13, Eq 11a was
used instead of Eq 10 in calculating C b and n b ; probably for this reason, n b for v 2  0.087 is somewhat
lower than n b for v 2  0.131 (Table 1). As can be
seen, n b gets smaller with rising fraction of SAN and
fairly well corresponds to experimental values characterizing tensile creep. Experimental n b’s from flexural
creep are somewhat lower than those from tensile
measurements but the differences are not significant.
The values of n b do not seem to be distinctly reduced
(Table 1) at volume fractions v 2
0.13  v 2cr , where
SAN assumes a partial phase continuity. As n b  1,
the creep rate of the studied blends diminishes in the
course of creep.
In Fig. 4, the log D (t )b vs. log t dependence for the
RTPP/SAN  80/20 blend is predicted throughout the
time interval 0.1–10,000 min according to Eq 18 by
using the experimentally found parameters C 1, n 1, C 2
and n 2 characterizing the constituents. The calculated
curve is in a good accord with experimental data over
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(a)

(b)

(c)
Fig. 3. Long-term creep: compliance D(t) (upper curves) and viscoelastic component of compliance Dv (t) (lower curves) in tension (full
lines) and flexure (dashed lines); a) RTPP: tensile stress: 6.75 MPa; stress in flexure: 5.15 MPa in all tests; b) RTPP/SAN  85/15
blend: tensile stress: 9.45 MPa; c) RTPP/SAN  70/30 blend: tensile stress: 12.15 MPa.
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Fig. 4. Long-term creep of the RTPP/SAN  80/20 blend: compliance D b(t) (full line) calculated from Eq 18 and parameter n b (empty
circles, dashed line) calculated from Eq 19 as functions of time. Input parameters: C1  0.88, C2  0.29, n1  0.105, n 2  0.005
(Table 1), v1cr  0.16, v2cr  0.13, q1  q2  1.2 (cf. ref. 15). Full circles—experimental data for tensile creep.

the whole time interval of creep measurements. Thus
we can conclude that the EBM and the percolation
approach to the phase continuity form a good basis for
the predictive format for the creep of heterogeneous
polymer blends.
CONCLUSIONS
A previously proposed predictive format for the elastic, storage and loss moduli has been extended for the
time-dependent compliance D b (t ) of polymer blends.
The format employs a two-parameter equivalent box
model (EBM) and the data on the phase continuity of
components in blends obtained by using modified
equations of the percolation theory. The only input
data are the compliances D 1(t ) and D 2 (t ) and the
critical volume fractions v 1cr and v 2cr (delimiting the
interval of phase co-continuity in blends) of components. The time dependencies of D 1(t ), D 2 (t ) and D b (t )
within the linear stress-strain region have been fitted
by a simple empirical equation proposed earlier by
other authors. Applicability of the outlined format has
been verified for blends consisting of components with
markedly different viscoelastic properties, namely
rubber-toughened polypropylene and poly(styrene-coacrylonitrile). The proposed format predicts fairly well
the creep behavior of the mentioned blends over the
studied interval 0.1–10,000 minutes. Thus the EBM
and the percolation approach to the phase continuity
in polymer blends constitute a unique predictive format suitable for the creep of heterogeneous polymer
blends. The format is believed to allow the experimentalists to anticipate, at least semi-quantitatively, the
creep behavior of intended blends.
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