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FIELD OF THE INVENTION Alo4e

The present inventi_on relates to a method of producing a
composite metal hydroxide of a uniform solid solution, a
composite metal hydroxide obtained thereby and a ﬂame‘
retardant high-molecular composition thereby and therewith
superior in flame retardancy and mechanical strength.

BACKGROUND OF THE INVENTION

A demand for flame retardancy on resin composition or
rubber composition has beenlincreased year by year since a
critical conflagration occurred in the past.

To respond to such a strong demand for impro‘;ing flame
retardancy, various flame retardants are marketed at present.
Among all, in view of safety in manufacturing ox using, a demand
for ‘improving ﬂ'ame retardancy has severely. been increased
centered on non-haloganated flame retardants. Under such a
situation, metal hydroxides have come to be focused upon.

However, smce a dehydratmn temperature of; fox example,
alummlum hydrox1de is low (about 190°C) among the above metal
hydroxides, ,there is a drawbaek that theik-md-s of apphcable _

resins'.'ai'e limited in.o'r'd'er to retain a molding temperature below __



the temperature of dehydration. In the meantime, since an
initial dehydration temperature for magnesium hydroxide is
about 340°C, there is almost no limitation of the kinds of resins,
however, a large amount should be added to obtain flame
retardancy, resulting in deterioration of physical properties
inherent in resins. Namely, there have been many problems
practically. To solve these problems, for example, 2 composite
metal hydroxide is proposed in Japanese Patent Provisional
Publication (Tokkaihei) 6-41441. Cﬁmpared with a magnesium
hydroxide, the composite metal hydroxide realizes flame
retardancy with less amount. However, when using zinc and
magnesium hydroxide for producing a composite metal hydroxide, .
basic salts and oxides (zinc oxides) may be caused as by-products
by characteristics of zimc as a solid solution element in - a
conventional method. In this way, it is difficult” to obtain a
composite metal hydroxide of a ﬁn.iform solid solution and realize
expected properties thereof such as flame retardancy and
mechanical strength.

Accordingly, it is an object of the present invention to
provide' a method of producing a composité metal hydroxide of a
uniform solid solution having excellent flame retardancy, a
composxte metal hydroxlde obtamed thereby and a  flame
retardant high-molecular composition supenor in mechanlcal
strength obtamed thereby and therewith.

To accomphsh the above obJect ‘a fu'st glst of the 1nvent1on '
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relates to a method of producing a composite metal hydroxide
characterized by reacting magnésium‘-containing aqueous
solution (X) including water soluble zinc compound wherein
magnesium ion concentration is 0.01 tb 1 mol/liter with alkaline
material (Y) at a reaction equivalent ratio (X:Y) of X:Y=1:.1.01 to
1:1.20.

A second gist of the invention relates to a method of
producing a composite metal hydroxide thereby wherein the
produced composite metal hydroxide is hydrothermally treated at
a temperature within a range of 100 to 200°C in chlorine-
containing agqueous medium wﬁerein chlérine ion concentratioﬁ is
0.5 to 2.0 mol/liter. . |

A third gist of the invention relates to a method of pro&ucing
a composite metal hydroxide thereby.wherein the produced metal
hydroxide is heated in the presence of reaction mother liguor at a
temperature within a range of 80 to 150 °C and only the crystal
surface thereof is substituted for nickel by adding water soluble
nickel compound solution.

A forth gist of the invention relates to a composite metal
hydroxide obtained by a method according to the above first or
second gist represented by the fol'lowing general formula (1);

Meg1.xZnx(OH): ceee(1) o

wherein x indicates a positive n}xmber within a range of 0.003

=x=0. 1. ’

A fifth gist of the invention relates to a- c_omp‘osjté metaf_



hydroxide obtained by a method according to the third gist
represented by the following general formula (2);
Mgi.x-yZnxNig(OH)2 ... (2)
wherein x indicates a positive number within a range 0f 0.003
=x=0.1 |
and y indicates a positive number within a range of 0.01=y
=0.05.

‘A sixth gist of the invention relates to a flame retardant
high-molecular composition containing a | composite metal
hydroxide represented by the general formula (1) or (2) within a
range of 80 to 150 parts by weight based on 100 parts by 'weight.of
the high-molecular composition. |

It'is difficult to stably produce a composite metal hydroxide
of a uniform solid solution_ wif.h Mg in conventional methods,
since a stable crystal shape for a hydroxide is not hexagonal.
For this reason, the inventors of the present invention have piled
up studies on reaction processes for obtaining a uniform solid
solution. Focused upon two points, th'e inventors have further
accumulated their studies; one‘is an Mg ion concentration of
Zn-containing Mg aqueous solution 'as a source of Mg and fhe
other is a reaction equivalent ratio of the Zn-containing Mg
aqueous’ solutmn and alkahne matenal As a result they
reached a conclusion that a compos1te metal hydroxide of a
“uniform soh.d solu_tmn represented by the above general formula

(1) can be oijtaihéd. By'qu_ng Zh'pcontainin_g Mg agueous solution



wherein Mg ion concentration is set within a range of 0.01 to 1.0
mol/liter and reacting the Zn-containing Mg_aqueous solution (X)
~and the alkaline material (Y) at a reaction equivaient ratio of
(X:Y)=1:1.01 to 1:1.20. Further, they found out that occurxence"
of secondary aggregation can be restrained because the crystal
shape of the composite metal hydroxide can be controlled by
hydrothermally treating the composite metal hydroxide obtained
by reacting thereof at the above reaction equivalent ratio in an
agqueous medium having a specific chlorine ion concentration
within a temperature range of 100 to 200°C for aging.

