PREPARATI ON AND PROVI SI ON OF HI GH ASSAY DECABROMODI PHENYLETHANE TECHNI CAL
FI ELD 5[ 0001] This invention relates to the preparation and provision of
hi gh assay reaction- derived decabronodi phenyl et hane products and their

use. BACKGROUND [0002] Decabronodi phenyl ethane is a tine-proven flane
retardant for use in many 10fl| ammabl e nmacronol ecul ar materials, e.g.

t hernopl astics, thennosets, cellulosic materials and back coating
applications of very PRERARAGTIONWNI PROJISICOVEF MIERLA8SAYegul ati ng agenci es
tend to be noving away fronbpaABROMODIPHENYIEREIANBAl ogs and nore towards
per brom nat ed conpounds as evidenced by the recent Eli RoHS (Restriction on

Hazar dous Substances) directive ( ating in 15 part to
partially broninateq”diphenyl oxigggéﬁgaéﬁﬁ%aéﬁﬁthe exgnption of
decabr onodi plegely| Toix iidentfanoniniRo HShp erep@@3H LiAd pldkGjontdf éhigheguly atdcdos have not
been cl ear  ROUGNE R Dlut MG AREE ARl ponabr omodi phenyl oxi de

and erectr

content in electrica nic products. Sonme end users therefore
find it unconfortable using the commerci al decabronodi phenyl oxide in which
significant amounts of nonabranmodigigaykopxpde 90 exists as inpurity. In
order to nmeet the strictest interpretation of RoHS by the end users, a high
assay versi olf0@ Beeshtorodipbinpldang isox Fidepiogerh 8pmyg rafde tferduspyin Ahdyenar | e

Cor por at ii@n. fidnhbleGWacRimdidd@aCRREHNR! O] (GONGRENE BefnlBetP CARRRE §nathiag Mal |
quantities of |ower brom nated inpurities in the thiné retardant products,

there is thu¥dRadkeatfing APRikEiopseiRey pieicalitor very hi gh assay perbroni nat ed

flame retar d@pd33- Governmental regulating agencies tend to be moving away from partially

brominated analogs and more towards perbrominated compounds as evidenced by the

recent EU RoHS (Restriction on Hazardous Substances) directive (2002/95/EC) relating in

15  part to partially brominated diphenyl oxides. Even with the exemption of

decabromodiphenyl oxide from RoHS per 2005/717/EC, the regulations have not been

clear enough in terms of the acceptable nonabromodiphenyl oxide content in electrical and

electronic products. Some end users therefore find it uncomfortable using the commercial

decabromodiphenyl oxide in which significant amounts of nonabromodiphenyl oxide

20 exists as impurity. In order to meet the strictest interpretation of RoHS by the end users, a

high assay version of decabromodiphenyl oxide is being marketed by Albemarle

Corporation. In view of the confusion concerning the presence of small quantities of

lower brominated impurities in the flame retardant products, there is thus a need in the
marketplace for very high assay perbrominated flame retardants.

25 [0004] Decabromodiphenylethane is presently sold as a powder derived from the

bromination of 1,2-diphenylethane. Among prior processes for effecting such bromination

are the bromination processes described in U.S. Pat. Nos. 6,518,468; 6,958,423;

6,603,049; 6,768,033, and 6,974,887. Decabromodiphenylethane has been commercially

produced by the assignee of this application for many years using a standard process.

30 Each batch of product was analyzed by a GC procedure. A review of the GC analyses

indicated that the average bromine content of over 4000 batches of

decabromodiphenylethane product was 97.57 area percent with a 3-sigma precision of £

1.4 area percent. The equipment used for those analyses did not include a present-day data
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95[ 0004] Decabronodi phenyl ethane is presently sold as a powder derived from
the brom nation of 1,2-diphenylethane. Anong prior processes for effecting
such brom nation are the brom nation processes described in U S. Pat. Nos.
6, 518, 468; 6, 958, 423; 6, 603, 049; 6, 768, 033; and 6, 974, 887.

Decabr onodi phenyl et hane has been commercially produced by the assignee of
this application for many years using a standard process. 30 Each batch of

product was @nediya geiefythat cAaelepti @ERNKTIR. turd theepshioWr OF clirbRattkraidNB syHes
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gr8 f
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not i ncl ude resent ectipn e C | ectronically
fine tune th%he? 6aKs Sl%rflpﬁﬂﬁtey WFloﬁgtaésa SHT PRA soc}n1ﬁ{cear§aesgnS i‘g}'htehlsan i'VSis of the

product f$omaanaybc/@mbhshﬁdiincvrmmledé@lmascsxaty&‘lablfa decabr onodi phenyl et hane in the
region of alb@b'(f%g%a@g 1a90 ga%ﬁlrc}temaqﬂgoog? nYlgélagﬂgﬁalbﬂ)mog fe?&{e p(%

si gni ficant Wer-e al ne s varlance
5cannot be esyniddleiig hbfdmﬁlkapﬂmehfeom rfhor mratufagmreay Bive.abl seme 080 5]so Gasn

chr omat ogr apfiGs é‘ﬂ?cle&%ko?no‘af h&?ﬁ(ﬁ%ﬁe%é’duo&@‘ﬁ%? Lo @W' pekbang, product s

available in the mark rom ot her uf acturers ave I n sone cases,
al so given a@%y@cdmalaseéi@éam@?lﬁlebﬂﬂa%ww@hﬁ%éhﬂm sEndeqts aildigin Be about

99.6 aregqo pe,m;fﬁa,i@lacel NhAQt NEHJIERAIES the CpraBRLYSES RlictC OMWRE Cladlounts  of
decabr onodi phenyl er hane_ products available in the 10 market pl ace have

i ndi cated t HECHFBQIRBFVEIaPRIR AN REWRF ARBTHIST oF e aehey @hﬁﬂ%ﬂ)@hpng& hane in

the product . astayfpidtias wes pRAuck endit fidielcdtyn Wtdabires thedn itingNs A8 Sakrapy oduct s
wer e produced l{@% th rification procedures used, if any, is not
general |y avafiR51'e 1?8 fie public.

[0006] From at least the standpoint of providing environmentally-friendly process
15  technology, it would be highly desirable if commercially feasible processes could be found
that would produce on a consistent basis a decabromodiphenylethane product that
comprises at least about 99.50 GC area percent of decabromodiphenylethane (Br;oDPE),
with the balance consisting essentially of nonabromodiphenylethane (BryDPE). Such
product is hereinafter often referred to in the specification and claims hereof as "high
20 assay decabromodiphenylethane  product”. Moreover, this high  assay
decabromodiphenylethane product is a “reaction-derived” product which term as used
herein including the claims, means that the composition of the product is reaction
determined and not the result of use of downstream purification techniques, such as
recrystallization or chromatography, or like procedures that can affect the chemical
25  composition of the product. Adding water or an aqueous base such as sodium hydroxide
to the reaction mixture to inactivate the catalyst, and washing away of non-chemically
bound impurities by use of aqueous washes such as with water or dilute aqueous bases are
not excluded by the term “reaction-derived”. In other words, the products are directly
produced in the synthesis process without use of any subsequent procedure to remove or

30 that removes nonabromodiphenylethane from decabromodiphenylethane.



[0006] From at |east the standpoint of providing environnentally-friendly
process 15 technology, it would be highly desirable if commercially
feasi bl e processes could be found that woul d produce on a consistent basis
a decabr onodi phenyl et hane product that conprises at |east about 99.50 GC
area percent of decabronodi phenyl et hane (BrioDPE), with the bal ance
consisting essentially of nonabronodi phenyl et hane (Br9DPE). Such product is
herei nafter often referreHRIEFj,mmMyﬁwp@ciHEn\avam(mrd cl ai ms hereof as
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or dilute agygous RAsasdcl wa%eeﬁraawg&gbl%uk%t ro%m VEEBE ﬁ%adi@&' ved". In
ot her words, the products are directl uced I n the synthesis process

wi t hout use @Fa%VdQ}WE&HWIO%FH@é@& rﬂéasw of arprverbert 9360 Phateaeisties
nonabr onpgli p&eaeehtﬁslh@cn@mﬁﬁamn@e@a}gmmomh@@yda%&ape the BRaFFcopblyMARY OF THE

| NVENTI ON [ 0007 process has now been found that can produce high assay
reaction- der?ﬁ@'MHe@éHP@HﬂHWBW@ﬁV?@PﬁéﬁeDBde&@?ﬁcﬁhpyigpﬁﬁ“ﬁﬁﬁﬂeﬁst about

99. 50 GC ar e@avepest ent a@ﬁevﬁﬁgC@rblﬁ qng}dlapaenyalc@ctnt@ﬂeed( BechObRE)ipheayiethdnavi ng a
nonabr onodi ph $ Iet ane ggg 1 o % area percent
or less, pref@tably %16‘15‘5’8 aRS‘ opﬁ%d“‘f“é‘%?“ ?ra rﬁ‘&}P q}?P@?%?“ﬁt?%““&B%ﬁt 0. 10%
or |ess, thesemﬁﬁxamalytrcal cr|ter|a bei ng obtarned usi ng present-day
analytlc i une atl ctr nlca ne tunes the eaks of the
chr omat oggr anﬂaﬁqgid (c%erf as 15 m ¢ 'sun apé‘sssr %ﬁlg ifnop”ﬁlrlsgaﬁl ”ieenl%)

i nvention, thmme@ubevaDde@mmwompdrpﬂeﬂyﬁebhane piglo dasety havmmgmmwdassay of

at | east abO&ércab?ﬁno%g)h%leﬂ{ageaplggx%? GldLiin 3/196 HovAEGARS Ogﬁrg if? Q%Eﬁélu%ﬁalﬂ?ége

(Br10DPE) with t nce assa consi sting
nonabronndrph@ﬁyméﬁhaWbmth@@PEwsbek@éMbVMw$h@mpﬂ66@§@§§KEHWEhmsﬁrnvention

for achievi ”&c%&diﬂh&@leﬁﬁﬁ@@ﬁ%ﬁ} @ QS !mVA%Qca‘i"%&%f?sr QERAIgRRRAYsFEhane

product are deened ca roduci ng such "decabr onodi phenyl et hane
product s26n ﬁéiu@@ﬁ%fl‘@ﬂcérﬁd 19487ve 2 PT@F‘B%SP‘HAWWSWF@&@*@? wuldfting Hing thenyent i on

is that, as fais RthelchrokiR@Wam, dnki bRRS oNBE 2REBAI KRANBE SRS 8100 kQhSu AWt O
prepare on a consistent basis a high assay reaction-derived

decabr onodi pREATALEL A SpRSIUET BaLBese ARt inpiArfet Here AREE- PR pPYEVERAE ifn a few

i nstances haye canaésmses]eef emal\olrhupIlmﬁrnrddps:ayrberkrskedf Grecdhugs @haee 99. 50
GC area percent of bro qylethane (BrioDPE). and t hese an?IytrcaI
results werée XBgtI%nﬁ, 80 grlo% 1at uld ¢ said to have been responsible for achieving suc

25  results are unknown. Moreover, even using the older GC data collection system with its
relatively low averaged values with the precision at 3-sigma, no analysis report referred to
above yielded a decabromodiphenylethane (BrjoDPE) value as high as 99.80 area percent.
[0009] Therefore, consistent with the desire for higher assay flame retardants for
environmentally friendly reasons, this invention provides in one of its embodiments a

30  process for producing high assay reaction-derived decabromodiphenylethane product.
This process comprises feeding (i) diphenylethane or (ii) partially brominated
diphenylethane having an average bromine number less than about two, or (iii) both of (i)

and (ii), into the liquid confines of a reaction mixture, which reaction mixture is:
3



