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Intumescent products, in their current form, are applied to the surface of

materials and structures requiring protection from fire.

The intumescent char consists of amorphous carbon, or carbon and
graphite, and condensed phosphoric acids. The char itself is not combustible.
The underlying theory is that if a polymeric material can be altered so that it
thermally decomposes in the same manner as an intumescent, then it will be

non-flammable.

Where a substance is flammable such as wood, plastics, glass reinforced
plastics these materials will increase the fire load of a compartment, or allow
flame to spread along the surface of the material, thus allowing the fire to spread

to areas remote from the point of initiation.
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satisfactory providing the fire reginme is limted. If

the filmhas no insulation value, heat will pass

through the filmto the fla bl e substrate until it

out - gases or distorts, disrupting the film and

expOHierg arbemwb@ysa@feréomctdr@etrfe na? rsRY| Fﬁstlﬁeﬂéﬁét Getardant
scent coat i ,ngs an nd i.re regimes to

a‘?f?@YﬁSd@‘aé{n & F}%P%GEH ﬁ@;ﬁt NG atd%\ﬁ (Pelditivge are
eﬁfen@ﬁlétarfd(théiﬂ Bften Eéfré&tfﬁ)m %?rop@ﬁféﬁf It cf‘ ba&¢ mdie

is known to cause substrates to be self lIimting

i nvol ved infire. In order to provide protection from

fire GU'R

[ nclﬁl\Jlt r In bae&{ sﬁ%@ﬁ]%bﬁé @6£fn tlarrfgs a‘?@legftgqﬁegﬂg??%d-rh's
ist onlvhwtsfadt@weprwfdlmmtthe i fa‘bsr@mie sisr llmtteld esIfr trgufilnh Ngas no

inSifallo L aLE hdatyin pasE TR ind fitel Remmtbleanbatrate unti it
oltegdsestap distorts adlsmmmgdﬁd filfnoawd @Rp@ah@)ﬁﬁé stbstrate to the fire
rel atively inconbustible material. This inconbustible

" 9959%r Begavseinturgeseeny caaiings expangrunderfice regiones de @é@ede an
t r @l [
ooty et D P R PR, Ui o I SPBAS.  Char
fogpatierstasoin webdt ke knewsrtoatausadslitistrated ky bei oélfilimstirgnivhen
may be included in sealants such as caul k
.n()a(/&ﬁ L@ﬁ)% expanding to forma foam char |ayer act as
heat- resi stant snoke seals. Intunescent fire

retardin 05|t ons may conprise: (a) a source of a
nona}UoP Zonperod' STENEIS Cyo'&nffﬁm fkepdn Rt fire-retarding

SHbrRlisand&d fbsh
cdrb;lio Rriee ngn b§§ %gwcrgbr’;%%rgcéodaﬁ%égﬁh@ oftef§ %E)g éeH dfdafglle Furface

offring IﬁﬁearaimﬂstmturmSp"@nywngmbtmo tion. edhdumelsoerat firouetaeding

oo st B PRI R Ao gy, KRAR an oo

fohovehetrilayerodf tdiatively incombustible material. This incombustible layer

serves as insulation and prevents ready access of oxygen to the material upon
which it is applied, thus reducing or delaying the overheating and/or combustion
of the material. Additionally, intumescent materials may be included in sealants
such as caulk and, upon expanding to form a foam/char layer act as heat-
resistant smoke seals.

Intumescent fire retarding compositions may comprise:
(@)  asource of a non-volatile acid, usually ammonium polyphosphate,
(b)  an organic substance, for example a carbonific polyol that can be

decomposed by the liberated acid from the ammonium polyphosphate to

reduce to a source of carbon, and
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decomposition point of the ester. However, were the phosphate ester present in
the original substance, then the reaction would commence at the lower
decomposition point of the ester not at the decomposition temperature of the

ammonium polyphosphate.

The integration of the binder, spumescent, carbonific and catalyst
functionalities of a conventional intumescent into one polymeric molecule by
creating stable phosphate esters of carbonific polyols, was achieved in the
Intrinsically Intumescent Polymers (IIP). The predication of the behaviour of the
1P from the original urea phytic acid salts may be considered as a proof of the

theory of molecular integration of intumescent functionalities.
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esters are produced by a unique process of direct esterification.

Summary of the Invention

According to one aspect of the invention, there is provided a polymeric
material represented by the general formula:

O O O O
i I ] n
R,-O-P-O-R1} -O-P-O-R1-0-P-O-R1- |O-P-O-R2
I ! ! !
O O O O
I I | I
R3 R3 R3 R3
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Where R1 is an alkylene, R2 and R3 are selected from H+, alkylene, alkyl,

alkyl glycol ether and N is between 0.75 and 10.
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workers as presented in all prior art and is inadequate. The understanding is that
a structure that will reduce to carbon in the presence of a dehydrating acid is best
described as a sequence of —C-C-bonds in which no single carbon atom is more
than two atoms removed from a carbon atom that either carries a hydroxyl, an
ether of the dehydrating inorganic acid group or a nitrogen which in itself is
bonded to one other carbon.

The compounds 1,2-propane diol, inositol, glucose or any other
saccharide, while being carbonific polyols within the standard definition, will not
esterify in the same manner. Any polyol in which the calculation of the 40%
hydroxyl functionality includes secondary alcohols, will decompose in any direct

esterification system. Therefore, the patent literature is incorrect in its definition
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The alcohol used in the process may comprise an alcohol having an
hydroxyl group, or a polyol, such as a diol. The cyclic ether may comprise
ethylene oxide and/or propylene oxide and/or tetrahydrofuran and/or

tetrahydropyran. Preferably, the cyclic ether comprises tetrahydrofuran.

In a first embodiment of the process that is the second aspect of the
invention, the first and second reactants may react with each other to produce
the polymeric material. The polymeric material desirably comprises a phosphate
ester, preferably a partial phosphate ester.

The reaction of the first embodiment may be as follows:-

0] 0] 0] O

1l ] | ]
2(P,05) + 3R(OH), — * HO-P-0-R-0-P-0-R-0-P-0-R-0-P-OH"
I i | l

0 o) O 0]
! ! | |

OH* OH" OH* OH*
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formed in the reaction of the first enbodi nrent may be

represented by the general formula: OOO0OO nnnn
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In one embodiment of the polymeric material formed by the first reaction,
R1 is an alkylene, where Cis 3 or 4 and N is 1 and R2 and R3 are H+.

In another embodiment of the polymeric material formed by the first
reaction, R1 is n-butylene, R2 is H+, R3 is n-, or iso-, butyl, iso-propyl or any
mixture of these, and N is 0.75 to 4.

In a further embodiment of the polymeric material formed by the first
reaction R1 is n-butylene and/or 2,2- dimethylene propylene in a mole ratio of
greater than 3:1 and where R2 and R3 are ethyl, H+ and/or ethyl glycol ether
chains, having an acid value of 30 to 70mg KOH/gm, and N is 2 to 10.

In a further embodiment of the polymeric material formed by the first
reaction, R1 is n-butylene, R2 and R3 are ethyl and/or ethyl glycol ether chains
and N is 2 to 10.
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Preferably, the alcohol or diol of the second embodiment of the process
has a chain length of four or less carbon atoms. This has the advantage of not
forming flammable substances when the preferred embodiment of the polymeric
material is exposed to fire conditions. Suitable alcohols for use as a second
reactant may comprise one or more of methanol, ethanol, iso-propanol, N-

propanol, N-butanol, iso-butanol. Suitable polyols for use as the second reactant
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diol, 1, 2-propane diol, 1, 3- propane diol, 1,
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supply device. Preferably the first reactant is held in a holding member, desirably
a hopper, and may be fed to the reactor vessel by a feed device, which may
comprise a conduit. A pushing device may be mounted in the conduit for
pushing the first reactant along the conduit. The pushing device may comprise a
screw, such as an Archimedes screw. The alcohol may be fed to the reactor
vessel by a drip feed device. If desired, a further alcohol may be provided in the
reactor vessel.

Preferably, the first reactant and, where appropriate, the diol or alcohol are
fed to the reactor vessel until the temperature of the reaction reaches a
predetermined temperature. When such predetermined temperature is reached,



fed to the reactor vessel until the tenperature of the
reaction reaches a predeterm ned tenperature. Wen

WG cwh/opreziet er m ned tenperature is reached, WIPCT/GB2004/002010
2004/ 099292 PCT/ GB2004/ 002010 10 the feeding of the
first reactant and, where appropriate, the al cohol may
be halted. The reactor ve | may include a cooling
device to cool the reactants. Wen the tenperature of

thd Heedifg fathbsfircRirésctel and,! WherS appopridicprtagesiesholneay be
tenperature, the cooling devi ce can be switched off

haligd t he feedi ng of the first and, where appropriate,
the second reactants nay be rest arted. Preferably, the
reactants are heated to the aforesaid predetern ned
t enﬂ'élﬁalteap@r VEseelpmayidnelpee rﬁa@oﬂlmﬁaé%!@@ e qag) the deaetants.

3% A7 BFetands ot ofe fogten 1o BeBI B, HBRisald Bfedotermined
terﬁqbellfqatm ﬁ@bb@llrlgjad@meaban bbeswmhipdraﬁ ane tmmieédlmag of the first
thin the ra bly,
andh bOEH PPRIPP ARSI SSvOR0 fERads TGRS for
exanple, where the first reactant and the et her and
al cohol produce the polyneric materi al,

th
pr edeleraiinethe drpelpisuees nigated doj ihe r?éorﬁaﬂ'@'e pegdeteimmined

preferably in the range of 33C to 37C, nore
teh%efagraebl y 35C. Desirably, the feeding of the first
react ant and, where appropriate, the diol or alcohol

may _he halt d or reduced when the. t [ 0
e ceonrecfemiies! BRRA™E iy i GF Tangh Bf S5k 16 88-c. 1n
orf@sﬁhlbaalménttﬁe e&ﬁﬁ:@teﬂr\}ﬂferg&b{e iest reacthatr edl thehdiol preiuce the
enperature has dropped to substantially 33C. _The dIO£7°

qmyen@ orgietide the @w@a&ﬁ@ avlie vwithie theranes ¢f dng to
m?FeeiJi%EFdrpgne&ﬂs ﬁﬂgtﬁ% Mgy H&uttRer @%Ho@ﬂﬁ@nt‘)ffot"f%?ample

e preferably substantially 45C. The feed |n?
whéretthe fifstreactartanddhe edimer anghaleehal ppodysei tae gotyreric material,

thsfpreggterrrrﬁan%d qgm%%'rattﬁr% r%\y h%qHCtﬁg rg\“beenof 5@"6 %ng‘r@t b‘r'é?erably
in the range of 33°C to 37°C, more preferably 35°C.

Desirably, the feeding of the first reactant and, where appropriate, the diol
or alcohol may be halted or reduced when the temperature of the reaction
mixture reaches substantially 37°C. The feeding of the reactants may be
restarted when the temperature has dropped to substantially 33°C. The diol may
comprise 1,3-propane diol.

