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Description

Process for semipermanent straightening of curly, frizzy or wavy hair.

The present patent application for industrial invention relates 10 a process
used to straighten curly, frizzy or wavy hair semipermanently, which is based
on the combined use of glyoxylic acid and a temperature higher than 150°C.
The structure of human hair fiber {(or hair) is well described in US 8517822B1.
The techniques that are currently used to straighten curly or frizzy hair can be
grouped in three families:

a. Simple treatment with electrical irons basically composed of two hot plates
(temperatures higher than 100%C), between which hair is placed and
pressed to obtain desired styling.

b. Chemical treament plus low-temperature mechanical treament; it uses
chemical substances that, after being applied on hair and after treating it
at temperatures lower than 100°C, are able to induce modifications in the
aspect of hair.

c. Chemical treatment plus high-temperature mechanical treatment: it uses
chemical substances that are applied on hair to treat it at temperatures
higher than 100°C. Such a fechnique is able to induce hair modifications
that are more considerable than the ones obtained with technique (a) due
to the combined action of heat and chemical substances applied to hair.

Numerous chemical substances are currently used {o straighten frizzy or curly

hair, which are able to interact with bisulphide brdiges of cystine or with

peptidic bonds of amminoacids that compose hair. These treatments are well
described, for instance, in WO 2007/135298 and US 2010/0300471. In the
majority of cases, the subsiances used for this type of treatments are
impaired by problems of high toxicity for man and/ar high aggression for hair

{i.e. formaldehyde, glutaraldehyde, sodium hydroxyde, ammonia, sulphur

compounds, guanidine, efc.).
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FR 1 323 640 discloses a hair straightening composition that contains
vaselina and vegetal resins and also rhodinol to avold hair breakage and
ionone and coumarin 1o perfume.

FR 2 845 903 discloses a hair straighiening composition that contains
bisulphitketone. .
These documents do not disclose any hair straightening process and do not
describe the synergic effect of compaositions as heating means,

EP 1 900 393 discloses the use of a dione, in particular diacetyl, to improve
hair dying and reduce irritation caused by dyes.

DE 198 20 894 discloses a dye that confains tiobarbituric acid and carbonyt
compounds, such as diacetyl.

These documents do not disclose that the dye has a hair straightening effect.
Moreover, an expert of the field has no incentive in using a dye with irons to
straighten hair.

Numerous patent documents refer io the use of glyoxylic acid in hair
treatment to improve the visual aspect and physical-mechanical features of
hair.

(GB 1416564 uses mercaptoderivatives o obtain permanent hair deformation
based on the principle of breakage of cystine disulphide bridges using also
glyoxilyc acid salts (not glyoxylic acid) in the mixture with evident purpose of
pH buffering agents. The declared concentrations of glyoxylic acid salts are
all lower than 4% by weight and moreover the process disclosed in GB
1416564 excludes the use of temperatures higher than 150°C. Such low
glyoxylic acid concentrations and such temperatures are not effective for hair
straightening.

US 6086861 uses glyoxylic acid and its salts to treat hair dandruff.

WO 2007/135298 and FR 2801472 disclose a method to treat keratine fibers
using high temperature and special families of carboxylic acids (alpha-
hydroxylic and alpha-ketone acids) and derivatives, and in particular pyruvic
acid. Moreover, the concentration ranges of pyruvic acids (2-8 Molar) are
excessively high, making the acid ineffective in the following hair washings.
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The purpose of the present invention is to eliminate the drawbacks of the prior
arl, by disclosing a hair straightening process that is efficient, effective and
time-lasting for at least six washings.

Another purpose of the present invention is to provide such a hair
straightening process that is not harmful for hair and for the health of the
person applying it.

These purposes are achieved according o the invention, with the
characteristics disclosed in the attached independent claim 1.

Advantageous embodiments are disclosed in the dependent claims.

The object of the invention is a process based on the combined use of
glyoxylic acid and a high-temperature mechanical treatment. Said mechanical
treatment provides for mechanical straightening with iron at a temperature of
about 200°C (+/- 30°C}.

