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TREATMENT or FIBRES , 

This invention relates to a process for the treatment 
of keratinous ?bres. 

It has been proposed to reduce the shrinkage of wool 
on washing by treatment with various organosilicon 
compounds. For example in U.K. Pat. Nos. 594,901, 
613,267 and 629,329 it is proposed to reduce the nor 
mal tendency of wool to shrink by treating the wool 
with certain alkyl or aryl silanes. In UK. Pat. No. 
746,307 there is disclosed a process for preventing the 
shrinkage of wool by treating the wool with a composi 
tion consisting of a diorganopolysiloxane, in which the 
organic substituents are alkyl, phenyl or alkenyl, and a 
siloxane containing silicon-bonded hydrogen atoms. 
While the known processes have conferred a degree 

of shrink resistance on woollen fabrics this effect has 
not been durable to laundering. There has conse 
quently been a need for a shrink resistant treatment 
having improved durability to washing and which im 
parts to the ?bres a durable soft handle. 

20 

We have now discovered that the above recited ad- _ 
vantages of durability of handle and shrink resistance 
may be realised by treatment of keratinous fibres with 
certain siloxane compositions. 
According to this invention there is provided a pro 

cess for the treatment of keratinous fibres which com 
prises applying thereto from 0.1 to 10% by weight, 
based on the weight of the fibres, of a composition 
comprising the product obtained by mixing (A) a poly 
diorganosiloxane having terminal silicon-bonded hy 
droxyl radicals and a molecular weight of at least 750, 
at least 50 percent of the organic substituents in the 
polydiorganosiloxane being methyl radicals, any other 
substituents being monovalent hydrocarbon radicals 
having from 2 to 30 carbon atoms and (B) an organosi 
lane of the general formula RSiR'nX3_,, wherein R rep 
resents a monovalent radical composed of carbon, hy 
drogen, nitrogen and, optionally, oxygen, which radical 
contains at least two amine groups and is attached to 
silicon through a silicon to carbon linkage, R' repre 
sents an alkyl radical or an aryl radical, each X repre 
sents an alkoxy radical having from 1 to 14 inclusive 
carbon atoms and n is 0 or 1, and/or a partial hydroly 
sate and condensate of said organosilane, and thereaf 
ter curing the applied composition. 
The invention also includes keratinous ?bres when 

ever treated by the said process. 
The polydiorganosiloxanes (A) are linear or substan 

tially linear siloxane polymers having terminal silicon 
bonded hydroxyl radicals. Such polydiorganosiloxanes 
have about two, that is from about 1.9 to 2, organic 
radicals per silicon atom and methods for their prepa 
ration are well known in the art. The polydior 
ganosiloxanes should have an average molecular 
weight of at least 750 and preferably from 20,000 to 
90,000. 
At least 50 percent of the silicon~bonded organic 

substituents in the polydiorganosiloxane are methyl, 
any other substituents being monovalent hydrocarbon 
radicals having from 2 to 30 carbon atoms, for example 
alkyl and cycloalkyl‘ radicals, e.g. ethyl, propyl, butyl, 
n~octyl, tetradecyl, octadecyl and cyclohexyl, alkenyl 
radicals e.g. vinyl and allyl and aryl, aralkyl and alkaryl 
radicals e.g. phenyl, tolyl and benzyl. A small propor 
tion of hydroxyl radicals may be attached to non 
terminal silicon atoms in the polydiorganosiloxane. 
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2 
However, such non-terminal hydroxyl radicals should 
preferably not exceed about 5% of the total substitu» 
ents in the polydiorganosiloxane. The preferred polydi 
organosiloxanes are the polydimethylsiloxanes i.e. 
those represented by the formula 

HO S10 ' 

