PROCESSI NG OF SOLI D BROM NATED AROVATI C ORGANI C COVPOUNDS CONTAI NI NG
OCCLUDED BROM NE 5TECHNI CAL FI ELD [0001] This invention relates to
processes for reducing the occluded brom ne content of solid, highly

brom nated aromatic organi c conpounds, especially of

decabr orod &P ¥¢4Hane products. This invention al so FEMAPES P8 Br oduct i on
and provision of novel, inproved decabronodi phenyl et hane products. 10
BACKGROUND [ 0002] Various solid, highly brom nated aromatic organic
conpounds, i.e., conpounds which contain at |east about 60 wt % of total

brom ne, are useful, f r+ppl astic and/ or
t herni osetti ng pol yne@?@@séﬁﬁﬁséﬁﬁqlgiriﬁggﬁg%%ﬁﬁgmBﬁe@at erials. 15 Such
conpounds are usu@RGANICIGRPOYNDSCCONEAINNNGOPCChEDERHROMENEed ar omati c
conpound with excess bromne in the presence of a brom nation catal yst and
in areaction mxture having a liquid phase which may be excess brom ne
itself. Unfortunately, many suchTECQNFEAblFMIHat ed conmpounds formed in this
manner, al so have el enental bromine trapped within their particles or
crystals. SulPROBr dhis irevention gglatesrio Pescessgsder redpcing s st ipdrd promingiodistife. The
presence of gigh BEAY Neddinddie CRIRAENd olgtnitindesmipodlke Reeaume tdre
entrapped brom ne inparts color to the particles, aInd‘ can | ower the thernal
stability ofdacpEomediphenyletione pastictnd Tt EYFRI0 ASNET AP BT EH YRR ane
retardant i spigeh ofNoSd), iflpfovdiidiet benitaiphgyRbassiredycef t her nopl astic pol ymers
contalnlng such highly brom nated conpounds as flane retardants, bromne
~and/ or HBY can be rel eased and these substances 25are hi ghly corrosive to
materials used in the fabricati on RXCKGRDUMDoCcessi ng equi prent. [ 0003]
Because t hes j.ghl y bron na ar.g i c conmpound or ility in
common organﬁ@&gosééﬂFg?ﬂ%Plgg ﬁ%lm%%oﬁgﬁﬁga %@Q#%ggﬁﬁﬁ%ngc%ﬁg%wg t he
conpounds bywhigiptanadin awdsiktiahgnt 60 Wt of tosl htohiineaare ovefybraas.ad dlpes retaydgotsmuch
sol vent woul i r . : : ~ . 049;
6, 768, 033; 6{,%@ Erg’?’ﬁt"%%aaﬁ%"%%‘%&g% 1y pRymER reil) o foPotd %?bag'?’gl?lg 1%@9%%
comrer ci 4| ySusbeebnprodegs teehndorogy b oromptiast efy bie ywnpedindie gireH¥iCoccl uded
brom ne cont %‘i ofdd @%&P&g?ﬁ%h@%mbﬁ&e‘a@&ﬁ AR REbn cNRt &fd ih Becagfvamrer ci al |y
i mportant me ers of thc 'Qild)%hly brom nated aronati c_organic co\r/rlgounds with
e

“which this Mmiseabds 4l redh, maprpsrexgssolrenine ittt IGTIHPA e Ves
oven-agi Ng afyckhehH rdhihREPRHBbEHIE formBd MMhi0 Ufhder, G0 Atk aftbnehl b@tirer oduct .
[0005] U.S. Pat. No. 5,457,248 describ i

0. . ; s.as gne of its features ~hi gh
t enper at ur e 4PRBRHIVIRIN &5inPaHCIY PREY HiEht g‘ﬁl %éonﬂ?eoﬁioﬁ‘é"c E%HSF b%@n‘ifflgﬁle%an eto
inprove ibbHs ek STHehaésant &f istdhi Smink tin it® qaipoindds audesitdbit béchse areomat i C
sol vent used in sych high te rature treatment nmust no : at the
t enper at ur es e‘ﬁ‘iapf\’ﬁﬁ ?’Wllﬁeﬁ@pﬂfsgﬁﬁ h &Pt iC%ﬁ’ea AP IR }ed?eélégggglslg?og §ht%h e
sol vent . Suchaherpedaat andes tiar golghatiecvhich theeflanie/piagdrhy iy usddn Ake dersgof 175C

and often | ntlel)j()g: Ssroc%;sin2ogfc 'theft 199‘1&3 iys%ﬁJnleys & Qﬂﬁlrﬁ%%ggﬁ t%lﬁib%}btmil?ﬁQeqC' TO_
perform such i g Fierrpe ature %rea% nt’, the bro natec}l] di phenyl al kane is
cont act ed compounds as flame retardants, bromine and/or HBr can be released and these substances
| 25  are highly corrosive to materials used in the fabrication of such processing equipment.

[0003] Because these highly brominated aromatic compounds have poor solubility in

commion organic solvents, it is not economically feasible to purify the compounds by

typical washing or recrystallization procedures. Too much solvent would be required.

[0004] U.S. Pat. Nos. 6,518,468; 6,603,049; 6,768,033; 6,958,423‘; and 6,974,887

30  describe, inter alia, commercially-used process technology for effectively reducing the

occluded bromine content of decabromodiphenylethane product, one of the commercially

important members of the highly brominated aromatic organic compounds with which this



10 with the aromatic solvent at a tenperature sufficiently high that the
brom nat ed di phenyl al kane is dissolved in the solvent, preferably formng a
solution essentially free of solid diphenyl al kane material. Pr ef erred
aromatic sglvents are indicated to be non-fused arorratl such as
bi phenyl s, VE‘?EW?QP\V?%I kanes, (e.g. with C to C o alkyl enT‘hgsrrI?0 ges %
di phenyl oxi des, dlphenylsufones, di phenyl carbonates, and the |ike, as well
as 15 fused aromatic sol vents such as napht hal ene or napht hal ene
derivatives such as al kyl naphthal enes. After conplete dissolution of the
brom nat ed dinpdrgny lislckaamed.t HEhas plragedsotaclinglogy useties @vireagatg at tlevadr at ure at
whi ch the braom nat r itates. Although it is stated
that high p r Ot Q%ugg@%\ygpﬁyeéjo@gﬁﬁggm% %gfuf}y achieved, the primary figure
given is 75%0005]mb}% Papl Nh A, 24& develres as onauediith deasyesn adpeh @mawute 90 to 95
Wt % 20 or np.e, e scﬁ%ﬁ 't&-rﬂtﬁgnt bf B%ﬁﬁ@edt B@Ben@ﬁlkhﬁea% iRPRPe liRssoi@f product
is to be expected by use of the so vent procesS of this patent. Al so,
because n&inychafactetisticyr b iperoinicdsayt (hahthe aromatq tplieAlgrsehid speheliigh feagerature
di phenyl al kapgs,@&ndm@i PRENYEQXHER, a8lBe S@hpdsudl 40QMcheRebadnihifed Speci al
procedures are recomended to effect separation betwee t he br nat ed
di pheny! al kafigengalianeiisslyes i tie SOty avfh. CeRFatUEiHe HRteE Qs %{p‘l‘:ﬁg‘t fides hot
25 filtrati ogct@ oBYBd afDbtediid bxzadsiopBOOL, agae]ssaoiy\aem 200°€eb ﬁboatmmgcvm th the
brom nat ed pr.odu t her such procedure, inc th the
aromatic sol @%H"trﬁ’émd ﬁ’éghthIB?ﬁrWéff érﬁatﬁlfrﬁhéﬁbﬁoﬁll’%%gglppen a|n%ll £y 08%%1
resul t antio solvitel the »atcuiiagic Csah'ertthﬂna hempareat ediffividnty aright Itter thg @mndnmdgani C

solvent in which the sol.

di phenyl al kathen?{lalgane £ lssg V%o \ﬁl?%vg%{%f%r%l? %OP%QFES&H'%’%%%WJ;}/ E‘gghe pr oduct
can then be S?,mdfdl[ihblwil@dné motidl herefeareifrpinply sobvditeime indicagedrielie momfysadhe hi gh
tenperature gramatiG,Salay Sith dpQ %@M %1p9£nyiah&n&ake9gntwuhtéletoscﬂglQrkﬁlanehot

filtration procedure PWas Use I'n each such case the filtrate resulting
from the hi ghridgesipdphenylpades; dipheaylbypnofediPhtayd FapniFs: Hn‘hf’i‘edlfk& #a¥s! &r gani c

sol vent (get fﬁ@@ioéroﬁﬁtlcas%%ﬁggaoh Jshlﬁl flthél&fea&enamﬁalé’n@Siem?dh'v@dsublﬂl al Iaﬂ%yls ane
sol vent and | tered, and Ipt rate was washed with t h(?)&d@{]rre sol vent .

Obvi ousl y su&%’h@b‘é@? aIAftﬁrC(?H’éHffr%OdeI‘H‘ ¢t ghe ramipap Aihgy o kanfy ¢ of the

process. [ 00Q6GhustDWsS be Bf DeREHfaBSe WSREicH eelrahiated fiiphenlyﬁdddﬁ‘d prgcipiaek.uded

brom ne content involved roastjng the co ound Zgg‘t"‘(ﬁ% nper atures or
e

di ssol vi ng t ilhWghdt fagd idxt i b WrereRtevdLss ﬁi"b feé g " FRen
precipitati ngglﬁhgvaﬂmmlﬂﬁmeumtmcfugsmcu\tenecrra@ng agwenp tbehqae@@ltotmea% it would

be of ad nta e if X SS. COS [Q evin
reducti o g‘B%rS Iaﬁdjé%‘a%}egﬁ)%’ “€on atezhtt eacs:tosmnatkﬁ% Of i34 gpg %%‘%WRY O:gTHE
| NVENTI ON 10[@0137@ sbhves praves Rt itlon ppendy iAdlesbagawe mamy/\pfc'd)staronatut lyeatsi ve
process t eChn?l %g%l t%% @E%ng & rgﬁe@éﬁﬁ%esj’ %%%%S%‘Hy]i?ixdé hgreog(ﬁlldydﬁdrogﬁom ne

content of soO rom aromati c organi c conpounds which contain
at | east abowtnpe@tuwt Spastal etcedurdsr ey neemmRRdedp oo eess seraetifD|bsEPeDINY hi s

i nvention i Sblggx hg ldlpfxérl YanGhds G4 'th\éedrén%rtlc LEDRY. BPe ARG IpHAERDHOTIR@oCONt ent
from decabr ono et hane products, especially . decabrom)dl phenyl et hane

15 produ@és flbruawutowyméﬁ@rﬁﬂwamnn@ the pthesAy st iang Witk the Proginated prRduc
consi sting easaRdrisadnl ploRiurC1eRAS mwﬁﬂg B6th tﬂé’&bﬁ‘a&ld Pive g thd tismiAdat i on

process utilizes an alum numcataly whi, c glF g t he for]m of . al um num
foil, alum ntiRhsasiatate o solidiyndpe éeﬁ‘ﬂﬁ‘i“ﬂl?oagéi"’f%rf r?ﬁ" § HFSUTHEPSFT or
al umi num al | yisd oR¥akit eoBbAtYin RRIVE\RY aolﬂnsoadetitmmmmlhabd dea matlﬁdnylsztteci S

enpl oyed and such at al I char the s ent.when in the
f(r)nr) m gf 20 aF‘B'Fﬁnﬁlaﬁf?’i?rﬁ%ﬂﬁ’“dés 58%% Eﬁ?{)} anbtre%m yg‘llkane Qucycar%th%r I%Em s,

this inveati ﬁmermmn desesnbivigneding. ilmpondveig dededhrtonpedituh ervpladd krdveet pr oduct s
and process LechnRl QY pll A0SR BlediRO0RL:IRY RQGRIS, Lgehnol ogy
of this inveRtTon ena Peg ' egtict i ons I n e content of occlu romne in
hi ghl y br omi matfdahgte pamltmg:fxblatﬂee bigly samiperapeaTf raviehs washwash¢rhwish po ordime
solubility i Bro i QMeﬁt (%{% M cﬂ%?acem% BR 4 @as%ﬁxﬁ*n&f 1nttlt1.bes'191@rsgllv&1lt'ln§$ e

or gani ¢ conpo nas used I'n i's process fechnology is not critical. Such
conpounds can be in the size range of fromvery fine powders up to coarse
particles or grains having, say, a nean particle size of about 300 m crons.
[ 0009] Pursuant to one of the enbodinments of this invention, there is

provi ded a process 30 of reducing the content of occluded bromne in at

| east one particul ate brom nated organic conmpound that has a total brom ne
content of at |east about 60 wt% (preferably at |east about 70 wt% and

t hat contains occluded bromine, which process conprises heating for a
period of at |east about | hour, a concentrated agitated slurry of such
conmpound(s) in an



inert organic liquid diluent at one or nore tenperatures in the range of
about 60C up to the tenperature that is just below the tenperature at which
t her mal ddgconposi tion of said at | east one particul ate brom nated organic
conmpoun ns to occur, the occluded brom ne content r t ant

sol i ds bei ﬁg‘)?@%ﬂéﬂ in the process, the amount of 5di slg /@%@7@?@%&1 nat ed
organi ¢ conpound being treated in the process not exceeding about 5 W% in
the liquid phase at any tine during said period. [0010] Determ nation of

t he wei ght percentage of dissolved brorninated organic conpound in the

sl un-y at anwtegd':dzend mos ritraef wisi weshewith eheacmenphiesthedbaaslyolutlowsriala) bri ef | y

di scontinue the a t the s urr 1 ke a known quantity of a
represent at | PE°EH 1‘% ﬁlefﬂlép]exll% ) %{tﬁeg@%‘%s‘?ry temperature; c) filter

t he sl urry af000éle Thhyr pryceti@ng exeait ucregofod&) fareirgghcingh ecélidet r romihe agontehie sl urry
t enmper at ur e; 1n_)(él \I\%(P r(ggils?g Ehlg%oﬁlﬁcgmgs ? 'r%xet%lgﬂ;er&uh}gs (fnj (Jlsts&@rng tﬁeQ:oan&ﬂﬁist g,n;per ature

