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l. Background of the Invention This invention ~
relates to the field of preparing carbon fibers from 5 car bonaceous

pitches. A typical process for manufacturing pitch based carbon fibers

may |nclude the f ol FEVISIPRATURD, INWASKIBATIONSTARIEIAATION! O
spinning; (2) spin - ers; (3)

thernosetting (stabilizing) the pi OFPITCIEFIBERS render them
infusible, i.e. unneltable; and, (4) carbonizing the fibers by heating the
stabilized fiber onenperatures. 10 In
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t enper at ur e stabilized fibers to carbonization tempéfafurs, abi | i zati on process invol ves
tenperature dependent diffusion of oxygen into the fiber where the
oxygd® reacts with andnptl@miemmbed queedss,nitiengs-spurt IpitcBOfiber of spEpt @) is a

nol ecul es. caus t.he reaction rate is.tenperature dependent, | ower
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temperature.
The stabilization process involves temperature dependent diffusion of
oxygen into the fiber where the oxygen reacts with and promotes cross-linking of the
20 pitch molecules. Because the reaction rate is temperature dependent, lower stabilization
temperatures require longer times to complete the oxidative stabilization of the fiber.
The total oxygen required for stabilization will depend on the nature of the pitch.
Generally, low softening point pitches require long periods of time and more oxygen to
complete the stabilization process. Typically, the oxidizing agent is air (approximately
25 21% oxygen).
To improve operating economics, one would prefer to stabilize

(thermoset) the as-spun fiber at high temperatures under high oxygen concentrations in
order to complete the stabilization process in the shortest period of time. Unfortunately,



hi gh oxygen concentrations and el evated tenperatures increase the
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Reactions of this type are particularly hazar dous when hi ghly

vol ati |l e hydrocarbons are present. Mst current art practices

mnimze the risk of thermal runaway by limting the processing tenperature
and 5 quantity of exposed fiber. In addition

" to the need to prevent an uncontrolled exothermc reaction
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- 2- high temperature heating while avoiding the risk of thermal runaway and loss of fiber

size. Preferably, such a method would yield stabilized fibers in a short period of time
and generate increased operating efficiencies.

20 To achieve these goals, the present invention provides a process for
s"cabilizing pitch fibers using low concentrations of oxidizing agent at high temperature
in a short period of time. This novel procéss stabilizes the core of the fiber without
excessive surface oxidation. Additionally, the current invention provides a pitch fiber
which becomes stabilized at its core at a rate which is sufficient to preclude excess loss

25 of carbon at the fiber's surface due to oxidation. Further, the fibers take up a minimal
amount of oxygen. These and other benefits of the present invention are described in
greater detail below. For the purposes of this disclosure, the terms "stabilizing" and

“thermosetting" are used interchangeably.



1. Brief Description of the Invention T
present i nv¥Q I3 iﬂfow des a novel process for stabilizing pi 1pgﬁ‘/1159?/86668
fibers. According to the disclosed process, the pitch fibers are heated at -

a tenperature 5 equal to or greater than the spinning tenperature of
the fibers. During the heating process, the fibers are exposed to
~an oxidizing agent for a period of tinme sufficient to stabilize,
i.e. thernoset, the fibers. Additionally, the
present invention provides a process for stabilizing pitch fibers
using conti nfous Beief Degcriptiohbfthedmamtior of a stream of gas. This process
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manner, the current invention precludes excess loss of carbon at the surface of the fiber.

Oxidative stabilization of the fiber may be carried out at temperatures equal to or greater
than the fiber's spinning temperature in an atmosphere containing up to ten percent
25 oxidizing agent by volume. Preferably, the concentration of oxidizing agent will be less
than eight percent by volume. Finally, depending upon operating conditions and raw

material used, these fibers may be oxidatively stabilized in less than ten minutes.



However, the current invention is equally applicable to the stabilization
of ot her arwoagsss prepared frompitch. 10 PCT/US98/06668

Hi gh Tenperature Stabilizationof Pitch Fibers The
stabilization of pitch fibers is a process which cross-1links the |arge
aromatic nol ecul es of the pitch. Oxygen also reacts with pitch carbon to

f or m gaseous carbon oxides in a process known as burnoff. If
diffusion is relatively_slow oxidation_at 15 .. the surface gtburnoff)
doni nates while the fi e Qurshinentienadditonalbt provides apitqhy fiber batt having a
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conpar abl e t diber structure when héated iora fldwingighestreatrecantaininigan oxidiging agenict s t o

consu carbon at the fiber's surface. 20 Thus, the fibers nmay be
stabi |l i®zed at process tenperatures of 300[err]C and above.

Prior to theyfurr HdM58h1b 1‘_'0?&9%&,&]55# ed in the art believed that
stabilizatiom con gntenperature and | ow oxygen concentrations
woul d pr oduc eTlexfoliswingedibeiissioh wild ffoduzenf the gtabslizatibh o€ piteh/Ebérs.

i nsufficient oxygen diffusion to the center of the fiber.