Still further, they reached the present invention that the
composite metal hydroxide represented by the general formula (2)
wherein only the crystal surface is substituted for Ni can be
obtained by heating thus obtained composite metal hydroxide
within a temperatﬁre range of 80 to 150°C in the presence of i
reac_tion mothex liquor ahd adding water solublle Ni compound
solution therein. | |
| Even stiil further, they found out that the flame retardant
high-molecular composition wherein the composite metal
hydroxide represented by the general formula (1) or (2) is
contained within a range of 80. to 150 parts by weight (just
abbreviated to parts hereinafter) based on 100 parts of the
high-molecular compouz'u.i' héé s\.xperior flame retard';mcy- and. .
‘satisfactory medﬁaﬁical _s_treng_th (such as tensile strength) even

~ with less content thereof compared With the.conventional ones.



DISCLOSURE OF THE INVENTION

Now, the present invention is described in detail.

The method for producing the composite metal hydroxide of
the present invention comprises three steps roughly.

That is, the first step is a reaction step for producing the
composite metal hydroxide represented by the following general
formula (1) by reacting Zn-containing Mg aqueous solution
having a specific Mg ion concentration and .;«xlkalin'e material at a
specific equivalent ratio. This first reaction step is preferable
conducted within a temperature range of 10 to 35°C.

Mg1.xZ0x(OH): .....(1)

‘'wherein x represents a positive number within a range of
0.003=x=0.1. |

In the general formula (1), x value less than 0.003 is solid
solution amount insufficient for emerging the expected effect of
the composite metal hydroxide (superior flame retardancy). In
the meantime, X value over 0.1 results in difficulty in forming a
uniform solid solution, causing basic salts and oxides as by-
product, since an ion radius of zinc is larger than that of
magnesium. Further, itis difficult to control a cxystal shape and
easy to cause secondary aggregation, which does not bring about
the expect.ed.effec_t of the cpmposité metal hydro-x'ide_

As the Zn-containing Mg aqueous solution, such an aqueous
solution that-Zn comipound is added-into Mg aﬁquéous solution is

enumerated. - As ‘a source of the:M‘g.a‘queops__”s.dlution, diluted



bittern, sea water, magnesium nitrate and the like are
enumerated in which Mg ion concentration should be set within a
range of 0.01 to 1 mol/liter. Preferably, it is within a range of
0.03 to 0.3 mol/liter. Namely, for example, when diluted bittern
or sea water is adopted, Mg ion concentration over 1 mol/liter
overwhelmingly causes by-products of basic salts, resulting in
difficulty in forming a uniform solid solution. In addition, the
‘Mg ion concentration may be measured by a chelatometric
titration method, aﬁ ICP emission spectrochemical analysis and
the like. Measurement is, however, not critical as long asitis a
method for analyzing ion concentration in aqueous solution
generally. |
As the Zn compound to be added into the Mg agueous
solution, any water soluble zinc compound such as zinc nitrate or
zinc chloride is included with no limitation. The addition
amount thexeof based on the Mg aqueous solution is preferably
set within a rangé of 0.3 to 10 mol % based on the Mg in the
aqueous solution, more preferably 1 to 7 mol %. Namely, the
addition amount less than 0.3 mol % is too small an amount of
solid solution to emerge the expected effect of a composite metal
hydroxide. On the other hand, that over 10 mol % results in
~difficulty in forming a uniform solid solution since a zinc ion
radms is larger than that of magnesmm causing bas1c salts and
"oxides as by products Further it is d1ff1cu1t to control a crystal

shape and easy to cause secondary aggregatxon Whlch shows a'
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.
ten&ency that the expected effect of the composite metal
hydroxide cannot be emerged.

Still further, as the alkaline matexial to be reacted with the
Zn-containing Mg aqueous solution having a specific Mg ion
concentration, calcium hydroxide, sodium hydroxide and the like
are enumerated.

Furthermore, the reaction ratio of the Zn-containing Mg
aqueous solution (X) and the alkaline material (Y) at the first step
is needed to be set at. the equivalent ratio (X:Y)=1:1.01 to 1:1.20.
Preferably, it is set at X:¥=1:1.08 to 1:1.10. Namely, when the
alkaline material (Y) is less than 1.01 of the reaction equivalent
ra.tio, by-products of basic salts may be identified, preventing
formation of a uniform solid solution thereby, while when it is
over 1.20, by-products of oxides may be identified, causing
difficulty in controlling a crystal shape reéulting_ in easiness in
occurrence of secondary aggregation.

