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This invention relates to the treatment of 

flamentous materials, animal or vegetable, natu 
ral or artificial from natural or synthetic prod 
ucts, including the skins of animals commonly 
known as fur, hair or wool, to encase the fla 
ments without chemically modifying the parent 
substance, or to chemically modify such sub 
stance, to either permanently straighten or per 
manently curl the filaments, or to impart gloss 
or finish, or to make them resistant to chemical 
or to mechanical action. - - - 
A very important phase of my invention is the 

formation of condensation products with the 
parent substance of the filaments, with properly 
selected re-agents. The chemical mechanism is 
analogous to that of synthetic resin formation, 
but in this case, the active chemical functional 
groups of the parent substance of the filaments 
act as one of the condensation re-agents, while 
the other is supplied according to requirements, 
for producing the desired effect, result or reac 
tion, without materially destroying the physical 
structure of the filament itself. 

. I believe myself the first to coat or impregnate 
filamentous materials with artificial resins or 
resinoid products formed in situ, and this inven 
tions includes impregnation or coating without 
impregnation, or both, of natural or artificial 
filamentous matter. In the case of hair or wool, 
I treat with a substance which chemically re 
acts, with the fibre substances of the hair, in 
cluding the keratin or amino-bearing material 
of the filament, to form therewith a permanent 
synthetic resin or resinoid, or condensation product, or the like. 
The invention is applicable for the treatment 

of tanned pelage such, for example, as that of 
sheep, to permanently straighten the wool and 
gives gloss, and finish so that the treated pelt 
can be used for making fur garments in imi-, 
tation of other more expensive furs. Such 
straightening has heretofore been attempted but 
has not proved to be permanent, the wool again 
becoming curly or kinky after wetting. Previous 
ly to my invention, efforts were made merely to 
coat the fibres in an attempt to straighten them 
and keep then straightened, but the coating 
material had no permanence, since it merely 
formed an outer covering on the filaments, an 
incomplete layer in most cases. 
The valie of bristles in brush making depends. 

upon their stiffness, or rigidity. Those bristles 
which are stiffest, are therefore the most mar 
ketable, and are used for tooth brushes, hair 
brushes, clothes brushes, etc. I have found it 
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possible by my process to so. treat bristles as to 
increase their rigidity and to make marketable 
those which are today considered of inferior 
quality or as useless. Thus, by the use of my 
invention the inferior grades of bristles can be 
given the qualities of those of the finest natural product. 

Hairs or similar fibrous materials are strongly 
attacked, even to the extent of being dissolved, 
by strong alkalies like caustic soda. I have found 
that by treatment of these fibrous materials in 
accordance with my invention, it is possible to 
make then generally more resistant to certain 
chemicals or to make them much less vulnerable 
to such action. 
The following filamentous substances can be 

treated by the practice of my invention: animal 
products or products derived therefrom includ 
ing hair, wool, silk, etc.; artificial products, such 
as filamentous materials produced from collagen 
or its derivatives, such as those made from glue, 
gelatin, as well as from casein, isinglass etc.; 
and filamentous materials derived from protein 
Substances, such as catgut, etc.; also vegetable 
products, or products derived therefrom includ 
ing natural fibres such as hemp, manila, jute, 
etc.; also roots, such as are used in the manufac 
ture of brushes; and artificial vegetable filaments 
made from cellulose or cellulose hydrate, etc. 
Warious reactant substances may be used in 

carrying out the invention, and the following is 
Only one example of the application of the prin 
ciples in the treatment of tanned pelage such as 
that of the sheep, or other soft or hard fur, wool, 
hair or bristles, to straighten the wool or hair 
and impart a high gloss to it, and impart to it 
hydrophobic properties. The gloss is a func 
tion of the straightening. Brilliance, or gloss, 
is not usually obtainable when super-curling 
fur, because of the change in light reflecting 
properties, brought about by the physical struc 
ture produced. - 

Eacample I 
The tanned and dried pelt is optionally first 

degreased either by washing or by treatment 
with a hydrocarbon solvent such as petroleum, or 
benzol, or ethers, or chlorine-substituted hydro 
carbons, or with any suitable degreasing or wash 
ing agent, after which the pelt may or may not 
be dried. The pelt is then soaked in water which 
completely penetrates the leather and serves as a 
vehicle to draw thereinto, uniformly and grad 
ually a properly selected substance which will 
penetrate the fibrous structure of the leather, 
and so coat it as to prevent deleterious contact 
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noid condensation products which it is the ob 
ject to produce. The combing operation thus 
carried out on the dry and chemically modified 
fibre assists in completing the condensation re 
actions which had been taking place at lower 
temperatures. 

