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Pboaphorua-modifiad epoxy resins, process for the pre­

paration thereof and use thereof 

The present invention relates to novel phosphorus­

containing epoxy resins, a process for the preparation 

5 thereof and the use thereof. The novel phosphorus-con­

taining epoxy resins, besides being flame-resistant, are, 

in particular,. very easy to process since they have. 

inter alia, good storage stability. 

Epoxy resins are nowadays used on a large scale for the 

10 preparation of moldings and coatings having a high level 

of thermal, mechanical and electrical properties and also 

for the production of laminates. The low molecular weight 

or oligomeric starting components can be reacted to form 

high-grade thermosetting materials using a great variety 

15 of hardeners such as, for example. carhoxylic anhydrides. 

aminear phenols or isocyanates. A further advantage of 

epoxy resins is their processing behavior. In the initial 

state they are low molecular weight or oligomeric ·and 

have a low viscosity at processing temperatures. They are 

20 therefore very suitable for encapsulating complex 

electrical or electronic components and also for 

impregnation processes. In the presence of suitable 

reaction accelerators they have satisfactory pot lives. 

They are also highly fil.lable with conventional inert 

25 inorganic fillers. 

In order that in the event of a fire or accident people 

may be protected and the continued functioning of 

electrical or electronic devices may he ensured for a 

certain time. flame resistance is nowadays frequently 

30 required cured of epoxy resin :materials in electrical 

engineering. This means that the cured epoxy resin 

mol.dings have to be self-extinguishing and must not 

spread the fire. The detailed requirements are prescribed 

in the standards applicable to the respective product. 

35 Cured epoxy resins used in electronics or electrical 

engineering must chiefly satisfy the fl.amma.bi1ity test 
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requirements of UL 94V. 

A summary of the possible methods for making epoxy resins 

fla.:m.e-resiatant can be found in the literature {e.g. 

Troitzsch, J., "International Plastics Flamm.ability 
5 Handbook", 2nd edition, Carl Hanser Verlag, Munich, 1990; 

Yehaskel, A-. "Fire and Flame Retardant Polymers, Noyes 

Data Corporation, New Jersey. USA, 1979}. 

Epoxy resins are nowadays generally made flame-·resistant 

by means of halogen-containing, specifically bromine-

10 containing, aromatic components. The resins in question 

usually contain a filler or glass fabric and frequently 

also antimony trioxide as a syoergist_ The problem. with 

this is that in the event of aa accident carbonization or 

combustion can form corrosive and, under unfavorable 

15 conditions, ecologically or toxicologically unsafe 

decomposition products. Considerable technical effort has 

to be ejcpended for safe disposal by incineration. 

There is therefore a considerable need for epoxy resins 

which achieve the combustion resistance required in the 

20 standards without the addition of halogenated components. 

An effective way of achieving £la:me resistance in resin­
type substrates has been found to be the use of organic 

phosphorus compounds. Attempts have therefore already 

been made to modify epoxy resins with additives baaed on 

25 phosphoric esters such as, for example, 

triphenylphoaphate {DE 1 287 312}. However, these 

compounds migrate· out of the cured materials to the 

surface, particularly at elevated temperature, where they 

affect the dielectric properties and 1ead to electro-cor-

30 rosion_ 

Epoxy resins having chemically bound phosphorus could be 

obtained by reacting co:m:m.ercial. epoxy resins wi 1:h the 

P-OH groupe,of various phosphoric acids1. the P-OH group 
being added to the oxirane ring and simultaneously 
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causing partial epoxy polymerization. This gives 
phosphorus-modified epoxy resins which are still reactive 

and which are bound into the network on curing. 

Examples of the crosslinking of epoxy resins with 
5 phosphoric acid, acid phosphoric esters and pyrophosphate 

diesters as acidic crosslinking agent are described in us 
Patent 2 541 027. Here, in partr corresponding reaction 
products are first prepared, these being sllbsequently 
crosslinked_. These reaction products are not storage-

10 stable. Similar products are in fact used in catalytic 

amounts as accelerators for epoxy curing (FR Patent 2 008 

402} " 

Attempts have also already been discloses to crosslink 
epoxy resins with phosphonic acids {ZA Patent 6805283). 

15 us Patent 4 613 661 further discloses reaction products 
of phosphoric monoesters and epoxy resins which still 

contain free epoxy groups and can be cured with 
conventional crosslinking agents. These products are of 
importance for certain paint and coating systems. 

20 It is therefore an object of the invention to provide 
phosphorus-modified epoxy resins which, besides flame 
resistance, have high storage stability, allow variation 
of the pho_sphorus content, can be prepared simply and 
cheaply and which are. in particular, also suitable for 

25 use in electronics and electrical engineering where high 
filler contents are customary. 

30 

The present invention, then, provides phosphorus-modified 
epoxy resins having an epoxy value from 0 to about 
1 mol/100 gr comprising structural units derived from 

{A} polyepoxy compounds 

groups, preferably 

m.olecul.e. and 

having at least two epoxy 

terminal epoxy groups. per 

(B) phosphinic and/or phoaphonic anhydrides. 
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The invention further provides processes for preparing 

such phosphorus-modified epoxy resins and provides for 

the use thereof in producing shaped bodies, coatings and 

laminates (composite materials), and provides these 

5 articles themselves. 

'rhe phosphorus-modified .epoxy resins of the invention 

generally have. depending on the epoxy resin, a 

phosphorus content from about 0.5 to 13 % by weight. 

based on the resin. This phosphorus content can be set as 

10 needed by the molar ratio of polyepoxy compound to 

phosphinic anhydride/phosphonic anhydride. The 

functionality of the epoxy resin used furthermore allows 

the meeting of the requirement that, on average, 

preferably at least one epoxy group should be present per 

15 molecule of the phosphorus-modified epoxy resin. 

