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NETjA\L HYDROXI DE SOLI D SOLUTI ON; METAL OXI DE SCLI D SOLUTI ON N

PROCESSES FOR THEI R PRODUCTI ON

FI ELD OF THE | NVENTI'ON | The present invention relates to a magnesi um
hydroxi de solid solution, a magnesi um oxi de solid solution and processes
for their production. PRI OR ART In

conventi onal magnesi um hydroxi des, fine krystals are formed in aggregates
havi ng an average secondary particle diameter of about 10 to 100

mcrometers. MaguESAD BKYDRO XIDE S OLID SQLITHONgMETIAE X hEeri al s
have not been honpbgeneous in terns of particle dianmeter. For this reason,

when the above nagng® UIDhEODYTEY N ZINDRPROCBSSESEO RrFHEIRI as
additives for resins, there are disadvantages in that they exhibit poor

di spersibility, do not function suffpriptUgTda®Nadditives, and tend to
destroy physical properties inherent in resins thenselves. - To sol ve

t he above-descri bed problens, a nethod of manufacturing a nagnesi um
hydr oxi de whi ch has good crystal . growh (Japanese Patent Publication No.

di spersibi 11y (Japanese Par BAEITPoOTo ARG TENRNAION TR 14118/ 80)
have been proposedyy . NOLEON ElinvAnTRoRCP iiTes Vs P th 5 a8t bt hydroxide
solid solution, a magnesium oxide solid solution and processes
for their production.
PRIOR ART

In conventional magnesium hydroxides, fine crystals are
formed in aggregates'having an average secondary particle
diameter of about 10 to 100 micrometers. Magnesium oxides
formed by using such aggregates as materials h.ave not been
homogeneous in terms of particle diameter. For this reason,
when the above magnesium hydroxides and magnesium oxides
are used as additives for resins, there are disadvaqtages in that
they exhibit poor dispersibility, do not function sufficiently as
additives, and tend to destroy physical properties inherent in
resins themselves.

To solve the above-described problems, a method of
manufacturing a magnesium hydroxide which has goo‘_fi crystal
growth (Japanese Patent Publication No. 48809/88) and a method
of manufacturing a magnesium oxide having high dispersibility
(Japanese Patent Provisional Publication No. 141418/90) have

been proposed. Moreover, a magnesium hydroxide solid



2 solution and a nmagnesi um oxi de solid :solution show ng high perfornmance
(Japanese Patent Provisional Publications Nos. 41441/94, 209084/93 and
157032/ 94) have been proposed, in which effects to sonme extent have been
produced. In addition, as large particles for inproving mechani cal
properties and the |ike, a magnesi um hydroxide solid solution and a
magnesi um oxi de solid solution having hgh aspect rati os have been

proposed (Japanese Patent Provisjonal Publi cﬁgtéon NQ. 2?‘9235/ 96%;‘7
However, the simtéoneanidosemagRosHiMonNideagodid (14 AR RN EMIE | m
oxi des, magnesi um hydroxide solid solutions, magnesjum gzl de .sol i ch

sol utions, argerfagneshcen (hgpeoesde Batentadfrovishonsl dBuddicitions,Ngss
havi ng high aspect ratios are crystals having a thin and .
hexagonal - pri&nd4iked, f2O9084/9Boagd tHE7032/94) diave Zbecnapyopesadsnin| to
| arge. Therefore, when they are kneaded into synthetic resins as

addi tives, pryhisntefRxthaccaonndexueht drve beeat producedet efa addidionnd
hi gh density filling cannot be perfornmed due to 1ncrease in viscosity of

the resins, s 18} e 3o FAGEFES Tort iMproving! Heblianivad propesdabi andytlad a
| ow speed nol di ng.” Besi des, depending on the resins used, dispersibility

hove® L) DARRY, SRR Mygrbeidecions sencan nnd e mgmasion

. , y, they do not function
oxide solid solution having high aspect ratios have been
proposed (Japanese Patent Provisional Publication No.
259235/96).

However, the above-mentioned conventional magnesium
hydroxides, magnesium oxides, magnesium hydroxide solid
solutions, magnesium oxide solid solutions, and magnesium
hydroxide and magnesium oxide solid solutions having high
aspect ratios are crystals having a thin and hexagonal-prism-like
form, although their crystal sizes vary from small to large.
Therefore, when they are kneaded into synthetic resins as
additives, problems may be caused such as productivity
deteriorates and high density filling cannot be performed due to
increase in viscosity of the resins, as well as deterioration in
fluidity and processability and a low speed molding. Besides,
depending on the resins used, dispersibility'in the reﬁins may
deteriorate due to factors concerning the shapes of the above
solid solutions so that, occasionally, they do not function
sufficiently as additives.

SUMMARY OF THE INVENTION



sufficiently as additives. SUWRARY COF THE | NVENTI ON

3 The present invention was nade under such circunstances. The
present invention ainms to provide a netal .hydroxide solid solution and a
met al oxide solid solution which are inproved in ternms of fluidity,
processability and the |ike when kneadeq&into resins and the |like, and
processes for their production o acconplish the above aim it is

an aspect of the prgsent entlo rOV|d

sol ution represent l?)fetsﬁg ABME 5? Mt e%&’éﬂu@ﬂ%?e” er%{
(OH)[err] erei,n Merr], denote on val en taI
i on sel ect ed T\hreoéh"ﬁzﬁf‘gf rl]“"elﬂéE@FN#lméof%rprf]owale[@r?‘]e ai?l.h%‘ﬁ ’éfﬁj fhf

and x denotes a nunber in the range of 01 _  x< 0. l\4\/|th a cryst form
whi ch is an ot@kHaaRoandometd ngxa%éiolaﬁosolmm \ﬁhie‘a adje H&?&P"ﬁ

and si x peri pheral a)éram dal planes, the pyram dal planes consisting of

upwar d- i ncl i risrops §lturddtydpmmsaabmtymtﬂ gharldkewwihem kneaded into
alternatively located7 the ratio of the major axis diameter of the basal

pl ane to the radinskardstibelileenanidep nppessen dor dberir pxeduglionss (nmaj or
axis diameter/thickness) being 1 to 9. It is another aspect of the
present invention o peeonplish tiet abowe dimsdliid mphspecn afetirepeasent by
the following formula (2): My[err] Merr] O ... (2)
invention to provide a metal] hydroxide solid solution
represented by the following formula (1); |
Mg, M** (OH), --- (1)
wherein M?* denotes at Jeast one divalent metal ion selected
from Mn?*, Fe?*, Co**, Ni?*, Cu?®* and Zn“ and x denotes a
number in the range of 0.01=x<0.5,
with a crystal form which is an octahedron comprising upper and
lower parallel basal planes and six peripheral pyramidal planes,
the pyramidal planes consisting of upward-inclined planes and
downward-inclined planes which are alternatively located,. the
ratio of the major axis diameter of the basal plane to the
thickness between the upper and lower basal planes (major axis
diameter/thickness) being 1 to 9.
It is another aspect of the present invention to provide a
metal oxide solid solution represented by the following formula
(2): |
Mg, M**, 0 -+ (2)
wherein M?* denotes at least one divalent metal ion selected

from Mn?®**, Fe’*, Co?*, Ni?**, Cu?* and Zn** and x denotes a



wherein Merr]denotes at |east one divalent netal ion selected from
Mi[err], Fe[err], Co[err], N [err], Cu[err] and Zn[err] and x denotes a

4 nunber in the range of 0.0l[err] x< 0.5, with a crystal form which
I s an octahedron conpri si ng upper and | ower parallel basal planes and six
peri pheral pyram dal pl anes, the pyram dal pl anes consi sting of )
upwar d-i ncl i ned pl anes and downwar d- i nd i ned pl anes which are . .
alternatively | ocated, the ratio of the major axis dianmeter of the basal
plane to thaumbeknosshbetameps afhb.@pFex |akbS,ower basal planes (naj or
axi s dianeter/thickness) being 1 to 9. It is still another aspect
of the present i witht accrystapforndsvhiclpisemsectahedronsomgrising upper
hydr oxi de solid solution in which conposite netal oxide represented by the

follow ng formud loWer i pafaidentivasain planeguaads sivdperipherathipyramilddlo 6
nol % based on the conposite netal oxide, of at |east one selected from

carboxylic acipapn@gt fikhéagiyr@fmmlb%dé‘s acoRlsisti@g VT wpwhddahtklifedal
salt of inorganic acid coexXists, with strong stirring. My[ err]

e, O ol s, PER ME e Solgpbrgraghisioy

metal ion selecte rom Fe[ err], Nlerr], Culerr

Znferr] and x lﬁ?g%&eshh@ AP 631,?% %l{]hjorr% &iadiePer bethk Kaﬁpef?jtéeato

It is even sti anot her "aspect préesent i nvention to pro

process for piREuH % dEPbetWelsn %Rlsilgpﬁgl' Lﬁtr{.&)']ou]e,r basal planes (major
axis diameter/thickness) being 1 to 9.

It is still apother aspect of the present invention to provide
a process for producing metal hydroxide solid solution in which
composite metal oxide represented by the following formula (3)
is hydrated in an aqueous medium, in which 0.1 to 6 mol%, based
on the composite metal oxide, of at least one selected from
carbbxylic acid, metal salt of carboxylic acid, inorganic acid and
metal salt of inorganic acid coexists, with strong stirring.

Mg, M**,0 -+ (3)

wherein M2* denotes at least one divalent metal ion
selected from Mn?*, Fe?**, Co2*, Ni**, Cu®* and Zn?* and x denotes
a number in the range of 0.01 =X x<0.5.

It is even still another aspect of the present invention to
provide a process for producing meta] oxide solid solution in
which the metal hydroxide solid solution obtained by the above
process is burned at not less than 400°C.

