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both heat and acid are produced comprising ba-
sic aluminum salts of having the formula:
Al,(OH)s..X, wherein X is CI', Br, [ -, or NOs'. a
is from abut 1.1 10 about 1.7, with basic alumin-
um chloride being the preferred salt. When ana-
lyzed by SEC-HPLC at: about 10% concentra-
tion (i.e., by 2% Al ) in water, these composi-
tions exhibit an SEC-HPLC Band I area of less
than 10%, a Band III area of at 'least 20%, with
a Band III/IT area ratio of at | east 0.7. a Band IV
area of at least 20%, and have at least 60% alu-
minum species contained in Bands III and Band
Iv.

T T T T T

90,00 70.00 50.00 30,00 10.00
3 {ppm)

-10.00

-30.00

-§0.00

Fig. 1 Al NMR of the aluminum salt composition with an Al/C] ratio of 147 prepared

according to process A of the invention,
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ALUMINUM COMPOSITIONS OF ENHANCED EFFICACY
HAVING HIGH HPLC BANDS III AND IV

This invention relates to novel aluminum antiperspirant compositions of enhanced
efficacy that are activated by both heat and acid and have o high HPLC Band [l as well as a high
HPLC Band IV and to the processes for the preparation of the composiiions.  The processes of
the present mvention include the addition of an acid such as AlICH 1o the alummum solutions
having high HPLC Band II1 prepared by both direst and indirect processes, as well as the
preparation of aluminum sesquichlorohydrate solutions directly through the reaction of Al
powder with agusous alominum chloride solutions. The aluminum salt solutions derved from
the processes of the invention are dried to powders and are conveniently adaptabie for use n
consumer-aceeptable antiperspirani-formulated products including acrosols. sticks. creams and
soft sohds.

BACKGROUND OF THE INVENTION

Enhanced efficacy aluminum aniiparspirant salts are known and generally related 1o the
aluminun: species that are aciivaied by either heat, as indicated by having high SEC (size
exclusion chromatographv)-HPLC (high performance liqwd chromatography) Band [T content
or by acid as having high Band IV content at lower Al/Cl ratio. These compositions are typically
different from conveniional antiperspirant salis that have Jow guantities of Band III, with Band
[TI/1T area ratio of less than 0.1 or 0.2, as well as low Band IV of less than 20%. In the evaluation
of “Bands™ and “peaks”, as applied in the characterization for antiperspirant properties, typically
in the Band reference, Bands I, 11, [T and IV of one svstem correspond to peaks 1, 2, 3, 4 and 5
of the peak system, more specifically, Band 1 corresponds 1o peak 1 plus peak 2, Band I
corresponds 1o peak 3, Band III corresponds to peak 4 and Band IV comesponds to peak 5.
Enhanced efficacy aluminum antiperspirant salts have an HPLC Band /I area ratio of 0.5 or
higher with at 1zast 70% and preferably at Teast 80% of aluminum contained in Bands 11 and IIL
Enhanced antiperspirant salis typically have a Band IIl content of at Jeast 20%, and usually at
least 30%, of the total aluminum contained m all the peaks as measured by peak area. In
contrasi, conventional non-enhanced antiperspirant salts have Band [II content in the range of
ghout 10% and Band I/ area ratio from 0.1 to 0.2 or less. Typically, the enhanced aluminum

salfs activaied by heat, that are characterized by the presence of high HPLC Band III or high

Band [IVIT ratio, are prepared by the dilution and heat treatment of 30% ACH (aluminum



WO 2013/077832 PCT/US2007/070374

chlorohvdrate) solution and quickly drying the solutions 10 powders because of the rapid
reverting back of Band 11 to Band II when such are n aqueous solutions, particularly ai
concentrations of greater than 20%.

