PREPARATI ON AND PROVI SI ON OF HI GH ASSAY DECABROMODI PHENYLETHANE TECI | NI CAL
FI ELD [ 0001] This invention relates to the preparation and provision of
hi gh assay reaction-derived decabronodi phenyl et hane products and their use.
BACKGROUND [ 0002] Decabr onodi phenyl ethane is a tinme-proven flanme retardant
for use in many flanmabl e macronol ecul ar materials, e.g. thernoplastics,
thernosets, cellulosic materials and back coating applications of very high
quality. [0003] Governnent al regulating agencies tend to be noving away
frompartially brom nated anal ogs and nore towards perbrom nated conpounds
as evi denced by the r (HEAﬁéﬁ ¥rdous Subst ances)

directive (2002/95/EC) rel aﬂ%QRPMQWIEIENﬁEF?FéNFy brom nat ed di phenyl

oxi des. Even with the exenption of decabronodi phenyl oxide from RoHS per
2005/ 717/ EC, the regul ati ons hav ar enough in terns of the
accept abl e nonabr onodi phenyl oxi grg%@hﬂggﬁ‘t%ﬁhﬁel ectrical and electronic
products. Son@oghdriusersitibhefagdsoo enef ;héuzhahbn mmcp:mlom ablhigh wsiyngadtios-
comer ci al degabr. h. si gnlfl cant anmounts of

nonabr onodi ﬁgﬁveﬁgemgagoga}ég}fﬁﬁmepmdum mflﬁlen}ln order to neet the strictest
|nterpretat|on of Rot IS by the end users, a high purity version of

- decabr onodi phenyl oxide is being nﬁ&&ﬁh‘?ﬂ) Al bemarl e Corporation. In view
of the confusion concerning the presence of small quantities of | ower

brom nat ed i M\42} tPesgbrpmodithendtizne iy ettiredueien ghoduetsianttfhepee insmphyus a need
i n the mar kety,Rl30€ nhabmbLGh: A8, RE! m&%bfaﬁfc@%eﬁﬂl@s@@ e BhaS Aant S [ 0004]
Decabr onodi phenyl et hane is presently sold as a powder derived fromthe

broni nati ona@ﬁbaik?aﬂ?g‘ﬂ?élr’ﬂﬂ“é’?ﬁ%ﬁéyhlw]g‘ypr| or processes for effecting
such brom nafoos a@@eltnh]@ntglr Aol QRNIMORRS I8 e URSGES la@@ly it psiaat . Nos.
6, 518, 468; 6, 958, 423; 603, 49 6, 768, 033; and 6, 974, 887

Dccabr onodi pﬁlﬂ’ﬂ}‘i‘@@h‘ﬁlﬁleg%%{@ ‘B@%rﬁo%‘hﬁf%?‘&ﬂ“?t?’ Eﬁ”&)‘i?ﬁ‘&déd‘s tﬁ’)‘/ld‘frﬁéd S¥dhegnee of

this appli catdcem Eﬁmon(Rysuy@alﬁ 6n M figusdBubdtaldebabictciveqe@e R s/HEq edhihainch of

product was anal yzed GC procedur A.revi ew of .the GC anal yse

i ndi cated t h&t"t epé’\/‘%%lyag)éouﬂ)‘f]%‘?ﬁ ndzp’ ﬁt gHtesor BYar W%O@“bﬁf‘?f‘??élgxo?fs

decabr onodi phmylbelbhatmeylprxmdumn Walss 981 BiD5/at BacC pnlads mmhumds ﬂlhveandB-bSéngn’B.
preci sion of C]G}I e%ou h ifte ) m ?%e qccepta 18 S5t nyl )%deano%t Sih elec:tnc & Pr oduct
froma given run rgow assa ecapro 8 ¥ ané in e regi on
of about 99 akeetamprexr@em ang ea@we theaerfdehmh1tSmmlf@tahbmsma@esmsmgmwf| cantly
| oner GC assays,Whh&pRRtaLAR, The, & I anpgt be

est abl i shed ?r.orﬁ t I(Blepl%n# ormat i on a{/agfﬁ%\m? aIﬂ% ”é“ gl} ot Olllﬁag&nf}og&:ﬁphl c

anal ysi s of egpresigipalty dacadsr orivdi tbhénytsetnkﬂam@ﬂtm@ﬁﬁe}tl%baa&hapmctaebmeal n the
mar ket pl ace Bng”{&ﬁW%Elslﬁﬁwf@e@&%;%d?ph@@}/%xldknlss&% Eﬁa%@[%d b@' Redhfen assays
of a decabronodi phenyl et hane product as high as about 99.6 area percent. In
ot her cases. “@EORHA yHeyeyot é‘tﬁn%?é?ut%lpworﬁ@e%rﬂaﬁrﬂaieb%ﬁy%ln@{l HerBitpy ofduct s
avai | abl e i nidvke biaikel phaGRieNAVIBe HAM Gak®d: Hh&cR! @SN Budh nbBAGH deoner
anounts of decabr ormgl phen | et hane in the product. Information on the

met hod by whi"@HCSUER 'HilH 28R ‘ﬂPIBﬂi?fUtl"%“e\AétFlé'“b“r oduced and the purification
procedures ugmd4] iIﬁecangmodn;ﬂ;xer@mhageen«eﬁ)&kénm avri habl @wider H&lﬁ/e@u‘;ﬂm Ghe [ 0006]
From at | eas t he s gd)p(ﬁl nt o VI di n%i envi r onment aI I i endl process

t echnol ogy, "Wf‘d?rblo PRy’ V1Hg's P ROT Progsinsy & T ”f‘l?eég'i“B]Ia% "or ocesses
coul d be foum(d thh abromipadicoh  pioadies edesribad omr‘iSSstPethdaasSL%SA68 6,958,423;

decabr onodi p t r st ab GC area
bor centof deabr DS SRR 4k R AR SR A S BuRs S T hg
essentially demmﬁ@bﬁbﬂ@dﬁ@hemyhevmmnﬁméBWQDPEN@mSUQMgpﬂmmd@ﬂpus&s

her ei naft er n of as
"hi gh assay g&%gﬂ%ggig&%ﬁeR@%gkﬂénegﬁggﬁﬁ%%&ﬁﬁkb?bggg?(ﬁ ﬁngﬁghssay
decabronndiph@ﬁ?@@th@%et@?oGWéﬁel§HHHW¥ea@ﬁmmnﬂﬁeﬂWVedmmﬁrddué% whli ch term -
as used hereh&m&@ﬁb&ﬁkﬁﬁa&ﬂ@pRhéh@ﬁs9ﬂ?ﬁ%§a5@§%tRH@q%QﬁRQ%h&hﬁﬂ<9ﬁ-the
product is reactlon det'erm ned and not the result of use of downstream
puri fication!teEmegers 0 seheass. heerysivalhoreduenirar aehics i Bgyidshy, or

| i ke procedur@sysbhadcasaiodft8edhhb e tﬁé"h%@fbﬁ'@i* ab@ﬁ%rﬁp(&%ﬂtpb@é'ht efd b, prgoduct .
Addi ng water or an aqueous base such as sodi um hydroxi de to the reaction

m xture to inactivate the catal yst, and washi ng away of non-chem cally
bound inpurities by use of agueous washes such as with water or dilute
aqueous bases are not excluded by the term"reaction-derived". In other
words, the products are directly produced in the synthesis process w thout
use of any subsequent procedure to renpbve or that renobves

nonabr onodi phenyl et hane from decabr onodi phenyl et hane. BRI EF SUMWARY OF THE
| NVENTI ON [ 0007] As a result of extensive research studies, comrercially

