
EP 0 416 486 B1 Description Background of the Invention Field of the
Invention The present invention relates to highly processable aromatic
polyamide fibers, their production and use. Due to recent demands, various
novel high strength, high modulus fibers, such as aromatic polyamide
(aramid) materials, have been proposed to reinforce elastomeric and plastic
materials. 10 Description of the Prior Art US-A-3 869 429 and its German
equivalent DE-A-22 19 703 as well as US-A-3 287 324 describe aromatic
polyamides and wholly aromatic polyamides useful for making fibers and
films for various 16 applications. US A 4 670 343 is related to a wholly
aromatic polyamide fiber which has Improved surface frictional
characteristics, especially to a wholly aromatic fiber which exhibits a
reduced filament-to-filament friction, low breakage and fibrillation and a
high strength, which is used in a twisted form as a reinforcing cord for
rubber or composite materials. The fiber Is coated with at least 0.05% by
weight of a reaction product, of a 20    polyoxyethylene adduct of
glyceride having at least one hydroxyl group in the molecule with a dibasic
acid and/or a dibasic anhydride. The fiber itself is cured and drawn at
500[err] EP-A-0 107 887 relates to a multi-filament yarn which entirely or
substantially consists of an aromatic polyamide which is provided with an
adhesive coating of a cured epoxy compound. The epoxy compound having an
average of 2 to 4 epoxy groups per molecule is applied to the yarn as an
aqueous solution or 25 dispersion. After being taken up by the yarn, the
epoxy compound is cured at temperatures between 220 * C and 230[err]which
results in the formation of a coating being present on the yam in between
0.01 and 5% by weight. The epoxy compound, curing agent and catalyst
containing solution may be applied to the freshly spun wet filament or to
the dried filament. EP-A-0 136 727 describes the preparation of an aromatic
polyamide filament yarn which is impregnated 30  with solid particles of a
fluorine containing polymer (PTFE) and/or graphite from an aqueous
dispersion. The yarn is then subjected to a blowing treatment while in the
wet state. EP-A-0 239 915 is related to a process for producing a modified
fibrous material from aromatic polyamide fibers by applying a cold plasma
treatment under reduced pressure to the surface of the fiber in order to
achieve an enhancement of the bonding property of the fiber to rubber. To
this fiber an ion-plating 35  treatment with a polyamide vapor is applied
under reduced pressure. After impregnating the fiber with an adhesive
composition, the product is then dried and cured at elevated pressure. In
the state of the art of the above mentioned last 4 references a resin is
applied to the fiber as impregnating agent in order to facilitate the
reinforcement of rubber articles and other materials. After the application
a curing step is always necessary in which the surface reacts with the
resin. 40     Another reference (Research Disclosure, May 1978, No. 169,
disclosure 16949) discloses finishes useful for treating industrial fibers,
such as polyamide and copolyamide yarns, for tire cords which contain
ingredients selected from (a) natural or synthetic lubricant such as
cocunut oil, palm oil, pentaerythritol tetrapelargonate or ditridecyl
adipate, 46   (b) a nonionic emulsifier with a hydrophilic-lipophilic
balance (HLB) of 11-14, such as PEG (400-600) monostearate or mono-oleate,
polyoxyethylene (30) sorbitol tetraoleat-monolaurate or polyoxyethylene (4)
sorbitan monolaurate, (c) a nonionic emulsifier with an HLB of 7-10, such
as PEG (400) distearate or dioleate, polyoxyethylene (3) sorbinate
monostearate, polyoxyethylene (40) septaoleate or polyoxyethylene (5)
stearic acid, 50   (d) an antioxidant, such as tris-nonylphenyl phosphite,
4,4'-butylidene-bis-(6-t-butyl-m-cresol), tetra bis
[methylene-3-(3',5'-di-t-butyl-4-hyrdoxy-phenyl)-propionate]methane, or the
product derived from con- densation of butylated p-cresol and
dicyclopentadiene, (e) a substituted polysiloxane, such as dimethyl,
diphenyl, methylethyl or methyl-phenyl polysiloxane, and 55   (f) a
sulfonated natural oil, such as peanut or palm oil. 



One preferred composition contains 60-70 parts (a), 15-25 parts (b), 5-15
parts (c) and 1-5 parts (d). Another contains 60-70 parts (a), 15-25 parts
(b), 5-15 parts (c), 2-10 parts (d) and 1-7 parts (e). Another contains
55-65 parts (a), 15-25 parts (b), 5-15 parts (c), 1-5 parts (d), and 5-15
parts (f). Another contains 2    EP 0 416 486 B1 55-65 parts (a), 15-25
parts (b), 5-15 parts (c), 2-10 parts (d) 1-5 parts (e) and 5-15 parts (f).
A still other reference (Research Disclosure, July 1980, No. 195,
disclosure 19520) discloses finishes useful for treating industrial fibers,
such as polyamide and aramid fibers, which contain ingredients selected
from 5   (a) natural or synthetic esters such as coconut oil, palm oil,
pentaerythritol tetrapelargonate, ditridecyl adipate, or an interesterified
combination of glycerol trioleate, coconut oil, and palm oil or tridecyl
oleate, (b) products derived by reacting a fatty acid or acids with an
adduct of ethylene oxide and a polyol or with a polyethylene glycol
compound such as polyoxyethylene (2-10) sorbitan monolaurate, polyox-
yethylene (20-50) sorbitol septaoleate, polyoxyethylene (20-40) sorbitol
tetraoleate-monolaurate, polyeth- 10    ylene glycol (400-600) monostearate
or monolaurate or polyethylene glycol (400-600) dilaurate, (c) an
ethoxylated glyceride obtained from the reaction of 1 mole of castor oil,
hydrogenated castor oil, or coconut oil with 10-50 moles of ethylene oxide,
(d) tris(nonylphenyl)phosphite, 4,4'-butylidene-bis(3-methyl-6-tert
butylphenol), or 4,4'-thio-bis(3-methyl-6- tert butyl-phenol) and 15    (e)
a biostat such as o-phenylphenol or the sodium or potassium salt of
2-pyridinethiol-1 oxide. One preferred composition contains 60-70 parts
(a), 20-40 parts (b), up to 5 parts (d), up to 5 parts (e), and up to 5
parts water. A second preferred composition contains 45-55 parts (a), 20-30
parts (b), 20-30 parts (c), up to 5 parts (d), up to 5 parts (e), and up to
5 parts water. When polyamide or aramid fibers bearing any of the above
finishes are crimped, a compound from the group of 20    i) polyoxyethylene
(20-40) sorbitan monostearate, ii) polyoxyethylene (15-30) sorbitan
tristearate, iii) polyoxyethylene (15-30) sorbitan monooleate, or iv) the
potassium or sodium of the product of the reaction of 1 mole of phosphorus
pentoxide and 2-3 moles of a fatty alcohol such as lauryl alcohol,
hexadecyl alcohol, or stearyl alcohol 25     is advantageously applied at
the crimper. Staple prepared from the fibers treated as described above Is
advantageously treated with IV), above, after crimping and prior to further
processing. In the two last cited references, finishes are disclosed which
contain a lubricant, comprised of esters composed of an aliphatic,
saturated carboxylic acid and a polyhydric or aliphatic unbranched alcohol.
These finishes also contain an emulsifier or emulsifying system, an
anti-oxidant to increase the stability of the 30  composition,
polysiloxanes as further thermostable lubricant, a sulfated natural oil as
antistatic agent which is, however, not hydrolysis-stable. Furthermore,
these finished may contain biostats, further emulsifiers or lubricants.
However, the finishes according to these references are not suitable for
the purposes of the present invention in terms of surface frictional
properties, scourability, depositing due to abrasion, fibrillation and 35
antistatic properties of the resulting treated fibers. Most of the
commercial products have a high rigidity, poor surface functional
characteristics leading to fibrillation, mainly caused by friction among
filaments, and poor surface affinity for most traditional elastomeric,
thermoplastic and thermoset matrices which they reinforce. 40  Summary of
the Invention In order to overcome part of these problems these fibers are
used, for example, as reinforcement in tires, belts or hoses, in a twisted
form. This does not always mean that this technique enables a 100% strength
conversion. These drawbacks and defects, which result in a degradation of
physical properties 45  such as strength and modulus, have consequently
been driving a high demand for highly processable fibers which have to be
easy to process through knitting or weaving operation and do not lead to
machine 



deposits. One object of the present invention is to provide an aromatic
polyamide fibrous material, useful for reinforcing rubber articles, for the
production of ballistic fabric and other materials which involve in their
50 production a twisting, knitting, braiding, spiralling or weaving
operation, having improved surface frictional properties (fiber/metal) over
a broad range of operating speed, an excellent processability in terms of
deposition and fibrillation, very good antistatic properties even at low
humidity level and very good wash-off properties as well as inert behavior
of this fiber surface towards polymers and high shear strength properties.
55     A further object of this invention is to provide continuous
(on-line) and batch-wise (off-line) processes for producing the modified
aromatic polyamide fibrous material. Another object of this invention is to
provide a highly processable aramid element (yarn, thread, cord) usable for
ballistic fabric production or as a reinforcing element for elastomeric
composite. The improved processability of this product leads to higher 3
EP 0 416 486 B1 performance of the final system (for example higher
strength conversion in fabric and higher ballistic performance). Another
object of the invention is to provide aramid fibers which can be used
without twisting in production lines which involve, for example, a knitting
or weaving operation of a single yarn. When used in a 5 twisted form, for
example in a cord, the tenacity and modulus of the aramid element is better
utilized in the final cord structure than with commercially available
products. A still other object of the present invention is to provide
bullet and fragment resistant apparel having improved properties. According
to this invention, the application of certain surface treatment agents
(NPP; New Processability 10  Promoter) on the surface of aramid fibers
using either the standard finishing process known in the art or the
application on the never drawn never dried fiber using a process similar to
the activation process known In the art is offering a new surface treated
fiber which exhibits excellent processability characteristics in its
application as a reinforcing element for rubber applications or as a yarn
for ballistic fabric woven structures. The end use performance of the final
system is consequently significantly improved. 15 Detailed Description of
the Invention The present invention relates accordingly to highly
processable aromatic polyamide fibers of high modulus, improved surface
frictional properties, scourability, depositing, fibrillation and
antistatic properties having a coating, characterized in that said coating
consists of (a) 30 to 70% by weight of a low viscosity esteroil lubricant,
consisting of an ester, composed of i) an alcohol component which is a
branched, primary or secondary, saturated monohydric alcohol of the general
formula 25                     [err] 30          wherein R1 represents
C1-C16-alkyl, R2 represents H, C1-C16-alkyl, h = 0-5 k = 0 or 1 35
I = 0-4 m = 0-16 and wherein the total number of carbon atoms is below 25,
and ii) a carboxylic acid component which is an unsaturated fatty acid of
the general formula 40       R3-COOH wherein R3 represents C4-C19-alkenyl,
C4-C-1 9-alkadienyl, C4-C19-alkatrienyl, phenyl, naphthyl, 2- 



