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| nvention 5 A. Summary of the Invention They esent
i nvention provides a process and apparatus for collecting g%d I ng
down bl ow spun-fibers 10 which are —dd atively free of klnks and
bends. Additionally, the present invention provides a nethod and
apparatus for collecting the fibers in a substantially unent angl ed or
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The met hods and devices for :gaL Q bias wel | known. In
general , a spinnabl e substan g%%%%%%éﬁ%ture which w ||
allowit to flow This 20 substance then passes, wusually under pressure,
Into a I. Background and Summary of the Invention

A. Summary of the Invention

The present invention provides a process and

apparatus for collecting and laying down blow spun fibers

10 which are <relatively free of kinks and bends.

Additionally, the present invention provides a method and

apparatus for collecting the fibers in a substantially
unentangled or two dimensional configuration.

15 B. Background of the Invention

The methods and devices for blow spinning fibers
are well kmo&n. In general, a spinnable substance is
heated to a temperature which will allow it to flow. This

20 substance then passes, usually under pressure, into a
spinning die which has one or more capillaries. The
substance passes through a capillary and exits as a fiber.
Upon exiting the capillary, the fiber is contacted with an
attenuating media, usually a gas. The attenuating media

25 draws or stretches the fiber increasing its length while
decieasing its diameter.

Several types of dies are utilized for blow
spinning fibers. Two common dies are the annular and slot
dies. Annular and slot dies primarily differ in the manner

30 in which the attenuating gas is directed upon the exiting
fiber. The present invention has equal application for all
types of blow spinning dies.

In prior spinning methods, the spun fibers would
fall to a collection surface following attenuation.

35 Depending upon the composition of the fibers, this method

%

LY 3 “ ]
v gﬁ&%bhs%}é%g



spinnungidie whi ch has one or nore capillaries. The subst ance passes
through a capillary and exits as a fiber. Upon exiting the capillary,
the fiber is contacted with an attenuating nedia, usually a gas. The
attenuating nmedia 25 draws or stretches the fiber increasing its I ength
whi | e decreasing its dianeter. -2 - Several types of dies are
utilized for blow spinning fibers. Two conmmopn dies are the annul ar and
sl ot dies. Annular and slot dies primarily differ in the manner 30 in

whi ch the attemwédlrigacﬂaﬁn: Eiﬂéf'scmfddhp?&rbhﬁeﬁw téﬁgkinke?i hiaa. wHieh
present invention ha applicati or types. o oW, nni ng
B ox. SR tn R i, W antpsiondy Hiiel. Gng b RHY
fall to a col | eprimary fackorsf ptéodueing dhiisnvesubh. isdeldeyeddtadaisde t he

conposi tion of ddigeddtiRinS ort BhsbWEIR apout the fiber by the attenuating
-2- resulted in fibers which were bent or kinked and which

accunul at ed ?n ¥&-andom t hr ee di mensional pile. One of the primry
factors producing this r asiordiaghe| i theprieseht ihventigeder directed to

t ur bul ence abo t ' b h L epuat.in :
Accordingly, t Eéen p?éggeir#&l‘%véﬁéi gﬁgkéggi r?é%‘t g(??ti%as down and collecting

substantially straight, blow spun fibers. Additionally,
the procéss and apparatus of the present invention provides

10 for the relatively two dimensional collection of the fibers
in a substantially unentangled manner.

II. Brief Disclosure of the Invention

15 The present invention 'pfovigies a process and an
apparatus for laying down ahr.: cqiiectihg blow spun’ fibers.
According to the process of the present invention, a
spinnable substance is heated to a temperature sufficient
to allow it to flow. Upon reaching the requisite

20 temperature, the spinnable substané_e passes under pressure
into a blow spinning die head. Thenwhile under pressure,
the spinnable substance passes thi'ough- a-capillary exiting
as a fiber. The resulting . fibers are attenuated by an
attenuating media. Typically, the atter’:uz-.}tinq media is a

25 flowing gas stream. ) ' o '

While the aboVe steps are well known in the art,
the present invention pz:qvifl'es a process and apparatus to
preclude the bending, kinking and entarglement of blow spun
fibers. According to the process of. the present invention,

30 following initial attenuation, the fiber enters and passes
through a thermoseétting - zone. - - wWhile within the
thermosetting zone, the -fiber ‘must .be maintained in a
relatively straight configur'atign' in order to preclude the
formation of bends and kinks. :

35 The present invention maintains the fiber in a
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an apgar‘fat us and process for laying down and coll ecting substantial ly
straight; blow spun fibers. Additionally, - the process and apparatus of
the present invention provides 10 for the relatively two dinmensional
collection of the fibers in a substantially unentangl ed manner.

1. Brief D sclosure of the Invention - 35— The present invention
provi des a process and an apparatus for |aying down and collecting bl ow
spun fibers. According to the process of the present invention, a
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relatively strdight confjguration |n or er t0 prec formati
bends and kilfksgrgster than thge Fikeent %tnvEﬁWB%l‘i‘Fhl .#p&. n&ike® fied in
a relatively straight qo,r_x_figuration auntil the fiber

substantially thermosets. -Depending upon the delivery
point of the second flowing gas st;_reain + the gas stream
velocity and the charac_‘:f:eris’tics of the spinnable
15 substance, the second flowing gas stream wmay further
attenuate the fiber. At  this po:mt in the ‘process, the
resulting fiber has substantially thermoset in a
configuration which is relatively free of bends and kinks,
The second flowing gas stream may- be any gas, a
20 liquid or even steam. Further, the second flowing gas
stream may comprise single .or multiple flowing streams of
gas. However, for the .purposes of -this disclosure the
substance and streams which ‘tension the fiber will be
referred to as a second .flowing -gas stream or second

25 flowing stream of gas. : E
For the purposes of this disclosure, the
thermosetting zone is defined as that region in which the
fiber undergoes the thermosetting process. The
thermosetting zone -encompasses that region in space
30 immediately adjacent to the exit of the capillary and
extends some distance from the capillary exit. The actual
size of the thermosetting zone will depend upon the
spinning conditions, the temperature of the second flowing
gas stream and the nature 6f the feedstock. The
35 thermosetting zone may extend into the venturi; however,



- 3- ? relatlvely strai ght conflguratlon during the thernosetting
process by maintaining tension on the fiber in order to reduce or
neutralize the effects of the turbul ence. According to the preferred
enbodi nent, the tension on the 5 fiber is generated by contacting it with
a second fl ow ng gas stream as the fiBer passes through the _

t her nosetti ng zone. The second flow ng- gas stream contacts the fiber
either before, after, or as the fiber enters a venturi. Because the

second f 1| ow ng g@ﬁ&am@arﬂmﬁla xslcoakwn&%@j&ﬁi he NRAthRe, f1ber, it

mai ntains the f in-a &,étx stralg COan%athn unt|I t he
fiber substanti.al ly tA&EeEs “EeBEﬁdVﬁﬂ vEbn. e §XgoRAss Iddiont of
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e, a ven ste rther
the second flowing §8¥leCt§$r8 mhe a’é‘g‘?ﬁﬂ g'érg?ﬁﬁl °8Ptﬁé ?’eﬂle@‘E'?‘l dheng
streans of gé%ffuﬂmmambfe@'r- t he purposes of this disclosure the

substance and streams whiggla t5Rsdett ti}ﬁréﬂél%n Vidditi®nally provides an
10 apparatus for producing' relatively straight blow spun
fibers. This apparatus. also provides for substantially
entanglement free collection of the fibers. The apparatus
includes a venturi, a diffusion Chamber or region and a
fiber laydown or collection surface.
15 As is known in the: art a blow spinning die head
has at least one capillary suitable for generating a fiber.
In general, the number of capillaries in.a die is limited
only by economic cons.idex".atio'n's.' Additionally, a blow
spinning die head will iné¢lude a means for directing a
20 flowing gas stream onto the - fibers as they exit the
capillaries. -