Ecample 
The following is especially recommended for 

loose wool, bristles, or hair and consists in sub 
jecting the degreased fibre to the action of 
formaldehyde or formaldehyde producing sub 
stances such as hexamethylenetetramine prefer 
ably aided by a mild alkaline catalyst such a 
triethanolamine and operating in an autoclave 
under pressure, preferably at a temperature cor 
responding to a developed pressure between 20 
and 75 pounds. The time of treatment is 30 to 
90 minutes. 
and is silky and free of "kinks.' The Wool is 
removed from the autoclave and is washed 
thoroughly with water and then dried and heated 
if desired. Heating will increase polymerization 
which results in further stiffening. This is an 
economical way of treating Wool and has the ad 
vantage that the final product is completely free 
from odor. The last process, though most suit 
able for loose wool, can also be applied to tanned 
pelage, provided that a special tanning process 
such as oil tanning or formaldehyde tanning has 
been used. Both processes are applicable to hair 
or bristles, in which case the effect sought is not 
to straighten or impart lustre, since these two 
properties are already inherent in the product or 
material, but to make the keratin of which they 
are formed less susceptible to chemical reaction, 
When brought in contact with strong alkalies or 
acids. This process is particularly advantageous 
for the treatment of bristles used in the manu 
facture of brushes. 
The above process is applicable to loose wool 

or hair, or bristles. Where shorn wool is being 
treated, the time of processing or the concentra 
tion of reagents can be somewhat increased, 
since there is no tanned skin structure to be pre 
served. Higher mechanical resistance, and lim 
provement in other mechanical properties, such 
as rigidity, is obtained by additional polymeriza 
tion. Similar results can be obtained by carry 
ing out the same reaction at Ordinary tempera 
ture and pressure for 24 to 72 hours, removing 
the fibrous materials from the formaldehyde solu 
tion and drying them at a temperature of about 
100° C. The fibrous materials are then washed 
to free them of any water soluble substances and 
dried again. 
Of the reacting substances which I have given 

in Example I, cresol, which is a hydroxy-aromatic 
compound, is useful in my invention. Cresol has 
only a limited solubility in water but is completely 
miscible in hydrocarbons and alcohol. Hydro 
chloric acid whose presence is also necessary for 
the reaction is only slightly Soluble in hydro 
carbons and in cresol, but is very Soluble in Water. 
Therefore, in order to make a homogeneous mix 
ture of hydrochloric acid, hydrocarbon and cresol, 
it is desirable to use a fourth substance which 
may be termed a homogenizer. This homogenizer 
in this instance is alcohol. Between alcohol, 
benzol, and water, constant boiling point mix 
tures are formed of which the azeotropic mixture 
is an illustration. This azeotropic mixture will 
dissolve hydrochloric acid gas in sufficient amount 
for the purposes of this invention without suffer 
ing a disturbance of equilibrium. However, if 

The resulting wool possesses gloss 
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3. 
the maximum tolerance of this azeotropic mix 
ture for hydrochloric acid gas is exceeded, the 
homogeneity of the mixture is destroyed and it 
separates into two layers, one composed mainly 
of hydrochloric acid and Water and alcohol, and 
the other of benzol and alcohol. 
The principal object in the preparation of this 

Solution is to have a physically homogeneous 
mixture. The presence of water is required and 
the presence of some other reactants which are 
Water-non-miscible is also required. For the 
proper mixing of these non-miscible substances 
a homogenizer is important. It is therefore 
necessary to have a liquid capable of dissolving 
both the catalyzer and the reactants. 
To straighten the wool or hair. I carry out the 

reaction in the presence of an acid catalyst. For 
example, I react the wool with a hydroxy-aro 
matic compound, such as cresol, in the presence 
of hydrochloric or sulphuric acid. If loose wool 
is being treated somewhat higher temperatures 
than those required for the treatment of pelage 
can be used without deleterious effects on the 
wool. A fine fur like a beaver will not tolerate 
as high a temperature as a sheep skin, partly be 
cause of the thickness of the skin. 
The results of the above treatment will be a 

straightening of the wool with a simultaneous 
production of high gloss (for straightening). If 
the Wool, mentioned above, is treated with a suit 
able reagent, at the proper temperature, in an 
alkaline medium, for example, acetyl chloride in 
pyridine, or even glacial acetic acid in pyridine 
the result will be a wool whose curl has been 
substantially increased (super curl). In this case, 
the amino groups of the keratinous material of 
fibre are acetylated. 
My process may be applied to sheep wool to 

