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there is also now a desire to offer resin compositions that are substantially free of
halogenated and halogen-containing compounds and materials. Currently available resins
lack the ability to offer a desired set of electrical, performance, processing and flame
resistance characteristics without the incorporation of halogenated or halogen-containing

15 compounds and materials.

SUMMARY

Advantageously, flame retardant resin systems according to the present disclosure
do not include halogenated or halogen-containing compounds as flame retardants. It is
also advantageous to have epoxy resin systems that incorporate flame retardants that have

20 low toxicity and are friendly to the environment. This is particularly important if the

epoxy resin systems are in contact with the environment as are resin systems that are used
to splice and/or to seal electrical splices.

In one aspect, a coating composition is provided that includes an epoxy resin anda

phosphate-containing flame retardant, wherein the flame retardant has the formula:
AP—0 P o [ ' ]
+ oo o],

wherein A can be O, a conjugate base of glycerol, or a conjugate base of a

25

saccharide or derivative of a saccharide, wherein n = 0 — 5, wherein Q is a monovalent
cation or a divalent cation, wherein when Q is a monovalent cation then m =n + 2, and

wherein when Q is a divalent cation thenn =0 and m = 1.
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In this document;

“ASTM?” refers to test methods standardized by the American Society for Testing
and Materials;

“conjugate base” refers to a saccharide or glyceride in which at least one of the OH

15 groups has been deprotonated;

“polyphosphate” refers to a salt of metaphosphoric acid or polyphosphoric acid,
regardless of cation; and

“UL” refers to Underwriters Laboratory and test methods developed and published
therefrom.

20 The provided compositions and methods offer epoxy resin systems that contain
environmentally friendly and low toxicity flame retardants. The flame retardants are
cither on the Generally Regarded As Safe (GRAS) list that is maintained by the Food and
Drug Administration of the United States or they are chemically closely related. When the
provided epoxy systems as used as, for example, sealants for electrical cables that are

25 subsequently buried in the ground, any of the provided flame retardants that bloom out of

the sealant are likely environmentally friendly and have low toxicity to the environment.

DETAILED DESCRIPTION
In the following description, reference is made to the accompanying set of
drawings that form a part of the description hereof and in which are shown by way of
30 illustration several specific embodiments. It is to be understood that other embodiments

are contemplated and may be made without departing from the scope or spirit of the
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Desirably, for electronic applications, the epoxy resin is electronic grade.
15 Exemplary epoxy resin systems include a two-part epoxy resin available as 3M
SCOTCHCAST 4 ELECTRICAL INSULATING RESIN from 3M Company of Saint
Paul, MN. Examples of useful epoxy resins include 2,2-bis[4-(2,3-epoxypropoxy)-
phenyl]propane (diglycidyl ether of bisphenol A) and materials available as EPON 8§28,
EPON 1004, and EPON 1001F, available from Hexion Specialty Chemicals Co., Houston,
20 TX, DER-331, DER- 332 and DER-334, available from SPI-Chem, West Chester, PA.
Other suitable epoxy resins include glycidyl ethers of phenol formaldehyde novolac (e.g.,
DEN-43 and DEN-428, available from SPI-Chem.).
Optionally, the epoxy resin system may contain one or more hardeners, initiators
and/or catalysts (collectively referred to herein as "curative"), typically in an amount that
25 is effective for chemically cross-linking the thermosetting resin (i.e., and effective amount
of curative). The choice of curative and the amount to use typically will depend on the
type of thermosetting resin selected, and will be well known to the skilled artisan.
Exemplary curatives for epoxy resins include amines (including imidazoles), mercaptans,
and Lewis acids.

30 The provided coating composition also includes a phosphate-containing flame

retardant. The flame retardant has the formula;:
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In some embodiments, A can be a conjugate base of glycerol. Exemplary flame
retardants of these embodiments include, for example, calcium glycerophosphate,
magnesium glycerophosphate, and manganese glycerophosphate. A can also be a
conjugate base of a saccharide or substituted saccharide. Typically the saccharide is a

15 monosaccharide such as, for example, pentose sugars and hexose sugars. Exemplary
monosaccharides that are useful as flame retardants include aldoses, and ketoses. Aldoses
include aldopentoses such as ribose, arabinose, xylose, and aldohexoses such as allose,
altrose, glucose, mannose, gulose, idose, galactose, and talose. Exemplary flame
retardants derived from aldoses include D-glucose-1-phosphate disodium salt and D-

