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[57] ABSTRACT

Acrylic fibers having excellent pilling resistance are
disclosed. The acrylic fibers have a plurality of elon-
gated wedge-shaped concave depressions extending
into the fiber surface. And the acrylic fibers are pro-
duced by pre-treating acrylic fibers with a modifier to
modify the outer layer of individual fiber and then aft-
er-treating the fibers with an organic solvent for
acrylic fiber.

3 Claims, 5 Drawing Figures
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ACRYLIC FIBERS HAVING EXCELLENT PILLING
RESISTANCE AND A PROCESS FOR PRODUCING
THE SAME -

The present invention relates to acrylic fibers having
a plurality of elongated wedge shaped concave depres-
sions extending into the fiber surface and process for
producing the same. .

The term “fibers” herein used includes the staple fi-
bers, spun yarns, tow, kmtted fabrics and woven fab-
Tics.

A. fibers have various excellent physical and chemi-
cal properties so that the fibers have been used in many
fields including clothes. However, acrylic fibers have a
defect that when the knitted or woven fabrics made of
acrylic fibers are worn for long time or put under an ac-
tion of rubbing such as washing, pills are formed on the
surface of the fabrics. This phenomenon is well known
as pilling and the pills spoil the beautiful appearance of
the fabrics. Therefore, prevention of pilling has been
earnestly desired.

Many attempts have been made to prevent or elimi-
nate the formation of pills on the surface of the fabrics.

For instance, such methods that particular conditions
in fiber denier, fiber length and fiber cross section are
used, or fibers are subjected to a finishing treatment
with a resin have been used. However, satisfactory re-
sults have never been attained by such methods.

Further, in -order to produce acrylic fibers having
particular hand, the method has been used of making
the fiber surface rough by embossing the fibers. How-
ever, the acrylic fibers obtained by this method has not
been satisfied from the point of pilling resistance.

Accordingly, an object of the present invention is to
provide acrylic fibers having excellent pilling resis-
tance.

Another object of the present invention is to provide
a process for producing acrylic fibers having excellent
pilling resistance.

Further objects of the present invention WIIl be clear
from the descriptions that follows:

These objects of the present invention ate achieved
by pre-treating acrylic fibers with a modifier to make
the outer layer of individual fiber insoluble in dimethyl
formamide at 100°C. and then after-treating the acrylic
fibers with an organic treating agent whereby a plural-
ity of elongated wedge shaped concave depressions ex-
tending into the fiber surface is formed.

According to the present invention, acrylic fibers
having excellent pilling resistance as well as other ex-
cellent fiber properties can be produced without losing
the preferable fiber properties of acrylic fiber.

FIGS. 1, 2 and'3 are scanning electron microscopic
photographs showing the concave depressions formed
into the surface of fibers. FIG. 4 is to illustrate the
method of measuring depth of the depression.
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As is shown in the scanning electron microphoto- -

graphs of FIGS. 1,.2 and 3, the important characteristic
of the fibers of the present invention is that the fibers
have a plurality of elongated wedge shaped concave de-
pressions extending into the surface thereof, the num-
ber of said depressions is more than 3 per inch along
the length of an individual fiber and the elongated axis
of said depressions is axially aligned in the lengthwise
direction of the fiber by which pilling resistance of the
fiber is extremely improved.

65
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The concave depressions shown in scanning electron
microphotographs of FIGS. 1 and 2 are somewhat dif-
ferent from the definite rhombic concaves shown in the
photograph of FIG. 3 and this is due to the difference
in spinning conditions. Therefore, the elongated wedge
shaped concaves into the surface of the fibers of the
present invention include those having the shapes as
shown in FIGS. 1 and 2 and those having the shape as
shown in FIG. 3.

Acrylic fibers of the present invention have a plural-
ity of elongated wedge shaped concave depressnons de-
scribed hereinbefore.

Number of the concave depressions is preferably
from 5 to 50 per inch along the length of a individual
fiber. And the concave depressions are preferably in
rhombic shape, length (a) of the major axis (elongated
axis) of the individual depression is in the range of 0.5
to 20p and the maximum depth (b) of the concave de-
pressions is in the range of 0.2 to 10u. Major axis of
the rhombic depressions is alligned in the direction of
the fiber axis and the minor axis of the rhombic depres-
sions is alligned in the direction perpendicular to the
fiber axis.