Alternatively, the predetermined temperature may be in the range of 43°C
to 47°C, more preferably substantially 45°C. The feeding of the first reactant and
where appropriate the alcohol may be halted or reduced when the temperature of
the reaction mixture reaches substantially 47°C. The feeding of the reactants
may be restricted when the temperature has dropped to substantially 43°C. In

this embodiment, the second reactant may comprise 1,4-propane diol.



the reaction m xture reaches substantially 47C. The
feeding of the reactants nmy be restricted when the

wao esopeyrdur e has dropped to substantially 43C PCHGBRW4502010
enbodi nent, the second reactant may conpri se
1, 4- propane diol. W 2004/099292 PCT/ GB2004/ 002010 11
When all the ingredients hawe been added, the reaction
m xture may be added to a tenperature of between 55C
to 75C, nore preferably to substantially 55C or

sub ntially 75C.. A stirring device, nmay be prqvided

" UHEET ol b incrediels heyebath pRkedclie: BaRiom i may be
addBH' & I gafdnplraliRy B HdRE&§d58IC hiot IT&°C! OfNBEd preferably to
ugrodu_ced by the reaction of the first reactant and
suppiangalbodll G. @astlbsiantiaiiieS i rd reactant may conprise a
cyclic ether, for exanple, ethylene oxide, propylene

oxi de and/or glycidol. The reaction of the third
r ead stirtingidielicemeaybe pesvddeld irethet ieantop ivedssd tio retiy tHeeremstion

follows: GAS 000001l I 1 1111111111111
migYre. /v tHOP-OGCCCGCG OP-CGCGCGO-P-CGCC
SOP-OHH +YH C-C-H I T IIT1T1111111°1°1

' 1 1.1 O0OOHH I I I RRR N QO0O0Q I} I I I 1
11 1 third reagtant may pejregcted wigh ghegprpductrpdiced ey ghe reaction
of thé&fifst FebetbniQidt the Sedont-reactaht-1de third Maélant may comprise a

cyclic ether, for example, ethylene oxide, propylene oxide and/or glycidol. The

reaction of the third reactant with the aforesaid reaction product may be as

follows:
~ GAS
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1111111121211 11 1111 0000Xn XnlI I
Il | RRR C2H4AO H Xn N WD 2004/ 099292
wEIMaBRID4/ 002010 12 Where 7 Xn = Y Were tPer/GBe@i/002010
reactant and the diol produce the polynmeric material,
the reactants are advantageously m xed wth each
other in stoichionetric rathbos. \Were the first
reactant and the ether and al cohol produce the
pol ymer iwhepd Xty the first reactant and the ether
may be in a nolar ratio of first reactant : ether in

the range of 1:1 t f bly b
1 SWiherawes drat ireactaaicanc ey Aok PEACLSE APANTRGHC mataral, the

re CE%&%%F%S reacg%élﬁxsﬁirtﬂ dafth SGPEHREr inddtSichiBAfdn®siratiosh

_ ant f| rst reactant and the ether
may be in a nolar ratlo of first reactant : ether in

t he [ang of. 1:1 to 2: r Y. ; ;

oM g rstsgeqtBnt e 1T EnEF 2RtaIdHoLBfuch Fip boifineric
mftéﬁ@lf trTeOFrBf edidemt bhe th@feﬂfeesmyalbe @natmalar patloobfo‘irsmayctant :

ake ace at a tenperatyre. in rane 55C,
ethardn @?Qa'iﬂ“)gem"ﬂn@ {Tgﬁggreggraﬁnbtb? e@?% ﬁﬁ?é% leferably

at substantially 45C. The feeding of the first

react ant and where appropriate, the al cohol

hal tMdererthe seration PAAGWELIOREe rpb Evantante apy th%g%ééga%?f’ho'
arglééégf'{[eg wift? qgurdsrlégtt?‘t%ﬁf‘ttgé‘lf st éZﬁanfr BRd fige it rﬂéytﬂéem a

ants may e restarfe erature has
mdaomieﬂoﬁﬁrstsndastaanht ettidryn A!aa:rangeeofr Bade %h REfarally between

1160 TR TFS St isd e2elalf ahi e SRECi plodtied te
af@r%@axdﬁ@@&ﬁf@bﬂoﬂuéﬂﬁay eakebfl&ce at a temperature in a range of 25°C to
55°C, preferably in the range of 43°C to 47°C, more preferably at substantially
45°C. The feeding of the first reactant and where appropriate, the alcohol may
be halted or reduced when the temperature of the reaction mixture reaches
substantially 47°C. The feeding of the reactants may be restarted when the
temperature has dropped to substantially 43°C. |

The reaction of the aforesaid reaction product with the third reactant may
take place at a temperature in the range of 30°C to 60°C, preferably 40°C to
50°C.

Preferably, the reaction of the aforesaid reaction product with the third
reactant is carried out in a second reactor vessel, which may comprise a vessel
having an insulation jacket thereon, and may include a stirring device, for
example, a rotor. Alternatively, the stirring device may provide a vortex within the
polymeric material. The polymeric material may be provided within the second
reactor vessel, and a feeder may be provided to feed the fourth reactant. The
feeder may comprise a gas bubbler, which may be arranged within the second

reactor vessel such that the third reactant is bubbled through the polymeric



Preferably, the reaction of the aforesaid reaction
product with the third reactant is carried out in a
w@emangh2oract or vessel, which may conpri se a vBGE6B2004/002010
havi ng an insul ation jacket thereon, and may include a
stirring device, for exanple, a rotor. Alternatively,
the stirring device may prow de a vortex within the
polynmeric material. The polyneric material may be
matenall deol\ll\erﬁdlivelyt Hiee Seederd maye 8otnprise es @sificatioh alevice, for

fee er ma vided to feed the fourt eact ant . .
XaDIe. 12, GASTORUE VHRS: 1erapyyaS ATBPERTe ShheniTirdy egetant i
prévided SgdhiniHd sBcdrite réé%.‘t?&n@essbﬁaqir@feré(lﬁ§5ﬂie poydridafaterial

the third reactant is _bubbled through the polyneric W

flopg glaraygh toe abmu@zegﬂtf@dhmdmeaqtenha‘b epn@@nsmg device may be
f
pr&h&&f ﬂqameVPéaétortJé%F&e%g%g%@h mén m@gaﬁé a'll&ﬂz% ytﬁg third

, wher
reatttamsnphbedlqufd piheset tol ddprade tte polysnerior matatiadl  iherpalymeric

t he econ reactar _vessel Preferably, .t. ol. i,,C .
mafaiah P2V OPI A P oG A anoupraPeobfi B e tir
res&ant. aWhenﬂtheom;aﬂen@ natenalde Hey abeuchp laOtehﬂfedatbre tthe third

react or vessel, vvhereb){ t he condensin dgns allo
reggiant yalailises onqontacting %eolwrwpdn%tﬁagleart thgraas i8 APt into

[ T lyneric material may be
th%gﬁyﬂ%rﬁé’méﬂeﬁarﬁ}ﬁ% Hitring (ﬁ‘@\ndt&% y y

a tenperature above e boiling point of the
third reactant. Wen the polyneric material is held

o AfiPutnd RIBRGEE, Bost X DR GRS HtyRled hoifiheric
mateeigls devived frdve thel aross Imkmgtcﬂrollgbnieys ofeli stthorphugphate di-
devi ce Accor di to anoth ect of thbs i nventi

exiorer o 14 5a0s 3 GOMBIRG foural Bidre RhosBRoR S Rip s derived

frdrﬂ ehé r&5tiohi gt HnBSpRdrus |de6€2ﬁ2&leswﬂﬁ tétralfidrbrarahasd Bay Eiarlmary
di - esters of 1,4-butane diol, containing four or nor

orgiesepeiayacalioh @k dickavithiedr of lessm qarkon atents, & figm the reaction
ongrmiggrgr § eﬂﬁ)@( fRh e 1 vx.;?ﬂaggﬁ% RIeE A ok [ itahe Ay, any

r secondary’ a or di ol our or
| ess carbon atonms, or fromthe reaction of phosphorus

2 i B s s
peHi@®§g&or ous

A proportion of the alcohols or diols may be replaced with pentaerythritol

and/or trimethalol propane in order to achieve branched oligomers.

The oligomers may be subsequently modified by the reaction or the
residual acid orthophosphate groups with cyclic ethers selected from ethylene
oxide, propylene oxide and glycidol.

Uncondensed pyrophosphate groups may remain in or on the backbone of
the oligomer.



pent oxi de. A proportion of the alcohols or diols may
be replaced with pentaerythritol and/or trinethal ol
w@e@pare9t n order to achi eve branched ol i gormer BCT/GB2004/002010
ol i goners may be subsequently nodified by the reaction
or the residual acid orthophosphate groups with
cyclic ethers selected froygethylene oxide, propylene
oxi de and gl yci dol. Uncondensed pyrophosphate groups
mayAdoerding ton anoter tdspebhctfbdhis dhvertion, othiegenis . prowdded
., 2004/ 0992 PCT/ GB20Q4/ 002010 . 14 Accordi.ng t.0.anpt her
intugscent 910 TS TPIRAh RS, finishes SR SGPlidde uS PR the
phdsphUARSERMINRABDligoRtERs et ddsdabéd pBOVE,Scroy@linksd esthanda or
coatings derived fromthe phosphorus containing
metgmige fasmaldehydesesinbed above, cross linked with urea
or nelam ne fornmal dehyde resins. The paints,
varni shes and/ or coatings nay be water based i.e.

havTtreg painds, evaraishes endéorncoatipge dneytba wajgr basethée. having

ot her i ngredi.ent s. i I : ed. O
wally g (S BR el T IR S e SRR ERE G figpgived or
suQP@MG%bﬁﬁthMEéﬁeiﬁ provi ded glues used in producing

| ame retardant particle boards, where the adhesive

conprises the said oligoners as described above,

Cr 0&&cdrdiRK 85! albinBr HESSCt OF tHIE iri@hiisn, theFd I gieVinee glues used
resins. According to another aspect of this_invention,

in priedueing flameoratardanp hatiisle koardaswherecthigpaihasive egrpprises the
f.0 i ved h [ . I e I Gyl BSIAS
saif Biofige’ 487 qbtBed BoBhE, Wt 1RSS! wACIR ot fiplatpine
fortnaldehgtidessimspect of this invention, there is provided
flame retardant and intumescent filnms and casts
derived fromthe nodified oligonmers as described

aboxgcorimgetot Aioth&@sashirt onthid igvdntioph trapd as @roviderd phenolic
are cross .
casts, composites and foams derived from the curing of resol phenolic resins with

the acid oligomers as described above.

According to another aspect of this invention, there is provided flame
retardant and intumescent films and casts derived from the modified oligomers
as described above where the residual acid orthophosphate groups are cross
linked with cycloaliphatic epoxide resins.

