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ABSTRACT Many filiration applications require a bigh-performance fiber KEYWORDS
with good thermal, chemical, and textile properties. Ryton fiber has this unigue  Air pollution
combination of properties. Physical properties including tenacity and control
elongation were measured after exposing fiber samples 10 various acidic and  Filtration
caustic environments at elevated temperatures. These data were compared Nonwovens
with physical data obtained by exposing other bigh-performance Jibers to the Physical

same conditions. Used as a fiber bag material in barsh baghouse properties
environments, the new fiber results in bigh fabric strength retention and Polyphenylene
longer bag life. Other applications also take advantage 0 f the fiber’s unique sulfide
balance of properties. Synthetic fibers

In many industrial settings in which
nonwoven or woven fabrics are used,
conditions require a fabric with a bal-
ance of good thermal, chemical, and
textile properties. Rytone suifar poly-
phenylene sulfide (PPS) fiber is a read-
ily available, high-performance fiber
with a unique combination of these
properties. It is an ideal fiber for non-
woven and woven fabrics intended for
use in harsh industrial environments.

Background

Most “new” man-made fibers pro-
duced in the past 10 years have been
physical or chemical variants of fibers
already known or in production. The
PPS fiber is outside the current classes
of fibers recognized by the Federal
Trade Commission. Accordingly, in
July 1986, the Federal Trade Coramis-
sion granted a new generic name,
“sulfar,” for this class of fibers. “Sul-
far” is described as a fiber-forming
substance containing “a long-chain
synthetic polysulfide with at least 85%
of the sulfide linkages attached direct-
ly to two aromatic rings.”
Polyphenylene sulfide resins have
been produced commercially since
1973. In the polymerization, as shown

in Fig. 1, paradichlorobenzene and
sodium sulfide are allowed to react in
a polar solvent at elevated tempera-
tures to form the aromatic sulfide
polymer, polyphenylene sulfide (1). In
this form, the polymer is a light tan,
free-flowing powder.

Since the preliminary work leading
to the first patent, many improve-
ments have been made in the polymer-
ization process; these are described in
the subsequent patents and in other
publications {2). The resins have
become recognized as unique engi-
neering thermoplastics and are now
being used in injection molding and
coating applications. They demon-
strate good dimensional stability,
inherent flame retardancy, thermal
stability, ehemical resistance, and
excellent electrical resistance.

It was soon recognized that a syn-
thetie fiber made from these resins
would be a unique and potentially
useful material. After thorough re-
search and evaluation, a linear, high-
molecular-weight polymer suitable
for melt spinning was developed using
conventional melt spinning equip-
ment (8). The spun fiber is drawn at
elevated temperatures and is convert-
ed into staple fiber using conventional

crimping and cutting technigues.

Sulfar fiber became available in

commercial guantities in 1983, but it

was available initially in staple form

only. It is now available in multifil-

ament form and monofilament form.
Sulfar fiber possesses the following

properties for specialty nonwoven and

Wwoven purposes:

o Good physical properties

¢ Outstanding thermal resistance

¢ Excellent chemical resistance

e Flame retardancy

¢ Good electrical properties.

Possible uses for the fiber in non-
woven and woven fabrics include:

¢ Woven and nonwoven filter fabrics
for liquid and gas filtration

o Filter bags for filtration of flue gas
from coal-fired boilers

e Papermakers’ felts
¢ Electrolysis membranes

o High-performance composites with
glass, Xevlar®, or carbon fiber

¢ Rubber reinforcement
s Gaskets and packings
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1. Chemistry of the polymerization of suifar fiber

2. Stress-strain curves of sulfar and polyester
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¢ Electric insulation
¢ Wet- and dry-laid fabrics.

Most of our company’s experience
with the fiber has been in filter bags
for the filtration of flue gases from
coal-fired boilers and incinerators.

Fiber propetties

Physical properties

Typical physical properties of sulfar
staple fiber are shown in Table I. The
properties are in the range of most
textile fibers. The fiber has a tenacity
of 310 mN/tex and an elongation-to-
break of 40%. The specific gravity is
similar to that of polyester. One of the
more attractive properties is its low
moisture regain of 0.6%.

