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Description

Field Of The Invention

The present invention relates to an apparatus and
process for providing crosslinked fibers with non-sym-
metrical crimps. More particularly, there is provided an
apparatus and process for crimping crosslinked fibers
of tows of fibers which act as if they were crosslinked
wherein the crimps are set by further heat treatment.

Background Of The Invention

Crimp can be defined as the non-linearity in fiber.
For most of the man-made fibers employed in carpet
manufacture, a non-woven battings, the crimp or bend
in the fiber is induced by thermal/mechanical tech-
niques. It can also be thought of as the difference be-
tween the non-linear (crimped) fiber and the straight-
ened fiber (fiber extended). A crimp is important in car-
pet fibers and non-woven applications because it pro-
vides bulk to the yarn by preventing two fibers from lay-
ing parallel to one another. As a result, the carpet tuft
will have greater covering power, appear softer, and give
better resistance to wear and abrasion, among other
benefits.

Crimp is also useful in the processing of staple fib-
ers. Crimp is particularly useful in the processing of high
modulus fibers which are difficult to work with because
of slipperiness.

It is standard practice to crimp staple fibers such as
polyester, acrylic, and nylon with steam and a stuffing
box to provide pressure to result in a fiber which has
waves or kinks in it. This crimp makes the fiber process
better in nonwoven textile processes such as carding
and permits the staple fiber to form high loft (low density)
battings. This crimp is necessary for efficient processing
of these fibers to spun yarns since the crimp is again
necessary for efficient carding necessary for many
forms of yarn making. The crimp also provides a means
of further entangling the fibers and making a stronger
yarn. From an overall textile point of view, crimp is im-
portant. However, textile fibers are thermoplastic and
therefore the crimp comes out if the fibers are heated
above their glass transition point. For instance, crimped
continuous tow PAN fiber(acrylic) when heated to 225°C
while undergoing preoxidation for the manufacture of
OPF (oxidized polyacrylonitrile fiber) totally loses its
crimp while being pulled through the oven.

Thermoset fibers such as carbon fibers and related
fibers although relatively uncommon do not crimp since
they do not soften or melt. Heat, steam, and pressure
do not create crimp in carbon fiber, carbonaceous fibers
(>65% carbon) or any other thermoset fiber.

Crimp in the stuffer box is achieved by passing yarn
(s) or tow(s) into a uniformly heated chamber which is
at the tempeature required to heat set the fibers in their
crimped or non-linear configuration. Steam is usually
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used to assist and lubricate. As the yarns are forced into
the chamber by feed rolls, it pushes against yarn which
is already in the chamber, thereby causing the filaments
to bend and buckle (crimp).

A weight tube fitted into the top of the stuffer box
governs the flow and quantity of yarn into the stuffer box.
The frequency (crimps per inch) and the crimp ampli-
tude of the fibers are controlled by regulating the speed
of the feed rolls to that of the take up rolls as well as the
weight of the tube. Crimp setting by these techniques
can be done for single filaments or on multiple ends
(tow) using the spunize technique. The crimps are gen-
erally characterized by numerous sharp bends.

U.S. Patent No. 4,868,038 of McCullough et al,
which is herein incorporated by reference, discloses one
method for preparing novel non-linear carbonaceous
fibers having physical characteristics resulting from heat
treating stabilized polymeric fibers in the form of a knit-
ted fabric. There is described a proccess wherein the
fabric is substantially irreversible heat set under condi-
tions free of non-uniform stress and tension. In order to
obtain fibers which are non-linear, it is necessary to de-
knit the continuous fibers and then chopping to the de-
sired length. Knitting and then dekinitting the fabric to
obtain non-linear carbonaceous fibers increases the
costin producing the fibers. This crimp is permanent and
will not disappear on subsequent heat treatments.

U.S. Pat. No. 2,245,874 to Robinson, discloses a
method for forming curled fiber material by passing fib-
ers over rollers under conditions to bend and stretch the
fibers beyond elastic limits. Such a process cannot be
used to produce the non-linear fibers of the invention.
This crimp can be removed by heating the fiber crimped
up to the glass transition point.

