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conpletely unsuita for another. In the polyurethane industry, inorganic
fire retarddnventian are pelymesssespasially polyuraihanes.e general |y di sregar ded

because theység“ Ig Sh {rtgg;m&%lﬁﬁ%uret hane foam w th del eteri ous
results. For mthe literature the difficulties

encountered with the dpiswkelknetarte use cartainichemicals@hdapixtures of chemicals
as fire retardants for materials such as fabrics, rigid and flexible plastics foamed
10 and non-foamed, timber, particle board and the like. The kinds of fire retardant

agents employed vary with the material of interest and thus fire retardant agents
considered suitable for application to one type of material may be completely
unsuitable for another.
In the polyurethane industry, inorganic fire retardants which are
15 soluble in nature are generally disregarded because they will leach from the
pdlyurethane foam with deleterious results. For example, it is known from the
literature the difficulties encountered with the soluble nature of ammonium
~ monophosphate. '
US Patent No. 3423343 assigned to Monsanto Company also
20 discloses the above problem with ammonium monophosphate and ammonium
orthophosphates in general and discusses the additional problem encountered
with loss of physical properties such as compressive strength and closed cell
content.
The above patent proposes the use of phosphorus and nitrogen
25 compounds in the form of substantially water insoluble ammonium
polyphosphates, having P-O-P type linkages and the general formula:

H(r'm)+2(NH4)mPn03n+1
where n is an integer having an average value greater than 10 and m/n is

between about 0.7 and about 1.1 and the maximum value of m is equal to n+2.
30 Now, this compound sold under the trade name PHOSCHEK 30 by
Monsanto Company is certainly less soluble than ammonium monophosphate
or ammonium diphosphate and is described by Lewin, Atlas & Pearce, Vol 1,
“Polyurethane Structure and Flame Resistance” to have flame spread of 36%
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having P-O-P type |inkages and the general fornula: [err] where n is an

i nteger haviaftgrar deys dguneesion igr W@ﬁ%fr. anOPPEBeshto e befsevamession:

0.7 and abo '
Now, this cgﬁrr%%lej‘?]eda ﬁlédg] )élnﬁu e naﬁgbﬂﬁm%%sn&zwgaﬁ%hane
Conpany is Rodms rﬂqnthmsg ﬂﬂeuabtardbats mmonrﬁ’mpjmos"phmumairofaﬁebmlhum

di phosphate gnd..is d ri Atlas & Pearce 1 Pal t.hane
Structure ar@ gg gf ayéatfmj}?'ér%la?%%&'gm %%'5‘/? conéalgf\ﬁge %
days i mrerssi Y Bl

Vo, G E anmoRiu ey pﬁgﬁéﬁ?%'@? o e, [T Bloving

Cont ai ni ng FAgeatRiichierofiuoramsthenenirrmarfaetyse,, aoduderapnﬂfat@@ an| ayerage
Plastics, p ﬁéam B%&Wo%gl%r{ ‘aﬂitlo?\?l yur et hane rigid foans containing

this Leaving aside the issue of the use of a CFC blowing agent, in itself
undesirable, for the present further disadvantage may occur in that the

10 decomposition temperature is such that a reduced amount of char is formed.
This results in either reduced fire protection or the increased expense of using
more material to achieve adequate protection.

Thus, present development in the art favours the use of organic fire
retardants for use in polyurethane applications.

15 For example, US Patent No. 4623672, assigned to Bayer AG,
discloses flame retardant isocyanate addition products made by reacting an
isocyanate with a compound selected from the group consisting of 1-
phosphonoethane-2-carboxylic acid-tri-C4-C 4-alkyl esters, 1-
phosphonopropane-2-carboxylic acid-tri-C1-Cg4-alkyl esters and mixtures

20 thereof. Blowing agents may include CFC agents, the examples particularly
specify the use of trichlorofluoromethane, and foams' prepared in accordance
with this patent are ignifable.

Australian Patent No. 591089 assigned to Ciba-Geigy Limited
employs as fire retardant a salt formed by reaction between dimethyl methyl

25 phosphonate, monomethyl methyl phosphonate and a compound of the general
formula (1):

X 1

I /R | I

R——Ce—N
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5 ammoni um pol yphosphate require a chlorofl uorinated conpound (CFC) bl owi ng
agent, trichlorofluoronethane in manufacture, and denonstrated an average
wei ght | oss of 10.0% upon ignition. Leaving aside the issue of the use of a
‘GFC bl owi ng agent, in itself undesirable, for the present further
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formula (1):
alkylene chain of 3 to 10 carbon atoms, or R is a group NHR3 wherein R3 is H,

10 alkyl with 1 to 4 carbon atoms, alkenyl of up to 4 carbon atoms, CN, CONH, or
NHg or together with R1 forms an alkylene chain of 2 or 3 carbon atoms, or Ris a

group

Ré ——C N
X

15 where R1, R2 and X are as defined above and R4 is a direct bond or an alkylene

R'l

group having up to 8 carbon atoms or is an arylene group having 6 to 10 carbon
atoms.

These flame retardants are of low volatility and allow the formation
of polybl formulations which are stable on storage. Again CFC blowing agents,

20 namely dichlorodifluoromethane or trichlorofluoromethane, are noted as being
especially desirable and trichlorofluoromethane is exemplified. Tests conducted
according to German Standard DIN 4102 B2 reported a burn time of 9 to 15
seconds with one of the examples burning with maximum flame height 13 cm
but no burn time being recorded. In all cases, loss on ignition or oxygen index is

25 greater than 23.5% by weight.

US Patent No. 4895878 assigned to Recticel discloses the use of a
fire .retardaht comprising at least one of the components: (1) linear urea-formol
oligomer mixture having-the general formula NH2-CO-NH-[CH2-NH-CO-NH]p-
CH3,-NH-CO-NH, wherein n is from 0 to 50: (2) urea in powdered form of which
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3in which Xis OQSor NH [err] is H alkyl with 1 to 4 carbon atons,
al'’kenyl of up to 4 carbon atons, CN, [err] or [err], R2Zis H alkyl with 1
to 4 carbon atons or al kenyl of up to 4 carbon atons or [err] and R2
together with the nitrogen atomto which they are attached forma _
heterocyclic ring of up to 6 carbon atons ich 5 may optionally contain
anot her heteroatomand Ris H an alkyl group with 1 to 8 carbon atons, an

aryl group with 6 to 10 carbon atons, a cycloal kyl group with 5 to 12
car bon at onsthérpartiplesarestdeast patrtially reaovergs by adess isgluble fiom, beiogssulphur |

het er ocyclic : <1 car .. together with [err]
forns a% al k?/'lgéggaem#)n%gfa@?@'%n@ﬁgéﬁg%gh@q%rﬁ%% S a group NHR3
wherein [err] is H 10 al kyl w 1 to 4 carbon atons, al kenyl of up to 4
carbon atonms, CN, CONH2 or NH2 6ér N ogether with [err] forns an al kyl ene
chain of 2 or 3 carbon atoms, or RW\s a group [err] 15 where [err] and X
are as defined above and [err] is a Ofkect-Npondqe—aanNgl kyl ene group havi ng
up to 8 carbon atons or is an aryle group having 6 to 10 car bon at ons.
These flanme retardants are of Iﬁv olatility and allow the formation of

pol yol formul ations which are Hpl e on storage. Again CFC bl owi ng agents,
20 nanely dichlorodifluoromethane or trichlorofl uoronethane, are noted as

bei ng espegially desir Abkgoghdary 18! RitatdaH! 8P Sediiple} fIs2(BbhldiBethyffst s
phosphate may also be included in the formulation together with a mixture of
trichlorofluoromethane and methylene chloride as the blowing agent, so again
the use of a CFC blowing agent is proposed.

Foams prepéred in accordance with US Patent No. 4895878 burn
10 with loss on ignition of 23 to 34% by weight and when exposed to a blowtorch
test with an oxygen rich flame with length 15 cm at 1100°C applied
perpendicular on a 3 cm large test steel plate during 30 seconds at a distance of
3 cm (between the output of the blowtorch and the test steel) burn, at best; within
10 seconds.

