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MO 97/ 44507 PCT/ US97/ 07957 WET
SPI NNI NG PROCESS FOR ARAM D POLYMER CONTAI NI NG SALTS AND FI BER PRO- DUCED
FROM THI S PROCESS The present invention relates tdo the wet spinning of
meta- aramd polynmers or co-polyners containing at |east 25 nole percent
meta- 5 aramwb 4miséer respect to the polyner) from sol uti onspepgidiodsfhd i N
excess of three (3% percent by weight salt. BACKGROUND OF THE | NVENTI ON
Commonl y net a- ' W ful I Malql i I t al.ned
fromthe r eactgggs%ﬁm%m mo&ssﬁﬁﬁ Agﬁlgipggnﬂr%wgﬁ%a | asc‘th‘ag c%o?'[&%e?ddj
typi cal ly isophthal oyl | oride., This reactio roduces hydrochloric acid
as a by- product . Generaﬁﬁ?pfq?eﬂtdﬂﬂ?’g’é’t"ﬁf Yo the WetSpinnIRg OhAWEATCt | S
neutral i zed by aramidpoliymiesmordo-polpmersccontaimingad least XSomolesperedrit mddependi ng
on the sel ecd i ofrafid tieh R g&t&gmw |- Is nt, the
15 salt fornmed,on gAt ral Iﬁﬁﬁt I on I8 %rg'?fbrx]xgg@%%&éﬂgﬁ?ﬁ%&%{%ﬁ%&@ol ution
i

and therefore pﬁhé%f’l v AE8 yg’fm&hﬁémgol ution, or the salt nmay be sol uble
as a salt- polymer and/or salt solvent conplex. Thus, spinning solutions

are known whi ch range frongaiKGROEND OPTHISIRVENTIONE! Y hi gh
concentrations of salt. JFor eﬁag‘]ge e, 11, no salt 1s erv,ed,fromthe typi cal
met a-arani d. base 20 n oYY DFtase Polyamers ysefpbtor spigning fibsrage

(approxi mat Kl y ctgainby fieei thtregptibyinra dventisif a dilmingaind adiacidthicridepns in
the pol ymer sol yypicany iaphihaiods ciiofitic 2FhR eiiio n?cmces Eg&%?hiﬁﬁcaa@icﬁg\t’ ant age

of sal . At noub BEHLCk (HIRRAY o maRutheainE B o inthe O

Qductis i n t he
spi nni ng sol ut i eevtralized biptheaddisionrofadmsie qooippued te form d suit. SDeprndinig/, t he

wet spi nni ng of oifbe@eREAGH 6f the bYsTB %o&gem&% £90 _n?‘ﬁmaabﬁ isﬂﬁ'ent, the
concentrati @sb%ﬁtfohre‘?fpfgﬁé@%ﬂfzﬁf%@ﬁv r{r?sr&iig ) \Agl g iw_;a t has”general |y
resulted in¥i Ha WhERY 5 IMigF PORRSISIutINGANgr t i es. I n
practice wet spthereiforg podcipitateoutrafithelsdlutien, or tavsalignay be soluble as a salt-
polymer and/or salt solvent complex. Thus, spinning solutions are known
which range from salt-free to having a relatively high concentrations of salt.
For example, if no salt is removed from the typical meta-aramid. base
20  neutralized polymerization reaction solution (approximately 20% by weight
polymer solids), the salt concentrations in the polymer solution may be as
high as 9% by weight.
There is an advantage to directly spin polvmer synthesis
solutions containing high concentrations of salt. Although salt content is
25  known to be beneficial in the spinning solution as a means to increase
polymer solution stability, the wet spinning of meta-aramid polymer from
solutions containing concentrations of three percent (3%) or more by weight
salt has generally resuited in fibers having poor mechanical and other
physical properties. In practice wet spinning of meta-aramid fibers having
30  acceptable physical properties was accomplished from salt-free polymer
solutions or from polymer solutions containing low concentrations of salt.
Polymer solutions containing low concentrations of salt are those solutions
that contain no more than 3% by weight salt. There are teachings of wet
spinning processes from high salt containing solutions, but in order to
35 develop acceptable mechanical properties in the ﬁ;bers produced from these
processes, the fiber must be subjected to a hot su:é__tch.
In one method to produce a low salt spinning solution, the
polymerization is carried out with at least two additions of the diacid
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30 acceptabl e physical properties was acconplished fromsalt-free pol yner
*solutions or from polyner solutions containing |ow concentrations of salt.
Pol ynmer sol utions containing | ow concentrations of salt are those solutions
that contain no nore than 3% by weight salt. There are teachi ngs of wet

spi nni ng pMRB¥4E from hi gh salt containing solutions, bEEFTUREr to 35

devel op accept abl chani cal. propert.i t he flber produced fromthese
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pol yneri zat i glz&g ity is still low -
enough to al Fl% ufr éﬂé‘ﬁbﬁﬂgﬁ?gﬁﬁ&ﬁi@ﬁrﬁ%ﬁ gggs‘%ﬂr%%ﬂghe sol ution. The
anhydr ous amP® 'ﬁerl‘@&PP FPBOR HT‘G‘? N?‘ Isdnsqlubleinthe or ned as a
resul t of °t hobahsmslitimt andmay be renngyed mAniditionat tiacid ddoriddinai then | nsol ubl e

int hgepggéggfeﬁ%ﬁmﬂ’x@r@él‘i’ioﬂ%bﬂuﬁ@nﬁ:@@&\‘xgﬂtetﬁg olyrétHatigh a@lcgh chl or i de may

Ctl ti et'e pol yneri zation. Acid
10 resullfi nd’esf“i‘iﬁ?ﬁ s MM%QQB?IYW‘}WQ ?&Y%Sﬁ‘e‘ H53li26d neutral i zed
produci ng a Ipmndunmgeidw avncentratiorsof daltiin thépolpmey selutismthat isasedhat i s used
for spinning.g ﬁ%lltmlil ee polymer can be made by rempval of hydrochloric acid
fromthe reaction ut| on or_ by the removal of salt _froma neutralized 15
reaction mixture, butSalkéreppslysiesican be spdebygemonalafdyderchlarigaciding
addi tional edromthereactvrssoimivn ordsy the réraeva pif salt frgnsohelittadized may be spun

15  reaction mixture, but the processing requires a number of steps and
additional economic investment. Salt-free spinning solutions may be spun
without the addition of salt, or salt can be added 10 some specifically desired °
concentration. _

As noted above, prior art taught wet spinning processes for low

20 salt and even high salt containing spin solutions; however, these processes
required hot stretches to provide a product with acceptable mechanical
properties In particular, some substantial amount of'ho't'stretching and
fiber crystallization was required in these processes to prov:de mechanical
integrity to these wet spun fibers.

25 The hot stretching necessary to develop mechanical properties
in the fibers also causes limitations in fiber use. It is known in the art of
spinning aramid fibers that exposing the fiber to temperatures at or near the
polymer glass transition temperature, produces some degfee of
crystallization. While crystallizing the fiber improves certain physical and

30 mechanical properties, it causes the fiber to be especxally difficult to dye.
These crystallized (hot stretched), difficult to dye fibers are limited in their
use in textile applications. Until the development of t_h_e_;._ present invention

,it has not been possible to produce wet spun meta—'arathid fibers having
excelient physical properties and improved dyeablhty

35 The difficulty in producing meta—aramxd ﬁbers from wet
spinning of salt-containing spin solutions is evxdcm in the earlier patent
literature. For example, U.S. Patent No. 3,068, 188 to Beste, et al. suggested
that fibers could be spun by either wet or dry spmnmg processes, but did not




W thout the addition of salt, or salt can be added to sone specifically
“desired concenttration. As noted above, prior art taught wet spinning
processes for |ow 20 salt and even high salt containing spin solutions;
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| mpr oved dy cuIt | n producing nmeta-aramd

bi LTt
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the earlier pat ent | i t er Bhedeficisnsiesaf fibprseprodnced byavesspiniing Befossthess to
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RCri s 6755+ 4t S deh ol 3o Bioin S8 g st o by
wet spi nni ng polvyrrbfreg@bgwmshat@ﬁaa’iemsmglﬁb@rhby}&h& NG IOH2Kal t were

generally 15 toKing which taught that a calcium thiocyanate containing coagulation bath
was required to improved the strength and produce serviceable wholly
aromatic, wet spun polyamide fibers and by U.S. Patent No. 3,642,706 to
Morgan which taught the incorporation of a wax into the polymer spinning
solution to improve physical properties of wet:spun meta-aramid fibcr.
20 Staged wet draws combined with hot stretching was taught in
U.S. Patent No. 4,842,796 to Matsui et al. for fibers produced primarily
_from salt-free spinning solutions. Japanese Patent Publication Kokai 48-
1435 and Kokai Sho 48-19818 taught the combination of certain salt/solvent
ratios in the coagulation bath coupled with hot fiber stretches to crystallize
25  the fiber. Japanese Patent Publication Kokoku Sho 56-5844 taught the
combination of two coagulation baths to exhaust solvent from the fiber
followed by conventional drawing and hot stretch erystallization to produce
suitable wet spun fiber from polymer spinning solutlons having hl gh salt
concentrations.
30 The present invention provides a process by which polymer
solutions rich in salt may be wet spun and fully wet drawn in a single stage
to achieve desirable and useful mechanical properties without the need of a
hot stretch and fiber crystallization. The fiber produced by the present
process is more easily dyed to deep shades. Thc fiber made from the
35 process of the present invention may, optlonally, be heat treated and
crystallized to produce properties required for ;_ndustrldl and other high
performance applications. |



characterized by the presence of |arge voids. These voids affected the
*ability of the fiber to be effectively drawmn. On draw ng, void-containing 5
fibers were not only subject to a greater degree of fiber breakage, but
those fibers that were successfully drawn devel oped nechani cal properties
whi ch wer e Woigt4bwer t han the properties that coul d be JdBORUSPHIS'n dry
spun fibers or in fibers which were wet spun salt-free polyner sol utions.
Dry spinning and wet spi nniSSMMARY OF THEINVENTION, sol uti ons are met hods
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ol | owed,by o) to produce
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whi ch pol ynenffombbain20P twhdd0) salt may be wet spun and fully wet drawn in
a single stage

(c) drawing the fiber in an aqueous drawing solution having a
concentration of solvent of from 10 to 50% by weight of the drawing

20  solution and a concentration of salt of from 1 to 15% by weight of the
drawing solution;

(d) washing the fiber with water; and

(e) drying the fiber.