Utimtely, tHveygr it qurgptinyeniionds aquallydpplicable toithe stabidizatigwofagher artifacts

di scussed abqye idgtcéreastiﬁg the concentration of oxygen at high .
terrperaturespégp"‘ﬁe Hf prec. of increasing the reaction rate is not an
opti omgdue to the risks of fiber nelting and excessive exothermc
reactions. In spite of the teachings of the prior art, the exanples
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nitrogen. This novel process utilizes pitch fibers which have softeni ngf
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sol vat ed diffusion is relatively fast, oxygen penetrates and stabilizes (cross-links) the interior of

the pitch artifact with little surface burnoff. According to the current invention, the

oxygen diffusion rate into the pitch fiber to effect stabilization must be comparable to or

faster than the rate at which 6xygen reacts to consume carbon at the fiber's surface.
20 Thus, the fibers may be stabilized at process temperatures of 300°C and above.

Prior to the current invention, those skilled in the art believed that
stabilization conditions of high temperature and low oxygen concentrations would
produce excessive burnoff of the fiber's surface due to insufficient oxygen diffusion to
the center of the fiber. Ultimately, the burnoff would weaken or destroy the fiber. As

25 discussed above, increasing the concentrationof oxygen at high temperaturesas a means
of increasing the reaction rate is not an option due to the risks of fiber melting and
excessive exothermic reactions. In spite of the teachings of the prior art, the examples

provided below clearly demonstrate that the present invention provides a process for



mesophase pitch foll owed by renoval of the solvating solvent fromthe
{ as-spun pitO¥OPY43B&. The process of preparing sol vated mesopPEFEISHE06468 s

., disclosed in°U S. Patents Nos. 5, 259,947; 5,437,780 and 5, 540, 903

i incorporatedherein by reference. Further, the preparation of fibers from
. sol vat ed nesophase pitch is discussed in U S. Pat. Application Ser. No.
08/ 791,443 and U. S. Pat. No. 5,648,041 incorporated herein by reference.
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process tenp%Mcg in less than 15 mnutes and preferably |l ess than 5

m nutes. To " effect stabilization, the present invention naintains
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concentration and oxidation t ature. Typi‘ca otal processing
tinme flowing gesnHewkvarnthe moethod of :renmiving thi 36lvehtis hescritirad tethelvigrentt he
t ot al heatingtirreniMiless 1& than 60 m nutes., More preferabl)é, t he
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=l

In the preferred embodiment of the current invention, solid pitch fiber is
rapidly heated to an initial process temperature. The initial process temperature is
greater than the spinning temperature of the fiber; yet, lower than the softening point of
the pitch prior to solvation (dry pitch). The initial process temperature may range from

25 100° to 900°C below the softening point of the dry pitch. Preferably, the initial process
temperature is at leéét 400°C below the softening point of the dry pitch. Accordingly,
the initial process temperature may range from 250°C to 500°C with a preferred initial

process temperature of at least 300°C.
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oxi di zi ng agent contacts the fibers. The concentration of oxidizing agent
may range woo9s/4538§ rom approxi mately 2% by volune to nearly B&¥ms98/06668
Preferably, the concentration of oxi di zing agent will be | ess than
10% by volune. In general, the process of the present 15 i nvention
utilizes oxygen as the oxidizing agent and nitrogen as the carrier gas.
However, other oxidizing agents and gases will function wthin the scope of
t he current i nvention. For exanple, mld oxidizing gases such as
oxi des of nitrogen, oxila@snesal, the fibers arssheated at & satp suffipientite acachiheinifal or

m xtures thereof with or w.thout, a rrier gas wdl | so fungtion
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oxidizing agent into contact wth the pitch fibers. Setond, passage of the
gas stream to 60 minutefir Bolibwingahikiileiabtime pesied, the temsseritarsd mby boindreased ifer s.

Thus, the present invention . allows one to control the exothermc
reacti &n i nhaddiienalnstabidization,iis jrequires howevess thy process tempegatysen rush e | ow
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50[err]C. In this manner, the present invention significantly
reduces the pkilkntfongentrationant edidation tevhperatuod. i Typically, the total processing time

- 6- s.are intended

. Jhe fql |l ow exa e
to aid in an“ihanesdammabpt drtoahgut 150 mlnutescg’lr?tg;\,%bp;g m&mmbﬁa%%F§ lesx
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fibers to the Dnpring the deseribéd leeating pocesy| a loWixg gdsfeamkentaiting an
i ncandescent. Fihers are deenmed fully 5 stabilized if they do not
mel t during ©Kizing agentcentacts the fibgiss Thejcensertation afiexidizing agent may| rgngeng

exanpl es are | [ at st angard, t rature angd ..
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A refinery degRitin@hgentsll bé Rizethahd 0P8 BElvsIAnR. 4h4kRéral, Herbtess 88 tHeYReselhi S
10 residue tested 82% aromatic carbons by Clerr] NVR™ The decant oil
resi did was Hegntion utilizes oxygencas theheoxidizing a@90 and nit®gen @ Gharaarmidreges.

vacuum deoi | ?—ﬂ)\ntre%eg roﬁxde%' g%d?z?ngl ésg%}x s% Idcgasbe%%ill function within the scope of the current

invention. For example, mild oxidizing gases such as oxides of nitrogen, oxides of
sulfur, carbon dioxide, chlorine, or mixtures thereof with or without a carrier gas will
also function within the scope of the current invention.

