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16 Claims. (Cl. 8-128) 
(Granted under Title 35, U.S. Code (1952), sec. 266) 

A non-exclusive, irrevocable, royalty-free license in 
the invention herein described, throughout the world for 
all purposes of the United States Government, with the 
power to grant sublicenses for such purposes, is hereby 
granted to the Government of the United States of 
America. 
A principal object of this invention is the provision 

of new methods for shrinkproo?ng wool. Another ob 
ject of the invention is the provision of the novel products 
so produced. Further objects and advantages of the 
invention will be obvious from the following descrip 
tion wherein parts and percentages are by weight unless 
otherwise speci?ed. - 

In the prior art it is suggested that the shrinkage pro~ 
perties of wool can ‘be improved by applying to the wool 
?bers a high molecular weight polyamide such as poly 
hexamethylene \adipamide or similar polyamide of the 
nylon type. This is accomplished in the following man 
net: The selected polyamide is ?rst converted into soluble 
form, for example, by forming an N-methylol- derivative 
thereof. The N-methylol derivative is applied to the 
wool and the treated wool is then immersed in hydro 
chloric acid whereby the N-methylol polyamide is con 
verted to the unsubstituted polyamide. A primary dis 
advantage of this known process is that it is cumbersome 
and inef?cient because it requires procurement of a pre 
formed polyamide, conversion of this to a soluble form, 
and ?nal reconversion to an insoluble form. Particu 
lar trouble is encountered in the last step where extended 
contact with acid is required to insolubilize the coating 
of N-methylol polyamide. Unless this acid treatment is 
complete, the polyamide will remain soluble and be re 
moved from the textile when it is washed. 

In accordance with ‘this invention, a pre-formed poly 
amide is not used but a polyamide (or other condensa~ 
tion polymer) is formed in situ on the wool ?bers. This 
is accomplished by serially applying to the wool the com 
plementary agents required to form the desired polymer, 
these agents-in the preferred modi?cation of the inven~ 
tion--being dissolved in mutually-immiscible solvents. 
Thus in a typical embodiment of the invention the wool 
is ?rst impregnated with an aqueous solution of a diarnine 
‘and then impregnated with a solution of a diacid chloride 
in a water-immiscible solvent such as carbon tetrachloride. 
Generally, the solutions are applied in ‘the order given 
above, however, the reverse order gives good results and 
it is within the ambit of the invention to apply the solu 
tions in either sequence. By serial application of these 
solutions to the fabric, each ?brous element is coated with 
a two-phase system, for example, an inner layer of di 
arnine in water and an outer layer of diacid chloride in 
water-immiscible solvent. Under these conditions the 
diamine and diacid chloride react almost instantaneously 
at the interface be'twcen‘the phases, producing in situ on 
the ?bers a high molecular weight, resinous polyamide 
whichcoats the ‘?bers and renders them shrinkproof. By 
suitable selection of the complementary reactants other 
condensation polymers such as polyurethanes, polyureas, 
polyesters, polycarbonates, or various interpolymers 
"thereof can be formed in situ on ‘wool ?bers. The poly 
‘mer ‘formed is insoluble so that the shrinkproo?ng ef 
fect is durable; it is retained even after repeated washings 
‘with soap and water or detergent and waterformulations. 
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A feature of the invention is that the high molecular 
weight resinous polymers are formed in many cases at 
ordinary (room) temperature, which is in sharp con 
trast to the much higher temperatures required in the 
conventional melt condensations used in preparing poly 
amides, polyurethanes, etc. For example, in the usual 
preparation of polyamides by melt procedures, tempera 
tures of over 200° C. are customarily employed. 
As noted above, the treatment in accordance with the 

invention renders the treated wool essentially shrinkproof 
so that garments produced from the treated wool may 
be laundered in conventional soap and water or detergent 
and water formulations with negligible shrinking or felt 
ing. Further, the treated ‘wool or garments prepared 
therefrom are in the “easy-care” category in that after 
washing and tumble drying, they ‘are quite free from 
wrinkles so that they require only a minor amount of 
pressing. An important .ppint to be stressed is that the 
shrinkproo?ng effect is secured without damage to the 
hand of the fabric. That is, the treated fabric retains its 
normal hand so that it is useful for ‘all the conventional 
applications in fabricating garments as is untreated wool. 
Other items to be mentioned are that the treatment does 
not cause any degradation of the wool so that there 
is no signi?cant loss of tensile strength, abrasion resist 
ance, resiliency, elasticity, etc. Moreover, since the poly 
mer is formed in situ on the ?bers-in contrast to sys 
tems wherein polymers arespread en masse over the face 
of a fabric—-'there is substantially no loss of porosity of 
the fabric. A further item is that the treated wool may 
be dyed with conventional wool dyes to obtain brilliant, 
level dyeings. 
.A particular feature of the invention and one that lem 

phasizes its simplicity is that no heat-curing step is re 
quired. ‘Following application of the two solutions, the 
textile merely needs to be rinsed or washed. Then, 
after drying, it is ready for vuse or sale. 
The invention is applicable to wool in any physical 

form, for example, bulk ?bers, slivers, rovings, yarns, 
felts, woven textiles, knitted textiles, or even completed 
garments or garment parts. 
A remarkable feature :of the invention is that the poly~ 

mers ?ormed on the wool ?bers are not merely physical 
coatings; ‘they are chemically bonded to the wool, that 
is, the added polymer .is grafted onto the wool.’ The 
fact that alchemical bonding is achieved rather than a 
mere physical adhesion has been demonstrated by ex 
periments wherein it was attempted ‘to dissolve the grafted 
polymer with solvents which are capable of dissolving 
the polymers in ‘bulk. Thus, wool cloth was serially im 
pregnated with (1) an aqueous solution of hexamethyl 
ene diamine and (2) a solution of sebacoyl chloride in 
carbon tetrachloride. The treated wool was rinsed in 
water and dried in air. ‘It was foundthat the wool had 
a polyamide resin uptake of 4.4% and showed an area 
shrinkage of 1% on being subjected to a very severe 
washing test. Samples of ‘this treated wool were ‘sub 
jected to these tests: 

(a) A-sample of the treated wool was extracted for 
6 hours with benzyl alcoholv at.910—100° ‘.C. 

(b) Another sample of the treated wool was extracted 
with formic ‘acid (98% ), ?rst for 2 hours at 70° C., then 
at 35° C. for 22 hours. 

(c) The extracted wool samples were treated to 
evaporate the solvents and weighed to determine the pos 
sible loss of resin. Also, the extracted samples were 
again subjected tothe same severe washing test to deter 
mine their shrinkage. It was found 'that'there was no 
measurable decrease in weight, indicating no loss of poly 
amide by the'wool and, moreover, the area shrinkage 
was still 1% or .less, further-.indicating-that there was no 
loss of polyamide. It may be noted that both benzyl 
alcohol and 98% formic ‘acid are good solvents for ?ber 

"ice 
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forming polyamides such as polyhexamethylene sebac 
amide and had the polyamide on the wool been merely 
a coating, the extraction would have resulted in a weight 
loss and a marked increase in the percentage of shrink 
in . 

5The mechanism by whice the graft polymerization 
occurs is believed to involve a reaction of functional 
groups on one or the other of the complementary agents 
with the free amino or hydroxy groups present in the 
wool molecule, these reactions giving rise to such linkages 
as amide, ester, urea, urethane, carbonate, etc. which 
chemically unite the wool with the polymer. Thus the 
case of graft polyamides can be postulated by the fol~ 
lowing idealized formulas: 

1 o 
[-11 u 

- ——C—R’—O—NH-—R-—N]I W o L J“ 

In the above and succeeding formulas, W represents the 
polypeptide chain of the wool, containing prior to the 
reaction, free amino (—NH2) or free hydroxy (——-OH) 
groups. R and R’ are bivalent organic radicals (repre 
senting in this case the residues of the diamine and di 
acid chloride, respectively), and n represents the number 
of polyamide repeating units. 
The above formulas are obviously simpli?ed and ideal 

ized as the polyamide chains may be attached at both 
their ends to a single wool molecule or they may cross 
link together different wool molecules through amide or 
ester linkages. The important point from a practical 
and realistic view is that chemical bonding of the poly 
amide to the wool has been demonstrated and the theo 
retical nature of the mechanism of bonding is not of real 
concern to the invention. 
The invention encompasses the grafting of other types 

of polymers besides polyamides onto the wool molecule. 
Typical polymers which may be applied in accordance 
with the invention are polyurethanes, polyureas, poly 
esters, polycarbonates, and interpolymers wherein the 
recurring units contain two or more different units of the 
classes of amide, urethane, urea, ester, and carbonate. 
The grafting of typical examples of these different types 
of polymers onto wool are shown in the formulas below, 
again following an idealized plan: 

Polyurethane grafted to wool through urethane or car 
bonate linkage: 

L 

L Jr. 
Polyurea grafted to wool through urea or urethane 

linkage: 

1- .1. 
Of 

L __.. 

Polyester grafted to wool through amide or ester " 
linkage: 

\r~wn—[ii~n'~lcl‘ o n 0--I 
L ' J. 
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Polycarbonate grafted to wool through urethane or 

carbonate linkage: 

Copoly (amide-urethane) grafted to wool through 
amide or ester linkage: 

In the two formulas above, R"—-like R and R'—-reprc 
sents a bivalent organic radical. 

It will be evident from the description herein that the 
invention is of great latitude and versatility and can be 
employed for forming on and grafting to wool ?bers a 
wide variety of condensation polymers, particularly and 
preferably those condensation polymers wherein the re 
curring structures contain at least one non-0x0 carbonyl 
group, that is, a group of the structure 

2 
|| 

.43... 

wherein Z is oxygen or sulphur. The term “non-0x0” is 
used in the usual sense of excluding aldehyde and ketone 
con?gurations. The non-0x0 carbonyl group may occur 
in various types of combinations, illustrative examples of 
which are given below. 
Amide: 

Z 

JLITL 
Urethane: 

z 

LZ_(‘§_,\IT_ 
Urea: 

2 

---NH-- ilk-NH 
Ester: 

Z 

_Z_<'§_ 
Carbonate: 

z 

—z-- 1—z_ 
(Z being sulphur or oxygen). 

GENERAL CONSIDERATIONS 

In the practice of the invention, selection is ?rst made 
of the appropriate complementary agents—herein termed 
Component A and Component B—-required to form the 
desired polymer on the wool fibers. The interrelationship 
between the nature of the agents to be used as Com 
ponents A and B and the type of polymer produced is 
explained in detail below in connection with the various 
modi?cations of the invention. However, it is apropos 
to mention at this point that in general, Component A may 
be a diamine, a diol, or a mixture of a diamine and a diol. 
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Dependant on the materials selected for Component A, 
Component B may be, for example, a diacid chloride, at 
bischloroformate, a diisocyanate, or mixtures of these 
classes of compounds. Since Components A and B may 
be selected to form any desired type of condensation poly 
mer, these components may be aptly termed as comple~ 
mentary organic condensation polymer-forming intermedi 
ates. They may further be appropriately designated as 
fast-reacting or direct-acting because they form the resin 
ous polymers rapidly and directly on contact without re 
quiring any after-treatments, such as treatment with curing 
agents, oven vcures, etc. 
Having selected the desired Components A and B, these 

are formed into separate solutions for application to the 
wool to be treated. An essential consideration in the pre 
ferred modi?cation of the invention is that the solvents 
used in the respective solutions of Components A and B 
be substantially mutually immiscible so that a liquid-liquid 
interface will be set up between the two solutions on the 
wool ?bers. Thus, for example, Component A is dissolved 
in water and Component B is dissolved in benzene, car 
bon tetrachloride, toluene, xylene, ethylene dichloride, 
chloroform, hexane, octane, petroleum ether or other vola~ 
tile petroleum distillate, or any other inert water-immisci 
ble solvent. The two solutions are then applied to the 
wool serially, that is, the wool is treated ?rst with one 
solution then with the other. The order of applying the 
solutions is not critical. Generally, the solution of Com 
ponent A is applied ?rst and the solution of Component B 
is applied next; however, the reverse order gives good 
results and it is within the ambit of the invention to 
apply the solutions in ‘either sequence. 
The solutions may be applied to the wool in any desired 

way as long as they are applied serially. A preferred 
method involves immersing the wool in one solution, re 
moving excess liquid as by use of squeeze rolls, immersing 
the wool with the second solution, again removing excess 
liquid, rinsing the treated fabric in water and then drying 
it. Conventional apparatus consisting of tanks, padding 
rolls, squeeze rolls and the like are generally used in ap 
plying the respective solutions. The amount of each solu 
tion applied to the textile may be varied by altering the 
residence time in the solutions, the pressure exerted by 
the squeeze rolls and by varying the concentration of 
the active materials in the respective solutions. To de 
crease carry-over of the solvent from the ?rst treating solu 
tion to the second solution, the wool after its immersion 
in the ?rst solution may be subjected to drying conditions 
such as a current of warm air to concentrate the solution 
carried by the Wool. 
As noted above, a critical ‘factor in the preferred form 

of the invention is that the complementary-agents~Com 
ponent A and Component B-are serially applied to the 
textile dispersed in solvents which are substantially mutu 
ally immiscible. The nature of the solvents is of no con 
sequence as long as they are essentially inert and possess 
the above-stated property of substantial immiscibility. 
Usually volatile solvents are preferred as they may be re 
moved from the treated textile by evaporation. However, 
non-volatile solvents can be used, in which case they may 
be removed from the product by extraction with suitable 
volatile solvents ‘therefor or Washed out with soap and 
water or detergent and water ‘formulations. In many 
cases the ingredients of Component A are soluble in water 
and may thus ‘be applied to the textile in aqueous solution. 
In such case the solvent for Component B may be any 
inert, essentially water-immiscible organic solvent. Typi 
cal illustrative examplies thereof are benzene, toluene, 
‘xylene, carbon tetrachloride, ethylene dichloride, chloro< 
form, hexane, octane, petroleum ether or other volatile 
petroleum fraction. It is, however, not essential that 
Component A be employed in aqueous solution. Thus, 
one may utilize a system of two essentially immiscible 
organic solvents, Component A being dispersed in one 
solvent and Component B in the other. Asian example, 
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6 
Component A may be dispersed in Z-bromoethyl acetate 
and Component B dispersed in benzene. Another example 
involves using formamide, dimethylformamide, or diethyl 
formamide as the solvent for Component A and using n 
hexyl ether as the solvent for Component B. A further 
example involves a system of adiponitrile as the solvent 
for Component A and ethyl ether as the solvent for Com 
ponent B. Examples of other pairs of solvents which are 
substantially immiscible with one another and which 
may be used for preparing the solutions of the respective 
reactants are 2~bromoethyl acetate and n-hexyl ether, 
ethylene glycol diacetate and n-hexyl ether, adiponitrile 
and n-butyl ether, adiponitrile and carbon tetrachloride, 
benzonitrile and formarnide, n-butyl ether and formarnide, 
di-N-propyl aniline and formamide, isoamyl sulphide and 
formamide, benzene and formamide, butyl acetate and 
formamide, benzene and nitromethane, n-butyl ether and 
nitromethane, carbon tetrachloride and formamide, di 
methyl aniline and formamide, ethyl benzoate and form 
amide. 

