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Correlation between anti-tiger-stripe effect of polypropylene and intrinsic viscosity of its rubber phase
LIU Aoxiang, HAO Chunbo, LIU Quanzhong, FAN Mingshuai, ZHENG Shusong, GUO Junwei, YAO Xiuchao, XIAO Dajun, LI
Chunhui, NING Xingyang
(North Huajin Chemical Industries Group Corporation, Panjin 124000, China)

Abstract : Tiger stripes are a common surface defect in large injection-molded polypropylene (PP) products. To address this
issue from the material source, copolymer PP with varying properties was first prepared using a pilot-scale setup, a series of PP
composites were then obtained by melt-blending it with high-flow PP, polyolefin elastomer (POE), talcum powder and additives. On
the basis of meeting the performance requirements for automotive bumpers, the relationship between the anti-tiger-stripe effect and
the properties of the self-made copolymer PPs of the PP composites was systematically investigated, and the key factors influencing
the anti-tiger-stripe effect were identified. The results indicate that the melt flow rate of the copolymer PP has a minor influence on
the anti-tiger-stripe effect, whereas the intrinsic viscosity of its rubber phase is the primary influencing factor. The higher the intrin-
sic viscosity of the PP rubber phase, the greater the extrusion expansion ratio, and the better the anti-tiger skin texture effect of the
composite material. The proposed mechanism is as follows: During the injection molding process, PP with a high rubber phase intrin-
sic viscosity endows the composite with higher melt elasticity,, which can provide a stable contact force, enabling the melt to flow
steadily over long distances within the mold cavity. Simultaneously, the rubber phase of high-viscosity PP and that of POE at the
mold edges exhibit better recovery and are less likely to form alternating bright and dark stripes. Consequently, the appearance of
tiger stripes is significantly delayed, and the severity of the defect is markedly reduced.

Keywords : tiger stripes ; polypropylene ; rubber phase ; intrinsic viscosity ; die swell ratio
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Tab.1 Macro properties of different PP

Properties HI9770 SP179 PPI1 PP2 PP3 PP4

Melt flow rate/[g (10 min) '] 61.0 27.6 30.7 60.4 62.0

Tensile strength/MPa 30.0 19.4 24.8 25.6 29.8 313

Flexural strength/MPa 41.5 25.4 322 33.1 41.8 429
Flexural modulus/MPa 1 600 900 1180 1300 1570 1620

Notched impact strength/(kJ+m?) 6.2 51.8 8.7 7.5 6.3 5.5

Heat distortion temperature/°C 112 79 79 114 114
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Tab.2 Mass fraction of components in PT1 to PT4 samples
%

B I 7

Formulations PT1 PT2 PT3 PT4
HI9770 50 50 50 50
PP1 10
PP2 10
PP3 10
PP4 10
SP179 5 5 5 5
POE 14 14 14 14
Talc 20 20 20 20
Black masterbatch 0.85 0.85 0.85 0.85
Antioxidant 1010 0.05 0.05 0.05 0.05
Antioxidant 168 0.1 0.1 0.1 0.1
H 145 119 PP A HERHEE 80 °CHLR T4 4 h s, filf
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Fig. 1 Spiral sample for evaluating tiger stripe
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Tab.3 Macro properties of PT1 to PT4 samples

Require-
Properties ments for PT1 PT2 PT3 PT4
car bumper
Melt flow rate/[g* (10 min) '] =30 31.9 32.1 33.5 34.0
Tensile strength/MPa =17 18.5 18.6 19.5 20.2
Flexural strength/MPa =25 30.0 30.3 32.0 324
Flexural modulus/MPa >1800 2100 2130 2200 2220

Notched impact strength/(kJ +m?) =25 31.3 309 303 2938
Heat distortion temperature/°C =100 102 102 104 104
1.04+£0.02 1.05 1.05 1.05 1.05
230 600 240 620

Density/(g*cm°)

