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25  particles by using recrystallization from solvents, such processing is commercially
impractical for materials like decabromodiphenylethane, which has extremely poor
solubility in nearly all organic solvents. For example, solubility of
decabromodiphenylethane is about 0.2 wt% in dibromomethane at reflux (98°C), about 0.9
wt% in refluxing chlorobenzene (130°C). Another known technique for reducing

30  occluded free bromine content is to grind, mill, or otherwise pulverize the product so that
trapped bromine can be liberated and removed by solvent washing. Commercially, a high-
melting flame retardant such as decabromodiphenylethane, is heated at high temperatures

(280-300°C) in order to reduce substantially the amount of free bromine trapped inside the

particles as formed. In fact, free bromine is so tightly bound to the particles of



[0003] In an attenpt to substantially reduce the cost of manufacturing
decabr onodi phenyl et hane product, a new, and significantly inproved
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herein. reaction mixture, a feed stream comprising at least one a,m-diphenylalkane in which the
alkylene group contains in the range of 1 to about 10 carbon atoms, with a limited excess
of bromine, in the presence of an aluminum, aluminum halide or a ferric halide catalyst in
30  which the halogen atoms of such halides, as used in forming the charge thereof into said
reaction mixture are chlorine atoms, bromine atoms, or both, said limited excess of
bromine being such that the maximum excess amount of bromine used in conducting the

reaction is about 20 mole % relative to the stoichiometric amount required to convert the

amount of diphenylalkane used to decabromodiphenylalkane. Typically, the feed stream



[ 0007] Typi cal di phenyl al kanes whi ch can be brom nated pursuant to this

i nvention can be represented by the formula: (C6H5)-R (C6145) [0008] where
CoHs i s awvphenydiemsoup and R is an al kyl ene group cont aipairrug201m0/0831€0 r ange
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25  diphenylpentane, and their homologs in which the alkylene group contains up to about 10

carbon atoms.
[0009] One key feature of this invention is to employ a limited excess of bromine
relative to the stoichiometric amount required in forming the decabromodiphenylalkane
product. Thus, 10 moles of bromine (Br;) per mole of diphenylalkane constitutes the
30  stoichiometric amount. Accordingly, the molar ratio of Bry:diphenylalkane that is used in
conducting the bromination reaction of this invention is no higher than about 12:1 (i.e., the
maximum excess amount of bromine used in conducting the reaction is about 20 mole %
relative to the stoichiometric amount required to convert the amount of diphenylalkane

used to decabromodiphenylalkane). Desirably, this maximum excess is about 15 mole %,
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[0016] Another node of feeding involves se arater and concurrently
por ti onwilgén the range of about 0.5 to about 1.5 mole %, based on the total moles of bromine
employed in the process, which amount of catalyst minimizes the formation of undesired
30  impurities without compromising the assay of the desired decabrominated diphenylalkane
product. Still another preferred amount of catalyst is about 0.3 to about 1.0 mole %, based

on the total moles of bromine employed in the process.



30 feeding of (i) bromne and (ii) a solution of the di phenyl al kane and a
portion of the inert solvent into a reactor or reaction zone containing the
cat al yst woaotiae¥semai nder of the inert solvent. |n thi scrag2aie4mod ar
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substanti conti nuoysly at about _the xi mum npl ar rati o, of .

