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ABSTRACT

A synthetic chalcoalumite compound represented by

the formula (1)

(ZNa-x” M* )AL, " (OH) p (A™) comH0 (1)

wherein

M°* represents at least one of Cu, Ni, Co and Mg;
a represents 0.3< a< 2.0;

x represents 0< x< 1.0;

b represents 10< b< 14;

A"" represents one or two selected from S04°7,
HPO,*", CO3°7, Cr04°7, S$Si03°7, S03°7, NO3~, OH  and Cl~;
c represents 0.4< ¢c< 2.0 and

g

m represents a number of 1 to 4,

and a process for the production thereof. The synthetic

chalcoalumite compounds of the i1nvention are colourless, low

in toxiclity and are comparatively 1nexpensive to natural

chalcoalumite compounds, and are useful as 1nfrared

absorbers for agricultural films, heat stabilizers of PVC,

ink jet recording media, neutralizers and i1nactivators of

g
—

acldic substances 1n resins or rubbers, for removal of

y—
prr—

phosphate and chromate 1ons 1n industrial waste, for

carrying dies or antlbacterial substances thereon, and

deodorants.
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SYNTHETIC CHALCOALUMITE COMPOUNDS AND PROCESS
FOR PRODUCING THEREOF

DETAILED DESCRIPTION OF THE INVENTION

O Industrially Applicable Field

This invention relates to novel chalcoalumite

compounds and a process for producing thereof. More
specifically, the invention relates to novel synthetic
chalcoalumite compounds represented by the following

10 formula (1) fit as neutralizers and inactivators of
acidic substances remaining in resins or rubbers, infra-
red absorbers for agricultural films, antibacterial
agents, deodorants, heat stabilizers of PVC and agents
for removing phosphate ion and chromate ion contained 1n

15 1ndustrial waste water, and further for recording med1ia

for ink jet, and a process for producing thereof.

2+, 24 3 ¢ n- R -
(Zna_ . Mx )A'I4 (OH)b (A )c mHzo (1)
20 wherein
M2+ represents at least one of Cu, Ni, Co and

Mg,

a represents 0.3< a< 2.0,
x represents 0s x< 1.0, with the proviso that X<a,

25 b represents 10< b< 14,

A" represents one or two selected from 804 ¢~
| 2 - 2 - 2 - : 2 ~ 2 - .
HPO4 , CO3 , Cr04 : S1O3 , SO3 . NO3 :
OH and C1 ,
c represents 0.4< ¢« 2.0 and
30 m represents a number of 1 to 4.

Prior Art

It 1s known that the following subs tances
exi1st 1n the nature as chalcoalumite compounds [see
35 JCPDS (Joint Committee ON Powder Diffraction Standard)

card].
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Chalcoalumite: CuA14SO4(OH)12‘3H20
Mbobomkulite : (Ni,Cu)A14[(NO3)2(804)](0H)1293H20
Nickelalumite: (Ni,Cu)A14[(SO4)(NOS)](OH)lz'BHZO

O Problems to be Solved by the Invention

The present inventors have researched into
physicochemical characteristics of the above-mentioned
chalcoalumite compounds, and have found several inter-
esting properties. Namely, a chalcoalumite compound has

10 such crystal structure that a divalent cation partially
occupies the vacancy of aluminum hydroxide having laver
structure (Al (OH)3 . gibbsite), and sulfate ions and
water molecules are contained between the layers of
[M2+A14 (OH)12 ]2* having positive electric charge, and it

15 can be ascertained, from the fact that an anionic dye is
adsorbed on the solid surface as shown in Fig. 2, that
the surface has positive electric charge.

Cu and Ni are found as divalent metal elements
constituting the chalcoalumite structure in natural

20 minerals, whereas Zn alone, or Cu, Ni, Co or Mg each
with Zn exists as divalent metal elements constituting
the synthetic chalcoalumite compounds of the invention.

Thus, Zn, Cu, Ni, Co and Mg are confirmed as
divalent metal elements capable of constituting chalco-

25 alumite structure, and Zn and Cu each can constitute by
1tself chalcoalumite structure, or they can constitute
chalcoalumite structure in such a form that they are
mutually substituted for each other. There can also
exist a compound of chalcoalumite structure wherein Zn

30 and/or Cu exist(s) as main metal(s) and part thereof is
displaced'by Ni, Co and/or Mg.

Further, 1in the composition of the above
formula (1) showing the synthetic chalcoalumite com-
pounds of the invention, part of the anion (A"" ) has ion

35 exchange ability, and an anion close to 8042— and NO3_

1n the shape and size of the anion can substitute for
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SO, - or N03”. As anions capable of being substi tuted,
there can be mentioned anions (HPO42-, Cr042-) forming
tetrahedral structure, anions (0032-, N03_) forming

plane triangle structure, and anions (8032' ) forming
equilateral trigonal pyramid structure.

Among the synthetic chalcoalumite compounds of
the invention having the composition represented by the
above formula (1), those wherein the anion (A"') in the
formula (1) 1is 8042-, NO3- or C1 or the 1ike have large
solubilities, and it is possible to control the solubil-
1ties of the synthetic chalcoalumite compounds in aque-
ous systems by substituting other anions such as, repre-

32-, 8032_ and OH for these anions.

sentatively, CO

Natural chalcoalumite compounds containing Cu
and/or Ni as divalent metal element(s) have color spe-
cific to the element(s) and therefore are low in utili-
zation value, but they can be utilized for uses such as
antibacterial agents, deodorants or flame retardants for
resins.

