PROCESSES FOR PRODUCTI ON AND PURI FI CATI ON OF NORVAL
PROPYL BROM DE TECHNI CAL FI ELD [0001] This invention
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purification of normal propyl brom de (a.k.a.
1- br onopr opane and n-propyl brom de). For convenience,
normal propyl bromde will be hereinafter referred to
as NPB. BACKGROUND [0002] NPB presents an ecol ogically
friendly alternative to 1,1, 2-trichl oroethane (TCE)

for usepREMTISSES FOTPRADESTION AND PORIFAETION Deen
identified as hgg N@@ggaﬁiggg @Wmt ed
tolink it to depre one | ayer
thus creating a need for a replacenent which will not
harm t he envi r onnent of synthesis of
NPB are known. Khara?#&ﬁ%fémwl‘dﬁm Chem Soc.

[00(1ﬁ3 3Th1§ vedRSrehtedRSHI r@\eeﬁ L {ds 5, ﬁBdﬁBﬁf&ﬁ%ﬂ& %unﬁ%atlon of

brom de to propene in the esence of peroxi des suc
norgel menyldyompbr(@ kiad é—‘tmmalstoaaneomldel-propﬂdammmB F@&emnvenience,

rasc 8,4 Vaughan et al.
norr\?l.af‘%{o& Gﬁfélﬁ? ‘ﬁlgif,hefm#%-@zﬁ? A VR s synt hesi s,
inter alia, of NPB by photohydrobrornination of

propene in liquid phase. See al so Vaughan et al. U S
Pat. No. 2,307,552. FoBASIKGRQIINRPB from vapor phase

[006§aC'NP§]pI%%C ac% o d&ﬁlg'ﬂb&%lf ?en%t@{%%gg,l diels %clﬁi?cggﬁh?l}? (TCE)

esence o on ta
for hkeS sudPeds.a dddd clBamifg sfliéntt @ CEBIﬁdS&ﬁen ldeftifiéthds haWing
3,679,759 to Schnerling reports, preparatl on of NPB

chagactsrisics that fes petedhipdinkt Bndapletion #f dhrrapihoirenae layen fis
creagng%rlﬁeé for aid l@&éri:i?eg? Q\’Tﬁ&f\gﬂf SR B theRinvk rbﬁxlﬂelgess 159

reports f or et passing a mxture of 2
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hydrogen bromide and propene in the presence of activated carbon catalyst is described in

U.S. Pat. No. 2,790,013 to Barnes. U.S. Pat. No. 3,679,759 to Schmerling reports
preparation of NPB from concentrated hydrobromic acid and propene at 225° C. and 30-

74 atmospheres pressure. British 668,159 reports formation of NPB by passing a mixture
of 2 parts by volume of propene and 3 parts of hydrogen bromide gas at the rate of 300 cc
per minute into a Siemens-type glass ozonizer.

[0004] Some of methods of producing NPB include commercial production by
substitution reactions of 1-propanol, by hydrobromination of propene using ozonide
catalysts, and by free radical hydrobromination of propene. The latter technology co-
produces the secondary bromide isomer, known as isopropyl bromide (IPB). This results
in a crude reaction mixture of NPB and IPB, the latter being an undesirable isomer. In
certain applications, purities of NPB in excess of 98% are needed which makes it highly

desirable to remove IPB from the mixture.



in a crude reaction m xture of NPB and EPB, the latter
bei ng an undesirable isoner. In certain applications,
w@eobtlise7 of NPB in excess of 98% are needed whEThS2006/013778
makes it highly desirable to renove IPB fromthe
m xture. [ 0005] When crude propyl brom de reaction
m xtures, fornmed froma synthesis process enpl oyi ng
hydr obr om nati on of propene by hydrogen brom de, are
washed with a basic solution to neutralize any excess
{00051y dlg\all}@ﬁ Rrikieqidmié bﬁcﬁﬂidb géa@ﬁorfpmhhﬁﬁﬁfl o?ﬁét:] fremid dynthssie process
probl ens are manifested by ure of, t
emplgy g Y WSDOARRD FABEPREE %vély drogen bromide.grs washer st pasic

solutmgﬁ “ﬁ%utré[ﬂ%!e%ﬁ S ] H}dr&%k 'ebz aﬁ‘g‘? sYon' {;bl@xfng okl &BEIt. Such

économ cal post -’syn I'ng "of such
problepmatrd manifeskaduryediluje @O @] aHTeﬂmeefaated mixheeth wxolye snt«S mvo

PB synt.hesis .process which prov
cisifbghesss T AROPCIBY B s drtie DRt reuctrioh] Saskfyrdhesis
handMgbpm{aﬁlrggcgbﬂhﬁgm%fe process conditions and \Nhl l e
el Tmnating undesirable isonmers, as in the case of

[0006]PBThérefor nﬁ:edrm&ﬂs £oir 90 NBB gmﬁldsrsrprecegwhfch@m\né% high yields

or B SRRl b B S e P R e

condﬁfblﬁaﬁﬂd idile Eﬁﬁnrﬁtﬂﬁg Rh@RRESle WdSHers ae psthe@akeofdRB| oyed
in an efficient and econom cal nanner. Additionall y a

[000Floed nsed lse cKists fapa RIEE1EAD FEICeFOTThiCh Rrovidgsguisk padiclegn

phasBU A SO HIRE, dYRCaluSOGRE LB 60 e
washTsteps to by emiployed irsardeféiniedt 4ml cenamhizal mbzﬁrielrl Mdtuonﬁll)t, leneed
S R SN N
cond%ntsr%tﬁdﬂy BT Eh r%@ﬁﬁe; bi Sanilly&at i on pr OV' des at

| east a nove synthesi s process which provides
[0008); giﬂhyueve@gomﬁs ddeBel yo qub@fmlﬁlhnent@f ¢ foregoing needs and others
hydr obr om natj on.of propene, a.novel process of
by G456 PR P R R B A AT 45 ePEPE Conpr o1 ng NP
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initiated hydrobromination of propene and purifying the crude reaction mixture to yield

highly pure NPB, and (IV) a novel composition of enhanced thermal stability, devoid of
any added stabilizer, comprising a mixture of NPB and IPB where the NPB content is
high, the undesirable IPB content is very low and the mixture has a very low APHA color
after being subjected to extended storage at 60°C.

1 Oxygen-initiated Hydrobromination of Propene
[0010] As used herein the term “oxygen-containing gas” includes any amount of free



after being subjected to extended storage at 60 0C. L
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propene for one mole of oxygen. A ratio in the range of about 150 to 170 moles of
propene to one mole of oxygen is preferred, and a ratio of about 163 moles of propene to
one mole of oxygen is particularly preferred. These ratios are derived from calculations
involving application of the ideal gas laws under conditions of standard temperature and
pressure, and assume a molar content of 21 % oxygen in air. These measurements, made

under actual service conditions, may depart to a small extent from these ratios and yet

remain within the scope of this invention. The ratios of propene to oxygen are designed
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[0015] When feed of propene is begun, the molar ratio of HBR to propene in the liquid
phase mixture is preferably about 1.0:1.0. The molar ratio of HBr to propene marginally
increases under optimum pressurized reaction conditions to about 1.1:1.0. Surprisingly
high selectivity for formation of NPB in the crude reaction mixture can be achieved under

these conditions. It is believed that high conversions result at least in part from the



NBP represents a liquid phase m xture at atonospheric
pressure which is substantially saturated with HBr.
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I, Combined Process of Oxyeen-initiated Hydrobromination of Propene and

Purification of the Crude reaction mixture
[0017] In a further embodiment of the invention the conditions of the processes of (I)
and (II) as detailed above apply so that a novel, highly effective combination synthesis

and purification process is provided to form highly pure propyl bromide product.
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is not kbjducted, distilling at least a portion of the organic phase from (I) one or more
times; or (ii) when (I) and (II) are conducted, distilling at least a portion of the organic
phase from (II) one or more times. A propyl bromide product is formed comprising at
least 99.7 GC area % NPB. NPB content of at least 99.8 GC area % can be achieved
using preferred embodiments of this invention and even more preferable amounts of NPB
of at least 99.9 GC area % are possible. Also attainable using preferred embodiments of
this invention are amounts of IPB of no more than 0.05 GC area %, more preferably no
more than 0.03 GC area % and even more preferably IPB amounts of no more than only
0.02 GC area %.
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prodbt Ydixfoke e prd¥idedUs ROV iids Yoilityte npieeincdxcelient uasler tnhi,l]ﬁgh
provided is novel in its ability to n?{;ta%r& e&}:
puntyg dourIPBrr@nisngeven after storage at temperatures of about or at east 720

hours.

<

[0022] The above and other embodiments of this invention will be apparent from the

ensuing description and appended claims.

BRIEF DESCRIPTION OF DRAWINGS
[0023] Figure 1 is a schematic flow diagram for producing and purifying NPB.
[0024] Figure 2 is the schematic flow diagram of Fig. 1 with an alternative scheme
involving an additional distillation column.

[0025] Figure 3 is a schematic flow diagram of a synthesis portion of a process of this

7



purity (low I PB content) even after storage at
tenperatures of about 60 C for at |east 720 hours.

W@ 0@22)33The above and ot her enbodi ments of t hiBCT/US2006/013778
invention wll be apparent fromthe ensuing
description and appended cl ai ns. BRI EF DESCRI PTI ON OF
DRAW NGS [0023] Figure 1 is a schematic flow di agram
for producing and purifying NPB. [0024] Figure 2 is
the schematic flow diagramof Fig. 1 wth an

inverfioh ®hRdkborgrosedtane i nvol ving an addi ti onal
distillation colum, [Q025] Figure 3 is a schematic .
[0026]] obiguieagis #richematiosiaw Hisgran plot piigficagpn &“}&F%?c%fggs ggvention
.S v jon on a | aboratory scale. [0026] Figure 4
onafagorg{og% ?ragriréeiti c flow di agram of a purification process
[0027f Figuse I Rweachénatiofiow dagton af atofhes patificatiodqRddessoHhise
. 5 is a schematic flow diagram of another purification
invengiog oBgdlabratory €aldqventi on on a | aboratory scal e.