Br 2: di phé_ﬁéi%% N SBOL N PTRR BedSed i f5rBse E@h_taﬁ@éféieemglﬁwﬁds come
together difhenYRNGAL LIS GEIFELLFRMOABAZILA, 1NepicRaRll AAPHRquES ifat e of
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fromthe 10reaction zone caused by excessive rate of HBr evolution, should
this be fiphimiraHzcaadustsgd ipthepbseicsiof ghta any gi ven situation. [0019] A post
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(a.k.a., ride tine) will vary dependi pon the scale of reaction. On a
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conducted on a batch basis, the post reaction period™will typically be in
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suitabl e sol vent, preferably di brononmethane, is then fed to the reactor
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250ven- aghthgatdty béald) thenpeitidhuygicalsy pefuires about Sud taabhtel G abwmenkild ofi ause in
the %Bocec%%m?errgial scale, the expected addition period of the feed solution would typically
involve about 4 to about 12 hours or longer.
[0015] While various modes of feeding the reaction components to the reactor can be
used, two methods are deemed convenient as well as effective. One such feeding mode
involves charging all of the limited excess of bromine and a portion of the inert solvent to
25  the reactor. Typically, the catalyst is either charged along with the bromine and a portion
of the inert solvent or is added to the reactor after completing the charge of the bromine
and a portion of the inert solvent. Thereupon, the feed of the diphenylalkane along with
the remainder of the solvent, desirably as a preformed solution, is initiated.
[0016] Another mode of feeding involves separately and concurrently portionwise
30  feeding of (i) bromine and (ii) a solution of the diphenylalkane and a portion of the inert
solvent into a reactor or reaction zone containing the catalyst and the remainder of the
inert solvent. In this way the molar ratio of the bromine to diphenylalkane can be

controlled so as to be substantially continuously at about the maximum molar ratio of

Br,:diphenylalkane selected for use in the process as these components come together in



those which are inert and thermally stable at the reaction conditions and

that can be distilled or steamdistilled away fromthe crude
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the end of addition. The reaction slurry was kept at reflux for the next 30
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30 color. It is anticipated that other decabromodiphenylalkane products, especially high
assay 1,3-(pentabromophenyl)propane (a.k.a., decabromodiphenylpropane) when
produced pursuant to this invention will also have white or only slightly off-white

coloration.
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solvent) was fed to the reactor over a period_of
20 ° intended to limit the generic invention to only the detalls set forth therein.

EXAMPLE 1
Preparation of Decabromodiphenylethane in a Solvent Using 10 % Excess Bromine

[0024] A 250-mL round bottom flask was fitted with a mechanical stirrer, a digital
25  thermal probe, a heating mantle, a 0°C reflux condenser and a Teflon® resin dip-tube for
sub-surface feeding. = The reactor was charged with approximately 72 mL of
dibromomethane solvent and 176 g (1.1 mole, 10% stoichiometric excess) of bromine.
Aluminum bromide (1.8 g, 10 wt% based on 1,2-diphenylethane (DPE) charge, 0.61 mole
%, based on total moles of bromine) was now added and stirred to make a solution. This
30  solution was then heated to reflux (73°C). Diphenylethane (18.2 g, 0.1 mole) was
dissolved in 9 mL of dibromomethane in a separate reservoir (Erlenmeyer flask) and was
then fed, sub-surface, to the refluxing Br,, CH,Br,, AlBr; catalyst solution, by means of a
peristaltic pump, over a period of 200 minutes. As more and bromine was used up by the

reaction, the reaction temperature slowly approached that of dibromomethane solvent



5 195 mnutes, at 73-95C. Usual work-up was perfornmed except the cake,
after initial filtration, was washed w th di brononet hane (2x20 nlL), caustic
(120 of avour11IBewqueous sol ution) and finally, wth watrer/us2ca00@21md.) .
Dried the cake in air for 30 mnutes, then in the oven at 125C for four

hours 4.5 g of shiny crystalline-I|ookin roduct zed by
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ppm of ionic brom H]“ The results of Examples 1-4
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95.5% of the desired product. Upon analysis, the product showed a free bromine content
of 130 ppm and an ionic bromide content of 967 ppm. A GC analysis showed the product
assay (measured by the Br-10 content) to be 98.30 area %.
15
EXAMPLE 2
Preparation of Decabromodiphenylethane in a Solvent Using 20% FExcess Bromine
[0025] This run was made in a manner identical to that of Example 1 and using the same
equipment, except that initial charge in the reactor consisted of 72 mL of dibromomethane
20  and 62 mL (193.4 g, 1.20 mole, 20% excess) of bromine. Aluminum bromide (1.8 g, 0.56
mole % based on the total moles of bromine) was then added and the contents brought to
reflux at 73°C. Diphenylethane (18.2 g, 0.1 mole, dissolved in 9 mL of methylene
bromide) was fed, sub-surface to refluxing bromine/solvent/catalyst solution at 73-95°C,
over a period of 197 minutes. This was followed by reflux for an additional 197 minutes,
25  cooling, treatment with water and caustic as before, and then isolation by filtration. The
cake was dried at 120°C in an oven for 2.5 hr, to give 94.7 g of the final product. Analysis
showed the assay of this product to be 98.65 area %. The material had a free bromine

content of 408 ppm and the ionics were 472 ppm.

