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ABSTRACT: Tiger stripe of injection molding of polypro-
pylene (PP)/elastomer/talc blends was analyzed in terms of
the morphology of the dispersed phase comprising elasto-
mer components by using gloss and scanning electron mi-
croscopy (SEM). In addition, the contribution of the poly-
mer design of PP, i.e., industrial block-type grade consisting
of a homo-PP portion as the matrix and an ethylene propyl-
ene random copolymer portion as the domain is discussed.
Local gloss measurement of the injected specimen along
with the flow direction of the molten blends indicates a per-
iodic fluctuation repeating higher and lower degrees of
gloss, corresponding to the period of glossy and cloudy
portions of the tiger stripe, respectively. These local gloss

degrees are highly dependent on the morphologies of the
dispersed phases near the surface layer of the injected speci-
men. The gloss increases when the ratio long axis (L) and
diameter (D), L/D, of the dispersed phase are increased,
and the gloss decreases when the L/D is decreased. Increas-
ing the intrinsic viscosity of the ethylene-propylene rubber
portion of the PP is an effective design factor for restricting
the deformation against shear strain during injection pro-
cess by giving the dispersed phases high elasticity. � 2007
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INTRODUCTION

Polypropylene (PP) is one of the most widely used
plastics in the industrial field for objects, including
not only commodity equipment, packages, films, and
electrical and home appliances, but automotive appli-
cation as well.1,2 PP is easily modified by blending
elastomers and inorganic fillers to obtain higher per-
formance for impact strength, rigidity, and dimen-
sional stability, especially in automotive parts such as
bumper face and instrument panel garnish. Ethylene-
propylene rubber (EPR)3–5 and talc6 are commonly
used as compounded rubber and inorganic filler,
respectively. In general, injection molding method is
adopted to mold these parts for its good productivity
based on its relative short time spent during a mold-
ing cycle, as compared with other mold processing.

Incidentally, the striped flow mark, the so-called
‘‘tiger stripe,’’ is well known as a typical defect on
the surface of injection moldings of thermoplastics.
This defect is sometimes a major matter for usage of
PP/EPR/talc blends, i.e., into automotive parts for
which not only mechanical properties, but also
industrial design, are required qualities.7

To obtain the high performance in impact strength
and rigidity that are now required, it should be nec-
essary to blend >20 wt % rubber and talc, respec-
tively, to the PP/EPR/talc blends. It has been known
empirically that the tiger stripe becomes worse with
increasing content of both EPR and talc. Previous
studies8 have reported that both blending rubber
and talc make the stripe worse. Therefore, the tiger
stripe is apt to occur essentially on the injection
moldings comprising the blend for the high-perform-
ance requirement in impact strength and rigidity
with the addition of EPR and talc.

The tiger stripe discussed in the present study has
following features: (1) striped pattern occurring down
stream of the flow direction, and approximately perpen-
dicular to the direction; (2) striped pattern consisting of
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repeating glossy and cloudy parts by naked eye ob-
servation; and (3) repeated period of the stripe is
reversed on the opposite side. That is, the glossy
and cloudy parts on the noted side correspond to
the cloudy and glossy parts on the opposite side.

On the basis of these features, an unstable flow,
referred to in the present study as the ‘‘snake-like
flow,’’ model was proposed to estimate a mechanism
for origin of the tiger stripe.

This model is shown in Figure 1. In this model,
the molten resin flows stably at an early stage in the
injecting process with the formation of a well-known
fountain flow in which the flow front is symmetric
in the thickness direction. However, the position of
the symmetry center begins to fluctuate along the
thickness direction at a given point of the latter
stage. The result is a snake-like flow. The cause of
the induction is not clearly understood.

Experimental observation of the stripe induction
during the injection molding process was performed
using visualization methods for some thermoplastic
resins, for example, polystyrene (PS),9–11 high-density
polyethylene(HDPE),9,10 PP/EPR/talc blend,12 and poly-
carbonate (PC)/acrylonitrile-butadiene-styrene (ABS)
blend.13 Yokoi and Narita12 reported that the asym-
metrical fountain flow caused the induction of the
tiger stripe of PP/rubber/talc blends through the
visual observation by using the glass-inserted mold
method. Grillet et al.14 studied the induction of this
unstable flow by using two color injection molding
method and numerical analysis.

