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This invention relates to a method for preparing alu 
minium soap and to new aluminium compounds of fatty 
acids. 
Aluminium soap is the general name of aluminium 

compounds of higher fatty acids and its composition may 
be represented by Al (RCOO)3, the corresponding fatty 
acids being of the formula RCOOH. In fact, however, 
aluminium soap consisting of aluminium and a fatty acid 
in a ratio of 1:3 is highly unstable and its preparation is 
very difficult. In the aluminium soap used in industries, 
the ratio between the two components is 1:2 or 1:1. 
When aluminium soap is manufactured by the usual 
methods, the product mainly comprises aluminium and 
a fatty acid in a ratio of 1:2 or 1:1, but it contains alu 
minium soap with other compositions in many cases, so 
it is difficult to manufacture aluminium soap with a defi 
nite composition. 
Known aluminium soap is manufactured by any of the 

following three methods: 
(1) Reaction between an aluminium salt and alkali soap 

in an aqueous solvent. 
(2) Reaction between aluminium hydroxide and a fatty 

acid in an aqueous solvent. 
(3) Reaction between an aluminium alkoxide and a 

fatty acid in a non-aqueous solvent. 
in all the methods, the reactants are subjected to double 

decomposition, but double decomposition in a non 
aqueous solvent is not always suitable for industrial manu 
facture of aluminium soap because it requires compli 
cated procedures. As mentioned above, the aluminium 
Soap prepared by double decomposition in an aqueous 
solvent does not have the composition of Al (RCOO), 
but it mainly contains aluminium and a fatty acid in a 
ratio of 1:2. It was also confirmed that the product con 
tains soap consisting of aluminium and a fatty acid in a 
ratio of 1:1, and this may be due to the following reason. 
In an aqueous solution of an aluminium salt there exists 
aquo-aluminium ion and its ligand water is dissociated by 
alkali to produce hydroxo-aluminium ions with various 
basicities. And if a fatty acid is added to the solution, 
the hydroxo-aluminium ions combine with the acid and 
therefore the resulting aluminium soap does not have a 
definite composition. 
The present inventor has found that when a basic alu 

minium salt with a definite basicity is prepared in advance 
and then the salt is allowed to react with a fatty acid 
alkali salt or with a fatty acid alkali salt and alkali, the 
resulting aluminium soap has always a definite composi 
tion. That is, the present invention relates to a method 
for preparing aluminium soap, which comprises reacting 
a basic aluminium salt with a fatty acid alkali salt or 
with a fatty acid alkali salt and alkali in an aqueous sol 
vent. As will be described later, various hydroxo 
aluminium ions having a definite basicity, respectively can 
be readily prepared. Hence, if they are reacted with a 
desired amount of a fatty acid alkali salt or a fatty acid 
alkali salt and alkali, it is possible to manufacture various 
kinds of pure aluminium soap containing aluminium and a 
fatty acid in different ratios such as 1:2, 1:1, 1.5:1, and 
2:1. Manufacture of such kinds of aluminium soap as 
contain aluminium and a fatty acid in ratios of 8:3, 3:1, 
4:1, 5:1, etc. is also possible according to the present 
method. Of these kinds of aluminium soap, those which 
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2 
contain aluminium in ratios over 2:1 are manufactured 
only by the method of the present invention, so they are 
new compounds, and consequently a part of the present 
invention also relates to those kinds of aluminium soap 
which contain aluminium in ratios over 2:1. 

Basic aluminium salts used in the method of the pres 
ent invention are prepared profitably by the following 
methods: (1) an amount more than equivalent of metallic 
aluminium is reacted with an inorganic acid in water, 
(2) an amount more than equivalent of aluminium hy 
droxide is reacted with an inorganic acid in water, (3) 
an amount less than equivalent of alkali is reacted with 
an aqueous solution of an aluminium salt, (4) an aque 
ous solution of an aluminium salt is passed through an 
anion exchange resin. The inorganic acids used in the 
above methods (1) and (2) are monobasic acids, most 
profitably hydrochloric acid or nitric acid, and the alumin 
ium salts used in the above methods (3) and (4) are 
monobasic acid salts most profitably aluminium chloride 
or aluminium nitrate. The solutions of the basic alumin 
ium salts obtained as above may be used as such as the 
material in the present invention, but they may be con 
centrated or the Salts isolated in solid form, if necessary. 
Basic aluminium salts are generally prepared in an aque 
ous solvent and since the method of the present invention 
is profitably conducted in an aqueous solvent, it is unneces 
sary to isolated the resulting basic aluminium salts for 
conducting the present method. 
The composition of the basic aluminium salt prepared 

by the use of a monobasic inorganic acid or a monobasic 
inorganic acid salt may be represented by the general 
formula of Al2(OH)3Xs, wherein in represents a posi 
tive integral number and X represents a monobasic acid 
radical. The basic aluminium salt representable by the 
general formula, Alan' (OH)3Xs, is dissociated in aque 
ous Solution into an inorganic acid ion and a basic all 
minium ion, which is formed by the ligandolysis of aquo 
aluminium ion, Al(OH2)6]8t, having 6 moles of ligand 
Water. Aquo-aluminium ion has the property to form 
polynuclear complex ion through the intermediation of 
the OH or so-called u-ol-bridge produced by ligandolysis, 
and according to the extent of the ligandolysis, the ratio 
between aluminium and OH in the resulting ion changes 
infinitely and the charge of the ion also changes simul 
taneously. The relation between the composition of 
the resulting ion and its charge may be represented by 
the general formula, (Alx(OH)(OH)2) (3X-Y)+. The 
Y-value of the basic aluminium ion depends upon the 
n-value of Alan (OH)3X6 and therefore the charge of 
the ion also depends upon the n-value. The initial ion 
produced in this way is represented by the formula 
Al(OH) (OH2)6]2+, which is produced by the replace 
ment of one mole of the ligand water of aquo-aluminium 
ion (Al(OH2)6]3+ by OH- and in which X is equal to 1. 
The initially produced ion then gradually condenses into 
a highly condensed aluminium ion, thereby X becoming 
larger than 1. In this case, the factors which exert influ 
ence on the condensation are the concentration, tempera 
ture and standing period of the solution and the n-value. 
However, how far the condensation may proceed, the 
proportion of the number of aluminium atoms to the 
charge is invariable. In other words, in an aqueous solu 
tion of an aluminium salt having the composition of 
Alan (OH)2Xs, the proportion of the charge of the re 
sulting basic aluminium ion to the number of the alu 
minium atoms therein is always the same regardless of the 
extent of the condensation. 

