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The paper is devoted to the preparation of copolyamides
from e-caprolactam with 6.1±24.5 wt% of the nylon salt
of adipic acid and 1-(2-aminoethyl)piperazine. Molecular
characteristics and thermal properties of the prepared
copolyamides have been studied.

Fibers from copolyamides and blend fibers containing
polyamide 6 and copolyamides have been prepared and
their properties have been evaluated. Modified fibers have
better electrical properties, higher sorption of water
vapour, lower orientation factor and tensile strength and
practically the same elongation at break in comparison
with non modified polyamide 6 fibers. Copyright  1999
John Wiley & Sons, Ltd.
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Polyamide (PA 6) fibers have many useful proper-
ties; however, some properties such as sorption of
water vapour and electrical properties do not meet

the requirements of customers. An improvement of
the above-mentioned properties can be achieved by
chemical or physical modification. The chemical
modification resides either in an introduction of the
new comonomer(s), group(s), atoms(s) into the
backbone chain of poly-e-caprolactam (CL) or in
grafting. The degree of substitution of CL or the
concentration of effective groups or atoms in
the chain influences the properties of the modified
PA 6.

The physical modification rests in the prepara-
tion of polymer blends consisting of PA 6 and an
additive. Both low-molecular weight or high-
molecular weight (polymer) compounds can be
used as additives. The advantage of macromole-
cular additives is their higher thermal stability in
the blended polymeric system. Low- and high-
molecular weight additives are used for the
preparation of the blended polymeric M/F (ma-
trix/fibrils) fibers, while for the preparation of S/S
(side/side) or S/C (sheath/core) fibers only poly-
meric additives are suitable.

The sorptive and electrical properties, such as a
function of the fiber surface, can be influenced
especially by the fibers having the S/C or M/F
geometry (with a sufficient concentration of an
additive in a sheath). In the case of M/F fibers a
dispersed additive can evoke some changes in the
crystallinity or in the molecular orientation.

Suitable polymeric additives (e.g. copolyamides
of CL) are able to change the properties of PA 6.
Copolyamides with a sufficient molecular weight
and crystallization ability are fiber-forming and
modified fibers can be formed by spinning. These
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copolyamides are also applicable as additives to
PA 6.

Direct spinning seems to be a simpler and more
efficient way to produce modified fibers. Blended
M/F fibers consisting of PA 6 and copolyamide
require the additional preparation of the blended
polymeric system but the resulting fibers can profit
from the changes in morphology or chain config-
urations.

Addition of an additive into PA 6 usually leads
to the deterioration of mechanical properties
(tensile strength, modulus) of the blend fibers.
The blends of PA 6, PA 66 (as a matrix) with
polyamides PA 12, PA 46, PA 610, PA 612 and their
spinning give blend fibers without any significant
transamidation during the processing. The addi-
tion of PA 46 (as a quickly crystallizing polymer)
causes the formation of more organized structures
with better mechanical properties [1].

Some types of copolyamides (especially the
ABA type) blended with the PA homopolymer can
increase the number of ªtie-moleculesº and posi-
tively influence the mechanical properties of the
resulting fibers [2].

Poly(ether-block-amide)s can form multiphase
systems that include a well-defined polyamide
crystalline phase, a polyamide amorphous phase
and a predominantly amorphous polyether phase.
Differential scanning calorimetry (DSC) data sug-
gest the existence of polyether-based crystallites. X-
ray diffraction (XRD) measurements indicate that a
polyether crystalline phase is a minor component
or that the crystallites are poorly defined in
comparison with the homopolymer [3].

Polymers and copolymers containing oxy-
gen atoms [4±7] or SO2 groups [8] are very
hygroscopic, even soluble in water. Polyamide-
imideazoline (with NH groups and N
atoms) is also water soluble [9]. It has been report-
ed that many polyamides containing the deriva-
tives of piperazine and piperidine are character-
ized by higher sorption of water (vapour) than
PA 6 [10±17].

Introduction of a copolymer containing some
derivatives of piperazine into polypropylene fibers
increases the absorption of water vapor and dye-
stuffs and improves electrical properties of the
blend fibers [18, 19].

Binary copolyamides from CL and a nylon salt
of adipic acid and 1-(2-amino-ethyl)piperazine or
of adipic acid and 1,4-bis(3-aminopropyl)pipera-
zine have the character of crystalline block copoly-
mers with long segments of CL units. Mutual
interactions between the macromolecules of PA 6
and the copolyamide in blends were ascertained
[20].