Anti-tiger stripe value
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Tab.4 Microstructural parameters and macroscopic characteriza-

tion indicators of PP1 to PP4 samples

Properties PP1 PP2 PP3 PP4
XS/% 19.36 17.62 15.03 13.71
C, total/% 8.35 8.27 6.22 6.11
C, CF/% 3.23 2.38 2.97 2.06
C, SF/% 30.54 30.52 30.02 30.71
[n] total/(dL-g™") 1.77 2.28 1.55 1.98
[n] CE/dL-g™") 1.35 1.26 1.21 1.19
[n] SF/dL-g™") 3.16 7.26 3.58 6.71
M, 170 126 270 739 151913 211382
M, 21308 21991 20598 19383

PDI 7.98 12.31 7.37 10.90

Notes: XS is xylenes solube; C, total is total ethylene content; C,
CF is crystalline ethylene content; C, SF is soluble ethylene content; [7]
total is total intrinsic viscosity; [] CF is crystalline intrinsic viscosity;
[n] SF is soluble intrinsic viscosity; M, is weight-average molecular
weight; M is number-average molecular weight; PDI is molecular

weight distribution index.
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Fig. 3 GPC curves of PP1 to PP4 samples
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Fig. 4 Capillary rheological properties of PP1 to PP4 samples at 210 °C
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Tab.5 Capillary rheological properties of PP1 to PP4 samples

/ -1

Samples  Properties =
50 100 200 500 1000 2000
n/(Pats)  300.70 212.97 156.52 101.37 69.04 44.86

PP1  Die swell ratio 0.92 1.04 1.17 130 145 1.62
Diameter/cm uneven uneven 0.42  0.55 0.63 0.72

n/(Pa+s) 273.76 198.41 143.30 91.61 62.04 41.80
PP2  Die swell ratio 1.21 145 1.70 197 227 261
Diameter/cm uneven uneven 0.64 0.85 1.07 1.30

n/(Pa+s) 187.65 147.80 112.45 81.99 54.82 39.44
PP3 Dieswellratio 0.76 084 094 1.07 122 1.40
Diameter/cm uneven uneven 0.30 040 0.51 0.62

n/(Pa-s) 175.75 134.33 104.07 74.47 50.47 36.64
PP4  Dieswellratio 1.05 126 150 1.78 2.09 235

Diameter/cm uneven uneven 0.50 0.70 093 1.20

Notes: 7 is shear viscosity;y is shear rate.
PP4 ¥ ity 1Y) 5 U b B #6557 1710 3 58 (9 3 i i o
I, BT UIARRGAT A, 20 Ay B (%) (1 0 e 3t
FRAE . 3% g2 B T 40 5% 18] (%) FR B4R FH i 48 25 T8 1
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Fig. 5 Capillary rheological properties of PT1 to PT4 samples at 210 °C
PTAME i 2 B LR AR BL) B 1156 B2 - 55 U1 3 S8Rk
AR e BB R P AR R L S B RAE A
BE Y 55 U125 B P IR AE 3 5 R B 80P B O i
K=

BRI YR BT, {H PT1 & PT4 B A B H
J R Ak B AR JAEAE ] 0 25 S o AR TR Y B
YIBAR , PT2 F1 PT4 B9 55 ik K L Akl B AR
W T PTLAIPT3 B, i, 455 U424 2 000
s B, PT2 AT HH Ik R e AR L AR 43 0 R 1.66 F11
0.98 cm, PT4 f 43514 1.67 F110.97 cm; i PT1 43
B4 1.54 F10.92 em, PT3 19435124 1.52 #10.90 cm.
PT1 2 PT4 AR MHE H KR LAk AR AR Tk 4



U, 55 - REPTIRDULR B SO HAGBAR R P B A DIk 7

6 PTIZEPT4HREAETTTIEAE
Tab. 6 Capillary rheological properties of PT1 to PT4 samples

/ -1

Samples  Properties =
50 100 200 500 1000 2000
n/(Pars)  290.73 217.10 156.46 101.37 67.68 45.38

PT1  Dieswell ratio  0.99 1.07 1.15 126 139 154
Diameter/cm uneven uneven 0.57  0.68 0.80 0.92

n/(Pa+s) 287.75 216.21 154.57 99.20 66.82 44.55
PT2  Dieswell ratio 1.09 1.16 125 137 151 1.66
Diameter/cm uneven uneven 0.63 0.74 0.86 0.98

n/(Pa+s) 285.15 213.54 153.29 98.03 65.75 44.09
PT3  Dieswell ratio 0.97 1.05 1.13 124 137 152
Diameter/cm uneven uneven 0.56 0.66 0.78 0.90

n/(Pa-s) 283.98 212.55 152.06 97.16 64.93 43.18
PT4 Dieswell ratio 1.05 1.13 123 134 148 1.64