The solutions of basic aluminium salts prepared by the 
methods mentioned before, especially those which were 
prepared at a low temperature, are not in the satisfactory 
State for the condensation, but they can be used for the 
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manufacture of aluminium soap. In general, however, 
a solution containing more condensed ions produced by 
heating the solution or by other means is more suitable 
because it gives a readily crystallizable product. 
As mentioned before, the n-value in the formula, 

Alan (OH)3X6, which shows the composition of a basic 
aluminium salt, has direct relation with the Y-value in the 
formula, Al(OH)(OH)2) (3XY)+, which shows the 
relation between the composition of the resulting basic 
aluminium ion and its charge, and therefore the n-value 
governs the charge of the basic aluminium ion. That is, 
when n in a basic aluminium salt is 1, the salt may be 
represented by the formula, Al(OH)x from the general 
formula, Al(OH)3Xs, and therefore its basic aluminium 
ion may be shown by the formula, Al(OH) (OH2)6]+, 
the charge of which is 2 to one atom of aluminium. Thus, 
when n in a basic aluminium salt, Alan (OH)3Xs, is 2, 
the salt may be represented by the formula Al(OH)6X 
or Al2(OH)3X3 and the charge of its basic aluminium 
ion is % to one atom of aluminium. In this way, it is 
possible that there exist many basic aluminium salts which 
are able to produce various basic aluminium ions with dif 
ferent charges as shown below, for example. 

n = 3 Al 5 (OH) Xs charge 
n = 4 Al 6 (OH)12Xs charge 1 

n = 5 Al(OH)15X charge 

n = 6 Al(OH)1.x, charges 
n=10 Ali (OH)2X, charge 
n=14 Ali (OH)2X, charge 
n = 16 Allis (OH)48X charge i 

n = 22 Al2(OH)66X6 charge i 

n=28 Al(OH)3X charge 
As mentioned before, in the method of the present in 

vention, basic aluminium salts having a definite composi 
tion respectively are used as material in the method of the 
present invention, and they are profitably prepared by the 
following methods according to the proportion between 
the aluminium and inorganic acid in the desired basic alu 
minium salts. 

(1) Metallic aluminium is reacted with a monobasic 
inorganic acid in a desired proportion. For example, 
when the proportion between aluminium and the acid is 
n:m, n-mole of aluminium is reacted with in-mole of the 
inorganic acid. Likewise, a basic aluminium salt in which 
the ratio between aluminium and the acid is 1:2 is pre 
pared by reacting one mole of metallic aluminium with 
two moles of the inorganic acid. The reaction in this 
method may be shown by the following equation wherein 
in and m are an optional integral number respectively 
(but n: m (1:3) and X is a monobasic inorganic acid. 

in Al-Him HX-> Al(OH)3-mXm 
This method is suitable when the value of n:m is com 

paratively small, especially when the value is smaller than 
2:1. 

(2) For the preparation of a solution of a basic alu 
minium salt in which the value of n:m is larger than 2:1, 
a proper amount of alkali for example sodium hydroxide 
solution is added to the solution of the basic aluminium 
salt prepared by the method (1). In this case, when the 
alkali hydroxide solution is added gradually to the solu 
tion with stirring, a precipitation deposits, which, however, 
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4. 
goes again into solution to make a solution of a higher 
basic aluminium salt. 

This is explained in more detail as follows. The prep 
aration of a solution of a high basic aluminium salt in 
which the ratio between aluminium ion and anion of 
monobasic inorganic acid is n: n by addition of an alkali 
solution to a solution of a basic aluminium salt in which 
the above ratio is x:y comprises adding a solution of 

("-n) 
mole of the alkali to a solution of m/x mole of the basic 
aluminium salt to be used as material. This reaction is 
represented by the equation 

() Als (OH)4-X,+("-n) MOH --> 

wherein X is a monobasic inorganic acid, M is an alkali 
metal, and x, y, m, and n are all integral numbers and 
they are in the relation of x:y<m:n. For example, the 
reaction between a basic aluminium salt and an alkali 
hydroxide representable by Al(OH)3X and MOH re 
spectively may be shown by the general equation 

and the reaction between Al(OH)x and MOH by the 
general equation 

in Ala (OH) X--2MOH-> Alan (OH) in 2X2 (n-1) --2MX 
Consequently, a solution of a high basic aluminium salt 
with optional basicity can be prepared by the reaction of 
a basic aluminium salt and alkali hydroxide as mentioned 
above. 

(3) Furthermore, when the solution of the basic alu 
minium salt prepared by the method (1) or (2) is dialyzed 
using semipermeable membrane, the anion in the solution 
is dialyzed out, leaving a high basic aluminium salt in the 
solution. That is, when one mole of a basic aluminium 
salt representable by the formula, Al(OH)3. Xy, in 
which x, y, m, and n are arbitrary positive integral num 
bers satisfying the relation of x:y <n:n, is dialyzed until 

mole of anion is dialyzed out, 

9, 
mole of OH anion combines with the remaining basic 
aluminium ion to form x/n mole of basic aluminium 
salt having the composition of Alm (OH)3X. For 
example, when one mole of a basic aluminium salt having 
the composition of Al(OH)2X is dialyzed against flow 
ing water until /3 mole of anion is dialyzed out, there is 
obtained a solution of a basic aluminium salt having the 
composition of Al4(OH)1X. In this way, it is theoreti 
cally possible to produce basic aluminium salts with higher 
basicities. However, as basic aluminium salts become 
unstable with the increase of their basicity, it is prac 
tically difficult to produce basic aluminium salts with very 
high basicities, and the method of the present invention 
does not require a basic aluminium salt with such a high 
basicity. 