(about 25C), uses di sso rom nat ed orgahic conpound t
preci pitafe; sqi@@b&érghttmeplmar}ﬂl theat peetipdialingciie ¢ppmppynds pgftof miuuoaraaloyyrdr y and

wei gh the reggyerad Phrechid B@B?de%ﬂb%?% jesd Q&JPHX 0 GeswRb @Y torbadkRase
recovered precrpitated solids fromthe sanp %eat}ér esents the weight of the

di ssol ved brW%@SMU@PQ%%OECI%%@HW&Ca't’te‘i‘ﬁ‘éjl‘i‘ ¥don tenperature in the
20filtrate, fromwhich a percentage of dissolved brom nated organic

are rocover ed from the st BRIbF By eaRS 0L R VERN N ar at fon pr acedure
such as fipl t [E@bTIOMEhisCievEnfién prgdtidsaiRy, thwadasi, Bigsmative plaeest tekignolopy iemubliigd
efficient reduction of the occluded bromine content of solid highly brominated aromatic
organic compounds which contain at least about 60 wt% of total bromine. The process
technology of this invention is particularly effective for removing occluded bromine
content from decabromodiphenylethane products, especially decabromodiphenylethane
15  products formed by brominating diphenylethane in a liquid phase consisting essentially of
excess bromine. Typically, such a bromination process utilizes an aluminum catalyst
which can be in the form of aluminum foil, aluminum powder, or other subdivided forms
of aluminum metal or aluminum alloys. Preferably, however, an aluminum halide catalyst
is employed and such catalyst is typically charged to the solvent when in the form of
20  aluminum chloride or aluminum bromide. In other embodiments, this invention provides
novel and improved decabromodiphenylethane products and process technology for their
production.
[0008] The process technology of this invention enables reductions in the content of
occluded bromine in highly brominated, particulate organic compounds that have poor
25  solubility in organic solvents. The particle size of the particulate organic compounds used
in this process technology is not critical. Such compounds can be in the size range of from
very fine powders up to coarse particles or grains having, say, a mean particle size of
about 300 microns. '
[0009] Pursuant to one of the embodiments of this invention, there is provided a process
30  of reducing the content of occluded bromine in at least one particulate brominated organic
compound that has a total bromine content of at least about 60 wt% (preferably at least
about 70 wt%) and that contains occluded bromine, which process comprises heating for a

period of at least about 1 hour, a concentrated agitated slurry of such compound(s) in an
3



isolating solids fromthe slurry, the slurry can be cooled or allowed to
cool to a 25 tenperature that is lower than the tenperature(s) to which the
agitated slurry was exposed. [0013] In another process embodi ment of this
invention, prior to conducting the above slurrying proce t | east
one parti CL}’P‘%{Z@"/BWSHI nated organi c conpound that has al)tcgr?%ﬁugrp%r@

content of at |east about 60 wt % and that contains occluded bromne is
heated while in the formof a particulate solid-state conpound at a
tenperature in the 30 range of about 150 to about. 230C for a period in the
range of aboukrt Brgtaﬁlc abmurtlxh&nMuheor rasvel tangpetatven iis tbjrange efthbba GOHeumbdove
slurrying pr cess. rocess. e nyention,
after conduct¥ ﬁe&&eﬁ‘sﬂ %tlsJu“ﬁ)ﬁfr%r’vt}?enw%fgemmre ¢ W{T@k?ﬁm@g ﬁpgnp&sglor%f Teast one
particul ate brem pat edrtiovigea hranicasvpogarde céragouhd degnst ot egeurh thgngcpledeslont ent  of
at | east abOHrom %OCOMGI{P & 51 %Réln?r ?lgj fgegl@ IIC(lﬂEeCF I}J[h'éypr@c@g) ﬂ{eeauhﬁﬁttﬁd at a
tenperature In the range of ‘about 0 to about 230Cfor a period in the
range of &abodissobed broatymted ogzahie gpmpoupd baing trepfed i thd BIPESSH POLSEEFRRPOBr oni ne i n

the brom nat eq, gy r%@h&m& %th%d%ﬁn?é&hiﬁﬁ&@d to a process of this
invention is not critical to operabili Any ampunt can be 5 present. The

anount of oct00l¥edasrBirnirs Ph ey ctsight cPﬁ{Cﬁ‘é%gédOfo Aigeahyed '&VBWﬁ‘ﬁ‘G?}oor%f’i‘Hcy cones

into consi deE(ﬁ‘ﬁﬂoQﬁH M’@%Q‘lu@l’{@l M@tglvgﬂpélﬁ‘t%f ﬁﬁl@@d?lme@&oﬂt)hsﬁecgds\fﬁlbﬁI tuation. If _
it makes econonic sense to reduce the amunt of occluded brom ne present in

the conpound to a |8wer fIWé115C8?t‘nP%th8f‘glﬁf‘?{‘a‘fféheS{“r% together, it is
desirabl got o enpl oyt het:meaqesen qBRdtityi 6f atﬂ&preﬁmmtsam’ble@ﬁmﬂemi&d drieni ne
present is small enough i‘H e of no concern to the end user, 10then the
econoni cs woul d tend to ri'fe(ﬂ P8"“&gai nst use of the pr ocess. [0015] As used
herein including the cl ditemshe sﬂhezztéiemui‘rmempmdecb brom ne" neans free,

el enental brom ne ich_is, ti e particles of the
conmpound such that Such “ﬁrggtrtrllleﬁfg&;%tés/datano E"“mé’g‘ ({ulrréomthe conpound by
conventional washi ng of redues the wolperptusgiof Fhe\f\#}taéerto eromEmperaure (48P 26 °Qr gani ¢
solvent qg a filter. Al %lch%&s%&olb&ﬁ%ﬁmatédﬁ&ééﬁwc@le&fﬁ@tc;lrﬁe&ﬂlﬁdems the
term"concentrated" with respect to the slurry whether or agitated or not,
means that the slurPy cé??@‘&lr%:P&Flplt@%f’("héﬁﬁmfﬂ“?@n\ﬁa‘liurre percent of the

brom nat ed organic %)Orrpemﬁ%ghereﬁgzowéuﬁ@&ﬁﬂteagmfahe process. [0016]
Preferred enbodi nents of this invention are processes that not onIy reduce

the content B01Hcdhgaeighbefdhesnescoyred PrgpitRedsolfuirae Mg s iR BPHaRy %t hane
product that 42QncankdiRsIveesbirid branit lﬂ@mp(ﬁlﬂ att thi@feadtion &alghefatu@enin denabl e

preparation of particul ate decabro et.hane products of thi
S AR R R A R A R
decabr onodi phamyl icbiare. product used in these preferred processes w |

typically co e ran ut 98 t ut. 99 C.ar rcent of
decabr onodi pﬂ@iéll Q%ﬁ”ﬁ’g gﬁdesﬂg?{‘gﬁ‘?lg%lﬁr PRENT € e(fnhglﬁélurr%béuse o a@ﬁ’?' |ﬁ t he
range of 25 adpattiorOprbeddoreadnciuts Blu@Goma reearifygatmendrainiigs omibt dike.arfpgnto of

oct abr onodi phenyl et han e s§ & enh bn the
product, in ?‘c a@eetfoﬂitl%n%ﬁrft&fgq %a%oﬂrrxgylogzheny et ﬁ({ane W ItI be | ess
t han abo@t 2 t@Pemeathpéylowerthan@reaenprediurpist ehich thepeitad BTy wias @osed:

SOmeti mes r eg@afé‘leqn af?otmeﬁ %c&@fehlggdlﬁgnttolﬁﬁn@ﬁ%n’tl&g PRbIUG YR HRCAS %o

conpri ses: ating t partl cul ate solid-state decabrono |phenyl et hane
product at asieripeperet.caidmt dde mapgEcdie vHuraclsOPs aBBI d30ESFhd for a

period of at tdtz@%%nnﬁpg%tteng of & RRPYLouE 680 QlédeSind A contdiRy SBcRBed Br&ine is
decabr onodi phenyl et hane product that was_subjected é]o said heatin

concent r at ed heagfidt Whiksdin él‘eufof“!} of 3 p&ﬁlcP]I‘\@rsPh‘br"tb‘&ﬁ?‘quuP a8  iPFaet még one or

nor e t enpgr atdbesr dbbud 138 1 AREE20FC abaperi®ie thidraiigd of Bigout Eﬂi)rﬁ)bﬂtélﬂoerst hat is
just below the tenperature at whi cp t her mal choHposr tio ra

and is then subjected to the above slurrying process. ~ In still 'another process embo 1ment

of this invention, after conducting the above slurrying process, solids of said at least one

particulate brominated organic compound that has a total bromine content of at least about
4



5 decabr onodi phenyl et hane product begins, the occluded brom ne content of
the resultant solids being reduced in the process, said slurry containing
during said period no nore than about 5 w % (preferably no nore than about
3 m% of dissolved decabronodi phenyl et hane product bei treated in the
process. BaYQrWPYHPHi ng the concentrated slurry, the hé’éﬁ@ﬁ VIsYind can be
cooled or allowed to 10cool or it can be directly introduced mhlle hot into
the inert organic liquid diluent. [0017] Another such preferred process,
which is sonetines referred to hereinafter as the slurrying-heating
process, CONpY WS e rechRidditivgh the Quryted akemhesmathi plmemyﬂaetehane rpgodinbdyt a

concentr at ed | tated s i_nert. or qul d diluent and heating
such slurry & 8%“ OrfJ'(‘)t| ¥&‘?§é’}t§%mn ¢t 4 ugﬂ%taﬁ%mraﬁume of about 60C up to
t he tenper at [0084]t ITaE almuxjtuﬁtocdjﬂdea\hrdnhm‘: mempercmtnwte@ caganmoomomﬂdetp rpal
deconposi t | ODub%fcte(g grggegsbcgfq %Qﬂ%ﬁﬂ x%& & B Pglcr})(;ﬁt bgg BRou Epl%dbg(:d uded
brom ne conten The Fesul articulate so %el ng re duced in the
process, S§ai preshurThe @mwnmfmcpigdedbhmlmge dajudh peningttd rpezapis cempdyas oalbout 5 wt %
(preferably Qo%mwt&&ntkgé} n Svathaifle @ e&héﬁ@s‘ #adidrcainamadi pray! et hane
20product being treated 1n the process; and recovering resultant

particul ate eoneeis sgnsoin ediise SE@meynt shecchides hiaRing Rerenh B eUPQENY 1841 i ds at a

tenperature et Rl ro@-fb%nf?rfateﬁbﬂ eth&Oit ﬁsQieﬁﬁB]étto 2306y @BYrde@k. BuPetleod of at
| east about 3 to about hours. [0018] Since the anobunt of one_or nore

mi nor const i MOt & %Fluﬁf’t"?é’r%‘i‘l%ﬂéftem 1%51{33” engugh 19 e of 1O FRTER 18 herpnd aser:

nonabr omadi pheik stdiairs wod /hd emmtphenyd atdwdne preés. , can have an effect
upon the te rature at. which thernal .dec osi,ti f the, i -

decabr onodi gﬁﬁ}‘@l EPHERERSSHR gtding &b i, aq(m)eg%rm ?ccloge ELPPEbIE B EFYr e
conducti ng etithiéital Q)f‘ontlﬂfewﬁlbl@\&&lgﬂ'lﬂphqﬂﬂ odimshs paridcldet erendompoundsudhetper at um at
whi ch t her mal 03|t|on to occ

decabr onodi pﬁéﬁ TO& eal%otﬁ?ntl)o uc{(:1 elenCom Oung%y |V%£1§3aﬁ%%] I%Lgfg{)r?mdilt use of
Di ff erenti al wieanwai qrrgm(ﬁal tppi¢airerganyc s(ODsﬁI)on afilterf. e¥lethhsyusebireehins instiding the

pr ol Ongeqs heﬁlgfmggthgqgm c%}{\ée tpaQJdeEbﬁﬁlsreé ct tgqpéaglglrr}'Rﬁethe@%ﬁedrg@eltédyorsrp)@ak' ng,
decabr onodi phenyl et hane products assayl ng about ‘or above about 98 GC area
percent of d@@@bﬂmmdplphen%t@nswahesmb@ém vakee isEcericol the dprominaidugani®20C t o

about 230C %cflﬁb%b'ﬁd(s)'b&héé@}eb@@t&ﬁeﬁr&%&smﬂ' deconposi ti on. However, to ensure
reliable res enperatures as high as 250C usual I% shoul d_be avoi ded

with such pr KLt Preferrd pgbodipens phBisamepeen ae piopgssepdhak gl Prpyafch§epr eci se

tenperature ginfhice Rediiteli | @ehiad 119fa ﬁﬂlﬂruﬁﬁ:' d&ﬁﬁ&ﬂ&ﬂﬁkﬁﬂl@lﬁhn@fplc@uct that
decabr onodi phenyl et hane product exjists. This is because 5 guch t enper at ure

can be gr@at Pt ecciuder BYPTHRRe Juidlat| ipyaddpinte ARADIe nPIERRERBR S LRAUBRY t he rate
and durati Ond&fabrbrh&jqﬁﬁﬂ)'ilbtﬂ@e @m}astdnemmhvede@oml & inovel i ®mbinatidnadfed, HBr
is rel eased and

pon. the r of
docompoet 11 ofETHICERPEaRe T AErREEt PEGAF AN ot PHET Vi ULt ey BT
deconposi t i Oprotd3iek inall typiaaltyensptﬁman the esigapinbdedfedatioar PG ateopatdnest hi ghl y

brom nat ed OI’ m G epclﬂqu(%{ﬂ e anz]; Qll)l%gt%gllodlgge(ﬁ@ﬁmle IFI aﬁqmﬁloﬁﬁoﬁe{hepfaﬁ SotY ed

processes (| TOIP% Ing-slhurr urrying-heating processes)
t he parti26ul attoet S okd doutey @Cm@@mmEdAfsmﬂqrtahﬁeugIOqutger)l}Odwb@Y@FhaEP physi cal

separati on paa&%%p% SHE My salsfuLe élé&ehpm , th€ Rt f MORiOFhse HHeBdniufiGor OF the
like. Prior to 1solali ng s omthe slurry, the slurry can be cool ed

or allowed toor@brolno‘ﬂleh&aylﬁféme\rﬂébw% thanabouit 3 GCOWREPIe&n t he t enper at ur e(s)
to which t heﬁ@%&&tﬁge@d%cey@%hﬁﬁ ROSBRtimes referred to hereinafter as the heating-

slurrying process, comprises:
30 > heating the particulate solid-state decabromodiphenylethane product at a
temperature in the range of about 150 to about 230°C and for a period of at least

about 3 to about 6 hours; and



15 [0021] While the above heating-slurrying and the slurrying-heating
processes are described in connection wth treatnent of ‘
decabr onodi phenyl et hane products, the sane process technol ogy can be used
to reduce the occluded brom ne content of other highly brom n conmpounds
usi ng appr O PUEES¥nper at ure conditions to avoid initi® gfrﬁ]glﬁm%%?%er mal
deconposition of the particul ar brom nated conpound(s) being treated in the
20 process. For exanpl e, decabronodi phenyl oxide products can be subjected
to either such process. Also, either of the above two processes can be
utilized forsredyshing tbe Géb@&rbhd@ﬂptbﬁﬂmld’r\e gatutentat ofas subjected to said

decabr onodi phenyl al kane t he al kvl ene en the
two pent abrormph@ﬁ%ﬂnggar% fjeé’tr%?)%?ggf‘tﬁ(évﬁqﬁy t'ne 1P%rﬁ°r§‘¥mcf qu“{j&iu ChY oér%eat ons,
and preferably i mdmenmamngeasmf th range 8f @lamb@ﬁCatpdprshe wpargtre dhasrave, t he
process 75 teChn%elogly &l) t@ln?er!l gemitl 0%@6"5 tp&%g} fg&gglp&ﬂfohl C&H a[hley vel |
adapted for reducing the occ cfe brom ne cont ent

decabr onpdi pheny|detshmmediphapsligbans, pradgici begips) fhe I@ﬁ@mdlbﬁoml% cepiqnt of the

decabr onodi - phen%és@ftﬁ@@&xdk $eifly ?e‘au&@QWEhe ockss2sdM §]Bx§’%@&ﬁ@ﬂ1ﬁ§r@tﬂﬂ§r§)ﬁh| et hane.