Prior art patents desciibing the enhanced alummum salis imclude British Patem GB
2,048,220 U.S. Patent No. 4,259.456; U.S. Patent No. 4.775.528; U.S. Patent No. 4,818,512;
LS. Patent No. 4,839,446, U.S. Patemt No. 4.871,525; 11.S. Patent No. 4.900,3534; U.S. Paient
No. 4944 933; 11.S. Paieni No. 5,330.609; U.S. Patent No. 3,338,694; U.S. Patent No.5,595,729
art LS. Patent No. 5.626,827.

Aluminum antiperspirant salis of enhanced efficacy can also be prepared through acid
activation at lower AVCl ratio, such as ratios of less than 1.5 as described, for example, m U.S.
Patent Nos. 5,718,876 and 6,024,943, where the basic aluminum chlonde solutions with 28% to

42% sohid concentration have at Jsast 30% HPLC Band 1 and less than 20% Band [11. Further,
U1.S. Pat. No. 6,902,724 describes a basic aluminum chiorids (BAC) composition having a Band
I relative area value of lzss than 3%. 2 Band 1T of 209 to 60%, & Band 10 of 10% to 353% and a
Band IV of 13% 10 30% at AVCI rato of 1.2 10 1.5 compiising 30% to 42% anhvdrous solid.
The BAC solution is prepared by reacting aluminum powder with aluminum chloride agusous

solution at a temperature greaier than 83 C In the examples disclosed, e.g., Examples 1, €, 7 and

8. the freshly prepared BAC solutions always have Band I of less than 20% and, in any event,
no BAC solution 1n that patent reference appears as having a Band 111 arca greater than 23%.

Moreover, the HPLC figure in that patent focuses on a BAC solution having high Bands II and
Iv.

Heretofore the provision of aluminum antiperspirant compositions of enhanced efficacy
that are activaied by both heat and acid with high HPLC Band 1T and high HPLC Band IV is

3

unknown. Accordingly, the production of aluminum antiperspirant compositions of enhanced

efficacy that are activated by both heat and acid and that have both a high HPLC Band TII and a
high Band IV is highly desirable. The aluminum-sesquichlorohydraie solutions prepared by the
direct process of the invention have higher concentration and are stable in aqueous solution for
several days before being spray dried compared to solutions solely prepared by dilution and heat
activation that must be spray dried immediately. The aluminum powders prepared according to
the invention can be used in various finished formulations, such as aerosols, sticks, soft solids

and the hike
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SUMMARY OF THE INVENTION

According {o the present invention, it has been discoverzd novel aluminum compositions

ey

of enhancad antiperspirant efficacy that ave activated by both heat and acid and are characterized
by having high HPLC Band [ and high HPLC Band 1V, are prepared by processes (referred 1o
for convenience as Processes “A™ and “B7), by the addibion of an acd such as AICI; io the
aluminum saki solutions having high HPLC Band T prepared either directly or indirectly. In
addition, thesz novel aluminum sali solutions may be prepared by an alternative process referred
o as Proczss .7 involving the direct reaction of Al powder with the aqueous AICH: solutions at
elevated lemperatures at A/CH ratios of less than 1.8, The alumunum salt solutons prepared
according 1o the 1nvention, from each of the Processes of A, B and C are dned to powders and
are characterized by having: an HPLC Band | of less than 10%, preferably less than 3%6; a Band
ITi of at Isast 20%, preferably at least 30%; a Band II/IT ratio of at least about 0.7, preferably at
least about (0.9; and a Band IV of at least 20%, praferably at {east 25% and have an AVCI ratio of
below 1.8, The powders containing activated aluminum salts derived i accordance with the
vention may be wtiized m formulating asrosol, soft solid, cream and stick products, as
appropriate.

Accordingly, it is an object of the present invention to provide novel basic aluminum
haiide anuperspirant salt powder compositions of enhanced efficacy activated by both heat and
acid.

1 1s another object of the present invention o provide antiperspirant compositions having
argater anuperspirancy and skin friendliness.

