
FLAME RETARDANT POLYURETHANES AND ADDITIVES THEREFOR
TECHNICAL FIELD [0001] This invention relates to flame
retardant rigid polyurethane foams, and to novel
additive compositions, which can be used in forming
such foams. BACKGROUND [0002] Rigid polyurethane foam
is processed using a cast process or spray process.
The cast process is generally utilized for block foam
production, continuous double band lamination (DBL),
and discontinuous panel production (DCP). [0003] Block
foam is produced by known discontinuous production or
continuous rigid slab-stock production methods. If
necessary for specialty products, the block foam is
cut after production to the required shape, and is
typically glued to facings to make the finished
specially product. Such products find use in the
building industry, in truck insulation, and in the
form of half shells for pipe insulation. [0004] Double
band lamination is a continuous panel production
process with both sides laminated with all kind of
flexible or rigid facing materials. The polyurethane
foam core is sandwiched between those facings and
applied as insulation for floors, walls and roofs.
Sandwich panels with a rigid metal facing are
structural building elements and can be applied as
roof and wall construction elements such as cold-store
panels, garage doors, refrigerated trucks, and for
similar uses. Sandwich panels with non-metal rigid
facing, e.g., gypsum board or wood, are used in the
manufacture of prefabricated houses or other building
structures. [0005] Anyone unfamiliar with the art of
forming polyurethanes, polyisocyanurates, or related
polymers desiring any further details already known by
those of ordinary skill in the art of producing
polyurethane foams, polyisocyanurate foams, or
polyurethanemodified polyisocyanurate foams may refer
for example to U.S. Pat. Nos. 3,954,684; 4,209,609;
5,356,943; 5,563,180; and 6,121,338, and the
references cited therein. [0006] There has been a
transition in the type of blowing agents over the last
decade from CFCs to HCFCs in accordance with the
Montreal Protocol because of the ozone depletion
potential (ODP) of CFCs. For countries in which the
use of CFCs was abolished, this conversion typically
involved switching from CFC-1 1 to HCFC 141b. However,
the industry must soon convert from HCFCs to a third
generation blowing 



agent with non-ODP and low global-warming potential
(GWP). Alternative blowing agents are HFC's and
hydrocarbons. [0007] In practice, systemhouses prepare
ready-to-use blends of all ingredients but the
isocyanate(s). Typical ingredients involved are
polyols, chain extenders and/or crosslinkers, water as
auxiliary blowing agent, flame-retardants, catalysts
and surfactants. [0008] Fire resistance is an
important property of construction materials.
Bromine,chlorine and phosphorus compounds or mixtures
thereof have been used effectively to comply with
applicable fire safety standards. However, in addition
to high effectiveness as flame retardants, it is
desired to provide liquid flame retardant compositions
having low viscosity that can be easily incorporated
in the various types of processes used in
manufacturing of rigid polyurethane foams. In
addition, such compositions need to have good shelf
stability, and in order to be accepted in the
marketplace such compositions need to be highly
cost-effective to the user. [0009] One objective of
this invention is thus to provide effective, liquid
flame retardant compositions with relative low
viscosity that have good shelf stability and that can
be easily blended with the other ingredients to obtain
a system useful for producing flame retardant rigid
polyurethane foam. Another objective is to provide a
flame retardant composition which is particularly
useful for double band lamination that provides good
hardness development. BRIEF SUMMARY OF THE INVENTION
[0010] The foregoing objectives can be successfully
accomplished by providing in one embodiment of this
invention a free-flowing non-viscous liquid flame
retardant additive composition comprised of or formed
by mixing together components comprised of: A) at
least one organic halogen-containing reactive flame
retardant where the halogen is chlorine or bromine or
both, preferably is at least one organic
bromine-containing reactive flame retardant; and B) at
least one liquid additive where the additive is
comprised of at least one aliphatic polyepoxide and
preferably is comprised of at least one aliphatic
diepoxide. [0011] As long as the additive composition
is a free-flowing liquid, it can be of any suitable
viscosity. Typically, however, the additive
compositions of this invention have a Brookfield
viscosity at 250C of about 10,000 centipoises (cps) or
less, preferably 5,000 cps or less, more preferably
1000 or less, and most preferably such viscosity is
about 500 



centipoises or less. [0012] As is well known in the
art, a reactive flame retardant is one in which the
compound contains at least one functional group, and
usually more than one functional group, which is
available to react with, and capable of reacting with,
other polymerforming components during polymerization
so that the resultant polymer contains the flame
retardant in chemically bound form in the polymer
being formed. Terminal hydroxyl groups serve as one
example of such reactive functional groups. [0013]
Among the various preferred embodiments of this
invention is a free-flowing non-viscous liquid flame
retardant additive composition comprised of or formed
by mixing together components comprised of:A) at least
one organic halogen-containing reactive flame
retardant where the halogen is chlorine or bromine or
both, preferably is at least one organic
bromine-containing reactive flame retardant; B) at
least one liquid additive where the additive is
comprised of at least one aliphatic polyepoxide and
preferably is comprised of at least one aliphatic
diepoxide; and C) at least one organic
phosphorus-containing flame retardant, which
preferably is Cl) at least one organic phosphate ester
or C2) at least one organic phosphonate ester, and
which most preferably is at least one organic
phosphate ester and C2) at least one organic
phosphonate ester. Although various proportions of
these components can be used, components A), B), and
C) (when C) is other than a combination of Cl) and
C2)) preferably are present in, or are utilized in
forming the additive composition in, an A):B):C)
weight ratio in the range of about 85:2:13 to about
30:15:55, more preferably in the range of about
80:4:16 to about 50:16:34, with a ratio of about
74.5:6:19.5 being especially preferred. [0014] A
particularly preferred embodiment is a free-flowing
non-viscous liquid flame retardant additive
composition comprised of or formed by mixing together
components comprised of: A) at least one organic
halogen-containing reactive flame retardant where the
halogen is chlorine or bromine or both, preferably is
at least one organic bromine-containing reactive flame
retardant; B) at least one liquid additive where the
additive is comprised of at least one aliphatic
polyepoxide and preferably is comprised of at least
one aliphatic diepoxide; and 



Cl) at least one organic phosphate ester; and C2) at
least one organic phosphonate ester. Here again,
various proportions of these components can be used.
However, components A), B), Cl), and C2) preferably
are present in, or are utilized in forming the
additive composition in, an A):B):C1):C2) weight ratio
in the range of about 85:2:12:1 to about 30:15:45:10,
more preferably in the range of about 80:4:14:2 to
about 50:16:26:8, with a ratio of about 74.5:6:16.5:3
being especially preferred. [0015] In order to gain
widespread acceptance in the marketplace, it is
desirable that a flame retardant for rigid
polyurethane foam have the capability of passing the
very stringent French N FP 92-501 M-I flammability
test. A feature of this invention is that especially
preferred compositions of this invention are capable
of passing the M-I flammability test. In fact, it has
been found that even when rigid foam polyurethane
samples have been blown using an exceptionally
flammable blowing agent such as npentane, the
incorporation into the polyurethane recipe of an
especially preferred flameretardant additive
composition of this invention enables the samples to
pass the M-I flammability test. [0016] It is also
desirable that a flame retardant for polyurethane
rigid foam have the capability of passing the less
severe German DIN 4102 B2 flammability test. The
incorporation into the polyurethane recipe of various
suitably-proportioned especially preferred flame
retardant additive compositions of this invention
enables the samples to pass the DIN 4102 B2
flammability test. [0017] Still another embodiment of
this invention is a flame-retardant composition which
comprises a rigid polyurethane, a rigid
polyisocyanurate, a rigid polyurethane foam, or a
rigid polyisocyanurate foam, each of which is formed
from components comprised of: a) at least one organic
polyisocyanate; b) at least one isocyanate-reactive
compound; and c) a free-flowing non-viscous liquid
flame retardant additive composition of this invention
as described herein, which flame retardant composition
can result from inclusion of components A) and B); or
of components A), B), and C); or of components A), B),
Cl), and/or C2) (plus in each case other optional
components) as separate components into the
polyurethane-forming composition but preferably, at
least components A) and B) (and if used, C) whether C)
is Cl and/or C2 or is 