The concentration of salt in the spinning solution is at least 3%

25 by weight. Concentrations of salt may be as high as allowed by limitations
of spin solution viscosity. Salt concentration of more than 3% are
preferred; concentrations of 9% are most preferred.

_ Before washing, the coagulated and conditioned fiber from the
present process may be wet drawn in a single step to produce a fiber having

30  physical properties that are equal to fibers produced by other known
processes requiring both staged wet draw and/or hot stretching.

The drying step preferably is carried out at temperatures and
times sufficient to remove water from the fiber without, i'nducing substantial
crystallization of the polymer. Preferably the drying temperature is about

35 125°C. :

Optionally, the fiber can be heat treated at a'temperature
generally near the glass transition temperature of the polymer, and for a
time sufficient to essentially crystallize the polymer.



to achieve desirable and useful nechanical properties wthout the need of a
“hot stretch and fiber crystallization. The fiber produced by the present
process is nore easily dyed to deep shades. The fiber made fromthe 35
process of the present i nvention may, optionally, be heat tr

crystal lized Y8°§#8lce properties required for industrial g‘g;l%?“
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cont ai ni ng concmmiﬂg sclodornf Tinat Ym0 reqairtmentito add additional sahy eutt han 3% by
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1 om about - 30% Toro-3 406 B HeleAReS %%%ﬁm‘ﬁﬁgj%j‘g%’ R ohSRSP LRI s i n

t he coagul at i oninyeniian Welasteﬂ%ﬁlﬂtﬁlgﬁ@derébmb BeXperT am%tn@ t 90[ err]
to 125[err]C (&nd meaaug;{tgmtdwre‘akbﬂ'rﬁﬁm o0td R§%coagul ati on sol uti on and
contacting i wi th an aqueous conditioning solution containing a m xture of
sol vent and salt such that the concentratlons of soI vent salt and water

3 ‘ H10] AYAREESHy coor di nates W

are 15 defined by the ar &aMEAdMR $
X, Y and Z and wherein lPhgxreorsﬁotvsmmpcsxﬁodxwﬂmwlaumsamtmeebgé

temperature of BEGMeARg D GBlalchla oD Lhés, K ol Mook I R 11 2"

aqueous draw n N hav
composmons of the condltlomng solutions of the present invention, the

15 region bounded by co-ordinates W, X, Y and Z.
| Figure 2 shows cross sections of fiber shapes wet spun and

conditioned according to the process of the present invention. Figure 2a
shows fiber cross sections following conditioning; Figure 2b shows fiber
cross sections following wet drawing, washing and crystatlization.

20 - Figure 3 shows fibers of the present invention having modified
ribbon and trilobal cross sections.

Figure 4 shows a diagram of the process steps and techniques

that may be used in the practice of the present invention.

25 ' DETAILED DESCRIPTION
The term "wet spinning” as used hercin is defined to be a
spinning process in which the polymer solution is extruded through a
spinneret that is submerged in a liquid coagulation bé_lth. The coagulation
bath is a nonsolvent for the 'polymet'

30 The term hot stretch or hot stretching as- used herein defines a
process in which the fiber is heated at temperatures near or in excess of the
glass transition temperature of the polymer, (for poly(m-phenylene
isophthalamide), for example, a temperature near to or in excess of 250°C)
while at the same time the fiber is drawn or stretched. The drawing is

35 typically accomplished by applying tension to the ﬁﬁer as it moves across
and around rolls traveling at different speeds. In the(.ft_igt stretch step fiber is
both drawn and crystallized to develop mechanical properties.



.concentration of solvent of from10 to 50% by wei ght of the draw ng 20
"solution and a concentration of salt of froml to 15% by weight of the
drawi ng solution; (d) washing the fiber with water; and (e) drying the
fiber. The concentration of salt in the spinning solution is at |east 3% 25
by wei ght. W@Watlons of salt may be as high as all O\A/euc'tlvsﬂ‘llﬂ?ﬁsfatlons

of spin solution vi sccl\_,s Yrb §alrl con trat@gg %Pdﬂg (i) n 3% are
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tenperature i s_about
trggt ed at a P %%P{?P'Ejed%éﬁ %f r Sagg‘gtﬁ%éli“ilon tenperature
of the pol yrrepolymmzatmn ar noneﬂlsmﬂﬂltmnmﬂsahtm asalefiee af low salyst al | i ze the
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natc I NUO :
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addi tional  sagdi Ry al36 bRAABEH td #FGhbevild Gl fESPoIGRIAE SHLLiBA tPProvidse! tis
the salt concentration necessary for the present process.
Salts that may be used in the present process include chlorides

15 or bromides having cations selected from the group consisting of calcium.
lithium, magnesium or aluminum. Calcium chloride or lithium chloride
salts are preferred. The salt may be added as the chloride or bromide or
produced from the neutralization of by-product acid from the
polymerization of the aramid by adding to the polymerization solution

20  oxides or hydroxides of calcium, lithium, magnesium or aluminum. The
desired salt concentration may also be achieved by the addition of the halide
to a neutralized solution to increase the salt content resulting from
neutralization to that desired for spinning. It is possible to use a mixture of
salts in the present invention.

25 The solvent is selected from the group consisting of those
solvents which also function as a proton acceptors, for example
dimethylforamide (DMF), dimethylacetamide (DMAc), N-methyl-2-
pyrrolidone (NMP). Dimethyl sulfoxide (DMSQ) may also bc used as a
solvent.

30 The present invention relates to a process for the production of
fibers made of aramids containing at least 25 mole% (with respect to the
polymer) of the recurring structural unit having the following formula,

[-CO-R1-CO-NH-R2-NH-}, (1)
35
The R1 and/or R2 in one molecule can have one and the same
meaning, but they can also differ in a molecule within the scope of the
definition given. |



5 preferably not nore than 25% by wei ght of the drawi ng solution. In wet
‘drawing the fibers of the present invention, draw ratios of from2.5to 6
are preferred. Fibers produced by the process of the present invention have

a tenacity of greater than 3.3 decitex per filanent (3 gpd) an
el ongat i on ot VYA from.10 to 85% 10 BRI EF DESCRI PTI O\IW@OB?&AW NG

Figure 1 shows corrp05|t|lg nagidgﬁ,ci?%gg&g)ggngg‘%énqg;dm{tﬁgﬂagﬂgﬁtw#&ged by
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present inventi ed ri bbon and trilobal cross sections.
Figure 4 shows EQHQ?éb%%tlngé%e process ste pgs and techni ques that may be

used in the practice of FPelgnysieasammatipsadicpisicanbs condensed with each other
DETAI LED DESCRI BTb@é'bEﬂﬁxkb&tmachﬁithéi‘ﬁ'heflﬂl(ﬂﬁonmm&dnbgé gtops Sucheds, ned to

be a spinni pr, olution is extruded through a
spi nner et tﬁgt |f§lc§'§%ﬂ%$ gg’ ﬁ%‘ S‘l%n%é it ati on bath. The coagul ati on
bath is a nonsol vent for xampps)o Ynu%raromaﬁcradwﬂsmspé‘nbnh@t stretch
or hot stretchi Mn@a&iﬁ%&ﬁé@'-pbsﬂﬁfn‘dﬁﬁ a@oﬁibﬁ%f@ad d'bositiord Withf | ber is

fomperature of - ERPHIR,Gh ot g L ER qﬁﬁ’b‘ﬁ’é engpl%é@s%% G an de). for
exanple, at errpén‘bihmhtnmkbyl tA)meerr m@Bopedledr@romati¢ radigal t he sane
time the fiher ioftils ase i9N,Sphepiyfdned. The dr awing is
In particular it is preferred that the directly spinnable polymer

solution is produced which, as the fiber-forming substance. contains

polymers with at least 25 mole % (with respect to the polymer) of the

above-defined recurring structural unit having Formula I. The directly

20 spinnable polymer solution is produced by reacting diamines having
Formula II with dicarboxylic acid dichlorides having Formula 1ll in a
solvent:

H7N-R2-NHy (II), ClOC-Rl-coc! (1),
25

The preferred meta-aramid polymer is MPD-I or co-polymers
containing at least 25 mole % (with respect to the polymer) MPD-1.

Although numerous combinations of salts and solvents may be
successfully used in the polymer spin solutions of the process of the present

30 invention, the combination of calcium chloride and:DMAc is most
preferred. _

The present process may be used as a continuous process to
make fiber. An example of a continuous process is:shown in the diagram of
Figure 4. The polymer spinning solution is pumped from a dope pot (1) by

35 a feed pump (2) through a filter (3) and into and ihrough a spinneret (4).
The spinneret extends below the surface of a coagulatlon solution which is
temperature controlled in the range of from 90 to 125°C The coagulation
solution of the present process will produce fibers that can be successfully



35 typically acconplished by applying tension to the fiber as it noves
“across and-arouhd rolls traveling at different speeds. In the hot stretch
step fiber is both drawn and crystallized to develop mechani cal properties.
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addi tionef tRRRAtAMGndividual fiber in the fiber bundle in order for the solution to
condition the fibers for proper drawing.

Fiber exiting the conditioning treatment may be drawn. The
fibers may be wet drawn in one step using a drawing solution that contains
water, salt and solvent; the solvent concentration is sclected so that it is less

20 than the solvent concentration in the conditioning solution. The fibers may
be drawn using two sets of rolls (8) and (10) with the draw bath (9) situated
in between the sets of rolls. The draw bath may be replaced by jet
extraction modules, for example, as described in U.S. Patent No. 3,353,379.
The speeds of the rolls at the entrance of the draw bath and at the exit of the

25  draw bath are adjusted to give the desired draw ratio. The present process
can achieve draw ratios as high as 6. The concentration range of the
drawing solution is by weight percent 10 to 50% DMAc. The concentration
of salt can be as high as 25% by weight of the drawing solution. There will
be salt present in the solution since salt will bc removed from the fiber by

30 contact with the drawing solution. The preferred concentration of salt in the
drawing solution is about 4%. If it is desired to increasc the salt content
above this level sustained by the total process, additiona}i salt may be added.
The temperature of the drawing solution is maintained from 20 to 80°C.
The wet draw may be done in a bath or by using jet cxtraction modules or

35 by any other technique that sufficiently wets the fibers.