U.S. Pat. No. 2,623,266 to Hemmi discloses the
mechanical preparation of sinusoid or spiraloid crimped
fibers. The fibers are heated and passed through a se-
ries of bars which impart a meander-like crimp. Howev-
er, the fibers are formed in a crimped and stretched
state. It is desirable to provide a relatively inexpensive
and simple method for producing non-linear fibers and
tows.

US-P-4- 979 274 discusses the prior art beliefs that
stuffer box crimping could not be used for the production
of crimped carbonaceous fibres. Contrary to these be-
liefs, the present applicants have discovered that stuffer
box crimping can be accomplished with oxidized poly-
acrylonitrile and that V-type crimps can be avoided.

The European patent application 0 119 521 A3 de-
scribes a continuous process for the production of poly-
acrylonitrile fibres which includes aerodynamic crimping
and subsequent heat treatment. The device used in the
process accordingto EP 0119 521 A3 (Fig. 2) is a strictly
aerodynamic device, where the fibres encounter a flow
of hot gases, e.g. at velocities of 450 to 500 m/sec. The
fibres are then retarded by a set of rods or a "cage",
causing the actual crimping.

US-P-4 004 330 to Stanley describes an apparatus
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and process including a stuffer crimper. Notably the
crimped yarn is cooled approximately to room temper-
ature before reaching the stuffing chamber exit, where-
as the present inventors have devised an apparatus and
process where the fibres are conveyed from the stuffer
box without tension and heat treated to form substan-
tially permanent crimps.

It is further desirable to provide a method for pro-
ducing non-linear fibers which does not require the prior
formation of a fabric.

It is also desirable to prepare a non-linear carbon-
aceous fibers without performing a knit-deknit opera-
tion.

Summary Of The Invention

The present invention is directed to a process and
an apparatus for forming non-symmetrical substantially
permanent heat set crimps in crosslinkable fibers or
tows which are capable of further crosslinking at eleve-
ated temperatures. The process of the invention com-
prises the steps of:

a) heating a precursor fiber or tow capable of being
further crosslinked by heating at elevated tempera-
tures so as to soften said fiber or tow;

b) horizontally feeding said heated fiber or tow into
a horizontally crimper stuffer box so as to form a
non-symmetrical crimp on said fiber or tow;

¢) providing a pressure on said fiber or tow in said
crimper stuffer box of about 10 to 50 kg to impart a
crimp;

d) conveying said crimped fiber or tow from said
crimper stuffer box without tension, and then

e) heat treating said crimped fiber or tow without
tension so as to form substantially permanent
crimps and a carbonaceous fiber or tow.

This process can be used with any fiber which will
undergo some crosslinking by heat treatment.

The process of the invention is particularly useful
for crimping partially crosslinked fibers, such as oxidized
polyacrylonitrile fibers, or those fibers which act as
though crosslinked, such as p-aramid fibers, which are
liquid crystals or have a higher melt point.

The apparatus of the invention comprises:

a) means for heating a precursor fiber or tow capa-
ble of being further crosslinked by heat;

b) roll means adjacent said heating means of part
a) for feeding said fiber or tow to a crimper stuffer
box;
¢) a horizontal crimper stuffer box adjacent the roll
means for imparting a non-symmetrical crimp, said
crimper stuffer box comprising a fixed doctor blade
and a movable doctor blade, the movable doctor
blade having means for applying pressure to the
blade to cause a pressure on the fiber or tow while
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in a folded position;

d) means for heating the fiber or tow from the stuffer
crimper box in an inert atmosphere, and

e) conveying means for conveying the fiber or tow
from the crimper stuffer box to the heating means
of part d) without stress or tension.

It is therefore an object of the invention to provide
a process and apparatus for providing crosslinked fibers
with non-symmetrical crimps. This crimp is permanent
and subsequent heat treatment or other treatment will
not remove it.

Itis another object of the invention to provide a quick
and economical process for forming crimped carbona-
ceous fibers or tows.

