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 spinning speeds.

ward diff

 with improved luster and abrasion resistance.
Ob]uCt of this invention is to provide a method for Spl"l-

tion by any convenient means.
solved sequentially in either order, or the two may be-
‘dissolved separately and the solutions |
both polymer and polyglycol must be completely and uni-
formly dlSpersed throughout the solution on order to en-
sure proper permrmance of the invention. The polymer- . .

o ‘polygiycol solution is then extruded into a coagulation
- bath. The improved character of acrylonitrile fibers pro-

| ~duced in this manner 15 E!V"df:ﬂt by an exammatwn of the

by the extrusion rate.
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This lmrentmn relatus to the pre parthﬁ of 1mpmved
fibers from acrylonitrile pelymars through control of the

IMETS.

Certain acrylemlrﬂe poiymers mpolymers and poly-
mer blends containing at least 80% acrylonitrile com-
monly used for the preparation of synthetic fibers by wet
spinning yield fibers containing large numbers of internal
voids when solutions of these palymers in organic solvents
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-the tear shaped areas whmh charact BI‘I"UCaH}T form while

~ the filament is coagulating, is gr eatly reduced in FIGURE

- 1a uvsing polyethylene glycol.

. FIGURES Za and 2 com-
pare polyacryioniirile fibers spun with 2.5% polyethylene
glycol of 1,000 molecular weight in the spinning solution

‘and none respectively, to which a 2.01 jet stretch has been

appiied. FiGURES 34g and 3 show poljfacrylomtrlle fibers -
prepared with 2.5% polyetﬂylene giycol of 1,000 molecu-

lar weight in the spinning solution and none respectively,

10

- coagulation properties of spinning solutions of these poly-
More particularly, this invention relates to the use
of certain easily soluble alkylene glycol polymers com-~
patible in solution with polyacrylomtmle to conirol the
formation of mterml vmds 1*1 the ﬁbPrs durmg coarru-_

: lation. - by Welgh*‘

20

to which a 3.10 jet stretch was applied. In all three com-
paIISCI}u the reduction of voids when pmyeth yiene glycol
i3 ‘present in the spinning solution is clearly evident, A

. reduced occurrence of voids improves the abraslon resmt—

ance and other desirable quahues L
- The polyglycols of this inventicn may be emm@y._,d 1N
an amount of from about 2 to 25 perce‘lt of the polymer

The molecular weight of these polygiycols
may vary from about 400 to 4, 000 Druferaaly amund 600

to 2,000,

Any organic polyacrylomtnle solvent which docs not

. undergo side reactions with the polyglcols of this inven-

are coagulafed in aqueous spin baths particularly at high

. usion of spin bath liquors.
sist in the fiber throughout its further processing and con-

These voids appear to form at the in~
stant of coagulatmn due to rapid skin formation and in-
Voids so formed per- -

tribute undesirable properties such as poor abraawn re-'._ |

| szstanoe and reduced luster to the finished fiber. .

- Accordingly, it 1s.t_ﬂc_ object of this invention to provide

B s'piﬁning solutions of amylenitri.te polymers which can be

rmdﬂy coagulated to give subutantlaliy void free fibers
A further

nmg high quahr.y B,CI‘}?;(}HIL‘fﬂe fibers at increased spinning
ceds. Other objects and advantages will become appar-

hereinafter.

patible with the acrylonitrile poly
highly swellable by the coagulation medium employed
Typically, these conditions are met by incorporating in the
spinning solution a suitable amount of polyethylene gly-
col, polypropyiene _glycal or polybutylene glycol.

in fibers of improved characteristics,
The mode of addition of the poly glycol 18 ummportant

~ ent from the descrlptmn of the 1nvent10ﬂ which followsz* |

40

- The
- solution may then be wet spun into a ¢oagulation bath
. accordmg to the usual well known methods, and Wlﬂl result |