some other organic phosphorus-containing flame
retardant) are used as a preformed additive
composition of this invention. When the flame
retardant composition is a foam, component d) which is
at least one blowing agent, is also used. [0018] The
above and other embodiments and features of this
invention will be still further apparent from the
ensuing description and ensuing claims. FURTHER
DETAILED DESCRIPTION OF THE INVENTION [0019] The
components used in forming the flame retardant
additives of this invention from which the flame
retardant rigid polyurethane foams of this invention
are formed comprise: A) at least one organic
halogen-containing reactive flame retardant where the
halogen is chlorine or bromine or both, which flame
retardant preferably is a bromine-containing reactive
flame retardant; and B) at least one liquid additive
where the additive is a polyepoxide and preferably a
diepoxide; and optionally but preferably C) at least
one organic phosphorus-containing flame retardant,
which most preferably is where C) is composed of:Cl)
an organic phosphate ester, and C2) an organic
phosphonate ester. The liquid additive(s) of component
B) provide(s) improved hardness development in the
foams that are flame retarded pursuant to this
invention. Other components described hereinafter can
be used in forming the compositions of this invention.
COMPONENT A) - REACTIVE FLAME RETARDANTS [0020]
Various organic halogen-containing reactive flame
retardants are known and are available in the
marketplace. Among preferred previously known organic
halogencontaining reactive flame retardants for use in
forming the additives of this invention are (r) such
reactive bromine flame retardants as SAYTEX RB-79
flame retardant (having a nominal structure of a mixed
ester of tetrabromophthalic anhydride with diethylene
glycol and propylene glycol; Albemarle Corporation),
tetrabromobisphenol-A, tetrachlorobisphenol-A,
tribromoneopentyl alcohol and/or derivatives thereof, 



dibromobutenediol and/or derivatives thereof, and
dibromoneopentyl glycol and/or derivatives thereof.
[0021] Two additional types of previously publicly
unknown organic brominecontaining reactive flame
retardants for use in this invention are either: I) a
flame retardant formulation comprised of (1) at least
one bromine-containing polyol reactive flame retardant
formed from the reaction of (a) tetrabromophthalic
anhydride, (b) an aliphatic polyol, and (c) an
epoxide, and (2) at least one aliphatic diester of an
alkane dicarboxylic acid, with the proviso that the
formulation has a viscosity at 25C of about 20,000 cps
or less, and a bromine content of at least about 40
wt%, and preferably above about 43 wt%; or II) a flame
retardant formulation comprised of (1) at least one
bromine-containing polyol reactive flame retardant
formed from the reaction of (a) tetrabromophthalic
anhydride, (b) an aliphatic polyol, and (c) an
epoxide, and (2) at least one aliphatic diester of an
alkane dicarboxylic acid, wherein the bromine content
of said formulation is above 40 wt% and wherein said
formulation further comprises (X) at least one liquid
mono- or polyhalohydrocarbon in which the halogen
content is one or more chlorine and/or bromine atoms
per molecule; (Y) at least one polyhalocarbon in which
the halogen content is made up of chlorine and/or
bromine atoms; or (Z) both of (X) and (Y), with the
proviso that each of (X), (Y), and (Z) has a viscosity
of less than about 100 cps at 25C, in an amount such
that the viscosity of the resultant formulation is
below 20,000 cps at 250C and is lower than the
viscosity of the same formulation devoid of (X), (Y),
and (Z), and such that the bromine content, exclusive
of (X), (Y), and (Z), is at least 40 wt%, and
preferably above about 43 wt%.[0022] A
bromine-containing polyol reactive flame retardant as
described in (1) of each (r) of I) and II) above, is
commercially-available from Albemarle Corporation as
SAYTEX RB-79 flame retardant which has the nominal
structure of a mixed ester of tetrabromophthalic
anhydride with ethylene glycol and propylene glycol.
As indicated (r) above, SAYTEX RB-79 flame retardant
is itself a reactive flame retardant. [0023] The low
viscosity flame retardant formulations of I) and II)
above are fully described in U.S. Patent Application
No. 10/651,823, filed August 29, 2003. 



[0024] There are four groups of previously publicly
unknown organic brominecontaining reactive flame
retardants for use in this invention which will now be
described. Group 1 [0025] One group of these new flame
retardant formulations is comprised of (1) at least
one bromine-containing polyol flame retardant made
from the reaction of (a) tetrabromophthalic anhydride,
(b) an aliphatic polyol, and (c) an epoxide, and (2)
at least one aliphatic diester of an alkane
dicarboxylic acid, with the proviso that the
formulation has a viscosity at 25C of about 20,000 cps
or less, preferably about 15,000 cps or less, more
preferably about 10,000 cps or less, and still more
preferably about 6000 cps or less, and a bromine
content of at least about 40 wt% and preferably above
about 43 wt%. Desirably, the hydroxyl number of the
formulation is in the range of about o about 220. In
addition, typically the formulation will have an acid
number of no more than about 0.5 mg KOH/g of
formulation, and preferably no more than about 0.2 mg
KOH/g of formulation. [0026] The aliphatic ester
groups of component (2) above, which can be the same
or different, are CM0 aliphatic groups which can be
straight-chain or branched-chain. Also, these
aliphatic groups can be saturated or they can be
unsaturated, especially with one or more olefinic
bonds. Use of esters having straight-chain aliphatic
ester groups is preferred, and more preferred are
esters having straight-chain alkyl ester groups. While
the alkane moiety can contain up to 10 carbon atoms,
dialiphatic esters of C2 to C6 saturated dicarboxylic
acids are preferred. [0027] A particularly preferred
group of fully saturated straight-chain dicarboxylic
acid esters is composed of a single ester or a
combination of esters represented by the
formula^-OOC-R'-COO-R'wherein R1 is -(CH2)W-; R2 is
-(CH2)X-CH3; and R3 is -(CH2),- CH3; and in which w is
a number from 2 to 4, and each of x and y is,
independently, a number from 0 to 5. More preferred is
a single ester or a combination of esters of this
formula where R2 and R3 are methyl, ethyl, n-propyl,
n-butyl, or isobutyl and especially where such CM
alkyl groups are the same. Even more preferred are the
dimethyl esters of succinic acid or glutaric acid or
adipic acid, or any mixture of any two or all three of
these. [0028] The polyol flame retardants of (1) can
be made from a variety of aliphatic polyols and
epoxides. Among suitable aliphatic polyols are
included, for example,ethylene glycol, propylene
glycol, the isomeric butylene glycols, diethylene
glycol, 1,5- pentanediol, 1,6-hexanediol, triethylene
glycol, glycerol, trimethylolethane, 



trimethylolpropane, 1,2,6-hexanetriol,
pentaerythritol, tetraethylene glycol,
dipentaerythritol, sorbitol, sucrose, and
alpha-methylglycoside. Mixtures of two or more such
aliphatic polyols can be used if desired. Typically,
the aliphatic polyol(s) used will contain up to about
18 carbon atoms per molecule. [0029] Non-limiting
examples of epoxides that can be used in the
production of the polyol flame retardants of (1)
include ethylene oxide, propylene oxide,
epichlorohydrin, epibromohydrin, 1,2- butylene oxide,
2,3-butylene oxide, 1,2-pentylene oxide, 2,3-
pentylene oxide, and any of the several hexylene
oxides, heptylene oxides, octylene oxides, 1,2-epoxy
dodecane, styrene oxide, and the like. Mixtures of two
or more such epoxides can be used. Typically the
epoxide(s) used can contain up to about 12 carbon
atoms per molecule. [0030] hi preparing the polyol
flame retardants of (1) a two step reaction is
typically employed. In the first step, the
tetrabromophthalic anhydride is reacted with the
aliphatic polyol. A suitable catalyst is introduced
into the reaction mixture. Among suitable catalysts
are, for example, magnesium oxide, sodium acetate,
potassium acetate, sodium carbonate, and potassium
carbonate. Trialkylamines are also suitable catalysts.
If desired, an inert solvent such as an inert liquid
hydrocarbon can be employed in the first step. In the
second step, the epoxide or mixture of epoxides is
introduced into the reaction product mixture formed in
the first step. [0031] In forming the polyol flame
retardants of (1) various ratios of the reactants can
be used. Typically these ratios are expressed in terms
of equivalents. An equivalent weight of
tetrabromophthalic anhydride is one-half of its
molecular weight. An equivalent weight of an aliphatic
polyol is its molecular weight divided by the number
of reactive hydroxyl groups. An equivalent weight of a
monoepoxide is one-half its molecular weight. A
typical reactant ratio is one equivalent of
tetrabromophthalic anhydride to 0.5-10 equivalents of
aliphatic polyol to 0.5-20 equivalents of epoxide. A
more preferred reactant ratio is one equivalent of
tetrabromophthalic anhydride to 0.75-2.0 equivalents
of polyol to 1-10 equivalents of epoxide. Most
preferred ratios are one equivalent of
tetrabromophthalic anhydride with 0.9-1.5 equivalents
of aliphatic polyol and 1-5 equivalents of epoxide.
Temperatures used in the two steps of the reaction
will typically fall within the range of about 100 to
about 1500C. 