According to another aspect of this invention, there is provided flame
retardant and intumescent films and casts derived from the modified oligomers
as described above in which the residual acid orthophosphate groups are cross
linked with polyfunctional aziridines.

According to another aspect of this invention, there is provided flame

retardant and intumescent films and casts derived from the modified oligomers



i nked with cycl oaliphatic epoxide resins. According
to anot her aspect of this invention, there is provided
w0 b@amw9920et ar dant and i ntunmescent filns and caBCEGB2004/002010
derived fromthe nodified oligonmers as described
above in which the residual acid orthophosphate groups
are cross |linked wth pol yfzunctional aziridines.
According to another aspect of this invention, there
asi deseribed ddavé lvitmare thetresidaal asiddortidphoephatat g:fdubgsarartdoss
ts derived fromthe nodified oligonmers WO
“nQ%gﬂU th ggrpampmenisodmRles02010 15 as descri bed above
where the residual acid orthophosphate groups are
cross linked with a zinc anmmoni a conpl ex. According
to Agoonding & peothesfaspeict of rhisninvention, hibete iis provded dtame

t [y t
retghiTE g SIER RIS Yk ARG dorks RnvfaTrap e Hligifers s
descgbaddboesl whiclaarel redlices] tro abiel vsiueé nix t@blbvgmigt KOH/g with
et hyl ene oxi,de and/ or pr. e OXIde en cros
ety 60 i BROE prgietieSuaRHad BarbiroSs kY HiE ot ndtes.
ret ardant pol yuret hane films, casts and f| bres may be
derived from ot her polyols mxed with the oligomers

pri &referkly thesflame mtﬁ ammﬁlyur%@%ﬂlmswast&m tihrag may be
e?WQ& h&im %%IpfrgSol Is tfike&d 'vnmeﬂﬁ 8@%\%&@& drStoPERYS 4RRing with

lane retar rigrd and e po yur et hane
isdayansteder i ved from the oligonmers as described above
whi ch are reduced in acid value to below 7ng KOH gm
with ethyl ene oxide and/ or propyl ene oxide, nodified

W t IAceidirig a0 cinotiassadpatk exd t‘M'st mvehﬂm;ymeﬁé ds.provided flame
Preferablythﬁflamsret dan dan?flexible

refaptants BOIad figdhie Belyuret Brere rogbrt%pggomers as
de3bMsEt Whble R/J?f?crpbhg RiRIcedAh! éHl?]thIdér fbsﬁelbb\ﬁ?h@?lém{/@n with

I socyanates. According to anot aspect
etihylors pkida  andrssopdens oyidegeanotiifigdevith water and cross linked with

isocyanates.

Preferably the flame retardant, rigid and flexible polyurethane foams are
formed from other polyols mixed with the oligomers prior to cross linking with

isocyanates.

According to another aspect of this invention, there is provided flame
retardant coatings, films and casts or fibres where the oligomers as described
above reduced in acid value to below 7mg KOH/g with ethylene oxide and/or
propylene oxide, are mixed with other polymeric materials in order to render

those coatings, films, casts or fibres flame retardant.

According to another aspect of this invention there is provided a process
for the production of the oligomers as described above where the said reaction is

undertaken by dispensing powdered phosphorus pentoxide into the stirred



retardant coatings, filnms and casts or fibres where
the oligoners as descri bed above reduced in acid
wWQe 2004090202 bel ow 7ng KOH g with et hyl ene oxi de BEMGB2004/002010
propyl ene oxide, are m xed with other polyneric
materials in order to render those coatings, filns,
casts or fibres flane retargpant. According to another
aspect of this invention there is provided a process
refctiont Inixtpreodiils tthe ratef of ladditibn dueimy Toatoltkss ar phapbridioie the
vvh%rfz thc? sai d reaction is wundertaken by di spensing
tempREAEYE LT I GATHPUEIKEFR- oxi de into the stirred WO
2004/ 099292 PCT/ GB2004/ 002010 16 reaction m xture
wth the rate of addition being controlled in . )
pr opeERidlg tie eRether eagnacht @fr disf invaBtigatharenis provided a
prgl:é(otLH% for the ?cﬁf&:'tieﬂ of ﬂ\é"é@g k}gfueao?ﬁﬁé blig¥mérai 55 described above
Invention, there I's provided a procedure for the
andéatuathérgpartél phospbatiedesters uwherfe thieetioylenm aador propylene oxide

descri be bpve . and/or qther rtial phosphate
ar%&?@@,%“&w@? @‘%%’%ﬁﬂfﬁ %ﬁi%rsaq?oé)g?é'pr opyl ene oxide are

contacted with the phosphate esters as a gas.

Accordi ng to anot her aspect .of this ipnvention, there

e Acsorgito. S becassoR of P duisdiing Bef syiteidsdchprocess
fofBt&uchly 8PBNMSid9aR rh&RARI BSBHsiAgI Feakting #h amine with a

phosphat'e est'er. The process of producing the
phesbhaterestersal t material may conprise reacting another

reactant with the am ne and the phosphate. Said other

reactant nmay conprise an am ne. The, or each, am ne
may Themprocess aof eroguting dhe neolymest esadb Inyatetitle mayr comprise

52 PR G0 TSR B T rosctn
magbﬁﬁ@ﬁs@a.ﬁ amipdurality of am ne functional groups.
g

e polyam ne may conprise nelam ne. The pol yner
havi ng am ne functional groups may conpri se

POl Y1 ¥ @BEA MAffre may comprise an organic amine. Preferably, the, or
each amine, comprises a polyamine and/or a polymer having an amine functional

group. Preferably, the polymer has a plurality of amine functional groups.
The polyamine may comprise melamine.

The polymer having amine functional groups may comprise
polyethyleneimine.

According to another aspect of this invention, there is provided a process
for producing a polymeric material comprising reacting a melamine, a phosphate
ester and polyethyleneimine.



According to another aspect of this invention, there
is provided a process for producing a polyneric
woredoen9eb2 conpri sing reacti ng a nel am ne, a phPSPO&2@4/002010
ester and pol yet hyl enei m ne. WD 2004/ 099292
PCT/ GB2004/ 002010 17 The phosphate ester may conpri se
a partial phosphate ester. Jhe phosphate ester may be
a reaction product of phospkorous pent oxi de, with 1, 4-

3_ut arre QS'IC}/G‘spmﬂd/é&”terl,rﬁ?qyp_rdbnﬁjﬂs?diaoblaqméﬂ/ﬁ)@lbséh&eebﬂ%ﬂe The
1 0], an or ntaerytnritol. e (0] ate ester m

PhgsPyateeaRieh 6@934%3@% ction weﬁa@ré}éwp%ﬁﬁg%arnqpt%%dﬁh 1,4~
buthhd dibi dndek 2B3Epdhahe éﬂﬁéﬁﬂlolﬂ?z-él!hgﬁé@l?ol,dér%/opo ytﬁél;yiﬂéritol.

1, 2-ethane diol and/or pentaerythritol. The
material may conprise a polyneric salt, preferably a

nas scPRspRRleLEaet fred e & redotonDirblite df boRAsed BRbsphoric
acicd wpthi $dsbudame dialrandadr h8tpropane diohlandioavi,Bgtiaane diol and/or

hosphor qus content depending upon the ratio of
pﬁg?%{w\ﬁ%&and pol yet hyl enei m ne am ne used to react

with the partial phosphate ester. The use of a | ow
ratio of nelam ne to polyethylenemne results in the

pol yki& ipelymarisr materigly may sompgaera Ryneasic s5ait aprefriably a
m@&l]ﬁr'b\fﬁ‘&)b%erﬁ: gy than the use of a high ratio of

nel am

e’to polyethyl enem ne. In sonme enbodi nents, of
the process for producing the polyneric salt nmaterial

th [ . ' { t .
o tHBCore e BhuRi i ine skndhiae dBIPREBaliigfc ritheri
cc&n}iﬁmbl 'srmtmistymlf of ?ﬁlymeﬁcm Ha&dngoatqrﬂmsk blmi@’ouh&:ontéru repiending
a erial, e reaction nmay take place a )
R Eh e G O BB 2R, PO s amBIeaeachis (pagt with the
partBspRRbhald 8std3Sthe 156 oP BISWREHE o ScfimifiB Yo pRIJRithyiEhemine
an orthophosphate. The polyneric salt nmaterial 'may be

restlba b theopolyierig nratepankRdng adrigher content and a lower activation
energy than the use of a high ratio of melamine to polyethylenemine.

In some embodiments, of the process for producing the polymeric salt
material the reaction may be carried out at a temperature of up to 100°C,
preferably between 85°C and 98°C.

In other embodiments of the process for producing the polymeric salt
material, the reaction may take place at a temperature of between 90°C and
150°C, preferably at substantially 135°C.

The phosphate ester may comprise an orthophosphate.

The polymeric salt material may be capable of being suspended and/or
dissolved in water to provide a pH of between 4 and 8.



di ssolved in water to provide a pH of between 4 and 8.

WO 2004/ 099292 PCT/ GB2004/ 002010 18 The ratio of
woredoanvne2 t o pol yet hyl enei m ne nay be bet ween BOBGB2004/002010

the acids functionality neutralised with nelam ne and

60% of the acid functionality neutralised wth

pol yet hyl enei m ne. Preferahby, the ratio of nelam ne

to polyethyl eneinmine my be between 5% of the acid

f UnThe eatid of yhelertineatbi potyktiayleheimimd amynbe detive&?v®0% of the

the acjd functionality, neutralised w{h . . .
acigy TyastiapeLicretiboe AT MEIRG SbPR ohUs apidghnginality
neliPXIRBHI Yith HBB/ethyisndinié. degréfefdbe the alaibdant melamine to

conposi tion conprising a og‘lg}(nerl C. sfal t. material as ,
polyetitylaneiaingypaw be bmweﬁm@ ithe agid; fupglienalify newiyalisgd with
mdl MRS Bﬁé)a?d E@?&tiﬁﬁaﬁ?%ufﬂaiﬁd with B6 By Rsteirfine.

resin matrix. Brie scriptfon of the Draw ngs

Enbodi nents of the invention will now be described by

f | | ' f ] .
2’2‘\{: éﬁﬁ%rﬁi(ﬂ%nn@ gP%%hé&’g‘%tL&vﬁ?ﬁc‘?\&S'ﬁﬁcg\_,ttffefeg féaprowded a flame
ettt aoTMbIEoN eMipEEinaRPEsitatc Balt natéiialsts desatbedbbave.