30 EXAMPLE 3
Preparation of Decabromodiphenylethane in a Solvent Using 20% Excess Bromine
[0026] This run represents essentially a repeat of the run of Example 1 above, except that
the amount of catalyst again was increased to 20 wt% (1.12 mole % based on the total

moles of bromine) while keeping the amount of bromine the same. The increased amount
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of catalyst was assumed to improve upon the assay. Performed in the same equipment and
in an identical manner, the initial reactor charge consisted of 72 mL of dibromomethane
solvent, 62 mL of bromine and 3.6 g of aluminum bromide catalyst. DPE solution (18.2 g
DPE dissolved in 9 mL of dibromomethane solvent) was fed to the reactor over a period of
195 minutes, at 73-95°C. Usual work-up was performed except the cake, after initial
filtration, was washed with dibromomethane (2x20 mL), caustic (120 of about 8%
aqueous solution) and finally, with water (2x100 mL). Dried the cake in air for 30
minutes, then in the oven at 125°C for four hours, to give 94.5 g of shiny crystalline-
looking product. As analyzed by GC, the assay on this product was 99.62 area %. It

contained 396 ppm of free bromine and 159 ppm of ionic bromide.

EXAMPLE 4
Preparation of Decabromodiphenylethane in a Solvent Using 10% FExcess Bromine

and 10 wt% Catalyst
[0027] This run was made in a similar manner as that of Example 3 by keeping

everything else the same except reducing the catalyst back to 10 wt% (0.56 mole %, based
on the total moles of bromine) from 20 wt% used in Example 3. DPE solution was fed at
75-96°C, over a period of 185 minutes. The filter cake was washed sequentially with
dibromomethane (3x25 mL), with a solution of 20g of 50% aqueous sodium hydroxide in
100 mL water, and with water (2x100 mL). The product was dried in air for 30 minutes,
then in an oven at 125°C for four hours to give 92.2 g of product which had an assay of
99.33 area %. It was analyzed to contain 228 ppm of free bromine and 491 ppm of ionic
bromide.

[0028] The results of Examples 1-4 are summarized in the Table in which “DDE” assay

refers to the assay of the decabromodiphenylethane product.

TABLE: Data on DDE Product From the Solvent Process of this Invention

Example | Excess | Catalyst, | Catalyst, DDE assay, | Free Bry, Ionic bromide,
Br, % | wt% mole % GCarea % | ppm ppm
1 10 10 0.61 98.3 130 967
2 20 10 0.56 98.65 408 472
3 10 20 1.12 99.6 396 159
4 10 10 0.56 99.33 228 491




1.12 99.6 396 159 4 10 10 0.56 99.33 228 491 WO

2011/ 016966PCT/ US2010/ 042110 [0029] The results listed in the Table
denonstr ave 20hiev1edesl ity of this process to nake high as®ay/us2010/042110
decabr onodi phenyl et hane product of white color, having 98-99.6% Bri o, and

accept abl vel.s of free hraom i t hout the conventionally used high
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utilization of bromine per batch is substantially reduced, that conventional workup
procedures to reduce occluded free bromine such as heat treatment and grinding, milling,
or the like are rendered unnecessary, the amount of impurities such as free bromine and
10 ionic bromide can be reduced, and the cost effectiveness of processing to produce
decabromodiphenylalkanes is improved.
[0030] It is to be understood and appreciated that although no grinding, milling, or other
forms of pulverization are used in order to reduce the occluded free bromine content to a
value of <500 ppm and preferably <300 ppm, once the product has been prepared having
15  such a low occluded free bromine content the product can thereafter be ground, milled, or
pulverized in order to reduce the size of the product, the practice of the present invention
having already been completed by producing the product having such low occluded free
bromine content without use of grinding, milling, and/or other forms of pulverization. It is
also to be understood and appreciated that the term “occluded free bromine™ is
20  synonymous with “occluded elemental bromine” or more simply, “occluded bromine”
where bromine is Brs.
[0031] Components referred to by chemical name or formula anywhere in the
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
25 name or chemical type (e.g., another component, a solvent, or efc.). It matters not what
chemical changes, transformations and/or reactions, if any, take place in the resulting
mixture 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
30  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,
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