It is another object of the invention to provide an
electrically conductive carbonaceous fiber suitable for
electromagnetic interference (EMI) shielding.

Other objects and a fuller understanding of the in-
vention will be had by referring to the following descrip-
tion of the preferred embodiments taken in conjunction
with the accompanying drawing.

Brief Description Of The Drawing

Fig. 1 schematically illustrates the apparatus and
process of the invention.

Fig. 2 shows a cross section along the line 2-2 of
the apparatus in Fig. 1.

Description Of The Preferred Embodiments

Although specific terms are used in the following de-
scription for the sake of clarity, these terms are intended
to refer only to the particular structure of the invention
selected for illustration in the drawing and are not in-
tended to define or limit the scope of the invention.

As seenin Fig. 1, atow 10 of precursor fibers is first
past through a heater 12 to soften the fibers. Advanta-
geously, the heater 12 is provided with steam jets 13
which are used when the tow comprises oxidized poly-
acrylonitrile based fibers. The heated fiber tow 10, ca-
pable of being further crosslinked, is fed horizontally into
a horizontal crimper stuffer box 16 with feed or draw-in
rolls 14, 14A. The feed rolls 14,14A are preferably heat-
ed such as with steam to maintain the fibers in a sof-
tened state when fed into the crimper stuffer box 16.

The crimper stuffer box 16 is provided with a pair of
doctor blades 15,15A which function to feed the tow into
the crimper stuffer box 16 and to apply pressure to the
fibers. The pressure is applied by having one of the
blades 15, 15A being hinged and acting as a clapper
bar. The pressure can be applied with spring means,
weights 17, as shown in the drawing, or any suitable
means. A pressure of about 10 to 50 kg has been found
to provide a suitable non-symmetrical crimp for oxidized
polyacrylonitrile fibers. Crimp in the tow is formed in the
crimper box 16 at the tangent point of the rolls 14,14A.
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The collection of the tow 10 in the crimper box 16 causes
a back pressure to develop whereby the tow 10 forms
a crimp. The width and depth of the crimper box 16 in-
fluences the type of crimp. Steam from jets 19,19A ap-
plied before and during crimping also has an effect on
the amount of crimp set.

Following the crimper box 16 there is provided a
conveyor 20 which catches the crimped tow 10' from the
crimper box 16 and delivers it without tension or stress
to a oven 18 having a plurality of heating zones 18a,
18b, 18c. The first heating zone 18a is primarily to de-
water the tow 10'. The other zones 18b, 18c are used
to heat treat the crimped tow 10' in an inert atmosphere
s0 as to heat set and/or carbonize the tow 10",

The tow 10' from the heater 18 is preferably cooled
by a blower 21 before take-up on the take-up roll 22
which is synchronized with the conveyor speed to pre-
vent tension or stress on the fiber.

In the case where the fiber or tow comprises stabi-
lized or oxidized polyacrylonitrile fibers and heat setting
is to be effected, the oxidized fibers are heated to tem-
peratures of 300° to 1400°C in a non-oxidizing atmos-
phere such as nitrogen, argon or helium. The carboniz-
ing zone may be a single or multigradient furnace com-
prising a number of heating zones. The inert gases can
be supplied through the opening of the heating zone or
may be injected at various points along the way of the
fiber path.

Polymeric precursor material for the stabilized poly-
acrylonitrile fibers and tows which are advantageously
utilized in preparing the carbonaceous fibers of the in-
vention are selected from one or more of the following:
acrylonitrile homopolymers, acrylonitrile copolymers
and acrylonitrile terpolymers. The copolymers prefera-
bly contain at least about 85 mole percent of acrylonitrile
units and up to 15 mole percent of one or more monovi-
nyl units of styrene, methyl acrylate, methyl methacr-
ylate, vinyl acetate, vinyl chloride, vinylidene chloride,
vinyl pyridine and the like copolymerized therewith. The
acrylic filaments can also comprise terpolymers wherein
the acrylonitrile units are at least about 85 mole percent.

