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This invention relates to polypropylene fibers. More
particularly, thijs invention relates to substantially crystal-

This polymer is, however, subject to
inherent disabjljties which greatly restrict its atility in
the fabrication of general purpose fibers, For example,
a high—molecular-weight, fiber forming, crystalline poly-
olefin such ag polypropylene, is a relatively insoluble,
chemically inert, hydrophobic material. Since it is not
readily permeable to water, it cannot be dyed satisfac-
torily by the ordinary dyeing procedures, Since it is rel-
atively inert chemically, i cannot be permanently dyed
even with hydrocarbon soluble dyestuffs, Furtherrnore,
substantially crystalline polypropylene yarns and fiberg
cannot be dyed readily with a wide variety of dispersed,
premetallized and acid-type dyes nor can such yarns and
fibers be dyed to deep shades having good light and gas
fastness. Moreover, the susceptibility of polypropylene
fibers to oxidative degradation, instability toward ultra-

ther limited their wutility. Hence, it is most desirable to
obtain fibers free from the above-mentioned disabijlities
in order to increase their value in the textile field.

The problem of obtaining polypropylene fibers having

Accordingly,
vide polypropylene fibers having i

type dyes which
propylene.

sistance to oxidation and weathering in addition to excel-
lent physica] Properties,

- Further objects of the invention will become apparent
throughout the following description.

In accordance with -this invention it has been found
that polymeric blends of polypropylene and an effective
concentration of one or more of the vinyl pyridine units,
in polymeric form, having the following structure:
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wherein R g hydrogen or methyl, R! js g lower alkyl
8roup, desirably containing 1-4 carbon atoms and # is
an integer from ¢ to 4, can be spun into high strength
fibers and yarns which exhibit excellent dye affinity for
dispersed, acid-type dyes,

preferably from 5 tq 15%.

The discovery that certain polymeric blends of crystal-
line polypropylene with polymers of the vinyl pyridines
can be spun into high

ene terephthalate when
vinyl pyridine) undergoes severe degradation on melt
spinning.

Althongh unmodified polypropylene shows virtually no
affinity for dyestuffs, it can be dyed with some dyes to
weak shades having, however, Very poor fastness prop-
erties as mentioned hereinbefore, Surprisingly, it has
been found that the shades

oxidation, light and weathering
is not completely understood, It is possible, however,

activate free-radical mechanism of decomposition in the
polypropylene. :

The modified polypropylene fibers and yarns may be
further stabilized against thermal breakdown and weath-
ering with any of the conventional stabilizers for poly-
olefins, i add such stabilizers

1 brepared by conven-
tional methods and, as a result, give fibers which possesg
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low tenacities, high shrinkage properties, and no com-
mercial value. It would have been predicted, contrary
to fact, that these materials, when used to modify poly-
propylene for fibers and yarn, wounld have deleteriously
affected the properties of the yarn.

Another unpredictable feature of this invention is the
fact that the polymeric vinyl pyridines nsed to modify
polypropylene could not be used satisfactorily to modify
polyolefin fibers in general. For example, when these
modifiers were incorporated into high density or into con-
ventional polyethylene, they were found to be substan-
tially incompatible. Thus, 2 blend of polyethylene (90
parts) and poly(Z-methyl—S—vinyl pyridine) (10 parts) on
melt spinning gave fibers which were badly segmented.
When these fibers were drafted, fibrillation resulted, giv-
ing a substantially useless product in contrast to the poly-
propylene fibers of our invention which showed no fibril-
lation when drafted.

According to the practice of the invention, the mono-
mers which are suitable for polymerization into the use-
ful polymeric compositions for blending with polypropyl-
ene in accordance with this invention are those represented
by the generic formula:

(BRD)n

C=CH:
\n7 B

wherein R is hydrogen or methyl, R! is a lower alkyl
group, desirably containing 14 carbon atoms and # is an
integer from 0 to 4.

The monomeric units which are described herein can
be present either in the form of a homopolymer 01 in the
form of a copolymer of the desired vinyl pyridine with
another vinyl pyridine or with N-substituted acrylamides,
as hereinafter described.