20 equi pnent which did not have a present-day data collection systemthat
could fine tune the peaks of the chromatograin, and based on the averaged
results of over 4000 such runs, it is reasonable to conclude that those few
i nstances were artifacts. And in any event, even if the GC results were
valid within nodern-day capabilities of precision, the precise experinental
conditions that could be said to have been responsi ble for achieving such
25 resul tshar ea)u lfﬂﬁlﬁl&i/\trbm B&ﬁ;{@ﬁ&@rmn@ma oL&k@QlicﬁJkﬁblﬁrhﬁleﬁncﬁﬁnﬁiﬁlﬁlﬁeb@s@&| ection
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liquid stat eanhl@ﬂéill?bf@s@%ﬁzl@@pmcé%ﬁﬂ»érsﬁckﬁ{% dthevieppRi@LUre(s) used, the
reaction mxture is at elevated pressure sufficient to keep a I|qU|d state
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decabr onodi ph ane duct can be fol | oyed. |ca b e of a GC
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product is forme solt partic bromhe medi um
Decabr on®di phamyth ef tineﬁa@axtlsleva\yd bansokuty] © IvrmlmpManed bavalise ofriimoin pépromi nat i on

reaction sol %Rl@{ﬁy 1§| 1ea Qnrggfvpr}{l ?lﬂg t(p£\8[5| san a sﬁhﬂﬁ)ﬁ 1ttwtl)gldssg<l,nln gegﬁlﬁ)rlet tbC| es are

formng int medi um nor e 1}1/ during a prol ong{g f'eedi ng period,
coproduct s fieshbeidiphenylpibane gapidly @m@omad i 1@(%6@@%“@%% BANSRthe apped

within t hesede@z%'f&ﬁ&ilp@étyle@ﬁﬁ@ 10@156?%%15 B%Cl i@85n gt@ltsnﬁi of ida¥t Bfer bhese
particles would be expécted Fo remai n unchanged because of their poor

sol ubility mecrlm@ﬂ(rnéaleltap@hasgaswbéent Thus to avoid such a situation it would

seem desbhs abjog 1y 0 pfoe&6ks tohehetibBREMBRIRANSe WRRAI didd fon uRridetiadRIyashiieve rapid
brom nation and formati on of the decabronodi phenyl et hane product before

preci pi t at i GHAE PREFHONS hersfargegyglines pt Bpdugsarp inpk P@isse e B BPERIPSHF Br nat i on

as possi bl e.the use of a slow feed which prolongs the reaction time for a given quantity of
diphenylethane and/or partially brominated diphenylethane having an average bromine

number of less than about two, the throughput or productivity of a larger scale process

30  operation is lower than desired. In other words, from a manufacturing perspective, slow

feed rates required for higher assay product significantly reduce plant throughput by

reducing the number of batches made. To overcome this situation, this invention provides

in preferred embodiments processes which use suitably slow feed rates but which at the
4



25[ 0011] Processes of the above enbodi nent are well suited for use in
relatively small plant operations where | arge vol unmes of product are not
requi red. However, because of the use of a slow feed which prolongs the
reaction tinme for a given quantity of diphenylethane and/or partially
brom nat ed di phenyl et hane havi ng an average brom ne nunber of |ess than
about two, the throughput or productivity of a |larger scale process 30
operation i ssamewede ¢dRasipndRsitryederedsd pﬁhmﬁouwudamd bxroemlanwaﬁuﬂ‘gmtgdyi ng

per spective, slow. fee ~equired for her assa
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made. To ovesraodefeedihg dSiceuaich andiptilties jdtrvedirs, Qtbspifv ifdeiag portspoeher r ed
enbodi nment s Rrocesses whi ch use suitably slow feed rates but which at the
sane time can significantly increase plant throughput and productivity of
hi gh assay rwaﬁml@mhdarmm@dmd&cabmomndn@MEMyhmmhan@mmeﬂwsulp%ﬂm@dls
acconpllshed tse of .two_or fee deV|ces S t ubes,

i njectors, qéﬁf?aée ?ee&Fﬁgspor S, pu)u? e Ilﬁl1 gf 012%%%%hﬁ?“%%

accor dance vdet:zlrblqnlrnd@hmﬂpémq praguct. hdhis freceprovipded feding (prdfhenylelhne

embodi ment , ijiﬁ ﬁ&mﬁfll Bfo?%?e'dr(}i%hgl gzﬂlaﬁegl%%g afr‘gx%trflgg Blo%%{e n\(lﬁlger less
decabronndlp en ane duct J process conprises feeding (1)
d|phenylethdﬁ@“@@PEW00¥(%WP%hBh@lmﬁKF&H%?@ﬁﬁﬁa@éﬂmﬁ%pﬁéﬁvwéwwaﬁ@“haV|ng an
aver age lpg onjne, Auebehikgess: t han about two, or (iii) both of (i) and (ii),
into the liquid confines of a reaction m xture, 10which reaction m xture

is: a) forned RFYM EYHSONRNERS COmsisrd Blex6Fss digeid Deoming adgal P GRN Rased n d
al um num basedLdyayhckd @6 adnQBkIPSR! ind@ MeEwhiat ¥ 3dast (ANH), bNGi0 ivBd,aRa at | east

(1), (i), iii) is fed, and b) maintain one, or at nore than one,
el evat ed rea@ti(“ g"é(?wﬁ‘eﬂn&t%rﬂémf’%? %"Hé’n? 55?&%‘3‘%‘?3%‘8‘6&“1’2‘%@%6 “feo‘a%?&?ﬁt 65C,
and at |east iRt SPEVRIBoRHETS bifdeat legst mad@@ateﬂn pREURSis hedded. 11151dk1&8p a
liquid Sﬁﬂ: in the reaction m xture at the te er at ure( s% used
reacti on i xt ureP s Sé?“é\}bfhéde”ﬁPfé’sglﬁ%e §‘u‘i“F|t?ﬁ AU e 6hf’a‘eF“i“<3&| d state
in the reaCtIOﬂnﬁh%&uf86@Wﬁﬁhﬁqﬁ£ﬁmﬁmﬂtMﬂ@ﬁﬁéh@ﬁﬁdﬂeBﬂhéh@ﬂmﬂhhhmﬁnlnatlon
occurs; and tﬂ]tg e| e feeding is conducted at a rate sl ow enough
to forn1h|gh a%séylP%”a?E lme Oderi ved decabronodi phenyl et hane product; and
so that ar-bromination occurs; and

c) wherein the feeding is conducted at a rate slow enough to form: high assay reaction-
20 derived decabromodiphenylethane product; and
d) wherein the feeding is in the form of two or more individual spaced-apart feeds into
the confines of the reaction mixture from jets or orifices disposed in one or more
feeding devices or dip tubes such that each of the resulting two or more individual
flows of DPE and/or partially brominated DPE having an average bromine number
25 less than about 2 emanating or issuing from these jets or orifices into the reaction
mixture comes into contact with excess bromine and aluminum-based catalyst in a
portion of the overall reaction mixture which is sufficiently separate or isolated from
the other individual flow or tflows of DPE and/or partially brominated DPE having an
average bromine number less than about 2 from the one or more other jets or orifices
30 so that two or more individual spaced-apart localized reaction zones are created and
maintained within the confines of the reaction mixture at least for a time sufficient to

ensure bromination to achieve the desired assay.



d) wherein the feeding is in the formof two or nore individual

spaced-apart feeds into the confines of the reaction mxture fromjets or
orifices disposed in one or nore feeding devices or dip tubes such that
each of the resulting two or nore individual flows of DPE and/or partially
brom nat ed DPE havi ng an average brom ne nunber |ess than about 2 enmanating
or issuing fromthese jets or orifices into the reaction m xture cones into
contact wt h[oeme&s;albﬂh@me@ama;mmahlgpiiefwga@%@&eﬁtat alyst in a portion of the
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orifices is |arge enough the overall reaction mxture is kept under
condi ti ons thattix wlbpcum&l\?@pt éﬁﬁdil?i@n?)ﬁndt ﬂ@nm@weﬁ@ﬂ cyalyf dedEmahgPHRBWs from
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havi ng an average brom ne nunber |ess than about 2 emanating fromthe feed
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10i ndi vi dual act one the confines of the reaction m xture; and
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zones Wi thin theh mafdnnﬂmuaftrdnhmyoazm aldividuelae idtiom zatie ¥tithinethe esiihés dfn t he
formati ons of h g als ay reacgul on-derived decabr ot nodi phenyl et hane product
before stch red&ti R SroateF ™S mingles with reaction product from any

ot her i ndivi wlhradbyrlmgimsszormemmedwvtmdﬂablhmo@pimﬁylab@eqﬁodﬁ&t iheomveemly |

reacti on mx S e

decabr onodi p grﬁ)ﬁgm\@ﬂ\%ﬁg%}é}lg 82‘% glglsr%éérgﬁ%glﬁee%& glgédngs %?aéﬁlraélgérfabné 11gledf ormed in
two or nore wigpatatcentineael tho reaction e xigredet viitheg dhendiipntiaemne dhenietisttivet he
confines of {£Oe KeaeliQR: le?ﬂlf;”b‘?orfﬁ}{até/d bPE“ﬁax@ﬁg %rh@veﬂ%é&%ﬁﬁ&e' R edshe
respective feeds of DPE a partially brorninate havi ng an aver age
broni ne Alnbéin theyis? mszaoth% ﬁ‘z;ﬂfr"llallﬁ%ﬁ}f:)ﬂ pijtge.ong e ARepEIdly-plew daitsot Whickt ur e, and

the appropri@teldpeh @QWet At dio Wi Shraf lﬂ&@u&neﬁi%ﬁ&é' Y€ehf ﬁs&tﬁn@a; Sbwi Nnto the
overall reaction m xture. Such appropri atel %/@s ow rates of the two or nore

feeds into CHES EbMF MRS BPeCiFes MBaMeIom 16 21 UF E9HSURELEEE Rt HEact ant s
have tine eneughist hat€athe t endu®i Mohi @it A&S afprii €BGhI ARk gle FdaM@M-derived
decabr onodi phenbyl et h% product in the respective segﬂr ate localized
reaction zon&§3oEOdR ?Wller‘f“flen@loélb‘ﬁf‘i“ 8% "OPeCH e SPEAE PN KPR BBFore such
pr oduct s2ser Qﬂnﬂi g ebdiiaes otitHehrédatidnneixbadefad such proovernadrge th@aet ivaliin MeXt ur e.
[ 0014] Afurtlgl F odiment of this invention is a reaction-derived
of the ovemll reaction mixture.
[0014] A  further embodiment of this invention is a reaction-derived
decabromodiphenylethane product comprising (i) at least about 99.50 GC area % of
decabromodiphenylethane and (ii) nonabromodiphenyl ethane in an amount not exceeding
30 about 050 GC area %. In a preferred embodiment, such reaction-derived
decabromodiphenylethane product comprises (i) at least about 99.80 GC area percent of
decabromodiphenylethane and (ii) nonabromodiphenyl ethane in an amount not exceeding

about 0.20 GC area %. A particularly preferred embodiment is reaction-derived
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decabr onodi phenyl et hane product conprising (i) at |east about 99.50 GC area
% of decabr onodi phenyl et hane and (ii) nonabronodi phenyl ethane in an anpunt
not exceeding 30 about 0.50 GC area % In a preferred enbodi ment, such
reacti on-derived decahronodi phenyl et hane product conprises (i) at |east
about 99.80 GC area percent of decabronodi phenyl ethane and (ii)

nonabr onodi phenyl ethane in an anount not exceedi ng about (120 GC area % A

particul arl ydepzrbecflﬁdrpﬂaly@&h@edbmm cbiSipris@@CH) QNedehbdted9.90 GC area % of
decabr onodi phe yI et han roduct . conpri si ng %‘%%3& | east about ? 90 CGC area
% of decabr o H’g Pleea“ﬂrﬁ‘d’ OP NG RAHE P PHEAYCU B REHEST RS an amount

not exceedi n@oaM@thﬂalw%G@n&wﬂpeﬂ%@em&gek asSusehdpe, Qﬁﬂlid&g&lsf: cazﬁmua&d}d?ler ein,
including the clains, retGC areglgﬁé ta es t%e present - day CGC

anal ytical pPocSFIIE SR DG LR PHE pl%““f & T her

enbodi ment s 00151 hissll bthatenbodmemtedfatieintntibd e tb @ac mwedommmsmbmsams in

whi ch hi gh ass actlon derjve a qyct i's

enpl oyed as & Kf‘qf/hlﬁe assay reac&mn—denveg d%lca%lomoglg 1en]y}oﬁ'1a1% Oll?.lg g elé)?]OCOI’TpOSI tions

Focess
and to net hoﬂb&neoétaldm,vteptomg:sicuctbrnm@rspdsmnpoﬂntsans mltddome&bnés sfevarded fini shed

end pr oduc_t sﬁucl} con %Qt@&l@ nto ﬁhgnearg%gdr%(ge(ﬁénlazﬂodggpodl ments of this invention

will be stil appar ent omt nsul ng descri ption and appended
clainms. BRI E[F'OEESTRI @bﬁvmd@heﬂ' HEbODRRMS NG 1 1003]30“}11 \FHHQDC still fyrthersyppaene s

schemat i @l | ¥, fhe ShsHfe ULEMpRBN LEPDPInA: ¥ERsE! equi pped pursuant to a
preferred enbodi nent of this invention wth, in this case, tw subsurface

f eedi ng devi ces 15and non-overl apping undiluted flows issuing fromthe two

feedi ng devices wthi n tbﬁlmﬂi;gmmlqmﬁgmwm@s xture. [0018] Fig. 2
illustrates scherratl in side view a reaction vessel aw pped generally

as in Fig. 108ktepie M‘a&“afehéchﬁaﬁlc%}vé}’ FidDYIFRE ARV BB G PRSABVPEEYP ng f rom
the two feedingeteMntedindhidf Misieech@s vwowawas ehky twadubifadedTaddineataceal | y.

