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a b s t r a c t

Vectran�
fibers are widely used in military and aerospace industries as high performance fibers. How-

ever, they are susceptible to degradation and undergo structural changes when exposed to ultraviolet
(UV) irradiation in service. The focus of this work is to investigate the photochemical aging behavior and
mechanism of the Vectran�

fibers. The morphologies, mechanical properties, chemical structures and
behaviors against UV irradiation have been studied. The tensile test results reveal that the tensile
strength decreases quickly when the fibers are exposed to Xenon lamp irradiation. The morphology of
the Vectran�

fiber surface is damaged after accelerated aging. Crystallinity content analysis illustrates
that the degree of the fiber structural ordering is decreased due to irradiation. Fourier transformed
infrared analyses (FT-IR) and X-ray photoelectron spectroscopy (XPS) analyses of the accelerated aged
fibers prove the chemical structural changes of the Vectran�

fibers. For the first time, the possible
photodegradation mechanism of Vectran�

fiber is proposed in both air and N2 environments. The rate of
degradation and number of chain scissions are greater in air than in N2. The radicals generated by chain
scissions can directly abstract a hydrogen atom or can react with O2 creating hydroxyl OH/COOH end
groups in air atmosphere. The diaryl ethers may be formed due to the replacement of the H atoms in
aromatic rings for linking up two aromatic rings.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Vectran�, belonging to the “aromatic polyesters” class of high
performance fibers, is copolyester of p-hydroxy benzoate (HBA) and
2-hydroxy-6-naphthoic acid (HNA). Because of its nonepolar and
aromatic nature, Vectran� possesses good chemical resistance and
high thermal stability [1]. In addition, Vectran� has unique physi-
cochemical properties including high strength and modulus,
excellent fold characteristics, outstanding cut resistance, and high
impact resistance [2,3], which make it a promising material for
deployment in the military and aerospace industries. Some studies
of Vectran� fiber have been reported with a focus on the thermal
stability, mechanical properties, and structureeproperty relation-
ships [4e6]. For instance, Menczel et al. [4] have discussed the
thermal behavior of Vectran� under both static and dynamic
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conditions. However, Vectran� fiber, like other high performance
fibers [7,8], is also susceptible to degradation when exposed to ul-
traviolet (UV) irradiation, which will deteriorate the strength of the
Vectran�

fibers [9]. The effect of photoaging on the properties of
Vectran� is in the final analysis to its structure. The mechanistic
researches of this effect are of great significance in preventing
Vectran� from aging and performance degradation, which have not
been studied in previous literature. Thus, it is necessary to study the
photoaging on the structure of Vectran� and disclose the aging
mechanism, which will lay a necessary foundation for preventing
aging and protecting performance.

Very little work has been performed to study the behavior of
Vectran� under UV exposure. There have been some examples of
aging. For example, the resistance of four commercial high strength
fibers upon exposure to UV has been reported [10]. Vectran� has
shown about 86% reduction in strength after 144-hour exposure to
UV. Our prior results have demonstrated that the UV radiation can
lead to chain scission of Vectran� fiber surface layer [9]. However, the
photodegradation mechanism of the Vectran�

fiber has not been
studied yet. The molecular structure nature of Vectran� might play a
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Table 1
Performance parameters of the Vectran�

fibers of the study.

Properties Value

Average diameter [mm] 21
Decomposition temp. [�C] >400
Limited oxygen index [%] 28
Initial modulus [kg mm�2] 7610
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role in its photoaging behavior. Vectran� fiber contains ester function
groups, which are prone to undergo a photo-chemical reaction
causing a chain scission process and thus will have an impact on its
mechanical properties. Although there is a hint of possible reasons
for photodegradation of Vectran�, the data of previous literature are
insufficient to reach a conclusion. A comprehensive study of the
photoaging process and the photodegradation mechanism of
Vectran� is therefore demanding if some insight is to be gained about
the suitability of this fiber in applications, where a long service life in
strong UV-radiated conditions is required.

This work studied the degradation mechanism of Vectran�
fiber

under Xenon lamp accelerated aging condition by identifying the
changes in morphology, mechanical properties, structure, and
chemical components.