Useful copolymers then can be composed of two or
“more different vinyl pyridine units, as set forth herein-
before, or of these wnits and one or more monomeric
units as described hereinafter. Monomeric units of the
latter type are those derived from N-substituted acryl-
amides having the formula:

R O
CHz——:(\l—-g——NIﬂR‘i

wherein R2 is hydrogen or a lower alkyl group, desirably
containing 1 to 4 carbon atoms, R3 is hydrogen or an
alkyl, cycloalkyl, aralkyl or aryl group desirably contain-
ing 1 to 18 carbon atoms and R% is a member selected
from the group consisting of alkyl, cycloalkyl, aralkyl
and aryl groups containing 1 to 18 carbon atoms. These
monomers include N-isopropylacrylamide, N-isopropyl-
methacrylamide, N,N~dimethylacrylamide, N-phenylacryl-
amide, N-cyclohexyl-acrylamide, N-butylacrylamide, N,N,-
diethylacrylamide, N - ethylacrylamide, N - methylacryl-
amide, N-methyl - N - phenylacrylamide, N-dodecylacryl-
amide, N-propylacrylamide, N-benzylacrylamide and N-
«-naphthylacrylamide.

Hence, the polymeric modifiers may also be described
as polymers containing recurring units having the gen-
eral structure:

(RYa

XN\

L—‘\»?—om an
N

X

wherein R, Rt and n are as defined above, Z is the residue
of an unsaturated polymerizable N-substituted acrylamide
as defined hereinbefore and x and y are integers which
will provide a homo- or copolymer having a molecular
weight of at least 1000. 1t is obvious that the nature of
the polymerizable, monoethylenically unsaturated N-sub-
stituted acrylamide which is copolymerized with the vinyl
pyridine to form the modifier is subject to wide varia-
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tion. The truly important feature of the modifier is that
vinyl pyridine units of the type described above be present
therein, preferably in amounts of from 25 to 100 mole
percent.

Those radicals which can be present in the pyridine
group, as described by R! in the above formulas, include
any of the conventional lower alkyls as exemplified. by
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl and
t-butyl.

The monomeric units described above may comprise
less than 25 mole percent, €.8., 20, 10 or even 5 mole
percent of the polymeric modifier, but mole percentages
of 25 to 100 percent are preferred, particularly where
affinity for acid-type dyes is especially desired.

Tt has been found that blends of crystalline poly-
propylene with the polymeric modifiers described can be
melt spun into high strength yarns which can be dyed to
deep, light and gas fast shades by means of dispersed,
premetallized and acid-type dyes. The dyeing process
can be carried out using conventional procedures either
with or without carriers. The polypropylene blends can
contain from 1% or less to 259, or more by weight, of
the homo or copolymeric modifier, although the preferred
concentration of modifier is from 5 to 15%. However,
there are special situations which may warrant the use
of 30 or perhaps even 40% by weight based on the poly-
propylene, of certain of the copolymeric modifiers dis-
closed. Furthermore, even though as little as 1% by
weight based on the polypropylene, of the specified poly-
meric modifiers will impart dye affinity to the fibers, it is
preferred that amounts of at least 5% be employed, par-
ticularly where deep shades are desired. Poylpropylene
blends of this type can be melt spun at temperatures
ranging from 25 to 50° C. lower than are necessary to
melt spin pure polypropylene.

Some specific modifiers useful in
invention are:

the practice of this

Poly(2-vinyl pyridine)

Poly (3-vinyl pyridine)

Poly(4-vinyl pyridine)

Poly(5-ethyl-2-vinyl pyridine)

Poly(2-methyl-5-vinyl pyridine)

Poly( 2-methyl-6-vinyl pyridine)

Poly(2,4-dimethyl-6 -vinyl pyridine)

Poly(S-propyl—Z-vinyl pyridine)

75/25 copolymer 2-methyl-5-vinyl pyridine/N,N-di-
methylacrylamide

75/25 copolymer N—isopropylacrylamide/ 2-methyl-5-
vinyl pyridine

85/15 copolymer N-methylmethacrylamide/ 2-methyl-5-
vinyl pyridine

93/7 copolymer N,N—dimethylacrylamide/ 2-methyl-6-
vinyl pyridine

80/15/5 copolymer N-isopropylacrylamide/ N-tert-butyl
acrylamide/ 2.methyl-5-vinyl pyridine

70/10/15 copolymer N-isopropylacrylamide/ N,N-di-
methylacrylamide/ 2-methyl-5-vinyl pyridine

80/10/10 copolymer N-isopropylacrylarnide/ 2-methyl-
5.yinyl pyridine/2-vinyl pyridine

75/17/8 copolymer N-methylacrylamide/ 2-methyl-5-
vinyl pyridine/ 3.-vinyl pyridine