The phosphorus-modified ·epoxy resins of the ioventioo 

preferably possess a phosphorus content from about 1 to 

a % by weight. in particular from about 2 to 5 % by 

weight, based on the resirt. They are preferably curable. 

20 On average, they preferably contain at least one epoxy 

group, in particular from 1 to 3 epoxy· groups, per 

moiecule; accordingly, the average functionality is 

preferably at least 1. in particular from 1 to 3. The 

epoxy value preferably lies at from about 0.02 to 

25 1 mol/100 g, particularly preferably from about 0.02 to 

0.6 mol/100 g. Furthermore, the phosphorus-modified epoxy 

resins of the ioventioo generally have an average 

molecular weight ~ (nmllber a~erage; determined by gel 

chromatography; polystyrene standard) up to about 10,000, 

30 preferably from about 200 to 5000 and in particular from 

about 400 to 2000. 

The average molecular weight Mn (number average; likewise 

determined by gel chromatography; polystyrene standard} 

0£ the building b1ocks (A) is generally up to about 9000 

35 and preferably is between about 150 and 4000, in 

particular between about 300 and isoo; they are 
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preferably derived from polyepoxy compounds having on 
aver~ge from 2 to 6 epoxy groups per molecule {a 
functionality from 2 to 6) . These polyepoxy compounds are 
preferably polyglycidyl ethers based on aromatic amiriea, 

5 polyhydric phenols, hydrogenation products of these 
phenols and/or of novolaks (see below}. 

The structural units (B) are preferably derived from 
phosphinic anhydrides 0£ the formulae (I) and/or (II) 

in which 

0 0 
R' II II R1 
"'P--0--P/ 
n/ ' " "-R 

0 

II 
~~-P--~-o~---

f , 
R 

y 

( I } 

(II) 

10 R and R1 , independently of one another, are a hydrocarbon 
radical having from 1 to 20 carbon atoms, preferably from 
l to 10 carbon atoms. which can have aliphat.i~ and/or 
a~amatic character and can be interrupted by heteroatoms 
or heteroatom groups. preferably a saturated or 

15 unsaturated, straight-chain or branched aliphatic radical 
such as alkyl. alkenyl, cycloalkyl. preferably having 
from 1 to 8 carbon atoms, in particular from 1 to 6 
carbon atoms, such as methy1. ethyl, n- and i-propyl, n-. 
i- and tert-butyl, the various pentyls and he.xyls, or an 

20 aryl or an ara1kyl radical such as phenyl or naphthyl 
which is unsubstituted or substituted by preferably from 
1 to 3 alkyl radicals having from 1 to 6 ~arbon atoms or 
such as phenylalkyl having from 1 to 6 carbon atoms in 
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the alkyl radical. for example ben:zyl; 

A is a divalent hydrocarbon radical having_ from l to 

1.0 carbon atoms, preferably from 1 to 6 carbon atom.a and 

in particular from 1 to 4 carbon atoms, which can have 
5 aliphatic and/or aromatic character and can be inter-­

rupted by heteroatoms or heteroatom groups, preferably a 

divalent saturated or l.UlSaturated. straight-chain or 

branched aliphatic radical and in particular an alkylene 
radical such aa methylene, propylene and the like; 

10 y is an integer of at least 1, preferably from l to 100 

and in particular from 1 to 30; with for y = 1 the bridge 
member A preferably having at least 2 carbon atoms. 

The structural units (B) are furthermore preferably 
derived from phosphonic anhydridea of the formula (III) 

0 

If 
~+-~P-----o~--.--

J 3 
R 

z 

( I r I ) 

15 in which R3 is as defined for R/R1 in the formulae (I} 
and (II} and z is at least 3, preferably from 3 to 100 
and in particular from 20 to 60. Besides these structural 
unitn there may, if desired, also be present those 
structural units derived from phosphinic anhydrides of 

20 the above formulae (I} and/or (II) . 

According to a pref erred embodi.Inent of the invention, the 
phosphorus-modified epoxy resin of the invention 
possesses esaeotially the structure expressed by the 
formulae {IV}, (V} and/or (VI) below 
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( I y) 

n m 

D 

•-!=o l I 
i 
I 

o o •'-r=o. + 
~·--+--o-u,-J,_c112L. 1 · H2-c(

0
\cH2 

R R ~ n l ( v I 

(VI } 

- n m 

in which 

R. R1 and R3 are as specified in the above formuiae {I} 
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to (III); 

R2 1s the radical, without the glycidyl groups, of a 

polyepoxy compound; 

a. integers 

m. = integers 

the sum D. + 

from 

from 

m 

1 to s. 
1 to 5, 

should 

preferably frOJU. 1 to 3; 

preferably from 1 to 3, where 

be an integer · from 2 to 6, 

preferably from 2 to 4. 

For example, R2 is the (n + m)-valent radical, without 

the glycidyl groups, of 

a polyether, a polyether polyol, a polyester or a 

polyester polyol; 

·a hydrocarbon radical which can have saturated or 

unsaturated aliphatic character and/or aromatic 

character and which can be interrupted by and/or 

contain heteroatoms, such as oxygen and nitrogenr 

and heteroatom groups, such as -NR1CO- (R1 as 

defined above), with this hydrocar~on radical, which 

generally contains at least 6, preferably at least 

from 12 to 30, carbon atoms, preferably containing 

aryl groups. in particular phenyl groups, which may 

be substituted but are preferably unsubstituted; 

a reaction product. of an epoxy compound with 

polyamioes. polyols, polycaprolactone polyols, OH­

containing polyesters, polyethers, polyglycols, 

hydroxy-, carboxyl- and amino-functional polymer 

oils polycarbox:Ylic acids, hydroxy- or amino­

functional polytetrahydrofurans-

n 2 can also be a number of these radicals . 

