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METHOD OF MAKI NG ALKOXYLATES FI ELD OF THE | NVENTI ON
[0001] The invention relates generally to nethods of
woeabkongo@B koxyl at es (hydroxyl ated et hers), andPCm/US2006/013394

particul ar reNEEHEODOOF MARKYNGHESKOXOf1.AUES conpounds

fromthe reaction of a brom nated hydrocarbon and a

diol in the presence of a netal oxide or other
FIELReQRTHOXNGERNTEON] or eact ant . An integrated process

usi ng hydrocarbon feedstocks and netal oxide and

[oomir omrn@ uh%ﬂﬁ&? Eélﬁﬂe@ ﬁeﬁe?algj &%@eh%aé BP gﬁm G RO faroxylated

ates
ether F]Iaf ) parf lggllf ¥ zggsr @g|sapt¥1@spﬁ Qf(yqlcélt eampaings from the reaction of a

bromimated- l@ldk()dar‘tﬁfn @fdoqreiol én Eehgresened oﬁhhﬁét@ln@mﬂé Y€ OthePnetal-oxygen

Catalos?% (IRE c‘%‘%tlx %gllr%eg'uwgggsg h%%ﬂgf ﬁ’ffﬁo‘i@% oty gelggff’?léc?%f%e,tal oxide and

bromihetregegeration isalso disclogdder applications, either directly
as the al koxylate or after sulfation to the sulfate.
The sul fated al koxyl ates are superior to

BACKGEQENRRY (IFHEEYVENEHPY sul fates by virtue of

reduced sensitivity to water hardness, less irritation

[0002]0 t Atko§RIes @hekoRylafa etied)ukid mtpﬁru({u@&%ﬂox lates (e.g., mono-alkyl
re.t |caII based

Commer cj al | rtanf ethoxy| ates
or argpa ytﬁcth%rgr %%r?rig'ﬁ X1 gfyéﬂ]gtoﬁsé%ﬁeri?) gyl 50} b%ﬂ*ineéf on""ée industrially
signifivianh calmpomslsathas fiod tusasaisGsuciactaots, deergentndnd dn gﬂhert iip;ﬂhcatlons

e1thc:1§ci:fre{’,1 1293 Pfeeﬂﬁb)&l?(gg? gﬁ&?&gh‘éﬁ&ﬂ Ebn% &ﬁ&? Is%@ B¢ Ia oxylates are
Super@anan@@n(qqgcsgy %Qﬁ"}b@?OhOTrﬁéﬂfH@B bwrm@;e Pk rebfced ednsiivithdo water

hardnW&, 8¢ irR8ki6R M6 8RS afd RighaneldKige i n the nolecule
di vi ded by 5. The HLB number predicts the suitability

as shown in_Table 1. Table

or differe i cati ons .
[00035 )—E gliy érﬁgorﬁrﬁ (f)'ilﬁﬂxé’ aéesAg& tlyE’éif‘]llY) rl}’ése[do%iljy drocarbon chain
lengthArdt1Bel8 cantoreatoina) wivh o dsahort a4 68acboh atousf zﬁa@ltlaﬁlg@ tHah 20 also

T e T ——
LipopRile Egtange .ﬁHgBi 2umdeh ohhcatibBsnuamher ay defirmdais|the breahc pedentage of
ethyle-ﬁBQ)x‘ijd’esinr @d Hsengs dﬁfldééltll}‘}QKY el BB I{bmlﬁe? g&ﬁ&@ the sﬁfﬁinhty for

et hoxyl ati on to. n= |'so ‘common,
dlffer%‘ﬁﬁpplg%?ttﬁoBﬁ?Sﬁg‘i’W%HlTah‘l%} n as high as 70 The al kyl

phenol et hoxyl at e-based surfactants are | ess common in

W t o thej .
b odegr Lﬂahf%liﬁtl, } Viilues any %ﬁ@hag%gﬁgegfi ons_such
EHJSNQU@eramga ag pf I ef til e Applicatssi ng, and enul si on

ol merlzatlonsfor whi ch suRer. or operties are
3.6 PO Y 000LTCurrant v 13 mn&ﬁgﬁu L8905, ceced

ad ay A/
€6 UI et \VAVAV RO/ OO 1T Tt Tt oot P ouaoceco
1 pAE]

7-9 by the addition of ethylene d&mﬂegagﬂmm aIcohoI Sone

g-15 di sadvantages to this procesgyjpelude, (A, the cost of

V4

ethyteneoxide—(2)—the
13-15 Detergents

15-18 Solubilizers

[0004] Another commercially important class of surfactants is based on alkyl phenol
ethoxylates with chemical formula RCsH4(OC2H),OH. The most common alkyl groups, R,
contain 8-12 carbon atoms and are usually branched. The desired degree of ethoxylation, n,
is often 4, but ethoxylation up to n=15 is also common, and some applications may call for n
as high as 70. The alkyl phenol ethoxylate-based surfactants are less common in consumer
products owing to their lower biodegradability, but do find use in applications such as
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vol atil e and unstabl e nature of ethyl ene oxide, and
(3) the cost of the al cohol. The existing process also
Lvoagerieedst i.n.a.4i.stribution in degree of ethegylua2ioom013394
hbsﬁlfﬁlﬁﬁfeaﬁ‘ﬁg npﬁ)dﬁféts SM&& pfocdesig, ethd bmuBtdi pblymerizations for which

n pti mal product properties, the
SupenP’éP@P?W%??WS‘ﬂ‘ﬂf |%re unreact ed al cohol and | ower

et hoxyl ates may al so negatively inpact the spra
[0005Hr yiGuyrenglyy athospkiessad prodessdebnttee wrditionoefuethylene oxide to an

alcohcﬁovgii)?ﬂesdlsa[&gg gr X t‘ﬁf& rB@esb R dAOhO odt! dfRkYY1BIcESKid& (2) the

nore univ hetic route to t

VOlat%r@éd@ﬁ'iab]ﬁ W%‘Hled)fk?éhﬂer\ﬁé?xé‘éﬂﬁrén@ &0 ﬁﬁgrﬂl} the alcohol. The existing
roced:s’adlﬁd edalyadebuit l}kS@fdikathﬂ)rdnbﬂeg’teé) bpeg®sylatiah thees ﬂoO\aersharp as

e, A5 S5 ) By, bR 0Bl vl
unreactvdialthbhendslevet ahdwylacse noyi deo neghlivedesmpast dre ¢emay drying

opera 6&%\%@.&;2@@%&@ thE) 9:9(#1%{ Rid-{ 1 cation steps, and

re con Ver the degree of ethoxyl ati on.
Al cohol cost is a significant process cost and the
[0006hi gHCiyenitterimperigRsarirakoxyiaitor DS BRI U ¥erssh s uhetis 1qute to
their pro@uckiBR Goull@Be B QR ot dé@@lo ﬂnlenﬂ d’faﬁﬁzuﬂmryt usef would be a process
%o

uctions in primar
that u3gR Qi <Oy AR A1 By opart RS B Pofa Her than alcohols
and ethlylead okide), anddatiei e ofj ethilene omle, utilizeudpster (andi Ings expensive)

produgé néiﬂ'[l‘l%%.tlé% %tgpsr Gnd Hovic[és RS &&H}o"f‘ rc')llé? éﬁﬁ/%%ﬁgé Gf"&floxglatmn

econom
Alcohol\wr\ma mlplogmn]prqqq:és gseanutthe hrgh@ﬁ@w&pfmimw@kohol ethoxylate

markéggﬁl?ﬁ% @608 BRI BiGn %'ukr@ﬁf Yh ﬁ&gé%arﬁ%fa %cﬂjcﬂané 0 p}ﬁﬁa@%&@ﬁm

o e invention, an al e | S nade
pricingy SRFTARER] f@lml%r@a%bwsf 5 cegrartipt B B ahofingtd froiding
their m%&%ﬁsﬁu@tﬁ (f,aalkfﬁ{eé hrilXasgR Mn patiahlar ¢ sighivhnt ipipedemants/in
oxi de, to form an al koxyl ate. For exanpl e,
proceﬁg ﬁ‘(Cﬁn(’IH&far oxyet hoxy) - dodecane can be made by reacting
2- bronododecane with ethylene glycol in the presence

SUMI\)/f r Xﬁ\ﬁg% esi um oxi de, or other suitable
At‘ ? OX|I(3|1E 18’3?(9[(1” a second aspect of the

i nventio | koxyl at
[00074 \C/)nT hf;prgg:rz ?;a/,%ag(gli( %1&?{1({%@ Infcft r‘(r)'% f ng%}(%%raﬁlﬁ)xglates According to one
aspech?ﬂjt'h@ @Iﬁfehﬂﬁn faﬁ%ﬂi&ix@l?dfe is@nafde &)@ltallwiﬂg Dbromifedd hﬁirdcatrh@nto react
on to_rea

with Gt} (0 piraEeP 68 BB VA h Bt Ry i DA A b e, o o
an alkoxgfaer. diiirexamplet 24(2' dmddec,yeﬂloxy)aﬂqdeaanea:lak bx ym@]eé)y rJdeing 2-

broml\?é: Vd%ﬁgr{e%ﬂ?étflg]leﬁé gw(%glelﬁ R el b EBF goﬁpg)gr HLAE bdﬁm oxide, or

€ an rom ne regener at e
other gwigablt wetal axidpe enbodi nent of the invention, dodecane
is bromnated to form 2- bronpdodecane, whi ch is then

[0009' | opeglsdcBnd 8dett ¥ thdinkeiidng A alibydale is hallb By mrﬁﬁﬁgm e
o S K Sl B o U o)
and then allowing the brominated hydrocarbon to react with a diol in the presence of a metal-
oxygen cataloreactant, preferably a metal oxide, to form an alkoxylate. The invention also
provides an "integrated process" in which the metal oxide and bromine are regenerated. For
example, in one embodiment of the invention, dodecane is brominated to form 2-
bromododecane, which is then allowed to react with ethylene glycol in the presence of a
metal oxide, resulting in the formation of metal bromide(s) and alkoxylate, and the metal

oxide and bromine are regenerated by allowing metal bromide(s) to react with air or oxygen.
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oxi de and brom ne are regenerated by allow ng netal
brom de(s) to react with air or oxygen.EF pTr T
IL -Jhese and ot her features and PCT/US2006/013394
'ERIEH FOBIOF IR BRAWING wi | | becone bet t er
under st ood when considered in conjunction with the

[0009 ©! | By anggﬁl@x#eﬁﬁlr&eﬁl eg?%irt%s offid i g% enfok WA becom better

reference to ereln: ﬁ%
undergtpgd, W@erlcwld&r%dclﬁéﬁmwnetlm Vith thedfp lewnkgfdeéaaleri @gmpwnd by

makirid 1efefsite i@ hemMisénigd Ardwaixnyd, sftReeimccor ding to one
enbodi nent of the invention; [0011] Fi gure 21s a

roorof 2 b s gt raleafluPioR g e bR P BRBORT Rallegponyites

accordihg to oneegrhbalmnesind thdmyitida; gure 3 is a scherratl c
illustration of a flowtype reactor for making
| kopgyl @t it -
[0011?nven¥{,11%n2€§s aa&%eﬁlqﬁ@ﬁm%ea@&eofem%ggﬁ%raTHE preéeg%w hﬁ Jpking
alkoxylgss agcondipg fpnpihersmpodimpent ofdisdptengipni e i nvention, a
nmet hod of making an al koxylate is provided and

