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57 ABSTRACT 

The invention relates to a spontaneously crimping 
composite fibre of acrylonitrile polymers in which one 
of the fibre-forming component has a content of co 
polymerized esters up to 6% by weight and another 
fibre-forming component a content of copolymerized 
esters which is from 2 to 6% by weight higher whereby 
at least one of the fibre-forming components contains 
as copolymerized ester at least 2% by weight of isobu 
tene-diacetate and the total quantity of the copoly 
merized esters in one fibre-forming component does 
not exceed 12% by weight. 

5 Claims, No Drawings 
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COMPOSITE FIBRES AND YARNS OF 
ACRYLONTRILE POLYMERS 

Numerous composite fibres (bicomponent fibres) 
based on acrylonitrile are capable of spontaneous 
crimping as a result of suitable selection of the chemi 
cal composition of the fibre-forming components and, 
in some cases, as a result of special processes of 
polymerisation, solution, spinning or after-treatment. It 
is thought that crimping may be due, for example, the 
shrinkage tensions released by heat in the case of com 
pound fibres whose components contain varying 
amount of neutral comonomers. Among the neutral co 
monomers, those preferably used on account of their 
dyeing properties are the commercially available 
acrylic ester and vinyl ester type of compounds. In 
fibres of this kind, however, in which crimping is due 
to equalisation of the shrinkage tension, the stability 
under thermal or hydrothermal stress is reduced, espe 
cially if higher porportions of comonomer are used in 
one of the polymers. This reduced stability has the ef 
fect, for example, of impairing the development of bulk 
when dyeing the textiles. 

It has now been found that a stable crimp which ex 
tends uniformly throughout the yarn may be obtained 
by using composite fibres of acrylonitrile polymers 
which contain a substantially equivalent number of 
acidic groups, but in which varying proportions of 
acrylic ester or vinyl ester type comonomers are incor 
porated by polymerisation. 

It is therefore an object of the invention to provide 
textile fibres which develop a stable and uniformly ex 
tending crimp. 
Other objects will be evident from the description 

and the Examples. 
These objects are accomplished by a spontaneously 

crimping composite fibre comprising at least two differ 
ent acrylonitrile polymers which have substantially the 
same acidic group content, produced in a side-by-side 
arrangement of the two fibre-forming components in 
proportions, by weight, of from 40:60 to 60:40, one of 
the fibre-forming components containing up to 6%, by 
weight, of at least one copolymerised ester while the 
quantity of said copolymerised ester in the other fibre 
forming component is from 2 to 6%, by weight, higher, 
said copolymerised ester being methyl acrylate and/or 
isobutene diacetate (2-methylenepropane-1,3- 
diacetate), under the condition that at least one of the 
fibreforming components contains at least 2%, by 
weight, isobutene diacetate and the total quantity of 
said copolymerised esters in one fibre-forming compo 
nent does not exceed 12%, by weight. 
A further object of this invention is a yarn or a textile 

article when containing such a fibre. 
The second fibre forming component may also be 

produced from several different polymers provided 
that the mixture has the total ester content indicated 
above. The nature and quantity of additional copolym 
erised acidic dye additives in the fibre-forming compo 
nent is not critical provided it is within the range of 
from 0.5 to 6%, by weight, and that the equivalent con 
tents are approximately equal. 

If composite fibres containing isobutene diacetate as 
comonomer and having the compositions indicated 
above are produced by a dry-spinning process in which 
two streams of fibre-forming polymer solutions in a sol 
vent, such as dimethylformamide, are brought together 
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2 
in spinning dies in such a manner that composite fibres 
are obtained in a side-by-side arrangement and these 
spun fibres are then treated by the conventional pro 
cesses, then three-dimensionally crimped fibres are ob 
tained which may be worked-up into yarns in conven 
tional textile machines. When such yarns are dyed in 
hanks, for example, they develop excellent bulk and 
elasticity after drying without any thin patches or col 
our irregularities in the plied yarns. Once the crimp has 
developed in the fibre, it is not diminished by subse 
quent wet treatments and knitted textiles manufactured 
from these yarns therefore remain dimensionally stable 
after washing and retain their gloss which is due to the 
intensity of crimping. 
Whereas the irreversibility of the crimp in the fibres 

was deliberately achieved according to the invention by 
choosing fibre-forming components which contain 
equal amounts of acidic groups, the stability of the 
crimp discovered in the new composite fibres contain 
ing isobutene diacetate comonomer was unexpected. 

