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ABSTRACT: The detailed research study of manufactur-
ing PPS fibers using melt spinning and further enhance-
ment of tensile properties by drawing and annealing
experiments, a study lacking as of today in open scientific
literature, was the focus of this research. This article dis-
cusses the effect of polymer molecular weight (MW) and
melt spinning process variables on the structure and prop-
erties development in melt spun fibers manufactured from
proprietary Fortron® linear PPS resins. Structure-proper-
ties relationship was studied using several characterization
tools like tensile testing, differential scanning calorimetry,

polarized light optical microscopy, and wide-angle x-ray
scattering. Changes in dynamic mechanical behavior of as-
spun fibers manufactured from resins of varying MW and
different melt spinning take-up speeds were also studied.
The study showed that by a combination of higher MW of
the polymer and spinning at higher take-up speeds, tensile
properties of as-spun PPS fibers can be improved. © 2011
Wiley Periodicals, Inc. ] Appl Polym Sci 122: 3110-3121, 2011
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INTRODUCTION

Since the successful commercial manufacture of
high molecular weight (MW) PPS (Ryton® PPS) by
Edmonds and Hill' at Phillips Petroleum Company
in 1960s, it is being used mainly as injection
molded plastic in the unfilled, as well as in the
compounded form with other fillers like glass fibers
for automotive components. The molecular architec-
ture of this PPS was primarily branched or lightly
crosslinked.>” Subsequent developments in poly-
mer synthesis made it possible to produce linear
grade PPS suitable for extrusion processes, For-
tron® being one such material. Due to significant
amount of PPS being used to manufacture injection
molded components, in the early years, several
investigators studied its crystallization kinetics in
neat as well as in the filled form.*'° Researchers''~
'° reported its susceptibility to chemical changes
when exposed to temperatures above its melting
point for long durations. Molecular architecture
influences the isothermal crystallization kinetics of
PPS.'7'® These studies showed faster nucleation and
higher crystallization rates in linear PPS than that in
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branched PPS. Zhang et al."” studied the influence of
shear stress on crystallization behavior of PPS, and
reported that shear accelerates the formation of stable
crystal nuclei by increasing the molecular orientation
under shear flow. Therefore, crystallization induction
time decreases with shear time.

In comparison to the numerous studies on its crys-
tallization kinetics, very few researchers studied PPS
in the fiber form. Song et al.* reported melt spin-
ning of Ryton® PPS using the Instron capillary
rheometer. It was observed that, with increase in
MW of PPS, crystallinity level decreases causing
crystalline orientation to drop. That in turn results in
decrease in birefringence. Other investigators® >*
studied draw-annealing of industrially produced
PPS as-spun fibers and reported improvement in
fiber tensile properties.

The importance of material and fiber manufactur-
ing process variables, including their interaction
effects in enhancing the fiber tensile properties in the
fibers spun from other thermoplastic polymers, such
as polyethylene® is well documented in literature. Tt
is apparent that such an understanding of the devel-
opment of structure and properties in PPS fibers is
not investigated, and reported so far, especially for
PPS with linear molecular architecture. This research
was conducted to elucidate the relationship between
polymer MW, and fiber spinning and post process-
ing conditions, on the morphology and properties
development in as-spun and draw-annealed PPS
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Figure 1 Schematic of the melt spinning line.

fibers. This article discusses the results of as-spun
fiber studies. The findings of investigations pertain-
ing to draw-annealing process will be continued in
subsequent publications.

MATERIALS AND METHODS
Materials

Three variations of proprietary Fortron® linear PPS
resins, varying in MW, in the pellets form were sup-
plied by Ticona Polymers, a business of Celanese
Chemicals. The sample codes are 1P, 2P, and 3P.

Polymer characterization

Melt flow index (MFI), of all three grades of poly-
mers was determined using a Tinius Olsens’ Extru-
sion Plastomer MP200. ASTM standard D1238%° was
followed for these measurements, with barrel tem-
perature of 315°C and load of 5 kg as recommended
for PPS.