20 The gas stream described above serves two purposes. First, it carries the
oxidizing agent into contact with the pitch fibers. Second, passage of the gas stream
through the fibers removes excess heat from the fibers. Thus, the present invention
allows one to control the exothermic reaction inherent in the stabilization process by
varying the flow rate of the gas, the concentration of oxygen and the density of the fiber

25 batt. Preferably, these variables will be balanced such that the exothermic reaction will
increase temperatures by less than 50°C. In this manner, the present invention

significantly reduces the risk of uncontrolled thermal reactions.



soaked pitch. Heat soaked pitch was sol vent

fracti onat eVOY8MAIEKi ng the pitch, filtering and t herPGEPEWBO66(S
nmesogens. Crushed pitch was conbined 1 to 1 weight to weight with 15

hot toluene to forma flux mxture. The flux m xture was stirred at
110[err]C until all pitch chunks di sappeared. Celite filter aid
was added and the mxture was filtered to renove fl ux insol ubles.
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' mesogens. The additiona _ uene an m nor=anount
of 20 Diweifdi ard 4r0 QbAERIdRRPRmARAKEhRIst S ¥Phe iAVENIOAM 1NVt a
total of 6.9 liters of com x solvent to precipitate nesogens in
the flux fil tfollbeingltxamyies; completesstatilizatibntio determined byl©@osing]tie: fibersttodhe
cooled to 30[err]C and_the insolubl e mesogens were collegted by filtratjon.
The i nsol ubl caponeame,atnaieh uildhe FbRTS bekpamerieandescent. very aé deemed Bl o

b o 1.0, SOf :] C h v 3 : ;
The i tth asRalizbiicRed & fbx pet Bl R tmdEy o) CVRRE] fndicted in the

spun fibers Wligwin dRafipledard tordidRiRES be measSured eedtardap@ femperdtaredind fresade] N
a TGA apparatus at 260[err]Cin air at 60 mM/mn for tinmes of 90

and 120 m nutes. Fibers oxidized for 90 m nutes gained 3.0 wt %

vvhilethoseoidizle(ffor 20 'nt? ined 4.8 wt%
-7- _—z——ﬁMma&ﬁw el-Pr = OBor 120 minutes passed the match

test while the sanple tnpe : ' ai ot roqi ;
Exanple 2 - Prior Art Sﬁaﬁ%@g?lataf‘%ﬁt 8}1 YﬁngSP %#’?ﬁ%&gl% gﬁk Igl brgﬁldueS' This

A refinery defesidue désted\82%\c@ometic tarbohs by aC,¢ WNMR. pThe deearn oiPRisidue wdscheat
510[err]C distillate. The distillate was heat soaked 2.6 hours at 44Q[err]C
to produce ansoaked 6 hoursiat 30P%n 4005€andshen veruym depiled tapsesijics ap dsatippic heat
preci pitated fogﬂ%rétih%éheat soaked pitch by extraction of |ight
conmponent s. HE B g pitch was conbined with 4.75 parts by

wei ght of xylene and m yRét fakedpiRAPREY OISR FRetiSnaléd BP Aitking 48d itdh, Glterihie
10 resulting insolubles were dried of solvent. The dried insol ubles

wer e conbi nedand then Rgecting mesogense iGyhshed pitcl mas shmbinedHr terleweaighit toi weightaxitly

mel t tqeform B oShial & doms S NAR&tre! The flux mixture was stirred at 110°C until all pitch

chunks disappeared. Celite filter aid was added and the mixture was filtered to remove
flux insolubles.

Hot flux filtrate was combined with additional solvent to precipitate
mesogens. The additional solvent was a comix of toluene and a minor amount of
20 heptane. Each kilogram of heat soaked pitch was combined with a total of 6.9 liters of
comix solvent to precipitate mesogens in the flux filtrate. The mixture was heated to
100°C and then cooled to 30°C and the insoluble mesogens were collected by filtration.
The insolubles were washed with solvent and then dried. The insolubles were observed

to soften at 310°C and melt at 335°C.
25 The pitch was melted and spun into fibers at 381°C. The green or as-
spun fibers were 42 microns in diameter. The green fibers were oxidized in a TGA
apparatus at 260°C in air at 60 ml/min for times of 90 and 120 minutes: Fibers oxidized

for 90 minutes gained 3.0 wt% while those oxidized for 120 minutes gained 4.8 wt%.



{ This pitch was 93 vol unme percent anisotropic and tested 1000 poise

Vi scosity aw@§sMssse | C. Dried insolubles fromthis ppétisssafssssned
at 384[err]C and nelted at 395[err]C. The sol vated "~ mesophase was
spun at 270[err]Cto forma 42 mcron dianeter green fiber. The fiber was
15 dried of phenanthrene and then oxidized in a TGA at 260[err]C in
air at 60 mM/mn for tinmes 45 and 60 m nutes. Fi bers oxidi zed for

i 45 mnutes gained 1.6 W% whi |l e those oxjdized . es
" gained 2.4 wihef meﬁetr%at@foa .lgéaﬂm'&fés B¥S mt%clmgwbﬂ%ﬂ@ mpgwr@aé to 90

while fibers oxu;j for 45 mnutes failed the match test.
R o

Exanple 2 sh&RY igher nmelting pitch fibers stabilize faster than the
20 conventional pitch fibers of Exanple 1 when treated at the sane

conditions. This | nd| cates that |-ess oxygen is required to convert
t he hi gher ng e heBrior 4 ghoneltingtPitch Riber sol vat ed nmesophase

to a thernoset materlal abi |

| zation of Hi
Mel ting Pitch F| bers i rAﬂEFﬁn% decant ‘I’Ei(was vacuum f?actmpatpéft? r%?‘}pcﬂé’bé%k 0
was vacuum f gﬁl&fg t 6/].e
distillate. h| s dis %I a?lc;ml{ gg‘ ﬁ%e%éﬁg%ag%%eg(ﬁc% grr?satbﬁogf:eth Joh&s Mrhe

di SL i lj | at e \r/]vagomaihe&oadradd pitcle  Aomesogeh résidife w4 presigiigied &om ﬁﬁt}fe@psdikétgat
Ssoake pl tc

