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Dynamic Mechanical Behavior of Particulates Filled Polypropylene
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2 o:dud 8% sew Zagd FFEAAN 374A gold &3l Tt perlite,
CaS0,, CaCO,Z Acrylic ac1d(AA)i ZHAE s F2FE HF5A 9 %"—?"3’1 HES
ZAbste] ®Sith § compositeo] HEHA 24 43 storage modulus: FH A 2))u] >
pp matrixT 22 WolH on] o]59] tand peakX = Ao A= A )u 7‘1?4>pp matrix &
o2t 10T ol ME olst W AL UehlAch 9 Fabg Eabe 0.1Hzol A
100Hz $joll 4] ztzte] &xof ule} storage modulusE =X 3l o8 W, L. F, & A<
A gale 2% W3l 2 z+z+o) master =43} shift factors}e] #AE plotdtsd

Abstract : An experimental study was carried out to investigate the dynamic mechanical
properties of three different particulates, perlite, CaSO, and CaCOQ, filled polypropylene
(pp) by Visocelastic Spectrometer. The storage modulus of acrylic acid (AA) treated particulates
filled pp was higher than that of untreated particulates filled pp, while value of tan ¢ peak
of the former was smaller than that of the latter at low temperature (below 10°C) and
inverse phenomenon was observed at high temperature. Frequency dispersion over frequency
range from 0.1Hz to 100Hz was measured at various temperature and master curve for
the storage modulus as a function of reduced frequency was plotted.
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Fig. 1. Storage modulus and loss tangent and temperature
of perlite filled CO-PP (30 wt%).
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Fig. 2. Storage modulus and loss tangent and temperature
of CaSO0, filled CO-PP (30 wt%).

]1_I T T T T T T -‘]
%\
T
S~
% 10r 4
g "
> O PP matrix .
134 B Untreated CaCO, \ s
w A Treated CaCO,(30wt%) Y w0
0 M o
o -
a S s 1—1
ST 7 —4—2
1 i i 1 l

o0 100
Temperature ()
Fig. 3. Storage modulus and loss tangent and temperature
of CaCO, filled CO-PP(30 wt %).

Polymer(Korea) Vol. 11, No. 5, October 1987



rl
0%
4
N
1}.1:
of
2
Ll
E
i
hu
[
2=
10
il
ok
JE{
re
_H

matrix®] tand gko] FHHE p
=
]

dse ¢ F A > tan ¢ 31o]
pp matrix 1M Hg ¢o2 HE& R FHE
o] Ex] w2 v REo Bzl 59| Lt

9|4t damping®] #AE SatmM ® A A7}
A Al | o] Frhe o
v REe| §x &Fo] p&Eo oS
o] AL HoFo] BFABAM AW F
84S vehle] Fx Aok add oA
tan ¢ matrix 2% B} filler 2AAIZ7F A
Ve Qe ole FHE Y matrxe] IR FE
ol 9§ Aoz Ao

0 (o]
’\___7).1’\_:

damping

¢

¥ oujxel ARt Mg Avk $e gg "ol
Ql=u) o] fillere] XAA o 2l3te A&
gtou} ARAgo] Ao, v A9 fillere]
Au Aol o dFgol vl AA YEd dw
oz AztEch ojgkre AL 2zt filler ¥
AE 2% 2e d4E vehla lew 12T
o] 4ol A= scattering QS UERRL U] o
olife] 2o ME HAol Bt AujAYS AlA}
& F Ak

Aoz

>

A BRI LS 240] B4 (isotropic)©]
g 7}A e o (5)A 3 7o) Ykl & Aok
Ec=E:(C, Ey, E4, Vp, Vi) (5)

o714 Ce FAANE AAE
o] 848, B A5 ©4g, Vot matrix?

&, Ep© matrix

poission’s ratio, V¢ F % E2| poisson’s ratio©]

=3
(5)4 e 2@gAsEe] S4E
2S¢ C, matrix €4& Ep,

Z}z} o] matrix 9}t

g0 FHAMEY MH
Z2AE9 248 E,

27289 poisson’s ratio Vp, V;

of sEabe AL Ve olth Ao @
yge wrudgz usd £ Jone (64
3} ol whare] & 4 ek,

E*=E*(C, E}, E¢, Vy, Vi)

Za|H A11Y 55 19874 108

E*=E/ _|_iE// (6)

Hzlol] 2lojA poissin’s ratior YWIHoZ E
F ez Jeh A oriHe A 4
sht}, EE tand¥E voigt modelS o] &-3HH

