1-89103802.8 The invention relates to epoxy resin mxes for preparing
prepregs and conposite materials and to prepregs and conposite materials
prepared from sai d epoxy resin mxes. Conposite materials based on epoxy
resins and inorganic or organic reinforcingtmaterials have acquired great
inportance in nmany fields of engineering and of daily life. Reasons for
this are, on th8&9303802n@, the relatively sinple and safe processing of the
epoxy resins and, on the other hand, the good mechani cal and chem cal
property | evel of the cured epoxy resin noul ded materials, which nmakes
possi bl e an adaphgt ivwensienr redatgesptoc SPPSH E@ﬁpESEEXGﬂdf@ﬁ RUSRAraBgous

utikzation of pheppeareahdesotbortiket Hﬁt@&ﬁ.ﬁﬂ.‘sahﬁdl BYop¥edregst BRa
conposite. The eﬁ é Eﬁ ins. are gdvanta eousl| ¥ rocgased to forn1conp05|te
materials by neSHOPOFLfe "BEEFARPASI BRCER ERep 86 CPAFE PEFPBse,

I norgani c or orgdmes.reinforcing materials or enbedding constituents'in the
formof fibres, fleeces and cloths or of sheet materials are inpregnated

with the resin. In nost cases, this is done using a solution of the resin
ina readily v§9@ppfaﬁﬁeﬂﬁﬁeﬁéﬁéﬁlb@ﬁﬁé o0l eppxy Teeipsepndginobganmed

under these C'r6%”6E§%ﬁﬂ% %%&hf%%ch%@gﬁbtg%lhﬁﬁkMa@étSéqﬁﬂkédpgﬁéﬁés but
must al so not yet be cured; on the trar resin matri x _Shoul d be

only in a prepoFVPQFF?E&esﬂgt@anVn && Agi 6%, epﬂénﬁ?ﬁb?gggnﬂugﬁ ﬂ%lly
sufficiently stabklfe.onRehgoage forhtthisf alreexafrptne dne hardpreperati on of

Pequi red. | o aoibiasaverd BBRELe AR U bzBhaBbipdiat SufoBbRRy'°

mat eri al s, the peepnsgandusonmthe witbert hantienpbeagoed mechaniedlaadd

conpi ne under- PpRESEHER12DrbpeTy 38¥%el of the cured epoxy resin moulded
materials, which makes possible an adaptation to various
application purposes and an advantageous utilization of
the properties of all the materials involved inithe
composite. ' '

The eépoxy resins are advantageously processed to form
composite materials by means of the preparation of
prepregs. For this purpose, inorganic or organic
reinforcing materials or embedding constituents in the
form of fibres, fleeces and cloths or of sheet materials
are impregnated with the resin. In most cases, this is

_ done using a solution of the resin in a readily

St vapofizable or volatizable solvent. The prepregs
obtained under these circumstances must no longer be
tacky after this process but must also not yet be cured;
on the contrary, the resin matrix should be only in a
prepolymerized state. - In addition, the prepregs must be
sufficiently stable on storage. Thus, for example, for
the preparation of printed circuit-boards, a storage
stability of at least 3 months is required. 1In
addition, in the further processing of the composite
materials, the prepregs must melt when the temperature
is raised and combine under pressure as firmly and
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2 permanently as possible with the reinforcing materials or enbeddi ng
constituents and with the materials provided for the conposite, i.e. the
crosslinked epoxy resin matrix must develop a high interfacial adhesion

wi th the reinforcing materials and with the2materials to be joined, such as
nmetallic, ceramc, mneral or organic materials. In the cured state, the
conposi t e nat er ipé¢xnamengbnaslpossidije e o Henwes i figr ciegh ariteali adsd

thermal strengt %r%@%@;g%n eddit S LA Gt ée}f'eggrta{teeijisa:[l%nce or

agei ng resistance. F¢ rical - engi neering and oni'c applications,
there is in addiPFovided fekliheRMMPIHiteerinthertily anassldnked iepsixy
i nst-ation properéshs etk 1:0 'mERe Gedle 18P d Qﬁ?‘kpflriﬁéﬂéﬁ%la adegiin City
of additional re U|rqunts.&§?e use as'Prlnte -cifecul -b@&;d mat eri_al
requires, for ex’%‘?ﬁ‘i‘e‘f ®i TEH D MR EAS S dVé’&‘aF FeterigdSat® e
range, good adhdse viojmoeds dwclylass smetul ldappererdnigl) suireata oasicrigande,
| ow dielectric I&géeifg%gg, good machi ni ng characteristics (punching

y

quality, drilling quali | ow wat er absorption and hi gh corrosion
resistance. Wth increasing |loading and intensive utilization of the

conposi te mat eri ghSghd NeuF &AW BN e HO e MR QS indldiGR1d articular, is
acquiring particular inportance. This neans that, duri,ng _processing %nd

utilization, theIPREERIEY STeAIEITEA thR thae Hiigh MefaiCRlea0M
deformati on or derbgegtly, taed g dHetni dall i ahds ahd eridd  of

arc exposed to TERBEATer e GOTHY oSN i LR mmy &l so

occur for a shorengimeetrimsldnd dakecigraniia iappldamitdrond,i riueren ishiin

congecti on, addition the requirement for permanently high electrical
insulation propefties and for special application
purposes a multiplicity of -additional requirements. The
use as printed-circuit-board material requires, for
example, high dimensional stability over a wide
temperature range, good adhesive power to glass and
copper, high surface reéistance;'low dielectric loss
factor, good machining characteristics'(punching
quality, drilliﬁg quality), low water absorption and
high corrosion resistance.

With increasing loading and intensive utilization of the

_ composite materials, the requirement for heat

Nt resistance, in particular, is acquiring particular
importancé. This means that, during processing and
utilization, the materials must withstand high
temperatures without deformation or damage to the
composite, for example as a result of delamination. For
example, during wave soldering, printed circuit-boards
are exposed to a temperature of 270°C. Temperatures of
over 200°C may also occur for a short time locally
'dﬁring cutting and drilling. In this connection,
materials having a high glass transition temperature T,
exhibit beneficial behaviour. If said temperature is
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material s having a high glass transition tenperature [err] exhibit
beneficial behaviour. |f said tenperature is '3 above the val ues

nmenti oned, dinensional stability is ensured in the entire tenperature range
covered duying the machi ni ng and danmage, sugh as bow ng and del ami nati on

is largely elimnated. The epoxy resin at present used worldw de on a | arge
s;:al‘elfo[ FRil | abvovet etmelhamlufst @ientioned, aigéagsohaansgabmmityrrge][ at:Jre
of only [err]. IS ult ver, .in t r on_danma nd.failures
Gescri bed: The S8StEER 4o Fre RS, retpkegsBRE T VEhad P ParEa AfERn8an he
processed rel at thel maghiniag amdy damagieas suchaasi bowhngeapdr at ure of over

[ er M has t her efs@f eXicSt R0 LLRE. - u i nt
whi ch has recen?%%ggggﬁﬁﬁgﬁhié@fé%g?%g&i%%g@?gﬁggan ?%é %%gu rgﬁgﬁ? ?gf
flame resi st anc ®Preg&ddkudSest Worddxidien o8 fentree BeBpPel@RdFRfoperty, this

requi rerrelnt has 1&&{1&@;% ETBY a{cﬂtdﬁ@hﬁi&l@l,da, %,fLanetsaaﬁbetiapt he cgs]gz of
structura mat erl al s r alr a a or enl cl e nstyuctli on an or
bl T 6 ane o temRRratE (o Sivaace H-Coris FekniEn hHEEVRR, 24 O
particul ar, el etheoprodymtiiicatdamege Bind fidaressdesantbedt The
printed-circuitquaand R ¢ilal %dg%l'a%‘i‘esll%%gghﬁi%‘ Hgﬁ&‘i‘it&i‘@ ﬁhgﬂhYéL\He of
the electronic corrponent S nounte _t her eon. assess e lre e a\(l Qur,
one of the npst beepsocanpest irglatdsiels aeddr asdnhaveoabglpassegangakdPy t he

V-Orating accoidnipertude HtVovdt LS ek, thelBEbroi 8teehdy! E22EREG
vertically at_thgrhggﬁf edge wth a defined flame. The total conbustion

times of 10 test: Rt ed 50 s. This requirement is difficult to
fulfil, especially if, as is usual in electronics, thin wall

e A further requirement which has recently acquired
.increasing importance is the requifement for flame
resistance. Because of the endangerment of people and

- property, this requirement has first priority in many
fields, for example in the case of structural materials
for aircraft and motor vehicle construction and for
public means of transport. In the case of electrical-
engineering and, in particular, electronic applications,
the fiame resistance of printed-circuit-board materials
is indispensable owing to the high value of the
electronic components mounted thereon.