As described heretofore, in the metal hydroxide solid

solution according to the present invention, the crystal form is an



whi ch the netal hydr oxi de solid solution obtained by the above process is

burned at not |ess than 400[err]C As described heretofore, in the
nmet al hydroxide solid solution according to the present invention, the
crystal formis an ) 5 oct ahedr on

conprising upper and | ower parallel basal_planes and si x peri pheral
pyram dal planes, the pyram dal pl anes cohsi sti ng of upward-inclined

pl anes and downwar d-i ncli ned pl anes which are alternatively | ocated, and
the ratio of tontahejdnomzbmphisiegarppenandiovwesparplieldasal planes andess
bet ween the upper and | ower basal planes (major axis dianeter/thickness)
is 1to 9. Figrpéripherab gyramidskeplanesetié pyrantidadrpbteds €onsistiaga
conpletely different crystal habit fromthe thin and hexagonal - prism
crystal of thefcapwenid-dnelined Pplahedroxd dowaliw drd-dnelimed plaaed, wiich
addition, crystal growth in the direction of the thickness I s high. For

Ll reason, wReldgerha Ry didnad, o dlo raltilontidanssbi dxislalanperer
e o 2, DEMRG 4 S0 Lo S BNGHKLAL eyl hbApEE: apd Lower
Terovec b Wit oGS o DRI S a )| 1 [ 1990
becones 9000, RGNS L. BrsPugl OGRS BE Ky, SprbonRbcyen
absorbents, r%iorlle‘(’? gfqu Hﬁtf%%%k Sdryrs?gi %taibqg ﬁg(xarpttﬁeaﬂxdirf Q\%d hexagonal-
prism crysta] of the conventional metal hydroxide solid solution,
and, in addition, crystal growth in the direction of the thickness
is high. For this reason, unlike the conventional metal
hydroxide solid solutions, when the metal hydroxide solid
solution of the present invention is kneaded into a synthetic resin
as an additive, fluidity and processability of the resin are
improved and the molding speed is improved, by which
productivity becomes excellent while the filling property is also
improved. As aresult, dispersibility in the resin becomes good,
and when the metal hydroxide solid sofutions of the present
invention are used as additives for flame retardants, ultraviolet
ray absorbents, reinforcing materials, radiating agents and the
like, for resins, they may exhibit those functions suffigiently.
With respect to the metal hydroxide  solid solution
according to the present invention, in the case that the major axis
diameter of the basal plane is 0.1 to 10 & m in average, when

such is kneaded into a synthetic resin as an additive, fluidity and



|l i ke, for resins, they may exhi bi't tthose functions sufficiently.

Wth respect to the netal hydroxide solid solution according to the
present invention, in the case that the najor axis dianeter of the basal
plane is 0.1 to 10 [err] min average, when such is kneaded into a
synthetic resin as an additive, fluidity and ,

6 processability are further inproved sd that productivity in resin

mol di ng and the |ike becones excellent. Wth respect to the netal
hydr oxi de sol pdosessability aseofuithe rtinprevpdesethat Prody VIR fESLAse
where Merr] in the above formula (1) is Zn[err], the degree of whiteness
is inproved aneldilngoanld tleiloketbeaymaissexbeb@ntbecomes excel | ent by
solid-soluting Zn[err] in My(OH)[err]. In addition, in the netal
oxi de solid sol uti owjascaredipegt tto t bite prretalt hydeaxide, sadidn sajation
above-described netal hydroxide solid solution , the crystal formis an
octahedron cg@EBbrding téPPRE pridenevigivation), din tosalasp! wieseaMf *sincthe
peri pheral pyram dal planes, 'the pyram dal planes consisting of

upvar d- i ncl | ngg oleaRGPmiily (DAL I Neé v leabeswhiatosy ¢s improved
e

alternatively located, and ratio of the major axis dianmeter of the
basal plane tg the,fhic Pﬁ%%igféé"e?ﬁy”&%s‘bqﬁgﬂ dbbevhies bexaklR@mitneby
I ckness

(maj or axis dianeter/th Is 1°to 9. Therefore, 1 n the present

it E\cl)ggt im?nE hé%Bﬁ%ﬁﬁthé "Zﬁ‘ﬁsig? M%?W'I%.el y different crystal habit from
In addition, in the metal oxide solid solution according
to the present invention, as in the above-described metal
hydroxide solid solution , the crystal form is an octahedron
comprising upper and lower parallel basal planes and six
peripheral pyramidal planes, the pyramidal planes consisting of
upward-inclined planes and downward-inclined planes which are
alternatively located, and the ratio of the major axis diameter of
the basal plane to the thickness between the upper and lower
basal planes (major axis diameter/t‘higkness) is 1 to 9.
Therefore, in the present invention, the c_rystal form has a
completely different crystal habit from those of the conventional
oxide and metal hydro:kidc, and, in addition, crystal growth in the
direction of the thickness is excellent. For this reason, unlike
the conventional metal oxide solid solutioqs, when tmhe metal
oxide solid solution of the present invention is kneaded into a
synthetic resin as an additive, fluidity and processability of the
resin are improved and the molding speed is improved, by which

productivity becomes excellent while the filling property is also



oxi de and netal hydroxide, and, in addition, crystal growh in the
direction of the thickness is excellent. For this reason, unlike the
conventional netal oxide solid solutions, when the netal oxide solid
solution of ‘the present invention is kneaded into a synthetic resin as an
additive, fluidity and processability of the resin are inproved and the
nol ding speed is inproved, by which proauctivity becones excellent while

the filling pr; s al . : : :

I nproved. Aslgpgéésﬁ étij diig%e'risff)f'l'lltt’ydf%p%%sel'brﬂelsf?’nI%e(t:}(l)?re?ﬁ e?%%(r)l,zleasnd'
when the netal Lde ' | Lt ] f r ' | d as
additives for Q%ﬁg’ F@ﬁa%ﬁ@stfﬁeuﬁféggi%*&% goﬁg@gﬂ}sﬂé?@ég'&f ?ﬁgiaé] eost%ﬁng
materials, radiati agents and the, .. like, for resins, the exhi bi t
Those runcti odoveatipRiet fydd’at Waditgy e fosflapte st rdeith 80 Bl | o
sol ution according,to the presgnt .invention,,in the case that the, ngjor
axis di aneter T8¥ gb?ﬂébﬁag%ﬂ rﬁf%ﬁé‘ql§go."'&attedli’(§'[fear‘?']atmgna&?ﬁsa@é',d \%ﬁén
such is kneaded i_nto a,syn'kget i C resi ags n additive, fluidity and
processabil i tj"'é?eff’ﬁr"tf’ﬁéps'r YR YseXhipatt gi%%cft“i‘\ﬁt!‘}nﬁ #ufdicientlyy) g ng
and the |ike becones_excellent. Wth respect to _the netal oxide
solid sol uti on accoWditigraspeatnio phedaetali oxide sohid saletioncageovding to

Merr] in the above fornula (2) is Zn[err], the degree of whiteness is
i nproved and &hspresentiinventiongtinr the gaserthatthebmajorsaxiscéidmetebpf

solid-soluting Zn[err] in MO BRI EF DESCRI PTI ON OF THE

DRAW NGS the basal plane is 0.1 to 10 & m in average, when such is
kneaded into a synthetic resin as an additive, fluidity and
processability are further improved so that productivity -i.n-resin
molding and the like becomes excellent.

With respect to the metal oxide solid solution according to
the presentinvention, in the case where M?* in the above formula
(2) is Zn?**, the degree of whiteness is improved and also the
ultraviolet ray absorbency becomes excellent by solid-soluting
Zn** in MgO.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 (a) shows a plan view and Fig. 1 (b) shows a side
view of the crystal form of a conventional metal hydroxide solid
solution;

Fig. 2 (a) shows a plan view and Fig. 2 (b) shows a side
view of one example of a crystal form of a me.tal. hydrox;de solid
solution accdrding to the present invention;

Fig. 3 (a) shows a plan view and Fig. 3 (b) shows a side

view of another example of a crystal form of a metal hydroxide



Fig. 1 (a) shows a plan view and Fig. 1 (b) shows a side view of the
crystal formof a conventional netal hydroxide solid solution; Fig.
2 (a) shows a plan view and Fig. 2 (b) shows a side view of one exanple of
a crystal formof a metal hydroxide solid solution according to the
present invention; Fig. 3 (a) shgyws a plan view and Fig. 3 (b) shows
a side view of another exanple of a crystal formof a netal hydroxide

i nvent.i on; Fig. 4is a

8 solid squthH accordln e prese

scanni ng el ectSUAd§RAAB: @?‘&b‘ﬁn‘%éﬂn tpﬁésenfréf‘éflenﬁf/%?om de solid

sol ution of Exanple_1; a scanni ng_ el ectropn

mi cr ophot ogr aph shoﬁlﬁg‘ltﬁea S%MI“%?L‘F%(PMSF?Eh%P&ﬁ‘Bh showingghe 2.

Fig. 6is a scannllr;g el ectron nicrophot ograph show ng the met al hydr oxi de
sol i d sol uti ommetalEhydsoxide solid soRgon7of Examgdening el ectron

m crophot ogr aph showi ng t he met al oxide solid solution of Exanple 4;

Fig. 8 is a scanni nfigl &cis mrsmmn@@lmapmhmphgtogeapmmdwmgrtdnel de
solid solution of Exanple 5; Fig. 9 is a scanning el ectron

m cr ophot ogr apﬂetﬂoimyﬂgobdnde setidl solution df BxaingplsoZuti on of Exanple 6;
Fig. 10 is a scanning el ectron m crophotograph show ng the netal hydroxide

solid solution of EFpgpbeisa scanningre@ctidnimiersphoto foaph atiowing the
m cr ophot ogr aph show ng _
metal hydroxide solid solution of Example 3;
Fig. 7 is a scanning ¢lectron microphotograph showing the
metal oxide solid solution of Example 4;
Fig. 8 is a scanning electron microphotograph showing the
metal hydroxide solid solution of Example 5;
Fig. 9 is a scauning electron microphotograph showing the
metal hydroxide solid solution of Example 6;
Fig. 10 is a scanning electron microphotégraph showing
the metal hydroxide solid solution of Example 7;
Fig. 11 is a scanning electron microphotograph showing
the metal oxide solid solution of Example §;
Fig. 12 is a scanning electron microphotograph showiﬁg
the metal oxide solid solution of Example 9;
Fig. 13 is a scanning electron microphotograph showing
the metal oxide solid solution of Comparative Example 1; and
Fig. 14 is a scanning electron micrOphotograph}showing
the metal hydroxide solid solution of Comparative Example 2.