., 
R~ is preferably the corresponding radical of a 

30 bisphenol-A-diglycidyl ether, a bisphenol-F-diglycidyl 

ether or of their oligomers, a polyglycidyl ether of 

phenol/formaldehyde or cresol/formaldehyde novolak, a 

diglycidyl ester of tetrahydrophthalic, phthalic, 

iaophthalic or terephthalic acid and also mixtures of 

35 these radicals. 



- - - -~ - -- - - ~-- ·- ·==--- --=-=-==:.._~-- ------- --------- -------------------· 

.,,-;. 

- 9 -

Some of these radica1s R2 are shown below by way of 

formulae: 

1 
0 

I 
0 

-~-0-o-

I 
o~c""N'c~o 

r I 
/N'c_,N, 

II 
0 

J 
0 

I 

n+m-1 

(VI II) 

- 0 - CH 2 - ~H - CH 2 - 0 -

( I I I It I 

(VI le) 

(VI Id) 
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in which R4 is hydrogen and/or the C1 - to C10 -alkyl 

radical, and the indices n and m are as defined in the 

formulae (IV) to (VI), and the index p is 0 or 1, the 

index q is integers from 0 to 40, preferably from. O to 

5 10. and the index r is integers from 4 to B. 

The phosphorus -modified epoxy resins of the invention 

may, depending on the method of preparation and purity of 

the phosphinic anhydrides/phosphonic anhydrides used. 

also comprise certain amounts. usually not more than 20 % 
10 by weight, preferably not more then 15 % by weight and in 

particular not more than from 5 to 10 % by weight, based 

on the total mixture, of other structural units. 

In the indicated amounts, such by-products do not 

appreciably affect the property profile of the products 

15 of the invention. 

As already indicated above. the phosphorus-modified epoxy 

resins of the invention have, in particular, good storage 

stability. 

The storage stability, expressed as the change in the 

20 epoxy number after 96 hours at room temperature and a 

relative atmospheric humidity of at moat 50 %, is 

generally not below 90 '% and preferably varies in the 

range from about 95 % to 100 %,. based on the initial 

value of 100 %. 

25 The preparati?n of the phoaphorus-modif ied epoxy resins 

of the invention can1 for example, be carried out by 

reaction of the polyepoxy compounds (A) with the 

phoaphinic and/or phosphonic anhydrides (B) 1 preferably 

in an inert solvent (diluent) o·r. with modified reaction 

30 procedure, also without solvent (diluent) . 

The polyepoxy compounds used according to the invention 

for this purpose, which are preferably ~ot modified by 

halogen, can be saturated or unsaturated and also 
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aliphatic, cycloaliphatic, aromatic and/or heterocyclic. 

They can furthermore, contain those substituents which, 

under the mixing or reaction conditions, do not cause any 

interfering secondary reactions, for example alkyl or 

5 aryl substituents, ether groups or the like. Mixtures of 

various polyepoxy compounds can also be used. 

These polyepoxy compounds preferably possess the formula 
{VIII} 

(VIII) 

n+rn 

in which R2 and the indices n and m are as defined for 

10 formulae (IV) to (VI) . 

For example. these polyepoxy co:m.pounds are polyglycidyl 

ethers baaed on polyhydric, preferably dihydric, 

alcohols, phenols, hydrogenation products of these 

phenols and/or on novolaks (reaction products of 

15 monohydric or polybydric phenols such as phenol .and/or 

cresols with aldehydes, in particular formaldehyde. in 

the presence of acid catalysts) which are obtained in a 

known manner. for example by rceaction of the respective 

polyols with epichlorohydrin. 

20 Examples of pol.yhydric phenols which may be mentioned 
here are: resorc inol. bydroquinooe r 2. 2 -bis (4 -hydroxy­

phenyl) propane (bisphenol A), isomer mixtures of di­

hydroxydiphenylmethane (bisphenol F). 4,4'-dihydroxy­

diphenylcyclohexane, 4, 4' -dihydroxy-3, 3' -dimethyldi-

25 phenylpropane, 4,4'-dihydroxydiphenyl, 4,4 1 -dihydroxy­

benzophenone, bis(4-hydroxyphenyl}-1,1-ethane, bis(4-

hydroxyphenyl)-1,l'-isobutane, bis{4-hydroxy-tert-butyl­

phenyl)-2,2-propane, bis(2-hydroxynaphthyl}methane. 1,5-

dihydroxyn.aphthalene, tris(4-hydroxyphenyl)metha.:ne, 1,1'-
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oxybis(4-hydroxyphenyl). Bispbenol A and bisphenol Fare 
preferred here. 

The polyglycidyl ethers of polyhydric aliphatic alcohols 

are also suitable as polyepoxy compounds. Examples which 

5 may be mentioned of such polyhydric alcohols are 1. 4-

butanediol, 1,6-hexanediol, polyalkylene glycols, 

glycerol, trimethylolpropane. bis(4-hydroxycyclohexyl)-

2.2-propane and pentaerythri~ol. 

Further suitable polyepoxy compounds are {poly)glycidyl 

10 esters which are obtained by reaction of epichlorohydrin 
or similar epoxy compounds with an aliphatic, 

cycloaliphatic or aromatic polycarboxylic acid such as 

oxalic acid, adipic acid, glutaric acid, phthalic, 

isophthalic, terephthalic, tetrahydrophthalic or .hexa-
15 hydrophthalic acid, 2,6-naphthalenedicarboxylic acid and 

dimerized fatty acids. Examples of these are digiycidyl 

terephtha1ate and diglycidyl hexahydrophthalate. 