To assess the fire behaviour, one of the most severe
material tést standards has to be passed, namely the V-0
rating according to UL 94V. In this test, a test piece
is treated vertically at the lower edge with a defined
flame. The total combustion times of 10 tests must not
exceed 50 s. This requirement is difficult to fulfil,
especially if, as is usual in electronics, thin wall
thicknesses are involved. The epoxy resin used
industrially throughout the world for FR4 laminates
fulfils these requirements only because, based on the
resin, it contains approximately 30 to 40% nucleus-

- brominated aromatic epoxy constituents, i.e.
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t hi cknesses are involved. The epoxy resin used industrially throughout the
world for FR4 lam nates fulfils these requirenents only because, based on
the'resin, it contains approximtely 30 to 40% nucl eus- brom nated aromatic
epobxy constituents, i.e. 4 approximatel yal7 to 21% brom ne. For ot her
appl i cation purposes, conparably high concentrations of hal ogen conpounds
are ‘'used, often acppmixmi:iaiyadﬂ tticoi2 1% birosvimienonFotr iothetdeappligatignst .
The problem w t rggﬁgﬁq_.% e ndi ngly
effective as fl?rre proof'i ng gentsi"otﬁlrl ec%hfg@ %%trl%ﬁ%ygg ggﬂhﬁ%@ very
hazar dous properdauReuils Rreomfad, nften gorbised dn gddakips whthhe |ist

of ®arcinogenic ac:&e;rﬁ&g} %rlmo@r @r@ etr@qr@tne m@o@&aﬁi efOlrieA! ¥nheakease
brom ne radicals and %en brom during.t her mal P“g rrﬁgslt on whi ch
result in sever é:‘t‘f‘g?? Eb A B pES PREREPAYLAGLEr esence of

oxygen, the hi gréﬁfénmmasecﬂmnmmncmhngnagamu:lsclmhqalthermyxeahandt otheghe

hi ghly toxic polyf ‘Ha%%:d%%% LR ?1”% 81‘. - TRus,
Furt her nore, the [ sposa brom ne- con I'Ng use
hazar dous wast e JHaIN tarpm:@@eam%om fthecdlltslteSDf IVE@“@FLMHQHM| ch appr oach

the requirenent didmi LA REJmalt8Y %&ﬁﬁmﬁﬁeohdﬁﬁ%ﬂnﬁ§|hbk bhl?re for
exanpl e, noul ded material's based on blsnalelgyetrlalne éﬁ aving a
]

[err] of approxifRkSASE RFAMINs r&(ﬂ‘ﬁ%sd@“é? drRgERy Pxopd dBFn}gO to
[err]. Recently, trwmoﬂed@ngmﬂim nevid dherelsudfc [ier skve@eecokgoshean

offered. Lam nates pyobal ecl:r;x"é téigote@%h@\s?%l&%m D3 r%’é@hgas 8 h§%§é§8;<y

poor er processi r%l I"am nate
resin. Thus, fortl‘aatmglé,y tm@mmdatamma@fldsamlmp@gtbayédronmpm gailspde

requrres form the highly toxic polybromodibenzofurans and

| o polybromodibenzodioxins. Furthermore, the disposal of
bromine-containing used materials and hazardous waste
‘presents appreciable difficulties.

Materials which approach the requirement for increased
heat resistance or even fulfil it are, for example,

- moulded materials based on bismaleimide/triazine (BT)
having a T; of approximately 200°C or polyimide (PI)
having a T, of 260 to 270°C. Recently, BT/epoxy blends
having a T; of 180°C have also been offered. Laminates
prepared with these resin systems exhibit, however, a
poorer processing and machining behaviour than laminates
based on epoxy resin. Thus, for example, the
preparation of laminates based on polyimide requires
moulding temperatures of approximately 230°C and
substantially longer postcuring times (approximately
8 h) at temperatures of 230°C. In addition, substantial
disadvantages of the polyimides are the low interlaminar
adhesion, which results in delamination during punching
and requires substantially more expensive and more time-

'consuming machining processes such as sawing and
milling, and also the high moisture absorption, which
necessitates an expensive drying (2 h at 120 to 140°C)
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“moul di ng tenperatures of approximately [err] and substantially |onger
postcuring tines (approximately 8 h) at tenperatures of [err]. In addition,
substantial disadvantages of the polyinides are the |ow interlam nar
adheS|on‘)mh|ch results in del am nation duii ng punching and requires
substantially nore expensive’ ‘and nDre ti me- consum ng machi ning processes

such as sawi ng @ﬂdlﬂihihaﬁés and prepréde befdrd Pl mARSPIMYy | ONEn Whi ch
necessitates an %égenSI ve

i ng 120 to_[er |.am nat es
and prepregs bef tb?ESSdHB¥P9| ée W@F %Rﬂqgcﬂﬁ[WﬁﬂﬂaﬁﬁtWﬂ¥?E&ﬁﬁ§nng of
nout ded mat eri abasédsed BE &t BT, B, highhexhdyidr w&éamve:mcm:s:mns makireki ng
t he_nounting ho e st apt
systens is thelif’ﬁé é?%gﬁﬁg ﬁOng ﬂ fﬁ%té?fﬁgbﬁggéy [ igﬁﬁ%%éﬁﬁéh
conpar ativel y |ﬂ5x§bﬁ§¢v§e$é§|ﬁY§9§m%n1$sthﬁRQUMQQEﬂIakuRﬁﬁﬂem:%hkﬂhwls

het erocyclic pogyegoxy Eemb8Shighér.polyglycidyl conpounds, are combined
- with aromatic polyam nes as curing agents. Such polyam nes, which are

di scl osed, for exanple, in DE-PS 27 43 680, result in particularly
heat - r esi st ant , Aagempgraeiielgninegpens kve ateuid Sy stann inibbtsatedurHpean
Patent 0 274 646_i i,nfe Jf 1L 3 5-1ri no- 4-
aIkyIphenyl)-2,_F%%?g?gxgﬁgégﬁyééggF%§§¢%%é %é%i%ﬁﬁ§¥z£?é§ dLébénts,
| ami nates are obodygivcifiythcompeundassare aemilingd twieratemasiof up to
[err] and whic | guf o) ce 4 ur.

: *S‘?ﬁigaﬂ%ég &s' Bhrdn ge:ii’ié’ SHidW ﬁs@raﬂ@ﬁtem E%I rg,% apld

Even if the reslr istens ment 1 one ver aviour,
t he di sadvant ag@iSFhopads i gﬂFa?xa'BPlﬂot“bé?Eng u'ﬂ“ i43 4R9y FeTHE (i st ant

applies to thenpai:tlcﬁmairmyf heat hges gtaneTeafeindH tds i St antli sdansabl e for
maQy., appllcatlon furgoses,From uﬁllshed European Patent 0 274 646 it
can be inferred that, if 1,3,5-tris(3-amino-4-

alkylphenyl) -2, 4, 6-trioxohexahydrotriazines are used as
curing agents, laminates are obtained which have glass
transition temperatures of up to 245°C and which are
notable for a good processing and machining behaviour.

Even if the resin systems mentioned have a very
different fire behaviour, the disadvantage, in
particular, of not being sufficiently flame resistant
applies to them all. To fulfil the requirement, which
is 1nd1spensable for many application purposes, to pass
the fire test according to UL 924V with the rating V-0,
it is therefore impossible to dispense with the use of
highly effective bromine-containing flame retardants.
This has the consequence that, on the one hand, the
hazard potential associated with bromine compounds and,
on the other hand, an impairment of the thermomechanical
property levels due to the bromine compounds have to be
accepted. It is known, after all, that the addition of
nucleus-brominated aromatics brings about a reduction in
the glass transition temperature. Thus, for example, it
was found that the glass transition temperature of
polyimides is reduced by 40 to 70°C as a result of
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thesfire test according to UL 94V with the rating V-0, it is therefore

I npossi ble to dispense with the use of highly effective brom ne-contai ni ng
flame retardants. This has the consequence that, on the one hand, the
hazar d potentiial associated with bronine conpgunds and, on the other hand,
an inpairnment of the thernomechani cal property |evels: due to the brom ne
conpouhds have to b@dangebrmn¢tc¢mpmm éﬁe@r"ml,ymema'toumxala'ddl\kqhn of

nucl eus- brom nat ed,gr ags r

transition terrper at gl‘ gﬂ?ﬁ% pé%r e%(%é)o#f )al '[e‘s\!&li{;l(szlE é(;lr}ll’lé t hat ttg*‘léa%a }? and
transision tenper aPQ?—Ea‘B%n‘BﬁW*Fﬁﬂﬂ%sd‘F%C?&ﬁéew pyakibi ghed &Synopesry Batant
of %6 adding brogi pe4 CeMPP LA BedtSELon PoF VilRS T Oy @ppro¥dmatédy( £988)

pages 125 ff.). In_the ase 0 ep nd_p. st ens, deScribed in
publ i shed Eur opeant?’aY@ %4}’%2%‘” ga(aeﬁ ‘%ﬁ“Y’b‘in’? %/é?arﬁ

approxi matel y [err#epbacamens of tied ospdey r¢onst Imuemk floy uhqxartial

repl acenent of the,g t € ggipg

conmpound equi val ent 9é¥p§8€§+éb¢%%%€g%%&nt e&&%@(goo or ]tbeguese reasgr%:sal
there has been no baewine coneemt soft¥epl ace the bronine-containing flane

retardants by | ess troubl esone substances. Thus, for exanple, fillers have
been proposed mhlch have extinction- ggs action, such as al um ni um oxi de

hydrates (see "J. EPFethfge Fraasenf Fhsre Rag been myolack of atlempts to
basi ¢ al uni ni um cafbpna&esuﬁéelsr rﬁ’lﬂétcoxﬁf@il@lng fdme FetabBents n@gafes‘bl