[0032] Further details concerning the preparation of
polyol flame retardants of (1) can be found, for
example, in U.S. Pat. Nos. 3,455,886; 4,144,395;
4,564,697; and 5,332,859. [0033] The other component
used in the formulations of this first group of new
flame retardants is at least one liquid straight-chain
aliphatic diester of a straight-chain
alkanetricarboxylic acid. Non- limiting examples of
such diesters include dimethyloxalate, diethyloxalate,
di-n-propyloxalate, di-n- butyloxalate,
diisopropyloxalate, diisobutyloxalate,
dipentyloxalate, methylethyloxalate,
methylbutyloxalate, dimethylmalonate, diethylmalonate,
di-n-propylmalonate, di-n-butylmalonate,
diisopropylmalonate, diisobutylmalonate,
dipentylmalonate, methylethylmalonate,
methylbutylmalonate, dimethylsuccinate,
diethylsuccinate, di-n-propylsuccinate,
di-nbutylsuccinate, diisopropylsuccinate,
diisobutylsuccinate, dipentylsuccinate,
methylethylsuccinate, methylbutylsuccinate,
dimethylglutarate, diethylglutarate,
di-npropylglutarate, di-n-butylglutarate,
diisopropylglutarate, diisobutylglutarate,
dipentylglutarate, methylethylglutarate,
methylbutylglutarate, dimethyladipate, diethyladipate,
di-n-propyladipate, di-n-butyladipate,
diisopropyladipate, diisobutyladipate,
dipentyladipate, methylethyladipate,
methylbutyladipate, and analogous liquid
straight-chain aliphatic diesters of straight-chain
alkane dicarboxylic acids. Preferred as component of
(2) of this embodiment are mixtures of such esters,
especially mixtures of dimethyl esters. A few
non-limiting examples of such preferred mixtures
include 55-65 wt% of dimethylglutarate, 10-25 wt% of
dimethyladipate, and 15-25% wt% of dimethylsuccinate;
72-77 wt% of dimethylglutarate and 20-28 wt% of
dimethyladipate; 85-95 wt% of dimethyladipate and 5-15
wt% of dimethylglutarate; 65-69 wt% of
dimethylglutarate and 31-35 wt% of dimethylsuccinate;
55-70 wt% of diisobutylglutarate, 10-20 wt% of
diisobutyladipate, and 20-30 wt% of
diisobutylsuccinate. Mixtures of this type are
available as articles of commerce from DuPont Company.
[0034] The amount of component (2) used with component
(1) is an amount sufficient to reduce the Brookfield
viscosity of the resultant formulation to a suitably
low level of about 20,000 cps or less at 250C while
maintaining the bromine content of the formulation at
a level of at least about 40 wt%. Preferably the
resultant formulation has a Brookfield viscosity of
about 15,000 cps or less, more preferably about 10,000
cps or less, and most preferably about 6000 cps or
less, and a bromine content of at least about 40 wt%
and preferably above about 43 wt%. Desirably, the
hydroxyl number of the formulation is in 



the range of about 90 to about 220. In addition,
typically the formulation will have an acid number of
no more than about 0.5 mg KOH/g of formulation, and
preferably no more than about 0.2 mg KOH/g of
formulation. [0035] To form the formulations suitable
mixing equipment such as a stirred tank should be
used. Preferably, the mixing is conducted with
agitation under an inert atmosphere such as nitrogen
and with the application of thermal energy sufficient
to raise the temperature of the mixture being formed
to about 50 to about 1000C. The order of addition of
the components is not critical and thus either
component can be introduced into the mixing equipment
before the other, or both components can be
introducedconcurrently into the mixing equipment. The
time used in the mixing step and the rate of agitation
should be sufficient to produce a homogeneous
formulation. Group 2 [0036] In this Group 2, the new
flame retardant formulations are comprised of (1) at
least one bromine-containing diol formed from (a)
tetrabromophthalic anhydride; (b) diethylene glycol;
(c) at least one alpha-omega alkane diol, or at least
one alpha-omega alkane diol and at least one aliphatic
monool; and (d) at least one alkylene oxide; and (2)
at least one straight-chain aliphatic diester of a
straight-chain alkane dicarboxylic acid, with the
proviso that the formulation has a viscosity at 25C of
about 20,000 cps or less, preferably about 15,000 cps
or less, more preferably about 10,000 cps or less, and
still more preferably about 6000 cps or less, and a
bromine content of at least about 40 wt% and
preferably above about 43 wt%. Desirably, the hydroxyl
number of the formulation is in the range of about 90
to about 220. In addition, typically the formulation
will have an acid number of no more than about 0.5 mg
KOH/g of formulation, and preferably no more than
about 0.2 mg KOH/g of formulation. [0037] In this
Group 2, the procedure and materials used are as
described in connection with the above Group 1 except
that component (1) is one or a mixture of new
compounds. In addition, while the formulation can be
formed by blending the components of this Group 2
after formation of component (1), it is desirable to
utilize component (2) as an inert solvent for the
preparation of the new compound or mixture of new
compounds so that the resultant end product from the
process already contains the desired component (2).
Thus, the amount of component (2) used as a solvent
can be adjusted relative to the reactants used in
forming the new compound such that the proportions of
components (1) 



and (2) in the finished product correspond to the
desired proportions of the formulation. On the other
hand, the amount of component (2) used as a solvent in
the preparation of the new compound(s) can be less
than that desired in the resultant formulation. In
this case, an additional quantity of component (2)
should be added to the product formed in the process
to bring the level of component (2) in the resultant
formulation up to the desired proportion. Conversely,
in preparing the new compound of this invention, an
excess amount of component (2) can be used as a
solvent for the reaction producing the new compound(s)
whereby the resultant reaction product will contain
more of component (2) relative to component (1) than
desired. In this case such excess of component (2) can
be removed from the resultant reaction product by
reduced pressure distillation so that the finished
product of this Group 2 contains the desired amount of
component (2) relative to component (1). [0038] The
new flame retardant compounds used in forming the low
viscosity flame retardant formulations of this Group 2
of flame retardants are bromine-containing diolsformed
from: a) tetrabromophthalic anhydride; b) diethylene
glycol; c) one of the following: 1) at least one
alpha-omega alkane diol; or 2) at least one
alpha-omega alkane diol and at least one aliphatic
monool; d) at least one alkylene oxide;with the
proviso that the compounds have a Brookfield viscosity
at 25C of about 60,000 cps or less, preferably about
40,000 cps or less, more preferably about 25,000 cps
or less, and a bromine content of at least about 43
wt% and preferably above about 45 wt%. [0039] The new
flame retardant compounds used in forming the low
viscosity flame retardant formulations of this Group 2
are typically formed by a two-step reaction. In the
first step, (i) tetrabromophthalic anhydride, and (ii)
diethylene glycol, (iii) at least one alpha-omega
alkane diol, or at least one alpha-omega alkane diol
and at least one aliphatic monool; are brought
together in proportions of about 0.1 to about 1.1
moles of (ii) per mole of (i), and about 0.1 to about
1.1 moles of (iii) per mole of (i) such that there is
a total of about 0.5 to about 1.8 moles of (ii) and
(iii) per mole of (i). In this connection, when a
combination of at least one alpha-omega alkane diol
and at least one aliphatic 



