
United States Patent O?lice 3,227,615 
Patented Jan. 4, 1966 

1 

3,227,615 
PROCESS AND COMPGSITION FOR THE PERMA 

NENT WAVING OF HAIR 
Maria A. Korden, Wilmington, Del., assignor to Hercules 
Powder Company, Wilmington, Del., a corporation of 
Delaware 
N0 Drawing. Filed May 29, 1962, 59k‘. No. 193,424 

11 Claims. (Cl. 167—87.1) 

This invention relates to a process for the cold waving 
of hair and to novel compositions useful for this purpose. 
One of the better known commercial hair-waving 

treatments involves the use of ammonium thioglycolate 
and an oxidizing agent. The hair is usually wound on 
rollers and then saturated with an ammonium thiogly 
colate solution. After a period of time ranging from 
about 15 to about 30 minutes, the ammonium thiogly 
colate solution is washed out and the curls are set with 
an oxidizing agent, usually dilute hydrogen peroxide. 
The use of the thioglycolate-peroxide treatment for 

the cold waving of hair has a number of disadvantages. 
Among these are (1) it produces a strong, pungent odor 
and (2) it cannot be used over an extended period of 
time due both to the odor of the thioglycolate and its 
tendency to damage the hair. In an effort to overcome 
these disadvantages, other agents and combinations of 
agents have been employed. However, these, in most 
cases, have likewise not been entirely satisfactory either 
because they are too severe in their action or because 
of other disadvantages, such as unpleasant odor, toxicity, 
and so on. 

An object of the invention is the provision of a novel 
and improved process for the cold waving of hair which 
does not require the use of an oxidizing agent, which 
does not cause damage to the hair, and which does not 
cause undesirable odor. 
A further object of the invention is the provision of 

a novel and improved composition for the cold waving 
of hair which can be used at room temperatures for 
extended periods of time without causing damage to the 
hair and without undesirable odor. 

In accordance with the invention, it has now been 
found that the above and other objects can be accom 
plished by treating hair with a water-soluble bisul?te 
and a Water-soluble cationic polyamide-epichlorohydrin 
resin of the type hereinafter described. Several pro 
cedures can be used for applying these materials to the 
hair. In accordance with one procedure, the water 
soluble bisul?te and the cationic resin, each in aqueous 
solution, are applied to the hair separately, the bisul?te 
being applied first followed by the cationic resin. In 
accordance with another procedure, the bisul?te and the 
resin are applied to the hair in the form of a mixture 
of the two in aqueous solution, mixtures of this type 
forming the novel and improved compositions to which 
reference is made hereinabove. Regardless of the pro 
cedure utilized, the combined use of these materials 
has been found to be more effective than the use of 
either material alone, thus indicating that there is a 
synergistic effect. 
The water-soluble bisul?tes contemplated for use in 

the compositions of the invention are sodium bisul?te, 
potassium bisul?te, ammonium bisul?te, an amine bisul 
?te, such as ethyl amine bisul?te, and so on. Also, any 
of the corresponding metabisul?tes which hydrolyze in 
the presence of water to yield bisul?tes are operable. 
The water-soluble polyamide-epichlorohydrin resins 

contemplated for use herein comprise a water-soluble 
polymeric reaction product of epichlorohydrin and a 
polyamide derived from a polyalkylene polyamine and a 
C3-C8 saturated aliphatic dicarboxylic acid. It has been 
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2 
found that resins of this type are uniquely effective for 
the purposes of the present invention. 

In the preparation of these cationic thermosetting 
resins, the dicarboxylic acid is ?rst reacted with the 
polyalkylene polyamine under conditions such as to 
produce a Water-soluble polyamide containing the recur 
ring groups _NH(CnH2nHN)x—CORCO—- where n and 
x are each 2 or more and R is the divalent hydrocarbon 
radical of the dicarboxylic acid. This water-soluble 
polyamide is then reacted with epichlorohydrin to form 
the water-soluble cationic thermosetting resin. 
The dicarboxylic acids contemplated for use in pre 