Patham et al.15 discussed the tiger stripe of PP/eth-
ylene a-olefin rubber blends in terms of morphology
and rheology. Although these investigators discussed
the effect of orientation of the rubber phase, the quan-
titative effect of the morphology on the stripe was not
shown sufficiently.

In the present study, quantitative analysis for me-
chanism of the tiger stripe was performed in the mor-
phology and polymer design of based PP, using gloss
and SEM. Consequently, a model for the stripe and
the design to improve its severity were proposed.

EXPERIMENTAL

Materials

To investigate the relationship between the tiger stripe
and polymer designs of based PP, the homo portion
of polypropylene and ethylene-propylene rubber por-
tion were varied. It is well known that these compo-
nents form a matrix and domain, respectively, in the
impact-type PP.

Polypropylenes (impact-type PP containing the rub-
ber portion) used in this study were polymerized by
the Zieglar–Natta catalyst. To confirm the influence of
the homo-PP portion, two series of molecular-weight
distribution (MWD) were prepared: a narrow MWD
and a wide MWD type having 5.5 and 11 as the ratio
weight-average molecular weight to number-average
one (Mw/Mn) of its homo-PP portion. J-950HP having
32 g/10 min of melt flow rate (ASTM D1238, MFR)
and 13 wt % of the ethylene-propylene rubber portion
(as XSP; see below) is a typical sample of the narrow
MWD series, and J-985H having 25 g/10 min of MFR
and 15 wt % of rubber portion is a sample for wide
MWD series, respectively. Both were manufactured
by Idemitsu Kosan Co., Ltd., Japan. Other PP samples
used were produced by autoclaves made of stainless
in laboratory scale to obtain varieties of polymer
design, such as MWD and content of rubber portion
(XSP) in the polypropylenes. The autoclaves used
were 5 L for the narrow MWD series in the gas phase
process and 2 L for both MWD series in the slurry
process, respectively.

The weight fraction of ethylene propylene rubber
portion was defined as a xylene soluble portion
(XSP) at room temperature. The ethylene-propylene-
diene-methylene rubber (EPDM) used was EP57P
manufactured by JSR Co. Ltd. Japan, 88 of Mooney
viscosity ML1þ4(1008C), 28 wt % propylene, and 15%
ethylidene norbornane (ENB). The talc used was
LMS-300 produced by Fuji Talc Co. Ltd., Japan.

Mixing, compounding, and injection molding
process for the blends

The formulation of the blends required that the total
amount of the rubber portion involving the XSP of
PP and blended EPR (i.e., the total rubber compo-
nent) was 30 wt %, and talc was the constant of
20 wt %. For instance, 57 wt % PP, 23 wt % EPDM,
and 20 wt % of talc were mixed for the blends in
which J-950HP (XSP: 13 wt %) was used before me-
chanical blending.

Figure 1 Schematic representations of concept for induc-
tion of tiger stripe on the basis of an unstable snake-like
flow. Upper: Snake-like flow occurred at downstream with
flow front fluctuation (center of fountain flow indicated by
arrow). Lower: pressure loss estimated as a trigger for the
unstable flow in this study.
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The blends were prepared using the 2FCM twin
screw compounding mixer manufactured by KOBE
Steel Ltd., Japan, set at 2008C of the barrel tempera-
ture, at 900 rpm of the screw speed. Productivity was
50 kg/h, 1000 ppm of antioxidant agent Irganox 1010
(Ciba Specialty Chemicals, Switzerland), and 3 parts
by weight of carbon black master pellet PPM-0127
(Toyo Ink Co. Ltd., Japan) were added to 100 parts
by weight of the blend to avoid thermal degradation
in the process and to obtain reliable data of its tiger
stripe on injected specimen by naked-eye judgment,
respectively. The blends were molded using the
IS200CN injection machine, manufactured by Toshiba
Machine Co., Ltd., Japan, whose clamping force was
200 ton, and at an injection condition of 2208C cylin-
der temperature, 3.5 s injection time. The specimen
shape used was a plate of 420-mm length, 100-mm
width, and 3-mm thickness, having an obstacle. These
specimens were exposed at trichloroethane (TCE)
vapor for 60 s to remove any low-molecular-weight
components from the surface before analysis.

Gloss measurement

Gloss measurement was basically performed to
ASTM D523 by adopting a 5-mm square window to
obtain regional gloss data at 25-mm points from the
side edge. The data were measured by 5-mm steps
along with the flow direction of the injected speci-
men of the blends.