2. Experimental section

2.1. Materials

Thematerial used for the accelerated aging exposures in this study
was Vectran� fibers, which were purchased from JinsoreTech In-
dustrial Corporation (Taiwan). The fibers were further purified in the
laboratory by extracting impurities on the surface of fibers with
acetone and petroleum ether. The chemical structure of the Vectran�

fibers is shown in Fig. 1 and the properties are listed in Table 1.

2.2. Light radiation aging treatments

Fiber specimens were subjected to aging with exposure to UV
radiation with time ranging from 1 to 14 days. An apparatus Atlas
Ci3000þ xenon arc weathereometer was chosen, which had a
4500 W Xenon lamp emitting UV rays at 340 nm with a constant
intensity of 0.75 W/m2. After being exposed to the UV radiation for
24, 96 and 336 h, the samples were taken out for analysis including
mechanical properties, surface morphology, and chemical consti-
tution. The photoaging of Vectran� fibers isolated from oxygenwas
also performed. The fibers were inserted in a quartz container and
purged with nitrogen for 30 min. Finally, the container was sealed
for experiment.

2.3. Characterization methods

The mechanical properties of the single fiber were tested using
an Instron 1121 mechanical testing machine with a crosshead ve-
locity of 10 mm/min and a gauge length of 20 mm at 20 �C, 65%
relative humidity and no more than 5% humidity variation during
each series of the tensile tests. The results were processed by using
Willbull plots [9]. Briefly, a single filament was mounted onto a
slotted paper card, with the filament aligned along the center of the
paper card. The side portions of the paper card were fastened be-
tween the two grips of the test machine before applying the load.
For each aging condition, fifty replicates were measured. A result is
considered as valid only if the tensile fracture does not occur near
the clamps.

The wide angle X-ray scattering (WAXS) measurements were
made with a Rigaku D/maxerb using a rotating copper anode,
employing Cu Ka (l ¼ 0.154 nm) radiation (40 kV, 50 mA) and a
O O
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Fig. 1. The chemical structure of Vectran�.
graphite monochromator with a diffraction intensity in the range of
10e50� (2qeangle range) at a scan rate of 5� min�1.

The FT-IR spectra were taken on a Nicolet Nexus 670 FT-IR
spectrometer equipped with a mercury cadmium telluride (MCT)
detector. Fibers were mounted on the Nicolet OMNIeSampler with
a constant pressure with a grip. To obtain the spectrum, 32 scans
were collected at a resolution of 1 cm�1.

X-ray photoelectron spectroscopy (XPS) analyses were per-
formed with a KeAlpha model spectrometer using a focused
(diameter of the irradiated area, 400 mm) monochromatic Al Ka
radiation (12 kV; 6 mA). The system pressure was normally main-
tained below 1 � 10�8 mbar. The composition evaluation of the
fiber surface at different depths was achieved by Arþ etching. The
etching rate was 42 nm min�1.

Vectran� surface topography was characterized using a Solver
P47 Atomic Force Microscopy (AFM, NTeMDT, Russia). In this
analysis, the non-contact mode was used at room temperature. The
scanning scope was 6 � 6 mm2. In order to perform AFM analysis,
the Vectran�

fibers were attached to a piece of silicon wafer. The
morphologies of the fiber surface were further examined before
and after radiation aging by scanning electron microscopy (SEM,
Model Quanta 200 FEG) with a field emission gun, operating at 20-
kV acceleration voltage. The samples were gold coated according to
the standard procedures to limit the charging effect. The SEM pic-
tures of the single Vectran� fiber were taken in the Secondary
Electron (SE) mode.
3. Results and discussion

3.1. Visual changes by accelerated aging

The influence of the photoaging on Vectran�
fibers is first

analyzed from the appearance. The pictures of Vectran� fiber
specimens after accelerated aging are compared in Fig. 2 to
Fig. 2. The color change of the Vectran�
fibers vs. UV-exposure time.



Table 2
Results for Weibull parameters of the Vectran� fibers with different irradiation time.

Irradiation
time [h]

Mean strength
[GPa]

Weibull
modulus b

Scale
parameter h

0 3.86 19.85 3.97
24 2.12 9.87 2.23
96 0.90 4.18 0.99
336 0.36 2.72 0.40

Y. Liu et al. / Polymer Degradation and Stability 98 (2013) 1744e17531746
illustrate the color change of Vectran� fibers after exposure to UV
radiation for certain time. The fibers change the color with
increasing the exposure time. The Vectran� becomes darker as time
progresses. The color of the fiber without accelerated aging is much
lighter and glossier. As a result of the comparisonmentioned above,
the Vectran�

fibers are subject to visible photoaging by irradiation
with Xenon lamp. Therefore, it is reasonable to presume that the
structure of Vectran�

fibers has been changed after accelerated
aging.