Vitlifying {10 ers Euehiasshs abet palEe. R ok el ot ﬁi{#r(slﬁﬂfa;
No. 6, pages 140 fbe?napdommmmm(wegmmw&m B398 ,0 88ich Ad
these(fillers are, ;DQWeNPIm oxide hydrates (see "J. Fire and
Flammability", Vol. 3 (1972), pages 51 ff.), basic
aluminium carbonates (see "Plast. Engng.", Vol. 32
(1976}, pajes 41 ££f.) and magnesium hydroxides
(published European Patent 0 243 201) and vitrifying
fillers such as borates (see "Modern Plastics", Vol. 47
(1970), No. 6, pages 140 ff.) and phosphates (US-PS 2
766 139 and 3 398 019). All these fillers are, however,_
subject to the disadvantage that in some cases they
appreciably impair the mechanical, chemical and
electrical properties of the composite materials. 1In
addition, they require special, usually more expensive,
_ processing procedures since they have a tendency to
N~ sedimentation and they increase the viscosity of the
filled resin system. |

The flame-retarding effectiveness of red phosphorus GB-
PS I 112 139), optionélly in combination with very
finely divided silicon dioxide or hydrated aluminium
oxide (US-PS 3 373 135), has already also been
described. In this case; materials are obtained, which
limit the use for electrical-engineering and electronic
purposes because of the phosphoric acid produced in the
presence of moisture and the corrosion associated

o
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subj ect to the disadvantage that in sone cases they appreciably inpair the
mechani cal , chem cal and electrical properties of the conposite materi als.
In addition, they require special, usually nore expensive, processing
proocedure$ since they have a tendency to seglinentation and they increase
the viscosity of the filled resin system The flanme-retarding effectiveness

of red phosphor ghddwith.l Furthihmorent cegahliv phRosphbi-iat cempWuhlsvery
finely divided sjli,can d|0X|g§)or E%g%gte% alunlglunhodee gua-PS 3 373
135), has al readP &t &5 RRGFREESS 7639 PRTERPs PHOSPRRRLG, pSAE gSkers
obt ai ned, whi ch andrnpghasphires faveeladoeadyabeengpreposed asdfahmetr oni c
purseses becaus hRRRRSH) i oguced..la .t presenc

moi sture and thgé(g)ar%dgg}ggn astslf)ie}ie%te o Wf ?he?g\]/:\}’?ﬁ Qﬁgr ﬁe?ﬁorﬁg‘,ggérgani C
phosphor us conpdFidnes Ratagdasirys o Pod yaerdceMpspriapBls pNodi-c Lacbagest er s

and phosphi nes haveqlyeahs erdreanosmecal bearer Takardived 2dektives
"Fl ane Ret ar dan Pol yneri,c
Kk

(see W C. Kuryl d A_J. Papa, of )

Material s", Vblﬁgﬁéﬂpagégﬁﬁft_ o8¢ L0PSINLs e %éPWEIfBE kBFiFnc., New
York, 1973). Si ngdaddresd tionpoprdpaatdasnand hee tbedr ohphalhirgeziggle
properties and ar . r leizers, for Ly S
Phroughout the W5 Lt By fo Poanety PaPRbbRbE®] Enclbgs Thkrps
proni si ng. Phosaoridt)coridtids tamsiatdyee psxplgronptcyrryi Rregighogphor us
conmpounds, which can be anchored in the epoxy resin network, may al so serve

to adjust the flane retardance of epoxy_resins. However, nmany of these
conpounds ar e ‘| (FRASPRATUS \CQURQUIPS SNFhaps EREXET SFEUBnSORtapRangor

adj usting the flamBspRahsl aepRind@NO¥hikescas benaachbeydelihhehegepakly
redgge the SOft%@é%% network, may also serve to édjust the flame
retardance of epoxy resins. However, many of these
compounds are liquid or crystalline and are therefore
unsuitable for adjusting the flame resistance of epoxy
resins since they either greatly reduce the softening
point of the solid resin, cause tackiness or (in the
case of crystalline compounds) c¢rystallize out again
' (see German Offenlegungsschrift 25 38 675). In all the
known publications, therefore, epbxy—group—containing
phosphorus compounds are first reacted in a preliminary
reaction with bisphenols or phenolic resins (German
Offenlegungsschrift 25 38 675 and Japanese Published
Patent Application 58-185631), with dicarboxylic acids
(see "Vysokomol. Soedin.", Ser. B. 29 (1), pages 45 to
47 (1987)) or with polyester resins of dihydroxy
compounds and dicarboxylic acids (Japanese Published
Patent Application 50-043221) and only then are they
cured (predominantly ionically) in a mixture with the
epoxy resins. The flame resistance achieved in this
case is, however, low. Thus, for example, LOI (Limiting
Oxygen Index) values of 23.5 to 24 are obtained on
resins which have been obtained as a result of a
preliminary reaction with bisphenols (see German
Offenlegungsschrift 25 38 675), i.e. values such as



point of the solid resin, cause tackiness or (in the case of crystalline
conpounds) crystallize out again (see German O fenl egungsschrift 25 38
675). In all the known publications, therefore, epoxy-group-containing
phosphor us conpounds are first .reacted in 8 prelimnary reaction with

bi sphenol's or phenolic resins (German O fenl egungsschrift 25 38 675 and
Jap’anese Publ i siimdsé?eﬁmmd Appltilmatease 5 Mtew tdombusaibdeyl i ¢ aci ds
(see "Vysokonoly, r 9 ( gM th
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pol yester resins oxy conmpounds and | C acl apanese
Publ i shed Pat erﬁomdﬁﬁ%%ﬁar]@ WLy e kngwmn q Hdemer FeRSFaBEned

(phedoni nant | 'y sm %ﬁ |p61y9111€pHBrl€ UfTD IV md)h,e ;mwrryqs lch&.orIﬂ% flane
resi stance achi :ﬂ ase. |1§§_(geomevc§h.l_o£;§d/v (}_&lﬁ 68) rrpl e, LA
(Limting O<yge )v'al I 1% b &d o9 ns whi ch
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(see German O f i f I .y h ul hose
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25), while the mmemm@cxmtm@rmlslmnm Ca(-’ﬂ@ «kndwmsteydea, f pésrﬁ@rd

resistant, suchygg f&.lwstimnepa( 5—253035 )pol Y Refle @als%r IdiEt(nleO = 42)
pol yvi nyl i dene chl orj de’ (L and 3% tetraf ) uoraqet h ene ( 8
are substanti aI’F%lacFﬁ’g?%rPY%‘Ekct[? GEsing sgdh Q'mers"
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pages 525 ff.) Se, of th act ) cts S S
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to\gdj ust the fﬂ@ﬂ?eél?ec‘f s¢ AGss of -

The thermomechanical properties of the moulded materials
6btained on hardening are inadequate. Thus, for
example, in the case of the aminic curing of epoxy
resins derived from methyl-diglycidyl-phosphonate and
dicarbokylic acids, a Tg of 45 to 80°C is obtained (see
"Vysokomol. Soedin.", Ser. B. 29 (1), pages 45 to 47
(1987)). This agrees with the experience that, both in
the main polymer chain and in the side chain, phosphoric
acid ester groupings always bring about a plasticization
and, consequently, a reduction in the glass transition

_ temperature (see "Journal of Macromolecular Science",

s Vol. C1, No. 1 (1967), pages 1 ff.).

