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Abstract

Crystallization behavior in a number of blends and copolymers of nylons (polyamides) was investigated using time-resolved X-ray
scattering data obtained simultaneously in the small- and wide-angle regimes. The following samples studied were: nylon 6 homopolymers
(N6) of different molecular weights, copolymers of N6 and nylon 6,6 (N6/66), and blends of these with an amorphous nylon (N6I/T), which is
a 70:30 random copolymer of poly(hexamethylene isophthalamide) and poly(hexamethylene terephthalamide). Addition of comonomers and
blending with the NOI/T reduces the crystallinity of N6. Isothermal crystallization data obtained at several temperatures showed the expected
faster crystallization kinetics at higher degrees of supercooling. Comonomer units in the N6 backbone reduce the rate of crystallization.
NOUT affects the crystallization (lamellar growth) behavior of N6/N66: the rate is higher at temperatures above the T, of N6I/T (120 °C)
where the crystallization is nucleation-driven, and lower below the T, of N6I/T where it is growth-driven. Lamellar spacing decreases with an
increase in the degree of supercooling, and this decrease is smaller in the blends than in the homopolymer. Larger lamellar spacing in N6I/T
blends is due not to the insertion of N6I/T segments into the interlamellar regions but to an increase in the lamellar thickness. Blending seems
to change the morphology by affecting the crystallization behavior rather than by thermodynamic phase separation. Residual monomers,
which act as plasticizers, dramatically reduce the crystallization rate, whereas shear or similar mechanical history of the resin considerably

accelerate the crystallization rate. © 2002 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Nylons, or aliphatic polyamides, are widely used in many
applications as homopolymers, copolymers and blends.
Despite numerous studies on the synthesis and properties of
these polymers [1,2], there are only a few reports on the
fundamental behavior related to the crystallization behavior
at the lamellar level [3,4], and only one using time-resolved
X-ray diffraction/scattering methods to probe the structure
and morphology development simultaneously [5]. A study
of the crystallization behavior, and how this changes in
polymers with different formulations, thermal history, and
additives are not just of academic interest but of immense
practical value. Such data are necessary to calculate the
optimal molding parameters, e.g. time—temperature profiles
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during injection molding, for the various grades or types of
nylons, and for parts of various thickness and geometry.

In this paper we present our simultaneously obtained small-
angle X-ray scattering (SAXS) and wide-angle X-ray diffrac-
tion (WAXD) data as a part of our program to develop database
and to predict the polymer properties. We study nylon 6 (N6),
random copolymers of N6 and nylon 6,6 (N6,6) that is
identified as N6/66, and blends of N6/66 with an amorphous
aromatic nylon N6I/T, a random copolymer (70:30) of
poly(hexamethylene isophthalamide), 6I, and poly(hexa-
methylene terephthalamide), 6T. We report the crystallization
kinetics of these polymers and analyze the effect of the
comonomer (N66) and blend components (amorphous nylon,
N6I/T). We also analyze the effects of end groups, molecular
weight and processing history on the crystallization kinetics
as well as the change in the lamellar development.

2. Experimental

N6 homopolymer, and copolymers of N6 and N6,6
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Table 1

Description of the various polyamides used in this work

Extractables (wt%)

M., X 1000 g/mol M, /M, COOH/NH, (pmol/g) T (°C) T.. (°C) Remelt (°C)

FAV

Sample ID

Polymer composition
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Copolymers of nylon 6/6,6