process tor producing a polyneric material; Fig. 2 is
a diagrammatic view of apparatus for a second stage of

a PrRE§HlyméR sAlk ﬂ%{éﬂiélgngy BelivEdrbbrate®isto i Athermdtsetting or
Fig. 3 shows a generalised reaction sequence for
therhmeptasdic sesin matix. pol ymers form 1 Detail ed Description
of the Preferred Enbodi nents Referring to Fig. 1,
there is shown a first apparatus 10 for a process for

pr o Bridf Dpseriptionnefthe Dmawdngsl . The first apparatus 10
conprises a first reactor vessel 12 in which, in a
first enbodi ment a diol such as 1,4-butane diol, can

be WohERRMERROSORcRRTEREBA0RM 82 BEOdesibed by way of example

only, with reference to the accompanying drawings, in which:-

Fig. 1 is a diagrammatic view of apparatus for a first stage of a process for
producing a polymeric material;

Fig. 2 is a diagrammatic view of apparatus for a second stage of a process

for producing a polymeric material; and

Fig. 3 shows a generalised reaction sequence for phosphorous rich
polymers form 1

Detailed Description of the Preferred Embodiments

Referring to Fig. 1, there is shown a first apparatus 10 for a process for
producing a polymeric material. The first apparatus 10 comprises a first reactor

vessel 12 in which, in a first embodiment a diol such as 1,4-butane diol, can be



di spensed, and in a second enbodi nent, a cyclic ether,
such as tetrahydrofuran can be disposed as will be
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i ncludes a hopper 14 in which the powdered anhydrous
phosphorus pentoxide is held. The hopper 14 includes a
mechani cal agitator in theqgormof flexible PTFE
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disperfsedeaspacea seicohd entbodirhéents b ayelie eiher vagheds tetrahytefuran
feed tube 18 inclydes an archi nedes screw feeder 20
cqnpefispesedas WHG%%H'@B USHEMIED%s  phosphor us pent oxi de
into the reactor vessel 12. A nitrogen feed 22 is

prOV|ded to supply nitrogen to the feed tube 18
t her 'ré"r RpY ?&@ ‘Whfurther inchides sofeireridtiniwhieh ther pasmdered

arw%gc%d% cﬁsgﬁoﬂ%%“érﬁ xid& ¥R |d12rHePﬁ ﬁ%@‘gﬁhhé& %rmﬁél?@ucal

react an s Iint VESS e vesse
aditatoran Hoe fow ohfléxible, PEnd ware@o‘tﬁ aAtfepdddbe 1Beex@énhdssfrom the

igde . . er—Lo.h
il GG 528 Al the Tt feePior el 12" 196 s tupe 18
intlades iam arashimbdes espbwr feedes €10 1@ driket thy poweiessd hydrous
row ded t nitor the ten%) ture of the reaction

P Xog iy the reagivaivessPld2cont rol ler to

control the rate of feed of the coolant. In the case

of a second enbodi nent, when the reactant initial IC;/
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vddiel 1nsi de of the reactor vessel 12. Fig. 2 shows a
second apparatus 40 in which a reaction product for a
reaction that occurs in the first apparatus 10 can be
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of the reaction in the reactor vessel 12. A thermometer 30 is provided to monitor
the temperature of the reaction and provide suitable signal to a controller to

control the rate of feed of the coolant.

In the case of a second embodiment, when the reactant initially disposed
in the reactor vessel 12 is, e.g., tetrahydrofuran, a dispenser 32 is provided to
dispense an initiating and/or chain terminating alcohol (e.g. a diol) to the inside of
the reactor vessel. The dispenser 32 comprises a funnel 34 and an elongate
hollow tube 36 extends from the funnel 34 to the inside of the reactor vessel 12.

Fig. 2 shows a second apparatus 40 in which a reaction product for a
reaction that occurs in the first apparatus 10 can be reacted with a third reactant

in the form of a cyclic ether, such as ethylene oxide.



The second apparatus 40 conprises a second reactor
vessel 42. The reaction product fromthe first
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can be disposed in the second reactor vessel 42. The
second reactor vessel 42 has a hollowwall 44 to
which a cooling fluid, e.gognater, can be supplied via
a supply tube 46. A secong dlspenser 48 i s provided
to dispose liquid ethylene oxide into the second

react or vessel 42. The second dis ens 48 co S
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The reaction load may be varied within considerable limits in order to
achieve various structures and, without being limited to any theory, these may be

calculated from the following considerations.

Each mole of phosphorous pentoxide may be considered to have 6 bonds
in the form P-O-P

Each mole of alcohol reacted to completion reduces the number of bonds
in P-O-P by 2, yielding 1 bond as POH", and 1 bond as POR.

Each mole of primary diol reacted to completion reduces the number of
bonds in P-O-P by 4, vielding 2 bonds as POH", and 2 bonds as POR ©®® (This
designation is used to indicate that the both ends of R are reacted as phosphate
esters).



Each nol e of tetrahydrofuran reacted to conpletion

W Il reduce the nunber of POH+ bonds by one, yielding
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by 2, yielding 1 bond as PO+, and 1 bond as POR (' P).

Thus if the nunber of gram noles of P205 in the

reaction charge is W And the nunber of gram nol es of

al cohol (or diols) is X And the nunber of gram noles
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mole of P,O;) A, is given by:-
A= (6W — 2X -4Y -Z)IW

T N < X =

The number of POH" groups per original mole of P,O;, B, is given by:-
B = (X+ 2Y - Z)/W

The number of POR groups per original mole of P,O;, C, is given by:-
C=X/Ww

The number of POR©® groups per original mole P,0O;, D, is given by:-
D= (2Y+ Z)W

The chain length, CL, is determined from the average number of chain extending
groups (i.e. POR®?) per P atom which is given by:-
(A+D)/2W

If this figure is 2 the chain length is infinite. As the PO, is always terminal then:-
CL=4W+A+D

4W-A-D

The acid value (AV) may be calculated thus:-



AV= 56000B1( 142WXM+90Y+72Z) The phosphorous cont ent

P% may be cal cul ated: - 6200W ( 142WXM+90Y+722)
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possi bl e and may be defined according to their usage

and cross |inking nechanismin the foll ow ng

exanpl es: Exanpl e 1 Phosphgpous Rich Polyners (PRP)

FORM 1 When phosphorus pentoxide is deconposed to
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equi nol ar m xture of the di and nonoester. P205+ 3RCH

=> H2RPO4+ HR2PO4 The process is used for production
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When phosphorus pentoxide is decomposed to orthophosphate using an

alcohol then the result is an equimolar mixture of the di and monoester.

P,Os+ 3ROH => H,RPO,+ HR,PO,

The process is used for production of water treatment chemicals. If
therefore, 1,4-butane diol is substituted for the alcohol and the reaction is
undertaken in the stage 1 phosphorus pentoxide dispenser/reactor, the resulting

product whose structure may be represented:
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is produced very easily and appears as a medium viscosity pale brown resin.

Similar resins and variants are intended to be cross-linked with amino

resins to produce low cost intumescent coatings.

The primary reactor vessel (as described above) is charged with multiples



mul ti ples of 2 gram nol es phosphorus pentoxi de. Heat

the vessel contents to 45C Start the stirrer. The
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The stirrer speed is maintained at the m nimum

necessary to ensure rapid incorporation of the

phosphorus pentoxi de powderpqas it falls to the surface

of the reaction mxture. T%e tenperature controller
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the dissociation reaction.

The partial phosphate ester thus produced has an Acid Value of 600 mg
KOH/gm. The product is either part of a two pack or a one pack heat curing
material. For the purposes of Form 1, the product may equally be made by
substituting 1,3 propane diol for the 1,4 butane diol and with subsequent

adjustments to the following formulations with respect to acid value.

Formulations using example 1(units in parts by weight)

1 2 3 4 5
Form 1 as above 100 100 100 100 100
Pre reacted phosphoric acid 5 5
Part Total 105 105
BIP BT 338 79 81 65 67
BIP BT 970
BIP BT 640 95
Part Total 179 81 165 67 195
Cure Temp 80°C ambient 100°C ambient 90°C

Cure Time 15 mins 24hrs 10 min 1hour 15 mins
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made by di ssolving 15% by wei ght of al um ni um

hydr oxi de into commercial 70% phosphoric acid. BT 338

(made by British Industrial ol astics Ltd (BIP)) is a

typical comrercially available partially etherified

mel am ne formal dehyde resin BT 970 (nmade by British

Industrial Plastics Ltd (BIP)) is a typica
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formal dehyde resin Fornulation 1 as in exanple 1 is a

single gack product that will produce heat curing
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the conventional binder at 11-15%resin content, it

will produce fire resistant particle boards. WO
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protection to flammable substrate by being applied to that substrate. It may be
pigmented and modified with water or methoxy propanol as thinners.

Formulation 2 is a two part, air drying coating that will produce

intumescent films that are clear and flexible and will provide fire protection

flammable substrates. It may be pigmented and modified with water or methoxy
propanol as thinners.

Formulation 3 is a heat curing glue for particle boards. If used to bind the
wood fibres or flakes in hot press applications substituting this mixture for the
conventional binder at 11-15% resin content, it will produce fire resistant particle
boards.



i ntunmescent fire protective filns on paper and
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un- decondensed pyrophosphate bonds in the chain
E;&ﬁﬁggyre. This variant allows the resol phenolic
to fully cure at roomtenperature by providing
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when the resin condenses. The resins cured with these
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preferentially utilise ethanol as the terminating and initiating alcohol the Form 2

oligomers utilises isopropanol or N butanol for this purpose, These alcohols lower
the viscosity of the oligomer and, hence, the viscosity of the resin mixture. As
resol phenolic resin are generally applied to fibre reinforced composites, the
lower viscosity is useful in allowing penetration and wetting of the fibres.
Additionally, it is useful to leave a small number of un-decondensed
pyrophosphate bonds in the chain structure. This variant allows the resol
phenolic resins to fully cure at room temperature by providing a constant level of
acidity as the pyrophosphate decondenses under the influence of the water
released when the resin condenses. The resins cured with these products are
very pale and indicate advantages in tensile strength of the composites so
produced.

Formulation A using example 2




The apparatus used is as descri bed above. The
phosphorus pentoxi de hopper is charged with a
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reactor is charged with the sane nultiple of one gram

nol e of 1,4-butane diol and two gram nol es of
tetrahydrofuran. A separat egf unnel dispensing into the
reactor is charged with the same nultiple of 1 gram

nol e of isopropyl alcohol. Heat the vessel contents
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ef fects on physical properties are as shown:
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When all the phosphorus pentoxide and isopropyl alcohol has been added
the temperature is raised to 55°C for two hours to complete the dissociation

reaction.

To use for cross linking cold curing phenolic resins the Form 2 product is
added to aqueous resol resins such as Borden Chemicals Cellobond J2033L at
between 5% and 25%, which will give cure times from 4 hours to 10 minutes at
20°C.