It 1s vet another object of this invention to provide antiperspivant compositions that
contain, aluminum-oniy actives of highest efficacy, and thar can be used in formulations

including, but not limited to, acrosols and that have much lower corrosion potential than
conventional acid activated acuves,
BRIEF DESCRIPTION OF THE DRAWINGS
, L 27 g . . iy : . -
Fig. 1 is the “" Al NMR of an alumunum salt composition with an Al/Cl ratio of 1.47
prepared according o Process A of the mveniion.
Fig. 2 is the SEC-HPLC of an alummum salt composition with an Al/Cl ratio of 1.49

prepared according lo process B of the invention.
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Fig. 3 is the SEC-HPLC of an aluminum sait composition with an AVCI ratio of 1.71

4]

prepared according to process C of the invenuon.
DETAILED DESCRIPTION OF THE INVENTION

The present mvention 15 directed 10 novel alununum antiperspirant compositions of
enhanced efficacy acuvated by both heat and acid wiich, when analyzed by SEC-HPLC at abour
0% concentration (Le.. by 2% Al) in water, exhibit an HPLC Band 1 area of less than 10%,
preferably less than 3%; o Band 11T area of at leasi 20%, preferably 30% or more; a Band T/
ratio of al least 0.7, preferably 0.9 or more; a Band 1V area of at least 20%, preferably 23% or
more; and have ai least 60% and preferably 70% or more aluminum species contaied in Bands
Il and Band IV,

The basic aluminum salis of these compesitions have the formula:
AIZ(OH)(%-:]X’J

wherein X is CI', Br, I or NO» , a 1s from about 1.1 (o about 1.7, with basic aluminum
chioride the most prefeired. The acronym BAC, as used heremn, and as indicaied by the above
formula, includes the iodide and bromide halogan ions in addition to chloride, and the nitrale ion
NO; . The preferred rato of aluminum to chloride or other ions of the BAC solution is from 1.4
0 1.6.

The invenuon 1s described in detail by reference to alternative Processes A, B and C.
According to Process A, about 30% by weight BAC solution 1s first prepared by the standard
method such as described m US patent 5,718,876 which 1s incorporated herein by reference. The
ratio of Al/Cl of the BAC solution should be above 1.5, with the prefeired ratio being 1.7 to 1.9.
The 50% soluiton is diluied, so that 1f comprises about 10% to about 23% by weight solution,
and heated until the desired HPLC Band IV ratio is obtained. Preferably, the solution is
refluxed for 1 to 2 hours, which 1s then cooled, followed by the addition of an acid, such as
AlCh, AI(NO;)5, HCE and HNQOs, with AICl; and AI(NO3)s the most preferred acids. The
resultant Al salt solution is quickly dried 1o afford an aluminum composition having high HPLC
Bands 11 and TV. During the spray drying of the solution, the loss of some chloride may be
expected.

In an altiemative process, Process B involving a direct reaction with aluminum powder,

about 25% - 35% by weighi BAC solution 15 prepared first such that, mitially the solution has an
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Al/halide ratio of about 1.75 1o about 1.93 during the direct reaction between Al powder and
aqueous aluminum halide selution is conducied at 1zmperatures above 65C. An acid, such as
AlCl is added w provide greater activation, and the solution is then processed through a drving
oparal HOT.

I the application of a direct process, referved 10 herzin as Process Yo — 40% by
weight BAC sofution is prepared through the reaction of alummum powder wiih aqueous AlCH
solution at a temperature of greater than 65 C. The solution generally has a ratio of AI/CI of
about 1.2 to about 1.E preferably about 1.4 10 1.7 with a 30% ia 33% by weight concentration.
This solution is found 1o have a room iemperature stabibty with respect w SEC-HPLC
distribution of about one weel and 18 readily dried to produce a powder product

A polvhydric aicohol, such as propylene ¢lycol, may be meluded m the aluminum
solution 1n any of the aliernative processes. Inclusion of the polyhydric aleohol tends 1o 1mpart
mmproved stability and aid dissolution of the powder product in alcohols.

The double actuvated aluminum solutions can be dned 0 powders by any appropriate
mzans, including spray drving, freeze drying and vacuum drving. Sprav drying is the most
preferred method. Furtbermors, the selutions can be dried into differemt densites and different
shapes, such as low and high density spherical particles to batter suit the variety of formulations,
such as soft solids and low residue sticks, 1o which the powders of the invention may be applied.

