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Abstract
An attempt has been undertaken to assess the effect of UV radiation on the structure of
polyamide and polypropylene fibres, which are characterised by various macroscopic
features, colours and additives. Based on the measurements we performed, we were
able to conclude that UV radiation under the exposure conditions used brings about
changes in both the fibre structure and mechanical properties. The extent of these
changes is clearly dependent on the initial fibre structure, added modifiers and
macroscopic features.
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Introduction
The low resistance of PA and PP fibres to the effects of sunlight, which can be seen as fibre yellowing,
crisping and cracking [1-6], results from internal structural changes in these fibres caused by the high
energy of UV radiation which is present in the atmosphere [4,7-9]. The structural changes in PA and
PP fibres have been confirmed as manifesting themselves as changes in both molecular and
supermolecular structural parameters [10-15]. The structural changes in the fibres are accompanied
by a series of unwanted changes in their properties, which in turn worsen the end-user value of the
fibres [2,3,16-24]. Due to the presence of different additives such as delustering agents in the form of
TiO2, UV-absorber, UV-inhibitors, pigments and carbon [3,6, 9,14-17,21-30] in fibres, the UV
absorption of PA and PP fibres follows various routes, resulting in structural changes at different
levels, which will in turn directly influence the fibres’ properties. The extent and nature of these
changes will depend on the duration of the fibres’ exposure [12-15,27]. The most serious effect of UV
radiation is reflected by the changes in the mechanical properties of fibres. This aspect of UV radiation
influence on polyamide and polypropylene fibres will be analysed.

Materials and scope of testing
Comercial continuous polyamide and polypropylene fibres with different degrees of dullness, colour
and macroscopic features were examined. Polyamide fibres had different cross-section shapes (round
and triangle) and delustrant contents (‘dull’, ‘semi-dull’, ‘bright’), while polypropylene fibres with a
circular cross-section differed in the drawing ratio (5×, 7×), colour (‘natural’, ‘black’ and ‘silver’) and the
presence of UV absorber.
The exposure of samples to UV radiation was carried out under artificial illumination conditions in a
Feutron 3001 climatic chamber with a xenon tube as radiation source. The exposure of the samples to
xenon tube radiation for 24 hours corresponds, according to the tube manufacturer, to 10 average
days. The irradiation of fibres was performed in cycles: 8 hrs of exposure (at a relative humidity of
65% and a temperature T of 70o C), and 2 hrs of storage under standard conditions without irradiation.
Changes in the mechanical properties of fibres were observed after 36 and 200 hrs of exposure.
Sample preparation and irradiation process were carried out in accordance with the Polish standard
PN-84 C-89018.
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Measurement methods
The fibres were tested before and after exposure to UV, and the changes in the basic structural
parameters as well as the characteristic indicators of mechanical properties were determined. From
the structural parameters of the fibres, the internal orientation was assessed on the basis of the
analysis of the total orientation indices, which were determined by optical methods, as well as the
results of IR spectro-photometry measurements [31]. Changes in mechanical properties were
assessed on the basis of the results of tensile strength analysis, e.g. the initial coefficient of tensile
modulus, tenacity and elongation at break.

Results
Characteristics of PA fibre structure and mechanical properties
The changes in fibre structure and mechanical properties are shown in Table 1. Figure 1 illustrates the
relationship between changes in the fibre total orientation and tenacity as a function of irradiation time.
Figure 2 shows the fibre elongation at break and tensile modulus as a function of irradiation. The
structural changes in PA fibres examined by scanning electron microscopy (SEM) are shown in
Figure 3.
Table 1. Crystallinity degree of α- and γ- modification and total orientation factor, and the characteristic
mechanical indices of PA fibres
Type of fibre

αmodification

γmodification

0
36
200

0.27
0.31
0.36

0.43
0.37
0.31

0
36
200

0.27
0.35
0.44

0.37
0.36
0.31

0
36
200

0.40
0.45
0.48

0.29
0.27
0.23

0
36
200

0.37
0.37
0.43

0.27
0.27
0.25

Time of
irradiation, hrs

0,7

Total
orientation
factor
fo

„semidullround”
„brightround”