On the other hand, the synthetic chalcoalumite
compounds of the invention containing Zn alone or mainly
Zn metal as divalent metal element(s) have not hitherto
been known at all, and since they are colorless, low in
toxicity and comparatively inexpensive, they have high
utilization value, and are fit for various uses, for
example as infrared absorbers for agricultural films,
heat stabilizers of PVC, ink jet recording media (fas-
tening of water soluble anionic dyes), neutralizers and
inactivators of acidic substances remaining in resins or
rubbers, and further for removal of phosphate ion and
chromate {on contained i1in industrial waste water, and
for carrying dyes or antibacterial substances thereon,

e tc.
Thus, the colorless synthetic chalcoalumi te

compounds of the invention which contain Zn alone or

mainly Zn metal as divalent metal element(s) can be
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utilized for broader uses, compared with the usual

natural chalcoalumi te compounds .

The characteristics of the synthetic chalco-
alumite compounds of the invention wherein part or all
of the divalent metal elements consti tuting chalco-
alumite structure are displaced with Zn, compared with
CuA14—type or (Cu, Ni)A14—type chalcoalumite compounds
existing in the nature, are mentioned as follows.

(1) their color is paler than that of natural
ones, or white (colorless system)
(11) Co, Ni and Cu are elements having high cata-

lytic activities, and have strong action to

therewith. Substitution of Zn therefor gives
stabler and safer compounds which can be

utilized for various resins.

(i11) The synthetic chalcoalumite compounds (Zn, A14
type) of the invention are stable compounds.
Namely, chalcoalumite compounds con taining Cu,
or Cu and Ni as a component, which compounds
also exist in natural minerals, are unstable,
and for example, it is confirmed that when
such a compound is subjected to anion exc hange
treatment with an aqueous sodium carbonate
solution, its crystal structure is destroved
(see Reference example 1).
Thus, the first object of the invention is to
provide novel synthetic chalcoalumite compounds of the

colorless system containing zinc alone or mainly zinc
metal as a-diva1ent metal element.

The second object of the invention is to
provide novel synthetic chalcoalumite compounds of the
colorless system containi ng zinc alone or mainly zinc
metal as a divalent meta1 element, which compounds have

positive charge on the solid surface and specific anion
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exchange ability.

The third object of the invention is to pro-
vide novel synthetic chalcoalumite compounds of the
coloriess system containing zinc alone or mainly zinc

o metal as a divalent metal element, the solubilities of
the compounds in water being controlled.

The fourth object of the invention 1is to
provide synthetic chalcoalumite compounds stabler and
safer than chalcoalumite compounds existing in the

10 nature.

The fifth object of the invention is to pro-
vide an advantageous process for producing the above-
mentioned novel synthetic chalccalumite compounds.

Still other objects of the invention will be

15 apparent from the following description.

Means for Solving the Problems

It has been found that the above objects of

the invention can be accomplished by a synthetic

20 chalcoalumite compound represented by the formula (1)

2+,, 214 3+ n - .
(Zna—x Mx )A'l4 (OH)b (A )c mHZO (1)
wherein
25 M2+ represents at least one of Cu, Ni, Co and
Mg,

a represents 0.3< a< 2.0,
x represents 0= x< 1.0, with the proviso that x<a,

b represents 10< b< 14,

30 A" represents one or two selected from 8042-
| - 2 - 2 - .~ £ - 2 - -
HP04 . CO3 . Cr04 , S+ 03 , SO3 , NO3 ,
OH and C1 ,

c represents 0.4< ¢« 2.0 and
m represents an integer of 1 to 4,

35 and a process for producing a synthetic chalcoalumite

compound of the above formula (1) which comprises sub-
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jecting a water soluble aluminum salt, a zinc compound
which is water soluble in the pH range of about 4 to
about 7, and if necessary, a compound of one or more
elements selected from Ni, Cu, Co and Mg which compound
1s water soluble in the pH range of about 4 to about 7,
to coprecipitation reaction at a reaction pH of about 4
to about 7 and a temperature of about 10 to about 50%C ,
and then subjecting the coprecipitate to hydrothermatl
reaction at a reaction pH of the above-mentioned range
and a temperature of about 80 to about 170°C , or a
process for producing a synthetic chalcoalumite compound
of the above formula (1) which comprises producing a

chalcoalumite compound of the above formula (1) wherein

A" 4 8042‘, and then displacing part of 3042' of the
compound with one anion selected from HPO42-, 0032-,
Cro42‘, 81032', 8032‘, NO,”, OH™ and CI1™.

The synthetic chalcoalumite compounds of the
invention are more detailedly described bel ow.

The synthetic chalcoalumite compounds of the
invention having the compositions of the above formula
(1) can be identified by composition analysis and a
powder X-ray diffraction (XRD) method. Based on the
JCPDS (Joint Committee ON Powder Diffraction Standards)
card, main four lattice spacings (dA ) are shown 1in the
following table.

