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This invention relates to the treatment of pro-
tem-conta1mng textile materials and to the prod-
ucts thereof. More partlcularly the invention is
concerned with a process of treating protein-con-
taining textile materials, for example wool and
wool-containing fabric and other textile. mate-~

(CL. 8—115.6) |

rials, to impart improved propertles thereto by =

treating, more particularly impregnating or coat-
ing and impregnating, the textile material with
a composition comprising a polymeérizable. sub-
stance selected from the class consisting of (@)
monomeric compounds represented by the gen-
eral formula

R’ . .
R-CH=(I:—00 0 CH,—CH—CH;
- . NS

where R and R’ each represents a memb'gr of
the class consisting of hydrogen and the methyl
radical, R’ representing hydrogen when R repre-
sents a methyl radical, and - (b) partly poly-
merized products. of polymerlzatlon of polymer-
izable compositions comprising, by weight, from
about 3% to 100% .of a nonomeric compound of
(@) and up to about 97% of a comonomer which
is different from the compound of (a), which is
copolymerizable therewith and which contains a
single -CHa=C< grouping, e. g., ‘ethyl acrylate,
styrene, acrylonitrile, ete.. . The monomeric com-
pounds embraced by the aforementioned general
formula are glyeidyl acrylate, glycidyl methac-
rylate: and glycidyl -crotonate.” The resulting
impregnated -textile material is then suitably
treated, ds by heating (e. g at a temperature
within -the range of from about 200° F. to about
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425° 7. under atmospheric pressure, or with steam . -

under superatmospheric pressure), to- cure the

said - polymerization product substantially com-

pletely. The cured polymerization product . is

substantially water-insoluble. The scope of the

invention also includes the products-obtained by .
treating the textile material.

' Protein-containing textile ma’cenals, for in-

stance wool-containing textile materials such as

loose wool itself and.yarns, threads and woven,
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22%.
wool-in untreated state showed a shrinkage-of

2

A number of different bethods have been pro-
posed for the treatment of textile materials
formed of or containing wool or:other. protein
fibers in order to prevent or decrease felting and
shrmkmg In many cases such reduction in felt-
ing and -shrinking tendencies has been obtained -
gt the sacrifice of some other desirable property
of the materidl. - Some treatments damage the
fiber and reduce  the wearing qualities while
others impart. an undesirable harshness to the
fabric. Other treatments are not permanently
effective and may even :cause an ultimate in-
crease in shrinkage. - Still other shrink-proofing
methods "are -difficult to apply with uniformity
and create hazards to the workers mvolved in
their applications.

The present invention is based on our discovery
that protein-containing textile materials, e. g,
wool and wool-containing textile materials, when
treated with -a- polymerizable substance of the

‘kind- described “in - the first paragraph of- this
‘specification yield a-treated material which has
-excellent - shrinkage-resistance, a soft feeling to
‘the touch (that is, 4 good “hand’), a permanent

and improved ‘finish which-‘remains after laun-

“dering, and usually ah increased tensile strength
‘as compared  with the untreated material.
‘example, when-an aqueous emulsion of‘a reactive

For

copolymier of, by weight, 45 parts of ethyl acrylate
and 5 partg of glycidyl methacrylate was applied
to a piece of woolen goods and the freated goods,
after being framed and air-dried, was cured by
placing the 1mpregnated cloth first in a steam
pressure chamber-for 5 minutes at about 240° F

followed 'by hedting at atmospheric pressure: m
an air oven for 6 minutes at about 400° F.; the
treated woolen material had a soft hand, a ‘sub-
stantially permanent finish ‘and’ even after:five
launderings- (10-minutes each 'in- soap solution
followed by drying) showed a.shrinkage of only
In markeq contrast, the same kind- of

" ‘approximately 17% - when: similarly laundered.

felted and kmtted cloth composed of or contain- ...

ing wool have a very undesirable tendency to felt
-and shrink when subjected to ordinary washing
operations. The tendency of these - protein-
containing textile materials to felt and shrink
is generally due to curling and intertwining of

50

‘the protein fibers as the fabrics are wetted and

subjected to the mechanical movements of the
washing process. As a result, the textile mate-
rial - becomes more closely compacted, thlcker
.and has a considerably reduced area.

55

Similar results also -are obtained with glycidyl

45 -methacrylate alone, as well as with other unsatu-

rated glyeidyl esters used in practicing the pres-

“ent invention; in monomeric or reactive polymeric

(reactive partly Dbolymerized) . state and -also'with
other reactive copolymers of ‘the kind.briefly de-

-seribed in the first paragraph of-this specifica-

tion and more fully hereafter. . It:was quite. un-

.expected and unpredictable that monomeric glyc-
‘idyl esters and- reactlve polymers and copoly-

mers thereof such as are used in carrying our

‘invention into effect would 1mpart such 1mproved

. ’_shrmkage re51stance toa protem—contammg tex-
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tile material, specifically a woolen fabric. 1t also
was quite surprising and unexpected that this
shrinkage resistance would be imparted to the
woolen goods without materially” lessening its

softness to the touch.
By employing the textile-treating agents of

the kind with which this invention is concerned, .

it is possible to obtain equally as good or hetter
control of the shrinkage of, for example, wool
than is possible by the use of conventional treat-
ing agents. Another advantage flowing from our

invention is that, if desired, a someéwhat lesser

amount of treating agent may be employed than
is customarily required in the treatment of a pro-

tein-containing textile with most conventional

RN |
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mers ip‘any proportions) ; or with a composition
comprising a rgaqtive, partly polymerized glycidyl
acrylate, methacrylate or crotonate (or a 'mixture

‘of 'any two or'all three of the reactive homopoly-

mers of the said glycidyl compounds in any pro-

“portions) ; or with a reactive, partly polymerized

product of polymerization of a polymerizable

- -composition comprising, preferably, at least about

10

3% by weight thereof of glycidyl acrylate, meth-
acrylate or crotonate (or mixture thereof in any

. proportions), but preferably glyeidyl methacryl-
.ate alone, and the remaning comonomer (or co-

‘15

textile-treating agents in order to render them re- -
sistant to shrinkage and creasing. For instance, .

in the case of wool as much as about 16%, by
weight of the wool, of a conventional treating
agent may be required in order to obtain satisfac-
tory shrinkage and crease control of the woolen
fabric, whereas with the ‘polymerizable substances
dsed in practicing the present invention satisfac-
tory results usually are obtained with, by weight,
about 8 or 10% or less of the polymerizable sub-
stance, based on the weight of the dry, untreated
wool. The use of higher amounts, however, for
example as much as15 or 20%, by weight of the
dry, untreated material, or éven higher (e. €, 25
or 30%) of the polymerizable substance is not
precluded and in some cases even may be de-
sirable, for instance when it is desired to produce
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a weighted protein-containing fabric. Still an-

other advantage accruing from our invention, as
compared with the polymeric. and copdlymeric
isocyanate ‘compositions; which heretofore have
been employed or suggested for use.in effecting

shrinkage control of. woolen angi'qi;her fabric
Iaterials, is that the monomers and reactive

polymers’ and copolymers: used. in practicing .the
‘present invention are non-reactive with. water,
in which respect they are unlike the isocyanates.

Hence our textilestreating agents can be readily
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applied, in emulsified-or dispersed state to the

textile to be treated; with obvious advantages as
compared. with the-use of an inert, organic. sol-
vent which is commonly required in applying. an
isocyanate composition to a textile which is to
be rendered resistant to shrinking. . . /
~ The unsaturated glycidyl compounds used in
practicing the present invention, that is, glycidyl
acrylate, glycidyl methacrylate and glycidyl cro-
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tonate, are polymerizable materials that can be -

caused to polymerize either through the, ethyleni-
cally unsaturated grouping of the compound; or,
by suitable choice of a catalyst, primarily through
‘the epoxy grouping; or, through both the unsat-
urated linkage and the epoxy grouping.. These

65

monomers and polymers thereof are more fully

‘described in the copending application of one of
ug (John G. Erickson), Serial No. 34,142, filed
June -19, 1948, now Patent No. 2,556,075, dated
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June 5, 1951, wherein also are described methods

for . their preparation.
broadly embracing those which are used in prac-
ticing our invention are more fully described and
a particular species is-claimed in our copending

Reactive copolymers "~

85

application Serial No, 34,143, also filed June 19,

.1948, now. Patent No. 2,580,901, dated January 1,
1951. - .. R

“In carrying our invention into effect we treat
a protein-containing textile ‘material, e. g. 2
woolen fabrie, with a composition comprising

glycidyl acrylate, mgthacrylate or crotonate (or -~

a mixture of any two or all three of these mono-
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‘monomers) being a compound (or compounds)

wh@ch_ 1s different from the glycidyl compound,
which is copolymerizable therewith and which

‘contains a single CH2=C< grouping.

