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(71) . We, HITACHI LIMITED, a Corporation organised under the laws of

Japan of 5—1, 1-chome, ‘Marunouchi, Chiyoda-ku, Tokyo, Japan, do hereby

declare the invention for which we pray that a patent may be granted 8 us, and the

] ‘method by which it is to be performed, to be particularly described in and by the
5 following statement:— - o S , o

he present ‘irivention relates to flame-retardant epoxy resin compositions

s which can be used in the casting of a fly-back transformer for a television receiver.

10 €poxy resin flame retarded with a flame retardant such as antimony trioxide or a 10

compound generates harniful hydrogen halides on burning and the antimony
trioxide is harmful to ‘human beings. Therefore, €poxy resin compositions flame
-retarded with these flame retardants give rise to trouble on handling or disposal.

15 . On the other hand, as flame-retardant epoxy resin compositions, there are 15
kriown (1) from British Patent No. 1,112,139, a composition .. comprising a
polyepoxide containing .more’ than one epoxy group in its molecule and red
phosphorus powder, to which'a polycarboxylic acid anhydride may be added as
curing agent, (2) a composition wherein red phosphorus powder in the above-

20 mentioned composition (1) is replaced by resin-coated red phosporus powder and 20

5 (3) a_composition - comprising a polyepoxide, an amine curing agent, red

r ’ phosphorus powder and aluminium ~ trihydrate. The said composition ‘(1)

' _ com%rising 2 to 25 parts by we;"ght of red Khosphorus owder per 100 parts by -

S weight of a polyepoxide has a defect in that the red phosphorus ignites on kneadin .
25 and there is a danger of fire or explosion. Further, a fly-back transformer produceg 25

by the casting of said epoxy resin composition flame retarded with red phosphorus

workability and high expense.
In the said composition (2) using resin-coated red phosphorus, there is no
danger of the ignition of red phosphorus on kneading. However, the other defects
35 of the composition (1) are not yet obviated. :
he said composition (3) improves the flame retardant effect by the use ofa
combination of red phosphorus powder and aluminium trihydrate powder as

o 198%

35



retarded with these flanme retardants give rise to trouble on handling or

di sposal . 15 On the other hand,. as flame-retardant epoxy resin

conpt ) 139

conposition conprising a pol yepoxide containing . nore' »than one epoxy

group in its nol ecul e and red phosphorus powder, to which a polycarboxylic

aﬁégbanhydride may be added as curing' agent, (2) a conposition wherein red
a

p horus powder in the above- 20 menti oned conpositi on (1) S
repfacdd hy resin-coated red phosh¥p8® po 8sition
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metrﬂerﬂ@t gomreeia @poseﬁona Iqemrrgsmsta on of red

resi n- coat egdes?fédn s
ole curi

phosphor us %{%ﬁgﬁ’;ﬁd o8 g‘g Sorter ot the
corrpqgel ti Orby g pesih) laRirfiitum tnhydrate powder, ave desirable 20 35
The said cqimmmesl Mprga)aﬂu lm,veas flainerdtdrdame ep@tﬁndamtcoafpfoﬁﬁén by the use of

c
a Conbl nat I1m1 azo c curmg a@ggﬁor red Wﬁls d(g? der and ummnum mmdg"at € powder as
T amtl 3

2
powder is charactenzed by lts lowe and its longer pot life (a slower . -4
2 cormsar ed tivirdake inltRe viscsityf of i hea all o fst &)%egxﬁﬁarai um rgsbm
trihydrate exy IR Feuf léonsmmr:amm olmoméed #ﬁ hmmphmnwwan ‘be decreased,
avoi di ng ! g Wr&n aggﬁi %gﬁsnﬂ d%%gﬁox e, a porycarboxylnc acid phosphor ug
occurs-In urmg agent, an imidazole curing accelerator, red phosphorus powder
30 coated by a thermo-setting resin and aluminum trihydrate powder shows’a lower 30

initial viscosity and a longer pot life as compared with a flame-tetardant €poxy
resin composition comprising a polyepoxlde, a polycarbox;l':lc acid- anhygnde
curing agent, an imidazole curing accelerator, red phosphorus powder and
: . aluminum trihydrate powder even if the amount of red phosphorus powder coated
35 by a thermosetting resin and aluminum trihydrate powder in the former as
composition is identical with the amount of red phosphorus powder and aluminum .
trihydrate powder in the latter composltlon The present mventmn has been based
on these findings.
According to the present invention, there is prov1ded a flanie-retardant epoxy
40 resin composition comprising (a) 100 parts by weight ‘'of & polyepoxide containing - 40
“more than one epoxy. group in its molecule, (b) 0.8 ‘to 1.2 equivalents of a ' :
polycarboxylic acid anhydride curing agent per equivalent of the polyepoxide, (c)
0.5 to 5 parts by weight of an imidazole curing agent per 100 parts by weight of said
polyepoxide, (d) aluminum trihydrate powder having an average particle size of 1
45 to 20 » and (e) red phosphorus powder and/or red phosphorus powder coated by a 45
thermosetting resin, having an average particle size of 4 to 20 4, the amount of
_ components (d) and (e) per 100 parts by Welght of polyepoxide being within the
area obtained graphically by connecting the points A, B, C, D, E, F, G, Hand I as
described below, wherein the pomts A,B,C,D,E, F G, Hand I each represent the &
S0 following compositions: o . , 50 H
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with the flame-retardant epoxy resin conposition using red phosphorus
powder 5 alone. 'Thus, the defects of the conpositions (1) and (2) are
obviated in the 5 conpositien{3)—However the conposition (3), js still

unsatisfactory in. flame retardancy. (E.ectri c Appliance Control Regulations
in Japan) and unpractical when applied to"the casting of a fly-back
transforner. 10 Thi s aspect may be i nproved by increasing the
anount of red phosphorus and ;10 al um nium tri hydr aft_e_"agjd_ed. However, the
increase in the anpunt added has def ects iz At .t;"he__-__,_!'-nl ti 9! viscosity of 4
the resin conposition, lncreases, T1ne gaps I the cort—portiomof—the
fly-back t\r'agf ornmer--are noet ‘i npregnated,  and the .pot | iRelphbsphbras

i d
conposi tion decreases. 15 . . As a regifgf vari ougégﬁgﬁpé’é:vd%n _
fl gprre- retardant epoxy resin conpositions tgwidd ObVi-at €olidebrfdmorent i oned
defects it has now been found,.in.accordareetsbyth the preseiigréesivention,
that flafe-retardant epoxy resin:conposit i‘éﬁ"r‘\@t)cpr_rp(rjl syrgpwsybml‘"y@w&)m de, a

ol ycarboxyl i c acid anhydride curing agent, an im azol e cUring -
gccgl er at é{-/‘ red phosphorusApowder “(or preferably red phosphsy us powder
coated 20 by a t-herrm-éetti- ng resin) and alum nium- tri rgd_r__:a_t.e powder ,
have desirable 20 properties. Mre parti cul&r| y, a fl arre-,fe.%_ _r.-gd__a:n_t .-epoxy
resin conposition conprising a pol yepoxi de, 103 pol ycar boxyl |'cl-0a_c|_d -anhydri de
curing agent, an inidazole curing accelerator, "red phosphorus powder and
al uni ni um trihydri de powderPis characteri zefOby its |ower ini%tial viscosity
and its longer pot lifée (a glower 25 ~ ingpease in t he-.._V| sgosity ..=o-f t he
conposi ti on when all owed to stand) as conpared 25 ‘Wth epoxy resin.
conpositions conprising a p%l'yepoxi de, an-al¥ne curing agent20 red
phosphorus powder and al umgumtrihydrate pp,\gder..- Furt her, aldflarref .

