
WO 2010/065462PCT/US2009/066121 5TOLUENE AND STYRENE DERIVED TELOMER
DISTRIBUTIONS AND  BROMINATED FLAME RETARDANTS PRODUCED THEREFROM TECHNICAL
FIELD [0001] This invention relates to novel and useful toluene and styrene
derived telomer 10 distributions, such distributions being desirable
substrates for the preparation of brominated flame retardants. In addition,
this invention relates to the brominated flame retardants produced from
such telomer distributions. BACKGROUND 15[0002] Various brominated
aromatics are known flame retardants for thermoplastics. For example,
brominated polystyrenes are accepted as commercially significant flame
retardants for use in a variety of thermoplastics. These brominated flame
retardants have a high aromatic bromine content and, to the extent
possible, a low thermally labile bromine content. However, a high aromatic
bromine content can be accompanied by a higher than 20 desired thermally
labile bromine content. The thermally labile bromine content of a
brominated flame retardant is determined by measurement of the HBr off-gas
generated when the flame retardant is heated at an elevated temperature for
a period of time. The thermally labile bromine content is dependent on (a)
the content of HBr by-product still entrapped in the flame retardant (even
after finishing steps to reduce this content) and (b) 25 the amount of
molecular, non-aromatic bromine present. Examples of non-aromatic bromine
are aliphatic bromides, where the aliphatic group is either an alkylene or
alkylidene group serving as a bridging group between aromatic groups or is
an alkyl substituent on an aromatic group. No matter the source, HBr
off-gas from the flame retardant used in the thermoplastic formulations can
result in damage to molding 30 equipment used to fabricate thermoplastic
formulations at elevated temperatures into articles, e.g., TV enclosures
and the like. Thus, there is a need to have a brominated flame retardant
having a low thermally labile bromine content. [0003] Fortunately, the
amount of entrapped HBr can be and is significantly reduced by water
quenching the crude flame retardant reaction mass, followed, as needed, by
further 35 finishing treatment, be it by chemical treatment or by water
washing. Usually, the removal of entrapped HBr is effective and thus, its
contribution to the thermally labile bromine content of the finished
brominated flame retardant product is not significant.  WO
2010/065462PCT/US2009/066121 5[0004] Reduction of the other source of HBr
off-gas, i.e., the chemically bonded molecular non-aromatic bromide, is
more problematic. There are few satisfactory options available in as much
as the techniques used for entrapped HBr reduction are of minimal use
against the much more stubborn non-aromatic bromine. In the case of
brominated styrenic polymers it has been possible, by ingenuously modifying
the bromination process 10 parameters and reactant feeds, to diminish the
formation of non-aromatic bromine as is evidenced by HP 7010 and HP 3010
flame retardant products of Albemarle Corporation. These commercial
products exhibit a thermally labile bromine content of less than 500 ppm
while still providing up to about 68 wt% of aromatic bromine in the
product. [0005] It would be a desirable contribution to the art if a way
could be found of providing 15 new highly aromatic, relatively low
molecular weight hydrocarbon raw materials that can be effectively
brominated to form brominated flame retardants that exhibit a very high
aromatic bromine content (i.e., >72 wt% of bromine), but which at the same
time, have a commercially acceptable low thermally labile bromine content.
[0006] This invention is deemed to provide such a contribution to the art.
20 



BRIEF SUMMARY OF THE INVENTION [0007] This invention relates, among other
things, to a telomer distribution derived by the anionic, chain transfer
addition of styrene monomers to toluene and previously formed
toluene-styrene telomers. The telomer distributions are comprised of
molecules of the 25 formula Ph-CH2[-CH2CH(Ph)]"-CH2CH2-Ph wherein each Ph
is a phenyl group, for each molecule in the distribution, "n" is a whole
number in the range of 0 to 6. The preferred telomer distributions are
enriched in molecules having an "n" value within the range of from about 0
to about 2. 30[0008] Telomer distributions of this invention favor
molecular populations in which the "n" value range is low as compared to
oligomeric distributions, which oligomeric distributions have an "n" value
in the range of from 7 to 25 and as compared to polymeric distributions in
which the "n" value range is from 26 to 80. There are benefits realized by
using telomer mixtures in which "n" is from 0 to 6. First, obtaining a very
high Br wt% is 35 facilitated for the telomer distributions of this
invention. For example, the brominated flame retardants of this invention
can have very high aromatic bromine contents, exceeding 72 wt% bromine.
Such brominated flame retardants can be readily blended with a variety of
thermoplastic polymers.  WO 2010/065462PCT/US2009/066121 5Secondly the
telomer distributions of this invention present fewer sites for the
formation of non-aromatic bromine, a thermally labile species, than is the
case for distributions in which "n" is from 7 to 25 or 26 to about 80.
Indeed, in the telomer distributions of this invention the amount, if any,
of molecules having an "n" value greater than 6 is minimal, usually less
than about 2 GPC area %. 10[0009] Also provided by this invention are
brominated telomer distributions characterized by one or more of the
following brominated telomer distributions: (a) a distribution of molecules
of the formula Ph-CH2[-CH2CH(Ph)]"-CH2CH2-Ph      wherein each Ph is a
brominated phenyl group having between 1 and 5 bromine 15atoms, and for
each molecule in the distribution, "n" is a whole number in the range of 0
to 6, and wherein,  (i) at least about 46 GPC area % of the molecules have
an "n" value equaling 0,  (ii) about 1 to about 26 GPC area% of the
molecules have an "n" value equaling 1, and 20(iii) 0 to about 14 GPC area%
of the molecules have an "n" value equaling 2; (b)a distribution of
molecules of the formula 



Ph-CH2[-CH2CH(Ph)]"-CH2CH2-Ph; wherein each Ph is a brominated phenyl group
having between 1 and 5 bromine atoms, and for each molecule in the
distribution, "n" is a whole number in the 25 range of 0 to 6, and wherein
the distribution is characterized by a majority of the molecules in the
distribution having an "n" value of 0 and a minority, not exceeding 49 GPC
area%, of the molecules in the distribution having an "n" value of 1, 2, 3,
4, 5 or 6 wherein, as the value of n increases from 1 to 6, the amount of
the corresponding brominated telomer progressively decreases; 30 (c)a
non-polymeric and non-oligomeric distribution of molecules of the formula
Ph-CH2[-CH2CH(Ph)]"-CH2CH2-Ph, wherein each Ph is a phenyl group having
between 1 and 5 bromine atoms, and, for each molecule in the distribution,
"n" is a whole number in the range of 0 to 6 and wherein the distribution
includes molecules having "n" values from 1 to 6. 35[0010] The above and
other aspects, features, embodiments, and advantages of this invention will
become still further apparent from the ensuing description and appended
claims.  WO 2010/065462PCT/US2009/066121 5FURTHER DETAILED DESCRIPTION OF
THE INVENTION Telomer Distributions of this Invention  [0011] The telomer
distributions included in this invention are characterized by one or more
of the following: (a)a distribution of molecules of the formula
10Ph-CH2[-CH2CH(Ph)] "-CH2CH2-Ph wherein each Ph is a phenyl group, for
each molecule in the distribution, "n" is a whole number in the range of 0
to 6, and wherein,            (i) at least about 46 GPC area % of the
molecules have an "n" value equaling 0,            (ii) about 1 to about 26
GPC area% of the molecules have an "n" value equaling 1, 15and
(iii) 0 to about 14 GPC area% of the molecules have an "n" value equaling
2; (b)a distribution of molecules of the formula Ph-CH2[-CH2CH(Ph)]
"-CH2CH2-Ph; wherein each Ph is a phenyl group, for each molecule in the
distribution, "n" is a 20 whole number in the range of 0 to 6, and wherein
the distribution is characterized by a majority of the molecules in the
distribution having an "n" value of 0 and a minority, not exceeding 49 GPC
area%, of the molecules in the distribution having an "n" value of 1, 2, 3,
4, 5 or 6 wherein the GPC area% for "n" equals 1 > "n" equals 2> "n" equals
3 > "n" equals 4> "n" equals 5 > "n" equals 6; 