5

" That is the polyglycol may be blended with the acrylo-

nitrile polymer during preparation of the spinning solu-

accompanying drawmrrs
~ In the drawings, |
FIGURE 1a shows a drawmg of a. mrlcrophotograph

cross-section view of polyacrylonitrile fibers spun with g __
" ample, "_J?*Odd{“:tf:: {)btalma by the interpclymerization of
“acrylonitrile and two or more of any of the moenomers,
- other than ar;:ry]am trile, enumerated above.
cifically, and prefcrably, the ternary polymers containing
from 80 to 98 percent of acrylonitrile, from 1 to 10 per- . .
cent of a vmyl*t}yrldlm or 4 1-mehm1dazr*le, and from 1

to 13 pemmt of Eli'l(}Lhui cenni jmehz ble Mono- oleﬁmc,_

2.5% polyethylene glycol of 1,800 molehular weight in

' the spinning solution and subiected to a jet stretch of

' 1.04. Jet stretch is the rate of filament take-up divided

| FIGURE 1 shows pelyacrylomtrﬂe |

- fibers spun without- pelyethylene glycol and subjected to

a jet stretch of .1.04, A compamon of F"EGUR"‘ 1a and
FIGURE 1 clea**ly shows tn.:,. the occmreme Gf vomg, s

The palymels may be dis-

mixed. However, |

09

 malonic esters,
-carbazole; vinylfuran; alkyl v

p é"._-pyrid ine, 4-vinylpyridine,

tion can be used in the practice of this invention. Among
the preferable sclvents are N,N-dimethylacetamide, di-
methylsulroxﬂe ethyleﬂe carbonate, and the like.

The use of polyethyleﬂe glycol, polypmpylene glycm or |
o e present inven- -
~ tion, effects improvements in properties of fiber spun from

polybuiyiene elycol in accordance with t

all suitable solutions of acrylonitrile poiymers. The in- -

vention is applicable not only to. polyacrylonitrile but also

to copolymers, interpolymers, and blends thereof, particu-
Jarly those containing at least 80 percent by weight of po-
lymerized or copolymerized acrylonitrile. Such polymeric

~materials include acrylonitrile fiber forming polymers with

readily ds jeable basic copolymers, the blend having an
overall polymerized ‘acrylonitrile coment of at 13'1 st 80 -

__:p"-"l cent by weight.

‘For example, the mlyn‘!m may be a copolymer of 8{}

10 98 percent of acrylonitrile and from 2 to _20_percen‘t of"

In general, these and other objects of the invention are - . another copolymerizable monoolefinic monomer.

- 'accomphshed by incorporating into the spnmng solution
-a suitable small guantity of a polymer which is both com-
1er and also soluble or

able copolymerizable mono-olefinic monomers mclude

acrylic, alpha-chloroacrylic and methacrylic acids; the
-acrylates, such as methylmethacrylate, ethylme:.hqcry!ate
~butylmethacrylate, methoxymethyl ﬂlﬁthaCI'YIHtu, beta-
chloroethyl methacrylate, and the corresponding esters of
“acrylic and alpha-chloroacrylic acids; vinyl chloride, vinyl
fluoride, vinyl bromide, vinylidéne chlarlde l-ch.loro 1-

bromoecthylene, m\..thacry,-..omtule acrylamide and meth-

o acwlam.ide alpha-chloroacrylamide, or monoalkyl substi-

tution products thereof; melllyl vinyl ketone; vinyl car-
boxylates, such as vinyl acetate, vinyl chloroacetate vinyl
nropionate and vinyl stearate; N-vinylimides, such as

N-vinylphthalimide and N- vinylsuccinimide; mufhylene'

itaconic acid and itaconic ester; N-vinyl-
vinyl esters; vinyl sulfonic
acid, ethylene alpha, beta-dicarboxylic amds or their an-

_- hydndes or derivatives, such as dicthylcitraconate, dlethw- -
 mesaconate; styrene, mel naphthalene; wu;rl—substﬁuted -
tertiary huiCI‘OC}’CJC amines such as- the vinyl pyridines -

- and mwl—svbsututed melgyndmes for cﬂammle 2-vinyl-
Z-methyi-S-vmy’fnyrldm._, and
he like; 1—V1nylimldazale and alkyl-substituted 1-vinyl-

imidazoles, such as 2-, 4-, or 5-methyl- 1-vinylimidazole,

vinylpyrrolidone, vmylplperldone and other Mono- oleﬂmc n |

copolymerizable monomeric materials. - -~
The polymer can. be a. ternary 1'1tf=rpolymer for e~

More spe-:
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substance, such as methacryloniirile, vinyl acetate, methyl
- methacrylate, vinyl chloride, vinylidene and the like.