In cases where Component A is a diamine and/ or a diol 
in the form of its alkali-metal salt, the solvents therefor 
may contain hydroxy groups. Because amine, alcoholate, 
and phenolate groups are so much more reactive than hy 
droxy groups, there will be little if any interference by 
reaction of the hydroxy groups of the solvent with the ac 
tive agents of Component B, particularly if the solutions 
of the reactants are at ordinary temperatures. In such 
event, then, solvent pairs of the following types may be 
employed: Diethylene glycol rnonomethyl ether and n 
hexyl ether, diethylene glycol monoethyl ether and n-hexyl 
ether, 2-ethylhexanol and adiponitrile, isoamyl alcohol and 
adiponitrile, glycerol and acetone, capryl alcohol and 
formamide, ethylene glycol and benzonitrile, diacetone al 
cohol and di-N-propylaniline, Z-ethylhexanol and form 
amide, triethylene glycol and benzyl ether. 
The concentration of active materials (Component A 

and Component B) in the respective solutions is not 
critical and may be varied widely. Generally, it is pre 
ferred that each of the pair of solutions contains about 
from 1 to 20% of the respective active component. In 
applying the process of the invention, enough of the re 
spective solutions are applied to the wool to give a polymer 
deposit on the ?bers of about 1 to 10%. Such amounts 
provide a substantial degree of shrinkproo?ng with no 
signi?cant reduction in hand of the wool. Greater 
amounts of polymer may be deposited on the ?bers if de 
sired but tend to change the nature hand of the wool. 
Also, thicker deposits are likely to contain substantial 
amounts of non-grafted polymer. The relative amounts 
of Component A and Component B applied to the wool 
may be varied as desired for individual circumstances. 
Generally, it is preferred to apply the components in 
‘equimolar proportions, that is, the amounts are so selected 
that there are the same number of functional groups pro 
vided by Component A as provided by the functional 
groups or" Component B. 

It is often desirable to add reaction promoters or cat 
alysts to either of the solutions of Component A ‘or ‘B 
in order to enhance reaction between the active agents. 
For example, in cases where the system involves reaction 
between a diamine (or a-diol) and a diac‘id chloride or 
a bischloroformate it is desirable to add to either of the 
solutions a sufficient amount of alkaline material to take 
up the HCl formed in the reaction. For such purpose 
one may use a tertiary amine such as pyridine, dirnethyl 
aniline, or quinoline or an alkalimetal hydroxide, or, 
more preferably, an alkaline material with buffering ca 
pacity such as sodium carbonate, sodium bicarbonate, 
trisodium phosphate, borax, etc. Another plan which 
may be used in instances where ‘Component A includes 
a diamine and Component B includes a diacid chloride 
or bischloroformate, involves supplying the diamine in 
excess so that it will act both as a reagent and as an ~HCl 
acceptor. The reaction of Components A and B may 
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also be catalyzed by addition of such agents as tributyl 
tin chloride, stannous tartrate, ferric chloride, titanium 
tetrachloride, boron tri?uoride-diethyl ether complex, or 
tin salts of fat acids such as tin laurate, myristate, etc. 
Such catalysts are particularly useful to promote reaction 
between (1) diols and (2) diisocyanates, diacid chlorides, 
and bischloroformates. 
Where one of the solutions of the reactants contains 

water as the solvent, it is often desirable to incorporate 
a minor proportion of a surface-atcive agent to aid in 
dispersing the reactant and to assist in penetration of the 
solution into the textile. For this purpose one may use 
such agents as sodium alkyl (CB-C13) sulphates, the so 
dium alkane (cg-C13) sulphonates, the sodium alkyl 
(CB-C20) benzene sulphonates, esters of sulphosuccinic 
acid such as sodium dioctylsulphosuccinate, and soaps, 
typically sodium salts of fat acids. Emulsifying agents 
of the non-ionic type are suitable, for example, the reac 
tion products of ethylene oxide with fatty acids, with 
polyhydric alcohols, with partial esters of fatty acids and 
polyhydric alcohols or with alkyl phenols, etc. Typical 
of such agents are a polyoxyethylene stearate containing 
about 20 oxyethylene groups per mole, a polyoxyethylene 
ether of sor-bitan monolaurate containing about 16 oxy 
ethylene groups per mole, a distearate of polyoxyethylene 
ether of sorbitol containing about 40 oxyethylene groups 
per mole, iso-octyl phenyl ether of polyethylene glycol, 
etc. Generally, only a small proportion of surface-active 
agent is used, on the order of 0.05 to 0.5%, based on 
the weight of the solution. In addition to, or in place 
of the surface-active agent, a supplementary solvent may 
be added to the primary solvent (water) in quantity suf 
?cient to disperse the active reactant. For such purpose 
one may employ acetone, or other inert volatile solvent, 
particularly one that is at least partially miscible with 
water. It is evident that the solutions of Components A 
and B need not necessarily be true solutions; they may 
be colloidal solutions, emulsions, or suspensions, all these 
being considered as solutions for the purposes of the pres 
ent invention. 

Ordinarily, the treatment of the wool with the solu 
tions of the complementary agents is carried out at room 
temperature as at such temperature the polymerization 
takes place very rapidly, that is, in a matter of a minute 
or less. If, however, a higher rate of polymerization is 
desired—as in continuous operation on long lengths of 
cloth--the second solution may be kept hot, for example, 
at a temperature up to around 150° C. Also, where the 
agents used include a diol as such (in contrast to the 
alkali salt thereof) it is preferable to heat the second 
solution as the polymerization rates with the diols are 
generally unsatisfactory at room temperature. 
As has been explained above, in the preferred modi?ca 

tion of the invention the solutions of Components A 
and B--the complementary condensation polymer-form 
ing intermediates—are serially applied to the wool in 
the form of mutually-immiscible solutions to provide a 
liquid-liquid interface between the solutions as they are 
serially laid onto the ?bers. In a less preferred modi 
?cation of the invention, a system is used which utilizes 
a solid-liquid interface. Such a system is established 
in the following way: The wool is ?rst impregnated with 
a solution of one of the complementary agents-for ex 
ample, Component A-—dispersed in an inert volatile sol— 
vent. The Wool is then subjected to drying as by sub 
jecting it to a current of hot air. The wool ?bers which 
are now covered with a deposit of the ?rst component in 
a solid state, are then impregnated with the complemen 
tary agent-Component B, in this case, dispersed in an 
inert, preferably volatile solvent. In this way the ?bers 
are layered with a superposed system of solid component 
A and a solution of Component B. Under these condi 
tions polymerization takes place rapidly forming the 
polymer in situ on the ?bers and grafted thereto. In 
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8 
this system it is not essential that the respective solvents 
be immiscible. Thus, for example, Component A may 
be applied in water solution and Component B in a water 
miscible solvent such as dioxane or acetone. A typical 
example of practicing this modi?cation involves immers 
ing the wool in an aqueous solution of a diamine and 
an Hcl'acceptor, removing the wool from the solution, 
squeezing it through rolls to remove excess liquid, sub 
jecting it to a draft of hot air until the wool is dry to 
the touch (about 10-20% moisture in the impregnated 
wool) and then immersing the wool in a solution of a 
diacid chloride dissolved in an inert, volatile solvent. The 
wool is then removed from this second bath, squeezed 
through rollers to remove excess water, rinsed, and dried 
in air. though this system is operative, it is not a 
preferred technique because the polymerization at the 
solid-liquid interface is slower and less uniform in de 
gree of polymerization and the degree of shrinkproo?ng 
afforded to the wool per unit weight of polymer formed 
on the ?bers is less than with the system of mutually 
immiscible solutions. 

COMPONENTS A AND B 

As noted brie?y above, the selection of Components A 
and B depends on the type of polymer desired to be 
formed on the wool fiber and grafted thereto. In general, 
Component A may be a diamine, a diol, or a mixture 
of a diamine and a diol; Component B may be a diacid 
chloride, 21 bischloroformate, a diisocyanate, or a mix’ 
ture of two or more of these classes of compounds. Typi 
cal examples of compounds which can be employed as 
Component A in a practice of the invention are described 
below. 
As the diamine one may employ any of the aromatic, 

aliphatic, or heterocyclic compounds containing two pri 
mary or secondary amine groups, preferably separated 
by at least two carbon atoms. The diamines may be sub 
stituted if desired with various non-interfering (non 
functional) substituents such as ether radicals, thioether 
radicals, tertiary amino groups, sulphone groups, ?uorine 
atoms, etc. Typical compounds in this category are listed 
below merely by way of illustration and not by way of 
limitation. Ethylene diamine, trimethylene diamine. 
tetramethylene diamine, hexamethylene diamine, octa 
rnethylene diamine, decamethylene diamine, N,N'-di 
methyl-1,3-propanediamine, 1,2~diamino - 2 - methylpro 
pane, 2,7-diamine-2,o-dimethyloctane, N,N'-dimethyl-1,6 
hexanediamine, 1,4-diarnino cyclohexane, 1,4-bis(amino 
methyl) cyclohexane, 2,2’-diaminodiethyl ether, 2,2'-di 
aminodiethyl sulphide, bis(4--aminocyclohexyl) methane, 
N,N’ - dimethyl ~ 2,2,3,3,4,4 - hexa?uoropentane~1,5-di 

amine, ortho-, meta-, or para-phenylene diamine, benzi 
dine, xylylene diamine, m-toluylene diamine, ortho-toli 
dine, piperazine, and the like. If desired, mixtures of 
different diamines may be used. It is generally preferred 
to use aliphatic alpha, omega diamines, particularly of 
the type 

wherein n has a value of 2 to 12, preferably 6 to 10. 
As the diol one may employ any of the aliphatic, 

aromatic, or heterocyclic compounds containing two hy 
droxy groups, preferably separated by at least two carbon 
atoms. The diols may be substituted if desired with var 
ious non-interfering (non-functional) substituents such as 
ether groups, sulphone groups, tertiary amine groups, 
thioether groups, ?uorine atoms, etc. Typical compounds 
which may be used are listed below merely by Way of 
illustration and not limitation: Ethylene glycol, diethylene 
glycol, 2,2-dimethyl propane-1,3-diol, propane-1,3-diol, 
butane-1,4-diol, hexane-1,6-diol, octane-1,8-diol, decane 
1,10-diol, dodecane-1,12-diol, butane-1,2-diol, hexane-1,2 
diol, l-O~methyl glycerol, Z-O-methyl glycerol, cyclo 
hexane-1,4-diol, hydroquinone, resorcinol, catechol, bis 
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(parahydroxyphenyl) methane, 1,2-bi‘s'(par'ahydroxy 
phenyl) ethane, 2,2-bis(parahydroxyphenyl) propane, 
2,2-bis(parahydroxyphenyl) butane, l4,4’-‘dihydroxyb'enzo 
phenone, naphthalene-1,5ediol, biphenyl-4,4'-diol, ‘2,2 
bis(3-methyl-4-hydroxyphenyl) propane, 2,2-bis(3-‘iso 
propyl-4-hydroxyphenyl) propane, 2,2-bis'(4-hydroxy-di 
brornophenyl) propane, etc.’ If desired, mixtures of dif 
ferent diols may be used. It is also within the purview 
of the invention, though less ‘preferred, to use ‘the com 
pounds containing more than two hydroxy ‘groups as for 
example, glycerol, diglycerol, hexanetriol, pentaerythritol, 
etc. Moreover, it is within the spirit of the invention to 
utilize the sulphur analogues of the diols. Thus, for ex 
ample, instead of using the compounds containing two 
hydroxy groups one can use the analogues containing 
either (a) two -—SH groups or (b) one -—SH group and 
one —O-H group. 
Among the preferred compounds are the ‘aliphatic diols, 

for example, those of the type: 

wherein n has a value from 2 ‘to 12. Another preferred 
category of aliphatic compounds are the polyethylene 
glycols, i.e.: 

wherein n has a value from ‘zero to 10. _A preferred 
category of aromatic diols are the bisphenols, that is, 
compounds of the type 

R’ . R 

Dag}? 
no W it 

wherein R—C-R represents an aliphatic hydrocarbon 
group containing 1 to 12 carbon atoms and R’ represents 
hydrogen or a lower alkyl radical. In this category es 
pecially preferred compounds are 2,2-bis(parahydroxy 
phenyl) propane, often designated as bisphenol-A; 2,2 
bis(3-methyl-4-hydroxypheny1) propane; 2,2-bis(3-iso 
propyl-4-hydroxyphenyl) propane; and brominated de 
rivatives of bisphenol A, such as 2,2-bis(4-‘hydroxy-di 
bromophenyl) propane. 
The diols are employed as such or in the form of their 

alkali-metal salts, that is, as alcoholates or phenolates, 
depending on whether the diols are aliphatic or aromatic. 
The alkali-metal derivatives are preferred as they will re 
act with the active agents of Component B at room tem 
perature. With the diols, as such, temperatures above 
room temperature are generally required to promote re 
action with their complements in Component B. In such 
case proper temperature for the reaction can be achieved 
by holding the second solution into which the textile is 
immersed ,at about 50 to 150° C. It is obvious that the‘ 
solvent selected for the second solution will need to be 
one which has a boiling point above the temperature se 

R! 

O 

vlected, or, in the alternative, a pressurized system can be 
used to maintain the solvent in the liquid phase. 

In the modi?cation of the invention wherein water is 
used as the solvent for Component A (a diol in ‘this case) 
and Component B is dispersed in a water-immiscible, inert 
solvent, it is preferred to use aromatic diols in their salt 
(phenolate) form. This affords several distinct advan 
tages. Thus the alkali-metal phenolates are quite soluble 
in water, they are relatively stable in ‘aqueous solution 
(in contrast to the alcoholates), and they will react at 
room temperature with diacid chlorides, bischlorofor 
mates, or diisocyanates so that no heating is required. 