In each of the synthetic chalcoalumite com-
pounds of the invention, superlattice based on the
A](OH)3 (gibbsite) structure is formed, and a diffrac-
tion line corresponding to the lattice plane (300) of
the compound is detected around 268(Cu Ka—ray) = 62.4 to
62.6° by the XRD method, and this is a diffraction line
based on the regular configuration of the A1 atom of the

above gibbsite structure.
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The synthetic chalcoalumite compounds of the
invention can be produced by the following process.
Namely, such a compound can be produced by subjecting a
water soluble aluminum salt, a zinc compound which is
water solublie in the pH range of about 4 to about 7, and
1f necessary, a compound of one or more elements select-
ed from Ni, Cu, Co and Mg which compound is water solu-
ble in the pH range of about 4 to about 7, to coprecipi-
tation reaction at a reaction pH of about 4 to about 7
and a temperature of about 10 to about 50C , preferably
about 20 to about 40C , and then subjecting the resul-
tant coprecipitate to hydrotherma1 reaction at a reac-
tion pH of the above-mentioned range and a temperature
of about 80 to about 170C , preferably about 100 to
about 150°C .

As compounds of Zn, Ni, Cu, Co and Mg water
soluble 1n the pH range of about 4 to about 7, and water
soluble aluminum salts, which are used for production of
the synthetic chalcoalumite compounds of the invention,
there can, for example, be mentioned

zinc compounds water soluble in the reaction
pH range of about 4 to about 7 such as zinc chloride,
zinc nitrate, zinc sulfate, zinc acetate and zinc oxide,

nickel compounds such as nickel chloride,
nickel sulfate, nickel nitrate and nickel acetate,

copper compounds such as copper chloride,
copper nitrate, copper sulfate and copper acetate,

cobalt compounds such as cobalt chloride,
cobalt nitrate and cobalt sulfate,

magnesium compounds water soluble in the
reaction bH range of about 4 to about 7 such as magne-
stum chloride, magnesium nitrate, magnesium sulfate and
magnesium acetate, and further magnesium oxide and
magnesium hydroxide,

aluminum compounds such as aluminum chloride,

aluminum nitrate, aluminum sulfate and sodium aluminate,
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As alkali compounds used for adjusting the
reaction pH to the range of about 4 to about 7, there
can be exemplified sodium hydroxide, potassium hydrox-
ide, sodium carbonate, potassium carbonate, ammonia
water, ammonia gas, magnesium oxide, magneSium hydrox-—
1de, basic magnesium carbonate, calcium hydroxide, etc. ,
and these alkali compounds are used usually in an amount
of 0.97 to 1.1 equivalents based on the total of the
divalent metal ion(s) and the aluminum ion.

When a synthetic chalcoalumite compound of the
invention is produced, it is necessary to carry out the
reaction at a reaction pH of about 4 to about 7. When
the reaction pH is about 4 or less, the solubility of
the coprecipitate is increased to lower the yield, and
when the reaction pH is about 7 or more, hydroxide(s) of
the divalent metal(s) is/are formed, which causes forma-
tion of a mixture of hydrotalcite-type layer complex
hydroxide(s) wherein part of the cation(s) of the hy-
droxide(s) of the divalent metal(s) is displaced with
trivalent cation(s), with the hydroxide of aluminum.

When the reaction is carried out at an atomic
2+sz*) of the

- X

ion, namely (Zna_xz*sz*)/Ala*

of 0.075 to 0.50, a crystalline chalcoalumi te compound

ratio of the divalent metal ion(s) [(Zna
formula (1)] to the A1%!

1s formed. When, further preferably, the reaction is
carried out at an atomic ratio thereof in the range of

0.15 to 0.37, a chalcoalumite compound extremely good 1in

the growth of crystals is formed. The atomic ratio
between Zn2+ and M2+ (Cu, Ni, Co, Mg) 1is preferably
os Mt/ zntt< 0.5.

In the production of the synthetic chalco-
alumite compounds of the invention, the temperature of
the coprecipitation reaction is not particularly Timit-

ed, but 1t 1s economical to carry out the reaction at a
temperature of about 10 to about 50°C for about 10
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minutes to about 2 hours, and preferably, the reaction
1s carried out at about 20 to about 40°C .

In the hydrothermal reaction, when the reac-
tion temperature is about 80C or less, the formation of
the chalcoalumite structure gets insufficient, and when
1t 1s about 170C or more, boehmite and 3A1203‘4803'10~
15 HZO are undesirably formed. The proper reaction time
1s usually about 1 to about 24 hours, preferably about 3
to about 12 hours.

Further, by producing first a chalcoalumi te

compound of the formula (1) wherein the anion (A“-) is

8042_, and then substituting one anion selected from
HPO, ¢, 0032‘, cro, * 7, 31032‘, S0,° ", NO,”, OH™ and C1-
for part of the 8042“ , a chalcoalumite compound contain-

ing the anion can readily be obtained.

The substitution reaction 1s carried out by
adding a chalcoalumite compound of the formula (1)
wherein the anion (A"_) 1S 8042- to an aqueous solution
of a salt of such an anion or an alkali metal hydroxide
at a temperature of about 20 to about 80°C, and stirring
the mixture for several minutes to about 1 hour. In
this occasion, the salt of the anion or the alkali metal
hydroxide 1s used in such an amount that the equivalent
of the anion to the A1l atom of the formula (1) gets to
be 0.5 to 1.0.

