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However, halogen-containing compounds cause concerns about environment and human
safety, and therefore flame-retardant agents that are more environmentally friendly are
desirable.

20 Types of flame retardants that are perceived to be more environmentally friendly
include organo-phosphorous flame retardants. In the field of epoxy resins and laminates,
organo-phosphorous flame retardants with reactive groups, such as those derived from 9,10-
Dihydro-9-Oxa-10-Phosphaphenantrene-10-oxide (DOPO), are typically used in epoxy resin
formulations becausé they react with the epoxy to form a phosphorus-modified epoxy resin,

25  The technology for producing phosphorus-modified epoxy resins and their uses, including
their use in forming prepregs, laminates and copper-clad laminates is well known in the art.
See for example U.S. Pat. Nos. 5,036,135; 5,364,8093; 5,376,453; 5,587,243; 5,759,690,
5,817,736, 6,291,626 BI1; 6,291,627 Bl; 6,296,940 Bl; 6,353,080 BI1, 6,403,220 BI,
6,403,690 Bl; 6,486,242 B1; and WO 01/42359 Al as published in English on June 14,

30 2001.

However, “additive” organophosphorus flame retardants, which do not have reactive
groups, are typically not used in epoxy formulations, since it is believed that covalent
bonding between the epoxy resin and a reactive organophosphorus flame retardant are needed
to provide high glass transition temperatures and dimensional stability. The present invention

35  relates to the use of additive flame-retardants derived from DOPO and their use in epoxy

resin formulations.
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wherein A is a direct bond, C4-Cyj aryl, C3-Cy3 cycloalkyl, or a C5-C); cycloalkenyl, wherein
10 said cycloalkyl or cycloalkenyl may be optionally substituted by a C;-Cy alkyl; each R!, R?,
R and R* are independently hydrogen, C,-Cs alkyl, Cs-Cyz aryl, C4-Cs aralkyl or C7-C5
alkaryl; or R' and R* or R® and R* taken together can form a saturated or unsaturated cyclic
ring, wherein said saturated or unsaturated cyclic ring may be optional substituted by a C;-Cq
alkyl; each m is independently 1, 2, 3 or 4; each R® and R® are independently hydrogen or a
15 Cy-Cs alkyl; and each n is independently 0, 1, 2, 3, 4 or 5; with the proviso that when A is

aryl or a direct bond, n can not be 0.

DETAILED DESCRIPTION OF THE INVENTION
20 The present invention relates to a flame retardant epoxy composition comprising;

(1) an epoxy compound,

(ii) a compound having the following structure:
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10 C4-Cs alkyl; and each n is independently 0, 1, 2, 3, 4 or 5; with the proviso ﬂ1at when A is
aryl or a direct bond, n can not be 0.

In one aspect, both n subscripts are 1 or 2 and A is a direct bond. In another aspect,
both n subscripts are 1 and A is a Ce-Cpa aryl. In another aspect, R!, R%, R’ and R are
independently hydrogen or a C;-Cy alkyl. In another aspect, R’ and R® are ecach

15 independently hydrogen or methyl.

Specific compounds of Formula I that may be used in this invention are 6H-ibenz{c,e]
[1,2] oxaphosphorin, 6,6'-(1,4-ethanediyl)bis-, 6,60'-dioxide; 6H-Dibenz[c,e]{1,2]
oxaphosphorin, 6,6'-(1,4-butanediyl)bis-, 6,6'-dioxide; or 6H-Dibenz[c,e][1,2] oxaphosphorin,
6,0'-(p-xylenediyl)bis-, 6,6'-dioxide.

20 The term "alkyl", as used herein, unless otherwise indicated, includes saturated
monovalent hydrocarbon radicals having straight or branched moieties. Examples of alkyl
groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, butyl, isobutyl, t-
butyl, pentyl and hexyl.

The term "aryl", as used herein, unless otherwise indicated, includes an organic

25  radical derived from an aromatic hydrocarbon by removal of one hydrogen, such as phenyl,
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include, but are not limited to, cyclopropenyl, cyclobutenyl, cyclopentenyl, cyclohexenyl, and
cycloheptenyl.
Unless otherwise indicated, all the foregoing groups derived from hydrocarbons may
20 have up to about 1 to about 20 carbon atoms (e.g., C)-Cyp alkyl, C-Cyp aryl, C7-Cyp alkaryl,
C7-Cyp aralkyl) or 1 to about 12 carbon atoms (e.g., C,-C); alkyl, C¢-C; aryl, C;-C); alkaryl,
C7-Cyp aralkyl), or 1 to about 8 carbon atoms, or 1 to about 6 carbon atoms.
Any suitable epoxy resin useful in the art may be used in the present invention as the
epoxy compound. Representative epoxy resins suitable for use in the present invention are
25  presented in Epoxy Resins Chemistry and Technology, Second Edition edited by Clayton A.
May (Marcel Dekker, Inc. New York, 1988), Chemistry and Technology of Epoxy Resins
edited by B. Ellis (Blackie Academic & Professional, Glasgow, 1993), Handbook of Epoxy
Resins by H. E. Lee and K. Neville (McGraw Hill, New York, 1967.
It is generally advantageous to use an epoxy resin, which possesses an average
30 functionality more than 1 and preferably at least 1.8, more preferably at least 2 epoxy groups
per molecule. In the more preferred case, the epoxy resin is a novolac epoxy resin with at
least 2.5 epoxy groups per molecule. In another aspect of the invention, the epoxy resin may

be any saturated or unsaturated aliphatic, cycloaliphatic, aromatic or heterocyclic compound,
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In general, the amount of the compound of Formula [ in the flame retardant epoxy

20 composition is about 0.1 to about 100 parts, or about 1 to 70 parts, by weight per 100 parts by
weight of the epoxy compound.

Alternatively, the amount of the phosphorus compound of Formula 1 in the flame
retardant epoxy composition is selected so the composition will contain about 0.5 wt% to
about 10 wt % or about 1.2 wt% to about 7 wt%, or about 1.5 wi% to about 5 wit%

25  phosphorous content, based on the total weight of the composition.

The phosphorus-containing flame retardant epoxy composition has an epoxy
equivalence of generally about 100 g/eq to about 1000 g/eq., or about 100 g/eq to about 800
g/eq or about 150 g/eq to about 500 g/eq.

The present invention also relates to a cured flamed retardant epoxy resin comprising

30  the flame-retardant epoxy resin composition above reacted with a curing or polymer initiation
agent.

The aforementioned curing or polymerization initializing agents are not limited to a
specific curing or polymerization initializing agent as long as the agent helps polymerization

of the epoxy resin in the flame retardant epoxy composition.
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The amount of curing agent that may be used is based on the molar equivalence of
curing functional groups in the curing agent to the molar equivalence of un-reacted epoxy
20 groups in the flame-retardant epoxy resin composition. Thus, the curing agent amount may
be from about 0.1 equivalence to about 10 equivalence or about 0.3 equivalence to about 5
equivalence, or about 0.7 equivalence to about 2 equivalence based on the equivalence of
unreacted epoxy groups in the phosphorus-containing epoxy resin.
The polymerization initializing agents may be added in concentrations ranging from
25  about 0.01 wt% to about 10 wt %, or about 0.05 to about 5%, or about 0.1 wt% to about 2
wt%, based on the total weight of the flame-retardant epoxy resin composition.
The curing temperature may be carried out generally between about 25°C to about
250°C, or about 70°C to about 240°C or about 150°C to about 220°C.
In addition, epoxy curing agent promoters may also be used to promote curing of the
30  flame retardant epoxy composition. These epoxy curing agent promoter are often based on
imidazoles. Examples of such epoxy curing agent promoters include, but are not limited to:
1-methylimidazole, 2-methylimidazole, 1,2-dimethylimidazole, 1,2,4,5-tetramethylimidazole,
2-ethyl-4-methylimidazole, 2-phenylimidazole, 1-cyanoethyl-2-phenylimidazole, 1-(4,6-

diamino-s-triazinyl-2-ethyl)-2-phenylimidazole or mixtures thereof.
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phenol novol & aﬁyﬁﬁn&ﬁi@de@@ux@wﬂlaﬁﬁd&&@mfaﬁt epfo gr@sﬁl@éﬂd/@luﬂarﬂ@r@ﬂ%aﬁt dpoyot er
may be added in concentrations ranging fromabout 0.0001 wt%to about™ 5 wt

% or abyuposgiqs afghemeientigogmayralgheentain. athen oenyventitmeliadditivasysuddy asabestit
0.15 w @a@ﬂﬁ?%#ht stAbils eIQa%ﬁf’a gglei h e%aY\eab?Ernoar%; g%r”&“&n?sgea% s'r'a%%d?%en'tsqher

concent I'OnS’ o ronD cuti‘ng agen duch

as 1D CYpreskresianrd a’ﬁll’ﬁ:sﬂ@n pl\Mﬁﬁi’[@'s [ 000 tiim @ 04) Aged, fubiricams, okl roleaserd, pRivaagly in
the 5-25 w % range, based on wei ght of curing agent. The .af or ement i oned
cured fREREd ﬁﬂr@e%ﬁi%ﬁkwé%%@ IHRESSFHNE HISoRCIE [SEATSORES YGRS Ryhuclcating

CONposi Qv I c

£ VoG e ir ekt BB B S Bl MR MBS soch; g
absor beasgiaanﬁberpglmhaﬂ&l& cabbn fﬁ)byatomnageiﬁim wb‘rsk&&rsudt awp&assadheﬁamte
pronoters, .fillers, nment s, es, lubrjcants reIe sers, . bl ow
agents, alpimipging Paeks, Oﬁlcg’ﬂ‘i“& ?‘i‘é? mﬁF%%‘é‘sJ@ﬁ% agd H‘g‘oer g’é? B %‘%}eﬂﬁ‘&&’r"é’s B es

pi g@nt%OMbﬁﬁgéagg a@lg@[ﬂk@,resviﬁér{eépg agents, dispersing agents, synergists,
mneral fillers, reinforcing agents such as glass fiber, glass flake,

carbon fi berThe)«nthmeﬁlalremrdaet addninves kedhich may he asedpmlaﬁsloumppumcmétfeg‘mldh Um num
bor at e, caljciumsilicate; inorganic fillers and. other f re-r tarda}t
i lo, g St

addi ti Vlélgfugﬁad AR 0l L}HB HHHPWBIF@QEFFHEPI&S’QC“ ~containing synergt

such as melamine polyphosphate, antimony oxide, silica, hydrated alumina such as aluminum
hydroxide (ATH), boehmite, bismuth oxide, molybdenum oxide, or mixtures of these
20 compounds with zinc, aluminum and/or magnesium oxide or salts.

Inorganic fillers may be used in the invention to affect physical properties and to
reduce costs. Typically, fillers and reinforcing agents include fused silica powder; crystalline
silica powder; alumina; silicon nitride; aluminum nitride; boron nitride; magnesia; titanium
oxide; calcium carbonate; magnesium carbonate; calcium silicate; glass fiber; asbestos, talc,

25 kaolin, bentonite, wollastonite, glass fiber, glass fabrics, glass matt, milled glass fiber, glass
beads (solid or hollow), silicon carbide whiskers and mixtures thereof. Many of these
materials are enumerated in the Encyclopedia of Materials Science and Engineering, Vol. # 3,
pp. 1745 1759, MIT Press, Cambridge, Mass. (1986), the disclosure of which 1s incorporated
herein by reference. Combinations of fillers are preferred in some embodiments; whereas in

30  other embodiments, the reinforcing agent makes up much of the composite of the invention,
as in the case of glass fabric used in prepregs and laminates for printed wiring boards.

Preferably, the compound of formula 1 is grounded or milled prior to combining with
the polymer. The dsg particle size after grinding or milling may be less than about 15 pum, or

less than 10 pum, or less than about 5 um, or less than about 3 pm or less than about 2 pm.