0,5
0

100
200
Time of irradiation, hrs

Elongation
at break,
%

58.6
67.8
66.6

58.6
67.8
66.6

14.4
15.9
15.0

57.4
70.1
71.9

14.8
16.0
15.2

„dullround”
„semidullround”

18

„brightround”
0

100

200

Time of irradiation, hrs

Figure 1. Total orientation and break tenacity in the function of irradiated polyamide fibres
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15.9
19.2
17.1
19.5
21.1
19.6

14

„brighttriangle”

Breaking
force,
cN

47.3
54.9
53.3

22

„dullround”

0,6

Initial
tensile
modulus,
cN/tex

Polyamide ‘dull’
0.582
131.8
0.566
97.3
0.582
93.7
Polyamide ‘semi-dull’
0.578
204.4
0.596
146.8
0.622
127.9
Polyamide ‘bright-round’
0.668
116.2
0.677
105.6
0.688
101.0
Polyamide ‘bright-triangle’
0.600
141.7
0.592
131.0
0.614
140.2

Tenacity, cN

Total orientation

Crystallinity degree, deg

„brighttriangle”

250

80
Tensile modulus,
cN/tex

Brake elongation, %
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Figure 2. Brake elongation and tensile modulus in the function of irradiated polyamide fibres
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36

200

Polyamide
„dull”

Polyamide
„semi-dull”
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Figure 3. SEM micrographs of polyamide fibres in break cross-section illustrating their structural
changes after insulation (2000x)

Characteristics of PP fibre structure and mechanical properties after irradiation
The changes in PP fibre structure and mechanical properties are shown in Table 2. Figure 4 illustrates
the relationship between the changes in the fibre total orientation and tenacity as a function of
irradiation time. Figure 5 shows the fibre elongation at break and tensile modulus as a function of
irradiation time. The structural changes in PP fibres examined by scanning electron microscopy (SEM)
are shown in Figure 6.
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Table 2. Crystallinity degree and total orientation factor, and the characteristic mechanical indices of PP fibres
Type of fibre
Time of irradiation,
hrs

Total
orientation
factor
fo

Crystallinity
degree

0
36
200

0.82
0.83
0.84

0
36
200

0.83
0.83
0.82

0
36
200

0.76
0.80
0.85

0
36
200

0.85
0.85
0.91

Polypropylene R=5x ‘natural’
0.450
2182
0.472
2234
0.466
2558
Polypropylene R=7x ‘natural’
0.453
3719
0.472
3287
0.500
3408
Polypropylene R=7x ‘silver’
0.473
2576
0.468
2702
0.485
2674
Polypropylene R=5x ‘black’
0.492
3650
0.531
3339
0.537
3470

0,5
0,45
0,4
0

100
Time of irradiation, hrs

200

Tenacity, cN

natural
color R=5x

0,55
Total orientation

Initial tensile
modulus,
cN/tex

natural
colour
R=7x
silver
colour
R=7x
black
colour
R=5x

Elongation at
break,
%

Breaking
force,
cN

107.7
57.9
69.7

41.7
39.2
41.3

107.7
57.9
69.7

59.6
58.8
53.6

107.7
57.9
69.7

43.8
40.8
39.8

107.7
57.9
69.7

65.5
59.4
58.9

70

natural
colour R=5x

50

natural
colour R=7x

30

silver colour
R=7x
0

100
200
Time of irradiation, hrs

black colour
R=5x

120

natural
colour
R=5x
silver
colour
R=5x

70

natural
colour
R=7x

20
0

100

200

Time of irradiation, hrs

black
colour
R=7x

Tesile modulus, cN/tex

Break elongation, %

Figure 4. Total orientation and break tenacity in the function of irradiated polypropylene fibres
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Figure 5. Brake elongation and tensile modulus in the function of irradiated polypropylene fibres
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Figure 6. SEM micrographs of polypropylene fibres in break cross-section illustrated their structural
changes after insulation (2000×)

