DESCRVPTICN CRGOSSLI NKED PHENOXYPHOSPHAZENE COMPOUNDS
PROCESS FOR THE PREPARATI ON THEREOF, FLAME RETARDANTS,

FLAME- RETARDANT RESI N COVMPOSI TIONS, 5 AND MOLDI NGS OF

FLAME- RETARDANT RESI NS Field of the Invention

The present invention relates to crosslinked phenoxyphosphazene
conpounds, a process for the 10 preparation thereof, flanme retardants,
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The present invention relates to crosslinked
phenoxyphosphazene compounds, a process for the
10 preparation thereof, flame retardants, flame-retardant
resin compositions and moldings of flame-retardant resins.
Background Art
Synthetic resins are widely used in various
filelds such as electric and electronic products, office
15 automation equipment, office equipment and communications
equipment because of fheir excellent molding
processability, mechanical proberties, appearance and the
like. The resins ﬁséd in certain applications are
required to have.flame retardancy for profection against
20 the heat and ignition of internal parts in devices and
appliances.
In order to impart flame retardancy to
synthetic resins, a flame retardant is generally added to
.the resin prior to molding of the resin. ?1ame retardants

25 are roughly classified into two groups, i.e., halogen-



-2- " containing flame retardants and hal ogen-free fl ane

ret ardants. ' Exanpl es of hal ogen-containing flanme retardants
i ncl ude tetrabronobi sphenol - A and |i ke organi c hal ogen 5 conpounds;
tris(chl oroet hyl phosphate), tris(2, 3- di br onopr opyl ) phosphate and |i ke
hal ogen- cont ai ni ng or gani ¢ phosphorus conpounds. Hal ogen-contai ni ng
flame retardants produce high flane-retardant effects but al so

reduce heat stability of matrix synthetic %esins, cause 10 deterioration
and di scoloration of the resins and furthef” have the foll ow ng

dr awbacks. Hal ogen-cont ai py ng fl ame retardapts ungdergo_t her mal
deconposition§ %‘r‘bﬁ%ﬂ et!lange ?R?Eﬁ%%tﬁd??%el?gf‘ﬁ%?%bgrﬁgugiﬁﬂgcor rosi on
of netallic and further produce | ow nol ecular weight toxic 15
hal ogen conpodﬁﬂ§H§§S§V%Toducts during nol di ng or burning.

Exanpl es of hal ogen-f re%}{(&éﬁﬁé q%f;\gjmrﬁ%n_n% %t}%] @X%%;s%%_ﬁé%?éi de,

al um num hydr oxi de and [ rga

phosphat e (Tpggncélr}lﬁ ii&mﬁ&mbﬁ%ﬁ&fﬁﬁw&@ﬂét 5:}@?538) halbbdi ¥} 20

phosphate (TX e organic or us compounds ent No.

174,493, Dgtcly dﬁﬁdé*ktf&é%&hfﬁ%beﬁﬁﬁ&éﬁ@ hate) Unexpg aeg- Pat ent
Publ ication No. 1,079/1993 and U. S ST atggt hb? 5,1%%?556).

The inor gani ¢ qErdmdpaEoa Pstfosptia £é tand alke 2palb§eh Jo6hYaliengo Vat er
generated by thernmal
organic phosphorus compounds. Halogen-containing flame
retardants produce high flame-retardant effects but-also
reduce heat stability of matrix synthetic resins, cause
10 deterioration and discoloration of the resins and further
have the following drawbacks. Halogen-containing flame
retardants undergo thermal decomposition to generate
hydrogen.halide, thereby causing corrosion of metallic
molds, and further produce low molecular weight toxic
15 halogen compounds as byproducts during molding or burning.
Examples of halogen-free flame retardants
include magnesium hydroxide, aluminum hydroxide and like
inorganic metal hydroxides; triphenyl phosphate (TPP),
resorcinol bis(diphenylphosphate) (RDPP), trixylyl
20 phosphate (TXP) and like oxganic phosphorﬁs compqunds_(EP
Patent No. 174,493, Dutch Patent No. 8,802,346, Japanese
Unexamined Patent Publication No. 1,079/1993 and U.S.
Patent No. 5,122,556).
The inorganic metal hydroxides exhibit flame

25 retardancy due to water generated by thermal



-3- ®  deconposition. Since water nerely produces |ow flame

retardant effects, the inorganic netal hydroxide nust be added in a

| arge anount to provide a sufficient |evel of flame retardancy.
However, such a |arge anount addition 5 entails a disadvantage that the
I nherent properties of synthetic resins (e.g., nmechanical properties)
are | mpai red. The organi ¢ phosphorus conpounds produce
conparatively high flame-retardant effects, However, 10 since these
conpounds are liquid or low nelting solid'gﬁd have a high volatility,

composi 1 on cARCIIRLEIPE S48 WALGT AEHRIA PRI ob L
62 The’er R S Sk ol IR el PSR a8 TR 81 7
or gani ¢ phospRRE At hide diutl vo PEREIS R ERTPERRRGLOPRITMR, o
20 the ari poeme EREHnGY; WonRiell " bl f R Yplin®® ddd Uiy °
(t1amng dges diffa£Afd Wesad¥aiPide | At 2the inﬁ%g&ﬁ ' pflopgtieds ggd there

are no nolten resin drlps llgnlte cotto ) I anme r et ar dancy
test UL-94  gydthestidrdoind! paT@D] |médh&iié’éﬁs%i-6?éﬁiféb flaréor Parts
25 in Devices & Appliances, which is a standard test for

impaired.

‘'The organic phosphorus compounds produce
comparatively high flame-retardant effects. However,

10 since these compounds are liquid or low melting solid and.
have a high volatility, it is necessary to use a low
temperature for molding a resin composition containing an
organic phosphorus compound, and there always arise
problems such as blocking during kneading, and migratioﬁ

15 of the organic phosphorus compound to the surface
(Juicing) during kneading or molding. Moreover, resin
compositions containing said'organic phosphorus compound
have the drawback of dripping (falling of molten resin
-droplets) during burning and spreading of a fire due to

20 the dripping. Consequently, in order to obtain a rating
'of V-0 (flaming does not continue for more than a
specified period, and there are no molten resin drips
which ignite cotton) in a flame retardancy test UL-94
(Testing for Flammability of Plastic Materials for Parts

25 1in Devices & Appliances, which 1s a standard test for



-4- " evaluating flame retardancy), by adding an organic phosphor us

conpound to a resin, it is necessary to.add a fl uori ne-contai ni ng
resin such as pol ytetrafl uoroethyl ene (PTFE) as an agent for
preventing dripping of nolten 5 resin during burning. However, the

fl uori ne-cont ai ni ng resin contains hal ogen and evol ves toxic gases
during conbusti on. Known as flanme retardants are
phenoxyphosphazene conpounds obt ai ned by rﬁacting 10 dichl orophosphazene
wi th a nonohydroxy conpound such as pfienol . For exanple, proposed is

Such a5 pol yafiAUALFH BLi ccet A TEL, P HIGLRG &b BFORRE Fon No.
5341100 LSRR S < {SBERTCFE 1HBRLASHFLS b
POl yoarbonat ¢ afELoggas 5 IS 40 45 BOr{PABERET o HIGHRY: 052
Db o WPEEL OB R SRR £57 PoloaRelsy s Shprhp SR BAaR o
epoxy resi g (JaaieSfuring bEEKERY Ned Hdwetlr, Pihld T cotdailitg 996) -
Such incorporation of phenoxyphosphazene may I ncrease the limt “oxygen
index (LO) valdiad adon¥éys Halogen and evolves toxic gases during
| combustion.
Known as flame retardants are
phenoxyphosphazene compounds obtained by reacting
10 dichlorophosphazene with a monohydroxy compound such as
phenol. For example, proposed is adding a
phenoxyphosphazene compound to a thermoplastic resin,
such as polyamide resin (Japanese Examined Patent
Publication No. 53,746/1981), polycarbonate resin
15 (Japanese Unexamined Patent Publication No. 37,149/1976),
polycarbpnate or a mixture of polycarbonate and other
thermoplasitic resins (Japanese Unexamined Patent
Publication No. 292,233/1995) or a mixture of aromatic
polycarbonate and rubber-styrene resin (Japanese
20 Unexamined Patent Publication No. 53,009/1997), or to a
thermosetting resin such as epoxy resin (Japanese
Unexamined Patent Publicétion No. 225,714/1996).
Such incorporation of phenoxyphosphazene may
increase the limit oxygen index (LOI) value (an index of

25 flame retardancy) but does not impart sufficiently



25 flame retardancy) but does not inpart sufficiently

-5- I nproved flane retardancy to the resin and inevitably reduces
heat resistance and nechani cal properties of the . resin. _
Further, Japanese Unexam ned Patent Publication 5 No. 47,042/ 1976 proposes
using as a thernoplastic aromati c polyester flane retardant a
phosphazene conpound prepared by substituting chlorine atons of

di chl orophosphazene w th nonohydroxy conpounds (e.g., - al kal i- net al
phenol ate) so as to have a substitution 18- degree of 3.9 to 6 (based on

t he di chl or ophosphazene trimer) and further substituting the residual
chl orine impraved tHlame retardancy bacthe resin gnd ineyikably

netal salt of 4,4'-isqpropylidene diphengl). However, ~when
The- phoaphas cFEduARR BRRG ERRTERANGE ShY BAGhaRbaRl PEAPRELASH BF<theos
therein is ihcorporated into a thernoplastic resin such as pol yester
or "pol ycar bondit R} he nol ecul ar wei ght of the t hernopl astic resin

PR e S SRR Ty T
ST the' &1 MR 41 82576 ReNond Gekha a8y, PRERMBRLORegTT) P 2V o
Di scl osure of JfismdtWEpéPPester flame retardant a phosphazene compound
prepared by substituting chlorine atomé of
dichlorophosphazene with monohydroxy compounds (e.g.,
alkali metal pheholate) so as to have a substitution
10 degree of 3.9 to 6 (based on the dichlofophosphazene
trimer) and further substituting the residual chlorine
atoms with alkall metal diphenolate (e.g., an alkali
metal salt of 4,4'-1sopropylidéne diphenol).
However, when the phosphazene compound prepared
15 by the production méthod disclosed therein is
incorporated into a thermoplastic resin such as polyester
or polycarbonate, the molecular weight of the
thermoplastic resin decreases and moldings of the
resulting resin composition will have low mechanical
20 properties and low heat resistance and fail to have a
sufficiently high flame retardanéy. This tendency becomes
more evident with thg lapse of time from the production
of the resin moldings.
Disclosure of the Invention

25 An object of the present invention 1is to:



25 - An object of the present invention is to,

- 6- provi de a novel phosphazene conpound which can greatly

i nprove fl ane retardancy. Anot her object of the invention is
to provide a flame retardant which, when incorporated intoa 5

t hermopl astic resin or a thernosetting resin, does not reduce the

nol ecul ar wei ght of the resin and thus does not ‘i nmpair the nechani cal
properties or heat resistance . of the resin. A further
object of the invention is to provide 10-63 process for preparing the

f or egoi ng phosphazene co QO her features_of the

ound.
present inventB%AVige a nove gghﬂiP%ﬁﬁ%P%n?oﬁP%ﬂ?@H@h*ﬁmI%ﬁﬂn@rGGEQYiption.
‘The present inventors rried gut extensive 15 research to achieve the
above objectsﬁqﬁﬁP?? ae retaxdane¥ied in producing a new crossl i nked

phenoxyphosphazene conp Lcl.dis.useful. as,.a fl retardapt for

Zynt hgft I C [esj[ ns, and c%dtel%}é.%e?gé%én%he 1nv?'h€g‘ﬁ?:ig:$.i;° (%?EZZIﬁiqik:d
ccording to tde present . [
phenoxyphosphazene ?gnpod%§¥€n&ﬁ£@%érac%%r#é%%rP%rgﬁgﬁ: ca at

I east one ghosgHrds SRS B! 1 &théAfldsetting resin, does not

reduce the molecular weight of the resin and thus doeé
not impair the mechanical properties or heat resistance
of the resin.

A further object of the invention is to provide

10 a process for preparing the foregoing phosphazene
compound. '

Other features of the present invention will
become apparent from the following description.
The present inventors carried out extensive

15 research to achieve the above objects, and finally
succeeded in producing a new crosslinked
phenoxyphosphazene compound which 1s useful as a flame
retardant for synthetic resins, and completed the present
invention.

20 Accordiﬁg to the present invention, there is
provided a crosslinked phenoxyphosphazene compound
characterized in that: |

at least one phosphazene compound selected from
the group consisting of a cyclic phosphazene compound

25 represented by the formula (1)



the grbup consi sting of a cyclic phosphazene conpound 25 represented by

~the fornmula (1) -7- Jerr]
(wherein mis an integer of 3 to 25 and Ph is a phenyl group) and a
straight- or branched-chai n phosphazene conpound represented by the
formula (2) [err] 5 (wherein X err] represents a group -N =
P(OPh)3 or a group -N=P(O) OPh, Y[err] represents a group -R(OPh)4 or a
group -P(O(OPh)2,. and n is an integer_of 3 to 10000 and Ph is as
defined above) 10 is crosslinked with at’Teast one crosslinking group
selected fromthe group consisting of o-phenyl ene group, m phenyl ene
group, p-phenylene group and pigpphgqnyl ene group represented by the

formula (3)
(1)

(wherein m is an integer of 3 to 25 and Ph is a phenyl
group) and a straight- or branched-chain phosphazene

compound represented by the formula (2)

‘l’l’h
xt peN 'e (2)

OPh Jdn

(wherein x! represents a group -N = P(OPh)3 or a group
-N=P(0)OPh, y! represents a group -P(OPh)4 or a group
-P(0)(OPh);, and n is an integer of 3 to 10000 and Ph is
as defined above) ‘

10 1is crosslinked with at least one crosslinking group
selected from the group consisting of o-phenylene group,
m-phenylene group., p-phenylene group and bisphenylene

'group represented by the formula (3)

15 (wherein A is -C(CHj)z-; -803-, -S- or -O- and z is 0 or

1);



15 (wherein Ais -CQ(CH3)2-, -S®-, -S or -O and z is 0 or ©1);

(a) each of the crosslinking groups is I nt erposed between the two
oxygen atons |eft after the el im nati on of phenyl groups fromthe
phosphazene conmpound; 5 (b) the anpbunt of the phenyl groups
in the crosslinked conpound is 50 to 99. 9% based on the total

anount of the phenyl groups in said phosphazene conpound r epr esent ed
by the formula (1) and/or said phosphazenga_ conmpound represented by the
formula (2); and 10 (c) the crosslinked phenoxyphosphazene

conpound has no free i gxye Q:{l%g%é:d;ésﬁfimii'% g&l'gdﬁf a8 ocess for

According to the present' I'nventi on,

. 0 : . . or
preparing t eim&%ﬁ .betw&&sﬁ{éwwywweafeﬁowg Ic

conprises 15 W ng steps: ] east one
di chl or ophos pleAzeiis A6 WE pheny® Yrsid ff&ﬁnﬁﬂ@ﬂ &pepésting of a
y

cyclic di chl or ophosphazene conpound represente he fornul a
(4) [err] compound;

5 (b) the amount of the phenyl groups in the
crosslinked compound is 50 to 99.9% baséd on the total
amount of the phenyl groups in said phosphazene compound
represented by the formula (i) and/or said phosphazene
compound represented by the formula (2); and

10 (c) the crosslinked phenoiyphosphazene compound
has no free hydroxyl groups in the molecule.

According to the present invention, there is
provided a process for preparing the foregoing
crosslinked phenoxyphosphazene compound which comprises

15 the following steps:

| at least one dichlorophosphazene compound

selected from the group consisting of a cyclic |

dichlorophosphazene compound represented by the formula

(4)

(4)

20

(wherein m is as defined above) and a straight- or



20 " (wherein mis as defined above) and a straight- or

-9- branched- chai n di chl or ophosphazene conpound represented by the
formula (5) [err] (wherein X err] represents a group -N =
PCl[err] or a group 5 -N=P(OUC, Y[err] represents a group -PCl[err] or a
gr oup -P(Od([err], and n is as defined above) Is reacted with a

m xture of al kali netal phenol ate represented by the fornula (6) [err]
10 (wherein Mis an alkali netal) and at |gast one di phenol at e sel ected
fromthe group consisting of alkali metal di phenol ate represented by

trgfar or r1r15JI 3i foﬁ%ﬁ&[:&é‘] l I &ﬁé’\é{mrel M.i s as olteggl}prbelgln&\blgevpegegengt aékal [
by the formula (5)
fl .
X PN e (5)

{wherein x? represents a group -N = PCl3 or a group
5 ~N=P(0O)C1, y2 represents a group -PCl4 or a group

-P(0)Cl5, and n is as defined above)

is reacted with a mixture of alkali metai phenolate

represented by the formula (6)

@—om' (6)

10 (wherein M is an alkali metal) and at least one
diphenolate selected from the group consisting of alkali

metal diphenolafe represented by the formula (7)
=0 '
/
Mo—@ 1)

(wherein M is as defined above) and alkali metal

15 diphenolate represented by the formula (8)



-10- Jerr] - (wherein A, z and M are as defined above); and

the resulting compound is further reacted wth the al kali netal
‘phenol ate. 5 The crosslinked phenoxyphosphazene conpound of

t he invention produces higher flanme retardant effects t han .
conventional non-crosslinked phenoxyphosphazene conpounds and inparts
high flame retardancy to t hernopl astic resins or thernosetting resins.
10 The crosslinked phenoxyphosgggéene conmpound of t he

i nvention which is free of 'hal ogen does n cause corrosion of
metallic nolds or deterioration or di scol oration of resins during
nol di ng and does not produce any toxic gases such as hydrogen halide
during 15 conbustion. Fu nore, the crosslinked
phenoxyphosphazene w“-@o ] i0n whi £8) has a | ow
volatility does not nece tate usi | ow resin nol ding tenperature
and Is free of shortcom ngs such as bl ocking during kneading, 20

m gration of the flane retardant to the surface. (juicing) -  during

kneadi ng or niwiexginakd dr igye M) ake iay) daftinedy.above); and The present
I nventors carried out research and

the resulting compound is further reacted with
the alkall metal phenolate.

5 ) . The crosslinked phenoxyphosphazene compound of
‘the invention produces higher flame retardant effects
than conventional non-crosslinked phenoxyphosphazene
compounds and imparts high flame retardancy to
thermoplastic resins or thermoéetting resins.

10 : : The crosslinked phenoxyphosphazene compound of
the invention which is free of halogen does not cause
corrosion of metallic molds or deterioration or
‘discoloration of résins'during molding and does not
produce any toxic gases such as hydrogen halide during

15 combustion.

Furthermore, the crosslinked phenoxyphosphazene
compqund of the invention which has a low volatility does
not necessitate using a low resin molding temperature and
is free of shortcomings such as blocking during kneading,

20 migration of the flame retardant to the surface-(juicing).
during kneading or molding, and dripping during burning.

The present inventors carried out research and



-11- found that the -phosphazene conmpound prepared by the met hod
di sclosed in the foregoi ng Japanese Unexani ned Pat ent Publication No.
47,042/ 1976 has residual free hydr oxyl groups derived fromthe
starting material alkali 5 nmetal diphenolate in the nolecule. The present
I nventors further found that when a phosphazene conpound cont ai ni ng
such free hydroxyl groups is incorporated into a t hernopl astic resin
such as pol yester or polycarbonate, the free hydroxyl groups cause the
reduction of the 10 nolecular wei ght of-%¥re resin, and noldings of the
resulting resin conposition w_ll have inferior nechanical properties
and heat resi §o3de that the phosphazgpe GURROURL RLPRFRA VB cER®azene
conmpound of t he invention having no free hydrox é%%rou s inthe 15

mol ecul e doesW%dl?:?{é’&WM‘b&h%rf%%'f%fJaﬁ _ ?‘E“‘:%@i ns and

e " L o LSO, By SEHIBAT HB0

of synthetic. .

no f¥ee hydro%ﬁﬁg&kifzgﬁéﬁk§iqé¥%¥9qnﬁﬁgmnEP+mﬁﬁé?€#é§)ﬁ#éﬁﬁ%% n?15?Eireeg
| s it

necording S o Tl Ehdiibed Rt FRE R Soud £ ' miil Thomont TR Ars

pyridine as degaitHiid P %ha in £ phd¥ihatdid! cohpsuRd " YohBRERPRY

(revised 3rd edition,
' such free hydroxyl groups is incorporated into a

thermoplastic resin such as polyester or polycarbonate,
the free hydroxyl groups cause the reduction of the

10 molecular weight of the resin, and moldings of the
resulting resin composition will have inferior mechanical

. properties and heat resistance.
The crosslinked.phenoxyphosphazene compound of

the invention having no free hydroxyl groups in the

15 molecule does not reduce the molecular weight of
synthetic resins and thus does not impair molding
processability of synthetic resins or mechanical
properties (e.g., impact resistance) and heat resistance
of synthetic.resin moldings.

20 In this specification, "having no free hydroxyl

| groups in the molecule"means that the amount of free
hydroxyl groups is less than the detectable limit, when.
measured according to fhe acetylation method using acetic
anhydride and pyridine as described on page 353 of

25 Analytical Chemistry Handbook (revised 3rd edition,



-12- ° - edited by Japan Anal ytical Chem stry Acadeny, published by
Mar uzen Book Store Co., Ltd., 1981). Herein the term detectable imt"
means the m ni mum anmount detectabl e as hydr oxyl equival ents per gram
of a test sanple 5 (crosslinked phenoxyphosphazene conpound of the

I nvention), nore specifically 1 x 10[err] hydroxyl . equi val ent s/ gram
On analysis of the crosslinked phenoxyphosphazene conpound of the

i nvention by the 10 foregoing acetylathg%nethod the resulting anount

i ncl udes the anmount of hydroxyl groups in

e residual phenol used as

a starting mat ﬁﬁ'%% e the@ﬂﬂ%’rﬂé@p %*ﬁ%%ﬁé%@b%ﬁ%ﬁs‘h

phenol can be
anount of fre
conmpound can

) d
_ J]%%e Brec selfy de éerérﬁnéggt&rosfééfi(? l'im:‘a?he pr es%iegrﬁ{

I nvention pro‘“d@éeh Gdb A ELImi t~ il didlatte it NS a&é’f&?@%i&”&@

crosslinked
The present i

conposi tion conpr|3|ng

t her noset tgng

flane retardant.

enoxXyphosphazene conpound as an active ingredient.

f | r nt resin
éltgm?aléﬁ@y gram36E-a test @%@?ﬂ@

part's of a t her no Ic resin or a

(o ssBiitkdd ]pﬁ&iox?hd%d%en@aéér&p&ind her afge enent i oned

e present invention further provides a

flame- 25 r efmreiftiion BSimore @ecifDeaTDyPL i Do 10Fdroxyaarts of a

10

15

20

25

equivalents/gram.

On analysis of the crosslinked
phenoxyphosphazene éompound of the invention by the
foregoing acetylation method, the resulting amount
includes the amount of hydroxyl groups in the residual
phenol used és a starting material. Since the quantity of
the starting material.phenol can be determined by high
speed liquid chrbmatography, the amouﬁt of free hydroxyl
groups in the crosslinked phenoxyphosphazene compound can
be precisely determined.

The present invention p:ovides'a flame
rétardant comprising the aforementioned crosslinkéd
phenoxyphosphazene compound as an active ingredient.

The bresent invention further provides a flame-
retardant resin composition comprising 100 wt. parts of a
thermoplastic rgsin or a thermosetting resin and 0.1 to
100 wt. parts oflthe aforementioned flame retardant.

The present invention further provides a flame-

retardant resin composition comprising 100 wt. parts of a .



-13- t hernopl astic-resin-or a thernosetting resin, 0.1 to 100 Wt .

parts of the aforenentioned flane retardant and 0. 01 to 50 wt. parts
of an inorganic filler. The present invention also provides
a flame- 5 retardant resin conposition conprising 100 wt. parts of a '
thernoplastic resin or a thernosetting resin, 0.1 to 50 wt. parts of
the aforenentioned flanme retardant, and 0.1 to 50 wt. parts of an

or gani ¢ phosphorus conpound free of hal ogen. 10 The
present invention further provides a fl a3~ retardant resin
conposition conprising 100 wt. parts of a t hernoplastic resin, 0.1 to

100 wt. parts diermpplastiGiresin RF hcthermesettling £osinn 0ol otor 409 5
br esent i nventfton BEHA deb T4 toTenatt LEaed FlRe cFotaTioRt 2RI Br0Y
o U e
obt ai ned by a prgce'ss gglﬁ%}er %&%gﬂm%l%ﬁ%}fﬁfgégp% E18fe - at
consi sti ngoof EPCONATE FEEDE CARBALIENoF Soibrising 166 L "oHEROR B (e
formul a (4) anhérmdpPadbic résif’of’ 4 EheHnGASLELAGCRERIRPNOSRN 26580 |

conpound

wt. parts of the aforementioned flame retardant, and 0.1
to 50 wt. parts of an organic phosphorus compound free of
halogen.

10 The present invention further provides a flame-
retardant resin composition comprising 100 wt. parts of a
thermoplastic resin, 0.1 to 100 wt. parts of the
aforementioned flame retardant and 0.01 to 2.5 wt. parts
of a fluorine-containing resin.