15  and non-overlapping undiluted flows issuing from the two feeding devices within the
confines of the reaction mixture.

[0018] Fig. 2 illustrates schematically in side view a reaction vessel equipped generally
as in Fig. 1 except that the non-overlapping undiluted flows issuing from the two feeding
devices are directed downwardly rather than laterally.

20  [0019] Fig. 3 illustrates schematically in side view a reaction vessel equipped pursuant to
a preferred embodiment of this invention with, in this case, one subsurface feeding device
provided with a plurality of oppositely disposed feeding nozzles at different elevations
along the main conduit of the device so that a plurality of spaced-apart feeds enter into the
confines of the reaction mixture.

25 [0020] Fig. 4 illustrates schematically in top view a reaction vessel equipped pursuant to
a preferred embodiment of this invention with, in this case, two feeding devices each with
a plurality of laterally directed non-overlapping subsurface flows issuing therefrom
(represented by arrows) and wherein a baffle plate or screen is interposed between these
two feeding devices.

30 [0021] Fig. S illustrates schematically in top view a reaction vessel equipped pursuant to
a preferred embodiment of this invention with, in this case, three feeding devices each

having a single feed nozzle or orifice and a non-overlapping subsurface flow issuing



20[0019] Fig. 3 illustrates schematically in side view a reaction vessel
equi pped pursuant to a preferred enbodi nent of this invention with, in this
case, one subsurface feeding device provided with a plurality of oppositely
di sposed feeding nozzles at different elevations along the main conduit of
the device so that a plurality of spaced-apart feeds enter into the
confines of the reaction m xture. 25[0020] Fig. 4 illustrates schematically
intop view @aéi@cﬁﬁ}(1b@&eM&S@Qﬂ1’reQ§Wﬂh&l@@dn PLeFISpantilolve bangNepifred fash errhodi ment
of this inven this case, two feedlﬁg devices each with a

u

plurality of® Fﬁgﬁ?ﬁ%hﬁmHFPE%F@HmWHW“gwgpFﬁﬁﬁﬂHﬂ bsurface flows issuing

therefrom (represented by arrows) and wherein a baffle plate or screen is

i nt erposed bet |IIustrates
schematically WW@\%&%QS‘@%%%I&@?&&E@W %B@é%%rrgsuan to a
preferredsenbodi nent of this i nventINNENMION, in this case, three feeding
devi ces each i ng [ ozzl.e o fie | appi ng
subsurface fﬁ§§ﬁ|ssﬁﬁhﬁkq@%%mE§F%ﬁ¥?§§SP%§%ﬁ e 8fﬁ %g% §§Q%Bd%%%5

non- over | appileagprdhaipbetyéitng: wepar iapoduded bnfeedich(Dotithenyldslyana (D) fof G)pl at e or
screen inter %%g bkb%u%e%rh h@@%ﬁfgtﬁn@%ﬁvm an avera bIEHBI'ﬂEBbQEJsA'tﬂnEQb%SCR' PTI ON
OF EMBODI ME | ON f% %ne of the enbodinents of this
i nventi on, hW@hoh@%bWﬁﬁé%@iP%MQ@QPWVBHh@@%a%ﬁ@ﬁbﬂT%H@ﬁ?ﬁé@%@ﬁé“ﬁ@bduct is
producedl@y feedh peult k- di phenyl ethane (DPE) or (ii) partially brom nated
di phenyl et hane having an average brom ne nunper |ess than about two, or
(i1i) both of {ayehifer cPmponerhrereiiet P gierd loprToREc 81 JupBERORSA mi xture,
whi ch 10r eact i p&wihotd BibRinkh&on cadlybtOma®do fxzﬁl@lﬁTth&Emf)r‘(ﬁﬁbﬁ(nQQdmdi laS@d of excess
l'iquid brom ne and, al um num based. Lewi s a0|£ brom nati on ca{al and into

which at | eadt me n)ame? it ()ne GAt 1(nP1|fe tsxan oge, feéedate Hiactlon temperature in the ra

about 45°C up to the boiling temperature of the reaction mixture, and preferably in the

15 range of about 55°C up to the boiling temperature of the reaction mixture, which
reaction mixture can be under superatmospheric pressure so that the boiling
temperature used is above the normal atmospheric boiling temperature of any
component in the reaction mixture,

o that ar-bromination occurs, the feeding being conducted at a rate slow enough to form

20  high assay reaction-derived decabromodiphenylethane product. Experimental work has

demonstrated that for a given quantity of DPE and/or partially brominated DPE having an
average bromine number less than about 2, the slower the rate of feed to the reaction
mixture containing an excess of bromine and aluminum-based catalyst, the higher the
assay of the decabromodiphenylethane product formed. While various ancillary factors
25  can affect the rate to be used in order to achieve production of high assay reaction-derived
decabromodiphenylethane product (e.g., reaction scale, reaction temperature, efc.),
generally speaking at a one liter reaction scale and at a reaction temperature of 60°C, a
feed rate of no more than about 0.5 grams per minute through each dip tube serves as a
good reference point for assessing a suitable feed rate at a larger scale of operation under

30  comparable temperature conditions. Thus, if the rate of feed has not been established for

any given proposed operation, a few pilot experiments utilizing the above reference point

should enable preparation of high assay reaction-derived decabromodiphenylethane



b) maintained at one, or at nore than one, elevated reaction tenperature in
the range of about 45C up to the boiling tenperature of the reaction

m xture, and preferably in the 1S range of about 55C up to the boiling
tenperature of the reaction m xture, which reaction m xture can be under
super at nospheric pressure so that. the boiling tenperature used is above
the normal atnospheric boiling tenperature of any conponent in the reaction

m xture, so gkt &ra BiteRkhNable W1 BEEIINS , THIN embRRAND G b@émgn conduefiied at a
rate sl ow enough to form 20 hi qh assay reaction-deri
{

decabr onodi plaftFicdenane iseic “b%&é%ﬁm%ﬂk‘&re%%%s‘f?&é “E?éflr‘ﬁﬁ?f”ff"a‘ﬁ‘%d t hat

for a given guantd hlghe@fm@k?s%aﬁnd[sofrotd@a;rbbualpl@gléag omiyRateedioPREd havy R an
aver age brom ne nu Q?%L?fss t han abou

e S| of feed to
the reacti on i3 haps Ry Cta‘ﬁ‘“g?(%?élg‘gedo 15?98 -‘é”%r?g éﬁﬁﬁ‘ﬁﬁ‘fﬁf based
cat al yst, 5 t hacthisgberibddmeremaay of the decabr onodi phenyl et hane product
in order to BU cUoTraRrereBier Sh G sutly el sREybpapthE £ 0 PO 1eed
decabr onocl i plieyed [eebbdimentp uedisabadé ef qu orr ig&xe tfeéedi oS aliphenylegmod pio(ii)

;e?‘gjgf‘f g:}et%ﬁ fafiy )Jongnqlltqe%roa%lﬁ%leﬂ%ggk A avé‘rq¥e”801hllnk% mb ‘%%&Js't%ﬂ S&al € Sng ngt
per minute tthomghl)é)athmfdl) pnd ubentsefrevleslda@n@neg@i)d rfraeticaﬂrlelmwe‘: pbd medf or
compar abl'2 ¢ Srase sl Eine AR e ARfpSt BBl RERRLAG LINEL, Deen
est abl i shed tfl‘bpur&*ﬂ@yObtfvéﬁulérﬁﬁhﬁswt@pem&ﬁedwd g direstly oF indtectix dess fent s
utilizing thg,aRQVer LeheahalCRaP Rk Mac®hQuldr-8NAB! pdisPar @t ibady &f mbi gh assay
reacti on-deri ved decabr onodi tghenyl et hane product at a different scal e of
oper ati on. T¥REUewHEHIdPBEHE of G Fadiel M "experi ment s conducted on a 0.5 liter

scal e at ab0[0024‘]30@n¥\49ﬂ tﬁ@te@t@%@ ofl @EpR&cahRM;- Fe&a&n%tlﬁleﬁds ownels ihhaudeed, the
hi gher the as d above, progress of the r action g‘nd assay of

decabr onddi ptH@nti}/“} 8”tché’ﬁéhep‘r“6’d‘ﬂ cPoE 4rpdnat fipPingitbancad( erEay fopipagde of a aC
procedur e Ssdifiitngahdhe xCdohdr@d hed @b afdugh ratd cG@Rﬁale thenﬂ@;l‘/ ef BPE edpagiinodi ment s

of this invention s referred to herei ter
erbodi ment s g4 AR R s ofipttpREUE B0 piu BHEKY bR or (i)
partially brcﬁmherraicemx dixpleniy edhiana thapesageanasateniage bizedmtagt souhder | ess
f, 2:2 t Iag(r:])utn ;}\ﬁ%l 1551y A(gsac 1on> %‘/u\eiidie%aflnogno)hpﬁenﬁlefharg‘) plOC{l]l% 13 Eno?uce(!rlrgruéh? hqu{cl)gl nes of a
"liquid eonfhefres l’hequdmtesnmhatp cptrtectfwetbdheo‘axmumanbmgo”wm hetteufedwehiof t he
liquid of t j IAAIbAE bL Yosfedln, DY
bounci ng of Ptﬁ% cg‘%%aoﬂa?e%%ig{glxgjr}]grtéqaggtgl%rtﬁ%wsgo%végﬁ nto a pnért? on or the
body of the Wwormitaowech 4 g & phase Bpwithrererrselorifeds M xrupgeihel bO2d] One of
the featuresy Fpletek@mﬁﬁlgtfo‘ﬁrhﬁ@gkfm*ﬂlgcla freed e e'i%&%m%ont i Sl QAL ON s
15 that the each he two or nore feeds of henyl et hane and/ or
partially br‘B‘HilCh%ﬁ é’é TiphEPRF| v0f Megsesafily lé’QHdee rognagors fo Rdfduginrate to

enabl e the fhewnafis DR& RuRakbnahd mbPrond, ifed &Jsué@@ﬁa?@ﬁ/th@]go@eﬂt Qwey,age
brom ne nunber 1 ess than about 2 to react in a portion of the reaction

mi xture wit hWbPdiT A6t PHeRhdhep coBRIFfe Brogrnagpn Wy ‘H?H Hemrpdvay 'ttt SFyER so t hat
hi gh assay rgaehd on-derived decabronodi phenyl et hane pr oduct | s pr oduced by

the reaction ef ore the produ nto cont act

enmanat i ng fr@ﬂ’r%gngf’ r qféléedfe "Fhf’ﬁithf ﬁ‘@ltb%ﬁé PHEYIH 4 h‘F é‘é(‘?‘i‘tiOBHS mext ure. In
short, the flﬁﬁﬁﬁeﬂ[hgcedﬁ\u e&sios howhrel ubder casittahd dak bahmctehtﬁe ragactt tbe feeds guch a way
SO as no ect i eds to m x et her, b onpl ete

br oni na%? on” ﬁ% d\fNé & alb’l é‘(g:)nématﬁﬁpé Eavrﬂg’ Lompiet e S %P%rﬁlimﬁbae !%on e a% er; d

herei n i ncl utlieag dthﬂnczhl aiensindoespnat, stpmeesmtr idcstizedrhstiolh GO/G ‘blﬂih)mﬂlﬂatl on to
Bri oDPE even

reaction mixture such that the contents of the localized reaction zones within the reaction

mixture are not swept into each other prior to formation of high assay reaction-derived
9