retardant epoxy resin conpoSition conprising-a polyepoxide, <
pol ycar bpxylic acid anhydrille curing-agent,1s5an i m .dazgl_'_:e' curgong - _
accel erator, red phosphorus; powder 30 - _co?t ed by a therno-setti ng resin
and al um num trihydrate powder shows a | owd? 30 initi a[ V|4_§COS| ty and a
llonger pot |ife as corfharrewl mvidifalsauséd Mie pRiséH AABALORRAN Ye R LitkdGATRPS t1 ON
i Si | yep¥ssdilgeelowa pol'ycar boxyl i ¢ acid anhydride -curing agent, an
conprising a pol yep® oY & s é i liouid 25°Guincyicn af heraiiaiency
i m dazol e curigng agq %f%]g o erg.toctl: mﬂeﬁﬁ% { xés ﬁg_ﬁﬁ% i \&qll%ipotwflﬁea.f?ﬁ 5
trihydrate powder, &uwmple, bis 1 ATQigkidfA’ ethér Obibp? igyci er, polyglidy
- esters of a polycarboxylic acid, such as phthalic acid, terephthalic acid, tetrahydro-
phthalic acid or hexahydrophthalic acid and polyepoxides obtained by epoxidation of a
. cyclohexene derivative such as bis(3,'4-epoxy-6-metlgrlcyclohexylme"thyl) adipate
10 may be used. Here, the above-mentioned polyepoxides may be used alone or in 10
~ admixture. Also, if necessary, a liquid monoepoxide such as butyl glycidyl ether or
phenyl glycidyl ether may be added thereto to reduce their viscosity.
The polycarboxylic acid anhydride curing agent is also preferably in liquid
. state at room temperature.. As the polycarboxylic acid anhydride ‘curing agent, .
15 °  methyltetrahydrophthalic anhydride, methylendomethylenetetrahydrophthalic 15
anhydride and eutectic mixture of hexahydrophthalic anhydride and phthalic
anhydride may be used. - o o v S
~, As a curing accelerator usable when an acid anhydride curing agent is used,
imidazole compounds, tertiary amine compounds such as
20 tris(dimethylaminomethylphenol) or benzyldimethylamine, ferrocerne derivatives, 20
baron trifluoride compounds and piperazine derivatives may be . uséd, but
imidazole compounds are most preferable among these compounds and hence are

s the curing accelerators used in the present invention. The teasons for this are that
they give a long pot life (a small change in.viscosity with_the lapse of time) when -
25 mixed with an acid anhydride, that an epoxy resin composition having excellent 25
_ thermal resistance can be obtained even if a curing temperature is 120°C or less,
-3 and that their adhesiveness with magnet wire (a olyurethari¢ layer) used in a fly-

back transformer-is gogd and thie layer is not ¢ anged in_ quality.”. =
.. Here, as’ .the ‘imidazole’ compounds, 2-ethyl-4-methylimidazole, . 2-

30 phenylimidazole, 2-methylimidazole, . '1-benzylé2-methylimidazdl¢_: or _1,2- 30 .

.dimethyliifiidazole are preferably used. == B :
.. 'The average particle size of the aluminum trihydrate powder is essentially 1 to
20u, preferably 5'to 15 u. The average particle size of the red phosphorus powder or
. red phosphorus powder coated.by a thermo-setting resin is essentially 4 to 20 I8
. 35 preferably 5 to 15 u. If the average particle size of aluminum trihydrate powder is 35
less than 1 ]f and that of red phosphorus. powder or red phosphorus powder
coated by thermo-setting resin is léss than 4 #, the viscosity of the resulting
resin composition becomes unpractically high. If the average particle size of
o aluminum trihydrate and that of red phosphorus powder or red phosphorus powder :
40 coated by a thérmo-setting resin are respectively more than 20 u, remarkable 40



35 by a thernpbsetting resin and alum num trihydrate powder in the
for mer 35 corrposltlon I's identical vmth t he armunt of red phosphorus

pr esent |nvent|on has been based on these flndlngs Aooordlng to the
present invention, there is provided a flane- retardant epoxy 40 resin
"~ fORposi.tion conprising (a) 100 parts by weight of "a pol yepoxi de contai ning
m)re t han one epoxy group inits nmolecule, (b) 0.8 to 1.2 equivalents
0 rboxyl i cid [iL@6:898ri ng agent_per equival ént_&f the
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100 partsp lwaisgimdaf cc&&ld ypl)hhe&po}!(dttﬁhg re{: in dHeUiesii tbmnpdsit ydr at e powder
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anount of add ade and( &l urang:la at gthe mg‘armmb wwbmghe areﬁ pol yepoxi de
|im Big
é on

bei ng wi tgﬁﬁe Pithy %‘Eﬁs ? F‘E’d i ﬂeg‘lﬂhe points. A B,

G, B) E, etar lgg?l gltok nﬁr@ 25}} ts A B,..{«C D,

E, ) G bhck n forﬂﬁfi uﬁﬁﬂ unshifsfac eretar yl Q18b ﬂ&rGEWDOSI | ons¥
the posslblhty that the inside of the s@ﬁ@da&?@ﬂ of the fly-back transformer is not

153L, I th@par tgs by
setting r esdosity\isilgMadr)than 2 poise, the flaairétardmcy oﬁﬂ egi‘Hs Itidy fly-back

Red ph Ospﬁaf{'ﬁg A{ Ny edfw:tttr1 said epo; };ﬂ({
-ret t n m t a
phogphor UgorRURISH wit ‘ﬁdr% above-mentioned ri o ge?ﬁe"e D50 Bolld W T 1f o

72 transformer is unsatisfa@orypAlso, if the viscosity is higher than §® poise, an

20 C unsatisfactorily 1mpregnate back transformer is produced.

; " The red phosphorus r used in the present invention ma Rtreated,

160 20 but is preferably coated by a=thermo-setting resin. 2 20
4 As the resin composmon for surface coating, a water-dlsperslble one is

