1 A METHOD OF PRODUCI NG A POLYMERI C MATERIAL Field
of the Invention This invention relates to nethods for
produci ng polyneric naterials and naterials produced
usi ng the nmethods. More particularly but not
exclusively, the invention relates to nethods for
produci ng phosphorus rich polyners and nethods of
produci ng phosphate esters sukch as partial phosphate
esters. Background of the Invention Intunescence is a
process where, under the influence of heat, a solid
subst ange MEPHIODIDFPRODUCING AB O FIERICOMATERIARN ded
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Virt%?laﬂﬁﬁnkﬁns ion, is used as a neans of
provk&%ng-frre-ﬁé@@éition. I ntunmescent products, in
their current form are applied to the surface of
materjals and structures re raotection from
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ame nanher as tunescent,
non-fl anmabl e. Where a substance is flammabl e such as

wood astic b | ass r%j nforced plastics these
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conpartnent, or allow flame to spread along the
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has a substantially lower thermal conductivity than the original substance, by
virtue of this expansion, is used as a means of providing fire protection.
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.



additives may be added to the material. Mst flane
retardant additives are expensive and they often
detract fromthe properties of the base naterial.

Al ternatively, a non-flamrabl e coating can be applied
to the surface. This is only satisfactory providing
the fireregine is limted. If the filmhas no

i nsul ati on value, heat wll pass through the filmto
the tl anmabl e substr at til it _out-
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to cause substrates to be self Iimting when involved

i n f Alterndtinelyr dmort—fdxarpmbleda)aﬁingtmti»e)ap;ﬁlremmoftheesurface This

t fire-retardin it nc ed
I oS5l b Sie e GERER pfinet s 4 e i has no
irguldtRmeval s, HER Vil phss BREuGH FHECHIHT RStheaRimmbbe sibskrate until it
pr otection. Intunmescent fire retardi ng COITpOSI tions

Oat:ga%ﬁﬁ ek ﬁa%ﬂ@‘t%gdfaw@ﬂgtth@ filmf 2 g¥eoBRg Hasubstateionthe fire
Rﬁ?’?és‘?féﬁf cb%ﬁs Q{Parnﬁltﬁ'{de\‘%:ré( r?gaglnéars to provide an

réj!ﬂcorr‘oustl Ie mat eri a onbusti b
insefaligg Byer,nthdyaprereranitie ppassages ofdmy tacﬁmssubﬁtrate Char

g2 oh PRy fr kowd Y8 e eyt S SRD b when
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may be included in sealants such as caul k and, upon
expanding to forma foanfchar [ayer act as heat-
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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:
(a) a source 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



3 (c) A source of inert volatile gases to assist the
formation of the foanmichar is a spunescent. The
source of the volatile gases can be, for exanple,
nmel am ne. The intunescent foanichar of a phosphorous
catal ysing i ntumescent systemtypically consists of
anor phous carbon, or carbon and graphite and
condensed phosphoric acids. The underlying t heory
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carbonific polyols, was achie Intr|n5|cally
I nt unescent Polyners (I'1'P). The predication of the
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carbonific can be dehydrated to carbon. This phosphate ester decomposes
immediately it is formed because the reaction temperature is above the
decomposition point of the ester. However, were the phosphate ester present in
the originai 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
lIP from the original urea phytic acid salts may be considered as a proof of the

theory of molecutar integration of intumescent functionalities.



theory of nol ecular integration of intunmescent
functionalities. 4 |f the behaviour of both a

conventional intunmescent material and an |1 P based

material is considered with respect to the weight

| osses that occur as the material is subject to a

heating regine, then, the IIP fornmulation is 40% nore
efficient at producing its f dam char than a

conv i opal fornu on. As the IIP activates a
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foanms. Summary of the Invention
US-A-2 272 668 discloses partial phosphoric esters and processes for

making same.

US-A-4 458 035 discloses polyurethane foam having a flame retardant

oligomeric ester.

DE 101 12 155 A discloses a derivative of phosphoric acid ester salt or
phosphoric acid ester adduct or mixtures thereof, a method for the production

thereof and their use,
DE 195 40 861 A1 discloses a process for the preparation of mixtures of
oligomeric phosphoric acid esters and their use as flame proofing agents for

polyurethane foams.

Summary of the Invention




A polyneric material may be provided, represented

the general formula: OOOO nnun R2-OP-ORL
-OP-ORI-OP-OR1- OP-OR21 i I' I 0000 1111
R3 R3 R3 R3 N Were RL is an alkylene, R2 and R3 are
sel ected from H+, al kyl ene, aIkyI al kyl glycol ether

and N is between 0.75 and 104% In this specification
reference is made to carbonifics and carbonific

pol yols. Carbonific polyols are polyols that wll
reduce to carbon, rather than to gaseous fragnents
under anaerobic pyrolysis by oxidising acids. It is
believed that, if the mjority of the backbone of the
pol yRerPOIMEnc  Raterigh 8y bRyt iSVIded, yrepERssHiaG iy the general
f&hnqyps, then the polymer will pyrolise to carbon not
to flammabl e fragnents. Wthin the patent literature,
carbonifics are generally described as-polyols where
greater than 40% of the nol ecul e weight|is hydroxyl
groups. Wthin conventional technol ogy| carbonific
polyols are limded to péntaeryt@ritol,|it® dinmer and
trimer, glycerol and|sucpose. However, W thin the
above met hod,-CaPOR 1 i-0-PYOl-9-PRY-RXe ©-PapgRdi ol ,

1-3 Propane diol, glycerel, pentaerythrjitgl and
trimethylol propane. |Ethgne diolg 0
| [ s |
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.



and propane diol trapped as phosphate esters behave as
carbonific polyols wthin the system whereas they
woul d vol atilise before deconposition in conventiona
systens. However, this specification of a

“carbonific", is derived fromprevious workers as
presented in all prior art arfd is i nadequate. The
understanding is that a structure that will reduce to

carbon in the presence of a dehydrating acid is best
descri bed as a sequence of -C C-bonds in which no

181 the @pedifibstibratéBdrRe M thadd @) da%brﬁﬁ%n&e@&%@ﬁlﬂc polyols.
froma carbon atomthat either carries a hydroxyl, an

Carhenifigolypds aespalyalsi thgt wilbraguer do gerkpryrather dhamto gaseous
NSO 61 B3Rty RAR 40801 8XRf6vo0 i e

nogiadiysel the laar;kbonbeo‘f theamjhmer de jn e Fenbef pgtentially carbonific
efinjtion

h h dar d
i o ErgiRf e wih P et dhndl © defymable) Bbments
whi ch the cal cul ation of the 40% hydr oxyl

func ﬁgal ity includes secondary al cohols, wll
docoBRa thebaie leraicre. GEbanfivs Gea pomersy densrived as polyols

wm?é efrebfr thQﬁ cﬁ?%eé‘ft tﬂé trﬁéi@&&!éewbﬁgl W MRS ed?ou;5§ Within

definition i n anot her wa escri'bin
C@iﬂvemimahtefchOoipcyyﬁar@nlfnmeofpﬁﬁefareﬁledteddefpamtaergrﬁnrw its dimer

t s as "pol yols in which the
aEEGfrnﬂ?} O@fﬁe{@ apff%??/é ‘hydr oxyl s occupy 40% of the
nol ecul ar weight". Accordi ng to one aspect of this

rovid process for produci

i nvention, e is B g
L Tl s AR NS aBofR MShod CBIORTE AUl rBRsLE cthane diol
11319#@{5&@&@9@% rolprp%ﬁtﬁe??ﬂhrlﬁﬂ|a)H&iEtran’?etHﬁbieﬁr‘o€i‘Jane Ethage diol

conprisin hate es sal d process rrprl Sin
ap¢ d¥ePAge aﬂr@h gppecéa@t ahosmﬁt@rwerﬁg behavairasusarbonific polyols

S nt,;My d a
o R ST RSy RL BB RPUBEIRERRS gpraositon i
coptentiped fystams.he group consisting of (a) a diol and
(b) a cyclic ether and an

However, this specification of a “carbonific’, is derived from previous
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 polyo! in which the calculation of the 40%
hydroxy! functionality includes secondary alcohols, will decompose in any direct

esterification system. Therefore, the patent literature is incorrect in its definition



al cohol, wherein the diol is selected fromone or nore
of 1, 3 propane diol and 1, 4 butane diol, and the
cyclic ether is selected fromone or nore of
tetrahydrofuran and tetrahydropyran. The process may
conprise reacting a first reactant conprising a
phosphorous providing materi @, with a second
reactant, said second reactant conprising, or being
abl e of pr
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tetrahydrofuran and tetrahydropyran.

