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CARBON FIBERS AND METHODS FOR PRODUCING THE SAME

Field of the Invention
The invention relates to a method for the
manufacturs of carbon fibers which avolds eritical

steps previously considered essential manufacturing
steps for the production of carbon fibers. MNore
particularly, the invention is directed to & process
which eliminates the independent step of
§nfusidbilizing a mesophase pitch fider prior to a

"carbonizing step for producing carbon fibers. The

invention also relates to novel carbon fidbers and

composite materials which Include the carbon fibers.

Backzround of the Invention

Mesophase based carbon fibers are well
known in the aft since the issuance of U.S. Patent
¥0. 4,005,183. Numerous patents have fssued
relating the manufacture of mesophase pitch suitable
for producling carbon fibers. Such patents include
U.S. Patent No. 4,026.788, U.S. Patent No.
3,976,729, and U.S. Patent NO. 4,303,631.

It has been found in the art that mesophase
pltch suitable for spinning pitch fibers contains at
least AOi'by weight mesophase so that the mesophase
is the continuous phase, and the mesophase pitch
upon quiescent heating forms domains at least 200
microns in size.

The spinning of mesophase pitch into
conilnuous pitch fibers for the manufacturing of
carbon fibers is usually carried out with a spinning
apparatus which spins bundreds of fibers
simultaneously, usually from 1500 to 2000 pitch
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fibers simultanecusly. Tbe average diameter of the
pitch fibers is sbout 13 microns. The pitch fibers,
33y 2000, are treated together in subseguent steps.
4 bundle of continuocus fibers are commonly referred
to as “yarp™ in the art. The carbon fibers are
usually produced, packaged for shipping, and used in
compozites as yarns. Such yarns are sometimes
referred to as “carbon yarns™.

As used herein, the term "yarn" is a
plurality of contlnuous fibers spun and processed
together and the terms "pitch yarn", "infusibilized
yara", "carbon yarn™ and “graphite yarn”™ are u;cd to

refer to the yern at varlous stages of the

 manufacturing process.

Gsnerally, the msthod for producing carbon
fibers from mesophase pitch includes the steps of
spinning the mesophase pitch into s plurality of
piteh fibers (pitch yarn), infusibilizing the pitch
fibers (Infusibilized plitch yarn), and thereafter
subjecting the infusibilized pitch fibers to s
carbonizing step in & substantially non-reactive
atmosphere for producing the carbon fibers (carbon
yarn). | '

It is known from the prior art that the -
step of infusibilizing the pitch fibers is essential
for the msnufacture of carbon fibers because it
enables the carbonizing step to be carried out
relatively rapidly. The carbonizing step usually '
requires the yarn to be raised to a temperature of
at least about 1000°C. It is desirable to be able
to raise the temperature of the yarn from sbout room

texperature to the final temperature, for example

- IOOO’C,rin a short time without causing deformation
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of fbo £ibers, fusion between fibers, or a
deterioration of the mechanical properties of the
earbﬁqr;n:n. |

.- In the prior art, the infusibilizing step
is plrticulurly important for producing mesophase
pitch based carbon fibers. NMesophase pitch derived
carbon fibers are characterized by superior
mechanical properties such as tensile strength and
Young's modulus because the aromatic molecules of
the mesophase pitch tend to orient parallel to the
pitch fiber during the spinning of the mesophase
pltcbrfibo:l. Raising the temperature of mesophase
pitch fibpré which have pot been infusibilized to
the softening point of the pitch fibers can result
in the disorientation of the aromatic molecules and
thereby substantially destroy the possibility of
obtalining carbon fibers with superior mechanicsal
properties.

.. The prior art has stressed the necessity of
infuﬁibillzing mesophase pitch yarn prior to the
carbonizing step in order to avoid an extraordinary
long period of time to ralse the temperature of the
yarn up from room temperature to the carbonizing
temperature without deteriorating the qualities of
the carbon yarn to be produced.

It is also essential, sccording to the
prior art, to infusidbilize non-mesophase pitch
fibers to avoid having the fidbers soften and thereby
result in fuiion between fibers in a yarn.

The step of infusibilizing pitch yarn is
also referred to in the art as a "thermosetting

step”. The infusibllizing step is an exothermic
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reaction and the heat generated by the reaction ecan
soften or defora fibers. The heat can cause fibers
in & yarn to sdhsre or stick to oach other and this
roduc.s.tha'tonsilo strength of the resulting carbon
yarn as well as the properties of a composite made
with the carbon yarn. This problem has been
considered Ip U.3. Pstent MNo. 4,275,051 and U.S.
Patent Mo. 4,276.278.

The manufacturing of cafbon fibers as
reflected in the patent 1iterature has been reviewed
in the book entitled, "Carbon and Graphite Fibers,
Manufacture and Application,” published by Noyes
Data Corporation, Park Ridge, New Jersey, 1980,
edited by marshall Sittig. This book sets forth the
historical development of carbon fibers as derived
from diffarent precursor materials and the
techniques patented for their manufacture. 1In
additlba. the book describes succinctly the vearious
fiber treatment processes, matrices which are
employed with carbon yarn in order to make -
composites, other reinforced materlals which ¢an be
included in combinationrvith carbon fibers to make
effective composites, and the utilization of the
carbon fibers in the manufscture of textile
structures.