()23} o] vhehd & o

al
A
s

0\1

N

tand—=

(1—-C) tang¢
(1—-C)+C(E} / E;) +C(E3/ E{ )tan®dp  (7)

o] 7] 4] tan 5= polymer phasel] A 2] loss tangent
o], Ep¥ polymerd A edE, C= volume
fractiono| t},

Tgd olslll & Epe} E7F A9l ¥tha 7HY
33 tan®p(l olHd’ (7)42 (8)23 o] &
aY + ek

tan dc=(1—C) tan Jp (Ep—Ey) (8)
()4l olshd HgARe tande FEE A
© 2 matrix polymer? tan dpht} 3 A&
g Yrhgoz A At e BRI
Atk

1

o]

Ao gigdstd (9)4 7 ZAE
tan d.=tan dp 9

walA] Fig. 1~30149} 2o tan 0% %
Aste A% ey Axet sAch

Fig. 4~7-% pp matrix$} perlite, CaSO,, CaCO,
zhz}ell thate] xel @ olHe fillerd 30% A
s 74°ﬂ st A AetA-g E'9} tande] Fakg o
% Wste] wel vepd adolth A%
E'e ppmatrix$} vlxg 2 MHHFHA
243 A9 Ao neoz AFE A3}
Z7He W AsEtedrte Ae

7t 9

ol

A

oL

o ooy
oX,
o ml

i)
ol
&=

).
N

463



HERR

n 1
» ° ® o a0 o6 ° e 0
— 10p s ss:res tisl
5 & g s 1 ©
S s R
i : : :.-o . e oo g
o r . e 200 oo o *° -
. %
11} o
w0 -
e r
-9 amte e, — 171
* 3o ® 380 o
P o8 .3
astce ° $ e
., v ee LI
p Y * e .
»ce * . “c
v ., ‘..:‘. ..
8 N —2
| 0 1 2

Log freq. (Hz)

Fig. 4. Frequency dispersion of storage modulus
and loss tangent of PP matrix,

B 4 Atk o7)elA Fago] G2 AP HE
E'9] tﬂsi}i;— 7y 2oty AEo] FAStA F o
-2xe LY 4EES & 4 Uk =3
E'e] A71= pp matrixdll A wlHa] e £o8
F718t e FHES FRYEZE CaC04,{CaS0,
(perlite F2 2 F7}3taL Qlo] ol T 2%
A Ay Adet dAE 9l

&3 tan d= matrix polymer?l ZA-$- Fit7}
z71at42 Hzp 2L Z2AEAY F4S A
g, vjxg 2% 7ra stohrh 10Hzol A 58 o
Al Z7hek7] Al &batedch
gloja gutHo g Fagrt FUIEFE ©A
(elasticity) o] Z8A e A (viscosity) o]
okl Al UENIE A& Q) nE R 9] tande] Fi}

A N (o) =
F oJEAE

o] matrix polymer®]

B o] A RprE %“@%74191 B
Fsto) A tandgko] Z7F A& JERAA
HE ZA79] perlite, CaSO, CaC03° F 73
B gz diste] AP Eo Fab
& 2xE 3 Aas Ed=2 @434
, master curved ATt A7AM o] FAF
shift factor a;9] 2= 2&EA]S WLFAI Y
3 X¥E + Yrh

ki

[o

[e)

(o O{N'

i

J‘-J
>

o o N ox

464

2t 4]

1
] 1
—
@ 25°Ce #0888 &8 o e o ° ®
1 SRR REII
o @ o
of i aarae paner vt
< $Eg $ir s 33T 3370
S <
? [ =4
> <
2 -
&
u ¥
-
v
j 9 105°C 9 PO 1
0 Q2 S 0% 00 DU -
. v, e ¢ v,
NP LN AN 2
ey . . . . "
o 25°Cq e ce, .
Teeen L Y
DR R B 4
8 - _ . -2

Log freq. (Hz)

Fig. 5a. Frequency dispersion of storage modulus
and loss tangent of treated perliite filled

PP,
1 1
P —
BosRig 3eE 88 PRI ML 3 i3
5o se o0 » s oo o8 o ®e
o :s;:cl; ;“ 11 3 ¥ts se v
108 e T PR I
5 » eson :i::; '.!!. re °
~ s R e be ® ©
5 §
2 -
L 00
- o
g 3
LY ¢ 208" —C>
- QE ﬁﬁ'Co':.:. 90."’ '.‘4_1
¢ e ey, ¢ 0 %s 40 N
.
b
2°¢ A s ve 4 PR
LN .'."' °