[0022] The process technol og his |nvent| on enabl es the pr%paratl on of
a wide variety ofpetigdghd yotsr Ga ﬁ‘?ﬂ’bé Wi prefEilnne HrGERE RO RpE TR havi ng
desirably redUCedi15§<Qve@l%&f%mn§)d@flen9ﬁﬁlbﬁm§hubtr Mgﬂ&atemygfocesﬁ Be&atkeur e of
this invention is that the heating-slurr |n§ anddthe sl ul'edx ng- h(Ftat ng
processes descri B%"&“%‘?/%’né‘ﬁlgbtf’%ﬂfrf?’ethﬁrh& ok SomPRRd 570 igpafed or allowed to

decabr omagi phenylceélmanearwemmmﬁawemgm twoih thaihéroorgoiic lmumlpﬁnmt es whi ch

i s deened to r der hese tlcu ducts not onl irable for
use as flamel® ﬁ'isé'c ”%fll%%ce%?s‘%qu SRS e?eérr?ésftoo s t‘frda%\%“a“Such
novel pr oductlsl;rymgqhamng‘mdsamadmpmasnaI enbodl rrents of this invention, are
descri bed herei n frer. LPsl rnhe

i nvention wirll orgpRg ﬁrillf] Fther a%h%gﬁée/tﬁ%n‘g? %grgﬁ&t %ngﬁgﬁﬁn{!&ﬁges%ﬁ ption and
appended cl ai ns. a'ﬁlliéURTgﬂERh@E?rAihLeEDn@Emsmh@\mm OPEIEr PRVESARCENT{S0024]  The
pr OCESSE%SOf this S kh’é‘f&@& l)Paﬁ)o&%B é)l% @Qlﬂ:l tlelﬁ rédt@e ﬂ'lrclyls?]fst 1%10\00 tqgete}ﬁ@érht@ltey of
solid brom nated organi'c conpound ures of solid brom nated organic
conmpounds t hat hait/@h&h thstrag! dmoekl-ﬁ)ﬁﬁ‘émclﬁr‘#eéjﬁtf’Qbéﬁlloétﬁbwleﬁ'@nwr%“‘p‘?eépér abl'y

about 70 wt % and,BifiadPoBnGE S50k ¥t B 9skh1R0 pib &8s ol BingaBghctat cont ai n
occl uded brom ne. These conpounds contain a F of brom pe gtom

uralit
substituents on dhfePresesiTBR® SIHFH ARAGRNG f4iige Si“ﬂ PeTid ‘t?dﬁ‘ﬁ%fmﬂ By s have
very poor sol ubi lerdbly & §BRI tarS HMERWE%] ©f issohlel @ledabSlotiiphdnTetharien
br onobenzene is no nore than about 2 grans per 100 nL at 160C). Sone
non-1i m t2Png exarfIwe bsine SELH 1R BYBBGHEL™ ncl ude hexabr onobenzene,
2,3,4,5, 6-pesnt abl’]@d@érﬁl&u&ﬁﬁant ﬂzﬁtlc}fﬂl&[ﬂ s’ﬁ)bdisdmplfhe@mfry antEicatimgontibpapive el |
decabronodlphenyle

n ro
decabr onodi phenyl 50%‘5} abl%temf’%rf‘t?"rﬁd%%’gﬁarn%e gfﬁ? Qo%té%é(;tg / eﬁ%%gé( b3 of
decabr onodi phenqunreespahstew@abaubmmdl phenyl but ane, decabr onodi phenyl

sul fide, pen C 3, 5-tr n-yl.p S qQa ggo[)dugp 1-3-tolyl
pr opane, andhﬁﬁﬁl I ar%ce mom? Oé #n?a(%em%{]gtlgfrﬁ aEt §mt X avepra tot‘n%/ brom ne
content @b atorséasis alldmeﬁt neR@br@aodithenylethans, W@b@methhemetb?nenﬁ? €°28 haye

compounds and, a et ghdicd 91 KRGOl DBY. 18Rkt ool BARIonaRRUNS0 Wt %6 of
a perbrom nated aronma drocarbon with the balance to 100 wt % consi sting

essentially d@cabrevmlpflﬁﬁﬂﬁhmwwu%{n&l”ﬁ&&edo*F ist JeeirablehefororAnoisHeg e %hi ch each

such m xturegcopbal B3 RECkdRdiRant R @Npbrate ed8ich ARAHL BQmpodtalf brom ne
substitution, can be treated pursuant to this inventi %emg useéy;anal exanpl e

of the first b?g)rﬁéo 9gupfn tgqqulitlcmakfiqﬂalgoqngdx%peml%lﬁﬁlf: grogct S can

decabr onogdi peaylcedynanes @ﬂ%rﬂemmam@m@&w QDB@ﬁ@lelfdﬂabW”lgbnmomdoxflth ons
relative to each ot her, %pl cal exanp le o

r xture. is a
mi xt ure conp8LMPesk lﬁﬁféﬂ% 98 Py d'?cr‘?ﬁ‘ééab‘f' o%’ﬁ?’%ﬁ’gnyl G%)‘%‘?’rg] sg%a%ntg 1.8 wt %
of nonabr Omdbdaﬂaﬂydhpl&mléiﬁaneQﬂdluabﬁwiynrQ aBowoYaterve hessI8oGC och abranoi] phenyl
oxi de. Anoth err m. xt ur ' of -
about 98 wt o6 BFEAGOREEADBSEhEAy Pormiet! Sihaes ey thh o pAREC
nonabr onodi phenyl et hane, and about 0.1 %or Iess of
oct abr onodi phenyl et hane. Especially preferred products for treatnent
pursuant to this invention are decabronodi phenyl et hane products contai ni ng
at | east about 80 wt% of bromne. In all cases, the highly brom nated
product subjected to the process will contain at |east some occl uded
brom ne.



[ 0025] Methods for use in determining the total brom ne content of such
conpounds or m xtures of conpounds, and for determ ning the occluded

brom ne content of such 5 conmpounds or m xtures of conpounds are set forth
herei nafter. Whenever necessary or desirable, such net applled
both to t he"@3WHBUAHs or mi xtures of conpounds before Qﬁﬂﬁgéﬁgpgﬁﬁey have
been subjected to a process of this invention. However is not required
t hat such anal yses be perforned in every case. For exanple, once the

brom nation conditions for run after run or for a continuous run on
represent at i uiagang iesmilGleafmpokigors dievesampcunge plidduced:s. trmpdrgursaare Way
have been es used C 0 r periodic anal yses may be
utilized to éﬁéﬁrée%ﬂusfﬁgﬁgou\?d g2 Wlﬁ}aS% hl{}&gjragm ne and occl uded broni ne
on subsequenﬂmympﬁmﬂmdedUmemnBQ@nBamnmen@awpke@maﬂ@wmﬂtwmd1@p@@@f@tat|ons
adopted for '1] ggcggxg&ﬁtlogacﬁelddeg%r dd hergl%la}{é gﬁ)duc{t QQ@(@] ”PﬁlsWL @gca\fﬁr iety of
i nert organ|c |qU| uents can i n cond uctmq1 process of
this invehti ewxh whiperagiv e beeepatly eﬁﬁ@tﬁi by ghet ipprity [FENtETH &1 £ emfﬁia% ad thequi d

di | uent nust a%%dﬁa%én HWetfehhedihg. bﬁ&%&é&l@ﬂc&%ﬂ@&ﬂ@ irfibddNEBE B eIPEQACESS tO
change the chem cal conposi tion of the compound -- e., the diluent nust

be inert in tii@iscapdave o pdsrpig eiffﬁ@r‘{PO‘bl‘I@arﬁ‘iec‘)f IdF%ﬂRPHS‘H?“r uBHtSS%e t hose

which wi || db]%%ﬂ)']éé@eg@fdu@&ﬁb&faﬂ&%eﬁﬁeﬁ@edﬂbﬂlpi)dﬁﬂﬁ il fieR Rnppbratufed Aertieeticdl eased i n
the process and al so at |ea t he h\g/ rogen brom de that 20 possibly

may be rel ea?é’ﬂpliyt‘f’?t%hﬁpléégﬁgnateﬁﬁfg?nﬁcéﬂﬁ%oé’ “the possibility of these

mat eri al 30( f [odgo1eliewrdnt & thbrabévie ny@e e/ pnbceHBE )(z ee,smamezngg%mhmng hed dtenpspher e
and affords the .o ortunlt ch ctio
product ( s) tﬂé‘-’ir’é?ﬁp qﬂ?%ﬁr‘fcﬁéeﬁg ﬁugrpgr ‘ﬁ‘&%ﬁoﬁlg P & recov reg?ﬁoﬂ]etn ﬂurﬁ%é/ ¢ Eh(g | evel s of
such mat eri apisysiosl sé;ambn pracadnre dunbtag sytrauMEcmmugae@odelnltnggw tenldagRrigre. g.

thr quh r epeF 50 at'ijnsge o?ds Erg'n tﬁea%r& L rsluf}{; qap 'bg cl)él&lu bxdalg)'\XJegqg'tcoﬁvtgr ti ma) to
25 justify takPhAgetie S neceSsary to recover one ofr such
materials or tenwe:@mxreoknat prlomifudta(l i tdmporrturd® ¢ which the agiaisil elufty yed arpeled-uent .
[0027] Thl Bﬁﬂéf %lﬂ%nlh% lﬂogel'“hgatlﬂé Ll'dﬁﬂhg a3 etge sﬂ]n&fﬁg h@a{tﬁgtﬂr&%ssgj alehi s

i nvention”ar erred to as such” because the so bront nat ed or gani ¢
conpounds or desendted fie sonpctign ith tfb%t@ﬁ?trfétdéﬁb@ﬂ’@élﬁi‘eé‘y]é@hﬁ?dﬁ?ﬂﬂléts 1 P SAEd

pursuant to H&Ee%s ke@ﬂr%ﬂ%%@ﬁh fe0lisBY ©PRERPHAEHAMrGhibE Ednst bN@RRINEhW t h only
very small anounts of e slurry actually dissol vi ngs in a given i nfert

organic |i quP’@“’éﬂaiedéﬁﬂlp‘a{“d%iﬁi?nggf‘ﬁk’&?“?tﬁé?"&’r‘?fat‘ir‘h condifiens &, pid wiirtoPlyani ¢
liquid dil uepsnBRedmphdi@R sSBe |pﬁhl&d’lzlr5brb1ﬂ1‘t‘i&led b@ﬂpo@ﬁ(ﬂs)g&ﬁ}@r@daley ikniewn as
organi c solvents as the}/ an di ss(g ve a g de .va % Z) tgr%uglrgam c
conmpounds® NBREH nf iRy Ak AfEPTBRCBphepy) 98 ep‘i?fi“‘itsi C&ﬁ ! belcﬁl%noteé for“use as
i nert organi grotds§lUAKo,dithed ©Nths abioRe t\xfb@r@eﬁmesmﬂfzedfmrgduqmm oahrdédncl ude,
for exanple, saturated sat ur h ogar ' tic
hydr ocar bons PPORECoFRIE 8%&‘3&@@0”]0‘9 %15{{2%1& &%Ct?l C "Z{g&dg@ lﬂﬁﬁ? g@gg ons,
chl or ohydr oc &etlvemshe troqrogiaviborisyyl broopﬂﬁwdmgoaﬂlbmse ¢fi hiol udirheg atoms,

br onoar omat i ¢ a f r ogarBRRSH he brocess

br onochl orohyl(lijr rgla%(abgnﬁ] {th%ﬁ;a Qltg{lyg Jaﬁ%%g%)gr bon nconpofjvr?dé]e O%?tssures of
liqui d s@verckoldgnof tdi mgemiox hesr kesn dgung wartioplarfyowe] adapied dorgadnsingitfd of
sol vent (€. gyect P pBhindRb et bi cfe@d’b%godﬁﬁédﬁe%ﬁéjprm{sOﬁafs%ﬂ%m{/m thdy nore

ket ones, and so on) and also m xtures of 'two or nore different kinds of
sol vents (e. gt deesheomediphentlalrng isdise K2R | ripRsAELRRPRHITRYDEBARE or nor e

esters and ON@RS THe FockAbEANBRYALP GRS RRBFion BEbI&OhE Hreptrationder bisags | f
desired. [0028] The inert onawglc liquid diluents used zp abl D t he
liquid statevatehoplehigdmyerus €§Y0%¥386¥%80@8Wm3§éwWWg i édeﬁ? Bcess.

