Title.of the Invention: ZI NC BORATE, METHOD OF PREPARI NG THE SAME AND USE
THEREOF 5 (Techni cal Field) The present invention relates to a novel zinc
bdrate, a method of preparing the same and use thereof. Mre specifically,
the invention relates to a novel zinc borate having a particul ar
crystallite size and containing very 10 little sodi um conponents and to a
met hod of preparing the sane. (Background Art) In recent years, resin

nol ded articles have been used in a wide variety of fields, and it has been
desired to 15 inpart flanme-retarding property to these resins. It has
further been desired that the resin nolded articles such as building
material s produrftrenﬂ@aﬁhesﬂnxgggigad_annunts so will not to hinder people
fromtaking refuge in g E%“a%ﬂirﬂ@iﬁm‘ PRepARING! fHRASAMENANHEEN known
that a zinc borate exhl s exce l'ent flame-retardi ng property. For

exanpl e, Japanese Exarfi®fed™HERESTt Publication (Kokoku) No. 67363/1981

t eaches bIending a zinc borate with a netal oxide such as Al[err](err],

Sierr], Sbg erg c}(alZﬂ,Q )ZrCIerr] 25 Japanese Unexam ned.
Pat ent Publlcatlon ?ﬁ

NO. 13798 1988 fi t he present | cant
di scloses a fl ane- reﬁ%? nbEF&Pﬁ?& g§ Frﬁgﬁ?ﬁngﬁ%a§§¥?5%és
of a zinc borata mﬁ¢h¢¢lqﬁ;pmepanmngnth@esaw3hy@domseetberaoﬁasiHonarbonate

of an al kaline ggetieEdply 30ch5 1%eéfmwalt r%flaqaetsotéo% RMV@@' gbﬁc%rab@
whol e wei ght . thod of a]é %d?ys orat.e has .al so g known.

For exanpl e, %}%ﬁl%ép e Efﬁn?ﬁgdcﬁﬁFgﬁPlEﬁbY thtion
( Kokoku) hblo2ODDEtlé7sod£umﬁunmndneqmme@mﬂat@on oethodoafopneapatingethe

same.
(Background Art)
In recent years, resin molded articles have been used

in a wide variety of fields, and it has been desired to

- 15 impart flame-retarding property to these resins. It has
further been desired that the resin molded articles such
as building materials produce smoke in suppressed amounts
so will not to hinder people from taking refuge in case
fire has broken.

20 It has long been known that a zinc borate exhibits
excellent flame-retarding property. For example, Japanese
Examined Patent Publication (Xokoku) No. 67363/1981
teaches blending a zinc borate with a metal oxide such as

~ Al,03, Si0O;, Sby03, ZnO or ZrO0,.

25 Japanese Unexamined Patent Publication (Kokai) No.
137988/1988 filed by the present applicant discloses a
flame—retarding composition obtained by treating the
surfaces of a zinc borate particles with an oxide, a
hydroxide or a basic carbonate of an alkaline earth metal

30 of an amount of 1 to 40% by weight per the whole weight.

A method of preparing a zinc borate has also been
long known. For example, Comparative Example 1 of
Japanese Examined Patent Publication (Kokoku) No.
20902/1971 teaches the preparation of a compound of the

35 formula,



357fornul a, 2 2ZnO 3B[err]Jerr] 9H err] O by m xi ng a conbi nati on of
borax pentahydrate and boric acid with a zinc oxide in an agueous solution
of* sul furic acid, followed by the addition of seed crystals of a zinc 5
borate. However, the conventional zinc borate assunes the form of particles
of indefinite shapes having relatively large dianeters in which fine
primary particles are coagulated in a random fashi on and densely, and
poorly 10 disperses in the resin, fails to_inpart luster on the surfaces
of the nolded articles of a resin blended-tﬂeremdth, and offers poor
appear ance and decreased commerci al value. Further, the known zinc borate
has been synthesized 15 in an @&AnOodB0ed?HyQ cont ai ni ng sodi um salts and,
hence, contains | C i b ' ' a

)me*r%ﬁ? Coam&f}&m i B ol ag® bﬂtﬁﬁﬁ}&kﬁlgé Bhy berge

amounts. \Wen t ariicles for e ectrlﬁ and el ctrfglc.garts
are bl ended wit RCEAHER A LMo S I 2 FIHESESo PO HEAPR ﬂg sulturi

f 1 ame-r et ar di nga@dd, pfahbowed by tle @dulidiilon oiffaseedeceystalscopraprinces
are deteriorgteg,asic&epresented by poor insulation and dielectric breakdown

after the use for extended per.i ods of theaggin a fec%ed bg hunidﬂty.
(Di scl osure of the |FR¥SY§on)ths; conventional zing, bprate aRSUBPECEISF the
present inventiformooHrpartickeyiolc indeftinilcey ishgpesphaviogl aelstyzedylite
size and Cfgt ai Nhfge VEL dméidtd &S QWA GAHP RRABry2pareiBBEEOdraf
preparing © Sggggulated in a random fashion and densely, and poorly
10 disperses in the resin, fails to impart luster on the
surfaces of the molded articles of a resin blended

~ therewith, and offers poor appearance and decreased

commercial value.
Further, the known zinc borate has been synthesized
15 in an aqueous medium containing sodium salts and, hence,
contains sodium components as impurities in considerably
large amounts. When the plastic molded articles for
electric and electronic parts are blended with such a zinc
borate for a purpose of imparting flame-retarding
20 property, it is probable that the electric properties are
deteriorated as represented by poor insulation and
dielectric breakdown after the use for extended periods of
time being affected by humidity. .
(Disclosure of the Invention)
25 It is, therefore, an object of the present invention
"to provide a zinc borate having a particular crystallite
size and containing very little sodium components, and a
method of preparing the same.
Another object of the present invention is to provide
30 a zinc borate which excellently disperses in a resin,
~ markedly improves smoothness, luster and appearance of the
surfaces of a resin blended therewith, and maintains, on
an excellent level, the electric properties of the resin
blended therewith as a flame-retarding agent or a smoke-
35 suppressing agent, and a method of preparing the same.



Anet her- obj ect of the present invention is to provide 30 a zinc borate
whi ch excellently disperses in a resin, markedly inproves snoot hness,

| Uster and appearance of the surfaces of a resin blended therewith, and
mai ntai ns, on an excellent level, the electric properties of the resin

bl ended therewith as a flame-retarding agent or a snoke- 35 suppressing -
agent, and a nethod of preparing the sane. 3 According to the present

i nvention, there is provided a zinc borate having a chem cal conposition
represented by the following formula (1), 22nO nB[err]d err]-XH20 ---
(1) 5 vmaeﬂ1misarNMEroffrmn28to:32 and x is a nunber of
not |arger than 4, ag¢lbdeying Eb(HnéﬂpﬁéSén& dinentfionot therel s phawided nm
as found fromdiffract,on in 0

(200) in the X-fa§" ?ﬁf??%ﬁ§% a%ﬁﬁ?l( %ﬁ%ﬁﬁgﬁ& ggﬁ#&?ﬁ?&gﬁs%%%ﬁﬁ%%gﬁ%%ﬁgﬂts
i n anobunts of nbhelmlglﬂwxmﬂarif%!)l% l3s neasured by the atomic
absorptionetric nmethod. In the Zide 03t xH2@COr cb-¢ (1) t he present

invention, it is desj fE%&{bee% apey155hadgpegdgnt
rhonmbi c hexa%edrons %é?k%{' t%gm% a.3|d€ of eac part?c | e ry?ng In a range
of from03to70[% ‘FFF& s arpey Badc 4rni ng- t ype el ectron

ni cr ophot ogr aphanéinh&tengi @ colbys ted ¥l e emidien @ ft motthempddeenthanyéAt nonasi t

i s desired that Eguﬁ OEP@E Qisf o]fté(é‘lt'ngandeséé‘ad&o)& ?_101) ol Q,Lfn 1khe® bee

di ffracti on peaks exes and 00) is not
smal | er than 20@0900,nhi@li]an@ntﬂﬂoﬁulﬁithﬁtﬁn?ﬁﬂagééfﬁ§§¢aﬁndKSHEFéW)as

found by a 10 and containing sodium components in amounts of not larger
than 100 ppm as measured by the atomic absorptiometric
method.
In the zinc borate according to the present
invention, it is desired that the individual particles are
15 independent rhombic hexahedrons, the length of a side of
each particle lying in a range of from 0.3 to 7.0 um as
measured by a scanning-type electron microphotograph.
In the zinc borate according to the present

invention, it is desired that a product of crystallite

20 sizes as found from the diffraction peaks of indexes of
planes (020), (101) and (200) is not smaller than 200,000
nm3, and that a volume—baséd median diameter as found by a
laser diffraction method is in a range of from 1.0 to 6.0
ym., |

25 The invention further provides a method of preparing
a zinc borate by forming fine crystals of a zinc borate by
reacting a zinc flower and a boric acid at a substantially
" stoichiometric ratio at a relatively low temperature,
effecting the aging as required and, then, maintaining the

30 reaction system at a relatively high temperature to grow
the crystals. ' '

According to the present invention, further, there

are provided a flame-retarding agent or a flame-retarding
assistant, a smoke-suppressing agent, an antibacterial

35 agent and a water glass-curing agent comprising the above



| aser ;diffraction nmethod is in a range of from1.0 to 6.0 [err]m 25

The .invention further provides a nethod of preparing a zinc borate by
formng fine crystals of a zinc borate by reacting a zinc flower and a
boric acid at a substantially stoichionetric ratio at a relatively | ow
tenperature, effecting the aging as required and, then, maintaining the 30
reaction systemat a relatively high tenperature to grow the crystals.
According to the present invention, further, there are provided a

fl anme-retarding agent or a flame-retarding 4ssistant, a snoke-suppressing
agent, an antibacterial 35 agent and a water glass-curing agent conprising
t he above 4 ZiRe toraie. (Brief Description of Drawings) Fig. 1 shows an

anbodi ment | 1 of (BRASBGRASRLEr 4G, o Braifiddd 2072t 2000 T00 06 et ron
m crophot ogr aph (magridi chtshows 300X-traye i fEreaitdgnt hmagar (8@1‘%%l rfctdur e
of the zinc borajgcasersathk Ngedordiiny abedi mmbodimentt Aeofr ebenpréserht i on;
10 : Fig. 3,is_ a scanning-type el ectron m crophotograph (nmagnification:
7000 times) ShoWMGEtdRan enl arged scal e, the'partiéle,strugture of . the
zinc borate accordi nBige 2 his p? SaRNingrdme elegtgonymicrgphotpgraph
diffraction i magRagRufkeaténa 60 itiandsy athowingo tiiengartiaieesbodctene 2
of the present Bgvgﬂélgfﬁc borate according to the embodiment 1 of the
present invention;
10 Fig. 3 is a scanning-type electron microphotograph
(magnification: 7000 times) showing, on an enlarged scale,
the particle structure of the zinc borate according to the
present invention; )
Fig. 4 is an X-ray diffraction image (Cu-ka) of a
15 gzinc borate according to an embodiment 2 of the present
invention;
Fig. 5 is a scahning—type electron microphotograph
(magnification: 5000 times) showing the particle structure
of the zinc borate according to the embodiment 2 of the
20 present invention;
Fig. 6 shows an X-ray diffraction image (Cu-ka) of a
zinc borate according to an embodiment 3 of the present
invention; .
Fig. 7 is a scanning-type electron microphotograph
25 (magnification: 5000 times) showing the particle structure
of the zinc borate according to the embodiment 3 of the
present invention; -
Fig. 8 shows an X-ray diffraction image (Cu-ka) of a
zinc borate according to an embodiment 4 of the present
30 invention; _
Fig. 9 is a scanning-type electron microphotograph
(magnification: 5000 times) showing the particle structure
of the zinc borate according to the embodiment 4 of the
present invention;

35 Fig. 10 shows an X-ray diffraction image (Cu-ka&) of



Fig. 51s a scanning-type el ectron m crophotograph (magnification: 5000
times) show ng the particle structure of the zinc borate according to the
erfbodi ment 2 of the 20 present invention; Fig. 6 shows an X-ray diffraction
i mge (Cu-k[err] ) of a zinc borate according to an enbodi nent 3 of the
present invention; Fig. 7 is a scanning-type electron m crophotograph 25
(magni fication: 5000 tinmes) showng the particle structure of the zinc
borate according to the enbodi nent 3 of the present invention; Fig. 8 shows
an X-ray diffraction inmage (Cu-k[err] ) of & zinc borate according to an
enbodi ment 4 of the present 30 invention; Fig. 9 is a scanning-type

el ectron m cropfos g aph{tEeGHddraainigoo 2808mbbaEaEns bW Agthdeppesentc| e
structure of thg 2|r#%borate according to the enbodi nent 4 of the present

i nvention; 35 1%V % 10 shows an X-ray diffraction i g ﬁcu ka
5 a zinc borate accdignglk dmm aeeeningTtypeor LeAET BReBERT OPRO YT Rt Fi g.

showi ng the. par B e S e o oot o0 L oe B
enbodi ?rent 59 of Of h’%h?)r%’rs%?ltb‘?%ﬂ amd %ﬁ‘l %fZ%éﬁommgéﬁgékg}rlggsd f?gect i on
i mge (Cu-ka) opresemtncinmerdtiorgccor di ng to an enbodi rent 6 of the present
i nvention; 10 LE:LS 13 drovis Sa‘i?'iil'f%% 4Re rabeIbhoRmALE" PeHOk a0y
a zinc borate according to an embodiment 6 of the present
invention;
10 Fig. 13 is a scanning-type electron microphotograph
' .(magnification: 5000 times) showing the particle structure
of the zinc borate according to the embodiment 6 of the
present invention;

Fig. 14 shows an X-ray diffraction image (Cu-ka) of

15 a zinc borate according to an embodiment 7 of the present
invention;

Fig. 15 is a scanning-type electron microphotograph
(magnification: 5000 times) showing the particle structure
of the zinc borate according to the embodiment 7 of the

20 present invention; _

Fig. 16 shows an X-ray diffraction image (Cu-ka) of
a zinc borate according to an embodiment 8 of the present
invention;

~Fig. 17 is a scanning-type electron microphotograph
25 (magnification: 5000 times) showing the particle structure
of the zinc borate according to the embodiment 8 of the
present invention; _

Fig. 18 shows an X-ray diffraction image (Cu-ka) of
a zinc borate which is a comparative sample H-1;

30 Fig. 19 is a scanning-type electron microphbtograph
(magnification: 5000 times) showing the particle structure
of the zinc borate which is the comparative sample H-1;

Fig. 20 shows an X-ray diffraction image (Cu-ka) of
a zinc borate which is a comparative sample H-2;