16 The burning behaviour of polyurethane foams prepared in the
accordance with the above may be satisfactory for some applications but there is
a need to produce polyurethane foams with greater fire resistance, especially

flexible foams which have generally lower fire retardance than rigid foams.
Further, the prior art suggests that CFC blowing agents are still
20 very much a feature of the polyurethane manufacturing industry. However, this
situation cannot continue. As a result of an International Agreement, the use of
CFC agents must be phased out by the year 1997 due to the atmospheric
damage apparently caused by such agents. This clearly poses a serious
technical problem for the polyurethane industry since blowing agents are
25 presently perceived as essential to the formation of commercial foams. Blowing
agents are introduced to polyurethanes and other polymers during manufacture
_ to cause gas evolution which allows the production of the cellular structure in
foams commonly encountered in packaging, furniture and building products as

well as other applications.
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according to German Standard DIN 4102 B2 reported a burn tinme of 9 to 15
séconds with one of the exanples burning with maxi num flane hei ght 13 cm
but no burn tine being recorded. In all cases, loss on ignition or oxygen
i‘ndex is 25 greater than 23.5% by weight. US Patent No. 4895878 assigned to
Recticel discloses the use of a fire retardant conprising at |east one of
the conponents: (1) |inear urea-fornol ollgoner m xture having the general
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t he bl ow ng a SO agal oW ng agent
Foans pr ep&rsuitabte mcvadwst(apphcalldd% Pa@toentdlhply, a&%se &héo desciibedi priorl ags

on ignition 34% n en, e 0 a bloworch test

W thoan oxyd@ tréeﬁ %qcméc%nrﬁsﬁaﬁat%@sowﬁhawpctairw%bﬁ 8 RSPtk foa o
on a 3 cmlag o@hﬂi&.du” ng 30 seconds at a distance of 3 cm
(bet ween the out put | omt orch and the test steel) burn, at best,
within |t is the general object of the present invention to provide a fire

retardant agent for plastic foams that is substantially free of the above described

10 limitations.

It is a first specific object of the present invention to provide a fire
retardant agent that has substantially reduced |gnltab|l|ty from prior art fire
retardant agents as described above.

Itis a secongl specific object of the present invention to provide a

15 fire retardant agent, that through its nature, alloWs the use of CFC blowing
agents to be avoided.

It is a third specific object of the present invention to provide a fire
retardant agent, formulated from compounds which are of economically
sustainable cost. .

20 It is a fourth specific object of the present invention to provide a
process for the manufacture of a plastic, especially polyurethane, foam which
allows the attainment of good physical p'roperties such as compressive strength
and good fire retardance.

mar the Invention.

25 With the above objects in view, the present invention provides, in a
first aspect, a fire retardant agent to be incorporatéd in a plastic foam which
functions as a blowing agent and comprises a mixture of soluble ammonium
salts selected from the group consisting of ammonium monophosphéte,
ammonium diphosphate and an ammonium halide; and urea.

30 ' The plastic foam may be a polyurethane foam but this is not
essential to the invention. The fire retardant agent may equally be applied in the
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1. 0 seconds. 15 The burni ng behavi our of pol yurethane foans
prepared in the accordance with the above may be satisfactory.for sone
applications but there is a need to produce polyurethane foans with greater
fire resistance, especially flexible foans which have generally lower fire
retardance than rigid foans. Further, the 6g{rior art suggests that CFC
bl owi ng agents are still 20 very nuch a feature of the pol yurethane

manuf acturing i ndustry. However, this situation cannot continue. As
result of ancass &inatfiesnplastigrioamssubjant h@sbhe)fam dgeetibednfire b%tamlmed

out by the y }@% dRR | rTestl ed by
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foans commonly encountered i n packaging, furniture an product

wel | as ot heﬁo betwear#0@nd 60%, snateopeejewblyyb0ftoa%r of mﬁ)miabweughtrﬁstae
ol 101 ar st rGSVEERUEA BRCon B, TR 3ang8 18 no) ipfed B R TRiig and
i ngredi ents theephopartionast the' agehtatidedomay vary with the desired degree of fire
retardance. By interaction with other constituents of the pblymerisation reaction
- 10 mixture, the agent advantageously produces the necessary gas for foam
expansion without the requirement for CFC blowing agents.
| A suitable agent may be produced by mixing 50 to 60, more
preferably 52 to 58, percent by weight of the agent ammonium halide; 5 to 15,
more preferably 8 to 11, percent by weight of the agent ammonium
15 monophosphate; 5 to 15, more preferably 8 to 11, percent by weight of the agent
ammonium diphosphate; and 20 to 30, more preferably 24 to 28, percent by
weight of the agent urea. Preferably, the ammonium halide selected is
ammonium bromide.
In a second aspect, the present invention provides a process of
20 polyurethane foam manufacture comprising the admixture of the above
described fire retardant agent with an isocyanate and a polyol. Preferably, the
agent is mixed with the isocyanate first.
In a specific embodiment, the process comprises the steps of:
(@) mixing an isocyanate with a fire retardant agent comprising
25 a mixture of soluble ammonium salts selected from the
group consisting of ammonium monophosphate, ammonium
diphosphate and an ammonium halide; and urea; _
(b) feeding the mixture from step (a) to a mixer, to which is
introduced the polyol and a solvent; and mixing these
30 components together; and
(c) adding at least one polymerisation catalyst and optionally
water and conducting the polymerisation reaction.
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Large chem cal conpanies and are tailored to achieve individual
gpecifications 5 suitable for various applications. Accordingly, and as the
described prior art illustrates, technical pressures exist on chem cal
conpani es to produce foans with the required properties. It is the general
obj ect of the present invention to provideg a fire retardant agent for
plastic foans that is substantially free of the above described 10

limtations. It is a flrst specifi¢ object of the present [nyention to
provide a fire retardaht® efigation, §a§lﬁ%t'§n°(’¢%{%bjyr"éﬁlfh‘@xeq’dﬂi?dﬁf’ﬁ"ty
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specific object of the present invention to provide a 15 fire retardant

agent, that maindaiging the rahaveedeactibad companantsfin GRGRANSIPM dheayghout thebe
avoi ded. It dd.grﬁfloﬁ g esﬁglghn{ﬁr%?ggh ﬁggﬁﬁ nt ¢ i??é%%ﬁgﬁ&‘é%ﬁd ?ﬁ‘att failRre Y de

afireretar agent, conpoun are of econom cal ly
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present invention to prov)de rgcess for the manufacture of a plastic,
especial |y 319"999%@ , POfNHﬁﬁaﬁ?g‘P@'ﬂ} | ows the attainment of good physi cal

B eh the above obj ector 4 rd BsbEeHeb brabhuiRtenidd Broides SR ksbarals for >
aspect, a fipredueingrapalyurgthane foape in meoomtanseecwith tha grpeess of theusesdndh
aspect of the present invention. The apparatus comprises a holding vessel to
10 hold an isocyanate component comprising isocyanate and fire retardant agent
components; first means for mixing the combination of isocyanate and fire
retardant agent; first introduction means for bringing a polyol component
~comprising a polyol and a solvent into contact with the isocyanate and fire
retardant agent; second means for mixing the isocyanate component agent with
15 the polyol component; second introduction means for introducing a
polymerisation catalyst component and, optionally, water to the mixture of the
isocyanate component and the polyol component; and a high speed mixing
means for further mixing of the isocyanate component with the polyol component
in the presence of the polymerisation catalyst component and enabling
20 homogeneous polymerisation thereof.
The holding vessel is desirably provided with an atmosphere of
inert gas, for example nitrogen or argon. |
The apparatus may be provided with recycle means to allow return
of the isocyanate and fire retardant agent to the first mixing means until the
25 consistency of the product isocyanate component is such as to enable
satisfactory contacting with the polyol component.
In a fourth aspect, the present invention provides a formulation for
manufactqre of a polyurethane foam comprising an isocyanate; a polyol; a
catalyst system and a fire retardant agent comprising a mixture of soluble
30 ammonium salts selected from the group consisting of ammonium
monophosphate, ammonium diphosphate and an ammonium halide; and urea,
each component being brought into contact in a sequence to enable production
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functions as a bl ow ng agent and conprises a mxture of sol uble ammoni um
salts selected fromthe group consisting of amoni um nonophosphat e,

anmoni um di phosphat e and an amoni um hal i de; and urea. 30 The
pl astic foam may be a pol yurethane foambut this is not essential to the
I nvention. The fire retardant agent may ecglal ly be applied in the 6 case

of other plastic foans subject to the above described fire retardant

conmponents bejng ¢ atible with the plastic foam under consideration.,
Conveni ent | y‘?g @h@o&ggﬁthﬁn@ ierad tl%egé)rggfygmé}q anmenium R3lias, isi ammaniumg,
exanpl e a po#%idg.orrponent or isocyanate conponent in the case of 5 the
production of a polyurethane foam in an anmount preferably corresponding to
bet ween 40 and 60% noFerthecaspettsyofsthe mveatipn dnclude thet polyursthane doamise

nd’the. pr opDRIRS she;alibv dhE relaloBnt s, (e meRGREEGeRCI fg ABdver
fire retargagescribdt iprdessy andnapparats.hePolyarsthaheciamoprodced from the
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15, nore preferably 8 Thelmlyyethane fagmsagrgparest in hecergiance awitin therabove
described process and containing the above described fire retardant agent are
10 found to have greatly reduced tendency to ignite. Solubility of the ammonium
salts, without wishing to be bound by any theory, is apparently reduced by
admixture with uréa. The fire retardant compounds are commodity chemicals,
readily sourced at reasonable cost from chemical manufacturers. Therefore, a
product polyurethane foam may be rendered fire retardant and resistant to
15 ignition by use of a fire retardant agent sourced and produced at an
economically sustainable cost. Indeed, the compounds used in the fire retardant
agent generally cost less than the base materials required to form the
polyurethane foam, namely polyols and isocyanates.
Detailed Description of the Invention,
20 The invention will be more clearly understood from the following
description and reference to the appended examples and drawing in which:
_ Figure 1 is a schematic of the apparatus used in accordance with
the invention for the manufacture of a rigid polyurethane foam.
The general reaction scheme for the formation of rigid
25 polyurethane foams is generally understood by those skil'led in the art of foam
manufacture and proceeds from the reaction of isocyanates and diisocyanates
with other difunctional groups such as polyols and polyesters, possibly in
admixture. _ _
Indicative of diisocyanates that can be used are liquids such as
30 methyl diisocyanate, diphenyl methane diisocyanate, toluene diisocyanate,
methylene dipheny! diisocyanate, polymeric methylene diphenyl diisocyanate,
isophorone diisocyanate, hexamethylene diisocyanate, hydrogenated