90/10
90/10
85/15
85/15
85/15

1.09
1.12

0.25

148 195 4.9

195/198
195

47

120
140

90N6-a

4.55
0.19

51

90N6-b

156 196

197/196

195
195

31

85N6-a
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85N6-b

85N6-¢c

Blends

180/189

145

196
194

10%-N6l/T
20%-N61/T

85N6-a + 10% am nylon

179/189

138

85N6-a + 20% am nylon

(N6/66) at ratios of 90:10 (90N6) and 85:15 (85N6) were
used in this study. The blends studied were those of the
copolymer 85N6 and amorphous nylon (N6I/T; T, =
120 °C). The samples studied in this report and some of
their characteristics are given in Table 1. The five
homopolymers of N6 are labeled from N6-a to N6-e. N6-a
and N6-b were made from hydrolytic polymerization of
caprolactam at 260 °C. Molecular weight was controlled by
the reaction time and the water concentration. N6-c was
made by a similar non-terminated process as in N6-a and
N6-b, but was amine terminated by adding a controlled
amount of hexamethylene diamine (HMDA) in the initial
monomer mixture. The amount of HMDA determines the
molecular weight and the end groups composition. N6-d
was a film grade resin that was solid stated at 200—210 °C
from N6-b while constantly removing the water of
polycondensation. Molecular weight was controlled by the
time (typically 12—18 h) spent in the reactor. N6-e had the
same M,, as N6-d but was made from N6-b by chain
extension in an extruder using an organophosphate as a
catalyst for polycondensation. Both 85N6-a and -b were
made in a kettle and were similar in composition except that
85N6-a was leached with hot water to remove extractables,
and 85N6-b was not leached and hence did not have
associated thermal history. 85N6-c had a higher molecular
weight than -a and -b (about the same as 90N6-b) as a result
of chain-extension in an extruder. 90N6-a and -b were
polymerized similar to 85N6-b in a kettle, but 90N6-b had
higher M,, than 90N6-a because of longer reaction time.
N6I/6T is commercially available as Selar from Du Pont and
Grivory 21 from EMS chemie.

The characteristics of the samples listed in Table 1 were
determined as follows. Molecular weight distribution of the
polymers equivalent to the ones used here was analyzed
using gel permeation chromotography (GPC), and the
samples used in this study were characterized by relative
viscosity in formic acid, usually called the FAV. FAV is the
product of the flow time of a 11% polymer solution in 90%
formic acid and the viscometer constant. Amine end group
was determined by dissolving 2 g of the resin in 50 ml of
trifluoroethanol (TFE). The sample was titrated using 0.02N
p-toluenesulfonic acid in TFE. The end point was detected
using a glass pH electrode. Carboxyl end group was
determined by dissolving 2 g of the resin in 50 ml of benzyl
alcohol. It was necessary to reflux the benzyl alcohol for
about 30 min under a nitrogen blanket to completely
dissolve the nylon. The benzyl alcohol solution was titrated
while still warm using 0.02N sodium hydroxide in benzyl
alcohol. The end point was detected using a glass pH
electrode. Solvent blanks were also analyzed in both
instances. The melting point (7},) and the crystallization
temperature during cooling from the melt (7,.) obtained at
10 °C/min were determined from a DSC scan. Extractables
listed in Table 1 are the monomers (C1) and oligomers (C2—
C8) that were extracted with water at 115 °C and 1500 psi
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and analyzed using high performance liquid chromotogra-
phy (HPLC).

Simultaneous SAXS and WAXD data were collected by
first taking the polymer to a temperature above the
equilibrium melting temperature (73, 260 °C) and quench-
ing the melt to the desired crystallization temperature. The
data were obtained on the beam line X27C at the National
Synchrotron Light Source, Brookhaven National Labora-
tory. The wavelength (A) was 1.307 A. Both the SAXS and
WAXD data were collected using two separate linear
position sensitive detectors (EMBL). All the scans were
corrected for the background scattering and normalized for
the beam fluctuations. The measurements were carried out
over several sessions under slightly different instrumental
configurations. Typically, the sample-to-detector distance
was 220 mm for WAXD and 1560 mm for SAXS; the
evolution of the SAXS and WAXD traces as a function of
time was monitored by storing the frames every 10 s during
the initial stages and 60 s during the final stages.

SAXS data were analyzed using correlation and interface
distribution functions as described in detail for N6,6 in our
earlier paper [6], and was based on the work of Strobl and
Schneider [7]. Briefly, it is assumed that the scattering is due
to alternating layers of crystalline lamellae and interlamellar
amorphous regions, a two-phase model. The long-spacing L,
the distance between the lamellae is given by the position of
the first maximum in the correlation function. One of the
thicknesses (/;) of the two phases is determined by modeling
the portion of the correlation function before the first
minimum [8—10]. The second thickness (/,)is L — [;. On
the basis of other data such as WAXD, DSC and TEM, we
have been able to assign the larger of the /; and [/, values to
be the crystalline or lamellar thickness (I.). The linear
crystallinity calculated on the basis of /; and I, (100l./L)
represents the crystallinity of the lamellar stack. Typically
this is 60—80% and is much higher than the bulk crystal-
linity (15-30%) because a significant fraction of the
amorphous segments lie outside the lamellar stacks [11,
12]. The bulk crystallinity is determined by comparing the
area under the crystalline peak in the WAXD scans to the
total scattered intensity [13].