The object of the invention is to provide epoxy resin
mixes for preparing prepregs and composite materials
which can be obtained inexpensively and can be processed
comparably with the epoxy resins used industrially and
provide (without adding halogen compounds or antimony
trioxide) flame-resistant moulded materials or composite
materials, i.e. materials which can be rated V-0 in
accordance with UL 94V, having as high a glass
transition temperature as possible (>> 200°C).



pel yester fibres. The thernonmechani cal properties of the noul ded materials
obt ai ned on hardeni ng are inadequate. Thus, for exanple, in the case of the
anirnic cyring of epoxy resins derived from nethyl-diglycidyl-phosphonate
artid di carboxylic acids, a [err] of 45 to [err] is obtained (see "Vysokonol.
Soedin.", Ser. B. 29 (1), pages 45 to 47 (1987)). This agrees with the
experi ence thatThbetisiachbevedi acastdiry thake antdrentiidie it dhathahe

phosphoric acid r i . Dr a Pl ast|.Gi j,on and,
consequently, aeﬁé%ﬁcfg%%g %&%%%@%‘?rdé{giﬁigﬁ%lgl%ﬁ téut:ie&%s etg]"' Jour nal
of .Macronol ecul &) Sca epbesphoons-Tee Nromatixoend/ padwterddyclicThe obj ect
of -&he invention is §£9)PERNkIge CROXYN | &Pt SHat8S, T &P BiRAhIr vﬁ{)t‘ipraﬁgs and
conposite materials which can be obtal ned i nexpénsively and can be
processed conpar abl y2dPRAEHe BT FFihs used industrially and provide

(Wi ltgogt addi _ngl(lhﬁl ogﬁnep@m_aogmslawqm]:ﬁimry IﬂfdspﬂcﬂﬁJl)s fdmtﬁlpbﬁfrﬁﬁidﬁbant .
noul ded materials or_gconposife.materials. i.e. materials ich can be rate
V-0 in accordance m?ﬁeﬁog%%lﬁiﬁﬁ‘%tsuﬂq:gh a glass transition
tenperature as possible (>> [err]). 9 This is achieved according to the
invention [n tRhat the epoxy rgsin.m xes gontain the follow ng ctfnsti_tuents:
(A) a phosphetls-free aromat il arfdMor hetler odycl|i ¢ pol yepoxi de& 1\gsi n,
optionally -Cl'lza—&H-x-t-uCHZwi—t-lﬂ i e i
epoxy- gr oup- cont ai ni ng phosphdrus (Rdgpound ¢
[err] with =0or 1, n =0, 2 and =
applies: m+n + o0 =3, and wwth p =0, 1

, CH
fol |l oW ng structu% :
or 3, where the f ? owi ng

Rl e
1tn

\M with m = 0 or 1,' n=0, 1o0r 2and o =1, 2 or 3, where
the following applies: m + n + o = 3, and with p = 0, 1 -
or 2; o .
X -~ denotes a free electron pair or an O or S atom

linked via a double bond,

R denotes an alkyl radical having 1 to 4 C atoms,
alkenyl radical having 2 to 3 C atoms, aryl
radical, such as phenyl, alkoxyphenyl, mitreophenyl,
naphthyl and biphenyl, aralkyl radical, such as
benzyl, dialkylamino-radical or alkylarylamino
radical, or 3-trialkylsilylpropyl radical, said
radicals being linked directly or via O or S,

R’ denotes a bridge of 0, S, phenylene,
dioxyphenylene, dioxynaphthylene, (CH,),, O-(CH,),
or 0-(CH,),-0, with r = 1 to 3, and

Al and A?, which may be identical or different, denote a
single bond or a bridge according to the
grouping R’; and -

(C) an aromatic polyamine of the following structure as
curing'agent;



or 2; X denotes a free electron pair or an o) or S atomlinked via a
doubl e bond, R denotes an al kyl radical having 1 to 4 C atoms, al kenyl
radi cal having 2 to 3 Catons, aryl radical, such as phenyl, alkoxyphenyl
ni‘t rophenyl, napht hyl and bi phenyl, aralkyioradlcal such as benzyl,
di'al kyl ami no radical or alkylarylam no radical, or 3 trlalkyIS|IyIpropyI
radical, said radicals being linked directly or via Oor S, R denotes a
bridge of 0, S, phenyl ene, dioxyphenyl ene, dioxynaphthylene, [err] or [err]
to 3 and [err], which may be identicgal or different, denote a single bond
or a-bridge accordlng to the groupi R ; and (C) an aromatic pol yam ne of
t hexfol | owi ng structure as curing agent; 10 [err] where, on each of the
three aromatic partial structures, )ﬁNwme radicals [err] respectively
denotes H and the other al kyl. Sp: ally, it was found, quite
surprisingly, that the use of a cdgbigh{ion, of conponents of the type

menti oned above, i.e. of  (phosphate~ree) Raromati c and/or heterocyclic

pol yepoxi de resi ns, epoxy-group- conthlnlng phosphor us conpounds and

pol yam nes (as curing agents) 2 \\ regses both the flame resistance
and the nechanical strength & th d ca®ti ng resins obtained therefrom

In addition, it was foHpH sur
the invention of the cofis

1

rlswmlymhatihe I nation according to
MR~ ( «4C) Zan be processed nore

“ 1

0 R ERE

"R

o ' where, on each of the three aromatic partial
' structures, one of the radicals R and R?
respectively denétes H and the other alkyl.

Specifically, it was found, quite surprisingly, that the
use of a combination of components of the type mentioned
above, i.e. of (phosphate-free) aromatic and/or
hetetécYclic polyepoxide resins, epoxy-group-containing
phosphorus compounds and polyamines (as curing agents)
markedly increases both the flame resistance and the
mechanical strength of the cured casting resins obtained
therefrom. In addition, it was found surprisingly that
the combination according to the invention of the '
constituents (4), (B) and (C) can be processed more
inexpensively and comparably with, or even better than,
the epoxy resins used industrially. The preliminary
reaction, described as necessary in the prior art, of
liquid or crystalline epoxy-group-containing phosphorus
compounds with bisphenols or dicarboxylic acids is
consequently unnecessary. '

Suitable as polyepoxide resin, i.e. polyglycidyl
compound, are, in particular, the following compounds:
aromatic polyglycidyl ethers, such as bisphenol-A



igéxpenéively and conparably with, or even better than, the epoxy resins
used industrially. The prelimnary reaction, described as necessary in the
prior art, of liquid or crystalline epoxy-group-containing phosphorus
conmpoundsywi t h bi sphenol's or dicarboxylic ggids is consequently
unnecessary. SU|tabIe as pol yepoxi de resin, i.e. polyglycidyl conmpound,
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glycols. Furthermore, suitable as constituent (A) are

also modified epoxy resins, for example oxazolidinone-
modified epoxy resins. Such compounds are already known
(see "Angew. Makromol. Chem.", Vol. 44 (1975), pages 151
.to 163, and US-PS 3 334 110); as examples of these
mention may be made of the reaction product of
bisphenol-A diglycidyl ether with diphenylmethane
diisocyanate (in the presence of a suitable
accelerator). As further examples of modified epoxy
resins, mention may be made of the reaction products of
epoxy resins with amine-modified bismaleimides. The
polyepoxyide resinsg can be present in the epoxy resin
mixes according to the invention individually or in a
mixture. An epoxidized novolak is preferred as
polyepoxide resin, preferably with a concentration of
hydrolyzable halogen of < 0.1%.

The component (B) can be uséd both in the form of
individual compounds and in the form of a mixture of a
plurality of compounds. Suitable as component (B) are,
for example, the following epoxy—group—éontaining
phosphorus compounds, which are'all already known:
methyl diglycidyl phosphonate, ethyl diglycidyl



epoxy resins wth anine-nodified bisnaleinides. The pol yepoxyi de resins can
be present in the epoxy resin mxes according to the invention individually
or -in a mxture. An epoxidized novolak is preferred as pol yepoxi de resin,
preferably with a concentration of hydrol yzable hal ogen of < 0.1% The
conponent (B) can be used both in the form of individual conpounds and in
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N thiophosphate.

These compounds are syﬁthesized, for example, by
reacting phosphonic acid chlorides or phosphoric acid
chlorides with glycidol (see "Zh. Obshch. Khim.", Vol.
54, No. 10 (1984), pages 2404 ff. ); by reacting
phosphorlc or phosphonic acids with eplchlorohydrln
(FJapanese Published Patent Application 51- 143620) or by
epoxidizing phosphorus compounds containing radicals
having olefinic double bonds (US-PS 2 856 369).

The mixing ratio of the constituents (A) and (B) can be
varied within a wide range in accordance with the
desired spectrum of properties. For certain
applications, it is even possible to dispense with the
constituent () completely. Advantageously, the mixing
ratio of (A) to (B) in the epoxy resin mixes according

" to the invention is 10:1 to 1:10 and, preferably, 4:1 to
1:4, in particular 2:1 to 1:2.