25(c)a non-polymeric and non-oligomeric distribution of molecules of the
formula Ph-CH2[-CH2CH(Ph)] "-CH2CH2-Ph, wherein each Ph is a phenyl group,
and, for each molecule in the distribution, "n" is a whole number in the
range of 0 to 6 and wherein the distribution includes molecules having "n"
values from 1 to 6. 30[0012] Preferred telomer mixtures have telomer
distributions as presented above with reference to the formula, which
distributions are characterized by having a content of from about 46 to
about 76 GPC area% for molecules having "n" = 0; from about 16 to about 26
GPC area% for molecules having "n" = 1; and from about 1 to about 14 GPC
area% for molecules having "n" = 2. 35[0013] Further preferred telomer
mixtures have telomer distributions as presented above with reference to
the formula, which distributions are characterized by having a content of
(i) from about 76 to about 95 GPC area% of the molecules having an "n"
value equaling 0, (ii) from about 17 to about 5 GPC area% of the molecules
having an "n" value equaling 1,  WO 2010/065462PCT/US2009/066121 5 and
(iii) from about 5 to 0 GPC area% of the molecules having an "n" value
equaling 2. [0014] Still further preferred telomer mixtures have telomer
distributions as presented above with reference to the formula, which
distributions are characterized by having a content of (i) from about 95 to
about 99 GPC area% of the molecules having an "n" value equaling 0, and
(ii) from about 5 to about 1 GPC area% of the molecules having an "n"
10value equaling 1. [0015] While, the GPC area% for molecules having an "n"
value of 0, 1, and 2, or 0 and 1 are recited above that is not to mean that
no other molecules having an "n" value outside of 0 to 2 or 0 to 1 can be
present. Rather, the characterization of the feeds by only reciting the GPC
area% for molecules of the population, "n" = 0 to 2, or 0 to 1 highlights
the 15 importance of this limited population and the higher GPC area%
numbers associated therewith. See, Examples 1-7 wherein products produced
fall within the foregoing characterization, but also have populations of
molecules, though not large, having "n" values greater than 2 or 1.
[0016] As used above, the term "non-polymeric" is to be taken in the
context of the 20 OECD definition of "polymer". "A chemical substance
consisting of molecules characterized by the sequence of one or more types
of monomer units and comprising a simple weight majority of molecules
containing at least three monomer units which are covalently bound to at
least one other monomer unit or other reactant and which consists of less
than a 25 simple weight majority of molecules of the same molecular weight.
Such molecules must be distributed over a range of molecular weights
wherein differences in the molecular weight are primarily attributable to
differences in the number of monomer units." [0017] The telomer
distributions of this invention can be obtained by the anionic, chain 30
transfer terminated, addition of 1 to about 7 styrene units to toluene
using catalytic quantities of lithium reagents complexed with poly(tertiary
amines). The telomerization process features the use of toluene as both
reactant (chain transfer agent) and as reaction solvent. More,
specifically, the process is effected by adding styrene to a reaction
mixture initially formed from toluene, catalytic quantities of an
alkyllithium (preferably 35 butyllithium) and
N,N,N',N'-tetramethylethylenediamine (TMEDA). The reaction mass temperature
should be within the range of from about 85C to about 115C during the
addition. This addition reaction is an anionic, chain transfer addition
reaction. Further  WO 2010/065462PCT/US2009/066121 



5details on the anionic, chain transfer addition reaction that can be used
to make the telomeric distribution feeds used in the processes of this
invention can be found in commonly owned PCT Application Number
PCT/US08/66219, filed June 6, 2008, and which claims the benefit of U.S.
Provisional Application Number 60/942,599, filed June 7, 2007, and which
PCT Application is incorporated herein by reference as if fully set forth.
10Examples 1-7 illustrate methods for obtaining telomeric distributions of
this invention. EXAMPLE 1 [0018] A dry 500-mL 4-necked, oil-jacketed glass
flask was equipped with a thermocouple, glass overhead stirrer with glass
paddle, condenser and N2 inlet. The 15 reactor was charged with 150 mL
(130.5 g, 1.55 mol) anhydrous toluene and then subsequently with 2.7 mL
(0.0054 mol) n-butyllithium (2M in cyclohexane) and 0.72 mL (0.56 g, 0.0048
mole) TMEDA at ambient temperature. The temperature of the reaction mixture
was increased to 110C. Styrene (50 mL, 45 g, 0.43 mol) was pumped into the
reactor at over 137 minutes at a constant rate while maintaining constant
and significant 20 agitation of the mixture. Upon completion of the styrene
feed, 20 mL anhydrous toluene was pumped into the reaction mixture to clear
the feed line of styrene. The reaction mixture was then cooled to 80 C and
then quenched with 0.5 mL isopropyl alcohol. After cooling to room
temperature and settling of the lithium isopropoxide salts, the reactor was
sampled for GPC analysis. The GPC area % analysis excluding unreacted
toluene was as 25follows: C151-116 64.3%; C23H24 23.4%; C311-132 8.2%;
C39H40 2.9%; C47H48 0.9%; C55H56 0.3%; C63H64 0%; C711172 0%; C79H80 0%;
C871188 and higher oligomers 0%. EXAMPLE 2 [0019] The procedure of Example
1 was used except that 45 g (0.43 mole) of styrene was 30 fed over 127
minute period to a reaction mass formed from 130.5 g (1.55 mole) anhydrous
toluene, 1.8 mL (0.0036 mole) 2 M n-butyl lithium and 0.42 g (0.0036 mole)
of TMEDA. The GPC area % analysis excluding unreacted toluene was as
follows: C151-116 46.1%; C23H24 25.5%; C311132 13.6%; C391140 7.2%; C471148
3.8%; C55H56 1.7%; C63H64 and higher oligomers 2%.  WO
2010/065462PCT/US2009/066121 5EXAMPLE 3 [0020] The procedure of Example 1
was used except that 60.9 g (0.58 mole) of styrene was fed over 173 minute
period to a reaction mass formed from 115.0 g (1.25 mole) anhydrous
toluene, 2.4 mL (0.00487 mole) 2 M n-butyl lithium and 0.57 g (0.00487
mole) of TMEDA. The GPC area % analysis excluding unreacted toluene was as
follows: 10C15t116 64.8%; C23H24 22.3%; C311-132 7.6%; C39H40 3.0%; C47H48
1.9%. EXAMPLE 4 Reactor System 