Discussion of results
Changes in the morphological structure of polyamide fibres under the influence of UV radiation
The effect of UV radiation on the surface of ‘bright’ polyamide fibres with circular and triangular crosssections under the longest exposure is revealed by a deeper superficial carving (a stronger marking of
the fibrillar structure), which is clearly visible in the case of fibres with triangular cross-section.
The surface of fibres containing a delustering agent (matt fibre) under comparable conditions of
exposure to UV radiation remains practically unaffected. It should be stressed that under the fibre
irradiation conditions used according to Polish and European standards, the changes in fibre structure
are not of a macroscopic character (cracking and pitting), as is the case with fibres irradiated under
very drastic conditions (high radiation doses, long exposures), which have been used in numerous
research studies.
• The analysis of the fibres’ morphological structure based on fractures shows distinct differences
in this structure of fibres before and after irradiation, even after the shortest exposure of 36 h.
• In the case of bright fibres, we can observe a more distinct separation of fibrillar textures, and
even their sharp delimitation in the form of ‘longitudinal cracks’.
• In the case of fibres containing a delustering agent, especially after a longer irradiation period,
the fibrillar structure becomes less visible, and large blocks of volumetrically developed
structures are formed.
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Changes in the morphological structure of polypropylene fibres due to UV radiation
The analysis of fibre surface images (lengthwise views) indicates the occurrence of relatively small
changes.

•

In the case of fibres without coloured pigments, the surface of fibres with a draw ratio of 5×,
becomes smooth under the influence of UV radiation (the longitudinal fibril delimitation
disappears), while the surface of fibres with a draw ratio of 7× show more outlined fibrils.

•

The incorporation of pigments into fibres leads to a minimal disappearance of fibril
delimitation, which intensifies in the case of fibres containing a silver pigment. Fibres
containing a black pigment, after irradiation, show very wide fibrillar structures arranged
lengthwise.
The examination of the fibre fractures provides the following information about changes in the
volumetric structure of the fibres:
In the untreated fibres containing no pigments (draw ratios 5× and 7×), we can observe
•
vertically-arranged laminar structures, which are ‘finer’ in the fibres with the lower draw ratio
than those in the more stretched fibres.
After irradiation, these structures grow up, and the delimitation of laminar structures becomes
•
less visible within structural blocks.
The incorporation of a silver pigment into fibres with a draw ratio of 5× makes the longitudinal
•
lamination of structural blocks less visible; this phenomenon is intensified after fibre irradiation
(space-developed structural blocks).
The incorporation of a black pigment into fibres with a draw ratio of 7× does not change the
•
image of the inside of fibres, in contrast to that of uncoloured fibres. After irradiation, the
developed polymer blocks clearly disintegrate into fibrils, and fibrillar elements with smaller
dimensions are formed (micro-fibrils).
Changes in the mechanical properties of polyamide fibres under the influence of UV radiation
From the analysis of the tensile strain parameters of the untreated fibres under investigation, it follows
that bright fibres with a circular cross-section are characterised by the highest elasticity (the highest
value of the initial elasticity modulus). This is reflected in the character of the stress-strain curve for
these fibres (the highest steepness in the initial portion of the stress-strain curve). At the same time,
the stress-strain curve shape (according to Hearl [32]) indicates the presence of a typically fibrillar
structure.
The fibre with the same macroscopic characteristic but containing a delustering agent (TiO2) in a
small amount differs strongly in respect of its tensile strain properties from those of the untreated
bright fibre with a circular cross-section. This fibre, the so-called semi-matt fibre, shows the lowest
elasticity (the lowest value of the initial elasticity modulus). This is confirmed by the stress-strain curve
of the fibre, whose shape in its initial portion is similar to that of the curves which are characteristic of
fibres with plastic strain.
Analysing the whole course of the stress-strain curve up to the fibre break, we can observe a similarity
to the course of Hearl’s stress-strain curves [32] for fibres with a morphological structure of the
micellar-fringe type.
The remaining fibres under investigation, the fibre with increased TiO2 content (‘dull’ fibre) and the
bright fibre with a triangular cross-section, show strain parameters and the character of stress-strain
curves similar to those of bright fibres with a circular cross-section.
The character of the stress-strain curves of these fibres indicates that they have a fibrillar structure
[32].
The analysis of breaking force that characterises the changes in the tensile strength of the
examined fibres under the influence of UV radiation shows that the fibres with a high content of
delustering agent clearly behave differently to the remaining fibres. These fibres show a particularly
high increase in the breaking force after a short duration of UV exposure (exposure time 36 h). The
remaining fibres irradiated for the same period of time show only a low increase in the breaking force.
When the irradiation time is prolonged to 200 h, the breaking force decreases but still shows
higher values than those of the un-irradiated fibres. The high increase in the Fbreak value of matt fibres,
and a higher increase in this value for ‘semi-dull’ fibres than that of bright fibres, indicate that TiO2
exerts a specific effect on the PA fibre structure under the influence of UV radiation in respect of its
general restructuring. The elucidation of this fact would require additional research into fibres with the
predetermined diversification of TiO2 content.
http://www.autexrj.org/No4-2006/0213.pdf
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Changes in the mechanical properties of polypropylene fibres under the influence of UV
radiation
The analysis of the parameters examined and the character of the stress-strain curves show that the
uncoloured PP fibre with a draw ratio of 5× differs from the remaining polypropylene fibres in
mechanical properties, showing a higher total strain with a high portion of elastic strain at the same
time (the shape of stress-strain curves).
The shapes of all the types of untreated fibres confirm the presence of a fibrillar structure, in
accordance with Hearl’s view [32].
Under the influence of UV radiation, the total strain of all PP fibres already decreases within the
shortest time interval, with the greatest decrease being observed for the uncoloured fibre with a draw
ratio of 5×. This fibre also shows a minimal increase in the modulus of initial elasticity. However, from
the shape of the stress-strain curve it may be concluded that the contribution of elastic strain to the
total strain is decreased, compared to the untreated fibre.
The uncoloured fibres with a draw ratio of 7× show the best structural stability, and the changes
taking place under the influence of UV radiation are hardly visible.
The incorporation of a silver pigment into the fibre with a draw ratio of 5× exerts a stabilising effect
on the fibre structure, as shown by the considerably smaller extent of changes in the fibre strain
parameters.
The presence of a black pigment in the fibre with a draw ratio of 7× clearly increases its
susceptibility to changes in strain properties under the influence of UV radiation.
The described changes in fibre strain, in the case of all the types of fibres under investigation, are
accompanied by a relatively small change in their tensile strength (an insignificant decrease).