If, for example, a bicomponent fibre is spun from 
equal parts of copolymers of acrylonitrile with methyl 
acrylate and with sodium methallylsulphonate, which 
copolymers have the same sulphonate content but dif 
fer from each in their ester contents which are 5.6% 
and 9.0%, by Weight, respectively, and if yarn produced 
from such a bicomponent fibre is hank dyed, it is found 
that distributed over the circumference of the hank 
there are strands of yarn of unequal or varying thick 
ness and colour which prohibits the use of such yarn for 
fine quality knitwear. If, on the other hand, a yarn is 
produced under similar conditions from the following 
fibre-forming components: 
A. 93.4% acrylonitrile, 5.6% methylacrylate, 1.0% 
sodium methallylsulphonate; and 

B. 90.5% acrylonitrile, 8.5% isobutene diacetate, 
1.0% sodium methallysulphonate, 

then it is surprisingly found that the dyed yarn is very 
uniform in thickness, colour and elasticity and knitted 
goods produced from it have an attractive appearance 
and good wearing qualities. 
Composite fibres with equally stable crimp may be 

obtained from a combination of acrylonitrile polymers 
which contain from 2 to 6%, by weight, of a vinyl or 
acrylic ester compound with copolymers which in addi 
tion to from 2 to 6%, by weight, of vinyl or acrylic ester 
compounds contain from 3 to 6%, by weight, isobu 
tenediacetate calculated so that the total quantity of 
ester comonomers in the last mentioned copolymer 
does not exceed 12%, by weight. 

Lastly, composite fibres obtained from a combina 
tion of acrylonitrile polymers which contain from 2 to 
6% by weight, of a vinyl or acrylic ester compound and 
polymer mixtures which contain a total of from 2 to 6% 
by weight, of a vinyl or acrylic ester and in addition 
from 3 to 6% by weight, of isobutene diacetate in this 
mixture also fulfill the purposes of this invention. 
Copolymers of acrylonitrile with isobutene diacetate 

and optionally other copolymerisable monomers may 
be obtained in high yields by the process of redox 
polymerisation in an aqueous medium at pH values of 
from 2 to 7 and temperatures of from 0 to 90°C with 
the aid of peroxy compounds and sulphur compounds 
in a lower oxidation state preferably using a ratio of ac 
tivator to catalyst of 5:1. Examples of suitable 
copolymerisable compounds include the lower vinyl 
and acrylic esters, such a vinyl acetate and methyl acry 
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late, unsaturated sulphonic acids, such as methallylsul 
phonic acid or its salts, acrylic or vinyl compounds 
which contain neutral or basic groups, such as acrylam 
ide, allylurethane, N-vinylpyrrollidone, and N,N- 
dimethylaminoethyl-methacrylate. There is no restric- 5 
tion to the use of particular comonomers provided they 
may be incorporated in the desired acrylonitrile poly 
mers in economically acceptable yields. Copolymers 
containing from 3 to 30%, by weight, of isobutene diac 
etate were successfully prepared according to the in 
vention. 
The polymers obtained in this way were spun by a 

dry-spinning process from dimethylformamide solu 
tions of a suitable concentration for spinning. Suitable 
designed nozzles were used so that the fibre-forming 
components were united side-by-side shortly before 
discharge from the die aperture in predetermined pro 
portions which were identical for all fibres and were 
then coagulated in this permanently united form to pro- 20 
duce filament bundles which could be drawn off. The 
selected ratio of fibre-forming components may be 
from 75:25 to 25:75, the best crimping properties in 
the finished fibres being obtained in the region of from 
60:40 to 40:60 and most preferably about 50:50. 25 