The other fire retardant additives which nay be used wth the conpounds of
formula I include, but are not limted to, anmoni um pol yphosphate,

ni t rogen-wOrMEV1353%3 synergi sts such as nel am ne pol yphogphaiSeo10oasisssrony
oxi de, silica, hydrated alum na such as al um num hydroxi de (ATHY 5 boehm te,
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al um num an magnesi um oxi de or | nor gani c ers may be used in
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fillers reinforcin e ncludefu d sj.lica powder; st al |
i1 i oo ot Buuh G RiBeIBF G Salofs (At o R . SGIDR Rt PF de;
nmagnesi gsedtguuaag}énhﬂxlhge cal ci um car bonat e; nagnesi um car bonate; cal ci um

silicate; glass fiber; asbestos, talc, kaolin, bentonite, wollastonite,
gl ass fiber, lighate ﬁraff@rlﬁ@éhat giluagsnpmmﬂ ofForing Iglnza@sa lﬂlpb@ﬂodaélpaﬁs:i&)@ads

(solid W con c skers and m s .thereof .
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the disclosure of which is incorporated herei reference. Conbi nations

of fillers af@ dstsmiic @gdian pepipe é‘ﬁﬁoﬂjpﬁé}ﬁ@shsméﬂ@&@‘ﬂi Ar sgHEHCRNB dlEdrent s,
the reigegrigld 3\93%%? Hﬁ}ﬂﬁﬁa Uphd Pau%f 11&&1&(;88111@0@%% ?na%(1§atcﬁl??ﬂ A dvféa. as
am nat es or prin ed

in the case ol glglass I'C use |nper s an
wiritg hdranﬂsvei?raeﬂenhzlolaﬁcr lighe scanﬂenﬂgmdtmfneﬁn(rergu,l HorihasLgp@uUNtbad To1ok | ed

prior to co n|n Wt h The d50 particle size after grinding
or mll ?%V% CB‘é pased ¢ 1§d’1‘§ ﬁ’te %0 H?ﬁWEJ‘S“lngé C %‘Wiﬁ ¢ LPPIRHY By aPEEY 1§ han
about SyqRIn& oft St b*mf‘gr%%tabé P§ %"{‘r]%? Sinttohaa‘elcﬁpe% aldmin] IE #50 has

particle size may even be |ess ’such as about 100 nm o 800 nm A
parti cl beegiwashed withdeiopizef evamdheﬁme pw tThel ipstRinzent aannaalhahﬁperdwe a@aUrStg cles

are above the va ue .an cl] es a e bel ow.t he val
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size distribution, preferably when the dso particle size is greater than

about 20fripserolighiat D@ﬂtrétcwomatmnmsmetﬁenmsu@ hmmgmﬁabds yight ecmue@dw The t he
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size dlstnbutmn from such measurements.
The aforementioned cured flamed retardant epoxy resin and/or flame-retardant epoxy
20 composition of the invention may be used to form prepreg and/or laminates. Typical
procedures for forming prepregs and laminates for printed wiring boards invelve such
operations as:
A) An epoxy-containing formulation such as one containing the flame retardant epoxy
composition of the present invention, is formulated with solvents and curing or
25 polymerization agents and optionally other conventional additives described above.
The formulation is applied to or impregnated into a substrate by rolling, dipping,
spraying, other known techniques and/or combinations thereof. The substrate is an
inorganic or organic reinforcing agent in the form of fibers, fleece, fabric, or textile
material, e.g., typically a woven or non-woven fiber mat containing, for instance,
30 glass fibers or paper.
B) The impregnated substrate is "B-staged" by heating at a temperature sufficient to draw
off solvent in the epoxy formulation and optionally to partially cure the epoxy
formulation, so that the impregnated substrate cooled to room temperature is dry to

the touch and can be handled casily. The "B-staging" step is usually carried out at a



with its small volume nodul e. The operating instructions of the

manuf acturer are followed. Alternatively, a Horiba |aser |ight scattering

i nst rumrervo(2e10gL3s39lor i ba LA900 Model 7991) or equi val entPCtars2me/08s364. The
procedure involves weighing the sanple, typically an anount in the range of

about 0.01 g¢AMdQuRRAUEeR-RIE 19AMRC LA %orPa ﬁLPﬁZdTifﬂer I%Hﬁlité’fb”l:f:%l{?:]ﬁtir;ét has

been washed w th deioni zed water before use. nstrunment aut osanpl er
di sperses a 0he5myrepanet esubstratatteat nesultsgirOma4Brdtagiig 19/caltddt oripdepi€@)’ The

surfactant and ultrasonic freatnment. [ S, suspension i iyeul d.through
S heasur | ng. REmergEr & st SORRRDpAPER: e SREPTES e g RS Rront.
Det ect or s | nefeB@ichiNgiidsi@nt nmeasure intensity of the light scattered. The

computer _in the instrument cal culates nean particle size, average particle
si ze> an§) par Oinglos myirg ghagissafriirepres ove ftaokad subid ne dslitenaingdayerhwith one or

af or ement | ongd, o el {( AORA.LEIARIANY SRRXL LEBLI AN S i AR L e ALdant

epoxy conposition o he i nvéntion nay be Use orm preéprég an
| am nat es. Tygiiigd) procedures for formng prepregs and | am nates for
printed_wri boards_ i nvol ve such operations as; A) An_epoxy-caqntai ning

n . ( .
for mul aPon ;Ig%kﬂ%rgp ShRetScasA PERSHRdY hghe cmpariire srdpigante Bpaipecarpasitipon of
the present bﬂ\é%fe@i%anﬁ?o&ﬁﬁ%ﬁ%\%d mett&nﬁgb%?%isth?sﬁg?ﬁgégg?tgse gs usall

pol ymeri zati on agents and optionally other’ conventiona s destri bed
abolle. The f betmebmtliOOC iamdaPfl°Cednd as anost ngiteagbeitveeh 165U and UMXICat &hby
rolling, dipping,.spraying, other known fechni ques and/ or conbinations

t her eof . Thepagﬂg%tioﬂ’astt@yp’é"gﬂﬁol I?f’o?*’éaﬁé)@ub‘rn %‘f"g%f“{i‘r? gﬁgﬁSoF‘ﬁﬁrﬁi k! BhStER t he
form of fibepgwebd €66% ah®l50% afd al RXéd RafPhChbdiRben 650 atd PHER.| ¥hd
woven or non-woven fiber mat containing, for instance, glass fibers or

paper. B) Therebswpe sgrsatlbdbetwst F&Nécr Sandss Qi Miged” Ty leantion stap inusually

tenperature sufficient to dr of f so] ve in the epoxy,formil agti on and

opt onal |yt S BYERT o iotsre TS | mBRls P apr o et Po At 25t R Pra SR &ona ed

subpg rat e co@l edotAifRAMTIRNMPSRIALE step Hlay bfidMaBy t U GhrRAdos@ Rt gptandl ed

easily. The "B-stagi n%" step is usually earned out at atenperature of from
e

900C to 2400CMmpseityres shomter @mes r(swahl asyim eerdinpeust BipinpfianeBrocesses) or for

longer times at lower temperatures (such as in low energy press processes).

E) Optionally, the resulting laminate, for example, a copper-clad laminate, may be post-

treated by heating for a time at high temperature and ambient pressure. The
20 temperature of post-treatment is usually between 120°C and 250°C. The post-
treatment usually is between 30 minutes and 12 hours.

F) Often an electrically-conductive printed circuit is applied to the copper-clad laminate.
Typically, the solvent for the epoxy resin in step A above is a ketone such as 2-
butanone or methy!l ethyl ketone (MEK). However, any other suitable type of

25 conventionally-used solvent for forming these formulations can be employed.
Examples of such other solvents include, but are not limited to acetone, methyl
isobutyl ketone (MIBK), 2-methoxy ethanol, 1-methoxy-2-propanol, propylene glycol
monomethyl ether, ethylene glycol monoethyl ether acetate, toluene, N,N-

dimethylformamide, and mixtures thereof.



The i npregnated substrate that results fromB-staging is called a
"prepreg."” The tenperature is nost commonly 1000C for conposites and 1300C
to 2000C woroel6398i cal | am nates. C) One or nore sheet PCOMUSPIIOOBI3G4 ar e
stacked or laid up in alternating |ayers with one or nore sheets of a
conduct I8 o1t PréRhursuch as copper foil, if an electrical lamnate is
desired. D) The laid-up sheets are pressed at high tenperature and pressure
for atine sufficient.to cure the resin and forma, lam nate. e .

terper at ur e aferrEn mvendi S SasEie % B0k ool WoSundiismoe and
i s nost feldvweng beliseen 1650C and 2000C. The | am nation step may al so be
carried out in two or nore stages, such as a first stage between 1000C and
1500C and a second stage at between 165C and 20 qnThe pressure is usually
between 50 NVcm and 500 NVcm . The | am nati pIs usually carried out
for atinme of from1l mnute to 200 m nut es, st often for 45 m nutes
to 120 mnutes. fhe | am nation step may optlional arried out at higher
t enper at ures for(r s (such as in c am nation processes)

or for longer ti t eratures (sudgh as i ener gy press
—zggﬁj;;ri‘\ ¢F§w‘3m§{,

processes) E) Opt le, a
copper-clad | am osttreated by heatg »%ngi)me at high
The tenperature of postitré&atnent is

m nutes and 12 hours. F) en.an el ectrically- conductive printed circuit
is applied to the copper lg(j | am nate. Typically, the solvent for the
epoxy resin in step A abovém s a ketone such as 2- butanone or nethyl ethyl
ket one (MEK). However, any ot her F?Hliﬂhgk?l e type of conventionally-used
solvent for form ng these formul ations can be enpl oyed. Exanples of such
ot her solvents include, but are not limted to acetone, nethyl isobutyl

ket one (kBIH A i2a ABLOGOdLCNENry], CyT8E BRXAIRA P5raP@Rol » cyloakeh #in &vigd s Ol
said cycloalkyl or cycloalkenyl may be optional substituted by a C;-Cg alkyl; each R', R, R®
10 and R* are independently hydrogen, C,-C;s alkyl, C¢-Cip aryl, C3-Cys aralkyl or C;-Cs
alkaryl; or R' and R* or R® and R? taken together can form a saturated or unsaturated cyclic
ring, wherein said saturated or unsaturated cyclic ring may be optional substituted by a C,-Cq
alkyl; each m is independently 1, 2, 3 or 4; each R® and R® are independently hydrogen or a
Ci-Cs alkyl; and each n is independently 0, 1, 2, 3, 4 or 5; with the proviso that when A is

15 aryl or a direct bond, n can not be 0; comprising reacting a compound of Formula A

wherein R?, R* and m are defined above;

20 with a compound of Formula B in the presence of a base;

10



nononet hyl ether, ethylene glycol nonoethyl ether acetate, toluene,

N, Ndi et hyl f ormam de, and m xtures thereof. Reacti on Procedure The present

i nventi orwal2ew/i3ed9at es to a process for naki ng a conpoumlrdThEseing3ishe
followi ng structure: Fornula | wherein Ais a direct bond, C-CG 2 aryl, C

-Cn cycloal kyl, or a C3-Cl2 cy rly’_yif 8| n,sai d cycl oal kyl or

cycl oal kenyl nay be opti ogﬁ?l s&gﬁ:ﬁﬁme‘é b( hcill Esa? al kyl; each Rl1, Rz,

R3 and R4 are independently hydrogep,f4; 815 alkyl, C -G aryl, C7-G 5

aral kyl or C7-C 5 alkaryl; or RL and R2 or R3 and R4 taken together can
forma saturated or unsaturated cyclic ring, wherein said saturated or

unsat ur atheckic R¢) Rtand ngravdgfined abptd enhHakishshdlogine@.dhyF, aCICI ofBa); keith theach m
is ipdependently 1, 2.3 or 4; each R5 and re i ndependently hydrogen or
a 01_5|c ﬁf%ﬁo;thﬁyﬁ@e@a’%ﬁ HYI Y & HerepR ﬂtcmng,fjbe%} 2, 3, 4o0r 5 with the
provi so that opaefsé i Ay be Abecisdid 8&hli IRAS bdke G ROLIAEG Hetal AMBLIGE NI
reacting a conmpound of Fornmula A Fornula A wherein R3, R4 and m are defi ned

above; wkah neeteompdesnandafikdtiomntal alk@ amideheAlpale setadefon theabdsa siesudl lithium,

(CR5CR6) - A-  (CR5 Hal Formul a erei,n. R5, \R6 and re defin abqve
e v S5 oo, E TS e BRGS bl S 4R Ayl B e BBk o
i's aryl tQpotusdimastthband, sodivarmethokideeliBiunPARIRARR, bo@tsidm¥HIRidesS&dihE an
al kali netal base such as alkali netal al koxi des, alkali netal am des and

al k&P gdeaidegliipmaetherdde, Mthssium rgusiadd, grodivre thayeiden dithige Hiifméwmlb
pt 4 . _ : ,
sodium gill?lginq‘p&?ﬁ?l%{ulﬂ@g F;cgﬁgé‘ﬁﬂ&&r&{ %rg;f&?t g,ﬁﬁxglgz}h?o%dé‘%@ 5%8%@?%%11;0&%& e, but

are not ed to, Ssi umne I-um et hoXi um
met hoxi de, pahassitulbie einfitaxt d€ basodiayrbeetidedxind@e prodehd bMildt imvenden. MicASSi um
t - but oxi de, , sodi um t - but oxi de, lithiumdiisopropyl am de and m xtures

t her eof SUItaPlst BpPwHs arcdudsoremsibant £-lbter hemtidl sauvalsaramr mbeoRSde. Ay S
sui t abl gq UMK, @S ok o e domBolMPofRhERsA 0T this invention. Such

15 The process may also contain an optional solvent, Examples of such solvents may
include, but are not limited to, heptane, hexane, petroleum ether, methylcyclohexane; toluene,
xylene, ethyl benzene, tetrahydrofuran, dimethyl sulfoxide (DMSO), 1,4-dioxane, dimethyl
formamide (DMF), dimethylacetamide (DMAc), acetonitrile, ethylene glycol dimethyl ether,
ethylene glycol diethyl ether or mixtures thereof.