20 glucose-1-phosphate dipotassium salt. These salts, as well as all of the salts contemplated
by Formula (I) can exist as hydrates. Ketoses include ketopentoses such as ribulose and
xylulose and ketohexoses such as psicose, fructose, sorbose and tagatose. Conjugate bases
of disaccharides, oligosaccharides, and polysaccharides are also contemplated for A. For
example, in some embodiments A can be a conjugate base of a disaccharide such as

25 lactose, maltose, sucrose, or cellobiose. In other embodiments, A can be a conjugate base
of a polysaccharide such as amylase, amylopectin, glucogen, or cellulose. Conjugate
bases of derivatives of saccharides are also contemplated as flame retardants in the
provided compositions. Such derivatives include sugar alcohols, sugar acids, amino

sugars and N-acetylneuaminates. Exemplary sugar alcohols include glycol, glycerol,
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metallic salts are selected from sodium and potassium and the Group 2 salts are selected
15 from calcium and magnesium. Other divalent cations can also be present and can be
selected from, for example, divalent ions of transition metals. A typically transition metal
divalent ion is manganese.
The phosphorus-containing flame retardants can be in used in any amount in
curable and/or cured compositions according to the present disclosure. For example, the
20 phosphorus-containing flame retardants can be present in an amount in a range of from 1
to 20 percent by weight, typically 5 to 20 percent by weight, and more typically 10-15
percent by weight, based on the total weight of the curable and/or cured composition.
The curable compositions can be formed by simple mixing; however, it is
generally desirable to use a technique capable of forming a uniform dispersion. In one
25 technique, flame retardant and/or phosphorus-containing flame retardants are mixed into
the thermosetting resin using a high shear mixer such as, for example, a high speed mixer
available as SPEEDMIXER DAC 150FVZ from FlackTek, Inc. of Landrum, South
Carolina.
The curable compositions may be cured, for example by conventional methods
30 well known in the art, including by mixing (in the case of two-part thermosetting resins),
heating, exposure to actinic or thermal radiation, or any combination thereof resulting in a

cured composition. As discussed above, the curable compositions can contain
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15 There are a number of ways to test the efficacy of flame retardants. One standard
that is typically used is ASTM E 1354-08, “Standard Test Method for Heat and Visible
Smoke release Rates for Materials and Products Using an Oxygen Consumption
Calorimeter”, approved January 1, 2008. This test method provides for the measurement
of the time to sustained flaming, heat release rate (HRR), peak, and total heat release.

20 Heat release data at different heating fluxes can also be obtained by this method. The
sample is oriented horizontally, and a spark ignition source is used. Cone calorimetry has
long been a useful tool for quantitating material flammability. Cone calorimetry analysis
of UL-94 V-rated plastics is described, for example, by A. Morgan and M. Bundy, Fire
Mater, 31, 257-283 (2007). Another important measurement of flame retardancy is

25 provided by the FIGRA or fire growth rate which is calculated as:

(FIGRA) = Peak HRR / time to Peak HRR (kW/m?-sec)
The data for the Examples has been presented using these measurements.
One useful embodiment of the provided compositions is for use as a two-part
epoxy insulating and encapsulating resin for making underground electrical splices.

30 Flame retardants are desirable in such formulations to prevent flame formation if the

splice suddenly becomes hot due to, for example, an electrical short. The use of the

provided phosphate-containing flame retardants provides resistance to the rate of heat
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from Sigma Aldrich, Milwaukee, WI. Magnesium glycerophosphate and manganese
glycerophosphate were obtained from Spectrum Chemicals, Gardena, CA. Scotchcast 4 is
15 an epoxy resin system available from 3M, Saint Paul, MN.
Flame retardant fillers for Examples 1-10 were first mixed into Part B of
Scotchcast 4 resin using a SPEEDMIXER DAC 150FVZ, available from Flack Tek Inc.,
Landrum, S.C., at 3000 rpm for 1 min, and then Part A of Scotchcast 4 resin was mixed in
also using a SPEEDMIXER DAC 150FVZ at 3000 rpm for 1 min. The total wt% of flame
20 retardant in the mixed resin was 15%. The weight ratio of Part A / Part B was 1.34. The
mixed Scotchcast 4 resin was poured into a mold of 5.0 cm x 5.0 cm x 0.5 cm, and then
cured at 50°C for 1 hr. For the Comparative Example the Scotchcast 4 resin was mixed
without the addition of any flame retardant.
The cured resins for Comparative Example 1 and Examples 1-10 were subjected to
25 evaluation using ASTM E 1354-08, the only difference being the sample size which was
as is described above. The test results (heat release rate (peak and average)) and the
FIGRA or fire growth rate are displayed in Table 1.