More precisely, the process comprises the following steps:

- application of agqueous solution of glyoxylic acid on hair;

~ permanence of said substance in contact with hair for a time incjuded from
30 to 120 minutes;

- hair drying;

- hair straightening with hair-siraightening iron at a temperature of
approximately 200 +/- 30 C°.

Unlike the precepts of the prior art, the process of the invention allows for
obtaining straight, soft, glossy hair {with strong volume reduction in case of
frizzy hair) from curly and/or frizzy hair, maintaining such properties also after
repeated washings with water and shampoo {semipermanent effect).

The process of the invention modifies the spatial conformation of hair,
reducing volume and number of curves.

Glyoxylic acid is dissolved in water to obtain an aqueous salution of glyoxylic
acid. Advantageously, glyoxylic acid is dissolved in water with concentration
comprised between 4.5 and 14.5% by weight. Said range has given the best
results in terms of efficiency to obtain straight hair.

Advantageously, the aqueous solution of glyoxylic acid can be added with a
mixture of Diacetyl and Acetoin. The addition of said mixture has given
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remarkable effects in terms of hair straightening. In particular, the mixture of
Diacetyl and Acetoin is dissolved in said agueous solution of glyoxylic acid in
concentration comprised between 1 and 5% by weight.

Moreover, the aqueous solution of glyoxylic acid can be dissolved in a
cosmetic hair composition containing one or more ingredients that are
commonly used in cosmetics. For instance, said cosmetic ingredients can be
the ones describes in the Decision of the European Commission dated 8 May
1996 published on the Official Journal of the European Community (GUCE L
132 dated 01/06/19986 ).

The process of the invention allows for changing the conformation of hair so
that it acquires a straight shape, if originally curly and frizzy, and maintains it
for at least six hair washings.

in particular, said process has proved to induce semipermanent modifications
in hair conformation, which remain such also after repeated hair washings in
common use conditions.

Additional characteristics of the inventionn will appear more evident from the
following detailed description that refers to merely illustrative, not limiting
embodiments, illustrated in the enclosed drawings and tables.

Experimental tests were carried out consisting in dissolution of Glyoxilyc acid
in water in ponderal ratio comprised between 4.5 and 14.5 % by weight.
Following are composition examples of agueous solutions of glyoxylic acid
used for the tests.

Example 1:

Water . 95.5 grams

Glyoxylyc Acid ........cooovveivereceenne. 4.5 grams (0.6 Molar)
Example 2.

Water 90 grams

Glyoxylyc Acid ..o 10 grams (1.35 Molar)
Example 3:

Waler (e, BS.5 grams

GlyoxylyCc ACI ..o, 14.5 grams (1.9 Molar)
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These solutions were placed in contact with hair that had been previously
washed with shampoo according to common use.

Said solutions were then applied on hair with a rigid bristle brush.

Hair was covered with a plastic cap to reduce water evaporation, left in
contact with said solutions for 30, 60, 120 minutes, and then dried with hair
dryer according to common use.

Once dry, hair was straightened with hair-straightening iron heated at average
temperature of approximately 210°C.

Finally, hair was washed with shampoo and dried.

At the end of treatment, hair was shiny, straight, soft to touch, with a
particularly pleasant general aspect.

Experimental tests were carried out on hair straightening effect that evaluate
the reduction of curves and volume in hair.

In particular, comparative {ests were carried out, comparing the straigthening
eftect after mechanical action/heat of irons obtained by putting hair in contact
with:

- water only;

- compositions according to the present invention;

- a known composition, such as the composition described in example 3 of
WO 2007/135298,

To that purpose, the solution described in example 3 of WO 2007/135299
was prepared, consisting in a solution of pyruvic acid 4 Molar (35.2 % by
weight) in water. Said solution was used according to the instructions
contained in WO 2007/135299, that is hair temperature of 40°C, 25 minute
contact time and iron temperature of 180°.

The results of the tests are shown in the enclosed fables 1 to 5.

