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Thus, the current invention improves product unlformlty and
production economics. While the present invention is
particularly useful in blow spinning fibers from

15 carbonaceous pitch, other uses will be apparent from the
following disclosure.

B. Background of the Invention

Since blow spinning operations are well known in
20 the art, they will be discussed only in general terms. A
typical blow spinning process utilizes a spinnable
substance, an attenuating media, normally a gas, and a
spinning die containing fiber forming capillaries. During
the spinning process, fibers exit the capillaries and are
25 contacted by the attenuating media which draws or stretches
each fiber increasing its 1length while decreasing its
diameter. Since the attenuating media is normally a gas,

the quench rate of the fibers is also affected.
Typically, fibers prepared by blow spinning
30 processes are short discontinuous fibers having lengths of
less than two inches. In contrast, melt spun fibers are
generally continuous fibers with essentially infinite
lengths. Normally, the fiber length of a melt spun fiber
is chosen by design, not dictated by the process of

Hllllllilll!II!IIIIIIIIII!IINIIlllllll .

*G00002+



20’ May 2002 WO 991 17166 PGI/ US98J18763 producing the fibers. Additionally,
melt spun fibers have better denier uniformty th bl ow spun fi bers.
Several types of dies may be used for blow spinning fibers. kongzo02

bl ow spi nni ng d| es are 5 identified by the nethod of directing the

at t enuat 66 Nt 0 contact with the fibers. Two conmon dRCT/HRW/ IS

annul ar an ot dies. Specifically, in an annular die, the attenuating gas
exits an annulus formed around each capillary and flows in a direction
parallel to the fiber. 10 Attenuation occurs due to the drag of the gas on
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manner may contain undesirable bends and kinks resulting in

lower fiber tensile strength. The primary cause of the
bending and kinking of the fibers is believed to be the

25 turbulence generated by the attenuating gas during the
quenching of the fibers.

Those skilled in the art have recognized that the
process of collecting fibers is a critical step in
achieving high tensile strength fibers. Prior art methods

30 for collecting blow spun fibers typically increased the
number of bent and kinked fibers by collecting them in a
three dimensional random batt. Recent U.S. Patent No.
5,648,041 demonstrates the collection of fibers in a two
dimensional batt. However, the means for achieving the two

35 dimensional batt requires additional processing apparatus



;5 havi ng an essentially infinite length. Interruption in the I ength of
continuous fibers generally occurs purposefully or due to a manufacturing
problem Further, fibers generated by the present inventionJdpawgy Zooeved
fiber uniformty and tensile strength. Finally, the present 20 invention
provi des a bl ow spinning process which generates a nelt spun type product
at a rate equivalent to blow spinning. Il. Brief D sclosure of the

I nvention 25 The present invention provides a process for making fibers,
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or due to a manufacturlng problem. Further, fibers
generated by the present invention have improved fiber
uniformity and tensile strength. Finally, the present

20 invention provides a blow spinning process which generates
a melt spun type product at a rate equivalent to blow
spinning.

IT. Brief Disclosure of the Invention

25 The present invention provides a process for making fibers, including passing a
composition comprising a carbonaceous pitch through at least one capillary in a die to
form a fiber and aftenuating the fiber with a gas; characterized in that the process
further comprises: (a) applying tension to the fibers following attenuation to form
continuous fibers; and (b) collecting the fibers. The present invention additionally

36 includes the step of collecting said fibers as a warp sheet or traversed continuous
filament tow on a receiving device. If necessary, the present invention provides for the
removal of gases and vapors from the fibers prior to collecting the fibers on the
receiving device. Preferably the gases and vapors will be removed by cross-flow