The process may comprise reacting a first reactant comprising a
phosphorous providing material, with a second reactant, said second reactant
comprising, or being capable of providing, a carbonific polyol or a functional

equivalent of a polyol.

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.



The al cohol used in this reaction nmay be a pol yol such
as a diol. The precursor polyneric material forned in
the reaction of the first enbodi nent may be
represented by the general formula: 0 0 00 unuu
R2-OP-ORL -OP-OR1I-OP-0-R1I- OP-ORR O00O0 11
11 R3R3R3 R3 N In one eRBodinent of the precursor
polymeric material fornmed by the first reaction, R
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may constitute an initiator to initiate a reaction

bet ween the first

reactant and the

cyclic ether.

In

addition, or alternatively, the alcohol nay be a chain
term nator in the precursor polyneric material. The
al cohol may be a carbonific material. Preferably, the
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In one embodiment of the precursor polymeric material formed by the first

reaction, R1 is an alkylene, where Cis 3or4 and N is 1 and R2 and R3 are H+.

In another embodiment of the precursor polymetic 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 precursor 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.



et hane diol, 1, 2-propane diol, 1, 3- propane diol, 1,

4- but ane di ol and glucose. In the first of the process

that is the second aspect, the diol nmay be provided

in a reactor vessel. The first reactant may be added

to the reactor vessel by a supply device. Preferably,

the first reactant is held in a holding nenber,
conveniently a hopper, and be fed to the reactor
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conduit for pushing the first reactant along the

conduit. The pushing device may conprise a sScrew,

such as an Archi medes screw. The al cohol nay be fed to

t react Q. [ eed device. |f desired,
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vessel. Preferably, the first reactant and, where
appropriate, the diol or alcohol are fed to the _
reactor vessel until the tenperature of the reactijon
reaches a predeterm ned tenperature. Wien such
predeterm ned tesmperature i g reached, 0 0O
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Preferably, the alcohol or diol of the second embodiment of the process
has a chain length of four or iess 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



10 the feeding of the first reactant and, where
appropriate, the alcohol nay be halted. The reactor
vessel may include a cooling device to cool the
reactants. When the tenperature of the reactants
falls below the aforesaid predeterm ned tenperature,
the cooling device can be switched off and the feeding
of the first and, where appﬁbpriate, t he second
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the range of 25C to 65C. In one enbodi nent, for
exanpl e, where the first reactant and the di ol produce
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may .be halted or reduced when the tenperature of the
PRREEF 3 Cfﬁwx%maﬁ»@a&@y%ﬂ6§tsgfﬁw-a||y 37C. The

feeding of the reactants may be restarted when the
tenperature has dropped to substantially 33C. The di ol
may PESaishls dhe feeq depiandemminatesAn tfeaensnaogeinythetrhactor vessel.
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The feeding of the reactants

In the second embodiment of the process that is the second aspect, the
ether may be provided in the reactor vesse!l and the alcohol and the first reactant
fed thereto. Preferably, the first reactant is added to the reactor vessel by a
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,



may be restricted when the tenperature has dropped to
substantially 43C. In this enbodinent, the second
reactant nay conprise 1,4-propane diol. 11 Wen al
the i ngredi ents have been added, the reaction mxture
may be added to a tenperature of between 55C to 75C,
nore preferably to substantially 55C or
substantially 75C. A stirringOdevice may be provi ded

inthe re or .vessel to stir the reaction i Xxture., A

bR PHIPBEH I 1Ry cBearl aleMigTonRREPHRGaRE ACONOl may be
Haiteduced by the reaction of the first reactant and

the second reactant. The third reactant may conprise a
cyclic ether, for exanple, ethylene oxide, propylene
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Preferably, the reactants are heated to the aforesaid predetermined

temperature.

The predetermined temperature may lie in the range of 25°C to 65°C. In
one embodiment, for example, where the first reactant and the diol produce the
precursor polymeric material, the femperature may lie within the range of 33°C to
37°C, more preferably, substantially 35°C. In a further embodiment, for example,
where the first reactant and the ether and alcohol produce the precursor
polymeric material, the predetermined temperature may lie in the range of 25°C
to 55°C, preferably 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.
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and the diol produce the precursor polyneric material,

the reactants are advantageously m xed with each ot her

in stoichionmetric ratios. Where the first reactant

and the ether and al cohol produce the precursor

polynmeric material, the first reactant and the ether
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reactant is carried out in a second reactor vessel,
whi ch may conprise a vessel having an insulation

j acket thereon, and may include a stirring device, for
exanple, a rotor. Alternatively, the stirring device
may provide a vortex within the precursor polyneric
material. The precursor polyneric material may be
provided within the second d2actor vessel, and a
feeder may be provided to feed the fourth reactant.
The feeder nay conprise a gas bubbler, which my be

arran n, the s cond re ctor vessel such that
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S&&@hlpm&tqr joBower, whereby an at nosphere of the third

reactant is provi ded within the second reactor
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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
precursor polymeric material. The precursor 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

precursor polymeric



of phosphorus pentoxide wth 1, 3-propane diol or

1, 4-but ane diol. The phosphorus pentoxide is

pref erably anyhydrous phosphorus pentoxide. A
proportion of the alcohols or diols nmay be repl aced
with pentaerythritol and/or trinmethal ol propane in
order to achieve branched oligoners. The oligoners may
be subsequently nodi fi ed by fiBe reaction or the

resi.d ci d,.or.t hophqsphate grou with c G
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di-esters of 1,4-butane diol, containing four or more phosphorus atoms, derived
from the reaction of phosphorus pentoxide with tetrahydrofuran and any primary
or secondary alcohol or diol with four or less carbon atoms, or from the reaction

of phosphorus pentoxide with 1,3-propane diol or 1,4-butane diol.

The phosphorus pentoxide is preferably anyhydrous phosphorus

pentoxide.

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, propyfene oxide and glycidol.

