1 DESCRIPTION COMPOSITE FLAME RETARDANT, RESIN COMPOSITION AND MOLDED
ARTICLE 5 TECHNICAL FIELD The present invention relates to use of magnesium hydroxide
particles having a plate-like crystal form and an aspect ratio within a specific range as a flame
retardant. 10 BACKGROUND ART Magnesium hydroxide particles are used as a flame retardant
to be mixed with a resin. The magnesium hydroxide particles can be produced by using bittern, sea
water or 15 dolomite as a magnesium source and.lime of gaystic soda as an alkali source. It is known
that it is produced through the hydration reaction of magnesium. oxide. It is also known that it is
produced by reacting a magnesium salt with ammonia to crystallize magnesium hydroxide. 20In the

production process.pfsRagresiymydeexide pasticlesz itds known thatimagresium hysiroxide fine
particles are produced by adding at least one compound selected'from the group consisting of an

organic acid, boric acid, silicic acid and water-solabié Salt§ thereof all of 25 which are not directly
involved insthe production of magnesium hydroxide particles at the time of hydrothermal processing
(patent docqurE &)m dn f% r to obtain a satisfactory flame retarding effect by containing

: ; 1CAT f%D 1asa ! . . !
conventional magnesium hydroxide 30 particles in a resin, the magnesium hydroxide particles must be
used in an amount of af'least 166 pafts by weeightcased et 60 parts by weigh o e fesin.

Although plate-like, magnesiyng hydroxide particles haying.a large particle diameternand @ high aspect

ratio 2 (patent document 2) exhibits a satisfactory flame retarding effect even when it is used in an
amount of 160 P&RS 6F 653 yPwiight it hds SPsroblert thAftHE rhidchanicalrerigth bf a molded

product thereof deteriorates, thereby greatly impairing the characteristic properties of the resin. Patent
Document P-4, 200¥ 8582 A
Magnesium hydroxide particles are used as a flane
retardant to be mixed with a resin. The magnesium hydroxlde
particles can be produced by using bittern, sea water or

15 dolomite as a magnesium source and lime or caustic soda as
an alkali scurce. It is known that it is produced through
the hydration reaction of magnesium oxide. It is also known
that it is produced by reacting a magnesium salt with ammonia
to crystallize magnesium hydroxide.

20 In the production process of magnesium hydroxide
particles, it is known that magnesium hydroxide fine
particles are produced by adding at least one compound
selected from the group consisting of an organic acid, boric
acid, silicic acid and water-soluble salts thereof all of

2%  which are not directly involved in the production of
magnesium hydroxide particles at the time of hydrothermal
processing (patent document 1).

In order to obtain a satisfactory flame retarding
effect by containing conventional magnesium hydroxide

30 particles in a resin, the magnesium hydroxide particles must
be used in an amount of at least 160 parts by weight based
on 100 parts by weigh of the resin.

Although plate-like magnesium hydroxide particles

having a large particle diameter and a high aspect ratio



Patent Document 2W02012/050222 DISCLOSURE OF THE INVENTION 10lt is an object of the
present invention to provide a composite flame retardant which exhibits excellent flame retardancy, is
excellent in dispersibility in a resin and can suppress the deterioration of the mechanical strength of a
resin. It is another object of the present invention 15 topprovide a resin composition which comprises
this composite flame retardant. The inventors of the present invention found that when
magnesium hydroxide (paricles, (B) which.fas been ysed:as:a llame retardant is mixed with
magnesium hydr%mde particles 20(A) having a high aspect ratio in a certain ratio, a satisfactory flame
retarding effectds" 6btained eteritviith Blrel&tivély Jow ottt CrRE prdserftinvéntich Was &&omplished
based on this fipdinge ; ght, Mhatis thepreseatinvertion isaconmpositeflame 25rgtardant which
comprises (i) 100 parts by weight of magnesium %eroxigeIpagticles (%) having an average thickness
of 10 to 100 nnt* aﬁ%@?&éeomﬁco? 294 B St mbre-&rd 3h aaY/%rSdgeLaséapreeg%f/gt%rgfafOL 0 120 and
30(ii) 100 te 90Q pats byweightof-magnesiamihydioxide patticies (B)Having:am avérage width of 1
pm or less and an average aspect ratio of less than,20. _Further, the present invention is a resin
composition cor%apﬁgi%% %g C|EL)“§nr§Eg1 éy Weight of 5? Eyr]?tr?ze?ig?egg g%%@so to 200 parts by weight of the
above compositesflame rétardamrBRIEF DESCRIPTIGKOF HE DRAWINGS Fig. 1 is a diagram
showing how to obtain the aspect 5ratio; Fig. 2 shows the results of an oxygen index test (LOI) in
Comparative Example 2 and Examples 5 and 6; and Fig. 3 shows an SEM photo (5,000
magnifications)%?%gﬁﬂ%%gﬁjﬂgﬁle retarGENEE 1 Obtained in Example 1.

10 It is an cbiject of the present invention to provide
a composite flame retardant which exhibits excellent flame
retardancy, is excellent in dispersibility in a resin and
can suppress the deterioration of the mechanical strength

of a resin. It is another object of the present invention

[
o

to provide a resin compositicon which comprises this composite
flame retardant.

The inventors of the present invention found that when
magnesium hydroxide {(particles (B)) which has been used as
a flame retardant ismixed with magnesiumhydroxide particles
20 (A) having a high aspect ratio in a certain ratio, a

satisfactory flame retarding effect is obtained even with
a relatively low content. The present invention was
accomplished based on this finding.
That is, the present invention is a composite flame
25 retardant which comprises
(i) 100 parts by weight of magnesium hydroxide particles (A)
having an average thickness of 10 to 100 nm, an average width
of 2.4 pm or more and an average aspect ratio of 20 to 120
and
30 (ii) 100 to 900 parts by weight of magnesium hydroxide
particles (B) having an average width of 1 pm or less and
an average aspect ratio of less than 20.
Further, the present invention is a resin composition

comprising 100 parts by weight of a synthetic resin and 50



10 BEST MODE FOR CARRYING OUT THE INVENTION <magnesium hydroxide particles (A)>
-The average thickness (Y) of the magnesium hydroxide particles (A) is 10 to 100 nm, preferably 10 to
50 nm, more 15 preferably 10 to 30 nm. The average thickness is an arithmetic average value
obtained by measuring the thicknesses of 10 particles-with a nano-search microscope. The
average width (X) of the magnesium hydroxide particles (A) is 2.4 pm or more, preferably 3 pm or

more, 20 more preferably. 3.5 A, or.mars - The upREr limit is. preferably A0.pm., more, preferably 5 pm.

The average width Is actually méasured from an image obtained by an electron beam microscope. As
the average width becomes larger, when the magnesium hydroxide particles are used as an additive

for 25 a synthetig resin, the tetalbareaoftheir contact surfages with the synthetic resin decreases,
mechanical strength deteriorates and unintended luster a (;Pegrs, there@tchanwn%the agggarance,

though heat stability improves: > 2 The véraga Bepetiratio df the Hiaghesiim hydrbx

30particles (A) is=2Q to; 120, preferably 40 to 120, more preferably 50 to 120. The aspect ratio
(X/Y) is a value calculated fro ghhe%g) tu&lllg easured values QL;K}% average, width (X) @rgpﬂhe
) e BE ace ar 1agn /

average thickness (Y). 4 Ih specific surface area of the'magnesium hydroxide particles (A)
is preferably 1 tor90-mRig, Tdrevsreferablyl 2 o256 RfR/§4AUEHR Bifore prefér&bly B0 30 m2/g.