15 nmonophosphate; 5 to 15, nore preferably 8 to 1 1, percent by weight of
t he agent anmoni um di phosphate; and 20 to 30, nore preferably 24 to 28,
percent by weight of the agent urea. Preferably, the amoni um halide
selected is anmoni um brom de. In a second aspect, the present invention
provi des a process of 20 pol yuret hane foarg manuf acture conprising the

adm xture of the above described fire retardant agent with an isocyanate
and a polyol. Preferably, the agent is mxed with the isocyanate first. In

a speci fic engiviensdiphanyl diseceaate rpanyRolyiRRCaANata containiag twa of mPran
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m xture of solu nium s selecte romthe group consisting
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Mt oduced SRS L L AR EoRAERG:B bl etiRthe Bidpheny
conponent s5tiggeydrfite ingdr ktureawiih BD-80 Wige Polymethyna polyphkhphisoayahatet
and opti onal wat er and. conducting the pol yneri n_reactj on.
REPL ACEMENT $816-81=9) epvrce r te Yrdg ame ?@HA Ec?g&(?g@@"[/éﬁ?ﬁa]‘e-
As suitable polyols may be mentioned, for example, those listed in
Australian Patent No. 591089 assigned to Ciba-Geigy Limited being a '
polyfunctional organic compound containing a plurality of hydroxyl groups.

10 Such include, for rigid foam applications, glycerol, sucrose, sorbitol, trimethyl
propanol, pentaerythritol, triethanolamine, or an amine such as ethylene
diamine, polyaromatic amine, .or an aromatic Mannich base with propylene
oxide and/or ethylene oxide. Any of these polyols may be employed as a rigid
base polyoi and, part'icula.rly preferred in the case of the present invention is a

15 proprietary polyol formulation comprising propoxylated glycerine (CAS 25791-
96-2) and propoxylated sucrose (CAS 9049-71-2) sourced under the trade
name Voranol 360A from Dow Chemical Corporation. Desirably, only one such
rigid base polyol is selected for use in the mixture. Admixture of two or more
rigid base polyols may provide a foam with less desirable properties.

20 Nonetheless, a further compound reactive with the selected
isocyanate may be added to the polyol component. This compound may, for
example, be a polyester. As mentioned in US Patent No. 4623672 assigned to
Bayer AG, the polyester may contain from 2 to 4 hydroxyl groups, suitable
polyesters including reaction products of polyols, especially dihydric and

25 trihydric alcohols for example as described above, with preferably divalent
carboxylic acids. Suitable carboxylic acids include succinic acid, adipic acid,
suberic acid, azelaic acid, sebacic acid, phthalic acid, isophthalic acid, trimellitic
acid, maleic acid, fumaric acid, dimerised and trimerised unsaturated fatty acids
(optionally mixed with monomeric unsaturated fatty acids such as oleic acid).

30 Derivatives of these compounds may also be employed. Especially preferred in
the case of the present invention is a proprietary polyol formulation sourced
under the trade name Stepanpol PS3152 from Stepan Company, lllinois, USA.
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Preferably, the anmoni um halide is amonium ) .
ammonium halide, is a bulk commodity chemical and readily obtainable. In the
examples to be described, ammonium bromide was sourced from Consolidated
Chemicals, Sydney. The ammonium phosphates were sourced from Albright &
Wilson, Sydney. The ammonium bromide may require to be specially ordered in
10 commercial quantities from a chemical manufacturer.
The remaining component of the fire retardant agent, namely
industrial grade urea, was sourced from Incitec, Sydney. |
Remaining components of the formulation include a suitable
surfactant, catalyst and solvent. The surfactant is required to ensure that mixing
15 of the various components is facilitated and the resulting mixture is
homogeneous in physical properties and composition. Désired bubble and cell
formation and a uniform distribution thereof throughout the product foam depend
upon the use of a surfactant.
As a small amount of water may be introduced to the
20 polymerisation reaction mixture to assist with foam expansion, the surfactant. is
desirably non-hydrolysable and, as preferred examples, may be mentioned
polydimethylsiloxane and polydimethyl siloxane polyalkylene copolymers.
Especially preferred in the present instance is the surfactant L5420 which is a
proprietary polyalkyleneoxidemethylsiloxane copolymer sourced from OSI
25 Specialities Inc. Alternatively may be used a non-hydrolysable polysiloxane-
polyether copolymer sourced under the trade name TEGOSTAB B8404 from
Goldschmidt AG. _
As far as the catalyst system is concerned, selection of appropriate
catalysts is crucial to the effective performance of the polyurethane
30 polymerisation reaction. In the present instance, a combination of a tin catalyst
and an amine catalyst is desirable. |



“brom de. Further aspects of the invention include the pol yurethane foans

i ncluding the above fire retardant agent; foanms manufactured in the above 5
described process and apparatus. Pol yurethane foans produced fromthe above
described formul ation and articles, for exanple panels and other itens for
use in the building or furniture industry,. also formpart of the invention.
The pol yuret hane foans prepared in accordAAce with the above descri bed
process and containing the above described fire retardant agent are 10
found to have greatly Agdhecamineneaiadystiay fie useddertigsy|aminest or materials
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the fire retardant agent generally cost |ess than the base nateria
required to *ﬂ§¥aﬂcﬁh8ak¥@&f'@@1t§rwef&léﬁd- namel y polyol s and i socyanat es.

][glr Ir Lw’zgg descripti o-rl;hgnt]éﬁ| :bg%:dgﬁ%egh%% i?ﬁ%’@;ﬁ%ﬁtﬁg'L%aﬁgﬁééaé%gﬁdﬁﬂ%mﬁtﬁhsn
whi ch: Fi gureorhpoend mapdeai hydrocaitor tinaalaylcarzaglate, dibueyldimaiavétats,t he
'rg\égtn It ggnsiﬁéipfgpyﬁ arﬁaaﬁfg?c?a&g ' p%gﬁg\[ d q!ugr@geo la\rlngrsettaﬂgggs fo%?orgte.T h/? sgueitgﬁealtin
10 catalyst is proprietary dibutyl tin dilaurate sourced from Air Products and
Chemicals, Inc. under the trade name T12®, which is especially preferred in the
present instance. _

Other catalysts may be selected by those skilled in the art and the

nature of the catalyst employed is not intended to place a restriction upon the
15 scope of the present disclosure.

A specific blowing agent, additional to the compounds forming the
fire retardant agent, is not required in accordance with the present invention but
the use of such an agent is not absolutely precluded. A solvent such as acetone
or methylene chloride which is volatile and which consequently allows cell

20 formation, in association with the fire retardant agent described above, may be
added. In the present instance, acetone is employed as the solvent.

Addition of a small quantity of water at the polymerisation stage will
also assist with cell formation and its use is highly recommended in the present

instance.

25 Thus, in accordance with the above, the following formulation is
most preferable for use in the present invention: '

omponent Proportion by Weight (%)

Primary Polyol (“Voranol 360A") 16.33
Secondary Polyol (“PS3152") 2.88

30 Water 0.29
Surfactant (“Sil L5420 0.19

Amine Catalyst (“POLYCAT 8") 0.38°



25 pol yurethane foans is generally understood by those skilled in the art
of foam manufacture and proceeds fromthe reaction of isocyanates and

di i socyanates with other difunctional groups such as polyols and

pol yesters, possibly in adm xture. Indicative of diisocyanates that can be
used are |iquids such as 30 nethyl dii socT/ nate, di phenyl nethane

di i socyanate, toluene diisocyanate, nethyl@ne di phenyl diisocyanate,

pol ymeric met hyl ene di phenyl diisocyanate, isophorone diisocyanate,

hexanet hyl erﬁn&at%'wﬁ/@fﬁé?é, hydrogenated O0d%et hyl ene di phenyl

di i socyanat eaQtoAR8Y POl yi socyanate containi ggqtwo or nore reactive

i socyanate groups. Especially preferred in the case of the present

i nvention i ¢MBh i socyanate fornul ation cont24dihg 40-50 w % di phenyl net hane

di i socyanat e, | 6447- 40-5) contai ni t hyl ene bi sphenyl 5

| socyanat e fﬁi@@ﬁﬁf%ﬁe&%'ﬁh 50- 60 wt % pol yﬁgtﬁl ene pol yphenyl isocyanate
(CAS 9016-7-9) sourcerhd!fideletardaint Ag6% M BTONR EORMEmOsorposiien As
sui t abl e pol gol s may be nmentioned, for exanple, those listed in Australian

Pat ent No. gned to G ba-Gei gy Li r Zek i onal
organi c cqnw&%ngﬂ.ﬁtb%mi&@ a plural i(s% of ggdﬁoxyl groups. 10 Such

I ncl ude, for rigi oam appl i cations," gl ycerol,” sucrose, sorbitol,

tri met hyl - pramaooiumpdiphasphatéri t ol , (B)i et h&r83 ani ne, or an amine such as -
ethyl ene ammonium monophosphate (© 9.85

10 urea (D) 25.19

The method of production of a rigid polyurethane foam in
accordance with a preferred embodiment of the present invention proceeds as
follows:

Preparation of Fire Retardant Agent.