Embodiments of the present invention will hereinafter be

described in detail,



the metal oxide solid solution of Exanple”S8; Fig. 12 is a scanning
el ectron m crophot ograph showing the netal oxide solid solution of Exanple
9; Fig. 13 is a scanning electron m crophot ograph showi ng the netal
oxi de solid solution of Conparative Exanple 1; and Fig. 14 is a
scanni ng el ectron m crophot ograph showing the netal hydroxide solid

sol ution of Conparative Exanple 2. Enbodi nents of the present

i nvention will hereigaheeil hgdrdaidel deidd soHationlaccording to the present
9 A metal hydroxide solid solution according to the present

invention is rg&savineds bepirageheld oWy g e %Pl‘dﬂir(’\%%fafbma?i(ﬂ), leahem

nmetal ions denoted by Merr] are solid-soluted in [err]. " In the

formia (1), APy RHTORE dehdtdd 7M™ Be Soft Kohit&d i PegroHyych 2

nmet al _hydr(r)]xijde §0I| solutron has the same crystal habit as |
agnestum N Se AR e eNB O Sl i Tl R RS
The fol | owi ng FoPron a Soet dfepirh Th A ORE ety “Foisiqnn st 165 “pdte
Fange of 0. 0GRtk AR ag that oF Ak RS ut bydaxIBR AT ORARE SHUNHL
crystal habit as, that of sta.ndaé?lémagnesi um oxi de and has a sodium

chi ori de type iR4ate BIPE BRIt QL ASRABIAMEYStEM. i s an  oxide maintaining a

skel eton of the above ng[oxi de solid
Mg!-x x (OH)Z ‘e (1)

In addition, a metal oxide solid solution according to the
present invention is represented by the following formula (2),
wherein divalent metal ions denoted by M?* are solid-soluted in
MgO. In the formula (2), x denotes a number in the range of
0.01 = x<0.5. Such a meta] oxide solid solution has the same
crystal habit as that .of standard magnesium oxide and has a
sodium chloride type habit of cubic system. However, it is an
oxide maintaining a skeleton of the above hydroxide solid
solution.

Mg, M?*,. 0 -+ (2)

In the above formulae (1) and (2), M?* denotes at least one
divalent metal ion selected from Mn**, Fe?*, Co?*, Ni**, Cu?* and
Zn**. Among those divalent metal ions, Zn?>* is particularly
preferred since solid-soluting Zn”‘.in Mg(OHi3 or MgO ;mproves
the degree ‘of whiteness as well as imparts an excellent
ultraviolet ray absorbency to the solid solutions.

In addition, the crystal habit of each of the metal

This Sheet Has Been Replaced

IR AR




sol ution. My[err] Merr] O ... (2) In the above formulae (1)
and (2), Merr] denotes at |l east one divalent netal ion selected from
Mh[err], Fe[err], Co[err], N[err], Cu[err] and Zn[err]. Anong t hose
di valent metal ions, Zn[err] is particularly preferred since

solid-soluting Zn[err] in My(OH[err] orygyO i nproves the degree of
whiteness as well as inparts an excellent ultraviolet ray absorbency to

ecar ¢ %O RYBSiae soria! Bofilohl Yha ' e SUTHEoRERE S €ARISTS,
the nmetal oxide sol|d sol uéi on accordi ng to the presept .invention 'ii gn
oct ahedr on coRSFPIAMRE LHERF RERFAWERVHRILON &F AT O aﬁpgﬁgg SRPRIRIN

peri pheral pyram dal planes, the pyram dal planes consisti.ng of upwar(-
i ncl i ned pl an8§p£id %ﬂ)&n\lﬁf“‘dﬁﬂ nerralel plbasad vﬂiadwsar%ndalst@r n2tf e&raq

| ocat ed. “I'n further detail, conventional magnesi um hydroxi de and
magnesi um hydpyxamd dad| plianes uthenpyasmidaysphanenmansistingeafigopward-
system and, as shown in Figs. 1 (a) and (b), they have a hexagonal-prism
f or m whose peinghared | planesowmidd dywnyperd-iacdinederplaneseswhighsh@rg as
a (00 1) plane according to MIler and Bravais indices and six prismatic
pl anes 11 bel ahgirnatively lptatedof a formof { 10 01}. They al so have a
thin and hexagonal -prismformsince crystal growth in the direction of
(001) (Caxis) is llgfarther detail, conventional magnesium hydroxide and
magnesium hydroxide solid solution have crystal habits of
hexagonal system, and, as shown in Figs. 1 (a) and (b), they have
a hexagonal-prism form whose periphery is surrounded by upper
and lower planes 10 shown as a (00°1) plane according to Miller
and Bravaijs indices and six prismatic planes 11 belonging to a
plane of a form of {10-0} . They also have a thin and
hexagonal-prism form since crystal growth in the direction of
(001) (C-axis) is lower.

On the other hand, regarding the metal hydroxide solid
solution and the metal oxide solid solution according to the
present invention, as shown in Figs. 2 (3) and (b), each of their
peripheries is surrounded by upper and lower planes 12 shown as
a (00-1) plane and six pyramidal planes 13 belonging to a plane
of a form of {10-1} , due to crystal habit control in crystal
growth. The pyramidal planes 13 consist of -upward-inclined
planes 13a of a (10°1) plane and the like and downward-inclined

planes 13b of a (10--1) plane and the like which are alternatively

located, thereby providing an octahedron having an unique



On the other hand, regarding the netal hydroxide solid solution and the
nmetal oxide solid solution according to the present invention, as shown in
Figs. 2 (a) and (b), each of their peripheries is surrounded by upper and
| ower planes 12 shown as a (00.1) plane and six pyram dal planes 13
bel onging to a plane of a formof {10.1},, due to crystal habit control in
crystal growh. The pyram dal planes 13 consist of upward-inclined planes
13a of a (10 %) E{ﬁneh@m t he Nrbkeoeed, desrypd bd nelithedheplanesedtiomdl a
(10-1) plane an§ the Iike which are alternatlvely | ocat ed, thereby
provi ding an e‘ipegmrc’% pﬁvm AOWHRI GHE the C-axis CAYAS@ioRabist -higher.

W' t

g/?;if)\s/e(rjl rgg{r}oa e co ventlonal crystals, crystal gromh in the
approximate p e- ﬁlﬂiﬁgorzngﬁg%@v\g&&agl l@ ?g)sa%%yﬁg‘a:tgqg\é?:??g?gl in
gﬁﬁg?afrhf%a gﬁsﬁlﬂéé},% 2%}5&%%%&@%96 ;Eff s R e pftar' ™
R G TR o< e
majgor axis di gﬁ@t‘érc‘b‘?sﬂlﬁ:é“ﬁggéyaﬂpgﬁést%‘&ﬁ ¢ PﬁY%ﬁﬁa@?BB}%éﬁ 1d:pper

and | ower basal planes (mjor, axis | t hi ckness

preferabl e uppdius,i the mstalihrdroxi Prg Hr"“ai‘l'&d &F‘&rrgf%traqt 8XPHD
thickness is 7 Regarding MIler_and Br ava| s | ndj ces, "1 par’ As sho
mon, solid solution according to the present invention include crysta

having a regular octahedron form. Namely, itis preferable that .
the ratio of the major axis diameter of the basal plane to the
thickness between the upper and lower basal planes (major axis
diameter/thickness).i81to 9. A more preferable upper limit for
the ratio of the major axis diameter to the thickness is 7.
Regarding Miller and Bravais indices, “1 bar” is shown as “-1”%.
The fact that the six planes surrounding each periphery of
the metal hydroxide solid solution and the metal oxide solid
solution of the present invention are the pyramidal planes
belonging to {10-1} , as described above, is known from the
following. Namely, when observed with a scanning electron
microscope from the direction of C-axis, crystals of the metal
hydroxide solid solution and the metal oxide solid solution of the
present invention show a three-fold rotatijon .symmetry-—“in which
the rotation axis is C-axis. Moreover, the values in terms of
angles between the (10 - 1) planes and the-{ 10- 1} planes

calculated by using the measured values of lattice constant



The fact that the six planes surrounding each periphery of the netal

hydr oxi de solid solution and the netal oxide solid solution of the present
i nvention are the pyram dal planes belonging to { 10.1 } , as described
above, is known fromthe follow ng. Nanely, when observed with a scanni-ng
el ectron mcroscope fromthe direction C-axis, crystals of the netal
hydr oxi de solid solution and the netal oxt¥de solid solution of the present

i nvention show a three-fold rotati S ry i.n which, the, rotation axis
o axis. o beeatding eoanpen K rayntigricting ass plmash ErEsRg &)
| anes and the 10 . 1 | anes, cal cul ated by using the asured yal ues
(F))f |attice CO‘*BQ{ dnleasur}ed V%]ues in tel’ms 0? they angle% accoﬁlngageoﬁaﬁng
to a powder X-ray diffraction are al nost the sane as t he neasured val ues

in terns of tobsergaEonscwdthithe seanning elesdront MAREOFFPRCt he scanni ng
el ectron m croscope. In addition, regarding the nmetal hydroxide
solid solution ada stiditiomgl regackingithd meital i rxideesplik sodution

i nvention, a ratio of a half width B[err] of a peak for a (110) plane
accordi ng to andhthepmmeeal Xxide diolid axalivanoandf ahlealpresedt HnB{eartipnofa a
peak for a (001) plane (B[err] /Blerr]) is not less than 1.4. It is

confirmed, fapodhe ledidvweidthd®, ,oef arpesilabor ai (310 plare dicomtdiag od
Caxis is good and the thickness has grown. That is, in crystals of the

conventional tHgpesyasr WdroxdiefrardiéRand kehalh&idtiisBgSof dipeaknpor
grown in the direction of Caxis and the peaks for the (001) planes are
broad so thata (oo 1yapiane (B, BB, ) iBarOPeyd €Ran 1.4. It is confirmed,
from the above, that the crystallinity in the direction of C-axis is
good and the thickness has grown. That is, in crystals of the
conventional magnesium hydrox.ide and the like, the crystals
have not grown in the direction of C-axis and the peaks for the
(001) planes are broad so that the half widths Byy; become wider,
thereby making (B, /Bgo;) values small. On the contrary, in
the metal hydroxide solid solution and the metal oxide solid
solution of the present invention, since the crystallinity in the
direction of C-axis is good, the peaks for the (001) planes
become sharp and fine so that the half widths B,,, become
narrower. As a result, the (By;o /Bgg,) values become high.
Namely, the metal hydroxide solid solution and the metal
oxide solid solution of the present inventiop have the crystal
forms having completely different crystal habits from -those of
the conventional ones, and the crysta]l growth in the direction of
C-axis is conspicuous. Thus, the sthisolutions of the present

invention have novel «crystal shapes which have not



thereby making (B[err] /B[err]) values small. On the contrary, in t he
met al hydroxide solid solution and the netal oxide solid solution of the
present invention, since the crystallinity in the direction of Caxis is
good, the peaks for the (001) planes becone sharp and fine so that the
hal f widths B[err] becone narr ower . Qéﬁa result, the (Blerr] /B[err])
val ues becone hi gh. Nanel y, the al hydroxide solid solution and
the netal oxide solid sgﬂuLion of the present invention have the crystal
fornms havi ng €8RYEEPDALN PECONECERystal habits fromthose of the

conventional ones, and the crystal growh in the diréctjqn of G axi§g.is
conspi cuous. Thus,Avesage| pardsletdinmeters of bh%s’@ﬁﬁai ﬂ’rﬁ(ﬁg?ﬂﬁ'grf’ Sﬁ’j&é
novel crystal shapes which have not . T

13 conventi osalutiopecandethe metal owigleagrolidr siddpsian apét the presgat
metal hydroxide solid solution and the netal oxide solid solution of the
present i nveinventiame apecp eferaplyrin biee mamge from 0,1 tool00 fLem.] M A
nore preferable lower |imt of the average particle dianeter is 0.5 [err]
m and 1 [errione predetalpreclomedy Bimit oiir thepnateergll partpperdiametenfist he
average particle diameter is 5 [err] m and 3 [err] mis nost preferable.