20 The process may be conducted at temperatures ranging from about -10°C to about
75°C.

Another process used to produce the above compounds of Formula I may be found in
U.S. Provisional Application No. 61/319580, entitled Process for the Preparation of DOPO-
Derived Compounds, filed on March 31, 2010, herein incorporated by reference in its

25  entirety. In that process, DOPO is reacted with ethylene glycol, in the presence of a catalyst
at temperatures ranging from about 100°C to about 250°C. The catalyst that may be used is
any suitable catalyst for dehydration and/or Arbuzov reactions. General suitable catalysts
are, alky halides, alkali halides, alkaline earth metal halides, transition metals and their
halides or acid catalysts such as methyl p-toluenesulfonate, ethyl p-toluenesulfuonate.

30 Arbuzov reaction catalysts are especially suitable. The process may optionally use a solvent,
preferably a high boiling point solvent and an optional entrainer.

It is preferred that the purity of the compounds of Formual I, when combined with

epoxies should be greater than about 95%, or about 98% or about 99%. The purity levels can

11



sui tabl e anpbunts include fromabout 0.1 to about 10 equi val ence, or about
0.5 to about 5 equival ence, based on the anount of the conpound of Formula
A. The prwoesw/mia3g3al so contain an optional solvent. Exaoplusgoiof3sach
solvents may include, but are not |imted to, heptane, hexane, petroleum
ether, meihubeyshonsranes y il ran,
di nmet hyI sul T oxi dg (?I%%g%%/l,ﬁ %eg-ﬁ{()}':%gggn??l QSHITIE? Ey:lh%%r]r%rgwd%%?%ﬁ\}é é,{)%g,OJaH
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et hyl ene gly ng et her or res thereof. The ess my

contuct ed-ar CPEnmeRtSikeut atim e Mty B¢ Seca BeaBendiorBers lofher
process csBeurtdo M REMGE! 1 gAY BcLATPOME ﬁ)c@aurg% §laBlel folB &?erfrﬂ&h@l@n' n

U. S. Provisional Application No. 61/31958 entitled Process for th

Pr epar aef dutibf bDOPOER! peredit Gmpotisation Yersus coloarvRBroipuatics. mnwprmﬂwnls

i ncoi por ren entir r eact ed
w h oo R Ry FORRE TaaRpkl olf SulR e ool RERE RS AR g1 ng
from adetnsdiﬁ)BE:CmfafbrIab@sJTpréééﬁn(fhe phgtycaf ahy S&mﬁib&haﬁﬂ% 8ayedebly 1 1$1-RMYR
suitabl e catal yst for_dehydration and/ or Arbuzov reactions. General

sui t abl &PEHPEOPYL CrardP- %ﬁ% (SRFGIENSEOPYAl KAPYS hall | drieah| Randnd eel h aset al
hal i dest Iﬁé i I [

ot hyt - SR REhe e CR R AR it (RRE P 1BEL SRR, SUER 42

cat & ysUsadato alles pdaivalel yf interésabl eturil hecqiiidiatss bafeye mﬂhelolhﬁlphlyces.ls e a

sol vent, preferably a high boiling point solvent and an optional entrainer.

It is preferred that the purity of the conpounds of Forrmual I, when
conbi ne@a—wl{ﬁkf%oxi es should be greater than about 95% or about 98% or

about 99% The purity | evels canbe nmeasured by using NVR spectroscopy. One
skill ed i rPanipde wray b@fprmcttpekabrhﬂsdop)p lnzamardém‘lhg)pbcaltﬁﬂ@@@azﬁanm into a

[ f th
or oCbaureet Be Hal Wi UratsiSirty HEASOrEv TR P 4 i oGt Pby mul a
li s di seppyeshtiifingWetrakhétByIB SIS tb SheSHAL alp %mﬂ HakkREmPRIAY VO RR Ishak Of
purity by weight percent normalization versus observed inpurities. This

pr ocedub@ilisgmgle is gpmpletady diserlmed. d ranséaarmppetsl mheaf abave m-luwm eeledny dry 5
di ssol Vg‘ﬂ‘l Ner{h klﬁ) e. ff@crqmrepé g kasef)le&rum using an inverse gated ' (e decoupling

experiment. The following parameters are suitable for detection of impurities present at about

20 100 ppm levels and higher:

Acquisition Parameters:

Nucleus: 1H; Pulse program: zgig30; Collected data points (TD): 64k; Spectral Width
25 (SWH): ~7000 Hz; Pre-pulse delay (D1): 60 sec minimum (use adequate prepulse delay to
ensure all observed nuclei have adequate relaxation time); Acquisitions (NS): 4 scans
minimum {enough scans to provide good signal to noise); Lock Solvent: CDCI3.
Process, using the efp command as a shortcut to perform the following: em
(exponential multiplication window function,) f# (Fourier transform,) and pk (phase
30 correction.) Manually phase correct the spectrum if necessary. Calibrate the chemical shift of
the TMS peak to 0.0 ppm. The following processing parameters are suitable: SI: 64k; Line
broadening (LLB): 0.2 Hz
Integrate the following peaks in the 'H-NMR spectrum, paying careful attention to the
slope and bias of each integral:
35

12



If insoluble material is present, the purity of the sanple may be assayed
by I H NVR spectroscopy or 31 P-NVR spectroscopy versus an internal standard
such as twormetomgbhosphate. f an internal standard is REEAIS2@9983364 t hat
adequat e prepul se delays are used to allow all nuclei of interest to return

to equilibri ll““@hﬁ@lqurcgr FHuﬂd“[%’iulﬁﬁePuk%ﬁ w7%a;§ﬂ?1[1€8 IErﬁPAr W@SW h8
prepared on labp gy.; el R 6%ni, roz%nlq ﬁrfr pwa sarrpl e Into a

cl ean gl ass Y’kl yléﬁe§o§veﬂp (g: Ie Add ~I -2 nL
O CDA (>98 mﬁe@% e vial. Cap and
shakg sanpl e %ﬁgéﬁ% @ |sso ved.

Tr angf abo&nst pi‘?ﬂ_ 61|C & ddp }?ton l@(/ﬁo ube. Acquire
a 1H NIVR spectrumusing an inverse gat ed 130 decoupl i ng experinment. The
foll owi ng papBfBtdaHyerR chation; and Kiadculalionglet ect i on of i nmpurities present at

about 100 ppﬁpnewléllgomeluw ghblMRmuum cansistsed thentetlewing rNakd: eerses afH;  Pul se
program zgi g8dtiplasifioert&d pgat ta 3 pyrs r¢pf&entig kG arlSpact padtoaltila ( SWH) :

- 7000 Hz; Prexybtiplstecedetaly@(-0.9 ppiQegenthgibafon(pewnadetuatiyl@reepidese del ay
to ensure al lA as@livedwitel eichierpordt guiak ehd Pllowalg PAntlame) ; Acqui sitions

(NS): 4 scans m ni num (enough scans to provide goo si gnal to noise); Lock

Sol vent : CDCSJ%ooorfe&%@nenv&(ﬁ@/ﬁﬁ@z%ﬁ@o@%ﬁm) z&e?y ?performthe

foll owi ng: em (exponential multiplication Wwn ctlon (Fouri er

trapsform) and ction.) I\/anually phase correct the spectrum
| f g%cessaryi Ii)e"’b(gﬂoctogﬁ)%PngncE ekm cal Shlf of the TM5 peak to 0.0 ppm The

fol | owi ng pr uﬁ e&f%%ﬁ% ¥081’?’B°‘§‘iﬁ’| P& e: SI: 64k; Line broadening
(LB): 0.2 Hz PACRIPHEIE o] | owi ng peaks in the 1H NVR spectrum paying
car ef ul attentlon to the slope and bias of each integral:Forrmula | conpound
[mulitplet, ltgspraferedztbet thergongomnd f KpfmulpWis suisgandially malcomly dieagifet ,

) gmﬁo 2ag}g‘é_\&&a]aseslz%callieo%rgﬂm&zb%?s m%y rH%ietenously élflfecltq?tssu(%le Ve ﬂc[inslle r:E'gtlafadtaht, 71
especially when used in epoxies. Substantially free of organic bases means that the levels are
less than about 10,000 ppm, or less than about 1000 ppm, or less than about 100 ppm or less
than about 10 ppm. One method to have the compound of Formula [ be substantially or
completely free of an organic base is not to use the any organic base in the reaction to

25 produce the compound. One method to determine the amount of organic base, if any, is
NMR spectroscopy.

An organic base is an organic compound, which acts as a base. Organic bases are
usually, but not always, proton acceptors. They usually contain nitrogen atoms, which can be
readily protonated. Amines and nitrogen-containing heterocyclic compounds are typically

30 organic bases. Examples include, but are not limited to pyridine, methyl amine,
trimethylamine, triethylamine, tripropylamine, tributylamine, N-ethylmorpholine, imidazole,
benzimidazole, histidine, phosphazene bases and carbonates or hydroxides of some organic
cations,

It 15 preferred that the compound of Formula I is substantially free of unreacted

35 DOPO because DOPO may deleteriously affect its use as a flame retardant. Substantially free
of DOPO means that the levels are less than about 50,000 ppm, or less than about 20,000
ppm, or less than about 10,000 ppm or less than about 1000 ppm or less than about 100 ppm.
A preferred method to reduce the DOPO is to wash the product with water or water miscible
solvents such as alcohols (e.g., isopropanol), aldehydes or ketones (e.g., acetone) before

40  and/or after filtration. DOPO levels may be measured by using NMR spectroscopy.
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Ethyl ene glycol [singlet, -3.6 ppm 4H H CQ, FW62.1 g/ nol |sopropyl

al cohol (1 PA) [doublet, 1.2 ppm 6H H C C5FW60.1 g/ nol Spectral

| nt er pr etwivi2or/@3m$3Cal cul ati ons: Formula | conmpound 1H REVRUSpEO0BIN
consists of the follow ng peaks: series of nmultiplets from~8.0 ppmto ~7.2
ppm repr esenty {3Gdfindd QR IhE aRbAOSSsMNGt FerihthinbRh &he CEMbEERD0 R Sl RM
representing the four protons of the ethylene bridge. A normalized wt % of
each cosflengnificatipmghautié b dédsavim gbduorl 00 gpmor dese fthaospohdf® ppm, or less

(K3 L G0 S AP N 50RO, BRI P

preferred thaheti@haPivpednd 8¢ amouifolvehtSin IDES AR unaldf Fodhulaaipleyiaky
free_ of organic bases because organi c bases my deleteriouslg affect Its

use as HNYGryasIRpRMHEREToges sREPRPY mppmiire Som thoub pokiCels, 1 780G Jerahontl | v
free of,or i I are |l. ] 0,000 ppm
or | esstoﬁﬁgﬁtﬁa %Etﬁ)%%gog? gg%é"gﬁ’%f‘{é@gs t‘ﬁgﬁ{%go{;ﬁ n&géép{t)ﬁ? )rr Se)llsé&s tt%hg(g agbout
10 ppm tefneravedel cdot© rba etetriperatarap swshdaobyFastnit getl nbking ulos fuathier abdugceor
conpl etely_{?ree of an organic base is not to use the any organic base in

t he reaK‘Pl?B S't_o produce the conpound. One nethod to detepnine the anmount of
organi ¢ basea‘htffoﬁ&vmg' Exaﬁ)‘%ﬁcssr?ﬁ&sft{aﬂesﬁfépgres&{i RAVEHHNC 1PES %o 'he AP GR)! C
conmpound, which acts as a base. Organic bases are usually, but not always,
pr otbn heweysr.othst theheyenimuahé yulbodesaiibedhhercogaen! at oewited whitlch Ceams bis negadi |y
protonated.. Anm ne nd, ni.tr n- .co i ni ng, heterocyclic conpounds are

typi cal FE“&P%&%’?%EBQS‘&Y %&%@Sé’éﬁ]eﬁ@ﬁ%% MPFSc not limted to pyridine,
met hyl amne, trinmethyl amne, triethylamne, tripropylamne, tributyl

am ne, N-ethyl norpholine, imdazolgy Zi; i dazol ¢, histidine, phosphazene
bases and carbonates or hydroxi des o‘? sone organi c cations.