Said fests were carried out with different contact time of the solution with hair.
Tables 1 10 4 show the results obtained with the composition of the invention
for 60 minute contact time. Instead, table 5 shows the results obtained with
the composition of the invention for 30 and 120 minute contact time.
Additional tests were carried out to see whether the effect obtained with
solutions of glyoxylic acid could be replicable also when the solution of
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glyoxylic acid was added ito a commercial cosmetic formulation (i.e.
substances that are normally used in the cosmetic sector).

To that end an additional test was carried out on a compaosition of the
invention by adding a solution of Glyoxylic acid with a cosmetic found on the
market for hair treatment. In particular, a hair straightening test was carried
out using a cosmetic product found on the market (Crema Balsamo BALM
produced by Tricobiotos spa Vaiano (PO) - aly), without semipermanent hair
straightening effect.

80 grams of said cosmetic product were added to 20 grams of aqueous
solution of Glyoxylic acid at 50% by weight.

After carrying out the same hair treatment operations described in the
previous pages, results similar to the ones obtained in the tests that were
carried out using the same solution of example 2 of the invention were
obtained.

As shown in the tables, all tested compositions have a higher straightening
effect compared tc the simple use of water and hair straightening iron. In
particular, the method described in WO 2007/135299 has proved to achieve
satisfactory results only tfor the first four washings, and afterwards hair
resumed its original shape (curly and frizzy).

Instead, with the method of the invention, a remarkable result was obtained at
the end of the hair treatment: hair was shiny, straight, soft to touch, with a
generally pleasant aspect that was maintained also after six consecutive
washings with water and shampoo.

The efficacy of the treatment of the invention, in the madification of the shape
of hair, has proved to be stable over time for at least six washings, rinsings
and dryings in common use conditions of hair shampoo.

As shown in tables 1- 5, the method of the invention has given the best
results with the solution of glyoxylic acid described in example 2 for 80 minute
contact time on hair.

Better resuits were even achieved by adding the aqueous solution of glyoxylic
acid to a mixture of Diacetyl and Acetoin, in ponderal ratio between 1 and 5%
with respect to the fotal aqueous solution.
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The ponderal ratio between Diacetyl and Acetoin can change according to the
purity of substances. For ilustrative purposes, 1:10, 1:1 and 10:1
diacetyl/acetoin ponderal ratios were considered in examples 4, 5 and 6.

Following are composition examples of some of the mixtures used for the

tests.

Example 4:

Waater it s 86 grams
Glyoxylyc acid ..o, 10 grams
Diacetyl/Acetoin mixture in 1:10 ratio ....... 4 grams
Example 5.

WELBT . iviiiiiiii et e 86 grams
Glyoxylyc 8CI0 ...ovvrieiiiiiiecieii 10 grams
Diacetyl/Acetoin mixture in 1:1 ratio ..... 4 grams
Example 6:

Water .....ooooeviiiiiiii i 86 grams
Glyoxylyc acid .....coooiimrcci e 10 grams
Diacetyl/Acetoin mixture in 10:1 ratio ..... 4 grams

Also in this case, a comparison was made with the method described in
example 3 of WO 2007/135299.

Additional tests were carried out to see whether the effect obfained with the
aforementioned mixtures could be repiicable also in the case when the
mixtures were added o a cosmetic formulation.

So, an additional test was carried out by adding a cosmetic hair treatment
found on the market to glyoxylic acid and Acetoin and Diacetyl mixture. In
particular, a hair straightening test was carried out using a cosmetic product
found on the market (Easy care relaxing conditioner produced by
Unicompany spa Rome-Hltaly), without semipermanent hair straightening
effect.

76 grams of said cosmetic were added to 20 grams of agueous solution of
Glyoxilyc acid at 50% by weight and 4 grams of Diacetyl/Acetoin mixture in
1/1 weight/weight ponderal ratio.
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After carrying out the same hair treatment operations described in the
previous pages, the same results obtained in the tests that were carried out
using the same solution as example 2 of the invention (Water + Glyoxylic Acid
- Diacetyl/Acetoin mixutre in 1/1 ratio {(weight/weight)) were obtained.