Moreover, it 0ssppefmiadbné 1hat mhis anbst prdfelrebsecondamoregpregarabhe
The netal hydroxide solid solution according to the present invention nmay

be produced, {PpePNAMILF tRe dve fagld PU(igle WHaARSster 5 55t A, Wi er3 spi ubi e

Merr] conpound’is added to an .
m is most preferable. Moreover, it is preferable that there be
little secondary aggregation.

The metal hydroxide solid solution according to the
present invention may be produced, for example, in the following
manner. First, a2 water soluble M** compound is added to an
aqueo'us, solution of magnesium hydroxide so as to preparce
partially-solid-soluted hydroxide as raw material. The thus
obtained raw material then is burned at a temperature ranging
from 800 to 1500°C, preferably from 1000 to 1300°C so as to
prepare a composite metal oxide. The resultant composite
metal oxide may be represented by the following formula (3), and
has a BET specific surface area of not more than 10 m?/g,
preferably not more than 5 m?/g.

Mg, M?*,0 -+ (3)

The metal hydroxide solid solution of the pre;‘.ent inven;ion may
be obtained by hydrating the composite metal oxide in a system

of an aqueous medium, in which about 0.1 to 6 mol%, based on

the composite metal oxide, of at least one of carboxylic acid,



aqueous sol ution of magnesi um hydroxide so as to prepare
partially-solid-soluted hydroxide as raw material. The thus obtained raw

material then is burned at a tenperature ranging from 800 to 1500[err]C,
preferably from 1000 to 1300[err]C so as to prepare a conposite netal
oxide. The resultant conposite netal oxigle may be represented by the
followng formula (3), and has a BET specific surface area of not nore

than 10 nferr]/g, preferably not nore than 5 nferr]/

My[ err] M err|m@tal .salt(@f caThexialadigdr oxergasis amgomdimtal sale of
present invention nay be obtained by hydrating the conposite metal oxide
In a system joforgarriguacid coxdiises, withistrbngostittring attca Gemy ebatiuasedf on
the conposite netal oxide, of at |east one of carboxylic acid,

14 metal salét Pés§ahR@xy0rC .acid, inorganic acid and netal salt of
I norgani c acid coexists, with strong stirring at a tenperature of not

| ess than 40[err] Cyp the abovbnfdﬂiﬁ‘ul’@qgs M*akaot s atNledlst lofeQet ate f
| east one dival ent netal ion selected ?roleh [err],. Fe[err],, Co[err],

Ni[err], QJ[%’élaP'?@nZEE?éét]ed fr&ERPM Q| Yoe2ZN[(8574, Nf'x’ﬂfefﬁ'*abha 2?5'3“9

t hem ove manner, the raw material’ i's ot limted to

partially- soIE é@*a”(tl di}y:df Oﬁ]q’qeggh T@Qﬁanghﬂl@rﬁove' ~descri bed

nmet hod. Any ra al’s, conmposi t mef al oxi de can be

obt ained by bur nf 1 eCabBbk ltne e rAH ML AN Fol Hubfod (SHROST L ©

met al hydroxi de ob
partially-solid-soluted hydroxide obtained in the above-

described method. Any raw materials, with which composite
metal oxide can be obtained by burning, are included. For
example, there may be a composite metal hydroxide obtained by
a coprecipitation method, a mixture of one kind selected from
magnesium hydroxide, magnesium oxide and magnesium
carb(;nate and one kind selected from M?* hydroxide, M** oxide
and M?* salts, and the like. As to stirring in the above
hydration reaction, in view of improving homogeneity and
dispersibility, as well as improving efficient contact with
carboxyl acid, inorganic acid and/or their metal salt(s), and the
like, a strong stirring is preferable, and a strong high shear
stirring is more preferable. It is prefen:able to perform such
stirring with, for example, a rotating blade-type stirrer at a
rotating tip speed for moving blades of not {ess than 5 -;n/s. It
is more preferable to rotate at not less than 7 m/s. Besides, itis
preferable to use a turbine blade shape, a DS impeller blade

shape or the like, which is strong in shearing, as a shape for the

\
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a coprecipitation nmethod, a m xture of one kind selected from magnesi um
hydr oxi de, magnesi um oxi de and magnesi um carbonate and one ki nd sel ected
fromMerr] hydroxide, Merr] oxide and Merr] salts, and the like. As
to stirring in the above hydration reaction, in view of inproving
honobgenei ty and di spersibility, as wel| as inproving efficient contact

W th carboxylic acid, inorganic acid dPd/or their nmetal sal t(s), and the,
like, a strong stirring is preferable, and a strong hi gh shear stirring
is nore prefestitring blades preferable to perform such stirring with, for
exanple, a rotating bl ade-type stirrer at a rotating tip speed for_noving
bl ades of not |ess Rbgar8imgsthel carboxythic capids,erthiore aser st specifiot

|l ess than 7 m's. Besides, it is preferable to use a turbine bl ade shape,

a DS i npel | er rbtadeticainpe 1@ théaypieseof whiectartsosylicngcids sHeiwli cgn bs a
shape for the 15 stirring bl ade.
Regar di ng theygadbOXHJiC excinlfle t hBe§ aify ridcipdel ménochaebokiytic ansides to
the types of the carboxylic aci ds which can be used. For exanple, they

IR T TERREBIG aifes | (Buyastisy) end ol ikt o Thane
(o0 ™ S OSSRV HARSCY Shehudli s ol e 3,
ORYSRT DO Cycotie o3, SRUREIAS) e, WM Ady SiruRbeacid dbifhcRE
acid, acrylic acid, crotonic acid and the 1like. The
oxymonocarboxylic acids (oxyacids) may include, for example,
glycolic acid, lactic acid, hydroacrylic acid, a -oxybutyric acid,
glyceric acid, salicylic acid, benzoic acid, gallic acid and the
like. Regarding the metal salts of the carboxylic acids, there
are no specific restriction to the types of the metal salts.
Preferably, they may be magnesium acetate, zinc acetate and the
like.
Regarding the inorganic acids, there are no specific
restriction as to the type of the inorganic acids which can be used.
Preferably, they may be nitric acids, hydrochloric acids and the
like. Andregarding the metal salts of the inorganic acids, there
are no specific restriction as to the types of the metal salts.
Preferably, they may be magnesium nitrate, zinc nitrate and the
like.
The métal oxide solid solution of the present invention

may be produced by burning the metal hydroxide solid solution

obtained in the above manner at about not less than 400°C,
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glyceric acid, salicylic acid, benzoie acid, gallic acid and the l'i ke.
Regarding the netal salts of the carboxylic acids, there are no specific
restriction to the types of the netal salts. Preferably, they may be
magnesi um acetate, zinc acetate and the  |iKke. -Regarding the

I norgani ¢ acids, there are no specific éestriction as to the type of the
i norgani ¢ acids which can be used. Pre?’ rably, they nay be nitric acids,
hydrochloric acids and the 1like. And regarding the netal salts of the

i norgani ¢ acipdefetdielyeat5@0 o 3pOOICi.c restriction as to the types of the
metal -salts.. Preferably, they may be -magnesiumnitrate, zinc nitrat'e and
the . |ike. ' The mxtal hyddexixbé isplid| solwiionf anide theegwtali axédei on
may be produced by burning the netal hydroxide solid solution obtaizned in .
the above nagetid afolaltpoh 66ttHegsrasemt #0VErtidiC may exhibit functions :
16 preferably at 500 to0.1200[err]C. .~ The net-al hydroxide solid

sol ution andgsul® a8t dffidityefos deisinsplddidonesistaneeprentar fepeliency,my -
exhi bit functions such as affinity for resins, acid resistance, water

repel l ency, uytidiviet @ay absapsenbynendant Uilee Ibkechygbeabjestdd ¢otad to -
a variety of surface tréatnents. . The netal hydroxide- .solid solution

and the netakoxide §p! krfdd!t irataledfie PrevRNimeital ehydooxidee spidd
di spersibility 1n“resins as described above x
solution and the metal oxide solid solution of the present
invehti_on ha?e -good dispersibility in resins as d-eécrib_ed above
e and, even if the functions are imparted by surfac;e treatni_ents;
they may exhibit those functions sufficiently.

The surface treatment agents for improving the affinity of
the solid solutions for resins may, for example, include a higher
fatty acid and its alkali metal salt, phosphoric ester, silane
coupling agents; fatty acid esters of polyhydric alcohol, an'fi the
like. In order to improve acid resistance, water repellency and
the 1ik_e, for exatriple, a silica coating in which methyl silicate
and/or ethyl silicate are hydrolyzed, silicic acid metallic salt
coating in which bumiﬁg at about 500 to 1000°C is conducted
after silica coating, coatings with silicone oil, polyfluoroalkyl
phosphafe and the like are conducted. In order to improve the
ultraviolet ray absorbency, for example, titanyl sulfate is
hydrolyzed and titanium dioxide coating is co'nd__ucted-

The present invention will hereinafter be explained by
reference to the following Examples and Comparative Examples.

EXAMPLE 1



and, even if the functions are inparted by surface treatnents, they may
exhlblt those functions sufficiently. - The surface treatnent agents
for inmproving the affinity of the solid solutions for resins may, for
exanpl e, include a higher fatty acid and its alkali nmetal salt, phosphoric
ester, silane coupling agents, fatty acifl esters of.polyhydric al cohol,
and the like. 1In order to inprove acid resistance, water repellency and
the like, for exanple, a silica coating in which methyl silicate and/ or
ethyl silicate are 2@ditdnszefia mukedlmlmmlnmeftmlalgumssam nitredei aydizinghi ch
burni ng at about 500 to 1000[err]C is conducted after silica coating,
coatings withpgiddteo(M gfik=1.60mulllioe palnd/ Z n*Seds phaiod/kiner) heedei pouaed

conducted. In order to inprove the wultraviolet ray absorbency, for
exanpl e, ti tawto S&“é@-tl‘i‘téxs red€id Weskelchid t20i19red of Ca (OH)NY2.0
conduct ed he present invention wl [ hereinafter be expl ai ned by
reference to hh&/flpﬂérﬁvwweWh%a%qo%mrﬁitﬁﬁg%mbaatlon The
EXAMPLE 1 li1ters of a
m xed sol utiog 6
768 551 o, AR rScat Y s BRGNSk i

reacti on vesselyangh 40 ke St 7 LA RH WaOmillB) ke b i dded

thereto with stirring for réaction I'te preC|p|tate

hen vae, 11 ShE potRRlct A s kB PR 6 ORI ippe,

1200ferr]C -tl;rt]x ned material was milled with the ball mill and passed through
a 200-mesh sieve by a wet method. The resultant burned
material was added to a 20-liter vessel containing 10 liters of
acetic acid (0.01 mol/liter) in such a manner that the oxide
concentration was 100 g/liter. The resultant material was
stirred with a high-speed stirrer (Homomixer, manufactured by
Tokusyu Kika Kogyo Co., Ltd.) at a rotating speed for turbine
blades of 10 m/s, and subjected to hydration treatment for 4
hours at 90°C. The reactant was passed through a 500-mesh
sieve, and subsequently was filtered, washed with water and
dried so as to produce a mectal hydroxide solid solution of the

~present invention.