Preferably, the magnesism hydraxide, patticles-A)have @ disk-ike crystalferm andansaverage width
of 2.4 to 10 The magnesium hydroxide particles (A) can be obtained by making at least one

compound seleSfFroTh the GG cORSiSE S mondvaleitcarboxylid acidd &nd water-soluble 10

salts theregf existent in a specific ratio in a reaction step or a hydrothermal processing step in a

process known &ﬁ%ggejog &ingA ggrﬁ?u hydro, jd%@@gmgom magnesium chloride or
magnesium oxide as a raw material. Examples (b to'(%) of the process for producing magnesium
hydroxide 15 patticles<A) are jiven belole. (praduction prodess (1)) The production process (1) is

characterized in that, in,a progess ggrepgqu@mge@ggmgs},imhyﬁ@)ﬁ@@g@@i{:{@ﬁ by, reactinge

magnesium chloride with an alkali substance in an 20 aqueous medium, at least one compound (to be
referred to as "&dditve ¢Gmpohindt hetéinafter) del8BtedTrém Hé Group LonSisting BF mBH&valent
carboxylig acids and waterrsolubletsaltsdhereof i added inary amduht f.26 $0 260 am0l% based on

magnegun]chQ?%hmetic average value obtained by measuring the
thicknesses of 10 particles with a nano-search microscope.
The average width (X) of the magnesium hydroxide
particles (A) is 2.4 wm or more, preferably 3 pm or more,
20 morepreferably 3.5 umormore. The upper limit is preferably
10 pum, more preferably 5 um. The average width is actually
measured from an image obtained by an electron beam
microscope. As the average width becomes larger, when the
magnesium hydroxide particles are used as an additive for
25 a synthetic resin, the total area of their contact surfaces
with the synthetic resin decreases, mechanical strength
deteriorates and unintended luster appears, thereby changing
the appearance, though heat stability improves.
The average aspect ratio of the magnesium hydroxide
30 particles (A) is 20 to 120, preferably 40 to 120, more
preferably 50 to 120.
The aspect ratio (¥X/Y) is a value calculated from the
actually measured values of the average width (¥X) and the

average thickness {(Y).



25The feature of the production process () is that a predetermined amount of the additive compound
s existent in the reaction system in the production of magnesium hydroxide particles known per se
through a reaction between magnesium chloride and an alkali substance in an agueous 30 medium.
Preferred examples of the alkali substance include ammonia, alkali metal hydroxides (typical examples
thereof are potassium hydroxide and sodium hydroxide) and calcium hydroxide. The alkali substance

is used in an amoun_t ofT(%.g téﬂ’lp equ (\:/al né, %rle}‘%rgglg 036r é% Ogife_ Lﬁ\éalsg_%p%sseiqlé onl equivalent
of magnesium chloride. xamples of the additive compound which is exi tentin the reaction
system are mohovatenticitb@ey/lic aeidssandwaier-solistle salts- thetesfowhiehimaghe BSEE in

combination 5 of twe ar more. The monqyajent carbexylic.acids inelude acetis agjdzpropipgic acid and
butyric acid. The water-soluble salts of these monovalent carboxylic acids include alkali metal salts,

alkali earth metal salts, ARfrhBARI EaltsdhdvFgaic AfnineSans 16The ddditive compbarn is used in
an amountsof 19 tg 200-mel¥e, preferably 5:ton100.mel% basaechor magnesium chlaride: By changing
the amount of this additive compound within this range, the aspect ratio (H) of the obtained
magnesium hydrdxide particles can be arbitrarily controlled. 15 In order to obtain particles having a
desired aspect ratio (H)] mainkycthe type andlamasdntcoithe mdditive dérmpound-canibeadetérnined

through preliminayy, simple experiments. Roughly speaking..a higher aspectrati (H), tends to be

obtained as the content (concentration) of the additive 20 compound is higher. The preferred range of
the amount of the aBHRIVE RBrABoTAR Efere HeOrdiRG 1Y tHe tyise 6E e addftivE ‘Corspdting: When the

additive compoynd is;acetic-aeid era salt:thefeof, theamount ettheadditive campound:is greferably
10 to 200 mol%, particularly preferably 50 to 100.25 mo12% based on masgsn%sium chloride. When the

additive compotndds propionic Hcld bityAic a8 st Watdt-Siublé §&it thereof, the amount of the
additive compound i preferably;3040:89=molfsibased-ondmagnesiim. elslofiderThe geactiontbetween

magnesium chigrde, ang ne alkall substace o 0 30 anueous medium fprefetably weterys carried

out generally at 010 60 , preferably 10 to 50C, under agitation. Uniform particles having a narrow
particle size distributioh'cantbetbistaiiet By furfifef hydrotherRislly e eassing tHey SBtarhede

magnesium hydroxide pasticles,;The-6 hydrethesmabprocessing is carried out at 100 to 250C,
preferably at 120 to 200C, for 20 minutes to I4)8)hours, preferably 2 to 12 hours in an aqueous medium.

5(production proB&SEHg-Lon process

The production process (I} is characterized in that,
in a process for producing magnesium hydroxide particles by
reacting magnesium chloride with an alkall substance in an

20 agueous medium, at least one compound {to be referred to as
“additive compound” hereinafter) selected from the group
consisting of monovalent carboxylic acids and water-soluble
salts thereof is added in an amount of 10 to 200 mol% based
on magnegium chloride.

25 ‘ The feature of the production process (I) is that a
predetermined amount of the additive compound is existent
in the reaction system in the production of magnesium
hydroxide particles known per se through a reaction between
magnesium chloride and an alkali substance in an aqueocus

30 medium. Preferred examples of the alkali substance include
ammonia, alkall metal hydroxides (typical examples thereof
are potassium hydroxide and sodium hydroxide) and calcium
hydroxide. The alkali substance is used in an amount of 0.3

to 1.0 eguivalent, preferably 0.6 to 0.8 equivalent based



This production process is characterized in that, in a process for producing magnesium hydroxide
.particles by reacting magnesium chloride with an alkali substance in an aqueous medium and
hydrothermally processing the obtained 10 slurry of magnesium hydroxide particles, the hydrothermal
processing is carried out by adding at least one compaund selected from the group consisting of
monovalent carboxylic acids and water-soluble salts thereof in an amount of 10 to 200 mol% based on

magnesium hydroxide, 15in this produgtion pracess (I1). the,addifive compound is not existent in the

reaction step of the proguctlon process (1) but is existent in the hydrothermal processing step.
Therefore, the productidi process (B sibstantally différsHForR the produetibn proessshent

Consequently, the reaction 20:hetweepsmagnesiimeshlotide and the atkatisubstarcesia thesproduction
process (Il) is the same as that in the production process (1) includinrg the t% e and amount of the alkali

substance and ¥édction tohditions? Thetypeditfe ddtifive Eormpound fithe Rydiothermal processing
is the same as albove;25:anchthe=amotint ofithecadditive: campeund isisubstantiallytkid sdme as above

except that the g%r&%dcmggggsium rc%d.r%igg ig g§gd as h%gg§i§igprggﬁgi.on pracess (l11)) 30This
production process is characterized in t at, in a process for producing magnesium hydroxide particles

by carrying out tts- hydrationréaction 'of magnesianoxide invan agliesiistmeditht, the hydfation

reaction is carried out by adding at least-one.compound selectedfram the graup: 71gansisting of
monovalent carboxylic acids and water-soluble salts thereof in an amount of 10 to 200 mol% based on

magnesium oxi@8"PRd fatGre dfthid toda8idh protass IIY i thit a predetermined amount of the
additive compound is existent 5qn the reactiopsystem in thesprocess forproduding Mmaghesium
hydroxide particles known per se by th dration reaction of magnesium oxide in an agieous
medium. This h%/%?}at%%\ﬁ;éact?orneijg%%%%ei}l/lyg?arﬁgd %{?}tﬁ ato f%o° %8§%§re?§ra‘b%yéatuzolto 80C, for 20
minutes to 5 houts, grefécably 30 minutes 10to Mehats  nAdef agitator dd i t Tife agd@iive €émpound

to be added to {hereagtion system js selecfed from.the same compounds which.have; been explained
for the production process (Ig The amount of the additive compound is 10 to 200 mol%,_preferably 50

to 100 mol% baea S énFhayRESmBkiter MaghesiGithygroxiae paftictes (A "aré Bbiaifed by the

above hydration reagtion: Exeelient Amiform-particles having-a; narrovsparticlexsize distribution can be
obtained by further hydrothermally processing, the obtaine nesium hydroxide particles. This
hydrothermal 20 pracB8sity i d éﬁr&lgly%éarﬁgeidaéﬂuqlé?%o%g t(r)P ggoé:?Cgl%etfér¥aebl§%%8t3r§%§€,r]for 20
minutes to 48 hoours]preferabiy2 ta 12<houirs H(pedduction proceissr(h)) 25Thisiprodbietion process is
characterized "}&b@éﬂ@ 2 Rrocess for producing magnesium hﬂn%'&sieé@artie@&py carrying out the
hydration reaction of magnesium oxide in an aqueous medium and hydrothermally processing the
obtained slurry eb#agnesiuffhydroxiderpaititles ARBHydFtA& Al %O%ro@é?siﬁ@%*&ér‘fféd out by

adding atdeast epe.compound selegted-from the gresp-consisting of manovalent sathaxylie acids and
water-soluble salts thereof in an amount of 10 t0.200 mol% based on mag%%si%ryp@cggxi&eé In this

production proced§ (VA the adtlitNa esmpoury - T84S @ccording to

additive compound. When the additive compound is aceticacid
or a salt thereof, the amount of the additive compound is
preferably 10 to 200 mol%, particularly preferably 50 to 100
75 mol$ based onmagnesiumchloride. When the additive compound
is propionic acid, butyric acid or a water-socluble salt
thereof, the amount of the additive compound is preferably
30 to 80 mol% based on magnesium chloride. The reaction
between magnesium chloride and the alkali substance in an
30  aqueous medium (preferably water) is carried out generally
at 0 to 60°C, preferably 10 to 50°C, under agitation.
Uniform particles having a narrow particle size
distribution can be obtained by further hydrothermally

processing the obtained magnesium hydroxide particles. The



8 is not existent in the hydration reaction of the production process (lIl) but is existent in the