f easi bl e processes have been di scovered that can produce a



| east about 99.0 GC area percent of decabronodi phenyl et hane (Bri oDPE), wth
t he bal ance consisting essentially of nonabronodi phenyl et hane (Br9DPE). The
reaction- derived decabronp-di phenyl et hane products producible by this
invention typically contain BrioDPE together with at | east a snal
det ect abl e anount of Br9DPE. However, it is not inconceivable that the
process technology of this invention nay enabl e production of
reaction-derived Brial YPE having no detectable Br9DPE. [ 0008] Mbre
particularly, pursuant to this inventign high ass [eaction-derived

decabr ormocl | Ph&tii BPHR&HE" HrHd B?yF@mbﬁgdﬁﬁghwﬁﬁOgﬁ%ﬁBci@%mﬁﬁP% " UBhpri ses
feeding (i) dmpheﬂyhmﬁhaﬂabmﬁﬁfﬁmnGmhﬁ@pmmiwwhhymbronlnated diphenylethane

having a bro ess .than ab th of (i)
ond (015 sundtPRL CE R Rpe e ERE S B & Bt i R Rk PR e 11 om
conmponent s coempkblsimge exciegsact ifgui dhdmowmifdeuran daed, unsaneneabasaleb biesd s aci d
brom nati on I t ctio ture, t he
cat al yst conggc'%l}?roé? ?%ﬁm[&%&gf) HQ,P'}]Q?anEg ua% Ajéheasgg%l& gf?lglt% §ae B oppIFg tce hi gh
assay reactlGﬁﬁﬁéﬂiV@@w@e@aﬁmmwnmﬂph@mymgﬂmmmeb@m@dqudbBympbbpeHMy

coordi nati ng &an&pﬁa@@p%\a@t umlc%d t hﬁe r ﬁ@g&t@nom Xhdh e, 1o$vae 9@5&@8&
concentrati on, feed tine, assay reactlion-derived
decabronodlpﬁ@ﬁ?Pé@%éﬁ@ﬂﬁP§EUE®eé@ﬁ“%em5W®§W@@Gﬂ@ﬁ“ﬁ*@éﬁsﬂ§$éhﬂ”bésls from
run to run. [aQQyO;Q})duImv@le' PR Bl 28 tha b S cRE Ak S8 Surds ARG i ARV, B8l 368Larly
clecabronDdlphen et hane product produced by a process of this invention,
whi ch product¥8Hpriead®ldt | east about 99.0 GC area percent of

dfecabr ogodi pfc[i@l]%ﬂ e-trdlﬂane 168r ltlQDgE)d}émW bh piohﬁmlgaérﬁﬁ&gneﬁﬁgﬁgr%ﬂlﬁ)gp@&%eh ntially
of nonabr onodi et . dn a pr rred enmbodi nen thjs
Chvent on_ ot SoTHEe S ey e bt B BHER RO R e P
produced by @apmecEsprotfcetdui § domi@dt ibadis awcttiorpsdideigletiaapiédhes that | east

about 99.5 GC area percent d [ with the
bal ance const&fi'Rg es%%%tmmq%()§¢a“mﬁhﬁmﬁnggaﬁﬁgﬁngFﬁgggmfégp > In a
nore preferredh end)b:dmtre [bysistilg smmwlexnbﬁ ormaprovdipiesyletbaet (BolPaer iSued

decabr onodi p C r vention,

whi b product Skt | aan St Uk RLEELHEy W BaRERERF BaRL flof ol W

decabr onocl i pfithy|deedhenedipBmy sDPRE) | Emmmﬁ ‘the Bélrepvere dbn5|§@hnga%€sentially
of nonabr oMOGLLHEANNIRANSE BrARRE) o L00IA1acTe- ghoKe A0dh ghes Lupodi ent S
and features of this invention will be still further apparent fromthe
ensui ng descP?ﬁPNBﬁ“%ﬁhdﬁﬁﬂ%ﬁae@ﬁﬂPéﬁﬁﬁheC@UPTHERODEWAPEEB*EXPEAN%WICN OF
UNDERLYI NG FEATRES (G nbHInS rLWVENTION: BMABLLNG RREORER CORRRLNATLON OF
REACTI ON CONDI TI ONS [ 0011] As noted above, to achieve the preparation of

hi gh assay r Bty HL %ﬁ?v:W“HE@%HPOﬁbdﬁbﬁ@ﬁ?@%ﬁhﬁﬁé“ﬁrﬁgﬁbﬁw depirh)
reaction var bc&iﬂioﬁﬁorﬁdﬁ&h&@@cﬂlﬂl W@d(ﬂ@ V\Mtdl o Qfﬁé‘c]%e@ts Bese sidh MBYSurh Agdroti@sul t i n

t he productlon A .conme ﬂ% Y f eas |bIF manner I n order
to understand)?ﬁngHF P?Ef ?‘8ﬁgﬁf%t%ﬁﬁﬂd“t SEPIBR AV ORT VAYIIEBI®Y  t he

fol |l ow ng undamhymnguaﬂnaﬂpm$qdemeWﬂnedu@uﬁsuammmta(ﬁngqmmmem@hmm on the
basi s of ext S h studi es have t aken i nto, consi tion

[ 0012] Flrstﬁ& kMﬁrdﬁ)qﬁg%un "the"déca ronngfﬂﬁgﬁyré? gﬁ%asﬁgdgw'“broduced
by feedi ng DPEdgad/nohe prhEPEpm@ssawnleacme ofi amy subgpencpntedimitngnave ar ge
excess of 1|i as referred to
above is con9€%gn§§9%§ﬁﬁﬁ@aggégﬂ%%H%?@ﬁ?%%?ﬁ%ﬁdﬁg%?kM%%% tolimted
solubility of BrioDPE and Br9DPE i n brom ne one cannot sinply add
everything together and tRpeigRgahiMARY'GeBlikINVENTIgRe for a period of

time. Once precipitated, such materials cannot be redissolved in any
reasonabl e t IR 1ofAss.reerligrignsivepweiel padiesh semiprebaicasitle svrsessilays woul d be
conpl et ed. Radeh@fscovated Y cdnSERBE o Qgcat)ﬂoﬂiﬁdlpﬁeh?letlﬁﬁlﬁrﬂl&Elctsthﬁy&n}%ﬁgeg rated in
Bri nDPE. The instant nore DPE and/or pb-DPE is added and is brom nated to
5r ODPE and BFIDBRE! YohSthiy PRESY Pr ECipodbentidops (CugPaatih 465 on of

t he brom ne wilinke BdSﬂsQE)B;EessérftlamJﬁh nBr8bRkdibsenple@SRN{BryTEN). t THeSre@GRHr S, it
can and will coprecipitate with the BrioDPE inside the particle, leading to
| ow assay product. [0013] Secondly, by slow ng down the rate of DPE and/or
pb- DPE addition, the rate of precipitation (e.g., Ibs/hr) is decreased.
Then there is nore tine for the BrO9DPE 1 0 becone brom natecl. Thus, rate of
DPE addition (all else being equal) has a very significant affect on the
assay of the product, the slower the addition of the DPE and/or pb-DPE, the
hi gher the assay. However, slow DPE and/or pb-DPE addition sl ows
productivity of the plant. To maxi m ze decabr onodi phenyl et hane product
production in a conmercially-sized plant, the DI E and/or pb-DPE should be
added as fast as possible, preferably in, say, about two hours, nore or