The .preferable cbmbination of the Zn-containing Mg
aqueous solution and the alkaline material at the first step is to
adopt sea water (Mg aqueous solution) wherein zinc chloride,
water soluble zinc compound, is added into Zn-containing Mg
aqueous solution and calcium hydroxide (limemilk) as an alkaline
material in view of stability of the produced composite metal
'iiydro'xide'a'nd the manu‘factu_ring-cost.- | _

| Subseq}_xeﬂtly','a met’héd of the second step following'th:e

method of producing the composite metal hydroxid'e__ as the abbve_



first step is described here.

The second step comprises thermally treating the composite
metal hydfoxide represented by the general formula (1) produced
in the first step in chlorine-containing aqueous medium with a
specific chlorine ion concentration within a temperature range of
100 to 200°C to be aged.

As the chlorine-containing aqueous medium, agueous
solutions of calcium chloride, sodium chloride, magnesium
chloride, potassium chloride and the like are enumerated.
Among all, it is preferable to adopt calcium chloride agqueous
solution as the chlorine-containing aqueous medium in view of
controllability of the crystal shape of the composite metal
hydroxide. Further, the chlorine ion concentration in the
chlorine-containing agueous medium should be set within a range
of 0.5 to 2 mol/liter. Preferably, it is within a range 0f 0.5 to 1.0
mol/litex. Namely, low concentration of chlorine ion less than
0.5 mol/liter may cause insufficient centrollability of a crystal
shape .of the composite metal hydroxide, resulting in the easiness
in occurrence of secondary aggregation. On the other hand, that
over 2 mol/liter may cause basic salts and oxides as by-products,
resulting in difficulty in forming a uniform seolid solution. In
addition, the chlorine ion concentration n.1ay,be measured by a
_ general method for analyzing ion concentration in solution, such
: as a 'chelatpmetri_c' titration xﬁet_hod or-_.a.n ICP emission

“spectrochemical analysis.
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Even further, as the aging conditions for the thermal
treatment, the temperature should be set within a range of 100 to
200°C and the pressure should be within a range of 0.5 to 10kg/c
I concomitantly.

Thus obtained compbsite metal hydroxide is represented by
the general formula (1). The crystals may further grow and
secondary aggregation may decrease through the second stép;
which zesults in more preferable flame retardants in view of
various properties such as compatibility with a high-molecular
compound, dispersibility, appearance of the formed product or
mechanical strength. |

Next, the third step following the method of producing the
composite metal hydroxide as the second step is described. The
composite metal hydroxide obtained by this step is such as
represented by the general formula (2), a solid solution |
comprising three metals of Mg, Zn and Ni. |

Mgi1x.yZn:Niy(OH)s:.....(2) _

wherein x represents a positive number within a range of
0.003=x=0.1 and y represents a positive number within a range
0of 0.01=y=0.05.

In the general foxrmula (2), x value less than 0.008 is too
small an amount of solid solution to emerge the expected effect
(superior flame retardancy) of a composite iﬁetal hydroxide. On
ti’xé oth_er h_and, that 6vé_r 01 mol % results in difficulty in for_ming_"

" a uniform solid solution since an ion diameter of zinc is larger
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than that of magnesium, causing by-products of basic salts and
oxides. In addition, it may cause difficulty in controlling a
crystal shape and easiness in occurrence of secondary
aggregation, which does not bring about the expected effect of
composite metal hydroxide. In the meantime, y value less than
0.01 may cause insufficiency of nickel substitution amount on the
crystal surface, which does not fully emerge the'expected effect of
the composite metal hydroxide. In addition, that over 0.05 may
cause cost increase and also saturation of the nickel substitution
amount on the crystal surface, resulting in by-products of free
nickel hydroxide and the like. |

In the third step, the .composite metal hydroxide
represented by the general formula (1), which was produced in the
second step, is heated in the presence of reaction mother liquor
within a femperature range of 80 to 150°C and water soluble
nickel compound solution is added therein so as to substitute only
the crystal su1_'face for Ni, resulting in the composite metal
hydroxide represented by the general formula (2).

As the water soluble nickel composite solution, aqueous
solutions of nickel Chloridé, nickel nitrate and the like are
enumerated. Among all, itis préferable to use nickel chloride in
view of reactivity with composite metal hydroxide. Further, the
| mixiné ratio of such water soluble nickel compound .solution is
ﬁreferably 'set. within 1 'to_ 5 ﬁ:ol % ba_se(.ll on the coxhpbéite metal

.,hydr:oxide. ._-of.é.'_réaction;.moth.er liquqf. Particularly, it is.
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preferable to be within 1 to 3 mol %.