[0021] A spherical glass 12-liter creased reactor with oil jacket was
equipped with a reflux 15 condenser, distillation head, submerged
thermocouple, bottom drain valve, and stainless steel internal cooling
coils. Temperature was tightly maintained at a set point via PID controller
that regulates water flow to the cooling coils. Vigorous agitation was
accomplished by means of an overhead stiffing assembly comprised of a 19 mm
OD glass shaft with two sets of glass impellers, one set pitched and the
other flat, fused to the shaft. 20The reactor is essentially free of all
wetted PTFE parts or other polymeric fluorinated materials or elastomers.
Feeding Techniques [0022] The reactor was maintained under an inert dry N2
atmosphere during all operations. 25 The reactor was charged with the chain
transfer agent(s) through a dip leg by means of a diaphragm pump. Alkyl
lithium, additional solvents and the amine promoter TMEDA were all fed
subsurface to the stirred chain transfer agent(s) through the same dip leg.
Styrene was pumped into the reactor by means of a metering pump through a
3" cylindrical column (1.75" dia. z100 g) of Basic Aluminum Oxide (EMD
Chemicals, 30 Aluminum oxide 90, mesh 70-230, column chromatography grade)
and delivered as a fine stream or spray above the surface of the reaction
mixture through two 1/16" OD feed nozzles. Detailed Procedure 35[0023]
Toluene 2913 g, (3.4 liters, 31.61 mol) was charged to the reactor
previously heated to 115C. The toluene is refluxed and azeotropically dried
over a 4 hour period; Karl Fischer moisture analysis indicated 21 ppm of
residual H20, this toluene was dried with 1.5 g of n-BuLi solution. The
dried toluene was cooled to 82C with the oil jacket  WO
2010/065462PCT/US2009/066121 5and PID controller operating the coiling
coils both set at that temperature. Upon cooling to the set point
temperature, 63 g n-BuLi solution (2M in cyclohexane, 0.162 mol) was
charged through the dip leg below the surface of the gently agitated (300
rpm) toluene reaction mixture. The feed line was then flushed with 75 mL of
anhydrous toluene. Next, 46.4 g of TMEDA (0.399 mol) was charged to the
reactor through the subsurface feed line 10 forming the characteristic
bright red color of TMEDA-complexed benzyl lithium anion with concomitant
off-gassing of butane. The subsurface line was flushed with a second 75 mL
aliquot of anhydrous toluene via the metering pump. Reactor agitation was
increased to 510 rpm and 1713 g of styrene (99+%, 16.45 mol) dissolved in
3070 g of toluene were fed over 360 minutes. The well-calibrated metering
pump was programmed to feed at a 15 constant rate of 13.3 g/min. Anhydrous
cyclohexane (2x200 mL) was charged to the styrene feed system to flush the
alumina bed. The styrene feed to the reactor was deemed complete when no
further heat of reaction was observed generally signified by the closing of
the automated control valve on the cooling coils. The set point of PID
temperature controller was maintained at 82C and water was fed through the
cooling coils as needed 20 while the flow of the hot oil was altered to
bypass the reactor jacket. The reaction mixture was quenched at 75C with a
50 mL aliquot of deoxygenated water resulting in a water-white turbid
mixture. The reaction mixture was washed with deoxygenated water (3 x 650
mL). Phase cuts were rapid and required little settling time. Water and any
rag or emulsion was removed through the bottom drain valve. During the
course of the 6-hour 25 feed, an aliquot was removed after 3 hours for
analysis. The GPC area % analysis (excluding unreacted toluene) was as
follows: Mr, = 226, Mw =247 Mz = 281, PD = 1.091 C14116 70.3%; C23H24
20.1%; C31H32 6.4%; and higher oligomers 3.2%. The temperature of the oil
jacket was increased to 130C while the control valve to the cooling coils
turned off. Cyclohexane, residual moisture and toluene are distilled
through a simple distillation 30 head (1 atm.) until a pot temperature of
114C was observed. An aliquot was removed for analysis via GPC, the
composition of the reaction product mixture (a telomer distribution of this
invention) was as follows: C151-116 75.7%; C23H24 17.4%; C31H32 4.7%; and
higher telomers 2.2%. [0024] It will thus be seen that the isolated telomer
distribution of this invention formed in 35 this Example 4 was composed of
1,3-diphenylpropane (75.7 GPC area %), 1,3,5- 



triphenylpentane (17.4 GPC area %), 1,3,5,7-tetraphenylheptane (4.7 GPC
area percent), and 2.2 GPC area % of higher telomer(s), which presumably
was mainly or entirely  WO 2010/065462PCT/US2009/066121
51,3,5,7,9-pentaphenylnonane. Its GPC profile was as follows: Mil = 219, Mw
= 238 Mz = 269, PD = 1.087. EXAMPLE 5 [0025] A dry 500-mL 4-necked,
oil-jacketed glass flask was equipped with a 10 thermocouple, glass
overhead stirrer with glass paddle, condenser and nitrogen inlet. The
reactor was charged with 175 mL (151.4 g, 1.64 mol) of anhydrous toluene
and then subsequently with 2.24 g (0.0082 mol) of n-butyl lithium (23.5 wt
% in cyclohexane) and 2.97 mL (2.29 g, 0.0197 mol) of TMEDA at ambient
temperature. The temperature of the reaction mixture was increased to 85C.
Styrene (94.6 mL, 86 g, 0.83 mol) and toluene 15 (175 mL 151.4 g, 1.64 mol)
were mixed and pumped into the reactor at over 359 minutes at a constant
rate while maintaining constant and significant agitation of the mixture at
a temperature of 85C. Upon completion of the styrene feed, 20 mL anhydrous
toluene was pumped into the reaction mixture to clear the feed line of
styrene. The reaction mixture was then cooled to 80C and then quenched with
0.5 mL of isopropyl alcohol. After 20 cooling to room temperature and
settling of the lithium isopropoxide salts, the reactor was sampled for GPC
analysis. The GPC area % analysis (excluding unreacted toluene) of this
reaction product mixture was as follows: Mil = 203, Mw =210 Mz = 220, PD =
1.033 with C15H16 86.3%; C23H24 11.9%; C31H32 1.8%; and higher oligomers
0%.   [0026] It will thus be seen that the unisolated telomer distribution
of this invention formed 25in this Example 5 was composed of
1,3-diphenylpropane (86.3 GPC area %), 1,3,5- triphenylpentane (11.9 GPC
area %), and 1,3,5,7-tetraphenylheptane (1.8 GPC area %). EXAMPLE 6 [0027]
A dry 500-mL 4-necked, oil-jacketed glass flask was equipped with a thermal
30 couple, glass overhead stirrer with glass paddle, condenser and N2
inlet. The reactor was charged with 150 mL (130.5 g, 1.55 mol) of anhydrous
toluene and then subsequently with 2.7 mL (0.0054 mol) of n-butyl lithium
(2 M in cyclohexane) and 2.42 mL (1.88 g, 0.0162 mole) of TMEDA at ambient
temperature. The temperature of the reaction mixture was increased to 110C.
Styrene (50 mL, 45 g, 0.43 mol) dissolved in 150 mL of toluene was 35
pumped into the reactor over a period of 56 minutes at a constant rate
while maintaining constant and significant agitation of the mixture with
the temperature held at 110-115C. Upon completion of the styrene feed, 20
mL anhydrous toluene was pumped into the reaction mixture to clear the feed
line of styrene. The reaction mixture was then cooled to  WO
2010/065462PCT/US2009/066121 5 80C and then quenched with 0.5 mL isopropyl
alcohol. After cooling to room temperature and settling of the lithium
isopropoxide salts, the reactor was sampled for GPC analysis. The GPC area
% analysis excluding unreacted toluene was as follows: Mr, = 214, Mw =225
Mz = 243, PD = 1.054 C15t116 84.5%; C23H24 13.1%; C31H32 2.3%; C39H40 0.2%
and higher oligomers 0%. 10[0028] It will thus be seen that the unisolated
telomer distribution of this invention formed in this Example 6 was
composed of 1,3-diphenylpropane (84.5 GPC area %), 1,3,5- triphenylpentane
(13.1 GPC area %), 1,3,5,7-tetraphenylheptane (2.3 GPC area %), and
1,3,5,7,9-pentaphenylnonane (0.2 GPC area %). 15EXAMPLE 7 [0029] A
glass-lined, 100-gallon jacketed reactor equipped with an overhead
condenser, submerged thermal well/ thermal couple and a bottom drain valve.
Temperature was maintained at a set point by controlling the temperature of
the water flowing through the jacket using a steam control valve. Vigorous
agitation was accomplished by means of a 



