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Summary In dependence on crystallization conditions
three ranges with different crystal structure and hesat
of fusion were found by DSC,WAXS,and IR for unoriented
PA 6.6 samples of densities between 1.10 and ’I.’I7gc133:
Range T:np triclinic, pi=1.225 gem™2,AHL = 235 Jg~ .
Range II:aip triclinic,pcI=’l.’l65 gcx'ﬂ,3 AHI%Il='185 Jg .

Range III:Continuous variation from pc’AHP]’:I to ng,
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Al

conditions. The transition between ar and aII is

- £,=1.095 gcm-3 is independent of crystallizatim

probably due to changes of the chain conformation.

Introduction For many polymers a linear relationship

exists between the X-ray crystallinity LA (or the ex-
perimental heat of fusion AH*) and the specific vol-
ume v. Earlier measurements (1,2) revealed an unusual
behaviour of polysmide 6.6 (PA 6.6) which has now been
investigated by different experimental methods.

Experimental PA 6.6 samples of crystallinities be-

tween 0.05<wc<0.65 were crystallized from the melt,
the glassy state and dilute solutions by varying the
crystallization time tc and the crystallization tem-
perature TC.AH* was measured by a DuPont-Thermal-
Analyzer (DSC).The complete premelting is included in-
to the determination of the peak area. Transmission
wide angle X-ray measurements (WAXS) were performed
be means of a Philips diffractometer and the X-ray
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crystallinity calculated from the integrated amorphous
and crystalline intensities Fa and Fc of randomly ori-
ented samples by wc=Fc/(Fc+xFa)(3,4).After subtraction
of the amorphous halo the crystalline scattering is
decomposed into the (002),(100),and (010)/(110) peaks
using a DuPont-Curve-Resolver in order to determine
the accurate angular positions of these peaks. The
infra-red (IR) spectra of PA 6.6, measured by a Perkin
Elmer-Model 325, were decomposed by computer analysis.
The decomposition is necessary for correct determina-
tions of wave numbers and intensities. In this way
new absorptions were detected (598,660,714,922 and
938 cm_q). The densities of the samples were measured
by the floating method at 20 °¢ using CC14—n-heptane
mixtures. All measurements ware performed with care-
fully dried samples.

Results and discussion In Fig.1 w,, the intensity ¥/d

of the "crystalline" IR absorption at 936 cm—q, and
AH* are plotted versus specific volume v. Each of the
three experimental methods obviously reveals the same
kind of anomaly. The experimental results are arranged
upon two straight lines I and II which are connected
by a transition along curve III.

Range I represents PA 6.6 samples, which were crys-
tallized from the melt at Tc>220 oC,from the glass at
Tc>2OO °C or from dilute solution. Crystallization
from the glass at T <100 °C and from the melt for
t,<30 s at T <220 °C is represented by range II. All
the other crystallization conditions produce samples
within the transition range III. By extrapolation to
zero crystallinity (wC=F/d=AH*=O) va=0.9’15~_+O.002cm5g"’1
is obtained for the specific volume of amorphous PAG6H
from each of the three experimental methods. This
value is much lower than the hitherto accepted value

of 0.935 cm’g™ " (5).
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Fig.1: X-ray crystallinity w,, IR intensity F/& of
the 9%36 cm™ ' absorption, and experimental heat of fu-
sion AH* of PA 6.6 versus specific volume v at 20 °c.

o from glassy state @ from dilute solution
® from melt O in superheated Hy0 (180°¢)
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By extrapolation of line I in Fig.la to wc=1 the spe-
cific volume of the triclinic aI—crystal is found to
be v£=0.826t0.025 emPg™V.If the intensity of the"amor-
phous" 1148 cm~ ' absorption, plotted versus v, is ex-
trapolated to F/d=0, the same v, is obtained, which
nearly agrees with (5). The corresponding crystal den-
sity Pe —1 210+0.005 gem -3 is much lower than the com-
monly accepted Pe =1.24 gcm -3 (6). This discrepancy
partly results from the fact, that our samples of
range I contain small amounts of aII—crystals (see Dbe-
low), which have grown during quenching from TC.If this
fraction of a§I—crystals is taken into account (7),
pl-1.222 gen
tal density e -1 225 gcm -3 determined from the mean
square electron density fluctuation (7),but still is
lower than the value in (6).The remaining difference

is obtained, which agrees with the crys-

is not due to a lower order in our ot samples (Fig.2).

The linear extrapolation of line II in Fig.%a up to
_1 leads to the spec1flc volume VII—O 858+O.OOch.5g"/I
of the apj-crystal (p I, 165+0. 005 gem 5)

The angular positions 26 of the (100) and (010)/(110)
WAXS peaks and the angular difference A20,the changes
of which are thought to reflect changes in lateral or-
der, are plotted versus v in Fig.2a and 2b.Also these
two plots clearly show the regions I, II, and III.
Similar changes in the angular positions of these WAXS
peaks were reported at rising temperatures (8), which
recently were related to variations of the chain con-
formation (9). The angular position of the (002) peak,
which represents the longitudinal (c-axis) order,
exhibits similar variations (Fig.2c).

The main conclusions drawn from Fig.2 are the following:
i) The Ty crystal is triclinic,too,with lateral order
corresponding to A20a0.8 degr. and longitudinal order
corresponding to 29(002)~12.8 degr.
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Fig.2: Angular positions of the WAXS
peaks of PA 6.6 versus v at 20 °¢.

For symbols see Fig.1.

ii) The transition within region III is probably ac-
companied by a continuously varying chain conformation
which is also to be seen in the behaviour of the

938 cm'q IR absorption (7).

The heats of fusion of the ot and a1 crystal are
AMy=235 Jg~ snd AHLL=185 Jg~1(7).The crystallinity of
randomly oriented PA 6.6 samples can be determined by
WAXS in an unequivocal and reproducible manner regard-
less of v, whereas the calculation of crystallinity
from v or AH* is only possible if the samples belong
to range I or II. Samples belonging to range III under-
g0 a continuous variation of p, and AHy with crystal-
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I can be determi-

ned from the mean square electron density fluctuation
(7). The calculation of piII
(10,11) is only a very rough approximation, because
the constancy of the b- and c-axis lenght and of the
triclinic angles a, B, ¥, assumed for the calculations,

is not fulfilled, as is to be concluded from Fig.2.

lization conditions. The varying pg

from unit cell parameters

A detailed description and discussion of the presented
results will be published elsewhere (7).
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