1) adding nore alum num based catalyst, i.e., operating the process with a
hi gher concentration of alum num based catalyst in the reaction m xture;
and/or 2) increasing the tenperature of the reaction. This of course can
require pressure greater than atnospheric pressure but this does not
constitute a significant problemin the operation of a cormmercial plant. If
one elects to nake a sel ection as between approaches 1) and 2), the
approach of 2) is deened preferred due to cost of the catal yst and renoval
and disposal of the resulting alumnumsalts. Neverthel ess, approach 1) is
commer ci al | y9F&45¢ F%F@O‘aﬁﬂ‘l’ﬁ%ﬁ]e%"%%’&c“ PiodcaRle by thisjinyenyioa ypigally copép may” be
mor e pref err egd, P @gmmmat le@p e kRhll @lectaBleUhioliht2€ Ba,DPBNMPoRATHr ONisGht
approaches 1) and a} ﬁ% with a cormerC| al | y-feasi bl e DPE and/ or phDPE
feed rate to"tcﬂ‘é:e‘r”%éecﬂab RXETr &R PlsBl BTeERL BEY SBPSmPRER f"he li qui d
state and t hecaadoannierwemBoaBEithavak ab yatcabledIHIE. Accor di ngl y, one exanple of a
coordi nat ed E&bgof CrgndzfltEchBa ur suart1t tIt]o this inv nti,op for rodu ing a
decahr onodi pheml X Han Gt Tt “CofpritE8dohi i e 4%t 4Bt %ﬁ‘é‘ GC area
percent of dé@ahpmnd)phepﬁemylb @tddaqias ﬁrBﬂuo@@S&E@ propdst whicheobprisanteedicpfisi st i ng
essent | g'g' y afph&%ﬂyﬁeng%w | PRHLAS OANGLBLBRE ke mal MO S hitRfe RlnobNe

bromi nati on; lﬂétllawo‘pjrt‘é@@hdﬁ’m ror (ilebothecd €ip prsHiihiuktugines iop tatlighidabase about 2000
ppm of al um QUMAS, Ak« UBHTMMEORSBR bR ScoftpliGnP LALLM AL i P Bkl Y Pt
resulting fromaddition to the reaction m xture containing excess |iquid
bronmi ne of efREVMRItAILENE agid PrATHEACR Aty oYhsiel B teaealuteraf Migrfedcarn |

al um num powWggiure, athé! 0AWNCEAMERIANES an@ kHaMReUINE latel JABRIinaRl Go plogﬁceemg@l um num
halide in which the hal ogen atons _are chlorine and/or brom ne, preferably

al unmi num chl BFPABEAEP-EAF R AerAvBediPaaycthitg Peylugh RYRTPRCEN CPURBMINgLTF e of at

| east about &@ﬁelﬁmfe $TaBd readtfon ﬁhﬁitmal lhe cohlyith@ndeataion bmonhanatd amerg@act i on
time. [0015] Anot fte g rr(})%1 9 Zd i eﬂb]nate set of conditions, ursuant to
thi s inventi OAVFGIBYOANET Hg? éo"&“ LABPETBET BREHY PR HAmRE (S’Blficf{”“ts

conpri ses at bdsgdsin I‘&ﬁ)@lﬂln 99.0 GC area percent of decabronodi phenyl et hane
E]Ernla‘gﬂjﬁzj di p eﬁ9 | re)l? sqg\!e no%eaéfﬁcolzp%svllc eg Ireg V:dgnewﬂelélgieca;b o%( }_(ljchp 1en|y16thane n%loduﬁ

m ni znui n f eeddycedrey @tnoa@@uﬁthsuwetmwr wlnr:lnplad@at:@hpdaqrsomlemabmm|€i9 0BC t he
presence in the t 50 num as
an al um num bas c? %gwas)%gégg)’gbg&gheg lgfﬁ%ngn%%%ﬁ)g? th} etg% b'?l?lﬁlg (I’)%Ls’ngéddl tion
to the react Pt plpenabiomedipheinpigthac@sPE).qun g brefed endpdisierthdis met al | i ¢
al um numin ﬁlvérﬁﬁﬁnpwms @&c@cln%1%%éc%r&nocﬁﬂh‘émlam H)Q(Wd@tr plo@JcU&“b?LH“
turnings, alumnumfilings, etc., or an alum num halide in which

hal ogen at on’ﬁlo%?ﬁe‘)fdh‘f’ SMEREN AT IoR OB omRESes B leskpbeny %P qa@ﬁﬁfeﬁﬂﬁﬁc%fﬁpf)rl de or

al umi num br oaacﬁtﬁom@dydlenﬁe)thaaereﬁfabp@ﬁ mﬁm%awar@eoton@gudge%ssren@mg)%f 60C for
nost, if not all o(; f e% brom pation reaction tinme [0016] On the
basis of the“cfnﬁli”@é}% Pﬂjmfl?t et Pabrie Bxamrerelred soPulinetedisr BYEHPbn
conditions t h@&&es@@qcﬁdﬂ dei1vddmeE%ﬁnlﬁﬂfph&‘ldylethqﬁﬁ)miocbﬁt p’ibclueedt@ "QE(V(%LSC@ i her sets
of properly coord sets of reactlo con g roduce a
decabr onocl i Bﬁeenrtfﬁ)/ ﬁ%‘c e PP SHUYIRS: 6 F&?Fl 8%t [Q st"‘reei‘bé’ﬁ‘ice 9°0 CC area
percent of deacaiwmnndxmpmelwé e{tanBE) Bwitlﬁ)DlBE) palwvict hcdnbletlrigale&mﬂtallyonﬂl sting
essentially S’Jnat{l@ﬂé*ﬁ?ﬁ%ﬁ'ﬁ&!n%hﬁée%ﬁ)ha”e (Br9DPE). Thus, on the basis of a

few experinental reactions skill in the art can readily determne in
any given callll gee agfve gohdilti onmdinpmsanhifevirgott hissinvarpar véhbe sid hi ghl'y

desirable r eﬁMl}é qp;FPJnt @&ﬁﬁpl umgfdes%uﬁ%olngifnd 2???3%%&1 aﬁuﬂss ctuTied out at 60C

with a two hour feed tine an ppm o num charged in one of the forns
illustrated above in an excess of liquid bromne, and the desired assay is
not obtai ned, on the basis of the foregoing illustrations, one could either

i ncrease the tenperature or the concentration of alumnumin the system or
bot h, know ng that doing either would increase the assay.



FURTHER DETAI LED DESCRI PTI ON OF EMBODI MENTS OF THI'S | NVENTI ON [ 0017] As
used herein including the clains: 1) The term"reaction-derived" neans that
the conposition of the product is reaction determ ned and not the result of
use of downstream purification techniques, such as recrystallization or
chromat ography, or |ike procedures that can affect the chem cal conposition
of the product. Adding water or an aqueous base such as sodi um hydroxide to
the reaction mxture to inactivate the catal yst, and washi ng away of
non-chem cal ly bound inpurities by use of agueous washes such as with water
or dilute agueous bases are not excluded by the term"reaction-derived". In
ot her words, tRERPHERUDLEBARED EXPIECNAYIGN OFUNEOERDY INEFEXTURESIGF pr ocess

wi t hout use of THIS/INVHMNHQINBNA PLING #ROPERIC 0ORDYEA DION DEREATDIORS

nonabr onodi phenyl et hane (Br9DPE) fe@wbi@oalr onodi phenyl et hane (Brl DUPE).