Log freq. (Hz)

Fig. 5b. Frequency dispersion of storage modulus
and loss tangent of untreated perlite filled

PP.
_ “Cl(T"To)
log ar=-% "+, (10)
o 7)1 C,,C, = 7] 7 &% T, (reference temperature)

& 318 K°2Z & dio solth 21(10)o4

Polymer(Korea) Vol. 11, No. 5, October 1987



YATNY 33 Bexzdds) solsy Q7
n \ 1 1
. ee @ s
P . [ X4 ':: - * e --.o-: ::
4 : 11 11t : LR AL e
- IR 10§ Pif PEEGT it
T ! : ss 3l o : s 3y sz s oo
? 4 ‘© 5 L e a8 S Pec ee ° s
P c i +*
> 3 o, w
: I :
4] 9 1—1 %0 8 — 4_1
4 p :,,‘55»23:’131821523”3: .o, 5 [f: ,?.:‘::)os-ct‘.".“.’ ’..J
r ozs’c.:.." Pee e .,‘: * e, Yoo , [
ve te rrpdro sl e et e
|
8i_ N N —2 8 . L —2
=3 o 2 =1 [ 1 2
Log freq. (Hz) Log freq. (Hz)
Fig. 6a. Frequency dispersion of storage modulus Fig. 7a. Frequency dependency of storage modulus
and loss tangent of treated CaSO, filled and loss tangent of treated CaCO; filled
PP. PP,
1r 1 1 1
< b .e » e
P oruTosess 3z 1 ot
Sg gt ey @ty e : TEER
- 10§ :sé‘-gnl:: Ceee sl 10§ o
§ b tratitie eosee e Il L
E 4 HET T e © g b .o .
) = <
Iy - )
w o0 o
w0 S w
Q —>
9 . 105°C, “4— W9k el G,
SR SETERTIRTC T 50 R
L v, .. o, .. LIS .. L wee o0 . . R
e wCo o . ’.:' ° 8 o 20 ,:' .: LM
v . N : RN F 3 '} A3 ‘.
8 . _ BL__ _ _
-1 0 1 2 2 -1 0 1 2 2
Log freq. (Hz) Log freq. (Hz)
Fig. 6b. Frequency dispersion of storage modulus Fig. 7b. Frequency dependency of storage modulus
and loss tangent of untreated CaSO, filled and loss tangent of untreated CaCO; filled
PP. PP.
T~TeS t23t 3313 o]& Hoz Hahy, 1 . 1
w3 e webd - o) tfate] t(=—t )
log ar T—T,
1 _G 1 (p  plotsi 71€717k G/ Celn @l 1/Cr)

g ar Gt~ G, Qv Ha%e) AT oj@A shel AT ATk

E2|H A11d 455 19873 10€ 465



a#7]-

Table 1. Constant C, and C, of the W. L. F Equation
of the Reterence Temperature at 318°K
for Perlite Filled PP

Untreatment Treatment
Con- 1 109 | 20% | 20% | 10% | 20% | 30%
tent
C, 23.8 20.3 35.7 25.6 30.3 34.7
C, 1017 [ 117.3 11199 |109.7 | 1174 | 1233

Table 2. Constant C, and C, of the W. L. F Equation
of the Reference Temperature at 318°K
for CaSO, Filled PP

Untreatment Treatment
Con- yo% | 20% | 30% | 10% | 20% | 30%
tent
C, 192 16.6 14.7 34.2 276 22.7
C, 79.8 90.2 [111.8 1695 | 180.1 1953 |

Table 3. Constant C, and C, of the W. L. F Equation
of the Reference Temperature at 318°K
for CaCQ, Filled PP

Untreatment Treatment
Con-t 109 | 20% | 20% | 10% | 20% | 30%
tent
C, 15.6 22.7 13.8 21.7 20.8 18.7
C. 76.9 90.8 52.2 92.5 78.1 84.0

Table 1~33% o) Tg Zpzhol ZFAEo) o3t
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S AsHA dERda ok o] ref. 70T F2oll
Al pp A9 Adold 7|Adte= AR AtEHY
10 e R i =
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Fig. 9. Temperature dependency of shift factor for
composing the master storage modulus form
frequency dispersion of CaSO, filled PP.
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