If non aqueous phenolic resols are used as taught in GB 2291881, then
additions of between 10% and 30% will yield cure times of 5 hours to 25 minutes

at 20°C. The effects on physical properties are as shown:-
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at Break % Pascals Aqueous resol phenolic 10% Phencat

10 6. 00E+07 1.86E+10 2.9 Resin Aqueous resol phenolic
15% Form 2 7. 37E+07 2. 28E+14y 3.3 Resin Non aqueous

resol 20% Phencat 382 1.46E+08 4. 78E+1 0 4.4

phenolic resin Non aqueous resol 10% Form2 1.71 E+08
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aqueous resol 20% Form 2 1. 40E+08 8. 62FE+10 3.8
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Non aqueous resol

phenolic resin 20% Form 2 1.40E+08 |8.62E+10 3.8

Phencat 10 is a conventional phosphoric acid / paratoluene sulfonic acid curing
system. Phencat 382 is a partial phosphate ester as taught in EP 92309426.2

Formulation B using example 2

The apparatus used is as described above. The phosphorus pentoxide
hopper is charged with a multiple of 1.5 gram moles of phosphorus pentoxide.
The reactor is charged with the same multiple of two gram moles of
tetrahydrofuran. A separate funnel dispensing into the reactor is charged with the
same multiple of2.5 gram mole of either iso butanol or N butanol. Heat the
vessel contents to 35°C. Start the stirrer.

Commence the phosphorus pentoxide addition sequence. The stirrer
speed in maintained at the minimum necessary to ensure rapid incorporation of
the phosphorus pentoxide powder as it falls to the surface of the reaction
mixture. The proportional controller should switch off the addition when the

reaction mixture reaches 37°C maximum and commence the flow of coolant to



speed in maintained at the m ni num necessary to ensure
rapid i ncorporation of the phosphorus pentoxide
w@ondey92es it falls to the surface of the reacP¢DGB2004/002010
m xture. The proportional controller should switch off
the addition when the reaction mxture reaches 37C
maxi mum and commence the flogw of coolant to WO
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exselRiidesqRardan@ki bl e phenolic foam insul ating
board that can have sufficient flexibility to be used
a structural core for sandwi ch | am nates. Unlike
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under fire cond|tlons. The substituion of the Form 2 curing agents in

conventional formulations using conventional art produces pale flexible phenolic
foam, insulating board that can have sufficient flexibility to be used a structural
core for sandwich laminates. Unlike conventionally produced phenolic foam
these Form 2 cured phenolic foams have excellent behaviour under fire
conditions with little tendency to deflagrate or contract.

Example 3
FORMS 3 and 4

Form 3 materials are very low acid value partial phosphate esters designed

to produce intumescent films, glues and coatings. Form 3 partial phosphate
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proper any polymer or film
produced fromthe oligoners, are dependent

Form 3 and 4 materials are made by reacting the residual acid
orthophosphate functionalities with cyclic ethers. This second stage procedure
does not alter the backbone structure of the oligomer. The properties of the
oligomer, and any polymer or film produced from the oligomers, are dependent
on the molecular structure of the precursor manufactured in the first reaction
stage and the molar ratio of the components reacted at that stage. The neutral
oligomers are primarily linear and, hence, give flexible foams and films. Further,
the chain length of the linear oligomer determines the properties of the final
polymer. An oligomer consisting of a chain of nine orthophosphate groups inter
spaced with eight 1,4 butane diol esters creates flexible foams and elastomers

when fully reacted with cyclic ethers and cross linked with isocyanates.

While these linear oligomers can be modified by the addition of high



on the nol ecul ar structure of the precursor
manufactured in the first reaction stage and the
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The neutral oligonmers are primarily linear and,
hence, give flexible foans and filnms. Further, the
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properties of the final polyner. An oligoner
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foams, it is necessary to producé branched
br@mq rmsrt@mﬂhelql peopanedviich aivesfa thseebranches oligomer. i s
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pentaerythritol or trinethal ol propane in the charge
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used wt Form 3 products. However, acid
20@0t hophosphat es are highly reactive and an acid val ue
of approximately or below 50ngnms KOH gmis required.
In order for this to be at |least difunctional with
FatiuthtioarA heiphesxamadle3 t he nol ecul ar weight of the form
3 ol igoner should be about 2000. Forrmulation A using
exanpl e 3 The apparatus used is as above. The

phosf@\‘éoéﬂﬁar@ﬁ&t Q¥R BQFHB%K/e' TheChdspRerud %)tht@xnde hopper is
mul tipl e of %am nol es of phosphorus pentoxid
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es of tetr dro ur an I spensi
multiple 8 lgeam moles of tetrahydrofuran. A separate funnel dispensing lnto the

reactor is charged with the same multiple of 6 gram moles of ethanol. Heat the
vessel contents to 45°C. Start the stirrer.

Commence the phosphorus pentoxide addition sequence. The stirrer
speed in maintained at the minimum necessary to ensure rapid incorporation of
the phosphorus pentoxide powder as it falls to the surface of the reaction
mixture. The proportional controller should switch off the addition when the
reaction mixture reaches 47°C and commence the flow of coolant to the reaction
vessel jacket. When the temperature has fallen to approximately 43°C minimum
the phosphorus pentoxide addition should be automatically recommenced by the

controller. As the reaction proceeds and the product becomes more viscous the



reactor is charged with the sane nultiple of 6 gram
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wEe@roehe stirrer. Commence t he phosphorus pePtD&B@4/002010
addi ti on sequence. The stirrer speed in maintained at
the m ni num necessary to ensure rapid incorporation of
t he phosphorus pentoxide poyder as it falls to the
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flem% trietdanbfi IWSecprdn@n@épent varpighes and flgxible ¢qatings.or
I ntunmescent varni shes and flexible coatings. Final

ﬁé_jﬂ%alﬁlﬁt‘mi)u 50—50—Cross L llk'éblgj Agent X/—"\Sl“\g-\ 2—ERE 50
Cross Linking Agent XAMA 2 ERL 4206 |ZnNH,
Complex
(V) ] 0,
Quantity 7% 10% 15%
Cure condition Ambient 140°C variable
10 minutes {15 minutes
Film Properties Clear hard |Glossy clear |Hard
intumescent |ductile translucent
Phosphorus content of film 14.5% 14.5% 15%

XAMA 2 is a commercial polyfunctional aziridine, the product of Flevo Chemie.
ERL 4226 is a di functional cycloaliphatic epoxide and the product of Union
Carbide. The zinc ammonia complex is composed of 7.2% zinc oxide, 8.7%

ammonia solution and 12.7% ammonium carbonate in demineralised water.
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transl ucent Phosphorus content of film 14.5% 14. 5%

15% XAVA 2 is a commercial polyfunctional aziridine,

the product of Flevo Chemi ez, ERL 4226 is a di

functional cycloaliphatic epoxide and the product of
Fdadimutation@ ubindexaiipée 3i nc anmoni a conpl ex i s conposed

of 7.2% zinc oxide, 8.7% anmmonia solution and 12. 7%

amoni um car bonate in dem neralised water. WO
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exanpl e 3 The apparatus used is as described above.
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stirrer. The phosphorus pentoxi de addition sequence is
commenced. The stirrer speed in maintained at the
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t he phosphorus {)entom de powder as it falls to
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eaction mxture re maxi num and conmenc
mfxtww athec pudpariionad contreliere abould nswitahs ©ff thec Iaddttlobi\hwhen the
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rebib AR s Beige e 2y eoTmbate dhe 1B ehpogiant t
theaeastiomeestebjackbe When the temperature has fallen to 33 °C minimum

the phosphorus pentoxide addition should be automatically recommenced by the

controller. As the reaction proceeds the additional ethanol in the funnel is drip fed
into the reaction mixture in approximate molar proportion to the phosphorus

pentoxide.

When all the phosphorus pentoxide and ethanol has been added the
temperature is raised to 65 °C for two hours to complete the dissociation
reaction. The reaction product is transferred to the secondary reactor as in
described above and treated with a further similar multiple of 8 moles ethylene
oxide and or propylene oxide, by gaseous contact, as described above. The acid
value of such neutral, phosphorus rich, hydroxyl functional oligomers must be
below 7 mg KOH/g.

Such a material has a phosphorous content of 16.1 %. It is not necessary
to cross link all the polyols with isocyanate. When the product is cross linked with

methyltoluene diisocyanate, with no other polyol present, it will give a
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branched ollgomer may be used to form flame retardant paints and varnishes.
The oligomer is soluble in most ketones and, hence, may be blended with other
film forming polyols such as Bayer Desmophen 800 or used on its own. It may be
cross linked with the stochiometrically correct level of either diphenyl methane
diisocyanate (MDI), isophorone diisocyanate or trimethyl hexamethylene
diisocyanate and may be catalysed with any of the systems that are conventional
art. The PRP Form 4 polyols may be treated as would any other polyol used in
conventional polyurethane technology within the limits of its compatibility.

Formulation C using example 3

Form 4 may be used as a flame retardant for low melting point

thermoplastics without the need to cross link the hydroxyl functionalities. A
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Form 4 may be used as a flanme retardant for |ow

melting point thernoplastics without the need to
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was gently heated until a rubbery mass was obtai ned.
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for producing the polyneric salt material will now be
descri bed, which involve the use of m xed am ne
neutralising agents with a phosphate ester, in
conjunction with melam he to! grd:duce a polymeric
salt. If the am ne funcbr&én&+¢ies are pendant to an
al i phatic chain then the highéstlt neutralisation
efficiency, in terns of-Mel ebutaN wei ght, can be
achi eved. The preferred pol ymeria neutralising agent
is thus

However, secondary and tertiary amines also are present. The monomeric
unit has a molecular weight of 43 per amine functionality, which is lower than any
other practical structure. The product is made by the polymerisation of
ethyleneimine. The product is available in a variety of forms under the frade
name Lubrisol. The most convenient industrial form is Lubrisol P which is a 50%

aqueous solution of polyethyleneimine and is the commercial product of BASF.

Polytheneimine may be used as a sole precipitant for the oligomeric partial
phosphate esters the results tend to be soft gels with a tendency to absorb water
due to solvation. However, if mixed neutralisers are used consisting of both
melamine and polyethyleneimine then a range of insoluble salts are obtained

with a phosphorus content dependant on the ratio of melamine and



pol yet hyl enei m ne. This nmay be represented with the
general structural formula:- I I 1 | |
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secondary and tertiary am nes also are present. The
mononeric unit has a nol ecul ar wei ght of 43 per am ne
functionality, which is |lo t han any ot her
practical structure. The product is nmade by the
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of 59079t Q| asisldp kpawn @sRP &orst b(ARP Fbut ral i se t he

acid functionalities. The less nelamne used to
neutralise the partial phosphate esters, the higher

Lagska siimed peaselwith cotdewateand t he | ower the activation

; i | ldustrates a
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nmol es of 1-4 butane diol. This oligoner will have an

acid value of 600 ng/g KOH and is known as PRP Form 1
Addpertig] phosphate ester stir and mix.

Add polyethyleneimine, stir and mix.

Maintain heat and stirring. The pblymeric salt will precipitate after about 5
minutes.

Maintain heat for about 4 hours

Allow to cool and settle over night.

Decant supernatant liquor.