This paper deals with the preparation of
copolyamides from CL, adipic acid and a deriva-
tive of piperazine. These copolyamides were then
blended with PA 6 and fibers were spun. Molecular
characteristics and thermal behavior of copolya-
mides have been studied. The electrical properties,
hydrophilicity, orientation factor and mechanical
properties of fibers have been evaluated.
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Preparation of Copolyamides and their Properties

Copolyamides from CL and a nylon salt of adipic
acid and 1-(2-aminoethyl)piperazine (AN2) were
prepared by the poly(addition±condensation) reac-
tion proceeding in melt in the N2 atmosphere. The
powdered CL and AN2 mixture was heated in the
glass apparatus immersed in the thermostatted oil
bath. During the first 10min the temperature was
raised so that the nylon salt melted and homo-
genized in the molten CL. A short time later the
polyreaction started (evaporation and condensa-
tion of reaction water) and the viscosity of the melt
was gradually increased with time to the tempera-
ture of 270±280°C at the end of the reaction time.
The copolyamide was poured in the cylindrical
form onto the metallic plate and cut into granules.

Copolyamides were designated by the concen-
tration c of the nylon salt AN2 in the mixture at the
beginning of the polyreaction:

KOPA 6.1±93.9 wt% of CL and 6.1 wt% of AN2,
reaction time 3hr;

KOPA 9.6±90.4 wt% of CL and 9.6 wt% of AN2,
reaction time 2hr;

KOPA 14.0±86.0 wt% of CL and 14.0 wt% of
AN2, reaction time 2hr;

KOPA 20.2±79.8 wt% of CL and 20.2 wt% of
AN2, reaction time 2hr;

KOPA 24.5±74.5 wt% of CL and 24.5 wt% of
AN2, reaction time 2hr.

The granules were extracted in boiling water in
order to remove low-molecular compounds (LMC)
as follows:

(a) 2� 1hr, the polymer/water ratio equal to
1g/100ml±samples for the determination of
the properties of copolyamides

(b) 1� 2hr, the polymer/water ratio equal to
1g/10ml±for the preparation of blend ®-
bers.

The copolyamides extracted were dried out at
105°C in a vacuum oven and stored in a desiccator.
The amount of LMC was determined from the
difference of weights before and after extraction.

Both �r and intrinsic viscosity [�] values were
determined viscosimetrically in a solution of
H2SO4; p.a. at 25°C:

�r = t/t0 for c1 = 1g of polymer/100ml of the
solvent of H2SO4

[�]1±graphically from the dependence �sp/
c = f(c)

[�]2±for c2 = 0.41g of polymer/100ml of H2SO4

[�]3±for c3 = 0.51g of polymer/100ml of H2SO4,
both according to the equation:

��� � 2=c6��t=t0�
1
2 ÿ 1�

Copyright  1999 John Wiley & Sons, Ltd. Polym. Adv. Technol., 10, 179±186 (1999)

180 / KrisÏto®cÏ et al.



when t = flow time of the polymer solution and
t0 = flow time of the pure solvent, c6 = concentra-
tion of polymer in the solution.

The thermal characteristics of PA 6 and copo-
lyamides were estimated by the differential ther-
mal analysis (DTA) method using a Derivatograph
Q-1500D (MOM Budapest, Hungary). The melting
temperature (Tm), weight loss of the sample at
certain temperatures (Dm; 100°C, 200°C, 300°C),
and the beginning andmaximum of decomposition
(BD and MD, both as temperature/weight loss)
were read from a relevant DTA curve. The
characteristics of properties and the thermal beha-
vior of PA 6 and copolyamides are indicated in
Table 1.

With regard to the structure and composition of
copolyamides, the dependence of nitrogen content
on the amount of AN2 was calculated. Using this
dependence and the nitrogen concentration (c4)
determined by an elemental CHNS-O EA 1108
analyzer (Carlo Erba, Milano, Italy) the real con-
centration of the nylon salt AN2 (c5) in the
copolyamide was determined (Table 2).