paring these resins are the saturated aliphatic dicarboxylic 
acids preferably containing from 3 to 8 carbon atoms 
such as malonic, succinic, glutaric, adipic, and so on, to 
gether with diglycoiic acid. Of these, diglycolic acid 
and the saturated dicarboxylic acids having from 4 to 6 
carbon atoms in the molecule, namely, succinic, glutaric 
and adipic, are most preferred. Blends of two or more of 
these dicarboxylic acids can also be used, as well as 
blends of one or more of these with higher saturated 
aliphatic dicarboxylic acids, such as azelaic and sebacic, 
as long as the resulting long-chain polyamide is water 
soluble or at least water dispersible. 
A variety of polyalkylene polyamines including poly 

ethylene polyamines, polypropylene polyamines, poly 
butylene polyamines, and so on may be employed of 
which the polyethylene polyamines represent an eco 
nomically preferred class. More speci?cally, the poly 
alkylene polyamines contemplated for use are polyamines 
containing two primary amine groups and at least one 
secondary amine group in which the nitrogen atoms are 
linked together by groups of the formula —CnH2n— 
where n is a small integer greater than unity and the 
number of such groups in the molecule ranges from two 
up to about eight, and preferably up to about four. The 
nitrogen atoms may be attached to adjacent carbon atoms 
in the group —CnH2n- or to carbon atoms further 
apart, but not to the same carbon atom. This invention 
contemplates not only the use of such polyamines as di 
ethylenetriamine, triethylenetetramine, tetraethylenepent 
amine, dipropylenetriamine, and the like, which can be 
obtained in reasonably pure form, but also mixtures and 
various crude polyamine materials. For example, the 
mixture of polyethylene polyamines obtained by the re 
action of ammonia and ethylene dichloride, re?ned only 
to the extent of removal of chlorides, water, excess am 
monia and ethylenediamine, is a very satisfactory start 
ing material. Most preferred are the polyethylene poly— 
amines containing from two to four ethylene groups, two 
primary amine groups, and irom one to three secondary 
amine groups. 
The term “polyalkylene polyamine” employed in the 

claims, therefore, refers to and includes any of the poly 
alkylene polyamines referred to above or to a mixture 
of such polyalkylenc polyamines. 

It is desirable, in some cases, to increase the spacing 
of secondary amine groups on the polyamide molecule 
in order to change the reactivity of the polyamide 
epichlorohydrin complex. This can be accomplished by 
substituting an aliphatic diamine such as ethylenediamine, 
propylenediamine, hexamethylenediamine, or a hetero 
cyciic diamine such as piperazine or the like for a por 
tion of the polyalkylene polyamine. For this purpose, 
up to about 60% of the polyalkylene polyamine may be 
replaced by a molecularly equivalent amount of the di— 
amine. Usually, a replacement of about 30% or less 
will serve the purpose. 
The temperatures employed for carrying out the reac 

tion between the dicarboxylic acid and the polyalkylene 
polyamine can vary from about 110° C. to about 250° C. 
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or higher at atmospheric pressure. For most purposes, 
however, temperatures between about 160° C. and 210° 
C. have been found satisfactory and are preferred. Where 
reduced pressures are employed, somewhat lower tempera 
tures may be utilized. The time of reaction depends on 
the temperatures and pressures utilized and will ordinarily 
vary from about 1/2 to 2 hours, although shorter or longer 
reaction times may be utilized depending on reaction con 
ditions. In any event, the reaction is desirably continued 
to substantial completion for best results. 

In carrying out the reaction, it is preferred to use an 
amount of dicarboxylic acid sufficient to react substan 
tially completely with the primary amine groups of the 
poiyalkylene polyamine but insufficient to react with the 
secondary amine groups to any substantial extent. This 
will usually require a mole ratio of polyalltylene poly 
amine to dicarboxylic acid of from about 0.9:1 to about 
1.2:1. However, mole ratios of from about 0.821 to 
about 1.4:1 may be used with quite satisfactory results. 
Mole ratios outside of these ranges are generally unsatis 
factory. Thus, mole ratios below about 0.8:1 result in a 
gelled product or one having a pronounced tendency to 
gel, while mole ratios above 1.411 result in low molecular 
weight polyamides. Such products, when reacted with 
epichlorohydrin, do not produce resins having the desired 
e?iciency for use herein. 

