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The flame resistance, despite the fact that it compares favorably with that of other polymeric
resins resistant to high temperatures, such as for instance epoxy resins is still not sufficient
for many uses. In order to make benzoxazines flame retardant the addition of bromine,
phosphorous, chlorine containing compounds, fillers or the use of special flame retarded
backbones in benzoxazines as it is described for example in EP 0458739, EP 356 379, US
5200452, US 5 152 939 or in EP 1366053, JP2001220455 is necessary. Very often the
offered solutions to make a composition flame retardant is based on inert fillers or halogen
containing compounds or other additives which have as a rule one or several drawbacks:
-They are not soluble in solvents and hence cause problems in terms of processing.

-They show poor oxidative stabilities at elevated temperatures.

-Additives are very often responsible for a decrease of the glass transition levels.

-Very often poor physical properties of the cured resins are been observed, cf. US 512939.
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wherein R is, independently from one another, allyl, unsubstituted or substituted phenyl,
unsubstituted or substituted C4-Cs-alkyl or unsubstituted or substituted C3-Cs-cycloalkyl.
Suitable substituents on said R-groups include amino, C4-C,-alkyl and allyl. Typically, one to
four substituents may be present on said R-group.

Preferably both substituents R are the same and especially preferred phenyl.

Another aspect of the present invention is a benzoxazine compound obtainable by reacting,
under removal of water, phenolphthalein with formaldehyde and a primary amine,
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The ultimate reaction mixture contains the desired benzoxazine monomer, which may be
present as an open ring structure depending, for example, on the ratio of educts, and
oligomers thereof, as well as impurities. If desired, the mixture may be purified to obtain a
more concentrated form of the product described, for example by well-known crystallization

or solvent washing techniques.

Examples of primary amines that are particularly useful include:

Aromatic mono- or di-amines, aliphatic amines, cycloaliphatic amines and heterocyclic
monoamines; specifically, Aniline, o-, m- and p-phenylene diamine, benzidine, 4,4'-
diaminodiphenyl methane, cyclohexylamine, butylamine, methylamine, hexylamine,
allylamine, furfurylamine ethylenediamine, and propylenediamine. The amines may, in their
respective carbon part, be substituted by C,-Cg-alkyl or allyl.
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Flame retarded in the context of the present invention means, preferably, meeting the UL 94
standard (“Underwriters Laboratory” test method UL 94) criterion VO.

The properties of the polymeric resins produced as described above can be tailored for
certain applications by addition of usual additives. The following additives are of particular
importance:

reinforcement fibers, such as glass, quartz, carbon, mineral and synthetic fibers (Keflar,
Nomex), natural fibres, such as (flax, jute, sisal, hemp) in the usual forms of short fibers,
staple fibers, threads, fabrics or mats;

plasticizers, especially phosphorus compounds;

carbon black or graphite;

fillers;

dyestuffs;
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Examples of solvents that are particularly suitable include methylethylketone, acetone, N-
methyl-2-pyrrolidone, N,N-dimethyl formamide, pentanol, butanol, dioxolane, isopropanol,
methoxy propanol, methoxy propanol acetate, dimethylformamide, glycols, glycol acetates
and toluene, xylene. The ketones and the glycols are especially preferred. Typically, the
laminating composition will contain 20 to 30 % by weight, preferably 30% by weight, of a

solvent.

Examples of catalysts that are particularly suitable include thiodipropionic acid, phenols,
thiodiphenol benzoxazine and sulfonyl benzoxazine, sulfonyl diphenol. Certain flame
retardants, for example Fyroflex PMP and CN 2465, will act as catalysts. The catalyst
concentration will also depend on the effectiveness of that component in achieving the
desired reactivity. Typically, the laminating composition will contain 0.001-2 , preferably 0.1-
2 % by weight of a catalyst

Examples of flame retardants that are particularly suitable include: phosphorous flame
retardants, such as DOPO (9,10-dihydro-9-oxa-phosphaphenanthrene-10-oxide), fyroflex
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Solvent based impregnation Process

(1) A benzoxazin-containing formulation is applied to or impregnated into a substrate by
rolling, dipping, spraying, other known techniques and/or combinations thereof. The
substrate is typically a woven or nonwoven fiber mat containing, for instance, glass fibers or
paper.