Polyepoxy compounds in which the epoxy groups are 

randomly diatributed over the molecular chain and which 

20 can be prepared by. e:mulsion copolymerization using 

olif inically unsaturated.compounds containing these epoxy 
groups. such as, for example, glycidyl esters of acrylic 
or methacrylic acid, can also be advantageously used in 

some cases. 

25 Further polyepoxy compounds which can be used are, for 

example, those based on heterocyclic ring systems auch 

as, for example, hydantoin epoxy resins, triglycidyl­

isocyanurate and/or oligomera thereof, triglycidyl-p­
aminophenol, triglycidyl-p-aminodiphenyl ether. tetra-

30 glycidyldiam.inodiphenylmethane, tetraglycidyldiaminodi­

phenyl ether, tetrakis(4-glycidoxyphenyl)ethane, urazole 

epoxides, uracil epoxides. oxazolidinone-modified epoxy 
resins. Further, polyepoxides based on aromatic amines 
such as aniline, for example N,N-diglycidylaniline, 

35 diaminodiphenyllil.ethane and N,N'-dimethylaminodiphenyl-
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methane or -sulfone. Further suitable polyepoxy compounds 

are described in •Handbook of Epoxy Resins• by Henry Lee 

and Kr.is Neville, McGraw-Hill Book Company, 1967. in the 

monograph by Henry Lee "Epoxy Resins•, American Chemical 

5 Society, 1970, in Wagner/Sarx, "Lackkunstharze", Carl 

Hanser Verlag (1971), pp. 174 ff, in nAngew., Makromol. 

Chemie", Volwne 44 {1975}. pp. 151 to 163, in 

DE-A 2 757 733 and in EP-A 0 384 939, which are hereby 

incorporated by reference. 

10 Polyepoxy compounds which are preferably used are 

bisglycidyl ethers based on bisphenol A, bisphenol F and 

hisphenol S {reaction products of these bisphenols and 

epichloro(halo)hydrin) or oligomers thereof. polyglycidyl 

ethers of phenol/formaldehyde and/or cresol/formal.dehyde 
15 novolaks and also diglycidyl eaters of phthalic. 

isophthalic, terephthalic, tetrahydrophthalic and/or 

hexahydrophthalic acid. 

The phosphinic anhydrides used for the reaction with the 

polyepoxy compound preferably possess the formulae (f) 

7.0 and/or (II). Examples which may be mentioned here are: 

dimethy1phosphinic anhydride. ethylmethylphosphinic 
anhydride, dietbylphosphinic anhydride, 
dipropylphosphinic anhydride, ethylphenylphosphioic 
anhydride and diphenylphosphinic anhydride. Examples of 

25 suitable bisphosphinic anhydrides are: ethane-1, 2 -

bismethylphosphinic anhydride, ethane-l,2-bispbenyl-

phospbinic 

anhydride, 

anhydride, propane-1,3-hiamethylphospbinic 

butane-1,4-bismethylphosphinic anhydride. 

hexane-l, 6-bismethylphoaphinic anhydride and decane-1. 10-
30 bismethyiphosphinic anhydride. 

Examples 0£ phosphonic anhydrides which have the formula 

{Irr:) are: m.ethylphosphonic anhydride, ethylphosphonic 
anhydride, n- and/or i -propylphosphonic anhydride, 

hexylphosphonic anhydride, octylphosphonic anhydride, 
3 5 decylphosphonic anhydride and phenylphosp~onic anhydride. 



---------··-- - .-- ·-----'--

- 14 -

The preparation of the phosphonic anhydrides of the 

formula (I} is described, for example, in DE~A 2 129 583, 

while the preparation of the alkanebisalkylphospbinic 

a:nhydrides (II) and the phosphonic anhydrides (III) is 

5 derived, for example, from EP-A 0 004 323. With regard to 

the latter, reference is also made to Houben-Weyl, 

Meth. d. Organ. Chem. ('1963). Volume XII/1, page 61.2 and 

to DE-A 2 758 580 and 4 126 235. In the case of the 

formulae (I I) and {III} , the corresponding anhyd:rides 

10 possess a ring structure and/or· a chain structure. 

The anhydrides used according to the invention can, 

depending on their method of preparation, contain certain 

amounts of free acids, but in general not more than 20 % 

by weight, preferably not more than 15 % by weight and in 

15 particular not more than 10 % by weight. 

Variation of the equivalent ratio of polyepo:x:y compound 
to phosphinic anhydride/phosphonic anhydride allows the 

phosphorus content of the phosphorus-modified epoxy resin 

of the invention to be adjusted. Normally. the equivalent 

20 ratio of polyepoxy compound and phosphinic a:nd/or 
phosphonic anhydride is from 1: 0 .1 to 1: 1, preferably 

from l:O.l to O.B and in particular fro:m. l:O.l to l:0.4. 

If solvents (diluents} are used in the process of the 

invention, these are aprotic and preferably possess polar 

25 character. Examples of these are: N-methylpyrrolidone; 

dimethylfor.m.amide; ethers such as diethyl ether, tetra­

hydrofuran, dioxane, ethylene glycol mono- or diethers, 

propylene glycol mono- or diethers, butylene glycol mono­

or diethers of monoalcohols having an alkyl radical of 

3 O from 1 to 6 carbon atoms which may or may not be 

branched; ketonea such aa, for example, acetone, methyl 

ethyl ketone, methyl isopropyl ketone, methyl isobutyl 

ketone, cyclohexanone and the like; esters sucb as ethyl 

acetate, butyl acetate, ethylglycol acetate, methoxy-

35 propyl acetate; halogenated ~ydrocarbons; 

(cyclo) aliphatic and/or aromatic hydrocarbons such as 
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hexane1 heptane, cyclohexane. toluene, the various 

xylenes and also aromatic solvents in the boiling range 

from about 150 to 180°C (higher-boiling mineral oil 

fractions such as (YSolvesso). The solvents can here be 

5 used individually or as mixtures. 