The Internstional Committee for
Characterization and Terminology of Carbon bas
published “First Publication of 30 Tentative
Definitions™ in Carbon, Vol. 20, pp. 445-449, 1982,
to clarify the definition of many terms used in the
ert. The Internstionsl Committee bas defined

*carbon £iber™ as “fllaments consisting of
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¥on-Graphite Carbon obtained by Carbonization either
of organic synthetic or natural fibres (PAN or
others) or of fibres drawn from organic precursors
such as resins or pitches, and by subsequent heat
treatment of the carbonized fibres (up to
temperatures of about 3000°K)". The International
COmnitteo bhas also defined "Non-Graphitic Carbon” as
'311 varieties of substances consisting mainly of
the element Carbon with two-dimensional long range
order of the carbon atoms in planar hexagonal
networks, but without any measurable
erystallographic order in the third direction
(c-direction) apart from more or less parallel
stacking”. The term "griphitic fiber” has been used
in the art to describe carbon fibers which have been
heat treated to between 2500 and 3000°K. The
International Committee has pointed out that such
fibers in most cases remain non-graphitic carbon so
that the common term "graphitic fiber” is

incorrect. The International Committee bhas pointed
out, however, that "the term graphitic carbon is
Justified if Three Dimensional Crystalline Long
Range Order can be detected in the material by
diffraction methods, independent of the volume
fraction and the homogeneity of distribution of such
crystalline domains™.

According to the prior art, the
infusibilizing step is carried out in an oxldizing
environment preferably at an elevated temperature in
order to increase the rate at which the fibers
become infusibilized. U.S. Patent No. 4,389,387
discloses the problems of infusibilizing pitch
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fibers rapidiy and effectively. The patent
disclozes that 1t is preferadble to combine tens of
thousands of pitch fibers into a tow of 10 to 30 =
ip dismeter in advance of the treatment for
infusibilicing. The plitch fibers are loaded onto a
net-belt conveyor and pazsed through a ;llcoui
mixture of air and a geseous oxidant such as oxygen,
ozone, sulfur dioxide, nitrogen dioxide, eotc. with
the gaseous oxidant being 0.1 to 10% by volume of

the gas mixturs. The temperaturs for the

infusibilizing step in the patent is lower than the
softening point of the plitch fibers by at least S°C
to 50°C. The time For infusibilizing is disclosed
in the patent as from 1 to 4 hours. The patent
states thet problems of infusibilizing pitch fibers
are overcome by moving the gaseous mixture through
the packed pitch fiberas. MNevertheless, the patent
cautions against too large a packing helight of piteh
fibers to avoid insufficient removal of the

generated hest.

South African Patent Application No.
7177853, filed November &, 1971, entitled
"Improvements In Or Relating To The Manufacture Of
Carbon Fibers", discloses processes for
infusibilizing a fiber after it has bnunrspun and
prior to a carbonizing step. The infusibilizing
step in the patent is referred to as "stabilizing™.
That is, "atebilizing™ and infusidbllizing sre the
same and are used interchangably in the patent. The
precursor msterials disclosed in the patent include
solﬁtians or extracts of coal, as well as pitches,
pitch-like material and tar particulsrly if they are

derived from coal.
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- The South African patent discloses "that
spun or extruded fibre, filament or film consisting
of the organic material may be stabilized by heat
treatment by rescting it with slther an aqueocus
solution of bromine or an squeous solution of nitric
scid containing at least 25%, and preferasbly at
least A0% by weight of Hﬂos for at least
sufficient time to stabllize the spun or extruded
fibre, fillament or film to heat treatment”™. The
petent further discloses that the stabilized fiber
canﬁﬁé furtber stabllized for a heat treatment by
oxldﬂiion exploying an oxidizing gas, preferably
containing molecular oxygen at an elevated
temperature.

' ' fh§780uth Africen éutent discloses that
nitric acid reacts with coal end similar materials
decomposing the coal and that the reaction of the
nitric acid vjth the coal 1Is a surface effect, the
nitric acid in certain circumstances reacting with
the coal violently, or even explosively.

o Acéording to the South Africen patent:

*If the nitric acid is allowed to
react for an excessive period of time with
the spun or extruded fibre, filament or
film of the organic material, the nitric
acid may react with the spun or extruded
fibre, filement or film of the organic
material in such a manner as to cause it to
decompose. In the case where the organic
material is & solution or extract of coal
as hereinbefore referred to, it is delieved
the nitric acid may react with the solution
or extract of coal, cleaving the large
molecules of the solution or extract of
coal, thereby causing the solution or
extract of coal to have smealler molecules.
This might have the effect of diminishing
the strength of a spun or extruded fibre,
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filament or film of the solutlion or extract
of coal or of the carbon fibre, filament or
fils produced therefrom. Accordingly, the
spun or extruded fibre, fllament or film,
whether of the solutlon or extract of coal
or of other organlc materjal, should not be
allowed to react with the aqueous solution
of either broaine or nitric acid for such a
longth of time as will seriously
dotrimontally affect the propertles of the
stabilired fidbre, filament or fila or the
carbon fibre, filament or £ila produced
therefroa.”

The South African patent provides a single

example for the use of agueous nitric acid. Example

1 discloses that & single filament having a dlameter
of 30 microng was cut into lengths and immersed in a
lolution éomprising 50% by welight nitric acid at
ambient temperature, about 20°C. The number of cut
lengths wes not stated in the Patent. The fiber
lengths were then washed with water to remove the
nitric acid and suspended in a vertical oven which
was heated in mitrogen to temperature about 260°C at
. heatiﬁg rate of 300°C per hour and thereafter, the
nitrogen atmosphere was replaced by oxygen for five
minutes. Subseguently, the fibers were heated in

nitrogen at the rate of 30°C per hour to a

 temperature of 1000°C and this tempetatﬁre was held

for one hour.