phenylethenyl, or which is an unsaturated dicarboxylic acid of the general
formula 45 HOOC-(CH = CH)n-COOH wherein n = 1 or 2 and said ester has a
solidification point of below +5 C, preferably below 0 C, a kinematic
viscosity of 50      below 70 mm2/sec, preferably below 50 mm2 sec (at 20
C) and an iodine value between 30 and 140, preferably between 30 and 80.
(b) 20 to 50% by weight of an emulsifying system which consists of
unsaturated ethoxylated fatty acids and/or unsaturated ethoxylated fatty
alcohols and/or ethoxylated alkylamines of the general formula [err]
wherein R4 represents C5-C20-alkenyl, phenyl, naphthyl, or C8- or
C9-alkylphenyl, 4    EP 0 416 486 B1 X represents -COO-, -NH- or -O-, EO
represents ethylene oxide units, PO represents propylene oxide units, p = 2
to 15 and 5        q = 0 to 10, (c) 5 to 15% by weight of an antistatic
agent, consisting of alkali salts of C4-C12-alkyl sulfonates or C4- C1
2-alkyl phosphates, (d) 0.2 to 2% by weight of a corrosion-inhibitor, and
(e) optionally additives and whereby the amount of said coating on said
fiber is between 0.05 and 2.0% 10    by weight, preferably 0.2 to 1.0% by
weight. The coating preferably consists of 50 to 60% by weight, most
preferably 55 to 60% by weight of the low viscosity esteroil (a), 25 to 40%
by weight, most preferably 29 to 35% by weight of the emulsifying system
(b), 5 to 10% by weight, most preferably 5 to 7% by weight of the
antistatic agent (c), 0.3 to 1% by weight, most preferably 0.3 to 0.5% by
weight of the corrosion inhibitor (d) and, if desired, optionally is
additives (e). The invention is further directed to fibers consisting of
highly processable polyamide fibers of high modulus, improved surface
frictional properties, improved scourability, low abrasion depositing, low
fibrilla- tion and improved long term antistatic properties having a
coating obtainable by treatment of said fibers with a surface treatment
agent containing a lubricant, an emulsifying system, an antistatic agent
and other 20 components, characterized in that said surface treatment agent
consists of (a) 30 to 70% by weight of a low viscosity esteroil lubricant,
(b) 20 to 50% by weight of an emulsifying system, (c) 5 to 15% by weight of
an antistatic agent, (d) 0.2 to 2% by weight of a corrosion-inhibitor, 25
(e) optionally additives the amount of said coating being between 0.05 and
2.0% by weight, preferably 0.2 to 1.0% by weight. The surface treatment
agent preferably consists of 50 to 60% by weight, most preferably 55 to 60%
by weight of the low viscosity esteroil (a), 25 to 40% by weight, most
preferably 29 to 35% by weight of the emulsifying system (b), 5 to 10% by
weight, most preferably 5 to 7% by weight of an antistatic agent (c), 30
0.3 to 1% by weight, most preferably 0.3 to 0.5% by weight of the corrosion
inhibitor (d) and, if desired, optionally water and optionally additives
(e). The highly processable aromatic fibers according to the invention are
further characterized by a specific breaking strength of 2.65 to 33.5
cN/dtex (3 to 38 g/den), a specific modulus of 8.83 to 2207 cN/dtex (10 to
2500 g/den), a finish on yarn level of 0.05 to 2% by weight, a fiber to
metal dynamic friction coefficient on a 35  1100 dtex aramid yarn of lower
than 0.55, preferably below 0.50 at 200 m/min, a fiber of metal boundary 



friction coefficient on a 1100 dtex aramid yarn of lower than 0.10,
preferably below 0.05 at 0.16 cm/sec, and amount of deposit due to abrasion
of lower than 0.5 mg/kg of yarn, a residual finish level of lower than 25%
by weight of the initial finish level of the washing. Within the scope of
the invention, by fibers are understood continuous filaments as well as a
single yam 40 or cord, staple fibers, fiber tows (for example for stretched
breaking processes), yarns or flat textile skeins, staple crimped fibers,
pulps, industrial woven, twisted, knitted, braided, spiralled or wrapped
textile from aromatic polyamides with fiber type structure. Aromatic
polyamides are such polymers that are partially, preponderantly or
exclusively composed of aromatic rings, which are connected through
carbamide bridges or optionally, in addition also through other 45 bridging
structures. The structure of such aromatic polyamides can be elucidated by
the following general formula of repeating units: (-CO-NH-A1 -NH-CO-A2
-CO)n 50  in which A1 and A2 are the same or different and signify aromatic
and/or polyaromatic and/or heteroaromatic rings, that can also be
substituted, Typically A1 and A2 may independently from each other be
selected from 1,4-phenylene, 1,3-phenylene, 1,2-phenylene,
4,4'-biphenylene, 2,6-naphthylene, 1,5- naphthylene, 1,4-naphthylene,
phenoxyphenyl-4,4'-diylene, phenoxyphenyl-3,4'-diylene, 2,5-pyridylene and
2,6-quinolylene which may comprise halogen, C1-C4-alkyl, phenyl,
carboalkoxyl, C1-C4-alkoxyl, acyloxy, 55 nitro, dialkyl-amino, thioalkyl,
carboxyl and sulfonyl. The -CONH-group may also be replaced by a carbonyl-
hydrazide (-CONHNH-) group, azo-or azoxy-group. Further useful polyamides
are disclosed in US-A-4 670 343 wherein the aromatic polyamide is a
copolyamide in which preferably at least 80% by mole of the total A1 and A2
are 1,4-phenylene and 5    EP 0 416 486 B1 phenoxyphenyl-3,4-diylene which
may or may not be substituted and the content of phenoxyphenyl-3,4'-
diylene is 10% to 40% by mole. Fibers derived from wholly aromatic
polyamides are preferred. Examples of aromatic polyamides are
poly-m-phenylene-isophthalamide and poly-p-phenylene-terephthalamide. 5
Especially suitable are poly-m-phenylene-isophthalamide fibers according to
US-A-3 287 324 and polyp-phenylene-terephthalamide fibers according to
US-A-3 869 429 and DE-A-22 19 703. Further suitable polyamides are those
structures in which at least one of the phenyl radicals bears one or more
of the above mentioned substituents. Additional aromatic compounds contain,
to some extent at least, repeating units that are derived from 3- or
4-aminobenzoic acid, respectively. 10     Additionally suited for finishing
with the surface treatment agent of the invention are wholly aromatic
polyamide fiber that have been stretched at a temperature of at least 150
[err[ according to DE-A- 22 19 646. Additional suitable aromatic polyamides
are of the following structure [err] in which X represents [err] R
represents H[err]alkyl and [err] which may be same or different are
selected from 1,2-phenylene, 1,3-phenylene and 1,4- phenylene and in which
at least one hydrogen atom may be substituted with halogen and/or C1
-C4-alkyl. One aramid preferably used as a reinforcing element in the
examples of the present invention is poly-p- phenylene-terephthalamide.
More particularly, poly-p-phenylene-terephthalamide fiber (1500 denier) has
been mainly used besides the other fibers yielding the same significant
improvement in processability and properties after being treated with the
surface treatment agent. In the case of ballistic application the yarn used
for the reduction to practice was a 1000 denier aramid fiber. 25     The
NPP formulation comprises a lubricant, an emulsifying system, an antistatic
agent and a corrosion inhibitor, and if desired, optionally water and/or
optionally additives. The lubricant (a) is a low viscosity esteriol which
is characterized as stated above. Examples for the alcohol compound (I) of
the ester can be 2-methyl-1-propanol, 2-butanol, 2-pentanol,
2-methyl-1-butanol, 3- 



methyl-1 -butanol, 3-methyl-2-butanol, 2,2-dimethyl-1 -propanol, 2-methyl-1
-pentanol, 4-methyl-I -pentanol, 4- 30  methyl-2-pentanol, 2-pentanol,
3-heptanol, 2-octanol, 2-ethyl-1-hexanol, 3,5-dimethyl-1-hexanol,
5-nonanol, 2-6-dimethyl-4-heptanol, iso-hexadecyl-alcohol or iso-tridecyl
alcohol. Examples for the carboxylic acid component (II) can be lauroleic
acid, myristoleic acid, palmitoleic acid oleic acid, gadoleic acid, erucic
acid, ricinoleic acid, tallow acid, linoleic acid, linolenic acid, fumaric
acid, maleic acid, cinnamic acid, naphthaline carboxylic acid or benzoic
acid. 35     The emulsifying system is a nonionic system as defined above.
Examples of unsaturated fatty acids are lauroleic acid, myristoleic acid,
palmitoleic acid, gadoleic acid, erucic acid or ricinoleic acid, referably
oleic acid (with 3-15 moles ethylene oxide). Examples of unsaturated fatty
alcohol are elaidyl alcohol, erucyl alcohol, brassidyl alcohol, preferably
oleyl alcohol and/or tallow alcohol (with 3-10 moles EO). Further examples
are C8- or Cs-alkylphenolethoxylates, preferably octylphenol- or
nonylphenolethoxylates, (5-15 40  moles EO). As known to the artisan it is
furthermore important to adjust the hydrophilic-lipophilic-balance (HLB)-
value to the lubricant in order to obtain a stable emulsion. This is
achieved by observation of the emulsion and its stability. Antistatic
compounds are alkali salts, preferably sodium salts of alkyl sulfonates
(e.g. lauryl sulfonate; 45  sodium salt), alkyl phosphates like
C4-C12-alkyl phosphates (mono/diester mixture) and fatty acids salt (sodium
salt of oleic acid). Sodium chloride content should be below 0.1%. It is
also possible to use alkyl- sulfates, however, they are not preferred
because they hydrolyze easily and therefore loose their antistatic
efficiency. Useful corrosion inhibitors are diethanolamine salts of
C4-C12-alkylphosphate-esters (mono/di) or amine 50  salts of fatty acids or
benzoic acid. The formulation may optionally contain water for
stabilization reasons even before it is diluted with water in order to
obtain its concentration with which it is applied to the fibers. The
following additives can optionally be incorporated in the formulation if
specific properties or process conditions are required, for example
adhesion, specific cross-linkage, UV-protection, pigmentation or 55
rheological adjustment. These additives may further comprise fungicides,
bacteriocides, and biocides. In certain applications e.g. elastomer
reinforcement or composite structure coupling agents can be used. Examples
comprise 6    EP 0 416 486 B1 - zirconaluminates derived from  zirconium
oxychloride (err) and from  aluminium chlorohydrate (err)(combined for the
preparation of the inorganic backbone which is selec- tively complexed with
carboxylic acid derivative (XROCOOH) to form the final product);
amino-silanes with the general structure [err] where n = 0 to 3, X is an
hydrolysable group based on silicon and Y is an organofunctional group
(e.g. vinyl, chloropropyl, glycidoxy, methacrylate, primary amine, diamine,
mercapto, cationic styryl 10      etc.) selected for reactivity adjustment.
Examples of such silane coupling agents are -aminopropyl- triethoxysilane
and -mercaptopropyltrimethoxysilane; - titanates with the general formula
[err] where Y is an isopropyl group and X is a larger group such as a
stearate. Other examples comprise melamine-methylol-methyl ethers (e.g.
hexa-methoxymethyl melamine). Useful UV-absorbers comprise benzotriazole
compounds, antioxidants comprise tris-nonylphenyl phosphate,
4,4'-butylidene-bis-(6-t-butyl-m-cresol), tetra bis[methylene -3-(3
,5'-di-t-butyl-4-hydroxy-phenyl)- 20  propionatel methane, or the product
derived from condensation of butylated p-cresol and dicyclopen- tadiene.
The pigments used should be heat stable up to 250[err] and may include
conventional as well as 