As a result of observations with a scanning electron
microscope, the resultant metal hydroxide solid soluuon crystal
was octahedral in shape having pyrdmlda.l planes on their
periphery. The major axis diameter of the basal plane was
about 1.2 4 m and the thickness between the basal planes was

about 0.36 U« m. Therefore, the ratio of the major axis



burned material was mlled with the ball mll and passed through a

200- nesh sieve by a wet nethod. The resultant burned mat eri al was added
to a 20-liter vessel containing 10 liters of acetic acid (0.01 nol/liter)
in such a manner that the oxide concentration was 100 g/liter. The
resultant material was stirred with a high-speed stirrer (Honom xer,

manuf act ured by Tokusyu Ki ka Kogyo Co. ,18Ltd.) at a rotating speed for
turbine Dblades of 10 m's, and subjected to hydration treatnent for 4
hours at 90C diamgéer dacthat thisknrss {majorosihs dizouetr/phickpess) was
subsequently was filtered, washed with water and dried so as to produce a
met al hydr oxi 33 sol Thie selamniag ofeatmon mpeesphoto graph odithe above metal
result of observations with a scanning electron mcroscope, the resultant
met al hydr oxi hipd sokidle ssdlidi sol utipat i showen dot Figdrdl iIm addptidmyvasoa
pyram dal planes on their periphery. The major axis dianeter of the basal

pl ane was absult.of &?’d\i/dwmdrdildifﬁiaekms%mﬂid\/ﬁmatlﬂeyd)mid@b@mﬂﬁ was
about 0.36 [err] m herefore, the ratio of the major axis

18 di anmeter §sMythient AhekaeFaCtEdPpAxefn Th3fBOEWASiIthkNSSTe ¥othal Sf
The scanning el ectron m crophot ograph of the above netal hydroxide solid

sol ution is shawhdsjuim frydroxilde @ﬁ'é‘éfai@Hat@?e&iiffféé’dibngéaﬂeﬁﬁvﬂ‘ighﬁ ay
I id so iffractioh p

diffraction on The netal “hydroxi de so ution, the ttern

nereof v indanong ik gl eetss oty cetoutde
It is found thatatdfution had a cadmium hydroxide type habit of a hexagonal
system.
EXAMPLE 2
20 liters of a magnesium hydroxide slurry (Mg(OI-I)2 100
g/liter) were poured into a 30-liter reaction vessel, and 3.4 liiers
of ZnCl, (2.0 mol/liter) were added thereto with stirring for
reaction. The thus obtained white precipitate then was filtered,
washed with water and dried. The dried material was milled
with a ball mill and burned in an electric furnace for 2 ho'urs at
1100°C. The burned material was milled with the ball mill and
passed through a 500-mesh sieve by a wet method. The
resultant burned material was added to a 20-liter vessel
containing 10 liters of acetic acid (0.03 mol/liter) in such a
manner that the oxide concentration was 100 g/liter. The
resultant material was stirred with an edge ;urbinc blgde~type
stirrer at a ro'tating speed for edge turbine blades of 12 m/s, and

subjected to hydration treatment for 6 hours at 90°C. The

reactant was passed through the 500-mesh sieve, and
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solid solution had a cadm umiodide type habit of a hexagonal system
EXAMPLE 2 20 liters of a magnesi um hydroxide slurry (Mg(OH)[err] 100
g/liter) were poured into a 30-liter reaction vessel, and 3.4 liters of
ZnCl[err] (2.0 nol/liter) were added theret-o with stirring for reaction.

The thus obtained white precipitate thenlgvas filtered, washed with water
and dried. The dried material was mlled ™ wth a ball mll and burned in an
el ectric furnace for 2 hours at 1100[err]C. The burned material was

milled with tkabqudiidly wad fipessal] wspedhwd hORatesand ayted$cdavalio
net hod. The resultant burned material was added to a 20-liter vessel

containing 10 grbldicse Oh amRtal HGdHolkide3 §@1id! | §6TutibA SYENtRe FFEKYnd hat
t he oxide conCentration was 100 g/liter. The resultant material was

stirred with gﬁvgﬂgﬁ)é‘urbi ne bl ade-type stirrer at a rotating speed for
edge turbine ades of 12 m's, and subjected to hydration treatnment for 6

e
nours at 900err]C . a5Te r 6" 88! obMtvaliSE it 8 %2arhe SOETFS

sieve, and
N e e e e
observations wth a scapni ng el ectro m croscope, the, resultant netal
hydr oxi de sol PES it PERARFIESR) 10 Shapk Bavingamsamidal planss mp its
pyram dal pl ag%?i;%]e}}.s The major axis diameter of a basal plane was about
2.4 £ m and the thickness between the basal planes was about
0.37 # m. Therefore, the ratio of the major axis diameter to
the thickness (major axis dian-aeter/thickness) was 6.5. The
scanning electron microphotograph of the above metal hydroxide
solid solution is shown in Fig. 5. In addition, as a result of a
powder X-ray diffraction on the metal hydroxide solid solution,
the diffraction pattern thereof was the same as that of magnesium
hydroxide except that the diffraction pattern slightly shifted to a
lower angle side. Consequently, it is found that the solid
solution had a cadmium hydroxide type habit of hexagonal
system,
EXAMPLE 3

20 liters of a mixed solution of magnesium nitrate and zinc
nitrate (Mg?*=1.6 mol/liter and Zn**=0.4 mol/liter) were poured
into a 50-liter reaction vessel, and 20 liters of Ca (OH), (2.0
mol/liter) were added thereto with stirring for reaction. The
thus obtained white precipitate then was filtered, washed with

water and dried. The dried material was milled with a ball mill
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peri phery. The major axis_dianeter of a basal plane was about 2.4 [err] m
and the thickness between the basal planes was about 0.37 [err] m
Therefore, the ratio of the major axis dianmeter to the thickness (ngjor
axis dianeter/thickness) was 6.5. The scanning electron m crophotograph
of the above netal hydroxide solid solutionis shown in Fig. 5. 1In
addition, as a result of a powder X-ray %lffractlon on the netal hydroxide

solid solutlon the diffractiqn pattern ther sthes f
magnesi um hyéﬂdxb&éﬂéﬁcéﬁbtafl dectHe BnFRacet °dn Pf‘éf @%ﬁm 'ﬁh’?ed

to a lower angle side. Consequently, it is found that the sol soIHtion
had a cadni unbrgdiedemateriglywashmbl e owiththgdrall millsan passe throug
EXAMPLE 3 20 liters of a m xed solution of nagnesiumnnitrate and

zinc nitratea( 2mesh. sieve/ byt @ watl method.=0. Thep|resud tagt vmén%ur ed
into a 50-liter reaction vessel, and 20 liters of Ca (OH)[err] )
mol /liter) wengeatadied Wheraaicbedmttmasﬂbplntng vesselegonitainingrid um of
obtained white precipitate then was filtered, washed with water and dri ed.

The dried mat qrbatyriasagid! @108 ntoHIhr) in sich a manner that the oxide
20 and burned in an electric furnace for 2 hours at 1200[err]C.  The

burned mat eri ghaeantFhliond wakh 110 LAkt | | T masdesnt hmaitghiala was
200- mesh sieve by a wet net hod. The resul tant burned* naterial was added

to a 20- "tersv«ﬁéslw‘;a{ltaamgﬂgsg@ehlsﬁisepf(ndmwwetc Aeinh fadt@ged by

nmol/liter) in such a manner That" the oxid
Tokusyu Kika Kogyo Co., Ltd.) at a rotating speed for turbine
blades of 10 m/s, and subjected to hydration treatment for 4
hours at 90°C. The reactant was passed through a 500-mesh
sieve, and subsequently was filtered, washed with water and
dried so as to produce a metal hydroxide solid solution of the
present invention.

As a result of observations with a scanning electron
microscope, the resultant metal hydroxide solid solution crystal
was an approximate regular octahedron in shape, with the major
axis diameter of the basal plane about 2.5 £ m and the thickness
between the basal planes about 2.2 4 m. Therefore, the ratio
of the major axis diameter to the thickness (major axis
diameter/thickness) was 1.1. The scanning electron
microphotograph of the above metal hydroxide solid solution is
shown in Fig. 6. In addition, as a result ;f,a powd;r X-ray
diffraction oh the meta] hydroxide solid solution, the diffraction

pattern thereof was the same as that of magnesium hydroxide

except that the diffraction pattern slightly shifted to a lower



concentration was 100 g/liter. The resultant material was stirred with a
hi gh-speed stirrer (Honmom xer, manufactured by Tokusyu Ki ka Kogyo Co.,
Ltd.) at a rotating speed for turbine blades of 10 nm's, and subjected to
hydration treatnment for 4 hours at 90[err]C The reactant was passed

t hrough a 500-mesh sieve, and subsequently was filtered, washed with water
and dried so as to produce a netal hydrd%ide solid solution of.the

present invention. As a result of observations with a scanning

el ectron m canglesidet heCaamsdquentlyptitiis fipundxited the solidosetutdanchady o
was an approxi mate regul ar octahedron in shape, with the mgor axis