In the case of polyacrylonitrile based fibers, the fib-
ers can be formed by conventional methods such as in
Patent No. 4,837,706 by melt, dry or wet spinning a suit-
able liquid of the precursor material. The polyacryloni-
trile (PAN) based fibers which have a normal nominal
diameter of from 4 to 25 micrometers are collected as
an assembly of a multiplicity of continuous filaments in
tows. The fibers are than stabilized, for example by ox-
idation or any other conventional method of stabiliza-
tion. The stabilization fibers or tows which are typically
made from chopped or streich broken fiber staple are
processed according to the invention and heat treated
at elevated temperatures in an inert non-oxidizing at-
mosphere for a period of time to produce a heat induced
thermoset reaction. Typically, nitrogen content for the
fiber of between about 5 to 35% is maintained. At a tem-
perature range of from 150°C to 525°C and above, the

10

15

20

25

30

35

40

45

50

55

fibers are generally provided with a substantially perma-
nent or irreversible heat set.

As a result of the higher temperature treatment of
525°C and above, a more permanent or irreversible
crimp is imparted to the fibers or tows. The resulting
tows or fibers may be used per se.

The carbonaceous fibers derived from oxidized
polyacrylonitrile based materials which provided by the
invention are classified into three groups.

In afirst group, the carbonaceous fibers have a car-
bon content of greater than 65% but less than 85%, are
electrically nonconductive, and do not possess any
electrostatic dissipating characteristics, i.e., they are not
able to dissipate an electrostatic charge.

The term electrically nonconductive as utilized in
the present invention relates to a resistance of greater
than 4 x 108chms/cm(107ohms/in) when measured on
a 6K (6000 filaments) tow of individual fibers having a
diameter of from 4 to 20 microns.

When the fiber is stabilized and heat set polyacry-
lonitrile based fiber, it has been found that a nitrogen
content of about 18% or higher results in an electrically
nonconductive fiber.

In a second group, the carbonaceous fibers are
classified as being partially electrically conductive (i.e.,
having a low conductivity) and having a carbon content
of greater than 65% but less than 85%. The percent ni-
trogen content of such fibers is generally 16 10 20%. Low
conductivity means that a 6K tow of fibers in which the
individual precursor fibers have a diameter of from 4 to
20 micrometer, has a resistance of from 4X108 to 4X103
ohms/cm (107-10% ohmsf/in).

In a third group are the fibers having a carbon con-
tent of at least 85 percent but less than 92% and a ni-
trogen content of at least 5%. These fibers are charac-
terized as having a high electroconductivity. That is, the
fibers have an electrical resistance when measured on
a 6K tow of less than 4X10% ohms/cm (104 ohms/in).

The non-symmetrical electrically conductive car-
bonaceous fibers are useful in EMI shielding.

Para-aramids which are processed according to the
invention need only be carbonaceous in an amount of
about 0.5 to 5%, preferably, about 1 to 3% to obtain a
substantially permanent crimp.

Specific examples of p-aramids which can be proc-
essed according to the invention include polyparaben-
zamide and polyparaphenylene terephthalamide.
Polyparabenzamide and their processes of preparation
are disclosed in U.S. Pat. Nos. 3,109,836, 3,225,011;
3,541,056; 3,542,719; 3,547,895; 3,5658,571;
3,5675,933; 3,600,350; 3,671,542, 3,699,085;
3,753,957; and 4,025,494. Polyparaphenylene tereph-
thalamide (p-aramid) is available commercially as KEV-
LAR, a trademark of E.I. duPont de Nemours, and proc-
esses of preparing the same are disclosed in U.S. Pat.
Nos. 3,063,966; 3,094,511; 3,232,910; 3,414, 645;
3,673,143; 3,748,299, 3,836,498; 3,827,988, among
others. Other wholly aromatic polyamides are poly
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(2,7-phenanthridone)terephthalamide, poly(paraphe-
nylene-2, 6-naphthalamide), poly(methyl-1,4-phe-
nylene) terephthalamide. Additional specific examples
of wholly aromatic polyamides are disclosed by P.W.
Morgan in "Macromolecules," Vol. 10, No. 6, pp.
1381-90 (1977). The p-aramids fibers of the invention
should be heat treated at a temperature above 200°C.,
preferably at a temperature of from 200°C, to 500°C.,
and more preferably from 200°C to 375°C. The period
of heating depends upon, the temperature, size of fiber,
type of aromatic polyamide etc.