Blends of crystalline polypropylene with one or more
of the polymeric modifiers may be prepared in any de-
gsired manner, whether it be mechanical mixing, copre-
cipitation or other blending method, €.2., they can be
prepared at elevated temperatures on rolls, in a banbury
mixer or any other suitable type of processing equipment
or they can be prepared by multiple extrusion techniques.
The polymeric modifiers can have a molecular weight of
1000 and higher depending on the particular blend prop-
erties desired and the blending method employed. 1t is

—
Nore.-—The integers given to indicate the copolymer com-

position are based on mole percent here and throughout 'the
specification.
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to be understood, of course, that any polymeric modifier
having a molecular weight in excess of 1000 which is
capable of introducing the specified percent by weight,
based on polypropylene, of the described vinyl pyridine
units into the blend is within the scope of our invention,

Usually, it is

density, as used herein, refers to the density determined
on a sample which has been annealed in an attempt to ob-
tain maximum crystallinity. A conventional annealing
procedure involves placing the sample in a tube, heating
under high vacuum or in a nitrogen atmosphere to just
below the softening point, and allowing the sample to ¢ool
slowly. Polypropylene having inherent viscosities above
1.2 can be used in preparing the modified compositions,

optimum melt spinning characteristics and fiber properties.
The temperatures required for this degradation are usual-
ly above 300° C. and often result in an appreciable deg-
radation of the modifier. Polypropylene of inherent vis-
cosity less than 0.9 can be used in preparing modified
compositions for melt spinning, but it does not afford
fibers having optimum physical properties.

The - modified polypropylene compositions - described
herein may be melt spun into fibers having the desired
characteristics by conventional melt spinning procedures
or melt extruded into arficles by extrusion through a
suitable die, Furthermore, these modified polypropylene
compositions can be formedinto the varions Cross-sec-
tions, e.g., cloverleaf, Y-section etc., by employing spin-
nerettes or dies having appropriately shaped orifices.

The following examples are introduced to illustrate but
not necessarily to limit our invention.

Example 1

Several compositions comprising crystalline polypropyl-
ene (inherent viscosity=1.0 and density=0.912) and
poly(2—methyl-5—vinyl pyridine) are prepared by mechani-
cally blending pellets of the two polymeric materials fol-
Iowed by melt extrusion and repelleting of the resulting
compositions. These compositions are then melt spun
into 34 filament yarns having the properties shown in the
table below. Knit tubes prepared from these yarns all
dye to deep shades with 4-(4’—ﬁ-hydroxyethylanilino)-5-
nitro-1,8 dihydroxy anthraquinone Isolan Red B, a neutral
dyeing premetallized dye (Colour Index, volume 4, second
edition (1956), page 4326), and Wool Fast Blue BL
(Colour Index 833) in the aqueous dye baths at boil for
1 hour. Even deeper shades are obtained by using car-
riers such as benzyl n-butyrate. All samples show excel-
lent fastness to ultraviolet light in = fadeometer for 20
hours or more,
Eﬁ_&k

‘ 1 l o jor|w]| v

Percent Polypropylene...._.__________ 100 95 90 85 80
Percent Poly(z-methyl-ﬁ-vinyl

pyridine)________ T "7 0 5 10 15 20
Yarn Viscosity_ .- " 0.93 0.970.95] 0.0 003
Total Denier__ __ 228 | 237 | 248 | 230 209
Tenacity, g./den.. . _ 7.83 | 7.24 { 6.50 [ 5.80 | 7. 24
Elongation, percent. | 18 19 181 15 17
Elastic modulus, g./den 63 74 65 62 64

e S NU S B B

Similar resulté are obtained with a 75/25 2-methyl-5-
vinyl pyridine/N,N-dimethylacrylamide copolymer used
in place of the poly(2-methyl-5-vinyl pyridine).

Example 2

A mixture of 9 parts of crystalline polypropylene (in-
herent viscosity=1.05 and density=0.914) and 1 part of
poly(2-methyl-6-vinyl pyridine) is prepared by evaporat-
ing a toluene solution of the latter onto pellets of the
polypropylene in a conical mixer under vacuum, - The

10

20

25

30

40

45

50

55

60

65

70

75

solvent-free mixture is then melt extruded jnto Y8-in. rod
and then is chopped into pellets having a length of about
Y%-in. The resulting composition is readily melt spun
into 34 filament yarn at a spinning temperature of 265°
C. The unmodified polypropylene Tequires a melt spin-
ning temperature of 280° C, for optimum spinning char-
acteristics. The modified polypropylene yarn obtained
above is knitted into “sock” or tube which is used in
dyeing tests. Excellent dye affinity for dispersed and pre-
metallized dyes is demonstrated by the deep shades with
Isolan Red B, a neutral dyeing premetallized dye (Color
Index, volume 4, second edition (1956), page 4326),
Wool Fast Blue BL (Colour Index 833) and 4-(4'-B-
hydroxyethylanilino) - 5 - nitro - 1,8 - dihydroxyanthra-
quinone.