SANS data on the copolymers which were collected at
NIST on the 30 m beamline using a A of 5 Aand a sample-
to-detector distance of 13.18 m. The intensities were scaled
to absolute values using a water standard. Background
obtained from an empty sample holder was subtracted.
Radial intensity scans were generated by circular averaging
of the 2D data.

3. Results and discussion

Fig. 1 shows an example of the time-resolved simul-
taneous SAXS and WAXD profiles during isothermal
crystallization. Such plots show that, as in many other
polymers, the SAXS lamellar peak appear after some

induction time, and slightly before the wide-angle crystal-
line peaks. While the slow-cooled N6 crystallizes into the o
form, the crystallinity in the isothermally crystallized
samples of the homopolymers (as well as copolymers and
blends discussed in later sections) is mostly due to the -y
form of nylon and poorly defined/crystallized a form as
seen in Fig. 1(b). Thus, the quenching conditions appear to
dictate the final crystalline form.

For quantitatively characterizing the development of
morphological parameters in these samples, SAXS data
were analyzed using the correlation function method to
monitor the changes in the invariant (Q), the long period (L)
of the lamellar stacks, the lamellar (crystal) thickness (I.)
and the amorphous layer thickness (/,). The WAXD data
were analyzed to follow the increase in the mass degree of
crystallinity (X,., commonly referred to as crystallinity)
with time. The details about these methods can be found in
previous papers [8§—10].

Fig. 2 shows an example of the time evolution of SAXS
parameters corresponding to the sample used for Fig. 1. The
parameters we measured to characterize the crystallization
kinetics are the time f.; for the onset of crystallization
(induction time), time 7., for the completion of primary
crystallization from the invariant plots, and the final long-
spacing. The values of #.; and ¢, are large enough to be

Intensity (a.u.)

Intensity (a.u.)

10 1I5 20 25 30

Fig. 1. Example of the time resolved data during isothermal crystallization
of 85N6-a (85:15 of N6 and N6,6) at 130 °C. (a) SAXS (b) WAXD.
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Fig. 2. Evolution of the structural parameters in 85N6-a during isothermal
crystallization at 130 °C. (a) Lamellar structure as shown by lamellar
spacing L, crystal thickness /., the amorphous layer thickness, [, = L — [,
and the invariant Q. Also shown in the crystallinity as determined from the
WAXD data. Data obtained at 130 °C. (b) An example of the variation in
the two times 7.; and 7., with crystallization temperature.

easily measured, and is shown in Fig. 2(b) for the 85:15
copolymer of N6/N66. The increase in the invariant Q and
the crystallinity (X,,.) are in good agreement. The degree of
crystallinity in these samples is relatively low (<20%) and
increases slowly after the primary crystallization stage.
Also, the values of L and I.(= [;) decrease rapidly during the
primary crystallization stage (defined as the stage before the
time f.,), and then decrease slowly during the secondary
crystallization stage (after the time #.,). In contrast, the
amorphous layer thickness (I, = [,) shows little variation.
This phenomenon can be easily explained by the lamellar
stack insertion (dual lamellar stacks) model, which can be
found in our series of papers on the various semicrystalline
polymers such as poly(ether ether ketone), poly(butylene
terephthalate), poly(ethylene terephthalate) and N6,6
[14-17].

3.1. Homopolymers

The intent of studying the five homopolymers was to
understand what effect, if any, the variables such as
molecular weight, end groups and processing history have
on the crystallization kinetics of nylon. The five N6 resins
studied here identified as N6-a, -b, -c¢, -d and -e, have
different molecular weights, end-groups and processing
history as indicated in Table 1. Fig. 3(a) shows the variation
in the final long-spacing (L) as a function of degree of
supercooling for the various commercial grades of N6
homopolymers. Fig. 3(b) and (c) show the separation of this
long-spacing into its two components, the crystal thickness
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Fig. 3. Plot of (a) lamellar spacing, (b) crystal thickness, and (c) amorphous
layer thickness, as a function of crystallization temperature according to
Eq. (1).

and the amorphous layer thickness, respectively [14—17].
Only the changes in the crystal thickness with crystallization
temperature are accessible to thermodynamic analysis. A
simple crystallization theory predicts a straight line for the
plot of initial thickness of the chain folded lamellae, I, as a
function of degree of supercooling according to Eq. (1) [18].

