. Influence of Crystallization and Filler Degrees
| TIVWS on Viscoelastic Properties of Rubber Compounds

wimerorewo sraaree Herbert W. MULLNER?, Silke KOCH**, André WIECZOREK**, Josef EBERHARDSTEINER*

MATERIALS AND STRUCTURES * Institute for Mechanics of Materials and Structures, Vienna University of Technology, Austria

** Semperit Technische Produkte Ges.m.b.H., Wimpassing im Schwarzatale, Austria

Overview Die Swell - Swell Value Measuring Unit

The dimensioning of injection heads for the extrusion of
rubber profiles is exclusively based on empiric knowledge
of the non-linear material flow behavior. Till now, the
geometry of the appropriate profile is achieved by empiric

For this investigation six rubber compounds were investigated,
. two different chemical conditions of EPDM, amorphous and
Wy crystalline, with three different filler degrees each (see Table).

adaptation of the extrusion die. This was one of the 5 e e [ rvi P g p———— ————
motivations for a research project concerning the visco- 5 SO TS S
elastic material behavior Of rubber Compounds These i igr molecular structure [] amorph. crystal. amorph. crystal. amorph. crystal.
dqf 4 i ol - T v+ [ME] 59.9 64.3 63.7 62.4 66.3 64.3
are usea for window sealings, pipeline constructions, ; 4 / Shore-grade [ShA] 67.0 78.0 64.0 76.0 59.0 72.0
bridge dilatations and various parts of cars. SO Cw _b’;_, < ;v.gl:-;,‘./‘ density [g/cm? | 1.294 1.298 1.209 1.214 1.098 1.104
h | - I filler degree [phr] high high average | average low low

The investigations were performed with various rubber
compounds used in industry, with amorphous and
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To investigate the viscoelastic behavior experiments

with a capillary-viscometer and a rubber process analyzer g |

were perfored. I addiion t the exitusion pressure Ko = =P+ Bl ¢ . swellvalue  The parameler of a caplary experimen,

experiments after the exit of the ca piIIary 0 pdOd pdg TO* D ... diameter of capillary die  length and diameter of the used capillary
P piiiary. B, =B,(L.D,T,u) =g+ + o0 &+ 0 L ... length of capillary die the melt temperature, and the

The investigations cover the discussion of three . . ! T .. melttemperature co:tre_?]p_(r)lﬁdmng shenatrhstrc?m rateli hﬁ]/ena

viscoelastic properties, the shear strain rate dependent W ... material parameter et MIUERLE OIS Sie SWEL Of o
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O 0w O TO*
viscosity function [1], the die swell phenomenon [2] and B, =B,(D.T.u) =1+ DD g §+ Tg
the dynamic moduli, i.e. storage and loss modulus [3]. 0 DO T

Newtonian fluids. With an empiric
relationship these influences on the die
swell phenomenon are investigated. The
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Elastic Moduli - Torsional Rheometry
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Rubber blends are shear-thinning. In order to G'(J,,J ml):i+ir(1+ m)w™ sl Jo=J, ... creep compliance
determine the viscosity of rubber experiments with o A A 2 m, ... exponent for nonlinear dashpot
a capillary-viscometer are required. The . J, M G' ... storage modulus
transformation of the experimental results into a G"(3,d,m) :Zr(“ m)w ™ SIHT G" ... loss modulus
B viscosity-shear strain rate correlation is done by
means of a material characterization by Mullner et : 2 -m m 1t -m, |2
= - T12adls . with A = 3% +23, 3,7 (1+m ) ™ cos—2— + (3, T (1+m )™ )
> al. [1]. For the description of this nonlinear correlation 0 01 ( ml) . ( ml)
z a power law is used, introducing two constants. For the experimental
z 1000 , , , w_ ... Investigation of rubber
The application of the power law allows identification | | | el . ... [= | compounds by torsional
of the influence of both, the crystallization degree R LA AR ol i | rheometry, the simplified
of the basic polymer and of the amount of used = 3 | | L O U BRI | Huet model reproduces the
filler material, on the shear-thinning properties of OO0 N ® otinn L i viscoelastic behavior
o the investigated rubber compounds. Using a double- = | | | 2 R satisfactory [3].
logarithmic plot for the viscosity function, a clear g0 3 o T e 5
T(y) = f'I(V)V with n(V)Z ky"™  trend for both properties is detected. Using EPDM g | 3 | s *[[1=80°cl N | Under consideration of two
with amorphous chemical structure, i.e. a low © 2000 [ 20 T =100°c| N\ ] material parameters, a clear
N dynamic viscosity crystallization degree, leads to a decrease of the § | § 100 1 = qpp°c|: t i\ trend for both properties is
Y ... shear strain rate consistency factor.ler content of the rubber % WwE0 | 2000 G000 4000 0 - ' 103 ' 10 detected. Using EPDM with
Kk consistency factor compound, i.e. an increase of the filler degree : an amorphous chemical
_ \ ) ’ : : ’ storage modulus G’ [k 5
n viscosity exponent yields a decrease of the viscosity exponent. g [kPel complex snear modulus G- [kPl - g¢rycture leads to an
Increase of the viscous
100000 ‘ ‘ ‘ 80 ‘ ‘ ‘ 0.45 ‘ ‘ ‘ '
3 1 EPDM A i —  |amorphous EPDM | i . amorphous EPDM _ 1000 prope rtie S of the
10000\ EPDM C '3870 crystalline EPDM — 040 - crystalline EPDM c | = _+—_ _FEPOMC| o= == correspondmg rubber
N e e T g (B e 4 e T\ e =, 800 SEEE— s N compound, i.e. to an
g XN = 5 0 N increase of the phase angle.
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(g : NS . : = : : : .
>0l e D S Scol L ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, N NN 8 w0l A NN el A the filler content of the rubber
g N o : g g | | | compound yields an increase
[ Sy NN R A T— — N N [ S SR SRR % | B ~of the viscous properties, I.€e.
= N ?O;Zﬁ?gggggm f an increase of both the loss
Y io 100 1600 10000 I | 3 | T | 3 | high ° g g g o g ; modulus and the phase
ow average 19 ow average 19 0 1000 2000 3000 4000 1 10 100 1000 10000 :
o . . angle, respectively.
shear strain rate Y [s 1] filler degree z[phr] filler degree z [phr] storage modulus G’ [kPa] complex shear modulus G [kPa] g P y