(2) The impregnated substrate is "B-staged" by heating at a temperature sufficient to draw off
solvent in the benzoxazin formulation and optionally to partially cure the benzoxazin
formulation, so that the impregnated substrate can be handled easily. The "B- staging" step
is usually carried out at a temperature of from 90°C to 210°C and for a time of from 1 minute
to 15 minutes. The impregnated substrate that results from “B-staging” is called a "prepreg".
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All tests were performed according to IPC TM 650.
The IPC test methods are the electrical laminate industry standard (The Institute For
Interconnection and Pachaging Electronic Circuits, 3451 Church Street, Evanston,
lllinois 60203) as follows:

IPC-Test Method Number:

Method

Reactivity (varnish) IPC-TM-650-5.410
Rest Gel time at 170°C, seconds IPC-TM-650-2.3.18
Mil Flow, weight percent IPC-TM-650-2.3.17
Glass Transition Temp., T, [°C] IPC-TM-650-2.4.25
Copper Peel Strength IPC-TM-650-2.4.8
Pressure Cooker Test, weight percent

water pick-up & percent passed solder IPC-TM-650-2.6.16
bath at 260°C

UL-94 Standard IPC-TM-650-2.3.10
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At this point the concentration of the solids is determined. At a concentration of 70.5% to

71.5 % of solids the process is over and the product can be discharged or used for the
preparation of the laminating composition in the same reactor.

Melting point: 98-103°C
1H-NMR (ds acetone):
0 =4.59 ppm (s); 6 =5.4 ppm (s); 6 =6.5-7.3 ppm (m);
6 =7.5 ppm (m);
Infrared spectrum (KBr pill) IR (neat): 3600 cm™ — 3150 cm™; 3100 cm™ — 3000 cm™;

2950 cm™'; 2850 cm™; 1750 cm™; 1600 cm™; 1450 cm™; 1220 cm™; 1090 cm™; 950 cm™;
725 cm™; 650 cm™.

B) Neat resin castings
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Phenolpthalein benzoxazine 4.9 2.0 0.3 VO

The phenolphthalein benzoxazine casting (resin prepared according to Example A) meets
the VO criterion whereas a bisphenol A benzoxazine casting (resin prepared in analogy to
Example A but replacing phenolphthalein with bisphenol A) failed.

C) Laminates

Benzoxazine fiberglass laminate composites are made by the solvent impregnating process.
The benzoxazine is dissolved into a solvent along with a soluble catalyst and then coated
onto 7628, an industry standard fiberglass weave type as defined by the glass strands,
thickness and weight of the glass weave (Porcher SA, ; with a silane finish). The solvent is
then evaporated and B-staged (Table 3). The prepreg with copper is then laminated under
heat and pressure to produce a copper clad laminate. The temperature of the hot air in the
oven is 150-180°C and the times to generate the B-stage range in-between 2-5 seconds.
The resin content ranges in-between 35-42 %.These laminates are then evaluated for their
thermal and flammability properties (Table 4).
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Typical solution properties for A:

Viscosity:, [cps]: 1000-3000

Solids [%]: 69-71

Appearance: clear amber liquid

Solvent: Metylethylketone and 1-Pentanol [up to 5%]

The composition A can be formulated with any solvent typically used to manufacture
prepregs for PWB applications. Dilution can be done with acetone, MEK; glycols, glycol
acetates, toluene, and other solvents.

Varnish compositon

Component Formulation
Composition A 100phr
2-Methylimidazol 0.4-0.8 phr
Varnish solids 40-60%
Gel time 171°C, [s] 150-200




Lam nating Conpositions: To the conposition, 2 parts
by wei ght of nethylimdazol is added as a catal yst.
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Table 4:

Thermal properties Test Value

Glass Transition Temperature, °C  DSC 190-305
TMA 170-180

Thermal Oxidative Stability

T260 TMA >30 Minutes

T288 TMA >30 Minutes

Solder float at 260°C > 20 Minutes pass/ no

degradation

Decomposition TGA 325°C

(Burning behaviour) UL-94 VO

Chemical Properties: Test Value

Water absorption 24 hours 0.03 %

Pressure cooker (2 atm, 121°C) 2 hours pass

Laminating Compositon C
Phenolpthalein Benzoxazine 20%

Tactix 742 32%
GY281 12%
Fyroflex PMP 12%
XB4399 4%
Methoxy propanol 10%

MEK 10%
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Typical solution Properties

Viscosity, cps : 5000-10000

Solids % : 79-81

Appearance : Clear amber liquid

Solvent : MEK 10% & Methoxy propanol 10 %
Epoxy Equivalent Weight : 450-550 [on solids]

Phosphorus content % 1 2-3

Varnish Preparation

The system can be formulated with any solvent typically used to manufacture prepregs for
PCB applications. To the varnish, 2-Methyl-imidazol is added as a catalyst. The

recommended formulation is

Component Formulation
Formulation C 100phr
2-Methylimidazol 0.002-0.1 phr
Varnish solids 50-65%

Gel time 171°C, [s] 110-400

Dilution of the system can be performed with acetone, MEK, glycols, glycol acetates, and
other solvents.

For optimum bonding between resin and glass, it is recommended that a glass fabric treated
with a silane-sizing agent suitable for epoxy resins is used.