preferable in view of the efficiency of -siitface coating of red phosphorus powder,
and a heat-resistant one is preferable and one having excellent wettability for the .
epoxy resin composition is preferable ‘in view of the physical properties of the %
25 resultllng flame-retardant epoxy resin composttron Thus, phenol resin is most 25
suitable .
When a fly-back transformer is produced by castmg the above-mentioned -
flame-retardant epoxy resin composition, the following effects can be obtained: -
(a) Since fine gaps in the coil portion of the fly-back transformer can be )
30 1mpregnated with the resin, partlal d1scharge occurs only with dlfficulty and the life 30
of the transformer becomes long.
(b) The flame-retardancy of the fly-back transformer does not cause trouble m
its practlcal use (Electric Appliance Control Regulation in Japan). .
~(c) A magnet wire and e‘l,ectrode are not corroded. ' ' .
35 (d) Harmiful gases or smoke is produced only w1th difficulty even 'if the ﬂy- 35-
: back transformer is damaged. '
(e) The fly-back t transformer shows a stable output voltage. Thus, even if the
fly-back transformer is allowed to stand at a high temperature and a high humidity,
a change in high voltage regulatlon characteristics (a change in output voltage with |
40 a change in beam current) is small, This is caused by the change rate'of dielectric . 40
properties of the flame-retardant epoxy resin composmons accordmg to the
present invention.
(f) Even if the fly-back transformer is dlscarded there are few problems of
environmental pollution.
45 According to the present . invention, a fly-back transformer havmg these 45
- advantages can be produced efficxently _ -
. The flame-retardant epoxy resin compositions - accordmg to the present
invention have advatitages in that (1) they have a lower viscosity and therefore
- show a longer pot life'and better workability on casting as compared with prior art . SR
50 flame-retardant epoxy resin compositions and (2) they are superior in operatronal ) 50
. safety to the prior art composltlons - '
Also, if necessary, a coloring agent such as titanium white or red iron oxide, a
silane couplmg agent, a titanate coupling agent or asilicone defoaming agent, may
be added to the flame-retardant epoxy resin compositions accordmg to the present
55 invention. Evén if these auxiliary materials dre added, the properties of the y-back 55
transformer are ‘not deteriorated. As the silane couplmg agent, for example; p-
fyc1doxypropyltnmethoxydllame may be-used. It is preferably used in an amount
0.3'to2.5 parts by weight; and desirzbly 0.5 to 1.0 part by weight, per 100 parts by
weight of the polyepoxlcf If the amount added is less than 0.3 part by weight, the
60 adhesiveness improving effect ‘of the silane cotpling agent can not be displayed. 60.
Also, if the amount addedis more than 2:5 parts by weight, the thermo-setting i
property “and’ the ‘glass transmission’ temperature after’ curing “of the resm
composmon aré remarkably reduced.
. In the accompanying drawings:— o ' s
65 Flg 1 shows the amount of red phosphorus powder and/or thermo-settmg 65
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used in the present invention wl| -bes «deseribed in nore detail below. The

pol yepoxide is preferably in liquid state at [err] in view of the

efficiency 5 of the casting operation of the fly-back transformer. @
t he pol yepoxi de, for exanple,.. bisphenol A diglycidy|l ether, bisphenol F

di gl yci dyl ether . polvglidyl esters of 2:36B8Wcar hoxylic acj d_sch as
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butyl gkycidyl ether or phenyl glycrdyl ether nay be added thereto to

reduce their viscosi A dot car QX Yh de curl a ent is
TS0 pref arabl y 1 e i S SRRRLS ﬂg gl TR g gl owyil
aci d anhydrige curdfagtyagacrttansf&ﬁnerasshom Bérhitire oRROYr i d

met hyl endonet hyl erd@t@ andahpressue lof B 4o 4 emHg anﬁfihearth dt@®°§rﬁd 4chousscind et i xt ure _
of hexahydr opht haIl %%BFT’X“S% t‘ar‘?H‘aﬁ'h?H‘&F‘F'&etéfﬁﬁvcﬁPPHe'%yc%@%%‘é‘dc“%s a
curing accel erator ef an acid anhydride curing agent is; used

i m dazol e conpounds, tertiary am ne conpounds such as 20 )

tris(di methyl am nomet-hyl phenol) or benzyl di net hyl am ne, ferrocene _
derivatives, 20 boron trifluoride conpounds and piperazine derivatives my
be. used; but i m dazol e corrpounds are nost preferabl e anbng these
conpounds and hence are the curtng accelerators used'in the present

i nvention. The reasons for this are that they give a long pot life (a small

change 1n.vi scosity with the | apse of tinme) when 25 - mxed with an acid
anhydride, - that an epoxy resin conposition having excellent 25t her mal
resistance-can be obtained even if a curi ng tenperature is [err] r |l ess,

and that their adhesiiveness with magnet wire (a pol.yur et hane | ayer) . used
in a fIy back transforrrer is good and the | ayer is-not changed
quality. . .



Here, as the imdazole conpounds, 2-ethyl-4-nethylimdazole, 2- 30
phenyl i m dazol e, 2-nethylim dazole,. 1-benzyl-2- rrethyllmdazole or. 1,2-
0—di-rethvl-imdaza ar-e—preferablyv—u h article size of
the alum numtrihydrate powder is essentially I to [err] -~ preferably 5 to
|6 [err] The average particle size'of the red phosphorus powder or red
phorus powder coated by a thernp-setting resin is essentially 4 to 20
23
I

1
ayfa -
~

J 5 preferably 5 to 15 [err]. If the average particle size of
pingm tri hydrate. powder is. 351‘573*3;¢9than. 1 [err] and that of gred

phospNor USpOWJEr _Or T ed_pNnospnor us. POWJEr_coated Dy T erno-serting resin
is less fhan 4 [erf], '|[the ViscosFty|of the resulS ng [edl n conposi t\edn
. . . H P 5 < (=] _ . o .
becones tg cal ly rrgh. ®f ti - duerage Yart cle s| #dl of &l umijnum
trihydra g Tal o [red-jphosphagr Uy powdgr—or & phpsghor ug povder 40
coat ed lez nmog s,ettrgrg resin jare rgspe;ta’ vel ¥y —ror e gq n 20 [er|r],
rremar kab = ' : 14b76, $79
4 sedi manLatr dn., of aI ufi nun &ri h & atle, powfiey . or red phadphor ¢s pGV\uer or
red phospfor ug Dowpdr J-‘ob_t d®by 4 t her@mo-sétting|rlesin thelresijnee -
conposi t gkes [he fesinf conpdsy tifon anpractital . Sf or the dnmount of
al umi nu Batp 1poyuder - uBed ﬁ‘d Y& anp@ht - of : bhosghor us
powder I ecplogphorits- \,oatci"'b‘yba t-ti Ng rgsin used,
in an ep Jrai sh conpr.i s g 1 e pqlrots by dNeigH poxy reqgin, an
ot = Q | |
aci d anh : -anda clirin ach rarrr'-' the anpu Mthlr the area
defined py thd poipts A B} C D, L Gl an 1) per J100 parts
per wei ghte of aapo yepdx! de <l f g fly-ﬁ)ack,t"r ans juced by the
casting framef 10 retarjganty epoxJ';—rw ' i on| havijng a
- conposi tj tgi de t hi tjre - L@ bac rmer | t hug obt ai ned
has unsagstad  RARET HEY- LAl-sot-t-herel- s—glossi pi litly that
the insijde of the gecondlar af tlhe f1 Y pack rrer s nqt _
satisfact8ril | Fnp} eqnﬁted ai d}&boxy| Varni yoi dsf are easily
f or med. the Viscgsity of a|&l afe-retardant gisi n fonpgsition
havi ng a 'S cpripogi tignewi t i n e abpve- meptli ias 3 to 70
poi.se at] e 1 P _ ) o 2
Fo18 |t R Rk 2 a SIS E|S
] - ok | )
vt < [+]
m < : J1&
ed (=] [—4 —t (=4 721 < [~ —~
M | S & } ° - } ol Qe ]
P> . e 5.8
« 8 r r = - |8 :?, | @B | =
= - og {'
S gg19
- 8 | 4t¢=°o ! - |8 4 | =& | 2
9| . 1
8 - g 8
2 To1%2l 222 | PE ol eal &
o [ Tt — =] — T LY w ©F @
T |2 |28{32|5E | |zE=|Ese|.E |2
§ [fl2<l25|5€|E8 |8 [5c8]| 228158 (38
@ s | 2| 8| BReoelde ]l gn@| nmw) 0F s
2|8 d|l 8ol §8B il 80l Yo TE Ol -a
ISYE > o ™ — —_— i e N -Sd‘;'- -ﬂs.a (TR % o
> | =5 28| 25T 198 | Eol|&v 22|~} ¥ *
wo| w5 fE|EEE w228 82 |98s |l 2
AE|E2|sE|=2G(&E <aa|asa iaa| = g .
. o ; ) _g 8- rg [T |
bt - 8 r
» (=] hond
. o s ™ el “g |
F R 2 of v gl 22| §
<o e B - [-] [=] O = [5)
& g e 2 o8 oS CHES] =
> > 8 8 BT & caglsllBgels
3 €5 8 g8 228|855 5
- <5 1< mes @8&| &)o8|O
g - - = K]
& °F R zla &2
=& 'g.?;.,a @ | S5 8
= 5] a8g S EEEPE
28 ERs S €39 E
£ &l 0L’ loes8e




viscosity is lower than 2 poise, the flanme retardancy of the resulting
fly-back transforner is unsatisfactory. Also, if the viscosity is higher
than 70 poise, an unsatisfactorily inpreghatedtly-back-transtormeris

produced. The red phosphorus powdér used in the present invention may be
untreated, 20 but is preferably coated by a therno-setting resin.