Typical examples of compounds which can be em~ 
ployed as Component B in a practice of the invention are 
described below. 
As the diacid chloride one may employ any of the 

aliphatic aromatic, or heterocyclic compounds containing 
two carbonylchloride (-COCl) group, preferably sep 
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.a‘ra‘ted by at least two carbon atoms. the Tdiac'i'd chlorides 
may be substituted if desired with non-interfering (non 
functional) substitutents such as ether groups, thioether 
groups, sulphone groups, etc. Tyical examples of com 
pounds in this category are ‘listed below merely by way 
of illustration and not limitation: 'Oxalyl chloride, maleyl 
chloride, fumaryl chloride, malonyl chloride, succinyl 
chloride, glutaryl chloride, ‘adipyl chloride, pimelyl chlo 
ride, suberyl ‘chloride, azelayl chloride, 'sebacyl chloride, 
cyclohexane-l,4-biscarbonyl chloride, phthalyl chloride, 
isophthalyl chloride, .terephthalyl chloride, 4,4’-biphenyl 
dicarbonyl chloride, B-hydromuconyl chloride, i.e., 

ClCO—CHZ-—'CH="CH-'CHZ—COCI 
diglycollic acid chloride, i.e., O'(CH2_-—COCl)2, higher 
:horno‘logues of this compoundlas O(CH2—-CH2—COCl)2, 
'dithiodiglycollic acid ‘chloride, diphenylolpropan'e-diacetic 
chloride, i.e., (‘CH3‘)2C(C6H4,OCH2COCD2, and the like. 
If desired, mixtures of different diacid chloride may be 
used. It is also evident that the sulphur analogues of 
these compounds may be used and are included within 
the spirit of the invention. Thus, instead of using com 
pounds containing two --COC1 groups one may use com 
pounds containing one —~—CSCl and one -—COC1 group 
or compounds containing two "—‘CSCl groups. ‘More 
over, although the diacid "chlorides are preferred as they 
are reactive and relatively inexpensive, the corresponding 
bromides and iodines may be used . 
As the diacid chloride, it is generally vpreferred to vuse 

the aliphatic compounds containing two carbonylchloride 
groups in alpha, omega position, particularly those of‘the 
type: 

ClCO—' ( CH2‘) nCO Cl 
wherein n has a value ‘from 2 to 12. Another preferred 
category "includes the compounds of the formula 
ClCO—-A—COC1 (where A is the benzene ‘or cyclo 
hexan‘e radical), ‘especially para-substituted compounds 
such as terephthalyl and 'hexahydroterephthalyl chlorides. 
As the bischloroformate one ‘may ‘use any of the 

aliphatic, aromatic, or heterocyclic compounds containing 
two chloroformate groups 

preferably ‘separated by at least two carbon atoms. vThe 
bischloroformat‘es may be substituted if desired with non 
phone groups, ether groups, thioether groups, etc. 
interfering (non-'fuctional) substituent-s such as sul 
Typical examples of compounds in this category are listed 
below merely by way of illustration and not limitation: 
Ethylene glycol bischloroformate, diethylene glycol bis 
chloroformate, 2,2-dimethyl propane 1,3-diol bischloro 
formate, propane-1,3-diol bischloroformate, butane-1,4 
diol bischloroformate, ‘hexane-‘1J6-diol bischloroformate, 
octane-1,8-diol bischloro‘fo‘rmate de'c‘ane-‘LlO-dio1 bis 
chloroformate, butane-1,2-diol 'bischloroforrnate, hexane 
l,2-diol bischloroforrnate, 2-‘methoxyglycerol - 1,3 - bis 
chloroformate, glycerol-1,2-bischloroformate, glycerol-l, 
3-bischloroformate, diglycerol bischloro'for‘mate, hexane 
triol bischloroformate, pentaeryt'hritol bischloroformate, 
cyclohexane-lA-di‘ol bischlo'roformate, ‘hydroq‘uinone bis 
chloroformate, resorcinol bischloroforma’te, catechol bis 
chloroformate, bischloroformat‘e of 2,2-bis (parahydroxy 
phenyl) propane, bischlor'oformate ‘of 2,2-bis (parahy 
droxyphenyl) butane, "bischloro‘formate of 4,4'-dihydroxy 
benzophenone, bischloroformate of 1,2-bis(parahydroxy 
phenyl) ethane, naphthalene-l1,5-diol bischloroformate, 
biphenyl-4,4'-diol bischloroformate, etc. If desired, mix 
tures of diiferent‘bischloroformates ‘may be used. 
Among the preferred compounds vare the aliphatic bis 

chloroformates, for example, ‘those of the type: 

‘wherein n has a value from~2to ‘12. Another preferred 



11 
category of compounds are the bis-chloroformates derived 
from polyethylene glycols, e.g., 

0 

Cl—CH—O-—CH:—-CH:~[O oHl~oHi_]n-o Ora-crn-o'b-m 
wherein n has a value from zero to 10. A useful cate 
gory of aromatic bischloroformates are the bisphenol 
chloroformates, that is, compounds of the type: 

R’ R R’ 

r @dfQé it 01-60 it __ oo-o1 

wherein R—-C—R represents an aliphatic hydrocarbon 
group containing 1 to 12 carbon atoms and R’ is hydro 
gen or a low alkyl radical. 

It is also evident that the sulphur analogues of the his 
chloroformates may be used and such are included within 
the spirit of the invention. Thus, instead of using the 
compounds containing two 

—0-i’1—c1 
groups one may use any of the compounds containing the 
sulphur analogues of these groups, for example, the 
compounds containing two groups of the formula 

—X-—("J—Cl 
wherein one X is sulphur and the other is oxygen or 
wherein both X’s are sulphur. Moreover, although the 
bichloroformates are preferred because they are reactive 
and relatively inexpensive, it is not essential that they con 
tain chlorine and one may use the corresponding bis 
bromoformates or bisiodoformates. 
As the diisocyanate one may employ any of the 

aliphatic, aromatic, or heterocyclic compounds contain 
ing two isocyanate (—NCO) groups, preferably sepa 
rated by at least two carbon atoms. The diisocyanates 
may be substituted if desired with non-interfering (non 
functional) substituents such as ether groups, thioether 
groups, sulphone groups, etc. Typiial examples of com 
pounds in this catagory are listed below merely by way 
of illustration and not limitation: Ethylene diisocyanate, 
propylene diisocyanate, butylene diisocyanate, trimethyl 
ene diisocyanate, tetramethylene diisocyanate, hexa~ 
methylene diisocyanate, octamethylene diisocyanate, dec 
amethylene diisocyanate, cyclohexylene diisocyanate, bis 
(2-isocyanatoethyl) ether, bis (2-isocyanatoethyl) ether of 
ethylene glycol, o-phenylene diisocyanate, m-phenylene 
diisocyanate, p-phenylene diisocyanate, tolylene-2,4-diiso 
cyanate, tolylene-L6-diisocyanate, 3,3'-bitolylene-4,4’-di~ 
isocyanate, i.e., 

CH; GB: 
| 

diphenyl ether-4,4'-disocyanate, i.e., 

3, 5, 5’, 5’-bixylylene-4,4’-diisocyanate, i.e., 
R R 

| | 

l R 
(R is-—CH3) 

diphenylmethane-4,4'-diisocyanate, i.e., 

biphenylene diisocyanate, 3,3’-dimethoxy-biphenylene 
4,4'-diisocyanate, naphthalene diisocyanates, polymethyl 
polyphenyl isocyanates, etc. It is also evident that the 
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12 
.sulphur analogues of these compounds may be used and 
such are included within the spirit of the invention. Thus 
for example, instead of using the compounds containing 
two --NCO groups one may use their analogues contain 
ing either two -—NCS groups or one —NCO group and 
one —NCS group. Another point to be made is that it 
is within the spirit of the invention to utilize the deriva 
tives which yield the same products with compounds con 
taining active hydrogen as do the isocyanates. Particu 
lar reference is made to the biscarbamyl chlorides which 
may be used in place of the diisocyanates. Thus one may 
use any of the above-designated compounds which con 
tain carbamyl chloride groups 

‘I’ (—N-d~o1) 
or their sulphur analogues 

in place of the isocyanate groups. _ _ " 
Among the preferred compounds are the aliphatic dnso 

cyanates, for example, those of the type 

wherein n has a value from 2 to 12. Other preferred 
compounds are the toluene diisocyanates, xylylene diiso 
cyanates, and diphenylmethane-4,4'-diisocyanate which 
may also be termed methylene-bis(p-phenylisocyanate). 

There has been set forth above a comprehensive dis 
closure of the preferred types of complementary agents, 
that is, diamines, diols, diacid chlorides, bischlorofor 
mates, diisocyanates, and their equivalents. Although it 
is preferred to use these agents for optimum results, they 
are by no means the only compounds which may be 
used. The invention in its broadest aspect includes the 
application of many other types of complementary agents 
which have the ability to form condensation polymers 
when applied to Wool by the disclosed procedures. V ari 
ous examples are thus set forth of other types of com 
pounds which may be used. 

Polysulphonamides—-f0rmed by conjoint use 0)‘ a di 
amine and a disulphonyl chloride.—A typical example in 
this category involves applying to the wool an aqueous 
solution of a diamine, followed by applying to the wool 
a disulphouyl chloride dissolved in benzene, toluene, or 
other inert, essentially water-immiscible solvent. Any of 
the diamines above described may be used in conjunction 
with such disulphouyl chlorides as benzene-1,3-disulpho 
nyl chloride, biphenyl-4,4'-disuiphonyl chloride, toluene 
disulphouyl chlorides or aliphatic compounds such as 
those of the formula 

wherein n has a value from 2 to 12. Related polymers 
can be formed by applying these disulphouyl chlorides 
(as Component B) in conjunction with such compounds 
as urea, guanidine, thiourea, biuret, dithiobiuret, or the 
like as Component A. 

Polysulphonates-formed by the conjoint use of a dial 
and a disulphouyl chloride-In a typical example in this 
area, an aqueous solution of a diol-preferably in the 
form of its alkali-metal salt—is first applied to the Wool, 
followed by application of a disulphouyl chloride in inert, 
essentially Water-immiscible solvent. For this purpose 
one may use any of the diols and disulphouyl chlorides 
exempli?ed above. A variant of this procedure is to use 
the corresponding dithiol in place of the diol, thus to form 
a polythiolsulphonate. 
An alternative to the diacid chlorides is the use of 

mixed anhydrides of the corresponding dicarboxylic acids 
with monobasic acids such as tri?uoroncetic acid, clihutyl 
phosphoric acid, or the like. Such mixed anhydrides may 
be employed, for example, as Component B in conjunc 
tion with a diamine, diol, or dithiol as Component A to 
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form polyamides, polyesters, or polythiolesters, respec 
tively. ' 

Another plan involves the use of urea, thiourea, biuret, 
dithiobiuret, guanidine, or the like (as Component A) in 
conjunction with diacid chlorides as Component B to 
form polyureas, polythioureas, etc. 
Having now described the types of compounds which 

may be used as Components A and B, we will next ex 
plain how these compounds may be selected in various 
combinations to form the preferred types of polymers in 
situ on wool ?bers and grafted thereto. 

EMBODIMENT '1 
In this preferred embodiment of the invention, Compo 

nent A is a diamine and Component B is a diacid chloride. 
B-y such selection of the complementary agents, polyamides 
are deposited on the wool ?bers and grafted thereto. 

Particularly desirable features of this embodiment 1 
of the invention are that a high degree of shrinkproo?ng 
is attained with a low level of polymer formed on the 
?ber. Moreover, the process is especially simple because 
the serial treatments may be carried out at ordinary 
(room) temperature, the polyamide being formed virtu 
ally instantaneously under such conditions. 
Numerous variations ‘of the basic procedure of this em 

bodiment will suggest themselves to those skilled in the 
art in the application of Embodiment l of the invention, 
without departing from the fundamentals of the invention. 
Some of these variations are explained below. 

If desired, one may prepare a prepolymer containing 
internal amide units and terminal amine groups. Such 
prepolymers can be prepared, for example, by reacting in 
known manner a molar excess of diamine with a diacid 
chloride. The prepolymer would then be used as Com 
ponent A while for Component B one would use a diacid 
chloride. A typical example of procedure in this area 
would be to use as Component A a prepolymer of the 
type. 

‘and to use as Component B a diacid chloride 

(C1COR”COCl) 
thus to produce a polyamide containing repeating units 
of the type 

0 0 o 0 

- ~HN~R—NH—<"J-R'—i§——NH-R—NH-g—n"-ti 

(In these formulas, R, R’, and R” represent bivalent or 
ganic radicals.) 

In the alternative, one may prepare a prepolymer con 
taining internal amide groups and terminal carbonylchlo 
ride (-—COCl) groups. Such a prepolymer used as Com 
ponent B in conjunction with a diamine as Component 
A, would yield a polyamide similar to that shown above. 

It is evident from the foregoing description that there 
is ‘a very wide choice available in the selection of the 
complementary agents (diamine and diacid chloride) so 
that generically the pol-yamides deposited on the wool and 
grafted thereto will contain repeating units of the type 

wherein R represents a bivalent organic radical; Z repre 
sents an oxygen or sulphur atom; R’ represents a bivalent 
organic radical or a bond linking the two carbonyl groups; 
and the two x’s taken separately represent two hydrogen 
atoms or two monovalent organic radicals, or taken to 
gether the x’s represent a single bivalent organic radical 
linking the two nitrogen atoms to which they are attached. 
‘In the preferred modi?cations of the invention, Z is oxy 
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14 
gen; R and R’ represent bivalent hydrocarbon radicals or 
bivalent hydrocarbon radicals interrupted by internal ether 
(-O-~) linkages; and x is hydrogen. In the especially 
preferred modi?cations of the invention, the reactants are 
so chosen that R and R’ represent bivalent hydrocarbon 
radicals containing at least two carbon atoms. 
Coming under special consideration, ‘particularly be 

cause of the exceptionally high shrink resistance obtained 
with a very small percentage of polyamide, are the use 
(as Component A) of aliphatic alpha, omega diamines, 
particularly of the type 

wherein n has a value vfrom 6 to 10 and the conjoint use 
(as Component B) of the aliphatic compounds containing 
two carbonylchloride groups in alpha, omega positions, 
particularly those of the type 

wherein n has a value from 4 to 10. Typical examples 
are the conjoint use of (A) hexa‘methylene diamine with 
(B) s'ebacyl chloride or adipyl chloride. , p 
This Embodiment l of the invention is further ‘demon 

strat'ed by the following illustrative examples. I 
Standard shrinkage tests.——The tests for shrinkage re 

ferred to below were conducted in the following way: 
The wool samples were milled at 1700 r.p.m. for 2. minutes 
at 40-42° C. in an Accelerotor with 0.5% sodium oleate 
solution, using a liquor—to-wool ratio of 50 to 1. After 
this washing operation the samples were measured to 'de 
te‘rmine their area and. the shrinkage was ‘calculated from 
the original area. With this washing method, samples of 
control (untreated) wool gave an area shrinkage of 45%. 
The Accelerotor is described in the American Dyestuff 
Reporter, vol. 45, p. 685, Sept. 10, 1956. 