" diameter of theché@mdhmp!lydrciald tPpb Habit] ofnhenchgdmal Byskemss bet ween
t he basal planes about 2.2 [err] m Therefore, the ratio of the mjor

axis dianeter to the thickness (nmaj olgXAMPIOEaget er/thi ckness) was 1.1.
The scanning electron mcrophotograph of the above netal hydroxide solid

sol ution is shown Tﬂeﬁ}ataﬁhyd!raﬁadi $6100 sdRutdonesbtiindid &nBxagrplé 1ay
diffraction on the netal hydroxide solid solution, the diffraction pattern

thereof was Qg SBNGHAY %{Plaa;n %&F?ngeﬁ%%?é?& Hou X &ERO0 T sb NS to

diffraction pattern slig 1T 0 a _ _
2L o 5 SBrodFEEHERH byt SSULUBR B oF WP ivetibs 2
EXAVPLE 4 The et ale 0T 8% 48 s2pbhtioid Wit QPLRLARng" P63IPoA 1
microscope, the resultant metal oxide solid solution crystal was
an octahedron in shape having pyramidal planes on its periphery.
The major axis diameter of a basal plane was about 1.2 4« m and
the thickness between the basal planes was about 0.36 4 m.
Therefore, the ratio of the major axis diameter to the thickness
(major axis diameter/thickness) was 3.3. The scanning electron
microphotograph of the above metal oxide solid solution is
shown in Fig. 7. In addition, as a result of a powder X-ray
diffraction on the metal oxide solid solution, the diffraction
pattern thereof was the same as that of magnesium oxide except
that the diffraction pattern slightly shifted to a lower angle side.
Consequently, it is found that the solid solution had a cadmium
hydroxide type habit of hexagonal system.
EXAMPLE 5 .
Instead of 10 liters of acetic acid (.0.61 mol/iiter) in
EXAMPLE 1; 10 liters of hydrochloric acid (0.01 mol/liter) were

used. Except for that, the metal hydroxide solid solution of the

present invention was obtained in the same manner as EXAMPLE

HEET HAS BEEN
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was burned in an electric furnace for 2 hours at 900'C so as to produce a
metal oxide solid solution of the present invention. As a result of
observations with a scanning electron mcroscope, the resultant netal
oxi'de solid solution crystal was an octahedron in shape having pyram dal

pl anes on its periphery. The major axis,gdianeter of a basal plane was
about 1.2 [err] mand the thickness bet¥%en the basal planes was about
0.36 [err] m Therefore, the ratio of the major axis dianmeter to the

t hi ckness (nﬁ}or axi s dianeter/thickness) was 3.3. The scanning el ectron
m crophot ograph of the above netal oxide solid sgQlution is ,shown in Fig.
7. In addition, asA& medg@sulbfof pbaesvasions wathrascrsniBg tHeckEen)
oxi de solid solution, the diffraction pattern thereof was the sane as_that
of magnesi um mdicdeseopeptthe hasultaatdnetahdyidroxidetsolidssolyitiop erystadd to
a lower angle side. Consequently, it is found that the solid solution had

a cadmium iodigke antypaaliedion oin hekapenhlaviygt pyramidal planes on its
EXAMPLE 5 I nstead of 10 liters of acetic acid (0.01 nol/liter) in

EXAVPLE 1, 10pkrigtierpf NpKle anh)eor iakisadidniOidrlofnl basabiplaner asuabdut
Except for that, the netal hydroxide solid solution of the present

,p1enton vesight i (e A SR SIS AR plancs wag sbou
m croscope, thesyegyl hant THRIRRYItRY! FEis0bt AhtOHjdt akiy Hidmeter to
the thickness (major axis diamefer/thickness) was 2.2. The
scanning electron microphotograph of the above metal oxide
solid solution is shown in Fig. 8. In addition, as a result of a
powder X-:a'y diffraction on the metal hydroxide solid solution,
the diffraction pattern thereof was the same as that of magnesium
hydroxide except that the diffraction pattern slightly shifted to a
lower angle side. Consequently, it is found that the solid
solution had a cadmium hydroxide type habit of hexagonal
system.
EXAMPLE 6
Instead of 10 liters of acetic acid (0.01 mol/liter) in
EXAMPLE 1, 10 liters of nitric acid (0.26 mol/liter) were used.
Except for that, the metal hydroxide solid solution of the present
invention was obtained in the same manner as EXAMPLE 1.
As a result of observations with a .sc,anning lrelectron
microscope, fhe resultant metal hydroxide solid solution crystal

was an octahedron in shape having pyramidal planes on its

periphery. The major axis diameter of a basal plane was about
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was an octahedron in shape having pyram dal planes on its periphery. The
maj or axis dianmeter of a basal plane was about 1.1 [err] mand the

t hi ckness between the basal planes was about 0.51 [err] m Therefore, the
ratio of the major axis dianmeter to the thickness (mjor axis

di anmeter/thickness) was 2.2. The scann'%ﬁg el ectron m crophot ograph of the
above netal oxide solid solution is sho in Fig. 8. In addition, as a
result of a powder X-ray diffraction on the netal hydroxide solid

sol ution, thb-QiZf mandrthsathirknesrebetw ants thad ataleplanenavasrabout
magnesi um hydroxi de except that the diffraction pattern slightly shifted
to a |ower af® gide. Thesefores the fatiosof shudmajer axis déametesolaiti on
had a cadm um i odide type habit of hexagonal system

EXAMPLE 6 the thioknead ¢majorl akés sdidmatetfthicknds§p. Wasndl4litd8hein
EXAMPLE 1, 10 liters of nitric acid (0.26 nol/liter) were used. Except

for that, ' thesdedmindyérevtrda %Pi'dr@ t'étgr@ibhOfoﬁ RRePadI’Y metdlaikidy was
obtained in the sane nanner. as EXA As a.result of

observati ons £ foRFABA 10 sloWh ﬁ‘ﬁ“F:ng 03R0R8d;iB%, £ FoHk1TBE A

hydr oxi de SO|Id solution crystal n “oct ahedron i n shape havi ng

pyram dal 35‘@%(1%’} Xi$ay AEFLROGON on'fife TREQN W&é%ﬁic%r%to?fd Yot tPor 2!

pl ane was ab err] mand the

1y cknees, bl EolRap slNF IR ER SR [ la o MEELPLGn (I
diameter/thi Gees)ideestept thhtGhe diffraction pattern slightly shifted to a
lower angle side. Consequently, it is- found that the solid
solution had a cadmium hydroxide type habit of hexagonal
system.
EXAMPLE 7

Instead of 10 liters of acetic acid (0.01 mol/liter) in
EXAMPLE 1, 10 liters of aqueous solution composed of
magnesium acetate (0.004 mol/liter) and zinc acetate (0.001 rﬁol
/liter) were used. Except for that, the metal hydroxide solid
solution of the present invention was obtained in the same
manner as EXAMPLE 1.

As a result of observations with a scanning electron
microscope, the resultant metal hydroxide solid solution crystal
was an octahedron in shape having pyrami‘dal planes on its
periphery. The major axis diameter of a basal.plane Q’.as about
1.1 4 m and the thickness between the basal planes was about

0.31 4 m. Therefore, the ratio of the major axis diameter to

the thickness (major axis diameter/thickness) was 3.5. The
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scanni ng el ectron m crophot ograph of the above netal oxide 'solid solution
s shown in Fig. 9. In addition, as a result of a powder X-ray diffraction
on the nmetal hydroxide solid solution, the diffraction pattern thereof was
the sane as that of magnesi um hydroxi de except that the diffraction
pattern slightly shifted to a | ower ang}oﬁ side. Consequently, it is found
that the solid solution had a cadm um iodid type, habit of hexagonal

atetic aci o (GBPHRE iolegtor mlﬁgﬁﬁﬁp"éff% o, $hE°RPRY L mele 'sl)"[)’ﬁ{di‘%ﬁf
1

mol 711 ter) VHAd mtagﬁia%t%aé R P R 14" o BRIEIPE, RS Bl

EXANPLE 1. POWARE R-Fa SEEIASHREcr D it e tl by 4 AR Rl PaLe P,

m croscope, the r ultant met al oxide solid solution crystal was an
oct ahedr on i n thgabEIRAGHOR B?Ft&rﬁlo‘ilerﬁl &as dhejsame s § wgmmﬁeﬁ’d‘}@r

axis dianeter of a basal plane was about 1.1 [err] mand the thickness
bet ween the bdwdroxisiecexgapt abstithegliffraetion pattprar dighsly shiftest te aof
the major axis diameter to . the thickness (major axis dianeter/thickness)
was 3.5. Thelower angle side. Consequently, it psi feeadnthyt ethetsalid

m cr ophot ograph of the above netal oxide solid solution is shown in Fig.
10. In additisodntisn ahndsul tcaodmaum hydroxide type habit of hexagonal
system.
EXAMPLE 8

Instead of 10 liters of acetic acid (0.01 mol/liter) in
EXAMPLE 1, 10 liters of aqueous solution composed of acetic
acid (0.01 mol/liter) and nitric acid (0.01 mol /liter) were used.
Except for that, the metal hydroxide solid solution of the present
invention was obtained in the same manner as EXAMPLE 1.

As a result of observations with a scanning electron
microscope, the resultant metal hydroxide solid solution crystal
was an octahedron in shape having pyramidal planes on its
periphery. The major axis diameter of a basal plane was about
1.0 £ m and the thickness between t.he basal planes was about
0.52 u# m. Therefore, the ratio of the major axis diameter to
the thickness (major axis diameter/thickness) was 1.9. The
scanning electron microphotograph of the .abpve metal oxide
solid solution is shown in Fig. 11. In addition, as a result of a

powder X-ray diffraction on the metal hydroxide solid solution,

the diffraction pattern thereof was the same as that of magnesium
I —
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powder X-ray diffraction on the netal hydroxide solid solution, the
diffraction pattern thereof was the sane as that of nagnesi um hydroxide
except that the diffraction pattern slightly shifted to a |ower angle
side. Consequently, it is found that the solid solution had a cadm um

| odi de type habit of hexagonal syst?rg .

EXAMPLE 8 Instead of 10 liters of Tacetic acid (0.01 nol/liter) in
EXAWMPLE 1, 10 liters of aqueous sol ution conposed of acetic acid (0.01
mol /1iter) arkydioxide maickptottont the diffractioneadteealightlyxshified torm |
the netal hydroxide solid solution of the present invention was obtajned
in the same ripwer angEXAMRIE 1. Consequéently,r isust fondhdbeaathensolid h a
scanning el ectron mcroscope, the resultant netal hydroxi de solid solution

crystal was ggt@§bahddidnai oadnivan hdyidroyideartypal hathiteofohexagonal

peri phery. The major axis dianeter of a basal plane was about 1.0 [err] m
and the thi ckgfsstgnp.etween t he basal planes was about 0.52 [err] m
Therefore, theg ratio of the nmajor axis dianeter to the thickness (ngjor

axis dianeter/thickness) was 1.9. Th& AMPNE Y el ectron m crophotograph
of the above netal oxide solid solutioni1s shown in Fig. 11. |In addition,

as a result of ‘2 RRUFEId X6y 011ifdACdOMARIE NI 0.0 it Hiee £l irf

solution, the dif: on pattern thereof was the sahe as that of
rffracti on FEAMPLE dn 19 ke of 18egovpotgluiis okt eody, skstte 7,
't Is found thaty t(?)(?OiOlrxilgl/liter) and magnesium mnitrate (0.005 mol/liter)
were used. Except for that, the metal hydroxide solid solution

of the present invention was obtained in the same manner as
EXAMPLE 1.