It is well known to one skilled in the art to produce 
similar composite fibres in which the distribution of 
components varies from fibre to fibre or to produce 
fibres with a sheath and core or multilayered arrange 
ment. Furthermore, spinning of composite polyacrylo- 30 
nitrile fibres according to this invention is of course not 
restricted to the solvent referred to herein or to the dry 
spinning technique. Various conventional processes 
are available for producing textile fibres from dry-spun 
goods of the type described above, from which the 
most suitable may be selected according to the subse 
quent textile processes which are to be applied to the 
fibres. If, for example, the fibres are to be processed in 
worsted spinning or cotton spinning machines, it is 40 
most suitable to produce completely shrunk fibres with 
fully developed crimp. If, on the other hand, the fibres 
are to be torn up as cable yarns in a turbostapler or 
converting machine, it is advantageous to prepare them 
in the form of bands which are in a potentially crimp- 45 
able state because, in this case, the proper crimp is de 
veloped only in the end-product by steaming or dyeing. 
The composite fibres according to this invention may, 
of course, also be spun together with other completely 
shrunk or still shrinkable natural or synthetic fibres, 50 
and the fibrous products obtained by tow processing in 
suitable machines may also be worked-up in combina 
tion with other fibre products in various ways. 
The yarns obtained from processing pure fibres ac 

cording to this invention are distinguished by their 55 
wool-like bulk and hand, clear surface structure, high 
elasticity and springiness and uniformity of yarn. These 
qualities are not impaired by wear and repeated wash 
ing of textile fabrics produced from these yarns, and 
the dimensional stability of such products is very satis 
factory. 
The fibres according to the invention are therefore 

also suitable for addition to other natural or synthetic 
fibres in which by virtue of their own permanent crimp 
they substantially improve such qualities as the bulk, 
hand and springiness as well as the pilling properties of 
the finished articles. 
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4. 

EXAMLPES 

In the following Examples, which are to further illus 
trate the invention without limiting it, the figures given 
for the polymer compositions and concentrations are 
percentages by weight. 
The criterion adopted for determining the stability of 

the crimp was in all cases the uniformity of worsted 
yarn after it has been hank dyed at 100°C and dried at 
80°C. Fibres which developed their bulk in the compos 
ite yarn without significant fluctuations in thickness or 
elastivity were classed as crimp stable. 

EXAMPLE 1 

Copolymers of the composition 
A. 93.4% acrylonitrile, 5.6% methylacrylate, 1.0% 
sodium methallylsulphonate; and 

B. 90.5% acrylonitrile, 8.5% isobutenediacetate, 
1.0% sodium methallylsulphonate 

were used to prepare dimethylformamide solutions 
with solid contents of 28.6% and 25.8% respectively. 
These solutions were spun in equal parts (by volume) 
through ring-shaped spinning nozzle with 180 apertures 
as side-by-side composite fibres at a draw-off rate of 
250 m/min. The fibres were coagulated with hot air and 
wound on to spools. They had a curved “dumb-bell 
shaped' cross-section and still contained 22.6% di 
methylformamide. 

Several spinning spools were combined and 
streached to 1:4.0 in boiling water and then washed. 
The tow obtained in this way was covered with an ap 
plication of oil, dried under tension, crimped in a com 
pression chamber and cut to a staple length of about 
120 mm, and the staple fibres were shrunk by steaming 
and dried. The fibres at that stage still contained 0.4% 
dimethylformamide and after boiling and drying at 
80°C they had 13.4 crimps per cm of stretched length. 
Their thickness was 3.0 dtex, their tensile strength 2.55 
g/dtex and their elongation at break 44%. 
When hank dyed, the worsted yarn (Nm 16/4) of 

these fibres shrunk by 9.3% and gave rise to a yarn 
which had a full bulk and firm hand and was completely 
uniform when plied. 