Uncondensed pyrophosphate groups may remain in or on the backbone of

the oligomer,



According to another aspect of this invention, there
is provided flane retardant and intunescent filns and
casts derived fromthe nodified oligomers as

descri bed above where the residual acid orthophosphate
groups are cross linked with cycloaliphatic epoxide
resins. According to another aspect of this invention,
there is provided flane reta#dant and intunescent
films and, casts derjved fron1the nodi fi ed ol i goners

as dRSCPIdRG! iR \AIRAFL L Ab WSS] AVENIORL; ghere is provided
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retardant, rigid and flexible polyurethane

fqrﬁ!@l'ﬁewgﬁlrQ%'Bsfrom the oligoners as described above
whi ch are reduced in acid value to below 7ng KOH gm
with ethylene oxide and/ or propyl ene oxide, nodified
wi t hAgeardingatedarotbss abpedteaf this mventoryihret é&sprovided phenolic

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



Preferably the flanme retardant, rigid and flexible

pol yur et hane foans are fornmed from other polyols

m xed with the oligoners prior to cross linking with

i socyanates. According to another aspect of this

invention, there is provided flanme retardant

coatings, filns and casts or fibres where the

ol i goners as descri bed abové5reduced in acid value to

bel, ow . OH g wth ethyl ene oxide and/or ropyl ene
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this invention there is provided a process for the
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invention, there is provided a procedure for the
reduction of the acid value of the oligoners as

descpi L.als hho :

oot of LTeLRy B arPB e oo i il PR R AR goreg ay be

devved froed ottietr hpalnals phixed haitfe ties bdigsmass arigaso cross linking with

i% c Q%%ng to anot her aspect of this invention, there

3 y%@ fded a process for producing a polyneric salt
material conprising a reacting an amne with a
phosphat e, ester formed by a process descri bed above.
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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



each am ne, conprises a polyam ne and/ or a pol yner
havi ng an am ne functional group. Preferably, the

pol ymer has a plurality of am ne functional groups.
The pol yam ne nmay conprise nel am ne. The pol yner
havi ng am ne functi onal groups may conpri se

pol yet hyl enei m ne. Accordi ng to another aspect of this
invention, there is providedia process for producing

a_polyneric erial conprjsing, reacting.a nelamne, a
B dvaure, Sb: heorate ¢ Rt BeBoscert e P RRgTien to the
tameRPliedibe eewitihnAixtké. The phosphate ester may
conprise a partial phosphate ester. The phosphate

ester may be a reaction product of phosphorus
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salts. The preferred enbodi nent has the advantage that
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results in the polyneric material having a higher
t and a | ower activation energy than the use of
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polyireric salt material the reaction may be carri
nmaytcostpresat hpenrg.ure of up to 100C,

The, or each, amine 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 formed by a process described above and polyethyleneimine.



preferably between 85C and 98C. In other enbodi nents
of the process for producing the polyneric salt
material, the reaction may take place at a tenperature
of between 90C and 150C, preferably at substantially
135C. The phosphate ester may conprise an

ort hophosphate. The polyneric salt material may be
capabl e of being suspended ahé/or dissolved in mater
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descri bed above. The polyneric salt material may be
incorporated into a therno setting or thernoplastic
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Enbodi nents of the invention escri
Mireop! Rolemprie sadel y, with reference to the

acconpanyi ng drawings, in which: Fig. 1 is a

di agrammatic view of apparatus for a first stage of a
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phosphorous rich
partial phosphate ester. The use of a low ratio of melamine to polyethylenemine
results in the polymeric material having a higher 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.



polymers 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 producing a
precursor polyneric material. 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 19 dispensed and in a s&8ond enbodiment, a cyclic
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includes a stirrer 24 to stir the reactants in the

vessel 12. The vessel 12 has a hollow wall 26, and a
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tﬂer the hollowwall 26 to naintain the
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Atherrmmster 30 is provided to nonitor the
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the reactant initially disposed
Embodiments of the invention will now be described 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 precursor 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



in the reactor vessel 12 is, e.g., tetrahydrofuran, a
di spenser 32 is provided to dispense an initiating
and/or chain termnating alcohol (e.g. a diol) to the
inside of the reactor vessel. The di spenser 32
conprises a funnel 34 and an elongate hollow tube 36
extends fromthe funnel 34 to the inside of the
reactor vessel 12. Fig. 2 shd®%s a second apparatus 40
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et hyl ene oxide. 20 The second apparatus 40 conpri ses
a second reactor vessel 42. The reaction product from
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provided in the second reactor vessel 42 to stir the
reactants. The second reactor vessel may be insul ated

by amhé neutiat iveg@skiagRahclu@ds albgrreeaat ioostil oad réetams in the
varied within considerable limts in order to achieve

vgesel dds structures and, without being limited to any
theory, these may be calculated fromthe foll ow ng

consi derati ons.
The vessel 12 has a hollow wall 26, and a coolant feed tube 28 is provided

to feed a coolant, i.e. cold water to the hollow wall 26 to maintain the temperature
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

conirol the rate of feed of the coclant.

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.



Each nol e of phosphorus pentoxi de may be considered to
have 6 bonds in the formP-O P Each nole of al cohol
reacted to conpletion reduces the nunber of bonds in
P-O-P by 2, yielding 1 bond as POH , and 1 bond as
POR Each nole of primary diol reacted to conpletion
reduces the nunber of bonds in P-O-P by 4, yielding 2
bonds as POH , and 2 bonds ag€0POR (0"P) (This
designation is used to indicate that the both ends of
R are reacted as phosphate esters). 21 Each nole of

tetr a‘rnedseéaﬁoaapp@@medot@m;mﬂseé | g0l | leattod Wé@sélmaz. The
er onds by one, yielding a POR (0-P)
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of POH groups per original nole of P205, B, is given

by-- B = (X+ 2Y - Z)/WThe nunber of POR groups per
ori gk\'ﬂ%pﬂé‘?lré‘gi% F25Khe Gechfid P88 Pdssel 47 Wternally wound by

a condenser coil 56 into which a coolant can be supplied via a supply tube 58.

The coolant is exhausted from the coil via an exhaust tube 60.

A stirrer 62 is provided in the second reactor vessel 42 to stir the
reactants. The second reactor vesse! may be insulated by an insulating jacket
64.

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 phosphorus pentoxide may be considered to have 6 bonds
in the form P-O-P

Each mole of alcoho! 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).



The nunber of POR ("P) groups per original nole P205,
D, is given by:- D= (2Y+ Z2)/WThe chain length, CL, is
determined fromthe average nunber of chain extending
groups (i.e. POR(O-P') per P atomwhich is given by:
(A+ D/2WIf this figure is 2 the chain length is
infinite. As the P04 is always term nal then:- CL=
AWA+D 4WA-D The acid val ué’(AvV) may be cal cul at ed

thus:- 2 A= 560008/ (142W-XM-90Y+7272) Th hosphor ous
cont é‘:rﬂC%P‘% yoﬁgetgaj'f%?fﬁfae(b:rga%@goig (q)ngr@e@gqxﬁ}ﬂgfpcﬁme the
nGmtist of PEH WoRds tiyusialnesidipl 4 FORNY MR ¢cedBdcetedhumber of
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exanmpl es: Exanpl e 1 Phosphorus Rich Polyners (PRP)
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pfetstell [ the result is an
pg{q%*ih%gfar m%?ﬂ%@ r@@egﬁéaﬁoﬁgg@r%n egter. P205+ 3ROH
Ansl the RROberidR2PD Mdles pf dclelbstans disdlésl f or producti on

f ter treatnent chenmicals. If. therefore,
A%,d DR e ?8@’[‘&“@885%f‘%@é&@%”@”ﬂﬁe al cohol and the
Arelabtizeerdge grafteicleduen welghths the agidhblspBosphor us
T?'ent oxi de di spenser/reactor, the resulting product

WHBse structure may be represented:
The number of P-O (PO °*) bonds in residual pyrophosphate bonds (per original

mole of P,0Os) A, is given by:-
A= (6W — 2X -4Y -Z)W

Z N < X =

The number of POH" groups per original mole of P,Os, B, is given by:-
B =(X+2Y - ZYW

The number of POR groups per original mole of P,Os, C, is given by:-
C=X/W

The number of POR ) groups per original mole P;0s, 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 PQ; is always terminal then:-
CL= 4W+A+D

4W-A-D

The acid value (AV) may be calculated thus:-
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appears as a medi um viscosity pale brown resin.

