; e3e{vvwyFy~{66{T{q| ?~1e 03 MAYta01l HYDROTALCI TE COVP OF LOW URANI UM
(U) CONTENT AND PROCESSES FOR THEI R PREPARATI ON mmwmm n relates to
hydrotal cite conpounds of | ow uranium (U conten es f 8 MALI0
preparation. More particularly, the invention concernssidydrotal cite
conpounds whi ch axe useful as ion scavenger or various stabilizers for
epoxy resins used for sealing Iarge-capa1city, hi i yen nenory

sem con ductor devices, without inpairing reli abﬁmm "Mﬂm"mﬁ)devi ces

agai nst soft errors. Hydrotal cites having concurrent e vari ous
properties required for an inorganic powder additive ToOr resins, such as
good dispersibility and processability and no deteriorating effect on the

products' appearanc i i t No. 80447/ 80A.
The hydrotal cites sﬁgﬁhi%r?d4li¢bq%§gﬂmggw(§ﬁ ii@t%ﬁ%& in many
synthetic resins as CONTENTOAND PIROCESSESYOR THHEIR IPREFARAPIORO! YOI ef i ns
and the |ike. \Wereas sem conductor devices such as transistor, 1C) LSl and

the like need to be sealed) for protection and insulation fromcontact,
contam nati on and wsture fromoutsigde, Rresentl resi p_seal i ng net hods
are advantageous fr ﬁﬁvg?t&ﬂ’d%ﬁq?%g%h_y ﬁ?%&g‘?}h %TE"’%@S ng‘_?f'grry, and are
Wi del y pracirHfuf (URtdhtefltaind fR%YsesSpr MheRSirepiestiéRr Med | ng

sem conduct or devi ces because of their favorable el ectrical

char act er i staxdsulavlysthe envediot compernn by ddbkadeibe tormpounkld mdvizhci t e
conmpounds are usq_ﬂ%as.i on scavenger or th% Li‘ke ilil such :’ﬁ%ﬂ resin sealing
material f ATCSEIREOATIINT GFaFRRCE &L VEG IS ¥3 Hzens 1 gRaxy, ¥nctions of
prevent i on \gledcforsREliAR 1afse-t > gk -ih fe gFat hUh 8moR§ st hfiB6R- Of Wi ri ng.
JP- A- 04202555 di scl _oseg a %em%%ct%-%ea@n% epoxﬁesi n _conposition
having -~ dhcimydevpes,owithewt impeiriaesseliabilityntghedeviresagaiast el i abil ity
and | ow sofsbfteéﬁﬁgsgenerati on rate of nenory by conpounding a specific
fused silica, a hydrotalcite conpound) etc., in conbination with a brom ne

conpound. The conpoHyH&ethlhﬁe?hagiugecbﬂmmfmm;lbrihdigafﬁoﬁé\éprﬁpaﬁbiub.%o; ((am)
epoxy resin containing z50wm./ o S [.fi .defin epoxy resin B
2- 15wt . | oFefAul,reﬁifﬂgagg‘m;%)pomfegﬁdﬁ VS%’FE <14 E&inng U and Th
contents oRisparafBilky &ﬁﬁ'bx%@éssﬁﬁeﬂﬂgsﬁiﬁi arre% &Qeﬁ%ﬁﬁg@ﬂegﬂlﬁ%@d crushed

=0
silica having_an average parti cle ter of _rlOpmand 1-50W . % of
spherical puedects appeanancerwersrdissiesedjin JapanesePatentd OKAE Notoi rm (D)

0. 09- 90wt . d 1 } . [ of < 40ppb,
(E) 0.1- 5&%%@9%@%&?&%ﬁ%ﬁﬁ%’?ﬂ%&g@ﬁ%\%ﬁpﬁ%@%@%@gﬁ y conpound
havi ng U anded in coaty syatidticd Hexits antiebOptdbilizk ot PVCy tabitizgrene- based
bl ock copolynen.. The hyd alcites disclosed in this docunent do not have
t he speci f*%]%({}?r?]:fﬁmﬁé,%? h%eSpeci fic average particle size and the
a ge%i 2 i 88;% cog rf entWQLferéﬁlﬁ ééﬁﬁb@ﬁ?idtbﬁ g_ﬁvﬁ%s Flhehra@%@mmh istd¥y EQ} i on.
- A- 4, t t t t ent

bel ow LppblEbanserhaSka meed todeatrln, for periestionyaionaniaies Jamt o
preparatio ¥¥n EB 2l ﬁ%rn? = adi fAE%‘Iiﬁrdi ng to JP
A- 1245039 ﬁﬁﬁg’#gerregilpg%ﬁgeﬁg%% ot a giﬁ?éeldg\i t?ki{bg particle site in the
range of Osealfgmreatbods apeaidivantsgeoiiadmomthe steadpoindmoBprdductie-
flame-retardant, in resin c osi.ti.ons. Additional ,requirenents with respect
to the raditadd W%t%’gg?%g’ﬁ %lﬁtpref’ﬁﬁ‘:éé'u;[niﬂ’?rt‘&g@‘to?l’%’@h - conduct or
seal ant apRisix@ht@Nged fer BAlirPedhicofduchdrideviéd Idoahbe bfitHSHr capacities
and higher integration given to recent sem conductor mnenories) occurrence
of soft erfaupsalgla@e@trmﬁl&hpr@pteaytleaﬂmo@éummﬁld@@ay and. adheNact i ve
subst ancesbﬂit}Q ﬁ%%tazl%g)% compounds are used as ion scavenger or the like

in such epoxy resin sealing material for semiconductor devices to

perform the roles and functions of prevention of corrosion and im-

provement in moisture resistance of wiring. JP-A-04202555-

discloses a semiconductor-sealing epoxy resin composition having



3 such as uranium thoxium) etc, which are contained in the sealing resin
conpositions begins to create problens. For exanple, the content of uranium
and thoriumis required not to exceed 1 ppb (ng/g) for 4Mbit nenorigs, and
not to exceed 0.1. ppb (ng/g) fox 4-16M bit nenories) in order to séﬁikﬂvmm
reliability against soft errors. In consequence, hydrotal cite conpounds,

whi ch are blended in the epoxy resin seallant in such a snal | (m nor) anount
as not nore than a few percent to said resin, are also required to contain
not nore than mcro-|level of radioactive substances. An object of the
present invention is to provide hydrotal city conmpounds which are useful as
i on scavengers for epoxy resin conposition serving as sealant for nenory
sem conductor devices in which capacity increase and raise in integration

l evel are highly advanced, and which possess high reliability against soft

h b ful fi f high
Py ot al JRETEBBEN LA iR e TPTRRER LIPS o pn Aetaih ale'f, oy o
urani um apgh r?%'c obﬁdtﬁé‘é%@bcﬂ:gfuls@dwzy‘%%yd?dlﬂcﬁé‘@dﬁpdﬁndtél@ pF esent

invention iIs rovide hydrotal cite conpounds which possess f he properties
required cbmhlnathn with @brominecesimposnd, Thewcompesitiends grodésgdiyani um content, and

P rvent: oremaoutii () £8% B B sopfiett OBl Ayt BE Bty © Nl
~ (0~2 Agsfined &p n%@eénh)(agzrﬂsvﬂ%ﬁfd\@mng Ag@ht (@wgwmfﬁ%déuwd Zn2+, X

is a p05|t|ve nunber of is at |least one o CO2- and SOd2-

and m i shaving Hand B centerts 2§ S10npkrasch and sempesed of H9-50vdye ablysedeng ani um (U)

d
part o e B8P3 tilind fh B8 RaMUE' Plteter o ARG ERSOM R or e o
not nor esﬂH’é@o’ﬁaﬁGséﬂ Silich hairey Sy versgd pariicte aammﬂviao;ﬁmi (s o;meumt% i nvention

are preferably those that are surface-treated with at | east

sur f acet pleubydietaledie somperae having Pcﬂﬁ‘ftheC"@F%'éFp"fc-‘éﬁgPth(Ehg 1&”“@"@!’ fatty
aci d, anygpiite é&fﬁﬁ&ﬁ{daf&)q $lbare; cﬁ%ﬂta%hl'ﬁbﬂgc&rﬂﬂaw | né’ﬁ%%ta? frht anat e-con

t anni ng coupl i ng agent um nirum cont ai ni‘ng coup gent and phosphoric
aci d esteantegfts hf g‘rﬂﬂpbaﬁr@dﬁdw1 Bwit%h of @ stypriethased dldck copelymetidbeal cit e

compoun i Al i re. % i ght thereof
C R e AR BB Y Ol o3 Bl Al 12
specific average particle size and the spegific U-content of the hydrotalcites of the

present invention.

US-A-4,683,253 mentions the use of oxidic fillers with a uranium-content below 1ppb
for semiconductor sealing purposes. Hydrotalcites or the preparation thereof with this
U-content are not disclosed.

According to JP-A-1245039 it is preferred to use a hydrotalcite with a particle size in
the range of 0.2-5um and a specific surface area less than 30m?/g as flame-retardant
in resin compositions. Additional requirements with respect to the radioactive
substance content (fike U) in case of semi~conductor sealant applications are not
specified.

With the still larger capacities and higher integration

given to recent semiconductor memories, occurrence of soft errors

caused by alpha ray emitted upon decay in radioactive substances



The hydrotal cite conpounds of the present jnvention are conveniently used

as additives and fillers for synthetic resin. O the hydrotal cite conpounds
of above fornula (1) of the present invention, particularly those whose A

2- is ~C0g2- are preferred. "Wereas, those in which a part of CO 3% SM% 07
replaced with the other anion, eg., those containing not nore than F p
of Al (not nore than 40 mol % of -CO g2 ), 3in particular, not nore than 1/10
nol of Al (not nore than 20 nol % of -CO 32-), of S042- are also preferred

The hydr ot alguiche scormpungd shofiuhgwiorwhichrareaohémineddechdisealing t he
i nvention can be prepared through the steps of (1) coprecipitation reaction
of aqueoue gesint¢ampesitianshegmnssiolarbite problems.uifot expmpde) thiet h aqueous

solution of a water.-sol ubl e nesi um conpound d/ or ter-sol ubl e zinc
conpound unG%Ptth@IWﬁBJ%rﬂ:ﬁqf ?u%lséegglﬁﬁggﬁ@%ﬁxﬁ&tﬁgpgt arting
material s saf} | t . | O] f the formul a
(2) bel ow g%é/?%gdsr['tﬂ\(/)lnﬂgfo 155,2.#5?g%9?%&fé&@ﬂgpﬁﬁﬁlﬁ@g&%’a 1bl2+ -+
Al3+ 0 3 MAYEDDDBR Bejnionieshi brdd{oseemisrelmbility bpaisst sofé edforyh2+ and
Zn2+], at tenperatures ranging 10-50C and under, stifring [hereafter may be
referred toflé§°%§%ﬁle(1£?:]l?y‘g??@§-kc§)‘-’ %W%ﬂ%&r Wg‘l“-'l? 888 I%&edfmttﬂi\é resul t ant
copreci pitatj | I i : | as fornmed in
the step (1%15 %a%%%héﬂaapetlg%gpft é&?%g??%ﬂ{)ﬂ]eﬁgﬁggagh aggﬂé’sgg@or at | east
065 hour [ hefesfgeatentoy éadgrzeﬁ'ﬁx wdal@h:@quhﬁdafo(ofb%ﬁaiﬂ fotRbgd occasi on (3)
adj usting the reaction copdifions so that pH of the reaction suspension
after the h’?&ﬂ%ﬂ%@%@l"’i‘é&ﬁ‘h%@% ‘F‘kbm‘l’ﬁsn the range of 7.0 to 13.5. In
the production proc@ssewieeObiHhrede i hvieRY iSR!k 28 ggbﬁde)sn@row@u' arly

preferred to carry out the coprecipitation reacti aqueous
sol uti on ofcite cpmpousds which arenseiul s dompearengmrs fomepaxyresiol uti on of a

e e SO1 Uk AGS) WA N LY s MU SRR, U
the nol ar. whichQapacithéntrerpe and raise in integration level are highly
advanced, and which possess high reliability against soft errors.
*This object can be fulfilled by provision of high purity hydrotalcite
compounds whose radioactive substance content, i.e., that of ura-
nium and thorium, is exceeding low. Thus, the theme of the present
invention is to provide hydrotalcite compounds which possess the
properties required for additives to resin and have extremely low
uranium content, and processes for their preparation.
The hydrotalcite compounds of the present invention
have the composition expressed by the
formula (1) below:

M?x Ala; (OH), Azz-c/z - mH,0 4]

[in which M* is at least one of Mg™* and Zn**,
x 18 a positive number of 0.2 = x < 0.5,
A% is at least one of CO ,2' and SO 42', and

m is a number of 0 to 2],

characterized in that they

have a uranium (U) content not more than 10 ppb, an average



defined by the fornula (2-a} below. 0.15 ~ 2+ s+ ~ 1.25 (2-a) M+ Al [in
-which M2+ stands for at |east one of My2+ and Zn2+], at tenperatures

rangi ng 10-50C and under agitation. In the present invention, it is_also
preferred to carry out the hydrothermal reaction of the copreci pit&ﬁiMA’{ZUﬂz
reaction product which is obtained in said step (1), |eaving said product
in the state of suspension in the nother4liquor of the reaction, at
tenperatures of 90-200C for at least 0.5 hour; preferably for 0.5-24 hours,
while so adjusting the reaction conditions that pH of the reaction
suspensi on after the hydrothermal reaction falls within the range of
7.0-13.5 [the step (2)J, and then 0 3 MAY 2002 6 (4) to suspend the

hydr ot her malsec8agbHPPaBididUite Wbt BtbrBabaheddutdsinacnd & B BRtspecificn an
aqueous sol ution of ammoni um carbonat e ,and/or al kali (hydrogen)carbonate
and to stir surfacasysencf oot wiore shpedftmrés. of 10-100°L for 1-24 hours (an

eluting treat. rnent Rreferr conce ti i rhonat e and/ or
an al kali carbonate gpea#%éﬁqtaﬁx’ld%r@é%%ore{g{cgsoé}l@?leecgrﬁg emgglg}et%gls%ol ution
used in (4) plevably thé@iht/ard udadd-tieksdd With at 1088t bge Shefaelt val ue of

the suspension after the hydrother m || reactiaqn of ep (2) in the
producti on preating azfenicwelqﬂtec&émmrchwmmﬁom%sfangioz%&h% tBbAE: i on whi ch

controls the elimnatian ratho of urani ' f _be the one
sufficient foHORS YERctaRd, f\}a?%{ﬁgn?m%}ug@o@?ﬁisgi%%r}&%?% %%% aase UO 2
(019 , UCa (tefhingldouplidd¥géORIminfAie- coh taintie coupliteapeptcand sol ution,
i.e., 7.0 or higher, At exceedingly high pHregion) surface charge of the
hydr ot al ci t@W@@ﬂW@lﬁ@@é&%@beené&&ﬁo e level and electrically repul ses
with the conpl ex ani [ b4 ' rpti.pn or the
PSp8ke b AUHILAG 1RE Ge/be 1L ShmoRARRWICR

i ke, which enabl es bettée aniumetfimn nt ended ur ani um
cont ent | evelrecanfhe-telhted edtivinbh muretthened % thiyowethe phérofudiang amoni um

carbonate, alkali dr.ogen) carbonate, etc. Accerding to the production
process of tsﬁén&r‘%p(srg%fmin%\/é%hﬂ%ﬁ’rg ?%ed‘r%d’srle\%'eg?rr?%’e el ution treatnent step
(4), the suitabl e pHDharkgedrodalciteccosnisaiis siithafgresehtiaveydiont er mal

reaction is 7.0-13.6, preferably 9.0-13. The nmechani sm for urani um

el i m nation qo@"ﬁ@%enfbf LE? éﬁ,a%ﬁﬁl"%aﬁgéﬁlﬁ%I:}mijﬁif’i%t]tckﬁ%”hydr ot her mal

reaction, the hydrot @ﬁhg%ﬁggggﬂgﬁpwlﬁg_grmt@lfogﬁm f)tg thave reduced
y di

BET specific surface area, | spersibility of the particles is
i nproved angreeenbinviention] @arpicubetly these whosab e is 60y earmptetdi ti ves axe

i nparted, byt al rani um.i ons i.C e .a ckpxpd 20f_ | i{i e expelled
to outside gﬁ’éreéiy Fga%&}o@gl{l\%ﬂlﬁgrﬁ%%ﬁtﬁ%‘ g(@tjﬁ o%’ %@#ﬁée&é’g%‘s ance
acconpanyi n@thbe apids edur thoek ohysindhg gobwidre thansl/5 ol MAY(Nd02 7

expel | ed uranium.ions_either s in.the solution or, if re-adsorbed,
remain in t %O%Fh%goﬁBP{l’g&ﬁ‘égy;He_’-‘&P?E*P&‘I‘ L E?ti Wﬁéhj%%?y//ﬁgﬂﬂli on

ther eof wit hragueatsnGAIRLNADE all WidfoeoRf ¥, keSO KeardlsbHreferkb@t the

nmot her |iquor of the _reaction having a hi gh pH and contai ni ng ani ons

servi ceabl e as |i gan@hedmdiobakcite comy dowherazgprceantesf the sol ution

format on o SERanpEi8 ThedfEhABh A R Préli S TREN AT B | 02 2V00n can
be conveniently carr{Bd direéipifatiperaictivasfiagueonasgmtin 80a 200C, for

0.5-24 hours; presf@ir bly at, 100-170C for |.-10 hours. en the
t enper at ur e Wates-solweferd lyminapm sempeuRd 3hth AguepRs FeutY Y Afiyes, cryst al

growth of t %a%%%@e%ﬁgpgﬁw;&eo 0?%‘302{%01' S ferCoBile 244L Ch tends to

| ead to i nconp I sper e conpounds and aggravates urani um
removi ng ef feoaipnmd uiiles allsalihe comditionoat aamenposttior efitkastdrdingobt ai ni ng

t he product of the present invention. Again, adoption of.t eratures and
ti me higher Iﬁﬁt?méﬁg‘@gs&lﬁ‘é‘@&fe FFHQHR &%ﬁ%’%&d‘é%@n%byﬁggd to a notable
i ncrease | nfg%u%mmwamvi ng efficiency, while production costs
futilely increase. )

at Jeast one of CO 32- and SO 42'
M2+ ALY

A

0.15 = 1.25 (2)



As the eluent to be used in the elution treatnent) aqueous anmoni um
. carbonate sol ution, aqueous sodi um hydrogencar bonate sol ution, aqueous

sodi um car bonat e sol ution, m xed aqueous sol ution of ammoni um car (t)[ﬁ‘-g?@? l{
sodi um hydr ogencar bonate, m xed aqueous sol uti on of ammoni um carb ?02
sodi um car bonate, ete. at concentrations ranging fromO. 1 to 3.0
nol s/liter axe conveniently used, pref e ed concentration of those aqueous
solutions being 0.5-2.5 nols/liter. As the water-sol uble conmpounds or salts
of magnesi um zinc and al um ni um which are to be used in the step (1)
coprecipitation reaction in the above-described production process of
hydr ot al ci te conpounds of | ow uranium content of the present invention,
magnesi um conpounds  §isckhech NEFOReShdTR Y b SEondBIPRST umd Zn¥)3 MAY 2002 8
sul fate, magnesiumnitrate) magnesi um acetate, nagnesi um hydroxi de,
magnesi um oxitdempsrataeres ranging lénd 0t and wederzsinring fpaieattersnel as zi nc

chl ori de, zinc itr%te, Zi,nc ﬁxll fat,e, zinc acetate and the |like; and
al um ni um C(l}’ P& sq.(fcaﬁs %t?pa rriaﬁ‘fium chloride, alum nium sul fate,

alum niumnitrate, segi WpdlvRénaheraRtiohs thek@sGREnbeopaFEsit 2K o8xaNpl es.
Al so exanpl es of the al kal i ne conmpounds to be used fox adjusting pH of the

suspensi on freaeiden papdughin the foypr ebihs swarensionag forsre i thy gten her nal

ti t I i ih.th f 7 t t
el ude soathiPay e b Bt SR Bl brtast 90400 kot ROREET ot asst um
carbonate, &ouedhsreafommnind yebel refenmd @ gastepERARh @hich oceddienat es to be
used in the step (4) elutjon t regt ment _i ncl ude, ammoni um car gonat e) sodium

carbonate, sodi um hy@ogehiuatingihe seagtinm senditionsraodhat @ heéthet assi um

hydr ogencar boaaié, ohboditeiBh S ANHI SRR Rehali6 AT OB pRLUI NS such

as anmoni um car ium carbonate, “anmoni um car bona Sodi um

hydr ogencar bange ef @t0 th@3l5.ke, at optional mxing ratios within the

prescri bed concentr i@? range io. 1- 3.0 nol s/I.it(gr%. In the OCﬁasion of

i ncorporating the h%} & PEP T PIRFGRE THT g, S0 FR PHTRIEHI @B S of  t he
present i nvgaitielaily ?Yélbbﬁéd fo ERTH Ut th@%o??éﬁiﬁ&ﬁﬁ%n%!cﬁ@ns(w bpce-treated
with at | east one surface-treating agent selected fromthe group consisting
of higher fagtgouspelditiomebainatermsphitleadaminivymaempenms withy coupl i ng

agents, tit - L i 11 iy ng coupling
agents and %ﬁgé‘%ﬁ%g@?gﬁ gp%g'fde{rgg SQ%@?%%@’%%%#@Q%QEQE{%aHed wth
i rnproved combex-sbiulile yirmdomppound saidelrizlialifx anpilE®modt hetenped
surface-treatin ent.s cordin o the invgntion include:. higher fatty
26 de. such St s BRI Al san i T Bl HLe Y ERRF RS ach o
ol ei ¢ aci d, defided byaghedoraiwia (8Rd) Belkat:i nmetal salts of these higher fatty
aci ds; anionic surfactants such as sulfate ester salts of higher al cohols
| i ke stearyl alcohol, oleyl alcohol, etc., am de 0 3 MAY 2002 9 bond
sul fate ester salts, ether bong @l kylallyl sulfonic acid salts) etc.;
phosphoric acid estgy.g5s8ch ag, dci gl+ O£ losali netal siltg-ay amne salts,
whi ch are nono- or diesters Mettw#dn orthophosphoric acid and ol eyl al cohol,
stearyl alcohol or the like, or mXxtures of these esters; silane-containing
coupl i ng agent s suclrasikBUe! HaxusihARE lede RELFNYH O@ZRPY), LT et ho;
rysilane, 'y-glycidoxypropyltrinet oxy si [ane,
vi nyl -t ri s{2t taynheraietreexghgin gahey 50°¢- and moglen @glitatiomet hoxysi | ane and
N- phenyl -y-am no- prapyltri met hoxysil ene;. titanatecontaining coupling agents
such as i sopropyl t (i SESPEREEBY MTaR AR IL)S FLGHBgRed to carty out
Eris(dioct Yy hoRARRERIE ke hLGNTL TrdBehieAtARYS réddifiarytdmpgenesul fonyl