EXAMPLE 2 

Copolymers composed of 
C. 91.7% acrylonitrile 7.5% isobutene diacetate, 
0.8% sodium methallylsulphonate; and 

D. 93.8% acrylonitrile, 5.5% methylacrylate, 0.6% 
sodium methallylsulphonate 

were used as described in Example 1 to prepare dimeth 
ylformamide solutions at concentrations of 27.5% and 
28.3% respectively. The solutions were spun to com 
posite fibres with a "dumb-bell-shaped" cross section 
and a residual solvent content of 17.3%. By after 
treating the fibres in a similar way as described in Ex 
ample 1, except that a stretching ratio of 1:3.6 was em 
ployed, fibres with a residual dimethylformamide con 
tent of 0.8% and a crimp number (after boiling and dry 
ing) of 10.4/cm were obtained. The titre was 4.3 dtex, 
the tensile strength 2.34 g/dtex and the elongation at 
break 49%. 
A worsted yarn (Nm 16/4) of these fibres had a boil 

ing shrinkage in the raw state of 5.0%, and when hank 
dyed it developed an excellent bulk with a pearly ap 
pearance on the surface of the yarn and uniformity of 
the individual strands. 
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EXAMPLE 3 

Equal parts, by volume, of a 27.4% solution in di 
methyl formamide of a polymer 

E. 94.0% acrylonitrile, 5.0% isobutenediacetate, and 5 
1.0% sodium methallylsulpnomate; 

and of the 29.4% solution of a polymer 
F. 90.5% acrylonitrile 8.5% isobutenediacetate and 
1.0% sodium methallysulphonate 

were spun through a spinning die, as described in Ex- 10 
ample 1, to produce composite fibres with a "dumb 
bell-shaped' cross section and a solvent content of 
17.5%. The fibres were stretched by 1:3.6 in boiling 
water, washed, brightened, dried, cut to a length of 
about 110 mm and shrunk by streaming at normal pres- 15 
sure. The residual solvent content was 1.4%, the crimp 
number, after boiling and drying, 9.9/cm the titre 3.7 
dtex, the tensile strength 2.54 g/dtex and the elongation 
at break 46%. 
A fibre yarn of a thickness used for hand knitting 20 

(Nm 1674) was hank dyed, and after a yarn shrinkage 
of 7.4% it had a bulky, pleasantly soft and elastic han 
dle without pressure points or thickenings in the yarn. 

EXAMPLE 4 25 

Copolymers of the following compositions 
G. 88.2% acrylonitrile, 5.0% isobutene diacetate, 
5.8% methylacrylate, 1.0% sodium methallysui 
phonate; and 

H. 93.4% acrylonitrile, 5.6% methylacrylate, 1.0% 30 
methacroylaminobenzene-benzene 
disulphonimide; 

were used as described in Example 1 to prepare 28.1% 
and 28.7% solutions, respectively. These solutions were 
spun through a spinning die with 120 apertures to pro 
duce composite fibres with a solvent content of 20.0% 
and a lobed cross-section. The fibres were stretched by 
1:3.7 in water at 98°C, dried under tension, sprayed 
with dressing and shrunk by steaming in the form of a 
mechanically crimped tow. The residual solvent con 
tent at that stage was 0.3% and the crimp number, after 
boiling and drying, was 15.7/cm, The titre of the indi 
vidual fibres was 2.9 dtex, the tensile strength 2.35 
g/dtex and the elongation on break of 34%. 
After cutting up into staple fibres, a yarn (Nm 16.f4) 

was spun and hank dyed as described above. The yarn 
shrinkage was 10.6%. The yarn had high bulk and a 
springy elasticity and the plied yarn had a uniform 
thickness. 50 

COMPARISON EXAMPLE 

The experiment shows that the crimping properties 
of a fibre are insufficient for practical purposes if there 
is too little difference in the ester content between the 
fibre-forming components. The components used to 
prepare a side to side composite fibre, as described in 
Example 1, were the polymers 