fluorescent pigments. The thus obtainable surface treatment agent is
further characterized by 25    - a viscosity of lower than 120[err]
preferably below 85 mm2/sec (at 20 C), - a weight-loss of lower than 25%,
preferably below 15% after 2 h at 200 [err] - a surface tension of a 1%
emulsion of lower than 35 mN/m, preferably below 32 mN/m at 20 [err] The
invention further relates to a process for the production of a highly
processable aromatic polyamide fiber coated on the surface treatment agent.
30     The coating of the aromatic polyamide fibers with the surface
treatment agent of the invention can take place in various ways and more
specifically according to the three following processes (a), (b) and (c)
(Table 1). Both process (a) and process (b) are continuous (on-line)
processes. Continuous or on-line means that the application of the surface
treatment agent is accomplished during the usual process of preparing
fibers 35  (spinning, drying, drawing and winding up on bobbins). According
to process (a) the application of the surface treatment agent is made on
the never-dried never-drawn fiber using either a finish application (e.g.
metering system), a roll applicator with or without doctor blade, a
serpentine system or any known in the art coating devices. Ultrasonic
systems and known in the art devices can also be used in order to enhance
the uniformity or penetration of the agent. For the 40 freshly spun and
neutralized and/or washed fiber the surface treatment agent is used neat or
in a diluted aqueous form, which is in a concentration of as low as 5% by
weight of said surface treatment agent in water. In the preferred route for
process (a), the NPP containing about 30% NPP in water has been applied
(this means 30 parts by weight NPP + 70 parts by weight water)on a wet
aramid fiber. The emulsion 45  treated fiber is then dried during the fiber
stretching drying step at a temperature between 150 and 190 [err]
preferably at 170[err]for few seconds (5-10 s) while the yarn speed was
around 630 m/min (workable range 270 - 675 m/min). The finish level after
the drying step was adjusted to be between 0.05 to 2.0% by weight,
preferably 0.2 to 1.0% by weight. According to process (b) the application
of the neat surface treatment agent is done according to 50  conventional
finishing process known in the art. The application is carried out on the
fully dried fiber just before the winding operation. The finish levels are
in the range of 0.05 to 2% by weight, preferably 0.2 to 1.0% by weight.
Furthermore, a combination of process (a) and (b) is also feasible. Thus, a
never-dried, never-drawn aromatic polyamide fiber may be treated with the
aqueous, diluted or neat formulation according to the 55   invention and
subsequently dried. That dried fiber may further be treated with the neat
surface treatment agent and wound without an additional drying step.
According to process (c) the treatment of the fiber is performed on
batch-wise (off-line) dipping or finishing equipment. Batch-wise means that
the application of the surface treatment agent is made after the 7    EP 0
416 486 B1 yarn, produced in an independent process, has been wound without
being subjected to a surface treatment. In process (c) the previously
produced never-dried, never-drawn fiber or the dried fiber, after it has
been unwound, for example from a bobbin on which it was provided, is
immersed in a bath provided with the surface treatment agent and then dried
or not dried depending on whether the agent has been applied neat 5  or in
a diluted, aqueous form and whether the fiber needs to be drawn under
heating. If the agent has been applied in an aqueous form, the application
step has to be followed by drying step, which is carried out at a
temperature between 80 to 190 C, preferably between 110 and 130[err] and
most preferably at 120 [err]. This process is especially directed to the
application of the NPP-formulation according to the Invention to polyamide
fibers, preferably aromatic polyamide fibers, which are commercially
available, have been stored 10 or are derived from another process and
which have not yet been treated. Drying may be effected by convection,
(e.g. hot air), heat conduction (e.g. contact-drying), irradiation 



(e.g. infra-red or microwave). The heat treatment of the treated fiber is
usually carried out for a period of from a few seconds to some minutes,
depending on the drying degree requirements for further applications. In
the course thereof, the machine speed may be selected from a few meters per
minute until several 15 hundred meters per minute, while, as a general
rule, also the amount of coating of the fiber of the treatment agent is
controlled by means of said machine speed and/or by concentration
adjustment. The application of the surface treatment agent could also be
performed after drying the yarn or the cord in the first heated chamber at
80 to 190[err] Dipping can be performed through several steps with
identical or different dip concentrations neat or in 20  concentrations of
as low as 5% by weight in water with or without intermediate drying. This
is referred to as multiple dipping. Ultrasonic, electrostatic and plasma
treatment of the yam can be additionally applied before, during or after
the impregnation in order to improve the penetration of the agent.
Traditional related equipments are suitable for these specific treatments.
25    In the preferred route of process (c) yarns and cords were passed
through the NPP dip of a dipping unit (by Zell-Company) to coat them and
then dried in the air heated chamber at 80 to 190 [err]C, preferably at 110
to 130 [err] with a predetermined tension of 6 N for an untwisted 1670 dtex
yarn. The most preferred temperature for this step is about 120 C.
Depending on the dip concentration which may between 5% and 100% by weight
in water the speed was adjusted to be between 15 to 35 m/min. The same
surface treating 30 agent concentrations and finish levels as process (a)
and (b) were used. If desired, all processes (a), (b), and (c) can be
conducted as a multi-step process In which the fiber may be several times
immersed in a surface treatment agent and in turn dried. For example the
treatment agent can be applied on the never-dried wet fiber, then the fiber
can be dried and thereafter the surface treatment agent can be applied once
more or even several times more with or without intermediate drying. 35
Alternatively, the treatment agent is applied after the fiber has been
dried and after further drying once or several times again with or without
intermediate drying. 40 45 50 55 8    EP0416486 B1 The following table
summarizes the application of different processes. Table 1 5
Finish  on Aramid                               Drying              Yarn
Fiber             NPP                Step           (% by wt.)
Progess never-dried   100%                   150 - 190[err]   0.05  - 2
(a) 10 never drawn   (neat)                 pref. 170[err]   pref. 0.8
continous or diluted as low as 15                      5% by weight NPP in
water dried              100%              none
(b) 20 (80-120[err]          (neat)
continuous never-dried   100%                   none                      "
(c)1 never drawn   (neat)
batch 



25 diluted:          80 - 190C                 "               (C)2 as low
as 30                      5% by wt.          (110-130[err] NPP in water
pref. 120 [err]                         batch dried              100% 35
(80-120-C)           (neat)            none                      "
(c) 3 batch 40                      diluted:           80 - 190[err]
"               (c)4 as low as 5%  by wt.        (110-130[err] water
pref.120[err]                            batch A further application of the
fibers according to the invention is in the reinforcement of hoses, belts,
ropes and cables including optical cables, rubber goods and composite
structures (e.g. sporting goods, medical supplies, building and acoustic
materials, transport and protective equipment for civil and military 50
applications). Description of the Preferred Embodiments The following
notations were used: 55    NPP:       New Processability Promoter NPPTY:
NPP treated 1000 denier yarn Comp.:   commercial state of the art of the
same denier treated with a standard finish TM:       Twist Multiplier    EP
0 416 486 B1 TM = 80 T/m (turns per meter) for 1670 dtex TM = 120 T/m for
1100 dtex 5                       Table 2 Performance of the Surface Teated
Material Comparison of tenacity in cN/dtex (g/den) of process (a) and (b)
products with Comp. 10 Process (a)                         Comp.
Process (b) NPPTY 19.67 (22.1) >    19.94  (22.4) 20.65  (23.2)    < 20.74
(23.3) NPPTY The main concern of experts in the art of treating never-drawn
fibers, in the present case process (a), is the strength retention of the
fiber after the treatment. The above table clearly indicates that none of
the 20  treatments leads to strength loss. Consequently, it is important to
note that the lubrication of a high strength fiber is feasible prior to the
annealing-stretching treatment without tenacity loss. The specific breaking
strength (tenacity) of a NPP-treated aromatic polyamide fiber according to
the invention lies between 2.65 and 33.5 cN/dtex (3 to 38 g/den), the
specific modulus is between 8.83 and 2207 cN/dtex (10 to 2500 g/den),
preferably between 26.5 and 1060 cN/dtex (30 to 1200 g/den). 25 Table 3
Compared physical properties 30    ( 1100  dtex  Fiber)
Comp.                   NPPTY 1. FRICTION Fiber/Fiber  (0.016 cm/sec)
0.22                   0.21 35 (128 cm/sec)                      0.28
0.26 