25 though this is not excluded fromthe term Thus, if the desired assay of
the product is, say, 99.50 GC area percent, then conplete bromnation in
such case can nean 99.50 CC area percent. [0025] Another of the features of
the nulti-feed enbodinents of this invention is the naintenance of a
reaction m xture under conditions that balance the rate of the feeds of 30
DPE and/or partially brom nated DPE havi ng an average brom ne nunber | ess

than about 2dec@aGibdPheiiai QARES wWithnO edchS SRREBHE, psifaC @d- ap@rduch | ocal i zed
reacti on zone \Nlthlln the reaction m xture such that the contents of the
| ocal i zed r eRBETEIHISHEE "R EHWiZA"t he reaction mixture are not swept into

each other ppo0xs] Genckly Rpdakitd) t@f fafteghpansfaye f@AGhiatding @bin\t@tespective

decabr onodi phenyl et hane product w thin each. successive porti.on of each such
Cont tnuous! oo e r ot PO aaRde Fotusnt f Rl dion o Fell HEStenert ar t her
apart arest hdalfihpowahienanadattivg hocuke. t Haclr espabiv Meuklegeiangndavineasa t he
greater can 1gc:ealit tglere’tac oy %:[ne (s)ef ar];tlel‘zltin(g a rIth i‘o(lenéachs g- gl'rli crc?LEZed"%egiic tio tziof?éq witdflh >

shaki ng wit hirn fHe I Bt on PR K0T F U ERCh S LA F Y OW S houl d Creat e and

mai nt ai n a | bealnfizedf hehotid gnsezdtie reeparmaikercand apart from each ot her

| ocal i zed r)?[[@mOﬂT @8%%1&‘#%9'6&1&& erﬁg% el ,hﬁxeldo%ic? Phage,qf the

reaction m the nmulti-teed enbodi nents of this 1nvention,
the flows ofsepasie Bedsrpipandepizin draotivedel thaliaidpdsed! thei paciioremEsns 4hes of t he
l'iquid ph@seyiRfwed L BRG b A iMXEMbENRfIS eaéipotﬁgr%R&Itg%e%@ne}ﬂ?f[locgﬂ%bf do not
intersect or overlap each other prior to the generally |ocalized brom

nati on reactroRgaoRKkEIGON| BeRe Place Hethgidiffegsne FEPscbpedintg @odispattate porti ons
of the reactieQRoNh¥kd Bid WHidh WhieGRctlvB Gl ESHREL. | Sieh RadRdpéacarRdiowSUCh
controlled feeds and flows are illustrated schematically, for exanple, in
Figs. 1, 2, %?lﬁllu%‘r.ate[jG‘é‘ﬁ’éj‘twﬂ%f%é’fanwzeymﬁ‘gsplr’ev"é‘ﬂ?i ng overlap or the flows
enmanat i ng froomsgashotdr way dSpladfidl bieyla®for Suebsws asmafipetomnGacevi ges is to

provi de ?€d mai nt a% n.screens.or baffle pl a%es Wi thin t Qes react i n.zone
whi ch seive RGO GH S UCTIPBIREIAS ot Reo Tt AU AR SErePeB e &Rttt i ng from
the respect iwiaif eéedetegord®int ceschsdoh tb hategme frondédciboedr bl omdifuedrfealy such
Sevice, T eckl ol TR 0S6S B0 TEdht ot LAIAY PSR, BT, O o=
f eedi ng devi &eichyfiresticmpingscuper an ardiluted flow from any other such device. Thus, in this
case, each feeding device is separated from each other feeding device by such a screen or
20  baffle plate. Such arrangements of feeding devices and screens or baffle plates are
iltustrated schematically in Figs. 4 and 5.
[0029] In conducting the processes of this invention the reaction mixture is maintained at
one or more reaction temperatures in the range of about 45°C to about 90°C and the
reaction mixture is at elevated pressure sufficient to keep bromine and, if used, organic
25  solvent or diluent, in the liquid state at the temperature(s) used, at least when elevated
pressure is needed in order to keep bromine and, if used, such solvent or diluent in the
liquid state at the temperature(s) used. Preferably, the reaction is performed at one or
more temperatures in the range of about 55°C to about 65°C using superatmospheric
pressure where necessary.
30 [0030] Increased reaction pressure tends to increase the extent of bromination.
Nevertheless, pursuant to this invention, it is possible to operate at atmospheric,

subatmospheric and/or at superatmospheric pressures in the range of about 1 to about 50

10



20baffl e plate. Such arrangenents of feeding devices and screens or baffle
plates are illustrated schematically in Figs. 4 and 5. [0029] In conducting
the processes of this invention the reaction mxture is naintained at one
or nore reaction tenperatures in the range of about 45C to about 90C and
the reaction mxture is at elevated pressure sufficient to keep brom ne
and, if used, organic 95 solvent or diluent, in the liquid state at the

t enper at ur e( &g ©sedosxad’ b aaskioMpen BbRWal ad PE0SS W RefeiGbip@edede kianor der to
keep brom ne and, if used uch solvent or diluent in the liquid state at

t he tenper at ﬂi‘oéf%G)‘“ﬂlg‘éH‘e "i:’ar‘g‘?sé‘illgﬁﬁt’;‘?n S¥K® reaction is performed at one or
nor e tenper ajo3gs AsnisédBersiangeludihe &eotdim®5@e tt@matigihenyGbiGneIsmas 1,2-

h
AR NS OO S S

pursuant $o bikngyli nvention, it is possible to operate at. atnospheric,

subat nospher n t supera her i ressures in the range of about 1
to about 50 mg%ﬁgq? 1ﬁ%i ﬁ§£]65& Etﬁ%x%oém “Y““ﬁow%@e?mWOﬁg %&é sure is
pref er abl y ndplreoylethtrhanm (Aupadain dusniprtes diphaykethas ohioged averast bromingyst em

[ 0031] As usxﬁﬁinhblale&qésp afl %Iuytq/logcg (%Fﬁ tﬁ;l)ta(ll)mﬁd (J) 1otnﬁll;erﬂu1 @Eﬂb&l@)ﬂ/e %Qane"

means 1,2- d enylet ane unl e erw se note ane is
al so known a@nﬁxb@ﬁzvgs@%um@dHmb@nqwkmm[mmsgrﬂmhemfé@agw@@@& |ﬁWFhe

practicegf &pﬂeﬁy}btﬁa&ﬁ %h q;amame b&g{m@qﬁphgﬁyl&me diPiemyul edhangesOtecki i)
partially brom nated di phenyl'ethane havi ng an average brom ne nunber of

| ess than abeutPoraRes, caprbe(fpd Y 2 perfprmed vk 0idheyi 7ap. beBedafRIEehurBRY i s the

aver age nunbghc@fently, egsegwaﬁmyt Uthe doroRE @ sadhaiiuRe lor §BBhEE Wels &h be
di phenyl et hane. Wen 10 d|$ gélettlane and partially brom nated

d|phenyletha‘w’?é‘%‘i“@p‘131"éoé‘él“’éf’é"V °hese feed conponents can be fed as a

prefornmed ni pot)w]eEches¢ beyniear Wed fiedhs epwik adcel yamlgazlea hesmianide Lliée[oﬁﬂﬁ ly, or
sequent i % in s nlxtqres or arate f can be in

any pr Op écaﬁ%lcgetnﬁgcgl%?élsﬂétggthHtCﬁ%ti}ln in the range Of at east about IS moies

bromine per mole of diphenylethane and/or partially brominated diphenylethane to be fed
thereto, and preferably, the reaction mixture contains in the range of about 16 to about 25
moles of bromine per mole of diphenylethane and/or partially brominated diphenylethane
to be fed thereto. It is possible to use more than 25 moles bromine per mole of
20  diphenylethane but ordinarily this is unnecessary.
[0034] Aluminum-based Lewis acid bromination catalysts are used in the practice of this
invention. The catalyst component as charged to the reaction mixture can be in the form
of metallic aluminum such as in the form of aluminum foil, aluminum turnings, aluminum
flakes, aluminum powder, or other subdivided forms of aluminum metal. Alternatively,
25  the catalyst component as charged to the reaction mixture can be in the form of an
aluminum halide in which the halogen atoms are chlorine atoms, bromine atoms, or a
combination of chlorine atoms and bromine atoms. A feed of aluminum chloride is
desirable from the standpoints of economics and ready availability of that material. A feed
of aluminum bromide is desirable from the standpoint that it is more soluble in liquid
30  bromine than aluminum chloride and thus can be fed into the reaction zone along with
liquid bromine, which is a desirable way to operate. The amount of aluminum-based
catalyst used should be sufficient to initiate and maintain the desired bromination reaction.

Generally speaking, the amounts of aluminum catalyst used should provide an
11



[ 0033] Excess bromne is used in the Lewis acid catal yzed brom nation
reaction. 15 Typically, the reaction mxture will contain in the range of
at | east about 14 nol es of brom ne per nole of diphenyl et hane and/ or
partially brom nated di phenyl ethane to be fed thereto, and preferably, the
reaction m xture contains in the range of about 16 to about 25 noles of
brom ne per nol e of diphenyl ethane and/or partially brom nated

di phenyl et han@nib@n: bﬁbnﬁ@dmblh&ﬁﬁi @ thetrahge EOSBLOD 040 WS ebdDDO14:hand 25 nol es
brom ne per nole lof £ n% e(ﬁj&% ne but (?@(%I narily this is unnecessary.
[0034] Al umi HHRABXL ’La iy e o Poat lcatal ysts are used in the
practice of i3s3 ma/lemlbmmxtﬁhammatoaquq‘e bempt)arn@mtbumld(ﬁlaaﬁgxedxptomré he

‘Fgra(r:nt Io?nar]u)r(nt nL%Ft CI?GFSII‘ed a su1tzlﬂ)‘?e Ing& rOT}r%ng SO ven} aur%g I'lels.l Ianqiﬁ Ogﬁ(lillggeg H%C{]%Cr%’%ﬁrbnm Lg\ader
or ot her Sub(dxgvb@adctﬂfmomrﬁhmé catbrmnwrrmmnemwahbrombetﬂ@mdta -dighllorpetha@s 1tlhe

catal yst co r.eac t e form of
an al i nom P rdendts ERARARALLR, b TEBCHLRE M HEF RS LahE i e
atons, or a wonbe pahé klmuctrfhai?wp@mnn@ Oéthermcte?ndnmr@m migfersgdons. A feed of

al umi num chl mﬁsﬁﬁiemébﬂﬁﬁfampéaﬁ bte QmurztB@o%%@fép%m &neﬁuoﬁ;@%n%nu%u@nd r eady
availability of "that materi al alum num bromde 1s desirable from
the standpoi #fist Fapdupt ofjtle iegstign %P@belébalSﬁ i} pigled 2810 tipicat PaLIEhE Al um num

chl ori de j@ndsdviii e ad RRgd: @ chdAtithel M Si8@GlQNF 3ol ong with |iquid
brom ne, which is a desirable way to operate. The anount of al um num based

catal yst usel§0¥hobyerapetodhis frventightdramgngtiqn i5 cafried sHdusaE APSEN L@ Pési r ed

brom nation feagd leQifoncRNEToA bﬁbugpﬁﬁmlmghe ﬂe&ﬂa@memgmsa Al st cat al yst
used shoul d provi de an al um n (? ne rmll | % 10 10 thi range. of about
0.0054: 1 to BBoG™ME &% ‘facélﬁ&" 8:”8 SPEBIOY O R PHED PRI RIS AR B T61%05: 1 to
about 0. 008: griod Gf)&ﬁé orl herap€ aRide@n t1me)(fs¢ﬂ’ for Eiaomdrﬂn@ifon szkrpsIeienhlelpKlep)t

gpggﬁ{ guZSO la\r}glﬁlfbglg% gﬁcri.:ogsm%u%?l(ﬁo g Ecellq;ci é)aex% a,rtge ImBemtuxe 1gtvénch %he réa P c|>ne1s| nert
br ot nochl or oretghamdyctedi lntreommrrett lvé&ivl, thd dﬂahdnyﬂmkmn@ehcﬂiamemﬂﬂuyszdtnuhte@r oet hane,
1,1- dibrom £ t 5 . wever,
use of a i qﬁétg%b%%qﬁ% ﬁse&agq?%@g)l tPe IQ%&OQ 1%1%96%%%3%%%@58? ?fh}gléﬁglénélé i on
mxture is praeferarabdt presep00384 reW@nbn@mendm aprpuntael the nobediecylech tia a bat ch,
semi - conti NURKSs prdle & ARLERHGNS BAS bR Ghind el B8, LERAGLOAAN 8 DAt ch
basis is_sinp er as It typically enables sl ower feeds and | onger
react i on2q i n¥vershizbnt Wtferd rateroie scagifondipist atitows. thy @@@vgng Pydigengsen ke ehi s

invention, byaRARLHER oh teGREblS 6l f@wrag ldﬁd @&U@n 9@&4 Q4 m@fmbdn@ﬁ wRérc @Ver age
re5|dencet|rre | ong enough and with the rate being at a rate slow

enough to folHIRE # @)ﬁma@sfaﬁﬁ lra@aaé*t%lwua’eﬁ%é%yed@&afﬁfl& e yivePiine

product. Thesxpaldn&ul A4uitR@s 1a@61 e@me bif dFBra@én sBYRY BYR RS DRRAGE tdipmiowsed for

t he brom natl Opis gepen ent V\ﬁ 15 nurrb r of alct ors sych as the scale
of operati on® PhEIERpYr "ElHF‘é“ tOf ’isclﬂvef‘ﬁ‘?é"r &1°E ?r§elb?§f‘lﬁg’a%ﬁ@’ﬁct ed, the
rate at whi Ockpeiahﬁlsdhth%yﬂoﬁiuhtadﬂQ/Ltﬂﬁ’kdﬁe&lhatp&fgkt fatd andlostalibrintigdties reaction

di phenyl et h%ne i,S reaction m xture, the concentration of

e
the al uni nuntBsdE ataw%ﬁ%Yené?thlsrpé‘m%lﬁ]?i| n the reaction mixture, the anount of
t he notion t[©038hi The ¢dp®dhatqruchel rqahisehydfogtihromelaci iypivaly xteased in gartinder goi ng

during the ftgee gdrxnab?gt v%;())or.o Yor ;Iétlls%gs’ otneconomy of operation it is desirable to recover the
coproduct hydrogen bromide such as by passing the vapors into a scrubbing system in