J. 94.2% acrylonitrile, 5.0% isobutene diacetate, 
0.8% sodium methallylsulphonate; and 60 

K. 93.25% acrylonitrile, 5.75% methylacrylate, 1.0% 
methacroylaminobenzene-benzenedisulphonimide. 

These polymers were used as 27.4% and 28.6% dimeth 
ylformamide solutions respectively. The solutions were 
spun in equal parts, by volume, through a spinning die 65 
of the type described above to form fibres with a 
“bean-shaped' cross-section and a solvent content of 
14.1%. The shrunk fibres produced from these fibres 
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6 
by stretching by 1:4.6 still had a residual dimethylform 
amide content of 0.2%, a titre of 3.1 dtex, a tensile 
strength of 3.15 g/dtex, an elongation on break of 33% 
and a crimp number after development of 5.8/cm. 
When a worsted yarn (Nm 16/4) of this product was 

hank dyed in a single bath together with other samples 
of yarn it shrunk by 4.1% and had a low bulk, was 
marked by pressure points and had little elasticity and 
a poor hand. 

EXAMPLE 5 
In accordance with Example 1, 28.0% and 26.7% so 

lutions of the copolymers 
L. 89.0% acrylonitrile, 10.0% isobutenediacetate, 
1.0% sodium methallylsulphonate; and 

M. 99.4% acrylonitrile 0.6% sodium methalysul 
phonate, 

were spun through 120 aperture dies to produce com 
posite fibres which contained 22.0% dimethylform 
amide and had a "mushroon-shaped' or lobular cross 
section. Further treatment was carried out as described 
in Example l, to produce fibres with a residual solvent 
content of 1.2% and a crimp number of 16.3/cm. The 
titre was 3.0 dtex, the tensile strength 2.18 g/dtex and 
the elongation on break of 35%. 
Hank dyeing resulted in an exceptionally high bulk 

worsted yarn (Nm 16/4) which had shrunk by 12.6% 
and had a high elasticity of elongation and uniform 
thickness in the plied thread. 

EXAMPLE 6 
The following polymers 
N. 93.3% acrylonitrile, 5.7% methyl acrylate, 1.0% 
methacroylaminobenzene-benzene disulphoni 
mide; and 

O. 70.0% acrylonitrile, 30.0% isobutenediacetate, 
were used to prepare a mixture of 80% (N) and 20% 
(O) which was spun as a 27.5% dimethylformamide so 
lution, together with a 28.3% solution of polymer (N), 
through a 120 aperture die to produce a composite 
fibre in the manner described above. The solvent con 
tent of the spinning material was 17.0%. The fibres has 
a “club-shaped' profile. Staple fibres 100 mm in length 
were produced as described in Example 1. They had a 
residual solvent content of 1.5%. the titre of the fibres 
was 5.4 dtex, the tensile strength 2.31 g/dtex, the elon 
gation on break of 48% and the crimping 15.4 arcs/cm. 
A worsted yarn (Nm 16/4) of the fibre had a shrink 

age of 9.7%. The hank dyed sample had a very high 
bulk, springiness and elongation elasticity and a woolly 
hand without pressure points or stretching points. 
When side-by-side composite fibres were produced 

from about half and half of polymers (N) and (O), nod 
ular cross-sections were obtained, and fibres which had 
received the same after-treatment had a very tight 
crimp which made further textile operations impossi 
ble. 

EXAMPLE 7 

Using polymers of the following compositions 
P. 93.3% acrylonitrile, 5.7% methylacrylate, 1.0% 
methacroylaminobenzene-benzenedisulphonimide; 
and 

Q. 78.5% acrylonitrile 23.0% isobutene diacetate, 
1.0% sodium methallylsulphonate, 

a 28.7% dimethylformamide solution of (P) was dry 
spun with a 26% solution of a mixture of 75% (P) and 
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25% (Q) through a 120 aperture die of the type de 
scribed above at a draw-off rate of 250 m/min to pro 
duce a composite fibre. The spinning fibres contained 
12.5% solvent and had a "dumb-bell-shaped' cross 
section. 
Completely shrunk fibres with a dtex of 3.3 were pro 

duced as described in Example 3. The residual solvent 
content was then 0.5% and the crimp number, after 
boiling and drying 10.3/cm. 
A fibre yarn (Nm 16/4) was hank dyed and shrunk 

by 13.1%. A yarn with a full hand and uniform bulk was 
obtained. A knitted fabric produced from this yarn was 
distinguished by its exceptional clarity and covering 
power of the stitches. The character of the fabric was 
unchanged after machine washing. 