Some of the aromatic polyamines serving as curing agents
in the epoxy resin mixes according to the invention are
aiready known. Polyamines of the specified structure
with R' = alkyl and R? = H are described in Published



epoxi di zi ng phosphorus conpounds cont ai ning radicals having ol efinic double
bonds (US-PS 2 856 369). The mixing ratio of the constituents (A) and (B)
cam be varied within a wide range in accordance with the desired spectrum
of properties. For certain applications, ift3is even possible to dispense
with the constituent (A) conpletely. Advantageously, the nixing ratio of
(A)"to (B) in t Barepeay Patentndx234a646( di Theyoatseprapanédopyi s 10:1 to

110 and. bref etallibridal b brts AIGPRLOLGULELOZUEy etz oo 00O the

aromati c pol yamnés Sérving cufin pOXy resin m xes
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subsequent hydré }si,? %spggngﬁPﬁgn £ €§ QBSY §¥ﬁ%§ B A s?mo above
types and al so miixtures of these compounds can be used in the epoxy resin
m xes aCCOfdingﬁhglhh ibaueq b89d gnﬁgdtﬁéoﬂnvgﬁElBﬁn ak§0; &19?&& of

pol yam nes which are o talne rization of m xiures of 2,4- and 2, 6-
d||socyanatoalk?ﬁﬁeﬁ?@né&SQnHesﬂﬁgéqBEnPo%yﬂmbp?§|§thhtﬂ€et?Pﬁ%%%edSEMh

mxtures are avgiiahezekian! aEgRigealesi EU3f Ll ahhy 2)6- make poﬁshblf an
i nexpensi ve prepar.ati on_o ent con tituen rolysis
o the T socyanaBR igRsuRnRs ARARNLREEPRRAS, Fod: PRREpHERNE: &YSzo sty B
bet ween. t he i sothenatrdmgrsups Sacl mikhorgsoape awgihdbdbeoonua.lange
\ scale industrially and make possible an inexpensive
preparation of the curing agent constituent.

In the hydrolysis of the isocyanate-group-containing
trimerization products, a reaction between the
isocyanate groups and amino groups may also occur. In
that case, heterocyclic polyamines containing urea
groupings are obtained as biproducts'of the hydrolysis
reaction. Such polyamines can be used in the epoxy
resin mixes according to the invention as additive
curing-agent component, i.e. be used in a mixture with
the actual curing agent. In addition to the actual

. curing agent or in.addition to the curing-agent mixtures

et of the type mentioned above, aromatic polyamiﬁes of a
different type, -such as 4,4’-diaminodiphenylmethane and
4,4’ -diaminodiphenylsulphone, and/or other heterocyclic
polyamines, can also be used in the epoxy resin mixes.
The proportion of such polyamines in the curing-agent
mixture is generally not more than 30% by mass.

The ratio of the epoxy function (constituents A and B)
used and the amine-hydrogen function NH (constituent C)
used may be 0.9:1 to 1.5:1 in the epoxy resin mixes



t hat case, heterocyclic pol yam nes containing urea groupings are obtained
as bi products of the hydrolysis reaction. Such polyam nes can-be used in
the epoxy resin mxes according to the invention as additive curing-agent
conponerit,; i .e. be used in a mxture with the actual curing agent. In
addition to the actual curing agent or in addition to the curing-agent

m xtures of theatgpediagt itontteainventdoayabut ﬂblyana@eanﬁ&geodsiferent

type, such as 4 49 Q|%p QOQ|&thﬁ]g§gQgng daﬁ %n1nod|phenylsulphone
, Bet s

and/ or ot her heterocyc ¢ ‘pol'yamn can a in the epoxy resin
m xes. The proportion of such polyam nes in the curing-agent m xture is
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1:1. For prepre rati vi_dyal t di l ved
separatel5 OP tgggFﬁg “ﬁg|ng&% n?ﬁgi &5 vgﬁﬁgggﬁfﬁgﬂimi%i?bhésoﬁé?hyl
ethyl ketone, emhytuaestaﬁesumbtBolyenbsmobpamdndlhpthqmbnmedntdefonm in
e 1 oe BrRobkak A orOBLO AL AN ARk £ MABESRALEAGN and

processed on st regnati fig i nstal | ations regnat e
fi bres made of FﬁéF@&ﬁﬁ@lépsor@aﬁlcuﬁ&@eFPaP@Prgﬁﬁﬂt%sf§W§%§ nagde opL

mneral s, carbofnoagamie orobypgheny! maeewlambl d@u@ﬂdaé‘;eéialé‘.@?eme@@ﬂ al so
cloths or fleeces prepared_therefromar i a% ﬁEt natg?h % h as
netal foils or PFESEASri GRS o?heafﬁﬂﬁggnBP YPBFIE LS R ST PO
materials or enbeddhﬂgseonsMﬂtaésbscabehshem dleedeatpeépaaaédthenpéramure,
thexiolvent belgg E%W%%S%’s%%eEhﬁaterials such as metal foils or
plaétic films. The impregnated or coated reinforcement
materials or embedding constituents are then dried at
elevated temperature, the solvent being removed, on the
one hand, and a prepolymerization of the polyepoxide
resin taking place, on the other. In this way, an

extremely beneficial ratlo of expenditure to achlevable
propertles is on the whole obtained.

The coatings and prepregs prepared in the way described
above are non-tacky and are stable on storage at room
temperature for the duration of three months and over,
i;e. they have an adequate storage stability. They can
be press-moulded at temperétures of up to 200°C to form
composite materials which are notable for a high glass
transition temperature of 250 to 300°C and for inherent
flame resistance. If, for example, glass cloth is used
as embedding material in a proportion by mass of 60 to
62%, the fire test according to UL 94V is passed with a
reliable V-0 rating without adding halogen compounds or
other flame-retarding additives, even in the case of
test pieces having a wall thickness of 1.6 mm or even of
only 0.8 mm. In this connection, it is found
particularly advantageous that no corrosive or



one hand, and a prepol yneri zati on of the pol yepoxide resin taking place, on
the other. In this way, an extrenely beneficial ratio of expenditure to
achrevabl e properties is on the whol e obtained. The coatings and prepregs
prepared ip the way described above are nomntg acky and are stable on storage
at roomtenperature for the duration of three nonths and over, i.e. they
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UL 94V is passed with a reliable V- ing W thout al ogen
conpounds or other flame-retarding additives, even in the case of test
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connection, it i oun ticular vant.ageous t.hat na cor.,r osive or
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forgﬂ?Chan'Callyogﬁgﬂﬁgdsféfﬁﬁggﬂéhfgéf¥§lﬂfﬂhly_stressable structural

materials. Said structural materials are suitable, for
example, for applications in mechanical engineering, in

-

motor vehicle construction, in aircraft engineering and
in electrical engineeriﬁg, for example in the form of
prepregs for printed-circuit-board production, in
particular also for the production of multi-layer
circuits. '

Of particular advantage for the use as printed-circuit-
board material, is the high bonding strength of copper
conducting tracks, the high delamination resistance and
; an excellent machinability which manifests itself, for
-~ _ example, in the drilling of contacting holes in that
satisfactory bores are obtained with low drill wear.
Consequently, in the case of the materials prepared
according to the invention, double-layer and multi-layer
printed circuit-boards can be produced more reliably and
‘more inexpensively than with materials representing the
current prior art. In the case of the FR4 materials
widely used currently in printed-circuit-board
technology, bores have subsequently to be etched free
for the future electrically conducting connections of
the copper layers. In the case of printed-circuit-board



materials. Said structural materials are suitable, for exanple, for
applications in nmechanical engineering, in notor vehicle construction, in
aircraft engineering and in electrical engineering, for exanple in the form
of- prepregs for printed-circuit-board prodyggtion, in particular also for
the production of nmulti-layer circuits. O particular advantage for the use
as gri nt ed- ci rcuiatexﬁma{]sﬁhwgé{ ioal polyitiaehi glﬂghéﬂdaﬁglitii«réagt F?Qf teopper
conducting tracks, .the hi .de .nation resistance and_an,excel |l ent
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i nvention, double-layer an I'ti-lTayer printed circuit-boards can be
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representing theheuinsintdomOkidl! bel exphainageinf st el FfegBber Bakaiwi del y
used currently in i nted-.cir Lﬁfbo rd _technol o % bores have subsequently
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to be etched fr 1 AP §XaY i ng connections of the
copper layers. In the case of printed-circuit-board 16 materials based
on polyimde, higher drill wear has to be expected in addition to a higher

material price and a nore expensive processing technology in the printed-
circuit-board pExamPlieod.: Breparasdonoefwprepkedexpl ained in still greater
detail on the basis of illustrative exanples. Exanple 1: Preparation of
prepregs A solution_of A parts by nas PBM ag ggoxidized,novolak

S

( f
(havi ng an epox{* SPHukdFx af &7 pPantsg amﬁ§sb3PﬁH f 2Bt APPXAELRGE ket one
is_nixed W t h anselollakonhefring an epoxy value of 0.57) in B parts by

\ mass of ethyl methyl ketone is mixed with a solution of
' C'parts by mass of a polyamine prepared by trimerization
.of a 4:1 mixture of toluene 2,4-diisocyanate and toluene
2,6—diisocyanate,and subseQuent'hydrolysis to form a
product having an NH, value of 8.7% in D parts by mass
of ethyl methyl ketone and with E parts by mass of
phenyl diglycidyl phosphonate (for preparation see
"Zh. Obshch. Xhim.", Vol. 54, No. 10 (1984), pages 2404
f£.). The'composition of various epoxy resin mixes is
to be found in Table 1. Glass cloths (linen weave,
weight per unit area: 197 g/m?) were continuously
impregnated with these mixes and dried in a vertical
drying installation at temperatures of 50 to 130°C.
N~ | Prepregs prepared in this way are non—tacky and are
stable on Storage at room temperature for longer than 3
months. ' '