0 _ . :
[oozzi]se 8ach Bfﬁ'%?alﬂ?gé ]ngl'{jgs, E&eylﬁm%fawrgrilsed t:o_l"r@fef“eﬂ"lﬂf@drs are

tore or functionally |ike parts anong
functidnallg éike paits drhong the seRERIAguEB. DI SCLOSURE OF THE
| r VENTI ON [ 0029] The hydrobrom nati on processes of |
and I'll as outlined above are conducted in by feeding

gaseous HBETAIRFIPPISCLOSUIE O THHY DEVENTION ni ng gas
into a liquid phase m xture confrised of |iquid NPB

[002%4nd ThohydspbiomdantiaBrprogenses of Haied 1Thep autlines\apgunatgicopdyctey in

hydr obr om [ i S i . dt .
oy Y P e 56 B g U B o i s
mixt@eQPEME seN6 103t BIPBCaNdtsalubilivgd ¢y, dneofiddting feratyedny,

... although it is possible that these conponents can he
initigteshhydsobreminatian pesessf this dxyentipg 1his e a%efgﬁ’sbwao%ﬁadmgen

bron SERLGEC B PR 1 ARReBl e s R (A S pat ety tob s

possanthhoﬂms]tcm:oum?emﬁ na:r?/_bs&_dlin evmhimatien bAslenstabegaseous propene
supersurfa t .. -

and GRGT FOHR RS P8 (AU RO oPLioJ0s LauR st pap it g oy Nepha

HBr2Ryidld SEARE 18 @RIpRIEAR the Alachidithabsl RtherddubXrface or super-

processes, gaseous propene and oxygen-contai ning gas
surfage of thediquidplthspsfivivee, beh-puyface additibr iy prafeared dor lpege-scale

operations. In an alternative embodiment of hydrobromination processes, gaseous
propene and oxygen-containing gas are pre-mixed before being fed subsurface to the
liquid phase mixture, with HBr being fed super-surface. The ratio of moles of propene to
1 mole of oxygen (as molecular oxygen) is in the range of 145:1 to 180:1 and more
preferably in a molar ratio in the range of 155:1 to 165:1moles of propene per mole of
oxygen, in order to keep the propene to oxygen molar ratios outside the explosive range
of mixtures of propene and oxygen. A particularly preferred ration of propene to oxygen
is about 163:1. Despite the fact that propene is a highly flammable, gaseous material, and
that there is a potential for explosive combustion with oxygen in oxygen-containing gas,
the process of this invention can be efficiently and safely operated.

[0030] The primary safety concerns of potential flammability/explosivity are associated
with pre-mixture of oxygen-containing gas with propene, and are overcome by

maintaining the proper molar ratios of propene to oxygen. The flammability limits are

8



l'iquid phase m xture, wth HBr being fed

super-surface. The ratio of noles of propene to 1 nole
wo@booesyizen (as nol ecul ar oxygen) is in the ranPer/v2006/013778

145:1 to 180:1 and nore preferably in a nolar ratio in

the range of 155:1 to 165:1 noles of propene per nole

of oxygen, in order to keep the propene to oxygen

nol ar ratios outside the expl osive range of m xtures

of propene and oxygen. A particularly preferred ration
listedfin BicOIRERArE Bs BRiME2A-1(B3RROend BBaik- byRRHRhS BVERE hA&L 12 Ed.

t hat propene is a nmabl e,” gaseous materi al

hi ghl | a
p- 13H Meigk andhEpe ng't@hom%mqraN.x G199%6xn| ity eonemizusidecthe

M [ - i ni t f ..
chofth bE YT afle S 0= EBL B BrpPy ER il asP RS EERF mppinain
excdsd Paipend o vertheRanimabiligt sang@ncer ns of potenti al
mbi lity/explosivity are associated with

fl )
[0033 o Mipipiainial golaryipsnioseneas i erycgadvhigh are pielpaiide thad

. . : GOl : ;
L Y5O Y 8 O BESRE  L00 o
prnay hhmrtainberba/lgtmﬂeltwg shiepmgned ed b SpkcfiretenBotmal bf the

. [ vo| ume r.ck | ndex, .. , rck an -
lnve\‘i\ﬁ%e#(g%égfs‘isaw Fl&ﬁanga of %4%919%5 bg%rlsg)rmpe%ﬁ@égeﬁ@@@ls@e
maihtBed RHes Prépend W@iﬁg&ﬂ@@n@fﬁﬂ}g ?atg %rrﬁ;lfecrilzsg?ﬂatglfy, 54;121 another

conponent s, “whi ch are desi gne n exce
prefpreshembeodibonteofitheinveatiomabi | i ty range. [ 0031]

i nt.ai.ning.molar rat.ios of.propen 0 oxygen i.ch
10034F . il e E R Bhach bRl el 7 Beipe SRyPRS il i
reacfiofi védieiSRntaling HEWANTE §s a ASn-PHIRY soMstt Yo E@sHHsh BB dmoBh€of

of primary inportance when the two are pre-mxed as in

HBrgn diguidepheseimixipsdheeange of 1.4 ve.% iy &Atwioh. banesl err the andight of the

< e : 0: or .prepene; oxygen are,.
iRt AR rALeAR e bR NGo BL BB ROIBRR gy
is ingherdnged of eRarteltoed ¥.3 wis%l IThi@istiRk abée faclr toeweha@ ERITHBr
of t&ﬁgéngﬁgtion, [[0032] The.initjial liquid phase
relatpyedodVid-i SIBF &t mattaigediat e diqichiepasls w3 cassrWham rgeagured at
oorS P48 Rl T B R TR AR B e
reactipix by feedinigezascang prapend ard gase@bsthydiogbn wtorfidb &rs sshroxinatedy
Meight of the liquid phase m xture. Preferably the
eqm_ﬁ}?{l)%r?fm&fltsHBr in the liquid phase mxture initially is
[0033[) tﬂtaeofaalaq@acﬂtm tordiMbns'mtadd elBvadtd Bfifesstﬁés%n%fﬁhpgéoszBq to
abou ]

) alto 3 w.%excess of HBr relative to NF
165 pg (h&7-HtldBhéd&Pal and morsi prbferabbt inithe twge 9520 tohdhpsi (137.9-206.8

] e Oy e G LA
range of 20 to 165 psi (137.9-1137.6 kPa), preferably in the range of 20 to 75 psi (137.9-
517.1 kPa) and more preferably pressures in the range of 45 to 75 psi (310.3-517.1 kPa).

[0034] A further advantage of the present invention is that the hydrobromination
reaction takes place at moderate temperatures in the range of 5°C to 45°C for laboratory
equipment and more preferably in the range of 20°C to 45°C. Preferred temperatures for
larger scale commercial operations are in the range of 0°C to 70°C, and more preferably
temperatures in the range of 45°C to 55°C. Conversions as high as about 99.9 mole

percent or more, based on HBr, can be achieved.



reacti on by feedi ng gaseous propene and gaseous
hydr ogen brom de i n approxi mately equi nol ar anounts.

W@ 0®83])33avor abl e reacti on conditions include PCEUS1006013778
pressures in the range of 20 to 165 psi (137.9-1 137.6
kPa) and nore preferably in the range of 20 to 30 psi
(137.9-206.8 kPa) for |aboratory equi pnent. A
preferred pressure range for conmercial operations is
a range of 20 to 165 psi (137.9-1137.6 kPa),

[0035) eTBE BRIr¥bromikdien fdsu@ss iotalsdGigtdy ZdvapsigedusIn iRt ithitilizds two
KPa) and nore preferably pressures in the range of 4?
reactargs F§Bpand propenel which in 1y peameaguyp aue pradycgd af ee-products of other

. of .4t ' j j g ;
incuf AR ind s BETRFRL (RO oo 1 iy fhrvise be
wastéE Mdgleat tHeeameninidenvamag tiefm SOE High ¢t OG Heoessarily complete)

o AT T G5 b B
as th% g%%ﬁofﬂﬁ'ﬁgﬁﬁ LRl rQ&%ge‘%‘toF BRSyr&deRt infehilt 4rd H?)ﬁe &fon@ﬁ)lgéa‘(l) Fhan,

and nore preferably tenperatures in e range,
for inbEMCe,tthe bEMEe ocase vdiditsqusesispeialastalitsb prodogtia. ally at

et B a0 SR Rt B Y Sl BT, i
any, BENERIAGHE SpGrelythé Bitonddry Wohlet,20i%h py¥RibleanildahsurtsBf one or
and propene) which in |arge neasure are produced as
morccimpwitidsictieh af a dibrasmonrepans dsomer. Peeanss dreproggsslissadughly
th rocess. co rye .ces. Wi 1: 0 |
B SRR SR SeRMAE T e B A R e
procéiis @ar BilliroRfenfallg 6oy opetmbet €) specificity to a
hi ghly useful industrial product, NPB. Sipce the
[0036k y dbp okyeearGon{ainipg SIeFEd 253 IEaTEOR g%%%t%ﬂri tiator,
hydraﬁ%nﬁﬁﬁﬁﬁﬁo?(?%s&g a#x@ CarPb R0 Hudel EERLIRA VAfthEDESpene or
econom cal an,

or 1 nstance, the ozoni de process
sepaviitdly,lsubatice esths pigoidphasamattystwicln deropiisss NPBygidchyidrggen
at least 95 GC area % of the crude product fornmed.is
brongifie §i sevEpn1oRBABIILET RoR B THFELR (g et Appngvire
whe! DSty eRtd fubled WilEa SAEONEHRAIMCH SOMB bxyMntwihiBR &Sidhelly found
smal | "anounts of one or nore inpurities, such as a )
in aitli BherrpergraiosygaadprxtuBecads Omprise 6eBieT g8s wgh as an inert

ighly efficient, .t ti f co-
ons. o bl P PRI e SRS, By o neon.
The b&riegAtah hROFBApAELE ytheheiresobesthdesats auth as @0aEkn The

oxygen-contai ning gas serves as a reaction_jnitiator
[003fby %phﬂlewymr@vmrbpﬁow obH apf pueSeationgracess Af Y preferably the

i ptroduc ' it I .
e HERPGER QTP L0 1, QRS o FRRNS ittt s
a md\RBoanehtihyich agthe range of 3.2 to 4.5 moles per liter. Alkali metal hydroxides

utilized in the processes of the invention can be, for example, potassium hydroxide,

lithium hydroxide, quarternary ammonium hydroxide, or sodium hydroxide, with sodium
hydroxide most preferred.

[0038] Another embodiment of this invention provides a process for effectively
separating NPB from a crude mixture, which crude mixture may be formed by a synthesis
process in which HBr is reacted with a propene, as in the presently claimed invention.