Melting behavior of all three grades of PPS was
studied using Mettler differential scanning calorime-
ter (DSC) 822°. As-received pellets were dried under
vacuum at 120°C for 3 hours prior to characteriza-
tion. The rate of heating in DSC experiments was
10°C/min. After holding the melt at 325°C for 10
min, crystallization from melt was studied at a cool-
ing rate of —10°C/min.

Melt spinning

Pilot melt spinning facility comprising of Fourne” sin-
gle screw extruder was used. Freshly dried samples
of each polymer were fed to feed hopper. Dry N,
gas was continuously supplied to the hopper. The 12
holes spinnerets with 0.8 mm diameter capillary, and
length to diameter (L/D) ratio of 10 and 5 were used
to produce multifilament as-spun yarns. The fila-
ments exiting the spinneret were allowed to cool
under atmospheric conditions in around 2.5 m long
spinline, and wound using a Leesona high speed
winder. In the spinline, upon filament solidification,
spin finish of 10% concentration (by volume), pre-
pared in distilled water at room temperature, was
applied to all the yarns under controlled rate so that
spin finish pick up on the yarn was ~ 1%. Figure 1%
shows the schematic of the melt spinning line, and
the spinning process parameters are given in Table 1.

Fiber characterization

Fiber denier

Weight of 1 m length of the yarn, and the number of
filaments in the yarn bundle were measured to cal-
culate the filament denier. Denier is defined as the
mass in grams of 9000 m length of the filament. For
each sample, five readings were taken and the aver-
age is reported.

Tensile properties

The tensile properties of the as-spun fibers were
measured using a Thwing-Albert tensile tester
equipped with a 2000 g load cell. The testing was
done on single filaments mounted on specially pre-
pared paper tabs, to avoid fiber slippage in the jaws.
For each sample, 10 single filaments taken from vari-
ous portions of the yarn were glued on the tabs
using epoxy resin and allowed to cure before testing.
Gauge length (distance between the tab ends) used
was 25.4 mm. Since as-spun fibers possessed larger
extensions, the rate of extension for testing as-spun
fibers was kept such that fibers broke in 20 * 3 s as
recommended in ASTM standard D3822.*® Average
of 10 readings is reported for tenacity and breaking
elongation. Tenacity is defined as the breaking force
per unit linear density, that is, denier. Tensile

TABLE 1
Melt Spinning Process Parameters

Extrusion
temperature (°C)

Throughput
(g/12 holes/min)

Take-up
speed (mpm)

Low (315)
High (340)

Low (9)
High (12)

Low (1025)
Medium (1750)
High (2350)
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Figure 2 MFI of various PPS resins.

modulus was calculated from the load-elongation
plots in the initial region of up to 2% elongation.

Morphological evaluations
Crystallinity

Degree of crystallinity (X) in fibers was evaluated
using Mettler 822° DSC. Prior to sample evaluations,
DSC was calibrated using the standard indium and
zinc samples. The yarn bundle was knotted care-
fully, without changing the sample history, to pro-
vide restraint in the easiest possible way during
thermal analysis. Some kind of restraint was sug-
gested by earlier researchers®?’ to prevent any
relaxation in fibers during heating in DSC. Around 4
mg of fibers was packed in the aluminum pan and
heated to 325°C at 20°C/min under N, atmosphere.
Degree of crystallinity was calculated using eq. (1).

_ AHy

X =
AHY?