Fiber/Metal  (0.016 cm/sec)                           0.12
0.04 (128 cm/sec)                      0.30                   0.25 40
(200  m/min)                      0.70                    0.52 2.  Deposit
(mg/kg)                                  10                     0.4 3.
Fibrillation Index                                 21                     2
45  4. Scourability                                        46%
27% (residual finish level) In the above Table 3 the NPP treated aramid
fiber NPPTY shows superiority, in terms of friction 50 especially dynamic
friction F/M (200 m/min), deposit measured in mg/kg of yarn and
fibrillation compared to the control aramid fiber (Comp.) which is
commercially available. For the antistatic performance a generally good
performance starts at -6 kV, consequently the measured value of -2.5 kV for
the NPP treated fiber is excellent in terms of staticity. The scourability
(wash-off property) is also a very important factor since the residual
finish level after a 55 washing-step known to the artisan (measured in %)
impacts the subsequent finishing operation in the case of fabrics. The
scourability values mentioned in Table 3 were obtained on an industrial
scale using fabrics made of NPP treated yarn and compared to a control yarn
which was a commercial product of the same denier treated with a standard
finish. The ratio between NPP and Comp. treated yarns were confirmed in 10
EP 0 416 486 B1 the laboratory on yarns washed two times with warm soft
water at 50[err] using 100 ml of water for 10 g of yarn. Friction
coefficients were determined according to the following method: A package
of yarn is threaded through a tensioning device, between a guide roll and
two strain gauges, and onto a take-up roll driven by a 5  variable speed
motor. The two strain gauges record T1 and T2 input and output tension
respectively. The coefficient of friction is computed according to the
formula: [err] 10   where a is the friction angle and f the friction
coefficient (fiber to fiber, fiber to metal or fiber to ceramic depending
on whether a polished chrome or ceramic pin was used). The Rothschild
friction meter R-1182 has been used according to the standard procedure
known in the art. The deposit due to abrasion was measured on a
"Staff-Tester G 555" (Zweigle, West Germany) with which the weight of the
abraded fiber-material arising from fiber to fiber friction was determined.
15     The fibrillation index was determined on a "G 566" apparatus
(Zweigle, West Germany). Ballistic Tests The ballistic test method for
personal armours ([err] test) was carried out according to the NATO 20
standardization agreement STANAG 2920. The [err] ballistic limit velocity
for a material or armour is defined as that velocity for which the
probability of penetration of the chosen projectiles is exactly 0.5, using
the Up and Down firing method and calculation described below. 25 The Up
and Down firing method: The first round shall be loaded with the amount of
propellant calculated to give the projectile a velocity equivalent to the
estimated [err] ballistic limit of the armour. If the first round fired
produces a complete penetration, the second round shall be loaded with a
fixed decrement of propellant calculated to produce a 30 velocity about 30
m/s lower than the first. If the first round fired results in a partial
penetration, the second round shall be loaded with a fixed increment of
propellant calculated to produce a velocity about 30 m/s higher than the
first round. Upon achieving the first set of penetration reversals, the
propellant charge should be adjusted with the fixed amount to yield an
increment or decrement of velocity of about 15 m/s. Firing will then
continue in accordance with a given procedure to obtain an estimate of the
[err] BL(P) 35 [Ballistic Limit Protection]. Vso calculation: 



After a number of projectiles have been fired the [err] is calculated as
the mean of the velocities 40 recorded for the fair impact the fair impacts
consisting of the three highest partial velocities for partial penetration
and the three lowest velocities for complete penetration provided that all
six velocities fall within a bracket of 40 m/s. The fabric was made of a
1000 denier fiber. Usually in the area of high tenacity fiber the weaving
operation of ballistic fabrics leads to strength 45 losses usually
quantified by extracting the yarn out of the fabric and measuring the
tenacity-according to the standard procedures known in the art. The
following table 4 shows that the NPPTY product is leading to a significant
advantage since in a heavy fabric construction (typically 12 ends per cm)
the strength loss is reduced by half (7 vs. 14%). The ballistic performance
[err] see test procedure) is also improved by 8% at the greige fabric level
and 5 to 8% at the finished level (meaning after final fabric treatment).
so     In the case of light weight fabric, typically 8 ends per cm, the
ballistic performance is also increased by 4.5% at the greige fabric level.
55    EP 0 416 486 B1 Table 4 Strength Conversion and Ballistic Performance
Fabric Grade                       Strength             Strength
Percentage 5 loss NPPTY    loss Comp. improvement in Ballistic Per-
formance V50 of 10
NPPTY versus Comp. 15  HEAVY FABRIC of the state of the art: (commercially
available) 1. Greige                      7%                       14% 2.
Ballistic Perform. (Greige fabric)
+ 8% 3. Ballistic Perform. 25  (finished fabric)
+ 5 - 8% LIGHT FABRIC of the state of the art 30  (commercially available)
1. Greige                      0 - 2%                 0 -2% 2. Ballistic
Perform. (Greige fabric)
+ 4 - 5% Processability as a reinforcing element 40     Knitting
processability evaluation was carried out under the following conditions:
ELHA Circular Knitting Machine (Model RRU), test duration 4 hours, machine
speed 670 RPM, knitting speed 15 m/min; knitting construction 3
stitches/cm. Table 5 45 End-Use-Performance of different yarn Type Comp. 0
T/m      Comp. TM       NPPTY process   NPPTY process (c) 0 T/m (a), (b) 0
T/m 50                   _ Fibrillation      high              none
none                   none 



Knit Design       not uniform       uniform           uniform
uniform Deposit           build-up deposit  slight deposit    no deposit
no deposit Coverage Factor   not uniform       low               optimum
optimum 55 According to the results given in Table 5, an optimum
productivity levels and maximum value in use could be obtained using NPPTY
reinforcing materials vs Comp. The state of the art product is used
twisted. Table 5 clearly shows the advantage related to the possibility of
avoiding the twisting operation by using the 12    EP 0 416 486 B1
NPP-treated fiber as a reinforcing element. Hoses Performance 5     Fatigue
trials on hoses, made of specially NPP treated yam, were carried out to the
Ford specification with pressures of 1-3.5 bar at 0.5 Hz according to the
most severe trapezoid waveform. With standard twisted yarn (Comp. TM), 50
000 cycles to failure is generally obtained and sufficient to pass the
test. A result of 75 000 cycles has been obtained for the five samples
containing NPP process (a), (b) or (c) treated yarn. This shows a
significant superiority of the NPP treated yarn in terms of fatigue 10
resistance. All hoses have been made under processing conditions described
before. Efficiency conversion of NPP treated Yarn in cord structures 15
Compared to commercially available aramid based construction up to 30%
better strength efficiency conversion was obtained by using NPP treated
yarnfor cord construction. If a cord is made of several yarns, the strength
of the cord theoretically should be equal to the strength of each yam,
multiplied by the number of yarn, which is never the case in practice.
However, NPP helps to overcome this problem. In a laboratory test the
strength of a parallel construction made of three commercial 1100 dtex
(1000 20  filaments) aramid yarns with a final twisting of 140 T/m (twists
per meter) was determined to be 524 N. This was compared to a parallel cord
construction made of three 1100 dtex yarns which were treated with NPP
(0.8% by weight finish level). The finally obtained strength of a yam with
a twist level of 140 T/m was 592 N which corresponds to a 13% increase. In
a production test the strength of the NPP-treated yarn was even 30% higher,
compared to a commercial yam. 25     This is another result which confirms
the superiority of the NPP treated fibers according to the invention in
terms of efficiency conversion of the potential strength of the fiber.
Claims 30  1. Highly processable aromatic polyamide fibers of high modulus,
Improved surface frictional properties, improved scourability, low abrasion
depositing, low fibrillation and improved longterm antistatic prop- erties
having a coating of a lubricant, an emulsifying system, an antistatic
agent, and other components, derived from a surface treatment agent
characterized in that said coating consists of (a) 30 to 70% by weight of a
low viscosity esteroil lubricant, consisting of an ester, composed of 35
i) an alcohol component which is a branched, primary or secondary,
saturated monohydric alcohol of the general formula [err] wherein R1
represents C1-C16-alkyl, 45             R2 represents H, C1-C16-alkyl, h =
0-5 k = 0 or I I = 0-4 m = 0-16 50             and wherein the total number
of carbon atoms is below 25, and, 



ii) a carboxylic acid component which is an unsaturated fatty acid of the
general formula R3-COOH 55 wherein R3 represents [err]katrienyl, phenyl,
naphthyl, 2-phenyl-ethenyl, or which is an unsaturated dicarboxylic acid of
the general formula 13    * C  L  M   S* NPP-treated fiber as a reinforcing
element. Hoses Performance 5      Fatigue trials on hoses, made of
specially NPP treated yarn, were carried out to the Ford specification with
pressures of 1-3.5 bar at 0.5 Hz according to the most severe trapezoid
waveform. With standard twisted yam (Comp. TM), 50 000 cycles to failure is
generally obtained and sufficient to pass the test. A result of 75 000
cycles has been obtained for the five samples containing NPP process (a),
(b) or (c) treated yarns. This shows a significant superiority of the NPP
treated yarns in terms of fatigue 10  resistance. All hoses have been made
under processing conditions described before. Efficiency conversion of NPP
treated Yarn in cord structures 15     Compared to commercially available
aramid based construction up to 30% better strength efficiency conversion
was obtained by using NPP treated yam for cord construction. If a cord Is
made of several yarns, the strength of the cord theoretically should be
equal to the strength of each yarn, multiplied by the number of yarns,
which is never the case in practice. However, NPP helps to overcome this
problem. In a laboratory test the strength of a parallel construction made
of three commercial 1100 dtex (1000 *  20  filaments) aramid yarns with a
final twisting of 140 T/m (twists per meter) was determined to be 524 N.
This was compared to a parallel cord construction made of three 1100 dtex
yarns which were treated with NPP (0.8% by weight finish level). The
finally obtained strength of a yarn with a twist level of 140 T/m was 592 N
which corresponds to a 13% increase. In a production test the strength of
the NPP-treated yarn was even 30% higher, compared to a commercial yarn. 25
This is another result which confirms the superiority of the NPP treated
fibers according to the invention in terms of efficiency conversion of the
potential strength of the fiber. Claims 30 1. Highly processable aromatic
polyamide fibers of high modulus, improved surface frictional properties,
improved scourability, low abrasion depositing, low fibrillation and
improved longterm antistatic prop- erties having a coating of a lubricant,
an emulsifying system, an antistatic agent, and other components, derived
from a surface treatment agent characterized in that said coating consists
of (a) 30 to 70% by weight of a low viscosity esteroil lubricant,
consisting of an ester, composed of 35          i) an alcohol component
which is a branched, primary or secondary, saturated monohydric alcohol of
the general formula h = 0-5                                [err] k = 0 or 1
I = 0-4 m = 0-16 50              and wherein the total number of carbon
atoms is below 25, and, ii) a carboxylic acid component which is an
unsaturated fatty acid of the general formula [err] 55 wherein R3
represents [err]-alkatrienyl, phenyl, naphthyl, 2-phenyl-ethenyl, 