Example 1 

A. A solution Was prepared containing 8.8 grams of 
hexamethylene diamine and 0.2 gram of a commercial 
wetting agent, the isooctylphenyl ether of polyethylene gly 
col, per 100 ml. water. 7 

B. A solution was prepared containing 2 ml. sebacoyl 
chloride per 100 ml. carbon tetrachloride. 
A sample of wool cloth was immersed in solution A 

for 90 seconds, run through squeeze rolls to remove ex 
cess liquid, immersed for 90 seconds in solution B, ‘run 
through squeeze rolls to remove excess liquid, rinsed 'in 
water, and dried in air at room temperature. The treated 
wool had a polyamide resin uptake of 8.3% and on Wash 
ing exhibited an area shrinkage of 3%. 
The procedure as described immediately above was re 

peated with variation as to sequence of application of ‘the 
two solutions and time of residence in‘each. The condi 
tions used and the results of these experiments and the 
?rst are tabulated below. " 

TABLE I 

Order of Residence Resin up- Area 
Run applying time in each take by shrinkage, 

solutions solution, wool. percent 
seconds percent 

‘90 8.3 3.0 
90 3.2 2.0 
30 ‘ 4.4 1.0 
‘15 4.6 4.0 
15 1.3 3.0 
5 4.4 4.0 

Example 1-A 

A sample of the treated wool prepared ‘as described 
above in Example 1, run 3, and a sample of the untreated 
wool (control) were subjected to a series of tests to com 
pare the properties of the two materials. The results are 
tabulated below. . 
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TABLE 1-A 

Treated Untreated 
Test wool wool 

(control) 

Flexurel rigidity,l rum-cm ___________________ .. 160 143 
Wrinkle recovery (warp) 2.. __.. 149 146 
Fabric break strength,K lbs. -___ 38. (l 36. 4 
Elongation at break, percent. .-.- 32. 0 33. 4 
Acid solubility,‘ percent... 11. 0 11.0 
Alkali solubility,5 percent ____ ._ .. ll. 9 10. 2 
Peracetic acid-NH; solubility,6 percent ______ .. 82. 4 86. 9 

l Cantilever procedure, AS'l‘M D-l388-55T. 
1 ASTM test method D-l295-53‘T. 
3 ASTM method 13-39-40, 1-inch wide strip. 
‘ Sample immersed in 4 M IiOl for 1 hour at 65° C, then weight-loss 

determined as measure of acid solubility. 
5 Sample immersed in 0.1 M NaOI-l for 1 hour at 65° C, then weight 

loss determined as measure of alkali solubility. 
0 Sample immersed in 2% pcrecetie acid for 24 hours at 25° 0, then 

treated with 0.3% ammonia for 2% hours at 25° C. The weight-loss is 
then determined as a measure of peracetic acid-N33 solubility. 

Example 2 
W001 cloth was treated as described in Example 1 

with variation in sequence of applying the two solutions 
and residence time in these solutions. In this case, so 
lution A was as in Example 1; solution B still contained 
2 ml. of scbacoyl chloride in 100 ml. solvent but the 
nature of the solvent was varied as indicated below. The 
conditions used and results obtained are tabulated as 
follows: 

TABLE II 

Solvent in Order of Residence Resin Area 
Run sebacoyl applying time in each uptake shrinkage, 

chloride solutions solution, by wool. percent 
solution seconds percent 

15 1. 5 5. 9 
30 5. 9 0 
30 5. 1 l3. 5 
15 4. 3 15. 4 
15 2. 2 3.0 

Example 3 
A. A series of solutions were prepared containing vary 

ing amounts of hexamethylene diamine in water. A 
minor proportion-about 0.1%—of the isooctylphcnyl 
other of polyethylene glycol was also added to each. 

B. Another series of solutions were prepared contain 
ing varying amounts of adipoyl chloride in various sol 
vents. 
Wool cloth was treated with the solutions in the fol 

lowing manner. The cloth was immersed in one solu 
tion (A or B) for 15 seconds, squeezed to remove excess 
liquid, immersed for 15 seconds in the next solution (B 
or A), squeezed to remove excess liquid, rinsed in water, 
and dried in air. 
The conditions employed and the results obtained are 

tabulated below. 
TABLE III 

First treating solution, Second treating solu- Resin Area 
Run concentration of active tion, concentration of uptake shrink 

ingredient, and active ingredient, and on wool, title, 
solvent used solvent used (pcr- (per 

cent) ccn t) 

l-._-- Hexamethylenc di- Adipoyl chloride, 2 4. 9 8. 8 
amine, 8.8 gJlOO ml. mlJlOO ml. carbon 
water. tetrachloride. 

2_.__. __-_.do ............... -. Adipoyl chloride 2 5.7 4.9 
rnl./l00 ml. toluene. 

3..._. Bore-methylene di- Adipoyl chloride, 1 3.6 12. 6 
amine, 4.4 g./l00 ml. ml./l00 ml. carbon 
water. tetrachloride. 

4-.--. Adipoyl chloride, 1 Hexemethylene die 2. 5 18.2 
mL/lGO ml. carbon amine, 4.4 g./l00 nil. 
tetrachloride. water. 

5“--- Hexairethylene di- Adipoyl chloride, 4 7.3 2.0 
amine, 17.6 gJlOO nil/10G ml. carbon 
ml. Water. tetrachloride. 

=6"..- Adipoyl chloride. 4 Hoxamct-hylene di- 4. 8 2.0 
mlJlOO ml. carbon amine, 17.6 gJlOO 
tetrachloride. ml. water. 
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Example 4 

A. A series of solutions were prepared containing either 
hexaniethylcne diaminc or metaxylylenc diamine dissolved 
in water. A minor pcrcentage—about 0.1 %--of the iso 
octylphcnyl ether of polyethylene glycol was also added 
to each solution. 

B. Another series of solutions was prepared contain 
ing terephthaloyl chloride or scbacoyl chloride dissolved 
in carbon tetrachloride or methylene chloride. 
Wool cloth was treated with the solutions in the follow 

ing manner: "he cloth was immersed in one solution 
(A or B) for a predetermined time, squeezed to remove 
excess liquid, immersed for a predetermined time in the 
next solution (B or A), squeezed to remove excess liquid, 
and dried in air. 
The conditions and the results are tabulated below : 

TABLE IV 

Time of 
First treating Second treating immer- Resin Area 

solution. 00113621- solution, conccn- sion in uptake shrink 
liun tration of active tration of active each on wool, one, 

ingredient, and ingredient, and solu- (per- (pur 
solvent used solvent used Lion, ccntl cent) 

seconds 

1 ______ .. Terephthaloyl Hexamethylenc co 1. G i). 0 
chloride 2.5 diamine 17.6 
@100 ml. car- gJlOO inl 
‘non tetra- water. 
chloride 

2 ........... ..d0 .............. ._do ......... __ .l 1. 5 4.0 
3 ........... -.do- ......... ._do ____ _. .-- 3;] 0. ii 7.9 

4 ...... .. Metax'ylylene Sehscoyl chlo- 60 4. 5 15.4 
diemine 9 ride 2 mL/lOO 
mlJlOD ml. ml. carbon 
water. tetrachloride. 

5 ...... .. Mctarylylene Sermcoyl ehlo- 15 1.4 20. 3 
diaznine 4.5 ride 1 inL/IOO 
BIL/100 ml. ml. carbon 
water. tetrachloride. 

6 ...... .. Terephthaloyl Met-axylylene 00 2. 2 19.0 
chloride diuinino 8 g./ 
g./lo0 ml. 100 cc. waiter. 
methylene 
chloride. 
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EMBODIMENT 2 

In this embodiment of the invention, Component A is 
a diamine and Component B is a bischloroiormate. By 
such selection of the complementary agents, polyurethanes 
are deposited on the Wool ?bers and grafted thereto. 

Particularly desirable features of this Embodiment 2 of 
the invention are that a high degree of shrinkproo?ng is 
attained with a low level of polymer formed on the ?ber. 
vioreover, the process is especially simple because the 
serial treatments may be carried out at ordinary (room) 
temperature, the polyurethane being formed virtually in 
stantaneously under such conditions. 
Numerous variations of the basic procedure of this em 

bodiment will suggest themselves to those skilled in the 
art in the application of Embodiment 2 of the invention 
without departing from the fundamentals of the inven 
tion. Some of these variations are explained below. 

If desired, one may prepare a prepolymer containing 
internal urethane units and terminal amino groups. Such 
prepolymcrs can be prepared, for example, in known 
manner by reacting a molar excess of diaminc with a 
bischloroformate. The prcpolyrncr would then be used 
as Component A while for Component B one would use 
a bischloroforrnatc. A typical example of procedure in 
this area would be to use as Component A a prepolymcr 
of the type 

HzN—R—NH-g—O—R’—O~él—NII-R—NHJ 
and to use as Component B a bischloroformate 

(ClCDGFJ’OOCCl) 
thus to produce a polymer containing repeating units of 
the type 



I. e 
R’ and R" represent bivalent or 

Y ' o I o , - 

(In these formulas, R, 
ganic radicals.) , .. . , r t i 

In the alternative, one may prepare a prepolymer con 
tarmng internal urethane units and external 

groups. Such a prepolymer used vas Component B in con 
junction with a diamine as Component 'A ‘would yield a 
polyurethane similar to that shown above. ‘ ‘ 
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-It is evident ‘from the foregoing description that there . . 
is a very wide choice available in: the selection'of the 
complementary agents (diamine and bischlorofor'mat'e) 
so that generically the polyurethanes deposited "on the 
Wool and grafted thereto will contain repeating units of 
the type 

. z 

N é II > — —R-—N— --Z—R’-Z—C— 

I ,l, l v _ t . ~ . . . 

wherein R and R’ are bivalent organic radicals; Z repre 
sents an oxygen or sulphur atom;~and the ‘x’s taken sepa 
rately represent two hydrogen atoms or" two monovalent 
organic radicals, or, taken‘together‘ the x’s' represent‘ a 
single bivalent organic radical which links the two 
gen atoms to which they are attached. _ ' ' I . 

in the preferred modi?cations of the invention,‘ 'Z is 
oxygen; R and rR’-'represent bivalent hydrocarbon’ radicals 
or bivalent hydrocarbon radicals interrupted by internal 
ether (~—O-) linkages andx is hydrogen. In the espe 
cially preferred modi?cations of'the invention, the react- -\ 
ants are so chosen that R and R’ represents ‘bivalent hy 
drocarbon radicals containing at least two carbon atoms. 
Coming under‘ special condition particularly because of 

the exceptionally high shrink resistance imparted with a 
very small proportion of polyurethane, are the use of the 
following materials as thecomplementary agents.‘ . 

Component A: Xylylene diamines or aliphatic alpha,_ 
omega diamine's, particularly those of the type ' 

H2N--( CH2 ) n-—NH2 
wherein n has a value from 6 to 10. 

1 Component B:- Ethylene glycol bisch1oroformate,'I'di' 
ethylene glycol bischloroformate, or'the aliphatic‘ialpha, 
omega bischloroformates, particularlyrthose of the type 

wherein n has a value from 2 to 10. ~ ‘ v ' ‘ 

.Typical examples, arev the conjoint use of (A) metae 
xylylene diamine. or hexamethylene diamine-a'ndv (B) 
ethylene glycol bischloroforrnate, ,diethylene glycol bis- ' 
chloroformate, or hexane-1,6-di'ol bis'chloroformate. 

This Embodiment 2 of, the invention isfurtherdemo-n 
strated by the followingillustrative examples; ‘ 
The tests forlshrinkage referred to in the examples 

were conducted as described above in the paragraph‘en 
titled Standard Shrinkage Test. The control‘ (untreated) 
wool used in these examples had an area shrinkage of 
47 %. . . ' ' 

I Example 5 

A. A solution ‘was prepared containing 2% ofmeta 
xylylene diamine in water. ‘ ' ’ ' 

B. A' solution was: prepared containing 
glycol bischloroformate in benzene”. 
A sample of wool cloth wasimmersed in solution A 

for 30 seconds, run through squeeze rolls to remove'ex 
cess liquid, immersed for 30'seconds‘in solution B,.run 
through squeeze rolls to remove excess liquid, rinsed in 
water, and dried in air at room temperature; The treated 
wool had a polyurethane resin uptake of 1.6% and on 
washing exhibited an area shrinkage of 107%‘. These 
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results are tabulated below, together with the shrinkage 
of the untreated wool sample; , .. 

Polyurethane 
resin depos 
ited on Wool, 

percent 

Area shrink 
age, percent 

is“ 10.1 
(1) '47. 0 

1 None (control). 

Example 6 

The procedure of Example 5 was repeated using as 
solution A 3% ethylene glycol bischloroformate in ben 
zene and as solution B, a,4l% solution of hexamethylene 
diamine water. I The following results were obtained: 

Polyurethane 
resin dep0s-' ' 
ited on wool, 

~Area shrink 
age, percent 

' ' percent’ 

‘ 1 '~ ' 7.8 

- (l)- , 47.0 

, 1 None (control). ‘ 

Example 7 

The, process of ExampleS was repeated using assolu 
tion‘ A:4%"heXamethylene'diamine in water‘ and as solu 
tion B, a 3% solution of ethylene glycol bischlorofor 
mate in carbon tetrachloride. The following ‘results were 
obtained: . 

Polyurethane 
resin depos- Area shrink 
ited on wool, age, percent 
I percent , 

2. 5 11. 6 
(1) 47. o 

‘ None (control) ., I " ' 

Example 8 
The process of Example 5 was repeated using‘ as solu 

tion A- 4% hexamethylene diamine ‘in water‘ and'as solu 
tion B; a ‘3% solution of‘die‘thylene glycol bis‘c'hloro 
forn'rate in ‘carbon tetrachloride.‘ "The following results 
were obtained: ' ' ‘ ‘ ‘ ‘ ' ' ’ 

Polyurethane 1 > . 

resin depos- , Area shrink 
itetl on wool, age, percent 

. percent ,, », » a 

4.0 H .3.0. 
(1) . . 47.0 

"Nominees? _ .. - _ ~ 

p H __ _@.Example.9, _, I. , The process of Example 5 was repeated using'as solu 

tion A 2% hexamethylene diamine ‘in water and as solu 
tion B, 213% solution ofdiethylenei'glycol bischloro 
formate in carbon tetrachloride. The following results 
were obtained: ' ‘ ‘ * ‘ ' ' " ' " 

Polyurethane , - = 

' resin depos- Area shrink 
ited on wool, wage, percent 

percent 

.2.8 4.0 
1(1) , -471) 

1’ None‘ (control). 7 
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Example 10 
‘The process of Example 5 was repeated using as solu 

tion A 2% metaxylylene diamine in water and as solution 
B, a 3% solution of diethylene glycol bischloroformate 
in benzene. The following results were obtained: 

Polyurethane 
resin depos- Area shrink 
lted on wool, age, percent 

percent 

0. l 22. 6 
(‘) 47.0 

1 None (control). 

Example 1 I 

A. A series of solutions were prepared containing 4% 
hexamethylene diamine (or 4% metaxylylene diamine), 
4% Na2CO3, and 0.1% of a commercial wetting agent, 
the isooctylphenyl ether of polyethylene glycol, in water. 

B. Another series of solutions were prepared contain 
ing 3% 1,6-hexanediol bischloroformate in benzene or 
carbon tetrachloride. 
Wool cloth was treated with the solutions in the follow 

ing manner: The cloth was immersed in solution A for a 
predetermined time, squeezed to remove excess liquid, 
immersed for a predetermined time in solution B, 
squeezed to remove excess liquid, rinsed in water, and 
dried in air. 
The conditions used and the results obtained are tabu 

lated below: 

10 

15 

30 

20 
(OCN- "-NCO) 

thus to produce a polymer containing repeating units of 
. the type 

0 0 

-NH-R-NH—d-NH-R'-NH-d-NH-R-NH-g-NH-RWNH-d 
(In these formulas, R, R’, and R" represent bivalent 
organic radicals.) 

In the alterantive, one may prepare a prepolymer con 
taining internal urea units and terminal isocyanate groups. 
Such a prepolymer used as Component B in conjunction 
with a diamine as Component A would yield a polyurea 
similar to that shown above. 