[0012F ONPFigERS ik eacelﬁém@ioaubmmioﬁ at e dlohygpe eicter floiwnkiking alkoxylates
net al - oxygen cat al or eact ant,

accor‘g?%f%?%%‘fﬁbo et s na‘éf?“‘%“o form an al koxyl ate. Cther

products (e.g., olefins, alcohols, ethers, and

DETAREONBESCRIVTRNS O PHRIRALOeHONT ef erabl y, the

reaction iIs carr| ed out in either the gas or Ii qui d
hase. [0014] used herein, an "al koxylate" is
[0013Eydr%m@péép atieraspeetof thepventingy aﬁwmfb Shmakipgsn Pheoslate is
pr0V1c|IBdCHr@‘(}dInIﬂfse$Jfbact&lﬁgjaIUf@himd&a @@fd&a@oh%ﬁiﬂﬁ@hﬂ&ll i@ the presence of a

metal B85 Blpieactody Ry GpB Sl sp foiiufh SRRURE (R produces

(e.g., Mexing rakmho]‘s eth&ms xarlddtegsnea)y maphlso be poddnded] Ricfdrablys the reaction is

: | i al koxyl ate" neans one or
Camegr%p{eﬁa oxy gg%‘;ﬁ%&%? The term "di ol " includes
near, as well as branched, dihydric al cohals.
[0014Non| Ariupschbereing ap| alkoxpatey de aétmgﬁrxaiﬁéectgpky%u caril ¢ther having at

least &l HY@REXYS Ffdﬂlp ﬁ{chihﬁbl%ﬁ@s Bt @Qiydrdphb’ﬁb @bhﬁﬁhear@ yEe@drophilic portion.
o yet

he §Sitirern’ Bor Yo sy Bl oo g ' Miures of

alkox glates akesalam Ihcﬂlttked rwitlin gloeneefimitican d(Tht henm paod gdhbkylhteh @neans one or

[ 0016] Brom nated hydrocarbons are
moregﬂké)?@%%%ons in which at | east hydrogen atom has been

epl aced with a brom ne atom and include aliphatic,

(0015} orrEtd dernanelioh’ x &g lugles phiagar.c 86 owalli es duapsdadglihydric alcohols.

Nonhﬁﬁ’t‘iﬁg) BRAthle$ Whahdd Hih@ﬂ:nw d1hcANRdOfs BAESMEMN Jeﬂfjﬂ’éne glycol, tri-
s that don' rfere with the al kox

ethyle(F:’lSr 5bn Fehc PP th3 BEEOS  REWIBEPSni
polyptopdtene aglyishigher alkylene glycols and their oligomers, and other polyalkylene

glycols.

dand its oligomers,

[0016] Brominated hydrocarbons are hydrocarbons in which at least hydrogen atom has
been replaced with a bromine atom, and include aliphatic, aromatic, and mixed aliphatic-
aromatic compounds, optionally substituted with one or more functional groups that don't
interfere with the alkoxylate formation reaction. The use of monobrominated hydrocarbons

is preferred.
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is preferred.[0017] According to one enbodi nent or the
i nvention, the reaction of a brommated hydrocarbon
mwwzoths/lao@soi m,,ytrhe presence of a netal - oxygenPCT/US2006/013394

I
" l[”001’7}3%ﬁ M’&Eﬁﬂﬁ%’ @Won&l &hlﬂﬁuﬁéntad)ﬂ(méylhlahmdna\thm gedction fofr avbkaminated

hydro{a%'ll):(@r ‘@}tgﬁﬁ‘%} I %/%)s 5 ngzfgg%lﬁ?alc%e%\%gnt éueldﬁ_.&n ?lécoxylate
havingwhd fagada (Bt kyl (pr eferably C6-Cl4 al kyl, nore

preferably C8-Cl2 al kyl), al koxy, anino al kyl am no,

di al kyl am no, nitro, sulfonate, {dr oxyl ; | <nx4,

and | <x<8. It wi B -@dCaHer@®sHat ed thé (CBH4) -

denotes a phenyl ene group. In addition, where mis 2,

wers By e DS BERUP S M o SRS, IBSURL i ageon, o

(prefeta®lbCeazh eldatylo nore lprﬁérablbr(IQ&S dlkayl), ek s emintve mH(yRMmm), dialkyl

ammof o@rl?u Fuﬂ‘({}% E %5%41 }Q%_g?ﬁﬁ%g’z%ﬁ%s q?%ﬂﬁgﬁéﬁgﬂrg&ated that -(CgHy)-
denotqsra peenybing grgumn <Boadditipnavhesnan is<%<B.or[Hohoproup {hetlon) can be
branckfeﬁ%ﬁ noRRLe Shilkdy, dhdMkynd alfoky g%\.ﬁ)(@' c‘éﬂ 6}5 lhedrRhéd ordibrmal.

al kyl et hoxyl ate 'and has the fornula
(CnH2N+O O (CH2CH20) xH (3) where n and x are as
[0018Pes dnitiechsa b R A afkel, tiecalkddgyte edhimxaebedsasied by ehedformula (2):
al kyl group with 8 to 20 carbon atons, i.e., 8<n<20.
[0020] In the particular case where Rl is al kyl, x=l,
and me2, the etGdkyha®@dCu$la08tpl e al k(@) et her of
et hyl ene gl ycol and has the formula (4):
(CnH2N+O- O CH2CH2- OH (4) . [0021] Conmpounds having the
wheref piefarably (850203 <mst, apd)l<xyher e mF2, are nono-al kyl
et hers of ethylene glycol or ethylene glycol oligoners
[0019] i . €n, thélicagt hidre e ighMgDbnd hiH2; dicdikengatgliy anlalky@tiokylate and

022 ferring again to formula (1), in the case
has th, %‘Tr@}l?—’é%is R2-(C6Ht)-, x=I, and me2, the al koxyl ate

is an aromatic ethoxylate, and can be denoted by the

forrrula(Salk)Ij’fC %b@l_%mﬁ@;@ (]—|(5$‘Iyyhere Ris

hydr ogen oxy al kyl di al kyl
am no, nitro, sulfonate or hydroxyl. [0023] In each

whereq{ aﬁd)i H}él Aebdrivel %@Vé eeRbk@uiyab®okyIftes % # alkyl group with 8
hobi ¢ porti .e., the alkyl or aromatic

to 20 %B%;togﬁdl% nghl lic portion (i.e., the hydroxyl
group and the al koxy (CnH2m0O) x groups).

[0020] In the particular case where R'is alkyl, x=1, and m=2, the ethoxylate is a simple
alkyl ether of ethylene glycol and has the formula (4):

(CouH2441)-O-CH,CH>-OH ).

[0021] Compounds having the formula (2), (3), or (4), where m=2, are mono-alkyl ethers
of ethylene glycol or ethylene glycol oligomers (i.e., di-ethylene glycol, tri-ethylene glycol,
etc.).

[0022] Referring again to formula (1), in the case where R! is R%-(CgHy)-, x=1, and m=2,
the alkoxylate is an aromatic ethoxylate, and can be denoted by the formula (5):

R2(C¢H,)-O-(CH,CH,)-OH (5)
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[0024] According to the invention, an al koxylate is
prepared by reacting a brom nated hydrocarbon with a
g Wdl2m16/1110698h$ -Rresgnce of a netal -oxygen cat al orpeaaiS2006/013394
" \;v efe Wéﬁ"‘ﬁﬁ/é@fg&h %lﬂﬁl} ‘allko0 iagieno, \Mileyl entihe, dihlkokathiiop nias salfiyhato, or
of the formulas (1)-(5), the follow ng schenes (1)-(V)
z}m be enpl oyed: (I) R-Br + HO-(C nmH2nO) xH - MBr
R1- O (C nmH2mO) XHCé {I(% CnH2n+1Br + HO (C 1nH21nO) xH +M)
[0023]M r I emﬂﬂzﬁnmgla yHzratiorsilate Hrludasp hydmphabi¢pertiop (i-e., the
) + 1.2 and the alkox
kol GBEh ) BNy B BT § e £y Y
(CalopOWERMS) O CH2CH2- OH (V) R2- (C6H t)-Br + HO CH 2CH2- OH
+MD - MBr R2-(C6H4)-0O CH 2CH2-OH where R1 is al kyl
[0024I pr efoadihgy tCoheGaOetiday b aﬁfoxﬁia(d?&kﬂr)apared\kh@rleaé&lgi & brominated

hydro%% dr oggg aﬁ &%&é gre%ﬂec;e% ect:gl-oxygen %gt%%rﬁg[%?& gareferably a metal

oxide.d Wlhey theaatkorylataihas any Qﬁﬁhﬁd‘ﬂm@as on-(by dh@fql owingreehemes (I)-(V)
<8. The notation "+MX, -MBr 2x" is not
Canbe?ér%?pel!r)]y d to denote a specific stoichionetry or
enpirical formula for the metal - oxygen cat al or eact ant,
@ but neRréRyt rEOC,H,Q0 et et @)-0i{CLHE,0),H
nmet al - oxygen catal oreactant with the reactants and the
formation of netal brom des (descrl bed bel ow). [0025]
a 1t w | C.lig.dypr HOHELEHO)hat ket &= CoHhe)-OedatthnO).H
HO- (C nmH2nD )xH i s an alkylene glycol, e.g., ethylene

gl ycol (nm2), propyl ene col and _so r
(D) Where LallzniBiie- HO &@ﬁ e—MTH(CsHaHQhQ-(CHﬂH?-O)x
or ponegcoI e.g., - et hyl ene egcoI (x=2, me2),

™ (o ;uﬂ%ﬁéocéquﬁhoﬁz’“w Mol s iyt R brson
that the invention provides a convenl ent synthesis of
™) rono- akis Lot RO B P R 2 s o Gl - {Hs-O-CHLCH OH

ol i goners, nono-al kyl ethers of propylene glycol and

wherel %l 1§)|ailgf(l) r{gfe?% Bﬁ?”@T &l ¥1I1<?,§t(§}eks @t h\?ﬁer@l@kse H?drogen alkyl

aromati c

preferﬂ@i/y Gascxgla;ltyé,l WomrRICleHBIY ColCiytlkey salkesy: @szlélilﬁﬂaékyl amino, dialkyl
amino2 QfRY, @uﬁfgnett@ drhgrdkdk\yﬁnlkin@m ahf € <k €8 CtThe mobdtion 'GMOX, —MBry," is

not g a1 JoP Y fet-oxyeen

cataloneatiaht, d)myglerely:mfals o tha dnterattiorr efSthé heetalroxtypen ¢adaloeeictont with the

reactaﬁ% a?ﬁ (R ﬂ'& & & 9[91 l?rf)rmdes %désgﬁbedr RaGL AN can e added

e reac |on Irec N Sone cases, generated

in situ. For example, in one enbodinent, et hyl ene )
[0025}| y dbMill e gppresiaied dhatywhsre §=Ldhppataniklf aRoiH isan alkylene

glycol:L e détfi’yl@ﬁ@ gfylaépﬁn—i)npﬁ‘)@s?feﬁ@ llyRePadEgrnhd s8 fBAhY Whérs x>1, the

r i tu_ usi.ng
reacta, BEomRebL1S b gnek PDIEADD e PR s (=2, m=2), -
ethyleab GOyl (x#8, Qﬁﬁﬁ) daptopylené ghiyool $x={2 ng=3), ehdryd doeh. It will also be

apprear?%fq utb%t Ble oPnX/lel%lon %%c}(l'i:c%ls’a %111\%9@?1{ %yrtlt]ﬂgsrf %ff’a %Hglber of different
alkoxylates, including mono-alkyl ethers of ethylene glycol and its oligomers, mono-alkyl
ethers of propylene glycol and its oligomers, mono-alkyl ethers of other alkylene glycols and
their oligomers, and aromatic ethers of various glycols and their oligomers For example,
according to the invention, the reaction of a Cg-Cy alkyl bromide with HO-(CyyHnO)H
(where m and x are as described above), in the presence of a metal-oxygen cataloreactant,

results in the formation of an alkoxylate.
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Met al - oxygen cat al oreactants are i norgani c conpounds
ke Woham/lg scont-ai-nyaly | east one netal atom and BCTIUS2B5/013394