as

titanate; and al um num containing coupling agents such

acet al koxyawhi¢hniszobtgiinedpn epid atep, (1otleavitss saitdhmadduct int Hee statkade

treatnent, there are. net hod ,and dr)i/:hrret hod. In the we{ nethod, a
i

surf ace- t r SHIRFGSIPEH LB Tothen Lignoy ofithe Feaciongt ERRITALTSS S e i s added

to slurry Oéolf@)"@yfyroit%ﬁiat; Gwamo%gggedggﬂ, fo'gfq.ﬁcﬁz?%{zi‘s W}']Pégg sgnder

stirring at a tenperature of about”’ e dry n8t powder of
t he hydr ot addjuséingothporaadttion gunditiona thakpH sitde wachohiensphesion xer, to
whi ch the su fage-ﬁn{y ating agent i.n quui d,, emyl sion or_solid state is
added and stfter Ehemydyothermelfepstion falls nathimidm 1ange BrePetdd y, the
surface-tr i t_ | d in an anmount of about 0.05 - about 10 % by
wei ght of f@@hﬁ?}%‘?g@; %fll@éfﬂg npound. Exanples of the synthetic resins in
whi ch the hydrotalicte



conpounds of |ow uraniumcontent of the present invention are conveniently
‘used i nclude: polyolefine resins such as ethyl ene hornepol yners, ethyl ene
| a-ol efine copolyners; ethylene | vinyl acetate or ethyl acrylate (& MAY 2002
met hyl net hacryl ate copol yners; propyl ene honopol yners) propyl ene |

a-ol efine copol yners. a-ol efine honDpolﬁyers or copoly ners; and their

hal ogenat ed resins; polyram de resins such as ethylene | propyl ene

t her nopl ae 0 3 MAY 2002 10 tic el astomers, nylon 6; 6.6, 1.1, 1.2, 4.6,
6.10, 6.12, etc.; epoxy resins such as bisphenol A epoxy resine, novol ac
epoxy resins, alicyclic epoxy resins, glycidyl epoxy resins, biphenyl epoxy
resins, naphthal ene r{4lgicenspeénd thy hydoxthermei neaction product which

cycl opent adi gne- tal 0, rejns. (o] e i uch as PET,
P e, - i i e R el p AR e RS B U %G

po: yi sopyanaltc_ﬁﬁbd:ﬁi@ a&rdjamal\?:v]adil @-Lydfbgaﬂ)ﬁrﬁ‘_mnap@hndlts stir kige Gﬁlsﬁieﬁ- agd I

pol yanai nes |i.ke diam nes. e i co unds  ar ated, rel ease
of water of c%’%ﬁghqlﬁﬁﬁscb‘ﬁe%?fglr({lﬁ%gfgéaé'tzgllé?(%np?arp glp,lgng?cg? "ty of about
J. 80-230C. Whgapguch problens as foam ng, silver streaks or other

i nconveni ences attributable to release of the ¢crystallization water are
expected in the appliReaieprdicaneapiraiion of aremomp N39eRYSr ng (or

treating SUCW%&F&&HQ&%&]@W&%@EHE&%%@ inehallguesys hi gh, eg., 200C
or higher, the hydrotal cite conpounds Of the present invention can be

heat ed i n adweahittomusedirntd) abareis fosm Mobtasanplsfliter-6- 24 hours to render

t hem dehydr at ed type gkl t Q.éﬁ;éh ] e Tak T ich mis
approximately 0.05-0, i. g?{i’xeﬂgéﬂ}eoo@gl; C & e]%/f(tjt? at egﬁrt%gbéwﬁydr otalcite
conpounds haveakreanetigniof etop (2) inéle prodnition poereenof the rresgydri son with the
original co £l : ' ' h’mﬁﬁ‘é :have

approxi matel y e os’fa%e%?az\ggpga}g?gc dé‘%z’%g{hb{%gr gépdg???.tgs@guc at%éEl
aci d- neut r al ratingf apaniuny, basdcallyrie mrydreth exiyiel sufficigntifoshlJé) calomgr operti es

such as seco i i i r e~ yn@tct, and exhibit
unchanged peggw&%%&ﬁgﬁu%éﬁpﬁgﬁgg@%@gﬁ?dg{}%?\qéﬁﬁyéi cally, these

dehydrat ed t 2, (8o @ing the iempothedeuass salstionisa., T.AeTigker. of
crystallizati L Y'S i ani ons remain
bet veen the PLrxPataiply BEHRTSoEhlilbtacs BEES, LR HIRYOIGHS T0RD) chart
changes froncemapunds rereroes ti xreative el and cdectricalintepmaesvish

crystal | i zat yone, g difions oPurhdivg %%Qavéﬂt,19&9@Fsaﬁsarr5%ilaa%rlt9§t its

inter-layer water crystallization.) the interlaye i stance i s shrunken

and nar r onedlikprwhinksenphing better vrenivmlonimationiand Wiefintendedon | i nes of
(001') plane ghififimd Qod¥ E%ve?@%%e%kﬂi%vé&ihﬁ%'ﬂﬂe efutloSstep Qd)er | ayer

di stance). Hereinafter the invention i s explained in further details)
referring t ouMREKHREODIAtarbonsie, dkai(hydiogenicrphanatey et¢ndeyuantitati ve

anal ysi s of pnamidiB the PYSHRERL Prb&ss 8MMRUNEseNPHvE RN El@Esibar ough the
steps of dissolving jindividual Sa n h%/agaochl oric acid and perchloric

e i
acid, diluti ﬁﬁﬂtelﬂ@%’@mﬁ?%trmwtt%qg&hﬁb@cﬂﬁ ¢ PHamaeader theasuring t he
uraniumin t%%égfgﬁaﬁ& me&égﬁg %W%q_@q}p@gﬁ,@ﬁrmﬁi cle size was

measur ed by fraction scattering netho as to each sanple as added

d
to water or 88-dBdanThe serchanism for Wﬂi@%ﬁﬁﬂw pet¥difieavave
treatment. SpeChkitesinbd Ryl SAs Rl tHERI IR0 ARE Gy RRuthigte

compounds undergo erystal growth to have reduced BET specific
surface area, whereby dispersibility of the particles is improved and
not only powder properties favorable for resin additives are im-
parted, but also uranium ions which are a kind of impurities are
expelled to outside the crystals due to the purifying action of the
substance accompanying the procedure of crystal growth. Thus



anount of nitrogen gas adsorption; using BET process. Referential Exanple
+ The results of analyzing uraniumand thoriumin DHT-4A (trade nane),
produced by Kyowa Chem cal Industries, Co. Ltd.) which ie a com‘rergiazqhgﬁum
avail abl e synthetic hydrotalcite and is currently nost w dely used ae
additive to synthetic resins, ere shown_bel ow. TABLE 1 U (ng/g)Th

(ng/ g) DHT--4A210 unit: ng/g (ppb) 0 37MAY 2002 12 From the above dat a, it
can be understood that, for exanple) blending of 5% by weight of the
commercial synthetic hydrotalcite results in a resin conposition with a
urani um content of about 10 ppb, and such 2-digits uranium content of
currently sold products nust be reduced. Furthernore. when hydrotalcite is
synt hesi ze®%¥Relsg WinRum Iwaitharatey iy thaselitaon or tif seiadsrrhedal ways | ess

than the | f. d i Lt it 15 also. understood. that reduction
in the ur aﬁ'?égllrlﬁ%olrﬁ géﬁe&%llsfg F%éb%or%?f:ﬁ%ocr%@gﬁéb O%Vgl%%?%egt“ﬁ]émpr esent
obj ect. ExatgelreoflwRit 4@uev i cavbogoRaphitih iodthd 1fkeOWR/ infdreth{twhi ch con

tained 50 ng/g pb)..of uranium as cqnverted per M){O 2] . 361 nm and an
aqueous in ’Pé’&‘ergk%%r ¥6aGHPR NAVARE 25 gbtﬁlérﬁlﬁ{r_g%tawﬁgentrati on

1.03 nol s/ Igﬁgﬁ%g%g&mg%gié% go‘ﬁ%ri;}g@gs tPpreQfe u{lp#rg‘glv-\gzoponver ted per

A (OH 9] were m xe aqueous So placed in a 2
|i t er - beakehp sohdtiontfor vétiathing. theN xpglled ugasddinuionb wdrdigsaleed ol uti on 585 ni
and an aqueous solytion eof 0.8 o)/ liter sodium carbonate 226 m were
pour ed undg eT§ G UQ} ?@'PP#@O%E’ thedhrem wngrq t H@‘%ti rring was

continued for about T8Q yYAUtESHh L RE B’g%ai WEJrﬁféilﬂéﬁﬁivic%iQHOdUCt- The

suspensi on of the coprecipitation pro t which was concentrated by
sedi ment at i stdempeyatweesoin ¥ 0@ngal o203~ 24A0s far 0.6d 2drtanra, Prefded i t er

aut ocl ave an i~ecteds a. h otheryrl rgaction at, 170: C for 6 hours.
Ao St B R0 Sty RS Whart B teriRedinugd Bnta 50 © 100
]E)rodlljgt hvva&ondmw ) ﬁﬂe lczlcyvéxi {Hamatt eOdh ecifiesh _ﬁm%%st, brmhbgrmﬂuo di;]ﬂw_i at %‘; C
or ours,, a I he r pro uct yeas SJ eve W t, a - S S| eve e

pr oduct msllsﬁdae?ﬁqﬂtreé:ant %@s}%9@reatla%ﬁlft%e%foﬁﬂagﬁmeags ol 5 1 ay

di ffracti of,sRRpReTEN ARy 8%;%665%@@%%% BRR J%ﬁégaﬁrsﬁﬂ%‘ﬁgﬁf )], average

secondary particle size was |~ B specitic surface area was 11.2
e/ g. 0 IemwvingeffidengneThusdsdh eonditinns alre fncaniendsntdferer ni ned from

LS. 720, 2 7Bl Sy Edh PO NG B RE sk, ABain, adoption of
temperatures and time higher and longer than the specified ranges
does not lead to a notable increase in the uranium removing effi-
ciency, while production costs futilely increase.

As the eluent to be used in the elution treatment, aqueous
ammonium carbonate solution, aqueous sodium hydrogencarbonate
golution, aqueous sodium carbonate solution, mixed aqueous solution
of ammonium carbonate / sodium hydrogencarbonate, mixed aqueous
solution of ammonium carbonate/sodium carbonate, ete. at concen-
trations ranging from 0. 1 to 3.0 mols/liter are conveniently used,
preferred concentration of those aqueous solutions being 0.5-2.5
mols/liter.

