1 159159* DESCRI PTI ON RED PHOSPHORUS- BASE FLAME RETARDANT FOR EPCMY
RESI NS, RED PHOSPHORUS- BASE FLAME RETARDANT COWVPCSI TI ONS i
PROCESSES FOR THE PRODUCTI ON OF BOTH, {EPOXY RESI N COVPCSI ik
SEM CONDUCTOR DEVI CES, SEALANTS AND SEM CONDUCTOR DEVI CES Techuj, Field
The present invention relates to a red phosphorus base flane retardant for
an epoxy resin, its production DESGRIPTIORI phosphorus base
f1 ame-r et ar dant conposition for an epoxy resin, its production nethod, an
epoxy resin conposition for a sem conductor sealing material using them a
sealing material and a sem conductor device, and nore particularly to a
flame reREDJIRHDSHHQRUSS BASE (FLAME RETARDANTe FOR EPOXYY RESIKS, epoxy
resin, particularly an epoxy resin for sem conductor sealing, which
suppresses RED PPHOBPMIORUS aBASE GIAANME ORETIARDANT f COMPUSI TEONShosphor us
base flame retardant and used in fields where electric reliability is
requi r ed, THEREFOR,UCPROCESSE®FOR THEPRE@DUCEION GPNPOTH, BPOXRY e€poxy
resin conmposition for a sem conductor sealing material using the
fl ame-r etRES ANt COMBOSITIONSIIEDRXSERLIING I SEHLEONDUGTARAIDESICRSI dity
resi stance and el ectric

SEALANTS AND SEMICONDUCTOR DEVICES

Technical Field

The present invention relates to a red phosphorus
base flame retardant for an epoxy resin, its production
method, a red phosphorus base flame-retardant
composition for an epoxy resin, its production method,
an epoxy resin composition for a semiconductor sealing
material using them, a sealing material and a
semiconductor device, and more particularly to a flame
retardant which is useful to impart flame retardancy to
an epoxy resin, particularly an epoxy resin for
semiconductor sealing, which suppresses the phosphoric
acld ions fromeluting from the red phosphorus base flame
retardant and used in fields where electric reliability
is required, i1ts production method, a flame-retardant
composition, an epoxy resin composition for a
semiconductor sealing material using the
flame-retardant composition and excelling in flame
retardancy, humidity resistance and electric

reliability, a sealing material and a semiconductor
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reliability, a sealing material and a sem conductor its *@0002* 2 device.
Background Art A sealing material protects sem conductor I1Cs from

noi sture, dust and the like containedqoin the air and facilitates handling
of sem conductor ICs. The epoxy resin sealing material is nostly used now.
Conventionally, as the flame retardant for an epoxy resin sealing

mat er i al devhakogenat ed epoxy resin or a conbination of a hal ogenated
epoxy resin and an antinony trioxide has been enployed. In recent years,
however, gl obal environmental pollution problens and health hazards have
energed, and the demands for non-hal ogen base flane retardants have

i ncreased. And, hal ogen conpoBagkgxowhfiodinte, bronine, etc. and antinony
trioxide tend not to be used. As a non-hal ogen base flanme retardant, red
phosphorus is & pealitngmdteardalcparodeedtskmemitcomdictioraliCantagms t hat a
smal | amount of phosphine gas is produced by a reaction of red phosphorus
and noi simotsture hedust and ctive atiteofcqaibaphedusirel thes alirmnahéie red
phosphorus surface. When oxo acid of phosphorus eluted fromthe red
phosphor sasilitat €esnranidliingoofagsiemiddnductor ICs. The epoxy

resin sealing material 1s mostly used now.
Conventionally, as the flame retardant for an epoxy resin
sealing material, a halogenated epoxy resin or a
combination of a halogenated epoxy resin and an antimony
trioxide has been employed. In recent years, however,
global environmental pollution problems and health
hazards have emerged, and the demands for non-halogen
base flame retardants have increased. And, halogen
compounds of chlorine, bromine, etc. and antimony
trioxide tend not to be used.

As a non-halogen base flame retardant, red
phosphorus 1s a promising flame retardant, but it has
disadvantages that a small amount of phosphine gas is
produced by a reaction of red phosphorus and moisture
in the air and oxo acid of phosphorus elutes from the
red phosphorus surface.

When oxo aclid of phosphorus eluted from the red
phosphorus surface comes into contact with a
semiconductor IC circuit, aluminum wiring is corroded,
becoming a cause of lowering the reliability. Reduction

of the eluted i1ons was a serious issue when the red



sem conductor ICcircuit, alumnumwring is corroded, becom ng a cause of
|l owering the reliability. Reduction of the eluted ions was a serious issue
when the red 3 phosphorus base flame metardant is used for the epoxy resin
sealing material. A lot of studies have been made on the probl em of
generation of phosphine fromred phosphorus, and there have been proposed
vari ous rmhéspbogfus chesend lidamwe voetaardarit phesplsie® fiencthtecemyxygoat i ng
the surface of red phosphorus wi th hydroxide of inorganic netal such as
al um nummesint sealingrmat&rialwi th an organi c conpound such as a phenol
resin or a nelamne resin, or dual-coating wth an inorganic conpound and
an organi c conpouiait &fitstoddexilave peespmads ehuthe prohlém efirface
of red phosphorus although it is coated as descri bed above, and it was
di fficul tgemernad iide cfirphosphdaied ren rpdophlompisorusf,i andt tihere
| am nat ed sheets, sem conductor sealing materials, etc. are required to
have el etiave beéngixdépdyedvardcanphe thvdida of lesreingtive wo bame f| ane
retardant is used for an epoxy resin for sem conductor sealing, there is a
probl em tdfit phosplalneggenieardatedr by @vdtingt ehie revvehheet lvsf *€d circuits
are corroded with oxo acid of phosphorus eluted fromred phosphorus
resul ti nphosphvarisigwibh hydircdolitdet Wf Qeovgandisatebalt ek uason of oxo
acid of phosphorus

aluminumor titanium, or coatingwith an organic compound

such as a phenol resinoramelamine resin, or dual-coating

with an inorganic compound and an organic compound.

But, oxo aclid of phosphorus elutes from the surface

of red phosphorus although it is coated as described above,

and it was difficult to use the surface-coated red

phosphorus 1n fields where laminated sheets,

semliconductor sealing materials, etc. are required to

have electric reliability. For example, when a red

phosphorus base flame retardant 1s used for an epoxy resin

for semiconductor sealing, there 1s a problem that a

sealing material reliability test reveals that IC

circuits are corroded with oxo acld of phosphorus eluted

from red phosphorus resulting in lowering the

reliability.

One of causes of theelutionof oxoacidof phosphorus
from red phosphorus 1s assumed that even 1f a method of
coating the surface of red phosphorus particles is

appropriate, when an epoxy resin sealing material is

produced by mixing and blending red phosphorus with other



fromred phosphorus is assuned that even if a nethod of coating the
surface of red phosphorus particles is appropriate, when an epoxy resin
sealing material is produced by m xinag and bl endi ng red phosphorus wth
other 4 materials, e.g., an epoxy resin, a phenol resin base curing agent,
a silica filler, etc., the coating layer on red phosphorus is peeled
because matendadifor us- Ipar @inc|eRORYe r@&Ft edat phe haasda Wasetional
force and a shearing force, and red phosphorus cones into direct contact
wi t h wat erurningeslgehporaimhiica ifddukery hetosl.utihe edabilaagdiayer
phosphorus. In such a case, the sealing material often fails the
reliabilidly redt phkrsphovide i® rpeepeds iecauspaged |phhesphiorumnt for a
sem conductor sealing epoxy resin, there have been proposed for exanple a
met hod ofpamsthglrest] gahwsgrkposed Wu Gh nieckantieal tfr kot lanaifidraephenol
resin and further coated with an epoxy-sil ane-coupling agent and an

am no- si |laaméd-acshplamip afercanaml re dphasipho ryslcqgmes pdivet e dikgahese
Pat ent Application Laid-open Print No. 10-182940), a method of using a red
phosphor usonbast Witike watexrdat peedled gsotrheons ftawelhdyere ofheed
phosphorus coated with Ti,Oy (x, y are a positive nunber, x:y=1:2 to 1:4)
(Japanese Fatdon Afploxxmtaabd Laf dphpephdiruat NIn sublBa/dase, nehbod of
using a red phosphorus base flanme retardant having an average particle
size of sdeabifig materialaxften pAatlild ctlse zeedfl aiin bt ybeHemt .
To provide a red phosphorus base flame retardant
for a semliconductor sealing epoxy resin, there have been
proposed for example a method of using red phosphorus
which is coated its surfacewith aphenolresinand further
coated with an epoxy-silane-coupling agent and an
amino-silane-coupling agent and also melamine
polyphosphate (Japanese Patent Application Laid-open
Print No. 10-182940), a method of using a red phosphorus
base flame retardant which has the surface layer of red
phosphorus coated with Ti1,0, (x, y are a positive number,
X:y=1:2 to 1:4) (Japanese Patent Application Laid-open
Print No. 7-173372), a method of using a red phosphorus
base flame retardant having an average particle size of
2 to 8 ' m and a maximum particle slize of 204U m or below
which has the surface layer of red phosphorus coated with
aluminum hydroxide and further coated with a phenol resin
(Japanese Patent Application Laid-open Print No.
10-152599), and a method of using a red phosphorus base

flame retardant which has the surface layer of red



whi ch has the surface | ayer of red phosphorus coated with alum num

hydr oxi de and further coated with a phenol resin (Japanese Patent
Application Laid-open Print No. 10-1%2599), and a nmethod of using a red
phosphorus base flanme retardant which has the surface |layer of red 5
phosphorus coated with SiXOy (X, Y are a positive nunber, X Y=1:2 to 1:4)
(Japanes@Fasphio mipp|donait € drwlthdS bpen (Xr ¥narkoa pos 51348 nuniker.is al so
proposed a nmethod of using a coated red phosphorus base flane retardant
and an i d:Yedp2 ty lageht( Ddpa8n@¥eORat &) ApEid.catboh. Laivt=-Beno 0. 8,
Z=0.2 to 0.4) and My4, 3AI2 (OH) 12.6CO3 3.5H20 (Japanese Patent

Appl i cat ikardh&i §oopeh- P5TA#2No. 8- 151427, and Japanese Patent Application
Lai d-open Print No. 9-227765). But, when the coated red phosphorus base
flame retardaherseutedalleoparhpesed epmwethedi of seallnyg a mxixtedl , the
coating layer on red phosphorus is peeled because the red phosphorus
parti cl esred eplkapphedus brasecthamnecak tarnddn brehdfan cconrd rapitagi ng
force, and red phosphorus conmes into direct contact with water at peeled
porti ons d@enhduf @ L G Vi ( WO; Pf (K40 .aCtd Di1,heepleoton . Fhex=ed oge, there
Is an issue of trapping the eluted oxo acid of phosphorus to lower its

action. to.4he ariduegaAMOWELN 0030t 3C8H, P (JapdnEsle hetoane the

af oresaid nethod of jointly using the ion-trapping agent is poor in

t rappi ng xpplaciatidénpbaidr@pen Print No. 8-151427,and Japanese
Patent Application Laid-open Print No. 9-227765).

But, when the coated red phosphorus base flame
retardant is used to produce an epoxy resin sealing
material, the coating layer on red phosphorus is peeled
because the red phosphorus particles are exposed to a
mechanical frictional force and a shearing force, and
red phosphorus comes into direct contact with water at
peeled portions to induce the elution of oxo acid of
phosphorus. Therefore, there is an issue of trapping
the eluted oxo aclid of phosphorus to lower its action.
But, the issue has not been practically solved yet because
the aforesaid method of jointly using the ion-trapping
agent 1s poor in trapping oxo acid of phosphorus.
Japanese Patent Application Laid-open Print No.

62-21704 proposes coated red phosphorus for a flame
retardant which is produced by coating the surface of
red phosphorus particles with Al and/or Zn hydroxide and
further coating with a thermosetting resin containing

zinc hydroxide and has improved humidity resistance and



Japanese Patent Application Laid-open Print No. 62-21704 proposes coated
red phosphorus for a flane retardant which is produced by coating the
surface of red phosphorus particles with Al and/or Zn hydroxi de and
further coating with a thernosetting resin containing zinc hydroxide and
has i nproved hum dity resistance and 6 corrosion resistance. Because zinc
hydr oxi deeafrosgamesce®hstancerppl i cati on Lai d-open Print No. 62-21704 is a
hydrate, when stabilized red phosphorus using zinc hydroxide is used as a
fl ame retardantBé@ausaesaiinmnolydiroxiste| ofigJapanegsecPatemkt er i s produced
as zinc hydroxide is deconposed by a reliability test of the sem conductor
seal i ng pliclatidiom Ihafl-topmrerkx ing, Nand 6r2ed2 bhodpher ashyslareetse | nt 0
direct contact with water to elute oxo acid of phosphorus. Zinc hydroxide
itself | sslméBostabildlizednredt phosipldous @s3hgE N6 hipdatoXBAE€. 16t i s
hard to industrially obtain high-purity zinc hydroxide not containing an
lonic i nasedyasTlae Stawhe| readhrdantpfexplorasmbbomdectby sealdmgucti on
nmet hod of Japanese Patent Application Laid-open Print No. 62-21704 is

pr oduced dyxyorgdiresiwm) evatea uls cprodalded aal zine chpdvoxddevish has red
phosphorus particles dispersed into water, further adding an al kaline
agent to depomplosedthpl hi CelddBelatyhWwhoki d€ ¢he hremitbaduotored

phosphorus particles to obtain red phosphorus coated with an
sealingmaterial at ahightemperature, and red phosphorus
comes into direct contact with water to elute oxo acid
of phosphorus. Zinc hydroxide itself is also soluble
in water at about 0.52 mg/100 ml at 18C. It is hard
to industrially obtain high-purity zinc hydroxide not
containing an ionic impurity. The stabilized red
phosphorus obtalined by the production method of Japanese
Patent Application Laid-open Print No. 62-21704 is
produced by addingwater-solublemetallicsalt toaslurry
which has red phosphorus particles dispersed into water,
further adding an alkaline agent to deposit a metallic
oxlde or hydroxide on the surface of red phosphorus
particles to obtain red phosphorus coated with an
inorganic substance, after completing the reaction
without washing the inorganic substance-coated red
phosphorus, directly adding zinc hydroxide and a
synthetic material of a thermosetting resin or 1its
prepolymer to the slurry containing an lonic impurity
having an electric conductivity of 10000/ s8s/cm or more,

and making a polymerization reaction under the



I norgani ¢ substance, after conpleting the reaction w thout washing the
I norgani ¢ substance-coated red phosphorus, directly adding zinc hydroxide
and a synthetic material of a thernogetting resin or its prepolyner to
the slurry containing an ionic inmpurity having an electric conductivity of
10000 J..l s/omor nore, and making a polynerization reaction under the 7
pol yneri Zzalvmerdizdition gbonditionr ofsdthe nthezmosebhngereste
stabilized red phosphorus obtained as described above has a | arge anount
of ioni c mopomem.es Theakehabhild zesht vedr phiosphorhe tohtathedhas
pol ynerization reaction, and it is hard to renove the ionic inpurities
fromthe dGescnibedadthvng hascandarge famauhitngfi donkgedmpantitiescedl y
| ower the electric conductivity, the surface coating of the red phosphorus
particl estakenbinkengcoaterdernesig at thetthgeamb e gfo byxweadizhtofion
phosphorus, and especially, when the stabilized red phosphorus is used as
a flamre rmgactdon f agnd hct dppyardetonremoyesittheni dwi ot hmpsadl t hes
material, electric reliability is |owered due to the elution of the ionic
i mpuriti eBrémotrhieherestnnbyTiwsshinhghad ttexiwardvanffgawashihg Udsed as a
flame retardant for the sem conductor sealing epoxy resin. Japanese Patent
Appl i cat imspaaitedpon Fforoediy ldwalOthe psbheocted csiadmdunzed vitly,
phosphorus which has the surface of red phosphorus particles coated with a
the surface coating of the red phosphorus particles 1is

broken, increasing an eluting amount of oxo aclid of
phosphorus, and especilally, when the stabilized red
phosphorus 1s used as a flame retardant for the epoxy
resin composition for the sealing materilial, electric
reliability is lowered due to the elution of the ionic
impurities from the resin. Thus, it had a disadvantage
to be used as a flame retardant for the semiconductor
sealing epoxy resin.

Japanese Patent Application Lald-open Print No.
4-130007 proposes stabilized red phosphorus which has
the surface of red phosphorus particles coated with a
composite £film of a thermosetting resin and at least one
substantially anhydrous metal oxide selected from zinc
oxide, aluminum oxide and titanium oxide.

But, the stabilized red phosphorus of Japanese
Patent Application Laid-open Print No. 4-130007 is used
as a flame retardant for the polyolefin resin coating
material for communications cables and electric cables,

and when the stabilized red phosphorus 1s used as a flame



conposite filmof a thernosetting resin and at | east one substantially
anhydrous netal oxide selected fromzinc oxide, alum num oxide and
titani um oxide. But, the stabilized rgd phosphorus of Japanese Patent
Appl i cation Laid-open Print No. 4-130007 is used as a flanme retardant for
the polyolefin resin coating material for conmunications cables and
el ectri c mebazdantarfionhansemd corditcitoy sedlphgs ®@nexy resdged &t a fl ane
8 retardant for a sem conductor sealing epoxy resin, it has a drawback
that stalllascacdrawbaal itdbati syadbdenledpbrpcored iabilddly ssnney test of
t he sem conductor sealing material because an electric conductivity and
the like é phovetidiyi acttedddalphblpyortestarefnghes pemicosndudtoryi ew of
the aforesaid circunstances, the inventors have nmade a devoted study on a
red phospwalingdasctérind be=igadant anhiedle¢tripplooccadhetivity and
sem conductor sealing material, and found that in a red phosphorus base
flame retteheadtikehiah bthe atabihlitizeds rexl nphoepbeours careaineetd i n a
thernosetting resin for coating red phosphorus particles or a red
phosphor uspéas€iefd ane-ret ardant conposition which is formed of a m xture
containing flame-retardant stabilized red phosphorus and an anhydrous zinc
conpound, the amhyvdiews of nthecafjorewa il edrcmytangeiss, wth& oxo acid of
phosphorus to form an insol ubl e phosphate conpound to fix on its

inventors have made a devoted study on a red phosphorus

base flame retardant which is applicable to a

semiconductor sealing material, and found that in a red

phosphorus base flame retardant which has an anhydrous

zinc compound contained in a thermosetting resin for

coating red phosphorus particles or a red phosphorus base

flame-retardant composition which is formed of a mixture

containing flame-retardant stabilized red phosphorus

and an anhydrous Zinc compound, the anhydrous zinc

compound effectively reacts with oxo acid of phosphorus

to form an insoluble phosphate compound to fix on its

surface, the red phosphorus base flame retardant or the

red phosphorus base flame-retardant composition is

particularly treated by washing or the like to remove

ionic impurities so to have a particular low electric

conductivity, so that the red phosphorus base flame

retardant or the red phosphorus base flame-retardant

composition can be used sultably as a flame retardant

for a semiconductor sealing resin, and completed the

present invention.



surface, the red phosphorus base flane retardant or the red phosphorus
base flanme-retardant conposition is particularly treated by washing or the
like to renbve ionic inpurities so t® have a particular low electric
conductivity, so that the red phosphorus base flane retardant or the red
phosphorus base flanme-retardant conposition can be used suitably as a
fl ane retardantThygy atsigi asnelertsefil thg prasentninvenliierdtenhe
present invention. 9 Thus, it is an object of the present invention to
provi de P¥evigdieosgiast phosphorushesedibangmettasdant Epaxyn epeXyi, an
epoxy resin conposition for a sem conductor sealing material and their
producti gresbhhod epoxy resinuppnpesiddoncfdrofa @emphondudtem el uting
fromred phosphorus of the red phosphorus base flanme retardant or the f
| ame-r et svelahi ngt mbitleirdadl el fissiph @usdunt icanmeitipad 8 , sxltbbherpanf | anme
retardancy to the epoxy resin f or the sem conductor sealing material. It
is al so saupbrestss gfxe hacpdeshtphosphoimrs t fropr @diufeing Epmny redin
conposition f or a sem conductor sealing material which uses the red
phosphor ugshbapborimnef tbeamishtphosphwmpwxhapesifilame zetepokgntesin
conposition f or a sem conductor sealing material and has excellent flane
r et ar dancyx therifdiane r retardant stabtldzed redkphasEphoynsaaddacaral i ng
material and a sem conductor device using the above epoxy resin

impart excellent flame retardancy to the epoxy resin for

the semiconductor sealing material.

It is also an object of the present invention to
provide an epoxy resin composition for a semiconductor
sealingmaterial which uses the red phosphorus base £flame
retardant for an epoxy resin and an epoxy resin
composition for a semiconductor sealing material and has
excellent flame retardancy, humidity resistance and
electric reliability, and a sealing material and a
semiconductor device using the above epoxy resin

composition.

Disclosure of Invention

A first aspect of the invention 1s directed to a
red phosphorus base flame retardant for an epoxy resin
(hereinafter called the red phosphorus base flame
retardant (1) for an epoxy resin), its productionmethod,
an epoxy resin composition for a semiconductor sealing
material containing the red phosphorus base flame

retardant (1) for an epoxy resin, a masterbatch for the



conposition. Disclosure of Invention A first aspect of the invention is
directed to a red phosphorus base flane retardant for an epoxy resin
(hereinafter called the red phosphorugybase flane retardant (1) f or an
epoxy resin) , its production nethod, an epoxy resin conposition for a
sem conductor sealing material containing the red phosphorus base flane
r et ar danteBaxyf aesdin cponposdst onafeastaerpemipongiucherigeadoygresi n
conposition for a sem conductor sealing material, a sem conductor sealing
mat eri al Matewdadi, aheemdgonduetor sepdddid matenhadlaf gemedonfivcher device
using the sem conductor sealing material. Specifically, the red phosphorus
base fl arpoxyizesintcquiposditizon camd/ arsssmhcohduwtoérrdsvieparding the
i nvention conprises coated red phosphorus which has the surface of red
phosphor ush@asemdlcamdovated wWddalhngt martexstali.ng resin containing an
anhydrous zi nc conpound, wherein the coated red phosphorus has properties
that its slurryspeepfilealily di ther xted) phospPivordiys Wobaglet fldmewat er at 20t
has an electric conductivity of 30 A s/cmor below, the slurry which is
left stamdetbtgrdantS(ilj cdfof0ahoepexyaresimlefithe £amduictaspégytodbf150 Al
s/cmor below, and when 80 nl of water is added to 8g of the coated red
phosphor ushentinteattddmicdifp £ibes 20 atedned plcosphored iwhioh Q4 i ons
eluted is 10 ppm or

the surface of red phosphorus particles coated with a

thermosetting resin containing an anhydrous zinc

compound, wherein the coated red phosphorus has

properties that its slurry prepared by dispersing in 10%
by weight into water at 20C has an electric conductivity
of 304 s/om or below, the slurry which is left standing
at 80C for 20 hours has an electric conductivity of 150
UL s8/om or below, and when 80 ml of water is added to 8g
of the coated red phosphorus and heated at 80T for 20
hours, a concentration of PO, ions eluted is 10 ppm or
below.

Besides, it 1s preferable that the above coated
red phosphorus has properties that its slurry prepared
by dispersingin 108 bywelght intowater and left standing
at 150C for 20 hours has an electric conductivity of
20004 8/cm or below, and when 80 ml of water is added
to 8g of the coated red phosphorus and heated at 150C
for 20 hours a concentration of PO, ions eluted is 800
ppm or below.

In addition, it is preferable that the coated red



bel ow. Besides, it is preferable that the above coated red phosphorus has
properties that its slurry prepared by dispersing in 10% by weight into
wat er and |l eft standing at 1501 for 20 hours has an electric conductivity
of 20009s/cm or bel ow, and when 80 nl of water is added to 8g of the
coated red phosphorus and heated at 150t for 20 hours a concentration of
P04 i ons phesphorus(dvasppmopebtiew thatiddhenoBo inli efpwaitemblie t hat
the coated red 11 phosphorus has properties that when 80 m of water is
added to &ddefl toaBgdofetoribs@hnedsphodpeated anddhieatted 20 80Cs, a
concentration of PHO3 ions eluted is 300 ppmor bel ow and when heated at
150t for £orhdArlsouas ,cancenireait natdonPe@EPHMsieohs edused 5D IPon or
bel ow. A nethod of manufacturing the red phosphorus base flanme retardant
(1) for zpmpoxy betow ahd lwhénrheatskcat a5 0Be fiowendi houss, tae
followng steps (Al) to (A3). (Al) Step of washing red phosphorus
particl excomtbnairatitant o6NPHO; fona edlwidd@d 8 r bSDacpgim oxd badkawis. (A2)
Step of obtaining coated red phosphorus by addi ng an anhydrous zinc
conpound and a ’»sywdtieédco fainahiut aoturdnigheaheasdd ipigo sphiorwd bise
prepol yner to a slurry having the washed red phosphorus particles
di spersedliane ratardamind 1)cEbar ahrgpoxpat s hi gRltiloe Fiasst iappéotcoat the
surface of red phosphorus particles with the

of the invention has the following steps (Al) to (A3).

(Al) Step of washing red phosphorus particles with at

least one or more selected from acids and alkalis.

(A2) Step of obtaining coated red phosphorus by adding

an anhydrous zinc compound and a synthetic material of

a thermosetting resinor its prepolymer to a slurry having

the washed red phosphorus particles dispersed intowater,

and performing a polymerization reaction to coat the

surface of red phosphorus particles with the

thermosetting resin containing the anhydrous zinc

compound.

(A3) Step of obtaining the red phosphorus base flame

retardant (1) for an epoxy resin by washing the coated

red phosphorus with pure water so that a slurry having

the coated red phosphorus dispersed in 10% by weight into

water at 20C has an electric conductivity of 304U s/cm
or below.

The epoxy resin composition for a semiconductor
sealing material of the first aspect of the invention

contains the aforesald red phosphorus base flame



t hernosetting resin containing the anhydrous zinc conmpound. (A3) Step of
obt ai ning the red phosphorus base flanme retardant (1) for an epoxy resin
by washing the coated red phosphorusisMth pure water so that a slurry
having the coated red phosphorus dispersed in 10% by weight into water at
20" C has an electric conductivity of 30/Is/cm or below The epoxy resin
conposi t ixetasdantseM Lofiguctan epexayi meshkmerial of the first aspect of
the invention contains the aforesaid red phosphorus base flane 12
retardant (1) flhe maspexpatah fomlan epaxy (xashnfoompo sdgokgnrestn
conposition for a sem conductor sealing material of the first aspect of
the i nvers isamtoconduntohecsabddlagpmattexiphoefhbhesfiast adpeetrefar dant
for an epoxy resin within a resin. The seni conductor sealing material of
t he firstthasipecénbilomheonbecin 8 rhel scforasadidoredaplosphorusdase
conposition for a sem conductor sealing material. The sem conductor device
of the fifkamasmpedttamdanth€omvamt epoxysasesibn afitlebai d semiaonduct or
sealing material. A second aspect of the invention is directed to a red
phosphor us basarié asemisicndaptomrsealépgxymaterdal hef ethef tfkrsal | ed the
red phosphorus base flane retardant (2)for an epoxy resin), its production
met hod, aspect of the invention uses the aforesaid epoxy resin
composition for a semiconductor sealing material.
The semiconductor device of the first aspect of
the invention uses the aforesaid semiconductor sealing
material.
A second aspect of the invention 1s directed to
a red phosphorus base flame retardant for an epoxy resin
(hereinafter called the red phosphorus base flame
retardant (2) for an epoxyresin), its production method,
an epoxy resin composition for a semiconductor sealing
material contalining the red phosphorus base flame
retardant (2) for an epoxy resin, a masterbatch for the
epoxy resin composition for a semiconductor sealing
material, a semiconductor sealing material formed of the
epoxy resincomposgition, and a semiconductor deviceusing
the above semiconductor sealing material.
Specifically, the red phosphorus base flame
retardant (2) for an epoxy resin of the second aspect
of the invention comprises double-coated red phosphorus

which has the surface of red phosphorus particles coated

wlth an inorganic substance and further coated with a



an epoxy resin conposition for a sem conductor sealing material containing
the red phosphorus base flanme retardant (2) for an epoxy resin, a

mast erbatch for the epoxy resin conpgsition for a sem conductor sealing
material, a sem conductor sealing nmaterial formed of the epoxy resin
conposition, and a sem conductor device using the above sem conductor

seal i ng ncheringset3pong f resllin/ cohtalad nthcaphanhydreesf 2dme ret ar dant
(2) for an epoxy resin of the second aspect of the invention conprises
doubl e- cczemponad ,pwisgphelns thehidouthbe- chatagd fred plhospd oxhos dhas us
particles coated wth an inorganic substance and further coated with a 13
t her nosetproperddies dhda kil i@ larayipdepased hy ddepaustingwherkds t he
doubl e-coat ed red phosphorus has properties that its slurry prepared by
di sper si myy weilght 1imyowsatbar atit2ao Gatteas ain 8dtedtesiancehdaictivity
conductivity of 30/L s/cmor below, the slurry which is left standing at

80t for 20f lmoiuss hom o Bledwdw ) cthénsllakriry whidh 1D 1LéEtsstamdimwgl ow, and
when 80 m of water is added to 8g of the double-coated red phosphorus and

heat ed ataB®0Tf afor22 M6 Grsahaenannélaidta &fcdhbuiciisv £tyited 15010 ppm
or below. Besides, it is preferable that the doubl e-coated red phosphorus

has propents £6mt b2t bellows) Wnd whepasedmiby flivptesr Ag addddoby 8gi ght

into water and left standing at 1501C for 20 hours has an electric

conduct i vof ythé double-coated red phosphorus and heated at 80T
for 20 hours, a concentration of PO, ions eluted is 10
ppm or below.

Besldes, it i1s preferable that the double-coated
red phosphorus has properties that its slurry prepared
by dispersinginl10% byweight intowater and left standing
at 150C for 20 hours has an electric conductivity of
20004 s8/cm or below, and when 80 ml of water 1s added
to 8g of the double-coated red phosphorus and heated at
150C for 20 hours a concentration of PO, ions eluted is
800 ppm or below.

Inaddition, it ispreferable that the double-coated
red phosphorus has properties that when 80 ml of water
1s added to 8g of double-coated red phosphorus and heated
at 80C for 20 hours, a concentration of PHO; ions eluted
is 300 ppm or below eluted, and when heated at 150C for
20 hours, a concentration of PHO; i1ons eluted is 1500
ppm or below.

A method of manufacturing the red phosphorus base

flame retardant (2) for an epoxyresinof the second aspect



2000/ Ls/cm or bel ow, and when 80 m of water is added to 8g of the
doubl e-coat ed red phosphorus and heated at 150t for 20 hours a
concentration of P04 ions eluted is 800 ppmor below. In addition, it is
preferable that the doubl e-coated red phosphorus has properties that when
80 mM of water is added to 8g of doubl e-coated red phosphorus and heat ed
at 80t forf2bhphodinyenttonchals dheofaollewddg atepBul(Bd) itw IS5 ppm or
bel ow el uted, and when heated at 150t for 20 hours, a concentration of
PHO3 i ons(BL)t 8¢ e df00asphinarréd| pvospherhned pErvhaleacwiliimgathe red
phosphorus base flane retardant (2) for an epoxy resin of the second
aspect l4leasthenenventimomrehmelacted Ifvmgactides mMl) aflkall®. (Bl) Step
of washi ng red phosphorus particles with at |east one or nore sel ected
from aci déBahdS&leqalof. cpB)1 1y ephef saxfiacg dlffe rad f phosphamus phosphor us
particles with an inorganic substance fornmed of nmetal hydroxide or oxide
by addi ngpartdicdresoblibhe ametialdrgandal tswimsitance kiBdrmedagedhtmétazd sl urry
havi ng the washed red phosphorus particles into water. (B3) Step of
washi ng thpdrec iplwsehoond qeariy caddiagateedvateirh ssdicubher g@tiacl B1bst ance
with pure water. (B4) Step of obtaining doubl e-coated red phosphorus by
addi ng ansabhbyanduanzabhkaddme dgenbdta s\Wlwerychantiarg dhe afashed
thernosetting resin or its prepolyner to a slurry

red phosphorus particles into water.

(B3) Step of washing the red phosphorus particles coated
with the i1norganic substance with pure water.
(B4) Step of obtaining double-coated red phosphorus by
adding an anhydrous zinc compound anda syntheticmaterial
of a thermosetting resin or its prepolymer to a slurry
having the washed red phosphorus particles coated with
the inorganic substance dispersed into water, and
performing a polymerization reaction to coat the surface
of red phosphorus particles, which 1s coated with the
inorganic substance, with the thermosetting resin
containing the anhydrous zinc compound.
(B5) Step of obtaining the red phosphorus base flame
retardant (2) for an epoxy resin by washing the
double-coated red phosphorus with pure water so that a
slurry having the double-coated red phosphorus dispersed
in 10% by weight into water at 20C has an electric
conductivity of 30/ s/cm or below.

The epoxy resin composition for a semiconductor

sealing material of the second aspect of the invention



havi ng the washed red phosphorus particles coated with the inorganic
subst ance di spersed into water, and perform ng a pol ynerization reaction to
coat the surface of red phosphorus pggticles, which is coated with the
i norgani ¢ substance, with the thernosetting resin containing the anhydrous
zi nc conmpound. (B5) Step of obtaining the red phosphorus base fl ane
ret ar dantcg¢r¥aflos drhepafpnessd byedaphogphbrusihase- Edamead red
phosphorus with pure water so that a slurry having the doubl e-coated red
phosphor usetiavdended( 2 ) nf28%4d1y epoylt rewbnwater at 20t has an el ectric
conductivity of 30lLs/cmor below. The epoxy resin conposition for a
sem conduct or TEreeal magtextlzatah ox htheeepukuspestinfcompoightehonon 15
contains the aforesaid red phosphorus base flame retardant (2) for an
epoxy resfor alaemirsirdbeator sealiimg ematerialiof dneeedond asmect
sem conductor sealing material of the second aspect of the invention
cont ai ns dfethéoinventien pontpliargisthéasfotllemald et @ddphb sipdrorisepoxy
resin wwthin a resin. The sem conductor sealing material of the second
aspect ofbabe fhame r@tarséanthe€oal ancedokyepoeyinesithicopasddinn for a
sem conductor sealing material. The sem conductor device of the second
aspect of the Theesbmdvdis®sctbe e EFAFImATEXDATUGEOLhecad d@nd
mat eri al
aspect of the invention uses the aforesald epoxy resin
composition for a semiconductor sealing material.
The semiconductor device of the second aspect of
the invention uses the aforesaid semiconductor sealing
material.
A third aspect of the invention is directed to a
red phosphorus base flame-retardant composition for an
epoxy resin (hereinafter called the red phosphorus base
flame-retardant composition (3) for an epoxy resin), its
production method, an epoxy resin composition for a
semiconductor sealing material containing the red
phosphorus base flame-retardant composition (3) for an
epoxy resin, amasterbatch for an epoxy resin composition
for a semiconductor sealing material, a semiconductor
sealing material formed of the above epoxy resin
composition, and a semiconductor device using the above
semiconductor sealing material.
Specifically, the red phosphorus base
flame-retardant composition (3) for an epoxy resin of

the third aspect of the invention comprises a red



A third aspect of the invention is directed to a red phosphorus base
flame-retardant conposition for an epoxy resin (hereinafter called the red
phosphorus base flane-retardant conmppsition (3) for an epoxy resin) , its
production nmethod, an epoxy resin conposition for a sem conductor sealing
material containing the red phosphorus base flane-retardant conposition
(3) for @hospborusmlxturewnntaindndg ap amhydaous adine compxundon for
a sem conductor sealing material, a sem conductor sealing material forned
of the abwvé fohame -mrediardavipstiabiidil zaddradsphdsphdruswhtbkehdeaasi ng t he
above sem conductor sealing material. Specifically, the red phosphorus
base f| drizersunfaze abHmpedi phospldrisrpantdppkesreonkest witie ahird
aspect of the invention conprises a red 16 phosphorus m xture containing an
anhydr ousleaat omepduimid sededted- froa dhermosiettied resipimspmdr us
whi ch has the surface of red phosphorus particles coated with at |east
one ki nd tmbegand d rawbsltammpset andghassiars ehedctimor geondusdldst bbges and
has an electric conductivity of 30 /.t s/cmor belowto a slurry prepared
by di spersf o 14 §2cmodired elasy e sp X wbrapiriel) £6e AnbF0ad By ers Dhg | Nt o
water at 20t, wherein the red phosphorus m xture has properties that when
It 1s di stiee xsslatedldédpyhosphitirus parthttesaid hopriepaetghtutnyoi s | eft
standing at 80t for 20 hours, its electric conductivity is 150 /.t s/cmor
water at 20C, wherein the red phosphorus mixture has

properties that when it 1s dispersed in 10% by weilight
into water and a prepared slurry 18 left standing at 80C
for 20 hours, 1ts electric conductivity 1is 150/ s8/cm or
below, and when 80 ml of water 1s added to 8g of the red
phosphorus mixture and heated at 80T for 20 hours, a
concentration of PO, ions eluted is 10 ppm or below.

Besides, 1t 1is preferable that the red phosphorus
mixture has properties that a slurry which is prepared
by dispersing the red phosphorus mixture in 10% by weight
into water and left standing at 150C for 20 hours has
an electric conductivity of 20004 8/cm or below, and when
80 ml of water 1s added to 8g of the red phosphorus mixture
and heated at 150C for 20 hours, a concentration of PO,
ions eluted is 800 ppm or below.

In addition, i1t 1s preferable that the red
phosphorus mixture has properties that when 80 ml of water
1s added to 8g of red phosphorus mixture and heated at
80C for 20 hours, a concentration of PHO; ions eluted

is 300 ppm or below and when heated at 150C for 20 hours,



bel ow, and when 80 m of water is added to 8g of the red phosphorus
m xture and heated at 80t for 20 hours, a concentration of P04 ions eluted
is 10 ppmor below. Besides, it is preferable that the red phosphorus
m xture has properties that a slurry which is prepared by dispersing the
red phosphorus m xture in 10% by weight into water and |left standing at
1501 for 20cepgestratian EHO: dion s ontatedy sy 10500 0pDm o xs el @W - bel ow,
and when 80 m of water is added to 8g of the red phosphorus m xture and
heat ed at 150t The methhedrof manwhachwrdmaethg redphogphetrusdiase 800 ppm
or below. In addition, it is preferable that the red phosphorus m xture
has propeftame-retanfignt@omposigdionr (33 fdaedn ceBgxyf nesdimhefphor us
m xture and heated at 80 C for 20 hours, a concentration of PHO3 ions
el uted ivhetthbpd aspeelitoofarie dinnehtdioadhats thet £631 AL g ettep&7 a
concentration PHO3 ions eluted is 1500 ppmor below. The nethod of
manuf act u€hy tlee (r&G) phosphorus base fl ame-retardant conposition (3) for
an epoxy resin of the third aspect of the invention has the foll ow ng
steps (d¢ljoSted .of GvasStioyy afedaphioapheduphpspiicliegamtiith eatwi t h at
| east one or nore selected fromacids and alkalis. (C2) Step of coating
the surfateast oae ppospoaeusebacted &romt Acdids ramdaailkadulst ance f or ned
of netal hydroxide or oxide by adding a water-soluble netallic
(C2) Step of coating the surface of red phosphorus
particles with an inorganic substance formed of metal
hydroxide or oxide by adding a water-soluble metallic
salt and an alkaline agent to a slurry having the washed
red phosphorus particles dispersed into water.
(C3) Step of washing the red phosphorus particles coated
with the ilnorganic substance with pure water.
(C4) Step of obtaining the flame-retardant stabilized
red phosphorus by adding a synthetic material of a
thermosetting resin or its prepolymer to a slurry having
the washed red phosphorus particles coated with the
inorganic substance dispersed into water, performing a
polymerization reaction to coat the surface of red
phosphorus particles, which is coated with the inorganic
substance, with the thermosetting resin.
(C5) Step of washing the flame-retardant stabilized red
phosphorus with pure water so that a slurry having the
flame-retardant stabilized red phosphorus dispersed in
10% by welight into water at 20C has an electric

conductivity of 304U s/cm or below.




salt and an al kaline agent to a slurry having the washed red phosphorus
particles dispersed into water. (C3) Step of washing the red phosphorus
particles coated wth the inorganic sgibstance with pure water. (C4) Step
of obtaining the flane-retardant stabilized red phosphorus by adding a
synthetic material of a thernosetting resin or its prepolyner to a slurry

havi ng tH@6 WEdrp ofanipdagphbesaphed £l amecake bardant shablilioz ¢dni c
substance di spersed into water, performng a polynerization reaction to
coat the medfphesphoxrus asnddiieaphydreng sdinchhpmpdunddn ebtiiln t he
I norgani ¢ substance, with the thernosetting resin. (C5) Step of washing
the fl ansthetzedohosphoinuy basedf lynespedardanthcpnpesdtttonso3dhat a
slurry having the f |ane-retardant stabilized red phosphorus di spersed in
10% by wefemt annte@osey eresim0t has an el ectric conductivity of 30/is/cm or
bel ow. 18 (C6) Step of m xing the washed flane-retardant stabilized red
phosphorus and The eplogir cnesinncanppsdiddmn Hbtraian sembcpadytibephor us
base f | ane-retardant conposition (3) for an epoxy resin. The epoxy resin
conposi t ismmaldnga reetecdaduciHrthecthingl especdl of the Lhwvehtabenct of
the invention contains the aforesaid red phosphorus base fl ane-retardant
conposi timentadilnsortlee sfomesabdnredliiphosphorins daser an epoxy resin
conposition for

flame-retardant composition (3) for an epoxy resin.