According to thie present invention, positioned
downstream from the die head is the venturi. The venturi.
has a passage therethrough which. receives the fiber as it

25 exits the capillary. The vénturi may contain a means for
directing a second flowing gas stream onto the fiber.
Alternatively, an external apparatus will provide a second
flowing gas stream which enters the vénturi along with the
fiber. The second flowing strean of gas maintains the

30 fiber in a relatively straight oonfiguration while the
fiber thermosets. Additionally, the second flowing stream
of gas may further attenuate ‘the fiber. The source of the
second flowing stream of gas may be a blower, a vacuum pump
or other suitable gas moving apparatus.

35 A diffusion chamber or region is positioned



refernedﬁto as a second flowi ng gas streamor second 25 flow ng stream of

gas. : For the purposes of this disclosure, the t her nosetti ng
zone is defined as that region in which the fi ber undergoes the
-thernosetting process. The t hernosetti ng zone enconpasses t hat
region in space 30 imedi ately adj acent $50-the exit of the capillary and
extends sone distance fromthe capillary exit. The actual size of the

t hernosetting zone will depend upon the spi nning conditions, the
tenperature of {he second fl ow n as sStream d the, . nature  of

t he -feedstock.é°“nsﬁﬁ??§5 °Fhe?ﬁ8é8¥ti$kﬂ§ﬁﬁﬂ§nﬁ§? eggﬁndv?ﬁFﬁr he vémri ;
however, diffusion chamber is designed te4dissipateptloaldas istmeadn not

extend beyond the.vent ure}"?‘&é‘ﬁ%%"%ha%%e APk, EXI tfrp_?_ﬁ:gﬁ i}’?ﬁﬁﬂéf; tﬁ%r%oer

fibers pass into a di er “or region. usi on’ c

provi des a neardifisionssichambey tatlogas the efibbgwschte  Sadl oumkidhouthe

fibers. | N5t éhGandBIHE" ontohether eé6llectidV enirfage!. eduCehet heibers
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i nventi on addi t $trmidght pand/i eetangled. The diffusion chamber or region
may be an integral part of the'vénturi_ér may be a separate
apparatus positioned adjacent to the venturi.

10 The apparatus of the présent invention may
optionally include an exhaust conduit. The exhaust conduit
is positioned adjacent to  the diffusion chamber and
contains a laydown surféce; The -laydown surface may take
several forms including a conveyor belt to allow for the

15 continuous production of fibers. Preferably, the laydown
surface is sufficiently por&ué to allow the gas to pass
therethrough while retaining,ﬁhe fibers,

Further, the apparatus of the present invention
may include a vacuum pump connected to the exhaust conduit.

20 The vacuum pump pulls a vacuum on the exhaust conduit and
aids in the collection of- the fibers in a two dimensional
format. In one embodiment of the present invention, the
vacuum pump will pull sufficient air ‘or gas through the
venturi in order to maintain the fibers in a relatively

25 straight configuration. Finally, the gas pressure
generated by the vacuum pump may be directed to the
spinning head to provide all or'pégt'df the initial flowing
stream of gas for the blow spinninq process.

30 III. Brief Description of the Drawings

Fig. 1 is a side cut a way view of the apparatus
of the present invention including the die head, the
venturi, the diffusion chamber, an exhaust conduit and a

35 laydown surface.



10 appayatus for producing relatively straight blow spun fibers.

Thi s apparatus al so provides for substantially ent angl enent free
collection of the fibers. The apparatus i ncludes a venturi, a diffusion
chanber or region and a fi ber laydown or collection surface. 15

As is known in the art, a bl ow spinning @i e head has at | east one
capillary suitable for generating a fiber. In general, the nunber of
capillaries in a dieis limted only by econom ¢ consi derations.

Additionally, a blow  rgi. nrz r:.qs @esiwd:uﬂu ld waie | wikey oM nNsréfrred

capi |l ar eo,  eusStlihBy FrCORERED, fus ‘?‘e@é@%ﬁféﬁ% ¥ posi ti oned

downstream fromthe die head is the venturi. The venturi has a passage

therethrough whigh rgoad ey tdé%c?ibﬁ&oﬁsofttﬁé Tdrtide capillary. The
venturi may contain a neans for directing a second flow ng gas stream

onto the fiber. Alternatively, an external apparatus will provide a
second fl ow ng gam. st rEeMApipaglatast ers the venturi along with the

fiber. The second flowi ng streamof gas nmaintains the 30 fiber in a
relatively straight configuration while the fiber thernosets.

Addi tional |y, the second Refeanimgst noWm to otheadnawings,t hEheatpXegente t he

fiber. The SOUfEﬁv&ﬁti&e proiﬁ%@d Bhovapgasit@amxy oy naxsihﬁiagblwr a

LacULM PP o 861 PLDELSULAN S, 035 MK PPRRERLES 1500 relatived
unentangled two dimensional format. Apparatus 10 includes
a blow spinning die head 20, a venturi 40, a diffusion
chamber 60 and a laydown surface 65. Optionally, the
apparatus of the present invention includes an exhaust
15 chamber 80 and a means for 'niovinq gas (not shown). The
means for moving gas may be a vacuum pump, a blower or

other suitable apparatus. '
As is well know in the art, the spinning of
fibers requires heating a. _spinnable material to a
20 témperature sufficient to allow the substance to pass
through a capillary. 'I_‘he,. means for heating the spinnable
substance may be located externally of the blow spinning
die or internally. Inasmuch as the methods and devices for
blow spinning are well " known, _further details on this
25 aspect are not necessary. Rather, dgreater detail is
provided in U.S. Patent - Nos. 3,755,527; 4,526,733;
4,818,463 and the article '“Sup'erfine Thermoplastic Fibers"
by Van A. Wente, Industrial Engineerihg Cheinistry, Vol.
48, page 1342 -(1956) which .are incorporated herein by

30 reference.