15 6H-Dibenz[c,e]f 1,2]oxaphosphorin, 6,6'-(1,4-ethanediyl)bis-, 6,6'-dioxide

O O A o™~ O P\/\E/o O
o't~y DMSO,26-30°C
o

— g
25-50 °C O

Component MW  m.p (°C)| b.p | Physical | moles | grams | mils | Eq.

(g/mol) (°C) | state
DOPO, CAS # | 216.17 119 - Solid 1.96 423 - 2.1
35948-25-5 TCI
America
tBuOK, CAS #| 112.21 {256-258| - Solid 2.05 230 - 2.2
865-47-4,

Sigma-Aldrich,
St. Louis, MO
DMSO, CAS #| 78.13 | 16-19 | 189 | Liquid | 21.12 | 1650 | 1500 | 12
67-68-5, Sigma-
Aldrich, St.
Louis, MO
Dichloroethane | 98.96 -35 83 Liquid (.93 92 73 1.0
CAS # 75-34-3,
Sigma-Aldrich,
St. Louis, MO

20 A 4-neck 5L half-jacketed reactor was fitted with an addition funnel, thermocouple,

mechanical stirrer and nitrogen flow. The reactor was charged with potassium t-butoxide
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It is preferred that the conpound of Forrmula | is substantially free of
unreact ed DOPO because DOPO nay del eteriously affect its use as a flane
ret ar dantwoSobe3sssi al |y free of DOPO neans that the | everasane/obsss than
about 50,000 ppm or |ess than about 20,000 ppm or |ess than about 10, 000
ppm or Im@h@@oa%bms 1P P 0L, &ﬁ&%yﬁhﬁ‘:@ TR0 asl%avaamrﬁe RRIQLBE Wl

nmet hod to reduce the DOPO1s to wash thé product with water or water

m sci bl etiged gl tonpprabise ahttlohbewmea lg}mogesomsmaml YThezobiion des copled

aour ol £, and HRURERLE 1 UGBS Rafld Bnind b dfboRRes. B e e s PR

sol vent terepamatoiertglaw 30 H€ (608D Uk p@fndﬁgvr Miktlorbetbhdce©2 U 0IMI aalh §:08 13heyl d be
Iess than about 1000 C&éﬁtfor | ess t han about 100 5m or |l ess than about 50

ppm > Theddifpw fnngk wapa o Hgabpee srlutiu dewlyyduisdd. Nvrespiéan vashasd toone
net hod 0 I fo

Grying oaagroh S HaceA N as ool U C dnd W STRINL sl PHIMERL el 0
t o 1700Gltbwd, akbiht vt kakabautvadéd vatlr watet, facttone am:tmtd)yhabete&e iy giuadazl gorf

milled, it e to do at  tenperatures ab r oo r.at such
as by ha’fuds.“feth@E thaly (T ' GY8 Tyial R e 10 SO S Lot Aot e

Exanpl es: §.1 oustahatBotigo FS”QZS%B{V})? n\fﬁ@rw‘ B-sofill vl Jﬂ%r&fath%'{féﬁ Lopd rifiguever,
that the invention, as fully descrlbed ereln and as reC|te In the ai s,

i s hdt fnmehateddricdl ines Wacu’umad/ebyfoxt & &0 o adford Iaeirj7 mhhte\pow@eﬂ%ﬁ}@, 68.

EXAMPLE 1 6H-Di b h h | 1. 4~cth d bi s-
5o i BEOHEIR, SRS Bttt QLo LBAIMRCUGME CO o SH6AS. 86451 i on

char gedP R R porSRtE (ERATGRChLC bOSR (230 ZE KRR G g2y "
il ??%’Z?E?Faﬁjﬁﬁ‘kﬁHQ%EZ“ﬁ%ﬁ‘%ﬂf on.” %ﬁﬁz 221%???%32‘;?%%?’2?’%&%%% and
O o e e e g B e oy e (92
gl OV\A. 33d3?: %gl Inha %’ﬁg ;ﬂeagsﬂjy 3/25‘5%8% 2 ggdgg }grt Ihﬁ a‘llj'g\éerzgl:?it :)gnwas

cooled to 10 0 and water (3 L) was. added. The slurry
-Dibenz|c,e] [1 ,2Joxaphosphorin, 6,6-(1,4- butanediyl)bls~ 6 6 ~dioxide

.\’ tBUOK Br/\/\/sf
- \H DMSO, 25-30 °C. P « o ﬁ/\/\/‘)
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filtered, and the wet cake was washed with water, acetone and ethyl acetate
to give 532 g of crude wet material. The crude material was refluxed in
MeCN et hawol20t235393320 m, viviv 1: 1 :0.5) and cool ed POTASR@0ABI3M y. The
white solid was filtered through a coarse frltted funnel and dried in a

el . o o RPURBEr |y padn bRk P R TR AR oo
tefino asg

[ n|

36. 45, 3 e M.( HOMNR - 40 .hv.z, B fotf——=—8-{Hz—2H,
ArH), 7. %2 -|2 é?i Aty 1779 %@f(r Tzﬁ& ATy 7. a8 (dd1T = 7.2
He, 14.4 1137 (dd, J 7.]2 Hz,| 7.2 Hz| 2H, ArH), 729-7.[24 (m| 2H,
ArH5 7.16 Amerlsa— 2 _Hz, |2H,_ ArlH) 31 (m [4H) pgm NPLE. 2

6H Di benzBeO&.[FAS 2] d%2Bhd2phass|n, - 6,6' S¢lid 4{ but7anddi \S) bj s--, 6, 62.2di [oxi deA
4-neck 5L I&t4+acketed reactor was flitted wjith a tiher nocpupl e,| mechani cal
stirrer, | SigaatAlanct,unnel and nitjrogen flow. The regctor was chdrged with

t BUuOK (198t @ouik; ¥® pol ) and 1.0 |L of janhydroys DVSQ. The |m xturje was

stirred %MSQP@ ERPeTAITe g i [T 1k§ [0§G : Jene. Sqhe 1{on7 gThe

sol uti on|.was to 10 OC&I g d %%:O ?%gg ;,%@%E rm‘?? was acdegl'Gln Si X
smal | port| eep the react|ion tienperat {ire bellow 35 0OC (6Q-70 g [per
portion)i % e)rl DOPO was added, 1, 4-di br )m)butane (173 g, Q.8 nol|) was
added to 9‘“’—3 5ol ution drop-wisd -slowyldurin The rdaction was

heated tlo 30 lg for | PhS9The PBadt dn (wddq@dol ed-8 o 10]C7é and%%our eli¥on i ce.
Wi te soﬂlbfombu’failm ered and wash@dCii th acetone and ethy| acetlate tq give
390 g crifddSwetiOf@teri al . |The cr{@dsmmat erial | (180 g) was [refluxed in
Et OAc/ ctharoBight:600{ m , v:v 3:1)] a&hd icooled slowy {to O OC. The whiteg solid
was filtleradirichrssugh a coarse friitted funnel jand drlied in a vaguum oven for
8 h at 80 Deuikoviaf ford a dry whijte pgwder (188 g, § 1 w%yield, 176-212 OC
mp.). 3 J.I-’-I\IIVI-((J.bA VHz,CDCI™3) - d 37.89 pp ITHFNVR(400VHZ, " CDCH3) . d
7.95 (dd, J 8. 4 Hz, 1.2Hz, 2 H ArH), 7.90 (dd, J = 8.0 Hz, 1.2 Hz, 2H,
ArH) , 7.81( 7.69 2H . 7.50 (m 2H Ar .7.36 (m
ArH) ., 7.25 ( Efﬁik E%lfgafkitgd %?ﬁctoépf/as }t% w{h @%1 %%oc%qie mec 6“‘6%8? rrgl

4H) . EXAMRIiffors ikt R@ﬁ%%&h fibly. FhelrencaRRe&PIFdA, with B3udR- (Wﬂi enediyholpi s-,
6,6' -di oxide) A 4-neck 4L half-jacketed reactor was fitted th

t herﬁmc@ﬂibl 8 L plerthadions DMSOr The mixture was stirred at room temperature untll it became

a homogenous solution. The solution was cooled to 10 °C, and DOPO (363 g, 1.68 mol) was

added in six small portions to keep the reaction temperature below 35 °C (60-70 g per
portion). After all DOPO was added, 1,4-dibromobutane (173 g, 0.8 mol} was added to the
above solution drop-wise slowly during 1 h. The reaction was heated to 30 °C for 1h. The
10 reaction was cooled to 10°C and poured on ice. White solid was filtered and washed with
acetone and ethyl acetate to give 390 g crude wet material. The crude material (180 g) was
refluxed in EtOAc/ethanol (1600 ml, v:v = 3:1) and cooled slowly to 0 °C. The white solid
was filtered through a coarse fritted funnel and dried in a vacuum oven for 8 h at 80 °C to
afford a dry white powder (138 g, 81 wt% vyield, 176-212 °C m.p.). 3'lP—N].'\/IR(16S?, MHz,
15 CDClh): 8 37.89 ppm; 'H-NMR (400MHz, CDCl3): 6 7.95 (dd, ] = 8.4 Hz, 1.2Hz, 2 H, ArH),
7.90 (dd, J = 8.0 Hz, 1.2 Hz, 2H, ArH), 7.81 (m, 2H, ArH), 7.69 (m, 2H, Arl), 7.50 (m, 2H,
ArH), 7.36 (m, 2H, ArH), 7.25 (m, 2H, ArH), 7.16 (m, 2H, ArH), 1.95 (m, 4H), 1.70 (m, 4H).
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and nitrogen flow. The reactor was charged with tBuOX (198 g 1.76 nol) and
1.0 L of anhydrous DMSO. The m xture was stirred at roomtenperature until
it becanewea 2hmBsg®aous sol ution. The sol uti on was cool e#CTas:@008535and DOPO
(363 g, 1.68 nmol) was added in six small portions to keep the reaction
tenperature bel ow 35 0C (60-70 g DEXAMPLE@) After all DOPO was added, |,
"-Dichloro-/>xylene (140 g, 0.8 nol) was added to the above sol ution sIovay

0C for 2 The ettt AR GRS Bl RRRRE ¢ FuiRRelg Soea. ™

White solid forned at the bottom of the reactor, and the sol uti on was
drai ned. D ch

oronet hane (2 L) and e hangl ( 1 L) e added to the
ted to reflux 00 un al‘% i@ wer e d| ssol ved.
was WSt il |

react or

Di chl or 7 WL e whi (eqlpl e#/ slurry
was cooled ~od 40 DOED, 2&aPrfCt he~ppeCiKpi t at e was Filtered, waghed| wi met hanol
and dried. THe whitesolid was tansferred back to the reactaq

di ch{ oronet hane (2 L) and nethanol ( 1 L) were added. The m re was

heated to reflux, and dichloronethane was distilled. The slurry was cool ed
to 10 0C, and the preci pitate was filtered and washed wi th nethanol. The
wet cake[ \WmglneRe [ MW JOV patp a@uﬁlereslﬁﬁr\lﬂa.ﬂso q,f,igord;%.dry
white powder (138 Q(gﬁt%l)%y' el % 28 ,aQeC rrp) 1R I\/R( 162 Mz, ) : d
33.76 pp @ Mt —CRCHS)— 7 dtd; 272 t-ArH)i, 7. 83
(dd, J :Bﬁgi-gﬁf*g?ﬁﬂ A, 7. 665761 (rlr]634l-t %?3 o A1 7534 (m
AH, ArH) a;sé%\ qﬁ.‘rﬁ oH, AfH), 7.14 (dd, J 8 H, 1.2 |He, 2%, ArH), 3.30 (m
4H) . EXA EAngica [ of gul oy benzllc, el J.1,2] nyanhncnl*nrl N6, 6=

1, 4- et haplde®ll 854 11526 2§pd%Bde n epS&lydldmlr?éte (4% phosphior ¥s2 cdnt ent)
I n generpl 86B#6dk sol uti ons of advanced resim, curdtive and prjonoter |are

al | prep@aigmb-Aidtichf ored separately to facilifate experinmgntatijon. An |85wm %
phenol efxouigwabac resin sol utfi on, [DEN(r) 438-EK85, containijng 15 Wt %

2- but anowse’EeAswm?s@l@t A ed of Tiogg hie hawgCher el Gopmanygoolur1ie 30-
1702 novp %eié:gugl ng agent was obt ai ned from Hexi on |Cor porfati on. A novol ac
resin Soblﬂxﬁaoﬁld’l‘%ﬁ prepared by dissoljving 50{w % SO-1 702 in 50

St. Louis, MO
a,a-Dichloro-{ 175.06] 98-101 | 254 Solid 0.8 140 - 1.0
p-xylene, CAS
# 0623-25-6,