in the method of the present invention, aluminium soap 
is manufactured by the reaction of a solution containing 
a basic aluminium ion having a definite basicity with a 
fatty acid alkali Salt or with a fatty acid alkali salt and 
alkali as mentioned before. 
The fatty acid alkali salt is composed of lauric, myristic, 

palmitic or stearic acid and sodium or potassium, for ex 
ample. The reaction between the two reactants does not 
require a specific condition. It is conducted in water or 
in an aqueous solvent at room temperature or under heat 
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ing. As the solvent other than water there may be profit 
ably used a lower aliphatic alcohol, ketone, or ester such 
as methanol, ethanol, acetone or ethyl acetate. The alkali 
is used in the form of hydroxide, carbonate or bicarbon 
ate. 
The present invention involves the following methods: 
(I) Reaction between a basic aluminium salt and a 

fatty acid alkali salt. 
(II) Reaction between a basic aluminium salt, a fatty 

acid alkali salt and alkali. 
As is described below in detail, the method (I) is suita 

ble for manufacturing aluminium soap in which the ratio 
between aluminium and the fatty acid is about 1-5:1, 
and the method (II) is proper for manufacturing alu 
minium soap in which the proportion of aluminium to 
the fatty acid is larger. 

(I) As was already described in detail, there exist 
many basic aluminium salts with different compositions, 
but they may be represented by the general formula 
Al2n(OH)3Xs. And the charge of the basic aluminium 
ions produced by the dissociation of the basic aluminium 
salts depends on the n-value. Hence, if a basic aluminium 
salt is reacted with a fatty acid alkali salt equivalent to 
the charge of the former's ion, there occurs double de 
composition between them to form a kind of aluminium 
soap with a definite composition. That is, reaction be 
tween a solution of one mole of a basic aluminium salt 
representable by Al(OH)3-Xy and a solution of y-mole 
of a fatty acid alkali salt representable by MR (wherein 
M is an alkali metal and R is a fatty acid) produces one 
mole of aluminium soap representable by Al(OH)3x-yRy. 
Reaction of a basic aluminium salt having the composi 
tion of Al2(OH)3X, of which in corresponds to 10 in 
the general formula, with a fatty acid alkali salt repre 
sentable by MR (wherein M is an alkali metal and R is 
a fatty acid) proceeds as follows: 

and the ratio between aluminium and the fatty acid in 
the resulting aluminium soap (Al2(OH)R) is 2:1. 

Likewise, if basic aluminium salts with other composi 
tions are allowed to react with a fatty acid alkali salt 
equivalent to the charges of the former's ions, there are 
obtained various kinds of aluminium soap with com 
positions corresponding to those of the basic aluminium 
salts. 

(II) As mentioned before, basic aluminium salts in 
which the proportion of aluminium to anion is larger 
than 5:1 are unstable and therefore their manufacture is 
practically very difficult. The method described in (I) 
is therefore limited for the manufacture of aluminium 
soap in which the proportion of aluminium to the fatty 
acid is smaller than 5:1. 

For the manufacture of aluminium soap in which the 
proportion of aluminium is larger, the following method 
is profitably employed. Of course, aluminium soap in 
which the proportion of aluminium to the fatty acid is 
smaller than 5:1 can be manufactured by the same 
method. The method comprises reacting a solution of a 
basic aluminium salt having an arbitrary composition 
with less than an equivalent of a fatty acid alkali Salt 
and allowing the remaining anion to react with the equiv 
alent of alkali. This is also explained as follows. For 
the manufacture of aluminium soap in which the ratio 
between aluminium and matty acid is m:n from a basic 
aluminium salt in which the proportion of aluminium to 
anion is 

??, (<r y n. 

the salt is reacted with nx/m mole of a fatty acid alkali 
salt and the remaining 
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6 
mole of anion is replaced with OH when it is reacted 
with 

( 3. y 2. 

mole of alkali. This reaction may be represented by 
the equation: 

More particularly, the reactions for the manufacture 
of those kinds of aluminium soap in which the ratios be 
tween aluminium and a fatty acid are 4:1, 5:1, 8:1 and 
16:1 from a basic aluminium salt with the composition 
of Al(OH)2X3 are explained by the following equa 
tions, 

(III) In the above-mentioned methods, the anion was 
always regarded as a monobasic inorganic acid, but 
basic aluminium salts containing dibasic inorganic acid, 
such as sulfate, are usable for the manufacture of various 
kinds of aluminium soap having optional compositions 
in the same principle as above. For example, when a 
sulfate ion is added to a solution of a highly condensed 
basic aluminium ion, a sparingly soluble basic aluminium 
sulfate is precipitated, the sulfuric acid ion of which, 
however, is removed by the addition of alkali. More 
concretely, a basic aluminium ion is sufficiently condensed 
in a solvent and a sulfate (mainly a solution of alkali 
sulfate is employed) is added to the solution and the re 
sulting basic aluminium sulfate is allowed to react with 
a fatty acid alkali salt and alkali in a solvent to produce 
aluminium soap. This procedure may be effected in 
two ways: (1) To a solution of a fatty acid alkali salt is 
added alkali and the solution is reacted with the basic 
aluminium sulfate, (2) the basic aluminium sulfate is 
first reacted with a fatty acid alkali salt and the remain 
ing anion is removed by the addition of alkali. 

For example, reactions for manufacturing such kinds 
of aluminium soap, in which the ratios between aluminium 
and a fatty acid rest are 4:1 and 8:1, from a basic alu 
minium sulfate (Al2(OH)2SO4), a fatty acid alkali 
salt (MR, wherein M is an alkali metal and R is a fatty 
acid rest) and alkali (MOH) are shown as follows, 

(In the case of 4:1) 

(In the case of 8:1) 
2Al(OH)2SO4--MR-3MOH-> Al3(OH)2R-2MgSO4. 

In this way, aluminium soap with any desired composi 
tion may be manufactured by properly selecting the 
amounts of the reactants. In this case, however care 
should be taken not to use an excess amount of alkali 
because the reacted fatty acid is removed from the prod 
uct. 