The crude mixture comprises NPB and IPB, dibromopropane and small amounts of other
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brom de. The oxygen-contai ning gas can be introduced
in the formof an adm xture where the oxygen is m xed
WOWwak/183¢arri er gas such as the oxygen whi ch i BCT/US2006/013778

normally found in air. The carrier gas/oxygen

adm xture can al so conprise a carrier gas such as an

i nert gas. Such inert gases may include, for exanple

t he nobl e gases, helium argon and neon. The carrier

gas can al so conprise other nonconbusti bl e gases such
1mplgﬁwrsntrogen [0037] For the separation process of II

and purification process of Il1]l, preferably the wash
[0038D rrmt@m beiap baqmgbwﬁuegm i3 belieyed a@u@@h@mm ifermned in

e S AP R TR a0 eSS 8

reacﬂibiﬂﬁq@éﬂn‘éﬁﬂublﬁ isl doﬁ@@ctdz@mﬁ’@ﬁ:ﬁl@h@@@@ﬁﬁﬁt whichhecinsuasted and
can be, for exanple, potassium hydroxide, [ithium

configyumddeiayeid any geriaethetyeenthe Audpidngtonmielre and sEgefiRnor

hydr oxi de nost preferred.
surf#ggé%?é %ﬁmt %ﬂecﬁlgle%o%wr&ent of this invention provides a
[004p] o®Reastidndnhibitbedhdludd ynysppeesds cogiaBBadt timnistederageith the

m . xtu whi ch, crude m xt re y be faorned. by a
formgdign ﬁ’é&e@&% isower Af pyep ey sucheas dpas Wit wauld promote
fornﬁﬁQig 8Pe s8Sonld 1%@&?%'\}#% Bro?xluaé BEShEAM SN AuSEunabBéptably

crude m xture conpri se and | PB, di bronopropane
low amdummaf NPBroue srudé reattier iigsurei Reeegmze(daswtlowﬂhbmrs

inetdy P8 A0 b dipated - ki elsear g i ot ak etp Bl uch at

iron AR EtaRASS] Phrculat cz{r ea&ierdifeda aboididontaditighidm GokBination
reaction m xture which is conducted in reaction

sucherg iy pevidingtandnert Bnips fenthe seastiomyssd oht pdlifienito engikatige to

unacc?g §'T&%‘%§m€§t%‘ﬁ§ﬁé ﬂlethg éﬂﬁg u{aﬁﬁr Liixthte hﬁbﬁ' %ﬁ% um are

ures or sudrraces nm

belidve@4® ¢ orfBaBrtt k@prodadtida dfepforibbdies dat hae asmah%mqfact on color
contam nant that _interferes with the fgrma i Qn, of the
valugs pinthe {inalggadictof h?;fP%’ﬁ?/}n igptanses avhers pradugt of pERignal Apiohand

hlgh\é‘ﬁﬂ‘%&ug %fpéd‘jt fs rrgi%fr OB Ne o 155596882 @fl&éﬂb@@{?&ﬁ @ction vessel

ermnse tause unaccept ab
so astoouinimizefthd\RBsdnee biigogtitgeumes dhd bre. m xt ure.

co ed react.i on |tors i ncl.ude
100431 At Foenaiag of & ek arastioh SHEMHS ELiF OBiora PRERELERed to fist
wasls RIEROMRAS 2R niRturb KR veigh thishRBili3AexBRE hiddbe breafidd snd
exercised to avoid iron and titani um contamn nation

providecfor ifs séparasionvind mgo‘eah i sreaqueppsphage-f Bemoyad of 8daree on
prop\(/)legoshegf‘ englal &I ﬁy&r‘oggn 1Omid: :Et tfn? lfllﬂ I%rﬁaﬁs more efficient

neutralization of the hydrogen bromide remaining in the organic phase in a subsequent

step. Phase separation performed on the water-washed crude product mixture yields an
organic and an aqueous phase. The organic phase is then subjected to subsequent steps in
the separation procedure.

[0042] At least a portion of the crude mixture is washed one or more times with an
aqueous mixture or aqueous suspension of an alkali metal hydroxide. Aqueous sodium
hydroxide having a concentration in the range of about 3.2-4.5 moles per liter is

preferred. It was found that by using a concentration of aqueous sodium hydroxide of
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unacceptably [ ow anpbunts of NPB in the crude reaction
m xture, iron and titaniumare believed to contribute
wa ooopnioxdorti on of col or bodies that have a nege€T/Us2006/013778
i mpact on color values of the final product. Therefore
in instances where product of mniml color and high
purity are desired it is preferred to use a
gl ass-lined or otherwise inert reaction vessel so as
to mnimze the presence of iron, titaniumor the
abotiti 4\é (4 hd04AlterN(1 25 _wft.%mﬁgh&aa sOparatidi pHBlehEAa e oided. A
mxture, it is optlonaf ut preferred to first wash
phagerfepapiiRmepioblest Wandetpstedwhemising avartose consesivaterh8Mi (Se

molSERHT YA SEDIE" QAo AP LREOHI BEHThs Wo SEP RhELISR,

noval i n an agueous
481 preppartideopropy] teorafdei ane d 0D YA e3RBedUs @3 whe 9eNaOB. SAL inifal
ermts npre efficient neutralization of the hydrogen
eXO‘ﬁP’B‘HOd%‘ ﬂ?@ ffehgandro phasoiegaistien M&@@Wd@f@ué@ guueps. In
' r.f.08 - h
o TR o a1 e Lo Bt Sy MBI e
% No&E avas Thigedbwithdi7e. 76 lmedh d mopyidnomidej &Btpgdsetsapara%onzt])ccurred
.1 S, eguent .steps in the separagti on procedure. 4
WlthA# 1?6 é%gflds_a .asﬁcgfwa(swie PSR 1P @bow gﬁ-one
[0043] "MHe@rfdniesndMduBo@i hHRASKLGBH e Byhe R«%(sjﬂé w&a&ggg&lﬁ base are

suspensi on of an al kali mnetal hydroxi
sepagaiey] Dirtonyenisonal mehns, i Qpficnalprat daastrapirton bfithe leganangmse of

- . it [ f I t,
the Postiol oo s A FRaE Rulfkich of Saveoie Siebutimotalir e
hydroyidie dsciveished fvaiowhtedHd fofn ABlag8dduk hRASE ahd 4n BrpdhicPhas@
phase separation problemcan_be avoi ded. A phase
Al’fhglégh?ﬁtqnah thyp additipmal avpteravash isedpsitplln tapierent shawpropyl bromide

.e it . (. . W9 Na .
oSS ML BTRARAL L R o
proda&d flémmable propete, watepsid éldkaiiﬁndﬁl Bmdﬁd&%zﬁ%}% of aqueous

. % NaOH. initi exothermto was seen,
W”‘éﬁ d \x{éeﬁﬁ%%g%mé’égg they rgg sy ol Bl veRRraled Bpmibe alkalrestal
hydrbiide Rkl of 8B B8 bptiMae Q/a%eg Rabh th/g @I\%@’gféﬁ atiér b 'bg%, is

Jprediluted from aqueous W . was m xe
subjerted et {past emgalipilbiyh thelgaindevery pere pheryt bsmgide atadact. The

.ed Wi,th.5-10 ds, e C s c] ean
pror G et d et 30 et 5. 5P Sy U e macthan
0.05 B eRUYs DIRS The (18 bRt yviifered@stih Bn ARUEE U RE&Ss of this
. are separated by conventional neans. Optionally, at
mveptigpsis nzprp praferably s mere teangpbonc0.ph sieared %.he wash with
[004%#1 ugﬁgi’i“f%‘ﬁ%i gilsﬁﬁe{tﬂ)ln igl XQ&% %%(I!I’l% ot . og %li%)ol%gto?yusscgleep isnI a(r)ln

Oldershaw distillation column having at least 20 trays where the bottoms product

ot

comprises a very high content of the desirable NPB. An optional, though preferable,
second flash distillation is also carried out in laboratory-scale equipment on the bottoms
product of the first distillation to provide the very high purity NPB with low APHA color
and good stability at the specified temperature.

[0046] In a preferred embodiment of the invention, at least a portion of the organic
phase formed by either the basic wash step or the water wash step is contacted with a

drying agent. After the organic phase contacts the drying agent, the drying agent is
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hydroxi de is washed with water to form an aqueous
phase and an organi ¢ phase. Although optional, this
wa@ewst1oml water wash is desirable to preventP€TES2006/013778

propyl brom de product fromreacting w th hydroxide

ions in an elimnation reaction, which could produce

fl ammabl e propene, water and al kali netal brom de
(solid). [0044] At least a portion of the organic

| ayer, either separated fromthe al kali netal

separdiedosh @ dalbr@mid plere e el the dekd vizheic phasdis distifled one

conducted after the basic wash, is subjected to at

or mergdignesoiedingng REQ BeRd @8 bs@ttﬁmalan%w spijahde pf Gisypurpose,
de duct

prefeR b RS el AUBRYORERE, 02 DLE o no mor e

[004¥]h aNerl%n@smbﬁﬁax%thBdedﬁhanIeﬁﬂsodﬂmma of thihinvbntieaswhick

compssat & FREIYE HoABABS Ehfan i o s cealE et o Seffgt 9.7

GC @JnﬂfanIPE%ﬁdeﬁf oft AALbRNKAS0.05TIC &85 4. E@h@hhkxm&nlfa

oratory sca in an O dershaw distillation cofu
Subjdctedl tn gtoaagel irasdos2d chersigsllyninert eonthimebait G05 s fayrad lﬁa@tt480 hours

e hi t ent. of. t,h bl e
hes oA PRGOS TG 153 oA o SEPEEicBlis Ao SEpoaicEs Namwiegh
compoﬁleﬁ! SR nf6é ple@drAtmbodih R Of Medhyerfivallas & IPB ROEBHt Tho more
he bottons product of the first distillation to

than }Qr(BV@G areatfe. mgothﬁrgmh@drmqny ofibe inyanton.ozgofPHR1A splky values

and ]?WSIX% co?%e%%w% 1}151?‘1’[21 %dta?% %Bﬁaé%fof g% L{h%e flfi:.]zg&e ?%nr"]e at 60 C.
foratmtnemafstl on of the organi c phase forrred by elther

t he basic wash step or_the water wash ste
[0048b n Tyetiegnow thths fwsnﬁlgabé?ﬁreseﬂﬁtaé?m?%%s ﬁ’ﬁrﬂ @phase

emb&ﬁﬂlteﬁ%fgp gﬁrfer om ﬁH%gxe clﬁﬁie%éldtﬁﬁ rﬁgﬁﬂé and then sepaﬁatmg

I Ssepar organi ¢ pnase, hen 't
and plrrifgthgahgeomhponehiasé thescrdd@tehd:tiomdnmua“e o ylntdr zemuxtmsaf 1somers

The d b
of prgpy AC e o v gl Pty S Yt Rt emicied. o
pressitd-§8E Seelor GRLET M SIMIRS h&’lﬁd tp[lQSQ‘l’lZl]xtLﬁ@YE bf BRIBESH BroMide and

are provided in an enbodi nen this invention which
NPBamddreaé eaca 1ii klydragenbrausige feed lineH 4, miopend Seed fipe i!aégn@fﬁed

e RE RS0 EPlipl FRE e R o A A o i

mixtufe BYOPeEHLEOE sho&hl‘??ﬂﬁ@dd' Mofveclofeedr tesicedd. | Bedctoen is
contai ner at 600C or at | east 480 hours, has

providstayithod pampwrounddecp quiepasedpbetit iem2d, soelsy 29 emfgfeﬂggylﬁe 22.
A pRBEHr bR et SRTRANEthpri G L L AR e, P, |

dibrémégropane, water formed during the hydrobromination reaction, and small amounts

of other reaction side products from the liquid phase reaction mixture of reactor 10 is
circulated via line 24, passes through cooler 20 and back into reaction vessel 10 through
return line 22. Cooler 20 helps maintain desired reaction temperatures in the range of

* about 45 to 55°C. Reactor vent line 18 allows desired pressure ranges to be maintained
by allowing periodic venting of reaction component vapors, thus permitting reaction
pressure in the range of about 45 to 75 psi (310.3-517.1 kPa) to be maintained. In a

preferred embodiment of the invention substantially all propene reacts with HBz, since
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than 0.03 GC area % In another enbodi nent of the
i nvention, good APHA col or values and | ow | PB cont ent
woweme/1nB)nt ai ned after storage of the unstabi | P@BEUS2006/013778
m xture at 600C. for at |east 720 hours. [0048]
Turning now to the figures, Fig. 1 represents a
process schene of an enbodi nent of the invention for
form ng the crude reaction mxture and then separating
and purifying the conponents of the crude reaction
HBriik xtipplied islidhe bgeeds Mitid T %uBie&h&ﬁH?? b $nd¥r 8O BY holes of HBr fed
bromde having a very high NPB content. In the flow
to mgies f Rrangap fad ase) abautt file A aresgtied prapene.df itwaistse bxitshy way of

i ld QUi j 12 of hyd . b i d
reackf Yo 18, B Sty RID BEOpTH A MHICE b R e ROHET Y frioe
propede fqedopepmtibe ofitheichalekbactiod nfivgee pdsees théudhdine 24 to phase

oxygen- contai ni ng gas deliver each of these conponénts
Sqm?ﬂ%8§@FF§§@ to liquid mxture 12. Punps (not shown)

O i o . r i S .