In converting the polyamide, formed as above de 
scribed, to a cationic thermosetting resin, it is reacted 
with epichlorohydrin at a temperature from about 45° C. 
to about 100° C., and preferably from about 45° C. to 
about 70° C., until the viscosity of a 25% solids solution 
at 25° C. has reached at least <B, and preferably at least 
D, on the Garduer-Holdt scale. This reaction is prefer 
ably carried out in aqueous solution to moderate the re 
action. pH adjustment is usually not necessary. How 
ever, since the pi-l decreases during the polymerization 
phase of the reaction, it may be desirable, in some cases, 
to add alkali to combine with at least some of the acid 
formed. 
When the desired viscosity is reached, suf?cient water 

is then added to adjust the solids ‘content of the resin 
solution to the desired amount, the product cooled to 
about 25° C. and then stabilized by adding su?icient acid 
to reduce the pH at least to about 6, and preferably to 
about 4 or lower, e.g., from about 2-4. Any suitable acid 
such as hydrochloric, sulfuric, nitric, formic, phosphoric, 
and acetic acid, or various combinations of these, can be 
used to stabilize the product. 

In the polyamide~epichlorohydrin reaction, it is pre 
ferred to use sufficient epichlorohydrin to convert all 
secondary amine groups to tertiary amine groups. How 
ever, more or less can be added to moderate or increase 
reaction rates. In general, satisfactory results can be ob 
tained utilizing from about 0.5 mole to about 1.8 moles 
of epichlorohydrin for each secondary amine group of 
the polyarnide. It is preferred to utilize from about 0.9 
mole to about 1.5 vmoles of epichlorohydrin for each 
secondary amine group of the polyainide. 

In the cold waviriU of hair, for example, human hair, in 
accordance with the invention, the hair, after the usual 
shampoo, can be wound on curlers and then treated suc 
cessively with aoueous solutions of the bisul?te and the 
cationic resin or simultaneously with a mixture of the 
two. The pH to be utilized in the treatment will desirably 
be from about 6.0 to about 7.2, and preferably from 
about 6.5 to about 6.8. The desired pH of treatment 
can be obtained by adjusting the pH of the aqueous treat 
ing comopsitions to a value somewhat above that desired 
during the treatment, e.g., within the range from about 
6.5 to about 7.2, since the hair reduces the pH somewhat. 
Aqueous mixtures of the bisul?te and resin will de 

sirably contain from about 2% to about 10% by wel ht, 
based on the weight of the compositions, of the bisultite 

from about 2% to about 10% by weight, based on 
the weight of the composition, of resin solids. Where ‘the 
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two are utilized separately, corresponding proportions can 
be used. 

In an alternative method, the hair can be shampooed, 
treated with the bisul?te and resin, wound on curlers and 
again treated with the bisul?te and resin. Application to 
the hair can be accomplished in any suitable manner, as 
by spraying, absorbent wad, or the like. 
The time of treatment will vary depending on a number 

of factors including the type of treatment, the type of 
hair, and so on, but will generally be from about 30 
iinutes to about 60 minutes at ordinary room tempera 

tures and for somewhat shorter periods at higher tempera 
tures. Temperatures higher than room temperatures, e.g., 
up to about 38° C., can be attained by placing a plastic 
cap over the hair. Following the treatment with the bi 
sul?te and resin, the hair can then be washed and sub 
jected to any of the usual treatments commonly utilized 
in the cold waving of hair. 
The following examples are given to illustrate speci?c 

embodiments of the invention. In these examples wet 
curl retention was determined utilizing the apparatus and 
procedures described in U.S. 2,836,543. 