20 As the resin corrpositio'n for surface -coating, a water-dispersible one/,
is preferable in view of the efficiency of surface coating of red --“(
phosphor us powder, and a heat -resi st ant Q396,879 pr ef er abI e and one havi ng?
excel | ent V\BtTaDIII[y The ral In view
of the physical pragsib I@Q%S ﬁ:@%‘%&vgz‘:dz“ Bk b Rl “:a%‘?‘:epoxy
resin conmposition. setbidary ybBIAAB), Gkiniary Soil(B)Sdnd Qécmiyadahq:z) ilVacgasea(2),| y- back
transforner is pr odwevda hcyamgp dwhe(7thémmpmd;mll(4)anétheepawmant

epoxy resin c%rrpos?t’?w 1o (9 5‘}, ER{’O tigg hecf‘sg‘ ft:%s Qﬁ@fﬁﬁg-r eI nced
fine gaps in the c xypég{n cloglgo %& §f &ge
i npregnat ed w th dxﬁMﬁg, ajpeer(p) ofl taifdadt:yftbstcul ty.

and the life 30 ofEleqﬁr@Mn;rme&qwm m,:sm &ﬁr 3%“%% pithefy-Backr dancy
1

of the ¥1y-ba%k tr RS Pg% AT gggg@ﬂf o AEL PR Buse X

(Electric Appliance éactbr esin eam sifgg s ny-bakand
el ectrode are not tressfayaiers we&&espectwely cut ad holv&anm’ml 2 smmreggmdne)f the

pr oduced onI wths‘?&P'anFYc‘l?iF% Jetar ﬁéel" resinggmp iﬁ“ﬁ“& R5GSARGE |
dammged. (e) Y¥he 1 CLaHEEE IR, af%?omm}% %;mf" A REeTES Thuds
even if the fly- baakTiHlaansformer ' lowed tO stand at a high tenperature
and a high humdity, a change in h| gh voI tage regul ation characteristics (a
change in output voltage with 40 a  change |n beam current) i's small.
This is caused by the change rate of dieleéctric 40 properties of the

fl ame-retardant. epoxy resin conpositions according to the present

invention. (f) Even if the fly-back transforner-is discarded, there are few
probl ens of -environnental- pollution: 45 “According to the present

i nvention, a fly-back transfor rrer having these . 45 advantages can be
produced ef ficiently. - : ' :

e




The fl ame-retardant epoxy resin conpositions according to the present

I nventi on have advantages in that (1) they have a | ower viscosity and
therefore show a | onger pot |ife-and better workability on casting as
conpared with prior art 50 fl ame-retardant epoxy resin conpositions and
(2). they are superior in operationall 50 safety to the prior art

confjesi tions. Also, if necessary, a coloring agent such as titaniumwhite
or ('ed iron oxide, a silane coupling agent, a titanate coupling agent or a
S|I|r&np defoaning agent. pay be !4 1o the flane- retardant epxy resin
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in the "Conposition” row of Table | were respectively poured into the coil
portion 10 of a fly-back transfornmer as shown in Fig. 2 from above at
a tenperature of 20 to 10 [err] and-a-press ]
heated to 600C for 4 hours and at [erfFf*=for 7 hours to obtain a
fl ame-retardant epoxy resin conposition cast fly-back transforner. 6
1,576, 879 ' _ - 6 7
1,576,879 Fig. 2 is a cross sectional view of the fly-back transformner v
thus obtained, The fly-back transforme g7/g¢ produced by installing g -
pri mary bobb+ra—5—a—secontary—bobbtr = ~—Hrer-y—eet Gy —ERe—E :
secondary—coi.l (Nejesifor Tabledse ( 2), drawing a high voltage lead wire (7) out
of the secondary cgi Jﬁc( 4}).1;.- a’ndlitz-he__n pouring 5 a resin solution (1) for
i npregnation and coatirfgoieation iz o 7 % X" 5 As shown in Fig.
3, the bottom of tkh_eng:@_s;fl-{ 2) of ‘the respective. flanme-retardant epoxy resin
conposition cast fly-back transforners.thus obtained was exposed.to the
oxi di zing flane ¢©) Teé calsgace dbiddabsdrad iGoagitatllyout " a f| ane ret ardancy
test (Eleetric Appliance Control- Regul-ation in Japan). -As a result, all of
the fly-back 10 - tPafMorners Pasi8d the test and the anount of snoke
on burning was gl | L.as 10 shown in.the Prdperties of fly-back
Lransfor mer " row of T8 WBre o asp dBvered moheon L™ o or dant epoxy resin
conposi tion-cast fly-b@cko siaralel "R oW lgisfe@Spectively cut as shown in
Fig. 2 and the inpregnation of the secondary coil with the flame-retardant
epoxy resi n- conpyid: Al chage dmehtitubh eolpee slEmachedrd current wgrchatgednce of voids in
the coils were observed. As a result, the inpregnation was 15 good and no
voi d existed as showfuitherithelly-ach transformers werefll bdastandppmitigtgempardtureow of
Tabl e. 2 ) (60°C) and a high humidgy (95% RH) for 1 hours and then operated. High
. . voltage regulation was mieasured by varying a beam current. As a result, it was .
5 found that the high voltage regulation was good and showed almost no change as 5
' compared with the initial values in all cases as shown in the “Properties of fly-back
transformer” row of Table 2. (The initial values for the cast fly-back transformers
were all 1.5 kV.) _
. Also, the dispersibility of flame retardant and filler which is important in the :
. 10 preparation of flame-retardant epoxy resin compositions was very good in all cases 10
as is clear from the “Dispersibility of flame retardant and filler” row of Table 2.
Therefor, special mixing means such as roller kneading were not required. Further,
the amount of the phosphine gas generated on curing of the fly-back transformers
was measured by gas chromatography. As a result, it was found that the amount of
15 the said harmful gas generated was very small and caused no trouble with regard to 15
- safety as shown in the “Amount of phosphine gas generated per transformer” row
of Table 2. Further, the flame-retardant epoxy resin compositions having the
compositions as shown in the “Composition™ row of Table 2 were cured at 60°C for
- . 4 hours and at 105°C for 7 hours and the flame retardancy, tracking resistance and
20 arc resistance of the resin compositions were examined, As a result, it was found 20
: that the flame retardancy was V—Q, tracking resistance was 600 volts and arc
resistance was 120 to 180 seconds,
The fly-back transformers produced by the casting of these flame-retardant .
: - epoxy resin compositions not only operated properly but also maintained their
25 good properties for a long period of time even if they were operated at a severe 25
- temperature, : e .
" The flame-retardant epoxy resin comgositions (samples Nos. 12 and 13)
containing a silane coupling agent show good hygroscopicity and, for example, are
_ superior in high voltage regulation to the resin compositions (samples Nos. 1 to 11)_
30 containing no silane coupling agent. ' - 3
' Although not described in the example, it is possible to blend various additives
such as a defoaming agent, a voltage stabilizer, a coloring agent, a surfactant, etc.
into the resin compositions. Also, the flame-retardant epoxy resin compositions
o according to the present invention are also applicable to systems for a fly-back
. " 35 transformer other than the system as shown in Fig. 2 such as fly-back transformers 3
: of a plastic film-layer insulation system, small multi-purpose fly-back transformers
wherein diodes, resistors, capacitors, etc. are installed, fly-back transformers
wherein a case is replaced by a metal mould, insulated fly-back transformers of a
dip coat system, etc.