A mesogen r eﬂ@h@y\mmpm@tobllwt@mmm{ reah senked gitich wasi comtbingd with 4.75

t t f ht t. k d tch nbi
byt 8 BRIP SR RHle5e s iR SRS SRS AL ERRI . S
about #y0[ er rr]as(ﬁltm-glﬁsdlﬁﬁl% WeRlried of solvenﬂ mldfﬁh?ﬁso‘m:ﬂ@s Wik %gnﬁinea%ﬁleﬁ

The dried insol ubles were conbined wth wel ght per cent

. phenant hr ene vesightipercedt pienanthwdne ahd nhnedmsaa mlt\tatfmh asslvated swespphiash pitdli s

pitch was 94 oI umin%%rcent ani sotropic and tested 1000 poi se viscosity at
216[err] C. This pitc Fvolpme peasertanisoyppiciand tfiﬂqddIQOQrPP%SENES&OﬁY B39%r| C

and nelted at A@d%ﬂl%l%ﬂ}tl frIHFth?sgAﬁ’cﬁts%ﬁened at 384°C ﬂ&ﬁ}gﬁ% 398 PHR ivated

254[err]Cto orm a m cron di aneter green fi

dried of phenﬂm)bhaSEWassphrt 4te2705¢ to iferla 4D rﬁc&n%arﬁétbﬁg:e&eﬁsér e tfibeywasider
inair with a 10Q flowrate of 37 I/mn at 260[err]C for times of 15

(340 gt er r [dried pfpheranthzengand then oxidizestin @KAA at 260°C in air at 60 ml/min for times

45 and 60 minutes. Fibers oxidized for 45 minutes gained 1.6 wt% while those oxidized

for 60 minutes gained 2.4 wt%. Fibers oxidized for 60 minutes passed the match test
while fibers oxidized for 45 minutes failed the match test.
Example 2 shows that higher melting pitch fibers stabilize faster than the
20 conventional pitch fibers of Example 1 when treated at the same conditions. _This

indicates that less oxygen is required to convert the higher melting heavy pitch

component of the solvated mesophase to a thermoset material.

Example 3 - Stabilization of High Melting Pitch Fibers ixi Air

25 A refinery decant oil was vacuum fractionated to produce a 399° to
516°C distillate. This distillate tested 70% aromatic carbons by C;; NMR. The
distillate was heat soaked 11.5 hours at 413°C to produce an isotropic heat soaked pitch.



g/nferr]) mnutes. The nunbers given in parentheses are the area densities
for the fi beW0O98/45386 baits used in these tests. The sanpl es REFESHPL6687ed
for oxygen cohtent using a LECO RO 478 Oxygen Determ nator. Fibers.
treated for 15, 25, and 30 m nutes contained 2.6, 3.4, 4.0 %
oxygen respectively. Fibers oxidized for 25 and 30 m nutes passed the 15
match test while those oxidized for 15 m' nutes did not. Exanpl e

14 mcron di ameter or e FERRenJeaate Sids| iscipitated from the heat sosked pfRE 1577
oxi dized in %x%aédmpa! ligiftcomponBsts! Heat 48@&&@@1\ Wik emhbms@mm 805 epaits by
rate of 37 20 /mn at 260[err]C for tines of 50(286 g/nferr]) and

125(265 g/ ni eweight of nylbne; and imeix labantogenous pressugg ate AbO ent hbe gesulting
the area densjties for the fi bat ese test .
sanpl es wer e BpRIN f%&’eﬁoﬁm“&‘iﬁgs@ V &Eﬁ ‘E F‘FFQI‘QH?_SE‘@‘* %WB@% weight
Det er m pat or. 3 e

wt % oxy%en ptﬂ:&?Ii’ﬁ'f'mm”"‘“Edaridloﬁl ’é’g a%er S Oxl d?bfz}ie{& 198%?%%%%?“%25%

the mat ch t espitchvhe 94 %ﬁﬁn@ﬁercent anisotiopizal fegtedSIDO0I %&E@SisdbsitynﬂtZI?C
Exanpl e 4 denponstrates the conplete stabilization of t fiber at |ow

oxygen concenPried insalublsifrone thisipiteh softened ALIR3 Crandaxplied atdt22° Gnerhesselvaiad on

at | ower en con

"o mesophaSe s SpURRLATL 1 ortiap 4 Rieron JiamelsT BACREpgE Th fiber was
350[err]C gl( ed of phenanthrene and then &kiRfked M‘@Q%chxgm M3t dylnderih & witha

described in anpl'e d spun at Cto dlaneters of 15-20
m crong0ower e ﬂowetdeaﬁdﬂlhﬁm a1,060°Q dok fimnesiof 154340phedt25(197 g/m’yaid Bl@lé494| n
4% oxygen in nj t2rogen with a flowrate of 37 I/mn at 350[err]C for ti

of 3g/n_nz Gupies-e A bf pumbersceiven inpuentheses ae thy arga dgpsifies for the fi er