The masterbatch for an epoxy resin composition for
a semiconductor sealing material of the third aspect of
the invention contains the aforesaid red phosphorus base
flame retardant for an epoxy resin.

The semiconductor sealing material of the third
aspect of the invention uses the aforesaid epoxy resin
composition for a semiconductor sealing material.

The semliconductor device of the third aspect of
the invention uses the aforesald semiconductor sealing
material.

The features of the invention will be described
below.

The red phosphorus base flame retardant (1) for
an epoxy resin of the first aspect of the invention
comprises the coated red phosphorus which has the surface
of red phosphorus particles coatedwith the thermosetting
resin containing the anhydrous zinc compound. In the

step of producing the coated red phosphorus, the step

of washing the red phosphorus particles with at least



a sem conductor sealing material of the third aspect of the invention
contains the aforesaid red phosphorus base flane retardant for an epoxy
resin. The sem conductor sealing matergal of the third aspect of the
i nvention uses the aforesaid epoxy resin conposition for a sem conduct or
sealing material. The sem conductor device of the third aspect of the
i nvent i orrneselieetaficf voniactdsiavvh@ldaliscks pey foxmed to remevecat ures
of the invention will be described below. The red phosphorus base flane
ret ar danty§¢l}owophosphoouy pod medfal [ponteptsagyah ad Ree Nhvamdi on
conprises the coated red phosphorus which has the surface of red
phosphor 1@u peh i obl agecsrtadhneld tine thernedecphosphoxrwsnpastiidheésag t he
anhydrous zinc conpound. In the step of producing the coated red
phosphor tandt hecome anf owdsidtiponhheatald ysbsfoar redpaphospdoxush at | east
19 one selected fromacids and alkalis is perfornmed to renove vyellow
phosphor Uthand kbealregbrpkagsphorits gaft i clie saraire Guoatiesh wdrtth cobhheai ned i n
the red phosphorus particles and beconme an oxidation catalyst for red
phosphor usherimbeettimgr résitospdntadndard | thes ahydvaued zdind t he
t hernosetting resin containing the anhydrous zinc conpound and washed to
renove | ccorpoond andwasbetihtio réemove dionidampyriitdesd sphosipabr us
particl es dispersed

the slurry having the red phosphorus particles dispersed

in 10% by welight into water at 20T can have an electric

conductivity of 30Ls/cm or below.

Under the heating conditions, by a synergistic
effect of the low electric conductivity as a result of
the removal of ionic impurities, the coating with the
thermosetting resin and the formation of the insoluble
phosphate compound by the effective reaction of the
anhydrous zinc compound and oxo acid of phosphorus, the
electric conductivity after being left standing at 80C
for 20 hours i1s 150/ s/cm or below, and when 80 ml of
water 1s added to 8g of the coated red phosphorus and
heated at 80C for 20 hours a concentration of PO, ions
eluted is 10 ppmor below, and sufficient flame retardancy,
humidity resistance and electric reliability can be
obtained for storage at normal temperature and at a
temperature for blending into the epoxy resin.

Besides, the red phosphorus base flame retardant
(1) for an epoxy resin has heat stability, and the

aforesald electric conductivity of 2000 s/cm or below



in 10% by weight into water at 20cC can have an electric conductivity of
30/ Ls/cmor below. Under the heating conditions, by a synergistic effect
of the low electric conductivity as aggesult of the renoval of ionic
impurities, the coating with the thernosetting resin and the formation of
the insol uble phosphate conmpound by the effective reaction of the
anhydr ouand rthe phutied B20d 4920 aengesitpatdeinoofs 8 tth@pm|ox the kow
conductivity after being left standing at 80t for 20 hours is 150 It s/cm
or bel ow,undertthenhed tingicomit tlonwo fddetighd @up ef atthir & 0t 1510 Ko d
phosphorus and heated at 80r for 20 hours a concentration of P04 ions
el uted i STH@s ppirher éEfewt afd theé anhyidomus kzdme reempduandy,ishunmidity
resi stance and electric reliability can be obtained for storage at normal
t enper at wef fihdilsnGly trmepegatized f andfdamegetandaheyepbhanirdésty.
Besi des, the red phosphorus base flane retardant (1) for an epoxy resin
has heat sésbsitiamnge and éheoctafior cediithiel 2dtty candeiobtiadngdafrn@€H009s/ cm
or below 20 and the eluted P04 ion concentration of 800 ppm or bel ow under
t he heatiamghtghdittempenatarie glonébpdoat.ure of 150t . Thus, the effect of
t he anhydrous zinc conpound is sufficiently recognized, and flane
retardancy, hurilidetyedr phicsipingeoasd baset fl ameclnetatrdantcd2 pefopt ai ned
under a high tenperature condition. The red phosphorous base flane
ret ar dantai 2¢pb&y resin of the second aspect of the invention

comprises double-coated red phosphorus which has the

surface of red phosphorus particles coated with an

inorganic substance and further coated with a

thermosetting resin containing an anhydrous zinc

compound. In the step of producing the double-coated

red phosphorus, the step of washing the red phosphorus

particles with acid and/or alkali and the step of washing

the inorganic substance-coated red phosphorus particles

with pure water are performed to remove yellow phosphorus

andmetal contents suchas Fe, N1 and Cuwhich are contained

in the red phosphorus particles and become oxidation

catalysts and to remove the l1onic impurities produced

in the production step so that they are not taken into

the product. Then, the red phosphorus particles are

coated with the thermosetting resin containing the

anhydrous zinc compound, further washed with pure water

to remove the ionic impurities, so that the slurry

prepared by dispersing the red phosphorus particles in

10% by welght into water at 20C can be made to have a



an epoxy resin of the second aspect of the invention conprises
doubl e-coat ed red phosphorus which has the surface of red phosphorus
particles coated with an inorganic sgibstance and further coated with a
t hernosetting resin containing an anhydrous zinc conpound. In the step of
produci ng the doubl e-coated red phosphorus, the step of washing the red
phosphor Usow pal eicdmke weohdasitdi whtiyoo fal 3l s 4on e belegwof washing the
i norgani ¢ substance-coated red phosphorus particles wth pure water are
perfornmed to r &peelfdidadlphochedeublerrcortad redtphospharugsofe, Ni
and Cu which are contained in the red phosphorus particles and becone
oxi dat i orthezed phasphdroms base fillame e trardpoti ( 2esfpramempbxyn t he
production step so that they are not taken into the product. Then, the red
phosphor usepinthabBether énoggarticwwohtt bE ther dnogtgamicr gubs taancei ni ng
the anhydrous zinc conpound, further washed with pure water to renove the
lonic i npthilicheds presentt betsteenyther aead cphbgphicapeusi pgrithiccled
phosphorus particles in 10% by weight into water at 20t can be nade to
have a 2lsupfiaclecandi the diiiermpweiettt g 3Estncoat axcompaspdoritbal |y,
t he doubl e-coat ed red phosphorus of the red phosphorous base flane
ret ar danttf@ pdatedresd phyo spkekernshaf the redbphasphavas hdséfilamer gani
substance which is present between the red phosphorous particle surface
and t he tietavdaitt dl )y eédon anadpazycoesdned sew tthat the inorganic
substance coat covers red phosphorus to prevent
generation and elution of oxo acid of phosphorus under
the heating condition, and can lower the electric
conductivity and the concentration of PO, ions eluted

after being left standing at 80C for 20 hours which are
better than in the red phosphorus base flame retardant
(1) for an epoxyresin. And, sufficient flame retardancy,
humidity resistance and electric reliability can be
obtained for storage at normal temperature and at a
temperature for blending into the epoxy resin.
Beslides, the red phosphorous base flame retardant
(2) for an epoxy resin has heat stability, and under the
heating conditionof ahigh temperature of 150, provides
a better effect of lowering the electric conductivity
and the concentration of PO, ions eluted than the red
phosphorus base flame retardant (1) for an epoxy resin.
Thus, flame retardancy, humidity resistance and electric
reliability can be obtained under the condition of a high

temperature.



the coated red phosphorus of the red phosphorus base flame retardant (1)
for an epoxy resin, so that the inorganic substance coat covers red
phosphorus to prevent generation and gdution of oxo acid of phosphorus
under the heating condition, and can | ower the electric conductivity and
the concentration of PO4 ions eluted after being |left standing at 80t for
20 hours whi ch The rpd: tphoaspharus thasecflgmespheotardaade f| ane retardant
(1) for an epoxy resin. And, sufficient flame retardancy, humdity
resi st anczompdsditsioni €3)eEioabian tepexy besightaf rhie f bhigdorsmeat nor nal
tenperature and at a tenperature for blending into the epoxy resin.
Besi des, afiethed ipihvaphbdoousdrpelspana reedr phospheyusomiztwpexy resin
has heat stability, and under the heating condition of a high tenperature
of 1501 ,ceombaldddng af bemeeretidedanti dtaiellngeidhered ephoisphomrmlactivity
and the concentration of P04 ions eluted than the red phosphorus base
flame retanmdan aphydoouanz tpoxgompsund. This ,tHe atep efaptadacihgm dity
resi stance and electric reliability can be obtai ned under the condition of
a high tepefitames-réfaFdamtedsbabifiicrad bede phosphoenar,dardd
conposition (3) for an epoxy resin of the third aspect of the invention
conpri sephosptioxhos phartdcled waeshednwdith rat fleastr eher galiecstalli | i zed
red phosphorus and an anhydrous zinc conpound. In the step of producing
from aclids and alkalis are used as the red phosphorus

particles, the process of washing the inorganic
substance-coated red phosphorus particles and the
resin-coated red phosphorus with pure water i1is performed
to remove the il1onic impurities produced during the
production step to prevent them from being taken into
the product, then the flame-retardant stabilized red
phosphorus is mixed with the anhydrous zinc compound to
prepare the red phosphorus mixture. Thus, the ionic
impurities are removed, and the slurry having the red
phosphorus mixture dispersed in 10% by weight into water
at 20C can be made to have a low electric conductivity
of 304 s8/cm or below.

Specifically, the red phosphorus base
flame-retardant composition (3) for an epoxy resin is
different £from the red phosphorus base flame retardants
(1), (2) for an epoxy resin and does not have the anhydrous
zinc compound coated together with the thermosetting
resin on the surface of red phosphorus particles, but

has the anhydrous zinc compound 1s mixed with the



the flame-retardant stabilized red phosphorus, red phosphorus particles
washed with at |east one selected fromacids and alkalis are used as the
red phosphorus particles, the processgof washing the inorganic

subst ance- coated red phosphorus particles and the resin-coated red
phosphorus with pure water is performed to renobve the ionic inpurities
produced #lakhagnekardapduataniidaged rodecphospiwrus: onEvemgihaken into
the product, then the flame-retardant stabilized red phosphorus is m xed
with t he tinéyanbydraus zcongempevndlepmixahd o abglass five UsLamet ure.
Thus, the ionic inpurities are renoved, and the slurry having the red
phosphor use taxdant depansepaxy 1086 bn ,wbhghe lesttr hateondac A1 t®n be
made to have a | ow el ectric conductivity of 30 /.i s/cmor bel ow

Speci fi caang thécordephasmiihono H Py 1dbhsreludiend afitexdypbsgtlefit(3) for
an epoxy resinis different fromthe red phosphorus base flane retardants
(1) , (2)standingpoky80d&Ei fondodaesunst calyebé hkoaeinegll puandzi nc conpound
coated together with the thernosetting resin on the surface of red
phosphor usupfdcii@res, £ bame hastabhdéaaclyy,drioumiddny aoegbakdnce nandd with
the 23 flane-retardant stabilized red phosphorus. Even when the anhydrous
zi nc conpemledtrd oredddbnl lityasan be ébaad neg@dfardstid rhge at regumalr esi n
the electric conductivity and the concentration of P04 ions eluted after
bei ng | eftemperature and at a temperature for blending into the

epoxy resin.

Besides, the red phosphorus base flame-retardant
composition (3) for an epoxy resin has heat stability
and provides an effect of lowering the electric
conductivity and the concentration of PO, ions eluted
even under the heating condition of a high temperature
of 150C. Thus, flame retardancy, humidity resistance
and electric reliability can be obtained under the

high-temperature conditions.

Best Mode for Carrying Out the Invention

The invention will be described in detail below.
<Red phosphorus bhase flame retardant for an epoxy resin)>

The red phosphorus base flame retardant for an epoxy
resin includes a red phosphorus base flame retardant (1)
for an epoxy resin of a first aspect of the invention
and a red phosphorus base flame retardant (2) for an epoxy
resin of a second aspect of the invention.

The red phosphorus base flame retardant (1) for



standing at 80t for 20 hours can be |owered, and sufficient flane
retardancy, humdity resistance and electric reliability can be obtained
for storage at normal tenperature anghyat a tenperature for blending into
the epoxy resin. Besides, the red phosphorus base fl ane-retardant
conposition (3) for an epoxy resin has heat stability and provides an

ef fect ofan oepekygrndmirl eft the fdarictagpegtand ttiee chbnvemtbienohsof P04
ions eluted even under the heating condition of a high tenperature of
150° . Thesatédamed cphodphoxrusuwhdichy hasi thensarfmdecbdcined
reliability can be obtained under the high-tenperature conditions. Best
Mode for [aesphoeyruditpahtipcheshtdaatatiewitheat thvenmosebtitegarédto i n
detail below. <Red phosphorus base flanme retardant for an epoxy resin>
The red phosphdnisgancahhyde aws adsentoingrowmd epihxgretnithemdatied a red
phosphorus base flane retardant (1) for an epoxy resin of a first aspect
of the | mwedtplhmsphoaduws ladhabgepdpenrt s e hd ik s silardgnpredated an
epoxy resin of a second aspect of the invention. The red phosphorus base

flane retwydanepelsing a4 ano £pbyy wellsght Ol nithe watélr aspezo Cfhabe
I nvention is coated red phosphorus which has the surface of red

phosphor usn Rld bEkee condabtivity éhFONSE! Enrgr bR ow , AKHé & i Hgyan
anhydrous zi nc conpound, wherein the coated
which is left standing at 80C for 20 hours has an electric
conductivity of 150/ s/cm or below, and when 80 ml of
water 1s added to 8g of the coated red phosphorus and
heated at 80C for 20 hours, a concentration of PO, ions
eluted is 10 ppm or below.

The red phosphorus base flame retardant (2) for
an epoxy resin of the second aspect of the invention is
double-coated red phosphorus which has the surface of
red phosphorus particles coated with an inorganic
substance and further coated with a thermosetting resin
containing an anhydrous zinc compound, wherein the
double-coated red phosphorus has properties that its
slurry prepared by dispersing in 10% by weight into water
at 20C has anelectric conductivityof 30/ s/cmor below,
the slurry which is left standing at 80C for 20 hours
has an electric conductivity of 150/ s8/cm or below, and
when 80 ml of water is added to 8g of the double-coated
red phosphorus and heated at 80C for 20 hours, a

concentration of PO, ions eluted is 10 ppm or below.

In other words, the red phosphorus base flame



red phosphorus is has properties that its slurry prepared by dispersing in
10% by weight into water at 20t has an electric conductivity of 30 s/cm
or below, the slurry which is left sgmnding at 80t for 20 hours has an

el ectric conductivity of 150s/cm or bel ow, and when 80 nml of water is
added to 8g of the coated red phosphorus and heated at 80 C for 20 hours,
a concentretavdamt0¢l)oend 2 elfiordans epPxynres live|aky. t The pmaB enbsphor us
base flanme retardant (2) for an epoxy resin of the second aspect of the

i nvent i orlneentdwi draveat ther aurflacsywf usedhpbosipdorhe panftdoeles red
phosphorus particles coated with an inorganic substance and further coated
wth a thrabedt with rtben theoamasatitd g cesidr contzathoiognpgdend, wherein
the doubl e-coated red phosphorus has properties that its slurry prepared
by di speramngdire uld)%ixyc wombhdunidt,0 anal are ap e £1bad Ian fdrwedi of
conductivity of 30 s/cmor below, the slurry which is left standing at
80" C for tave hfoldowiasgavoatend rredcphdaphorty afesipdctite@dyr bel ow, and
when 80 m of water is added to 8g of the doubl e-coated red phosphorus and
heat ed at( BpiCdatedlré&dplsosphoaiE e ré inafdfePdhlled tthelicatatedl0 ppm
or below. In other words, the red phosphorus base flane 25 retardants (1),
(2) for are&pphyspisorusf (1h9 pylesent hasvehéi surdtace t € wd ace of red

phosphorus particles coated with the thernosetting resin containing the
phosphorus particles in the red phosphorus base flame
retardant (1) for an epoxy resin coated with the
thermosetting resin containing the anhydrous zinc
compound.
(2) Double coated red phosphorus (hereinafter called the
double-coated red phosphorus (2)) which has the surface
of red phosphorus particles in the red phosphorus base
flame retardant (2) for an epoxy resin coated with the
inorganic substance and further coated with the
thermosetting resin containing the anhydrous zinc
compound.

Raw material red phosphorus particles prior to the
coating treatment which can be used for the coated red
phosphorus (1) and the double-coated red phosphorus (2)
are not particularly limited and may be a crushed product
or a spherical product. Especially, the red phosphorus
particles of the invention desirably have an average
particle size of 1 to 50/ m determined by a laser method.

It 1s because 1f the average particle size were smaller

than 14m, it 1s technically hard to coat the red



anhydrous zi nc conpound, and are specifically fornmed of the follow ng
coated red phosphorus respectively. (1) Coated red phosphorus (hereinafter
called the coated red phosphorus (1)26which has the surface of red
phosphorus particles in the red phosphorus base flane retardant (1) for an
epoxy resin coated with the thernosetting resin containing the anhydrous
zinc cogRephorys (Pastd cdes eﬂnﬂe@%cmphﬂ:é-sw(]heré?hatg@r therd t he
doubl e-coat ed red phosphorus (2)) which has the surface of red phosphorus
particl ehamdi hdfr dd plecspHaxgebatban |5kt mr etk dbstn¢ R) deesd rabkpoxy
resin coated with the inorganic substance and further coated with the
t her nosethe pgusesidd aperalbildd theofinbhér cgatahred aphospdhomas hateri al
red phosphorus particles prior to the coating treatnment which can be used
for the ddwe ctesdn bpeomagwmeorl)anddat fesdamal ke chhame red axbaphorus (2)
are not particularly limted and may be a crushed product or a spherical
product . e&EHecitaltiends heoted phospbbtasinedsiti cl es of the invention
desirably have an average particle size of 1 to 50 u mdeterm ned by a
| aser nethod. The iredphasgeho fushpaatdrclges pard delsclsed e avdmae kwde| er
than 111 m it is technically hard to coat the red 26 phosphorus particles
and not k@ttbyawel@ht loer didkow , hamdl pdrtiovdaxrlywnrprefelrabbP/ 84 it is
not desirable

by welight or below, of particles having a particle size

of less than 1liUm.

In the red phosphorus base flame retardant for an
epoxy resin of the present invention, the particle size
of the red phosphorus base flame retardant is variable
depending on the particle size of the red phosphorus
particles, so that it 1s desired that a preferable range
of average particle size and maximum particle size is
previously selected in a stage that the red phosphorus
particles have not been undergone the coating treatment
acoording to the shape of an IC package for which the
aforesald red phosphorus base flame retardant i1s used.

A relation between the average particle size and
the maximumparticle size of the red phosphorus base £flame
retardant will be descried in further detail. There are
desirable particle size ranges depending on the shapes
of IC packages for which the red phosphorus base flame
retardant is used. For example, where the red phosphorus
base flame retardant is used foraliquid sealingmaterial

such as CSP (chip size package) or BGA (ball grid array)



because dispersibility of the coated red phosphorus in the resin becones
poor, and a desirable flane retardant effect tends not to be obtained. The
red phosphorus particles are desired ¢p include 10% by wei ght or bel ow,
and particularly preferably 5% by weight or below, of particles having a
particle size of less than 1/2m In the red phosphorus base fl ane
ret ar danto¥ dfomra tpbtrypackiagefcahbedr tramsfem BEAonthehpremencee size
of the red phosphorus base flane retardant is variable depending on the
particl e cf pantities dangesdiivansa gap thetweensbhehaubisttratdeanded t hat
a preferable range of average particle size and maxi mum particle size is
previ ouslthecl@ctbdipi dsansttapardafherabie r ehdphics plwrdssipatilie|tdsahave not
been undergone the coating treatment according to the shape of an IC
package fthewavelralgee paftiecle &zl dosphorle toasenfl ahe maximant i s
used. A relation between the average particle size and the maxi num
particl e paZeielld hazed $los phnres balew wavikch reiardesernine@ebgescri ed
in further detail. There are desirable particle size ranges dependi ng on
t he shapeshe olab@mpankethed.f or which the red phosphorus base flane
retardant is used. For exanple, where the red phosphorus base flane
retardant is udMshahwhided, gthéracahegr&dt phiodiphstab badeéSPE{ahiep size
package) or BGA (ball grid array) 27 or for a thin package called transfer
BGA, the m¢taedamt is used for a relatively thick IC package which

is called DIP (Dual inline package) or ZIP (Zig-zag inline

package), it is desirable that the average particle size
is 10 to 504 m and the maximum particle size is 150U
m or below which are determined by the laser method.
Where the red phosphorus base flame retardant is
used for a thin IC package which is called TSOP (Thin
small outline package) or TQFP (Thin quad flat package),
it 1s desirable to use particles having a particle size
characteristic between the aforesaild two cases, and it
1s desired that the average particle size is 5 to 20
M4 m and the maximum particle size 1s 45/ m or below which
are determined by the laser method. The average particle
size and the maximumparticle size arepreferablyprepared
by treating red phosphorus particles before the coating
treatment, but the average particle size and the maximum
particle size may be prepared by ordinary means such as
screening after preparing the coated red phosphorus.
The anhydrous zinc compound used for the coated

red phosphorus (1) and the double-coated red phosphorus



of particles larger than a gap between the substrate and the IC chip is
not preferable, and it is desirable that the average particle sizeis 1 to
10 It mand the maxi mum particle sizggis 20 /1 mor bel ow which are
determ ned by the |aser nethod. Meanwhile, where the red phosphorus base
flanme retardant is used for a relatively thick |IC package which is palled
DI P (Dual{3 hl daecridhederbovez|is (dilgtinguishad framagehydnateddesirabl e
that the average particle size is 10 to 50/Lm and the maxi mum particle
size is MERallipcoroxkdew wibekifikcably, nithel hydradddseetmdidida. Were
the red phosphorus base flanme retardant is wused for a thin |IC package
whi ch i s amhpedndSAs (Fhcampourid oanitiadn g kwgdewrofQFP ( Thin quad fl at
package) , it is desirable to use particles having a particle size
char act erasy s t alldidwatii bhecerpatecone d Hhywa gasesrahntlo rinu liasMdogt XHdot hat t he
average particle size is 5to 20 gmand the maximumparticle size is 459m
or bel ow (Mixépresenies canmetalhy n lend aserepetetsmnt Tas dndregyeer pafticl e
size and the maxi mum particle size are preferably prepared by treating red
phosphor Us qramioréedeberarinedcbaseid op theatakebcebof mledt 2l eoranéd
particle size and the maxi mum particle size may be prepared by ordinary
means sudh mepreseaets ngoaftiadmed epartieny dhecrygatad X rzapheaphosnsa The
anhydrous zi nc conpound used for the coated red phosphorus (1) and the
doubl e- cakdeblecgaltosmwt atnihg the aforesaid compound, but the

anhydrous zinc compound used in the present invention

is a zinc compound not having water of crystallization.

The zinc compound not having suchwater of crystallization

includes zinc oxide, zinc carbonate, zinc orthosilicate,

etc., which are used solely or as a combination of two

or more. Among them, zincoxide is especliallypreferable

in terms of 1ts reactivity with a phosphorus component

eluted.

Zinc oxlide 1s expressed by a chemical formula ZnO,

zilnc carbonate 1s expressed by a chemical formula ZnCO;,

and zinc orthosilicate 1s expressed by a chemical formula

Zn,S10,. As to the physical properties of the anhydrous

zinc compound, it 1s desired to be fine in terms of its

homogeneous distribution with the coating resin and the

reactivity with oxo acid of phosphorus eluted.

Generally, 1t 1s desired to have an average particle size
of 2//m or below, preferably 0.2 to 1/ m, determined by
the laser method. The aforesalid anhydrous zinc

compounds are desired not to contain a large amount of



(2) described above is distinguished froma hydrated netallic oxide.
Specifically, the hydrated netallic conpound is a conpound contai ni ng

wat er of crystallization expressed byog general formla MMNnXHO (M
represents a nmetal, mand n represent an integer of 1 or nore determ ned
based on the val ence of nmetal, and X represents contained water of

crystal |l ifznionimpuritiedabl e salt contai ning the aforesaid conpound, but
the anhydrous zinc conpound used in the present invention is a zinc
conpound not hdlndegrwiher coindiioal [tilvak i bhe relde phiospbomyirkaset havi ng
such water of crystallization includes zinc oxide, zinc carbonate, zinc
ort hosi | ifkame retardambi £braas epekyaiesinoisagsedcasbianateiadking two or
nore. Anong them zinc oxide is especially preferable in ternms of its
reacti vi materihad plowspher ddkeonpthenanhgtditeds Zilme cxompoundxpo£ssed by
a chemcal formula ZnO,  zinc carbonate is expressed by a chemcal formnula
ZnCO3, ditlezinvemttimsiteaatewitlexyxesseddbyfaphoaphakufsoreitedZn2Si O4.
As to the physical properties of the anhydrous zinc conmpound, it is
desired tfxrdm tioatdd tednphaisphsrusormgepreodacd Hn i bnbodubidé h t he
coating resin and the reactivity with oxo acid of phosphorus el uted.

Gener al | yYpho s phatkesopobumwd Baveo avtatercigtapaiumid ity e sdfs tanitem or

bel ow, preferably 0. 2 to 111 m deternmined by the |aser nethod. The

af or esai camdhglle@tr ¥é¢ Nfetd@lmityare desired not to contain a |arge
amount of

The thermosetting resin for coating the red
phosphorus particles in the coated red phosphorus (1)
and the double-coated red phosphorus (2) is for example
one kind or two or more selected from phenol base resins,
melamine base resins, epoxy base resins, unsaturated
polyester base resins, phenol-formalin base resins,
urea-formalin base resins, melamine-formalin base
resins, furfuryl alcohol-formalin base resins, etc.
Among them, the phenol base resins are particularly
desirable because they excel in dispersibility into and
compatibility with the epoxy resin.

It 1s desirable that a content of the thermosetting
resin in the coated red phosphorus (1) is 0.5 to 20% by
weight, preferably 1 to 10% by weight. And, i1t is
desirable that a content of the thermosetting resin in
the double-coated red phosphorus (2) is 0.5 to 20% by
welght, preferably 1 to 10% by weight. It is because
when the content is less than 0.5% by welght, a resin

coating effect cannot be obtained, and the elution of



29 ionic inpurities. Under the condition that the red phosphorus base
flame retardant for an epoxy resin is used as a sealing material or the

| i ke, the anhydrous zinc conpounds ofggthe invention react with oxo acid of
phosphorus eluted from coated red phosphorus to produce an insoluble
phosphat e conpound so to act to obtain humdity resistance and electric
reliabilitlye pivesphatmssmpogendsand thecpaoducthonr ef phboanihbnes
particles in the coated red phosphorus (1) and the doubl e-coated red
phosphor i gag 2incxreage exadMpanwhdriee ki wheor tthe ocontend skécomes fr om phenol
base resins, nelam ne base resins, epoxy base resins, unsaturated

pol yest erlamgerr e¢hiars, 2pheby wekghti, ntiheseparticdes taggregate i tobase
resins, melamne-formalin base resins, furfuryl al cohol-formalin base
resins, edimcreaAsmEnghehgartiled ebdze, resd n dligpe s tbpadriity blevdyes
desirabl e because they excel in dispersibility into and conpatibility with
t he epoxypoesinanid the ddsamebretdrdantcefifedt ddlsbcbebomascldéwng resin
in the coated red phosphorus (1) is 0.5 to 20% by weight, preferably 1 to
10% by wei ght. Mhdisidesiredethablthéhahhydxmnisnzint tbampgdendosatti ng
resin in the doubl e-coated red phosphorus (2) is 0.5 to 20% by wei ght,
preferabltyhd toated Medwplidsphidrus (bjyavgethehd@ovubibeconiatddisedless t han

0.5% by weight, a resin

phosphorus (2) is blended in a ratio of 50 to 1000 parts
by weight, and preferably 100 to 500 parts by weight,
to 100 parts by weight of the thermosetting resin of the
aforesald coated component. It i1s because a fixing
abllity of the eluted phosphoric acid component becomes
insufficient when the content becomes less than 50 parts
by welght, and a strength of the coating resin is also
lowered to easily break the coating film, so that when
the epoxy resin composition for a semiconductor sealing
material is formed, IC circults are corroded by oxo acid
of phosphorus eluted from red phosphorus by the
reliabillitytest of thesealingmaterial, and theelectric
reliability is lowered. Meanwhile, it i1s not preferable
when the aforesald content 1s larger than 1000 parts by
welght, because a P content in the entire red phosphorus
base flame retardant becomes small, and the flame
retarding effect becomes low.

The present invention may also contain an anhydrous
metallic oxide such as A1,0;, Zr0,, Ti1i0, or SnO; in addition

to the anhydrous zinc compound into the thermosetting



coating effect cannot be obtained, and the elution of 30 the phosphate
conponent and the production of phosphine gas increase. Meanwhile, when
the content becomes |arger than 20% by weight, the particles aggregate to
i ncrease the particle size, resin dispersibility becones poor, and the
flame-retardant effect also becones low. It is desired that the anhydrous
zi nc conesini as tthe coantdneconpopie®tus (1) or the doubl e-coated red
phosphorus (2) is blended in a ratio of 50 to 1000 parts by weight, and
preferably 100 k% £90spanis byansi dm the glnvengdan bhakewden cthehe

t hernosetting resin of the aforesaid coated conponent. It is because a
fixing awated afed lphesphodyshotphooir tiee ddouvbdeeroabedomsd

i nsufficient when the content becones |less than 50 parts by weight, and a
strengt h pliospbhounes | (R) rkesidispealssnd 1vied by ovedghlty imtomlwd hercoat i ng
film so that when the epoxy resin conposition for a sem conductor sealing
materi al 4t Z0hetlo pfeparalia slarergo(heted nyfber aaildedftipdokp®or us
eluted fromred phosphorus by the reliability test of the sealing

mat er i al ,s adryle dhectlidt skwtrgbhhst ani eleotarkd.cébdowtideltytofs not
preferable when the aforesaid content is larger than 1000 parts by

wei ght, Bcpusgéch Brcbelow. | MLt hesenokr desdtqthDEpher the eadewtthoe

retardant becones small, and the flanme retarding effect becones | ow. The
present idwRAuicHLvibyyabéto®s dldrgerathal AGL s/cm, because the
electricreliabllity tends tobe inferior when the coated
red phosphorus (1) or the double-coated red phosphorus
(2) 18 used as the flame retardant for the epoxy resin
for a sealing material.

Besides, it 1s significant in the invention that
the coated red phosphorus (1) or the double-coated red
phosphorus (2) has a concentration of PO, ions eluted
limited to 10 ppm or below, preferably 8 ppm or below,
when 80 ml of water is added to 8g of 1its powder and heated
at 80C for 20 hours.

The reason why the eluted PO, ion concentration is
limited to 10 ppm or below is that it 1s not preferable
1f the eluted PO, i1on concentration i1s larger than 10
ppm because when the coated red phosphorus (1) or the
double-coated red phosphorus (2) is used for example as
the flame retardant for semiconductor sealing, aluminum
wiring formed on the semiconductor device surface is
corroded, and the humidity resistant electric

reliability of the semiconductor sealing material is



metal i c oxide such as A12G3, ZrQ2, T1Q2 or SnO2 in addition to the
anhydrous zinc conpound into the thernosetting 31 resin as the coating
conponent. It is significant in the igyention that when the coated red
phosphorus (1) or the double-coated red phosphorus (2) is dispersed in 10%
by weight into water at 20t to prepare a slurry (hereinafter called the
10% sl urkmpairede 10% slurry has an electric conductivity of 30 11 s/cm
or below. It is not desirable if the electric conductivity becomes |arger
than 30 IL s/crjnpthauadoanrsadfleconidltbonghi ltheg PHAds1o® be inferior
when the coated red phosphorus (1) or the double-coated red phosphorus

(2) is uzzenaentirationdsls degined tobe As kpwas possibilerin tammeng
material. Besides, it is significant in the invention that the coated red
phosphor st (theohuntied Htwbiresdost autr ed eqimiphoedd 121 1 hdy @ oplzent rati on

of PO4 ions eluted l|limted to 10 ppmor below, preferably 8 ppm or bel ow,
when 80 rdemicomidictieraziing Bgteirlialk, pmditt ed O0eppadordie BOwW,f or 20
hours. The reason why the eluted P04 ion concentrationis Ilimted to 10

ppm or bamds pretfeatablyi 2500tppmeder bellowif the el uted P04 ion
concentration Is larger than 10 ppm because when the coated red phosphorus
(1) or the doubteisoalled retigphfdmantusthdt ithesedated exedpl e as the
flame retardant for sem conductor sealing, alum num

phosphorus (1) or the double-coated red phosphorus (2)

is limited to have an eluted PO, ion concentration of

800 ppm or below, and preferably 500 ppm or below, when

80 ml of water 13 added to 8g of the coated red phosphorus

and heated at 150C for 20 hours. Then, even under the

high-temperature heating condition of 150C, the eluted

PO,; 1ion concentration can be lowered, so that the humidity

resistant electric reliability of the semiconductor

sealing material under the high-temperature condition

can be obtained.

Under the aforesaild conditions, the PHO; ion
concentration 1s desired to be as low as possible to 1500
ppm or below in terms of the humidity resistant electric
reliability of the semiconductor sealing material.

Besides, 1t 1s significant for the coated red
phosphorus (1) or the double-coated red phosphorus (2)
in the invention that when 89 of the coated red phosphorus
is added to 80 ml of water at 20C (10% slurry) and left

standing at 80C for 20 hours, an electric conductivity

is 1504 8/cm or below, preferably 1004 s/cm or below.



wiring fornmed on the sem conductor device surface is corroded, and the
hum dity resistant electric reliability of the sem conductor sealing
material is 32 inpaired. 1In the aforgsaid conditions, the PHO3 ion
concentration is desired to be as |ow as possible in terns of the humdity
resistant electric reliability of the sem conductor sealing material, and
it is 300pphsonoteinmefenad e ct€r fbey edxchphcocdrdeativity B$so
significant that the coated red phosphorus (1) or the double-coated red
phosphor Usa¥ger ithan nl5edl 84 cmavcbanaubet sthéithen comaicedt red on of 800
ppm or below, and preferably 500 ppmor below, when 80 m of water is
added t o Byosphiotru g dal pdorethphdeoptitkerscoate e dlospb@rdmHr( 2D hours.
Then, even under the high-tenperature heating condition of 150 , the
el uted R usedasntbetflhamenretarianviomrdendeonducttver bemlding,
resistant electric reliability of the sem conductor sealing material under
t he hi gh-auptnamivel xbngi fioamed annbd&heEbtsemi donlduket orhdeafiweesai d
conditions, the PHO3 ion concentration is desired to be as | ow as possible
to 1500 spnfacebdisonomrddedsand the humi diltty res ks tanteckedeatxic
reliability of the sem conductor sealing nmaterial. Besides, it is
significamliabitlnedyoafethecdephospldaratsorf 1seald iiny matkelrd-albatsd red
phosphorus (2)

degraded in the same way as described above.

The electric conducotivity in the present invention
has a value resulting from ionic compounds such as
chlorine ions, bromine ions, PO, ®, PHO; %, NH,', so,*,
Na*, K' and PH,0, .

Itis alsosignificant for the coated red phosphorus
(1) or the double-coated red phosphorus (2) that its 10%
slurry has anelectric conductivityof 20004 s/omor below,
preferably 8004 8/cm or below, when it is left standing
at 150C for 20 hours. Under the high-temperature
heating condition of 150TC, the aforesaid concentration
of the 1onic compounds can be lowered, so that the humidity
regsistant electric reliability of the semiconductor
sealing material under the high-temperature conditions
can be obtained.

The coated red phosphorus (1) or the double-coated
red phosphorus (2) 1is desired to have an average particle
slzeof 1 to 504U mwhich is determined by the laser method.
It is because 1t 1s technically difficult to coat the

red phosphorus particles when the average particle size



in the invention that when 8g of the coated red phosphorus
m of water at 20 C (10% slurry) and | eft
an electric conductivity

I s added to 80
standing at 80t for 20 hours,
is 1509s/ cnmypr bel ow, preferably 100/Ls/cm or

below. 33 It is not preferable if the electric conductivity is larger than
1509s/cm because when the coated red phosphorus (1) or the doubl e-coated

red phosphersmallder jthaped &m tde descer it dr dhove andeditc drmjurebr

seal i ng,

coated red phosphorus

alum numw ring forned on the sem conductor device surface is
corr oded rp@ictieaduni dfegnwhdiln anvhepedived Averhigshiparyicfle lze
sem conductor sealing material is degraded in the sanme way as descri bed
above. Tiks elergerx thoanudOivm,y ith 1aenptedtedirabde iecange a val ue

resulting fromionic conmpounds such as chlorine ions, bromne ions,
PHO32, NHiisp&@4dbiNaltyKinarkthéHeéBin hHecomesl dafeghoki,cand far the

10% sl urdeshzabde dlame iretanrdant wfifeot £0As9ns/tcheocobtained.
preferably 800 /1 s/cmor below, when it is left standing at 150 C for 20
hours. Under t it higlidsehpabldieuthdteathegponedired phosphdiust (k)
af oresaid concentration of the ionic conpounds can be | owered, so that the
hum di ty oxrethet doulkel @eetoiated| reli phiospliorthe (@) cosmdoondrokkedi ng

mat eri al

under the high-tenperature conditions can be obtai ned.
to have the average particle size and the maximumparticle

slze 1n a desirable range depending on the IC package
for which the aforesald red phosphorus (1) or (2) is used
as described above. For example, when the coated red
phosphorus(l) or the double-coated red phosphorus (2)
1s used for a 1liquid sealing material such as CSP or BGA
or a thin type package which called transfer BGA, it is
preferred that the average particle size 1s 1 to 104
m and the maximum particle size 1s 20/ m or less which
are determined by the laser method, and when it is used
for a relatively thick type IC package which 1s called
DIP or ZIP, i1t 1s preferred that the average particle
silze 18 10 to 504 m and the maximum particle size is 150
4m or less which are determined by the laser method.
When it is used for a thin type IC package which is called
TSOP or TQFP, it is preferred that the average particle
size 1s 5 to 204 m and the maximum particle size is 45
Um or less which are determined by the laser method.