The synthetic chalcoalumite compounds of the
invention can be produced preferably according to the
following process. Namely, such a compound can be
produced by coprecipitation reacting an aqueous solution
of sulfate(s), nitrate(s), or chloride(s), of one or
more e]eménts selected from Zn, N1, Cu, Co, Mg and Al
with one or more compounds selected from ammonia, sodium
hydroxide, potassium hydroxide, magnesium hydroxide,
magnesium oxide, sodium aluminate and zinc oxide, at a
reaction pH of about 4 to about 7 and a temperature of

about 10 to about 50C , and then subjecting the resul-
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tant coprecipitate to hydrothermal reaction at a reac-
tion pH of the above-mentioned range and a temperature
of about 80 to about 170°C , preferably about 100 to
about 150°C .

When a synthetic chalcoalumite compound of the
invention is utilized as an additive for plastics, it is
possible, for making its compatibility with resins, its
processability, etc. better, to surface treat it with at
least one surface-treating agent selected from the group
consisting of higher fatty acids, anionic surfactants,
phosphoric esters, silanes, titanates, aluminum coupling
agents and fatty acid esters of polyhydric alcohols.

As surface-treating agent preferably used,
there can specifically be mentioned higher fatty acids
such as stearic acid, oleic acid, erucic acid, palmitic
acid and lauric acid and alkali metal salts of these
higher fatty acids; sulfate esters of higher alcohols
such as stearyl alcohol and oleyl alcohol: anionic
surfactants such as sulfate ester salts, amide bond
sulfate ester salts, ether bond sulfonate salts, ester
bond sulfonate salts, amide bond alkylarylsulfonate
salts and ether bond alkylarylsulfonate salts: mono- or
diesters between orthophosphoric acid and oleyl alcohol,
s tearyl alcohol or the like, or mixtures of these es-
ters, or alkali metal salts or amine salts thereof:
si1lane coupling agents such as vinylethoxysilane,
vinyl-tris(2-methoxy-ethoxy)silane and y—-aminopropyl-
trimethoxysilane; titanate coupling agents such as
1sopropyl triisostearoyl titanate, isopropy]l
tris(dioctylpyrophosphate) titanate and isopropy]
tridecy1bénzenesu1fony1 titanate; aluminum coupling
agents such as acetoalkoxyaluminum diisopropylate: etc.
As methods for surface treatment, there are a wet method
and a dry method. In the wet method, such a
surface—-treating agent in a Tiquid or emulsion state is

added to slurry of the synthetic chalcoalumite compound,
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and the mixture 1s sufficiently mixed under stirring at
a temperature up to about 100C . In the dry method,
powder of the synthetic chalcoalumite compound is put in
a mixer such as a Henschel mixer, the surface-treating
agent 1n a liquid, emulsion or solid state is added, and
the mixture is sufficiently mixed with or without heat-
ing. Preferably, the surface-treating agent is used in
an amount of about 0.1 to about 15 % by weight of the

weight of the synthetic chalcoalumite compound.

Effect of the Invention

This 1invention provides such novel synthetic
chalcoalumite compounds of the colorless system that the
solid surfaces have positive charge, they have specific
anion exchange ability and their solubility in water can
be controlied, and

the synthetic chalcoalumite compounds of the
invention improved compared with so far known natural
chalcoalumite compounds have higher utilization value,

and their uses 1n various fields can be expected.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 1s an XRD measurement chart of the
synthetic chalcoalumite compound of Example 5.

Fig. 2 exhibits adsorption ithotherms of a

direct dye (Chlorazol Black LF, C35H2 7N9-Naz 0782) on the
synthetic chalcoalumite compounds of Example 4, Example
S and Reference example 1 and KW-1100 (hydrotaici te
having anion exchange ability, Mg4_5A12(OH)13C03‘3.5H20,
an articie on the market from Kyowa Chemical Industry
Co., Ltd.j (adsorption condition: treatment at 30°C for
6 hours).

Fig. 3 is an XRD measurement chart of a prod-
uct obtained by treating the chalcoalumite compound of

Reference example 1 1n the same manner as i1n Example 5.
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EXAMPLE

The i1invention is further detailedly described
below based on examples.

Example 1

600 m1 of 0.161 mol/L aqueous solution of
aluminum sulfate of the first class grade was put in a
1-L beaker, and while the solution was vigorously
stirred by a homomixer at room temperature, 4.73 g of
zinc oxide (articie on the market) and 14.11 g of magne-
si1um hydroxide (article on the market) were added. The
mixture was stirred for about 30 minutes, and the pH of
the resultant coprecipitate suspension was 6.67 (27.
1°C ). The suspension was then transferred into 0.98-L
autoclave apparatus and subjected to hydrothermal reac-
tion at 120°C for 4 hours. The pH of the suspension
after cooling was 6.17 (13.7C ). The suspension was
then filtered under reduced pressure, and the filter
cake was washed with water, washed with acetone and

dried at 75C for 15 hours. The cake after being dried

was ground and sieved using a 100 mesh sieve.

The product was ascertained to be a chalco-

alumite compound by powder X-ray diffraction (XRD)

measurement and chemical analysis.

Main lattice spacing (dA ) values are shown

below.