Unlike the aluminium soap prepared by the known 
methods, the products of this invention have a definite 
composition respectively, and therefore it may be un 
necessary to purify them, but if necessary, they are 
washed with an organic solvent such as acetone to re 
move impurities such as free fatty acid. 
Among the aluminium soaps prepared by the method 

of the present invention, aluminium monostearate, and 
aluminium distearate are known compounds, but those 
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which contain stearic acid in smaller proportion are all 
not found in the literature. 
The properties of compounds consisting of aluminium 

and stearic, capric, palmitic and lauric acids are as foll 
lows. 

1. INDEX OF REFRACTION (BY IMMERSION 
METHOD) AND MELTING POINT 

Index of 
refraction 

Composition Melting 
point, C. 

Al(OH)(C17H35C02)2-------------------------- 
Al(OH)2C17H35CO2---------------------------- 
Al2(OH)5C17H35CO2----- 
Als(OH)2(C17H35CO2)3 
Als(OH)2(CH35CO2)2 
Als(OH)3C17H35CO2. 
A16(OH)4C17H3CO2-- - - 

Als(OH)14C17H35CO2-------------------------- 
Al(OH)2CHisCO2---- 
Al(OH)(CH3CO2).--- 
Ai(OH)2C6H3CO2.-- 
Al(OH) (C15H31CO2)2-- - - 
Al(OH)2C3H27CO2.--------------------------- 
Al(OH) (C18H27CO2)2.-- 
Al(OH)2CH23CO2---- 
Al(OH)(C11H23CO2):-- 

4697 
1,4786 
1. 4864 
.490 
4965 

1.505 
1.526 
1.4965 
4117 
417 

i. 4785 
2.4785 
i. 4743 
4743 

. 4743 
1. 4743 

150-154 
179-190 

1 (decomp.) 
1 (decomp.) 
1 (decomp.) 
1 (decomp.) 
1 (decomp.) 
i (decomp.) 

235 
20 
203 
160 
185 
66 
229 
175 

1 All decompose at high temperatures. 

2. ANGLES OF DEFFRACTION OF X-RAYS 

Al(OH)(CHas CO2); Al(OH)2(CH35CO2) 

Products of the 
present inv. 

Products of the 
present inv. 

Value in the 
literature 

Walue in the 
literature 

3.40------------------ 3.35 
(4.50) 
5.78 
(9.7) 

(10.5) - 
I. 52 

3.45------------------------------ 
5.83------------------------------ 
10.50----------------- 10.50 
155 1.55 

Values in the brackets are a little ambiguous. 
As shown in the above list the products of the present 

invention exhibit a clear angle of diffraction of X-rays 
respectively, showing that they are highly pure. As far 
as aluminum stearates for example are concerned, their 
halo at d=4.27 A. fades and they become from crystal 
line to amorphous with decrease of the content of the 
stearic acid therein. 

3. INFRARED SPECTRUM 

Aluminium distearate and aluminium monostearate 
have absorptions at 10.15, 8.95, 6.28 and 2.70-2.95p. 
and these values are in accord with those in the literature. 
All the aluminium soaps prepared by the method of the 
present invention show the absorptions of OH and 
-COO at 2.70-2.90p, and 6.30p respectively, establish 
ing that the respective fatty acids are combined com 
pletely. 

4. SOLUBILITY 

The products of the present invention are insoluble in 
water and other usual solvents, but those which contain 
fatty acids in high content are soluble in solvents of ben 
zene series, such as benzene and Xylene, and vegetable oils, 
such as sesame oil and olive oil. The solubility of alu 
minium soaps becomes low with the decrease of the fatty 
acid content therein and part of them remains undissolved 
in swollen form. 

Like the known aluminium mono- and di-fatty acid 
compounds, the products of the present invention are em 
ployed in the manufacture of lubricant grease, paints, vis 
cosity-increasing agents, caking agents, frosting agents, 
medicines, water-proofing agents, suspending agents and 
cement, especially in the rubber industry as accelerator 
of vulcanization and dispersing agents. And also the prod 
ucts are useful as distributing and reinforcing helper of 
the silica added to rubber. 
The following examples serve merely as illustrative of 
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8 
this invention and do not restrict the scope of the inven 
tion. 

Remarks on the Examples 
(1) Molecular formulae of basic aluminium chlorides 

described in the following examples show merely the ratio 
of their components. In reality, basic aluminium chlo 
rides ready to react with a fatty acid alkali salt are dis 
Sociated into chlorine ions and condensed basic aluminium 
ions with various basicities. 

(2) A1 mole/l. solution of a basic aluminium chloride 
designates a solution of a basic aluminium chloride, in 
which the content of aluminium is 1 gram-atom in 1 litre. 

(3) “Solution' means an aqueous solution except other 
wise noted. 

(4) Temperatures are all uncorrected. 
(5) “N' means concentration of "normal unit.' 

EXAMPLE 

(1) One tenth mole 2.7 g. of metallic aluminium is 
dissolved in 100 cc. of 2N-HCl (0.2 mole) under heating 
to form a solution of a basic aluminium chloride repre 
sentable by the formula of Al(OH) Cla. 

(2) To a solution of 47.5 g. (0.1 mole) of potassium 
alum (AK(SO4(12H2O) is added a solution of sodium 
bicarbonate. After washing with water, the resulting alu 
minium hydroxide is dissolved in 100 cc. of 2N-HCl (0.2 
mole) and the solution is heated for 1 hour at about 
100° C. in a water-bath to obtain a solution of a basic 
aluminium chloride representable by the formula of 
Al(OH) Cl2. 