Simlar resins and variants are intended to be
cross-linked wwth amno resins to produce |ow cost

i ntunescent coatings. The primary reactor vessel (as
descri bed above) is charged #th nultiples 23 of 3
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i ncorporation of the phosphorus pentoxi de powder as

it falls to the surface of the reaction m xture. The
tenperature controller should switch off the addition

when\ihe s rERchires c%T' ffﬁeupﬁlxﬁ%"i‘fﬁch téh %XFMI@@W may be
comence the flow of coolant to e reaction vesse
detiok@accyiiéng théhaienpagatndecrhas IhkingemetioadSE im thieniotrowing
e&gr‘?] |1%;‘.stlosphor us pent oxi de additi on shoul d be

AT¢ Bivar | cally recomenced by the controller. As the
reacti on proceeds and the product beconmes nore viscous

the reaction tenperature may be raised to 60C. Wen
Eéﬁlllgﬁai phosphorus pentoxi de has been added, the

PhBSBIRIraL Kigh PBIVhIrS ¢RPY FR { O four hours to
conpl et e € dissoclation reaction. The parti al

phosphat e ester thus produced has an Acid Val ue of 600

M When phosphorus pentoxide is decomposed to orthophosphate using an

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

P205+ 3ROH => HRPO4+ HR2PO4

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:

0 O O O
" 1 ] H
"HO-P~0~R-0-P-0-R-0- P~0~R~0~P~0-0OH
| I | f
OH" OH" OH" OH"

is produced very easily and appears as a medium viscosity pale brown resin.

Simiiar 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



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 equal ly be nade by
substituting 1,3 propane diol for the 1,4 butane diol
and w th subsequent adjustnents to the follow ng
formul ations with respect to _acid val ue. Formul ations
usi ng exanple 1(units in parg€d by weight) 1 2 3 4 5

3
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et ARIE20Y § €0 aAd A TErAfY% R okl B8 HeRan witp simiter
rBlltiples 6of 2 PramBRoRE0pbdHBFuS 4enxidePHdat tabalestéP c8itents to

Q 5 .Cure Tenp 80C anbi ent 100C ambi ent 90C
%.Jéegérﬁéel%'”ﬁf-ns 24hrs 10 min 1 hour 15 nins 24

Pre-reacted phosphoric acid is nade by dissolving 15%
by wei ght of al um ni um hydroxide into comrercial 70%
phosphérkfosabpiis BantgRige(aektiéorbge@réncesin dommeneedl The stirrer

, X P is. i Lally . ,
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Bl P t aval e urea,
oL o B o ST ShAUkp M (LM, Hillon when e
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avai |l abl e etherified urea formal dehyde resin

thestanstian vessel jagket. YWEga Mg temperatuse g dalierptectd pr midnigum the
phB%hd%é'pe‘?ﬁ&gd’&eaddition should be automatically recommenced by the
controller. As the reaction proceeds and the product becomes more viscous the
reaction temperature may be raised to 60°C. When all the phosphorus pentoxide
has been added, the temperature is raised to 75 °C for four hours to complete

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



heat curing intunescent filns that are clear and

flexible and will provide fire protection to

fl ammabl e substrate by being applied to that

substrate. It may be pignented and nodified with
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heat curing intumescent films that are clear and flexible and will provide fire
protection to flammable substrate by being applied to that substrate. It may be
pigmented and maodified 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. 1t 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.



preferentially utilise ethanol as the term nating and
initiating alcohol the Form2 oligoners utilises

i sopropanol or N butanol for this purpose, These

al cohol s ower the viscosity of the oligonmer and,
hence, the viscosity of the resin mxture. As reso
phenolic resin are generally applied to fibre

rei nforced conposites, the FRéwer viscosity is useful
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Et ructure. This variant allows the resol phenolic
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a constant level of acidity as the pyrophosphate
decondenses under the influence of the water released
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i S escri be ve. The osphorus pent oxi de hopper
f?"é“a?ﬁiﬂ?y &feﬁﬁ”ﬂﬁ‘%rﬁ@? F?'Eﬂ"%oﬁg“’ﬁﬁgr am nol es of

phosphorus pentoxide. The reactor is charged with the
sane nultiple of one gramnole of 1,4-butane diol and

two Gragnenvlises repciian seavemceffon BRP orgepas ahewn imhigl 3.
di spensing into the reactor is charged with the sane

mul tiple of 1 gram nole of isopropyl alcohol. Heat

Exhmplee8sel contents to 35C. Start the stirrer.

E%E@w;éhe phosphorus pent oxi de additi on sequence.
r speed in maintained at the m nimm

necessary to ensure rapid incorporation of the
phosphorus pentoxi de powder as it falls to the surface
of the CaPfeBists MKIWFIBY agantsBEEoFross Hiketsor isplephenolic

(SO E Dl AR 0 MBSO W AIRHER ior tose
permdligruring agents for different applications. Whereas Forms 3 and 4, below,
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 reaction vessel jacket. Wen the tenperature has
fallen to 33C m nimumthe phosphorus pentoxide
addi ti on should be automatically recommenced by the
controller. As the reaction proceeds and the product
becones visually nore viscous the isopropyl alcoho
is drip fed into the reaction m xture to maintain
viscosity control. Wen all 2fe phosphorus pentoxide
and i sopropyl al cohol has been added the tenperature
is raised to 55C for two hours to conplete the
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mixture. The proportional controller should switch off the addition when the
reaction mixture reaches 37°C maximum and commence the flow of coolant to
the reaction vessel jacket. When the temperature has fallen to 33°C minimum the
phosphorus pentoxide addition should be automatically recommenced by the
controller. As the reaction proceeds and the product becomes visually more
viscous the isopropyl alcohol is drip fed into the reaction mixture to maintain

viscosity control.

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:-



phenolic resin Non

5.23E+10 4.7 phenolic resin 11 11
15% Form 2 1. 53E+08 8.53E+10 4. 01
20% Form 2 1. 40E+08

aqueous resol
phenolic resin Non

aqueous resol

aqueous resol

8. 62E+10 3.8 phenolic resin Phencat 10 is a

conventi onal
acid curing

phosphat e ester as taught

2882

is a parti al

10% Form 2 1. 71 E+08

Non

phosphoric acid_ /[ paratol uene sulfonic
system Phencat
in EP 92309426. 2

Formul ati on B using exanple 2 The apparatus used is as
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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 of 2.5 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




controller. As the reaction proceeds and the product
becones nore viscous the isopropyl alcohol is drip
fed into the reaction mxture to maintain viscosity
control. Wen all the phosphorus pentoxi de and

I sopropyl al cohol has been added the tenperature is
rai sed to 55C for two hours to conpl ete the

di ssoci ati on reaction. The Boduct contains no
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excellent flame retardancy.