30 which the hydrogen bromide is converted either to hydrobromic acid using water as the

scrubbing liquid, or into a hydrobromic acid salt using an aqueous solution of metal base

such as aqueous sodium hydroxide as the scrubbing liquid.
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20 universal set of feed rates and reaction tines exists as the operating
condi tions can have a significant effect on the variables of feed rate and
reaction tines. in any situation where a suitable or optinumfeed rate and
reaction time have not been established, a few pilot experinents at a
suitabl e | arger scal e of operation should be sufficient to enable
realization of the benefits of the practice of this invention. In general,
| arger scal e[obm]cmjptalyp@nplabn Qb eficalbrbAnstichneatkieh, heiscareurt wdnistitadie se@MeEWhat

| onger feed an taI rom natlora reacﬁlon ti mes than tgose iven in this
par agraph. | Yrﬁs& BHPBERIE SR HE" PR’V VAT *HY AP H‘“b? Ve i s
typically resioéiﬁ)ﬁedoﬂglmtcpa:[sb sudh dshedfuor ipdafkida ova)p(aSsluthydmmms omis @fideconony
of operation I% Ci is tlgen%éc%gere trotn(lj the TG00 1asterl])e fl?t aPlon cen(%n dr O &N a]?'r om de such
as by passi n% fie ors 0 a scqllglﬁ3 St'em f% cht e’hydrogen
bromde i § C@TW@IDIHdCIéNphBﬂOItmOdQW(E obr om C aC| d u5| ng wat er as the
scrubbing |i ous

sol ution of @ehﬁl @%%eg%tg% Ogl}slcggsq e%llijl lw(‘;iSl ?&?ﬁh?@l r X! 0 %gaé]g&ﬁlﬁg&égsclyubbl ng
liquid. [00389 typath e@/@wmrecthemﬂm bonlmbmmuntmsnéfm paduyceeratthenrbe sitfecied
desirable toto'fﬂ@ﬁltnk gﬁetrﬁxoﬁs%clpﬁth@iﬁ)ﬁgtto 1Q¥10\‘*&stﬁeegtonﬁﬂa zﬁggﬁm tHE&Hvla’Mh%UCh as
water or an aqueous solution of a water-soluble inorganic base such as

sodi um hydr oXP&E! 812 UpEIBPATGES G BRIGR PHELi"Bhe sol i d product is then

recover edo f r @oahen biagUiotheRRASE ui@ycoﬁllpbstu{oatdfczﬁb bRl aadi eiheddegant ati on,
50r ot her physical separation procedure. [0040] The separated product is

typi cal |y waRR&ES W t HiswRygriopr 2 ggas fhé‘”%(”d‘?fé%m@ prgsssure i gicder 19 $dsh away

non- cheni cal &woxhx@dgﬁ@hy RRUAdutde®8n a MBGle@raduats3opse iR Rad@rERjcephed t o
finishing opera ]:3 S such ﬁ? gleatln todrermve free brom ne and %lndi ng to
convert the [BAGRY SPPPE (it £ OPHY k?& 102 dgieePL, & CH PBF AV BB EREGTFHE. o[ 0041]
I'n order to glesetpiaeninheletaapas thh@matm‘f: ptogaminti @ndapatileg phodlicin karnmed in a

Do o0 colit SR B LRI CELRRE) oBLES Al gl e oo

chr omat ogr apévailapte ‘éqmsmii émt.,) pagquinippe S46h 1. h Canditicumere: @lntlecztat tlempexdexteect or, a

cool on-col u%(r, nithra ure %18 1press r% P 9 I im, 3 8 elrrperature
%m er 1e catin 1 i %%g alj__nﬁ_llg 117 a’t ?,H‘] unt

programm ng Capabi ol um 5 ary coI um, 12
met er, 0. 15pth¢ eddofttin xokrtehlsr,l cz@nﬁ&mn 1d|naAnrem ginjet presie gl ;elgfmmvsm I nc.

part nunber IS [& c

t enperature %d%%m?gﬂg s; 59{‘1%;5% m R‘gﬁf%%@(%l%?épﬁ] e F’%‘g ag?g%%‘%&ﬁuntl | the
end of thAe iwhapgndreiticum: camringrerayas 6@t Wi hedtingnl. 2 Clomd. 6135p?(éssiw|0kehn4 0 psig
(ca. 1.29 x1 i . 63x105
Pa) and hol dll%g Hﬁ% g ng%&?& Igg? a}1tf CQ%’% ﬁlﬁfn{l ng%aqléstaﬁegplg%ape% bg’vesglg}%lg erature
60C with heamtlngmanngl 0.2@ grminin 10 gra@5@Cdidredhohnothelierngd frgactidroofi microligryd

i nj ection nv@k%@tol&ml Tﬂpm@‘e@}aamf RARLES cMi& R @sﬂ%rﬁggep&fhngn%glawyng’ with
warm ng, 0.003 grams in 10 grans of ‘di bronotnethane and injectron of
mcroliters Malxsm §of§*@mtlp@nﬂmﬁﬁ’et Syiteaisr dc ohloyeverhethiiedikscanynegeizllyj ed out

usi ng Tanget oGRS ARIMIABALYSh SR nbaiepdh k0 Tt dndrsthapVsdyews, | nc.
However, other and comercially

used. Thru-Put Systems, Inc. is currently owned by Thermo Lab Systems, whose address
is 5750 Major Blvd., Suite 200, Orlando, FL 32819. The address of SGE, Incorporated is

2007 Kramer Lane, Austin, TX 78758.

[0042] Referring now to the drawings, Figs. 1 and 2 illustrate use of at least two separate
30 feeding devices 10,10 which feed DPE and/or partially brominated DPE having an average
bromine number less than about 2 within the confines of the reaction mixture 20. In Fig. 1

the flows 15,15 emanating from the respective orifices or nozzles of the feeding devices
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25 avail able software suitable for use in integrating the peaks of a
chromat ograph may he used. Thru-Put Systens, Inc. is currently owned by
Therno Lab Systens, whose address is 5750 Mpajor Blvd., Suite 200, Ol ando,
FL 32819. The address of SUE, Incorporated is 2007 Kranmer Lane, Austin, TX
78758. [0042] Referring nowto the drawmngs, Figs. 1 and 2 illustrate use
of at least two separate 30 feeding devices 10,10 which feed DPE and/ or
partially brataugdtetodRio thanhdign ammamg&@m&nﬁmeﬁamrmﬁrotﬁeegﬁ Fighan about

2 within the confin e reaction | ows 15, 15
enmanat i ng frbﬁ] ?Pl‘és fss]ssoaé%?qh@%“e&ﬂ?fi?%%wsﬂ oF ﬂﬂ’&%n&m(ﬁd Fﬁgm? ée‘&‘g fbdeV| ces
are caused tcmusfeﬂ m/\ﬂcmmw hmmbleaﬁtduom; mhm the odyrnof dppesii¢remdinte st loogs from
each ot her. 15,15 .

illustrati ng '?lﬁ:é dgéx mtf:rhect 01 cﬁhex\%qlse ¢onie 1n co acipwnledl { gtﬁél ?tlvxqg P asgl)l/)XSUI t abl e
di recti ons wippfetined Het thodlywols, the 1ltheamd almnqtrrle(ftr@r0e01r®01%¢rtbﬂgleasaHGWey do not
i ntersect or £ f.0 each other. It will of course
be 5 apprecslI%t eglgwh\ztglsglﬁrgq%ohnh &% %ng\ﬂsz ePI | ustrated do not define or
circunscri bel0943¢ Eigapellugrates the ugsfoftahwngld fseding doyise 3§ chvipprdtrids wvliplE ces or
nozzl es. 10011%%22]}65':61 geed %oﬂt lIU@ﬂlraghﬁ%e {0L S Ee Qipe@tw%'fﬂglg §s, i§ﬁj15r}g)ﬂd@l¥| ce 30
equipped with nultiple nozzles or feed ports. It will again be seen that

t he respect|I%PéZI?SI%\‘?@dR‘H“PBDCS@1&511@[0?*(6\5(1“’{3?1@Wb%‘?ﬂ@éeaﬁﬂwﬁféed ports proceed in

directiong t[h@‘t‘i] d91g§‘Qtan@‘$@l[d%@£Qe Ra6RnALENGP view R4 ok Horeba@id Plakes
illustrate in schematic top view the use of one or nore baffle plates or

screens to a¥sPEENSitnaTH} RieAHINGS SepaicdPeYittlrorign P sdbt tB‘hb%r?és wi t hin
t he body of th@@ad’tﬁﬁ@aﬁit@ﬂ A KE.Uf, 8ne haftlcFplge 0146;:16&[1&) bafspdsed plradea f@dingcr een 40

i s di sposed betwe d|n devi ces 4 45 hemati ca

T st at od TREH G5 T8 SO mIcHuHES Y s o Sis oG PEROSat FRERAY devi ces
such as ver tdlgpaied(mﬂﬁlg idé-Gee® kuch ubestiaal madts at wbdeidasedxo tteoroemnd eraimﬂd 15

havi ng pggtsl Ohhg NOAZ) €8 rounn% tl:leurecI 1rc m e{e%cl:‘elzmAesrs NS ﬁasanows Ehe arrows
in Fig. He'"f Pows Cr)z(%m R POFt SO NEZ 2188 T a Iiv\érd angul ar |y
di sposed di riéixxtufmmsthap(umrmdnctzh]@s mv&lclunﬁtenaelrwgﬂ@fy dispesed dngdtiptssraynd thabes. I n
the particul &k uﬁf%?e cel éf' tHS %Jn@&xgdol tlib E o the a1t1b1}f§ cfa %&tl‘rlt@(ﬁj 'Hﬁi?ﬂ%yél q[@nat e from
each conduit or d6 not Pntersect each I'n the
system scheni&twso"ahfilgv ed?@pat@fl@rd eich Clﬂildgut oftub¢ ppethftithey do et igesect aesp2thes on each

feeding 20 ﬂ@{é &Qetﬁ%&e&%ﬂ&hy Eéb?ctéiﬁﬂﬁhg% @k ftlt/@fxﬁ@tor 8bS¥abh Qﬂhsf&dfngat the
respective flows emanating from each conduit are either at the sane

el evat i 0RO ordezice @i1f Peettdhfy sapie ey giffesms clpwian pay hay Be egpaqtivt Prers. cnpapatisgg. 5,

three verti cglh YacHtsROSEE chiREAIRG2HOMEGRS @ éiaeéﬁl RN A IaMRS b bal
conduits or tubes closed at their bottom end and awq’é ports or nozzles
S

around t hei rotsty danfiereribiee apacally) (iweyedt feyglingpdivseo POt s dick de dFigtldevi ces

i's separ at edech®@@or tisbed Wosed 2D t1Rd] a6Atend @ﬁcﬂheﬂz@xgdlﬁﬂ&(be&oﬁ}ésal&nﬁd iﬂea pI ate or

screen 40 mhi,ghﬁére connect ed t %Et her a% %hEI r inner en d§ g 5, the

singl e arr ovdBHEIFATS HY TPEHTeabR CONMET {ore (OIS Sos P PPQH@ PRe use

a single2sl oaujzemmﬂlinage\fnfe@msy aacmfﬂesg]mémlf @&dn Ag m&hlaﬁaeconﬂ@&dﬁdget atf ol | ovm ng

exanpl es are, present Of. purpose ust r at les are not

i nt ended to [P Tt RE i Envfél t"l:{l’otn goamo) OWS manatmlgtil} cu aéflr] C8n élﬁtatr?o%ﬁlsﬁand
illustrate the use of a single flow emanatmg from each such teeding devwe