or which is an unsaturated dicarboxylic acid of the general formula 13
EP 0 416 486 B1 * C   L   M   S * [err] wherein n = 1 or 2 5           and
said ester has a solidification point of below  +5 C, preferably below
[err] kinematic viscosity of below 70 mm2/sec, preferably below 50 mm2/sec
(at 20[err] and an iodine value between 30 and 140, preferably between 30
and 80, b) 20 to 50% by weight of an emulsifying system which consists of
unsaturated ethoxylated fatty acids and/or unsaturated ethoxylated fatty
alcohols and/or ethoxylated alkylamines of the general 10       formula
[err] wherein 15           R4 represents [err]-alkenyl, phenyl, naphthyl,
or C8- or C9-alkylphenyl, X represents -COO-, -NH- or -O-,   EO represents
ethylene oxide units, PO represents propylene oxide units, p = 2 to 15 and
q = 0 to 10, c) 5 to 15% by weight of an antistatic agent, consisting of
alkali salts of [err]-alkyl sulfonates or [err]-alkyl phosphates, d) 0.2 to
2% by weight of a corrosion-inhibitor and e) optionally additives and
whereby the amount of said coating on said fiber is between 0.05 and 2.0%
by weight. 25 2. Fibers according to Claim 1, characterized in that said
alcohol component (i) of (a) is 2-methyl, 1- propanol, 2-butanol,
2-pentanol, 2-methyl-1-butanol, 3-methyl-1-butanol, 3-methyl-2-butanol,
2,2- dimethyl-1-propanol, 2-methyl-1-pentanol, 4-methyl-1-pentanol,
4-methyl-2-pentanol, 2-pentanol, 3-hep- tanol, 2-octanol,
2-ethyl-1-hexanol, 3,5-dimethyl-1-hexanol, 5-nonanol,
2,6-dimethyl-4-heptanol, iso-hex- 30     adecyl-alcohol or iso-tridecyl
alcohol. 3. Fibers according to Claims 1 and 2, characterized in that said
carboxylic acid component (ii) of (a) is lauroleic acid, myristoleic acid,
palmitoleic acid, oleic acid, linoleic acid, linolenic acid, fumaric acid,
maleic acid, cinnamic acid, naphthaline carboxylic acid or benzolc acid. 35
4. Fibers according to Claims 1 to 3, characterized in that said
emulsifying system comprises octyl- phenolethoxylates (5-15 moles EO)
and/or nonylphenolethoxylates (5-15 moles EO) and/or ethoxylated lauroleic
acid, myristoleic acid, palmitoleic acid, gadoleic acid, erucic acid or
ricinoleic acid, preferably oleic acid (3-15 moles EO) and/or tallow
alcohol ethoxylate (3-10 moles EO). 40 5. Fibers according to Claims 1 to
4, characterized in that the corrosion-inhibitor is a diethanolamine salt
of C4-to C1 2-alkyl phosphate mono- or diester, or an amine salt of a fatty
acid or benzoic acid. 6. Fibers according to Claims 1 to 5, characterized
in that the optional additives comprise crosslinking 45     agents and/or
UV absorbers and/or pigments and/or antioxidants and/or fungicides and/or
bacteriocides and/or biocides. 7. Fibers according to Claims 1 to 6,
characterized in that said surface treatment agent consists of 50 to 60% by
weight, preferably 55 to 60% by weight of (a), 25 to 40% by weight,
preferably 29 to 35% by 50     weight of (b), 5 to 10% by weight,
preferably 5 to 7% by weight of (c), 0.3 to 1% by weight, preferably 0.3 to
0.5% by weight of (d) and optionally additives (e). 8  Fibers according to
Claims 1 to 7, characterized in that said surface treatment agent is
further 



characterized by 65        - a viscosity of lower than 120 mm2/sec,
preferably below 85 mm2/sec (at 20 C), - a weight-loss of lower than 25%,
preferably below 15% after 2 h at 200  C, - a surface tension of a 1%
emulsion of lower than 35 mN/m, preferably below 32 mN/m at 20 C. 14    *
C  L   M   S * 9. Fibers according to Claims 1 to 8, characterized in that
said coating is present in an amount of 0.2 to 1.0% by weight. 10. Fibers
according to Claims 1 to 9, characterized by a specific breaking strength
of 2.65 to 33.5 cN/dtex 6      (3 to 38 g/den), a specific modulus of 8.83
to 2207 cN/dtex (10 to 2500 g/den), a finish on yarn level of 0.05 to 2% by
weight, a fiber to metal dynamic friction coefficient on a 1100 dtex aramid
yarn of lower than 0.55, preferably below 0.50 at 200 m/min, a fiber to
metal boundary friction coefficient on a 1100 dtex aramid yarn of lower
than 0.10, preferably below 0.05 at 0.16 cm/sec, an amount of deposit due
to abrasion of lower than 0.5 mg/kg of yarn, a residual finish level of
lower than 25% by weight of the 10    initial finish level after washing.
11. Fibers according to Claims 1 to 10, characterized in that the repeating
units of the aromatic polyamide have the general formula [err] wherein A1
and A2 are the same or different and represent substituted or unsubstituted
aromatic and/or polyaromatic and/or heteroaromatic rings. 20  12. Fibers
according to Claim 11, characterized in that A1 and A2 are independently
from each other selected from 1,4-phenylene, 1,3-phenylene, 1,2-phenylene,
4,4'-biphenylene, 2,6-naphthylene, 1,5- naphthylene, 1,4-naphthylene,
phenoxyphenyl-4,4'- diylene, phenoxyphenyl-3,4'-dlylene, 2,5-pyridylene and
2,6-quinolylene and which may or may not be substituted by one or more
substituents comprising halogen, C,-C4-alkyl, phenyl, carboalkoxyl,
[err]-alkoxyl, acyloxy, nitro, dialkylamino, thioalkyl, car- 25     boxyl
and sulfonyl and in which the amide-group may also be replaced by a
carbonylhydrazide-, azo- or azoxy-group. 13. Fibers according to Claim 11,
characterized in that the aromatic polyamide is a copolyamide in which
preferably at least 80% by mole of the total A1 and A2 are 1,4-phenylene
and phenoxyphenyl-3,4'- 30     diylene which may or may not be substituted
and the content of phenoxyphenyl-3,4-dlylene is 10% to 40% by mole. 14.
Fibers according to Claims 1 to 13, characterized in that the polyamide
fibers consist of poly-m- phenylene-isophthalamide. 35 15. Fibers according
to Claims 1 to 13, characterized in that the polyamide fibers consist of
poly-p- phenylene-terephthalamide. 16. Fibers according to Claims 1 to 15,
characterized in that said polyamide fibers contain optionally units 40
which are derived from 3- or 4-aminobenzoic acid. 17. Fibers according to
Claims 1 to 10, characterized in that the repeating units of the aromatic
polyamide have the general formula [err] in which X represents 0, S, 802,
NR, N2, CR2, CO R represents H, C1 -C4 -alkyl and [err] which may be same
or different are selected from 1,2-phenylene, 1,3-phenylene and 50
1,4-phenylene and in which at least one hydrogen atom may be substituted
with halogen and/or [err] alkyl. 18 Bullet and fragment resistant apparel
comprising fibers according to Claims 1 to 17. 55 19. Process for the
production of highly processable aromatic polyamide fibers having a coating
of a surface treatment agent comprising the steps of applying a surface
treatment agent to said fiber and 



subjecting said fiber to a heat-treatment characterized in that the surface
treatment agent which consists of 15    (a) 30 to 70% by weight of a low
viscosity esteroil lubricant, consisting of an ester, composed of i) an
alcohol component which is branched, primary or secondary, saturated
monohydric alcohol of the general formula [err] 10             wherein
[err] and wherein the total number of carbon atoms is below 25, and ii) a
carboxylic acid component which is an unsaturated fatty acid of the general
formula 20          R3-COOH wherein R3 represents [err] -alkenyl,
[err]-alkadienyl, [err]-alkatrienyl, phenyl, naphthyl, 2- phenylethenyl, or
which is an unsaturated dicarboxylic acid of the general formula 25 [err]
wherein n = 1 or 2 and said ester has a solidification point of below +5 C,
preferably below [err] a kinematic 30          viscosity of below 70
mm2/sec, preferably below 50 mm2/sec (at 20[err] and an iodine value
between 30 and 140, preferably between 30 and 80, b) 20 to 50% by weight of
an emulsifying system which consists of unsaturated ethoxylated fatty acids
and/or unsaturated ethoxylated fatty alcohols and/or ethoxylated
alkylamines of the general formula 35 [err] wherein R4 represents
Cs-[err]-alkenyl, phenyl, naphthyl, or C8- or C9-alkylphenyl, 40
X represents -COO-, -NH- or -O-, EO represents ethylene oxide units, PO
represents propylene oxide units, P = 2to 15 and q = 0 to 10, 46       c) 5
to 15% by weight of an antistatic agent, consisting of alkali salts of
[err]-alkyl sulfonates or C4-C12-alkyl phosphates, d) 0.2 to 2% by weight
of a corrosion-inhibitor and e) optionally additives is applied neat or in
a concentration of as low as 5% by weight in water on a never-dried and
never- 50     drawn fiber and dried at a temperature between 150 and
190[err] and optionally repeating the application of the surface treatment
agent in same or different concentrations and optionally the drying. 20.
Process according to Claim 19, characterized in that the surface treatment
agent consists of 50 to 60% by weight, preferably 55 to 60% by weight of
(a), 25 to 40% by weight, preferably 29 to 35% by weight 55     of (b), 5
to 10% by weight, preferably 5 to 7% by weight of (c), 0.3 to 1% by weight,
preferably 0.3 to 0.5% by weight of (d), and optionally additives (e). 16
EP 0 416 486 B1                     [err] 



21. Process according to Claims 19 and 20, characterized in that the
concentration of the surface treatment agent in water is 30% by weight. 22.
Process according to Claims 19 to 21, characterized in that the drying step
is carried out at about 5      170 C. 23. Process for the production of
highly processable aromatic polyamide fibers according to Claim 19 In which
the surface treatment agent is applied to a dried aromatic polyamide fiber
in neat form. 10  24. Process for the production of highly processable
aromatic polyamide fibers according to Claim 19, in which the surface
treatment agent is applied to a never-dried and never-drawn aromatic
polyamide fiber, diluted in a concentration of as low as 5% by weight in
water. PatentansprUche 15 1. Aromatische Hochleistungs-Polyamid-Fasem mit
hohem Modul, verbesserten Reibungseigenschaften der Oberfl~iche,
verbesserter Waschbarkeit, nledriger Abrieb-Abacheidung, geringer
Fibrillenbildung und verbesserten antistatischen Langzelt-Eigenschaften mit
elnem Oberzug aus elnem Gleitmittel, elnem emulgierenden System, einem
antistatischen Mittel und anderen Komponenten, der von elnem Oberfla- 20
chenbehandlungsmittel abgeleitet ist, das besteht aus (a) 30 bis 70 Gew.-%
eines niedrig-viskosen Ester6l-Gleitmittels, bestehend aus einem Ester, der
aus (i) einer Alkohol-Komponente, die ein verzweigter, prim~rer oder
sekundarer gesdttigter einwerti- ger Alkohol der allgemeinen Formel 25 R
R2 CH3- (CH2)h (CH)ki (CH2) e-CH1 (CH2)mO0 303h in der R'   C,-C ,s-Alkyl
bezeichnet, R2   H, C, -C, s-Alkyl bezeichnet, 35             h     = 0 bis
5, k     = 0 oder 1, I    = 0 bis 4. m     = Obis16, und worin die
Gesamtzahl der Kohlenstoff-Atome weniger als 25 betrigt, 40          und
(ii) einer Carbonsgure-Komponente, die eine unges~ttigte Fettsdure der
aligemeinen Formel R3-COOH 45          in der R3   C4-Cig-Alkatrienyl,
Phenyl, Naphthyl, 2-Phenylethenyl bezeichnet, oder eine ungesattigte
Dicarbonsaure der aligemeinen Formel HOOC-(CH = CH)n-COOH 50 ist, in der n
= 1 oder 2, aufgebaut ist, wobei der Ester einen Erstarrungspunkt unterhalb
von + 5 *C, vorzugsweise unterhalb von 0  C, eine kinematische Viskositft
(bei 20  C) von weniger als 70 mm2/s, vorzugsweise von weniger als 50
mm2/s, und elne lod-Zahl zwischen 30 und 140, vorzugsweise zwischen 30 und
80, 55       aufweist, (b) 20 bis 50 Gew.-% elnes emulgierenden Systems,
bestehend aus ungesattigten ethoxylierten Fettsduren und/oder ungesattigten
ethoxylierten Fettalkoholen und/oder ethoxylierten Alkylaminen der
allgemeinen Formel 17    