CH 

in which a is an integer preferably having a value such 
that the polydiorganosiloxane has a viscosity of from 
100 to 50,000 cS at 25°C. 
Component (B) of the compositions employed in the 

process of this invention is an organosilane of the gen 
eral formula RSiR’nX3_n wherein R, R’, X and n are as 
defined hereinabove or may be a partial hydrolysate 
and condensate of said organosilane. Such organosi 
lanes are known substances and they may be prepared 
as described, for example, in U.K. Pat. Nos. 858,445 
and 1,017,257. In the general formula of the organosi 
lanes the radical R is composed of carbon, hydrogen, 
nitrogen and, optionally, oxygen and contains at least 
two amine (which term includes imine) groups. It is at 
tached to silicon through a silicon to carbon linkage, 
there being preferably a bridge of at least 3 carbon 
atoms separating the silicon atom and the nearest nitro 
gen atom or atoms. Preferably also, R contains less 
than about 21 carbon atoms and any oxygen is present 
in carbonyl and/or ether groups. Examples of the oper 
ative R substituents are —(Cl-IZ)3NHCH2CH2NH2, 
—(CH2)4NHCH2CH2NHCH3, —CH2.CH.CH3CH2 
NHCH2CH2NH2, 
—(CH2)3NHCHZCH2NHCHZCHZNH2, 

and (Cl-l2)3Nl-l(CH2)2NHCH2CH2COOCH3. Each of 
the X substituents may be an alkoxy radical having 
from 1 to 14 carbon atoms, preferably from 1 to 4 car- ' 
bon atoms. Examples of X radicals are methoxy, iso 
propoxy, hexoxy and decyloxy. When present R’ may 
be any alkyl or aryl radical, preferably having less than 
19 carbon atoms, e.g. methyl, ethyl, propyl, octyl or 
phenyl. Preferred as component (B) are the organosi 
lanes having the general formula RSiXa wherein R rep 
resents the —(CH2)3NHCH2Cl-l2Nl-l2 or the 
—Cl-l2CHCH3Cl-l2NHCH2CH2Nl-l2 radicals and each X 
represents the methoxy or ethoxy radicals. 

In the practice of this invention the product obtained 
by mixing components (A) and (B) is applied to kerati 
nous ?bres. When components (A) and (B) are mixed 
together at normal or elevated temperatures they react, 
at least partially. The product applied to the ?bres will 
therefore usually comprise, at least in part, a reaction 
product of (A) and (B) rather than a simple mixture of 
these two. The composition may be applied to the kera 
tinous ?bres using any suitable application technique, 
for example by padding or spraying. Most conveniently 
the composition is applied in the form of a dispersion 
or solution in a liquid carrier. Preferably the composi 
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tions are applied as a solution in an organic solvent. 
Solvents which may be employed include the hydrocar 
bons and chlorinated hydrocarbons, for example tolu 
ene, xylene, white spirit and perchloroethylene. A par 
ticularly convenient method of treating the ?bres is by 
application from an organic solvent solution employing 
a conventional dry-cleaning machine. When applica 
tion from an aqueous medium is desired it is preferred 
to employ as component (B) organosilanes in which X 
contains 3 or more carbon atoms and to partially react 
(B) with (A), or with both (A) and (C), prior to emul 
sification. 
The relative proportions of (A) and (B) employed in 

the preparation of the mixture may vary between fairly 
wide limits. Preferably from 0.5 to 15 parts by weight 
of the silane (B) are employed per 100 parts by weight 
of (A), but proportions of (B) in excess of 15 parts, for 
example up to 50 parts or more are operative. 
Following application of the composition the treated 

?bres are dried and the deposited composition cured. 
Drying and curing may be carried out by merely expos 
ing the treated fibres to normal atmospheric tempera 
tures (about 20°C) for periods of from several hours to 
several days. If desired, however, this step may be expe 
dited by the use of elevated temperatures, e.g. from 60° 
- 140°C. Curing is believed to be initiated by traces of 
water. Under normal conditions the moisture present in 
the atmosphere and/or in the applied composition is 
sufficient for this purpose. If necessary, however, the 
water content of the curing environment may be sup 
plemented. 
According to a further aspect of this invention we 