Positioned downstream of die head 20 is a venturi
40. Typically, venturi 40 will have a length of about
fourteen inches or less. Depending on the nature of the
fiber feedstock, venturi 40 and die head 20 may be a single
35 unit or may comprise two units in direct contact. However P



-5- ., idownstream of and/or adjacent to the.venturi. The

di ffusi on chanber is designed to dissipate the gas stream W t hout
entangling the fibers. In this nmanner, the di ffusi on chanber all ows
the fibers to fall without 5 entangling onto the <collection surface.
The fibers generated and collected byt his apparatus are relatively
strai ght and untangl ed. The diffusion chanber or region may be an
integral part of the venturi or may be a separate appar atus positioned

adj acent to the |« 1 paLa e e
[ nJvent ion may p\i%g%? Trﬂc’):r"lgl gy dﬁiﬁg'ﬁf}ﬁg'a§gg%ﬂ§§s?£c%ﬁ§ﬁ?§; %‘?é Ee};EEUSQ ist
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a conveyor belt to_al owifgr t he J"Z‘ contin %s pr% tion f{, fltﬁ%l's.

Pref erabl y, theq&‘«ﬁa‘g risties 95M0e 5PBEr F1RFR MY %gﬁrﬁﬁ Y 5E&FY% RE gas
to pass thertbiehsegghdwiloeingtgasistyeams f Typically, opening 27Fwifiker,

the apparatus ofyd BeqPLesred 430k Qﬂo%t B firfdhledd8odaNAGE WHPYiRhes .
connected to the exhaust Condﬂit 20 T

: e vacuuym punp pulls a vacyum on the
exhaust conduit FO¥d exampleys e c%?"'f%c?iforf%tﬂerrtshes;?’begq“n splipbed
di nensi onal I lnj‘e!yolpluhse][ ]lcpm,er’ﬁh.mim::\mde thﬁlp{lg&ﬂéi'ainyebéi Wetvicen
vacuum punp w i gas . UL Ll
order to maint aiar?%t%}%e %e‘lfog félﬁ%a*’é?lg ?'v.el ?59{59&% r%ﬁghf ls‘c%ﬁ?l&ghrhg-t ?’gn.
Finally, thi0 g¥en greadere than ddderinaieshfamhothax fitharmfentdstioscks.
directed to the The p¥BpaPaBlohest dolvated Héscphasy pitich 98 ddecrtiddd dn

flow ng SUr G0 O%al3he’ 5. 5848 47Uy 018 . PhRESRE Application ser.
No.' 08/135,204, filed on .October 12, 1993 and entitled
"Improved Process for Making Solvated Mesophase Pitch"

15 which are incorporated herein by reference.

For carbon fibers spun ' from soivate_cl mesophase
pitch, the region between the die head and the venturi will
typically correspond to the thermosetting zone of the
fiber. However, for certain fibers, the :Ehermosetting zone

20 may extend into the venturi. As previously noted, the
thermosetting zone is that region in space in which the
fiber becomes thermoset, ' . '

Venturi 40 has a passage 42 extending through its
length. Passage 42 has a first .open end 41 and a second

25 open end 43. Passagé 42 1is positioned downstream of
capillary 22 in order to receive the spun fibers. Venturi
40 may contain two or more gas jets 44 and 45 for directing
a gas stream onto the ‘'spun ‘f':[bers as they pa{sses through
passage 42. Gas jets 44 and 45 may be flush with the walls

30 of passage 42 or may extend i_.nto 'passage 42. Gas jets 44
and 45 are in fluid commun_icatiqn with a manifold 46
located within the venturi 40. Manifold 46 receives a
supply of pressurized gas by means of péssage 47 from an
external source, not depicted. -

35 In a preferred embodiment ‘and particularly when



30 111 Brief Description of the Draw ngs Fig. 1 is a side

cut a way view of the apparatus of the present invention including the
di e head, the venturi, the diffusion chanber, an exhaust conduit and a
35 | aydown surface. - 6-

Fig. 2 is a side cut a way view of a pregferred enbodi ment of the venturi
and di f fusi on chanber. V. Detailed Description of the Invention 5

A. The Appar at us Referring now to the draw ngs, the

present. i ”V%[iﬁirﬁP.nBr ?ﬂ)é’f‘% A n( BBRG ALY ﬂ&éﬁas%o*)ﬂ{?&ﬂg #phritus 10
col lecting H?l ai'sI Vfozaéé&alw tthil;il g ' Sseallréda cr:'gz!malgéz\'/ © (¥10t shown) which
contains a non-reactive atmosphere. When spinning fibers
from solvated mesophase pitch; the preferred atmosphere is
5 an inert gas such as nitrogen. ;Further, in the .preferred
embodiment, pressurized nitrogen gas is passed into venturi
40 through open end 41. The gas passes with the spun
fibers into venturi 40 and-provides_a second flowing gas
stream to physically stabilize the fibers until they are
10 substantially thermoset. '~ In this manner, the second
flowing gas stream passing with the fibef'through venturi
40 tensions the fiber and reduces Or neutralizes the effect
of turbulence on the fiber which would otherwise lead to
bent and kinked fibers. Further, this preferred embodiment
15 eliminates the need for-éas jets 44 and 45, manifold 46 and

passage 47 within venturi 40_és shown in Fig. 2.
Positioned adjacent to and downstream of venturi
40 is a diffusion chamber or region 60. Diffusion chamber
60 receives the thermoset fiber asfit'exits from passage 42
20 and provides a means for. dissipating the gas stream. As
shown in the drawing, diffusion chanber 60 has an internal
passage 62 which gradually ~increases in area as it
progresses from a first open'ehd.ss adiacent,to_passage 42
to a second open end 64..'Thié,gradual_increase-in area
25 about the fiber as it passes through.diffusion chamber 60,
provides a means for dissipating the velocity and kinetic
energy of the gas stream. This.gradual dissipation of the
energy of the second flowing gas stream mfinimizes and
preferably precludes the developmént of turbulence about

30 the fiber. B ' _

Naturally, other embodiments can easily be
envisioned which will accomplish the same effect including
a diffusion chamber haviﬁq a constant internal area but
‘which gradually opens up to ‘the étmosphere. Examples of
35 these alternative embodiment might include a screened or



unent angl®ed two di mensional format. Apparatus 10 incl udes a bl ow
spi.nning die head 20, a venturi 40, a diffusion chanber 60 and a | aydown
surface 65. Optional ly, the apparatus of the present invention

i ncl udes an exhaust 15 chanber 80 and a nmeans for noving gas (not shown).
The means for noving gas may be a vac&um punp, a bl ower or ot her
sui t abl e appar at us. As is well know in the art, the spinning
of fibers requires heating a. spinnable naterial to a 20

t ture sufficient al | ow t he substapce to. t hroug
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on this 25 aspect are, not necessary rea
provided in UPEPcessing, congitions may gpecessitate the heatim%lf{f@BBand

the article 5Supalis nefoHﬂﬂ&ﬁb&StdlﬁmBle&ersio in obﬁeya%o“ ﬂ@ﬁﬁ'&ﬂe

| ndustrial Engi \Vol. 4 pa 42 1956 h are
i ncor por at ed he?‘gﬁ?élélg&% er gﬁggmer and}dr %eil%él"ﬁ O%Ed Y W%’f Em of
die head 20 is aommrthereomo Typically, venturi 40 will have a Iength
of about fourteen |ncﬁ&qg}roﬂeassben@aengﬂguggoﬁh Q?ﬁ)g%.