monool is used as (iii), the alpha-omega alkane
diol(s) and the aliphatic monool(s) can be used in any
proportions relative to each other. [0040] This
first-step reaction is typically performed at about
atmospheric pressure and at a temperature in the range
of about 110 0C to about 1400C, and preferably in the
range of about 120 to about 1300C. [0041] Various
alpha-omega alkane diols can be used in conducting
this first step reaction. Thus, use can be made of
such alkane diols as 1,2-ethanediol, 1,3-propanediol,
1,4-butanediol, 1,5- pentanediol, 1,6-hexanediol,
1,7-heptanediol, 1,8-octanediol, and their higher
homologs. Preferably the alpha-omega alkane diol(s)
used will contain in the range of 2 to about 8 carbon
atoms per molecule, and more preferably in the range
of 2 to about 4 carbon atoms per molecule. [0042] If
one or more aliphatic monools are used in the
first-step reaction, the aliphatic monool can be
straight-chain or branched-chain and they can be
saturated or unsaturated, and if unsaturated,
preferably, olefinically unsaturated. In addition
aliphatic portion of the monools can contain one or
more ether oxygen atoms. Non-limiting examples of such
aliphatic monools include methanol, ethanol,
1-propanol, 2-propanol, 1-butanol, 2- butanol,
2-methyl-l-propanol, 2-methyl-2-propanol,
2-methyoxyethanol, 2-ethoxyethanol, diethylene glycol
monomethylether, allyl alcohol, 3-butenol, 1-hexanol,
2-ethylhexanol, isodecyl alcohol, and the like.
Typically, the aliphatic monool will contain in the
range of1 to about 10 carbon atoms per molecule.
Preferably the aliphatic monool(s) used will contain
in the range of 1 to about 4 carbon atoms per
molecule. [0043] hi the second step, the product of
the above reaction is contacted with at least one
alkylene oxide. For the purposes of this invention,
and unless expressly specified otherwise, the term
"alkylene oxide" includes haloalkylene oxides. Thus,
use can be made of such alkylene oxides as ethylene
oxide, propylene oxide, epichlorohydrin,
epibromohydrin, 1,2-butylene oxide, 2,3-butylene
oxide, 1,2-epoxypentane, 2,3- epoxypentane,
1,2-epoxyhexane, 2,3-epoxyhexane, 3,4-epoxyhexane, and
their higher homologs. Mixtures of two or more such
alkylene oxides can be employed if desired. The
alkylene oxide(s) used will typically contain in the
range of 2 to about 10 carbon atoms per molecule.
Preferred alkylene oxides will contain in the range of
2 to about 4 carbon atoms per molecule. The
proportions used are such that there are in the range
of about 1.2 to about 1.9 moles of one or more
alkylene oxides per mole of 



tetrabromophthalic anhydride used in the first step
reaction, and such that the acid number (as determined
by aqueous sodium hydroxide titration and as expressed
in terms of potassium hydroxide) is less than 0.4 and
preferably less than 0.2 milligrams of KOH per gram of
undiluted product. This second step reaction is
typically conducted at a temperature in the range of
about 110 to about 1400C, and preferably in the range
of about 120 to about 13O0C under pressures in the
range of about 10 to about 100 psi, and preferably in
the range of about 20 to about 50 psi. [0044] In
selecting the alpha-omega alkane diol and, if used the
aliphatic monool, the molecular weight of such
compound(s) and the proportion thereof used in the
reaction tend to be inversely proportional. For
example, when using one or more higher molecular
weight alpha-omega alkane diols alone as reactant
(iii) above the proportion thereof should be kept
relatively low within the above specified ranges in
order to ensure that the final product will meet the
bromine content parameter. Similar considerations
apply when using one or more higher molecular weight
aliphatic monools along with one or more higher
molecular weight alpha-omega alkane diols. [0045]
Although typically unnecessary, either or both of the
foregoing two step reactions can be conducted in the
presence of an inert solvent such as an inert liquid
hydrocarbon. However, if such a hydrocarbon solvent is
used, it is desirable to remove the solvent such as by
flashing or distillation upon completion of the
reaction. Groups 3 and 4 [0046] Particularly preferred
flame retardants are formulations as above described
in connection with Group 1 or Group 2 with which are
blended (X) at least one liquid monoor
polyhalohydrocarbon in which the halogen content is
one or more chlorine and/or bromine atoms per
molecule; (Y) at least one polyhalocarbon in which the
halogencontent is made up of chlorine and/or bromine
atoms; or (Z) both of (X) and (Y), with the proviso
that each of (X), (Y), and (Z) has a viscosity of less
than 100 cps at 25C. These formulations of Groups 3
and 4 typically have a viscosity at 25C of about
20,000 cps or less, preferably about 10,000 cps or
less, more preferably about 6000 cps or less, and
still more preferably about 4000 cps or less, and a
bromine content of at least about 40 wt% and
preferably above about 43 wt%. Desirably, the hydroxyl
number of the formulation is in the range of about 90
to about 220. In addition, typically the formulation
will have an acid number of no more than about 0.5 mg
KOH/g of formulation, and preferably no more 



than about 0.2 mg KOH/g of formulation. [0047]
Non-limiting examples of liquid monohalohydrocarbons
and polyhalohydrocarbons that can be used in forming
the formulations of Groups 3 and 4 include n-propyl
chloride, n-propyl bromide, isopropyl chloride,
isopropyl bromide, butyl chloride, butyl bromide,
isobutyl chloride, isobutyl bromide, higher homologs
of these alkyl monohalides, methylene chloride,
bromochloromethane, methylene bromide, ethylene
dichloride, ethylene dibromide, 1,1,2-trichloroethane,
1,1,1- trichloroethane, trichloroethylene, chloroform,
chlorobenzene, bromobenzene, cyclohexylchloride,
cyclohexylbromide, and analogous halohydrocarbons in
which the halogen content is either chlorine or
bromine, or both. Non-limiting examples of
polyhalocarbons that can be used include carbon
tetrachloride, carbon tetrabromide, perchloroethylene,
and the like. The liquid monohalohydrocarbons and
polyhalohydrocarbons that are devoid of unsaturation
are preferred. [0048] The amount of liquid mono- or
polyhalohydrocarbon(s) and/or liquid polyhalocarbon(s)
used in forming the formulations of this Groups 3 and
4 can be varied so long as the viscosity of the
resultant formulation is about 20,000 cps or less and
the bromine content of the resultant formulation is at
least about 40 wt%. Generally speaking, the requisite
amount of liquid mono- or polyhalohydrocarbon(s)
and/or liquid polyhalocarbon(s) will typically fall
within the range of about 0.1 to about 15 wt% based on
the total weight of the formulation. However,
departures from this range are permissible whenever
deemed necessary or advisable in achieving the desired
viscosity and bromine content parameters, and are
within the contemplation and scope of this invention.
[0049] The blending procedures, mixing equipment, and
conditions for the mixing or blending (including
temperatures) are the same as described above. [0050]
Several commercially available proprietary
bromine-containing reactive flame retardant
compositions which are well-suited for use in the
practice of this invention are (r) SAYTEX RB-8000
flame retardant (a stable highly reactive
bromine-containing aromatic diol having all primary
hydroxyls and made from tetrabromophthalic anhydride;
Albemarle Corporation); SAYTEX RB-9130 flame retardant
and SAYTEX RB-9170 flame retardant (reactive diols for
rigid polyurethane and polyisocyanurate foams having a



high aromatic bromine content, high reactivity, scorch
resistance, and low viscosity). Typical properties of
these products as identified by the manufacturer are
as set forth in Table A. TABLE A [0051] Suitable
bromine-containing polyol reactive flame retardants
formed from the reaction of (a) tetrabromophthalic
anhydride with (b) an aliphatic polyol to form an
acidester, followed by reaction of said acid-ester
with (c) ethylene oxide or propylene oxide, or both,
include some of the commercially-available products
described herein. COMPONENT B) - ALIPHATIC
POLYEPOXIDES AND ALIPHATIC DIEPOXIDES [0052] The term
"polyepoxides" as used herein is generic to and thus
includes the term "diepoxides". The aliphatic
polyepoxides used as component B) in the compositions
of this invention can in general be depicted by the
formula R(Ep)n wherein R is a straight chain or
branched chain aliphatic moiety which consists of
carbon, hydrogen, and optionally, ether and/or epoxy
oxygen atoms; Ep is a terminal epoxy group:and n is a
whole of fractional number in the range about 2 to
about 6, and preferably in the range about 2 to about
4. A fractional number exists when two or more
aliphatic polyepoxides are used as component B) in the
compositions of this invention. When n is a whole
number either a single polyepoxide is used or a
mixture of two or more polyepoxides is used in which
the average number of the terminal epoxy groups
numerically averages to a whole number. [0053] The
aliphatic diepoxides, which are a preferred group of
aliphatic polyepoxides, are described by the above
formula where n is two. One or more such aliphatic
diepoxides can be used in forming the flame retardant
compositions of this invention. [0054] Non-limiting
examples of aliphatic polyepoxides which can be used
include 1,4- butanediol diglycidyl ether,
1,2,5,6-diepoxycyclooctane, 1,2,7,8-diepoxyoctane,
diethylene glycol diglycidyl ether, dipropylene glycol
diglycidyl ether, dibutylene glycol diglycidyl ether,
1,2,5,6,9, lO-triepoxycyclododecatriene,
trimethylolpropane triglycidyl ether, pentaerytritol
tetraglycidyl ether, and analogs, and homologs
thereof. [0055] Preferred aliphatic polyepoxides are
the aliphatic diepoxides. Of these, more preferred
aliphatic diepoxides are compositions such as are
available as articles of commerce which typically are
in the form of resins. Among such more preferred
aliphatic 