have found that the time and/or temperature required 
for cure of the applied composition may be signifi 
cantly reduced if there is incorporated in the applied 
composition certain silanes or partial hydrolysates 
thereof. In a preferred method of carrying out this in 
vention therefore the composition applied to the ?bres 
has incorporated therein a third component (C) which 
is (i) a silane of the formula R",,,SiZ4_,,,, where R" is 
a hydrogen atom or a monovalent hydrocarbon radical 
or monovalent halogenated hydrocarbon radical, Z is 
an alkoxy or alkoxy alkoxy radical having from 1 - 4 
inclusive carbon atoms and m is 0 or 1 and/or (ii) a par 
tial hydrolysate and condensate of the said silane. Com 
positions comprising (A), (B) and (C) are novel and 
are included within the scope of this invention. 

In the general formula of the silane (i) R” may be hy 
drogen atom or a monovalent hydrocarbon radical or 
halogenated hydrocarbon radical, for example alkyl, 
e.g. methyl, ethyl, propyl, butyl, hexyl, decyl, octa 
decyl, alkenyl e.g. vinyl or allyl, aryl, aralkyl or alkaryl 
e.g. phenyl, tolyl or benzyl, halogenoalkyl e.g. chloro 
methyl, bromoethyl 0r 3,3,3-tri?uoropropyl and 
halogenoaryl e.g. chlorophenyl. The radical Z may be 
for example methoxy, ethoxy, propoxy or methoxye 
thoxy. Preferably Z is methoxy or ethoxy and R", when 
present, is methyl. Examples of the silanes (i) and their 
partial hydrolysis and condensation products (ii) are 
methyltrimethoxysilane, ethyltrimethoxysilane, 
n-propyltriethoxysilane, phenyltriethoxysilane, tetra 
ethyl orthosilicate, n-butyl orthosilicate, ethyl polysili 
cate and siloxanes containing both silicon-bonded 
methyl radicals and methoxy radicals. 
Component (C) is best incorporated into the compo 

sition‘ by mixing with components (A) and (B) prior to 
dispersion or solution. The proportion of (C) employed 
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4 
is not narrowly critical. Preferably it is present in a pro 
portion of from 1 to 20 percent by weight based on the 
total weight of (A) and (B). 
Use of component (C) expedites curing of the ap 

plied composition and enables a more consistent im 
provement in shrink resistance to be obtained. The ex— 
tent of the advantage obtained will vary somewhat de 
pending on the nature of (C). As an indication, how 
ever, the presence of methyltrimethoxysilane in the 
composition enables signi?cant shrink resistant proper 
ties to be obtained after several minutes cure at about 
70°C or by exposure to normal atmospheric tempera 
tures for a period of from 4 to 24 hours. 
The time and/or temperature required for curing the 

applied composition may also be reduced by incorpo 
rating in the composition a siloxane condensation cata 
lyst. Such catalysts may be employed in place of or in 
addition to the silane component (C). Substances 
which function as siloxane condensation catalysts are 
well known in the art. Particularly suitable catalysts for 
use in the process of the present invention are the metal 
organic compounds, for example, the titanium alkox 
ides and chelates e.g. tetrabutyl titanate, tetra 
isopropyl titanate and di-isopropoxytitanium di(e 
thylactoacetate), and metal carboxylates e.g. stannous 
octoate, dibutyltin dilaurate, dibutyltin diacetate and 
lead octoate. The catalysts are employed in conven 
tional catalytic proportions, normally from 0.1 to 5% 
by weight based on the combined weights of (A) and 
(B). 
The use of siloxane condensation catalysts as de 

scribed hereinabove can, however, signi?cantly reduce 
the useful (bath) life of the compositions. In general 
therefore, the use of the siloxane condensation catalyst 
is less preferred than the incorporation of the silane 
(C) as a means of expediting curing. 
The process of this invention ?nds application in the 