35 Fig. 21 is a scanning-type electron microphotograph



(magnisfication: 5000 tinmes) showing the particle structure of the zinc
borate according to the enbodinent 6 of the present invention; Fig. 14
shiows an X-ray diffraction i mge (Cu-ka) of 15 a zinc borate according to
an enbodi ment 7 of the present invention; Fig. 15 is a scanning-type
el ectron m crophot ograph (magnification: 5000 tinmes) show ng the particle
structure of the zinc borate according to the enbodinent 7 of the 20
present invention; Fig. 16 shows an X-ray diffraction inmage (Cu-ka) of a
zinc borate according to an enbodi nent 8 of 8t he present invention; Fig. 17
I's a scanni ng-type el ectron m crophotograph 25 (magnification: 5000 tines)
showi ng the par {madei Sicatciam:e SO0 hdweisnc showdhg dbeoparhicie streucture
enbodi ment 8 of §h§}f@r§ﬁ%ﬂb fh“c"éw h RisO th&8 colipuEaive- Sanpté fLact i on
i mge (Cu- k[err? a zinc borate ch is a conparative sanple H 1, 30
Fig. 19 is a scanni rEigypR2 cihepts @n ﬁﬁ-@ﬁdpﬁéﬁégﬁﬁﬁho{lrrhﬁﬁ@?l g&‘t"r]éﬁ‘) 5500
tinmes) show ng éh@orméf(tidﬂysta\xmmeofzmbnrad:eb()campamhtmhe| samplke
conparative 5 uﬁl Fﬁénufgék n%%n? 3y diffraction |nage (Cu-ka) of
t ve s e

a zinc borate 'S a compara F2; 35 g % s a
scanni ng-t ype electr%hgﬂ1 dﬁhd%éﬁ?EEHng‘tQPFnﬁaﬁFFFeﬁtWbﬁro BOBOFT IR
showi ng the par (m@gmsmaﬁome 5o h:e.rrasr)c showinhg whecharsiche stnpokruxréve
sanpl e H 2, Fi g,e e 4 néﬂ%fslr ag»af 1ol 9nBAatElTkdhpREadive

connerC|aIIy avalla or at'e rative sanR e
example H-3) manufacture y company and

10 : Fig. 24 shows an X-ray diffraction image (Cu-ka) of
a commercially available zinc borate (comparative sample

H-4) manufactured by company B.
Fig. 25 shows a peak found by decreasing the scanning
speed of an index of a plane (020) of Fig. 1, as a
15 representative example for finding a half-value width of a
‘diffraction peak.
(Best Mode for Carrying Out the Invention)
[Action]
The zinc borate according to the present invention
20 has a chemical composition represented by the following
formula (1), '
2Zn0-mB,0;3* XH,0 -—= (1)
wherein m is a number of from 2.8 to 3.2, and x is
a number of not larger than 4.
25 A variety kinds of zinc borates have been known, such
as,
Zn0-By03°1 ~ 2H,0,
2Zn0-°3By03°3 ~ 9H,0,
3%n0-5B;03- 14H,0,
30 ' %Zn0-5B,05* 4.5H,0,
6Zn0" 5B,03 - 3H,0.

Among them, however, the present invention deals with
the zinc borates of the 2:3 type having the most excellent
flame~retarding property (hereinafter those of the 2.3

35 type are simply referred to as the zinc borates).



5 H 3) manufactured by conpany A; Fig. 23 is a scanning-type el ectron

m cr-ophot ograph (magnification: 5000 times) showing the particle structure
of* the commercially available zinc borate (conparative exanple H 3)

manuf act ured by conpany A, and 10 Fig. 24 shows an X-ray diffraction
I mage (Cu-ka) of a commercially available zinc borate (conparative sanple
H 4) manufactured by conpany B. Fig. 25 shows a peak found by decreasing

t he scanni ng speed of an index of a plane (020) of Fig. 1, as a 15
representative exanple for finding a hal f-v&l ue width of a diffraction
peak. (Best Mdde for Carrying Qut the Invention) [Action] The zinc borate
according to the prepgatzimyasdrates?Gedmsling tontbel presposi ihvention
represented by the. | o rymn VA0 oa| r ebE] Ehe

--- (1) wherei ngﬁg%éﬂé %%rrbn%arl_ﬁ%fﬂ#%’m%fg to ?6? %%%a?skﬁuﬁ%e%of not
| arger than 4. genventiomal z7ing \pPaGak®s aff thend ‘BotAPEs have been known,

such as, ZnO B{err] Gregl]1 of 2k edoddmpatgriad draming ehowd an BHfayr] O,
3Zn0O 5B[ err] err_% 14Hierr

O 30 ._ZnO 5
4.5H err] O an@)‘- frar }‘Ef]ei"f‘?g%l{cé}'r]ﬁ%) Riokbet ﬁéﬂ]‘%nﬁgﬁg{:/g%é%é&{%%s%%t
i nvention deal sthpt Brepent Hevertidns ad tthe XollopdeanIePhs Lhehays:
excel l ent flamereeh8iéhsBiPs opndniy thwerapauaifiiay, tindexest ofhplands38ndype

.are sinply refe%&fgtggea§n£ggsf£{55t5¥6¥ﬁgﬂdiffraction image.

10 Table 1
20 Spacing Index of a plane Relative Intensity
— (7)) (I/X100)
15 18.0 4.91 (020) 100
20.6 4.31 (101) 78.2
21.7 4.08 - (120) 75.1
22.5 3.95 (111) 21.7
23.7 3.75 (121) 74.7
20 24.1 3.69 (200) 40.0
27.5 3.32 (121) 22.0

. 28.7 3.11 (012) 63.3

In the X-ray diffraction of crystals, it has been
25 known that an intensity peak appears in the interference
when the following Bragg’s formula (2),
nA = 2dhkl sin 0 -— (2)
wherein n is a degree, A is a wavelength of an X-

ray, dhkl is a spacing of (hkl) of a crystal , and @
30 is an angle of diffraction,

is satisfied, and there also exists a relationship
represented by the following Scherrer’s formula (3)
between the sharpness of the interference peak and the
size of the crystal,

35 . Lhkl = KA /(H cos 8) - (3)



7 The .zi nc borates according to the present invention exhibit the sanme
X-ray diffraction i.nage as that of the conventional zinc borate of the 2.3
type. Fig. 1 of an acconpanying drawi ng shows an X-ray 5 diffraction imge
(Cu-ka) of the zinc borate according to the present invention, and the
follow ng Table 1 shows rel ati onshi ps anong the spaci ngs, indexes of planes
and relative intensities of the diffraction inmge. 10

Table 1 2[err] Spaci ng | ndex of a plane Rel ative Intensity (A)
(1/1100) 15 18.0 4.91 (020) 8 100 20.6 4. 31
(101) 78.2 21.7 4.08 (120) ) .

75.1 22.5 3.95 wherein IHKIll)is a size of a cryspal7ip3a7diregtion

(121) 1adebQhkl K is 428@hstant and
40.0.27.5  3.32 perg&al%ﬁar)% e k1), gh ?rg tanp dé

(012) s ghout |Gy Ihd s A DFEVELPE o‘r'flg 3 Pas

been 25 known that ajnidigsvsarice Rtk appdars andt fe ard ehﬁeetsameeawhen t he
fol lowing Bragg's fog é‘(f]@) é"%bov’)éil?\{@nﬁbﬁeheffbhnula (2)(2) wherein n is

a degree, ATs a wave dhkl of a

crystal , and [err] %@e Zinc ??F%ﬁ?éﬁﬁﬁ qﬁnngPf%QStP%ﬁsePg §3Y%2F %% and
there al so exi shasaarEBtatuonsin pthatpree crystie) like séepsnwfaynscitercthe

formula (3) bet&@f@r&@@léﬁ%msopftﬂéﬂqridax@sf orepdanesaloanyl, t peos)ze of

the crystal, Lhkl = Klerr]/(H cos [err .-
Y and (200) in the X-ray dl fract1 n (Cu-k ]gre all éog

10 smaller than 40 nm, and that the crystalllte sizes are
expanded as compared with those of the conventional zinc
borates.

'~ The zinc borate of the present invention is compared
below in Table 2 with a commercially available zinc borate

15 manufactured by company A concerning their indexes of
planes, half-value widths and crystallite sizes.

Table 2
20 Bragg Index This Invention Product of A Co.
angle of -

(208) plane Half- Crystal- Half- Crystal-
value lite size value lite size
width width

25 . :

18.03 020 0.119 67.6 0.146 55.1

20.54 101 0.126 64.1 0.161 50.1

24.10 200 ~ 0.126 64.5 ~0.159 51.1

30 The zinc borate according to the present invention

has an additional feature in that a product of the
crystallite sizes as found from the diffraction peaks of
indexes of planes (020), (101) and (200) is not smaller
- than 200,000 nm3 and, particularly, not smaller than
'35 250,000 nm3.



8 wher.ein Lhkl is a size of a crystal in a direction perpendicular to a

pl ane. (hkl), Kis a constant and is about 0.9, His a half-value width
(radian) of an interference peak, and A and [err] are the sane as 5

t hose of the above-nentioned fornula (2). The zinc borate according to the
present invention has a feature in that the crystallite sizes found from
the diffraction peaks of the indexes of planes (020), (101) and (200) in
the X-ray diffraction (Cu-ka) are all not 10 smaller than 40.nm and that
the crystallite sizes are expanded as conpa?ed wi th those of the
conventional zinc borates. The zinc borate of the present invention is
conpared bel ow i n Ta@bgcdrmiid the ainRr Goaldtesashiolablie Taehteb?y athel15

manuf act ured by_coppa t ot ophan f ayal

wi dt hs and crysPﬁ?aﬁ?Q f;%g&gﬁa{;f§§2%§?ég égp%%ﬁﬁd Eg bantiy Pgtlﬁ¥eﬁﬂfon
Product of A Cothangage obfthieminc fopate mﬂﬂd¥%° UEPQSPXIt e CREpRLY A/
Crystal - value andli 1€ 379,489 vidhudn thiet easezefwiéhzinc borate of the dth

3?152'03 Zogresgnélg%ﬁgntio 78§Tx53ﬂ%636§. is obvibuglthdt thé01

0. 159 51. 1vgbume of fie Q#Yﬁ?%k%%ﬂ%&%ﬁuﬂﬂQElﬂgdPH%gﬁg *pr esent |nvent|on
has an additional featuig bhelidwdd ahutodiind sifzet lof chestcalykitadliteedsas

found fromthe d'fiﬁécé QQrPeféaofgble effect on the structure of zinc
borate particles of definite shapes.

10 The zinc borate of the invention has a feature in
that the individual particles are independent rhombic
hexahedrons having a length of a side of each particle in
a range of from 0.3 to 7.0 pm as measured by a scanning-
type electron microphotograph.

15 In the accompanying drawings, Fig. 2 is a scanning-
type electron microphotograph illustrating the structure
of particles of zinc borate of the present invention, Fig.
5 is a scanning-type electron microphotograph illustrating
the structure of particles of a commercially available

20 zinc borate manufactured by the company A, and Fig. 6 is a
scanning-type electron microphotograph illustrating'the
structure of particles of a commercially available zinc
borate manufactured by the company B.

These photographs tell the facts that the known zinc

25 Dborate particles have relatively large diameters and
indefinite shapes with fine primary particles coagulated
in a random fashion and densely, while the zinc borate
particles according to the present invention are
independent rhombic hexahedrons having definite shapes.

30 It will be further understood that the zinc borate
according to the invention has a length of a side of each
rhombic hexahedron of from 0.3 to 7.0 ym and,
particularly, from 0.3 to 2.0 uym, the particle diameter
thus being suppressed to be small offering excellent

35 uniformity in the particle diameter.



I ndexes® of planes (020), (101) and (200) is not smaller than 200,000 nn8
and,  particularly, not smaller than 35 250,000 nnferr]. 9 Concerning the
zi'nc borates shown in Table 2, the product of crystallite sizes is found to
be 141,062 nnerr] in the case of the zinc borate manufactured by the
conpany A, and is 279,489 nnB8 in the case of the zinc borate of the 5
present invention, fromwich it is obvious that the volunme of the
crystallite is nearly doubled. It is believed that the size of the
crystallite is giving a very favorable eff on the structure of zinc
borate particles of definite shapes. 10 The zinc borate of the

i nvention has a featlit els robviadust Khatndihel diak paretel sscardingdepephent

rhonbi ¢ hexahedgf%éeﬁ@vzixﬂﬂeﬁi'cﬁﬁgié& RlgsA +9 4€ 5BLc8AEBAPEHI 6Pt &1 Bl h@Nge

of fromO0.3 to 7.0 pm as neasure ,g scannlng- %%se e gc Lon

ni cr ophot ogr aphon@ ssince the, quys SRy 18r RPAGLY fFfrerent from
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i ndefinite $hapeslustrating, pn ey endanded escadeagthet edructure of
~crystals of the zinc borate according to the present
invention. '

As will obvious from the above X-ray diffraction

~ image, the zinc borate crystals belong to the monoclinic

15 system. The zinc borate particles shown in Fig. 3
obviously has the structure of a rhombic hexahedron which
is that of the monoclinic system, which is quite the same
as a single crystal that cannot be distinguished, in
appearance, from an aggregate of crystals. '

20 Owing to the above crystal structure and particle
structure, the zinc borate of the present invention offers
the following advantages. That is, the conventional zinc
borate poorly disperses in the resin, fails to impart
luster on the surfaces of the molded articles of a resin

25 blended therewith, and offers poor appearance and
decreased commercial value. Owing to the above crystal
structure and particle structure, however, the zinc borate
of the present invention excellently disperses in the
resin, imparts smoothness and luster onto the surfaces of

30 the molded articles of the resin blended therewith and,
further, strikingly improves the. appearance.