004 XSS 181 Sal s A 505 B0 g i e 20

is shpwn wieoé equedOs snulium dydroridei(Bs @&lar)As pditeditefore theacreddisioduct
.sed prinmarily of HBr, NPB_|PB

pass[a§ea og}iz}%g? g%)xt i’ro?l\’l\vlg%:sgpgé ronsl Tnsrd gA Phgse cut in vessel 30 allows an
aquddysl PRIRE @Tb& afakwdbf BRGIIHAThe ﬁ%d??l?ﬂgﬁ iogg'ﬁgﬁcgﬁ}ﬁs@{o aﬁb&%ﬁ to

. reaction side products fromthe se reaction
distiHgtian jvia lige 3deactor 10 is circulated via line 24,

| er. 20 d Lnto r. ti esse]

o095 3Pt AUSPeFA%k B33 P08 s Rl G R e con
be nuds to e chrRGrbdRt bE RERAL U phesd dit bp&afidB&woln BB sHctidR
to 550C. Reactor.vent line 18 allows desired pressure

vesselangdae peinied additionaf sediveyhydraxads. nbheairpesdiand berrfitiod such

. ' t . ALt t.l
Optl(g{a%e é@ég%dngge;%%g@%gﬁ%% oél?ﬁgtg‘g%fin Q‘é}%ﬂ%@e\%’gc% éﬁl QrainedShitt fhe
crud¢ B0tiGr Midtuke. KiPe)hytimgbe bromidé sépaces with an RjiRbes pleBe and the

enbodi nent. of the jnventjon substantially all propene_
°fgaP18aP3f‘%e 1ﬂuqﬁéf1{°u§1? ﬁ@éﬁawtqu%%%m Reytreaicdsyvitly pgueeks sedium
hydrbXidt s@lution. BB IBGUARY e i i
B Ll TS RS ih o Be b Binideh By Bab Rebor hokthe wil
favorghlyeisecidhp popunteof aghedus athelishetal lydidxsdegoluiion mded to be

I Ve line 18, .as does. any propane which may be
addegr%%g){éq{h%es%ﬁo ?Snt&fﬁl?vnicﬂgtsﬁ@né?opene feed. A portion
[0050f Rbeuwgihpd6wt6 Fed. i108n Bigkhid PRadaenSnihd MW add AR ddits of

phase separation vessel 30. [0049] StiTl referring to
IPB gddibromopgerase sredrdesportadeiamn physdrseparatéonsedissel 30by way of line

L G e L L LT —.
line §% adllPB and dibromopropane are carried through line 54 to distillation column
60. A second distillation operation in column 60 causes separation of an NPB final
product though overhead line 62 and dibromopropane though bottoms line 64.

[0052] The distillation columns employed in the preferred embodiments of this
invention are constructed with interior surfaces which are chemically inert. Suitable
construction materials for these distillation columns include, for example, stainless steel
and carbon steel. If carbon steel is used, however, it is highly desirable to provide a

chemically inert lining such as glass, TEFLON® polymer, or KYNAR® polymer. A
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passes i nto phase separation vessel 30 through line
24. A phase cut in vessel 30 allows an aqueous phase
W@ 200ba133pawn of f through line 32 and for the oPQHOR2906/013778

phase to proceed to distillation via |line 34. [0050]
Al t hough not shown, it is to be understood that an
optional addition of water can be nade to the crude
product by inserting a phase cut operation between the
reacti on vessel and the point of addition of sodium

prefamedremdiodimeriT o€ theunpamsion ainch dglastlitedehrimucteebainfignaition.

00s3E °The i en At fieed P RlticR ettt AR gy tvpg knov b
provitédhO 8 e AN of %oﬁlggﬁér@é. eﬁxé’\ﬂigtlﬂla%’aﬁ %tghﬁgrﬁié%aﬁ’ Ba ﬁge@ Qeth

the organi ¢ phase continues throug epi cte

interiog frapieof varioes shapas el mintberaoquisopeskeddith vatyyr matedals. A

l.ution, . Thi s. decr e.in drogen.brogide.in th .
pret R0 g o R DR AR g BBt b wit
one @MdOMbigdti oA eRtSpRIckal rhate®A1a subly & @XicEBePpAcingQBiacked disks

needed to_be added through line 28 so as to result in

of vaxyjug mafgriakigad pbsaptises) oF rndgmydwnped Hpagking (ingrt particles of
: i LRk P nd. smal | t f 1.PB
vary B SRS s S08, 68 MALTUAG NI BRE i PlotoRTPAA Brllrdd Tpes of
“dungedd pifmkiimimzhﬁs @hrtidles byrmﬁwedfof lglass éﬁe‘i't inetadl or ceramic material
.distil]lation coJu 50 ere .| PB and any renainin
which, il e o égg‘?ﬁélﬁhséé@si Hogs; potmdedmgtabippd apdles.
Particli R ¢ PRAL-RRBRE c &hifi Ol %ﬁich@i@féﬁﬁréa&ﬁ\fe R%neBvironment which
distitlation colum 60. A second distillation
has thppossibildy of HBraresence50 causes separation of an NPB
i nal _prqduct though overhead.line .§2.and ..
100545 5 RS A SAH S QR B SR ABSBAICT tsduap copiguration s
highlidepérdedt orPthe HAHIINS aSHRLAANE thvbRrelih Meﬁ‘l?%()ﬁib'ir%‘aons f size,
enbodi nents of this invention are constructed w t?]
materigls of iconstygtismensbruniparamesere arcinonsiblel 43longes the cBoicesiowide

' tenpi al s,for, these disti.ll.ation .colums
accefE Lidel bEulIp bf e By piaufdE B8 efbubirical e dyg prahies
[0055]t eBempdritueaplofifesif eath distilusiod colt@weame blsoitd bé ndir@bbdto be

. desi rgbl e.to provide a chemcally inert |lining such as
dmta@ﬂigg’

© EEROROBE Sfrthe Partipulpydiniistionytions mhichase el carried
in theFRIMATRR bhoRbm!hEarhs Ycﬁgééggﬁ%sﬂﬁbg@? %?Iginﬂ.s S[h%é@l?cﬁliﬁ%{»&ﬁ& are

steel configuration. erior ‘design
readityhdet@ninaiieé fromtthelitecasimerand v mobbe détaidedyfuithgge known to

royj de.t he sired split, of conponents. .The .
(0056 The Felers ﬁ??&ﬂ- Aty sssg%ﬁléfé{l? PARGF Higt ﬁwfgtt%er addiitiqny ofi
- ﬁ£] H ] O n r o . 1
ool 49mb e Ehapegoag un PO REAAGKEE i by
into ¢stillation goivom Hbihoengs lins 3do Wateristdagiedalvarneap kgl ling 42,

passed through heat exchanger 38 and returned to phase separation vessel 30. NPB, IPB,

dibromopropane are carried through line 44, through reboiler 46 and into distillation
column 50, although a portion can be recirculated to distillation column 40 through line
48 as distillation conditions dictate. Thereafter the scheme is the same as described above
for Fig. 1.

{0057} An optional propene hydrobromination reaction system involving pre-mixing

propene and oxygen-containing gas is illustrated in Fig. 3. Fig. 3 depicts a laboratory set-~
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one or a conbination of inert packing materials, such

as structured packing (stacked di sks of varying
woraioenn1imdhs and configurations) or random " dunpedl/Us2006/013778

pacl dng (inert particles of varying shapes and sizes

are | oaded into the colum in a randomway). Preferred

types of "dunped" packing include particles

constructed of glass, inert nmetal, or ceram c nateri al

whi ch may take shapes such as beads, shards, rings,

: hoGHl i e

B e i R HhbiRhe RO e B BisPBA R Propene
beingrfed thoougbrlinei6i anid dxygert-tantgivingiges throyghdineti8rinpr esence.

0054] As .b i.n th [ . di i Qn .
prog RO BT g B RAERE aRt S Betir R B R SRR R Bl ot
forvitid tdalRPEdriabiithas a ploREFG oM Mol Q4R mAvR@Eed that keeps the
conbi nati ons.-of size, materials of construction and

mixpieriphindrepeandrostsidssthe bprer exBlopiyngrngs ferruopngiand oxygen.
he B 4 RSRAABY e AOARRy Rl Ao s ke o

60 pEFm eﬁmagy :mﬂ(rj dhbdled ik e% edsrg_éihﬁtgi d 15@%&1 mﬁ aa l;)tﬂ!ilflﬂin&?ﬂia& mixture
also to e unaerstood. to e | ct at ed A t he orlrin
of hydrogensbrgmidgand NFBjapd begd sppss 71| Afdigandl dydroger biggspigeat 40

psi (?Z?.Stk‘?’a & iR ddced viaNidea s%ﬁ@t%%glgge g%(l) Fi?%ktﬂm R

each respective colum: g points are
tempeaiid in thietapperphatimue 20460 hE tisvmainitdiseddiyuuse ofadvanér Hatin®d. A 60

. iled furth 056] .The sch f Fig, 2 i
psi (303 IRPRL R dRACRET a4 O Oply Yomibn i e S d Hseysbask:
presQik irég\h?e{tmcgs/id‘tﬂaﬁ% Sdsired lds@ite grP@hH '?%g@qyf a8 251t PIO psi (172.4-

di br onopr opane and water are brou into distillation
413 ddPahearvige mainiaingd. | Theecogwosivign of thisverdgad will byprederathately

t haough,line 42. ed t hrough at _exchanger.,38 and .
e A A g G TR S o 6o WRB G A avine
watét dOhRADPS. O PRy geh réiaide el disislos ghthleiviterd Pressive Budll-up will

reboiler 46 and into distillation colum 50, althoug )
be axoiged i waterseAuher P8 by petmifingnong eartiye DreRenp.onbigh is Apnmpurity
. A 8 i stillati V 1d.0Rs: di .
in ppbEPYAIR 8 o8 T8 cAlRirpacBh RO R 1o ARE AP 0
remband ikiaguitdble (2Ahet] foAsubepducanalrifpatme pwcedures.