8.53A 6.12 1.486
4.26 5. 45 1.463
4.18 5.12
7.92 4.80
6.73 3.06
6. 40 2.5

A chemical formula determined by the chemical

analysis 1s as follows.



2199109

14

Zny g9A (OH)y (SO )y 4, *3.5H,0

Example 2

20 g of disodium hydrogenphosphate
5 (NazHPO4°12H200 of the first class grade was dissolved
1n deionized water, and after the total volume was
adjusted to 600 ml1, the solution was put in a 1-L beaker
and held at a temperature of 35C . While the solution
was stirred by a homomixer, 23 g of the synthetic
10 chalcoalumite compound obtained in Example 1 was added,
and the mixture was subjected to reaction at 35C for 30
minutes. The reaction mixture was filtered under re-
duced pressure, and the filter cake was washed wi th
water, washed with acetone and dried at 75C for 15
15 hours. The cake after being dried was ground and sieved
using a 100 mesh sieve.
The product was ascertained to be a chalco-
alumite compound by XRD measurement and chemical analy-
S1S.

20 Main dA values by the XRD measurement

8.51A 6.13 1.486
4.26 .46 1.463
4.18 9.12

29 7 .91 4 .80
6.72 3.06
6.40 2 .92

A chemical formula determined by the chemical

30 analysis is as follows.

Zng ggAT (OH) 1y 5, (SO )y 45 (HPO, )y ,4°2.6H,0

Example 3
35 11.3 g of potassium chromate (K2Cr04) of the

first class grade was dissolved in deionized water, and
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after the total volume was adjusted to 600 ml, the
solution was put in a 1-L beaker and held at a tempera-
ture of 35C . While the solution was stirred by a
homomixer, 23 g of the synthetic chalcoalumite compound
O obtained in Example 1 was added, and the mixture was
subjected to reaction at 35C for 30 minutes. The
reaction mixture was filtered under reduced pressure,
and the filter cake was washed with water, washed with
acetone and dried at 75C for 15 hours. The cake after
10 being dried was ground and sieved using a 100 mesh
sieve.
The product was ascertained to be a chalco-
alumite compound by XRD measurement and chemical analy-—
S1S.

15 Main dA values by the XRD measurement

8.54A 6.14 1.486
4 .27 0 .46 1.463
4.19 5.13

20 7.92 4 .80
6.74 3.06
6.40 2 .92

A chemical formula determined by the chemical

25 analysis is as follows.

£y g4 ATy (OH) s 15 (SO, )y 56(CrO )y 54 (CO3)y 44 *2.2H, 0

2

Example 4

30 14.4 g of zinc sulfate (ZnSO4'7H20) of the
first class grade and 34.2 g of aluminum sulfate
(A]2 (SO4 )3) of the first class grade were dissolved in
deionized water, and after the total volume was adjusted
to 500 ml, the solution was put in a 1-L beaker. While

35 the solution was vigorously stirred by a homomixer, 177

ml of 3.4 N solution of NaOH of the first class grade
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was added at room temperature, and the mixture was
stirred for about 30 minutes. The pH of the resultant
coprecipitate suspension was 6.54 (28C ). The suspen-
sion was then transferred into a 0.98-L autoclave appa-
ratus and subjected to hydrothermal reaction at 130%C
for 4 hours. The pH of the suspension after being
cooled was 4.49 (25.3C ). The suspension was filtered
under reduced pressure, and the filter cake was washed
with water, washed with acetone and dried at 75C for 15
hours. The cake after being dried was ground and sieved
using a 100 mesh sieve.

The product was ascertained to he a chalco-
alumite compound by XRD measurement and chemical analy-—
S1S.

Main dA values by the XRD measurement

8.56A 6.14 1.486
4 27 S .47 1.463
4.19 .13
7.92 4 .81
6.73 3.06
6.40 2 .52

A chemical formula determined by the chemicatl

analysis is as follows.

*3.1H, 0

Zng ggATy (OH) 1, (SO )y 43 2

Example 5

9.3 g of sodium carbonate (Nazcoa) of the
first class grade was dissolved in deionized water, and
after the total volume was adjusted to 600 ml, the
solution was put in a 1-L beaker and held at a tempera-
ture of 35C . While the solution was stirred by a
homomixer, 22.6 g of the synthetic chalcoalumite com-

pound obtained in Example 6 was added, and the mixture
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was subjected to reaction at 35C for 30 minutes. The
reaction mixture was filtered under reduced pressure,
and the filter cake was washed with water, washed with
acetone and dried at 75C for 15 hours. The cake after
being dried was ground and sieved using a 100 mesh
sieve.

The product was ascertained to be a chalco-

alumite compound by XRD measurement and chemical analy-
S1S. The result of the XRD measurement was shown 1in

Fig. 1.

Main dA values by the XRD measurement

8.53A 6.13 1.486
4.26 S .46 1.463
4.18 o.12
7.91 4 .79
6.72 3 .06
6.40 2 .52

A chemical formula determined by the chemical

analysis 1s as follows.