The major axis and depth of the elongated wedge
shaped concave depressions in the fibers of the present
invention are measured with a scanning electron mi-
croscope [JSM Type II manufactured by Japan Elec-
tron Optics Laboratory Co., Ltd.]. Depth of the con-
cave depressions is measured by taking photographs of

‘the depression at two different angles in the same field

of vision and calculating the depth in accordance with
the following equation in reference to FIG. 4. FIG.
4(A) is a schematic view of the concave depression and
FIG. 4(B) is an inclined schematic view of FIG. 4(A)
at an angle of ¢°.

b=p'/sin 8 — p/tan 6
wherein )

b: Maximum depth of the elongated wedge shaped
concave depression.

p: Distance from the point 0 to the end point x of
major axis.

p': Distance from the point 0 to the end point x of
major axis after inclination by 6°.

0: Angle of inclination of sample fiber.

-For taking said two photographs, a sample inclining
apparatus (Goniometer specimen stage Type JSM-GS
manufactured by Japan Electron Optics Laboratory
Co., Ltd.) is used with an angle of inclination of 20°.

The fibers of the present invention are produced for
example, by the following method. :

In the present invention, acrylic fibers are produced
from acrylonitrile homopolymer, copolymer of acrylo-
nitrile with at least one other monomer copolymeriz-
able with acrylonitrile or their blend by the conven-
tional spinning methods. The acrylonitrile copolymer
preferably contains more than 80 percent by weight of
acrylonitrile and up to 20 percent by weight of at least
one other monomer copolymenzable w1th acrylonitrile.

The other monomer includes vinyl acetate, methyl
acrylate, ‘methyl methacrylate, ethyl acrylate; ethyl
methacrylate, styrene, vinyl chloride, vinylidene chlor-
ide, vinyl bromide, vinylidene bromide, acrylamide,
methacrylamide, - methacrylonitrile, and monomers
contalnmg sulfoxyl group or their salts.
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Acrylic fibers thus obtained are pre-treated with a
modifier to modify the outer layer of individual fiber.
By this treatment, the outer layer of individual fiber is
made insoluble in dimethyl formamide at 100°C., and
‘the pre-treatment is preferably carried out under such
a condition that-modified outer layer is 0.5 to 40 per-
cent of the total cross sectional area of an mdmdual fi-
ber.

Then, thus pre-treated acrylic fibers are afte‘r-treated
with at least one organic treating agent which is non-
solvent for the modified outer layer, but is solvent for
the un-modified inner layer of the acrylic fibers.
Method of said after-treatment with the organic treat-
ing agent is as follows: (A) The pretreated acrylic fibers
are immersed in the organic treating liquid and then
washed with water and dried, (B) the pre-treated
acrylic fibers are immersed in an aqueous organic treat-
ing liquid, then squeezed and heat treated, or (C) the
pre-treated acrylic fibers are treated with a vapor of the
organic treating agent.

The pre-treatment may be carried out on the acrylic
fibers in a form of stap]e, tow, spun yarn, knitted or
woven fabric.

" Acrylic fibers of the present invention may be mix
spun with other kind of fibers. And when the present
acrylic fibers are mix spun with fibers which are de-
graded with the modifier to be used, it is preferable that
the present acrylic fibers are pre-treated with the modi-
fier, mix spun with other kind of fibers and then after
treated with the organic treating agent. '

The cross.sectional area of the modified outer layer
- is measured as follows: that is, the sample of the pre-
treated fibers-is embedded in monomeric n-butyl meth-
acrylate and heated to cause polymerization. A speci-
men of the cross section of the fibers is prepared by the
same means as in the preparation by optical micro-
scope. Thereafter, the specimen is immersed in di-
methyl formamide at 100°C. to dissolve unmodified
inner layer of the fiber and the modified outer layer re-
mained insoluble is photographed with a scanning elec-
tron microscope. The sectional area is calculated from
the photograph.