3.2. Effect of xenon lamp irradiation on the tensile mechanical
properties

Themain index of evaluating the aging of amaterial is to test the
tensile property change with aging time. The tensile tests of the
Vectran�

filaments were carried out to identify the effects of the UV
radiation on the mechanical properties. For fibrous materials as
Vectran�, the obtained tensile strength often has a remarkable
scattering and thus the strength of the Vectran�

fibers is deter-
mined by the statistical distribution of flaws [11e13]. The tensile
strength of Vectran� is analyzed on the basis of well-known Wei-
bull statistics [14] and this method could provide the average
strength value, Weibull modulus, etc. The Weibull statistics is
expressed by the empirical Equation (1):

FðsÞ ¼ 1� exp
h
� ðs=hÞb

i
(1)

where F(s) stands for the survival probability of an individual fiber
at an applied stress of s, while h denotes the scale parameter and b

is the shape or flaw dispersion parameter. The evolution of ln{1/
[1� F(s)]} according to ln(s) is calledWeibull diagram. The slope of
the diagram is the Weibull modulus b. The Weibull plots for the
fibers without accelerated aging and fibers upon exposure to irra-
diation for 24, 96 and 336 h are given in Fig. 3. The Weibull pa-
rameters obtained from the linear regression analysis for the
Vectran�

fibers are shown in Table 2. The tensile strength is
observed to decrease quickly when the fibers are exposed to Xenon
lamp irradiation. The photo degradation increases with increasing
the duration of aging. The loss of mechanical performance is as high
as 91% for the longest radiation exposure time. During photoaging,
the main chain of the Vectran�

fibers may tend to relax from their
aligned configuration to a more random orientation, which
Fig. 3. Weibull plots of the Vectran�
fibers with different irradiation time.
decreases the fiber tensile strength. A higher Weibull modulus b

means more homogenized flaw distribution and better fiber
properties. The scale parameter h can be used to indicate the
strength statistics for yarns. A longer irradiation time decreases the
values of b and h, indicating that the mechanical properties of the
Vectran�

fibers are decreased.
3.3. Surface morphology characterization of Vectran� samples

To further explore the effect of photoaging on the surface of
Vectran�

fibers, AFMwas performed. The AFM surface morphologic
images of the fibers after exposure to different irradiation time are
shown in Fig. 4. The surface of the Vectran�

fibers without accel-
erated aging is glossy and smooth. However, clear ridges and stri-
ations are observed running along the longitudinal direction of the
Vectran�

fiber surface. A disordered surface structure is observed
and a substantial number of big bumps appear due to the aging
with Xenon lamp irradiation. The fiber surface roughness is
changed dramatically. The size of these bumps is magnified with
increasing the Xenon lamp irradiation time. The Xenon lamp irra-
diation leads to a significant material deterioration.

Fig. 5 shows the SEM surface microstructures of the Vectran�

fibers after exposure to the Xenon lamp irradiation for different
time. As shown in Fig. 5(a), the surface of the Vectran�

fibers
without accelerated aging is smooth and does not display any de-
fects. After treatment with Xenon lamp irradiation, the surface is
observed to be damaged. The presence of roughness (b) and
delamination (c) as well as fissures (d) can be observed on the
surface of aged fibers. The aging process could make the fiber
surface rougher and also damage the fiber surface significantly.
3.4. Crystal characteristics of Vectran� fibers during photoaging

Vectran� is a thermotropic liquid crystal polymer fiber, which
possesses a small proportion of oriented crystalline structure and
predominantly oriented noncrystalline structure [3,6,15]. Analyt-
ical measurements from the pristine and aged Vectran� fibers can
disclose how the crystallinity changes during aging. Fig. 6 shows
the WAXS patterns for the Vectran�

fibers before and after accel-
erated aging for 336 h. The assessment of the crystallite size of the
fibers has been done using the Scherrer equation [16], which cal-
culates the average sizes of the crystals from the half-maximum
(FWHM) of the hkl diffraction measured in the corresponding
Bragg angle.