20  three-blade, retreat-curve agitator on a variable speed drive. The
reactor is essentially free of all wetted PTFE parts or other polymeric
fluorinated materials or elastomers. [0030] The reactor was maintained
under an inert dry N2 atmosphere during all operations. The reactor was
charged with the chain transfer agent(s) through a dip leg by means of
pressure transfer from a portable tank. Alkyl lithium, additional solvents
and the amine 25 promoter (TMEDA) were all fed subsurface to the stirred
chain transfer agent(s) through the same dip leg. Styrene was pressure
transferred from a portable, pressure vessel by means of a metering valve
through a 24" cylindrical column (3" dia. z 6 lbs.) of 3A mol sieves
(Zeochem) and delivered as a fine stream or spray above the surface of the
reaction mixture through a slit feed nozzle. 30[0031] Toluene 140 pounds,
(689 mol) was charged to the reactor; Karl Fischer moisture analysis
indicated 7 ppm residual H20. Agitation began. The solvent was heated to
78C by applying tempered water to the vessel jacket. Upon reaching the set
point temperature, 4.07 pounds of TMEDA (15.9 mol) in 10 pounds of toluene
(49.24 mol) was charged to the reactor through the dip leg below the
surface of the agitated toluene reaction mixture. 35 The feed line was then
flushed with 21 pounds (103 mol) of anhydrous toluene. Next, 3.9 lb n-BuLi
solution (23.5 wt% in cyclohexane) (6.53 mol n-BuLi) was charged through
the subsurface feed line forming the characteristic bright red-orange color
of TMEDA complexed benzyl lithium anion with concomitant off gassing of
butane. The feed line  WO 2010/065462PCT/US2009/066121 5was then flushed
with 21 pounds (103 mol) of anhydrous toluene. 374.4 lb of styrene (99+%,
1629 mol, American Styrenics) were fed over 162 minutes. The styrene was
added by means of pressure transfer from a nitrogen regulated portable tank
through a metering valve at a constant feed rate of 2.31 lb/min. The
reactor was allowed to ride for 5 minutes to make certain the reaction was
complete. 10 [0032] The reaction mixture was quenched at 70C with 10
gallons of 0.75 wt% ammonium chloride solution which had been deoxygenated
overnight. The reaction mixture was washed with a second 10 gallons of
deoxygenated water. Phase cuts were rapid and required little settling
time. Water and any rag or emulsion was removed through the bottom drain
valve. 15[0033] The reactor was heated to atmospheric boiling point using
tempered water on the vessel jacket. Steam was then applied to the reactor
jacket to increase the temperature of the reactor jacket to 140C.
Cyclohexane, residual moisture and toluene boiled, condensed in the
overhead condenser, and drained to a drum until a pot temperature of 135C
was observed. The reactor was cooled to 50C. Vacuum was applied to the
vessel 20 and the reactor was heated to boiling point. Steam was then
applied to the reactor jacket to increase the temperature of the reactor
jacket to 140C. Vacuum was used to decrease the reactor pressure to 35 mm
Hg. Cyclohexane, residual moisture and toluene boiled, condensed in the
overhead condenser, and drained to a drum until a pot temperature of 135C
was observed. An aliquot was removed from the reactor for analysis via GPC
(Mr: 25  301, Mr,: 433, Mw: 626, At: 883, PD: 1.45). The reaction mass (443
lbs) was collected in a 350-gallon tote bin. [0034] A 3893 g sample of the
crude plant-stripped reaction mixture was stripped using a wiped film
evaporator (WFE) via continuous operation of residual toluene and 1,3-
diphenylpropane (to 1.0 GPC area % max specification) to yield 3111 g of a
product that 30 had the following GPC analysis: Mp: 409, Mr,: 543, Mw: 698,
At: 907, PD: 1.29. WFE operating conditions were as follows: feed rate =
1.33 L/hr, oil jacket temperature = 155C, Pressure = <0.1 mmHg and
condenser temperature = 0 C. Additionally the cold finger condensed 784 g
of a mixture having the following GPC analysis: Mr, = 204, Mw =212, PD =
1.04 with C15H16 80.65%; C23H24 17.7%; C311-132 1.5%; and C391440 0.2%. 35
[0035] It will thus be seen that this condensate, a telomer distribution of
this invention, was composed of 1,3-diphenylpropane (80.65 GPC area %),
1,3,5-triphenylpentane (17.7 GPC area %), 1,3,5,7-tetraphenylheptane (1.5
GPC area %), and 1,3,5,7,9- pentaphenylnonane (0.2 GPC area %).  WO
2010/065462PCT/US2009/066121 5 [0036] The GPC area% values set forth in
Examples 1 through 7 were obtained by GPC (described in more detail below)
using an oligopore column which provided baseline to baseline resolution of
the individual telomers as well as partially resolved any accompanying
short chain oligomers. It is therefore possible to discuss these product
mixtures in terms of the relative formation of discrete molecules. The
resulting data 10 demonstrates that a variety of mixtures of telomers can
be prepared under different process conditions. The product distributions
demonstrate a dependence on the ratio of monomer to chain transfer agent,
on the ratio of monomer to the tertiary polyamine complex organolithium
initiator, and on the feed rate of the monomer. 



[0037] Table 1 summarizes the conditions and results for Examples 1-7. 15
TABLE 1 Example 1 2 3 4 5 6 7 Styrene/Toluene (vol/vol) 0.33 0.33 0.5 0.26
0.27 0.16 n/a TMEDA/Butyllithium (mol/mol) 1 1 1 2.46 



2.4 3.0 n/a Styrene/butyllithium (mol/mol) 80 120 120 101 101 80 n/a Time
of Styrene Feed (min) 137 127 173 360 360 56 n/a Temperature (C) 110- 115
110- 115 



110- 115 82 85 110 - 115  Product GPC area % GPC area % GPC area % GPC area
% GPC area % GPC area % GPC area % n = MW Formula       



0 196.29 C151-116 64.3 46.1 64.8 75.7 86.3 84.5 80.7 1 300.44 C23H24 23.4
25.5 22.3 17.4 11.9 13.1 17.7 2 404.59 C31H32 



8.2 13.6 7.6 4.7 1.8 2.3 1.5 3 508.74 C391440 2.9 7.2 3 2.2  0.2 0.2 4
612.89 C47H48 0.9 3.8 1.9  



5 717.04 C55H56 0.3 1.7      6+ 821.19 C63H64  2       



WO 2010/065462PCT/US2009/066121 5 Brominated Telomer Distributions of this
Invention  [0038] The brominated telomer distributions of this invention
are characterized by having useful physical properties rendering them
suitable for use as flame retardants in various flammable polymeric or
resinous substrates. For example, the brominated telomers of this invention
case have extremely high bromine contents, e.g., in the range of about 77
wt% to 10 about 81 wt% of bromine. When a material providing a greater melt
flow index (MFI) is desired, brominated distributions of this invention
having a bromine content in the range of about 72 wt% to about 77 wt% of
bromine are highly suitable for this purpose. For use in certain resins for
foam applications, such as polyurethanes and expanded polystyrene, where a
more highly soluble brominated flame retardant is desired, use can be made
of 15 brominated telomers of this invention having a bromine content in the
range of about 45 wt% to about 72 wt% of bromine. [0039] Another feature of
the brominated telomers of this invention is their thermal stabilities. For
example, brominated telomer distributions of this invention can have a
thermal HBr content of less than 1000 ppm at 300C and less than 300 ppm at
280C 20 when measured under a stream of nitrogen. In addition, brominated
telomer distributions of this invention can have a TGA weight loss of 5
wt%, which does not occur until a temperature of at least 320C is reached.
[0040] Still another feature of the brominated telomers of this invention
is desirable color characteristics. Brominated telomer distributions of
this invention have been prepared 25 having a Hunter Colorimeter Yellowness
Index (YI) in accordance with the ASTM D 1925 procedure of less than 10,
which is adequate for many applications. [0041] To offset the plasticizing
effect of relatively low molecular weight brominated species, it is
desirable in some flame retardant applications to provide a flame retardant
having a glass transition temperature (Tg) in a suitably high range.
Experiments have 30 shown that it is possible, pursuant to this invention,
to produce brominated telomers in which the Tg is in the range of about
135C to about 215C. Similarly, in such applications, it is desirable to
provide a flame retardant having a melting point, as measured by
differential scanning calorimetry (DSC), where the melting point minimum
occurs at a temperature in the range of about 160C to about 310C. This
broad 35 distribution of minimum melting point temperatures, and the
foregoing broad range of glass transition temperatures, enable the flame
retardant users to have at their disposal, flame retardants tailored to
suit the needs of the particular flame retarded polymer composition under
consideration.  WO 2010/065462PCT/US2009/066121 5[0042] Particularly
preferred brominated styrenic telomer distributions of this invention are
those characterized by having greater than about 77 wt% to about 81 wt%
bromine content, a thermal HBr value at 300C of less than 1000 ppm, a 5 wt%
TGA weight loss occurring at not less than 320C, a Hunter color YI of less
than 10, and having Tg in the range of 170C to 215C and/or having a melting
point minimum (DSC) occurring in the 10 range of about 225C to about 310C.
[0043] In order to produce a brominated telomer distribution of this
invention, any known method for bromination of aromatic hydrocarbons may be
employed. In general, the brominations are conducted in the absence of
light and preferably use elemental bromine as the brominating agent. The
bromination is carried out under anhydrous conditions, 15 using a suitable
Lewis acid catalyst such as an aluminum halide or ferric halide catalyst.
To minimize bromination on aliphatic carbon atoms, the reaction is
preferably conducted at temperatures below about 25C. A bromination solvent
such as, for example, dibromomethane, ethylene dibromide,
bromochloromethane, dichloromethane, ethylene dichloride is typically used
in the process. 



