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Specific Volume Measurements at High Cooling Rates for Semicrystalline Polymers
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Eindhoven University of Technology,
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Section Materials Technology,
P.O. Box 513, NL 5600 MB Eindhoven, the Netherlands

Introduction
In polymer processing the specific volume ν is the
key from processing characteristics to material prop-
erties. As ν of semicrystalline polymers is severly in-
fluenced by the crystallisation process in the polymer
during processing, it has to be related to pressure p,
temperature T , cooling rates Ṫ and ordered state of
the molecules (crystals) [2].

Objective
✷ Measuring and modelling the specific volume of

semicrystalline polymers at high cooling rates.

Methods
The specific volume ν is measured using the confin-
ing fluid technique [1] (fig.1, left). The maximum cool-
ing rate achieved approximates 60[K/s] (fig.1, right).
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Fig. 1 Basic outline of the setup (left) and measured
temperature(-gradient) (right).

Modelling the degree of crystallinity ξ is done using
Avrami-Schneiders rate equations [2] in which N is
the number of crystals and G the crystal growth rate.

−ln(1 − ξg) = φ0 , φi = G−1φ̇i−1 , φ3 = 8π N

A crystallinity dependent model for the specific vol-
ume is used, in which V∞ the maximum degree of
crystallinity:

	c = δ(1/νc)

δT
(T − Tre f ) , 	a = δ(1/νa)

δT
(T − Tre f )

1

ν
= ξg V∞

1

νc
(1 + 	c) + (1 − ξgV∞)

1

νa
(1 + 	a)

Materials
The material used is an isotactic polypropylene
(K2Xmod) with known number of spherulites N (fig.2,
left) and crystal growth rate G as a function of tem-
perature (fig.2, right).

20 40 60 80 100 120 140 160 180 200
1.5

2

2.5

3

3.5

4

4.5

5

5.5

6
x 10

15

N = −2.6087e13T + 6.5783e15

Temperature [C]

N
um

be
r

of
S

ph
er

ul
ite

s
[−

]

20 40 60 80 100 120 140 160 180 200
0

1

2

3

4

5

6

7

8

9
x 10

−6

G = 8.1 ∗ 10−6e−2(T −83.8)2)

1126.9

Temperature [C]

C
ry

st
al

gr
ow

th
ra

te
[m

s−1
]

Fig. 2 Data on the number of spherulites N (left) and crys-
tal growth rate G (right) of the iPP K2Xmod.

Results
Results show the very good correlation between ex-
periments ( • ) and simulations ( — ) (fig.3) at small
cooling rates. At high rates the correlation is good.
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Fig. 3 Results and used model parameters.

Discussion
Although the results at atmospheric pressure are
promising, high pressure measurements have to be
done to confirm this. The small deviation from the ex-
perimental data at high cooling rates can be a result
of a different crystal structure.

Conclusion
Modelling the crystallisation process accurately, re-
sults in accurate predictions for the specific volume.
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