Diameter/cm uneven uneven 0.62  0.73 0.85 0.97
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Fig. 6 Schematic diagram of tiger stripe formation

W 6a 7, s IRAR AR 2 B2 PP i PT1 A
PT3 # i, ZARFF I Rl IB AL IS I R A B/ N7 g
1, PPAZ AT POE HYAR AR w45 A8 4 IR
PEY PP AR A LL =1 Z5 1 1) POE AR AR B Fir 1 A5 5
HPT A5 M A ) o 11 E L S i ) R L
PRSP U SR R s R B R0 4, 3 TR
HLRE AR Bl ) SR A W i AR E gl L
Rl TR 0 SR B 1 KR ) S iz e fk 0 s Bt
T SBBE B AN, A S B A BE T R A
(e A A AR R P S B f T iRV, 2 5 | R
E LN PERL R % I, DA IR B2 PP AR

FAAS T 152 I8 B £, T i %6 2 1) POE AR AR 5

T 101 52 I B I S, B I R T0] 1) 2% 80 B W0 K 1 e

20, R K SO IR B A B S 4, B R S B
WA 6b s , X T U I E AR ARG B2 PP 1Y PT2

FIPTAREN , SABFT A I IR A D S, = R

PP B AR Y45 A2 AR P LA A 3 PP AR BEAH ] i

Ul 583 5 AR MBS HLrp RS AR SZ 2 A0 BEL T W B

PSS %) T T AL AR A 1% v e T LA

SEALTEE B3 ) A R BE B R W 3 5 Ak,

SETRE B 2 10 2 A5 PP G AE I POE A4 I AR 1

by T N5 T8 W G 45 20, 1R K S0t I 0 B

PRES R AEAC , FE B SR B S 053

3 &g

ik VR B A TS RIPERER LR PP T R

GboE 1 PP G MEHIUR KBRS PP REZ (R

IOCER , BII T PPARAH AR R B S T 52 B 2

BRI B PR 2R, S DAk b ke 2 B S B 4 1 17

PSR . PPARBCAH AR R ROy | PU 1R B SR

G, SXIE N TETE SR AR b B R R RE R PP i

IS PORH A S A AT | REHR LRSI 1+ Ak

I3 AT ER S N BE B A e i3l ; TRl , 85 H

SR = 6 T PP AR S AH FI POE R ICAH & T 101 &2,

DA i B 5 A ] 25 5, DT S 25 #E 38 % e S8 7

A A RORCEDUR BERCR

% % 3k

[1] HOBBS S Y. The development of flow instabilities during the injec-
tion molding of multicomponent resins[J]. Polymer Engineering &
Science, 1996,36(11):1 4891 494,

(2] FAffd . PRIAT 3 9K R R 5 18 B So BB M AT 58 (00, vh 20K
2021,35(7):87-90.

WANG Weijian. Study on tiger stripe defect of bumper after natural
exposure[J]. China Plastics,2021,35(7):87-90.

[31 BRAHEE, EENS, B, 45 EIMB IR SRR R 1 4807

FATLB AR DX 2R 7], TR RLI L 2025, 53(3):146-152.
WEI Lixia, HUANG Runpeng, LAI Xinchang, et al. Formation
mechanism and influencing factors of whitening stripes in PP mate-
rials for automotive exterior[J]. Engineering Plastics Application,
2025,53(3):146-152.

[4] HIRANO K,SUETSUGU Y, KANAI T. Morphological analysis of
the tiger stripe on injection molding of polypropylene/ethylene-
propylene rubber/talc blends dependent on based polypropylene
design[J]. Journal of Applied Polymer Science, 2007, 104(1):
192-199.

[5] MAEDA S. Unusual tiger-striped flow mark patterns appeared in

injection moldings of polypropylene/talc compounds[J]. Nihon

Reoroji Gakkaishi,2017,45(5):269-275.