20[0044] A general description of a preferred bromination procedure used in
the practice of this invention is as follows: Preparation for Bromination
[0045] Dichloromethane (DCM) or other suitable bromination solvent was
dried (5-40 25 ppm moisture by Karl Fisher) with activated alumina of
Acidic Aluminum Oxide (EMD Chemicals, Aluminum oxide, mesh 70-230, column
chromatography grade). All feed lines, feed tanks and glassware were dried
(oven dried at 130C min 2 hour where appropriate) and purged over-night
prior to use in the bromination reaction. All glassware, feed lines, and
feed tanks are maintained under a N2 atmosphere during the course of the
30set-up and the operation of the bromination reactor. [0046] The amount of
A1Br3 catalyst (commercially available) needed to make a 0.25 mole%
(calculated using the formula [moles A1Br3 / moles Br2] * 100% = 0.25 mole%
A1Br3) solution of active catalyst was weighed and then transferred to oven
dried reagent bottles in a nitrogen-purged glove box. By active catalyst,
it is meant that amount of 35 catalyst above any additional amount that
would be otherwise deactivated by moisture either in the bromine itself or
any other process stream involved in the bromination reaction. Bromine
(5-10 ppm moisture content) was pumped into the reagent bottle containing
the A1Br3 and then stirred with a PTFE coated magnetic stirring bar for 30
WO 2010/065462PCT/US2009/066121 5minutes to assure homogeneous dissolution
of the catalyst. The 0.25 mole % A1Br3 in bromine solution was then
transferred to a graduated feeding vessel placed on a large capacity
laboratory balance. [0047] The anionic chain-transfer styrene Telomer
(ACTST) used was dissolved in dry (5- 10 ppm moisture) DCM to make a 25-wt%
solution. The solution was then charged to a 10 graduated feeding vessel.
The 0.25 mole% A1Br3 in bromine and the 25 wt% ACTST in DCM solution are
co-fed via separate peristaltic pumps through 1/4" (3.2 mm) O.D. feed lines
to a well-stirred fresh or recycle heel of anhydrous DCM at 0C to -10C. The
relative feed rates are constantly monitored such that the ratio of the two
reagents fed remains constant or near constant during the course of the
electrophilic bromination 15reaction. Bromination Equipment Set-up:  [0048]
A 5 L oil jacketed flask (bromination reactor) was equipped with an
overhead glass 



stirrer shaft, PTFE stiffing paddle, a water-cooled condenser, thermowell,
nitrogen inlet, 20 and bottom drain valve. The reactor was vented through a
calcium sulfate moisture trap to a well-stirred caustic scrubber to absorb
co-product HBr and entrained Br2. Additionally the reactor was outfitted
with three inlet lines: 1) 1/4" (6.4 mm) O.D. PTFE BCM feed for initial
feed of BCM to the reactor (the BCM can be either fresh or a BCM recycle
heel from a previous run); 2) 1/4" (3.2 mm) O.D. substrate/BCM subsurface
feed line; and 3) 25 1/4" (3.2 mm)O.D. Br2/A1Br3 subsurface feed line. The
A1Br3/Br2 and ACTST/BCM feed lines are secured such that both inlet lines
discharge their contents in close proximity creating a locally high reagent
concentration. The bromination reactor was completely covered with aluminum
foil to exclude light and the reaction was conducted in a darkened
ventilation hood. 30 [0049] The bromination reactor was placed above a
6-liter water quench pot with a (9.5 mm) O.D. PTFE drain line that connects
the bottom drain valve of the bromination reactor to the quench pot to
allow for direct transfer of the bromination reactor's contents. The quench
pot was oil jacketed and equipped with an over-head stiffing mechanism,
thermowell and was baffled for intimate mixing of organic and aqueous
phases. The 35 quench pot had a nitrogen inlet and was purged to a caustic
scrubber. The quench pot had a bottom drain valve to enable transfer of the
pot's contents to an intermediate 5 liter storage vessel. [0050] The
intermediate storage vessel was piped to transfer its contents to a wash
kettle.  WO 2010/065462PCT/US2009/066121 5The wash kettle was a 6- liter
oil-jacketed, baffled reactor outfitted with an over-head stirrer,
thermocouple and bottom drain valve. [0051] Product isolation set-up
provides a water-containing vessel into which the product slurry is fed
accompanied by the concomitant azeotropic removal of DCM. The precipitate
from this solvent removal process is collected by filtration or
centrifugation 10 and then passed through an oven for drying. EXAMPLE 8
(Bromination) [0052] To the 5 L bromination reactor described above was
charged 3320.23 g (4.4 liters) of dry DCM (33 ppm moisture, Karl Fisher).
The DCM was cooled in the dark to -1 C 15 and a previously prepared 25 wt %
solution comprised of 200 g of the condensate of Example 7 (which was
composed of C15t116 80.65%; C23H24 17.7%; C31H32 1.5%; and C391440 0.2%)
and 399.3 g of dry DCM was charged to a dry, 2000 mL N2 blanketed graduated
cylinder outfitted with a 1/4" (3.2 mm) PTFE feed line placed to transfer
the entire content of the cylinder by means of a peristaltic metering pump
to the bromination 20 reactor. The previously prepared A1Br3 (0.25 mol%) in
bromine (1600 g) was transferred via a peristaltic pump into a 1.5 liter
graduated cylinder. This feed vessel was maintained under a N2 atmosphere
and was outfitted with a 1/4" (3.2 mm) PTFE feed line placed to transfer
the desired amount of bromine solution by means of a peristaltic metering
pump to the bromination reactor. 25[0053] The two reagents are co-fed at
predetermine relative rates such that the entire content of the two feeds
are charged and simultaneously completed in 120 minutes. Ample cooling was
provided through out the operation such that the reaction temperature
remains close to -2C. Upon completion of the feed the reaction was allowed
to stir for an additional 60 minutes and gradually warmed to 15C to allow
unreacted bromine to be 30 consumed. The reaction mixture was transferred
(gravity) to the 6 L quench pot through the bottom drain valve and the %"
(9.5 mm) O.D. PTFE transfer line. [0054] The quench pot was previously
charged with 1000 mL tap water (25C) and stirred at 400 rpm to assure
intimate mixing of the organic and aqueous phase. The quench was 



exothermic and a 10C temperature rise was observed. Agitation was slowed to
20 35revolutions per minute and the organic slurry phase allowed to settle.
The red bromine/HBr aqueous phase gradually separated forming the top
layer. The lower organic slurry phase was transferred to a 5L storage
vessel containing 1000 mL of 10% NaOH. [0055] This two-phase system was
then transferred to the 6 L wash kettle and refluxed  WO
2010/065462PCT/US2009/066121 5(39C) for 30 minutes. Agitation was
interrupted and the bottom organic layer cut from the reactor. The organic
layer was returned to the completely drained kettle and washed twice with
1000 mL of tap water until a pH of 10 was observed and the color of the
water wash was faint yellow. The organic slurry was then washed with 0.5
wt% sodium borohydride in 2 wt% NaOH at 36C. The organic slurry was
separated and washed a 10 final time with 1000 mL of tap water. [0056] The
slurry was placed in a stirred tank and gravity fed to the precipitation
reactor (10 liters tap water containing 2 grams NaBH4, 60C) with
concomitant azeotropic distillation of DCM. Upon completion of the feed the
pot temperature was increased to 98 C and held at that temperature for 20
minutes. The resulting off white product was  15 collected by vacuum
filtration rinsed with tap water until the rinse registered a pH<9. The
product dried in a nitrogen purged oven at 185 C to a constant weight, 850
g. The product thus obtained had the analyses shown in Table 2. TABLE 2
Bromination Example BR-7  Wt% Br XRF 78.09 Thermal HBr 280C (ppm) 202
Thermal HBr 300C (ppm) 540 DSC 



