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The present invention relates to improvements
in the art of sizing nylon yarns, particularly poly-
hexamethylene—adipamide warp yarns, and to
novel, sized nylon yarns.

It has been proposed heretofore to size nylon
knitting yarns with water solutions of polyvinyl
alcohol or mixtures thereof with boric acid or
borax. It has also been proposed heretofore to
size nylon yarns with alkaline solutions of salts
of copolymers of styrene and maleic anhydride
in conjunction with agents which render the co-
polymers insoluble. However, these prior methods
have not been entirely satisfactory for various
reasons. Thus, the polyvinyl aleohols per se do
not give a satisfactory size and mixtures thereof
with boric acid and borax soften at high relative
humidities and have other disadvantages and
have not found acceptance in the trade for the
sizing of nylon warp yarns. The alkaline solu-
tions of salts of copolymers of styrene and maleic
anhydride which are mentioned above are not
considered to be satisfactory sizes for nylon warp
yarns, particularly when they are used alone. On
the other hand when they are used with insolu-
bilizing agents they cannot be removed from the
yarns by normal scouring agents and this is unde-
sirable to the trade for many sizing applications.

It is one object of this invention to provide a
relatively inexpensive and suitable sizing com-
bosition for sizing nylon yarns, and particularly
nylon warp yarns.

It is a further obect of this invention to pro-
vide an efficient method of sizing nylon yarns,
particularly polyhexamethylene-adipamide warp
yarns, with a sizing agent which is economical
to use, affords excellent protection to such yarns
during the weaving operation and is readily re-
moved from the yarns after weaving by a simple
scouring operation.

Still further objects and advantages of this
invention will appear in the following description
and the appended claims.

The methods of this invention are carried out,
in general, by treating nylon warp yarns with
an aqueous solution having a pH between about
2 and 5 of a water-soluble copolymer of substan-
tially equimoleculay proportions of vinyl acetate
and maleic anhydride or maleic acid or an alkyl
half ester of maleic acid, in which the alkyl group
contains from 1 to 4 carbon atoms, or a copolymer
of substantially equimolecular proportions of
vinyl acetate and mixtures of such anhydride,
acid and half ester, and thereafter drying the
yarns preparatory to weaving the yarns into a
fabrie.

(CL 117—138.8)

5

10

15

20

30

35

40

45

50

55

2

The term “nylon” as used herein is intended
to include water-insoluble fiber-forming linear
polyamides, particularly the water-insoluble fiber-
forming linear polyamides brepared by condens-
ing an aliphatic diamine such as hexamethylene
diamine with an aliphatic polybasic acid such as
adipic acid or sebacic acid, such as the polyamides
described in United States Patents No. 2,071,250,
No. 2,130,532 and No. 2,130,948. Of the foregoing
linear polyamides, it is preferred to size the water-
insoluble, polyhexamethylene-adipamide warp
yarns, since they are commercially available and
are especially amenable to sizing by the methods
of this invention.

It is essential in the practice of this invention
that the sizing solution have g PH of at least 2,
since sclutions having a, pH appreciably below 2
are not only harmful to nylon yarns by virtye
of hydrolysis, but also are foo viscous at a suf-
ficient solids concentration to properly size the
yarns. On the other hand, if the bPH of the
solution is appreciably in excess of 5 the copoly-
mer lacks adhesion to the nylon warp yarns and
does not size the yarn satisfactorily.

The aqueous size solutions having a pH of 2
to 3 generally, depending on the molecular weight
of the copolymer, can only be obtained with s
copolymer of substantially equimolecular propor-
tions of vinyl acetate and maleic anhydride or
a copolymer of equimolecular quantities of vinyl
acetate and maleic acid or g copolymer of vinyl
acetate with an equimolecular quantity of a mix-
ture of maleic components consisting of maleic
anhydride and maleic acid or g mixture of such
anhydride or acid or both with a minor bropor-
tion of methyl acid maleate. Since best results
are obtained with a solution of such pH, it is
preferred to employ the copolymers described
immediately above. Of these copolymers, the co-
polymer of equimolecular quantities of vinyl
acetate and maleic anhydride are breferred.