diepoxides are D.E.R. 732 epoxy resin and D.E.R. 736
epoxy resin (The Dow Chemical Company). Typical
properties of these liquid epoxy resins (which are
based on polyglycol diepoxides) are set forth in the
following Table 1. *Pensky-Martens Closed Cup[0056]
Addition of the aliphatic polyepoxides or the
preferred aliphatic diepoxides to the precursor
foam-forming composition increases the hardness
development of the foam. This feature of these
aliphatic polyepoxides and aliphatic diepoxides was
found by surprise and the chemistry behind this
phenomenon is unknown to the inventor. Hardness
development is of particular importance for continuous
produced sandwich panels as this property relates to
the economics of production. Furthermore, the liquid
flame retardant additive compositions of this
invention, whether the components thereof are used
individually and/or in subcombinations, or in a single
preformed additive composition ("package"), make it
possible to satisfy the need for sandwich panels that
meet national or European flammability standards. In
addition, such additive compositions of this invention
enable the formation of rigid foamed polymer
compositions of this invention that exhibit improved
hardness development. Thus, this invention makes
possible the achievement of these advantageous
properties by use of the additive combinations of this
invention which, when preformed, are in the form of a
single composition comprised of or produced by mixing
together at least components A) and B), preferably
with the inclusion therein of component C) as well.
COMPONENT C) - PHOSPHORUS-CONTAINING FLAME RETARD ANTS
[0057] In addition to the reactive halogen-containing
flame-retardant(s), and the aliphatic polyepoxide
and/or aliphatic diepoxide, at least one organic
phosphoruscontaining flame retardant can be used in
the compositions of this invention. Preferably
component C), the organic phosphorus-containing flame
retardant, is Cl) at least one organic phosphate ester
or C2) at least one organic phosphonate ester.
Typically, the organic phosphate esters are of the
formula (RO)3P=O, and the organic phosphonate esters
are of the formula (R)(RO)2P=O. In these formulas, R
typically is, independently, a hydrocarbyl group, a
monochlorohydrocarbyl group, a polychlorohydrocarbyl
group, a monobromohydrocarbyl group, or a
polybromohydrocarbyl group. A few non-limiting
examples of such compounds include trimethylphosphate,
triethylphosphate, triisopropylphosphate,
tributylphosphate, tritolylphosphate,
di(phenyl)(tolyl)phosphate, 



tris(2-chloroethyl)phosphate,
tris(2-chloroisopropyl)phosphate,
tris(2-bromoethyl)phosphate,
tris(2-bromoisopropyl)phosphate,
dimethylmethanephosphonate, diethylethanephosphonate,
tris(dichloropropyl)phosphate, and similar organic
phosphorus flame-retardants. Apart from these
phosphorus-containing flame-retardants, other organic
or inorganic flame-retardants such as red phosphorus,
ammonium polyphosphate, and melamine can be used.
[0058] A number of suitable organic
phosphorus-containing flame retardants are available
as articles of commerce. Two such preferred flame
retardants are(r) tris(2-chloroisopropyl)phosphate
(ANTIBLAZE TMCP flame retardant; Albemarle
Corporation) and diethylethanephosphonate (ANTIBLAZE
V490 flame retardant; Albemarle Corporation) which are
very useful in the embodiments of this invention in
which at least one organic phosphorus-containing flame
retardant is incorporated into a composition of this
invention. A commercially available flame retardant
which contains a reactive bromine-containing
diester/ether diol of tetrabromophthalic anhydride,
described as a mixed ester of tetrabromophthalic
anhydride with diethylene glycol and propylene (r)
glycol, in a blend with a liquid phosphate ester is
SAYTEX RB-7980 flame retardant, available from
Albemarle Corporation. PROPORTIONS OF COMPONENTS A),
B), and C) [0059] As noted above, the additive
compositions of this invention and the flame retardant
content of the polyurethane compositions of this
invention are comprised of or formed from at least
components A) and B) which are: A) at least one
organic halogen-containing reactive flame retardant
where the halogen is chlorine or bromine or both, and
B) at least one liquid additive where the additive is
a polyepoxide and preferably a diepoxide. Optionally,
but preferably, the compositions of this invention
also contain or are formed from component C) which is
at least one organic phosphorus-containing flame
retardant. Preferred for use as component C) are Cl),
which is at least one organic phosphate ester or C2,
which is at least organic phosphonate ester. All of
the foregoing compositions typically have a Brookfield
viscosity at 250C of about 10,000 centipoises (cps) or
less, preferably 5000 cps or less, more preferably
1000 cps or less, and most preferably such viscosity
is about 500 centipoises or less. Thus the proportions
of 



components A), B), and C) ~ whether C) is Cl) at least
one organic phosphate ester or C2) at least one
organic phosphonate ester or a mixture of both, or is
some other organic phosphorus-containing flame
retardant -used relative to each other can vary
considerably depending upon the identities of
components A) and B) and other components used, and
the actual Brookfield value at 250C desired in any
given situation. Accordingly, the foregoing components
of the compositions of this invention are usually (but
not necessarily) proportioned to produce a resultant
flame retardant composition that will achieve the
desired Brookfield viscosity at 250C such as those
described above. In any case where such proportions
are not already known, a few simple experiments with
the selected components should readily enable the
selection of proportions of the components that will
achieve the desired Brookfield viscosity. [0060] As
noted above, this invention makes it possible to
provide polymeric compositions that pass the N FP
92-501 M-I flammability test. This can be accomplished
for example by utilizing components A), B), Cl), and
C2) in proportions correspondingrespectively to an
A):B):C1):C2) weight ratio in the range of about
85:2:12:1 to about 30:15:45:10. [0061] As also noted
above, this invention makes it possible to provide
polymeric compositions that pass the DIN 4 102 B2
flammability test. For example, this may be
accomplished with compositions wherein components A),
B), Cl) and C2) are present in, or are utilized in
forming the additive composition in an A):B):C1):C2)
weight ratio in the range of about 47:2:50:1 to about
20:30:30:20, preferably in the range of about
45:4:48:3 to about 25:20:35:15, more preferably in the
range of about 42:8:45:6 to about 35:15:40:12, with a
ratio of about 39.5:10:41.5:9 being especially
preferred. [0062] By use of experimental procedures
described hereinafter, it is deemed likely that
compositions comprised of components A), B), and C),
in suitable proportions, where C) is other than a
combination of Cl) and C2), will result in polymer
compositions that will pass at least one of the
foregoing flammability tests. POLYMER FORMATION [0063]
For preparing the polyurethanes and polyisocyanurates,
including the rigid foams, of this invention,
individual or mixtures of polyols with hydroxyl values
in the range of from 150 to 850 mg KOH/g, and
preferably in the range of from 200 to 600 mg KOH/g,
and hydroxyl functionalities in the range of from 2 to
8 and preferably in the 



range of from 3 to 8 are used. Suitable polyols
meeting these criteria have been fully described in
the literature, and include reaction products of (a)
alkylene oxide such as propylene oxide and/or ethylene
oxide, with (b) initiators having in the range of from
2 to 8 active hydrogen atoms per molecule. Suitable
initiators include, for example, diols (e.g.,
diethylene glycol, bisphenol-A), polyesters (e.g.,
polyethylene terephthalate), triols (e.g., glycerine),
novolac resins, ethylenediamine, pentaerythritol,
sorbitol, and sucrose. Other usable polyols include
polyesters prepared by the condensation reaction of
appropriate proportions of glycols and higher
functionality polyols with dicarboxylic or
polycarboxylic acids. The polyether polyols can be
mixed with polyester types. Other polyols include
hydroxyl-terminated polythioethers, polyamides,
polyesteramides, polycarbonates, polyacetals and
polysiloxanes. [0064] Usable organic polyisocyanates
for use in the practice of this invention include any
of those known in the art for the preparation of rigid
polyurethane, and in particular the aromatic
polyisocyanates such as diphenylmethane diisocyanate
in the form of its 2,4-, 2,2- or 4,4-isomers and
mixtures thereof, the mixtures of diphenylmethane
diisocyanates (MDI) and oligomers thereof known in the
art as "crude" or polymeric MDI (polymethylene
polyphenylene polyisocyanates) having an isocyanate
functionality of greater than 2, toluene diisocyanate
in the form of its 2,4- and 2,6-isomers and
mixturesthereof, 1,5-naphthalene diisocyanate and
1,4-diisocyanatobenzene. Other organic polyisocyanates
which may be used include the aliphatic diisocyanates
such as isophorone diisocyanate,
1,6-diisocyanatohexane and
4,4-diisocyanatodicyclohexylmethane. [0065] To
manufacture the foams, the organic and/or modified
organic polyisocyanates are reacted with compounds
with isocyanate reactive hydrogen atoms and optionally
chain extenders or cross linkers in amounts such that
the equivalent ratio of isocyanate groups versus the
sum of the reactive hydrogen atoms of the components
ranges from 0.85 to 30:1 and preferably in the range
of 0.95 to 4:1. [0066] Polyurethanes and rigid
polyurethane foams can be prepared with or without
chain extenders or cross-linkers. The mechanical
properties can be modified by using these chemicals in
the preparation of the polyurethanes and rigid foams
of this invention. Usable chain extenders and/or
cross-linkers are diols and/or triols with molecular
weights lower than 250 and particularly between 50 and
200. Usable diols are aliphatic, cycloaliphatic or
aromatic types, e.g., ethylene glycol, diethylene
glycol, dipropylene 