oo TS AL B BEGR fin
at 171G mikturE0fisomeRegH by 1 BrdrARB TN AIRLI SRIUPW ALK ESSS

scheme for pre-m xi'ng ‘propene and oxygen-cont ai ni ng
solugjas of W wit YpNePENey Inéiing thesrudelreantigh nhiktvee Withdhelaqueous NaOH

oxygen-contai nin as through. line 78.,int .
and BBERS S Bt R on B SHiRBiciSafsh S Jaragd. gipashing and
sepde@in® précodates Ard ¢odduétbd §siR@thiventional laboratory equipment such as

Erlenmeyer flasks and separatory funnels. The NaOH wash can be repeated one or more

times, if desired. A water wash can be performed by mixing water with the crude reactor
product before performing the aqueous NaOH wash in order to remove HBr and reduce
the amount of NaOH necessary to neutralize substantially all of the HBr. Also, an
optional water wash can be performed on the organic phase formed in the aqueous NaOH
wash step in order to remove NaOH before conducting the distillation step or steps. The

organic phases of these wash steps comprise the NPB-containing feeds for subsequent
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forward to make certain that a propene/oxygen nol ar

ratio is nmaintained that keeps the m xture rich in
wWee@pem30and outsi de the upper expl osive rangeP€DDS2006/013778

propene and oxygen. The propene/ oxygen-containing gas

m xture is introduced via line 82 sub-surface into a

60 psi (413.7 kPa) rated 3-necked flask 70 contai ning

a liquid heel 72 of in initial mxture of hydrogen

brom de and NPB and head space 71. Additional hydrogen
distibaton stepsat 40 psi (275.8 kPa) is introduced via line

| ask 70. React t ture
0055}, ¢ h%ied flshicus pistermg. Tepreiony @sﬁianlqggwéu”?ogrﬁme of
P
d1st1ﬂaﬂ\@{ @f; t&l,g%%éér&q)\}lgﬁei ah§§(JtS ofﬁ eBFlél}r&D'%%) dstf% N gﬁ)&;fl%é)g &%conducted

asa a@h$>moessrw ﬂmtargm&s Ixse biite veast feptRthgRliStHRM RN three-
b w i 60 psi (172 .4- 413.7 kPa) can

s e S
ol b V

R

Distitbfibe Bblufsh. IOUB@ Elﬂﬁﬁf‘wﬁﬁ ‘amaﬂgblwréﬂm(q{eﬁ% 9 ?36’ ‘Eoﬁ%%lﬂg swinging

wat er. Pressure build-up wll be avol

fu‘m’g]d‘% b@?cmnwebbﬂﬁrldta trgem{oot sheamb ancaspd tqqane:,de whnﬁﬂe
rofucta®S IRk of ol PR pir R e Fiipacad20 seing i cptumn
100 togpamtsed distillateI20 tatlbived FRMOR inth 9éceieP 366 H&f‘éollected as receiver
contEifp L. oSt ﬁ?%z&zzm.céﬁﬁfé bt 1 eduded om indersed in
condg TR ANE Wikt s 380 ep P’ %Hﬁ&@éﬁf’%ﬁ@rﬁ%&ﬁ@ogﬁ (R prignser
tempéfahii%s W niBAYREEA MN%% Lo C?;Ir l“l'gsedlgt?lﬁﬁ% !lf(p SO dny ©

W th the aqueous cting a pha
condergsariaflpws back intvedistiltption (Cbhmuelﬂlhorﬂimaﬁffecél%ﬂm The direction

of A RF RN GRS Pt UG praon by eﬁ%@%«eﬁﬂ}ii'@l@%
depidts @Siﬁ‘gn%ffﬁnﬁd nae ﬁ{ Qf)b!sﬁléﬁ‘ﬂfﬁicﬁ 11608 d{\s!ﬂg)fi{ 29 o Hle o 19&) Teceiver

repeated one or nore tines, If desire
106 %%m gudgnser B2malhesyelegtrinmagnett Id s nitivatedy ewmgmgeﬁ,mnel 112

movésqgﬁeoé]lregpgg ug {heb Lo \%Jp E{B'g oa%?gg.ﬁg%rg Eléeagq{}z ogﬁggﬁ)?gwﬂlate

120 béelitb neloemsid0o tius rpmma@fdﬂm qub ﬁ&ﬁ&t bRtithy oﬁlu!uv% d;f be
Al so, an optional water was on

HBr . can be perfornme
electiomaeneigHdi conppls dhe refpmeaiia by dinerting distillate r@cwbmm flep
cond e S M S A AT it SBevey
Atmaspleric veas lins 1 Hpwith aitpoges énpud éindIPE8 gy avantiss e oslsor &
needed” ﬁ) g&?\tfeg Il% H1gq} IIJu%nty i}P%)lS provided in the bottoms product left in
flask 70 at the conclusion of the distillation, while IPB and other impurities are carried
into receiver 106.

[0060] Column 100 may be of any suitable configuration to perform the necessary
separation. A preferred column type is a 30 inch (76.2 cm), 20-tray Oldershaw column.
Columns having additional trays are useful for increased efficiency if space permits.

[0061] Figure 5 shows a preferred laboratory equipment set-up for a flash distillation of
the bottoms product of the distillation illustrated in Fig. 4. A first distillation bottoms
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[0059] Figure 4 illustrates a preferred | aboratory
distillation set-up for a first distillation of the
woe@anisophase or phases from prior wash st epsPCT/US2006/013778

Qperation is conducted as a batch process with the
organi ¢ phase of the wash step being distilled from

t hreenecked flask 70. Heat is supplied by heating

mantle 98 with Variac control (not shown). Bottomns
tenperature range of 72 0OCto 73 OCis nonitored using

produdhéx pim@tia 2} t&@éne&esltrbhﬂcbbcbt&:m&dﬂas@ﬂlﬁﬁuﬁ@se&hﬁdl\dﬁstﬂlatﬂmn

a le refl head 116 conpri sing sw g, funnel
cotury §0 pCesiee i CTeEHAS STl AP OB he 8 mantle
98 WHE oeridife NaANd étﬁltﬁb@g 0@@'1(?\7\11[ efﬁd&i‘)ﬂfs%ﬁéﬁ?ﬁubﬂ te%x%ﬁrz[tﬁ’r‘%9§ta9éeted

about 3 1to 10:1 as part of distillate goi ng u

for alooait 7013 °C0A 167 R (109 0kP)iasd bidraél didQiatioh %mpér&t@refﬂr@g\tesses
into receiver 106 and coll ected as receiver contents

up tobBut Astodi2S dtl1dt7e(pdiaQ01 B dRa). UPhee@binaterd 004 arid 134Smonitor
cool ed and condensed in condenser 102 which has a

bottogssng wyetherbiemperatieres, mesphesiveli dalstylﬂatg 129 is1@uiied up Vigreaux-

ove ORI OS5 P SRR PR
high bmﬂy NEB prodiust, iNitrepéoipalinemo80d venit 10ae 1100uré Sekiny #hich

The direction of flow of distillate 120 is
aﬂowa@f@ﬂ%ﬁ YraHnS Of Yanorpbenapesives 06 aF mpreRiatennel 112,

006, BB BRI e e BB 8 L
condenser 102. Wen el ectromagnet 114 is activated,
swi ngi ng funnel 112 no [Nt direction of the
dashed arrow so as con}ﬁg‘ﬁ#@lﬂﬂi path of flow of
Exaﬂi}yles?' Fﬁ/@ito%réigﬂap@?gfﬁz {J%‘Q um 110 to thus provide

The period’of tinme of activation of
[006?d| eAtlahm@tgrYeftcalrlbackmmsm rsadtdrewasefonsixugtet ungdy heavy-walled,

60 o8 sBkEo00 b ko AR e e Baticone” ot

conné&diionsjo a 60 FQS({DTBEV kBa)serl cbhd&sér](@ ®icbblant) bh@® G@e[btér@ﬂiﬂﬂh the

line 108 all ows venting of vapors as needed from

vent gascongested)tog back grespie irctg;ﬂlems Amsingiad iqaisavalyme pg178.70 g,
A L T
surfacgtirbegh 0. ﬁltmx:hr (@i oney Teloh. ® poIyaR} cmédlmﬁmbﬁﬁcmngw re of

n rat rmt n I
067 §Bartat Pormniesr @FAE e Grd ey S i (5054 b [ ibing
1mt1aﬂﬂt appPordifdily D RS AN tﬁ?& r@&hbx%@édlﬁﬂ%? ] P?(I) a Fischer-Porter

di tional trays are use I ncreased efficiency
botth ng}mu@opEnmng gas (air) (6 mL/rmn) was metered via computerized pump

using #14 Viton tubing into the Fischer-Porter bottle. The propene and air mixture was
fed subsurface to the 500 mL flask during a 4.5 hour addition, during which HBr feed was
maintained at approximately 0.67 gm/min. The hydrobromination was performed at 20-
23°C, 30-31 psi (206.8-213.7 kPa) with these pressures being maintained using a back-
pressure regulator. The liquid product was condensed as it was formed. The vent gas
was scrubbed through water to remove HBr and the exit gas flow was measured
intermittently with a gas (Bunte) buret. The calculated conversion to NPB, based on

propene feed and hydrogen bromide exit gas amounts was 99.90 mole %. The crude
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[0061] Figure 5 shows a preferred | aboratory equi pnent

set-up for a flash distillation of the bottons product
wo@Roobhessdi stillation illustrated in Fig. 4. A PCT/ES2006/013778

distillation bottonsproduct is placed in a

t hr ee- necked round-bottoned flask 70, having second

distillation colum 100 and condenser 102 connected as

shown. Heat is supplied by heating mantle 98 with
vari abl e Variac control (not shown). Bottons

procﬂlcs tcbﬂtduﬁéd D80 P/emsmlaédmsr Jia8d B 0REBEhd Rith 89 %tg vilerarldPhase
si (101. 3 kPa) and overhead distillation

Sep%t%ﬁa’e ?%tsmaéedal@lér@ J5@¢ of r@rqpyl bismide in excess omhmtaaﬁ heel was
obta]1€ed7 Ar&?%*,ls(&qge Ferdf 28 Sh e@?gﬁ% 3‘5&6‘% propane and indicated

noni tor ‘bottons an over
sufﬁcmp:iydd)wvbkwof datrﬂilsﬂﬂblabgaihi&@ sd) as @amkin®Eh Bélow the flamability
rbe uxtype cqlum 100, passed though condenser 102
ranggr?g % dnd pronspe in . H@Baneaén Vapyrith g aropend, is,thaiPB

predéhﬁﬁ’é:ﬂﬁ \A%dljb'bz{r[)&g%ht APHLd !r'tlﬂ:@e é&)%nﬁﬁq aY 8&{d1 1&@?\%&&‘101 5Y,°

shown i ch al eriodl ¢ vent vapor s
excesg Hirflow g ces oﬁpmmhmnane ambﬁﬁlﬁ&}:esihl@ vﬂ&lrﬂ misi@d at

atong R ekl Aid Bkipseiite B Gaf bessts Brywenissict asm inert
flan@iBloRenes] WG 3alyyid HRE afoawnﬁ&eéted bagl I@F ﬁg@ é§7 % IPB,

react or was constructed usi ng)g eav -
0.20% pibrompepeopanesene GSh@es ptrcmt ks V\ﬁl"y}blcalbfr, &mbamt gﬁefahaiysm had