Morphology observation and analysis

The morphology of the blends was examined with a
JEOL JSM 25SIII scanning electron microscope
(SEM). Sliced specimens of cross section were pre-
pared using a glass knife and etched with 608C
xylene for 5 s to remove the rubber component,
forming a dispersed phase in the blends before SEM
observation. The morphology of the dispersed phase
(rubber domain) was evaluated with the sizes of
long axis (L) and short axis (D), and the ratio L/D
used to describe the orientation of the domain. These
size data were evaluated from the shape data of
about 100 domains, to obtain a statistical significant
difference, and average values were adopted.

Die swell measurement

The die swell ratio was measured using the Capillo-
graph capillary rheometer manufactured by Toyo
Seiki Co., Ltd., of 40-mm length and a 1-mm-diame-
ter capillary. The strand of the molten blends was
extruded through the die at 2208C in set temperature
and at 1216 1/s apparent shear rate. The ratio of the
diameter of the solidified strand of the blends (ds)
and the capillary diameter (d0), ds/d0, were defined

as the die swell ratio used in this study. The ds/d0
was equal to ds, as d0 ¼ 1 mm.

RESULTS AND DISCUSSION

Quantitative evaluation of tiger stripe using
the gloss measurement

Figure 2 shows a typical tiger stripe of the PP/EPR/
talc blends. The severe striped pattern can easily be
observed with the naked eye. This stripe was formed
by alternation of a glossy (darkish) part and a
cloudy (whitish) part along the flow direction in the
downstream direction. It was also identified that the
repeated pattern was reversed on the other surface
of the specimen.

A schematic representation of the stripe is shown
in Figure 3. To evaluate the stripe quantitatively, the
regional gloss measurement along the flow direction
was examined.

Representative data of the regional gloss profile of
the blends are shown in Figure 4. A periodic fluctua-
tion pattern repeating the top and bottom of the
gloss was clearly detected. The positions of the top
and the bottom data agreed with the glossy parts
and cloudy parts obtained by naked-eye observation,
respectively. In addition, both pitches of the gloss
fluctuation and the tiger stripe also agreed. The simi-
lar results were obtained in other samples examined
in this study; therefore, the pattern of the tiger stripe
could be evaluated by this method.

The glossy gap DG was defined as the difference
between the top and the bottom values of the gloss
at the point 100 mm away from the end edge. In the
case of Figure 4, 1.3% point of DG was obtained.

In the case of DG, less than 0.4% point, the tiger
stripe was inconspicuous for naked-eye observation

Figure 2 Typical photograph of the tiger stripe occurred
on the downstream of the flow. The severe striped defect
could be easily observed by naked eye. (The part near the
flow end was expanded to be apt to detect by naked eye.)
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in the author’s experiment. The portions correspond-
ing to the each gloss degree were cut out of the
specimen for SEM observation.

Morphological analysis and the relationship
between rubber domain and tiger stripe

The pair of SEMs in Figure 5 correspond to the rep-
resentative pair of glossy and cloudy parts in the
tiger stripe. Numbers of dispersed phase were
observed in the photographs; however, their shape
shows a clear difference between the glossy and
cloudy parts. These dispersed phases could be
assigned to the rubber domain comprising mixtures
(i.e., the total rubber component) of the XSP of PP
and blended EPR; therefore, the difference provides
morphological information for the rubber domain.

It is noteworthy that the orientation of the dis-
persed phase was observed especially in the glossy
part, rather than in the cloudy part. It is well known
that shear strain during the injection molding pro-
vides the dispersed phase to be orientated along the

shear flow direction, and the degree of the orienta-
tion increases with increasing shear strain. Therefore,
the morphological differences in the rubbery phase
indicate that a different shear strain occurred in the
tiger stripe, and the glossy part was exposed in the
higher strain compared with the cloudy part,
although both parts were side by side in about
20 mm on the injection molding plate.

The relationship between the L/D and the regional
gloss degree is shown in Figure 6. Lower and higher
gloss data were observed in the lower and higher L/
D region, respectively.

In the experiments performed by us, but not
described in the present work, the dependence of
gloss on the rubber domain orientation was evaluated
in the specimen without the tiger stripe. The higher
oriented rubber domain controlled by its viscosity and
shear strain also provided higher gloss degree.