In the meantime, a heating condition in adding water
soluble nickel compound .solution, as mentioned above, is set
within a temperature range of 80 to 150°C. Particularly, it is
preferable to set within a temperature range of 90 to 120°C. By
setting as such, it becomes possible to substitute only the crystal
surface _effectively for nickel. Namely, the lower température
may cause free nickel hydroxides as by-products due to
insufficient substitution. On the other hand, the higher
temperature may cause excessive pickel substitution extending
into the inside of crystal structure. In both ways, the expected
effect is not realized.

Thus, as the composite metal hydroxide represented by the
general formula (1) through the first or second step, or
represented by the genexal formula (2) through the third 'step, the
crystal size is 0.2 to 4 4 m, more preferably 0.2 to 2 4 m, most
preferably 0.5 to 1.5 4 m, and that with almost no or less
secondary aggregation, which means that the average secﬁndary
particle size 1s 0.2 to 4 U m, moré preferably 0.2 to 2 £ m, most
preferably 0.5 f’o 1.5 4 m, and also a BET specific surface area 1s
1 to 20 ni /g, preferably 3 to 15 i /g, most preferably 6 to 12 i /g.
Namely, since each value for the composite nieta_l hydroxide is set
within a range as above, it becomes possible to ret.ai‘n- su.'per'ior"
effects in co'mpatibiiity with high-mqlecdlgr compqun_c_l_s such as . -

resin or rub_be'r,, dispgrsibility, fon'nihg' capability, app'eara;@p.é, t_if
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the formed products, mechanical strength and the like to be
mentioned below. In addition, the above average secondary
particle diameter is a value measured by the microtrack method
on sample powder, which was dispersed by a ultrasonic treatment,
in 0.2% sodium hexametaphosphate aqueous solution.

The BET specific surface area is a value in accordance with
an N: adsorption method. -

Thus obtained composite metal hydroxide represented by
the above general formula (1) or (2), may be used as a flame
retardant as it is, however, it may possible to additionally
conduct surface treatment with finishing agents such as various
fétty acids, phosphoric acid estex, coupling agents and the like.
The various finishing agents may be used solely or in combination
of two or more. |

As the various fatty acids, higher fatty acids having 10 or
more carbon atoms such as stearic acid, oleic acid, enicic acid,
palmitic acid, lauric acid and behenic acid, and alkali metal salts
thereof may be listed. In 'addition, as the phosphate esters,
mono- or diesters of orthophosphoric acid with oleyl alcohol or
stearyl p.lcohol, mixtures of these, acid type or alkali mefal salts
or amine salts thereof-m'ay be listed.

As the aboyg coupli_ng agents, silane-coupling agents such
~as vinylethoxysilané, \iinyl-tiis(z-methoxy-ethoxy)silane, 7 -
methdcfrylbxypropyltzl__'imeth_bkysilane;, . T L

. glycidi'oxYpr.pp‘ylfrirhéthoxysila'ne_, s -
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aminopropyltrimethoxysilane, I -(3,4
epoxycyclohexyl)ethyltrimethoxysilane, r .

mercaptopropyltrimethoxysilane, titanate coupling agents such

as isopropyltriisostearoyl - titanate,
isopropyltris(dioctylpyrophosphate)titanate, isopropyltri(N-
aminoethyl-aminoethyl) titanate C and

isopropyltridecylbenzenesulfonyl titanate; aluminium coupling
agents such as acetoalkoxyalminium diisopropylate. |

As the above surface treatment with various finishing
agents, a conventional moisture or dry method is available, with
no limitation.

Then, by adding the composite metal hydroxide rep.resented
by the-general formula (1) or (2) as a ﬂame_ retardant into the
high-molecular compound, a flame retardant having high-
molecular composition can be obtained.

As the above high-molecular compound, genex;al resin,
rubber and the like may be enumerated. For example, a
copblymer of polyethylene or ethylene with other « -olefin, a
copolymer of ethylene with vinyl acetate, ethyl acrylate or methyl’
acrylate, polypropylene, a copolymer of propylene with other « -
olefin, polybutene-1, polystyrene, a styrene-acrylonitrile
copolymer, thermoplastic resin such as \.fi_.rxyl acetate,
polyacry_iat'e," polymerhacrylate, -pol&urethang, polyestér,
polyether, polyamirie,-themosetting. resins such.as"pheholio;: resin,

‘melamine resin, epoxy resin, unsaturated polyester resin, alkyd -
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resin, ethylene-propylene-diene rubber, s.tylene-butaidine rubber,
acrylonitrile-butadiene rubber, butyl rubber, isoprene rubber,
chlorosulfonated polyethlene and the like. These high-
molecular compounds are appropreately selected.