15 Further, the present invention provides flame-
retardant resin molded articlés produced by molding any
of the above flame-retardant resin compositions.
Crosslinked phenoxyphosphazene compounds

The crosslinked phenoxyphosphazene compounds of

20 the invention can be obtained by a process comprising the.

following two steps: |

at least one dichlorophosphazene compound selected
from the group consisting of a cyclic dichlorophosphazene
compound represented by_the fofmula (4) and a straight-

25 or branched-chain dichlorophosphazene compound



-14- 7 represented by the fornula (5) is reacted with a m xture of

al kali netal phenol ate represented by the formula (6) and at | east one
di phenol ate sel ected fromthe group consi sting of alkali netal

di phenol ate represented by the 5 formula (7) and al kali netal diphenol ate
represented by the formula (8) (the first step); and t he
resul ting conpound is further reacted with the al kali netal phenol ate
(the second step). The stqu of the present inventors
revealed 10 that al kali netal diphenol at $epresented by the formul a

i ' h d h I th
Wkart wotal - e “%%%té’éﬁ‘é?@ﬁ%ﬁgﬁﬁﬁg?sf°f??%$a%r§éf?vg}thmr@iiiure:“
i fi ly, ' z onpoun
2Fkal 1 metal | SoagEl ety Sndnojate ﬂ%&%%%_@?%é@(ﬁ?gi £oh 18, (8
h Z60 @%%EE’ fﬁh@ﬁ I ori ne
ngggX&Ftﬁsgﬁenoxfﬁgroups. ?ﬁ?t e ot g% 3ﬁ%€féé£g&mﬁgﬂﬂatﬁ$x?ﬁ§g of a

di chl or ophos s CONe W da ARa1 1 metal kgif%n@ﬁéfatéif f&ééﬁﬁeﬁgpgle;ﬁat ed

by the formula (7) 20 or (8) is heated, substitution reaction

proceeds. 5 formula (7) T&ed CADK&11 MEraR @ggﬁ@maeé PR LESeALEROBYY

i s prepared according to the method described in Japanese ~Unexam ned
Pat ent Publ i catheored¥muYe , 08P/ (Hé, £1hsEhstep) ; Cangr | ses reacting a

di chl orophospazene conpound with
the resulting compound is further reacted with the
alkali metal phenolate (the second step)-.
| The study of the present inventors revealed
10 that alkali metal diphenolate represented by the formula
(7) or (8) réacts with dichlorophosphazene compounds much
less than alkali metal phenolate represented by the |
formula (6). More specifically, when a miﬁture of a
dichlorophosphazene compound and alkali metal phenolate
15 represented by the formula (6) is heated, a
lphenoxyphdspazene compound is produced by substitution of
chlorine atoms with phenoxy gfoups. On the other hand,
when a mixture of a dichlorophosphazene compound and
alkall metal diphenolate represented by the formula (7)
20 or (8) is heated, substitution reaction hardly proceeds.
Therefore, when a phenoxyphosphazene compound
1s prepared according to the method described in Japanese
Unexamined Patent Publication No. 47,042/1976, which
comprises reacting a dichlorophospazene compound with

25 alkalil metal phenolate and reacting the resulting



25 al kali netal phenol ate and reacti-ng the resulting :

- 15- conpound with al kali netal diphenolate, it is highly
difficult to conpletely substitute the chlorine atons remai ni ng after
reaction, with alkali netal diphenolate. . Even when one of the OM
groups in the alkali netal 5 diphenolate reacts with a chlorine atomin

t he di chl or ophosphazene conpound, the remai ning OM group at t he
other end hardly reacts with a chlorine atom Wen the OM group is
converted to OH group, a hydroxyl - (x*ﬁaJnlng phosphazene conpound

{gs‘s'rfeiar eéfamemd Y ﬁéf;ﬁ&n%%f Alplgantath. TE o RiBAtEnpr | Ses |
t
ket ) te coamisrRly TARRErEdrs B8 ahfonthe rafobrng 15

oroups do not TNBHLT b EeF S ih Ty ERR LSRR *%Wmé‘x?i"ﬁ'
el i m nat ed 1 qzg ekxg%ﬁé Yo B 2ns HRSGRLRE 1 e opdbRly L ELYO OXVTE

atons conbi ne w or us ato OI‘O Osp azene

compound, §husaHnd ?Pe&éeé%ifﬁea' mfwm&haé&naiﬁn&ﬁmound (W th

an I ncreased no ecu ar wel ght) The di chl or ophosphazene

compounds of td¥chlorofkésbhazérdd Soipé@a tha%e@aiﬁiagtong%ﬁaﬁﬁra@ s in

t he _production process of the invention can be produced
the other end hardly reacts with a chlorine atom. When

the OM group is converted to OH group, a hydroxyl-
containing phosphazene compound results.

10 By contract, when a phenoxyphosphazene compound
is prepared according to the method of the invention
which comprises the steps of reacting a
dichlorophosphazene compound with a mixture of alkali
metal phenolate and alkali metal diphenolate and reacfing

15 the resulting cémpound with alkali metal phenolate, free
hydroxyi groups do not remain in fhe molécule.' M of both
OM groups is eliminated f£rom the alkali'ﬁetal diphenolate
so that the two oxygen atoms combine with phosphorus
atoms in the dichlorophosphazene compound, thus giving a

20 crosslinked phenoxyphosphazene compound (with an
increased molecular weight).. | -

The dichlorophosphazene compounds of the
formuia (4) and (5) fo: use as starting materials in the
production process of the invention can be produced by

25 known methods'as described in Japanese Unexamined Patent



25 known net hods as described i n Japanese Unexam ned Patent

- 16- Publ i cati on No. 87,427/1982, Japanese Exam ned Patent
Publ i cati ons Nos. 19, 604/1983, 1363/1986 and 20, 124/ 1987, etc. An
exenpl ary nmethod conprises reacting anmoni um chl ori de and phosphorus
pentachl oride (or amonium 5 chloride, phosphorus trichloride and

chl orine) at about 120 to 130[err] C using chl orobenzene as a sol vent,
fol | oned by renmpval of hydrogen chlorjde. According to this

met hod, di chl orophosphazene conpounds of s formul a (4) and (5) can

be obtai ned as a _m xture. According to the gresent

i nvention, th@¥b11°a§ﬁqaLﬂéfnﬁﬂvﬁﬁgl%%ﬂzpean%n%EeaE§?@}P ﬂgP%Bﬁﬂgund,for
5 ) ) .

the for mul fS f%@&?ﬁ;{%@ﬁ%% Z ELN %f?éﬁﬁhﬂéé? Eﬂ»’iﬁﬁ/fgf@ eeﬁ@ﬂ?@ﬁ@%ﬁé&gﬁaiene
15 ei : ] .

R e L. e

Beanpl o5 of o Rt g phidohorus BORLAERBESS' [SF anmontum . ()

include a i d%l-{l%}.gﬁlef’f é}ﬂﬁb}?\ richlofide aéﬁdSBHiHP%HQ?”Q abfout

te, Tithiu T all

pot assi um phenol a . phenolate and so on. These alk net a
phenol ates cane to 130*ChPindEnPoLO eRzend £8"RI 88itERt, followed

by removal of hydrogen chloride. According to this
method, dichlorophosphazene compounds of the formula (4)
and (5) can be obtained as a mixture.

10 According to the present invention, this
mixture can be used per se as a starting compound, or can
be separated into a cyclic dichlorophosphazene compound
of the formula (4) and a straight- or branched-chain
dichlorophosbhazene compound of the formula (5) and |

15 either of them can be used singly.

Of dichlorophosphazene compounds represented by
the formula (5), those wherein n is an integer of 3 to
1000 are preferred.

Examples of alkalli metal phenolates represented

20 by the formula (6) include a wide range of those known, .

"~ and are sodium phenolate, potassium phenolate, lithium
phenolate and so on. These aikali metal phenolates can be
used either alone or.in combination.

There is no limitation on the positions of two

25 -OM groups (wherein M is as defined above) in alkali



There is no linitation on the positions of two 25 -ON groups (wherein Mis

as defined above) in alkali -17-
net al di phenolate of the formula (7). Any of ortho, netha and para

w || do. Exanples of alkali netal diphenol ates i ncl ude al kali netal
salts of resorcinol, hydroqui none, catechol and the like, of which
sodiumsalts and lithium 5 salts are preferred. These alkali netal

di phenol at es can " be used either alone _or in conbination.

Exanpl es of al kali netal diphenol ates ‘r?bpresented by the fornula (8)
I nclude al kali netal_salts of 4,4'-isoprop Ildenedlpheno

(bi sphenol - A) metad d iﬁwn%lﬂ%rﬂ#dil}ﬁ]eﬁwmg é f ortho, metha

4, 4'-th|od|phen

whi ﬁh slodl um & pba(ﬁat §'ja]r?d q‘?‘t h noI °ef'r phe Ol %jlé'ﬂhe i K'aﬂ °
fenording to AMEIE e El eLE Sk §F ”ﬁ%é'g%%f%?la.%%ﬁ%m%%? ‘the
D) SR B o LIPS i

used either alone ) nation.

according go t prq@@gﬁ hddolat e bl e
to use al kg|l 1p‘.’rmet al %noﬁ%te an :ab ateastln ss,(tc
amounts that g ﬁéa%lﬁiéﬁ%féﬁ%fmﬂheombmaei&ml orOphosphazene |
conpound are consuned by the reaction wth al kali netal phenolate and

al kali metal diphenol at &xamples of alkali metal diphenolates
represented by the formula (8) include alkali metal salts
of 4,4'-isopropylidenediphenol (bisphenol-A), 4,4°-

10 sulfonyldiphenol (bisphenol-S), 4,4'-thiodiphenol, 4,4'-
oxydiphenol, 4,4°'-diphenol or the like, of which sodium
salts and lithium salts are preferred. Alkali metal
diphenolates are used either alone or in combination.

According to the present invention, alkali

15 metal diphenolate of the formula (7) and alkali metal
diphenolate of the formula (8) can be used either aione
or in combination.

In the first step according to the production
process of the invention, it is desirable tq use alkalil

20 metal phenolate and alkali metal diphenolate in such
amounts.that not all chlorine atoms in the
dichlorophosphazene compound are consumed by the reaction
with alkall metal pheholate and alkali metal diphenolate,
namely, some chlorine atoms in the dichlorophosphazene

25 .compound remain as they are after the reaction with



.manely,; sone chlorine atonms in the dichlorophosphazene 25 conpound renmain
as they are after the reaction with al kali netal phenol ate
and al kali mnetal diphenol ate. - Consequently, -OM groups (wherein Mis
as defined above) at both sides in alkali netal diphenol ate conbine
with - phosphorus atons of the dichlorophosphazene conmpound. In 5 the
first step, the alkali netal phenolate and the al kali net al

di phenol ate are used usually in such anmounts-t hat t he conbi ned anount
of both phenolates, relative to the -d¥-ori ne content of the

di chl or ophosphazene conpound, is about 0.05 to 0.9 equival ents,
preferably ab8d¥adiimetal) phenojatq iand sikalli metal diphenolgtepne second

sechesbre o BebbebnS A aponp DR i At LR S
. . I : h .
the 15 11 1ot & Bl sidles in AAME SERAY fud theni AE g se tv%fiﬁal i |
. : _ . : : ¢
phenol ate i s FUoFERERAY Wdnb 'O G Hilngonqurdililice dolioGut, L 1 <
preferabl yg ab%ﬂe firgtl ﬁf‘&lpl ?ttfél‘al‘iééﬂ‘tﬁetéf'r@{éﬁ’&é& tdifa COAS" Ka11
2 I chl o . I ng

content of t he ophosphazene conpou ccor

to-the pr esenhé't'&\ie][&:ﬂﬂi%ndl@té Hre used WudlBy Akl Bimburtenehate (the

total anmount thereo
the combined amount of both phenolates, relative to the

- chlorine content of the dichlorophosphazene compoﬁnd, is
about 0.05 to 0.9 equivalents, preferably about 0.1 to
'10 0.8 equivalents. |

.In the second step according to the production
process of the invention, it is desirable to use alkali
metal phenolate in an amount such that chlorine atoms and
free hjdroxyl groups in the compound obtained by the

15 first step can be all consumed by the reaction with
alkali metal phenolate. According to the preéent
invention, the alkali metal phenolate is used usually in
an amount of about 1 to 1.5.equivéients, preferably about
1 to 1.2 equivalents, relative to the chlorine content of

20 the dichlorophosphazene .compound.

According to the present invention, the ratio
of the alkali metal phenolate (the total amount thereof
uéed in the first and second steps) and alkali metal
diphenolate (alkali metal dipheno;ate/alkali metal

25 phenolate, molar ratio) 1is usually about 1/2000 to 1/4,



used in the first and second steps) and al kali netal di phenol at e
‘(al kali ‘nmetal diphenolate/alkali netal 25 phenolate, nolar ratio) is

usual | y about 1/2000 to 1/4, -19-
preferably 1/20 to 1/6. The reactions in the first step and
t he second step are carried out in an organic solvent, usually at a

t enperature between roomtenperature and about 150 C, 5 preferably about
80 to 140 C. Exanpl es of useful organic . solvents are aromatic

hydr ocar bons such as benzene, t ol uerré-%4mnd xyl ene; and hal ogenat ed
aromati ¢ hydrocarbons such as. nonochl or obenzene and dichlorobenzene
The r eac BRGEERAY MA® 1Y 3&al Iy in about 1 to 12 hours,

f bl bout 3 to 7 h Th I
BLgng;sphgsghggene cgmﬂ%rWCti°n§ He |%rﬁjr’?ﬁe1t g{)ﬁeﬁﬁrﬂt‘ggbﬁ’? eGSR e
reactions can e eam%i/%#sol t:gt? andﬁm{#ﬁ% V%g ;,Qﬁﬁﬁgﬁ ﬂrlgg a
m xture by |
filtrati t
tlerrpre?alt 8? e ofé/?%roét@cr%és& e:dooxp]e%%m eﬂospﬁ%z%ﬁéoﬁﬁg{éung ? t he

i nventi on ?I o cﬁféﬁﬁ&iﬂ yaﬁ M?orf’é‘gﬁ;&fc 25%}?&?&0 e s seful organic

The propor eny groups in the ssl 1 nke

‘phenoxyphos phag RN MO thidma l’i&{tfi’ééﬁbons siéh O8s { BefPeR&)
preferably 70 to 90% based on the t anount of the phenyl groups
in the cyclic toluene and xylene; and halogenated aromatic hydrocarbons
such as monochlorobenzene and dichlorobenzene. The
rgactions are completed usually in about 1 to 12 houfs,
10 preferably about 3 to 7 hours. |

The crosslinked phenoxyphosphazene compound of
the invention obtained by the above reactions can be
easily isolated and purified from the reaction mixture by
a conventional isolation method such as washing,

15 filtration, drying or the like.

The decomposition temperature of the
crosslinked phenoxyphosphazene compound of the invention
is usually in the range of 250 to 350°C.

The proportion of the phenyl groups in the

20 crosslinked phenoxyphosphazene compound of the invention
is 50 to 99.9%, preferably 70 to 90%, based on the total
amount of fhe phenyl groups in the cyclic
phenoxyphosphazene of the formula (1) and/or straight- or
branched-chain phenoxyphosphazene of the formula (2).

25 The terminal groups x! and Y' in the formula (2)



phenoxyphosphazene of the fornmula (1) and/or. straight- or

branched- chai n phenoxyphosphazene of the formula (2). 25 The
termnal groups X err] and Y[err] in the formula (2)

- 20- may vary in accordance with the reaction conditions and

other factors. If the reaction is carried out under ordi nary
conditions, e.g., under mld conditions in a non- agueous system the
resulting product will have a 5 structurg wherein Xerr] is
-N=P(OPh)[err] and Y[err] is -P(CPh)[errT - the reaction is carried
out under such conditions that nnlsture or an al kali metal hydroxide

i s present inm@fevary ineaccozdappe ¥hth,the,deactdoncondiddans iapd t hat

B Structure wALRERN ERCBARE | oTENERR CRRPELPR: AodLElef Pat Wnders cpn)'a ©
d additi | | t t X nd Y[err
o s S ek g SO AL
conpound_ of n—%%eo%e%#g% artgl l lﬁﬁ:iqlg rlr)p ce!;t%iﬂ'thg\% a15

synthetic resim Pasin The

fl ame- ot of dagiritites YHRAR o 95 Liep(opn R & aﬁamyll mgeni:keﬁhqqrmrifes a

thernoplastic resin or t hernosetting re and t he above . .
crosslinked gfe &Q&%whqsaoml%acmmer such (OndhOISEP @sié C esin

moisture or an alkali metal'hydroxide is present in the

reaction system, or under so severe conditions that a -~
rearrangement reaction occurs, rhe resulting product will
10 have a structure wherein X' is -N=P(OPh)3 and Y is
-P(OPh)4 and additionally a structure wherein X! is
-N=P(O)OPh and Y' is -P(0)(OPh)y.
| The crosslinked phenoxyphosphazene compound of
the invention is useful as a flame retardant for
15 synthetic resins. _
Flame-retardant resin composition
The flame-retardant resin composition of the
- present invention comprises a thermoplastic resin or a
thermosetting resin, and the above crosslinked
20 phenoxyphosphazene compound.
(a) Thermoplastic resin
A wide varlety of resins known in the art may
be used as thermoplastic resin for use in the'present
invention. Such resins are, for example, polyetﬁylene,

25 polypropylene, polyisoprene, polyesters (polyethylene



A wi de variety of resins known in the art may be used as thernoplastic

resin for use in the present I nvention. Such resins are, for exanple,
pol yet hyl ene, 25 pol ypropyl ene, polyisoprene, polyesters (polyethylene
-21- t erepht hal ate, pol ybutyl ene terephthal ate, etc.),

pol ybut adi ene, styrene resin, inpact-resistant pol ystyrene,

acrylonitrile-styrene resin (AS resin),

acrylonitril e-butadi ene-styrene resin (AB% resin), methyl 5

met hacryl at e- but adi ene-styrene resin (MBS ésin) nethyl

met hacryl at e- acrylonltrlle but adi ene-styrene resin resin),

acryLonltr:Ie SEPFH § H&ﬁﬁhﬁ%?%ﬁ?ﬁ ﬁﬁﬁﬁﬁ§ ﬁ: q?ﬁﬂ?ﬁc'krﬂynethy

g ﬂ E é ﬁ t PPE
égr;giniérg:eate B‘g'??%car onat e§é’ em) |O |e %B en ne tgt hg: (ket o)ne,
Bol gt hi oet herggh 3&5 E"&SI %%ttﬁg?ori@}lrlr&g? %%%Jge%élnz@rﬁ c#gzéof[’n .
pol'ycarbodi i ”‘a@?gé%ﬂ:@i}l%e'b@t%%ie e- st%eéfg Heldid 4aes 'Mﬂhfmﬁéﬁi ne

pol ymer, conposi t astl cs the
thernopl agf i Cm@?::ﬁh@iyl%@elﬁ#%rdieél e-s @%ﬂé%&imqlwsﬁlrﬂm{ ﬂ@&&}i ed
In the pr esenhettnﬁ@ﬁsu%e-ta!&ytﬂ&ﬁmwiu&aa%xf@%ﬁﬁm R4S e@m@gl y

pol yphenyl ene et are preferably used
or in conbination. ) Thernosetting resin

resin), acrylonitrile acrylic rubber-styrene resin (AAS

resin), polymethyl (meth)acrylate, polycarbonate, -
modified polyphenylene éther (PPE), polyamide,

10 polyphenylene sulfide, polyimide, polyether ether ketone,
polysulfone, polyarylate, polyether ketone, polyether
nitrile, polythioether sulfone, polyether sﬁlfone,
polybenzimidazol, polycarbodiimide, polyamideimide,
polyetherimide, liquid crystalline polymer, composite

15 plastics and the like.

| Among these thermoplastic resins, polyester,
ABS resin, polycarbonate, modified polyphenylene ether,
polyamide, etc., are preferably used. |
In the present invention, the thermoplastic
20 resins may be used singly or in combination.
(b) Thermosetting resin_
A wide variety of reéins known in the art may
be used as the thermosetting resin for use in the present
invention. Such thermosetting resins include polyurethane,

25 phenol resin, melamine resin, urea resin, unsaturated



A wide variety of resins known in the art may be used as the
thernosetting resin for use in the present I nvention. Such

t hernosetting resins include polyurethane, 25 phenol resin, nelam ne
resin, urea resin, unsaturated

-22- pol yester resin, diallyl phthalate resin, silicon resin and
epoxy resin. Anmong these thernosetting resins, particularly
pref erabl e are pol yuret hane, phenolic resin, melam ne 5 resin, epoxy
resin, etc. The epoxy resi-®@-are not linmited to any

specific types and may be selected froma w de variety of epoxy resins
known in the Rolyestemresix. fiallydophthalate nesims siddican mesimenocl - A
t ype-epoxy resin, bisphenol-F 10 type epoxy resin, bisphenol-AD type
epoxy resin, G§POXY Tesdfy ac type epoxy resin, cresol novolac type

i | i phat | i | yci dyl t er - based in,
oFyer dyl ~an ne- based cpRPBREPRSon HATBRRAY g Sepine BRI AT ane
nodi fi ed epoxy. resin.and bromnated. .15 . bisphenal-A type e esi n.

"t he pr eoenPrERSaREIY, e BAiRTrnahe . pHehoLdd, Beniit, FElARR o gl
or in-conhinaty anount of the flanme retardant
(crosinHE%d Eh%ﬂnbhéﬁ%& pﬁ§§Hﬁ32§he ‘compound of the invention) relative to

20 the thernoplastic rgpeh ePoxy HeTAHE! tdlr‘}gnro‘fl‘:Sil'lnﬁ%e'&)tto any

specific types:and may be selected from a wide variety of
epoxXy resins known in the art. Examples of such epoxy —
resins inclﬁde bisphenol-A type -epoxy resin, bisphenol-F
10 type epoky resin, bisphenol-AD type epoxy resin, phénol
novolac type epoxy resin, cresol novolac type epoxy resin,
cycloaliphatic epoxy resin, glycidyl ester-based resin,
glycidyl amine-based epoxy resin, heterocyclic epoxy
resin, urethane modified epoxy resin and brominated
15 bisphenol-A'type epoxy resin.
In the present invention, the thermosetting
resins may be used singly or in combination. |
The amount of the flame retardant (crosslinked
phenoxyphosphazene compound of the invention) relafive to
20 the thermoplastic resin or thermosétting resin is not
particularly limited, but is 0.1-100 wt. parts,
preferably 1-50 wt. parts, more preferably 5-30 wt. parts,
based on 100 wt. parts of the thermoplastic resin or
thermosetting resin. |

25 (c) Inorganic filler-



particularly limted, but is 0.1-100 wt. parts, preferably 1-50 wt.

parts, nore preferably 5-30 w. parts, based on 100 wt. parts of the

t hernoplastic resin or thernosetting resin. 25 (c) Inorganic filler

-23- The flane-retardant resin conposition of the

present invention may contain inorganic fillers to further enhance

dri ppi ng preventing effect. Conventionally, these inorganic

fillers have. 5 been used mainly as reinfgorcenents for inproving the

mechani cal properties of resins. However, ~237e inventors of the present

I nvention have found that sai.d flane retardants an%tlnorganlc fillers,

when both are present he f,].agler—g%qqﬁrdgat icameogition, P Hhesore

are 10 effective for rOV|n t he fI tardan (ﬁiiﬁts o) t he
°vel |

flame retardafc® s&“&e&“&’f ¥1g°‘m as the
mechani cal erties of the r sai d flane

ret ardiant and%?"l%t'\ red'ﬁmrtce ‘ﬁ?ié]qurf%rpxé?ve‘btov}? p?ée/)'!s1 iln a resin, the
the Gl Tfusion of gSCRYEHSASIRRANES BRI Aihdd 15 EPPhbrd avd oo
formation of gehpny ée@%iﬂﬂ“éé‘%}éiﬁ&é&ﬁ&%’% r mpréx’?ﬁ%ttﬂa in high

fl ame- retardanc e 1 norganic ers may be” known fillers

for 20 resi Eh%chﬁa?ﬁ.%&l Profertids fof | LeSindC! md%&q ttRPlinventors

of the present invention have found that sald f£lame

retardanté and inorganic fillers, when both are present
in a resin, act synergisticaliy and therefore are
10 effective for improving the flame-retardant effects of
the flame retardant, especially dripping preventive
effect, as well as the mechanical properties of the resin.
When sald flame retardant and the inorganic
filler are both présent in a resin, the surface layer of
15 the resin becomes dense and reinforced. This prevents the
diffusion of gases formed during combustion, and induces
the formation of ‘a char layer from the flame retardant,
resulting in high flame-rétardancy.
The inorganic fillers may be known fillers for
20 resins. Examples of such fillers include mica, kaolin,
talc, silica, clay, barium sulfate, barium carbonate,
calcium carbonate, calcium sulfate, calcium silicate,
titanium oxide, glass beads, glass balloons, glass flakes,
glass fibers, fibrous alkali metal titanates (potaésium

25 titanate fibers, etc.), fibrous transition metal borates



talc, silica, clay, bariumsulfate, barium carbonate, cal ci um

carbonate, calciumsulfate, calciumsilicate, titani um oxi de, gl ass
beads, gl ass ball oons, glass fl akes, ~glass fibers, fibrous alkal

netal titanates (potassium 25 titanate fibers, etc.), fibrous transition
nmetal borates - : - 24- (al um num
borate fibers, etc.), fibrous alkaline earth net-al borates (nagnesium
borate fibers, etc.), zinc oxide wh[aéfj, titani um oxi de whi sker,
magnesi um oxi de whi sker, gypsum whi s , alumnumsilicate

(acr 2! 091 62 (eliiinam Bopaee $18Ge, dro of, HARRGhe SDESLIRS (G0 RHRY' ©
o ol PP o ea 1P Lt o Dt

o bon 11 by & et MOt dl | (S dlla Bordtd B{idhs  oed ! Hnd bRiES

fib , j i t

oy pani quA ReliSide, ftdrfum Ceidé Kihisker, magnesiumURide wiifker,

ani sot ropy sUGRydisn Wifiifer, _alﬁﬁiﬁnﬁﬁssiﬁaatef('ﬂ?ﬁ?éh?aﬂég"f' %ﬁanlgézeart ]

titanates, fibrous transition netal borates, fibrous

netal 15 shoppiEmite) Mhiskéele, VEARKRim $11PGaten Qineralé§k841 name:
magnesi um oxi de whi sker, alum num silicate whisker, calciumsilicate
whi sker, sili amllagtonitte)ivikisker, silicomicarisiddiwieiskesketitahiamon
nitride whisker, - titaniumnitride whisker, and mca. Mre preferable
are carbide whisker, silicon nitride whisker, titanium

nitride whisker, carbon fibers, alumina fibers, alumina-
silica flbers, zlrconlia fibers, quartz fibers and the
10 1like.

Among these inorganic fillers, it is preferred
to use fillers having shape anisotropy such as fibrous
fillers, e.g., fibroué alkali metai titanates, fibrous
transition metal borates, fibrous alkaline earth metal

15 borateé, zinc oxide.whisker, titanium oxide whisker,
magnesium oxide whisker, aluminum silicate whisker,
calclum silicate whisker, silicon carbide whisker,
titanium carbide whisker, silicon nitride whisker,
titanium nitride whisker, and mica. More preferable are

20 fibrous alkali metal titanates, fibrous transition metal
borates, fibrous alkaline earth metal borates, titanium
oxide whisker, calclum silicate whisker and the like.

These inorganic fillers may be used singlj or
in combination.