treatment of keratinous ?bres to endow such ?bres 
with a resistance to shrinkage on washing and also with 
a durable soft handle. The ?bres may be treated in any 
form, any example of yarns, knitted or woven fabrics or 
made up garments. They may be present as the sole 
?bres or as blends with other types of ?bre. Where im 
proved handle of the treated ?bres is the primary con 
sideration, this may be achieved by depositing on the 
fabric as little as 0.1% of its weight of the composition. 
When a signi?cant level of shrink resistance is required 
a somewhat higher level of application of the composi 
tion, e.g. from about 0.5 to 10%, preferably from 1 to 
5%, is more appropriate. The weight of composition 
applied to the ?bres, as referred to herein, means the 
weight of active ingredients namely (A) and (B), or 
(A), (B) and (C), deposited on the ?bres. 

If desired the treated ?bres may be endowed with a 
?rmer handle by including in the applied composition 
a resinous organosiloxane polymer, for example a res 
inous copolymer of (CH3)3SiOo_5 and SiOz groups. 
The following examples, in which the parts are ex 

pressed by weight, illustrate the invention. The partial 
condensate of CH3Si(OCI-I3)3 employed in certain of 
the examples was prepared by re?uxing the silane with 
aqueous sodium hydroxide solution (0.25% by weight 
NaOI-I) for 3 hours. The partial condensate was then 
recovered after neutralisation and removal of volatiles. 

Example 1 

A composition was prepared by mixing 
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Polydimethylsiloxane having terminal 5 SiOH 
groups and M.Wt. = 45,000 (3000cS at 25°C) 90 parts 
(CHQO)3Si(CH2);,NHCH2CH2NH2 5 parts 
CH3Si(OCH3)_1 5 parts 

Three parts by weight of the composition were then 
dissolved in 97 parts by weight of toluene. This solution 
was used to treat 3 samples of 1:] cover factor, knitted 
2’28s botany wool fabric by padding at 100% mangle 
expression. After treatment the samples were allowed 
to air dry at 22°C for 1 hour and then placed in an air 
circulating oven at 120°C for 5 minutes. 
A square of 20 cm. side was marked out on each of 

the treated samples employing a template and the sam 
ples were then washed in 1.25% by weight phosphate 
buffer solution (pl-I7) containing 1 g./litre of sodium 
dioctyl sulphosucciante. The temperature of the wash 
water was 40°C and washing was carried out in a do 
mestic automatic washing machine. 
After 5 minutes the wash was interrupted and the di 

mensions of the marked square measured with the fab 
ric in the wet state. The wash was then continued for 
6 hours after which time the marked square was mea 
sured again. 
The area felting shrinkage of the samples was then 

calculated according to the formula 
% Area felting shrinkage (P8) = % width shrinkage 
(WS) X % length shrinkage (LS) 

WS X LS/lOO 

The width shrinkage and length shrinkage were de 
termined according to the formula 
Width or length shrinkage = dimension after 5 min 

utes — dimension after 6 hours. 

The average value of percentage area felting shrink 
age for the 3 samples was 0.2%. The value obtained 
with control samples of untreated wool was 72%. 

Example 2 

The procedure of Example 1 was repeated except 
that the fabric samples were of chlorinated wool and 
washing of the samples was carried out in an Interna 
tional Cubex Machine according to the method of In 
ternational Wool Secretariat Speci?cation W.S.S. 128, 
Test Method No. 185 (Superwash speci?cation). 

In this case the value of area felting shrinkage ob 
tained was 3.3%. 

Example 3 

Four compositions, designated A to D, were pre 
pared by mixing: 

Pol dimethylsiloxane as employed in 
xample 1‘ x parts 

X3Si(CH2)3NHCH,CHzNH2 y parts 
Partial condensate of CH3Si(OCH;,)3 '1. parts 

The values X3, x, y and z in the composition were as 
follows: 
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6 
Three parts of each of the compositions was then dis 

solved in 97 parts of perchloroethylene and the compo 
sitions employed to treat samples of knitted botany 
wool fabric (2‘28s, l:l cover factor) by padding at 
100% mangle expression. After treatment the samples 
were allowed to dry and cure at 25°C for 24 hours. 
On completion of the 24 hour curing period the 

shrinkresist properties of the wool samples following 
washing were measured according to the procedure 
employed in Example 2. In each case the area felting 
shrinkage was less than 10%. 