Conclusions
The changes observed result in the changed mechanical properties of the fibres examined becoming
visible in both strain and strength properties.
The extent and character of these changes depend on the type of the fibre-forming polymer, the
initial fibre structure and the chemical agents incorporated into polymers during the fibre
manufacturing process.
The destructive effects on the commercial fibres examined under the standardised conditions
•
of irradiation are relatively small, in relation to those reported by other authors who used
drastically large doses of UV radiation for a long time, and they are rather similar, with no
significant differences for particular types of fibres.
Polypropylene fibres, commonly regarded as the most degradable under the influence of UV
•
radiation, maintain a high stability of their structure owing to the incorporation of UV
stabilisers; this is reflected in the relatively small change in their mechanical properties.
Coloured polypropylene fibres containing pigments are characterised by a stable structure,
•
and show no significant deterioration in their mechanical properties.
Polyamide fibres in typical commercial versions (‘bright’, ‘semi-dull’ and ‘dull’ fibres with a
•
circular cross-section, and ‘bright’ fibres with a triangular cross-section), under the influence of
irradiation, undergo restructuring to the greatest extent of all the considered structural levels
(molecular, supermolecular and morphological structures), as compared to that of the
remaining fibres under investigation. Titanium dioxide in an appropriately high concentration
(matt fibre) has a clear protective effect on the polymer.
The differences in polyamide fibres in respect of macroscopic features involve differences in
•
their susceptibility to destruction under the influence of UV radiation.
The changes in the polyamide fibre structure are reflected in changes in their mechanical
•
properties, especially their strain characteristics.
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