After drawing the fiber is washcd with water in the washing
section (11). The method used to wash the fibers is not critical, and any
means or equipment may be used which will remove the solvent and salt




to a neutralized solution to increase the salt content resulting from
"neutralization to that desired for spinning. It is possible to use a
m xture of salts in the present invention. 25 The solvent is

selected fromthe group consisting of those solvents which on as
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L) Nl or RS et AR A0heRl S FERIB  Bibedle,
respect to each aystallizatidsenequiresdemperatureseguat tocerrin gxcess IOﬁ R36Qt@alhar omati c
hydrocarbon radigadent gfoceésscﬁ,e@ﬁ&%&ﬁy&& h&rﬁfe@e%ld%vénaﬁ intgH &nikilych 5 can be
nmononucl ear § ﬁ% ghwgr I of . het erO{: ! n‘?.tl c radicals,
these especi‘dl | \Y gpert% ‘&&) “?ﬁ“!t?‘é‘ﬁ%ﬁ P ‘?&%’EH@F WMHE i n the
aromat i ¢ nucl eusxitRdlthndrachath throwght the fttminm&bahﬂa@ be condensed with each
ot her Since the fibers of the present invention are dried at
temperatures significantly below the glass transition temperature of the
polymer, the resulting fibers remain in an essentially amorphous state. By
15 heat treating the fibers above the glass transition temperature, the fibers may
be crystallized. Crystallization increases the density of the fibers and
increases the heat stability reducing the susceptibility for shrinkage.
It is well known that both amorphous and crystalline meta-
aramid fibers are difficult to dye, when compared with traditional textile
20  fibers such as nylon or cotton. However, when amorphous and crystalline
aramid fibers are compared, the fibers having a greater degree of polymer
crystallinity are the more difficult to dye. Wet spinning processes taught to -
date have required hot stretching to achieve mechanical properties, i.e.,
increased tenacity, sufficient for textile use. A particularly useful aspect of
25 the present invention is the ability of the process to produce amorphous
fibers which have tenacities in the range of fully crystallized fiber, while at
the same time providing a fiber which retains the dyeability which is
characteristic of a fully amorphous fiber. The high tenacity fibers of the
present invention may be pigmented or otherwise colored first followed by
30  crystailization so long as the means of providing color to the fiber is stable
at the crystallization temperature and will not contribute to a degradation of
the fibers. Of course, fibers made by the present process may simply be
crystallized to produce a fiber havin g mechanical properties and improved
resistance to heat shrinkage for industrial applications.
35 The present process develops in the coagulation, conditioning
and drawing steps a fiber that is easily dyeable by conventional aramid
dyeing processes. Since no heat treatment other than drying is required to



or else be linked to each other via CC bonds or via bridge groups such as,
*10 for instance, -0-, -CHerr]-, -S, -CO or SQerr]-. Exanples of
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coagul ati on Semestoisychrpagilation; Fé&@l‘? é’eﬁéh@‘F@Iaﬂ’escF’ilha fully range of from
90 to 125[ er chspuldteéd and)agmdoaﬂatad fibet whichris idw irhsolperm somenpr ocess wi | |

produce fsbers that opg. Ogdiigesibyblhe present invention, however, is not
designed for coagula’ﬁqn, but rather to maintain the concentration of solvent
in the fiber so that the fiber is plasticized. The fiber is both stabilized by the
conditioning solution and swollen by solvent. Stabilized in this way, the
fiber may be drawn fully without breaking. Under the tension of drawing
20  any large voids collapse as the polymer is forced into the drawn shape.

To maintain the fiber in a plasticized state, it is essential that the
concentration of the condi;iqning solution be within the arca defined by the
co-ordinates W, X,'Y and Z as shown on Figure 1. These coordinates
define combinations of solvent, salt and water that, at the temperatures of 20

25  to 60°C, will limit diffusion of solvent from the fiber structure and maintain
a plasticized polymer fiber. The coordinates : W (20/25/55). X (55/25/20),
Y (67/1/32)and Z (3_2/1/6_7); are presented as weight percent of the total
conditioning solution of solvent/salt/water, rcspectively.

The conditioning solution concentrations of the present

30 invention are also compared;to the primary and secondary coagulation
solutions taught in prior art in Figure 1. In Figure 1, the primary
coagulation bath concentrations of the prior art are those concentrations
defined by the region bounded by co-ordinates A, C, D and B; while the
concentrations taught for the second coagulation bath are those

35 concentrations defined by the region bounded by co-ordmates E.H, G and
F.

The inventors believe that the present procéqs, by using a
combination of coagulation and conditioning solutions and controlled

10
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" PCT/ US97/ 07957 tonditioned even if the bath is maintained at tenperatures
whi ch exceed 125[err]C. Practically, although not theoretically, the
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sel ected so t hat herath B0 ;!kseprteﬁrawweu%mwmeW&@Wﬂﬁa@%vqwthe
condi ti oni ng soleliminated ahenfpebatures weyl betowl timtvof thei podyheoglasstteansitionol | s (8)

and (10) wth t Q&nﬂé@%r@ g§ Eh(fv?a {nsfl‘lg tAd T ﬂ%\eﬁag'?s f'c?ﬁ)cﬁ%fthg F)rcsgﬂtl s. The

draw bath nmay be“replace act‘l on
described in” U. sproms By hqovetsirm lrawnglﬂséempe@@ld pbvsrml@mmmss et t he

entrance of 15he ad¢ aqudded thosé actiévedty convéntinal &€ spinning processes or
achieved by wet spinning processes that require staged draws and/or hot
stretches.
In prior art processes, macro-voids were also formed in the
fibers. In order for these voids to be collapsed and for the filaments to be

20  drawn at ratios large enough for the development of good physical
properties, these fibers had to be heated at temperatures ncar the glass
transition temperature to avoid fiber breakage or damage. With the
requirement for hot stretching (and therefore crystallization), the relative
ease of dyeing a noncrystalline fiber was lost.

25 The process of the present invention makes it possible to
achieve a variety of fiber shapes, including round, bean or dog-bone.
Ribbon shapes may be made using a slotted hole spinneret; trilobal shaped
cross sections may be made from a "Y" shaped hole spinneret as shown in
Figure 3. ’

30
TEST METHODS
Inherent Viscosity (IV) is defined by the equation:
V = In(hgep)/c

where c is the concentration (0.5 gram of polymer in 100 ml of solvent) of
35 the polymer solution and hyg) (relative viscosity) is ,t_h_é ratio between the

flow times of the polymer solution and the solvent as measured at 30°C in a

capillary viscometer. The inherent viscosity values are reported and
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25 draw bath are adjusted to give the desired draw ratio. The present
process can achieve draw ratios as high as 6. The concentration range of
the drawi ng solution is by weight percent 10to 50% DVAc. | he concentration
of salt can _be as high as 25% by wei ght of the drawi ng solution. There wl|
be salt pre¥@M4#97t he solution since salt will be renoved®$VOTPHE" fi ber

A3 1 n e el bR a8l s gDV RO PR ) 20 e

salt content yw ¢hlerdde. evel sust ai ned by the total: process, additional
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from20 to 80 L& . one._in.a- b sing jet
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the fibersd Afftheiwist fon fikprs and yarnewas thrempérducivn( i porteatimieter) he washi ng
section (1 1) reghaflesdffitdiedssed to wash the fibers is not critical, and any

i t ' i |, he sol.vent and,salt 8
{/T\%agi / 2; 58‘;“' '?”E”. ”ayr&eghﬂés%cl“afc‘:’i"&r' ﬁkb)"i‘s itle prodauet %f%hge;eﬁé’cu%?&eag@w fj;g? /07957
from the fi bein unifs ef grams pendenierand thesquargyodteofdhe elengatin, andis dien :

processed forpagx_inya@e@a&hmlymﬁd&mﬁwﬁ@aﬁdmcﬂ&fmhﬁcﬂi ed and then
subj ect edl{)o addi t1on heat.tre ge&%ﬂ;q%bﬁguse crystal i zation by passing

the fiber ‘Yhrough a hor*ampaiqmaet: eEuS-seatondurmathes . oyer
heated 5 roMdifferemtistages of the preseppprorbssypravide dhsightaitofibe 20 to 125[err] C

and crystal | i aafpRdloff "P8 pRdviaEsolicchory 6f DideH fbert ;BB&eéaHﬁ)l@ Rere

hecessary to MBRCEPHG, U Spi: B SF Lad ol befw ohicelsddp AB8ving Ber at ur es
equal to or i Wwashingspecial lmbd]ing wacrequired po essant that thediber divestureowas equire a -
hot stretgh tQof@dilpfhiedbed A thy fiber isbiali6h Stepd. "6 pkdier/ed heHivepeeds may
be mai ntai ned sBhctlre” ur}lsr}g%é pll:OaétCS% c];fr cross sggtioning, cdagul_ated or coagulated
and conditioned fiber was removed from the process and placed into a
solution of similar composition from which it was removed. After about 10
minutes, about one half of the volume of this solution was removed and
20 replaced with an equal volume of water containing abo_u'f-’(). 1% by weight of
a surfactant. . This process of replacing approximately :Oxic half of the
volume of the solution in which the fiber samples were contained with the
surfactized water was continued until nearly all of the original solution had
been replaced with surfactized water. The fiber sample Was then removed
25  from the liquid and dried in a circulating air oven at abqti_l_t 110°C. The dried
fiber was then micro-tomed and examined undecr the mis¢rosc0pe.
The following examples are illustrative of'the invention and are
not to be construed as limiting, B

30 EXAMPLES
EXAMPLE 1 ;

A polymer spinning solution was prepared-in a continuous
polymerization process by reacting metaphgnyléi__;é diaingipe with
isophthaloyl chloride. A solution of one part m?tapheé_ilféne diaminc