As the water-soluble compounds or salts of magnesium,
zinc and aluminium which are to be used in the step (1) coprecipita-
tion reaction in the above-described production process of hydrotal-

cite compounds of low uranium content of the present invention,

magnesium compounds such as magnesium chloride, magnesium



Using the sane starting materials as those of Exanple 1, the operations of
+Exanple 1 were repeated, except that the anmounts of 3.4 N aqueous sodi um
hydr oxi de solution and 0.8 nol/liter aqueous sodi um carbonate sol UtﬂiPMAWﬁ]ﬂ?
changed to 478 m and 226 m, respectively. The suspension after the

hydrot herm ~~| reaction at 170C for 6 hogus had a pH of 12.08 (28.6C). The
product was identified to be a hydrotal cTte conpound by powder X-ray
diffraction neasurenent. Its uranium (as U) content was 17 ppb [ng/g (dry
powder)], average secondary particle size was 0.59 pm and BET specific
suxface area was 13.4 m 2/g. The product's chem cal formula as determ ned

MyO. 70-0 adtafy; Ry st 160 i, pRRALTLE BB B ne i hydrare, o of
first clasddeyatgrésigmvexsdeibisely erihe aohdi thai 1o zivad eompbdntbe tot al

vol une of the_ solutio vva; adjusted to, 700 i, which was put in a 1-liter
beaker. Unddichsd§ zmcmgx,lmz e,p1Be NifFate vime sulfate sincorgebatianAitbs was

obt ai ned i R: -J .was e thO il -red for 20 hours
at room te%@%g elﬁ%} 8%@&%\%%5‘?%%8%%)‘@85%19”??&0?2 il W washed with
wat er and dhirgémsufate fdumifiviouisratdheoddum fuesinate wad thieclyledl Wi th a

100- mesh sieve. The product s identifieq to a_;a a_hydrotal cite conpound by
powder X-r&31 Rf FOPXHBRS pexamples phhamkeaael®omiont ent was not
nmore than S RS ' r G 2 14 size
was 0, 59 p.%m anc? %%T%%%‘%?O?i %ggfﬁ?g?gg gir= géeoagla%deﬁfo& fr??g%g. oé%glr oduct' s
cheni cal f dhedopregpitetionmeaction makh hydrotleswh sl yeactivs torewabesd anal ysi s was

foll - M0. 89~0 3D ~m52~ L6 0.54H20. [EX | -3 0.5 [ /10t
Sueous ! naULRRT HRe SRR oL A0 LA Horeth Fures BB HE sadiBiaced in o
1-liter beak@roxidel BovkstlimdTydronfde BedudatRmit SosiaeBnd obt ai ned in

Exanpl e 2-1 was added under stirring, followed by 20 hours' stirring at
r oom t enpefarkerateTRBURPEHABMIRIS %@%@éﬁ@@atﬂﬂsﬁi ltrati on, washed with

wat er and dried at Ty . [ with a
7, 00- nesh si eve. Sa?gggirpg%%é?czlm}ggh%egn%?ﬁd{é%e%%@%%te%? %!thg\?{ggt e conpound
by powder Xeceabyehtfitchodd ammedsm eaxhvnate,tdimandarbohate, Ypdiomt ent was 5
ppb (ngl g) ver age gecondar article size s 0.59 u nd BET specific
Cortace ar baaraesnssBERaRe Sl ki’ GrBafiat et Rt irfilieamhs dot er i ned
{\/E; om t;l\le r eéi(:ﬂgna%%. g;‘ns ﬁmrﬁ@&iiziﬁggdottsiéie ﬂ@é:nl d’g cfdgﬂiiﬁmﬁbns such as

0. ~0Al 0. so ~ .is' 0. . anpl e ing the s star.~ting
mat eri al s &5HR é‘émo‘fargf?aﬁfﬂ }ejs"%}uph"ear@%?%ﬁ’ ia&E‘C’B%urEﬁﬁﬁgP’éa%n&e_re r epeat ed,
except thagoaﬂﬁnwagén@irbanété\b@%eﬁyé, MO RN Lk datipe! uti on and 0.8

nmol /l'iter aque ous sodi um carbonate sol ution were cha&ggd to 461 nml and 226
m, respecwitkintherpeesstibsdronesntrationrange (Bd -BymsisBitenl reaction had a

phi of 11,05 (28. 2 £ ¢ J BB 7Pl ARl MOk ok 1A 9 and ashi ng
pounds of low uranium content of the present invention in synthetic
resins, the compounds may be surface-treated with at least one
surface-treating agent selected from the group consisting of higher
fatty acids, anionic surfactants, silane-containing coupling agents,
titanate-containing coupling agents, aluminium-containing coupling
agents and phosphoric acid esters of higher alcohols, to be imparted
with improved compatibility and processability. Examples of pre-
ferred surface-treating agents according to the invention include:
higher fatty acids such as laurie acid, palmitic acid, stearic acid,
arachidic acid, oleic acid, erucic acid, etc. and alkali metal salts of

these higher fatty acids; anionic surfactants such as sulfate ester

salts of higher alcohols like stearyl aleohol, oleyl alcohol, etc., amide



wat er zvas placed in 700 rnl of 1.0 nohliter aqueous solution of first

‘cl ass grade ammoni um car bonate and suspended under stirring, followed by ~0
hours' stirring at roomtenperature. The cake ob 0 3 MAY 2002 150%aMﬁe@m
by filtration and washing with water was placed in a 2-liter beaker

whi ch 800 m of deionized water was added to form a suspensi on under
stirring and heated to 80C. In a 200-m Seaker 1.2 g of sodium stearate
(purity: 86% and 1.50 ml of deionized water were placed and heated to
about 80C to forma solution. The solution was poured into the suspension
under stirring, and the systemwas nai ntained at 80C for 30 m nutes, The
reacti on product was recovered by filtration, washed with water and dried

at 95C for phddhaulfste caher sdles they Benially1all3Douesl 2id¥slts TR ;pr oduct was
identified to be a hydrotal cite conpound hy powder X—ray di ffractl on

measur enentphombovﬁ@@mﬁswrarsanh@ma@a%orrallﬁaéh@éﬁ@lWsl PORIHBEe than 5 ppb

/ f
SUrfabe ar SATRIHEE G HORE i eten drtrn b AR e cld SRRC 1
resul t of Q)!F@llalad)hcﬂnﬁﬂe)ﬁybal&@hola@rﬁ}whl@mﬁor xﬂmgeeﬁemm%(mc ~8~p. 16 ~

.53H20. Exanple 4 A 1.2 rmlslllter aqueqQus zi n Iorjde sol ution 300 m
was ni xed WwHeRexpRtaning couplinglagentesudyae SRy q}tyﬁ’éﬁn%vfﬁnhﬁktrl al grade

al um num syl I i nto which
318 m o PSERPIE a%fe%@ﬁﬂﬁf%a%mﬁg?lﬁt&%w%gxdﬂr%‘é%th%@@"( | ndustri al
grade 0.8 wmilakiet ernylletlMm@ﬂhmbcyeﬂhm)s&lamuw%atomnpyhttm@&mﬂure under
Vi gor ous Stl rrin about 3 ion. The total

vol ume of EHa@ %S‘L&?B%?n ﬁé’l’ﬂn\ﬂ%}'ﬂpé IJEB?) éiyﬁlil?‘g tgﬁ?n&ft oduct was
reduced to ZH&lﬁﬁné’MO%@l‘ﬁh%@Eﬁ’éé Mbhcé’é‘fs%ﬂié 1't9ﬂ1‘sos'f@§ro§'%ﬁﬁﬂ§té3” was
transferreé into a ter autocl ave) Jsecte to a hydrot her mal

reacti on atsdprogyl tmﬁ(dlf&tMMQmpBOSFhﬁée}@miit&rﬂn isoptomsildmidecyer cool i ng

nge? pH 053 %}Z\@%ﬁggﬁ?@@ ta IJES ﬁ%%ﬁﬁ‘éﬁg gﬂgaé%é %W%rgggggsegﬁ:hed wi t h

sol uti on obuahmsmqehmMmbahahmmﬁ diisoptropmtl aies eg(t ade, and uniformy
suspended with a sti rrer f.ol | urs' irrin room
temperature. Filter ﬁén?%é’%d’;%eﬂ% Qﬁeéﬁ flé%g\fgfqﬁa%vas washed with
wat er and mmaaan@ag:ymthba FI@\LUh% wéhﬁeﬂl%éd Mﬂ@hfﬁée weativigeved with a
100- nesh si eve, which |denﬁ| dto e a h dr ot ijte clo?*{pound by

powder X- r &FCHE BEDAIR $SADABR &R Mg P SFY %lﬁgrﬁ t8 1sAR4e0SOsSIFRE yr ani um

(T.~ ConteBTftH@iye%ta!m&@c& ge%uidpeﬁd[sﬂm&eﬁmhmwae)r SLREIA0e secondary
particle size was 1.2 ~. m an specific surface g{ea was, 9.9 n2/g. The

cheni cal f@rtmﬁ&anmratthée pf abieiet 1@15']&51@ Apribe dsy sl @RS c‘:fnal ysi s was
as follows g%)’g(]%)s 0 t he sane
manner to lgég%% OEB? ]%g% %deizrlﬁ gl\?#%ggu&és g%&%?r%gtl on of 1.5

mol sl liter nmmerntcxwhlwh the 8u7ae-tudatives gaptaouiqu 1 amlvdmoafon ndustri al
grade alumn ul avin concent.r, I sllitex, and
the m xt uréotbgs“f)% '#@@aﬁlﬁﬁgfﬁ%@aﬁgfm‘?g v@l"ﬁ%l hg?tlgg4 N sodi um
hydr oxi de rakarahbp t@a@chﬁ@a?cenﬂreaimg .AEenBhd Lbad i Qﬁllh?xﬁémaﬂ ofNel2&®3 sol ution
were poured at room tenperature under vigorQqus stirri n% fol | oned by about

30 mi nut es'0.8% i-rabawg. 10rveoby wedehieelithednidretalgdn epBPoynd: he copreci pitate)
600 m was ”anSferEﬁgg{ﬂi%Sgﬁ? ?@%ﬂliﬁttﬁrre Clﬁlv?ﬁfc and wpioeshiad to a

hydr ot hermal reaction ours fter su sequent cool i ng, pH of
t he suspensbaipousas deo%m(aZﬁu@Qont‘éheof)thnjpmtsewasnvemtmreaw by filtration)
washed with water a d drjed a& 95C for 18 hours, arid the dry product was

si eved wi t §ORVEBERL ‘éﬁeds} BECThe product vas i dentified to be a

hydrotalcite CO”pouﬁglyt&Yefﬁi)é"E@srng(sué@Xs dif§1ea6 oo b piBAs Uf £ EAYL.
ene / a-olefine copolymers; ethylene / vinyl acetate or ethyl acrylate
or methyl methacrylate copolymers, propylene homopolymers,
propylene / ¢-olefine copolymers, a-olefine homopolymers or copoly-
mers; and their halogenated resins;

polyamide resins such as ethylene / propylene thermoplas-



0 3 MAY 2002 17 Its uraniumcontent was 13 ppb, aver age secondary particle
size was 0.60 ~, mand BET specific surface area was 14 m Zl g. The product's
chenical formula as deternned by chem cal anal ysis was as foll ows:

~g0. 89~0, 81~OH-2~C~3~Q | 5 54H20. Thus obtai ned hydrotalcite corrpouerS MA%2007
added to 700 mM of a 1.0 nollliter agueous first class grade anmoni um
carbonate sol ution under stirring and sukbended, followed by 20 how a'
stirring at roomtenperature. The product was recovered by filtration,
washed with water and dried at 95C for 18 hours. 'rhe dry product was
sieved with a 100-nmesh si eve. The product was identified to be a

hydr ot al ci t€e PJEQBH@? 188‘%1 iﬁiay 2d|4fé réfél@qznggcsurenent Its uranium

(as T~ conteng was no?b%hoxe avérdage secondary partl cle

size was 0.60 ~m an@pBE}Tréél%ﬁ'stﬂcﬁ a%%léﬁﬁ@n@lrﬁ%[p‘dﬁﬁ rédingPhgvolliee product’s
chem cal fornula as det.ernained fromthe resu its chem cal analysis

was as fol |apesy regngs: I@YQhQ@PBWIBS%E&CEIXGth@p%IeﬂDﬁp@MIQW Exara.,.ple
1 Fromthe suspension _of chopremg 1 tate as_obt ai ned |n %Ie 5, 600 m
was taken SREXY eSS RFPEEHAlGhe HEE-cRulARE R&%Eﬁsw’twc\/@? and pl aced

in a 1-1itealicheakatainlhE epoks rims: ﬁﬂég)%['@@ﬁei Redifl @il &d FETePBMd the

total anmount of the suspension ivas adjusted to 600 m. The suspenS| on was
transferrecttn@®da 0.98-1iter autocl a~ Te and subjected to a hydrotherl nal

reaction at 170'C f ter the syps n he
suspensi on had a pH88hég§gR% re%y wh’l EELS g&fﬁ‘ 6’? g@‘é‘f*}‘g&f

fitrati on)pdpbeghnkded Iled Oga@wdamqn@me@@m@yaemkﬂesdlawaﬁa The dry
product vvas Sl eved with a |1 00-nesh sie~~e. - MAY 2002 18 Said product

was i denti fAcdyemmsngplike Hl}ammm cite conmpound by powder X-ray diffraction

nmeasur enent and che Its ni_um c 0 ppb (nglg))
aver age second ary %‘?’4‘@3’%@@@%@80@“@? ﬁf%ﬁgg%gfegepag& ic surface area
was 19 ml qvaﬁh@fmpﬁh&&hz@tlﬁiﬂet’ﬂzﬁﬁko fad{éTplaEteaﬁ tthetdeinitycef Hyoehem cal

anal ysi s HO. Exanple 6

o 0 a (CGau.ia
Using t he $2§P ¢t m%%ﬁbdﬂﬂh 03 av adel%cﬁg%ferﬁt%ﬁﬂreﬂiert he

coprei Ci pi {AkNEHIBAEES Qﬁr%ﬁaﬁl@%%l@e&emf tﬁ‘é"&-&é‘t‘ﬂﬁéat’i@z@%ét%? afet hod. That
is) a bittern having . a concentration of 1, l'1tex, aqueous

al rmi ni una e§HPF%@e‘Ds§+%%PE]hCQﬂ°I¥LtQ)WW§VCIlietsms whom Pregsseing faxt i on and 0. 8

mol I liter flow rates
of 12I 1m I m n. ;é sﬁ?ﬂ'a‘é’k})Séélﬂﬂﬂﬂg?g%b%#%eg‘?ffgél‘%g%v?g(/ﬁf%/ﬁhester \évtl rrzng
into an ap@OMan'ehlgh&r Itﬁheehydmlemﬂgﬂemﬁnnmnidstafmh\Mplebemﬂﬁgvt%wdArn ﬁn
suspensi on coyl ont i pUous i scha J| _?us Yo o3 aqueous
sodi um hydf8Rite %%ﬁe llno f&atgﬂlﬂetﬁ'? %ﬁb\% G ng punp
whi ch can ¢@uirs @b rbhawr tl@élﬁ)déliyd&afddowpeﬁefe&ﬂn%dﬂdﬁ{eeﬁrﬁmlb@)fﬂl ntain the

H of the reaction_suspension at 100 e coprecipitation_reaction was
P pgps%lq]mh.\él 1s approximately 0.05-0 pclosegco Such

hydrated type hydrotalcite compounds have a relatively higher

conti nued

uranium content in comparison with the original compounds contain-
ing water of crystallization, but have approximately the same levels
of chemical properties such as acid-neutralizing ability and ion-
exchange ability and physical properties such as secondary particle
size, specific surface area, ete., and exhibit unchanged performance
when used in the same application.

Physically, these dehydrated type hydrotalcite compounds
are such that the water of crystallization present between crystal
layers is removed but anions remain between the layers as they ave.
Their powder X-ray diffraction (XRD) chart changes from that of the

original compound containing water of crystallization. That is,



The resultant feaction suspension was condensed by sedinentation to a
concentration of about |.b tinmes, fromwhich 700 mMl was transferred into a
0.9B-liter autoclave and subjected to a hydrothernal reaction at 17ﬁ§:h&v

fi hours, followed by cooling, filtration and washing with water. IRva 2002
1-liter beaker, 101 g of anmoni um carbonate was di ssol ved in deionized
water and the volume of the solution wasthdjusted to 700 ml, iota which the
aboveobt ai ned cake after the water washing was added under stirri.n.g and

0 3 MAY 2002 19 suspended, followed by 20 hours' stirring at room
te~nperatuxe. Then the suspension was filtered and the recovered ~: ake was
washed with weeduse it hasloet itedntartlayer Ratertod eryzbalkioatiomdthsispended in 1

liter of deiofi . r- under, sti~,~ ~ing.; Ho the suspensi@n 3 g of

~y-gl yci doxy&%&é@%&%@%ﬁ%@%yéﬁa@#qﬂi]glp??ﬁsF?Lhal"g‘lg’r’)n Y%z?s pour ed under
stirring, folXBRechdry, the diffnudtes) liséd of (00Y). pldhe shifstd highler adghensi on was
led to a spray,dryer .and dried, to provide a white dry powder. Thus

obt ai ned hydr%#%d‘??"@o@o %{PtFFQBY%F ‘gﬁfzﬁﬁcﬁ)m (U content of not nore than 5
ppb (nglg), an aver aHer&ifgaBHMYiRAhtibs S e plaReA inFubtherMetdits,a BET
specific. surface, area of 13 n2lg. The product's chem cal fornula

deter i ned t Hefuginectectodane fxamplesand Comparstive lgamples. The

~90. 11/9-0: B1(LH21 000 Gaft i P Shn RIRAR A YE: Zykgom the

reacti on suspension as obtalned i uous copreclipitation reaction

of Exanpl e 6condocted thaeuaghaidemsteps bf disedvinedndirstival semplevmt er . Thus

recovered ca r ech Di i o) ] in deionized
vt or - and’ oo SO 25 BL IR0 A M iny MBS AUGRRARE | 1 T0,
suspensi on wadlutednitriraed sindtoeze 1Bl wreniwotinche bauahty 368 ected to a

hydr ot her nal Cli { 0 r RS ik L0y,
filtration, \K’%%% %S%O@het%ét g?éoglr(%g‘g}g})%%égﬁze%%%?%srﬁg%ﬁg%%%g After the
dryi ng) the piffchetionveratterimgen etliod)aa td 8dchmmhplei amealdedite waterlort was
identified tgo_be a hydrotal Ci cO und b owder X-ray,diffraction
measur enent ﬁ&rgﬁ%’fﬁysc?; e@%%?@#ﬁ%}mﬁ oG VEYS ETC%‘F.?SHE- was 200 ppb
(ngl g), average secorfijecificmanficlaress pere deterfifhedlneddBbE specific
surface area . 1 cal. t he product as

dr aer ni ned bzﬁﬁ%ﬁﬁgﬁgﬁé&gﬁﬁfs gi%wa‘éﬂ”éé%;ﬁoq #’g"\ﬁgs 0 3 MAY 2002 20
~g0. 69~0. 81~O+2~CQg~p. | 5° 0. 54H20. Amoni um car bonate of the first class
grade 101 ¢ di v ey deionized water, the volune of the solution
was adj uste 0 : it was put in a 1-liter beaker . Under stirring
with an agitator, 38Thecrenlie ofignalyringoimeaivmrpssliherbun dit ai ned in
Conparative BtpRDLg (ﬁra&@?xaﬂ@?%%e&cﬁ‘ﬁy?@ow ChimiRN iR&‘{?&riQ}’,l ﬁQ hour s’

stirring at roomtenperature.” The resulti'ng suspensi on was tered, and
t he recover ebitdawhichis aeemmereially availehlesyathetichydrotdsite spdig hours. The

dry product i 1 Em i 3 identified to
be a hydrotal ci ?Eﬂg\c‘)ﬁrrgsg%rég?u%% er )Ia(d?'{ats;‘>é |fs}?§éﬁﬁ%§%é\g%rgenent and

cheni cal ana#Beswmbelo®s urani um (U~ content was 110 ppb (ng/g), average
secondary particle size was 0.54 ~.mand BET specific suxface area was 13 m
2/ g. The product's chem cal formnul aTgﬁL%e{ erm ned by chem

U (ngle) Th (ng/g)
DHT-4A 210 <5

unit: ng/g (ppb)



cal 'analysis was as follows: My Q B9' ~. 10. 81~-C~H-2~CO3~p. 15 ~ 0. 54~HzCr.
-Exanple 7 A mxture was forned by blending 133 ml of the sanme bittern
having a | VI g concentration of 1.5 nols/liter as used in Exanple 1, %4@ m
of 0.2 nollliter aqueous zinc sulfate solution and 143 ml of 0.4 oS &Y 2002
aqueous industrial grade aluruiniumsulfate solution) which was put in a
1-liter beaker. Under vigorous stirring12202 m of industrial 3.4N NaCH
solution and 143 m of indust~~ial 0.8 nol/liter .Na2C03 solution were
poured into said beaker. followed by about 30 mnutes' stir~~ing. The
suspensi on of the fo~-nled coprecipitate, whose total volune was reduced to

i00 M b~ sedi nent atl n r ald.on. i 0.98-liter
aut ocl ave and subj e%‘#g’% ‘fh(% %ﬁghgrc%néﬁéghgﬁﬁgéﬁgﬁ, f@%g or 10 hours.
The result ple,%l%n&ﬁ%%am% Byl wielghtsefSihereinom eadibbsy retbeticrligydiadaa pH of 9.71

(32.40). Filterin e suspension, the filter cake was vvasrﬁg w th water
and put i nlegteoesthis vt agesLmenmpeitioagudbues useninm spnsntiafadoug| ass grade

sodi um hydregencar at.e d..uniformy sus i tirge fol | oned
by heating 1@3’@6%‘@%@}3 gﬂtggﬁéq}rgy‘émhcé’f#%&eﬁhﬁ%%%%gﬁg}(gﬁr%‘é&gubsequent |y
filtered, aestberédidey Fakderporvanhed Widrbtaldtels snatheei»d at 95C for 18
hours. The dry product was sieved with_a 100:nesh fi eve T%\aproduct was

[

i dentif edustnpeonventdeenlatartine sentssiaie tprivgadenlxaralessithanact i on
reasurenne ejwe(@?%&&k @;].Fli)és#?d i¢ 136140 ARG G654 cﬁé’c“}ef‘dﬁcitﬂ}‘n fre product
was 5 ppb ['ng/ g ry pomﬁar , the average secondary particle size was 0.6

um and BEThsreaniwe cmtbacs tiehumie t8 oferodigto Sdreetherpreaént or mul a of
t he product_as determ ned by the chem cal analysis was as follows: MO0.58
(' n0.08 0. 98}~ ~2 ~C ~ 3 )p.16 - ~ 5H2~. Exanple 8 A nixture was formed

by bl endi n@,&i@tm; of the sar~ze bittern having a My concentration of 1.5

nol s/liter in Exanple 1, 266 nl of 0.2 nollliter aqueous industrial
grade al um ni um sul Biiterrs of Mg omcantiatiorl &f mblylsterdmwdech gpade Na 2S04

whi ch was put i 1,11t en Beaker. Under vigorou R 51Lym of

i ndustri al E)%‘Pflqnﬁ\gﬁg(%@Hi’[)iogﬁlr\%ﬁéu’ﬁoa(frcé)(ﬁwreﬁ 0 Ifeﬁgv%’t(?ﬁ}rzz%ﬁ Irjf%om

t enperat ur an%:lfa}t] bQuecudndintrial oade ahirﬁﬁ;liu&i laﬁlf@atagsolﬁhignrcgs?q t ant |
suspensi on of the goprecipitate was. transferr to,a -liter autoclave
and subj ec@%cqrﬁratlﬁﬁ&ﬁ% H%‘Plﬁ'&n‘t_er%é{b%q REIDSHRY S BE/EPPRI oL s, The |

r esu:c t F‘t”t_ %géﬂﬁf%‘d%”ccﬁiéeﬁe&:ﬁﬁ K@d Pl’PlﬁlQﬁer%lmQ?ed( 2Pkds mik&d suspension
was filteied, an

the filter cake was washed with water; put in 700 rnl of
i ndust ri al aQueowskplitiemwagudaced Naa idteroberkemn anddntg widehidy4 suspended