Sigma-Aldrich,
St. Louis, MO

Q

10 A 4-neck 41 half-jacketed reactor was fitted with thermocouple, mechanical stirrer
and nitrogen flow. The reactor was charged with tBuOK (198 g, 1.76 mol} and 1.0 L of
anhydrous DMSO. The mixture was stired at room temperature until it became a
homogenous solution. The solution was cooled to 10 °C, and DOPO (363 g, 1.68 mol) was
added in six small portions to keep the reaction temperature below 35 °C (60-70 g per

15  portion). After all DOPO was added, «,a"-Dichloro-p-xylene (140 g, 0.8 mol) was added to the
above solution slowly in five small portions (20-30 g per portion). The reaction was heated to
30 °C for 2h. The reaction was cooled to 10 °C, and water (1.5 L) was added. White solid
formed at the bottom of the reactor, and the solution was drained. Dichloromethane (2 L) and
methanol (1 L) were added to the reactor and heated to reflux (40 °C) until all solids were

20 dissolved. Dichloromethane was distilled, while white solid precipitated. The slurry was

cooled to 10 °C, and the precipitate was filtered, washed with methanol and dried. The white
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wt % MEK sol vent. The flane retardant of Exanple 1

(6H~Di benz[c,e][l, 2] oxaphosphorin, 6.6"-( 1,4- ethanediyl)bis-,

6, 6' - di oxWwoeptoessivai ning 13.5 wt % was ground usi ng a ceCTas20ea853§4 i nder
to reduce the particle size of the conpound to a d oof about 6 nm (bi nodal

i Sttt DUbeRLs BELL L LRTDIT BN LN SDRBANIRL o &) WhaTRALEPAIIAN s

m Xture contaln éare
438 sol utldein,Thé nBQluge ohs Eéh\McP/ﬁoSE-ﬂﬂﬂ Qﬁd ﬁodllwlbmlthaﬁc Efﬁs leflllahET]nfeﬂaﬂglm

0. 006 g 2-phen (l,m zole pronoter (approximately 1.1 nL of a sol ytion
cont ai nicAY e‘éwzg@z ﬁmpipﬁp@@ews ﬁ&ﬂ)@ d apfh@va M%Welaa?b%%éfﬁt? £i%6Swas

about 5@peq g vﬁé@ﬁ?oﬁ&tﬁrl@@n’b fﬁ@% 'hnt%%'ffépd & dhywhite pB%bﬁ(B@'gUEQ op yiéd, ! |

maki ng contact wt gel pla where 1t dissolved completely at
hi gh5t e@pe£8&s ﬂ@emp)ABl(ﬁuIﬂl\/m(%?lMﬂ{z dIDtEb)e & B Th ppix EHNMRe(g 0aMdizd CEClg): Bot

v spl 1St et F ieaeris arTRNGRHAAE) of Al tdbfobbotibl ofuet e Fhve
the resigugy 4ng sheh, @hghgﬂwtzzl (g 24, 1WaA5 57 PRRIANPLEGIANG KAL) Adih) 990! ne

resin wwththe flat par dépréssof’ until string formation céased.
The gel (mj#d).was 4 m nutes, 43 seconds, determ ned by the point where resin
"strings" could no | onger be pul | ed fromthe resin mxture and the epoxy
bec "tack free".A larger flane légﬁjsirl,lq nt resin varnish containing 4.0

W %" was prepared in an 8 oz w de- @ s jar by adding 63.14 g of
85wt % DEN 438 sol ution, 63.00 g of 50wt % SD- 1702 sol ution, 35.92 g flane
retardant and 0.@Wf@PEDMﬁm@ﬁHLﬁaxitﬂhésnhoﬁno@é'r(l,%ﬁhmnﬂ]%ﬁal 30 g MEK
was added to the rest.f-dotide inogpox¥heninetsi(h%omhospheaussemitani)xed t hor oughl y
using a high shear mxer stirred at 6,000 rpm for about 15 mnutes. An 11

inchs by 11 i ncRemelast6ciedlefio! arselvimled ir6sif, 0248ive! g Spridnbler @43alf bribatedf rom
BGF Industries) was cut to size froma |large roll and stapled to wood
suppor t 3¢ storqdnsapaataly iy facilitiscaxpgripnentation. 101 §SMHeRPhenP ROy MAVRECHTEER and
bott om f r t d o] nmers
For i msaP o T ks, R YR 2R R IR i bl e 7RG T S
oven. ThewACkémgel, CompamsiDurtaBD- B2 meveldeadunihg chgort Wzlmeo‘dtamed frandHbeiok of

the fabric. P er, clips were ynfolded and i serte intog t 0 | es of
one mo@oglﬁ’ﬁ%g)l%t novolac rcs{n S0 utEon was prepared y diss qvmg 50 w@? q) 9051(1)11 56

20 wit% MEK solvent.

The flame retardant of Example 1 (6H-Dibenz[c,e][1,2]oxaphosphorin, 6,6'-(1,4-
ethanediyl)bis-, 6,6'-dioxide) containing 13.5 wt%P was ground using a coffee bean grinder
to reduce the particle size of the compound to a dsg of about 6 um (bimodal distribution) prior
to combining with the polymer. A flame retardant resin mixture containing 4.0 wt%P was

25  prepared by blending 6.31 g of 85wt% DEN 438 solution, 6.30 g of 50wt% SD-1702
solution, 3.59 g flame retardant, 0.006 g 2-phenylimidazole promoter (approximately 1.1 mL
of a solution containing 0.277 g 2-Phl in 50 mL MEK). The novolac to promoter ratio was
about 525. The flame retardant was insoluble in the resin solution until making contact with
the hot gel plate, where it dissolved completely at high temperature. About 0.5-1 mL of the

30 resin mixture was added to a hot cure plate (Thermo-electric company) at about 162-164°C.
A tongue depressor was split in half lengthwise, and half of the depressor was used to move
the resin on the hot plate until stiffness was noted and then lifting the resin with the flat part
of the depressor until string formation ceased. The gel time was 4 minutes, 43 seconds,
determined by the point where resin “strings” could no longer be pulled from the resin

35 mixture and the epoxy became “tack free”.
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The resin-saturated fabric was hung from al um num supports in a |laboratory
funme hood and allowed to drip dry for about one mnute before hanging in a
pr e- heat edOb/1BIN30C) forced air Blue Moven (Lab Saf ePg¢TSisppiop3inec., a
unit of General Signal) for 3 minutes, 50 seconds. The edges of the

B-staged prepr gg %de;%f@m@ & %sgﬂgﬁiaagtaﬁlnﬁ afe%g/ﬁ gﬁ’}ﬁﬁ%’&ﬂ F0a, LR o,nch

by 10 inch. The Sheet was cut i1nto four ts and wei ghed
bef ore stidekionth glhe jholy addye6d 14E of rSém%gDIEiétél\%eulutlm dBa@Osg sf @@w%@dﬁ-hane

rel ease fjilm (I nsul ro ates (21/8 inch thick

[ nch by {0 FREHOSdS e d MGG SHETa i PARPnats PhES haiHely PrEfEnd
press abdditioR) R g MK ‘Jdash%ldied T@Qhé §8dth tdoNBichamhRate8inaix lrO34s | MehEs
thick, contained 45 Wt % resin and underwent 13 w % resin overfl ow during

pr es3i n@ior@ighé}’ Wi # high Shm!emes@l.ﬂ@@ﬁbd afe,080 eprn f(ﬁrracbnvit Hemiraitésnat e using a
di armnd. Saw, A pI[L OPIO?nch g v\x’f\c@\;e%r%%ss%b %%r{%@jagg hmslﬂ ﬁ(}ﬂll as

flannablllty upons wWor e Cseree using an

UL- 94 bBUF didapiies), wﬁﬁ&!ﬂt‘blsﬁlﬁ fromaa Mr& ol ditﬁﬂstwplbdﬂ 1B K098 GaPsitst @bahchydr n
time for the two ignitions on all five coupons. EXAMPLE 5 Use of

6H Di bet e | dpgh wideosndpH b predriniek) en ghg @p@@tbﬁ)&tﬁwﬁyﬁsmtbe fabgicgThejweefde in
| 0 |

eROXY | QAR o AAAREIRUNS RO 98¢ sl IR s ShAGE ARSI O

sepdh at Ebyictiotifed®-istaigt aten. &kp &r-stagn batdsonvarfich, Sstarpéiesrothe dpoax yndivacklodic

resin s on, 438- EK aining 1 but anone K) was
obt :B.i neghef%m rnéeﬁsm@mueg; g%ﬁrﬁﬂméﬂ%ﬁ%m% % @650 BO%W&@/E CHPRHY
agent Wafe %ﬁ@kd’t‘@r@teﬁr@mm& Qi 5895&%1&&11@& SL@FBHQ/Q{ 9%@@&%&@ eUl eranwas

prepared by dissolving 50 wt % 1702 1n 50 % MEK sol vent.
r et ar danllovedd Edaipplre far E(bﬁhb @ichromafechatdrfha@diog apmpspilmatadr(to BZ(B"C—)(ﬂn cdd air

th d t
cof T ee. LM RhdED SaRRLSUREY o PPl Getere STeapDtine SCBRBGInD FoA%e0 of
aboiy GTHHE(( PR B-HaSbd fg@ﬁﬁe‘g%e Rirh@led ré&féh%?‘ﬂleghé@t Hfi‘nén@%n@ﬁi YORGh A

flame retar resin m xture containing P was prepared by bl ending
126. 3 gbbﬁOgm Vherhees 38s soil intd Hrur S1e¢h by § indh S wepeighed before stacking

the four layers of prepreg between two layers of Pacothane release film (Insulectro Corp.)
and two steel plates (1/8 inch thick, 12 inch by 12 inch square dimensions). The laminate was
formed in the hot press at 5,000 psig for 1 hour. The resulting laminate was 0.034 inches
20  thick, contained 45 wt% resin and underwent 13 wt% resin overflow during pressing, Five
0.5 inch wide coupons were cut from the laminate using a diamond saw, and the coupon
edges were smoothed with sandpaper. The flammability of the coupons were screened by
ASTM D3801-06 using an Atlas UL-94 burn chamber, resulting in a V-0 rating with 32

seconds total burn time for the two ignitions on all five coupons.

25
EXAMPLE 5
Use of 6H-Dibenz[¢,e]{1,2]oxaphosphorin, 6,6'-(1,4-ethanediyl)bis-,
6,6'-dioxide in epoxy laminate (3% phosphorus content)
30

In general, stock solutions of advanced resin, curative and promoter are all prepared
and stored separately to facilitate experimentation. An 85wt% phenol epoxy novolac resin
solution, DEN® 438-EKS85, containing 15 wt% 2-butanone (MEK) was obtained from The
Dow Chemical Company. Durite SD-1702 novelac curing agent was obtained from Hexion

35  Corporation. A novolac resin solution was prepared by dissolving 50 wt% SD-1702 in 50
wt% MEK solvent.
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novol ac to pronoter ratio was about 525. The flane retardant was insol uble
in the reworopaidsidson until nmaking contact with the hot pgeluspéiaai3swhere it
di ssol ved conpletely at high tenperature. About 0.5-1 nL of the resin

m xture was gqdeg, ho Nk ¥ B S;ﬁf: %Qﬁﬁ%ﬁ?ﬁ%ﬁg?#\%ﬁ@wgﬂﬁ} Ffﬁb t he

162- 164C. A tongue depressor was
depr ess&rhamahyh)ﬂ:md 6160d1mv;ﬁ) t:bnﬁammg 8. Dt waeter qaindtusimgm ¢dffestbichd gesderwas

noted and then liftjng.the resin with the t ressor .unti

String FORUHET Wh PaRislRze fifhe QWP?HW%OMMTI Fonls ue @%ﬂ( o B et ORI i ned
by the potahbWRY Qith &8 ﬁoiyl%tﬂr i ﬁgﬁam& RidHatGedif rag%ré)@orna{hh@da 6 RAM pReasr esi n
m xture and the ‘epoxy becane "tack free". An additional 70°g MEK was added

to the pegparedson lbtandmg T3 igesll BSWICK TN 438ssohiticed 12h6r o 0h rﬂOyvt%sSHgl 7@2h| gh

shear m x Stl t 6,000,r for out 15.mnutes. An

e sqiiRliof 4ER°E, Bn® Rkl baTse SRRt fRBlE, Bt hd, HoTetd

| ndust r ﬁﬂﬁﬂot@ﬁﬁltlﬁuﬁast abo&t 285 . friMmané ai8l€antolhs RBstubleaplied rdsth M@t@blﬁuﬁnor ts
(12 inches I on 1 inch wide and 1/16 inch thick) on the top and bottom

ends of making %mtacé Withh ghevlisd dzel @ba@m rvkere dndigsaleed eaneiste]yhat high dempeelie. or
| nserti ?}% Q\%%r 1 %Lpéf M e0f, %ﬂQt %rwa@a&ﬂieﬁ%t 931 ‘91[%]3)12# ‘[? §l%
e, ed on n and