2) Unl ess ot (8113 s'e spelhbdvedio mhevé&mﬂpmhhghnaﬁsmwlMBaﬁSakhatmimei

reaction-deriv. br dlph n eth ro uc conpr east about
99.0 GC aread%éfggﬁfﬁl?ﬁeé?g r§ & ﬁwm.eﬁ§ H%ﬁbb @?fﬁ mﬁ %‘?ﬁe bal ance

consi sti ng es$enhivaly$ yhapfesult in the production of such plOdUCt in a commelclally feasible
nonabr onodi pheny| ef:nane (BrRPRRPIET SLLSS

decabrottlode‘ﬂ%eény%letﬂ%neprociuctdb1 H%géggﬁ éggﬁég%kb%%gonVHMkaﬂw
decabronodlpﬁ@ﬁ?ﬂéﬂﬁéﬁbﬁﬁd%ﬁﬁ@ﬁr@W@PW@dW@%@ml@nméemwméﬂlOntmﬁb%w‘ﬁ

decabr onodi phegyivelhans sRERIMGE bEAMREL SR oRlidel@BSt 99. 7% of Bri oDPE, in
both cases, with the bal ance consisting essentially of

nonabr omodi pHeRJ| @Efﬁaﬁé”(%?aglﬁlbé)e deggproyiediphey gihagfi Ip%lﬁw@%%h@ fepringns

1, 2- di phenyl @Pbaﬁlﬁorlﬁm[ﬁ&&og&é’h@ﬁdﬂ $iRuER@Aainin A lards deePoPhpyh:ehiAang 1 s al so
known as di ben enzyl. The term "partia Hg brom nat ed

duphenylethaﬁbiﬁﬁwwﬁﬁmﬁ B?@%?ﬁ%‘ﬂﬁﬁﬁé%“ﬁﬁiFégg“W P Bp & Ot RRMin#®ans t hat
di phenyl et hang, a@nb ainnsd ajmbauyebta@eomﬁz 'JHESBSQUPEEM] bﬁomdmeazinﬁa sahyTRddas

substltuents on the or. groups of he term
subsur  ace bt PR S Bl slleaiBR uiiete Tna”BRRY AL

cont i nuous bm@nmnwﬂcnmmammnmgchqumde@habainﬁm@hemmeabtmmnﬁﬁnmUmn@ [ 0018]
In each proc n e ne and/or partially

br omi nat ed d?x guﬂ thaml_?%n ';h ‘6?0'1 naglﬁn é)v\c/nb]% be cglb;rge}QtX(!l eznf’;u tan} ln_Ftﬂjilt o@ tlmte,han about

two is fed tde élqnemwamtmmm ur Bridbht é"hﬂmgnelnmeﬂ?@sgd/amm’E of adi¢dqui d
bromi ne and {he;agRLRREdaLL B@mntdmofglgbw @Mﬂéuﬁlﬁ‘%%%s!- Wcfidde! §heb[om nati on
catal yst. The reaction m Xture may al so contain | nic sol vent or

di | uent such“@@“@ﬂﬁwndﬂﬁﬁ?B@@W&t@@lﬁy@?ﬂ%aﬁ%@ﬁd(BwBPEle@ﬁWtM@@Téﬁ%thane

di br omomet hag@urs kit zan%@rw@lﬁre&ﬁ&qn@m “:lrmznéifsﬁmp@n%@mggamé}@ Jeaafl B8 RDEt hane,

tri brononet hane, or the like). Such solvent or diluent can be added during

the course ofSS¥HEMEaction |f desired. [0019] The di phenyl et hane and/ or

partial Iy brpoizatsedndi phanyiet fancnhear dDHEefdionpdaPE ausidnOmhiBate For
exanple, it can be fed in adm xture with liquid bromne, as a solution in

an i nert or gBRTEILY) Gént> 6P it isent Cafess Parerde boPabBy & femeas a
M xture wit horbathedr i Nee aNDPE n@mﬁonqmgam 2ing @@ tas OFerdbibhi@fint Ftkeh as

referred to ab AIterna i.phenyl e ne.and/ artially
bromi nated di'p %ﬁ$$”¥ﬂmﬁ@) %BéOW%dE (“FW%°¥%?§$gFmB%ﬁglﬁﬁi§F$5$8||ds or
in nmolten comda%monHOW@©Q@mwﬁxﬁégﬁkmmomﬂﬁedﬂmomﬁedspmdmheqhﬁwhsmaﬁjd

catal yzed brof .rr;sgﬁﬁlzga% L6 RG0AAn H Bl SR ool §ioh %gaccgo'm%{‘mmnma ol !
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3) a reaction temperature of at least about 60°C for most, if not all, of the total
bromination reaction time
[0016] On the basis of the foregoing illustrative examples of coordinated reaction
conditions those of skill in the art will now be able to develop other sets of properly
coordinated sets of reaction conditions which will produce a decabromodiphenylethane
product that comprises at least about 99.0 GC area percent of decabromodiphenylethane
(BrioDPE), with the balance consisting essentially of nonabromodiphenylethane
(BryDPE). Thus, on the basis of a few experimental reactions one of skill in the art can
readily determine in any given case a set of conditions for achieving this important and
highly desirable result. For example, if a pilot reaction is carried out at 60°C with a two
hour feed time and X ppm of aluminum charged in one of the forms illustrated above in an
excess of liquid bromine, and the desired assay is not obtained, on the basis of the
foregoing illustrations, one could either increase the temperature or the concentration of

aluminum in the system, or both, knowing that doing either would increase the assay.

FURTHER DETAILED DESCRIPTION OF EMBODIMENTS OF THIS
INVENTION
[0017]  As used herein including the claims:

1) The term “reaction-derived” means that the composition of the product is reaction
determined and not the result of use of downstream purification techniques, such as
recrystallization or chromatography, or like procedures that can affect the chemical
composition of the product. Adding water or an aqueous base such as sodium
hydroxide to the reaction mixture to inactivate the catalyst, and washing away of non-
chemically bound impurities by use of aqueous washes such as with water or dilute
aqueous bases are not excluded by the term “reaction-derived”. In other words, the
products are directly produced in the synthesis process without use of any subsequent
procedure to remove or that removes nonabromodiphenyl ethane (BroDPE) from

decabromodiphenylethane (BryyDPE).

2) Unless otherwise specified, the term “high assay™ means that the reaction-derived

decabromodiphenylethane product comprises at least about 99.0 GC area percent of

decabromodiphenylethane (Br;pDPE) with the balance consisting essentially of

nonabromodiphenylethane (BryDPE). Preferred reaction-derived
decabromodiphenylethane product comprises at least 99.5% of
decabromodiphenylethane and more preferred reaction-derived
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decabromodiphenylethane product comprises at least 99.7% of BrigDPE, in both cases,
with the balance consisting essentially of nonabromodiphenylethane (BryDPE).

3) The term "diphenylethane" means 1,2-diphenylethane unless otherwise specified. 1,2-
Diphenylethane is also known as dibenzyl or bibenzyl. The term “pattially brominated
diphenylethane having a bromine number of less than about two” means that
diphenylethane contains an average of less than two bromine atoms as substituents on
the phenyl group or groups of the compound.

4) The term “subsurface™ denotes that the feed occurs below the surface of the continuous
bromine-containing liquid phase of the reaction mixture.

[0018] In each process of this invention, the diphenylethane and/or partially brominated
diphenylethane with an average bromine number of less than about two is fed to a reaction
mixture containing an excess amount of liquid bromine and the appropriate amount of
aluminum-based Lewis acid bromination catalyst. The reaction mixture may also contain
inert organic solvent or diluent such as such a halogenated hydrocarbon (e.g.,
bromochloromethane, dibromomethane, 1,2-dibromoethane, 1,2-dichloroethane, 1,1-
dibromoethane, tribromomethane, or the like). Such solvent or diluent can be added
during the course of the reaction if desired.
[0019] The diphenylethane and/or partially brominated diphenylethane can be fed in
various forms. For example, it can be fed in admixture with liquid bromine, as a solution
in an inert organic solvent or diluent such as referred to above, or as a mixture with both
bromine and inert organic solvent or diluent such as referred to above. Alternatively, the
diphenylethane and/or partially brominated diphenylethane can be fed in the form of
particulate solids or in molten condition.

[0020] Excess bromine is used in the Lewis acid catalyzed bromination reaction.

Typically, the reaction mixture will contain in the range of at least about 14 moles of

bromine per mole of diphenylethane and/or partially brominated diphenylethane to be fed

thereto, and preferably, the reaction mixture contains in the range of about 16 to about 25

moles of bromine per mole of diphenylethane and/or partially brominated diphenylethane

to be fed thereto. It is possible to use more than 25 moles bromine per mole of
diphenylethane but ordinarily this is unnecessary.