5 un|t or may

fi ber feedstock nt uri and _di e head, 20 be a sin
conprise two un}?g‘g W‘dﬂ’@ 2SR oAPact Lmrs rface 65 preferably will
10 allow the gas stream to pass freely through its surface.

Laydown surface 65 may be in the form of a foraminous

screen, plate or a belt. & laydowxj‘ surface 65 in the form

of a conveyor belt may be 'desirable for its ability to

transport fibers away' from apparatus 10 allowing for
15 continuous production of flbers.

Apparatus 10 may optionally :mclude an exhaust
conduit 80. When exhaust conduit 80 is utilized, laydown
surface 65 may be located within. or pass through conduit 80
as shown in the drawing. Exhaust conduit 80 has an opening

20 83 that surrounds end 64 . of diffusion chamber 60.
Positioned beneath end 64 is the laydown surface 65.
Opening 83 allows the fibers “to pass from diffusion chamber
60 onto laydown surface 65. Exhaust conduit 80 also has an
opening 86 to allow for the venting ‘of gases to the

25 atmosphere. Optionally, these gases mé.y be recycled to
either gas source, repressurized and used in either the
spinning head 20 or venturi 40. Purther, when laydown
surface 65 is a conveyor belt, exhaust conduit 80 may be
provided with rolling seals 82 or other means to allow for

30 passage of the belt and fibers out of exhaust conduit 80
without disrupting the flow of gas through conduit 80.

Apparatus 10 may optionally include an gas moving
means (not shown) . The gas moving means will have a
negative pressure opening-and ‘a positive pressure opening.

35 Typically, the gas moving means is a 'vacuum pump or a
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-7-  ipreferably a distance, defined as opening 27, will exist

bet ween di e head 20 and venturi 40. Factors in determning t he di stance
of " opening 27 are the thernosetting characteristics of the spun fiber
and the cooling effect of 5 the second flowi ng gas stream Typically,
opening 27 w || be a distance of from3bdut .25 inches to about 100

I nches. For exanple, in the case of fibers spun from sol vated

nmesophase pitch, the distance will generally be between about two to

;our itﬂchefS; . waiax{&;qﬂii%t?m chﬁ?&ﬁct@?ﬁnwlﬂfﬁaézgiadshﬁrb&(&hﬂmtchﬁs
or other fiber_feegdstogks. e preparation of. sol.vated nesopha itc
I s described i nsé w{‘iﬁ%. %tﬁﬁ?ﬁ\g‘fe 59%535% %%‘%Tgs.b%gerﬁon&f?ﬁzext “%n
Ser . No: 08/&8mwi cohdudtl opertingi®d. 12n tgbs comfiguration a vaduww oved
Process for Makj t 1\%\%@& It (foigi""\é e :
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mesophase  SpitREY A¥R GlFiasiteteORedAYIPHB EPELARRAS2nd ThR RASRAGS Qf | |
]Eypi cally CO][ r e@@@b nﬂth&-aut;ige tter pibers | ephaneesoftiidiecollédtbsn Wh -
or certaln t1 t.her no | NG ZOoNeE, y t s e turl.
As previously ngié%ré r’%‘e a %wt° héiﬁ%‘é%??ﬁ‘%g %%‘x?{%aﬂg fl-ﬁ)é_t S?g&:gﬁgiéres%%\gxge I n
whi ch the f i opening orfe$hehgasoaening means may be \gonnedtedothathe gassage
42 extendi ng t hgo4Ede id# the P18WIEPinkEAE adife 42 TRANY ffbi-si:hepﬁéb?éﬂ:ﬁ- and

a second 25_ ope ﬁgd 43. Paazla?:ﬁ;zl S _?OSI ti oned downstream o
capiilary 23% nob ¢ 937 ¢ SPLRANENG PEOCRH 1. ur i 40 may

contain two or nore gas jets 44 and 45 for directing a gas streamonto
the spun fibers as they ugh. passage 42. Gas jets 44 and 45
may be flush Wththg'malisepi‘otéé%g I

With continued reference to the drawings, the
15 present invention provides a pi-océss for laying down and
collécting relatively straight 'unexitancjled blow spun
fibers. The present invention is particularly useful for
producing carbon fibers- from .solvated pitch, including
solvated mesophase pitch.” The following discussion will
20 center on the collection of fibers spun- from a solvated
mesophase pitch; however, . one skilled in the art will
recognize that the present invention will have application

in all areas of blow spinning. ' :
The process of the present invention is initiated
25 by heating a spinnable substap'ce such as solvated mesophase
pitch to a temperature sufficient to allow it to pass
through a capillary in a blow spinning die. The methods of
heating and passing a '-.s_pi.nnab]:_e S'ﬁbstance .thr':ough a
capillary are well known in the art and will not be
30 repeated herein. Also, as is well known in the art, when
a blow spun fiber exits a capillary in a blow spinning die
it is contacted with a flowing stream of gas. In a typical
slot aie, the gas is directed onto the fiber by at least
two gas passages. In annular. dies, the gas passes through
35 a single passage which surrounds the capillary. 1In either



30 of p#assage 42 or may extend into passage 42. Gas jets 44 and 45
are in fluid conunication with a manifold 46 | ocated within the
venturi 40. Mani fol d 46 receives a supply of pressurized gas by neans
of passage 47 from an external source, not depicted. 35 In a
preferred enbodi nent and particularly Vh%h -

- 8- spinning fibers from sol vated nesophase pitch, apparatus 10 S
| ocated within a seal ed chanber (not shown) mhich contains a

- ti t fib | vat ed
Bi e, the. pr of GRPEAERE L PNLPE. PEmsobreptEres duhe (EOheS MFber LE ekbes
Further, in thetpeehalptié.dary enbadi et | fibasshsi adtemuatedenttyabecomgmssed

into venturi g% fg§§% L£nd 41, The gas passes with the spun
fibers into venturl and des a second .fl owi ng gas streamto

physically stabilize the ?’F&é‘? §°uﬁi‘?lmt'¢ﬁ%ﬁ’tali9vfbtigﬂbs¥%thlm gpinning
thernoset.. sl noEhicarildnaeeoust pdteRCaybicallyowidagds kdritcadhdarshRga W t h

D e ok U8B YSR Pibors. { k006 Bt PEOURE"rBbarR i, oo
lead to bent athuikibe@dte | the sturkukenas gereratedebyr thd Skbwihaeges 15
elimnates the Béﬁgaﬁor #a8cali8bStHé Qﬂﬂeﬂé aB@nkiﬁde4§n&nﬂent prior to
and during thermosetting, the- resulting finished fibers are
10 also kinked and bent. These fibers-are extremely difficult
to collect and usually accumulate in a low apparent density
entangled three dimensional mass.
The process of the present invention
advantageously provides for the oollection of relatively
15 straight fibers in a substantially non-entangled two
dimensional format. According to this ?rocess, once the
fibers exit the blow Spinning,die, they.pass'through a
thermosetting zone, as.ipreviousiy defined, and into a
venturi. Passing with the'fiberé into the venturi is a
20 second flowing stream of gas.. The second flowing stream of
gas has a velocity greater than' that of the fibers and
places the fibers under tension during the thermosetting
process. Thus, the second flowing gas stream.maintains the
fibers in a relatively straight configuration as they
25 thermoset. .