25 imong these inorganid fillers, those having



20 fibrous alkali netal titanates, fibrous transition netal bor at es,

fibrous alkaline earth nmetal borates, titanium oxi de whi sker, cal ci.um
silicate whisker and the |ike. These inorganic fillers may
be used singly or in conbination. 25 Anong t hese inorganic
fillers, those having - 25-

shape ani sotropy such as whiskers and mca are preferably used.
Exanpl es of the potassiumtitanate fibers anong inorganic fillers

i ncl ude potassium hexatitanate fibers 5 1 /i ng an -average fiber dianeter
of about 0.05- err aver gge .fi ber h of -about_1-50
[err]m and pf EIP&}%AI{RSO%IOWa\ﬁng‘ ’fsatqrﬁf('ﬁ%ra’r‘%ﬂ?ﬁ?F% 4

di anet er) of 10 or greater. Anmong then1 pot assi um hexatitanate fibers

having a pHr &qn;fron16 to 8.5 are nore preferable. A 10 pH of

potassiumtitanate fiber Wg%ﬁé}g ?d}afs@‘ﬁﬁf titandtd Fdérd aor?ong

determ ned at 20[err]C suspension

potaSS'umt'tgt &Q?rﬁlg]ié]:éjeiﬂié‘éj ot ‘Head¥ Chhitge SEibasg fof

10 m nutes ot as un1t|tanat ers Is mnmuc i gher
than 8.5, t

di scol or at | on vﬂlh eat %&P{g& d@éﬁ/a%{%%ﬁ%&@%éﬁggrﬁgﬁ and
other hand, whgn dyirYys 'ﬂﬁé}.‘ Rk GFf about NE-500 qud) Nard ﬁxbéféféﬂiir' ng

resin conposition i s not effectively iIncreased, and t he residual acid
may corrode having an aspect ratio (fiber length/fiber diameter) of

10 or greater. Among them, potassium hexatitanate fibers
having a pH ranging from 6 to 8.5 are more preferable. A

10 pH of potassium titanate fibers mentioned herein refers
to a pH, as determined at 20°C of 1. 0 wt.% of an aqueous
suspension of potassium titanate fibers (in deionized
water) which was stirred for 10 minutes. If the pH of the
potassium titanaté fibers is much highér'than 8.5,

15 phyéical properties of the resin and resistance to
discoloration with heat may be disadvahtageously
decreased. On the other hand, when the pH is far below 6,
the strength of the resulting resin composition'is not
effectively increased, and the residual acid may corrode

20 processing machines and metallic molds. Hence it is not
favorable.

The amount of the inorganic filler relative to
the thermoplastic resin or thermosetting reéin is not
particularly limited. In view of a balance of

25 improvements in mechanical properties and flame



20 processing machines and netallic nolds. Hence it is not

favor abl e. The amount of the inorganic filler relative to-
the thernoplastic resin or thernosetting resin is not particularly
limted. In view of a balance of 25 inprovenments in nmechanical properties
and fl ame : - 26- ret ar dancy,
however, the anmount is 0.01-50 w. parts, . preferably 1-20 wt. parts,
based on 100 wt. parts of the t her no stic resin or thernosetting
resin. (d) O ganic phosphorus conpourft® Tree of halogen 5

The flame-retardant_ resin _conpositign of the esent _jnventjon ma
contain an_orﬁﬁ?mhdﬂi@ve]{" | % AR Q)‘Péln'zif(gd’é#} \(IIH%’F naf t gr

f dt - ' h h . th
| mprove the  PERESTABIGAAP ey dufLLe 1 Pased B Fof WY HeRes, oF che' "
hal ogen-free Qs .o 13%%“%%%&@2%99%%@? | e of inproving the

flanme retardan 0 as resi wever, the

-inventors of t o ﬂégﬁ c&g&é q%ggléfmh pecific
phosphazene cé oS%ﬁ% %%ﬁ éﬁé§§r1t %a;n éﬁﬁﬁ inveﬁ?%%%??s used in
conbi natiog with the hal@geridme: retardifa Pds 3 GSoMPY &5t LUk NEhe t he
flame-retardant effect I's significantly increased due to synergi sm

The reason  prds¥nt v PEEoK alA¥ GonEein Sdn | drg&nEs "BhéSpleras uci dat ed.

compound free of halogen (hereinafter referred to as
"halogen-free organic phosphorus compounds®) to further
improve the flame retardancy thereof.

10 ' It is known that halogen-free organic
phosphorus compounds are capabie 6f improving the flame
retardancy of the matrix such as resins. However, the
inventors of the présent invention found that when the
specific phosphazene compounds for use in the present

15 invention 1s used in combination with the halbgeanree
organic phosphorus compound, the flame-retardant effect
is significantly increased due to synergism. The reason
for this remarkable effect still remains to be eiucidated.
However, it is presumably because the conjoint use of

20 theseitwo compounds serves to form an expansion layer
along with a char'layer on the surface of the resin
composition during combustion, and these layers suppress
the diffusion of decomposition products and heat transfer.

A wide variety of'halqgen-free organic

25 phosphorus compounds known in the art may be used in the



However, it is presumably because the conjoint use of 20 these two
conpounds serves to form an expansion | ayer along with a char |ayer on
the surface of the resin conposition during conbustion, and these

| ayer s suppress t he di ffusion of deconposition products and heat
transfer. A w de variety of hal ogen-free organic 25
phosphorus conpounds known in the art may be used in the .

-27- “present invention. For exanple,vuseful conpounds i ncl ude

t hose disclosed in Japanese Exam ned Pat éft! Publ i cati on No

19003/ 1994, Japanes hexani .ned Patent Publ.ication No. 115262/1990,
Japanese Unex&ﬁ*ﬁ%ﬁﬁb ﬁFH%ﬁHPichFbﬁxﬁwple' §Sf%?é1f99§9“ addgdude

U I ned P t Pulil j cat | : 322277/ 19 th i fication of

e o2 B TR 8 tmen SAMLE buddie Wiipielog”

' I ft hal c rj nme
phosphate.  trNernaOHfE, Jopandtld WIBANARTIAR BUECACIT Y. 3

triph | ph e ' rﬁﬁqaﬂgﬁ% cresy

dir:oﬁeﬁgly pﬁoggﬁate, /%;gldyllp' | pheny Rﬂ?éfanb oésdg%ﬂdét@ee,ntt (ﬁ%ﬁ%@ Wo.

phosphat e, 5t r i197egnadetidpanese URNGSPHRIE Pttt Iﬂ{/t{%ﬁsp rg![}‘fe’@yl

phosphate and |i ke 15 phosphat es; resorcinol diphen hat _
hydr oqui none 322277i19%1y |the esdviifl et drl o Hd@d Istetd I Pi#¥ht No.

phosphat es; resorcinol bis(di phenyl phosphate), hydr oqui none -
bi s(di phenyl Ple2A5sH,e)etdi sphenol - A

Specific examples of the halogen-free

phosphorus compound include trimethyl phosphate. triethyl

10 phosphate, tributyl phosphate,.trioctyl phoéphate,
triphenyl phosphate, tricresyl phosphate, trixylyl
phosphate, cresyl diphenyl phosphate, xylyl diphenyl
phosphate, tolyl dixylyl phosphate, tris(nonylpheny;)
phosphate, (2-ethylhexyl)diphenyl phosphate and like

15 phosphates; resorcinol diphenyl phosphate, hydroquinone
diphenyl phosphate and like hydroxyl-containing
phosphates; resorciﬁol bis(diphenyl phosphate),
hydroquinone bis(diphenyl phosphate), bisphenél-A
bis(diphenyl phosphate), bisphenol-S bis(diphenyl

20 'phosphate), resorcinol bis(dixylyl phosphate),
hydroquinone bis(dixylyl phosphate)., bisphenol-A
bis(ditolyl phosphate), biphenol-A bis(dixylyl phosphate),
bisphenol-S bis(dixylyl phosphate) and like condensed
' phosphate compounds; and trilauryl phosphine, triphenyl

.25 phosphine, tritolyl phosphine, triphenyl phosphine oxide,



bi s(di phenyl phosphate), bisphenol-S bis(di phenyl 20 phosphate),
resorci nol bis(dixylyl phosphate), hydr oqui none bi s(di xyl yl

phosphat e)., bisphenol -A bi s(ditolyl phosphate), biphenol -

bi s(di xylyl phosphate), bi sphenol - S bi s(di xylyl phosphate) and |i ke
condensed phosphat e conmpounds; and trilauryl phosphine, triphenyl 25
phosphi ne, tritolyl phosphine, triphenyl phosphine oxide,

- 28- tritolyl phosphine oxide and Ilggsphdsphine or phosphi ne

oxi de conpounds. Annng t hes® hal ogen-free organi ¢ phosphorus

conpounds, prefera are tri o] tricr | 5 ﬁgos E te,
trixylyl phosgHsk Héﬂx P&£ H%ﬁgai e p%ﬁ%é%%%?e?? 8?8 gPﬁone
bi s(di phenyl ph%%ohate blsphenol A bi s(di phenyl phosphate),

resor ci nol S (% 3& hosphate) hydr oqui none bi s(di xyl yl

phosphat e), blsphenol %{ﬂg %@gﬂ&ﬁéﬁeg%i&# I%IQoxf;gl?&Ld@QSEd

phosphat e conpounds; heny I'n T phosphi ne
oxide and |i ke éﬁ?ﬁﬁﬁa e r |l e
are the conpoun élLﬁgﬁfgt??}%hﬁﬁ%?eyﬁgﬁeﬂgr ﬁﬁé%%%#%?norgg %E?ghenyl
phosphate) s I gsydpnpte Pi € Skyiyy! pHBQﬁHEﬁée)reééfebﬁaﬂ bidPpdipheaRii ne

oxi de and the 1ike. hese fogen- free organi ¢ phosphorus

conpounds pHWépliEtél)S?Clmfdﬂanﬂﬂéné nbszﬁ(rbipnényn phosphate),

bisphenol-A bis(diphenyl phosphate), resorcinol
bis(dixylyl phosphate), hydroqﬁinoné bis(dixylyl
phosphate), bisphenol-A bis(ditolyl phosphate) and like
10 condensed phosphate compounds; and triphenyl phosphine -
oxide, tritolyl phosphine oxide and like phosphine oxide
compounds. In particular, preferable are the compounds
such as triphenyl phosphafe, resorcinol bils(diphenyl
phosphate), resorcinol bis(dixylyl phosphate), triphenyl
15 phosphine oxide and the like.
These halogen-free organic phosphorus compounds
may be used singly or in combination.
The amount of the halogen-free organic
phosphorus compound relative to the thermoplastic resin
20 or thermosetting resin ié not particularly limited. In
view of a balance of improvements in mechanical
‘properties and flame retardandy, however, the amount of
the halogen-free organic phosphorus compound is 0.1-50 wt.
parts, preferably 1-30 wt. parts, based on 100 wt. parts

25 of the thermopiastic resin or thermosetting resin. The



The anmbunt of the hal ogen-free organic phosphorus conmpound relative to
the thernoplastic resin 20 or thernosetting resin is not particularly

limted. In vi ew of a bal ance of inprovenents in nechani cal
properties and flane retardancy, however, the anount of t he
hal ogen-free organi c phosphorus conpound is 0.1-50 w. parts,

preferably 1-30 w. parts, based on 100 w. parts 25 of the thernoplastic
resin or thernosetting resin. The
- 29- amount of the flame retardant t@&%e added thereto is 0. 1- 50

Wt . ts, ferahly 5-30 ._parts, based on 100 : arts of the
t her ﬁgh Zst P(r:%l“&'\nﬁ: éf ttﬁ"eﬂ Mq iTRE - to be addeq the E:bcﬂ-ﬁ fnlng
[ 5 Further, a fluqrine: tal ni_ng resin e

- irﬁilopp_or at ed isﬁ)_t &H-h@%ﬁ%.%%é i f%'scﬁ '@bﬁ&%‘ﬁ ,Orpas@&' ot *91% W esent
ange. whi ch dBAZ U OE HE S LES Sbatn of ufbiiidqiiilg Rdedd”

[ tion. Th fa f [es containing resin to be used is
|n(r;;/en | onpartie(-c:et{j)l ar Q{/oﬁqinrﬁ t ed‘é{ﬁi4é;%é% 2.5 w. parts, preferably
0.1-1.2 wtg parts, basegugintdl o ;flﬁﬁf:tisn_éﬁcontaiﬁkim’g TP MRS e ' Si ns.

A wde variety of fluorine-containing resins 15 nown in the art may be

used in the pHSTRTPIrMAId iBito the flEne ¥t ¥fant)Gtdsh composition
pol ytetrafl uoroet hyl ene resin (PTFE)
tetrafl uoroet of aie l:mﬁdnmrnwelm{icﬁﬂazaﬂmlryrmg d aiermoplastic resin
as a matrix within the range which does not adversely
affect the object of the present 1nvention.' The amount of
10 the fluorine-containing resin to be used is not
particularly'limited, but is 0.01-2.5 wt. parts,
- preferably 0.1-1.2 wt. parts, based on 100 wt. parts of
the thermoplastic resins. |
A wide variety of fluorine-containing resins
15 known in the art may be used 1n'the-present invention.
The examples. include polytetrafluoroethylene resin (PTFE),
tetraflhoroethylene-hexafluoropropylene copolymer resin
(FEP), tetrafluoroethylene-perfluoroalkyl vinjl éther
copolymer resin (PFA), tetrafluoroethylene-ethylene
20 copolymer resin (ETFE), polychlorotrifluoroeihylene resin
(CTFE) and polyvinylidene fluoride (PVdF). Among these,
.PTFE is particularly preferable. By the addifion of the
fluorine-containing resins, the dripping preventing
effect is produced in a more pronoﬁnced manner.

25 (£f) Other additives



(FEP), " tetrafl uoroet hyl ene-perfluoroal kyl vinyl ether copol yner resin
(PFA), tetrafl uoroethyl ene-ethylene 20 copolyner resin (ETFE)

pol ychl orotri fl uoroet hyl ene resin (CTFE) and pol yvinylidene fluoride
(PVdF). Anpng these, ~ PTFE is particularly preferable. By the addition
of the fluorine-containing resins, the dripping preventing ef fect
is produced in a nore pronounced manner. 25 (f) Qther additives

- 30- The flame-retardant cqgposition of the I nvention
is a resin conposition which does not confain a hal ogen (e.g.,

hi i , b i - t ai ni f,l dant t
o ety otote ekeol oAbl $aRATRAIG By compbd el ¥ g ComRonen
t can | cel | . for e
{fﬁfeaéf?rgosi i vy é?iiﬁ"ﬁﬁiéﬁﬁo“ﬁ%m#%%% Jges p'%@_t‘ﬁ%'%é%% T)ent
e ects. e
ang Dalogen (e 51 di¥¥rs itriifliddrtadPing Comdollih ad

limted, any ~addit1ve that produces retar

effects can bg yiathe PetEi@niOTconitindnt |HWE can prédwed acatitiit ves are

met al oxi des such as zinc oxide, tin oxide, iron oxide, nolybdenum
oxi de, copper flumée rdtadrdant EFEEUIRSS Onex odemore! Flahed retadd@aniuch as
al um num 15 hydroxi de, nagnesi um hydroxide, zirconi um hydroxide,

oxal i ¢ aci d- t aaditd vesu sonventibmalilie well ma)kdde incorporated into

the composition insofar as they do not advérsely affect
the excellent effects. '
'The flame retardant additive for use is not

10 1limited, and usually any additive that produces flame
retardant effects can be used. Examples of useful flame
retardant aaditives are metal oxides such as zinc oxide,
tin oxide, iron oxide, molybdeﬁum oxide, copper oxide and
manganese dioxide; metal hydroxides such as aluminum

15 hYdroxide, magnesium hydroxide, zirconium hydroxide,
oxalic acid-treated aluminum hydroxidé and nickel
compound-treated magnesium hydroxide; alkali metal salts
or alkaline earth metal salts such as sodium carbonate,
calcium carbonéte, barium carbonate and sodium

20 alkylsulfonate; organic dhlorine compounds or organic
bromine compounds such as chlorinated paraffin,
perchlorocyclopentadecane, tetrabromobisphenol-A; epoxy
resins, bis(tribromophenoxy)ethane and
bis(tetrabromophthalimino)ethane; antimony compounds such

25 as antimony trioxide, antimony tetraoxide, antimony



corrpound-treat ed magnesi um hydroxi de; alkali netal salts “or alkaline

earth netal salts such as sodi um carbonate, cal ci um carbonate, barium
carbonate and sodium 20 al kyl sul fonate; organic chlorine conpounds or
organic brom ne conpounds such as chlorinated paraffin

per chl orocycl opent adecane, tetrabronobi sphenol - A; epoxy resins,

bi s(tri bronophenoxy) et hane and bi s(tetrabronopht hal i m no) et hane;

anti nony compounds such 25 as antinony_%&Loxide, anti nony tetraoxide,

ant i nony -31- pent aoxi de and

sodiun1antinnggégﬁ?§ﬁﬁepg%§p@@afﬁm ant ﬂa. Qnigﬁphﬁ##%ﬂgggggsphoric ester

conpounds, ha contal ni ng condensed ‘phosp conpounds or

Phosphoni ¢ achdBgRl coREAINIGY dhdsAvHIc : Og;);ggg.go%r?e a2

mel am ne, nel am n& cyanurat e,

mel | on, succi pgg¢adaqa dens¥E Hndsihoidld ¥Rled &ﬁ?yyﬂagn | fate,
anmoni um phggbthgfqggnﬁ%Lmqggﬁtﬁﬁ%sp ate and a ylamnéﬁu
phosphat e; bopABsPHRGRA dTIR Ebtdr ToipINE, nitFddén-cbntiliaRyr at e and
ammoni um borate; silicon conpounds such as silicone polymers and

silica; argl teompolundsesphsias melamigielplidlamine cyanurate, mEIRGfiidd ane
retardant additives can be used singly or in conbination. 15

Furt her, one phosphategnmelamnaielenssi mellon adicdoinagyuanamineg ,ncor por at e_d
into the flane-retardant
: guanidine sulfamate, ammoninum sulfate, ammonium

phosphate, ammonium polyphosphate and alkylamine

phosphate; boron compounds such as zinc borate, barium

10 methaborate and ammonium borate; silicon compounds such
as silicone polymers and silica; and thermally expansive
graphite.

These flame rétardant additives can be used
singly or in combination.

15 Further, one or more conventional resin
additives may be incorporated into the fléme-retardant
composition of the invention, insofar as they do not
adversely affect the excellent properties. Examples of
useful resin additives include flame retardants other

20 than the aforementioned ones, dripping inhibitors

| (dropping inhibitors), UV absorbers, light stabilizers,
antioxidants, light screens, metal deactivators,
quenching agentsf heat resistance stabilizers, lubricants,
mold releasing agents, coloring agents, antistatic agents,

25 antiaging agents, plasticizers, impact strength improving



dbnposTtion of the invention, insofar as they do not adversely affect

t he excel l ent. properties. Exanples of useful resin additives include
flame retardants other 20 than the aforenentioned ones, dripping

i nhi bitors (dropping inhibitors),.UV absorbers, |ight stabilizers,
antioxidants, |ight screens, netal deactivators, quenchi ng agents,
heat resistance stabilizers, lubricants, nol d rel easi ng agents,
coloring agents, antistatic agents, 25 ggbLaging agents, plasticizers,

I npact strength inproving - 32-

agents and co kLRI LiLzer ' The UV absorber is a conmponent
; HBBhtR' ph Eompat bitters -cas,

for absorbi ng ng the absorbed |ight energy

har m ly in the f hggt by .t he ngf or mati on .t her eof

iﬁ{o gsie¥ol?orn$th$gzbﬁﬁe o9 aﬁ%?%géglégu aF°8P§P%ﬁ%§%8%5%@?°F%H“@he case
; or. r

of benZQQBﬁEOQﬁErQQdaﬂﬁﬂi@l@h@i@?ﬁ%ﬁe abgﬁggéﬁzi%?ﬂﬁi energy | es of

I sonerization (I'n the caSe of cyanoac ates).

UV absor bers haemldgsdyhYar ShedEo:a0 beN flaat enH@g?U%E'%ie

2, 4- di hydr oxybenzophenone, 2-hydroxy- 4- met'hoxybenzophenone,
2- hydr oxy-54- otrangifermagionothed@df into a keto form through

5, 5' - net hyl enebi s( 2- hydr oxy- 4- net hoxybenzophenone); 2-

(2' - hydr oxyphkngichinedecuilazz pretonutiransfar( 'inh\theotase of

5' - net hyl phenyl ) benzotri azole, 2-(2'-hydroxy-5"-t- 15

oct yl phenyl ) bbergophenones an@2bengdtrinzdles)- or by cis-trans
isomerizétion (in the case of cyanoacrylates). Specific
examples of UV absorbers include 2-hydroxybenzophenones

10 such as 2,4-dihydroxybenzophenone, 2-hydroxy-4-

' methoxybenzophenone, 2-hydroxy-4-octoxybenzophenone and
5,5'-methylenebis(2-hydroxy-4-methoxybenzophenone); 2-
(2'-hydroxyphenjljbenzotriazoles such as 2-(2’'-hydroxy-
5'-hethylphenyl)benzotriazole, 2-(2'-hydroxy-5'-t-

15 octylphenyl)benzotriazole, 2-(2'-hydroxy-3',5'-di-t-
butylphenyl)benzotriazole, 2-(2‘'-hydroxy-3',5'-di-t-
butylphenyl)-5-chlorobenzotriazole, 2-(2‘'-hydroxy-3‘-t-
5'-methylphenyl)-5-chlorobenzotriazole, 2-(2'-hydroxy-
3',5"'-dicumylphenyl)benzotriazole and 2,2'-

.20 (methylenebis(4-t-octyl—6-benzotriazolyl)phenol:

| benzoates such as phenylsalicylate, resorcinol
monobenzoate, 2.4-di-t-butylpheny1-3',5'—di-t-buty1-4'-
hydroxybenzoate and hexadecyl-3,5-di-t-butyl-4-
hydroxybenzoate; and substiiuted oxalic anilide such as

25 2-ethyl-2'-ethoxy oxalic anilide and 2-ethoxy-4' -dodecyl



but yl phenyl ) benzotri azole, 2-(2'-hydroxy-3',5" -di-t-
but yl phenyl ) -5-chl orobenzotri azole, 2-(2'-hydroxy-3'-t-
5' - net hyl phenyl ) - 5- chl or obenzotri azol e, 2-(2'-hydroxy-
3',5" -di cunyl phenyl ) benzotriazole and 2,2'- 20

(et hyl enebi s(4-t-octyl -6-benzotri azol yl ) phenol ; benzoates such as
phenyl sal i cyl at e, resorcinol nnnobenzoate

2,4-di-t-butyl phenyl-3",5"-di-t-butyl- -3 hydr oxybenzoat e and
hexadecyl -3, 5-di -t - butyI hydroxybenzoate and substituted oxalic

gnglkginZPh gggegﬁ?aéffi e: cyéﬁggéf§fg%géc%éghléékét §&-a-cygﬁp -B.B-

G Bherytacr | SESRPRERRALEE U ol ] o uabif-a- o-

nmet hoxyphenyl }aghy 1 iate. The l'ight stabilizer is a conponent
for 5 deconposing en er)oaxtln:c.]yesa per oduced by light energy into stabl e

N-O radical, NOR or N‘ Qﬁe QYD s M 1Hd¥ 1d Hicomponeritidstty. For
exanpl e, hlndered am ne light stabilizers can be used. Specific

exanpl es of |Eﬂﬂﬁnmﬁdﬂlﬂg2h¥droperOXiuéstroduced by light energy into
2,2,6,6-tetranet hyl -4-piperidylstearate, 10

1,2, 2,6, 6- penisi@myiley IN+b L daly] o8 36:? N-Zbl?; Stereby providing light

tetranethyl 4- pi peri dyl benzoate, bis(2,2,6,6-tetranethyl -
4- pi peri dyl selsdadiid ity s( FoZ, B;ﬁn@lpenmmelmld amine lighierstehbi)lsedsarst e,
tetrakis(2,2,6,6-tetranethyl -4- pi peridyl)-1, 2,3, 4- but ane

t et racar boxyl &a® belsad: r Hregifiz Pxamplesnofhdidight stahiddizens - 1, 2, 3, 4-
include 2,2,6,6-tetramethyl-4-piperidylstearate,

10 1,2,2;6,6-pentamethyl-4-p1peridf1stearate, 2,2,6,6-
tetramethyl-4-pipéridy1benzoate. bis(2,2,6,6-tetramethyi-
4-piperidy1sebacate, bis(l,2,2,6,6-pentamethyl-4-
piperidyl)sebacate, tetrakis(2,2,6,6-tetramethyl-4-
piperidyl)-1,2,3,4~-butane tetracarboxylate,

15 tetrakis(1l,2,2,6,6-pentamethyl-4-piperidyl)-1,2,3,4~- _
-butanetetracarboxyléte, bis(1,2,2,6,6-pentamethyl-4-
piperidyl)-di(tridecyl)-1,2,3,Q-butanetetracarbokylate,
bis(1,2,2,6,6-pentamethyl-4-piperidyl)-2-butyl-2-(3',5"~
di-t-butyl-4-hydroxybenzyl)malonate, 1-(2-hydroxyethyl)-

20 2,2,6,6-tetramethyl-4-piperidinol/diethyl succinate
pblycondensate. 1,6-bis(2,2,6,6-tetramethyl-4-
piperidylamino)hexane/dibromoethane polycondensate, 1,6-
bis(2,2,6,6-tetramethyl-4-piperidylamino)hexane/2,4-
dichloro-6-t-octylamiﬁo-s-triazine polycondensate, 1,6-

25 bis(2,2,6,6-tetramethyl-4-piperidylamino)hexane/2,4-



but anet et racar boxyl ate, bis(1,2, 2,6, 6-pentanet hyl -

pi peridyl)-di(tridecyl)-1, 2,3, 4-butanetetracarboxyl at e,

bis(1, 2, 2,6, 6-pent anet hyl - 4-pi peridyl)-2-butyl-2-(3",5"-

di -t-butyl -4- hydroxybenzyl ) mal onate, 1-(2-hydroxyethyl)- 20
2,2,6,6-tetramet hyl - 4-pi peridinol/diethyl succinate - pol ycondensat e,
1,6-bis(2,2,6,6-tetranethyl-4- pi peri dyt am no) hexane/ di br onoet hane
pol ycondensate, 1, 6-

bi s(2, 2,6, 6-tetranet hyl - 4- piperidylaninofﬁ@%anelz 4-

di chl oro-6-t- l.am no- s-triazine polycondensate, 1,6- 25

b1 S(2. 2. 6, 6- | SIS RFHEH T A SRR, Bolyondensate, and the
- 34- dica 5 Q0- 6- nor phol i no-s-tri azi ne polycondensate and the
like. The anti oxidant is a conponent for stab|I|Z|ng

per oxi de radi cal s, such Xk 43disC d. upon
heat with nol di ng or aﬁ't% E‘%ﬁ)%e or i%d aoipogﬁcg‘hrrpgglsng gﬂ%

per oxi des, su r ligf&ﬂ% | ude
hi nder ed i,%hen(:)l'ldet fge&ig;rr#%x ants an per‘;ee;daé' }qcorrpose j‘l‘ﬂg
hi ndered phenghrel WoRmd '?ezfiamataq&ﬁmmdﬁfg @ G exd&df@n