As shown in tables 5 to 10, at the end of the treatment with addition of
Diacetyl and Acetoin mixture, a remarkable result was obtained, which was
even better than a solution exclusively confaining glyoxylic acid.
DEFINITIONS

Glyoxilyc Acid: (CAS number: 563-86-2 or, in aqueous solution, CAS
number: 208-12-4). lis use in the cosmetic sector as buffering substance is
considered to be sale and is permiited without restrictions.

Diacetyt: {CAS number 431-03-8). it is an organic substance produced by
lactic bacteria in presence of carbohydrates and oxigen (see EP0430406). In
the production of Diacetyl by means of bacterial fermentation also Acetoin is
produced by the same bacteria. Diacetyl is normally used as aroma in the
food industry.

Acetoin: (CAS number 513-86-0). It is an organic substance produced by
lactic bacteria in presence of carbohydrates and oxigen (see EP04304086). In
the production by means of bacterial fermentation of Acetoin, Diacetyl is
produced by the same bacteria. Acetoin is normally used as aroma in the
food industry.

Mixture: solution composed of Diacetyl and Acetoin in variable ponderal
ratio.

Buffering agent: when dissolved in water, it reduces the pH variation of the
solution o the addition of acid or alkalinesubstances.

Semipermanent treatment: treatment in acid environment (pH lower than 7)
of curly or frizzy hair to straighten it, with permanence in such a condition for
at feast six washings with water and shampoo, without using substances able
to react with cystine disulphide bridges or by means of alkali

Permanent treatment: hair treatment {o bring it to curly or straight condition
with permanence in such a condition for at feast six washings by means of
oxide-reduction process of disulphide bridges of the cystine contained in hair
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or by means of hydrolysis of peptidic bonds with alkali {(pH higher than 7)'. The
technique is well known and described in WO 2007/135289 At and US
4409204.

Hair-straightening iron: Electrical heating device that is used by associating
heat and pressure to straighten hair. It is generally composed of two fiat
heating elements, covered with various materials, between which a fock of
hair is pressed at a time. Said hair-straightening irons are commonly found on
the market.

Hair dryer: ordinary hair-drying device with heating resistance and fan,



Table 1

"AFRO" TYPE, NATURAL CURLY HAIR

STRAIGHTENING EFFECT ASSESSMENT (curve reduction)
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Table 2

"AFRO" TYPE, NATURAL CURLY HAIR

VOLUME REDUCTION ASSESSMENT (reduction of hair spatial volume)
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Table 3

"European” TYPE, NATURAL CURLY HAIR

STRAIGHTENING EFFECT ASSESSMENT (curve reduction)
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Table 4

"European” TYPE, NATURAL CURLY HAIR

VOLUME REDUCTION ASSESSMENT (reduction of hair spatial volume)
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Table 5

"AFBRO" TYPE, NATURAL CURLY HAIR

EVALUATION OF STRAIGHTENING EFFECT (reduction of curves} with different contact time
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Table 6

"AFRO" TYPE, NATURAL CURLY HAIR

STRAIGHTENING EFFECT ASSESSM

ENT {(curve reduction)
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Table 7

"European"” TYPE, NATURAL CURLY HAIR

STRAIGHTENING EFFECT ASSESSMENT (curve reduction)
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residual curves/no. of initial curves x 100)

o



Table 8

"AFRO" TYPE, NATURAL CURLY HAIR

VOLUME REDUCTION ASSESSMENT (reduction of hair spatial volume)