glycol, and 1,4 butanediol. Usable triols include, for
example, trimethylolpropane and glycerine. [0067] When
chain extenders and/or cross linkers are used to
prepare the foams, normally they are applied in a
loading of 0 to 20 weight percent and preferably from
2 to 10 weight percent relative to the weight of the
polyols. Chemicals which have been widely used as
blowing agent in the production of polyurethane foam
are the fully halogenated chlorofluorocarbons, and in
particular trichlorofluoromethane (CFC-1 1). The
exceptionally low thermal conductivity of these
blowing agents, and in particular of CFC-1 1, has
enabled the preparation of rigid foams having very
effective insulation properties. If desired, such
blowing agents can be used in the practice of this
invention unless prohibited from use by law. As noted
above, recent concern over the potential of
chlorofluorocarbons to cause depletion of ozone in the
atmosphere has led to an urgent need to develop
reaction systems in which chlorofluorocarbon blowing
agents are replaced by alternative materials which are
environmentally acceptable and which also produce
foams having the necessary properties for the many
applications in which they are used. Initially, the
most promising alternatives appeared to be
hydrogen-containing chlorofluorocarbons (HCFCs) such
as, e.g., 1,1-dichloro-l-fluoroethane (HCFC- 14 Ib).
However, HCFCs also have some ozone-depletion
potential. There is therefore mounting pressure to
find substitutes for the HCFCs as well as the CFCs.
Nevertheless, such blowing agents can be used in the
practice of this invention to the extent their use is
not prohibited by law. [0068] Alternative blowing
agents which are currently considered promising
because they contain no ozone-depleting chlorine are
partially fluorinated hydrocarbons (HFC's)and
hydrocarbons (HCs), and these blowing agents can be
used in the practice of this invention. Water can also
be used as a single blowing agent or as a co-blowing
agent in combination HCFC-, HFC- or HC blowing agents.
Water will react with the isocyanate groups and form
urea structures and release carbon dioxide. [0069] To
produce the polyurethane foam, a foam-producing amount
of the blowing agent(s) is included in the reaction
mixture before the polymer has been formed. Those
foams have a density in the range from 20 kg/m3 to 100
kg/m3 and preferably from 25 kg/m3 to 80 kg/m3 and
more preferably from 30 kg/m3 to 45 kg/m3. The amount
of blowing agent will mainly determine the density of
those foams. The amount will 



typically fall in the range of 1 to 10 per cent by
weight based on the total weight of the reaction
mixture being foamed. [0070] Catalysts for rigid foam
applications can be categorized as gel catalysts, blow
catalysts, balanced gel/blow catalysts and
trimerization catalysts. Gel catalysts promote the
reaction between the reactive hydrogen atoms,
particularly of the hydroxyl groups, and the modified
polyisocyanates. Blow catalysts promote the reaction
of the reactive hydrogen of water and the modified
polyisocyanate. Suitable catalysts are tertiary
amines, which can be used as a single catalyst.
Examples of suitable tertiary amines as blowing
catalyst include, e.g., bis (dimethylaminoethyl) ether
and pentamethyldiethylentriamine. Examples of gel
catalysts include l,4-diaza(2,2,2)bicyclooctane;
tetramethyldipropylentriamine;
tris(dimethylaminopropyl)hydrotriazine. Examples of
balanced catalysts include dimethylcyclohexylamine,
pentamethyldipropylenetriamine and
tris(dimethylaminopropyl)hydrotriazine. The catalysts
are usually used in amounts of from 0.001 to 2 parts
by weight per 100 parts by weight of the polyol blend.
[0071] Surfactants can be used in the formulation if
desired. They serve as a surface-active substance in
order to improve the compatibility of the various
components of the formulation and to control the cell
structure. Examples of suitable surfactants are
emulsifers such as sodium salts of castor oil sulfates
or fatty acids; fatty acid salts with amines, e.g.,
diethylamine oleate and diethanolamine stearate; salts
of sulfonic acids, e.g., alkali metal or ammonium
salts of dodecylbenzenedisulfonic acid and ricinoleic
acid; foam stabilizers such as siloxaneoxyalkylene
copolymers and other organopolysiloxanes, ethoxylated
alkylphenols, ethoxylated fatty alcohols and castor
oil. These surface-active substances are usually used
in amounts of from 0.01 to 5 parts by weight based on
100 parts by weight of polyol blend. [0072] Low
viscosity liquid C halocarbon and/or halohydrocarbon
diluents in which the halogen content is 1-4 bromine
and/or chlorine atoms can also be included in the
compositions of this invention, provided they are used
in small amounts, e.g., less than 2 wt% and preferably
less than 1 wt% of the total weight of the additive
composition of thisinvention. Non-limiting examples
include bromochloromethane, methylene chloride,
ethylene dichloride, ethylene dibromide, isopropyl
chloride, n-butyl bromide, sec-butyl bromide, n-butyl
chloride, sec-butyl chloride, chloroform,
perchloroethylene, methyl chloroform, and carbon
tetrachloride. 



PROPORTIONS OF FLAME RETARDANT COMPOSITIONS USED
[0073] The rigid polyurethane and polyisocyanurate
foams contain a flame retardant amount of the
additives of this invention. Typically, the additive
compositions of this invention are used in amounts
providing a bromine concentration in the polymer in
the range of about 1 to about 30 wt% based on the
total weight of the polymer and the additives of this
invention, but excluding the weight of any cladding,
lamination, or coatings on the polymer or foam.
Preferably such total bromine concentration is in the
range of about 5 to about 20 wt% and more preferably
is in the range of about 10 to about 15 wt% based on
the total weight of the polymer and the additives of
this invention, but excluding the weight of any
cladding, lamination, or coatings on the polymer or
foam. Most preferably the amount of the flame
retardants of this invention used is at least
sufficient to meet the present flame retardant
requirements of the N FP 92-501 Ml Test Procedure or
the DIN 4102 B2 test procedure, or both such
procedures. WAYS OF EMPLOYING A) and B), WITH OR
WITHOUT C), IN FORMING FLAME RETARDANT POLYMERS [0074]
In forming the flame retardant rigid polyurethanes,
rigid polyurethane foams, rigid polyisocyanurates, and
rigid polyisocyanurate foams of this invention a
preformed free-flowing non-viscous liquid flame
retardant additive composition of this invention as
described herein is preferably employed. Use of such
preformed additive composition is advantageous in that
its typical low Brookfield viscosity facilitates
mixing and easier formation of a more uniform blend
from which the polymer or polymeric foam is to be
produced. Also use of such preformed blend minimizes
the likelihood of blending errors and in general,
simplifies the polymer forming operation. However it
is within the scope of this invention to introduce at
least components A) and B), and if used, C), whether
C) is Cl) and/or C2), or is some other organic
phosphorus-containing flame retardant, as separate or
partially combined components into the respective
polymer-forming and polymer foam-forming compositions.
Similarly, it is preferred that any other optional
component of the additive compositions of this
invention has, or any other optional components of the
additive compositions of this invention have, already
been included in the preformed additive composition
when such composition is used in forming a
polymerforming or polymer foam-forming composition.
However, such optional component(s)can be used in
forming a polymer-forming or polymer foam-forming
composition 



separately or as one or more subcombinations such as
with either component A) or component B) or component
C) (if used) and/or as a subcombination of two or more
such optional additives with or without one of
Components A) or B) or C) (if used) when forming the
respective polymer-forming and polymer foam-forming
compositions. When blending components A) and B) and
optionally C) separately in forming a polymerforming
or polymer foam-forming composition the amounts
thereof can vary as long as the polymer-forming or
polymer foam-forming composition can be converted into
a suitable product having the physical properties
desired, as provision of a low viscosity additive
product is probably not of a primary concern to the
operator in such a case. [0075] The following Examples
further illustrate the invention. These Examples are
not intended to limit, and should not be construed as
limiting, the generic scope of this invention. [0076]
Materials used in the Examples included the following:
Component A): A bromine-containing diester/diol of
tetrabromophthalic anhydride (SAYTEX RB-79 flame
retardant; Albemarle Corporation); tribromoneopentyl
alcohol (TBNPA); CAS No. 36483-57-5 Component B): A
liquid polyglycol diepoxide (D.E.R. 736P; The Dow
Chemical Company) (r) Component Cl):
Tris(2-chloroisopropyl)phosphate (Antiblaze TMCP
Albemarle Corporation) (r) Component C2):
Diethylethanephosphonate (Antiblaze V490; Albemarle
Corporation) Polyol: Polyether polyol based on
sorbitol having an OH number of 490 mg KOH/g, and a
viscosity of 25,000 mPas.s at 25C Polymeric
Isocyanate: Universal MDI with average functionality
and higher reactivity, with an NCO content of 31.2%,
and a viscosity of 200 mPas.s at 250C Foam stabilizer:
Non-hydrolyzable polysiloxane-polyethercopolymer
surfactant (DABCO(r) DC 5580, Air Products and
Chemicals, Inc.) (r) Catalyst: Dimethylcyclohexylamine
(POLYCAT 8; Air Products and Chemicals, Inc.) 