)

where, AHy is the heat of fusion of the sample deter-
mined from the DSC thermogram after subtracting
the heat of crystallization, if any, that took place
during heating. AH}) is the heat of fusion of 100%
crystalline PPS and was taken as 112 J/ g.31

Molecular orientation
Overall orientation

Birefringence was measured using a polarized light
optical microscope equipped with 20 order Ehring-
haus compensator. To determine the extinction with
more accuracy, monochromatic light filter of 587 nm
was placed above the polarizer. From the average of
three readings for each sample, measured (uncor-
rected) retardation (I',,) was noted from the retarda-
tion tables supplied by the compensator manufac-
turer.”” To take into account the fringe jumping
phenomenon that occurs in engineering polymers
like PPS, corrected value of number of orders (N;)
was calculated using the method as described by
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Cha and Samuels.*® To understand fringe jumping
phenomena, readers may refer to the work of Faust
and Marrinan.**

Crystalline orientation

Pin-hole patterns of parallel arrays of multifilament
yarn laid on sample holder, were obtained using
Molecular Metrology wide angle X-ray scattering
(WAXS) system, on reusable Fuji image plates. X-
rays of wavelength 1.5418 A were produced using
monochromatic CuKa radiation. It was operated at
45 kV and 0.66 mA, and the beam size was around
30 pm. The sample to film distance was set at 36.52
mm. Images obtained after enough sample exposure
were subsequently read using the scanner, the FujiX-
BAS 18001l image analyzer. Since the pin-hole pat-
terns of as-spun fibers exhibited very little crystal-
line orientation, the plot of diffraction intensity of
reflection from (110) plane as a function of azi-
muthal angle was constructed using the Polar soft-
ware, to get an idea about the crystalline orientation
in these fibers.

Dynamic thermomechanical analysis

Since, the as spun fibers were to be drawn subse-
quently at draw temperatures above glass transition
temperature (T,), thermomechanical response of as-
spun fibers was evaluated using TA instruments’
dynamic thermomechanical analyzer (DMA) series
Q-800. The multifilament yarns of 8-10 mm length
were subjected to constant tension of 0.05N at an
oscillating frequency of 1 Hz. Temperature profile
used was 25-200°C at the heating rate of 3°C/min.

Statistical analysis

The effect of several variables on as-spun fiber mor-
phology and tensile properties was analyzed by con-
structing leverage plots using statistics software JMP
8.0. The correlation between the fiber morphology
and properties was also evaluated statistically using
this software. The solid line in leverage plots is the
best fit based upon the data points, and dotted lines
indicate 95% confidence limits.

RESULTS AND DISCUSSIONS
Polymer characteristics

MEFI of PPS resins is shown in Figure 2. The order of
MFI is 1P > 2P > 3P, and therefore, the order of
MW can be deduced as 1P < 2P < 3P. MW of 3P is
substantially higher than 2P, as compared to the dif-
ference in MW between 2P and 1P.
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Figure 3 Melting behavior of PPS resins. [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]

Thermal behavior of resins as studied by DSC is
not significantly different (Fig. 3). Slightly lower
peak melting temperature with increase in MW can
be ascribed to the fact that with increase in MW,
comparatively lower chain mobility due to more
chain entanglements may lead to development of
somewhat imperfect crystals. Similar dependence of
peak melting temperature on crystals’ nature was
reported in other thermoplastic fibers, for example,
polybutylene terephthalate.’® The percentage value
given above each of the thermograms in the figure is
the degree of crystallinity developed in each of the
polymers. With increase in MW, degree of crystallin-
ity decreases. Similar MW dependence of degree of
crystallinity in PPS has been reported earlier by
other investigators.*°

As-spun fiber structure and properties

In the following sections, the influence of several
variables on as-spun fiber properties is discussed.
Unless mentioned specifically, capillary L/D used
was 10. Leverage plots are constructed using JMP
8.0 statistical software to understand the statistical
significance of the effects. While plotting the effects
of MW, inverse of MFI is taken so that the direct
correlation with MW can be understood.

Fiber denier

Effect of take-up speed and throughput on denier of
fibers spun from polymer 3P at two extrusion tem-
peratures (ET) is shown in Figure 4. Fiber denier
decreases with increase in take-up speed and
decrease in throughput. At given process conditions,
the draw-down ratio increases with increase in take-

up speed, and with decrease in throughput. Increase
in draw-down ratio leads to more drawing of the
fibers and hence decreases the fiber denier. Similar
behavior is observed in the fibers spun from 1P and
2P. Leverage plots revealed that the effect of take-up
speed and throughput on fiber denier is highly stat-
istically significant (P < 0.0001, where P is the prob-
ability of occurrence of the effect by chance).