Example 1 

A cationic polyamide-epichlorohydrin resin 0f the type 
herein described was prepared as follows: 
Two hundred twenty-?ve parts of diethylenetriamine 

and 108 parts of water were placed in a reaction vessel 
and agitated. To this was added 327 parts of adipic acid. 
After the acid had dissolved in the amine, the solution 
was heated to 165-170" C. and held there until the reac 
tion was completed. Then 503 parts of water was added. 
The resulting polyamide solution contained 50.0%—52.0% 
solids and had an intrinsic viscosity at 25° C. from about 
(3.115 to about 0.125. 
To 100 parts of this poiyamide solution was added 

395 parts of water. This solution was heated to 50° C., 
and 25.5 parts of epichlorohydrin was added. The mix 
ture was then heated at about 76° C. until it had attained 
a Gardner viscosity of D—E. Then 181.8 parts of water 
was added to the product, it was cooled to 25° C.—30° C., 
and sufficient 10% l-lCl added to adjust the pH to about 
5.0. The product contained about 16% solids and had 
a Gardner viscosity of C—D. 
A sample of human hair was bent around the pegs of 

a curling device of the type shown in U.S. 2,836,543 and 
held in place by an elastic band. The hair was then 
saturated with an aqueous solution containing 5% sodium 
bisul?te and 4% (resin solids) of the cationic resin pre 
pared as above described and adjusted to pH 6.5 with 
sodium hydroxide. The assembly was placed in an oven 
at 38° C. for 30 minutes after which it was placed in 
rinsing vater for 5 minutes at 28° C. The wet—curl reten 
tion, measured immediately after the rinse, was 29.1%. 

Example 2 

A sample of human hair was treated in the same 
manner as in Example 1 except that a solution contain 
ing 10% sodium bisul?te and 4% resin solids, adjusted 
to pH 6.5, was used. Wet-curl retention was 29.1%. 

Example 3 
A sample of human hair was bent around the curling 

device as before. It was saturated with a 2% solution 
of sodium bisul?te, and the assembly was placed in an 
oven at 38° C. for 20 minutes. The hair was then wet 
with a 2% solution of the resin of Example 1, and the 
assembly was returned to the oven for 15 minutes at 
38° C. The hair was then rinsed with water at 27° C. 
for 5 minutes. Wet-curl retention was 18%. 

Example 4 

The procedure of Example 3 was followed except that 
the pH of both solutions was adjusted to 6.5 with sodium 
hydroxide. The wet-curl retention was 29%. 
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Example 5 
The hair assembly was prepared as before and the 

hair saturated with a solution of 5% sodium bisul?te 
and 4% of the resin (solids basis) described in Example 
1 and adjusted to a pH of 6.5. The assembly was placed 
in the oven at 38° C. for 45 minutes and the hair then 
rinsed for 5 minutes wtih 27° C. water. The curl reten 
tion was 37.5%. 

Example 6 
The procedure of Example 5 was followed except that 

the solution contained 10% sodium bisul?te. Wet-curl 
retention was 50%. 

Example 7 

The procedure of Example 5 was followed except that 
the pH of the bisul?te-resin solution was adjusted to 7 .2 
with sodium hydroxide. Wet-curl retention was 24%. 

Example 8 

Hair was treated with a solution of 10% sodium bi 
sul?te and 4% of the resin (solids basis) described in 
Example 1 and adjusted to a pH of 6.5. The assembly 
was placed in the oven at 38° C. for 60 minutes, then 
rinsed with 27° C. water for 10 minutes. Curl retention 
was 50%. 

It will thus be seen that the present invention provides 
a novel and effective process and composition for the 
cold waving of hair which does not give 011 odor and 
which does not require neutralization of the hair with 
oxidizing agents. While preferred embodiments of the 
invention have been described, the invention is not to be 
construed as limited to the details thereof except as they 
may be included in the accompanying claims. 
What I claim and desire to protect by Letters Pat 

ent is: 
1. The method of cold waving hair which comprises 

treating the same with a water-soluble bisul?te and a 
water-soluble cationic thermosetting resin obtained by 
reacting a polyalkylene polyamine having two primary 
amine groups and at least one secondary amine group 
with a dicarboxylic acid selected from the group consist~ 
ing of diglycolic acid and C3-C8 saturated aliphatic di 
carboxylic acids to form a water-soluble, long-chain poly 
amide containing secondary amine groups, the mole ratio 
of polyalkylene polyamine to dicarboxylic acid being 
from about 0.8:1 to about 1.4:1, and then reacting the 
polyamide in aqueous solution with epichlorohydrin in a 
mole ratio of epichlorohydrin to secondary amine groups 
of said polyamide of from about 0.5:1 to about 1.8: l. 

2. The method of claim 1 wherein the hair is treated 
?rst with the water-soluble bisul?te and then with the 
water-soluble cationic thermosetting resin. 