Refill vessel with water and stir the polymeric salt into suspension

Re heat for about 4 hours

Allow the polymeric salt to settle

Remove supernatant liquor

Refill vessel and allow polymeric salt to settle, remove supernatant liquor to leave
a wet concentrate. Repeat wash once more.

The wet concentrate may be used at this stage.

In the following the product (i.e. the wet concentrate) at this stage is referred to

as "polymeric sludge”.
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1 part [ al1%€aort [ ggdfghosphaté‘i/(gg Egl ?

2 60 1 18.9 12.8
3 100.0 40.5 810.0 64.5 17.0 12.2
4 100.0 47.3 945.0 59.3 154 11.9
5 100.0 54.0 1080.0 55.3 14.1 11.6
6 100.0 60.8 1215.0 50.7 13.0 11.3
7 100.0 67.5 1350.0 46.1 12.2 11.0

As indicated, the higher the level of melamine the greater the quantity of
waste water for disposal.

PRP form 1 may alternatively be substituted with a partial phosphate ester
made with the same molar ratio but substituting 1-3 propane diol, in which case
the figure given in examples 1 to 7 for the PPE falls from 100 parts by weight to
95.3

Any other polymeric amine, or polyamine with a functionality of 2 or
greater, may be included in the formulation with appropriate adjustment of the
formulation for amine value. These additional materials alter the hardness and
thereby ease the particle size reduction of the dry salts. However, no other
polymeric amine can be as efficient as Lubrisol P in neutralising the
orthophosphates. Further, polyamines with a lower amine content clearly add



Formul ations at increasing ratio of nmelamne to

pol yt henei m ne. Parts are by weight. Exanple PRP Fl1
waovedoadyne2 Wat er Lubrisol P Yield Solids % P% RCT/GB24/002010

27.0 540.0 73.7 22.1 12.8 2 100.0 33.8 675.0 60.1

18.9 12.8 3 100.0 40.5 810.0 64.5 17.0 12.2 4 100.0

47.3 945.0 59.3 15.4 11.9 %5;100.0 54.0 1080.0 55.3

14.1 11.6 6 100.0 60.8 1215.0 50.7 13.0 11.3 7 100.0
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oﬁhéﬂ]M@k@faﬁm?l ng the orthophosphates. Further,
pol yam nes with a | ower am ne content clearly add WO
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Eﬁﬁﬁ@%QBto the conposition of the salt, tending to both
ce the phosphorus content and rai se the snoke

enission on ignition. No polyanine ot her than

sol %q sliogggsf ];s? lﬁ%sq it ustra'taeoa By exampi rUsn'u? anyw? the gormu?atlons
given in examples 1 to 7 or any other suitable combination of partial phosphate
ester of carbonific polyols, melamine and polyfunctional amine, the polyfunctional
amine and melamine are loaded to the mixer and the temperature raised to
approximately 100°C. The mixture of amine neutralisers is thoroughly dispersed
such that the melamine is dispersed evenly through out the mixture.

The partial phosphate ester (PPE) of carbonific polyols is then slowly
added to the hot mixture which must be covered to prevent splashing but vented
to atmosphere. Significant heat will be generated and steam will be evolved and
the viscosity will increase significantly.

Once all the PPE is added, the temperature is raised to 130°C to 140°C

and held for 15 minutes to allow the reaction to be completed.

The mixture may then either be drained from the mixer, dried and
pulverised, or the mixture may be allowed to cool below 100°C and then diluted

with water to create a dispersion of the polymeric salt solids equivalent to the



salts. The salts may al so be nmade by direct
neutralisation of the conponents at el evated

wo espperRbure. For this procedure a Z bl ade or PeT/GBR004/002010
paste m xer or any such m xer capabl e of dispersing
thick pastes is used. The apparatus needs toable to
mai ntain a tenperature of 380C to 140C and rai Si ng t he
terrperature of the mxture rapidly
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pol yneric salt sludge produced in the above wet

P OGS a4, R3hE Bt & Bb,MineB UVIERING 1€ kags of the
mabtepeathoin ipblymerid esalti sladge.. Thls saves the step of drying and
micronising the polymeric salt. The bead is tumbled into the wet polymeric salt
sludge which will cling to the surface of the thermoplastic. The bead may then be
tumble dried and used in the extrusion or injection mould in the normal manner.
The polymeric salt will flow into the moulding or extrusion as it is formed and

become incorporated into the product with the same results as above.

The polymeric salt has been shown to be effective in most polypropylene,
polyethylene and acrylics. Thus, it can be logically assumed that subject only to
the limitations of processing temperatures of the thermoplastic, polymeric salt is

effective in most thermosetting moulding and extrusion materials.

Example 10

Reinforced thermoplastic composites such as Twintex (made by St.



Exanpl e 9 Thernopl astics may be rendered fl ane

retardant by incorporating the dried polyneric salt
WO poottiog92omst er batch of the thernoplastic for BXU/GB20081002010

or noulding. At about 30 parts by weight (pbw)

i ncorporation the original resin such as
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compesiies-a U.S. conpany) or other glass or fibre
rei nforced conposites presented as fabric, may be
rendered flane retardant by drawi ng the woven cloth or
Expeple ihr ough the pol yneric salt sludge. Polyneric salt
does not suspend in water.

In a similar manner, woven or non woven fabrics may be flame retarded
by dragging the cloth through polymeric salt sludge and subsequently drying and
calendering. A polypropylene fleece treated in this manner such that the
polymeric salt was applied at 40% the weight of the fleece was able to provide
significant resistance to a high velocity propane burner when the treated fleece
was pressed into a polypropylene surface.

Example 12

Dried polymeric salt powder was incorporated into a conventional acrylic
sealant formulation where aluminium trihydrate was normally used as a flame
retardant at 25% of the composition. The polymeric salt powder was able to

produce the same reaction to fire performance at 8% incorporation with



Hence, the requirenent is for a roller to be placed at
the bottom of the sludge coating tank forcing the yam
wo@tooglog2b2 t 0 be drawn through the sludge. Not PEIT/$B2004/002010

does the polyneric salt cling to the polyolefin but

al so becones trapped between the fibres. The cloth is

then cal endered to renopve 4ghe excess water and
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i nprovenent in the acceptability of the seal ant
formulation. Simlar

Example 14A 14B 14C 14D 14E 14F 14G
Revacryl 344 89 - - - - - 89
Pliolite LS 1 - 125 - - - - -
Haloflex 202 - - 100 - - - -
Silikophen P65W - - - 126 - - -
Emuitex 523 - - - - 100 - -
Araldite PY 340-2 - - - - - 385 -
Araldite HY 2992 - - - - - 115 -
Polymeric sait 50 50 50 50 50 50 60
Rutile Titania - 5 - - - - 9.0
Processed Mineral Fibre - - - - - - 0.5

2 Butoxy Ethanol - - 5 5 - - -



behavi our is anticipated with respect to adhesive

formul ati ons where achieving flane retardancy with
waeornvpedonal products is not possible. Exanpl BC/8B2004/002010

Pol yneric salt nay be incorporated in |atex

formul ations to provide intunescent coatings. The

follow ng sinple fornulatigps all produced good

i ntumescence. However, as would be obvious to those
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But oxy Et hanol -
wopsTFoppaetion 043 ois alformulatlon desngned to provide protection to

structural steel. When tested on a small scale test rig designed to evaluate
structural steel protection formulations it gave a char form and insulation value

typical of conventional formulations.

As the components of a conventional intumescent formulation are all
sparingly soluble on water exposure, none of them may be exposed indefinitely
without a top coat. Given that polymeric salt is insoluble it is a logical assumption
that all the given formulations are stable under external exposure conditions.

Polymeric salt has also been incorporated in surface coating formulations
based on polyurethanes, epoxies, and alkyds simply by stirring the powder into
the commercial formulation, producing either intumescence or flame retardancy
depending on the level of incorporation. Likewise, the product is easily
incorporated in polyester and epoxy composites. It may also be used to enhance

the fire performance of phenolic resins although little intumescence is observed.

Whilst endeavouring in the foregoing specification to draw attention to

those features of the invention believed to be of particular importance it should



Revacryl 344 (made by Harco, a U K conpany) and
Pliolite LS 1 (nade by Eliochema U S. conpany) are
wa@edot/ognat esci ng styrene | acrylic emul sions, PERIGBR008%02010
202 (made by Zeneca, a U K conpany) is a vinyl
chloride/vinylidene chloride emulsion. Silikophen
P65W (nmade by Thomas CGol dshpi dt a German conpany) is
a phenyl/nethx si | oxane enul sion. Enultex 523 (nade
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is the selected curing agent. 2-butoxy ethanol is used
a coal escing solvent where required. Al the
formul ations 14A to 14 F gave surface spread of flane
performance that gave BS 476 part 6 index of below 12
when applied to soft wood. Fornulation 14Gis a
formul ati on designed to provide protection to
structural steel. Wen tested on a small scale test
rig designed to evaluate structural steel protection
fornmulations it gave a char formand insul ation val ue
typi cal of conventional formulations. As the
conponents of a conventional intunmescent fornulation
are all sparingly soluble on water exposure, none of
them may be exposed indefinitely wthout a top coat.
G ven that polyneric salt is insoluble it is a |ogica
assunption that all the given fornulations are stable
under external exposure conditions. Polyneric salt has
al so been incorporated in surface coating formnulations
based on pol yuret hanes, epoxies, and al kyds sinply by
stirring the powder into the commercial fornulation,
produci ng either intumescence or flane retardancy
depending on the level of incorporation. Likew se, the
product is easily incorporated in polyester and epoxy
conposites. It may al so be used to enhance the fire
performance of phenolic resins although little
i ntumescence i s observed. Wil st endeavouring in the
foregoing specification to draw attention to those
features of the' invention believed to be of
particul ar inportance it shoul d



WD 2004/ 099292 PCT/ GB2004/ 002010 42 be under st ood

that the Applicant clains protection in respect of any
w@aioentebt e feature or conbi nati on of featureBCT/GB2004/002010

her ei nbefore referred to and/ or shown in the draw ngs

whet her or not particul ar enphasis has been pl aced

thereon. WO 2004/099292 PGR GB2004/ 002010 43 CLAI M5

1. Apolyneric material represented by the general

formula: O0O0O0 II Il 1l 1l R-OP-ORL
-0-P-OR1L-O-P-OR1L- O P- 111 o000t I I I
R3 R3 R3 R3 N Were Rl al kyl ene, R2 and R3 are
sel ected from H+, al kyl ene, al kyI al kyl glycol ether
and N is between 0.75 and 10. P?l neric materi al
1. r efy RJWnpEe MAjeal sepjenantsr bﬁdhﬁﬂﬁaea @/rmud)aio li 11 11

11 R-OP-OR -0-P-0-RI-O-P-0-Rl- OP-OR | | | |
0000 | 111 RRR RR

0 ) 0] 0]
n i " |
R,-0-P-O-R1 -O-P-0-R1-0-P-O-R1- |O-P-O-R2
l | | l
O O O O
I ] ] i
R3 R3 R3 R3

- -N

Where R1 is an alkylene, R2 and R3 are selected from H+, alkylene, alkyl,
alkyl glycol ether and N is between 0.75 and 10.