The stress-strain curves for sulfar
and polyester are shown in Fig. 2.
Based on the similarity of these curves,
one should not be surprised that sulfar
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performs similar to polyester in con-
ventional ecarding and needlepunch
nonwoven processes. Sulfar also proc-
esses well in normal spun processing.
Yarns and fabrics exhibit physical
properties similar to polyester.

The 4% shrinkage permits control
of fabrie porosity and density by
finishing techniques. The use of the
proper heat setting can reduce the
shrinkage of a finished nonwoven to
under 1%. Its thermoplastic nature
adds greatly to its versatility, permit-
ting nonwoven fabries to be glazed,
fusion-bonded, and molded.

Thermal resistance

The fiber exhibits good high-tem-
perature stability. Thermal stability
can be demonstrated in several differ-
ent ways. One method is to measure
tensile strength retention as a funetion
of temperature in an Instron environ-
mental test chamber. Results from this

testing are shown in Fig. 3 for temper-
atures up to 522°K. In this test, sulfar
retained over 60% of its strength at
477°K and 40% of its strength at 522°K.
Elongation-to-break remained essen-
tially unchanged up to 522°K.

Figure 4 shows perhaps a more
severe test. In this test, the fiber was
exposed to constant temperature for
a prolonged period of time. It still
retained 60% of its tensile strength
after exposure for 8000 h at 477°K, At
533°K, the loss of strength is more
rapid, as expected, with 60% tensile
strength retention being reached in
the first 1000 h.

Table IT compares this fiber to other
filter fabrics at 505°K. The nonwoven
filter fabrics were exposed for up to
five weeks during this test. All of the
products showed some loss of strength,
but the Nomex®, polybenzimidazole
(PBI), Huyglas®, and sulfar fabrics all
retained 60% of their strength after five



Il. Fabric strength retained after exposure in an oven at 505°K

L Strength refained, %

2 weeks:

i 3weeks .

- 5weeks -

Hl. Chemical resistance: tensile strength
retained after exposure to various chemicals
{360°K for 1 week)

weeks. These data indicate that these
four materials could survive limited
exposure to temperatures as high as
505°K in air.

Chemical resistance

One of the major benefits of sulfar
fibers is their ability to retain physical
properties in the presence of harsh
chemical environments. Table III
shows tensile strength retention in
various acids, alkalis, organic sol-
vents, and oxidizing agents. The
exposure lasted one week at elevated
temperatures. The retained strength
of the fiber, when exposed to normal
acids and alkalis, is essentially un-
changed. Organie solvents such as
carbon tetrachloride, toluene, and
perchlorethylene have practically no
effect on retained strength. However,
strong oxidizing agents and elevated
temperatures cause thermal oxida-
tion, resulting in loss of strength.

Free bromine can also attack PPS
fiber. In general practice, however, it
is difficult for the free bromine
radical to reach the baghouse. In one
industrial situation, a photographic
film was being burned in an ineiner-
ator to salvage the silver from the
film. PPS filter bags were used as a
trial in this installation. Free bro-
mine, available in the system, quickly
attacked the filter bag, causing early
failure of the bags. Subsequent labo-
ratory work has shown both PPS and
Nomex are totally dissolved by bro-
mine gas after 24 h of exposure at
ambient temperature.

Table IV compares the strength
retention of nonwoven fabrics made
from Nomex, PBI, Huyglas, sulfar,
polyester, acrylic, and polypropylene in

50% sulfuric acid and in 10% sodium
hydroxide at 366°K. After two weeks
of exposure in HySO,, only the sulfar
and polypropylene fabrics showed no
evidence of degradation. Exposing the
same fabrics to 10% NaOH under
similar conditions gave similar results,

In Table V, Nomex, sulfar, and P-
84 strength retentions are compared
at 366°K for one week in 10% nitrie
acid, 50% sulfuric acid, 10% hydro-
chlorie acid, 25% sodium hydroxide,
and 5.5% sodium hypochlorite. Only
nitric acid and sodium hypochlorite
affected the PPS.