The modifiers to be used for the pre-treatment in-

clude, for example, saponifying agents such as alkali
metal hydroxides such as sodium hydroxide, potassium
hydroxide, lithium - hydroxide, and sulfuric acid and

chemical reacting agents such as hydroxylamine sul-.

fate, and hydroxylamine phosphate
‘The modification treatment is carned out'so that area
of the modified outer layer is 0.5.to 40 percent of cross
sectional area of an individual acrylic fibers. However,
actual conditions vary depending upon the kind of the
‘modifiers, size of fibers, etc. Therefore, suitable modifi-
cation treatment may be carried out within the scope
of the present invention. .
Preferable . organic treatmg agents for producmg
acryhc fibers of the present invention are as follows:
i. Amide compounds ... . dimethyl formamide, di-
,methyl acetamide
ii. Sulfon and sulfoxide compounds . .
oxide, dimethyl sulfon -
iii. Carbonate compounds -
iv. Nitrile compounds . .
acetonitrile :
These organic treating agents may be used singly or
jointly in the form of 100 percent solution or dilute so-
lution. Furthermore, an inert viscosity increasing agent

. ethylene carbonate’

dxmethyl sulf-

. malononitrile, adiponitrile,

10
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such as ethylene glycol or glycerme may be added
thereto.

Embodiments of the after-treating’ methods with
these organic treating agents are as follows:

A In the method where fibers are immersed in the
treating agent; the pre-treated acrylic fibers are im-
mersed in a solution of the organic treating agent. The
concentration of the solution is higher than 85 percent,
treating temperature is 10° to 100°C. and treating time
is 2 minutes to 1 hour. In this embodiment, a mixture
such as dimethyl formamide-ethylene carbonate, di-

methyl acetamide-ethylene carbonate may be used. -
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. B. In the method where fibers are immersed in the or-
ganic agent, squeezed and then heat treated, the pre-
treated fibers are immersed in an aqueous solution of
the organic treating agent. Representative examples of
the agents include dimethyl formamide, dimethyl acet-
amide, dimethyl sulfoxide and ethylene carbonate.
These organic treating agents may be preferably used
in'such a manner that amount of the agent adhered to
the fibers immediately after squeezing is more than 15
percent, more preferably 15 percent to 100 percent of
the weight of the dried fiber. The heat treating temper-
ature is preferably 50°C. to 120°C. As to the concentra-
tion of the aqueous solution, heating temperature and
heating time, there is no special limitation. )

C. In the method where fibers are treated with-a va-
pour of the organic agent, the pre-treated fibers are ex-
posed in a vapour of organic solvents for acrylic fibers
having a boiling point of lower than 250°C.
* As the solvents for acrylic fibers, inorganic solvents
may be used beside the organic solvents. However, the
organic solvents such as dimethyl formamide, dimethyl
acetamide and dimethyl sulfoxide are the most prefera-
bly used. When the pre-treated fibers are after-treated
with inorganic solvents, the fibers themselves are
swollen or dissolved to cause adhesion between the fi-
bers. Furthermore, inorganic solvents are. vapourized
with difficulty.

Tt is difficult to give clear explanation of the mecha-
nism of formation of the concave depressions extend-

_ing into the fiber surface by treating the pre-treated

acryhc fibers with the organic treating agent. However,
it is considered that the concave depressions are
formed due to extraction of the unmodified inner layer
(soluble in dimethyl formamide) through the modified .
outer layer (insoluble in dimethyl formamide) by the
treatment with the organic treating agent.

In the knitted or woven fabrics of the acrylic fibers
of the present invention, the fibers have particular con-
cave depressions, which - provide weak points ‘in
strength of the fibers to cause easy falling off of pills.
As the results, prevention of pilling can be accom-
plished.

Furthermore, the concave depressions of the fibers of

_ the present invention have an elongated wedge shape

60
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and the major axis of the depressmn is alllgned length-
wise direction of the fiber axis and the minor axis of the
depression is alligned in the direction perpendicular to
the fiber axis. Said concave depressxons are extendmg
into the surface of the fibers and are dispersed in the
whole surface of the fibers. Therefore, contact area be-
tween single fibers is decreased and thus the knitted or
woven fabrics have soft hand and excel]ent shape sta-
bility.