[0021] The feeds used in the practice of this invention are composed of (i)

diphenylethane or (ii) partially brominated diphenylethane having an average bromine

number of less than about two, or (iii) both of (i) and (ii). When both diphenylethane and
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partially brominated diphenylethane are used as feeds, these feed components can be fed
as a preformed mixture or they can be fed separately, either concurrently, or sequentially.
The components in such mixtures or separate feeds can be in any proportions relative to
each other.

[0022] Aluminum-based Lewis acid bromination catalysts are used in the practice of this
invention. The catalyst component as charged to the reaction mixture can be in the form
of metallic aluminum such as in the form of aluminum foil, aluminum turnings, aluminum
flakes, aluminum powder, or other subdivided forms of aluminum metal. Alternatively,
the catalyst component as charged to the reaction mixture can be in the form of an
aluminum halide in which the halogen atoms are chlorine atoms, bromine atoms, or a
combination of chlorine atoms and bromine atoms. A feed of aluminum chloride is
desirable from the standpoints of economics and ready availability of that material. A feed
of aluminum bromide is desirable from the standpoint that it is more soluble in liquid
bromine than aluminum chloride and thus can be fed into the reaction zone along with
liquid bromine, which is one desirable way to operate. The amount of aluminum-based
catalyst used has been referred to above.

[0023] The reaction mixture should of course be kept anhydrous and free from exposure
to light. The bromination can be conducted on a batch, semi-continuous, or continuous
basis. Conduct of the reaction on a batch basis is simpler as it typically enables use of
slower feeds and longer reaction times than other modes of operation.

[0024] The GC procedure for wuse in determining the composition of
decabromodiphenylethane products whether formed by this invention or otherwise is as
follows.  The gas chromatography is on a Hewlett-Packard 5890 Series II gas
chromatograph equipped with a flame ionization detector, a cool on-column temperature
and pressure programmable inlet, and temperature programming capability. The column
is a 12QC5 HTS capillary column, 12 meter, 0.15u film thickness, 0.53mm diameter,
available from SGE, Inc., part number 054657. Conditions were: detector temperature
350°C; inlet temperature 70°C; helium carrier gas at 10 mL/min.; inlet pressure 4.0 psig
(ca.1.29 x10° Pa), increasing at 0.25 psi/min. to 9.0 psig (ca. 1.63x10° Pa) and holding at
9.0 psig until the end of the run; oven temperature 60°C with heating at 12°C/min. to
350°C and holding for 10 min.; and injection mode of cool on-column. Samples were
prepared by dissolving, with warming, 0.003 grams in 10 grams of dibromomethane and

injection of 2 microliters of this solution. The integration of the peaks was carried out
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the DPE feed was discontinued at which tine 95 grans of solution had been
fed. The reactor was cooled partially, vented, and 150 niL ice water added.
The contents of the reactor were transferred to a 1-liter reactor set for
distillation. An additional 300 nL water was added and brom ne distilled to
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decabr axbelinhensialls arailablgsosies swishledpnay ipantegriape Be ipspise! 4 Proagtogizgh

fol | owi_ng,ex r ent.e 1%;19@ I '

i nvent 6\ .be éaz})ﬁpaﬁjzu'guﬁ}{g%s f‘gicég ct%l gﬁ ene{li&ft @yg?&?%?%bn Sgﬂ}]si’ gﬁoéaefs‘%d;l{/ess
react i @nsTderiiyjet Bikel ahuirraod Khkngs,R1ha2sd 9pThe addrepursi@int Incorpptuitsl isrA08#t i on
using a high reaction tem%erature in the bromnation reaction. Exanple 3
shows KaenerlasesAwting Hkeid ts%rrper ature, use of |ow catalyst concentration,
and fast feed of diphenylethane (DPE). [0030] Exanples 4 and 5 illustrate
t he production of high assay reaction-derived decabronodi phenyl et hane |

pr oduc{0028] e Fillplwing exzemile # presestedflonpurndses of Bhustatiane i is natingendedia Waiti on

catal yst.. Exanple 5 al so shows that sonewhat..l ower ,t.e r used
whi | ¢ S PTORB 46 AR R Py BeC P e Ao Bub e B Bl ARG
EXAVPLER loh 8f hOA3ddsay heasidR-dekivéRak@basingigiaylethaheagbict (Bitg hizhl e
from Ace ass) equi pped as described in Exanple 1 was again used. The

r eact orconvestrettoas géalumiinim-baga lpvesacia bramineiancistadystde and 920 grans

brom ne. The pressure bottle was charged with 116 grans of 40 wt %

di phenyl et hane (DPE) in di brononmet hane The broni ne was sparged with HBr gas
for 10 mnutes then allowed to st aRXAMNMPLE thours, The m xture was heated to

82. 7C under pressure and feed of the DPE sgolution at .a constant rate Bfagan
at ti mi0@26] Tgerqaéﬂlqnbwsm sedvassprppEdotidetf0-mlydaeketed pressure reactor (available

from Ace Glass) equipped with a thermocouple well with thermocouple, mechanical stirrer,
1/32-inch (ca. 0.08 cm) 1.D. diptube and a 0°C cooled condenser, the latter being connected to a
Teflon polymer back-pressure regulator by means of 1/4-inch (ca. 0.64 cm) O. D. Teflon
polymer tubing. Connected to this 1/4-inch Teflon polymer tubing, immediately before the back-
pressure regulator were a pressure gauge, provisions for adding a small nitrogen purge, and a
connection to the vapor space of a pressure bottle. The reactor was heated by circulating heated
water, the temperature of which was controlled to give the desired reaction temperature, through

the jacket.

[0027] The reactor was charged with 10.4 grams aluminum chloride and 924 grams dry bromine.
This was sparged with anhydrous HBr as it was heated to 50°C over 10 minutes. The pressure
bottle was charged with 40 wt% DPE in dibromomethane. The reactor was heated to 60°C and a
continuous feed of the DPE solution, via the diptube that was subsurface to the bromine, began

at time 0 by use of a peristaltic pump. The following data were recorded.
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] 60 g LATe
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240 5E8 41 (334x107 Pa)
280 LX) 41 (AR4x 10 Pa)
32 G20 41 3R P
401 G2 41 384X 100 PR
435 62.2 43 (L8x 10 Pa)
460 7N 41 (3B 10 Pa)

[0028] At time 477 minutes the DPE feed was discontinued at which time 95 grams of solution
had been fed. The reactor was cooled partially, vented, and 150 mL ice water added. The
contents of the reactor were transferred to a 1-liter reactor set for distillation. An additional 300
mL water was added and bromine distilled to 100°C. After cooling to 55°C the solid was
collected, water washed, and oven dried at 125°C. GC analysis indicated the reaction-derived

decabromodiphenylethane product contained 99.8% of BrioDPE.

[0029] The following examples are presented as comparative examples not of this invention.
Example 2 illustrates the benefits of forming a high assay reaction-derived
decabromodiphenylethane product pursuant to this invention using a high reaction temperature in
the bromination reaction. Example 3 shows the effect of lower temperature, use of low catalyst

concentration, and fast feed of diphenylethane (DPE).

[0030] Examples 4 and 5 illustrate the production of high assay reaction-derived
decabromodiphenylethane product using high concentrations of aluminum-based Lewis acid
bromination catalyst. Example 5 also shows that somewhat lower temperatures can be used

while still obtaining high assay reaction-derived product.
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COMPARATIVE EXAMPLES

EXAMPLE 2
[0031] The 500-mL jacketed pressure reactor (available from Ace Glass) equipped as described
in Example 1 was again used. The reactor was charged with 2.06 grams aluminum chloride and
920 grams bromine. The pressure bottle was charged with 116 grams of 40 wt% diphenylethane
(DPE) in dibromomethane. The bromine was sparged with HBr gas for 10 minutes then allowed
to stand for 2 hours. The mixture was heated to 82.7°C under pressure and feed of the DPE

solution at a constant rate began at time 0. The following data were recorded.