Cenper at or &Y SGherad o B pl¥eonile solof 888 afFard sl Wiouidely 102 LRa™
was washedtioint &f Ov8trabl/Hiet sdieth edrbdnatd 226 bl were sourkidenddsr pr oduct was
sieved wit gig%r%&?stﬁ?ﬁ[]g g . ?S’oem temperature. The stirring was continued
for about 30 minutes to provide a coprecipitation product.
The suspension of the coprecipitation product which was
concentrated by sedimentation to a volume of 700 ml was transferred
into a 0.98-liter autoclave and subjected to a hydrothermal reaction
at 170°C for 6 hours. After subsequent cooling, pH of the suspension
was 13.17 (30.1°C). The product was recovered by filtration, washed
with water and dried at 95°C for 18 hours, and the dry product was
sieved with a 100-mesh sieve.
The product was identified to be a hydrotalcite compound
by powder X-ray diffraction measurement. Its uranium (as U)
content was 8 ppb [nglg (dry powder)], average secondary particle

size was 1.0 um and BET specific surface area was 11.2 m Z/g.



The product was identified to be a hydrotal cite conpound by powder X-ray
diffraction anal ysis and chem cal analysis. The product had a uranium (U)
content of 8 ppb (nglg (dry powder)), an average secondary parti clﬁ,\ %ﬂ?ﬂﬂ?
1.5 ~.mand a BET specific surafce area of 10.9 m 2/g. The product é

chem cal fornula determ ned by the cherq' cal analysis was as follows:

yfgo. ~5~0. 25( OHz( COs~p. i i B~sCa~0. 012 ' D E H20, Exanple 9 The dry powder
o~ the hydrotal cite comRound after the aqueous ammoni um car bonate treat nent
as obtained in Exanple 5 was given a drying treatnment in a | aboratory gear
oven at 270C for 8 hours, and whereby converted to dehydrated type