15 Each of the compounds (A), (B), (C), (D) is to be dried until a stable
moisture content is achieved. As excessive moisture may prove detrimental to
the compressive strength of the product foam, it is to be avoided at all costs.

The drying of the compounds is to occur at a temperature such that
decomposition thereof does not occur. In this connection, urea melts at 132.7°C

20 and the phosphates also decompose at low temperature. If storage after drying
is required, moisture must be excluded from the storage vessel. Storage will
require the vessel to be resistant to corrosion. A suitable container is a plastic
drum with sealable lid inside which has been placed a poly bag and possibly
vacuum sealed. As the activity of the compounds may decrease with storage

25 time, prolonged storage is not recommended.

The compounds are then to be thoroughly mixed together in a
blender from which moisture is excluded and ground to a fine powder having
average particle size preferably between 20 um and 50 um. A particle size in
this range is desirable from the point of view of better dispersion within the

30 polymerisation mixture and assists in efficient mixing. ‘To improve flowability of

the mixture, a flow promoter, such as tricalcium phosphate (TCP), may be
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di am ne, polyaromatic am ne, or an aromatic Mannich base with propyl ene
oxi de and/or ethyl ene oxide. Any of these polyols nmay be enployed as a
rigid base polyol and, particularly preferred in the case of the present
i'nvention is a 15 proprietary polyol fornmulation conprising propoxyl ated
gl ycerine (CAS 25791- 96-2) and propoxylated sucrose (CAS 9049-71-2)
sourced under the trade name Voranol 360A18rom Dow Cheni cal Cor por ati on
Desirably, only one such rigid base polyol is selected for use in the

nmi xt ure. Adnasided,dn & proportion ofcvetweeni abhd 88 bylweidist ofethie fire vétdedantfagomt, |

th | d Nonet hel ess, a further -
\(,:Morrpouﬁzsre:t?tWbﬁﬁgmé@iﬁ%\g%@dtylgdeﬁdw BOW§9 ‘be added to the pol on
conmponent . TRrépa @ NPhaem. be a pol yester. As nentioned in

US Pat ent No. 4623672 SS] n the pol yester may contain from
2 to 4 hydroxyl groups'n AHCOEER @%)dﬂ '@s@epéﬁfﬁl’f@ﬁum@oﬁlmtl oh theo@resentof

olyols, e I
Qeseri bed aprgortiorh, tho e rbfarddit agerk s IfduEad e Wi FiGMisgihate,
car boxylic aiDista formuthe isosyanate campdnentdofiowinggpreparationr ofthe dird retarddrgi ¢
aci d, sebamg id, phthalic acid, isophthalic acid, trinellitic acid,
mal ei c acid, Q%ﬁarl c acid, dineri sed and trinmerised unsaturated fatty acids

(optionally m xed wit hHEWRVER "this lsrﬁ@twaltaeé atn’:yﬂ ﬁMItaﬁérﬂi%nswéh ?b% ekedfqruﬁ
acid). 30 Derivatives of t hese conpoun al’'so be enpl oyed. Especially

preferred i nnvagtionksHt isnot irdendedsionpr %Mﬂ@rﬂé/djmm of thepfirepretardant agemiytol the
formul ati p gélcé’@| aggﬂﬁihl 5B, UnPAGaifieHRne (SRANIRG' sdatahes di'oPBr SRR not

Conpany, )
intended to place any limitation on the foam preparation sequence. The object

of the present invention is to produce polyurethane foams with acceptable fire

resistance from the point of view of end users. Any mixing sequence that
achieves this end is considered to fall within the scope of the invention. The,

15 following described sequence has been found beneficial but is ih no Way
exhaustive. |

Reference is now made to Figure 1 and an apparatus in which a
polyurethane preparation process in accordance with a second aspect of the
présent invention may be performed.

20 The apparatus comprises a reception/storage vessel 1 in the form
of a hopper to which the above described proportions of isocyanate, namely
MDI, and the fire retardant agent being in finely divided crystalline form are
manually or automatically dosed, desirably in the absence of air. The next step

-is to mix these components together and this is achieved by use of mono pump

25 2 or other suitable mixing apparatus suitable for mixing these constituents and
reference is made to Perry et al., Chemical Engineering Handbook, Chapter 6,
Sth Edition from which other suitable mixers may be selected. This pump
includes a mixing means in the form of an auger or archimedes screw, the

- speed of rotation of which dictates the dosing rate of the isocyadate and fire

30 retardant agent into the foam preparation process. Valve 3 may be closed to
allow recirculation of the mixture through recycle line 4 back to storage vessel 1
until a suitable consistency of the mixture has been achieved. Such consistency
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10 The ammonium salts for use in the fire retardant agent of the present

I nvention are food grade ammoni um nono phosphate and anmoni um di phosphat e
~and an anmoni um hal i de. Especially preferred as the amoni um halide is

phot ogr aphi ¢ grade 99. 5% anmmoni um br om de t hough ammoni um 5 chloride coul d
al so be used. Each of these conpounds, gthe exception of ammoni um
halide, is a bulk commbdity chem cal and f8adi | y obtainable. In the

exanpl es to be described, anmoni um broni de was sourced from Consol i dat ed
Chem cal s, Syaide Cha@(eﬁwrhy)mpomquiaiepsmmmgmlfeiesu'edcecstahmmmemoi thiet type |

W son, Syd I o be specially ordered in

10 commerci a squé%ﬁ%%?g}?\% Iﬂgl}!@%dgﬁhé)gﬂ% 'é% irer. The remaini ng

conponent of the fire Tieé ayohtmd] ciosater |hgf®s>’ahﬂcbtf§sfblé|3|ﬁé%9ctlbﬁél of h&
Renmai ni_ng nponents of the formulation

df
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and the resud ng m Xt ure IS neous S ca proper
conposi ti on. Wlﬂééh@ merbaabldurmgdpmlessmgrmfea |batcl'anAdd|twn| dfother chrmponéntsiton

& orml | anoutieo | meiReae iRlah ackah of B8RRI I ieRler fsati on react i on
mxture to assist w thUpoamtiaiment 6ha sﬁ:hébl%btﬂégrébéﬁftmixmgj@ﬁtH@Esztltuents
non- hydrol ysabl e apd, as preferred exanpl es, may be nmentioned
constituting the isocyanate component, valve 3 is opened and first introduction
10 means 5 which may be an injector, needle valve, dosing pump or other suitable
dosing means is operated to allow bringing into contact with the isocyanate
component, a polyol component which is a mixed liquid formed from Voranol
360A (primary polyol), Stepanpo! PS 3152 (secondary polyol), Sil L 5420
(surfactant), and acetone. Premixing of these components is appropriate prior to
15 bringing the product polyol component into contact with the isocyanate
component. | |
Mixing of the polyol component and isocyanate component then
takes place in a mixing means such as static mixer 6. A static mixer has good
mixing characteristics and a suitable mixer may be sourced from Kenics
20 Corporation, as described in Perry et al, Chemical Engineers Handbook, 5th
Edition, McGraw-Hill New York (1982). The mixer consists of twelve alternate-
hand helical elements juxtaposed at an angle of 90° to one another inside a
tubular housing. The fluid media mix during their passage through the mixer.
Energy for the mixing is provided by mono pump 2 causing flow through the -
25 static mixer 6 and, if a pump is used to cause flow of the polyol component
through the first introduction means 5, also that pump. The static mixer may be
replaced by a mixer allowing a similar degree of high intensity mixing;
alternative mixers may be found in the high intensity mixers described in Perry et
al, Chemical Engineering Handbook, Chapter 6, 5th Edition, the contents of
30 which are hereby incorporated by reference. '
At the end of the mixing operation in static mixer 6 water, a
polymerisation catalyst component being a tin catalyst T12®, and amine
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pol ydi met hyl si | oxane and pol ydi net hyl siloxane polyal kyl ene copol yners.
Especially preferred in the present instance is the surfactant L5420 which
is a proprietary polyal kyl eneoxi denet hyl si | oxane copol yner sourced from COSI
25 Specialities Inc. Alternatively may be used a non-hydrol ysabl e