The aqueous solutions having a pH between
about 3 and 5 are generally prepared by dissolv-
ing copolymers of vinyl acetate and an equimo-
lecular quantity of an alkyl half ester of maleic
acid or mixtures of such half esters with maleic
anhydride and/or maleic acid in water with the
aid of sufficient alkali, which is considerably less
than the stoichiometrical proportion required to
neutralize the copolymer, until the copolymer dis-
sclves within the desired pH value of 3to5. In
general an aqueous solution having a pH of about
3 is readily obtained with a copolymer of 50 mol
per cent of vinyl acetate, 40 mol per cent of
methyl acid maleate and 10 mol per cent of
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maleic anhydride, whereas a copolymer of 50 mol
per cent of vinyl acetate, 40 mol per cent of
secondary butyl half ester of maleic acid and
10 mol per cent of maleic anhydride will usually
only dissolve in water at a pH between about 4.5
and 5. It is to. be.understood, of course, that
these examples are dependent on the molecular
weight of the copolymer, since high molecular
weight copolymers will generally require a higher
pH for dissolution in water, whereas low melecu-
lar weight copolymers will dissolve in water &b
lower pH values than those illustrated above. It
is also to be understood that agueous solutions
having a pH between about 3 and 5 are readily
prepared by adding small amounts of alkali to
the water solutions of copolymers of vinyl acetate
and maleic anhydride or maleic acid or mixtures
of such anhydride and acid previously described
herein.

Tt is necessary, in order to obtain satisfactory
results, to use an agueous solution containing
from 2 to 15% by weight, of the copolymers here-
inbefore described. - Such solutions are suitably
prepared by dissolving the copolymer in water
using small amounts of alkali, if required, bub
not sufficient to raise the pH of the solution above
5. The copolymer should also have a molecular
weight such that it can be dissolved in water at
a pH between about 2 and 5.

The size solution may contain, in addition, to
the copolymer, small amounts, say 0.01 0 5%
of sizing adjuncts such as, humectants, oils, wet-
ting agents and the like. As examples of humec-
tants may be mentioned glycerine, ethylene glycol,
sorbitol, propylene: glycol, polyethylene glycols,
polyelycerols, polypropylene oxides and the like.
Oils which may be used include the sulfonated
animal, mineral -and vegetable oils or mixtures
thereof, water-emulsifiable mixtures of such oils
with animal oils, mineral oils, vegetable oils,
Twitchell -oil and the like. As examples of web-
ting agents may be mentioned acid-stable anionic
wetting agents such as alkyl substituted benzene
sodium sulfonates, in which the alkyl group con-
tains from about 10 fo 20 carbon atoms, alkali
metal or ammonium monealkyl sulfosuccinates,
in which the alkyl group contains from about 10
to 20 carbon atoms, and the like; and acid-stable
non-ionic wetting -agents such as the surface
-active -condensation produets of ethylene oxide
with an alkylated phenol having irom 8 to 20
carbon atoms in the alkyl group or.an alkyl mer-
captan having from 8 to 20 carbon atoms.

Tor- best results the size solution should be
used, or applied to the nylon yarn at a tempera-
ture between about 100 and 200° F. At these
temperatures the size solution is less viscous and
penetrates into the yarn more readily and uni-
formly.

The size solution is supplied to the yarn in an
amount sufiicient to apply between about 0.5 and
59% by weight of the copolymer based on the dry
weight of the nylon yarn. This may be accom-
_plished in various ways, for example, by pass-
ing the yarns through the size solution and he-
neath the surface thereof or by spraying the
yarns with the size solution, and thereafter pass-
ing the yarns between squeeze rolls to remove ex-
cess solution and to deposit the required amount
of the copolymer. The size solution may also be
applied in other ways, as, for example, by dip-
- ping the yarns in the solution of the copolymer.
- In any event the solution should contain between
-2 and 15% by weight of the copolymer, and if
squeeze rolls are used- the amount of pressure
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exerted on the squeeze rolls should be adiusted
to remove sufficient excess solution to deposit the
required amount of copolymer within the range
of 6.5 to 5%, based on the weight of the dry yarn.