T0026bn Selreadimmicanbd addsd tb v teactanelitaedy or,dul some onses generated

in sth?l Wyéx%fn le I\I’ﬁtcﬁle %Hﬂ)(?d I?tr %t es I%lgfﬁl?e' g’e%erdgéd in_ situ vsing 2-

Imti S™ OXI

bromqeﬁgp@} or ﬂ;ﬁgﬁb@mﬁhaym rIn @npthm gmbpdm@@b a# polypk isrgenerated in situ

using Ca%fbhﬁﬂﬁkoﬁéﬁﬂ?‘&b&@ndﬁ% R e&?@ﬂheﬁ b6 dﬂﬁhgﬂéﬁnﬂﬁfﬁfés& alcohol. A
in, | i smu

combﬁ%%m?@nlﬁﬂggg hyleged qOﬂarwéﬁwaa%co SPieamrEt picof Bnd mixtures
thereo@)inge 8lso Eé)Em@l«@ﬁma@reabiranxsne enbodi ment of the
i nvention, any of the above-listed netal oxides is

[0027g0p%e% %g c%(%%?llehctgﬁg %% ﬁ{&rgﬁﬁaﬁak&ﬁbbuﬁo@é bﬁléoﬁﬁm at least

one mpty plopufegt dtyleast ohe prgenatam,(dnd (b) fegHifatethelprodycitcm apsalkoxylate.
Metal @fdes %err%géﬁaud@' Q n&@glgéng ﬁ@ldof%&gl (§(1de§s' ihdlu@dskddides of copper,
nmet al - dope Td oxi d eagé oxid copg

magnw&aﬂeﬂtuﬁﬁn y}l?l? shu fPbal dma ol tvan 1u’iﬂr droly gﬁi@&“ chromium,
mangaMeg‘,é] ARE 1ahthbmue, giln|g§tbil ﬁ@gﬁg%n( ellylﬁg}uthl,.ll?nld Naixtikes Biereof. Also
. st. pr.efer. Wi t 139) a

includet g S50 R0 SR ot bl o e B Gl obfSaRvontion, any of
the abrvgrsgidumetalt exidesmis dogdewithcabalkali metal ramar( alladil metal halide,
prefergﬁg% (g{tgml ﬂ%ﬁ’%%]&"a il nclude LiBr, NaBr, KBr, RbBr,

and

V) supported verS| ons of any of the

meng, ned .
o028y 2 R Sk RS % I TPET R SR ol iheMed v,05, o,
Cozol’landdhlz@;;, (i) tadkalametal-dopadanixad 0Xi§1b$,iecg, oxXiries @frcopperemagnesium,
oxi.des (mith or. w thout alkalj .dopant e
yusifiorelr S8 o bl Vi PReor BosSaka SRR P T Na 1. Ro, €9
(most pinzfemblyewith Seltamoh %' elivtla bontem;t(ditalkalr mbtab brdnhide-daped oxides of

Coppel‘ rﬁig%rfeglt{uﬁ{é yﬁ{riun?SmEEd ' ?_ob%ﬁngle Ebft Ctaltkgh q‘{]&?{f Bl‘ong\ﬁg 'Hogﬁlts include

eneril

LiBr, NgBx,, KBt Kb Breand CtBrémrmle((\é)su@m‘@étV@tslqrﬁ Beany of theckfprgmentioned
0x1de§ aEQrd'B-ﬂJeé OMSZX N()nhﬁﬁﬁﬁg’ %&ambfe@aéﬂ ﬁﬁtabtkte sﬁﬁfoﬂl matenals include
ref erab at an el eva
sircon, rﬂ)té‘i“ét bluign e%@n@}l o Driens” e, sl dest el @x gyt alli
dopant®yirdagsegener al i zed as MBr2x + Q2 - MX + Br2 , where
the val ue of x depends on the oxidation state of the

[002.9{rEt afh thii?’ BJudz%) bgrhg'%g lglegp&{uafr%&fnztegeas ‘tc% é(pxj’ee%ﬂn @3ather than a

eved
true catekyit, 1as iifis chrvaristldp aorétalebromadd duringethe ﬂ@@@pno itFerfa generic metal

oxide I?/L’M(? nated g ‘Bﬁﬁfulae{é) V@XF&t@d 45 0be AL nds LrrEdhal eMBry, )

Brom_ _des Cenera roma Brom nat ed Hydrocar bon
Howeyefy 5atingt g mstal) diomtite sVithh X 98eh s po Srefeigdin it an  elevated

tempem;uwg rdgonerdtel yhet hetal gxidé. t Thesrebaionenagdbe gaeralized as Midrpy + O, >
MO ﬂ%fr%‘ whdle #3 valdealfix %L o‘iﬁ?@gﬁlﬁﬁﬁcﬂ? sttt of Etal

esi um yttrlum or iron (and
OSSIb|y others) will, upon interaction with a
[0030br orfbabd B ddentifiies ermetat bromiidesathanara bkhiévedmetmatdibted o the formed

as a result of the metal oxide-facilitated reaction of a brominated hydrocarbon with a diol.

Table 2. Predicted Metal Bromides Generated from a
Brominated Hydrocarbon and Selected Metal Oxides and Dopants

Metal Oxide Metal Bromide

CuO CuBr, CuBr,

MgO MgBr,
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(Li Br, NaBr, KBr, etc.) and remain as such. It is
further beli eved that such dopants will not provide a
PABS2006/013394 —

2 ':.;: S 7 .
Y503t he” chem stFy of the netal oXBHe. Metal oxide

NiO Supports, such as zirconia, NIIB‘T?HI a, aI um na, silica,

ot o~ avemant ~ A hd AN o

Lol B U al C IIUL C)\IJCLL CU l U T "COTTvVCT L Cu l U l IICI I

CO2O3reS|oect|ve bromides. In an #&%enat e embodi ment of the

Fe203l nvent| on, the al koxyl ate prm@gt}(eg} and/or pr oduct

gistrtbutton—are—atteredby :gllllllg tllt: atkoxytate-
CaO formation reaction in the pn Hace of one or nore

vo ethers, alcohols, water, or fieIVBeerpound(s) For

exanpte, by addimg tetratyd a THR O a T Xture
MoOs 4t 2. hranndadecane and eth‘}ﬁg &2 MQ‘P Mb?'[ﬂe resul ting

CryO3 product distribution is di ff(étBe@tCrBlrpm t hat obt ai ned

I n the absence ol [HF. Q. Ies 5 and b, bet oW,
MnO (Tl—ll: pr a:pnt\ with Fyanpl es lﬁxﬁppnn Tl—ll:\ \ Simlarl v,

7ZnO the presence of wat er aIter<ZItBre product di stribution.

La203(Ct Exanpl e 7 (wat er added)Laﬁrth EXanpl e 1 (no wat er

udded\ \ A—nonlim-ti ng | i ot eactants that can bhe
WO, added to alter the al koxy| a{WBen B, Bk pr oduct

spo distribution includes THF, \@{B%£,Srgj}9 oxet ane. [ 0032]
11 a DC\JUIIU aopcut UI C IIU I MMV CTTO T UTT, TATT AT yl AT C L=

L nad ~Aacnaoe + +ho 1 huaon An 1l |/n\/\l| At A 1o
503 phroduced in an int egr at ed prIBBéass usi ng a hydrocar bon

Blzo3feedst ock. First, a hydr ocarftqgta3 |}§o@&om nat ed to

oot

"
T

CTITI Oll cT ad UI UIII llal CU Ilyul ol Al UUII IIOlVI LLL® al I east—on

Alkali Deopatter abl v no _nor e t hatMetabBrasridei ne at om

T

i Second, the brom nated hydrgggrbon is reacted with a

Ul Ul | I l”e PrEeSeETItE U| d 1Tyl dl = OXYUCTI cat d.l oreactant
Na  to forman al koxylate. One ¢¥aBfore additional steps

K may al so be enpl oyed. Nonl i ngg4 ng exanpl es include the

Separati on of any UNJesSired|[l SOMers produced im the

Rb brom nation_st ep (npti onhall I?Bﬂ Lowed h\/

Cs isonerization/rearrangenent agBryi el d the desired

I Sonmer, which can then be returned to the reactor and
allonwed to formadditional product); separation of the
[0031]Tet aWithowtnbeiteg bowrd binehenrk axyd bleEvednkhtrtagetiatiabne@hintn alkali

' n e H9 yge
metal geoén]a&ﬂﬁ %ﬁ)e o%&gﬂet%ﬁ}eﬁ] p}’t@u ct }112:#10 g@ﬁ ogry {le%md possibly
others c\clé,rlmongnttetmtlhe withveebromesatban, eecopaentédeiitoan alleli meptal bromide
(LiBr DG98 T@regtcr)%ﬂﬁq,’&ﬁﬂﬂ%ssuaw Rh@ﬁﬁ'ﬁle?%eﬁmﬁiétts\ﬁch dopants will not

‘chem I't . can be nore advantageous to gene

providena # O,Sahremafe dhpusht tbgy vl dikshp Mfluenes, she Fle‘émé‘éIésOf the metal
oxide.hWaktQICai O supPOALT snalh a® Rircdtled, altardX | h@minag Slhbi ad@dare not expected

o ve GTHREPI NS oo KR Sy R UASABIEIR LM, icion,
alkoxylatecpodudtss) satéorapiodatt distriiution rae edterenl Biygunmaink, thé alkoxylate
format?é‘xi g%?&folﬂofh (tﬁe ;?reéeﬁcec Q)rfvgﬁet %g 1t118re| e[Hero b{ﬂg&}oqse water, or other

en reacts wt

compeynidgdime rFor H@ta(n@tﬂ bropsidipg wrrehsélreﬁuaam (IHZ.Eb,e t@t es cmmmera of 2-

bromcﬁf@ﬁé’c%ne laRd %ﬁl%/ld%%?f ech@fresﬁltﬁ'ﬁt bt 88 bR is different from that
C?n metal] brom de (MBr2x
( xamples and 6, below, (THF present) with

obtam%d in the absence 0
Examples 1-4 (no THF).) Slrmlarly, the presence of water alters the product distribution.
(Cf. Example 7 (water added) with Example 1 (no water added).) A nonlimiting list of
reactants that can be added to alter the alkoxylate composition/product distribution includes

THEF, water, and oxetane.
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The netal bromde is then treated with oxygen to
regenerate the netal oxide and brom ne. [0034] A nore
rwepewifidosi4 hust-rat i on of an integrated procesBCrA/S2006/013394