pol ysi | oxane- pol yet her copol yner sourced gnder the trade name TEGOSTAB
B8404 from Gol dschm dt AG As far as the ?: tal yst systemis concerned,

sel ection of appropriate catalysts is crucial to the effective perfornance
of the pol y&aégl?! ébY&ﬁW@@stmtmdu@%d;by(ﬁeconﬁ iptredyeticnemeanss7.aagain a

nbi [ t he
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mor phol i ne,
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I nstance, err IS pre erred ase cata

desirably tosn%idsel ingensitynaixar 8, c@ﬁpa@wg t¥eg qiewhlchﬁ&s)baemdesngnedaanw
G ot sl Hind! BoBigs “Raing’ dho! [ibact SRS, ddse,
di butyl tin ldslmmwsépmmsidenneﬁlm@obthsst thamntivo seconds in the mixer is
envisaged. |
10 The preferred mixer 8 is a pin mixer provided with a shaft 9 on
which are provided a number of pin-like protrusions 10. The shaft is caused to
rotate by a hydrau_lic motor driving a ram which is forced down upon the shatft to
cause high speed rotation of the shaft at up to 7000 rpm, but preferably 5000 to
6000 rpm. The construction of the shaft and pin-like protrusions strictly confines
15 the polymerisation reaction mixture within the body of pin mixer 8 and, in
combination with the rapid rotation of the shaft and action of the pins, enables a
very high degree of intensive mixing to be attained.

Following mixing, the foam may be extruded.as a bun or passed to

a mould for construction of rigid foam articles such as panels and other desired
. 20 structures.

The above described apparatus requires a high degree of
corrosion resistance and stainless steel is the recommended material of
construction. Seals between items of equipment such as mono pump 2 and
static mixer 6 should be of a resistant rubber, such as the fluoroelastomer

25 supplied under the trade name VITON®.

Any valves in the apparatus, especially valve 3, should be “one-
way” such that reflux of mixtures to preceding portions of the apparatus is
avoided. The apparatus described above is capable of providing 90kg/minute of
product polyurethane foam. N

30 Curing of the product foam may be desirable to allow the solvent to
permeate through, and evaporate from, the foam. A period of 24 to 48 hours
may be allowed to compensate for this contingency. At a fixed loading of 50%
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Chem cals, Inc. under the trade nanme T12[err], which is especially
preferred in the present instance. Qther catalysts may be sel ected by those
skilled in the art and the nature of the catal yst enployed'is not intended
to place a restriction upon the 15 scope of the present disclosure. A
specific blow ng agent, additional to the g;rrpounds formng the fire
retardant agent, is not required in accorc} ce with the present invention
but the use of such an agent is not absolutely precluded. A solvent such as
acet one or nB¥hyeight Relybrethananioam ifireviatardand agentwinec preductetnamihas a
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present invention: Conp roportion g

(% Primary Sagdant (ageaggggilttioeé@m)to 53% by3seight ohtherpolyereihang forgs 152" )
2.88 30 Wate 0.29 Surfactant ("Sil L5420")
0.19 Anine CE%QJF—(LPO_YCAT 8") 0. 38
The fire retardant performance of two rigid foams were evaluated
by the Australian Department of Defence, Industry Support Office in accordance
10 with ASTM E 1354-92, “Standard Test Method for Heat and Visible Smoke
Release Rates for Materials and Products Using an Oxygen Consumption
Calorimeter”. The contents ofASTM E 1354-92 are hereby incorporated by
reference.
The following properties were determined at heat fluxes between
15 25 and 75 kW/m2: (a) time to ignition, (b) rate of heat release (RHR), (c) effective
heat of combustion (EHC), (d) smoke obscuration, and (e) mass loss.
The rigid foam comparison was made with a rigid polyisocyanurate
foam supplied by another chemical manufacturer with an organic non-
halogenated fire retardant agent being.

20 Rigid Foam A Rigid Foam B Comparative Example
Flux (_kW/m2) 25 75 75 25 75
Time to Ignition(s) Did Not Ignite (DNI) DNI DNI 12(1)

Maximum Rate of
Heat Release

25 (kW/m2) - - - - 83.3
Time to maximum
Rate of Heat
Release(s) - - - - 40

Average Rate of
30 Heat Release
(kW/m2) - - - - 62.6
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12 Tin Catal yst ("T12") 0.19 Acetone

4.61 M 24. 40 Fire Retardant Agent

50.72 5 The fire retardant agent has the follow ng optinum
conposi tion amoni um brom de (A 55. 11 ammoni um di phosphat e
(B) 9. 85 ammoni um nonophosphat e (O .85 10 urea

(D) 25.19 The nethod of production of a H gi d pol yurethane foamin
accordance with a preferred enbodi nent of the present invention proceeds as
fol |l ows: [erAyerage Smoke Each of the conpounds (A), (B), (O, (D) is to
be dried untgj é’urﬁkiaﬁl e noisture content is achieved. As excessive noisture
may prove defrrnental to the conpressive strength of the product foam it

is to be avamiikyglat al |l cosz4z The drying of 7t1be conpoundpgzs to occur gtggl
tenperature such that deconposition thereof does not occur. In this
connection, W¥LHhelts at [err] 20 and the phosphates al so deconpose at | ow

t enper at urg.|ghfti %gage after drying is required, noisture nust be excl %Bay
fromthe stoPage essel . Storage wl| )
(1) ignited without igniter, the rigid foams A and B prepared in

accordance with the process and formulation of the invention did not ignite
within the time allowed for the test, 600 seconds.
Although the rigid polyurethane foam of the comparative example

10 did not ignite at a heat flux of 25 kW/m2, the smoke obscuration was substantially
greater than in the case of rigid foam A. The foam of the comparative example
did burn within 12 seconds with-Loss on Ignition 60.7% by weight at a heat flux
of 75 kW/mz2,

Example 2. .

15 Rigid foam A prepared in accordance with the process and
formulation of the invention was also subjected to testing under Australian
Standard AS 1530, Part 3, the contents of which are hereby incorporated by
reference, with the following results:

Ignitability 0
20 Spread of Flame 0
Heat Evolved 0
Smoke Developed 7

This rating is provided on a scale of 0 to 10 with 0 being the best
rating and confirms the feature of non-ignitability demonstrated in Example 1.
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require the vessel to be resistant to corrosion. A suitable container is a
‘plastic drumwith sealable lid inside which has been placed a poly bag and

possi bly vacuum seal ed. As the activity of the conpou ml W th
storage 25 tine, prolonged storage is not recom*rended” HMICI Hﬂﬂmmare
then to be thoroughly m xed together in a gl ender frontwfich ndisture is

excl uded and ground to a fine powder haviﬁ average particle size
preferably between 20 berrk and_50 her&r‘\l. Marticl e size in this range is
desi rabl e f r BHE: GLABGS RERDNINGTHEANNENTAONABEAS ROLLPWS:n t he 30

pol ynerisation m xture and assists in efficient mxing. To inprove
flowability of the mxture, a flow pronoter, such as trical ci um phosphate
(TCP), may bt 13 adAdfite retaralapt agent t®beoihcororatad ih arplasié lyamewvihich of
the fire retardan ent,., to inprove nixing.and flowabilit f,_the final
powder [ er ronchons i Azblekihg ARt Bndi EmaiSesaomti of sotfhie Fimanis

i nvention, té&itd i SelesRid AN thROYbup ScomdishRly cor s ofiurRdméridbHdiBhate,
dii socyanate, MDI, to formthe isocyanate conponent follow ng preparation
of the fire a@MENURdipjesphatednd an ammeriums halideitanchueage any |imitation
on the process of the invention. It is not intended to preclude addition of

the fire retardant agent to the :
2. The agent as claimed in claim 1 wherein the ammonium halide is

ammonium bromide.

3. _ The agent as claimed in claim 2 wherein the proportions by weight
of the fire retardant agent of each component are as follows:

50 to 60 weight pércent ammonium bromide

5 to 15 weight percent ammonium monophosphate

5 to 15 weight percent ammonium diphosphate

20 to 30 weight percent urea.

4, The agent as claimed in claim 3 wherein the proportions by weight
of the agent of each component are as follows:

52 to 58 weight percent ammonium bromide

8 to 11 weight percent ammonium monophosphate

8 to 11 weight percent ammonium diphosphate

24 to 28 weight percent urea.

5. A process of polyurethane foam manufacture comprising the
admixture, with an isocyanate and a polyol, of the fire retardant agent as defined
in any one of claims 1 to 4.

6. The process as claimed in claim 5 wherein the fire retardant agent
as defined in any one of claims 1 to 4 is mixed with the isocyanate prior to
contacting with the polyol.

