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shear thinning
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Boger fluid
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effect of MW
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log ng + constant
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effect of branching
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effect of filler

Viscosity, poise

3

IBLERLLY|

Composition of polypropylenc-talc system

o 4D wi % talc ¢ 20wt % talc
A 30wt %tale o 10w % tale
¥ Base material (5.0 melt

i ] 1

10° | o Typicos B Chear data
E for 040 wt % taic sysiems

1ot L -
103 L

¥ [ PRI PR TP BEPE R TTTT B il aad s
101 3 102 100! 100 1ot 102 108 108

Shear rate, s~!

o

=T F T 0777

Viscosily. poise

L

(specific chemical interactions)
Tule tiller {H) wi %)

Cilass filler (40 wt %)
yd (no specific interactions)

Polypropylenc buse materal

[ I T T

1 |

Hr

10 10

Shear rute, & 1

[



shear thickening
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effect

of temperature
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effect of pressure

apparentviscosity, Pa s
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G & G”
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relaxation modulus

10'? Glassy Rubbery : Terminal |
Zane 1 Zone 1 Zone
Gt ~ ,
Pa . !
| I
| I
T, | [
10 | Y |
| |
| |
4=l === = . || Rubbery plateau
|
| .\\
10° ' '
| |
| |
| |
| |
1 1
10
0.01 10 10* 107 10" 10"

time, s



Cox-Merz rule
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effect of MW
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copolymers
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block copolymer

log G, 1 +log G”, dyn/cm?

o d oo g d

G" T°C

o % T >aq g 4

17

— e e ——— A —— — e e E—— -

B

log arw, s




start-up of steady shear
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cessation of steady shear
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step strain

Linear viscoelastic limit

At small strains the

eXpe Il ment [im G(T, 3’[}) = G(f) relaxation modulus is
Y00 independent of strain.
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steady elongation

al viscosity
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Figure 6.64, p. 218

Start-up of

Kurzheck et al.; PP
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Trouton ratio
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time-temperature superposition

Material functions depend on g, A,

LL/ relaxation times

relaxation moduli
- #
- iy

2, A;are in turn functions of temperature and material properties

Theoretical result: in the linear-viscoelastic
regime, material functions are a function of
@/, rather than of @and A, individually.




*Relaxation times decrease strongly as temperature increases

*Moduli associated with relaxations are proportional to
absolute temperature; depend on density

Empirical observation: for many materials,
all the relaxation times and moduli have the
same functional dependence on temperature

A,(T)= Ad.a, (T)

‘_.v_i
temperature dependence of all
relaxation times

g.(T)= g;‘,Tp(T)

temperature dependence of all
moduli

Therefore if we plot reduced variables, we can suppress
all of the temperature dependence of the moduli.
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Plots of G,. G, versus ar@will therefore be independent of temperature.
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shift factor

Arrhenius equation

R

—AH / ] l ] found to be valid for
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