Preparation of Fibers

The dried copolyamides were used for the pre-
paration of fibers from pure copolyamides and for
the blend granules as well. The mixture consisting
of 50 wt% of PA 6 and 50 wt% of copolyamide was
melted in a single-screw ribbon extruder at the
temperature of zones T1 = 215±225°C, T2 = 215±
230°C and T3 = 240±245°C. The blend ribbon was
cooled in the cold water and cut into granules. The
air-dried blend was finally vacuum-dried at 105°C

TABLE 1. Properties and Thermal Characteristics of PA 6 and Copolyamides KOPA

Property PA 6 KOPA 6.1 KOPA 9.6 KOPA 14.0 KOPA 20.2 KOPA 24.5

[�]1 (ml/g) 92.0 72.0 79.0 81.0 82.0 85.0
[�]2 (ml/g) 99.0 73.3 78.1 82.9 81.0 84.8
[�]3 (ml/g) 97.5 73.2 77.0 83.0 87.4 84.1
�r 2.88 2.18 2.11 2.07 2.20 2.34
LMC (wt %)a ± 15.4 15.1 9.9 9.8 8.2
LMC (wt %)b ± 16.4 14.9 11.9 14.8 9.0
Tm (°C) 223 210 206 198 182 178
Dm100 (wt %) 0.0 0.0 0.0 0.0 1.5 1.0
Dm200 (wt %) 1.0 1.0 1.0 1.5 2.5 1.5
Dm300 (wt %) 1.5 2.0 2.0 2.5 3.5 3.0
BD (°C/wt %) 314/2 350/3 345/3 343/4 330/4 340/3
MD (°C/wt %) 446/62 430/62 442/63 430/52 426/52 405/40

TABLE 2. Composition of PA 6 and Copolyamides KOPA

Property PA 6 KOPA 6.1 KOPA 9.6 KOPA 14.0 KOPA 20.2 KOPA 24.5

c4 (wt %) 12.382 12.668 13.913 13.103 13.575 13.638
c5 (wt %) 0.2 5.6 10.3 14.4 19.7 24.3
c (wt %) 0 6.1 9.6 14.0 20.2 24.5

TABLE 3. Electrostatic Properties of the Fibers of PA 6,
Copolyamides and Blended Fibers

Polymer (wt %) Umax (V) t1/2 (sec) t0V (sec)

PA 6 460 6.1 30

KOPA 6.1
10 390 5.3 15
20 380 3.3 20
50 350 2.8 10

100 260 1.7 5

KOPA 9.6
10 380 6.1 20
20 340 4.6 10
50 385 2.0 35

100 220 1.2 5

KOPA 14.0
10 380 3.2 10
20 240 1.7 5
50 365 1.7 35

100 ± ± ±

KOPA 20.2
10 320 3.5 10
20 220 1.3 5
50 120 1.3 3

100 ± ± ±

KOPA 24.5
10 300 3.1 10
20 200 1.3 5
50 100 1.2 3

100 ± ± ±
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and used for spinning. The blends containing 10
wt% and 20 wt% of copolyamide were prepared by
mixing the PA 6 with the 50 wt% concentrate of
copolyamide immediately before spinning.

The spinning of blends was performed on the
laboratory model equipment at the temperatures of
its three zones T = T = T = 250°C (13 fibrils) with
and without a lubricant.

After spinning, the fibres were drawn
(T4 = 120°C) to the drawing ratio �1 = 3.0 (both
lubricated and nonlubricated fibers), �2 = 4.0 and
�3 = 4.8 (only lubricated fibers), respectively.

Evaluation of the Fibers' Properties

The electrical properties of nonlubricated fibers
(�1 = 3.0) were measured by a Polystat 1. The fiber
sample with a surface of about 1±1.4cm2 was
charged up to the maximum potential (Umax) and
simultaneously the time of achieving the zero
potential (t0V) was recorded. From this dependence
it was possible to obtain the half-time of dischar-
ging t1/2. Results are shown in Table 3.

The fibers' hydrophilicity was evaluated grav-
imetrically at the temperature T5 = 21.7°C and at
the 65% relative humidity using lubricated fibres
with a drawing ratio �1 = 3.0. The results are listed
in Table 4.

The fibers' orientation factor f was calculated
according to the equation:

f � 1ÿ C2
n=C

2

where Cn is the speed of sound in the absolutely
nonoriented fiber being equal to 1.25� 103 m/sec
and C is the speed of sound in the fiber measured
by a PPM-5 DynamicModulus Tester PPM-5 (H.M.
Morgan Co. Inc., Norwood, USA). The results are
indicated in Table. 5.