- Hustrative examples of monomeric materials
which can be copolymerized with the unsaturated
glyeidyl esters hereinbefore described to produce
reactive copolymers that can be used 'in prac-
ticing the present invention are N-dialkyl acryl-
amides, €. g., N-dimethy}, -diethyl, ~dipropyl, -di-
buityl, -diamyl, -dihexyl, -dioctyl, etc., acryl-
amides; the dcrylic, alpha-alkyl acrylic and
alpha-haloacrylic esters of saturated monchydric
2lcchols, for instarce saturated aliphatic moro-
hydric alcohols; €. g., the m'ethyl, ethyl, propyl,
isppropyl, butyl, isobutyl, amyl, etc., esters of
agrylig',_ “methacrylic, ethaerylic, propacrylic,
chloroacrylic, bromoacrylic, etec., ~acids; -the
phenyl; benzyl, phenylethyl, etc., esters ‘of the
aforementioned acids; vinyl aromatic compounds,
e. g., styrene, alpha-methyl styrene, dimethyl-
styrenes, dichlorostyrenes, the various cyano-
styrenes, the various methoxystyrenes, vinyl
naphthzglgnes, ete.; vinyl and vinylidene halides,
e. g, vinyl and vinylidene chlorides; bromides,
etc.; -alkyl vinyl ketones, e g., methyl vinyl
k__etqne, ethyl‘ vinyl ketone, methyl isopropenyl
ketone, etc.; itaconic’diesters ‘containing a sin-
gle CHz=C<'grouping, e. &., the dimethyl, diethy],
dipropyl, dibiityl “and " other saturated :aliphtic
monohydric ‘alcohol diesters of itaconic acid; di-
phenyl-itaconate, dibenzyl itaconate, di-(phenyl-
gthyl)f'itaconaﬁe,vetc.; ‘vinyl, -allyl and metallyl
gvsﬁe‘xfs" of saturated aliphatic monocarboxylic
a'.CIdS," e. ., vinyl, allyl and metallyl ‘acetates,
vinyl,-allyl and -metallyl propionatés, vinyl, allyl
a_nd_r_rietha_ll_yr valerates, - ete.; vinyl:thiophene;
vinyl ‘pyridine; vinyl pyrrole; nitriles containing
o smgle CH:=C< grouping, e. g.,: acrylonitrile,
methacrylonitrile, - ete.. Other ‘eamples of co=
monomers _'qonijaining a single CH:=C< group-
ing which can-be used-in preparing the reactive
copoiymers that are employed: in practicing the
present invention are given in, for example, our
3291?;11{:;’11;10116&1 copending application Serial No.
o4, . ‘ :

Mixtures’ of the aforementioned monomeric
materials ¢an be employed, if desired, as comono-
mers with the glycidyl ester (or mixture of
glycidyl esters), as well as mixtures. of - such
monomer or menomers with ‘other copolymeriza-

‘ble materials containing a single CHz=C< group-
“ing.'Tii cases wheére the:glyeidyl ester and other

mox,i.gmer 'a»re ‘not copoljfme:izable or ‘are copoly-
m,er‘l‘zal_)le ox_ﬂy’ with difficulty in a two-component
systém, a third moncmer can be added so as to

‘obtain a compatible, homogeneous mass of co-

Dbolymerizable ingredients,

- Compositions - which "are particu]a-rlyv useful

textile-treating agents in practicing our inven-
‘tion-are those'which comprise, as an essential in-
gredient, & reactive, partly polymerized product
of polymerizitiori of a polymeérizable -mixture
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éontaining, ‘by- weight, (1) from about 3% to
about 50% of a glycidyl éster of the kind afore~
mentioned (e. g., glycidyl methacrylate or glyeidyl
acrylate;-and preferably the former), more par-
ticularly from about 5 or 10% to about 25-or 30%

of such an ester,-and (2) from about 97% to

about 509, more particularly from about 90 or
95% to about 70 or 715%, of an acrylic compound
(e. g., ethyl acrylate or other lower alkyl-acry-
late), or s monovinyl aromatic compound (e, g.,
styrene) or a mixture thereof in any proportions,
which compound (or compounds)-is copolymer-
izable with the glycidyl ester and which contains
a single CH2=C< grouping. Upon treating the
wool- or-other protein-containing textile as here-
in described, the reactive polymerization product
is  cured in situ to yield a substantially water-
insoluble composition' with which the finished
textile is impregnated.

~The polymerizable substances used in practic-
ing our invention, and which contain as an es-
sential ingredient glycidyl acrylate, glycidyl
methacrylate or glycidyl crotonate, or any two
or all three of these glycidyl esters, may be poly-
merized by any suitable method. Polymerization
(homopolymerization or copolymerization) will
often proceed merely by allowing the material to

stand for a prolonged period, e. g., from 4 to 12

weeks or longer, at room temperature (20° to 30°
C.)." The homopolymerization or copolymeriza-
tion is accelerated, for instance, by heating the
monomer or mixture of monomers, e. g., at tem-
peratures up to and including the boiling point
of ‘the same at atmospheric pressure, using re-
flux conditions or a pressure slightly ahove -at-
mospheric if polymerization is effected at the
boiling point of the monomer or monomeric mix-
ture. Polymerization can be effected, if desired,
at superatmospheric pressures ranging, for exam-
ple; from 5 to 40 pounds per square inch above
atmospheric, in which case the temperature of
polymerization is slightly above the boiling point
of the monomer or monomeric mixture.

" Light also may be used to effect homopoly-
merization of the monomer, or copolymerization
between the copolymerizable ingredients of the
polymerizable compositions of this invention, al-
though the rate of homopolymerization or co-
polymerization by this means is relatively slow.
Ultraviolet light is more effective than ordinary
light. A combination of heat and light usually
causes more rapid homopolymerization or co-
polymerization than light alone. .

If desired, the polymerizable composition may
be polymerized in emulsion or in solution state.
In the latter case, various inert organic solvents
‘may be employed, e. g., toluene, xylene, dioxane,
_ethers (e. g., dibufyl ether), esters (e. g., butyl
acetate), chlorobenzene, ethylene dichloride,
ketones (e. g., methyl ethyl ketone), tertiary
‘alcohols, for instance tertiary-butyl alcohol, ‘ter-
tiary-amyl aleohol, tertiary-hexyl alcohol, etc.,
'4s well 4s others. When the reaction is effected
in solution state, then a temperature at or ap-
‘proaching the boiling temperature of the solution
generally is used.

" The polymerization also can be effected by
‘¢ohventional bulk polymerization technique, in
the presence or absence of a solvent capable of
'd1ssolv1ng the monomeric material (homomon-
omer or mixture of monomers) and in which the
latter preferably - is inert; or in solution in'a
:solvent in which the monomeric material is solu-
ble biit the polymerization product (polymer or

seopolymer):is-insoluble; or.by conventional bead
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polymerization methods. :The:polymerization: of
the monomer or mixture.of:monomers:can-be
effected by a continuous: process:as well'as by: &
bateh operation. Thus the homomonomer: :or
monomeric mixture containing a:trace of cata-
lyst may be passed through a condmt w1th al-
ternate hot and .cool.zones. - ..

The homopolymerization of the glycxdyl ester
(or esters) or its copolymerization with another
copolymerizable comonomer containing a single
CH:=C< - groupmg, or with a. plurahty (e. g.,
two, ‘three, four or any desiréd numbeér ‘depend-
ing, for mstance, upon the particular propert1es
de51red in the end product) of such comonomers

incorporatmg a. smgle or s’ plurahty of poly-
merization catalysts in the monomer or mlxture
of monomers. "The polymenzatmn catalyst may
be s0.chosen as to caise the homopolymerlzatlon
or copolymenzatmn to procéed wholly or mainly
through the ethylenically unsaturated grouping
of the glycidyl ester in theé case of homopoly-
merization or of the said ester and comonomer
in the. case of copolymermatlon “In this way
there is produced & reactive polymer or copoly-
mer which then can be caused to polymerize
further through opening up of the epoxy group-
ings which are present therein. If desired, par-
tial homopolymenzatmn or. copolymerization of
the polymerizable ingredient or ingrédients may
be effected with the aid of 6ne polymerization
catalyst (e. g., & peroxide and, more particularly,
an organic peroxide catalyst) . and polymeriza-
tion then completed with the a1d ofa catalyst
capable of opening up the’ epoxy groupmgs €. g,
stanmc chlorlde, ete.