F %3)032]or edBTH satondt ai‘pegu pk t2, inwkweioa, rane?dlttydymce igbsecoted BG)n integrated

proces%,r gmﬁ‘% a{)éﬁ’(gl%: EtekMEodk! P‘ﬂty ‘?5 n- 1slﬂ}or§ﬁ1ﬁ1&glto %enerate a

an al kane react to

bromaat@hycbp@mb%ha(vm Aeaspne (éﬁ& p@ﬁ%@blygpé@@rééhammeé Rrogpige atom.
Secon§ edﬁlél 'b?drﬁﬁﬁaﬂeﬂ hﬁih%@au%on i Rax¥l Ali®S &ORinf Qe PRAeAR o?taerlﬁetal -0Xygen

allo omde to react. with eth
catalofgloffi 19t TrEviite COF O TRREACIGRELS ERORRY Hopr employed.
Nonlithiiig| &xangplest hmh;deaﬂle depamdpardt &ty tindusire®tisdmdat oprodieced in the

bromng;{&r Zgﬁp @gfo?@?}; fﬁ%o)'ﬁegab%%&% Zﬁlil r{gre heéegbeglﬁg grfeé% he desired
1somelarvducle ey thed terregegsktosthandacgor §rgioBBIwedytdrfovmradditional product);
separapf)l‘?'iﬂC Rat Ih?tﬁl ﬁ%ﬁn&@frglﬁﬁﬁggl%bgﬂgg hiY ég%gﬁfe n & th¥8%8al oxide and

or .exa usi ng f eact reactor
bronﬂ%wl%aléﬁb%yg@ﬁ nmore typically, charged with an

i sonerization catalyst to help generate the desired
[0033or orfihuat ﬁt:lioiuglfi)lﬂiiﬂr pfcﬁl&aldiﬁbf)mlkoxj'lﬁte@racﬁirtlﬁhgrtattﬁe invention can be

bed
ca.mec‘ie WBP nglF{g rl)r%mm'& e’rdluhLH ocad%ong é%}l?‘%}%agt(r & cRglnéo%tgﬁ%hggggag? it can be
more |a;i*partta@@uh dat gencaats fthem OOBB] dfnamnietegrddediprecess that includes
hydro@%rpﬁlﬁ)hﬁﬁ&dnsnﬁ a‘?%kﬂigtfﬁﬂh{fﬁ%écf‘ nf@sﬁcdfla?ealp({)&ﬂt@ ereég{eratlon of

e gas or |1 qui ase or exa nzene
metal pxidgy Hih ﬁ@a%r@aat@p/rménapé braspiper dhe pé@egsowtsehmw@ﬂy fustrated

in Flgﬁli@rle ArSidedcaon (ﬁgl-l} R cbavérledabt ﬁbﬁﬁa‘iﬁﬁﬁtﬁ:h((ROBﬂ) Whlo%oc?en reacts
ra over the co
with sSEIH0LGF aBl SR B fommb et s P e deseised above, in

the présesde ofig inmgal FexBie3(MO, a yidldiap aﬂwlk@dylle&e aad almisihl bromide (MBrzy).
The m PofRas ?sr}g%&gatg?wﬁﬁ 85&%@&8 g?%géﬁ% tﬁg E[eﬁal éos(ﬂie arﬁﬁ bromine.

sence 0 ener at
m de, and Fe Br 2.> ;
[00341 ooaf’v]mq'rﬁ sppeifindHussraBiom ofesit mtw@tp@géepeéar émrpersented s dgure 2,

whereinoethy@ﬁ& BRICcB] BEdY SHPEREARe afeOthe HHERRY Feact/ACT M gteﬁrl bromine

W t ydr.ogen brom de ds ane
(Brs) ST e o) TR 5 mm&%@n@%?@ﬂé@& thds specics,
which pés wpaﬂmi if @tep 2. fEthysdil segiars Gorencdrin at&thﬁJ alReviny théerlkyl bromlde

to realctn ng‘ll &%nﬁ o@xcqi 213} tshtepﬁlieéae%%l td ?H‘gftﬁy ‘cgltﬁgﬂ\%gf‘)?lt @%eresulting
ethoxydatieds $spatieedtfoom meetal dvmmdeaii@m),rummt@l rRefakoxritimtand other species
in stepfl. PRENCAPELifle MPLORAR! £E OHADES Oing*}g{y 99R31eps S and 6.

m | ar y, I f peroxides are purpose tot
tion reaction, the brom nati on proceeds in

[0035ﬁnt oo qakm eeminatieh imbe peeTwyisksdoiamteg ohays, for example,
using a|ﬂ)®ﬁaiddcre@¢t01&f Q‘Hafmaétdi?)&dzliyobélfeh@ﬂy @ﬁrtnbl%stlybicallﬁ éharged with an

ff
ssomefi R b ahEIR BT TR s A BTRE GG o). I an
alterndte nmbndineat arfbgdized bed ohethésuitableanactdr ibempidyedz eéndlpidized bed
offers %ﬂ&ﬂ%g@&@ﬂ%&&%&&%@&?z ene, and more highly

brom nat ene corrpounds However, because the
[0()36%OI | hngs r%%glz%e%gnagﬁ)(dz 89 b(%é: a?erdo ns?l?gerr}lzo ecula$ %romlne (Brp)

in the gas or liquid phase. For example, benzene can be brominated at moderate temperatures
(0 to 150 °C, more preferably 20 to 75 °C) and pressures (0.1 to 200 atm, more preferably 5

to 20 atm), over the course of 1 minute to 10 hours (more preferably 15 min. to 20 hrs), using
FeBr; or another suitable catalyst. Benzene can also be brominated using FeBrs, in the

absence of Bry, generating bromobenzene, hydrogen bromide, and FeBr,.
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hi gher brom nated isoners differ significantly, the

desired isomer(s) can be readily separated from
- Woenmwanessnd. alher brom nated isoners via di st PCTAS2@R013394
[0037jr"he fﬁadiiethes egﬂ:wbéﬁl@dnk yhytdmgenfbibmttbhﬁrusbd eobeaninarsa hydrocarbon.

For elcam]?lg a%d lﬁgne watlho cggé oBrocr)m y LGS Y Blo(% dalkane. If the

par anes non se rve 1 n
bromigéatimy rdaqlwm aysmffm |ogmﬁmibs emlmtha cmjomWSt forc i lmydro@nncﬁrmr or another
peroxfc’lé qmﬁbﬁor LNRgseC %dad‘am&lr Sig casYy §o 51'1 iﬁﬁée}ie tf(9llc5’%st ﬁl%ﬁm@mkov s Rule,

carbon that is ‘haon-adjacent to first_chlorinat

and ﬂ@afr}fsl&geatqfrfhe (a@dg}aond& chmed—‘raé??é‘x?’éﬂ’é‘ ingthgrgfkene ithas e%(%y bears the
greatebemﬁﬁﬂ)d@rbmal@ﬂﬂ)g@ﬁs t f@inﬁlaﬂs)s it ipefoxideanait ptup@selully added to the

bromi B seis (erroBanThiSoseds 8 fHbr oV Fiddait o n

brom nation nay give the desired isoner in sone cases.
[0038] 004Bonimatingi ap @kiplaticl g1, aromuhtisi ngltodaslbore can gesultoint @ mumber of
differdf &ﬁﬁ‘écﬁﬁ’lﬁgeﬂa\%ﬁ ng e&él%rrﬁ:q bf Qﬁ.‘@ﬁlﬁleu§ Bidt For example,

I sonerization ca as_a net al rom e (e.g
bromipgfn okfenzeng gyan NiS‘ElF 2n the Bprmationppb br@p@be}'nzeqfaetdalpromobenzene

tnbroﬁ&béi&eﬁ@ 2Ad m&e B2 hlifbfﬁmn&dea@%nz@fc(‘co}npoﬁﬁdsﬁeH@bve(Ié?t because the

e R 2o BhRLO RS 5220 °0), and

highedfrotbnd1€d tofrees daffeles)lgmfldamm tﬂaeiaeﬁmarsamen(s)jsmﬁ:@ readily separated
C h r
from gén%ﬂ!lé Lu?cf Q@E%P;‘}ngﬁ%%‘% s%rrfe?snf A cﬂftﬁﬁpﬁ% d?‘%lg%gféleﬁ? &enerally true for
Otherbwmcéldpopif oduct. Thus, isonerization allows one to
move from the undesirable kinetic distribution of free

[0039] adlm@é-rM@ummé eBtid0 of H@Addarddns, bmbmﬂynﬁm&s can be non-

Since.is

I oNn arlLon a
stect S 2Pk ol et TR 6 S Bk oty the scond
chloria\ék lilssbyrey atzaekiacoaromythbieis aco-adjzcesthte dhe first bklosiaated carbon atom.

(e.g., Z-ecﬁfotr&{ex?ir?e %%Oregﬁ?hﬂo %@cﬂ?otﬁng S'c’1‘tefht | SOE?J@% ﬁﬁn S NS)) position).

no Ca sonerlza
Althoeginthas fistedreng? aaffecy st lessAplgﬂndulmednmtebrcumnponwmdﬁwﬁee radical

bronnhﬁ‘t?& %ﬁ,&qﬁy&&ﬁeﬁ ggmlglemss%ﬁgjr@g&d and hydrogenated to

nnno s or alkane (a process referred to as
repro ortlonatlon 43] Once the desired brommte

0
[0040Lydr1>48 BFBPRE s by é%?mecﬂh % ELep P aqakra&gﬂdafoemoge desired
isomefy 0¢lbig @d 1bn>maﬁzlaﬁm rcgtat}lse shetoas nahed] byﬁlmde d&.B9MNaBr, K®Br, CuBr,

NiBrs A fedeh, 269 el R RER, 280 205 B LY s . 2. R
Ir, Rhpane the ldlei -Ihatdition f Yapius fsoxeeds biteh ha\retﬁlﬁfmzeadbb@dg points (up to
10- 15~°°UH1¥t@fenE§t aH% Ebeé’ét egé[’da\% Sﬁl?tﬁ?ati% (or lined wth)

gl ass or I nl'ess ase and |iquid phase
reactions will now be di scussed Gas Phase Production

(00414~ iy 428, [TS0dsfrehBERIIEHEOMET snacEMbo disrifisrmegynamically
favoré&prddﬁb!te NtTHAB, 1saﬂleﬂkelfm§yid&ivﬁ bie [i6 GabNEE thoh tHehBndi3fable kinetic

cis QiR G Bop P BTy G P e etnat prat Pgphion

(preferably 1 to 760 torr nDre preferably 20 to 200
[0042] or rSincé rsomefizatan amddt;romination conditions are similar, the bromination and

isomerization may be accomplished in the same reactor vessel. The bromination section
may be empty (no catalyst) and the isomerization section may contain the catalyst. Any
dibromides or polybromides that are produced can be separated and hydrogenated to

monobromides or alkane (a process referred to as “reproportionation.”)
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o

fluidized bed, or other suitable reactor. Target
reaction tlmes are 0.1 seconds to 5 m nutes, nore
" WO @rfemarbs batp@al O seconds. Preferred and nbsPCT/US2006/013394
[6043i)r ef témcreetﬂe e kit wompatensidescariohéeobinined, thp dessdratkoxylate is
produ%éd‘%eay ﬁﬂbaﬁﬁg?ﬂeol;rbmiﬁa;f%e ﬁﬁ@c n%s%ltg % {jw ﬁ%ecgologs %Qsissed above.

reac r eac
The r@ﬁ@npm gen prde mplace inging spitaide rm@r l@hk}dm bﬁtChvréclm—batch flow, fixed

bed, fA%AHIGES Bed, &%ﬁnﬁﬁﬁﬁﬁct@ﬁnéfe%%ﬁlﬁsﬂlﬁ% Stk 10l lwilB %lass or stainless

apparent to. a.skil rson when considered in
steel. §fasiphaseanddignid phase resstiens Willowashe discussed: enbodi msnt a
brom nat ed hydrocarbon and a diol are introduced i nt o
Gas PhaseiPrgdietiof iof @dikdx@thtesgas phase reactor charged with
spherical or cylindrical netal oxide pellets.