Both the tensile strength and elongation values
of lubricated fibers were obtained using the
apparatus Instron 1112. They are listed in Table 6.
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The preparation of copolyamides is a simple and
quick process. The copolyamide with the lowest
content of the nylon salt AN2 was prepared within
3hr. The nylon salt as a catalyst is characterized by
a rather high reaction rate and the small amount
enables the poly(addition±condensation) reaction
to proceed much faster than in the case of pure CL.
Moreover, at the end of the preparation, the
viscosity of the molten copolyamide was so high
that it was very difficult to empty the glass
apparatus. The preparation of the other copolya-
mides took about 2hr without a substantial
decrease of the molecular weight.

Owing to an asymmetrical structure of 1-(2-
aminoethyl)piperazine the copolyamide chain
structure is irregular and contains various seg-
ments. This can be seen in the following structural
formulas:

TABLE 4. Sorption of Water Vapor by the Fibers of PA 6, Copolyamides and Blended Fibers

Sorption of water vapor (wt.%)

Polymer 0 (PA 6) 10 20 50 100

KOPA 6.1 4.36 4.51 4.58 4.59 4.92
KOPA 9.6 4.36 4.47 4.69 4.77 5.60
KOPA 14.0 4.36 4.55 4.84 5.48 5.96
KOPA 20.2 4.36 4.68 4.80 5.55 6.70
KOPA 24.5 4.36 4.77 4.98 5.76 ±

TABLE 5. Orientation Factor of the Fibers of PA 6, Copolyamides and Blended Fibers

Orientation factor

Polymer 0 (PA 6) 10 20 50 100

KOPA 6.1 0.60 0.59 0.54 0.53 0.45
KOPA 9.6 0.60 0.57 0.53 0.50 0.46
KOPA 14.0 0.60 0.58 0.50 0.45 0.46
KOPA 20.2 0.60 0.58 0.49 0.43 0.44
KOPA 24.5 0.60 0.59 0.47 0.40 ±
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The block character of copolyamides [20] is
supported also by the fact that the mechanisms of
the polycondensation reaction of nylon salt and
that of the polyaddition reaction of CL are different.
The change of both mechanisms (during the macro-
molecular growth) does not occur often enough to
prepare random copolymers, even in the case of the
relatively low amount of the nylon salt.

All copolyamides have a high molecular weight
which is slightly lower in comparison with PA 6
(characterized by the values of [�] and �r- Table 1).

All synthesized samples exhibited a high
transparency and homogeneity in the molten state.
While PA 6 is colorless, the copolymer samples are
yellowish and their colour intensity increases with
the amount of the nylon salt AN2 contained in the
copolyamide.

The amount of low-molecular compounds
(LMC) depends on the way of their extraction and
is higher (except for the KOPA with 24.5 wt% of
AN2) than that for PA 6. The melting temperature
Tm gradually decreases as the amount of the nylon
salt AN2 increases.

The thermal characteristics of copolyamides are
comparable with those of PA 6. They reveal that
even the beginning of the decomposition, BD, of all
copolyamides is shifted to higher temperatures and
that the amount of the decomposed copolyamides
is only a little higher.

A comparison between the concentration of the
nylon salt AN2 (c) adjusted before the polyreaction
and the actual concentration of AN2 in the
prepared copolyamides (c5) shows a good agree-
ment.

For the spinning of all types of fibers the same
temperatures, throughput of material, rate of
spinning and cooling were applied. Both the lower
values of Tm and the speed of solidification meant
that some fibers, especially those of copolyamides,
such as KOPA 14.0 (nonlubricated) and KOPA 24.5
wt% of AN2, were not spun and others could not be
drawn to the higher of the drawing ratio values.
From the values of molecular characteristics it is
obvious that the other spinning conditions can
provide the preparation of those fibers and their
better behavior during the drawing process.

For the evaluation of electrical properties the
three values Umax, t1/2 and t0V were determined.
All these values must be taken into consideration to
obtain a real view of the behavior of fibers in this
domain. A general tendency is that the higher the
amount of copolyamide in the blend fibers and the
higher the content of the nylon salt AN2 in the
copolyamide the more improved are the electrical
characteristics (Table 3).