- hydrothermal processing step. Therefore, the production process (IV) substantially differs from the
production process (lll). Consequently, 5 the conditions of the hydration reaction in this production
process (IV) are substantially the same as those explained for the production process (lIl). The type of
the additive compound in the hydrothermal processing is the same as that explained for the production

process (1). The 33 ynt of the 10 additive fﬁﬁ:%u®é§§i@éuﬂ§@%@llx the samesas'that explained
u

for the above production process (lll) except that the formed magnesium hydroxide is used as the
basis. By employing§ anyong of the'aboveproditiction procedSed I tH-{V), Madiesiom Hydroxide
particles (A) cap.herls ghtajned..Qutiof these-processes the praduction pracesses (I) and (l1l) are
preferred, and particles which are uniform in particle size and aspect ratio and have high quality can
be obtained by further carrying out hydrothermal processing after the reaction in these processes. The
obtained 20 magnhesituim hydroxide>particles [A) can be powdered by such means as filtration,

dehydration, crying andgunding smignssium byduaide paricles ()2 Jo e samposite fame

retardant of the present e magnesium hydroxide particles (B) which are used to be
mixed with the magresitms hjeroxidecpaitiéles (AY are AdtparieGiany fiftfteBifthe§ Have'dh aspect

ratio of less thap.20.and arg conventionally, knewneas:a flame retardant. Stated more specifically,
preferably, the 30 magnesium hydroxide articles%%B hq‘ve an average as e%trlré—,ltigbqgaln.tzgel , an
average width Gt r 16sS preférably @ 7'1im st T ea

it T, ERTeN
& and 87BET specific surface area of 1 to 150
m2/g. The @spect ratio; averagewidth andBET spedificrd surfade: area-oftheynaghesiumeaiydroxide

particles (B) are measured by the same methods as those fqr the magnesjum,hydroxide padicles (A).
The content of %%Or%%aﬁé‘&%mlﬁycfr%;(igjéep?arﬁgc es(B)5is 108t to 900 parts by weight,gpreferably 200

to 700 parts by wsiglt, srbrerpreferably 20010400 parts BY Weight BaSed 6 100 pare by weight of
the'nagnegun%@%ggxg%%p%®8@§(é%luble salts thereof in an amount of 10 to

200 mol% based on magnesium hydroxide.

15 Tn this production process (II}, the additive compound
is not existent in the reaction step of the production process
(1} but is existent in the hydrothermal processing step.
Therefore, the productionprocess (I1) substantiallydiffers
from the production process (I). Consequently, the reaction

20 between magnesium chloride and the alkali substance in the
production process (IL) is the same as that in the production
process (I] including the type and amount of the alkali
substance and reaction conditions. The type of the additive
compound in the hydrothermal processing is the same as above,

2%  and the amount of the additive compound is substantially the
same as above except that the formed magnesium hydroxide is

usad as the basis.

(production process (I11))
30 This production process is characterized in that, in

a process for producing magnesium hydroxide particles by

an agqueous medium, the hydration reaction is carried out by

adding at least one compound selected from the group



10 <resin composition> The composite flame retardant of the present invention can be mixed with
.a synthetic resin which is to contain magnesium hydroxide particles as a flame retardant. The content
of the composite flame retardant is 50 to 200 parts 15 by weight, preferably 60 to 190 parts by weight
based on 100 parts by weight of the synthetic resin. - Examples of the synthetic resin include
thermoplastic resins such as C2-C3 olefin (a-olefin) polymers and copolymers including polyethylene,

polypropylene, 20 ethylene/propylene copolymer, polybutene and poly4-methylpentene:1, qlefin-diene
copolymers, etﬁﬁ@ﬁel-%%y?ﬁeogo%a&%ve#;(%Irgs%yarg%éx&éé.Cfe%%l,%\%Agrﬁgsin, AS resin, MBS resin,
ethylene/vinyl chidride copolyoer resin, zathylehexviny} acetale copolyrrer Fesii 25 ethyfer&lvinyl

chloride-vinyl acetate graft polymet resin, vinylidene chiaride; polyyinyl ehloride; chiarinated:
polyethylene, chlorinated polypropylene, vinyl chloride-propylene copolymer, vinyl acetate resin,
phenoxy resin, paiyzedtdlepslyamite TFoimiaé, oRcrEdnatd 236 PBRfulione “pbiyphefiiiene oxide,
polyphenylene sulfide, palyethylene; terephthalate,-pplybutytene terephihialatenand-methacrylic resin.

Out of these thermoplastic resins, polyolefins and copolymers thereof are preferred plified by
10 polypropyleneZBaséd résikig §E&I§rlg§?)o!f NSt ‘QEJ‘O“ fé%%ﬁ%fgm

fpc?gﬁyl%%g homoﬁ/olymer nd et ylene-propylene
copolymer, polyethylene-hased resinsisuch ashighrdensity polyethylene] fovg-dersifty polyethylene,

linear low-density pol Eth lene, 5 wltralo Ity 4 hylene, £VA (ethylene yvinykacetate, resin),
EEA (ethylene %%Fgcrggté%e%%ﬁé%A%gﬁggép%gﬁilyaﬁlate copolymer rgsin), FAA ((:ythylene

acrylic acid copalymeriresif) &nd it ahigh Foleesldrweight olydtfyicRe hd/ G2 &6 BT
(a-ethylene) polymers and.copolymers sugh190-as,p0lybutene and poly4-methylpentene-1.

Further, thermosetting resins such as epoxy resin %henol re:é,in, melamine resci L}.%@lsgtusr%eﬂq polyester
resin, alkyd resin and ute¥rasin: and SyrtHste WBbere SR As EPDM bty T rubber, isoprene rubber,
SBR, NBR, 15 ghiosesulfonated patyethylene,-NiRnprethaie wablver Hanadienergbiiekaassdic rubber,

silicone rubber and fluorine rubber are alﬁg Jdncluded.,  Although the.magnesium hydroxide particles

R 4 1on :
(A) and (B) may B mixedwith a synt%et c resin as they are, they may 20 be treated with a surface
treating agent beforeaised s ERampled6f telSurfadesireatiiytagent iheludi highr fafP&€ids having
10 or morg-cargn mg}u%%li%a%séﬁ%%ic aeid cerusic acid,palmiticiacida latiie aeid and behenic acid.
25Alkali metal salts of the above higher fatty acids are also included. SElijlfuriti?cid estergalts of a
higher alcohol obtained by the above hydration reaction. xcellent uniliorm

particles having a narrow particle size distribution can be

obtained by further hydrothermally processing the obtained

magnesium hydroxide particles. This hydrothermal

20 processing is desirably carried out at 100 to 250°¢C,
preferably 120 to 200°C, for 20 minutes to 48 hours,

preferably 2 to 12 hours.

(production precess (IV))

25 This production process is characterized in that, in
a process for producing magnesium hydroxide particles by
carrying out the hydration reaction of magnesium oxide in
an,aqu@ouszn@diumaﬂuihydrothermallgrprocessing?ﬁmaobtained
slurry of magnesium hydroxide particles, the hydrothermal

30 processing is carried out by adding at least one compound
selected from the group consisting of monovalent carboxylic
acids and water-soluble salts thereof in an amount of 10 to
200 mol% based con magnesium hydroxide.