It 1s particularly desirable that the coated red

phosphorus (1) or the double-coated red phosphorus (2)

PO4- 3,

(1) or the doubl e-coated red phosphorus (2) that its



The coated red phosphorus (1) or the doubl e-coated red phosphorus (2) is
desired to have an average particle size of 1 to 50 u mwhich is
determ ned by the laser nmethod. It issbecause it is technically difficult
to coat the red phosphorus particles when the average particle size 34 is
smal ler than 111 m as described above and it is not practical. Meanwhil e,
when t he haver k@& par wiecightior beddwy gerefpraaloly | 5% by weight dexirabl e
because dispersibility in the resin becones inferior, and a desirable
flame rethelant offpartiieantiesnbaviagia pantiiclet sizedof AxdEs thar t he
coated red phosphorus (1) or the doubl e-coated red phosphorus (2) is
controll edu o have the average particle size and the maxi num particle
size in a desirable range depending on the I C package for which the
aforesai d red @mdphbtuts(desdre@)thatutbe caatted arédcphabpbarisr
exanpl e, when the coated red phosphorus(1l) or the double-coated red
phosphor usl  2or itheushoubde -dateddredalphgsphbarisl ( 2)ichass SC3edr BGA
or a thin type package which called transfer BGA, it is preferred that the
average phosphemigzeontent ®fl65.1o 9niabg wdkghtd frtiex(itié icolat smge i S
2011mor |l ess which are determned by the |aser nethod, and when it is
used fortreathentvel VIt HHischkeicyirsé Ghearckhgcraliphosphoaidedonmdéhdr ZI P,
it is preferred that the average particle size is 10 to 50/Lm and the
maxi mum pegt lebe tilvani 6535by Lne bghltes théi chazimgledenponathtby t he | aser
met hod.

increases and the red phosphorus particles aggregate due

to a binder effect, so that the particle size increases
to lower the dispersibility in the sealing resin, and
the flame retardant effect also tends to lower.
Meanwhile, when the red phosphorus content is larger than
97% by welght, it is not desirable because the coating
component becomes small, so that a large amount of the
phosphoric acid component elutes and phosphine gas is
generated.

The red phosphorus base flame retardant (1) for
an epoxy resin of the invention can be produced by the
productionmethodhaving the followingsteps (Al) to (A3).
(Al) Step of washing the red phosphorus particles with
at least one selected from acids and alkalis.

(A2) Step of obtaining the coated red phosphorus (1) by
adding an anhydrous zinc compound andasyntheticmaterial
of a thermosetting resin or its prepolymer to a slurry
having the washed red phosphorus particles dispersed into

water, and performing a polymerization reaction to coat



When it is used for a thin type |IC package which is called TSOP or TQFP,

it is preferred that the average particle size is 5 to 20/1m and the

maxi num particle size is 45 /.Lmor $@ss which are determ ned by the | aser
method. It is particularly desirable that the coated red phosphorus (1) or
t he doubl e-coat ed red phosphorus (2) 35 has 10% by wei ght or bel ow,

pref er ablth&suyfnsdegef oredhahasphbrys tparticled gl bhpihe cl e size of
less than 1 IL M And, it is desired that the coated red phosphorus (1)
or the ddilbemosettddingdrphdapentalpinmstizer sphydmoepaozdnacont ent of 65
to 97% by weight after the coating treatnent. It is because when the red
phosphor usompatiedt. is | ess than 65% by wei ght, the coating conponent

i ncreases and the red phosphorus particles aggregate due to a binder
effect, S(A3haStelpe qglirobtiednsirg ther exsksphosphoasus t basei flamebi ity in
the sealing resin, and the flane retardant effect also tends to | ower.
Meanwhi | egetardainite (k)] Hoosphoepoxytesini by aragghiihgathed dhdilyedei ght ,

it is not desirable because the coating conmponent becones small, so that a

| ar ge anmued phoisiphoptss|iiidr iwlithi gurepaear sbuttdsattnthphadpixrryg gas i s
generated. The red phosphorus base flame retardant (1) for an epoxy resin
of the irmavingn tte deapedducadl phosphormiod(t)i @lspébsddnan nposhe
foll owi ng steps (Al)to(A3).

by weight into water at 20C has an electric conductivity

of 30/ s/cm or below.

For example, the aforesaid red phosphorus particles
are washed by at least one kind selected from acids and
alkalis, namely by an acid and/or an alkall and dispersed
intowater to prepare a slurry of red phosphorus particles.
By washing the red phosphorus particles, a pH value of
the slurry is adjusted to 2 or below, preferably 1.5 or
below, by an acid such as nitric acid, and metallic
contents such as iron, nickel or copper which becomes
an oxldation catalyst of red phosphorus and yellow
phosphorus which is chemically instable, flammable and
one of causes to elute phosphoric acid ions are removed.
Before the washing by the above acid, an alkali such as
sodium hydroxide may be added to the red phosphorus
particle slurry to adjust the pH of the slurry to 9 or
more, preferably 10 or more, so to remove most of a yellow
phosphorus content previously, and then the aforesaid

aclid treatment may be performed to remove the metallic

contents such as iron, nickel and copper and a yellow



(Al') Step of washing the red phosphorus particles wwth at |east one
selected fromacids and alkalis. (A2) Step of obtaining the coated red
phosphorus (1) by adding an anhydrougy zi nc conmpound and a synthetic
material of a thernobsetting resin or its prepolynmer to a slurry having

t he washed red phosphorus particles dispersed into water, and performng a
pol yner i zho¢sphpgas i@entendoat 136 1sedegdirairlef that pthvephdkad dparticl es
with the thernosetting resin containing the anhydrous zinc conpound. (A3)
Step of dbreatmeqt hos rperflooypedr 48 Khee presencecteaf dant okl)ddfneran epoxy
resin by washing the coated red phosphorus (1) with pure water so that the
slurry hawechmps hydoeged pettoptiobe wirike ©RXidilspagptioapliDide dyswei ght
into water at 20r, has an electric conductivity of 30/i s/cmor below For
exanpl e, the aflt etai deslirgdoshatr ushparteid| phosphomashpdrihl alebeast one
ki nd sel ected fromacids and alkalis, nanmely by an acid and/or an al kal
and di sperashed wiichhareadiod pardAvbe anshlkal Hfas adle pbrdhend wbeaeti cl es.
By washing the red phosphorus particles, a pH value of the slurry is

adj ust ed dve ZXwrtherowa spreai arictih pulréd watebet ®wd PystntheipH stLiuds nitric
acid, and netallic contents such as iron, nickel or copper which becones

an oxi datepnthat aledtphdsphdiwspaetuisslaads Yalckgw t PhRspRomerehi ch i s
chemcally instable, flamuable and

preferably 2.5 or more, so that the elution of the
phosphoric acid ions from the washed red phosphorus
particles can be reduced.

Then, the anhydrous zinc compound and the synthetic
material of the thermosetting resin or its prepolymer
can be added to the red phosphorus slurry to perform a
polymerization reaction under the polymerization
condition of the thermosetting resin monomer to coat the
surface of red phosphorus particles to obtain the coated
red phosphorus (1). For example, where a phenol base
resin isused as the coatingresin, 5 to 30 parts byweight,
preferably 10 to 20 parts by welight, of red phosphorus
particles are dispersed into 100 parts by weight of water
to prepare the red phosphorus slurry. Then, to the red
phosphorus slurry, an alkall catalyst such as ammonia
or sodium hydroxide or an aclid catalyst such as
hydrochloric acid, nitric acid or sulfuric acid is added.
Then, 0.25 to 20 parts by welght, preferably 0.5 to 10

parts by weight, of the aforesaid anhydrous zinc compound

powder and 0.25 to 3 parts by weight, preferably 0.5 to



one of causes to elute phosphoric acid ions are renoved. Before the
washi ng by the above acid, an alkali such as sodi um hydroxi de nay be added
to the red phosphorus particle slurrggto adjust the pH of the slurry to 9
or nore, preferably 10 or nore, so to renove nost of a yellow phosphorus
content previously, and then the aforesaid acid treatnent nmay be perforned

to renove? tART Eethy Wwelghdnt efita phenodsresdm (MscResoddd eonientihd a
yel | ow 37 phosphorus content. It is desirable that the alkali treatnent is
perf or necare addedreandcthef pod wmedl zetian gteagthpar dgecnepdiarmeld whil e
oxi di zi ng phosphine gas. It is desired that the red phosphorus particles
washed wiat 60 o ®ekd/Heraone Kai i theedehonibedwhlidee stierfing.her washed
with pure water to adjust the pH value of the red phosphorus particle
slurry to 2 or Tewrenifonsiky adigp2rserther £1rnee anbydremus| zinoen of the
phosphoric acid ions fromthe washed red phosphorus particles can be
reduced. démpounide b9 dtines édcphbosphomunsnpattc clat Bdurry mederi al of
the thernosetting resin or its prepolynmer can be added to the red
phosphor udispersildm preadmeant mayyber pexificamedabyi additdkontof a
pol yneri zation condition of the thernosetting resin nononer to coat the
surface ddesitteghdipEmensapdr tsudlesad albadilnhexametaptiosptapaosphor us
(1). For exanple, where a phenol base resin is used as the coating resin,
5 to 30 parsarifpcecigbtive agent or by a powerful shearing

decentralization processing by means of a colloid mill,

a homogenizer or supersonic waves as required.

After completing the reaction, filtering, washing

with water and drying are performed to provide the product.

In the present invention, it 1s desired that the washing

with water i1s fully performed so that the electric

conductivity becomes 30/ s/cm or below, preferably 20

L s/cm or below, when there is prepared a 10% slurry of

the coated red phosphorus (1). If the electric

conductivity is larger than 304 s8/cm, 1t 1s not desirable

because when the product is used as the flame retardant

for the epoxy resin for the sealingmaterial, the electric

reliability tends to become poor as described above.

The red phosphorus base flame retardant (2) for

an epoxy resin of the present invention can be produced

by the production method having the following steps (B1l)

to (B5).

(Bl) Step of washing red phosphorus particles with at

least one or more selected from acids and alkalis.




preferably 10 to 20 parts by weight, of red phosphorus particles are
di spersed into 100 parts by weight of water to prepare the red phosphorus
slurry. Then, to the red phosphorus sdurry, an alkali catalyst such as
ammoni a or sodi um hydroxide or an acid catal yst such as hydrochl oric acid,
nitric acid or sulfuric acid is added. Then, 0.25 to 20 parts by weight,
pr ef er abl {B3) 55tep 0 f paees ing vehghsunfiagcecofi gredt apHogplptuis zi nc
conmpound powder and 0.25 to 3 parts by weight, preferably 0.5 to 38 2
parts by Berghcles wiphensl inereapic sustancentforipedaod amieal and t he
pol yneri zation reaction is performed at 60 to 90t for one to three hours
whi | e stihydrgxife vt f oxdide dypeddédnigha fwateunisadiwblezmed albhpound
into the red phosphorus particle slurry, a dispersion treatnment may be
per f or nreds @y taandt annadbkad i Agenit di g persskwtryubhvidn gultihed washed
hexanet aphosphate or a surface active agent or by a powerful shearing
decent r alxedt pbwosploereysi parbldeoteas didfspexsetloilohto | watea .honogeni zer or
supersoni c waves as required. After conpleting the reaction, filtering,
washing (B8h Swheprofimiashingythecrpdr phomphdouprpartd clws pmditlich. | n
the present invention, it is desired that the washing wth water is fully
per f or nrecase ddmtetlhwl thethe iimangandic subg taawoep wBthippicewat éel ow,
preferably 20 /Is/am or below, when there is prepared a 10% slurry of the
coated retBphoSpbprof ¢é¢braiiingadehblier-icoated red phosphorus (2)

by adding an anhydrous zinc compound and a synthetic

material of a thermosetting resin or its prepolymer to

a slurry having the washed red phosphorus particles and

coatedwith the inorganic substance dispersed intowater,

and performing a polymerization reaction to coat the

surface of red phosphorus particles, which is coated with

the inorganic substance, with the thermosetting resin

containing the anhydrous zinc compound.

(B5) Step of obtaining the red phosphorus base flame

retardant (2) for an epoxy resin by washing the

double-coated red phosphorus (2) with pure water so that

a slurry having the double-coated red phosphorus
dispersed in_10% by weight into water at 20T has an
electric conductivity of 30 s/cm or below.

The production method of the double-coated red
phosphorus (2) 1s the same as that of the coated red
phosphorus (1) except that it has the step (B2) of coating
the surface of red phosphorus particleswiththe inorganic

substance formed of metallic hydroxide or oxide and the



conductivity is larger than 30 /1 s/cm it is not desirable because when
the product is used as the flanme retardant for the epoxy resin for the
sealing material, the electric reliapplity tends to becone poor as
descri bed above. The red phosphorus base flame retardant (2) for an epoxy
resin of the present invention can be produced by the production nethod
havi ng t etenl (B3) ngf srapbingl Fhet ve@EphospligrEscpavt Lwdss g ated
phosphorus particles with at |east one or nore selected fromacids and
al kal i s. wbthB2heStigpopngandat ismbshange fwtthopuned whbephorus particles
wi th an inorganic substance forned of netal hydroxide or oxide by adding a
wat er - sol ubl e rin dthé cprediuic tawein ame thiod oife thgedouble-sloatedmedng t he
washed red phosphorus particles dispersed into water. (B3) Step of washing
the red pbeppbroumpdr2) clehe imorgandre sas tdnwe if otheoatotmantre
substance, wth pure water. (B4) Step of obtaining double-coated red
phosphor used 2pholsp haxitih s gp antdiwiheds dus thecstepp(B) dmd aameyrahkiocc
material of a thernosetting resin or its prepolynmer to a slurry having the
washed r ey @nogdlde usr paxiide esf aatl leadtdonet Belecteadr gawinc Bobst ance
di spersed into water, and performng a polynerization reaction to coat the
surface odxamgpleh@phakls Mgrtisdl esConwhZeh M axad eSnyi had tHiee inedgani c
substance, with the thernosetting resin containing the anhydrous zinc
conpound.phosphorus particles are desirably coated with metallic

hydroxide or oxide of Al, Al-Co, Al-Ti or Al-Zr.

An amount of the inorganic substance used to coat

the red phosphorus particles 158 0.5 to 20 parts by weight,

preferably 2 to 10 parts by weight, to 100 parts by weight

of red phosphorus. It i1s not desirable 1f the amount

of the inorganic substance is less than 0.5 parts byweight,

because phosphine is produced in a large amount, the

eluted phosphoric acid amount also increases, and the

coating effect becomes poor. And if the amount is larger

than 20 parts by welght, the flame retardant performance

lowers as the P content is reduced, and when hydroxide

is coated, the eluted phosphoric acid amount is increased

due to the reaction of water content with P.

The double-coated red phosphorus (2) which is

speclally obtalned by the following method is desirable

in terms of electric reliability as the red phosphorus

base flame retardant for an epoxy resin composition for

a semliconductor sealing material.

Specifically, the aforesaid red phosphorus



(B5) Step of obtaining the red phosphorus base flanme retardant (2) for an
epoxy resin by washing the double-coated red phosphorus (2) with pure
water so that a slurry having the doybl e-coated red phosphorus di spersed
in 10% by weight into water at 20 C has an electric conductivity of
30/.Ls/cmor below. The production nethod of the double-coated red
phosphor Baxbiciles kresmshedt withoan peidand/eprdanpadgick uad) except
that it has the step (B2) of coating the surface of red phosphorus
particl estiwet hedhphaorphamus pamtiales farecdispensed| iptioyakede or
oxi de and the 40 step (B3) of washing the red phosphorus particles coated
wi th the to@xeparesabsednpbosiptiopusesharary . | MThaeredophosipdoreshod of
t he doubl e-coated red phosphorus (2), the inorganic substance for coating
the red paotpbdres are tiwasbed byt hhessame By ias alemballberd abwmvexi de or
oxi de of at |east one selected fromfor example zZn, A, M, Si, Co, Zr, Ti
and Sn, asitepeBildd Fospterusqgimbilel eetakldesisalbt ylsoadaddiith
nmetallic hydroxide or oxide of Al, Al-Co, Al-Ti or Al-Zr. An anount of the
I nor gani ctsebslaxny yseepacesbdy dlhepearsimgspher uedaphospdores0. 5 to
20 parts by weight, preferably 2 to 10 parts by weight, to 100 parts by
wei ght garedcflessplmtaswaltier s ant ad&sd X hbé caiglertthel sinaddied ofot he
i norgani ¢ substance is less than 0. 5 parts by weight, because phosphine
I s produckelposix laay gretalliic liy@roxide or oxide on the surface

of red phosphorus particles to prepare red phosphorus

coated with an inorganic substance (Step B2). Then,

washing 1is performed so that a 10% slurry of the obtained

red phosphorus coated with the inorganic substance has

an electric conductivity of 10004 s/cm or below (Step
B3). The anhydrous zinc compound and the synthetic
material of the thermosetting resin or its prepolymer
are added to the slurry having the red phosphorus, which
1s coated with the inorganic substance and washed,
dispersed into water, and the polymerization reaction
is performed under the polymerization condition of the
thermosetting resin monomer to coat the surface of red
phosphorus particles, which is coated with the i1norganic
substance, with the thermosetting resin containing the
anhydrous zinc compound, thereby preparing the
double-coated red phosphorus (2) (Step B4). Then,
washing 1s performed so that a 10% slurry of the obtained
double-coated red phosphorus (2) has an electric

conductivity of 30/ s8/cm or below (Step B5). Thus, the



el uted phosphoric acid anmount al so increases, and the coating effect
becones poor. And if the anmount is larger than 20 parts by weight, the
flame retardant performance |lowers asthe P content is reduced, and when
hydroxi de is coated, the eluted phosphoric acid anount is increased due
to the reaction of water content with P. The doubl e-coated red phosphorus
(2) whicHiqublepesiatied svpdaphasphorns (3 ) odarng heetpeednseded¥able in
terms of electric reliability as the red phosphorus base flane retardant
for an efmguentilpldanppeirfiogming thesahavadateds seal i ng materi al .
Specifically, the aforesaid red phosphorus 41 particles are washed with an
aci d and/ or anMoxke| spemidfichad Liyad Imosftled B2 pabt itel e30 apardisspeysed i nto
water to prepare a red phosphorus slurry. The red phosphorus particles
are washetebghthe patenaplys destei BOd pdxolve byStweplddiy, Afwatesd - sol ubl e
netallic salt is added to the slurry prepared by dispersing the red
phosphor gshopphorsise pantdocidxssrarenddisipe rsedadatio i k0 @dpadtia byleposit as
metal li ¢ hydroxide or oxide on the surface of red phosphorus particles to
prepare resilghtspiforwsterodivedpweparan theorpedi phosipieres 63tvapxrPy?) . Then,
washing is perforned so that a 10%slurry of the obtained red phosphorus
coated withenhed i 05rgarfl pantis banwe ligist , preferably 0cr2dtiot2 pdnt of
1000%.s/cm or below (Step B3). The anhydrous zinc conpound and the

synt heti dy weight, of a water-soluble metallic salt of at least

one selected from Si, Al, Mg, Ti, Zn, Sn, Co and Zr are
added to the red phosphorus slurry, at least one alkali
selected from inorganic alkall agents such as ammonia
gas, aqueous ammonlia, caustic soda, caustic potash,
NaHCO3;, Na,CO;, K,CO;, KHCO; and Ca(OH),, or organic alkalidl
agents such as ethanolamine is added to adjust the pH
of the slurry to 6 to 10, so to deposit the metallic salt
on the surface of red phosphorus particles.

In the above production method, aluminum hydroxide
can be coated on the red phosphorus particles by simply
neutralizing poly-aluminum chloride or aluminum sulfate
with an alkali.

After completing the step B2, the red phosphorus
coated with the inorganic substance is filtered so to
be separated from the reaction solution and washed by
the next step B3.

The step B3 1s a step to wash the red phosphorus
coated with the inorganic substance obtained in the step

B2, so that the electric conductivity of the 10% slurry



material of the thernosetting resin or its prepolynmer are added to the
slurry having the red phosphorus, which is coated with the inorganic
substance and washed, dispersed intogsvater, and the polynerization
reaction is perfornmed under the polynerization condition of the

t hernosetting resin nononer to coat the surface of red phosphorus

particl epf khecpeidsphosphipnnsicaatednwt thrtke inosgande subiEitanece

t hernosetting resin containing the anhydrous zinc conpound, thereby

pr epari ngpetemedo sl G0 Lol enl 10ad hbewhopare ferabIye S B .8 /dmnor washi ng
Is perforned so that a 10% slurry of the obtained double-coated red
phosphor UX@¥.has an electric conductivity of 30 /I s/cmor below (Step
B5). Thus, the 42 doubl e-coated red phosphorus (2) can be produced by
sequential |y pdliemaagoniscoficndustdmy tie e legebtriccadhdnuotlwtey B. 2, 5
to 30 parts by weight, preferably 10 to 20 parts by weight, of red
phosphor ust pehei vheheal areald sphospharmis d68teal el tly thei Jhorgambeer to
prepare the red phosphorus slurry, then, 0.05 to 3 parts by weight,

pref erablsubsfanwce tmathe aforesghtl ranhgeswdrethesoistiee BRetladivwdeal t of
at | east one selected fromSi, Al, My, Ti, Zn, Sn, Co and Zr are added to
the red ptwaphaEutlsd uéLgctaiid eachdares ¥ kel exand €died oforgoms Nexgani ¢

al kali agents such as anmobnia gas, aqueous anmonia, caustic soda, caustic
pot ash, MNalE&®Bome Ba@{ R 1 d@IX T o KdFustavhealleddrec mondnganivi tikal i

of the target double-coated red phosphorus (2) to 30
ULm/om or below by washing in the step B5, a large amount
of ionic impurities are taken into the coating resin at
the polymerization reaction in the step B4 and it is
difficult to remove the ionic impurities from the coating
resin by the washing treatment in the step B5. And, the
electric conductivity 1s forcedly lowered when the
washing 1s performed in the step B5 only without washing
in the step B3, so that repetition of excessive washing
breaks the coated £film on the surface of red phosphorus
particles, and an eluted amount of oxo aclid of phosphorus
is rather increased. Especlially, when used as a flame
retardant for the epoxy resin composition of a sealing
material which 1s required to have the electric
reliability, it is not desirable because the ionic
impurities taken into the resin and the elution of oxo
acld of phosphorus degrade the electric reliability.

The method of washing red phosphorus in the step

B3 is not particularly limited, but it is desirable to



agents such as ethanolamne is added to adjust the pH of the slurry to 6
to 10, so to deposit the netallic salt on the surface of red phosphorus
particles. In the above production nmeifhod, al um num hydroxi de can be
coated on the red phosphorus particles by sinply neutralizing
pol y-al um num chloride or alumnumsulf ate wth an alkali. After
conpl et i Maskebyt meamps ofic nepnlbagherustheodd&E® -wi t h t he i norganic
substance is filtered so to be separated fromthe reaction solution and
washed by the Irexthet gteas. Bihe thepapByidraust gpnico empouns rapd
phosphorus coated with the inorganic substance obtained in the step B2,
so t hat tHiee espoittheationdawt materbalt od MIe sthemmorse bt inige newiin
phosphorus coated with the inorganic substance beconmes 100011s/cm or
bel ow, proaf erttbl pre(s lymem @re badded T thessdumfy adfushiengrede
el ectric conductivity of the washed red phosphorus coated with the
I nor gani @hespboanoe ¢toatled afikrlesthe dawgegandct malbsgtpnBe idrcithle that
if the electric conductivity exceeds 10001L s/cm it becones difficult to
adj ust thetepeBBr,i amdnthet ibtharmosétitimng argsindmdiitatndngd theal
phosphorus (2) to 30 ti mcmor below by washing in the step B5, a large
anount cnhydrouszinei eempoandilen dodbeflhencbhel sgrfzeece &af théae
pol ymeri zation reaction in the step B4 and it is

red phosphorus particles coated with the inorganic

substance by the polymerization reaction performed under

the polymerization condition of the thermosetting resin

monomer. For example, where a phenol base resin is used

as the coating resin, the polymerization reaction may

be effected by dispersing 5 to 30 parts by weilght,

preferably 10 to 20 parts by weight, of the red phosphorus

washed and coated with the inorganic substance in the

step B3 into 100 parts by welght of water to prepare a

red phosphorus slurry, adding an alkall catalyst such

as ammonla or sodium hydroxide or an aclid catalyst such

as hydrochloric acid, nitric acld or sulfuric acid to

the red phosphorus slurry, then adding 0.25 to 20 parts

by weight, preferably 0.5 to 10 parts by weight, of powder

of the anhydrous zinc compound and 0.25 to 3 parts by

welght, preferably 0.5 to 2 parts by weight, of a phenol

resin (as a solid content), and stirring at 60 to 90T
for one to three hours.
To uniformly disperse the fine anhydrous zinc

compound into the slurry of the red phosphorus coated



difficult to renove the ionic inpurities fromthe coating resin by the
washing treatnment in the step B5. And, the electric conductivity is
forcedly | owered when the washing is4performed in the step B5 only without
washing in the step B3, so that repetition of excessive washing breaks
the coated filmon the surface of red phosphorus particles, and an eluted
anount ofwiil the dndrgapdshanbstanceatades hredadbapersianyg Adggntwhen
used as a flame retardant for the epoxy resin conposition of a sealing
mat eri al swébiad alkadul hegame tephosphateorrasunfacamatiye agent not
desirabl e because the ionic inpurities taken into the resin and the
el uti on aofapxee addddoprphodpispersirgrieatmertanayi berpprfisinmed. The
nmet hod of washing red phosphorus in the step B3 is not particularly
limted, bywtaiheayydduitybskhear 44 spshsbpndaeabhentpbypmenmws ofie |ike.
In the step B4, the anhydrous zinc conpound and the synthetic raw materi al
of the thercowkskeidnmglildsi a homoigemn 1z epod yneupers cadbiewaveshersthery of
the red phosphorus coated with the inorganic substance in the step B3,
and t he thitkevi€t mewessary.contai ning the anhydrous zinc conpound is
coated on the surface of the red phosphorus particles coated with the
I norgani ¢ subsffter bypmpice Pbhhymehiez ate et Loact ithre phodbleecamtied t he
pol ymeri zation condition of the thernosetting resin nononer. For exanple,
where a predophbaphorssn (i29 ,useélich has the surface of red

phosphorus particles coatedwith the inorganic substance

further coated with the thermosetting resin containing

the anhydrous zinc compound, 1s separated from the

reaction liquid, and then washed by the step B5.

The step B5 i1s a step to wash the aforesaid
double-coated red phosphorus (2) obtained, so that a 10%
slurry of the double-coated red phosphorus (2) has an

electric conductivity of 30U s/om or below, preferably
20/t s/cm or below.

The reason of adjusting the electric conductivity
of the washed red phosphorus to the aforesaid ranges in
the step B5 1s that i1t 1s not desirable when the electric
conductivity is larger than 30/ s/ombecause the electric
conductivity tends to be poor when the double-coated red
phosphorus (2) is used as the flame retardant for the
epoxy resin for the sealing material as described above.

In the aforesaid step B5, the method of washing
the double-coated red phosphorus i1s not particularly

limited, but it is especlially desirable to wash by means



as the coating resin,
di spersing 5 to 30 parts by weight,
of the red phosphorus

slurry,

conpound and 0.25 to 3 parts by weight, preferably 0.5 to 2 parts by

wei ght ,

for one to three hours.

t he polynerization reaction may be effected by

preferably 10 to 20 parts by wei ght,
washed and coatgd with the inorgani c substance in
the step B3 into 100 parts by weight of water to prepare a

red phosphorus

addi ng an al kali catal yst such as anmonia or sodi um hydroxi de or
an aci d cxff arepulpiorg ar mher okhkeric acid, nitric acid or sulfuric acid
to the red phosphorus slurry, then adding 0.25 to 20 parts by weight,
preferably 0. RAffber0cemnbebingeitdre K woshdovgier thef ddwbielrywdratiedzi nc

ofed phem@horusi 2)asls fully contedt In and atmeosphexre 66 to 90t

To uniformy disperse the fine anhydrous zinc

compound iméott gasslauck ab hidregenphgashatisé otved 645CwiRdT t hetbnor gani ¢
substance, a desired dispersing agent such as al kali hexanet aphosphate or

a surface24échouesagent thaty tihe gpideduot a sl eptadined twbihnmantwarkgrbe

performed by a heavy-duty shear dispersion treatnent by neans of

col | oi d néhteathdthaeponghlyrrempeedoni ¢ waves or the
After conpleting the reaction, the double-coated red phosphorus (2),
has the surfacdmwfthed imphesphonys tiaet coladsed orbdd phd sphbausof yani c

substance further coated with the thernosetting resin containing

or the double-coated red phosphorus (2) can be used as
amixture powderwithmetallicoxide, metallichydroxide,
metallic carbonate, metallic phosphate or an inorganioc
ion exchanger which reacts with a phosphoric acid
component to fix as insoluble or hardly-soluble
phosphate.

The aforesald metallic oxide, metallic hydroxide,
metallic carbonate or metallic phosphate 18 one or two
or more of oxides, hydroxides, carbonates or
orthophosphates selected from Zn, Mg, Ti, Ca, Al, Co,
Zr and Sn for example. Specifically, they are zinc
carbonate, zinc hydroxide, zinc orthosilicate,
magnesium oxide, magnesium hydroxide, titanium oxide,
calcium oxide, calcium hydroxide, calcium carbonate,
calcium phosphate, calcium tertiary phosphate,
hydroxyapatite, calcium silicate, aluminum oxide,
aluminum hydroxide, cobalt oxide, cobalt hydroxide,
zilrconium oxide, zirconium hydroxide, tin oxide and tin
hydroxide, and they are used solely or as a combination

of two or more. They may be a hydrate or an anhydride.

a

i ke if necessary.

whi ch



t he anhydrous zinc conpound, is separated fromthe reaction |liquid, and
t hen washed by the step B5. The step B5 is a step to wash the aforesaid
doubl e-coat ed red phosphorus (2) obtagned, so that a 10% slurry of the
doubl e-coated red phosphorus (2) has an electric conductivity of 301L s/cm
or below, preferably 20/Ls/cmor below The reason of adjusting the
el ectri c Ihnthevi vineg aochydratesied bpdentedprditis an epexaf grestnd ranges
in the step B5 is that it is not desirable when the electric conductivity
i s | argerfahae Bding .swaberdsuproducedst d molsbiriactenpeyratume. .t o be
poor when the doubl e-coated red phosphorus (2) is used as the flane
ret ar dantarndr thiee prapdtgedesviatnrrenetsearl by bhecried pbos@dwyrwed above.
In the aforesaid step B5, the nethod of washing the doubl e-coated red
phosphor uso genextaperphesphdne . | IThusd tletreils ates@denicy ty arsseabl e to
wash by means 46 of repul ping or the |ike. After conpleting the washing,
t he doubla-dnawback od Tinespliomes, (heys amd |deslired ito apeammosphere of
i nert gas such as nitrogen gas at 60 to 160t for 1 to 24 hours so that the
product ienhplaided with a water content thoroughly renoved. In the
I nvention, the coated red phosphorus (1) or the doubl e-coated red
phosphorus (2) Examp@essaf asheaimorgaripodcar exéhamgteat |¢anobiede,
metal I i ¢ hydroxi de,

inorganic anion exchangers such as a hydrocalmite based

inorganic anion exchanger, a hydrotalclite based

inorganic anion exchanger, BiOx(OH)y(NO;3)z (X=0.9to 1.1,

Y=0.6 to 0.8, Z= 0.2 to 0.4), Mg,.3A1,(0OH);,.¢C03*3.5H,0,

Sb,05°*2H,0, SbS1,B1,0,(0OH)y(NO;):°nH,0(V=0.1%t00.3, w=1.5

to 1.9, X=4.1 to 4.5, ¥=1.2 to 1.6, Z=0.2 to 0.3, n=1

to 2), eto.

And, the metallic oxide, metallic hydroxide,

metallic carbonate, metallic phosphate or inorganic ion

exchanger 1s desired to be fine in view of homogeneous

dispersibility with the aforesaild coated red phosphorus

and the reactivitywith the eluted oxo acid of phosphorus,
and the average particle size 1s generally 10/ mor below,
and preferably 0.2 to 54m. The aforesald oxide or
hydroxide selected from Zn, Mg, Ti, Ca, Al, Co, Zr and
Sn is desirably not surface-treated than surface~treated
in terms of reactivity with phosphoric ions so that it
becomes a component reacting with the eluted phosphoric
ion element.

An amount of suchmetallicoxide, metallichydroxide,



metal lic carbonate, netallic phosphate or an inorganic ion exchanger which
reacts with a phosphoric acid conponent to fix as insol uble or
hardl y-sol ubl e phosphate. The aforesgdd netallic oxide, nmetallic
hydroxi de, netallic carbonate or netallic phosphate is one or two or nore
of oxides, hydroxi des, carbonates or orthophosphates selected fromzn, M,
Ti, Ca, metzghliczpaphpmmatesrmekaddiic rhrephptsl Py lnpagantczion
carbonate, zinc hydroxide, zinc orthosilicate, rmagnesium oxide, nagnesium
hydr oxi deexchangiernmtexitde caatefdunedxphosphoxruaniaydestinablyal clum
carbonate, calcium phosphate, calciumtertiary phosphate, hydroxyapatite,
cal ci um di9 2daparts by wehalxt do 100 pantsnby sheddhie ok dilee candked, cobal t
hydr oxi de, zirconi um oxi de, zirconium hydroxide, tin oxide and tin
hydr oxi dese@nphoisphexesused solely or as a conbination of two or nore
They may be a hydrate or an anhydride. 47 |If they are a hydrate and bl ended
W th an epoxy ndsene tive mulxitnge poiveiersofr ddheecoated medi ng
tenperature, and the produced water reacts with the red phosphorus to
gener at e gihosphiorm s Thli},orhthe dsublendoated aredsirosphidmvdatk)
Therefore, they are desired to be an anhydride. Exanples of the inorganic
| on excham@r then neetalhdegaiideani me tadcdhboghydroscihias meltakbtel mte
based

carbonate, metallic phosphate or inorganic ion exchanger

is prepared, 1t i1s desired to adjust an electrical

conductivity of the mixture power in addition to that

of the coated red phosphorus alone. And, i1t is desired

that the concentration of PO, 1ions eluted when 80 ml of

water 1s added to 8g of the mixture powder and heated

at 80 for 20 hours is 10 Ppm or below, preferably 8

ppm or below, and the electric conductivity after being
1eftat80t§for20hoursis150us/cmorbelow,preferably
10 to 100 8/cm. The reason of limiting the eluted PO,
ion concentration to 10 ppm or below 1s that it is not
preferable when the eluted PO, 1on concentrationis larger
than 10 ppm as described above because when the mixture
powder 1s used as a flame retardant for semiconductor
sealing for example, aluminum wiring formed on the
semiconductor device surface is corroded and the humidity
reslistant electric reliabllity of the semiconductor
sealing material is impaired.

And, the PHO; i1on concentration under the above

condition 1s desired to be as low as possible in terms



I norgani ¢ ani on exchanger, a hydrotalcite based inorganic anion exchanger,
BiOX(OH)y(NO3)$ (X=0.9 to 1.1, Y-0.61t0 0.8, Z= 0.2 to 0.4),
My4. 3AI 2( OH) 12. 6CC8. 3. 5H20, Sb20C6. 2H, SbSi vBi wOx( OH) y(NG3) , *nH20 (V=0. 1
to 0.3, w=1.5 to 1.9, X=4.1to 4.5, Y=1.2to 1.6, Z=0.2 to 0.3, n=1 to
2), etc. And, the netallic oxide, netallic hydroxide, netallic carbonate,
met al | i ¢ gfhothaahanydlbyr gesiistant elentmite reldahibityo af thee in
vi ew of honbgeneous dispersibility with the aforesaid coated red
phosphor gembgdndiectenséalingmatheriialel angdiydes 30 Wppin phdsgphovwus, and
the average particle size is generally 10 u mor below, and preferably 0.2
to 511m phihefefabdsni2i50xppm @r hedpwxi de selected fromzn, My, Ti, Ca
Al, Co, Zr and Sn is desirably not surface-treated than surface-treated
in terns of redckivheyelhedtphospbndusctbnityobeltximes lhrgemstlmanonponent
reacting with the eluted phosphoric ion elenent. An anount of such
met al | i c I0x0 fles / omt,alllt d shndrtoxdedi rdbleebaidawseawhenathe nelxture
phosphate or inorganic ion exchanger to the coated red phosphorus is
desi rabl ypdwdert hs2Gseat as bhevfilgme twe t 8 daartt £ dxy seemybbnafudbercoat ed
red phosphorus. \Were the m xture powder of the coated red phosphorus (1)
or the daédkinggt alumiinamoxiring Edrmeddohheheetsémicomdutetonetal lic
hydr oxi de, netallic

device surface 1s corroded 1in the same way as above and

the humidity resistant electric reliability of the

semiconductor sealing material is impaired.

<Red phosphorus base flame-retardant composition for
epoxy resin)>

The red phosphorus base flame-retardant
composition (3) for an epoxy resin of the third aspect
of the invention is a red phosphorus mixture containing
an anhydrous zinc compound and flame-retardant
stabllized red phosphorus which has the surface of red
phosphorus particles coated with at least one kind
selected from thermosetting resins and inorganic
substances and has an electric conductivity of 30/ s8/cm
or below to a slurry prepared by dispersing the coated
red phosphorus particles in 10% by weight into water at
20T, wherein the red phosphorus mixture has properties
that when it is dispersed in 10% by welight into water
and a prepared slurry 1s left standing at 80T for 20

hours, 1ts electric conductivity is 1504 s8/cm or below,



carbonate, netallic phosphate or inorganic ion exchanger is prepared, it
Is desired to adjust an electrical conductivity of the m xture power in
addition to that of the coated red pywsphorus alone. And, it is desired
that the concentration of P04 ions eluted when 80 mMl of water is added to
8g of the m xture powder and heated at 80t for 20 hours is 10 ppm or
bel ow, prgf@mwign 89 mbof water ds addead ke &yaf the reddpheosphorast er
being left at 80t for 20 hours is 150 u s/cmor below, preferably 10 to
100 u s/ mmxfarer aasioheaftdd mtt 8OCt for|20 dd v, 4 monoevématatonn to 10
ppmor belowis that it is not preferable when the eluted P04 ion
concent r &ff oPOL sibasg@Eluteédnis0 Ihrppw dasdrébed. above because when the
m xture powder is used as a flame retardant for sem conductor sealing for
exanpl e, al um rithee wredngphioasplkdros thase sEéinnenrdietarddat ce surface is
corroded and the humdity resistant electric reliability of the
sem conduximposddalomg( 3kt Epralan poxpni resinAnd the Phidénitaion is
concentration under the above condition is desired to be as |ow as
possi bl e iTamerne tdrdanthet Abitildi 2 ¢d rissd phod phbeals nadeatgabel €hg of the
sem conductor sealing material, and it is 300 ppmor below, preferably 250
ppm or bedmatihig ttreatmeehtti,c whanshict s vinbd lfelcndreso | thger thieaf1dmé | L
s/cm it is not desirable because when the m xture powder is used as the
flame retmstiardaimtr foermedndficthe flame-retardant stabilized red
phosphorus not containing the anhydrous zinc compound
within the coating element can be used suitably as the
flame retardant for the epoxy resin for semiconductor
sealing.