This relationship between gloss and rubber orien-
tation was retained even in the tiger stripe. In the
glossy part, the smooth surface having a large value
in the L/D of the oriented rubber domain can reflect
incident light smoothly. In contrast, in the cloudy
part, the light is scattered on the rough surface hav-
ing a lower value in the L/D. Therefore, the gloss
degrees can be observed higher and lower for glossy
and cloudy parts, respectively. Thus, it became clear
that the tiger stripe recognized macroscopically by
the naked eye was formed microscopically by the
morphological fluctuation of the dispersed phase.

The profile of the regional gloss degree dependent
on the L/D should be noted. The gradient shown in
Figure 6 was gentle in the low L/D region; however,
it became sharp with increased L/D of the dispersed
phase.

If the snake-like flow occurred during the injec-
tion process, the dispersed phases should be ex-
posed in the change of the shear strain along the

Figure 3 Schematics of tiger stripe occurring on an
injected specimen of PP/EPR/talc blends. Gloss profile
along the flow direction and the definition of DG were also
shown. The obstacle size was 10 mm length and 50 mm
width, and its center located on the position of 85 mm
from the gate and 50 mm from the side edge.

Figure 4 Regional gloss profile measured along the flow direction of a PP/EPE/talc blend used in this study. Left and
right sides correspond to gate and flow end, respectively.
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unstable flow front (Fig. 1), and then, the orienta-
tion L/D should be changed corresponding to the
shear strain.

To note this morphological change of the L/D as
D(L/D), the gloss gap DG is defined as the difference
corresponded to the D(L/D) on the relationship
shown in Figure 6.

As mentioned above, the severity of the tiger
stripe was described with DG. Therefore, to reduce
the severity, the DG should be decreased. The stripe
does not appear if DG ¼ 0.

Figure 6 indicates the principle. The gradient k
between DG and D(L/D) in Figure 6 is shown below:

k ¼ DG
DðL=DÞ (1)

The low value of k provides low DG to a given
D(L/D) derived from the orientation change during
the unstable flow, and this case can be obtained in the
lower L/D region. The gloss should then be lower.

Morphology control to improve the tiger
stripe by polymer design

To control the L/D, polymer designs for the based PP
were discussed in terms of the viscosity ratio rubber
portion as the dispersed phase and the homo-PP por-
tion as the matrix in the blends. It is preferable
ideally to adopt shear viscosity for discussion; how-
ever, the viscosity cannot be obtained easily. So the
intrinsic viscosity was adopted for the index.

The intrinsic viscosity [Z]total rubber is given as
equation (2) due to simple addition law;

½Z�total rubber ¼ fXSP½Z�XSP þ fEPR½Z�EPR (2)

where [Z]XSP and [Z]EPR are intrinsic viscosities of
the xylene soluble portion (XSP) and blended EPR,
respectively. In this study, [Z]XSP was varied within
the range of 2–7 dL/g. [Z]EPR was 1.9 dL/g of the

Figure 5 SEMs of morphologies of dispersed phase in depth near surface of a PP/EPR/blend used in this study; Glossy
part (a) and cloudy part (b). Scale bars are 10 mm. Orientation ratio L/D is defined.

Figure 6 Relationship between regional gloss on the
stripe and the L/D of dispersed phase.
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EP57P. Then fXSP and fEPR are volume fractions.
Actually, the weight fraction could be adopted
because of the same density 0.86 g/cm3 for both the
XSP and the EPR.

The effect of the ratio the total rubber portion
and the homo-PP in intrinsic viscosity is shown in
Figure 7. The intrinsic viscosity ratio [Z]total rubber/
[Z]homo-PP was plotted in the horizontal axis, where
[Z]total rubber was calculated using eq. (2), and [Z]homo-

PP is the intrinsic viscosity of homo-PP portion. The
gloss gap DG clearly decreased with increasing the ra-
tio. To obtain a lower DG, the ratio is required to
increase by controlling polymer designs: increase in
[Z]total rubber and/or decrease in [Z]homo-PP. These poly-
mer designs correspond to the increased dynamic vis-
cosity ratio between the domain and the matrix con-
sisting of a rubber portion and homo-PP portion,
respectively. As a result, shear strain to the domain
decreases by increasing this ratio because the domain
is difficult to be deformed. Therefore, orientation (L/
D) of the domain becomes lower. As mentioned above,
a lower L/D gives a lower DG due to the relationship
shown in Figure 6.

Induction distance of the tiger stripe

Some models for the induction distance of the stripe
have been proposed in previous studies.12,14,15 The
authors note that the contact force of the molten
blends to the mold wall is an important factor in
estimating the induction mechanism.