oven. resin varni ai nt

t held abmmpaxﬁapeabcﬁitlms (] ﬁnﬁ()ﬁgtdﬁﬂbpatfb@oﬂ waesiliedn half derigitevibgtand hal fes of
one moogls port. The resin-saturated fabric was hung from al um num
support §4 PéFSP‘éb‘éSﬁ‘Sa‘ES@?l yO 1Y thip Brginaenythe) hob pisde %tlloﬁtl etk yas pitedppdithesne

mi nut e r%rtﬁe hangin hand &a&@oﬂﬁghgxe&w@gggfg@ gﬁxﬁgﬁ&gc&béd Ei*heegeMél%en

(Lab Safety Supply nera r m nut es
seconds waa'Henmdtgpe,sZZ)sfecmhrts Betetnasigetibp tleprodg wieere resentiddgzsb gould diodbnger ke

sheet di nensjons.to 10 i.nch b i nch., The hee was, cu n i nch
by o | T LOMShg Aer i S b 1 oS erie erle TRbar AR AUHEN(70E SHR

bet yeenywadd&yelife fsiPatidange ﬁ‘é‘s‘n’?ﬁﬁﬂufé WA hRRULhESLERY GRINE o high Qhééf\'o
steel plates (1/8 inch thick, 12 inch by 12 inch square di nensions).
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BGF Industries) was cut to size from a large roll and stapled to wood supports (12 inches
long, 1 inch wide and 1/16 inch thick) on the top and bottom ends of the fabric. The wood
20 supports contained holes in the corners for inserting paper clips on one end for hanging the
fabric in the B-stage oven. The A-stage, or resin varnish, was painted on the front and back of
the fabric. Paper clips were unfolded and inserted into the both holes of one wood support.
The resin-saturated fabric was hung from aluminum supports in a laboratory fume hood and
allowed to drip dry for about one minute before hanging in a pre-heated (to 170 °C) forced air
25  Blue M oven (Lab Safety Supply Inc., a unit of General Signal) for 3 minutes, 30 seconds.
The edges of the B-staged prepreg were removed by reducing the sheet dimensions to 10 inch
by 10 inch. The sheet was cut into four 5 inch by 5 inch sheets and weighed before stacking
the four layers of prepreg between two layers of Pacothane release film (Insulectro Corp.)
and two steel plates (1/8 inch thick, 12 inch by 12 inch square dimensions). The laminate was
30 formed in the hot press at 5,000 psig for 1 hour. The resulting laminate was 0.037 inches
thick, contained 49 wt% resin and underwent 3 wt% resin overflow during pressing. Five 0.5
inch wide coupons were cut from the laminate using a diamond saw, and the coupon edges
were smoothed with sandpaper. The flammability of the coupons were screened by ASTM

D3801-06 using an Atlas UL-94 burn chamber, resulting in a V-1 rating with 56 seconds total
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ret ardag,rt%\/[@g{is&ﬁghybl e in the resin solution until making contact with the
hot gel plate, ere it dissolved conpletely at high tenperature. A tongue
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mixture containing 4.0 wt%P was prepared by blending 6.31 g of 85wt% DEN 438 solution,
6.30 g of 50wt% SD-1702 solution, 3.91 g flame retardant, 0.008 g 2-phenylimidazole
20 promoter (approximately 1.4 mL of a solution containing 0.280 g 2-Phl in 50 mL MEK). The
novolac to promoter ratio was about 378. About 0.5-1 mL of the resin mixture was added to a
hot cure plate (Thermo-electric company) at about 162-164°C. The flame retardant was
insoluble in the resin solution until making contact with the hot gel plate, where it dissolved
completely at high temperature. A tongue depressor was split in half lengthwise, and half of
25  the depressor was used to move the resin on the hot plate until stiffhess was noted and then
lifting the resin with the flat part of the depressor until string formation ceased. The gel time
was 5 minutes, 3 seconds, determined by the point where resin “strings” could no longer be
pulled from the resin mixture and the epoxy became “tack free”.
A larger flame retardant resin varnish containing 4.0 wt%P was prepared in an 8 oz
30 wide-mouth glass jar by adding 63.14 g of 85wt% DEN 438 solution, 63.00 g of 50wt% SD-
1702 solution, 39.08 g flame retardant and 0.083 g 2-phenylimidazole promoter. An
additional 52 g MEK was added to the resin solution. The resin mixture was mixed
thoroughly using a high shear mixer stirred at 6,000 rpm for about 15 minutes.
An 11 inch by 11 inch square woven glass fabric (7628 glass with 643 finish from
35  BGF Industries) was cut to size from a large roll and stapled to wood supports (12 inches

long, 1 inch wide and 1/16 inch thick) on the top and bottom ends of the fabric. The wood
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EXAMPLE 7
20 Use of 6H-Dibenz[c,e][1,2]oxaphosphorin, 6,6'-( p-xylenediyl)bis-, 6,6'-dioxide
in epoxy laminate
In general, stock solutions of advanced resin, curative and promoter are all prepared
and stored separately to facilitate experimentation. An 85wt% phenol epoxy novolac resin
25  solution, DEN® 438-EK85, containing 15 wt% 2-butanone (MEK) was obtained from The
Dow Chemical Company. Durite SD-1702 novolac curing agent was obtained from Hexion
Corporation. A novolac resin solution was prepared by dissolving 50 wt% SD-1702 in 50
wt% MEK solvent.
The flame retardant of Example 3 (6H-Dibenz[e,e][1,2]oxaphosphorin, 6,6'-( p-
30 xylenediylbis-, 6,6'-dioxide) containing 11.6 wt%P was ground using a coffee bean grinder
to an average particle size of 16.3 micron (ds; = 15.7 micron). A flame retardant resin
mixture containing 4.0 wt%P was prepared by blending 6.31 g of 85wt% DEN 438 solution,
6.30 g of 50wt% SD-1702 solution, 4.49 g flame retardant, 0.008 g 2-phenylimidazole
promoter (approximately 1.4 mL of a solution containing 0.280 g 2-Phl in 50 mL MEK). The
35 novolac to promoter ratio was about 378. The flame retardant was insoluble in the resin

solution until making contact with the hot gel plate, where it dissolved completely at high
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in cpoxy |amnate In general, stock solutions of advanced resin, curative
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squar e bviem giedkstagapydane They 828agsh asresini vanieh vasipaingdsd ¢y Gmfront and back of

the fabric. Paper clips were unfolded and inserted into the both holes of one wood support.
The resin-saturated fabric was hung from aluminum supports in a laboratory fume hood and
allowed to drip dry for about one minute before hanging in a pre-heated (to 170 °C) forced air
20 Blue M oven (Lab Safety Supply Inc., a unit of General Signal) for 3 minutes. The edges of
the B-staged prepreg were removed by reducing the sheet dimensions to 10 inch by 10 inch.
The sheet was cut into four 5 inch by 5 inch sheets and weighed before stacking the four
layers of prepreg between two layers of Pacothane release film (Insulectro Corp.) and two
steel plates (1/8 inch thick, 12 inch by 12 inch square dimensions). The laminate was formed
25 in the hot press at 5,000 psig for 10 minutes. The resulting laminate contained 50 wt% resin.
To reduce the wt% resin to the 42-48 wt% range, an additional 15 g MEK solvent was added
to the resin mixture. The same procedure as described above was followed to form a laminate
that was 0.033 inches thick, contained 46 wi% resin and underwent 13 wt% resin overflow
during pressing. Five 0.5 inch wide coupons were cut from the laminate using a diamond
30 saw, and the coupon edges were smoothed with sandpaper. The flammability of the coupons
were screened by ASTM D3801-06 using an Atlas UL-94 burn chamber, resulting in a V-0

rating with 43 seconds total bum time for the two ignitions on all five coupons.
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78-80°C to dissolve the phosphorus-containing epexy resin. A water-cooled reflux condenser

20 was used to minimize solvent losses. The resultant phosphorus-containing epoxy resin (2.7
wi%P, 428 g} was transferred to a wide-mouth jar.

In general, stock solutions of advanced resin, curative and promoter are all prepared
and stored separately to facilitate experimentation. Durite SD-1702 novolac curing agent was
obtained from Hexion Corporation. A novolac resin solution was prepared by dissolving 50

25 wt% SD-1702 in 50 wt% MEK solvent.

Into a 400ml disposable beaker was accurately weighed 100 g (72.4 wt% resin) of
DEN 438 Novolac Epoxy resin solution, previously advanced with DOPO and diluted with 2-
butanone in Example 5. To the resin was added 38.4 g of 50wt% SD-1702 solution and 0.063
g 2-phenylimidozle dissolved in 1.3 g MEK. The novolac to promoter ratio was about 525,

30 The mixture was stirred vigorously to give a light yellow solution. About 0.5-1 mL of the
resin solution was added to a hot plate (Thermo-electric Company) at about 162-164 °C. A
tongue depressor was split in half lengthwise, and half of the depressor was used to move the
resin on the hot plate until stiffness was noted and then lifting the resin with the flat part of

the depressor until string formation ceased. The gel time was 5 minutes 5 seconds,
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to gi vetlaclme@hwa%/bctﬂvew 8.0PYinches amdb@0#1 Miched cohtaping bewees? hwibl esinandwas
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then lifting the resin with the flat part of the depressor until string

formati 8% 1@!@&@%@81%(11@@1%@ save, andghscorpenedgessvere sumddied etdrsandisgehyhehe
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m xture 8 poxy B
chamber, resulting in V-0 ratings with between 21 and 48 seconds total burn times for the

two ignitions on each set of five coupons.

20
Comparison Example 9
Laminate Preparation from DEN 438 Novolac Epoxy Resin with No Flame Retardant
25 In general, stock solutions of advanced resin, curative and promoter are all prepared

and stored separately to facilitate experimentation. An 85wt% phenol epoxy novolac resin
solution, DEN® 438-EK85, containing 5 wt% 2-butanone (MEK) was obtained from The
Dow Chemical Company. Durite SD-1702 novolac curing agent was obtained from Hexion
Corporation. A novolac resin solution was prepared by dissolving 50 wt% SD-1702 in 50
30 wt% MEK solvent.

A resin mixture containing no flame retardant was prepared by blending 113.64 g of
85wt% DEN 438 solution, 113.40 g of 50wt% SD-1702 solution and 0.0705 g 2-
phenylimidazole promoter into a 400 mL disposable plastic beaker. The novolac to promoter
ratio was about 804. About 0.5-1 mL of the resin solution was added to a hot cure plate

35  (Thermo-electric company) at about 162-164°C. A tongue depressor was split in half
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The resin/curative solution was applied wth a paintbrush to an 11" x 11"
pi ece of JPS 7628 Fiber Gdass Cloth having a CS-718 finish. A 12" x 1" X
1/ 16" pi ewo 20f0/p35398@ stock is used to support each end ofCrius2alomsiss4 Each
pi ece of treated cloth was suspended in a 170C forced air Blue Moven (Lab
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by 5 i néf! ﬁa%tcsa‘saﬁd‘]‘weaﬁﬁaae et o BvetseRh v ﬁacq & 4%?5?1“Pe§y‘@f OO ¥ ?rsg
bet ween rdspP-d@yar S0 nB%ﬁ%éi'%@?uH@dl &daethbirkd ixet SEIHHE eﬁ&(ypoécm%@ G0
steel plates (1/8 inch thick 2 inch by 12 inch square dinensions). The

| ami hat &cpds formed in the 190 OC hot press at 5,000 psig for 1 hour. The

contai ning bl bou: 3 1 SR AR Bl RN S bIGAER sos

and 26‘V®Se5n8nﬁzﬁmgrv#ds@m Uiz ad8gk MGl add&aplbO &PResUSuppent 1t indids@sngur i ng
was about 3 wt% Five 0.5 inch w de cougons were cut fromthe | am nate

usi ng aldndnwidg 28d\/164Reh k) o8 dioior aad dettom cads e keuion bpweahapuess. The
fi ammab h&dt&iﬁﬁ@&%%@% HRURCNS, YW 198@?@?%@,{%9 cﬁgs (\%?t-gﬁ@ %c? ?&r'h%ﬁ&iﬂ%'tg% (fja%gxgpﬁtxl as

UL-94 burn ¢ resulting in I ng et ween
secbihdstiteoBatagb wvan.t The a.-diage, oheesimoaingshi thiae paindel elamlim frent afd backeofcthupons.
Compari son Exanple 9 Lam te Preparatjon fraom Novol ac Epox Resin
wi th No?q%FléEéaHﬁéP PYAREE Y %é’? Se%ﬁéo%lr@ gmmDE 58 O%Waﬂ@éﬂpmé%

cur at i vesandhuRaREOLEC a8 h’ﬂntg pﬁﬁﬁﬂqmqu@&{seﬁl £ GR5 5@' Yarh© hB@&' &at ate
experinentation. An 85wt h epoxy novolac resin so ut| on,

438- EK8allowahntoairipi drg fcix&meit%lﬁ—IbMBErWe (kg v wa& pebicateddth f’l{b"iﬁ) 'fctmeed)mw

Crem cal RAN | DCIAS By, 1702 Hovol e, i Log feent, vasy sbLal ned {rom
AT A 4 AR ) ML BBy
removed by reducing the sheet dimensions to 10 inch by 10 inch. The sheet was cut into four
5 inch by 5 inch sheets and weighed before stacking the four layers of prepreg between two
layers of Pacothane release film (Insulectro Corp.) and two steel plates (1/8 inch thick, 12
inch by 12 inch square dimensions). The laminate was formed in the hot press at 5,000 psig
20 for 1 hour. The resulting laminates were between 0.034 inches and 0.036 inches thick,
contained between 44 wt% and 46 wt% resin and underwent between 1 wi% and 18 wt%
resin overflow during pressing. Five 0.5 inch wide coupons were cut from the laminate using
a diamond saw, and the coupon edges were smoothed with sandpaper. The flammability of
the coupons was screened by ASTM D3801-06 using an Atlas UL-94 burn chamber, resulting
25  in burn ratings on all sets of five coupons.