L=Al+c/(T, —T.) (1)

where T, and 7. are melting and the crystallization
temperatures, respectively, and ¢ is a constant. This is
what we indeed see in Fig. 3(b), but only when we use
260 °C for the melting point. The generally accepted value
for the equilibrium melting point of N6 is in fact 260 °C
[19]. The changes in . (as well as L) as a function of
supercooling in N6-b and N6-e is different from the other
three resins. We do not understand why N6-b and N6-¢ are
different from the rest on the basis of the known
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Fig. 4. Dependence of the growth rate with crystallization temperature
according to Eq. (2). (a) Induction time f.; and (b) time to complete
crystallization f,.

characteristics of the resins (Table 1) such as the molecular
weight (also the equivalent and more commonly used
parameter FAV, the relative viscosity in formic acid), end-
group compositions and the extractables.

Fig. 4 shows the variation in the induction time (¢.;) and
time to reach the plateau (f.,) as a function of the degree of
supercooling for three resins with different molecular
weights, a fourth with a different end-group termination,
and a fifth with a very different process history. Magill
reported half times ranging from 10 s at 150 °C to 500 s at
200 °C [4]. These are comparable to the time for full
crystallization (f,, — t.;) values of 60 and 1200 s that we
measured using the SAXS invariant at these same
temperatures. These plots are used only to compare the
differences in the crystallization time of the various resins
and not to obtain any thermodynamic parameter. The
empirical expression used for the plots is

1/7=exp(—K/AT) (2

where 7 is either ¢, or f.;, K is a constant and AT is the
degree of supercooling (T% — T.), and is modeled after the
expression for crystal growth as described by Lauritzen and
Hoffman [20]. A plot of In(1/7) vs. 1/AT is expected to be a
straight line, as seen in Fig. 4. For the polar polymers, the
end groups and the molecular weight do not appear to play a
significant role. The one resin that has very different
behavior (N6-¢) illustrates the effect of the additional

processing step that involves shear during extrusion. The
high molecular weight N6-e resin (150 FAV) was made
from a lower (100 FAV) molecular weight resin by solid
state polymerization. As a result of the high shear rate that
this polymer experiences in the extruder, the polymer
retains some residual order even in the melt. These ordered
domains act as nucleation sites that accelerate the rate of
crystallization in this resin, i.e. reduces f.,. Thus, shear
history cannot be erased in the melt.

In addition to isothermal crystallization studies, it is
common to measure the temperature of crystallization
during cooling (7..) from the melt at a constant rate
(typically at 10 °C/min). Fig. 5 shows a plot of 7, (time to
complete crystallization) as a function of T... The
expectation that higher T,.. implies faster crystallization
was found to be valid only when crystallization occurs
above 180 °C (small degree of undercooling; e.g. AT = 60
and 80 °C), and not when crystallization occurs rapidly as
the polymer is quenched from the melt to temperatures
below 180 °C, i.e. AT > 80 °C.

3.2. Copolymers

We studied N6/N66 random copolymers with compo-
sitions of 90:10 (samples 90N6-a and -b) and 85:15 (85N6-
a, -b and -c). One variable in this group is obviously the
comonomer content. In addition, 85N6-b has significant
amount of extractables compared to -a—c and -c has a higher
molecular weight than -a or -b as a result of chain-extension
in an extruder. Fig. 6 shows the changes in the invariant with
time for the homopolymer and two of the copolymers. The
large increase in times #.; and 7., at 10% copolymer seen in
this plot was found to be due to the higher amount of
residual monomer content in this particular resin (Table 1).
Monomers are known to act as plasticizers and this
decreases the rate of crystallization. These times, #.; and
t.», are plotted in Fig. 7. Both 7., and ., are higher in the
presence of the comonomer. The increase in time for
complete crystallization (z.,) is also reflected in the larger
long-spacing in the sample with the plasticizer (Fig. 7(b)).
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Fig. 5. Correlation between the time for completion of crystallization under
isothermal conditions (7,) and temperature of crystallization upon cooling
(T,.) at the various undercoolings (T% — T,) as indicated in the figure. The
times at 60° supercooling is reduced by a factor of 5 for plotting purposes.
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Fig. 8 shows the variation in the long-spacing, crystal
thickness and the amorphous layer thickness with crystal-
lization temperature (7% = 225 °C; unpublished results). As
with homopolymers, the long-spacing increases with the
temperature of crystallization. This increase in the lamellar
spacing is mostly due to an increase in the crystal thickness;
the high chain mobility at high temperature favors
disentanglement and rearrangement of the chains, resulting
in the thicker lamellae. Similarity between the behavior of
the homopolymer and the copolymer indicates the minimal
disruption in the crystal growth characteristics due to the
presence of the comonomer.