In other words, the red phosphorus base
flame-retardant composition (3) for an epoxy resin is
different from the red phosphorus base flame retardants
(1), (2) for an epoxy resin and does not have the anhydrous
zinc compound coated together with the thermosetting
resin on the surface of red phosphorus particles but has
the anhydrous zinc compound mixed with the
flame-retardant stabilized red phosphorus so to use as
the red phosphorus mixture.

The type of flame-retardant stabllized red
pPhosphorus which can be used in the invention is desirably
modified red phosphorus which has the red phosphorus
surface coated with at least one selected from the

thermosetting resins and the inorganic substances.

The thermosettingresinused forcoating the surface



sealing, alumnumwring formed on the sem conductor device surf ace is
corroded in the sane way as above and the humdity resistant electric
reliability of the sem conductor seafing material is inpaired. <Red
phosphorus base fl anme-retardant conposition for epoxy resin> The red
phosphorus base flane-retardant conposition (3) f or an epoxy resin of the
third aspdtredf phiesphorns pantialesd irhokphoexamnke uppecon adiwéng an
anhydrous zi nc conpound and flame-retardant stabilized red phosphorus
whi ch ha®n moxerselheetefd fapm phephdr besgaressins, onalemine thase| east
one kind selected fromthernosetting resins and inorganic substances and
has an elmeatins.cephrYibhase afesBinsl. vwh@atwrabeldowalyestiea rbapeepared
by di spersing the coated red phosphorus particles in 10% by wei ght into
wat er at reginsuhpheno l+Eormdldinobpise rvesting puxrdémsfpropetindsaséhat when
it is dispersed in 10% by weight Into water and a prepared slurry is left
st andi ng s BOsC MmEla0inpoformalinebase ixesbnsyuctiurfyryd 150 A s/ cm or
bel ow, 50 and when 80 m of water is added to 8g of the red phosphorus
m xt ure alkcobalefatm&lif bas€(rasins, eetoncentrati on of P04 ions
eluted is 10 ppmor bel ow. The red phosphorus base flame-retardant
conposition (3)Ad dheadlmpoggniessnbatdmeei fwendoating theasmridae dant
stabilized red phosphorus undergone the

of red phosphorus particles, at least one of oxide or

hydroxide selected from Zn, Al, Mg, Ti, Si, Co, Zr and

Sn 1s used, and the inorganic substance used for coating

may be a hydrate or an anhydride.

The flame-retardant stabllized red phosphorus used

in the invention is desirably modified red phosphorus

which has red phosphorus double-coated with the

thermosetting resin and the inorganic substance as

described above. Especially, 1t is desirable that the

surface of red phosphorus particles is coated with the

inorganic substance and additionally coated with the

thermosettingresin. Specifically, itismoredesirable

that red phosphorus 1is coated with at least one of the

oxide or hydroxide selected from Zn, Al, Mg, Ti, Si, Co,

Zr and Sn, and the coated red phosphorus is further coated

with the phenol resin, thereby double coating.

A coated amount of the inorganic substance is 0.5
to 20 parts by weight, preferably 2 to 10 parts by weight,
to 100 parts by welght of red phosphorus, and a coated

amount of the thermosetting resin is 0.5 to 10 parts by



coating treatnent, which is nodified so that the flame retardant forned of
the flame-retardant stabilized red phosphorus not containing the anhydrous
zinc conmpound within the coating el esent can be used suitably as the
flame retardant for the epoxy resin for sem conductor sealing. In other
wor ds, the red phosphorus base flane-retardant conposition (3) for an
epoxy redieight,dpmekternabiiyort the Pe®adioshivr welighlke. fagnmd M bidant s
(1) , (2) for an epoxy resin and does not have the anhydrous zinc conpound
coat ed t tpnbentyitich 10@ ppatrdeytwedghtesof sad:i phaespherassf red
phosphorus particles but has the anhydrous zinc conpound m xed with the
fl ame-r et ar dantThe abohitedd flamehoedtardantosttahiklaed ted r ed phosphorus
m xture. The type of flane-retardant stabilized red phosphorus which can
be used ipheosphomwentisodesixedi thaltytheodeid ptomsphehospherdsabesh has
the red phosphorus surface coated with at |east one selected fromthe
t her nosethieé figreedihes coriting itregtments dosntateas 1 0eyhwedgdet tong resin
used for coating the surface 51 of red phosphorus particles is for exanple
one or twelew,nprefetrablyd 5% dny predghthase bedions,ofiepamtiecbasge
resins, epoxy base resins, unsaturated pol yester base resins,
phenol - f draedlhg @aparttcbe, sdrza-dHrhakisn thage 1 gasi #8e wdlealy) nendor mal i n
base resins, furfuryl

the content of red phosphorus after the coating treatment

1s865to97% byweight. Itisnotpreferableif the content

of red phosphorus is smaller than 65% by weight because

the coating component increases, and the red phosphorus

particles aggregate by a binder effect, so that the

particle size becomes large, dispersibility in the

sealing resin lowers, and the flame retardant effect also

tends to degrade. Meanwhile, when the content of red

phosphorus 1s larger than 97% by weight, i1t 1is not

desirable because the coating component is little, the

phosphoric acid component elutes in a large amount, and

phosphine gas also generates.

In the red phosphorus base flame-retardant

composition (3) for an epoxy resin of the invention, it

is important that the aforesaid flame-retardant

stabilized red phosphorus has a property that its 10%

slurry has an electric conductivity of 304 8/cm or below,

preferably 20/ 8/cm or below. It is not desirable if

the electric conductivity is larger than 30/ s/cmbecause

when the flame-retardant stabilized red phosphorus is



al cohol -formalin base resins, etc. As the inorganic substance for coating
the surface of red phosphorus particles, at |east one of oxide or
hydr oxi de selected fromzn, Al, My, T53 Si, Co, Zr and Sn is used, and the
i norgani ¢ substance used for coating my be a hydrate or an anhydride. The
flame-retardant stabilized red phosphorus used in the invention is
desi rabl P04 28 cthpcflpmss fivkasdant feomddhe /P PRISFRGAR IRTILFRe coat ed
with the thernosetting resin and the inorganic substance as described
above. EfRzlipgymateriajdesiths| elepiricherelpbddd ey teadshdePhor us
particles is coated with the inorganic substance and additionally coated
with t he be¢emgpddfieRhoFesin. Specifically, it is nore desirable that red
phosphorus is coated with at | east one of the oxide or hydroxide sel ected
fromzn, A, MEh€jred phgsphorusndare Hhgamehraxebardanted phosphorus is
further coated w th the phenol resin, thereby double coating. A coated
anount ofcamposddriemi(d sEbstamnepoxyresinodheatnvemt iwn givthighef er abl y
2 to 10 parts by weight, to 100 parts by weight of red phosphorus, and a
coated dmparbvicuianlypustucedgbycthe metbod conEHl pting bf Blzewei ght,
preferably 1 to 5 parts by weight, as a solid content to 100 parts by
wei ght offokllopHagpiwteps TI€d koao e(ICHl)antls ce speadiaklybdkeisdatab ke
phosphorus is desired that the red phosphorus particles

in view of the electric reliability as the red phosphorus

base flame-retardant composition of the epoxy resin
composition for a semiconductor sealing material.
(Cl) Step of washing red phosphorus particles with at
least one or more selected from acids and alkalis.
(C2) Step of coating the surface of red phosphorus
particles with an inorganic substance formed of metal
hydroxide or oxide by adding a water-soluble metallic
salt and an alkaline agent to a slurry having the washed
red phosphorus particles dispersed into water.

(C3) Step of washing the red phosphorus particles coated
with the inorganic substance with pure water so that a
10%R slurry of the washed red phosphorus particles has
an electric conductivity of 10004 s/cm or below.

(C4) Step of obtaining the flame-retardant stabilized
red phosphorus by adding a synthetic material of a
thermosetting resin or 1ts prepolymer to a slurry having
the washed red phosphorus particles coated with the
inorganic substance dispersed into water, performing a

polymerization reaction to coat the surface of red



before the coating treatnment contain 10% by wei ght or

by wei ght or below of particles having a particle size of less than 1/1m
and the content of red phogphorus after the coating treatnent

are used,
is 65 to

phosphorus is snaller than 65% by wei ght because

97% by weight. It is not preferable if the content of red

t he coating conponent

i ncr easePheaphoirus panthbepasn.uwhigdy discéesteggwdddn Shigyinorigartcef f ect,
so that the particle size beconmes |large, dispersibility in the sealing

resin | owunistande hawithnthecttheumoseitfickngaresinends to degrade.
Meanwhi | e, when the content of red phosphorus is larger than 97% by

wei ght, i¢C%3} Bd&tep debi vashd ngctluec atflogramal dng lamgponetarndanttt| e,

phosphori

gener at estabhilHizeddegpbplsphoroasel th pure sadremsto thatpasluony(3) for

an epoxy

fl ame-r etteavding tteabflamed rectth pdasth@tesb hhtzadprmgpdr phoispioras 101
slurry has an electric conductivity of 30 s/cmor below, preferably

t he

bel ow, preferably 5%

c acid conmponent elutes in a large anount, and phosphine gas al so

resin of the invention, it 1is inportant that the aforesaid

20/ 1s/ cmatspelreed |ini s0R0bylase1ghlte lifto thaterecit i Zzo¥dOnHast iani ty is
| arger than 30 tt s/cm because when the flane-retardant stabilized red

phosphor us1é6trd disssh@Goti® fi VNG Er S0 @Em fOF bed apoxy resin for the

sealing material, the electric reliability tends to becone inferior.

(C6) Stepofmixing the washed flame-retardant stabilized
red phosphorus and the anhydrous zinc compound to obtain
the red phosphorus bhase flame-retardant composition (3)
for an epoxy resin.

More specifically, in the step Cl, the red
phosphorus particles are washed with an acid and/or an
alkali in the same way as above. The step C2 disperses
5 to 30 parts by weight, preferably 10 to 20 parts by
welght, of red phosphorus particles into 100 parts by
welght of water to prepare a red phosphorus slurry, then
adds 0.05 to 3 parts by weight, preferably 0.2 to 2 parts
by welght, of a water-soluble metallic salt of at least
one selected from for example Si, Al, Mg, Ti, Zn, Sn,
Co and Zr to the red phosphorus slurry, adds at least
one kind of alkall selected from inorganic alkalil agents
such as ammonla gas, aqueous ammonla, caustic soda,
caustic potash, NaHCO;, Na,CO;, K,CO3;, KHCO; and Ca(OH):.
or organic alkali agents such as ethanol amine to adjust
the pH value of the slurry to 6 to 10 and deposits the

metallic salt on the surface of red phosphorus particles.



The red phosphorus base flanme-retardant conposition (3) f or an epoxy
resin of the invention, which 1is particularly produced by the nethod
consisting of the following steps (G4 to (C6), is especially desirable
in view of the electric reliability as the red phosphorus base

fl ame-retardant conposition of the epoxy resin conposition for a

seni conduct or Sdmitiveyabpews paiodu¢ til pnInehefd wadinminnadhpdaoiisdes
particles with at |east one or nore selected fromacids and alkalis. (C2)
Step of canibeg coatedr pacthef nedi pitvsphorys particles v #implYior ganic
substance fornmed of metal hydroxide or oxide by adding a water-soluble
met al | i ¢ newtraddd dmg g aky + ad uagomm tah ko x il dier 9 rhadimd nume swdsfaetie red
phosphorus particles dispersed into water. (C3) Step of washing the red
phosphor wel phr ancladkabhted w th the i norgani c substance with pure water
so that a 109R slurry of the washed red phosphorus particles has an

el ectric conduftverycomplGfiihg/ thheorsbepod@2 ,( e Sbbradinedt medi ng t he
flame-retardant stabilized red phosphorus by adding a synthetic nmateri al
of a thehosphorup resahedr with pthpoliynmarganie slubstyahee g the washed
red phosphorus particles coated with the inorganic substance di spersed

I nt o wat efilperied rongepamte firomdtherezatioonspd wiohont, henduthece of
red 54 phosphorus particles, which is coated with the inorganic substance,
Wi th the iémetneteln iCl issperformed.

The step C3 washes the red phosphorus coated with
the 1norganic substance obtained in the step C2, so that
the 10% slurry of the red phosphorus coated with the
inorganic substance has an electric conductivity of 1000
L s/ocm or below, preferably 5004 s/cm or below.

The electric conductivity of the washed red
phosphorus coatedwith the inorganicsubstance 1s 1imited
to the aforesald ranges in the step C3 because 1f the
electric conductivity exceeds 1000/ s/com, i1t becomes
difficult to adjust the electric conductivity of the
target flame-retardant stabilized red phosphorus to 30
ULm/cm or below by washing in the step C5, a large amount
of ionic impurities are taken into the coating resin at
the polymerization reaction in the step C4 and it is
difficult to remove the ionic impurities from the coating
resin by washing afterward. And, the electric
conductivity 1s forcedly lowered when the washing is
performed in the step C5 only without washing in the step

C3, so that a repetition of excessive washing breaks the



(C5) Step of washing the aforesaid flane-retardant stabilized red
phosphorus with pure water so that a slurry having the flanme-retardant
stabilized red phosphorus dispersed s 10% by weight into water at 20t has
an electric conductivity of 30/Ls/cmor below (C6) Step of mxing the
washed flame-retardant stabilized red phosphorus and the anhydrous zinc
conpound awatetafdlm ba tbe phvoshaoeust boed phasphrarasdpartdeipasiti on (3)
for an epoxy resin. Mire specifically, in the step d, the red phosphorus
particl eand anssheted anounthoif] oxalagridief ghiesphorushd snathey as
above. The step C2 disperses 5 to 30 parts by weight, preferably 10 to 20
parts by imerghsedf Exrpebbapiy.uwipent thleesredt pho@Plperus bpsewei ght of
water to prepare a red phosphorus slurry, then adds 0.05 to 3 parts by

wei ght, fkimealretar®ant 2ompdasitihepnwdihtisonsedcasr thel fllameaetal lic
salt of at |east one selected fromfor exanple Si, Al, My, Ti, Zn, Sn, Co
and Zr t aétardanhtpfoaphheiepxy mesinidompobdddion @ thendedl mgal i
selected frominorganic al kali agents such as amoni a gas, aqueous

amoni a, matieériialsadsl chcagsnegpbiradh t NHGE8 thea KA BotkA@3, KHCO3 and
Ca(OH)2 or organic alkali agents such as ethanol am ne to adjust the pH
val ue of tékiabdlriytyp Bheoldhicndmipppiitied takent Ahltioc thad treminhe
surface of red phosphorus particles. 55 In the above production mnethod,

al um numawydr éehed@lution of oxo acid of phosphorus degrade the

electric reliability.

The method of washing red phosphorus in the step
C3 is not particularly limited, but 1t 1s especially
desirable to wash by means of filtering, repulping or
the like.

In the step C4, the synthetic raw material of the
thermosetting resin or its prepolymer 1is added to the
slurry of red phosphorus coated with the inorganic
substance in the step C3, and the surface of red phosphorus
particles coated with the inorganic substance is further
coatedwith the thermosettingresinby the polymerization
reaction performed under the polymerization condition
of the thermosetting resin monomer. For example, where
a phenol base resin 1s used as the coating resin, 5 to
30 parts by weight, preferably 10 to 20 parts by weight,
of the red phosphorus coated with the inorganic substance
washed in the step C3 are dispersed into 100 parts by
welght of water to prepare ared phosphorus slurry. Then,

the red phosphorus slurry may be polymerization-reacted



can be coated on the red phosphorus particles by sinply neutralizing
pol y-al um num chloride or alum numsulf ate wth an alkali. After
conpleting the step C2, the obtained 52d phosphorus coated with the
i norgani c substance is filtered to separate fromthe reaction sol ution,
and the next step C3 is perfornmed. The step C3 washes the red phosphorus
coated wiath 6Q o POJE gfoix one oatbaeshhaume whillhestilewidy afitehat the
10% slurry of the red phosphorus coated with the inorganic substance has
an el ect raddtngdast iadkglaf ceOpmlyat/ smadr ae| ammonid coRbispd0oN Ls/ cm or
bel ow. The electric conductivity of the washed red phosphorus coated with
t he i nor dundzoxdids eacani acllidnrasalyst tsiechfas dpdrochidgasic mahd, step C3
because if the electric conductivity exceeds 1000/i s/cm it becones
di fficulthitridj acia be suddiurtccantidcand addding e 25 drqeck0 parts
flame-retardant stabilized red phosphorus to 30 /.L micmor bel ow by
washi ng iby wed ghtp p0% f eriadxlge 0afobat5 pafrtisbycwe gt t bEsa pheennaken into
the coating resin at the polynerization reaction in the step &4 and it is
di fficul tresinefmse 4 heollddi ccampenti)i.es Affitaw t bempdatiimg thei n by washi ng
afterward. And, the electric conductivity is forcedly |owered when the
washi ng iseapédioor ,ntthhe filame stepatdamt wtabhihblzedirkbidnphosphorwsep C3,
so that a repetition of excessive washing breaks the 56

which has the surface of red phosphorus particles coated

with the ilnorganic substance further coated with the
thermosetting resin, is separated from the reaction
liquid, and then washed in the next step C5.

The step C5 is a step to wash the aforesaid
flame-retardant stabllized red phosphorus obtained so

that a 10% slurry of the flame-retardant stabilized red

phosphorus has an electric conductivity of 30/ s/com ox
below, preferably 20U s/om or below.

The reason of adjusting the electric conductivity
of the washed red phosphorus to the aforesaid ranges in
the step C5 is that it is not preferable if the electric
conductivity is larger than 30/ s/cm because the electric
conductivity tends to become poor when it 1is used as the
flame retardant for the epoxy resin for the sealing
material as described above.

In the step C5, the method of washing the
flame-retardant stabllized red phosphorus 1s not
particularly limited, but it i1s especially desirable to

wash by means of repulping or the like.



coated filmon the surface of red phosphorus particles, and an el uted
anount of oxo acid of phosphorus is rather increased. Especially, when the
red phosphorus base flane-retardant gonposition (3) is used as the flane
retardant for the epoxy resin conposition of the sealing material which is
required to have the electric reliability, the ionic inpurities taken into
the resin andAfieer|eenpidediingtheivashipgosher fdarerngdamdant| ectric
reliability. The method of washing red phosphorus in the step C3 is not
particul #tgblildizest re&dt phiospherpecils obtatpedaiy fvlhysidnygimgans of
filtering, repulping or the like. In the step C4, the synthetic raw
mat eri al i the atmompherei nf desmrnt cgast sughe@s ynktrogeaddsus tatt he
slurry of red phosphorus coated with the inorganic substance in the step
C3, and té® sar L&0L ofored phosphohonirpassi that eceter wbhnltere 1sor ganic
substance is further coated with the thernosetting resin by the
pol yneri ztooaughdactremowpedf.or ned under the pol ynerization condition of
the thernosetting resin nononer. For exanple, where a phenol base resin is
used as the codhem,r ¢hien, wdshed Xl ametrehardanht staelrdzleld dédto 20
parts by weight, of the red phosphorus coated with the inorganic substance
washed | rphosphicam € ared et e spphydddud 1N pampound axe giixed tater to
prepare a red phosphorus slurry. Then, the red phosphorus slurry nay be
pol yneri zstht ahnr &ad exled phosphorus base flame-retardant

composition (3) for an epoxy resin.

The flame-retardant stabilized red phosphorus is

desirably controlled to have the average particle size

and the maximum particle size in a suitable range

depending on the shape of an IC package for which the

flame-retardant stabllized red phosphorus is used as

described above. For example, when the flame-retardant

stablilized red phosphorus 1s used for a liquid sealing

material such as CSP or BGA or a thin type package which

is called transfer BGA, it is preferred that the average

particle size is 1 to 10/ m and the maximum particle size

is 20/ morbelowwhich are determined by the laser method,

and when 1t is used for a relatively thick type IC package
which 18 called DIP or ZIP, the average particle size
is 10 to 504 m and the maximum particle size is 1504
mor below which are determined by the laser method. When
it is used for a thin type IC package which is called
TSOP or TQFP, it i1s preferred that the average particle

gsize 1s 5 to 20/ m and the maximum particle size is 45



57 at 60 to 90°C for one to three hours while stirring after adding an
al kali catal yst such as ammoni a or sodium hydroxide or an acid catal yst
such as hydrochloric acid, nitric ack® or sulfuric acid and adding 0.25 to
10 parts by weight, preferably 0. 5 to 5 parts by weight, of a phenol
resin (as a solid content). After conpleting the reaction, the f
| ame-r et akdmmr shabpki ¥hd ¢ledaphodeit®@uminedhbyh tthees 1a&gesumfeddeodt red
phosphorus particles coated wth the inorganic substance further coated
with the therriosetisi adsesiasirabdepathatdtiveorfilanergettandanki qui d, and
then washed in the next step C5. The step C5 is a step to wash the
af or esai istéabddd zed areddnphsisphorusd hamgl boddspyomsi ghtapmedeslowt hat a
10% slurry of the flame-retardant stabilized red phosphorus has an
el ectri c poafiezably y5¥f by0 wealghtnoar beddww, ofr @agrtbtea0/hiaviigm or
bel ow. The reason of adjusting the electric conductivity of the washed red
phosphor us partiels cstzai o ff dhees tthart hegsiep C5 is that it is not
preferable if the electric conductivity is larger than 30 12 s/cm because
the electric CEneluanhyidnousnddinico dempoandowhidskniist arsotlked as t he
flame retardant for the epoxy resin for the sealing material as described
above. | compoaniemt Gof the mediophobphasiusgbabe f1ame- rettarribaht
stabilized red phosphorus is not particularly limted, but it is
especi al lgonipoisidiient 03) for an epoxy resin of the invention is
a component which reacts with oxo acid of phosphorus
eluted from the red phosphorus base flame-retardant
composition (3) for an epoxy resin to f£ix such acid as
a hardly-soluble or insoluble phosphate compound. The
anhydrous zinc compound is distinguished from a hydrated
metallic compound. Specifically, the hydratedmetallic
compound 1s a compound containing water of

crystallization expressed by a general formula M,0,'XH,0
(M represents a metal, m and n represent an integer of
1l or more determined based on a valence of the metal,
and X represents water of crystallization contained) or
a double salt containing the above compound. The
anhydrous zinc compound used in the invention is a zinc
compound not having water of crystallization. The zinc
compound not having such water of orystallization
includes zinc oxide, zinc carbonate and zinc
orthosillicate, and they are used solely or in a
combination of two or more. Among them, zinc oxide is

particularly desirable in terms of its reactivity with



wash by means of repulping or the like. 58 After conpleting the washing,
the flame-retardant stabilized red phosphorus is obtained by fully drying
in the atnosphere of inert gas such ag nitrogen gas at 60 to 1601 for 1 to
24 hours so that water content is thoroughly renmoved. Then, the washed
flame-retardant stabilized red phosphorus and the anhydrous zi nc conpound
are m xedh® phpsphone ceateantpadnteddn therdnwertdant conposition
(3) for an epoxy resin. The flame-retardant stabilized red phosphorus is
desirably cont Zdinedxddeals expressadcbyant generakcfonmyish&nfixi num
particle size in a suitable range depending on the shape of an |IC package
for whiclzime carhomats dksieexpresisied by a gempevaphfoornula AeCOas
descri bed above. For exanple, when the flame-retardant stabilized red
phosphor wnd z usedfthogilliipa tleska |expressiest byl asgehexalCEommuBEA or a
thin type package which is called transfer BGA, it is preferred that the
average Zm3iQ{e dIhre aphydrmouglzimcarmbmpeumdxidasd pabiiyclhasize is 20
/1 mor below which are determ ned by the | aser nethod, and when it is
used for physliealv@nopérties/ fthat pticksgéinshipdwdercdn ¢emis of Z| P,
the average particle size is 10 to 50/1m and the maxi mum particle size
1 s150/1 mbs bteidornmhi dhspessiditlitgewith tthel £Iameeratdr@antit is used
for a thin type I C package which is called

stabililized red phosphorus and reactivity with oxo acid

of phosphorus eluted, and 1t 1is desired to have an average

particle size of 10U m or below, preferably 0.2 to 5
“m, which are determined by the laser method. The
anhydrous zinc compound is desired not to contain a large
amount of ilonic impurities.

The aforesaid anhydrous zinc compound is generally
mixed in 1 to 20 parts by weight, preferably 5 to 20 parts
by welght, to 100 parts by welght of the flame-retardant
stabllized red phosphorus. It is not preferable 1f the
anhydrous zinc compound 1s less than 1 part by weight
because a trapping effect for the eluted phosphoric acid
component becomes insufficient, and if it is larger than
20 parts by welight, an eluted amount of zinc ions from
the zinc compound increases, and an electric
characteristic 1is degraded.

The red phosphorus base flame-retardant
composition (3) for an epoxy resin of the invention is
used in the form of mixture powder in which the anhydrous

zinc compound 1s mixed in the aforesaild ratio with the



TSOP or TQFP, it is preferred that the average particle sizeis 5to 20 /1
m and the maximum particle size is 45 59 A mor bel ow which are determ ned
by the |laser method. It is also desigpble that the flane-retardant
stabilized red phosphorus has 10% by wei ght or below, preferably 5% by
wei ght or below, of particles having a particle size of |ess than him The
anhydr ousf kame -aetppodanths t abils zed red pdewphenrtu Handanddd pmbgphor us
base flanme-retardant conposition (3) for an epoxy resin of the invention
is a corbbsparsed cinteadts wkadr cemampile .ofthhéofplamearsretagdamt rom t he
red phosphorus base flane-retardant conposition (3) for an epoxy resin to
fix such sitatidd zed hzed| phosphrxusrandsthebaahindrohat @ ioonpoubdie The
anhydrous zinc conpound is distinguished froma hydrated netallic
conpound.p@pdenf iage Iputthn anpdr atisedebyl Ai condorpoype md xa 1 apoebind
containing water of «crystallization expressed by a general formula
MTONXH20 a g ld Naptasehkeraomst Ribovaenn in aapatmespleere i gdtmiged or nore
determ ned based on a val ence of the nmetal, and X represents water of
crystal |l izatprapaae ai pedidexr redophdbphoatus arbkiurendd wh ddovieheonpound.
The anhydrous zinc conpound used in the invention is a zinc conpound not
havi ng wet Pamef rerttet@ahtzatiabllIhedzirendd phopphiuakuwst ahdvivige such wat er
of crystallization includes zinc oxide, zinc carbonate and zinc

anhydrous zinc compound are dispersed uniformly,

although not specifically limited.

Thus, the red phosphorus mixture having the

anhydrous zinc compound uniformly dispersed into the

flame-retardant stabilized red phosphorus can be

obtained. It 1s also desirable that when 80 ml of water

is added to 8g of the aforesalid red phosphorus mixture

and heated at 80C for 20 hours, a concentration of the
eluted PO, 1ons i1s 10 ppm or below, preferably 8 ppm or
below. Besides, after a 10% slurry of the red phosphorus
mixture is left standing at 80C for 20 hours, it is
desirable that the electric conductivity 1is 1504 s/cm
or below, preferably 1004 s/cm or below.

The reason that the eluted PO, ion concentration
is limited to 10 ppm or below 18 that it is not preferable
if the eluted PO, ion concentration 1s larger than 10
ppm as described above, because when the red phosphorus
mixture 1s used for example as the flame retardant for
semliconductor sealing, aluminum wiring formed on the

semiconductor device surface 1s corroded, and the



orthosilicate, and they are used solely or in a conbination of two or
nore. Anong them zinc oxide is particularly desirable in terns of its
reactivity with 60 the phosphorus conéznt eluted in the invention. Zinc
oxide is expressed by a general formula ZnO, zinc carbonate is expressed
by a general fornula ZnCO3, and zinc orthosilicate is exgressed by a

general fimhddtyzresiatante ekgghrdgs takktabddddhefetheabl y has

physi cal properties that it is fine powder in terns of its uniform
di spersi Henigopductor spaddneimatandalsihyi Aegapded- phosphorus and
reactivity with oxo acid of phosphorus eluted, and it is desired to have
an average parkn cthespforgsabd| eomdklens.prtdierBHB0y don to 5 Am which
are determned by the |laser nmethod. The anhydrous zinc conpound is desired
not to coereanirafien havdesiged 4o bei aguliom as. POIss i beckai20@nhydr ous
zinc conpound is generally mxed in 1 to 20 parts by weight, preferably 5
to 20 parRRm oF heilfw, pPrefErabiyslfp \mpmhorobelawfinntenmsrefint
stabilized red phosphorus. It is not preferable if the anhydrous zinc
conpound the| humidiy Irpalstianteedpctilce aned iabibbbyngfefthet for the
el uted phosphoric acid conponent becones insufficient, and if it is |arger
than 20 gemicobduatomt sealigigitmatemd@dt. of zinc ions from the zinc
conmpound i ncreases, and an electric characteristic is degraded.

And, it is not preferable when the electric

conductivity 1s larger than 1504 s/cm and the red
phosphorus mixture i1s used as the flame retardant for
semiconductor sealing, because aluminum wiring formed
on the surface of a semiconductor device 1s corroded in
the same way as above, and the humidity resistant electric
reliability of the semiconductor seallng material is
degraded.

It 1s desired that when the slurry which has the
red phosphorus mixture dispersed in 10% by weight into
water is left standing at 150C for 20 hours, it has an
electric conductivity of 2000/ s8/cm or below, preferably
15004 8/cm or below, and when 80 ml of water is added
to 8g of the red phosphorus mixture and heated at 150T
for 20 minutes, the eluted PO, 1on concentration is 800
pPpm or below, preferably 500 ppm or below.

In the invention, the electric conductivity has
a value resulting from the ionic compounds such as
chlorine ions, bromine ions, PO,”?, PHO; %, NH,', S0,%",

Na', K', PH,0, ions.



The red phosphorus base flanme-retardant conposition (3) for an epoxy resin
of the invention is wused in the formof m xture powder in which the
anhydrous zinc conmpound is mxed in ¢ghe aforesaid ratio with the 61
flame-retardant stabilized red phosphorus and uniformy dispersed into it.
For exanple, the flane-retardant stabilized red phosphorus and the

anhydrous zi nc Bsg@tdespokde red phaesphoritis npase Fylaneorptandanti xer
such as a Nauta m xer or a Ribocorn in an atnosphere of nitrogen to

prepare ®pepdedl tdan phdbkpheruannerexye ries imich the inveamtdaen gamnt
stabilized red phosphorus and the anhydrous zinc conpound are di spersed
uni f orn yhe wsefotiggetdiexpetthi anoithey metalliloxide.rwet@iosbéior us
m xture having the anhydrous zinc conpound uniformy dispersed into the
fl ane- r ethay dnok iskeabme tzalll Ledcpirbopiat &s mahald 1 oiphx splatetorsanl so
desirabl e that when 80 m of water is added to 8g of the aforesaid red
phosphor usnorgande lan éxaehanger 8hiébrréactmiedth aopbespharbe of the
eluted PO4 ions is 10 ppmor below, preferably 8 ppmor bel ow. Besides,
after a 1844l oomparienhetoed jshoaphdneolubkeuos lardly-sodubheg at 80t
for 20 hours, it is desirable that the electric conductivity is 150/1 s/om
or bel ow,plposphaxiel.y 100/ Ls/cm or bel ow. The reason that the eluted P04 ion
concentration is limted to 10 ppmor belowis that it is not preferable
The aforesald metallic oxide, metallic hydroxide,

metallic carbonate or metallic phosphate 1s one or two

or more of oxides, hydroxides, carbonates or phosphates

selected fromZn, Mg, Ti, Ca, Al, Co, Zr and Sn for example.

Specifically, they are zinc hydroxide, zinc

orthosilicate, magnesium oxide, magnesium hydroxide,

titanium oxide, calclium oxide, calcium hydroxide,

calcium carbonate, calcium phosphate, calcium tertiary

phosphate, hydroxyapatite, calcium silicate, aluminum

oxide, aluminum hydroxide, cobalt oxide, cobalt

hydroxide, zirconium oxide, zirconium hydroxide, tin

oxlide and tin hydroxide, and they are used solely or as

a comblination of two or more. They may be a hydrate or

an anhydride. But, the anhydride is preferable because

if a hydrate i1is used and blended with an epoxy resin for

molding, there are tendenciles of disadvantages that water

is produced at a molding temperature and the produced

water reacts with the red phosphorus to generate

phosphine.

Examples of the 1inorganic ion exchanger can be



if the eluted P04 ion concentration is larger than 10 ppm as descri bed
above, because when the red phosphorus mxture is used for exanple as the
flame retardant for sem conductor se@ding, alumnumwring forned on the
sem conductor device surface is corroded, and the 62 hum dity resistant
electric reliability of the sem conductor sealing material is degraded. In
t he af or dswdxrigaoddi aindren edchangernsuch @ hndrocaimdds based be as

| ow as possible to 200 ppmor below, preferably 100 ppmor below in terns
of the Humzgaplcedntont exichanger: el wdreyadeittree baspidconduct or
sealing material. And, it is not preferable when the electric conductivity
i s | argednomganigoansion exehangerd BhAoEPHIL (MO xt(¥=0i 9 tedd bs t he
flame retardant for sem conductor sealing, because alum numwring forned
on the sw¥ace tb @ .8 zZe0dacttay Ged)ceMgy.ehls OAH] 1h N CAJTS SEHFO Ay as
above, and the humdity resistant electric reliability of the

sem cond8s M *29BI0 ,NgbSAL, B, e;(w),demﬁ)d,edxnzla(vsodastban 3 hai=Mh®en the
slurry which has the red phosphorus m xture dispersed in 10% by wei ght
into wattas 1s9l,eXi=41ihntong .&, 1%e1.Rortd20l héur &=0.t12 hte an 3 .,elme€lric
conductivity of 20001.L s/cmor below, preferably 1500A s/cm or bel ow, and
when 80 Moo2)waetrcd s added to 8g of the red phosphorus m xture and
heated at 150t

The aforesald metallic oxide, metallic hydroxide,
metallic carbonate, metallic phosphate or inorganic ion
exchanger 1s desirably mixed generally in 1 to 20 parts
by welght, preferably 5 to 20 parts by weight, to 100
parts by welight of flame-retardant stabilized red
phosphorus. It is also desirable to adjust its electric
conductivity as mixture powder, and when 80 ml of water
i1s added to 8g of the mixture powder and heated at so C
for20hours, theeluted PO,1lonconcentrationisdesirably
10 ppm or below, preferably 8 ppm or below. Besides,
it 1s preferred that the electric conductivity after
keeping at 80C for 20 hours is 150/ s/cm or below,
preferably 100 s/cm or below.

The above described red phosphorus base flame
retardants (1), (2) for an epoxy resin or the red
phosphorus base flame-retardant composition (3) for an
epoxy resin of the present invention is substantially
free from the elution of a phosphoric acid component such

as oxo acld of phosphorus from red phosphorus, so that

it can be used suitably as the flame retardant for an



for 20 mnutes, the eluted P04 ion concentration is 800 ppm or bel ow,
preferably 500 ppmor below. In the invention, the electric conductivity
has a value resulting fromthe ionicsonpounds such as chlorine ions,
brom ne ions, P04-3 , PHO3-2 , NH4, SO42" , Na+, K+, PH202 ions. 63
Besi des, the red phosphorus base flane-retardant conposition (3) for an
epoxy respe®yY resimieri edesdtirigeprazd® taehhas wamleapdu@taomtal |ic
oxide, nmetallic hydroxide, nmetallic carbonate, netallic phosphate or an
i nor gani seahingcmatpriahsch aminated PlapesspPaiintedcpdresrbonent to
fix as insoluble or hardly-soluble phosphate. The aforesaid netallic
oxi de, néicatrde aApdr fliate cabibesl.| and pawhbcylarietstitabdhvosdede i s one
or two or nore of oxides, hydroxides, carbonates or phosphates selected
from zZn, av,the, fCamel reCardantanfiognthe epoxyl aes3pefori ¢hdy, they are
zi nc hydroxide, zinc orthosilicate, nagnesium oxi de, magnesi um hydr oxi de,
titani umsemilepndalctiam sgaddng ahatemdaddr oxi de, cal ci um car bonat e,
cal ci um phosphate, calciumtertiary phosphate, hydroxyapatite, cal cium
silicate, alum num oxide, alum num hydroxide, cobalt oxide, cobalt
hydr oxi de, zirconi um oxi de, zirconium hydroxide, tin oxide and tin
hydr oxi deEposyt res i ccampo ssidt oy Eorasemiconidiutdtonnsenliduyg or nore.
They may be a hydrate or
material)
Then, the epoxy resin composition for a
semiconductor sealing material of the invention will be
described.
The epoxy resin composition for a semiconductor
sealing material of the invention contains the aforesaid
red phosphorus base flame retardant (1) or (2) for an
epoxy resin or the red phosphorus base flame-retardant
composition (3) for an epoxy resin.
Especilally, the epoxy resin composition for a
semiconductor sealingmaterial of the invention contains
the aforesald red phosphorus base flame retardant (1)
or (2) for an epoxy resin or the red phosphorus base
flame-retardant composition (3) for an epoxy resin, and
an epoxy resin, a curing agent, a curing accelerator and
an inorganic filler.
The red phosphorus base flame retardant (1) or (2)
for an epoxy resin or the red phosphorus base

flame-retardant composition (3) for an epoxy resin is

mixed in a ratio of 0.05 to 5% by weight, preferably 0.5



an anhydride. But, the anhydride is preferable because if a hydrate is
used and bl ended with an epoxy resin for nolding, there are tendencies of
di sadvant ages that water is producedg@at a nolding tenperature and the
produced water reacts with the red phosphorus to generate phosphi ne.
Exanpl es of the inorganic ion exchanger can be 64 inorganic anion
exchanger®o s2&hb¥s we tghit oc &lonitthee bapeay iTes juancompr dhtdoohdimera a
hydrotal cite based inorganic anion exchanger, Bi OX(OH) 1(N®3)$ (X=0.9 to
1.1, Y=0.sembpconiluctor2sealping mage33a ¢ OH t216CoR 8. Bredersidpls. 2H20,
SbSi "Bi "Ox(OH) y(NGB) anH20 (Vv=0.1 to 0.3, w=1.5 to 1.9, X=4.1to 4.5, Y=1.2
to 1.6, ZD. theoamainh=-1s tlesy K thap. 0LHS uf byesw gkt belciag &xi ae,
nmetal lic hydroxide, netallic carbonate, netallic phosphate or inorganic
i on exchewf€d cilende filas et aedagdnefflelot canné b b operd knedyamadi ght ,
preferably 5 to 20 parts by weight, to 100 parts by weight of
fl ame-rethf dobtist harigezedthan Hhdsphwelght,t bueralag d€Esithablred bnad) ust
its electric conductivity as m xture powder, and when 80 ml of water 1is
added to Bgnas tloe be xprnomopedicheaadslecad£dhaghS8burning 2thergys, the
eluted PO4 ion concentration is desirably 10 ppmor below, preferably 8
ppm or beposseBaseididsy redl iphgephernad that the electric conductivity
after keeping at 80t for 20 hours is 150/ 1s/cm or bel ow,

As the epoxy resin used for the semiconductor

sealing material, there are monomers, oligomers and
polymers in general which have at least two epoxy groups
in one molecule. Thelr examples are phenol novolac type
epoxy resins and orthocresol novolac type epoxy resins
which are obtained by epoxlidizing novolac resins which
can be obtained by condensing or cocondensing in the
presence of an acld catalyst phenols such as phenol,
cresol, xylenol, resorcin, catechol, bisphenol A and
bisphenol F and/or naphthols such as @ -naphthol, f
-naphthol and dihydroxynaphthalene, and aldehydes such
as formaldehyde, acetaldehyde, propionaldehyde,
benzaldehyde and salicylaldehyde; those obtained by
epoxidizing addition products or polyaddition products
wlth blisphenol A, bisphenol B, bisphenol F, bisphenol
S, diglycidyl ether such as alkyl-substituted or
non-substitutedbiphenol, phenols and dicyclopentadiene
or terpenes; glycidyl ester type epoxy resins obtained
by a reaction between polybasic acid such as phthalic

acid or dimer acid and epichlorohydrin; glycidylamine



preferably 100/ Ls/cm or bel ow. The above described red phosphorus base
flame retardants (1), (2) for an epoxy resin or the red phosphorus base
fl ame-retardant conposition (3) for a7 epoxy resin of the present
invention is substantially free fromthe elution of a phosphoric acid
conponent such as oxo acid of phosphorus fromred phosphorus, so that it
can be ugxpggmnxwyea#nmebmqikﬁd&xmam@ctépmﬁﬁsgeq&nylwam#n¢or

el ectric parts such as seniconductor sealing materials, |am nated plates,
printed duchias dbamdaadipheaylmetranegnd pgadvaynutily adid@ngdused as
the flame retardant for the epoxy resin for the sem conductor sealing

mat er i al .epEpbikpnohydrioapbineiaghalldphablceposyoresdasi ahtajnedi al >
Then, the epoxy resin conposition for a seni conductor sealing material of
the i nverty omxigiizing olefinbhonidinge'poperaglid swehes peyacedia

sem conductor sealing material of the invention contains the aforesaid

red phospwids bade dyehealdphralahe eppxy xe3ingr adkthenghy modsin or the
red phosphorus base flanme-retardant conposition (3) for an epoxy resin.
Especi al Ispech€ ieailyr 2dmi toodposTheyn dan ke sewd albioneocorsda i ag
material of the invention contains the aforesaid red phosphorus base flane
ret ar dantcqibination of two or more.