Effect of polymer MW

Statistical significance of the influence of MW on
fiber properties and morphology is shown in
Figure 5. With increase in MW, tenacity increases
[Fig. 5(a)] and breaking elongation decreases
[Fig. 5(b)]. With increase in MW, the number of
defects in the form of chain ends decreases, and
chain entanglement increases. Therefore, due to

\ -0-3P-315-12 -©-3P-315-9
8
—4-3P-340-12 -A-3P-340-9

Denier

________ & —
AL e N\‘
I+ e sz
2 . . . . . .
1000 1200 1400 1600 1800 2000 2200 2400

Take-up speed (mpm)

Figure 4 Factors influencing fiber denier. (Polymer 3P;
throughput: solid lines-high and dotted lines-low; extru-
sion temperature: circle-low and triangle-high).
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Figure 5 Leverage plots of effect of polymer MW (o 1/MFI) on (a) as-spun fiber tenacity; (b) breaking elongation; (c)
birefringence; and (d) degree of crystallinity. (Samples matrix with all spinning process variables for three polymer types).
[Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

higher viscosity of the polymer at given extrusion
temperature, melt of higher MW polymer experien-
ces higher level of spinline stresses at given take-up
speed. Resulting increase in molecular orientation as
evidenced by increasing trend in birefringence [Fig.
5(c)] leads to increased fiber tenacity and decreased
breaking elongation. Decrease in the level of crystal-
linity with increase in MW [Fig. 5(d)] can be
explained on the basis that, with increase in MW mo-
lecular mobility decreases because of higher number
of chain entanglements. In the spinline, within the
short time available, before filament temperature
drops to T, due to rapid cooling, lower molecular
mobility may be suppressing the crystallization more
than the enhancement that may occur because of
increase in spinline stress.

Tensile modulus of 3P fibers is found to be
around 25 gpd (grams per denier) whereas that of
1P is found to be around 19 gpd. Higher tensile
modulus of 3P fibers as compared to that of 1P can
be attributed to higher molecular orientation in the
former case.

Journal of Applied Polymer Science DOI 10.1002/app

Figure 6 shows the cold crystallization behavior of
the as-spun fibers manufactured from all three resins
spun under similar conditions. Higher the MW of

—1P ----2P —- 3P

Exothermic heat
(arbitrary units)
AN
\.
N\
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| o —

100 110 120 130 140 150
Temperature (°C)

Figure 6 Influence of MW on cold crystallization behavior
of as-spun fibers. (All fibers were spun at 1750 mpm; extru-
sion temperature 315°C; throughput: 12 g/min/12 holes).
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Figure 7 Effect of melt spinning variables on (a) as-spun fiber tenacity; (b) breaking elongation; (c) birefringence; and (d)
degree of crystallinity. (Solid lines: high throughput; dotted lines: low throughput; extrusion temperature: 315°C, capillary

L/D 10).

polymer from which fiber is spun, lower is the tem-
perature of onset and peak in crystallization exo-
therm. It suggests that the higher the polymer MW,
crystallization occurs earlier in the fibers. When
spun under similar processing conditions, the spin-
line stress, and therefore, molecular orientation will
be higher in fibers spun from high MW polymers as
discussed before. In the presence of chain mobility
induced thermally above T, during DSC experi-
ments, the fiber structure with higher orientation is
more favorable for crystallization, and hence the
fiber crystallizes earlier.