The reaction of the polyepoxy compound with the 

phosphinic and/or phosphonic anhydride generally occurs 

at temperatures from -20 to 130°C, preferably from 20 to 

90°C. 

10 According to another variant of the process of . the 

invention, the phosphorus-modified epoxy resins. in which 

the structural units (B} are here derived only from 

phosphooic anb.ydrides; can be prepared by eliminating 

alcohol fromphoaphorua-modified epoxides (IX) containing 

15 · structural units which are derived from 

{A} polyepoxy compounds having at least two epoxy 

groups per molecule, and 

{C} pbosphanic monoesters, 

at temperatures of at least 80°C. 

20 The alcohol elimination is. ·preferably carried out at 

temperatures from BO to 250°Cr in particular from 100 to 

150°C, and at reduced pressure, preferably from 100 to 

0.1 torr, in particular fram. 5 to 0.5 torr. 

The alcohol elimination can be carried out batchwise or 

25 continuously, the latter for example with the aid of a 

thin-film evaporator_ 

The alcohol elimination can be accelerated by addition of 

transesterification catalysts. Titanic and stannic 

esters. metal salts of carboxylic acids, metal cyanides 1 

30 alkoxides, organic acids and mineral acids and also metal 
-.... 

oxides are usually employed. Examples of suitable 

comp~unds are tetrabutyl titanate, tetraisopropyl 

sta.nnate, sodium, potassium, 

cobalt and cadmium salts 

zinc, magn~sium, calcium, 

of acetic acid and other 
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sodium and potassium cyanide. sodium 

alkoxides of aliphatic alcohols, 

toluenesulfonic acid and suTfuric acid and a.lao antimony 

and germanium oxides. The catalysts are used in a concen-

5 tration from 0.01 to 2 % by weight, preferably from 0.05 

to 1 % by weight, in each base· based on the phosphorus­

modified epoxy resin. 

The phosphorus-modified epoxy resins (IX) used as 

starting materials for this variant of the process of the 

10 invention in general possess a phosphorus content from 

0.5 to 13 % by weight, preferably from 1 to 8 % by weight 

and in particular from 2 to 5 by weight, based on the 

resin. Their epoxy content mostly lies between 0 and 

1. mol/100 g, preferably from 0.02 to 1 mol/100 g, in 

15 particular from 0.02 to 0.6 mol/100 g and their average 

molecular weight ~ {number average, determined by gel 

chromatography; polystyrene standard) [lacuna] from up to 

about 10,000, preferably from about 900 to 5000 and in 

particular from about 400 to 2000. This phosphorus-

20 modified epoxy resin (IX) preferably contains at least 

one epoxy group, in particular from 1 to ·3 epoxy groupsr 

per molecule. 

The average molecular weight ~ {nu:mber average; likewise 

determined by gel chromatography; polystyrene standard) 

25 of the structural units (A) is generally up to about 9000 

and preferably lies between about 150 and 4000. in 

particular between about 300 and 1800; they are 

preferably derived from polyepo.xy compounds having on 

average from 2 to 6 epoxy groups per molecule (a 

30 functionality from 2 to 6) . These polyepoxy compounds are 

preferably polyglycidyl ethers based on aromatic amines, 

polyhydric phenols, hydrogenation products of these 

phenois a.:nd/or on novolaks {see below} . 

The structural units (C) of the starting compounds for 

35 this process variant are derived from phosphonic 

monoesters of the formula {X) 
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0 

II 
R' -p- OR7 

( x ) 

t 
OH 

-······-···················· 

Replaced 

Th\\i\ i\~i \\\ \\\\ 
in which 

R6 is a hydrocarbon radical of. from 1 to 20 carbon atoms, 

preferably from 1 to 6 carbon atoms:. and 

R7 is a hydrocarbon radical of from 1 to 10 carbon atoms, 

5 preferably from 1 to 4 carbon atoms. 

The hydrocarbon radical in R6 /R7 can have aliphatic 

and/or aromatic character and can be interrupted by 

heteroatoms or heteroatom groups. It is preferably a 

saturated or unsaturated, straight-chain or branched 

10 aliphatic radical such as alkyl. alkenyl, cycloalkenyl, 

preferably having from l to 8 carbon atoms, in particular 

from 1 to 6 carbon atoms. such as methyl. ethyl, n- and 

i-propyl, n-, i- and tert-butyl, the various pentyls and 

hexyls, or an aryl or an aralkyl radical such as unsub-

15 stituted phenyl or phenyl substituted by preferably fro:m. 

1 to 3 alkyl radicals having from 1 to 6 carbon atoms or 

such as phenylalkyl having from 1 to 6 carbon atom.a in 

the alkyl radical, for example benzyl. 

The preparation of the starting compounds (IX} used for 

20 this process variant is carried out by reaction of 
polyepoxy compounds corresponding to {A) with phosphonic 

monoesters {X} corresponding to (C) at temperatures from 

-20°C to 150°C, preferably from 10°C to 100°C and at an 

equivalent ratio of polyepoxy compound to phosphonic 

25 monoester from 1: 0 .1 to 1: l, preferably from 1: 0 .1 to 

1: o. a. This reaction is preferably carried out in the 

presence of a solvent which does not impede the reaction. 