The aforesald epoxy resin is used in 5 to 25% by
welght, preferably 6 to 18% by welght, to the epoxy resin
composition for a semiconductor sealing material.

As the curing agent, those known by one skilled
in the art can be used. Particularly, their examples
are C, to C;yo stralght chain aliphatic diamines such as
ethylenediamine, trimethylenediamine,
tetramethylenediamine and hexamethylenediamine; amines
such as metaphenylenedliamine, paraphenylenediamine,
paraxylenediamine, 4,4'-diaminodiphenylmethane,
4,4'-diaminodiphenylpropane,
4,4'-diaminodiphenylether,
4,4'-diaminodiphenylsulfone,
4,4'-diaminodicyclohexane,
bis(4-aminophenyl)phenylmethane,
l1,5-diaminonaphthalene, methaxylylenediamine,
paraxylylenediamine,
l1,1l-bis(4-aminophenyl)cyclohexane and dicyanodiamide;

novolac type phenol resins such as phenol novolac resins,

cresol novolac resins, tert-butylphenol novolac resins



or (2) for an epoxy resin or the red phosphorus base flame-retardant
conposition (3) for an epoxy resin, and an epoxy resin, a curing agent, a
curing accelerator and an inorganic g§l1ler. The red phosphorus base flane
retardant (1) or (2) for an epoxy resin or the red phosphorus base
fl ame-retardant conposition (3) for an epoxy resinis mxed in a ratio of
0.05 to ndponyphenolenovgediac gesiages : semnbvins phenabresdndoxy resin
conposition for a sem conductor sealing material. It is not preferable if
t he anourpolyokysivremes. 6%%h)\asecpghypRsaeXysiyranésci phendhne
retardant effect cannot be obtained and if it is larger than 5% by wei ght,
burni ng ofeshesrsach as @ivsnod dxabkyioredibscandmaphithgi bmalikylener gy
possessed by red phosphorus. As the epoxy resin used for the sem conductor
seal i ng meeingl ohtreeiwedr byrmupelycooldegusetioand® f ppaybenyl n gener al
whi ch have at | east two epoxy groups in one nolecule. Their exanples are
phenol novwhpounyxrandgmhenoddicecoapdundsodrewdlliachhyldxodepataegy resins
whi ch are obtai ned by epoxidi zi ng novol ac resins which can be obtai ned by
condensi romndedotondenemat licn tiwgs psasdnces od henzsme calalgy dir phenol s
such as phenol, cresol, xylenol, resorcin, catechol, bisphenol A and
bi sphenolndéphttadre mephitrhg lasr & saib sisi tutedblchy dDoxyihgirtduoh s araind
di hydr oxynapht hal ene, and al dehydes such
acld anhydrides, but it is desirable to use a phenol type
curing agent because arateof moisture absorptionlowers.
The above curing agent 1s added in an equivalence
ratio of 0.1 to 10, preferably 0.7 to 1.3, to the epoxy
resin.
As the i1inorganic filler, there are fused silica
powder, crystalline silica powder, alumina (filler),
sllicon nitride, aluminum nitride, boron nitride,
magnesla, titanium oxide, calcium carbonate, magnesium
carbonate, talc, calcium silicate, etc., and they are
used alone or in a combination of two or more.
The inorganic filler i1s desirably added in 40 to
95% by welight in the epoxy resin composition for a
semiconductor sealing material.
And, acuring accelerator can be added 1f necessary.
The curing accelerator includes for example tertiary
amine compounds such as
l1,8-dlaza-biocyclo(5,4,0)undecene-7,
triethylenediamine and benzyldimethylamine; imidazole

compounds such as 2-methylimidazole,



as formal dehyde, acetal dehyde, propional dehyde, benzal dehyde and
sal i cyl al dehyde; those obtai ned by epoxidizing addition products or
pol yaddi ti on products with bisphenolgghA, bisphenol B, bisphenol F,
bi sphenol S, diglycidyl ether such as al kyl -substituted or
non- substituted bi phenol, phenols and dicycl opentadi ene or terpenes;
gl yci dyl 2eqmathylyfemaiixyllundidezobe ai Ac@hanybimddazoke bandeen pol ybasic
acid such as phthalic acid or dimer acid and epichl orohydri n;
gl yci dyl &rinkeesylt+dpameblay)imddaro bet aomaamlc aphegphre bet ween pol yani ne
such as di am nodi phenyl net hane or isocyanutic acid and epichl orohydrin;
| i near aldgupeundep®@uchecapntrdiphémpedphigspixineziang ol ef in bonding with
peraci d such as peracetic acid; and cycl oaliphatic epoxy resin, although
not specitmiidaitylphosphiinéhephasphendusd sabhe;oand ammopdwimat i on of
two or nore. The aforesaid epoxy resin is used in 5 to 25% by weight,
preferablsabtso agt hherpi gire, used halepexyor etinna comppbnatdon @f a
sem conductor sealing material. As the curing agent, those known by one
skilled twotde motrecan be used. Particularly, their exanples are C2 to
C20 straight chain aliphatic diamnes such as ethyl enedi am ne,
trinmet hyl enedi @fi neecéssaanyet hytheedifdame azedamiemeshyl enedi anmi ne; am nes
such as net aphenyl enedi am ne, paraphenyl enedi am ne, paraxyl enedi am ne,
4, 4" - di amibahpbewp Ithjcgents, release agents, coloring agents,

low-stress additives, surface active agents, etc. can

be contained.

Other flame retardants which can be used together

with the aforesaid red phosphorus base flame retardant

(1) or (2) for an epoxy resin or the red phosphorus base

flame-retardant composition (3) for an epoxy resin

include a hydrated metallic compound, a

nitrogen-containing base flame retardant, a phosphorus

base flame retardant, etoc.

The hydrated metallic compound includes a compound

expressed by M,0,'xH,0 (M represents a metal, m and n
represent an integer of 1 or more determined based on
the metal valence, and x represents contained water of
crystallization) or double salts containing the above
compound. Specifically, aluminum hydroxide, magnesium
hydroxide, basic magnesium carbonate, calcium hydroxide,
barium hydroxide, zirconium hydroxide, dawsonite, zinc
stannate, zinc borate, aluminum borate, basic zinc

carbonate, borax, zinc molybdate, zinc phosphate,



4, 4' -di am nodi phenyl propane, 4, 4'-di am nodi phenyl et her,
4,4' -di am nodi phenyl sul fone, 4, 4'-diam nodi cycl ohexane,
bi s(4- am nophenyl ) phenyl net hane, 1, 5z@i am nonapht hal ene,
met haxyl yl enedi am ne, paraxyl yl enedi am ne,
1, 1- bi s(4-am nophenyl ) oycl ohexane and di cyanodi am de; novol ac type phenol
resi ns simagnesiwanphosphn e . hxdnetalaitel hxdovaalmddienskaolin,
tert-butyl phenol novol ao resins 68 and nonyl phenol novol ac resins; resol
type pherkaleessegichbéyopysophnbiitech enpohyife .adkgelindtss,; phenol
resins such as phenol aral kyl resins and naphthol aral kyl resins obtained
by copol yoohdiénmatswkt atecazday| sutéafgeundst and apteerlol 8tedonpounds, in
whi ch hydrogen atonms bonded to aronmatic rings such as a benzene ring or
napht hal ene ri Mherritwogean t¢edtyl niyig okabegrftlame medarstamtanhydri des,
but it is desirable to use a phenol type curing agent because a rate of
noi st ur e absdbugeisomelanctive derl vwdbivemusiich agamelaniaedenieilamine
equi valence ratio of 0.1 to 10, preferably 0.7 to 1.3, to the epoxy
resin. Asyapuradregamethiylsobmertaneiee ar(clda}eyandriaacqichdevelamystal | i ne
silica powder, alumna (filler), silicon nitride, alumnumnitride, boron
nitride, mebhgmesmellonhansuacineguanamdine) cmnellanmdircee sajfatealm
acetoguanamine sulfate, melam sulfate, guanylmelamine
sulfate, melamine resin, BT resin, oyanuric acid,
isocyanuric acid, isocyanuric acid derivative, melamine
lsocyanurate, benzoguanamine and acetoguanamine, and
guanlidine base compounds.
The phosphorus base flame retardant includes for
example triethyl phosphate, tricresyl phosphate,
triphenyl phosphate, cresylphenyl phosphate,
octyldiphenyl phosphate, diethylenephosphoric acid
ethyl ester, dihydroxypropylene-phosphoric acid butyl
ester, ethylenephosphoric acid disodium ester,
methylphosphonate, dimethyl methylphosphonate, diethyl
methylphosphonate, ethyl phosphonate, propyl
phosphonate, butyl phosphonate, 2-methyl-propyl
rphosphonate, t-butyl phosphonate, 2,3-dimethylbutyl
phosphonate, octyl phosphonate, phenyl phosphonate,
dioctylphenyl phosphonate, dimethyl phosphinate,
methylethyl phosphinate, methylpropyl phosphinate,
diethyl phosphinate, dioctyl phosphinate, phenyl

phosphinate, diethylphenyl phosphinate, dephenyl



carbonate, talc, calciumsilicate, etc., and they are wused alone or in a
conbi nation of two or nore. The inorganic filler is desirably added in 40
to 95% by weight in the epoxy resin ronposition for a sem conductor
sealing material. And, a curing accelerator can be added if necessary. The
curing accelerator includes for exanple tertiary am ne conpounds such as
1, 8- di azphnapyhlivatel, B iLaldcaetlioxypheayhy) phedpitinatend
benzyl di met hyl am ne; i m dazole conpounds such as 2-nethylim dazole, 69

2- et hyl - 4anmamiunnipdarspate- plamyonbkiinaps kyphdsphate, melamine

2- phenyl - 4- met hyl i m dazol e; organi ¢ phosphi ne conpounds such as

t ri phenyipiimsphate ,agdantyliume g ipfimsphare;, pedsphione polggphe s plvak éymoni um

salts, and they are used alone or in a conbination of two or nore. If
necessar guarihéinkel pphosphatégntesthyiehadicamphenphogphiater, el ease agents
coloring agents, lowstress additives, surface active agents, etc. can be
cont ai negphdapkazienzr melamdasd mebhglpitaosikonaded ,t agedher with the
af oresai d red phosphorus base flame retardant (1) or (2) for an epoxy
resin or the r @hehofphesas dafSkamel aetardandantamonpoedt adone)of or an
epoxy resin include a hydrated netallic conpound, a
as a combilnation of two or more, and among them, the
hydrated metallic oxides are desirable. The aforesaid
flame retardants are added in 0.1 to 5% by welght,
preferably 0.5 to 2% by weight, in the epoxy resin
composition for a semiconductor sealing material.

The silane-coupling agents include for example
epoxysilane such as 7 -glyclidoxypropylmethoxysilane,
aminosilane such as N-phenyl-7 -aminopropyl trimethoxy
sllane, ureido silane, vinyl silane, alkyl silane,
mercapto silane, organic titanate, aluminum alcoholate,
etc.

The release agents include for example aliphatic
aclds such as stearic acid, montanic acid, palmitic acid,
olelc acid and 1inoleic acid, salts of the aliphatic acid
such as calcium salt, magnesium salt, aluminum salt and
zinc salt, amides of the aliphatic acid, phosphate ester,
polyethylene, bis-amlide, carboxyl group-containing
polyolefin and natural carnauba, and they are used alone
or in a combination of two or more.

The coloringagents include for example carbonblack,

titanium oxide, etc.



ni trogen-contai ni ng base flane retardant, a phosphorus base flane
retardant, etc. The hydrated netallic conpound includes a conpound
expressed by M OnxH2O (M represents ajgretal, mand n represent an integer
of 1 or nore determ ned based on the netal valence, and x represents
contai ned water of crystallization) or double salts containing the above
conpound. SpeciTheal by -sdinegs siuaddiddosesieincdpdsi fior exdmpl ee, basic
magnesi um car bonat e, cal ci um hydroxi de, barium hydroxi de, zirconium
hydr oxi deibeenei tggl zi atlistenmarebbeimc sHblicenealadd numtlgor at e, basic
zinc carbonate, borax, zinc nolybdate, zinc phosphate, 70 rmagnesi um
phosphat e, hydiel surfacey daotive agenxtsl include cforcexanple
pyrophyllite, bentonite, kaolinite, calciumsulfate, zinc sulfate, etc.
are |ist gbly¥athyliengecglyonilafaitiy estet], ase nbad banafiat tiynelsickes, nel am ne
derivatives such as nelam ne, nelam ne cyanurate, nethylol meram ne, (iso)
cyanuri c fttly menaglyceirdidie meton, succi noguanam ne, nelam ne sulfate
acet oguanam ne sul fate, nelam sul fate, guanyl nel am ne sulfate, nelam ne
resin, BT resi Theyw®thod cf pdtoduchngatrheiaporydre s inayempoisd. taton
derivative, nelam ne isocyanurate, benzoguanam ne and acet oguanam ne, and
guani di neEdasa semlmvbuwiductioar PFesphagumateeiallaweE reiar iavientcdndes for
exanpl e triethyl phosphate, tricresyl phosphate,

1s not particularly limited. The red phosphorus hase

flame retardant (1) or (2) for an epoxy resin or the red

phosphorus base flame-retardant composition (3) for an

epoxy resin may be mixed while heating 1f necessary after

the epoxy resin, the curing agent or the phenol resin

1s previously mixed with the aforesaid other flame

retardant, curing accelerator, coloring agent, release

agent and surface active agent as required. For example,

there are a masterbatch method which prepares a

masterbatch with some of the aforesald components and

mixes the masterbatch with other components, and a method

whichblends tomixall the components as theyare. Either

method can be selected depending on whether it is

industrially advantageous.

To prepare the masterbatch, it 1s desired that the

red phosphorus base flame retardant (1) or (2) for an

epoxy resin or the red phosphorus base flame-retardant

composition (3) for an epoxy resin is added as a red

phosphorus content of 20 to 40% by weight, preferably

25 to 35% by weight, to the phenol resin, and the other



tri phenyl phosphate, cresyl phenyl phosphate, octyl di phenyl phosphate,

di et hyl enephosphoric acid ethyl ester, dihydroxypropyl ene-phosphoric acid
butyl ester, ethyl enephosphoric aci d7gi sodi um ester, nethyl phosphonate,
di et hyl met hyl phosphonate, di et hyl nethylphosphonate et hyl phosphonat e,
propyl phosphonate, butyl phosphonate, 2-nethy I-proB phosphonat e,

t - butyl pﬂio%ﬁpﬁ@rﬂa‘i%rdénii'— s addgddn 30 toUdIHby e Ly §th§/¥e§ﬁ6§:h1bﬁat e,
phenyl phosphonate, dioctyl phenyl phosphonate, dinmethyl phosphinate,

met hyl et B8 fshddihibmwelgkt hy| Bhdsy mastephatghbeis wilaed wighiystine nat e,

di octyl phosphi nate, phenyl phosphinate, diethyl phenyl phosphinate,
dephenyl othehosphnpoaent it Lmepavey bhenpgposo Jes hateompasitdri em
phosphat e, amroni um pol yphosphat e, nel am ne phosphate, guanyl urea
phosphat eoxredasemd g gphtoghaealiggamakerliphosphat e, et hyl enedi am ne
phosphate, phosphazene, nelam ne net hyl phosphonate, etc. The aforesaid
fl ame retardantthereposydres bnecompossl blconbonad ismabingwwakembadk, and
anong them the hydrated netallic oxides are desirable. The aforesaid
flame retof dinesiaventited ds & plasSichowmakeghal whidhr dsl ElBMBet o 21 by
wei ght, in the epoxy resin conposition for a sem conductor sealing
mat er i al .réterdandineanduekiced sagbmt bumicliie fesistarpt celeednyde| ane such
as T -glyci doxypropyl net hoxysi |l ane,

reliability and can be used as a sealing material, a

molding material, a casting material, an adhesive agent,

an electrical insulating coating material, a laminated

plate, a printed circuit board, a flat cable, etc. for

various types of integrated circuilits and individual

semiconductors of transistors and diodes.

The semiconductor sealingmaterial of the invention

1is formed of the aforesaid epoxy resin composition for

a sealing material and it is desired that the respective

components of the epoxy resin composition for a sealing

material are uniformly mixed and blended. Blending is

effected by means of a roll, a kneader, a mixer or the

like while heating, and after cooling, tablets are

prepared by pulverizing, thereby producing the sealing

material.

Using the sealing material obtained as described
above, transfer molding or the like is performed to seal
semiconductor devices, lead frames and the like, thus

various semiconductor IC packages excelling 1n flame

retardancy and humidity resistant electric reliability



am nosi |l ane such as N-phenyl- T -am nopropyl trinmethoxy silane, ureido
silane, vinyl silane, alkyl silane, nmnercapto silane, organic titanate,

al um num al cohol ate, etc. The rel easg agents include f or exanple
aliphatic acids such as stearic acid, nontanic acid, palmtic acid, oleic
acid and linoleic acid, salts of the aliphatic acid such as calciumsalt,
magnesi udmal ebtalmeadum Bhet madding nmeddiad bsi ned @anhionligmkYic acid
phosphat e ester, polyethyl ene, bis-am de, carboxyl group-containing

pol yol ef liimahddnexeent cthatubhe sehlieg npterial sfonmedoof the

conbi nation of two or nore. The coloring agents include f or exanple carbon
bl ack, taficmeamidkepoxyresiipctimpishtdiomncforaddieaidtng matedsldbr
exanple silicone gel, silicone rubber, silicone oil, etc. The surface
active agenusedclanié dwromitnpry mpdldiai gyethodl ganl béaemnp logtesd ,
sorbitan fatty ester, fatty nonoglyceride, etc. The nmethod of producing

t he epoxy resi ITheo Eposxy imes 1hosompoant thodutdora sssd 1l hggmbadreimlabf t he
invention is not particularly limted. The red phosphorus base flane

ret ar dantof lgher ipjedtionanhamorexcellentr f£hameedeyHmowdphoyuandse

fl ame-retardant conposition (3) for an epoxy resin may be m xed while
heati ng idfleetedizamebfabdliithe, epoxyhadsiit has amw ieffagenusafahe phenol
resin

for providing £flame retardancy to the sealing material,
molding material, casting material, adhesive agent,
electrical insulation coating material, laminated plate,
printed circuit board, flat cable, etc., which are used
for varlious types of semiconductor integrated circuits
(ICs) and individual semiconductors such as transistors
and diodes. And, the sealing material can be used to
obtain a semiconductor device excelling in flame
retardancy and electric reliability.

The present invention will be described in detaill
wlith reference to the following examples but 1t is to
be understood that the invention is not limited to the

examples.

Examples 1-5 and Comparative Examples 1-5
Examples and Comparative Examples of the red
phosphorus base flame retardants (1), (2) for an epoxy

resin will be described.

{Preparation of coated red phosphorus(1l)>



Is previously mxed with the aforesaid other flanme retardant, curing

accel erator, coloring agent, release agent and surface active agent as
required. For exanple, there are a npsterbatch nethod which prepares a
masterbatch with some of the aforesaid conponents and nixes the

mast erbatch with other conponents, and a method which blends to mx al

t he conpon€usted riedy phesphotriwer samphed Acan be sel ect ed dependi ng on
whether it is industrially advantageous. To prepare the masterbatch, it is
desired that tiBlkede@drphpaphervaseas|pubvestizedmndiglassifiédr an
epoxy resin or the red phosphorus base flame-retardant conposition (3) for
an epoxy tresbhtad nagest] peo spheoduspiwhbbbr badcemt avendgeOpas MGl oy

wei ght, preferably 25 to 35% by weight, to the phenol resin, and the other
73 fl ame gtardEn0ismgdacchaxidmt paididiye el gbt o fpUsiemebland 258t 0 35%
by weight. This masterbatch is mxed with the other conponents to prepare
t he epmqbyeuemghnwmslpaDMidkﬁsahavmngnuhpanttnxd|mgzaabﬁwkéssThe
epoxy resin conposition for a sealing material of the invention is a

plastic reh&nilpl mhi WaterfimsR s d @lasr dadie 86 2X0§/cf thdpiePdyedesi st ant
electric reliability and can be used as a sealing material, a nolding

mat eri al ,red cphbsphomiertal prepaxdasived aphdvspharuel etrirxys) amdul ati ng
coating material, a lamnated plate, a printed circuit board, a flat
cable, etex.7fmL of an aqueous solution of hydrogen peroxide was

added thereto. Then, an aqueous solution of sodium

hydroxide was added to adjust a pH value to 10 and the

slurry was kept at 80T for 6 hours. Nitric acid was then

added to adjust the pH value to 1, the slurry was kept

at 80C for 4 hours, filtered and washed with water until

the slurry had a pH value of 2.5.

The washed red phosphorus in 20g was dispersed into
180g of pure water, agqueous ammonla was added while
stirring to adjust the pH value to 10. Then, 2g of zinc
oxlde (tradename "GINREY" manufactured by TOHO ZINC)
having an average particle size of 0.34m and 3.8g of
a phenol resin (manufactured by DAINIPPON INK AND
CHEMICALS, a prepolymer, "PHENOLITE TD2388": a solid
content of 26%) were added, then they were stirred for
10 minutes, and hydrochloric acid was dripped to adjust
the pH value to 6 to 6.5.

Then, 0.3g of ammonium chloride was added to react
at 90C for one hour. After allowing to cool, the

reactant was fliltered and washed with pure water so that



various types of integrated circuits and individual sem conductors of
transi stors and di odes. The sem conductor sealing material of the invention
is formed of the aforesaid epoxy resiyg conposition for a sealing naterial
and it is desired that the respective conponents of the epoxy resin
conposition for a sealing material are uniformy m xed and bl ended.

Bl endi ng tilve tPRectlotrby oarkd Of begame, ta haseslcan elEckrior the |ike
whil e heating, and after cooling, tablets are prepared by pul veri zi ng,

t her eby pramiduperg ity se&l i3igit avbtrer pal bdlkowg t Ae fdddi e ngcakteerwas
obt ai ned as described above, transfer nolding or the like is perfornmed to
seal semazoadmcidriedwickle bedanlg idisperaed gantlivkecuredatvhd D&is

sem conductor | C packages excelling in flame retardancy and hum dity

resi st antfetezthourmsel iadbl dwed ¥4 avod bbdawnedndTllfd Intoé dedg timxtdwghi s not
particularly limted except that the sealing material forned of the

af or esai th epurEgencesifn lmosshesn ticoo ket s+nl cogtenl aredl phosplsexiusand an
ordi nary nol di ng nmet hod can be enpl oyed. The epoxy resin conposition for a
seal i ng nrdmpllal A.of the invention has excellent flane retardancy and
electric reliability, so that it has an effect useful for providing flane
retardancy to tTeeseaated neidpladsphoxiul foaded @ icdnteadt iof) 8/t eri al |
adhesive agent, electrical insulation coating naterial, |amnated plate,

* Coated red phosphorus sample B

Coated red phosphorus sample B (its 10% slurry had
an electric conductivity of 164 s/cm) was prepared by
the same procedure as used to prepare the coated red
phosphorus sample A except that zinc oxide was added in

3g.

*Coated red phosphorus sample C

Coated red phosphorus sample C (its 10% slurry had
an electric conductivity of 19/ s/cm) was prepared by
the same procedure as used to prepare the coated red

phosphorus sample A except that zinc oxide was added in

49g.

*Coated red phosphorus sample D

Bulk red phosphorus was pulverized and classified
to obtain red phosphorus which had an average particle
slze of 5.54m, a maximum particle size of 204 m, and

2% by welight of particles having a particle size of less



printed circuit board, flat cable, etc. , which are used for various types
of sem conductor integrated circuits (1Cs) and individual sem conductors
such as transistors and diodes. And,7the sealing material can be used to
obtain a sem conductor device excelling in flame retardancy and electric
reliability. The present invention will be described in detail wth

ref erencéhan tlhé if 0| Wk ey loxaievasuadded tot2l 0 9@ ke prepanedt t he
invention is not limted to the exanples. Exanples 1-5 and Conparative
Exanpl es red pEQRgpploarzusgnto drpRexne & mdnphespyonye sdunmvows@dus base
flame retardants (1), (2) for an epoxy resin will be described.

<Pr epar atd oh 1 efaasdadae phesphduisian ofshydrogen cplephsdsiMassanpl e A
Bul k red phosphorus was pul verized and classified to obtain red phosphorus
whi ch haaddedvthegetartiThen,siare aqueows sohukilopmafarsodiiumsi ze of
45/ . 1m and 2% by weight of particles having a particle size of less than
1 /.L m hitdeoxiidesbgs waddaddded taxd Pidly ef pHheraikweatedl Or ahdhdse@hor us to
prepare a red phosphorus slurry, and 0.7 nml of an aqueous sol ution of

hydr ogen gmeupxiytiea sasepbdsicd o' Berfeim 6 Hoams .an MitEeDdsasDiwasrtivén sodi um

hydr oxi de was added to adjust a pH value to 10 and the slurry was kept at
80t for addedstoNdjustathe pHsvahae to 1, the slurry was treated

at 80C for 4 hours, filtered and washed with water until

the slurry had a pH value of 2.5.

The red phosphorus 1n 20g was dispersed into 180g
of pure water, aqueous ammonia was added while stirring
to adjust the pH value to 10. Then, 2g of zinc oxide
(tradename "GINREY" manufactured by TOHO ZINC) having
an average particle size of 0.3/ m and 3.8g of a phenol
resin (manufactured by DAINIPPON INK AND CHEMICALS, a
prepolymer, "PHENOLITE TD2388", a solild content of 26%)
were added, then they were stirred for 10 minutes, and
hydrochloric acid was dripped to adjust the pH value to
6 to 6.5.

Then, 0.3g of ammonium chloride was added to react
at 90TC for one hour. After allowing to cool down, the
reactant was filtered and washed so that the 10% slurry
of 20T became to have an electric conductivity of 30
L s/cm or below. The washed slurry was passed through
a screen of 204 m, the screened product was filtered,

and a filter cake was vacuum-dried while being dispersed

gently. Then, post-curing was performed at 140T for 2



added to adjust the pHvalue to 1, the slurry was kept at 80r, for 4
hours, filtered and washed with water until the slurry had a pH val ue of
2.5. The washed red phosphorus in 20g78vas di spersed into 180g of pure

wat er, aqueous amoni a was added while stirring to adjust the pH value to
10. Then, 2g of zinc oxide (tradenanme "A NREY" manufactured by TOHO ZI NC)
havi ng aheesagdhrarxesndtant progugtowamdalloyesd te pgoodolardsin
(manuf actured by DAI NI PPON | NK AND CHEM CALS, a prepol ymer, "PHENOLI TE
TD2388": passeddthonght aos cze®n \af cl @@ dme shemrto ehtadine onatedd for
10 m nutes, and hydrochloric acid was dripped to adjust the pH value to 6
to 6.5. Ted pbodphwrusamsammbiehPori de was added to react at 90t for one
hour. After allowing to cool, the reactant was filtered and washed wth
pure water so tTue Jéatied r@&d gthesphorwdthddcarp content af B2Etric
conductivity of 30s/cmor below A filter cake was vacuumdried while
bei ng di Shke sdatigshtted phomphorddOwas cilgpavees intowwatiexr coal down
and filtered through a screen of 100 neshes to obtain coated red

phosphor ysortdom eemaihedcoat ttier 2d pioBemsen wad meBsanné@ntodbe87%
Coat ed red phosphorus sanple B Coated red phosphorus sanple B (its 10%
slurry hay.02f elredielaewconductivity of 16s/cm was prepared by

*Coated red phosphorus sample E

Bulk red phosphorus was pulverized and classified
to obtain red phosphorus which had an average particle
size of 204 m, a maximum particle size of 454 m, and 2%
by welight of particles having a particle size of less
thanlim. Water in 525gwas added to 210g of the prepared
red phosphorus to prepare a red phosphorus slurry, and
0.7 ml of an aqueous solution of hydrogen peroxide was
added thereto. Then, an aqueous solution of sodium
hydroxide was added to adjust a pH value to 10 and the
slurry was kept at 80C for 6 hours. Nitric acid was then
added to adjust the pH value to 1, the slurry was treated
at 80C for 4 hours, filtered and washed with water until
the slurry had a pH value of 2.5,

The washed red phosphorus in 20g was dispersed into
180g of pure water, and aqueous ammonla was added while
stirring to adjust the pH value to 10. Then, 2g of zinc
oxide (tradename "GINREY" manufactured by TOHO ZINC)

having an average particle size of 0.34m, 1gof titanium



the sane procedure as used to prepare the coated red phosphorus sanple A

except that zinc oxide was added in 3g.

Coat ed red phosphorus sanple C (its 1fb1 slurry had an electric

conductivity of 191Ls/cn) was prepared by
prepare the coated red phosphorus sanple A except that zinc oxide was
added i n dpxt@eat(panetiaptunstrby ISHIHARA BBANGYL) phoagdiedame was

pul veri zed and classified to obtain red phosphorus which had an average

, Coated red phosphorus sanple C

the sane procedure as used to

particl e "BIRBQUE'D) hawlmg raxiawerpget pard isike sokz@0nf 2L R%rd wei ght

of particles having a particle size of less 77 than 1 A m Wter in 525g

was added +®g206gaofplhtdwo pr vpsdad (mauuflassiproeds byo DAERAPEON rINK
phosphorus slurry, and 0.7 m of an aqueous sol ution of hydrogen peroxide

was add&ND heHEMICALR ), aaprapebymesq| tiradenameodiREENOLATE de was
added to adjust a pH value to 10 and the
NTD2388¢I,d avaso X héncondeart taf a2i6 3t wehe @ddedyethenl théy slurry
was treated at 80t for 4 hours, filtered and washed with water until

hour s.

slurry was kept at 80t for 6

t he

sl urry haternepsitiainead dfo?. 50 mbawtsts phas@ghbydsradchRéglmaaclidpemsed i nto

1809

of pure water, aqueous ammoni a was added while stirring to adjust

the pH vamtppedlto Adjus€gthé pHnvadllealeto 6 to 6.5. Then, 0.3g

of ammonium chloride was added to react at 90 for one
hour.

After allowing to cool, the reactant was filtered
and washed with pure water so that the 10% slurry became

to have an electric conductivity of 304 s/com or below

to obtain coated red phosphorus sample E.

*Coated red phosphorus sample F

Coated red phosphorus sample F (its 10% slurry had
an electric conductivity of 1034 s/cm) was prepared by
the same procedure as used to prepare the coated red
phosphorus sample A except that washing of the slurry

was stopped when an electric conductivity became 100

iLs/ocm.

*Coated red phosphorus sample G

Coated red phosphorus sample G (its 10% slurry had
an electric conductivity of 214U s/om) was prepared by
the same procedure as used to prepare the coated red

phosphorus sample A except that zinc oxide was changed



(tradenane "A NREY" manufactured by TOHO ZINC) having an average particle
size of 0. 3 /.L mand 3.8g of a phenol resin (manufactured by DAI NIl PPON
| NK AND CHEM CALS, a prepolyner, "PHgNOLI TE TD2388", a solid content of
2699 were added, then they were stirred for 10 m nutes, and hydrochloric
acid was dripped to adjust the pHvalue to 6 to 6.5. Then, 0.3g of

ammoni umteh| @aldd wmcaxbedate rart averaye Pavticde lee ot &. hl | ow ng
to cool down, the reactant was filtered and washed so that the 10% slurry
of 20t betar)e. to have an electric conductivity of 30 LL s/omor below The
washed slurry was passed through a screen of 20/1m the screened product
was filtered, and a filter cake was vacuumdried while being dispersed
gently. Then, post-curing was perforned at 140t for 2 78 hours, the

resul t ant- Quatiedt ress phé sphdrius coahpaed H passed t hrough a screen of 100
meshes to obtain coated red phosphorus sanple D. The coated red phosphorus
had a p cont entCadt&d%edTphogphsrirusds anpdehtir (13 twal 0& sperseyl hado wat er,
a portion rermained on the 20/ 1m screen was neasured to be 0.01% or bel ow.

Coat ed 1 eth pdRepRI1LS SofiHusti Bty oF 28 0P/ eh)s wars Pripairied:b@nd

classified to obtain red phosphorus which had an average particle size of

20/ 1m a v’ SHiepProceé@utiezadHfudédlLbonprépar® the coated red
phosphorus sample A except that zinc oxide was changed

to aluminum hydroxide (manufactured by SHOWA DENKO,

"HIGILITE", an average particle size of 1.04m).

*Coated red phosphorus sample I

Coated red phosphorus sample I {(its 10% slurry had
an electric conductivity of 23U s8/om) was prepared by
the same procedure as used to prepare the coated red
phosphorus sample A except that zinc oxide was changed

to zinc hydroxide (manufactured by JUNSEI CHEMICAL, an

average particle size of 0.94Um).

*Coated red phosphorus sample J

Coated red phosphorus sample J (its 10% slurry had
an electric conductivity of 18/l s/cm) was prepared by
the same procedure as used to prepare the coated red

phosphorus sample A except that zinc oxide was not added.

<{Measurement of eluted ions)

From the above prepared coated red phosphorus



by wei ght of particles having a particle size of less than 111 m Water in
525g was added to 210g of the prepared red phosphorus to prepare a red
phosphorus slurry, and 0.7 ml of an @&gueous sol ution of hydrogen peroxide
was added thereto. Then, an aqueous solution of sodium hydroxide was
added to adjust a pH value to 10 and the slurry was kept at 80t for 6
hours. Nigamplesi & k& JheB9 kel vesadjakent hoteHaald@-md 1, the slurry
was treated at 80t for 4 hours, filtered and washed with water until the
slurry haxphypHopytlenefb@t EleThe0upmk bdddled ighosdmaterivaedded,

di spersed into 180g of pure water, and aqueous anmoni a was added whil e
stirring amdatheshothdepwasaladaetbghtlyTpdmgdedelf EBach sauiplke (Wasdenane
"G NREY" manufactured by TOHO ZINC) having an average particle size of O.
3 11 m iheated faniaxtractiloan by anailf diaw e gt asH HERPpeSADRAR
tradenane "TIPAQUE") having an average particle size of 0 . 2 JCL m and
3.8g of apperohtr 801G (Franuiachouads bytaleehl BRAN d \kchaNBrdldaM 5SS, a
prepol yner, tradenanme "PHENOLI TE TD2388", a solid content of 26% were
added, themoliadydowsr & osniommall floempe ratntesyithdnhid®r mdmubes. acAd was
dripped to adjust the pH value to 6 to 6.5. Then, 0.3g of anmonium

chl ori de swpend@ddtan® kibguildavasOCifldremed, damdra odhneendinatdon ¢H cool ,
the reactant was filtered and washed with pure water so that the 10%
slurry bexkuted PO, ions and a concentration of eluted PHO; ions

in the filtrate were measured by an ion chromatograph.

The eluted PO, 1on concentration and the eluted PHO;
ion concentrationwere alsomeasured after treatingunder
heating conditions of 150C and 20 hours.

A chlorine ion concentration was measured by an
ion chromatograph.

Results are shown 1in Tables 1 to 4.

In the tables, N.D indicates that the eluted PO,

ion concentration is 0.09 ppm or below.

{Measurement of electric conductivity>

The filtrates used to measure the eluted il1ons was
measured for an electric conductivity at 20C. To
measure the electric conductivity, eluted ion-detecting
test liquids weremeasuredbyanelectricconductionmeter.

Results are shown in Tables 1 to 4.