Wil e inept os@ani & deéigied draliihdlenbwevean fheuresedistibahtiarie isothedsatak- r oom

t enperature but WMchbammak idat ate rature %eéqg%%gmmaune
and remain as"PYighrUs TG THEE: %ﬁﬁ%?ﬁfﬁ?ﬁ(§¥r | BA LT or BTN a” 15 given
process, it inSvep ﬁeifaabﬁhbdhﬁhehﬂetemI;mgductmaa‘tmg)n galmbmationqnﬁlpdopdmbuwhmkx isshi ch are
inthe liquid s erat I t
tenperaturesgﬁﬁlgﬁff“gm.@ é?b %Yamgdk?%ﬁYEﬁ&ﬁé%%g%%{%?é% gg?%cted f or
use in a given process. The process can be conducted under superatnospheric
pressures if the inert organic liquid diluent under atnospheric pressure
woul d boil off at the tenperature(s) selected for use in a given 20
process. Alternatively, the operation can be conducted at tenperature(s) at
which die inert organic liquid diluent boils provided a condensi ng system
is enployed to continuously condense and return the inert organic liquid
diluent to the slurry. [0029] A few non-limiting exanples of typical inert
liquids (and their approxi mate



boiling tenperatures as reported in the literature) which can be sel ected
for use as an inert 75 organic liquid diluent in a process of this

i nvention include n-octane (b.p. 126C), 3-ethyl 3-net hyI pentane (b.p. 1190,
1, 4-di et hyl cycl ohexane (b.p. 121C), 1-nonene (b.p. 0%)( cadi ene
(b.p. 168- M908 ene (b . 1100), o-xylene (b.p. 147 Uszgtgfélg%g
tetrachloride (b.p. 770, 1- brom)hept ane (b.p. 179C) di br ononet hane (b. p.
970), |, 2-di bronoet hane(b. p. 132C), chl or ocycl ohexane(b. p. 143C), 30

br onocycl ohexane (b.p. 163-165C), bronochl oronet hane (b.p. 680C),

tribrononi et hdddan(spbyp.alsd 49 Gew cdinpssaiond biumntene tSheneovebpipducB5 @hich form
cis-1,2-dichl roet 60C)., bro . p. 155-1560),

o- br oot ol ueAE! lex}'b?cg'?‘éts Ofl?h“blrn Benn%)l?dlall?ed C“?%Zh%}l?nfg acetone (b.p. 560,
butyl nethyl [(10@3]0 e @invp andl@BCembodimbopeitha meeraiof lwﬂpbe 51®1f®)ther apparent

1, 1-di chl or o; yl ene gl ycol dinmethyl ether (b.p.
162C) di chl (f)rrgrge e%%ﬁ%qﬁwg&?%l aﬁg?p%rédéghﬁ%t hyl ethyl ketone (b.p. 800,
acetic achd (b.p. 118C), propionic acid (b.p. 141C), ethyl acetate (b.p
770, per chl o oet hafigy iR pETAIL BB DrscIPTIGY Lrchieesktrice (. p. 1210).
Bronobenzene is a preferred inert organic liquid diluent for use in the
processes of [0024]s Tihppoaesies ! HiOnZOTomeHE bsBelise DM He Wb Mgt L dolst gani ¢

compound(s) BlofSRRYH okdanit REmFRAREERH iRLRY oﬁldﬁfj fbkcﬁ‘xﬁneft@rd?@iﬂlc%dlpbﬁnkl& thaed in the
practice of this invention can var

g/ depend |ng Fb?p’n suc? actors as the
identity of DHE DG YGaRT ePVHAPod PEYeritly hrar PdYt % anq (€Y dentity
of 10 theocomﬁmma(bsatseeﬁ%ldﬂgmaes aﬁ&lﬁatlcﬂﬁﬁlh omlgmmbfonimethdsedmhpmmﬂs and t he
temperature at whi ng t1 tt te re aromaXC Sl esailiglttﬁ]eg the
concent r at ed ¥t P P §a‘u‘/58 r|°'r‘i1 foén F” vERT ot %’elqr "(1:% R at feast. about 20
percent by VOd»IthBnchfndttlilﬁ Hava)mmmoesblmﬂg&m orgouaTpinend (83, t\lwt bolubiléy menai nder

the Pnert or BaRotene i HSE Bahodi Balpe: @0 oA ERIPSARTGIRREN 10 28
or gani ¢ conpeuwngies of lslwhtdqelpsdndsr myluvlw h¢xablahllobanﬁn? h&3.¢.aagentgfromgieluene2s t o
about 70 196]‘ ggﬂitbr(}ﬁ% l\{e(?ll)f'l rre?eggbr&ﬁ&lﬁlleﬁmr y. deia@p)%]ohphé?lyﬁmgneemqu WE[]Q of the

invention a toncentfated siurr such ound in an inert organic |iquid
diluent is ek!p@sfé@mmppherb’@#b@ﬁat @F@rqmpdmh@ﬂ % afgée. ofetagrsehronelinhgnotbout 230C

(and prefer amrﬁéeden Je&%r&%@%ﬁen?iprd%mutde@a'sﬁ}oﬁlgdlﬁlQQHt)th{@OQ)ﬁcafbﬂy‘ino&pﬂﬁl&l od of at
| east 20 about hour erably for a period of in the _range of about 2

to about 3 h@H]?‘%e P&Wﬁdeﬁﬁ‘éncp'f éﬁéﬁ‘@ﬁ‘l‘ yIPpianeh desalyioge- 1gthemid e’y 4 P8 p out 6

hours), and bhesis® bﬂ)ﬁmﬁl&@ flafn@® H@ir&ﬁts(tﬁ’@ﬁ@)é@lﬁ&ﬁh)br&ﬁﬂﬂﬂbdnk‘éﬁt deIaXIeth gboul f
desired, the mxture is cooled or al erature

prior to2PsoPAPfhgApBueE vy 8‘5m°‘?ﬁ‘é°h °8H18‘é'wﬁ? %fideaopr%fflﬁ% 19”‘%’?;’ COB%n?ér nmed and
exposed to thg, allevedec Denpestal petedisinatey aipneleationgbdnheiti the bilaree gani ¢

liquid diluent tg a 25.te in.the desijr t he
conpound( s) 11(5)0 Bg%’ f?'gg?légdggeﬁéﬁty fqov?’leérrbfon(])l? gani'¢F Oﬁ&g%ﬁ&{]gon Oéﬂvﬂ:g‘] e the
diluent is atwhmhleacbmuqhmnauteempanmcukué@i hrmnmhslddlekasn algbutr Yy of Arnarihrer

pr ocedure f OI’ ? tion gn%g?re& s@ltuft% ﬁ\(,:fl (gny A EIV\&QI emﬁ%g Qﬁhgﬂﬁp wd( S) to

be treated an e 1 nert org uent | uent 1's bel ow
a_ tenper &bur ef §uph mivsurelssA Mty @frr@eabm@dwh@wleﬁém ﬁW@OPW@I¥®?E?QYWH%I urry

with agitati ﬂ'ﬂangg) BRIOQJ re[MV L0391 &H&?erﬁalyﬂlcﬁ%xhlﬂplg Bﬁa Rektehi@bgen O her
variants int rocedures are possiblé and are in the scope_of this

i nvention. | mijtge gegpesghiob abeyt 8wt af Ekf‘r'ébrg‘l"i’ﬂ*‘li’%‘?nﬁtOXI“Ea"s‘th“Hu18| W& Rbst, if

not all, of B&ﬁib]‘@ﬁ]@@l})ﬁ@ lpg)fl!ié)clind %‘Bgltvmrv@%a&plds&@b'o@tabrdllplbdl;ﬂﬁn}t] h&ideor miti on
of the sI urry as wel { desired, a reduced anount g tgg\é{ e.g.,
S

i n progressi yaper GaEple é’ﬁﬁ‘uﬁ’f‘?@md RiFTR S A FHE BB LA Of

t enper at yoe U&caﬁﬁﬂlbtﬁﬂﬁhﬂghan&saﬂaoﬂ <l w&t%)%ﬁnorﬁblf)ﬂna(ﬁlﬂlﬁe@ylahartehmﬂ dbowment i on i s
that the process is c nduct ed ﬁ grat ure b \{/y mc%ctsa}or which the
slurried br oPﬁtﬁé’ﬂé‘a’Sa? SHa rf"l?o%@}"fﬂgﬂ H°c r‘?p%?'aé%dﬁ‘e i drany subset I al
extent in theubuerd doy gedaticn are qemkifoﬂibdhpl&njzlethﬁfhlpBDdthh@)nprrmlg@SEém abn‘ut this
invention are perfornmed at tenperatures

8



5 and in a solvent in which no nore than about 5 wei ght percent, and
preferably no nore than about 3 wei ght percent, of the broininated aromatic
conmpound i s dissolved at any given tinme in the inert organic liquid

di luent. [0032] In another enbodi ment of the invention a concentrated
slurry of tWe2W8AY6tnd(s) in an inert organic liquid diTUEREY¢"dhj ect ed
to grinding or mlling at one or nore 10 tenperatures in the range of about
50 to about 160C (and preferably in the range of about 50 to about 100C)
for a period of at |east about 1 hour (and preferably for a period of in
the range of smbﬁwbt }Qroﬁlﬁxe.ahm&lt caSesNibibl highly dndninmédepriduef @bjadédytoitre frbressr ange  of
about 4 to abqt}%{p fé s% anca{ c})gtbm%n%l ly cooling, or enabling the

resul tant ni Xt gta't“c?t Boro G T OneT tenper at ure. Thereafter, the solids

ar e i sol at ed[0025C OxeetiogslJor ugeoimdbdaninihg tha el troninexarpl &, sudhsolppounds or
centrifugation. or ' extent to
whi ch the br O Rat %dc%]ﬁpé)%%(gi gndégor?p%ﬁh %mg g%g:?g% 3;?%?1%9% @%nﬁeoﬂg g%lrganl C

li qui d di buesimposndsioninbres o, epmpotride aﬁenetrﬁorth)hgalnﬁftm WohgpegierdiePasest otat  no
point in the &ﬁ?oq:ee%?ch%% ﬁ‘l&% b'e'a @Ji H&th%thggcgn?potlg@%r %@MEQ Webahgs percent,
and pref erab y Nno nore I ght percent, of the brom nated
aromati c conprferadnd &E[ @)9)8133]\’3 wepheimctedé%? PHOPS ?fdhlbwvﬁélﬂﬁdH%‘ijeVF’Hé’ér"? it is
postul ated tﬁaﬁlre'dnthﬁthﬁlcﬁré?ﬁ@ﬁ% Bdrfdrbées id QV&Y'tdaQn tFRL egdnbpld, | hSe lt!lﬂ:der go
nuner ous cycl es of equilibriumthat ar?qrestab i shed between. a srrlg anount

of di ssol vedbBPiRiengoaditionsdaydtmates s o4 9r 2 cquimIPHs Gt OPFPTERBRLE SR

brom nat ed cenpeumak Einpgotig ﬂixh@:cb’tﬁa}l magamﬁ whhEave Ibuernrgsmmishduﬂndmge tided, gri ndi ng
of the slurry with or wthout ap ca lO of het as_a smal |
i ncrenent  of X‘ECPFéonﬁlsortpf‘j”t‘%f]I‘C aé‘BHy?edé]Bile Weed oY di'isls @%gforl-%ﬂ%fmnme

el enental br omi behded Grandhd yn tsubpped:ly perdeced agremtahwdauhpﬂnsom rvgthins

rel eased intg t. 0 |c |, S, the resul tant dissol ved
solids are a?peflﬁf)auo?s ad?%e&%?at% O§§g§oﬁ dgb Lljﬂ?qflal}asgsdf resh small increnent of
ot her soli ds[m%]dlﬁssmdeyvamgtytcd ingl eassc iligsid ehiverdp pradbef neéd ig[cenviaeiingla br oni ne
and t hen F ?rlrog@s?& &18' 'h\ﬁeﬁtio@nﬁ]esc%ie??quiréhlénhﬁ tngt tl%dllna'g o&@ﬂ?@ghm@ﬁuen@ he
grindi ng Itates the 1 ncrenenta 0di ssol ution and "al so can phﬁSl cally
break open t hestparteict vt thedrerpinateds eonmrpidgwiag] the persess [fephapgedhe B

[0034] Besi dggyJo8li&RseheonPeivded dRr i Gustib® Hef ifMhRRMRE KréfeRed iRrOM de)
salts that may be present in the initial solid brom nated conpound(s) can

be rel eased Pigans tigrd digieptgare ‘h‘?‘é whie iR distol s YAHICEV it G & el }‘?Pta]dur ing

the processi p@mide00RRkEd Thehel Ji6Uets QKGR £ 1bdsOsting & théalﬁﬁﬂrog?zﬁrbrckihﬂdd’ gused or
recycled to the frocess Wien 5 the in h’t? %{ganl C |ICHJ ﬂi uent ont ains a
y i P9

sufficiert aRtSRY Ay Yerelgasgy E‘r’r@ﬁt”é?F“Br H PR “ife mﬁf@‘ﬁ Vatives
such as i oni qreBl’dMﬁhdﬂ&l (bbj’nﬂﬁﬂ dﬁﬁ/mSHBt)Sesad]bd{gOi’ntol-E}re ettmos@sné«e atlé sitfoabltee t he
recovery of suc ani.c |l en

processed t 003988‘6‘1}%?? Eeﬁ%‘ﬁr b“fli')f‘ﬂaﬁgal %C%O'gfrﬁf%gf) t%h Oglf It%evxﬁnénrt o na‘{)yt i cal
procedur es shaqid dildes: dnsaettle feoels dfieuer mtmahgortr«tuetldrmwdywmglem@l lpmlpﬁelngh es of

SOl I dS bef or e a d( €8, OU rre quh%get &frlge ;atl]% 1§CQJ (?]?’1111(;']'1 m&iluprft%%rqgﬁ ﬁ% aromatli c
organi c conpoun td o%es I ng pursuant S | n ent1on. e case of

t he Hunt &6 Opllsrafv tamgu@e Feept pecpssary 4o n@emmmeaoth [ suchaateighsi ngeqcéonbe used
in the test %?(WO%thmle'qg AV 8 he&Reqr ound. Thus sanples froma

commer ci al - l'ant are typically sanples of product that have been
ground in a N&?ﬁnﬁ@e frieftiorgapic Bayé dilyents usedap the giaricg b s iMgRSABATISIERE] | . Wher e

the product {0,be,gobkkust &Rt &6hid %I’OB{HQ&%CB glﬁ@%ﬁpduﬂ&of)ﬁhﬁitﬁ(re‘fﬁG)ﬁ's@hd
operation, it is recomended that the anafg ses rformed on gﬁ&l es that

have been- gr BigHéafed degnist C‘?WHOPI“E’U‘&%‘%SPW%’E‘%\/‘& tP‘éUP\?“'f“?”ofﬁmi*h‘é’n?fé‘ | veri zer

Conpany, 3bNC surridPfhedeinOitDEHdy veTff'lenm]IBimd?ivlls\(ﬂBElieZ%%yG@ﬂﬁ‘ﬁlesS]vﬁg esepiveraddr ess
is 1255 North Church Stcri%&g Moor est qwn resent

and.th
mai | i ng addr 8€8 ofganipligy npg 3y %‘éﬁndwzﬁlt ‘nl\ﬁne %@%‘ger&%@w lfb"decif’fl’"o uct
sanpl es for G@[{ptwlﬂ.hme\/&l mgslhizdngorpmnepgasasllyshmwhchsbmagrcoaomlntuladmey tchre sane

condi ti ons ver t ronl Usi ng.
Schoeni ger X\/,g B?)féaf eg/'Iogt CPI? 8’F!nanrllceccl’m§) O‘d"‘{ e}fr%’{l ﬁlﬁle]}jt%f Q%’ﬁpgesﬁ Ft?%gsni ger

met hod. Thi s rret hod i nvoI ves



25 burning in an oxygen-rich atnosphere, a sanple of known wei ght. The

| i berated bromne is reduced to the brom de with sodiumarsenite in a basic
medi um The bromide content is determined by titrating with silver nitrate
to a potentlorretrlc and point, using a silver titrode el ectrode to signal
the end poi'h® 20%8¥5%ut ormtic potentionetric nitrator cart BEXEMohm 716
or 736 titrator, or equivalent, capable of dynamc or constant mllivolt 30
titration. The silver titrode electrode is a Metrohm 6. 0430, 100 el ectrode
(cat al og nunber 2094850-7) or equivalent. A Schoeniger conbustion flask

wi th standar df liqupeyoBent air e z&ﬁ@lﬁpﬁg’anﬁﬂﬁ]mﬁ|dﬂlﬁeint‘$ljmh6@fdf:d':s®a’s of amudm&nﬂ'dmorras Qgg
oxygen flask. i fra ed ignjter r.t Thoma GlO) are
used. I|f desfnigé'a Orl—%{(la% fe Sﬁr]((;)ijﬁgc ocﬁrbons o] r?tecig Biff\?"ﬁ: %’é&ﬂl 125V can
be enpl oyed hyﬁrqsdamoms, of kaon'Ehorm&W:@gg ctmysgenca‘rboaslic i refcidar eghlograrbas,,