Although the invention has been described with a
certain degree of particularity, it is understood that the
present disclosure has been made only by way of ex-
ample and that numerous changes in the details of con-
struction and the combination and arrangement of parts
may be resorted to without departing from the scope of
the invention.

Claims

1. Aprocess for forming non-symmetrical substantial-
ly permanent heat set crimps in crosslinkable fibers
or tows, characterized in that said process com-
prises the following steps;

a) heating a precursor fiber or tow (10) capable
of being further crosslinked so as to soften said
fiber or tow;

b) horizontally feeding said heated fiber or tow
(10) into a horizontal crimper stuffer box (16) so
as to form a non-symmetrical crimp on said fib-
er or tow;

¢) providing a pressure on said fiber or tow in
said crimper stuffer box of about 10 to 50 kg;
d) conveying said fiber or tow (10) from said
crimper stuffer box (16) without tension, and
then,

e) heat treating said crimped fiber or tow with-
out tension so as to form substantially perma-
nent crimps and a carbonaceous fiber or tow.

2. The process of claim 1 wherein said precursor fiber
or tow is heated with steam in step b).

3. The process of claim 1 wherein said fiber or tow in
step b) is fed into said crimper stuffer box (16) by a
pair of heated rolls (14, 14A).

4. The process of claim 1 wherein step e) comprises
heat treating said fiber or tow at a temperature over
300°C in an inert atmosphere.

5. The process of claim 1 wherein said fiber or tow
comprises oxidized polyacrylonitrile based fiber or
tow.
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6.

10.

11.

12.

13.

14.

The process of claim 1 wherein said precursor fiber
or tow comprises a p-aramid.

The process of claim 1 wherein the heat treatment
of step e) comprises heat treating said fiber in sep-
arate heat treatment zones (18a, 18b, 18c) includ-
ing a step of dewatering.

An apparatus for forming non-symmetrical crimps
in a crosslinked fiber or tow (10) and then forming
a carbonaceous fiber or tow having substantially
permanent heat set crimps without stress or ten-
sion, characterized in that said apparatus compris-
es

a) means (12) for heating a precursor fiber or
tow (10) capable of being further crosslinked,;
b) roll means (14, 14a) adjacent said heating
means of part a) for feeding said fiber or tow
(10) to a crimper stuffer box;

¢) a horizontal crimper stuffer box (16) adjacent
said roll means (14, 14a) for receiving said fiber
or tow (10) from said roll means and imparting
a non-symmetrical crimp, said crimper stuffer
box (16) comprising a fixed doctor blade (15)
and a moveable doctor blade (15a), said move-
able doctor blade having means (17) for apply-
ing pressure to said moveable blade to cause
a pressure on said fiber or tow (10) while in a
folded position;

d) means (18b, 18c) for heating the fiber or tow
from said crimper stuffer box in an inert atmos-
phere, and

e) conveying means (20) for conveying said fib-
er to tow from the crimper stuffer box to said
heating means of part d) without stress or ten-
sion.

The apparatus of claim 8 wherein said heating
means of part d) comprises a plurality of heating
zones (18a, 18b, 18c).

The apparatus of claim 9 wherein one of said heat-
ing zones includes means for providing an inert gas.

The apparatus of claim 8 wherein said heating
means of part a) contains a means for providing
steam (13).

The apparatus of claim 8 wherein said conveying
means (20) of part e) has a planar surface and con-
veys the fiber or tow (10) through said heating
means of part d).

The apparatus of claim 8 wherein said roll means
(14, 14a) of part b) is heated.

The apparatus of claim 8 including means (22) for
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taking up said fiber or tow from said heating means
of part d).