Condition it for use in the manufacture of rugs 
giving the Wool a gloss which is permanent, and 
also permanently straightening it, which condi 
tions are not destroyed by water wetting. My 
treatment also renders the wool moth-proof. The 
invention therefore also includes the treatment 
of tanned sheep pelage for permanently modify 
ing the chemical structure of the filaments. 
The following is an example of the procedure 

for the formation of the condensation products, 
around, or to encase, an animal fibre, as dis 
tinguished from the utilization of the keratins of 
the fibre in the formation of such condensation products. 

Eacample III 
The filamentous material after degreasing by 

any suitable means, as previously described, is 
coated with furfuryl alcohol as for example by 
dipping, and then allowing the excess of the alco 
hol to drain off. The alcohol coated fibre is then 
either exposed to hydrogen chloride or dipped in 
a solution of hydrochloric acid of any concen 
tration from 5 to 37%. By this process the fur 
furyl alcohol is transformed into a resinous sub 
stance, formed in situ, which encases and ad 
heres to the fibre. There apparently is no re 
action in this case, between the material of the 
fibre, and the furfuryl alcohol or hydrochloric 
acid. 

Encample IV 
In the following process for treating animal 

fibres, the parent substance of the fibre reacts 
with the reagents, giving rise to a resinoid sub 
stance. In this case; first either coat, or by al 
lowing sufficient time impregnate the animal 



4. 
fibres with an aqueous solution of freshly made 
saligenin. The coated or impregnated fibres are 
then subjected to the action of gaseous ammonia, 
or are dipped in liquid ammonia. The fibres thus 
treated are dried. The resulting fibre will be 
either coated without penetration, or its structure 
will be penetrated by the resinous body, resultant 
from the reaction. This penetration is to be dis 
tinguished from coating without penetration 
which latter is also a feature of my invention. A 
saligenin to be converted into a resinoid, requires 
the presence of an alkaline environment. Such 
an environment may be furnished by the keratin 
ous substance of the fibres, or by the action of 
ammonia without reaction with the parent sub-. 
stance of the fibre. The time required for pene 
tration varies with the type of fibre but can be 
accomplished within a period of about 72 hours. 
It is possible, by varying the time, to control the 
degree of penetration or entirely to prevent pene 
tration and simply coat the flament. . . 

Furthermore, one of the reagents used in the 
formation of saligenin is formaldehyde, and this 
substance is present in excess or in equilibriuri 
with phenol, in the freshly made siligenin re 
action products. These two substances, phenol 
and formaldehyde also react with keratins giv 
ing rise to resinous substances. . 
The above example also includes the general 

type in which the fibre is coated by a resinoid 
formed in situ. Internally it has in its structure 
resinoid bodies, formed from saligenin, and 
keratin, the two having reacted to form the res 
inous substance. 
In Example II, a mineral acid, hydrochloric 

acid was the catalytic agent for the reaction of 
resinification. In Example IV, a base, minoria 
was the catalytic agent inducing a similar type 
of reaction. In the case of vegetable fibres, if 
they are treated as in Example III, or as in Ex 
ample IV, a definite change in the physical prop 
erties of the fibre results, due to the formation 
in situ of resinous bodies. 

In carrying out the present invention I utilize 
the available reactive groups of the substances 
comprising the parent material being treated, as 
starting materials in the formation of resinoid 
materials. The types of reactions involved de 
pend upon the substance being treated, that is 
to say, whether it is wool, hair, bristle, silk, glue, 
gelatine, hemp, manila, jute, etc., and are illus 
trated by the following examples of resinoid for 
mation: (1) Condensation of aromatic amines 
with aldehydes; (2) Condensation of amides and 
aldehydes; (3) Condensation of amino groups 
linked to carbonyl groups with aldehydes; (4) 
Condensation of amines with hydroxy-aromatic 
compounds; (5) Condensation of aldehydes with 
hydroxy-aromatic compounds; (6) Condensation 
of amino acids with aldehydes; (7) Condensa 
tion of proteinic substances with aldehydes; (8) 
Condensation of proteinic substances with hy 
droxy-aromatic compounds; (9) Condensation of 
aldehydes among themselves; and (10) Condensa 
tion and polymerization of unsaturated cont 
pounds. 
In the case where a chemical change of the 