Phenolic foams are frequently used as fire resistant insulation panels.
However, they tend to be very brittle and subject to very poor physical behaviour
under fire conditions. The substitution 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 3and 4

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

to produce intumescent films, glues and coatings. Form 3 partial phosphate



esters are cross-linked using additive reactions of
the organic acid orthophosphate groups. The organic
aci d orthophosphat es behave |ike carboxylic acids,
and, hence, any systemused for cross-I|inking
carboxylic acid functional resins may be used wth
low acidity polyneric orthophosphate esters. Thus,
cycl oal i phati c epoxi des, polﬁ functlonal a2|r|d|nes
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the final polyner. An oligonmer consisting of a chain
of niForen 0Bt hophds phaiegalgr aupsmadielby 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



spaced with eight 1,4 butane diol esters creates

flexi ble foans and el astoners when fully reacted with
cyclic ethers and cross linked with isocyanates. Wile
these linear oligomers can be nodified by the addition
of high 30 hydroxyl value polyols to formrigid
foans, it is necessary to produce branched oligoners
for the production of paint 80lnms. This is achieved by
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2@& same nultiple 8 gram nol es of tetrahydrofuran. A
(gar ate funnel dispensing into the reactor is
charged with the sanme multiple of 6 gram nol es of
et hanol . Heat the vessel contents to 45C. Start the
Farmulalien Acgingaxamples3 phosphor us pent oxi de addi ti on
sequence. The stirrer speed in maintained at the
m ni mum necessary to ensure rapid incorporation of
The apparatus used is as above. The phosphorus pentoxide hopper is

charged with a multiple of 6 gram moles of phosphorus pentoxide. The reactor is
charged with the same multiple of 1 gram mole of pentaerythritol and the same
multiple 8 gram moles of tetrahydrofuran. A separate funnel dispensing into 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



t he phosphorus pentoxi de powder as it falls to the
surface of the reaction mxture. The proportiona
controller should switch off the addition when the
reaction m xture reaches 47C and conmence the flow of
coolant to the reaction vessel jacket. Wen the
tenperature has fallen to approximately 43C m ni num
t he phosphorus pentOX|de addefli on should be
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Acid Value 50 50 50 Cross Linking Agent XAVA 2 ERL

4206THa thibié b&@mms@@ﬂblé%én?;ﬂ’eé@?"béﬁ\/érs@#sein the secondary

condi ti on Anbi ent 140C vari ab
reactor and the subsequent method of cure of the end product to yield clear,

flame retardant films or intumescent varnishes and flexible coatings.

Final Acid Value 50 50 50
Cross Linking Agent XAMA 2 ERL 4206 |Zn NH;4
Complex
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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the phosphorus pentoxide addition should be automatically recommenced by the
controlier. As the reaction proceeds the additional ethanol in the funnel is drip fed
info 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 compiete 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 phosphorus content of 16.1 %. It is not necessary to
cross link all the polyols with isocyanate. When the product is cross linked with
methyitoluene diisocyanate, with no other polyol present, it will give a
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et hanol has been added the tenperature is raised to
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the precursor described above is reacted with
sufficient ethylene

When the precursor described above is reacted with sufficient ethylene
oxide to reduce the acid value to below 7 mg KOH/g rather than 50, then the
branched oligomer 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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Wi th a phosphate es In conjunction"wth nel am ne
to produce a polyneric salt. If the am ne
functionalities are pendant to an aliphatic chain
then the highest neutrallsa]tl on effl ciency, in terns
of nol ecul ar wei ght, Er ved. The preferred
pol ynmeric neutrali sing ga t s t us
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However, secondary and tertiary amines also are present. The monomeric
unit has a molecutfar 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 trade
name Lubrisol. The most convenient industrial form is Lubrisol P which is a 50%

agueous 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 | |
--CG-CG-CG-CG-CGC 1111l -N-N- N I I I However,
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 |lower than any other
practical structure. The prodfict is nade by t he
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ol igonmer wll have an acid val ue
Add partial phosphate ester stir and mix.
Add polyethyleneimine, stir and mix.
Maintain heat and stirring. The polymeric salt will precipitate after about 5
minutes.
Maintain heat for about 4 hours
Allow to cool and settle over night.
Decant supernatant liquor.
Refili vesse! with water and stir the polymeric salt into suspension
Re heat for about 4 hours
Aliow 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".



of 600 ng/g KOH and is known as PRP Form 1 (PRP Fl).
Load a stirred vessel with cold water Add sufficient
powdered nelam ne to forma 5% solution Stir and heat
until the contents reach between 85C and 98 C.

Mel amne will not dissolve in hot water but if heated
fromcold will forma 5% solution. Add parti al
phosphate ester stir and mi x36 Add pol yet hyl enei mi ne,
stir and m x. Maintain heat and stirring. The
polyneric salt wll precipitate after about 5
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foll owi ng the product (i.e. the wet concentrate) at

this stage is referred to as "polyneric sludge". 36
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wgighdr nat i vel y the sl udge may be spray dried. In all

cases final drying nust take place at 130C to renove

the final water. .
Example PRP F1 Melamine Water Lubrisol P Yield Solids % P%

1 100.0 27.0 540.0 737 221 12.8
2 100.0 33.8 675.0 60.1 18.9 12.8
3 100.0 40.5 810.0 645 17.0 12.2
4 100.0 47.3 9450 593 15.4 11.9
5 100.0 54.0 1080.0 55.3 14.1 11.6
6 100.0 60.8 1216.0 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



The follow ng table shows fornulations for the
production of various grades of polyneric salt using
the stated partial phosphate ester. Fornul ations at
increasing ratio of nelam ne to pol ytheneimne. Parts
are by weight. Exanple PRP F1 Mel am ne Water Lubri sol
P Yield Solids %P% 1 100.0 27.0 540.0 73.7 22.1 12.8
2 100.0 33.8 675.0 60.1 18.9312.8 3 100.0 40.5 810.0
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fi guﬁﬂe%a‘ﬁg%%\gaﬁéaﬂ?kﬁ%@b%&’ re?ct n%ﬁ.lﬁréhg E)IﬁEof t%lc%n{pro?l@‘nts at
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etaviatal tempq:rattyanfnethm t)rocaadﬁjtm@tzcaﬂmie b!ytrﬁbil @aete mixer or any

t be i ded th | at With
SHEPEPT SPRHuld, ofs e o Rk Pacl Hern | herarbarays needs
toctliéleo mERGam adsinbbritdle SRRIR A0S A CeAnd Fkﬁsﬁ@ﬁﬁ@@ér%perature

and thereby ease the particle size reduction of
O\ regtture rapiflidever , no other pol ymeric anine can be
as efficient as Lubrisol P in neutralisi ng the

ort hophosphates. Further, polyamnes with a | ower
Exainpée 8ontent clearly add 37

The process is best illustrated by example. Using any of the formulations
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



significantly nore carbon to the conposition of the
salt, tending to both reduce the phosphorus content
and rai se the snoke em ssion on ignition. No pol yam ne
ot her than nel am ne has found to be as efficient in

| owering the solubility of the salts. The salts may
al so be made by direct neutralisation of the

components at el evat ed tenpéBature. For this
m xer_.or

rocedur ar,.trifo n: :
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of 130C to 140C and raising the tenperature of the
MR MACRUBapi dl y. Exanpl e 8 The process is best
illustrated by exanple. Using any of the fornul ations
Eg(@ven in exanples 1 to 7 or any other suitable
mple8ti on of partial phosphate ester of carbonific
pol yol s, nel am ne and pol yfunctional am ne, the
pol yfunctional am ne and nelam ne are | oaded to the
i xeThanopibstidse My deurenderdd Sdnie remmxbﬂ‘ﬂﬁ@irworatmg the
The énsq?ilure of am ne neutralis orou

daﬁg RAINBETC SRthng g master paighi ¢fethes therwpelastia few%ﬁ frgsion or
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(PPE) of carbonific pol S 1s then sl ow
ap h@!h@ppbﬂﬁﬂﬁum@mmﬂw s s\wlib@r@@véh@dnou!dmgevzérﬁxtrusmn flame

rthB% Ehﬂg ne a}‘.a?cgﬁ att%ﬁ’h]ggéﬁrtée;ge SformlaH &g%r %]ﬁcgéft, such

stea evo and
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PPE dd t 130C to
Inchaor3GE e 4 AT o HbLE & B Wil ekl BB%crdsbtion do fire
pBEOReATYeEbE fbss TRenaR kg iR mrhmeehééwre@e dr ai ned

fromthe mxer, dried and pulverised, or the m xture
may be allowed to cool bel ow 100C and then dil uted

\galt ?A@%}hggvélg ﬁrs\?/rgﬁé‘rnrt%sglg%ﬁﬁ gb%' Otafed B cOMNI B Seads of the
master batch in polymerlc salt sludge. This 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.