L ¼ 0:9l=ðbcos qÞ (2)

where L stands for the crystallite size, while l denotes the X-ray
wavelength, b is the line broadening at FWHM intensity in radians,
and q is the Bragg angle. The crystalline value of the samples was
calculated using JADE 5 software (X-Ray Materials Data, Inc.). The
crystal size and calculated crystalline value are 5.07 nm and 37.33%
for unaged Vectran�, 3.90 nm and 36.95% for aged Vectran�,
respectively. There is a decrease in the crystal size and crystalline



Fig. 4. AFM images of the Vectran�
fibers with an irradiation time of (a) 0, (b) 24, (c) 96, and (d) 336 h, respectively.

Fig. 5. SEM microstructures of Vectran� with an irradiation time of (a) 0, (b) 24, (c) 96 and (d) 336 h, respectively.
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Fig. 6. XRD patterns of the Vectran�
fibers before (curve a) and after (curve b) Xenon
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value of the fibers after accelerated aging for 336 h, which illus-
trates that the degree of fiber structure ordering is decreased due to
the Xenon lamp irradiation. However, the degradation mainly oc-
curs in the amorphous regions by chain scission, while the UV-
induced cross-linking may occur in the imperfect crystalline re-
gions as well [17]. The decreased crystalline structure indicates
increased local defects and the statistical average distance along the
fiber axis was decreased and thus decreased mechanical properties
were observed [18].

3.5. Evaluation of the surface degradation: FT-IR

To determine whether oxygen plays a role in the degradation,
the FT-IR experiments were carried out for the fiber samples before
and after accelerated aging for 96 h in both air and N2 environ-
ments. The FT-IR spectra of the samples before and after aging
exhibit substantial changes in the structure of the material, Fig. 7.
As the Vectran�

fibers belong to the “aromatic polyesters”, the
spectra display some peaks related to the ester functions and bonds
of vibrations in the benzene ring [19,20]. The peaks located at
1600e1850 cm�1 are related to the carbonyl groups and the peaks
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Fig. 7. FTeIR spectra of the Vectran�
fibers before (spectrum a
at 1200e1700 cm�1 are related to the skeletal stretching vibrations
of the aromatic rings. As shown in Fig. 7(a), the FTeIR spectrum of
the Vectran� fibers includes typical absorption peaks at 1732 cm�1

(C]O stretching vibration) and 1053 cm�1 (CeO stretching vibra-
tion). The absorptions at 1632 and 1473 cm�1 are due to the C]C
stretching vibrations of the HNA units in the copolymer chains, and
the peaks in 1601, 1506 and 1414 cm�1 respond to the C]C
stretching vibrations in the HBAunits of the Vectran�

fibers [6]. The
peaks in 885 and 756 cm�1 are due to the characteristic CeH
deformation vibration in the aromatic rings, the strong absorption
peaks in 1259,1182,1157 and 1014 cm�1 are attributed to the CeOe
C asymmetric stretching vibrations [21e23].

Due to the dependence of the bond intensity on the absorbed
radiation wavenumber, the peaks can be normalized with the bond
that is supposed to remain unaffected throughout the whole aging
treatment to reduce the quantitative error. The peak located at
approximately 1601 cm�1, which is attributed to the benzene ring
skeleton, is selected as the reference bond, as the benzene ring
structural group is relatively stable throughout the aging duration.
The peaks are normalized using the peak areas, which appear to be
a more reliable method than using the peak intensity [24].

The peak at 1182 cm�1 almost disappears after exposure in both
air and N2 environments, indicating that the CeOeC bond in
Vectran�may have been broken down due toweathering. This result
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Table 3
Change of elemental composition after Arþ etching on the pristine and aged fibers
from XPS spectroscopy.