The treated nylon yarns may be dried in var-
ious ways. Thus, they may be air-dried at normal
room temperatures, that is, between about 65
and 85° . However, it is preferred to dry the
treated varns at elevated temperatures of about
140 to 250° . This may be accomplished by
passing the treated yarns through an oven in
which the circulating air is at a temperature of
140 40 250° F. or the treated yarns may be passed
over one or more drying cans, which are heated
at a temperature of 140 to 250° F,, until the yarns
are dry or contain less than 19% moisture.

The sized yarns are now ready for the weav~
ing operation and may be woven in a loom at 2
relative humidity between about 40 and 80%.
Any suitable yarn may be used as the filling in
the weaving operation. 'The size adhsres to the
nylon yarns during the weaving operation wita-
out splitting or dusting off and protects the yarns
from the mechanically moving parts of a loom.
This excellent adhesion of the size o the nylon
yarns is particularly unexpected in view of the
fact that alkali metal salts of the same copoly-
mers lack adhesion to nylon yarns during the
weaving operation, and especially when it is con-

idered that nylon yarns undergo considerable
stretching and contraction in the loom and thus
subject the size to considerable stretching and
contraction. The copolymer sizes disclosed herein
are also sufficiently hard so that they dry on
drying cans without sticking to the cans.

The size, which consists essentially of the co-
polymers hereinbefore described, is readily re-
moved from the warp yarns in the woven fabric
by a simple scouring or soaping in a mild soap
solution. This means that the fabric can be
treated with any suitable finishing agent to pro-
duce the desired finish on the fabric.

A further understanding of the sizing process
and sized yarns of this invention will be obtained
from the following specific examples which are
intended to illustrate the present invention, but
not to limit the scope thereof, parts and percent-
ages being by weight unless otherwise specified.

Example I

An aqueous solution having a pI of about 2.9
was first prepared by dissolving 8 parts of a co-
polymer of equimolecular proportions of vinyl
scetate and maleic anhydride In 92 parts of
water, after which it was heated to a tempera-
ture of 140° F. The molecular weight of the co-
polymer was such that a 29, solution therecf in
cyclohexanone has a viscosity of 5 centipoises.
Nylon (polyhexamethylene - adipamide) warb
yarns having 70 filaments, a denier of 34 and 7 Z
twist were passed through the solution of the
copolymer at a rate of 10 to 20 yards per minufe
and then passed betwesn squeeze rolls which were
set to exert a pressure of 10 to 20 pounds per
linear inch. The web yarns were then passed
over five drying cans in tandem arrangement,
which cans were heated to temperatures of 180°
., 200° ¥, 200° P, 200° P, and 160° F,, respec-
tively. After leaving the drying cans the sized
yarns were substantially dry. No sticking of the
copolymer size on the drying cans was noted.

The above sizing process wWas carried out with-
out stretching the yarns.

The nylon yarns were thus covered with akout
49, by weight, based on the dry yarn, of a con~
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tinuous, flexible ang tough coating which did
not dust or shed to any appreciable extent when
the yarns were stretched and allowed to contract.
The weaving efficiency of the sized nylon yarns
was excellent at a relative humidity of 60%.
The fabrics prepared from such sized yarns were
readily desized by a simple scouring with warm
water.
Example I