For the fi bor PHAtRal (13nlleR., The spngleg welPArBlAAR oot bifeR B PRECD O3

for oxygen cORDe478 Ofygea Détérﬁ@&t&@ﬂﬁ&s@é&ﬁﬁﬂ‘om 253 @mindteHedrtained 2.6,
treated for 3 and 8 minutes contained 0.7 and 1.7 wt%oxy en respectlvely
Fi bers 3.4, 4.0 wt% oxygen respectively. Fibers oxidized for 25 and 30 minutes passed the

15 match test while those oxidized for 15 minutes did not.

Example4 - Stabilizationin 4% Oxygen at 260°C
The same 14 micron diaxheter green fiber of Example 3 was dried and
then oxidized in a 2.54 cm test cylinder in 4% oxygen in nitrogen with a flow rate of 37
20 Vmin at 260°C for times of 50(286 g/m®) and 125(265 g/m”) minutes. The numbers
given in parentheses are the area densities for the fiber batts used in these tests. The
samples were analyzed for oxygen content using a LECO RO-478 Oxygen
Determinator. Fibers treated for 50 and 125 minutes contained 2.0 and 3.3 wt% oxygen
respectively. Fibers oxidized for 125 minutes passed the match test while those
25 oxidized for 50 minutes did not.
Example 4 demonstrates the complete stabilization of the fiber at low
oxygen concentration. This example also shows the expected slower oxidation at lower

oxygen concentration.



thniare s

10 oxidized for 4 and 8 m nutes passed the match test while those

oxi di zed f oryg ofssngt €S did not. Some of the oxidizedpfirRR6506668 €
al so carbonized to 1 600[err]C in nitrogen and scanni ng el ectron
m croscopy was used to confirm conplete stabilization. Exanmpl e -
6- Stabilizationin 2% Oxvgen at 350[err]C 15 Fi bers
made as described in Exanple 5 were dried and then oxidized in a
2.54 cmtest cylinder in 2% oxygen in nitrogen with a flowrate of 37 |I/mn
at 350[err]C for tines of 6 (2247 g/nmerr]) and 10 (1802 g/nferr])

"mnutes. The_nunhers gi.ven.in. pt.heses are the area densities
‘for the fi berEMS‘ 1‘4%%—#&——%@—@1 : %Q r.lg anpl es were anal yzed

for oxygen content usinga,dfoed %%Zﬁva@ﬂiiﬂt%ﬂ aPAERFed # Bkampie3hsd G at

treated for 6 and 10 mnutes contained 1.1 and 0.8 w % oxygenh respectively.
At the end  254°C to ditmetess afxl B2 migrohs eeterduidd arinbthien oidizekinda 26d ¢rortest 0
m nut es passed the match test Exanples 5 and 6 show

"the uni 8ue r agylindsrin 4% mRyeer insnifieeen Withjagfowrate of 37 VmimatgdsOrE) for figpesiof ¢y

fibers of theg) nt,i i e r nd . 0X n . .

concentrati ongdlgﬁeg/@g)gn%ﬁ %@ gﬂ%ﬁ? gﬁcg ﬁ%@i‘fe?%ﬁy%‘é‘lh“q%ﬁo nt g%fé Pgtcr]ltl} etV ED ™
stabilize t heﬁﬁe&ﬁeses ard thBQFéa dehsities forahe fiber KaASRIsEd fh thiekd tstsON THE shidples
oxygen into the center of the fiber at the hi gher stabilization

t enper at ur es. were andlyized for oxygencententiasing  BEOCER 04 18 QeypeatDdtemprinatar.t Fibers
densities wthout,significant risk of ncontyolled exotherm .The _.
ol Tow ng t apirested ford and §iBimutes Sontunedhut B0 1.1 HIVeGHUEER FRpeCatA 1 | HRES and

resul t ggof ea . : H ;
"o 30 6X3dE% 8T8 £and 8 minutes passed the match test while those oxidiged for 3 minutes

Ex. 4 Ex. did not. $¥me Of the oxidized fibeéps Wefdalbg catboizédtor 1600°C in hitrogen and84
393 393 . 393 393 (dry pitch) . .
Spi nni ngTenp. S§aapingelectrgpmicroscopy wgs used to comfrm completestabilization. 254 254

Example 6 - Stabilizationin 2% Oxygen at 350°C _

156 Fibers made as described in Example 5 were dried and then oxidized in
a 2.54 cm test cylinder in 2% oxygen in nitrogen with a flow rate of 37 I/min at 350°C
for times of 6 (2247 g/m®) and 10 (1802 g/m?) minutes. The numbers given in
parentheses are the area densities for the fiber batts used in these tests. The samples
were analyzed for oxygen content using a LECO R0-478 Oxygen Determinator. Fibers

. 20 treated for 6 and 10 minutes contained 1.1 and 0.8 wt% oxygen respectively. At the end
of the oxidizing treatment the fibers oxidized for 10 minutes passed the match test.