The hydrophilicity of modified fibers is posi-
tively influenced by an introduction of the co-
polyamide with a lower crystallinity and with

TABLE 6. Tensile Strength and Elongation of the Fibers of PA 6, Copolyamides and Blended Fibers

Property �1 = 3 �2 = 4 �3 = 4.8

Polymer
(wt.%) Tdt (dtex)

TS1
(cN/dtex) E1 (%) Tdt (dtex)

TS2
(cN/dtex) E2 (%) Tdt (dtex)

TS3
(cN/dtex) E3 (%)

PA 6 330 2.52 70 246 4.02 26 207 5.73 23
KOPA 6.1

10 326 2.54 74 238 4.04 28 204 5.28 20
20 337 2.37 72 242 4.00 35 205 5.43 23
50 338 2.13 80 243 3.85 31 216 5.07 23

100 337 1.72 88 247 3.10 32 ± (4.0) ±
KOPA 9.6

10 331 2.50 88 243 3.90 32 204 5.32 23
20 340 2.18 72 245 3.97 34 206 5.36 24
50 341 1.99 77 247 3.45 33 208 4.73 21

100 313 1.52 86 245 2.59 37 ± (3.5) ±
KOPA 14.0

10 329 2.44 71 245 3.80 31 206 5.16 23
20 338 2.29 80 244 3.94 33 208 5.38 22
50 335 ± ± ± ± ± ± ± ±

100 337 1.47 79 248 2.78 34 ± (3.5) ±
KOPA 20.2

10 328 2.41 75 235 3.83 29 205 4.98 12
20 337 2.23 79 246 3.86 35 211 5.01 24
50 346 1.92 83 243 3.28 28 206 4.63 23

100 353 1.39 70 ± ± ± ± (3.2) ±
KOPA 24.5

10 327 2.40 77 237 3.98 34 208 4.53 31
20 346 2.11 78 246 3.75 34 208 4.98 24
50 341 1.89 90 245 3.34 37 207 4.55 23

100 ± ± ± ± ± ± ± ± ±
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piperazine rings (atoms of nitrogen) in the chain.
The higher the concentration of the nylon salt AN2
in the copolyamide and the higher the amount of
the copolyamide in the blend fibers the higher the
sorption of moisture. From the point of view of the
hydrophilicity of fibers obtained from pure copo-
lyamide the efficient concentration of the nylon salt
AN2 in the copolyamide represents approximately
10 wt%. The sorption moisture values correspond-
ing to 6.7 wt% for fibers obtained from KOPA 20.2,
and probably more for fibers gained from KOPA
24.5 wt% are very interesting from the aspect of the
practical application.

Concerning the blend fibers with 50 wt% of
copolyamide, the efficient concentration of the
nylon salt AN2 in the copolyamide is approxi-
mately 14 wt% and more (Table 4).

The orientation factor f (Table 5) is influenced
negatively by the addition of copolyamides to the
PA 6. A decreased value of the orientation factor of
fibers from pure copolyamide is brought about by
the mobility of the copolyamide macromolecules.
All these fibers show nearly the same orientation
factor ( f = 0.44±0.46), which is substantially lower
when compared with PA 6 fibers ( f = 0.6). The
orientation factor of blend fibers is dependent
mainly on the amount of the copolyamide and it

FIGURE 1. Tensile strength (TS) of ®bers as a function of
draw ratio and concentration of KOPA 6.1: & � = 3.0;
* � = 4.0; ~ � = 4.8.

FIGURE 2. Tensile strength (TS) of ®bers as a function of
draw ratio and concentration of KOPA 9.6: & � = 3.0;
* � = 4.0; ~ � = 4.8.

FIGURE 3. Tensile strength (TS) of ®bers as a function of
draw ratio and concentration of KOPA 14.0: & � = 3.0;
* � = 4.0; ~ � = 4.8.

FIGURE 4. Tensile strength (TS) of ®bers as a function of
draw ratio and concentration of KOPA 20.2: & � = 3.0;
* � = 4.0; ~ � = 4.8.
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gradually decreases as the copolyamide content
increases.

The tensile strength (TS) and elongation at
break (E) are favorably influenced by the drawing
ratio �. If we consider the tensile strength at �1 = 3.0
as a standard (hundred-percent) level with a
drawing ratio, the strength rapidly increases and
reaches the level of 160±180% ( = TS2/TS1 at
�2 = 4.0) and 210±240% ( = TS3/TS1 at �3 = 4.8),
respectively.