At that time, the mixing ratio of the composite metal
hydroxide represented by the general formula (1) or (2) is selected
appropreately depending on the kinds of the above high-
molecular compounds and i:he like. Itis set within a range of 80
to 150 parts by weight based on 100 parts of the high-molecular
compound. Particularly, it is preferably 100 to 130 parts.
Namely, the mixing ratio thereof less than 80 parts may cause
insufficient flame retardancy, while that over 150 parts may
cause deterioration in mechanical strength such as tensile
strength. Further, the composite metal hydroxide represented
by the _general formula (1) 'or (2) may be used solely or in ”
combiﬁation as long as its mixing ratio is set within the above
range. |

Further, various additives may be added appropriately
other thaﬁ the above composite metal hydroxide represented by
the general formula (1) or (2) into the flame retardant high-
molecular composition of the present invention. For example, a
general flame retardant aid suph as carbon.fine powde_r, .red
phoéphorus is enumerated. Moreover, luBricahts, antioxida_ﬁts,
.qltra'_v'io.le't' inkibitors; antistatic agents, pigments, foéming

agents, plasticizers, fillers, reinforcing materials, crosslinking
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agents and the like are enumerated.

The flame retardant high-molecular compound can be
obtained by adding the composite metal hydroxide represented by
the general formula (1) or (2) into the high-molecular compound
at a specific .ratio, mixing and then kneading thereof. As a
method for mixing and kneading thereof, conventional methods
such as single-screw or twin-screw extruder, a roll, a Banbury
‘mixer and the like may be enumerated with no limitation.

| Then, as a method for forming with thus obtained flame
retardant high-molecular compound, a suitable molding method
is selécted appropriétely depending on the kinds of the high-
molecular compounds, the kinds of desired molded products and
the like with no limitation. For example, injection molding,
extrusion, blow molding, press molding, rotational molding,
calendering, sheet forming, transfer molding, laminate molding,
vacuum molding and the like may be enumenrated.

Now, the present invention will flirther be described based
on examples with reference to comparative examples.

EXAMPLE 1

By dissolving zinc chloride, a reagent of the first grade, into
ionic bittein and diluting thereof with deionized water, 300-liter
mixtuxe aqueous solut;ion with 0.14 m_o_l/lite; Mg ion
concentration and 0.008 mol/'litez.'. Zn ion concentration was
| produced.. 'I:_a'the meantime, as'thg alkaline ._matgrial,._sl-liter

: liiné_mil'k w-i-fh-; _Q.Q,'molllitér' was produced. Béth of them wétré- '
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mixed in such a manner that the reaction equivalent ratio is
mixture aqueous solution:limex_nilk=1:l.03 by charging thereof
consecutively with stirring into a continuous reaction vessel of
50-liter effective volume. Then, this reactant was emulsified
into calcium chloride agueous solution with 1.0 mol/liter chlorine
ion concentration, and thermally treated at 150°C for two hours
by putting thereof into an autoclave of 100-liter effective volume
with a stirrer . Thereafter, it was filtrated by a filter press,
washed with water, dehydrated, dried in an oven and then
pulverized, thus producing the composite metal hydroxide as an
objecfivg.
EXAMPLE 2
Emulsification of the reactant in example 1 was conducted
in sodium chloride aqueous solution with 0.5 mol/liter chlorine
ion concentration and the thermal treatment was conducted at
170°C for two hours. Except for that, example 2 was the same as
example 1, thus producing the composite metal hydroxide as an
objective. |
EXAMPLE 3
By dissolving zinc nitrate, a reagent of the first grade, into
ionic bittern and diluting thereof with dei.onized water, 50-liter
n_aixture' aqueous solyt_ion with 1.0 mol/l_.iter Mg ion concentration
and 0.0.03 mol/liter Zn ion concentration was produced. In the -
meantime, as thé.'alkalin'e material, 52-liter 'li_memjlk v_v:'gth 10

mol/litex was p.roduce_d.. Both of them were mixed in Spich- a
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manner that the reaction equivalent'ratio is mixture aque'ous-
solution:limemilk=1:1.04 by charging thereof consecutively with
stirring into a continuous reaction vessel of 10-liter effective
volume. Then, thisreactant was emulsified into sodium chlori;ie
aqueous solution with 2.0 mol/liter chlorine ion conceﬁtration,'
and thermally treated at 150°C for two hours by putting thereof
into an autoclave of 100-liter effective volume.w_ith a stirrer.
Thereafter, it was filtrated lby a filter press, washed with water,
' dehydr'ated, dried in an oven and then pulverized, thus producing
the composite metal hydroxide as an objective.
~ EXAMPLE 4
‘The reaction equivalent ratio of the mixture aqueous
solution and limemilk of example 3 was changed in such a manner
that mixture aqueous solution:limemilk=1: 1.20. Except for that,
example 4 was the same as example 3, thus producing the
composite metal hydroxide as an objective.
EXAMPLE §

By dissolving magnesium nitrate and zinc nitrate, reagents
of the first grade, into deionized water, 1-litex mixture aqueéus
solution with 0.9 mol/liter Mg ion concentration and 0.1 mol/liter
Zn ion concentration was produced. In the meantime, as the
alkaline material, 1-liter sodium hydroxide aqueous solution
with '2.04 mol/liter wds_ produced. - Both of them were mixed in
. sﬁch a manner that-.t'hé' reaction equivalent'réti_q'is ‘mixture