Examples 5 and 6 show the unique rapid and complete stabilization of

high melting pitch fibers of the invention at high temperatures and low oxygen

concentrations. The examples show the lower oxygen content required to stabilize these

25 fibers as well as the complete diffusion of the oxygen into the center of the fiber at the
higher stabilization temperatures. In addition, these fibers can be oxidized at high batt
densities without significant risk of an uncontrolled exotherm. The following table

provides a summary of the operating conditions and results of each example.
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CXidationTe
Percent J er
vol unme
3,

L 120

30
Fail ,
Pass
Pass

6,
4,

Fai

| npr oved Ckygen D'ffu5|on Rat e

Pass,

Woshghhd © 250

260
21

Treatnent Ti me,
m nut es

10
8
[, - Fail ,
Pass

26
21
90, 120

Mat ch Test

Fai |,
Pass,

Pass

0

45,

260
4
15,
60

Fai | ,

Pass/ Fai |

350

350

PCZ{ 7US98/06668 2

25,

50,

Fai | ,
Pass

Pass

£

x.% |

Ex.2

)

Iﬂ%3

devel opnent

fibers at hig
possible. In
fibers of thg
to rapidly th

L I.Ilb A*A %L b'll. I

PSdﬂﬂqngRuuuféb g
cont r ag

@t} i nvent i

IIIIII at—hi mh

I.\lIIIIU

113d 01 ow
t to pr
on are

1' nnr'nnr =1

ET-O, CITC

c3B&ent r

Sl
A39Dns @

evious pjtch fib

II!"DC Q.

char act

Low

%h Fi

IOI’t

i

Bie

Bl.6

f393xyger
ers, thd

erized (
(

|3Bas no
b novel
)y their

oncentyr

393
i tch
ability

hi i.ons

of oxygen. FU
sof teni ng poi

rSﬂimnng t['bmpp‘?c ch
nts in excess of

jgubers
300[ er

affot he
] C and

r]E29$ent
r ef er al

i¥8d4ent i g
|y great

brpskave
er than

1054

350[err] C. TH
stabilizati on

GG

of 1 be

nper at ur e

2600y D

greate

~

D

b ed
an t

o

}éﬁhto t

"Ro

350

Spi nni ng teny
characteristi
to the center
t he surface
characteristi
300[ err] C ang
fibers of thg
t enper at ures
vol ume and

t hese fibers

cl al Ul €.

Reresnt OpdYpr eser
the fiber wh
X|§§P?on rate of

t21f i ber
ichis
the fi

521s an

ber. The

bl | . o o

oZYgen

hppr oxi npt el y eq

fibers

r\'l-

|ber
uaI to ¢
retain t

okt r od

Tl f fusi
r gr eat
hIS

=Y

|IILAYA' U%
b rate
br t han

aVo¥al

£
T

cocven VVII.CII
TreatmeptBimd, evel
resent inventi
8 ess of 35
pr ef er abl
be conpl et ¢

(@)

Wi | |

D0p120-
on w ||
[err]C
y inth
|| y

otT1Z€t

4S5y vo

B suit
3

oxyg
e range

PN
C \/II

e, 5

Eﬁge for

)| evel
0§0 2-10¢

ol Al Ul U

50, TH

abi | i
sﬁﬁhngir

b by vol

| || \,I\\.:

18, prefe
zation

ébfrom

e, Typ

o
e e U

F bed

A
2591% by
cally,

Match Test
Pass/Fail

Fail,

Pass

Fail,

Pass

Fail,
Pass,

Pass

Fail,

Pass

Fail,
Pass,

Pass

Fail,

Pass

B.

Pitch Fiber Having Improved Oxygen Diffusion Rate

Prior to the development of the current pitch fibers, the stabilization of
fibers at high temperatures and low concentrations of oxygen was not possible. In
contrast to previous pitch fibers, the novel pitch fibers of the present invention are
characterized by their ability to rapidly thermoset at high temperatures and low
concentrations of oxygen. Further, the pitch fibers of the present invention have
10 softening points in excess of 300°C and preferably greater than 350°C. Thus, these

fibers may be subjected to the stabilization process at temperatures greater than the fiber

spinning temperature.
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stabilized in about 2 to 30 m nutes. These novel
fibers provindsogusagy fi cant advant ages over previously known IHET/wUS98/06488t Ch
fibers. As a result of the rapid stabilization, the pitch fibers of the

pr esent i nvention dramatically reduce operating costs during the '
preparation of carbon fibers. Further, these novel fibers enhance
safety conditions during the stabilization process by operating at

oxygen concentrations bel ow the | ower explosive or flamabjlity linmt of
the sol vent vapor and s@apiofithetnosel elhgsacteristics of the present fibers is an oxygen
When col l ecte Ss. a batt, these fibers nerate a fiher t [ |

readi |y st abiqﬁff‘;‘é‘lﬁ? r%f)i‘bﬂ‘ieic W?‘,[b‘le&%’éf %E%F?‘t@ W?ﬁl%?gﬁlgie?llﬁélst.o\gg.gg. ééartst h%.nS.
9009/ nferr] apd hirlaSlxidation rate of tﬁ@ﬁ?&e PrieARbdrb 285inWhishMdfacterBat Evépwhed | Sk
of thermal runaway. As In the case of the fibers, the batts are
heat ed in t hestiiiRzcint eniferatufes ivéxegssTf30aTC afid geoxy gy Evelsldf -4 %Iy volume.