Being associated with the above crystal structure and
particle structure, the zinc borate of the present
invention further gives excellent advantages such as

35 imparting flame-retarding property and smoke-suppressing



I n"a random fashi on and densely, while the zinc borate particles according
to the present invention are independent rhonbic hexahedrons having
definite shapes. 30 It will be further understood that the zinc
borate according to the invention has a |length of a side of each rhonbic
hexahedron of fromO0.3 to 7.0 pmand, particularly, from0.3 to 2.0 [err]m
the particle dianmeter thus being suppressed to be small offering excellent
35 uniformty in the particle dianmeter. . O It is obvious that the zinc
borate according to the present invention ongs to a so-called

pol ycrystalline one since the crystallite size is greatly different from
the real particpeoperiey inhestemt dn hdeewdnc borasteed that 5 the crystalline

zine borate of the mieagntaidy Sdnhed yith Enbehithbahotegubarity in the

arrangenent of zinc e crystallites. Fiqg. which is an att chedh
drawing is a scRFeRPHRtIHe %&%E’rﬂr&t&p%& g&?aﬁﬁ%ﬁﬁﬁn?‘ﬁ’%ﬁﬁ%ﬂ: 900
times) 10 ill ussuehiagfeatuse thdtarded condleat bﬁessdiunugomponeptytsam@tof_
the above X pay aL it aibri) bRy SRUterdIg] HOY L R S eTD e
monocl i nic 15 s$REefORRPIAIRIIRIVat AYParlBrErEs ilﬁ‘Bwh i RPR §° @eﬁ%ﬁ%‘asl y
has the struct ubg tlhe aatdmidiabdompthiemedrivhmelithpd .t hat of the npnoclinic
system which is quif&rtNESMHE A% Hddeenentibakdl BdhcCBBRREbE _
Lot nout hed, 1, SPEERL A G, o S0 209! S9RLS 9 Shah L3 o 356 "9
10 ppm, whereas the zinc borate of a particle structure shown
in Fig. 3 has a sodium content of 15 ppm, which is a
reduction to 1/20 or less of sodium content.
Deterioration in the electric properties of a resin
composition blended with a zinc borate can be evaluated by
15 a promotion testing being immersed in hot water. In the
promotion testing in Example appearing later, for example,
a resin composition blended with 10 parts of the zinc
borate manufactured by the company A exhibits a volume
resistivity (80°C) of 4.06 x 1013 whereas the resin
20 composition blended with 10 parts by weight of the zinc
borate of the invention exhibits a volume resistivity
(80°C) of 8.02 x 1013, thus obviously imparting flame-
retarding property and smoke-suppressing property while
maintaining electric properties of the resin composition
25 blended with the zinc borate on an excellent level.
In preparing the zinc borate according to the present
invention, a zinc flower and a boric acid are reacted
together at a substantially stoichiometric ratio and at a
relatively low temperature such as from 45 to 65°C to form
30 fine crystals of zinc borate, followed, as required, by
aging to grow the crystals while maintaining the reaction
system at a relatively high temperature, such as 70 to
100°C.
The method of the present invention selects a zinc
35 flower and a boric acid as starting materials for



structiure, the zinc borate of the present invention offers the follow ng
advant ages. That is, the conventional zinc borate poorly disperses in the
resin, fails to inpart luster on the surfaces of the nolded articles of a
resin 25 blended therewith, and offers poor appearance and decreased
comercial value. OnM ng to the above crystal structure and particle
structure, however, the zinc borate of the present invention excellently

di sperses in the resin, inparts snoothness _and |uster onto the surfaces of
30 the nolded articles of the resin bl ended?therewith and, further,
strikingly inproves the appearance. Being associated with the above crystal
structure and psyritldsEisstimicndes, tohavoidcther anfibdtrabiopresentedtmisnt i on
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property and s ressin |n her, ent b ﬁ%nc bor at e.
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content of 15 ppm cti.on um cont ent .
Det eri oration |ﬁﬁ@¢ﬁ4Qﬂek§rQQPQHQH%}ﬂFb§W8fS§e9§5|nFéﬁﬁBosFF?oﬁw%I%ﬁﬂed
with a zinciporaéscead tgetiniaited Nypwl tempepatcopei bo peepang bHimeg

| mrer sed i n hOtc¥§§€glllﬂé]é£HE borate. In conducting the synthesis,

formation of fine crystalline zinc borate can be easily
confirmed by an increase in the viscosity of the reaction
system.

15 Then, the formed fine crystals are aged by

' maintaining, as required, the reaction system at the
reaction temperature in the first step or at a temperature
slightly higher than the above temperature and, then, the
crystals are grown by maintaining the reaction system at a

20 temperature higher than the reaction temperature in the
first step. Further, the reaction in the first step may
‘be conducted by adding seed crystals of zinc borate in an
amount of from 0.5 to 10 parts by weight per 100 parts by
weight of the By0; component of boric acid, in order to

25 shorten the reaction time.

Concretely speaking, when there exists no seed
crystal, it is desired to conduct the reaction in the
first step at a temperature of from 40 to 75°C and,
preferably, from 45 to 70°C and to conduct the reaction in

30 the second step at a temperature of from 70 to 120°C and,
preferably, from 75 to 110°C. When there exist seed
crystals, it is desiredlto conduct the reaction in the
first step at a temperature of from 45 to 70°C and,
preferably, from 50 to 70°C and to conduct the reaction in

35 the second step at a temperature of from 75 to 120°C and,



pronotion testing in Exanple appearing |later, for exanple, a resin
conposition blended with 10 parts of the zinc borate manufactured by the
conpany A exhibits a volune resistivity (80[err]C) of 4.06 x 1013 whereas
the resin 20 conposition blended with 10 parts by wei ght of the zinc
borate of the invention exhibits a volune resistivity (80[err]C) of 8.02 x
1013, thus obviously inparting flanme- retarding property and

snoke- suppressi ng property while maintaini g el ectric properties of the
resin conposition 25 blended with the zing borate on an excellent |evel.
In preparing the zinc borate according to the present invention, a zinc
flower and a bost&reacdiiygr Evoeadbedot 436’ Ber at a substantially

stoi chiometric rati el eh®Wi hoBREE 8h UiyR1 EH CoRGUEEONHES t 0
65[err]Cto forn1309“$?%%ﬁ%} g%hfﬁktp&hﬁehﬂ ik " o ;

[ zinc borate, followed, _a red,
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rel atively hi ghpt&paes aine e irfliGorate’ havingOBher apovefhenhibored orysial

present inveption selects |G 5 fl kyeBd a boric acid as starting
materi al s fo$I sg’i‘f%‘% haelg} ?a{lﬁ:lo%ﬁgers#\g%,a\?oi d %{Ee infiltration
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possible. In ordsh be sffddiedicly ised iasc abdlame-etandingeaa®al co¥edt i oned

ST 31 ETRPRERARLE Sty 8 RS Sepmhevessisino, an
reacted toget heanhibactebiahIety & MATEH SrEYrAPPoa9FRT AR p%%ent
i nvention, hp | pik&pagémes. that the reaction is conducted in two steps.
First, the two are Among these uses, the zinc borate of the invention is
effectively used being blended in the resin to express
properties of the above-mentioned agents.
As the resin to be blended with, there can be
15 exemplified any thermoplastic resin, elastomer,
thermosetting resin or blends thereof. The zinc borate
according to the present invention is used in an amount of
from 1 to 150 parts by weight and, particularly, from 3 to
30 parts by weight per 100 parts by weight of the resin.
20 The zinc borate exhibits excellent flame-retarding effect
since (D the dehydrating endothermic reaction due to
thermal decomposition lowers the temperature of

combustion, and @ zinc works as a catalyst for the
dehalogenation reaction, promotes the formation of a

- 25 carbonized layer and suppresses the generation of smoke.

As the thermoplastic resin, there can be used a resin
synthesized by using a metallocene catalyst, as well as
polyolefins such as low-density polyethylene, high-density
polyethylene, polypropylene, poly-l-butene, poly-4-methyl-
30 1l-pentene and a-olefin random or block copolymers like

ethylene, propylene, l-butene and 4-methyl-l-pentene;
styrene resins such as ethylene/vinyl acetate copolymer,
ethylene/vinyl alcohol copolymer, polystyrene,

acrylonitrile/styrene copolymer, ABS, and «-methyl
35 styrene/styrene copolymer; polyvinyl compounds such as



10" reacted together at a |ow tenperature to prepare fine crystalline zinc
borate. In conducting the synthesis, formation of fine crystalline zinc
borate can be easily confirned by an increase in the viscosity of the
reaction system 15 Then, the formed fine crystals are aged by

mai ntai ning, as required, the reaction systemat the reaction tenperature
inthe first step or at a tenperature slightly higher than the above
tenperature and, then, the crystals are grown by maintaining the reaction
systemat a 20 tenperature higher than thd4reaction tenperature in the
first step. Further, the reaction in the first step may be conducted by

addi ng seed crysd@tyl Gerditdband aeithydnpalprathaérylate . polyaridgmrts by

wei ght per 100 part's by i of .t he Bler rel{§0 tq,of rd id,
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exi sts no seed 12ysthermdnlasstige polygstersoftght a6hROIEQERY#P® n the first
step at a tenpefatapiteildted@nt0 pod yholt§lehe 8adephthakatdly, from 45 to

70[err]C and_to nduct the reagti | \ e _Se . t

t enper at ur edrbf ?‘Fclg‘fﬁafé’?rbahﬁo [pé):l?]p%gé’xg‘?%%r 8}‘%8%{” §9 n‘ﬂ%%%ﬁ’?%ét%ﬁiﬁ% e ]C.
When there exi sin geaticularal $he zine pesptedofothenareserhel RERREIGN in
the first step @ihfhiedNepldie eFfelcitommén e I8[ ased ey Plehdedbiy,a

tenperatre of SHTASTATOIONT Eoayger= 28" sl dRipFineRgataiagy ® ©
110[ err] C. Accopelymex o thereoaehe exeaplidiedhpehyBergusesht®d® reaction
in two stepgpaspdBprinyE CHRARIe | holyvinydWaenkOochloride, chlorinated
' polyethylene, chlorinated polypropylene, chlorinated
rubber, vinyl chloride/vinyl acetate copolymer, vinyl
chloride/ethylene copolymer, vinyl chloride/propylene
copolymer, vinyl chloride/styrene copolymer, vinyl
15 chloride/isobutylene copolymer, vinyl chloride/vinylidene
chloride copolymer, vinyl chloride/styrene/acrylonitrile
copolymer, vinyl chloride/butadiene copolymer, vinyl
chloride/propylene chloride copolymer, vinyl
chloride/vinylidene chloride/vinyl acetate tercopolymer,
20 vinyl chloride/styrene/maleic anhydride tercopolymer,
vinyl chloride/acrylic acid ester copolymer, vinyl
chloride/maleic acid ester copolymer, vinyl
chloride/methacrylic acid ester copolymer,
vinylchloride/acrylonitrile copolymer and internally
25 plasticized polyvinyl chloride; as well as blends of these

chlorine-contained polymers with polyethylene, polybutene,
ethylene/vinyl acetate copolymer, ethylene/propylene
copolymer, polystyrene, acrylic resin,
- acrylonitrile/butadiene/styrene copolymer, or acrylic acid
30 ester/butadiene/styrene copolymer.

As the elastomer, there can be exemplified
nitrile/butadiene rubber (NBR), styrene/butadiene rubber
(SBR), chloroprene rubber'(CR), polybutadiene (BR),
polyisoprene (IIB), butyl rubber, natural rubber,

35 ethylene/propylene rubber (EPR), ethylene/propylene/diene



prepare the zinc borate having the above-nentioned crystal 5 structure and
particlée structure. The zinc borate according to the present invention can
be effectively used as a flanme-retardi ng agent or a flame-retarding

assi stant, a snoke-suppressing agent, an antibacterial agent, a water

gl ass-curing agent and the 10 |i ke agents. Anong these uses, the zinc
borate of the invention is effectively used being blended in the resin to
express properties of the above-nentioned ents. As the resin to be

bl ended with, there can be 15 exenplified any thernoplastic resin,

el ast oner, thernDsettlng resin or blends thereof. The zinc borate according
to the present fublsert | (EPDM) ugwdl.yurethaaes usi Laconeoribbes ang AeFYLipy

wei ght and, par ﬁﬁﬂéﬁf |é‘nd fPmbP1ds3d Pllastbiewsi ghthpas 100 parts by
m?}ght of the rgsig% he %%ﬁé? orate %@? ngg Ekent flame-retarding
effect since [e ?ﬁ&ﬁ on "due to thernal
deconp05|t|on IQuprenefmsaprqnﬂkﬂtynenﬁ hi@@$U§PP@AYm§ﬁd hgdrpgenakedor ks as

a catalyst ter Lbor %ﬁ AOCEDA A L 1ARGHd Wlodk epbaymble Badmation of a 25
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pol yet hyl ene, hgBQnQEbefﬂefﬁgﬂﬁﬁé“@égfh F¥ﬂf€ﬂuﬁakhgﬂﬁeh abyréshdfene,
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as etherneﬂ0|nyteaeﬁbnmaldemmdqwmeslnﬂimﬁlamynﬁﬂﬁﬂrmﬂld@ decspsipner,

polystyrene, acéik 8'I:ééiﬁ‘/ %ﬂém&wlpﬁwest&smeem [ epbky- frekhyl, 35

Styrene/styrene alglml re fﬁpy|r1é¥?§ié¥§%&¥é e %e51n, thermosetting

acryllc resin, silicone resin and urethane resin. These

resins can be used alone or in a combination of two or

15 more kinds. 1In particular, the epoxy resin generally
refers to monomers, oligomers and polymers having two or
more epoxy groups in one molecule thereof, but is not to
limit their molecular weights or molecular structures.
Its examples include biphenyl epoxy compound, bisphenol

20 epoxy compound, phenol novolak epoxy resin, cresol novolak
resin, triphenolmethane epoxy compound and alkyl-modified
triphenolmethane epoxy compound, which may be used alone
or being mixed together.

The zinc borate of the invention has a feature in

25 that the component of sodium component is not larger than
100 ppm, preferably, not larger than 50 ppm and, more
preferably, not larger than 30 ppm as measured by the
atomic absorptiometric method, and is best suited for an
epoxy resin for sealing semiconductor. When an epoxy

30 resin is used, the curing agent is, preferably, phenol
novolak resin, dicyclopentadiene-modified phenol resin,
paraxylylene-modified phenol resin or terpene-modified
phenol resin, and the curing-promoting agent is,
preferably, 1,8-diazabicycloundecene, triphenylphosphine,

35 benﬁyldimethylamine or 2-methylimidazole.