35  dissolved in 9.71 parts of DMAc was metered through
into which 1.88 parts of molten isophthaloyl chlonde was simultaneously
metered. The mixed was proportioned and the comb1 flow of the
reagents was selected to result in turbulent mixing. The molten isophthaloyl

ooler into a mixer
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exit of the draw bath through the finishing bath (16). Since the fibers of
"the present invention are dried at tenperatures significantly below the
glass transition tenperature of the polyner, the resulting fibers remain in
an essenti al I% [ pous state. By 15 heat treating the fh\l}?{rﬁsﬁbﬁgﬁ t he
glass transition tenperature, the fibers may be crystallize
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i bers having eat efr ee of YIMer  c e nore
difficult to dyg%‘b@%?@ ﬁ%f’ @e@?e%e“frﬁ%ﬂt‘%?dm&fﬁlf &8 required hot
stretching to achhtng i aalldbdpfmalmmhydrcaildEfomca@anmdttﬁnam ty,

suf i cient. for hwméﬁn@ﬁ@rea&lmdwﬁdﬂ Thi el oA soRftioh g e Pr esent

cess to oducé: anp q ers which
have t enact £ eo HEAeH HOORUIEORRPYE WRiFE oY FoUKERrRtE Qut SOLRRN. A1t he. ane
time providing aesultivg poifinehsolation was theepalyreesplin sofutidn aid uscddhaheact eri stic
of a fully q@rgﬁm&@@g@sdmﬂga%w@nam ty fibers of the present

i nvention may be"pig or . ot ervm%)iutcol or ed- f rst foll owe

crystallization so |ong 'gté‘stpﬁ ML SRID lﬂ“dﬁdoﬂnriﬂ ‘ESP‘oYls‘ioé‘tYHglfSS@r i s
stable at the cmﬂsatddunétﬂ%dnthmmﬁﬂmidma Divich cwi THe podymercsuincedtrdtiontia a

degradation of g shin fslﬂon%ﬂf@3vfﬁ)pﬁ%%hmﬁ?eﬁ% LORigH gRENT P ocess
0%

may sinply be cryst a-fl ani cal properties
and i nproved re§Patad hye\aelgéma(fﬁnwéﬂqrme 4%99& Faibyappiehtwetesns. 35
The present 1pr o@@rcotiestitatipa ott‘thet]DMAa@wgsmaﬂ%JIﬂy weighdi t i oni ng and draw ng

steps a fiber that is eafjkXoRVEANS ng &aﬂndq{eﬁﬁh% dyei ng
Processes. Since o winately S& i thes fe etfy way ofa eterthg pump and fifer © °
through a spinneret having 250 holes of 50.8 microns (2 mils) diameter.
The spinning solution was extruded directly into-a coagulation solution that
20 contained by wetght 15% DMAc 40% calcium chloride and 45% water.
The coagulation solution was nmaintained at about 110°C.

The fiber bundle exiting the coagulation solution was wound on
a first roll (6 of Flgure 4) havmg a speed of 329.2 mv/h (18ft/m). A
conditioning solutlon contammg by weight 41.1% DMAc. 9.5% calcium

25  chloride and 49.4% water was sprayed on the fiber bundle wetting each
individual filament as the fiber bundle was wound from the first roll to a
secondary roll (8 of Figure 4) at a speed of 347.5m/hr (19 ft/m). The
conditioning solution was at 36°C. '

The filaments exiting the secondary roll.were run through a wet

30 draw section; the drawmg solution contained by wei ght 20% DMAc and
80% water. The temperature of the drawing s eoluuon was 36°C.

The ﬁlaments were wound on a second roll (10 of Figure 4) at a
speed of 1496 m/hr (81.8 ﬁ/m), whlch provnded a draw ratio of 4.54. After
this wet draw the ﬁlaments were fed into a washmg section where the fiber

35 was washed with water at 70°C. The washmg sectlon consisted of 3 jet
extractor modules. The washed fiber was wound on-athird roll (12 of
Figure 4) at the same speed as the second roll (-1-0)  Thiere was no additional
drawing or stretchmg apphed to the fiber foriitic rcma'mdcr of the process.
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"perfect good physical properties, the fiber need never be altered by
heating so as to inpair its dyeability. Critical to the present invention
is the conditioning step for the fiber, which follows imedi at el the
coagul at i orVaoU#sYPr j or processes have 5 taught the use &CTHP? e bat hs
whi ch were used to co Iat.e eflber r tha heflber for
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pl asticiz The I ze e conditioni sol ution and
swol l en b somw{!w@f%f‘f’?rixf&quogm 12"/@3” XW?EWF R0t Brekeny iy awn ful |y

wi t hout br eakphygpicdlpdepertidsevereseipoor that these/fibeys d@re ofnyo pacgealwaluis col | apse

as the pol ymer |sforc &PRa ber in a
pl asticized s Bép”ﬁijsﬂow @‘e%gﬁg&l%éﬁe cotn@%e? ﬁ Elﬁgﬂ&

condi ti oni ng F’iﬁtﬂr °§§b00|t %P??s?ﬂé"%eé%wﬂ@fq%@’ f @"E‘i‘ﬁy’éﬂgﬁ’%at es X,
Y and Z as shéeedingthEifiper thrdughihbstdulboardioveatwes hdeshioes actemperatiesns of

SRR Lt fﬁ@%ﬁ*@‘aﬂ?@"@k pARNEQTIRICAL aERo Shredling e i POl o1 ©
pl astici zed pg aps fl\”b‘é% eﬂ%‘@ﬁ@‘tﬂ“ﬁéﬁ"e ‘E /“’%/"5@‘)“%‘5? 5, ‘?5& 20),

roll at a speed of 1496m/h (81.8 ft/m), immersed in a finishing bath and

wound on a bobbin. The resulting crystallized filamentswere 2.2 decitex

per filament (2 dpf) with a tenacity of 5.2 dN/tex (5.87 gpd), an elongation
20  at break of 25.7% and a modulus of 90.2 dN/tex (102.2:gpd).

EXAMPLE 2
Fiber was wet spun as described in Example 1 except that the
conditioning solution was applied to the filaments in a jet extraction
25 module; the first roll was by-passed.
The resulting fiber was drawn, dried and crystallized as
described in Example 1. The resulting physical properties of this fiber was
a tenacity of 5.2 dN/tex (5.9 gpd), an elongation at break of 26.4% and a
modulus of 90.1 dN/tex (102 gpd). '
30
Fiber was wet spun as described in Example. 1 cxcept that
concentrations of the various solutions were those shown in Tables I, 1a and
Ib. The properties of the resulting fibers were meae.urcd and are shown in
35 TableIl. The steps and the various rolls used in the c.o.n_t__muous process are
identified in Figure 4 and in the Detailed Description of the Invention
above. The speed of the rolls is given in meters per hotr (feet per minutc).
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Y (67/1/32) and Z (32/1/67); are presented as wei ght percent of the total
“condi tionirg solution of solvent/salt/water, respectively. The conditioning
sol ution concentrations of the present 30 invention are also conpared to
the primary and secondary coagul ati on sol utions taught in prj i
Figure 1. In PQUMEY the prinary coagul ation bath concentr%?#g%ékgkpthe
prior art are [hose concentrations defined by the regi on bounded by
co-ordinates A, C, D and B; while the caoncentrations taught for the second
coagul ation bath are those 35 concentbABlAs defi ned by the regi on bounded
by co-ordinates EE H G and F. The i OAGUIATION eve that the present
process, by using a conbination of coagul ati on and conditioni ng sol utions
and controlled 10 WO 97/ 44507

PCT/ US97/ 07957 tenperatures, allows the salt and solvent to df@kkde from

the coagul ated f$AMPLEANd %PMA¢ howgTACI o- %H2ss T STEMPPG haMPHOERM) t he

fi ber shape is eljiptical t@.bean s ed havi t he hds | oc ar the
fi ber surface. Fﬁgure 2a ﬂ?ﬁustratggﬁfibers ﬂg%ducegqgt calc?%ﬁ?gﬁ ori de

concentrations 5B greated68han 20988nd at t¥rberat U08s gr caB¥PASRER
70[err]C are eliptical inighape w g3hsvoi ds lgcated gipgt he i pgPASBEDace.

Fi bers produced af calciugP%hloridgbconcentraé'ons aﬁgom/abogg9gzﬁ%and at a
. A 2

condi tioning solution at bel ow %err]C, ero in sh& t he
voi ds were di speBsed throd8# the fithér struct®de. THIS, by ceayditt?hg and
conditioning thegfiber to12@ prodgge the deg.sed filher shapByYRAdSSED d

distribution in g plasticigg pol ymgp fi ber, ﬂ?& fibqﬁ§ of the,q &% nt
na t enperdature

i nvention may be wet drawn and the VOids eli ted a np wel |
bel ow t hat of th#8 pol ymer 1§5ass tr4Bdition 413 110 BYPASSED
1 18.7 41.7 39.6 110 329.2 (18)
J 16.8 385 44.7 109 BYPASSED
TABLE 1 shows the composition in weight percent of the coagulation solution for fiber
samples A-J
TABLE Ia
CONDITIONING
TEMP, ROLL 1A
SAMPLE %DMAc © %CACL2 %H20 °C MFPH (FPM)
A 411 951 49.37 356  353(19.3)
B* 46.3/49 11.4/7.9 42.3/43.1 36/384 439 (24)
C 49.3 8.80 41.9 365 281.7 (15.4)
D 44.5 9.9 45.6 36 BYPASSED
E 38.2 10.8 51.1 - 355 '283.5 (15.5)
F* 46.1/48.2 10.7/6.59 43.2/45.2 38/37 742.6 (40.6)
G 40.2 10.4 494 35.6 347.5(19)
H 44.6 11.9 43.5 359 329.2(18)
I 41.8 11.8 46.4 36 354.8 (19.4)
I* 52.4/53.7 7/8.1 40.6/38.2 36.00 3202 (18)
5 TABLE Ia shows the composition by weight percent of the conditioning solution used for

samples A-J. Samples marked with * indicate that two jet extraction units in series were used to
apply the conditioning solution. The concentrations of each solution used in the jet extractors is

shown in the table separated by a slash (/).
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tenperature as shown in Figure 2b. The fiber that is fornmed by the present
" process may be wet drawn in a single step to yield physical properties that
15 are equal to those achi eved by conventional dry spinning processes or
achi eved by wet spinning processes that require staged draws and/or hot
stretches. WQOM#4¥r art processes, macro-voids were al so FETHSHATRST he
fibers. In order for these voids to be collapsed and for the filanents to
be 20 drawn at ratios |arge enough for the devel opnment of good physical
properties, these fibers had to béE&EhEdh at tenperatures near the glass
transition tenperature to avoid fippRAWINGRKkage or damage. Wth the

requi rement for hot stretching (and therefore crystallization), t he
relative ease of dyeing a noncrystalline fiber was |ost. The
process of the present |nvent|on makes it p&ROALbLRe toTKEhAbve a variety of

fi ber shapes, s%fgﬁkF‘dl QEME% %HMP mpgg;_es may be nmade
using a slott ole s nneret tril shap # §s sections may be nade
froma "Y' shdped hol splnnerép as own in 8& k33, 36:34EST METHODS

| nherent ViscBsity (1\30is defi8fed by6t he equl75¢i08.0)vV =4l5fi(hrel )/ c where c
is the concengration (45 gramgpf polggner in l]@@ §1.gpf sghyent) of 35 the
pol ymer solutbpn and el (relgtive yjscosity % the rati 0 between the
flow tinmes of*the pol r sol ut®™on antd t he so‘UEﬁfSAS medsfred at 30[err]C
in a capillar® viscong2er. The 80nher 85t vi scokie3y6¥a) ues4ase reported and