Flame retardancy

In a NASA study reported by Kour-
tides and Parker (4), 12 thermoplas-
tics were classified aceording to fire
safety for aircraft interiors. Sulfar
ranked as number one in fire safety.
Sulfar has a limiting oxygen index of
34 or 35, which means it is classified
as nonflammable, and sulfar will not
combust under normal atmospheric
conditions (5).

Electrical properties

Sulfar fiber has excellent electrical
insulation properties, which suit it for
a broad range of electrical applica-
tions. The dielectric constant, digsipa-
tion factor, and volume resistivity are
summarized in Table V1.

Applications

The combination of physical proper-
ties, thermal resistance, chemical
resistance, and good processability
offer many opportunities for sulfar
fibers in high-performanee nonwov-
ens and wovens markets.

High-temperature filtration

A major established use for filter
fabries ig in baghouses for coal-fired
boilers and incinerators. Sulfar has
been successfully used in pulse-jet
baghouses since the late 1970s. Since
then, the bulk of our experience in
high-temperature filtration has in-
volved needled fabries designed for a
high air-to-cloth ratio for use in pulse-
jet processes. In our early experience,
a PTFE (polytetrafluoroethylene)
secrim proved highly successful in
developing sulfar filter felt. Expe-
rience is being gained rapidly with the
use of 100% sulfar filter felts. Scrim
made of spun and/or continuous-
filament sulfar has been used success-
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IV, Fabric strength retained after exposure to 50% HaS04 at 366°K and to 10% NaOH at

Vi. Typical electrical properties
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V. Chemical resnstances after exposure to varlous chemlcals (1 week at 366°K}
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fully in a number of filter felt appli-
cations,

It is difficult to filter fly ash from
coal-fired boilers and industrial and
utility plants because of high temper-
ature and harsh conditions within the
flue gas chamber. Bag life is also
influenced by abrasion created by
periodic cleaning eycles. Needled
fabric prepared from sulfar fiber is
one of the few materials capable of
long-term exposure in conditions of
high temperature and high acid
where abrasion of this type is com-
mon.

Conditions under which sulfar
seems well suited for high-tem-
perature filtration are:

o The flue gas temperature is 465°K
or less.

o Sulfur is present in the fuel.

o Water is present in the system,
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¢ The oxygen content of the flue gas
is 15% or less.

Temperature requirements in many
boiler applications demand a fiber that
will withstand high temperatures.
Ryton, Nomex, and PTFE are fibers
that meet this requirement.

Since SO; and 80; are normally
present in the flue gas of coal-fired
boilers, the operator of a filter bag
unit must be aware of the number of
times the acid dewpoint is reached. At
the dewpoint, water vapor condenses
with SO and SQ; gasses, and sulfurie
acid is formed. Some baghouses are
even operated below the acid dew-
point. Not only are acids generated
constantly under such conditions, but

good filtration is inhibited because of

the possible accumulation of moisture
on the filter surface. As noted in
Tables IV and V, some fibers are
adversely affected by sulfuric acid.

Dielectric constant L
At"1 KHz oo 31-33
LA MHz 31—33
DlSSIpatlon factor _ R
At1kHZ _' B _'.0.903.-0-005
At1 MHz -0.005-0.009°
Volume reS|st|wty S
~ ohm-cm -22-42%10%
Other applications

Its good stability in harsh ehemieal and
thermal environments and its ease of
processing make sulfar an attractive
fiber for purposes besides high-
temperature flue gas filtration. Sulfar
could be used in liquid filtration for hot
corrosive chernicals because it is resist-
ant to solvents, acids, and alkalis at high
temperatures. These filters could be of
nonwoven or woven construction.

The fiber could be used in specialty
papers for electrieal insulation. The
electrical resistance coupled with low
moisture regain and temperature
resistance should make it attractive.

The fibers are being evaluated in high-
performance composites with carbon
fiber, plass, and Kevlar to take advan-
tage of its thermoplastie properties.

The fiber has potential in the paper-
maker’s felt market in staple form in
the wet end of the process. Sulfar
monofilaments are already used in
belts in the dry end. These appli-
cations take advantage of the thermal
and chemieal resistance.0
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