EP 0 416 486 B R4 X-(EO)p(PO)qH in der 5           R4    Cr-C20-Alkenyl,
Phenyl, Naphthyl oder Cs- oder Ce-Alkylphenyl bezeichnet, X     -COO-, -NH-
odor -0- bezeichnet, EO    eine Ethylenoxid-Einheit bezeichnet, PO    eine
Propylenoxid-Einheit bezeichnet, p     = 2 bis 15 und 10          q     = 0
bis 10, (c) 5 bis 15 Gew.-% eines antistatischen Mittels, bestehend aus
Alkali-Salzen von C4-CI2-Alkylsulfo- naten oder C4-01 2-Alkylphosphaten,
(d) 0,2 bis 2 Gew.-% elnes Korrosionsinhibitors, (e) gegebenenfalls
Additiven, 15     und wobei die Menge des Oberzugs auf der Faser 0,05 bis
2,0 Gew.-% betragt. 2. Fasern nach Anspruch 1, dadurch gekennzeichnet, daB
die Alkohol-Komponente (i) von (a) 2-Methyl-1- propanol, 2-Butanol,
2-Pentanol, 2-Methyl-1-butanol, 3-Methyl-1-butanol, 3-Methyl-2-butanol,
2,2-Dime- thyl-1-propanol, 2-Methyl-1-pentanol, 4-Methyl-1-pentanol,
4-Methyl-2-pentanol, 2-Pentanol, 3-Heptanol, 20     2-Octanol,
2-Ethyl-i-hexanol, 3,5-Dimethyl-1-hexanol, 5-Nonanol,
2,6-Dimethyl-4-heptanol, Isohexadecy- lalkohol oder Isotridecylalkohol ist.
3  Fasern nach den AnsprUchen 1 und 2, dadurch gekennzeichnet, daB die
Carbonsaure-Komponente (ii) von (a) Lauroleinsaure, Myristoleinsaure,
Palmitoleinsaure, Olsaure, Gadoleinsaure, Erucasaure, Rici- 25
noleinsaure, Talgsaure, Linolsaure, Unolensdure, Fumarsaure, Maleinsdure,
Zimtsaure, Naphthalincar- bonsaure oder Benzoesaure ist. 4. Fasern nach den
AnsprUchen 1 bis 3, dadurch gekennzeichnet, daB das emulgierende System
Octylphenolethoxylate (5-15 mol EO) und/oder Nonylphenolethoxylate (5-15
mol EO) und/oder ethox- 90     ylierte Lauroleinsgure, Myristoleinsiure,
Palmitolelnslure, Gadolelnslure. Erucasaure oder Rllnolein- saure,
vorzugsweise 651sAure (mit 3 bis 15 mol Ethylenoxid), und/oder Ethoxylate
von Talgalkohol (3-10 mol EO) umfaft. 5. Fasem nach den Ansprtchen 1 bis 4,
dadurch gekennzeichnet, daB der Korroslonsinhibitor ein 35
Diethanolamin-Salz eines C4 - bis C12-Alkylphosphatmono- oder -diesters
oder ein Amin-Salz einer Fettsaure odor der Benzoesaure ist. ;     S 6.
Fasem nach den AnsprUchen 1 bis 5, dadurch gekennzeichnet, daB die
wahlweisen Additive Vernet- zungsmittel und/oder UV-Absorptionsmittel
und/oder Pigmente und/oder Antioxidationsmittel und/oder 40     Fungizide
und/oder Bakterizide und/oder Biozide umfassen. 7. Fasern nach den
AnsprOchen 1 bis 6, dadurch gekennzeichnet, daB das
Oberflachenbehandlungsmittel aus 50 bis 60 Gew.-%, vorzugsweise aus 55 bis
60 Gew.-%, (a), 45     25 bis 40 Gew.-%, vorzugsweise aus 29 bis 35 Gew.-%,
(b), 5 bis 10 Gew.-%, vorzugsweise 5 bis 7 Gew.-%, (c), 0,3 bis 1 Gew.-%,
vorzugsweise 0,3 bis 0,5 Gew.-%, (d) und gegebenenfails Additiven (e)
besteht. 50 &  Fasem nach den Anspr~chen 1 bis 7, dadurch gekennzeichnet,
daBc das Oberflichenbehandlungsmittel weiter durch - eine Viskosit~t von
weniger als 120 mm2/s, vorzugsweise von weniger als 85 mm2/s (bei 20 C), -
einen Gewichtsverlust von weniger als 25 %, vorzugsweise von weniger als 15
% nach 2 h be! 55          200 IC, - eine Oberflachenspannung ehner 1-proz.
Emulsion von weniger als 35 mN/m, vorzugsweise von weniger als 32 mN/m, bei
20 * C gekennzeichnet ist. 18 



C   L @_| { 9. Fasern nach den AnsprUchen 1 bis 8, dadurch gekennzeichnet,
daB der Oberzug in einer Menge von 0,2 bis 1,0 Gew.-% vorliegt. 10. Fasern
nach den AnsprUchen 1 bis 9, gekennzeichnet durch 5      eine spezielle
Reifestigkeit von 2,65 bis 33,5 cN/dtex (3 bis 38 g/den), einen speziellen
Modul von 8,83 bis 2207 cN/dtex (10 bis 2500 g/den), eine Menge des
Oberfldchenbehandlungsmittels, bezogen auf die Menge des Game, von 0,05 bis
2 Gew.-%, elnen dynamischen Reibungskoeffizienten Faser zu Metall auf elnem
1100 dtex-Aramid-Gam von 10     weniger als 0,55, vorzugsweise von weniger
als 0,50, be! 200 m/min elnen Grenzflachen-Reibungskoeffizienten Faser zu
Metall auf einem  1100 dtex-Aramid-Gam von weniger als 0,10, vorzugsweise
von weniger als 0,05, bei 0,016 cm/s, einen Wert der durch Abrieb
verursachten Abscheidung, bezogen auf das Gam, von weniger als 0,5 mg/kg,
einen Restwert des Oberflichenbehandlungsmittels, von weniger ale 25 Gew.-%
des Ausgangs- 15     wertes des OberflAchenbehandlungsmittels nach dem
Waschen. 11. Fasem nach den AnsprUchen 1 bis 10, dadurch gekennzeichnet,
daB die Repetiereinheiten des aromatischen Polyamids die allgemeine Formel
K>  20     (-NH-Ai -NH-CO-A2-CO-)n haben, in der A, and A2 gleich oder
verschieden sind und substituierte odor unsubstituierte aromati- sche
und/oder polyaromatische und/oder heteroaromatische Ringe bezeichnen. 25
12. Fasern nach Anspruch 11, dadurch gekennzeichnet, daB A, und A2
unabhAnglg voneinander ausge- wAhlt sein konnen aus 1,4-Phenylen,
1,3-Phenylen, 1,2-Phenylen, 4,4'-Blphenylen, 2,6-Naphthylen, 1,6-
Naphthylen, 1,4-Naphthylen, Phenoxyphenyl-4,4'-diyl,
Phenoxyphenyl-3,4'-diyl, 2,5-Pyridylen und 2,6- Chinolylen, die
unsubstituiert oder durch einen oder mehrere Substituenten substituiert
sein k6nnen, die aus Halogen, Ci-C4-Alkyl, Phenyl, Carboalkoxyl,
Ci-C4-Alkoxyl, Acyloxy, Nitro, Dialkylamino, 30     Thioalkyl, Carboxyl und
Sulfonyl ausgewahit sind und in denen die Amid-Gruppe auch durch eine
Carbonylhydrazid-, eine Azo- odor elne Azoxy-Gruppe substituiert soin kann.
13. Fasern nach Anspruch 11, dadurch gekennzeichnet, daB das aromatische
Polyamid ein Copolyamid let, worin vorzugsweise wenigstens 80 Mol-% der
Summe der Einhelten A1 und A2 1,4-Phenylen und 36
Phenoxyphenyl-3,4'-diyl sind, die unsubstitulert odor substitulert sein
konnen, und der Phenoxyphenyl- 3,4-diyl-Gehalt 10 bis 40 Mol-% betragt. 14.
Fasem nach den Ansprachen 1 bis 13, dadurch gekennzeichnet, daB die
Polyamid-Fasem aus Poly(m- phenylenisophthalamid) bestehen. 40 16. Fasern
nach den AnsprUchen 1 bis 13, dadurch gekennzeichnet, daR die
Polyamid-Fasern aus Poly(p- phenylenterephthalamid) bestehen. 16. Fasern
nach den Ansprlchen 1 bis 15, dadurch gekennzeichnet, daB die
Polyamid-Fasern gegebenen- 45     falls Einheiten enthalten, die sich von
3- oder 4-Aminobenzoesgure sbleiten. 17. Fasem nach den AnsprUchen 1 bis
10, dadurch gekennzeichnet, daB die Repetiereinheiten des aromatischen
Polyamids die aligemeine Formel so     -(NH-Ar1 -X-Ar2 -NH-CO-Arl -X-Ar2
-CO-), haben, in der X             0, S, SO2, NR, N2, CR2, CO bezeichnet; R
H, C, -C4-Alkyl bezeichnet; und 55       Ar, und Ar2,   die gleich oder
verschieden sein k6nnen, aus 1 ,2-Phenylen, 1,3-Phenylen und 1,4- Phenylen
ausgew~hlt sind, worin wenigstens ein Wasserstoff-Atom durch Halogen
und/oder Ci -C4-Alkyl substituiert sein kann. 19  