In this production process (IV), the additive compound



such as stearyl alcohol and oleyl alcohol are further included. Anionic surfactants such as sulfuric acid
ester salts 30 of polyethylene and glycol ether, amide bonded sulfuric acid ester salts, ester bonded
sulfuric acid ester salts, ester bonded sulfonates, amide bonded sulfonic acid salts, ether bonded
sulfonic acid salts, ether bonded alkyl aryl sulfonic acig salts, ester bonded alkyl aryl sulfonic acid salts
and 11 amide bonded alkyl aryl sulfonic acid salts are further included. Mono- and di-esters of

orthophosphorig aatd and ey, algahal,er,steany alaohol, mixtuies hgjeol and phpsalieria 8ecid esters

of an acid or alkali metal salt or amine salt are’still further included. Silane coupling agents such as
vinyl trichlorosilatie S@Ry trimethexysilaRes viny T fiicthoRysiien & Ainy t§ETRetioxyethoxyisillane, 10
P-(3,4-epoxycyclobexyl)ethyltimethoxysilanes y-glycidexypropyltrimethaxysilaper ant ially
y-glycidoxypropylmethyldiethoxysilane, y-glycidoxypropyltriethoxysilane,
y-methacryloxypropyfméthidifetHtxysit “fﬁ%ﬁ%ﬁw &IOSy propyltrimet Ty iaia © 1Y -

y-methacryoxypraopytmethytdiethoxysilane, ysymethacrytoxypropyitriethoxysilangy roduction
N-P(aminoethyl)y-aminopr methyldime lans,, . as Lh swnlained
N-P(aminoethyg)%-%(r:nelﬁgpr%}tri%%%h%&%%%ﬁ?20 N‘-%(ar‘rlﬁnoseat 3e/l)y-8amin88?op(§/ﬁ%eﬁ1]b§§siIane,
y-aminopropyltrirnethiéxy silané iy-ainopropyitfietHdxysilane, Noghénylsyamindprépyitimethoxysilane
and y-mercaptopropyltrimethoxysilane are. also included .22 Htanate-hasedcoupling.agentstsuch as

isopropyltriisostearoyl titanate, isopropyltris(dioctylpyrophosphate)titanate, )
isopropyltri(N-afiiRdethyEshiindettyhtitarrsts SEopropyitideayibehzene stiffdHyPHitahatd, 30°
tetraoctylbis(ditddecytphesphitejtitanate i bis¢dieetylpyrophosphate)oxyacetate titanate,t hat

oo decyberp e ] Ut oo oSO eSO aP .
the formed magnesium hydroxide is used as the basis.
By employing any one of the above production processes
(Iy to (IV), magnesium hydroxide particles {(A) can be
15 obtained. Out of these processes, the production processes
(I) and (ITI) are preferred, and particles which are uniform
in particle size and aspect ratio and have high guality can
be obtained by further carrying out hydrothermal processing
after the reaction in these processes. The obtained
20 magnesium hydroxide particles (A} can be powdered by such

means as filtration, dehydration, drying and grinding.

<magnesium hydroxide particles (B)>
In the composite flame retardant of the present

25 invention, the magnesium hydroxide particles (B) which are
used to be mixed with the magnesium hydroxide particles (A)
are not particularly limited if they have an aspect ratioc
of less than 20 and are conventicnally known as a flame
retardant. Stated more specifically, preferably, the

30 magnesium hydroxide particles (B) have an average aspect
ratio of 1 to 15, an average width of 1 pum or less, preferably
0.7 um or less and a BET specific surface area of 1 to 150
m*/qg.

The aspect ratio, average width and BET specific



phosphite titanate, bis(dioctylpyrophosphate)ethylene titanate, isopropyltrioctanoyl titanate,

. isopropyldimethacryl isostearoyl titanate, isopropylisostearoyl diacryl titanate,
5isopropyltri(dioctylphosphate)titanate, isopropyltricumylphenyltitanate, dicumylphenyloxy acetate
titanate and diisostearoyl ethylene titanate are also inctuded. Aluminum-based coupling agents such
as 10 acetoalkoxyaluminum diisopropylate are further included. Triphenyl phosphite,

diphenyl.tridecyl phasphite, phenyl.ditridecyl phosphite, phenyl-isodecyl phasphite, tri.no henyl
phosphite, 4, 4'3-’56%/ |§é%ne%gfisa(3¥r%de%ﬁ®?-6¥ﬁglﬁ§ pﬁ%ﬁy lyéﬂ%%}éléﬁelé %ﬁgslp%jt%gan@?ril%%l
thiophosphite aresfustheeihchudethe saEsterscoflappolyhydricaleehdlandtd fatieacid sbek as glycerin
monostearate and glycerin.monoeleate.arestill further included. To coat the surfaces of magnesium
hydroxide particles 20 with a surface treati.ng agent, a wet process or a dry process_known per se may
be used. For example, 4 the& vt process, TRestifade treting  dgéntin Flidiid or enfisiof form is

added to the slurry ohmagpesium hydroxide padicles-ang fullyamixed witto thecslumymeehanically at a
temperature 25 of 100C or lower. As the wet proce he surface treating agent.in. a liquid, emulsion
or solid form is 8dd&& t&'the' mné%rn%sﬁ)urrﬁ %ﬁ%x?é’e%@étégs %ﬁge? %ﬁt&%ﬁz al"\rﬁedlf%ﬁ?/C rr%?(éc’g %vith the
particles under heafing araonsheating by mearfs ofia mixer sachiashemschet mixer: Thelamount of
the 30 surface tr(g\gti.ng agent can be suitably selected but preferably about 10 wt% or less based on
the weight of the magnesium hydroxide particles. A final product can be produced by suitably selecting
and carrying out means such as rinsing, dehydration, granulation, drying, grinding and 13
classification on-thesusfage treated magnesium hydroxide particles as required. <molded article>
5The present invention includes a molded_article formed from thte g}qove resin com ositiogngamples

of the molded article inclutie SfAME rétard Al Electicwira table chted Wit the above résin
composition. 10-suse><The present irveatier inchedel use ofthe composites to contain

magnesium hydroxide particles as a flame retardant. The
content of the composite flame retardant is 50 to 200 parts

15 by weight, preferably 60 to 190 parts by weight based on 100
parts by weight of the synthetic resin.

Examples of the synthetic resin include thermoplastic
resins such as (;~Cg olefin (w-olefin} polymers and
copolymers including polyethylene, polypropylene,

20 ethylene/propylene copolymer, polybutene and poly-
4-methylpentene-1, olefin-diene copolymers,
ethylene-acrylate copolymer, polystyrene, ABS resin, AAS
resin, AS resin, MBS resin, ethylene/vinyl chloride
copolymer resin, ethylene-vinyl acetate copolymer resin,

25 ethylene-vinyl chloride-vinyl acetate graft polymer resin,
vinylidene chloride, polyvinyl chloride, chlorinated
polyethylene, chlorinated polypropylene, vinyl
chioride~-propylene copclymer, vinyl acetate resin, phenoxy
resin, polyacetal, polyamide, polyimide, polycarbonate,

30 polysulfone, polyphenylene oxide, polyphenylene sulfide,
polyethylene terephthalate, polybutylene terephthalate and
methacrylic resin.

Out of these thermoplastic resins, polyolefins and

copolymers thereof are preferred, as exemplified by



flame retardant comprising (i) 100 parts by weight of magnesium hydroxide particles (A) having an

‘average thickness of 10 to 100 nm, an average width of 2.4 pm or more 15 and an average aspect

ratio of 20 to 120 and (ii) 100 to 900 parts by weight of magnesium hydroxide particles (B) having an

average width of 1 pm or less and an average aspectratio of less than 20 as a flame retardant for

synthetic resins. 20 EXAMPLES The following examples are provided for the purpose of further

llustrating the presentinuentign but.aredn posvakiabe taken %hr?jﬁgapmwmes, the (1) average
ecl a

width, (2) BET gp c surface area, (3) average thickness 25 and average aspect ratio of the
magnesium hydrexidleParticies aré values Hisasitea By cafetlated By YHE following methods.