EXAMPLES 1-3 [0077] Flame retarded polyurethane
compositions of this invention were formed from the
components and in the proportions listed in Table 2.
Also presented in the Table are the results on foam
hardness of the polyurethane foams produced from the
respective flame retarded compositions of this
invention. Hardness development on the surface of the
prepared foams was measured by reporting the force
when a rod with a diameter of 25 millimeters was
pushed into the foam at a speed of 100
millimeters/minute until a depth of10 millimeters is
reached. Desirably, the force required should be
higher than a hardness of 30 N at 2.5 minutes after
the components are mixed and polymerization is thus
initiated. TABLE 2 EXAMPLE 4 [0078] An additive
composition is formed from the following components in
the proportions specified: A) A mixed ester of
tetrabromophthalic anhydride with diethylene glycol
and propylene glycol (SAYTEX RB-79 flame retardant;
AlbemarleCorporation) - 40.05 wt% B) A liquid
polyglycol diepoxide (D.E.R. 736; The Dow Chemical
Company) - 10 wt% (r) C)
Tris(2-chloroisopropyl)phosphate (Antiblaze TMCP
Albemarle Corporation) - 49 wt % Other) Isopropyl
chloride - 0.95 wt% EXAMPLE 5 [0079] A comparison was
made as between a flame retarded rigid polyurethane
foam composition of this invention comprised of
components A) and B) and a corresponding composition
comprised of component A) but without use of component
B). The components used in forming these polymer foam
compositions and the results on hardness development
determined as described in Examples 1-3 are set forth
in Table 3. TABLE 3EXAMPLE 6 [0080] The procedure of
Example 5 was repeated using a polyurethane foam made
from a different set of components. The components
used and the proportions thereof, and the results of
the compressive strength are summarized in Table 4. 



TABLE 4EXAMPLE 7 [0081] An additive composition of
this invention is formed from the following components
in the proportions specified: A) A mixed ester of
tetrabromophthalic anhydride with diethylene glycol
and propylene glycol (SAYTEX RB-79 flame retardant;
Albemarle Corporation) - 39.5 wt% B) A liquid
polyglycol diepoxide (D.E.R. 736P; The Dow Chemical
Company) - 10.0 wt% (r) C)
Tris(2-chloroisopropyl)phosphate (Antiblaze TMCP flame
retardant; Albemarle Corporation) - 41.5 wt % D)
Diethylethanephosphonate (Antiblaze V490 flame
retardant; Albemarle Corporation) - 9 wt%. This flame
retardant additive composition has a viscosity of
about 160 cP at 25C. EXAMPLE 8 [0082] An additive
composition of this invention is formed from the
following components in the proportions specified: A)
A mixed ester of tetrabromophthalic anhydride with
diethylene glycol and propylene glycol (SAYTEX RB-79
flame retardant; Albemarle Corporation) - 74.5 wt% B)
A liquid polyglycol diepoxide (D.E.R. 736P; The Dow
Chemical Company) - 6.0 wt% (r) C)
Tris(2-chloroisopropyl)phosphate (Antiblaze TMCP flame
retardant; Albemarle Corporation) - 16.5 wt % [0083]
D) Diethylethanephosphonate (Antiblaze V490 flame
retardant; Albemarle Corporation) - 6 wt%. This flame
retardant additive composition has a viscosity of
about 2640 cP at 25C. [0084] The flame retardant
additive compositions of this invention can be used in
any of a variety of polyurethanes (including modified
polyurethane polymers), and in foams thereof,
especially rigid foams thereof. Non-limiting examples
of polymers and rigid 



foams in which the flame retardant additive
compositions of this invention can be usedinclude
polymers and foams described in U.S. Pat. Nos.
3,954,684; 4,209,609; 5,350,780; 5,356,943; 5,367,000;
5,563,180; 6,121,338; 6,140,383 and references cited
therein dealing with such subject matter. All such
patents and references are incorporated herein by
reference as if fully set forth herein. [0085]
Compounds referred to by chemical name or formula
anywhere in this document, whether referred to in the
singular or plural, are identified as they exist prior
to coming into contact with another substance referred
to by chemical name or chemical type (e.g., another
component, or a solvent. It matters not what
preliminary chemical changes, if any, take place in
the resulting mixture or solution, as such changes are
the natural result of bringing the specified
substances together under the conditions called for
pursuant to this disclosure. Also, even though the
claims may refer to substances in the present tense
(e.g., "comprises" or "is"), the reference is to the
substance as it exists at the time just before it is
first contacted, blended or mixed with one or more
other substances in accordance with the present
disclosure. [0086] Except as may be expressly
otherwise indicated, the article "a" or "an" if and as
used herein is not intended to limit, and should not
be construed as limiting, the description or a claim
to a single element to which the article refers.
Rather, the article "a" or "an" if and as used herein
is intended to cover one or more such elements, unless
the text expressly indicates otherwise. [0087] All
documents referred to herein are incorporated herein
by reference in toto as if fully set forth in this
document. [0088] This invention is susceptible to
considerable variation within the spirit and scope of
the appended claims.CLAIMS: 1. A free-flowing,
non-viscous liquid flame retardant additive
composition comprised of or formed by mixing together
components comprised of: A) at least one organic
halogen-containing reactive flame retardant in which
the halogen is bromine, chlorine or both; and B) a
liquid additive that is comprised of at least one
aliphatic polyepoxide of the formula: R(Ep)n; wherein
R is a straight chain or branched chain aliphatic
moiety which consists of 



carbon, hydrogen, and optionally, one or more ether
oxygen atoms and/or one or more epoxy oxygen atoms; Ep
is a terminal epoxy group: and n is a whole or
fractional number in the range 2 to about 6. 2. An
additive composition as in Claim 1 wherein the halogen
of said at least one organic halogen-containing
reactive flame retardant of A) is bromine only. 3. An
additive composition as in Claim 1 wherein said at
least one organic halogen-containing reactive flame
retardant is comprised of a mixed ester with a nominal
structure of tetrabromophthalic anhydride with
diethylene glycol and propylene glycol. 4. An additive
composition as in Claim 1 wherein said at least one
organic halogen-containing reactive flame retardant is
comprised of at least one brominecontaining polyol
reactive flame retardant formed from the reaction of
(a) tetrabromophthalic anhydride with (b) an aliphatic
polyol to form an acid-ester, followed by reaction of
said acid-ester with (c) ethylene oxide or propylene
oxide, or both. 5. An additive composition as in Claim
1 wherein said at least one organic halogen-containing
reactive flame retardant is comprised of a formulation
comprised of (1) at least one bromine-containing
polyol reactive flame retardant formed from the
reaction of (a) tetrabromophthalic anhydride, (b) an
aliphatic polyol, and (c) an epoxide, and (2) at least
one aliphatic diester of an alkane dicarboxylic acid,
with the proviso that the formulation has a Brookfield
viscosity at 25C of about 20,000 cps or less, and a
bromine content of at least about 40 wt%. 6. An
additive composition as in Claim 5 wherein said
formulation further comprises (X) at least one liquid
mono- or polyhalohydrocarbon in which the halogen
content is one or more chlorine and/or bromine atoms
per molecule; (Y) at least one polyhalocarbon in which
the halogen content is made up of chlorine and/or
bromine atoms; or (Z) both of (X) and (Y), with the
proviso that each of (X), (Y), and (Z) has a viscosity
of less than about 100 cps at 25C, in an amount such
that the Brookfield viscosity of the resultant
formulation is below 20,000 cps at 25C and is lower
than theviscosity of the same formulation devoid of
(X), (Y), and (Z). 7. An additive composition as in
Claim 6 wherein the Brookfield viscosity of said
formulation is about 4000 cps or less. 8. An additive
composition as in Claim 1 wherein said at least one
organic halogen- containing reactive flame retardant
is comprised of a formulation comprised of 