fl owi ng stream of %as contains up to 8% by vol une of an_oxidi z*aggizggent as

previ ousl y 20The prefersed: fibrsdof thee Presenteinventiony wall Aen suitabis, for, 8 % &h

and the preferred carrier qas o el nitrogen: ho
conbi nat i ons {g}n@e W&%&&f%" _ ra_é\9i oﬁg?ﬁligg?lg Eﬁigg’%gom@mq;y Vq?é\ﬁg%nd
general , the §ResHIPHthe Wrlge oFDIDA by GoliiRD Typfcallly Ofesefieroivill BE campletety
bet ween about 10,7000 to about 100, 000 standard liters/m n/ neter
squar ed. stabilized in about 2 to 30 minuthe f or egoi ng specification contains
r certain enbodinents, details arH, 25 ., exanpl es for the $urg}clxse IOIcn
_illustrating the presentb¢sspaxeliibars preyidesigpiticantadysntages oxerpriyippsly known
;realizgqathat yagi chapge gL ]% : y g r s brlebit
departﬁ%g pitcH ﬁHéF'r o%g%hgesglg?)rfiqugrﬁlgg%%elo i%?l’rﬁel.@'i 1\%?})%%_@5_'_ S\é\b t he
]E r :J?e scope Fmi_iwsmidd dramihti¢dlly reduce wpefting costs during the preptiratidresf éybdrhfibers.
ol | owi ng cl ai ns.
F-12- J Further, these novel fibers enhance safety conditions during thesstaljilization prpcess by

s o b R oo Bht S b L8 SR Mmoo
i equal to the gRisBReOa mrs%mﬁﬁgﬁ%ﬁﬁb@cﬁtch artifact while exposing
I"zi

i sai d pitch artitfact to an oxi ng agent for a time sufficient to
stabili18e said pitch  When collected@s.a batt, these fibers generate a fiber batt which is

readily stabilized. Specifically, fiber batts with densities as great as 900g/m” and higher

may be stabilized without significant risk of thermal runaway. As in the case of the
fibers, the batts are heated in the presence of a flowing stream of gas. Typically, the
flowing stream of gas contains up to 8% by volume of an oxidizing agent as previously
20 described. The preferred oxidizing agent being oxygen and the preferred carrier gas
being nitrogen; however, other combinations are contemplated as previously discussed.
In general, the fiber batt will stabilize when the flow rate of the gas is between about
10,000 to about 100,000 standard liters/min/metersquared.
The foregoing specification contains certain embodiments, details and
.25 examples for the purpose of illustrating the present invention, those skilled in the art will
| realize that various changes and modifications may be made herein without departing
from the spirit or scope of the invention. Thus, the true scope and spirit of the invention

is indicated by the following claims.
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2. The process of claim1l, wherein said initial process tenperature is

at | Ws98/453% err] C. 3. The process of cl ai RET/USHRSEE n
sai d oxidi zing agent is transported by an inert carrier gas and the.
concentration of said oxidizing agent in said carrier gas is 8% or

| ess by vol une. 4. The process of claim1l, wherein said pitch
artifact is heated for period of time ranging fromabout 1 to about
150 m nutes. . . 5. The process of claim1, wherein said pitch
artifact is h¥a%o a tenperature rangi ng fromabout 250[err]C to
about 500[err]C in an atnosphere contai ning 8% or | ess oxygen by
volunme for a period of time ranging up to 150 m nutes.

A process for1,contAprddesgfor bebilieingragtitchartifhctieemiprisingi ng t he oxi dati ve
stabilization of pitch fibers conprising:,. heati ng sai d
pitch fibers to anheatingisaid pitch ctte Asdnitial peocsss tempstature at leastqaual tothe e

o 1oh 9 ber o O SraporRal Rf shichibo il Wil CRNRR I8 sibhamitey o an,

vol ure, oxidizing agent'fbr 4 filnB SuffiefenPtoidatilizedaidtitchasifastue of oxidation of
said fibers; continuing to heat said pitch fibers and
contact said pitch fibers with said flowing gas for a period of tine

sufficient to stabjlize said_pjtch fipbers. .. ... )

14 7. The probk@rosesephclaim, 1yiyaemsimsaid dnitish grocess iemperatuss is ey
the oxidatio fgfc said fibers is controlled by varying the flow rate of said
fl owi ng gas and/ or the concentration of said oxidizing agent in said

fl ow ngogas. 8. The process of claim®6, wherein the flowrate of said
fl ow ng gas

3. The process of claim 1, wherein said oxidizing agent is transported by an inert
carrier gas and the concentration of said oxidizing agent in said carrier gas is 8% or less

by volume.

15 4, The i:rocess of claim 1, wherein said pitch artifact is heated for period of time

ranging from about 1 to about 150 minutes.

5. The process of claim 1, wherein said pitch artifact is heated to a temperature
ranging from about 250°C to about 500°C in an atmosphere containing 8% or less

20 oxygen by volume for a period of time ranging up to 150 minutes.

THIS SHEET HAS BEEN
REPLACED

* - C L M $ *

This Sheet Has Been Repla.