[0045] The following examples are presented for purposes of illustration. These
examples are not intended to limit the invention to only the particular operations and
30  conditions used therein. Examples 1 and 3 illustrate the benefits pursuant to this invention
of using feed rates that are slow enough to enable the preparation of high assay reaction-
derived decabromodiphenylethane product. Examples 2 and 4 are examples of preferred

embodiments of this invention in which two suitably spaced-apart dip tubes using the
14



30 conditions used therein. Exanples 1 and 3 illustrate the benefits
pursuant to this invention of using feed rates that are sl ow enough to
enabl e the preparation of high assay reaction-derived

decabr onodi phenyl et hane product. Exanples 2 and 4 are exanples of preferred
enbodi nents of this invention in which two suitably spaced-apart dip tubes
using the sane relatively slow feed rate were used. The flows fromthese
two di p tubesmdir€atiely siodt RESREL werk umdx The grivh @bmPRhds® twd QipGoEEpldet wt

brom nation..  EXAMPLE 1 5 0046} A5 1 rgt f Qur- necked round bottom fl ask was
equi pped Wi tlﬂte‘a?ecr‘rﬁlc‘ﬂ’éﬁ‘?g(? Fr RSP ﬁ‘“l‘@r’“p g PR Bhet er with a tenperature
regulator, a 1/16-inch I D Teflon polyner dip tube, a reflux condenser which
was connected to an ice-cold causti cif,gﬁger and a heating mantle. The
flask was charged with brom ne (12 SI\S anhydr ous al um num chl ori de
(1.82 g).5 Thi®o46d nAeﬁﬁOS11llAﬁbm& 8tked rrechd andothéhtledad equifpésd with soedhiibenl of

di phenyl et hane 0, i br 9 wt % DEL
sol ution) prsélggr’é heelgcr) ‘%eergwh a%lr{gﬁam}el %fﬂ%q ﬁye][%;%%c nﬁeﬂg&%@nﬁﬁ dﬁg brom ne
and cat al ysttbsutpflgusdndereerwihichivhe caingstdube luesmkgcwastpew@teaamla@emgrp at
55C, over a IHE{HE O‘#heoffl d]@w??s ch\91 £(§W1tﬁr ltigmfn@%p’ IIQ_B aﬁH %B&Hr&s%ﬁnﬁdﬂ?&l&?d%r red at
reflux (65C) for an addition one hour. The contents were cooled to room
t enper at ur e. (I\Fatger T(lﬁ‘ZQ@“ﬁﬁB)Wﬁ\msmr@éwmab@@d tp §5¥CheA phtionfofBhpheatiethangp was

i nstal | eg 1<§'8 bet WEGlid) nﬁdlar%ﬁl%hg{harws hine-d &f %%P)?%\Q%H)S&E a@aa%hl@p reaction
m xture was heated to renpve excess brom ne and sol vent | e continuously
recycling thesibandpd bk repgortqratainiag brasine e satalygeyis- SWEmVWéRq {iptdroni et hane

was removed i ﬁﬁﬂhéjbl%ﬁ;! lf §ob08VebRbidod o8 s\MRRE! The MR&AtMkErevRaCched a
tenperature of 100C. ﬁgr oduct separated as a solid powder in water. This

slurry was c®l Sé‘tle‘i%f“%'é X ehipetnadditianah prg YPWerTh%anch%qoaw B0 (50%

aqueous sodi ¢ipdae oxvde, (zs’b‘zmg) wwﬁwammlto thbenis| !AI’EziheW&é?p m frnamd and t he
filter ?gebs%hedv@t (C?ﬂ;ix150m_ The sol i enove ina
di sh and RYTBWE PG tﬁ“‘hle P’f EPFT Yt eﬁ‘i‘F%"“ ‘B%H%Wé%f“?%e 8wder

wei ghi ng 102etho@:. exbess Bﬁmlnesfafmbleenmusubmnh&ls@ rfe@blu@(ihawaﬂeysacs tcwhiech showed
the conposi t| on tghbe 99  95. area % d cabrom)dl henxtgamgstri’nlgmanuml(i)t Q05 area %

T € CXCESS bronune onmometcna Wwas remo d yvid
of unidentifi edJ corrponen? WRICER T e b5 ae<tined erivative.

EXAMPLE 2 [ 0047 teﬂiharsmeeamhadom tewgpsragire eXHOIC.r 8peatododt sEpesangoll @ d sad@dcept t hat

two dip tube Eow\ﬁﬁrr i v ‘%Xl‘%‘%'lugé waggcq).ﬁgﬂg frpp F tev\gl;rgtue Mhd %q 3&11%@ Eo(?&%nr ate was

the sane thriough eac S over hours. The
product @&as (\ﬁb%l@emjbounp%ésmdtydmelde A2onwhs adladrple sivery Valﬁéllltylzédnme ®ras usual

whi ch ShOWEdcak 'w§.s @Qsﬁ{pd G/Ltﬁ'@\%e?‘@ 3e‘§i§aIXL)0fTh%%0§cgwg:leﬁlr0§t% %a cle' ﬁl*a \Jvé very
close to the above run in which only one dip tub been enpl oyed. This
allowed to dry in air overnight. Th1s gave a solid powder welghmg 102.1 g. A small

sample was submitted for GC analysis which showed the composition to be 99.95 area %
decabromodiphenylethane and 0.05 area % of unidentified components which were

25  assumed to be Br-9 derivative.

EXAMPLE 2
[0047] This reaction was an exact repeat of Example 1 except that two dip tubes were
employed to feed the DPE solution and the feed rate was the same through each dip tube.
30 The feed was over in 3.08 hours. The product was worked up as above. A small sample
was analyzed by GC as usual which showed this sample had an assay of 99.88 GC area %,

which is very close to the above run in which only one dip tube had been employed. This

15



run denonstrated that nultiple dip tubes can be used to cut the DPE feed
time significantly, wthout affecting product assay very nuch. EXAMPLE 3
5[0048] A 1-L round bottom flask was equi pped exactly as in the above
Exanpl es. The Bask was charged with bromne (12.5 noles, 1997.5 g, 644.4
m., 150 % stoichionietric excess) and anhydrous alum numchloride (14 g, 15
wt. % based on the amount of DPE used). The slurry was stirred and heated
to 55C. Pri Ofuntdbniohsitﬁted&hMm&um &b Ditfes s@h Wei @Bd WaSup HRPBPE dedly tideSsol vi ng
DPE (91. g, Q}[‘ % I onot net hane 545 m.). This 10 sol ution was now
fed to the r%%‘éttw&?tyc et AP e g R0 K Elﬁfhal yst at 55C as usual, via a
1/16-inch (ca. 0.16 cnm) |.D. Teflon dip tube, sub-surface to brom ne, at
55C. The feed was over in 8 hours. %gﬁﬁ tion m xture was now heated and
stirred at reflux (63C) for an addi il 0O mnutes. The reaction mxture
was now cbhol @d4&]oArbbnwnérmmnaﬂuk@«aaa@ippad efact{y300n ke pbwadxadded. Théhe

equi prent wa t br . 1. t by
installing aﬁaéar“ rasef;ﬁ)atrgre§ V‘}?ﬁa'rlgl‘ﬂlo(é%’Lﬁeeéal|7 :%%Orllégfrllé%{?l% gﬂnﬂs\lﬂia[%r%is%wﬁgln\éﬁlgs now
heat ed and bmm)r@ﬁ@olh}\dem alwagiumedrtyidd (16 \ge t heade wisied en &@mniom@ﬁ@w
recycling t h&eéﬂaﬁﬁé slgﬁf&asts(ﬁng:&"ﬁldrh@ﬂ&)t 8550 CAfPhglr to %509%4 %Z& %nbi)E soh?tfont he

br om ne/ sol vent” was r enpved ditional ter was added to
repl ace the V&l m%feéfbywsé?fflﬁépé’gl@bhg, QéﬂWédn é‘\?@#‘ﬁéﬁ@amﬁ(ﬁ? &l)-af8iit a total

of 375 g of soRRbY §AY nANEd RN Rr BahiRBERH RERYE al ke 5589 Tsual Gia a
terrperature had reached 70C and the product started foam n%r Since there

wasn't enough!¢-86mPnd-thenrdadieden ¢ip “Pi’ﬁ*rﬁﬂpéurﬁ‘i%mf'?l%‘?ﬁe Pt 1Th5t%%8n was

st opped at t{i}hsSOVQiQh'%oﬁﬂdfﬁeh@lcﬁédlﬁx&&uec@dynsﬁl hadiedl zﬁx&btﬁ{eki@.tl\éﬂ& @gdetor (50 %
ag. MOH, 65 y The]ﬁ(ﬁ oduct ﬁs filtered and was hlg ter (5dx 250 MLA
and al | oned t0* 8‘1“9“% Bipegy erFFﬁHi’“ RO TRVACRR 1 i v r8?méer‘|“p8¥‘&‘ﬁ g€%olid. A

GC anal ysi s wasr (p@) fnhy wachdwdill Cilhe gmleanwmamr ftenin dhktﬂmuqar@dbmﬁm«):ind 15 100
GC area % (as n
deronstr 43 cotRay hEiekadtiet 0fier 1B RedPa o sl WAl ) o
decabr onodi pdnﬁm]drmwmnﬁ\mswn@ede@tﬂ@ed wmuﬂoﬂslﬁﬁe@ﬁm@mem@ bgain was an

exact repeat G EXANPhRInSEK R HARL ob Bt USRS R UPRL 0 feed

the sol ution. ime was ore, reduce 4 hour e wor k-up
was as usual mLTHevagdrrwadradéad tprreidage tthanvedlgyhe df hﬂ@ﬁ@ﬂolgent Ayppbeeteadl yzed by

S]Ft Z ?O‘r’]":gt |t Eﬁft@;%%éa{t 1 Beler 395 1. FaNefCand RbmAE GakHeRT RALRAe ! Bhdane.
20 tempemture had reached 70°C and the product started foaming. Since there wasn’t

enough room in the reactor to handle the froth, distillation was stopped at this point and
the slurry cooled and caustic was added. (50 % aq. NaOH, 65 g). The product was filtered
and washed with water (5 x 250 mL) and allowed to dry in air overnight to give 458.7 g.
of an orange solid. A GC analysis was performed which gave an assay for this product of
25 100 GC area % (as compared with the expected 99.95 GC area %). This run demonstrates
that increased level of catalyst also improves the assay of decabromodiphenylethane to

some degree.

EXAMPLE 4
30 [0049] This run was an exact repeat of Example 3 except that two dip tubes were
employed to feed the solution. The feed time was, therefore, reduced to 4 hours. The
work-up was as usual. The air-dried product weighed 472.64 g. A sample analyzed by