An aqueous solution was first prepared by dis-
solving 8 parts of a copolymer of 50 mol per cent
of vinyl acetate, 40 mol per cent of methyl acid
maleate and 10 mol per cent of maleic anhydride
in 92 parts of water using only sufficient sodium
hydroxide to dissolve the copolymer.  The re-
sulting solution, which had g, PH of 3, was then
heated to a temperature of 140-156° . Nylon
(polyhexamethylene-adipamide) warp yarns con-
taining 70 filaments, having a denier of 34 and
7 Z twist were passed through the solution at
a rate of 10 to 20 yards per minute and then
passed hetween squeeze rolls which were adjusted
to exert a pressure of 10 to 20 pounds per linear
inch. The wet yarns were then passed over five
drying cans arranged in series, which cans were
heated to temperatures of 180° P, 200° P, 200°
F, 200° F, and 160° F., respectively. After
leaving the drying cans the yarns were substan-
tially dry. The drying cans were observed after
a considerable number of cizing operations as
deseribed above and no sticking of the copolymer
size on the drying cans was noted. :

The above sizing process was carried out with-
out stretching the yarns.

The nylon yarns which were sized as described
above were covered with about 4% by weight,
based on the dry yarns, of g continuous, flexible
and tough coating which did not dust or shed
to any appreciable extent when the yarns were
stretched and allowed to contract g considerable
number of times. The weaving efficiency of the
sized nylon yarns was excellent at a relative
humidity of 60%.

The fabrics prepared from the sized yarns
were readily desized by a simple scouring with
warm water.

Example IIT

Nyon (polyhexamethylene-adipamide) warp
yarns were sized in aecordance with the procedure
described in Example II with the exception that
the sizing solution was brepared by dissolving 8§
parts of a copolymer of 50 mol per cent of vinyl
acetate, 40 mol per cent of secondary butyl half
ester of maleic acid and 19 mol per cent of maleic
anhydride using an amount of sodium hydroxide
sufficient to form a solution having a pH of about
4.5. The sized yarns thus preduced had substan-
tially the same characteristics and weaving effi-
ciency as the sized yarng produced in accordance
with the procedure of Example II. Moreover,
the size on the warp yarns was readily removed
by a simple scouring with warm water.

The copolymers described herein and in the
foregoing examples may be brepared in various
ways. For example, they are suitably prepared
by heating a mass consisting essentially of vinyl
acetate and the maleic component in equimolec~
ular proportions in the presence of a peroxide
catalyst such as benzoyl veroxide at temperatures
between about 30 and 125° C., the temperature
being maintained between 60 and 125° C. by
cooling if necessary. They may also be prepared
by heating the vinyl acetate and the maleic com-
bonent in a liquid which is a solvent for the
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monomers but a non-solvent for the copolymer,
for example, a liquid such as toluene, in the
-Presence of a peroxide catalyst such as benzoyl
peroxide.

It is essential in breparing such copolymers,
however, that the vinyl acetate is used in amounts
of 50 mol per cent and that the maleic com-
bonents total substantially 50 mol per cent in
the copolymer.

Various modifications may be made in the
methods and sized yarns described herein as will
be apparent to those skilled in the art to which
this invention appertains without departing from
the spirit an intent of this invention. Accord-
ingly, it is to be understood that it is not intended
to limit this invention except by the scope of the
appended claims,

What is claimed is:

1. A method of sizing water-insoluble nylon
warp yarns to prepare them for weaving which
comprises treating said varns with an agueous
solution having a pH between 2 and 5 and com-
prising from about 2 to 15% by weight of a
water-soluble copolymer of substantially 50 mol
ber cent of vinyl acetate and substantially 50 mol
per cent of maleic components selected from
the group consisting of maleic anhydride, maleic
acid, alkyl half esters of maleic acid, in which
the alkyl group contains from 1 to 4 carbon atoms,
and mixtures thereof, saig solution being sup-
plied in an amount suificient tc deposit from
about 6.5 to 5% by weight, based on the dry
Yarns, of said copolymer, and then drying said
yarns,

2. A method of sizing water-insoluble nylon
warp yarns to prepare them for weaving which
comprises treating said yarns with an aqueous
solution having a pH between 2 and 5 and com-
prising from about 2 to 15% by weight of a water-
soluble copolymer of 50 mol per cent of vinyl
acetate and 50 mol per cent of maleic anhydride,
said solution being supplied in an amount suffi-
cient to deposit from about 0.5 to 5% of said
copolymer, based on the dry yarns, and then
drying said yarns.