- agueous’ 'sol‘iit_ion :s'o_diu'm- h.ydl_'é_x_ide =_1-'_:”1.'('J'2 by 'droppin'g. the
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mixture aqueous solution into sodium hydroxide aqueous solution
with stirring, thus pxoducing reactant. This reactant was
emulsified into sodium chloride aqueous -solution with 1.0
moilliter chlorine ion concentration, and thermally treated at
150°C for two hours by putting thexeof into an autoclave of 3-
liter effective volume with a stirrer and thereafter, filtrated by a
vacuum filtef, washed with water, dehydrated, dried in an oven
and then ﬁulverized, thus obtaining the composite" metal
hydroxide as an objective.
EXAMPLE 6

'Synthetic sea water was produced by adding zinc nitrate
into 1530-liter decarboxylated sea water (Mg ion concenti:ation:
0.032 molfliter) in such a manner that Zn ion concentration was
0.002 mol/liter. In the meantime, as the alkaline material., 51.
liter limemilk with 1.07 molAiter alkali ion conce;itration was
- produced. Then, both of them were mixed in such 2 manner that
the reaction equivalent ratio is synthetic sea
water:limemilk=1:1.05 by charging thereof consecutively with
stirring into a continuous reaction vessel of 250-liter effective
volume. Then, this reaetant was emulsified into calcium
chloride aqueous solution with 1.2 mol/llitexr chlorine ion
_ concentration, and thermally treat‘ed at 15_0°C for two hours by
“putting thereof into an aufeclave of 100-liter effective volume
with a stir,re:e.' _ Th_ereafter,- it was filtrated by a filter press,

washed. with water, dehydrated, dr_ie'd in an oven ‘and ‘then



20

pulverized, thus producing the composite metal hydroxide as an
objective.
EXAMPLE 7
The reaction mother Liquor after being thermally treated at
150°C for two hours in example 6 was cooled dowﬁ to 100°C. And
3.5-liter nickel chloride agueous solution with 0.3 mol/liter Niion
concentration was added therein with stirring for aging with
heating at 100°C for 30 minutes. Except for that, example 7 is
the same as example 6.
EXAMPLE 8
The ratio of nickel chloride aqueous solution based on the
produced composite metal hydroxide was changed to 1mol %.
Except for that, example 8 was the same és example 7.
| EXAMPLE 9
The ratio of nickel chloride aqueous solution based on the
produced composite metal hydroxide was changed to 5 mol % and.
.the aging condition with heating was changed to 150°C for 30
minuteé- Except for that, example 9 was the same as example 7.
EXAMPLE 10
The reaction mother liguor after being thermally treated at
150°C for two hours in example 3 was cooled down to 100°C. And,
3.9-litex nickel chloride aqueous solution with 0.4 mol/liter Niion
concentratmn was added therem with stu'rmg for aging with
'_'. heatmg at 100°C for 30 mmutes Except for that, example 10 is

- the same as example 6..
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COMPARATIVE EXAMPLE 1
By dissolving zinc chioride, a reagent of the first grade, into
bittern, 30-liter mixture aqueous solution with 1.7 mol/liter Mg
ion concentration and 0.085 mol/liter Zn ion concentration was
produced. In the meantime, as the alkaline material, 46-liter
limemilk with 1.0 mol/liter alkaline ion concentration was
produced. Then, both of them were charged into a continuous
reaction vessel of 2.5-liter effective volume with stirring for
reaction in such a manner that mixture aqueous
solution:limemilk =1:0.9 at a xeaction equivalent ratio. Further,
this reactant was put into an autoclave of 100-liter effective
volume with a stirrer for thermal treatment at 150°Cfor two hours.
Thereafter, it was filtrated by a filter press, washed with water,
dehydratéd, dried in an oven and then pulverized, thus producing
the composite metal hydroxide as an objective.
- COMPARATIVE EXAMPLE 3
The reaction equivalent ratio of the mixture aqueous
solution and the limemilk was changed to 1:1.05. Except for that,
comp arativé examplel 2 was the same as comparative example 1 so
as.to obtain the resultant product.
- COMPARATIVE EXAMPLE 3
The reaction equivalent ratio of the mixture aqueous
solution and the sodium hyaroxide of example 5 was changed to
1:1.25. Except for that, c;)mpar,ati;r_e_ example 3 was thé same as.

. example.5 so.as to produce the resulltant.pfo'cl_'\;ct. -
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COMPARATIVE EXAMPLE 4
The reaction equivalent ratio of the mixture aqueous
solution and the sodium hydroxide of example 5 was changed to
1:1.00. Except for that, comparative example 4 was the same as
example 5 so as to produce the resultant product.
COMPARATIVE EXAMPLE 5
A mixture aqueous solution of 1.1 mol/litexr Mg ion
concentration and 0.055 mol/liter Zn ion concentration was
produced. In the meantime, the reabtion equivalent ratio of the
mixture aqueous solution and the limemilk was set at 1:1.05.
Except for that, comparative example 5 was the same as
comparative example 1.
COMPARATIVE EXAMPLE 6
The mixture aqueous solution of example 1 was changed to
that of 0.14 mol/liter Mg ion concentration an'd 0.019 mol/liter Zn
jon concentration. Except for that, comparative example 6 was
the same as example 1. |
COMPARATIVE EXAMPLE 7
 The mixture aqueous solution of example 1 was changed to
that of 0.88 mol/lii;er- Mg ion concentration and 0.12 mol/liter Zn
ion concentration. Except for that, comparative example 7 was
the same as example 1. _
Each éhemicél cbmpositioﬁ, average secondary particle
' 'diamej:e_r and BET specific surface area df thus -o'b.tai.ned, var‘ioﬁs

composite metal hydtd,zg_ide's,_,Was measured. - The .,resu-lt's-_' are
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shown in the following tables 1 and 2. |