It is evident from the above description that there is a 
very Wide choice available in the selection of the comple 
mentary agents so that generically the polyureas deposited 
onto the wool and grafted thereto will contain repeating 
units of the type 

Z z 

—-N—R-—N—g—NH-R'-—NH—gl-— 
l l 

where R and R’ represent bivalent organic radicals; Z rep 
resents oxygen or sulphur; and the x‘s taken separately 
represent two hydrogen atoms or two monovalent organic 
radicals, or, taken together they represent a single divalent 
organic radical linking the two nitrogen atoms to which 
these are attached. In the preferred modi?cations of the 
invention, Z represents oxygen; R and R’ represent bivalent 
hydrocarbon radicals or bivalent hydrocarbon radicals in 
terrupted by internal ether (--0—-) linkages; and x is by 

Time of Resin up 
_ I . immersion take on Area 

Run First treating solution Second treating solution in each wool, shrinkage, 
‘ solution, percent percent 

sec. 

1 .......... __ 4% hexamethylene diamine, 4'7 3% 1,6-hexanediol bischlorotormate —0 5.4 0 
NazCOa, 0.1% of the isooctylphenyl in benzene. c 
of polyethylene glycol inwater. 

2_ .--__do __-._do 30 2.4 0 
3_ _____do 3% léi-giexanediol bischlorotormato 30 4.6 1 

111 l. 
4 .......... __ 4% metnxylyleuedlamiue,4% NazCOz, 3% 1,6-hexanediol bischlorotormate 30 4.4 3.0 

0.1% of the isooetylphenyl ether of 
polyethylene glycol in water. in benzene. 

5 (control)--- - 47. 0 

EMBODIMENT 3 

In this embodiment of the invention, Component A is 
a diamine and Component B is a diisocy-anate. By such 
selection of the complementary agents, polyureas are de 
posited on the wool ?bers and grafted thereto. 

Particularly desirable features of this Embodiment 3 
of the invention are that a high degree of shrinkproo?ng 
is attained with a low level of polymer formed on the 
?ber. Moreover, the process is especially simple because 
the serial treatments are carried out at ordinary (room) 
temperature, the polyurea being formed virtually instan 
taneously under such conditions. 
Numerous variations of the basic procedure of this em 

bodiment will suggest themselves to those skilled in the 
art in the application of Embodiment 3 of the invention 
without departing from the fundamentals of the invention. 
Some of these variations are explained below. 

If desired, one may prepare a prepolymer containing 
internal urea units and terminal amino groups. Such 
prepolymers can he prepared, for example, in known 
manner by reacting a molar excess of diamine with a 
diisocyanate. The prepolymer would then be used as 
Component A while for Component B one would use a 
diisocyanate. A typical example of procedure in this 
area would be to use as Component A a prepolymer of the 
type 

0 0 

H=N--R-NH—d-NH-W-NH-d-NH-R-NH, 
and to use as Component B a diisocyanate 
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drogen. In the especially preferred modi?cations of the 
invention, the reactants are so chosen that R and R’ repre 
sent bivalent hydrocarbon radicals containing at least two 
carbon atoms. 
Coming under special consideration, particularly be 

cause of the exceptionally high shrink resistance obtained 
with very small percentages of polyurea, are the use (as 
Component A) of xylylene diamines or aliphatic alpha, 
omega diamine-s, particularly those of the type 

wherein n has a value from 6 to 10 and the conjoint use 
(as Component B) of toluene diisocyanate or an alkylene 
bis(p-phenyl isocyanate). Typical examples are the cons 
joint use of (A) hexamethylene diamine or metaxylylene 
diamine and (B) toluene 2,4-diisocyanate or methylene 
bis (p-phenylisocyanate ) . 

This Embodiment 3 of the invention is further demon 
strated by the following examples. 

Thetests for shrinkage referred to in the examples were 
conducted as described above in the paragraph entitled 
Standard Shrinkage Test. The control (untreated) wool 
used in these expirements had an area shrinkage of 45%.. 

Example 12 
A. A solution was prepared containing 4% of hem- 

methylene diamine in water. 
B. A solution was prepared containing 3% methylene 

bis(p-phenylisocyanate) in benzene. 
A sample of wool cloth was immersed in solution A for 
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30 ‘seconds, run through squeeze‘ rolls to remove excess 
liquid, immersed for 30 seconds in Solution B, run through 
squeeze rolls to remove excess liquid, rinsed in water, and 
dried in air at room temperature. Thetreated wool had 
a polyurea resin uptake of 1.7% and on washing inthe ' 
Accelerotor, exhibited an area shrinkage of 9.8%. 

Example 13 
I The process of Example 12 was repeated using as solu 

tion A 4% hexamethylene diamine in water and as solu 
tion B a 3% solution of methylene-bis(p-phenylisocya 
hate) in carbon tetrachloride. The time of immersion of 
the cloth in each solution was 60 seconds. 7 p 
The treated wool had a polyurea, resin uptake of.2.4% 

and on washing exhibited ‘an area shrinkage of 8.8% . 

Example 14 v 

‘ VA‘. A series of solutions was prepared containing either 
hexamethylene diarnine .or metaxylylene diamine dissolved 
inwater. _ ' ,, 

B. Another series of solutions was prepared containing 
either methylene-bis(p-phenylisocylanate) or toluene-2,4 
diisocyanate dissolved in benzene or carbon tetrachloride. 

. Wool cloth was treated with the, solutions in the follow 
ingmanner: The cloth was immersedin one solution (A or 
B) for 30 seconds, squeezed torernove excess liquid, im 
mersed for 30 seconds ‘in the next solution (B or .A), 
squeezed to remove excess liquid, rinsed in water, and 
dried in air. ' 
The conditions ‘and the results are tabulated below. N 

First treating Second treating Resin Area 
> solution, concen- 1 solution eoncen~ uptake shrink 
Run tration of active tration of active on 1 , agar, 

, ingredient and ingredient and wool, percent 
solvent used - > solvent used percent 

1 ......... _.- 3% methylene > 4% hexarnethy- ‘ 2. 2 ' 5. 9 
bis(p-phenyl- lone diamine in " _ 
isocyanate) in water. 

4. ' 

2 ......... __ 4% metaxylylene 3% toluene di- 5. 4 7. 9 
diamino in isocyanate in 
water. benvene. ' 

3 _______ __ 4% metaxylylene 3% toluene <1i- 5. 5 20.0 
. diamine in lsccyanate in ,r 

I water. 4. 

4 (control). ________________________________________________ ._ 47.0 

EMBODIMENT 4 , 

In this embodiment of the invention, Component A-is a 
diol and Component B is a diacid chloride. By such selec< 
tion of the complementary agents, polyesters are deposited 
on the Wool ?bers and grafted thereto. ‘ , 
Numerous variations in the basic procedure of this em 

bodiment will suggest themselves tothose skilled in the 
art in the application of the invention without departing 
from the fundamentals of the invention. Some of these 
variations ‘are explained vbelow. . ~ , ' 

If desired, one may preparea prepoiymer. containing 
internal ester units and terminal hydroxy groups. .Such 

3O 

35 

40 

50 

prepolymers can be prepared, ‘for example, in ‘known , 
manner by reacting a molar excess of diol with a diacid 
chloride. The prepolymer wouldthen be used as Com 
ponent A while for Component Bone would use a diacid 
chloride. A typical example in this area would be to use 
as Component A a prepolymer of the type 

HO~R—'—O—<I_L,—-R'—g-O—R—OH 
and to use as Component B a diacid chloride 

(ClCO‘R’fCOCl) 
thus to produce a polyester containing repeating units of 
the type , H , , 

65 

(In these formulas R, R’, and R" represent bivalent or 
ganic radicals.) 

In the alternative, one may'prepare a prepolymer con 
taining internal esterunits and terminal carbonylchloride 
groups. Such a prepolymer used as Component B in con~ 
junction with a diol as Component A would yield a poly 
ester similar to that shown above. 

It is evident from the above description that there is a 
very wide choice available in the selection of the com 
plementary agents so thatgenerically the polyesters vde 
posited onto the wool andtgrafted thereto .will contain 
repeating units of the type , 

where “R representsa bivalent organic radical; Z repre 
sents an oxygen or sulphur atom; and Rf 'represents'a 
bivalent organic radical or a bond linking the two carbonyl 
groups. ln'jthe‘preferred modi?cations of, the invention, 
Z is oxygen, R ‘and R’ represent bivalent hydrocarbon 
radicals or bivalent 'hydrocarbon'radicals interrupted'by 
internal ‘ether (——O--) linkages; "In the especially p're; 
ije'rred modi?cations of the‘ invention, the reactantsare s'o 
chosen that R and R’ represent bivalent hydrocarbon rad; 
icals containing at least two carbon atoms. " “ ' ' ' 

This Embodiment 4 of the invention is‘ further dem'onf 
strated by the following illustrative examples. 

_ The test‘s'for shrinkage referred to in Examples 15 to 
18 were conducted‘ as described above in the paragraph 
entitled Standard Shrinkage Test; The control (untreat-' 
ed) wool used in the experiments had an area shrinkage 
of 47%. " ' 

Example .15 
- A. A solution was preparedcoutaining 4% of the so 
dium salt of 2,2-bis(parahydroxyphenyl)t propane, and 
0.1% of ya commercialwetting agent, the isooctylphenyl 
ether ofpolyethylene glycol, in Water. I, L A. I 

B. A solution was prepared containing 3% .terephthalyl 
chloride’ in methylchloroform. , I, v, . ; I , a, v .. 

A sarnpieof wool cloth was immersed in, solution .A 
fory60 seconds, run through squeeze rollersito ‘remove 
excess liquid, immersed ,for60 seconds in solution B, run 
through squeeze rolls to remove excess liquid, rinsed with 
water, and dried in air. 
The treated wool had a polyester resin uptake of 1% 

and .onwashing exhibited an area shrinkage of 21.7%. 

Example 16 

The procedure of Example 15 was repeated-using'as 
solution B 3% sebacyl chloride in carbon tetrachloride. 
Two runs were made, in one case holdingthe wool 30 
seconds in each solution, in the other holding ‘the wool‘ 60 
seconds in each solution. The results are tabulated be; 
low: 

, Residence, Polyester . , Area 
Run ’ time in each resin dep0s~ shrinkage, 

'- - > solution, see. ited onwool,‘ ‘ -~ percent; ’ 

A’ y, ( ‘percent . 

1. ________________________ ._ , “so i‘. I ‘1.97 22:6 
2 ......................... y 60 ‘as 20.8 

- '1 Example 17 

s --A sample of WOOl'ClOih wasimmersed for 30 seconds 
in a solution of 3% terephthalyl chloride in methylchloro 
form. The cloth was .run‘ through squeeze ‘rolls to "re 
move excess liquid, then immersed for 30 sec0nds~in~a 
solution containing 4% sodium-saltof 2,2-bis(parahy 
droxyphenyl). propane: and 0.1% of the isooctylphenyl 
ether of polyethylene glycol. in water. The cloth was 
run through ‘squeeze rolls to remove excess liquid, rinsed 
in water and dried in air. 
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The following results were obtained: 

Polyester Area 
resin depos- shrinkage, 
ited on wool, percent 

percent 

2.2 24 

Example 18 

(l) A sample of wool cloth was immersed for 30 sec 
onds in a solution of 3% sebacyl chloride in carbon tetra 
chloride. The cloth was run through squeeze rolls to re 
move excess liquid, then immersed for 30 seconds in a 
solution containing 5% of the potassium salt of ethylene 
glycol (KO—CH2—CH2—OK) in isopropyl alcohol. 
The cloth was run through squeeze rolls to remove excess 
liquid, rinsed with water, and dried in air. 

(2) A sample of wool cloth was immersed for 120 sec 
ends in a solution containing 5% of the potassium salt 
of ethylene glycol in isopropyl alcohol. The cloth was 
run through squeeze rolls to remove excess liquid, then 
immersed for 120 seconds in a solution of 3% terephthalyl 
chloride in carbon tetrachloride. The cloth was run 
through squeeze rolls to remove excess liquid, rinsed with 
water, and dried in air. 
The results are tabulated below: 

Polyester resin Area 
Run deposited on shrinkage, 

Wool, percent percent 

1 0. 1 25. 0 
2 7. 4 22. 6 

Example 19 
The treated Wool samples produced as described in 

Examples 15 to 18 and a sample of the untreated wool 
were subjected to Washing in a household automatic washer 
using a medium water level, 0.1% low-sudsing detergent, 
3-pound wash load, 40° C. water temperature, and with a 
wash-cycle of 30 minutes. This method of washing is 
approximately equivalent to ten modern-fabric washes in 
a household automatic machine. The results of this wash 
ing on shrinkage are tabulated below: 

{tree shrinkage, 
percent 

Sample 

Example 15 
Examrlc 16, run 1 ...................................... - 
Example 16. run 2 ...................................... - 
Example 17 
Example 18, run 1 ______________________________________ _. 
Example 18, run 2 ______________________________________ _. 
Untreated control 

EMBODIMENT 5 

In this embodiment of the invention, Component A is 
a diol and Component B is a bischloroformate. By such 
selection of the complementary agents, polycarbonates 
are deposited onto the wool ?bers and grafted thereto. 
Numerous variations in the basic procedure of this 

embodiment will suggest themselves to those skilled in 
the art in the application of the invention without dc 
parting from the fundamentals of the inventions. Some 
of these variations are explained below. 

If desired, one may prepare a prepolymer containing 
internal carbonate units and terminal hydroxy groups. 
Such prepolymers can be prepared, for example, in known 
manner by reacting a molar excess of diol with a his 
chloroformate. The prepolymer would then be used as 
Component A while for Component B one would use a 
bischloroformate. A typical example in this area would 
he to use as Component A a prepolymer of the type 
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O 

H0—R-o(|io—R'-0i|>0—-R-0H 
and to use as Component B a bischloroformate 
(ClCOOR"COOC1) thus to produce a polycarbonate con 
taining repeating units of the type 

° it —O—R—OiiO—R'—0iiO-—R——Oi!JO—-R"——0C— 
(In these formulas, R, R’, and R” represent organic 
radicals.) 

In the alternative, one may prepare a prepolymer con 
taining internal carbonate units and terminal ——OCOCl 
groups. Such a prepolymer used as Component B in 
conjunction with a diol as Component A would yield a 
polycarbonate similar to that shown above. 

It is evident from the above description that there is 
a very wide choice available in the selection of the com 
plementary agents so that generically the polycarbonates 
deposited onto the wool and grafted thereto will contain 
repeating units of the type 

Z z 

-—Z—R—Z-—(U2--Z--R’—-Z-il3— 
wherein Z represents an oxygen or sulphur atom; R and 
R’ represent bivalent organic radicals. In the preferred 
modi?cations of the invention, Z is oxygen; R and R’ 
represent bivalent hydrocarbon radicals or bivalent hydro 
carbon radicals interrupted by internal ether (—O-—) 
linkages. In the especially preferred modi?cations of the 
invention the reactants are so chosen that R and R’ rep 
resent bivalent hydrocarbon radicals containing at least 
two carbon atoms. 