The remaining two examples of the South
Africsn patent dizclose the use of bromine in water
instead of agueous nitric acid. For each of these
examples, the rate of temperature increase for the
carbonizing step was 50°C per hour to s finmal
tempersture of 1000°C.

LR}
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The South African patent discloses that it

is Imperative that the nitric acid be washed from a
fiber in order to avold a deterioration of the fiber
from the nitric acid. The commercial utilization of
the disclosure of the South African patent would
require a washing step subszeguent to a nitric acid
treatment and that subsequent to the nitric acid
treatment, a heat treatment in ocxygen similar to the
aforementioned example 1 i3 necessary.

 Bignificently, esch of the examples in the
South African pstents set forth a carbonizing
treatment in which the tempersture was increased to
1000°C at a rate of 50°C or 80°C per hour for
separate cut lengths of the fiber suspended in a
furnace. In contrast, s typically commercisal
carbonizing step for producing carbon fibers is for
& yarn having typically at least 1000 filaments
beated to a temperature of about 1000°C in s furnace
through which yarn passes. The yarn iz subjected to
a change from room temperature to the carbonizing
temperature and again to room temperature. The time
the yarn is subjected to the carbonizing temperature
is in the order of about one second or less.

Japanese Fatent No. 564,648, based upon

~ Patent Publication No. 2510/69, published February

3, 1969, discloses a process of producing carbon
fibers from dry distilled petroleum sludge having a
sulfuric acid content below 30%. Spun fibers are
given a surface treatment by being exposed to
chlorine gas stream at a temperature between room
temperature and 60°C or dipped in s hydrogen
peroxide, or hydrochloric acid, or mitric acid
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solution. Subseguently, the fibars are heated to
200°C or more in an oxldizing atmosphere to complete
the infusibilizing step. The final step 15 a heat
treatment for carbonizing the treated fibers to
produce cérbon fibers.

The Japanese petent discloses that the
surfsce trestment 1s necessary because the direct
heating in an oxidizing etmosphere of the spun
petroleum sludge fibers results in the fibers
becoming soft and deformed.

U.8. Patent No. 3,595,946 discloses 7
oxlidizing treatments for filaments of pitch either
continuously as the filaxents are emerging from the
spinning machine or for batches of fllaments wound
into packsges. The hot filaments from the spinning
machine are passed through an ozidizing atmosphere
such ss alr, ozone, nitric oxide, stc. The patent
discloses that the £lliament from the spinning
machine can be cooled to & temperature below its
fusion point and then passed through s liquid
oxidizing bath such =s nitric acid, sulfuric acid,
chromic acid, permanganate solutions and the like.
The patent discloses that the oxidizing trestments
can be applied to batches of filament wound into
peckages. The patent cautions that "the support of
the filament package must be of such nature and/or
construction that it ylelds or collapses as the
wound filament contracts dufing the oxidation
process.® The patent further csutioms:

*The oxidation of filament wound to
packages must follow a fairly critiesl
heating regime if the superimposed and
sdjecent loops of filament are not to fuse
together. This regime will naturally vary
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with the pitch,.its previous oxidation
history and the type and quality of
sdditive present, if any. The best heating
rates and soaking temperatures for a given
material are naturally difficult to
determine since the fusion temperaturs of
the pitch changes as the oxidation
_proceed. Nevertheless, it has been
established that a heat treated pitch of
the type preferred, as described earlier,
will yield filaements that are successfully
oxidized by ralsing the temperature to
100°C in less than 15 minutes, a
non-critical step; holding the filament at

- 100°® for about 20 hours; raising the
temperatures from 100 to 195°C, at a

- preferred rate of about $°C/hour; holding

the fllament at the later temperature for a
period within the range of about 60 to
about 120 hours, the upper part of that
range being preferred. It should be noted
that with certain materlals temperature
increase rates of up to 10°C/hour may be
tolerated. In any event, the temperature
at any time during the oxidation treatment
should preferably be not higher than 10°C
below the softening point of the piteh at
the given time. This batch type oxidation
is best carried out in a circulating oven
through which passes a constant flow of air
oxygen containing gas, both fresh and
recycled, pre-heated at the desired
temperature.”

Such a heating schedule is extremely long in time
even after tests have béen carried out to optimize
the process to avold fusion between filaments.

In view of the prior art, it appears that
it is essential to carry out a separate
infusibilizing step prior to a carbonizing step and
that consideradble care must be taken for
infusibilizing pitch yarn to avoid stlékln; or
fusing of fibers. Many sttempts have been made in
the art to simplify and expedite the infusibilizing
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step. The art, however, does not disclose any
process for infusibilizing yarn other than ss a

~ separate step.

~ Moreover, the prior art requires an
oxidizing atmosphers to infusibilize pitch fibers
even after the piich fiber has besen treated with an
oxidizing liquid, suck as mitric scid.