For all examples, the concentration of flame retardant was 15 weight percent

(Wt%).
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provi des for the nmeasurenment of the tine to sustained flam ng, heat rel ease
rate (HRR), peak, and total heat rel ease. Heat rel ease data at different
heating fluxes can al so be obtained by this nmethod. The sanple is oriented
hori zontal ly, and a spark ignition s®dBtelis used. Cone cal orinetry has

| ong been a usef o f N ¢ in N I i lity. Cone
calorinetry anal ﬂ%@gg@lﬁﬁfﬁﬁ%@? ﬁ %‘%"g‘gd‘lcﬁigé‘g”? ]Jicﬂgédlaésd %%%%Agg%&t%/or exanpl e,
by A. Mrjgan and M Bundy, Fire Mater, 31, 257-283|(2007}s ARQfGET

| mpor t ant| FRasUFERRetHdahl 878 T etihfan ShubrPr ovi ded birrhg KW/(BA or| fire
growt h I’cl[,,%Eyli/n RN s carculated asT (FIGRA) = Peak [HRR 7 {1 TE 10 Peak HRR
c) " Th IS

ne
(KWnR se e data for the anpl es has been present i hese
measuremgnts. [One useful enbodi nent of the provided o) i1 is for use
Aot et ot ilneand eneanclatinorodl, AN
as a two- paft Xy sttt hg—ant—entapstratt+ng—

under groyndlel gBUPsSEE  spliges. FlangT e%?j dants af 61GR4i+%bl e in sych
fornul atijons t pmpRRRPENET | ame for gati omp# the spl i SeakSERRIB 4 E¥EBes hot
due to, flor expnple, an eleg¢trical® short. TR& use ofAVEHERRrYVild&d/m
phosphat €-contpi ning fl anme fnetardants ovi des resijstance to the rate| of
heatrel egse,anppfa fhe Tirefgrowth rate as shown img [es. Tn
addi tion,| sincerpust ;of the|prow d8d_6lane ret ar dantss, anen &f g{ on the
. phate = a : . .
GRAS |ist| or are str gg,gft R gl 1st, It is

uctural |y simgtar flo materials
bel i eved [that fhese materials wiJI b@‘l‘fﬁ@h,/bess toxic“to the environnent if
t hey | eagh out| of the curablje conposkt io(mﬁ’\ ovgl time. Objects and

advant ages of this invention are further k19 ustrated by the follow ng

exarrpl es, D%l[ edian"li”' culal nmaterl al soand anount s E@II’{E 31I’ ecited inlthese
exanpl es,| a5 we ] pshogthgger ¢ondi ti @so-@nol _getail s, $ q{%' NG Qg const rued
to unduly linit tAPSThVenti on. oF0 0 oF0- Avg, HRR: 665.24
Na' Na' Na' Na' Na’
4 Sodium Na' Na° Na' Na~ Na' FIGRA: 6.01
st | 7 4 7 g g |tk o
¢ o"P\OI ~o” “o” \O,P\O/P\\o vg. :522.15
Na’
5 Sodium (I)I FIGRA: 6.46
polyphosphate B + Peak HRR: 1065.62
0 P—0 - Na Avg. HRR: 554.88
O
6 Calcium cat FIGRA: 7.43
glycerophosphate o o Peak HRR: 1114.8
_\.p/°\/K/o Avg. HRR: 609.3
o \
o)
7 Magnesium Mgz+ FIGRA: 4.98
Glycerophosphate o 0 Peak HRR: 896.51
\_P/o\/K/ Avg. HRR: 510.25
0"\ 0
o)
8 Manganese M 2* FIGRA: 6.70
Glycerophosphate n 0 Peak HRR: 1038.64
© o Avg. HRR: 555.00
_O/ P\ \/K/O
@)




EXAMPLES Sodi um net aphosphate, potassiumtri phosphate, sodium
hexanmet aphosphat e, sodi um pol yphosphate, and cal ci um gl ycerophosphate were
obt ai ned Woam®OAR9IBNt er nat i onal , West Chester, PA. Sodi eortuse@oloyphosphat e,
D- gl ucose-1 -phosphate di sodium salt hydrate, and D gl ucose-1 -phosphate