The Laminate Tg measurements were performed similarly to what is described in IPC
method [PC-TM-650 (method 2.4.25c¢), using a 20°C /min temperature rate rise in N with
the following differences. The isothermal hold temperatures were 200°C for laminates based
on DEN-438 resin, 220°C for laminates based on NPCN-703 and 250°C for laminates based

30 on NPCN-703 resin with no flame retardant. The TA Instrument software analyzer was used
to determine the glass transition temperature. In some cases a third scan was performed to
determine the delta Tg between the first, second and third scans. A hole saw was used to drill

out laminate sample disks of a size proportioned to fit inside a standard aluminum DSC pan.
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85wt % DEN 438 solution, 113.40 g of 50w % SD-1 702 solution and 0.0705 g 2-
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into four 5 inch by glnch sheets and wei ghed before Stacking the four

| ayers ©f sgyeépe dhe Bét erdndrivodimayethe wiaaanttansfteretheat€Af ineasug¢mentliect r o

Corp.) and. t steel .plates. (1/8 inch thick,, 12,jn b Lhch .square

di mensi §Pi‘§5“? e r?‘gnfiﬁgtitéievﬁs a’i’%ﬂ?@d%rn?{%?’ﬁo% 4 brg@é’ é‘?dlgs,o (JOMRE gﬁ?sﬁr 1
hours Thenpeafittes.i RhddanBé &%igheToRs Metooeens Alsd4icunedes and 0. 036 inches
t hi ck, contained between 44 w% and 46 wt % resin and underwent between 1

wt % and 18 wt % resin overflow during pressing. Five 0.5 inch wi de coupons

wer e cufommanisomef Lamimates using a di anond saw, and the coupon edges were
snoot hed with sandpaper. The flamrability of

Flame retardant and thermal properties of the laminate of Example 4 with 4 wt%

20 phosphorus content and the laminate of Example 5 with 3 wit% phosphorus content were
compared to Comparison Example 8 as shown below in Table 1. The flammability (UL-94
ratings) of the laminates was screened by ASTM D3801-06 using an Atlas UL-94 burn
chamber (V-O being highest possible rating). The thermogravimetric analysis (TGA) and

glass transition temperature (Tg) rate rise was 10°C /min in Nj.

25
TABLE 1. CHARACTERIZATION OF LAMINATES
Inventive Inventive Comparison Comparison
Example 4 Example 5 Example 8 Example 9 (No
(DOPO) Flame retardant)

UL-94 V-0 V-1 V-0 Burn
Phosphorus 4.0% 3.0% 3.0% 0%
content
Tg (Glass 126-131°C 136-140°C 117-121°C 163-172°C
transition
temperature
TGA 5%-wt 405-411°C 405-411°C 368-388°C 407-421°C
Loss
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t he coupons was screened by ASTM D3801-06 using an Atlas UL-94 bum chanber,
resulting in burn ratings on all sets of five coupons. The Lam nate Tg
measur enewo0weasssgperformed simlarly to what is descri lpea/tsaoloPgs3set hod

| PC-TM 650 (method 2.4.25c), using a 200C /mn tenperature rate rise in N

Wi th the fol hgwicagy disf AGAGRERRd il NCorhSR1BE TBnpROk dieBEIRLWASST WOPpe).2000C
for | ami nates based on DEN- 438 resin, 2200C for |am nates based on NPCN- 703

and 250basefidlanmearsianding soppewlsgesuNPON D8t ipresf Hgvihe iglase trihsainem featparatanat .

The TA |nstrument soft e anal yzer was .used tq, determine th | ass
transi t i et Dred®TE o8 Rethab et iR gh ot o eied T gnore
det er m ggfithletcdgbta@s TadReypies feddied doldt cosBeORAIRRIditidH, (e thean$ stahilipgl e
saw was used to drill out |am nate sanple disks of a size proportioned to
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was post 1 EAEIE e pRRThoRE Lo B He K-k M 2SS Bhop Rt 05 )
}/vagI rec or,dﬁmaaetﬁylabisarﬂﬁ'eiiqnadb {ﬂiagleaxtédﬁahnmsif (rjtge @r@lemmfﬁﬂemm;resﬁiéx&dsffahflt he

id onto the pan., An enpty seal ed pan was added to the reference platform
The thef‘qmgr\’ﬁ&(%{qw ef 'éﬁramlé@gﬂ(trr ?A\hé?ialﬁ%w ey pRecnd e bartes
@00 TCHGHS Lo he HifinalChr ERafBRNCHAD (0o @h&%om'cgﬂtem R 9% HRRE
interface and operational systemcontrol. The'tenperature scale was

cal 1br atled wathi ngher digtanflineethGettecl ¢ Artpapehuresatfityathanmtic ROBO rbotkell
reference standards. The m crobal ance was calibrated using certified
reference weights. Both of these calibrations were perfopned according to
t he instrunment manufacturers recoWéJl‘bmcedures. The sanpl es cont ai ned
about 10 ng tol2 ng, which were heated at 10 C/nmin in under nitrogen from
room t enper at ur /g ®BDdenn i) [Ht2 ] oxaphesphotio, oS 4-ahanpdiddise, fil e

contdai ni ng t he 6gendpixadavieicgbity lamdnate (336 phosphervd abatenty vsnjedmtibng he PC hard
drive during the neasurenent. After the TGA neasurenent is finished the raw

data file i sTROporedde boMlinddhn R%mEYs _ﬂa@%m@w@mhm@t h0ESy Wasmekabur es.
In addition the weight Ioss at 500 Cis also cal cul ated. Conparison of

Lani nat €Ut igwarticlasigant thedOP Qesompoupd dpedid efsibept 1.Aem iibriemengnodatanpl e
4 with éar\%l%’size distribution prior to combining with the epoxy. The flammability of the coupons
20 were screened by ASTM D3801-06 using an Atlas UL-94 burn chamber, resulting in a V-0
rating with 45 seconds total burn time for the two ignitions on all five coupons. No single
burn was greater than 10 seconds. The TGA temperature weight loss was 360°C, 381°C and
404°C for 1%, 2% and 5 % weight loss respectively. This example shows that flammability
rating was improved over Example 5 by further reducing the particle size of the DOPO

25  compound prior to mixing with the epoxy.

EXAMPLES 11 - 22

The procedure used in Example 5 was used to produce laminates in Examples 6
30 through 17 with the exception that a 60wt% o-cresol Novolac type epoxy resin (Nan Ya
NPCN-703}) solution, containing 50 wt% 2-butanone (MEK) was used in place of the phenol
epoxy novolac resin and in some examples silica and/or a melamine polyphosphate (Melapur
200 (M-200) from BASF Corporation) were used in the resin mixture. The results are shown
in Table 2 below.
35
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phosphorus content and the |am nate of Exanple 5 with 3 wt % phosphorus
content were conpared to Conparison Exanple 8 as shown below in Table 1.
The fl ammsibi2biorygs39BL- 94 rati ngs) of the | am nates was secearsedoys3ssTM
D3801-06 using an Atlas UL-94 burn chanber (V-O being highest possible
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*One burn greater than 10 seconds.

Total wt% P includes phosphorus from M-200

The results show that the melamine polyphosphate significantly increases the glass
transition temperature (Tg), which may be used for high temperature polymer applications.
Incorporation of silica allows for a 1.8 wt% P formulation that retains a V-0 rating.

Components referred to by chemical name or formula anywhere in the specification or
Claims hereof, whether referred to in the singular or plural, are identified as they exist prior
to coming into contact with another substance referred to by chemical name or chemical type
(e.g., another component, a solvent, or etc.). It matters not what chemical changes,
transformations and/or reactions, if any, take place in the resulting mixture or solution as such
changes, transformations, and/or reactions are the natural result of bringing the specified
components together under the conditions called for pursuant to this disclosure. Thus the
components are identified as ingredients to be brought together in connection with
performing a desired operation or in forming a desired composition. Also, even though the

Claims hereinafter may refer to substances, components and/or ingredients in the present

tense ("comprises”, "is", etc.), the reference is to the substance, component or ingredient as it

29
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conpound prior to mxing with the epoxy. EXAMPLES 11 - 22 The procedure
used in Exanple 5 was used to produce |am nates in Exanples 6 through 17
wi th the wecemi36393t hat a 60wt % o-cresol Novol ac type epoXyuse@siosssfNan Ya
NPCN- 703) sol ution, containing 50 wt % 2-but anone (MEK) was used in place of
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doai T od o O o o S o c Rt 2B Bk DL,
substanaﬂ@uﬂbemu@naﬁﬁme@pdhhﬂ(ngmedlents in the present tense
("conprises", "is", etc.), the reference is to the substance, conponent or
ingredient as itexisted at the tine just before it was first contacted,

bl ended or m xed with one or nore other substances, conponents and/or
ingredients in accordance with the present disclosure. The fact that a
subst ance, conponent or ingredient may have lost its original identity

t hrough a
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chem cal reaction or transformation during the course of contacting,

bl endi ng or m xi ng operations, if conducted in accordance with this

di scl osurwOoand)/ms398 ordi nary skill of a chem st, is thugcofUsSe@opsssi cal
concern. The invention described and clained hereinis not to be limted in
scope by the specific exanples and keents herein disclosed, since

t hese exanpl es and enbodi nents are gﬂ%@ﬁ@gﬁ as illustrations of several
aspects of the invention. Any equival ent enbodi nents are intended to be
within the SChpen pf t hb@ﬂmﬂy@ﬁérﬂgﬂepd)fsd Osiltﬁ)rnl(ﬁﬂ'ﬁ)u@iﬁgl fications of the
invention in addition to those shown and descri bed herein will becone
apparent to those skilled in the art fromthe foregoing description. Such
nodi fi cati onél)ar e AR ¢orevydd to fall within the scope of the appended

C ai ns. CLAl Mz.. Cl ai I [ rdan y conposition conprising: (i)
an epoxy coxﬁgbnd?%?ﬁk%ué?%§¥ tgﬁgﬁﬁgaﬁ%éﬂsﬁ%éfolIomﬁng structure: Formul a
| wherein Ais a direct bond, C-C 2 aryl, C3-Cl2 cycloal kyl, or a C3-Cl12
cycl oal kenyl , wherein said cycl oal kyl or cycloal kenyl nay be optionally
substituted by a ¢ -C al kyl; each Rl, R2 R3 Lgre i ndependent |y

hydr ogen, Cl1-C15 alkyl, C -G aryl, C7-G or C7 C15 al karyl; or R
and R2 or R3 and R4 taken together can form a satjurated or unsaturated
cyclic ring, mheb%;n said saturated or unsaturated cyclic ring may be

optional substit d by aRCiOC al kyl ; each tly 1, 2, 3 or 4
each Rs and R6 areXl deptly drogen o g-C6 alkyl; each nis

i ndependently O, E 23 40 —@ﬁsR%rh‘rz@s’bﬁ 1\0 t n Ais aryl or a
di rect bond, n cah not_[pbe 0,.LCl aim2 The conmp@sigion Rai)m 1, wherein
both n subscripts A is a direcO bond. m

Formula I

wherein A is a direct bond, C¢-C aryl, C3-C; cycloalkyl, or a C3-C3 cycloalkenyl, wherein
said cycloalkyl or cycloalkenyl may be optionally substituted by a C,~-C; alkyl;

each R', R%, R® and R are independently hydrogen, C;-Cs alkyl, C¢-Ciz aryl, C-C,5 aralkyl
or Cy-Cy5 alkaryl; or R' and R? or R® and R* taken together can form a saturated or
unsaturated cyclic ring, wherein said saturated or unsaturated cyclic ring may be optional
substituted by a C;-Cj alkyl;

each m is independently 1, 2,3 or 4

cach R* and R are independently hydrogen or a C;-Cy alkyl;

each n is independently 0, 1, 2, 3, 4 or 5;

with the proviso that when A is aryl or a direct bond, n can not be 0.