This Embodiment 5 of the invention is further demon 
strated by the following illustrative examples. 
The tests for shrinkage referred to in the examples 

were conducted as described above in the paragraph en 
titled Standard Shrinkage Test. The control (untreated) 
wool used in the experiment had an area shrinkage 
of 47%. 

Example 20 
A sample of wool cloth was immersed for 60 seconds 

in a 6% solution of the sodium salt of 2,2-bis(3-methyl 
4-hydroxyphenyl) propane in water. The cloth was run 
through squeeze rolls to remove excess liquid, then im 
mersed for 60 seconds in a solution containing 5 parts by 
Volume of the bischloroformate of hexane~1,6-diol dis 
solved in 100 parts by volume of a petroleum solvent con 
taining 96% aromatics, 1% para?ins, and 3% naphthenes, 
speci?c gravity ‘0.87, boiling range 314-352o F. The 
cloth was run through squeeze rolls to remove excess 
liquid, rinsed with water, and dried in air. 
The treated wool had a polycarbonate resin uptake of 

4.2% and on washing exhibited an area shrinkage of 20%. 

Example 21 

The procedure of Example 20 was repeated with the 
exception that the second treatment solution contained 
5 parts by volume of the bischloroformate of 2,2-di 
methyl-propanediol-l,3 in 100 parts by volume of the 
petroleum solvent. 
The treated wool had a polycarbonate resin uptake of 

3.6% and on washing exhibited an area shrinkage 
of 23.5%. 

Example 22 

A sample of wool cloth was immersed for 60 seconds 
in a 6% solution of the sodium salt of 2,2~bis(3-isopropyl~ 
4-hydroxyphenyl) propane in water. The cloth was run 
through squeeze rolls to remove excess liquid, then im 
mersed for 60 seconds in a solution containing 5 parts by 
volume of the bischloroformate of 2,2-dimethyl-propane 
diol-1,3 in 100 parts by volume of the petroleum solvent 
described in Example 20. The cloth was run through 
squeeze rolls to remove excess liquid, rinsed with water, 
and dried in air. 
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The treated wool had a polycarbonate resin uptakeuof 
2.8% and on washing exhibited an area shrinkage'ot 27% . 

. , ’Example' 723 > I . ., 

A sample of wool cloth Was'immersed for 60 seconds 
'in a 6% solution of the sodium salt of 2,2-bis(4-hy'droxy 
phenyl) propane‘in water. ‘ The cl-oth‘was run through 
squeeze rolls to remove excess liquid, then immersed for 
60 seconds in a solution containing 5 ‘parts ‘by volume of 

squeeze rolls to remove excess Vliquid,'rinsed with water, 

The treated wool had?a'v polycarbonate'r'esini uptake 
of 1.3% and on washing, exhibitedan area shrinkage 

' '' INTERPOLYMERS: 1 

‘I ‘In accordance withyfErnbodirnentsi 6, ,7,vl.and jtl, 
polymers are formed in situion wool ?bers andygrafted 

, thereto. The in-terpolyiners produced inaccordance with 
these embodiments’ contain in. their recurring structural 
elements’ at least two different ‘units, selected from the 
category of amideyurethane, ,ure'a, .estenlandl carbonate 
units, these units being linked togetherthrough carbon 
atoms.’ The types of different unitsin the interpolyrner 

I are determined by the reactants ‘applied,v to the wool fabric. 
In a typical example of the invention, adiarninea idiacid 
chloride, and bischloroformate are applied to the fabric 
whereby the interpolymer fonnedxcontainsxboth amide 
and» urethane groups, hence is referred 1tojasya Scopoly 
(amide-urethane). 'Thé formation of thiszinterpolymer 
may be illustrated as follows: v ; y . 

.. ll. ll : 
Diacid chloride ClC—-R’—G-—Cly 

+ 

- Bischlorofor'mate , ClC-—O--R’!+—C'—-G1 

Oopoly (amideurethan'e) l 1 - 
0 

-—NH—-R——NH-—il-R’-ag—NH——R—NH+tl.l—O-—R”;O—g—~ 
and 4HC1 

(In the above, and following formulae R, R’, andfR" rep 
resent bivalent organic radicals.) 

It will be observed that the above interpolyrner con 
tains‘ the amide ' j '- ' 1 ' . v I T ‘ 

if 
(—C—NH—) 

and urethane 

(—NI~I-~(|LJ——O——-) , V , 

units linked through the bivalent radical ‘R. These units 
are underlined in the above formula of the interpolymer. 

Other illustrative examples of interpolymers which 
can be produced on wool ?bers in accordance with the 
invention are ‘given "below. The units in pointare under 
lined. 

Copoly (amide-urea): , 

Copoly (amide-ester): ‘ 

Copoly (urethaneurea): 

‘the bischloroformate of hexane~l,'6-diol dissolved in 100 10 
'parts by'volume ofbenzene. The ‘cloth ‘Was'run through 
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I 

Copoly (carbonate-urethane): 
O 

Copoly (ester-carbonate) :7v 
. of‘ " 4. U " 

,7993fQ;C—R’=_t14Rf°—Q—_0rR”-~Q%(2* .. :2 

.Otherpossivble combinations‘ willibe obvious towthose 
skilled-g in the art," from the ‘above exempli?cations. 
(Moreover, the inter-polymers need not contain, only two 
vdifferentunits, they may contain‘ more than ‘two different 
units,,.as ,for, example} terpoly (amide-.urethaneaurea), tear 
polyv ,(arnide-urea-ester), , terpoly (amide-urethane-,car'~ 
bonarte), ' or‘ other. combination of ithevaforcsaid amide, 
urethane, urea, .ester,,,and carbonate units. ,1 v . . 
.j ,Generically; the interpolymers produced'in accordance 
-wtih_the, invention may-be described as interp'olyrners 
‘wherein the: recurring, structures contain at least ‘two dif 
ferent units of the category amide, urethane, urea, ester, 
and carbonate, thesevunits’ beingv linked. through . carbon 
atoms; These interpolymers can thus be designated by 
the formulae . . ~ . . i t 

wherein X, X’, X", X’”, X"” representthe'diiferent units 
(amide, urethane‘, urea, ester, or'carb'onate') and Q rep‘ 
resents the divalent'radicals 'linking'the {units ‘together. 
It will be evident from the following descriptionthat the 
‘values of Q ,(as well as‘ the values 'of X',"X’ etc.) will de 
pend'on the nature of‘ the‘ reactants chosen‘ fo'r'jfori'nin-g 
[the inter-polymers.’ As "disclosed below,‘ these reactants 
may berchosen from a wideivariety of categories so that 
generically -Q" represents a bivalent, organic radical. 
‘More speci?cally, and‘ preferably, ‘the ‘reactants are 
chosen so that Q're'prese'nt's a bivalent'hydrocarbon radi 
cal o'r'a' ‘bivalent hydrocarbon radical interrupted by in 
ternal ether (—'O—') linkages. In an‘ especially ‘pre 
ferred modi?cation ‘of the invention, the reactants '1 are 
chosen so that Q represents bivalent Ihydrocarbon 'radi 

cals containing at least two carbon atoms. " ' ' Generally,‘ excellent results are obtained with the "inter 

polymers containing two differentunits‘and among these 
the ones which provide particularly good shrink-proof 
ing effects with low levels of interpolyme-r deposits are 
those of the types .' , ,. . 

Also, ‘ these nitrogenous units. are generally more easily 
formed than ‘the oxygen-containing units (ester and 
carbonate). I 

The'units with‘ which the invention'i's concerned are 
understood to have the following con?gurations, 
Amide: ' I ‘ - ' 

in?“ 
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Carbonate: 

wherein Z is oxygen or sulphur. 
In the practice of this aspect of invention, selection is 

?rst made of the appropriate complementary agents— 
herein termed Component A and Component B—re 
quired to produce the desired interpolymer. The inter 
relationship between the nature of the agents to be used 
as Components A and B and the type of interpolymer 
produced are explained in detail below in connection with 
the different modi?cations of the invention. However, 
it is apropos to mention at this point that in general, 
Component A may be a diamine, a diol, or a mixture 
of a diamine and a diol. Dependent on the materials 
selected for Component A, Component B may be a di 
acid chloride, a bischloroformate, a diisocyanate, or 
mixtures of these classes of compounds. Since the aim 
in every case is to produce an interpolymer, the selection 
of materials must include this proviso: Taken together, 
Components A and B must include reagents of at least 
three classes. For example, if Component A includes 
both a diamine and a diol then Component B may rep 
resent any one of the classes of diacid chlorides, bis 
chloroformates, or diisocyanates. A typical example in 
this area would be to use a mixture of a diamine and a 
diol as Component A and a diacid chloride as Com 
ponent B, whereby the resin eventually formed would he 
a copoly (amide-ester). If, however, Component A is a 
diamine (or a diol) then Component B would need to 
include at least two reagents of ditferent class, for in 
stance, a diacid chloride and a bischloroformate, a di 
acid chloride and a diisocyanate, or other combinations 
of any two or more of the group diacid chlorides, bis 
chloroformates, and diisocyanates. A typical example 
in this area would be to use a diamine as Component A 
and a mixture of diacid chloride and diisocyanate as 
Component B, whereby the resin eventually formed 
would be a copoly (amide'urea). The guiding factors 
involved in the selection of materials for Components A 
and B to produce a desired interpolymer will be evident 
to those skilled in the art from the above general de 
scription and the detailed information set forth herein 
after. 
Having selected Components A and B, these agents are 

applied to wool in the same manner as employed for the 
polymers previously described. 

EMBODIMENT 6 
In this embodiment of the invention a diamine is used 

as Component A. Various interpolymers may then be 
deposited on wool and grafted thereto by appropriate 
selection of the ingredients of Component B. Typical 
examples of the alternatives which may be employed are 
given below. 

EMBODIllIENT 6.—COMPONENT A: DIAMINE 

Component B 1 > l'nterpolymer formed 

Diacid chloride and bischloroformate 
Dist-id chloride and diisocyanate..." 
Bischloroformute and diisocyanate.-. 
Diacid chloride. bischloroformate. 
and diisocyanate. 

Copoly (amide-urethane). 
Copoly (amide-urea). 
Copoly (urethane-urea). 
Terpoly (amldeurethane-urea). 
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28 
As noted hereinabove, in this Embodiment 6 of the 

invention, it is necessary that Component B include at 
least two of the classes of bifunctional compounds. Thus 
Component B may be a mixture of diacid chloride and 
bischloroformate or a mixture of diacid chloride and di 
isocyanate or a mixture of bischloroformate and diisocy 
anate or a mixture of diacid chloride, bischloroformate 
and diisocyanate. The relative amounts of these react~ 
ants of di?erent class may be varied depending on the 
character of the interpolymer to be produced. For ex 
ample, in using a mixture of diacid chloride and bischloro 
formate as Component B, the proportion of amide to 
urethane groups in the interpolymer may be increased by 
increasing the proportion of diacid chloride used in the 
mixture. In many cases it is preferred to employ the 
reagents in equimolar proportions, thus to provide an inter 
polymer having an equal number of different units. For 
example, by using an equimolar mixture of a diacid chlo 
ride and a bischloroformate as Component B, the resulting 
interpolymer will contain substantially equal number of 
amide and urethane units. However, the use of equi 
molar mixtures is by no means critical and one may use 
any mixture containing 10 to 90% (molar basis) of the 
reagent of one class and the remainder (90 to 10%) of 
the reagents of the other classes. 
Numerous variations in procedure will suggest them 

selves to those skilled in the art in the application of Em 
bodiment 6 of this invention, without departing from the 
fundamentals of the invention. Some of these variations 
are explained below. 

If desired, one may prepare a prepolymer containing 
internal amide (or urethane or urea) units and terminal 
amino groups. Such prepolymers can be prepared, for 
example, by reacting in known manner a molar excess 
of diamine with a diacid chloride, bischloroformate, or 
diisocyanate. The prepolymer would then be used as 
Component A while for Component B one would use any 
one of the reagents (diacid chloride, bischloroformate or 
diisocyanate) which was not used in preparing the pre 
polymer. Thus, taking into account the variation in the 
internal units of the polymer, the following alternatives 
are among those possible. 

COMPONENT A: PREPOLYMER CONTAINING INTERNAL 
AMIDE UNITS AND TERMINAL AMINO GROUP-“3 

Component B Inter-polymer formed 

Bischloroformate _________________ -- Copoly (amide-urethane). 
Dusocyanate ..................... __ Copo1y(aznidc-urea). 

COMPONENT A: PREPOLYMER CONTAINING INTERNAL 
URETHANE UNITS AND TERMINAL AMINO GROUPS 

Component B Interpolymer formed 

Diacid chloride.- Copoly (urethane-amide). 
Dusocyanate--_-- Copoly (urethane-urea). 

COMPONENT A: PREPOLYMER CONTAINING INTERNAL 
UREA UNITS AND TERMINAL AMINO GROUPS 

Component B Interpolymer formed 

Diacid chloride .................. _. Copoly (urea-amide) . 
Bischloroformate _________________ _. Copoly (urea-urethane). 