di potassiumsalt hydrate were obtained from Signma Aldrich, MIwaukee, W.
Magnesi um-glycerophosphate and manganese gl ycerophosphate were obtained
fron1Spectr8n1CDéﬁu@m¢$ GardenaHO . Scotchcast 4 |FsGR: ePpoxy resin system
avai | abl @ from @ispiB&i nt Pall , M. ELame r'efa? dant |Pedld BRR: $83:09 Exanpl es
1-10 were firsfdimdedsalinto Part B QPHSpotchcast 4 1 esignHRRBiITig.2a SPEEDM XER
DAC 150FVZ, avphydadsd e from Fl ack T ne-P-ohandrum| S.C, at 3000 rpmfor 1
mn, and|then Part A of Scotchcast Pésmmmmas m xed in also using a
SPEEDM XER 9AC BN at 3000 rpHefor 1 mn. The totghrtqof flanme
retardant in the,mmed resin was 1506 The ygjght rabplg @krRAOLIA / Part B
was 1.34.] The myx@daaphghcast 4 r m@ﬁ pdur ed i 6 BrRRDIsd s@f 5.0 cm x
5.0 cmx 0.5 cmyqpd then cyred at 1 hr. For "the Conparative
Exanpl e t/he Scotchcast 4 FESIH ma§ﬂh1m@d' ﬁhout the addition of any flame
ret ar dant—Fhe—- 1

II T Mlld EI\aII’JI ea XL 10

wer e subjég%e8°@®mﬁvﬁ?ﬁ%?ﬂg% Sg% &“ﬁ Wﬁéﬂgggﬁeﬁﬁn Wﬁe only difference
bei ng the sanpl e size which was as is descri bed above. The test results

(heat rel ease Therdaty ipelableahshoavdrbige pyovaded flares retagRmtoeantsigrafigndit h rat e
are displ I f,l .ame
e 9 PR U R e SeETR ST RSP NS SRAGEM )L B
Scot chc a%leésevmteha‘fwa:g%dlea @hasdeta fgagiostiChte (NORPY! ald tétl axa rmla@e- SC-4
mnth no added flame retardant
Various modifications and alterations to this invention will become apparent to

those skilled in the art without departing from the scope and spirit of this invention. It

should be understood that this invention is not intended to be unduly limited by the

illustrative embodiments and examples set forth herein and that such examples and

embodiments are presented by way of example only with the scope of the invention

10 intended to be limited only by the claims set forth herein as follows. All references cited

within this document are herein incorporated by reference in their entirety.



The data in Table 1 show that the provided flanme retardants can
significantly freduce the flamability of SCOTCHCAST 4 epoxy resin system
wi th respeototin’p®ak heat rel ease rate, average heat relPergsS200a065624i re
growh rate (FIGRA), and total heat release. Various nodifications and
alterations to this invention will becone apparent to those skilled in the
art without departing fromthe scope and spirit of this invention. It
shoul d bepwyneqs ef.eRf:piRat this invention is not intended to be unduly
limted by the illustrative enbodi nrents and exanples set forth herein and
t hat such exanpl.es: ' .are presented by way of exanple only
W th theh%copgpggﬁ?%ggﬁﬁggﬁg#gﬁﬁ’ﬁ?@'ded to be limted only by the clains
set forth herei namspdxgltamsandAl | references cited within this docunent are
herein incorporated by reference _in their entirety. WHAT IS CLAIMED IS: 1. A
coating conposi t P BROPBASTSOBIHYNE Hame fRixidantewhpreinghg flgmsetarsisat kasdbt ai ni ng
fla ret ardant, mhﬁﬁﬁ&g.the flame retardant has the fornula: wherein A can
be , a conjugate base of glycerol (1,2,3-trihydroxypropane), or a
conj ugat e base of a saccharide Or deri@ative of sacchari de, wherein n =
0-5 , wherein Qis a nDnovaAg?ng_ L%?gg[ a dilvat ent cation, wherein when Q
is a nonoval ent cation then"ml=|n |qﬁa whegrei ) when Qis a divalent
cation then n = 0 and m= 1. 2.0QA conp@sition according to claim1, wherein
A conprises a conjugate base of a saccharide and wherein the saccharide is
derived from gl uedsein 3.cakbe hposinjugate @se of gliyoagyok @, X3 -ailmdtoxyphepase)n A
conprises a conj uantrea cggjsu?gat%fbag'é 02f a3satcglllarr]i¥1g or ddiathabfa saccharide, wherein n
= 0-5, wherein Q is a monovalent cation or a divalent cation, wherein
10 when Q is a monovalent cation then m = n + 2, and wherein when Q is a

divalent cation thenn=0and m = 1.

2. A composition according to claim 1, wherein A comprises a conjugate base of a

saccharide and wherein the saccharide is derived from glucose.

3. A composition according to claim 1, wherein A comprises a conjugate base of
15 1,2,3-trihydroxypropane.

4. A composition according to claim 3, wherein Q comprises manganese.

5. A coating composition comprising:

an epoxy resin; and
a phosphate-containing flame retardant,
20 wherein the phosphate-containing flame retardant is selected from Group 1
metallic salts of a phosphate of a saccharide, Group 2 salts of a

glycerophosphate, and Group 1 metallic salts of a polyphosphate.