(L)Average width, Thiszwas measuted-byusing.a scanning eleetion 30 mictoseape:(S3000N of
Hitachi, Ltd.). 5.mg of a sample powder was added to 5 ml gf ethgnol, treated withttf;lltr?%%réic waves for

10 minutes and'&VapoTARd 'oh BA-BIGHIRUT SSmplé ta61E, ARY 9ol Svaporation was'carmed out to
prepare measurermentisamplessThe lpng digrhetersiof, 1@ particies inl ddetotalwereracttiahyemeasured

in the view field, 10,000 maaniicalions {0 calanlate.an grthmetic.averageyalus asie ayerage

width. (2) Bﬁﬁ'sspeciﬁc surface area of magnesium hydroxide 5 particles This'was measured
by a liquid nitrogen ladsorption: Aiethedr o L (8} Avérage thickhBssCThis halsshisasited by sing a
nano-search microscope L0 fmanufagiuechby-Ok YMPHS Corporation; sPMomode): Hymgraf the

sample powder was added to 5 ml of ethanol, treated with ultrasonic waves for 10 minutes and
evaporated on alficaxcrystal prdte o prepdremeasurelieht &aimpISL A tHRFHTT Meattifément
samples were measwedto calculaie anskh grithmeticaveragevialueé as the average width. (4)

Average aspect ratio Based on the assumption that magnesium hydroxide particles are each a single
crystal having a regular%ﬁler%%g%ﬁél ?iﬁr%ﬁ%? gnﬁgﬁég Wit ti%e ssmsé“lpértiéle si%e a? shown 20 in Fig.1, X

was obtained babsed:oh the folfowingatdally meastred'AanEY vak@stelcatcllate thesispect ratio.
X:avem@evwd@ﬁggy resin and urea resin, and synthetic rubbers such as

EPDM, butyl rubber, isoprene rubber, SBR, NBER,

15 chlorosulfonated polyethylene,'NIR, urethane rubber,
butadiene rubber, acrylic rubber, silicone rubber and
fluorine rubber are also included.

Although the magnesium hydroxide particles (A} and (B)
may be mixed with a synthetic resin as they are, they may

20 be treated with a surface treating agent before use.

Examples of the surface treating agent include higher
fatty acids having 10 or more carbon atoms such as stearic
acid, erucic acid, palmitic acid, lauric acid and behenic
acid.

Alkali metal salts of the above higher fatty acids are

b
LN

also included. Sulfuric acidester salts of a higher alcohol
such as stearyl alcohol and oleyl alcohol are further
included.
Anionic surfactants such as sulfuric acid ester salts
30 of polyethylene and glycol ether, amide bonded sulfuric acid
ester salts, ester bonded sulfuric acid ester salts, ester
bonded sulfonates, amide bonded sulfonic acid salts, ether
bonded sulfonic acid salts, ether bonded alkyl aryl sulfonic

acid salts, ester bonded alkyl aryl sulfonic acid salts and



Y: average thickness (nm) H: average aspect ratio (X/Y) 25(5)Weight ratio of particles (A) to particles

- (B) This was measured by using a scanning electron microscope (S-3000N of Hitachi, Ltd.). 5 mg
of the sample powder was added to 5 ml of ethanol, treated with ultrasonic waves for 10 minutes and
evaporated on an aluminum sample 30 table, and golg;evaporation was carried out to prepare
measurement samples. A total of 10 measurement samples in the view field were measured at 10,000

magnifications tg obtain the areas occupied in the.view field of the particles (4) and (B),agtually or by

using analytica Software so as 15 to’calculdte arithmetic average values as the average occupied
areas.The weight #dtigiefithe particles (A) and the particles (B) was obtained by multiplying the

average occupied areag with the-average-thickpesses of the-paytisles (£} and the:particles,B).
Synthesis Example 1 (magnesium hydroxide particles Al) 200 ml of a magnesium chloride
aqueous solutién frdpated’to’a eBhdentratioh of 4.38 HidlAaha B0 hdios BAS élriﬁséjrp Maghesium
chloride ofssodiunt acetate-trinydrate fmanufacturedlby=WakoRuré Ghemicakinaustriess kfd) were put

into an autoclave ansdtﬂgjlzlm%ggc%gé%3l§{ggy§tépe oda aqueous solution was added dropwise to the

mixture under éaglt%ltion 10 carry out a reaction at 30C for 20 minutes so 15 as to obtain a magnesium
hydroxide particle suspensiondicuickThis suspensiertiigilidawasg hytrotheimalhy processéd at 170C for

4 hours, dehydrated,;rinsed (200 ml), ang dried at 105C for 24houyrs, to ohtain magresium hydroxide
particles A-1. The average width, average thickness, BET specific 20 surface area and average aspect
ratio of the particless APTaie ol P TabIg 1 BéIBw. Synthesis Example 2 (magnesium hydroxide

particles Ag2) 200 ml of a-magpesivm-chloride agueous-selutien 26émaaufactured by Wako Pure
Chemical Industries, Ltd.) prepared to a concentration;f 4.28 mol/L was put into an autoclave, and

412 ml of a 3.38NPdaTstid EodR Hfeéots SBittioR Was addst

dded dropwise to this under agitation to carry
out a reaction at-30G for2minutes soasite obiain lrcmagnesiom, 30 hydroxide particle suspension

liquid. Sodium gcetate tr%y}gr%;% ég?fyﬁc&rﬁg . Waka Pure chemical Industries, Ltd.) was added in
on

an amount of 100°M0I% bas agnesium chloride to this suspension liquid, stirred for 5 minutes,
hydrothermally proeéssedrat K TOCfGP A2 Hstrs Ydéhytratea = 16 Lane,

15 y-methacryloxypropyltrimethoxysilane,
y-methacryloxypropylmethyldiethoxysilane,
y-methacryloxypreopyltriethoxysilane,

N-f (aminoethyl)y-aminopreopylmethyldimethoxysilane,
N-fB (aminoethyl)y-aminopropyltrimethoxyslilane,

20  N-B(aminocethyl)y-aminopropyltriethoxysilane,
y—aminopropyltrimethoxysilane,
v-amninopropyltriethoxysilane,
N-phenyl-y-aminopropyltrimethoxysilane and
y-mercaptopropyltrimethoxysilane are alsc included.

25 Titanate-based coupling agents such as
isopropyltriisostearoyl titanate,
isopropyltris{dioctylpyrophosphate)titanate,
isopropyltri (N-aminoethyl-aminocethyl)titanate,
isopropyltridecylbenzene sulfonyl titanate,

30  tetraoctylbis(ditridecylphosphite)titanate,
bis(dioctylpyrophosphate)oxyacetate titanate,
isopropyltridecylbenzene sulfonyl titanate, tetralisopropyl
bis{dioctylphosphite)titanate,

tetra(Z,?-diallyloxymethyl-l-butyllibis~{ditridecyl)



rinsed (200 ml) and dried at 105C for 24 hours to obtain magnesium hydroxide particles A-2. The
. average width, average thickness, BET specific surface area and average aspect ratio of the particles
A-2 5 are shown in Table 1 below. Synthesis Example 3 (magnesium hydroxide particles A-3)

500 ml of a magnesium chloride aqueous solution prepared to a concentration of 1.50 mol/L was put
into an 10 autoclave, and 350ml1of a3.00N caustic soda aqueous solution was added dropwise to the

above solution under agifatiop.to a%%%’&“%?ﬂ@_%ﬁ%’&%%g? for,20 minutes s0.as,to-ehtain a

magnesium hyé)roxi e particle suspension liquid. Sodium propionate (manufactured by Wako Pure
Chemical Industriés, "5 Etd. ) viap aaded incari arfotnt of 66 ndi¥d-Based on magnesium chloride to

this suspension; liquid,stirred: for. brminutes, hydethermal precessedat 170C for 4 hours, dehydrated,
rinsed (200 ml) and dried at 105C for 24 hours to obtain mag%pesium hydroxide particles A-3. 20The

average width, BVERIGRTRIckRESS, BET ¥pedifié ShMace aréh 'and average aspect ratio of the particles
A-3 are shewn insTablerl/below  Synthegis-Example (magresium hydroxide particles B-1) 25200 ml

of a magnesium chloride aqueous solution prepared o a conge [ I/ tinto an

autoclave, and ﬁ%prﬁlogfyaqg.ﬁ?,ﬁug i uisjéigeso g %u%gluas%sgdllr}ﬁér? %\%&gg)dgdtseﬁd? cﬁcc{%gvég%g%tr% under

agitation to carryicutrsteaction at 30 F6i 20 Riifiutes Sovd$erobtaira fatnésiuM 38hydroxide

particle suspension;liguid; This suspension liquid was hydrothermally processed at 170C for 4 hours,

dehydrated, rinsed (200 ml) and dried at 105C for 24 hours to obtaincrg}a%nesium hydroxide particles
e

B-1. The average width> AvBrayetRicRAESs, BE'P Spadfic 97 S\iface “and average aspect ratio of
the particles B-1 ase shown:iy Tabie: 1 below. Tabte d15y Unit=Synthesis Example dcluded.