Dei oni zed or t o] . 1 f sol ution
formed from élghrg%ydkécﬁlﬂ?rﬁgg gr?mg%lﬁ%g{]t lrB%I?Itn leg; ‘;%IITI!SI (]:( H%lg?gé Hl(r?h]%g?%!rl]t?zed or

di sti | | edSwahwhocaghorsdu siromsafyprobyfirecarbgis, ubﬁo@ﬁCflei?hVé@C%an ¥infhg akiygEt her 60 g

of NaCH and G04G.bn AR RNMiRtuks bf iR RlveN@liRiudMgtiix®fel bf iwdGr nfdrelN
standardi zed silver nitrate sol ution, powdered cane sugar, dry conpressed

oxygen, and ©f the ogmreking Pt veAge-sh iup Qapiere didiment seprated) hml%qafblolllsed”%%lt er are

t he chemi cal soksSiRebnkd) ahd16o &{)Qﬁi@dldé enixth8D38dol dt s digieiehiignds e s@@&&enl ger
procedure vvlth asolid sanp mount of 0.04 to 0.08 of sa

wei ghed to 0{BDOYE Sﬁmﬁ?ée@&yﬁ‘i?ﬁarb%‘na 1908 &E§1% 8% R fnlo’feteé?erspaa?geor“e i°5 P I ded 10
i nside the fbllohﬁnydmmbnsaﬂd sﬁbﬁb&eﬂbd Wed, ﬁfeiesﬁnleatl num sarrpl e hol der of the

Thomas- Ogg ¢ S | ask. i to 0.08 g
sanpl e, wei gﬁdégﬂ tdllhf H&efggfﬁém&é@ﬁwa@e‘% used lr]fédbengl 8rhq§‘% &?t%ta%h ‘capsul e,

i s added apprenyematetd) yelamdgquat woglwme)méssp@‘Memed oggane hstugalﬁuentbhzel capsul e
and a bl ack S g U5F sy A8l iRl B bl JolBHE BBl FORLRRIPT T A5
pl ati num sarrptboeze mmtemperathrennd teinf a3/ Haoidk Aighs temperatiliees) selgeisd for(uaﬁ) info t he
combust i QiR difubROwARH 23 iHTuRPps of
ammoni umqﬁyd fggé(g%geqs ]lsr)lslr'—vr%fgﬁ&%ﬁ% ?ngll(&{;tﬁjgér}%% lqI§ for at |east ttvvo m nut es
wi th oxygen. llﬁql%étlatalﬁ yooapisperare; (arshiorg pecdarebly 61“? Pfete@t’f‘éfﬁ‘ﬂésr el hol ders,
pl ace hol der (fpetfif) taﬁ)fpatchle Ie ethuREHK s@RebaftbusB if Rkived ploast TRNGoR €
mnute. Stopper the flask the stopper onto which the 20 plati num
carrier withcihge wé%q&réidu@anwaamo%@%eﬁaam dnte é’éeéh?‘éa“écoh‘i"l*fgfm"teﬂte f1 ask
is gas tight uRefmbipveidResurd #6uls bbil srOREhIE@RSRuEEdletted OF tBean £gMiN NUOUS
seal around the entjire int surface. |f gny gaps are S dd nor e

or oase, (B PRase heiurteareanisL bt SOt e Re L BIHE 85 oxygen
fl ask i nfrar egatigngdie dilueat b@B prguidet @r condidnking ayseny, is &mﬂlob/e(gdotcohthBoﬁB/rrpl e by
turning on the .infr (d) As soon as the sanple
25 has bur nef IEHF 71 rEtBthnBerEor angcﬁlquﬁl(ﬁlu?(ntg?z}@eesrl‘g{y tinmes to coat the inside
wal |'s, (e) Al002% thdew Inaskmiting sixanples of tyBalninertfigedsaandl ehesrhakiongpatche f | ask
frequently d t i | dor the

| ast tventy ARebPEl Beoipdh Bkt Bk S RORTAG AR ! i G
wal | s of 26 heorrghraskqmdw@luequmherWS§Wtbllémmt@edlcwﬂe eogarie|(b-ed 2u&0-Srethyhdd |

pel l et of KOs, |1 QrRNEARy 1L JoRh&@hO b p. 82G5; 6.nBRIL ihg. St ones.
Bring to boﬂﬂn}fn Q;%%Q%ngf o;ﬁgtb% éxcessﬁywa%aer untFIpvoI ucﬁe |ns gbo(u 40- 50
m., (g) Quanf$i°&L |1v3e416§tactl¢nar(9ﬁ3e|16& HE Qottrtleene $b-pf 110K, pixalshe (bx d44°Q200 ni | L

tall form beaker l, I e an d sho

appr oxi mat el ﬁar'i??otef[’fglof‘ﬁ‘i?b l?—'oﬂ gﬁvﬁr‘flﬂo 75 g)] %Q%WEm?tFW%égp‘usi ng

| PA,(h) Dropydd) a maghshbdnast i I biphg i%afC)athBk@ hEJZh%e be%)er 180§, magnetic
stirrer. 14 Acidify to pink endp0|nt wi th 10|n I'f the

sol ution3Ps biopiotycipbedapibad doHdeH ), @mmclsorpmzthwq(bfaofstC>ofrlb10ﬂ!Pnlﬂins®4 as
needed to reggh 1@9@)”'&&&9&%%1&%&&% %@Q)C&Blwdhc'hlo%m&}epﬁ(ba;l %d°c€}5 the

acid is added, (i) Introduce the silver titrode into the sanple,
titrate withbompbgreng @ I‘ll5%bﬁfﬁ) dhbrPReloleReotbiR: rlge 6 ac%m?lvf@e t(BP
manuf acturer's 5instructions, (j) Run a]IbI ank through all above steps,
omtting only the sanple, and (k) Calcu ate wei ght % Brom de. % Br= 10



(S-B)(N) (7.9904) Sanple Weight in Gams where Sis the milliliters of
silver nitrate required to titrate the sanple, Bis the mlliliters of
silver nitrate required to titrate the blank, and Nis the nornmality of the

silver nitrate solution. 15 Determ nation of Free Brom ne and_|onic Brom ne
[0039] At tHR2UBP¥EH it is worth mentioning that thosdJfUS8¥W P10 the art
sonetines refer to the occluded bromne in the product particles as free

bromi ne. [0040] In brief, the procedure used to deternine occluded bronine
and/or ionic bronmne 20 (brom de) of decabronodi phenylethane is as foll ows:
The sanpl e i $34dCE S0dtdRd(biph 58°C3, Butylt méti| ketoab €ng.e8°q)p cyoddpeas®nt liep.occl uded

brom ne and Qqmide. .The hromine is t reduced t rom : addi tion

of an aqueoug lsggdﬂﬁﬁ?lgﬁ?r?‘?fpéo‘)%qnﬁt(?'B‘n%:?@é%5&6’%1“%églcog 0@%??’?1069 Qeé{jt(l?ﬁt o the

gqueous phas &6246x didebectyiredr (dy. | AC)C netbytetiggkeamh vh.p. BAE) taottilacidfb.pccl uded
rom ne and 1 de i s.cal t edodr t hi.S I &subtom T ' he

occl uded 25 E{Bg@n ﬁ)gOptl%(lac ?éw{gr%geé&hrg@li ?"'?‘Sp@i’t ggc\)\n ?eﬁ%ﬁ%&&l{sgihﬂgoéodi um

sul fite. FThelBSnputbtefriachbioroethplefa @e. BYoM domepenssae is arppifared Agrisygsiicde f or ned

from hydr ol y§i 54 ffueR3G HOABMSP QBB kiSs igwhfi@ct ed into the aqueous phase and
determ ned by 1on chromato raghy.. The occl uded brom ne content is estinmated
EPL

fromthis untd83®ledihedmpensietthp iged rosgapic o PRI (RePresgRtan the carcefalsfent al

brom ne and begd féﬁnéd%&'hﬁ]izemqur&ﬂ@: Hakif in0dniibhenes§liygadnbiRiing i S
30converted to brom de at |Low brom ne |levels in_accordance w th

equat i on: Br SCRISEs eceayigsihe RS prigh B Ra Gecadte HFER e s
est i mat edoas thk @bhpnent(spRMity RehaSh@i®pingd lirdafiuée, afd teXenfieprard atwichof free
el emental - br ol ne anda Bt AL Gl Ohe G Ot BCledl Al SRl ey, [0041]
The ionic br Yiig 1 &P hRRlEds g CRETAIY SPERILE %pm’bfz 1%6hi °¢CBr ot né = ppm t ot al
occl uded br omvergioandll boosih deleast ppont @) predtiyedhinreosti the brop@@a]drgangr eat er
detall: e SRRk AT, Mg LoUSE-AT, ek IR ccsl wied kor no
components serving as the inert organic liquid diluent. Typically, the amounts of
15  brominated organic compound(s) in the slurry will fall in the range of about 25 to about 70
percent by volume of the slurry.
[0031] In one embodiment of the invention a concentrated slurry of such compound in
an inert organic liquid diluent is exposed to a temperature in the range of about 60 to about
230°C (and preferably in the range of about 150 to about 160°C) for a period of at least
20  about 1 hour (preferably for a period of in the range of about 2 to about 3 hours, and more
preferably in the range of about 4 to about 6 houré), and the solids are isolated (recovered)
from the mixture. If desired, the mixture is cooled or allowed to cool to a lower
temperature prior to isolating these solids. The concentrated slurry can be formed and
exposed to the elevated temperature(s) by preheating the inert organic liquid diluent to a
25  temperature in the desired range and mixing the compound(s) to be treated and the inert
organic liquid diluent while the diluent is at one or more temperatures in the desired range.
Another procedure for forming the concentrated slurry is to mix the compound(s) to be
treated and the inert organic liquid diluent while the diluent is below a temperature in the
desired range and then heating the resultant slurry with agitation to one or more
30  temperatures in the desired range. Other variants in these procedures are possible and are
within the scope of this invention. It is desirable to agitate the slurry at least during most,
if not all, of the heating period, and where applicable, during the formation of the sluiry as

well. If desired, a reduced amount of heat energy, e.g., in progressively lower amounts,
11



[0043] A) The required equi pment includes a D onex DX-500 ion chromatograph
or equivalent, equipped with a conductivity detector; a D onex PeakNet
chromat ography data col | ection and processing system and a Di onex IonPacO
AS11- HC col urmwﬁ/g ped with D onex |IonPacO AGL1-HC 10quard col um 044]
B) The ion ¥RrW#EI6Yr aphi ¢ operating conditions invol vg’C(Télﬂsma"g’%qlf?ent E040
KOH gradient, (b) flowrate: 1.5 nL/mn, (c) injection volunme: 25 jiL, (d)
detector range: 200 pS, (e) suppressor: ASRS-Utra 4 mm (1) suppressor
current: 100 mA, and (g) regenerant: Autosuppression recycle node. 15[ 0045]
C) The E040 epeseappiRg (c@asludy aNs W@igr@se lsidsdreding.nAt haed z(bb{/a)wifd’aglrdﬁ'bl e. Ti me

GO0 90 SO S - SO B el B8 FApEgL 2 on -
| nj ect Posi ti enis€DbrbmAagdaroGancantpoatd cam dissobe@@any substantial extent in the inert
organic liquid diluent. Thus, the processes of this invention are performed at temperatures
5 and in a solvent in which no more than about 5 weight percent, and preferably no more
than about 3 weight percent, of the brominated aromatic compound is dissolved at any
given time in the inert organic liquid diluent.
[0032] In another embodiment of the invention a concentrated slurry of the compound(s)
in an inert organic liquid diluent is subjected to grinding or milling at one or more

10  temperatures in the range of about 50 to about 160°C (and preferably in the range of about
50 to about 100°C) for a period of at least about 1 hour (and preferably for a period of in
the range of about 2 to about 3 hours, and more preferably in the range of about 4 to about
6 hours), and optionally cooling, or enabling the resultant mixture to cool to a lower
temperature. Thereafter, the solids are isolated (recovered) from the mixture, for example,

15 by centrifugation or filtration. As in the preceding embodiment, the extent to which the
brominated aromatic compound is dissolved in the inert organic liquid diluent is minimal,
i.e., the inert organic liquid diluent at no point in the process contains in solution more
than about 5 weight percent, and preferably no more than about 3 weight percent, of the
brominated aromatic compound.

20 [0033] Without desiring to be bound by theory, it is postulated that in the processes of
this invention the slurries undergo numerous cycles of equilibrium that are established
between a small amount of dissolved brominated compound and a large amount of
undissolved brominated compound during the heating of the shurry or during the grinding
of the slurry with or without application of heat energy. Thus as a small increment of the

25  total solids in the slurry dissolves, the free elemental bromine originally trapped therein as
occluded bromine is released into the inert organic liquid diluent and the resultant
dissolved solids are at liberty to reform as solids while a fresh small increment of other
solids is dissolving to release its entrapped free elemental bromine and then reform as
solids, and so on. In the grinding embodiment, the grinding facilitates the incremental

30 dissolution and also can physically break open the particles to release entrapped free

elemental bromine.