C.parts by mass of a polyanine prepared by trinerization of a 4:1 mixture
of toluene 2,4-diisocyanate and tol uene 2, 6-diisocyanate and subsequent
hydrolysis to forma product having an NH2 value of 8.7%in D parts by nass
of- ethyl nethyl ketone and with E parts by swss of phenyl diglycidyl
phosphonate (for preparation see "Zh. Cbshch. Khim™", Vol. 54, No. 10
(1984), pages 2404 ff.). The conposition of various epoxy resin mxes is
to be found in If’aﬁ% 1. Gass cloths (linen weave, weight per unit area:
197 [err] were continuously inpregnated with these mxes and dried in a
verti-cal drying installation at tenperatures of 50 to [err]. Prepregs

preﬁ?r ed in thi ENFYr Ieh t Oy acky and are styabl e on storagegat roomg

tenperature for | onger than 3 nonths. 17 Table 1 Experinment No. 1
2 3 guponents:; copponents: A (PBM _ 66 48

42 34 A (PHM)( PBM 66 1848 1642 144 11p

0 C (PBM 34 36 36 36 40D (PBM

34 28 BB oy 34% (PRt 32 169

22 30 C 6(PBM)epreg: Resi dud4 conteBt of soBgent (¥p6 40 0.5
0.4 0.3 D O¢phMy <0.2 Residualy gel tipge at [egr] (s), 7

60 65 7& ) 61 In order to nmake a conpari son mfth the;%rior

art, the pol yamifelBB® replaced in a%urthed®experi @nt wit B0t he cufPng

agent di cyandi anps#pdddg:herto nost used industrially. For this purpose, 60
parts by nmass ofR . :
: esidual content of

solvent (%) 0.5 0.4 0.3 0.3  <0.2

W ' Residual gel time
at 170°C (s) ' 47 60 65 71 61

In order to make a comparison with the prior art, the
polyamine was replaced in a further experiment with the
curing agent dicyandiamide hitherto most used
industrially. For this purpose, 60 parts by mass of
phenyl diglycidyl phosphonate were mixed with a solution
of 9 parts by mass of dicyandiamide in 15 parts. by mass
of dimethylformamide and with 0.9 parts by mass of
dimethylbenzylamine. Using the solution obtained in
this process, an attempt was made to continuously

. impregnate a glass cloth (linen weave, weight per unit

e area: 197 g/m?) and to pass it thfough a vertical drying
installation at temperatures of 50 to 160°C. Despite
varying thé~pu11ing speed and temperature profile,
however, it was found impossible to prepare prepregs
since the viscosity of - the resin became low undef the
drying conditions and it flowed off the glass cloth.
Experiments showed that the resin dripping off and freed
from solvent residues cannot be cured even after 45 min
at 160°C and a subseqﬁent 120 min at 180°C in a drying
oven. A further assessment of this system was therefore
abandoned.



phenyl diglycidyl phosphonate were m xed with a solution of 9 parts by nass
of dicyandiam de in 15 parts by nmass of dinmethylfornmam de and with 0.9
parts by mass of dinethyl benzyl am ne. Using the solution obtained in this
process, an attenpt was nade to continuouslng i npregnate a glass cloth
(I'inen weave, wei ght per unit area: 197 [err] and to pass it through a
vertical dryingBxamplld & ¢ orPraparapicmiofr demghatesto [err]. Despite
varying the pulling speed and tenperature profile, however, it was found

i npossi ble to prepare prepr since the viscosity of the resin becane | ow
under- the dryind &ﬁﬁﬁ’@%?birﬂ)‘-qqd it REGOFARNCRe Wi LHs EXampilR. 1ERBeR nent s

Ehd d Ej hat thefﬁme 4@5&! i - vl i ifr aeggéggrra@wgnt: aasl tueba&annot
e cure evena er mn er.r a supsequen n,a err In.a
dryi ng oven. eéhﬁéﬁl 4%1QA%%§ ?ﬁ?té%@ﬁg dt%@P@f&P@ RE&fFoned.

18 Exanpl e 2. Iafa:;mfalm anirfandrtent ¢osd coredr €ox Qbhaanedooncacccméance
wth Exanple 1 i [ bar
The 1.6 nmthi c%tqdain%éna et-"g‘{lglréeH r%'?noﬂ\;}ég 91%% ?ﬁetgr%gég g%}tr 28 %r and t hen
postcured for 2 tramsitdan temnﬁﬂﬁﬁﬂnﬁs(abﬁaan@dthﬁ thammﬂhylatﬁ LEsted for

their glass trangddddadMAEat Wie dasr ! ] m@dvhhaeél araRhibkby R aeegedance
with UL 94V. The values are listed in Tab t he experinent nunbers

correspond to t Hos&hs SXRGHNent nuphers foffﬁ PPREntonGhose of Example 1

2 3 4 1). 5 Measured val ues: [err] 230 250
. 260 260 260 Mean conbustion tinme
. Table 2
o '
Experiment No. 1 2 3 4 - 5
Measured values: '
Tg (°C) 230 ZSQ 260 260 260
Mean combustion time
according to UL 94V (s) >40 4.5 1.4 <1 0
Rating ‘mot V-0 V-0 V-0 V-0
' ~ possible '
Example 3: Preparation of printed-circuit-board base
material
Stacks of 8 layers each of the prepregs prepared

according to Example 1 are
(thickness: 18 um) in each
and press-moulded at 175°C
so-called base material is

oven at 200°C.

covered with one copper foil
case on the top and bottom

This
then postcured for 2 h in an

and 70 bar for 30 min.

Table 3 contains the test wvalues

measured on these materials (the experiment numbers
correspond to those of Example 1).



according to UL 94V (s) >40 4.5 1.4 <1 0 Rating

not V-O V-0 V-0 V-0 possible Exanple 3: Preparation of
printed-circuit-board base material Stacks of 8 |ayers each of the prepregs
prepared according to Exanple 1 are coveredygith one copper foi

(thickness: 18 [err] in each case on the top and bottom and press-noul ded
at [err] and 70Tadlef @r 30 mn. This so-called base material is then
postcured for 2 h in an oven at [err]. Table 3 contains the test val ues
measured on these materials (the experinment nunbers correspond to those of

Exanple 1). Bxpraiment Beperi nent No. 2 3 2 4 3
4 Measured valug@a@@&%gnglggger of the Cu foil at RT (N nmm
1.5 ~ 1.6 6 ,Vol test to assess the_layer bonding
+ + dheﬁ&WEeP°U§Fh°Fe§PeaFu[éPFF + + 4+
‘Wat er absorpti omd R (N/mm) : 16 1.5 16 Surgace rgsgstance
(Chm rr er ermttivity (1 MHz)
4.82  4.88 V&?ls%el%aﬁ 8&%&?% SE?L Eﬁ%( ©Zccording to | EC 249-1 (s)
2.4 1.2 bondingutting quality according to D¥N 53488+ +
+ + + +
sot drl- b t‘PP%(esfte 88°C/20 s
After patternln%vthe a ers: é ace corrosion accordlng to IPC—E 25
+ ager absorptlon (mg) 14 16
' Surface resistance (Ohm) 8.10'* g.1013 8.1013
Permittivity (1 MHz) 4.82 4.88 4.85
Mean combustion time according to
. IEC 249-1 (s) . 2.4 1.2 <1
Cutting quality according to
DIN 53488 . - +
Drill wear test
- After patterning the Cu layers:.
Surface corrosion according to
IPC-B-25 ' + + +
Cut-edge corrosion according to
IEC 249-1 + + +

("+" means: passed)
Example 4

38 parts by mass of an epoxidized novolak (having an
epoxy value of 0.57) are dissolved in 14 parts by mass
of ethyl methyl ketone and mixed with a solution of 14
parts by mass of a polyamine prepared in accordance with
Example 1 (having an NH, value of 8.7%) in 30 parts by
mass of ethyl methyl ketone and with 22 parts by mass of
triglycidyl phosphate (for preparation see: "Plaste und
Kautschuk" ("Plastics and rubber"), Vol. 11 (1964),
pages 515 £f). The solution obtained is processed to



CUt edge corrosion according to | EC 249-1 +

+ ("+" neans: passed) Exanple 4 38 parts by nmass of an epoxidi zed
novolak (havi ng an epoxy value of 0.57) are dissolved in 14 parts by mass
of- et hyl”" ' met hyl ketone and mi xed with a so&gtlon of 14 parts by mass of a
pol yanm ne prepared in accordance with Exanple 1 (having an NH2 val ue of

8.7% in 30 par %oaﬁcgagi»e e85h¥k aswﬂb&&tmeg%wf 22pparts by mass

of triglycidyl hos hat reparation_see: e und Kautschuk '