Triphenyl phosphite, diphenyl-tridecyl phosphite,
phenyl-ditridecyl phosphite, phenyl-isodecyl phosphite,
tri-nonylphenyl phosphite,

4,4 -butylidene-bis (3-methyl—6-t-butylphenyl)-ditridecyl
15 phosphite and trilauryl thiophosphite are further included.

Fsters of a polyhydric alcohol and a fatty acid such
as glycerin monostearate and glycerin monooleate are still
further included.

To coat the surfaces of magnesium hydroxide particles

20 with a surface treating agent, a wet process or a dry process
known per se may be used. For example, as the wet process,
the surface treating agent in a liguid or emulsion form is
added to the slurry of magnesium hydroxide particles and
fully mixed with the slurry mechanically at a temperature

25  of 100°C or lower. As the wet process, the surface treating
agent in a ligquid, emulsion or solid form is added to the
magnesium hydroxide particles under agitation and fully
mixed with the particles under heating or non-heating by
means of a mixer such as Henschel mixer. .The amount of the

30 surface treating agent can be suitably selected but
preferably about 10 wt% or less based on the welght of the
magnesium hydroxide particles. A final product can be
produced by suitably selecting and carrying out means such

as rinsing, dehydration, granulation, drying, grinding and



Synthesis Exam le 2 Synthesis Example 3 A-3 Synthesis Exa e 4 B-1 Particle name Average
width(X) pm 2.495 3.546 4.609 0.685 Average thickness

13

classification on the surface treated magnesium hydroxide

particles as required.

<molded article>

5 The present invention includes a molded article formed
from the above resin composition. Examples of the molded
article include a flame retardant electric wire cable coated

with the above resin composition.

10 <use>
The present invention include use of the compesite
flame retardant comprising (i) 100 parts by weight of
magnesium hydroxide particles (A) having an average
thickness of 10 to 100 nm, an average width of Z.4 um or more
15 and an average aspect ratic of 20 to 120 and (ii) 100 to 9200
parts by weight of magnesium hydroxide particles (B) having
an average width of 1 um or less and an average aspect ratio

of less than 20 as a flame retardant for synthetic resins.

20  EXAMPLES
The following examples are provided for the purpose
of further illustrating the present invention but are in no
way to be taken as limiting. In Examples, the (1) average
width, (2} BET specific surface area, (3} average thickness
25 and (4} average aspect ratio of the magnesium hydroxide
particles are values measured or calculated by the following
methods.
(1) Average width
This was measured by using a scanning electron
20 microscope (S-3000N of Hitachi, Ltd.). 5 mg of a sample
powder was added to 5 ml of ethanol, treated with ultrasonic
waves for 10 minutes and evaporated on an aluminum sample
table, and gold evaporation was carrled out to prepare

measurement samples. The long diameters of 10 particles in



(Y) nm 55 45 44 180 Average aspect ratio(H) - 45.4 78.8 104,8 3.8 BET specific surface area m2/g

. 7.688.23 7.30

10

15

20

25

30

14

total were actually measured in the view field at 10,000
magnifications to calculate an arithmetic average value as
the average width.

(2) BET specific surface area of magnesium hydroxide
particles

This was measured by a liguid nitrogen adsorption
methad.

{3) Average thickness

This was measured by using a nano-search microscope
(manufactured by OLYMPUS Corporation, SPM mode). 1 mg of
the sample powder was added to 5 ml of ethancl, treated with
ultrasonic waves for 10 minutes and evaporated on a mica
crystal plate To prepare measurement sampleé. A total of
10 measurement samples were measured to calculate an
arithmetic average value as the average width.

(4) Lverage aspect ratio

Based on the assumption that magnesium hydrexide
particles are each a single crystal having a regular
hexagonal columnar shape with the same particle size as shown
in Fig.l, ¥ was obtained based on the following actually
measured A and Y values to calculate the aspect ratio.
¥: average width (nm)

Y: average thickness {(nm)
H: average aspect ratio (X/Y)
{(5) Weight ratio of particles (A) to particles (B)

This was measured by using a scanning electron
microscope (S-3000N of Hitachi, Ltd.). 5 mg of the samplie
powder was added to 5 ml of ethancl, treated with ultrasonic
waves for 10 minutes and evaporated on an aluminum sample
table, and gold evaporation was carried out to prepare
measurement samples. A total of 10 measurement samples in
the view field were measured at 10,000 magnifications to
cbtain the areas occupied in the view field of the particles

(A} and (B) actually or by using analytical software so as



5:80 Example 1 (composite flame retardant C-1) 30 parts by weight (100 parts by weight) of the
particles (A-2) obtained in Synthesis Example 2 were mixed 10 with 120 parts by weight (400 parts
byweight) of the particles (B-1) obtained in Synthesis Example 4 to produce a composite flame
retardant C-1. A scanning electron microphotograph (SEM) of the composite flame retardant C-1 is
shown in Fig. 3 (5,000 magnifications). 15 Example 2 (composite flame retardant C-2) 40 parts by

weight (100 parfs by wielgh), eftne. narfigles (8-2) oblained In Syatbests Example 2:ygte mixed with
110 parts by weight (% parts by weight) of the particles 20(B-1) obtained in Synthesis Example 4 to
produce a compusitefisne Fetardant CL2eComparative Exaniple 1@ rbadctivh siTesiy cériposition)

150 parts by weight of the patrticles (B-1) obtained, i1&:in Synthesis Example 4uwere-addedito 100
parts by weight of polyethylene (PE) to prepare a resin composition. PE and magnesium J;g/droxide
particles were rﬁélﬂ%ﬁééﬁ%ﬁ 15GEHEr Et 186C BY UG a prastonmf fﬁ%nﬁagf&f?g@aog}éﬁ BENDER
GmbH 5 &3Co.), and the:obtained:resinccempaosition was press molded (Shindo SF type hydraulic
press of Shinto Metal Industries Corporation) to prepare a test specimen having an arbitrary thickness.
A flammability test was made on the test specimen in 10 accordance with a 0L94 vertical burn test
method (1/8 inchyThHestehsilE elomghtion of Hreoibtained fesihrcompesiticn Was micasuréd in

accordance with JIS K7164. fhe results,are,shown.in Jiable- 2415 Example 3{praductian of resin |

composition) 150 parts by weight of the composite flame retardant C-1 obtained in Example 1 was
mixed with 100 PaRE By Weight D FolEthyIBRE 1PE) T plepatd ™ fésin Tothposifisi. THe khigading

method ang thesmethogh-ef-preparing atestsspecimeniium acetate trihydrate

(manufactured by Wako Pure Chemical Industries, Ltd.) were

put into an autoclave, and 412 ml of a 3.33N caustic soda
aguecus solution was added dropwise to the mixture under
agitaticn to carry out a reaction at 30°C for 20 minutes so
15 as toobtain amagnesiumhydroxide particle suspension Liquid.
This suspension ligquid was hydrothermally processed at 170°C

for 4 hours, dehydrated, rinsed (200 ml) and dried at 105°C

foﬁ 24 hours to obtain magnesium hydroxide particles A-1.

The average width, average thickness, BET specific

20 surface area and average aspect ratio of the particles A-1

are shown in Table 1 below.