AR

2025 4F, 465 53 4,45 11 11

[6]

(7

(8]

[9]

[10]

(1]

[12]

W i, A, A SR PP TSR P S S AR B
X1, )AL T, 2024, 52(24):184-188,195.

LU Ming, YANG Bo, PENG Li, et al. Morphology and rheology
study on tiger-striped flow marks in injection molding of homo-
polypropylene[J]. Guangzhou Chemical Industry, 2024, 52(24):
184-188,195.

LUO G J,0U X L, PENG L, et al. Insights into the tiger stripe
phenomenon of polypropylene and its blend in injection molding
with a rapid heat exchange mold[J]. Journal of Applied Polymer
Science, 2024, 141(20). DOI:doi.org/10.1002/app.55374.
TANNUZZI G, RIGDAHL M. Rheological properties of elastomer-
modified polypropylene and their influence on the formation of
flow marks[J]. Journal of Applied Polymer Science, 2010, 118(1):
604-610.

A7, IR, 8652 RINIR S-S M RLR IR 85 1%
FYSRIR D). R T, 2022, 50(11):46-51.

FENG Yang, GONG Xiangzhuang, CAI Ying. Relationship

FRBLIIRE )

between the tiger stripe of polypropylene composites and the anti-
shear performance of the melt[J]. China Plastics Industry, 2022, 50
(11):46-51.
ZHU G D, XIONG D, DING J, et al. In-situ grafted POE for
reduction of flow marks on injection molding of PP[J]. Journal of
Applied Polymer Science, 2020, 137(40). DOI: 10.1002/
app.49206.
ZHU G D, LI Z X, SHANG J Q, et al. Flow mark defects reduc-
tion of injection-molded polypropylene by dynamically vulca-
nized polyolefin elastomer[J]. Polymer Engineering & Science,
2021,61(9):2 276-2 286.
PATHAM B,PAPWORTH P,JAYARAMAN K, et al. Flow marks
in injection molding of polypropylene and ethylene — propylene
elastomer blends: Analysis of morphology and rheology[J].

Journal of Applied Polymer Science,2005,96(2):423-434.

[13]

[14]

[15]

[16]

[17]

[18]

TERESC, Sk He  JBOM , 45 A JH o B T 20 s U sl s W 2R T
B AR KRBT 384Tl 2021, 49(3):54-58.
WANG Liwen, WENG Yonghua, ZHENG Shuai, et al. Prepara-
tion and surface optimization of thin-wall injection molded poly-
propylene composites with high flow and rigidity for automobiles
[J]. China Plastics Industry,2021,49(3):54-58.

K PRERAN B RAE 45 RS TSR T S5 B R ) 45
SVYERED]. TR, 2019,47(12):37-43.

YU Fei, CHEN liajie, LI Zhenhua, et al. Preparation and proper-
ties of polypropylene composites for automotive interiors[J]. Engi-
neering Plastics Application,2019,47(12):37-43.

KURODA S, MIZUTANI A, ITO H. Effect of talc size on surface
roughness and glossiness of polypropylene injection molding
application to automotive plastics[J]. Polymer Engineering &
Science,2020,60(1):132-139.

S, R, PRI VR IBE RINIR A AR R BT
EWFFE].) ML T, 2024,52(3):165-167.

WU lJianwei, HU Junlong, CHEN Yu. Influence of extrusion
process on flow mark of polypropylene composite for automobiles
[J]. Guangzhou Chemical Industry,2024,52(3):165-167.

JRHE MRS BT Moldflow 38T R 80 WL e SR R4 G T]
BERHAR,2019(5):37-41.

SU Qiaozhong, LIN Liang. Analysis of causes of “tiger mark”
and its solutions based on Moldflow[J]. Die and Mould Technol-
ogy,2019(5):37-41.

PR, Ty, B3N, 4F . Bl X SR PO KA S A
A BT R EIE (0], 5 4 72541, 2013, 44(10): 1 325~
1333.

YANG Jingjing, FANG Huagao, ZHANG Yagiong, et al. Studies
on influences of viscoelastic properties on melt extrusion of
carbon nanotubes-filled isotactic polypropylene composites[J].

Acta Polymerica Sinica,2013,44(10):1 325-1 333.