38 polyneric salt sludge produced in the above wet
process. The particle size of the polyneric salt
produced in this manner will be in very |low and the
dispersion is quite viscous. Exanple 9 Thernopl astics
may be rendered flame retardant by incorporating the
dried polyneric salt in the nmaster batch of the

t her nopl astic for extrusion 8P noul ding. At about 30

[ I
Q8" LS BBk L SR8 eiofd Sy BRausS Bidbented
amiaibdcnmagrrbsexéndme@mlafﬁ@rmardaat aycdatvirgNthedvyerd cloth or yam

rod that wi |l assflr erformance tests for
"OPQH fﬁ*ﬁ @M'a‘?ﬂca fFARdgS E’BB@P\%{MS@ doeg Oet suspepd in water.
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| ower |evel of about easily give reaction
cogtling tenk fueingrthgrissn foérclqtast@ tmaedw Hyoagh ¢he sludge. Not only

f
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Dl PR WS ' RSB o Ay Bad Titar e “Uhdar i 1 cloth is
tivérl Hrigd irhgn i d‘lﬂ&@ia‘-’mﬁgf@‘éﬂ Rbetbier h@S‘@BhéSﬂSOQC ThE cloth may
bead may then be tunble dried and used in

thsi P%Paﬁoltﬁat% jrethei eprmish mannen o iviele erframne ﬁ@tﬁﬁtaﬂt composite,
tﬁé"ﬁre%rbﬁfﬁfdn%e%@wh (‘f’H fs! décgleﬂl‘i’%hp%@tﬁet\ﬁe@ﬂ%pb&? %Fla salt coated

ext on as It econe rncor
ontet hetundorpnaxtidloth.wi t h t he sanme results as above The
polynmeric salt has been shown to be effective in nost

pol ypropyl ene, pol yethyl ene and acrylics. Thus, it

can [ehé ppraciasdryyRa 33158 trebliat it saHY £166 tiodH ¥e "sgbsécmbntfy woven

m s of processing tenperatures of the
frtt%é:ﬂ%ﬁ %r}?fecsu%%ﬁw kiconselidatipy inks flame (ataidantdkermoplastic
c@,,lﬁgbgwttl ng noul di ng and extrusion materi al s.
Exanpl e 10

Example 11

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



Rei nf orced thernopl astic conposites such as Tw nt ex
(made by St. 39 Gobin, a U S. conpany) or other glass
or fibre reinforced conposites presented as fabric,
may be rendered flame retardant by draw ng the woven
cloth or yam through the polyneric salt sludge.
Polynmeric salt does not suspend in water. Hence, the
requirenent is for a roller #0 be placed at the bottom

of the sl.udge coat. t ank rcing.the yamof cloth . |
%‘%Sﬁ%uﬁidmﬁ)g?‘fﬁ%%@rfﬂﬂﬂs q°qh ."ﬁm? tla%|s9¥laagggrn}%%tlon. Similar
HRPBYIRF i€ ahatibatel WEh tesidte t8UdresREl BriUfkatidhs Yhere achieving
beconmes trapped between the fibres. The cloth is then
flemearairndancy withsppventianal praskists isdatpossibile. pol yneri ¢

salt which is allowed to flow back into the sl udge

tank. The cloth is then dried in an air circulating
Eoveemplati3bet ween 105C and 150C. The cloth may then be
consolidated in the normal manner to yield a flane
retardant conposite, the fire performance of which is
deperdafthed daite il Wat imforPeraydteih Clatdl fogR@hishs QO provide
the unformed cloth. |If the precursor yarn is so

ntHEeeEeNt CORMIASal Se tiRlewig siimrleqlasmuiationsyath predpeed good
irthRleREc RS AEWaHRS 8RURBLIC BBSAA VGl &&Er;(ésr& %ki‘hkﬁﬂﬁ the art, the
tes. anpl e n a

retardant ther mopl astic conposi
chafficlaar risehaight was wepeodantoon theveeltfvidnosity ofitog deerier resin. As

: ret r i.ng, th loth.thr h , :
AR el (20, 5e¥ R ohaSy ooy < BTG eptymertc sait is
yelédve itd einting povep wemmy,: reareef it&§@|@sw eables }Ngnhgbtn% titania as
_manner, s at the polyneric salt was applied at
iSRRI 15 ol Tt e PRELIES Reomtp@ae o 4l formulated at
fe 6l pRRént BRimb %%%eﬁt‘?al%rht@\b‘cyg%%étdén%ﬁm intumescent

ur ner en the treated fleece was pressed into a
fosaiuatiosp yhushaivingr @xasleniEicagtpbiéityland ease of manufacture, a feature

not typified by conventional water based formulations.

Example 14A 14B 14C 14D 14E 14F 14G
Revacryl 344 89 - - - - - 89
Pliolite LS 1 - 125 - - - - -
Haloflex 202 - - 100 - - - -
Silikophen P65W - - - 125 - - .
Emultex 523 - - - - 100 - -
Araldite PY 340-2 - - - - - 385 -
Araldite HY 2992 - - - - - 1.5 -
Polymeric salt 50 50 50 50 50 50 60
Rutile Titania - 5 - - - - 9.0
Processed Mineral Fibre - - - - - - 0.5

2 Butoxy Ethanol - - 5 5 - - -



Dried polyneric salt powder was incorporated into a
conventional acrylic sealant fornul ation where

alum niumtrihydrate was normally used as a fl ane
retardant at 25% of the conposition. The polyneric
salt powder was able to produce the sane reaction to
fire performance at 8% i ncorporation with 40
subsequent i rrproverrent in thélacceptability of the

| oyl,ation | h
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St g el fﬁ%@ﬁég Sl S G BASUng SRRt ZDUtoRY ethanel is used
alodRiesdidg édm\aerw%@é@rmioﬁs except Exanple 12 G are

formul ated at far lower pignent volume concentration
(PVO) than a conventl onal intunmescent fornmulation,

t hus Yﬁ@gfo%ﬁ Qt 1&)&3‘{% abhl ity %@g;ﬁ@%g%g%me&qmof flame

rranu acture, ure typifi
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strediWal steel. MRen testedEH| 4 ®maAR3cale test TiglB8signad 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 sait 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.



Araldite PY 340-2 - - - - - 38.5 - Araldite Hy 2992 -

- - - -11.5 - Polymeric salt 50 50 50 50 50 50 60

Rutile Titania - 5 - - - - 9.0 Processed M neral

Fibre - - - - - - 0.5 2 Butoxy Ethanol - - 55 - -

41 Revacryl 344 (made by Harco, a U K conpany) and

Pliolite LS 1 (nmade by Eliochema U S. conpany) are

sel f coal escing styrene | ac#®lic enulsions, Haloflex

202 (made by Zeneca, a U. any) is a vinyl

chl oride/vinylidene chl orﬂa&ﬂgul sion. Silikophen

P65W(rmde by Thomas Gol dshmi dt a German conpany) is
phenyl / met hyl sil oxane enul sion. Enultex 523 (nmade
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wat er based i ntunmescent coatings. Araldite

indleding fenneitig ta ptRsunsarkyolPyieGa taaletial cormaiising a phosphate ester,

di spersible liquid epoxy resin and Araldite HY 2992

sl trecesd ecdreprising i nepciggnta Rsbuteaciargt kanglrising wsegdrous

a coal escing solvent where required. Al the

phosphdras ipentoxlde) 4l Adsdroddreastaht ergrasiirRed iafthhl 8esecond

performance that gave BS 476 part 6 index of below 12
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formul ati on designed 1o provide protection t
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them may be exposed indefinitely wthout a top coat.