10



[0030] It is to be understood and appreci ated that although no grinding,
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subst ancé%e,re”&éﬁrﬁ‘éﬁ@ﬁ%’/ 40 ZRUTTOPNC) Mgiets; %Wg:‘ﬂ‘?fﬂef’ct%él éélé‘%{e%/‘{ éﬂi?‘é In context

(" conpri s@sily indidates &hérwise.t he reference is to the substance, conponent or
ingredient asS it existed at the tine just before it was first contacted,

bl ended dPOId]xekhevintdntionenayrcomprise.atoneist aidossisimsemtiady phwentteridnaidior WO
2011“316966P /U82018@042110 ingredients in accordance with the present

di scl'0surfEOSPHES F4LE PRSI a subst ance, conponent or ingredient may have

| ost its [0033i NBllis iMeRtidd ¥ dubdcptBlR t8 coNgadeRk vaRAEdn PNitOpratticRNSTIRNEBES ONn
during the course of contacting, blending or mxing operations, if
conduct edh¢ Foregaieg dessEptiqn ismot Hitendgi de ligsiyeed shauldnetbeotopstizadyasdianitingof a
Chem. St, ¢h8 inR/Qr:ﬁonqgghe?garH&ﬁg}éx%ﬂll hfl&ﬂ?o?lg gres%ggg’ ﬁirei'ﬁﬁﬁ&e‘?‘”d every patent or
publication referre I'h any pgr ron of this specification is
incorporated in towinto this disclosure by reference, as if fully set
forth herein. [0033] Except as may be expressly otherw se indicated, the
article "a" or "an" if and as 10 used herein is not intended to limt, and
shoul d not be construed as limting, a claimto a single elenment to which
the article refers. Rather, the article "a" or "an" if and as used herein
is intended to cover one or nore such elenents, unless the text taken in
context clearly indicates otherw se.

11



[ 0034] The invention nmay conprise, consist or consist essentially of the
mat eri al s and/ or 15procedures recited herein. [0035] This invention is
suscepti bwe 2wn/uaesi derabl e variation in its practice. Poenstaosdiihe
foregoing description is not intended to Iimt, and should not be construed
as Iinitisg! the invention to the particul ar exenplifications presented

her ei nab Al 2011/ 016966PCT/ US2010/ 042110 CLAIMS: 1. A process for the
preparation of a high assay decabronodi phenyl al kane product in which the

al kyl ene group contains in the range of 1 to about 10 carbon atons and has
an 5 occlluded A pemetprioniheeprepmateomt ofaf high assoy de¢dbarmedi phemymlkanhipeddust ocess
conprises bromnati.ng, in a |liguid_.phase r ti,on nixture, at |east one
aove di phorDPAMEae R siahe fopnd af kfiane §F Dl Bl bR ndhe iERyeTD! 1
to abgut gkEluaed BRR BloaliBe cWhieht 8f InoMnboRd tIRMCESE pphn, BRI NBocds® dohpriRéesence
of an alum num_ alum num halide or a ferric halide catalyst in which the

hal ogen dtrominagng.sinehlidved phirss reagsionseigturn of dasi ony -hediphraytpkanpdn adichio
into saig,[eactd, 'gg&‘g%%i{t% ghe th%h}aﬁgé or 1300 0 26 QA8 R R0Rwin®h 19&421% el
limted excéss 0 Fdm ne  bej ng such that the maxiium excess. amount o

brom ne useehsiof tromiiectin (g pB&nte dE tah Qilurhihual QUMIAOmNEElle %rrefeatid Hglideo t he
stoi chi onetric. anmpunt reciui red to convert the amount of a,w di phenyl al kane
used to datdhyt BhbicBinhlageeaiens ghatcbiplides, avuisddh fergung the charge théreof

decaq?o mﬂéo%ﬂ%haidﬁ%gﬁtﬁa %Pé’&hofg&e Q?&Q%r%g]fu’{@ B84 of %,%faidhlﬁ‘g'ittecf ERatgrent,

oven 15ageing, or grinding or other fornhs pul verization. A process
as i n d afrhrdmidedredignsichsbhtuhe omxahumhexcessvanthiuph efiplanhikaneed m amdiuctarg
solvent is fed.into a reacti.on z.ogg cont ai ni ng sai 85' imted

react or _or
excess oftﬁ%Fe&ﬁﬁl%}s @QPHS@QP Ystelatiyfdo fheettQicRiIgmEE}; amount Toyeg (R SaNvedt |