[0044’lf*'ht eA&%h‘h}{g td nné‘%bm‘bb@h%n[ 8{”‘81%01@%;{%{0‘3 ' k%X?l‘Hte 8 Broduced in the

el ng regenera
gas phase@lislodgratd lemppraieres (p bdy 460 yo 360 SCrrimant prsterdbly 175 to 250

°C) aﬂ?bﬁe@&ﬁesh@k‘ﬁeraﬁfy 9‘{@ 176@ orr, %J)I@rtﬂ@f‘éﬁabg' t@@'ﬂci%@@ t&f) #Da fixed bed,
0

mcrons t rmre efera
fluidizgd; bedn of P{l}l@{ Shitablearepcige ¢ iﬁrgﬁsreeﬁwg@aewm L§ $,if y minutes,
more Cbraﬂé%ll}o nedo spheetdndk. OPrdf&ﬂrd:dﬂ it calostp @irdfeﬂrﬁi @éaclion parameters
rt. mater

Gempfithly® trEos3eE Bt i TR @k 8 B0laclRofL b of uglp e votume of
the reasoma Ireagteint] erfd proidncteboilotgapointrpmale fodctivng, ehéide wf ¥4l warde(s), and
other Q%E%Eﬁp}n}{ ’thagc QVl 1%63% Went@o ilgﬂép% erbdh @041 @@ﬂsﬂered 13 hgi%lt of the

ment venti on, products are generate
presentylisclosrephase in a fl ui di zed bed reactor that contains
net al oxide particles having, on average, a grain size
[0045Df SInt @e@ﬁl@odﬂn@ﬁt@ ﬁ&réﬂﬂfa&dpﬁﬁfr@d’a@lkﬂry arﬁi)atdi)ollﬁa(?ntroduced into a

single FEEQ B et BNy E0inaratea PR o i el et BLE petters

Altergéinely amsitiplerdabiers aractployoy, i thpt, ys endnmlhm_lgl@geﬂaemd, another is
produaglgnﬁlk&ﬁlﬁtgémﬂ%fer% Gr’gvih@gmétg o%cféefgé"l c?lagc): 'hg{;é d(%o Q@%ﬁg@j a longest

sat ura team
dimensgacelo 0 maicroasdo S0 e guare prsteatbly 2oRi i@elq ampr oddisenatively, the

reactd'r @J @Hd%géﬂl \tvﬁh @%mpﬁﬂaﬁ@rﬂlﬁfeﬁél%dn@h}mcdl’ R ERRR Ml Adllets of a suitable
s and pr.éssures, conpar abl e tglCElhose use

S“PP%’éIan’ alt &s HEeRiRt i &fanid- ik y PRPewhich p 28FPOFS d the desired
metal o gl (53 ik e)tﬁlrmomt af 1 x0et. Yan(ndoré preferabled10 ®ed3d wt. %)t he
bed is heated or cooled to a terrperature of

[0046; P rl?lxa'n%teF E%bgﬁgqe{qpcgﬁgg ﬁtv golr?}lgtrs C:)a?@( %&%pited iféBe '«%s rRhase in
a flui lmb;edgmft@rrtgm qonta@san@t@l cmdfammclﬁghamg,@wde@gﬁ: rit grain size of 5

to 5000NRidk &R hie ﬁe@éﬁ&?QO@M‘SMﬁr&ls&/ nitrogen or
unreact ed oxygen WI then | eave the bed. The brom ne

[0047 qer o ar 1%8,231 oi(gtetlgg]n arg-g:%élg%rg%gf %)t | o%d ?rom metal
bronnﬂe_tgaher@ﬁed de thenreﬂcti)f by dirmglg cahalistiegahen froho khdﬂreﬁﬁbﬂlleavmg solid
metalgff{ilglec{e %ﬂld bb nqdﬁypgttc&rat%d%% L glg {ngo uc%g 1ntoqg% Fesa{:tor to remove

_ es an temal ni ng
remduaymetah bronide (EppllOWS@ referred to atSH'ewam@(dmpmn ),apls@mhlwat temperatures

and plesitiréll & g@; fe td¥88LeaHeQin &9%5@@13&9 Q&gﬁ&%ﬁ&@&lw@m&

appr oxl 200 to 5000C, "an air

X n (optionall
[0048? yg'l“o re(gegerate the m)étal oxide in a fixed bed reactor, the bed is heated or cooled to
a temperature of approximately 200 to 500°C, and air or oxygen (optionally. preheated) at a

pressure of 0.1 to 100 atm (more preferably, 0.5 to 10 atm) is introduced into the reactor.

10
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preheated) at a pressure of 0.1 to 100 atm (nore
preferably, 0.5 to 10 atm. Solid materials
F WOnewanewst ed-apial oxide) are then separated PCOMS2006/013394

53

romm::oand’ﬁmswﬁdmp@g@l bt ynugacted oxygEnoNyig dren lcfnveaths dcdndhe bromine

i A S e R G R S R pec

r eactor. The brom ne can be separated by condensat i 0
[0049}, o/ Tt regemssnithe el @xidscipcl Bridizsel bed reasiar. skl oS eflde/metal
bronnﬁe qute:lé’s biel tepidvet eﬁoxﬁnﬁk@igtmés ARAtanf renBhiAP| @actants in a first

eyclong; p AR5TEFHAR Srnlveh et Bl Foorort NHRed o Bl qopied to @

tempewdtareeoft hqopachmn;eﬂ}aiZDO rtor ¥¥CEC| and auized svithAafri ore oxyeed efoptionally

prehe %de)r%taaéres%fﬁ c?f (?I]f' ts 'lb§ aﬁltq 6%101%' %gfe%{bl l(f" Yo \f@%er{lﬁ 6§3ﬁd materials

om of t gl ass I uor o
(regenepriEctal piidg) ag tb@tm perasatechéogl br@gnnea k@@dtp@sablﬁrm@a@ted oxygen,
in a sbécAR ARlon¥NI TR SeRl BkIR FPurtidISEHh %H'Hé%ﬁ@roﬁu@ed 1nt0 the first (or

anothq}écf[m gﬁ%&i gtgg%grct ?;Ig'te EF?E%W? 1;;25 tgra B‘? EJQ( chndensanon and/or

adsorﬁ&m%dné@c&déoﬂﬁﬁh&tmd in separate syringe punps 24
and 26, which are coupled to the glass reactor tube 12

[0050?y Slﬁgﬂ% at; uf P—a't:g c;nlété'n%dﬁﬁ Jﬁ%@ a%ﬁgpl@‘l lows Q?Qac&cgr}gr carrying out

|'so cou ube
a gas piFse alkmqy&?glosz Tlfm%qqor Af)tl@qﬂu‘ﬂfﬁea glaa‘s‘subm@e wherg 6@opélgoxylatlon

reactif bEcuREt &l FQX 'p@%ﬁdef be ngzltaﬁstﬁude“ ?43 sit§ oﬂlaaﬁl%g (anf?;lass wool 16 at the
ted bl oCks zone

of t
botiorh of dhegass gulte alfcézﬂtetrefghéprwh&l@nq D sing 1@?9)12’16%% glass tube to
a produet trapm2e owkich coht@dised llqadanéth@ﬁle(é gsﬁe@méc&&mﬂﬁi @dtat[eeane) The

wap i LE0nie) oy VRURRE Bl odt B S FrbBriblipar ac praants are

containbdin sepprate syriegspuieps 4 hmi/\% achi¢hearg coupled @Dthc @tasy reaafod tube 12
by seﬂa‘?ﬁ@ i’ﬁ”?’];istulﬂﬁg 286fla13pt %eﬁ&sé&??aﬁk Hotdh @npfsea‘#ﬁ)t c%'h?]eﬁecg the glass

eact ant ry is conp ete
tube 1@@6@1@%‘9%@@ with nitrogen. The organic phase of the
product trap is then analyzed by gas chromat ography

[OOSIPnd/@ﬂterOIheOglhﬁr tuB aik Yohdedl wﬁtﬁcllﬂeﬂaﬂ WRsde, lhe lgla@s Fetmaeses placed on

prenefBEELL % Hlo e R ah 0 b Bkl g e 1o
and a bhtohizgue ¢ lehassicoat higheleseadal temppetat (TH. (4 mﬁf@eakﬂoyv is started

and feliqgto fle ?’e@?to? Wil g}e;);g ‘éﬁlgcrt %{) ?8121??0318 téé]gergalr tb?p s pressure is

ssure refera m nor
lower%(ewg aord, torrh 2nd geaefaniradre rﬁed mrqihgireasgorné @, pr@detmmd rate. After

reactatﬁﬁﬂézl%@%ﬁlsrc%ﬁi(iﬂ&é thg@lﬁ@tul{)eleﬁ%k %itﬁ%ﬁrcﬁ%eﬁ glglgg@rgh’fh@%hase of
o) ours _(nore raply 0
the PRYuCle B dISHENT, a%iﬂ@%eﬁpﬁaé B O SR PT o bl jagalytica

techniqiés; ged Wi th reactants and fine netal oxide particles;
al koxyl ates are formed; and the products are renpved.

Liquid PRAYPks1,368 SE ﬂ{o§ gk ei ther by increasing the
3cr easi ng the reactor

[0052] According to another aspect of the invention, an alkoxylate is produced in the
liquid phase at moderate temperature (preferably 150 to 350 °C, more preferably 175 to 250
°C) and pressure (preferably 0.5 to 20 atm, more preferably 1 to 7 atm), in a semi-batch,
fluidized bed, or other suitable reactor. Target reaction times are 30 minutes to 24 hours
(more preferably 3 to 9 hours).
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pressure, and/or via a solvent wash. The residua
solid is regenerated in the vessel. [0054] For a
\Nanmndmphage Fe@of:i on carried out in a sem - baCTS2006/013394
0 53} eadtiome et Oﬁmlqm of gmpbu sewi-bateh féagtor vessal iscohiached with reactants

and fRBMhEG] %%1&3:6‘15%91?8 OQIk@)‘(ﬁE\ Qeazr oﬂ'ﬁ@donan é%og%dih&s are removed.

mcrons to erap
Produgfs ar¢, geparated) gilagr hynmﬁ]rf:aaqngéhﬁ 5@3@&5@1@@@@@111@, decreasing the reactor

pressudé, @AMk ia@Ssofeft PaMH R eliBudl RBLid is%géille%&ﬁi% th@v@ksel
fIU|d|zed bed, with liquid reactants etc. | owi ng

b f fi ta Th,
oosa ", FER 1Gufihess erei e pd e auhibuef rﬁae%ﬁgl%tpgef%ed to use
ﬁnennmﬂ@mm&eppﬁekemamMg,oﬂ&@mﬂg@rwgsnﬁ@mé&ﬁﬁﬁ)nn@ﬁﬂB&jSﬁnn10nme

mfﬁxgﬂ i i od 9@?ﬁﬁx6§ ction, alkoxylates are conveniently
ar at eo]I rom met al brom de generated in the reactor

sing any suitabl e separation technique. According
[00551L;ne I8 5 Hirerate smbodiprant.cdlkaxdatonger prddcqdab thenbigild phase in a
fluidized hadswik hflﬁﬁffbidﬂzﬁltéf %ﬁﬁt@é%ni}éhﬂbﬁg‘ﬁ a@d b @mg@ﬁe%l oxide particles.

oxi de/ net al de/r roduct sl eavi
The e3{p e el BrOIcAas BERFHAD HhEVHTRES B GRMERGE Prelgribly, 250
microms tosl®dnm).t h a sui tabl e organi c sol vent, such as

oct ane, other al kane, or ethanol, to renove any

[0056] & 'rfl%ggl' hﬁhh ?ﬁﬁéea e%étlorg SRS d&g O%Bﬁtgit §eﬂafaé%qsf71]om metal
bromlqifh gencrtebin BaBeRsTEing @%Wblgtseearhfm ieghrige. i Acegreing to one

approdcﬁWaM@kﬁlﬁteg théJ Rapdrizid e ﬁ%ﬁaé)@ﬁaﬁﬂecf FOM AR RhctBHOBY ‘ﬁ@atmg the
brom(ge di s I vVes,

metal BYGE R R LA P REs sy oo ire b e il Bepide hemind. The
metal bivenide) isethens rimgdda it b gritside sdanici iveh.sgeh as octane, other alkane, or
ravi j . r om al tloni dr.i ed
cthancl; @¥ERFL e SR BRL ok iUk g ™ FlrigB By 100 o
200 Cgangi 1ig, 200rémpret al brom de solution is sprayed into a
hot zone, form ng netal brom de and steam The netal