Suitable solvents are those mentioned above for the other 

process variant. 

30 The polyepoxy compounds used for the preparation of the 
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starting cOJD.pounds (IX) are also the same ones described 

further above. 

Examples of phoaphonic monoesters {X) are: monomethyl­

methylphosphonate. monoethylethylphosphonate, monoethyl-

5 propylphosphonate and monomethylphenylphosphonate _ The 

preparation of these phosphonic monoesters is known from, 

£or example, J. Organometallic:: Chem.. Volume 12 (1960) • 

page 459. 

The phosphorus-modified epoxy resins of the invention can 

10 he advantageously used as resins in many application 

areas for producing moldings, prepregs, coatings or 

laminates (composite· materials)~ in particular for 

insulation purposes in electrical engineering. They are 

suitable, for exalll.ple, for covering, coating and sheath-

15 ing electronic components, for insulating electrical 

windings, for producing insulation camponents and com­

posite materials incorporating fibrous components, in 

particular laminates for printed circuit boards. 

Embodiments of the invention will now be more 

20 particularly described by way of examples. 

This Sheet Has Been Replaced 
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Example 1 

Preparation of phosphorus-modified epoxy resins by 

addition of phosphinic anhydrides to epoxidized novolak 

350 parts by mass (pbm)· of an epoxidized novolak having 

5 an epoxy number of 0. 56 mol/100 g are dissolved in 86 

parts by mass of ethyl methyl ketone and admixed with 

various parts by mass of ethylmethyl- or dimethyl­

phosphinic anhydride (see Table 1 below). The solutions 

obtained are first stirred for 60 minutes at room 

10 temperature ,, and then for 90 minutes at an oi1 bath 

temperature of 100°C under reflux. The epoxy numbers of 

the reaction products are determined immediately after 

preparation and after a storage time of 96 hours and are 

sbawn in Table 1. The epoxy oumber after 96 hours shows 

15 that the reaction products are sufficiently stable in 

storage. 



Table 1 

Mixture 0 ~/R 
Products 

no. R>~ - 0 -p"' 
R l R, 

! 

., 

R Rl p:bm Epoxy number1 > 

a.f ter 0 h 

(mol/100 g) 

' l C2H5 CH3 90 0.30 

2 CH3 CH3 80 0.32 

1) : based on solid components 

Epoxy num.ber11 

after 96 h 

(mol/100 g) 

0.29 

0.30 

'""'3 
::;' --· _____,,,,"' 

-~ • mo 
-~ - -~ 
-~ 
- o:J - -=("O Z m§ = -~ ---·o 

- zqs; =-·:i 
c. 

Phosphorus 

content1> 

(%) 

6.4 

6.8 

"' 0 

.,. 

ii 
ii 
Ii 
i 

~\ 
·1· . .. 
,\ 
I ii I; . 
f 
'I 
1' 

;/ 

' 
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Example 2 

Preparation of phosphorus-modified epoxy resins by 

addition of n-propylphosphonic anhydride to various epoxy 

resins 

5 Various epoxy resins {see Table 2 below) are dissoived in 

140 parts by mass of ethyl methyl ketone and admixed with 

the parts by mass given in Table 2 of a 50 % strength 

solution of propylphosphonic anhydride in ethyl acetate. 

The solution obtained is first stirred for 60 minutes at 

10 room temperature and then for 90 minutes at an oil bath 

temperature of 100°C under reflux. The epoxy numbers of 

the reaction products are determined after preparation. 

aod after a storage time of 96 hours and are summarized 

in Table 2. 



Table 2 

Mixture Epoxy resin (pbm) l) Propylphoephonio Products 
No. anhydride solu-

tion (pbm) 

A B c D Epoxy Epoxy 
" number2 ) number 2 ) 

after o h after 96 h 

(mol/100 g} (mol/100 9) 

3 400 - I - - 100 0.34 0.34 

4 - 400 I - - 100 0.32 0.31 

5 - - l 300 - 60 0.30 0.27 

6 - - - 300 60 0.37 0.35 

A: Bisphenol-F-diglycidyl ether, epoxy number 0.61 (mol/100 g) 

B: Epoxidized novolak, epoxy number 0.56 {mol/100 g) , functionality 3.6 
C: Epoxidized novolak, epoxy nw:nber 0.51 (mol/lOO g) , functionality 5.5 
D: Epoxidized novolak, epoxy number 0.55 (mol/100 g) , functionality 4.1 
1) 1 pbm of pu~e resin 

2) : based on solid components 

Phosphorus 

content2 > 

( % ) 

3.2 

3.2 

2.7 

2.7 

Ill,) 

t.J 

;i 
===r.r.· 
-(/) 
-.,;:r ------'l> 
_._LI!'!' !l ------ ..... ===fi =to 
-1.'J) =o -i::S 
iiiiiiiiiiiiiii :;c ----o _____ '"O 

==~s-____ hi 
:::.. 

./ 
I\ 

I 
I 
I 
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Example 3 

Preparation of phosphorus-modified epoxy resins by 

addition of various phosphonic anhydrides to epoxidized 

novolak 

5 A 50 % strength solution of various phosphonic anhydrides 

in ethyl acetate {see Table 3 below) is added to a 75 % 

a'trength solution of different parts by mass of an epoxy 

resin {likewise see Table 3 below) in ethyl methyl 

ketone. The solution obtained is first stirred for 60 

10 minutes at room temperature and then £or 90 minutes at an 

oil bath temperature of 100°C under reflux. The epoxy 

numbers of the reaction products were determined after 

preparation and after a storage time of 96 hours and are 

shown in Table 3. 