Any of the- polymenzatlon catalysts which are
suitable for use in polymerizing .compounds ¢on-
talmng an ethylemcally unsaturated grouping,
specifically a vinyl grouping, can be employed
Among such catalysts are the inorganic perox-
ides, e. g, hydrogen peroxide, barium peroxide,
magnesium peroxide, etc., and the various or-
ganic peroxy catalysts, ﬂlustratlve examples of
which latter are: the dialkyl peroxides, e.' g., d1-
ethyl peroxide, dipropyl peroxide, dilauryl perox-
ide, dioleyl peroxide, distearyl peroxide, di-(tert.~
butyl) peroxide and di-(tert.-amyl) peroxide,
such peroxides ‘often being. designated as ethyl,
}propyl lauryl, oleyl, stearyl, tert.-blityl and tert.-
amyl peroxides; the alkyl hydrogen perox1des,
e. g., tert.-butyl hydrogen peroxide (tert.~butyl
hydroperoxide), tert.-amyl hydrogen .peroxide
(tert.-amyl hydroperoxide), ete.; symmetrical
diacyl peroxides, for instance peroxides which
commonly are known under such names as acetyl
peroxide, propionyl peroxide, lauroyl peroxide,
stearoyl peroxide, malonyl peroxide, suceinyl
peroxide, phthaloyl peroxide, benzoyl peroxide,
ete.; fatty oil acid peroxides, e. g., coconut oil
acid peroxides, ete.; unsymmetrical or mixed di-
acyl peroxides, e. g. acetyl benzoyl peroxide,
propionyl benzoyl peroxide, ete.; terpene oxides,
e. g. ascaridole, etc.; and salts of inorganic per-
acids, e. g., ammonium persulfate, sodium per-
sulfate, potassium- persulfate, sodium . percar-
bonate, potassium: percarbonate, sodium per-
bhorate, potassium perborate, sodium perphos«

_phate, potassium perphosphate, etc.

Other examples of organic peroxide: catalysts
that can be employed are the followmg

Tetrahn hydroperox1de

“Tert.-butyl diperphthalate
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Cumene hydroperoxide .
Tert.-butyl perbenzoate. .. .. -
2,4-dichlorobenzoyl perox1de : il
Urea peroxide: . . . . T
Caprylyl peroxide ... . BRI T SOt
p-Chlorobenzoyl peroxuie . Ui
2,2-bis(tert.~butyl peroxy)butane S
Hydroxyheptyl peroxide . T
Diperoxide -of benzaldehyde :

Other so-called “free radrcal”' types of catalysts,
€. g., azoisobutyronitrile (a-,a’ ~bis-azoisobutyro-
nitrile), also can bhe used to accelerate ‘poly-
merization mainly througl the ethylenically un-
saturated grouping. Oxygen also ‘can be em-
ployed as a ‘polymerization catalyst or accelerator‘
~ Exambples of catalysts which accelerate poly-
merization primarily by opening up of the epoxy
grouping of the glycidyl ester are: p-toluene sul=
fonic acid,” sulturic acid, phosphoric acid, “alu-
minunm’ chlonde stannie chloride, ferric chlonde,
boron trifiuoride, boron tnﬂuonde—ethyl ether
complex, iodine, etc.

The concentration of the catalyst employed is
usually small, that is, for the preferred catalysts
from, by weight, about 0.5 or 1 part of catalyst
per thousand parts of the polymerizable com-
position to be polymerized to about 3 or 4 parts
of catalyst per 100 parts of the monomer- or
mixture of comonomeyrs. If an mhlbltor of the
kind hereinafter mentioned he present, up to 6
or 7% or even more, based on the welghtj, of the
polymerizable composition, may be necessary ac-
cording to the concentration of the inhibitor.

When polymerization of the -polymerizable

compositions employed in practieing our inven- 3

tion takes place in the absence of ‘a polymeriza-
tion . catalyst, it is believed that' spontaneous
homopolymerization or copolymemzatmn oceurs
through the ethylenically ‘unsaturated groups.
but that cross-linking through the epoxy’ groups
also takes place to a considerable degree. Heat
and ultraviclet light ‘accelerate these reactions
but do not appear to be selective. ‘The peroxide
catalysts, for example, are more or less specific
toward polymerization through the ethylenically
unsaturated groupings, leaving the epoxy rings
mainly in an unchanged and reactive condition.
Tonic catalysts, e. g., stannie chlomde, boron tri-
‘fluoride etherate, etc., are more or- Iess specific

toward polymenzatmn ‘through the ‘epoxXy group-

- ings, and are believed not to affect the double
bond in the unsaturated ester groupmg of the
‘glyc1dy1 ester

The “temperatutre . of polymenzatlon cf the
polymenzable composmon st atmésphetic - or
slightly above atmospheric pressure and in the

‘presence or absence of a poly*nenzatmn catalyst,
cgn be varied over @ wide range; ‘up te and
mcludmg or shghtly above the bmlmg pomt tat
atmospheric pressure)y of the monomerie sub-
stance as previously has been more fully de-
scribed, but in alf cases is below the decompo-
sition temperature of the monemeric material
or materials. In most cases the- pelymerxzablon
temperature will be within: the fange of 15° C
to 150> C., more partlcularly ‘within the . range
of 20° C. or 30° C% (ordimaty rooni temperatire)
10 130° C., depending upon. the particular mono-
mer or m1xture of comonoémiers. employed; the
particular catalyst, it any, used, the rapidity of
polymerization - wanted, "ahd other influencéing
factors.: With certain catalysts, miore particu-
larly strong acidic polymerization catalysts such,
for instance, as gaseous borg \tmﬂuonde, boron
trifluoride-ethyl ether complex, concentrated sul-
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furic acid, anhydrous aluminum chloride, efe., a.
substantlany lower- polymerization tempera.ture
often advantageoLSU may be used, e. g., tem-
peratyres. ranging . between —80° C. and 0 C.
or 10° C.- At the lower temperatures bélow the
solidification point of the homomonomer or
monomeric mixture (or components thereof),
polymerization is effected while the monomer
or mixture of monomers is dissolved or dispersed
in a solvent or dispersion medium which is liquid
al the temperature of polymerization. Or, if
desired, the monomer or. monomeric mixture,
that is, the polymerizable composition, can be
polymerized in dissolved or dispersed state at
temperatures above ifs solidification point or
above the solidification point of the polymériz-
able components thereof.. The homopolymer or
copolymer can be separated from the liquid
medium in which homopolymerization or co-
polymerization was eiffected by any suitable
means, €. g., by filfration, centrifuging, solvent
extraction, ete. _

In some cases it may be desirable to mcorporate
into the polymerizable composition an inhibitor
which is adapted to inhibit homopolymerization
or copolymerization through the ethylenically
unsaturated grouping of the individual mono-
mer or moncmers present in the composition.
When it is desired to use the inhibitor-modified
composition, a catalyst is added in an amount
sufficient to promote the polymerization reaction
and to yield a polymer or copolymer. Any suit-
able inhibitor of the aforementioned. fype or
kind can be used, e. g., phenyl-c-naphthylamine,
N,N’-di-2-naphthyl-p-phenylenediamine, certain
cupric 'salts, e. g., cupric acetate, etc. The
amount of the polymerization inhibitor may be
considerably varied, but ordinarily it is employed
in an amount not exceedmg 3%, generally less
than 1%, by weight of the monomer or mixture
of comonomers, e. g, from 0.019% to 0.5% or
0.6% by weight thereof.

The monomeric or the reactive polymeric or
copolymeric composition. may be applied to. the
protein-containing textile material in any suit-
The textile. material may be con-
tacted with the liguid monomer or with the
polymer. or copolymer in undiluted state, or the
reactive polymer or copolymer may be applied
in. the form of a solution or dispersion thereof.
In all cases the amount of treating agent which
is_deposited or incorporated in the protein-con-
taining textile material, e, g., wool or a wool-
containing textile material, is at least dabout 1%
by weight, based on the dry weight of the textile
material. The amount will vary depending, for
instance, upon the particular protein-containing
textile material: that is. undergoing treatment,
the palticulal monomer, polymer or copolymer
(e. g, amomc cationic or non-lomq) lf applied
from an emulsion or dispersion, whether or-not
a weighted textile is. desired, etc.” Ordinarily,
however, the. amount. of polymer or copolymer
that is incorporated in the finished fextile ma-
terial is from about 2% to about '15%, more
particularly from about 5% fto. about 10%,. by
weight of the dry, untreated material, but if
a. weighted textile is.wanted it may be much
more, for example as much as about 30% or
more by weight of the dry; untreated textile.

“If desived, an initial or an additional amount
of catalyst advantageously ean be mcqrporated

‘into: the textile-treating’ composition: comprising

the undissolved or ‘undispersed monomer or: a
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solution or aqueous dispersion or an aqueous-
organic solvent dispersion of the monomer, or
redactive polymer or copolymer, prior to treating
the textile material. Such catalysts may be the
same or different from those used in preparing
the reactive polymer or copolymer (partial pol-
ymer or-copolymer), and the amount of catalyst
employed may be of the same order or:either
more or less, e. g., from 0.005 to 6%, more par-
ticularly from 0.05 :to 5%, by welght ‘of . the
polymerizable substance.

In the textile material to be treated contams
fats, oils or other contaminants, it is first
thoroughly cleaned in any suitable manner prior

to treatment with the polymerizable substance. |

Various methods may be employed in applying
the treating compositions. For éxample, the dry
textile material may be immersed in the liquid
composition and then passed through suitable
rolls, as in a padder or mangle, to insure uniform
impregnation and to remove excess treating
agent. However, the textile material also may
be impregnated or coated and impregnated: by
other methods, for example, by spraying  or
brushing the liquid monomer or -a‘solution or
dispersion of the monomer or reactive polymer
or copolymer upon the textile or by.applying
thereto a liquid reactive polymer cr copolymer
in undiluted state. Or, the solid, thermoplastic,
réactive polymer or copolymer itself may be
combined with the textile material as by passing
a sheet or cloth of the same, having thereon
or therein the said polymer or copolymer in
finely divided state, between hot rolls. The im-

pregnating operation and the degree of impreg- .

nation are adjusted so that the amount of mono-
mer, polymer or copolymer which is taken up
by the textile material will be most effective and
economical in producing the desired results.