“The present mvenuon will be 1llustrated by the Exam-
ples :
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EXAMPLE 1

lonitrile and 7 percent by weight of vinyl acetate was
spun by the conventional wet spinning method to ob-
tain a tow having monofilamentary denier of 3 and total

A pblymér Vcompris-i;g—9.3' ﬁefcent by welght <;f acry-

6

Ratio of area of the outer layer to that of total sectional

area of the fibers is also shown in Table B.
Then, thus treated yarns were immersed in 100 per-
_cent dimethylformamide at 25°C for 20 minutes to ob-

tain the fibers having concave depressions shown in
Table B.

TABLEB
Treating agent Concentra- Temperature Treating  Area of outer Major axis (a) of Maximum depth (b) Number of deprcssion/inch
tion (%) (°C) time layer (%)  depression (u) of depression (p)
(min).

Sodium 1.5 95 30 15 3-8 05-15 18
hydroxide

do. 0.5 90 30 7 5-12 0.5-2.0 40
Potassium 3.0 95 30 13 3-9 05-1.5 20
hydroxide .
Sodium 1.5 95 30 14 3-10 0.5-1.5 20
hydroxide .
Sulfuric acid 60.0 25 15 18 1.0-5 0.3-0.8 17 .

“denier of 480,000. The tow was cut by the turbo sta- T EXAMPLE 3

pler to obtain slivers (high bulk fibers). A part of said
slivers were shrunk by a fiber setter to obtain regular.

fibers. Forty parts of the high bulk fibers and 60 parts
of the regular fibers were worsted-spun to obtain high
bulk two folded yarns (250/360 T/M) of 36 metric

25

A copolymer of 93 percent by welght of acrylonitrile
and 7 percent by welght of vinyl acetate was spun by
‘ the conventional dry spinning method to- obtain staple
fibers (3 deniers per filament semi dull). The stapie fi-
" bers were pre-treated with 2 percent aqueous solution

counts. Said high bulk yarns were pre-treated with 0.5 30 of sodium hydroxide at 90°C for 30 minutes, washed

percent aqueous solution of sodium hydroxide at 90°C. .
for 30 minutes, then bleached with | percent aqueous
solution of acetic acid at 98°C. for 15 minutes, washed
with water and dried. The fibers were insoluble in di:

-with water and dried. -

A part of the pre-treated fibers were embedded: in
monomeric n-butyl methacrylate and heated to effect
polymerization. Thereafter, a specimen of cross section

methyl formamide at 100°C. Said insolubilized portion 35 of the fibers having a thickness of about 5 u was pre-

was 7 percent of total cross sectional area of the fiber.

Thus treated yarns were immersed ai a liquid ratio of
1: 50 in the treating agents as shown in Tabie A to form

pared. This specimen was immersed in dimethylform-
amide kept at 100°C. to cause partial dissolution there-
of. By this procedure, it was acknowledged that undis-

‘solved part was the outer layer of the fibers and the

concave depressions having characterlstlcs shown in 40 area of this outer layer was 21 percent of total cross

Table A.

As one example, microphotograph of the fibers
treated with treating agent (1) in Table A by a scanning
electron microscope is shown in FIG. 1.

sectional area.

The pre-treated. fibers were immersed in dimethyl-
‘formamide at 25°C. for 5 minutes. Then, solvent was
removed by washmg with water and dried. Elongated

TABLE A~ T
Treating agent Concentra- - Tempera- - Immersion Major axis (a) of Maximum depth (b) Number of depression/inch -
tion (%) ture (°C) time (min.) depression (i) of depression (u) »
) 98 25 .20 5-12 n 0.5 -2 40
Dimethyiformamide :
) 50/50 25 .20 4-10 0.5-2 25
Dimethylfor-
mamide/Ethylene
carbonate
(3) _ 90/10 28" 20 T 3i8 0.4-2 c20- T
Ethylene carbonate’ - :
water ) .
) ' - 98 25 20 5-12 L05-2 40
Dimethylacetamide . g i . R
) 98 50 20 2-8 - 0.5-2 18 )
Acetonitrile - __ . - —
EXAMPLE 2 o " wedge-shaped concave depressnons most. of which -