14- et hyl acrylate and nethyl pol ynethacryl ate; pol yam des such as nyl on 6,

nyl on 6-6, nylon 6-10, nylon 11 and nylon 12; thernoplastic polyesters such

as pol yet hyl ene terephthal ate and pol ybutyl ene terephthal ate; 5

pol ycarbonat e; pol yphenyl ene oxide; or mxtures thereof. In particular, the

zinc borate of the present invention exhibits a great effect when it is

used being blended in a chlorine-containing polynmer. As the

chl ori ne-cont ai ni ng polyner, there can be exenplified polyners such as 10

pol yvinyl chloride, polyvinylidene chloridd® chlorinated pol yethyl ene,

chl ori nated pol ypropyl ene, chlorinated rubber, vinyl chloride/vinyl acetate

copo:yner, v!ny: cﬂlﬁﬁét¥ﬂﬁaindﬁaté @Ep?Mpnpresehny&nvehbibde¢@mo@@l@ﬁﬁd

copol ymer, vinyl ¢ rj del styirene y v Ml C j bgoppity! ene-

copol ymer . vi nype Ry SIS T aS PR She 21bBybpudeecBo fhy sed ot

chl ori de/ st yr eneirgte|lind ras & ddpserretarding CORPERFRE/ Bﬁ?‘é‘a’r‘%?ie“ed

ccﬁlool y(rjrelr, Vi lny%n C&;ﬁ?};}ﬁ@é%&:})ﬁﬂiﬂﬂfbn&bﬂf mdberec ofiobyher, flamgtretarding

chl oride/vinylidene, chloride/v . t 0 i 1180
¥en@gﬂﬁ?%i%uiﬁwﬂﬁkééﬁgﬁﬁﬁﬁah o Hg,pﬁhgﬁggﬁuﬁ hydt&¥ide,

chl oride/ sty ercopolyner, vin Iorlde/air%é|C'acid

ester copol ynerhydrovaleitercenpamnd eingHogddded: sygroralcitenyt
chIO{iggﬁnghgafﬁ?héggf?;déggﬁﬁﬁmxémﬁﬁﬁﬁnm:cﬁmpmﬁﬁmrlhydde#adeybaht;riIe
bhendy of thesePehyBePHe. SR AL A SURHAC SRy sirvcfbutgica ptirbadts
et hyl ene/ vi nyl ateninencopeigsium syl SESOESRrc BOLYBFEryFeplco oL, ’
pol ystyrene; gacpyhRy8£sé Nal@shiol gttt idie/daterdiade epoxyenempopotly ner, or
acrylic acid 30Th8§éeﬁé@fﬁédﬁ§¥ﬁﬁé§Qgé”Ehé%¥£¥BGHQh that of the zinc
‘borate may be ground with the flame-retarding agent, and
may be applied to the surfaces of the zinc borate of the
invention. In this case, the amount of application is
15 from 0.5 to 50 parts by weight and, preferably, from 0.5
to 30 parts by weight per 100 parts by weight of the zinc
borate.
For example, the mixing under the grinding condition
by using an alkaline earth metal compound stands for a
20 mixing in which an alkaline earth metal compound is ground
with zinc borate particles, and the zinc borate particles
are smeared with fine particles of the alkaline earth
metal compound formed by the grinding. In the grind-
mixing, the zinc borate particles are very harder than the
25 alkaline earth metal compound and, hence, work as a
pulverizing medium for the alkaline earth metal compound.
Henschel’s mixer, super mixer, tube mill, ball mill,
vibration mill, pin mill, mixing and grinding machine or
atomizer can be used for the grind-mixing.
30 [Hydrotalcite] '
Hydrotalcite is a synthetic mineral that belongs to
an aluminum magnesium carbonate hydroxide, and there is
used a composite metal hydroxide having the following
general formula (4),
35 M2, M3y (OH) 2x + 3y - 22 (A2-),AH20 —-—= (4)



As:the el astoner, there can be exenplified nitrile/butadi ene rubber (NBR),
st yrene/ but adi ene rubber (SBR), chloroprene rubber (CR), polybutadi ene
(BR), polyisoprene (11B), butyl rubber, natural rubber, 35

et hyl ene/ propyl ene rubber (EPR), ethylene/propylene/diene - 15 rubber
(EPDM, polyurethane, silicone rubber and acrylic rubber; and thernoplastic
el astoners such as styrene/ butadi ene/ styrene bl ock copol yner,

styrene/i soprene/ styrene bl ock copol yner, q drogenated 5

styrene/ but adi ene/ st yrene bl ock copol yner, énd hydr ogenat ed

styrene/i soprene/ styrene bl ock copolyner. As the thernosetting re5| n, there
can be exenplified ph&n&hjfwmnabdahﬁdsaﬂestnmetalah0ﬂ0$“ﬁhd@%y@@r |¥§

xyl ene-f ormal dehyde [ E‘t:}l aliho il mRhdalkicaseal . ad0 iy sadioarehdenyde
resin, nelam ne-fornal eJhy

e resin, alk resin, unsaturaited
resin, epoxy resin, HOmiBIGh @8 Dsi naxar?‘aIYyl%y%%r%?Sé“?Je 435“%%‘3]%
t her noset t | ng acryl |§ag&95ﬁngslg iZOREy! BSi 1V Arghdiratigne>r 220, dhésa is

resins can be used alone or ol nat i,en oef 15 gor e ki nds. In
particul ar, Phe epod érs;o 29 }' og 15

Iﬁ?% f'ers S oI| oner s
pol ymers havi ng tmo-%mﬂﬁﬁw éﬁ gaF8§ﬁﬁgsth§r 0%%
not to limt thespreddeced dvy VHiegfﬂoalmw:.lm éourmaﬂ.ast(ﬁt)et ures. Its exarrpl es
b

i ncl ude bi phenyl epoxy corrpourlg{)GIA ?6ﬁ§ﬁﬁb %p 0 8Y connpq@q phenol

novol ak epoxy resin, cresal und

eno hane
and al kyl - mdlflédatﬂiﬁﬁh’é%b 9l FIR) 3% &ﬁﬁk nﬁﬁg %%ﬁ gl one
or being m xgd hpgchbrélodiies zawe dyartdtesicfed by mthntisonahehtalneat ure in

Japanese Examined Patent Publication (Kokoku) Nos.
3219871972, 29477/1973 and 29478/1973 filed by Kyowa
Kagaku Co.

In particular, it has been known that a compound

15 represented by the following formula (6),

Mgs.sAl(0H)13(CO3) *3H0 ——— (6)
exhibits excellent chlorine ion-trapping property.
It is also allowable to use a compound in which
- perhalogen oxyacid ions are introduced by utilizing a

20 property that the hydrotalcites are easily ion-exchanged
in a state in which they have been dispersed well in
water, i.e., by utilizing a property that the carbonic
acid ions are exchanged with other anions.

Concretely, the hydrotalcite compounds have

25 composition formulas MgsAl;(OH)6CO3-4H50,

Mg, 5Aly(OH)13C03° 3.5H;0, Mgo.e6RLo.34 (OH)2(81i03)0.17°0.52H20,
Mgo.7ALlg.3(0H)2(C0O3)¢.15°0.55H,0, etc. They have such trade
names as Alkamizer 1, Alkamizer 2, Alkamizer 3, Alkamizer
4, DHT-4A, Kyoword, etc.

30 As the polyhydric alcohol that constitutes a
polyhydric alcohol and polyhydric alcohol partial ester,
there can be exemplified ethylene glycol, diethylene
glycol, triethylene glycol, polyethylene glycol,
trimethylene glycol, tetramethylene glycol, hexamethylene

35 glycol, neopentyl glycol, glycerin, diglycerin,



25"t hat " t he conmponent of sodium component is not larger than 100 ppm
preferably, not |arger than 50 ppm and, nore preferably, not |arger than 30
ppm as neasured by the atom c absorptionetric nmethod, and is best suited
for an epoxy resin for sealing sem conductor. When an epoxy 30 resin is
used, the curing agent is, preferably, phenol novol ak resin,

di cycl opent adi ene-nodi fi ed phenol resin, paraxylylene-nodified phenol resin
or terpene-nodified phenol resin, and the ri ng-pronoting agent is,
preferably, 1,8-diazabicycloundecene, triph€nyl phosphine, 35
benzyldlnethylan1ne or 2-nethylimdazole. 16 The zinc borate of the
present |nvent|dmpenﬁadnythnmioﬂe|mgnhtehdeaorhlbolestrnmﬁth¥¥91R¥QRﬁQﬁma
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and, preferably, froh®
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molybdenum, zinc stannate, zinc hydroxystéannate, halogen-
containing flame-retarding agent, phosphoric acid ester-
type flame-retarding agent and halogenophosphoric acid
ester-type flame-retarding agent in one kind or in a

15 combination of two or more kinds.

As the antimony-type flame-retarding agent, there can
be favorably used antimony trioxide, antimony pentoxide
and sodium antimonate. There can be further used
trimethyl stilbene, triethyl stilbene and triphenyl

20 stilbene.

As the zinc stannate-type or zinc hydroxystannate-
type flame-retarding agent, there is used a composition
represented by the formula (7),

ZnSnO3 or ZnSn(OH)g ——— (7)

25 As the halogen~-type flame-retarding agent, there can
be exemplified aliphatic halide compounds such as 1,2-
dichloroethane, 1,2-dibromoethane, 1,1,2,2-
tetrachloroethane, 1,1,2,2-tetrabromoethane,
hexachloroethane, hexabromoethane, _

30 dibromotetrachloroethane, 1,2,3,4-tetrachlorobutane,
.1,2,3,4-tetrabromobutane, chlorinated paraffin and
brominated paraffin; aliphatic halogen compounds such as
‘pentabromomonochlorocyclohexane, hexabromocyclohexane,
hexachlorocyclohexane, hexabromocyclodecane,

35 hexachlorocyclodecane, hexachlorocyclopentadiene,



by usi-hg an al kaline earth netal conpound stands for a 20 mi xing in which
an al kaline earth netal conpound is ground with zinc borate particles, and
the zinc borate particles are snmeared with fine particles of the al kaline
earth netal conmpound formed by the grinding. In the grind- mxing, the zinc
borate particles are very harder than the 25 al kaline earth netal conpound
and, hence, work as a pulverizing nediumfor the alkaline earth netal

conpound. Henschel's m xer, super mxer, tube mll, ball mll, vibration

mll, pinnill, nmixing and grinding machi nd3or atonizer can be used for the

grlnd m Xxi ng. 30 [Hydrotal cite] Hydrotalcite is a synthetic mineral that
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32198/ 1972, 294&@&éﬁﬁﬁhﬁﬂmbﬁéh@ﬂBb&ﬁﬂ& f deedcbjokpdighenyl oxide,

10 octabromodiphenyl ether, octachlorodiphenyl ether,
tribromophenol, trichlorophenol, tetrabromobisphenol A,
tetrachlorobisphenol A, tetrabromobisphenol F,
tetrabromobisphenol AD, dibromodichlorobisphenol A,
diacetate of tetrabromobisphenol A, diacetate of

15 tetrachlorobisphenol A, tetrabromo-2,2-bis(4,4'-

' dimethoxyphenyl)propane, tetrachloro-2,2-bis(4,4'-
dimethoxyphenyl)propane, tetrabromophthalic anhydride,
tetrachlorophthalic anhydride, chlorinated epoxy novolak
phenol resin, brominated epoxy novolak phenol resin,

20 brominated bisphenol A epoxy resin and similar jodine
compounds. '

As the phosphoric acid ester-type flame-retarding
agent, there can be exemplified trimethyl phosphate,
triethyl phosphate, tributyl phosphate, trioctyl

25 phosphate, tributoxyethyl phosphate, octyldiphenyl
phosphate, tricresyl phosphate, triphenyl phosphate and
cresyldiphenyl phosphate. '

As the halogenophosphoric acid ester-type flame-
retarding agent, there can be exemplified

30 tris(chloroethyl)phosphate, tris(2-chloropropyl)phosphate,
tris(2,3-dichloropropyl)phosphate, tris(2,3-
dibromopropyl )phosphate, and
tris (bromochloropropyl)phosphate.

From the standpoint of suppressing the generation of

35 smoke and imparting flame-retarding property, it is



Kagakuy Co. In particular, it has been known that a conpound 15 represented
by the followi ng formula (6), Mj4.5Al[err] (OH 13 (CJerr]) 3Herr]O ---
(6) exhibits excellent chlorine ion-trapping property. It is also allowable
to use a conpound in which perhal ogen oxyacid ions are introduced by
utilizing a 20 property that the hydrotalcites are easily ion-exchanged in
a state in which they have been dispersed well in water, i.e., by utilizing
a property that the carbonic acid ions are _exchanged with other anions.
Concretely, the hydrotal cite compounds havé%25 conposition fornul as

My[err]Al[err] (OH)16CJ err] 4H err] O
My[ err] Al [ err] (dddileid keOumser thesl| €ran®-retarding agents at a weight

My[err].[err]Al Jerr er r 5 er 1s
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names as Al kani kvl relatise ter the Allnﬁnbﬁéﬁtg AEX@R| TR rcase fiire A2
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above pol yhydri g 1f¥§g§,6”] 5¥¥ﬁaw%gent aging stabilizer, aging-

retarding agent, photo-stabilizer, ultraviolet ray-

absorbing agent, antistatic agent, reinforcing agent,
reforming resin or rubber, basic inorganic metal salt,

15 chelate agent, antioxidant, epoxy compound and other
reinforcing agents or fillers.

As the plasticizer, there can be used the ones that
have been known as a plasticizer for chlorine-contained
- polymers, such as phthalic acid ester, trimellitic acid

20 ester, pyromellitic acid ester, aliphatic dibasic acid
ester, phosphoric acid ester, hydroxypolyhydric carboxylic
acid ester, monoaliphatic acid ester, polyhydric alcohol
ester, epoxy-type plasticizer and polyester-type
plasticizer.

25 As the lubricant, there can be used a variety of
waxes such as petroleum'wax, polyethylene wax,
polypropylene wax, fatty acid or derivatives thereof, and
plant waxes.
| The amounts of blending the plasticizer and the

30 lubricant vary depending upon the use of the chlorine-
contained polymer, i.e., depending upon the soft blending
‘or the hard blending. In the former case, the plasticizer
is blended in an amount of from 20 to 100 parts by weight
and, particularly, from 30 to 80 parts by weight and the

35 lubricant is blended in an amount of from 0.05 to 5 parts



t hereof' may be used alone or in a conbination of at |east one or nore kinds
selected out of them In addition to the above, there can be used oxides,
10 hydroxi des or sulfates of antinmony, zirconium and nol ybdenum zinc
stannate, zinc hydroxystannate, hal ogen- containing flane-retardi ng agent,
phosphoric acid ester- type flane-retardi ng agent and hal ogenophosphori c
acid ester-type flane-retarding agent in one kind or in a 15 conbination of
two or nore kinds. As the antinony-type flanme-retarding agent, there can be
favorably used antinony trioxide, antinony2dentoxide and sodi um anti nonat e.
There can be further used trinmethyl stilbene, triethyl stilbene and

triphenyl 20 stdy Ry htAsmuh 6 callapngl efigmed 05 o NE ﬂfgactrs»t;ystvmirgltte
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such as lead-type stablllzers and non-lead-type

10 stabilizers in a single kind or in two or more kinds in
combination. _ :

As the lead-type stabilizer, there can be used any
known ones and, particularly, tribasic to tetrabasic lead
sulfate, basic lead phosphite, basic lead silicate, basic

15 lead carbonate, basic lead maleate, basic lead phthalate,
basic lead stearate, and higher fatty acid lead, which may
be used in two or more kinds in combination.

As the non-lead-type stabilizer, there can be
exemplified inorganic non-lead-type stabilizer, metal

20 soap-type stabilizer and organotin-type stabilizer. As
the inorganic non-lead-type stabilizer, there can be used
‘alkaline earth metal silicate-type stabilizer, alkaline
earth metal aluminosilicate-type stabilizer, and alkaline
earth metal or zinc-aluminum composite hydroxide

25 carbonate.