3. The method of claim 1 wherein the water-soluble 
bisul?te and the Water-soluble cationic thermosetting resin 
are applied to the hair in admixture in an aqueous solu 
tion. 

4. The method of cold Waving hair which comprises 
(1) adjusting said hair to the desired con?guration, (2) 
contacting said hair at a pH from about 6.0 to about 7.2 
with a water-soluble bisul?te and a water-soluble cationic 
thermosetting resin obtained by reacting a polyalkylene 
polyamine having two primary amine groups and at least 
one secondary amine group with a dicarboxylic acid se 
lected from the group consisting of diglycolic acid and 
C3-C3 saturated aliphatic dicarboxylic acids to form a 
water-soluble, long-chain polyamide containing secondary 
amine groups, the mole ratio of polyalkylene polyamine 
to dicarboxylic acid being from about 0.8:1 to about 1.4: l, 
and then reacting the polyamide in aqueous solution with 
epichlorohydrin in a mole ratio of epichlorohydrin to 
secondary amine groups of said polyamide of from about 
0.5 :1 to about 1.8:1, washing said hair with water, and 
drying said hair. 

5. The method of claim 4 wherein the hair is treated 
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?rst with the water-soluble bisul?te and then with the 
water-soluble cationic thermosetting resin. 

6. The method of claim 4 wherein the water-soluble 
bisul?te and the water-soluble cationic thermosetting resin 
are applied to the hair in admixture in an aqueous solu 
tion. 

7. The method of claim 6 wherein the bisul?te is pres 
ent in said mixture in an amount from about 2% to 
about 10% by weight of the solution, and said cationic 
thermosetting resin is likewise present in said mixture in 
an amount from about 2% to about 10% by weight resin 
solids, based on the Weight of the solution. 

8. A composition for the cold waving of hair compris 
ing an aqueous solution of a mixture of water-soluble 
bisul?te and water-soluble cationic thermosetting resin 
obtained by reacting a polyalkylene polyamine having 
two primary amine groups and at least one secondary 
amine group with a dicarboxylic acid selected from the 
group consisting of diglycolic acid and C3—C3 saturated 
aliphatic dicarboxylic acids to form a water-soluble, long 
chain polyamide containing secondary amine groups, the 
mole ratio of polyalkylene polyamine to a dicarboxylic 
acid being from about 0.8:1 to about 1.4:1, and then re 
acting the polyamide in aqueous solution with epichloro 
hydrin in a mole ratio of epichlorohydrin to secondary 
amine groups of said polyamide of from about 0.5:1 to 
about 1.8:1, said bisul?te being present in an amount 
from about 2% to about 10% by Weight of the solution, 
and said cationic thermosetting resin being present in an 
amount from about 2% to about 10% by weight resin 
solids, based on the weight of the solution, said solution 
having a pH from about 6.5 to about 7.2. 

9. A composition in accordance with claim 8 wherein 
said bisul?te is sodium bisul?te. 

10. A composition in accordance with claim 8 where 
in said bisul?te is ammonium bisul?te. 

11. The method of preparing a composition for the 
cold waving of hair which comprises forming an aqueous 
solution of a water-soluble bisul?te and a water-soluble 
cationic resin obtained by reacting a polyalkylene poly 
amine having two primary amine groups and at least one 
secondary amine group with a dicarboxylic acid selected 
from the group consisting of diglycolic acid and C3—C8 
saturated aliphatic dicarboxylic acids to form a water 
soluble, long-chain polyamide containing secondary 
amine groups, the mole ratio of polyalkylene polyamine 
to dicarboxylic acid being from about 0.821 to about 
1.421, and then reacting the polyamide in aqueous solu 
tion with epichlorohydrin in a mole ratio of epichloro 
hydrin to secondary amine groups of said polyamide of 
from about 0.5:1 to about 1.8: 1, said bisul?te being pres 
ent in an amount from about 2% to about 10% by 
weight of the solution, and said cationic thermosetting 
resin being present in an amount from about 2% to 
about 10% by weight resin solids, based on the weight 
of the solution, and adjusting the pH of the solution to 
from about 6.5 to about 7.2. 
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