(1) at least one bromine-containing polyol reactive
flame retardant formed from the reaction of (a)
tetrabromophthalic anhydride, (b) diethylene glycol,
(c) at least one alphaomega alkane diol, or at least
one alpha-omega alkane diol and at least one aliphatic
monool, and (d) at least one alkylene oxide, and (2)
at least one aliphatic diester of an alkane
dicarboxylic acid, with the proviso that the
formulation has a viscosity at 25C of about 20,000 cps
or less, and a bromine content of at least about 40
wt%. 9. An additive composition as in Claim 8 wherein
said formulation further comprises (X) at least one
liquid mono- or polyhalohydrocarbon in which the
halogen content is one or more chlorine and/or bromine
atoms per molecule; (Y) at least one polyhalocarbon in
which the halogen content is made up of chlorine
and/or bromine atoms; or (Z) both of (X) and (Y), with
the proviso that each of (X), (Y), and (Z) has a
viscosity of less than about 100 cps at 250C, in an
amount such that the Brookfield viscosity of the
resultant formulation is below 20,000 cps at 25aC and
is lower than the viscosity of the same formulation
devoid of (X), (Y), and (Z). 10. An additive
composition as in Claim 9 wherein the Brookfield
viscosity of said formulation is about 4000 cps or
less. 11. An additive composition as in any of Claims
1-10 wherein n is 2. 12. An additive composition as in
any of Claims 1-10 wherein said additive composition
is comprised of or formed by mixing together said A),
said B), and also C) which is at least one organic
phosphorus-containing flame retardant. 13. An additive
composition as in Claim 12 wherein said at least one
organic phosphorus-containing flame retardant is (i)
at least one organic phosphate ester or (ii) at least
one organic phosphonate ester, or (iii) both of (i)
and (ii). 14. A flame retardant composition which
comprises a rigid polyurethane polymer, a rigid
polyisocyanurate polymer, a rigid polyurethane polymer
foam, or a rigid polyisocyanurate polymer foam, said
polymer or polymer foam formed from components
comprised of: a) at least one organic polyisocyanate;
b) at least one isocyanate-reactive compound; c) a
flame retardant quantity of at least one organic
halogen-containing reactive flame retardant in which
the halogen is bromine, chlorine or both; and 



d) a liquid additive that is comprised of at least one
aliphatic polyepoxide of theformula: R(Ep)n; wherein R
is a straight chain or branched chain aliphatic moiety
which consists of carbon, hydrogen, and optionally,
one or more ether oxygen atoms and/or one or more
epoxy oxygen atoms; Ep is a terminal epoxy group: and
n is a whole or fractional number in the range 2 to
about 6. 15. A flame retardant composition as in Claim
14 wherein said at least one organic
halogen-containing reactive flame retardant and said
liquid additive are included as a preformed liquid
flame retardant additive composition comprised of or
formed by mixing together components comprised of said
at least one organic halogen-containing reactive flame
retardant and said liquid additive that is comprised
of said at least one aliphatic polyepoxide, in a
precursor composition from which said rigid
polyurethane polymer, rigid polyisocyanurate polymer,
rigid polyurethane polymer foam, or rigid
polyisocyanurate polymer foam is formed. 16. A flame
retardant composition as in Claim 14 wherein the
halogen in said at least one organic
halogen-containing reactive flame retardant is bromine
only. 17. A flame retardant composition as in Claim 14
wherein said at least one organic halogen-containing
reactive flame retardant is comprised of a mixed ester
with a nominal structure of tetrabromophthalic
anhydride with diethylene glycol and propylene glycol.
18. A flame retardant composition as in Claim 14
wherein said at least one organic halogen-containing
reactive flame retardant is comprised of at least one
brominecontaining polyol reactive flame retardant
formed from the reaction of (a) tetrabromophthalic
anhydride with (b) an aliphatic polyol to form an
acid-ester, followed by reaction of said acid-ester
with (c) ethylene oxide or propylene oxide, or both.
19. A flame retardant composition as in Claim 14
wherein said at least one organic halogen-containing
reactive flame retardant is comprised of a formulation
comprised of (1) at least one bromine-containing
polyol reactive flame retardant formed from the
reaction of (a) tetrabromophthalic anhydride, (b) an
aliphatic polyol, and (c) an epoxide, and (2) at least
one aliphatic diester of an alkane dicarboxylic acid,
with the proviso that the formulation has a Brookfeld
viscosity at 250C of about 20,000 cps or 



less, and a bromine content of at least about 40 wt%.
20. A flame retardant composition as in Claim 19
wherein said formulation further comprises (X) at
least one liquid mono- or polyhalohydrocarbon in which
the halogen content is one or more chlorine and/or
bromine atoms per molecule; (Y) at least one
polyhalocarbon in which the halogen content is made up
of chlorine and/or bromine atoms; or (Z) both of (X)
and (Y), with the proviso that each of (X), (Y), and
(Z) has aviscosity of less than about 100 cps at 250C,
in an amount such that the Brookfield viscosity of the
resultant formulation is below 20,000 cps at 250C and
is lower than the viscosity of the same formulation
devoid of (X), (Y), and (Z). 2 1. A flame retardant
composition as in Claim 20 wherein the Brookfield
viscosity of said formulation is about 4000 cps or
less. 22. A flame retardant composition as in Claim 14
wherein said at least one organic halogen-containing
reactive flame retardant is comprised of a formulation
comprised of (1) at least one bromine-containing
polyol reactive flame retardant formed from the
reaction of (a) tetrabromophthalic anhydride, (b)
diethylene glycol, (c) at least one alpha-omega alkane
diol, or at least one alpha-omega alkane diol and at
least one aliphatic monool, and (d) at least one
alkylene oxide, and (2) at least one aliphatic diester
of an alkane dicarboxylic acid, with the proviso that
the formulation has a viscosity at 25C of about 20,000
cps or less, and a bromine content of at least about
40 wt%. 23. A flame retardant composition as in Claim
22 wherein said formulation further comprises (X) at
least one liquid mono- or polyhalohydrocarbon in which
the halogen content is one or more chlorine and/or
bromine atoms per molecule; (Y) at least one
polyhalocarbon in which the halogen content is made up
of chlorine and/or bromine atoms; or (Z) both of (X)
and (Y), with the proviso that each of (X), (Y), and
(Z) has a viscosity of less than about 100 cps at 25C,
in an amount such that the Brookfield viscosity of the
resultant formulation is below 20,000 cps at 25aC and
is lower than the viscosity of the same formulation
devoid of (X), (Y), and (Z). 24. A flame retardant
composition as in Claim 23 wherein the Brookfield
viscosity of said formulation is about 4000 cps or
less. 25. A flame retardant composition as in any of
Claims 14-24 wherein n is 2. 26. A flame retardant
composition as in any of Claims 14-24 wherein said
additive composition is comprised of or formed by
mixing together said A), said B), and 



also C) which is at least one organic
phosphorus-containing flame retardant. 27. A flame
retardant composition as in Claim 26 wherein said at
least one organic phosphorus-containing flame
retardant is (i) at least one organic phosphate ester
or (ii) at least one organic phosphonate ester, or
(iii) both of (i) and (ii). 28. A precursor
composition for preparing a rigid polyurethane
polymer, a rigid polyisocyanurate polymer, a rigid
polyurethane polymer foam, or a rigid polyisocyanurate
polymer foam with which presursor composition has been
blended individually, as one or more subcombinations,
or as a preformed additive composition: A) at least
one organic halogen-containing reactive flame
retardant in which the halogen is bromine, chlorine or
both; andB) a liquid additive that is comprised of at
least one aliphatic polyepoxide of the formula:
R(Ep)n; wherein R is a straight chain or branched
chain aliphatic moiety which consists of carbon,
hydrogen, and optionally, one or more ether oxygen
atoms and/or one or more epoxy oxygen atoms; Ep is a
terminal epoxy group: and n is a whole or fractional
number in the range 2 to about 6; and optionally C) at
least one organic phosphorus-containing flame
retardant. 29. A rigid polyurethane polymer, a rigid
polyisocyanurate polymer, a rigid polyurethane polymer
foam, or a rigid polyisocyanurate polymer foam formed
by polymerizing a precursor composition as in Claim
28. 