If the reactive polymer or copolymer has been
applied in ‘dissolved or dispersed state to the
textile material, the treated textile is heated to
volatilize the inert, volatile organie liquid: (if :the
polymer or copolymer was applied as a solu-
tion thereof), or to volatilize the water (if the
polymer or copolymer was applied as an agqueous
dispersion thereof), or to volatilize the water
and the inert organic liquid (if the polymer or
copolymer was applied in the form of -an inert
organie -liquid-water dispersion) and, .also,: to
convert in situ the reactive polymer or-copolymer
to a substantially completely cured condition,
in which form it is substantially water-insoluble.
It will be understood, of course, that when the
monomer. is applied to the textile, €. g, in un-
dissolved state or in the form.of a solution-or
dispersion, it too -is converted in situ to a-sub-
stantially completely cured or polymerized state,
in which state it is substantially water-insoluble,
that is, it is practically -unaffected by water.
The cured polymers and copolymers, which are
formed in situ, also are insoluble or substantially
insoluble in conventional organic solvents; e.'g.,
toluene, xylene, alcohols (ethanol, ete.), carbon
tetrachlorlde ethers (e. g., diethyl ether, etc)
‘and others,.

Any suitable elevated temperature may be em-
ployed, but in no case should the temperature
be so high as to char or otherwise detrimentally
affect the.textile material.
most. protein-containing textiles femperatures
within the range of from about 200° F. to about
4925° -F. may be used satisfactorily. —-Ordinarily;
temperatures at or slightly above the boiling point
of -water or of the particular inert organic liguid

For instance, with
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solvent employed (if any) are sufficient to effect
the desired result. Of course; it will be under-
stood by those skilled in the art that there is a
time-temperature relationship involved; the lower
the temperature the longer the time of heating,
and the higher the temperature the shorter the
heating period. The temperature also will vary
somewhat with, for instance, the particular pro-
tein-containing textile which has been treated

.and the particular monomer, polymer or copoly-
.mer employed.. Steam tréatment under super-

atmospheric pressure, e. g., ab, stéam pressures
corresponding to temperatures of from 220° P.
to 350° F., also.can be used alone ot in conjunc-
tion with a heat treatment in air at atmospheric
pressure to polymerize the monomer or reactive
polymer or copolymer to a cured or. water=
insoluble state. =

After the textﬂe matefial; e. g., woolen fabrlc
materlal ‘has been ftreated as herembefore de-
seribed, it may be given, if desired or necessary,
a mild soaping for a:short period before finishing.
The textile material then may be given the usual
finishing treatments required in a partictﬂar-case, ’

.e..g., decatizing, brushing, shearing, pressing, etc.

In order that those skilled in the art better
may understand how the present-invention can
be carried into effect, the following examples are
given by ‘way of illustration and notiby way of
limitation.. -All' parts - and. percentages -are by
weight. The woolen samples used in obtaining
shrinkage data are taken from the same bolt of
woolen fabric

EXAMPLE 1 L

s , Parts

Glycldyl methaecrylate .o . .10.0

Ethyl acrylate (anhydrous) .. oo .. 90.0
Azo1sobutyron1tr1le (polymenzatlon cata~ .. ..

lyst) - ———— rmiimmmmmeme 0.5

Toluene (anhydrous) —o-—.coemeeee 100.0

“A- solutmn contammg the glycidyl methacry=-

‘late, ethyl acrylate and 80% (0.4 part) of the

azoisobutyronitrile is added dropwise to the boil=-
ing, stirred toluene (under reflux) over g period
of about 1 hour. At the end of-this period the
solution: is “noticeably viscous. After heating
under reflux for an additional 2 hours and 50
minutes the ‘solution: has further 1ncreased in
viscosity. The remainder: (0.1 part) of the'azo-

-isobutyronitrile in about 21 parts of dry toluene

is ‘added -slowly to the refluxing solution after
heating for ‘an additiohal 50 minutes. Heating
is' discontinued:after a total period of about 734
hours. A portion of the solution is-diluted with
dry toluene to form a solution of reactive copoly-
mer containing about 10% of copolymer solids. -

'A piece of ‘woolen goods (9’ x 23"’ in size) is
immersed in the copolymer solution and passed
through squeeze rolls. The impregnated “wool
contains approximately 10% of copolymer solids.

_The sample is framed, air-dried for a short period

and then heated for 6 minutes at 290-300° F.
After cooling to room temperature the sample is
removed from the frame, allowed to remain un-
disturbed for about 16 hours and then mesasured
prior- to laundering. The method of laundering
is a modification of the standard method of
A. A, T, C. C. and involves heating for 20 to 30
minutes at 240° F. while drying. after each wash-
ing. After a cycle of 5 washing (10 minutes in
soap solution) and drying operations, the treated
cloth shows a shrinkage of 11.9%  whereas the
untreated wool when similarly washed shows a
shrinkage of 17%.: Another sample of the same
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woolen goods which has been impregnated in
identically the same manner with the copolymer
solution is cured by placing the treated goods in
a steam pressure chamber for 5 minutes at about
240° F. After a cycle of 5 washing operations
as described above, the treated wool shows a
shrinkage of only 6.7%.

EXAMPLE 2.

The same formulation and procedure are fol-
lowed as described under Example 1 with the
exception that instead of 10 parts of glycidyl
methacrylate there is used 10 parts of glycidyl
acrylate. Similar results are obtained.

EXAMPLE 3

 Same as in Example 1 ‘with the exception that
instead of 90 parts of ethy! acrylate there is used
90 parts of n-butyl acrylate Simila; results are

obtamed
EXAMPLE 4
: Parts
-Glycildyl methacrylate ... _____._____ 20.0
Ethyl acrylate (anhydrous) ... . 80.0
Azoisobubyronitrile ___.___._____.________ 0.5
Toluene (anhydrous) .. oo ________ 100.0

The same general procedure is followed as de-
scribed under Example 1, the solution of mono-
mers and catalyst in this case being added over a
period of 50 minutes. After refluxing for an
additional 3 hours and 10 minutes the remainder
(0.1 part) of azoisobutyronitrile dissolved in
about 8.7 parts of dry toluene is added slowly to
the refluxing solution. Heating is discontinued
'8 hours after the time when the solution of mono-
mers is first added to the refiuxing toluene. The
resulting viscous copolymer solution is allowed to
cool, after which it is  diluted with additional
dry toluene to yield a sclution containing approxi-
‘mately 10% by weight of reactive copolymer.
This solution is divided into two portions, A and
B, which are used in -freating woolen goods as
described below:

Solution A.—This solution is used “as is” in
impregnating a piece of woolen goods as described
under Example 1 with the exception that the im-
pregnated cloth, after being zdir-dried for a short
-period, is heated for 6 minutes at 400° F. whereby,
as in the prior and subsequent examples, the
copolymer is cured (insolubilized) to a substan-
tially water-insoluble condition. The results of
shrinkage fests, which are made as described
under Example 1, are as follows"

Per cent shrinkage

After 5 washing eycles of 10 minutes each ___ 6.7
After 5 washing cycles of 10 minutes each plus

1 hour’s additional washing

Solutzon B —To this solution is added, prior
to use, a small amount of a polymerization cata-~
1yst, specifically about 1% (based on the copoly-
mer solids) ‘of phosphoric &cid (about 85%
‘H3POs). This catalyzed soluifon of reactive co-
polymer is then used in 1mpregna,t1nﬂ a piece of
‘woolen goods as described under Example 1. As
in that example, the air- dnﬂd cloth is heated

for ‘6 minutes at 290-380° B’ The results -of .

~shr1nkage tests on bhe treated wool are as follows:

Percent shun?age

After 5 washing cycles of 10 minutes each.___ 4.7
After 5 washing cycles of 10 minutes each

plus 1 hour’s additional washing
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EXAMPLE 5

The same formulation and procedure are fol-
lowed as described under Example 4 ‘with the
‘exception that instead of 20 parts of glycidyl
methacryltae there is used 20 parts of glycidyl
crotonate. To the soluticn of reactive copolymer
there is added a small amount of phosphoric acid
as described in the preceding example, and this
acid-catalyzed solution is employed in treating
woolen cloth as is set forth with reference to
use of Solution B of Example 4. Similar results
are obtained.

EXAMPLE 6
Parts
Glycidyl methacrylate .. ___________ 5.0
Methyl acrylate . _________________ 95.0
Benzoyl perox1de (polymerlzatmn cata-
Iyt 1.0
Toluene (anhydrous) —__._.___.____ R 100.0

The glycidyl methacrylate and methyl acrylate
are copolymerized as described under Example 1,
and the resulting solution of reactive copolymer
is used in treating woolen cloth likewise as de-
scribed under that example. Similar results are
obtained.