Especially on using the higher values of the
drawing ratio �, an unusual fact can be observed, if
the tensile strengths of blend fibers with the
increasing amount of copolyamides are compared.
The addition of 10 wt% of any copolyamide leads to
a tensile strength decrease (in comparison with PA
6); meanwhile the blend fibers, in which each
copolamide constitutes 20 wt%, have usually high-
er values (in comparison with the values corre-
sponding to 10 wt%). This can be seen also from the
tensile strength values (Table 6 and Figs 1±5) for
�3 = 4.8 and also for �2 = 4.0 (with the exception of
KOPA 24.5). The morphological structure of the
fibers containing 20 wt% of copolyamide appears to
be better than that of the fibers containing 10 wt% of
copolyamide. A further addition of the copolya-
mide causes a strength decline. A decrease of the
tensile strength of fibers with the amount of
copolyamide ranging from 10 wt% to 50 wt%
(related to the tensile strength of PA 6 = 100%)
achieves 88±80% (�3 = 4.8) and 96±82% (�2 = 4.0),
respectively. The tensile strength of fibers obtained
from the pure copolyamide is considerably lower
(Table 6, values in brackets). Although no real
strength of these fibers was measured at �3 = 4.8,
one may calculate their assumed approximate
tensile strength at the above-mentioned �3 value.
If at least one real value of TS1 at �1 or TS2 at �2 is
known, the approximate value of TS3 can be found

as a product of the real value (TS1 or TS2) and of the
TS3/TS1 or TS3/TS2 ratio, which was calculated for
the respective blend fibers with known three tensile
strength values. These approximate values achieve
the 70±56% tensile strength of PA 6 fibers. The
reason for this lowering can be deduced from the
lower molecular weight of copolyamides and also
from the lower orientation factor of fibers.

In accordance with the literature the elongation
at break decreases as the drawing ratio � increases.
Fibers with �1 = 3.0 and �2 = 4.0 have slightly
higher elongation values, and fibers with �3 = 4.8
have practically the same elongation values as PA 6
fibers.
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It can be stated that the physical and chemical
modification of PA 6 fibers was successful and the
objective mentioned in the introduction (especially
concerning the electrical properties and the moist-
ure sorption) was confirmed and fulfilled. It can be
summarized as follows:

(1) Modi®ed polyamides represented by copo-
lyamides (KOPA) containing piperazine
rings can be prepared with a relatively high
[�] and moderate amount of low-molecular
compounds within a relatively short time.
They are ®ber-forming like PA 6.

(2) Thermal stability of copolyamides is com-
parable with PA 6. The temperature of
melting decreases with an increasing
amount of the nylon salt AN2.

(3) Electrical properties of the ®bers from
copolyamides and of the blend ®bers con-
sisting of PA 6 and KOPA are better in
comparison with PA 6 ®bers. The higher the
amount of the nylon salt is in the copolya-
mide, the better the electrostatic properties
of the blend ®bers. In particular, pure
copolyamide ®bers (with a lower content
of AN2 equal to 6.1 wt% and 9.6 wt%) exhibit
much better electrostatic properties. If the
content of the nylon salt is increased to 20.2
wt% and 24.5 wt%, the ef®ciency of these
copolyamides is much higher because only
20 wt% of them in the PA 6 blend ®bers
improves essentially the electrostatic prop-
erties.

(4) Sorption of water vapor is positively and
remarkably in¯uenced by an introduction of
the nylon salt AN2 into the chain of PA 6. A
higher amount of the nylon salt in the
copolyamide increases the sorption to 6.7
wt%. Copolyamides as additives increase
the sorption of blend ®bers as well.

(5) The orientation factor of modi®ed ®bers is
lower in comparison with that of PA 6 ®bers.
The higher the content of KOPA in blend
®bers and the higher the content of the nylon
salt AN2 in the copolyamide, the lower the

FIGURE 5. Tensile strength (TS) of ®bers as a function of
draw ratio and concentration of KOPA 24.5: & � = 3.0;
* � = 4.0; ~ � = 4.8.
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orientation factor of ®bers.

(6) The tensile strength of the ®bers from
copolyamides as well as that from blend
®bers are lower. Tensile strength decreases
with the amount of copolyamide in blend
®bers. Blend ®bers with 20 wt% of KOPA are
characterized by a higher tensile strength in
comparison with those having 10 wt% of
KOPA. The elongation at break is virtually
not in¯uenced in all modi®ed ®bers.
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