Effect of take-up speed

Effect of take-up speed and throughput on as-spun
fiber tensile properties is shown in Figure 7, and the
corresponding leverage plots are shown in Figure 8.
With increase in take-up speed, tenacity [Figs. 7(a)
and 8(a)], birefringence [Figs. 7(c) and 8(c)], and
degree of crystallinity [Figs. 7(d) and 8(d)] increase,
and breaking elongation decreases [Figs. 7(b) and

8(b)]. At higher take-up speeds, higher spinline
stresses exerted on the filaments lead to improve-
ment in the molecular orientation along the fiber
axis and improved molecular orientation, as seen by
increase in birefringence results in increase in tenac-
ity and decrease in elongation. Besides its depend-
ence on time and temperature, crystallization is
influenced by stresses as well. The time available for
crystallization before fiber temperature drops below
T, may not be significantly different at various take-
up speeds. Under these circumstances, for a given
polymer, increasing spinline stress with increase in
take-up speed causes the degree of crystallinity to
increase due to stress induced crystallization. It is to
be noted that even at highest take-up speed studied;
the degree of crystallinity is lower (close to 20%)
than crystallization potential (~ 30-35%) of these
polymers under quiescent conditions as discussed
earlier. Slow increase in crystallinity with take-up
speed up to 4000 mpm was reported by Chen
et al.*® in the case of PET melt spun fibers.

Journal of Applied Polymer Science DOI 10.1002/app
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Figure 8 Leverage plots of effect of take-up speed on (a) as-spun fiber tenacity; (b) breaking elongation; (c) birefringence;
and (d) degree of crystallinity (sample matrix of all other process parameters combined). [Color figure can be viewed in

the online issue, which is available at wileyonlinelibrary.com.]

Trends in Figure 7 indicate that the rate of change
in fiber properties is higher initially, and decreases
thereafter with increase in take-up speed. It implies
that the amount of change brought by the take-up
speed in fiber properties is not linear but rather
decreases with increase in speed. Similar observa-

tions were reported in the case of fibers spun from
isotactic polypropylene® and from PET.* Ziabicki*
explained this phenomenon on the basis of the com-
petition between crystallization and rapid cooling,
during fiber spinning. With increase in take-up
speed, rate of crystallization increases due to higher

Figure 9 WAXS pin-hole patterns (fiber axis vertical). (Fiber spinning conditions: Polymer: 3P; extrusion temperature:

315°C; throughput: 12 g/min/12 holes; capillary L/D: 10).
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Figure 10 DSC thermogram (heating curves) of as-spun
fibers spun at different take-up speeds. Values of crystal-
linity are above each curve.

spinline stresses. Conversely, the time available for
crystallization decreases due to faster cooling of
finer filaments with take-up speed increase. Thus
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the product of the available time for crystallization
and crystallization rate reaches maximum at critical
take-up speed and decreases thereafter. This phe-
nomenon seems to be valid in the case of PPS as
well.

Enhancement in fiber morphology is further sub-
stantiated by studying crystalline structure develop-
ment in as-spun fibers using WAXS. WAXS pin-hole
patterns of as-spun fibers prepared from 3P at differ-
ent take-up speeds are shown in Figure 9. At a take-
up speed of 1000 mpm, very little crystallinity with
negligible crystalline orientation is developed in the
fiber. In the absence of separate reflections corre-
sponding to different crystal planes, quantitative
evaluation of crystalline orientation was not possi-
ble. With increase in take-up speed, appearance of
arcs indicates slight increase in crystalline orienta-
tion. Similar observations were made in the case of
fibers manufactured from other polymers including
PPS by several investigators.”***!.

Figure 10 shows the effect of take-up speed on
cold crystallization behavior of as-spun fibers
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Figure 11 Effect of throughput on (a) as-spun fiber tenacity; (b) breaking elongation; (c) birefringence; and (d) degree of
crystallinity (all other process variables combined). [Color figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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Figure 12 Effect of extrusion temperature on (a) as-spun
fiber tenacity; (b) breaking elongation (all other process
variables combined). [Color figure can be viewed in the
online issue, which is available at wileyonlinelibrary.com.]

manufactured from polymer 3P at ET of 340°C and
high level of throughput. The percentages adjacent
to each of the thermograms indicate the degree of
crystallinity developed in the fibers during heating.
When manufactured from same polymer at similar
level of throughputs, fibers spun at higher take-up
speeds crystallize earlier. As discussed before, this
behavior can also be supported by the development
of spinline stresses as a function of take-up speed.
The fibers spun at higher take-up speeds exhibit
lesser crystallinity development during heating due
to the fact that these fibers possess higher degree of
crystallinity to begin with.