2. A polymeric material represented by the general formula:

O o) O 0

i n n i
R,-O-P-O-R1| -O-P-O-R1-0-P-O-R1- JO-P-O-R2

i | | !

0] 0] 0 o)

l I [ |

R3 R3 R3 R3

- N

Wherein: R1 is an alkylene having 3 or 4 carbon atoms, and N is 1 and R2
and R3 are H+; or R1 is n-butylene, R2 is H+, R3 is n-, or iso, butyl or iso-propyl,
or any mixture of these, and N is 0.75 to 4; or R1 is n-butylene and/or
dimethylene propylene and where R2 and R3 are ethyl, H+ and/or ethyl glycol



N Wierein: RL is an al kyl ene having 3 or 4 carbon
atons, and Nis 1 and R2 and R3 are H+; or Rl is
wo2imayiene, R2 is H+, R3 is n-, or iso, butylPCFGB2004/002010
i so-propyl, or any mxture of these, and Nis 0.75 to
4; or Rl is n-butylene and/or dinmethyl ene propyl ene
and where R2 and R3 are ethyl, H+ and/or ethyl glycol
WO 2004/ 099292 PCT/ GB2004/ 002010 44 et her chains, and
ether chaigs,tandlty; is & tor10;i oy T iginyaudylene, {22 and RB ane ethy fapd/or
I griochains, and Nis 2 to 10,
ethg'lﬂéyler%trlaﬁézggh%rt?cgt\llzgg}aggor ding to claim1 wherein
is an al kylene having 3 or 4 carbon atons, R2 and
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havlrd%g3l§84uxartmn atos®; RZand/R3 aps H+sangdNbigyl., or any
m xture of these, and Nis 0.75 to 4. 5. A pol yneric
material according to claiml wherein Rl is n-butyl ene

4. andX pglyntb’gmahlawnehecwrﬂnglte %im@m@@%m ﬁﬁ% mbatyiiney R2 is
and et hyl| et her chains, a is 0
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wherein the di methyl ene propylene conprises 2,
2-dj et hyl ene propylene, 7. A polyperic teri
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nq . A polyneric material according to
am%Nd§31P1®here|n Rl is n=butylene, R2 and R3 are et hyl
and/ or ethyl glycol ether chalns and Nis 2 to 10. 9.
A process for producing a meric materi al
6. conpmedingyia eraﬁ@nahgacgovrdmgsf é@ao&‘ antd wbarain dhe gimethylene

pmgg@}ﬂgfcggﬁ,{, QQ%pEQ{"ggg,M%%gt bﬁg and a second reactant

l"ect om t nsisti ng of (a) a diol and
(b) an ether and an al cohol 10. A process accordi ng

7. 17 A ROy RicheElchel pbikfgPh IS5 R s SRR Puf e &0 bivoo

ethet Heims; amdrthe @saterial has an acid value of 30 - 70mg KOH/gm.

8. A polymeric material according to claim 1 wherein R1 is n=butylene, R2
and R3 are ethyl and/or ethyl glycol ether chains and N is 2 to 10.

9. A process for producing a polymeric material comprising reacting a first
reactant comprising anhydrous phosphorous pentoxide, and a second reactant
selected from the group consisting of (a) a diol and (b) an ether and an alcohol.

10. A process according to claim 9 wherein the ether comprises a cyclic ether.

11. A process according to claim 10 wherein the cyclic ether comprises
ethylene oxide and/or propylene oxide and/or tetrahydorfuran and/or
tetrahydropyran.



et hyl ene oxi de and/ or propyl ene oxi de and/ or

tetrahydorfuran and/ or tetrahydropyran. WO
wQoe4/0929292 PCT/ GB2004/ 002010 45 12. A pr oceBGI/GB2004/002010

according to claim9, 10 or 11 wherein the polyneric

material conprises a phosphate ester, for exanple a

partial phosphate ester. 18 A process according to

cI aim 10, 11 or 12 wherein the al cohol conprises an
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pol yol . 16. A process according to claim15 wherein

the polyol conprises a diol. 17. A process according
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I f.f0 ess.carbon at ans
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i so- propanol, N propano but anol, iso-butanol. 19.

A process according to any of clains 9 to 16 wherein

15.t hen k&8l accoRIRY | 't&%l%lrﬁn% eF 1Wﬁet‘é§n i o%@%ﬁ&lt BhpGes a

gl ycerol, trinethal ol propane, ethane
shqt@qmebah@l afdir,a polyd. pr opane diol, 1,4- butane diol,
gl ucose. 20. A process according to any of clains 8 to
19 wherein the diol is provided in a reactor vessel
16.andA proeebs mstordimgdod ataimi 16 whieketh the pdiol compriees wetisiel
by supply neans. WD 2004/099292 PCT/ GB2004/ 002010
17. A process according to any of claims 9 to 16 wherein the alcohol has a

chain length of four or less carbon atoms.

18. A process according to any of claims 9 to 17 wherein an alcohol
comprises one or more of methanol, ethanol, iso-propanol, N-propanol, N-
butanol, iso-butanol.

19. A process according to any of claims 9 to 16 wherein the alcohol
comprises one or more of pentaerythritol, glycerol, trimethalolpropane, ethane
diol, 1,2-propane diol, 1, 3-propane diol, 1,4- butane diol, glucose.

20. A process according to any of claims 8 to 19 wherein the diol is provided

in a reactor vessel and the first reactant is added to the reactor vessel by supply
means.



46 21. A process according to claim 10 or any of
clains 11 to 19 dependent or ultinmately dependent on
w@b@isoy9®2 wherein the ether is provided in a rBPE/GBr004/002010
vessel and the first reactant and the al cohol are fed
thereto. 22. A process according to claim20 or 21
wherein the first reactant jg held in a holding
menber and is fed to the reactor by feed neans
2%c on¥ pEicegs accandihg io. clai3 .10 orpamc efsslamaes d dbmM® Hependent or

| aj 2 wherein a, _scr evice is unted in the
el Bops et Ph et T iiatafy e oY thcbrpuletiofn a reactor
vesgsisld the4irstAemitastes®l thecdéstionard fedthéretd,23 wher ei n
the feed neans termnates in free space in the
reactor vessel, and an inert gas is fed to the hol ding
2aTemep o84l aE&?rd{n?e(g di&AS0 P gﬁ NAY&Bin hedfrst cf%nt {dfeld in
first reactant wth the secon reactant 1n the feed
a helding. membenang isded o thecreadion pytfeed eians 2ompristngya obnduit.
clainms 22 to 24 when dependent or ultimtely
dependent on claim 21 wherein the alcohol is fed to
23 he A pmaesoacoaedinglto lolaimr2pwherth asarsw d@dce £ pooagssin the
accordin o.claim?2 erein, a further second
COP@H@EO&tﬁe%itéefIWBQﬁ%gt%Q FRACKANESSR vessel . 27. A
process according to any of clains 20 to 26 wherein

the first reactant and, where appropriate, the . _
243| cnBrocgpe acearding {helaingadt geheyeinstbe faad imeans terminates in
cti r; ; et aped
TR e nE r8actbr Godsth A Pn 1RE 8BS 1€ 1t B R BB imember
andstheefesidetheans do fredentgreaictiomef fthe Sirsr esactanitwitindhe second

re%sﬁﬁngﬁgﬁeoe%%g%ﬁ% the al cohol is halted or reduced.

ess rding to claim 27 wherein the
reactor vessel includes cooling neans to cool the

eactants and when the tenperature of the reactants WO
2550041 OIS PeSOTAE0R BETD I 08 7amnlqf BB \@E e 24 when

de%ﬁﬂ%@t%r%l%ﬁfw 8EpRt LRAMSRAD Y Wherdilths QRONBPITRANS the

can
reactor vessel by drip feed means.

26. A process according to claim 25 wherein a further second reactant is
provided in the reactor vessel.

27. A process according to any of claims 20 to 26 wherein the first reactant
and, where appropriate, the alcohol are fed to the reactor vessel until the
temperature of the reaction reaches a predetermined temperature, and when
such predetermined temperature is reached, the feeding of the first reactant and,
where appropriate, the alcohol is halted or reduced.

28. A process according to claim 27 wherein the reactor vessel includes

cooling means to cool the reactants and when the temperature of the reactants



switched off and the feeding of the first reactant
and, where appropriate, the alcohol nay be restarted.
WQ04M9ppDCESS according to claim27 or 28 whePE€i/aBRG18/002010
predeterm ned tenperature lies in the range of 25C to
65C. 30. A process according to claim29 wherein the
predeterm ned tenperature 4kies within the range of
33C to 37C, preferably, substantially 35C. 31. A
fallpristey sheefoweshid predetetnained Zenpbmtla!ien thdeooling means can be

ooBSRIP AL i SRS 21 b e 5, S3TS medsian e

alcpheffraapbe yestahsdantial |y 35C. 32. A pr ocess accordi ng
to claim 29 wherein the predeterm ned tenperature may
be in the range of 43C to 47C preferably substantially
945CA Brocels PAQSF ﬁ%afbc%fé?rhngﬂ Br & The&biniks ebr%d%é&rrn(iened

the ingredients e been added, the reaction
temperptyue Bes indthe raegpet 28°G o &FChet ween 55C to 75C,
nore preferably to substantially 55C, or substantially
75C. 34. A process according to any of clains 8 to 33
30wheAqiracesst ataodding dotataitn 2% whieesintind prbddtetrhinet rtemipetature

d b ctiQ of the first reactant and the
llegwﬁgp%@ﬁaaée ‘%ﬁﬁ{ 8 7 @SQ’ sitesirrtialy 325Ce| ai m 26
wherein the third react ant conprises a cyclic ether,

for exanple, ethylene oxide, propylene oxide and/or
3191 yAiRiesessygrcnding dosiam 2 whepsiodhe guedeatermingd 3emperature

e IFETaNGE B8 28, Ot 485 FefiALVIA e PatliELERY 1] F Sy mpore
praferablyi substantielly 85%¢.ant s are m xed with each ot her in

stoichionetric ratios. 37. A process according to
claim9 wherein the first reactant and the ether and

32al ca gﬁbcéﬁsoﬁﬁbb@d ih§ o RMIMNEY '\Aﬁhe@h ehé %Jredét@ﬁ‘n‘hbﬂ $bmPBFhture
third reactants are in a nolar ration of first

maydheipdhe ranas 43’k tp e ¢ preferaitly substaptiallysi5iC.

preferably between 1 1:1
33. A process according to claim 27 wherein all the ingredients have been
added, the reaction mixture is heated to a temperature of between 55°C to 75°C,

more preferably to substantially 55°C, or substantially 75°C.