This Sheet Has Been R

L.




10 polyol as an initial step. In addition, the fWge of
operations is not intended to place any limtati e foam preparation
sequence. The object of the present invention is t ‘ t hane
foanms wWith acceptable fire resistance fromthe poi (mg @@ ﬁ “m -users.
Any m xi ng sequence that achieves this en |s con vt on a#l ‘W thin the
scope of the invention. The 15 follow ng 8scri bed sequence has been found -

beneficial but is in no way exhaustive. Reference is now nade to Figure 1
and an appar@tus i n whAgiroaegsodf polyutednane fagm nzan ufacture assdaimedaincelaidabc e

Wi th a secon esent invention may be perfornmed. 20

The appar at @'@@ﬂ%ﬁbé@é s;&fe eption/storage vessel 1 in the formof a
hopper to which the abgje dﬁﬁ:ﬁhgtaeﬂusbb?mm thivilIS aOfirel fe0SAtRARARGent B6RIDYisIMY -
and the fire retardant agent bein er di vi ded crystal ['ine formare

manual |y or automatically des@iktugeat r%ﬂJP Dlei ﬁmrnenm&aé@ selegted from thext
step is to mx these corrpopg éﬁgﬁét lém'rﬁoﬁfi@ﬁgé’%tgyal‘ﬂﬁ?orﬁ?rﬂ
ab ese

nono punp 25 2 or other sui m Xin appara us sui n X1 Ng
const.ituents and reference dlphoamaatecamban)armnoalum helide; aad uEeagi neer i ng

Handbook, Chapt 6, 5 n f whi ch, ot h i { abl
selnec'?gd Th?g Slrmp in@?r}ude ﬁﬁ%grjn“%'grcﬁsfrgm lgifégklﬁi cﬁe'éﬂnﬁ)ég[iée‘f’ %P is

ar chi nedes screw, the speednn@focrwe@t iz0palomaineh i galeese dite MBEhH ItHexee
of the isocyanate and fire 30 retar dant agent into the foam preparation

process. Valve 3 may be cl oéempepenisitogethesiandil ation of the mixture
through recycle line 4 c?aCk aéﬁngté’{ 3% %ﬂ@sg&yé %taybnaca?tgié/rs]@?n% optionally

consi stency of the m x are een ac Ieve onsr's
water and conducting the polymerisation reaction.

8. The process as claimed in claim 7 wherein the polymerisation
catalyst is a tin compound.

9. The process as claimed in claim 7 wherein the polymerisation
catalyst is an amine.

10. The process as claimed in claim 7 wherein the polymerisation
catalyst comprises an organo tin compound in combination with an amine.

11. The process as claimed in claim 7 wherein step (a) is conducted in
an inert atmosphere.

12. The process as claimed in claim 7 wherein the polymerisation
reaction is conducted in a high intensity mixer.

13. An apparatus for the production of a polyurethane foam in
accordance with the process as claimed in any one of claims 7 to 12 comprising
a holding vessel to hold an isocyanate component comprising an isocyanate
and a fire retardant agent which functions as a blowing agent and comprises a
mixture of soluble ammonium salts selected from the group consisting of

. This Sheet Has Been Replaced -
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14 may be checked by appropriate sanpli ng | f desi red, a static m xer of

t he type described bel ow nay be included in recy rol of
wat er ingress and possibl e side reactions of the onponent
with air commends the maintenance of an inert 5 gwam he '
headspace of vessel 1 which is sealed and Iankete gas
during processing of a batch. Addition of 2 he conponents to vessel 1 may

take place through a port or ports in the vessel. Upon attai nnent of a
sui t abl e decamenartium xnagophosphateorammariums diphesphate mmd lam iasompaine

o Tl et or Pl AreCuBBERFS B8NS Idrihiift hiREPbLAA i ASretar o AgBRY
operated to first Mitrodlictieh manﬁmr%ﬁnbmgt aWoWbl cbm Poﬁ@ﬁvwmbﬁs ga?@! and

pol yol conponent which is a mxed |jquid fornmed from Voranol i mary

pol yol ). St 8 gnt o pogtaqt it Mealspeyanglel comesnent: sagand Eeana ot Mg and
acet one. etﬁ'exgléq%ygﬁaféq %%ﬁ}rﬁil?ﬁhg ”\ggfrl] tstg'cetS péml%h Qﬁlrh Sér‘?erﬂr | o ohd ﬁ'ﬁr&ydc%hng

t he product pol conponen I socyanat e conpone
M xi ng of tHaepobylor introduciagt aapmiymmxsaaoateatabjspccmpoméranandkeptlphattp in

t at
Char act or1 VRt SR0NE TiRie, oL e Tacsaapie comwbneali sndoexdy L Sompotient

and a high speed mixing means for further mixing of the isocyanate component

with the polyol component in the presence of the polymerisation catalyst
component enabling homogeneous polymerisation.

14. The apparatus as-claimed in claim 13 including recycle means to
recycle isocyanate and the fire retardant agent to the first mixing means until the
mixture attains a homogeneous consistency.

15. . The apparatus as claimed in claim 13 wherein the holding vessel
is provided with an inert gas atmosphere.

16. The apparatus as claimed in claim 13 wherein the mixing means
for mixing the isocyanate component with the polyol component is a static mixer.

17. The apparatus as claimed in claim 13 wherein the high speed
mixing means is a pin mixer.

18. The apparatus as claimed in claim 13 wherein the ammonium
halide is ammonium bromide.

19. A formulation for manufacture of a polyurethane foam comprising
an isocyanate; a polyol; a polymerisation catalyst system and a fire retardant
agent comprising a mixture of soluble ammonium salts selected from the group
consisting of ammonium monophosphate, ammonium diphosphate and

o
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2_9'60} poration, as described in Perry et al, Chem cal Engi neers Handbook,
5th Edition, MG awH Il New York (1982). The m xer—consists of twelve
alternate- hand helical elenents juxtaposed at an angle of [err] to one
anot her inside a tubular housing. The fluid nedia rriﬁw““ullﬂmnﬂurlumssage
t hrough the m xer. Energy for the m xing is provided ausi ng
flow through the 25 static mixer 6 and, iRla punp is Used t'o fause tlow of

t he pol yol conponent through the first introduction nmeans 5, also that
punp. The st amrooniugehalidg; sad wrpaacach wpmpariendtodid bwoughtanto cohtact degr ee

Cntenei ty i Sepkenih 18 Ban@idBadda G &R talRfe dBating neer i ng. Handbook,
Chapter 6, 5th Edition, the contents of 30 which are hereby incorporated by

reference. A{ _the end of the m xing operation in static mxer 6 water, a
pol yner i sati R cat al ysttheolasawiationas ejaimed in laim & whegeinaihe isacyanate 15

catal yst, P : | " ' ' |
dosi ny purp, ComPrisEs, ey el cisso BT RRE g bl ien RS a B
m xt ure of - ppblyphethyidnespalypheryt isooyaoateits. It is only after the

I ntroduction of the polynerisation catal yst conponent to the m xture that

an appreci able degree 5 of polynerisation can occur. The pol ymerisation
reaction is pq, proceedThe form@lationead blahelNireAhlnY TOX6F Zb Whetdih e

type of which has been designed and
ammonium halide is ammonium bromide.

22, The formulation as claimed in claim 21 wherein the proportions by
weight of the fire retardant agent of each component are as follows:

52 to 58 weight percent ammonium bromide

8 to 11 weight percent ammonium monophosphate

8 to 11 weight percent ammonium diphosphate

24 to 28 weight percent urea.

23. The formulation as claimed in claim 19 comprising a non-
hydrolysable surfactant. '

24. The formulation as claimed in claim 19 wherein each soluble
ammonium salt and urea is a crystalline solid ground to a size of between 20
and 50 microns.

25. The formulation as claimed in claim 19 or 22 wherein the fire
retardant agent forms 50 to 53 percent by weight of the product polyurethane
foam.
26. The formulation as claimed in claim 19 including glycerol or
glycerine.