R e T SRR S A

seleativitly fyelNPBOtypRaled6 DM %ack pressure regul ator. An
initial liquid volume of 178.70 g, (1.124 nol) NPB

was added into the reactor. Hydrogen brom de gas was

ExalifR 5 L5 SRS Sn gfy ;%%WS P9 ek W af ¢m Teflon
(r) pol

mer coate Ing rncreasing a rate of 0.67
[006@] m'zAm erhlprdiBert afiarpuo@ss ofthixdenstionsvdseendeteduga &‘uaémmture

o T S U0 Gl TP b
0.13Fsc aRa s BRrbRs @Eéﬂel S500HY %ﬂté:g i &) Rl'o[é géém(i@ 'hg%rj_)gx%mma-

rTLmnz‘vvasmsere via co eri zed usi ng
tion pfodyef, baring: §5.76 oNPRe 3 AR YcIPE arkdd). 1 36 dhinbmbpropﬁhe was washed

t d b to.the 50
in o ACRPARIAR A s Aol 1RO AP abi 20U5RES Sabch bR Vel and
phasfa sgrraebusiBg Sdrdefit@shadlabaRRird ég In%hﬁ/ Yy, cféZn Qﬂlsg‘sébar&hﬁ was
8 tgrom nati on was perforne
obtainiog g/iBin 330 seqondy taxgive 45116% 8 (pr- %%%’q)rye@d bescln@mg phy51cal losses.

GC BRI

GRS AR SRR RO LA
3.81 % IPB, 0.15 % dibromopropane. The NaOH wash procedure was repeated on a
second sample of crude hydrobromination product with similar results. Another water
wash was performed on the organic phase thus formed in order to minimize the

possibility of carrying NaOH into the distillation train.
Example 3. Oldershaw Distillation

[0065] An Oldershaw distillation step was performed on the organic phase from the

water wash step of Example 2. Samples from the water wash step in Example 2 were
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was scrubbed through water to renove HBr and the exit
gas flow was neasured intermttently with a gas
w@ Bwnatie3gobur et . The cal cul at ed conversi on t o NRB/URnS€3778
on propene feed and hydrogen brom de exit gas anounts
was 99.90 nole % The crudeproduct contained 1.30 %
di ssol ved HBr, and after washing with 87.26 g water
and phase separation, an isolated yield of 250 g of
propyl brom de in excess of the initial heel was
combiriedi andd. tothhef §851.25 @hsddng fvefor grsdisthpnes 8. SHO%L three-necked
ene, % propane, and indicated sufficiently | ow
fm“ﬁ dc%%%lg &6 eavigpest yithiadd iseh. 28-tray Qldembaw eolbminovith
| d. _propane in
varlglfflré réﬂt?iggeg&rll ecbﬁ%o&fe?%’%n@lec%ﬁﬂgﬁ%%@ﬁ g%éi‘ortrﬁg PRIES colitrol.
Heafing siasrsugptied twithr o5 G0 ﬂnﬁrhemmg mgatde ¢otaiested S Variac thermal

cont @p:)er i ment al \con Lef th 1-3% excess HBr fl ow in
eXCESE NG AR %%rS hs congpRssheoqhu deapmrgtuguss 5-10° C. The
reﬂmﬁé»lﬁlﬁfbll t3. Qﬁ‘aﬁfy’ ifcBELa Y1 6 vAmbs: rﬁl‘@&ﬁ??&ﬂe\éﬁon

to that passeS through the systemas a
occyrriggrgiabst- @3‘6§ﬂ| tC glaistt(@lsmHﬂpyls\Ime of 72.B& 3@’ dlluMass balance for the

bS58 0 Py b il 1 i

of 8918 gaxastcogaae@rmi% 8f totdlPshParlaBB6d b G@&Hﬁh%ﬁb@éﬂ ? %8 % IPB,
ter than 99.5 % The reactor yieldis limte
6960134 ?\Eﬁ edpslysis of ﬂl@rdlquﬂigte at ppi% ofithe Bl cligiglate cazﬂlected) gave

6.5 IE%EIEB 7 0%8 O{ANPEO z%po c%nﬁ){lgtmgld%l% gglgl\/\z?%lrf#gh 4?% %% of feed)

werd anadmbd dm G premnd 400.61 %) TPB Omt%eNBB@M(ﬁ%Oﬁnd &ef&ﬁcﬁ
br omi ge cont ai ni ng 95. 76 GC area % NPB, 91

prorgze BP9 o Fasrisias S Ciaroemeraatasss s brlsprecisanse HheaBigitlation
was b, 5(»417% RicBding lggsegﬁhé%? %ﬁ) %fayg[% P%%ch;%r

product, having 95. 76 1%‘5/%*%&““1“5“011

reacﬂ@brom)propane was washed in a 500 ni Erl enneyer
flask using 160 nL of an aqueous sol ution of 12 %NaCH
and phase separated using conventional |aboratory

Exa;ﬁﬁluiml'}ﬁﬂjh.])ﬁﬂg&m phase separation was obtai ned
in 5-10 seconds to give 451.65 g (95.73 % vyield,

[006|6h c Mﬁcwgd bl adinglostogs ﬂa&{kﬁls@wiansvamﬁ‘oanecf 0l Svge-

ft t he Na
souf QartiS A NS e et o
the cmdenshm distillasor RPBILREhpIN3 & 6APRheRB TR e NPB ¥ien
drobrom nation product with simlar results. Another
l‘em%}%lti% FolsprtpEIg RV plakics. Sveriad distiliation tpma@@uw] eenfiguration

was ?Rﬁ”@%t'lﬁ@%ﬁOlt?k%%g]bgﬁ I{DP sHAAR nbtje Re1¥1ture progressed up to

carrying into |on
73°C at 14.7 psi (101.3 kPa). Using a Variac/heating mantle with manual control,

V.

264.09¢ distillate was obtained. Over the course of this distillation the APHA color was
improved from > 100 in the initial feedstock to a color of APHA 10 in the distillate. The
center cut (63.75 % of feed) was isolated and analyzed as follows: an APHA color of 5-
10; NPB content of 99.94 %, IPB content of 0.02 %, and dibromopropane content of 0.04
% (by GC area %). Generally, compositions of this invention have a purity of at least
about 99.9 % NPB with the balance being IPB, dibromopropane and other, unknown

impurities.
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Exanple 3. O dershaw Distillation [0065] An O dershaw
distillation step was perforned on the organi c phase
wo c@aiiize7 wat er wash step of Exanple 2. Sanpl eBCT/D82006/013778
the water wash step in Exanple 2 wereconbined and a
total of 887.25 g used as feed for the distillation. A
500 ni L three-necked round bottoned flask was equi pped
with a 30 inch, 20-tray O dershaw colum wth variabl e
reflux head controlled by an el ectromagnet and tiner
for reflux ratio control. Heating was supplied with a
500 ni L heating mantle connected to a Variac thernal
Exampdnb.r Sheraral Sebiléy dtaragd Tes6mi%9° C The condenser cool ant

[006‘58] n gﬁggh%ﬁg% %/i@t;fl}]e?rp]rg%sﬁ: gr%&%i %?Jduﬁf%s‘éﬁ&wd@& i E‘%;Jﬁéqlg’ 4dvas

sepa@@dhﬁt@tpo@tﬁbrﬁex?d I thermgal atore@ﬁ sGrb@By Tests waerd cb?)ducmalmn the portions.
erature of 72.9-73.0 Mass or
Twelgg EB il esmplgpnel VBB wrw%% iRf0% ﬁﬁlaét t&ﬂ)aﬁ“&?%%f} Hlgseg with

Teﬂocfl lcy?ﬁeg ?%S(Ij}ﬁd{ ‘Eq%ﬂ(; t% ] e«?ugfr)]fglubfzi‘teglp;an%s 18 e@di’tﬁ)ﬁ to

bem@ﬁomﬂdwm Tefo/® @Bﬁnﬁ&oéﬁd YidbiRBre alditionally ket in h@losed

| t t 67 % the t | | t ed
secerie wheis thofepeEries whs ropiRmines by Cormpr Bt Beaiihe
cons@@étEcPHP 15&151&?{)%@11 othdr Qlﬁta%eocfonfa@&‘i@ cEbeensed af i@ daddivred from

propene < 01 % IPB 0.02 % NPB 99.70 % and
a cheaimbalbmpﬂt m@l @vhich dmanbt chepinally dntaraciomith fhegsample. At the

rce n a

cme S5 SR VSR 1 PR, 80 B° eI A0 BB e
bottlayhdtthen eTpRkliang reingil rttatuewlbse@mpme @@m;ﬂeoﬂan
° Flash Distillation 50066 A second, opti.gnal
unstabillifgr anigtusg ef NPBod PBtwhl%tslacmnms,lﬂﬁepif&}er@asepwné{enﬂon 1s

' Vi greaux colum with attached condenser
repoﬁ#}({]d%r&%&)??g'gen on the bottons product of the O dershaw
[0068]' S'O'tlhdrahﬂnp]es bf propidaoplide Bormrvadowtesoutwes betd @so subjected to

enal SR SARSIO! CSTRRHEa O SEPYS Gl VBR Olafhst Sty Aldrich Chemical
Co. %ﬁgﬂ WA %ﬁke%%\ﬁ%o bimtboxytutakd ad a Radbil{ztO5k- h%téﬂ%@)s glé Ain

ttonms distillatioh tenperature progressed ;g
the DﬁlaatNHB, fipnpthis EIGIARrRPEhemigsl Bg. spuntervasdetenwithgut a
W t h .manual ntrol, 264.099g distillate was
Stablg‘% raﬁnﬁggpor%gélp B ur se of this distillation the
APHA col or was inproved from> 100 in the initial
feedstock to a color of APHA 10 in the distillate. The

center cut (63.75 % of feed) was isolated and anal yzed
as follows: an APHA col or of 5-
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10; NPB content of 99.94 % 1PB content of 0.02 % and

di br onopropane content of 0.04 % (by GC area 9.
w@zmwengd3by, conpositions of this invention havRCHUS2006/013778

purity of at |east about 99.9 % NPB with the bal ance

bei ng 1 PB, di bronopropane and ot her, unknown

inpurities. Exanple 5. Thermal Stability Storage Tests

at 60 0 C[0067] Highly pure, distilled propyl brom de

product as provided in Exanple 4 was separated into

portions and thermal storage stability tests were

conducted on the portions. Twelve 60 niL sanples of

NPB wekablglof daalyticahResultsof Thgrmp) Stability Stormgd Tebssed
—wth Teftom—{r)—otyner—cgated—igs—uponrthertal
Sagple | | Bietat60 °CAl|l 4RHPl e, NBBaddi t [f@n {f aditveinbgropane (GC %)
cl os épl wilhdursyef | gn_(aojor pol| y ¢BE Y90dt &L %) ds wer e
praddi |Oonal ly kept 4 D a cl (e%gg4ggc::P&'®gLetWre t he