The apparatus of claim 8 wherein said crimper
stuffer box (16) comprises an upper moveable doc-
tor blade (14) and a lower fixed doctor blade (14A)
and said upper doctor blade is provided with means
(17) for providing a pressure of about 10 to 50 kg
on the fiber or tow in said crimper stuffer box.

The apparatus of claim 8 wherein said stuffer crimp-
er box (16) contains a means for providing steam
(19, 19A).

Patentanspriiche

1.

Verfahren zum Bilden von ungleichmaBiger, im we-
sentlichen dauer hafter, durch Warme erzeugter
Krauselung an vernetzbaren Fasern oder Garnen,
dadurch gekennzeichnet, daB das Verfahren fol-
gende Schritte umfaft:

a) Erwdrmen einer Rohmaterialfaser oder ei-
nes Rohmaterialgarns (10) mit der Fahigkeit,
ferner vernetzt zu werden, um die Faser oder
das Garn weich zu machen;

b) horizontales Zufuhren der erwdrmten Faser
oder des erwarmten Garns (10) in einen hori-
zontalen Kréauselungs-Stopfbehélter (16), um
die Faser oder das Garn mit einer ungleichma-
Bigen Krauselung zu versehen:

¢) Auslben von Druck auf die Faser oder das
Garn in dem Krauselungs-Stopfbehalter (16)
von etwa 10 bis 50 kg;

d) Beférdern der Faser oder des Garns (10) aus
dem KrauselungsStopfbehélter (16) ohne
Spannung, und dann

e) Warmebehandlung der gekrauselten Faser
oder des gekrauselten Garns ohne Spannung,
um eine im wesentlichen dauerhafte Krduse-
lung und eine kohlenstoffhaltige Faser oder ein
kohlenstoffhaltiges Garn zu bilden.

Verfahren nach Anspruch 1, wobei die Rohmateri-
alfaser oder das Rohmaterialgarn in Schritt b) mit
Dampf erwarmt wird.

Verfahren nach Anspruch 1, wobei die Faser oder
das Garn in Schritt b) durch ein Paar erwarmter Rol-
len (14, 14A) in den Krduselungs-Stopfbehalter (16)
eingefihrt wird.

Verfahren nach Anspruch 1, wobei Schritt e) eine
Walmebehandlung der Faser oder des Garns mit
einer Temperatur von mehr als 300°C in einer iner-
ten Umgebung aufweist.
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5.

9.

Verfahren nach Anspruch 1, wobei die Faser oder
das Garn aus einer oxidierten PolyacryInitril-Faser
oder einem oxidierten Polyacrylnitril-Garn besteht.

Verfahren nach Anspruch 1, wobei die Rohmateri-
alfaser oder das Rohmaterialgarn ein p-Aramid auf-
weist.

Verfahren nach Anspruch 1, wobei die Warmebe-
handlungvon Schritt e) eine Warmebehandlung der
Faser in getrennten Warmebehandlungszonen
(18a, 18b, 18c) aufweist, die einen Schritt einer Ent-
wasserung umfaft.

Vorrichtung zum Bilden von ungleichmaBiger Krau-
selung in einer vernetzten Faser oder einem ver-
netzten Garn (10) und dann Bilden einer kohlen-
stoffhaltigen Faser oder eines kohlenstoffhaltigen
Garns mit im wesentlichen dauerhafter, durch War-
me bewirkter Krduselung ohne Druck oder Span-
nung, dadurch gekennzeichnet, daf3 die Vorrich-
tung folgendes aufweist:

a) eine Einrichtung (12) zum Erwarmen einer
Rohmaterialfaser oder eines Rohmaterialgarns
(10) mit der Fahigkeit, ferner vernetzt zu wer-
den;

b) eine Rollenvorrichtung (14, 14a) neben der
Erwarmungseinrichtung von Punkt a) zum Zu-
fihren der Faser oder des Garns (10) in einen
Krauselungs-Stopfbehalter,;