A typical example of procedure in this area would be to 
use as Component A a prepolymer of the type 

H,N-R-NH— g: o R’O (‘l-NEb-R-NH: 
and to use as Component B a diacid chloride 

(ClCOR”COCl) 
thus to produce an interpolymer containing amide and 
urethane units of the type 
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A typical example‘of procedurein this area would be to I: 
use as Component A a prepolyme-r of the type 

HzN-R-NH-g 0 R’O (‘.‘7~'-NH—-R—NH2 
and to use as Component 3 a diacid chloride 

(ClCOR'-'COCI) I 

thus to produce an interpolymer containing amide and 
urethane ‘units’ of the type -' ' s := » w 

__ ., ; v I ~ ,0 

' _ naturalistegal-etumngnmtniuta ‘1 

This principle ofrusingIprepolymersicould be in other ways as well.‘ Forfexamplega v'(IliIol could be ‘can 

(or bischloroformate) to produce Ialprepolymer contain. 
‘ing internal‘ ester (‘or carbonate) funitls] terminal 

units. This prepolym'er'us'ed ‘as ‘Component B"i'r'1"con 
junction with a diamine as Component A would yield 
interpolymers containing (a) ester and amide units or 
(b) carbonate and amide units. I I I 
Another variation is to employ asaComponent B a bi 

functional compound having an appropriate disposition of 
internal units (amide, urethane, urea, ester, or carbonate) 
and terminal groups'(--COC1, -—"O‘COCl, or —NCO). 
For example, by vusingcas Component B a compound con 
taining internal ester units and terminal isocyanate groups 
oftheformula - 

1 

and 'tisinQmNT-R'h-LNHQI as Component A one could . 
‘depositon'the wool ?bers acopoly ‘(ester-urea) contain 
ingrecurringunits of. the type , ' 

Another example of‘this? system'is'touse as Component 
‘B-lalcompound containing internal carbonate units ‘and 
terminal'is'ocyanate groups, having‘the'formula I. 0 

a ,|| . 

oo—R-Noo‘ " This compound used in conjunction with H2—R”--NH2 
as Component A vwould yield a copoly (carbonate-urea) 
containing recurring units of theftype ' 

O 

A further example of this system is to employ as Com 
ponent B a compound containing internal carbonate units j 
and terminal ‘carbonyl chloride groups, having the formula 

0' ‘o "-"oi‘ "I 
'~ g‘ n- '1 ||-~ u 

. I '01- —R—-OOO7-R’-OG.O-,~R—IO.-.—.Cl, , ,. 

this compound used, in cQnjnnctIiolIIWith HéNQ-RI'LINHZ 
as Component A‘Will 'yield a copoly (carbonate-amide) 
containing recurring units of the type‘ ' ' ‘ 

This Embodiment 6 of the invention is further demon 
strated byLthe following- illustrative,examples}, . 
The shrinkage tests referred to in the'example's were 

carried outas described above in the-paragraph’ entitled ' 

'de'rise'd: in‘kno‘wn' manner with an'excess‘jofdia'cid chloride 

' 5 0 

5 

Standard Shrinkage Test. . The control (untreated) wool 
used in these experiments had an area shrinkage of 47%. 
The petroleum solvent referred to in the examples was 

a commercial hydrocarbon mixture having the following 
characteristics: 96% aromatics, para?ins, 3% naph~ 
thenes; speci?c gravity 0.87; boiling range 314-362° F. 
The commercial wetting agent‘referred to in the ex 

amples ‘was the isooctylphenyl ether of polyethylene 
vglycol. ‘ 

The toluene diiso'cyanatereferred to in Examples 29 
and 30 was toluene 2,4-diisocyanate. I 

Example 24.—C0p0ly (Amide-Urethane) ‘ 

Component vA; Diarnine. y .I I .. .. . ,1 .I 

Component B: Diacidchlorideand vbischloroformate. 
‘I, A sample of IIwool cloth was immersed for 30 seconds 
in a solution ‘containing 4»g.IhexanI1ethylene diamine and 
,8; ‘g; NazCQs per ,100 ml. water and50.1%l of a com 
menial t Wetting agent.’ The sloth .was- removed from 
ibis I;SIoI1Iu;tion,Irun through squeeze rolls to removeexcess 
liquid, then immersed for 30 secondsinza solution con 
Itaininglj ml.v 'Isebacyl chloride and 1.5 ‘ml. hexane-1,6 
Idiol _'bischlo1'o£ormate per. 100’ ml,‘ petroleum, _ solvent. 
Thegjcloth ‘was: removed Ifrom this solution, run through 
squeeze rolls ‘to remove excess liquid, rinsed in water, 
and dried in air. ' ‘ ' ‘ ' ' ' ‘ 

The following results were obtained: 

'Interpqlymer 
resin Areav shiiuk- ' 

deposited age,~perc,cnt 
on wool, 
percent 

2. 8 4. 0 

Example 2>5'.—"'Cop‘oly‘, (Amide-Urethane) _ ; . 
Component A: Diamine. . 1 ' I I 

Component B: Diacid chloride and bischloroformate. 
a; A sample of wool cloth .was immersed for+30 seconds 
ina solution containing 4 g. hexamethylene diarnine and 
8. g.- N2CO3 per 100. mlrwater and 0.1% of-a commercial 
Wetting-agent. The cloth was removedifrom this solu 
tion, runthrough squeeze rolls‘ to remove'excess liquid, 
then'immersed fo'r30 seconds ina solution containing 
1.5 ml._sebacyl chloride’and 1.5v ml. diethylene‘glycol 
v-bischloroformate per. IOO’mIwbenZene; ‘The clothi'was 
removed from this solution, run through squeeze rolls 
to remove excess liquid, rinsed in water, .and driediin 
air. I __ .7 > s 

The following results were obtained: 

Interpolymer 
I resinI Area shrink- I 
deposited agapercent , 
on wool, , - 

percent 

4.0 2.0 

Example 26.-7CoIpI0-ly (Amide-Urethane) 
Component A: Mixture of diamines. I I I l _ , 

Component B: Diacid chloride and jbischloroformate. 
A sample ofwool cloth was immersed forI30 seconds 

‘in 'asolu'tion containing 2 g. hexamethylene diamine. and 
2' mlf meta-xylylene dia'mine per ‘100 Water. and 0.1% 
‘of a commercial wetting agent. f The cloth was'removed 
‘from this‘ solution, run'through squeeze rolls toremov'e 
excess liquid, then immersed for 30 seconds in a'solution 
'containi'ng‘lj mlfsebacyl'chloride and_1.5 ml. hexane 
l,6-diol bischlorof-ormate per 100 mi._petroleum solvent. 
The cloth-"was removed from this solution, run’thro'u'gh 
squeeze Y- rolls; to remove 
and dried in air. ' . 

vexcess liquid," rinsed‘ water, 
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The following results were obtained: 

Interpolymer ‘ 

resin Area shrink 
deposited age, percent 
on wool, 
percent 

3. 1 14. 4 

Example 27.-—Copoly (Amide-Urea) 
Component A: Diamine. 
Component B: Diacid chloride and diisocyanate. 
A sample of wool cloth was immersed for 30 seconds 

in a solution containing 4 g. hexamethylene diamine and 
8 g. Na2CO3 per 100 ml. water and 0.1% of a commercial 
wetting agent. The cloth was removed from this solu 
tion, run through squeeze rolls to remove excess liquid, 
then immersed for 30 seconds in a solution containing 
1.5 ml. sebacyl chloride and 1.5 g. methylene bis (p 
phenylisocyanate) per 100 ml. benzene. The cloth was 
removed from this solution, run through squeeze rolls to 
remove excess liquid, rinsed in water, and dried in air. 
The following results were obtained: 

Interpolymer 
resin Area shrink 

deposited age, percent 
on wool, 
percent 

3. 3 5. 9 

Example 28.—C0poly (Amide-Urea) 
Component A: Diamine. 
Component B: Diacid chloride and diisocyanate. 
A sample of wool cloth was immersed for 30 seconds 

in a solution containing 4 g. metaxylylene diamine and 
8 g. Na2CO3 per 100 ml. water and 0.1% of a com 
mercial wetting agent. The cloth was removed from this 
solution, run through squeeze rolls to remove excess 
liquid, then immersed for 30 seconds in a solution con 
taining 1.5 ml. sebacyl chloride and 1.5 g. methylene 
bis (p-phenylisocyanate) per 100 ml. benzene. The 
cloth was removed from this solution, run through 
squeeze rolls to remove excess liquid, rinsed in water, 
and dried in air. 
The following results were obtained: 

Interpolymer 
resin Area shrink 

deposited age, percent 
on wool, 
percent 

3. 5 1.0 

Example 29.—Cop0ly (Amide-Urea) 
Component A: Diamine. 
Component B: Diacid chloride and diisocyanate. 
A sample of wool cloth was immersed for 30 seconds 

in a solution containing 4 g. hexamethylene diamine and 
8 g. Na2CO3 per 100 ml. water and 0.1% of a com 
mercial wetting agent. The cloth was removed from this 
solution, run through squeeze rolls to remove excess 
liquid, then immersed for 30 seconds in a solution con 
taining 1.5 ml. sebacyl chloride and 1.5 m1. toluene 
diisocyanate per 100 ml. benzene. The cloth was re 
moved from this solution, run through squeeze rolls to 
remove excess liquid, rinsed in water, and dried in air. 
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The following results were obtained: 

Interpolymer 
resin 

deposited 
on wool, 
percent 

Area shrlnk~ 
age, percent 

4.0 4.0 

Example 30.--C0p0ly (Urethane-Urea) 
Component A: Diamine. 
Component B: Bischloroformate and diisocyanate. 
A sample of wool cloth was immersed 'for 30 seconds 

'1‘ in a solution containing 4 g. hexamethylene diamine and 
8 g. NazCOa per 100 ml. water and 0.1% of‘ a com 
mercial wetting agent. The cloth was removed from this 
solution, run through squeeze rolls to remove excess 
liquid, then immersed for 30 seconds in a solution con 
taining 1.5 ml. toluene diisocyanate and 1.5 ml. hexane 
1,6-diol bischloroformate per 100 ml. benzene. The 
cloth was'removed from this solution, run through squeeze 
rolls to remove excess liquid, rinsed in water, and dried 
in air. 

The following results were obtained: 

Interpolymer 
resin Area shrink 

deposltcd age, percent 
on wool 
percent 

3. 5 _ 5.0 

Example 31.—C0p0ly (Urethane-Urea) 
Component A: Diamine. 
Component B: Bischloroformate and diisocyanate. 
A sample of wool cloth was immersed for 30 seconds 

in a solution containing 4 ml. meta-xylylene diamine and 
8 g. Na2CO3 per 100 ml. water and 0.1% of a commercial 
wetting agent. The cloth was removed from this solu 
tion, run through squeeze rolls to remove excess liquid, 
then immersed for 30 seconds in a solution containing 1.5 
g. methylene bis (p-phenylisocyanate) and 1.5 ml. hex 
ane-1,6-diol bischloroformate per 100 ml. benzene. The 
cloth was removed from this solution, run through squeeze 
rolls to remove excess liquid, rinsed in water, and dried 
in air. 

The following results were obtained: 

Iuterpolymer 
resin Area shrink 

deposlted age, percent 
on wool, 
percent 

4. 6 7. 8 

EMBODIMENT 7 

In this embodiment of the invention a diol is used as 
Component A. Various interpolymers may then be de 
posited on wool ?bers by appropriate selection of the 
ingredients of Component B. Typical examples of the 
alternatives which may be employed are given below: 

EMBODIMENT 7.—-COMPONENT A: DIOL 

Component B Inter-polymer formed 

Copoly (ester-carbonate). 

Copoly (ester-urethane). 
Copoly (carbonate-urethane). 
Terpoly (ester-carbonate'urethane) 

Diacid chloride and bischloroform 
ate 

Diacid chloride and diisocyanate_-_ 
Bisehloroformate and diisocyanate 
Diacid chloride. blschloroiormate. 

and diisocyanate 
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As noted above, the objects of Embodiment 7 of the 
present invention are attained by using as Component B 
a mixture of diacide chloride ‘and bischloroformate or a 
mixture of diacid chloride and diisocyanate or a mixture 
of bischloroformate and diisocyanate or a mixture of 
diacid chloride, bischloroformate, and diisocyanate. It 
is evident that with regard to Component B of this em 
bodiment, the same considerations are applicable as in 
Embodiment 6 described above. 

That is, all the information set forth above in describ 
ing the compounds suitable for use as Component B of 
Embodiment 6, the proportions of these compounds, the 
conditions of reaction, etc., is equally applicable in the 
present embodiment. 
Numerous variations in procedure will suggest them 

wives to those skilled in the art in the application of 
Embodiment 7 of this invention without departing from 
the fundamentals of the invention as described herein. 
Some of these variations are explained below. 

If desired, one may prepare a prepolymer containing 
internal ester (or carbonate or urethane) units and ter 
minal hydroxy groups. Such prepolymers can be pre 
pared for example, by reacting in known manner a molar 
excess of diol with a diacid chloride, bischloroformate, 
or diisocyanate. The prepolymer would then be used as 
Component A while for Component B one would use 
any one of the reagents (diacid chloride, bischloroform 
ate, or diisocyanate) which was not used in preparing 
the prepolymer. Thus, taking into account the varia 
tion in the internal units of the prepolymer, the follow~ 
ing alternatives are among those possible. 
COMPONENT A: PREPOLYMER CONTAINING INTERNAL 

ESTER UNITS AND TERMINAL HYDROXY 
GROUPS 

Component B Interpolymer formed 

Bischloroformate ____ .- Gopoly (ester-carbonate). 
Diisocyanate _________ __ - Cop-01y (ester-urethane). 

COMPONENT A: PREPOLYMER CONTAINING INTERNAL 
OARBONATE UNITS AND TERMINAL HY 
DROXY GROUPS 

Component B Interpolymer formed 

Oopoly (carbonate-ester). 
Oopoly (carbonate-urethane). 

Diacid chloride. __ 
Diisocyanate ____ __ 

COMPONENT AzPBEPOLYMER CONTAINING INTERNAL 
URETHANE UNITS AND TERMINAL IIY 
DROXY GROUPS. 

Component B Inter-polymer formed 

Diacid chloride __________________ ._ 

Bischloroformate _________________ -_ 

Copoly (urethaneester). 
Copoly (urethane-carbonate) . 

A typical example of this procedure in this area would 
be to use as Component A a prepolymer of the type: 

and to use as Component B, a bischloroformate 

(CIOCOR"OCOC1) 
to produce an interpolymer having elements of the struc 
ture: 

o o 0 V o 

in other ways as well. For example, a diol could be 
condensed in known manner with an excess of diacid 
chloride and bischloroformate to produce a prepolymer 
containing terminal 
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-o.~o1 

groups and/ or terminal 

ll 
---0 Gr-Ql 

groups. This prepolymer used as Component B in con 
junction with a diol as CompDn?nt A would yield an 
interpolymer containing both ester and carbonate units. 

This Embodiment 7 of the invention is further dem— 
onstrated by the following illustrative examples. 
The shrinkage tests referred to in the example were 

carried out as described above in the paragraph entitled 
Standard Shrinkage Test. The control’ (untreated) wool 
used in these experiments had an area shrinkage of 47%. 
The commercial wetting agent referred to in the ex 

amples was the isooctylphenyl ether of polyethylene 
glycol. 
The petroleum solvent referred to in the examples was 

a commercial hydrocarbon mixture having the following 
characteristics. 96% aromatics, 3% naphthene-s, 1% 
paraif?ns; speci?c gravity 0.87; boiling range 314-362" F. 

Example 3Z.—C0p0ly (Ester-Carbonate) 
Component A: Diol. 
Component B: Diacid chloride and bischloroformate. 
A sample of wool cloth was immersed for 60 seconds 

in a solution containing 10 g. of 2,2-bis (4-hydroxy-di 
bromophenyl) propane per 100 ml. of water, with ad 
dition of sutt?cient sodium hydroxide to dissolve the his 
phenol, and 0.1% of a commercial wetting agent. The 
cloth was removed from this solution, run through 
squeeze rolls to remove excess liquid, then immersed for 
60 seconds in a solution containing 1.5 ml. sebacyl chlo 
ride and 1.5 ml. ~hexane-1,6.-diol bischloroformate per 10.0 
ml. petroleum solvent. The cloth Was removed from this 
solution, run through squeeze rolls to remove excess 
liquid, rinsed in water, and dried in air. 
The following results were obtained: 

Interpolymer 
resin ' Area shrink 

deposited age, percent 
on Wool, 
percent 

4. 9 26. 9 

7' Example 33.—-C0p0ly (Ester-Carbonate) 

Component A: Diol. . 
'Component‘B: Diacid chloride and bischloroformate. 
A sample of wool cloth was immersed for 60 seconds 

in a solution containing 5 g. of 2,2-bis (3-methy1-4-hy 
droxyphenyl) propane per 100 ml. of water, with addi 
tion of sufficient ‘sodium hydroxide to dissolve the bis 
phenol, and 0.1% of a commercial wetting agent. The 
cloth was removed from this solution, run through 
squeeze rolls to remove excess liquid, then immersed for 
60 seconds in a solution containing 1.5 ml. sebacyl chlo 
ride and 1.5 m1. hexane-l,6~diol bischloroformate per 100 
ml. benzene. The cloth was removed from this solu 
tion, run through squeeze rolls to remove excess liquid, 
rinsed in water, and dried in air. ‘ 
The following results were obtained: 

Interpolymer I 

resin Area shrink 
deposited age, percent 
on wool, - 
percent 

3. 1 32. 1 
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EMBODIMENT s 

In this modi?cation of ‘the invention, a mixture of a di 
amine and a diol is used as Component A. Various in 
terpolymers may then be deposited on wool ?bers by ap 
propriate selection of.v the ingredients of Component 8. 
Typical examples of some of the alternatives which may 
be employed are given below: 
EMBODIMENT S.—COMPONENT A: DIAMINE AND DIOL 

Component B Interpolyrncr formed 

Diacid chloride. . Copoly (amide-ester). 
Bischlorofonnate- Copoly (urethane-carbonate). 
Drisocyanate_____ Copoly (uren'urcthanc). 
Diacid chloride and bischlorofor- _ 
mate. 