I nhi bitor, and the peroxi deconposer deconposes per oxi des generated
in the reacti @orsddcdiiposing Heheratic porg:adud, suvh gvents
aut oxi dat i on. Speci fi c exanpl es of hindered phenol type

anti oxi dant s hydroperdsidés.t - Examplésnefhghtierddants include hindered
phenol type antioxidants and peroxide decomposers. The
hindered phenol type antioxidant acts aé a radical chain-

10 transfer inhibitor, and the peroxide decomposer

| decomposes peroxides generated in the reaction system
into a stable alcohol, and prevents autoxidation.
Specific examples of hindered phenol type
antioxidants include 2,6-di-t-butyl-4-methylphenol,

15 styrenated phenol, n-octadecyl-3-(3,5-di-t-butyl-4-
hydroxylphenyl)propionate, 2,2'-methylene bis(4-methyl-6-
t-butylphenol), 2-t-butyl-6-(3-t-butyl-2-hydroxy-5-
methyibenzyl)-4-methy1phenylacry1ate, 2-[1-(2-hydroxy-3,5-
di-t-pentylphenyl)ethyl]-4,Gedi-t-pentylphenylaerylate,

20 4,4'-butylidene bis(3-methyl-6-t-butylphenol),
4,4'-thiobis(3-methyl-6-t-butylphenol), alkylated
bisphenol,'tetrakis[methylene-s-(3,5-d1-tébutyl-4—

. hydroxyphenyl )proprionate]methane, 3,9-bis[2-{3-(3-t-
buty1-44hydroxy-5-methylpheny1)bropionyloxy}-l,1-

25 dimethylethyl]-2,4,8,10-tetraoxaspiro[5.5]undecane, and



15 styrenated phenol, n-octadecyl-3-(3,5-di-t-butyl-

hydr oxyl phenyl ) propi onate, 2,2'-nethyl ene bi s(4-nethyl -6-

t - butyl phenol ), 2-t-butyl-6-(3-t-butyl-2-hydroxy-5-

met hyl benzyl ) - 4- net hyl phenyl acryl ate, 2-[1-(2-hydroxy-3, 5-

di -t-pentyl phenyl)ethyl]-4, 6-di-t-pentyl phenyl acrylate, 20 4,4'-butylidene
bi s(3-nmet hyl - 6-t-butyl phenol ), 4, 4*-t hi obi s(3-net hyl -6-t- butylphenol),
al kyl at ed bi sphenol , tetrakis[nethyleng:3-(3,5-di-t-butyl-

hydr oxyphenyl ) pr opri onat el et hane, 3, 9-bi s2-(3-(3-t-

but yl - 4- hydr W t hyl phenyl ) propi onyl oxy) -1, 1- 25

di net hyl et hyq"] % ; 10-t et raoxaspi ro[ 5. 5] undecane and

- 35- t he I|ke ;ﬁ%éﬁ éégﬁBSégiékiﬁgiﬁégrs i ncl ude

organi ¢ phosphorus type peré&lé% e onpasers suc

t | ph I t
t;: :ggozydp-t ﬁk@@%%@%os%mg nd O:F&é’gm&%@&ﬂ?oéeﬁspesuch per oxi de

deconposers syofy Rosphite! NP H- 1gﬁﬂ6 hite
di nyristyl - 3:3-t$§b€#prop|ona P %IS eg?y ﬂg ﬁ?odlproplonate
pent aeryt hgi tyshd aii&ifklﬁtEYiﬁﬂégﬁlPﬁh@@ﬁﬁfie, aAd organic thio type

ditridecyl -3, 3" -thiodi propi onate an nmer capt obenzi m dazol e.

The |ight scrrsaroxidé decmmpesérs osuphecasndidguryl-3,89hkt from penetrating
into the bul k of a polyner. Speci fic exanples of |ight screens include
titani um oxi dehiodipropionate, dimyristyl-3,3'-thiodipropionate,

distearyl-3,3'-thiodipropionate,
pentaerythrityltetrakis(3-1aury1thidpropionate),

10 ditridecyl-3,3°’-thiodipropionate and 2-
mercaptobenzimidazole.

The light screen is a component for preventing
light from penetrating into fhe bulk of a polymer.
Specific examples of 1ight screens include titanium oxide

15 having a rutile structure (Tioé), zinc oxide (ZnO),
chromium oxide (Cry03) and cerium oxide (CeOj).

The metal deactivator is a component for
deactivating heavy metal ions in the resin by forming a
chelate compound. Specific examples of metal deactivators

20 include benzotriazoles and derivatives thereof (e.g. 1-
hydroxybenzotriazo}e and the like).

The quenéhing agent is a component for
deactivating photo-excited hydroperoxides and functional
groups such as carbonyl groups in the polymer due to

25 energy transfer. Useful quenching agents include organic



‘15 having a rutile structure (Tigerr]), zi nc oxi de (ZnO);, chrom um

oxide (Crlerr](ferr]) and ceriumoxide (Ce(ferr]). The net al
deactivator is a conponent for deactivating heavy netal ions in the
resin by formng a chel at e conpound. Specific exanples of netal
deactivators 20 include benzotriazoles and derivatives thereof (e.g. 1-
hydr oxybenzotri azol e and the |ike). The gquenching agent is a
conponent f.or deactivating photo-excifed hydroperoxides and functional
groups such as carbonyl groups in the pol'ymer due to 25 energy transfer.
Usef ul quenchi agent s, i ncl organrc

- 36- nicd%égﬁijq q} g%i In order to inpart inproved
anti f oggi ng, antif t ' | ot her
conventional |y known adgﬂ??%ggﬁpﬂdﬁ£%§gﬂ) %ﬁﬁf%ﬁé§2éﬁé$¥§ééfﬁ%h of

fl ame-retarda Mgt The
flame-ret arda%tr%irﬂrbé\clgrrpos|'1t'd|I on ol?ia#& 1ike néyﬁ%%ﬁf%%h %e produced by

m xi ng a ther At fodeBly known Had t1FE4 08 &%téﬂ&brﬁéi&dééé the
af orenenti oned frane 10 retardant, optionally together with an inorganic

filler, 5 @ ] s Y o fatdd) S BOPOs 1t
contarnrng resin, one or rmore flane retardant addrtrves and other
addi tives, |njnﬁ§§gukhed or proper anounts,

The flame-retardant resin composition of the.

invention can be produced by mixing a thermoplastic resin
or a thermosetting resin and the aforementioned frame

10 retardant, optionally together with an inorganic filler,
a halogen-free organic phosphorus compound, a fluorine-
containing resin, one or more flame retardant additives
~and other additives, in prescribed or proper amounts,
followed by mixing and kneading the mixture by a

15 conventional method. For example, the mixture of
components in the form of powder, beads, flakes or
pellets is kneaded using an extruder, e.g., a uniaxial
extruder or a biaxial e#truder, or a kneader, e.g.,
Banbury mixer, a pressure kdeader or a two-roll mill,

20 giving a fesin composition of the invention. When a
liquid needs to be added, a conventional liquid injection
device can be used and the miiture can be kneaded using

- the aforementioned extruder, kneader or the like.
Flame-retardant resin moldings of the invention

25 ’ The flame-retardant resin composition of the



fol | owed by mi xi ng and kneading the mixture by a 15 conventional nethod.
For exanple, the m xture of conponents in the form of powder, beads,
fl akes or pellets is kneaded using an extruder, e.g., a uniaxial
extruder or a biaxial extruder, or a kneader. e.g., Banbury m xer, a
pressure kneader or a two-roll mll, 20 giving a resin conposition of the
i nvention. Wen a | i quid needs to be added, a conventional |iquid

i nj ection devi ce can be used and the m xture can be kneaded using

the af orementioned extruder, kneader or th¥1ike. Fl ame-r et ar dant

resin nol di ngs of the |nvent|on 25 - The flame-retardant resin
conposi ti on ofinvyention can be molded into flame-retardant resin.

i nventi on can | ded into fla ret rdant resin - nol di ngs. For
exanmpl e, the Fg‘ﬂa}ﬁﬁrpo &om ﬂaegﬁ he rﬁﬁ?i’ﬁéi?“lﬂﬂ%“?’é%ﬂ FH Bes,

hapes. usi 'nrgrfsp SRR ndi o M%‘?ﬂ@' AR o EhCg - prReds %ﬁf’fuf%aé's"“s
INto a resin

pihte of twor B3 e Bt h Bothios e Frthud "afabes vanad

The thus-opt aldgH,dd &1y m#ftrfi‘é grxﬁétﬂodlgunveggo i:éégnmﬁ?g%n% de

flane-retardant resin dings o n can

appl i cation i Ru{ddolsn 'Miﬁ %r extrus dﬂ)ﬁlsmof&fﬂ asog! Eﬁﬁrbgaﬁuolded

el ectroni cs or teleconnunlcatlon i ndustries, agriculfure, forestry,
into a resin plate of two- or three-layered structure

using a coextruder.
The thus-obtained flame-retardant resin
10 'compos;tion and flame-retardant resin mdldings of the
| invention can_find wide application in various industrial
fields, such.as'electriqal, electronics or
telecommunication industries, agriculture, forestry,
fishery, mining, construction, foods, fibers, clothing,
15 medical services, coal, petroleum, rubber, leather,
automobiles, precision machinery, timber, furniture,
printing, musical instruments, and the like.
Stated more specifically, the flame-retardant
resin composition and flame-retardant resin moldings of
20 the invention can be used for business or office
automation equipment, such as printers, personal
computers, word processors, keyboards, PDA (personal
digital assistants), telephones, facsimile machines,
copying machines, ECR (electronic cash registers), desk-

25 top electronic calculators, electronic databooks,



fﬁsher?, m ning, construction, foods, fibers, clothing, 15 nedical

services, coal, petroleum rubber, | eather, aut onobi | es, precision
machi nery, tinber, furniture, printing, nusical instrunments, and the -
like. Stated nore specifically, the flame-retardant

resin conposition and flanme-retardant resin noldings of 20 the invention
can be used for business or office aut omati on equi pnent, such as
printers, personal conput ers, word processors, keyboards, PDA
(personal digital assistants), telepﬁﬂhbs, facsim | e machi nes,

copyi ng machi nes, ECR (el ectronic cash reglstersi desk- 25 top
el ectroni c calekfeimanic digtioparion: fakAe, holders and stationery:;

- 38- el ectyoni c dictionarlie car hol ders and stati oner
el ectri cal tﬁiﬁﬁﬁ Sl hopgreho %i???%%]a Lﬁ%ﬁﬁﬁﬁical egé%amggt

2’33%2&?“3;”65 A ﬁﬁ%s%fts?kiach%r? S RETASREA TR COLRPREERAbl o wi (h 2
Vi deo’ caner as, raﬂﬂ“ﬁf‘éa@%@e Hafetd %ﬁ%@%é@ﬁ“ﬁw 156 i 1608,
CD playersg spg angj:éﬁ%: %d &&vetén tabledwfﬂlzaélshe&ii‘ 841:?8&” c or

el ectronic parts conmmuni cat 1 on equl prment SUC as connectors,

relays, GHES R £ ) 5 VALENESv1dhd t&ﬂ; lﬁéﬁ'tt &ailréé ¢ 0i {rrR,
P Sdufh

bobbi ns, sem conduct or seallng materi a ectric wres
video cameras, radio cassette recorders, tape recorders,

mini discs, CD players, speakers and liquid crystal
‘displays; and electric or electronic parts and

10 telecommunication equipment, such as connectors, relays,
condensers, switches, printed circuit boards, coil
bobbins, semiconductor sealing materials, electric wires.
cables,. transformers, deflecting yokes, distributlon
boards, and clocks and watches. .

15 Further, the flame-retardant resin composition
and flame-retardant resin moldings of the invention can
be widely used for the following applications: materials
for automobiles, vehicles, ships, aircraft,aﬁd
constructions, such as seats (e.g., padding, outer

20 materials), belts, ceiling covering, convertible tops,
arm rests, door trims, rear package trays, carpets, mats,
sun visors, wheel covers, mattress covers, air bags,
insulation materials, hangers, hand straps, electric wire
coating materials, electrical insulating materials,

25 palnts, coating materials, overlaying materials, floor



cables; transformers, deflecting yokes, distribution boards, and

cl ocks and watches. 15 Further, the flanme-retardant resin
conposition and flame-retardant resin noldings of the.invention can
be widely used for the follow ng applications: materials for

aut onobi | es, vehicles, ships, aircraft and constructions, such as
seats (e.g., .padding, outer 20 materials), belts, ceiling covering,
convertibl e tops, armrests, door trins, rear package trays, carpets,
mat s, sun vi sors, wheel covers, naltr%%s covers, air bags,-

| ect tin
nsulaton mterth%%?-fﬂl% TN faéglééfﬁ&égeoamﬁgga{.e?. s,
Sater ial o ?3?% gy &:.?‘Ii%k BRRE tlon plates, side walls, cRTPRS. lroloards, |
Fie L
ﬁg{ Ealr |t Luog, IOe>6<1t eri O?a&:ee cor atv?an]gfaé&%]?fh?%rﬁﬁ:%ri?}ﬁ ?ﬁﬁéﬁ'ﬁaﬁrg??ﬂﬁatigg

materials, ro el er mal

i nsul ati on mdﬂ%r?’e e an "?@?ﬂiﬁy %?%g ﬁ%%%gggt I es and
SPOrting g9Oodmatieh 4 C'éﬁﬁhd‘gin%'ﬂ@iﬂ& péﬂéfés he ?P' ;}QQ&Eat!LSH‘ nat ed
fi ber boards, carpets, entrance nmats, seat s, 0Se€esS

cont ai ners, gbﬁﬁi% diﬁﬂ&vixfdﬁv?&naté:@iét@ﬂﬂ'ﬁd .'E:Hfﬁg hECKEE Pt gn ﬁdand
nmusi cal instrunents. Beat Mbde for Carrying out t nvention

The present i spanting Wodddesuglecasd i éBdthing, curtains, sheets,
plywood, laminated fiber boards, carpets, entrance mats,
seats, buckets, hoses, containers, glasses, bags, cases

10 goggles, skies, rackets, tents and musical instruments.
Best Mode for Carrying out the Invention
The present invention will be specifically
described below with reference to Synthesis Examples,
Examples, Comparative Examples and Reference Examples,

15 wherein parts and % mean weight parts and weight %,
respectively. In addition, -Ph and -Ph- mean phenyl group
and phenylene group, respectively. The evaluatidns in the
Examplés were carried out by the following methods.

1. Heat'distortion temperature: Measured according to

20 ASTM D-648 at a load of 18.6 kgf/cmz, and used.as an
index of heat resistance.

2. Flame retardancy: Evaluated according to the test
method of UL-94 (Test for Flammability of Plastic
Materials for Parts in Devices and Appliances UL94,

25 Fourth Edition), using test specimens each measuring 1/16



described below with reference to Synthesis Exanples, - Exanpl es,
Conpar ati ve Exanpl es and Reference Exanples, 15 wherein parts and % nean

wei ght parts and wei ght % respectively. In addition, -Ph and -Ph-
mean phenyl group and phenyl ene group, respectively. The eval uations
in the Exanpl es were carried out by the foll ow ng nethods. 1.

Heat distortion tenperature: Measured according to 20 ASTM D648 at a | oad
of 18.6 kgf/cnferr], and used as an i ndex of heat resistance. . 2.
Fl anme retardancy: Eval uated according to t4@test met hod of UL-94
(Test for Flammability of Plastic Materials for Parts in Devices and

Appl i ances ULSnch Zhigk, tH bochesnlongsand 0 eStinghesnehdecach neasuring

1/ 16

-40- inch thick, 5

i nches long and 0. Peftpttiongelin UL 94 arerpsfellows.-in UL 94 are as

foll ows.

Afterfl ane- Persi stence of flanming of a material s,

after the ignidEtRrElames has fREFlstence of flaming of 3 materials,

Afteflame tinme- The'length of tj ich, a eria

continues to flame, under sped?#*%%ﬁihe 19n{¥g°n source hag beeRons after
the ignitign source has been renoved. 10 Aftergl ow
Persistencg of glowi ng of a nﬁf%ﬁ?%ﬁ%z after cessation

of flam ng or,

10

15

20

25

Affeffame time- The length of time which a material
continues to flame, under specified
conditions, after the ignition source has
been removed.

Afterglow- "Persistence of glowing of a materials,
after cessation of flaming or, if no
flaming occurs, after removal of the
ignition source.

Afterglow time- The length of time for which a material
continues to glow under specified test
conditions, after the ignition source has

been removed and/or cessation of flaming.

t; : Afterflame time after first flame
application.

t, Afterflame time after second flame
application.

ta . Afterglow time after second flame
application.

The material classification are specified as follows:

294V-0



f1am ng occurs, after renmoval of the I gni tion source.
Afterglow tinme- The length of tine for which a material 15

continues to gl ow under specified test condi tions,
after the ignition source has _ been renmoved and/ or
cessation of flam ng. tlerr] Afterflanme tinme after first
flame . application. 20 t[err] Afterfl ame
time after second fl anme ' _ application. tlerr]
Afterglow tinme after second flane -41- : appl i cation.

The material classification are specified as follows: 25 94V-0
« Afterflanme i AEtesflamen time for fachdndisnidyalk (gpepimen ] .or t;:

[err] 10 sec. * Total afterflame tine for any condition set (t[err]
plus t[err] <10 $8P-the 5 speC|nens) [err]50 sec. 5 * Afterflame plus

01407 BB B tms o, SRR AL G, 1™
gl oW o ATy EDERRTE" HRcehiS s 5p, sgli,c "9 2 Mo 307 Cotton
5 * Afterflame plus afterglow time for each individual

specimen after the second flame application (t,+tj):
30<sec.

* Afterflame or afterglow of any specimen up to the

“holding ciamp: No

10 * Cotton indicator ignited by flaming particles or drops:
No

94VvV-1

* Afterflame time for each individual sbecimen t; or t,:
<30 sec.

15. * Total afterflame time for any condition set (t; plus t,
for the 5 specimens): <250 sec.

* Afterflame plué afterglow time for each individual
specimen after the second flame application (t, or t;):
<60 sec.

20 * Afterflame or afterglow of any specimen up to the
' holding clamp: No

* Cotton indicator ignited by flaming particles or drops:
No

94V-2

25 * Afterflame time for each individual specimen t; or t,:



No T 94v-1 * Afterf lane time for each individual specinen t[err]

or t[err]: [err]30 sec. 15 * Total afterflane tinme for any
condition set (t[err] plus t[err] for the 5 speci.nens): [err] 250
sec. * Afterflane plus afterglow time for each individual

speci nen after the second flame application (t[err] or t[err]):

[err]60 sec. 20 * Afterflane or aftergl ow of any specinmen up to the
hol di ng cl anp: No * Cotton indicator ignited by flam ng particles or
dr ops: No 94Vv-2 25 * AfteftB=lanme time for each individua
specinmen t[err] or tferr]: -42-
[err] 30 sec. <30*se®ial afterflanme tine for any condi tion set (t[err]
plus t[err] for the 5 specinens): [err] 250 sec. * Afterfl ane

pl us aftergl oW"e"P‘h%lf%ft%ﬁ%#mﬂdFWGuﬁPr any °°§E§Ei‘-ﬁﬁnsﬁf=t &1t REuSeEond

flanme appllcatlon (t err]iw%grr se * Afterflane or
aftergl ow of arkP%p %@A%ﬁb' <250 sﬁﬁrdlng clanmp: No * Cotton

i ndi cat or '9”&¢£¥%e¥fi£ﬁﬁ"Sﬂu&a£££8£8i08rt9m8p§or 88ch 1883vidual

5 specimen after the second flame application (t,+t;3): <60
sec.
* Afterflame or afterglow of any specimen up to the |
holding clamp: No _
* Cotton indicator ignited by flaming particles or drops:
10 Yes
3. Generation of volatile gas and discoloration at the
time of molding: Inspected visually.
The thermoplastic resins, halogen-free organic
phosphoric compounds and fluorine-containing resins used
15 were as follows.
PC : Aromatic polycarbonate resin (txadename:
Tupilon S-2000N, a product of Mitsubishi

Engineering Plastics Co.., Ltd.)

ABS . ¢ ABS resin (tradename: Santac UT-61, a product
20 of Mitsui Chemicals Inc.)
PBT : Polybutylene terephthalate resin (tradename:

PBT-1200S, a product of Toray Industries,
Inc.)

PPE/HIPS

Modified PPE (tradename: Xyron X-9108, a
25 product of Asahi Chemical Co., Ltd.)



3. Generation of volatile gas and discol oration at_the . tine of

nmol di ng: | nspected visually.

The t hernopl astic resins,

hal ogen-free organic phosphori c conpounds and fl uori ne-contai ni ng
resins used 15 were as foll ows. PC Aromati c pol ycarbonate
resin (tradenane: lupi l on S-2000N, a product of Mtsub
Engi neering Plastics Co., Ltd.) ABS . ABS resin (tradenane:
Santac UT-61, a product 20 : oi Mtsui Chemicals Inc.)

Pol ybut yl ene terephthal ate resin (traderate: PBT- 1200
a product of Toray Industries, - I nc. PPE/ HI PS
Modi fi ed PPE (HEadenane:® S4rdRhenyy phosphake (a pro&uct of Hake XUEe As
Chem cal Co., Ltd.) - 43-

Tri phenyl phosphate (a pFB8WiFad: IndRgteips. Ltd.) Cheni ca

Pur e

e e

Pol yt et raf | uor oet hyl ene (t

18dY. duct
Asahi dass Co., Ltd.) &ﬁgﬁgggﬁhggaggéxig%l'el'fd(gnt hesi s of e ®
phenoxyphogpha#ehe © PPRAS A Dk S RIS NeE FA ST Ok 8- §6. ucg ur

10

15

20

25

product of Asahi Glass Co., Ltd.)

Synthesis Example 1 (Synthesis of phenoxyphosphazene
compound having p-phenylene-crosslinked structure)

A mixture of 103.5 g (1.1 moles) of phenol,
44.0 g (1.1 moles) of sodium hydroxide, 50 g of water and
500 ml1 of toluene was refluxed with heating, and water
alqne'was removed frdm the system, giving a solution of
sodium phénolate.in toluene.

In parallel with the.above reaction, 16.5 g
(0.15 moles) of hydroquinone, 94.1 g (1.0 mole) of phenol,
31.1 g (1.3 moles) of 1lithium hydroxide, 52 g of water
and 600 ml of toluene were placed in a 4-necked, 2-liter
flask. The mixture was refluxed with heating, and water
alone was removed from the system, giving a solution of
lithium salts of hydroquinone and phenol in toluene. 580
g of a 20% chlorobenzene solution containing l.olunit
mole (115.9 g) of dichlorophosphazene oligomers (a
mixture of 62% of trimer, 12% of tetramer, 11% of

pentamer and hexamer, 3% of heptamer and 12% of octamer

shi

PBT
S,

ahi
TPP

f

e)



10 ) A mixture of 103.5'g (1.1 noles) of phenol, 44.0 g (1.1

nol es) of sodi um hydroxi de, 50 g of water and 500 M of toluene was
refluxed with heating, and water al one was renoved fromthe system
giving a solution of sodi um phenol ate in toluene. 15 In
parallel with the above reaction, 16.5 g (0.15 nol es) of hydroqui none,
94.1 g (1.0 nole) of phenol, 31.1 g (1.3 noles) of Iithium hydroxide,
52 g of water and 600 m of toluene re placed in a 4-necked, 2-liter
flask. The mixture was refluxed with heafiitg, and water 20 alone was

s o, PP " S 0 g 4 B e
o i o 0 s %g%%&&qsstm%ﬁ

Pt ! "ana tREon A T10" O S Hotkd ith HEatEAmg. | Puene
sol ution at 3f %houno'inilﬁﬁﬁ'e Weld) sfideld 16He atRe? Pibpirea tofdad | on &

110[err] C for rs wth stirring. To on m xture was
added the fbowg 1AM ¥ SYdiRiNE phentildtld Wit SAPIAPHYHE e W th

stirring, and the reaction mas continued at 110[err]C for 4 hours.
After the reagicactivas waddotitdhudd @t AW For 4 HBuddl e was washed
three tinmes with 1.0 liter of a 3% aqueous sol ution of sodi um

hydr oxi de and then threaftteethe reaction was completed, the reaction

mixture was washed three times with 1.0 liter of a 3%
aqueous solution of sodium hydroxide and then three times

10 with 1.0 liter of water, and the organic layer was
concentrated under redﬁced pressure. The obtained
concentrate was subjected to vacuum drying with heating
at 80°C at a pressure of 3 mmHg or less for 11 hours to
give 211 g.of'crosslinked phenoxypposphazene as a pale

15 yellow powder.