® o = Q b Y o T o
W E -~ [ - & < < < < g
3 ) SBED , @ o3 TS N £ . SN
835 $8 (388 s3p | Sg2|8sp SspifepEsp
TEST PREPARATION LaP 82 5| s8> | 585> | 585 (8858888585
S8 EE | EPFf  8EvT | mET | £EET (SES|EES|EES
xE 8 §§E'~ w8 © ® T § ® g g 8§
8 S &G & & @ W @ @
WATER 100 ml 30 60 210 ) =) ) £-) £) -)
76 g WATER + 20 g solution of GLYOXILYC ACID 50% in water ;
wiw + 4 g DIACETYL/ACETOIN mixture 1/10 whw 30 60 2101 frrr) | feea) ) (k) ] (e | () | ()
76 g WATER + 20 g solution of GLYOXILYC ACID 50% in water p .
Wwiw + 4 g DIACETYL/ACETOIN mixture 1/1 wiw 80 | 60 2101 frare) | brbrn) | (rbae) ) (rben) | (bee) | o)
76 g WATER + 20 g solution of GLYOXILYC ACID 50% in water
w/w + 4 g DIACETYL/ACETOIN mixture 10/1 wiw 30 60 210 | (rad) | (ebad) | (rara) | (Fba) | (eea) | {e4)
76 g Unicompany COSMETIC BASE + 20 g solution of
GLYOXILYC ACID 50% in water wiw + 4 g DIACETYL/ACETOIN | 30 60 210 {++++) (+444) {++++) (+++) (444} {++)
mixture 1/10 wiw
PYRUWVIC ACID 4 Molar {Example 3 of WO2007/135298 A1) 40 25 180 {++4) {+++) {++) {(++) (+) {+/-)
. Reduction . .
No Reduction belween Reduction | Reduction Reduction >
MEASURED PARAMETER effect lower than 26 and between 81 | between 76 90%
25% 0% and 75% | and 90% ?
% Reduction of hair volume (circumference of fock with 1.0 g
weight measured af half length) (test final diameter/initial - +/- + +4+ fpf i
diameter x 100)

LI



Table 9

"European” TYPE, NATURAL CURLY HAIR

VOLUME REDUCTION ASSESSMENT (reduction of hair spatial volume)

£
©le 158 /% | % | ® | % |y |
A, — had
$L )58 |38, 852 3:2 (83283 Bsp|fse
TEST PREPARATION 28| 828 1389|585 585|585 885 585 588
£ 58 |55 |SEV|RES|SET|SE°|RET|E5C
E18T IRy |78 |78 | 0§ | 5 | 5 | %
b B
WATER 100 m! 30 60 210 ) o) ) {) ) ()
76 g WATER + 20 g soiuti XILYC AGID 50% in water
i s 4.9 DIACETVLACETOIN mitare V1D | 80 | 80 | 210 | (roan) | (oren) | orre) | (rors) | (rern) | (o)
76 g WATER + 20 futi f GLYOXILYC ACID 50% in water .
Wi + 4 g DIACETYUAGETOIN mixture 1/1 wie 80 | B0 1 210 Gk | () | bebia) | frrr) | ) | ()
76 g WATER + 20 g solution YOXILYC ACID 50% in water
w4 45 DIAGETYUAGETON ainturs 100t i 80| 80 210 | Grrkn) | () | () | G () | ()
76 g Unicompany COSMETIC BASE + 20 g solution of
GLYOXILYC ACID 50% in water wiw + 4 g DIACETYL/ACETOIN 20 80 210 (+t4) | (rrrd) | () | (R0 | (49) {+++)
mixiure 1/10 wiw
PYRUVIC ACID 4 Malar (Example 3 of WO2007/135299 A1) 40 25 180 {(+444) | (++4) (++) {++) {+) {+)
Reduction Reduction | Reduction | Reduction
. between | between | hetween | Reduction
WMEASURED PARAMETER | No effect mz:vggy %and | Stend | 76and | >90%
Tl 80% 75% 90%
% Reduction of hair volume (circumference of lock with 1.0 g
weight measured at half lengih} (test final diameter/initial diameter - £/ o+ s e Fop

X 100)