Tg (C) 180  MP (min) (C) 225.67 TGA (C) 1% wt Loss 259.87  5% wt Loss
322.48  10% wt Loss 342.07  50% wt Loss 390.83 ASTM D 1925 L 88.33  a 0.12



b 4.86  YI 9.92  20 Use of the Flame Retardants of this Invention  [0057]
As noted above, the brominated telomer distributions of this invention
(often referred to hereinafter as "flame retardants of this invention") can
be used as flame  WO 2010/065462PCT/US2009/066121 5retardants, especially
in macromolecular substances such as thermoplastic polymers and thermoset
polymers, as well as natural and synthetic elastomers, including
thermoplastic polyurethane elastomers, etc. [0058] Illustrative polymers
are: olefin polymers, cross-linked and otherwise, for example homopolymers
of ethylene, propylene, and butylene; copolymers of two or more of such 10
alkene monomers and copolymers of one or more of such alkene monomers and
other copolymerizable monomers, for example, ethylene/propylene copolymers,
ethylene/ethyl acrylate copolymers and ethylene/propylene copolymers,
ethylene/acrylate copolymers and ethylene/vinyl acetate copolymers;
polymers of olefinic ally unsaturated monomers, for example, polystyrene,
e.g. high impact polystyrene, and styrene copolymers,  15 polyurethanes;
polyamides; polyimides; polycarbonates; polyethers; acrylic resins;
polyesters, especially poly(ethyleneterephthalate) and
poly(butyleneterephthalate); polyvinyl chloride; thermosets, for example,
epoxy resins; elastomers, for example, butadiene/styrene copolymers and
butadiene/acrylonitrile copolymers; terpolymers of acrylonitrile, butadiene
and styrene; natural rubber; butyl rubber and polysiloxanes. The 20 polymer
may be, where appropriate, cross-linked by chemical means or by
irradiation. The flame retardants of this invention can also be used in
textile applications, such as in latex-based back coatings. [0059] The
amount of a flame retardant of this invention used in a formulation will be
that quantity needed to obtain the flame retardancy sought. In general, the
formulation and 25 resultant product may contain from about 1 to about 50
wt% of bromine, introduced therein in the form of at least one flame
retardant of this invention. Preferably, this amount is in the range of
from about 5 to about 30 wt% of bromine, introduced into the substrate
polymer in the form of at least one flame retardant of this invention.
Masterbatches of polymer are formed from one or more flame retardants of
this invention 30 blended with additional amounts of substrate polymer. The
amount of flame retardant of this invention used in a masterbatch
ordinarily is in the range of 50 to 99 wt%. [0060] It is advantageous to
use the flame retardants of this invention in combination with one or more
suitable flame retardant synergists, such as antimony-based synergists,
e.g. Sb203. Generally, the flame retardants of this invention will be used
with the antimony 



35based synergists in a weight ratio ranging from about 1:1 to 7:1, and
preferably of from about 2:1 to about 4:1. [0061] Any of a number of
conventional additives used in thermoplastic formulations may be used, in
their respective conventional amounts, with the flame retardants of this
WO 2010/065462PCT/US2009/066121 5invention. Examples of such conventional
additives include plasticizers, antioxidants, fillers, pigments, UV
stabilizers, lubricants, impact modifiers, and the like. [0062] Various
procedures for blending the flame retardants of this invention with
substrate polymers can be used. Non-limiting examples of such procedures
include melt blending, powder blending, and the like. 10[0063]
Thermoplastic articles formed from formulations containing a thermoplastic
polymer and a flame retardant of this invention can be produced
conventionally, e.g., by injection molding, extrusion molding, compression
molding, and the like. Blow molding may also be appropriate in certain
cases. [0064] In one of the more particular embodiments of this invention,
the flame retardants 15 of this invention can be used in various styrenic
polymers, including homopolymers and/or copolymers of various styrenic
monomers which typically contain in the range of 6 to 10 aromatic carbon
atoms. Examples of such monomers are styrene, alpha-methylstyrene,
ortho-methylstyrene, meta-methylstyrene, para-methylstyrene, pa
ra-ethylstyrene, isopropenyltoluene, vinylnaphthalene,
isopropenylnaphthalene, vinylbiphenyl, the 20 dimethylstyrenes,
tert-butylstyrene, and analogous monomers. The flame retardants of this
invention with a bromine content in the range of about 72 to about 81 wt%,
are especially well suited for use in flame retarding impact modified
polystyrenes (e.g., HIPS), styrene-acrylonitrile copolymers (SAN), and
impact modified styrene-acrylonitrile copolymers (e.g., ABS). 25[0065] In
another of the more particular embodiments of this invention, the flame
retardants of this invention that are comprised of brominated styrene
telomers having bromine contents in the range of about 45 to about 72 are
suited for use in forming polyurethane foams, such as flexible polyurethane
foams. Typically, such telomers and adducts of this invention are
introduced into the polyurethane formulation prior to 30 initiation of
polymerization. Typically, the telomers and adducts of this invention are
predissolved in a liquid phosphate flame retardant such as isopropylated
triphenyl phosphates. As is well known in the art, formulations used for
preparing flexible polyurethane foams comprise as components or ingredients
at least isocyanate, polyol, surfactant, catalyst, and blowing agent. The
brominated telomers and adducts of this 35 invention are deemed suitable
for use as flame retardant components to be included with such formulations
used for preparing polyurethanes. The catalyst is usually added to the
formulation as the final ingredient so that polymerization occurs. When the
brominated telomers or brominated adducts of this invention are introduced
into the polyurethane  WO 2010/065462PCT/US2009/066121 5formulation along
with an alkylated triphenyl phosphate such as isopropylated triphenyl
phosphate the resultant flexible polyurethane foam is characterized by
having good scorch resistance. Alkylated triphenyl phosphates, as well as
other known materials are known to also function as flame retardant
synergists.      [0066] Among particular flame retarded compositions which
can be formed by use of a 10flame retardant of this invention are the
following:  A) A HIPS-based formulation containing a flame retardant amount
of a brominated flame retardant of this invention. Such formulations can be
composed of primarily HIPS or they can be an alloy of HIPS, such as a
polyphenylene ether-HIPS blend. These are flame retarded compositions
formed by blending a brominated flame retardant of this 