GC showed the assay to be 99.74 GC area % of decabromodiphenylethane. After heating
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at 220C for 4 hours, the sanple showed the assay to be 99.77 GC area %
Again, this run denonstrates that product of simlar assay is obtained by
using multiple dipnbes as in the case of corresponding single dip tube
process, with the advantage of being able to significantly reduce the DPE
feed tinme. 5[0050] The inportance of avoiding overlap or intersection of
two or nore flows of DPE into the reaction m xture was shown by a pair of

experinments gonggethol, e %@fé@ﬁovﬁa’d'ﬁﬂe'aﬁ%y tdhetob @7 pracadsr £&igiNeani N the
above exanples Tn one QxBerlnent one whereas in

anot her, t wolegIopstRth bat @“ﬁé@HmbﬁFWﬂ%@V“%ﬂﬁéu?ﬁ%m@*@§gmﬂ@ﬁ%?HEWCfor t he
feed rate usac oS eoﬂela;aﬁldlhhemfggedils tepéefrbRpp edihepe hdahfags obeéiag abieaapl et i on
of 10 brom natj I (&FR§ ?ﬁ n which one dip tube was used, the DPE feed
rate was 0. 3" HAREreRE PPRf4A™8 i n which two dip tubes with overl apping
feeds werge umﬁ)] t['h\@m@%nf:eeﬁwbﬂﬁ@ oVealsp Or 16tegéd‘tﬁbm of t‘ﬂben more flows ot DPE

decabr omdi ph o.liﬁe Feacon g trOdu S 00{1 rlgeczli L8 3 e111nents conduatséa an am%g of 91.20
area percent'’ BEEGURE P RetioTh ﬁuﬁﬂé(ﬁaép ay by of ‘only 87.08

area percentmmﬂﬁﬁ@@ﬁbﬁmﬁmmm@heduam@v@wanﬁmmksu@edwhememwntnmﬂ@dmmg t he
cl ai ms: 1) Th@as et wl{e 3¢ Enla &Bquw&é%qube%@%%setdl%ﬁl ?19 %%Rﬁé tt:) ML R)fl the

product is reaction determ ne fesul use of downstream
puri ficati onthe deddniapuesd. sudht ae fesdy peariapiell zZaeh @ﬂleb pefetsr envppiatign edhy, or

li ke progedu,68intfal 1£RM Al §hikn m%msmgsalse&m bddke Ofas bAG/AR 0duct .
Addi ng water or an aqueous base such as so di um hydroxi de 20 to the reaction

m xture to iVt Pt B evhichitap givttubeg iyih qrssproig fesfay s ssdotie DREAEal | y

bound i mpuri Lic&ms BY HSR. Phe &Wmﬂ@@k&ﬁﬁn&éﬁ&c%nf(ﬂdﬁ@RwAfﬁﬁd ﬁfasﬂ!y' ute
aqueous bases are not excl uded the term"reactjon-derived"” t her

words, the p@ﬂﬁ%@f%l%}%&ﬂﬁﬁﬁﬂtﬂ?eﬁpﬁﬂﬁggﬂaiﬁI?ﬁ§3§§ﬁPﬁ§§ng Fd%@@% mnthout

use of any suhg&ﬁu@&km@rocedure to renove or that renoves nonabronodi phenyl
et hane fr bronDd he eth . Un| ess expressly st at ed
ot her wi sé& ﬁﬁf PO ﬁﬁ %@é&“w%@%ﬂ% ﬁé °Wﬁ§ P"acti on- " deri ved
decabronndlpbenyhaéhaﬂewmﬁﬁdueheaom¢m$sesmewmmﬁﬁﬁmidaMQuumagsEﬁaﬁﬁ area %

of decabr Om)(g hen ar? c?tntg W tlrt’I ftuse o??owns reamconshc t&olnntgc e1sseesnts|c"lil |,y 0 no
nabr o nDdlpheny BEhate! 6§§f ypical I'y, TR RShs ronndmﬁﬁ lane is in
the form of atrydtdbstioone chlsmmegmpﬂy or like procedures that can affect the chemlcal
composition of the product. Adding water or an aqueous base such as sodium hydroxide
20 to the reaction mixture to inactivate the catalyst, and washing away of non-chemically
bound impurities by use of aqueous washes such as with water or dilute aqueous bases are
not excluded by the term “reaction-derived”. In other words, the products are directly
produced in the synthesis process without use of any subsequent procedure to remove or
that removes nonabromodiphenyl ethane from decabromodiphenyl ethane.
25 2 Unless expressly stated otherwise, the term “high assay” means that the reaction-
derived decabromodiphenylethane product comprises at least about 99.50 GC area % of
decabromodiphenylethane with the balance consisting essentially of
nonabromodiphenylethane.
[0052] Typically, the nonabromodiphenylethane is in the form of at least one isomer of
30  nonabromodiphenylethane and preferably is in the form of at least two isomers of
nonabromodiphenylethane in an amount not exceeding about 0.50 GC area percent,

preferably not exceeding about 0.30 GC area percent, and still more preferably, not

exceeding about 0.10 GC area percent. Especially preferred high assay reaction-derived
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30 nonabr onodi phenyl et hane and preferably is in the formof at |east two

i sonmers of nonabronodi phenyl et hane in an anount not exceedi ng about 0.50 GC
area percent, preferably not exceedi ng about 0.30 GC area percent, and
still nore preferably, not exceeding about 0.10 GC area percent. Especially
preferred high assay reaction-derived decabronodi phenyl et hane products of
this invention contain no detectable anbunt by the GC procedure of

oct abr onodi p&h@ﬁby&@ctdmaaﬂaafanawd@tsfwEhlmbaﬁbdspmadinpmbeb@mmaln@mhay/iheg | ess

than 9 brom 0 e 0053 e h ass actlon derived
decabronndipﬁgﬁ 5?%5&8“6?88%§#§n$%$%%8r%ﬁ°H§ LR ‘gF‘FWVEV?ﬁventlon
are white orleslth@dtbrymiad ftortd et Boletulecol or . Wi te coI or |s advant ageous as it

sinplifies t nd-users task of j r i.n the
oriTel es e nalos o The Bieh Sl e G LEROEPRHTEDDR GouiR S

decabr ono#li p@e@ydeetohame it clis whioe e dlightly tolftewlptreana&kzes Whitet fnler isnvent i on
TRy e Sed FRplAROR (L SLANARL Bl BaLorrHLal] A0S LR L4l B

f1 anmabl e matef 10 efmat eri F macro 8cular, for exanple, a
cellulosic nau@ﬂuaﬂMQﬁbaepumydmmhswmmuﬁumat|ve polymers are: olefin

pol ymers, cr @ﬁéﬂt ;rn{%éab@&go Fla;re\maﬁgg PI{&%& SRR Go pxeg@&%ﬁxtﬁ’@r@e& on€t hyl ene,

pr opyl ene, ene,; two or nbre of suc ene nononers
and copol ynemsy bf uS@ﬁés Brmaytstaedapts i Eremulaticos meth yieHe ARy fvinabletraaterial.

copol ynenj z a’h{eemm &Y Sbe of RForSEATR! o e%ngt}fé eark‘:éﬁﬂ&@da wheng o? 9%1})6{5[3 rs,
et hyl ene/ eth 15 aeryl ate copol yners an | ene/ gropy ene copolyners

et hyl ene/ acrf,flluataévec@@laswfm% %lﬁdl e?lwwén@wrlwwd A PREYIE o HY| GHBPS;

pol ymers of mhlaa‘pblpin@@lo} Yth{ O b5 yAne Chn I BROREY; %opoﬁﬁﬁelse@faWbﬁmoﬂ@Q)k y&hyr ene,
e.g. high |n§act ol yrene, and styrene copol yners, ur et

pol yami des; P& %fs a??of%PS‘é(F‘B‘ér?étoé% or Bgicyet*n %ke“%\ ‘P‘ ol s ?t

po: yt(ats) ters, &f@)@l@fﬁblﬁﬂﬁbw nRabnidre titydenpk ed’tl@ﬂﬁ%%/bfbbﬂ%l&)coﬁcﬂﬁners ethylene/ethy]

pol y(but yl enet eren t hal ate

exanpl e, ){épo%yy b N R E A T E e
copol yners amdehu&ﬁd%mﬂeka@mybpnyﬁmsumbmmpaﬁymﬁmsmntemmmwyamxmmo&s
acrylonitril Fi blﬁl&lpdl eg!le )Frene St% hlg ml ac o"lal st&l:e'r{pb?{d SQ%X'COP&RESE and

ponS|onanes B ri'a ross ed by
chemi cal neam8wmmmmy;|mﬂﬁMmRE|@mwdmhe deWabhmwbdlpﬁEmW$%thaﬁe pxmducts

formed in 2 RIGSERs Shedl LINAMILORLARIRYSnbe pATURER Ik

appl i cati ons, SUGh as in | atex at1ng he annunt of a
hi gh assay rE&b@WbNh@é¢1v@ﬂm@@éa@@oﬁ@mpbhemyveﬁﬁﬁnéhﬁﬁwéﬁcﬁﬂﬁﬁwm@@ pur suant

to this i nvemtad@éae/ét@%ﬁeelc%m&;s EﬁdoGﬁ{q&erfefac&iaﬁmn@%@561%9@9 BN &
formulation wll be guantity needed t0 obtain t | ane "r et ar dancy

sought. | n gemdemgile, Ptﬁ@@fﬂérﬁ%w&@%ﬁa@ﬁw?@s UIutvh AP d ey sileedpet ofittai n fr om

about 1 to aﬁﬁ?}lﬁel 3y Yayhe30 apr6ifrRled Blods-ifuk @b BiRiicab nikhs 2R @Y tirrafatieh % of
Product of t i nvention. Master batches of pol yner containing

decabronDdlpﬁ%ﬁ??@ﬁﬁ%ﬁém“Wﬁﬁﬁﬂa%?@wﬁﬁ@ﬁﬁéﬂl%F?ﬁ”%ﬁd@fﬁﬁﬁﬁpnéﬁbﬂﬁﬁ§ of
substr at es pohswﬁlrtexuuey@pleoahdny GONts @i BreeySBd hicgbekingoncent r at i ons of

decabr onodi pRSE% %1@ AnGunt of £ hi'gh apsay ?eacStl(())n \Mﬂ%)eg rdecnagrrg]modiphenylethane product
formed pursuant to this invention (hereinafter Product of the invention) used in a

formulation will be that quantity needed to obtain the flame retardancy sought. In general,

the formulation and resultant product may contain from about 1 to about 30 wt%,

30  preferably from about 5 to about 25 wt% of Product of the invention. Master batches of

polymer containing decabromodiphenylethane, which are blended with additional amounts

of substrate polymer, typically contain even higher concentrations of

decabromodiphenylethane, e.g., up to 50 wt% or more.
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[0056] It is advantageous to use die Product of the invention in

conbi nation with antinony-based synereists, e.g. Sb703. Such use is
conventionally practiced in all decabronodi phenyl et hane applicati ons.
General ly, the Product of the invention will be used with the antinony
based synergists in a weight ratio ranging fromabout 1:1 to 7:1, 5and
preferably of fromabout 2:1 to about 4:1. [0057] Any of several

convent i onal o@fli £y advHasdud b LReMEIRSRST biCinf GRERIAL indbfbBYonbRitMSed, in
their respective conventional anmpunts, with Product of the invention, e.g

pl asti ci zer NUBATIIIABMETEIST PRI 808 piughrefit & cuveriadl| Padiryl inelt. [0058]
Ther mopl ast i @catdnloalpBsnyfedhi®shplica0Bsf ArdRbhBL, kRNSodeNbahNintghtian tWigbaopl ast i c
10 polyner and Product of the invention can be %o,du ed %onventi onal |y,

e.g., by injeed VEhDREMHTIY baEd Y GEHD AoTeHhG I EORPF 8896 ol Bi'ng, and the
| i ke. Bl o rapk gicRghblveyf fralSodee: 1apgoapri.ate in certain cases. [0059]

Conponents r red to by chem cal nanme or formula anywhere in the

speci ficati o[ﬁ(f’%ﬁ gf‘%?%ﬁv%”éf%%’ie?tloﬁﬂé‘fkﬁ%‘fes Psgflér}“tg‘%raloﬁ%sulc#r{nﬁié“%ﬁs A :g%r or

pl ural, are uselgrihithdiecksddbti@s cdnh@yiomX iagioups,iwirh Pedeomftnde iimeaiooopgact w th
anot her substance referred to by. chem | r » or chemcal type (e.qg.,
anot her co (%ansgl%l e,rs’%mlsoélldz\l/ngshElﬁel‘?j¥lg§}e§t?’)&%t%bﬂﬂza@teecr's not what gﬁen‘i( calg
changes, tr df838dr Wermopistiandices foeadt framSomivfatianyycontagikiee pl thayaoplstic he

resul ting,m ion. - , [ - d/ or
Feact i ond” art Rl e Rk B B R ol T o sREnt o

t oget her undeeldinpexicwivdindgldrs cearessidn fgldingoang iieslikgn BlavompKing my kP osur e.
Thus the corg%qﬁﬁg[gﬁte%@erjagqggeglfi ed as ingredients to be brought together in
connection with performng a desired operation or in formng a desired
conposi t i on.[0%§9% o Compaapnts Heluger tihebyc el Hemei tafrBrlanty vpet dp the

subst ances, GARARENS:TIANIABIf, I WIBMECRAES ol iR tHeRM MRS PNrall 88 &RNtified
("conprises", "is", etc.), the reference is to the supstance, conponent or

i ngredi eht & thay caiR§ RITOBEP MIEBIOtPRRC Wi gl sERstange fGEEeG P IBY ont act ed,
bl ended or miaxeGr WhdnficaDRPe Q. NAAbBerAoRBbnetll B SHIRIE RS c1cGONPONLRRIBL @R/ Or
ingredients in accordance with the present disclosure. The fact that a
subst ance, cORPSHeHERS tf“ﬁﬂ?‘&@f‘%ﬁt”%ﬂ/mﬁ%ﬂ?&s’I‘?)g’fy’ it#(g PEKT dit A1 ER i ¢y

t hrough a chertweabr sdaohi@Rudr chanignStaastomiation, duvdrngactibe ©o tresetupd
contacting, blending or mxing operation i f conducted.i.n ac ance with
this di sclgos‘rﬁsruzt %Inb \’i"¢ ﬁHéors}Eﬁc ﬁ‘ﬁ?@"%ﬁ?‘lﬂ% ?)?ge{alt]erc r(13(1%‘11 g}e, Ceglglh{)]rﬁucsaﬁ%{)g no
practi cak0 concenm. to [0 @B} lofxe e fhusathe maypdrente xpr dewitiyd ot hegradicse tbridi cat ed,

the article 1;181'1' hpt() e"tt%p'{:ri\ cigéne?rl%%v{qgl ﬁé&&g?u%eard%é@d ioﬁerzﬂf?)}l og {ﬂtef&g[ijr%% cfeg)lrelii mt, and

shoul d not bé Constr ue llaimto a sin ment to which
the articl e goafpesition. Ratlfverevert Heougl tthe [chimsg herginafteg inayj frefgintd awstarcess
components and/or ingredients in the present tense ("comprises”, "is", efc.), the reference
is to the substance, component or ingredient as it existed at the time just before it was first
25  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
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
30  of no practical concern.