65

The high bulk yarns produced by the same method as
in Example 1 were pre-treated with aqueous solution of
the modifiers shown in Table B to make the outer layer
of the fibers insoluble in dimethyl-formamide at 100°C.

were rhombic in shape, were intermittently formed ex-
tending into the surface of the fibers. The shapes of the

concaves are shown in Table C. As referential Exam-

ple, non-ptreated- fibers were immerscd in dimethyl-
formamide at 25°C. to cause dissolution of the fibers.
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TABLE C _
Fibers Major axis (a) of Depth (b) of Number of
depression (p) depression (g} depression/inch

This Example 3-10 0.3 ~1 12
Referential ' 0 0 4]
Example

When the fibers of this Example were made into knit- o — —
ted fabric, fabrics of excellent properties, especially in 5th grade No formation of pills and no change of surface

TR : : HMite ’ : 4th grade A few pills and changes
pilling resnetance and shape stability was obtained. 3rd grade Medium number of pills and changes

A scanning electron microphotograph of the fibers 2nd grade Many pills and changes
obtained in this Example is shown in FIG. 3, Ist grade Extremely many pills and changes

15

EXAMPLE 4

ngh bulk yarns in Example 1 were pre-treated with
2 percent aqueous solution of sodium hydroxide at
90°C. for 30 minutes, and then bleached with 1 percent
aqueous solution of acetic acid at 98°C. for 15 minutes,
washed with water and dried. The outer layer of the fi-
bers was insoluble in dimethylformamide at 100°C. and
this insolubilized part was 21 percent of total cross sec-
tional area of the fibers. -

Thus pre- -treated high bulk yarns were immersed in
30 percent aqueous solution of dimethylformamide
kept at 25°C. and then squeezed in such a manner that
the amount of dimethylformamide solution adhered. to
the yarns was 70 percent of weight of dried fibers.
Then, the yarns were heat treated for one hour in a
drier kept at 90°C. Said yarns were dyed and subjected
to softening treatment and then were made into a
sweater by 14G Full Fashion knitting machine.

In the surface of the fibers, elongated wedge-shaped
concave depressions were formed. The concave de-
pressions have a length of major axis of 1.2 to 7 u and
adepthof 0.4 to I u and- number of depressmns per 1
inch was 15
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Furthermore, the knitted fabric obtained in this Ex-
ample had soft hand and completely maintained excel-
lent properties of acrylic fibers.

EXAMPLE 5

A copolymer of 94 percent by weight of acrylonitrile
and 6 percent by weight of methyl acrylate was spun by
the conventional dry spinning method to obtain staple
fibers of 3 deniers per filament. The fibers were pre-
treated with 13 percent owf of hydroxylamine sulfate
and 10 percent owf of sodium secondary phosphate at
a liquor ratio of 1 : 10 at 98°C. for. 30 minutes.

Sixty parts of thus pre-treated fibers (outer layer in-
soluble in dimethyl formamide at 100°C. was 23 per-
cent) and 40 parts of Merino wool were mix spun to ob-
tain 36 counts (mefric count) two folded yarns. The
yarns were immersed in aqueous solutions of the treat-
ing agents in Table E and were squeezed in such a man-
ner that the amount of the solution adhered to the fi-
bers was 70 percent of weight of the dried fibers.
Thereafter, the yarns were heat treated for 1 hourina
drier kept at 90°C.

The states of the acrylic fibers in the yarns obtairied
are shown in Table E.

TABLEE

‘After-treating Concentra-

Maxinium depth Nimber of depression/inch

Major axis <
agent tion (%) (a) of {b) of depression
depression  (u) .
(#) . _
'Dimethyl-acetamide 30 1.5-5 0.5-1.0 20
Dimethyl-sulfoxide 50 3.0 - 10. 08 -3.0 45
Ethylene 50 - 30-10 0.8 -3.0 40
o _ carbonate - B .
Sald knitted fabric was tested 'by Random tumble EXAMPLE6 7 o

type pilling tester and the results thereof are shown in .