. 40 "~ Example 2. : :

- Cast fly-back transformers as shown in Fig. 2 were produced with flame-
retardant epoxy resin- compositions having the compositions as shown in the
“Composition” row of Table 3 in the same manner as in Example 1. With regard to
the fly-back transformers thus obtained, various tests were carried out in the same

45 manner as in Example 1. The results obtained are shown in Table 4. Also, the 45
: flame-retardant epoxy resin compositions having the compositions Nos, 1—11 in
Table 3 show an initial viscosity and a change in viscosity during standing as shown




15 1, 576, 879 8 9

1,576, 879 9 Notes for Table 2. *: IEC
publication 112 **:—3HSK-6911 ***:—The—<¢€oils were cut and observed
m croscopically. 0: Good . X Poor ****: The coil-s were cut and

observed mcroscopically. 0: No void existed X Voids existed *****:. A

chemnge i n output voltage when a beam current was changed. Further, the

fI pack transfornmers were allowed to stand at a high tenperature [err] and
gihumi dity ((95% RH) for 1000.5e878s and t hen, Oper at ed. Hi ghm/ol t age

regul ation phas U b Q. m current . a resul It was 5
Found that SRR R eé':’i?%étﬂ*ﬁﬁ b o Shi st nenange
as - 5 conpaisadityduring sthalingi fiotvh by aires$1) i Fig 4| TIRG IR atR-ret

"Propertiespuy. Cfnln tsaakmtTra!aln§fm ﬂ’esuperroam o laﬂﬁassb%tyznd ngw ml t| aI vaI ues

for t?ue ca ‘W nse At “Eﬂm “"s
o R R G R

preparati oﬁh'd)blef arre retar ant epoxy resin corrp03|t| ons vvas very good_in
all cases 10T ﬂ#'%ﬂfi@éﬂm Pmmrsﬁecmog S“?Hmt 50§2 #dg mr et ar dak# and
filldPr ro pleﬁam§ mﬁg@‘gﬁ %%{ﬁ% onﬁf‘? B(‘;‘mp@b fas r#fller <
kneadi ng W@déﬁpFaQNoIQ 11 @fiTa aini OSphl ne gas
generated on curing of the fly- back transforners wa's rreasured by gas
chromat ography. As a result, it was found that the anpunt of 15 t he
said harnful gas generated was very snmall and caused no trouble with regard
to 15 safety as shown in the "Anmount of phosphine gas generated per
transformer” row ' _

%



of Table 2. Further, the fIarre-ret ardant epoxy resin conpositions having
the conpositions as shown in the "Conposition" row of Table 2 were cured at
[err] for 4 hours and at [err] for
tracki ng resi stance and 20 “arc resistance of the resin corrp05|t|ons

were examned. As a result, it was found 20 that the flane ret ardancy was
V-O, tracking resistance was 600 volts and arc resistance was 120 to 180"
seconds. The fly-back transfornmers produced by the casting of these ,
fl ame-ret ar dapt epoxy resin conpositiongspggzgonl'y operated pr operly buf;

al SO n‘a| nt a|-n'e ﬂﬂﬂ nrnnerr 1L eS 1O _ad an\ erl )Il
if they were ép,grat ql,at a spverd 25 {&mdraturd. Ihe|f?anef (4
epoxy resin cqmposi f§jisnyg {sahpl e§ NBs. |12 gnd¥al3)] cBnt i ni ngf &
Ny oSTYpr cr Ty =sany,— Tor [exanple arf
o: t

] et

coupl i ng agent[~STTOWTYOO! in
hi gh vol t age regula |83n to th& rgsin cq)rrposltﬁ)né (&anmples No. )| 30
contai nf ng no s+ “soHp AEag g = — :
30 Al'though ndt—des rd'-'bed'i n the exanp e it ;ﬁs pos§i bl e to bldind var i ous
addi ti vesws8uchl as._a (?ef dam n ag int , ajvol.tlage: stlabrli 2 e'r jl ori hg -
agent, @ surfgctantjf.etq. into the re_s H>cCrrp05|t|on-.s. Also, e :
flame-ret ardart-—*epo yaresil n t:drrpdsigi ons™ accos:gil ng ®o t{he preddnt i fivent|i on
are al so appl ift o q'--bter_b Fgr—=a s tgek—3 —tyanstopmgr ot L|_er tfhan
the system as {shownlfigh Hi g; P ;sugh, gs {Hy-Hacke trangto ners @4 of o
plastic filml _ Jatioh syqtem sl i nM fil- purpose fliy-flack
transforners. rei fp gi ddes, { resifstgrs{ Fagacit ofs, (et ¢. arel jstal led,
- : IS whel eih ! % i$ redl abed|b k al | d
fly-back trangformnmej: ereip’'a gas® i $ regla y a freta §l-d,
i nsul ated fly-back frangrorners ¢f a dfe cqat syfte_m gtc. -
Exanpl e 2. © g |1 I R 8 48} Gast {flly-Db :
transforners gs—s - 2 dere B g_’daece} Wi-fH—-efre—-c} dan_t epoxy
resin conpositliens faving,thp cofpogitjens las«sh¢wnain t'he " fposi fi.on"
row of Table 3_iy e _nhnned as i Excm)lwe _th_rea dito the
fly-back trangfornefis tHus optained, vad oys tests were carrg out | i tfhe
vy o . : . S - . i
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10 1,576, 879

10 by curve (10) in Fig. 4. Also, the flanme-retardant epoxy resin

conpositions having the conpositions Nos. 1-11 in Table 1 show an initial

viscosity and a change .in viscosity during standing-as shown by curve (11)

I n F|g 4. Thus, the flame-retardant epoxy conpositions in Table 3 are al
=™ Or i n |n|t|al viscosity and a change in 5 viscosity with the .

| apbd/ of time to the corresponding flame-retardant epoxy resin 5

CONg Sllztlons in TabI e 1 Ther ef or16576§7be reS| n corrp05|t|ons in Taple 3 have

a . : . D g—Wrth the.
resin conp03|t|ons I n Table 1 The fl ame- retardant epoxy resin conpdsftlons
(sanples Nos. 12 and 13 in 10 ~ .Table 3) containing a silane- coupling

. agent shaw good hygroscopjcity and.: for 10 eXapple. are supérior in high
vol t ag¢ regul ati ong to th resi fr corposifiags (#anp esf Nosy | to fL1 in