Zng g AT (OH) 1y §4(SO ) 49(CO)y (*1.8H,0

Example 6

3.75 g of copper sulfate (CuSO4‘5H20) of the
first class grade, 10.1 g of zinc sul fate (ZnSO4‘7H20)
of the first class grade and 34.2 g of aluminum sulfate
(A]2 (804 )3 ) of the first c1_ass grade were dissolved in
deionized water, the total volume was adjusted to 500
ml, and tﬁe solution was put in a 1-L beaker. While the
solution was vigorously stirred by a homomixer, 177 m]
of 3.4 N solution of NaOH of the first class grade was
added at room temperature, and the mixture was stirred
for about 30 minutes. The pH of the resultant copre-

cipitate suspension was 6.43 (26°C ). The suspension was
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then transferred into a 0.98-L autoclave apparatus and

subjected to hydrothermal reaction at 130°%C

for 6 hours.
The pH of the suspension after being cooled was 4 .51

(27 .4°C ).

pressure,

The suspension was filtered under reduced
and the filter cake was washed with water,
washed with acetone and dried at 75°C The

cake after being dried was ground and sieved using a 100

for 15 hours.

mesh sieve.

The product was ascertained to be a chalco-

alumite compound by XRD measurement and chemical analy-
S1S.

Main dA values by the XRD measurement

8.56A 6.13 1.486

4 .27 S5.48 1.463

4.19 5.15

7.96 4 .80

6.74 3.06

6.43 2 .52

A chemical formula determined by the chemical

analysis 1s as follows.

(Zng gCup gg)A1,(OH), » ,, (SO )y ;,(CO.)y 4, '3.2H,0

Example 7
9.2 g of zinc sul fate (Zn804'7H20) of the
6.7 g of nickel chloride (NiC12‘6H20)

of the first class grade and 34.2 g of aluminum sulfate

first class grade,

(A12(SO4)3) of the first class grade were dissolved in

detionized water, the total volume was adjusted to 500

While the
182 ml

of 3.4 N solution of NaOH of the first class grade was

ml, and the solution was put in a 1-L beaker.

solution was vigorously stirred by a homomi xer,

and the mixture was stirred
The pH of the

added at room temperature,

for about 30 minutes. resultant copre-
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cipitate suspension was 6.57 (26.5C ). The suspension

was then transferred into a 0.98-L autoclave apparatus

reaction at 130C for 12
The pH of the suspension after being cooled was
4 .10 (25.7C ).

and subjected to hydrothermal
hours.
The suspension was filtered under re-
and the filter cake was washed wi th
for 15

duced pressure,
water, washed with acetone and dried at 75C
hours. The cake after being dried was ground and sieved

using a 100 mesh sieve.

The product was ascertained to be a chalco-

alumite compound by XRD measurement and chemical anal y —
S1S.

Main dA values by the XRD measurement

8.58A 6.14 1.486

4.28 S .47 1.463

4.19 5. 11

7.94 4 .82

6.71 3.06

6.38 2 .52

A chemical formula determined by the chemical

analysis 1s as follows.

(Zng gaNig 59 )AT, (OH)y 44 (SO,)) g5 *2.9H,0

Example 8

10.1 g of zinc
3.6 g
of the first class grade

(A]z (804 )3_) of the first

sulfate (ZnSO4'7H20) of the

first class grade, of cobalt chloride (CoC1 ‘6H, 0)

2
and 34.2 g of aluminum sulfate

class grade were dissolved 1in
deionized water, the total volume was adjus ted to 500
While the

177 mi

ml, and the solution was put in a 1-L beaker.
solution was vigorously stirred by a homomi xer,
of 3.4 N solution of NaOH of the first class grade was

added at room temperature, and the mixture was stirred
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for about 30 minutes. The pH of the resultant copre-
cipitate suspension was 6.69 (27.3C ). The suspension
was then transferred into a 0.98-L autoclave apparatus
and subjected to hydrothermal reaction at 130C for 4
hours. The pH of the suspension after being cooled was
4.47 (30C ). The suspension was filtered under reduced
pressure, and the filter cake was washed with water,
washed with acetone and dried at 75C for 15 hours. The
cake after being dried was ground and sieved using a 100
mesh si1eve.

The product was ascertained to be a chalco-
alumite compound by XRD measurement and chemical analy-
S1S.

Main dA values by the XRD measurement

8.50A 6.14 1.486
4 .27 S. 47 1.463
4.19 9. 13
7.92 4 .80
6.73 3.06
6.41 2.92

A chemical formula determined by the chemical

analysis is as follows.

(Zng g4C0oy 25)A1, (OH) y , (SO, )y 4¢°2.8H,0

Example 9

1-L beaker. While the solution was vigorously stirred

by a homomixer, 4.73 g of zinc oxide on the market and

18 g of magnesium hydroxide on the market were added at
room temperature, and the mixture was stirred for about
30 minutes. The pH of the resultant coprecipitate

suspension was 6.98 (28.8°C ). The suspension was then
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transferred into a 0.98-L autoclave apparatus and sub-

jected to hydrothermal reaction at 120C for 6 hours.

The pH of the suspension after being cooled was 6.30.
The suspension was filtered under reduced pressure, and
the filter cake was washed with water, washed with
acetone and dried at 75C for 15 hours. The cake after
being dried was ground and sieved using a 100 mesh
sieve.

The product was ascertained to be a chalco-
alumite compound by XRD measurement and chemical analy-
S1S.

Main dA values by the XRD measurement

8.50A 6.13 1.486
4.26 o .47 1.463
4.18 S.14
7.92 4 .79
6.74 3.06
6.38 2 .92

A chemical formula determined by the chemical

analysis 1s as follows.