81



Table 10

"AFRQ" TYPE, NATURAL CURLY HAIR

EVALUATION OF STRAIGHTENING EFFECT (reduction of curves) with different contact time

o], ls8 |z B 1B [0 5.
e | B IRS - & o | fo | Ev | Bol Bo
5| §7 |82 |5%e 5§ | EE S| EE|5S
TEST PREPARATION S5 32 |3EP|cEE| 25 | 25 |85 | 95| u§
T2 | 5E |55 |S§°| &% | SR | ¥R | 37| 8%
18T |RE |78 | 5" 8" &% |&°|&°
< © w [ [ ® ®
WATER 100 m! 30 15 210 (< {-) () Q] {-) (~)
WATER 100 ml 30 90 210 ) ¢ ) - ) )
WATER 100 m| 30 120 210 () {~} (=) <) {) {~
76 g WATER + 2¢ g solution of GLYOXILYC ACID 50% in water w/w + 4 ‘
DIACETYUACETOIN mixture 1/1 wiw ) o 80| 18 | 210 | Gea) | (e} | b)) () | )
76 g WATER + 20 g solution of GLYOXILYC ACID 50% in water w/iw + 4 , .
D ECETYL/A(;ETOQIN mi):ture 11 wiw : +49 30 90 210 (+4+4) | (#2044} | ($404) | (3494) | (edrd) | (+444)
76 g WATER + 20 g solution of GLYOXILYC ACID 50% in water w/w + 4
DIACETYL/AGETOIN mixturs. 1/1 wiw ’ o9 801 120 | 210 | Gevrn) | () | G Geeea) | () | ()
76 g Unicompany COSMETIC BASE + 20 g solution of GLYOXILYC ACID
50% in waler wiw + 4 g DIACETYLACETOIN mixture 1/10 wiw 30 181 210 ) (eren) | (bee) | () ] Gret) | () ()
76 g Unicampany COSMETIC BASE + 20 g solution of GLYOXILYC ACID
50% in water wiw + 4 g DIACETYL/ACETOIN mixture 1/10 whw 80 | 80 | 210 G | (v | () | (4444) | (4] | (444
76 g Unicompany COSMETIC BASE + 20 g solution of GLYOXILYC ACID
50% in water wiw + 4 g DIACETYL/ACETOIN mixture 1/10 w/w 301 120 1 210 ) (rern) | (sae) | (b)) | () | () ) ()
PYRUVIC ACID 4 Molar (Example 3 of W0O2007/135299 A1) 40 25 180 {(++4+) {(+++) {++) {++} (+) {+/-)
Redluction Reduction | Reduction | Reduction
beltween | between | hetween | Reduction
MEASURED PARAMETER No effect m;?]wzegﬂ/ 26 and 51 and 76 and > 60%
°1 50% 75% 90%
% Reductlion of number of curves found in 30 cm of hair (no. of residual /
curves/no. of initial curves x 100) ) - * +* tht | bt

61
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Claims

1. A process for semipermanent straightening of human hair, comprising
the following steps:

a) application of aqueous solution of Glyoxylic acid on hair;

b) permanence of said solution in contact with hair for a time from 30 to

120 minutes;
c) drying of hair with hair-dryer;
d) hair straightening with hair-straightening iron, set at a temperature of
approximately 200 +/- 30 C°

2) A process as claimed in claim 1, characterized in that said Glyoxylic acid is
dissolved in water in concentration comprised between 4.5 and 14.5 percent
by weight.
3) A process as claimed in claim 1 or 2, characterized in that said aqueous
solution containing Glyoxylic acid is added to a mixture of Diacetyl and
Acetaoin.
4) A process as claimed in claim 3, characterized in that said mixture of
Diacetyl and Aceloin is dissolved in said aqueous solution of Glyoxylic acid in
concentration comptrised between 1 and 5% by weight.
5) A process as claimed in any one of the preceding claims, characterized in
that said aquecus solution of Glyoxylic acid is dissolved in a cosmetic hair
formulation.
8) A process as claimed in any one of the preceding claims, characterized in
that said aqueous solution of Glyoxylic acid comprises 90 g of water and 10 g
of glyoxylic acid.
7) A process as claimed in any one of the preceding claims, characterized in
that permanence of said aqueocus solution of Glyoxylic acid in contact with
hair is 60 minutes.