Epoxy Equi val ent Wei ght 450-550 [on solids] Phosphorus
content % 2-3 Varni sh Preparation The system can be
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Finis

Initial Press Temperature : room temperature
Heating rate, °C / min : 3-5 min

Pressure, psi : 50-150

Final Press Temperature : 205°C-218°C
Time at Press Temperature : 90-120 Minutes

Laminate Properties:

All properties are based on 8 plies 7628 glass fabric laminate as per IPC TMI 3949, except
for burning behavior and dielectric analysis for which neat resin castings are used as
described above.

Thermal Properties Test Value

Glass Transition Temperature, °C DSC 210-235
Thermal Oxidative Stability

T260 T™MS > 60 minutes
T288 TMA > 5 minutes
Solder float at 260°C > 20 Minutes pass

Solder Foat at 288°C 5 Minutes pass
Decomposition, °C TGA 340°C
Burning Test UL-94 VO

Chemical Properties Test Value

Pressure Cooker 2 hours pass



descri bed above. Thermal Properties Test Value d ass
Transition Tenperature, 0C DSC 210-235 Ther nal
waxoodasioee Stability T260 TMS > 60 m nut es T28BCTEER005/654827

m nut es Sol der float at 2600C > 20 M nutes pass Sol der
Foat at 288C 5 M nutes pass'1 sconposition, 0C TGA
3400C Burni ng Test UL-94 VO Chem cal Properties Test
Val ue Pressure Cooker 2 hours passCLAIMS 1. A conpound

CLABMS t he formula wherein R is, independently from one
anot her, allyl, unsubstituted or substituted phenyl,
unsubstituted or substituted G -C 8-al kyl or

1. A compddiof theeforroulasubst i t ut ed C3- C8-cycl oal kyl. 2. A
conmpound accor di ngd o claim1, wherein both
substituents R arejthe same. 3. A conpound accordi ng
toclaiml werein Ris phenyl. 4. A conpound
accor di ng aim@, 2 or 3, wherein Ris substituted
by one to f gtituents selectﬁdfromthe group

0 4~al kyk_apd“al lyl. 5. A conpound
obt ai nabl e/ by ' der Neroval of water,
phenol pht h i al dehyde and a primary am ne,

wher eby
f or mal diﬁde is from1:3 to 1:10 and the nolar ratio
of phen hthal ein and the primary am ne groups is
from1:1 tNh 1:3. 6. A conpound according to claims5,
whereby the nolar ratio of phenol phthal ein and
R
(0,
wherein R is, independently from one another, allyl, unsubstituted or substituted phenyl,

unsubstituted or substituted C4-Cs-alkyl or unsubstituted or substituted C3-Cs-cycloalkyl.
2. A compound according to claim 1, wherein both substituents R are the same.
3. A compound according to claim 1 or 2, wherein R is phenyl.

4. A compound according to claim 1, 2 or 3, wherein R is substituted by one to four
substituents selected from the group comprising amino, C4-C,-alkyl and allyl.

5. A compound obtainable by reacting, under removal of water, phenolphthalein with
formaldehyde and a primary amine, whereby the molar ratio of phenolphthalein and
formaldehyde is from 1:3 to 1:10 and the molar ratio of phenolphthalein and the primary
amine groups is from 1:1 to 1:3.

6. A compound according to claim 5, whereby the molar ratio of phenolphthalein and
formaldehyde is from 1:4.5 to 1:5 and the molar ratio of phenolphthalein and the primary
amine groups is from 1:2.1 to 1:2.2.

7. A compound according to claim 5 or 6, whereby the primary amine is a compound of the
formula RNH (Il), wherein R is allyl, unsubstituted or substituted phenyl, unsubstituted or
substituted C4-Cg-alkyl or unsubstituted or substituted C;-Cg-cycloalkyl.



formal dehyde is from1:4.5 to 1:5 and the nolar ratio
of phenol phthal ein and the primary am ne groups is
wo e@a0dso21 1 to 1:2.2. 7. A conpound accordi ng POI/EPBDHVS4827
5 or 6, whereby the primary amne is a conpound of the
formula RNH2 (M, wherein R Ps allyl, unsubstituted or
substituted phenyl, unsubstituted or substituted Cr
C8-al kyl or unsubstituted or substituted
8. Usesf@ssopymound lakgdrdiag tasry offclaimd dord duthe precsass of prgpacatiampf flame
' LN the process of preparation of flane
retar?%c{gérs@éggérgéﬁmﬁé%sﬂor | am nates. 9. A process for
preparing a flanme retarded casting or |am nate by
- Q
9. A BRI} B G i PRI Sl el b ARl ST
com@Rid lagcandinglie any okclaimspldord according to any of clains
1to 7.

10. A laminating composition comprising 30 to 80% by weight of a compound according to
any of claims 1to 7.