6. A coating composition according to claim 5, wherein the epoxy resin comprises a

thermosetting epoxy resin system.

25 7. A coating composition according to claim 5, wherein the epoxy resin comprises a

two part epoxy resin system.

10



4. A conposition according to claim3, wherein Q conprises nanganese. 5. A
coating conposition conprising: an epoxy resin; and a phosphat e-contai ni ng
fl ame retwodamo7749er ei n t he phosphat e- cont ai ni ng f| ane PCEtS2@R/065626
selected fromGoup 1 netallic salts of a phosphate of a saccharide, G oup
2 salts of a glycerophosphate, and G oup 1 netallic salts of a

pol yphosphate. 6. A coating conposition according to claim5, wherein the
epoxy resi-n coWpPtBESogPERidpHBewIdingly dpaxy. wearin thy Jemarctardan copwtisesg
conposition a%ﬁggﬂkg L9 glain15, wherein the epoxy resin conprises a two
part epoxy resin Sys enlgﬁ A coating conposition according to claimb5

wherein the fl ane retardant. conpri.se noposaccharide. 9. A coating
Composi ti'n ackSvHiTig OMBORIah Af Brih s QEF FHah o RS ReRF P onpr | Ses one
phosphat e nDi elyprib& o ghegtHaROmERAPOSI tion according to claim9, wherein
t he phosphate noiety is a nonophosphate salt. 11. A coating conposition
accofdin 0 claj , al : ; I cpse-1
Hohosphar's di ogy Do PSR abeeRah A B A R R B e e o .
wherei n t he flmomphetphadanit. conpri ses a phosphat e of

1,2, 3-tri hydroxypropane. 13. A coating conposition according to claim 12,
wherein the phospdidic@oaPoBitivs @6cosdhg kd/Ahigh ¥ CRRQPINABPNALE retirAGNEShipikes

gl ycerophosphate, or a conbi nation thereof.
D-glucose-1-phosphate disodium salt.

12. A coating composition according to claim 5, wherein the flame retardant comprises
10 a phosphate of 1,2,3-trihydroxypropane.
13. A coating composition according to claim 12, wherein the phosphate comprises

calcium glycerophosphate, magnesium glycerophosphate, or a combination

thereof.

14. A coating composition according to claim 5, wherein the flame retardant comprises
15 a sodium polyphosphate, a potassium polyphosphate, or a combination thereof.

15.  An article comprising a coating composition according to claim 1.

16.  An article comprising a coating composition according to claim 5.

17.  An underground electrical splice comprising a composition according to claim 1.

18. A method of making a coating composition comprising:
20 providing an epoxy resin, and

mixing in a phosphate-containing flame retardant,
wherein the phosphate-containing flame retardant is selected from Group 1
metallic salts of a phosphate of a saccharide, Group 2 salts of a
glycerophosphate, Group 1 metallic salts of a phosphate, and Group 1
25 metallic salts of a polyphosphate.

19. A method according to claim 18, wherein the epoxy resin comprises a two-part

epoxy resin system.

11



14. A coating conposition according to claim5, wherein the flane retardant
conpri ses a sodi um pol yphosphate, a potassi um pol yphosphate, or a
conbi nat iwo 20tver7eB. 15. An article conprising a coati n@CTarsp@9iosicon
according to claim1. 16. An article conprising a coating conposition
according to claim5. 17. An underground el ectrical splice conprising a
conposition according to claim1l. 18. A nethod of naking a coating

ag

conposi ti%dn cowprcthadrmgeodimaip ¢laig 18nfuethexsormrsing a ByripaH Reliethyleng
phosphat e- cont gi ni. I tar , el r e ph e-.c0 i ni.ng
flame retar dan‘?ﬁqqélﬂgg% g%ﬁrggl{h%reg%gﬁygﬁps\g@%ﬁéf %? éllbecp agta(ﬁ?ds?@g%g’ é&pcﬁfcl)% gt e of a
saccharide, Goie éos@lréssn Ofstein Bliy eley @pbrasphutites bdg, andptht Mpicatlatdunsal t s of

a phosphate, and Goup 1 netallic salts of a pol yphosphate. 19. A nethod
accordi ng to dhanepagof thedasonbethdagpekiicbasi n conpri ses a two-part epoxy
resin systemO0. A nethod according to claim19, further conprising a
two-part pol yet hyl ene bag wherein one part of the epoxy resin systemis in
one part of the bag, the other part of the epoxy resin systemis in the
other part of the bag, and the flane retardant is in one part of the bag or
both parts of the bag.
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