[00571T OITh GRoiBdF EinbbAmeIR IR yRRRK AR SIIfﬁQl@hltl@ Fow LRALL édi‘ulﬁhty are
regener ated wt alr

one prjor
oSN B S BEL N fo0Sneral S urih gl O SIVOe e
Water—tmﬁusaﬂﬂahlkoxyldES Qe sdpardtep aoar ﬂr‘e@(ﬂlubcﬁus&nﬁfah Bﬁ‘fmlde solution (e.g.,

gravi e%ﬁcea ty al J1“l¥e tbr1]oe Sdams?ollﬂ 8) ! hsat ng: S G Qﬁd aP t bhrdmide is then
S SIOR. §%) dricd ) dad) ey sQlt orfl?a Ay
regeneéazcadrplre@ra‘f érymgavh@adtahbronmdd: scniutwmg; semtyed fimte rat It @bne, forming

metal bidgnilO¥EDE AR ThE HE)[(‘&?'EF(; iralltéi q?%ﬁﬁ Eﬁ?e(fitﬂ’(gl*l\@@iseteam ina

used, whereas in Bactor
cyclonepsioT EhRRIRE TeseTsrated Wiheps QIEBAZCExanpl e 1. [0060] A c.a
3 nmL stainless steel batch reactor was charged with

[00580. 25%r Gerdbvad bfe@n Liquite fngnade réﬁ@gﬁ ecﬁé maawxﬁﬁ céﬁwe@generated in
or a

a manfel esseng gﬁ]'y the sthe 3 &1 3t dscrt %ed above Tor adtexe%% d, gas p\ﬁ'tase reactor.
[0059] The following examples are provided as nonlimiting embodiments of the
invention. In Examples 1-13, a batch reactor was used, whereas in Examples 14-19 a flow
reactor of the type shown in FIG. 3 was used.

Example 1.
[0060] A c.a. 3 mL stainless steel batch reactor was charged with 0.2549 g of electronic

grade magnesium oxide (eMgO) and 0.2543 g of a 75 wt-% 2-bromododecane, 25 wt-%
octadecane (as internal standard) solution. The solid and liquid were mixed by stirring with a
stainless steel spatula, then 0.3065 g ethylene glycol (EG) was added. The reactor was sealed
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oct adecane (as internal standard) solution. The solid
and |iquid were m xed by stirring with a stainless

prgn rweRemliepatulay sthben 0. 3065 g et hyl ene gl ycol PEBUSHE/013394

and agiidtbddor § maniies suira vibstayshatarthaypleatding pricheatessovent# 225 °C
for 6 %' @%&4 esaa%& hf’ﬁ‘éeé%ﬁl@@ rwe?é %‘R&Qcté([‘ vatho aReat et QURYz&L by eas

ce cool rgani cs were
chromaiperaphy otf Wik n2se P1sH é]pecgﬁalegﬁ aﬁop zc@araglf,naggon and quantification of

produétE' BRI B A B AR AS. ’17‘!% fesfl&s JTRBS afdl9his ERIWRIAr40% @6nver51on of the 2-

racteriza |f|cat| n uct

bromcgp e rm?iw%m A0E tadRi, Godist O Rebiatiys: 37 Asalus. 40%
mono-48ixglates @and il Gnkaidbnedshe 2- br onobdodecane to products.
The products consi sted of 56% ol efins, 3% al cohol s,
R;O/Q rmno et hoxyl ates and 1% ket ones. Exanple 2. [0061]

mL stainless steel batch reactor was charg
[00611,j rA 0. azés@ gtabless Gpsk paieh yeagbor aeas chiagpd andh ©23309 og 00pper(II)
oxide @(ﬁu@) LTl (MZS@@ o@ramﬂwg%ﬁﬁno%ewn'eo/‘z? Gt %@ﬁﬁ@caﬁ@%as internal

nal a tion. . sol i.d an
standaps G- The Polsd i, P i oBt i Taodab S iaE MG Ghless Pighspatul,
then 00S7H Eﬁ EGswakieddThel reattoe W&@daﬁrrd W&Bagl%d:(ieﬁoraﬁ tninutes with a

Vibrat%%;%hgggr tﬁe%r I?lc%ﬂ gfée eﬂga{ela % %%D]E’ %k}?rs o) hee r8ooled the

Exam

oven a hr's'.
organic@meeajextta'o;éedowglamﬂmsomdear@iotmddwegﬁswhmm@ogmpby aamﬂl as mass
spectr@ﬁl@dr%’ %&dcl'@‘ac%}&aﬁ&[ Qﬁ@ggﬁ{tﬁﬁgﬂorﬁﬁ ?ﬁ&lluc matenals The
spectronetry for characteri zation uant i |on

resultSon Breotnabiss” gieered 147 icARyY e of dhe; 2 brwaowac&iamest%rrodh@s The
produ@ 8bnssdted Si398 d1cBiAYH9T BN BREE, BB InohbRthbxhTewREad eF Rétbnes.

to products. The product s consi sted of 58% ol efins, 9%
Fxa a'le hol s, 32% nono- et hoxyl ates and 1% ket ones. Exanpl e
=XAME 0062] A c.a. 3 nL stainless steel batch reactor
[00621has A har genlL wiaitlesd . sREDbatgh ofacton ppe rohhuiged awthds23@uOpt copper(Il)

f 1l e

oxide ?@ﬁbg%@tg@%S@S g ofd 755wi2't70' 2300 rﬁB&USJ)Qgeg%r g?:g&gn% %gﬁ%caﬂ% (%s internal
standaggycsolytipn; dh %@h.d m%w@yveﬁ mixadnRy §HrEiRg avity aptaindess steel spatula,

then OSI(Rﬁ' g R tydsaadded eTtIThe? rée@?)% \gasEgea‘l@Salﬁﬂg @btedTﬂﬁ' 5 eaimh®E with a
ltate or

.. _.was aI ed an nu vi hr at or
vibrat g BRer (PP Bt AP Beo st 4?” 13y 3355 Bty gpdled. the
organi8s fwese exmmﬁ:dcwah Manbhmcbargmyned dyvesecheothatagtaplly as tell as mass

spectrgﬁqgt%] s a{lﬁj ?é}fy gtn&J 11.1519 HP%}&%&&E %dasﬁry@é kna?e?ials The

spec arac eriza

result&qgiémeu Jriakysts; siw“@ﬂ Wo @g@*fesmam of shePtbirpgodedeeaneatosprotess. The
produ&t? SHsitebf 3196 oRBAL, Y53 S1cSRANESS 72 A6 LIRS Bk Rn@ 1 94 E&ones
br ombdodecane to products.” The product$ consisted of
31% ol efins, 5% al cohols, 63% nono-et hoxyl ates and 1%
-Exa—ml?-éi%nes. Exanpl e 4. [0063] A c.a. 3 nL stainless steel
[0063bat ch cracdchlktandsss Gheal bstch véactor Bvad Th2rggd afithc@PHEY § bf ropper(Il)

oxide ggu\dj\f a }Rg 09? ndof cf)l ? 972 %romo%o%ecane%ﬁg Wt% 'R r(T)Efja%ecane IZas' internal

&care ( as i nterna
standard) solution. The sohd and 11qu1d were mixed by stirring with a stainless steel spatula,

then 0.1001 g EG was added. The reactor was sealed and agitated for 5 minutes with a
vibratory shaker, then placed in a preheated oven at 250 °C for 3 hrs. Once cooled, the
organics were extracted with ethanol and analyzed by gas chromatography as well as mass
spectrometry for characterization and quantification of products and starting materials. The
results of the analysis showed 99% conversion of the 2-bromododecane to products. The
products consisted of 58% olefins, 7% alcohols, 32% mono-ethoxylates, 1% ketones and 2%
ethers.
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standard) solution. The solid and liquid were m xed by
stirring with a stainless steel spatula, then 0.1001 ¢

ErrWacwasoasded; - ;I'he. sgeact or was seal ed and agit aceastmr/013394
1

e

nutes wth a V|%ratory shaker, then placed in a

[0064]3r Ehﬁ ateq Qv @&11%5325{%%1 g&cﬁ ?{:]ac%tr Wa§ cp%&? Wcl;{f)lg(} g%‘gdg BﬁeMgO and

ni cs were hano nd an
0. 252@ asof @ﬂédﬁta%o?gb@mﬂoégcam 25 wis Inestadespredies irtehalysténalard) solution.

The s@lktamapn@nu Zpdrk ‘ﬁﬂx@cﬂg Qs Wikie @fstames@fsté&i Qﬁéiglltazthgﬂ% 3164 g EG

e result he ana
and 0 33@ %8?1 %é‘irﬂfg}’%ﬁ Wﬁfﬁ&ﬁéﬁi é@e 5??&%%%8@@19@ #8d agitpged for 5
minutgr with et gbronyi Sﬁhlmi thien @J&%:d) |11€ﬁlmﬁ1eat-é%cﬂ'|eﬁ @b obs °CF3P% hrs. Once

coolec{'%glé) @5&9@%&%6‘2& n{éé‘;\x}gﬁt ! %1%%%%% Bﬁ rg?%gﬁg n‘p qe%aghy as well
as maspayR§EEomETY for gglgagacgm@atl@l\/gl@i aquehn@figBRG gf ofroductd and starting
maten\Ms %t ThfudRRgage %ﬁﬁﬁ/ms %ﬁo%d ?89 i E@'ﬁ)@&ﬁﬂfe of % Q%}&ﬁg d}f/:cane to

ard) . sol uti on. wer e

Pmdu%tﬁu E[?lF Py dpictscopsisted Qfl g6 olsfias) 4% p?éﬁthpr; 48%emomo stb@nylgtes 1%
ketondsG@Gnad 3t QialkZlethgrsof tetrahydrofuran (THF) were added.
The reactor was sealed and agitated for 5 mnutes with
Examfle/g Pr atory shaker, then placed in a preheated oven at
C for 6 hrs. Chce cool ed, the organics were
[0065kxt rAneteed miL tstrimedsantestl batehl reavairywasdctaygegasith 0.2557 g of CuO and
0.257% E'bp HE5 Q@B oADWEnd D5 b oeRRELS, é‘l?rfgst fi%arﬁz?rstand%rd) solution.