As a result of observations with a scanning e¢lectron
microscope, the resultant metal hydroxide solid solution crystal
was an octahedron in shape having pyramidal planes on its
periphery. The major axis diameter of a basal plane was about
1.2 4 m and the thickness between the basal planes was about
0.59 & m. Therefore, the ratio of the major axis diameter to
the thickness (major axis diameter/thickness) was 2.0. The
scanning electron microphotograph of the above metal oxide
solid solution is shown in Fig. 12. In addition, as a result of a
powder X-ray diffraction on the metal hydro:sidc solid solution,
the diffraction pattern thereof was the same as that of ma'gnesium_
hydroxide ex.cept that the diffraction pattern slightly shifted to a
lower angle side. Consequently, it is found that the solid

solution had a cadmium hydroxide type habit of hexagonal
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sol ution had a cadm um i odi de type habit of hexagonal system

EXAMPLE 9 Instead of 10 liters of acetic acid (0.01 nol/liter) in
EXAMPLE 1, 10 liters of aqueous solution conposed of acetic acid (0.01
mol/liter) and magnesiumnitrate (0.005 nol/liter) were used. Except for
that, the nmetal hydroxide solid sol utionzlﬁof the present invention was
obtained in the same manner as EXAMPLE 1. As‘a result of
observati ons siyskem.scanni ng el ectron mcroscope, the resultant netal
hydroxi de solid solution crystal was an octahedron in shape havi ng

-pyrani dal planes on its periGOMPARRTIVNBEXAMRLEEt er of a basal

pl ane was about 1.2 [err] mand the thickness between the basal planes was

about 0.59 [err] npOTHes s 6f @ miRkedrsslivaion dffm apmiewiuaxingtditenen érzing
t he thickness (major axis dianeter/thickness) was 2.0. The scanning

el ectron mcr mhﬁltwgnpgﬂ*%fmhﬁ@lmter WRIZPtete4 aolydtee) wdr@pbaredown
in Fig. 12. In addition, as a result of a powler X-ray diffraction on the

net al hydr oxi | €y S [ : S fir ' \ e
Came acshar aRtSA SO iBGotidi S edacl Bld 20 MULAT L OA RO NP R 00

PLLRLTY 1L A VL SRR By R SRR fod sl

26 system thus obtained white precipitate then was filtered, washed with
water and dried. The dried material was milled with a ball mill
and burned in an electric furnace for 2 hours at 1200°C. The
burned material was mjlled with the ball mill and passed through
a 200-mesh sieve by a wet method. The resultant burned
material was added to a 20-liter vessel containing 10 liters of
acetic acid (0.15 mol/liter) in such a manner that the oxide
concentration was 100 g/litexr. The resultant material was
stirred with a propeller blade type stirrer at z; rotating speed for
propeller blades of 4 m/s, and subjected to hydration treatment
for 4 hours at 90°C. The reactant was passe'd through a 500-
mesh sieve, and subsequently was filtered, washed with water
and dried so as to produce a dried material.

As a result of observations with a scanning electron
microscope, the resultant dried material had a thin and
hexagonal-prism crystal form. The major“axis diameéter of a
basal plane was about 5.5 &« m and the thickﬁess between the
basal planes was about 0.40 4« m. Therefore, the ratio of the

major axis diameter to the thickness (major axis



COMPARATI VE EXAMPLE 1 20 liters of a m xed solution of magnesi um
nitrate and zinc nitrate (Mg[err]=1.6 nol/liter and Zn[err]=0.4
nmol/liter) were poured into a 50-liter reaction vessel, and 20 liters of
Ca (OH)[err] (2.0 nmol/liter) were added-thereto with stirring for
reaction. The t hus obtained white pre&i pitate then was filtered, washed
W th water and dried. The dried materi“dl was mlled wth a ball mll

and burned in an electric furnace for 2 hours at_1200[err]C.  Th bur ned
material was didmetenfthickhesdhl | was| | 1&n8-passcbhehr 863RRING 2G0eGHAR .
sieve by a wet nethod. The resultant burned materi al was added to a
20-liter vessmliceophatogngphOofitherabove matat hydaoxideosabdnaelutios isin
such a manner that the oxide concentration was 100 g/liter. The

resul tant matgHéwin WVasFigst8 s rekh widdithop) apelal eesbltadd aypevsder rRrrafl a
rotating speed for propel l er blades of 4 mis, and subjected to hydration

treat ment f&{dffélabﬂl&ﬁ ol tH @ etal ey d RReident oVials s phstieat , ttheodififrac Hi
nmesh sieve, and subsequently was filtered, washed with water and dried so

as to prOdUﬁ@tt@%eE’h@Pé&f ivhs the saméSad thQtUb whgekssurntlipdcoxidd a
scanning electron mcroscoepe, the resultant dried material had a thin and

hexagonal - Er iSé)F}é?’ iyt?xtaql Eﬁ?rmffﬁggﬁﬁ;efgj tté?ﬁiﬂighg@tﬁifﬂéd ato Rpgahw & ane

was about m an he 't et ween basal pl anes was about
0.40 [err] m_Theretore, the ratio of the nmajor axis dianmeter to the
t hi ckness (n%’f%fe %égf’s 27

COMPARATIVE EXAMPLE 2

1 liter of a mixed solution of magnesium nitrate and zinc
nitrate (Mg>*=0.9 mol/liter and Zn**=0.1 mol/liter) was poured
into a 3-liter reaction vessel, and 1 liter of NaOH (2.04 mol/liter)
was added thereto with stirring for reaction. The reactant then
was emulsified into an aqueous solution of sodium chloride
having a chlorine ion concentration of 1 mol/liter. Thereaft.er,
the reactant was charged into a 3-liter autoclave equipped with a
stirrer and was subjected to hydrothermal treatment for 2 hours
at S0°C, followed by filtration, washing with water and drying.
The dried material thus was obtained.

As a result of obsérvations with a scanning electron
microscope, the thus obtained dried material had a thin and
hexagonal-prism crystal form. The major ?x_is diameter of a
basal plane was about 0.66 4 m and the thickness bet;:veen the
basal planes.was about 0.18 & m. Therefore, the ratio of the
major axis diameter to the thickness (major axis

diameter/thickness) was 3.7. The scanning electron
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di aneter/thickness) was 13.8. The scanning electron

m cr ophot ograph of the above netal hydroxide solid solution is shown in
Fig. 13 In addition, as a result of a powder X-ray diffraction on the
met al hydroxide solid solution, the diffraction pattern thereof was the
sane as that of magnesi um hydrOX| de except that the diffraction pattern

slightly shifted to a | ower angl e si de28 COVPARATI VE
EXAMPLE 2 1 liter of a mxed, solution, of nesi um.n te,and zinc
nitrate (M ePticioriogranteofathe aAtase metal %gﬂg?‘ ‘P)s%‘i ﬁiﬂ&r‘é‘ﬂ“ Sinto

a 3-liter reaction vessel, and 1 liter of NaCH (2.04 rml/llter) was added
thereto with shiownnip tioig r Sact IBnadditiomeast antestenol agroweersXi-ray
into an aqueous solution of sodiumchloride having a chlorine ion
concentrat i ondoffraatbonian ¢he menhet bydroxide salid scdutiem; thwsliffeaatédni nt o
a 3-liter autoclave equipped with a stirrer and was subjected to

hydr ot her mal pa¢tdémerthereof2whasuthe samie 28[ thaf Gf twd gwestithy hiydiroxadieon,
washi ng with water and dryi ng. The dried nmaterial thus was obtained.

As a result okxclkperviedi ahe diffraztbeanpan@ral etiglvly shiftedossonclowlie

t hus obtained dried material had a thin and hexagonal - pri sm cryst al
form The -mapaglaxdidedi aneter of a basal plane was about 0.66 [err] m
and the thickness between the basal planes was about 0.18 [err] m

Therefore, the ratio of the grppior OFXTHE (iNiVEtN"I‘IdI@ the thickness

(major axis di aneter/thi ckness) was LT The scanning electron

28 As described herembeforc, in the present invention, the
crystal form has a completely different crystal habit from the thin
and hexagonal-prism crystal of the conventional metal hydroxide
solid solution, and, in addition, crystal growth in the direction of
the thickness is excellent. For this reason, unlike the
conventional metal hydroxide solid solutions, when the metal
hydroxide solid solution of the present invention is kneaded into
a synthetic resin as an additive, fluidity and processability of the
resin are improved and the molding speed is improved, by which
p.roductivity becomes excellent while the filling property is also
improved. As aresult, dispersibility in the resin becomes good,
and when the metal hydroxide solid solutions of the present
invention are used as additives for flame retardants, ultraviolet
ray absorbents, reinforcing matérials, radiating agents and the
like, for resins, they may exhibit those functéons suffic:iently.

According to the present invention, in the case that the

major axis diameter of the basal plane is 0.1 to 10 4« m in

average, when such is kneaded into a synthetic resin as an
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m cr ophot ogr aph of the above netal hydroxide solid solutionis shown in
Fig. 14 1In addition, as a result of a powder X-ray diffraction on the
nmet al hydroxide solid solution, the diffraction pattern thereof was the
sane as that of nagnesi um hydroxi de except that the diffraction pattern
slightly shifted to a lower angle side.;q , EFFECT OF THE
| NVENTI ON As descri bed hereinbefore, in the present invention,
the crystal formhas a conpletely different crystal habit fromthe ‘t‘hi n
and hexagonal additdwec fleiditysnd prossssehilisnaretaehermpieyed s that
solution, and, in addition, crystal growth in the direction of the

thi ckness is thecprbductivitfdn resia medding amd ithe like becomest¢xeoll et ol
hydr oxi de solid solutions, when the nmetal hydroxide solid solution of the
present invention Ia &déitded, avicordingytu tiee ipresesat inyenahomgdiim ttheegase
fluidity and processability of the resin are inproved and the nol ding
speed is inprowege I *Vii the 4t @dedoirm idad ¢t yrasd gzt)e‘lsl Znt*ywbhealdgree
filling property is also inproved. As a result, dispersibility in the

resin becomes,goAfitend’yd iWhianptoeetrimd A156rhd detraiiblle s ohytabyorbandye
present invention are used as additives for flame retardants, ultraviolet

ray absor bentt?ecéﬁxieggftt% Q[{{H&ff&ﬂ'ia-séﬁiﬂiﬂ | P42 aNig @OHL), Nend IMIgO, f or

resins, they nay exhi those Tunctions sufficiently. According to
the present i ntJ jn the case that the maj or axis dianmeter of the
basal pl ane'irrsk\égﬂflt?gell% [err] min average, when such is kneaded into a

synthetic resin as an



29 additive, fluidity and processability are further inproved so that the
productivity in resin nolding and the |ike becones excellent. I n
addi tion, according to the present invention, in the case where Merr] in
the above formulae (1) and (2) is Zn[err], the degree of whiteness is

i nproved and al so the ultraviolet ray ab30rbency becones excellent by
solid-soluting Zn[err] in My(OH)[err] and MgO, respectivel.y.