(3) To a solution of 24.2 g. (0.1 mole) of hydrous 
aluminimum chloride in 100 cc. of water is added grad 
ually 8.4 g. (0.1 mole) of sodium bicarbonate with stir 
ring, and the mixture is heated at about 100° C. on 
a water-bath for 1 hour to yield a solution of a basic 
aluminum chloride representable by the formula of 
Al(OH)Cl. 
Any of the solutions of the basic aluminium chloride 

produced by the above three methods is diluted with wa 
ter to 200 cc. The diluted solution is added to a solution 
prepared by dissolving 56.90 g. (0.2 mole) of stearic acid 
and 8 g. (0.2 mole) of sodium hydroxide in 200 cc. of 
Water under heating on a water-bath. After the product 
has precipitated, it is washed with water to remove chlo 
rine ion and dried at 100° C. The product is extracted 
with acetone in Soxhlet's extractor to remove free stearic 
acid, obtaining 57 g. of aluminium distearate whose for 
mula is Al(OH) (CH3COO). 
Aluminium distearate produced from the basic alu 

minium chloride prepared by the above method (1): 
Analytical value: Al, 4.47%; CH3COO, 91.28% 
Ratio of Al:C17H35COO: Calcd. 1:2, found 1:1.943 
Melting point: 150-154 C. 
Refractive index: 1.4697 (21 C.) 
Aluminium distearate produced from the basic alumi 

nium chloride prepared by the above method (2): 
Analytical value: Al, 4.54%; CH3COO, 91.28% 
Ratio of Al:C17H35COO: Calcd. 1:2, found 1:1.913 
Melting point 162-164 C. 
Refractive index: 1.4743 (21 C.) 

EXAMIPLE 2 

(1) 2.7 g (0.1 mole) of metallic aluminium is dissolved 
in 50 cc. of 2N-HCl (0.1 mole) under heating to obtain 
a solution of a basic aluminium chloride whose formula 
is Al(OH)2Cl. 

(2) To an aqueous solution of 47.58 g. (0.1 mole) of 
potassium alum (Al K(SOA) 12H2O) is added a solution 
of Sodium bicarbonate to form aluminium hydroxide. 
The aluminium hydroxide is dissolved in 50 cc. of 2N-HC1. 
with stirring and the solution is heated for 1 hour at 100° 
C. to give a solution of a basic aluminium chloride whose 
formula is Al(OH)Cl. 

(3) To a solution of 24.2 g. (0.1 mole) of hydrous 
aluminium chloride in 100 cc. of water is added gradu 
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ally 16.8 g. (0.2 mole) of sodium bicarbonate with stir 
ring and the solution is heated for 1 hour at 100° C. on 
a water-bath. 
Any of the solutions of the basic aluminium chloride 

produced by the above three methods is diluted with Water 
to 200 cc. and added to a solution of 28.45 g. (0.1 mole) 
of stearic acid and 4 g. of sodium hydroxide (0.1 mole) 
in 1000 cc. of water, and the mixture is heated on a water 
bath until the product precipitates. After washing with 
water to remove chlorine ion, the product is extracted 
with acetone in Soxhlet's extractor to remove free Stearic 
acid, obtaining 33 g. of aluminium monostearate whose 
formula is Al(OH)2(CH350OO). 
Aluminium monostearate produced from the basic alu 

minium chloride prepared by the above method (1) : 
Analytical value: Al, 7.24%; CH3COO, 81.65% 
Ratio of Al:CH3COO: Calcd. 1:1, found 1:1.072 
Melting point: 179-190° C. 
Refractive index: 1.4786 (21 C.) 
Aluminium monostearate produced from the basic alu 

minium chloride prepared by the above method (2): 
Analytical value: Al, 7.08%; CH3COO, 81.19% 
Ratio of Al:CH35CO: Calcd. 1:1, found 1:1.09. 
Melting point: 168-170° C. 
Refractive index: 1:486 (21° C.) 

EXAMPLE 3 

A solution prepared by dissolving 5.4 g. (0.2 mole) of 
metallic aluminium in 50 cc. of 2N-HCl (0.1 mole) 
under heating is treated with a small amount of activated 
charcoal and diluted with water to 100 cc. To a solu 
tion of 28.45 g. (0.1 mole) of stearic acid and 40 g. 
(0.1 mole) of sodium hydroxide in 850 cc. of water is 
added the above solution and the mixture is heated on a 
water-bath until the product precipitates. After wash 
ing with water to remove chlorine ion, the precipitate is 
dried at 100° C. and then extracted with acetone in 
Soxhlet's extractor to remove free stearic acid, obtaining 
41 g, of aluminium half-stearate whose formula is 
Al2(OH)3(CH35COO). 
Analytical value: Al, 12.79%; CH3COO, 67.09% 
Ratio of Al:CH3COO: Calcd. 1:0.5, found 1:0.563 
Refractive index: 1.5014 (21 C.) 
The product does not melt but decomposes at a high 

temperature. 
EXAMPLE 4 

A solution prepared by dissolving 10.8 g. (0.4 mole) 
of metallic aluminium in 100 cc. of 3N-HCl (0.3 mole) 
under heating is treated with a small amount of activated 
charcoal and diluted with water to 2000 cc. The diluted 
solution is added to a hot solution prepared from 85.34 
g. (0.3 mole) of stearic acid, 150 cc. of 2N-NaOH (0.3 
mole) and 2550 cc. of water and the mixture is stirred 
until the product precipitates. After washing with water 
to remove chlorine ion, the precipitate is dried at 100° C. 
and extracted with acetone in Soxhlet's extractor to re 
move free stearic acid, whereupon 65.6 g. of aluminium 
stearate with the composition of Al4(OH) g(C17H35COO)3 
is obtained. 
Analytical value: Al, 9.19%; CH3COO, 77.13% 
Ratio of Al:CH3COO: Calcd. 1:075, found 1:078 

EXAMPLE 5 

A solution prepared by dissolving 13.5 g. (0.5 mole) 
of metallic aluminium in 100 cc. of 2N-HCl (0.2 mole) 
under heating is treated with a small amount of activated 
charcoal and diluted with water to 2500 cc. The diluted 
solution is added to a solution of 56.90 g. (0.2 mole) of 
stearic acid and 100 cc. of 2N-NaOH (0.2 mole) in 
1930 cc. of water under heating. After washing with 
water to remove chlorine ion, the product is extracted 
with acetone in Soxhlet's extractor to remove free stearic 
acid, obtaining 85.6 g. of Als (OH)13(C17H35COO)2. 
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Analytical value: Al, 13.26%; CH35COO, 61.94% 
Ratio of Al:CH3COO: Calcd. 1:0.40, found 1:0.43 