¢) einen horizontalen Kriuselungs-Stopfbehal-
ter (16) neben der Rollenvorrichtung (14, 14a)
zum Aufnehmen der Faser oder des Garns (10)
von der Rollenvorrichtung und Verleihen einer
ungleichmaBigen Krauselung, wobei der Krau-
selungs-Stopfbehalter (16) ein festes Ab-
streichmesser (15) und ein bewegliches Ab-
streichmesser (15a) aufweist, das bewegliche
Abstreichmesser eine Einrichtung (17) zum An-
legen von Druck an das bewegliche Messer be-
sitzt, um auf die Faser oder das Garn (10) in
einer gefalteten bzw. gefalzten Position Druck
auszulben;

d) eine Einrichtung (18b, 18¢) zum Erwarmen
der Faser oder des Garns aus dem Krause-
lungs-Stopfbehalter in einer inerten Lufthille,
und

e) eine Beférderungseinrichtung (20) zum Be-
férdern der Faser oder des Garns von dem
Krauselunge-Stopfbehalter zu der Erwar-
mungseinrichtung von Punkt d) ohne Druck
oder Spannung.

Vorrichtung nach Anspruch 8, wobei die Erwar-
mungseinrichtung von Punkt d) eine Mehrzahl von
Erwarmungszonen (18a, 18b, 18¢) aufweist.
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Vorrichtung nach Anspruch 9, wobei eine der Er-
warmungszonen eine Einrichtung zum Versorgen
mit einem inerten Gas umfaBt.

Vorrichtung nach Anspruch 8, wobei die Erwér-
mungseinrichtung von Punkt a) eine Einrichtung
zum Versorgen mit Dampf (13) umfaft.

Vorrichtung nach Anspruch 8, wobei die Beférde-
rungseinrichtung (20) von Punkt e) eine ebene
Oberflache besitzt und die Faser oder das Gamn
(10) durch die Erw&rmungseinrichtung von Punki d)
befordert.

Vorrichtung nach Anspruch 8, wobei die Rollenvor-
richtung (14, 14a) von Punkt b) erwdrmt wird.

Vorrichtung nach Anspruch 8 mit einer Einrichtung
(22) zum Aufnehmen der Faser oder des Garns von
der Erwarmungseinrichtung von Punkt d).

Vorrichtung nach Anspruch 8, wobei der Krause-
lungs-Stopfbehalter (16) ein oberes, bewegliches
Abstreichmesser (14) und ein unteres, festes Ab-
streichmesser (14A) aufweist und das obere Ab-
streichmesser mit einer Einrichtung (17) zum Be-
wirken eines Drucks von etwa 10 bis 50 kg auf die
Faser oder das Garn in dem Krauselungs-Stopfbe-
héalter versehen ist.

Vorrichtung nach Anspruch 8, wobei der Krause-
lungs-Stopfbehalter (16) eine Einrichtung zum Er-
zeugen von Dampf (19, 19A) enthalt.

Revendications

Procédé pour former des frisures thermodurcies
non symétriques, essentiellement permanentes,
dans des fibres ou fils réticulables, caractérisé en
ce que ledit procédé comprend les étapes suivan-
tes:

a) chauffer une fibre ou un fil précurseur (10)
susceptible d'étre davantage réticulé de manié-
re a ramollir ladite fibre ou ledit fil;

b) charger horizontalement ladite fibre ou ledit
fil (10) chauffé dans une boite frisante (16) ho-
rizontale de maniére & former une frisure non
symétrique sur ladite fibre ou ledit fil;

¢) appliquer une pression d'environ 10 a 50 kg
sur ladite fibre ou ledit fil dans ladite boite fri-
sante;

d) transporter sans tension ladite fibre ou ledit
fil (10) depuis ladite boite frisante (16); puis

e) soumettre ladite fibre ou ledit fil frisé & un
traitement thermique sans tension de maniére
a former des frisures essentiellement perma-
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nentes et une fibre ou un fil carboné.

Procédé selon la revendication 1, dans lequel ladite
fibre ou ledit fil précurseur est chauffé avec de la
vapeur d'eau dans l'étape b).