Gaiml Wﬁéﬁﬁbﬂntf&%%-)d@%le(lmlkanéQée'dtt'b%@cmo%%pﬁ%n\mﬂlkdh@?wé@%%ﬁe a0 an

inert solvent and (11 rom ne are separately and concurrent fed into a

react or owsayedesthromodphenydalktuzg piodgctsiaipeepasadawitbeut ansel of heatt trepphengnoven 4. A
process as in an%_w%f C ains 1-3 \/}hmei.n & he catal yst is an al um num

tri haPi deSPREuH; LR RIS IR I HE4 Y oni ne atoms, chlori ne atoms, or
bot h, and, whergipfodefeaiiioURim af whetid £ adladiorssf ihe d,O-difRnyandge of adheut 0. 1
to about 5 nole % based on the total 25 noles of brom ne enpl o%/ed in the

process. sobenfispieddeiosn Eacion oCieAchHPE Zopfee@itainingesad métedisxessh &F lbraraine,

sel ected for int ¢ ss is 1, 2-di phenyl et hane or

1, 3-di phesﬁly CS'F% Sé’nag,d H(tl;e?t sgo(%?%? wherein the catal yst selected for use in the
process i3 al uAriprasssscayl iar@laen orwladreliifeadn dsn o dytiodrofabé b,o-diptleniglksien t he
anount of said catalyst is_ in the range of about 0.75 to about 2.0 nole %
30 badfed BANtIAYT fOVElt angl Ed DEIMIBE G#F HPIENPY YL FonGirteRdy fed Hue @ reactor or

reaction zone containing said catalyst and inert solvent.

4. A process as in any of Claims 1-3 wherein the catalyst is an aluminum trihalide in

which the halogen atoms are bromine atoms, chlorine atoms, or both, and wherein the

amount of said catalyst is in the range of about 0.1 to about 5 mole % based on the total
25  moles of bromine employed in the process.

5. A process as in Claim 4 wherein the o,o-diphenylalkane selected for use in the

process is 1,2-diphenylethane or 1,3-diphenylpropane, or both, wherein the catalyst

selected for use in the process is aluminum chloride or aluminum bromide, or both, and

wherein the amount of said catalyst is in the range of about 0.75 to about 2.0 mole %
30  based on the total moles of bromine employed in the process.

6. A process as in Claim 4 wherein the o,o-diphenylalkane selected for use in the

process is 1,2-diphenylethane or 1,3-diphenylpropane, or both, wherein the catalyst

selected for use in the process is aluminum chloride or aluminum bromide, or both, and
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6. A process as in Claim4 wherein the a,wdi phenyl al kane sel ected for use
in the process is 1, 2-di phenyl et hane or 1, 3-di phenyl propane, or both,
wher ei n twe 20utEbysst sel ected for use in the process i sPpalraseewounnd ori de
or alum num brom de, or both, and WD 2011/016966PCT/ US2010/ 042110 wherei n
t he amount, of. said catalyst is abqut, O. 0 gbout 1.0 | e % based on the
total nolWETGR B amPHY UnpldosAedyids @h@t%@e .ut%;o/smalfg%eggsea&ni S of
dai ms 1-Ho et GbmiddEnpisyREh S cQL. the bromi nation reaction mxture
is maintained in the range of about 45 to about 98C at |east during the 5
m Xi ng of7.t he drpordene aamd abhef 1wt pivewlérainkéingemperature of the bromination

reaction mixture is maintained in the range of about 45 to about 98°C at least during the

5 mixing of the bromine and the a,»-diphenylalkane.
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