%+, I A L3
renpetratrtur-e—was—itat it arheqg—at o Hes—used-

wer e| é8hst ruct ed joffo gl ass,| salsphougly.azt herl o4 t abl e

cont a'& rs can bg used It rg)an tactjured fjom a

eher-ca B 8hdgdBnat | 0o cal |y
A%fintefact wth thg sample. |[Agothe figig | nfgroqal s

I ndi tated in the|Tabl e belfow, sanpl€s wefe retrieved

from ¢ @80hen 1064 0spd-Mnd

returngg to the glpsed reg¢epipacl e oisgsanplogiof an
,unstabrTTzed m xfure of Band rPB Wicir 7s a

B conpblition of tHe present MAVenti|dPbSis {dfbrted as
sanp| ggol. [ 0068] |Qpher saﬂrgb§§ of R)(i‘qpyl Brgam de from

Vart pus SOUrTES Wer e arsosubjectedto aafryticat
nrock®@ es for cdrifari son) 9884anpll @.63f NPB.03bt ai ned

fromAlLdrich Chemi cal Co., which was spiked with 50
TV 95 2 B s abresaifn ofpigpene 40,733 { RHICKY T RATPE: A

i B33heCpubified acddrBrgfto enhotlime:s oftaismvékich; be Protddasd  @kanfpRs 2-4.
S QNGRS EE PR iLeYL a stabilizer and reported as
Sampl e B.1 Product of oxygen-initiated
h&g&&&hﬁﬂf%g?i}@ﬁ‘ﬁm%f@ﬂgﬁe 30.7-32.7 psi (21

1.7-225.5 kPa), 33-35 C], purified according to

nbodi nent of this invention, per procedures of

[0062] 5 A ay be seen from thejdatp afitbenlelle. tp prosgrr ipention provides high
_ P ; ; DB i Lt
po ARS8 S S oA T o
wheil atdiIﬁainlbdh ender dlsemil itﬁdiﬁﬁtyt tbsI;L rRopditvhg] e&llﬂ’lﬁil&h iﬁgﬁgﬁ’mﬂn practice
tapilized | PB product, having excellent . col or
to a‘ﬁﬂ%ﬂ?} 555158 ?%Btfgﬁﬁ@eﬁ% alfisars. @rﬁ?}é}%&a agifiesr nitbenresne,
and 8t &Pédoxidé suShs £O08Ibk G, Ak RME N of fhis HvGAITHAR: composed of

practice
the propyl bromides as produced.

chaoad v 1 nart tari
rrreir o LA %L AL L

Analytical Conditions for Propyl Bromide

[0070] Gas chromatography (GC) analyses were performed using a HP-5890 Series II
GC with a flame ionization detector and He carrier gas with a split injector and 5 psig
(19.7 psi, 135.8 kPa) column head pressure and He flow rate of 150 mL/min, using a 30
meter x 0.53 mm DB-624 column with a film thickness of 3.0 um. GC thermal
conditions were as follows: Injector 260°C, detector 260°C, Oven initial: 60°C, held 10
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to add stabilizers, such as nitro-al kanes, al kenes,
1, 3-di oxyl ane, am nes, nitrobenzene, and or an epoxide
WG owh/188807L, 2- epoxybut ane, conmpounds of this i NRENUSING/013778
are conposed of the propyl brom des as produced.
Anal yti cal Conditionsfor Propyl Brom de [0070] Gas
chr omat ography (GC) anal yses were perforned using a
HP-5890 Series Il GC with a flanme ionization detector
and He carrier gas with a split injector and 5 psig
. . ] 2
ity APl st oL TR0/ TSR BRSO, I by
finat ehperatove tior Amindtes. tSangievasfrate 18deoueminatith prodncaiere

was DDt Ve e s A Boleniar rkess oM wanaes (-5 EF baghat
dilu? n %mﬁ%t%: %{ea %%rffiré’s bRse?fol b MRneliSRPAIR diRtdf 831519{6@ Gf

tgrrper ature for 3 mnutes. Sanples
distidied prapyé bropddo werranabzed (0. p b gaswbranstaghphy, weing these

ter, .dri wi th L nolecuyl ar  sieves, and al yzed
condiGost ol Thise SO P o s e RS and 3.8
minhRS BAPS fHaNEB Eésgéeeivb@n 1% @ik RlAnAGttReE RivelsSadWh 5ca0D0 ppm,
distilled propyl brom de were anal yzed (0.5 ulL) by gas
of IRB cambe defeetpthy, using these conditions, without

il uti on. t . Y. [
oo, 0l SR RRTRIB o 09 AR RO Fo e v
perfloglééd'lhsinggﬁ ﬁge boiint aﬁlbrettgjgg(%ﬁoaﬂféﬁbﬂqﬂ the _@dati\ﬁﬂ}? pesponde for the

can be det ect ed. antitative analy ”
rangep3 pRoG 108y oATRR: Seunples Herpprepared éor.ﬁ% ay s ﬁiiﬂgﬂwn of
r [ : zall fprah Lan

SO0 eSO B B p S 5D A A0S
dodpeame ofing B safen@Cesnditives g mpapedy txplaiGdl.anal ysi s by

0028 PR S0 et B e B
22.%%%@ %» id/}%@ﬂg@m@l 09RH] (0l PRShAEndeF ;aiéhﬁ%} Mib8 ¥Rt deeBl-side

) col’or 'was determ'ned with an
conPatjsas-tpiekdmples ofqmeaviTABHAr colersi ng a 22.86 cm (9 inch)

bbb EE AN M PP bt

werbBt#ed 81 PI$ mi M#EE anh elosEEwith TeSbo Ragelystadakddiijdstupdh s
were conducted on 60 nL sanpl es which were din

I
thergnpd ogi 1 bigion. o8 Pl Gisel ket a EOFTORYPOMSEh A oven where

[ . 1 d ~equi .
e A RIS L 0 P AUl Sa v
retrieved from the sample bottles, analyzed, subjected to a nitrogen pad, then re-closed

and returned to the oven.

General Considerations.

[0074] Compounds referred to by chemical name or formula anywhere in this
document, 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 or a solvent). It matters not what preliminary chemical
changes, if any, take place in the resulting mixture or solution, as such changes are the

natural result of bringing the specified substances together under the conditions called for
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the tenperature was maintained at 60 C. At the
designated tine intervals, sanples were retrieved from
wo bweasaspt e bottl es, anal yzed, subjected to a PCT/DSPE6I013778
pad, then re-closed and returned to the oven. Genera
Consi derations. [0074] Conpounds referred to by
chem cal nane or fornula anywhere in this docunent,
whet her referred to in the singular or plural, are
identified as they exist prior to coming into contact
pur ahpto"mﬁgtd fosﬁx%b SAEI@@ el oﬁéﬁ 8 il @a@ri}@f& ﬁ?’é s9h the
em cal type g., anothe nponent “or a sol venty.
predent feRtd @/gS, "oompideat, "H'E Itlnenriefmeme dhionthe alibstinan gseﬁ pxﬂsfs at the

ake place in the resyltin ure or solutio
i, 5L B B eonRetet R AP 16 o BT s Pignces
in aé&ﬁ?éﬁgb%\qﬂﬁﬁpgfe’%‘&ﬁ%d&%t her under the conditions
call'e

forpursuant to this disclosure. Al so, even
[007F]o ub¥rephas mapbarexpresslyrhawitedndioited.dhe asiclerlat he"an" if and as

useP bSRE po BNt SRTBRURERL e pordphed pelimffpar B8

des@@ftm@riatcldis tbialsSigl€ S6maki 6 Gvhik BB AakiOfefdrs. XRdth%t e article
one or nore ot her substances in accordance wth t he

"a" pr &apd if and asaisebherein ip ouerRipd B ewsist ong ommgresEcl flgments) ynless
e article "a" or "an" if and as
thegeégg§£%eg% lﬁal%s{é%éﬁgtw%gnded tolimt, and shoul d not

[00D6 CTOhis tinweatons sluisdépflble do céﬂsﬁieﬁe&ﬁ@ffarpﬁlioﬁmn fis pﬁcﬁd:eai Therefore
to a.single elenent to ich the article ref

the ForegRing desrEPE: asaoémt@de% fo Ttk Shad g by seesbied e Hmiting,

unl ess

B e e S G S
invention is susceptible to con3|derable variation in
its practice. Therefore the foregoi ng description is
not intended to limt, and should not be construed as
limting, the invention to the particul ar
exenplifications presented herei nabove. CLAIMS: 1. A
process of preparing n-propyl brom de, which process
conprises initiating feeds of (A) an oxygen-contai ni ng
gas, (B) propene and (C) hydrogen bromde into a
liquid phase m xture conprised of n-propyl brom de and
hydr ogen brom de in an anobunt in the range of 1.1 w.%
to 1.5 wm. % based on the weight of the |iquid phase
m xture, wherein at | east the oxygen-containing gas
and the propene of the feed are fed subsurface to the
liquid phase m xture, and wherein either (a) the
oxygen-cont ai ni ng gas and the propene
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do not cone together in the absence of hydrogen
brom de or (b) the oxygen-containing gas and the
w@e@pam30zone together in the absence of HBr oPCTUS00&013778
propene: oxygen nolar ratio in the range of 145:1 to
180:1, to forma crude reaction mxture which is
conducted in reaction equi pnent having contacting
surfaces essentially devoid of reaction inhibitors and
contains at |least 95 GC area % n-propyl bromde. 2. A
CLAIM&ess according to Caim1l wherein the
oxygen-contai ning gas and the propene do not cone
together in the absence of hydrogen bromde. 3. A
process ac ordin m 2. wher.ejn the e .
- Oy ERReB it arerge be RSl Wheh R sompeispainifeing feeds
of (A) afoRfRA REAtaBEROs A (F) ﬁr@pe@e ahd(@) Mﬁﬁé rbrélhﬁleflﬁ@dﬂuﬁﬁd
oxygen-cont ai ni ng gas,_ propene and rogen brom de
phasgraixdee spmpEsedeadisprogyl b&oxyrd@@@éélydmg@m Hfomjde in @ athemt in the

randf019L DG PERRSESS o0 L g BB GRS e
leaspthe oaggenaamntsining gas andCﬂha iptopknavbihe ifeedtdie fddeabsurfike to the
gen- ¢ont ai gas gﬁ&ropene are conbi ned before

hqubﬁﬁ%e U, B%‘ng%fé@ qitrer (fe the Qeen-poMaiaIng Ses a%thepromne
o P52 2060L b0 LB BPEALE o 19 ERLYonsinin
gas amt the -prapeha come tpgethep outhe sbseﬁce of HBo orlysn apeoapede:ngyden molar

.dajm7 ne or |SISIr
ratiq i T gF OBI05AL 8 LB LB By TR0k HIRRu Wheh d ponducted
in rdabBorPEfitherTPafinBRbAlactH budfabdsNGs GORPP HARE Sf)xréhé”eio?ﬁnlubﬂors
iron or titanium10. A process for separ ating n-propyl
and gpryping et kﬁﬁr?ﬁ:ﬁ@ﬂ(@@t—% mptomléor@nwlpru si ng npropyl

bro ro rocess. conpri,ses:
2 01 P REGeR MR L8 O] BRLER BB oo BT Ang BT I3RS
propme dohongnge tolgeier i théalbeME@SIT Hyarageh biorgidan agueous

sol uti on or aqueous_suspension of at |east one alkali

met'hPIORGREsATdBLra Gl awhenchr the onygentqoatanng es yiHized in the
prod'e 96;:0f 3 to 5 noles per liter, to forman aqueous

phase and an organi c phase, and then separating the
4. phdspoctdsuscdrdmgea Claim 2 wherein the feeds of oxygen-containing gas,

propene and hydrogen bromide are separate feeds.