. This Sheet Has Been Replaced
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byi"rt’ by the applicant, Bains Har di ng Limted. Polynerisation occurs

i nst ant aneously and residence tinme of less than t i xer is

envi saged. 10 The preferred mxer 8 is a pin m'xerﬂﬁrovi ded with
A

a-'shaft 9 on which are provided a nunber of pin-Ii ﬁ"lﬂjw MHH The
shaft is caused to rotate by a hydraulic pgptor drj L eSS
forced down upon the shaft to cause high eed rotation of the shaft at up
to 7000 rpm but preferably 5000 to 6000 rpm The construction of the shaft
and pin-1iké&%r ot r usi dhspelyurethapectogmnesmpsisirig: thel fireerretardaoth agentt asn
m xture wthj . A i,n mxer 8 and, in conbination with the rapid
rotation of rE[I%g{s 'g%gm%)ié@ﬁ on of the pins, enables a very high degree of
intensive mxing to be attained. Follow ng m xing, the foam nay be extruded

as a bun or ssed to uld for construction of rigid foamarticles such
as panel s ar?&a}ot her d ingﬂ"ﬁwaé'ﬁrfﬁﬁffhP luceqdn Arseedanca-withdhe [peess as

requires a r&l&ﬂhé@ﬂrﬁ@/ %egpafaﬂﬁ%gr}orﬁsi stance and stainless steel is the
recommended material of construction. Seals between itens of equi pnment such
as nono punp 2 and static mxer 6 should be of a resistant rubber, such as
t he fluoroelgstoner 25, supplied under the trade nanme VITON err]. Any val ves
in the apparatus, espé‘&ip&ff%e\?‘éﬂﬁg%',“ EE?&&'F&QBQ ta%ﬁgpag%{ys assu%lll‘\'"?%%ln ABY | ux
of m xtures dgrne ofclgipts 12 t¢q8t i ons of the apparatus is avoi ded. The
apparatus descri bed above is capabl e of providing 90kg/ m nute of product .
pol yur et hane foam

30. A polyurethane foam produced from the formulation as claimed in
claim 19.
31. A polyurethane foam produced from the formulation as claimed in

any one of claims 20, 23, 24 or 26.

32. An article manufactured from the polyurethane foam as claimed in
claim 27. '

33. An article manufactured from the polyurethane foam as claimed in
claim 28.

34. An article manufactured from the polyurethane foam as claimed in
claim 29.

35. An article manufactured from the polyurethane foam as claimed in
claim 30.

36. A plastic foam comprising the fire retardant agent as claimed in any

one of claims 1 to 4.

37. An article manufactured from the plastic foam as claimed in claim
36.
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30 Curing of the product foamnmay be desirable to allow the

sol vent to perneate through, and evaporate from the foam A period of 24
to 48 hours nmay be allowed to conpensate for this contingency. At a fixed
I"oadi ng of 50% 16 by wei ght pol yurethane foam fire retardant agent the

- product foam has a. conpressive streggth of 91.4 KPa or greater and does

not denonstrate a tendency to ignite. Non-ignitability is observed on a
qualitative basis at additions-of fire retardant agent above approxi mately
30% by wei ght of the 5 polyurethane foamfire retardant agent. The nobst
preferred range for fire retardanapgsgeatTaddition is 50 to 53% by wei ght of
t he pol yuret hane foam Exanple 1. The fire retardant perfornmance of two
rigid foans were eval uated by the Australian Departnent of Defence,

| ndustry Support O fice in accordance 10 with ASTM E 1354-92, "Standard
Test Met hod for FPERE RETARDAND | ACENIK SUETARIR: FOR RLAIFIGHterial s and
Products Usi ng an Oxygen Consunption Calorineter”. The contents of ASTME
1354-92 are hereby incorporated by reference. The follow ng properties were
determ ned at heat fl|uxes between 15 25 and 75 kWnR: (a) tine to ignition,
(b) rate of heat & diggsagiRMdant GIHs e iR hREPTBPrabRBuUdRi 8n (EHO), (d)

snoke obscuration, and (e oss
plastic, ggec1a y polyurethane foam which

functions as a foaming agent and comprises a mixture
of soluble ammonium salts selected from the group
consisting of ammonium monophosphate, ammonium
diphosphate and an ammonium halide; and urea.
Processes and apparatus for the production of a

polyurethane foam are also described.
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-The rigid foam conpari son was made with a rigid polyi Socyanurate foam
suppl i ed by another chem cal manufacturer with an organi c non- hal ogenat ed

fire retardant agent being. 20 Rigid Foam A Rigid FoamB
Conparative [err] Flux [err] 25 75 75 25

75 Time to Ignition(s) Did Not Ignite ggﬁl) DNl - DN 12(1)
Maxi mum Rate of Heat Rel ease 25 (kW n2 - -

83.3 Tinme to maxi mum Rate of Heat Rel ease(s) - -

40 Average Rate of 30 Heat Rel ease [err] - -

62.6 17 Average Snoke Qobscuration [err] 747 - 719
1082 786 Loss on

Product

/

Polyol
component
Fig. 1

7
VAE?

r




5 4gnmition(%, - - Uoskp) 7
(1) ignited mﬁthout i'gniter, the rigid foans - A and B prepared i n a¥®8or dance
~with the process and fornulation of the invention did not ignite within the
"time allowed for the test, 600 seconds. Although the rigid polyurethane
foam of the conparative exanple 10 did not ignite at a heat flux of 25
[err], the snpke obscuration was substagially greater. than in the case of
rigid foam A. The foam of the conparative -exanple did burn within 12 _
seconds with Loss on Ignition 60.7% by wei'ght at a heat flux of 75 [err].
Exanple 2. 15 ' Rigid foam A prepared in accordance with the
process and formul ation of the invention was al so subjected to testing
under Australian Standard AS 1530, Pait 3, .the contents of whieh are hereby
i ncorporated by reference, with théABSTRAGE results: Ignitability

0 20 Spread of Fl ane 0 Heat Evol ved 0 Snoke

Devel oped 7 This rating is provided on a scale of 0 to 10 with 0 being

the best rating andActird ireamdamcagent to beOIncoqmramrd ima blasyucdeaspeeiaﬂlyt ed
'n Exampl pol%rurethane foam which functions as a foaming agent and comprises a mixture
of soluble ammonium salts selected from the group consisting of ammonium
monophosphate, ammonium diphosphate and an ammonium halide; and urea.
Processes and apparatus for the production of a polyurethane foam are also

. described.
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T.ekr] 18 [err] 1. A fire retardant agent to be incorporat edwf{ﬁ,_é pl astic
foam being al so a bl ow ng agent conprising a m xture of solublé& amoni um
gal ts bei ng ammoni um nonophosphat e, ammoni um di phosphat e and an anmm ni um
hal i de; and urea. 2. The agent as clained in claim1l wherein the amoni um
hal i de i s anmoni um brom de. 3. The agent as clained in claim2 wherein
the proportions by weight of the fire r e28r dant agent of each conponent are
as follows: 50 to 60 wei ght percent ammoni um bromde 5 to 15 wei ght percent
ammoni um nonophosphate 5 to 15 wei ght percent anmoni um di phosphate 20 to. 30
~wei ght percent urea. 4. The agent as clained in claim3 wherein the
proportions by weight of the agent of each conponent are as follows: 52 to
58 wei ght percent ammoni um broni de 8&3)511:{5\9‘@ ht percent amoni um
monophosphate 8 to 11 wei ght percent ammoni um di phosphate 24 to 28 weight ---
percent urea. 5. A process of poI yur et hane f oam manuf acture conprising
the adm xture, witiFIRE REDARDANE At BWJIABIE FOR PLASTICS ar dant agent
as defined in any one H

A fire retardant agent to be incorporated in a plastic, especially
polyurethane foam which functions as a foaming agent and comprises a mixture
of soluble ammonium salts selected from the group consisting of ammonium

N monophosphate, ammonium diphosphate and an ammonium halide; and urea.
Processes and apparaitus for the prc??i_uction of a polyurethane foam are also
described.

.
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of claims 1 to 4. 6. The process as clainmed in claim5 wherein the fire

r et-ar-dant ‘agent as defined in any one of clainms 1 to 4 is mxed with the
i socyanate prior to contacting with the polyol. REPL.ACENENT. SHEET 19

MAY

1998 7. A process of polyurethane foam repuf R ACEMENT SHRETS| n 8Gai m
conprising the steps of (a) mxing an isoclauatscipticn .paged 4. i pagetht
agent conprising a mxture of sol ubl e amon] umcsaki(s) beipagedusmimipaged 2.
nonophosphat e, ammoni um di phosphate and an RrgRLWNgS! igdged ando yaged ...(.b
feeding the mixture fromstep(a) to a mxer;tg Aueh | S dapéd oxlus griged ul y
and a solvent and m xi.ng these corrpogfents tbgether; and (c) adding at

6

ol

| east one pol ynerisation catal yst and opti ogibl Y VR J giing the
pol yrmeri sation reaction. 8. The process a fﬁmﬁ % b VY S

pol ynmerisation catalyst is a tin qon&ound. 9.  The process as clained in
cl ai m 7 wiBe @olymatisalins (pastion ia desirabicangudted in amixgrrstisead with a high

speed impaller. High speed intensive mixing is aimed at maintaining the abavs
. described components In suspension throughout the duratian aof the

polymaerisatian reaaction. It is to be understaoad that failure to mainta_(ﬁ_..the
. . . s . g
8 companents in suspension may lead to fatlt{re to:attain a uniform hgmoge?‘t,é'ous
polyurathane foam. _ '

In a third aspect, the present invention provides a formulation for manufacture of

a polyurethane foam comprising an isocyanate; a polyal; a catalyst systam and

. a fira ratardant agent comprising a mixture of soluble ammonium salits selectad
10 from the group consisting of ammonium monophosphate, ammonium

diphosphate and an ammonium halide; .and urea, each component being
brought into contact in a sequencs to enable production