3. A method aceording to claim 2, but further
characterized in that the nylon warp yarns are
brepared from polyhexamethylene-adipamide.

4. A method of sizing water-insoluble nylon
warp yarns to prepare them for weaving which
comprises treating said yarns with an agueous
selution having a pIT between 2 and 5 and com-~
prising from about 2 to 15% by weight of a water-
soluble copolymer of 50 mol per cent of vinyl
acetate and 50 mo! ver cent of maleic anhydride
together with methyl acid maleate, said solu-
tion being supplied in an amount sufiicient to
deposit from about 0.5 to 5% by weight, based on
the dry yarns, of said copolymer, and then dry-
ing said yarns.

5. A method according to claim 4, but further
characterized in that the nylon warp yarns are
prepared from polyhexamethylene-adipamide.

6. A method of sizing water-insoluble nylon
warp yarns to prepare them for weaving whieh
comprises treating said yarns with an agueous
solution having a pH between 2 and 5 and com-~
prising from about 2 to 15% by weight of a
water-soluble copolymer of 59 mol per cent of
vinyl acetate and 50 mol per cent of an alkyl
half ester of maleic acid, in which the alkyl
group contains from 1 to 4 carbon atoms, said
solution being supplied in an amount sufficient
‘to deposit from about 0.5 to 5% by weight of said
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copolymer, based on the dry yarns, and then
drying said yarns.

7. A method of sizing water-insoluble poly-
hexamethyleneadipamide warp yarns to prepare
them for weaving which comprises treating said
yarns with an ageuous solution which has a pH
between 2 and 5, a temperature of about 100 to
200° F. and comprises from about 2 to 15% by
weight of a water-soluble copolymer of equi-
molecular proportions of vinyl acetate and
maleic anhydride, squeezing the yarns sufficiently
to deposit about 0.5 to 5% by weight of said
copolymer, based on the dry yarns, from said
solution, and thersafter drying said yarns at
temperatures between about 140 and 250° F.

8. A nylon warp yarn sized with a continuous,
flexible and tough film of a water-soluble co-
polymer of substantially 50 mol per cent of vinyl
acetate and substantially 50 mol per cent of
vinyl acetate and substantially 50 mol per cent of
maleic components selected from the group con-
sisting of maleic anhydride, maleic acid, alkyl
half esters of maleic acid, in which the alkyl
group contains 1 t0 4 carbon atoms, and mixtures
thereof, said flm comprising from about 0.5 )
59% by weight of said copolymer based on the
dry yarn.

9. A warp yarn according to claim 8, but fur-
ther characterized in that the yarn is composed
of polyhexamethyleneadipa.mide.

10. A method of sizing water-insoluble nylon
warp yarns to prepare them for weaving which
comprises treating said yarns with an agueous
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solution having a pH between 2 and 5 and com-
prising from 0.01 %0 5% of glycerine and from
about 2 to 15% by weight of a water-soluble
copolymer of substantially 50 mol per cent of
vinyl acetate and substantially 50 mol per cent
of maleic anhydride together with methyl acid
maleate, said solution being supplied in an
amount sufficient to deposit from about 0.5 to
5% by weight, based o the dry yarns, of said
copolymer and then drying said yarns.

11. A method of sizing water-insoluble nylon
warp yarns to prepare them for weaving which
comprises treating said yarns with an aqueous
solution having a pH between 2 and 5 and com-
prising from 0.01 to 5% of polyethylene glyeol
and from about 2 to 15% by weight of a water-
soluble copolymer of substantially 50 mol per
cent of vinyl acetate and substantially 50 mol
per cent of maleic anhydride together with
methyl acid maleate, said solution being sup-
plied in an amount sufficient to deposit from
shout 0.5 to 5% by weight, based on the dry
yarns, of said copolymer and then drying said
yarns.
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