Summary of the Invention

The present inventlon involves a process
for manufacturliang mesophase based carbon yarn. The
process comprises spinning mesophase pitch into a
plurslity of continuous flbers, combining the
plurality of fibers to form a pitch yarn, contacting
the pitch yarn with an oxidizing liquid composition,
éollocting the pitch yarr into & bulk form and

‘subjecting the pitch yarn in bulk fora to s heat

treatment in = substantially [inert] non-reactive
stmosphere to produce carbon yarn in bulk form.

The process can be modified so that the
pitch yarn i3 first collected into a bulk form and
thereafter contacted with an oxidizing liquid
composition. . ,

The oxidizing liquid composition enables
the infusibilizin; of the plitch yarn in the process
according to the invention and also serves as a
"size™ or *gizing” for the pltch yarn. The terms

"size™ and ®sizing™ are used interchangeably in the

art. In this connection, "sizing” on the pitch yarn

tends to maintain the pitch fibers in the pitch yarn
together and thereby minimize any separation of

pitch fibers from the body of the pitch yarn. It is
desirable to maintain the pitch fibers In the pitch
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yarn close together for the handling of the pitch
yars in the manufacturing operations.

Piscussion of the Invention

The inventlon substantially simplifies the
manufacturing of mesophase based carbon yarn and
slso grestly reduces the cost of manufacturing.

This can be better appreciated by comparing the
invention with a conventional process of making
carbon yarn.

Conventionsl manufecturing of mesophase
bnsed'qarbon yarn utilizes many operations and
costly cepital equipment. The following is a
general description of a conventional nnnuf;cturlngr
operation. A spinning apparatus produces 2000
continuous mesophase pitch fibers which are
individually drawn down by a drawdown ratio of sbout
50:1 so that the average fiber diameter 1s about 12
microns. A drawdown is necessary to obtain the
snall diameter because spinning holes of about 12
microns in diameter would be expensive to produce
and would clog easily.

- It §is well known in the art that carbon
fibers having small diameters have generally better
mechanical prépertios than reiutivoly large diameter
carbon fibers. Small diameter pitch fibers are used
to obtain the small diameter carbon fibers.

- The 2000 pitch fibers are sized and
gethered together to form s pitch yarn.

The infusibilizing step 1s carried out by
laying the pitch yarn onto s conveyor belt in a
uniform pattern and the conveyor belt moves the

pitch yarn into an oven.

cr .
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The pitch fiber is mechanicslly weak and
must be manipulated with considerable care.
Accordingly, the system for laying the pitch yarn
onto the convayor beli is complex and rate limited.

The spinning apparatus is physically
located above the conveyor belt. The pitch yarn
enters a movable apparatus which physically moves
transverss to the conveyor belt in order to lay the

pitch yarn uniforaly. This movable apparstus is

“referred to in the art as & "travelling godet™ and

is rate limited even for a careful design and can
damage the pitch yarn becsuse of the tendency of the
pitch yarn té sdhere to rolls within the apparatus.
Such adhesion i3 due to surface tension arising from
the slizing used to malntain the pitch fibers
together to form the pitch yarn.

The travelling godet is followed by an
apparatus celled s "transvector” which draws the
plitch yarn off of the 1ast roll in the travelling
godet Hitﬁ suction and directs the pitch yarn
downward feutfds the conveyor belt. The transvactor
is not rate limited, but the sir pressure moving in
the vicinity of the pitch yarn can damage the pitch
fibers.

The transvector is followed by a “laydown
tube” which deposits the pitch yarn in &
predetermined pattern onto the conveyor belt. A
poor pattern distribution or too high a pile of
pitch yarn can produce very high local heating due
to the exothermic reaction during the Infusibilizing
step. The laydown tube is another potential problem

because the pitch yarn wet with size oc¢casjonally
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sdheres to the egide of the tube for a short time and
this interferes with the laydown pattern on the
conveyor belt.

The conveyor balt carries the pitch yarn
into & large oven having an oxidizing etmosphere and
which has a predetermined heat gradient for
infusibilizing the pitch yarn with as little damage
as is consistent with commercial operations. This
beat treatment can take as long as ssveral hours.
The cost of the oven as well as the energy costs are
very high.

7 Subsequently, the infusibilized yarn is
pulled from the belt and is accumulated onto bobbins
for easy handling and storage. This operation uses
what i3 called a “downstream drive™ and can be
troublesome because the infusibilized pitch yarn is
pot much stronger than the pitch yarn. The
infusibilized pitch yarn must be collected at a rate
consistent with the spinning rate.

The instant invention eliminstes the need
for the travelling godet, the transvector, the
éonve,or belt, the large oven and & downstream drive.

In a preferred embodiment of the invention,
s spinniifg apparatus produces a plurality of pitch
fibers, for example 2000, and these pitch fibers are
drawn together and drawn down while being wound onto
8 bobbin after being sized with an oxidizing liquid
composition. The combination of drawing down the
pitch yarn while collecting the yarn onto a bobdbin
greatly simplifies the oéerntions and eliminates
many expensive pleces of equipment. Thereafter, the
bobbin loaded with sized pitch yarn is subjected to
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a heat treatment in a substantially non-reactive
atmosphere to produce carbon yarn. MNo heat
trestnent in an oxidizing stwmosphere Is needed for
the pitch yarn according to the invention in
contrest to the prior art which required a heat
treatment in oxygen or sir or the like before the
heat treatment in a substantially non-reactive
atmosphere.