parent substance of the fibrous material takes 
place, the change is obtained without destroying 
the filamentous structure, or form, and thus 
am enabled to impart to the filaments those de 
sirable properties needed for their intended uses. 
For instance, in the case of. furs, the Wool of 
sheep skin can be converted into a filamentous 
product hardly distinguishable, by the naked eye, 
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from hair. The invention is applicable for cur 
ing as well as straightening and curring can be 
carried to a port, wherer the first product iss 
a compact felted structure. In the case of loose 
animal farrentots Enacterials such as his 
bristles of wool inly process irrparts to thern 
either stiffness or softness making them resist 
ant to the action of depolyterizing hydrolytic 
or hydrolizing agents an also able to produce 
products which are non-shrinkable by the actical 
of washing, and which are fridestructible by irr 
sects. I am also able to increase the disreter 
of the farriert. 
During the formation of the cordensato 

product of products in the famient straighter-r 
irig or ctring of the farrier it is iriduced depend- . 
ing upon the reacting medium selected to form 
the condensation product. I do not inted to be 
limited to the character of the synthete resin or 
condensation product which is formed and which 
changes the character of the farrent because 
believe myself the first to conceive of forts 

tion in situ, and also the first to produce a process 
wherein the substance of the hair" or vegetable 
matter itself is utilized in the formation of a 
synthetic resin or resinoid substance, formed 
either throughout any desired portior of the sur 
stance of the flament or in the outer or layer 
portion thereof, and the first to form a perma 
nent combination by a process in which conden 
sation, or even further polymerization may oc 
cur. In the case of hair or the like E thus 
change the chemical structure of the keratinous 
amino-bearing flamentous material. The in 
vention contemplates the treatment of shorn 
wool, fur, hair or bristles as well as tanned pelage, 
for example of the sheep, to permanently 
straighten the filaments for use for garments. 
or rugs or any other uses to which the materia. 
may be put. 

In using the expressioon "in situ' mean to 
distinguish from the separate making of a res 
inoid substance and dissolving it by suitable 
means and ther applying it to the fibers and the 
Subsequently eliminating or removing the solvent, 
by physical or chemical means; as for example 
by dissolving a material or synthetic resil frt a 
solvent which is later eliminated by evaporation 
of by dissolving this resin or resinoid substance 
which reacts with that chemical whose reaction. 
product is later broken up by use of a third re 
agent Stich, for example, as rosin Soap, precipl.- 
tated subsequerity with an acid producing sub 
stance. v 

It is understood that, by the practice of my 
invertion, the parent substance of the fibre ari 
mai or vegetable, can be made to react, in variots 
degrees with the treating reagent or the resitoid 
Substance can be formed fin situ, without any re 
action involving utilization of the substance of 
the fibre. In some instances, there are surface 
reactions; in some rio surface reactions; frisone, 
there is a deeper reaction anouriting to impreg 
nation; and in Some the reaction may involve airly 
selected portfort of the filament. I also treat 
materials of the above nature, animal or vege 
table, after they have been wover into cott 
and my intention is to cover by claims the sp 
plication of my invention to the treatment of 
Woven goods, as well as the treatient of fia 
ments whatever form they may be in 
My intention is to cover broadly the treatment 

of fibrotis materials, animal or vegetable ratural 
or artificial, or made from natural or synthese 
products to for Ir therewit or thereasott in site 
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a resinoid substance, whether involving the re 
action of the parent substance or the fibre, or not 
involving such reaction of the parent. Substance. 
I also intend to cover all mechanisms and details 
herein disclosed, or inherent herein as ideas of 
means, or methods. 
This application is a division of my applica 

tion, Ser. No. 106,427, filed October 19, 1936. 
I claim as my invention: 
1. The method of treating animal furs which 

comprises subjecting the fur to a resinification 
agent in the presence of a catalyst at a moderate 
temperature and then continuing the resinifica 
tion of the fur by mechanical finishing by comb 
ing at an elevated temperature. 

2. The method of treating animal furs which 
comprises subjecting the fur to a resinification 
agent comprising formaldehyde in the presence of 
an acid catalyst and then continuing the resinifi 
cation of the fur by mechanical finishing by 
combing at an elevated temperature. 