The chemical composition was quantitatively determined by
an x-ray.fluorescence .analysis, and a chelatometric titration
method, an ICP emission sepctrochemical analysis or the like on
the mixture wherein a composite metal hydroxide was solved into
hydrochloric acid for quantification of content by element, and
also identified and measured on lattice constant by x-ray
 diffraction to judge whether a uniform solid solution was realized
or not.

The above average secondary particle size was mgasured by
a microtrack method af_tei'. conducting ultrasonic dispersion
treatment on sample powder in 0.2% sodium hexametap,hosphate
aqueous solution.

The BET specific surface aiea Qas measured by an N:
adsorption method.

| TABLE 1
CHEMICAL COMPOSITION

EXAMPLES
Mgo.esZn0.0s(OH)2
Mego.95Zno.0s(OH):
Mgo.997Zn0.003(OH)2
Mgﬁ.éwZno.oos(OH)z
Mgo.sZno.(OH)s
',Mg;)_.?4Zno.os(0H)2_ -
" MgoseZnoseNiooz(OH)2

A @ «» N W N
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8 Mgo.93Zno.06Nio.o1(OH):

9 Mego.s9Zn0.0sNio.os (OH):2
10 Mgo.967Zn0.008Nio.os(OH)2

COMPARATIVE EXAMPLES

1 Mg(OH)2+Zn(0H)Cl
Mg(OH)2+Zn(0OH)Cl
Mg(OH)2+ZnO
Mg(OH)2+Zn(0OH)Cl
Mg(OH)z+2Zn(0H)Cl
Mg(OH)z+Zn(0H)Cl
Mg(OH)z+ZnO

~ A Ov h w N

TABLE 2

AVERAGE SECONDARY
PARTICLE DIAMETER (¢ m)

EXAMPLES

0.72

0.76

0.86

0.71

0.66

0.83

0.80 |

"0.80

O @ S U s O N e

. 0.79

BET SPECIFIC

SURFACE AREA (nf/g)

10.9

7.9

6.0
9.8

11.9

7.0

7.6

7.6
69
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10 0.85 6.6

COMPARATIVE EXAMPLES

1 o4 | 8.6
0.74 8.9
0.61 . 15.5
0.81 6.9
0.72 | 7.8 .
0.78 | 7.3
0.57 16.5

3 O >k & W

From the above tables 1 and 2, it is found out that a uniform

solid solution was obtained in every example.
EXAMPLES 11 TO 15

Next, eéch composité metal hydroxide (of examples) shown |
in the following table 3 was suspended into water respectively,
heated up to' 70°C with stirring. Subsequently, sodium oleate
dissolved in advance was added into the composite metal
hydroxide By 2 weight % as oleic acid so as to be surface treated.
Then, it was dehydrated, washed with water and dried in an oven.

Further, as a specimen, 0.2 parts antibxidant and each
composite metal hydroxide (of examples), surface treated at ratios
shown in the following table 3, were added based on 100 parts
ethylehe-ethylacrylate copolymer (ethylene aciylate content: 15
' weight %, Nippon -P'etrochemicél's' Co., .Lt'd..) 0 as to be _ﬁi.ixed ina |

| ;,bléndey. - After. B_eiqg- mixed, it was kneaded by an open-roll -
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mixer at 130°C and further press-molded at 160°C so as to be
made into a sheet in 1mm thiékness and a sheet in about 3.2mm
thickness (1/8 inch) respectively. Then, each of the sheets was
punched into a dumbbell-shape and a striﬁ-shape as samples
respectively. These samples were subjected to a ténsile test in
accordance with JIS C3005 aﬁd a combusfibility tes.t in

accordance with UL94VE.