EXAMPLE 6 

To 300 cc. of a hot 0.1 mole/I. solution of sodium. 
stearate (0.03 mole) is added with stirring 80 cc. of a hot 
1 mole/1, solution of a basic aluminium chloride (0.08 
mole) representable by the formula of Alg(OH)21Cls, 
in which the ratio of Al:Cl is 8:3, whereupon a white 
precipitate is formed. The mixture is further stirred vig 
orously for a while, and the precipitate, after washing 
with water to remove chlorine ion completely, is dried 
at 100-105 C., whereupon 14.0 g. of aluminium stearate, 
in which the ratio of Al:CH3COO is 8:3 (mole ratio), 
is obtained. 
Analytical value: Al, 13.78%; CH3COO, 55.27% 
Ratio of Al:CH35COO: Calcd. 1:0.375, found 1:0.38 
Refractive index: 1.491 (20° C.) 
The product has no melting point, but decomposes at 

a high temperature. 
The above 1 mole/1. solution of the basic aluminium 

chloride is prepared as follows: 54 g. (2 mole) of metallic 
aluminium is dissolved in 365 cc. of 10% HCl (1 mole) 
under heating and the resulting solution of a basic alu 
minium chloride, in which the ratio of Al:Cl is 2:1, is 
adjusted to 2 mole/l. solution. To the solution is added 
250 cc. of N-NaOH (0.25 mole) and the mixture is vig 
orously stirred at a room temperature, when the resulting 
precipitate goes again in solution. The solution is treated 
with activated charcoal and diluted with water to 2000 cc. 

EXAMPLE 7 

To 200 cc. of a hot 0.1 mole/I. solution of sodium 
stearate (0.02 mole) is added with stirring vigorously 80 
cc. of a hot 1 mole/l. Solution of a basic aluminium 
chloride (0.08 mole) representable by the formula of 
Al3(OH)2Cl3, in which the ratio of Al:Cl is 8:3 (mole 
ratio), and the mixture, after addition of 10 cc. of 
N-NaOH (0.01 mole), is stirred thoroughly on a water 
bath to form a homogeneous precipitate. The precipitate 
is washed with water free of chlorine ion and dried at 
100-105 C., whereupon 11.5 g. of aluminium stearate, 
in which the ratio of Al:CH3COO is 4:1 (mole ratio), 
is yielded. 
Analytical value: Al, 18.03%; CH3COO, 53.62% 
Ratio of Al:CH3COO: Calcd. 1:0.25, found 1:0.28 
Refractive index: 1.4965 (20° C.) 
The product does not melt but decomposes at a high 

temperature. 
EXAMPLE 8 

To a hot solution composed of 80 cc. of 0.1 mole/l. 
solution of sodium stearate (0.008 mole) and 7 cc. of 
N-NaOH (0.007 mole) is added with stirring 40 cc. 
of a hot 1 mole/l. solution of a basic aluminium chlo 
ride (0.04 mole) representable by the formula of 
Al(OH)2Cl3. The resulting precipitate is washed with 
water to remove chlorine ion completely and dried at 
100-105 C., whereupon 5 g. of aluminium stearate rep 
resentable by the formula of Ali (OH)4CHCOO is 
obtained. 
Analytical value: Al, 19.80%; CHCOO, 44.86% 
Ratio of Al:CH35COO: Calcd. 1:0.20, found 1:0.21 
Refractive index: 1.4965 (16.5° C.) 
The product has no melting point, but decomposes at a 

high temperature. 
EXAMPLE: 9 

To a hot solution composed of 50 cc. of 0.1 mole/1. 
solution of sodium stearate (0.005 mole) and 10 cc. of 
N-NaOH (0.001 mole) is added with stirring 40 cc. of 
a 1 mole/l. Solution of a basic aluminium chloride (0.04 
mole) representable by the formula of Al(OH)2Cls. 
The resulting precipitate is washed with water free of 
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chlorine ion and dried at 100-105 C., whereupon 4 g. 
of aluminium stearate representable by the formula of 
Al(OH)2CH35COO is yielded. 
Analytical value: Al, 24.79%; C17H35COO, 33.29% 
Ratio of Al:CHCOO: Calcd. 1:0.125, found 1:0.127. 
Refractive index: 1.5015 (20° C.) 
The product does not melt but decomposes at a high 

temperature. 
EXAMPLE 10 

To a hot solution composed of 25 cc. of 0.1 mole/l. 
solution of sodium stearate (0.0025 mole) and 12.5 cc. 
of N-NaOH (0.0125 mole) is added 40 cc. of a hot 
1 mole/1. solution of a basic aluminium chloride (0.04 
mole) having the composition of Alg(OH)2Cl3. The 
mixture is vigorously stirred and the resulting precipitate 
is washed with water free of chlorine ion and dried at 
100-105 C., whereupon 3.3 g. of aluminium stearate 
whose formula is Allis (OH)4C17H35COO is yielded. 
Analytical value: A1, 28.75%; C17H35COO, 20.66% 
Ratio of Al:CH3COO: Calcd. 1:0.0625, found 

1:0.0685 
Refractive index: 1.5054 (23 C.) 
The product has no melting point, but decomposes at a 

high temperature. 
EXAMPLE 1. 

To a solution of a basic aluminium chloride (the solu 
tion contains 1% of Al) prepared by dissolving 5.4 g. 
(0.2 mole) of metallic aluminium in 36.5 cc. of 10% 
hydrochloric acid (0.1 mole) under heating is added 
180 cc. of 10% solution of sodium sulfate and the mix 
ture is heated. The resulting precipitate is washed with 
water, obtaining pasty basic aluminium sulfate. To the 
sulfate are added 448 cc. of 0.1 mole/l. solution of 
sodium stearate (0.0448 mole) and 44.8 cc. of N-NaOH 
(0.0448 mole), and the mixture is stirred. After wash 
ing with water, the resulting precipitate is dried at 100 
105 C., whereupon 25.52 g. of aluminium stearate, in 
which the ratio of Al:CH35COO is 4:1, is yielded. 
Analytical value: Al, 17.02%; CH3COO, 43.49% 
Ratio of Al:CH3COO: Caicci. 1:0.25, found 1:0.24 
The properties of the product are in accord with those of 

the product of Example 7. 
EXAMPLE 12 

To 200 cc. of a hot 0.1 mole/l. Solution of sodium 
stearate (0.02 mole) is added with vigorous stirring 60 
cc. of a hot 1 mole/l. solution of a basic aluminium 
chloride (0.06 mole) representable by the formula of 
Al3(OH)6Cl, in which the ratio of Al:Cl is 3:1. The 
resulting precipitate is washed with water free of chlorine 
ion and dried at 100-105 C., yielding 9.5 g. of alu 
minium stearate, in which the ratio of Al:CH3COO is 
3:1. 