Time, min. Tempeétituie, *C Pressure, peig

0 827 2F (2.88x10° Pu)
3 8.6

4 869 40 (37710 Pa)
10 855 41 (3548007 Pa)
ik 34.6 4] (3.84x10° Pa)
22 B3.6 41 (3.B4x10Y Pu)
36 Bih2 a0 (37710 Pay
40 843 30 (3. 79x10F Pa)
48 845 41 (3.84x107 o)
58 547 4] (3.84x10Y P
Tt H4.3

[0032] At time 71 minutes all DPE solution had been fed. The reactor was cooled under pressure
to 35°C, vented and 150 mL ice water added. The contents of the reactor were transferred to a 1-
liter flask set for distillation, 300 mL water added, and bromine distilled to 100°C. The mixture
was cooled to 40°C, 40 grams 25% NaOH added, and the solid collected and washed with water.
After oven drying a sample analyzed as about 99.3 area percent decabromodiphenylethane
(Br;oDPE).

EXAMPLE 3
[0033] The equipment used in this example was a 500-mL jacketed pressure reactor (available
from Ace Glass) equipped as described in Example 1. The reactor was charged with 2.1 grams
aluminum chloride and 925 grams bromine. It was pressured to 10 psig (1 .70x10° Pa) with HBr.

The pressure bottle was charged with 116 grams of 40% DPE in dibromomethane. The bromine

11 °



845 44 84.7 41fl 4x10 Pal [0032] At tinme 71 mnutes all DPE solution
had been fed. The reactor was cool ed under pressure to 35C, vented and 150
m. ice water added. The contents of the reactor were transferred to a 1-
liter flaskef&l td @N.58CSddd Fall i AMDPBORIUHoneIeeh sdihed 0. ahd forlewinzedsth svérk! ed
to 100C. The m xture was cooled to 40C, 40 grans 25% NaOH added, and the
solid cesilleeteded and washed with water. After oven drying a sanple anal yzed
as about 99. 3 area percent decabronodi phenyl et hane (Bri oDPE). EXAMPLE 3
[ 0033] The equi pment used in this exanple was a 500-nL jacketed pressure

reactor (avail ab[Bul WM ACE™ TS fenbrHPPEd as Pﬂaﬁam@ed I'n EXganple 1. The
reactor was char ged—w-th-2-1 graps—alum-num-chlori-de—and-925-gf ans brom ne.
It was pressured Y0 10 psig (1.6J7®x105 Pa) V\ntks[:ﬂé#\rmmm

10 63.7 34 (3.36x10° Pa)

15 60.3 I (3.15x107 Pa)

30 60.6 31 (3.15x10° Pa)

45 61.0 36 (3.50x 10" Pa)

62 60.8 34 (3361107 Pa)

75 60.9 36 (3.50x10° Pa)

36 61.2 35 (343¢10° Pa)

[0034] At time 88 minutes all DPE solution had been added. It was stirred 6 minutes longer then
the mixture cooled partially and vented. Workup of the reaction mixture in as in Example 2 gave

a product that analyzed as 96.8 % Br;(DPE, the balance being Br¢DPE.

EXAMPLE 4
[0035] A 1 -liter Morton flask was equipped with a heating mantle, thermocouple, mechanical
stirrer, two 0°C condensers in series and a 1/4-inch (ca. 0.64 cm) O.D. diptube with a 1/16-inch
(ca. 0.16 cm) LD. orifice at the end for feeding DPE solution mixed with bromine. Bromine
condensate was collected by means of a Dean-Stark trap between the water-cooled condenser
and the reactor and used to dilute the DPE solution in the diptube. The two feeds to the diptube
were fed by means of peristaltic pumps. The DPE solution was fed down an 1/8" (ca. 0.32 cm)
O. D. tube that extended to near the bottom of the 1/4-inch diptube and the bromine was fed into
the annular space, such that the two mixed in the diptube immediately prior to exiting from the
orifice. The reactor was charged with 10.0 grams of AICl; and 1039 grams of bromine. A
graduated cylinder was charge with 82 ml (125 grams) of a 40% solution of DPE in
dibromomethane. The reactor was brought to reflux and feeding of bromine and DPE solution
commenced at the same time. The DPE solution was fed at a rate of about 0.7 mL per minute.

Bromine was pumped at 15-21 mL per minute. The following data were collected.
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began at tinme 0. The foll ow ng data were coll ect ed.

was heated to 61.5C and feed of DPE sol ution
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4 8.6
20 0.0
41 .4
G 08
RE RS
102 &1.2
110 617
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[0036] The mixture was refluxed 5 min. longer, cooled to 35°C, and 450 mL water added. The

reactor was set for distillation and bromine distilled to 100°C. The mixture was cooled to 40°C

and the solid collected and washed well with water then oven dried. GC analysis showed 99.8 %

BriDPE, the balance being BroDPE.

EXAMPLE 5
[0037] A 1-liter Morton flask equipped with thermocouple well and thermocouple, mechanical

stirrer, a 1/32" (ca. 0.08 cm) LD. diptube, and 0°C cooled Friedrichs condenser was charged with

10 grams aluminum chloride and 982 grams bromine. A graduated cylinder was changed with 82

ml (125 grams) of a 40% solution of DPE in dibromomethane. The DPE solution was fed via the

diptube by use of a peristaltic pump. The following data were collected.

Tire, wmin. Temperaneng, °C
f 0.3
] 64.2
20 5.6
0 351
6 5.3
& 5.0
M2 "I
110 57.2
116 75

[0038] At time 116 minutes all DPE solution had been fed. The feed line was rinsed by adding 2

ml dibromomethane. The mixture was heated to reflux of 63°C over 4 mmutes then cooled, 450

13
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m] water added and bromine distilled to 100°C. It was cooled and the solid collected and washed

well with water. Analysis of a sample showed 99.16 % BrioDPE, the balance being BroDPE.

[0039] It will be noted that in Examples 1, 4, and 5, the amounts of aluminum chloride catalyst
used were equivalent to 2276, 1947, and 2060 parts per million of aluminum per million parts of

bromine.

[0040] To further assist in understanding the concept of coordination of the reaction variables as
specified herein, the term "coordinate” or "coordinated” is intended to denote that proper order or
relation among the specified reaction variables is to be effected or has been effected so that the
variables act in combination to achieve the specified objective(s). Another way of looking at
these terms is that they call for suitable correlation of the variables whereby the specified
objective is, or the specified objectives are, achieved through mutual or reciprocal relation or

orderly connection among the variables.

[0041] The high assay reaction-derived decabromodiphenylethane products formed in the
processes of this invention (hereinafter Product of this invention) may be used as flame
retardants in formulations with virtually any flammable material. The material may be

macromolecular, for example, a cellulosic material or a polymer. Illustrative polymers



36 41' Pap 100341 At tinme 88 mnutes all DPE solution had been added. It
was stirred 6 mnutes |longer then the m xture cooled partially and vented.
Workup of the reaction mxture in as in Exanple 2 gave a product that

anal yzed as 96.8 % Bri oDPE, the bal ance being Br9DPE. EXAMPLE 4 [0035] A 1
-liter Morton flask was equi pped wth a heating mantl e, thernocoupl e,
mechani cal stirrer, two OC condensers in series and a 1/4-inch (ca. 0.64
cm OD. diptube with a 1/16-inch (ca. 0.16 cm) T.D. orifice at the end for
f eedi ng DPE sol ut| on mxed with brom ne Brom ne condensate was col | ected by
means of a DAENIEHRW IR OB e toms%&&qfeéa&&? TP BB & aViEet ho
reactor and p@pﬂeﬂep q@h buplenet kepdDRersof tid 6N nore bﬂ‘lﬁlcﬁlhpdehkbﬁlono-ﬁftes D f eeds
to the diptube means . of ta{lf'Stat'C ution was