5.00 28.000 Concentration = 30.00 28.00 ECD _LAcqO'f Concentration = 30.00
Wait Ready [0046] D) The required chemcals are (a) deionizecl water with
(il ;pimfichlresi Etivi ty of 17.8 megohmcm or greater, (b)

trichl orobenzene, HPLC grade, (c) sodium sulflte ent grade and
(d) 0.1 wt WAYPI’6H of sodi u?n SU|fI§e)I n water. pCTIRAIn70369
2008/ 057644PCT/ 1JS2007/ 076169 100471 E) For st andardl zation quality control,
a standard solution "B" is prepared as follows: A concentrated brom de
standard solution (1,000 pg/nalL) is prepared by weighing 0.1287 g of sodium

brom de i nt 0[0634]0@eﬁ$esVé)éal§éTﬁtdcélﬁdeﬁ|baﬁ1kne GﬂnchHrélfxl'ge tie. wohidaesain din miei oni zed
water and m s st.andard

ol A’ 0
calibration éet%%ﬂ%fr“&lth§8]“tﬁ] Fodlﬂ%"oﬁ pngicd CB‘P]Bound@ a ;i/)e lﬁ?eas flon tpel?ﬁ) b of t he
concentr at edthbrrfaﬂbfgemsIlamdmrudrltsimllngtthmoqur:g a 100-nmL voI urret ric flask whi ch

|s then fil e@f)%ﬁ X{‘ﬁl n?ogfartn?hglgd 1rH_en cqn\e@E‘e%Eeg%?gefg%&Pg Mﬁlr!)ces I'Wﬁe provi des

a standard s ts of thelatter
bromi de cal i the ateitorpadio liqed alﬂldatrcsintsmis utuiflinieng preoynpefcfesd elenlmalu bielipg edal

pol yseal aut gtﬁgn@!)nqlne \ﬁ%@\laﬁv s Qi &Lpiohlgat;r(ﬁnlﬂ@%r&ﬁﬂdé) salts and/or HBr to make

desirable the recovery of such components, the inert organic liquid diluent can be
processed to recover such bromine values.
[0036] The following analytical procedures should be used for determining the following
10 properties of solids before and/or after subjecting the solid, highly brominated aromatic
organic compounds to processing pursuant to this invention. In the case of the Hunter
Color Value Test, it is recommended that the solids to be used in the test be samples which
have been ground. Thus samples from a commercial-sized plant are typically samples of
product that have been ground in a Raymond mill, a Bepex mill, or equivalent hammer
15 mill. Where the product to be color tested is product from a laboratory scale operation, it
is recommended that the analyses be performed on samples that have been ground in a jet
mill such as is available from The Jet Pulverizer Company, Inc., model 02-506. The Jet
Pulverizer Company's present address is 1255 North Church Street, Moorestown NJ
08057-1166, and their present mailing address is P.O. Box 212, Palmyra, NJ, 08065-0212.
20  Product samples for comparative testing purposes should be ground under the same

conditions whenever possible.

Determination of Total Bromine Using Schoeniger Method

[0037] Total bromine is determined by the Schoeniger method. This method involves
25  burning in an oxygen-rich atmosphere, a sample of known weight. The liberated bromine
is reduced to the bromide with sodium arsenite in a basic medium. The bromide content is
determined by titrating with silver nitrate to a potentiometric and point, using a silver
titrode electrode to signal the end point. The automatic potentiometric nitrator can be a
Metrohm 716 or 736 titrator, or equivalent, capable of dynamic or constant millivolt
30 titration. The silver titrode electrode is a Metrohm 6.0430.100 electrode (catalog number
2094850-7) or equivalent. A Schoeniger combustion flask with standard tapered joint
stopper and platinum carrier, and a Thomas-Ogg oxygen flask infrared igniter (Arthur H.

Thomas, Product No. 6516-G10) are used. If desired, a Halogen Projector Lamp, model
13



[0048] F)In conducting the analyses it is reconmended to prepare duplicate
sanpl es for both the occluded brom ne/brom de determ nation and for the
uncorrected ionic bromne (brom de) determ nation, so that a total of four
15 sanple preparations is used for each sanple that is analyzed The
detai | ed ar¥ J40888644pr ocedur e invol ves the fol | ow ng: @g?wﬁﬁﬁpﬂ%ﬁﬁhtely
0.030 g of the sanple is weighed into a 40-nL anther glass EPA vial. (b) 20
inL of 1,2,4-trichlorobenzene is added to the vial using a volunetric
pipet, the vial is capped tightly with the septumcap and the vial is

shaken 3 i ghDEN/DQF@dl 58%-1230hCBd @thldyad Weilack bea TEos@gg O8)getimkantkardds

prepared as above _contajning only 20 nL of 1. 2 4-trichl orobenz d) The
vials are pl &84 Pﬁ‘oﬁlz‘%le(ﬁtdfsﬁBedbwvﬁ%rkls%ﬁmpé(gﬁlfoé%g rlrétsg{ﬁ;/ncﬁ% N @rﬁo %Q%dngt )es
wi t h occasi ofiah eghalsiongnesipf icbncthvetes aniftre irad adl dgolizeddbr di)led-ortedat er m ni ng
ionic bromne (brom.de), .the vigl I.s. fr tly 5 nL
of deionizeduWé¥§¥%P§”%§“m}%ﬁ%ﬁﬁgféﬁvéE%PéﬁqPﬁfgﬁgﬁﬂ?ﬁggégg?ﬁﬁpgggpbyyneans
of a syrifgel liEhef wagk witbretiring. & &% |seddardited sHyer metre atitipnnpovtdstedlcarsccl uded
brom ne and proamyde. ksl %hyéeﬁ I8PV 0dnmb & PneiRe iRAbRr ANiRXAGH Mo . Of

sodium sul fite sol'ution in deionized water” is inmmedi ately added through the
septum cap byatarsanbe gfemicalsyipddigde ppRsiuig; al remmi ns seal ed. (g) Each vial is

shaken on 30[00?’8] S ri'@g(ﬁﬁucftigé thé @cﬂ&rﬂggr ?ﬁ)cecﬁlﬁ)wilﬂsﬁ 06d dnPleSpOSRh® popet , the

upper aqueous layer 1s renoved and filtered through & -1P Polypro syringe
filter. (i) ©88piofsasple weighed tp 808P smpRoNACY & Ffﬁfsé‘g pack ‘igf?f giehs ik
% Er 0 milt OQP altoihsia@ %eamanr YaRe aHs '?omgel,dt methalpgmeurﬁ) RenAL ihBgercemae tThomnss-Ogg 0049] G
e calculations used are as fo]l.ows: . Thi od uses the response

factor cal cuf@BH P Bt dﬁﬁ]?‘? S(‘?QPJ@ i§ \f"g\\?‘@'&'?’i t8r?26'(?)4f {gﬁ § Snaéﬁp\%’- ﬁ%ﬁedstf’zl%dar d
E ol llit lon " (B" samEN@cir®s P oNs erddaninter B gelah cafselt.ed adédngptokimaetuat eqnat  Avg.

eak Area (2 injections), RF = Standar e t e area of
t he bronide ﬁ@ﬂte?6?W§3%Hm§%%%wé%?ﬁwmﬁ%g%gg?gé?%&h@gwﬁ%ﬁ%ﬂg%gg)o of the
bronmi de peakThamasifegbbanktiomlak cod dahdestip vhpapérds msguted beyivem thoreapsuleah = A

wher e: is_the ar f I ak- 1S, t e f h nk peak;
and A i?ﬁghea%%g?é%§§%8a$élEo$ﬁ¥ﬁeeg§ﬁbpg %@%ﬁ%gégﬁ%ﬁg %g%fé?tg%?%fonige
area for eactomgmsiineflask agdidatmlonf capsis ayenite spimder apdrp fiEops d argrogjum

gggf ggts |r gtni_ OBy xiRCEH) HRGA LD EARIRERAY b R Madl@wd Midulte WA BRYg8n. USLARI he
- apply silicone grease to the stopper/sample holders, place holder in the top of the flask and

flush for at least one more minute. Stopper the flask with the stopper onto which the
20  platinum carrier with the weighed sample is attached, and secure so that the flask is gas
tight when inverted. The silicone grease should form a continuous seal around the entire
joint surface. If any gaps are present add more grease, (c) Place the inverted combustion
flask into the Thomas-Ogg oxygen flask infrared igniter, align igniter with paper, and light
the sample by turning on the infrared lamp to ignite the paper, (d) As soon as the sample
25  has burned, swirl contents of the flask several times to coat the inside walls, (e) Allow the
flask to stand for 30 minutes while shaking the flask frequently during the first five or six
minutes and occasionally for the last twenty minutes, (f) Rinse the platinum sample carrier
and the inside walls of the flask thoroughly with deionized or distilled water. Add 1 pellet
of KOH, 2 drops of methyl orange indicator, and 5-6 boiling stones. Bring to boil and
30 evaporated excess water until volume is about 40-50 mL, (g) Quantitatively transfer the
contents of the flask into a 200 mL tall form beaker. The total volume of sample and
rinsing should be approximately 100-120 mL. Follow with two to three 10 mL rinses

using IPA, (h) Drop in a magnetic stirring bar and place the beaker on a magnetic stirrer.
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A X VppmBr = RP x W20 where Ais the corrected area of the sanple, RF is
the response factor for bromde, Wis the anpunt of sanple expressed in
gr?n{;_ (apE)r50>r<r:_nat SI) yTg.Oi’B g)land Vis the total volunme of the aqueous
sol ution . e levels of occluded brom ne and jQni lne
(brom de) AYQ20%9¥¢d*at ed 25from the duplicate average rﬂéjgﬂ}sgoso%g&% ot al
occl uded bronm ne and bromde (sulfite treated) and for uncorrected ionic
brom ne (no sulfite) using the expression: ppm occluded bromne = 2 x (ppm
of total occluded brom ne and brom de) - (ppm uncorrected brom ne). 30
Hunéer Cgl or AMairue pieséndpbifOBie] 10Hmnt @l Cobsl,. Vakhesoldereisinatliconsidar e
conducted usi ng. a . HunterlLab Col grluest ter. W
appropriate %‘QR‘BP% Sd@v‘iﬁ@gg? O%Jeﬂ? (hgjétasr r&eﬁ%&ﬁttgg%%{@&g%%&;s@a%dﬁ%%d?e% f or
recomended silingllivenuithe heianideéxaddert (i Frerothae glee sélvaditiofie infoely, sapiplestndysi ng t he
light trap tti?rt]e twh]tg M IotreO.élt ‘Nﬁ'(;%f\lg)gtdnl Bhel Mitrggm&oWiﬂftot BenitRek&ument .
After standardi zation, the procedure used 1s as follows: A Lower or renobve
the sanpl & cinstmgtionsn@x i a blagk SFuBl alhpbqvh step PPEEIHPIE the 4APle BAWRI f with
l'i ght cover &%g&g%ﬁg;&ni&umer B02-1005-172) at the reflectance port.
I(B%_| S;:OOE gpppo ﬁlr rTLromthe sanpl e batch and fill the 50-nm gl ass cell

unt er La art Nunber 13-8573-20) to the top. The 2-inch (50- sanpl e
t hi ckness Makes the tSaWENUEEMY powder effectivel y opaque 1£or mlec{rgnce
nmeasur enent s % 86 ¢y Tap the _sarr}l)l € cup once on a hard surface to settle the
| oose powdler and thenS%‘Fpéec\ge‘thé PfA"Ped cel| flush against the reflectance
port so that the powder will be red through the clear glass w ndow of the
cell. where S is the milliliters of silver nitrate required to titrate the sample, B is the milliliters

of silver nitrate required to titrate the blank, and N is the normality of the silver nitrate

solution.
15

Determination of Free Bromine and Ionic Bromine

[0039] At the outset, it is worth mentioning that those of skill in the art sometimes refer

to the occluded bromine in the product particles as free bromine.

[0040] In brief, the procedure used to determine occluded bromine and/or ionic bromine
20  (bromide) of decabromodiphenylethane is as follows: The sample is dissolved in 1,2,4-

trichlorobenzene to release the occluded bromine and bromide. The bromine is then

reduced to bromide by the addition of an aqueous sodium sulfite solution. The bromide is

extracted into the aqueous phase and determined by ion chromatography. The total of

occluded bromine and bromide is calculated from this result. To determine the occluded
25  bromine the same procedure is repeated without using sodium sulfite. The bromide from

the free bromide in the sample and bromide formed from hydrolysis of occluded bromine

is extracted into the aqueous phase and determined by ion chromatography. The occluded

bromine content is estimated from this uncorrected ionic bromide result and the total free

elemental bromine and bromide result. About one half of the occluded bromine is
30  converted to bromide at low bromine levels in accordance with the equation:

Br, + H,0O => HBr + HOBr !

Therefore, the occluded bromine is estimated as follows:

ppm free elemental bromine = 2 x (ppm total of free elemental bromine and bromide -

ppm of uncorrected ionic bromide).

15



D) Cover the sample cell wth the opaque cover. The cover mnimzes the
possibility of anbient |ight reaching the detector through the powder

sanpl e when the 15nmeasurenent is taken. E) Take a single color reading of
the powder. Dunmp, refill, and read the powder at |least three tines fromthe
same bat ch WAGWBAFEH he three col or reading for a si ngl & TGP O Ss ur ement
representing the color of the batch. Averaging multiple readings mnimzes
measur enent variation associated with non-uniform sanples. 20 F)Record the
average col or values for the sanple batch. G Use ASTM procedure D 1925-87
to cal cul at ejo¥gl)l awese bhd]ﬂe@(m(es\ﬁjn)a;edlz@ﬁno\%rti cle Size Determ nation [0051]
To determ ne nean. (avera artl S LS- 250 nter or 25
equi val ent i Bp“&é’Ebog“CI Prowmpi o&i“ﬁ@m ﬁ”%lu%éﬁﬂr?né'f’e 8’65{1 f’@f‘de RLRN ™ CU] é/gl ume

nmodul e is use;dmm'Ehe Oper ating inst ructl ons of the manufactur er are

fol | oned. AI at| riba |a ca ty t (e.g.,
Hor i ba LA900 %é'%ter et mqltjkllev%ﬁ)lpar il (z:l?ang%)tced%le %Lgﬁggerlrnq%e ﬁpgeﬁl nvol ves
wei ghi ng 'o'hebxpmvmden@/orsamqabremmleymomldb)llyd@nblammnylﬂh@he ag fptlews:of about 0. 01
gramto abou 0 \/ een
washed 30 w t 93c]e%%m ze e&a{ghgqﬁgﬁ%ﬁg%g% : ﬁhﬁ%@%%@ﬁggg&%‘g@nﬁ er

di sperses the sanpl e pavivalgblercquistergwish di speyesiaint deieriorulrt PesanPekiieleat ment .