3. The method of treating animal furs which 
comprises subjecting the fur to a resinification 
agent comprising formaldehyde in the presence 
of an acid catalyst and then continuing the 
resinification of the fur by mechanical finishing 
by combing at a temperature between 70 and 
110° C. 

4. The method of treating animal furs to mod 
ify a selected portion of the fur filaments which 
comprises subjecting the selection portion of the 
fur filaments to a resinification agent and then 
continuing the resinification of said fur by me 
chanical finishing at an elevated temperature. , 

5. The method of treating animal furs to modi 
ify a selected portion of the fur filamerits which 
comprises subjecting the fur flaments to a re 
sinification agent and then continuing the re 
sinification of said fur by mechanical finishing. 
of the selected portions of said filaments at an elevated temperature. 

6. The method of treating “fine furs' to im 
prove the appearance and mechanical proper 
ties which comprises subjecting the fur to a re 
sinification agent in the presence of a catalyst at 
a moderate temperature and then continuing 
the resinification of the fur by mechanical fin 
ishing at an elevated temperature. 

7. The method of treating animal pelage hav 
ing a natural filamentous covering therecn which 
comprises, subjecting the natural filamentous 
covering to a Solution of resin-forming reactant 
capable of being adsorbed by the material, and 
to a reagent capable of forming resinous con 
densation products in situ with the resin-form 
ing reactant and with the thus treated fila 
mentous coating, and of thereafter simultane 
ously mechanically treating and heating the fila 
mentous material. n 

8. The process of treating animal pelage to de 
crease the tendency of the filamentous covering 
thereon to curl due to exposure to moisture which 
comprises impregnating the filamentous covering 
with an agent capable of resinification with form 
aldehyde and contacting the impregnated wool 
with formaldehyde to produce a substantially 
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water-insoluble compound, said reaction being 
effected in the presence of a catalyst. 

9. The process of treating sheep skin to de 
crease the tendency of the wool thereon to curl 
due to exposure to moisture which comprises 
impregnating the wool with an agent capable of 
resinification with formaldehyde and contacting 
the impregnated Wool with formaldehyde to pro 
duce a substantially water-insoluble compound, 
said reaction being effected in an acid medium. 

10. The process of treating animal furs, par 
ticularly sheep skin, to decrease the tendency 
of the hair or wool thereon to curl due to ex 
posure to moisture which comprises impregnat 
ing the furs with an amine and then contacting 
the impregnated fur with an aldehyde having 
the property of reacting with the amine to pro 
duce a substantially Water-insoluble compound. 

11. An animal fur, the hair or wool of which 
is relatively free from the tendency to curl due 
to exposure to moisture, said fur being impreg 
nated with a substantially water-Soluble reac 
tion product of an aldehyde and an amine. 

12. A dyed sheep skin, the wool of which is rel 
atively free from the tendency to curl due to the 
presence of moisture, said sheep skin being in 
pregnated with a substantially water-soluble re 
action product of an aldehyde and an amine. 

13. An animal fur, the hair of wool of which 
is relatively free from the tendency to curl due 
to exposure to moisture, said fur being impreg 
nated with a resinous product of reaction of an 
aldehyde and a reagent capable of resinification 
with aldehydes, said resinous reaction product be 
ing formed in situ by application of said alde 
hyde and reagents to the fur or hair. 

14. An animal fur, the hair or wool of which 
is relatively free from the tendency to curl due 
to exposure to moisture, said fur being impreg 
nated with a resinous product of reaction of form 
aldehyde and an aromatic compound having 
a substituent capable of resinification with form 
aldehyde, said resinous reaction product being 
formed in situ by application of said formalde 
hyde and aromatic compound to the fur or hair. 

15. An animal fur, the hair or Wool of which is 
relatively free from the tendency to curl due to 
exposure to moisture, said fur being impregnated 
with a resinous product of reaction of formalde 
hyde and a hydroxy aromatic compound, Said 
resinous reaction product being formed in situ 
by application of said formaldehyde and aro 
matic compound to the fur or hair. 

16. The process of treating animal pelage hav 
ing a flamentous covering thereon which com 
prises treating the filamentous covering with fur 
furyl alcohol and exposing the thus treated fla 
mentous covering to the action of an acid cat alyst. 

17. The process of treating animal pelage hav 
ing a filamentous covering thereon which com 
prises treating the filamentous covering with an 
aqueous Solution of saligenin and subjecting the 
thus treated filamentous covering to the action of a basic catalyst. 

JOSEB, CALWA 