Synthesis Example 2 (magnesium hydroxide particles A-Z2)
200 ml of a magnesium chleoride agueous solution
25 (manufactured by Wako Pure Chemical Industries, Ltd.)
prepared to a concentration of 4.28 mol/L was put into an
autoclave, and 412 ml of a 3.33N caustic soda aqueous sclution
was added dropwise to this under agitation to carry out a
reaction at 30°C fer 20 minutes so as to obtain a magnesium
30 hydroxide particle suspension liguid. Sodium acetate
trihydrate (manufactured by Wako Pure chemical Industries,
Ltd.) was added in an amount of 100 mol% based on magnesium
chloride to this suspension liguid, stirred for 5 minutes,

hydrothermally processed at 170°C for 12 hours, dehydrated,



20 were the same as those in Comparative Example 1. A flammability test was made on the test
specimen in accordance with a UL94 vertical burn test method (1/8 inch). The tensile elongation of the
obtained resin composition was measured in accordance with JIS K7161. The results are shown 25in
Table 2. Example 4 (production of resin composition) 150 parts by weight of the composite flame
retardant C-2 obtained in Example 2 was mixed with 100 parts by weight 30 of polyethylene (PE) to

prepare a resin, composition, The kneading method, and the method of preparing @-test, spesimen were

j[he same as those in Comparative Example 1. A flammability test was made on the test specimen
in accordance Witk RAFLOAEic A BrRtesEmhetfod(d/84neh). 19 The tensile elongation of the

Obtbfv}ined resin compositigh was-measukedin:accardaneg avithJISUGZES],. Theresplts-arei shown in
Table 2. 5Table 2 Com ' . iXi ' i i i
yab > 2 Comparalive Examle 1 Mixing ratio (axis by weight), UL 94 Tensile elongation (%)

5 are shown in Table 1 below.

Synthesis Example 3 (magnesium hydroxide particles A-3}
500 ml of a magnesium chloride agueous sclution

prepared to a concentration of 1.50 mol/L was put into an

10  autoclave, and 250ml of a 3.00N caustic soda agueous solution
was added dropwise to the above solution under agitation to
carry out a reaction at 30°C for 20 minutes so as to obtain
a magnesium hydroxide particle suspension liquid. Sodium
propionate (manufactured by Wako Pure Chemical Industries,

15 TLtd.) was added in an amount of 60 mol% based on magnesium
chloride to this suspension liguid, stirred for 5 minutes,
hydrothermal processed at 170°C for 4 hours, dehydrated,
rinsed {200 ml} and dried at 105°C for 24 hours to obtain
magnesium hydroxide particles A-3.

240 The average width, average thickness, BET specific
surface area and average aspect ratioc of the particles A-3

are shown 1in Table 1 below.

Synthesis Example 4 (magnesium hydroxide particles B-1)

25 200 ml of a magnesium chloride agueous solution
prepared to a concentration of 4.28 mol/L was put into an
autocliave, and 412 ml of a 3.33N caustic soda aqueous solution
was added dropwise to this under agitaticn to carry out a
reaction at 30°C for 20 minutes so as to obtain a magnesium

30 hydroxide particle suspension ligquid. This suspension
liquid was hydrothermally processed at 170°C for 4 hours,
dehydrated, rinsed (200 ml) and dried at 105°C for 24 hours
to obtain magnesium hydroxide particles B-1.

The average width, average thickness, BET specific



00 Composite flame retardant

10

20

B-1 A-2
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150 Not up to standard 20 Example 3 100 120 30

surface area and average aspect ratio of the particles B-1

are shown 1In Table 1 below.

Table 1
Unit Synthesis | Synthesis | Synthesis | Synthesis
Example 1 | Example 2 | Example 3 | Example 4
Particle — A-1 A-7 A-3 B-1
name
Average P ca - -
width (¥) pm 2.495 3.54¢ 4.609 0.685
Average
thickness nm 55 45 44 180
(Y3 '
Average
aspect = 45.4 78.8 104.8 3.8
ratio (H)
BET
specific | 2, 7.68 8.23 7.30 5.80
surface
area
Example 1 (composite flame retardant C-1)
30 parts by weight (100 parts by weight) of the

particles (A-2) obtained in Synthesis Example 2 were mixed
with 120 parts by weight (400 parts by weight) of theparticles
(R-1) obtained in Synthesis Example 4 to produce a composite
flame retardant C-1. A scanning electron microphotograph
(SEM) of the composite flame retardant C-1 is shown in Fig.
3 (5,000 magnifications).

Example 2 (compesite flame retardant C-2)

40 parts by weight (100 parts by weight) of the

particles (A-2) obtained in Synthesis Example 2 were mixed

with 110 parts by weight (275 parts by welght) of the particles

(B-1) obtained in Synthesis Example 4 to produce a composite

flame retardant C-2.

(production of resin composition)

{(B-1)

Comparative Example 1

150 parts by weight of the particles obtained




V-0 16 Example 4 100 110 40 V-1 18 To achieve V-0 rating with magnesium hydroxide (B) alone,
at least 160 parts by weight of magnesium hydroxide (B) must be used. However, as understood from
Examples 3 10 and 4, a greater flame retarding effect is obtained with a smaller amount of magnesium
hydroxide than before by using a combination of magnesium hydroxide (A) and magnesium hydroxide
(B). As understood from Examples 3 and 4 and Comparative 15 Example 1, the resin composition

comprising the Gomeosits, fae elayanLol e, piesentinyentonxhiais he samedeyel ofdensie

elongation as that of the resin composition comprising magnesium hydroxide (B). 20 Example 5
(composite flanecrevsrdamnt€r3) (PEA cbiposite fiame retardant €3 Ras rodiced By mMixihg 30

par:s gy We!gﬂtﬁi%@@ﬂ%ﬁthaﬁgﬁgméhgmfti@@% As3):obtained inmSynthasisobxample 3wvith 120
pas by ol (400 o vt o P eatres ot e n 2 SIS RATNAL. oy
mixing 40 parts bycweight {100 padschy-weight) obtherparticles {A:3)wobtaredinSynthesis=Example 3
with 110 parts byyeight(&/ R/t by yieialt of the padices G ebtained in 3rynthssis Example
. Corporation) to prepare a test specimen having an arbitrary
thickness.
A flammability test was made on the test specimen in
10 accordance with,aﬁIL94 vertical burn test method (1/8 inch) .
The tensile elongation of the cbhtained resin composition was
measured in accordance with JISK7161. The results are shown

in Table 2.

15 Example 3 (production of resin composition)
150 parts by weight of the composite flame retardant
C-1 obtained in Example 1 was mixed with 100 parts by weight
of polyethylene (PE) to prepare a resin composition. The
kneading method and the method of preparing a test specimen
20 were the same as those in Comparative Example 1.
A flammability test was made on the test specimen in
accordance with a UL94 vertical burn test methed {1/8 inch).
The tensile elongation of the obtained resin composition was
measured in accordance with JISK71lel. The results are shown

25 in Table 2.

Example 4 (production of resin composition)
150 parts by welght of the composite flame retardant
C-2 obtained in Example 2 was mized with 100 parts by weight
30 of polyethylene (PE) to prepare a resin cemposition. The
kneading method and the method of preparing a test specimen
were the same as those in Comparative Example 1.
A flammability test was made on the test specimen in

accordance with a UL94 vertical burn test method (1/8 inch) .



Comparative Example 2 (production of resin composition) A resin composition was produced by

. adding 2 parts by weight of a silane coupling agent (manufactured by Nippon 10Unicar Co., Ltd.), 2
parts by weight of dicumyl peroxide (DCP, manufactured by Mitsui Petrochemical Industries, Ltd.), 2
parts by weight of a hindered phenol-based antioxidant{manufactured by Ciba-Geigy Corporation) and
150 parts by weight of the particles (B-1) obtained in Synthesis Example 15 4 to 100 parts by weight of
an ethylene-vinyl acetate copolymer (EVA, manufactured by Nippon Unicar Co., Ltd.). The above raw
materials were e kivdaided 15gethérat 80C. by Using & Ftadtomil (naRUFACLirEd by BRABENDER
GmbH &Co.), and 4be obtained: resin-cempesitiormwasSpréssornoldethShinelo26: Si typé diydraulic
press of Shinto {\/rllet@g%}ggsgi_es Corporation) to prepare a test specimen having an arbitrary thickness.
To evaluate the combustion continuity of the test specimen, an oxygen index test LOT was made in
accordance 25 with ASTM D2863. The results are shown in Table 3 and Fig. 2. Example 5 (production
of resin composition) A resin composition was progysed by adding 2 parts by 30 weight of a silane
coupling agent (manufactured by Nippon Unicar Co., Ltd.), 2 parts by weight of dicumyl peroxide
(DCP, manufactured by Mitsui Petrochemical ingdustiiesoLtd.), 2 parts by weight of a hindered |
phenol-based fantioxidant (manufactured:by CilvarGeigy Coiporation) and 150 partsphy, 21; weight of
the particles (C-3) obtained in Example 5 {6100 paits by hvagight of anwetiylene-vinyhaeetatesn
copolymer (EVA, manufactured by:Nippon Unicak &1204d.). The kneading method andithe method of
preparing a test specimen wereg the samefs’those in Cémparative Example 2. To evaluate the
combustion cd rﬂ:l@mﬂ}&ﬁ;ﬁﬁ’]j&ﬂ@&tf&)gdme Fﬁ’ﬁ oxygen index test LOE was made in accz‘%rdance with
ASTM 02863. [Thesesplisafe shown in Table 3 and Fig. 2. 10 Examiple 6dproduction of resin
composition) | rAdesincomppsition waslproduced by axrling 2 parts iy dveight of a silane couypling
agent (A-172, manufactured byriNi Unicayr Co;; Ltd?); 2 parts by weight of dicumyi 15 peroxide
(DCP, manufaactﬁé&%@%\ﬁitéui #ét@c@r‘ pm?‘(‘(.i'—lefplndlkqtripq, {?d ),-2_parts by weight of a hlJ”rf%ered
phenol-based antioxidant (IRGANOX1010, manufactured by Ciba-Geigy Corporation) and 150 parts