EP 0 416 486 B1                         11111111  I1l1I IIIl II I!I 18.
Kugel- und splittersichere Kleidung, umfassend Fasem nach den Anspr~chen 1
bis 17. 19. Verfahren zur Herstellung aromatischer
Hochleistungs-Polyamid-Fasern mit einer Beschichtung aus elnem
Oberfllchenbehandlungsmittel, umfassend die Schritte des Auftragens eines
Oberflachenbe- 5      handlungsmittels auf die Fasern und das
Einwirkenlassen einer Warmebehandlung auf die Fasern, dadurch
gekennzeichnet, daBi das OberfIRchenbehandlungsmittel, das aus (a) 30 bis
70 Gew.-% eines niedrig-viskosen Ester6l-Gleitmittels, bestehend aus einem
Ester, der aus (i) elner Alkohol-Komponente, die ein verzweigter, primirer
oder sekundirer gestftigter elnwerti- 10          ger Alkohol der
aligemelnen Formel R1iR l                 2 15                     CH3 3
(CH2)h- (CH)k- (CH2)  'C1- (CH2)m-OH in der R1   C1 -C, s-Alkyl bezeichnet,
9620             R2   H, Ci -Ci s-Alkyl bezeichnet, h     = Obis5, k     =
0 oder 1, I    = Obis4, m     = Obis16, 25          und worin die
Gesamtzahl der Kohlenstoff-Atome weniger als 25 betrigt, und (ii) einer
Carbonsgure-Komponente, die elne ungesittigte Fettsaure der alngemelnen
Formel R3-COOH 30 in der R3   C4-Cis-Alkenyl, C4-C0s-Alkadienyl,
C4-C1g-Alkatrienyl, Phenyl, Naphthyl, 2-Phenylethe- nyl bezeichnet, oder
eine ungesattigte Dicarbonsiure der aligemeinen Formel 35 HOOC-(CH =
CH)n-COOH K              ist, in der n = 1 oder 2, aufgebaut ist, wobel der
Ester elnen Erstarrungspunkt unterhalb von + 5 * C, vorzugswelse unterhalb
40       von 0  C, esne kinematlsche Viskositit (bei 20 *C) von weniger als
70 mm2%s, vorzugswelse von weniger als 50 mm2/s, und eine lod-Zahl zwischen
30 und 140, vorzugsweise zwischen 30 und 80, aufweist, (b) 20 bis 50 Gew.-%
eines emulgierenden Systems, bestehend aus ungesfttigten ethoxylierten
Fettsauren und/oder ungesattigten ethoxylierten Fettalkoholen und/oder 45
ethoxylierten Alkylaminen der aligemeinen Formel R4-X'(EO)p(PO)qH in der 50
R4    Cs-C20-Alkenyl, Phenyl, Naphthyl oder Ca- oder Cs-Alkylphenyl
bezeichnet, X     -COO-, -NH- oder -0- bezeichnet, EO    eine
Ethylenoxid-Einheit bezeichnet, PO    elne Propylenoxid-Einheit bezeichnet,
p     = 2 bis 15 und 55          q      = 0 bis 10, (c) 5 bis 15 Gew.-%
eines antistatischen Mittels, bestehend aus Alkali-Salzen von C4-CI2-Akyl-
sulfonaten oder C4-C02-Alkylphosphaten, (d) 0,2 bis 2 Gew.-% eines
Korrosionsinhibitors, 



20    (e) gegebenenfalls Additiven besteht, unverdUnnt oder verdUnnt In
Wasser bis zu elner so niedrigen Konzentration von 5 % auf eine niemals
getrocknete und niemals verstreckte Faser zur Einwirkung gebracht wird und
be! einer Temperatur zwischen 150 *C und 190 *C getrocknet wird und
gegebenenfalls das Einwirkenlassen 5      des Oberfl~chenbehandiungsmittels
in der gleichen oder einer abwelchenden Konzentration und gege- benenfalls
das Trocknen wiederholt wird. 20. Verfahren nach Anspruch 19, dadurch
gekennzeichnet, daB das Oberflichenbehandlungsmittel aus 50 bis 60 Gew.-%,
vorzugsweise aus 55 bis 60 Gew.-%, (a), Jo     25 bis 40 Gew.-%,
vorzugsweise aus 29 bis 35 Gew.-%, (b), 5 bis 10 Gew.-%, vorzugsweise 5 bis
7 Gew.-%, (c), 0,3 bis 1 Gew.-%, vorzugsweise 0,3 bis 0,5 Gew.-%, (d) und
gegebenenfalls Additiven (e) besteht. 15 21. Verfahren nach den AnsprUchen
19 und 20, dadurch gekennzelchnet, daB die Konzentration des
Oberflachenbehandlungsmittels in Wasser 30 Gew.-% betrggt. 22. Verfahren
nach den AnsprUchen 19 bis 21, dadurch gekennzeichnet, daB der Schritt des
Trocknens bei 20     etwa 170 e C durchgefwhrt wird. 23. Verfahren zur
Herstellung aromatischer Hochleistungs-Polyamid-Fasern nach Anspruch 19,
worin das Oberflachenbehandlungsmittel In unverd0lnnter Form auf eine
getrocknete Faser aus aromatischem Polyamid aufgetragen wird. 25 24.
Verfahren zur Herstellung aromatischer Hochleistungs-Polyamid-Fasern nach
Anspruch 19, worln das Oberflichenbehandlungsmittel verd~nnt in Wasser in
einer so niedrigen Konzentration wie 5 % auf eine niemals getrocknete und
nlemals verstreckte Faser aus aromatlschem Polyamid zur Einwirkung gebracht
wird. 30 Revendicatlons 1. Fibres de polyamide aromatique hautement
transformable de module MlevA, presentant des proprit6s amfliordes de
frottement superficiel, un pouvoir de lavage am6liord, un falble dep8t par
abrasion. une 35     faible fibrillation et des propriftes antistatiques A
long terme ameliorees, pourvues d'un revetement constitu6 d'un lubrifiant,
d'un systeme 6mulsiflant, d'un agent antistatique et d'autres composants,
provenant d'un agent de traitement de surface constitu6 de: (a) 30 b 70% en
poids d'un lubriflant huile d'ester de faible viscosit6 constitu6 d'un
ester compose de: 40         i) un composant alcool qui est un alcool
monovalent sature primaire ou secondaire, ramifie, repondant a la formule
g~ndrale: R1         R2 45 3CH3. (CH 2)h   (LCH) k-(CH2)1 -           (CH2
)m-OH 50          dans laquelle: R1   repr~sente un radical alkyle en C1 A
Ci6, R2   repr~sente H, un radical alkyle en Ci & Cis, h    est 6gal a 0 a
5, k    est 6gal A 0 ou 1 55            1    est dgal a 0 a 4, m    est
6gal a 0 a 16, et dans laquelle le nombre total d'atomes de carbone est
Infdrieur h 25; et 



21    ii) un composant acide carboxylique qui est un acide gras insature de
formule g6nerale: R3-COOH 6              dans laquelle: Rs   represente un
radical alkatri6nyle en C. a C19, phenyle, naphtyle, 2-phenylethdnyle, ou
qui est un acide dicarboxylique insatur6 de formule gen6rale: HOOC-(CH =
CH)nCOOH t10 dans laquelle: n   est egal a 1 ou 2; et cet ester pr4sente un
point de solidification inferieur A + 5 C, de preference lnfirieur a 0 C,
une viscosit% cindmatique Infdrleure a 70 mm2/s, de pr6ference Inf6rleure &
50 mm2/s (& 20 " C) et i5          un indice d'iode entre 30 et 140, de
pr~ference entre 30 et 80; b) de 20 a 50% en poids d'un systeme 6mulsifiant
qui est constitu6 d'acides gras 6thoxyl6s insatures et/ou d'alcools gras
ethoxyles Insatures etlou d'alkylamines ethoxylees de formule genera- le: .
320       R14-X-(EO)p(PO)q-H dans laquelle: R4   reprdsento un radical
alkdnyle en Cs & C20, phdnyle, naphtyle ou alkylphenyle en Cs ou Cs, 25
X     represente -COO-, -NH- ou -0-, EO   represente des motifs oxyde
d'cthylbne, PO   reprdsente des motifs oxyde de propylbne, p     est 6gal h
2 & 14, et q     est egal & 0 A 10; 30       C) de 5 & 15% d'un agent
antistatique constitud de sels alcalins et d'alkylsulfonates en C4 a C12 ou
d'alkylphosphates en C4 a C12, d) 0,2 & 2% en poids d'un inhibiteur de
corrosion, et e) Oventuellement des additifs; et la quantitd de ces
revetements sur ces fibres 6tant comprise entre 0,05 et 2,0% en poids. 35
2. Fibres salon la revendication 1, caractdrisdes en ce quo ce composant
alcool (i) de (a) est le 2-methyl- 1-propanol, 2-butanol, 2-pentanol,
2-mdthyl-1-butanol, 3-mrthyl-1-butanol, 3-methyl-2-butanol, 2,2-dime-
thyl-1-propanol, 2-methyl-1-pentanol, 4-m6thyl-1-pentanol,
4-methyl-2-pentanol, 2-pentanol, 3-heptanol, 2-octanol, 2-6thyl-1-hexanol,
3,5-dim6thyl-1-hexanol, 5-nonanol, 2,6-dimdthyl-4-heptanol, iso-hexadecy-
40    lalcool ou iso-trid6cylalcool. 3. Fibres solon les revendications 1
et 2, caracteris~es en co quo ce composant acide carboxylique (ii) de (a)
est l'acide lauroleique, I'acide myristoleique, l'acide palmitolelque,
l'acide olelque, I'acide linolelque, I'acide linoldnique, I'acide
fumarique, I'acide maldique, I'acide cinnamique, I'acide naphtalene
carboxyll- 45     quo ou l'acide benzo~que. 4. Fibres salon los
revendications 1 A 3, caractbris~es en ce quo ce systbme 6mulsifiant est
constltue d'octylphenolethoxylates (5 a 15 moles de EO) et/ou de
nonylphenolthoxylates (5 a 15 moles EO) et/ou d'acide lauroleique, acide
myristol6ique, acide palmitoldique, acide gadoleique, acide erucique ou 50
acide ricinoldique 6thoxyld, de pr~f~rence d'ethoxylate d'alcool de sulf (3
& 10 moles de EO) et ou d'acide oleique (3 A 15 moles de EO). 5. Fibres
selon les revendications 1 a 4, caracterisees en ce quo l'inhibiteur de
corrosion est un sel de di6thanolamine de mono- ou diester d'alkylphosphate
en C4 & C12, ou un sel d'amine d'un acide gras 55     ou d'acide benzoTque.
6. Fibres selon les revendications 1 a 5, caract~risoes en ce quo les
additifs facultatifs comprennent des 