Preferred examples of the alkaline earth metal
silicate-type stabilizer include a fine crystalline
calcium silicate having a chemical composition represented
by the general formula (8),

30 Ca0-xS1i0,*NH0 -—= (8)

wherein x is a number of not smaller than 0.5, and n

is a number of not larger than 2.5,
and having X-ray diffraction images in a spacing of from
3.01 to 3.08 angstroms, in a spacing of from 2.78 to 2.82

35 angstroms and in a spécing of from 1.81 to 1.84 angstroms,



hexabronocycl opent adi ene, chl oroendoi c acid, diallyl chloroendoate,
anhydr ous chl oroendoi c -acid and sim |l ar iodine conpounds; and aronmatic
hal ogen conmpounds such as hexabr onobbenzene, hexachl orobenzene, 5

pent abr ononet hyl benzene, pent achl oronet hyl benzene, hexabronodi phenyl
hexachl or odi phenyl, hexabronodi phenyl ether, hexachl orodi phenyl ether,
di bronocr edyl gl yci dyl et her, decabronobi phenyl ether, decachl orobi phenyl
et her, decabronodi phenyl oxi de, decachlorodlphenyl oxi de, 10

oct abr onodi phenyl et her, octachl orodi phenyl22et her, tri bronmophenol ,
trichl orophenol, tetrabronobi sphenol A tetrachlorobisphenol A
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chloride-trapping property.

As the metal soap-type stabilizer, there are used

calcium stearate, magnesium stearate, barium stearate and
15 zinc stearate in a single kind or in a combination of two
or more kinds.

As the organotin-type stabilizer, there are used
dibutyltin dilaurate, dibutyltin maleate, organotin
mercaptide, di-n-octyltin laurate, di-n-octyltin maleate

20 polymer, di-n-octyltinbis-2-ethylhexyl maleate, and di-n-
octyltinbisisooctylthio glycolate.

It is desired that the above stabilizers are used in
an amount of from 0.1 to 20 parts by weight and,
particularly, from 0.5 to 10 parts by weight per 100 parts

25 by weight of the resin from the standpoint of heat
stability and preventing the initial coloring.

The stabilizers may be used in a single kind or in a
combination of two or more kinds. From the standpoint of
not decreasing the oxygen index concentration of the

30 chlorine-contained polymer, however, it is desired to use
chiefly an inorganic stabilizer.

It is desired that the chlorine-contained polymer
composition is further blended with fB -diketone or B -keto
acid ester in an amount of from 0.05 to 10 parts by weight

35 and, particularly, from 0.1 to 3 parts by weight per 100



From the standpoi nt of suppressing the generation of 35 snoke and inparting
flame-retarding property, it is 20 desired to use these frame-retarding
agents at a weight ratio of from1:20 to 20:1 and, particularly, from1:10
to 10:1 relative to the zinc borate. Even in case fire has broken, the
flame-retardi ng property and snoke-suppressing 5 property facilitate
evacuation, rescue operation and fire- extinguishing activity. Wen a

chl orine-contai ned polyner is used as a resin, it is desired that the resin
is blended with a snmoke- suppressing agent 28oget her with known bl endi ng
agents such 10 as plasticizer, lubricant, main heat stabilizer, assistant
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there can be us
wax, pol ypropylenkomebengaptlimethane obigdl-ret vébenpeybimethare, bis(2-

10 hydroxybenzoyl)methane, benzoylacetone, tribenzoylmethane,
diacetylbenzoylmethane, stearoylbenzoylmethane,
palmtoylbenzoylmethane, lauroylbenzoylmethane,
dibenzoylmethane, bis(4-chlorobenzoyl)methane,
bis (methylene-3,4-dioxybenzoyl )methane,

15 benzoylacetylphenYlmethane, stearoyl(4—
methoxybenzoyl)methane, butanoylacetone, .
distearoylmethane, acetylacetone, stearoylacetone,
bis(cyclohexanoyl)methane and dipivaloylmethane.

It is further desired that the chlorine-contained

20 polymer composition and the polyolefin-type resin contain,
in addition to the above components, a phenol-type
antioxidant in an amount of from 0.005 to 3 parts by
weight and, particularly, from 0.01 to 0.5 parts by weight
per 100 parts by weight of the resin component. The

25 antioxidant is effective in improving the heat stability
and in suppressing the heat degradation caused by the
chain reaction.

As the phenol-type antioxidant, there can be used
either a bisphenol-type antioxidant or a steric hindrance

30 phenol-type antioxidant. Examples include bisphenol A,
bisphenol B, bisphenol F, 2,6-diphenyl-4-
octadecyloxyphenol, stearyl(3,5-di-tertiary butyl-4-
hydroxyphenyl )propionate, distearyl(3,5-di-tertiary butyl-
4-hydroxybenzyl )phosphonate, 1,6-hexamethylenebis[(3,5-di-

35 tertiary butyl-4-hydroxyphenyl)propionate], 1,6-



pl ant -waxes. The anounts of blending the plasticizer and the 30 | ubricant
vary dependi ng upon the use of the chlorine- contained polyner, i.e.,
dependi ng upon the soft blending or the hard blending. In the forner case,
the plasticizer is blended in an anount of from 20 to 100 parts by wei ght
and, particularly, from30 to 80 parts by weight and the 35 lubricant is

bl ended in an anmount of fromO0.05 to 5 parts 21 by wei ght and,
particularly, fromO0.5 to 3 parts by meigh54per 100 parts by weight of the
resin. In the latter case, the plasticizer®’s blended in an anmount of from
0O to 10 parts by weight and, particularly, fromO to 5 parts by 5 wei ght

and the | ubri cadmxametiydetedisi (3n5adbahersiaryobvbyl-4o 5 parts by wei ght
. and, particul arlh)’dr&{}ﬁmé?lg&)taﬁni%epﬁﬁ:bﬁiaﬁa%']ghbiQFB,1Q9i$)@4iwydnbxr42ﬂht of
the resin. As the nai tabili zer heére.can used kn nes, ch as
| ead- t ype stabi#?Efe?%ryaﬁﬂlw&ﬁ’ﬂeé‘é(&)i’ygﬁiﬁ 3?&%9??%%?% ‘?%@%Péie]rs\’]f'?-ki nd or
in two or nore iR -imethyibidrdyidooxyAS-thetisny- byprlekenyl )bekanghere can
be used any gno¥[5{?uﬁ?fyﬁ?&gxaﬂﬁégwyngyhyagbggshctégtigfyabasic | ead
osphi"

sul fate, basic [ea e, basiC |eaqd silicate ,basic 15 |e
car bonat e, basi RIEHE eﬂ%%cﬂﬁﬁﬁq?tﬁeag'gh%ﬁgFé?&?’gé tc ?5%h£§¥earate,
and hi gher f at tlyutael-ot Hgatboxyhiesizyig i sbeyasudata, t apdotrherkyl@RRls in
conbi nati on. A?%i IEHEﬂﬁ%%?éﬁHI%r%t%BE&FZthyHPSk?—San be exenplified

- S y

I norgani ¢ non _tﬁﬁe abilizer, metal 20 Soap-type stabilizer and
organot i n-t ype BeEBYIRBRAYLIRIAE™AYEIgani ¢ non- | ead-type stabilizer, there
can be usedi( As the ultraviolet ray-absorbing agent, there can be

exemplified 2-hydroxybenzophenones such as 2,4-
dihydroxybenzophenone, 2-hydroxy-4-methoxybenzophenone,
and 5,5’-methylenebis (2-hydroxy-4-methoxybenzophenone);
and 2-(2'-hydroxyphenyl)benzotriazoles such as 2-(2'-

15 hydroxy—s’—methylphenyl)benzotriazole, 2—-(2'-hydroxy-3'~
tertiary butyl-5’-methylphenyl)-5-chlorobenzotriazole, 2-
(2'—hydroxy—5’-£ertiary octylphenyl)benzotriazole, 2-(2'~
hydroxy-3’,5'-dicumylphenyl)benzotriazole, and 2,2'~-
methylenebis (4-tertiary octyl—G—benzotriazolyl)phenol.l

20 As the photo stabilizer, there can be exemplified
hindered amine photo stabilizers, such as 1,2,2,6,6~
pentamethyl-4-piperidyl. stearate, 2,2,6,6-tetramethyl-4-~
piperidyl benzoate, N-(2,2,6,6-tetramethyl-4-
piperidyl)dodecylimide succinate, 1-[(3,5-di-tertiary

.25 butyl-4-hydroxyphenyl)propionyloxyethyl]-2,2,6,6-
tetramethyl-4-piperidyl-(3,5~-di-tertiary butyl-4-
hydroxyphenyl)propionate, bis(2,2,6,6-tetramethyl-4-~
.piperidyl)sebacate, tetra(2,2,6,6-tetramethyl-4-
piperidyl)butanetetracarboxylate, tetra(1,2,2,6,6-

- 30 pentamethyl-4-piperidyl)butanetetracarboxylate,
bis(2,2,6,6-tetramethyl-4-piperidyl)~di(tridecyl )butane
tetracarboxylate and bis(1,2,2,6,6-penamethyl-4-
piperidyl)-di(tridecyl)butane tetracarboxylate.

To blend a chlorine-contained polymer or the like

35 polymer with the above components to be blended, the



al kaliine earth netal silicate-type stabilizer, alkaline earth netal

alum nosilicate-type stabilizer, and al kaline earth netal or zinc-al um num
conposite hydroxide 25 carbonate. Preferred exanples of the alkaline earth
nmetal silicate-type stabilizer include a fine crystalline calciumsilicate
having a chem cal conposition represented by the general formula (8), 30
CaJerr]xSigerr][err]NH err] O --- (8) wherein x is a nunber of not
smaller than 0.5, and n is a nunber of not |larger than 2.5, and having
X-ray diffraction imges in a spacing of f26m 3.01 to 3.08 angstrons, in a
spacing of from2.78 to 2.82 35 angstrons and in a spacing of from1.81 to
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of two which is then molded into films, sheets, tiles or any
10 other molded articles by calender machining, melt-
extrusion molding or slash-molding, or is used for
coéting. _

Further, the zinc borate of the present invention can
be used as an antibacterial agent or a water glass-curing

15 agent. In the field of use as antibacterial agents, the
zinc borate of the invention can be used as fiber products
such as film or sheet for holding freshness (atmosphere
sterilization, controlling bacteria), polyester,
polyethylene, polypropylene, nylon and acrylic resin;

20 building materials such as antibacterial paper, corrugated
cardboard (eradicating bacteria, controlling bacteria,
controlling fungi), wall materials, ceiling materials,
carpeting materials, floor materials, mats and roof
underlying materials; toiletries, cosmetics, paints

25 (eradicating bacteria, controlling bacteria, controlling
fungi), splash or spray type bacteria eradicator, goods
for kitchen and bath room (bags, containers, cooking
board, drainboard, etc.), fishing nets and algae-
controlling agent. The zinc borate can be further used

30 being mixed in a cement mortar or a cement concrete to
produce antibacterial cement mortar and cement concrete
(inclusive of products produced on the site). The zinc
borate can be further used for a variety of products for
controlling bacteria.

35 The zinc borate of the present invention having a



or- nor,e kinds. As the organotin-type stabilizer, there are used dibutyltin
dilaurate, dibutyltin nmaleate, organotin nercaptide, di-n-octyltin |aurate,
di~-n-octyltin nal eate 20 pol ymer, di-n-octyltinbis-2-ethylhexyl mnaleate,
and di-n- octyltinbisisooctylthio glycolate. It is desired that the above
stabilizers are used in an amount of fromO.1 to 20 parts by wei ght and,
particularly, fromO0.5.to 10 parts by wei ght per 100 parts 25 by wei ght of
the resin fromthe standpoint of heat stability and preventing the initial
coloring. The stabilizers may be used in a28ingle kind or in a conbination
of two or nore kinds. Fromthe standpoint of not decreasing the oxygen

ijndex go?cen” ﬁleatrh%r%t@l'l(i"tbn?1%érhﬁdn§dnﬂaiﬂﬂﬁg vénqwesmlllt tis
esired to use rgani c_stabil i e
chl ori ne- cont almﬁﬁﬁ%%&%% PErf I"FH%FE%JT:’ ,gé’%j_i&g%f}‘a{n 4

[err]-di ket one resires matkedlyadinprevesr smaoshnagsuandolustemen oshe o 10

parts by weightg 1%.515&35&% dazaréﬂé?lile%rﬂnybl%haauotﬂaekewﬁtnﬁraﬁdhyomg&’ts per 100
23 parts by weight

he above_chelat agent, conponent
ef fectivel y Pr ¥Ry Hé“l?rrﬂ"f‘? B‘Ihecé"lpé’ PrgTCRe Fﬂg % Higﬁ IE% %%gel%g’r) il
[err]-ketoacid astexcellmnmekayeﬂmat@se@}eCGIlstﬁpPert es-efctipexesinn,

met hyl enebi s- 1,3y xf&keéﬁddlp&s & fi‘i@ﬁéLrétaraiﬁbOBgéﬁel Qﬁ smoke—
acetyltetral on, pa n1to tetral on stear %ﬁ gﬁs benzo raI
3rac

acetylcyclohexa%EPEFeéﬁ%ﬁﬁuﬂgﬁ | 2308, %ﬁ% %H%EJH&E.on
b|s(benzoyl)netpnamenbehmw@dtxpn(jﬂpnmwbsnzbylﬁéamgnggtardlng property of
bi3(4'nEthyieengﬂgléﬂTngHELcéﬂéﬂfﬁed resins, nylons and epoxy resins.
EXAMPLES
In the following Examples, measurements were taken in
accordance with the methods described below.
(1) Average particle diameter and particle size.

15 Average particle diameters and average particle sizes
were measured by using a particle size analyzer, Model
1.S230, manufactured by Coulter Co.

(2) X-Ray diffraction.
~ Measured with Cu-Ka by using a Geigerflex RAD-B
20 system manufactured by Rigaku Denki Co.
Target: Cu
Filter: Curved crystalline graphite monochrometer
Detector: SC
- Voltage: 40 KV
25 Current: 20 mA
Full-scale count: 700 c¢/s
Smoothing point: 25
Scanning speed: 2°/min
_ Step sampling: 0.02°
30 Slit: DS 1° RS 0.15mm SS 1°
Irradiation angle: 6°
(3) X-Ray diffraction condltlon in measuring crystallite
size.

Measured with Cu-Ka by using a Geigerflex RAD-B
35 system manufactured by Rigaku Denki Co.