Further, the present invention provides a 5 traversed continuous fiber tow,
a warp sheet and an unidirectional filanment roving fabric prepared from
continuous fibers nmade by a bl ow spinning process. 111. Briei Eﬁggr£§%£on
of the Drawing |10 Fig. 1 is a generic depiction of the apparatus of e
current invention. |IV. Detailed D sclosure A Apparatus for Bl ow Spinning
and Collecting Fibers 15 Wth reference to the drawi ng, the present
i nvention provides a bl ow spinning and fiber collection apparatus 10.
Apparatus 10 has a typical blow spinning die represented generically as 20,
a vapor renoval system 30 and a tensioning device 40 or other suitable
means for 20 maintaining tension on the spun fiber. Blow spinning dies are
well known in the art . In fact, as previously discussed, there are several
wel | known variation f plow spi.nnj dies. The current jnvention is
oui t abl o YR aPPpcEio the A BPh e Terebing Boicer rivall, oS eVRKRIPoRSS: on on
the functi g &16o DeQysefdivHenngpirthiks filldre dom sulbftandeB SutR ldsit #at ligfted eces
whi ch are incorporate hereiﬂ gﬁ refgignce: "Vibration aq%ﬂSthilit%%in t he
Mel t Bl owi FYPRRAEQUS Pitchery Relygides, inguding nylans, pelyestgrgypuchy 35 "WacrRa® and
I\SAhanb?_ugh; pawpr:tdbwreﬁéés; Cmilﬁcjrr;é(hmﬁfnchh{hggkgybra;ﬁi"pgglgﬁag{w?dgr sw.sSh ﬁ% f“Ré\gEi@dUCi ng
crofibers”, In ng. em . Res , , - , anbaugh;,
“The o8 D1 R g rorRlns: RelFrelrSish A PekediEsn gl SOl MEROPIRRRICH! A
Jets" , | ndndEmpnté®MmMwhefepll_traded29id a3 registdfed 7Badenédrka onasll. add pahageaugh;
"Superfine,Thernopl astic Fibers,” by Van A. 35 Wnte, | ndustral and
Engi neer i nB'em%F?e?EH‘@‘??’QPW- . 48, No . -5 WD 99n7166 20 May 2002
PGTI1 US98118763 8, Aug . 19S6 . 1342-46 .and _U. S.. Pat., Nos 847, 125;
2,380, 570; and, No. E335E3a3218: BRERoRIVEES BAGTR AR BRSO t he
curram i nviend imresentpantyent iarl presdfdds wheontheuspsnnabkraighsublstawmce
contains vo ile. onent.s u cled YTET o)
conmponent 0%8%%I§5§§ 'piﬁgﬁégi' 0 3§ eg£§?téﬁeggakré é%gF%B§g§5$yﬁﬁ%
assi gnee ofcehkecuiornilavgeassenianedayetii Bipysedinning svhipgh ehewaps.
5,289, 947; 5,437,780; 5,501, 788; and, 5, S38,621 which are 10 incorporated
herein by reference. In the preferred enbodi nent, the vapor renoval system
30 is positioned between the die 20 and the tensioning device 40_ The
preferred vapor renoval systemutilizes one or nore blowers, not shown, or
ot her neans to generate a cross-flow 15 or novenent of gas or air. The
cross-flow ventilation effectively renoves hydrocarbon vapors or other
entrai ned conponents fromw thin the fiber bundle and assists in attaching

"out of bundle"” filanents. Renoval of volatile components fromwthin the
fiber array or bundle prior to
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20 collection inproves the processability of the fiber. Finally, the
apparatus of the current invention includes a t ensi(oni ng devi ce 40. As
shown, device 40 may be as sinple as a single bobbin or spoobhg tagpserts
tensi.on on the continuous, blow spun fiber. Alternatively,l,é’!lE}‘J ghéonal
bobbi ns, WO%2J166)i ns, hot chest and etc. can be incorporated ahead of or
after device 40 to acconplish cold draw and thermal setting functions. The
exact configuration or apparatus enployed is not critical to the current

i nvention. ther) the, primary focus is_to provjde 30_a neans for .