The polymer can also be a blend of polyacrylonitrile
or a copolymer of from 80 to 98 percent acrylonitrile and
from 1 to 20 percent of at least one other mono-olefinic
copolymerizable monomeric substance with from 2 to 50
percent of the weight of the blend of a copolymer of from
30 to 90 percent of a vinyl-substituted tertiary hetero-
cyclic amine and from 10 to 70 percent of at least one
other mono-olefinic copolymerizable monomer prefer-
ably, when the polymeric material comprises a blend, it
will be a blend of from 80 to 99 percent of a copolymer
of 80 to 93 percent acrylonitrile and from 2 to 20 per-
cent of another mono-olefinic monomer, such as vinyl
acetate, which i1s not receptive to dye stuff, with from 1
to 20 percent of a copolymer of from 30 to 90 percent
of a vinyl-substituted tertiary heterocyclic amine such
as vinylpyridine, a I1-vinylimidazole, or a vinyl lactam,
and from 10 to 70 percent of acrylonitrile to give a dye-
able blend having an overall vinyl-substituted tertiary
heterocyclic amine content of from 2 to 10 percent based
on the weight of the blend. -

While the preferred polymers employed in the in-
stant invention are those containing at least 80 percent
acrylonitrile, generally recognized as the fiber-forming
acrylonitrile polymers, it will be understood that the
invention is likewise applicable to polymers containing less
than 80 percent of acrylonitrile when such polymers are
useful in forming fibers.

The polymers useful in the practice of the present in-
vention may be prepared by any conventional polymeriza-
tion procedures, such as mass polymerization methods,
solution polymerization methods or aqueous emulsion pro-
cedures. If it 1s desired to produce shaped articles from

ot
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low. The fibrillation measurement is comparative and
such measurement is made on a fabric formed from the
fibers. The degree of fibrillation is determined on a tricot
knit tape and the value obtained is called a tricot rating
or TR. The tape is flex abraded for 150 cycles on a “Stroll
abrader” or Universal wear tester using the flexing bar
with a 2 Ib. tenison and %2 Ib. weight on the head. Two
such abrasions are made on each tape while dry and then

while wet, The number of cycles until the tape breaks
completely 1s also recorded.
Table I
Control fiber | With 109, poly-
cthylene glycol
Spinning spead, 350 ft./min____________ 350 400
Denier per filament oo 3. 33 3.10
Tenacity (grams/den.) . _____________ 2. 60 2.23
Elongation, percent_ _ oo _____ 28 32
Dry T R e 0.9 0.3
Wet TR e 2.4 0.5
Dry eyeles to break . oo oo 7607 500
‘Wet eyelestobreak . o oo 477 520
EXAMPLE II
To further define the limitations and utility of the in-

vention a series of polymer solutions were prepared in
N,N-dimethylacetamide containing 25% of the acryloni-
trile polymers used in Example I and 2.5% of polyethyl-
ene glycol of varying molecular weights and spun under
constant conditions into coagulating baths containing 55%
N,N-dimethylacetamide and 45% water at 55° C. The
resulting fibers were characterized by counting the aver-
age number of voids in a 10 micron length of unoriented
fiber as well as by the tensile and abrasion tests described

the acrylonitrile polymer solutions of the present inven- 99 in Example I. The results are shown in Table II below.
Table 11
Av. No. of . _ TR Cycles to break
Additive v0ids/10 Denier | Ten. Elong,
- micron
length Dry | Wet | Dry Wet
INoOne. o eaeeee e G 3.2 2.0 34 1.3 3.0 704 422
PEG 200, ... 2 3.0 2.1 3] 07| 1.0 667 518
PEGA4A00_____.._ 0.1 3.0 2.2 371 0.2 07| 1,015 680
PEG 1,000_ . ____ 0.1 3.1 2.2 32| 0.3 0.5 800 525
PEG 4,000 _.._. 0.1 3. 2. 40 | 0. 1.3 1 1,728 885
PEG6,000_ _. .. 4.0 | Fibers inhomogeneous and unsuitable for textile use. Ad-
PEG 20,000 . _-. 25-+-  ditive incompatible with base polymer.

tion which have a modified appearance or modified prop-
erties, various agents may be added to the solutions to
accomplish these effects either prior or after the addition
of one of the polyglycols of this invention thereto without
any 11l effects thereon. Such added agents might be pig-
ments, dyes, anti-static agents, fire-retarding agents, and
the like, Solutions containing from 8 to 30 percent by
weight of acrylonitrile polymers may be employed, with
the preferred concentration range being from 15 to 25
percent, - |

The invention is further illustrated by the following
examples showing the improvements obtained by adding
polyethylene glycol to acrylonitrile polymer solutions. In
the examples all parts and percents are by weight.