Effect of throughput

With increase in throughput, changes in fiber prop-
erties follow similar trends as observed with
decrease in take-up speed. Figure 11 shows the
leverage plots for this variable whereas actual data
of fiber properties versus throughput was shown
earlier in Figure 7. Decrease in draw-down ratio

Journal of Applied Polymer Science DOI 10.1002/app
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with increase in throughput lowers the spinline
stresses on fibers. This explains observed decrease in
birefringence [Fig. 11(c)] and degree of crystallinity
with increase in throughput [Fig. 11(d)]. Decrease in
molecular orientation and crystallinity results in
decrease in tenacity [Fig. 11(a)] and increase in
breaking elongation [Fig. 11(b)].

Effect of extrusion temperature

Within the range of temperatures studied, ET exhib-
its negligible influence on the fiber properties with
certain trend. With increase in ET, slight decrease in
tenacity and increase in breaking elongation (Fig. 12)
may be explained by the fact that with increase in
ET, melt viscosity decreases. Therefore, melt experi-
ences lower levels of shear stresses and spinline
stresses within the die and upon exiting the spin-
neret respectively. Both these factors may cause
lower level of molecular orientation of molecular
chains along the fiber axis, and result in slight
decrease in the fiber tenacity at higher ET. Decrease
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Figure 13 Effect of capillary L/D on (a) as-spun fiber
tenacity; (b) breaking elongation (all other process varia-
bles combined). [Color figure can be viewed in the online
issue, which is available at wileyonlinelibrary.com.]
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Figure 14 Dependence of fiber tenacity on (a) birefrin-
gence and (b) % DSC crystallinity. [Color figure can be
viewed in the online issue, which is available at
wileyonlinelibrary.com.]

in tenacity with increase in ET was reported by
Chen et al.* in PET melt spun fibers.

Effect of capillary L/D

With increase in capillary L/D from 5 to 10,
increase in fiber tenacity [Fig. 13(a)] and decrease in
breaking elongation [Fig. 13(b)] are observed. How-
ever, within the range of capillary L/Ds studied, the
effect is not statistically significant. With increase in
capillary L/D, the time available for the melt to flow
through capillary increases, giving more time for the
chains to orient in the direction of flow in the pres-
ence of shear stresses within the channel. Therefore,
within the capillary, elastic part of the energy will
be lesser with longer capillaries, resulting into lower
die swell. Correspondingly, lower loss of the molec-
ular orientation occurs upon capillary exit. Higher
level of molecular orientation retained in the fiber
structure thereby leads to increase in tenacity and
decrease in breaking elongation.
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Structure-properties correlation in as-spun fibers

The strong positive correlation between as-spun
fiber tenacity and birefringence is shown in Figure
14(a), indicating that with increase in molecular ori-
entation along the fiber axis, fiber tenacity increases.
Also shown is the statistically significant positive
correlation of tenacity with crystallinity in Figure
14(b), although the P value is somewhat higher for
tenacity-crystallinity relationship as compared to
that for tenacity-birefringence relationship.