LT
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ranges from about 10,000 standard liters per mnute per square neter to

~about 100, QU§ogsisagglard |iters per mnute per square neter. pdrusosobits

process of clMaim6, wherein said flowing gas is a gas which is nonreactive
with said pitch fibers and said oxidizing agent is selected fromthe group
consi sting of oxygen carbon dioxide, oxides of nitrogen and sul fur and

.C[err]gerr]. 10. The process of claim6, wherein said pitch fibers

have a softening point of at |east 300[err]C. 11. The process of claim
6, wherein said pitch fibers are heated to a terrperature rangi ng from about

250[err]C to bout 50 Cfo eriod of tine f.rom abouyt
mnutes to ab ut 18¢°r ﬂéeﬁ%{‘%gmu 'ilﬂgtﬁ g%‘?ﬁf%&‘&%b‘?n ﬁ‘% 1fl§tbv&stq%ﬂ.]zeﬁon
stabilizes toy¢ placed in an oxidizing environment at a
tenperature of Inrh%g}s% egr] C but bel ow the instantaneous softening

poi nt of said fibeheatingbaid pitch fibetsCio dn initial Wrocess tengeratarn at least lequdl torhé | ng
when heated to a tenperature equal to or greater than said fiber's spinning
t enper abur e i spinning rS?-IBB@N@Ee of said mtchu‘élm% wéhileoenrdactingsashpiseh (fibses with a

~oxi di zing age u . e.pi.tch fiber of claim13 wherein said
i ber therrmsg?g’“érg ggegﬁ‘é?f‘jf% Bi"égzm # The pitch fiber of claim
13 wherein sai d i jRkidgiRe proaGdtion'of hef Fae td'G0dfbr B IdTibers;

continuing to heat said pitch fibers and contact said pitch fibers with said

flowing gas for a period of time sufficientto stabilize said pitch fibers.

10
7. The process of claim 6, wherein the generation of heat due to the oxidation of
said fibers is controlled by varying the flow rate of said flowing gas and/or the

concentrationof said oxidizing agent in said flowing gas.

15 8. The process of claim 6, wherein the flow rate of said flowing gas ranges from about
10,000 standard liters per minute per square meter to about 100,000 standard liters per

minute per square meter.

9. The process of claim 6, wherein said flowing gas is a gas which is nonreactive
20 with said pitch fibers and said oxidizing agent is selected from the group consisting of

oxygen carbon dioxide, oxides of nitrogen and sulfur and Cl,0;.

10.  The process of claim 6, wherein said flowing gas contains up to 8% oxygen by
volume.

25
11.  The process of claim 6, wherein said pitch fibers have a softening point of at
least 300°C.
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15 16. A pl\vti fiber which ther 10 m nutes. 17. The
process of 98145385, wherei n said oxidizing agent conprises 896:’17[189841!59683y
vol ume of sai'd flow ng gas st reafhis She¢tdas BecRReplgsedbcess of claim 17, whe
said fl owing streamof gas has a f Fm&ﬂging from about 10, 000 to

[ ' W:I 19. A process for
control ling the generation of heat

about 100, 000 standard liters/ m n/
€ oxidative stabilization of

Ly P TR M of o AR e LS e SR, B
fibers to anoljtaﬂgig_lkghxﬂra%ﬁﬁfﬁber g Wnﬁf %@@farlaeﬁéfocﬁgyﬁﬁeitﬁn%ﬂg iﬁcﬂh %bﬂtgh .

“tenperature pitc e contacting sald ers wt

. Tl owi ng gas, mbivesgaabaatritaintihies.an oxi di zi ng agent, limting the

: production of heat due to oxidation of said fibers; continuing to

; heat said pitch fibers and contact said pitch fibers with said fl owi ng gas
‘for a pgriod ffICIent I|ze Al tch fibers The
pr ocessgof cl g %F?P il ho%l;glray Q@‘@T‘ﬁ t"?h?ﬁ)?qnéeés %% B}ac?cggg By
vol une of sai &uflﬂzﬁiﬂ é?ﬁ'lﬂﬁﬁleﬁfit%a@ﬂpera%ﬁe of afr Eﬁstpfdeegstﬁlt ‘BE ein
said flowi ng stream of gas has a w rate rangi ng roma ,UOOto

about 100, 000safteaimgoihtiof sad fibed. n/ net er squar ed.
14. A pitch fiber which thermosets without melting when heated to a temperature
10 equal to or greater than said fiber's spinning temperature in the presence of an
atmosphere containing 8% or less oxidizing agent by volume.
15.  The pitch fiber of claim 14 wherein said fiber thermosets in less than 30 minutes.
15 16.  The pitch fiber of claim 14 wherein said fiber thermosets in less than 10 minutes.

17. A pitch fiber which thermosets in less than 10 minutes.

18. A pitch fiber batt having density of at least 900g/m®, said pitch fiber batt

20 . thermosets when heated in a flowing gas stream containing an oxidizing agent.

19.  The pitch fiber batt of claim 18, wherein said oxidizing agent comprises 8% or

less by volume of said flowing gas stream.

25 20.  The pitch fiber batt of claim 19, wherein said flowing stream of gas has a flow
rate ranging from about 10,000 to about 100,000 standard liters/min/metersquared.
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