Depending on the comﬁoéition’of the fibers, the
thermosetting process typically -occurs prior to the fibers
entering the venturi. However, regardless of the zone in
which the fibers thermoset, they will remain relatively

30 free of bends and kinks due to'fhe tension placed on the
fibers by the second flowing stream of gas. Thus, the
second flowing stream of gas maintains tension on the
fibers during the thermosetting process. In the preferred
embodiment the gas does not chemically altéer the fibers;

35 however, some solvent may be removed from the fiber by



passage % *47 w thin venturi 40 as shown in Fig. 2. Posi ti oned

adj acent: to and downstream of venturi 40 is a diffusion chanber or
region 60. Diffusion chanber 60 receives the thernoset fiber as it
exits from passage 42 20 and provides means for. dissipating the gas
stream As shown in the draw ng, “diff Usi on chanber 60 has an i nternal
passage 62 which gradually increases in area as it progresses froma
first open end 63 adjacent to passage 42 to a second open end 64 . This
gr adual |ncrea r t fi SIOﬂ
chanber %Essggé ge-éé%gggy fg?ﬁ |s§§%a e ve OEQFQ%Q Bgti%

ener gy of the gasrypseﬁnwhthesrgm@énkngcﬁqhﬁQﬁn(iﬁllarfrﬁe of kéﬁbﬁg?“@f the
second fl ow ngpgagsstream mnim zes and preferably precludes the

devel opnment of turbul encg% bout

al |
ot her enbodi nents can ea 'b%tfvelxefn\ﬁ%?)ﬂéﬁdv\ﬂp%“ew H‘eagﬁgﬁﬁf' yhe
sane effect 8 ndlntélmglly paovlidé @lmmﬁaﬁewihquhgem cnfls_;aemﬁiraceedal

aliatagiat Wl ¢Red ggﬂﬁé%’s' y ‘i‘ﬂ n§e8811&0 im ’@&F%ﬁ{ ©f gh3MRpetaths3d

these alter natlve enbodi nment ude eene
-0- in the manner descrlbed above to place tension on the

fibers and maintain .them in_ a relatively straight
configuration until the fiber_'substahtially thermosets.

10 Additionally, depending on the nature of the spinhable
substance, the second flowing gas stream within the venturi
may further attenuate or draw the fiber,

In order to prov1de a cost effective fiber, the
process must also preclude the entangling of the fiber as

15 it accumulates on a collectlon surface. To reduce or
preferably elim.nate‘ the entapgl_ement of the thermoset
fiber, the. present invention passes the fiber through a
diffusion chamber or region. As previously discussed, the
diffusion chamber dissipates the k:metic "energy of the

20 second flowing gas stream... Thus, ' the process allows the
fibers to fall in an ﬁﬁentang;ed manner onto the laydown
surface where they may be’ eeil'ected 'in a relatively flat
two dimensional mahner.’ Prefe'rably, the laydown surface is
sufficient:ly porous to aliow for’ passage of the gas through

25 the fibers.

In an alternative embodiment, the process of the
present invention further provides. for the use of an
exhaust conduit in conjuhction with a vacuum pump or
blower. According to this embodimént, fibers passing out

30 of the diffusion chamber are collected on a porous laydown
surface located within the exhaust conduit. In a preferred
embodiment, the laydown surface will be a conveyor belt
which ‘transports the fibers out of the exhaust conduit
through a rolling seal or vacuum box.

35 The vacuum pump normally will be connected to the



perforated chanber. Further, the present invention I ncl udes the
construction of the venturi and the diffusion chanber as a single
integral unit. Additionally, certain processi ng conditions nmay
necessitate the heating of the 5 walls of diffusion chanber 60 in order to
precl ude the condensation of nmononerl3and/or spinning or solvating
sol vent thereon. . Posi tioned beneath diffusion chanber 60 is a
| aydown surface 65. Laydown surface 65 preferably will 10 allow the gas
streamto pass freel thrOt{ggcits surface. Laydown .surface 65 may be in
the formof a f%ﬁ‘léﬁﬁ%tolﬁpnd ADcA, PANBRE bR alloM for khe.gemeratisd /% 65
in the form af vacuam vweltdrirbdilte rathalostdesndabte fon this ahdnndy, tthe
transport fibergs@yay r 1 I ' far. 1 Nt

producti on of f? ers. Bﬁﬁg] by %Hg\%}p%rdgti&g%ggna@{sop ?‘g'?la}t:"gglghl%l utdbe an
exhaust condfitReXx® askbeyerrarellaatad ongbhe slapdqun, syrtpggdoVfhus,

sErfgce 65 nay tite | vxaiwd Qﬂnﬁébﬁﬁﬁhcéﬁsﬁhé Mﬂ@izb(}q.@ggkbh‘.‘: ﬁﬁtg £ibéss Sﬂg% i nd
t he drawi ng. s it as,an openi ng - that “surrounds en
o 878 Sl briag bRy

64 of diffusion Osi tioned beneath end 64 is the | aydown

surface 65. Openi ng 8Fuathexs the vateus pumpmadss cooperdtiénsiirh dirber
60 onto | aydownventiar > prixhiads ciid Ylicablof! 5P dithiline ABGHENLSO 1O
e _at nospher e- ti.onally, these

allow for the venting gggasestot _

gases may be reg Fodvithout o theemegds Lo¥ir 8 o SeFpRe SIGWHRGd 9AFd SlesAn n

ei tper tgg 10 sgemeraipdedthift the wasrtii .30A?c&uiﬁ@rtoeﬁﬁﬁa IRV > dhnt h

sur f ace is t, c i NAY..; rovi ded i

rolling seals g‘ég(c){?ﬁ/ %%fg %éngﬁéi}?% uénW%?xygg §B§P?)ass‘é§t§i€ﬁnttpﬁﬁsb‘é¥ta%d

fibers out of eXmeRRgh cShguiapedng hetween- ther (gpinngnghehéadwanfl gitse

through condui tvéfturi to precludeAQHérééﬁ@#&@i&f?%@%h&?ﬁikkéﬁeiQﬁéﬁ@%ﬂ' gas
a

novi n nmeans_..( not . sho . The -gas” novi ng neans w .| have
9 _fuger- by uwr}?ng negagfve' presgure, "rather than positive
15 pressure to generate the second .flowing strean of gas which
contacts the fiber. = The second flowing stream of gas

passes into the venturi along with the fiber and maintains

the fiber in relatively straight configuration until the

fiber thermosets. Finally, u.se” of the vacuum pump may

20 allow for the recycling of the gas to any part of the
systenm. B ' '

Other embodiments of the present invention will

be apparent to -thosé .'s_kil-l'ed' .in the art from a

consideration of this specification or practice of the

25 invention disclosed hérei:i.’_- It is intended that the

specification be considered as only exemplary, vfith the

true scope and spirit of the invention being indicated by
the following claims. '



negative{pressure opening and a positive pressure opening. 35 Typically,
the gas noving means is a vacuum punp or a -