The earbon yarn produced according to the
fnvention provideﬁ a more officient use of the
precursor pltch than csrbon yarn produced sccording
to the prior art. The infusibilizing step of the
prior art introduces considerable amounts of oxygen
into the pitch yarn, as much as 18% or more by
weight. During the carbonizeting heat treatment, it
iz believed that some of the oxygen driven off

-ecarries along carborn ateoms. As a result, the carbon

yarn produced sccording to the prior art processes
is less thsn 20% by weight of the pitch yarn. In
contrast, the carbon yarn produced according to the
invention is sbout 90% by welight of the pitch yarn.
Thus, the invention provides a higher yield of
product than the prior art besides simplifying the
opetltioﬂ; needed to produce carbon yarn.

The oxidizing liguid composition can serve
many functions in addition to its use in the heat
trestment. The composition can provide lubrication
of the pitch yarn to ainimize friction between the

- piteh yarn sand portions of the equipment contacting

the pitch yara during the manufacturing operations.
The composition can also provide adhesion between

fibers so that the fibers remain together as s yarn.
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‘In & preferred embodiment, the ozidizing
3iquid composlition comprises an aqueous mitrie
acid. A concentration of the agueous nitric acid of
10% to 50% by volume is praferable, dut a
concentration of 15% to 35% by volume is more
preferable. It is prefserable to use delonized water
in the agueous nitric acld to avoid introducing any
undesirsble ions onto and into the pitch fibers.
Aqueous nitric acid 1s relatively inexpensive and
has been found to be excellent in obtaining carbon
yarn. . '

The concentration of the nitric acid
depends on how long the nitric aclid will be on the
piteh yarn before the heat treatment is carried
out. A concentration of about 25% by volume is
suitsble for commercial operations for which the
time between the application of the nitric acid to
the pitch yarn and the heat treatment varies from 1
to 5 days.

With regard to the oxidizing liquid
composition, reference is had to the aforementioned
U.5. patents Mo. 4,275,051 end No. 4,276,278, both
entitled "Spin Size and Thermosetting Ald For Pitch
Pibers". The former patent states that the
invention "provides a method of treating a
multifilament bundle of pltch fibers, such as yarn
or tow, to prepare such multifilament bundle for
further processing which comprises applying to the
fibers thereof an aqueous finishing composition
comprising a dispersion of graphite or carbon black
in water in which ig dissolved a first compound

comprising a water-poluble oxidizing agent and a
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separate second compound comprising a water-soluble
surfactant™. The other patent features a
water-soluble surfactant which is also capable of
functioning as an oxidizing agent. Both of these
patents used the teram “oxidizing agent™ as a source
of oxygen for the fiber in order to infusibllize the
fidber. As used herein, "oxidizing liquid
composition” includes a source of oxygen for
§nfusibilizing the fiber. The disclosure of these
patents is incorporated herein.

It is bellieved that the oxidizing liquid
composition can comprise an sgueous acid or a
water-soluble oxidizing agent such as a
peroxygenated compound. Some water-soluble
oxidizing agents compounds include sodium peroxide,
potassium peroxide, ammonium peroxide, sodium
persulfate, potassium persulfate, smmonium
persulfate, sodium pyrosulfate, and sodium nitrate.
Preferably, aqueous nitric acid is used in the
composition.

The oxidizing liquid composition of the
ihvention can also coaprise carbon black particles
or colloidal graphite and & surfactant.

The carbon black particles or collodial
graphite tend to separate the pitch fibers from each
other and thereby minimize the occurrence of
*sticking” or fusion between fibers during the hest
trestment according to the invention.

One of the functions of the surfactant is
to mainteln & dispersion of the carbon black
particles. Nechanical means in accordance with the

prior art can be used to maintain s unifora
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dispersion of the carbon bleack paftlclep in the
composition. The surfacfnnt also improves the flow
of the composition over the fibers. It is beliesved
that the surfactent can be watar-soludble and can be
anlonic or mnonionic. Buch surfactents are well
known and typically include tetrs-methyl sodium
oleate, totramethyl ammonium oieata. totramethyl
sodium laurate, tetramethyl ammonlunrlaurate. sodium
laurate and smmnonium laurate.

The oxidizing liqpld éomposltion can be
spplied to the pitch fibers using prior art
techniques for applying sizing. Preferably, the
compbsitldn is applied by contacting the plteh yarn
with & rotating wheel uhlbh passes through the
solution and carries a portion of the oointion on
its surfece to the pitch yarn. Such a wheel is
often referred to in the art as & “kiss wheel™ and
rotates to minimize friction with the yarn as well
a8 carrying new solution to the yarn. After the
kiss wheel, the yarn can be accumulated for
subsegquent treatment.

The composition can be applied to the pitch
ysrn by passing the yarn through & bath of the
composition. This has & drawback because high
speeds can produce fiber damage due to drag in the
bath.

.Another way of applying the composition to
the pitch yarn is to spray s mist of the composition
onto the pitch fibers before the fibers are gathered
to form the yarn in order to improve the
distribution of the composition on the fibers.

A size of water can be used on the pitch
fibers and the yarn wound onto a bobbin while & mist

0163339
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of the composition is sprayed onto the yarn layers
being produced on the bobbin.