mai nt ai ni ng fW%ﬁQa 1%%$S?E%P%ﬁt%ﬁﬁ ? n??%ughé?ras-éﬁuﬁ FEF¥AS sEhS t o
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The constan ens{ on 1 al i gnnent of the continuous, fibers in a
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Spi nni ng Conti hyous Strai ght 5_Fibers Wth, continued reference to the
draw ng, theBIENEREEIANRR! | 1 IFRERtdeT o HiBce EEDRIC cpYeRRFRG, Erom
continuous ,cditoimspus fibeberwade Abykaobhownsphandhy predssis col | ection
nmet hods may generate a warp sheet, a traversed 10 continuous fiber tow or
ot her products. As previously noted, the process for blow spinning fibers
is well knoWEIHovRwief Dascriphdohenéf the Brawdinigecti ng bl ow spun fibers
iny@n unidirectional npnger; W & lgahihi d RRH MRDYE 26 YRS R Yt O
the current invention. 15 According to the process of the présent

i nvention, diRfy SPERERF bER¥CBEEORer med by passing a spi nnabl e substance
through the capillaries of a blow spinning die. Wen the as-spun fibers
exit the cap Iaréegﬂ.#hgy are.contacted by an attenuating gas. 20
Fol | ow ng attehua FoRtth PFBE}SSSFg optionally passed by a vapor renoval
system 30 in ordek.to AppavatuayfomrBlovw ¢bimonioneanat Codlleettinmgiititiemsy be
entrained in the array fi f ergbl th eri ar, ey ed
prﬁgf to collecting thggnge?§$é§ﬁﬁégisEgayg%Eulg?Fyq?%ﬁe : %h éﬁ“%rgparing
fibers fromipyeateanpRishidsias 2hbloveseitrnbrd appdr of Breed deidestardons
woul d degr adgppdiLat@5ULD L NOARELEMEEs M hdY CeTH i¥fall MPw P MUA ndMdie
preferably be achi eved by the .generation_of a cross-flow suction., 30

Pr of or abl y, THRZCPERECR GRREHERdIide BhouR SRR (THEYVAL( EYA5EMor Gnd
prior to fibmdcal | eehsboninde devise f40wosuottloar mep iteabdenenatad oxone
or re blo S . h syl t.abl vi ce, not shown. The

o 3es of vimEpcAEHBLEREERSLEY Bhiehe" U A 1% ne. 35 common
cross-fl ow quenchi ng sBépwwAP&nnipgi daesyavecyellilgnown in the art. In

fact, as previously discussed, there are several well known

variations of blow spinning dies. The current invention is
suitable for use with all blow spinning dies. For further
25 information on the function of blow spinning dies please
see the following references which are incorporated herein
by reference: "Vibration and Stability in the Melt Blowing
Process", Ind. Eng. Chem. Res., 1993, 32, 3100-3111 by Rao
and Shambaugh; "A Macroscopic View of the Melt-Blowing
30 Process for Producing Microfibers", Ind. Eng. Chem. Res.,
1988, 27, 2363-2372, Shambaugh; "Three~-Dimensional
Temperature Field of Rectangular Array of Practical Air

Jets", Ind. Eng. Chem. Res., 1994, 33, 730-735, Mohammed
and Shambaugh; “Superfine Thermoplastic Fibers," by Van A.

35 Wente, Industrial and Engineexring Chemistry, Vol. 48, No.
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20 May 2002 WD 99/27166 PCT/US98118763 nelt-spinning of fibers. Fibers spun
fromsolvated pitch rapidly quench and thernoset pnear the die in the region
dom nated by the rapidly expandi ng and cooling att enuat | ng g -M%J“H&oz
fibers fromsolvated pitch have already 5 conpleted the quenching process
prior towgkHsngemoval. Followi ng fiber formation, the curpentushbsngsss i on
utilizes a tensioning device 40 to maintain a constant and uniformforce on
the fibers. The tension placed on the fibers precludes the bending and
possi bl e kinking of the 10 fibers and permts the collection of continuous,
nfinitely bonguduldn e ihbers347uakhand s anpld caiben 8 9997195a]!
tension following fiber fornation permts alignnment of the fibers‘in-4d
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from the bolky ci Ehed § % chd 0 e ;desj . | nt
engt b AL e L o A AR ppETeaphdt
fibers may 8%’@6&’65%@% Gi& hd0 @l ntheuttersteningd destigiens48%t er Thenoval

or unwound gie fieierdr aupoheambvdl ddpske’ WEOTEs880 bHeaN¥ Ot RBk-e
manner desi 'b‘i(cj)' I n additi rolls i ns ests and 35 ot her well

hot ch
known devi c&s (‘ivaeﬁ‘rsbenloﬁcgg‘ng?’at 84 85@35 ‘ES'Fang ES geneyptegr §¥PEE-L38%May