Table D. It is clear from the Table D that the knitted
fabric obtained in this Example had consplcuously ex-
cellent pilling resistance.

‘Table D comparatlvely shows the test results on a
kmtted fabric obtamed from conventlonal acrylic fi-

TABLED

" Fabric .  Pilling resistance* (grade)

. Fabric of this Example ) -]

Fabric of conventional

2-3
acrylic fibers :

* Grade of pilling resistance was decided by surface changes’ resulted mer
operation of random tumble type tester. for 30 minutes in accordance wnh Js;
L-1018-1962. |

55
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.Acrylic fibers (3 deniers per filament) were pre-
treated with 2 percent aqueous solution of sodium hy-
droxide at 90°C. for 30 minutes and then.bleached with
2 percent aqueous solunon of oxalic acid at 98°C. for
IS minutes. The outer layer of the fibers thus pre-
treated was insoluble in dimethylformamidé at 100°C.
and this outer layer was 21 percent of total cross sec-
tional area of the fibers.

Said fibers were spun into two folded yarns (185/320
T/M) of 36 metric counts, which were exposed to satu-
rated vapor of dimethylformamide at 100°C. for § min-
utes, washed with water and dried. Thus treated yarns
were dyed and subjected to softening-treatment and
then ‘made into knitted fabric. In the fiber suirface of
this knitted fabric, elongated wedge-shaped concave
depressions having a major axis of 1.3 wto 5 iz and a
depth of 0.4 4 to 0.8 u were formed. Number of the de-
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pressions was 20/inch.
Said knitted fabric had an excellent pilling resistance
as shown in Table F.

TABLE F
Pilling resistance
Knitted fabric of 5th grade
this Example
EXAMPLE 7

Acrylic fiber two folded spun yarns (250/360 T/M)
of 32 metric counts were immersed in a mixed aqueous
solution of 10 percent of glycerine and 10 percent sul-
furic acid, and then squeezed. Thereafter, the yarns
were heated at 120°C. for 10 minutes to pre-treat the
yarns, washed with water and dried. The outer layer of
the fibers was insoluble in dimethylformamide at 100-
°C. and said outer layer of the fiber was 25 percent of
total sectional area of the fiber.

Thus pre-treated spun yarns were knitted into a fab-
ric, which was treated in saturated vapor of the solvents

3,802,954
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What is claimed is:

1. Acrylic fibers each having an outer layer, and said
fibers having a plurality of elongated wedge shaped
concave depressions extending into the surface thereof,
the number of said depressions being more than 3 per
inch along the length of an individual fiber and the
elongated axis of said depressions beirg axially aligned
in the lengthwise direction of the fiber, wherein said
outer layer of said fibers is insoluble in dimethyl form-
amide at 100°C. and said outer layer is 0.5 to 40 per-
cent of the total cross sectional area of an individual fi-
ber.

2, Acrylic fibers according to claim 1, wherein said
concave depressions-are rhombic in shape, length (a)
of the elongated axis of the individual depression being
in the range of 0.5 u to 20 w and the maximum depth
(b) of said depressions being in the range of 0.2 u to
10 u, the major axis of said rhombic depressions being
aligned in the direction of the fiber axis and the minor
axis thereof being aligned in the direction perpendicu-
lar to the fiber axis.

3. Acrylic fibers according to claim 1, wherein said
fibers contain at least 80 percent by weight of acryloni-
trile and the number of said depressions ranges from 5
to 50 per inch along the length of an individual fiber.

. . 25
shown in Table G for 5 minutes.
TABLE G
After treating Vapor Length (a) of Maximum depth (b) of Number of depression/inch
agent temperature major axis of depression (u) :
°C) depression (u)

Dimethyl-formamide 1.2-6 05-1.5 19
100
Dimethyl-sulfoxide 1.0-8 05-15 20
120
Acctonitrile 80 14 -10 04-1.0 18
* % %
40
45
50
55
60

65