The aluminum antiperspirant salts of the present inventon ara characienzed as follows:

SEC-HPLC

-
-
443

o

eoree of the polymerization of aluminum complexes 1s determined by Size
Exclusion Clromatography (SEC) operated via a High Performance Liquid Chromatograph
(HP,’L;{Z} instrument. I this technigue, the highest molecular weight Al species are eluted first
and are designated as Band 1. which s equivalent to peaks I and 2: Band [I {equivalent to peak
3) and Band I {equivalent o peak £) are intermediate molecular weight Al compounds. Band
IV (equivalent to peak 5) 1s derived from the lowest molecular weight Al complexes, including
monomers and dimers. Band V 1s derived from the chlonde. The relative area of one or more
peaks is determined in order to characierize the distribution of polymeric species in the
aluminum complexes that are formed. All the aluminum species are eluted in Bands I, 11, TII and
IV and the percentage of each peak area is calculated accordingly. The aluminum antiperspirant

salts according o the present invention have SEC-HPLC Band [11 to Band II area ratio of at least

Pard
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{0.7. and most preferably at least 0.9, Band IV content should be at least about 20%. Al least
60%, and preferably at least about 70%, of the wial SEC-HPLC band conient should be
comamead within Band [T and Band [V, These enhanced salis have o Band I conient of ai least

20%,, and preferably at least 30%, of the total alumimum contained i all the peaks as measured

by peak area.

A Cy eolumn (130 % 4.0mm) from YMC. Inc., & Column Engineerme C, column (100 x
4.0mmj and a Lichrosorb Silica column (250 % 4.6mm) connectad n series 15 used to obtain the
SEC-HPLC Chromatograms.  Each sample is disselved i deiomized water 10 form a 2% by

werelt Al solution. EBach sample 1s filiered through a 0.45u filier and chromatographed witdun

I3 nunutes using a 0.0IN nitric acid soiution as the mobile phase at 2 flow rate of .75

mliminute.

Nuclear Maenete Resonance Speciroscopy

“"Al Nuclear Magnetic Resonance (NMR) 15 utifized to 1dentify the structuras of different
alaminum species i the double activaied aluminum antiperspirant salts of enhanced efficacy.
The miiperspirant salt in solution form is measured as 15 and the powder 1s dissolved in
deuteriated water to form a 10% by welght solution just before the measurement. Data wers

collecied using a Varian Inova 400 istrument at 104.2 MHz,

The invenuon will be further {Hlustrated by the following Exampies. In the Examples,

parts are by wetght unless otherwise specified. : %ALS s the abbraviation of anhvdrous

solid excluding the bonded water in antiperspirant powder.

Example 10 Preparation of Activated Aluminum Solutions Containing High HPLC Band 11
through Dilution and Heat Treatment
20% by weight BAC solutions were prepared by diluting abour 50% BAC solutions with

water and refluxed for one hour. The resulis are as followed,

AVClrano 1.92 1.88 1.77 146 1.29
Bund 10/ 0.84 0.84  1.07 050 027
% Band IV 29 472 8 16.5 256
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The date indicale no alumimum sali composition that kas both high HPLC Bands 111 {or

HUTT rano greater than 0.5) and TV (ai least 20%) 1s obtamed through dilution and heat

treatment of the BAC solutions at AVC) ratios of 1.2910 1.92.

wnple 20 Preparation of Double Activated Alaminum Sult Conmpositions by Process A

20% BAC solutions were prepared by diluting a 50% BAC solution which was refluxed
for two howrs. After the refluxed solutions were cooled, AICH: solutions (32 Be) were
added 1o make the double activated Al solutions with both high HPLC Bands [ and 1V

at different AVCI ravos, and the solutions were spray dried. The results are shown in

Table 1. Fig. 1 illustrates the ~Al NMR of the novel Al sali composition prepared under

soperiment Namber 3.