15invention with the HIPS or alloy thereof.  B) An ABS-based formulation
containing a flame retardant amount of a brominated flame retardant of this
invention. Such formulations can be composed of primarily ABS or they can
be an alloy of ABS, such as a polycarbonate-ABS blend. These are flame
retarded compositions formed by blending a brominated flame retardant of
this invention 20 with the ABS or alloy thereof.  C) A polyolefin-based
formulation containing a flame retardant amount of a brominated flame
retardant of this invention. Such polyolefin-based formulations include
polyethylene, polypropylene, and ethylene or propylene copolymers with
other olefinic monomers copolymerizable therewith. These are flame retarded
compositions formed by 25 blending a brominated flame retardant of this
invention with a polyolefin homopolymer or copolymer.  D) An engineering
thermoplastic-based formulation containing a flame retardant amount of a
brominated flame retardant of this invention. These are flame retarded
compositions formed by blending a brominated flame retardant of this
invention with an 30 engineering thermoplastic polymer or blend thereof.
E) A formulation as in D) wherein the engineering thermoplastic is a
thermoplastic polyester. These are flame retarded compositions formed by
blending a brominated flame retardant of this invention with a
thermoplastic polyester or blend thereof.    F) A formulation as in D)
wherein the engineering thermoplastic is a thermoplastic 35 polyamide.
These are flame retarded compositions formed by blending a brominated flame
retardant of this invention with a polyamide thermoplastic or blend
thereof.  G) A formulation as in any of A)-F) wherein the flame retardant
amount is in the range of about 1 to about 95 wt% based on the total weight
of the formulation.  WO 2010/065462PCT/US2009/066121 5H)A formulation as in
any of A)-F) wherein the formulation additionally contains a synergistic
amount of a flame retardant synergist. I)A flame retarded thermoset resin
composition which comprises a thermoset resin in which has been included a
flame retardant amount of a brominated flame retardant of this invention.
10J)A composition as in I) wherein said thermoset resin is a novolak resin.
Analytical Procedures  [0067] Known analytical methods can be used or
adapted for use in assaying the characteristics of the compositions and
formulations of this invention. 15 GPC wt% Telomer Distributions  [0068]
The GPC area % values were obtained by GPC using using a modular system
with a Shimadzu autosampler (model SIL-9), a Shimadzu refractive index
detector (model RID-6A), a Waters HPLC pump (model 510) and a Waters TCM
column heater. The 



20 columns used were Polymer Labs (Varian) Oligopore columns, 300 mm by 7.5
mm, part number 1113-6520. The solvent used was tetrahydrofuran, HPLC
grade. The test procedure used entailed dissolving approximately 0.10 g of
sample in 10 mL of THF. An aliquot of this solution is filtered and 50 i_IL
is injected on the columns. Based on isolated 1,3-diphenylpropane and
1,3,5-triphenylpentane adducts, and the mode of separation is 25size
exclusion, peaks are identified according to their order of elution as 1,3-
diphenylpropane, 1,3,5-triphenylpentane, 1,3,5,7-tetraphenylheptane,
1,3,5,7,9- pentaphenylnonane, etc. The individual peaks of the oligomeric
material are then assigned theoretical molecular weight values. A
calibration curve is constructed using these theoretical values and their
corresponding retention times. Based on this calibration, the 30 overall
distribution data is calculated and reported. The calculations were
performed by the Viscotek Omnisec, version 4.2.0.237 gel permeation
chromatography (GPC) data collection and processing system. Total Bromine
Content (Combustion)  35 [0069] Bromine content of the brominated products
produced from the telomers of this invention is typically determined by use
of a combustion method. The procedure of this method is as follows: [0070]
A 0.04-0.08 g of sample of the Brominated Telomer is weighed on a 0.00001 g
accuracy, onto 1/4 sheet of creased black filter paper on a 5 place
analytical balance.  WO 2010/065462PCT/US2009/066121 5The sample is folded
inside the filter paper placed in a platinum sample holder. A combustion
flask is prepared by adding 15 mL of caustic aresenite solution and 3 drops
concentrated NH4OH. The flask is thoroughly flushed for at least two
minutes with oxygen. The platinum sample holder is placed in the top of the
combustion flask which is then flushed for at least one more minute. The
flask is stoppered and secured so that the 10 flask is gas tight when
inverted. Silicone grease is used to form a continuous seal around the
entire joint surface. The inverted combustion flask containing the sample
is placed into a Thomas-Ogg oxygen flask infrared igniter. The sample is
ignited and the residue is dissolved in deionized water made basic with
solid KOH and further digested by boiling. The solution is concentrated,
cooled and acidified with sulfuric acid. Bromide is then 15titrated with a
0.1 to 0.01 N AgNO3 standardized solution using a silver titrode on a
autotitrator. Wt% Bromine of the brominated telomer is given by the
equation below:      wt% Br = 20 where: (S-B)(N) (7.9904)  Sample Weight in
Grams  S =milliliters of AgNO3required to titrate the sample B =milliliters
of AgNO3required to titrate the blank N =normality of AgNO3 25 Yellowness
Index Hunter Colorimeter [0071] In order to assess the color properties of
the brominated products formed from the 



telomers of this invention, the analytical procedure described in ASTM D
1925 was employed. 30 Thermograyimetric Analysis  [0072] Thermogravimetric
analysis (TGA) is also used to test the thermal behavior of the flame
retardant compositions formed from the telomers of this invention. The TGA
values are obtained by use of a TA Instruments Thermogravimetric Analyzer.
Each sample is heated on a Pt pan from 25C to about 600C at 10 C/min with a
nitrogen flow of 50-60 35 mL/min. Thermal Stability Test (Thermally Labile
Bromine Test   [0073] This test procedure for determining the thermal
stability of the brominated flame retardants produced by bromination of the
telomers of this invention is a procedure 40essentially as described in
U.S. Pat. No. 5,637,650. In conducting this test, each sample is  WO
2010/065462PCT/US2009/066121 5 run in duplicate. A 2.00 g +1-0.01 g sample
is placed into a new clean 20 mm by 150 mm test tube. With a neoprene
stopper and Viton(r) fluoroelastomer tubing, the test tube is connected to
a nitrogen purge line with exit gas from the test tube being passed
successively through subsurface gas dispersion frits in three 250-mL
sidearm filter flasks each containing 200 mL of 0.1 N NaOH and 5 drops of
phenolphthalein. With a constant 10 nitrogen purge at 0.5 SCFH, the test
tube is heated at 300C in a molten salt bath (51.3% KNO3148.7% NaNO3) for
15 minutes followed by 5 minutes at ambient temperature. The test tube
containing the sample is then replaced with a clean dry test tube, and the
apparatus is purged with nitrogen for an additional 10 minutes with the
empty test tube in the 300C salt bath. The test tube, tubing and gas
dispersion tubes are all rinsed with 15 deionized water, and the rinse is
combined quantitatively with the solutions in the three collection flasks.
The combined solution is acidified with 1:1 HNO3 and titrated with 0.01 N
AgNO3 using an automatic potentiometric titrator (Metrohm 670, 716, 736, or
equivalent). Results are calculated as ppm in accordance with the equation:
HBr = (mL AgNO3 to end point)  (normality of AgNO3)  (80912)/(sample wt.)
20 [0074] The tubing is thoroughly dried with nitrogen before the next
analysis. Each day before the first sample, three empty clean test tubes
are run as blanks to assure there is no residual hydrogen halide in the
system. 25 rg_Values  [0075] Tg values were obtained by DSC with a TA
Instruments DSC Model 2920. Samples were heated to 400C. at a rate of 10
C/min under nitrogen. Tg is determined by noting the change in the specific
heat of a polymer at the glass to rubber transition. This is a second order
endothermic transition (requires heat to go through the transition). In
DSC, 30 the transition appears as a step transition and not a peak such as
might be seen with a melting transition. See, The Elements of Polymer
Science and Engineering, An introductory Text for Engineers and Chemist,
Alfred Rudin, Academic Press, Orlando FL, 1982, pg 403. [0076] Components
referred to by chemical name or formula anywhere in the 35 specification or
claims hereof, 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, a solvent, or etc.). It matters not what chemical changes,
transformations and/or reactions, if any, take place in the resulting  WO
2010/065462PCT/US2009/066121 