'he



10. The process as clained in claim7 wherein the pol ynerisation catal yst
cQnprLi ses an organo tin , din conbination with amne. 11. The
process as clfg G SHEETherein step (a) _Ls-condusted—+n—aninert

at nosphere. ngﬂga claimed in claim7 wherein the

pol ymeri satidn [reaction is c nuct ed-in a high i HE-“‘M“ ’r““k
pol yur et hane foa ocyanate
fir

fornul ation flor] mMASUMAY e
a polyol; a poljynerisation ¢ tlyst system and:a ret &r dant agent

[ 1 Xture of sol ubl ¢ ammoni um salts bei ng amoni um

. phat e 8d ammoni um hal i de; and urea, each
conponent to be br ought |nto contact in a sequence to enable production O

a pol yurethane foam REPLACEMENT SHEET 20 1A The formul ation as
clainmed i | l . di phenyl nethane
di i socyan , ynmet hyl ene pol yphenyl

i socyanate. 15. The fornulation as clai rred in claim13 or 14 wherein the

ammoni um hal i dg ges STFRIRL 4 Qrt‘anﬂﬂﬁcaégrﬁeg e a ! 18AAOBeIAG afdo?h TEd i1

cl ai m 15 wherein the prop o tions
blowing agent compnsmg a mtxtura of soluble ammonium salts - bgmg

ammonium monophosphate, ammanium duphosphata and an amm! mum

halide; and urea. .

2. The agent as claimed in claim 1 whersin the ammonium halide is
ammonium bromide.
- 3. The agent as claimed in claim 2 wherein the proportions by weight of the
fire ratardant agent of each component are as follows:
50 to 60 weight percent ammanium bromide
5 to 15 weight percent ammanium monophasphate
5 to 15 weight percent ammonium diphosphate
20 to 30 weight percent urea.

4, The agent as claimed in claim 3 whersin the proportions by weight of the
agent of each component are as follows:

52 to 58 weight percent ammonium bromide

8 to 11 weight percent ammonium monophosphate

8 to 11 weight percent ammonium diphosphate

24 to 28 weight percent urea.

5. A process of polyurathane foam manufacture comprising the admixturs,

with an isocyanate and a polyal, of the fire retardant agent as defined in any one
af claims 1 to 4.

8. The pracess as claimed in claim S wherain the fire retardant agent as

defined In any one of claims 1 to 4 is mixed with the isocyanate prior o
contacting with the polyol.



of the fire retardant agent .of each conponent are as follows: 52 to 58
wei ght, per cent mirer-eri-de- 8 to 11 wei ght percent anmoni um
nmonophosphat e m MMISMr cent ammoni um di phosphate 24 to 28 wei ght
percent urea. {17. e 1or tfon as clainmed inclaim13 conprising

non- hydrol ysaljl § s 8} The fornul at romas—ctat+wed—+n—claim 13
wher ei n each 9ol ung@mu salt and urea i s stalline solid ground
to a size of Ret ncrons. 19. %Jﬂmijmmmu lainmed in
claim13 or 14 wherein the firefretardant agent rcent by
wei ght of the product poryurettrane figam 20. The formul ation as clained in
claim 13 including glycerol or glycerine. 21. A pol yurethane foam

conprisi g the pide@ss &f PalAutbthagefoaas nidnafdtste| 4s Clamead ih tlaird.6 22. A

pol yur et hane f a roduc? I n accordance with the process as clainmed in any
one of clIFMAY i‘fp REPLACEMENT SHEET 19 MAY 1998 23. A pol yur et hane
f oam produced(i)ronmtm Bnrigotyatriate with al frenacardantchgemh comprising a .

mixture of soluble ammonium saits being ammonium

monophasphate, ammonium diphasphate and an ammqn:um -
halide; and urea; w
(b) feeding the mixturs from step’('a) to a mixar to which is introducsed a
palyol and a salvent and mixing these components together; and
() adding at least one polymerisation catalyst and optionally water

and conducting the polymarisation reaction.

8. The procsss as claimed in claim 7 whersin the polymerisation catalyst is
a tin compaound.

9. The process as claimed in claim 7 wherein the polymerisation catalyst is’
an amine. '

10. The process as claimed in claim 7 wherein the polymerisation catalyst
comprises an organo tin compound in combination with amine.

11. The process as claimed in claim 7 wherein step (a) is conducted in an
inert atmosphere.

12. The pracess as claimed in claim 7 wherein the polymerisation reaction is
conducted in a high intensity mixer.

13. A formulation for manufacture of polyurethane foam comprising an
Isocyanate; a polyol; a polymarisation gatalyst system and a fire retardant agent
comprising a mixture of sciuble ammonium salts bsing ammonium
monagphiosphate, ammonium diphosphate and ammoaonium halide; and uraa,

each component to be brought into contact in a sequence to enable production
>f a polyurethane foam.



13. 24. A pol yurethane foam produced fromthe fornulation as clained in
jny one of clainms 14, 17, 1 8 or 20. 25. An article manufactured fromthe
pol yuret hane foamas clained in claim?21. 26. An article manufactured from
t he pol yuret hane foam as ¢l ai rred in claim?22. 27. An article manufactured
fromthe pol REPLR@EMENIE‘. GpTEl aimed in claim23. 28. A plastic foam
conpri si ng 't e ~Fe—Fetarddit | agent as clained in a ims 1 to
4. 29. An aftifcl e _manufactufep formthe plasti aimed in claim
28. 22 27| TIMAX By uf e} hane foam corrpﬂ"’mgmam t ar dant
agent as qlafmed_in clains 1tp 4. 28 $O0lc mproduced
I n accordgnceé with the processfas clained in any one of clalms 5to 11. 29.
A pol yur etiha Ilin the apparatus as clained in any one of
]S'Of'rm”f ail .210 ‘{rioa;‘%‘& fg%n%auon as clAnisd UL A \end SR i RAYERSe LB S

diphenyl methane diisocyanats, methylene blsphenyl isocyanate and

polymaethylene polypheny! isacyanats.

(‘D

—+

b . ;d '
15. The formulation as claimed in claim 13 or 14 whersin the ammonium

halide is ammonium bromida.

16. The formulation as claimed in claim 15 whersin the propartions by waight
“of the fire retardant agent of gach compaonent are as follows:

52 to 58 weight percant ammonium bromide

8 to 11 weight percent ammonium monophosphate

u‘l“

8 to 11 weight percant ammonium diphosphate
24 to 28 weight psrcent urea. '

17. The formulation as claimed in claim 13 comprising non-hydrolysable
surfactant, '

18. The formulation as claimed in claim 13 wherein each solubls ammonium
salt and urea is a crystalline solid ground to a size of betwsen 20 and 50

microns.

19. The formulation as claimed in claim 13 or 16 wherein the fire retardant
agent forms 50 to 53 parcant by waight of the product polyurathane foam.

20. The formuiaticn as claimed in claim 13 including glycerol or glycarine.

21. A polyurethane foam comprising the fire retardant agent as claimed In
claims 1 to 4.

22. A polyurethane foam produced in accordance with the process as
- claimed in any one of claims 5 to 11.



claim19. 31.

A pol yur et hane foam produced fromthe formnul ati on as

cl.aimed i n any one of clains 20, 23, 24 or 26. 32. An article

manuf act ur ed
An article

34. Al
claim?29. 35

claimed in cfa
retardant jaggn }
article manuf aCTuret—om.t

Sheet Has B

fromthe poI yur et hane foamas clainmed in claim?27. 33.

[y f£xam the pol yuret hane foamas clained in claim28.
EACEMEM‘nQHEETtred fromthe polyurethane foamas clainmed in

manuf actured fromthe pol yuret hane foam as
m$9 @5
as (':1 i#gﬁ [

A plastic foam conprising the—fire

ik s o MM o 7

n_Repl aced

23.
13‘

24.

2s.
21.

w 26.
22,

27.
23.

28.

A polyurathane feam praduced fram the farmulation as claimed In claim

A polyurathane foam produced from the foa;@dlation as claimed in afny
one of claims 14, 17, 18 or 20. -

..

An articla manufactured from the polyurethane foam as claimed in claim
An article manufactured from the polyursthane foam as claimed in claim
An article manufactured from the polyursthane foam as claimed in claim

‘A plastic foam comprising the. fire retardant agent as claimed in any one

of claims 1 to 4.

29.

An article manufactured form the plastic foam as claimed in claim 28.
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~ ABSTRACT
FIRE RETARDANT AGENTS SUITABLE FOR PLASTICS

A fire retardant agent to be incorporated in a plastic, especially
polyurethane foam which functions as a foaming: hgent and comprises Q'mixture
of soluble ammonium salts selected froml the group consisting of ammonium
monophosphate'. ammonium diphosphate and an ammonium halide; and urea.
Processes and apparatus for the production of a polyurethane foam are also

described.
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