- - is used in conjunction with exhaust condui t 80
W|th t he EH‘B ﬁmlﬁﬁ&’ ‘le openi ng bei ng connected tg exhaust conduit
openlng guratlon a vacuym-  punp mnfﬂﬂ%ﬁHEEaHﬂs% ﬁ@

down through the fibers as 5 they are collected on | aydowR
passage of gas through the fibers enhances the collection o

fibers in a twydligmiigi:onal format. The positive pressure openi ng of the
gas novi ng nmeans may be connected to the gas source of the bl ow spinning
die allowing for the recycling 10 of the gas used in the spinning process.
B. The Processi. A process fowphepminmtmiateivengnserabghhéaxbva\ﬂp\gs

the 15 present gy, es a process for laying down and

collecting relative y st |ght unentangled bl ow spun = fibers. The
present inveBtion is par Q¥ gpApnidsgra) £3ker using at least one flowing

stream of gas;
contacting -said fibeér with at 1least one
additional flowing stream of gas to place said fiber
under tension:; and,
10 thermosetting said fiber while under tension.

2. The process of claim 1, having the additional steps

dissipating said at least one additional fiowing
15 stream of gas by passing said gas and said fiber into
a diffusion chamber; .
passing said fiber out of said diffusion chamber;
and, ccollecting said fiber.

20 3. The process of claim 1, including tﬁe step of passing
said fiber and said additional'flowing stream of gas into
a venturi. '

4. The process of claim 1, wherein said fiber is spun
25 from a carbonaceous pitch. '

5. The process of claim 1, wherein said fiber is spun
from a solvated mesophase pltch.

30 6. The process of claim 1, vherein the velocity of said
at least one additional flowing stream of gas is greater
than the velocity of said fiber. =~

This Sheet Has Been R, eplace
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pr oduci ng carbon fibers fromsolvated pitch, including sol vat ed
mesophase-pitch. _The followi ng discussion will 20 center on the collection
of fibe sol vat ed nmesophase pitch, however, one skilled in
the art ’m,m"m "Wﬂ e that the present invention §1Mﬁmﬁ e ijon
in all areas a - 15 - The process og t@@meent

I nvention is initiated 25 by heati ng a spi nnabl e subst aree~suctr—as—sol vat ed
nmesophase pitch to a tenperature sufficient to allowit to pass

through a capilqary %&cQEQW§P'§féﬁ&ﬂ{$ reI'&%i%i?Ogér&{ght blRApaa and

assin as |nnable subst ar re well known in
ltOhe ar'? and \?\Aﬁmﬁﬁs b€°§9ril?£‘b‘éatrfﬁ?%ﬁgﬁge B. SQ{%‘% \é’s‘gﬁﬁwcino"v% 2n the

art, when tduparature fébeficbdnts tocaliiblvarsaiid sulbdtamcepi bai Hlodi e

It is contact eg%%’féyll %[ E{??’bgﬁiﬁérfaﬂﬁ% Q%S gasgiﬁqt ¥Qi§aéubsta1fée0tintg' e,

the gas is dir

annul ar di es® tméwimséég ?ﬁ@oﬁgﬁ’% R gaméﬂéasxs%agé %lm rstﬁ}ﬁ‘d

S
the capillary. die @r@ﬁttenuatin? said fiﬁ%&eaéhﬁtfdﬁMsnﬁhﬂaéaﬁﬂﬁtgﬁwS t he
fiber after it emés t he f@p arywith ath'ie eroeS & %eeglﬁjao

becones t hi rFEIasHnNgG, nER:

wherein the improvement comprises:
contacting said <fiber with at least one
10 additional flowing stream of gas to place said fiber
under tension:; and, .
thermosetting said fiber in a relatively straight
configuration.

15 8. The process of claim 7, .ha_vihg- the additional steps
of: . Lot _
dissipating said at least one additional flowing
stream of gas by péssihg said gas and said fiber into
a diffusion chamber; o :
20 _ passing said fiber out of- said dlffus1on chanber;
and, collecting said fiber. '

9. The process of ciaim 8, including the étep of passing
said fiber and said at least oné additional flowing stream

25 of gas into a venturi ptior to éntering said diffusion
chamber. o

10. The process of claim.7, where,in_said fiber exits said
capillary and passes a _dista'ricé from said die prior to

30 being contacted with said at least one additional flowing
stream of gas. | '

11. The process of claim 7, wherein the velocity of said
at least one additional flowing stream of gas is greater
35 than the velocity of said fiber.
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Pr| or toit he present |nvent|on the bl ow spinning 5 of carbonaceous pitch
cally yielded bent and Kin carbon fibers. This kinking and )
21

bend| ng of ’ ju attrl buted to the turbul ence gener

f1 owi ng g II'H” I @ “ﬂMLuse the fibers are kinked and bBRyjpsH©’ *

and during thermpsettihg,* the resultimg6im shed fibers ar 10 aﬂﬁé’ép‘

and bent. These fibers are extrenely difficult to colle usual l'y
accurmul ate in a | ow apparent density ent angl ed three di nensi onal nass.
;I'he hpr ocleiss 1nf Afrilaglparatﬁseﬁbr bldnv’@”ﬁirﬁﬂng fiﬁé%@tagw.iﬁéb ovi dleis
or the collection of rela usantla y
non-entangled two di ﬁe%g?ﬁn%?ﬁmjr E‘@Sfxdf’ﬂ {"?"bn{"Pﬁ saq'p ONgnce
t he fibers exit tcapiBlewysprawing) di eﬁinsrteyopasinghrﬂmrghrecelvmg a

t her noset ti ng zone, siﬁn%ﬁileoﬂﬁb¥téﬁéé”§ﬁd éneeéé}ic? %nin\ée%w' s]sli?igy ng

with the fib into,the ventur| I's a 20 ,second

The second f ovm ng SAidafrbE anceg%&tl% séi@el"GEiiﬂ-}aﬁYe%ﬁ(# fiiher Pﬂétaof
the fibers and pﬂeamss fblredtrbetSngmderlésﬁBI&ih oH# istdeali onto the

t her nosetting 931 1 . the second flow ng gas stréeam mai ntains

t he fibers inatTe rvel'y straight configuration as they 25

t her noset . Bep‘é?féﬁw oRoehbieredodiownshreat wfe abdr blowhe

t her nosetti ng procesﬁ)ﬁmﬁ_h@aau ﬁé&&lfs prior to the fibers entering the
venturi. However, regardle 3.9 zone i N whi ch the fibers thernoset,
they will remain relati v«?F; SUen %?nmgaﬁdpﬁﬁﬁﬂgedﬁ’ée¥% hrughensi on
pl aced on the fi ber s shajdt bessegenliavimym fiprst raedn sdcayss opeﬁhlé‘hdst he

second flowi ng streuyief fg}%g Pg?aéﬂa bggﬂ%r%é)@ é@eﬁeﬁ%vfe t;er 83? Iﬁ%’? t he

t her nosetti ng process. € gas
chemically alter thd¥ |eEféF§ S%dh%%«ié‘vewl@birﬂg sdlesent may be renoved from
the fiber by

15 13. The apparatus of claim 12, additionally comprising:
a diffusion chanber located downstream of said
venturi; _ | _
said diffusion chaﬁber having a first open end
positioned downstream of said second open end of said
20 passage through said venturi and a second open end to
allow said fiber to exit said diffusion chamber.

l4. The apparatus of claiﬁ._lZ,‘ wherein said venturi is
positioned a distance from said blow spinning die head.