~ As an alternate, the coaposition can be
applied to the pitch yarn after the yarn has been
accunulated. For example, the pitch fiber can be
wound onto a bobbirn and the bobbin with the yarn can
be subjected to the composition. This can be
carried out simply by plecing the bobdbin in a bath
of the composition. For this case, a relstively
loose winding of the yarn will allow the flow of the
composition through the windings more readily and
thereby improve the trestment. A bobbin having a
plurality of holes has the sdvantages of allowing
the composition to be forced, under pressure, out
from the core to the outer layer using an
appropriate arrangement soc that the fibers near the
bobbin are not insdvertently omitted from the
treatment. For this treatment it would be desirable
to use some siring on the pitch yarn prior to
winding the yarn onto the bobbin. It is convenient
to use water for this sizing.

A suitable bobbin has been described in

U.S. Patent No. 4,351,816. The bobbin can be shaped

like a cylinder or a cylinder with end faces. The
bobbin will be subjected to slevated temperature in
order to carbonize the yarn on the bobbin.
Accordingly, the bobbin should be made from a
material appropriate for the practice of the
invention. Preferably, the bobbin comprises a
cylindrical body made of stainless steel, or a
refractory alloy, or ceramic, or boron nitride, or

more preferably a graphite material. That is, the

-
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bobbin 18 made from a materiel which is thermally .
and mechanically stable at the temparstures which
will be used to carbonize the pitch yarn on the
bobbin.

The aforemeniioned patent No. 4,351,816
discloses a aeihod for producing & mesophase based
carbon yara in which thermoset yarn was wound onto a
bobbin ss described above and subjected to a heat
trestment in & substantially non-reactive atmosphere
to produce carbon yarn. '

. The pitch yarn which has been contacted
with the oxidizing 1iquid composition reacts and
incorporates oxygen thereby. Tests were carried out
to determine the range of oxygen pickup in pitch
yarn over a period of 0.1 hour to 70 hours. The
yarn had 2000 pitch fibers which had an averege
diameter of 13.5 microns. HNitric acid with e
concentration of 25% by volume was used. After the
yarn was contacted with the altric scid, =
predeterained time was allowed to elapse at room
toxperature and thereafter, the yarn was washed with
water for this test and dried at 125°C for 16 hours
prior to the test for oxygen content. Surprisingly,
the range of ozxygen pickup was 1.5 % to 4.8% by
welght for 0.1 hour to 70 hours with most of the
ozygen pickup taking place during the first 24
hours. The test pointz substantially define the
following relationship: 7
oxygen pickup in % by wt.=1.2355 log (time in hrs.)+2.5278
Thus, the variations in the pitch yarn after contact
with the nitric ecid in this concentration is not

expected to have any significant effect on the

-
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coemercial operations. That is, trested pitch yarn
can be stored prior to being carbonized. This is
sdvantageous in coammercial manufacturing.

The heat treatment of the treated pitch
yarn can be carried out in batches in a closed
volurme furnace or as a continuous process using for
exsxple & conveyor belt furnace or s so-called
*walking beam furnace” in which bobbins can be moved
into sand out of the furnace continuously.

The furnace should be capable of providing
sufficient heat to pyrolyze the yarn and allow a
subsgtantially non-reactive atmosphere to be
maintained so that the yarn Is not consumed. The
non-reactive stmosphere in the furnace can be
nitrogen, argon, helium or the like. For
temperatures greater than about 2500°C, argon and
helium are preferable.

Freferably, the heat treatment is carried
out in a completely non-reactive stmosphere
established by purging the furnace thoroughly. It
is believed that a small amount of oxygen would mot
be harmful, particularly if the tempersture was not
raised too rapidly. It can be sppreciated that yarn
wet from being treated with oxidizing liquid
composition will produce an atmosphere of steam
which should be purged before slevated temperstures
are reached gt which steam is no longer
substantially non-reactive. The use of boron or
similar graphitizing components could be used in the
furnace atmosphere and are considered non-resctive

as used herein.
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In carrying out the lovention, the furnace
was purged of alr prior to'raliing the temperature
of the yarn. The purging step can be carried out by
subjecting the interior of the furnace to & vecuum
and then allowling the interior to £i11 with nitrogen.

The heat Lreatment according to the
inventlon has three broad ranges which are important
in decliding & heating schedule for rate of '
temperature ihc:easo. The rate of temperature
increase up to about 400°C should take into account
that the pitch fibers do not become completely
infusibilized until they reach about 400°C. Too
rapid incresse in temperature up to 400°C can result
in fiber deformation due to softening, fusion
between fibers, and/or disorlentation of mesophase
molecules.

- The temperature Increase above 400°C can be
at o higher rate, but must take into account that
most of the ges loss for the pyrolyzing or
carbonizing process occurs as the fidbers are hesated -
between about 400°C and about 800°C. Too rapid an
incresse can result in Samage due to evolving geses.

- The Incrzase in temperature above 800°C can
be as great as desired. Typicelly, the final
temperature is from 1300°C to 2700°C depending on
the intended use of the carbon yarn.

Generally, the heat treatment according to
the invention is carried out in s substantially
nonfreactive atmosphere and the temperature can be
raised from room temperature at a rate of about
100°C per hour until 800°C. Thereafter, the
temperature can be increased as fest as desired to a

predetermined fingl temperature.
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The rate of $ncrease in temperature up to
400°C depends, in part, on the sizing used, contact
time between the pitch yarn and the oxidizing liquid
composition, the softening point of the pitch, the
dianster of the fibers, and the composition of the
pltéh.

Preferably, the heat schedule for the
furnace is 25°C per hour from room temperature to
about 400°C then 50°C per hour until about 800°.
Thereafter, the temperature can be raised as fast as
desired to a predetermined fiﬁal temperature.