Arþ etching
time

Pristine fiber Aged fiber in air Aged fiber in N2

[min] O [%] C [%] O/C [%] O [%] C [%] O/C [%] O [%] C[%] O/C [%]

0 22.0 78.0 28.2 23.3 76.7 30.4 21.6 78.4 27.6
1 13.9 86.1 16.1 14.0 86.0 16.3 9.0 91.0 9.9
2 11.2 88.8 12.6 15.0 85.0 17.6 9.4 90.6 10.4
3 10.2 89.8 11.4 12.3 87.7 14.0 8.9 91.1 9.8
6 10.0 90.0 11.1 13.3 86.7 15.3 7.6 92.4 8.2
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clearly indicates that the accelerated weathering leads to a chemical
degradation of the Vectran� fibers. The spectra with relative in-
tensity of CeH bonds (located at 756 and 885 cm�1), CeO bond
(located at 1053 cm�1) and C]O bond (located at 1732 cm�1) are
shown in Fig. 8. The relative intensities of the four bonds all decrease
after accelerated aging in both air and N2 environments. However,
the relative intensities in air environment are less than that in N2
environment, indicating that the rate of degradation and the number
of scissions occurring are greater in air than those in N2 [25,26].

The decrease of ACeO/Areference after aging indicates that the CeO
bond ruptures in the process of the accelerated aging. There are two
types of CeO bonds in the molecular structure of the Vectran� fi-
bers that could be cleaved. According to the prior studies [26e28]
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Fig. 9. XPS C1s spectra of the Vectran�
fiber surfaces: (a) prist
on the wholly aromatic polyesters with the structure F1eCOeOe
F2, the CeO bonds between COeO are prior rupture over the CeO
bonds between OeF2. Thus, the CeO bonds between COeOmayget
broken first. The decrease of AC¼O/Areference ratio after accelerated
aging for 96 h indicates that the elimination of the ester group in
the form of carbonmonoxide and carbon dioxidemay occur in both
air and N2 environments.

A decrease of CeH deformation vibration in the aromatic ring is
an indication of aryl substitution. In air environment, O2 can sub-
stitute for the H atoms in aromatic rings adjacent to the phenolic
oxygen, benzoate carbonyl or naphthoate carbonyl, the diaryl
ethers or diaryl ketones may be formed for linking up two aromatic
rings [26]. According to Hummel’s analysis, the formation of diaryl
ketone structures may cause a growing bond at 1665 cm�1 [29],
however, there is no such bond in the FTeIR spectra of the Vectran�

fibers, indicating that the diaryl ketone structures may not be
formed. The diaryl ether structures may be formed due to the broad
bands appearing at 1197 cm�1 [26], which correspond to the CeOe
C stretching vibrations. In N2 environment, the phenoxyl radicals or
naphthoxy radicals, which are formed due to the rupture of CeO
bonds between COeO, can also substitute for the H atoms in the
aromatic rings to give diaryl ethers [29], which takes place in the
presence of oxygen.

As shown in Fig. 7(e) and (f), there is a broad absorption peak
between 3700 and 2500 cm�1 in both air and N2 environments,
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Table 4
Results of the C1s spectra fitting curve of the pristine and aged fibers.

Sample BE [eV] Area [%] FWHM Correlative
structure

Pristine fiber 285.0 69.0 2.3 CeC
286.9 17.2 2.2 CeO
289.5 13.9 2.6 eCOOe

Aged fiber in air 285.0 58.3 2.1 CeC
286.7 25.7 2.8 CeO
289.2 16.1 2.5 eCOOe

Aged fiber in N2 284.2 80.0 2.2 CeC
286.8 7.4 2.2 CeO
288.4 12.6 2.8 eCOOe
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indicating hydrogen bonded hydroxyl and carboxyl groups. The
hydrogen bonded carboxylic hydroxyl groups are known to have a
broad absorption bond between 3600 and 2500 cm�1. The radicals
generated in the structure of the Vectran�

fibers can react with O2
or can directly abstract a hydrogen atom creating hydroxyl OH/
COOH end groups [30]. The absorption intensity of the hydroxyl
and carboxyl stretching regions decreases in the absence of oxy-
gen, mainly due to the formation of photo-oxidation hydroxyl OH/
COOH end groups in air environment.

The analysis of the above FT-IR results indicates that the chain
scissions of the Vectran�

fiber molecules occurred under the in-
fluence of UV irradiation in both air and N2 environments. The
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radicals generated can abstract the hydrogen, react with the oxygen
molecule (photo-oxidation) or replace the H atoms in aromatic
rings to give larger molecules.

3.6. XPS analysis of Vectran� fibers after degradation

XPS experiments were carried out to evaluate the atomic con-
centrations of C and O, and the chemical structural changes of the
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decreases in N2 after accelerated aging, indicating that the Vectran�

fibers are oxidized by molecular oxygen in air environment, and
some chain degradation may occur by splitting off CO and CO2 in N2
environment. This observation is consistent with the prior FT-IR
experimental results.