Y\B t bé e of ney: n(P thl C o%aexzoqr%
fed down an f7P8Y ’(Ebsao 833" A°© 67 BT fubE tRAY Bk FEnSed PR ‘T e bot t om
of the 1/4-i nohorirpt tdve eampld, hethblemplmlen/aScdpeljmem oetmm&e/ammlulzarquoace

such t.haj[ t h%QIpﬁW]em % éj et}p]en glogykp u@c?o yl;_l 0. Sﬁy%ng/qg{]lat ri\o%giigl)é LAP from

the orifice reac grans’ o 1039
grans of br ontihyiene/vmygne?@hMttmlyowsu n‘dwnelmé oghairgl wisitira8d HWFIOI(I@LQH'”Ogr ans) of

2 40% sol ut i of,0fe, DRy byl DLOMANR! hagee JRRERCAL YBRAD! OORNcko T ef | uX

and feedi ng of bron ne ‘and l'ution conmenced at the sane time. The DPE
sol uti on wasPelegetatney palyanids: FBbURIdE; Pacagetes; pabeherBr 8y life THHS: punped

at 15-21 nm 9@?69(&1 NUESecidilye Jo@(ét%n@ﬁlegﬁﬁ:ﬁatwe rﬁdc%iyﬁﬁtﬂieteleﬁlgma) The

m xture was refl uxed mn. longer, cooled to 35C, and 450 nlL water added.
The react or WIEViRgtchioge: dﬁhé‘t]iof’qtsatfi’]oﬁxa&ﬁ& BPOW Trani L(orIeEd R0 BBl  The

\Tlai(';,lr ?h\é\lﬁSOB§M1@ﬁ/3ﬁy&néQ€p@ﬁﬁkli hgd S)Gﬂﬁl(i)xdneﬁﬁ}gyhgcﬁgﬁ}?/dco@&@nws kegcbiywekd oM t hb

Y, Si s shc al ance ei ng
oo | Exanmr oSG B 108 RS ROR! Bt iy M BRIty ocoupl
wel | and t hepsipaaupdyebe, whaedk appropiates ctokd-kxked &y thB@dlal (hans @. Iﬁ&nmﬁ)udn )
di pt Ube and Qe guclt ep @grzlln\’ee(ljl 5ncga%rq?58%%e11@(§cp n tw%‘zﬂ éptp? d’l%%r%r X\dcé hls m la ranB

al uni num chl ori 88"an om ne er was changed
with 82 m (288 gpcps)ingsf a 40% sol ution of DPE in di br ononet hane The DPE

sol uti on vvas{(fogaev}ihg ag] - di g Jgafogyﬁf'ik iv%ftlof?u ar fgSJ %E]hﬁu&]uwﬁr bel soI uti on

foll owing data were collecte t time 116 m nutes al
had been fedaualihi reedsd t¢ phiain wegstlanieysiaflakyy sgeihi- nfp general, the fonnuhtlon and

resultant product may contain from about 1 to about 30 wt%, preferably from about 5 to
about 25 wt% of Product of this invention. Master batches of polymer containing Product
of this invention, which are blended with additional amounts of substrate polymer,
typically contain even higher concentrations of Product of this invention, e.g., up to 50
wt% or more.

[0043] It is advantageous to use the Product of this invention in combination with
antimony-based synergists, e.g., Sb,03. Such use is conventionally practiced in all
decabromodiphenylethane applications. Generally, the Product of this invention will be
used with the antimony based synergists in a weight ratio ranging from about 1:1 to 7:1,
and preferably of from about 2:1 to about 4:1.

[0044] Any of several conventional additives used in thermoplastic formulations may be
used, in their respective conventional amounts, with Product of this invention, e.g.,

plasticizers, antioxidants, fillers, pigments, UV stabilizers, etc.



mL di br onronmet hane. The m xture was heated to reflux of 63C over 4 m nutes
then cooled, 450 mM water added and bromne distilled to 100C. It was
cooled and the solid collected and washed well with water Analysis of a
sanpl e showed 99. 16% Br 10DPE, t he bal ance being Br9DPE. [0039] It wll be
noted that in Exanples 1, 4, and 5, the anmounts of al um num chl oride

catal yst used were equivalent to 2276, 1947, and 2060 parts per mllion of
al umi num per mllion parts of brom ne. [0040] To further assist in
under st andi ng t he conce of coordination of the reaction variables as
speci fi ed he?@i“ﬁl Hhrgngp Pfrﬁ agiglet dorped dronpformplginng RAriawe 3 Lerprsiifed to

denote that PsORETan@PERICT i EinddokiONcaAniR Beodhéta cSﬁl@ﬁticfnthdergeﬁﬁIﬂJ&floﬂ/ar| abl es
is to be effected or has been effected s t ha h% ﬁ%labl s act in
h§)]1 e. A

conbi nati on ' WEhFEYVECR FRIIES e PISHO OB 8RN PHEF a9 ooki ng
at these terwbappsoptia@in deh@yceal. | for suitable correlation of the variables

wher eby t he ified objectiv or the specifi jectives e,

achi eved thr@ﬁ%ﬁ ﬁ%PHBFm% “?%blp?b@%]drﬁfgtpﬁﬁa(? %rdérfvw@gﬁhgéﬁgon anong
t he variablesmxﬂ@ﬂ@mbrmmmmhmghra@&aylﬁaaﬁUDcnhdanyme@rpmmlawldmumm

decabr onodi pheny| ethan t i vention
(hereinafter %gyd%mtt Pot tr(r:gnsml rllr?/%n ntﬂa‘gltﬂ QHOH%I S‘BEtgngg?& ?edg%rgb !r;HeetﬁlééP f(;ant sin
f or mul at i ons newe ér C\hﬁmtcaiamey(eanyfm(ftlil@an\vmrmn@tn?a‘tomenfapr erfhelt mattes petlwhaay be
macr onol ecul @llie'nn(f/a? ha%éémlngfmﬁatfbgl lm'rg/&sllez?ctlm%t Q”n?l tafd pl@cepﬂl M ®sulting

Il lustrative polymers  are: olefin polymers, cross-Iinked and othermnse
for exanpl e WOHBBGKyREHE af sush ihinarre raisfospylaaneind/ah epatiipny Rnie nawisbl ymer s

of two or nDE&uPkbs %Hﬁgrnghrseris@mmnwmroﬁen%n@g&wQinmetr@ cOfdine cﬁl[edn?@fe of
such al kene nononers and ot her copol yneri zabl e nononers, for exarr{))ea
nd