2002 PGTI UsSeglIsyeSnetft epoft hpasopti nubns fiDee icsoald-(iledw byeatfidasioni ng
device 40 t J 1 Dt]%r I i act i.ons.
5 C. Conti n%gﬁ(s\e%%w glg%ﬂt%%‘lw(g%p‘%&%géggﬁegi g’e%g)s eﬁzucr)(r&g%% ?ﬁ%%ﬁ?‘ :ﬁ%ﬁi is
e ot
and sol vat eétpi esy * &@%e PaEentmbidit <2, 1 0bECHS388118E
difficulti esg, %f O%reoq__uciéﬁ Str il?ht Ekbe%s 10 from sol v%edd itch,ané in
particul ar sgll\zate r?es&‘ptﬂ%s‘%ﬁb R_hE0%s LABEEY AaYeitE PRIt pPELGGehEhi ng
of 20he fi bercoldedte.car danppfovas ihenueogensakbi ddtiyofhehat tfdieat.i ng gas
tends to generate Ki n@ﬂq}perg%ei?ﬂégga_{__hgerdf HANeVEL + &Yt U$ vt fon

t ensi oni ng devi_ce (40) the prlesent venti on
includes a tensioning device 40. As shown, device 40 may

be as simple as a single bobbin or spool that exerts
tension on the continuous, blow spun fiber. Alternatively,
25 additional bobbins, rolls, pins, hot chest and etc. can be
incorporated ahead of or after device 40 to accomplish cold
draw and thermal setting functions. The exact
configuration or apparatus employed is not critical to the
current invention. Rather, the primary focus is to provide
30 a means for maintaining sufficient tension on the
continuous, as-spun fibers so as to preclude slack
following fiber formation and during the collection
process. The constant tension permits alignment of the

continuous, fibers in a linear array which may be collected



15 provi des continuous, blow spun fibers. Further, this invention increases
the potential for smallex final dianeter products l e yielding fibers

with higher single filakent and conposite strength anslatl% &Q&# Y,
the current invention may allow spinning die capillary 20 dia “{I 0 be

| ar ger th@ gp,){‘ {?ﬁdum ng difficulties associated wth smal | pcapuises/ag876®es such
.as plugging able 1 denonstrates that the fibers of the present invention
“have i nproved tensile strength and decreased variation in the as-spun

di anet er when conpared '25 to fibers prepared by prior art nethods. The

followi ng test w%&mwrmg&oﬁawedm@e%&&h&eﬁ SpUtHe @ shBll 8sbat ch
of sol vated nesophase pitch usin I nning . die. As shown by
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di vBded by #ddensmn fiber diameter, expressed as a percentage, of a data
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-9 wo ~m s~ 20 May 2002 PCTNS98I18763 Table 1Coefficient of
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consi dered to,ih8y MRl Yo R Edad o l}ﬁ"]l&b £Den ﬂws éfeaesaﬂg &élipkﬁgamof the

|nvent|on be| ng i'ndicated by th owi ng claims. -
d ai ns: Hoyestarss Wiskl ﬁ‘m?li‘?lgb?‘i‘%%%%s ? cq’%zl-ﬁﬁtb‘agspﬁQWaSEBﬁfpgéF’?irén

conpri si ng arpaahonaﬁe@ﬂﬁe@ti@hanhrmkelat dee@stkﬁaenc;ap&}hé;ar weire anéie to
forma fiber and enuatl n characterized in that

the brocess AL LS R HeEcS (SheLpRrsrhb LEXERERRo the f1bers fol I owi ng
attenuation to form cotcomdinsgfi er s; thad Proaesd ecofng tthee fpbesent

invention, blow spun fibers are formed by passing a
spinnable substance through the capillaries of a blow
spinning die. When the as-spun fibers exit the
capillaries, they are contacted by an attenuating gas.
20 Following attenuation the fibers are optionally passed by
a vapor removal system 30 in order to remove any unreacted
monomer or solvents which may be entrained in the array of
fibers. Preferably, these materials are removed prior to
collecting the fibers. This is particularly true when
25 preparing fibers from solvated pitches as the presence of
any retained hydrocarbons would degrade the resulting

product.
The process of vapor removal will preferably be
achieved by the generation of a cross-flow suction.
30 Preferably, the cross-flow suction will occur after fiber
attenuation and prior to fiber collection. The cross-flow
suction may be generated by one or more blowers,
compressors or other suitable device, not shown. The
process of vapor removal should not be confused with the