The obtained crosslinked phoenoxyphosphazene
had a hydrolyzable chlorine content of 0.04%, a weight
average molecular weight (Mw) of 1100 (calculated as
standard polystyrene, GPC analysis), and an approximate

20 composition
[N=P(-0-p-Ph-0-)¢, 15(-0-Ph); 7]
which was found from the phosphorus content and CHN
elemental analysis data.
The crosslinked phenoxyphosphazene obtained

25 above did not show a definite melting point, and had a



10 with 1.0 liter of water, and t he organi c | ayer was concentrat ed

under reduced pressure. The obtai ned concentrate was subjected to
vacuum drying with heating at 80[err]C at a pressure of 3 nmmHg or |ess
for 11 hours to give 211 g of crosslinked phenoxyphosphazene as a pal e
15 vyell ow powder. The obt ai ned crosslinked
phoenoxyphosphazene had a hydrol yzabl e chl orine content of 0.04% a
wei ght  average nol ecul ar wei ght (My) of 1100 (calculated as
standard pol ystyrene, GPC anal ysis), and =#P-approxi mate 20 conposi tion

[ N=P(-O p-Ph-Q)0.15(-OPh)1.7 whi ch was found fromthe phosphorus
content and cCid¢compossciamistaring stemperature of 306°C andTae5%

crosslinked pheno 1ﬁhos hazene obtai ned_ 25 . above_did not show a definite
hahtpas

mel ting point ¥ temperature of 311°C as determined by the _45.

it i f 306C and. a 5% i ght |
o ur & oS Q%l%&%%ﬁfé&%@’omvm@i%mh s Jsis ) tossf
[ [ ' . : t nt i o)
e a ey © 202 Birthier . the eq‘?ﬁ'hga'%fl% rﬁee%’c%%l%e J}qi(r:‘iwmi hod and
g 1 n X err
Lo al ent) o gtoul Wil Hediiithdd By 0e dyi ftiod métdGa phd foppa
detection Iimys by 3 | ffkddl 1fad UhS a0 % ction 14mit (1 x 1076

equivalents/g, as hydroxyi equivalent per 1 g of the

sample). The detection limit is applied in the following
Synthesis Examples.

10 |
Synthesis Example 2 (Synthesis of phenoxyphosphazene
compound having 2,2-bis(p-oxyphenyl)isopropyridene-
crosslinked structure) _

65.9 g (0.7 moles) of phenol and 500 ml of

15 toluene were placed in a 4-necked, l-liter flask, and
while maintaining the internal temperature at 25°C, 14.9
g (0.65 gram atoms) of metallic sodium in the form of cut
pieces was added thereto with stirring. After completion
of the -addition, stirring was continued fnr 8 hours at 77

20 to 113°C until the metallic sodium was completely
consumed, to thereby pfepare a sodium pnenolaté solution.

In parallel with the above reaction, 57.1 g
(0.25 moles) of bisphenol-A, 103.5 g (1,1 moles) of
phenoi and 800 ml of tetrahydrofuran (THF) were placed in

25 a 4-necked, 3-liter flask, and while maintaining the



Synt hési s Exanples. 10 Synthesis Exanple 2 (Synthesis of
phenoxyphosphazene conpound havi ng 2, 2-bi s(p-oxyphenyl )i sopropyri dene-
crosslinked structure) 65.9 g (0.7 noles) of phenol and 500
m of 15 toluene were placed in a 4-necked, 1l-liter flask, and whi | e
mai ntai ning the internal tenperature at 25 C, 14.9 g (0.65 gram at ons)
of metallic sodiumin the formof cut pi eces was added thereto with
stirring. After conpletion . of the addition, stirring was continued for
8 hours at 77 20 to 113[err]C until the¥&tallic sodiumwas conpletely
consuned, to thereby prepare a sodiun1gheno|ate sol uti on. In
paral | el witHintereab/tenperatare ah 359%C or lewepp hbibsy 61-6i 95A®NOl - A,
103.5 g (1.1 nDIesz of fhenol and 800 ni of tetrahydrofuran (THF) were
placed in 25toms) R metakiic lithiym,in the Form of; &uti pieges was

5y o TSRS HRESER RG] ey Bt 2 B
ot Mg £in OFRLEL0 Ghe! Burtaned Eb §Ihobh EETRLI By o
completel y cophery end'hd nTHAAL 10AGn! ihe' SbGETRLRLGTRERRMES. *! 20

While maintaining the 1nterna1 temperature at 20°C or

lower, 1.0 unit mole (115.9 g) of dichlorophbsphazene
oligomers (concentration 37%, monochlorobenzene solution
313 g, a mixture of 75% of trimer, 17% of tetramer, 6% of

10 pentamer and hexamer, 1% of heptamer and 1% of octamer
and higher oligomers) was added dropwise to the resulting
slurry solution over 1 hour, followed by reaction at 80°C
for 2 hours. Subsequentlj{, while maintaining the internal
temperature at 20°C, the sodium phenoléte solution

15 separately prepared ﬁas added to the reaction mixture
with stirring, followed by reaction at 80°C for 5 hours.

After the reaction was completed, the reaction'

mixture was concentrated to remove THF, and 1 liter of
toluene was added to the concentrate. The resulting

20 toluene so;ution was washed three times with 1 liter of
2 % NaOH aqueous solution and then three times with 1.0
litér of water, and the organic layer was concentrated
under reduced pressure. The obtained concentrate ﬁas
subjected to vacuum drying with heating at 80°C at a

25 pressure of 3 mmHg or less for 11 hours to.give 229 g



ol i goners (concentrati on 37% nonochl orobenzene sol ution 313 g, a

m xture of 75% of trinmer, 17% of tetramer, 6% of 10 pentaner and hexaner,
1% of heptamer and 1% of octaner and hi gher oligoners) was added
dropwi se .to the resulting slurry solution over 1 hour, followed by
reaction at 80C for -2 hours. Subsequently, while maintaining the

I nternal . tenperature at 20[err]C, the sodium phenolate solution 15
separately prepared was added to the reaction m xture with stirring,
foll owed by reaction at 80 C for 5 hours.-47- After the reaction
was conpl eted, the reaction m xture was concentrated to renove THF,
and 1 |liter ofcrosslinked phewcxyphiosphazeme asracwitite cpowdertesulting 20
t ol uene sol ution was washed three tines with 1 liter of 2 % NaOH
agueous sol ution and thdhe lobhtained cnesdilinked phenoxyphesphazene had t he
organi c | ayer was concentrated under reduced pressure. The obtained
concentrat e wds hydrolyzshke «chloringe content of W@ 07heatiwelghtgo[err] C at
a 25 pressure of 3 or_less for 11 hours to give 229 g

“a7- r oHaTAGRY Hohabtrdal of J13¢ (ealeulated as

The obt ai ned cr.oss] i nked phenoxyphosphazene, had a hydrol yzabl e

chl ori ne cdnt .cﬂﬂiy%F¥£§§ﬁn &pe a%ﬁ%?%@%)nn?%@u?a?°ME¥§ﬁFi?RMo of

composi tion - Nl PRI ERRRLtEhIOSTS. A VIR PR 47580 Py [er 1)
which was found from the phosphorus content and CHN
eiemental analysls data.

The obtained crosslinked phsnoxthosphaéene did'
10 not show a definite melting point, and had a
decomposition starting temperature of 308°C and a 5%
weight loss temperature of 313°C as determined by the
TG/DTA analysis. The quantity of the residual hydroxyl
groups was not larger than the detection limit

15 (acetylation method).

Synthesis Example 3 (Synthesis of phenoxyphosphazene
compound having m-phenylene-crosslinked structuré)

The procedure of Synthesi# Example 1 was

20 followed using resorcinol in place of hydroquinone, to

thereby obtain 209 g of crosslinked phoenoxyphosphazene
as a white powder.

The obtained crosslinked phenoxyphosphazene had
a hydrolyzable chlorine content of 0.08%, a weight

25 average molecular weight (Mw) of 1080 (calculated as



vhi ch was found fromthe phosphorus content and CHN el enmental anal ysis

dat a. The obtai ned crosslinked phsnoxyphosphazene did 10
not show a definite mel ting point, and had a deconposition starting
tenperature of 308[err]C and a 5% wei ght | oss tenperature of 313 C as
determ ned by the TG DTA anal ysis. The quantity of the residua

hydr oxyl groups was not larger than the detection limt 15
(acetyl ati on met hod). Synt hesi s Exanpl e 3 (Synthesis of
phenoxyphosphazene conpound havi ng m48renyl ene-crosslinked structure)

The procedure of Synthesis Exanple 1 was 20 followed using resorcinol in
pl ace of hydr shandand polystyreanees eﬂﬁc cdnwlysmp andfa mmmhsimhb .
phoenoxyphosphazene as a white p The obt ai ne
crosslinked phenoxdiREIBRR-Palo. 15( QFBEHIOT&zabIe chlorine content of

0.08% a weight = 25 average nol ecul ar wei ght (Mw) of 1080 (cal cul ated as
- 48- st aMipdiclh was faund, £ragpcthe, pResphory eonksnfo And LHN

E:gl;'lta(ento g‘;lghcgﬂ}%) 0. 15%@10%1 7:']_%&9%1\/\@ ggt glfas fgund fromt heTEihgsphor us
crossllnkqg phenoxyphosgﬂa;e@%gg% ﬂkéﬁ phenoxyphosphazene-compound
did not show a definite melting point, and had a
decomposition starting temperature of 304°C, and a 5%
welght loss temperature of 311°C as determined by the
TG/DTA analysis. The quantity of residual hydroxYlhgroups
10 was not larger than the detection limit (acetylation

method).

Synthesis Example 4 (Synthesis of phenoxyphosphazene
having 4,4'-sulfonyldiphenylene(bisphenol-S residue)-
15 crosslinked structure)

103.5 g (1.1 moles) of pﬁénol and 500 ml of THF
were placed in a 4-necked, l-liter flask, and while
maintaining the internal temperature at 25°C, 25.3 g (1.1
gram atoms) of metallic sodium in the form of cut pieces

20 was added thereto with stirring. After completion of the
addition, stirring was continued for 5 hours at 65 to
72°C until the metallic sodium was completely consumed.

In parallel with the above reaction, 94.1 g
(1.0 mole) of phenol and 6.26 g (0.025 moles) of

25 Dbilsphenol-S were dissolved in 500 ml of THF in a 4-necked,



did not show a definite nmel ti.ng point, and had a deconposi tion
starting tenperature of 304[err]C, and a 5% wei ght | oss tenperature of
3ll[err]C as determ ned by the TG DTA anal ysis. The quantity of
residual hydroxyl groups 10 was not |arger than the detection limt
(acetylation met hod) . Synt hesi s Exanple 4 (Synthesis of
phenoxyphosphazene havi ng 4, 4' - sul f onyl di phenyl ene(bi sphenol -S
residue)- 15 crosslinked structure) 103.5 g (1.1 noles) of
phenol and 500 ml of THF were placed4% a 4-necked, 1-liter flask, and
whi | e mai ntai ning the internal tenperature at 25[err]C 25.3 g (1.1
gram at ons) ofltikter £laski \ead24ht gotn 05 goampatoms) GO metaidded
thereto with stirring. After conpletion of the addi tion, stirring was
conti nued for SPHigu oliyithe form of qut pieces was addedetheretosati um was
conpletely consuned. In parallel with the above reaction,
94.1 g (%S%Erﬂ’é)l%%ﬁ%'@il shirping. | Aftep complabion oHsthe
bi sphenol - S Weriqﬂirfsol v&_g i{l 500 r711: of THF in a 4-necked,
- 49- 1-1i% o the ftemparatuze jeas elevated)tor6 e pyes 1
sodiumin ghe of cut, nieces was added thereto at 25 or | ower
with sti rr%ng.ﬂoq‘kﬂ e‘?mgoﬁﬁ)fléff% 1S tq]%nt:finueidﬁ?{ i gn‘,‘o‘i‘ﬁ% ?En%%r‘a’?ur e was
elevated 10 6%de OVeiviing a mixed solution of sodium phenolate and

disodium salt of bisphenol-S. The solution was added

dropwise to 580 g of a 20% chlorobenzene solution.

containing 1.0 unit mole (115.9 g) of dichlorophosphazene

10 oligomers (a mixture of 62% of trimer, 12% of tetramer,

11% of pentamer and hexamer, 3% of heptamer, 12% of

octamer and higher oligomers) with cooling at 25°C or

lower and stirring, followed by reaction at 71 to 73°C _

for 5 hours. Then, the sodium phenolate solution prepared

15 above was added to the reaction mixture, and the reaction

was continued at 71 to 73°C for 3 hours.

After the reaction was completed, the reaction
mixture was concentrated and dissolved again in 500 ml of
chlorobenzene. The solution was washed three times with

20 5% NaOH aqueous solution, once with 5% sﬁlfuric'acid,
once with 5% aqueous sodium bicarbonate and three times
with water. Then, the organic layer was concentrated and
dried, giving 216 g of crosslinked phenoxyphosphazene as
a pale yellow waxy product.

25 The obtained crosslinked phenoxyphosphazene had

L



5 hour, and stirring was continued for 6 hours at 61 to 68 C,. giving a
m xed sol uti on of sodi um phenol ate and di sodi um salt of bisphenol -S.
The sol uti on was added dropwi se to 580 g of a 20% chl or obenzene

sol ution. containing 1.0 unit nole (115.9 g) of dichl orophosphazene
10 oligoners (a mxture of 62%of trimer, 12% of tetraner, 11% of
pent anmer and hexaner, 3% of heptanmer, 12% of octanmer and hi gher
oligoners) with cooling at 25 C or | ower and stirring, followed by
reaction at 71 to 73[err]C for 5 hourS¥- Then, the sodi um phenol at e
solution prepared 15 above was added to the reaction m xture, and the
reaction ahydrakyzakle ghlorine prtentt 060 205%ura. welght

After the reaction was conpleted, the reaction m Xt ure was
concentrat ed AVETRIS RARCHLA Weloho(My) L 1030 cfealentatedcasthe
solution was washed three tinmes wifth 20 5% NaOH aqueous sol ution, once

wi th 5% sul f uStandaril polystyreng)  jand, ap ARREOXHRA LS SPRRPELEAPR and
h [ ' i [ Cnl ' d d
three times vaﬁ%‘?%%h"gae-edhrbﬁgh&;agg Co %Zie\é\% concentrated an

dried, giving 216 crossiTh sphaz a pale yellow

\r/]\/:éy pr Odugt' wiith was found Tﬁeolﬁ)bél% '}?190%1933';%Séggtgﬁgggﬁégeﬁﬁsgfoge

chl ori ne cont %nig 0 &iﬁ average nol ecul ar wei ght (My) of

1030 (cal cul aI(:ae1 asn@ap%s?%%gér p%?i/styr ene), and an approxi mate

conposition wgg/pTA analysis; melting temperature Tm: 103°C,
decomposition starting temperature: 321°C, 5% weight loss
temperature: 332°C

-10 Quantity of residual hydroxyl groups: not larger than the
detection limit (acetylation method).

Synthesis Example 5 (Synthesis of phenoxyphosphazene
.having 4,4'-sulfonyldiphenylene(bisphpnol-s~residue)-
15 crosslinked structure) |
Sodium phenolate was prepared following the
procedure of Synthesis Example 4 and using 37.6 g (0.4
moles) of phenoi and 9.2 g (0.4 gram atoms) of metallic
sodium.

20 Further, a mixture of sodium phenolate.and
disodium salt of bisphenol-S was prepared following the
procedure of Synthesis Example 4 and using 160.0 g (1.70
moles) of phenol, 12.5 g (0.05 moles) of bisphenol-S and
41.4 g (1.8 gram atoms) of metallic sodium. The mixture

25 was added dropwise to 580 g of a 20% chlorobenzene



' [N:P(5C>Ph-SC{err]-Ph-C>)[err](-C>Ph)[err]] 5 which was found fromthe

phosphorus content and CHN el enental anal ysis data. Td DTA

anal ysis; nelting tenperature Tm 103[err] C, deconposition starting
tenperature: 321[err] C, 5% wei ght |oss tenperature: 332 C 10
Quantity of residual hydroxyl groups: not |arger than the detection
limt (acetyl ation nethod). Synthesis Exanple 5 (Synthesis of
phenoxyphosphazene havi ng 4, 4'-su|fon¥ld|phenylene(blsphenol

residue)- 15 crosslinked structure)
prepared foll ow e roce ure of Syn Ie 4 and using 37.6
g (0.4 %‘é?i% GeABREBL éﬂg g 9 ynig &03 hi? oP metal lic

sodi um

o odium ol 1aiehlpEoptagbhasthe 33@§3ﬁé§s?iﬁfﬁiﬁﬁarﬁh8 635° o Srdmer o

(b 05 ot es) LF® cof RekphBeR] §28 e pbhydifer anaiBokimed, FACBE . O 7o
sodium The thhtbfier28ndad 2800800l AR RRe8 B14B0RRYES"WAEPeNZone

Sodlun1phenolate was

-51- . sol on contal nin
di chl or oplgosp fﬂﬁ‘ Ohtgﬁﬁ‘fés ﬁalﬁhéiuhﬁdOEFigﬂﬂh L I PRE" subsequér ¥ Of
tetraner, 11% o taner and hexaner, 3% o0

procedure was carried out in the same manner as in .
Synthesis Example 4,.giving 218 g of crosslinked
phenoxyphosphazene as a pale yellow waxy product.
Analyses confirmed that the obtained |
10 crosslinked phenoxybhosphazene was the foliowing compound.
[N=P(‘-O-Ph-S'Oz-Ph-O- Jo.05(-0-Ph)1,90l-
‘Residual chlorine: 0.01% or less
Weight average molecular welght Mw: 1080 (calculated as
standard polystyrene) |
15 TG/DTA analysis; melting temperature.Tm: 103°C,
décomposition starting temperature: 320°C, 5% weight loss
.temperéturez 334°C
Quantity of residual hydroxyl groups (acetylation
method): not larger thah the detection limit
20
Synthesis Example 6 (Synthesis of phenoxyphosphazene
having 4,4'-sulfonyldiphenylene(bisphenol-S residue)-
crosslinked structure)
Sodium phenolate was prepared following the

25 procedure of Synthesis Example 4 and using 37.6 g (0.4



hept aner and 12% of octaner and hi gher oligoners) with 5 cooling at

25[err] C or lower and stirring.  The subsequent procedure was carried
out -in the same nanner as in Synt hesis Exanple 4, giving 218 g of
crosslinked phenoxyphosphazene as a pal e yell ow waxy product.

Anal yses confirned that the obtained 10 crosslinked phenoxyphosphazene
was the foll ow ng conpound. [ N=P(
-O-Ph-Serr]-Ph-O)[err](-O-Ph)[err]]. Resi dual chlorine: 0.01% or

| ess Wi ght average nol ecul ar wei ght=3s 1080 (cal cul ated as

standard pol ystyrene) 15 TG DTA analysis: nelting tenperature Tm .
103[err] C, moﬁ@édomﬁomqrmi angd 19 ) 9 elfhet grame:atgmg brof aret8d Wbt ght

| oss tenperature: 334 C Quantity of residual hydroxyl groups -
(acetyl ati on SO3iUFet hod): not |arger than the detection limit 20

Synt hesis Exanple 6 (Sygihesis of %ge oxyphosphazene havi n

g, al - sul Lony: di phenyl engléﬁi@fﬁ?ef né ! . lié’s‘iﬁelﬁc -Zs;adziu’r“octﬂlelﬁu%q]imf cﬁiﬂnt rgg}t gr e)
odi um pheno r e ng, t

Exanpl e 4 an dﬁh.%o‘f%ﬁ:gn?.sgﬁéf (:% ﬁép%n&. £' was pré)pare _fc?lfowfr\{g ghe

-52- 80! Hoc¥adite Y A Etarp s A" AP Td10§ 17 2% '§C(1.50

sodi um~
moles) of phenol, 37.5 g (0.15 moles) of bisphenol-S and

41.4 g (1.8 gram atoms) of metallic sodium. The mixture
was added drquise to 580 ‘g of a 20% chlorobenzene
solution containing 1.0 unit mole (115.9 g) of
10 dichlorophosphazene oligomers (a mixture of 62% of trimer,
12% of tetramer, 11% of pentamer and hexamer, 3% of
heptamer, 12% of octamer and higher oligomers) with
cooling at 25°C or lower and stirring. The subsequent
- procedure waé_carried out in the same manner as in
15 Synthesis Example 4, giving 217 g of crosslinked
phenoxyphosphazene as a pale yellow waxy product.
Analyses confirmed thét the obtained
crosslinked phenoxyphosphazene.was the following'éompound.
[N=P(-O-Ph-SOz-Ph-O-)o.ls(-O-Ph)1_70].
20 Residual chloriﬁe: 0.03% .
Weight average molecular weight Mw: 1150 (calculated as
standard polystyrene)
TG/DTA analysis; melting temperature Tm: 1mposs161e to
detect, decomposition starting temperature: 318°C, 5%

25 welght loss temperature: 335°C



Furthér; a m xture of sodi um phenol ate and di sodi um salt of
bi sphenol -S was prepared foll ow ng the 5 procedure of Synthesis Exanple

4 and using 141.2 g (1.50 nol es) of phenol, 37.5 g (0.15 nol es) of
bi sphenol - S and 41.4 g (1.8 gramatons) of netallic sodium The
m xture was added dropwi se to 580 g of a 20% chl or obenzene '

solution containing 1.0 unit nole (115.9 g) of 10 dichlorophosphazene
oligoners (a m xture of 62% of triner, 53 12% of tetramer, 11% of
pent aner and hexaner, 3% of hept anmer Y°I2% of octaner and hi gher

i i fh i ng 5 C I d lL,rri.ng. Th
SubSequent . CuaptitEGRR At dual; hYrer L gxBipe. PSRN (n 15
Synt hesi s Ex [ Vi 7 f |4 h h
2 pal'e yol | owibiga) Ot 1abbc? chan® \B3" dgtiBEaon A ARTIIUPIREPTRE" 70

obt ai ned crossl i nked phenoxyphosphazene was the foll ow ng conpound.
[NEP(-O-Ph-SO err]-Ph-O)[err](-OPh)[err]]. 20 Residual chlorine:-0.03@§

Vi ght aver agsyﬁeh%;iggxgﬁgg@ _7Mtfs¥g%ﬁ%s&%alo<fu?§4ae§%r hosphaetyiar d

pol ystyrene) o al'ysi's; ting tenp Tm i npossible to-
det ect, d@O”Ha'%!thgOQ,itfabkyﬁﬂph%mi"eﬁbuﬁbs%llm Gtx%oét\&%)\ggl ght | oss

tenperature: 335 C
Quantity of residual hygdegfivin phernplatacwhy pirepared following the
| procedure of Synfhesis Example 4 and using 94.1 g (1.0
mole) of phenol and 23.0 g (1.0 gram atoms) of metallic
sodium.

10 ' Fuither, a mixture of sodium phenolate and
disodium salt of bis(4-hydroxyphenyl)ether was prepared
fdllowing the prodedure of Synthesis Example 4 and using
94.1 g (1.0 mole) of phenol, 20.2 g (0.10 moles) of
bis(4-hydroxyphenyl)ether and 27.6 g (1.2 gram atoms) of

15 metallic sodium. The mixture was added dropwise to 580 g
of a 20% chlorobenzene solution containing 1.0 unit mole
(115.9 g) of dichlorophosphazene pligomers (a mixture of
62% of trimer, 12% of tetramer, 11% of pentamer and -
hexamer, 3% of heptamer and 12% of octamer agd higher

20 oligomers) with cooling at 25°C or lower and stirring.
The subsequent procedure was carried out in the éame
manner as in Synthesié Example 4, giving 211 g of
crosslinke@ phenoxyphosphazene-as a pale yellow waxy

product.

25 Analyses confirmed that the obtained



net hod): not larger than the detection limt Synt hesi s Exanple 7
(Synt hesi s of .phenoxyphosphazene 5 having 4, 4'-oxydi phenyl ene-crosslinked
structure) . Sodi um phenol at e was prepared foll owi ng the
procedure of Synthesis Exanmple 4 and using 94.1 g (1.0 nol e) of phenol
and 23.0 g (1.0 gramatons) of netallic sodium 10

Further, a m xture of sodi um phenol ate and di sodi um salt of

bi s(4- hydroxyphenyl )ether was prepared _gqf0llo0ow ng the procedure of

Synt hesi s Exanple 4 and using 94.1 g (1.0 nole) of phenol, 20.2 g

(0.10 nol es) Qfroge1jnied HBAHE Aﬁé‘ﬁéevﬁaé‘“ﬁm@f&ﬂoﬂn% Séﬁﬁbéhams)a

of 15 netallic sodium he mXture was added dropw se to

20% chl or obenzene ﬁm&n@4mwpuam;pmnmnyo110-0nrh)f0% (115.9 9) of
di chl orophosphazene ol i goners (a m xture of 2% of trimer, 12% of

tetramer, ll%pefsi@idiaetloxrthe: 0.0EXaErlesyo of heptanmer and 12% of
oct aner and hi gher 20 oligoners) with cooling at 25[err]C or | ower and

stirring. Wellyhts uhaarpgs tmgll exelhr ewenbgh® Mwi el @0t (caléhtatedeas
manner as in Synthesis Exanple 4, giving 211 g of crosslinked
phenoxyphoSphastandaxrd pokirstyrsnely waxy product. 25

Anal yses confirnmed that the obtained

- 54- cr 038/ DNke anstiarsbep skting rkenpgratiere dfmowinmpogshbdentio
detect, decomposition starting temperature: 321°C, 5%

weight loss temperature: 328°C
- Quantity of residual hydroxyl groués (acetylation

10 method): not larger_than the detection limit

Synthesis.Example 8 (Synthesis of phenoxyphosphazene
having 4,4°'-oxydiphenylene-crosslinked structure)
.Sodium phenolate was prepared following the
15 procedure of Synthésis Example 4 and using 94.1 g (1.0
mole) . of phenol and 27.6 g (1.2 gram atoms) of metallic
sodium.
Further, a mixture of sodium phenolate and _
disodium salt of bis(4-hydroxyphenyl)ether was prepared
20 following the procedure of Synthesis Example 4 and using
94.1 g (1.0 mole) of phenol and 40.4 g (0.20 moles) of
bis(4-hydroxyphenyl)ether and 27.6 g (1.2 gram atoms) of
metallic sodium. The mixture was added dropwise to 580 g
of a 20% chlorobenzene solution coﬁtaining 1.0 unit mole

25 (115.9 g) of dichlorophosphazene oligomers (a mixture of



[N:P(-‘OPh-OPh-O)[err].(-OPh)_[err]]. Resi dual chlorine: 0.01% or

| ess Wei ght average nol ecul ar weight Mv. 1100 (calculated as 5
standard pol ystyrene) TG DTA analysis; nelting tenperature Tm
| npossible to detect, deconposition starting tenperature:-321[err]C,
5% wei ght | oss tenperature: 328[err]C Quantity of residual

. hydroxyl groups (acetylation 10 nethod): not larger than the detection
limt Synthesis Exanpl e 8 (Synthesis of phenoxyphosphazene
havi ng 4, 4' - oxydi phenyl ene-crossl i nked stb&ect ure) Sodi um

phenol ate was prepared followng the 15 procedure of Synthesis Exanple 4
and using 94.62% ¢f. trimer,nd28) off tetaadierand 187 of pentameyr @Rt ons) of
metallic sodi um Further, a m xture of sodi um phenol ate
and di sobexamexlt 3&f ofi heptameroanchddH rL: petamper andhighen
foll owi ng the rocedur§ of Synthesis Exanple 4 and usin 94.1 g (1.0
nol e) of phenBi-igamers) wdthy coeling. at C or Jower ﬂg’d’r SEAFRIRI 9 et her
and 27.6 g (1 gram at ons) of metal lic sqdium _ _The mixture was added
dr opwi se Lo, SHReqsabseaRRRy BneuR,HAR SRETSS, A% 10k AAME 1.0 uni
mle 25 J1iga3ngk 8h JnCHyH NP IRRERT L YRR 2107 BF

crosslinked phenoxyphosphazene as a pale yellow waxy

product.