The differences in the crystallization rates with the
degree of supercooling among the various copolymers are
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Fig. 8. Comparison of the lamellar spacing variations with crystallization
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compared with that of a homopolymer in Fig. 9 in the form
of aIn(1/7) vs. /AT plot (7 is induction time 7. or time to
reach the plateau ?.,). Again, as with homopolymers, the
resin with shear history (85N6-c) crystallizes faster than
other resins. Also note that although copolymers crystallize
at a lower temperature, when plotted as a function of degree
of undercooling, the rate of crystallization in copolymers is
faster than that in homopolymers. This could be because the
N66 segments crystallize earlier than N6 at a given
temperature, thereby increasing nucleation and the rate of
crystallization of N6 in the copolymer over the N6
homopolymer. WAXD data show that the crystals are
more disordered in copolymer than in homopolymers.
Neutron scattering measurements were carried out on a
random copolymer N6 and N66 by deuterating one of the
components to study the distribution of the two components
in the bulk of the sample. SANS data from the as
synthesized and annealed 50:50 deuterated N6/normal
N6,6 (not in Table 1) are shown in the form of a Porod
plot in Fig. 10. The polymer melts at 195 °C, crystallizes
from the melt during cooling (rate: 10 °C/min) at 151 °C,
and remelts at 182 and 192 °C upon reheating. The double
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melting peaks upon reheating are typical for many
polymers, especially nylons. These values suggest the
composition of 6:6,6 ratio in the copolymer to be about
75:25 [21]. Relative viscosity was 0.82 compared to 1.35 in
the commercial 85:15 N6:6,6 copolymer and 1.35 in the
equivalent N6 resin. The positive slope in the annealed
sample shows that large-scale inhomogeneities occur upon
annealing. However, DSC scans of the annealed specimens
were almost identical to that of the as-polymerized material,
the only difference being that the crystallization temperature
upon cooling from the melt was 153 instead of 151 °C. If the
comonomers are incorporated into the lamellae for kinetic
reasons, then after annealing or crystallization, there would
be a marked difference in the distribution of the comono-
mers in the crystalline and amorphous regions, and this
would be evident in the change in the melting and
recrystallization behavior. Absence of such a melting
point difference is consistent with the formation of eutectic
crystals in which one comonomer (N6,6) is not expected to
be included in the crystals of the other comonomer (N6).

The SANS data for the as-received sample suggest that
even though N66 segments are excluded from the N6
crystals, the N66 segments are uniformly distributed in the
amorphous N6 matrix both between the lamellae and
outside the lamellae in the as-polymerized sample. But,
inhomogeneities do occur upon annealing as seen by the
positive slope in the Porod plot. These inhomogeneities are
large-scale segregation of deuterated N6 and non-deuterated
N6,6 in the amorphous regions resulting from the enhance-
ment of N6 in the interlamellar regions. Thus, phase
separation of the N6- and N66-rich segments could occur in
the amorphous phase, between two amorphous domains,
one between the lamellae and the other outside the lamellar
stacks, without affecting the melting and crystallization
behavior of the N6 crystals.

3.3. Blends

It has been shown that amorphous aromatic and aliphatic
nylons are miscible [22-26]. However, there have been
reports of heterogeneities in these blend systems that are
likely due to the crystallization process. Here, we address
this issue by studying the kinetics of crystallization of the
crystallizable polymer (N6) in the presence of non-crystal-
lizable polymer (N6I/T). Fig. 11 shows the changes in the
crystallization time with blends of a 85:15 copolymer
(85N6) with 10 and 20% amorphous nylon; the samples are
labeled 10 and 20%-N6I/T, respectively. N6I/T stands for
the (70:30) random copolymer of poly(hexamethylene
isophthalamide), 61, and poly(hexamethylene terephthala-
mide), 6T. These miscible blends have a composition
dependent T, [27], and the data in Fig. 11 show the effect of
varying T.—T,. The crystallization temperatures upon
cooling from the melt at 10 °C/min for 85N6, 10 and
20%-N6I/T are 156, 145 and 138 °C, respectively. This
shows that blending with amorphous nylon retards the
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Fig. 11. Variation in the crystallization times at two crystallization
temperatures in N6/66 blended with amorphous nylon.

crystallization behavior of the copolymer 85N6 at low
crystallization temperatures (e.g. 140 °C). But at higher
temperatures (e.g. 160 °C), it accelerates the crystallization.
Such changes in the crystallization rates can account for the
differences in the crystallinities of the blend and the
homopolymer [27].