The noticeable decrease in the oxygen concentrations after Arþ

etching may be due to the oxygen adhered to the fiber surface
during the preparation process of XPS experiment, another possible
explanation is that there is a difference between the skin and skin-
core structure of the Vectran�

fibers. It is found that the O/C ratio
indicates a decline according to the depth as the etching time in-
creases, and the pristine fiber has almost constant O/C ratio after 3-
minute etching, indicating that the evident changes of the struc-
tures of Vectran� mainly occur within a depth of 130 nm. In stark
contrast, the O/C ratio of the aged fiber is not in the order as the
etching time increases, indicating that the internal structure of
Vectran� is really influenced by the accelerated aging.

The chemical bonding states of the functional groups for the
pristine and aged fibers in air and N2 environments were also
determined. As shown in Fig. 9, the XPS C1s spectra of the Vectran�

fibers could be fitted for three functional groups [31,32]. To quan-
titatively characterize the change of various functional groups
before and after accelerated aging, the relative content of the
functional groups from the area of each peak is shown in Table 4.
The decrease in the relative content of CeO and eCOOe in N2

environment suggests that the CeOeC bond has been ruptured in
the process of the accelerated aging. The peak at 286 and 289 eV
could also be attributed to CeOH and eCOOH respectively [32,33],
and their increase in the relative content in air environment sug-
gests that the oxidation reactions and hydrogen abstraction may
have occurred after accelerated aging in air environment.

3.7. Mechanism exploration of degradation

Based on the prior discussion on the chemical structure changes
and the degradation processes, the possible photodegradation
mechanism and molecular structure changes of the Vectran�

fibers
in air environment are schematically shown in Fig. 10. In the wholly
aromatic polyesters with a structure F1eCOeOeF2, the CeO bonds
between COeO and the CeC bonds between F1eCO are ruptured
earlier than the CeO bonds between OeF2 [26e28]. The various
chain scissions do not occur simultaneously [34]. Thus, the different
chain scissions by photodegradation mechanisms are proposed in
Fig. 10(a) and (b) according to the analyses of FT-IR and XPS.

Vectran� is a random copolymer [31,35], therefore, there are three
types of large molecular structures that can produce various radicals,
as shown in Fig. 10(a) and (b). The radicals generated can directly
abstract a hydrogen atom or can react with O2 creating hydroxyl OH/
COOH end groups. The chain degradation also occurs by splitting off
CO and CO2. In air environment, O2 can replace the H atoms in aro-
matic rings adjacent to the benzoate carbonyl ornaphthoate carbonyl,
the diaryl ethers may be formed for linking up two aromatic rings, as
shown in Fig. 10(c). The phenoxyl radical or naphthoxy radical
generated can also substitute for theH atoms in aromatic rings to give
diaryl ethers. In Fig.10(c), the degradationmechanism is given taking
oneof three typesof largemolecular structuresasanexample, and the
degradationmechanismsof theother two structures are similar to the
one given, and therefore not shown here. Under N2 atmosphere, the
degradation mechanisms are similar to those in air, but O2 does not
take part in the degradation reaction.

4. Conclusion

The surface properties and characteristics of Vectran� samples
under Xenon lamp accelerated aging condition have been studied.
The results of the mechanical tests for the Vectran�
fibers indicate

that this material is affected by photoaging, as reflected by the
obvious decrease in terms of tensile strength after exposure to
Xenon lamp irradiation. The surface state of the aged fibers displays
some defects, in the form of delamination and fissures. Results
obtained from crystallinity contents, FTeIR and XPS analysis of the
accelerated aged samples also indicate the deterioration of struc-
tural properties upon exposure to accelerated aging environment.
The groups such as OH/COOH generated in the polymer structure
due to the breakdown of the polymer chains by direct hydrogen
abstraction or photooxidation were detected. The replacement of
the H atoms in aromatic rings for linking up two aromatic rings
occurs with the formation of diaryl ethers. The rate of degradation
and the number of chain scissions are greater in air than in N2. The
data obtained by FTeIR and XPS allowed to establish mechanisms
of the photodegradation processes of Vectran� in both air and N2
environments.
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