EXAMPLE 1

This example involves preparing a spinning dope in
the normal fashion to which polyethylene glycol (PEG)
has been added. A solution was prepared by mixing 25
percent of an acrylonitrile copolymer containing 93.7 per-
cent acrylonitrile and 6.3 percent vinyl acetate and 2.5
percent of PEG having an average molecular weight of
1,000 with N,N-dimethylacetamide and stirring at about
50° C. until a solution was formed. The solution was
then spun to fiber according to normal wet spinning proc-
esses. ‘Typical tensile properties of fibers spun from this
solution and the corresponding control are tabulated be-

b }
ot
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‘These results clearly indicate a region of maximum ef-
ficacy in the range of 400—4,000 molecular weight for the
PEG additive, They show the reduction in void number
and improvement in abrasion character which marks the
present invention. They also suggest the unsuitability of
polymers incompatibility with the acrylonitrile polymer
for the present invention.

EXAMPLE III

To further establish the requirement of polymer com-
patibility, spinnings were made with dopes containing 25%
of the acrylonitrile polymer of Example I and 2.5% PEG
20,000, 2.5% PEG 6,000 and cellulose diacetate, all of
which yield turbid inhomogeneous solutions when blended
with the acrylonitrile polymers. Void counts on these
fibers are given in Table III.

Table 111
Additive Dope appearance | No. of voids/i0
micron length
NONe. .o e e Clear. . ________ - G-10
PEGG6,000_ . Slightly turhid____ 4-8
PEG 20,0000 e Turbid. o _._ 25-40
Cellulose diacetate. .. ___._____|.____ ¢ o I 2540
EXAMPLE 1V

"1?0 study the effects of additive level on void formation
during coagulation, a series of fibers were spun incorporat-




I~

: B -sultant pglyglycol polymer spmnmg solutlen through a 75

~ tion of the polymer of Example I, and the resulting dopes =

- with each additive. Table VI shows the results of each
- addltwe on void formation.

N Nﬂlie-;_._._..:_;_'____'..'f_'__'_';-...'-...-.-._"_.... _'_';_-_'_.;.__..;_;,;.;___;;;-- R :
- Triethylene glycol. . _____ ————

 PREG 460 ... I EE
PEG 1,0000 I

~only at molecular weights above 200.

. | | = A
b
mg varymg levels of PEG ¥ 000 into a 25% selids solu-

spun under 1dentical conditions. Void counts on ‘these .
fibers are gwen n the follmmng teble a C |

- TablelV

o

- | - -] Additivelevel | No. of voids per 10
Additive . |(based on total dope|  micron length
. |  wt.), pereent - |- .
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PL‘G.l,{}ﬂ{]___.____._..'..-.._..'__.f___ -2,

While 0.5% additive gives an improvement in void

OT MmOore.
R EXAMPLE v

'_ Te study the effect of solids level on void. fermatmﬁ '

spinnings were made using the polymer of Example I g(}
at 20 and 25% solids with and without 2.5% PEG 1,000

3 180,8_45. '

| suitable' e:iti'usion orifice to effect -the fermati()n- of' ﬁbers |

and filaments therefrom.

2, Claim 1 wherein said poly er is pelyaerylemtrﬂe{" :
3. Claim 1 wherein said polymer is a copolymer com-~

- prising at least 85 percent polyacrylonitrile and up to
- 15 percent of a copolymerizable mono-olefinic monomer.
4. Claim 1 wherein said polymer is a blend of 80 to

99 percent of (A) a copolymer containing from 80 to 98 -

-percent of acrylonitrile and 2 to 20 percent of a cepol ym- '

erizable mono-olefinic monomer and from 1 to 20 per-
cent of (B) a copelymer containing 10 to 70 percent of

. acrylonitrile and 30 to 90 percent of a vinyl substituted
~ tertiary heterocyclic amine said blend havmg an overall
- vinyl substituted tertiary heterocyclic amine content of

- count, optimum void contrel requn'es abeut 1 0% additive 19 frem 2 to 20 percent based on the welght of the blend.