25
15. The apparatus of claim 14, wherein said distance
between said venturi and said blow '. spinfning die head is
less than that distance at _wliich 'said flowing gas stream
begins to develop turbulence about said fiber.

30 '

16. The apparatus of claim 14, wherein said distance
between said venturi and said blow spinning die head is
between about .25 inches to 100 inches.
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- 12 - {  passage of—the-gas. Thus, the fibers beconme substantially
t her noset whi | e substantially free of kinks and bends. [—
Al ternati \ mﬁﬁ‘iﬂgﬂg{move, the venturi may 5 internally proweesaias b :i‘—\
second fl of~gas directed_ ;.at the fibers. The 4eTHACP L1 O o
stream of gas operates I n the manner aescribed above to pl ek

t he fibers and nmaintain themin a relatively straight configuration
until the fiber substanti-ally thernosets. 10 Additionally, depending on the
nature of the sPlyinfilee appanatsisanet, cladmsd@ond@ddidiiongldys eamprdmingt hi n

the venturi  p@hd Wor@asaih§ndad&cdtia YarVsthdah! PRto said first open
order to prOVIde‘f cost effective process nust al so precl ude
t

| ber, "t he
the entangling 9 (He SBigePagsags Lﬁ‘¥°%&uﬁﬂﬁdatvé"§‘tb‘1’r'1a col l ection surface.

To reduce or preferably elimnate the entangl enent ‘of the thernoset

fiber, the r Nt ahilvent | S t i t a di § 4181
chanber or rgg;a%éraf. 'Ik% r %huéslfé Q?Sél}gsi fénd-'f)f’{‘hegﬁgygﬁf §8 F"'gn ci:jh"}zit}'iri)sgqu’n
di ssi pat es t he ¢hawher gﬁérgﬁnof ntermal  sdameder! owhigh gaeregressiveliyus,

the process allpysrddies froh Reh$nimuh adiandtead) agthenbapgt-od &ndPriP the

aydown surface MRSl 31LARE I L PEn LLESE bl Brlas! 2T VETY Ml

10 19. The apparatus of claim 13, additionally comprising a
laydown surface located beneath said second open end of
said diffusion chamber.

20. The apparatus of claim 13, wherein said apparatus is
15 located within a sealed chamber.

21. The apparatus of claim 20, wherein said sealed chamber
contains a non-reactive atmosphere.

20 22. The apparatus of claim 13, wherein said venturi and
said diffusion chamber are a single apparatus.
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two di merfsi onal manner. Preferably, the | aydown surface is sufficiently
porous to allow for passage of the gas through 25 the fibers.

In an alternative. enbodi nent, the process of the present invention
further provides. for the use of an exhaust conduit in conjunction with
a vacuum punp or bl ower. According &8 this enmbodi ment, fibers passing
out 30 of the diffusion chanber are collected on a porous | aydown

surface located within the exhaust conduit. In a preferred " enbodi nent,
the | aydown surfacPROEESS MNIR AFPARABYUS IPOR! COLLEDNING £IBEWP@Iicw (e i ber s
out of the exhaust conduit th a rolling seal or vacuum box. 35
The vacuum punp normally w || Fm,l‘{:,%....S@FEE deSQggASE PITCH

- 13 - exhaust conduit in a manner ‘to allow for the generation of

a vacuum wi thin the exhaust conduit. |naBSIBAGRBnhner, the vacuum punp

wi Il pull additional gas down through the fibers as they are collected

on the [ aydown surface. Thus, .. 5 the vacuum.,ounp enhances the collection of
the fibers in a t wo diﬁﬁﬁsip(ﬁ?ﬁe orﬁh e.nrp‘im‘ provides Fér tiacessheandicuum

punp in cooper adpparatul tfaxr colbecting mrplptivélyle stiraighte ko NsHin

turbul ence abputriia®s in a two dimensional configuration. The process
-“utilizes a venturi to preclude the kinking and bending of
the fiber; until the fibers have.substantially thermoset.
A diffusion chamber allows the fibers to be collected
without entangling.

FIG. 1



fiber without the need for. a second flow ng gas stream 10 generated
within the venturi. According to this enbodi nent of the process, the
vacuum punp pulls sufficient gas or air t hrough t he openi ng between the
spi nni ng head, and the venturi to preclude the generation of turbul ence
about the fi ber by using negative pressure, rather than positive 15
pressure to generate the second fl ow ng §5rean1of gas whi ch contacts the
fiber . The second fl owi ng stream of gaé passes into the venturi al ong
with the fiber and naintains the fiber in relatively straight
configuration until the fiber,thernosets. Finally, use of the vacuum
punmp may 20 allow for the recyCli of the gas to any part of the

system : Q her enbodi ng he prégent invention will be
apparent to those skilleZin the art rom a con20deration of this
specification or practice the 2b | I on di bC ed herein. It is

I ntended that the specifiication i dered ps only exenplary, wth

t he true scope and spifit of th ng i ndi cated by t he
foll owi ng cl ai ns.
-14-
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e cIaLnﬁ 1. A process for preparing rel atively staight bl ow spun

fibers conprising: bl ow spinning a fiber using at |east one
fl ow ng stream of gas; contacting said fibers with at | east
one additional flowi ng streamof gas to pl ace said fiber under
tension wherein the velocity of said additional flow ng stream of
gas is greater than the velocity of said fiber; and,

thernosetting said fiber while under terzsizon. 2. The process of claim
1, having the additional steps of: di ssipating said at |east
one additional flow ng stream of gas by passing said gas and said
fiber into a diffusion chanber; passing said fiber out of
said di ffsion chanber, and, collecting said fiber. 3. The
process of claim 1, including the step of passing said fiber and said
additional flow ng streamof gas into a venturi. 4. The process of
claim1, wherein said fiber is spun froma carbonaceos pitch. 5. The

process of claim1, wherein said fiber is spun froma sol vated nesophase
pi tch.

41 \\\\\\\\
42 —
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43— 40
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- 15- 6. A process for preparing relatively straight blow spun fibers
conmpri si ng heating a spinnable substance to a tenperature sufficient to

al  ow sai d substance to flow followed by fonring a fberby—passi
substance into a spinning die and through a capillary RWC%EWWEETS id
die and attenuating said fiber as it exits the capi | | apy—by-—-eentaettng sal d
fi ber vmth , ﬂﬂ mﬁ"ﬁ”ﬂmeam of gas wherein the |mpr(pv§ % v:(gn@rl ses:
contacting | east one additional f{ow ream off gas to
place said fi ber und'er *t ehsi on wher ei n_ ifre velocity of Fsa-o—at—teast’ one
addi ti onal flow ng streamof gas is greater than the velocity

said fiber, and, t hernosetting said froer—rm

strai ght configuration. 7 The process of claim§6, ﬁ ¢hq

addi ti onal steps of: di ssipating said at 'l east one
addi ti onal Wé ¢lwmg stream of gas by passing said gas and said fiber
into a diffusion chanber; passi ng sad fiber out of said

di ffusi on chanber; and, collecting said fiber.