hydr ot al ci te conpou i gh : i (L= b [ng/g), an
aver age secondary p;%?p?g&%?tt}g&o %?g{bﬁ%maan%s g%%%%ﬁg‘tsgﬁ%gg%gurface area
of 15 n2/g. réhdt vitghhecdeicabasseycausasabyolheas:i ng at 250C for an hour was
by 0.5% Exanple 10O The cake obtai ned through the steps of cope ecipitation
reaction, hydrother mal reaction, the treatnent with adueous amoni um
carbonat e sol ution, prpl tragi hi A water as in Exanple 6 was
suspended i n dei oni zNeI 0'%}?@#8@%%@92%%2@& Zg)és heated to 80°C) and into
~~~hi ch 5% Byamplei2gfit sodi um st eazat~ sol ution of a prescribed anount was

poured under stirri . followed by 30 mnutes' stirrin Subsequent | ~~ t he
suspensi on was fil tﬁ%&g %q%s%/qrplpgrmggq;éa W&%ﬁg@x\'ﬁm ®wat er and

dried at 95He fMratBrRU Bxampll 3 RAY rZB%&ea?B%%ﬁthﬁl@wg\xugésu Was

pul verized to provide a surface-treated dxy p i ch nfurther dried
in a hot - aiof 4\ rgareoa8@ediwn IP0irhudesolTtien padd.B anol/ltehyadnet ed t ype

hydrotalcite_ c und_had uranium (Ln conte 8 ppb /g], an average
secon. daxy op%tsr%)?r@fién g?r}:eo %eﬁ.o 1%?”%5%10@%%@&%% P?lcé)%%%gg@gﬂ’ area of 14 m
219 The weicghbotieslyedBizs Gabpation afl Bhuhyariitarhii rahed@0Gtvas by 0.8/ a.
The dif~action sjites on (003 l.ane [26 value] and spaci ng [d(003) val ue]

P o
as det er mi net® yforRohenrsshad sarid 51120828 dr at ed type hydrotalcite

ds obtai ned i - Dehydr at ed
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by powder X-ray diffraction measurement. Its uranium (as U)

content was 17 ppb [ng/g (dry powder)], average secondary particle

size was 0.59 pm and BET specific surface.area was 13.4 m Y.
The product's chemical formula as determined from the

results of its chemical analysis was as follows:

Mgy 20 Al 40(OH ), (CO4)4 45 - 0.54H,0.
Example 2-2

Ammonium carbonate of first class grade 47 g was dis-
solved in deionized water and the total volume of the solution was
adjusted to 700 m], which was put in a 1-liter beaker. Under stiz-
ring, 27 g of the hydrotalcite compound which was obtained in
Example 2-1 was added to the solution and stirred for 20 hours at
room temperature. The product was recovered by filtration, washed
with water and dried at 95°C for 18 hours. The dry product was
sieved with a 100-mesh sieve.

The product was identified to be a hydrotalcite compound
by powder X-ray diffraction measurement. [ts uranium (as U)

content was not more than 5 ppb (ng/g), average secondary particle



wat er - cont ai ni ng typeExanple 9(dry product of Exatnple5)29
[ deg.]13.3011. 60d(003) [A] 6. 667. 62Exanpl e 10(dry product of Exanple 6)28
[ deg. J13.1011. 60d(003) [A] 6. 757.62 (XR, D measurenent by Cul ~a rays§ 3A4Y 2007

expl ai ned
(urani um
pr oduced
additives

in the foregoing, according to the present invention high pux
content not nore than 10 ppb)lrydrotalcite conpounds can be
easily and industrially. Thu§! hydr ot al ci te conpounds suitable
to high integration |evel ~em conduetor nenory device-sealing

resin conpositions can be provided. 0 3 MAY 2002 24 Clains: 1.
| ~ydrotal.cite conpounds which are represented by formula (J.) below M X

A x (QH
a positiv
C082 and

t hat they
secondary

2 AEq, ' 20 i Lch M~ i t | t f 2+ d Znz ,
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ave a uranium content of not nore than 10 ppb, an averag
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surface area o not nore than 30 mZl g. 2. Hydrotal cite conmpounds according

to Caim
agent sel

1, which are euxface-treated with at | east one surface-treatin
ected fromiche Mrﬂm{%q@gﬁti ng_m{m.gher fatty acids, anioni

surfactants) sila~. ecoft aifl ng coupl |°n15 agent’s) titanate-containing

coupl i ng
acid este
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accordi ng

to_any_aone of dainms i
hydrotalcite compound obtained in Example 2-1 was added under

stirring, followed by 20 hours' stirring at room temperature. The
product was recovered by filtration, washed with water and dried at
95°C for 18 hours. The dry product was sieved with a 100-mesh
sieve. Said product was identified to be a hydrotaleite compound by
powder X-ray diffraction measurement. Its uranium (as U) content
was 5 ppb (ng/g), average secondary particle size was 0.59 pm and
BET specific surface area was 13.3 m */g. The product’s chemical
formula as determined from the result of its chemical analysis was as

follows:

Mg.70A)g 50 (OH),(CO,)q 5 - 0.64H,0.
Example 3

Using the same starting materials as those of Example 1,
the operations of Example 1 were repeated, except that the amounts
of 3.4 N aqueous sodium hydroxide solution and 0.8 mol/liter aque-
ous sodium carbonate solution were changed to 461 ml and 226 ml,
respectively. The suspension formed of the hydrothermal reaction
had a pH of 11.05 (28.2°C).

The cake obtained through filtration and washing with
water was placed in 700 ml of 1.0 mol/liter aqueous solution of first
class grade ammonium carbonate and suspended under stirring,

followed by 20 hours’ stirring at room temperature. The cake ob-

g
c

icC



1-8, which are additives and fillers for synthetic resins. 5. Hydrotalcite

. conmpounds according to any one of Cains 1-4, in which AZ- in the above
formula (1) is COa2 6. A process for producing the hydrotalcite CORO @QP@

as defined iv. daim1l which is characterized by (1) subjecting an aq @

solution of water-soluble alum niumconpound and an aqueous sol uti on of

wat er - sol ubl e magnesi um conpound andl or8vat er - sol ubl e zi nc conpound to a

0 3 MAY 2002 25 coprecipitation reaction under al kaline conditions, the

conposition of the starting materials satisfying the nolar ratio within the

range defined by the formul a (2) bel ow. at | east one of COBZ and S04a 0. 15

~ M+ + M2+ stands for ast one of MyE+ and
Zn2+. at tetﬁﬁ%%‘igyafflgggté)o ngwgi‘l"i’?‘ieﬁd’"a% Ceg}n&%ﬂé‘@ﬁ'l ng the
resul ting appnesi fitbavhh 8 @%%fd g\ﬁ:h?@&%dtapws'me'cﬂtoffo%£he suspensi on
whi ch served as the not her |quor 0 e coprecl tation xeaction, to a
hydxot herrmduspeaemnolnnder stinpagamnd beatef] tQCB»(ﬁ(OOCCnfa)EO@{mﬂ%akeﬁ 5 hour, (3)
so adj usting ctiagn codtlons tha n that the pH of t he
reaction sﬁs%@n P SARW RYpana éﬂ%@ ?iﬁmzeéla‘ﬁ’ﬂ%'n shoul d

fall vaithigefe akaay adoﬁeztgtﬂog%bt%gtéoa%sé&qghaf%{%eaoﬂr%C&&gl.the

hydr ot al czt e conpounds accor conpri'ses ) subjecting
an aqueous tsml wtalscp"ourledwadtelths @haqbémaiavh umidet stirringaodnteaydtaan aqueous

sol ution of watex-salu B m con% andl or wat er-sol ubl e zinc
conpound t &"%° P@b?gacllnﬁ areestioRdPregngt Wasns, the
CONposi t | orlxe@ctvetrea b?;tﬁIt%ﬂgn %hb@lvﬁtl?%&a{téf mlacaﬁéueamh% f(%ﬁia o W thin the
range def~.ned by t formula S 1.25 (2~-
a), M+ Al homrgnied tlwn sieeariwitfon 1@9 mbtsmvm '(Bhe |pg031u¢atndain~~

identified to be a hydrotalcite compound by powder X-ray diffraction

measurement. The product’s uranium (as U) content was not more

than 5 ppb (ng/g), average secondary particle size was 0.59 pm and

BET specific surface area was 13.0 m “/g. Its chemical formula

determined from the result of chemical analysis was as follows:

Mgy g5 Aly 51 (OH), (CO,),y 4 - 0.53H,0.

Example 4
A 1.2 mols/liter aqueous zinc chloride solution 300 ml was

mixed with 225 m] of 0.4 mol/liter aqueous solution of industrial
grade aluminum sulfate. The mixture was placed in a 2-liter
beaker, into which 318 ml of industrial grade 3.4 N NaOH solution
and 135 ml of industrial grade 0.8 mol/liter Na ,CO, solution were
poured at room temperature under vigorous stirring, followed by
about 30 minutes' agitation.

The total volume of the resultant suspension of
coprecipitation produet was reduced to 700 ml by sedimentation
concentration. The suspension was transferred into a 0.98-liter
autoclave, and subjected to a hydrothermal reaction at 110°C. for 15
hours.

The resultant suspension after cooling had a pH of 10.51
(29.2°C). The cake recovered by filtration was washed with water



at tenperatures of 10-50C under stirring. 8. A process for producing the
hydr ot al ci te conpounds according to Claim6 or 7) which conp~:ises, after
carrying out the 0 3 MAY 2002 26 above (2) hydxothermal. reaction, (4)
suspendi ng the hydrothermal xeaction pxoduct, which has been washed 0§ MAY 200
water) in an aqueous sol ution of ammoni um carbonate andl or al kali
(hydxogen) car bonate) followed by 1-24 holBs' stirri ng at tenperatures of
10-100C 9: Hydrotal cite conpounds according to Claim1l1l, which are free $om
water of crystallization, or have |owez~ed content of water of
crystallization, as obtained by further heating the bydrotalrate
co-onpvundsagg yinser 1w shil ot £ Moblitdr 4 SERAIAIEES, OF o2HAonARC for 0.5-24
hours. 10. Hydrrg?al ci.te conp oun’?g alccror(glll Cﬁa?m )% WhIOC are free from
wat er of cryaatkmlnlalteatffnat clﬂmg&adeﬂamhhnﬁoxmﬂyelsnspglded with &ornula (7.) of
Caim1lis 05-0

oA e A SETEEOTAIS DY A h T SAPIFTIAE IRt AQORET e TAREXREIEE AFQ%%Wg

. Ah. A3(F. A A6 RS Mdi 6, hdlddke d was washed with water and

M DWwn{}"2[ | w nﬁ%‘Y] ca ca] cal ca]eggT%lg] cva]aéa]aca] caWIca c%] caj ca a] cajcalJcalc

a] ca] ca] cal ehpbE] ferj th a]rea]'[&m]dzar]m]iuﬂauﬂacsasm]' Ya 100-mesh

] ca] ca] ca]sf$ \ég] @gi‘]ﬂ %&%&?’b& gé{ﬁ%‘gﬁ%ﬁ%ﬁ% g}gg&{hﬂd 5 C’g]?)gg]szif]ﬂfg?y

778 -

’>A’>AAAB~y}t(01 aey[ c%"t%:% ca‘] é‘f (r:lg]Ch \/'])'1 a caI\/f fnaTca] ca] cal] ca
] caU] ca] ca] 03] cedteat (vee]s:abta:]oma]bha]xcﬁaﬂp:laIng[kddthpBﬁvBeB&,r@E@CCCCCCCE KKLV
L\ NNNN  COOo0oP
P- POP} xsni ©>FOPdaTE ReEtiFlasieartan b PER sreilis ewfasy 2552 4asa) ca) ca ca
] cay] ca] caly @ahc":@ ca] caV] ca] caV] ca] ca] ca] ca! OPLRVRRf V& W/ VWK
XZzZ[[]11]]6~Xrghsh| AN f aaaab~ ysnl d*YTid Z] ca)ca]c”a] ca] calca] cha] caU cal] c
a] ca] ca] ca] ca] ca] ca]']z;‘%g]l%%?]l U]’@H]J{‘?a]’ ‘thU]’ @Fé‘&%%r&]lt%ﬁdcla‘] h]* ca] c”a]ca
VWbbb. cucccdf]geq? uuzupj e_Yi d_Z] ca] c*al] ca] cal] ca] ca] ca
ca] ca] ca] calca g%a ca j'éli cai cgﬁ ]:D%%Jca] c’eja] cal caU} ca} cal (l:J]a] c!a] cg] ca} ca} ca}
ca] ca
UXXX XXX X ~5=Y~X cNi ca ca] cal] cal ca] ca] ca]ca]c™a]c
aU] cay] cafc/g]/c/a]lca] &ﬁu@a aqa&‘i]ﬁi@@]cﬁ]@]@g ca] ca]U]ca] (L:J]a] c!a] c!a Feal !
8WYdnR_bHU®Rample 5

s| w mhc”Yi d_Z] ca] cah ca] ca] ca] ca] ca] ca] ca]lca] ca ca] ca] ca] c”alU] ca] cal] c
a] ca] ca] ca] ca] ca] chap iaatwwaq%qxc Exampled, 36 m} of bittern

() 8pr}xsni dy Akl él:&ﬁ&éxﬁ]r&@i]:ﬁ%l’ fﬂlfﬁk&alv%@]ﬁﬁde&%lﬁﬁhq@] falgal ca] cavl c
aJcaJ ca] ca ca] caU] cal] ca] cal cha ca

>@E{tnid & e e]scsqlusiona @ndustnal grade alumlmum sulfate having

ClsrLchpb s e sbpetlshpapacshotay oo oo

U] c”a] ca] cd}-elifler Hemdklewatx afhdel] ¢ cﬁladfc‘ﬁhdd]sod]\nﬁ]}@aﬂl c:a]ieas]ohaﬂwﬂ] ca] ca] c”a] ¢
cch st b e ARy ot 0N 0
Y(10% & () -dd fook WX erhtdre under vigorous stirring, followed by about 30
minutes’ stirring.
From the resultant suspension of the coprecipitate, 600 m!l
was transferred into a 0.98-liter autoclave and subjected to a hydro-
thermal reaction at 170°C for 6 hours. After subsequent cooling, pH
of the suspension was 10.56 (25.0°C). The product was recovered by
filtration, washed with water and dried at 95°C for 18 hours, and the
dry product was sieved with a 100- mesh sieve.
The product was identified to be a hydrotalcite compound

by powder X-ray diffraction measurement.
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Its uranium content was 13 ppb, average secondary

particle size was 0.60 pm and BET specific surface area was 14 m “/g.
The product's chemical formula as determined by chemi-

cal analysis was as follows:
Mg 69819 31 (OH)4(CO4)g 15+ 0.54H,0.

Thus obtained hydrotalcite compound was added to 700
m) of a 1.0 mol/liter aqueous first class grade ammonium carbonate
solution under stirring and suspended, followed by 20 hours’ stirring
at room temperature. The product was recovered by filtration,
washed with water and dried at 95°C for 18 hours. The dry product
was sieved with a 100-mesh sieve. The product was identified to be
a hydrotalcite compound by powder X-ray diffraction measurement.
Its uranium (as U) content was not more than 5 ppb (ng/g), average
secondary particle size was 0.60 um and BET specific surface area
was 14 mz/g. The product's chemical formula as determined from the

result of its chemical analysis was as follows:

Mgy g5 Alg 5y (OH),(CO4)p 45 0.54H,0.

Comparative Exarple 1
From the suspension of the coprecipitate as obtained in

Example 5, 600 ml was taken and filtered. The filter cake was
washed with water and placed in a 1-liter beaker. The cake was
suspended in deionized water and the total amount of the suspension
was adjusted to 600 ml. The suspension was transierred into a
0.98-liter autoclave and subjected to a hydrothermal reaction at
170°C for 15 hours. After the subsequent cooling, the suspension had
a pH of 9.94 (24.1°C). The product was recovered by filtration,
washed with water and dried at 95°C for 18 hours. The dry product

was sieved with a 100-mesh sieve.
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Said product was identified to be a hydrotalcite compound
by powder X-ray diffraction measurement and chemical analysis.

Its uranium content was 190 ppb (ng/g), average second-
ary particle size was 0.6 pm, and BET specific surface area was 19
mzlg.

The product’s chemical formula as determined by chemi-

cal analysis was as follows:

Mgg g9 Al 5 (OH),(COy )g 15~ 0.54H,0.
Example 6

Using the same starting liquid materials as those in
Example 1, the copreicipitation reaction was conducted. by continu-
ous reaction method. That is, a bittern having a Mg concentration of
1.5 mols/liter, aqueous aluminium sulfate solution of 1.03 mols/liter in
Al.concentration and 0.8 molliter aqueous sodium carbonsate solution
were poured at the flow rates of 12.1 mli/min., 3.92 m)/min. and 5.5
m)l/min., respectively under stirring into an approximately 1-liter