Analyses confirmed that the obtalned
crosslinked phenoxyphosphazene was the following compound.
10 [N=P(-O-Ph-0-Ph-0-)g_ 2(-0-Ph)j. ¢l.
Residual chlorine: 0.02%
- Welght average molecular weight Mw: 1220 (calculated as
standard polystyrene) -
TG/DTA analysis; melting temperature Tm: impossible to
15 detect, decomposition starting temperafure: 306°C, 5%
welght loss temperature: 321°C
Quantity of residual hydroxyl groups (acetylation

method): not larger than the detection limit

20 . Syntheslis Example 9 (Synthesis of phenoxyphosphazene
having 4,4'-thiodiphenylene-cross1inkgd structure)
Sodium phenolate was prepared following the
procedure of Synthesis Example 4 and using 94.1 g (1.0
mole) of phenol and 23.0 g (1.0 gram atom) of metallic
25 sodium.



62% of trimer, 12% of tetramer, 11% of pentaner and hexaner, 3% of

hept anmer and 12% of octaner and hi gher ol i goners) with cooling at
25[err] C or lower and stirring. The subsequent procedure was carried
out in the sane 5 manner as in Synthesis Exanple 4, giving 212 g of
crossl i nked phenoxyphosphazene as a pal e yel |l ow waxy product .

Anal yses confirned that the obtained - crossl i nked phenoxyphosphazene
was the follow ng conpound. 10 56— . _ _

[ N=P(-OPh-O-Ph-O)[err] (- OPh)[err]] Resi dual chlorine: 0.02%

Wei ght average nol ecul a t My .1 ( cu standard

pol 3st yrene) ° TG DTk“%%&%f& 2 mix %:[qr c&l éﬁ'&’f’hpgleﬁg q&;‘r?p(?é!g bl e tﬁt
15 detect, i erature 306[ err d{ melg

| 0ss t enper at S’?‘%% el %ﬁa’q?l ttt?'gt%p #{ﬁﬁ‘éﬁﬂ g w;(‘)g
acetylation ¢ Qﬂ%i

(Synt hesi s Exarrpe IB 5% esl's ﬂﬁ%nox?gﬁ%@ azene d%j.x#:ﬁ%(}

4, 4" -t hi odi thﬁ_one%a_lg)o%f iR 1S tendt 1247 %) éy mOlelggar?é? um phenol ate

was prepared following th procedure o esl s e 4 and using

94.1 g (1.9 thio@ibﬁ)en@‘l RERN27.3¢ 332 Griah %ﬂﬁ@é‘i@'ﬁeﬁéu‘f& allic 25

sodi um

sodium. The mixture was added dropwise to 580 g of a 20%
chlorobenzene solution containing 1.0 unit mole (115.9 g)
. of dichlorophosphazene oligomers (a mixture of 62% of
trimer, 12% of tetramer, 11% of pentamer and hexamer, 3%
10 of heptamer and 12% of octamer and higher oligomers) with
cooling at 25°C or lower and stirring. The subsequent
procedure was carried out in the same manner as in
Synthesis Example 4, giving 215 g of crosslinked
phenoxyphosphazene as a pale yellow highly viscous
15 product.
| Analyses confirmed that the obtained
crosslinked phenoxyphosphazene was the following compound.
[N=P(-0-Ph-S-Ph-0-)g_ 1(-0-Ph)1_g]
Residual chlorine: 0.07% _
20 Weight average molecﬁlar weight Mw: 1210 (calculated as
standard polystyrene)
TG/DTA analyeis; melting temperature Tm: impossible to
detect, decomposition starting temperature. 337°C, 5%
- welght loss temperature: 342°C

25 Quantity of residual hydroxyl groups (acetylation



Further, a mxture of sodi um phenol ate and di sodi um salt of

4, 4" -t hi ophenol was prepared foll ow ng t he procedure of Synthesis
Exanple 4 and using 94.1 g (1.0 nole) of phenol and 21.8 g (0.10

nol es) of 4,4'- 5 thiodi phenol and 27.6 g (1.2 gram atons) of netallic
sodium The m xture was added dropwi se to 580 g of .a 20% chl or obenzene
solution containing 1.0 unit nole (115.9 @) of di chl orophosphazene
oligonmers (a mxture of 62% of tnnm 12% of tetramer, 11% of

pent aner and hexamer, 3% 10 of heptaner gnd 12% of octaner and hi gher

ol igonmers) wth coal.i at 2 r, and, sti The subsequent
procedure was 8&?‘."“8 &ﬂt %ﬁ!‘ ge r}"ld:'rf’ {{mjsent hesi s Exanpl e
4, giving 215 g of crossllnked phenoxyphosphazene as a pal e yel | ow

hi ghly viscous 15 product. Anal yses confirned that the

?th:gi( n((?}dPh S Eﬁhgﬁ)gflerr?%%bgh%o[ er W%g}%em déqk%i%#%@w?f?fgound

Wei ght ‘aver ag &l are . ﬂy&j %&F" t ndard

pol ystyrene) ﬁa‘ﬂh% D‘?‘A \ggial ySI'S; nr%él ting terrpere;]{éhre ¢ uzs%i;‘& bl ﬁ tlo

detect, degonposition s hafo f o1 ght | oss
eonp bogt phfiAatle! Wars ?]éalp%:;/drox éwin&;p i |

tenperature: 342[err]C 25 Cuantlty of resi gro
(acetylation procedure of Synthesis Example 4 and using 94.1 g (1.0
mole) of phenol and 23.0 g (1.0 gram atom) of metallic
sodium. |
Further, a mixture of sodium phenolate and

10 disodium salt of 4,4'-thiophenol was prepared following
fhe procedure of Synthesis Example 4 and using 94.1 g
(1.0 mole) of phenol, 43.7 g (0.20 g) of 4,4"-
thiodiphenol and 27.6 g (1.2 gram atoms) of metallic
sodium. The mixture was édded dropwise to 580 g of a 20%

15 chlorobenzene solution containing 1.0 unit mole (115.9 g)
of dichlorophosphazéne oligomers (a mixture of 62% of
trimer, 12% of tetramer, 11% of pentamer aﬁd hexamer, 3%
of heptamer and 12% of ocfamer and higher oligomers) with
cooling at 25°C or lower and stirring. The subsequent

20 procedure was carried out in the same manner as in
Synthesis Example 4, giving 217 g of crosslinked
phenoxyphosphézene as a pale yellow highly viscous
product.

Analyses confirmed that the obtained

25 ©crosslinked phenoxyphosphazene was the following compouhd.



~“57- ° met hod): not larger than the detection limt Synt hesi s

Exanpl e 10 (Synt hesis of phenoxyphosphazene havi ng

4, 4" -t hi odi phenyl ene-crosslinked structure) 5 Sodi um phenol at e
was prepared follow ng the procedure of- Synthesis Exanple 4 and using
94.1 g (1.0 nol e) of phenol and 23.0 g (1.0 gramaton) of netallic
sodi um ' Further, a m xture of sodi um phenolate and 10

di sodium salt of 4,4'-thiophenol was prepared foll ow ng t he procedure
of Synthesis Exanple 4 and using 94.1 g ~98= (1.0 nole) of phenol, 43.7 g
(0.20 g) of 4,4"- t hi_odi phenal and 27. (1.2 gram atons) of netallic
sodium The mi xtur[é"”iﬁa(s‘odt?g'b‘@o'(?ﬁb'ﬁm)sfb& y (}-(ﬁlz‘a 20% 15 chl orobenzene
solution containing 1.0 unit nole 5.9 9) of di chl or ophosphazene
oligoners (a lochdoxine: 0'(‘)]]t]&ri mer, 12% of tetramer, 11% of

o1 1 gorer s). wi ARAGRE ayasiage, el essiae wsht e Siag” SRued 8"
Synihesi o ExafsPRoAr e AR F ocsl Tnked - phenoxyphosphazene as
2og?! (rangglé ﬁgﬁyﬁ’?%t??‘??%%zg‘?lﬂ@gﬁ%ﬂ?ﬁ% ugﬁowﬁhoig&%}?'r%ﬁvﬁot he
followi ng congaadt, decomposition starting temperature: 341°C, 5%
weight loss temperature: 347°C
Quéntity of residual hydroxyl groups (acetylation
method): not larger than the detection limit
10-
Synthesis Example 11 (Synthesis of phenoxyphosphazene
having 4,4'-diphenylene-crosslinked structure)
Sodium phenoiate was prepared following the
procedure of Synthesis Example 4 and using 94.1 g.(l.o
15 mole) of phenol aﬂd 23.0 g (1.0 gram atom) of metallic
sodium.
Further, a mixture of sodium phenolate and
disodium salt of 4,4°-diphenol was prepared following the
procedure of Synthesls Example 4 and using 94.1 g (1.0
20 mole) of phenol, 18.6 g (0.10 moles) of 4,4'-diphenol and
27.6 g (1.2 graﬁ atoms) of metéllic éodium. The mixture
ﬁas added dropwise to 580 g of a 20% chlorobenzene
solution containing 1.0 unit mole (115.9 g) of
dichlorophosphazene oligomers (a mixture of 62% of trimer,

25 12% of tetramer, 11% of pentamer and hexamer, 3% of



158- ° [N=P(-OPh-S-Ph-O)[err](-OPh)[err]]. Resi dual

chlorine: 0.01% Wei ght average nol ecul ar wei ght Mv. 1320 (cal cul at ed
as standard polystyrene) 5 TG DTA analysis; nelting tenperature Tm
| npossible to detect, deconposition starting tenperature: 341[err]C,
5% wei ght | oss tenperature: 347[err]C Quantity of residual

hydr oxyl groups (acetylation nmet hod): not |arger than the detection
limt 10. Synt hesi s Exanpl e 11 (Synthesi's of phenoxyphosphazene
havi ng 4, 4' -di phenyl ene-crosslinked struch¥re) Sodi um
phenol ate was prepared foll ow ng the procedure of Synthesis Exanple 4
and usi ng 94.heptdmen and 12%| of octamenocandnbighey gligomegysianwdddn) of
metallic sodi um Further, a m xture of sodi um phenol ate
and di soeeeking| at o25%4C1orgloweroandastprehnged The | Subsgauent

procedure of Synthesis Exanple 4 and using 94.1 g (1.0 20 nole) of
phenol , 18. 6 Brecedurepvas)carried ogtphpnEhefgme manpergag dn 2 gram

i R BTGRP LT S T
o o P R Sh ABHEL Sl 2of 41 Bado e Ao ha bt achls 127 O
product. '
Anélyses confirmed that the obtained
crosslinked phenoxyphosphaiene was the following compound.
[N=P(-0-Ph-Ph-0-)q_ 1(-0-Ph)1 gl
10 Residual chlorine: 0.01%
Weight average molecnla; weight-Mw:.1210 (calgulated as
standard polystyrene) |
TG/DTA analysis:; melting temperature Tm: impossible to
detect, decomposit;on'starting“temperature: 338*C, 5%
'15 weight loss temperature: 349°C
Quantity of residual hydroxyl groups (acetylation

method): not larger than the detection limit

Synthesis Example 12 (Synthesis of phenoxyphosphazene
20 having 4,4'-diphenyleneQGrosslinked structure)
. Sodium phenolate was prepared following the
procedure of Synthesis Exémple 4 and using 94.1 g (1.0
mole) of phenol and 23.0 g (1.0 gram atom) of metallic
sodium.

25 Further, a mixture of sodium phenolate and



*-59- ° hept amer and 12% of octanmer and hi gher oligoners) with

cooling at 25[err] C or lower and stirring. The subsequent '~ procedure
was carried out in the same nanner as in Synt hesi s Exanpl e 4, givVing
208 g of crosslinked 5 phenoxyphosphazene as a pale yellow highly viscous
product . - Anal yses confirnmed that the obtained

crossli nked phenoxyphosphazene was the foll ow ng conpound.

[ N=P(-O Ph-Ph-O)[err](-O-Ph)[err]] 10 Residual chlorine: 0.01%

Wei ght average mol ecul ar wei ght Mv. 12166@cal cul ated as standard

pol ystyrene) TG DTA analysis; nelting tenperature Tm inpossible to
det ect, decoddsodium saldr iofhdt i mskphenat veas[prepnaxed 580 1liowing gbhel oss
tenperature: 349[err] C %yantit of residual hydroxyl g{ouPs

(acet yl at i on Procedutiehf] :Syihesks Exanmple thandesing94ikig (1.0

Synt hesi s Exanpl e -12 &%/nt hesi s of £henox3/phosphazene 20 _having

4, 4' - di pheny M@ )c s AHeRQYy 371%19r@-20 moles) of 4.4 diphepehornde was

o (10 8 i ek e h of meV R, Soddifhs pe Bz O

~ sodium g > was added @Jﬁ&‘féa t‘?‘o ﬂ},gﬁ ugr. eoto fa %‘uéﬁfo@%éﬁéeeng nd .
solution containing 1.0 unit mole (115.9 g) of
dichlorophosphazené oligomers (a mixture of 62% of trimer,
12% of tetramer, 11% of pentamer and hekamer, 3% of
heptamer and 12% of octamer and higher oligomers) with

10 cooling at 25°C or lower and stirring. The subsequent
procedure was carried out in the same manner as in |
Synthesis Example 4, giving.211 g of crosslinked
phénoxyphosphazene as a pale vellow highly viscous
product.

15 Analyses confirmed that the obtained
crosslinked phenoxyphosphazene was the following compound.

[N=P(-O-Ph~-Ph-0-)qg_2(-0~Ph)j ¢l

.Residual chlorine: 0.01%
Weight average molecular weight Mw: 1350 (calculated as

20 standard polystyrene)
TG/DTA analysis; melting temperature Tm: impossible to
detect, decomposition starting temperature: 336°C, 5%
weight loss témperature: 3475C |
Quantity of residual hydroxyl Qroups (acetylation

25 method):_not larger than the detection 1limit



-60- = disodiumsalt of 4,4 -diphenol was prepared follow ng the
procedure of Synthesis Exanple 4 and using 94.1 g (1.0 nol e) of
phenol, 37.2 g (0.20 noles) of 4,4'-diphenol and 27.6 g (1.2 gram
atons) of netallic sodium The mxture 5 was added dropwi se to 580 g of a
20% chl or obenzene solution containing 1.0 unit nmole (115.9 g) of

di chl orophosphazene oligoners (a m xture of 62%of triner, 12% of
tetramer, 11% of pentanmer and hexamer, 3% of hept amer and 12% of
octaner and higher oligoners) with 10 t8ring at 25 C or |ower and
stirring. The subsequent procedure was carried out in the same manner
as in Synthesis Exanple 4, giving 211 g of crosslinked

henoxyphosphgzene as a_pal e_yel | ow highly viscous product. 15
Knalyses confﬁ?ﬁ%ﬁePﬁﬁtEgﬁgp&ﬁtéined crossl i nked phenoxyphosphazene

Resi dual chl ori ng: 0. 01%A MIXURFEHPE8r S8 LB LoLRALRY Bt My - 1350

(Cmerarurs Fyaslastands, oton/s' §cpchore) of pbPoton 40 135

b ) 088 bE, 13khepm BYRLERAGLE2L BTER' SUALE. ol 0 g0 .o

than the detegbi@énbi Wak placed in a 4-necked, 1-liter flask and
refluxed with heating. Then, water alone was removed from
the system, giving a solution of lifhium salts and
hydrogquinone and phenol in toluene.

10 in parallel with the above reaction, a mixture
of 103.5 g (1.1 moles) of phenol, 44.0 g (1.1 moles) of
sodium hydroxide, 50 g of water and 500 ml of toluene was
refluxed with heating, and water alone was removed from
the system, giving a solution of sodium phenolate in

15 toluene. 580 g of a 20% chlorobenzene solution containing
1.0 unit mole (115.9 g) of dichlorophosphazene oligomefs
(a mixture of 62% of trimer, 12% of tetramer, 11% of
pentamer and hexamer, 3% of heptamer and 12% of octamer
and higher oligomers) was added dropwise to the toluene

20 solution at 30°C or lower with gtirring, followed by
reaction at 110°C for 3 hours with stirring. The above
prepared toluene solution of sodium salfs of hydroquinone
and phenol was added to the reaction mixture w;th

stirring, and the reaction was continued at 110°C for 4

25 hours.



-61- Ref erence Exanple 1 A m xture of 16.5 g (0.15
nol es) of hydr oqui none, 94.1 g (1.0 nole) .of phenol, 31.1 g (1.3 5
nol es) of lithium hydroxide, 52 g of water and 600 m of t ol uene was
pl aced in a 4-necked, 1-liter flask and . refluxed with heating. Then,
wat er al one was renoved from the system giving a solution of Iithium
salts and hydr oqui none and phenol in toluene. 10 I n
‘parallel with the above reaction, a mxture of 103.5 g (1.1 moles) of
phenol, 44.0 g (1.1 noles) of sodi un®#ydr oxi de, 50 g of water and 500
m of toluene was refluxed with heating, and water alone was.renpved

from the system QALteEH the FeRrcbioR:was coMPLAERd: athe; Reaetiog| yene.
590,95 . ORkELhER USRESRR A D EERER' BARR 1 ool Be e, 1550
cctamer T ddiedbeae1aPEEh BF . ORI HRARCx 8, sad, SRR tpERE. . 50
To0rerr] ¢ ropuiogNaEh 1R IateE of WhELR], WS UEFLEY, tho GERERLE"

ket on 8 B A" SolboRFaraH! UABEr, pocutad, pheaghrins aidcd (0 (e
110[err] C faspfairedhé8héentrate was subjected to vacuum drying with
heating at 80°C at a pressure of 3 mmHg or less for 11
hours, giving 189. g of crosslinked phenoxyphosphazene as
a pale yellow powder.
10. The obtained crosslinked phoenoxyphosphazene
had a hydrolyzable chlorine content of 0.6%, and an
approximate composition

[N=P(-0O-p-Ph-0-) (-0-p-Ph-0H) g _ g5(-0-Ph)1 _gg]

0.025
which was found from the phosphorus content and CHN
15 elemental analysis data.
Weight average molecular weight Mw: 780 (calculated as
standard polystyrene)
TG/DTA analysis; melting poin£: not definitely shown,
' decomposition starting temperature: 285°C

20 Quantity of residual hydroxyl groups (acetylation
method): 0.2 milliequivalents/g.

Reference Example 2
160.0 g (1.70 moles) of phenol, 12.5 g (0.05"

25 moles) of bisphenol-S, 1.8 gram atoms of metallic sodium



162- After the reaction was conpleted, the reaction

m xture was washed three tines with 1.0 liter of a 3% aqueous sol ution
of sodi um hydroxi de, and then three times with 1.0 liter of water.

. Thereafter, the organic 5 |layer was concentrated under reduced pressure.
The obt ai ned concentrate was subjected to vacuumdrying with

heating at 80[err]C at a pressure of 3 mmHg or less for 11 hour s,
giving 189 g of crosslinked phenoxyphosphazene as a pale yell ow
powder. 10 The obtai ned crossbBnked phoenoxyphosphazene

had a hydrol yzabl e chlorine content of 0.6% and an appr oxi mat e

. conposi tion and 600 miNof(tolpenk- weyel plapedOip- BhACHpcked).(1oddmgwr r] |
“which was found fromthe phosphorus content and CHN 15 elenental analysis
dat a. vef ask sandagef kuredywithbegiingy, giydngc s selatdeonyof
standard polystérene TG DTA anal ysi s; neltln point: not definitely

shown, ﬁﬂ@sﬁ?i&ﬁ ef Pisphenedys: and: ph dfy rolueme.qiantity of
resi dual hydr oxyl group %

t |1 | ent s/
Ref erence Exanple 2 ace Xieilwifgotge a ?V?Orﬁﬁpgéghofggﬂﬂ%%fI%QZSSQg
(0 558 MoLBr0% § 5 b b ARG OF: 2 5.4 W Ll

of metallic sodium and 500 ml of toluene was refluxed
with heating, giving a solution of sodium phenolate in
toluene. 580 g of a 20% chlorobenzene solutidn containing
1.0 unit mole (115.9 g) of dichlorophosphazene oligomers

10 (a mixture of 62% of trimer, 12% of tetramer, 11% oOf
pentamer and ﬁexamer, 3% of heptamer and 12% of octamer
and higher oligomers) was added dropwise to the toluene
solution at 30°C or lower with stirring. The subsequent
procedure was carried out in the same manner as in

15 Reference Example 1, giving 188 g of phenoxyphosphazene
as a pale yellow waxy product.

The obtained phoenoxyphosphazene had a
hydrolyzable chlorine content of 1.3%, and an approximate
composition

20 [N=P(-0-p-Ph-0-) . (-O-p-Ph-OH)q o4(-0-Ph); g51
which.was found f;om the phésphorus content and CHN
elemental analysis data.

Weight average molecular weight Mw: 750 (calculated as

standard polystyrene)

25 TG/DTA analysis; melting point: not definitely shown,



-63- and 600 m of toluene were placed in a 4-necked, 1-liter

flask and refluxed wth heating, giving a solution of sodium salts of
bi sphenol -S and phenol in toluene. In parallel with the’
above reaction, a mxture 5 of 37.6 g (0.4 noles) of phenol, 9.2 g (0.4
gram at ons) of netallic sodiumand 500 m of toluene was refl uxed

wi th heating, giving a solution of sodium phenolate in tol uene. 580 ¢
of a 20% chl or obenzene sol ution containiQ§ . 1.0wunit nmole (115.9 g) of
dichlorophosphazene'oligoners 10 (a m xture of 62%of trinmer, 12% of

tetramer, 11%.0 nta ,6of mer and 12% of

oct aner ESOWP 3%@5&@%&&%§%Bﬁﬁﬁ¥ @#ﬁﬁ o the tol uene

sol ution at 3 t|r ocedure was
carried out ﬁugﬁgg'ggorr\é@rranr?té{a‘%s |H¥£%§WER§I§®%3%%]I e 11 giving 188 g

of phenoxypho e Xy product

The obt ai ned pg%gﬁggyphosp ?g%gqyﬁ?d&aﬂﬂqufzkolyzable chl orine content
of 1.3% and an approxi mate conposition

[N=P(-O p-Ph-O)[err] (-OP-Ph-OH)[err] (- OPh)[err]] whi ch was found
fromthe mhosgkamplesont &gt 1@1d CHN el enental anal ysis data.

Wei ght average nol ecul ar wei ght Mv. 750 (cal cul ated. as st andard

pol ystyrene) 25 TG DTAFdameysietardant resim riomposi tdehsnidctordimgvto
the invention were prepared by adding each of the flame
retardants (crosslinked phenoxyphosphazene compounds of
the invention) shown in Table 1, optionally together with
10 PTFE, to a resin comprising 75 parts of an arématic
polycarbonate resin and 25 parts of ABS -resin, mixing the
compﬁnents in a mixer, and melting and kneading the
mixture by means of a twin-screw kneader having a screw
diameter of 25 mm.
15
Comparative Example 1
A resin composition was prepared following the
Pprocedure of Example 1 and using trixylyl phosphate (TXP)
in place of the crosslinked phenoxyphosphazene of

20 Synthesis Example 1.

Comparative Examples 2 and 3
Resin compositions were prepared following the
procedure of Example 1 and using the phenoxyphosphazene

25 obtained in Reference Example 1 or 2 in place of the



-64- deconposition starting tenperature: 276 C Quantity of

resi dual hydroxyl groups: (acetylation method): 0.2 mlliequival ents/g.
5 Exanples 1 to 13 Fl ame-retardant resin conpositions
according to the invention were prepared by addi ng each of the flane
retardants (crosslinked phenoxyphosphazene conpounds of the invention)
shown in Table 1, optionally together with 10 PTFE, to a-resin conprising
75 parts of an aronmatic pol ycarbonate resin and 25 parts of ABS resin,
m xi ng the - conmponents in a mxer, an@5relting and kneading the

m xture by nmeans of a tw n-screw kneader having a screw di aneter of 25
mm 15 crapsilinked Phenpkyphosphazene of Synthesdisn Exampds ti.on was
prepared follow ng the procedure of Exanple 1 and using trixylyl
phosphat e (TXP) in place of the crosslinked phenoxyphosphazene of 20
Synt hesi s Exanpl e 1. Conparati ve Exanples 2 and 3 '
Resi n conposi&BﬂﬁgrﬂéigepFEBQP@G flol | owi ng the procedure of Exanple 1

and using the phenoxyphgsghaiene 25 obtained in Reference Exanple 1 or 2
in place of the esln composltion was prepared fpllowing the

5 procedure of Example 1 except that no flame retardant was

added.