Diacid chloride and diisoeyanatm 

Tet-rspoly (amide-urethane-cster 
carl‘onate) . 

'l‘etrapcly (amide-uzctlianc-urca) 
ester). 

In formulating Component A for practice of Embodi 
ment 8 of the invention, one may use any of the diamines 
and diols set forth above. The relative amounts of di 
amine and diol which comprise Component A may be 
varied depending on the character of the interpolymer to 
be produced. For example, in a system using a diacid 
chloride as Component B, the proportion of amide to ester 
units in the interpolymer may be increased by increasing 
the ratio of diamine to diol in Component A. 
In many cases it is preferred to employ the diamine 

and diol in equirnolar proportions, thus to provide an in~ 
terpolymer having any equal proportion of di?erent units. 
For example, by using an equimolar mixture of diamine 
and diol as Component A and a bischloroformate as Com 
ponent B, the resulting interpolymer will contain substan 
tially an equal ratio of carbonate and urethane units. 
However, the use of equimolar proportions is by no means 
critical and one can use as Component A any mixture 
containing 10 to 90% (molar basis) of diamine and the 
remainder (90 to 10%) diol. 
With regard to Component B, one may use a diacid 

chloride, bischloroformate, diisocyanate, or mixtures of 
these. The types of interpolymer resulting from dif 
ferent values chosen for Component B are exempli?ed in 
the initial paragraph of the description of this embodi 
ment of the invention. 
‘Numerous variations in procedure will suggest them 

selves to those skilled in the art in the application of Em 
bodiment 8 of this invention, without departing from the 
fundamentals of the invention as taught herein. Some 
of these variations are explained below. 

I? desired, one may use as Component A, a single com~ 
pound containing terminal hydroxy and amino groups, for 
example, 2-aminoethanol, 3-aminopropanol, 4-amino 
butanol, 6-aminohexanol, S-aminooctanol, o-aminophenol, 
m-aminophenol, p-aminophenol, para (4-aminopheny1) 
phenol, etc. Then, by suitable selection of Component B, 
various interpolymers may be formed on the Wool. Some 
of the possible alternatives in this system are given below. 
COMPONENT A: COMPOUND CONTAINING TERMINAL 

AMINO AND TERMINAL HYDROXY GROUPS 

Component B Intcrpolymer formed 

Diacid chloride ________________ -- Copoly (ester‘amide). 
Bischloroformate.-. _-_ Copoly (carbonate-urethane). 
Diisocyanate ___________________ _. Copoly (urethane-urea). 

A typical example of procedure in this area would 
be to use as Component A a compound of the type 
HO—A—~NH2 (wherein A is the hexamethylene radical) 
and to use as Component B hexane~1,6-diol bichloro 
formate whereby to produce a copoly (urethane-carbon 
ate) having units of the structure: 

This Embodiment 8 of the invention is further demon~ 
strated by the following illustrative examples. 
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36 
‘The ‘shrinkage tests referred to in the examples were 

carried out as described above in the paragraph entitled 
Standard Shrinkage Test. The control (untreated) wool 
used in these experiments had an area shrinkage of 47%. 
The commercial wetting agent referred to in the ex 

amples was the isooctylphenyl ether of polyethylene glycol. 
The petroleum solvent referred to in the examples was 

a commercial hydrocarbon mixture having the following 
characteristics: 96% aromatics, 3% naphthenes, 1% par 
alfins; speci?c gravity 0.87; boiling range 314-362“ F. 

Examples 34 and 36.—C0p0ly (Amide-Ester) 
Component A: Dlamine and diol. 
Component B: Diacid chloride. 

(34) A solution was prepared containing 2 g. hexa 
methylene diamine, 5 g. 2,2-bis(3-methyl-4~hydroxy 
phenyl) propane, 1.5 g. NaOH and 4.0 g. NazCOs per 100 
ml. water and 0.1% of a commercial wetting agent. A 
sample of wool cloth was immersed for 60 seconds in the 
solution, then removed, run through squeeze rolls to re 
move excess liquid and immersed for 60 seconds in a sec~ 
ond solution containing 3 ml. sebacyl chloride per 100 ml. 
benzene. The cloth was removed from the second solu 
tion, run through squeeze rolls to remove excess liquid, 
rinsed in water and dried in air. 

(35) Wool cloth was treated as in Ex. 11 above except 
that the second solution contained 3 g. terephthalyl chlo 
ride per 100 ml. benzene. 
The results are tabulated below: 

Intcrpolymcr 
resin cle- Area 

Example posited on shrinkage, 
wool, percent 
percent 

34 ....................................... -_ 4. 75 2. 0 
35 _______________________________________ __ 3. 7 9. 1 

EXAMPLE 36.—C0p0ly (Carbonate-Urethane) 
Component A: Diamine and diol. 
Component B: Bischloroformate. 
A sample of wool cloth was immersed for 60 seconds 

in a solution containing 2 g. hexamethylene diamine, 5 g. 
2,2-bis (3-methyl-4-hydroxyphenyl) propane, 1.5 g. 
NaOH and 4 g. Na2'CO3 per 100 ml. water and 0.1% of 
a commercial wetting agent. The cloth was removed 
from this solution, run through squeeze rolls to remove 
excess liquid, then immersed for 60 seconds in a solution 
containing 3 ml. hexane-1,6-diol bischloroformate per 
100 ml. benzene. The cloth was removed from this solu 
tion, run through squeeze rolls to remove excess liquid, 
rinsed in water, and dried in ‘air. 
The following results were obtained: 

Interpolyrner 
resin Area shrink 

depositcd age, percent 
021 wool, 
percent 

4. 9 12. 6 

EXAA4PLE 3 7 .——C0p0ly (Carbonate- Urethane) 
Component A: Diarnine and diol. 
Component B: Bischloroformate. \ 
A solution was prepared containing 2 g. hexamethylene 

diamine, 10 g. 2,2-bis (4-nydroxy-dibromophenyl) pro 
pane, including sumcient N aOI-I to dissolve this bisplienol, 
and 4 g. NagCO3 per 100 ml. water and 0.1% of a com 
mercial Wetting agent. A sample of wool cloth was im 
mersed for 30 seconds in the solution, then removed, run 
through squeeze rolls to remove excess liquid and im-v 
mersed for 30 seconds in a solution containing 3 ml. 
hexane-l,6~diol bischloroformate per 100 ml. petroleum 
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solvent. The cloth was removed from the second solu~ 
non, run through squeeze rolls to remove excess liquid, 
rinsed in water and dried in air. 
The results are tabulated below: 

Interpolymer 
resin Area shrink 

deposited age, percent 
on wool, ' 
percent 

7. 7 17. 2 

This application is a continuation-in-part of our copend 
ing applications listed below: 

Serial No. 90,604, ?led February 10, 1961, entitled 
Shrinkproo?ng of Wool with Polyamides (which in turn 
is a continuation-impart of Serial No. 22,651, ?led 
April 15, 1960); 

Serial No. 83,848, ?led January 19, 1961, entitled 
Shrinkproo?ng of Wool with Polyurethanes; 

Serial No. 85,438, ?led January 27, 1961, entitled 
Shrinkproo?ng of Wool with -Polyureas; 

Serial No. 88,232, ?led February 9, 1961, entitled 
Shrinkproo?ng of Wool with Polyesters; and 

Serial No. 88,233, ?led February 9, 1961, entitled 
Shrinkproo?ng of Wool with Polycarbonates. 
The prior applications referred to above (Ser. No. 

22,651, Ser. No. 83,848, Ser. No. 85,438, S'er. No. 88,232, 
Ser. No. 88,233, and Ser. No. 90,604) have been aban 
doned. 

Although the present invention ?nds its greatest ?eld 
of utility in the shrinkproo?ng of wool and is peculiarly 
adapted for such use because of a combination of im 
portant factory-including the advantages that a high de 
gree of shrink resistance is imparted with a minor amount 
of polymer, that the shrinkproo?ng treatment does not 
signi?cantly impair the hand of the wool, that the treat 
ment does not impair other ‘desirable ?ber characteristics 
such as tensile strength, elasticity, porosity, etc., that the 
polymer is grafted to the wool molecules so that the 
shrinkproo?ng e?ect is exceedingly durable and is re 
tained even after long Wear and repeated laundering—it 
is evident that the invention may be extended to other 
areas. Thus the principles of the invention may be ex 
tended to forming polymers in situ on other substrates 
besides Wool, particularly substrates of a ?brous struc 
ture. Typical examples of such materials are animal 
hides, leather; animal hair; cotton; hemp; jute; ramie; 
?ax; Wood; paper; synthetic cellulosic ?bers such as vis 
cose, cellulose acetate, cellulose acetate-butyrate; casein 
?bers; polyvinyl alcohol-protein ?bers; alginic ?bers; glass 
?bers; asbestos; and organic non-cellulosic ?bers such as 
poly (ethylene glycol terephthalate), polyacryonitrile, 
polyethylene, polyvinyl chloride, polyvinylidene chloride, 
etc. ‘Such applications of the teachings of the invention 
may be for the purposes of obtaining functional or dec 
orative effects such as sizing, ?nishing, increasing gloss or 
transparency, increasing water-repellancy, increasing ad 
hesion- or bonding~characteristics of the substrates with 
rubber, polyester resins, etc. It is not claimed that in 
such extensions of our teachings shrinkp-roo?ng would 
be attained nor that graft polymers would be produced. 
However, it might be expected that graft polymers would 
be formed with proteinous substrates such as animal hair, 
animal hides, and the like. 

Attention is called to the fact that the present appli 
cation is one of a series of applications ?led by us gen 
erally concerned with shrinkproo?ng wool wherein vari 
ous types of condensation polymers are formed ‘on and 
grafted to the wool ?bers. ‘Condensation polymers 
broadly and polyamides speci?cally are the subjects of 
the present application; polyurethanes are the subject of 
Serial No. 99,319, ?led March 29, 1961; polyureas are 
the subject of Serial No. 100,476, ?led April 3, 1961; 
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polyesters are the subject of Serial No. 101,599, ?led 
April 7, 1961; polycarbonates are the subject of Serial 
No. 102,323, ?led April 11, 1961; and interpolymers are 
the subject of Serial No. 109,229 ?led May 10, 1961. 

Having thus described the invention, what is claimed is: 
1. A process for shrinkproo?ng wool without signi? 

cant impairment of its hand, which comprises serially 
impregnating wool with two solutions, one solution con 
taining a diamine dispersed in Water, the other solution 
containing a diacid chloride dispersed in an inert, vola 
tile, essentially water-immiscible solvent, the said diamine 
and diacid chloride reacting to form in situ on the Wool 
?bers .a resinous polyamide. 

2. The process of claim 1 wherein the diamine has the 
formula 

wherein n has a value from 6 to 10. 
3. The process of claim 1 wherein the diacid chloride 

has the formula 

wherein n has a value from 4 to 10. 
4. The process of claim 1 wherein the diamine is hex 

amethylene diamine. 
5. The process of claim 1 wherein the diacid chloride 

is adipoyl chloride. 
6. The process of claim '1 wherein the diacid chloride 

is sebacoyl chloride. 
7. A process for shrinkproo?ng wool without signi?~ 

cant impairment of its hand, which comprises serially im 
pregnating wool with two solutions, one containing a 
diamine in a ?rst solvent, the other containing a diacid 
chloride in a second solvent, said ?rst and second solvents 
being substantially mutually immiscible, the said diamine 
and diacid chloride reacting to form in situ on the Wool 
?bers a resinous polyamide. 

8. A modi?ed wool ?ber which exhibits improved 
shrinkage properties as compared with the unmodi?ed 
wool ?ber comprising wool ?ber having a polyamide 
formed in situ thereon and chemically bonded to the 
Wool. 

9. A modi?ed wool ?ber which exhibits improved 
shrinkage properties as compared with the unmodi?ed 
wool ?ber comprising Wool ?ber having a polyamide of 
a diamine and a dicarboxylic ‘acid formed in situ thereon 
and chemically bonded to the Wool. 

10. The product of claim 9 wherein the polyamide con 
tains recurring structural groups of the vformula 

wherein n has a value from 4 to 10 and m has a value 
from 6 to 10. 

11. A process for treating a ?brous material which 
comprises serially depositing on said ?brous material in 
superposed phases in interfacial relationship a pair of 
complementary, direct-acting, organic, polyamide-form 
ing intermediates, at least ‘one of said phases being liquid, 
the said intermediates directly reacting under said condi 
tions to form a polyamide in situ on said material. 

12. A process for treating a ?brous material which 
comprises serially applying to said ?brous material a pair 
of complementary, direct-acting, organic, polyamide 
forming intermediates in separate liquid phases of lim 
ited mutual solubility. 

13. A process for treating a ?brous material which 
comprises serially distributing on the surface of the ? 
brous elements of said material a pair of complementary, 
direct-acting, organic, polyamide-forming intermediates 
in superposed phases of limited mutual solubility, at least 
one of said phases being liquid, the said intermediates re 
acting under such conditions to form a polyamide in situ 
on said ?brous elements. 

14. A process for treating wool which comprises seri 
ally distributing on the surface of the wool ?bers a pair 
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of complementary, direct-acting, organic, polyamide 
forming intermediates in superposed liquid phases of lim 
ited mutual solubility, said intermediates reacting rapidly 
under said conditions to form a polyamide in situ on said 
?brous elements and grafted thereto. 

15. A process for treating a ?brous material which 
comprises serially impregnating a ?brous material with 
two solutions, one solution containing one member of a 
pair of complementary, direct-acting, organic, polyamide 
forming intermediates in a ?rst solvent, the other solu 
tion containing the complementary member of said pair 
of complementary, direct-acting, organic, poll/amide 
forming intermediates in a second solvent, the ?rst and 
second solvents being substantially mutually immiscible, 
the said pair of intermediates reacting rapidly under said 
conditions to form in situ on the ?bers a resinous 
polyamide. 
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16. The process of claim 15 wherein the members of 

said pair of complementary, direct-acting, organic, poly 
amide-forming intermediates are a diamine and a diacid 
chloride. 
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