EXAMPLE 7
Parts
Glycidyl methacrylate . _____________ 5.0
Ethyl acrylate ... _____._____ 45.0
Waber - 1800
25% aqueous solution of di-(2-ethylhexyD)
sodium sulfosuccinate (anionic emulsi-
fying agent) oo 10.0
30% aqueous hydrogen peroxide —.______ 0.55
5% aqueous NazHPOs ___.______________ 2.5

are heated together while stirring under reflux
in a reaction vessel placed on a steam bath,
which vessel is provided with a stirrer, thermom-
eter and reflux condenser. Heating and stirring
are continued for 1 hour and 50 minutes, after
which the steam is turned off the bath and stir-
Ting is continued for an additional 55 minutes.
At the end of this period steam is turned into
the aqueous reaction mass for 30 minutes to re-
move most of the residual (unreacted) monomers.
The resulting, strained (through cheese cloth),
aqueous emulsion of reactive copolymer has a
PH of about 4.5, contains about 15.8% of copoly-
mer solids and is stable for 16 hours and longer.
Pieces of woolen cloth are impregnated with
this emulsion as described under Example 1. In
one case (sample A) the framed, air-dried, im-
pregnated woolen fabric is heated for 6 minutes
‘at 290-300° F. to cure or insolubilize (render
insoluble in water) the reactive copolymer in situ.
In another case (sample B) the treated woolen
goods, after being framed and air- dried, is cured
by placing the impregnated cloth first in a steam
pressure chamber for 5 minutes at about 240° I
followed by heating at atmospheric pressure m
an air oven for 6 minutes at about 400° F. The
treated goods has a soft hand, good tensible
strength and a substantially permanent finish.
The results of shrinkage tests on the treated
samples are as follows

Percent Shrinkage

Sample A[Sample B

After 5 washing cycles of 10 minutes each 8.0 2.2
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EXAMPLE 8

. The same formulation and procedure are fol-
lowed as- described under Example 7 with.the
exception - that instead of 5 parts. of glycidyl
.methacrylate there is used 15 parts of glycidyl
acrylate and instead of 45 parts of ethyl acrylate
there is used 35 parts of n-propyl acrylate. Simi-
lar results are obtained.

EXAMPLE 9

- Sa.me as in Example 7 with the exception that
instead of 5 parts of glycidyl methacrylate there
is used 2.5 parts of glycidyl acrylate and 2.5 parts
.of -glycidyl methacrylate. Similar results are
obtained. : L s
T . EXAMPLE 10 . ¢

" The same formulation and procedure are fol-
lowed as described under Example 7 with the
.exception that instead of 5 parts: of glycidyl
-methacryltae there is used 1.67 parts of glycidyl
‘acrylate, 1.67 parts of glycidyl methacrylate and
-1.67 parts of glymdyl crotonate Similar results
-are obtamed P T

; : EXAMPLE 11

“Same as in Example 7 with the exceptlon that
_mstead of 45 parts of ethyl acrylate there is used
45 parts of styrene. Similar results are obtained.

EXAMPLE 12

The same formulatmn and procedure. are fol-
lowed as described under Example 7 with the
_exception: that instead of .5 parts of glycidyl
_methacrylate there is used 15 parts of this.com-

pound, and instead of 45 parts of ethyl acrylate

‘there is used .35 parts of acrylomtnle
results are obtained. .

EXAMPLE 13

Same a8 in’ Example 7 w1th the exceptlon that
;1nstead of 5 parts of glycidyl methacrylate there
‘s “used 2.5 parts of glycidyl acrylate and 2.5
parts of glycidyl crotonate, and. instead of 45
parts of ethyl acrylate there is used 45 parts of
‘methyl methacrylate. Similar resulis are ob-
tained. '

Similar

EXAMPLE 14
The same formulation and procedure are fol-

‘lowed -as described under Example 7 with the.

.exception that - instead of 5 parts of:glycidyl
methacrylate there is used 2.5 parts of glycidyl
methacrylate and 2.5 parts of glycidyl crotonate,
and instead of 45 parts of ethyl acrylate there
is used 45 pa,rts of styrene Sumlar results are
obtalned :

: EXAMPLE 15

‘ Same as in Example 7 with the exception that
‘instead of 5 parts of glycidyl methacrylate there

is used 10 parts of this compound, and instead:

of 45 parts of ethyl acrylate there is used 40
parts of 2,3-dimethylstyrene. Similar results are
obta_iued.

EXAMPLE 16
' 'lne samie formulatmn and procedure are fol-
‘Towed as-described - under - Example 7 -with the

“exception “that - instead of 5 parts of glyc1dyl
methacrylate there is used 14 parts of glycidyl

acrylate, and instead of 45 parts of ethyl acrylate -

there is used 18 parts of methyl acrylate and 18
»parts of styrene Similar results are obtained.

. EXAMPLE 1'7
Same as in Example 7 with the exceptmn that

. o

‘14
instead of 5 parts of glycidyl methacrylate there
is used 25 parts of this compound, and instead of
45 parts of ethyl acrylate there is. employed 12.5
parts of styrene and 12.5 parts of acrylomtnle

EXAMPLE 18 .

- Parts

Glymdyl methacrylate--,., ___________ —emm 20,0
Methyl methacrylate . ocoaoa o e ~80.0
Azoisobutyronitrile .. oo 0.5
Toluene (anhydrous) . _.-ici ccem—eecen 100.0

‘A solution containing the glycidyl methacry-

" late, methyl methacrylate and 80% (0.4 part)
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of the azoisobutyronitrile is added dropwise to
90% - (90 parts) of the boiling, stirred- toluerie
‘(under reflux) over s period of about 65 minites.
After heating for an additional 2 hours under
reflux the solution is very viscous. A% this point
the remainder (0.1 part) of the azoisobutyroni-
trile dissolved in the remainder (10 parts) of the
toluene is added slowly to the refluxing solution.
Heating under reflux at the boiling temperature

of the mass is continued for an additional 1%

hours, making a total heating period of 6% hours

from the time when the addition of the catalyzed

mixture of monomers to the refluxing toluene is
first started. The conversion of monomers to co-
polymer is approximately 90% of the theoretlcal
The solution of reactive copolymer as initially
produced is diluted with dry toluene to yield a
solution ‘containing- about 10% of copolymer
solids. Pieces of woolen goods are impregnated
with this 10% copolymer solution as described
under Example 1. In one case (sample A), the
framed, air-dried, impregnated woolen fabric is
heated for 6 minutes at 290-300° F., and in an-
other case (sample B) for 6 minutes at about
400° F. to. cure the reactive copolymer in situ to

' substantlally water-msoluble cond1t10n The

freated goods has a soft' hand and a' substantlally
permanent finish even after humerous’ launder-

“ings."* THe- results of shrlnkage tests on the treat—
‘ed: samples areas follows:

Percent’ Shrinkage

Sample A|Sample B

150

‘After 5 washing cycles of 10 minues each 10.8

EXAMPLE 19

Same as in Example 18 with the exceptmn that
instead of 0.5 part of azoisobutyronifrile there is
employed 1.0 part of tert.-butyl hydroperoxide,

_and instead of 100 parts of anhydrous toluene

there is used 100 parts of anhydrous xylene as

_the inert liquid medium in which the copoly-
.merization is effected. This solution of reactive

copolymer is employed in treating woolen cloth
as described under Example 18. Similar results
are obtamed

EXAMPLE 20

Same as in Example 18 with the exceptlon that
instead of 20 parts of glycidyl methacrylate there
is used 20 parts of glycidyl acrylate. - Similar rée-
sults are obtained.

o EXAMPLE 21 L
"Same as in Example 18 with the exception that

S oa

lmstea,d of 80 parts of methyl methacrylate there

is used 80 parts of ethyl methacrylate

Similar
results are obtained. :
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o ~ EXAMPLE 22 o
“Same as In Example 18 with the exception that
Instead of 20 parts of glycidyl methacrylate there
is used 10 parts of glycidyl acrylate and 10 parts
of glycidyl methacrylate, and instead of 80 parts
of ‘methy! methacrylate there is employed 40
parts of ethyl acrylate and 40 parts of methyl
methacrylate. Similar results are obtained.

EXAMPLE 23

- - Same as in Example 18 with the exception that
instead of 20 parts of glycidyl methacrylate there
is used 5 parts of glycidyl acrylate, 5 parts of
glycidyl crotonate and 5 parts of glycidyl meth-
-acrylate, and instead of 80 parts of methyl meth-
acrylate there is employed 42.5 parts of styrene
and 42.5 parts of methyl methacrylate. Similar
results are obtained.

EXAMPLE 24

Glycidyl methacrylate. . ______________
Styrene ... . __..._.
Azoisobutyronitrile 2.0
Toluene (anhydrous).___.. _..______.____ 400.