Analytical value: Al, 15.90%; CH3COO, 58.31% 
Ratio of Al:CH3COO: Calcd. 1:0.333, found 1:0.349 
The product has no melting point, but decomposes at a 

high temperature. 
The above solution of the basic aluminium chloride, 

in which the ratio of Al:Cl is 3:1 (mole ratio), is pre 
pared by dialyzing a 1 mole/1. solution of basic alu 
minium chloride representable by the formula of 
Als(OH)21Cl3 in a cellophane bag against flowing water 
for 24 hours. 

EXAMPLE 1.3 

To 100 cc. of a hot 0.1 mole/l. solution of sodium 
stearate (0.01 mole) is added under vigorous agitation 
50 cc. of a hot 1 mole/l. Solution of a basic aluminium 
chloride (0.05 mole) representable by the formula of 
Als(OH)14Cl, in which the ratio of Al:Cl is 5:1 (mole 
ratio). The resulting precipitate is washed with water 
to remove chlorine ion completely and dried at 105 C., 
obtaining 6 g. of aluminium stearate, in which the ratio 
of Al:CH3COO is 5:1. 
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Analytical value: A1, 19.80%; CH3COO, 44.86% 
Ratio of Al:CH3COO: Calcd. 1:0.2, found 1:0.2155 
Refractive index: 1.4965 (16.5 C.) 
The product has no melting point, but decomposes at a 

high temperature. 
The above solution of the basic aluminium chloride is 

produced by dialyzing a 1 mole/I. solution of a basic 
aluminium chloride representable by the formula of 
Ala(OH)2Cl3 in a cellophane bag against flowing water 
for 9 days. 

EXAMPLE 4. 

To a solution prepared by dissolving under heating 
5.7684 g. (0.04 mole) of n-caprylic acid and 20.0 cc. 
of 2N-NaOH (0.04 mole) in 181 cc. of water is added 
200 cc. of a hot aqueous 0.2 mole/l. Solution of a basic 
aluminium chloride (0.04 mole) representable by the 
formula of Ai(OH)2Cl, prepared in the same manner as 
in Example 2. The mixture is stirred on a water bath of 
100° C. to form a precipitate. After washing with water 
to remove chlorine ion completely, the precipitate is 
dried at 100° C., and extracted with acetone in Soxhlet's 
extractor to remove free n-caprylic acid, whereupon 6.4 
g. of aluminium mono-n-caprylate, in which the ratio of 
Al: (CH3COO) is 1:1, is obtained. 
Analytical value: A1, 13.03%; CHisCOO, 69.13% 
Ratio of Al: (CHCOO): Calcd. 1:1, found 1:0.992 
Melting point: 235 C. 
Refractive index: 1.4117 (22 C.) 

EXAMPLE 1.5 

To a solution prepared by dissolving under heating 
9.134 g. (0.04 mole) of myristic acid and 20.00 cc. of 
2N-NaOH (0.04 mole) in 287 cc. of water is added 
200 cc. of a hot 0.2 mole/l. solution of a basic alu 
minium chloride (0.04 mole) representable by the for 
mula of Ai(OH)2Cl, prepared in the same manner as in 
Example 2, and the mixture is heated. The precipitate 
thus formed is washed with water, dried at 100° C., and 
extracted with acetone in Soxhlet's extractor to yield 
11.63 g. of aluminium monomyristate in which the ratio 
of Al:CHCOO) is 1:1. 
Analytical value: Al, 9.19%; CHCOO, 80.59% 
Ratio of Al: (C18H2COO): Calcd. 1:1, found 1:1.03 
Melting point: 185° C. 
Refractive index: 1.4743 (23 C.) 

EXAMPLE 16 

To a hot solution of 7.69 g. (0.03 mole) of palmitic 
acid and 15 cc. of two moles/l. solution of sodium hy 
droxide (0.03 mole) in 215 cc. of water is added with 
stirring 80 cc. of 1 mole/1. hot (100° C.) solution of a 
basic aluminium chloride (0.08 mole) representable by 
the formula of Al(OH)2Cl3 to form a precipitate. After 
washing with water, the precipitate is dried at 105 C. 
to obtain. 13.40 g. of aluminium palmitate representable 
by the formula of Als(OH)21 (C15H31COO)3. 
Analytical value: Al, 15.71%; C5H8COO, 56.34% 
Ratio of Al:CH3COO: Calcd. 8:3, found 8.00:3.02 
Refractive index: 1.4965 (20° C.) 
The product has no melting point, but decomposes at a 

high temperature. 
EXAMPLE 1.7 

To a hot solution of 4.567 g. (0.02 mole) of myristic 
acid and 15 cc. of 2 moles/1. solution of sodium hy 
droxide (0.03 mole) in 137 cc. of water is added with 
stirring 80 cc. of a 1 mole/l. hot solution of a basic 
aluminium chloride (0.08 mole) representable by the 
formula of Als (OH)2Cl3 to form a precipitate. After 
Washing with water, the precipitate is dried at 105 C. 
to obtain 10.46g, of aluminium myristate representable 
by the formula of Al(OH) 11 (C18H3COO) w 

Analytical value: A1, 19.99%; CHCOO, 44.11% 
Ratio of Al:C18H2COO: Calcd. 1:0.25, found 1:0.26 
Refractive index: 1.48635 (22° C.) 
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The product has no melting point, but decomposes 
high temperature. 

EXAMPLE. 18 
To a hot solution of 2.003. g. (0.01 mole) of lauric acid 

at a 
14 - 

is x:y with an aqueous solution of y mole of alkali Salt of 
a fatty acid, whereby a water-insoluble aluminium Soap 
composed of Alt++, fatty acid and OH is obtained. 