WD 97/ 44507 20 80 36 1496(81.8) Bl US97/ 07957
G 30 70 44 BYPASSED
H 20 80 303 1496 (81.8)  4.56
1 20 80 45 1496 (81.8) 4.5
) 20 80 37 1496 (81.8)  4.54

TABLE 1b shows the composition in weight percent of the drawing solution used in
preparing fiber samples A-J. The draw ratio is the factor by which fiber length was increased in a
single wet draw step. In this Example, all rolls following roll 2 turned at the same speed and thus
provided no additional draw or stretch. There will be some trace amount of CaCl, in the drawing
5  solution carried in by the fiber, but CaCly was not a component added initially to the drawing
solution. In the Temperature data listed above, RT indicates room temperature which was

approximately 20 °C.
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Specified herein are determ ned using DMAcC containing 4% by weight [ithium
chl oride. Fiber and yarn physical properties (nodulus, tenacity and

el ongation) were nmeasures according to the procedures of ASTM D885. 5 The
twist for fi yarns was three per inch (1.2 per centi

regardl ess o?ﬁééﬁggg Toughness factor (TF) is the product Igﬁ%%&'?ena0|ty,
measured in units of grans per denier, and the square root of the

el ongation, and is a property useiéﬁﬂﬂg nly in industrial aramd fiber

eval uations. 10 Exam n&B#o#~8f the wet spun fiber cross-section
during the different stages of the present process provide insight into
fiber norphology. To pr @gpyk 5 s of a dried fiber, fiber sanples
were mcro-toned, but s sgggg@hﬂgg not been subjected to drawi ng or
washi ng speci al hand! i ndlfda red to ensure that the fiber structure
was 15 not unduly |aniEbAﬁﬂmﬂnr|ng the fiber isolation steps. To preserve

the fi ber strucsAer n he mmff cro;smmﬁl om%ﬁ&gﬁagu ted or
coagul ated and condrirone I bef _Was_renmgved Tromine Pr aced
into a solution of similar conpdNAEXLeeom which it widEHoved. After
about 10 m nutes, about one half of the vol une of thi s(gpd) uti on was renoved

and 20 repl ace?,avmth awqﬁl rv wat eryscont alétW 035 %gjﬂg)b

wei ght of a surfactant 0Cess" 0 repI aC| ng approx e "hal f of

the vol une of tHe sol ut 220 vvh|5c2¥ ®193) ti ber 29l es9%(1é1<%nt ai3@ad with
the surfactized @ater wag@@nti nwesh @ak) | nearlgy al I Dfo;@ggq;l gizaah

sol ution had bqu r epl a%ql(}”@hd%ﬁoﬁﬁa} zed vvaltger aﬂé),eg) sarrm? ri;)W:ts

then renoved 25 _ fromthe ed in CII’CU air
about 110[err] CE The dri é}(ofsﬁ ber 4¥<56Rkn m cr3@4t orreds’h‘?fnf95e®am néd-Qnder
t he miscroscope.F The foRkl2@iong ex08xR23s) are i lgiust r at 3ue(4f2)t he ixnventi on

and are not to const oS | ingqtd 30
EXAMPLES § 2U5gs |14 B 139  987(111.8) 1621

H 23(2.1) 4.12 (4.67) 16.4 101.3 (114.7) 18.88
I 2.1(1.90)  4.55(5.15) 20.3 107.6 (121.9)  23.18
J 22(2.0) 4.29 (4.86) 264 84.3 (95.5) 24.95

TABLE 11 shows the fiber physical properties developed in samples A-J. In the Table,

ELONG means clongation reported as a percent; TF is the toughness factor,

5 EXAMPLE4 -
' The following example illustrates the effect of the salt content of
the spinning solution (spin dope) on the physical properties of the fibers
produce by the present process. The fiber was wet spun as described in
Example 1 except the salt content of the polymer spinning solution was

10 varied as shown in Table III.

17



EXAMPLE 1 A pol yner spinning solution was prepared in a continuous

" polynerization process by reacting netaphenyl ene di am ne with isophthal oyl

chloride. A solution of one part metaphenyl ene diam nc 35 dissolved in

9.71 parts of DMAc was netered through a cooler into a mxer into which

1. 88 parts WPIMS8EN i sopht hal oyl chloride was sinult aneoPENUSAEYEYed. The

m xed was proportioned and the conbined flow of the reagents was sel ected

to result in turbulent mxing. The nolten isophthal oyl 12 WO 97/ 44507

PCT/ US97/ 07957 chloride was fed at afABLEJIErr] C and t he netaphenyl ene

di am ne was cooled to about -15[err]C. The reaction mxture was directly

i ntroduced int ] ;iked ped-wall heat exchanger having a length to

di anet er ratlo aé andvb’ﬁ)ﬁ ioned to give a hold-up tinme of about 9

m nut es. The IespindapeangdRatio ef f idfexif | dRed colli numm_;mgs_o il

neutralizer i ntg whi ch wa lg so c%@r@ﬁouy—mq deg g0. S%ORI ) $f3 cal ci um
u

hydr oxi de for h pound o tion so

yrrer he rea
neutralized poI r soluti 3& uadf-2} adddm télﬁg%)/é%t er and
concentrate theésol ution. 45X resCU.Z(lzm pod.¥(fe0) SIqLyti and1as) et pol ymer

spin solution d used ingde §§;3€: 280@?’?@%? 3des I;SP@%EB&‘*OW Thi s

pol ymer spin solution had an |nhere asured in 4. 0%
| it hi um ct¥ or TARLE(ILh shppythe cffgs of theshtcomient of gha eriming a’ﬂqﬂmnlﬂw phytsical peoprirtieni ng

sol ution was Ma@%vklbbemiﬂﬁhtor 1 BTSSR, TineaR ITealiQ e si’aln&(forQQﬁEa@JnQﬁﬂs 9. 0% by
wei ght cal ci um ﬁ The concentration

d 1%
of the DMAC was 2 eﬁyﬁga"d?%tmd‘ilﬁs’ %P,X‘(,“(‘%{, J}%‘“ 3 pb(’f’eé‘é%%a"l“ﬁ“'gfs ope pot and

heated to units are given (for example, dN/TEX) foilowed by the corr&spondmg English units value shown
-in parenthesis, (gpd).
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approximately 90[err]C and then fed by way of a netering punp and filter
*through a spinneret having 250 holes of 50.8 mcrons (2 mls) dianeter. The
spi nning solution was extruded directly into a coagul ation solution that 20
cont ai ned by wei ght 15% DMAc, 40% cal ci um chl ori de and 45% water. The
coagul ati on S(.W‘Elg T90%as nai ntai ned at about 110[err]C. The FEHEPBIN e
exiting the coagul ation solution was wound on a first roll (6 of Figure 4)
having a speed of 329.2 mh (18ft/m. A conditioning solution containing by
wei ght 41. 1% DNBSAMPEPEE 3al ci um 25 chloride and 49. 4% water was sprayed

on the f::l bfer butndl ef vet ;mafmng%ﬁampﬁgnhsﬁatés&mxcegfohae\fdléyﬁﬂ gbundl e
was woun rom IS econda
speed of 347.5n1 ﬁg pfgsxlc? Wfpe'%*ﬁ%&éﬁ?r&ff‘i‘ﬂ’ﬁ%@fb{sﬁ'&#@w“ &ué'éffeirr] C.

The filamentss exm&es,rt@ept&ses@mcﬂapyoduws destrable fiber propertigs wdithost 30 draw
section; the drapg hﬁt'sﬁ@tc $ eﬂlebﬂbéﬁ’%im beéhme@rweﬁﬂawater

The tenperature of ravm The filanments were
wound on a seconfadie “”BEZ écr e dP CIE XGOS Rt (81.8
ft/m, which pr oslraﬂeid nalthlwrawmhcne@nmdrawmg of ilfet iamehtss;iﬁeethedrmrtoﬂie.
filaments vere fgadiuiifedin'PiRliteyl Section where the fiber 35 was washed

w th water 70[err] C ection co e tractor
nodul es. Th:{ Qashed fi be?aﬁ&mﬂgpiﬂsﬁﬂtﬂw??fﬂ avefodaY%#”bﬁ%eﬁ) at the
same speed as thmadesamddingltd the@¥senTinventionawansubjabtied iocnsihgld veatidraw or
stretching appli g, hid iR drieBGE 1357C &bE cHRBMiAer Of the process. 13 VO
97/ 44507 PCT/ US97/ 07957

Fol | owi ng the water wash, the fiber was dried at 125[err]C. The fibers had
good textile properties even w thout BRABIE ¥Vibj ected to a hot

dN/te

X
I 201X 198 2124 817 37 (42) 21.3
2 249X 202 25(28) 646 @ 43(49) 22.2
3 300X 196 2832 540 54:(61) 23.8
4 350X 198 3.6(41) 439  64(72) 27.2
5 399X 198 45(3.1) 371 81.(92) 31.2
6 454X 208 5259 306 92 (104) 325
7 499X 209 59(6.7) 223 115(130)  31.8
8 521X 208 62(7.0) 19.1 122 (138)  30.7

TABLE IV shows samples 1-8 produced from the process of the present invention. The
15  draw is a single step wet draw. The fiber was dried and crystalliz_ed.’ but was not stretched during
the crystallization step. 1n the Table, T means Tenacity, E staﬂdé for elongation and is reported as
percent; M stands for modulus, TF is toughness factor; for propertles having units SI units are
given, (fro example, dN/tex) followed by the corresponding English units value shown in

parenthesis (gpd).
20

Table V shows fibers of the present invention which have been
subjected to a hot stretch. The fibers were first wet drawn at draw ratios
from 2 to about 5 followed by a hot stretch to addmo_nal ly draw and to
crystallize the fiber. The draw ratio in the hot stretj__th'_ ranged from 1.10 to