30 [ WHAT | S_CLAI VED %\L 1. ,Metal hydroxide solid solution
represent ed by [(WEHAR JSI AIMBPIS] (1) My[err] Merr](OH)[err]

oo () wher ein err] denotes at |east one divalent netal_ ion

sel ected from M[®s r’\%et [ &rdroxids] evalid olutiqn cepeesqntesy by dhe

and x denotes a nunber in the range of 0.01l[err] x< 0.5, with a
crystal form §bllowingdferimobe dd)pri si ng upper and |ower parallel basal
pl anes and si x peripheral pyram dal planes, t he pyram dal pl anes

consi sting of upm%g - NEt | (@H)L, anes -ar((lt) downwar d-i ncli ned pl anes which
are alternatively [ocated, the ratio of the nmajor axis dianeter of the

basal plane to tkherdihi Mditedenbesyaanddst snpativaldnt anetabionlsdleaned
(maj or axis di aneter/thi ckness) being 1 to 9. 2. The netal

hydrOX| de sol [ﬁbﬁlmmhlzﬂn p&%‘ord)d?g tNjet al(mzl* aph ez gfh 4@ RvdeadresBihor
axi s diameter of the basal plane i$ 0.1

number in the range of 0.01= x< 0.5,

with a crystal form of an octahedron comprising upper and
lower parallel basal planes and six peripheral pyramidal planes,
the pyramidal planes consisting of upward;inclined planes and
downward-inclined planes which are alternatively located, the
ratio of the major axis diameter of the basal plane to the
thickness between the upper and lower basal planes (major axis
diameter/thickness) being 1 to 9.

2 The metal hydroxide solid solution according to claim 1,
wherein the average major axis diameter of the basal plane is 0.1
to 10 £ m.

3. The metal hydroxide solid solution according to claim 1
or 2, wherein M?* in the above formula (1) is Zn**

4. Metal oxide solid solution represented by the following
formula (2)

Mg;.x M¥*, 0 -+ (2)

wherein Mz‘ denotes at least one divalent metal ion selected
from Mn?*, Fe?*, Co?**, Ni®*, Cu?* and Zn?' aud x denotes a

number in the range of 0.01< x<0.5,
-
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to 10 [err] m 3. The nmetal hydroxide solid solution according to

claim1l or 2, wherein Merr] in the above fornmula (1) is Zn[err] 4,
Met al oxide solid solution represented by the following forrmula (2):
My[err] Merr] X O... (2) wherein Merr] denotes at |east one

divalent metal ion selected from Mh[erg], Fe[err], Co[err], N[err],

Cu[err] and Zn[err] and x denotes a nunbér in the range of 0.0l[err] x <
0.5, ) with a crystal form of an octahedronnwcomprisingt uppesr andf an
oct ahedron conprising upper and |ower parallel basal planes and six '

peripheral py|a®idiapapiHeEDasdlhpl Hyeaandasiyiparisheralspyramjded planes,
upwar d-i ncl i ned planes and downward-inclined planes which are

al ternativel ythec}aiﬁﬂniabp pladidsOcOlisi §6 ngaogr upwiat ddinctinerd planbs dadal
pl ane to the thickness bet'ween the upper and | ower basal planes (ngjor

axis di arreteag,w;,gmgs?gcmmg plah@sOwhich areSaltthfiatitielly bacgdeedolthe

solution according to claim4, “wherein the average major axis di aneter of

the basal pl a?gtiios (?foltr}é %m Sokre%?]is %ameter £ {he wBalal gl(éﬂ'@ $8! ktHe

sol ution according clai'm erein err] in the above fornul a

ol ution 1 eptbiskass BFtoie SRECIPREE AHE1PY (HoAERF pIRNES XihATpE xS

i((c)]r_li)[sglrre]ct ed diam(e]t%r/thicm%rsesb%Mnegr r1] tge\&_ot es at |east one dival ent netal

5. The metal oxide solid solution according to claim 4,
wherein the average major axis diameter of the basal plane is 0.1
to 10 4 m.

6. The metal oxide solid solution according to claim 4 or §5,
wherein M?* in the above formula (2) is Zn?*.

7. A process for producing metal hydroxide solid solution
represented by the following formula (1);

Mg, M**; (OH), -+ (1)

wherein M** denotes at least one divalent metal ion selected
from Mp?*, Fe?*, Co?*, Ni**, Cu?* and Zn?' and x denotes a
number in the range of 0.01=x<0.5,

with a crystal form of an octahedron comprising upper and
lower parallel basal planes and six peripheral pyramidal planes,
the pyramidal planes consisting of upward-inclined planes and
downward-inclined planes which are alterna'tively locited, the
ratio of the major axis diameter of the bas!al plane to the
thickness between the upper and lower basal planes (major axis

diameter/thickuness) being 1 to 9, characterized in that composite
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fromMl[err], Fe[err], Co[err], Ni[err], Cu[err] and Zn[err] and x denotes
a nunber in the range of 0.01 [err] x < 0.5, with a crystal formof an
oct ahedron conprising upper and |ower parallel basal planes and six

peri pheral pyram dal planes, the pyram dal planes consisting of

upwar d-inclined planes and downward-inckihned planes which are
alternatively located, the ratio of the major axis dianeter of the basal

pl ane to the thickness between t upper d l.ower basal pliane '

e’ o anvt cRieth] GRIdesseRinaRRte by Shesalianing betinte (OB ITRIAL

32 netal oxide represented by the follow pg. fornul 3),,1S, hydrated, in an
aqueous medi Uk &M agHeuH medium. i 0w hyg eg'f))rfot ri“g‘ei)%pog?%{%dn%flafhe

oxi de, of at |east one selected fromcarboxylic acid, tal salf of .
carboxyl i ¢ actempesitgamietaboixddgnphat deashione geleq rem s2rRoxydis st s,
With strong stirring: My[err] Merr @) (3) wherein

C 3).

Merr][ denotzsidytmiesabtsadhefotarkiaxylisemeid,iioorganiccadid andnmeipdsaft
Fe[err], Co[err], Ni[err], Cu[err]+ and Zn[err] and x denotes a nunber in
the range of Of GAbegahiz<adidscoexists, Withlis¢rengcstssring: produci ng net al
hydr oxi de solid solution according to claim?7, wherein the average ngjor
axis dianmeter of MQI_QM%LT,QI ane-i@3P.1 to 10 [err] m 9. The
process for producing netal hydroxide solid solution according to claim?7
or 8, wherein M erkthéfeiipheMo\Gendt@snita ledsti onén[divdlent metal ion

selected from Mn?*, Fe?*, Co?*, Ni**, Cu®* and Zn®>* and x denotes

a number in the range of 0.01=x< 0.5,

8. The process for producing metal hydroxide solid
solution according to claim 7, wherein the average major axis
diameter of the basal plane is 0.1 to 10 4 m.

9. The process for producing metal hydroxide solid
solution according to claim 7 or 8, wherein M2* jn the above
formula (3) is Zn®*.

10. The process for producing metal hydroxide solid
solution according to any of claims 7 to 9, wherein the composite
metal oxide represented by the formula (3) has a BET specific
surface area of not more than 10 m?/g. |

11. A process for producing metal oxide solid solution
represented by the following formula (2);

Mg, . M* O -+ (2)
wherein M?* denotes at least one divalent metal ion selected
from Mn?**, Fe**, Co?*, Ni?*, Cu®* and Zn** and x denotes a

number in the range of 0.01= x< 0.5,

N
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10. The process for producing nmetal hydroxide solid solution according to
any of clains 7 to 9, wherein the conposite netal oxide represented by the
formula (3) has a BET specific surface area of not nore than 10 nferr]/qg.

11. A process for producing nmetal oxide solid solution represented by the

following fornmula (2); My[ err] Iv[errgo... (2) wherein Merr]
denotes at | east one divalent netal ion él ected fromWMiferr], Fe[err]
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oxi de, of at |east one selected from carbggylic aci g, tasL(saI.t of .

carboxyl i c adhdckngss igfiveeanithepapsaiand dower basalp BAIQTAENS st s,

with strong stirring, and then burned at not l|ess than 400[err]C : .
My[ err] M er r [di@meter/ghickness) being 1 to 9, characterized in that composite

metal oxide represented by the following formula (3) is hydrated
in an aqueous medium, in which 0.1 to 6 mol%, based on the
composite metal oxide, of at least one selected from carboxylic
acid, metal salt of carboxylic acid, inorganic acid and metal salt
of inorganic acid coexists, with strong stirring, and then burned
at not less than 400°C:

Mg, .M**,0 --- (3)

wherein M?* denotes ;t least one divalent metal ion selected
from Mn?*, Fe?*, Coz-", Ni**, Cu?* and Zn®** and x denotes a
number in the range of 0.01= x<0.5.

12. The process for producing metal oxide solid solution
according to claim 11, wherein the average major axis diameter
of the basal plane is 0.1 to 10 £ m.

13. The process for producing metal oxide solid solution
according to claim 11 or 12, wherein M** in the above formula (3)
is Zn**

14. The process for producing metal oxide solid solution

according to any of claims 11 to 13, wherein the composite metal
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wherein Merr] denotes at least one divalent netal ion selected from
Mjlerr], Fe[err], Co[err], N[err], Cu[err] and Zn[err] and x denotes a
nunber in the range of 0.01[err] x < 0.5. 12. The process for
produci ng netal oxide solid solution according to claim1l, wherein the
average major axis dianmeter of the basal, plane is 0.1 to 10 [err] m

13. The process for producing netal oxi dd4solid solution accordi ng to
claim1l or 12, wherein Merr] in the above fornul aésg is Zﬁ[err

14. The procass dorepresemtedbyethe foxmuel s (8) hason Jo Ednspactdcdf wfass® any
of claims 11 to 13, wherein the conposite netal

34 oxide represeofatobmaére thannl0amlAg. has a BET specific surface area
of not nore than 10 nferr]/qg. .
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