A solution containing the glycidyl methacry-
late, styrene and 80% (1.6 parts) of the azoiso-
butyronitrile is added dropwise to 90% (360
parts) of the boiling, stirred toluene (under re-
flux) over & period of 2 hours and 55 minutes.
After heating for an additional 2 hours and 25
minutes the remainder (0.4 part) of the azoiso-
butyronitrile dissolved in the remainder (40
parts) of.the toluene is added slowly o the re-
fluxing solution. Heating under reflux is con~
‘tinued for an additional hour, making a total
heating period of 6 hours and 20 minutes from
the time when the addition of.the catalyzed
monomeric mixture to the refluxing toluene is
first -started. The .conversion of monomers to
copolymer is approximately 85% of the theoret-
ical. A 10% solution of the reactive copolymer
in toluene is prepared as described under Example
18, and this solution is applied to woolen goods
likewise as described under Example 18. As in
Example 18, sample A is the sample which is
.cured by heating the impregnated woolen piece
for 6 minutes at 290-300° F., while sample B is
~cured by heating the treated cloth for 6 minutes
at about 400° ¥. The treated goods has a good
hand and a wash-resistant finish. The results
of shrinkage tests on the treated samples are as
follows:

Percent Shrinkage

Sample A|Sample B

11.4 6.1

After 5 washing eycles of 10 minutes each

EXAMPLE 25

Same as in Example 24 with the exception that
320 parts of alpha-methyl-para-methylstyrene is
‘used in place of 320 parts of styrene, and the total
-heating period is 12 hours instead of 6 hours.
Similar results are obtained. : :

EXAMPLE 26

Same as in Example 24 with the exception that
100 parts of glycidyl acrylate is used in place of
80 parts of glycidyl methacrylate, and 300 parts
of vinyl acetate is employed in place of 320 parts
of styrene. Similar results are obtained.
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EXAMPLE 27
Same as in Example 24 with the exception that
40 parts of glycidyl crotonate and 40 parts of
glycidyl methacrylate are used in place of 80
Darts of glyeidyl methacrylate. Similar resulls
are obtained. S

EXAMPLE 23

. Same as in Example 24 with the exception that
320 parts of p-methylstyrene is used instead of
320 parts of styrene. Similar results are obtained.

EXAMPLE 29 Sl

: o ©oPart
Glyeidyl methacrylate s 800
Ethyl acrylate. . __________ 320.0
Azoisobutyronitrile ... ______________ 20
Toluene (anhydrous) .. ________________ 400.0

A solution containing the glyeidyl methacrylate,
ethyl acrylate and 80% (1.6 parts) of the azo-
isobutyronitrile. is added dropwise to 90% (360
parts) -of the boiling (under reflux), stirred
toluene over a period of 1% hours. After heat-
ing for 6 hours and 35 minutes from the time
when the addition of the cafalyzed monomeric
mixture fo the refluxing toluene -is first started,
the solution is moderately viscous. The re-
mainder (0.4 part) of the azoisobutyronitrile dis-
solved in the remainder (40 parts) of the toluene
is now added over a period of about 30-minutes.
Heating under reflux is continued for an addi-
tional 2% hours. The conversion of monomers
to copolymer is approximately 98% of the theo-
retical. A 10% solution of the reactive copoly-
mer in toluene is prepared and applied to a piece
of woolen cloth as described under Example 18.
The reactive copolymer is cured in situ to &
substantially water-insoluble state by heating
the impregnated goods for 6 minutes at 290-300°
F. The treated material has a soft hand, good
tensile strength, and a finish which remains after
numerous launderings. After a cycle of 5 wash-
ing operations as described under Example 1, it
shows a shrinkage of 8.9% as compared with
17% for the untreated wool. )

EXAMPLE 30

Same as in Example 29 with the exception that
320 parts of n-hexyl acrylate is used in place of
320 parts of ethyl acrylate. Similar results are
obtained. - i

EXAMPLE 31

Same as in Example 29 with the exception that
instead of 80 parts of glycidyl methacrylate there
is used 120 parts of glycidyl acrylate, and instead
of 320 parts of ethyl acrylate there is employed
280 parts of the acrylic ester of a mixture of nor-
ma] and the various isomeric forms of amyl alco-
hol. Similar results are obtained. .

EXAMPLE 32

Same as in Example 298 with the exception that
instead of 80 parts of glycidyl methacrylate there
is used 40 parts of glycidyl crotonate, and instead
of 320 parts of ethyl acrylate there is employed

:360 parts of 2,5-dichlorostyrene. Similar results

‘are obtained.
' ' EXAMPLE 33

Same as in Example 29 with the exception that
instead of 320 parts of ethyl acrylate there is
used 320 parts of p-methoxystyrene. Similar
results are obtained. . '



17
EXAMPLE 34

A toluene solution of the reactive copolymer
of Example 29 containing 10% of copolymer solids
is mixed with an equal volume of a toluene solu-
tion of a reactive copolymer of, by weight, 90%
ethyl acrylate and 10% maleic anhydride, which
latter solution also contains 10%. of copolymer
solids. This solution is applied to a piece of
woolen goods as described under Example 18,
the freated goods being heated for 6 minutes at
290-300° P. to insolubilize (convert to a water-
insoluble state) the mixture of reactive copoly-
mers. The results of shrinkage tests on the
treated sample are as follows:

“ Per cent shrmkage

After 5 washmg cycles of 10 minutes each.__ 6.1
After 5 washing cycles of 10 minutes’ each plus - .
1 hour’s addltlonal washing 6.4
For the purpose of comparison a piece of the same
woolen goods is treated in . the same manner
with a solution of 10% of the reactive .ethyl
acrylate-maleic anhydride  copolymer alone in

toluene. The results of shrinkage tests on the
treated sample are as follows:. :
*Per cent shrinkage
After 5 Washmg oycles 0f 10 mmutes each_... 8.6
EXAMPLE 35
; Parts
Glymdyl aorylate-__ ——— - 5.0
Ethyl acrylate__- cmcmmmecmeme 450
Water - 19070

'25%-aqueous solution of di-(2- ethylhexyl)
sodium sulfosuceinate_ . . vceo

are ‘heated, together whlle stirring under reflux
in a reaction vessel placed on a steam bath, which
vessel is provided with a stirrer, thermometer and
reflux condenser. - Heating and-stirring are con-
tinued . for 4% hours, after which stirring is
stopped and the emulsion is steamed for 1 hour
10 remove any unreacted -monomers. - - The aque~
ous emulsion is dlluted w1th water to about 10%
of copolymer solids, and pieces of woolen goods
are impregnated with the diluted emulsion as de-
seribed under Example 1. In one case (sample
A), the framed, air-dried, impregnated woolen
fabric is heated. for 6 minutes at 290-300° F., and
in another case (sample B) for 6 minutes at about
400° F. to cure the reactive glycidyl acrylate-
ethyl acrylate copolymer in situ to a substantially
water-insoluble.condition. The treated fabric has
a soft feeling to the touch, and a substantially
prermanent finish. The results of shrinkage tests
on the treated samples are as follows:

Percént Shrm.lcage
" .ISample A|Sample B
After 5 washing éycles of 10 mintites each______ 9;'4 5.0
After.5 washmg cycles of 10 minutes each plus E -
-1 hour’s additional washing. ;- -co oo |oomma - 56

EXAMPLE 36

Th1s example 1llustrates the use of an unsatu-
rated glycidyl ester in monomeric form, specifi~
cally glycidyl methacrylate monomer, in the treat-
ment of 'woolen goods to impart shrinkage resist-
ance thereto. . 'An emulsion of the monomer is
prepared ‘for example, as follows:..
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Solution A4~
Parts
Emu151fy1ng agent, specifically a ‘reaction
" product of 1 mole.of octadecyl amine and

3.7 moles of ethylene oxide - ooccox. B0
Water e 1450
" Solution B :
< Parts
Glycidyl methacrylate 50.0
Benzoyl perox1de - - 0.25

~ Solutions A and B are’ thoroughly mixed and
passed twice through a lhomogenizer, yielding a -
very uniform emulsion which is stable for 16 hours
and longer. This emulsion is applied to a piece
of woolen fabric -as described in’ the preceding
examples, the impregnated sample being framed,
air-dried and then heated for 6 minutes at
290-300° F. 'The results of shrinkage tests on the
treated sample are as follows: .’

Per cent shrinkage
After 5 washing- cycles of 10 minutes each ___.. 4.7

5 After 5 washing cycles of 10 minutes each plus

1 hour s additional washing

EXAMPLE 37

Same as in Example 36 with the exceptmn that
instead of 50 parts of glycidyl methacrylate there
is used 50 parts of glycidyl acrylate, and instead
of 0.25 part of: ‘benzoyl peroxide there is employed
1.5 parts of 30% acetyl peroxide-in dimethyl
phthalate. Similar results are obtained.