25  2.27. The total draw ratio, which is the product of the wet and dry draw
ratios, was about 5. Sample number 14 was made é;éitording to the present
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stretching or a crystallization step. The physical properties of this fiber
were: deniéer, 2.53 decitex pre filament (2.3 dpf), tenacity of 4.22 dNtex
5 (4.78 gpd), elongation of 30.6% nodulus of 49.8 dNtex (56.4 gpd) and a
TF of 26.46. To show the necessity of the conditioning step, fibers were
t aken di r eA%483%8m t he coagul ation bath, that is wit houtP‘EFPﬁ?j"’E??ﬁt act ed

w th the congit.l.Raln | ULl QRp. 1 b coul.d, not be drawn and the 10
maj ority of ﬁLJghﬁ%e?gxsév%‘éfwelé g?’&&%ﬁﬂf&ﬁw WE%?%COBWA'FW@?% Rgret gf%n t he

physi cal pr ophtere was naagditiopalhes stretphing aithewgts thedthsr was erystallizeddnact i cal

val ue. To shpweatttieatmpéntsi cal properties that devel op on crystallization,

fi bers produced by the present process were crystallized after washi ng by
feeding the fiber through a hot tube and over two hot shoes at tenperatures
15 of 400[err], 340[err] and 340[ er TABLE ¥spectively. There was no
stretching of the filaments during the crystallization step. The fiber was -
wound up on a final rQll at.a speed of 1496mh (81.8 ft/m, imrersed in a
finishing bath and wo Wgﬁ"% bobbi n. The resulting crystallized

filament swer SAMELRe WetdlotiFotalf i | d¥/ex (2 _Jaf) wiklea tModalusy TF 5.2
dN/tex (5.87 gpd), an gyosgass on 29ogat i gnk) of ﬁﬁz?%fy@g)a nogleiy us  of
S .. de

90.2 dNtex (,,102.2 . LE i be wet un scribed in
Exanmple 1 exclgpt tha%%eSWt [ ofrpgg s%f‘\éﬁiﬁbn V\H?’Dappqa%@@ to the
filaments inld jet e3di008cii/dhd 25 HBHUl e4.0(h8) fir2i3 rol87 @A by2passed. The
' es$lht ing f | ?;Qr vas @_rs@w;m/aszt edt ap g3 cr y@.h@&.byf _ngzﬁﬁ dagcqwésed_ 212 Egagplze
. e resu LNg pnys| erti (o} | I DEr, was enaci ﬁO .
dNtex (5.9 glad), an%eq%zlnb‘g‘¥g‘gn atfﬁ‘? eakg'gﬂiﬂi. 495%thd aﬁ%ﬁ&llﬂ)usz%? 90.1
dN/ tex (102 dggd). 30 454AMR4ESS Fi b204 was5.0€5.9s purlées dexorl t3d BméExanple 1
except that s 4.54/1.10/4.99 203 57(65) 222 110(125) 30.6
5 Table V shows fibers of the present invention which hiave been processed an addition step
to crystallize the polymer. In the Table, T means Tenacity, E stands for elongation and is reported
as percent; M stands for modulus, TF is toughness factor; for prdperties having units S1 units are

given (for example, dN/TEX) followed by the corresponding English units value shown in

pareathesis (gpd).
10 '
EXAMPLE 6
This Example is intended to show the differences in the
drawability of the fibers of the present invention and the development of
‘mechanical properties of the fiber of the present invention over that of the
15  prior art.

MPD-I polymer solution consisting of by weight 19.3%
polymer solids, 9% CaCl2, about 1% water; the remaindcr of which was
DMAc, was extruded through a spinneret into a coagulation bath. The
coagulation bath contained by weight 20.4% DMAc, 40.8% Ca Cly and

20  38.9% water and was operated at 110°C. The fiber bundle formed was
treated with a conditioning solution of the following composition 40.8%
DMAc, 10.7% CaCl; and 48.4% water such that each {ilament was
contacted by this solution. The conditioning solution was maintained at
38°C. The conditioned filaments were drawable without difficulty and

25  exhibited low draw tension. The wet draw was accomplished in a solution
of 20% DMAc in water at a ratio of 4.31. After drawing, the fiber was
washed in water and dried at 120°C. The fiber was then crystallized at

20



concentrations of the various solutions were those shown in Tables 1, la
“and Ib. The properties of the resulting fibers were measured and are shown
in 35 Table Il. The steps and the various rolls used in the continuous

process are identified in Figure 4 and in the Detail ed Descr é&% the
| nvention aboW¥@9"#%87 speed of the rolls is given in neters le (7% eet

per mnute). 14

PCT/ US97/ 07957 %?—'zlf\é Hof dpl X‘ﬁs&\f"ﬁ okl hesﬁ\'@ﬂs fus deygloped the, azggét;m%mz
TEMP. C  MPH( FP\physical properties: fgpaflty, .7 dN/tex 53 gpd), € ongggmz o, angl1 1
329.2 (18) B  modulus, 808NAex (90.6 gpd)38itls a toughness fédtoﬁs (TF) 0of 2809

BYPASSED C 17.

BYPASSED D 19 Fé)r comparnsonﬁ e Same splnmngéél@lon was vi%%ﬁun into a 219 5

(12) E 5 firstgnd second coagujation solution as iggaught in J apanesg Patent 261.5

(G 14.3) F - Pubhéhﬁoﬁ Kokou Sho 5685844 (please sebFigure 1 for alkdthparison of BYPASSED
(18) H

18. 5 4 0! solution c%gﬁ%%auons of thﬂ})gesgnt mvent@gxxélé Sp tau%?\? it 18. 7

41. 7 -39Kekou Sho §6c5844). The corgg@;sﬂm@ thg first coagulatloqulghon was 38.5

44.7 109 by weight 2UASSMAd ABI % asmlg\mdtslw% ovterantdiveds dperated ght

per e 0(31]; W05e ﬂg@tﬁo?@vﬁﬁé e 688 doRbuibtiBF SoRANP LR Ker buldiE Was' @

contacted with a solution (the second coagulation soiutlon at 36°C). This
second coagulation solution was applied in the place.of, but using the same
techniques of application as the conditioning solution of the present process.
The composition of this second coagulation solution was formulated as
15  taught in Sho 56-5844 to continue 10 cause solvent to Jeave the filament
structure. This solution was formulated at the hi gh end of the solvent
concentrations taught in the publication since lower concentrations of
solvent would have an even higher concentration gradicnt causing greatcr
~ concentrations of solvent to leave the fiber. The com'position of this second
20 coagulation solution was 20.4% DMAc, 5.5% Ca Cly and 74.1% water.
This solution was applied to the fiber bundle using the technique of
application of the conditioning solution of the _presem- invention. The
filaments, formed from the combination and concentrations of solutions as
taught in the reference, would not draw in the wet draw step of the present
25 invention. The fiber tension was high and the filaments were broken during
the attempt to wet draw them at a ratios equal to and below that of 4.31.
Thus, the fiber could not be processed further.
This comparison shows that it is 1mpossnblc to use the second
coagulation bath as taught in the prior art to producc a fiber that is wet
30 drawable. In this comparison the fiber of the present: invention was fully
drawn in a single step that immediately followed tﬁchf_c_é;mditionin g step.
There was no additional stretching in any subsequeﬁt'process steps, yet the
mechanical properties produced by the present process are comparable to
those achieved in the spinning and processing of ﬁbcr by dry-spinning or
35 low salt and salt-free wet spinning.

EXAMPLE 7
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SAMPLE 9DMAC  UCACL2 %120 [err]C  MPH (FPM A

41,1 " 9.51 49. 37 35.6 353 (19.3) B*
46. 3/ 49 11.4/7.9 42.3/43. 1 36/38.4 439 (24) C 49, 3
8. 80 41.9 36.5 281.7.(15.4) D 44.5
9.9 WO 974587 36 BYPASSED E RETRUSITNO7957 10. 8
51.1 35.5 3.5 15. 1/ 48. 2 10. 7/ 6.59
49. 4 accgptance and cdhﬂ?d@e(opﬂjem—bf the fibers ocfcthﬁpresent inventibh. 9
43.5 whith-afe wet draﬁ%gbﬁ’t thdihavé not be
46. 4 g ) g oeen Wﬁagge yith fipers W ‘% 1

40. 6/ 38. 2 havggy %wets% Igied 3ud hef stretched.  TAR| E 13 shows the conposition
by wei ght Sper cent of Fﬂmrpmpdrddnmﬁmmp@l meeptthaeﬂeﬁMmaﬁQWc&Smﬁ-

Sanpl s mer kegyWafied, wikRALS cbiiphreliliyeSkeihicdth 1 offibe 10 Series vere

used to apply utio oncent rat Ions of each
sol ution usec® !‘ef‘&leﬁé”? SPURLQ ‘?tgﬁ?’gF’ssqt@qgh ﬁhertaamnlwaécwe-pm%t ed by a
slash (/). 15nch (S/M8 Bﬁ‘i)lldtfgﬂ% and carded. A dye solution-was prepared by adding

T BB bl Lt e it

1496( 81 tockhausen, Ing.), 4 grams of sodiym nitrate arg@;enough 1975
(108. 0) 4 .Basa@yl red GL (basic a #29) dye to maBé)the solution® dye onthe 1496

(81.8) S £ 20 RT 997

(54. 5) WSIBHER the fiber. 50 35 1163

(63. 6) 4 45 Before exposing the fiber to the dye solutlon the solution was

adjusted to a pH of about 3.0 using a dilute solution of acetic acid: The dye
15  solutions was made up in a dye can so that the fiber sarrip:les could be added
to the dye solution and heated for the dye reaction to take place.