5mixture or solution as such changes, transformations, and/or reactions are
the natural result of bringing the specified components together under the
conditions called for pursuant to this disclosure. Thus the components are
identified as ingredients to be brought together in connection with
performing a desired operation or in forming a desired composition. Also,
even though the claims hereinafter may refer to substances, 10 components
and/or ingredients in the present tense ("comprises", "is", etc.), the
reference is to the substance, component or ingredient as it existed at the
time just before it was first contacted, blended or mixed with one or more
other substances, components and/or ingredients in accordance with the
present disclosure. The fact that a substance, component or ingredient may
have lost its original identity through a chemical reaction or 15
transformation during the course of contacting, blending or mixing
operations, if conducted in accordance with this disclosure and with
ordinary skill of a chemist, is thus of no practical concern. [0077] Each
and every patent or publication referred to in any portion of this
specification is incorporated in toto into this disclosure by reference, as
if fully set forth herein. 20 [0078] 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, 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
taken in context clearly indicates otherwise. 25[0079] The invention may
comprise, consist or consist essentially of the materials and/or procedures
recited herein. [0080] This invention is susceptible to considerable
variation in its practice. Therefore the foregoing description is not
intended to limit, and should not be construed as limiting, the invention
to the particular exemplifications presented hereinabove. 30  WO
2010/065462PCT/US2009/066121 CLAIMS: 1.A telomer distribution comprised of
one or more of: (a) a distribution of molecules of the formula
Ph-CH2[-CH2CH(Ph)] "-CH2CH2-Ph wherein each Ph is a phenyl group, for each
molecule in the distribution, "n" is a whole number in the range of 0 to 6,
and wherein,  (i) at least about 46 GPC area % of the molecules have an "n"
value equaling 0,  (ii) about 1 to about 26 GPC area% of the molecules have
an "n" value equaling 1, and  (iii) 0 to about 14 GPC area% of the
molecules have an "n" value equaling 2; (b) a distribution of molecules of
the formula Ph-CH2[-CH2CH(Ph)] "-CH2CH2-Ph ; wherein each Ph is a phenyl
group, wherein for each molecule in the distribution, "n" is a whole number
in the range of 0 to 6, and wherein the distribution is characterized by a
majority of the molecules in the distribution having an "n" value of 0 and
a minority, not exceeding 49 GPC area%, of the molecules in the
distribution having an "n" value of 1, 2, 3, 4, 5 or 6 wherein the GPC
area% for "n" equals 1 > "n" equals 2 > "n" equals 3 > "n" equals 4> "n"
equals 5 > "n" equals 6; (c) a non-polymeric and non-oligomeric
distribution of molecules of the formula Ph-CH2[-CH2CH(Ph)] "-CH2CH2-Ph, 



wherein each Ph is a phenyl group, and, for each molecule in the
distribution, "n" is a whole number in the range of 0 to 6 and wherein the
distribution includes molecules having "n" values from 1 to 6. 2.A telomer
distribution as in Claim 1 wherein the distribution is characterized by
having: a content of from about 46 to about 76 GPC area% for molecules
having "n" = 0; from about 16 to about 26 GPC area% for molecules having
"n" = 1; and from about 1 to about 14 GPC area% for molecules having "n" =
2. 3.A telomer distribution as in Claim 1 wherein the distribution is
characterized by having:  (i) from about 76 to about 95 GPC area% of the
molecules having an "n" value equaling 0,  (ii) from about 17 to about 5
GPC area% of the molecules having an "n" value equaling 1, and  WO
2010/065462PCT/US2009/066121 (iii) from about 5 to 0 GPC area% of the
molecules having an "n" value equaling 2. 4.A telomer distribution as in
Claim 1 wherein the distribution is characterized by having:  (i) from
about 95 to about 99 GPC area% of the molecules having an "n" value
equaling 0, and  (ii) from about 5 to about 1 GPC area% of the molecules
having an "n" value equaling 1. 5.A brominated telomer distribution
characterized by one or more of the following: (a)a distribution of
molecules of the formula Ph-CH2[-CH2CH(Ph)] "-CH2CH2-Ph wherein each Ph is
a brominated phenyl group having between 1 and 5 bromine atoms, wherein for
each molecule in the distribution, "n" is a whole number in the range of 0
to 6, and wherein,  (i) at least about 46 GPC area % of the molecules have
an "n" value equaling 0,  (ii) about 1 to about 26 GPC area% of the
molecules have an "n" value equaling 1, and  (iii) 0 to about 14 GPC area%
of the molecules have an "n" value equaling 2; (b)a distribution of
molecules of the formula Ph-CH2[-CH2CH(Ph)] "-CH2CH2-Ph; wherein each Ph is
a brominated phenyl group having between 1 and 5 bromine atoms, for each
molecule in the distribution, "n" is a whole number in the range of 0 to 6,
and wherein the distribution is characterized by a majority of the
molecules in the distribution having an "n" value of 0 and a minority, not
exceeding 49 GPC area%, of the molecules in the distribution having an "n"
value of 1, 2, 3, 4, 5 or 6 wherein the GPC area% for "n" equals 1 > "n"
equals 2 > "n" equals 3 > "n" equals 4 > "n" equals 5 > "n" equals 6; 



(c)a non-polymeric and non-oligomeric distribution of molecules of the
formula Ph-CH2[-CH2CH(Ph)] "-CH2CH2-Ph, wherein each Ph is a brominated
phenyl group having between 2 and 5 bromine atoms, wherein for each
molecule in the distribution, "n" is a whole number in the range of 0 to 6,
and wherein the distribution includes molecules having "n" values from 1 to
6. 6.A brominated telomer distribution as in Claim 5 having a bromine
content in the range of about 77 wt% to about 81 wt% of bromine  WO
2010/065462PCT/US2009/066121  7. A brominated telomer distribution as in
Claim 5 having a bromine content in the range of about 72 wt% to about 77
wt% of bromine  8. A brominated telomer distribution as in Claim 5 having a
bromine content in the range of about 45 wt% to about 72 wt% of bromine.
9. A brominated telomer distribution as in any of Claims 5-8 having a
thermal HBr content of less than 1000 ppm at 300C and less than 300 ppm at
280C.  10. A brominated telomer distribution as in any of Claims 5-9 having
a TGA weight loss of 5 wt% occurring at a temperature not less than 320C.
11. A brominated telomer distribution as in any of Claims 5-10 having a
Hunter color YI of less than 10.  12. A brominated telomer distribution as
in any of Claims 5-11 having a Tg in the range of 135C to 215C.  13. A
brominated telomer distribution as in any of Claims 5-11 having a
differential scanning calorimetry melting point minimum occurring in the
range of about 160C to about 310C.  14. A brominated telomer distribution
as in Claim 5 having:  a bromine content in the range of about 77 wt% to
about 81 wt%,  a thermal HBr content of less than 1000 ppm at 300C,  a 5
wt% TGA weight loss occurring at not less than 320C,  a Hunter color YI of
less than 10, and  a Tg in the range of 170C to 215C and/or a differential
scanning calorimetry melting point minimum occurring in the range of about
225C to about 310C.  15. A flame retarded HIPS-based polymer composition
containing a flame retardant amount of the composition as in any of Claims
5-14.  16. A flame retarded ABS-based polymer composition containing a
flame retardant amount of the composition as in any of Claims 5-14.  17. A
flame retarded thermoset resin composition which comprises a thermoset
resin in which has been included a flame retardant amount of a composition
as in any of Claims 5, 8, or 9.  18. A composition as in Claim 17 wherein
said thermoset resin is a novolak resin. 



19. A composition as in any of Claims 15-17 wherein said flame retardant
amount is in the range of about 1 to about 95 wt% based on the total weight
of the composition.  20. A composition as in any of Claims 15-16 wherein
the composition additionally contains a synergistic amount of a flame
retardant synergist.  WO 2010/065462PCT/US2009/066121  21. A composition as
in Claim 20 wherein the flame retardant synergist is an antimony-containing
synergist.  22. A composition as in any of Claims 20-21 wherein the amount
of the synergist is in the range of about 1 to about 12 wt% based on the
total weight of the composition.  23. A formulation for the preparation of
polyurethane, which formulation is characterized by containing, as a flame
retardant, a composition of any of Claims 5, 8, or 9.  24. A formulation as
in Claim 23 further comprising at least one flame retardant synergist.  25.
A formulation as in Claim 23 wherein said synergist is an alkylated
triphenylphosphate. 