10" hydr oxybenzoyl ) met hane, benzoyl acetone, tribenzoyl nmet hane,

di acet yl benzoyl net hane, stearoyl benzoyl net hane, pal nmt oyl benzoyl net hane,

| aur oyl benzoyl met hane, di benzoyl net hane, bis(4-chl orobenzoyl) net hane,

bi s( et hyl ene- 3, 4- di oxybenzoyl ) net hane, 15 benzoyl acet yl phenyl net hane,

st earoyl (4- net hoxybenzoyl ) net hane, but anoyl acet one, di stear oyl net hane,
acetyl acet one, stearoyl acetone, bis(cycl ohexanoyl)nethane and

di pi val oyl net hane. It is further desired that the chlorine-contained 20
pol ynmer conposition and the polyolefin-typ@7resin contain, in addition to
t he above conponents, a phenol -type antioxi dant in an anmount of from 0. 005
to 3 parts by weight andTaguaeti:cul @uly, fromO0.01 to 0.5 parts by weight
per 100 parts by wei ght of;4thg..resid conponent. The 25 antioxidant is
effective in inproving the]heat-stabilit% ang i n suppressing the heat
degradati on caused by t h&"BgavPLta9eri on*928Vt he phenol -type anti oxi dant,
there can be used either Tubde swhreealttst yp@0amfi oxi dant or a steric hindrance

30 phenol -type anti oxi da Bl s oiigl: ude g4bi enol A, bisphenol B,

bi sphenol F,§2,6-diphenypﬁgg'qcta§E§§P%§§pheﬁ t?ﬁgtearyl(3,5-di-tertiary
but yl - 4- hydroxyphenyl);nﬁﬁﬁQH%QBbFFGFQﬁearngg,émap-tertiary but yl -

4- hydr oxybenzyl ) phosphonatime bdnstaxanet hpl.8nebes[ (3, 5-di- 35 tertiary
but yl - 4- hydr oxyphenyl ) pr qpjiQnat €] , nk 4
hexanethylenebis[(3,5-digﬁggghary 6%¥$Fv4p°§ydgo§§pﬂéﬁglT%nide propi onat e] ,
bi s[ 3, 3- bi s(4- hydr oxy- 3- }&331a8ioy,@agdRényl Pbut vl i ¢ aci d] gl ycol ester,
1,1,3- 10 Fig. 25 shows a peak from which an index of a

plane(020) of Fig. 1 is found, as a representative example
for finding a hald-value width of a diffraction peak.
(4) SEM measurement.
Measured by using a scanning electron microscope, S-
15 570, manufactured by Hitachi, Ltd.
(5) Measurement of atomic absorbency.
~ Measured by using 2Z-8200 manufactured by Hitachi,
Ltd. |
(6) Chemical analysis
20 Conducted in compliance with the chemical analysis of
lime stipulated under JIS R9011
(Example 1)
An aqueous solution was prepared by dissolving 72.5 g
of boric acid (B;0; content of 56.3%) in 1000 ml of pure
25 water. To the aqueous solution were added 96.0 g of a
zinc flower (ZnO content of 99.4%) and 217.5 g of boric
acid (B,03 content of 56.3%), and were stirred and mixed
together such that the molar -ratio of B,03/Zn0 was 2.0.
Next, the solution was stirred and reacted at 60°C for 90
30 minutes. The solution was further stirred and reacted at
90°C for 4 hours. The obtained product was filtered,
washed with water and was, then, dried at 105°C to obtain
a zinc borate (sample A-1). Table 3 shows the chemical
composition and properties of the thus obtained zinc
35 borate (sample A~1), Fig. 1 shows an X-ray diffraction



tris(2- nethyl 4- hydroxy-5-tertiary butyl phenyl)butane, 5
1,3,5-tris(2,6-dinethyl-3-hydroxy-4-tertiary butyl benzyl)isocyanurate,
1,3,5-tris(3,5-di-tertiary butyl-4-hydroxybenzyl)isocyanurate, and
triethylene glycolbis[(3-tertiary butyl -4-hydroxy-5-

met hyl phenyl ) propi onate] . 10 As the ultraviol et ray-absorbing agent,
there can be exenplified 2-hydroxybenzophenones such as 2, 4-

di hydr oxybenzophenone, 2-hydroxy- 4-met hoxybenzophenone, and

5,5 - met hyl enebi s( 2- hydr oxy- 4- net hoxybenzogBenone) ; and
2-(2'-hydroxyphenyl)benzotriazoles such as 2-(2'- 15

hydr oxy-5' - hitheee it ez, otlanida Fdlgs,. 2- 84- Bydhowyeféetrmntlary .
ggt;:phengfggghzo r.é%“%éﬁﬂ§ﬁ%§Qﬁg%gb%la20|e 2- (2_ hydroxy 5'-tertiary
hydroxy-3', 5' - diEARReh @Hyl)benzotrlazole and 2,2 -

met hyl enebi s(4-tertimiafious Gdlerienr wasopyépahedoby @Dssolvin\s724fe g
photo stabilize Qg d; phet 8¢
stabilizers, ésu‘lf;: k;s cezactg_q%b@zs &PA lheﬁ? fbd%rgg ¥ m?t%?‘?’a?e pure
2,2, 6, 6-t et r aneHAKRE 40 Wi hA 5296°§ Fé@?a‘ﬁ%ﬁ’%ﬁ-4-

pi peridyl)dodecy? zmdmzsxgemm;@) aJs[a( f?&d?edtlllnt adviaace.25To the aqueous

but yl - 4- hydr oxy 2,6

tetramet hyl - 4- pigctﬁw&;rp @%%&‘i&értlarz éf 8 z4nhe f ?%?(f/p Zerrll0 %I}%eﬁll%nate
bi s(2, 2, 6, 6- tet‘? @%L@n $iZder-isd@ Pe 8€&Feacf‘-€tﬁ 1% sopter ePufarret hyl - 4-
pi per i dyl ) bug ansg £3% PC oD xd %tl'fre*eﬁa@hdZmZxétho§éther such that the

pent anmet hyl - 4-p ut Y
bis(2, 2,6, 6- tetr#mgfrr%% d1y4933 oap%tr2 ?I?&dp%f(ril ?pec Il\ﬁ)ut’ar%let gf&&%&?ﬁox?ﬁate
and bis(1 2,2, 69'61%)@%@ wea@tqsf/ 68y C) fer( Pi BéRYESBut afee solution
tetracar boxyl atwas TRudtiend stided ianet ¢ealctiededtpobyaefonr 4t heuts ke e

pol ymer with thgbéggﬁgh(ﬁggﬁﬁgﬁmﬁﬁé(%fT%eQ%%Dd%gshEHewith water and was,

15 then, dried at 105°C to obtain a zinc borate (sample A-2).
Table 3 shows the chemical composition and properties of
the thus obtained zinc borate (sample A-2), Fig. 4 shows
an X-ray diffraction image thereof, and Fig. 5 shows an
electron microphotograph thereof.

20 (Example 3) _

An aqueous solution was prepared by dissolving 72.5 g
of boric acid (B;0; content of 56.3%) in 1000 ml of pure
water. To the aqueous solution were added 95.7 g of a
zinc flower (ZnO content of 99.4%) and 217.5 g of boric

25 acid (B,03 content of 56.3%), and were stirred and mixed
together such that the molar ratio of B;03/Zn0O was 2.0.
Next, the solution was stirred and reacted at 45°C for 120
minutes. The solution was further stirred and reacted at
90°C for 4 hours. The obtained product was filtered,

30 washed With_water and was, then, dried at 105°C to obtain
a zinc borate (sample A-3). Table 3 shows the chemical
composition and properties of the thus obtained zinc
borate (sample A-3), Fig. 6 shows an X-ray diffraction
image thereof, and Fig. 7 shows an electron

35 microphotograph thereof.



25 conponents to be bl ended except plasticizer and/or |ubricant are bl ended
I n advance as a one-package bl endi ng agent which, as required is

granul ated, and is mxed into the chlorine-contained polynmer together with
the 5 plasticizer and/or the lubricant by using a kneader such as rol

m xer, Bunbery's mxer or pelletizer to obtain a hard conposition for
nol di ng pi pes or a soft conposition for covering the electric wires, or to
obtain a plastisol, which is then nolded into filns, sheets, tiles or any
10 ot her nol ded artlcles by cal ender nachi #Png, nelt- extrusion nol di ng or
sl ash-nol ding, or is used for coating. Further, the zinc borate of the

pr esent inventicyk ebg)jused as an antlbacterlal agent or a mater

gl ass-curing 15 age n the fi

zinc borate of thg irlm/@ﬁq SHscgﬁﬁBglégBe‘aggsﬁ?eﬁ‘Q}é&% uc as f|5h% or
sheet for hol diofy Homghmedd (Bp@ospmsentsad i56. z3§t)| an, 1889t¥l6|9f—n§ure
bacteria), pol yasiesf., RAQY )E?feh)ébﬁééuSDSblﬁ{:QEWﬁéﬁe agded $8\Y aproff i resin;

20 bui I di ng teflal such antl er.i PP rd
(eradicatin Wnt(%&q M) Sg%t F i gg ?il{ny%auido‘)g%&t}]q?
materials, cei Iacug:l n@z@el costeriarqitihd dat @ﬂdalv@ref IS&}F‘-'rﬁﬁt éﬂfiaméxeﬁat s
and roof under | ydyoney ucH %haﬁ:OFthét fib@8xr @aaﬂatofsszq;,alznmwas 2.0.

di cat bact t.rol.l b t
spray type bactbrrly nsiahion, fad: SREFeRn, SR Fangtad, o e B2,290

contai ners, coakimgemar d:hajrsmlmlt@@ndwaét @u)fthﬁrsﬁthgr%t%n‘énﬁﬁ%ﬁ
control |'i ngy agegy e c-li‘);?r 4 Hok¥y.at @heabBblaihdit Pebdusedwad f’ﬁlﬁ@réﬂ)(ed in a
cement mortar Ov\rras e WJ. th %vor:l:%rreta%dt %as, then, dried at 105°C to obtain
a zinc borate (sample A-4). Table 3 shows the chemical
composition and properties of the thus obtained zinc
borate (sample A-4), Fig. 8 shows an X-ray diffraction
15 image thereof, and Fig. 9 shows an electron
microphotograph thereof.
(Example 5)
An aqueous solution was prepared by dissolving 72.5 g
of boric acid (B;03 content of 56.3%) in 1000 ml of pure
20 water. To the aqueous solution were added 95.7 g of a
zinc flower (ZnO content of 99.4%) and 217.5 g of boric
acid (B,0; content of 56.3%), and were stirred and mixed
together such that the molar ratio of B03/Zn0O was 2.0.
Next, the solution was stirred and reacted at 60°C for 120
25 minutes. The solution was further stirred and reacted at
85°C for 6 hours. The obtained product was filtered,
washed with water and was, then, dried at 105°C to obtain
a zinc borate (sample A-5). Table 3 shows the chemical
composition and properties of the thus obtained zinc
30 borate (sample A-5), Fig. 10 shows an X-ray diffraction
image thereof, and Fig. 11 shows an electron
microphotograph thereof.
(Example 6)
An aqueous solution was prepared by dissolving 72.5 g
35 of boric acid (B;03 content of 56.3%) in 1000 ml of pure



produce' anti bacterial cenent nortar and cenment concrete (inclusive of
products produced on the site). The zinc borate can be further used for a
variety of products for controlling bacteria. 35 The zinc borate of
the present invention having a 26 particular crystallite size and
containing very small anounts of sodi um conponent, disperses excellently in
a resin, markedly inproves snoot hness and |uster on the surfaces of the
resin blended therewith, and works to 5 greatly inprove the appearance, and
further maintains, on an excellent level, 8fe electric properties of the
resin blended therewith as a flame- retardlng agent or snoke- suppressing

ﬁgent | P pgrt'vﬁéﬂe%r td mléhnﬁag%ééﬁl gddéael prssg rrs% lﬁ/xﬁmbdzraaermrovesdt he
ame-retarding pra e chlorinescontal ned r n
epoxy resins. Még ¥ﬁ :{11%9210& PSwPn§eRLanbl 3é %%%Su?gé nt—ﬁ%e n%é Sgken
in accordance wdlutilon wetreodsddedsdbi Bed Qél@mPlQQJfl@mﬁﬁmﬁiqﬂﬂqqnﬁaﬁt

di aneter and pt ig) s %&ad 3257 5 g of\VBHRUE aaialei‘z@sdcaﬁeéﬁeswnd aver age

P5030° manurbotiic oy e ese’ ebirpdn Rt fed oSSR AL it ene,
Cu- Ka by usi ng mpol@st gza'h‘lIOeﬁfRBBJ:B’ZZID V@ssst%rﬂ maleriet thedsejuRigakw@denki

Co. Target: Cu diidy@dd o vedceershl b5Ne g62080 LRiNPESEHr OrtRd edo IRSiRet or :

SC Vol tage: ZK)$gé further stirred and reacted at 90°C for 4 hours. The

obtained product was filtered, washed with water and was,

10 then, dried at 105°C to obtain a zinc borate (sample A-6).
Table 3 shows the chemical composition and properties of
the thus obtained zinc borate (sample A-6), Fig. 12 shows
an X-ray diffraction image thereof, and Fig. 13 shows an
electron microphotograph thereof.

15 (Example 7)

~ An aquéous solution was prepared by dissolving 72.5 g
of boric acid (B,;0; content of 56.3%) in 1000 ml of pure
water. To the aqueous solution were added 95.7 g of a
zinc flower (2n0O content of 99.4%) and 217.5 g of boric

20 acid (B,03 content of 56.3%), and were stirred and mixed
together such that the molar ratio of B,03/Zn0 was 2.0.
Next, the solution was stirred and reacted at 55°C for 120
minutes. The solution was further stirred and reacted at
75°C for 7 hours. The obtained product was filtered,

25 washed with water and was, then, dried at 105°C to obtain
a zinc borate (sample A-7). Table 3 shows the chemical
composition and properties of the thus obtained zinc
borate (sample A-7), Fig. 14 shows an X-ray diffraction
image thereof, and Fig. 15 shows an electron

30 microphotograph thereof.

(Example 8)

- An aqueous solution was prepared by dissolving 72.5 g
of boric acid (B;0; content of 56.3%) in 1000 ml of pure
water. To the aqueous solution were added 95.7 g of a

35 zinc flower (ZnO content of 99.4%) and 217.5 g of boric.