<Measurement of particle size)

The average particle size was measured by means



to have an electric conductivity of 30/Ls/cmor below to obtain coated red
phosphorus sanple E. *Coated red phosphorus sanple F Coated red phosphorus
sanple F (its 10%slurry had an elecggic conductivity of 103 LL s/cm was
prepared by the sanme procedure as used to prepare the coated red
phosphorus sanpl e A except that washing of the slurry was stopped when an
el ectri c abraiui¢epptyasd (#1900tyRe) @artitodecs ize dhotphdbulsiennpl e G
Coat ed red phosphorus sanmple G (its 10%slurry had an electric
conduct i \megsurings/deyicas agagediagbfo tthe siasen dgeethed .asTheed to
prepare the coated red phosphorus sanple A except that zinc oxide was
changed ataxbmom panticdresdaewaanmaasuard by ancaraldyad socxeen | n) .
Coat ed red phosphorus sanple H Coated red phosphorus sanple H (its 10%
slurry had an electric conductivity of 26Us/cm was prepared by the sane
procedure as used to prepare the coated red phosphorus sanple A except
that zinc oxide was changed to alum num hydroxi de (manufactured by SHOM
DENKO, "HIGLITE", an average particle size of 1.0lin). *Coated red
phosphorus sanmple | Coated red phoag%)cirug sanple | (its 10%slurry had an
rep

el ectric conductivity of 239s/cnm ﬁ ared by
Example
1 2 3 4 5
Type of coated red A B C D B
phosphorus sample
P content
(Wt %) 87 83 80 87 83

Average particle size

22 22 22 6.2 23
(g m)

Maximum particle size

45 45 45 20 45
(¢ m)

Electric conductivity

(us/cm) %3 17 16 19 16 17

Eluted PO, ion
concentration (ppm) * 1

Eluted PHO; ion

concentration (ppm) * 1 223 1210 | 201 | 230 | 136

Chlorine ion concentration

(ppm) * 1 13 15 12 15 13

Electric conductivity

44 41 40 47 48
(gs/cm) *1




the sane procedure as used to prepare the coated red phosphorus sanple A
except that zinc oxide was changed to zinc hydroxi de (manufactured by
JUNSEI CHEM CAL, an average particl essize of 0.9A m. *Coated red
phosphorus sanple J Coated red phosphorus sanple J (its 10%slurry had an
el ectric conductivity of 18IL s/cm was prepared by the sane procedure as
used to prepare the coated red phosphorus sanple A except that zinc oxide
was not added. <Measurenent of eluted ions> Fromthe above prepared coated
red phosphorus 81 sanples A to J, 8g each was taken into a 100-m

pol ypropyl ene bottle, 80 m of distrdgied2water was added, and the bottle
was airtightly plugged Fach sanpl was hpa'r pd for extraction by an air
bl ow constjant tenperature dryer at 80t for tﬁ%ﬁﬁ taken out of the
drier and | cooled down to nornal tennera1ure mnt EO m nutes. A
supernatant liquid was filtered, and cpnc % el |ut PP4 ions

and a concgentration of eluted PHO3|iohs [in“the f Itrateé‘were asured by

an ion chrpmatograph, Ihe el uted 2 1on|conceftratt gn and fhe el uted PHO3

i on concent r at T5wenef ecoated r@éasur ed after greatipg Lndij' heafi ng
at |

condi tions| of Mh¥spRocLs?Gahailes. chffor{ ne”ion concant i lon ‘Was| neasur ed
by an ionlchraomataograph quul'rq re shown in|Tabled 1 to |4

Eluted PO, ion
concentration (ppm) * 2

457 | 423 | 419 200 | 420

Eluted PHO; ion

concentration (ppm) * 2 1287 | 1251 | 1249 | 516 | 1270

Chlorine ion concentration

(ppm) * 2 11 10 11 22 13

Electric conductivity

(us/cm) *2 1442 | 1393 | 1379 | 1340 | 1338




In the tables, N.Dindicates that the eluted P04 1ion concentration is 0.09
ppm or bel ow. <Measurenent of electric conductivity> The filtrates used to
nmeasure the eluted ions was neasuredsf{or an electric conductivity at 20t.
To neasure the electric conductivity, eluted ion-detecting test |iquids
were neasured by an electric conduction neter. Results are shown in Tabl es
1 to 4. <Measurenent of particle size> The average particle size was
measured by nmeans 82 of a mcrotrack (X100 type) particle size distribution
measuri ng device according to the bﬁ@ﬁg gethod. The nmaxinumparticle size
was neasured by an analysis screen. Table 1 Exanple 12345 Type of coated
red ABCDE phosphorus sanple P content 878 808783.§mﬂ @% Average particle
si 7e2222225.223 (,u n) Maximum particle srOERPBASHESHE ?%ﬁh

1 2 3 4 5

Type of coated red

phosphorus sample F G H I ]

P content

(Wt 96) 87 87 87 87 95

Average particle size

23 22 23 23 22
(¢ m)

Maximum Particle size

45 45 45 45 45
(¢ m)

Electric conductivity

(4s/cm) %3 113 | 21 26 23 18

Eluted PO, ion

concentration (ppm) * 1 N.D.| 14 5 5 101

Eluted PHQO, ion

concentration (ppm) * 1 271 | 421 | 335 | 366 | 288

Chlorine ion concentration

38 1 1 3
(ppm) * 1 1 3 62 1

Electric conductivity

(us/cm) *1 173 | 202 | 163 | 166 | 170




Electric conductivity (,u s/cm * 31716191617 El uted P04

onN. D. N.D. N.D.N.D. N. D. concentration (ppm * 1 Eluted PHGCs

i on223210201230136 concentration (ppmgs * 1 Chlorine ion concentration
1315121513 (ppm * 1 Electric conductivity (,u s/cm * 14441404748 83 Tabl e
2 Exanpl e 12345 Type of coated red ABCDE phosphorus sanple El uted P04

I on457423419200420 concentration (ppm * 2 Eluted PHOO

i on1287125112495161270 concentration (ppm) * 2 Chlorine ion
concentrationl1110112213 (ppm * 2 Electric conductivity
14421393137913401338 (g s/cm * 2 Table 4

Comparative Example

1 2 3 4 5

Type of coated red

phosphorus sample F G H I ]

Eluted PO, ion

) 478 | 1501 | 1232 | 497 | 1368
concentration (ppm) * 2

Eluted PHO; ion

concentration (ppm) * 2 1329 | 1713 | 1802 | 1634 | 1781

Chlorine ion concentration

105 16 15 65 17
(ppm) * 2

Electric conductivity

(us/cm) *2 2111 | 3732 | 2622 | 2502 | 2532

(Notes)
(1) In the tables, *1 and *2 indicate measuring conditions

of 80C X20 hrs and 150C X20 hrs, respectively.

(2) Electric conductivity*3 indicates an electric
conductivity determined when the coated red phosphorus
sample was prepared as a 10% slurry at 20TC.

(3) Electric conductivities*l, *2 indicate those of the

filtrates undergone the eluted ion test.

Then, 30 parts byweight of the above prepared coated

red phosphorus, 35 parts by weight of aluminum hydroxide



84 Table 3 Conparative Exanple 12345 Type of coated red FGH J phosphorus
sanple P content8787878795 (w % Average particle size2322232322 (u m
Maxi mum Particl e size4545454545 (unm) &4 ectric conductivity 11321262318 (g
s/cm * 3 Eluted P04 ionN. D. 1455101 concentration (ppm) * 1 Eluted PH®
1 on271421335366288 concentration (ppm * 1 Chlorine ion
concent r SOHITOMBECHEMIGAR): €Lt 3H Qctan @avsnaget partylalgmbae3E6170 (u
s/cm) * 1 85 Table 4
114m) as an 1inorganic base flame retardant, and 35 parts
by welight of a novolac type phenol resin (a curing agent,
SUMITOMO BAKELITE: PR53195) were uniformly mixed to

prepare each masterbatch.

<Evaluation as semiconductor sealing material)
* Epoxy resin composition for semiconductor sealing
material (part by weight)
Epoxy resin (YUKA SHELL, YX-4000H) 113.98 parts
Phenol resin (GUN-EI CHEMICAL INDUSTRY, PSM4261) 61.50
parts
Triphenyl phosphine (HOKKO CHEMICAL INDUSTRY) 2.26 parts
OP wax (HOECHST) 1.13 parts
Carbon black (MITSUBISHI CHEMISTRY) 1.13 parts
Fused spherical silica (NIPPON CHEMICAL INDUSTRIAL,
"SILSTAR M2430") 820.0 parts
Masterbatch 33.3 parts
The above components of the epoxy resin composition
were mixed by a mixer at normal temperature, blended by
a biaxial heated roller at 80 to 85C for seven minutes.
Peeling, cooling and pulverization were performed to
prepare an epoxy resin sealing material.
Using the prepared sealing material, a spiral flow
was measured by a transfer molding press under conditions
that a molding temperature was 175TC, a molding resin

pressure was 7 MPa (70 kg/cm?) and molding time was 120



Conpar ati ve Exanpl e 12345 Type of coated red FGH J phosphorus sanpl e El uted
PO4 10n473150112324971368 concentration (ppm * 2 El uted PHOQg

i on13291713180216341781 concentrati ongd{ppm * 2 Chlorine ion
concentrationl0516156517 (ppm * 2 Electric
conductivity21113732262225022532 (g s/cr;rz * 2 (Notes) (1) In the tables,
*1 and *Beéqodndast.camshsanmbesondi 1Ponw X b 030m >X320mhtbigkd (B33MuK 20 hrs,
respectively. (2) Electric conductivity*3 indicates an electric

conduct i \VBgYy Werer dlre mhddedhcagoaludian pastpwanplesanpAndwas prepared
as a 10%slurry at 201C. (3) Electric conductivities*1l, *2 indicate those
of the fdampiess ofhde? gdnemi>had 28 e 1 oum t thi ckThear e 30opdeids Syrwei ght

of the above prepared coated red phosphorus, 35 parts by weight of alum num
hydr oxi dea SuxSUNMIT OB ICHEM' tdEe Slangile s awearectegt odr forl bugindngf 11um
as an inorganic base flane retardant, and 35 parts by weight of a novol ac
type pherny UbsPd (anduhend ggomotion of eluted ions by PCT.

Results are shown in Tables 5 and 6.
Humidity resistance and high-temperature storage
life were also tested, and results are shown in Tables

7 and 8.



SUM TOMO BAKELI TE; PR53195) were uniformy mxed to prepare each

mast er bat ch. <Eval uati on as sem conductor sealing material > Epoxy resin
conposition for sem conductor sealinggg material (part by weight) Epoxy
resin (YUKA SHELL, YX-4000H) 113.98 parts Phenol resin (GUN-EI CHEM CAL

| NDUSTRY, PSMA261) 61.50 parts Triphenyl phosphi ne (HOKKO CHEM CAL

| NDUSTRY) 2. 26 parts OP wax (HOECHST) 1.13 parts Carbon bl ack

(M TSUBI SH CHEM STRY) 1.13 parts Fused spherical silica (N PPON CHEM CAL
| NDUSTRI AL, "SI LSTAR M2430") 820.Crpagts Masterbatch 33.3 parts The above
conponents of the epoxy resin conposition were mxed by a m xer_at nornal
tenperature, blended by a biaxial|heated roll at 80 to 851C fof seven
m nutes. [Peeling, cooling and pul peri zation II;’)‘é%eforrred to pfepare an

epoxy resip sealing nmaterral. USIng the prepar&d sealll ng terial} a spiral
} t

flow was heasured by a transfer npldlng|préss|under [codditiofs that a

nol di ng t epperatore—was HF5—C—anptch ngTrestTTpres s—7—Pa (70
kg/cn2 ) apd nol diggrdi fRyWas 120 B7 secpnds, and sanples of 10 npX 100 mX
3 mn thi okl (aboug ﬁi%m‘;ﬁ af so mo| de@i0ap &0 i|oh Aot 1L=0m| &) 0ANd,

sanpl es of| 12.5 mm t hj ck were nol ded for

UL —94 V-0|V-0|V-0|V-0|V-0

Eluted PO, ion

(opm) % 1 1.8 1.5 }1.6[2.1] 2.0

Eluted PHO; ion

0.7 0.6 0.4 0.7 [N.D.
(ppm) *1

Electric conductivity
(us/cm) %1

Eluted PO, ion

98 95 74 99 98
(ppm) * 2

Eluted PHO; ion

4 4
(ppm) % 2 85 50 3 07 8

Electric conductivity

(us/cm) *2 50 46 46 66 62




a burning test. Those sanples were tested for burning by UL-94 and heat
pronotion of eluted ions by PCT. Results are shown in Tables 5 and 6.

Hum dity resistance and high-tenperatgare storage I|life were also tested,
and results are shown in Tables 7 and B. 88 Table 5 Exanple 12345 Spiral
fl ow 100100100100100 (rel ative val ue) UL-94V-0V-0V-0V-0V-0 Eluted P4
ionl.81.51.62.12.0 (ppm * 1 Eluted PHGs ion0.70.60.40.7N.D. (ppm *1

El ectric conductivity 9991 04.4 (u s/cm * 1 Eluted PO4 i0n9895749998 (ppm
* 2 Eluted PHOs i0n8550349784 (ppmrapid &l ectric conductivity 5046466662

Comparative Example

1 2 3 4 5

Spiral flow
(relative value)

UL —94 V-0|[V-0|V-0|V-0|V-0

Eluted PO, ion

2.5 5.2 4.1 2.3 4.5
(ppm) *1

Eluted PHO; ion

0.9 1.4 0.9 0.8 1.0
(ppm) *1

Electric conductivity

(s /cm) *1 13 11 11 18 19

Eluted PO, ion

172 | 288 | 265 181 326
(ppm) * 2

Eluted PHO; ion

101 165 149 64 1886
(ppm) * 2

Electric conductivity

(us/cm) *2 81 116 | 112 | 126 | 128

(Note) 1In the above tables, *1 and #*2 indicate measuring

conditions of 80C X20 hrs and 150C X20 hrs,

respectively.

<Burning test by UL-94)

Molded samples were tested for vertical burning



(us/cm * 2 89 Table 6 Conparative Exanple 12345 Spiral flow
100100100100100 (rel ative val ue) UL-94V-0V-0V-0V-0V-0 El uted P04

i on2.55.24.12.34.5 (ppm * 1 Eluted RO3 ion0.91.40.90.81.0 (ppm * 1

El ectric conductivity 1311111819 (,u s/cnm) * 1 Eluted P04 ionl 7 22882651 8
1326 (ppm * 2 Eluted PHGCs i0n10116 514964186 (ppm * 2 Electric

conduct i \iY ya 8UL241 turn §ng8 tes ¢ mpanuf gopused by RBUGAoTESTAbl es, *1
and *2 indicate neasuring conditions of 801C X 20 hrs and 1501C X 20 hrs,
respect i idSTRUBENT Sig andtVb9 th-V¥2>were judged depending on the

burning time and the presence or not of dripping.

<{Heat promotion test of eluted l1ons by PCT)>

One molded sample and 80g of distilled water were
put in a Teflon pressure resilisting reactor having an
inside capacity of 100 ml, heated at 150C for 20 hours
and cooled. The solution was measured for its eluted
ion concentration and electric conductivity. The test
was also performed under heating conditions of 80T X
20 hrs.

In Tables 5 and 6, *1 and *2 indicate the measuring

conditions 80C X 20 hrs and 150C X 20 hrs, respectively.

<Humidity resistance test)>

An 80-pin flat package having an external size of
19X14X2.7 mm, which had thereon a 6X6X0.4 mm test
slilicon chip with aluminum wiring of 104 m wide and 1
4 m thick thereon, was produced by transfer molding of
the aforesaid epoxy resin sealing material. The package
was pretreated, humidified and examined for the number
of failure broken lines due to corrosion of the aluminum
wiring at every predetermined time intervals. The flat
package was produced by sealing the sealing material by
the transfer press under the conditions of 180%x3TC, 6.9

+0.17 MPa and 90 seconds and curing at 18015T for five



Mol ded sanples were tested for vertical burning 90 by a UL94 burning tester
manuf actured by SUGA TEST | NSTRUMENTS, and V-0 to V2 were judged dependi ng
on the burning tine and the presencegpr not of dripping. <Heat pronotion
test of eluted ions by PCT> One nol ded sanple and 80g of distilled water
were put in a Teflon pressure resisting reactor having an inside capacity
of 100 mhoweatedBi¥t tiBpiEresreadinents thed £batepackageovasi on was
nmeasured for its eluted ion concentration and electric conductivity. The
test washwhidifdredmmste nneendhEdcng ofb8d Ci,08S5 XFH 801d X2 hOUWS, | n
Tables 5 and 6, *1 and *2 indicate the measuring conditions 80t X 20 hrs
and 1501 ah@0s b 3 e crteshdat iav wlap.o < iphe sié tiye £ omws taeat nest>a B 85Xpi n f1 at
package having an external size of 19 X 14 X 2. 7 nm which had thereon a
6 X 6 X (Eon Sfinsteexandsgi.| | Ede woils tux hngl testuwas penfosmedIndede and 1
Jimthick thereon, was produced by transfer nolding of the aforesaid epoxy
resin seatomditdosms adf ZhO2p4d08gPa nal 24 et aeat 85 $RHEi di fi ed and
exam ned for the nunber of failure broken |lines due to corrosion of the
alumnum wring at every predetermned time intervals. The flat package
was produced by sealing the sealing material by the transfer press under
t he condi<Hbgh-temBtature stoagé MAfend 90 seconds and curing at 1805t
for five

A test device was prepared by forming aluminum

wiring with a space between lines of 104 m on a silicon
substrate having an oxide f£ilm with an outside size of
5X9 mm and 54m thick. The test device was connected
toapartlysilver-plated42alloy lead framewithasilver
paste, and a bonding pad of the test device was connected
to inner leads with Au wires at 200TC by a thermonic wire
bonder. Then, 16-pin type DIP (Dual Inline Package) was
produced from the above prepared epoxy resin sealing
material by transfer molding. The obtained test IC was
stored in a high-temperature bath of 200C and taken out
at predetermined time intervals to examine the number
of falilures by conduction testing. The test IC was

produced by sealing the sealing material by a transfer
press under conditions of 1801+3C, 6.9+0.17 MPa and 90

seconds and curing at 180C 5T for five hours.



91 hours.
condi ti ons

By the pretreatnent,

of 85t

| ow treatnent at 215t

under

the flat package was
85%H and 72 hours,

hum di fi ed under
and subjected to a vapor
for 90 secondsgz The noi sturing test was perfornmed

phase ref

conditions of 2.02X105 Pa, 121 C and 85%RH. <Hi gh-tenperature

storage life> A test device was prepared by formng alumnum wiring with a

space between lines of 10 /1 mon a silicon

with an ou
connect ed

tside size of

substrate having an oxide film

5X9 mmand 5/ Lmthick. The test device was
to a partly silver-plated 42 alloy lead frane with a silver

paste, and a bonding pad of the tespzglevfce was connected to inner |eads
wth Au wires at 200t by a thernmonic wire bonder. Then, 16-pin type D P
(Dual Inlipe Package) was produced fromthe aZg%ﬁﬁg%epared epoxyjresin
sealing npterial by transfer noldj ng. The obt est I1C was §ptored in
a high-tenperature bath of 200t and takep out [at _prgdeterm ned t|ne
intervals fo exam ne the nunber of failures by céndyct idon |t e ing. The
test 1C wa produced Py Seal T g The Sea :039 terralf by a transfer press
under condjtions of 1803600 Boats 170MID akfd” B | BEEddd dfd QuiliOng at 1801
5t for five hours. 92 Tabte—+Exanpte—12845
Humidity 800 hours | 0710|010 |010| 010 | 0710
resistance | 1000 hours | 0,10 | 0,10 | 0,710 | 0710 | 0,710
1200 hours | 0710 | 0710 { 0710 | 0710 | 0710
400 hours | 0710 | 0710 | 010 { 0710 | 010
High — temp. 600 hours | 0710|0710 | 0710|0710 | 0710
storage life | g40 pours | 0,10 | 0710 | 0,710 | 0710 | 0710
1000 hours | 0710 | 0710 | 0710 | 0710 | 0710




600 hour s0/ 100/ 100/ 100/ 100/ 10 Humi di ty800 hour sO/ 100/ 100/ 100/ 100/ 10

resi stancel000 hours0/ 100/ 100/100/ 100/ 10 1200 hours0/ 100/ 100/ 100/ 100/ 10 400
hour s0/ 100/ 100/ 100/ 100/ 10 Hi gh - tenpg600 hours0/ 100/ 100/ 100/ 100/ 10 st or age
i fe800 hour s0/100/ 100/ 100/ 100/10 1000 hours0/100/100/100/100/10 93 Table 8
Conpar ati ve Exanpl e 12345 600 hours0/101/102/102/101/10 Hum di ty800

hour s1/103/ 104/ 103/ 103/ 10 resi stancel000 hours2/103/105/103/103/10 1200
hour s4/ 105/ 107/ 105/ 105/ 10 400 hours1/102/102/102/102/10 Hi gh - tenp. 600
hour s2/ 104/ 104/ 104/ 104/ 10 storage |ife800 hours3/105/105/105/105/10 1000
hour s4/ 108/ 108/ 108/ 108/ 10 (Note) Thpzwboge tables show ten sanpl es tested

for evaluation and the nunher of defective sanples. FExanples 6-8 and
Conpar ati ve Exanples 6-8 Preparat|)on of l.ex t phosphorus (2)>
*Doubl e copted red phosphorus sanp] e K Bu¢§H$E§a§ﬁ§§% %r@%amas pul veri zed
and classified to obtain red phosphO{us mhbch hag a aagrdge gar.icle
600 hours | 010 (110|210 | 2/10 | 1,/10
Humidity 800 hours (110|310 |4/10|3,/10 | 3/10
resistance | 1400 hours | 2,10 | 3,10 | 5,10 | 3,710 | 3/10
1200 hours | 4/10 | 5/10 | 7710 | 5/10 | 5/10
400 hours | 1710 2/10 (210 | 2/10 | 2/10
High — temp. 600 hours |2/710| 410|410 |410 | 4,10
storage life | g0y hours | 3,10 | 5,10 | 5,10 | 510 | 5,10
1000 hours | 4710 | 810 | 8./10 | 8./10 | 8./10
(Note) The above tables show ten samples tested for

evaluation and the number of defective samples.

Examples 6-8 and Comparative Examples 6-8

<Preparation of double-coated red phosphorus (2)>

* Double coated red phosphorus sample K

Bulk red phosphorus was pulverized and classified

to obtain red phosphorus which had an average particle

size of 20/ m, a maximum particle size of 454 m, and 2%

by welght of particles having a particle size of less

than l/4m.

Water 1n 525g was added to 210g of the prepared



size of 20/1m a maxi num particle size of 45/Lm and 2% by wei ght of
particles having a particle size of less than 1 AL m Water in 525g was
added to 210g of the prepared 94 red phosphorus to prepare a red phosphorus
slurry, and 0.7 m of an aqueous solution of hydrogen peroxide was added
thereto. Then, an aqueous sol ution of sodium hydroxide was added to adj ust
a pH val xked Phosphenhe tecpuppane & K1e¢ DAOSPHNTYS IDUILH. AMdurs.
Nitric acid was then added to adjust the pH value to 1, the slurry was
kept at 80t7 fral dfhaor aquepbds| seludtiomdofthrdrogen perprddeivase was
washed with water until its slurry becane to have a pH value of 2.5. Red
phosphor wddpeddthereti90g Thensusagenaigueoms3Ciolution mA esodiiam t o prepare
a red phosphorus slurry. Then, 16.3g of an aqueous sol ution of al um num
sul f at e ihy@Poxhdevovagitaddedl 208 adFuatidad pEarvh 1dés by Wi @ind dfhen
aqueous sol ution of sodi um hydroxi de was added at 80t while stirring until
the pH vatesudantdjsbaedyt aaB Gep#f aer 80dGpieeir ) Héeraddi Nicrietirring
was further continued at 80t for two hours to deposit al um num hydroxide.
At that taockd wasditen ashibeditoadidust e piiydaduedtovihs thed®lurogi ght .
Then, the coated red phosphorus was separated and recovered by filtering
the reactwa®d kepti htbysa’C coorent imnats pandednEtendd .wanerd washadded agai n

to prepare a slurry. After repul ping by a conventi onal
obtained precipitate was washed with water until its
slurry became to have a pH value of 2.5.

Red phosphorus powder 1n 100g was suspended in 800
ml of purewater toprepare ared phosphorus slurry. Then,
16.3g of an aqueous solution of aluminum sulfate in 8%
by weight as Al,0; was added, and 10% by weight of an
aqueous solution of sodium hydroxide was added at 80C
while stirring until the pH value was adjJusted to 6.6.
After completing the addition, stirring was further
continued at 80 for two hours to deposit aluminum
hydroxide. At that time, a coated amount of aluminum
hydroxide was 1.0% by weilght,.

Then, the coated red phosphorus was separated and
recovered by filtering the reaction liquid by a
conventional procedure, and water was added again to
prepare a slurry. After repulping by a conventional
procedure, filtering and repulping were repeated until
an electric conductivity of a 10% slurry of the coated
red phosphorus became 300/ s/cmorbelow. Afterwashing,

20g of red phosphorus was dispersed into 180g of pure



procedure, filtering and repul ping were repeated until an electric
conductivity of a 10%slurry of the coated red phosphorus becane 300 a
s/cmor below. After washing, 20g ofgyed phosphorus was di spersed into
180g of pure 95 water, and a phenol resin containing zinc oxide was
further coated by the sane procedure as used to prepare the coated red
phosphor wateHp| and 1 phened Remlie- comtalning glpRXLdesHAf e K
*Doubl e coated red phosphorus sanple L Bul k red phosphorus was pul veri zed
and cl asfiurthert goghed by cthemaphoptocgiuhenag wpedvEpapZepaxec| e
size of 20/1m a maxi mum particle size of 454m and 2% by wei ght of
parti cl ethenvioat ed ped phbsphaorusisample A haobit sl mdosgh ke -icea2ed was
added to 210g of the prepared red phosphorus to prepare a red phosphorus
slurry, aeid phésphafusnsagpdeusKsol uti on of hydrogen peroxi de was added
thereto. Then, an aqueous sol ution of sodium hydroxide was added to adj ust
a pHvalue to 10 and the resultant slurry was kept at 801C for six hours.
Nitric acid was then added to adjust the pH value to 1, the slurry was
kept at S@®ovdble4cloated apddf iphoyshorAnd, sdnmelepLeci pitate was washed with
water until its slurry becanme to have a pH value of 2.5. A red phosphorus
slurry was pre@ukkl bgdsphpephiorns Wadg palviesichediarwd cldssHdheadr us
powder in 800 m of water. Then, 16.3g of an aqueous sol ution of alum num
to obtain red phosphorus which had an average particle

slze of 20/ m, a maximum particle size of 454 m, and 2%
by welight of particles having a particle size of less
thanl/4m. Water in525gwas added to 210g of the prepared
red phosphorus to prepare a red phosphorus slurry, and
0.7 ml of an aqueous solution of hydrogen peroxide was
added thereto. Then, an aqueous solution of sodium
hydroxide was added to adjust a pH value to 10 and the
resultant slurry was kept at 80C for six hours. Nitric
aclid was then added to adjust the pHvalue to1l, the slurry
was kept at 80C for 4 hours and filtered. And, the
precipitate was washed with water until its slurry became
to have a pH value of 2.5.

A red phosphorus slurry was prepared by suspending
100g of the obtained red phosphorus powder in 800 ml of
water. Then, 16.3g of an agqueous solution of aluminum
sulfate in 8% by weight as Al;0; and 2.5g of an aqueous
solution of titanium tetrachloride in 8.5% by weight as
Tl were added, and 3% by weight of an aqueous solution

of ammonlia was added at a temperature of 80C while



sulfate in 8% by weight as A1203 and 2. 5g of an aqueous sol ution of
titaniumtetrachloride in 8. 5% by weight as Ti were added, and 3% by

wei ght of an aqueous solution of amehia was added at a tenperature of 80t
while 96 stirring until the pH value became 7. 0. After conpleting the
addition, stirring was further continued at 80t for two hours to deposit

al um numsaEsinguatd k thepl vialyebegoame a0t habftegcompdad tagdanount
of alum num hydroxide was 1.0% by weight, and a coated anmount of titanium
hydr oxi det headdstidion wsitdnrirgena st frer tbeme ¢ onddl mhed pab 8@ Gragozrepar at ed
and recovered by filtering the reaction liquid by a conventional
pr ocedur &wenboldsertqudeposddt Fhuminum hygnexide|apdy tikandwnng was
performed by a conventional procedure, and filtering and repul pi ng were
r epeat ed hindrpxdded ecdti thadndumevi ay csfatedoamount yof opluminemt ed red
phosphorus becane 300 u s/cmor below. After washing, 20g of the red
phosphor lhyémexdidspeiaedl .0t bV s9gighthurandanecoated aapoant oEsin
containing zinc oxide was further coated by the sanme procedure as wused to
prepar e tHiktanidusd hydrpkddehoras @adpl &Y velgdikt.ai n doubl e-coated red
phosphorus sanple L. *Doubl e coated red phosphorus sanple H Bul k red
phosphor us was Theéner thedcaat ed ased f pld s pthe s ovasr seppaestpddrasdwhi ch
had an average particle size of 5.5/ Lm a maximum particle size of 2011m
and recovered by filtering the reaction liquid by a

conventional procedure, and water was added again to

prepare a slurry. Repulping was performed by a

conventional procedure, and filtering and repulping were

repeated until an electric conductivity of a 10% slurry

of the coated red phosphorus became 300/ s/cm or below.
After washing, 20g of the red phosphorus was dispersed
into 180g of pure water, and a phenol resin containing
zlnc oxlde was further coated by the same procedure as
used to prepare the coated red phosphorus sample A to

obtain double-coated red phosphorus sample L.

*Double coated red phosphorus sample M

Bulk red phosphorus was pulverized and classified
to obtain red phosphorus which had an average particle
size of 5.5/4m, a maximum particle size of 204 m, and
2% by welight of particles having a particle size of less
thanl/m. Waterin525gwas added to 210gof the prepared
red phosphorus to prepare a red phosphorus slurry, and

0.7 ml of an aqueous solution of hydrogen peroxide was



2% by weight of particles having a particle size of less than 1 A m Water
I n 5258 was added to 210g of the prepared red phosphorus to prepare a red
phosphorus slurry, and 0.7 m of an @queous sol ution of hydrogen peroxide
was 97 added thereto. Then, an aqueous solution of sodium hydroxide was
added to adjust a pH value to 10 and the resultant slurry was kept at 80t
for six laslded thexneatoaciThens w@cragudeus: sabption: f pspddume to 1, the
slurry was kept at 80t for 4 hours and filtered. And, the precipitate was
washed whydnexddeywas added o pdiwatea pd valkue bel 14 aadftles5 A red
phosphorus slurry was prepared by suspending 100g of the red phosphorus
powder i réd@liandf slatrery wishdkeptGBBOL aonmitxisososut i ddtafial uni num
sulfate in 8% by weight as A12G3 and 1.38g of an aqueous solution of
zi rconi uracid e therRadd=4d ko adijgiat &hepB2vadue tdded thesd Bespy wei ght
of an aqueous solution of anmmonia was added at a tenperature of 80 C while
stirringwadikepite atpHs 0l uBobedamwurd. aAllt &1 oapedli ngnide thdi tion,
stirring was further continued at 80t for two hours to deposit alum num
hydr oxi depmedipiteone wasyweasde del ti watteat unitnel ix scedatrypbmodmef
al um num hydroxi de was 1. 0% by weight, and a coated anmount of zirconium
hydr oxi deto viaave. al giy weilglet .ofThz2n5.t he coated red phosphorus was
separated and recovered by filtering the reaction liquid by a

A red phosphorus slurry was prepared by suspending

100g of the red phosphorus powder in 800 ml of water.
Then, 16.3g of an aqueous solution of aluminum sulfate
in 8% by weight as Al1,0; and 1.38g of an aqueous solution
of zirconiumsulfate in 28.0% by welght as Zr0O, were added,
and 3% by welght of an aqueous solution of ammonia was
added at a temperature of 80C while stirring until the
pH value became 7.0. After completing the addition,
stirring was further continued at 80C for two hours to
deposit aluminum hydroxide and zirconium hydroxide. At
that time, a coated amount of aluminum hydroxide was 1.0%
by welight, and a coated amount of zirconium hydroxide
was 0.5% by welight.

Then, the coated red phosphorus was separated and
recovered by filtering the reaction liquid by a
conventional procedure, and water was added again to
prepare a slurry. Repulping was performed by a
conventional procedure, and filtering and repulping were
repeated until an electric conductivity of a 10% slurry

of the coated red phosphorus became 300/ s8/cm or below.



conventional procedure, and water was added again to prepare a slurry.
Repul pi ng was performed by a conventional procedure, and filtering and
repul ping were repeated until an eleggric conductivity of a 10%slurry of
t he coated red phosphorus becanme 300 A s/cmor below. 98 After washing, 20g
of the red phosphorus was dispersed into 180g of pure water, and a phenol
resin coltBternyashing ox20g ofisthe med phesphonug nasgddspereedre as
used to prepare the coated red phosphorus sanple A to obtain doubl e-coated
red phospikesl8Qgplof murediatercoand 3 Rhehredpreain seaptaimingbl e
coated red phosphorus sanple N was obtained by coating the surface of red
phosphor wElpar ekdides wig Hfunthem@aavedoRydEéhen® ane iprpcestTegagdith a
phenol resin containing zinc hydroxide by the sane procedure as used to
prepar e tuge@oboe@rnepaptothieoragatedpred pxesphoris sampd enyilrbei de (an
average particle size of 0.9/Lm was used instead of zinc oxide. "Double
coat ed r exbpadsplioulsleaopladedl Breéd pho gplospher sampmke pMl.veri zed and
classified to obtain red phosphorus which had an average particle size of
209m a maxi mum particle size of 4511m and 2% by weight of particles
having a particle size of less than 111m The prepared red phosphorus
powder i rrDd@hlewad stsdpenddd phosphorusofsampre No prepare a red
phosphorus slurry. Then, 16.3g of an aqueous sol ution of al um num

Double coated red phosphorus sample N was obtained

by coating the surface of red phosphorus particles with
aluminumhydroxide and further coatingwithaphenolresin
containing zinc hydroxide by the same procedure as used
to prepare the coated red phosphorus sample K except that
zinc hydroxide (an average particle size of 0.94 m) was

used instead of zinc oxide.

*Double coated red phosphorus sample O

Bulk red phosphorus was pulverized and classified
to obtain red phosphorus which had an average particle
size of 204 m, a maximum particle size of 454U m, and 2%
by welght of particles having a particle size of less
than 14m. The prepared red phosphorus powder in 100g
was suspended in 800 ml of water to prepare aredphosphorus
slurry. Then, 16.3g of an aqueous solution of aluminum
sulfate 1in 8% by weight as Al,0; was added, and 10% by
welght of an aqueous solution of sodium hydroxide was
added at a temperature of 80C while stirring until the

PH value became 6.6. After completing the addition,



sulfate in 8% by weight as A1203 was added, and 10% by weight of an
aqueous sol ution of sodi um hydroxi de was added at a tenperature of 80 C
while stirring until the pH value bexane 6.6. After conpleting the
addition, 99 stirring was further continued at 80 C for two hours to
deposit al um num hydroxide. At that tinme, a coated anmount of alum num
hydr oxi de tiesrin@sias Waintherdontinwed| ati $9 4 hEoreiwo boursetocacti on
solution had an electric conductivity of 13700/Ls/cm Then, without

washi ng tderesdic adamminumt hydnowhde . r A& thaht hilmeng i eeaseidde was
further coated by the sanme procedure as used to prepare the coated red
phosphor @meung| ef ralymdinum hydnprddeomas It hyrigtphghls s@Flero.

, Doubl e coated red phosphorus sanple P Doubl e coated red phosphorus sanpl e
P (its 1cempletdndisthenreashion. ctheumeastons sibrtion had aprepared
by the sane procedure as used to prepare the double-coated red phosphorus
sanpl e Kekeeprichatondmectiadtiyngobf 18I7TO@GMUELgmin t he final stage was

st opped when the electric conductivity becanme 100/ 1s/cm Fromthe prepared
coat ed red phodiihem usisthphéswahiaPth® abyveark swdst aptsa ehemelel ut ed
lons and electric conductivity by the same procedure as used in Exanpl es
1-5 and Goewhnationt &kniplgez ins. oktdel vamrfushhbar icoateld dy otled 10.

same procedure as used to prepare the coated red
phosphorus sample A to obtain double-coated red

phosphorus sample O.

*Double coated red phosphorus sample P

Double coated red phosphorus sample P (its 10%
slurry had an electric conductivity of 103U s8/cm) was
prepared by the same procedure as used to prepare the
double-coated red phosphorus sample K except that the
washing of the slurry in the final stage was stopped when
the electric conductivity became 100U s8/cm.

From the prepared coated red phosphorus samples
KtoP, 8.0geachwas measured foreluted ions and electric
conductivity by the same procedure as used in Examples
1-5 and Comparative Examples 1-5. Results are shown in

Tables 9 and 10.




100 Tabl e 9 Exanpl eConparati ve Exanple 678678 Type of coated red KLMNOP
phosphorus sanple P content 86.285.985. 986. 286. 286.2 (W 9% Average
particle size23236.2242323 (um Maxi mom Particle size (a m 454520454545
Electric conductivity 1816162829120 (,u s/cm * 3 Eluted P04 ion
N.D.N.D.N.D. N. D. 3. 2N. D. concentration (ppm * 1 Eluted PHO8

I on3. 43. 26. 4665213. 4 concentration (ppm * 1 Chlorine ion6.18.54.16215048
concentration (ppm * 1 Electric conductivity 22202747211166 (4a s/cm * 1

Table 9
Example Comparative Example
6 7 8 6 7 8
Type of coated red K L M N 0 p

phosphorus sample

P content

(wt %) 86.2 18591859 | 86.2 | 86.2 | 86.2

Average particle size

23 23 6.2 24 23 23
(¢ m)

Maximum Particle size

45 45 20 45 45 45
(£ m)

Electric conductivity

(i s/cm) * 3 18 16 16 28 29 120

Eluted PO, ion

concentration (ppm) %1 N.D.|N.D. | N.D. | N.D. 3.2 N.D.

Eluted PHO; ion

concentration (ppm) * 1 3.4 | 3.2 | 64 66 52 13.4

Chlorine ion

concentration (ppm) * 1 6.1 | 85 | 4.1 | 62 | 150 | 48

Electric conductivity

Cus/cm) * 1 22 20 27 47 211 166




101 Tabl e 10 Exanpl eConparative Exanple 678678 Type of coated red KLM\OP
phosphorus sanple Eluted P04 i0n180163192199321189 concentration (ppm * 2
El uted PHO3 i0n4964715121021983600 capcentration (ppnm) * 2 Chlorine

1 on2217157116365 concentration (ppm * 2 Electric conductivity
112010981213213628202411 (gs/cm *2 (Notes) (1) In the tables, *1 and *2
I ndi cate neasuring conditions 8O X20 hrs and 150t X20 hrs, respectively.
(2) Electric conductivity*3 indicates an electric conductivity when the
coated red phosphorus sanple was prepared as a 10%slurry at 20t . (3)

Electric conductivities*1l and *2 igbrati® those of the filtrates undergone
the eluted ion test Then 30 parts by weight of the abave prepared

doubl e- copt ed red phosphorus, 35 parﬁialli%lé/\ei gh C81rnp§193tive Example

6 7 8 6 7 8

Type of coated red

phosphorus sample K L M N 0 P

Eluted PO, ion

concentration (ppm) 3 2 180 | 163 | 192 | 199 | 321 | 189

Eluted PHO; ion

concentration (ppm) * 2 496 | 471 | 512 | 1021 | 983 | 600

Chlorine ion

concentration (ppm) * 2 22 | 17 | 15 71 163 65

Electric conductivity

(us/cm) %2 1120110981213 | 2136 | 2820 | 2411

(Notes)

(1) Inthe tables, #*1 and *2 indicate measuringconditions

80T X20 hrs and 150C X20 hrs, respectively.

(2) Electric conductivity*3 indicates an electric
conductivity when the coated red phosphorus sample was
prepared as a 10% slurry at 20C.

(3) Electric conductivities*]l and *2 indicate those of

the filtrates undergone the eluted ion test.

Then, 30 parts by welght of the above prepared

double-coated red phosphorus, 35 parts by weight of



al um num hydr oxi de (SUM TOMO CHEM CAL; CL-310, an average particle size of
11 IL n) as an inorganic base flane retardant, and 35 parts by weight of a
novol ac type phenol resin (a curingilagent, SUM TOVO BAKELI TE; PR53195)
were uniformy mxed to prepare each masterbatch. <Eval uation as
sem conductor sealing material > o] resin conposition for sem conductor
seal ing akuBingm Mrowdnel(gﬁmlﬂggugl GHEMECALUKCISHELD . ¥R 4000H)
113.98 parts Phenol resin (GUN-EI CHEM CAL | NDUSTRY, PSM4261) 61.50 parts
Tri phenylaypévagle par tHOdeOsAtdeb EALL UNDUSTIREN 2n2d g qmit ¢ P aGFe idban ¢I0ECHST)
1.13 parts Carbon black (M TSUBI SH CHEM STRY) 1.13 parts Fused spherical
silica (MNMePORdaHEN and BRNSTRSADY Wl dBTARE fPnegre 1890 typaphe bkt er bat ch
30.0 parts The above conponents of the epoxy resin conposition were m xed
by a ni xeresinnbanemrisgpegent ¢ SUMETON® BAKELLTEx|i BR5Bd R % westéer at 80
to 85 C for seven mnutes. Peeling, cooling and pul verization were
per f or redin bf opmdyyamel xede fox \prepanes eddmgnasterikdtclsi ng the prepared
sealing material, a spiral flow was neasured by a transfer nolding press
under conditions that a 103 nol ding tenperature was 1751 , a nolding resin
pressure

<Evaluation as semiconductor sealing material)

* Epoxy resin composition for semiconductor sealing
material (part by welght)

Epoxy resin (YUKA SHELL, YX-4000H) 113.98 parts
Phenol resin (GUN-EI CHEMICAL INDUSTRY, PSM4261)
61.50 parts

Triphenyl phosphine (HOKKO CHEMICAL INDUSTRY) 2.26

parts
OP wax (HOECHST) 1.13 parts
Carbon black (MITSUBISHI CHEMISTRY) 1.13 parts

Fused spherical silica (NIPPON CHEMICAL INDUSTRIAL,
SILSTAR M2430) 820.0 parts

Masterbatch 30.0 parts

The above components of the epoxy resin composition
were mixed by a mixer at normal temperature, blended by
a biaxial heated roller at 80 to 85C for seven minutes.
Peeling, cooling and pulverization were performed to
prepare an epoxy resin sealing material. Using the
prepared sealing material, a spiral flow was measured

by a transfer molding press under conditions that a



was 7 MPa (70 kg/cn2 ) and nolding tinme was 120 seconds. And, sanples of
10 X 100 mmX3 mm t hick were nolded as elution test sanples. Sanples of
12.5 mmX 125 nmX 1 nm thick were al 903nol ded for burning testing. These
sanpl es were subjected to the burning test by UL-94 and the heating
pronotion test of eluted ions by PCT according to the same procedure as
used i n Mekfleg temperatusepwas ilvs Exapmed dimg Fesdnt Prasswhewn in
Table 11. Besides, humidity resistance and high-tenperature storage life
wer e testws by MPa 6 2Rekgr/suedurand o laingddmesvasslafdsesondati ve
Exanples 1-5, and results are shown in Table 12. In the table, N.D
i ndi cat eAndat samp Lelautodt 17HD8n Xi 0 mX@mwtthﬁckswemmﬂ@d &8l ow. 104
Tabl e 11 Exanpl eConparati ve Exanple 678678 Type of coated red KLMNOP
phosphor wslstipne teEt od ahp desl00 BxdPD&60F0120 § mah Xt1 2% mmPUE)mm
UL- 94V- OV- OV-0V- OV-0V-0 El uted P04 ionl.21.71.42.56.17.1

thick were also molded for burning testing.