et hyl ene/ pr opyFERk o BolisHRSFE: 'QPhyWéﬁ%W€P%Vﬂmﬁd¢? itigdeascigpEfisie
et hyl ene/ pr opyhigh eg6@ah yd'mé(ﬁlon %Itﬂﬂyélﬁﬂﬁﬁla@ﬂéélrad @)eﬁlﬁ@ﬁd)rymlﬁmgfﬂdesned
ethyleneIV|nyI acet at e po rs nmer s nlc saturated
nonomer s, f of°8aNpHe, E §§¥y] mmﬁﬂ&ﬁmﬁﬁﬁa8Fy 615 ¥j? F@and
styrene copokym&m&nspﬂkyug&ﬁh&ﬂesmep@hmamhdagpnmﬂkyrnmde&gtpﬂh&mambonates
g_?legletaggr [S)O| ;a/'((:téﬁ]te Scbesi[%la € Conbrﬁgfinh&erﬁére 1en)t as 1§Q)irs(%edaat h% trp epl}/s l?e Xrten:r ﬁ%gg?tsha !
for exanpl e, cepmy, bbmknsnImkasmohemscnﬁmne@ﬂ@nﬁﬂ@mmbutGMWeme%sm@bene
copol yners angd; fhadh CRELAGEY AN B! b ROROUKIR! S nl SR APl Ahce,
acrylonitrile,” butadi ene and st yrene; natur but yl rubber and
ponS|Ioxanesmnﬂh@“pbmwwémﬁmwyhbéﬂomﬁé@eyﬁbpk@prﬂﬁvéhaé@@ﬁ@”ﬁ?ﬁ@édlby
chemi cal rrealﬂ§ns%mpr)6nl GiRd @L1Q0rse Tclrecoraraaqrgctblegémé hj; smrxn]\ge@;serraemcarl al so be
used in texti ications, such as in |atex-based back coatings. [0042]
The anount oromrﬁﬁﬁetm@rdamﬂ with {iygivelonre tsledth Hdigary gFhgl aheaitvi P be t hat
quantity needeg freiehtaicant he flame retardancy sought. In general, the
formul ation and resultant product may contain front about 1 to about 30
wt % pref er af%f7k er‘ﬁ‘?PéBbUfly b pgreapoeteryEe s B Yhtet? of hilsf Avent i on.
tl\)/FSt Sr dbat CEe&dcmEIequ ycrreﬁte@emoamm ngd Eroordu@t bcﬁcfonitﬂlle@ ad Inni@nd, ia@mim whi ch are
ended wit ona unt s ubs r, typi co tain
oven i gher | SORCERPER? SRETAR BrEuRt ok i PR Ene: hiReTd KGO0 e og
or nore. [OOAa}mhimmsmﬁduamka@e@mSKmnmusemthe>EmQﬂueUamkmﬁhm$HMnmentlon in
conbi nati on m%th antlnDny based synergists, e.g., Sb203. Such use is
conventlonaIPy practlced in all decabronodlphenylethane appl i cations.
General |y, t H®948r dildlctandfevelyi patemvarnpubbention | kfebed used anyt poridne ofaniis nony
based syner e s t nd
preferably o% %%Sﬁggboﬁghgﬂ&a{%fg 6&?@%&%&j{8 qp%ﬁ@“% éﬁé@%sﬁ%mﬂ?
conventi onal hgeidi ti ves used in thernoplastic fornulatlons may be used, in
their r eSpeCid(MQ Gﬁﬂvlﬁ%tn W@lsux@w}’df&té COﬁMdE]labIE Bgilt'igrli moitu\# RS | RRRLL on,
e.g., plasticizers, antroxrdants fillers, ment s stabilizers, etc.
[ 0045] Ther rrfhslf@zgsqncg dgpqripEereis npigpeRstdd o i fam* PldtpihscopwebasHinhgNga’
t her mopl ast i geRRledtiBRto ARParfE@HYednptic 4ibhsSprdsBME&MEPRL&AN be produced
conventionally, e.g., by injection nolding, extrusion molding, conpression
nmol ding, and the |ike. Blow nolding may al so be appropriate in certain
cases. [0046] Conponents referred to by chem cal nanme or fornula anywhere
in the specification or clainms hereof, whether referred to in the singular
or plural, are identified as they exist prior to comng into contact with
anot her substance referred to by chem cal name or chem cal type (e.g.
anot her conponent, a solvent, or etc.). It nmatters not what chem cal
changes, transformations and/or reactions, if any, take place in the
resulting m xture or solution as such changes, transformations, and/or
reactions are the natural result of bringing the specified conponents
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' [0048] Each and every patent or publication referred to in any portion of"-
this specification is incorporated in rota into this disclosure by
reference, as if fully set forth herein. [0049] This invention is
susceptible to considerable variation in its practice. Therefore the
foregoing description is not intended to limt, and should not be construed
as limting, the invention to the particular exenplifications presented

her ei nabove. CLAI M5: 1. A process for preparing high assay

reacti on-derived decabr onodi phenyl et hane product, which process conprises
feeding (i) diphenylethane, (ii) partially brom nated di phenyl et hane havi ng
a brom necnymisr |less than two, or (iii) both of (i) and (ii) subsurface
into the liquid phase of a reaction m xture forned from conponents
conprising excess liquid brom ne and al um num based Lewis acid brom nation
catal yst, wherkin thpotenepapainghigh ashecacsaeddriord dercabremadipherideterae al yst
concentrat | e t 0 e feed
time are %o%rd ﬂ%%ed”?%& §§nu%§”ﬁgﬁﬁéWgsgﬁhégéﬁﬁ#Bﬂyﬁgﬁﬁgg§lxéﬁgm&@

decabr onodpiphgeiine thaeinga pmmrmumbarﬂassm@rtyp,rprt(m beth o€ €3 8nd @D ednwtct ed (a)

on a bat chy 485;&iq é}ﬁle 8ta RadiSIRRLAL lf(grﬁle@ffroﬁtco}nﬁéﬁﬁts RO Midoexb RS i @@Ct ant s

under sufficient pressure to maintain at Teast bromne in the liquid state,
and (c) ebonie agd flemunibaed dewitaciddaeinglig oxaliitsVhegin fe SFORSHASHR PE ’ili‘F

al um numl@@él@ﬁi 8k sth@@dtﬁyspE&l%dﬁ@ﬁanH tlfeaéx@ésyﬁﬁonﬁﬁblh vl réfttiod Mixdire, l.g@st 2000
ppm of alum num present_in_ the reaction m xt urg rc&p %? it gf a catal yst
conponent the &ef fge P’@é&?‘fi’@ﬁeﬁlﬁ")&rﬂﬁ”é@ higlt asspyfreashon ferixe %jléFg‘f’ Wi R our s,
with an appunt o/ wﬂéré&ﬂ"tw&%sﬁdoddﬁc\ﬁbcﬁ(aﬁﬁm d bbcmoaasma(m ana Gafpalaiisd ofHIqUI val ent
to at least 700 mof al um num resent in the reac1

m
addition bLestgo Ga‘i“ tg}%rteacé grﬂ.l ICIENG RESS PRl RATNHD A 1§ sﬁl]‘grgmme i he llqlﬁg
process agatk rhn@{oatnme} a RBEfiae bf 4t astfheeboukd, Wﬁh b arhount bfeelunsinge-based Lewaist o f our

hours and t o al um n brom ' yst is
equi val enf ‘{]@"ana “B“a“f{a BOGappR L{(r)[% atalle EHZ(#‘? i o alumlm{?} Erl]/i&%% fnqg%%%e@lll n Caim
1 wher ei nmixage freedddifionofiasatalystichepanamgethe featigumikiores poe faedtinge efred lepfie anount
of alum num based Lew s acid brom.nat.i ' ' i lorat | east
200 Oppm Oflng?%?hwﬁth 35 Amourlt o% glﬂ Mingm basedengls é‘?d.%ﬁ&@‘ad"ﬁ %&gﬁ\é él%ﬂn né ale %

al um num keas &0 Lppwi of akumdlubr pranatin die Eadtiah ysixtuges fromagdgisigni ot 4 g#pAYYig sai d
reaction m xtu rom de. 5. A process as in Caiml
wherein said a ?nﬁtr%tﬁeur%é ase ge)vm s acid brom nation catal yst as charged in
form ng said r2act i &mprasesttasireClagn & wheieiuthe &sf gmedein the range of two to four

hours and the amount of aluminum-based Lewis acid bromination catalyst is equivalent to at

least 2000ppm of aluminum. _

3. A process as in Claim 1 wherein the feed time is in the range of four to six
hours and the amount of aluminum-based Lewis acid bromination catalyst is equivalent to at
least 2000ppm of aluminum.

4. A process as in Claim 1 wherein said aluminum-based Lewis acid bromination
catalyst as charged in forming said reaction mixture is aluminum bromide.

5. A process as in Claim 1 wherein said aluminum-based Lewis acid bromination

catalyst as charged in forming said reaction mixture is aluminum chloride.
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