(ZnMg 45 AT, (OH) 1y 44 (SO, )y 54°2.1H,0

Example 1Q

600 m1 of 0.20 mol1/L aqueous solution of
aluminum sulfate of the first class grade was put in a
1-L beaker. While the solution was vigorously stirred
by a homomixer, 24.41 g of zinc oxide on the market was
added at Eoom temperature, and the mixture was stirred
for about 30 minutes. The pH of the resultant copre-
cipitate suspension was 6.03 (25.1C ). The suspension
was then transferred into a 0.98-L autoclave apparatus
and subjected to hydrothermal reaction at 120C for 4

hours. The pH of the suspension after being cooled was
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duced pressure, and the filter cake was washed wi th

The suspension was filtered under re-—

water, washed with acetone and dried at 75°C

hours.

The product was ascertained to be a chalco-

alumite compound by XRD measurement and chemical analy-

Sis.

Main dA values by the XRD measurement
8.56A 6.11 1.486

4 .27 O .48 1.463

4.18 5.12

7.95 4 .78

6.71 3.06

6.40 2.52

A chemical formula determined by the chemical

analysis is as follows.

£ng 34 AT, (OH) g ¢ £ (SO, ) 46 *3.6H,0

.

Example 11

600 mi
aluminum sulfate of the first class grade was put in a
1-L beaker.

of 0.158 mol/L aqueous solution of

While the solution was vigorously stirred

24.41 g of zinc oxide on the market was

by a homomixer,
added at room temperature, and the mixture was stirred
for about 30 minutes. The pH of the resultant copre-
cipitate suspension was 6 .76 (27.5C ). The suspension
was then fransferred into a 0.98-L autoclave apparatus
reaction at 120°C for 6
The pH of the suspension after being cooled was
4.86 (22.4°C ).

duced pressure,

and subjected to hydrothermal

hours.
The suspension was filtered under re-
and the filter cake was washed wi th
for 15

water, washed with acetone and dried at 75°C
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hours. The cake after being dried was ground and sieved

using a 100 mesh sieve.

The product was ascertained to be a chalco-
alumite compound by XRD measurement and chemical anal y
S1S.

Main dA values by the XRD measurement

8.50A 6.10 1.486
4 .25 O .46 1.463
4.18 o.10
7 .91 4 .79
6.70 3.06
6.40 2 .52

A chemical formula determined by the chemical

analysis is as follows.

Zng g AT, (OH) 'y 45 (SO, ) 44 *3H,0

2

Example 12

Since the pH in formation of chalcoalumite
compounds 1s in an equilibrium state at the acidic side ,
their solubility in water is high. Therefore, in some

uses, 1t 1s necessary to control their solubility 1in

water. The control can be carried out by displacing
part of the anions such as 8042_ in a chalcoalumi te
compound, for example with 0032- or the like. In order

to demonstrate this specifically, the solubilities 1in
water of the synthetic chalcoalumite compounds of the
invention obtained in Examples 4 and 5 were compared.

‘(Test method)

100 m1 of deionized water and 1.00 g of a
sample (a synthetic chalcoalumite compound) are put in a
300-m1 Erlenmeyer flask with ground stopper, and the
flask was stopped tightly and shaked at 30°C for 1 hour.

The contents are separated into solid and 1iquid by a
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centrifuge, and the supernatant is recovered. The
amount (ppm) of ions eluted in the supernatant was
quantitatively determined by a high frequency induction
combination-type plasma analysis method.

(Results)

The results were shown in the following table.
It is seen from this that by displacing part of 8042— in
the synthetic chalcoalumi te compound with CO32', 1ts

solubility in water is fairly reduced.
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Example 13

Zinc sulfate (ZnSO4‘7H20) and aluminum sulfate
each of the first class grade were dissolved in deion-
1zed water to give a proper amount of a mixed solution
containing 0.16 mol1/L zinc sulfate and Q.32 mol/L alumi -
num sul fate, and a proper amount of 3.4 N aqueous sodium
hydroxide solution was prepared. 500 ml of deionized
water was put in a reaction vessel (capacity: about 1
L) from which a reaction suspension can be taken out

continuously, the mixed solution of zinc sulfate and

quantitative pumps, and while the pH of the reaction
suspension was maintained 6.0+ 0.2 (1iquid temperature:
32C £ 1°C ), the reaction was continued for 3 hours. 700
ml of the reaction suspension was filtered, the filter
cake (coprecipitate) was washed with water, and deion-
1zed water was added to the coprecipitate to make the
total volume 700 m1. The suspension was transferred
into a 0.98-L autoclave apparatus and subjected to

hydrothermal reaction at 130°C for 4 hours. The pH of

water, and the filter cake and 600 ml of deionized water
were put 1n a 1-L beaker, made to be a suspension by a
stirrer and heated to 80°C . A solution obtained by
putting 2.4 g of sodium stearate (purity: 86 %) and 150
ml of deionized water in a 200-ml1 beaker and heating the
mixture to about 80°C was poured in the suspension, and
the mixture was held at 80C for 30 minutes. The mix-
ture was fﬁltered, and the filter cake was washed with
water and dried at 75C for 24 hours, and the dried
matter was ground and sieved using a 100 mesh stainless
steel net. The resultant dry powder exhibi ted strong
hydrophobicity, and when it was put in water, followed

by stirring, it did not exhibit affinity to water and
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floated on the water.