"no

[0060] Except as may be expressly otherwise indicated, the article "a" or "an" if and as
used hetein 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
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herein is intended to cover one or nore such elenments, unless the text
expressly indicates otherw se. [ 0061] Each and every patent or
publication referred to in any portion of this specification is
incorporated in into into this disclosure by reference, as if fully set
forth S5herein. [0062] This invention is susceptible to considerable
variation in its practice. Therefore the foregoi ng description is not
intended to Hebd¥ & intéHach SREW: Ind @ tmddes e BiShEMEdnIaS el (Bt bk@sly tlRealchivent i on
to the particul ar exenplifications presented herei nabove. CLAI M5
I.Aprocessfd?%?%ﬁ%cinghighassayreaction-derived decabr onodi phenyl et hane
product, whi[ohs1pr 8BS edCevERS ipses bepailingiohi jefedtedheny! alyhpitgorobf (thik )

artially bronm pated di phenyl et hane having an average branmi ne nunber | ess
Phan tvo or At HeBPoRT Tl 56, B AP LR FaNE: G Pt Has! i g

reacti on 3 xdewtire, Which reaction mxture is: a) fornmed from conponents

conpri sed of ess. Liquid. brom and al um num. based lLew s.aci.d
br oni nat i on @@?&I?@?quﬁﬁnﬁﬁFﬁmﬁﬂﬁ%ﬂcg?mk afﬂa?¥f?“b%ﬂn%$m?i?? ¢ fed, and
b) mai nt ai nedle &tegoing desatiptiat ismot @tehdrdno bime, ané lewBitredba @agtuerdms ltngfimer at ure in

.t he range of ég%nﬂg tto(t)he.gpg%’c I%%Qerﬁl;glif'lcﬁ%ﬁg rmgts@d ﬁér&Xa@B\%d pressure is needed
in order to %eep a ?|qU| state In the reactron mxture at the
tenperature(s) used, the reaction mxture is at el evated pressure
sufficient to keep a liquid state in the reaction m xture at the
tenperature(s) used, so that ar-brom nation occurs, the feeding being
conducted at a rate of no nore than 0.5 gram per m nute through each dip
tube on a one-liter reaction scale to form high assay reaction-derived
decabr onodi phenyl et hane product; and d)wherein the feeding is in the form
of two or nore individual spaced-apart feeds
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into the confines of the reaction mxture fromjets or orifices disposed in
one or nore feeding devices or dip tubes such that each of the resulting
two or nore individual flows of (i) diphenylethane or (ii) partially

bram nat ed di phenyl et hane havi ng an average brom ne nunber |ess than two,
or (iii) both of (i) and (ii) emanating or issuing fromthese jets or
orifices into the reaction m xture cones into contact with excess brom ne
and al um num based catalyst in a portion of the overall reaction m xture
which is sufficiently separate or isolated fromthe other individual flow
or flows of diphenyl ethane and/or partially brom nated di phenyl et hane

havi ng an average brom ne nunber |ess than two fromthe one or nore other
jets or origpagssso that two or nore individual spaced-apart |ocalized
reaction zones are created and maintained within the confines of the
reaction mxturd: A Processy plopcepwdedng n o nivsa¥heteastienylgivwdr eact i on
m xture fur§dgsos@ilchA8RarR tprd &S hieh Brob RS ESmRsBeREEnS@) HRRhyIQRard! | Uent .

3. Aprocess as in Caim1 wherein sald elevated reaction tenperature is in
the range ofr Bheridllydseipteddiphsaypibinedappeakierpe bromine nupberdessthigess as in
Caiml wheggl o éﬁlj Sbtﬁ eed) R diss, ihoam ﬁqd?('l Wéritinkd O Qfeaé‘tﬂﬁ@ﬁ‘i!fu?@%fhﬁchf eedi ng
devices into said i qui d confines and wherein each said spaced- apart

f eedi ng devieé‘élop@l’stbrﬁé%d at | east far enough from each other feeding device

such that ng f| qynfel GRORABIMALMs SGNbried O E:RES!GuidBROAGE Snd RRGiR{-| ow from
any other said device before conplete brom'nation has taken pl.ace.

5. A process as "Ripdd&enismcid Riprainaion caalyet F‘é‘e‘ﬂﬁoﬁ’d“‘ibsatﬁeraﬁfrﬁ)a@‘%lOﬁélluélsf eedi ng
device from whighy gaid two or nore individual spaced-apart feeds into said
i quid confjnes are di scharged, and wherein each said spaced-apart feed is
at |east fab) endiiiHeingdosh WacH $tAYP thaseneseleyHadHELCUAR WRRERUTE dtter om t he
feedi ng device Qif86Fh3tCi PR OGRS atPP RaGRAENEEYAdaPestiro M Raled if &84 ng devi ce
before conplete brom nati on has taken pl ace. 6. A process as any of
Cains 1-3 or 446 kegver diwidistatretli he etagtipy mérture @t SeneMperitates) ot et with
bromi ne, sai d alahifiRRas Gllulhubise 3Rk GrPEARLARY RUbpCAGY Shie GOTRY | S€S

al um num netal or alum num hal i erein the hal ogen atons are chlorine
atons, bronine a@a@n@m@ruraatéhﬁfbmpmmr@ﬁ)@ﬁedchl orine and bronine atons.

T A Process, @ af-Brofhi6l oLl W8 rolaity Blinglcna WARS£h Bud bnoliite HaRDSNY! et hane
or (ii) the partially bromnated d %1 %et hane having an average brom ne
nunber of | &8& peh@mutegarougy cach dip)tumnm @fe Ijt¢r)reagpign fople)to farayhigheasayd in t he
form of (1) refeRldbiiclRedaBrotabpRétleiA p6flfer, ab?) @ f1ovablc melt, or (3) a
preformed m xture wit 3mne ch pref ormed moxture is

mai nt ai ned ®n tWe‘le@bsféné@ mﬁ ls mglmform of two orgnornindiigtunl sppeedapary fseds

decabr onodi phenyhetangr Rk QFHE el d.?lfiﬁﬁ’e B 8€oREAEES S Blcadl¥nofy O al ms
1-3 or 4-7, said product conprising | east area % of
decabr onodi phenyhae frgdiag dadeesior dipngbesispeinibei @hlenmheé@snhmé V¢ oamooUNt  Nnot
exceedi ng 0.50 Ggan68 Hows of @) 9d1pﬁbrf ﬁ:ﬂﬁhé Ogr d@f)' \f)%ﬁilally brominated

decabr onodi phenyl et hane product as I'n él onprising (i) at |east 99.80
GC area % of decéitheneseing havigd wx dyamaec %mmuﬁnpyﬂbﬁdmﬁmempphé)rmh@ft hane in

an amount not e%ﬁ%‘ﬁ@'(ﬂﬂarﬁar&@ng‘% %Eﬁ@g Hom these jets or orifices into the reaction

mixture comes into contact with excess bromine and aluminum-based catalyst in
a portion of the overall reaction mixture which is sufficiently separate or isolated
from the other individual flow or flows of diphenylethane and/or partially
brominated diphenylethane having an average bromine number less than two

from the one or more other jets or orifices so that two or more individual
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10. A flanmabl e macronol ecul ar material with which has been bl ended or

I ncluded a flame retardant anount of a reaction-derived

decabr onodi phenyl et hane product conprising (i) at |east 99.50 GC area % of
decabr or nodi phenyl et hane and (ii) nonabronodi phenyl ethane in an anmount not

exceeding 0.50 GC area % 11. The material of Caim10 wherein the
macr onol ecul ar material is a thernoplastic, a thernoset, or a | atex-based
back coati ng. 12. The material of Caim10 wherein the

macronol ecul ar material is a thernoplastic polyner. 13. The materia

of any of Clainms 10-12 wherein the anmpbunt of the nonabronodi phenyl ethane
In said reaction-derived decabronodi phenyl et hane product prior to bl ending

wi th or inclusi g&céd.'aﬁlﬂl IGCJT%cﬁféa@tlon|z%n@sna1@r@éé&H énlaal{lalﬁltgﬁ% Nethinetheeed 0. 30
GC area % he materi a any of Clains 10-12 wherein said

reaction- der|ve@O@b@&@ﬁbﬂ@dﬂ@héﬁVW@thane product prior to blending with or
i nclusion in Sa' d mkﬁ)édcg% gg?{lﬁaiﬁ@%héﬂe)n i rbRast m&%r@ﬁu’tﬂg‘ d@ﬁl%ﬂseos/o of

dccabronDdlphenyletha nonabr onodi phenyl et hane in an anmount not
exceedi ng (at *ast@ae wew greggic solvent or diluent.

3. A process as in Claim 1 wherein said elevated reaction temperature is in
the range of 55°C to 65°C at atmospheric pressure.

4. A process as in Claim 1 wherein said feeding is from a plurality of
spaced-apart feeding devices into said liquid confines and wherein each said spaced-
apart feeding device is spaced at least far enough from each other feeding device such
that no flow from any said device directly impinges upon a flow from any other said
device before complete bromination has taken place.

5. A process as in Claim 1 wherein said feeding is from a single feeding
device from which said two or more individual spaced-apart feeds into said liquid
confines are discharged, and wherein each said spaced-apart feed is at least far enough
from each other feed such that no such flow from the feeding device directly impinges
upon another flow from said feeding device before complete bromination has taken
place.

6. A process as any of Claims 1-3 or 4-5 wherein immediately prior to
coming into contact with bromine, said aluminum-based Lewis acid bromination
catalyst comprises aluminum metal or aluminum halide wherein the halogen atoms are
chlorine atoms, bromine atoms, or a combination of chlorine and bromine atoms.

7. A process as in any of Claims 1-3 or 4-5 wherein (i) the diphenylethane
or (ii) the partially brominated diphenylethane having an average bromine number of
less than two, or (iii) both of (i) and (ii), is/are fed in the form of (1) a solution in an
inert solvent, (2) a flowable melt, or (3) a preformed mixture with liquid bromine,
which preformed mixture is maintained in the absence of light.

8. A reaction-derived decabromodiphenylethane product produced by the
process of any of Claims 1-3 or 4-7, said product comprising (i) at least 99.50 GC area
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% of decabromodiphenylethane and (ii) nonabromodiphenyl ethane in an amount not
exceeding 0.50 GC area %.

9. A reaction-derived decabromodiphenylethane product as in Claim 8
comprising (i) at least 99.80 GC area % of decabromodiphenylethane and (ii)
nonabromodiphenyl ethane in an amount not exceeding 0.20 GC area %.

10. A flammable macromolecular material with which has been blended or
included a flame retardant amount of a reaction-derived decabromodiphenylethane
product comprising (i) at least 99.50 GC area % of decabromodiphenylethane and (ii)
nonabromodiphenyl ethane in an amount not exceeding 0.50 GC area %.

11.  The material of Claim 10 wherein the macromolecular material is a
thermoplastic, a thermoset, or a latex-based back coating.

12.  The material of Claim 10 wherein the macromolecular material is a
thermoplastic polymer.

13.  The material of any of Claims 10-12 wherein the amount of the
nonabromodiphenyl ethane in said reaction-derived decabromodiphenylethane product
prior to blending with or inclusion in said material is an amount that does not exceed
0.30 GC area %.

14.  The material of any of Claims 10-12 wherein said reaction-derived
decabromodiphenylethane product prior to blending with or inclusion in said material
comprises (i) at least 99.80 GC area % of decabromodiphenylethane and (ii)

nonabromodiphenyl ethane in an amount not exceeding 0.20 GC area %.
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