EXAMPLE 38

Same as in Example 36 with the exception that
instead of 50 parts of glycidyl methacrylate there
is used 50 parts of glycidyl crotonate, and instead
of 0.25 part of benzoyl peroxide there is employed
1 part of benzoyl peroxide .and 0.5 part: of tert.-

* butyl hydroperoxide; also, instead of curing the

impregnated woolen fabric by heating it for 6
minutes at 290-300° ., the monomer is polymer-
ized in situ by placing the impregnated goods first
in a steam pressure chamber for 30 minutes at

" about 240° F., followed by heating in an air oven
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for about 15 minutes at about 320° P, Similar
results are obtamed

EXAMPLE 39
. ) Parts
Ethyl acrylate ——-ooooeoooo ot o 1800
Glycidyl methacrylate oo 20.0
Ammonium perdisulfate (polymerization
catalyst) oo 0.1

25% aqueous solution of di-(2~ ethylhexyl)
sodium sulfosuccmate
Water

are heated together for 1 hour with stirring in
a reaction vessel placed on a steam bath, after
which any unreacted monomers are steamed out,
the emulsion is cooled and then filtered through
cheese cloth. The conversion of monomers to
copolymer is about 92% of the theoretical. . After
diluting this emulsion with water to yield an
emulsion ' containing about 10% of copolymer
solids, & portion of it is used in treating woolen
goods.as described under Example 36. The results
of shrinkage tests on the treated sample are as
follows:

Per cent shrinkage
After 5 washmg cycles of 10 ‘minutes each —_ 5.6
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EXAMPLE 40

L Parts
Ethylaerylabe - o 45.0
Glycidyl methacrylate .. . ____-. 5.0
Water o e 197.0 -
Cetyl dimethyl benzyl ammonium chloride

(cationic emulsifying agent) __________ 0.63
30% aqueous hydrogen peroxide (poly-

merization catalyst) oo __.____ 0.55

The cationic emulsifying agent is first dissolved
in a portion ef the water -and then diluted with
more water. All of the aforementioned ingredi-
‘ents are then heated together with stirring under
refiux’in a reaction vessel placed on a steam bath
‘and provided with ‘g stirrer, thermometer and re-
flux condenser.. After refluxXing for only about 25
minutes, the copolymerization 1eactlon appears to
be almost complete as indicated by the fact that
o miore ethyl acrylate is réfliking. Heating with
stirring on the stearn bath is continued for an
additional 2 hours and 35 minutes, after which
the emulsion is cooled, filtered through cheese
cloth, diluted with water to 10% copolymer solids,
and used in treating wool as described under
Example 36 using, as in that example, a 6-minute
cure.at 290-300° P. to insolubilize the copolymer
in situ. The results of shrinkage tests on the
treated sample, which has a soft feeling to the
touch, are as follows:

Per cent shrinkage
After 5 washing cycles of ‘10 minutes each _.. 3.3
After 5 washing ¢ycles of 10 minutes each plus

1 hour’s additional washing - _____________ 3.6
EXAMPLE 41

. Parts

Ethyl ’acrylate. e i i i . 90,0

Glycidyl methacrylate ... i_____... 100

Water 398.0
50% aqueous stearam1dopropyld1methyl—ﬁ-
hydroxyethyl ammonium chlonde {cati-

onic emulsifying agenty ___ . _._____ 10.0

30% agueous hydrogen peroxide —oo—_ - 1.1

are heated together with stirring for 1 hour under

%4
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reflux as deseribed under Example 40, after which .

steam is passed through the aqueocus emulsion of
reactive copolymer for 15 minutes to remove un~
reacted monomers.

water to 10% copolymer solids, and used in treat-
ing woolen goods as described under Examples 36
and 40. The results of shrinkage tests on the
treated sample are as follows:

rcent shrinkage
After 5 washing cycles of 10 minutes each-__ 4.2
After 5 washing cycles of 10 minutes each plus

1 hour’s additional washing_____.________ 47
EXAMPLE 42

Parts

Ethyl acrylate o ____________ 900

Glyeidyl methacrylate»___________ _________ 10.0

Water moeee o 394.0
Reaction product of 1 mole of octadecyl

amine and 3.7 moles of ethylene ox1de___ 5.0

Agueous 30% hydrogen’ pero‘nde __________ 1.1

are heated together with stirrihg for 1 hour and
10 minutes under reflux as described under Ex-~
ample 40, after which steam is passed through
the aqueous emulsion of reactive copolymer for
20 minutes to remove unreacted monomers.
The emulsion (pH of 6.8) is cooled, filtered

through cheese cloth, diluted with water to 10% %

The emulsion (pH of 6.3) is
‘cooled, filtered through cheese cloth, diluted with
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copolymer solids, and used in treating a piece
of woolen cloth as described under Examples 36
and 40. " The. results -of shrinkage tests on the
treated sample are as follows:
. Percent shrinkage
After 5 washmg cycles of 10 minutes each._.. 4.7
After. 5 washing cycles of 10 minutes each
plus 1 hour’s addmonal washing_ .. ______

-EXAMPLE 43 -

Sane as in Example 4 with the exceptlon that,
instead of using 20 parts of glycidyl methacrylate
and 80 parts of ethyl -acrylate in forming a re-
active copolymer, there is employed 100 parts of
glyeidyl methacrylate alone to yield a toluene so-
lution of a _reactive polymer. This solution is di~
luted with -dry toluene to approximately 10%
polymer concentration, divided into tiwo portions,
A and B, as in Example 4 and applied to woolen
goods likewise as described in that example.

‘Bimilar results-are obtained.

‘Substantially the same results also are secured
when glycidyl aerylate or crdtonate is used in
place of glycidyl methacrylate as ‘described in
the preceding paragraph.

It will be understood, -of course, by those skilled
in the art that our invention is not limited to
the specific. reactive copolymers named in the
above illustrative examples nor to the particular
methods of application therein described. Thus,

instead of the comonomers specified in the vari-

ous examples, we can.use any other comonomer
or plurality of comonomers that are copolymer-
izable with glycidyl acrylate, ethacrylate or
crotonate and which. gontain a single CHa=C<
grouping, numerous examples -of . which have
‘been given hereinbefore and in our copending
application Serial No. 34,143, filed June 19, 1948.

‘Likewite, polymetization ‘catalysts other than

thiose named'in the various. examples-can beused,
‘for mstance -catalysts such ‘gs those breviously
xrentmned byway-of illustration:

L1kew15e, it will be -understood that our inven-

‘tion is not limifted to ‘the use of toluene or xylene

as-a Folvent €ither in the ‘preparation of the poly-
meric-or ‘topolymeric material or in its ‘applica-
tion %o a protein-containing textile material, Il-
Tustrafive eXamples of other inert, volatile, or-
‘ganie liquids "(that is, volatile, -organic liquids
which are ‘non-reactive with the monomeric or
partly polymerized materials), which can be-used

i fthe ‘preparation of the treating agent or in

-applying it to the textile material in solution
‘state-Orzin the form of an -organic liquid-water
‘dispeision .are: b=~nzene, dioxane, ethers te. g.,
diisbpropyl ‘ether,” dlbutyl ether ete.), “esters
(e. g., butyl acetate, ete.), chlorinated hydrocar-
bons, for instance carbon tetrachloride, tri-
chloroethylene, ethylene dichloride, chloroben-

‘zenes (e. g., 1,3~ -dichlorobenzene, ete.), and oth-

ers. If applied in the form of an organic liguid-
water dispersion, the organic liquid is one which
is immiscible with the water.

If the polymerizable substance (monomeric or
reactive polymeric or copolymeric material) .is to

‘be applied to the textile material in the form of

an emulsion or dispersion, specifically a water
emulsion or dispersion or an organic liquid-water
emulsion or dispersion, any suitable emulsifying
or dispersing agent-can ‘be employed, e. g., the
soditim -salts of ‘the sulfates ‘of a ‘mixture of
lauryland: -nmyristyl ‘alecohols, dioctyl sodium sul-
Tosuccinate, sodium salts of alkylaromatic ‘sul-
fonic acids (e, 8. the sodxum salt of ‘isopropyl-
naphthalene sulfonic acid), -quaternary ammo-
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nium salts (e. g., cetyl dimethyl ammonium chlo-
ride), ete.

The amount of monomer or reactive polymer
“or copolymer in a solution or dispersion which
is applied to the textile material can be varied
considerably, but generally is within the range
of, by weight, from about 5% to about 20 or
25% of the solution or dispersion. Good results
have been obtained when the polymerizable sub-
stance constitutes about 10% by weight of the
solution or dispersion. -When solutions or dis-
persions containing about 10% by weight of
monomer or reactive polymer or copolymer are
employed, the amount of polymerizable sub-
stance which is taken up by the textile under-
going treatment is usually of the order of 8 to
10% by weight of the dry, untreated textile.