Table 3 

Mixture - - Epoxy Products 

No. 0 resin1 > 

I II 
! P-0 I . 

R! ...._ - :t 

R3 Solution Solution. Epoxy Epoxy Phosphorus 

(pbm) (pbm) number2 > nu.m.ber2
' ccntent2 l 

after 0 h after 96 h (%) 

(rnol/100 g) (mol/100 g) 

7 C3H7 175 530 0.27 0.26 5.3 

8 C4H9 200 530 0.27 0.26 5.2 

9 CsHs 250 530 0.22 0.22 5.2 

l) 1 Epoxidized novolak, epoxy number of the pure resin 0.56 mol/100 g, functionality 3.6 

2): based on solid component~ 

I 
I 
i 
I 

I 

b.> 
~ 

-~ 
. ~ 

P" 
~ 
i 
~ 

~trj 

g 

··-~ _:;rJ 
(1) 

--'E. -"' 0 
0 
0.. 

L II . 

~\ 

I 
i 

I 
I 
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Example 4 

a) Preparation of the phosphorus-modified. epoxy resin 

{IX) 

200 pbm C"= parts by mass) of an epoxidized novolak (epoxy 

5 number: 0.56 mol/100 g, average functionality: 3.6) and 

50 pbm of methyl ethyl ketone were heated to 40°C. 

27.5 pbm of monomethylmethylpbospbonate were then added 

dropwise over 30 minutes while stirring. After 1 hour, 

the mixture was refluxed for a further 1.5 hours, and was 

10 then cooled and the solvent was removed in vacuo at a 

bath temperature of 60°C. Thia gave 227.5 pbm of compound 

(IX) • 

b) Preparation of the phosphorus-modified epoxy resin 

of the invention 

15 227.5 pbm of compound {IX} according to a) were heated at 

0.5 torr to an internal temperature of 150°C. Methanol 

was eliminated, this being collected in a cold trap 

downstream of the apparatus. After the elimination was 

complete. the reaction mixture was cooled to 80°C. This 

20 resulted in 220 pbm of a-phosphorus-modified epoxy resin. 

Addition of 36 pbm of methyl ethyl ketone and 18.5 pb:m. of 

ethyl acetate at 80°C gave an 80 % strength solution: 

epoxy number (after 0 hand 96 hours}: 0.29 mol/100 g; 

phosphorus content: 2.83 %. 

25 Example 5 

a) Preparation of the phosphorus-modified epoxy resin 

(IX) 

200 pbm of an epoxidized novolak (epoxy number: 

0.56 mol/100 g, average functionality: 3.6} and 50 pbm of 

30 methyl ethyl ketone were heated to 40°C. A mixture of 

36 pbm of :m.oriomethylpropylphosphonate and 29 pbm of ethyl 

acetate was then added dropwise over 40 minutes while· 

stirring; the mixture was then stirred for a further hour 

and subsequently refluxed for 1.5 hours. The mixture was 
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subsequently cooled and the solvent was distilled off in 

vacuo at a bath temperature of 60°C. This gave 236 pbm of 

compound (IX). 

h) Preparation of the phosphorus-modified epoxy resin 

. 5 236 pbm of compound {IX) according to a) were heated at 

0.8 torr up to an internal temperature of 150°(:. The 

eliminated methanol collected in a cold trap downstream 

of the apparatus. After elimination wa,s complete, the 

reaction mixture was cooled- This gave 227 pbm of the 

10 phosphorus-modified epoxy resin. Additioo of 37 pbm of 

methyl ethyl ketone and 16 pbm of ethyl acetate resulted 

in an 80 % strength solution: epoxy number (after 0 h and 

96 h): 0.28 mol/100 g; phosphorus content: 2.9 %. 
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WO 94/21704 - 27 - PCT/EP94/00748 

Patent claims: 

1. A phosphorus-modified epoxy resin having an epoxy 

number from 0 to 1 mol/100 g, comprising structural 
units which are derived from 

(A} polyepoxy compounds having at least two epoxy 

groups per molecule, 

and 

(B) phosphinic and/or phosphonic anhydrides. 

2. A phosphorus-modified epoxy resin as claimed io 
claim 1, wherein the phosphorus content ia from 0.5 
to 13 % by weight, baaed on the resin. 

3. 

4. 

5. 

6. 

7. 

8. 

A phosphorus -modified epoxy resin as claimed in 

claim 1 or 2~ wherein the epoxy number lies between 
0.02 and 1 mol/100 g. 

A phosphorus-modified epoxy resin as claimed in one 
or more of claims 1 to 3, which contains on average 
at least one epoxy group per molecule. 

A phosphorus-modified epoxy resin as claimed i~ one 
or more of claims 1 to 4, wherein the average 

molecular weight ~ of the resin possesses values 
between 200 and 5000. 

A phosphorus-modiiied epoxy resin as claimed in one 
or more of claims l to 5, wherein the average 

-
molecular weight ~ of the building blocks (A) is 

frOJD. 150 to 4000. 

A phosphorus-modified epoxy resin as claimed io one 
or more of claims 1 to 6, wherein the building block 
(A) is derived from polyepoxy compowids having from 
2 to 6 epoxy groups per molecule. 

A phosphorus-modified epoxy resin as claimed in one 
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or more of claims 1 to 7, wherein the building block 

(A} is derived from polyglycidyl ethers based on 

polyhydric phenols, hydrogenation products of these 

phenols and/or on novolaks. 