Procédé selon la revendication 1, dans lequel ladite
fibre ou leditfildans I'étape b) est chargé dans ladite
boite frisante (16) & l'aide d'une paire de rouleaux
chauffés (14, 14A).

Procédé selon la revendication 1, dans lequel I'éta-
pe e) comprend le traitement thermique de ladite
fibre ou dudit fil & une température supérieure a
300°C dans une atmosphére inerte.

Procédé selon la revendication 1, dans lequel ladite
fibre ou ledit fil comprend une fibre ou un fil & base
de polyacrylonitrile oxydé.

Procédé selon la revendication 1, dans lequel ladite
fibre ou ledit fil précurseur comprend un p-aramide.

Procédé selon la revendication 1, dans lequel le
traitement thermique de I'étape e) comprend le trai-
tement thermique de ladite fibre dans des zones de
traitement thermique séparées (18a, 18b, 18c)
comprenant une étape d'égouttage.

Appareil pour former des frisures non symétriques
dans une fibre ou un fil (10) réticulé, puis pour for-
mer une fibre ou un fil carboné ayant des frisures
thermodurcies essentiellement permanentes, sans
contrainte nitension, caractérisé en ce que ledit ap-
pareil comprend:

a) un dispositif (12) pour chauffer une fibre ou
un fil précurseur (10) susceptible d'étre davan-
tage réticulé;

b) un dispositif & rouleaux (14, 14a) adjacent
audit dispositif de chauffage de la partie a) pour
charger ladite fibre ou ledit fil (10) dans une bofi-
te frisante;

¢) une boite frisante horizontale (16) adjacente
audit dispositif & rouleaux (14, 14a), servant a
recevoir ladite fibre ou ledit fil (10) issu dudit
dispositif & rouleaux et & conférer une frisure
non symétrique, ladite boite frisante (16) com-
prenant une racle fixe (15) et une racle mobile
(15a), ladite racle mobile comportant un dispo-
sitif (17) servant & appliquer une pression sur
ladite racle mobile afin d'exercer une pression
sur ladite fibre ou ledit fil (10) tandis qu'elle/il
est en position repliée;

d) un dispositif (18b, 18¢) pour chauffer la fibre
ou le fil issu de ladite boite frisante dans une
atmosphére inerte, et

e) un dispositif de transport (20) pour transpor-
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ter ladite fibre ou ledit fil depuis la boite frisante
jusqu'audit dispositif de chauffage de la partie
d) sans contrainte ni tension.

Appareil selon la revendication 8, dans lequel ledit
dispositif de chauffage de la partie d) comprend une
pluralité de zones de chauffage (18a, 18b, 18¢).

Appareil selon la revendication 9, dans lequel une
desdites zones de chauffage comprend un disposi-
tif permettant de fournir un gaz inerte.

Appareil selon la revendication 8, dans lequel ledit
dispositif de chauffage de la partie a) contient un
dispositif pour fournir de la vapeur d'eau (13).

Appareil selon la revendication 8, dans lequel ledit
dispositif de transport (20) de la partie e) posséde
une surface plane et transporte la fibre ou le fil (10)
atravers ledit dispositif de chauffage de la partie d).

Appareil selon la revendication 8, dans lequel ledit
dispositif & rouleaux (14, 14a) de la partie b) est
chauffé.

Appareil selon la revendication 8, comprenant un
dispositif (22) servant a bobiner ladite fibre ou ledit
fil & la sortie dudit dispositif de chauffage de la partie
d).

Appareil selon la revendication 8, dans lequel ladite
boite frisante (16) comprend une racle mobile su-
périeure (14) et une racle fixe inférieure (14A), et
ladite racle supérieure est munie d'un dispositif (17)
servant a appliquer une pression d'environ 10 a 50
kg sur la fibre ou le fil dans ladite boite frisante.

Appareil selon la revendication 8, dans lequel ladite
boite frisante (16) comprend un dispositif servant a
fournir de la vapeur d'eau (19, 19A).
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