Thi s suspension is ciggihabShny ma%ugchle@tloﬂ'eﬁlﬁuﬁlb&gmfgeL)lste\ﬁ\h@rfdeatlbl@neﬁlomer
particles scatter a beamof |aser light. Detectors in i nstrument

measure intensity of Bl 4ftl- E@a‘t"ﬂ‘é‘?”eﬁqu‘PPﬁ% eEnpigeer IOP]FFC@héGF]nEIFr urment
cal cul at gg bot h aver aggrd:)@ﬂmrpl e size and particle size distribution from

such neasure Typj cal | 10 separate representati f a given
powder y subs@‘r‘fhe Ba?re eullee Pugog P apeping cong Horﬁll?vé’ﬁvﬁé‘aa?/g]n?'ﬁe%‘@nent

whi ch has been succesgbul grgm@tmb)dyﬁdmtesl.anmmnt @) injeSH30lunRSLY win®dt usi ng
its snall vol une nmodul Poi nt Det er 005 kBl ting

Poi nt determ nations gl%eecméé%éucdtoggls g? Sud)pg’sﬁ&r e]irggél] |almfg @ S%h){%é%&

Cal ori rret er (DSC) net hodnt: Wﬂen@mnchfg)p@bneeazpuiﬁpwmmprmweqyslealo?m i nstrunents
Model D t yo Therradioanghyat 5000 PC
controll é? @94#0 é}e E?evﬁ(l%m %gnﬁggéal@ghrﬁ?ggﬁet er sugﬁ gst Sierra

I nstrunents Model A- 2960 or equival ent. The DSC shoul d have been recently
cal i brat ed fpr—basettme—stope and—of fSset;, celrt—constynt,  _and tenper at ure
scal e using ja'Méating rate of NE®HIPA and a nitrogen %@enﬁﬁtf‘lﬁe rate of 50
cc/mn as ithqg@ ed in the DSC @%glﬁta@gn,s Manual . The3opyoocedure for the

nmel ti ng poi nf—determnatton—inpotves—heat-ng—tnthePSEC—a—2to 5 ny sanpl e

of the test @0Brial at 15 2d @mendiough the nelt Eh¥bt herm of the test
rial. The versal Anal ion of fhe Thermal Angl

gggg P?: cont U erei zausedat XS ,'?Utgﬁ%]&)}é@@%qeapt *Or age. tTTE.C rr'gl *[menduahg?tn IS

i nt egrated usﬂ.@ﬂ@ t he si gnoi dal E@BeAutnEr@@anmatidﬁhe pa®tanet er of ipterest

is the extrapol at ed onset tenpematurBositighi di¢D_4.Achen | enperature at| the

i ntersection{ of the baseline w €émcentaggngent drawn at|3¥e point of paxi mum

sl ope on the i ng edge of 2 dot her m eak (S val ue is|taken as

thepn'e|t p0| 48%6 I‘gnl| flgn| e—pep g%nc%l?fg&%r ncnnf, p r 3c Ofc for—the

i ndi vi dual pexslo® shoul d be I‘epDE(ElQ_d.Aqufﬂ ndi vi dual peaks are poorly

resol ved, grpaphical nethods sug@omenthper-pendi cul ar df¥d0l i ne constfuction”

are used to @sSsociate areas of %}h? melt endot hermw HE' |nd| vi dual peaks. 25

Det er mi nati on_of Decahr onodi phe N et hane Product Ass

[0046] D) The required chemicals are (a) deionized water with a specific resistivity of
17.8 megohm-cm or greater, (b) 1,2,4-trichlorobenzene, HPLC grade, (¢)
20 sodium sulfite, reagent grade and (d) 0.1 wt% solution of sodium sulfite in

water.
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[ 0053] To obtain a GC assay of a decabronodi phenyl et hane product, the

foll ow ng procedure should be used: A) The required equi pnent includes a
tiewett/Packard 5890 Series 11 gas chromatograph or equival ent, equi pped
with a flanme ionization detector, a cool on- 30 colum tenperature and
pressure prg28Ette inlet, and tenperature progranni ngCTé‘%%{’BMﬁ‘?” , and a
Hew ett/ Packard 7678 or equival ent automatic injector. A Hew ett/Packard
3396 A integrator or chronmatographic data system such as VG s Miltichrom
or equivalent is used for data acquisition and anal ysis. The gas

chr omat ogr aplgoea7ic obyumpod tandardikifiefl qsdlity @atrapefaidaidubmrion B ghptepapeasat ur e
alumnumclad 12M x 0,53mm 0. 15jt film thi cknes i col (SUE
12QCS/ HT5-0, 15: cat af @Wﬁuﬁb%of’c%git%%é’fqllll%)s ﬁ%‘“ﬁﬁ"g‘%%é’a{@og éﬁl% he
procedure are di br onopephraney (W9Ming ek ofz evdung raahgde hydraogehmlzer o
grade; and air, zero grade.. Th ondi ti he : ph are
(a) detector tenperat g‘?hél:netg%gaé;ﬁ’ C%;]B{?n% t%\lvge)lp 1%% gﬁrﬁgélg’?ﬁgg&%g&gﬁ Hl?%lg%/re?m nto
350C, hold to end of Mhis;is {twiard aplpiiey “AfasTHadiranids eplibraton sandaril solugad) j nl et
pressure: 4.0 psig (cagp- 1. = 1) er bl stha@ O psi g
(ca. 10 1.63x105 Pa), 0115d)?e?gégﬁ%lBg?ttlgggan§gfQ%vcggcetgga@:r ature: 60C,

12C/ min to 350C, hol dsdleionigo ailplumbgolupetyic ﬁiké’é’c“ﬂ]dﬁfhﬁ‘bng]é‘:j tocesImegtithc ol um;
and (g) injection vol yoBsized -wtet add mbbd WOE PHiPSEE:Q staf¥Ad yRsioh hB” 01 | owi ng
steps: (a) set up the gas chromatograph conditions as ge gl above. Put

. ( . scrib

1 inL of di brononet haheM&/HL & GPREet oA plifuots 50f G 1adie roi“t‘Jeu?f‘ﬁ B%ce the
di br omongfhane on t he s@stafi doRiki6E ko Noaddidinionhd@@lual polysailauiokuenplypasials for
cl u-oi natograph to insure a clean systenm (b) weigh 0.003 gram of
decabr omodi phenyl et hafA®Ps4Ade*fnt o a 15 nL glass vial; (c) add enough
di br onorret han@48pFpPr i Mgcdnbetisamp henlyses igha trecopribsled ® memrestupladle saaest he vi al
and shake well; (e) pl.ac he vi al .cont ai.ni t.he i sgml e
bl ock on a 20 hot pl at éorwﬁ?t%h%fasocélUd%dg[l))Fooi’%?ér/r%?@Idg %%%mktgogsgltﬁ&)tt e cap of the
vial slightly to prevemtorpreksisuir éropuic {rouyde) deteriénagerabe ey meel of Pum. cri np
top vial 1%” the hotpl %?]@ére;gc ?ioﬁsaigﬁseh'fa:%a(ghqgﬁlplgmﬁt §§Wz@d.'fheﬂieé@t§fj on the

Tou e t le and b

hotpl ate; "(0 after one ck the sanp . be certain that it is
conpl et el y di ssol ved; agagjticalrpaassdues inyees sherfpllavipgmt@® ArpeoxianseB08q 8 ffp t op

vial and seal it in the Miakis dghel Mo 8305APIEHY ga8 HPASGAIDIS 2250l ace the
sanple on the auto injector and Inject the sa

) : | Ielntoth,e%as ,
chromat ograph. It is i dpdriigherobeyzangjsaddedip e §’gﬁﬁf“§ a\gppptrig BIPgththe vial
decabr onodi phenyl et hanecaphdd! b @ RitRdle @t @hplhidome @l isheakeasmihay @abl s. D)
Results are reported as area % for de;ﬁgbr om%g‘ifjghen i

‘ é/l ethane and inpurities.
Percent Klmine is def¥HFHALYVEYDE FEPE d8) 9cP5RK {HESRASHAT MYV AE

determi ned by 30t he mghiyadmiastd dd@anobbeaninne(ds Ot 4ls aroplagedia baround.  For
o BT et B SRR 202 AT DR ADRALS o
the sample has dissolved. (e) For determining ionic bromine (bromide), the
.vial is removed from the bath and exactly 5 mL of deionized water is
25 immediately added through the septum cap by means of a syringe. The vial
remains sealed. (f) For determining total occluded bromine and bromide
the vial is removed from the bath and exactly 5 mL of sodium sulfite
solution in deionized water is immediately added through the septum cap
by means of a syringe. The vial remains sealed. (g) Each vial is shaken on
30 a shaker for 20 minutes. (h) Using a disposable pipet, the upper aqueous
layer is removed and filtered through a GHP Polypro syringe filter. (i) 25

pL of the filtered sample is injected into the ion chromatograph and

analyzed using the above operating conditions.
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WD 2008/ 057644PCT/ US2007/ 076169 [ 0054] Novel decabronodi phenyl et hane
products produci ble and provided by this invention are characterized by
havi ng an occl uded brom ne content in the range of zero to about 105 ppm a
mean particle size of at |east about 180 microns, a Hunter Color L val ue,
usi ng an urtYPEWRESEHnpl e, of at |east about 83, and a HF{EP' N9 Swness

I ndex, using an 5 unground sanple, of about 30 or |ess. Preferred novel
decabr onodi phenyl et hanes of this invention additionally have at |east one
of the follow ng properties utilizing analytical procedures described
herein: 1) A gpaqbronotiqhranlies basereasmpaywhy gas chromat ography in the
range of about 98 to gbout 99.9 area % 10 2) | t.i te rature in
the ranee of abodY 35%"be B]CQ’B%UTGS %d@po'i‘?)aiacf%ﬁé%un?%&ogg?(()hﬁ?q%atﬁrmngrjrclgﬂnes

(brom de) of |ess thaof tabodtvidba@iGantmd eolypioef BF.albhe/respondetfactoran gpdcubfiedabout 50
to about 165 ppm Decabr di phenyl et hane products possessi ng additi onal
property 1) are nore lﬁf'rlnengtg‘!’r)erq(lég’,og'and decabr onodi phenyl et hane products
possessi ng additional propertiazge Pyakayeh @)njecgipns]) 15 and 3); or 2) and 3)

are still nore preferREd. Even-nore-preferred-are-decabronodi phenyl et hane
products having all three of abdidaiddratengpippéigines 1), 2) and 3). [ 0055]
The followi ng Exanples illustrate but are not intended to limt the

i nvention to onl y,ywhaty,d zﬁeéj@ﬁﬁé"ﬂr&ﬁi@e E)Jlﬁrf@rie@qh S RpIEFA P k& Eecikd for the area
decabr onodi phenyl et hane obtained fromwet filter cake of product fornmed by

brominati8n of 1, 2- di pHBNYPEIAESE 1t the BargP aceredancs eI RSB scl osure of
U S Pat. No. 6,518,468 that was not subjected to the drying and grinding
or oven-agi ng procedures descri bed t het®ei® Was used as the illustrative
starting material. Utilizing the above-described anal ytical procedures,
this wet cake product weaatmiined aftd 0 pprangdle mrak| Aide chefaree of @k blaeinpeak; br om ne
and 269 ppmof ionic brom ne (bromde). The Hunter col or val ues (wherein Yi
stands for Yel |l ownessaldvisxie cobrtcaidned oRBesantpiutealst andar d gri ndi ng of the

product were: 80'c§1 a@he3 900rre%é:d ?’lg?'ormdgoetr&l4 for each sample preparation is used to

15 determine the total concentration of occluded bromine and bromide in the
sample using the expression:

AxV

20
where A is the corrected area of the sample, RF is the response factor for
bromide, W is the amount of sample expressed in grams (approximately
0.03 g) and V is the total volume of the aqueous solution (5 mL).
d) The levels of occluded bromine and ionic bromine (bromide) are calculated
25 from the duplicate average results for total occluded bromine and bromide
(sulfite treated) and for uncorrected ionic bromine (no sulfite) using the
expression:
ppm occluded bromine = 2 x (ppm of total occluded bromine and bromide) - (ppm
uncorrected bromine).
30

Hunter Color Value Test

[0050] Hunter Color Value determinations are conducted using a HunterLab ColorQuest

XE spectrophotometer with appropriate sample devices. The instrument should be

18



30 [0056] Hunter col or values are dependant on the actual particle size. The
smal l er the particle size, the |lower is the yellowness index (YE and higher
the L (lightness index). Al color values reported herein are for unground
sanpl es of decabronodi phenyl et hane. EXAMPLE | [0057] A N (t)ed slurry
of a porti oY #8PHeHabove decabr onodi phenyl et hane and é’@éﬁ%ﬁ%‘) &é ormed by
m Xi ng the decabronodi phenyl ei hane and acetone in proportions of 30 w % of
decabr onodi phenyl et hane and 70 wt % of acetone. The slurry was heated 5and
mai ntai ned at reflux (ca. 59C) for 4.5 hours and then pronptly cooled to

room ge_rfpgr a§twdgrd(z€cat(§n %wmaﬂehdg‘iﬁglet -@ihedr ihdexradd v dargd hren Folemdsst Tivg sol i ds
were dried a and subj ected to.an es. The dat e | ses are
sunmmari zed i&i‘e%ﬁ;gi gap theé@ﬁ/ﬁ‘ﬂ’é S & 8 6&1%%3?'_ & pr (\)Ngg ﬁ? elﬂso@gg ﬁfl@r /

r epeat ed excemdaltdhatontmepmmdmemtada‘taedolbmrry was formed from anot her
portion of the s ”Eerd&CgBo RO LRAENYAGS NERGY AL R BREhiREORRRL Ons  Of

28 Wt % of the decabr ofo eny ane Yo of t ol uene he data from
the anal yS§es on tshaf with bght sover (FBunferlenn RatiiNymibrpBe3- HOAL 7 Arad tsypagianFed in
Tabl e 1I. 15EXANPh)§l +3 [0059] The procedure of Exarrpl e I was agai n repeated

except that in this case the concentrated slurry ormed fromstill
anot her port Bbn koapHe PoyAe f@!%‘é%ﬁf'@lﬂﬁiﬁfcbﬁ%mléFﬁQW@léﬁtf B SrEH ene in

proportions of 1&,witn8Er 1@58@@12(9 t@d iphanyt-aich esvemandmB tvkideRimakes
br onobenzene. The data from the anal }/ses on 2 the dried solids fromthis

experinent are subfHEARHYGEH ROdergHpaively o FEOBHT " THE or ocedur e of
Exanpl e lipwag) ag ana? theepepleatp @K@eft a hhiaturfaoe tdneslecracs wotchmvclenoenhenat ed

shurry was formed lace e f1¥1e(} ceﬁ %ghhaeggmg(gl{etr!a erc]tarqge ptorq %o that the powder will be red
through the clear glass window of the cell.

D) Cover the sample cell with the opaque cover. The cover minimizes the possibility
of ambient light reaching the detector through the powder sample when the

15 measurement is taken.

E) Take a single color reading of the powder. Dump, refill, and read the powder.at
least three times from the same batch. Average the three color reading for a single
color measurement representing the color of the batch. Averaging multiple
readings minimizes measurement variation associated with non-uniform samples.

20 B Record the average color values for the sample batch.

G) Use ASTM procedure D 1925-87 to calculate Yellowness Index (Y1).