To understand the effectiveness of material and
process variables to predict the as-spun fiber proper-
ties, regression plots of actual versus predicted prop-
erties are shown in Figure 15 for tenacity and bire-
fringence. R-square (RSq) value of more than 0.80
suggest that the fiber properties, that is, tenacity and
birefringence are well explained on the basis of vari-
ables that include polymer MW and melt spinning
process parameters, that is, ET, throughput and
take-up speed.
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Figure 15 Actual versus predicted fiber properties (a) te-
nacity and (b) birefringence. [Color figure can be viewed
in the online issue, which is available at
wileyonlinelibrary.com.]
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Figure 16 Dynamic mechanical behavior of as-spun
fibers: solid lines, storage modulus, dotted lines, length.
(As-spun fibers spun at 1750 mpm, extrusion temperature:
315°C, throughput: 12 g/min/12 holes, capillary 1/day 10).
[Color figure can be viewed in the online issue, which is
available at wileyonlinelibrary.com.]

Dynamic mechanical behavior of as-spun fibers

Changes in storage modulus and in length of as-
spun fibers recorded during DMA tests are shown
in Figure 16. These fibers were manufactured from
all three polymers under similar spinning process
conditions. It is clear from Figure 16 that with higher
polymer MW, the minimum in storage modulus
occurs at higher temperature. Corresponding change
in length is also shown on secondary axis in Figure
16. Above T, as-spun fibers of 1P show viscous flow
like behavior without any shrinkage. Comparatively,
fibers spun from 2P and 3P shrink increasingly in
the order of their MW, before exhibiting the viscous
flow like behavior. It is further noted that the tem-
perature at which viscous flow begins increases as
the polymer MW increases. Prior to the onset of vis-
cous flow, increasing amount of shrinkage above T,
in the as spun fibers with increasing polymer MW,
indicates presence of higher level of stresses and
therefore molecular orientation due to increasing
number of chain entanglements. Higher level of mo-
lecular orientation is supported by higher birefrin-
gence in 3P fiber (0.128) than in 1P fiber (0.057). Sim-
ilar behavior was observed during DMA testing of
fibers spun from 1P at take-up speeds of 1750 mpm
and 2350 mpm. The fibers spun at 2350 mpm
showed minimum storage modulus and onset of vis-
cous flow at higher temperature than the fiber spun
at 1750 mpm. Also former showed shrinkage before
the onset of viscous flow. Birefringence of 1P fiber
spun at 1750 mpm was 0.057, and that of the fiber
spun at 2350 mpm was 0.158. Thus, higher level of
molecular orientation at higher take-up speeds can
be attributed to observed dynamic mechanical
behavior of the as-spun fibers.

In a study on heat treatment of PET fibers, Pesz-
kin and Schultz** reported that the physical cross-
links are necessary to produce shrinkage during
heating the fibers by preventing free movement of
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chain through each other. In the absence of physical
crosslinks in the form of chain entanglements, crys-
tallites, oriented chains, etc., due to either lower MW
or lower take-up speed during melt spinning, vis-
cous flow in present experiment suggests that the
chain mobility induced at higher temperatures may
result in chains sliding past each other without
appreciable resistance. Thus from the trends in Fig-
ure 16, it can be stated that with increase in stress
level in the as-spun fibers, either by increase of MW
or by spinning at higher take-up speeds, the viscous
flow like behavior and the failure to stretch the fibers
due to chain sliding past each other shifts to higher
temperature. This important observation may have a
significant bearing during drawing of these fibers.

CONCLUSIONS

The structure-properties development in the as-spun
PPS fibers indicates that the fiber tenacity increases
and elongation decreases with increase in polymer
MW, with increase in take-up speed, and with
decrease in throughput. Within the range of tempera-
tures studied, extrusion temperature exhibits negligible
influence on as-spun fiber properties. The most signifi-
cant variables affecting fiber properties are found to be
polymer MW, take-up speed and throughput. As-spun
fibers with tenacities close to 4 gpd and breaking elon-
gations around 30% were obtained by spinning at high
take up speeds. The degree of crystallinity developed
in the as-spun fibers as a function of spinning process
variables varied in the range of 10-20%. As-spun fiber
tenacity is positively correlated with birefringence and
the differences are statistically significant. The molecu-
lar orientation enhances the crystallization behavior in
fibers. The thermomechanical behavior of as-spun
fibers shows a definite trend and is influenced by
physical crosslinks.
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