The changes in the crystallization rates can be under-
stood in terms of the two processes, nucleation and growth,
that determine the crystallization rates. The Turnbull—
Fischer expression for growth rate is [28]

In G =In G, — (AE"/kT,) — (AF" /kT.) (3)

where G is the spherulite growth rate, Gy a pre-exponential
factor, k the Boltzmann constant, T, the crystallization
temperature, AE” the free energy of activation for
transporting a chain segment from the melt to the crystalline
phase, and AF " is the free energy of formation of nucleus of
critical size. At high temperatures, when T, approaches T,
the nucleation term (—AF*/kT.) determines the crystal-
lization rate. It could be that in the presence of
non-crystallizable amorphous nylon segregation of the
crystallizable nylon in the melt is promoted. This local
ordering will aid the conformational rearrangements of the
crystallizable segments and enhance the rate of formation of
crystallites. At low temperatures, when T is far below T,
the transportation term (—AE"/kT,) is the overwhelming
factor, and the mobility of the polymer determines the
crystallization rate. Amorphous nylon, whose 7, is about
120 °C, probably impedes the diffusion of N6 chains and
thus increase the time to full crystallization. Increase in the
lamellar thickness and the long period (Fig. 12) could be a
consequence of the increase in the time to complete the
crystallization process.
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Fig. 12. Variation in the long-spacing as a function of degree of
supercooling in nylon blends.

Fig. 12 shows the changes in the long-spacing in blends
and the starting polymer at various crystallization tempera-
tures. The lamellar repeat in blends is larger than the host
polymer at large degrees of undercooling (lower crystal-
lization temperatures), and this difference disappears at
small degree of undercoolings (higher crystallization
temperatures). At first glance this increase in the lamellar
spacing appears to be due to insertion of the amorphous
nylon into interlamellar spaces. However, the data show that
the amorphous layer thickness does not change with the
addition of the amorphous nylon. This is consistent with the
results of Myers et al. [27]. While the amorphous phase
between the lamellae within the lamellar stacks is depleted
of the amorphous nylon segments, the amorphous nylon
expelled into the space outside the lamellar stacks forms a
homogeneous single phase with the amorphous N6/66
segments. We find that the increase in the lamellar spacing
is in fact due to the increase in the thickness of the lamellae.
The increase in the thickness of the lamellae is consistent
with the lower T, in the presence of amorphous nylon. The
crystallinity decreases with the increase of amorphous
content in the blends, a behavior similar to that seen
with increase in comonomer content (Fig. 13). Also, the
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Fig. 13. Variation in apparent crystallinity with (a) comonomer content in
the copolymer, (b) amorphous nylon content in the blend, both at a
crystallization temperature of 130°C, and (c) with temperature of
crystallization for 85N6 with 10% amorphous nylon.

crystallinity increases slightly with crystallization tempera-
ture (Fig. 13(c); 85N6 blends with 10% am.nylon). Our
results in essence show that, as speculated by Myers et al.
[27], the features that we see in the blend are not due to
large-scale thermodynamic phase separation, but is imposed
by the crystallization process.

4. Conclusions

We show that the changes in processing parameter have a
large effect on the crystallization behavior; e.g. shear and
thermal history of the polymer significantly accelerate the
crystallization rate. We have demonstrated that lactam
(monomer) acts as a plasticizer in inhibiting the crystal
growth and thus plays a role opposite to that of nucleating
agents which accelerate the crystallization kinetics. Como-
nomers have far greater effect than blends on the retardation
of the crystallization kinetics. Comonomers decrease the
rate of crystallization, whereas blending with amorphous

nylon retards or accelerates the crystallization depending on
the temperature crystallization in relation to the T, of the
amorphous nylon. Amorphous nylon appears to reside
outside the lamellar stacks.
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