A phosphorus-modified epoxy resin as claimed in one 

or :more of· claims 1 to 8, wherein the structural 

units {B} are derived from phosphinic an.hydrides of 

the formulae {I) and/or (II) 

( I ) 

11111111 111111 111111111111 1111 
* C L M S * 

0 0 
II II 

~.-.~p--~-A-----P-·~~o~--- ( t I ) 
( I , 
R R 

y 

in which 

R and iµdependently of one another, are a 

hydrocarbon radical having from 1 to 2 0 carbon 

atoms, preferably from 1 to 6 carbon atoms. 

A is a divalent hydrocarbon radical having from 1 to 

10 carbon atoms, preferably from l to 6 carbon 

atoms. and 

y is an integer of at least l, preferably from 1 to 

100. 

10 A phosphorus-modified epoxy resin as claimed in 

claim 9, wherein the structural units (B) are 

alternatively or additionally derived from 

phosphonic anhydrides of the formula {III} 
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0 

II 
p 0 { I I I ) 

I., 
R 

z 

in which R3 is as defined for R/R1 in the formulae 

{I) and (rI) and z ia at least 3, preferably from 3 

to 100. 

11. A phosphorus-modified epoxy resin as claimed in one 

5 or more of claims 1 to 10, which essentially 

possesses the formulae {IV}, (V) and/or (VI) 

ll , 

\ 
R-p-o 

I 
0 0 

R l"'-Jf I 
/P-C--CH 2-CH-CH 1 

R 

0 

I 
R-P=tl 

I 
A 
I 

R1-P-O 

0 D I 
ff u i 

n 

1'---lr--P-o--c H -CM-CH 
I I 2 - z 
R R 1 n 

CCV) 
m 

-- --- -- ~-·- ---- ----·--------·-·· 
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' I H _,;('\, IJ Li . l 

11'1 

(V) 
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(Va) 

0 0 II; --.._CH z 
R3-p I 

'\ _...-CH 
o I 

CH 2 
(v I) 

n m 

in which 

Rr R1 and R3 are as specified in the above formulae 

{I} to {III}; 

R2 is the radical, without the glycidyl groupss of 

a polyepoxy COlllpound; 

o = integers from 1 to 5; 

m = integers from 1 to 5, where the sum n + m should 

be an integer from 2 to 6_ 

12 _ A phosphorus-modified epoxy resin as claimed in 

10 claim 11, which essentially possesses only the 

formula {VI} . 

15 

13. A process for preparing the phosphorus-modified 

epoxy resin as claimed in one or more of claims 1 to 

12, which comprises reacting ~alyepoxy compounds (A) 

and phosphinic and/or phosphonic anbydrides (B} with 

one another in an inert diluent or in the absence of 

diluent/solvent. 
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14 _ The process as claimed in claim 13, wherein the 

reaction is carried out at temperatures from -20 to 

l.30°C. 

15. The process as claimed in claim 13 or 14, wherein 

5 the equivalent ratio of polyepoxy compound and 

phosphinic and/or phosphonic anhydride is from 1: 0 .1 

to l:0.8_ 

10 

15 

20 

25 

16. A process for preparing a phosphorus-modified epoxy 

resin as c"iaimed in one or more of claims 1 to 12 

with the structural units (B) here being derived 

only fro:m phosphonic monoesters, which comprises 

eliminating alcohol from phosphorus-modified 

epoxides (IX) comprising ~tructural units which are 

derived from 

{A} polyepoxy compounds having at least· two epoxy 

groups per molecule, and 

{C} phosphonic monoeaters, 

at temperatures of at least 80°C. 

Tliis Sheet Has Been Replaced 
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17. The process as claimed in claim 16, wherein the 

elimination of alcohol ia carried out at 

temperatures from 80 to 250°C, preferably from 100 

to 1so 0 c. 

18. The process as claimed in claim 16 or 17, wherein 

the elimination of alcohol is carried out under 

reduced pressure, preferably at from 100 to 0 .1 

torr. 

19. The process as claimed in at least one of claims 16 

to 18, wherein the phosphorus content of the 

phosphorus-modified epoxy resin (IX) is fro:m 0.5 to 

30 13 % by weight, based on the resin. 

20. The process as claimed in-at least one of claims 16 

to 19, wherein the epoxy number of the phosphorus­

modified epoxy resin {IX) lies between 0. 02 and 
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1 mo1-/100 g_ 

21_ The process as claimed in at least one of claims 16 

to 20. wherein the average molecular weight ~ of 

the phosphorus-modified epoxy resin (IX) possesses 

5 values between 200 and 5000. 

22. The process as claimed in at least one of claims 16 

to 21. wherein the elimination of alcohol is carried 

out in the presenc:e of Lransesterification 

catalysts. 

10 23- The process as claimed in at least one of claims 16 

to 22, wherein the building block (B} of the 

phosphorus-modified epoxy resin (IX) is derived from 

phosphooic monoesters of the formula (X) 

15 

in 

R6 

R7 

0 
II 

R6 -p- OR 7 

I 
OH 

which 

is a hydrocarbon radical 

atoms, preferably from 1 

is a hydrocarbon radical 

atoms,, preferably from l 

{ x) 

-··· ············· .... 
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o:f from 1 t:o 20 carbon 

to 6 carbon atoms, and 

of from 1 to 10 carbon 

to 4 carbon atoms. 

24. The process as claimed in claim 23, wherein R6 and 

20 R7 are each an al~yl radical. 

25 

25. Use of the phosphorus-modified epoxy resin as 

claimed in one or more of claims l to 12 or obtained 

as claimed in one or more of claims 13 to 24 for the 

production of moldings, coatings or laminates, 

preferably £or electrical engineering_ 
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26. A molding, coating or laminate, produced using the 

phosphorus-modified epoxy resin as claimed in one or 

more of claims 1 to 12 or obtained as claiEed in one 

or more 0£ claims 13 to 24. 
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