Our process cin bhe applied in the treatment
of various types of protein-containing textiles,
for instance those formed of or containing wool,
silk, mohair, fur, leather, regenerated protein
fibers or fabrics, e. g., those produced from
casein, peanut, corn (zein), egg albumin, feathers
(keratin), collagen, ete.; mixtures of such pro-
“tein-containing textiles; and mixtures of such
‘protein-containing textiles with other types of
textiles, for instance those formed of cellulose
or regenerated cellulose, e. g., cotton, linen, hemp,
jute, ramie, sisal, cellulose acetate rayons, cellu-
lose acetate-butyrate rayons, saponified acetate
rayons, cuprammonium rayons, etc.” In the case
of textiles containing mixtures of protein-con-
taining and cellulose-containing fibers, the ef-
fect of the treatment is mostly on the former but
the latter also may be beneficially effected and
may combine therewith. Our process also can
be applied in the treatment of colored textile ma-
terials as well as whites. i

The reason why the aforementioned glycidyl
esters and reactive polymers and copolymers
thereof have the particular and peculiar prop-
erty of imparting such outstanding shrinkage re-
sistance to a protein-containing textile mate-
rial, specifically a, wool-containing textile, is not
definitely known to us. One mechanism by
which the polymerizable substance (monomer
or reactive polymer or copolymer) herein de-
seribed may very likely operate is that which in-
volves the formation of an actual chemical union
between the polymerizable substance and the
protein-containing substrate, e. g., wool. - For in~
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stance, the groups in wool and other protein- -

aceous material that contain active hydrogen
(e. g., —NH, —SH, ete.) are thought to react
with theé epoxy ring to give products which con-
tain groupings such as —CHOH—CH:NH—, In
this way the joining of one fiber to another may
be brought about and the tendency to undergo
dimensional change may be minimized. A sec-
ondary factor contributing to shrinksge control,
and which takes place concurrently with the
above-mentioned process, appears to be self-
curing of the polymerizable substance on and
within the fiber. Thus the finished protein-con-
taining textile material, e. g., woolen fabric ma-

terial, contains - insoluble polymeric or copoly-"

meric substance distributed.on and w1th1n the
fibers of the textile.

The polymerizable substances used in prac-
ticing the present invention can undergo poly-
merization through rupturing of the epoxy ring,
leading to cross-linking or conversion to a sub-
stantially insoluble state. ‘This rupturing of the
epoxy ring seems to proceed when the poly-
merizable substance is applied to a protein-con-
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tammg textile, such -as a' woolen fabnc ma-

“terial, so that the ' irisolubilizdtion or curing of

the reactive substance takes place in situ under

“the influence of heat and/or a polymerization

catalyst simultaneously with a chemical reac-

-tion between the treating agent and the protein-

containing- textile. As a result, shrinkage re-

-sistance of the textile to an outstanding degree

is obtained. Purthermore, the treated: textile
has a soft hand, that is, a soft feeling to the
touch, an improved finish and usually increased

“tensile strength as compared with the untreated

material. -

If desired, the treatmg agents employed in
practicing the present invention can be used to
supplement or in combination with conventional
textile-treating compositions in the treatment
of textiles to impart - —improved properties
thereto:

The terms “textﬂe” and “textile materials” as
used generally herein and in the appended claims
include within their meanings filaments, fibers,
threads, yarns, twisted yarns, slivers, rovings,
ete., as such or in woven, felted or otherwise
formed fabrics, sheets, cloths and the like.

We claim:

1. A process of treating a\ wool-containing
textile material to improve the properties there-
of which comprises treating said textile ma-
terial with a composition comprising 'a poly-
merizable substance selected from the class con-
sisting. of (@) monomeric compounds repre-

~sented by the general formula. »’

o
R—CH=<[J—COOCHz-—CH—CHz
. N/
e . 0 .
where R-and R’ -each represents a member of
the class consisting of hydrogen ‘and the methyl
radical, R’ representing hydrogen when ‘R
represents 'a methyl radical, and. () partly
polymerized products of polymerization of poly-
merizable compositions comprising, by weight,
from about 3% to 100% of a monomeric com-
pound of (@) and up to about 97% of a
comonomer which is different from the com-
pound of (@), which is copolymerizable there-
with and which contains a single CHa—C<

‘grouping, and heating the resulting treated ma-

terial to polymerize the said polymerizable sub-
stance to a substantially water-insoluble state.
"2,A process as in claim 1 wherein the
monomeric compound of (e) is glycidyl
methacrylate.

3. A process as in claim 1 wherein the
comonomer of (b) is ethyl acrylate.

"4, A process of reducing the felting and

“shrinking tendencies of a wool-containing textile

material which comprises impregnating such &
material with an agueous dispersion containing
a reactive, partly polymerized product of poly-

“merization of a polymerizable composition com-

prising, by weight, (¢) from about 3% to aboub

509% of a monomer represented by the general

formula _
Illl
R—CH=C—C 00 CHs—~CH—CH;
o N /7
0

where R and R’ each represents a member of
the class consisting of hydrogen and the methyl
radical, R’ representing hydrogen when R repre-
sents a methyl radical, and (b) from about 97%

to about 50% of a comonomer which is different
from the monomer of (a), which is copoly-
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merizable therevmth and -which contains a sin-
gle. CHz:Q_< grouping, ‘the take-up of the said

ispersion being such as o deposit in the textile
material at least about 1% by weight, based on
.the dry _weight -of the textile material, of the
~said polymerization product, and heating the
resulting :treated material to volatilize the water
and to convert the said polymerization product
-in situ to a water-insoluble condition.

5. A process as in claim 4 wherein the agueous
dispersion also contains a catalyst for accelerat-
ing the polymerization of the reactive poly-
merization product in situ to a water-insoluble
condition.

6. A process as in claim 5 wherein the catalyst
is phosphoric aeid.

7. A. Wool-contammg textile material im-~
pregnated with a substantially water-insolubie
composition. comprising an insolubilized product

-of polymerization of a polymerizable composi-
tion comprising, by weight, (a) from about 3%
to 160% of a monomerie cempound represented
by the general formula .

R’ .

| .
R—CH=C-—COOCH;—CH-—CH,
: NS

-where R and R’ each represents a member of
-the class consisting of hydrogen and the methyl
radical, R’ representing hydrogen when R repre-
sents a methyl radical, and (b)Y up to about 97%
of a comonomer which is different from the com-
pound of (@), which is copolymerizable there-
with and which contains a single CHa—C<
grouping.

8. A wool-containing textile material which is
resistant to shrinking and which is impregnated
with at least about 2%, by weight of the un-
treated material, of a substantially water-in-
soluble composition comprising a cured product
of polymerization of a polymerizable mixture
centaining, by weight, from about 3% to about
50% of glycidyl methaerylate and from about
97% to about 50% of.an acrylic compound which
is ‘copolymerizable with glycidyl methacrylate
and which contains a single CHs==C< grouping.

8. A wool-containing textile material which
is resistant to shrinking and which is im-
pregnated with at least .about 2%, by weight
of the untreated material, of a substantially
water-insoluble composition comprising a cured
-product of polymerization of a polymerizable
mixture containing, by weight, from about 3%
to about 50% of glycidyl methacrylate and from
about 97% to about 50% of a monovinyl aro-
matic compound which is copolymerizable with
glycidyl methacrylate and ‘which contains a. sm-
gle CH2=C< grouping.

10. The proecess which comprises impregnat-
ing a wool-containing textile material with an
agueous dispersion containing a reactive, partly
polymerized product of polymerization of a poly-
merizable composition comprising, by weight,
(a) from about 3% to 100% of a monomer repre-
sented by the general formula

RI
R—CH:’('J-—-C 00CH,—CH—~—CH;
\0/
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where R and R’ each represents & member of
the class consisting of hydrogen and the methyl
radical, R’ representing hydrogen when R repre-
sents a methyl radical, and (b) up to about 97%
of a comenemer which is different from the
compound . of (&), which is ecopolymerizable
therewith and which contains a single CHa=C<
grouping;. steaming the resulting -impregnated
textile under a steam pressure corresponding to
a temperature of from 220° F. to 350° F.: and
heating the steamed textile under atmospheric
bressure at a higher temperature ranging up
to 425° ¥., thereby tc complete the polymeriza-
tion of the said polymerization product in situ
to a substantially water-insoluble state.

11, The process of reducing the felting and
shrinking tendencies of g wool-containing textile
maierial which comprises impregnating .said
textile material with an agueous dispersion con-
taining a reactive, partly polymerized product
of polymerization of & polymerizable composition
comprising, by weight, (@) from about 3% io
about 50% of glycidyl methacrylate and ()
from.about 97% to about 50% of an acrylic com~
pound which is copolymerizable with glycidyl
methacrylate and which contains a single
CHe=C< grouping; steaming the resulting im-
pregnated textile under a steam pressure cor-
responding. to a temperature of from 220° F. o
350° F.; and heating the steamed textile un-
der atmospheric pressure in air at a higher tem-
perature ranging up to 425° F., thereby to com~
plete the polymerization of the said polymeriza-
tion product in. situ to a substantially. water-
insoluble state.

12. A process as in clalm 11 wherein the
acrylic compound of (&) is a lower alkyl ester of
acrylic acid.

13. A process as in claim 11 wherein the
acrylic eompound of (b) is acrylonitrile.

JOHN . ERICKSON.
WALTER, M., THOMAS.
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