1. A process for prepating relatively straight blow spun fibers comprising:
blow spinning a fiber using at least one flowing stream of gas;
contacting said fiber with at least one additional flowing stream of gas to
place said fiber under tension wherein the velocity of said additional flowing
streamn of gas is greater than the velocity of said fiber; and,
thermosetting said fiber while under tension.

2. The process of claim 1, having the additional steps of;
dissipating said at least one additional flowing stream of gas by passing
said gas and said fiber into a diffusion chamber;
passing said fiber out of said diffusion chamber; and, collecting said
fiber.

3. The process of claim 1, including the step of passing said fiber and said
addirtional flowing stream. of gas into a venturi,

4. The process of claim 1, wherein said fiber is spun from a carboniaceous pitch.

5. The process of ¢laim 1, wherein said fiber is spun from a solvated mesophase
pitch.

Qb te VAL -
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8. The process of claim7,

i ncluding the step of passing said fiber and

said at l|'east one additional flowi ng streamof gas into a venturi prior to

entering said diffusion chanber.

9. The process of claim®6, wherein

said fiber exits said capillary and passes a distance fromsaid die prior

to being contacLed_wJMQ_at

- 16- r bl ow spinning fibers
a bl ow Spl n Wﬁm E Et ai ning at | east one capil [ary haV| n% rst
openi ng for n nabl e substance and a sé¢cand Bpih d}“

passi ng said substance
for directing at | east

| east one additiona ﬁ#&iﬁ@ﬁﬁéﬁ rg;@@rolf gas.

out of said capillary ds a fi ber an means

one gas streamonto the exiting fiber;

a venturi positioned downstream of said bl ow spinning di e head,
t he di stance be ween said venturi, and said bl ow spining _die head

ranging fr

grocess $or preperigrelag valy eaieht blow spunfdsrs comprising heating a

venturi ¢ Oﬁﬁ:ﬁiaﬁlb 35 sBnBARS S8 fipdfGe SEARLEN I allow said substance to flow followed
by forming a fiber by passing said substance into a spinning die and through a capillary
located within said die and attenuating said fiber as it exits the capillary by contacting
said fiber with.at Jeast one stream of gas wherein the improvement comptises:

contacting said fiber with at least one additional flowing stream of gas to
place said fiber under tension wherein the velocity of said at least one additional
flowing stream of gas is greater than the velocity of said fiber; and,

thermosetting said fiber in a relatively straight configuration.

The process of claim, &, having the additional steps of:

dissipating said at Jeast one additional flowing stream of gas by passing
said gas and said fiber into a diffusion chamber;

passing said fiber out of said diffusion chamber; and, collecting said
fiber.

. 'The process of claim 7, including the step of passing said fiber and said at least

one additional flowing stream of gas into a ventuti prior to eatering said diffusion
chamber.

9l

The process of claim6, wherein said fiber exits said capillary and passes a

distance from said die prior to being contacted with said af least one additional flowing
stream of gas.

sai d



sai d passage having first and second open ends, said first open end
positioned to receive a fiber as it exits said bl ow spinning die. 11.
The apparatus of claim 10, additionally conprising. a

di ffusi on chanber |ocated downstream of said VeNt uri ;m———=="""""_

di ffusi on”chanber having a first- open end positioned qafgmﬁﬂﬂﬁmb ﬁE

sai d second o assage through said ven —afret-d segon ‘pen
end ﬂlmmt Iﬂmr to exit said diffusio h engy @R.1 The
appar at us of c erern said ventri is positioneqg a distance ffo

said bl ow spinning die head. 13. TR&-apparatus of lcllat-mt2"Wher ei n
sai d di stance between said venturi and said bl ow spi ni ng die head is
than that distance at which said fl ow ng gas stream be

t ubul ence about said fiber - 17 -
10. Anapparatus for blow spinning fibers comprising:

Slal d

a blow spinning die bead containing at lcast one capillary having a first
opening for receiving a spinpable substance and a second opening for passing
said substance out of said capillary as a fiber and a weans for directing at Jeast
one gas stream onto the exiting fiber;

a ventur positioned downstream of said blow spinning die head;

the distance between said ventori and said blow spinning die bead
ranging from ahout 0.25 inches to about 100 inches; :

said venturi containing a passage therethrough;

said passage baving first and second open ends, said first open end
posmoned to receive a fiber as it exits said blow spinning die.

11. The apparatus of claim 10, additionally compuising:
a diffusion chamber Jocated downstream of s2id venturi;
said diffusion chamber having a first open end positioned downstream of
said second open end of said passage through said venturi aud a second open end
to allow said fiber to exit said diffusion chamber.

12. The apparatus of claim 10, wherein said venturi is positioned a distance from
said blow spinning die head.

13.  The apparatus of claim 12, wherein said distance between said venturi and said
blow spinning die head is less than that distance at which said flowing gas stream begins
to develop turbuletice about said fiber.



14. The apparatus of claim 10, additionally conprising AeahRs—-of
passi ng a second gas streaminto said first open end bfREPARGEMBENT dyESrT
t hrough said venturl__ﬂ__S__QS The apparatus of claim 1], -et-A--Sark-e
diffusion™ n internal dianmeter which progrgs 'ﬁ%ﬁ%ﬁ‘ foo

I ncreases ﬂ \ MI aneter at the first open end tp j a maxi rﬁ
di anet er n end. 10 16. The apparatus pf*ctarmtt———--
addltlonally conpr|5|ng a | aydown syrf ace | ocat ed benéjat h said second
open end of sai d diffusion chanber. 17. The apparatts—of—ctarmit;

wherein said apparatus is 15 |located within a seal ed chanber.

%

apparatus of claim 17, mherel salg ialed hanbg nt ai ns
h& ltc‘1°§ﬁa§r3

non-reactive atﬁnspﬂ%?eappaﬁﬁ

venturi and

10

15

20

3;’JBa tus
megns dfoli ffamssiony ehaebend yas staenyl énbppeaid Birst open

end of said passage through said venturi.

15. The apparatus of claim.11, . wherein said diffusion
chamber has an internal diameter which progressively
increases from a minimum.&iameter at the first open end to
a maximum diameter at the second open end.

16. The apparatus of claim 11, additionally comprising a
laydown surface located beneath said second open end of
said diffusion chamber.

17. The apparatus of claim 11, vwherein said apparatus is
located within a sealed chamber.

18. The apparatus of claim 17, wherein said sealed chamber
contains a non-reactive atmosphere.

19. . The apparatus of claim 11, wherein said venturi and
said diffusion chamber are a single apparatus.

18. The
¥1. con\ﬂ’fé‘ﬁéf‘ﬁ sai d