Mean Particle Size Determination

[0051] To determine mean (average) particle size, a Coulter LS-250 counter or
25  equivalent is used. In employing this Coulter counter its small volume module is used.
The operating instructions of the manufacturer are followed. Alternatively, a Horiba laser
light scattering instrument (e.g., Horiba LA900 Model 7991) or equivalent can be used.
The procedure involves weighing the powdery sample, typically an amount in the range of
about 0.01 gram to about 0.015 gram, into a clean dry aluminum cup that has been washed
30  with deionized water before use. The instrument autosampler disperses the sample in
water using a dispersant and ultrasonic treatment. This suspension is circulated through a
measuring cell where the powder particles scatter a beam of laser light. Detectors in the

instrument measure intensity of the light scattered. The computer in the instrument
19



25 decabr onodi phenyl et hane and bronobenzene in proportions of 18 wt % of
decabr onodi phenyl et hane and 82 wt % of bronbbenzene and the concentrated
slurry was held at reflux for 14 hours. The data fromthe anal yses on the
dried solids fromthis experinment are summarized in Table |I. In Tab

the term " MQUY¢kine" refers to free el enental brom ﬁ&Tflf‘?é‘fm’o'é“%’ccl uded
i n the product. WO 20081057644PCT/ U52007/076169 TABLE! Property Units
Untreated Dried Wet Cake Product from Exanple 1 Product from Exanple 2
Product from Exanple 3 Product from Exanple 4 Free Brom ne ppm (wt/w) 810
364 226 186 calculates both average particle size and particle size distribution from such

measurements.  Typically, 10 separate representative samples of a given powdery
substance are subjected to the test. An alternative instrument which has been successfully

employed is a Coulter LS-230 instrument using its small volume module.

Melting Point Determination

[0052] Melting Point determinations are conducted using a Differential Scanning
Calorimeter (DSC) method. The principal equipment used is a TA Instruments Model
2910 DSC with its standard DSC cell and Thermal Analyst 5000 PC controller, or
10 equivalent, and a Gas Flowmeter such as Sierra Instruments Model A-2960, or equivalent.
The DSC should have been recently calibrated for baseline slope and offset, cell constant,
and temperature scale using a heating rate of 10°C/min and a nitrogen gas purge rate of 50
cc/min as indicated in the DSC Operator's Manual. The procedure for the melting point
determination involves heating in the DSC, a 2 to 5 mg sample of the test material at
15  2°C/min through the melt endotherm of the test material. The Universal Analysis software
option of the Thermal Analyst 5000 PC controller is used to display the DSC trace. The
melt endotherm is integrated using the sigmoidal baseline option.. The parameter of
interest is the extrapolated onset temperature, which is the temperature at the intersection
of the baseline with a tangent drawn at the point of maximum slope on the leading edge of
20  the endotherm peak. This value is taken as the melt point. If multiple peaks are present,
the results for the individual peaks should be reported. If individual peaks are poorly
resolved, graphical methods such as "perpendicular drop line construction” are used to

associate areas of the melt endotherm with individual peaks.

25  Determination of Decabromodiphenylethane Product Assay

[0053] To obtain a GC assay of a decabromodiphenylethane product, the following
procedure should be used:

A) The required equipment includes a Hewlett/Packard 5890 Series II gas

chromatograph or equivalent, equipped with a flame ionization detector, a cool on-

30 column temperature and pressure programmable -inlet, and temperature

programming capability, and a Hewlett/Packard 7678 or -equivalent automatic

injector. A Hewlett/Packard 3396 A integrator or chromatographic data system

20
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B)

)

D)

such as VG’s Multichrom or equivalent is used for data acquisition and analysis.
The gas chromatographic column is a fused silica open-tubular, high-temperature
aluminum clad 12M x 0.53mm, 0.15u film thickness capillary column (SGE
12QCS/HTS5-0, 15; catalog number 051585).

The chemicals used in the procedure are dibromomethane (99%); heliom, zero
grade; hydrogen, zero grade; and air, zero grade. The conditions for the gas
chromatograph are (a) detector temperature: 350°C; (b) inlet temperature; 70°C,
125°C/min to 350°C, hold to end of run; (¢) carrier gas helium at 10 mL/min; (d)
inlet pressure: 4.0 psig (ca. 1.29x10° Pa; 10 mL/min), 0.25 psi/min to 9.0 psig (ca.
1.63x10° Pa), hold to end of run; (e) oven temperature: 60°C, 12°C/min to 350°C,
hold for 10 minutes; (f) injection mode: cool on-column; and (g) injection volume:
2.0 uL.

The procedure involves the following steps: (a) set up the gas chromatograph
conditions as described above. Put 1 mL of dibromomethane in a crimp top vial
and seal it up. Place the dibromomethane on the auto injector and inject it into the
gas chromatograph to insure a clean system; (b) weigh 0.003 gram of
decabromodiphenylethane sample into a 15 mL glass vial; (c) add enough
dibromomethane to bring the sample weight up to 10 grams; (d) cap the vial and
shake well; (e) place the vial containing the sample into a sample block on a
hotplate which is at approximately 90°C. Loosen the cap of the vial slightly to
prevent pressure build up in the vial. Place a 2 mL crimp top vial on the hotplate
at the same time that the sample is placed on the hotplate; (f) after one hour check
the sample and be certain that it is completely dissolved; (g) transfer the sample
into the heated crimp top vial and seal it in the vial; and (h) as rapidly as possible
place the sample on the auto injector and inject the sample into the gas
chromatograph. It is important to inject the sample warm, as the
decabromodiphenylethane will come out of solution as the sample cools.

Results are reported as area % for decabromodiphenylethane and impurities.
Percent bronine is determined by the area % of the constituents as determined by
the method, and known bromine content of each compound. For example, pure
decabromodiphenylethane ~ has 8227  wt%  bromine, and  pure

nonabromodiphenylethane has 80.59 wt% bromine.

2]
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[0054] Novel decabromodiphenylethane products producible and provided by this
invention are characterized by having an occluded bromine content in the range of zero to
about 105 ppm, a mean particle size of at least about 180 microns, a Hunter Color L value,
using an unground sample, of at least about 83, and a Hunter Yellowness Index, using an
5 unground sample, of about 30 or less. Preferred novel decabromodiphenylethanes of this
invention additionally have at least one of the following properties utilizing analytical
procedures described herein:
1) A decabromodiphenylethane assay by gas chromatography in the range of about 98
to about 99.9 area %.
10 2 A DSC melting temperature in the range of about 350 to about 360°C.
3) | A content of ionic bromine (bromide) of less than about 170, more preferably in
the range of about 50 to about 165 ppm.
Decabromodiphenylethane products possessing additional property 1) are more preferred,
and decabromodiphenylethane products possessing additional properties 1) and 2); or 1)
15 and 3); or 2) and 3) are still more preferred. Even more preferred are
decabromodiphenylethane products having all three of additional properties 1), 2) and 3).
[0055] The following Examples illustrate but are not intended to limit the invention to
only what is described therein. In Examples 1-4, decabromodiphenylethane obtained from
wet filter cake of product formed by bromination of 1,2-diphenylethane in accordance
20 with the disclosure of U.S. Pat. No. 6,518,468 that was not subjected to the drying and
grinding or oven-aging procedures described therein was used as the illustrative starting
material. Utilizing the above-described analytical procedures, this wet cake product
contained 810 ppm of occluded free elemental bromine and 269 ppm of ionic bromine

(bromide). The Hunter color values (wherein Y1 stands for Yellowness Index) obtained

25  without standard grinding of the product were:
L 80.61
a ’ 6.39.
b 24.36
YI 60.04
30

[0056] Hunter color values are dependant on the actual particle size. The smaller the
particle size, the lower is the yellowness index (YT) and higher the L (lightness index). All

color values reported herein are for unground samples of decabromodiphenylethane.
22
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hours to renove brornobenzene. The other two sanples that had been heated
at 200C and 230C, respectively, wergxamipigubj ected to the slurrying process
of this invention. Selected %?ysical properties were then neasured for each

of the fdfr LA e preceslugrenf Exdimpds budsseriprd erceni dasthe prnpirar¢ by sper ti es.
The results air@edifegN al@le® Woiidn Tlthe shthe idecavbin6dpiich@enhbr ¥ ple@d wer ns used

have the 5 foll ow ng _neani ngs: Man PS denotes n %i“e. aver.ag particle
Cive; Free BPOPHUBOLEE Prear Bf EenPAPT BN S FHaE T S0 atelie e he
product; andfibarnhemalgenol @8 diicsbiids ioothis expelmnairid @ymmarzed innablef. Col or
val ues are reported in the normal fashion using unground sanples. TABLE I
15 EXAMPLE 3
[0059] The procedure of Example 1 was again repeated except that in this case the
concentrated slurry was formed from still another portion of the same
decabromodiphenylethane and bromobenzene in proportions of 18 wt% of
decabromodiphenylethane and 82 wt% of bromobenzene. The data from the analyses on

20  the dried solids from this experiment are summarized in Table L

EXAMPLE 4
[0060] The procedure of Example 1 was again repeated except that in this case the
concentrated slurry was formed from yet another portion of the same
25  decabromodiphenylethane and bromobenzene in proportions of 18 wt% of
decabromodiphenylethane and 82 wt% of bromobenzene and the concentrated slurry was
held at reflux for 14 hours. The data from the analyses on the dried solids from this
experiment are summarized in Table I. In Table I, the term "Free Bromine" refers to free

elemental bromine that is occluded in the product.



Heati ng Tenperature 200C Heating Tenperature 230C Not slurried Slurried

Not slurried Slurried Hunter col or L 81.36 86.57 76.93 83.16 a 1.72
0. 85
WO 2008/057644 PCT/US2007/076169
TABLE 1
Untreated | Product Product Product Product
Property Units Dried from from from from
Wet Cake |Example 1 | Example 2 | Example 3 | Example 4
Free ppm : " "
Bromine (wt/wt) 810 364 226 186 129
Tonic m
Bromine ?\l;t o | 269 512 601 307 271
(Bromide) ’
Hunter
Color _
L 80.61 82.23 82.83 84.86 81.86
a 6.39 4.96 5.35 3.55 1.5
b 24.36 21.06 21.92 19.40 15.83
Y1 60.04 50.44 52.26 44.30 35.83

[0061] It will be noted from the above results that reductions in occluded bromine

contents of the decabromodiphenylethane were achieved. Similar results on free bromine
5  and ionic bromine are expected when utilizing an embodiment of this invention involving

grinding of the concentrated slurry of the decabromodiphenylethane. The grinding should

further improve the Hunter Color values.

[0062] Similar or comparable reductions in occluded bromine contents of other solid,

highly brominated aromatic organic compounds are deemed achievable by the practice of

10 this invention under appropriate conditions.

EXAMPLE §
[0063] A sample of decabromodiphenylethane wet cake as produced in a commercial
plant facility for the production of Saytex® 8010 flame retardant (Albemarle Corporation)
15  was obtained and divided into two parts. One part of the sample was heated at 200°C for’
six hours in an oven and the other part was heated at 230°C for six hours in an oven. Two
100 gram samples were taken from each of the two heated samples giving a total of four
individual 100 gram samples. One of the individual samples that had been heated at
200°C and one of the individual samples that had been heated at 230°C were then stirred
20 each as an individual slurry with 300 mL of bromobenzene at 156-158°C for six hours,

followed by filtration and drying at 160°C for 6 hours to remove bromobenzene. The

24
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other two samples that had been heated at 200°C and 230°C, respectively, were not
subjected to the slurrying process of this invention. Selected physical properties were then
measured for each of the four samples in order to assess differences in physical properties.
The results are given below in Table II in which the abbreviated terms used have the
following meanings: Mean PS denotes mean (i.e. average) particle size; Free Br2 denotes
free elemental bromine that is occluded in the product; and Ionics denotes ionic bromine

(bromide). The Hunter Color values are reported in the normal fashion using unground

samples.
TABLE 11
Heating Temperature 200°C Heating Temperature 230°C
Not slurried Slurried Not slurried Slurried
Hunter color
L 81.36 86.57 76.93 83.16
a 1.72 0.85 2.35 1.78
b 16.85 13.32 11.23 8.87
YI 38.85 28.52 28.60 20.48
Mean PS (u) 96.81 278.2 105.3 182.7
Free Br2 252 ppm 102 ppm 34 ppm 0 ppm
ITonics (ppm) 474 ppm 113 ppm 453 ppm 162 ppm

[0064] As seen from the data in Table II, the combination of heating to a suitable
elevated temperature followed by slurrying improved the Hunter Color L wvalues,
decreased the Yellowness Index values, increased the mean particle size, decreased the
free bromine content, and decreased the content of ionics. The increase in mean particle
size translates in part to a reduction in the content of fines, which in turn improves the
handling properties of the product and reduces the likelihood of dust formation. |

[0065] 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
name or chemical type (e.g., another component, a solvent, or erc.). It matters not what

preliminary chemical changes, transformations and/or reactions, if any, take place in the

25

Mean PS
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components and/or ingredients in the present tense ("comprises”, , etc.), the reference
is to the substance, component or ingredient as it existed at the time just before it was first
contacted, blended or mixed with one or more other substances, components and/or
ingredients in accordance with the presenf disclosure. The fact that a substance,
10  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
of no practical concern.
[0066] As used herein, the expression' “at least about 1 hour” means the same thing as
15  “about 1 hour or more”. The same applies to other instances where the phrase “at least
about” may appear.
[0067] Except as may be expressly otherwise indicated, the article "a" or "an" if and as
used herein is not intended to limit, and should not be construed as limiting, a claim to a

single element to which the article refers. Rather, the article or "an" if and as used

20  herein is intended to cover one or more such elements, unless the text .expressly indicates
otherwise.
[0068] Each and every patent or publication referred to in any portion of this
specification is incorporated in toto into this disclosure by reference, as if fully set forth
herein.

25 [0069] This invention is susceptible to considerable variation in its practice. Therefore

the foregoing description is not intended to limit, and should not be construed as limiting,

the invention to the particular exemplifications presented hereinabove.



resulting mxture or solution as such changes, transformations, and/or
reactions are the natural result of bringing the specified conponents

t oget her under the conditions called for pursuant to this disclosure. Thus
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- conposition. Also, even though the clainms hereinafter may refer to

subst ances, conponents and/or ingredients in the present tense
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7. A process of preparing a decabronodi phenyl et hane product having a
reduced content of occluded brom ne and having a conbi nation of inproved

properties, which process conprises: heating the particul ate
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comprises:

> forming from decabromodiphenylethane product, a concentrated agitated slurry in an
inert organic liquid diluent and heating such slurry at one or more temperatures in the range of
60°C up to the temperature that is just below the temperature at which thermal decomposition of
the decabromodiphenylethane product begins, the occluded bromine content of the resultant
particulate solids being reduced in the process, said slurry containing during said period no
more than 5 wt% of dissolved decabromodiphenylethane product being treated in the process;

and

> recovering resultant particulate solids from the siurry and heating such particulate solids

at a temperature in the range of 150 to 23 0°C and for a period of at least 1 hour.

10. A process as in any of Claims 2-9 wherein the slurry contains during said

period no more than 3 wt% of dissolved product being treated in the process.
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11. A process as in any of Claims 1-9 wherein 50 wt% or more of the inért organic

liquid d11uent is a liquid bromoaromatic hydrocarbon.

12 . A process as in Claim 11 wherein said liquid bromoaromatlc hydrocarbon

comprlses bromobenzene
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