Other polymeric modifiers which, when used in place
of the poly(2-methy, ~-6-vinyl pyridine) as above, give
similar results, are poly(2-vinyl pyridine), poly(4-vinyl
pyridine) and poly(5~isobutyl-2-viny1 pyridine),

Example 3

Blends of crystalline polypropylene with poly(2,4-di-
methyl-6-vinyl pyridine) are prepared by melt extrusion
of the mechanical mixtures of the two Tesins.
blends are then melt spun into 34 filament yarns. Knit
tubes fashjoned from these yarns are readily dyed with
4-(4-8- hydroxyethylanilino) - 5 - nitro - 1,8 - dj-
hydroxy-anthraquinone and Isolan Red B, a neufra] dye-
ing premetallized dye (Color Index, volume 4, second
edition (1956), page 4326), as well as with Wool Fast
Blue BL (Colour Index 833) and Du Pont Milling Red
SWG (1952 “Technical Manual Yearbook of the Ameri-
can Association of Textile Chemists and Colorists,” vol-
ume XXVIII, page 205 ). Deep shades which are both
light and gas fast are readily obtained,

Poly(‘S—ethyl-Z—vinyl pyridine) or poly (5-propyl-2-
vinyl pyridine), when used in place of the above polymer,
give similar results,

Example 4

Several compositions comprising crystalline polypro-
pylene (inherent viscosity 1.0 and density 0.912) and
75/25  copolymer 2—methy1—5-viny1 pyridine/N,N-di-
methylacrylamide are prepared by mechanically blend-
ing pellets or granules of the two polymeric materialg
followed by melt extrusion and repelleting of the result-
ing compositions, 'These compositions are then melt spun
into 34 filament yarns. Knit tubes prepared from these
yarns all dye to deep shades with 4-(4’-ﬁ-hydroxyethy1—
Blue BL (Colour Index 833) and Dy Pont Milling Red
B, a neutra] dyeing premetallized dye (Color Index, vol-
ume 4, second edition (1956), page 4326), and Wool
Fast Blue BL (Colour Index 833) in the aqueous dye
baths at boil for 1 hour. Even deeper shades are ob-
tained using carriers such as benzyl n-butyrate.
ples show excellent fastness i
ometer for 20 hours or more,

Suitable vinyl pyridine copolymers which can give sim-
ilar results include 2-vinyl pyridine/3-viny] pyridine co-
polymers, 2-methy1-5-viny1 pyridine/5-ethy1-‘2-viny1 pyri-
dine copolymers, 2-methy1—6-vinyl pyridine:/Z-methyl-S—
vinyl pyridine copolymers and 5—propy1—2—viny1 pyridine/
2,4~dimethy1—6-viny1 pyridine copolymers.

Thus, by means of ihis mvention, substantially crystal-
line polypropylene yarng

same manner
as conventional polypropylene fibers; for example, they
can be woven into wool-like blankets or used in the pro-
duction of automobile seat covers and marine hawsers that
are as strong as nylon and somewhat cheaper.,
The invention has been described in considerable de-
tail with particular reference to certain preferred embodi-
ments thereof, but it will e understood that variations
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and modifications can be effected within the spirit and
scope of the jnvention as described hereinabove and as
defined in the appended claims.

We claim:

1. A melt spun polypropylene textile fiber exhibiting
excellent dye affinity, light and gas fastoess, resistance to
oxidation and weathering, said fiber containing a poly-
meric modifier selected from the group consisting of:

(a) homopolymers of vinyl pyridine monomers having

the formula:

(RDa

N
L ?:C}Iz
n B

wherein R is a member selected from the group con-
sisting of hydrogen and methyl, R! is a lower alkyl
group, and n is an integer from O to 4,

(b) copolymers of at least two vinyl pyridine monomers
having said formula (a), and

(¢) copolymers of vinyl pyridine monomers having said
formula (a) with N-substituted acrylamide mono-
mers having the formula:

Y
CH=C—C—NRIR*
wherein R2? is a member selected from the group

consisting of hydrogen and lower alkyl, R? is a mem-
ber selected from the group consisting of hydrogen,

alkyl, cycloalkyl, aralkyl and aryl groups containing.