TABLE 3

(parts)
EXAMPLES
11 12 13 14 15

COMPOSITE METAL HYDROXIDE

EXAMPLE 3 5 - 11 N
EXAMPLE 5 - 120 - - .-
EXAMPLE 7 e 110 - e
EXAPMLE 9 - = = 100 --

EXAMPLE 10 - ee e = 120

| COMPARATIVE EXAMPLES 8 TO 11

Each reaction product (of comparative examples) and
Mg(OH): shown in the folléwing table 4 were mixed at ratios
specified therein. Except for that, each sheet was formed in the
same way .as that of examples 12 to 19. Then, each sheet was
~ punched _into a.dumbbell-shape and a stripe--shape as specimens.
 These spécimens were subjected tq" a tensile tést in ~acc_oidaﬁce

with JIS: C3005 and a combustibility test in accordance with
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ULY94VE.
TABLE 4
(parts)
COMPARATIVE EXAMPLES
8 9 10 11
COMPOSITE METAL HYDROXIDE
COMPARATIVE EXAMPLE 1 140 -- - -
. COMPARATIVE EXAMPLE 7 -- 140 -- -
MG(OH): _ -- - 140 150
The resul.t.‘.s of tensile strength .and combustibility tests by
using these specimens are shown in the following tables 5 and 6.
TABLE 5
EXAMPLES
11 12 13 14 15

FLAME RESISTANCE TEST
UL94VE (1/8inch thickness) V-0 V-0 V-0 V-0 V-0

TENSILE STRENGTH
(kgf/mm?2) | 0.97 1.03 1.15 1.211.18

TABLE 6
COMPARATIVE EXAMPLES
8 9 - 10 11

FLAME RESISTANCE TEST
UL94VE (1/8inch thi'ck_n'ess) S B - ‘B B - V0 .

 TENSILE STRENGTH - -
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(kgf/mm?) : 089 078 089  0.79

From the above tables 5 and 6, it is found out that all
comparative examples were low in tensile strength and infexior in
mechanical strength. Further, ‘good results were not obtained
for flame retardancy on comparative examples 8 to 10. Onr the
other hand, good results were obtained for flame retardancy on all
examples altho{lgh composite metal hydroxides were less added
than in comparative examples. Still further, tensile strength on
examples was superior to that of all comparative examples, which
shows that all examples retain high flame retardancy as well as
mechanical strength.

EFFECTS OF THE INVENTION
As the above, the composite metal hydroxide represented by
the general formula (1) is produced by reacting Zn-containing Mg
‘agueous solution having a specific Mg ion concentration and
alkaline material at a specific reaction equivalent ratio. For
thié reason, a composite metal hydroxide, a uniform solid solution,
wherein Zn is solid solved into Mg system, which is difficult to
produce in the conventional methods can be obtained. Further,
the composite metal hydroxide obta_'ined at this reaction
equivalent ratio is aged in aqﬁeous medium having a specific
chlorine ion concentration at a specific temperature so as to
produce the co_mposite meté.l hydroxide represehted' by the

general formula (1), whose c';-ystal shape can be contrpiled, which . .-
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prevents occurxence of secondary aggregation.

In addition, the composite me£a1 hydroxide represented by
the general formula (2) wherei_n only the crystal surface is
substituted for Ni can be obtained by adding water soluble Ni
compound solution into the composite metal hydroxide
represented by the general formula (1) at a specific temperature
in the presence of reaction mother liquor. Thus obtained
éomposite metal hydroxide is a uniform solid solution wherein Zn
is solid solved into Mg system. ‘Therefore, the ﬂame. retardant
high-molecular compeosition obtained by mixii;g the composite
metal hydroxide represented by the general formula (1) or (2) at a
specific volume based on the high-molecular compound exerts
high flame retardancy with less content thereof compared with
the conventional ones and shows superiority in mechanical

strength.
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What is claimed is;

1. A method of producing a composite metal hy.droxide
characterized by reacting magnesium-containing aqueous
solution (X) including water soluble zinc compound wherein
magnesium ion concentration is 0.01 to 1 mol/liter with
alkaline material (Y) at a reaction equivalent ratio (X:Y) of
X:Y=1:1.01 to 1:1.20.

2. A method of producing a composite metal hydroxide according
to claim 1 wherein the produced composite metal hydroxide is
hydrothermally treated at a temperature within a range of 100 .

‘to 200°C in chlorine-containing aqueous medium wherein
chlorine ion concentration is 0.5 to 2.0 mol/liter. |

3. Amethod of producing a composite metal hydroxide according
to claim'2_ wherein the produced metal hydroxide is heated in
the presence of reaction mother liquor at a temperature within
a range of 80 to 150 'C and oniy the crystal surface thereof is
substituted for mnickel by adding water soluble nickel
compound solution.

4. A composite metal hydfoxid_e obtained by a method according
to claim 1 or 2 represented by the following general formula
(1);

MgiZnx(OH): ... (1)
wherein x indicates a positive number within a range 0£ 0.003
Sx=0.1.
5. A composite metal hydroxide obtained by a method according

-

AL R
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to claim 3 represented by the following general formula (2);
Mgi-xyZn:Niy(OH): ..... 2)
wherein x indicates a positive number within a range of 0.003
Sx=0.1 |
and y indicates a positive number within a range of 0.01=5y
=0.05.
6. A flame retardént high-moleculax composition containing
composite metal hydroxide according to <_:1aim 4 or 5 within a
range of 80 to 150 parts by weight based on 100 parts by

weight of the high-molecular composition.

“THIS SHEET HAS BEEN
REPLAGED

{This Sheet Has Been Replacec

* [ L M $ *