These samples were subjected to the burning test
by UL-94 and the heating promotion test of eluted ions
by PCT according to the same procedure as used in Examples
1-5 and Comparative Examples 1-5. Results are shown in
Table 11.

Beslides, humidity resistance and high-temperature
storage life were tested by the same procedures as in
Examples 1-5 and Comparative Examples 1-5, and results
are shown in Table 12.

In the table, N.D indicates that the eluted PHO;

ion concentration is 0.09 ppm or below.



(ppm * 1 Eluted PHOO ionN.D.N.D.N.D.N.D.1.11.0 (ppm) * 1 Electric
conductivity 4.12.94.76.28.57.1 (,u s/cm * 1 Eluted PO4 i0n947792146121181
(ppm) * 2 Eluted PHO i0on613560658177404ppn) * 2 Electric conductivity
684565112135133 (,u s/cm) * 2 105 Table 12 Exanple 678 600

hour s0/ 100/ 100/ 10 Hum di t y800 hour s0/ 100/ 100/ 10 resi stancel000

hour s0/ 100/ 100/ 10 1200 hours0/ 100/ 100/ 10 400 hours0/ 100/ 100/10 Hi gh -

t enp. 600 hour s0/ 100/ 100/ 10 storage |ife800 hours0/100/100/10 1000

hour s0/ 100/ 100/ 10 Conpar ative Exanglg 64§

Example Comparative Example

6 7 8 6 7 8

Type of coated red
phosphorus sample

Spiral flow
(relative value)

UL —-94 V-0[V-0|V-0|V-0[V-0|V—-0

Eluted PO, ion

1.2 1.7 1.4 2.5 6.1 7.1
(ppm) *1

Eluted PHO; ion

N.D. | N.D. | N.D. | N.D. 1.1 1.0
(ppm) *1

Electric conductivity

(us/cm) *1 4.1 | 2.9 | 4.7 6.2 8.5 7.1

Eluted PO, ion

94 77 92 146 121 181
(ppm) * 2

Eluted PHO; ion

61 35 60 65 81 7
(ppm) %2

Electric conductivity

(gs/cm) *2 68 45 65 112 | 185 | 133




600. hours0/101/100/ 10 Hum di ty800 hoursl1/102/101/10 resi stancel000

hour s2/ 104/ 102/ 10 1200 hours3/ 105/ 104/ 10 400 hours2/101/101/10 Hi gh -

t enp. 600 hours3/102/102/10 storage |ifpg800 hours4/ 103/ 103/ 10 1000

hour s7/ 104/ 104/ 10 106 Exanples 9-11 and Conparative Exanples 9-11 Exanples
and Conparatives Exanples of the red phosphorus base fl ane-retardant
conposition (3) for an epoxy resin will be described. <Preparation of
flane-retardant stabilized red phosphorus> Bul k red phosphorus was

pul veri zed and classified to obta&n ie hosphorus whi ch had an average
particle size of 20/Lm a maxi mumARi% '@ e size of 45/Lm and 2% by

wei ght of pafticles having a particlefsize of Tess than I' TL m Wter in
5258 was added to 210g of the preparefl red phoBp#BPUE to prepare a red
phosphorus sliurry, and nitric acid was—addedjto—adiust—the—ptval ue to 1.

The slurry s kept at 80t for 4 hours, Biltgred &And shé&d 1 th wat er
until the sl #+yr—becare—to-have—a—pHyalve—of2-5—TFh d red

o

phosphorus if 100g was di spmegou&lt D 100Pp m ab/VMe , @Adgal um num
sulfate in ap anmount

Humidity 800 hours 0/10 010 010

resistance | 1000 hours | 0,10 | 0,10 | 010

1200 hours 010 0/10 0/10

400 hours 0710 010 010

High — temp. 600 hours 0710 0,710 0,10

storage life 800 hours 0710 0,10 010

1000 hours 010 0/10 010

Comparative Example

6 7 8

600 hours 0/10 1710 0,710

Humidity 800 hours 1710 2/10 1710

resistance 1000 hours 2./10 4,/10 2/10

1200 hours 3/10 5/10 4/10

400 hours 2/10 110 1710

High — temp. 600 hours 3/10 2,10 210

storage life 800 hours 4,10 | 38/10 3./10

1000 hours 710 4/10 4,10




equivalent to ig of alum num hydroxide (Al (OH) 3) was added while
stirring. After conpleting the addition, stirring was further continued
for 30 minutes, sodium hydroxi de wasiogdded to adjust the pH of the slurry
to 8.0. Then, the liquid tenperature was increased to 85t and the liquid
was aged at 85t for two hours. After allowwing to cool down, filtering and
washi ng viekampdesorhell uanid Comparpdiye,rkxappd®fe Qolhave the electric
conductivity 107 of 1009s/cm or bel ow. The obtained filter cake was
di spersed i nt o B¥amples; andnepmpagiat ivasNEMampleR afD theEweaLs, a
prepol yner, "PHENOLI TE TD2388") in an anount equivalent to 5% of red
phosphor igh@spPhoxns P asat Ehamgeretiacdant Icompopiitipn GhY f9uravhl oric
acid was added to adjust the pH of the slurry to 2 or below The slurry
was heat eepo¥y F@Rin avidd: heprdeserdAded o conpl ete the curing reaction of
t he phenol resin. After allowng to cool down, the slurry was fully
filtered and washed. The filter cake was vacuumdried and |eft standing at
140t for one hour. After allowing to cool down, the resultant product was
passed t ¥Buogharatison/ of flamecnetersiant nsthalidlizedr dad stabilized red
phosphorus of the resin coated red phosphorus. The P content in the
fl ame-r etphhodaphogtut | i zed red phosphorus was 94.1% The 10% slurry of the
flame-retardant stabilized red phosphorus had an el ectric conductivity
Bulk red phosphorus was pulverized and classified
to obtain red phosphorus which had an average particle

slze of 204 m, a maximum particle size of 454U m, and 2%
by welght of particles having a particle size of less
thanl i m. Water in 525gwas added to 210g of the prepared
red phosphorus to prepare a red phosphorus slurry, and
nitric acid was added to adjust the pH value to 1. The
slurry was kept at 80C for 4 hours, filtered and washed
with water until the slurry became to have a pH value
of 2.5.

The prepared red phosphorus in 100g was dispersed
into 1000 ml of water, and aluminum sulfate in an amount
equivalent to 1gof aluminum hydroxide (A1(OH);) was added
while stirring. Aftercompletingthe addition, stirring
was further continued for 30 minutes, sodium hydroxide
was added to adjust the pH of the slurry to 8.0. Then,
the liquid temperature was increased to 85T and the

liquid was aged at 85C for two hours. After allowing
to cool down, filtering and washing were performed until

the 10% slurry became to have the electric conductivity



of 309s/cmor below. On the basis of the prepared flame-retardant
stabilized red phosphorus, zinc oxide (an average particle size of 0. 6
/.L m and cal cium carbonate (an averia@ge particle size of 2. 1 /.L m were
added and m xed in the ratios shown in Table 13 to obtain red phosphorus
base flane-retardant conpositions. PHO3-2 and P04-3 of the obtained red
phosphor &t bhée U 8/ gme-oxtbedamt. conpositions were tested for elution and
108 neasured for an electric conductivity at 80t by the same procedure as

i n Exanpl es 1- Fhe®oadbnes Fld teamgake was 3lispegsed dndswatiern Tabl e
13. Conparative Exanple 12 <Preparation of flanme-retardant stabilized red
phosphor isPhBRAd red igh (DPANIRPONINK AN CHEMIGAL S| aspreped Ymer obt ai n
red phosphorus which had an average particle size of 20,01 m a maxi nmum
particl e SREBNOLIRE TR23688 "% nbgnywinghntopawvatent havbtigof padticl e
size of less than 1/1m Water in 525g was added to 210g of red phosphorus
to preparphespbomimnas@ sokidregntant wias iadldediwhide alidedtingadj ust
the pH value to 1. The slurry was kept at 80 C for 4 hours, filtered and
washed wiamd hpdeoakitetrithacdldumas ebied to adjdast fhegHoHitRe5. The
prepared red phosphorus in 100g was dispersed into 1000 mM of water, and
al um numslifaye icn 2inoanbeliow. The slurry was heated and kept

at 90C for one hour to complete the curing reaction of

the phenol resin.

After allowing to cool down, the slurry was fully
filtered and washed. The fllter cake was vacuum-dried
and left standing at 140C for one hour. After allowing
to cool down, the resultant product was passed through
a 150/ m screen to obtain flame-retardant stabilized red
phosphorus of the resin coated red phosphorus. The P
content in the flame~-retardant stabilized red phosphorus
was 94.1%. The 10% slurry of the flame-retardant
stabllized red phosphorus had an electric conductivity
of 304 8/om or below.

On the basis of the prepared flame-retardant
stabilized red phosphorus, zinc oxide (an average
particlesize of 0.6/ m) and calciumcarbonate (an average
particle sizeof 2.1/ m) were added and mixed in the ratios
shown in Table 13 to obtain red phosphorus base
flame-retardant compositions.

PHO; ? and PO, ® of the obtalined red phosphorus base

flame-retardant compositions were tested forelution and



equivalent to ig of alum num hydroxide (Al (OH) 3) was added while
stirring. After conpleting the addition, stirring was continued for 30
m nutes, and sodi um hydroxi de was added to adjust the pH of the slurry to
8.0. Then, the Iliquid tenperature was increased to 85 C and the liquid
was aged at 85 C for two hours. After allowing to cool down (the electric
conduct i wieasefefU60@1dh ¥ Lavbirichcondaret v tyoatt3 0k dHycdrhemmmeting the
reaction), a phenol resin (DA NI PPON | NK AND CHEM CALS, a prepol yner, 109
" PHENOL| Pro¢edege amsindBxammles idnSumnd@émppaative Exasiplke® red
phosphorus as a sold substance while stirring, and hydrochloric acid was
further ddded tResudjtisstaréesbown yinoTable aldH val ue of 2 or below. The
slurry was heated and kept at 90 C for one hour to conplete the curing
reaction of the phenol resin. After allowing to cool down, the slurry was
fully filtered and washed. The filter cake was vacuumdried, |left
st andi ng Campd9atilwe dBxamplre ak2l cured. After allowng to cool down, it
was passed through a 1501Lm screen to obtain flanme-retardant stabilized
red phospiixeparh trias nofofilevhe ede phedahot ustabid iRaedntedt in the
flame-retardant stabilized red phosphorus was 94. 1% The 10% sl urry of
the fl anphesphdaxws st abilized red phosphorus had an electric conductivity
of 301 s/cm or below. On the basis of the prepared flame-retardant

Bulk red phosphorus was pulverized and classified

to obtain red phosphorus which had an average particle
slze of 20/ m, a maximum particle size of 454 m, and 2%
by welght of particles having a particle size of less
than 14 m. Water in 525g was added to 210g of red
phosphorus to prepare a red phosphorus slurry, andnitric
acld was added to adjust the pH value to 1. The slurry
was kept at 80C for 4 hours, filtered and washed with
water until the slurry became to have a pH value of 2.5.
The prepared red phosphorus in 100g was dispersed
into 1000 ml of water, and aluminum sulfate in an amount
equivalent to lgof aluminumhydroxide (A1(OH);) was added
whilestirring. Aftercompletingthe addition, stirring
was continued for 30 minutes, and sodium hydroxide was
added to adjust the pH of the slurry to 8.0. Then, the
liquid temperature was increased to 85C and the liquid
was aged at 85C for two hours. After allowing to cool
down (the electric conductivity of 14500/ 8/cm of the
reaction solution after completing the reaction), a

phenol resin (DAINIPPON INK AND CHEMICALS, a prepolymer,



stabilized red phosphorus, zinc oxide (an average particle size of 0. 6IL
mM was added and m xed in the ratio shown in Table 13 to obtain red
phosphorus base flane-retardant conp@sitions. PHO3 2 and P04"3 of the
obt ai ned red phosphorus base flame-retardant conposition were tested for
elution and neasured for an electric conductivity at 80 C and 150" C by
t he sane "RBENOLIFESTPRA3B8INhIwas 1a8dedl Donpar amomnt Fegupiveslent.
Results are shown in Table 13. 110 Tabl e 13 Exanpl eConparative Exanpl e
91011910110 25 ¥| affe the ereaddabtosphorisz &s radd0040@lodbanoel ¢dibbe
Phosphorus (part) Zinc oxide 7.514.010.0---10.0 (part) Cal ci um carbonate
---10. 01®Yirripg.t )am uhydre@hlonico@kc il \was2Turithée3agded ¥epn) *
1l essl ess Eluted PHO3 ion58. 161. 3515411086.181.1 (ppm * 1 Electric
adjust the slurry to have a pH value of 2 or below. The

slurrywasheatedandkeptat90t§foronehourtocomplete
the curing reaction of the phenol resin.

After allowing to cool down, the slurry was fully
filtered and washed. The filter cake was vacuum-dried,
left standing at 140C for one hour and cured. After
allowing to cool down, it was passed through a 1504m
screen to obtain flame-retardant stabillized red
phosphorus of resin coated red phosphorus. The P content
in the flame-retardant stabilized red phosphorus was
94.1%. The 10% slurry of the flame-retardant stabilized
red phosphorus had an electric conductivity of 304 s/cm
or below.

On the basis of the prepared flame-retardant
stabilized red phosphorus, zinc oxide (an average
particle size of 0.6/ m) was added and mixed in the ratio
shown in Table 13 to obtain red phosphorus base
flame-retardant compositions.

PHO, ? and PO, of the obtained red phosphorus base
flame-retardant composition were tested for elution and
measured for an electric conductivity at 80C and 150TC
by the same procedure as in Examples 1-5 and Comparative

Examples 1-5. Results are shown in Table 13.



conducti vity393734173202170230 (;u s/cm * 1 Eluted P04

i 0n471433452163215392117551 (ppm) * 2 El uted PHGCs

i on1322127012991350152317481472 (ppmi11d 2 Electric
conductivityl1620141415613123335636672412 (,u s/cm) * 2 (Note) In the table,
*1 and *2 indicate nmeasuring conditions 80°C X 20 hrs and 1501C X 20 hrs,
respectively. 111 It is apparent fromthe results shown in Table 13 that
the red phosphorus base flame-retardant conpositions prepared by adding
zinc oxide to the flame- retardantrgég i zed red phosphorus of the
Exanpl es 9-11 and m xi ng t hem hav trapping effect of eluted

phosphorug conpared with the fI ardant )dormed of e f
| ane-retafdant stabilized rpd pht$ BW(?:‘ onl Y BRPRIAIHY %@m@ear dant with

cal cium charbonate added. | S QS0 Seen U € Ted] pnospnorus| base
flame-ret ardant conposi tionp & thelOEx nbles 9911 hteve| &h glelr|c
o AL L 29N SRS |3 ok alt oo

1 ol
COﬂdUCtIV Ly UI JO—ACE—STetot—9 |uvv r\r e RBHAt \wa | CT Ut &6 C

i mpurities F Qp_af g}aé/msrral l er [than | in Q)nparat ive anpl es 9-12.
Exanples [ " r?gg 1ze nggra \/1%05 a{TBbes 1]0?() .L51053as?8001 1tOhOe IISHB r et ar dant

stabilize
Phosphorus (part)

Zinc oxide

(part) 7.5 1 14.0 | 10.0 | - - — 110.0

Calcium carbonate

(part) - - — 10.0 | 18.0| - —

Eluted PO, ion lor|l or

(ppm) * 1 less | less |0 23.113.8123.8|12.1

Eluted PHO; ion

(ppm) * 1 58.1161.3| 5 154 | 110 | 86.1 | 81.1

Electric
conductivity 39 37 34 173 | 202 | 170 | 230
(¢ s/cm) *1

Eluted PO, ion

471 | 433 | 452 (1632115392117 551
(ppm) * 2

Eluted PHO; ion

132211270]1299]1350|1523|1748 (1472
(ppm) * 2

Electric
conductivity 1620|1414 (1561 3123133563667 |2412
(us/cm) * 2

(Note) In the table, *1 and *2 indicate measuring

conditions 80T X 20 hrs and 150 X 20 hrs, respectively.



phosphorus of resin-coated red phosphorus prepared in Exanples 9-11, zinc
oxi de and cal ci um carbonate were added and m xed in the ratios shown in
Tabl e 14. Respective mxtures were haated in an atnosphere of nitrogen at
175t for four hours, and cooled to normal tenperature to obtain red
phosphorus base fl anme-retardant conpositions. The obtained red phosphorus

base flanme-ret &dak® arBAFest fxhamehe resudts oshern: Aon T&bIeB32 and
PO4-3 and neasured for an electric conductivity at 80t and 150t by the

same proddiRiethe inedxphppphorus bpsey fkamersedaadart Table 14. 112
Conpar ative Exanpl e 16 Based on the flanme-retardant stabilized red
phosphor #emrpo sid lans nprepeaed by padddng usipeepicde ta Eheparative
Exanpl e 12, zinc oxide was added and nmxed in the ratio shown in Table 14,
and t he rfilkameeretardantds tiabihl aedonedrphosphonugepfathe/51 for four
hours and cooled to normal tenperature to obtain a red phosphorus base
fl ane- r etB#ampil esofpddi andnmixiagpbhembaved phghptvappingeffect
flame-retardant conposition was tested for elution of PHO3 -2 and p04-3
and neasf esll4bedaphsisphoruscoompAaredt yidxh 3h@ fHikaméOre tlarddamtsane
procedure as in Exanples 9-11. Results are shown in Table 14. 113 Table 14
formed of the flame-retardant stabilized red phosphorus
only or the flame retardant with calcium carbonate added.
It i1s also seen that the red phosphorus base
flame-retardant compositions of the Examples 9-11 have
anelectricconductivityof50/ s/cmorbelowand anamount
of eluted ionic impurities is apparently smaller than

in Comparative Examples 9-12,

Examples 12-14 and Comparative Examples 13-15

Based on the flame-retardant stabilized red
phosphorus of resin-coated red phosphorus prepared in
Examples 9-11, zincoxide andcalciumcarbonate were added
and mixed in the ratios shown in Table 14. Respective
mixtures were heated in an atmosphere of nitrogen at 175C
for four hours, and cooled tonormal temperature to obtain
red phosphorus base flame-retardant compositions.

The obtained red phosphorus base flame-retardant
compositions were tested for elution of PHO; % and PO, ?
and measured for an electric conductivity at 80C ana
150C by the same procedure as 1in Examples 9-11. Results

are shown in Table 14.



Exanpl esConpar ati ve Exanples 12131413141516 Flane - retardant stabilized
red100100100100100100100 Phosphorus (part) Zi nc oxide 7.514.010.0---10.0
(part) Cal cium carbonate (part)---10.1029.0-- Eluted P04 ionl

or 6. 3N. D. 55. 048. 037310. 3 (ppm * 1lless Eluted PHOs

1 on13582. 680. 0249211216101 (ppm * 1 Electric

conducti vity574949257315280293 (,u s/cm) * 1 Eluted P04

i on485451480196918212511591 (ppm) * 2 El uted PHGCs

i on1421135oupazatdviey BRaABPILON G ppn) * 2 Electric
conductivity1810162016013521385545112561 (gs/cn) *2 (Note) In the table, *1
and *2 indi cat Basedueindhwnfil amengseftardant Mtabhliize@ @ded20 hrs,

respectively. 114
phosphorus of the resin-coated red phosphorus prepared

in Comparative Example 12, zinc oxide was added and mixed
in the ratio shown in Table 14, and the mixture was heated
in an atmosphere of nitrogen at 175C for four hours and
cooled to normal temperature to obtain a red phosphorus
base flame-retardant composition.

The obtained red phosphorus base flame-retardant
composition was tested for elution of PHO; ? and PO, ? and
measured for an electric conductivity at 80C and 150C
by the same procedure as in Examples 9-11. Results are

shown 1n Table 14.



It

t rappi ng

zinc oxide was added.
of the sanples in Exanples 12-14 is low to

effect of eluted
|t

I s apparent from Table 14 that even when the
stabilized red phosphorus sanpl es were

f | ane-retardant

heated and tested for elution,

a

i ons was ri@gsarkable in Exanples 12-14 in which

sanpl es in Conparative Exanpl es

fl ame-retardant conpositions

a |l evel

is also apparent that the electric conductivity
of about 1/5 of the

13-16. Exanples 15-17 Red phosphorus base

were prepared as m xture powder by adding 7

parts by weight (Exanple 15), 14 Pablesléy wei ght (Exanple 16) and 10 parts
by wei ght (Exarpte—1A—of—z{hec—oxi-de—+to0—100 parts—by—weight—of—the
flame-retardant stabilized fed ghosRBRIEUS Pl epdhffhrhfivEXBRRhH18s 11
respecti vely. Besides, eachlmasterbatch was|prepared by uniform y| m xing
30 parts py weight of each pf,§he rnad phpgsphorys e|f Lame-yet ar dant
conpositipns of the m xture|p %\der,l% 36 ggrtslgy wel gh %F al u%’emm
hydr oxi de| (SUM TOMO CHEM CGAL, Cl-310,[ an ayeragqg part{cle size of 11/.Ln
as an inpr§éame besterdanine| ret ajdant,| and 35 parfts by[weight of |a novol ac
type phendl rasbilided ¢edi ngl a@@ny 10@nuae yrego By 160M @@ (BAKBL| TE,
PR53195) . %g})sab%tlve Exlﬁg‘p e 17|A masfterbatch was prepared [from BO parts
by wei ght SOt i f(Pg -fetardant stabilized rled phpsphorjus
Zinc oxide 75 [14.0(100] - | - | - {100
(part)
Calcium carbonate _ _ _ 10.0 | 19.0 _ _
(part)
Eluted PO, lon {1 or} o4 |y 55,0480 373 | 10.3
(ppm) *1 less
Eluted PHO, ion 1 95 1 896 | 80.0 | 249 | 211 | 216 | 101
(ppm) *1
Electric
conductivity 57 49 49 257 | 315 | 280 | 2593
(us/cm) *1
Eluted POs fon 1 4e5 | 451 | 480 | 1969 | 1821|2511 591
(ppm) * 2
Bluted PHO, ton 1, 15111350 | 1392 | 1581|1733 | 2135 | 1591
(ppm) * 2
Electric
conductivity 181016201601 3521 |3855|4511 | 2561
(us/cm) *2

(Note)

In the table,

*1 and *2 indicate measuring

conditions 80T X20 hrs and 150C X 20 hrs, respectively.



prepared in Conparative Exanple 9-11, 35 parts by weight of alum num

hydr oxi de (CL-310 nmanufactured by SUM TOMO CHEM CAL) as an i norgani c base
flame retardant, and 35 parts by weiight of a novol ac type phenol resin (a
curing agent manufactured by SUM TOMO BAKELI TE, PR53195). Conparative
Exanpl es 18 and 19 Fl ane retardant stabilized red phosphorus each was
prepared by thd&ahe ppeaxrRt Srom cpabileg ihethataeernt vhemttheabilized
red phosphorus as in Exanple 9-11 except that washing after the curing
reacti on ffamehredlagdgnpheteb bz adi nedhphpispdioxeepsamp lamHrre when
the electric conductivity becane 1004s/cm M xture powder each was obt ai ned

by addi ndh€rapadtandheskedfiox €dmtatani e tBapmlvg e fanl dfl edartedby

wei ght (Conparative Exanple 19) of zinc oxide to 100 parts by weight of
each of tlhengrepansamdatrbablectiarBaampliadill zh4 1o wdixdio Fohoe esxidesi des,
each masterbatch consisting of 30 parts by weight of the obtained m xture
powder, 3fagpaatideld. I ght aflsa wappametdriia tieth8UMIedOr CeEM CAL,
CL-310) as an inorganic base flame retardant, and 35 parts by weight of a
novol ac togmdpbddatitesofi {hecsampd epen Exampilest drzed 4yl SN WAL
BAKELI TE, PR53195) was prepared. 116 Conparative Exanple 20 A red

phosphor uslba®d bfaireuttil/ Saft thenpmmplieain Comparative Examples

13-16.

Examples 15-17

Red phosphorus base flame-retardant compositions
were prepared as mixture powder by adding 7 parts by weight
(Example 15), 14 parts by welght (Example 16) and 10 parts
by welight (Example 17) of zinc oxide to 100 parts by weight
of the flame-retardant stabilized red phosphorus
prepared in Example 9-11, respectively.

Besides, eachmasterbatchwas preparedbyuniformly
mixing 30 parts by weight of each of the red phosphorus
base flame-retardant compositions of the mixture powder,
35 parts by welght of aluminum hydroxide (SUMITOMO
CHEMICAL, CL-310, an average particle size of 11/ m) as
an inorganic base flame retardant, and 35 parts by weight
of a novolac type phenol resin (a curing agent

manufactured by SUMITOMO BAKELITE, PR53195).

Comparative Example 17

A masterbatch was prepared from 30 parts by weight



was prepared as m xture powder by adding 10 parts by weight of zinc oxide
to 100 parts by weight of the flanme-retardant stabilized red phosphorus
prepared in Conparative Exanple 12. Besi des, a nmasterbatch was prepared by
uniformy mxing 30 parts by weight of the prepared red phosphorus base f
| ame-retardant conmposition as the m xture powder, 35 parts by wei ght of

al um numofy dklogi £ an@E -Babapdantacs tabd 1hz SUMEAVDhOHERCBIS an aver age
particle size of 111.E m as an inorganic base flane retardant, and 35
parts by paweparedfin Gomplazatiye Fkamplle 8sill . 35cpenks baywedlght

manuf actured by SUM TOMO BAKELI TE, PR53195). <Eval uation as sem conduct or
seal i ng et erlwhinuns hygindel des( 6ol thasanafacdyted b§- SUMITOMO
Conpar ati ve Exanpl es 17-20, epoxy resin conpositions for a sem conductor
seal i ng GHEMIGALJcas mrepmerdgand c daseaf dmes redmmrdaddct andedbi ng
materials. Epoxy resin conposition for sem conductor sealing material (part
by wei IparysBppxwelghitnofYakioSbllag twpel itéHiollBe8dmda surilangl resin
(GUN-EI CHEM CAL | NDUSTRY, PSM4261)61.50 parts 2.26 Triphenyl phosphi ne
(HOXKO Cldgd i maipifa¢trired by SUMITOMO BAKELITE, PR53195).

Comparative Examples 18 and 19

Flame retardant stabilized red phosphorus each was
prepared by the same procedure of preparing the
flame-retardant stabilized red phosphorus as in Example
9-11 except that washing after the curing reaction of
the slurry phenol resin in the final step was stopped
when the electric conductivity became 100U s/cm.

Mixture powder each was obtained by adding 7 parts
by welght (Comparative Example 18) and 14 parts by weight
(Comparative Example 19) of zinc oxide to 100 parts by
welght of each of the prepared flame-retardant stabillized
red phosphorus.

Besides, each masterbatch consisting of 30 parts
by weight of the obtalined mixture powder, 35 parts by
weight of aluminum hydroxide (SUMITOMO CHEMICAL, CL-310)
as an inorganic base flame retardant, and 35 parts by
welight of a novolac type phenol resin (a curing agent
manufactured by SUMITOMO BAKELITE, PR53195) was

prepared.



117 parts OP wax (HOECHST) 1.13 parts Carbon black (M TSUBI SH CHEM CAL)
1.13 parts Fused spherical silica (NIPPON CHEM CAL | NDUSTRI AL, "SI LSTAR
M2430") 820.0 parts Masterbatch 20.0 paerts The above conponents of the
epoxy resin conposition was mxed by a m xer at normal tenperature, and
bl ended by a biaxial heated roller at 80 to 859C for seven m nutes. Then,
peel i ng, CUOPREG tdke pEX3BPLLAt3dNn were performed to prepare an epoxy
resin sealing material. Using the prepared sealing material, a spiral flow
was measured by Fead phgsphasug hgas £dangdeetagtnnt oremppisdit fonol di ng
tenperature was 175t, a nolding resin pressure was 7 MPa (70 kg/cnR2 ) and
nmol di ng WaRPRepared agpmdxture powderhwadding kpaod sy w2 ighthi ck
were nolded as elution test sanples. And, test sanples of 12.5 nmmX 125
mX 1 mmafhizdincerxd detddd ¢ pact Hbywedghdsof thefd amepret amtant est ed
for burning by UL-94, an electric conductivity, and heat pronotion of
eluted ishabh}iprEed Feduphosphorhewprepdrélielns Cadepadesivminm dity
resi stance and hi gh-tenperature storage life were tested, and results are
shown i n Efciohples.12].18 Tabl e 15
Beslides, a masterbatch was prepared by uniformly

mixing 30 parts by weight of the prepared red phosphorus

base flame-retardant composition as the mixture powder,

35 parts by weight of aluminum hydroxide (CL-310

manufactured by SUMITOMO CHEMICAL, an average particle

size of 114 m) as an inorganic base flame retardant, and
35 parts by welght of a novolac type phenol resin (a curing

agent manufactured by SUMITOMO BAKELITE, PR53195).

<Evaluation as semiconductor sealing material)

Using the masterbatches of Examples 15-17 and
Comparative Examples 17-20, epoxy resin compositions for
a semlconductor sealing material were prepared and

evaluated as semiconductor sealing materials.

* Epoxy resin composition for semiconductor sealing
material (part by weight)

Epoxy resin (YUKA SHELL, YX-4000H) 113.98 parts
Phenol resin (GUN-EI CHEMICAL INDUSTRY, PSM4261) 61.50
parts

Triphenyl phosphine (HOKKO CHEMICAL INDUSTRY) 2.26



Exanpl esConpar ati ve Exanples 15161717181920 Flane - retardant stabilized
red100100100100100100100 Phosphorus (part) Zi nc oxide 71610-71410 (part)
Spiral flow 100100100100100100100 (rghative val ue)

UL- 94V- OV- OV-0V- OV-0V-0V-0 Eluted PO4 ionl.41.11.27.31.61.21.5 (ppm * 1
El uted PHO3 io0n0. 40. 30. 30.80.40.40.8 (ppm * 1 Electric

conduct i wans 02. 32. 13.14.24.05.1 (,u s/cm * 1 Eluted P04

1 on16190122484165191321 (ppm * 2 Eluted PHOB i0nl1176993291121172115 (ppm
* 2 El ecOBR owasndHOECHST$84365181145140172 (,u s/cml 1P pagts

Carbon black (MITSUBISHI CHEMICAL) 1.13 parts
Fused spherical silica (NIPPON CHEMICAL INDUSTRIAL,
"SILSTAR M2430") 820.0 parts

Masterbatch 20.0 parts

The above components of the epoxy resin composition
was mixed by a mixer at normal temperature, and blended
by abiaxial heatedroller at 80 to 85C for sevenminutes.
Then, peeling, cooling and pulverization were performed
to prepare an epoxy resin sealing material.

Using the prepared sealing material, a spiral flow
was measured by a transfer molding press under conditions
that a molding temperature was 175C, a molding resin
pressure was 7 MPa (70 kg/cmz) and molding time was 120
seconds, and samples of 10 mmX100 mmX3 mm thick were
molded as elution test samples. And, test samples of
12.5mmX125mmX 1 mm thick were molded for a burning test.

Those samples were tested for burning by UL-94,
an electric conductivity, and heat promotion of eluted
lons by PCT. Results are shown in Table 15.

Beslides, humidity resistance and high-temperature
storage life were tested, and results are shown in Table

16.



(Note) In the above table, *1 and *2 indicate nmeasuring conditions 809C X
20 hrs and 1509C X 20 hrs, respectively. It is apparent from Table 15 that
when the sealing material is preparadgby adding zinc oxide to mx with
the flame-retardant stabilized red phosphorus having an electric
conductivity of 30/Ls/cmor below as the 104 slurry, eluted ions fromthe
epoxy resin nold product is low and the electric conductivity is also | ow.
120 Tabl e 16 Exanples 151617 600 hours0/100/ 100/ 10 Hum di ty800

hour s0/ 100/ 100/ 10 resi stancel000 rsOi%OO/lOO/lO 1200 hour s0/ 100/ 100/ 10
400 hours0/100/100/10 Hi gh - tenp. €hd¥r s0/ 100/ 100/ 10 storage |ife800
hour sO/ 100/ T00/ 10 1000 hourFO/lOO/lOO/lO Cofparattve Exanples 17181920 600
hour s1/ 10p/ 102/ 101/ 10 Huni dj t y8dixaranles2/ 104/ Comperative Exemlenhce1000
hour s5/ 10p/ 105/ 104/ 10 1200 pours§+108H+1t08+ 95+ 10 400—purs541t62+-102/ 102/ 10
15 16 17 17 18 19 20

Flame — retardant

stabilized red 100 { 100 | 100 | 100 | 100 | 100 | 100
Phosphorus (part)

Zinc oxide
(part)

Spiral flow

. 100 | 100 | 100 | 100 | 100 | 100 | 100
(relative value)

UL —94 V-0|V-0|V-0|V-0|V-0|V-0|V-0

Eluted PO, ion

1.4 | 1.1 | 1.2 : . . .
(ppm) * 1 73 | 1.6 | 1.2 | 1.5

Eluted PHO; ion

0.4 31 03| 0. . . .
(ppm) * 1 0 8 104| 04| 0.8

Electric
conductivity 2.0 2.3 2.1 3.1 4.2 | 4.0 5.1
(s/cm) *1

Eluted PO, ion

(ppm)  # 2 161 | 90 | 122 | 484 | 165 | 191 | 321

Eluted PHO; ion

11 1
(ppm) * 2 7| 69 93 | 29 121 | 172 } 115

Electric
conductivity 68 43 65 181 | 145 | 140 | 172
(s/cm) *2




H gh - tenp. 600 hours8/ 104/ 104/ 103/ 10 storage |ife800
hour s10/ 105/ 105/ 104/ 10 1000 hours10/108/108/ 107/ 10 121 (Note) The above
tabl e shows ten sanples tested for evapuati on and the nunber of defective
sanples. Industrial Applicability As described above, the red phosphorus
base flame retardant for an epoxy resin and the red phosphorus base
flame-retardant conposition for an epoxy resin of the present invention
can be applied as a flane retardant in fields requiring electrical
character(Neteg, Andthespbevel tpbden thand*2 dadikeate meagunime
retardant into an epoxy resin for a sem conductor sealing nmaterial, the
epoxy resiondbdbjonsd i 612 0a hgwianch A5t Or X 2dahirsy, megpecaivedeel|ling in
flame retardancy can be obtained while keeping the electrical reliability.
The epoxy resi Ttdypappaventof romgakbadusithatsehenngheasealangf t he
present invention has remarkable flanme retardancy and el ectri cal
reliabi | imaterdatlhdis iprepaxreah by f addimgefzintoopiale deof mde wistlar dancy
to a sealing material, a nolding material, a casting naterial, an
adhesi ve tdgerfil ame - rleddrdank sthablidiizned cosdipigosphioarusihawlhgnamat ed
plate, a printed circuit board, a flat cable, etc. which are used for
various tepestefiic sondasducityi 6Fegoat af @mr 6 beldwsasarthd Moo yi dual
sem conductors such as transistors and diodes. And its

slurry, eluted ions from the epoxy resin mold product

is low and the electric conductivity i1s also low.



seal i ng mat

flame retardancy and el ectrical

eri al

red phosphorus base flanme retardant fi@o an epoxy

red phosphorus which has the

with a

di spersi ng

in 10%

surface of

properties that

can be used to obtain a sem conduct or
reliability. 122 What
resin,
red phosphorus particles coated
t hernosetting resin containing an anhydrous zinc
sai d coated red phosphorus has
by wei ght

device excelling in

is Cained is:

1. A

conpri sing coated

conpound, wherein

its slurry prepared by
into water at 20t has an electric conductivity

of 30 9 s/cmor below said slurryrwgicg is left standing at 809C for 20
hours has an electric conductivity €1 % 9 s/cmor bel ow, and when 80 ni

of water iqd added to 89 of said codted red phosphorus and heated at 80t
for 20 hoyrs, a concentration of P34 ions el UEZ@mpdesio ppm or |bel ow. 2.
The red phdsphorus base flame retard T EPOUXY esTmaccording to
Claim1l, wherein when 80 ml of watern idb5addgd tol8g of saild codted red
phosphor us - | PHO3 i ons
eluted is (300 ppmor be| oggg dhoukke |red sphorgugippase fhaxey retardant for
an epoxy rlesin accordin ' ereid said coated red phosphorus
has propertjies that its [sl pare | Spershpnglin by wei ght
into water landHusfiditgt an ishtg;gd hdlrs 9220 1 071
resistance | 1000 hours | 0,710 0./10 0./10
1200 hours 010 010 010
400 hours 0/10 0/10 0/10
High — temp. 600 hours 010 010 010
storage life | 840 hours | 0,10 | 010 010
1000 hours 010 010 010
Comparative Examples
17 18 19 20
600 hours 1710 | 2710 | 2710 | 1/10
Humidity 800 hours | 2710 | 410 | 4710 | 2/10
resistance | 1600 hours | 5,10 | 5,10 | 5,10 | 4,10
1200 hours | 8710 | 8/10 | 8/10 | 5/10
400 hours | 5710 | 2/10 | 2710 | 2710
High — temp. 600 hours | 8,10 | 410 | 4,710 | 3/10
storage life | 8oy hours | 1010 | 510 | 5,10 | 410
1000 hours | 10710 | 810 | 8/10 | 7710




at 150t for 20 hours has an electric conductivity of 20009s/cm or bel ow,
and when 80 m of water is added 123 to 8g of said coated red phosphorus
and heated at 150t for 20 hours, a aamcentration of P04 ions eluted is 800
ppm or below. 4. The red phosphorus base flame retardant for an epoxy
resin according to Claim3, wherein when 80 ml of water is added to 8g of
sai d coat(éiPFEg ph3§|§’h(ﬂf%"anﬂa+?e1d edhoys xR samplesHotegted for
concentration of PHO3 ions eluted is 1500 ppmor below. 5. The red
phosphor &vahsatijoammanét sheamumberaafesisfectiyen sanplesng to daim 1,
wherein said coated red phosphorus has an average particle size of 1 to
50/1 M 6. The red phosphorus base flane retardant for an epoxy resin
according to Claimb5, wherein sald coated red phosphorus has an average
particle size of 1 to 50Indus R ADPLLCEE t¥ size of 15011m or

bel ow. 7. The red phosphorus base flame retardant for an epoxy resin
accordi ng to Cl&s descuiibed abnvel. cbhecdedephofphohusubases flaneer age
particle size of 1 to 1011lm and a mexi mum particle size of 2011m or bel ow.
8. The r etepavdpmdr §91hasc eplowir nes tn damd flhve rend qplvasphasivs doewedi ng to
Claim1, wherein said coated red 124 phosphorus has a red phosphorus
content dfléBetraer@tdgnt composition for an epoxy resin of the

present invention can be applied as a flame retardant
in fields requiring electrical characteristiocs, and
egspeclally when they are contained as a flame retardant
into an epoxy resin for a semiconductor sealingmaterial,
the epoxy resin composition for a semiconductor sealing
material excelling in flame retardancy can be obtained
while keeping the electrical reliability.