The product was ascertained to be a chalco-
alumite compound by XRD measurement and chemical analy-
S1S.

Main dA values by the XRD measurement

8.54A 5 .46
4.27 5.11
4.19 4.80
7.90 3.06
6.72 2.52
6. 40 1.486
6.12 1.463

A chemical formula determined by the chemical

analysis is as follows.

£ng g9 ATy (OH) 1y (SO, )y 4;°3.1H,0

(containing 5§.3 % stearic acid)

Reference example 1

12.5 g of copper sulfate (CuSO4 ‘5H2 O) of the

first class grade and 34.2 g of aluminum sulfate

(ﬁﬂ2 (804 )3) of the first class grade were dissolved in
deionized water to make the total volume 500 ml1. While
the solution was strongly stirred by a homomixer, 182 m1
of 3.31 N solution of NaOH of the first class grade was
poured therein at room temperature, and the mixture was
stirred for about 20 minutes. The pH of the resultant
coprecipitate suspension was 6.53 (27 .8C ). The suspen-
sion was then transferred into a 0.98-L autoclave appa-
ratus and subjected to hydrothermal reaction at 130%C
for 4 hours. The pH of the suspension after being
cooled was 5.16 (22.9C ). The suspension was filtered
under reduced pressure, and the filter cake was washed

with water, washed with acetone and dried at 15°C for 15
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hours. The cake after being dried was ground and sieved

using a 100 mesh sieve.

The product was ascertained to be a chalco~

alumite compound by XRD measurement and chemical analy-

9 sis.
Main dA values by the XRD measurement
8.51A 6.11 1.486
4 .25 5.45 1.463
10 4.18 5.11
7.92 4 .80
6.72 3.06
6.40 2 .52
156 A chemical formula determined by the chemical

analysis i1s as follows.

CuA14(OH)‘2.36(SO4)0.82‘2.5H O

2
20 The above chalcoalumite compound was treated
in the same manner as in Example 5. The XRD chart
(diffraction X-ray chart) of the resultant product was
shown in Fig. 3. As apparent from Fig. 3, when the
chalcoalumite compound of Reference example 1 was treat -
25 ed in the same manner as 1in Example §, its crystal
structure was destroyed. On the other hand, it is
apparent that when the chalcoalumite compound of the
invention was treated with sodium carbonate, 1ts crystal
structure was maintained, as shown 1in Fig. 1, and it 1is
30 much stabler than the chalcoalumite compound of Refer-

ence example 1.



CA 02199109 2004-07-30

67566-1363

29
CLAIMS:
1. A synthetic chalcoalumite compound represented by
the formula (1)
(Zna-x""My"") Al (OH) p (A™7) comH,0 (1)

5 whereiln

M** represents at least one of Cu, Ni Co and Mg,
a represents 0.3< a< 2.0,
x represents 0O< X< 1.0, with the proviso that x<a,
b represents 10< b< 14,

10 A™ represents one or two selected from S0O,°7,
HPO4*", CO5;°7, Cr04°", Si0s*", S0;°7, NO; , OH and C17,
¢ represents 0.4< c< 2.0 and

m represents a number of 1 to 4.

2. The synthetic chalcoalumite compound of the

15 formula (1) according to claim 1 which i1is surface treated

with at least one surface-treating agent selected from the

group consisting of higher fatty acids, anionic surfactants,

phosphoric esters, silanes, titanates and aluminum coupling

agents.

20 3. A process for producing a synthetic chalcoalumite

compound according to claim 1 which comprises

subjecting a water soluble aluminum salt, a zinc
compound which 1s water soluble 1n the pH range of about 4

to about 7, and a compound of one or more elements selected

25 from Ni, Cu, Co and Mg which compound 1s water soluble 1in
the pH range of about 4 to about 7, to coprecipitation at a
reaction pH of about 4 to about 7 and a temperature of about

10 to about 50°C to form a coprecipitate, and then

subjecting the coprecipitate to hydrothermal

30 reaction at a reaction pH of about 4 to about 7 and a
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F

temperature of about 80 to about 170°C.

4, A process for producing a synthetic chalcoalumite

compound according to claim 1 which comprises

producing a chalcoalumite compound of the formula

(1) according to claim 1 wherein A" is S04, and then

displacing part of S0,.°” of the compound with one

anlion selected from HPOJP, COf%,

Cr0,°”, Si03°", S03°7, NO3, OH  and Cl .

5. A process for producing a synthetic chalcoalumite

compound according to claim 1 which comprises

reacting an aqueous solution of sulfates, nitrates

or chlorides of one or more elements selected from Zn, N1,

Cu, Co, Mg and Al with one or more compounds selected from
ammonia, sodium hydroxide, potassium hydroxide, magnesium
hydroxide, magnesium oxide, sodium aluminate and zilinc oxilde,

P

at a reaction pH of about 4 to about /7 and a temperature OrL

1

about 10 to about 50°C to form a coprecipitate, and then

subjecting the coprecipitate to hydrothermal

p—

reaction at a reaction pH of about 4 to about 7 and a

P

temperature of about 80 to about 170°C for about 1 to

about 24 hours.
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