35 common cross-flow quenching step which typically occurs in



2. The process of claim1, further conprising renoving gases and vapors
fromthe fibers prior.-to step (b). 3. The process-of claim1, wherein the
collection step (b) conprises collecting the fibérs as a warpoMugeao0ar a
traversed continuous filanment tow. 4. The process of claim3, further
conpri 5'\9533 Hifeper processing either the warp sheet or t hePGTUSABARTES ! o
into a unidirectional filanment roving fabric. 5. The process of claimk,
wherein the carbonaceous pitch is selected froma nesophase pitch and a
sol vat ed nmesophase pitch. 11 .ALN. A A". AIL. A A3y. AR A AA A A ,;

>UXyzHIJCthélﬁ-sp1nn1ng of fibers. Fibers spun from solvated pitch
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the attenuating gas serves this function..

~

20 Once the continuous fiber is aligned on a bobbin
or other suitable collection device, the fiber can be cut
off for further processing. The manner of removal from the
bobbin will determine the characteristics of the £final
product. If a single cut is made along the length of the

25 bobbin the fiber can be removed as an aligned,
unidirectional filament roving cloth with length equal to
the circumference of the bobbin. If short, straight and
uniform length filaments are required, the fiber can be
sliced from the bobbin at specified intervals to achieve

30 the desired filament length. Alternatively, as is known to
those skilled in the art, the fibers wmay be processed on
the bobbin, cut to desired lengths after removal or unwound
and then drawn, beamed, piddled, or processed in any other
manner desired. In addition, rolls, pins, hot chests and

35 other well known devices can be incorporated ahead of or
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C. Continuous Straight Blow Spun Carbon Fibers

The current invention is particularly useful for
spinning continuous, fibers from mesophase pitch and
solvated pitches. United States Patent No. 5,648,041,
discusses the difficulties of producing straight fibers
from solvated pitch and in particular solvated mésophase
pitch. As noted therein, the rapid quenching of the fiber
in the area of turbulence generated by the attenuating gas
tends to generate kinks and bends in the fiber. However,
by use of a tensioning device (40) the present invention
provides continuous, blow spun £fibers. Further, this
invention increases the potential for smaller final
diameter products while yielding fibers with higher single
filament and composite strength translation. Finally, the
current invention may allow spinning die <capillary
diameters to be larger thereby reducing difficulties
associated with small capillaries such as plugging.

Table 1 demonstrates that the fibers of the
present invention have improved tensile strength and
decreased variation in the as-spun diameter when compared
to fibers prepared by prior art methods. The following
test results were obtained from fibers spun from a single
batch of solvated mesophase pitch using the same blow
spinning die. As shown by Table 1, fibers of the current
invention, which were collected on a bobbin, had a higher
tensile strength and smaller percent coefficient of
variation in as-spun diameter than fibers collected as a
batt. Percent coefficient of wvariation (%CV) in fiber
diameter is the standard deviation divided by the mean
fiber diameter, expressed as a percentage, of a data set.

A smaller %CV indicates an improvement in fiber denier uniformity.
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Method Characteristic Strength Diameter
(Kpsi) sCV |
5 Batt kinked 285 6.1 "
Batt kinked 278 11.2
Bobbin straight 378 3.9
Bobbin straight 420 5.8 J
10 Other embodiments of the present invention will

be apparent to those skilled in the art from a
consideration of this specification or practice of the
invention disclosed hexrein. The foregoing specification is
considered to be merely exemplary, with the true scope and

15 spirit of the invention being indicated by the following
claims.
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4, The process of claim 3, further comprising further processing either the

warp sheet or the filament tow into a unidirectional filament roving fabric.

5. The process of claim 1, wherein the carbonaceous pitch is selected from a
mesophase pitch and a solvated mesophase pitch.
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