("Plastics and GEBQPa} %&Ven 1°PREERY oHabR’ BHep¥egs #%eos%ﬁu%?%nthe
%:])t ai neddl sI pr oge3sedmeoat 120f°pr 2guss greprlegsmépﬁl@g@éabﬁdta@:l«:&@@al e 1.

esi dual so ont.ent t egs 1S, 0.3%and the gel tine at
[e??% is 35 s. %ﬁg@% gﬁ?&&? gﬁg ?ggkg€$§£ C PP %¥?$%ga nClP e stable on
storage at roontesppyriugee £Our mopveethann3 3mombiiés. 8 prepregs at a tine
are press-noulded in a press at [err] and 70 bar. The 1.6 mmthick

| am nates are renoved fromthe gress and then postcured for 2 h at [err].
The gl ass transPt PESRPEEFScrht Br EiBE AKe PEeFSTNORdedetnid PSS VRY i s

[err]d Exanpl tehiégoﬁol%naghuth ba . of TﬁgﬁlHererm @H:.?‘Bgﬁa?@in@télﬂaﬁé” net Ih nl
accordance wi anpl.e i ng_an val ue o net hy
ket one and variﬁﬁgoggﬁtgrﬁ& §é§585?35 G R Ret ﬁP%Qth?ﬁ phbsphor us
conmpound (see TabbeC4) The glded tpansiBiéhsotmpevatwie 1G5 tae tlsodjesmss of
an epoxidi zed n ﬁggg ggggxghxglyﬁy 9s535 5@ et hyl nmethyl ketone. In nost

S

cases, the solu I 'on"obtai ne process has too hlgh a viscosity for
processing to :

_ : Example 5

\./"

A 60% solution of 183 parts by mass of a polyamine in
accordance with EXamplé 1 (having an NH, value of 8.7%)
in ethyl methyl ketone and various parts by mass of a
glycidyl-group-containing phosphorus compound (see Table
4) are added to an 80% solution of 175 parts by mass of
an epoxidized novolak (epoxy value: 0.57) in ethyl
methyl ketone. In most cases, the solution obtained in
this process has too high a viscosity for processing to .
produce prepregs and is therefore diluted at the
impregnating installation itself with further ethyl
methyl ketone to such an extent that 0.22 to

0.23 mm thick prepregs can be prepared if glass cloth
(linen weave, weight per unit area: 197 g/w?) is
impregnated and subsequentiy dried vertically at 50 to
130°C. After drying, the prepregs are tack-free and are
stable on.storage.at room temperature for more than 3
months.

8 prepregs at a time are press-moulded in a press at
175°C and 70 bar. The 1.6 mm thick laminates are
removed from the press after 10 min and then postcured
at 200°C for 2 h. Table 4 contains the values measured
on the laminates.



pfoducé prepregs and is therefore diluted at the inpregnating installation
itself with further ethyl methyl ketone to such an extent that 0.22 to 0.23
nm-t hi ck prepregs can be prepared if glass cloth (linen weave, weight per
unit areaiy 197 [err] is inpregnated and sub§EquentIy dried vertically at 50
to [err]. After drying, the prepregs are tack-free and are stable on
storage at roomrgpgeegature for nore than 3 nonths. 8 prepregs at a tine
are press-noulded in a press at [err] and 70 bar. The 1.6 mmthick

| am nates are renoved fromthe press after 10 min and then postcured at
[err] for 2 h. EXpblrémdntoNoai ns the val ues néasur®ad on8the 9am napes. 11

ble 4 Expep 6 7 8 9 10 11
\gfltuents forbprenggnBFeBgratlon Epoxi di zed novol ak (PBM 175 175
175 175 175 Prepregl pusbasatlkenm 183 183 183 183 183
183 Met hyl dl9!E?bﬂxhlaéeSﬁBGBﬁhﬁ[?bﬁh) (PBW%S 175 1790475- 175 175
- - Ethyl diglycidyl phosphonate[err]) 111 - -
- - Methyl diglycidyl phosphate[err]) (PBN@ - - 112 -

- - Et hyl dpguYamdnb mhnmphate[err]) (PBS8B 183 183 183 183 183
119 - n I phosphate[err]) (PBM - -
- - 143 angﬁﬁg¥§§ﬁ¥%y| dlegC|dyI phosphate[err]) (PEW

] ] ] phosphonateln58PBM) -

Ethyl diglycidyl
phosphonate!) (PBM) - 111 - - - -
Methyl diglycidyl

./ phosphate?) (PBM) - - 112 - - -

" Ethyl diglycidyl o : _

phosphate?) (PBM) | - - - 119 - -
Phenyl diglycidyl '
phosphate?®) (PEM) - - - - 143 -
p-methoxyphenyl diglycidyl
phosphate?) (PBM) - - - - - 158

Values measured on laminate:

Glass transition

temperature Tg (°C) 270 270 260 260 270 260
Mean combustion time

according to UL 94V (s) 2.5 4.0 2.0 3.1 <1 2.0
‘Rating v-0 V-0 V-0 V-0 V-0 V—O

1)  See "Zh. Obshch. Khim." 54 (10), 2404 (1984) or C.
A. 102 (19), 166845d :

2) See: "Izv. Akad. Nauk. SSSR", Ser. Khim. (9), 2006
(1967) or.C. A. 68 (7), 29789
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Val ues ‘neasured on lanminate: Gass transition tenperature [err]

270 270 260 260 270 260 Mean conbustion tine according to UL 94V (s)
2.5 4.0 2.0 3.1 <1 2.0 Rating V-O V-0 V-0
V=0 V-0} V-01) See "Zh. Obshch. Khinmg3 54 (10), 2404 (1984) or C. A
102 (19), 166845d 2) See: "lzv. Akad. Nauk. SSSR', Ser. Khim (9), 2006
(1967) or C. A Ef8mpIg, 629789d 22 Exanple 6 A 60% solution of 183 parts
by mass of a polyanmine in accordance with Exanple 1 (having an NH2 val ue of
8.7% in ethyl nethyl ketone and 135 parts by mass of phenyl diglycidyl
phosphonat e ar eAaéﬂédSDd;uanOBO%TsbB&tP@tafbwmww@aatEOIDyamme :Dlﬁ an

epoxy. resin (SegcTabhinal Wach! B¥hngRLhy “Ef‘}ﬁ““i A R P e

sol uti on obt ai ne Erocess as t 00
to produce preptBgSthid e PM%rEFE?%ed?m%t éEa¥¥§ethﬂﬁﬁﬁhd?ﬁh@henyl
installation itagglyetaylf phbbphoﬂabel aﬂ@tmaedrewrmt@o%@dsm@l@m@ﬂt t hat

0.22 to 0.23 . hICk [ can ared if ass cl ot in weave,
wei ght “per uni ¢ varagnst EREE TRy “BRad oR B8 e e BRD S ol le oo ofF
vertically at 56thyl[metplehetpnepregm mmstt@@$e$re@hefsaigtRang and are
stabl e on storagg,LoheFPLH EP&‘Q irHEQé%Sh% @6@%5?@1% é‘tvfs% %fcf‘;m ¢ es

press-noulded in a press at [err] and 6 mMmt
are renmoved froRFPRESEABYS LR PEP Egedﬁﬁﬁﬁﬁ%9$h@Wﬂpb%t%h@¥@ﬁ¢€# @ijuted

[err]. Table 5 gentaensmbbeguating IRSEATBs DontESEL FBhLEh aFSrther
. ethyl methyl ketone to such an extent that 0.22 to
© 0.23 mm thick prepregs -can be prepafed if glass cloth
\_ (11nen weave, weight per unit area: 197 g/m?) are
| impregnated and subsequently dried vertically at 50 to
130°C. The prepregs are tack-free after drying and are
stable on storage for more than 3 months. ’

8 prepregs at a time are press-moulded in a press at
175°C and 70 bar. The 1.6 mm thick laminates are
removed from thé'press_after 10 min and then postcured
for 2 h at 200°C. Table 5 contains the values measured
on these materials.



23 Tabl'e 5 Experinent No. - 12 13 14 15 16
Constituents for prepreg preparation: Epoxidized novol ak[err]) (PBM 185

93 * - - - Oxazolidinone-nodi fied epoxy resin2) (PBM -
238 - : - - Bi sphenol - A di gl yci dyl ewther3) (PBM -

- 175 - - Bi sphenol -F diglycidyl ether4) (‘PBM _ -

- - 164  Tabydast oi n epoxy resi n5) (PBM - -
- 175 Pol yam ne (PBM 183 183 183 183 183 Phenyl

di gl yci dyl phosphonate (PBM 135 135 135 135 135 Val ues
measur e on the ExperimentGNgss transition tenp@ratlBe [24r] 15 16 275
230w 260 255 %@stg@ﬁegggbggglon tinme according to UL 94V (s) 1.2
4.2 2.2 1.5 : ng V-O V-O V-0 V-O V-01)

Epoxy val ue: O.EE?PFFQCE§ﬁPQr§F1P@rr]. 600 cSt 2 ) Epoxy value: 0.21 3)
Epoxy val ue: O. iﬁoxiﬂiﬁeﬁihbv@ﬂa&éorkPBﬂQOO 18560093 nPa.s 4)- Epoxy val ue:
0. 61; V|sc05|ty z%g 5% 1200 +.1Q00 nPa.s 5) Epoxy val ue: 0.57;

viscosity at [ef] nﬁﬁf ~fodified
epoxy resin?) (PBM) _ 238 - .