- Table:3) c ntzg ni np- upﬁ'i"n;'bagerg.' ARl ] e
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14 1,576,879 -
14 Footnotes for Table 4. *: IEC publication 112 **. JIS K-6911 ***: The

coils were cut and observed m croscopi cakly—0—Good X:
Poor ****: The coils were ecut and observed mi croscopically. 0: No voids
exi sted X: Voids existed *****: A change in output voltage when a beam

resin conpositions as conparative exanple are shown in Table 5 and t heir
properties ar@3shown in sanples Nos. 14- 24768795 Tabl e 4. The fly-bagk

transforpers: produced by -t.he casting-of the epoxy resin 5 corrp.05|t|on-Nos.'
14, 18 ahet 19 in-T

current was changed. Conparative Exanple. The conposi tion, etc., of epoxy

abisipct-oiy—-h-H-arp—etarfaRsy—sihee—th
anount s of phdnol d ghogphorjus ppwdgr andzal pmilhum -
trihydrate pofder Al 18 Al o, JtheF | y-Back tEansflqEnel® prodliced by
t he casting off—he y —R—edrposHenrd—Nes —4 gnd e
satisfactory ijn 10| 3 flpang, rd'e‘mc‘ sincg ppendl rgsgn-roak ed fed
phosphor us pofder bandg Iu#' 0 &rifhyirgdt® p 3 EndBd ifn 4
| ar ge anourit . K-SeerFabte—f—thre—{Propettiesof rsToTr e TowW,
Nos. 14£19).. Hq.wevar,gthe resin ¢ongosiig orjsgNog. :ixﬂxsh_)we;q pogr
fluidity .and qdusef entrajnment qf &ir|on doBri hg.&S o gnt raifned aif
was difficult [fo detrarn, |vords femarhed 11y thejcagls gs_shpwihl Tn §he 15
"Properties ofl flytbagk tiangforifers rgw of] Fable g T g ng, fly- bacﬁ
transformer U5¥haping a forfg |ifle was|abl g fo be Pbt aijndd. T
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16 The epoxy resin conpositionhaving the conposition No. 20 |n Tabl e 5 was
rejected in the flame retardancy test since the contents of red phosphorus
powder and alum numtrihydrate powder were |l ow. Al so; epexy resin

conpgsi tions having the conpositions Nos. 21 and 22 in Table 5 showed poor
i mpfehnation and -the 5 formati onof voids in coils since the total

ano of red phosphorus and aluminum 5 trihydrate powder was |arge. '
(Tabt’e 14, Nos. 20, 21 and 22) 1 el _'9epoxy resin corrp05|t|on as, shown in
t he " CompoSTTTons —row —of—Tabte5 . sH2¢ f or ded
by bl endi ﬁg°‘a°th%f°®§elﬂ‘aﬁed organic corrpound flame retardant and anti MRy
trioxide. Th,e : psition was not 10 practically preferable in
that a |large aéngﬁlbpcaqﬁgng%ck snoke and harnful: gases are 10 generated on
burni.ng as whasx-egiit he " Amount of snoke generated on burni. ng" row of Table
4. Al so, the epoxy- resin conposition No.: 24 in Table' 5, which is an exanple
wher ei n an™&niHectlamerieuatpdnbssrecd migppcomiggiiydef ects in that the =

i npregnating propgrgy,aof the fly- bagks s ansformer as -produced- with fue
resin 15 conposition was poor -and voids were forned i'n coils as shewn
in the "Proyselbs @blsofere chbardl opsdradimi oo iy mer row of Table 4. Al so, the
epoxy resin conpogition No. 24:in Tahle shows an initial viscosity and a

change in vi scosi PyNUT I HiLtandi ng QU KERHby curve 12 in Fig. 4.
Further, MbenAtdgsb LyoulRe ok 8RSk Q WL clfeR0MG Gllaghd. N the epoxy composition
was aIIovvedto stand at a high tenperature and a high humdity, 20 it
showed a variation in high voltage regulation. . _

20 As -descri bed above, the H@QullmtatmExanm ment of fI y- back transforner

preson’ | AR LhEy DR gﬁé‘?? In°ye con

porti on of dofmodifionNsCld, 18 adID ﬁf resmaae Srishtisfak 1ﬁlﬂh yr

i mpr egnat ek h?ﬁmfe'ntse’éphpno phq ‘podidercend umm:urs with *-
duffucultyﬁa? B ;hﬂ ramal o
: &a ysﬁlS eh&r oxtuﬁ‘ rﬂ ity @n the
" insulation tnh)daatﬂpmdeofwete giymbaa:be hmams.f(ﬁe’eﬁ&blelﬁsthe Propetids (c) Th

19, NgTelth: ifcompesg S,
. fly-back t r%ﬂg andl showe poor uidity an auségéo v?ammerft air orln poun‘t?ga ?Im:e epoxy

the entrained air was difficult to detrain, voids remained in the coils as shown in the :
15 “Properties of fly-back transformer” row of Table 4. Thus, no fly-back transformer 15
- havmg a long life was able to be obtained. SRR




' 30 resin conpositions can pass a flane retardancy test (Electric

Appl i ance Contr ol 30 Regul ation in Japan). additionally the fly-back
transforner insulated with the flane-retardant epoxy resin conpositions

according to the present invention has "an ‘éxcell ent characteristic that its
'out put voltage is stable. 35 - VWHAT VE CLAIMIS: -

35 1. Aflane-retardant epoxy resin conposition conprising (a) 100 parts b
wei ght of a pol yepoxi de contai ning nore than one epoxy group in its :
mol ecule, (b) 0.8 to 1.2 equivalents of a pol ycarboxylic acid anhydride
curing agent _ 1 of- ' ~ 6 - : - :
wei ght of\an i m
sai d pol yepoxid
particle size o
phosphor us powd
particle.size o
100 parts by we

15

‘or—perr—106-
0 powdgr havifn
j0sPhor Ys powd

Y-S IR~ Ha A 1
ST rreev Tt

orf] ;. L]e, arfougt s jof | congonent
2poxi def bei g i Tjn'the.area q

gr aphl cal |’%¢-by { . ~t-irg—45— T gt TS — C,-: B =,
descri bed bel ow ftée points{A B & D E-F]GgH

represent the f

conpgsitiohs: | %6

1, 576, 879 N N DO 1% The epgoxy r4gstiy _
conposi ti onhavi pgg t _-egcc’taqsit-i on No 20 gn Tablie 5 wag rdgje ﬂ i t he &
flane retardancy tedlt™sihce the cohtent]s ©f ned phosphorus ' o | 2
al um num tri hydjat ejjpowd r'm#re'ron[ Allso, epoxy regin cof 4 hE fe
t he conpositiong . #nd|221i n| Tablle 8 showed pdor S n T &he
5 f or mat i ongd : 1 coils sincelthe fdtal anmduint o ;;ﬁé =R
and al um num' ' 5 raf g powder yas llarge. [(Tgble |4, Nog. ahd [22)f.
I n the epoxy res ob @t i gn. &s -$howr) i ® t he FConmosilti g iy T bEe
5 No. 23, fla s—af--br-ced—by—bitend rigdni &
conpound“f | ame antimpy tiri exi de. gThe Jresinjco K3l
not 10 .practi"tallﬁ_p’é‘fera'bl'e n tHat Ya farge anpunt d '.,@,Eé %rd
har nf ul . gases afe—40—1— — =T ' ©
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generated on burning as shown in the "Amunt of snoke generated on burning”
row of Tabl e 4. Also the epoxy resin conposition No. 24 in Table 5, which

t he |npregnat|ng property of the fly- back transf or per as produced ‘with the
resin 15 conposi tion was poor and voids were forned in coils as shown
i p~tRe "Properties of 15 fly-back transformer” row of Table 4. Al so, the
) resin conposition No. 24 in Table 5 shows an initial viscosity and a
Ofy i n viscosity during standi