5. A process according to Claim 2 wherein the process is carried out at a pressure in
the range of 20 to 165 psi (137.9-1137.6 kPa).
6. A process according to Claim 1 wherein the feeds of oxygen-containing gas and

propene are combined before being fed subsurface to the liquid phase mixture.
7. A process according to Claim 1 wherein the reaction inhibitors are one or more

metals or one or more metal-containing compounds.

8. A process according to Claim 7 wherein the one or more metals is iron or
titanium,
9. A process according to Claim 7 wherein the one or more metal-containing

compounds contains iron or titanium.
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(I'l') optionally, washing at |east a portion of the
organi ¢ phase from(l) with water to form an aqueous
w@base1dad an organi c phase and then separati nRCT/082006/013778
phases thus formed; and (I11) either (A when (I) is
conducted and (11) is not conducted, distilling at
| east a portion of the organic phase from(l) one or
nore tines; or (B) when (I) and (I11) are conducted,
distilling at |east a portion of the organic phase
10. fr Rg@r&ésk fRNBpREtTIN-Brpy RS mid b @ I eradPhBRe BRPHLHE n-
product wherein the propyl brom de product is
propybbromideandasoraopyl daamide vhichGgoesse aoprisgsr opyl bromi de

and no _nore than 0.05 CC area.%isopropyl hromde. 11.

O A Srotad R G gy R B iR Rese R afifip Wi
wagbthpidsifd an e@kbudsdd@idn dihqéousRespensios offhtdbast BndalkAli metal
wat er under conditions such that an agueous phase and

anhyirgside daving 8 enclareconesniiation dbibe rangersd 3tth S pelgspey liter, to

or S & ARl el R SRR et 1Bl it P g s

Cl &rmed10 or 11 wherein the propyl brom de product
conprises at |east 99.8 GC area % n-propyl. brom de and
() 1o ORelly e henecs leagt poriongT %smr%w plst frowel) wih water to
Pr @S+ RueMsBHAG 4 dd GbaMc phastand theAB8phd th

of aqueoéf}lg1 sosl%ut igeon or a ue%ésassgrslpeﬁsi otr;1 ot?hgtatpgg}qi@sép 18
mefainellyahdoxi de has a nol ar concentration in the range
i of 3.2 to 4.5 noles per liter. 14. A process according
(D) ¢ oL ns 10 or 11 wherein the al kali netal hydroxi de

ut (A) Zeghhbi (1 RecoRtORES dnd (fﬂi hsdt cbRducfed) UREARS at least a portion
accordi ng to Cains 10 or 11 further conprising drying

t he or gahibe opgraiceptfase ol () ane qrimpgre pigfesy @

B O P PRSBSOS e

por ti onphdse tffoen ADPABIoE njph@tmel;r om (1) or (1) with a
to fogr@%lald?rgpﬁ %g]rhdg g)?qcf;ﬁf x?v{n?rteinnt e gro%gfi t(?r(?)mci)crle:g]glrrc])Idlcl:ctFi)é1 3§r§prised of at
- least 99.7 GC area % n-propyl bromide and no more than 0.05 GC area % isopropyl
bromide.
11. A process according to Claim 10 further comprising washing at least a portion of
the crude mixture with water under conditions such that an aqueous phase and an organic
phase are formed, separating the phases thus formed and then continuing with step (I) on
the organic phase thus formed.
12. A process according to Claims 10 or 11 wherein the propyl bromide product
comprises at least 99.8 GC area % n-propyl bromide and no more than 0.03 GC area %
isopropyl bromide.
13. A process according to Claims 10 or 11 wherein the wash of aqueous solution or
aqueous suspension of alkali metal hydroxide has a molar concentration in the range of
3.2 to 4.5 moles per liter.
14. A process according to Claims 10 or 11 wherein the alkali metal hydroxide

utilized in the process is NaOH.
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17. A process according to Caim 16 wherein the drying
agent utilized in the process is either calcium
wa@e0bat1msoopr cal ci um chloride. 18. A process acROr/Ub10g6/013778

to Caim10 wherein, when (1) is conducted and (I1l) is
not conducted, at |east a portion of the organic phase
from(l) is distilled at least three tines. 19. A

process according to Clains 10 or 11 wherein the

propyl brom de product has an APHA col or of 10 or

15. | €95prods abeRARESS B1aMAL 3D of QM RkIRS %émgﬁ%ig@ aiaﬁrl% e'le Ofanic

feeds of (A) an oxygen-contai ning gas, ne an
phase@yonh (1) oo JBrbeffiore distiflafion.o a |i qui d phase mi xture

conprised of n-propyl. br.om de and hydrogen brom de in
16. S0 PERRGERRE ooorihB s Bty Torviessin i ing {8 B0 Y iirGion e east
a pogtibn! dTehd\Bigghitc pBhsel s (1) @4 (18 WPilag M%E%@wd%ﬁﬁtiﬂg Alried

| east the oxygen-containing gas and the propene of the
orgm@d&laéﬁhefﬁ@dﬁubggm-f ace to the |iquid phase m xture,

an i ks t : nscont ai ni_ng. gas_and
17 218 MOELERRGMIS! o o IR 8 08 B0 s
is eithgdlcadgiam dvifate deakiung bilofile oxygen-cont ai ni ng gas and

th ropene cone together in the absence of HBr only
18. prﬁF%pﬁﬁ éﬁ“é’ffg%ﬁ @%ﬁ?%| Wrwhesginowhen €his condistedomd iy ismot
concfu‘éte@?@czléaét Bgoﬂﬁhmfﬂi&gﬂggﬁc Bﬁ%‘étﬁlo (I?ls)ﬁi&m%d% %e%& three times.
conducted 1h reaction &qui pnent havi ng cont actl ng
19. sudfproesss eseeding &b Claimie6iod 1 bfvherac the puopyh bidahitie psodacichas

ai.ns | east 95 GC area % n-propyl brom de.; and
”Ag’%mﬁﬁlﬂ? #Q]&rejfffe crude reaction mxture by: (1)
20. Waahhragesdtwtli@A&imise@r tion of the crude reaction
m xture one or nore tinmes with a wash conprising an

(1) agirdbaingseedstdfdA) en onrgracustainispeass (Brpropenstant ¢@hydvogen

al kal i..metal .h xi de.havi a nmolar concentr.ati in
iR N TRy bt To it pERPE R e ydfogen
aquemide phasenand iR theGhQRUIA . PRESEI0 BHHtOABIBed on the weight of
separ at i nght he phases thus formed; (11) optionally

P

i lisgrichphase mixtuee. pberainpt legst theeoxyeeuponiaipngses tidihe
e R e
(| Either é)tthe pxygen-containing gas and the propene do not come together in the

absence of hydrogen bromide or (b) the oxygen-containing gas and the propene

come together in the absence of HBr only in a propene:oxygen molar ratio in the
range of 145:1 to 180:1, to form a crude reaction mixture which is conducted in
reaction equipment having contacting surfaces essentially devoid of reaction
inhibitors and contains at least 95 GC area % n-propyl bromide.; and

(2)  purifying the crude reaction mixture by:

@ washing at least a portion of the crude reaction mixture one or more times
with a wash comprising an aqueous solution or aqueous suspension of at
least one alkali metal hydroxide having a molar concentration in the range
of 3 to 5 moles per liter, to form an aqueous phase and an organic phase,
and then separating the phases thus formed;

(ID  optionally, washing at least a portion of the organic phase from (I) with
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(i) when (1) is conducted and (Il) is not conducted,

distilling at |least a portion of the organic phase
WO et {3I3)7 one or nore tinmes; or (ii) when (1) Bemusiong/o13778
are conducted, distilling at |east a portion of the

organi ¢ phase from (I1) one or nore tines; such that a
propyl brom de product is formed conprising at |east
99.7 GC area % npropyl bromde. 2 1. A process
according to Caim 20 wherein the propyl bromn de

product v&@dné if&ﬁﬁarﬁic%dﬁé‘ébsﬁhagga& §dor3h8 phade-aRA Ql@élfﬂ separating

brom de and no nore an 0.03 GC area %1 sopropy

br omi de thesphseibpefonmediendr opyl bromi de product
exghgit%ﬂﬁ APHA col or of 10 or less. 22. A process
according to Claim20 wherein (1) is carried out at a

pressur €)i n twien(Bigeorducidd ah@ (165 nBsStonddctéd, HiskilBp & least a

kPa). 23. A conposition of enhanced thermal stability
whi ch conpr i $eE108 otithe erganis phessritgmy (D) bre ai Beretitges; or

. ) b ' ] .. Nn- pr. O
br o a6 oy aieh §p AIVELD cbisfiofP gl IR SHREAPYt the
i sopropyl br ordatliz o ot @) oneormoe: fihesn 0. 05 GC ar ea

% Wherein the mxture, if subjected to storage in a
such g LRFO B HR R R4 14 FORBRA] SpTesiag 2tdeRstoe 6 Ota oren ast
prop¥BBroRQes.s, has an APHA color of 10 or less, and

wherein the m xture is devoid of any added stabilizer
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subjected to storage in the container at 60Q0C for at

22. | e dsprogesy apreudting to Claim 20 wherein (1) is carried out at a pressure in the

range of 20 to 165 psi (137.9-1137.6 kPa).

23. A composition of enhanced thermal stability which comprises a mixture of n-

propyl bromide and isopropyl bromide, wherein the mixture has an n-propyl bromide

content of at least 99.7 GC area %, and an isopropyl bromide content of no more than

0.05 GC area %, wherein the mixture, if subjected to storage in a closed chemically inert

container at 60°C for at least 480 hours, has an APHA color of 10 or less, and wherein the

mixture is devoid of any added stabilizer component.

24. A composition according to Claim 23 wherein the mixture has an isopropyl

bromide content of no more than 0.03 GC area %.

25. A composition according to Claims 23 or 24 wherein the mixture is subjected to

storage in the container at 60°C for at least 720 hours.
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