by weight of the particles (C;4) obtained i Exampl 5}9&0%@%%%igm%poggi%etp%gene-vinyl

acetate copolymer (EVA, manufactured by Nippon Unicar Co., LCtd.). The kneading method and the

method of prepariig & tedttsarfpeiwére’thersanie a8 thdse ik Comperativs Esanple 20 Th®valuate
the combustion ggntipuity-ofthe festy. However, as understood from Examples 3

10 and 4, a greater flame retarding effect is obtained with a

smaller amount of magnesium hydroxide than before by using
a combination of magnesium hydroxide {(A) and magnesium
hyvdroxide (B).
As understood from Examples 3 and £ and Comparative
15 Example 1, the resin composition comprising the composite
flame retardant cf the present invention exhibits the same
level of tensile elongation as that of the resin composition

comprising magnesium hydroxide (B).

20 Example 5 (composite flame retardant C-3)
A composite flame retardant C-3 was produced by mixing
30 parts by weight (100 parts by weight) of the particles
(A-3) obtained in Synthesis Example 3with 120 parts by weight
(400 parts by weight) of the particles (B-1) obtained in
25  Synthesis Example 4.

Example 6 {composite flame retardant C-4)



25 specimen, an oxygen index test LOI was made in accordance with ASTM 02863. The results are
shown in Table 3 and Fig. 2. 22 Table 3 Mixing ratio(parts by weight) LOI EVA A-172 DCP
IRGANOX1010 Composite flame retardant B-1

20

A composite flame retardant C-4 was produced by mixing
40 parts by weight (100 parts by weight} of the particles
(A4-3) obtalined in Synthesis Example 3with 110 parts by weight
(275 parts by weight) of the particles (B-1) obtained in

5 Synthesis Example 4.

Comparative Example 2 {(production of resin composition)
A resin composition was produced by adding 2 parts by
weight of a silane coupling agent (manufactured by Nippon
10 UnicarCo.,Iﬁd}),;2partsknzweight<1€dicumylp@roxide(DCP,
manufactured by Mitsui Petrochemical Industries, Ltd.), Z
parte by weight of a hindered phencl-based antioxidant
(manufactured by Ciba-Geigy Corporation) and 150 parts by
weight of the particles (B-1) cbtained in Synthesis Example
15 4 to 100 parts by weight of an ethylene-vinyl acetate
copolymer (EVA, manufactured by Nippon Unicar Co., Ltd.}.
The above raw materials were melt kneaded together at 80°C
by using a plastomill {manufactured by BRABENDER GmbH & Co.},
and the obtained resin composition was press molded (Shindo
20 SF type hydraulic presé of Shinto Metal Industries
Corporation) to prepare a test specimen having an arbitrary
thickness.
To evaluate the combustion continuity of the test
specimen, an oxygen index test LOI was made in accordance
25  with ASTM D2862. The results are shown in Table 3 and Fig.
2.

Example 5 (production of resin composition)
A resin composition was produced by adding 2 parts by
30 weight of a silane coupling agent (manufactured by Nippon
Unicar Co., Ltd.), 2 parts by weight of dicumyl peroxide (DCP,
manufactured by Mitsul Petrochemical Industries, Ltd.), 2
parts by weight of a hindered phencl-based antioxidant

(manufactured by Clba-Gelgy Corporation) and 150 parts by



A-3. Comparative Example 2 100 2 2 2 150 39.5 Example 5100 2 2 2 120 30 42.0 Example 6 100 2

21

welght of the particles (C-3) obtailned in Example 5 to 100

parts by weight of an ethylene-vinyl acetate copolymer (EVA,

manufactured by Nippon Unicar Co., Ltd.). The kneading

method and Lhe method of preparing a test specimen were the
5 same as those in Comparative Example 2.

To evaluate the combustion continuity of the test
specimen, an oxygen index test LOI was made in accordance
with ASTM D2863. The results are shown in Table 3 and Fig.
2.

16
Example 6 (production of resin composition)

A resin composition was produced by adding 2 parts by
weight of a silane coupling agent (A-172, manufactured by
Nippon Unicar Co., Ltd.), 2 parts by weight of dicumyl

15 peroxide (DCP, manufactured by Mitsui Petrochemical
Tndustries, Ltd.}, 2 parts by weight of a hindered
vhenol-based antioxidant (IRGANOX1010, manufactured by
Ciba-Geigy Corporation) and 150 parts by welght of the
particles (C-4) obtained in Example 5 to 100 parts by weight

20 of an ethylene-vinyl acetate copolymer (EVA, manufactured
by Nippon Unicar Ceo., Ltd.). The kneading method and the
method of preparing a test sample were the same as those in
Comparative Example 2.

To evaluate the combustion continuity of the test

25 specimen, an oxygen index test LOI was made in accordance
with ASTM D2863. The results are shown in Table 3 and Fig.
2.



2'2 110 40 44.0 Effect of the Invention 5Since the composite flame retardant of the present invention
. contains magnesium hydroxide patrticles (A) having a high aspect ratio and different magnesium

hydroxide particles (B) in a certain ratio, a satisfactory flame retarding effect is obtained with a
relatively low content 10 based on the resin. The compgsite flame retardant of the present invention is

excellent in dispersibility in a resin. 23 CLAIMS 1.A composite flame retardant containing

(i) 100

parts by weight of magnesium, hydroxide particles (A) 3 having an-average thickness of 10 to 100 nm,

an average width of 2.4 jim or more and an average aspect ratio of 20 to 120 and

parts by weig!
an average as
synthetic resin
molded article

(ii) 100 to 900

tof magnesium fiydroxi nartcles ):having an av. R of 1 pm or less and 10
pect ratio of lessthan ?((;ﬂﬁ A resin r%r%mrnceu%%n Enm}% QQ;%‘W%“ r&rfe by weight af a
and 50 to 200 parts by weight of the composite flame retar&éﬁ"@%‘?%llaﬁﬁ 1.15.3./A
formed from the fesipcomposition ofelalm2:AN0x1010 | retardant
B-1 | A-3
Comparative 100 5 > > 150 - 39.5
Example 2
Example 5 100 2 2 2 120 30 | 42.0
Example 6 100 2 2 2‘ 110 49 44.0

10

Effect of the Invention

Since the composite flame retardant of the present

invention contains magnesium hydroxide particles (A) having

a high aspect ratio and different magnesium hydroxide

particles

(B)

in a certain ratio,

a satisfactory flame

retarding effect is obtained with a relatively low content

based con the resin.

The composite flame retardant of the

present invention is excellent in dispersibility in a resin.



4. A flame retardant electric wire cable coated with the 20 resin composition of claim 2.

10

20

23

CLATIMS

1. A composite flame retardant containing

(1) 100 parts by weight of magnesium hydroxide particles (A)
having an average thickness of 10 to 100 nm, an average width
of 2.4 pm or more and an average aspect ratio of 20 to 120
and

(ii) 100 to 900 parts by weight of magnesium hydroxidse
particles (B} having an average width of 1 pm or less and

an average aspect ratio of less than Z0.

2. A resin composition comprising 100 parts by weight of
a synthetic resin and 50 to 200 parts by weight of the

composite flame retardant of claim 1.

3. A melded article formed from the resin compesition of
claim 2.
4, A flame retardant electric wire cable coated with the

resin composition of claim 2.