reaction veessel from which the reaction suspension could be continu-
ously discharged. Bimultaneously, 3.4 N agueous sodium hydroxide
solution was added into the system with a feeding pump which can
control flow rate, at a flow rate so adjusted as to maintain the pH of
the reaction suspension at 10%0.2. The coprecipitation reaction was
continued for 3 hours.

The resultant reaction suspension was condensed by
sedimentation to a concentration of about 1.5 times, from which 700
1] was transferred into a 0.98-liter autoclave and subjected to a
hydrothermal reaction at 170°C for 6 hours, followed by cooling,
filtration and washing with water. In a 1-liter beaker, 101 g of
ammonium carbonate was dissolved in deionized water and the
volume of the solution was adjusted to 700 ml, into which the above-

obtained cake after the water washing was added under stirring and
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suspended, followed by 20 hours’ stirring at room temperature.
Then the suspension was filtered and the recovered cake was washed
with water, transferred into a 2-liter beaker and suspended in 1 liter
of deionized water under stirring. To the suspension 3 g of
v-glycidoxypropyltrimethoxysilane (A-187, Nippon Unicar) was
poured under stirring, followed by 30 minutes’ stirring. The resul-
tant suspension was led to a spray dryer and dried, to provide a
white dry powder. Thus obtained hydrotalcite compound had a
uranium (U) content of not more than 5 ppb (ng/g), an average
secondary particle size of 0.62 um and a BET specific surface area of
13 mzlg.

The product's chemical formula determined through

chemical analysis was as follows:

Mg g9 Al (OH),(CO4)y 55+ 0.63H,0.
Comparative Example 2

From the reaction suspension as obtained in the continu-
ous coprecipitation reaction of Example 6, 700 ml was taken, filtered
and washed with water. Thus recovered cake of the coprecipitation
product was suspended in deionized water, and the volume of the
suspension was adjusted to 700 ml. The suspension was transferred
into a 0.98-liter autoclave and subjected to a hydrothermal reaction
at 170°C for 20 hours, followed by cooling, filtration, washing with
water and drying at 95°C for 18 hours. After the drying, the produect
was sieved with a 100-mesh sieve. The product was identified to be
a hydrotalcite compound by powder X-ray diffraction measurement
and chemical analysis. Its uranium (U) content was 200 ppb (ng/g),
average secondary particle size was 0.5 um and BET specific surface
area was 13.5 m’/g.

The chemical formula of the product as determined by the

chemical analysis was as follows:



31109 ()-/10% ()- s-mLO%& ()- *10%& ()-! CECCCOOOCCHCLO% 100 () -

(10% ()-' 10% ()- 10 10 10; mMLO% ()- 910%& () - COVEEI K KKzXJ<C 10

%8%0((%)&' o !(1;)%&' (Y-"11Y 10% i & ()-1Y 10%n& ()-1Y 10%& () - KKKKLVL\ NNuV7CF
"()- 100 ()- 10% ()-310%& ()-&L0% ()-' 10%& ()- 1ONNN OOOOQH3 4/

109 () -6/ 109& ()-9y, 10%& ()-f%d0% ()- @ 3 W88 2

#10%& ()-f" 10%& ()- 310%& ()- COOPP PPPpRRES/ 16/

Mgy g5 Al 4, (OH),(COy), 45 0.54H,0.

Ammonium carbonate of the first class grade 101 g was
dissolved in deionized water, the volume of the solution was adjusted
to 700 ml, and it was put in a 1-liter beaker. Under stirring with an
agitator, 38 g of the hydrotalcite compound as obtained in Compara-
tive Example 1 was added to the solution, followed by 20 hours'
stirring at room temperature. The resulting suspension was filtered,
and the recovered cake was washed with water and dried at 95°C for
18 hours. The dry product was sieved with a 100-mesh sieve.

The product was identified to be a hydrotalcite compound
by powder X-ray diffraction measurement and chemical analysis.

Its uranium (U) content was 110 ppb (ng/g), average secondary
particle size was 0.54 um and BET specific surface area was 13 m 2/g.
The product’s chemical formula as determined by chemi-

cal analysis was as follows:
Mgy g3 Alg 51 (OH),(CO,), 5 0.54H,0.

Example 7
A mixture was formed by blending 133 ml of the same

bittern having a Mg concentration of 1.5 mols/liter as used in Exam-
ple 1, 143 ml of 0.2 mol/liter aqueous zinc sulfate solution and 143 ml
of 0.4 mol/liter aqueous industrial grade aluminium sulfate solution,
which was put in a 1-liter beaker. Under vigorous stirring, 202 ml
of industrial 3.4N NaOH solution and 143 ml of industrial 0.8
mol/liter Nz,CO, solution were poured into said beaker, followed by
about 30 minutes’ stirring. The suspension of the formed coprecipi-
tate, whose total volume was reduced to 700 ml by sedimentation
concentration, was transferred into a 0.98-liter autoclave and sub-

jected to a hydrothermal reaction at 150°C for 10 hours. The result-
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suspension, the filter cake was washed with water and put into 700

ml of 0.6 molliter aqueous solution of first class grade sodium
hydrogencarbonate and uniformly suspended with a stirrer, followed
by heating to 50°C and standing for 2 hours. The suspension was
subsequently filtered, and the filter cake was washed with water and
dried at 95°C for 18 hours. The dry product was sieved with a
100-mesh sieve.

The product was identified to be a hydrotalcite compound
by powder X-ray diffraction measurement and chemical analysis.

The uranium (U) content of the product was 5 ppb [ng/g
(dry powder)], the average secondary particle size was 0.6 pm, and
BET specific surface area was 8.0 m “/g.

The chemical formula of the product as determined by the

chemical analysis was as follows:

Mg 58 Zng g5 Alg g3 (OH ), (CO,), 46~ 0.5H,0.

Example 8
A mixture was formed by blending 213 m! of the same

bittern having a Mg concentration of 1.5 mols/liter as used in Exam-
ple 1, 266 ml of 0.2 mol/liter aqueous industrial grade aluminium
sulfate solution and 15 g of first class grade Na ,SO,, which was put
in a 1-liter beaker. Under vigorous stirring 251 ml of industrial
3.4N NaOH solution was poured into the mixture at room tempera-
ture, followed by about 30 minutes' stirring. The resultant suspen-
sion of the coprecipitate was transferred into a 0.98-liter autoclave
and subjected to a hydrothermal reaction at 170°C for 12 hours. The
resultant suspension after cooling had a pH of 11.08 (29°C).

The suspension was filtered, and the filter cake was

washed with water, put in 700 ml of industrial 0.5 mol/liter aqueous

Na,CO, solution and uniformly suspended with a stirrer. followed by
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10 hours’ stirring at room temperature. Thereafter the suspension
was filtered, and the filter cake was washed with water and dried at
95°C for 18 hours.

The dry product was sieved with a 100- mesh sieve.

The product was identified to be a hydrotalcite compound
by powder X-ray diffraction analysis and chemical analysis.

The product had a uranium (U) content of 8 ppb [ng/g (dry
powder)], an average secondary particle size of 1.5 pm and a BET
specific surafce area of 10.9 m/g.

The product’s chemical formula determined by the chemi-

cal analysis was as follows:

]VIgO.75 AJO.ZS (OH )2 (COS)D.IIS (804)0.012 ' OGHZO‘

Example 9
The dry powder of the hydrotalcite compound after the

aqueous ammonium carbonate treatment as obtained in Example 5
was given a drying treatment in a laboratory gear oven at 270°C for
8 hours, and whereby converted to dehydrated type hydrotalcite
compound, which had a uranium (U) content of 6 ppb [ng/g], an
average secondary particle size of 0.6 pym and a BET specific surface
area of 15 m2/g. The weight decrease caused by heating at 250°C for
an hour was by 0.5%.
Example 10

The cake obtained through the steps of coprecipitation
reaction, hydrothermal reaction, the treatment with aqueous ammo-
nium carbonate solution, filtration and washing with water as in
Example 6 was suspended in deionized water. The suspension was
heated to 80°C, and into which 5% by weight sodium stearate solu-
tion of a prescribed amount was poured under stirring, followed by
30 minutes’ stirving. Subsequently the suspension was filtered. and

the filter cake was washed with water and dried at 95°C for 18 hours.
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powder, which was further dried in a hot-air dryer at 230°C for 20
hours. The resultant dehydrated type hydrotaleite compound had a
uranium (U) content of 8 ppb [ng/g], an average secondary particle
size of 0.65 pm and a BET specific surface area of 14 m ¥g. The
weight decrease caused by an hour's heating at 250°C was by 0.8%.
The diffraction sites on (003) plane [26 value] and spacing
{d(003) value] as determined by XRD measurement, of the dehy-
drated type hydrotalcite compounds obtained in Examples 9 and 10

are shown below.

TABLE 2
Dehydrated type | Original crystallization of
water-containing type

Example 9 (dry product of Example5)
28 [deg.] 13.30 11.60
d(003) [A] 6.65 7.62

Example 10 (dry product of Example 6)
26 [deg.] 13.10 11.60
d(003) [A] 6.75 7.62

(XRD measurement by CuKe rays)

As explained in the foregoing, according to the present
invention high purity (uranium content not more than 10 ppb)
hydrotalcite compounds can be produced easily and industrially.
Thus, hydrotalcite compounds suitable as additives to high integra-
tion level semiconductor memory device-sealing resin compositions

can be provided.
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in which M*” is at least one of Mg”" and Zn®.

x is 2 positive number in the range of 0.2 £ x = 0.5

A®" is at Jeast one of CO,> and SO,”, and

m is a number in the range of 0-2,
characterized id that they

have a uranium (U) content of not more than 10 ppb, an average

secondary particle size of not more than about 3 pm and a BET
specific surface area of not more than 30 m ’g.
2. Hydrotalcite compounds according to Claim: 1, which are
surface-treated with at least one surface-treating agent selected from
the group consisting of higher fatty acids, anionic surfactants, silane-
containing coupling agents, titanate-containing coupling agents,
aluminium-containing coupling agents and phosphoric acid esters of
higher alcohols.
3. Hydrotalcite compounds according to Claim 1, which are
surface-treated with not more than 3% by weight thereof of silane-
containing coupling agent.
4. Hydxotalcite compounds according to any one of Claims
1-3, which are additives and fillers for synthetic resins.
b. Hydrotalcite compounds according to any one of Claims
1-4, in which A* in the above formula (1) is CO,”
6. A process for producing the hydrotalcite compounds as
defined in Claim 1 which is characterized by

(1) subjecting an aqueous solution of water-soluble
gluminium compound and an aqueous solution of water-soluble

magnesium compound and/or water-soluble zinc compound to a



109&#8& () - 3) 9UKI vvel ) 10%K#&' () - LOYKHE' () - LO%KH#&' ()-' 10%H#E&' () - L0%H#& () - 10%
Kk#& () - hL, 109%#&' () - 100K#& () -' 10%K#& () - LOYKHE () - L0%KH#& ()-' i K/ 100K#E () -
"100k#& () - 10%#& () - 109%K#& () - 109%#& () -
eE/ 100K#& 10%K#& () - 10UKH& () - LOUKH& () - - LOUKH& () - LOUKH& () - 8prgéj'ﬁ%%@ﬂ?&
SSS/ ML0% & ()- SS-10% & ()- S@ 10% & ()~ SSS) @0% & () - L0%#& ()-' rvUd g &3
s109% 8" {& ()- SML0%8"g& ()- Sy 10%8" éé - S 10%g8"g& ()- 10"-10"10"
SF310% & ()- 3[[:vUs g S10%8" g& ()-S SFlO%gS"g&' ()-S'S S:10%8"g& ()- S S
&10%98"g& ()- SO &10%gg& ()- S &ML0%Zg& ()-mH|[:vU4 g S *@0%8"g& ()- S
S*@0%8" g& ()- S SL0%gM g& ()-9S S 10%g8" g&' ()-9 SL0%?g& ()- 9

?l&ll(l)oo/g‘gsgg&( §) o%ré%gt&) fbéf?g@ac?g) Sigéc?%@ﬁggﬁgg)c)onﬁléﬁéQ%gscogrﬁ:&)aﬁon of

S@ 910%8" g& (twﬁf[ngﬁéiﬂgﬁim@aﬁsﬁnih@%&xﬁblard',alﬂx%&bﬁﬁlthg TAnEe% & ()-Z
SS10% & ()~ SysO% & (1. 1098"10g8™or |1 A1098" gg S, 10% & ()- 'S 10 & ()-
S 10% & ()-3 4 ¥ b ?7)9 OWiS710% & ()-G @] [ : A41098" gg
SY710% & ()- S y510%& () G9 I110%& ()-

_ _atleastone of CO," and S0,”
0.15 < T A £ 1.25 2),

in which M*" stands for at least one of Mg2+ and Zn2+,
at temperatures of 10-50°C under stirring, and

(2) subjecting the resulting coprecipitation product,
without isolating it from the suspension which served as the mother
liquor of the coprecipitation reaction, to a hydrothermal reaction at
temperatures of 90-200°C for at least 0.5 hour,

(3) so adjusting the reaction conditions in that occasion
that the pH of the reaction suspension which has undergone the
hydrothermal reaction should fall within the range of 7.0-13.5.

7. A process for producing the hydrotalcite compounds

according to Claim 6, which comprises
(1) subjecting an aqueous solution of water-soluble

aluminium compound and an agqueous solution of water-soluble
magnesium compound and/or water-soluble zinc compound to a
coprecipitation reaction under alkaline conditions, the composition of
the starting materials satisfying the molar ratio within the range
defined by the formula (2-a) below:

co,”

W = 1.25 (2~2),

0.15 =

in which M** stands for at least one of Mg"* and Zn*",

at temperatures of 10-50°C under stirring.

8. A process for producing the hydrotalcite compounds

according to Claim 6 or 7, which comprises, after carrying out the
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(4) suspending the hydrothermal reaction product, which
has been washed with water, in an aqueous solution of ammonium
carbonate and/or alkali (hydrogen)carbonate, followed by 1-24 hours'
stirring at temperatures of 10-100°C
9. Hydrotalcite compounds according to Claim 1, which are
free from water of crystallization or have lowered content of water of
crystallization, as obtained by further heating the hydrotalcite
compounds as described in Claim 1 at temperatures of 200-350°C for
0.5-24 hours.

10. Hydrotalcite compounds according to Claim 1 which are

free from water of crystallization, whose "m" value referring to the

formula (1) of Claim 1 is 0.05-0.