7 Preferably, the pitch yarn is accumulated
onto a refractory bobbin. This has the advantage
that after the heat treatment the yarn is in a
package suitable for storsge and shipment to a
location for commercial use, as 1s the practice.

The yarn can be wound onto the bobbin with
a cross winding or essentially parallel winding.
The tensiocn can be monitored and controlled in
accordance with prior art technology. This is
particularly important for the situstion in which
the drawdown is carried cut simultaneously with the
winding onto the bobbin.

!IAHPLES-

Several examples ware carried out to
demonstrate the invention and to messure properties
of carbon yarn produced by the invention.

The pitch fibers for the examples were
produced according to conventional melt spinning
processes. The mesophase pitch is heated in an
extruder above the melting point of the mesophase
pitch to obtain a molten state. The extruder pushes
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the molten pitch through e filter to a metering pump
in the espin block. The molten pitch passes through -
s filterpeck before reaching the spinnerette
cavities. REech spinnerette contalns 1,000 or 2,000
boles of 0.3xm diameter sand 0.6mm capillary length.
As ths pltch flbers emerge from the spinnerette
plate they are drawn down to about 13 microns and
are immedliately guenched with mitrogen so that the
pltch hardens. Below the quench chamber, a
ludbricant or size is applled to the filaments. The
pltch yarn is wound on s bobbin by a takeup end draw
winder at a winding speed of sbout 200 to 1000

meters per minute.

Example 1

A mesophase pltch heving a mesophase
content of kbout 78% by welght and a Mettler
softening point of about 324.6°C was spun into 2000
filaments according to the conventionsl spinning
process. The pitch fibers were drawndown so that
the averege diemeter was about 13 microns and all
the fibers were drawn together to form a pitch
yarn. ‘Nitrlc =cid having a concentration of 20% by
volume was epplied to the rapidly moving pitch yarn
using 2 rotating kiss wheels. The scid trested
pitch yarn was wound onto a motor driven rotsting
graphite bobbin which supplied the force necessary
to draw down the fibers end sustain the movement of
the pitch yarn. The graphite bobbin hed a layer of
graphite felt on the surface to recelve the yarn.
The bobbin was 28 centimeier: long and had an
outside dlameter of about 9 centimeters. The yutn
was wound in 8 cross pattern with a tension of about
85 grams. Each loaded bobbin had a diameter about
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14 centimeters and contained spproximately 2.5
kilograms (dry uci;ht) of yarn. The composition of
the yarn based on a sample which had been dried is
as follows:

carbon 81.5%

hydrogen 3.3%

* sulfur 0.8%

nitrogen 2.8%

oxygen 11.6%

The yarn on the bobbin was given a heat
treatment in a nitrogen atmosphere in a furnace.
The furnace was purged with nitrogen for four hours
before the temperature wags increased. The
tenperature of the furnace was increased from room
texmpersture st the rate of 100°C per hour until a
temperature of 1300°C was reached and that
tempersture was maintained for 2 hours. Thereafter,

the furnsce was alloved to eool back to room

" temperature. An analysis of the carbon yarn

produced by the heat trestment showed that the
carbon fibers compared to the original dried pitch
fibers were about 90.5% by weight of the original
dried pitch. 1In sddition, the composition of the
carbon yarr was determined to be:
carbon $8.0%
hydrogen 0.1%
sulfur 0.8%
nitrogen 0.5%
oxygen 0.5%

The mechanical properties of the yarn were
measured and the average carbon fFiber had a tensile
strength of 1.54 GPa and a Young's modulus of sbout
152 GPa.
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It cen be soen that the carbon fibers
obtained posne;éod a very high carbon content and
such carbon fibers are useful im production of
composites made with ch;bon yara.

Example 2

The carbon yarn produced in Example 1 as a
reuuiiréf shrinkage during the heat treatment had
{mprints of wind pattern. In order to remove these
ilprintt and iiprovo the carbon yarn, the carbon
yarn from Example 1 was subjected to a threedline
enrboﬂizing'furdace having & temperature of 2400°C.
Thc)éurﬁon yarnjwas unwound and extended between
rollers along a linear path through s nitrogen purge
seal into a8 carbonlizing furnace and out through a
nitrogen'ﬁﬁrgé'nual. The furnace was heated by
electricel reai;tance. Threadline carbonizing is
well known in the prior ert. riot example, see U.S.
Pateﬁﬁ'ﬁb. 4,201,136. The carbon yarn was
tubsgdﬁently sized, dried, and wound onto a second
spooi.for :tdiage. Mechanical properties of the
retultln;rcarbon fibers were an average flber
tonsiié ;trensth of 2.03 GPe and an average fiber
Young's modulus of 434 GPa. The fibers had an
cxéelleh:'uppeurance similar to carbon fibers

produced by expensive conventional processes.

7 Exemple 3
A mesophsse pitech having & mezophase

content of 80% by weight and a Mettler softening
point of about 325°C wasz used to produce 1000 pitch
fibers in the conventionel spinning apparatus as
used in Example 1 with the modificetion of a
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different spinnerette to produce 1000 pitch fibers.
The pitch fibers were coated with an oxidizing
1iquid solution using a rotating graphite kiss
wheel. The solution consisted of 25% by volume
nitric acid, 75% by volume delonized water and
carbon black in the smount of 20 grams per liter.
The rate of rotation of the kiss wheel was adjusted
s0 that the pitch fibers picked up an amount of the
solution equivalent to sbout half the welght of the
pitch fibers.