EXAMPLE 8 

Equal parts by volume, of 28.5% dimethylformamide 
solutions of the fibre-forming components 
R. 93.3% acrylonitrile, 5.7% methylacrylate, 1.0% 
methacroylaminobenzene-benzenedisulphonimide; 
and 

S. 90.15% acrylonitrile, 9.25% isobutene diacetate, 
0.6% sodium methallylsulphonate 

were dry-spun through tubular dies with 240 apertures 
to produce fibres with a residual solvent content of 
19.6% and a “bean-shaped' to trilobular cross-section. 
The spinning bands were stretched by 1:4.5 in boiling 
water, washed, brightened, dried with 20% shrinkage, 
crimped in compression chambers and laid off as tows 
with a total weight of 27 g/m. The solvent content was 
then 0.7%, the remaining boiling shrinkage 5.4%, the 
titre 3.4 dtex, the tensile strength 3.0 g/dtex, the elon 
gation on break of 33% and the crimp number after de 
velopment 4.1/cm. 
This material, combined in the form of a band weigh 

ing 54 g/m was processed into a spinning band in a 
“Seydel' converting machine (type 633) with 30% 
elongation and a hotplate temperature of 180°C. After 
steaming under pressure, the spinning band was pro 
cessed into a fine yarn (Nm 30/2). When hank dyed, 
this yarn again shrunk by 9.6% and had excellent bulk 
and elongation elasticity and worked-up into a knitted 
fabric with clear, uniform stitches. 
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8 
When the spinning band was directly made up into a 

yarn of the same number without steaming, the shrink 
age in the dye bath was 28.2% and resulted in an unac 
ceptably tight, rough thread. 
We claim: 
1. A spontaneously crimping composite fibre com 

prising at least two different acrylonitrile polymers 
which have substantially the same acidic group con 
tent, produced in a side-by-side arrangement of the two 
fibre-forming components in proportions, by weight, of 
from 40:60 to 60:40, one of the fibre-forming compo 
nents containing up to 6%, by weight, of at least one 
copolymerised ester while the quantity of said copo 
lymerised ester in the other fibre-forming component 
is from 2 to 6%, by weight, higher, said copolymerised 
ester being methyl acrylate and/or isobutene diacetate 
(2-methylenepropane-1,3-diacetate), under the condi 
tion that at least one of the fibre-forming components 
contains at least 2%, by weight, isobutene diacetate and 
the total quantity of said copolymerised esters in one 
fibre-forming component does not exceed 12%, by 
weight. 
2. The spontaneously crimping composite fibre of 

claim 1, in which both fibre-forming components con 
tain isobutene diacetate, one component containing 
from 2 to 6% by weight, thereof more than the other 
and the total isobutene diacetate content based on the 
one fibre-forming component, not exceeding 12%, by 
weight. 

3. The spontaneously crimping composite fibre of 
claim 1, in which one of said fibre-forming components 
contains from Oto 6%, by weight, methyl acrylate and 
the other up to 12%, by weight, isobutene diacetate, 
the quantitative difference in the ester content between 
said two components being at least 2%, by weight. 
4. The spontaneously crimping composite fibre of 

claim 1, in which both fibre-forming components con 
tain from 2 to 6% methyl acrylate and one of said fibre 
forming components in addition contains from 3 to 6%, 
by weight, isobutene diacetate. 

5. A yarn or a textile article produced from the com 
posite fibre of claim 1. 
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