2.5 gram samples of the fiber of the present invention and the
control fiber were each placed in a separate nylon knit bag Each bag was
placed in the solution in the dye can. The dye can was sealed, placed in an

20  dyeing apparatus and heated to 70°C at a rate of 1.5°C per minute. The dye
can was held at 70°C for 15 minutes. The temperature of the dye can was
then raised at the rate of 1.5°C to a temperature of 130°C and held at that
temperature for 60 minutes. The dye can was then cooled to about 50°C,
and the dye solution was replaced by a solution of 0.5% by weight

25 Merpol® LFH surfactant ( produced by DuPont) and 1% acetic acid in
water. The dye can was again sealed and heated to a temperature of 85°C
and held for 30 minutes. The dye can was then rcmove_d;i_ form the apparatus
and opened a second time, and the fiber was removed from thc can, rinsed
with cold water and air dried. -

30 The color that dcvclopcd in the fiber samplcs was read using a
colorimeter with a D-65 light source and reported as L* a* b* values. The
fiber of the present invention, which had only been dne_d . had an L* of 399,
an a* of 46.8 and a b* of 3.76. The control fiber which was fully
crystallized by the hot stretch had an L* of 67. 8,ana* of 28.1 and a b* of -

35 2.6. The color difference in thcsc two samples when comparcd to one
another and reported as AE of 34, 23_ showing that the fiber of the present
invention was dyed to a much deeper shade than the :;hioif.f.'sﬁtr.ctchcd fiber of
the prior art.
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F - 20 80 36 1496( 81. 8) 2.01 G

30 - 70° 44 BYPASSED H 20 80
30. 3 1496 (81.8) 4,56 1 20 80 45
1496 (81.8) 4 52 ] 20 80 1496
(81.8) 4VOPTIRI E | b shows t he conposition in weight per%réU§97'°-f95-{h

drawi ng sol ution used i 'h%xglﬁﬁ‘iéoﬂfbf @ﬁ{s}, o%@ﬂﬁs%?o&@@ﬂﬁiﬁi@&&t' ois the

factor by which fiber le Crease e wet draw step. In
this Exanple, afife%pb P&%@Y&tﬁw%f Q%ﬂha%éhqtﬂl pengphysical PERRETUGeed and t hus
provi ded no addidénienal53ddexiteropresfilamient(2.31dhsf) cemacity ofet. ZDdN/tex 628 amount  of

CaCl[err] in t hggﬁﬁ @}gﬂgg& d&} éﬂd’é% &o@&lﬁ% h?% 's’hIsPYext('BS 4 M and P"E‘F &Cl[ err]

was not a conpo nitia

Tenper at ure ¥at &6 ﬂﬁsW@&emWﬂﬁﬂﬂP“é‘éXfé@ 'é@ﬂp% ﬁllm%fm ch was
approxi mat el y 2@editexrgréfilanfient (2,088p57Y,/akébdtity of 4.43 dN/tex (5.02 gpd), an

revaTy | SO ST ST ),

A 2.2 (248 5.18 (5. 87) 25. 7 90. 3 (102.2) 29.78 B
2.2 (2.0) 5.22 (5.91) 26. 4 98.0 (111.0) 30 38 C

2.2 (2.0) 6.59 (7.46) 16. 3 140.3 (158.7) 30.11 D

30.4(27.6) 3.20(3.62) 19 86. 2(97. 6) 15.78 E 0.6
(0.5) 4.97 (5. 63) 30. 4 84.4 (95.6) 31.07 F 2.2
(2.0) 2.08 (2.36) 81.7 37.3 (42.2) 21.33 G

2.1(1.9) 3. 84( 4. 35) 13.9 98. 7(111. 8) 16. 21

23
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2 (2 0F L 4"20° (4. 86) 26REPLACED 84. 3| (95.5) | N3 Rz el
shows the fiber physical prdpesties—dgeveroped in sanples A-J. In the Table,
ELONG neansWOIBK4#8Ti on reported as a percent; TF is the tRIFWPREOIPhctor. 5
EXAMPLE 4 Th ' l.e illustrates the effect of the salt content
of the spi nniAgsot gégﬁqﬁ%ﬁlﬁaope) on the physical properties of the
fi bers produce by thelpreprasessfoowetspinning aimeseraramisi pedymepfiomas descri bed
in Exanpl e | @i bpinhimgSahiticaoh@iting tondeatrR@os S poth&NEAYeritO! Ut i On was
10 varied asatthov%lln Igb)tgyl || 'ht17 V\D.97/th44 CP? .

PCT/ US97/ 079525k IFgst /e By wpight sff.porppiising the Steps oftyi 1y ope Rati o
dt ex/ f 5 T (a) ceagulating the pofpgmer imo Bfiber in an aqueous 4. 5X
2.2(2.0) ?cojx\E@Laﬂibn sofitin contai £6 fiftlire 8F shitnd solvent such that tHe X

g %E % 8% %07 é@%%tionio% tge solvent ﬁl 1a%§§ Lllél @72?% by weight of thg 5;1( oX
2.2(2.0) ~ 4osgslabpn sgBtion and the @heaBiop@fahel it is Tk Bbdut BO¥hwons t he
effect of thessglly weIBhEsH th®bodgditativRisBRIRE 2naiHeran tl?é‘c&a@ﬁLFlﬂBMS' cal

E ot ands Tor iR R naned L o feapperete Tomgout A ONESF Gds o modul us,
TF i s toughness fact ofb) emovingdhe fiberfomahe nopgulition sSlutioniand are gi ven (for
exanpl e, dN TéftackinliOWRE alaqhdtis CBhdiESRMEYoRRIORMhtabling Ainkiknir@bfe shown in
parenthesi s, s(o?\Pe% 'an& galt such that the concentratibns of solvent, salt and water are
defined by the area shown in Figure 1 as bounded by coordinates W, X, Y
15 and Z and wherein the conditioning solution is maintained at a temperature
of from about 20° to 60°C;
(c) drawing the fiber in an aqueous drawing solution having a
concentration of solvent of from 10 to 50% by weight of the drawing
solution and a concentration of salt of from 1 to 15% by weight of the
20  drawing solution;
(d) washing the fiber with water; and
(e) drying the fiber.

2. The process of claim 1 wherein fol]oWiﬁg_ the drying step the
25 fiber is heated at a temperature and for a time sufficient to essentially
crystallize the fiber.

3. The process of claim 1 wherein the salt is a chloride or a
bromide having a cation selected from the group consisting of calcium,
30 lithium, magnesium and aluminum.

4, The process of claim 1 wherein the solvent is selected from
the group consisting of dimethylforamide, dimethylacetamide, N-methyl-2-
pyrrolidonne and dimethyl sulfoxide.

35

5. The process of claim 1 wherein the meta-aramid polymer
contains at lease 25 mole % (with respect to the polynlcf;) of
poly(meta-phenylene isophthalamide). N

This Sheet Has Been Rei 24
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) - THIS SHEET HAS BEEN
' ggT?USS?%WH“lWMH‘Me foll owi ng exanple ill ust HEMEEQxcept for

devel opi ng i bér physi dal *properties that are required for high performance
i ndustrial 5 uses, the present process produces desirable {i

properties w I?o"l]f“#"%qu.i ring a hot stretching step. The fi belfféﬁg%”gg%,
condi ti oned, wet drawn, washed and crystallized as described in Exanple 1.
There was no hot stretch ei ther was, there any drawi ng of the filanments
after they past roll 2 &s Theprecsssobglaim Irwherein the duay ratio is from about Tap e

| V shows physi cals er&perti es devel oped when the fiber nade according to the
present invention was subjected to a single wet draw step and then dried at

125[err]C then crystallized. TABLE |V SAMPLE  Draw L T

E Modul ¥is TF 1 7. The process of claimql whereinthg draw mtio isdronyaboutz7 (42)
21.3 2 2440 8. 2.02 2.5 (2.8) 64. 6 43 (49) 22.2 3

3. 00X 1.96 2.8 (3.2) 54.0 54 (61) 23.8 4 3. 50X
1.98 3.6 (4.1) 43.9 64 (72) 27.2 5 . 3.99X 1.98

4.5 (5.1) 37.1 8 1& o ffiber prodygedfrgm the process of plaim 1 havipga 5 2 (5. 9)
30.6 92 ( 104j}enacity 3Pgrzatér than 3 gpdlarfdoah clongaliofi%t break .oF fifom T) to 82%. 3

115 (130) 1.8 8 5.21X 2.08 6.2 (7.0) 19.1 122 (138)
30. 7 TABLE ﬁ shows sanpl es 1-8 produced fromthe process of the present

i nvention. The 15  dr aw-i thefikgriafclaimy &havirg a shaps whisla 159 medifigds dri ed and
crystallized, bsphetesr bedn shaped whatspluy frorg al dheubar ghdpeld spiimieredn step. In the
Tabl e, T neans Tenacity, E stands for elongation and is reported as

percent: M stands for nodul us, TF is t_ou%tmess factor; faor properties
having units S1 units arl®. The fiber of claim 8 having a shape selected from the group

15  consisting of modified spherical, bean, trilobal and ribbon shaped.

This Sheet Has Been Re
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given, (fro exanple, dN tex) followed by the corresponding English units
val ue shown in parenthesis (gpd). 20 Table V shows fibers of the present

i nvention which have been subjected to a hot stretch. The fibers were first
wet drawn at draNQHH#®2 from 2 to about 5 followed by a hot stretch to
additionally draw and to crystallize the fiber. The draw rati ordHiudohgroept
stretch ranged from1.10 to 25 2.27. The total draw ratio, which is the
product of the wet and dry draw rati os, masiggout 5. Sanpl e nunber 14 was
made according to the present 19 WO 97/ 44%97

PCT/ US97/ 07957 invention. For sanple 14, the full draw was acconplished as
the wet draw, there was no additional hot stretching although the fiber was

crystallized by heat treatnment. TABLE V Draw Rati o SAMPLE Wt / Hot / Tot a
dNz/ t ex T. E, % Modul us TF 9 2.00/2.27/4.54 2.08
3.1 (3.5) 20. 2 79(90) 15.9 10 2.50/1.82/4.54 2.03

3.4 (3.8) 17. 3 85 (97) 15.9 11 3.00/1.51/4.54 2.01:%
4.0 (4.5) 21. 3 87 (99) 21.0 12 3.50/1.30/4.54 2. 03=

4.4 (5.0) 23.3 95 (108) 24.2 13 4.00/ 1. 14/ 4.54 2. 049

5.0 (5.7) 24. 4 101 (114) 28.3 14 4.54/1.00/ 4.54 2,

5.2 (5.9) 26.9 100(113) 30.6 15 4.54/1.10/4.99

(6.5) 22.2 110 (125) 30.6 5 Tabl e V shows fi

present invention which have been processed an addition
the polyner. I'n the Table, T nmeans Tenacity, E stand
reported

FIG.1



as percent;
havi ng units Sl

M st ands for

nodul us,

TF i s toughness factor;
‘'units are given (for exanple.
correspondi ng English units value shown in parenthesis (gpd).

for properties
dN TEX) foll owed by the
10 EXAMPLE 6

This Exanpl e @ d7iisgnded to show the differences in the draugiidsetatesf the

fibers of the present

properties of the fiber of the present

art.
9% CaCl[err],

pri or
sol i ds,

about
extruded t hrough a spinneret
cont ai ned by wei ght 20.