G ven that polyneric salt is insoluble it is a |ogical

assunption
A process according to claim 1 wherein the precursor polymeric material

comprises a partial phosphate ester.
3. A process according to claim 1 or 2 wherein the alcohol comprises an
initiator to initiate a reaction between the first reactant and the ether, and/or the

alcohol comprises a chain terminator in the polymeric material.

4, A process according to claim 3 wherein the alcohol comprises an alcohol

and/or a polyol having four or fewer carbon atoms.
5. A process according to claim 4 wherein the polyol comprises a diol.

6. A process according to any preceding claim wherein the alcohol has a



that all the given fornul ati ons are stabl e under
external exposure conditions. Polyneric salt has al so
been incorporated in surface coating fornul ations
based on pol yuret hanes, epoxies, and al kyds sinply by
stirring the powder into the conmmercial formnulation,
produci ng either intunescence or flane retardancy
dependi ng on the level of in#3rporation. Likew se, the

[ ' i P ed in polyester and epoxy
c@%f?nggﬁétthe@.fsﬁf&nl’%s ggég’hbag&ﬁ%w to enhance the fire
performance of phenolic resins although little
i ntunmescence i s observed. 42 CLAIM5S 1. A process for
7producing a flame retardant polyneric material, the .
pr oc BSROCESR RERATAROr g anYiReacHPg slairavhasinar alcehol comprises
materi al conprising a phosphate ester, said process
opBn®T NMregot errthang. #thanalt iscepropane!, démpepariahg N-butanol, iso-
anhydrous phosphorus pentoxide, and a second react ant
botemohct eri sed in that the second reactant is selected
fromthe group consisting of (a) a diol and (b) a
cyclic ether and an al cohol, wherein the diol is
sel ected fromone or nore of 1, 3 propane diol and 1,

84 bupgitecedPhccordlifigttd anG s lclimethery7 Whefsh @6 8kohbdBmprises
one or nore of tetrahydrofuran and tetrahydropyran.

ofe dh RIESISp@REHANMEI, |Gy Edrdl, TihotBbBHdbd® ethane diol, 1.2-
precursor polyneri'c matefial conprise partia
eqe : r r gl to claim1 or
P R PR E R B8R el 2, 01 1 6
initiate a reaction between the first reactant and the
ether, and/or the alcohol conprises a chain
termnator in th lymeric material. 4. A progess , ,
®accof dﬁr%estsoa%oéﬁﬁﬁggo RA¥ PESGEHMBCIZID mre’Edﬁﬁﬁ'@é%p%'ded in
al cohol and/or a polyol having four or fewer carbon
aJeapier vessel giidothestrsheeastantny adsled! te thearagigiaraiassehiy supply
pol yol conprises a diol.
means.

10. A process according to any preceding claim wherein the ether is provided

in a reactor vessel and the first reactant and the alcohol are fed thereto.

11. A process according to claim 10 wherein the first reactant is held in a

holding member and is fed to the reactor by feed means comprising a conduit.

12. A process according to claim 11 wherein a screw device is mounted in the

conduit to feed the first reactant to the reactor vessel.



6. A process according to any precedi ng clai mwherein
the al cohol has a 43 chain length of four or |ess
carbon atons. 7. A process according to any precedi ng
cl ai m wherein an al cohol conprises one or nore of

met hanol , ethanol, iso-propanol, N propanol,
N- but anol, iso- butanol. 8. A process accordlng to any
of claims 1 to 7 wherein the44l cohol conprlses one or

re a [t (] | ol propane
fe%’haﬁi PyRERS Ll 93%&%@%2 ﬁafe i Brshatiais| Bminates in
f 4- butan% di ol gﬁ % E ocess accordlng
%ﬁ%seﬁceec'@ di"Rd eeper "8 el gas iszeﬂr"thh@éH’(?'ﬂg ngember
reactor vessel and the first reactant is added to the
andatheofeadegeansplp BIRYBNY reantiansol t® fisst peaetast with the second
according to any preceding claimwherein the ether is
reeianidadhe feecameenst or vessel and the first reactant
and the al cohol are fed thereto. 11. A process
according to claim10 wherein the first reactant is
held in a holding nenber and is fed to the reactor by

THeed Apranss< aoquriBigtg ady@fetiimt . 1013. 1P wWheRHR SR alcohol is fed to
according to claim 11l wherein a screw device is

t@racest vedseiNg dGereddi heh®s.f eed the first reactant to
the reactor vessel. 44 13. A process according to

claim 12 wherein the feed neans termnates in free
space in the reactor vessel, and an inert gas is fed

0 the I t.he d n 0 n
trseac% 1%% ?é n%:c'gf torgga‘gr% (31% Jh%?e{nﬁguég%ro EShd® éactant is
& Oc ntt in t e feed nmeans. 14. A process according to

PEgYIAEs Indpg %V‘?% k3 wherein the alcohol is fed to

the reactor vessel by drip feed neans.

16. A process according to any of claims 9 to 15 wherein where the process
comprises the use of an alcohol, the first reactant and the alcchol 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 the alcohol is halted or reduced.

17. A process according to claim 16 wherein the reactor vessel includes
cooling means to cool the reactants and when the temperature of the reactants

falls below the aforesaid predetermined temperature, the cooling means can be
switched off and the feeding of the first reactant and, where appropriate, the

alcohol may be restarted.



15. A process according to claim 14 wherein a further
second reactant is provided in the reactor vessel.

16. A process according to any of clains 9 to 15
wherei n where the process conprises the use of an

al cohol, the first reactant and the alcohol are fed to
the reactor vessel until the tenperature of the
reacti on reaches a predeternﬁﬁed tenperature and

??3.@3@3&?&?&2@%& R ! St The ; WaFBhane :tgPe%etermmed
16
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cool the reactants and when the tenperature of the
reactants falls below the aforesaid predeterm ned

t enperature, the cooling neans can be sw tched off

T&hd t&]@rq@éma@‘gom‘mg e claimsts meecziaribe pnedetatmained temperature
appropriate, the alcohol may be restarted. 45 18. A

lips @*d'éfsrsﬂwcnaogdiaﬁ §3t© te BAT O réfavably/suitstactialytIzeC.

predeterm ned tenperature lies in the range of 25C to
65C. 19. A process according to claim 18 wherein the
predeterm ned tenperature lies within the range of

283C toprobess RIcebRARPY clafHPE anbiah e %&et@ﬁnun@d temperature

process according to claim 18 wherein the
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to 47C pre abl'y subst ant process
according to claim 16 wherein vvhen all the ingredients
have been added, the reaction m'xture is heated to a

enperat ure of be 75C, era 0
24 ibetaACRE? FoEBRING (6 STRE: MY ITF Wt ﬁ'rzﬁ'eA‘”;QF%%%%% nave
accorg Eg to anMr ecedl ng cl ai m wher e| n ath .
bpeR AdgRe. the reaglien BHktfe I %G%ﬂ%ademp&r@atﬁzeabweﬁﬁ'e% C to
reaction of the first reactant and the ether and
781G gRere preferably to substantially 55°C, or substantially 75°C.

22. A process according to any preceding claim wherein a third reactant is

reacted with the product produced by the reaction of the first reactant and the

ether and alcohol.

23. A process according to claim 22 wherein the third reactant comprises a

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

24. A process according to claim 1 wherein where the first reactant and the
diol produce the polymeric material, the reactants are mixed with each other in

stoichiometric ratios.