Claim 2 The composition of Claim 1, wherein both n subscripts are 1 or 2 and

A is a direct bond.

Claim 3 The composition of Claim 1, wherein both n subscripts are 1 and A isa

Cg-c 12 aryl.
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Claim3 The conposition of Claim1, wherein both n subscripts are 1 and A
isaC-C2aryl.ddaim4 The conpound of Cains 2 or 3, wherein R, R2, R3
and R4 arwoi2ooesssvdent |y hydrogen or a G -C al kyl. O ai mCH/USh@0083380si ti on
of Claim1 wherein the conpound of Fornmula | is 6H D benz[c,e] [1, 2]

oxaphosphoripy..6, 6' - (| 4-¢€ b Vo) Bi.s- . 6, 6'2- di0xi-dest i ,elll, 2]
oxaphosphori ;]t*,lm%’cg, - (1 ,rrﬁ? béﬁpg’%g%? ycif)(gfla@}% 26?’2'31 gellh%%%ngg;{ ’3?? DQ%([ergg[aer]:

c, e] [, Zidepaalehids hdibdn orGy, ©;-€£ alRyXyl enedi yl ) bis-, 6,'-dioxide. Claimé6 The
conposition of Claimb5, wherein the conpound of Fornmula 1 is 6H D benz[c, €]
[ 1, 2] oxaphosphorin, 6,6'-( 1,4-ethanediyl)bis-, 6,6 -dioxide., Caim7 The
conposi ti on &4 R m 1 Theusemppsitienof Céiiﬁkif vewsngin Uil compewndoel Hemetoll iepoxy

in defi , i;sph r anethylbi A, hi nol. F
bi sphengl P RL A SR Ghntofhy RN CLERIENMS,  SERREAR o
4, 4' - bi phteamy]c,«dfl,2i hysaphoypiapint hyd, @i 4-butanetat)bspoxy,6f-éwixidederdarved 6Hom

phenol / for ma] dehyde novol ac, cresol/f{orna| dehyde novol ac, bi sphenol A
novol acbllbqnﬁt%eﬁj&aﬂ,ox%fﬁﬁé n, 6;@?6'%[‘2“6%’1) ‘si695§11d leypdi fi ed

phenol / f or mal dehyde novol ac or am notri azi ne novol ac; heterocyclic epoxy
resins deriveq..from p-am ya 1 ch.d; I | Xy
resins deri vgciiim%rfgm 1, 2%3’?%12253?0 ??81§%:ﬁe$’%h%sﬁd¢lgfgﬁ@ggﬁ gg?éﬁ%@agﬁg

m xt ur eSHthbert,c][ C2éxapBosphaerin, &ch'f{ 1 drathaned:igh)bianto,@@oxyda. esi n conpri si ng
reacting the conposition of Clainms 1 or 6 with a curing or polyner
initiation agent. Caim9 The resin of Caimg8, wherein said curing agent
i s ethyl ene Hi@fihe, tFAhosonprafen difdhiaie, 1.t wherginesad lcppey ¢gpappwed 1s an

hexamnet i.an] . h I i e enendi,am.ne, para
ot ono. DR ol oL i Bk B ERPnloP T, MErea B SIRAREN 2R p R
pr opanebisghefiol diSaniteiakiiphéreinlbthedd)e molvhedzoxdrian] neesdicplogny4,4'shiplianye, od, 4' -
di am no di cycl ohexane, bis (4-am nophenyl) phenyl nethane, 1 5-di am no
napht hafl‘g’ﬁ ,Oxmpgﬁw%ryi Sn¥olar &Wh)é,reﬁarfilﬁrw? yf?%rﬁep%na OH@?ld%we- Bpwlac,
(4- am noRbAMYGHSHONEX RS, BisoHABI A aRbAGac PRSHRh{IT OToRLAE NS ROV L ac,
cresol /formal deahydg novol ac, gllg%henol A’ novdl agd,h i, ’ ’
mesitylene-modified phenol/formaldehyde novolac or aminotriazine novolac; heterocyclic
epoxy resins derived from p-amino phenol or cyanuric acid; and aliphatic epoxy resins

derived from 1,4-butanediol, glycerol or dicyclopentadiene; or mixtures thereof.

Claim 8 A cured flame retardant epoxy resin comprising reacting the

composition of Claims 1 or 6 with a curing or polymer initiation agent.

Claim 9 The resin of Claim 8, wherein said curing agent is ethylene diamine,
trimethylene diamine, tetramethylene diamine, hexamethylene diamine, meta phenylene
diamine, para phenylene diamine, para xylene diamine, 4,4'-diamino dipheny! methane, 4,4'-
diamino diphenyl propane, 4,4-diamino diphenyl ether, 4,4'-diamino diphenyl sulfone, 4,4'-
diamino dicyclohexane, bis (4-aminophenyl) phenyl methane, 1,5-diamino naphthalene, meta
xylylene diamine, para xylylene diamine, 1,1-bis (4-aminophenyl) cyclohexane, dicyan
diamide, phenol/formaldehyde novolac, cresol/formaldehyde novolac, bisphenol A novolac,
biphenyl-, toluene-, xylene-, or mesitylene-modified phenol/formaldehyde novolac,
aminotriazine novolac, cresol/formaldehyde/aminotriazine novolac,

phenol/formaldehyde/aminotriazine novolac or mixtures thereof.

Claim 10 The resin of Claim 8 further comprising a curing agent promoter,

wherein said curing agent promoter is 1-methylimidazole, 2-methylimidazole, 1,2-
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bi phenyl -, toluene-, xylene-, or nesityl ene-nodified phenol/fornmal dehyde
novol ac, am notri azi ne novol ac, cresol/fornmal dehyde/ am notri azi ne novol ac,
phenol / f ovoabtetsyide/ am notri azi ne novol ac or m xtures tireraskolo@dsmsm 10 The
resin of Claim8 further conprising a curing agent pronoter, wherein said
curing i ris e 2- hm ; }
12 e R Ty BRAARUEL | 15 R, CEE YRR R Bcle, 2

2- et hyl phelmkihhgﬁzioiﬁ daIz-oj/&mpeﬂiyi mpmwmmmml el-(4,6~-diamino-s-triazinyl-2-ethyl}-2-

1- cyanoe |- 2 g)f%lmdaz 1- (4, 6-di am no-s~triazinyl-2-ethyl)-2-
phenyl i f)‘ﬁ'ﬂﬂ‘@ 781 T Es! F‘P‘?@Feof Claim 11l The resin of Oaim8 wherein
said polyner initiation agent is nethane sulfonic acid, alum num chloride,
st annum chl o trif ] Q

et hyl et her C(t)jrirzgﬁjeH belﬁggﬁ%@‘géf%%ﬁ%’ cﬁer?fﬁp%m gé’i,l Etﬁdtfohlé ERRO ERMhane

bi si sobstiforoniatidi ladymimetnh oxlpriget si&muumchtoriidet hjﬂuomhomm eﬂ’}yﬂarmat hyotmplex,

am nophengl ar m xt t hereo aim The .resi.n of. daim8, wherein the
arount | GRTRRED i GRS BRI BZoNb RGO O UBY PIOO pares By
vei ght  pabutlRhithidd, trﬁethaxy\@bg@gmﬂf i dIRyICRANY, QIR ?pl arfih @ﬁ&i%ﬂ?ﬁxtﬁ%' n of
Claim8, whérein the or gani c phosphoroous content of the corrp05| tion is

about OUBr#f%to about 10 wt% based on the total weight of the resin.
Claim 14 The resin of Claim8, further conprising at |east one additive

selected fro stahilizers, light stabi]izers [.tra-viol i gh
Shsorbers " oRdiRa oo he RER o e R ke E80 Rk of i ot hae

pr onot ey gabbid d. Hosabom w@ﬁgr& byd¥E88ht e D00 BARL1S; w@i@hﬁoﬂtﬁé 8RS @mpblLAM Ng
agents, fung|C|des pl astici zers, processing aids, acid scavengers, dyes,

pi gnents, stabilizers, blow ng agents, nucleating agents, wetting agents,
di spersing agémis3 syn@hg'rcﬁirsof ﬁiaimrSahNInfcfdiﬂ tesorgared ph«mpbbmgs agemtxyf the

whi skers, i nor anl Jesretardant addi snoke

suppr es SHAPLT g‘*?"ﬁroe4 ’%é‘?% U 19] Wi@d?ﬁg Wf?gbvsef@tfiﬁa’ﬁfm@'ai m 8,
further conprising a nelam ne poI yphosphate. C aim 16 The conposition of
A aim8, furghgh Qonpr il RQiShe EGfhn 8, further comprising at least one additive selected

from heat stabilizers, light stabilizers, ultra-violet light absorbers, anti-oxidants, anti-static
agents, preservatives, adhesion promoters, fillers, pigments, dyes, lubricants, mold releasers,
blowing agents, fungicides, plasticizers, processing aids, acid scavengers, dyes, pigments,
stabilizers, blowing agents, nucleating agents, wetting agents, dispersing agents, synergists,
mineral fillers, reinforcing agents, whiskers, inorganic fillers, other fire-retardant additives,

smoke suppressants or mixtures thereof.

Claim 15 The composition of Claim 8§, - further comprising a melamine
polyphosphate.

Claim 16 The composition of Claim 8, further comprising silica.

Claim 17 The composition of Claim &, wherein the wherein the dso particle of

the compound of Formula I is less than about 15 microns.

Claim 18 A prepreg comprising an organic or inorganic reinforcing material and

the flame retardant epoxy composition of Claims 1 or 6.

Claim 19 A laminate formed from the prepreg of Claim 18.

Claim 20 A printed wiring board formed from the laminate of Claim 19,
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Claim 17 The conposition of Claim8, wherein the wherein the d50 particle
of the conmpound of Formula | is |less than about 15 mcrons. Caim18 A
prepreg cwoppigi3my3an organi ¢ or inorganic reinforcing mararsk@/0a3sd4 t he
flame retardant epoxy conposition of Clains 1 or 6 . Claim19 A lamnate
formed fromthe prepreg of Claim18. Caim20 A pri nted wiring board forned
fromthe la of a met ho
whi ch net hogtg%rtrlgzrll ses: I!él]pnaplj"#j d; Og;lféalgnm%laclj’/1 nv%r)hrgé{] 1%@ 108 Comﬁgls% ?@ﬁﬁmé’
organi c aﬂ@’bﬂfrﬂpiegmﬁggﬁnhoﬂgﬁmbhﬂ drgdnie Qémﬁ)lcb@g sgenk |1le€1ﬁef0r1f1ai’ﬂ filers, Cﬂcct:@Xt ile
material. with the flanme retardant epoxy conposition of Caim1l, a solvent
and a ctiifgObiexple paeral with it fieme aaéfﬁ@nfa%powtcgwewa@wéCéfufﬂfcht svento at
least papd halilije GHHEIERE iGOIRASLIdP B o Hrdlditde AHEGERQY aPicabObdHiNg, &
| am nat e, whi clﬁg ?ﬁgg&cérrprl ses A) %p nl?%/e?ang to and;;l a?r%rt(e)%nét g,ng rgn
i nor ganﬂu‘:a@mp@sl@am c reinforcing agent in the form of f| bers, fleece,
fabric, or textile material wth the flarre ret ardant epoxy corrposi tion of
Claim1, a sglvent and a curing_or pol initiatign agent at a
t enperat ure g{ﬁlml?(?l ent At‘Betgg‘iiP frminecy, @Ut““ﬁ% vy %&Pﬂ&ﬁmpﬁﬁ‘"’&f orming a
stack conprised of a plurality of sheet-like prepregs fornmed in A); and C
pressi ng the sstac er.a .r . 1 .
sufficient toﬁcur gp l{lgkgﬁ gsa }lﬁ/og%{gg%g H% :{ngﬁr#féﬁ fec.(H Sigamt ?elﬁ‘f&‘iimﬁé dent in

the form of fibers, fleece, fabric, or textile material with the flame retardant

epoxy composition of Claim 1, a solvent and a curing or polymer initiation

agent at a temperature sufficient to partially cure the composition;

B) forming a stack comprised of a plurality of sheet-like prepregs formed in A);
and
C) pressing the stack formed in B) at temperatures, pressure and time sufficient to

cure the resin and form a laminate.
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