25 . Current: 20 mA Full-scale count: 700 c/s Snoothing point: 25
Scanni ng speed: 2[err]/mn Step sanpling: 0.02[err] 30 Slit: DS 1
RS 0.15m SS 1 Irradiation angle: 6[err] (3) X-Ray diffraction condition
in measuring crystallite size. Measured with Cu-Ka by using a Geigerflex

RAD- B 35 system manufactured by Ri gaku Denki Co. 27 Target: Cu Filter:
Ni Tube vol tage: 40 KV Tube current: 20 mM 5 Ful | -scal e
count : 4 kcps Scanni ng speed: 0.25[err]/mn Tinme constant: 0.5 sec
Slit: DS(SS) 0.5 RS 0.15 mm I rradi atton angle:  6[err] 10

Fig. 25 shows a peak from which an index of a plane(020) of Fig. 1 is
found, as a repicdagenBadi \vorrvaarplof B6r. 3ki)pdand weheal stinted awnditimixdd a
diffraction pegk; S epgpat \ ) N@.,

el ectron mcr o?égeg:,ﬁg§- E%Hgggg{:ngﬁ%f%%%%?:#%m alﬁézﬁlggzﬁ?%é%}z) ®

Measur ement of Nei&m &hgnselBEhe). vaRStEred anditRpcke it fdn S £oFuPld by

Hitachi, Ltd. minutes. The solution was further stirred and reacted at
5 110°C for 4 hours. The obtained product was filtered,
wéshed with water and was, then, dried at 105°C. to obtain
a zinc borate (sample A-8). Table 3 shows the chemical
composition and properties of the thus obtained zinc
borate (sample A-8), Fig. 16 shows an X-ray diffraction
10 image thereof, and Fig. 17 shows an electron
microphotograph thereof. '
(Comparative Example 1)
An aqueous solution was prepared by dissolving 72.5 g
of boric acid (B;03; content of 56.3%) in 1000 ml of pure
15 water. To the aqueous solution were added 95.7 g of a
zinc flower (ZnO content of 99.4%) and 217.5 g of boric-
acid (B,03 content of 56.3%), and were stirred and mixed
together such that the molar ratio of B;03/Zn0 was 2.0.
" Next, the solution was stirred and reacted at 35°C for 120
20 minutes. The solution was further stirred and reacted at
90°C for 4 hours. The obtained product was filtered,
washed with water and was, then, dried at 105°C to obtain
a zinc borate (sample H-1). Table 3 shows the chemical
composition and properties of the thus obtained zinc
25 Dborate (sample H-1), Fig. 18 shows an X-ray diffraction
image thereof, and Fig. 19 shows an electron
microphotograph thereof. From Fig. 18, the obtained zinc
borate (sample H-1) was the one of the 2°3 type, but was
in the form of mixed crystals of a heptahydrate
30 (2Zn0-3B03°7H;0) and a 3°5Itype zinc borate
(3Zn0-5B203~14H20), exhibiting a peak due to unreacted zinc
oxide. The 2-3 type zinc borate was not obtained in a
pure form.
(Comparative Example 2)
35 An aqueous solution was prepared by dissolving 72.5 g



(6) Chem cal analysis 20 Conducted in conpliance with the chem cal
analysis of line stipulated under JI'S R9011 (Exanple 1) An aqueous sol ution
was prepared by dissolving 72.5 g of boric acid (B203 content of 56.3% in
1000 mM of pure 25 water. To the aqueous solution were added 96.0 g of a
zinc flower (ZnO content of 99.4% and 217.5 g of boric acid (B203 content
of 56.3%, and were stirred and m xed together such that the nolar ratio of
Blerr]Jerr]/ZnO was 2.0. Next, the solution was stirred and reacted at
60[err] C for 90 30 m nutes. The solution W& further stirred and reacted at
90C for 4 hours. The obtained product was filtered, washed with water and
was, then, drie# dorieSheid] CBi®; edntentaoZi BE. beuam 1600MhE &¥ Purdabl e 3

shows 1 chorm, b COMRES L hLORoEd, BT SPRLLI S lrd mea&émsogta gad zi nc 35

borate (sanple ractl mage thereof
and Figs. 2 an@lgcsﬁéﬂm%Ie&ZnQnCﬂﬂb¢%?h%fo%ﬁaﬁhb antbrdot-5 @ERfmpeEis) An

aqueous sol uti %Ma%%ortﬂfr&%rm(ﬁ $%Q13%0) N0 akd. hegeSsbirbedi &‘ndicmikéc8203

content of 56. er 1o e S 1.25
of zinc bor %%%BFEFF] QFPF{I% %ﬁ%{‘ % & A%Q/Eﬁ?ﬁnw%génag% To the_
aqueous sol ut i dexker éheddedudion wyasf s’auzr dlll@\p@ac(‘@ﬂ)ad‘orﬂoeﬁ for 99. 49

and 217.5 g of yRepiesaci ‘i‘h(eBg%uES?Bheﬁas Of uthdS. si?f@reoarzedadm&re%c?c@dr aed and
m xed t oget her ]155|Lbc,2:t at atl of %03/ Q. was Szfol Next., the
d

sol ution was st 2fd4 g&&?@d %0? FPI ?ﬁruﬁ LESESEs1 uti on

washed w1th water and was, then, dried at 105 'C to obtain
10 a zinc borate (sample H-2). Table 3 shows the chemical
composition and properties of the thus obtained zinc
borate (sample H-2), Fig. 20 shows an X-ray diffraction
image thereof, and Fig. 21 shows an electron ,
microphotograph thereof.
15 (Comparative Examples 3 and 4)

Like in Example 1, Table 3 shows chemical
compositions and physical properties of two kinds of zinc
borates, i.e., a commercially available zinc borate
(sample H-3) manufactured by company A and a commercially

20 available zinc borate (sample H-4) manufactured by company
B, Fig. 22 (H-3) and Fig. 24 (H-4) show X-ray diffraction
images thereof, and Fig. 23 (H-3) shows an electron
microphotograph thereof.

The evaluated results of the products of the

25 invention will now be described in detail. The testing
methods were as described below.

(1) Volume resistivity testing (V.R).

The following blend 1 was kneaded in a 3.5-inch roll
mill at 160°C for 7 minutes, and was pressed at 170°C

30 under 150 kg/cm2? to prepare a sheet having a thickness of
1 mm.

The sheet was measured for its volume resistivity
(ohms-cm) in compliance with the method stipulated under
JIS K6723-6.8.

35 Blend 1:



was further stirred and reacted at 90[err]C for 4 hours. The obtai ned
product was filtered, washed with water and was, 15 then, dried at
105[err]C to obtain a zinc borate (sanple A-2). Table 3 shows the cheni cal
conposition and properties of the thus obtained zinc borate (sample A-2),
Fig. 4 shows an X-ray diffraction inmage thereof, and Fig. 5 shows an

el ectron m crophot ograph thereof. 20 (Exanple 3) An aqueous sol ution was
prepared by dissolving 72.5 g of boric acig%(BZOS content of 56.3% in 1000
m of pure water. To the aqueous sol ution re added 95.7 g of a zinc
flower (ZnO content of 99.4% and 217.5 g of boric 25 acid (B203 content of
56.3%, and were stirVédyandhioxidet vgeime(P such3@tat t hdGbblp@artsati o of
Blerr]derr]/ZnO was 218p %&Esoh@ﬁyﬁ%h‘ﬁﬂl%ﬂ@§ stirred ayyd pgagagted at
45[err] C for 120 m nutes he sol ytio s further stirr and reacted at
90[err]C for 4 hours.T¥HQaSBFaiﬁ§ 5?%5%@? was filtered, 30 W& with

wat er and was, then, deladdsteat88eerr]C to obtain a zinc bd& @EtEsanpl e

A-3). Tableg3 shows tlgmpphem cal conposition and propertissdfist pRuritlus
obt ai ned zinc bgrate (sanple A-3),.Fig. ows an X-ray diffraction inmage
t her eof , and Fﬂé) iﬂgﬁgwg%aﬂxggﬁétFﬁﬂg§5?L§£ETophotograph t her eof . 29
(Exanpl e 4) An aquedbe Solldowinguwaiepdedawas kyeatledolving Fimck eldoric
ac dt_(8203 Con&rg%tld%ft igoii%@ fob %Oﬁﬁnﬁt?let M%&@tﬁeﬁé@% ta{’l:]? 1@81:%3/515 .
sol ution were adde : of .a 5 zinc OVEr, nQ_cant en \ : n
217.5 g of bor i 49gE ﬁ%Pngécg%n’g%rRr%gag%_% h,e(e%fi%%‘r“@ &F?’}g%ngﬁﬁ ﬁi%xed
10 1 mm. : ’
The sheet was measured for its limiting oxygen index
(LOI value %) in compliance with the method stipulated
under JIS K7201B by using a candle combustion tester |
manufactured by Toyo Seiki Mfg. Co. to evaluate the flame~
15 retarding property. '

Blend 2:
Vinyl chloride resin (P = 1300) 100 parts
DINP (diisononyl phthalate) 50 parts
Tribasic lead sulfate 3.0 parts
20 . Lead stearate 0.5 parts
Antimony trioxide 0 to 10 parts
Zinc stannate 0 to 10 parts
Sample 1 to 15 parts

Applied examples of the invention will now be
25 described.
(Examples 9 to 17)

Table 4 below shows the results of the volume
resistivity testing of the sample A-1 alone, and of the
limiting oxygen index testing of when the sample A-1 and

30 the antimony trioxide or the zinc stannate are used in
combination.
(Examples 18 to 32)

In the blends 3 and 4 described below, the sample A-
1, commercially available magnesium hydroxide,

35 hydrotalcite, polyhydric alcohol, calcium hydroxide,



toget her such that the nolar ratio of B203/ZnO was 2.0. Next, the solution
was stirred and reacted at 60[err]C for 120 m nutes. The sol uti on was
further stirred and reacted at 10 80[err]C for 8 hours. The obtained
product was filtered, washed with water and was, then, dried at 105[err]C
to obtain a zinc borate (sanple A-4). Table 3 shows the chem ca
conposition and properties of the thus obtained zinc borate (sanple A-4),
Fig. 8 shows an X-ray diffraction 15 image thereof, and Fig. 9 shows an
el ectron m crophot ograph thereof. (Exanple3$) An aqueous sol uti on was
prepared by dissolving 72.5 g of boric acid (B203 content of 56.3% in 1000
][ﬂl of p? rZ e020 \&%tl@ﬁum]jgi%mgoaeaveep@xg Ok othpSUndvedrsd oty %5;131 galft s;ezien;:
ower nO content .0 . n O i . ent o
56.3%, and vver"é‘%&)ld}lf:ga af mgxzafi:%%et ?e?lr‘es‘glc% E%H?;l‘tq‘[l thhle%r%r:oi’i‘aa%q% tgt i 0 of
B203/ ZnO was 2showNein Tehdesb| begebherswith r? & ikerefh apopetéC err]C

gg{ 12?02? i glﬂr?qas Blﬁ$ﬁ§ahgtég§ sestiont Derest20 med, and weaet ejfo@hg

err or, QUr S. gbtajned_pr C S t A th water

and was, theh, aa{?#gﬂngi %Bg %rt‘?&g?b %‘gﬁa‘lsen]\'l% 1-ztif“J’ﬁAc olséétrel zi;?r)gﬁ \gnA- 5).

Tabl e 3 shows tdtemitzexi tal cbsapBspbPah 3008 Hrober t5aPIF- t Fahlfue SBCHSned

zihnc 3? borgtlp5 ’dh%arﬂéls@lr]].:ﬁs5b,f khe. liﬂiﬁﬂﬂg\soﬂﬁ%éh rmuei;] fﬁe;]sm:irri%m i(mage e 6)

t hereof , an [ r ), C ot ograph thereof. (Exanple 6
R R R R

An aqueous sol t i ssolvihg 72.5 g, 35 of boric acid .
(B203 content of 56TeH: PAecegowaFeoprpppeed aggplending ratios shown -in

10 Table 6 under the conditions described above. The results
are those of the limiting oxygen index testing of when
antimony trioxide and zinc stannate are used in

combination.
(Comparative Examples 5 to 14)
15 Table 7 below shows the results of the volume

resistivity testing of the comparative sample H-3, and of
the limiting oxygen index testing of when the comparative
samples H-1, H-3, H-4 and the antimony trioxide or the
zinc stannate are used in combination.

20 (Examples 44 to 50 and Comparative Example 15)

100 Parts by weight of a crosslinked polyethylene
(NUC-9025) was blended with samples shown in Table 8, and
the blends were kneaded at 105°C for 5 minutes to prepare
sheets. The obtained sheets were tested for their wvolume

25 resistivities and limiting oxygen indexes. The results
were as shown in Table 9. For comparison, there are also
shown the results of a blank blended with none of them.
(Examples 51 and 52 and Comparative Examples 16 to 18)

100 Grams of a sodium silicate No. 3 was weighed into

30 a polyethylene container, and into which were introduced
30 g of the sample A-1 or A-4 and, as Comparative
Examples, boric acid, zinc flower and zinc phosphate each
in 30 g. The mixture was lightly stirred, and the times
were measured until the mixture was dispersed in the

35 sodium silicate and the mixture was cured. The results



wat er -t o whi ch has been added 1.25 g of zinc borate (2znerr]3B[err]Jerr]
3.5Herr]O as a seed in advance. To the aqueous solution were added 95.7 ¢
of a zinc flower (ZnO content of 99.4% and 217.5 g of boric acid (B203
content of 5 56.3%, and were stirred and m xed together such that the

nmol ar ratio of Blerr](Jerr]/ZnO was 2.0. Next, the solution was stirred and
reacted at 65[err]C for 80 m nutes. The sol utlon was further stirred and
reacted at 90[err]C for 4 hours. The obtai ned product was filtered, washed
with water and was, 10 then, dried at 105?%rr]c to obtain a zinc borate
(sanple A-6). Table 3 shows the chem cal conposition and properties of the
t hus obtai ned zete Ber ahowhsanprabre6§, Fig. 12 shows an X-ray diffraction

i mge thereof, .and #&h;%p h 15
(Exanmpl e 7) An aqueghg s%égé?gﬁgﬁgérﬁﬁai%%‘yﬁl sso Vi %?ers %5%9;[ bori c
aci d (B203 contéet mdxtgse3wps| aurede fhﬂl dras e g ésa doQus:

sol ution were added 95. &g qajl +d¥Ed f‘} kee14nO content of 99.4% and
217.5 g of boric 20 ackg (eg cont 010156 3%, and were stirred and

m xed t oget Fer such that’th %.L B203/ZnO was 2. 0. Next, the
solution was stirred and(:eam@nuxatdm{emsqctqamsm;gotﬂaenuu@@urem@ B8l ution
was further stirred and reackegaghtdd|etr¢dagwlatedours. The obt ai ned
product was filtered, 25 washed with water and was, then, dried at
105[err]C to obtain a zinc borate (sanple A-7). Table 3 shows the chem cal
conposition and properties of the thus obtained zinc borate (sanmple A7),
Fig. 14 shaws an X-ray diffraction inage thereof, and Fig. 15 shows an

el ectron 30 m crophot ograph t hereof. (Exanple 8) An aqueous sol ution was
prepared by dissolving 72.5 g of boric acid (B203 content of 56.3% in 1000
m of pure