23. A process according to claim22 wherein the third
reactant conprises a cyclic ether, for exanple,
et hyl ene oxi de, propyl ene oxide and/or glycidol. 24. A
process according to claim1l wherein where the first
reactant and the diol produce the polyneric material,
the reactants are mxed with each other in
stoichionmetric ratios. 46 296 A process according to
claim1 wherein where the first reactant and the
et her and al cohol produce the precursor polyneric
4gater|al the first and the ether are in a

at i 6 BFO%ESE dccpiding i claigy hayharaing Wﬁefr%%ef“é? r‘iaciafﬁtoa”d the

preferably between 1.1:1 to 12:1. 26. A

eéh%"cé%@ aHehwl diraguess the @regureon polygiarisemataria theafitst @nd the
product of the first reactant and the ether and the
eterofrs! in @ mekectratio viftfirst headtanmtr dtheraiot duet rangleeof flir & 1-5:1,
reactant and the ether are in a nolar ration of first
prefecatdy betwartrherd ito 1-Be. range of 1:1 to 2:1,

preferably between 1.6:1 to 1.85:1. 27. A process
according to claim 22, 23 or 26 wherein the reaction

of the aforesaid reaction product with the third

26eacihapiockak @schid t@blaﬁntmﬁQQtMé?e'tﬁe rbB&idrepRIuef of the
30C to 60C, prefera y 40C to 50C. 28. A process

ﬂ?«ﬁ?ﬁé&ﬁ@%@ﬁﬂ% B 2R tﬁé Dot §“’Fbgi & wltﬁ?%é g@?& tédttant, the

ird reactant is carr

f;Fs?%%&%nY%ﬁé%ﬁe%V%ﬁ%Ch Cﬁh rl’!é]ﬁ%? rﬁg? zilr%t relapé g ther in the

I nsu Ion Jac

ccordi im 28 wherein the
rsf'r@fc?ﬁ%ﬁ?‘b?gdlﬁ’é?f%ﬁ%?¥ E@tv\“?%fg:i@aﬁﬁgﬁt and the et her
and the alcohol is provided within the second reactor
vessel, and a feeder is provided to feed the third
reactant. 47 30. A process according to any of the
2pr ecédpr@gegs; acagrding tavsiaim 2Re 28| @n@6 wherein the reaction of the

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.

28. A process according to claim 22, 23 or 26 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.

29. A process according to claim 28 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.



retardant polyneric material is a salt. 31. A process
according to claim30 in which the process conprises
reacting first and second am nes with the phosphate
ester. 32. A process according to claim31 wherein
each am ne conprises a polyanine and/or a polyner
havi ng an am ne functional group. 33. A process
according to claim32 mhere|ﬁ7the polyanine conpri ses
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neimne. 35. A process accordi ng
rg%% P%@ Soa§§|n in which a nelamne and a
pol yet hyI ene| m ne are reacted with the phosphate
ester. 36. A process according to any of clains 30 to
35 wherein the reaction is carried out at a
Hlenpér plogess sEcerginatolgainy 3priafvwtiaibitye petosse wosiOsandeacting
98C. 37. A process according to any of clainms 30 to
fisd adezeednd Bhineswithitiom phesplede estd. out at a
tenperature of between 90C and 150C, preferably at

substantially 135C. 48 38. A process according to any
of claims 30 to 37 wherein the phosphate ester
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to any of clains 30 to 38 wherein the polyneric sal
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i rﬁl aims 30 to 39. 41. A flame retardant phosphorus
e rlSOI ymer conprising a reaction product

34. A process according to claim 32 or 33 wherein the polymer having an

amine functional group comprises polyethyleneimine.

35. A process according to any of claims 30 to 34, in which a melamine and a

polyethyleneimine are reacted with the phosphate ester.

36. A process according to any of claims 30 to 35 wherein the reaction is

carried out at a temperature of up to 100°C, preferably between 85°C and 98°C.

37. A process according to any of claims 30 to 35 wherein the reaction is
carried out at a temperature of between 90°C and 150°C, preferably at

substantially 135°C.



of phosphorus pentoxide, a nitrogen containing

material, and a reactant selected fromthe group

consisting of (a) a diol and (b) a cyclic ether an

al cohol, wherein the diol is selected fromone or

nore of 1, 3 propane diol and 1,4 butan diol, and the

cyclic ether is selected fromone or nore of

tetrahydrofuran and tetrahy@8opyran. 42. The pol yner

of claim41l that includes greater than 4% phosphorus

by weight. 43. The polyner of claim41l that includes
reater than 9% phosphorous_ by, weight. 49 44. The

o yﬁ‘ePfQﬂeSa%ﬁCHFfﬂ@g WA Af ClRMSiYde FTniheteia thBRfosphate

40% by weight of a primary hydroxyl. 45. A

SRERr SOMPBIsEB 128 qriftapheseaate. pol yneric salt forned by a
process as clained in any of clains 30 to 39.. 46. An

i ntunmescent polyneric salt according to claim45

formed fromfirst and second am nes and a phosphate

38st eA prdtesAaciortingetocamt opobimeB0do 38 whaatwitieh pglyhreric salt
cl ai m 46 wherein each of the first and second am nes

neatenaliis eapablp @f Yamgnsuspeated aadpe|didsivditiniweteR b provide a pH
am ne functional group. 48. An intunmescent polyneric

0P BbiwedeCPEAH RY to claim 47 wherein the polyam ne
conprises nelamne. 49. An intunescent polyneric salt
according to claimd47 wherein the polyner having the

am ne functional group conprises polyethyl enei m ne.
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i ALK 61‘03(]{'}[5]/0& S Rhgsphorous pentoxide, with 1,4-

41. A flame retardant phosphorus rich polymer comprising a reaction product
of phosphorus pentoxide, a nitrogen containing material, and a reactant selected
from the group consisting of (a) a diol and (b) a cyclic ether an alcohol, wherein
the diol is selected from one or more of 1, 3 propane diol and 1,4 butan diol, and
the cyclic ether is selected from one or more of tetrahydrofuran and

tetrahydropyran.

42.  The polymer of claim 41 that includes greater than 4% phosphorus by

weight.

43.  The polymer of claim 41 that inciudes greater than 9% phosphorous by

weight.



but ane di ol and/or 1,3-butane diol.. 50 51. A

t hernopl astic including the product of any of clains
40 to 50. 52. A thernosetting material conprising the
product of any of clains 40 to 50. 53. A paint

i ncluding the product of any clains 40 to 50. 54. The
pai nt of claim53 wherein the paint is water-based.
55. The product of any of cl&Pns 40 to 50 that is

wat er - i nsol ubl e.

44.  The polymer of claim 41 wherein the polyol includes about 40% by weight

of a primary hydroxyl.

45. A water-soluble intumescent polymeric salt formed by a process as

claimed in any of claims 30 to 39..

46.  An intumescent polymeric salt according to claim 45 formed from first and

second amines and a phosphate ester.

47.  An intumescent polymeric salt according to claim 46 wherein each of the
first and second amines comprises a polyamine and/or a polymer having an

amine functional group.

48. An intumescent polymeric salt according to claim 47 wherein the

polyamine comprises melamine.

49.  An intumescent polymeric salt according to claim 47 wherein the polymer

having the amine functional group comprises polyethyleneimine.

50.  Anintumescent polymeric salt according to any of claims 46 to 49 wherein
the phosphate ester is a reaction product of phosphorous pentoxide, with 1,4-

butane diol and/or 1,3-butane diol..



51.

52.

53.

54,

55.

50

A thermoplastic including the product of any of claims 40 to 50.

A thermosetting material comprising the product of any of claims 40 to 50.

A paint including the product of any claims 40 to 50.

The paint of claim 53 wherein the paint is water-based.

The product of any of claims 40 to 50 that is water-insoluble.