5. Claim 1 wherem the solvenf is N N-dunetnylaeet—

o amlde

6. Claim 1 Whereln the selvent is dimethylsulfomde -

7. Claim 1 Wherem the. pelyglycel is- POlyethylene' -
glycol,

8. Claim 1 wherein the pelyglycel 18 polypropylene |

~ added. Resuits are presented in Table V. glycol.
. | T able V L
R | o - N.G-.Gfg R T TR | Cycle to break
Bolids | . - . Additive = | wvoids/10 | Den., | Ten. | Elong. |___ - - -
- level ST | icron | N T o R
P B length Dry | Wet | Dry | Wet
2 I \ S 95+ | . (Fiber too poor for textile evaluation) . - .
20% - nmnef PEG 1,000 - eenmenlamans 2 3.1 . 20 437-1.0f L7 1,188 835
A7 /S CNoODne . el 6 3.2 2.0 341 L3)| 3.0 754 | 422
53/ PR Gr 1, 0{}0 ________________ ﬂ 1 3.1 2 2 32 0.3 G 5 "8[}{] . 625

EXAMPLE VI

| To estebhsh the lower limits addltwe ef meleeular 35
- welght useful in the praetlce of this invention, spinnings
 were made using a series of homologous materials be-

ginning with ethylene glycol and working upward. Poly-
mer used was the polymer of Example I at 25% solids |
and spinnings were conducted under identical conditions 4¢

 Table 178

| | Level of additive, | Av. No: of voids/ .
- Additive R ~percent | 10 micronlength 45
S I B R of fiber -

— |
o

Ethylene glyveol - __i.. . |

Dlethylene glyeol . oo oo EE
| . B0

PEG 20[1___-. __________ - -

=Y=Y \. e e&'ﬁn |

& GG G O
ek ek

| ol |

These results show that while addition of even the |
lowest molecular weight nu 1ber of the series gwes some :
conirol over void formation optimum centrel 18 aehleved

Vo1 |
it

Substantially void free fibers and 'ﬁlaments are alse

- cbtaioed when polypropylene or pelybutylene glycols of
. suitable molecular weight are employed. @0

As many variations of this invention may be made

- without ‘departing from the spirit and scope-thereof it
. is to be understood that the invention is not limited to
the specific embodiments thereof exeept as deﬁned in the .
appended claims, -~ . o el

We clalm

1. A process for the produetmn of void free ﬁbers S

L ,3 080 210 3/63 Uecel. =
3,088,188 5/63 Knudsen.
-_.3_50188,793. 5/63  Knudsen et al |

3,124,629 3/64 Knudsen.

and filaments from acrylonitrile pelymers comprising
mixing an acrylonitrile pelymer comprising at least 85

~percent acrylonitrile, an organic solvent therefor, and -q

from about 1 to about 25 pelceet based on the weight

-of the polymer of a pelyglycel of from 1 to 4 carbon |
~atoms and having an average molecular weight of from

400 to 4,000, stlrrmg and- thereafter extruding the re-

"9, Claim 1 wherein the meleeular Welght ef the poly- |
glycel is from 400 to 2,000,

10. Claim 1 Wherem the pelyglyeel is pelyethylene |

- glycol of 400 molecular weight.

11.  Claim 1 wherein the pelygiycel 1S polyethylene'
glycol of 1,000 molecular weight.,

12. Clalm 1 wherein the pelygljrcel 1S pelyethylene |

" glycol of 4,000 molecular weight.

13, A process for the production ef veld free ﬁbers

~ and filaments from acrylonitrile polymers comprising

mixing 25 percent by weight of an acrylonitrile polymer |

 comprising 93.7 percent acrylonitrile and 6.3 per- =

cent vinyl acetate, 75 percent by weight of N,N-

. dimethylacetamide and 2.5 percent by weight of poly-
ethylene glycol of 1,000 molecular weight, stirring and
- extrudmg the resultant polyethylene glycol polymer spin-

ning solution through a suitable extrusion orifice to ef-

fuﬂt the formation of ﬁbers and ﬁlaments therefrem
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