1% wat er;

4% DVAC,

I nvention and the devel opnment of nechani cal

I nvention over that of the 15
MPD-1 pol ymer sol ution consi ggng of by wei ght 19. 3% pol yner
t he remai nder of which was DMAc,
into a coagul ati on bath. The coagul ati on bath
40. 8% CaCl[err] and 20

was

38. 9% wat er and

was operated at 110[err]C. The fiber bundle fornmed was treated with a

condi tioning solution of the follow ng
CaCl[err] and 48.4% water such that ea

sol uti on.

| ow dr aw tensi on.

in water at a ratio of 4.31. After draw ng,

10. 7%

Sigyigon 40. 8% DVAC, .
ET@WZK was contacted by this
The conditioning solution was mai ntained at 38[err]C. The
conditioned filanments were drawabl e without difficulty and 25

exhi bi ted

The wet draw was acconplished in a solution of 20% DVAc

t he fiber was washed i n water

and dried at 120[ e ]-—Fhre~fi-ber—wigs—t-herrety-stal Er 2t A
97/ 44507 PCT/ 897/07 57
405[err] C, but withoufl any s retchln . s devej oped tpe
foll ow ng physical preéper [ ¥ e e )y _4' hp:oatlon
29.1 % and nodul us, $0 d Ll 0T RGE 338 of
28. 9. ~ ! ‘~R{!g

e _

e i
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For conparison the same spinning solution was wet spun into a 5 first and
"second coagul ati'on solution as is taught in Japanese Patent Publication
Kokou Sho 56-5844 (please see Figure 1 for a conparison of the solution
concentrati ongygfr4ids® Present invention with those taught i npd4gisavosp
56-5844). The conposition of the first coagul ation solution was by wei ght
20. 6% DMAc, 41.7% Ca C[err] and 39. 7% water and was operated 10 at
110[err]C. Followi ng the first coagul ati¥® sol ution the fiber bundle was
contacted with a solution (the second coagul ation solution at 36[err]C).
Thi s second coagul ation solution was applied in the place of, but using the
sane techniques of application as the conditioning solution of the present
process. The conposition of this second coagul ati on sol uti on was formul at ed
as 15 taught in Sho 56-5844 to contin C solvent to | eave the
filament structure. This solution was a%rIrGaQBat the high end of the

sol vent concentrations taught in the publication since | ower concentrations
of solvent woul d have an even hi gher concentration gradi ent causing greater
concentrations of solvent to | eave the fiber. The conposition of this
second 20 coagul ation solution was 20.4% DVMAc, 5.5% Ca Clf[err], and 74.1 %
water. This solutib@ f ' i T

iy of
application of the conditionijng sol ytion of} the present ipventioh. The
filaments, formed fromthe cqnbinatijon and fconcentyations|of sol gitions 4s
taught in the referenge, MOt dr awg4s YRS o 3 yopr edent
25 invention. The fiber wag hi gaalbR 3 ' en
during the attenpt toj}wet hemjat EJGXE et ' nat jof
4.3 1. Thus, the f#AQ DRIk : T
shows that it is inpogsiltk MNse the RO B ) geSaghtl in
the prior art to prodjce 53- that | $57usti [kl G¢ 3 6-5 R o33
conpari son the*tiber of t P SRRTTIAY 3 ey dfawn i nla singlie
step that i medrately{fol : Sy e was Ho
addi ti onal stref%h%ng in: t he
© 30
o
L
o
—
<X,
o
= 20
i~
0.
(7))
10
0 - -
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mechani cal properties produced by the present process are conparable to

t hose achieved in the spinning and processing of fiber by dry-spinning or
35 lowsalt and salt-free wet spinning. EXAMPLE 7 21 WO 97/ 44507

PCT/ US97/ 0795 Avdlassxanpl e i s intended to show the differ enq,ﬁld%ﬁ;&
acceptance and col or devel opnent of the fibers of the present TRant T on

whi ch are wet drawn, but that have not been crystallized with fibers which
have been wet spun, dried and hot stretchegyg 5 Fi ber prepared
in Exanple 1, except that the filaments were not crystallized, was dyed to
conpare its dye acceptance to that of a hot stretched wet spun control

fi ber sanple. Each fiber sanple was cut into 2 inch (5.08 cn) |engths and
carded. A dye solution wag .t g M Qe2@0y M of water 8 grans of
the aryl ether carrier G rgg N SNl Dy St ockhausen, Inc.),
4 granms of sodiumnitrate W (basic red #29) dye to
make the solution 3% dye gk @ad Bef ore exposing the
fiber to the dye sol ution,#% wto a pH of about 3.0
using a dilute solution ofi gsol uti ons was nade up
in a dye can so that the N to the dye solution
and heated for the dye red .§?an1sanples of the

fi ber of the present invef : x i wer e ch placed in a
separate nylon knit bag. ;.'fij g sl 4 vﬁ_gi 1ol ut in the dye
can. The dye can was seal #& i aacen 2l ) N s ppar atUs and heated to

70[err] C at a.rate of 1 .5 f% ?’”«} W

\1‘ ‘ -yt N L
y oF " %g‘ ".c'

F16.3A




can was held at 70[err]C for 15 mnutes. The tenperature of the dye can was
‘then raised at the rate of 1.5[err]Cto a tenperature of 130[err]C and held
at that tenperature for 60 mnutes. The dye can was then cool ed to about
50[err]C, anqﬁbgﬁ?gée solution was replaced by a solution of 0.5%0Db meight
25 Merpol LF ctant ( produced by DuPont) and 1% acetiTURT

wat er. The dye can was again seal ed and ﬂfated to a tenperature of 85[err]C
and held for 30 mnutes. The dye can mag hen renoved formthe apparatus
and opened a second tine, ang e fiber was renoved fromthe can, rinsed
with cold water and air dryeg. 30 The col or that devel oped in
the fiber sanples was reag3u5| gl orimeter with a D-65 |ight source and
reported as L* a* b* val ues. c4+tDer of the present invention, which had
only been dried, had an L* of_[39.9, an a* of 46.8 and a b* of 3.76. The
control fiber mhlch was full(yycrystallized by the hot stretch had an L* of
67.8, an a* of 28.1 and a bf - 35 2.6. The color difference in these
two sanmpl es when conpared {o—Gae another and reported as [err] E of 34.23
showi ng that the fiber of thejgrlsent invention was dyed to a nuch deeper
shade than the hot-stretchetN{iber of the prior art. 22 WO 97/ 44507

PCT/ US97/ 07957 A conparison & the physical properties showed that the wet
drawn, but uncrystallized fi had the foll ow ng physical properties:
denier, 2.53 decitex pre filg mb (2.3 dpf), tenacity of 4.22 dN/tex (4.78
gpd), elongation of 30.6% dyl0s of 49.8 dN/tex (56.4 gpd) and a TF of 5
26.46; while the hot stretch:!] i ber of the prior art had a denier of 2.23
decitex pre fil anent (2.03d- a tenacity of 4.43 dNtex (5.02 gpd), an

O
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eI ongation of 23.3% a rmdul us of 95.2 dN/tex (107.8 gpd) and a TF of 24.2.
' 23 New Cl aims: 1. A pr|mﬂltliumiuu "Man ng a neta-aranid pol ymer from
Ya solvent spinning soluti centrations of polyner, solvent,
wat er and at | east 3% by wei ght sal't corrprl sing the steps of: (a).

coagul at iNgwtGrajosyner into a fiber in an agueous coagul ati on sol ution

containing a mxture of salt and solvent such that the concentration of.the
solvent is fromabout 15 to 25% by wei ght of the:coagul ati on solution and

the concentrafign,obsé h?ofawbét'é iﬁﬁm&b&%e@-/awmfé‘y SYyhet 9BLoffat he

coagul ation sol'utiopn anpd wherei n t he cbagul ati on sol utlon I'S mal ntal ned at
a t enper AUFEERF TR LBRLET 0BP L FIOR CABER R INT, CORFEREFBYIPRS tPE fi ber from

the coagylcllymer sodolvent Antatont &6d i g 1davt tIy apy apelegnis QDI tioning
sol ution contai nin ure of solvent and salt such that the

i X
concent r ATBH B L0 %n?éegﬁl? and water are defined by the area shown in
Figure 1 as boundeg)bycazsprititnatiesthy polyieandntard fitedreiim tare

Come ! HGe A e T USERL A SRS T Ml (S AR 201
concent r @&ridbrsofvent v%lmh othat othea (concStusaniarightthd sdkventiwisig
sol uti on @hgh RKA[NCEY 1ed | 9% Ofy weight of the coagulation solution
- and the concentration of the salt is from about 30% to 45%
by weight of the coagulation solution and wherein the
coagulation solution is maintained at a temperature from
about 90° to 125°C;

(b) removing the fiber from the coagulation
solution and contacting it with an agueous cénditicning
solution containing a mixture of solvent and salt such that
the concentrations of solvent, salt and water are defined by
the afea shown in Figure 1 as bounded by coordinates W, X, Y
and Z and wherein the conditioning solution is maintained at
a temperature of from about 20° to 60°C;

(c) drawing the fiber in an aqueous drawing
solution having a concentration of solvent of from 10 to 50%
by weight of the drawing solution and a concentration of
salt of from 1 to 15% by weight of the drawing solution;

(d) washing the fiber with water; and

(e) drying the fiber.

2. The process of claim 1 wherein followihg the
drylng step the flber is heated at a temperature and for a
time sufficient to essentially crystallize the fiber.

3. The process of claim 1 wherein the salt is a
chloride or a bromide having a cation selected from the

REPLACEMENT SHEeT |
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“salt of from1lto 15% ght of the drawi ng solution; (d) washing the
»"fiber with water; gl'ﬁ umm "ﬂ) fiber. 2. The process of claim1l

3 wherei n follomnng t e fiber is heated at a tenperature and
for a time sufficient to essentlally crystallize the fiber. 3. The process
of claiml1l wherein the salt is_a chloride . or a brom de having a cation

sel ect ed IFPHR CRES1sSYNG, 9T SRICE g I hddei B\ﬁgqgﬁqﬂ%ﬁn%gnem um and

al um numalémintie process of claim1l vvherel n the solvent is selected from
t he group consisting of dinethylformam de, dinethyl acetam de,

N- et hyl - 2- pyrrol i donne and di nethyl sul foxide. 5. The process of claim1l
wher ei n the net a- 4ranffhepprpaesscofit alaimal whaseinsthel eolventt Asrespect

to the peugert)edoffrw wéetg%o%erwn%a%el@gple,ffhallaa@t@%)lfo@m%lfa% process of

claiml1l wherein_the drawratiois froma eprocess of
claim 1 AABEELY lagetandrer ati- sty gmPyEsed ifonges and dimethyl

sulfoxide.

5. The process of claim 1 wherein the meta-aramid
polymer contains at least 25 mole % (with respect to the
polymer) of poly(meta-phenylene isophthalamide).

6. The process of claim 1 wherein the draw ratio
is from about 2.5 to 6.

7. The process of claim 1 wherein the draw ratio
is from about 4 to 6. '
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