Bisphenol-A diglycidyl
ether®) (PBM) C- - 175 - -
Bisphenol-F diglycidyl |
ether?) (PBM) - - - 164 -
Hydantoin epoxy

N\ resin®) (PBM) | - - - -~ 175
Polyamine (PBM) 183 183 183 183 183
Phenyl diglycidyl |
phosphonate (PBM) 135 135 135 135 135

Values measure on the
laminate:
Glass transition

temperature Ty (°C) 275 230 260 255 270

Mean combustion time

according to UL 94V (s) 1.2 4.2 2.2 1.5 3.0

Rating ' V-0 V-0 V-0 V-0 V-0

‘\\//

1) Epoxy value: 0.54; viscosity at 150°C: 600 cSt

2) Epoxy value: 0.21

3)  Epoxy value: 0.57; viscosity at 25°C: 4000 to
6000 mPa.s

%) Epoxy value: 0.61; viscosity at 25°C: 1200 + 100
mPa.s . '

5) Epoxy value: 0.57; viscosity at 80°C: 9000 mPa.s



24 Cainrs 1. Epoxy resin mixes for preparing prepregs and conposite
materials, characterized in that they contain the follow ng constituents:
(A" a phasphorus-free aromatic and/or heterocyclic pol yepoxide resin,
optionally'in a mixture with an aliphatic @8oxy resin, (B) an
epoxy- gr oup- cont ai ni ng phosphorus conpound of the follow ng structure:
[err] with m ims” 0 1or 2and o =1, 2or 3, where the follow ng
applies: m+ n + o0 1.3, biﬁ miﬁeslfef sreﬁarin eﬁﬁépﬁe@sfaﬁ@

| @]
oot Toabanl Pesibeeite, mfate%?ﬁé EfipYafrriged In RSt Fhev, SSRERER, o
aréq?radl cal , arbhealﬁoﬂlqmgzalonsmaueytam no radi cal or aI kyl aryl am no

radi-€al or 3--f[r| )kyIaS| Né Yis- ﬁtgécg% oéﬂglsgl ﬁe.E éiﬂged

directly or via enotes a
di oxyphenyl ene, d| oxm idgcrepiny | OBFiPEiiJ-}YMPharmixﬁu?% ‘Sitlan%InAl
and A2, which may be didg¢iHdtad e@bx |£-§gg_ﬁnt denote a single bond or a

bri dge accordln to the gro aronmati c_pol yanine_of the
Fol L ovi ng_of ruciie R she-sgoupshphainsho; BhpsbiEie cBRpadn 3 the
three aromatic parti aﬁhe;tﬁ‘qldimuiag, structure:

o
cnz_.cn_c H Z—Al Y p—1a2 CHZ - \CH
. m (R)n p (R)n . . 2 o

withm =0 6r 1, n=0, 1lor 2 and o =1, 2 or 3, where

the following applies: m + n+o=3, and with p = d, 1

or 2, ' ' ' -

X denotes a free electron pair or an O or S atom

" linked via a double bond,

R denotes an alkyl radical having 1 to 4 C atoms,
alkenyl radical having 2 to 3 C atoms, aryl
radical, arylalkyl radical, dialkylamino radical or
alkylarylamino radical or 3-trialkylsilylpropyl
radical, said radicals being linked directly or via
O or S, _' |

o ' R' denotes a bridge of O, S, phenylene,

dioxyphenylene, dioxynaphthylene, (CHy),, 0-(CHy),
or 0-(CH,y),~0 with r = 1 to 3, and
al and AZ, which may be identical or different, denote
. a single bond or .a bridge according to the grouping
R', and
(Cc) "an aromatic polyamine of the following structure as
a curing agent: ' ’

* [ L M s *
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ofie of “the radicals [err] respectively denotes H and the other alkyl. 2:
Epoxy resin mixes according to Claim1, characterized in that the
constituent (B) is a di- or triglycidyl ester of phosphoric acid or a
mxture of  these conmpounds. 3. Epoxy resin xes according to Caiml,
characterized in that the constituent (B) is a diglycidyl ester of an
al kyl - or aryl phosphonic acid. 4. Epoxy resin mixes according to Claimi1,
characterized in that the constituent (B) is a di- or triglycidyl ester of
phosphorous acid or a nmixture of these comgounds. 5. Epoxy resin m xes
acceqdlng to one of Clainms 1 to 4, characferized in that the ratio of the
tituent (A) to the constltuent (B) isjfromNHg:1 to 1:10, preferably 4:1
to 1>4. 6. Epoxy resin mixes according teage”or “nore of Clainms 1 to 5,
characterized in that the ratio of the § function to the am ne- hydrogen
function is from0.9:1 to 1.1:1, prefer;- soprQX|nater 1:1. 26 7.
Epoxy resin m xes according to one .or of CRains 1 to 6, characterized
~in that the constituent (C) is a n1xt re Zf pol yam nes, prepared by
trimerization of a m xture of 2, 4- Q< di LBocyanat oal kyl benzenes and by
subsequent hydrolysis. 8. Epoxy" régln nrfes ccoring to one or nore of
Clains 1 to 7, characterizedi, N t ,t the congtitugnt ( is present as a
curing agent in a mxture wt > S terocyclic
pol yam nes. 9. Epoxy resin m xeg ardinq to G characterized in
that the proportion of const ighe Rl

\—
where, on each of thé three aromatic partial structures,
one of the radicals R! and R2 respectively denotes H and
the other alkyl.

2. Epoxy resin mixes according to Claim 1,
characterized in that the constituent (B) is a di- or
triglycidyl ester of phosphoric acid or a mixture of
these compounds. '

3. Epoxy resin mixes according to Claim 1,
characterized in that the constituent (B) is a
diglycidyl ester of an alkyl- or arylphosphonic acid.

_ 4. Epoxy resin mixes according to Claim 1,
k/- characterized in that the constituent (B) is a di- or

'triglycidyl ester of phosphorous acid or a mixture of
these compounds.

5. Epoxy resin mixes according to one of Claims 1
to 4, characterized in that the ratio of the constituent
(A) to the constituent (B) is from 10:1 to 1:10,
preferably 4:1 to 1:4.

6. Epoxy resin mixes according to one or more of
Claims 1 to 5, characterized in that the ratio of the
epoxy function to the amine-hydrogen function is from
0.9:1 to 1.1:1, preferably approximately 1:1.

A
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in thefcuring agent mxture is at |least 70 % by nmass. 10. Epoxy resin m xes
according to one or nore of Clains 1 to 9, characterized in that the
pol*yepoxide resin is an epoxidi sed novol ak, preferably having a
concentration of hydrol ysabl e hal ogen of <2®.1 % by mass. 11. Prepregs and
conposite materials based on inorganic or organic reinforcing materials in
the formof fibres, 7+ecEpoxyrresitn mixes acqording tafonshan manedfil s

prepared from egpX¥miesi BoNb XEShAFEQEE1bd AP ha¥ tHY Tostd@idie Y dyp 10.
12. Printed-circuit b

¢ _ gards magde of ﬁé’ﬂ{)regs, %;ae%ed fgomaglas_s_—flbre

cloth and epoxylfedi HEERES QE RPN HLHRS o RE Phtringrizatiop of
“5\5 a mixture of 2,4- and 2, 6-diisocyanatoalkylbenzenes and

g by subsequent hydrolysis.

8. Epoxy resin mixes according to one or more of
Claims 1 to 7, characterized in that the constituent (C)
is present as a curing agent in a mixture with further
aromatic and/or heterocyclic polyamines.

9. Epoxy resin mixes according to Claim 8,
characterized in that the proportion of constituent (C)

~in the curing agent mixture is at least 70 % by mass.

10. Epoxy resin mixes according to one or more of

\_ Claims 1 to 9, characterized in that the polyepoxide
resin is an epoxidised novolak, preferably having a
concentration of hydrolysable halogen of < 0.1 % by
mass.

11. Prepregs and composite materials based on
inorganic or organic reinforcing materials in the form
'.of fibres, fleeces or cloths or in the form of sheet
materials prepared from epdxy resin mixes according to
one or more of Claims 1 to 10. '
12, Printed-circuit boards made of prepregs,
prepared from a glass-fibre cloth and epoxy resin mixes
according to one or more of Claims 1 to 10.

% ¢t L M s *