9@87@3 shown by curve 12 in Fi ¥ 4
Furt : nmposi tion

e i PR A RN . 20
1 in com ositions avm
As descri krccoapositions Nog. 31rmt 122 tin lllﬁblé 5 eledwee boinfnpf' siation @kid trreansf orner. coils
wi t hst he fdrmmnp Oedsaamﬂs taé tnOlmb hqsmhwwsactdnmnng to the present
i nventiont g m co’ o(s l%gg o th Oﬁoga Sw. birabfde coi | portion
oh

of the fly: m cy GaffSrdkd By A nrarn Bgedted orgahiePr egnated with
t he resi nporamlnﬂ hane andadnnduos;ctmm € The cesms:ompbsltnodr a% haul ty as;.¢=25

conpdr ed Rackica .Pfoefaé? 1 4 EGGH@B?N“’ Sep e of 19he resin
‘Ido E oh ‘%Et ment of the

IS prolon
fly-back fek @uheﬁrn ms 1s edf s lflaﬂﬂﬁt eHeer i nsul at ed

with the $ap rﬁt:mmomtyaq:fdantﬂy aﬂm’rmer asrmrsdmre with ahe tqsmns can pass a

fIant$ ret n yaspooy and g in poils aysh the“:’!’EP atiodSin J
addi ti ona&&ics smrah@gi?mﬂ %'e ep { ggﬁ"“g@,‘;m@”’"i“ gg fl eﬁe Irgt a?ggm

epoxy resibp cﬁx@éﬂlﬂ)ﬁnl mg anFuﬂlibeoﬁhihmjp ﬂl;@bzic €ra tﬁ‘ﬁl@ﬂﬁroﬂlﬂ:\iﬁﬂtthﬂﬁ has an
excel | ent enmlc pasition wasallpwed to stand a tqahtempetatrag@draéue@thamdéy, 35 VHAT

tshowe vanatlon in hlg voltage regulation. :
]\!\F A% M st lAs gescnbed above, the insulation tre tment of fly-back transfor €r covi ith 35 1. A
ame- r et g reRfRNt dpoy fés:ﬁ@ﬂiﬂﬁfs’i hsodl:c MEtd thie Pdes rﬁ)in g{ﬁmparts by wei ght
of a pol yemchediﬂlowmg_tadvam Lm)re han- one epoxy -group in_its nolecule, (b)

equr éﬁgl ent’cmﬁe]‘gi e F‘&? EIOWSS %’gep%tcﬂ‘? Wgrgﬁﬁ"“g%tsur 3 arngnnélag ol e

curing .40  (b)aKne oefhfet Gﬂ’thBQ‘ESI Chrplofiged day theeéby hiorkdbilipoal tieol yepoxi de, (d)
al um num tlrrsulh%vlrmaenent of tmmyp@vkimmfvammgllmowkr age particle size of*1 to

ed with the said flame r%ardant epoxy
20 '_!!b and rgs(tar} composrlléonsggn pass a flame. retardancy test (Electric Appllance Control.
. Regulation in Japan). .
Additionally, the Hly-back transformer insulated: with the flame-retardant -
oxy resin compositions according to the present mventton has an excellent : .
garactenstlc that 1ts output voltage is stable. = - e

35 WHAT. WE CLAIM IS — : . 35
1. A flame-retardant epoxy resin composition comprising. (2) 100 parts by oo
weight of a polyepoxide containing more than one epoxy group in its molecule, (b)
0.8 to :1.2 equivalents of a polycarboxylic acid anhydride curing agent per- -
" . equivalent of the polyepoxide, (c) 0.5:to 5 parts by weight of an imidazole curing
40 accelerator per 100 parts by weight of said polyepoxide, (d) aluminum’ trihydrate, . 49
: powder having an average particle size of 1 to 20 u and (e) red phosphorus powder = :
and/or red phosphorus powder coated by a thermo-setting resin, having an average .
particle size of 4 to 20 u, the amounts of components (d) and (€) per 100 parts by
- weight of golyepoxnde being within the area obtained graphically by connecting the
45 points A, B,C, D, E, F,G, Hand 1 as described below, wherein the pomts A, B,C, 45
. . -D,E, F G H and 1 each represent the followmg composmons : :



v

and/ or red phosphorus powder coated by a thernp -setting resin, having an
average particle size of 4 to 20 [err]. the amobunts of conponents (d) and
(e) per 108 Rarts by wei ght of pol yepoxide being within the area obtained
gr aphi cal{ %y connecting the 45 points A, B C D, E F, G Hand I as
descri bed bef gy, wherein the points A B sfg79 49 D.E. F, G Hand | eacfy
repr esent t he—tott-owt ) bUIIlJUDl; ot =44 .

7
1,576, 879 ) The _epoxy resin compositionhavi.ng_i;hepg@ﬂlp r28§n' ableldvagr red ’
piot5hot s poucr RO ERISRUAE A LA AL A e

(parts by wei ght) thd esmhpositipir Nss. Dy avee20iitDabl 5 showed poor impregnation and th
5

50 B formationof 8@ids in coils since the total amount ozoad?hosphorus and aluminum 5

103 trihydrata_eo er was large. (Table 4, Nos. 20, 21 22). 5 E

220 In the JFOgxy resin composition as shown in t ompositions” row of Table !

S, No. 23/ flame retardancy is afforded by b a ng a halogenated organic 20 G

178 compoundlahle retardant and antimony trioxide]1 ke resin composition was not 40 &

112 10 practically greferabloying dﬁf?’%"h@f&éﬁ?lﬂ glrngetaed bgrgmgw%%er ei #0 ,
- u eneral rni :

component () 1 s BRI AN st BRI AORATRREL DA s .

A conposi tion acCcQiehple wherdin @nMahin®lcuding\agént| B dsek; 1udl Yl lifl @hdt Stha 5

di gl yci dyl ether Giptsgsasingmedpertyhof shedflyjback itrhpsformenas pegduprdswitii ths resin

; ag LoT ugrdsyitie the| resin g
pol yglycidyl 135 e osiffon yas, pgay ang feformeg s agshe i erties of ohexdhe
Bor ST e SR T P A Gl e D
met hyl endonet hyl erdysfurvehigdi Big. filFuivhks, ovhemnihy diyibdek wansfarmeripeaducel witlkther e of

hexahydr opht hal i c & w poition s al d gt rat n i idi
'S 2- et hyl - 42het byl fﬂ\fh Q‘g& fation in e ot - cesraerene aPEhbeebel er appr
s  abbve, the insulation treatment of fly-back transformer coils with
the flame-retardant epoxy resin compositions according to the present invention
has the following advantages:.
(a) Fine gaps in the coil portion of the fly-back transformer can satisfactorily be s
25 impregnated with the resin, and thereby partial discharge occurs with difficulty as 25
compared with prior art resin compositions. .
(b) The pot life of the resin is prolonged and thereby workability on the .
insulation treatment of the fly-back transformer is.improved. ’
(c) The fly-back transformer insulated with the said flame retardant epoxy
30 . resin compositions can pass a flame retardancy test (Electric Appliance Control 30
Regulation in Japan). ) L ’
Additionally, the fly-back transformer insulated with the flame-retardant
epoxy resin compositions according to the present invention has an excellent
cﬁaracteristic that its output voltage is stable.