agents de reticulation et/ou des agents absorbant les UV et/ou des pigments
etlou des antioxydants 22    EP04t6486B1                      I 11111111111
11111 Il4D 1111ff eVou des fongicides etlou des bactericides etlou des
biocides. 7. Fibres selon les revendications 1 a 10, caractdrisdes en ce
que cot agent de traitement de surface est AS         constitu6 de 50 a 60%
en poids, de pr~fdrence de 55 a 60% en poids de (a), de 25 a 40% on poids,
5     de preference de 29 A 35% en poids de (b), de 5 A 10% en poids, de
pr6ference de 5 & 7% en poids de (c), de 0,3 & 0,1% en poids, de pref6rence
de 0,3 A 0,5% en poids de (d) et eventuellement d'additifs (e). 8. Fibres
solon les revendications 1 & 7, dans lesquelles que cot agent de traitement
de surface est 10     caractsriss en outre par: - une viscosit6 inf6rieure
a 120 mm2/seconde, de pr6fbrence inferieure & 8S mm2/seconde (A 20-G), -
une porte de poids inf~rieure & 25%, de prefdrence infdrieure & 15% aprbs 2
heures & 200 C, - une tension superficlelle d'une emulsion A 1% infirleure
A 35 mN/m, de pr6fdrence infdrieure a 16          32 nM/m a 20 *C. 9.
Fibres selon les revendications 1 a 8, caract6risees en ce que ce
revetement est prssent en une quantitd de 0,2 i 1,0% en poids. 20  10.
Fibres selon les revendications 1 & 9, caracterisses par une rssistance
specifique A la rupture de 2,65 a 33,5 cN/dtex (3 a 38 g/den), un module
sp~cifique de 8,83 a 2207 cN/dtex (10 & 2500 g/den), une quantit4 d'appr~t
sur le fil de 0,5 A 2% en poids, un coefficient de frottement dynamique
fibres/mdtal sur un fil d'aramide de 1100 dtex inffrieur a 0,55, de
pref~rence inf~rieur b 0,50 & 200 m/minute, un coefficient de frottement A
I'interface fibres/metal sur un fil d'aramide de 1100 dtex inferieur I
0,10, de 25     pr6f6rence inferieur A 0,05 a 0,16 cm/seconde, une quantit6
de d6p8t dO & l'abrasion inferieure A 0,5 mg/kg de fil, une quantit6
r~siduaire d'appr8t inferieure & 25% en poids de la quant*t6 d'appr8t
initial apres lavage. 11. Fibres selon les revendications 1 A 10,
caractdrisdes en ce que les motifs repetitifs du polyamide 30
aromatique r6pondent a la formule g6nerale: (-NH-At -NH-CO-A2-CO)n dans
laquelle: 35       Al et A2   sont identiques ou diff6rents et representent
des cycles aromatiques et/ou polyaromati- queso etou heteroaromatiques
substituds ou non substitu6s. 12. Fibres selon la revendication 11,
caracterisees on ce quo A1 et A2 sont choisis, independamment l'un de
l'autre, parmi 1,4-ph6nylbne, 1,3-phenylbne, 1,2-phenylbne,
4,4-biphenyI6ne, 2,6-naphtylene, 1,5- 40     naphtylene, 1,4-naphtylene,
phinoxyph6nyl-4,4'-dlylIne, pheoxyphdnyl-3,4'-dlylne, 2,5-pyridylbne et
2,6-quinolylbne et qui peuvent Stre substitu6s ou non par un ou plusieurs
substituants comprenant un atome d'halogbne, un radical alkyle en C, & C4,
phenyle, carboalcoxyle, alcoxyle en C, & C4, acyloxy, nitro, dialkylamino,
thioalkyle, carboxyle et sulfonyle, et dans lesquels le groupe amide pout
egalement Otre remplace par un groupe carbonylhydrazide, azo ou azoxy. 45
13. Fibres selon la revendication 11, caract6risees en ce que ce le
polyamide aromatique est un copolyamide dans loquel de preference au moins
80% en moles du total de A1 et A2 sont constitues de 1,4-phdnylbne et de
phenoxyphenyl-3,4'-diylbne qui peuvent 8tre substitues ou non et la teneur
en ph6noxyphenyl-3,4'-diyIlne est comprise entre 10 et 40% en moles. 50 14.
Fibres selon les revendications 1 h 13, caracterlsees en ce que les fibres
de polyamide sont constituees de poly-m-phenylene-isophtalamide. 15. Fibres
selon les revendications 1 & 13, caract6ris6es en ce que les fibres de
polyamide sont 55     constitutes de poly-p-phenylene-ter6phtalamide. 



16. Fibres selon les revendications 1 A 15, caracterisees en ce que les
fibres de polyamide contiennent 6ventuellement des motifs d6rivant de
l'acide 3- ou 4-aminobenzoTque. 23    EP 0 416 486 B191           I   1  1
liii 17. Fibres selon les revendications 1 a 10, caract6risees en ce que
les motifs repetitifs du polyamide aromatique rdpondent A la formule
g~n~rale: (-NH-Al -X-A2-NH-CO-Arl -X-Ar2-CO), 5 dans laquelle: X
repr~sente 0, S, SO2, NR, N2, CR2, CO; R           reprdsente H ou un
radical alkyle en Ci A C4; et Ar, et Ar2,   qui peuvent Otre identiques ou
diff6rents, sont cholsis parml 1,2-phenylbne, 1,3- 10
phdnylbne et 1,4-ph6nylbne et dans lesquels au moins un atome d'hydrogbne
pout 8tre substltu6 par un atome d'halogene et/ou un radical alkyle en Ct A
C4. 18. VOtement r6sistant aux balles et aux eclats comprenant des fibres
selon les revendications 1 a 17. i1  19. Proc6dd  de fabrication de fibres
de polyamide aromatique hautement transformables comportant un revdtement
d'un agent de traltement de surface compronant les 6tapes d'applicatfon
d'un agent de traitement de surface a ces fibres et le traitement A la
chaleur de ces fibres, caracteris6 en ce quo l'agent de traitement de
surfaces qui est constitu6 de: (a) 30 a 70% en poids d'un lubrifiant
d'huile ester de faible viscosit4, constitud d'un ester, compose 20
de: i) un composant alcool qui est un alcool monovalent satur6, primaire ou
secondaire ramifie, rdpondant A la formule g~n6rale: 25
R                     R2 CH3-(CH2)h -(H) -(CH2)l  - LC(CH2)m-OH 30 dans
laquelle: RI   repr6sente un radical alkyle en Ci a C16, R2   repr6sente H,
un radical alkyle en Ci a Ci6, h    est egal a 0 &  5, 35            k
est 6gal a 0 ou 1 I    est 6gal & 0 A 4, m    est egal a 0 a 16, et dans
laquelle le nombre total d'atomes de carbone est infdrieur a 25; et ii) un
composant acide carboxyllque qui est un acide gras Insatur6 de formule
gnerale: 40 R3-COOH dans laquelle: R3   represente un radical alk~nyle en
C4 a Cs, alkadienyle en C4 a C s, alkatri6nyle on C4 45                  a
C g, ph~nyle, naphtyle, 2-ph~nyleth6nyle, ou qui est un acide
dicarboxylique insatur6 repondant & la formule gen~rale: HOOC-(CH =
CH)n-COOH 50          dans laquelle: n . est dgal a 1 ou 2; et cot ester a
un point de solidification inferieur & + 5 C, de pref~rence inf~rieur a
0-C, une viscosit6 cindmatique inferieure a 70 mm2/s, de pref6rence
inferieure a 50 mm2/s (a 20 C) et un indice d'iode compris entre 30 et 140,
de pref~rence entre 30 et 80; 55       b) de 20 A 50% en poids d'un systeme
6mulsiflant constitud d'acides gras 6thoxyl~s insatur~s eVou d'alcools gras
6thoxyl~s insaturds eVou d'alkylamines 6thoxyl~es de formule g6n~rale: 
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11111111111111111111111 1111 * C   L  M   S * dans laquelle: R4
represente un radical alk6nyle en Cs A C0o, ph6nyle, naphtyle ou
alkylph6nyle en Ce ou r tC                 NioC-, 5         X
repr~sente -Cde-, -NH- ou -O-, E0   represente des motifs oxyde depthylbne,
PO   represente des motifs oxyde de propylbne, p     est egal a 2 a 15, et
q     est egal a 0 a 10; 10       c) de 5 & 15% d'un agent antistatique
constitu6 de sels alcalins d'alkylsulfonates en C0 a C12 ou
d'alkylphosphates en C4 a C12, d) 0,2 a 2% en poids d'un inhibiteur de
corrosion, et e) d'additifs facultatifs; est appliqu6 pur ou A une
concentration pouvant descendre jusqu'& 5% en poids dans l'eau sur une 16
fibre Jamals s6choe St jamals dtlre, et sdch6 I une tempdrature comprise
entre 150 et 190*C et 4ventuellement, on rdpbte l'appllcation de I'agent de
traltement de surface & des concentrations identiques ou differentes et
eventuellement le sechage. 20. Procede solon la revendication 19,
caracterise en ce quo I'agent de traitement de surface est constitue _J 20
de 50 & 60% en poids, de preference de 55 A 60% en poids de (a), de 25 &
40% en poids, de pref~rence de 29 A 35% en poids de (b), de 5 a 10% en
poids, de pr6f~rence de 5 A 7% en polds de (c), de 0,3 A 0,1% en poids, de
pr~ference de 0,3 a 0,5% en poids de (d) et 6ventuellement d'additifs (e).
25 21. Proc~d6 solon los revendications 19 et 20, caractbris4 en ce quo la
concentration on agent de traitement de surface dans I'eau est de 30% en
poids. 22. Proc~d4 solon les revendications 19 a 21, caracterise on ce quo
l'6tape de s6chage est mise en oeuvre a environ 170 C. 30 23. Proc~d6 de
production de fibres de polyamide aromatique hautement transformables solon
la revendi- cation 19, dans lequel l'agent de traitement de surface est
appliqu6 sur une libre de polyamide aromatique sous forme pure. 35 24.
Procede de production de fibres de polyamide aromatique hautement
transformables solon la revendi- cation 19, dons lequel l'agent de
traitement de surface est applique & une fibre de polyamide aromatique
jamais s~chee et jamais etiree, dilue a une concentration pouvant descendre
jusqu'a 5% en poids dans I'eau. 40 45 50 55 25    