The resin compositions obtained in Examples 1
to 13 and Comparative Examples 1 to 4 ﬁere injection-

10 molded to prepare test.specimens having a thickness of
1/16 inch. Using the test specimens, the flame retardancy
was evaluated according to the test method of UL-94, and
the heat distortion temperature was measured according to
ASTM D-648. The compositions were also checked for

15 Jjuicing during the molding process. The results are shown

in Table 1.



crosslii nked phenoxyphosphazene of Synthesis Exanple 1. Conmparative

Exanpl e 4 A resin conposition was prepared follow ng the 5
procedure of Exanple 1 except that no flane retardant was added.
The resin conpositions obtained in Exanples 1 to 13 and Conparative
Exanples 1 to 4 were injection- 10 nolded to prepare test specinens
havi ng a thi ckness of 1/16 inch. Using the test specinens, the flane
ret ar dancy was eval uated according to the test nmethod of UL-94, and
the heat distortion tenperature was neasaP&d according to ASTM D- 648.
" The conpositions were al so checked for 15 juicing during the nolding
process. The results are shown i ekl el 1. N -
- 66- Flame retardant |20 PTFE Flame | Hea@I'E T Et mﬁg_
PTFE FI ane. . Heat (paitgi ng (part) retarfipgraistor- dyrang
retard di$tor-  ddring g ::;;.(,c) crdging
tion Mooy [Syn.Ex.1 (12.5) | PTFE(0.2) | V-0 112 No
2 |Syn.Ex.2 (12.5) |PTFE(0.2) v-0 115 No
3 |Syn.Ex.3 (12.5) | PTFE(0.2) v-0 111 No
4 |Syn.Ex.1 (12.5) .- V-0 110 No
5 |Syn.Ex.4 (12.5) | PTFE(0.2) V-0 113 No
2 6 |Syn.Ex.5 (15.0) - V-0 114 No
= 7 |Syn.Ex.6 (12.5) | PTFE(0.2) V-0 117 . No
8§ | 8 |syn.Ex.7 (12.5) |PTFE(0.2) | V-0 114 No
ke 9 |Syn.Ex.8 (12.5) |PTFE(0.2) | V-0 114 No
10 |Syn.Ex.9 (12.5) | PTFE(0.2) V-0 112 No
11 |Syn.Ex.10(12.5) | PTFE(0.2) V-0 113 No
12 | Syn.Ex.11(12.5) | PTFE(0.2) V-0 1ll6 No
13 |Syn.Ex.12(12.5) | PTFE(0.2) V-0 118 No
1 |TXP (12.5) |PTFE(0.2) V-2 82 Yes
: 2 |Ref.Ex.1 (12.5) | PTFE(0.2) V-1 108 Yes
§° 3 |Ref.Ex.2 (12.5) | PTFE(0.2) V-1 108 - Yes
SH | 4 - PTFE(0.2) |burned| 111 -

The above results demonstrate that the
compounds of the invention are capable of exhibiting the
5 desired flame retardancy in the absence of PTFE and are

true non-halogen-based flame retardancy-imparting agents.

Example 14
A flame-retardant resin composition was
10 prepared by adding 15 parts of the crosslinked
phenoxyphosphazene of Synthesis Example 1 to a resin
comprising 70 parts of poly(2,6-dimethyl-1,4-
phenylene)oxide and 30 parts of rubber-modified impact
resistant polystyrene, mixing the components in a mixer,

15 and meiting and kneading the mixture by means of a twin-.



UL-94 " tenp. ([err] O 1 Syn.Ex.1 (12.5) PTFE(0.2) = V-0 112
No

2 Syn.Ex.2 (12.5) PTFE(O. 2) V-0 115 No 3
Syn. Ex. 3 (12.5) PTFE(O. 2) V-0 111 No 4 Syn.Ex.1
(12.5) V-0 - 110 No 5 Syn.Ex.4 (12.5)
PTFE(O. 2) V-O 113 No [err] 6 Syn.Ex.5 (15.0) '
V-0 114 - No 7 Syn.Ex.6 (12.5) PTFE(O. 2) V-0 117
No 8 Syn.Ex.7. (12.5) PTFE(O. 2) V-0 114 No [err]
9 Syn.Ex.8 (12.5) PTFE(N. 2) V-0 -67-114 No 10
Syn.Ex.9 (12.5) PTFE(0.2) V-0 112
Syn. Ex. 10( 12. srremTknepdsr haying a scnﬁwsdiametqr of 25 nmlz
Syn. Ex. 11(12.5) PTFE(O. 2) V-0 116 No 13
Syn. Ex. 12(12. 5) PTFE(O 2) V-0 118 No 1 TXP
(12.5) PTFE(Q. 2) 82 Yes 2 Ref.Ex.1 (12.5)
PTFE(0.2)  VExampl o5 ﬂ@ét° 19 ves 3 Ref.Ex.2 (12.5) PTFE(O. 2)
V-1 - 108 Yes PTEE bur ned 111
3 The aﬁ&?@%'éaﬁﬁ@%mtcé’ %3‘%??&1 Wers onpounds of
the invention_are ca of f e ncy
I n the abs nc?r@ﬁ%ﬁt} zﬂj&' q}%é%%acf ;%?A"Eé‘geeai?% &S{H&
retardancy- i o 1} A pheno azéhe ob inedc}n Séﬁ;hes s
flame-retardant resin conp03|t prepare y ad parts of
the crosslink n 0 resin
conpri sing 70%%:aaﬂps e&%()?{i)(’é&";géﬁt ﬁi ﬂé&é% %@%%%%ﬁ%&and 30 .

parts of rubb%manaﬂﬂﬂﬁagPﬂaﬁsﬁe of sjﬁ%héﬁiﬁ“EiHﬁp§QYIene m xi ng the

conmponents in a m xer 5 and nelting and kneading the m xture by neans
of a tw n- -67- SCrew
kneader having a screw di aneter of 25 mm

10 Comparative Example 5

‘A resin composition was §repared following the

procedure of Example 14 and using a condensed phosphoric

" acid diphenyl estér crosslinked by resocinol (a compound
similar to a commercial product CR-733S available from
15 Daihachi Chemical Industry Co., Ltd.) in place of the

crosslinked phenoxyphosphazene of Synthesis Example 1.

Comparative Example 6
A resin composition was prepared following the
20 procedure of Example 14 and using thé phenoxyphosphazene
of Reference Example'l in place of the crosslinked

phenoxyphosphazene of Synthesis Example 1.

Comparative Example 7

25 A resin composition was prepared following the



Exanpl'es 15 to 19 Fl ame-retardant resin conpositions were 5
prepared follow ng the procedure of Exanple 14 and using t he
crossl i nked phenoxyphosphazene obtai ned in Synthesis Exanples 2, 3, 5,
8 or 10 in place of the crosslinked phenoxyphosphazene of Synthesis
Exanmpl e 1. 10 Conparative Exanple 5 A resin conposition
was prepared following the - procedure of Exanple 14 and using a
condensed phosphoric aci d di phenyl ester crosslinked by resocinol (a
conpound simlar to a comercial pro@fict CR-733S available from 15
Dai hachi Chem cal Industry Co., Ltd.) in place of the crosslinked
phenoxyphosphBEQﬁQdBFeSQﬁ¥ﬁ@?ﬂ?h&xéﬁpﬁ@dﬂFSing thecphenoxyphosphagsne 6

A resin conposition was prepared following the 20 procedure of Exanple 14
and usi ng the°§h§ﬁ§?§ﬁﬂ&§pﬁ§?&ﬁée 2 ingplpge. of, tbepenaasdinked pl ace of

t he crosslinke . henoxyphosphazene _of Synt hesi_s anple 1.
Conpar ati ve Eggﬁﬂf’m o5P SR émih(?ﬁjﬁ’ymec E:;n was prepar ed

foll owi ng the - 68- pr ocedur e
of Exanple 14 and using the phenoxyphosphazene

5 Comparative Example 8
A resin composition was prepared following the
procedure of Example 14 except that no flame retardant

was added.

10 The resin compositions obtained in Examples 14
to 19 and Comparative Examples 5 to 8 were injection-
molded to prepare test specimens having a thickness of
1/16 inch, and subjected to the flame retardancy
evaluation according to the test method of UL-94 and the

15 heat distoftion temperature measurement according to ASTM
D-648. The compositions were also checked for juicing

during the molding. The results are shown in Table 2.



of Ref'erence Exanple 2 in place of the crosslinked
5 Conparative Exanple 8
procedure of Exanple 14 except

of Synthesis Exanple

1

conposition was prepared follow ng the
that no flame retardant

was added.

10

phenoxyphosphazene

The resin

A resin

conpositions obtained in Exanples 14 to 19 and Conparative Exanples 5
to 8 were injection- nol ded to prepare test specinens having a
t hi ckness of 1/ 16 inch, and subjected to the flane retardancy

eval uati on according to the test method o%959L-94 and the 15 heat
di stortion tenperature neasurenent according to ASTM D-648. The
conposi tions were al so checked for juidTakﬂe 2 during the nolding. The
results are shown in[Tabt e 2 TFiame Heat Juicing
- 69- . ' retar&réﬁéf 4distortion | during Fl ame
Heat Jui ci ng UL-94 r%_okarc;)y dh,gtlarihggﬁ_ during
UL- 94 tenp. ([err T @ gimgv-0 130 ] 130
No 15 |eV-(1s vl 1ba No 16
V-0 128 aNo | 16 v-0 [err] 1287 Vb 131
No 18 | §v-d17 V38 180 No 19
V-0 130 X¥No |18 V-0 5 133 V-2 No 110
Yes | % |iwv-p v-0 115 130 Ye§ No 7
_ Ye 8 burmed 1
V-2 112 5 V-2 110 Yes 33
6 V-2 115 Yes
3 7 v-2 112 Yes
gé 8 burned 133 -
Example 20

A flame-retardant resin composition of the
invention was prepared by adding 5 paits of the
crosslinked phenoxyphbsphazene of Synthesis Example 1 to
100 parts of an aromatic polycarbonate resin, mixing the
components in a mixer, and melting and kneading the:
mixture by means of a twin-screw kneader having a screw
10 aiameter of 25 mm.

This resin composition was injection-molded to
prepare test specimens having a thickness of 1/16 inch.
Using the test specimens, the flame retardancy of the
composition was evaluated acco;ding to the test method of
15 UL-94, and the heat distortion temperature thereof was
measured according to ASTM D-648. The flame retardancy
and heat distortion temperature were V-0 and 130°C,

respectively. No julcing was observed during molding.



Exanpl e 20 A flanme-retardant resin conposition of the 5

I nvention was prepared by adding 5 parts of the crosslinked
phenoxyphosphazene of Synthesis Exanple 1 to 100 parts of an aronatic
pol ycarbonate resin, mxing the conponents in a mxer, and nelting and
kneadi ng t he m xture by nmeans of a tw n-screw kneader having a screw
10 dianeter of 25 nm This resin conposition was
injection-nolded to prepare test. speci nens having a thickness of 1/16
i nch. Using the test specinens, thefA%me retardancy of the
conposition was eval uated according to the test nethod of 15 UL-94, and
the heat distortion tenperature thereof was nmeasured accordi ng to ASTM
D-648. The fl ame retardancy and heat distortion tenperature were V-0
‘and 130[ err] C*¥aMPL& «dnectivel y. No Juicing was observed during nol di ng.

-70- Exanmpl e 21 Test speci nens wer.e prepared
fol | owi ng the ™ pr oc 88§ te SPPCARERS Wexre &%?H?é’ler‘i’g W'@?jé&?l‘mﬁ(ed 5

phenoxyphosph S %gﬂ@} | e i | ggce of th crossl i nked
phenoxyphosphgérg%gﬁip&%e&)é% Esl %%Ia@‘iué}"& qicysq rﬂ‘?@*@%ﬁdspeqi mens,
eval uat | ors VapneRokypflodthdzine of 'SYntidly MY & LPEIRS &P ell®
flame retardahcy _ '

crosslinked phenoxyphosphazene of Synthesis Example 1.

Using the test specimens, evaluation was carried out in

the same manner as in Example 20. The flame retardancy

and heat distortion temperature of the resin composition

10 were V-0 and 132°C, respectively. No Julicing was observed

during molding.

Comparative Example 9
Test specimens were prepared following the

15 procedure of Example 20 and using the phénoxyphosphazene
of Reference Example 1 in placé of the crosslinked
phenoxyphosphazene of Synthesis Example 1. Using the test
specimené, evaluation was carried out in the same manner
as in Example 20. The flame retardancy and heat

20 distortion temperature of the resin composition were V-2
and 118°C, respectively. Juicing was observed during

molding.

Comparative Example 10

25 Test specimens were prepared following the



and heat distortion tenperature of the resin conposition 10 were V-0 and

132[err]C, respectively. No juicing was observed during nol di ng.
Conpar ati ve Exanple 9 Test speci nens were prepared follow ng
the 15 procedure of Exanple 20 and using the phenoxyphosphazene of
Ref erence Exanple 1 in place of the crosslinked phenoxyphosphazene of
Synthesis Exanple 1. Using the test . speci nens, eval uation was carried
out in the same nmanner .as in Exanple 20. The flanme retardancy and heat
20 distortion tenperature of the resin e@hposition were V-2 and
118[err] C, respectively. Juicing was observed during nmol di ng.
Conpar at i ve Epmopédut® of5Example 20 eXeeptsfbaitnmos flame medaandamt
foll owi ng the -71- procedur e
of Exanpl e 20wascagdedhatUsitng| the testrspecimens, wavaluatlionuwasg t he test
speci mens, eval uation was carried out in the same manner as in Exanple
20. The canriefcputdinc Fhengameamagnerops dp Bxap@lg %0e ofhehe 5
resin conmposition were V-2 and 132[err] C, respectivel Exanpl e 22

flame retardancy and heat distortion temﬁérature of the

5 resin composition were V-2 and 132°C, respectively.

Example 22
A flame-retardant resin composition of the
invention was prepared'by addiﬁg 12.5 parts of the
10 crbsslinked phenoxyphosphazene of Synthesis Example 3 to
a resin comprising 70 parts of an aromatic polycarbonate
resin and 30 parts of polybutylene terephthalate resin,
mixing the components in a mixer, and ﬁelting and
kneading the mixture by means of a twin-screw kneader
15 having a screw dlameter of 25 mm. This coﬁposition was
made into test specimens and evaluated in the same manner
as in Example 20. The flame retardancy and heat
distortion temperature were V-0 and 130°C, respectively.
No juicing was observed during molding.
- 20
Example 23
. A flame-retardant.resin composition of the
invention was prepared following the piocedure of Example
22 and using the crosslinked phenoxyphosphazene of

25 Synthesis Example 5 in place of the crosslinked



A flane-retardant resin conposition of the I nvent.i on was prepared by
adding 12.5 parts of the 10 crosslinked phenoxyphosphazene of Synthesis
Exanple 3 to a resin conprising 70 parts of an aromatic pol ycarbonate
resin and 30 parts of polybutylene terephthal ate resin, m xi ng the
conponents in a mxer, and nelting and kneadi ng the m xture by neans
of a twi n-screw kneader 15 having a screw dianeter of 25 mm This
conposition was made into test specinens and evaluated in the sane
manner as in Exanple 20. The flame ré2ardancy and heat di stortion
tenperature were V-0 and 130[err] C, respectively. No j uicing was
observed duri phenexyphgsphagene ofERypthesig Example 3. Thisp
flame-retardant resin conposition of the i nventi on was prepared

fol | owi ng t hecpmpesdtienoWasmageeinto tEEtaEEGGémﬁ&Stﬁ@fbﬁE?QWQﬂG%jii:d
h h h f 25 Synt hesi Ex | i | t i
Do P chhg, BABS NABBRE BF 'ﬁﬁﬁﬁpnﬁeéﬁnﬁﬁeéﬁiﬁﬁe retardgngysi 1 i on
de into t [ ' d | uat ed i t [
105 e 1 G2 ARRTE 0 CLABER A . el UM RO o,
&25 gg:;p5g3”88§étggpiﬁaéngﬁéfggjQe%BQc{i%Li§£]ChorfﬁBSELbV%L¥-oﬂgek%b%!”9
during molding. '

Comparative Example 11
A resin composition was prepared following the

10 procedure of Example 22 and using the phenoxyphoSphazene

of Reference Example 2 in place of the crosslinked

phenoxyphosphazene of Synthesié Example 3. This

composition was made into test specimens and evaluated in

the séme manner as in Example 20. The flame retardancy
15 and heat distortion temperaturé of the resin compositidn

were V-2 and 125°C, respectively. Juicing was observed

during molding.

Comparative Example 12

20 A resin composition was prepared following the
procedure of Example 22 except that no flame retardant
was used. This composition wés made into test specimens
and evaluated in the same manner as in Example 20. The
flamé retardancy and heat distortion temperature of the

25 resin composition were V-2 and 132°C, respectively.



Conparative Exanple 11 A resin conposition was prepared
followng the 10 procedure of Exanple 22 and using the phenoxyphosphazene
of Reference Exanple 2 in place of the crosslinked phenoxyphosphazene
of Synthesis Exanple 3. This conposition was nmade into test specinens
and eval uated in t he sane manner as in Exanple 20. The flane
retardancy 15 and heat distortion tenperature of the resin conposition
were V-2 and 125[err]C, respectively. Juicing was observed during

nol di ng. - Conpar ative Exanple 12 263 A resin conposition
~was prepared follow ng the procedure of Exanple 22 except that no
flame retardant was used. This conposition was made into test

speci nens and. evaluated in the sane manner as in Exanple 20. The
flmmreUNdﬁ%?W%ﬁ%&ﬂ distortion tenperature of the 25 resin

composition wer e V2 a1 JSZELE) Gas' BROGEHRICHY. 200108, 10.Bo85°.88 g 10
TS0 b s SHECESRTLRRAApRAGRGHHRGRRAEAC o opHEhiEa” " 1 ©
impregnat gd whhyphepypihi 8 81dphBRiol-A type epoxy resin. A glass

cloth was impregnated with the varnish and the

impregnated glass cloth was dried to prepare a prepreg.

Subsequently, a prescribed number of the prepregs were

laminated on one another and the laminate was subjected

10 to hot press at 160°C or above to give a glass epoxy

board having a thickness of 1/16 inch, which was then cut

in a predetermined size to obtain test specimens. Using

the test specimens, the flame retardancy was evaluated

according to the test method of UL-94, and found to be V-

15 O. No juicing was observed during hot press.

Examples 25 to 28
Test Specimens were prepared following the
procedure of Exampie 24 and using the crosslinked
20 phenoxyphosphazene of Synthesis Example 3, 5, 8 or 10 in
place of the crosslinked phenoxyphosphazene of Synthesis
Example 1. The flame retardancy-of each resin composition
was evaluated in the same manner as in Example 24, and

found to be V-0. No juicing was observed during hot press.

25



i'mpregnated glass cloth was dried to prepare a prepreg. " ‘Subsequent |y,

a prescribed nunber of the prepregs were | am nat ed on one anot her and
the |l am nate was subjected 10 to hot press .at 160[err]C or above to give
a gl ass epoxy board having a thickness of 1/16 inch, which was then
cut in a predetermined size to obtain test specinens. Using t he
test specinens, the flane retardancy was eval uated according to the
test method of UL-94, and found to be V- 5 0. No juicing was observed
during hot press. Exanpl es 25 to 28%° Test speci nens

were prepared follow ng the ﬂéocedure of Exanple 24 and using the
crosslinked QUMPHFFRREYS HEAMRLOctd of Synthesis Exanple 3, 5, 8 or 10 in

| f th i nk h h : | .
The Tl ame retardancy of feAEHAReLERERE HEES ipfepated Eoitowing BIATPTE [
e rvad dur ?gﬁ‘l’ﬁﬁ. u%gg.',gg_ Eéggf%ﬂg 24 anaouaﬂngoabso}{agns& bHbspRGr#Rs
- 74- Cbrg§#§5h¥ﬁggﬁ9ﬂpggté§ 8rossl%nEﬁgngyeI€§Bciﬂ81'WﬁnéoW9bﬁnd

prepared fol rocedure o 24 and using a condensed
geg

phosphori Le gpp c cekeg-hg3seavainableaseomound 5
simlar t% a %%ﬂ%%?gigP proéﬁ??i%%§%3ggég&aiIable from Dai hach

Chemi cal | ndughida&hi  chbfiballnTRGasErgf cbN¢ Ltd.) in place of the
crosslinked phenoxyphosphaiene of Synthesis Example 1.

The flame retardancy was evaluated in the same manner as
in Example 24 and found to be v-2. Juicing was observed

10 during hot ﬁress.

Comparative Exémple 14 .
Test specimens were prepared following the
-procedure of Example 24 and using the phenoxyphosphazene
15 compound of Referénce Example 2 in place of the
crosslinked phenoxyphosphazene of Synthesis Example 1.
The flame retardancy was evaluated in the same manner as
in Exampie 24, and found to be V-2. Juicing ﬁas observed
during hot press.
20
Comparative Example ‘15
Tgst specimens were prepared following the
~ procedure of Example 24 except that no flame retardant
was added; The flame retardancy was evaluated in the same

25 manner as in Example 24. The test specimens burned,



¢r.osslinked phenoxyphosphazene of Synthesis Exanple 1. The fl ane
retardancy was evaluated in the sanme manner as - i n Exanpl e 24 and found
to be V-2. Juicing was observed 10 during hot press. Conpar ati ve
Exanpl e 14 Test specinens were prepared foll ow ng the
procedure of Exanple 24 and using the phenoxyphosphazene 15 conpound of
Ref erence Exanple 2 in place of the crosslinked phenoxyphosphazene of
Synt hesi's Exanpl e 1. " The flane retardancy was evaluated in the.sane
nmanner as in Exanpl e 24, and found té5pe V-2. Juicing was observed
during hot press. 20 Conpar ati ve Exanple 15 Test

speci mens werexhibpsing nel fdamggretardancypadc@ddre of Exanpl e 24 except
that no flanme retardant was added. The flame retardancy was eval uated
‘in the same 25 nmanner as in Exanple 24. The test speci nens burned,

- 75- exhi bi ti ng flame retardancy at all. Exanpl e 29

A flane-retarﬁ§ﬂppigs?§ conposition of the 5 invention was prepared by

adding 12.5 parts of thﬁ flame-retardant resin composition of the
5 invention was prepafed by adding 12.5 parts of the
crosslinked phenoxyphosphazene of Synthesis Example 5 and
7.5 parts of potassium titanate fibers (a product of
Otsuka Chemical Co., Ltd., trade name: TISMO N-102, the
same applies hereinafter) to a resin comprising 75 parts
100 of an aromatic polycarbonate resin and 25 parts of ABS
. resin, mixing the-components in a mixer, and melting and
kneading the mixture by means of a twin-screw kneader
having a screw diameter of 25 ﬁm.
| This composition was injection-molded to obtain
15 test specimens having a thickness of 1/16 inch. Using the
test specimens, the flame retardancy of the resin’
composition was evaluated adcording to the test method of
UL-94, and the heat distortion temperature thereof was
méasured according to ASTM D-648. The composition was
20 also checked for juicing during molding, generatioﬁ of
volatile gas during molding and discoloration of the test

specimens after molding. The results are shown in Table 3.

Examples 30 to 31

25 Flame-retardant resin compositions were



¢rosslinked phenoxyphosphazene of Synthesis Exanple 5 and 7.5 parts of
potassiumtitanate fibers (a product of O suka Chem cal Co., Ltd.
trade nane: TISMO N-102, the sanme applies hereinafter) to a resin
conprising 75 parts 10 of an aromatic pol ycarbonate resin and 25 parts of
ABS resin, mxing the conponents in a mxer, and nelting and

kneadi ng the m xture by neans of a tw n-screw kneader havi ng a screw
di aneter of 25 mm This conposition was injection-nolded to
obtain 15 test specinens having a thi ckr@6s of 1/16 inch. Using the

test specinens, the flane retardancy of the resin conposition was

eval uat ed accprepagedo fioldowdsng rtiveh parosfedure ofi Exémpdied 2%h@ntkaising

di stortion tenperature thereof was nmeasured according to ASTM D- 648.
The .conposi ti kaokda oxpmlicso ighadiese foff the eotgsslumditsinditey £ijmrs at i on
of vol ati_| e gas during nol ding and discoloration of the test

speci nens af t &f SR mannes as dny Exampde, 29, ths compositionsyanp| es
30 to 31 25 Fl.ane-retardant resin conpositions were

-76- . p_reﬂ&f@dmfa&q Rt teRE Seeimens oo ectegl Ly the fddlame
oo O 4 BiAseAss LSS R WSS Soapuranaht. =™
speci mens andTﬁgbkﬁﬁk%gikﬁnEgpﬁL&%W%lso ghedked for Jjuicing during
molding, generation of volatile gas during molding and
discoloration of the test specimens.after'molding. The
results are shown in Table 3.
10
Example 32
A flame-retardant resin composition was
prepared following the procedure of Examp;e 29 except
that 0.5 parts of PTFE was further added. In the same
.15 manner as in Example 29, the resin composition was made
into test specimens and subjected to the flame retardancy
evalﬁation and heat distortion measurement. The
composition was also checked for juicing during molding,
generation of volatile gas during molding and

20 discoloration of the test specimens after molding. The

results are shown in Table 3.

Example 33
A flame-retardant resin composition was

25 prepared following the procedure of Example 29 and using



5 retardancy eval uation and heat distortion measurement. The

conpositions were al so checked for juicing during nol di ng, generation
of volatile gas during nol ding and di scol oration of the test specinens
after nolding. The results are shown in Table 3. 10 Exanpl e 32
A flame-retardant resin conposition was ~prepared follow ng the
procedure of Exanple 29 except that 0.5 parts of PTFE was further
added: In the same 15 manner as in Exanple 29, the resin conposition was
made into test specinmens and subject&@-to the flane retardancy

eval uati on and heat distortion nmeasurenent. The conposition was al so

checked for | &hei ggosgdilniedpphiengxyphosphazens: ofn Synthelsidis IBxapplelu? i ng
nol ding and 20 discoloration of the test specinens after nolding. The
results are shBwRlpgeTgf| £he crosslinkegd phengxyphosphazene of A

flame-retardant resin conpositign was 25 prepared follow ng_the procedure
of Exanpl e 295333ﬁ9§4ﬁgE ample 5. In the same manner as in Example 29,

R e AR R RN A
manner asE;n Eﬁ%ggh%eégto the flame retardancy evaluation and heat
distortion measurement. The composition was also checked
for juicing during molding, generation of volatile gas
during molding and discoloration of the test specimens
after molding. The results are shown in Table 3.

10 |

Example 34

A flame-retardant resin composition was
prepared following the procedure of Example 29 and using
a resin comprising 70 parts of poly(Z;G-dimethyl-1,4-

15 phenylene)oxide and 30 parts 6f rubber-modified impact_.
resistant polystyrene in place of the'resin comprising 75
parts of an aromatic polycarbonate resin-and 25 parts of
ABS resin. In the same manner as in Example 29, the
composition was made into test specimens and subjected to

20 the flame retardancy evaluation and heat_di#tortion
measurement. The composition was also checked for juicing '
during molding, generation of volatile gas during molding
and discoldration of the test specimens after molding.
The results are shown in Table 3.