35 WHAT WE CLAIM IS:— . 35
I. A flame-retardant epoxy resin composition comprising (a) 100 parts by
weight of a polyepoxide containing more than one epoxy group in its molecule, (b)
0.8 to 1.2 equivalents of a polycarboxylic acid anhydride curing agent per
equivalent of the polyepoxide, (c) 0.5 to 5 J)arts by weight of an imidazole curing
40 accelerator per 100 parts by weight of said polyepoxide, (d) aluminum trihydrate:, 40
powder having an average particle size of 1 to 20 u and (e) red phosphorus powder
and/or red phosphorus powder coated by a thermo-setting resin, having an average
particle size of 4 to 20 u. the amounts of components (d) and (e) per 100 parts by
weight of polyepoxide being within the area obtained graphically by connecting the
45 oints A, g, C, D, E, F, G, H and I as described below, wherein the points A, B,C, 45
: lI’), E, F, G, H and I each represent the following compositions:

* [ L M S *




10 phenyl i m dazol e, 2-nmethylim dazol e, 1-benzyl-2-nethylim dazol e or
1,2-dinethyl- 10 i mdazole, the alum numtri hydrate powler has an average
particle size of 5 to 15 [err] _ _
phosphorus powder coated by a thernp- setting resin has an average particle
size of 5 to 15[err]. 4. A conposition according to claim3, whg ‘f' L he'
"pol yepoxide is a diglycidyl 15 et her of bi sphenol A or digl o,;ﬂ-,
tetrahydropht hal ate, the curing agent is 15 nethyltetrahydropht hal i
anhydr e or met hyl endonet hyl enet é57&879dr opht hal i ¢ _anhydri de, th#& curing
accel erator is. 2-ethyl-4-methylin dazole, theRa' ym num trl pydrate powder
has—an average particle size of 8 [err] ... a,nq;r_f h&?ﬁ&;@fﬂ&&ﬁﬁorus powder or
red phosphorus powder coated Ryuntinirhaihpiraet t icogedgutherinasetdany aver age 20
particle size of 6 u. powder (parts by weight) - resin (parts by weight)

20 5. A conposition according To any one of the. preceding crfains, ‘wherein
0*3 to 2.5 parts by weight of a silape coupling agengg i s added to 100 parts
by wei ght of pol yepoxide. 6. A composition according to claim5, wherein

t hewssi | ane couplind agent is [err] 8% - -~ glyci doxyfropyl trimethoxysil ane.
25 7. A conpositionaccording to clgym2 wherei n t hggpol yepoxi de and curi ng
accelerator are as defined in claim3 and the curing agent is

met hyl t et rahydro- @hthalic anhydri déOor - : 5

met hyl enedonet hyl enet et r ahydr.opht h zbc anhydride. 8. ,A conposition
accordi ng to-clai m7:wherein-the pol'yepoxide, curing agent 30 - and :
curing accelerator mre as defined i9g claim4. 20 - 30
9. A conposition according to any one clainms 2, 7 and 8 which contains 1.0
parts by wei ght perG 100 parts by vve‘i7§h_t of pol yepoxi3de of .
[err]-glycidoxyprogyl - trinmethoxysifsgne. 10. A conpggition according to
claim1, substantially as herein before' 35 ~described with referente to
any one of the Exanpl es. _ -on2 35 | 4.- A conpositi.on
according to ¢ g : S w1 X ' Iy W th
reference tﬁ%%;&ﬁ%&%ﬁ%&%jﬁ%ﬁmﬁ%aﬁgfo&ksnﬁeg{tsg%d.k g?&ii nsul ating a
fly-back transk & neepositiorc hccorstiner iosdaimelnbred avhergint the golgédosidgﬁs ¢ he transforner

- jelyeidyl ether.of bi JA; a diglycid f bi polyglyridyl
\LI‘rVIOt h & Conpg?v, e’nl'qo? é) ;’f‘ol%%b%iﬁ}e‘?ﬁg oF gjn %%fidgerﬁ;?lghggﬁpﬁva i’ve;%heg! gl:ring to % and 10.
aﬁent is methyltetrahydrophthalic anhydride, methylendomethylentetrahydro-
phthalic anhydride or a eutectic mixture of hexahydrophthalic anhydride and
phthalic anhydride; the curing accelerator is 2-ethyl-4-methylimidazole, 2-- '
10 phenylimidazole, 2-methylimidazole, 1-benzyl-2-methylimidazole or 1,2-dimethyl- 10
: imidazole, the aluminum trihydrate powder has an average particle size of 5to 15 u,
and the red phosphorus powder or red phosphorus powder coated by a thermo-
setting resin has an average particle size of 5 to 15 pu. _ .
4. A composition according to claim 3, wherein tﬁe polyepoxide is a diglycidyl .
15 _ ether of bisphenol A or diglycidyl tetrahgdrophthala’te, the curing agent is 15
methyltetrahydrophthalic, anhydride or methylendomethylenetetrahydrophthalic
anhydride, the curing accelerator is 2-ethyl-4-methylimidazole, the aluminum
trihydrate powder has an average particle size of 8 u, and the red phosphorus
powder or red phosphorus powder coated by a thermosetting resin has an average -
20 particle size of 6 u. T2
5. A composition according to any one of the preceding claims, wherein 0.3 to
2.5 parts by weight of a silane coupling agent is added to 100 parts by weight of
polyepoxide. :
6. A composition according to claim 5, wherein the silane coupling agent is p-
25 glycidoxypropyltrimethoxysilane. o g
7. A composition according to claim 2 wherein the polyepoxide and curing
accelerator are as defined in claim 3 and the curing agent is methyltetrahydro-
phthalic anhydride or methylenedomethylenetetrahydrophthalic anhydride.
. : 8. A composition according to claim 7 wherein the polyepoxide, curing agent
' 30 . and curing accelerator are as defined in claim 4. . ' 30
- 9. A composition according to any one claims 2, 7 and 8 which contains 1.0
parts by weight per 100 parts by weight of polyepoxide of p-glycidoxypropyl-
trimethoxysilane. '
10. A’ composition according to claim 1, substantially as herein before
35 described with reference to any one of the Examples. _ 35
Al. A. composition according to claim 2, substantially as hereinbefore
described with reference to Samples 12 and 13 of Example 2.
12, A method of insulating a fly-back transformer which comprises embedding
the coils of the transformer with a composition as claimed in any one of claims 1, 3

40 to 6 and 10. -
CRER RN

25




18 1,576, 879

18 13. A nethod of insulating a fly-back transforrrer whi ch conpri ses
enbedgi-rg—the—cois—ef+thet+ransferrer—wth—a—<eoenposition as clained in any

one of clainms 2, 7 to 9 and II. 14. A fly-back transforner in which the,
coils are insul ated with a conposition 5 as clainmed i.n any one of
clainms /1,3 to 6 and 10. ‘ 5 15. A fly-back

in which the coils are insulated with a conposition as clai ned
in any W claiogs 2 7 t0 9 and 11 197687 KEMP & CO  Chartered Pa8ent

Agent s, 4, South u tho@’og)d‘ tlhg'ﬁlfl L&Hﬂ%&fm&ﬁman‘: f'lée@tnﬁgedtlﬂ% Her j
MBj esty' s Stati omrcym HeQfn mte Pt rhRkitibl ST Rimddammtytgt ofthgs 2, 1980. o/
Publ i shed by t hetdPapmhtl. O‘fl ce, 25 Sout hanpt on- Bui | di ngs, London, WC2A 1AY,

A gmer in which the coils are insulated with a composition
from which COpI es r[aalyx gb:l any onerﬁ?clalms 1,3to6and 10. '

IS. A fly-back transformer in which the coils are insulated with a composition
as claimed in any one of claims 2, 7 to 9 and 11.

J. A. KEMP & CO., . ' '
Chartered Patent Agents, . : ' bl
14, South Square,
Gray’s Inn,
London WCIR 5EU.
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