34. A process according to any of claims 8 to 33 wherein a third reactant is
reacted with the product produced by the reaction of the first reactant and the
ether and alcohol.

35. A process according to claim 26 wherein the third reactant comprises a
cyclic ether, for example, ethylene oxide, propylene oxide and/or glycidol.



to 1.2:1. 38. A process according to claim34 or 35
where the reaction product of the first reactant and

wo b@4p99202 and the al cohol is reacted w th theP€hiGBe004/002010
reactant, the first reactant and the ether are in a
nolar ration of first reactant : ether in the range
of 1:1 to 2:1, preferably fgetween 1.6:1 to 1.85:1. 39.
A process according to claim 34, 35 or 38 wherein the

36.1 eaﬂcbrmsefacbbmlngafoacleem83Iwheemm ivdrere rtoel dicst reactant aed the

ol b SRS s B BSSe B SRR iffed i coch
oth® iIRGESisShidfetichaggst 0 claim 34, 35 or 38 when dependent

or ultimately dependent upon claim?20 wherein the
reaction with the third reactant is carried out in a

S € C/-Q ﬁ ﬁeQ? 8&8& roll Y’@Sté aimGHvhBref? Y ﬁr§ﬁ%a%ta‘h? 28 thd'8tHeR @nd

thereon, and includes stirring
alca)m-arpsodwb thé\pptynmwnateuelr di‘nm@rst end thifchiesaotantears in @ melar

T N e T R

to M2gsel, and a feeder is provided to feed the third
reactant. 42. A nethod for producing a polyneric salt
material conprising reacting an amne wth a

38. phoﬁ??@éé%s%c%dm% SR/ 5082 98 vﬂ@é%@@éﬁ%&@rb@ucﬂ@f the

rocess according to claim42 wherein th

firsp re;m@ﬁ andripeiatleer anshike; algohol is (padted Witk dbe Q'Hfd {gactant, the
ﬁrs% 163G ?%ﬁtﬁr}éﬂ'\%ngm%? %'F?hrz a?tshto r ra‘@ién A REOEREIRC AR fOthe

eérein reactant conprises an -
rangy@i afel: 1 #52: 1Apeferablyshehween dtﬁa@tmfb%t‘hl ms 43 or 44
wherein the or each, am ne conprises an organic
am ne. 46. A process according to claim45 wherein the

39f I I At pBEeRPBBeordifgN®, claRiTd4, 55 oft SBOWMérfﬁlm%@méécﬁonaof the
pol ymer havi ng an am ne f uncti onal % ||o
aforesaid reaction product with the third reactant takes place at a temperature in

the range of 30°C to 60°C, preferably 40°C to 50°C.

40. A process according to claim 34, 35 or 38 when dependent or ultimately
dependent upon claim 20 wherein the reaction with the third reactant is carried
out in a second reactor vessel, which comprises a vessel having an insulation

jacket thereon, and includes stirring means.

41. A process according to claim 40 wherein the reaction product of the first
reactant and the ether and the alcohol is provided within the second reactor

vessel, and a feeder is provided to feed the third reactant.

42. A method for producing a polymeric salt material comprising reacting an
amine with a phosphate ester.



47. A process according to claim46 wherein the
pol yam ne conprises nelamne. 48. A process according
W e0oglogg2mr 46 wherein the pol yner having an ani PET/GB2004/002010
functional group conprises polyethyleneinne. 49. A
process for producing a polyneric material conprising
reacting a nelamne, a phgsphate ester and a
pol yet hyl enei m ne. 50. A process according to claim49
43. whé priosesshacqondiag ha ckine i2ewhereimpthegrecess ¢oamprissls reacting a
hosphat st,er. bHl. roc rding to claimb50
fu”ﬁﬂéﬁsgﬁnf‘ﬁgh &}gograwgt%w%eg?oesrp%ﬁe gsct%'gacti on product of
phosphor ous pentoxide, with 1, 4-butane diol and/or
1, 3-butane diol, and/or 1,3-propane djol and/or .
4.1, A ems&%a%%ﬂ'nsﬁaplﬂ*m&w%\%#y{) %.ei ftlgfner iSactant FPmPESEs an
amiagecording to claim50 wherein the phosphate ester is a

reaction product of condensed phosphoric acid with
1, 4-butane diol and/or 1, 3-propane diol and/or

155, 40, A LR ke P 4 3

comyprisesannrgddictamib@ wherein the reaction is carried
out at a tenperature of up to 100C, preferably between
85C and 98C. 54. A process according to any of clains

46.42 A Oprodestheicebridind o BRI 85 WhereifIthe flrs@Udr dach, amine
tenperature of between 90C and 150C, prefer abIY at
g

COMRRIIESS APQ Yamipe EEsior aspolymep haviag anarpehedingiang! giyPof
clainms 42 to 54 wherein the phosphate ester conprises
an orthophosphate. 56. A process according to any of

47.c| & nprod@ss @chardineertei alaimedowhensin dhe apelyamine: raomprises
| s .capabl e of being suspended and/or dissolved in

melﬁgqlg?. to provide a pH of between 4 and 8. 57. A flane
retardant conposition conprising a polyneric salt
mat eri al fornmed . . . . .
A process according to claim 46 wherein the polymer having an amine

functional group comprises polyethyleneimine.

49. A process for producing a polymeric material comprising reacting a
melamine, a phosphate ester and a polyethyleneimine.

50. A process according to claim 49 wherein the phosphate ester comprises a
partial phosphate ester.

51. A process according to claim 50 wherein the phosphate ester is a reaction
product of phosphorous pentoxide, with 1, 4-butane diol and/or 1,3-butane diol
and/or 1,3-propane diol and/or 1,2-ethane diol and/or pentaerythritol.

52. A process according to claim 50 wherein the phosphate ester is a reaction
product of condensed phosphoric acid with 1,4-butane diol and/or 1,3-propane
diol and/ar 1,2-ethane diol and/or pentaerythritol.



in the process of any of clains 42 to 56. 58. The

product formed by the process of claim9. 59. A
w@b@spbpeus rich pol yner conprising a reacti onP@F/GB@I/002010

of a phosphorus oxide, a carbonific polyol and

nitrogen containing material. 60. The polyner of claim

59 that includes greater thgn 4% phosphorous by

wei ght. 61. The polynmer of claim59 that includes
53gr eaAt rpcestaacOIdivigosphoy oficldimns 4RitgHE2 wh2reilthe reaction is

caigu el b S yfipSlalir8 o1 BT 00 Gl oMY babisar i B g Bbec.
PCT/ GB2004/ 002010 51 63. A water-sol ubl e intunmescent

polymeric salt of an intunescent é)artial ph_osghate o
S4est BrProgess ARCHHINGNIOs B Of FRifved € do & whatsiarthe gaetion is
cafied BLOStT 8T BRApdraRIfe abf |fe@Rben 0O AL BREC! gcgﬁerably at

phosphate ester. 65. An intunmescent polyneric

sulgtantially 1586 cl aim 64 formed froma first anine and a
second am ne. 66. An intunmescent polyneric salt
according to claim®64 or 65 wherein the, or each,

55am Aeprocess iasesrdiny tor gnpnf claimsné2 6754 ANhersih Ui Ssisdphate
ol yner.ic salt accorgigag to claim66 wherein the, or

es%ggﬁmpgﬁ?%gn QBRBPHSPRAE: ho| yani ne and/or a pol ymer
havi ng an am ne functional group. 68. An intunescent
polynmeric salt according to claim67 wherein the

56p0l HATPFRSSCRAASFFIBG 40 MBY Aiclims a2 tonbb whterein dae polymeric salt
maREt N NEESabié b baﬁg%ugbémetdoaﬁd/@e aﬁg&ﬁvg@ﬁ{\ﬁé{érwﬁmﬂde a pH
pol ymer aving the am ne functional group conpfises

of befiveen yareh®i m ne.

57. A flame retardant composition comprising a polymeric salt material formed
in the process of any of claims 42 to 56.

58.  The product formed by the process of claim 9.

59. A phosphorus rich polymer comprising a reaction product of a phosphorus
oxide, a carbonific polyol and nitrogen containing material.

60. The polymer of claim 59 that includes greater than 4% phosphorous by
weight.

61.  The polymer of claim 59 that includes greater than 9% phosphorous by
weight.

62.  The polymer of claim 59 wherein the polyol includes about 40% by weight
of a primary hydroxyl.



70. An intunmescent polyneric salt according to any of
clains 64 to 69 wherein the phosphate ester is a

wo e@apam product of phosphorous pent oxi de, w POT/GB2604/002010
but ane di ol and/or 1, 3-butane diol and/or 1, 3-propane
diol, and/or 1,2-ethane diol and/or pentaerythritol.
71. A thernoplastic includgpg the product of any
claims 57-70. 72. A thernoSet material conprising the

63.pr qilugatepbolable itamescént- gOlyméfic 28414/di 982 Gatumescent partial
PCT/ GB2004/ 002010 52 73. A paint including the

PhqsPBaIEeStef any clains 57-70. 74. The paint of claim 73
wherein the paint is water-based. 75. The product of
any of claims 57-70 that is water-insoluble. 76. The

64.pr cintuveseany polyaeris st aecasdingrto gRiIMBY formnest fremsatdgast

tval | t . 77. Any novel subject nmatter
onegéﬁwing%ﬂmdggﬁte |%h%gpﬁ% u‘%{teﬁrg novel subject matter
di scl osed herein, whether or not within the scope of
65.8: rzlm hg\%gpéc[ﬂncio!?fmgr?c”galtla%\égp |r|\gopo %Iséir%r@&l ?grrrwte%efrom a first

amine and a second amine.

66. An intumescent polymeric salt according to claim 64 or 65 wherein the, or

each, amine comprises an orgnanic amine.

67. An intumescent polymeric salt according to claim 66 wherein the, or each
amine comprises a polyamine and/or a polymer having an amine functional
group.

68. An intumescent polymeric salt according to claim 67 wherein the
polyamine comprises melamine.

69. An intumescent polymeric salt according to claim 67 wherein the polymer

having the amine functional group comprises polyethyleneimine.

70.  An intumescent polymeric salt according to any of claims 64 to 69 wherein
the phosphate ester is a reaction product of phosphorous pentoxide, with 1,4-
butane diol and/or 1,3-butane diol and/or 1,3-propane diol, and/or 1,2-ethane diol
and/or pentaerythritol.

71. A thermoplastic including the product of any claims 57-70.

72. A thermoset material comprising the product of any claims 57-70.
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73. A paint including the product of any claims 57-70.
74.  The paint of claim 73 wherein the paint is water-based.
75.  The product of any of claims 57-70 that is water-insoluble.
76. The product of any claims 46 to 57 or 63 to 70 that has an activation
temperature.
77. Any novel subject matter or combination including novel subject matter

disclosed herein, whether or not within the scope of or relating to the same

invention as any of the preceding claims.