Experiment Number  AVCI Ratlo %AS. %Band 1 IV 41V %IITV

liconirol) 1.89 83 0 (.90 8.3 318
2 1.57 80.5 0 092 274 62.1
3 147 79.6 0 0.1 322 64.4
4 1.34 77.5 i 0.82 313 62.3

¢3:  Preparation of Double Activated Aluminum Salt Compositions Utilizing the
Process BB

(i) Double Activated Al Salt Compositions Made from 30% BAC Solution

970 parts of AICI; (32'Be) was mixed with 2783 parts of water and heated to about 80°C.
245 parts of aluminum powder was added and reacted at that wemperature. The reaction
mixture was filered to give a clear sohution, which contains 7.21%A1, 5.2%C1 with AVCI
ratio of 1.82, Different amounts of AICK (3 'Be) solution were added to the above 30%
BAC solution, and the resultant solutions were spray dried the next day. Almost no loss
in chloride was observed for the powders durimg the spray drving process. The resulis of
two runs, Experiments Number 5 and Number 6, prepared by this process, are given in
Table Il. The SEC-HPLC of the Al salt composition according to Experiment Number 6

1s shown m Fig. 2.
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Table 11

Experiment Number — AVCIRato %AS. %Band ] IV %1V %ll+IV

3 1.62 782 7.3 1.24 v 7.0 67.8
6 1.4¢ 78.3 4.3 LI6 478 75.4

{'ii} Double Activated Aluminum Salt Compositions Made front 33% BAC Solutions

f AICL (32'Be) was mixed with 1277 parts of water and heaied to about §5 C

aluminum powder was added and reacted in about three hours. The clsar
solution obtained after filtraton has 8.27%Al and 6.03%CH with AV/C! ratio of 1.80.
Different amoums of AlCl; (33385) solution were added to the above 33% BAC solution,
and the resultant solutions were spray dried.  Experiment Number 7 was dried the next

day and Experimeant Number 8, after wo davs.

Table L1

Expeniment Number  AVCIRatio %AS. %Band1 IV %IV GIIHIV

7 1.62 813 44097 395 671
g 1.24 76.4 {0 0.94 661 §2.5

Esample 40 Preparation of Doubie Activaied Aluminum Salt Compositions by Utilizing the

Method Referenced as Process C
Four doubls activated aluminum salt solutions were made throngh the reaction of Al

2 ~

a5 described in Experiment 3, and part of the

jos]

powder and AICH aqueous solution &
solutions were spray dried the next day by using 2 two fluid nozzle at an outlet
temperature of about 210°F. Some losses on chloride have been observed especially at
lower AVCI ratios. The results are summarized in Table IV, which characterizes the
solutions, and Table V, which characterizes the powders (dried solution “d”) and shows
some loss of the chloride during the spray drying process. The SEC-HPLC of the Al salt

composition according to Expertment Number 9d is shown i Fig. 3.

[oed
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Table IV

AVCIRato %Al %Band I I %IV %IV

9 1.67 7.46 0 1.89 244 73.8
10 1.54 718 { 214 39.8 S0.8
b 1.49 7.07 0 087 417 68.9
2 .35 7.17 0 £10 447 76.1

Table V

Expermpent Number AVCIRauo  %AS. %Bandl UV %IV %IV

9d 1.71 51.56 0 1.64 250 71.9
¢ 1.63 81.3¢ { 00 335 75.0
11d 153 §1.9] 0 084 390 68.6
12d 1.47 80.20 4 0.95 40.9 72.8

Lach of the novel Al salt compositions according io the present invention have pH

~

{13%w/w) values  above 3.5 as tllustrated In Table VI, and as such, afford skin friend]y

anziperspirant vehicles when formulated in acrosol, stick and soft solid products.