25



the conposition was nmade into test specinens and 5 subjected to the flane

retardancy eval uation and heat di stortion neasurenent. The conposition
was al so checked for juicing during nolding, generation of volatile -
gas _ . during nolding and discoloration of the test specinens after
mol ding. The results are shown in Table 3. 10 Exampl e 34

A flanme-retardant resin conposition was prepared follow ng the
procedure of Exanple 29 and using ‘a resin conprising 70 parts of
poly(2,6-dinmethyl-1,4- 15 phenylene)oxid@sand 30 parts of rubber-nodified
| mpact resi stant polystyrene in place of the resin conprising 75

parts of an aESARPLe 38 ycarbonate resin and 25 parts of ABS resin. In

Speci mens and Subj eot eah JATB4EPhBa BREPAERY, BInAP03PA 10 POT o Pheat
CLotorton gnelEREHT e AR R oY B it 4 ™
di scol'or at] onggh 4s L3t o> R BRI e 1 TUliel £1vers WY 107 Yot ©
Fﬁgnglgsgﬁinke B gﬁg§§§h6?bh en3ﬁ§¥a§§%%ﬁg§{gﬂEgéﬁ%ggbggthSWQQrtS °
impregnated with the varnish and the impregnated glass
cloth was dried to prepare a prepreg. Subsequently, a
prescribed number of the prepregs were laminated on one
another, and the laminate was subjected to hot press at
10 _ 160°C or abeve to give a glass epoxy board having a
thickness of 1/16 inch, and the board was cut 1n'a
predetermined size to obtain test specimens. The flame .
retardancy was evaluated according to the test method of
UL—94 and the heat distortion temperature was measured
15 according to ASTM D-648. Also, julcing during molding,
generation of volatile gas during molding, and
discoloration of the test specimens after molding were

checked for. The results are shown in Table 3.

20 Comparative Examples 16 to 18
Test specimens were prepared following the
Example 29, 34 or 35 and using rhe phenoxyphosphazene of
Reference Example 1 in place of the crossiinked
phenoxyphosphazene compound of Synthesis Example 5, and

25 the flame retardancy evaluation and heat distortion



and 7.5 parts of potassiun1titénate fibers to 100 parts 5 of biéphenol-

type epoxy resin. A glass cloth was | npregnated with the varni sh and
t he i npregnated gl ass .cloth was dried to prepare a prepreg.
Subsequently, a prescri bed nunber of the prepregs were | am nated on
one anot her, and the | am nate was subjected to hot press at 10 160 C
or above to give a glass epoxy board having a thi ckness of 1/16 inch,
and the board was cut in a predeterm ned size to obtain test

speci mens. The flame retardancy was “éal uated according to the test .
met hod of UL-94 and the heat distortion tenperature was neasured 15
according to AsmRepagyre measunepent,Feng iaAFTAdion:. Alsogedddsdng o

vol ati |l e gas durln nDIdlng, and di scol orat.i of the test eC|nens
after mol di ng GHEHEY mo M4t Apreration sRaniasile das, fhrine agid

20 Conparative | es 16 .t Test specime re

pLepar edhf ol Ih a%ﬁ tjrg&rﬁﬁ et% tegt speglmans L%Etrﬁfﬁﬂsﬂ}&f i nked

phenoxyphosp er e | rossl i nke

phenoxyphosphgégﬁb%ﬁﬁﬁﬁﬁﬁuﬁ%ﬁ S§ﬂ@h§§é§qgf ﬁ%ﬁeggghg gn %?h?%égflane

.retardancyg eval uati on and heat dlStOFtI@lee 3
? nperature neasurenent were carrred out. Also, juicing

-79-
i t ile Discolor-

during nol di n, gener at |1H1:‘“B; vol z%ii:_tg as og&gn l‘égslﬁ iring | atios
UL-94 temp.(*C) molding molding during
: molding

29 V-O 122 No No No

) 30 V-0 129 No. No No

A 31 V-0 124 No No No

E_ 32 V-0 122 No No No

LY 33 V-0 120 No No No

M 34 v-0 140 No No No

35 V-0 - No No ~ No
. 16 V-2 -115 Yes Yes Yes
£: |17 V-2 136 Yes Yes Yes
sd |18 V-2 - No No Yes

.Example 36

A flame-retardant resin composition was

prepared by mixing in a mixer 100 parts of a resin

10 composition compr1s1n§ 75 parts of an aromatic
polycarbonate resin and 25 parts of ABS resin, 5.0 parts
of triphenyl phosphate, 5.0;parts of the crosslinked
phenoxyphosphazgne of Synthesis Example 5 and 0.6 parts

. of po;ytetrafluoroethylene (Tréde name: G-307, a product

15 of Asahi Glass Co., Ltd.), and melting and kneading the
mixture by means of a twin-screw kneader having a screw
diameter of 25 mm. In the same manner as in Example 29,

. the resin composition was made into test specimens and



and di'scol oration of the test specinmens after nolding wer e checked

for. The results are shown in Table 3. 5 : Table 3
Fl ame Heat Juicing Volatile Discolor- , ret ar dancy

di stortion during gas during ation UL- 94 temp. ([err] O
mol di ng mol di ng during mol di ng 29
V-0 122 No No No 30 V-0 129 No
No No 31 V-0 ' 124 No , No No

32 V-0 . 122 No Ne80- No [err] 33 V-0
120 No No No 34 V-0 140 ' No

No No subjected 86 theV/flame retardancy evidduation akd heat No

16 V-2 115 Yes Yes Yes - 17 V-2

136 Yesdistortion tempevefure mjeasurementy The\/composition-was No

No Yes Exanpl e 36 A flame-retardant resin
conposi ti on wadso chegkefafer ppiglmg duning moldinmo Phet §18mey resin 10
conposition congrising'?S parts of_ an aromatic ol ycarbonate resin and
25 parts of AEStREGRROYsapd heat distomtion eewprastReiere oo 4hd o of

th i nk h osph f Synthesis Exanple d 0.6
e o oSSl T Bl o reRRpEivalan| BRcJnPag Rancobseryad qhrindlc, 05 of

Asahi d ass Cg. htd ), and nelting and kneadi ng the m xture by neans
of a tmﬁn-scr@ﬂ#& BYaer havi ng a screw dianeter of 25 mm In the sane

manner as in Exanple 29, the resin conposition was made into test
speci nens and - 80-

subj ected to Eggmbhgn§7retardancy eval uati on and heat

A flame-retardant resih composition was

10 prepared following the procedure of Example 36 and using
resorcinol bis(2,6-dimethy1phenyl phosphate) in place of
triphenyl phosphate. In the same manner as in Example 29,
the resin composition was made into test and subjected to
the flame retardancy evaluation and heat distortion

15 temperature measu;ement. The composition was also checked
for juicing during molding. The flame retardancy and heat
distortion temperature were V-0 and 102°C, respectively.

No juicing was observed during'molding.

20 Example 38
A flame-retardant resin composition was
prepared following the procedure of Example 36 and using
the crosslinked phenoxyphosphazene of Synthesis Example
10 in place of the crosslinked phenokyphosphazene of

25 Synthesis Example 5. In the same manner as in Example 29,



di stortion tenperature'neasurenent. The conposition was al so checked

for juicing during nolding. The fl ane rétardancy and heat distortion
tenperature were V-0 and 5 96[err]C, respectively. No juicing was
observed during nmol di ng. Exanpl e 37 A
flame-retardant resin conposition was 10 prepared follow ng the procedure
of Exanple 36 and using resorci nol bis(2,6-di net hyl phenyl phosphate)
in place of tri phenyl phosphate. In the sane manner as in Exanple 29,
the resin conposition was made into test ¢ subjected to the flane

retardancy eval uation and heat distortion _15 tenperature neasurenent. The
conmposi ti on wiheapesim cqmpesition jrag madeglnke IR hIRRGNeN AR ane
retardancy and heat distortion tenperature were V-0 and 13§£err]c,
respectively.s“bjeq@?qtHQﬂﬂﬂf\ﬁ%?@ﬁﬁﬁﬁ%&ﬁﬁ?ﬂﬁYrﬁY@ﬁHﬁﬁ#&ﬁ and eat anpl e 38
A flame-retardgnt resin conposition was repacted follow t he
procedure of ﬁi#ﬁ? REGYpre me??ﬂ??ﬂ%ﬁ%1i dﬁ&maﬂﬁgﬁhﬂkﬁﬁﬁkene
of Synthesis anpl I n e of the ¢ | nke henoxyphosphazene
of 35 Synt ned e ehshed For, 1A Mt e MO s i3
5 retardancy and heat distortion temperature were V-0 and
113°C, respectively. No julcing was observed during

molding.

Comparative Example 19

10 A flame-retardant resin composition was
prepared following the procedure of Example 36 and using
the phenoxyphosphazene of Reference Example 2 in place of
the crosslinked phenoxyphosphazene of.Synthesis Example 5.
'In the same manner as in Example 29, the resin

15 composition was made 1ﬁto test specimens and subjected to
the flame retardancy evaluation and heat distortion
temperature measurement. The composition was also checked
for juicing during molding. The flame retardancy ahd heat
distortion temperature were V-2 and 109°C, respectively.

20 Juicing was observed during molding.

Example 39
A flame-retardant resin composition was
prepared following the procedure of Example 36 using a

25 modified-PPE resin (Trade name: Xyron X9108, a product of



the resin conposition was nmade into test specinens and subj ected to
the flame retardancy eval uati on and heat distortion tenperature
measur enent. The conposition was al so checked for juicing during

nol ding. The flame 5 retardancy and heat distortion tenperature were V-0
and 113[err] C, respectively. No juicing was observed during

nol di ng. Conparative Exanple 19 10 A fl ane-retardant
resin conposition was prepared followi ng the procedure of Exanple 36
and using t he phenoxyphosphazene of ~R@ference Exanple 2 in place of

t he crosslinked phenoxyphosphazene of Synthesis Exanple 5. In the sane
manner as in Agah} €hemicede Coasi htdr) isopiase iafh the migfuretof t est
speci nens and subjected to the flame retardancy eval uati on and heat

distortion Polyeasbeagtee resid o MBS nesitonpdni then spme MRdReIh&Ssed
for juicing dyri nol.ding. The fla retardgncy and heat di stortion

t enper atur e mipeg%-aﬂ‘p&ﬁdg%%f:g‘ﬁ ]reérlenr mﬂxféﬂp wag) made iptteshser ved
during nol di A flame:retardant resin

conposi ti on C\g?ecme.ngr ?ﬂ%&%%lt&ﬂ ﬁé’ {the ﬁjﬁbedﬁeet%%l e 36 using a
25 modi f s d- g@ﬁl’iﬁ%ﬁ.%n( -Ja-"n%d %e%%is)é%wloﬁg Jt%%lpe%ﬂtﬁdéj %eaoéurement .

-82-
The composition was also checked for Juicing during

molding. The flame retardancy and heat distortion
temperature were V-0 and 130°C, respectively. No julicing
was observed during molding.
10
Comparative Example 20
A flame-retardant resin composition was
prepared following the procedure of Example 39 using the
phenoxyphosphazene of Reference Example 2 in place of the
15 crosslinked phenoxyphosphazene of Synthesis Exémple 5. In
‘the same manner as in Example 29, the resin composition
was made into test specimens and subjected to the flame
retardancy evaluation and heat distortion temperature
measurement. The compositioﬁ was also checked for juicing
20 during molding. The flame retardancy and heat distortion
temperature were V-2 and 125°C, respectively. Juicing was

observed during molding.



Asahi ‘Chemical Co., Ltd.) in place of the nixture of pol ycar bonat e
resin and ABS resin. In the sane nanner as |n-E*aﬁﬁ+e—29——r+nr77?"n

conposition was nmade into test speci nens and subj re
retardancy 5 evaluation and heat distortion tenper at m Il “““
The conposition was al so checked for juicing during + ol diny. The*fl ane

retardancy and heat distortion tenperature were V-0 and 130[err] C,
respectively. No juicing was observed during nolding. 10
Conpar ati ve Exanple 20 " A fB3me-retardant resin conposition
was prepared follow ng the procedure of Exanple 39 using the
phenoxyphosphE&iAdMSof Ref erence Exanple 2 in_place of the 15 crosslinked
phenoxyphosphazene of Synthesis Exanple 5. In the sane manner ‘as in
Exanpl e 29, the resin cdnapoBi ereaslinkedsphenarypheosphagenepcempedadand
subj ected to the flame retardancy eval uati on and heat distortion

temperature Charpaslerdzad,dn thatsonpositi on was al so checked for juicing

20 during nolding. The fLanme .r et ar dancy .and heat dlst ti
tenperature were V-2 an8t1l5est pae ZP0e, co "’rﬁ{; ﬁé&e"’ted THAr ved
during nol di crosslln ed

In CLAl M5 1. A
phenoxyph ph§§§hé“§%ﬁbéﬁWﬁiSting é¥ a cyclic phosphaZene compoun
represented by the formula (1)

OPh

(1)

wherein m is an.integer of 3 to 25 and Ph is phenyl group,
and a stralight- or branched-chain phosphazene compound

10" represented by the formula (2)

(I)Ph
x‘A{ p=N %Yl
OPh Jn

wherein X! represents a group -N = P(OPh)3 or a group

-N=P(O)OPh, ¥ represents a group -P(OPh)4 or a group

-P(0)(OPh),, and n is an integer of 3 to 10000 and Ph is
15 as defined above, |

is crosslinked with at least one crosslinking group

selected from the group consisting of o-phenylene group,

m-phenylene group, p-phenylene group and bisphenylene



characterized in that: at | east one phosphazene Connnund,
selected from 5 the group consisting of a cyclic phos hazen

represented by the fornmula (1) [err] ' ’f ger of
3 to 25 and Ph is phenyl group, and a strarght-

phosphazene conpound 10 represented by the formula (2) err]

wherein X err]represents a group -N = P(OPh)3 or a group - N=P( O) OPh,
Y[err] represents a group -P(OPh)4 or a group -P(C»(CPh)[err] and nis
an integer of 3 to 10000 and Ph is 15 as&efined above, i s crosslinked
with at | east one crosslinking group selected fromthe group consisting
of o- phenyl en@npunuxepresents by dhe ffexmila-Ghenyl ene group and

bi sphenyl ene - 84- group

repr esent ed by the formul a [err
(A)z (3)

wherein A is -C(CH3)2-, -502-, -S- or -O- and z 1s 0 or

1l;

5 | (a) each of the crosslinking groups is
interposed between the two oxygen atoms left after the
elimination of phenyl groups from the phosphazene |
compound ;

(b) the amount of the phenyl groups in the
10 drosslinked compound is 50 to 99.9% based on the total
amount of the phenyl groups in said phosphazene compound
represented by the formula (1) and/or said phosphazene
compound represented by the formula (2); and
(c) the cfosslinked phenoxyphosphazene cohpound
15 has no free hydroxyl groups 1ﬁ the molecule.
2. The crosslinked phenoxyphosphazene compound
acéording to claim 1, prepared by the followinglsteps= |
at least one dichlorophosphazene compound
selected from the group consisting of a cyclic

20 dichlorophosphazene compound represented by the formula

(4)

(4)



wherein Ais -C(CH err])[err]-, -S2-, -S- or -O and z is 0 or 1' 5

(a) each of the crosslinking groups is I nt er posed

oxygen atons |left after the el i m nation of phenyl m t he
phosphazene conpound; (b) the anpbunt o ln‘@ Mﬁ”"m; ',ps
in the 10 crosslinked compound is 50 to 99.9% based on

amount “of the phenyl groups in said phosphazene conpound represented by
the formula (1) and/or said phosphazene - conpound represented by the
formula (2); and ' (c) the cro$A- nked phenoxyphosphazene
conpound 15 has no free hydroxyl groups in the_ nolecul e. 2.

The crossl i nkwhezediony difo afm dafined Ahawe, and 3 SEFaightt €l aim 1,

prepared by the follow ng ste at | east

di chl or ophospREsSERedn @Y dichloraphosphasens (FOMRPWRS EopEeseRtedor o

cyclic 20 di hIo p osphazene conpound represented by the formul a (4)
[err] % I} éhéi f% - 85- wherein mis as defined
above, and a stralght- or br anched- chai n dlchlorophosphazene conmpound
repr esent ed Cl
X PN Y (5)
¢l In

5 wherein x2 represents a group -N = PCl3z or a group
-N=P(0)C1, v? represents a group -PClgy or a group
-P(0)Cl3, and n is as defined above,

is reacted with a mixture of alkalli metal phenolate

represented by the formula (6)

@—om (6)

wherein M is an alkali metal, and at least one

10

diphenolate selected from the group consisting of alkali

metal diphenolate represented by the formula (7)

= _.0M

15 wherein M_is as defined above and alkali metal

diphenolate represented by the formula (8)



By the formula (5) [err] 5 wherein Xerr] represents a group -N =

PCl[err] or a group -N=P(OQ) d, Y[err] represents a group -PC[err] or a

group -P(OdC ([err], and n is as defined above, —ts—+eacted with a

m xture of alkali netal phenol ate represented by th
10 wherein Mis an alkali metal, and at |east one ﬂlﬂﬁ !’ Ia”",
sel ected fromthe group consisting of alkali metal dip s

represented by the fornula (7) [err] 15 wherein Mis as defined
above and al kali netal dlphenolate r e®bssented by the formula (8)
-86- [err] wherein A, z and M are as defined-above; and

Dol

wherein A, z and M are as defined above; and

the resulting compound is further reacted with
the alkalil metal phenolate represented by the formula (6).
5 3. A process for preparing_the qrosslinked
phenoxyphosphazene compound defined in claim 1 which '
comprises the following steps:
at least one dichlorophosphazene compound
selected from the group consisting of a cyclic
10 dichlorophosphazene compound represented by the formula

(4)

(4)

wherein m is an integer of 3 to 25, and a straight- or

branched-chain didhlorophosphazene compound represented

15 by the formula (5)



t'he resul ting cdnpound Is further reacted with the al kali netal

phenol ate represented by the formula (6). 5 3. A process for
preparing the crosslinked phenoxyphosphazene conpound~deLLngg\LQ§ELELT
1 which conprises the follow ng steps: one

di chl or ophosphazene conpound sel ected fromt-he group ”@DM’W

cyclic 10 dichiorophosphazene conpound represented by the 'i’ ,ﬂ’b
[err] wherein mis an integer of 3 to 25, and a stralght- ér »
br anched- chai n dlchlorophosphazene conpou®d -represented 15 by the fornul a
(5) ' -87- [err] wherein X err]
represents a group -N = r a group -N=P(O C, Y[err]
represents a group - PG [err] a group -P(OdC ([err], and n is an

i nteger of 3 to 10000, - 5yt 3 th gsni xture of alkali netal
phenol at e

wherein X2 represents a group -N = PCl3 or a group
=-N=P(0O)C1, Y2 represents a group -PCly or a group
-P(0)Cl,3, and n 1s an integer of 3 to 10000,

5 1is reacted with a mixture of alkall metal phenolate

represented by the formula (6)

O o

wherein M is an alkali metal and at least one diphenolate
selected f£from the group consisting of alkali metal

10 diphenolate represented by the formula (7)

= _0M

wherein M is as defined above and alkali metal

diphenolate represented by the fdrmula (8)

15 wherein M is as defined above, A is -C(CH3),-, -SO,-, -S-



represented by the formula (6) [err] “wherein Mis an alkali nmeta

and at | east
al kali netal

one di phenol ate sel ected fromthe group consisting—of—-
Site ¥ e as uet nea avove o arkars maeel o AN AR
M | *

by the formul a (8) [err] . 15 wherein M.is as defined above,
C(CH[err])[err] -Sx2-, -S-

or -0- and z is 0 or 1: and the resulting conmpound
|s further reacted with the al kal i n@@al phenol ate represented by the

formula (6)

A flame tardant conprising as an active

i ngr edi ent th@rerESFVﬁkéHjﬁhéh gHo zene conpound defined in

claim1.

conprising a ther m)pl astt ?’5 F@? bgtq%h?r%%'s‘%ﬁr%i %’é&r%%lé ia%rkeﬁdﬂt%

flanme retardagheg

10

15

20

25

Hgii'dééaf”dﬂéﬁolate represented by the formula (6).
4., A flame retardant comprising as an active

ingfedient the crosslinked phenoxyphosphazene compound

~defined in claim 1.

5. A flame-fetardant resin composition
comprising a thermoplastic resin or a thermosetting resin
and the flame retardant defined in claim 4,
the amount of the flame retardant being 0.1 to 100 wt.
parts per 100 wt. parts of the resin.

6. A flame-retardant resin composition
comprising a thermoblastic resin or a thermosetting resin,
the flame retardant defined in claim 4 and an inorganic
filler,
the amount of the flame retardant being 0.1 to 100 wt.
parts and the amount of the inorganic filler being 0.01
to 50 wt. parts, per 100 wt. parfs of the resin.

7. A flame-retardant resin composition
comprising a thermoplastic resin or a thermosetting resin,
the flame retardant defined in claim 4 and a halogen-free
organic phosphorus compound,
the amount of the flame retardant being 0.1 to 50 wt.
parts and the amount of the halogen-free organic

phosphorus compound being 0.1 to 50 wt. parts, per 100 wt.

5



T0 thé amount of the flame retardant being 0.1 to 100 wt. parts per
100 wt. parts of the resin. 6. A flane—%e%aedaﬂ%—+ee+ﬂ—~—

conposition conprising a thernoplastic resin or in,
the flanme retardant defined in claim4 and an |norgan| Hqﬂ “
t he amount of the flanme retardant being 0.1 to 100 w .

anount of the inorganic filler being 0.01 - to 50 mﬂ parts per ;OQ mﬂ
parts of the resin. 7. A flame-retardant resin conposition
20 conprising a thernoplastic resin or a@¥%rnosetting resin,  the
flame retardant deflned |n claim4 and a hal ogen-free organic

phosphor us coﬁﬁﬁﬁﬁh,f he Besifhpunt of the fLane retardantzgelﬂg Ohl to 50
Wt . arts and the upt f t he en re ani ¢ phosphor us
conpound Eelng 0.1to 5% R FF@ rﬁg thesin c mposition

resin

eg%—oosi ti Ogar t&&g&%ﬁiﬁ&qﬁeﬁoﬁﬁﬁpﬁ%ﬁ?%mwe t%mt ?’5 %?'Elant

h f the .-
o e o o e Y7 i f Y FUGAS U aqud g e BTREE D
f1 uori ne- cgnt qiyal %Jnﬁﬁi £ the HEIM Orégaﬁgmﬁ }rfééfn RgL1 Seo PRdg %QPW e

parts of the r tarda resi
article parts and the amount of the fluorine-containing resin

being 0.01 to 2.5 wt. parts, per 100 wt. parts of the
resin. |

9. A flame-retardant resin molded article

10 obtainable by molding the flame-retardant reéin
composition defined in claim 5, 6, 7 or 8.

10. A flame-retardant resin molded article
comprising the crosslinked phenoxyphosphazene compound
defined in claim 1 and a thermoplastic resin or a

15 thermosetting resin.

11. A flame-retardant resin molded article
comprising a thermoplastic resin or a thermosetting resin
and the crosslinked phenoxyphosphazene compound defined
in claim 1,

20 the amount of the crosslinked phenoxyphosphazene compound
being 0.1 to 100 wt. parts per 106 wt. parts of the resin.

12. A flame-retardant resin molded article
comprising a thermoplastic resin or.a thermosetting resin,
the crosslinked phenoxyphosphazene compdund defined in.

25 claim 1 and an inorganic filler,



10 obtai nabl e by nolding the flane-retardant resin conposi tion defined

article

inclaim5, 6, 7 or 8. 10. A flane-retarda

article conprising the crosslinked phenoxyphosphaz

defined in claiml and a thernoplastic resin or a 15 tﬂM"ﬂﬁMiM&ll“‘”ﬂl“
11. A flame-retardant resin nolded article conprisirg & therhoptastic
resin or a thernosetting resin and the crosslinked phenoxyphosphazene
conmpound defi ned inclaiml, 20 the anmount of the crosslinked
phenoxyphosphazene conpound bei ng 0900 100 wt. parts per 100 wt.
parts of the resin. - 12. A flanme-retardant resin_nol ded

thapameupg of: khensrossilakeds phepoxyphosphazang helngin,

t he crosslinked phengé%phosphazene caompound def.ined, i.n 5 claim 1 and an

i norganic filfPet, to
anmount of the
parts and the

parts, per

flanme-retarda

or ‘a thernpsetting resigg. %_ﬁ%ﬁﬁagﬁgféfﬁghe

defined in

10

15

20

wt. parts and the amount of the nongﬁﬁic t he
ssl {nked pheno sphazene_ bein 0.1 to 100 )
e{ 1085 baing, B B HEh A% W BaE . s 109 300 are o
W ., rts of the resin. 5 . 13. A
%Pergggﬁnﬁnlded article - conprising a thernoplastic resin

rBE%A Mﬂaﬁapaéﬁeiecormound

d
claim 1 and ree organi ¢ phosphorus conpound,
comprising a thermoplastic resin or a thermosetting resin,

the crosslinked phenoxyphosphazene compound defined in
claim 1 and a halogen-free organic phosphorus compqund,
the amount of the crosslinked phenoxyphosphazene compound
being 0.1 to 50 wt. parts énd the amount of the halogen-
free organic phosphorus compound being 0.1 to 50 wt.
parts, pér 100 wt. parts of the resin.

14, A flame-retardant resin molded article
comprising a thermoplastic resin, the crosslinked
phenoxyphosphazene compdund defined in- claim 1 and a
fluorine-containing resin,
the amount of the crosslinked phenoxyphosphazeng compound
being 0.1 to 100 wt. parts and the amount of the
fluorine-containing resin being 0.01 to 2.5 wt. parts,

per 100 wt. parts of the thermoplastic resin.



'ﬁhe amount of the ¢rosslinked phenoxyphosphazene conpound 10 being 0.1 to

50 wt. parts and the anount of the hal ogen- free organi c phosphorus
conpound being 0.1 to 50 wt. parts, per 100 wt. parts of the resin.
14. A flane-retardant resin nolded article conprising a thernoplastic
resin, the crosslinked 15 phenoxyphosphazene conpound defined in claim1l
and a fl uori ne-containing resin, t he anobunt of the crosslinked
phenoxyphosphazene conpound being 0.1 to 100 wt. parts and the anount
of the fl uori ne-containing resin b@Wﬁ}TLOl to 2.5 wt. parts, 20 per

100 wt. parts-of the thernoplastic resin.

This invention provides a halogen-free flame
retardant which advahtageously-has a high melting point
and a low volatility and does not impair the inherent

5 properties of resins.. The flame retardant of the
invention is a phosphazene compound érosslinked with a
crosslinking grdﬁp such as a phenylene group,
wherein each of the crésslinking groups is interposed.
,betweeg the two oxygen groups left after the elimination -

10 of phenyl groups from the phosphazene -compound; |
the crosslinked phenoxthosphazene compound does not have
any free hydroxyl groups_(deriged from crosslinking
groups): and the amount_of the phenyl groups in the
crosslinked compounﬁ is 50 to 99.9%, based on the total

15 number of the phenyl groups in the phosphazene combound.