Example 4 

The procedure of Example 1 was repeated except 
that the methyl trimethoxysilane component was omit 
ted from the composition and the aminosilane was em 
ployed at a level of 10 parts per 90 parts of polydimeth 
ylsiloxane. Cure of the applied composition in this case 
was brought about by exposing the treated fabric to a 
temperature of about 25°C for 4 days. 
The area felting shrinkage for the treated fabrics was 

measured according to the procedure of Example 2 and 
a value of 14% obtained. 

Example 5 

A composition was prepared by mixing: 

Polydimethylsiloxane having terminal i SiOH 88.2 parts 
groups and M.Wt. = 60.000 

Partial condensate of CH;.Si(OC‘H_-.) 1.8 parts 

Three parts of the composition were dissolved in per 
chloroethylene (97 parts) and the solution applied to 
samples of knitted botany wool (2’28s, 1:1 cover fac 
tor) by padding at 100% mangle expression. The sam 
ples were then exposed to the air at 25°C for 24 hours 
and the area felting shrinkage measured after washing 
according to Example 2. A value of 5% was obtained. 

Example 6 

Three compositions were prepared according to the 
following formulation 

Polydimethylsiloxanc of Example 1 88.2 parts 
(CHaO )_-,Si(CH, )QNHCHZCHZN H2 10 parts 
Silicate 1 .8 parts 

In each of the three compositions the silicate compo 
nent was respectively ethyl plolysilicate, tetraethyl or 
thosilicate, and tetra(n—propy1) orthosilicate. 
Three solutions were prepared by dissolving three 

parts of each of the compositions in perchloroethylene 
(97 parts) and the compositions then applied to knitted 
botany wool (2’28s, 1:1 cover factor) by padding at 
100% mangle expression. After being allowed to air dry 
for 24 hours at 22°C the area felting shrinkage of the 
samples after washing was measured according to the 
procedure of Example 2. In each case the area felting 
shrinkage was less than 10%. 

Example 7 

The procedure of Example 1 was repeated except 
that the composition was prepared by mixing, 

Polydimethylsiloxane as Example 1 95 
(CH_1O)2CHJSi(CH2)=.NHCI~I2CHZNH2 5 

parts 
parts 
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The washing period was 3 hours, and curing was car 
ried out for 30 minutes at ' 120°C. The area felting 
shrinkage of the treated samples after washing'was 1%. 

Example 8 
Compositions were prepared by mixing, - 

Polydimethylsiloxane used in Example 1 

(a) 

3 

Partial. condensate of ‘ CH3Si(OC1-13) 

The compositions were applied to samples of botany 
wool by padding from 3% solutions in perchloroeth 
ylene. The samples were then dried by exposure to the 
ambient atmosphere (21°C) for 4 hours. Measurement 
of the area felting shrinkage according to the proce 
dure of Example 2 gave a value of 3.6% for the compo 
sition containing silane (a), 1.3% for (b) and 14.1% for 
(c). 
That which is claimed is: 
l. A process for the treatment of keratinous ?bres 