Table VI
Experiment Number I 2 3 4 7 8 9d 10d 11d 12d
pH (13% wiw) 23 39 38 37 40 37 40 3.9 3.8 3.8

It will be understood that the present invention is suscepiible io numerous changes and
modifications as gpparent to those skilled in the art. Accordingly, the present invention may be
embodied m other specific forms without departing from the spirit of essential attributes of the
mvention disclosed herein and reference should be made (o the appended claims, in the light of

the foregoing specifications, as indicating the scope of the invention.
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What g

[ }

claimed s
An aluminum antiperspizant compaosition of enhanced efficacy
(a)  having the formula
’\]ﬁ(()“ JFUDN
wherein X s C1L B, 1L or NOy ™, ais from about 1.1 10 about 1.7, and
(b characierized by exiubiung an SEC-HPLC Band I area of less than 104, 2 Band
I of at Teast 20%, a Band HIL ratio of at least 0.7, a Band IV area of at least
20%.
The composition of claim } wherein X1s chloride,
The anuperspirant composition of claim 1 wherein the alunmmum 1o halide atomic ratio is
from about 1.4 to about 1.6 |

The coz‘n’pasiaim} of claim 1 whersin the SEC-HPLC Band 1 area 13 less than about 3%,

[R]

the Band 1T area s ai least 30%, and the Band IV area is at least 23%, and at least 609

of the aluminum species 1s contamned m Bands 11 and TV,

A dried powder antiperspirent having thie compostiion of claim 1.

frucd

iion of claim 1 by a means

Us

A method of preparing an antiperspirant having the compos

:cied from process steps:

a) - heating and refluxing a BAC solution having an alwninum/halide ratic above
about 1.5 and a concentration of from about 10% to about 23% by weight until an
HPLC Band IIVIT ratio of at teast 0.7 is obtained, cooling the reaction product and
adding thereto a strong acid;

{v) nalking a BAC solution by adding aluminum powder {0 an aqueous AIX; solution

wherein X is C17, Br and I” at reaction temperaiure of about 80°C 1o obtain a

reaction product having an aluminum/halide ratio of from about 1.75 to about

1.95 and a conceniration of abouf 25% to 33% by weight and filtering the reaction

product to obtain a clear solution and reacting said filiered solution with a strong

acid; and

preparing @a BAC solution by reacting aluminum powder direcily with an aqueous

e
<
—

AIXy solution wherem X 1s CI7, Br™ and 1™ at reaction temperature of about §0°C
to obtain a reaction product having an aluminum/halide ratio of from about 1.2 to

about 1.8 and a concentration of about 30% to 33% by weight,

10
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7. A method of preparing an antiperspirant according (o process siep (1) of claum 6.

&, A method of preparing an antiperspivant according to process step (b) of clam 6.

9. A method of preparing an antiperspirant according to process siep {(¢) of claim 6.

10, The method of claim 6 wherein the strong acid 15 AlCl.

i1, The method of clarm 6 wherein the strong acid 15 hydrochlonie acid.

12, The method of claim ¢ wherem the aluminum/hahde atomic ratio of the composition ts
from about 1.4 to about 1.7,

3. The method of claim 7 wherein the BAC solution 1s 20% by weight.

14, The mzthod according to claim 6 wherem the reaction product of the process sieps (a),
(b) and (¢} 15 subjested to a drving operation.

15 The method according to claim 9 wheremn the concentration of the solution is about 30%
by weight.

16, The method of claim § wherein AlX; 15 AlCK.

7. The method of claim 9 wherein the aluminum to chlonde atomic ratio of the composition
18 from about 1.4 10 abour 1.7,

18, The method according to claim § wherein the concentration of the solution is about 30%
by weight,

19, An antiperspivant product selected from creams, aerosols, soft solids and solid sticks
comprising the powder composition of claim 3.

11
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Fig. 1 Al NMR of the aluminum salt composition with an Al/CI ratio of 147 prepared

according to process A of the invention.
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Fig.2 SEC-HPLC of the aluminum salt composition with an Al/Cl ratio of 1.49 prepared

according to process B of the invention.
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Fig.3  SEC-HPLC of the aluminum salt composition with an Al/Cl ratio of 1.71 prepared

according to process C of the invention.
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