15

20

25

30

35



wat er - To the aqueous solution were added 95.7 g of a 35 zinc flower (ZnO
content of. 99.4% and 217.5 g of boric 31 acid (B203 content of 56.3%,
and were stirred and m xed together such that the nolar ratio of B203/2ZnO
was 2.0. Next, the solution was stirred an eacted at 60[err]C for 90

m nutes. The solution was further stirred reacted at 5 110[err]C for 4
hours. The obtaingd pgoduct was filteged, washgd V\:klth wat er and mas, then,
dried at 105[er tOlobUal nta zinhc bﬁrate (safp | e A 8) bI‘é 3%shows the
cheni cal corrpos t#on And properties ob thesthus Obﬁhl ned zwnc" bdt at e
(sample A-8), Fig., 16 shows an X-ray diffraction 10 i mage thereof, and Fig.
17 shows an el egtion i crophot ogr aph &her eof . vQCOrrﬂarattpve E>§z';1rrr¥lfe 1) An
aqueous solutio s lprepar ed by di ssel vi 725 g 2of b@rhﬁ aci &4 (B203
content of 56.3@ lin 1000 Ml of pure T5 waler."To the aquedus sol ution were
added 95.7 g of ajzi nc fl ower (ZnO content of 99.4 and 217.5 geof boric
acid (B203 cont 15693% o andovvere sti¥red:andshi xed troget hét such that
the nmolar ratio® BZB 7n0 was 220. Rext inthedsol @ion was stirfed and
reacted at 35[err],C for 120 20 minutes. The soluflon was further stirred
and reacted at \% foft 4 hours. The obtained product was f||t$réﬁi washed

with water and d, t:hen;: drieed a® 105[err]C to obtain @ zmnq_,bQ{;ate
(sanple H1). Tablle 3 shows the chem cal conposition and properties of the
t hus obtained zipc 25 borate (sanple H 1), Fig. 18 shows an X-ray
diffraction i mage theweof, and Fig. 19 shows an el &:tron mcr‘;,tppr@tograph
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bor at e (sanple H 1) was the one of the 2[err]3 type, but was in the form of

m xed crystals of a heptahydrate 30 (2ZnO 3B[err]2Jerr
5+type zinc borate (3ZnO 5B[err]derr] 14H err] O, exhi
unreacted zinc oxide. The 2[err]3 type zinc borate was
pure form (Conparative Exanple 2) 35 An aqueous
prepared by dissolving 72.5 g
in 1000 mM of pure water. 19 tne aquogz squLion vey e
zinc flower (ZnO conteat ofg99g4% and.21745 & of badi d
of 56.3%, and were stgrred"ana‘mxé‘d gt offet Rer sucH t
of B203/ZnO was 2.0. Next, the solution was stirred ang
for 90 minutes. The sqlution was further stirred and re
for 4 hours. The obtaised ggodoct was ol tered, wastred
then, dried at 105[errgC teaobffain 10 & zinc borate (4
shows the chem cal conposition and properties of the th
borate (sanple H2), Fig. 20 shows an X-ray diffraction
Fig. 21 shows an 2l ect'?lon rg crgphot Qgar agph thereof. 15
Exanpl es 3 and 4)3Liké1in %%an%le lengglé%S shows éﬁer
and physi cal propertieg of Two kinds of zinc borates, i
avai | abl e zi nc bofat e (sanpl e H 3) manufactured by cony
commercially 20 -gvailgpble zinc borate (sanmple H 4) marn
B, Fig. 22 (H3) gnd Filjg. & (g 4) Show X-hay diffraeti
fa — (=] )

]-7H err]O and a 3
biting a peak due to
not obtained in a
sol ution was

32 of bor3t acid (B203 content of 56.3%

added 95.7 g of a
acid (B203 content
hat the nmolar ratio
reacted at 60[err]C
acted at 150[err]C
vwgh wat er and was,
anple H2). Table 3
us obtained zinc
i mge t hereof,
(CY¥npar ati ve
1 cdl conpositions
.e., a comercially
any A and a
ufgctured by conpany
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i mges thereof, and Fig. 23 (H 3) shows an el ectron nicrophotograph
thereof. The evaluated results of the products of the 25 invention wll
now be described in detail. The testing nmethods were as described bel ow.
(1) Volune resistivity testing (V.R). The followi ng blend 1 was kneaded in
a 3.5-inch roll mll at 160[err]C for 7 mpptes, and was pressed at
170[err]C 30 wunder 150 kg/cnR to prepare a sheet having a thickness of 1
nm The sheet was neasured for its volune resistivity (ohns-cn) in -
conpliance with the method stdjpuhabed under JI'S K6723-6.8. 35 u'?' neh 1:

33 Vinyl chloride resin (P :'3|3 )"3 100 parts DI NP (diisofomyle

pht hal at e) 50 partsﬁTrl b3sic | ead sul fate 3.0
parts Lead stearate : - o o 0.5 parts 5 Sqnpth e
5to 15 parts (2) Limiting ox3ge¥ findex (LO). The followi g bl efd @ was

kneaded in a 3.5-inch roll nmi8l Ht®160[err]C for 7 minutes® and as pressed
at 170C under. 150 kg/cnR to peepar e a sheet having a thickness of 2 1 nmm
The sheet was neasured for it I5nting oxygen -index (M value 4§ @ n
conpliance with the nethod stfpufaf®ed under JI'S K7201B9y using 4 candl e
conbustion tester manufactur bg %oyo Sei ki Mg. Coin to eval uat ¢ the
flanme- 15 retarding property. G : ©
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Blend.2: Vinyl chloride resin (P = 1300)
(dii sononyl phthal ate)

3.0 parts 20 Lead stearate 0.5 parts
Antinmony trioxide Oto 199parts Zinc stannate
0 to 10 parts Sanple 1 to 15 parts Applied
exanpl es of the invention will now be 25 described. (Exanples 9 to 17)
Tabl e 4 bel ow shows the results the volune resistivity testngcbf t he
sanple A-1 alone, and of the limging oxygen index teS8t{ng of “wherlit he
sample A-1 and 30 the antinony #rioxide or the zinc st@nnate arje used in
conbi nation. (Exanples 18 to 32) In the blends 3 and 4 ¢lescri bed bel ow,
sanple A- 1, commercially avail afl e magnesi um hydroxi dej 35 hydrlot¥al cite,
pol yhydric al cohol, cal ci um hydr gki de, 34 calcidmsili€ate, dpRy
conpound and fatty acid salt wer&introduced into a 7-1{]ter nmagrletic pot
mll at ratios shown in Table 5 together with 2.5 liter$ of magrietic balls
of dianeters of from10 to 20 myg]and were ground 5 and|m xed fdqr ¥ hours,
and were then pulverized by an atpm zer to obtai B about {300 g*ff €sanpl e.
Table 5 shows tshe results of theMiniting oxygen index gesting.
(Conparative Eganples 33 to 43) Test pieces were prepare¢d at bl gnding
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10" Tabl & 6 under the conditions described above. The results are those of
the limting oxygen index testing of when antinony trioxide and zinc
st-annate are used in conbination. (Conparative Exanples 5 to 14) 15

Tabl e 7 bel ow shows the results of the volune resistivity testing of the
conparative sanple H 3, and of the limting oxygen index testing of when
the conparative sanples H1, H3, H4 and 4the antinony trioxide or the zinc
stannate are used in conbination. 20 (Exanples 44 to 50 and Conparative
Exanpl e 15) 100 Parts by wei ght of a crosslinked polyethylene ( NUC- 9025)
was bl ended with sangl sh gun |n Tgﬁle 8, anqit biends VET kneaded at
105[err]C for 5 m nut#¢s to gregare eefls. dThe obek ai ed shegt$ were tested
for their volunme 25 rgsistlgltlpés arfy I‘i’*mﬁné"ox?’gen i ndex®s| The results
were as shown in Table 9. For conparison, there are also sh¢wn the
results of a blank bl egded with none of them (Exanples 51 an Qg and

Conparative Exanples i t o QS)C&OO ggana of a SOQ%UH]SI|IC%L€ + 3 was
wei ghed into 30 a poI hylene “tont & ned, and intd which werel|i roduced 30
g of the sanmple A-1 Mh-4 and, as Cbnparatlve Exanpl es, bori¢ acid, zinc
fl ower and Z|nc,phosph e each |n 30 g. The mxture was lightlly stirred,
and the tines redgun@@ | the mMxture pwas dlspersqulm the 35
sodlunlslllcate;pnd & nlxﬂure mas cured. Thetresults 35 \Jeree as shown
in Table 8. The:dls on property was observed by eyes untilf the m xture
was cured, and as eva ated to be as foll ows: 1
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[efr] - Dispersed very well. 5 [err]: Dispersed well. X Poorly
di spersed causing the mxture to be separated or coagulated. 10 15 20 25 30

35 36 N [err] 37 [err] 3 NNNNO
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39:  _[err] 40 [err] 41 [err] 42 [err] I 10P0IIT2 212 2 1030 11 1t
43 Cains: 1. A zinc borate having a chem cal conposition represented by
the following fornmula (1), 5

2Zn err]nB[err]O[err][err] XHerr] O --- (1) wherein mis a nunber of
from2.8 to 3.2, and x is a nunber of not |arger than 4, and having a
crystallite size of not smaller than 40 nftés found fromdiffraction peaks
of indexes of planes of 10 (020), (101) and (200) in the X-ray diffraction
(Cu-k[err]) and containing sodi um congonents in anounts of not |arger than
100 ppm as neasured by the atomc absgr ptiometric
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method." 2. A zinc borate according to claim1l, wherein the 15 individual
particles are |ndependent rhonmbi ¢ hexahedrons, the |ength of a side of each

particle lying in a range of from0.3 to 7.0 [err]n1as measured by a

scanni ng-type el ectron m crophotograph. 3. A zinc borate Hmml,mmm,ﬂ”"m
1 or 2, wherein 20 a product of crystallite sizes as foun ,
diffraction peaks of indexes of planes (020), (101) and (2 0) issndt S *
smal | er than 200,000 nnB8. 4. A zinc borate according to any one of clains 1
to 3, wherein a vol une-based nedi an di anet®t as found by a 25 | aser
diffraction nethod is in a range of from1.0 to 6.0 [err]m 5. A nethod of

preparing a zi gtalhmsate by formng fine crystals of a zinc borate by
‘reacting a zinc flower and a boric acid at a substantially stoichionetric

ratio 30 at a relatively lpwte erature effectin he a in as _required
and, then, maintaining ghél?%ék KRN & é&%ﬂﬁ%@ﬁi?@@§°ﬁ' fPenper at ure

to grow the cryepaesented/by| tine- fmikuwhnq)ﬁqpmulaodla,flane-retardlng

assi st ant cgnpr|5|ng a zinc begad gu9fo.28i.@ne of_cl s 1 3to 4. . 44 7.
A snoke- suppressi ng agent conpr|3|n§ a zI fic borate o any one qf clains 1

to 4. 8. An anti bacWB?FSFna’ﬁeh? %O‘H'E?l?%‘r’rfbfaf‘%“h@ Bort & QW SndSof
claims 1 to 4. 5 numb8r oA mat elaxgeassthamn idyg agent conprising a zinc

borate of any ang Qbv¢hg! HScdyifaltiite size of not smaller than 40 nm as
' found from diffraction peaks of indexes of planes of

10 (020), (101) and (200) in the X-ray diffraction (Cu-ka)
and containing sodium components in amounts of not larger
than 100 ppm as measured by the atomic absorptiometric
method.

2. A zinc borate according to claim 1, wherein the

15 individual particles are independent rhombic hexahedrons,
the length of a side of each particle lying in a range of
from 0.3 to 7.0 uym as measured by a scanning-type electron
microphotograph. '

3. A zinc borate according to claim 1 or 2, wherein

20 a product of crystallite sizes as found from the
diffraction peaks of indexes of planes (020), (101) and
(200) is not smaller than 200,000 nm3.

4, A zinc borate according to any one of claims 1 to

3, wherein a volume-based median diameter as found by a
25 laser diffraction method is in a range of from 1.0 to 6.0
ym.

5. A method of preparing a zinc borate by forming
fine crystals of a zinc borate by reacting a zinc flower
and a boric acid at a substantially stoichiometric ratio

30 at a relatively low temperature, effecting the aging as
required and, then, maintaining the reaction system at a
relatively high temperature to grow the crystals.

6. A flame—retarding agent or a flame-retarding
assistant comprising a zinc borate of any one of claims 1

35 +to 4.



10: A_resin conposition containing a thernoplastic resin and/or a
thernosetting resin as well as a zinc borate havi ng-a-eheni.cal__conposition
represented by the 10 followi ng formula (1)

2znderr]nBlerr]Qerr][err]XH err] O SoL () whertﬂmmy lL uof |
from2.8 to 3.2, and x is a nunber of not larger tha e

crystallite size of not smaller than 40 nmas 15 found from di fffaction
peaks of indexes of planes of (020), (101),and (200) in the X-ray
diffraction (Cu-k[err]) and containing sodt €h1conponents i n amounts of not
| arger than 100 ppm as neasured by the atom c absorptionetric nethod. 20
11. A resin conpositi oA smekedsuppressing mgeht wompaiisinge azezaocborate i s

contained in agoggggngfogn§rgﬂ@Jofcbﬂgghgmqtgaby wei ght per 100 parts by.
weight of the reSIHB 25An antlbacterlal agent comprising a zinc borate
of any one of claims 1 to 4.
5 9. A water glass-curing agent comprising a zinc
borate of any one of claims 1 to 4.

10. A resin composition containing a thermoplastic:
resin and/or a thermosetting resin as well as a zinc
borate having a chemical composition represented by the

10 following formula (1),
2Zn0-mB,03°XH,0 -—= (1)

wherein m is a number of from 2.8 to 3.2, and x is a

number of not larger than 4,
and having a crystallite size of not smaller than 40 nm as

15 found from diffraction peaks of indexes of planes of
(020), (101) and (200) in the X-ray diffraction (Cu-ka&)
and containing sodium components in amounts of not larger
than 100 ppm as measured by the atomic absorptiometric
method. '

20 11. A resin composition according to claim 10,
wherein the zinc borate is contained in an amount of from
1 to 150 parts by weight per 100 parts by weight of the
resin.

25
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Abstract

A zinc borate having a particular crystallite size
and containing very little sodium components and a method
of preparing the same. The zinc borate has a particular
chemical composition, has a crystallite size of not
smaller than 40 nm as found from diffraction peaks of
indexes of planes of (020), (101) and (200) in the X-ray
diffraction image (Cu~ka@) and contains sodium components
in amounts of not larger than 100 ppm as measured by the
atomic absorptiometric method.