The epoxy resin composition for a semiconductor
sealing material of the present invention has remarkable
flame retardancy and electrical reliability, so that it
has an effect useful to provide flame retardancy to.a
sealingmaterial, amoldingmaterial, acastingmaterial,
an adhesive agent, an electrical insulation coating
material, a laminated plate, a printed circuilt board,
a flat cable, etc. which are used for various types of
semiconductor integrated circuits (ICs) and individual
semiconductors such as transistors and diodes. And its
sealing material can be used to obtain a semiconductor
device excelling in flame retardancy and electrical

reliability.



wei ght. 9. The red phosphorus base flane retardant for an epoxy resin
according to Claiml, wherein said coated red phosphorus has a

t hernosetting resin content of 0.5 tq@2220% by wei ght. 10. The red
phosphorus base flanme retardant for an epoxy resin according to daim1l or
9, wherein said thernosetting resin is a phenol resin. 11. The red
phosphor fhabsdsf Clalmedalddant for an epoxy resin according to Claiml,
wherein said coated red phosphorus contains an anhydrous zi nc conmpound of
50 to 1300 parxedpphesipdinrug| haisee filaneorefardayt wEpghanofepaxe
thernosetting resin. 12. The red phosphorus base flane retardant for an
epoxy rassinccoodprlising xiontledwrnedeiphasphoaws drhlchzhas tvepound
has an average particle size of 2 u mor below 13. The red phosphorus base
flame retsuxfacef of are@pphyspharusapasrtdiebesocOadied 1@ithher ei n sai d
anhydrous zinc conpound has an average particle size of 0.2 to 1u m 14.
The red glvsphoses tdase feadn radmtaidntinigramnanpydrdi®$ edsion according to
Claim1 or 11, wherein said anhydrous zinc conpound is zinc oxide. 15. An
epoxy rexomponpdsi iwheréhn asakdi coated ared sphbisphomasr hals, conpri si ng
the red phosphorus base flane retardant for an epoxy resin according to
any of @moperitites that its slurry prepared by dispersing in 10%

by weight into water at 20T has an electric conductivity
of 30/l 8/cm or below, sald slurry which i1is left standing
at 80C for 20 hours has an electric conductivity of 150
UL s/om or below, and when 80 ml of water 1is added to 8g
of sald coated red phosphorus and heated at 80C for 20
hours, a concentration of PO, ions eluted is 10 ppm or

below.

2. The red phosphorus base flame retardant for an epoxy
resin according to Claim 1, wherein when 80 ml of water
is added to 8g of said coated red phosphorus and heated

at 80C for 20 hours, a concentration of PHO; 1ions eluted

is 300 ppm or below.

3. The red phosphorus base flame retardant for an epoxy
resin according to Claim 1, wherein sald coated red

phosphorus has properties that its slurry prepared by
dispersing in 10% by weight into water and left standing
at 150C for 20 hours has an electric conductivity of

20004 8/cm or below, and when 80 ml of water i1s added



16. The red phosphorus base flane retardant for an epoxy resin according
to daim15, wherein said red phosphorus base flane retardant for an epoxy
resin is contained in 0.05 to 5% by 1pgi ght relative to the epoxy resin
conposition. 17. The epoxy resin conposition for a sem conductor sealing
material according to Claim15 or 16, further conprising an epoxy resin, a
curing agant8aif asaildocgartierdd rfed|phospdorusmandrbendied et ak5@poxy resin
conposition for a sem conductor sealing material, wherein a resin

cont ai ns fige 2@¢chohrsphar woneertraiton afirRRAntidns adhuteshdys r&&e n
according to any of Clains 1 to 14. 19. A sem conductor sealing material,
conpri si mpmwher bedom resin conposition for a sem conductor sealing

mat erial according to any of ains 15 to 17. 126 20. A sem conductor
device, conprising the sem conductor sealing material according to Claim
19. 21 . A nethod of manufacturing a red phosphorus base flane retardant
for an epoxy Theimedqunpsphionns adelfilamagretagdanifox @ Apaxy Al )

washi ng red phosphorus particles with at | east one or nore selected from
aci ds ancdcesiknl ascomingbtai Gladm G5t atherxmsi phwhpino B80S mly ofdsiatge N
anhydrous zi nc conpound and a synthetic material of a thernosetting resin
or its prispddgaed to agsofir spilhdowted red phosphorus and heated

at 150C for 20 hours ., aconcentration of PHO; ions eluted

is 1500 ppm or below.

5. The red phosphorus base flame retardant for an epoxy
resin according to Claim 1, wherein sald coated red

phosphorus has an average particle size of 1 to 50U

6. The red phosphorus base flame retardant for an epoxy
resin according to Claim 5, wherein saild coated red
phosphorus has an average particle size of 1 to 504Um

and a maximum particle size of 150/ m or below.

7. The red phosphorus base flame retardant for an epoxy
resin according to Claim 5, wherein said coated red
phosphorus has an average particle size of 1 to 10U4Um

and a maximum particle size of 204 m or below.

8. The red phosphorus base flame retardant for an epoxy

resin according to Claim 1, wherein sald coated red



sai d washed red phosphorus particles dispersed into water, and perform ng
a polynerization reaction to coat the surface of red phosphorus particles
with the thernosetting resin containeang the anhydrous zinc conpound; and
(A3) obtaining the red phosphorus base flane retardant for an epoxy resin
by washing the coated red phosphorus wth pure water so that a slurry

havi ng t IEhesphegdushapgedrphodphensedccontenrk of 6 dm 9ht dYat er at
20°C has an electric conductivity of 30/Ls/cmor below 22. The nethod of
manuf act weédhght.red phosphorus base flane retardant for an epoxy resin
according to Caim 21, wherein said red phosphorus particles have an
average particle size of 1 to 50/Lmand 10% by wei ght or bel ow 127 of
particles having a particle size of less than 1/1 M 23. The nethod of
manuf act Wi ndllze roeid los phbiorsy  dsas e ffi bamge ree hadsddn € ormmareepoxyesi n
according to Caim 21, wherein said red phosphorus particles have an
average mpssincheciniting tot CHinlL 1 whemelnumadal tegated az-df 150/ Lm
or below, and 10% by wei ght or bel ow of particles having a particle size
of | ess tpglamsftholras 2vas Tactheirimod ot t imgureain i oon & endd ofhdsyBiotais base
flame retardant for an epoxy resin according to Caim 21, wherein said red
phosphor 10 pabyi eledghtave an average particle size of 1 to 10/Lm a

maxi num particle size of

10. The red phosphorus base flame retardant for an epoxy

resin according to Claim 1 or 9, wherein said

thermosetting resin 1s a phenol resin.

1l1. The red phosphorus base flame retardant for an epoxy
resin according to Claim 1, wherein said coated red

phosphorus contains an anhydrous zinc compound of 50 to
1000 parts by weight relative to 100 parts by weight of

the thermosetting resin.

12. The red phosphorus base flame retardant for an epoxy

resin according to Claim 1, wherein said anhydrous zinc

compound has an average particle size of 2/ m or below.

13. The red phosphorus base flame retardant for an epoxy
resin according to Claim 12, wherein said anhydrous zino

compound has an average particle size of 0.2 to 1li4Um.

14. The red phosphorus base flame retardant for an epoxy



20/ .Lm or bel ow, and 10% by wei ght or bel ow of particles having a particle
size of less than 1/Lm 25. A red phosphorus base flane retardant for an
epoxy resin, conprising doubl e-coatadsred phosphorus which has the
surface of red phosphorus particles coated with an inorganic substance and
further coated with a thernosetting resin containing an anhydrous zinc
conpound,rehthraecording e datrd oad lghoyheretnwaldpppbydnaksthat its
slurry prepared by dispersing in 10% by weight into water at 20t has an

el ectri c gorelueempiound oi 83@imc s¢oxhder bel ow, said slurry which is left
standing at 801C for 20 hours has an electric conductivity of 150 128 A
s/cmor below, and when 80 m of water is added to 89 of said

doubl e-coat ed red phosphorus and heated at 80t for 20 hours, a

concent r &% on At @poxiyone #int ednpo 4d0tippmfwr bal gemizondwetpad
phosphorus base flane retardant for an epoxy resin according to C aim 25,
wher ei n weal 80gmmadfenbadr, cdanpxitiedngo e of edaiph akpihd rusodtaste r ed
phosphorus and heated at 80t for 20 hours, a concentration of PHO3 ions

el ut ed | £ Bddeppatardmhbwifo27 anTlepoxyl pasipharamsobdiadf tamametaf dant for
an epoxy resin according to Caim25, wherein said double-coated red
phosphor slatmsplopar tl4es that its slurry prepared by dispersing in 10% by
weight into water and |left standing at 150t for 20 hours has an el ectric
conductivity of

16. The red phosphorus base flame retardant for an epoxy
resin according to Claim 15, wherein said red phosphorus
base flame retardant for an epoxy resin is contained in
0.05 to 5% by weight relative to the epoxy resin

composition.

17. The epoxy resin composition for a semiconductor
sealing material according to Claim 15 or 16, further
comprising an epoxyresin, acuring agent and an inorganic

filler.

18. A masterbatch for an epoxy resin composition for
a semiconductor sealing material, wherein a resin
contains the red phosphorus base flame retardant for an

epoxy resin according to any of Claims 1 to 14.

19. A semiconductor sealing material, comprising the
epoxy resin composition for a semiconductor sealing

material according to any of Claims 15 to 17.



2000/ 1s/cm or bel ow, and when 80 m of water is added to 8g of said
doubl e-coat ed red phosphorus and heated at 1501 for 20 hours, a
concentration of PO4 ions eluted 1is1800 ppmor below 28. The red
phosphorus base flane retardant for an epoxy resin according to Caim 27,
wherein when 80 m of water 1is added to 8g of said double-coated red
phosphorus and heated at 150t for 20 hours, a concentration of PHO3 ions
eluted is 1500 ppmor below 129 29. The red phosphorus base flane
ret ardant2G or Mnsepdepndestaradestideg compixid sing, thierein said
doubl e-coated red phosphorus has an average particle size of 1 to 50 m
30. The rs=mmphosdvertinr basaliigomatesddahtad¢oprdingokg Cledim & cordi ng
to Caim?29, wherein said double-coated red phosphorus has an average
particle size of 1 to 50 | Imand a maxi mum particle size of 150m or
bel ow. 31. The red phosphorus base flame retardant for an epoxy resin
accordi n@ o QA mehlk9d ofhwasuf azturfogha eesbphedpheduplmpddliaméas an
average particle size of 1 to 10 m and a maxi mum particle size of 20m or
bel ow. 3Zetffardant FrosEWrepokysrefsliane cemprdaiing cthanfepdowingsi n
according to Caim?25, wherein said double-coated red phosphorus has a red
phosphor st epat ¢Ail oft ®5(A8)27% by wei ght. 33. The red phosphorus base
flame retardant for an epoxy

(Al) washing red phosphorus particles with at least

one or more selected from acids and alkalis;

(A2) obtaining coated red phosphorus by adding an
anhydrous zinc compound and a synthetic material of a
thermosetting resin or its prepolymer to a slurry having
sald washed red phosphorus particles dispersed intowater,
and performing a polymerization reaction to coat the
surface of red phosphorus particles with the
thermosetting resin containing the anhydrous zinoc
compound;: and

(A3) obtaining the red phosphorus base flame retardant
for an epoxy resin by washing the coated red phosphorus
wlth pure water so that a slurry having the coated red
phosphorus dispersed in 10% by weight into water at 20T

has an electric conductivity of 304U s/cm or below.

22. The method of manufacturing a red phosphorus base
flame retardant for an epoxy resin according to Claim
21, wherein sald red phosphorus particles have an average

particle size of 1 to 504U m and 10% by weight or below



resin according to C aim25, wherein said double-coated red phosphorus has
the surface of red phosphorus particles coated with an inorganic substance
formed of netal hydroxide or oxide gb7at |east one selected fromzn, A,
My, Si, Co, Zr, Ti and Sn. 130 34. The red phosphorus base flane retardant
for an epoxy resin according to Claim25 or 33, wherein said
doubl e- coxfi eplartd cdless phavdancghas partaclgars tzeubst dees tbamerkt Lof 0.5 to
20 parts by weight relative to 100 parts by weight of red phosphorus. 35.
The red phosphorus base flanme retardant for an epoxy resin according to
Cl aim 25, wherein said doubl e-coated red phosphorus has a thernosetting
resin content of 0.5 to 20% by weight. 36. The red phosphorus base fl ane
retardant for an epoxy resin according to Claim?25 or 35, wherein said
t her noset23 ng Thei meithad phermannésiatuBingThe resl] plhmwsphorws esge f | ane
retardant for an epoxy resin according to Caim25, wherein said coated
red phosihamesriedambanbhfdman zepoxyonesin accioading 50 QlailM00 parts
by weight relative to 100 parts by weight of the thernosetting resin. 38.
The red @bspihoeslbaseldlzed phadspbarusf pardrl chesyhavesimazeamgleng to
Cl aim 25, wherein said anhydrous zinc conpound has an average particle
size of Farviche @dze&Df Theto e5lo phwspaomaximae papttcle aideatofor an
epoxy

1504 m or below, and 10% by welight or below of particles

having a particle size of less than 1lUm.

24. The method of manufacturing a red phosphorus base
flame retardant for an epoxy resin according to Claim
21, wherein said red phosphorus particles have an average
particle size of 1 to 10/ m, a maximum particle size of
20/ m or below, and 10% by weight or below of particles

having a particle size of less than 1l.lUm.

25. A red phosphorus base flame retardant for an epoxy
resin, comprising double-coated red phosphorus which has
the surface of red phosphorus particles coated with an
inorganic substance and further coated with a
thermosetting resin containing an anhydrous zinc
compound, wherein the double-coated red phosphorus has
properties that its slurry prepared by dispersing in 10%
by weight into water at 20C has an electric conductivity
of 30/l 8/cm or below, said slurry which is left standing

at 80C for 20 hours has an eleoctric conductivity of 150



resin according to C aim 38, wherein said anhydrous zinc 131 conpound has
an average particle size of 0.2 to 1/1m 40. The red phosphorus base fl ane
retardant for an epoxy resin accordilgg to Caim25 or 37, wherein said
anhydrous zinc conpound is zinc oxide. 41. An epoxy resin conposition for
a sem conductor sealing material, conprising the red phosphorus base
flame retléhrsdaem évrbadoshoand sghenagfomdi iof watey o8 addedst@Bgo 40.
42. The red phosphorus base flanme retardant for an epoxy resin according
to O ai mafl sahdréenbie coateghyedhphespharusi amdk heatedant 86/C an epoxy
resin is contained in an anmount of 0.05 to 5% by weight relative to the
epoxy reE9R 28nbeying oM gencEmirabkons eff PQoirstedntiest s 10
sem conductor sealing material according to Claim4l or 42, further
conpri si mpmnogpdedawsin, a curing agent and an inorganic filler. 44. A
mast erbatch for an epoxy resin conposition for a sem conductor sealing
material, wherein a resin contains the red phosphorus base fl ane retardant
for an epoxy resin according to any of Clains 25 to 40. 132 45. A
sem conduké or Ehelred phxeephalrusbame Silage retapdantrformuemasyti on for
a sem conductor sealing material according to any of Clains 41 to 43.
resin according to Claim 25, wherein when 80 ml of water
is added to 8g of said double-coated red phosphorus and

heated at 80 C for 20 hours, a concentration of PHO; i1ons

eluted is 300 ppm or below.

27. The red phosphorus base flame retardant for an epoxy
resin according to Claim 25, wherein said double-coated
red phosphorus has properties that its slurry prepared
by dispersingin 10% by welght intowater and left standing
at 150C for 20 hours has an electric conductivity of
20004 s/cm or below, and when 80 ml of water 1s added
to 8g of sald double-coated red phosphorus and heated
at 150C for 20 hours, a concentration of PO, ions eluted

is 800 ppm or below.

28. The red phosphorus base flame retardant for an epoxy
resin according to Claim 27, wherein when 80 ml of water
1s added to 8g of said double-coated red phosphorus and
heated at 150C for 20 hours, a concentration of PHO; ions

eluted is 1500 ppm or below.



46. A sem conductor device, conprising the sem conductor sealing materi al
according to Claim45. 47 . A nethod of manufacturing a red phosphorus base
flanme retardant for an epoxy resin, 1eenprising the following steps (Bl)
to (B5): (Bl) washing red phosphorus particles with at |east one or nore
selected from acids and al kal i s; g’BZ) coating the surface of red phosphorus
particl e®9 wi thhaFredahpsphornsbaseflgnegedrandant F9uAXEROXYr oxi de
by adding a water-soluble netallic salt and an al kaline agent to a slurry
havi ng t IReshBrracPEdinDdh&ialpay i orkergildpeaddl Ganblaacoatgds)

washi ng the red phosphorus particles coated with said inorganic substance
with pur ceditrhospborwsthagi ag ayergeonaadt fetiepadzghefust o @i ng an
anhydrous zi nc conpound and a synthetic material of a thernosetting resin
or its prémol yner to a slurry having the washed red phosphorus particles
coated with the inorganic substance dispersed into water, and perform ng
a polynerization reaction to coat the surface of red phosphorus particles,
which is coated with the inorganic substance, with the thernosetting resin
cont ai ni rAP ¢ heThé X ek iphio sphozius basmepflame et gBIantbfarmmepdryr ed
phosphorus base flanme retardant for an epoxy resin by washing the

doubl e- comeetinradcopiddaph taLlathn 29 evherednssaldidoublercpdtaedng t he

red phosphorus has an average particle size of 1 to 50

{4 m and a maximum particle size of 1504 m or below.

31. The red phosphorus base flame retardant for an epoxy
resin according to Claim 29, wherein said double-coated
red phosphorus has an average particle size of 1 to 10

Lm and a maximum particle size of 204 m or below.

32. The red phosphorus base flame retardant for an epoxy
resin according to Claim 25, wherein said double-coated
red phosphorus has a red phosphorus content of 65 to 97%

by welght.

33. The red phosphorus hase flame retardant for an epoxy
resin according to Claim 25, wherein said double-coated
red phosphorus has the surface of red phosphorus particles
coated with an l1norganic substance formed of metal

hydroxide or oxide of at least one selected from Zn, Al,

Mg, Si, Co, Zr, Ti and Sn.



doubl e-coated red phosphorus di spersed in 10% by weight into water at 20t
has an electric conductivity of 30 /2. s/cmor below 48. The nethod of
manuf acturing a red phosphorus base 1Bphane retardant for an epoxy resin
according to Claim 47, wherein said step (B3) washes the red phosphorus
particles coated with the inorganic substance with pure water until a
slurry hd4 ng Bhededdrhrephhausbpae flame réitardant for BIVEPOX®EI ght
into water has an electric conductivity of 1000 U.L s/cmor below 49. The
met hod ofrembuf accordigng ted Qabphdbuorhadd, wWhemeiwmtsaddnt for an epoxy
resin according to Claim 47, wherein said red phosphorus particles have an
aver age Guubleleoditzeddgfed pho§phoriusnhasl an)dnioxr gan bt subsikanye of
particles having a particle size of less than 11L M 50. The nethod of
manuf act womgentrefl phHdph&lupaxdsebyf vadghteraddnt véedro A0 Epa@aayt sesi n
according to Caim 47, wherein said red phosphorus particles have an
average marvetpgbtsiof nédl pheosfiiotus.a naxi num particle size of 134 150m
or below, and 10% by wei ght or bel ow of particles having a particle size of
|l ess than 1m 51. The nethod of manufacturing a red phosphorus base flane
retardant for an epoxy resin according to Claim 47, wherein said red
phosphor 185 parThelmsd phvesphoand bg®e filame retdrdant florard @posey maxi num
particle size of

resin according to Claim 25, whereiln said double-coated

red phosphorus has a thermosetting resin content of 0.5

to 20% by welght.

36. The red phosphorus base flame retardant for an epoxy
resin according to Claim 25 or 35, wherein said

thermosetting resin is a phenol resin.

37. The red phosphorus base flame retardant for an epoxy
resin according to Claim 25, wherein said coated red
phosphorus has an anhydrous zinc compound content of 50
to 1000 parts by weight relative to 100 parts by weight

of the thermosetting resin.

38. The red phosphorus base flame retardant for an epoxy

resin according to Claim 25, wherein sald anhydrous zinc

compound has an average particle size of 2/ m or below.

39. The red phosphorus base flame retardant for an epoxy

reslin according to Claim 38, wherein sald anhydrous zinc



20m or bel ow, and 10% by wei ght or bel ow of particles having a particle
size of less than 111m 52. A red phosphorous base fl ame-retardant
conposition for an epoxy resin, conmasising a red phosphorus m xture
cont ai ni ng an anhydrous zinc conpound and fl anme-retardant stabilized red
phosphorus which has the surface of red phosphorus particles coated with
at | east campoiRhdd haas cancdvierage hpardslelenglzesiok @nd teorhldm e
substances and has an electric conductivity of 30 s/cm or belowto a
slurry prepared by dispersing the coated red phosphorus particles in 104
by weight into water at 20 C, wherein the red phosphorus mni xture has
properti &P .t hdiheired phosphiospsrkageifilanengtapigmt faranpgPraxyand a
prepared slurry is left standing at 80t for 20 hours, the slurry has an
el ectri c remtn@¢ePrdiakg tooCladm 509 r k] pwhenedinhealgdoanhydirowser is
added to 8g of the red phosphorus m xture and heated at 80 C for 20
hours, a Zzloreenompound olsPe4nemexdflet.ed is 10 ppmor below 135 53. The
red phosphorus base flanme retardant for an epoxy resin according to Caim
52, wherein when 80 m of water is added to 8g of said red phosphorus
m xture and heated at 80t for 20 hours, a concentration of PHO3 ions
eluted i4l 30AmppepoxyatesinSsonpsttiophdsphoausemdsmidactomret ar dant
conposition for an epoxy resin according to Caimb52, wherein said
sealing material, comprising the red phosphorus base

flame retardant for an epoxy resin according to any of

Claims 25 to 40.

42. The red phosphorus base flame retardant £for an epoxy
resin according to Claim 41, wherein said red phosphorus
base flame retardant for an epoxy resin is contained in
an amount of 0.05 to 5% by welght relative to the epoxy

resin composition.

43. The epoxy resin composition for a semiconductor
sealing material according to Claim 41 or 42, further
comprising an epoxyresin, acuring agent and an inorganic

filler.

44. A masterbatch for an epoxy resin composition for
a semliconductor sealing material, wherein a resin
contains the red phosphorus base flame retardant for an

epoxy resin according to any of Claims 25 to 40.



red phosphorus m xture has properties that its slurry prepared by
di spersing said red phosphorus mxture in 10% by weight into water and
being left standing at 150 t for 201Beurs has an el ectric conductivity of
2000 It s/cm or below, and when 80 ml of water is added to 8g of said red
phosphorus m xture and heated at 150t for 20 hours, a concentration of P04
i ons el ut4d- i A seemgisandupgsosy s aslinge matephadpheamrpphsdng the
fl ame-retardant conposition for an epoxy resin according to C aim 54,
wher ei n @RoxYggesiimfocompesiitkierdédrt @ syemiocondugter paegddndais ni xture
and heated at 1501C for 20 hours, a concentration of PHO3 ions eluted is
1500 ppmmatéerview. ageorfdnged phasphofuL batwsf Udneto e4Ardant conposition
for an epoxy resin according to Claimb52, wherein said flanme-retardant
stabilized red phosphorus has an average particle size of 1 to 5012m 136
57. The red phosphorus base flame-retardant conposition for an epoxy resin
accordingtéo A asemigondmctom sEviicé| apeompattbstingt tdreabi |l i zed red
phosphorus has an average particle size of 1 to 50/Lm and a maxi nmum
particl e sembcondustd rnsealdaigwmaseridk aedopiddspdhotosChasin 45.
fl ame-retardant conposition for an epoxy resin according to C aim 56,
wherein said flanme-retardant stabilized red phosphorus has an average
particle size of 1 to 10 U mand a maxi num particle size of 20 U mor
bel ow. 47. Amethodofmanufacturingaredphosphorus base flame
retardant for an epoxy resin, comprising the following
steps (Bl) to (BS5):
(Bl) washing red phosphorus particles with at least
one or more selected from acids and alkalis;
(B2) coating the surface of red phosphorus particles
with an inorganic substance formed of metal hydroxide
or oxlide by adding a water-soluble metallic salt and an
alkaline agent to a slurry having the washed red
phosphorus particles dispersed into water;
(B3) washing the red phosphorus particles coated with
sald inorganic substance with pure water;
(B4) obtaining double-coated red phosphorus by adding
an anhydrous zinc compound and a synthetic material of
a thermosettingresinor its prepolymer toaslurryhaving
the washed red phosphorus particles coated with the
inorganic substance dispersed intowater, and performing
a polymerization reaction to coat the surface of red

phosphorus particles, which is coated with the inorganic

substance, with the thermosetting resin containing the




59. The red phosphorus base flame-retardant conposition for an epoxy resin
according to Caim52, wherein said flanme-retardant stabilized red
phosphorus has the surface of red phagphorus particles coated with the

i norgani ¢ substance and further coated with the thernosetting resin. 60.
The red phosphorus bass flame-retardant conposition for an epoxy resin
accor di n@nhydranm FAine sompgwnirdi nandaj d thernosetting resin is a phenol
resin. 61. The red phosphorus base flanme -retardantconposition for an
epoxy resi n(&&opditalnbng thenrsx phoxphonwschasest] dmenve jaridantibst ance
is metal hydroxide or oxide of 137 at |east one selected fromzn, A, M,
Si, Co, Zor TangppoRy Besinhdy evaphisghdthe daud lid apeatedarmesht
conposition for an epoxy resin according to Caimb52, wherein said

fl ame- r etpdraigphogtuzhiwi thdpnre pladmgmhososthas a sddirphospiwdmg thet ent of
65 to 97% by wei ght. 63. The red phosphorus base fl anme-retardant

conposi t id@mbler caa eepd xyedashospboorus iyl s peCis®dnis 1 0dhbyeiwe igh t
flame-retardant stabilized red phosphorus has an inorganic substance
content dfn¥o5Swhatedd par2oVyhea g elebairde EondULbwlsybwEvedght of
red phosphorus. 64. The red phosphorus base flane-retardant conposition
for an epwsydesor dedwwli ng to Caimb52, wherein said flane-retardant
stabilized red phosphorus has a

48. The method of manufacturing a red phosphorus base
flame retardant for an epoxy resin according to Claim
47, wherein said step (B3) washes the red phosphorus

particles coated with the inorganic substance with pure
water until a slurry having saild red phosphorus particles

dispersed in 10% by weight into water has an electric

conductivity of 1000 s/cm or below.

49. The method of manufacturing a red phosphorus base
flame retardant for an epoxy resin according to Claim
47, wherein said red phosphorus particles have an average
particle size of 1 to 504 m and 10% by weight or below

of particles having a particle size of less than 1/l

50. The method of manufacturing a red phosphorus base
flame retardant for an epoxy resin according to Claim
47, wherein sald red phosphorus particles have an average

particle size of 1 to 504 m, a maximum particle size of



thernosetting resin content of 0.5 to 10 parts by weight relative to 100

parts by wei ght of red phosphorus. 65. The red phosphorus base

flame-retardant conposition for an apaxy resin according to Caimb52,

wherein said red phosphorus m xture has an anhydrous zi nc conpound

content of 1 to 20 parts by weight relative to 100 parts by weight of said

f1 ame-r etlBQHdm ok el evedanddlPRobyhyedaht 38r de lancofcpaphdspk®® us base

fl ame-retardant conposition for an epoxy resin according to Caimb52,

wher ei n devdingnhy @axkciclec sdapovfidless dphapeddfym.particle size of

1011m or below. 67. The red phosphorus base flane -retardantconposition

for an epoxy resin according to Cl aim66, wherein said anhydrous zinc

conpound has an average particle size of 0.2 to 511m 68. The red

phosphor #sl basBhe| mathad ofiamenufesduiring af ;edapheperhoras bageor di ng

to Caimb52 or 66, wherein said anhydrous zinc conpound is zinc oxide. 69.

An epoxy frkame zehardangnfiogr an seppPz¥ndiesbn aceondingnteriClaim

conprising the red phosphorus base f |ame-retardant conposition for an

epoxy redth, adrellngald zed pdfoadphprusspartigsleghavpanpyeragsin

conposition for a sem conductor sealing material according to Caim69,

wherein maxitiede sioseohmf uk Hasko L hane- makxdmiemtp aphhodie isdzé oofan epoxy
204 m or below, and 10% by welght or below of particles

having a particle size of less than 1.Um.

52. A red phosphorous base flame-retardant composition
for an epoxy resin, comprising a red phosphorus mixture
containing an anhydrous zinc compound and

flame-retardant stabilized red phosphorus which has the
surface of red phosphorus particles coated with at least
one kind selected fromthermosettingresins and inorganic
substances and has an electric conductivity of 304 s/cm
or below to a slurry prepared by dispersing the coated
red phosphorus particles in 10% by welght into water at
20C, wherein the red phosphorus mixture has properties
that when 1t is dispersed in 10% by weight into water
and a prepared slurry 1s left standing at 80C for 20
hours, the slurry has an electric conductivity of 150
ILs/cm or below, and when 80 ml of water 1is added to 8g
of the red phosphorus mixture and heated at 80C for 20
hours, a concentration of PO, ions eluted is 10 ppm or

below.



resin is contained in an anount of 0.05 to 5% by weight relative to the
epoxy resin conposition. 71. The epoxy resin conposition for a
sem conductor sealing material accordispg to Claim69 or 70, further 139
conprising an epoxy resin, a curing agent and an inorganic filler. 72. A
mast erbatch for an epoxy resin conposition for a sem conductor sealing
material, wherein a resin contains the red phosphorus base fl ane-retardant
conposition for an epoxy resin according to any of Clains 52 to 68. 73. A
sem condid? or Teelred pheespharusbmse filape Fetapdanptréerme@paXyti on for
a sem conductor sealing material according to any of Clains 69 to 71. 74.
A seni corrRelinradeorsiing diprdkahy 5he wheredniwhen &al of watkeral
according to Caim73. 75. A nethod of manufacturing a red phosphorus base
fl ame-r etdes caddedotpodgtobHrsd b vedcpbepphoxsiws miyhpmesamgl hleatedl ow ng
steps (C) to (C6): (A) washing red phosphorus particles with at | east
one or nate 8VeCedicr 20 hlowrs Jsa auheékarat 1 ¢CHE EHO Hondelurédce of
red phosphorus particles wth an inorgani c substance forned of netal
hydr oxi dels 0300xipgan byr abdilleg.a wat er-sol uble netallic salt and an
al kaline agent to a slurry having said washed red phosphorus particles
di spersed into water;

54. Theredphosphorus base flame-retardant composition

for an epoxy resin according to Claim 52, wherein said

red phosphorus mixture has properties that its slurry

prepared by dispersing sald red phosphorus mixture in

10% by weight into water and being left standing at 150 C

for 20 hours has an electric conductivity of 2000/ 8/Ccm

or below, and when 80 ml of water 1s added to 8g of said

red phosphorus mixture and heated at 150C for 20 hours,

a concentration of PO, ions eluted 1is 800 ppm or below.

55. Theredphosphorus base flame-retardant composition
for an epoxy resin according to Claim 54, wherein when
80 ml of water 1s added to 8g of sald red phosphorus mixture
and heated at 150C for 20 hours, a concentration of PHO;

ions eluted is 1500 ppm or below.

56. Theredphosphorusbase flame-retardant composition
for an epoxy resin according to Claim 52, wherein said
flame-retardant stabilized red phosphorus has an average

particle size of 1 to 504U m.



(C3) washing the red phosphorus particles coated with 140 the inorganic
substance with pure water; (C4) obtaining flanme-retardant stabilized red
phosphorus by adding a synthetic nmataBgal of a thernosetting resin or its
prepol yner to the slurry having the washed red phosphorus particles coated
with the inorganic substance dispersed into water to performng a
pol yneri zation reaction so to coat the surface of red phosphorus
particles, which is coated with the inorganic substance, with the
t her moset®? ng Theined pospherradPase flane-retapdantaemppisidiiend
phosphorus with pure water so that a slurry having the flame-retardant
st abi | i z&P¥ ¥R pABOFYOMES R spepsafing YooLhpimeidfhi whesedn &abd 20t has
an electric conductivity of 309s/cm or below, and (C6) m xing the washed
f 1 ame-r etfkamatr retardanss tabl Lired radiphofphosugirgg@an avarrgdeonpound
to obtain the red phosphorus base flame-retardant conposition for an
epoxy redartieleltsd zetdbdl cfo ngd i mcandi agmaxdahmipaphtdolse Fbze
fl ame-retardant conposition for an epoxy resin according to Caim75,
wherei n sef d180dpm( ©63) bvabbws t he red phosphorus particles with pure water
until a slurry having said red phosphorus particles dispersed in 10% by
weight into water has an electric conductivity of 1000s/cm or bel ow.
58. Theredphosphorusbase flame-retardant composition
for an epoxy resin according to Claim 56, wherein said
flame-retardant stabllized red phosphorus has an average
particle size of 1 to 104 m and a maximum particle size

of 204 m or below.

59. Theredphosphorusbase flame-retardant composition
for an epoxy resin according to Claim 52, wherein said
flame-retardant stabilized red phosphorus has the
surface of red phosphorus particles coated with the
inorganic substance and further coated with the

thermosetting resin.

60. Theredphosphorusbase flame-retardant composition
for an epoxy resin according to Claim 52 or 59, wherein

sald thermosetting resin is a phenol resin.

61. The redphosphorusbase flame-retardant composition
for an epoxy resin according to Claim 52 or 59, wherein

sald inorganlic substance 1s metal hydroxide or oxide of



141 77. The nethod of manufacturing a red phosphorus base flane-retardant
conposition for an epoxy resin according to Caim?75, wherein said red
phosphorous particles have an averaga7particle size of 1 to 50/Lm and 10%
by weight or below of particles with a particle size of less than 1A M
78. The nethod of manufacturing a red phosphorus base f |ane-retardant
conposi t iddh kenrsin o gelestehckreli Ad - thl d ¥Im Bt . WRereidF salH red
phosphorus particles have an average particle size of 1 to 50 ALL m a
maxi mum PR4i8Re size of 150 /L mor below, and 10% by wei ght or bel ow of
particles with a particle size of less than 1/Lm 79. The nethod of
manuf acturing a red phosphorus base f |anme-retardant conposition for an
epoxy resin according to Claim75, wherein said red phosphorus particles
have an 6er dbkepad phiosphorusfbased hane -me tandantigoppesilditonsi ze of
20A. Lm or bel ow, and 10% by wei ght or below of particles with a particle
si ze of |foxs amampbxiynresin according to Claim 52, whereiln said
flame-retardant stabllized red phosphorus has a red

phosphorus content of 65 to 97% by weilght.

63. Theredphosphorus base flame-retardant composition
for an epoxy resin according to Claim 52, wherein said
flame-retardant stabllized red phosphorus has an

inorganic substance content of 0.5 to 20 parts by weight

relative to 100 parts by weight of red phosphorus.

64. Theredphosphorusbase flame-retardant composition
for an epoxy resin according to Claim 52, wherein said
flame-retardant stabllized red phosphorus has a

thermosetting resin content of 0.5 to 10 parts by weight

relative to 100 parts by welight of red phosphorus.

65. Theredphosphorus base flame-retardant composition
for an epoxy resin according to Claim 52, wherein said
red phosphorus mixture has an anhydrous zinc compound
content of 1 to 20 parts by weight relative to 100 parts
by weight of sald flame-retardant stabilized red

phosphorus.
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66. Theredphosphorus base flame-retardant composition
for an epoxy resin according to Claim 52, wherein said
anhydrous zinc compound has an average particle size of

104 m or below.

67. Theredphosphorus base flame-retardant composition
for an epoxy resin according to Claim 66, wherein said
anhydrous zinc compound has an average particle size of

0.2 to 54Um.

68. The redphosphorus base flame-retardant composition
for an epoxy resin according to Claim 52 or 66, wherein

sald anhydrous zinc compound 1is zinc oxide.

69. An epoxy resin composition for a semiconductor
sealing material, comprising the red phosphorus base
flame-retardant composition for an epoxy resin according

to any of Claims 52 to 68.

70. The epoxy resin composition for a semiconductor

sealing material according to Claim 69, wherein said red
pPhosphorus base flame-retardant composition for an epoxy
resin 1s contained in an amount of 0.05 to 5% by weight

relative to the epoxy resin composition.

71. The epoxy resin composition for a semiconductor

sealling material according to Claim 69 or 70, further
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comprising an epoxyresin, acuring agent and an 1lnorganic

filler.

72. A masterbatch for an epoxy resin composition for
a semiconductor sealing material, wherein a resin
contains the red phosphorus base flame-retardant
composition for an epoxy resin according to any of Claims

52 to 68.

73. A semliconductor sealing material, comprising the
epoxy resin composition for a semiconductor sealing

material according to any of Claims 69 to 71.

74. A semiconductor device, comprising the

semliconductor sealing material according to Claim 73.

75. A method of manufacturing a red phosphorus base
flame-retardant composition for an epoxy resin,
comprising the following steps (Cl) to (Cé6):

(Cl) washing red phosphorus particles with at least
one or more selected from acids and alkalis;

(C2) coating the surface of red phosphorus particles
with an inorganic substance formed of metal hydroxide
or oxide by adding a water-soluble metallic salt and an
alkaline agent to a slurry having sailid washed red
phosphorus particles dispersed into water;

(C3) washing the red phosphorus particles coated with
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the inorganic substance with pure water:

(C4) obtaining flame-retardant stabilized red
phosphorus by adding a synthetic material of a
thermosettingresinorits prepolymer tothe slurryhaving
the washed red phosphorus particles coated with the
inorganic substance dispersed into water to performing
a polymerization reaction so to coat the surface of red
phosphorus particles, which 18 coated with the inorganic
substance, with the thermosetting resin;

(C5) washing the flame-retardant stabilized red
phosphorus with pure water so that a slurry having the
flame-retardant stabilized red phosphorus dispersed in
10% by weight into water at 20T has an electric
conductivity of 304 s8/cm or below; and

(C6) mixing the washed flame-retardant stabllized red
phosphorus and the anhydrous zinc compound to obtain the
red phosphorus base flame-retardant composition for an

epoxy resin.

76. The method of manufacturing a red phosphorus base
flame-retardant composition for an epoxy resin according
to Claim 75, wherein said step (C3) washes the red

phosphorus particleswithpurewateruntil aslurryhaving
sald red phosphorus particles dispersed in 10% by weight

into water has an electric conductivity of 1000 s/cm

or below.
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77. The method of manufacturing a red phosphorus base
flame-retardant composition for an epoxy resin according
to Claim 75, wherein said red phosphorous particles have
an average particle size of 1 to 50/ m and 10% by welight
or below of particles with a particle size of less than

lium.

78. The method of manufacturing a red phosphorus base
flame-retardant composition for an epoxy resin according
to Claim 75, wherein said red phosphorus particles have
an average particle sizeof 1 to 504 m, a maximum particle
size of 1504 m or below, and 10% by weight or below of

particles with a particle size of less than 1/iUnm.

79. The method of manufacturing a red phosphorus base
flame-retardant composition for an epoxy resin according
to Claim 75, wherein said red phosphorus particles have
an average particle size of 1 to 10/ m, a maximum particle
size of 20U m or below, and 10% by weight or below of

particles with a particle size of less than 1liUm.