3. A process for producing water-insoluble aluminium 
4. soap in which the ratio of aluminium to fatty acid is 

and 15 cc. of 2 moles/l. Solution of sodium, hydroxide m:n, which comprises the reaction between an aqueous 
(0.03 mole) in 60 cc. of water is added under stirring solution of 1 mole of a basic aluminium chloride in which 
80 cc. of a 1 mole/1. hot solution of a basic aluminium the mole ratio of aluminium to chlorine is x:y, an aqueous 
chloride (0.08 mole) representable by the formula of solution of n x/n mole of an alkali salt of a fatty acid and 
Al(OH)2Cl to produce a precipitate. After washing 10 an aqueous solution of 
with water, the precipitate is dried at 105 C. to obtain 
8.07 g. of aluminium laurate representable by the formula C 
of Als(OH)23(CH23COO). (j-, 
Analytical value: Al, 24.97%; C11H23COO, 23.38% w Ratio of Al:CHCOO. calcd.i.0125, found 1:0.126 15 mole of alkali, whereby a water-insoluble aluminusoap 
Refractive index: 1.4864 (20 C.) composed of Alt++, fatty carboxylic acid and OH is 
The product does not melt but decomposes at a high obtained. 4. The process of claim 1, wherein the basic aluminium 

temperature. alt i basic alumini Ifat Salt S 2 aSC all State. 

T hot soluti t o 1. le) of 2-ethyl 20 fi, TFE, of 1, y the fy age; to a hot Solution O. 42 g (0.1 mole) of 2-ethyl- of the i salt is a fatty acid moiety having 5 to 
hexonic acid in 50 cc. of 2N-NaOH (0.1 mole) of 60' carbon atoms. 
C. is added under stirring 100 cc. of a 1 mole/l. hot solu- 6. The process of claim 5, wherein the fatty acid is a 
tion of a basic aluminium chloride (0.1 mole) represent- member of the class consisting of caproic acid, caprylic 
able by the formula of Al(OH)2Cl to produce a pre- 25 acid, capric acid, lauric acid, myristic acid, palmitic acid 
cipitate. After washing with water, the precipitate is and stearic acid. 
dried at 105 C. to obtain 20.4 g of aluminium 2-ethyl- 7. Water-insoluble aluminum soap composed of Altt, 
hexonate representable by the formula of E. acid. and OH, in which the ratio of aluminium to 

Al(OH H(CH atty acid is at least 2:1. (OH)2(CH3(CH2)3CH(CH) COO) 30 8. Water-insoluble aluminum soap of claim 7, wherein 
Analytical value: A1, 13.24%; CHCOO, 67.13% the fatty acid is a member of the class consisting of caproic 
SE s: AE; o found 1:0.95 E. Ap: acid, capric acid, lauric acid, myristic acid, eaCtWelceX . o C. palmitic acid and stearic acid. 
The product has no melting point and decomposes at a 9. Water-insoluble aluminum soap composed of Alt++, 

high temperature. 35 stearic acid and OH, in which the ratio of aluminium to 
stearic acid is 2:1. 

EXAMPLE 20 10. Water-insoluble aluminum soap composed of 
Aluminium soaps of this invention other than those Altt, stearic acid and OH, in which the ratio of 

described in the preceding examples may also be produced aluminium to stearic acid is 5:2. 
through paths similar to those of the above examples. 40 11. Water-insoluble aluminium soap composed of 
The following table shows the natures of several examples Alth, stearic acid and OH, in which the ratio of 
of such aluminimum soaps. aluminium to stearic acid is 8:3. 

Analytical value Ratio of 
Al:RCOO Melting Refracti 

Compounds Ala(OH)n-a(R000). A 55 E" In 'atty ac o C. o C. (Al), RE65, Caled. Found (23° C.) 
percent percent 

Al(OH)(CHisCOO)2----------------------- 9.02 80.05 1:2 1:1.66 210 . 417 
Al(OH)(C15H31COO).---- 8, 49 80.36 :11:1.00 203 4785 
Al(OH) (C15H3COO)a- 5.5 92.91. 1:2 1:1.94 160 4785 
Al(OH)(C3H27COO)2- 5,29 90.03 :21:2.01 166 4743 
Al(OH)2(C1E23COO). 0.71 72.91 : 1:0.95 229 1. 4743 
Al(OH) (C1123COO)2---- 6.02 80.36 1:2 1:2.00 175 1,4743 

What is claimed is: 12. Water-insoluble aluminium soap composed of 
1. A process for producing a water-insoluble aluminum Alt, stearic acid and OH, in which the ratio of 

soap, which comprises subjecting to double decomposi- aluminium to stearic acid is 4:1. 
tion (1) a basic aluminum salt of the formula 13. Water-insoluble aluminium soap composed of 

(Al2(OH)3(X)s 60 Alt++, stearic acid- and OH, in which the ratio of 
- aluminium t id is 5:1. 

wherein n is a positive integer and X is a member "E"WE." R, Soap composed of 
selected from the group consisting of Cl and SO, Al- stearic acid and OH, i E h th p ti 
with (2) a member selected from the group consisting of alumini to stearic acid is 8:1 , 11. Whilc. aO O 
an alkali salt of a fatty acid and a mixture of an alkali salt 65 15 WE os E. Af : . 
of a fatty acid with an alkali solution in an aqueous medi- Alth 4- alerinsoluple autum soap comp osed of 
um; the amount of the salt of the fatty acid being at least . . Stearic acid and OH, in which the ratio of 
equivalent to (X), thereby obtaining a homogeneous, aluminium to stearic acid is 16:1. 
uniform product characterized by a definite refraction 6. Willie ity. Soap Epid of index. 70 , palmitic acid and OH, in which the ratio of 

2. A process for producing a water-insoluble aluminium aluminium to palmitic acid is 8:3. 
soap according to claim 1 in which the mole ratio of 17. Water-insoluble aluminium soap composed of 
aluminium to fatty acid is x:y, which comprises reacting Alt, myristic acid and OH, in which the ratio of 
an aqueous solution of 1 mole of a basic aluminium aluminium to myristic acid is 4:1. 
chloride in which the mole ratio of aluminium to chlorine 75 18. Water-insoluble aluminium soap composed of 
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