In an early stage during the injecting process, the
stable contact force performed normally to the mold

wall supports the fountain flow. The elasticity of the
molten blend (die swell ratio or normal stress) gives
the contact force. Reduction of this force in the latter
stage due to the poor elasticity of the inside pressure
reduction and the molten resin having poor elasticity
by nature, is apt to lose the force and to permit the
snake-like flow.

The die swell ratio obtained using the capillary
method was used for the index of the elasticity in this
study. The MWD of the homo-PP portion and the
intrinsic viscosity of XSP in the based PP controlled

Figure 7 Relationship between gloss gap DG and the ratio
of total rubber portion to homo-PP portion in their intrin-
sic viscosity.

Figure 8 Relationship between induction distance of the
stripe and die swelling ratio of the molten blends obtained
at a given condition.

Figure 9 Effect of molecular weight distribution of homo-
PP portion on the relationship between DG and the intrin-
sic viscosity ratio.
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varieties of the swell ratio. As expected, Figure 8
shows that the induction distance of the stripe
increased with increased die swell ratio (ds/d0). It was
reported that the wide MWD of the homo-PP is the
method used by Fujiyama et al.16 to obtain the large
value of the die swell ratio. Remarkably, the series of
wide MWD PP had both the large swell ratio and the
long induction distance. These results are similar to
those noted in the previous study reported by Ume-
tani et al.17 These investigators concluded that this
result could reduce the severity of the stripe.

Although the induction distance became apart from
the gate, the stripe occurred on the injection molding,
even though for the wide MWD. Moreover, the sever-
ity was not adequately improved by naked-eye obser-

vation. The gloss gap for the wide MWD series de-
pendent on the intrinsic viscosity ratio is shown in
Figure 9. The profile of DG for the wide MWD is
large compared with the profile for the narrow MWD
series observed in Figure 7. In addition, the DG for
the wide MWD series decreased until the point the
intrinsic viscosity ratio of 2.4; however, the gradient
was gentle for the region over 2.4 of the ratio.

Fujiyama et al.18 reported that the thickness of the
orientation zone increased with the increasing MWD
of the homo-PP in injection molding.

In the case of wide MWD, the high-molecular-
weight component of the homo-PP portion led to a
higher orientation not only of the PP matrix, but also
of the dispersed phase with forming high orientation
zone in the injected specimen of the blends. The
higher orientation of the dispersed phase provides a
higher gloss of the glossy part in the stripe. Conse-
quently, the DG increase.

The tiger stripe must occur on somewhere on the
real parts for automotive applications, even if the PP/
EPR/talc blends having a large value in the swell ratio
are designed and the induction distance moves down-
stream of the injection moldings, because the real
bumper required the flow length of ‡ 1000 mm from
the gate to the end. Therefore, the severity of the tiger
striping in the real molding should be controlled by
decreasing the gloss gap. The increase in the intrinsic
viscosity ratio between the rubber portion and the
homo-PP increases the induction distance in the nar-
row MWD system (Fig. 10).

CONCLUSIONS

This study discusses the tiger stripe that occurs on
the surface of injection moldings of the PP/EPR/
Talc blend in its morphology and the based PP
design (as shown below and summarized in Fig. 11):
(a) the periodic pattern and severity of the tiger

Figure 10 Relationship between the induction distance of
the stripe and the intrinsic viscosity ratio the total rubber
to homo-PP for the narrow MWD series.

Figure 11 Schematic drawing for the tiger stripe obtained in this study.
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stripe could be described using the profile of the re-
gional gloss and the gloss gap DG; and (2) the re-
gional gloss depended on the orientation of the dis-
persed phase comprising the rubber portion.

To improve the stripe required to decrease the
gloss gap DG that was achieved by increasing the
intrinsic viscosity ratio of the total rubber component
to the homo-PP: (1) the wide molecular weight dis-
tribution of homo-PP made the stripe conspicuous
and worse because of the higher orientation of the
dispersed phase in the high shear zone formed dur-
ing injection molding process; and (2) repeating the
orientation of the dispersed phase confirmed the
trace of the snake-like flow during the process.

The authors are grateful to Prime Polymer Co., Ltd., for
permitting us to publish this study. Mr. Masatoshi Toda is
acknowledged for kindly supplying most of the autoclave
PP for this study.
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