1—18 carbon atoms, and R¢ is a member selected from
the group consisting of alkyl, cycloalkyl, aralkyl and
aryl groups containing 1-18 carbon atoms,

2. A melt spun polypropylene textile fiber according to
claim 1 wherein the polymeric modifier is present in an
amount of from 1-25% by weight based on the poly-
propylene.

3. A melt spun polypropylene textile fiber according to
¢laim 2 wherein said polymeric modifier is a homopolymer
of a vinyl pyridine monomer.

4. A melt spun polypropylene textile fiber according to
claim 2 wherein said polymeric modifier is a copolymer
of at least two vinyl pyridine monomers. )

5 A melt-spun polypropylene textile fiber according
to claim 2 wherein said polymeric modifier is a copolymer
of vinyl pyridine and N-substituted acrylamide monomers.

6. A melt-spun polypropylene textile fiber according to
claim 3 wherein said vinyl pyridine monomer is selected
from the group consisting of 2-vinyl pyridine, 3-vinyl
pyridine, 4-vinyl pyridine, 2-methyl-5-vinyl pyridine, 5-
ethyl-2-vinyl pyridine, 2.methyl-6-vinyl pyridine, 2,4-di-
methyl-6-vinyl pyridine, and 5-propyl-2-vinyl pyridine.

7. A melt-spun polypropylene textile fiber according to
claim 4 wherein at least one of said vinyl pyridine mono-
mers is selected from the group consisting of 2-vinyl pyri-
dine, 3-vinyl pyridine, 4-vinyl pyridine, 2-methyl-5-vinyl
pyridine, 5-ethyl-2-vinyl pyridine, 2-methyl-6-vinyl pyri-
dine, 2-4-dimethyl-6-vinyl pyridine, and 5.propyl-2-vinyl
pyridine.

8. A melt-extruded polypropylene article exhibiting ex-
cellent dye affinity, light and gas fastness, resistance to
oxidation and weathering, said article containing a poly-
meric modifier selected from the group consisting of:
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(a) homopolymers of vinyl pyridine mOROMers having
the formula: :
(RYa
N
C=CH;

N/ R

wherein R is a member selected from the group con-
sisting of hydrogen and methyl, R! is a lower alkyl
group, and n is an integer from 0 to 4,

(b) copolymers of at least two vinyl pyridine mono-

mers having said formula (a),and

(¢) copolymers of vinyl pyridine monomers having

said formula (a) with N-substituted acrylamide mon-
omers having the formula:

R O

(Jliz_——(‘LJ—(\lJ—l\IRaR4

wherein R? is a member selected from the group
consisting of hydrogen and lower alkyl, R? is a mem-
ber selected from the group consisting of hydrogen,
alkyl, cycloalkyl, aralkyl and aryl groups contain-
ing 1-18 carbon atoms, and R¢ is a member selected
from the group consisting of alkyl, cycloalkyl, aral-
kyl, and aryl groups containing 1-18 carbon atoms.

9. A melt-extruded polypropylene article according to
claim 8 wherein the polymeric modifier is present in an
amount of from 1-25% by weight based on the poly-
propylene. )

10. A melt-extruded polypropylene article according to
claim 9 wherein the polymeric modifier is a homopolymer
of a vinyl pyridine monomer.

11. A melt-extruded polypropylene article according to
claim 9 wherein said polymeric modifier is a copolymer of
at least two vinyl pyridine monomers.

12. A melt-extruded polypropylene article according to
claim 9 wherein said polymeric modifier is a copolymer
of vinyl pyridine and N-substituted acrylamide monomers.

13. A melt-extruded polypropylene article according to
claim 10 wherein said vinyl pyridine monomer is selected
from the group consisting of 2-vinyl pyridine, 3-vinyl pyr-
idine, 4-vinyl pyridine, 2-methyl-5-vinyl pyridine, 5-ethyl-
2-vinyl pyridine, 2.methyl-6-vinyl pyridine, 2,4-dimethyl-
6-vinyl pyridine, and 5-propyl-2-vinyl pyridine.

14. A melt-extruded polypropylene article according to
claim 11 wherein at least one of said vinyl pyridine mono-
mers is selected from the groups consisting of 2-vinyl pyr-
idine, 3-vinyl pyridine, 4-vinyl pyridine, 2-methyl-5-vinyl-
pyridine, 5-ethyl-2-vinyl pyridine, 2-methyl-6-vinyl pyri-
dine, 2,4-dimethyl-6-vinyl pyridine, and 5-propyl-2-vinyl
pyridine.
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