The pitch fibers were pulled froam the
spinning apparatus by directing them onto a rotating
mandrel (winder) so that the rotation of the mandrel
resulted in the fibers being drawndown to
spproximately an average diameter of 13 microns.
The mandrel was a graphite bobbin 28 centimeters
long, 9 centimeters in diameter, and having a 0.6
centimeters wall thickness. A 0.6 centimeter layer
of carbon felt was wrapped around the core of the
bobbin. The pitch yarn was wrapped in a crosswind
pattern with the yarn having a linear spesd of
epproximately 250 meters per minute. EKach bobbin
contained from 0.5 to 1.0 kilograms of pitch yarn.

The bobbins containing the moist pitch yarn

were placed in sealed plastic containers for 24

hours at a tempersture of about 30°C and thereafter
removed from the plastic bags and loaded onto a
graphite rack. The rack with the bobbins was then
placed into an electric induction furnsce. The
furnace wes purged for & hours with nitrogen in
order to be certain that a substantially

non-reactive atmosphere would be present for thg
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carbonization. The nitrogen-was supplied
% . :eontinuously to the furnace throughout the heat
treatment in order to maintain the non-reactive
staosphere. The temperature was raised 25°C per
- -hour until.400°C, thereafter the temperature was
“irelsed:50°C per hour until 800°C, and finally the
temperature was raised to 1300°C in about 1 hour.
The final temperature was maintained for 2 hours and
the furnace was allowed to cool back to room
temperature.
The carbon yarn produced by this example
was very flexible and easily removed from the
" bobbin. This indicates that fusion between portions
of the yirn did not occur. An analysis of the
carbon yarn using scanning photoiicro;raphs showed
that less than approximately 5% of the carbon fibers
exhibited some sdhesion to adjacent fibers. Carbon
yarn produced by prior art processes typically _
exhibit a level of 10R or more.
The carbon jarn of this example showed the
imprint of the erosswinding. As in Example 2, a
conventional thresdline furnace was used with the
furnace having s temperature of 2400°C, the line
speed was about 12 meters per minute, and a line
tension of approximately 300 grems. The fibers were
straightened out and the mechanical properties
showed an average fiber tensile strength of 2.34 GPa

and an average fiber Young's modulus of 407 GPs.

Example &
The mesophase pitch used in Example 3 as

well as the process steps were repeated except that
the oxidizing liquid solution also contained 0.001%
of a surfactant seld by DuPont as FC-170C.
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The carbon yarn resulting from the heat
trestment in the furnace was excellent and had very
1ittle sticking between fibers. A subseguent
threadline heat treatment at 2400°C resulted in
carbon yarn bhaving an average fiber tensile strength

of 2.55 GPa and an average Young's modulus of 34%
GPa.
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CLAINS ,
1. A process for manufacturing carbon
yarn, conpr!:!ng steps of:
- spinning pitch into a plurality of
continuous fibdbers;
-combining the plurality of continuous
fidbers to form e pitch yarn;
treating the pitch yarn with an oxidizing
liquld;dOnpblltlon; ' '
collecting the pitch yarn into a bulk form;
and - , ' : '
subjecting the treated pitch yarn in bulk
form to a heat treatment in & substantially
non—r?active atmosphere to produce carbon yarn in
bulk form.

. 2.  The process of claim 1, wherein the
pitch is mesophase pitch.

3. The process of claim 1, wherein said
oxidizing liquid composition comprises aqueous
nltricrucld hiving 8 concentration of from about 10%
to about 50% by volume.

&. The process of claim 2, wherein the

. agueous nitric acid has a concentration of from

about 15% to about 35% by volume.

) 5; The process of claim 1, wherein the
oxidgzing iiquid composition comprises s dispersion

of graphite or carbon black.

6; Thé process of claim 5, further

comprl;lhg'an"aquoous surfactant.

0163339
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7. The process of claim 1, wherein the
oxldizing 1iquid composition comprises a water
soluble oxidizing asgent and a water soluble
surfactant.

8. The process of claim 1, wherein the
pitch fiber is treated with the oxidizing 1liquid
using s kiss wheel.

9. The process of claim 1, whereln the
10 eontinuous fibers are drawn down due to tension
exerted by the step of collecting the pitch yara
into s bulk form.

10. The process of claim 1, wherein the
15 bulk form is pitch yarn on s bobbin.

11. The process of claim 1, wherein the
pitch yarn 1s contacted with said oxidizing liquid
composition subsequent to the pitch yarn being

20 collected into o bulk. form.

12. The process of claim 1, wherein the
heat treatment is carried out by raising the 7
temperature of the fiber from roon temperature to a
2sprodeternined‘finn1 temperature at a rate which

avoids exceeding the softening point of the fiber
during the heat treatment,

13. The process of claim 12, wherein the
30 temperature is raised at the rate of 100°C per hour.

14. The process of ela{- 12, wherein the
temperature is ralised from room temperature to about
400°C at the rate of adbout 25°C per hour and then

35raised to B800°C at the rate of about 50°C per hour.
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15. The process of claim 1, wherein a
mon-reactive gas i3 supplied to maintain a
substantially mon-reactive ges during the heat
treatment. '

16. The process of claim 15, wherein the
mon-reactive geas is nitrogen, argon, heliums or

combination of two or more thereof.
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