cterlzatlon and uantl catlon
The Séi #1d; hgidrstess miged byr éﬁpéé"(}ﬂ’t%Sf@fﬂlqsﬁéte&haraylﬁa,sthsmﬁdéao g EG

and 0.860% @OTNErgdremdaéd.t e Rakibp F{Iafﬁi QeAERARd ta 1tﬁEQQ&C§§mI}I{é§ with a
efins,

t d of 40/ / 489
vibratd og‘lu e[,rrs] g%fyrﬁlﬁgﬁf 11y g, F 3 s°V§ﬁoat3% 8(§|fgryg las. h@pge cooled, the
organiEx eyd @(t&cte[dO\@ﬁE]ethﬁncl argl. arﬁlyzbd $>§18gaﬁ|cﬁﬁ:ﬁnﬁb§ﬁbh}baé G811 as mass

spectr&r?&%‘ %g é@@f‘% /ggﬂ g{l]an%ﬁ%gt?%gf [ progur Etag@ éEagWég fné\ge%als The

results; ¢ft thp ﬁaiﬂygs éh%@fb)lo@,%l nvesion THéhs @‘rbrdmad@ﬂelcmmﬁodpmducﬁs The
produdid ¥&1disesd Sta0% bRgind 19 afohbRI @é‘%@%ﬁong)t &gé)xﬁ_ﬁést %%ketgﬂgsnand 3%
320 g EG and 0. 2003 g THF were e reactor
d1a1kyﬁ%é ®Seal ed and agitated for 5 mnutes with a vibratory
shaker, then placed in a preheated oven at 225 0C for
Examplelf s. Once cool ed, the organics were extracted m1th
et han gas chr omat pgr a
[0066]rra A 95 ?% sq{ﬂ? egfggfr:lb%/ | Teactar Iwiflgtcﬁ%rlgecgr{% il omgo aSS'drops of
75% of @aﬂq"’t Wf-%:&thr@mdﬁdemd@ﬁtv@ -%arogtagecant i(aginahalrstaidard) Ebkution, 2

drops 6@‘!&}1&1& d@&cdlhﬁldﬂi‘ ﬁf(%ﬁ B asiBRYES wiligp%l“gg REFF. sge{lea B’x%%x placed

ane to_ praducts. cts con

in a P%%%‘lwéf’?lhét 209471 foaHa kys. Oog oo dbn cs»tgarmswerez%tracted with
pentank e and esnadyrdd 3¥ydigas kitlrobfd@faphy EXQMRER 4s mass spectrometry for

characterization and quantification of products and starting materials. The results of the

analysis showed 92% conversion of the 2-bromododecane to products. The products
consisted of 51% olefins, 36% alcohols, 11% mono-ethoxylates, 1% ketones and 1% dialkyl
ethers.

Example 8.
[0067] A c.a. 3 mL stainless steel batch reactor was charged with 0.2523 g of copper(Il)

oxide (CuO) and 0.2527 g of a 75 wt-% 2-bromododecane, 25 wt-% octadecane (as internal
standard) solution. The solid and liquid were mixed by stirring with a stainless steel spatula,
then 0.1007 g diethylene glycol (DEG) was added. The reactor was sealed and agitated for 5
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[0066] A c.a. 1 m stainless steel batch reactor was
charged 1A full of MO, 5 drops of 75%of a 75 w-%
W~ 2m6unw®dﬁ(;ane~,, LgS Wt - % oct adecane (as i nt er raii/US2006/013394

AP L ot A

B it kT ar\dl)ratwil/ dhaken, then praoms irof pedhigtbé eemy by 228 °C dod6 Ars. Once

coolecfi Fh%posf% csd\%rg Qkﬁ %d\%ﬁ thaﬁgfanél%%ﬁ]é/%éc} %fgﬁss&#)rﬁgto%a?ﬁy as well

as masacﬂpe@tromﬁe/ cffng avhar@gtem@at@nemld atwapdfiGation pemregdnstasgd starting

maten@lgg*cl:“%{% g%g?ér/ of A% &DIRIRIRKAPINR 8o Rldio8f FRSS-bromododecane to

aracte at i uaptificatio
produgip EP%(H’UL‘F@%/S&W&S%E@ % ﬁﬁ%& 1@%@?@@%@ among e@PX?h@S 46%
di-eth@\#dtySinsl ZhaueedeD2% conversi on of the 2-bronododecane
to products. The products consisted of 51% ol efi ns,
Fxams eO/ al cohol s, 11% nono- et hoxyl ates, 1% ketones and 1%
*kyl et hers Exanple 8. [0067] A c.a.
[0068kt aidkes$ nslt steinl¢satstse] batele raactonaxes changee b;mlm Q-852y. g9p gopperl)

oxide gC ) SRPEOAY1 % o‘P)é' ﬁ)ew{ @1 Dbrnsidieerd 29 waio dcthdedne Yas internal

ronndodeca -% oct adecane. ((as i.nter

standag@aﬁ%}gwa) Thoelid %)‘Hl L Wt oy %qréﬂg &'ithed %tawh%?é gteg)spatula,
then OSKO3BIg digthwehb inyCSI @mGeeas addedl Ts@wauﬂoa wat beled ardd&gitaged for 5

minu G G b iocamPb PSR At CE TN C1E AbPat o 0t 3 his: Onee
cooleds hlaaek(&gamtslmaremxtraadd Wit qﬂnzmhbatdsﬂlab»\zghbagagﬂﬁomafograp@y as well

as mﬂ% hsz?ng? %F dchafagﬁeggﬁt%}p' Cﬁ ci\ﬁrnﬁﬁ@ﬁﬂd'naﬁf o&ﬂlcttzf‘ and starting

ana yze gas mat ogr aph
materigiss I he g@smltls cifethe yanglypis shavae 747 serveEirhA the 2- bromododecane to

produé’tb' aﬂthbfpr&ﬂictsocfbn@i‘sta@lr&dtm SlcHng, $%addhb, e flohdlehox fa&as 49%
di h ﬁu ts o g{ﬁe anal ysi s showed 100% conversi on of t
i-ethox ylates kS8t 0 products. The products consi st ed of

42% ol efins, 7% al cohol's, 3% nono-et hoxyl ates, 46%
xample Hi.hoxyl ates and 2% ket ones. Exanple 9. [0068] A

[0069\?NI t hAg agg 8L Q{aﬂﬁ&%sste%‘i B&kn ;i’éﬂatcfé? J\'}a‘é%&‘a%gd Yt %Eg@@g% copper(1)

oxide ¢€u@) sl (MZS% g-dhrag wwe @dqﬁ@no@eweo@ it é@baﬁiéca(naéas internal

standahr&’)t ﬁﬂtﬁﬁJn %@@6’1@& gﬂd ﬁ&’lﬁlHtWéi‘Q mlﬂheb}s thrkidlg aneh A bﬁﬁil@gs\éﬁ:feﬁspatula
tirrin ssteel spat.ul a

by
then O@l%@@dl@théﬂe@f: @XC@}] Q)EEQ, WEp ag &ﬁmc@aa@a seale and agltated for 5
minuté€aethQl vibRSoryshhledt, thed pdgietl ah acréteited ovenwt @50 WCtfor & hrs. Once

coole% 4 ! %{%315 R graeﬁe%ifacté thpetﬁ%fnofl aﬂc{]%n%lﬁég 'Bﬁ %‘é? &ngﬁ%g%phy as well

ce (e 6]0)
as masst smctremiewtﬂmr edthagavtirization zndl glzaelﬂﬁbgmgla@f products and starting

mater&:[]g q'ﬁ@%Q&ﬂt@%%h@%néﬂgél sﬁ&vé@?@% Q%ﬁ%r?ﬂﬁ‘to@fhé 9hromododecane to

racteri zation uantification o roducts and

produgts arherpjodtptepongisied %%8% é&qussS‘@faIM@ISaﬁ% yrome-eglaikages, 33%

di- ethg)l}%@gpgly@[%q&fbr@g t he 2-bronododecane to products. The
products consisted of 42%ol efins, 6% al cohols, 2%

Exammfef et hoxyl ates, 49% di -et hoxyl ates and 1% ket ones.

[0070] A c.a. 3 mL stainless steel batch reactor was charged with 0.2516 g of copper(Il)
oxide (CuO) and 0.2577 g of a 75 wt-% 2-bromododecane, 25 wt-% octadecane (as internal
standard) solution. The solid and liquid were mixed by stirring with a stainless steel spatula,
then 0.1458 g triethylene glycol (TEG) was added. The reactor was sealed and agitated for 5
minutes with a vibratory shaker, then placed in a preheated oven at 225 °C for 6 hrs. Once

w{0V]

cooled, the organics were extracted with ethanol and analyzed by gas chromatography as well
as mass spectrometry for characterization and quantification of products and starting
materials. The results of the analysis showed 95% conversion of the 2-bromododecane to
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Exanpl e 10. [0069] A c.a. 3 nL stainless steel batch
reactor was charged with 0.2502 g of copper(H) oxide

FEE WO QU1 10698 D 2020y of a 75 wt- % 2- br onbdodecaRreT/u8z006/013394

produgts.- ¥he ptosldets anesifted of 3% otefins s3% mitahdls, 5%| monmethodYietes, 4% di-

i . Lb qui ' y stirring with a
ethoxyél?tglé,%llgﬁgg é?gﬁlgg%ﬁcﬁ%?ﬁét&ﬂlg% 0. 1056 g di et hyl ene

gl ycol (DEG was added. The reactor was seal ed and
Examplg 1%t ed for 5 minutes with a vibratory shaker, then

[0071D! aqteg.ai B ndl. PagN&s sed] BMEm r@fzto? s %@aﬁg@% wﬁthhm.§49|80g &€ copper(Il)
. 0 r gani re.extracte a and .

oxide gﬁ'é(:)g%ddbg%ggg’? @hﬁ S oog-lba?}ﬂv?ogtgc%\(\% gg-e‘}ﬁﬁggigecane (%as internal

standas@)esoiutmme Thy sdlat anghlaquad werd matdddry stivdngwatht 4 §thinddsi oteel spatula,

f : i [ : .

e 20RO Ry B PR THRE, Fheal 0P SULE i

minutgsowish gabratory Fhekepr e plased oms ipsehsated foves e 82 fC fer 3 396. Once

coolecﬁlg hifics WA Wﬁ@t%@ﬁandsé’hoa@ﬂ:éd %;/ g%rgiﬁlﬁtﬁ)gga?ﬂy as well

1% ket ones. anple 11. [0070] A c.a. ; i
as magg oeséﬁec%%ﬁl%tﬁy r?é’égg’ﬁ“%@tgﬁ'a@@éoq‘%ﬁﬂlac@o% 96 Rjogcts and starting
materielBpTae (rédults @fitHe ahdyél showled 88%7 dorgeionaof’ thev2-b¥mododecane to

-b 2 % 0ct a ane s.dntern .
produd. A BRSSP0t ol LR 6% ARG 1 horwatgy 3% o
ethox Wates, Sdfgtrimtthoxdates aidb%dstonesel spatul a, then 0.1458 g

Met hyl ene gl ycol (TEG was added. The reactor was

ExampRAI®d and agitated for 5 minutes with a vibratory
a er,O%hen %I aced in a preheated oven_at 225 0C for
€

f
[0072F 2 C'ach dal. el stee hpatel FpAR10E & ane has sk il &31.6nE of copper(lD)

oxide eCh@NMd ARS1RP I WZAS0wHY YdsorEEdddBBineg2 R MY dstatdahe 8 internal
har act er.i.zati on

t for. n .
sanca R RRRC Lhe S e R S g Sl siigtess splorpatla
then Orlg52 gt tsiethylenb glwob(BEGswahadded. DBd/seactor eas serledind dgitated for 5
i TR, O ULEL o JBBLOTUELS, AU 483 s O
cooledy st repEss Ve €3 tracad svithiethapploang) anelkysedbyl szgbseaegTaphy as well
as mds¥ afpptorddry [fBP Chhrabtefiz@ion afld GladtifitRDn 6f §RbIRA GRd starting

reactor S arged with 0.2 of copper (I oxi de
matene@u%;“e sty ngﬁ%&? ¥ spopsd 00 Sorferighioh 8@%@0@ odecane to
produats.- The ptoddets amesistadsofl 2% oledins s3% atkahels, 2% Inidriccgthoxgtes, 3% di-
' L4 Ul 1 xed tirring wwth a
cthoxsJk, 1AL BN R T ATRAFEAEE 0° Vet hyt ene
gl ycol (TEG was added. The reactor was seal ed and
Exampl¢ildat ed for 5 minutes with a vibratory shaker, then

[0073P! a@eglom B RLEIRE Mk st@ﬂ@[&d@{s sg&?n grpr(?.LS Q}dr}ﬁﬁg%e@a%ﬁigq 04328 g
of Cu g%i}?}i@ﬂgﬁg]&é@a I n%pg%péﬂ%égg%wyer%§ggﬁ§§1y loaded into their
respeclipe syrimpewiufips f 4 ocd) BraL tetfadéedne @Ad 20T nipletiddet arkaké@oaded into
the prc())({ucEJ {rgf)j.u‘ﬂng gﬁlrs]sd resatct%E Elib%%vas placed in preheated blocks to heat the top zone
(T1) to 190 °C and the bottom zone (T3) to 200 °C. A 0.4 sccm nitrogen flow was started, and
the pressure in the trap was brought down to 90 torr. DEG was delivered at 500 uL/hr. After
c.a. 10 minutes, 2-bromododecane was delivered at 150 pl/hr for 2 hrs. DEG delivery was
continued for an additional 15 minutes, and then followed by a 15 minute nitrogen purge.
The organic phase of the product trap was analyzed by gas chromatography. Analysis
showed 65% conversion of the 2-bromododecane to products. The products consisted of
61% olefins, 1% alcohols, 2% mono-ethoxylates, 35% di-ethoxylates and 1% ketones.