which comprises applying thereto from 0.1 to 10% by 
weight, based on the weight of the fibres, ofa composi 
tion comprising the product obtained by mixing (A) a 
polydiorganosiloxane havingv terminal silicon-bonded 
hydroxyl radicals and a molecular weight of at least 
750, at least 50 percent of the organic substituents 
present in the polydiorganosiloxane being methyl radi 
cals, any other radicals being monovalent hydrocarbon 
radicals having from 2 to 30 carbon atoms, (B) up to 
50 parts by weight per 100 parts (A) of an organosili 
con compound selected from the group consisting of 
organosilanes of the general formula RSiR’,,X3_,l 
wherein R represents a monovalent radical of less than 
21 carbon atoms composed of carbon, hydrogen, nitro 
gen and, optionally, oxygen, which radical contains at 
least two amine groups and is attached to silicon 
through a silicon to carbon linkage, R’ represents a rad 
ical having less than 19 carbon atoms selected from the 
group consisting of alkyl radicals and aryl radicals, 
each X represents an alkoxy radical having from 1 to 
14 inclusive carbon atoms and n is O or 1, and partial 
hydrolysate and condensate products of said organosi 
lanes, and (C) in amount from that sufficient to signifi 
cantly reduce the time and temperature required to 
cure the composition to 20 parts based on the weight 
of (A) and (B) of an organosilicon compound selected 
from the group consisting of (i) silanes of the general 
formula R",,,SiZ4_m wherein R" represents a substitu 
ent selected from the group consisting of hydrogen 
atoms, monovalent hydrocarbon radicals having from 
1 to 18 carbon atoms and monovalent halogenated hy 
drocarbon radicals having from 1 to 18 carbon atoms, 
Z represents a radical selected from the group consist 
ing of alkoxy radicals and alkoxyalkoxy radicals having 
from 1 to 4 inclusive carbon atoms and m is 0 or 1, and 
(ii) partial hydrolysates and condensates of (i), and 
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8 
thereafter curing the applied composition. 

2. A process as claimed in claim 1 wherein (C) is em 
ployed in a proportion of from 1 to 20 percent by 
weight based on the total weight of (A) and (B). 

3. A process as claimed in claim 1 wherein (B) is an 
organosilane having the general formula RSiXs in 
which R is selected from the group consisting of 

88.2 parts 

'70 parts 0 

1 -8 Parts 

—(CH2)3NHCH2CHZNH2 and 
—CHZCHCH3CHZNHCHZCH2NH2 radicals and each X 
is selected from the group consisting of methoxy and 
ethoxy radicals. ' 

4. A process as claimed in claim 3 wherein the com 
position is applied to the ?bres as a solution in an or 
ganic solvent. 

5. A composition comprising the product obtained by 
mixing (A) a polydiorganosiloxane having terminal sili 
con-bonded hydroxyl radicals and a molecular weight 
of at least 750, at least 50 percent of the organic sub 
stituents in the polydiorganosiloxane being methyl radi 
cals, any other substituents being monovalent hydro 
carbon radicals having from 2 to 30 carbon atoms, (B) 
an organosilicon compound selected from the group 
consisting of organosilanes of the general formula 
RSiR'nX3_,, wherein R represents a monovalent radical 
composed of carbon, hydrogen, nitrogen and, option 
ally, oxygen, which radical contains at least two amine 
groups and is attached to silicon through a silicon to 
carbon linkage, R represents a radical having less than 
19 carbon atoms selected from the group consisting of 
alkyl radicals and aryl radicals, each X represents an 
alkoxy radical having from 1 to 14 inclusive carbon 
atoms and n is 0 or 1, and partial hydrolysate and con 
densate products of said organosilanes, and (C) an or 
ganosilicon compound selected from the group consist~ 
ing of (i) silanes of the general formula R",,,SiZ 4_m 
wherein R" represents a substituent selected from the 
group consisting of hydrogen atoms, monovalent hy 
drocarbon radicals having from 1 to 18 carbon atoms 
and monovalent halogenated hydrocarbon radicals 
having from 1 to 18 carbon atoms, Z represents a radi-' 
cal selected from the group consisting of alkoxy radi 
cals and alkoxyalkoxy radicals having from 1 to 4 inclu 
sive carbon atoms and m is 0 or 1, and (ii) partial hy 
drolysates and condensates of (i) wherein component 
(B) is employed in a proportion of from 0.5 to 15 per 
cent by weight based on the weight of (A) and compo 
nent (C) is employed in a proportion of from 1 to 20 
percent by weight based on the total weight of (A) and 
(B). 

6. A composition as claimed in claim 5 which also 
comprises an organic solvent. 

***** 
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