16



10

15

20

25

30

35

materials. The results of the analysis showed 80%
conversion of the 2-bronbdodecane to products. The

e woromuce@s cpnsizsted of 29% ol efi ns, 6% al cohol 8CTA%2006/013394

_mmlﬂiet hoxyl at es, 3% di et hoxyl ates, 55%
[0074} ' /?tff?)%é{p@tr@%:t&n\ga@@ehe%ng{&gﬁuslﬁ@@251% ﬂeg[OORQJ? 7@& e foaftor was

st eel reac
chargex/dl vith 0.4189@ %ufafe %39 eReEque)washegied (ol 8y “qrad @ezwt% zgjte to 200
°C, Tﬁe ?%d%t %p?v&)ﬁg e &ﬂ@iﬁﬁ?ﬁa 6%5%}?&&8@3@5%@3@1@820 Veméa)gtadecane The
naa SOl utl e n
pressugt @y BEQIeRt Apye Ogr ot BEDE has dlvesed Mol S KRR c.a. 10
minuté, MB&ng)dVHedayib ewss gelywotd @THG) MbAr adeled hrsTheDEGadtldiery was
contin [Eg‘reﬁl ?‘g 138\%}1 glg'el[gﬁﬁtu?eq ];ﬁj({ t Pﬁﬁ‘&’%‘?} leaﬁ" ! PS %ﬁ' tgéaa#rgée\ﬁ purge.
The Ozganmphe@h o tl@fbpmduct tt&pewm grmhymd yegas dwomatogesghyi tIhe analysis

showe@lt m%n%@loﬁr@ e bR RABSeahE %T@}&ﬁlﬁf%p h’Yh@%rd’éﬁle éhnsisted of
haracterization

ectro ry for and
59% ol it | iadeap ge&%)rmm%atﬁeﬂéatsw% direthorgylatet and B detonae
results of the analysis showed 100% conversion of the
Examplet@nododecane to products. The products consisted of

007532 ROES 8P B8 SR e s PRID S AR SlRoL ff st wes
chargesk Wigh 9 48&& 2OI@. The tG0ONE]WaA Hehtsdto P °C @ad il batesn zone to 200
°C. T‘ﬁé 5@6&%%@%@ %nged Gmﬁl % &@r@u&&eg&%dmsgmg o%%écaﬁhe The

-eth -brono
pressua%W@S é?é%héflew tp &Qd@a, mﬂ Qi‘?ﬁww deleesed#t 30wl rhifnd\sﬁer ca. 10
minutés) MPErondsiddécae WadTdeliviréddeaaneup/md @972 IS, OCIDEGGQ@H\)%ry was

cons o BT P BN e Ry B B B2 e e
The ozmang hkEe of (Dhelﬁ@)dﬁﬁi teapdwhd endbytetidm gasnehrém2ipgtaph® 0@ he ana1y51s

showegc70‘ﬁ c%néeﬁl% ny Er?&%ﬂnod ¥ ?o tRE d, r(}cﬂl@ts sisted of
Frh *?“5; PECR, TR Prydicis pon

rap was brou
58% Qlﬁglsd%%l W@lﬁ ato IQQIIIP pthprylatenf3oes dmethoxﬂ@esmndﬁ%gcetones

2- bronpdodecane was delivered at 150 nl/hr for 2 hrs.

Exam delivery was continued for an additional

T R RN
chargaihaitly Dei32By GeS. dhe coptagregiheatednall9s i€ ant ohebbtimyzone to 200
° T

C. Tﬁg %ié&i; %i 8?:% ﬁjsas tscpgrggd ang%/ad %dﬁﬁﬁg‘rg de gg}%rﬁl ng (%f}decane The
Pressmmas droughy dawago 98506rd ancbDﬂi&(yzlaaﬂelsveaﬁb at1290 pl/hr. After c.a. 10
mnut@?%@&og&%?ﬁ@wéédehk%aﬁ 199 iﬂl“’f&rm?rs rﬁﬂgtdéhvéﬁswas continued

used. anal ogousl rr%) q{% . The reactor was
for ancaddtigmal 49 Pﬁnlﬁe%f% ﬂgencﬁe W BYta HHRES WOk RYkes- e organic

phaseweh @ﬂdcttti’@ fai hmyzzeartgz ga@ cmﬁmgsgraﬁhﬁ The Axsllsit sBdwed 70%
rade

comvelfi ok ool o PSR A 4o Fp plefins, 1%
alcohds @ DEGnvEshaalbdtase28H diethd@Plates ahd 1% dtenesc. a. 10

Example 18.
[0077] A flow-type reactor was used analogously to Example [0072]. The reactor was

charged with 0.4287 g CuO. The top zone was heated to 190 °C and the bottom zone to 215
°C. The product trap was charged with c.a. 6 mL tetradecane and 154 mg octadecane. The
pressure was brought down to 90 torr, and DEG was delivered at 300 pL/hr. After c.a. 10
minutes, 2-bromododecane was delivered at 150 pL/hr for 2 hrs. DEG delivery was

continued for an additional 30 minutes, and then followed by a 15 minute nitrogen purge.
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m nut es, 2-bronododecane was delivered at 150 ni/hr

for 2 hrs. DEG delivery was continued for an
g pewadieiilessl s #5xmemizes, and then fol | owed by aP@%/US2006/013394
The orgfarflcubbaseldfrthg @roduaet trep Wik enaygahby gphasenufogrigghy. The analysis

showecﬁﬁ%? UCthEIEs?(Bq Y)\@ﬁ?a %lréﬁ&ﬂ)dgé/angqgf [ﬁgﬁlﬂ:@at q@l@% Jocts E@nswted of

owed 50% conver si on of eca
76% olefingy d&d%l@@lsols e monodthorslaesnd1% degthorylsgsand éf?q lff‘éonei%
al cohol s, 2% nono- et hoxyl ates, 38% di - et hoxyl ates and

Examplyaget ones. Exanpl e 16 [ 0075] A flowtype reactor was
[0078]3 EZ naI 0 qloyeé!:t}égti\gls a?efé%lolyz% rhe lé\,z@(ﬁéi.;t"lé\%srfs%ctor was
charged Q\chﬁ‘éllw% he. ﬁDﬁet mmzzsﬁmwm bea2&Dto0k00 Thandothe dotomtzoae to 225
o was ed wth c..a...6 t

c. oI bl gty Mg L GRS 00205 Wadeome. T
pressurngasDEGH gitsdave! tov@0 eur, and JVEG mastdelivard et 300 ul/ After c.a. 10
mmute?] Q%@%od@de@ﬁﬂ%@d@&l@%dvﬁslﬁﬁlulyﬁr &8 athd SODHG Melivery was

ivery was cont]nue or,_an

continyedefor B RaiitBOah S TBNEL 4 DA KD\ Toed 15y Migujenitrogen purge.
The orBhiitpBaddl 4 BEgRoMILE Gep -wakhRaBrzedby Gap hhﬁmqamf)grhﬂ)‘lw The analysis
e R VE% A03LLES B, STHOTE! BB Wi o

89% olefing rlc%l aicbsols, A% nmrmehulnxbgfla&@ng%srhWQXb’lW,@dl 166 kﬁtheSZ%
al cohol s, 2% nono- et hoxyl ates, 35% di - et hoxyl ates and

[0079]‘20/0 gﬁé ﬁﬂféﬂt 1E@%h%ff%¥s thé 9@\73@1 és bt QW BRef ERE Et@ftm‘g@ﬁatenals

use o The reactor

(e.g., trpaeyand ¢thylsno glygols a@cm@recﬁ-{qeet]pygﬁnez%ge alﬁ%‘ﬁ%l%)d aY(Bdance of
ethyleri'eg&(l@@ 138 &f bhgerRidt 169y ckpaiietprd @it @anl&'itﬁ)npﬂrtépiu afid fiogpcontrol

a et radec ane an
e RSl BT ROEEADE A L
bromidesd IEfmonaslechititiveae dimtlar00 amd porsiblyhigher thea, theo achleved with

existin, t@&%l%ﬁorgglz %E%eﬁ%? %Hﬁve‘f@énsd §§ bgﬁéﬁ‘gﬁ? %ﬁ%’&&lﬁﬁon reaction

ver
(bromiadigd thydregart®n +ivwaittes: dot Ryferykigd Rjecivites of 40+% and

50+% %1” gésged?ivtsfgp %ﬁ@gﬂé&é Qﬁd llatl]l% ﬁa@&h@xﬂﬁlﬁﬁﬁ ha¥e b&R observed. More

A R A

the lighid ghagducts. The products consisted of 68% ol efins, 1%
al cohol s, 2% nono- et hoxyl ates, 28% di - et hoxyl at es and

t 8 )77 .

ouso. % 5L 5By ATP, e b by IR0, ER61 CorT e
exemprtaxaregwdmmﬁs @unmrxotdn@m@ thmh:é) t Ofher ordlifigasions an@ yatiggions will
likely %goapgﬁ‘eﬂpga fﬂgesk?l@édt géﬁcﬁlo'ﬁ oﬁ Qea%%% @8s dﬁ@l%sﬁéoqu&tethn@[b in an

arge tetra

ecane_and
alternase emediateat ofrthe 1pyessgnthe {wastion BryRen 88 Bihipga By isefbon and a
diol isPOribEGuBSthealidui® pBskedh (BOQbsuthf aAhttal-otygan chbhloreactant. In

another embodiment of the invention, ethoxylates are produced by reacting an alkyl bromide
with ethylene oxide, propylene oxide, or another organic oxide, in the presence of a metal
oxide. The invention is limited only by the appended claims and their equivalents.
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m nut es, 2-bronododecane was delivered at 150 ni/hr
for 2 hrs. DEG delivery was continued for an
weaddistiieaal 30 minutes, and then foll owed by aprd®US2006/013394
m nute nitrogen purge. The organi c phase of the product
fd.yzed by gas chronatography. The analysis
“HLNEE? %ﬁ%gggconver3|on of the 2-bronododecane to
products. The products consisted of 76% ol efins, 1%

1. QAQHQQ&ﬁmnﬁm%HQH@aﬁbﬁ%ﬁ%'&I isir% di - et hoxyl at es and
1% ket ones 00 react or

‘{1 owtype S
T AISHBISI Rt © e St Peeoengg O & metal
oxygeg batnlogdciant do fOrrd 84 81kox@ad. The top zone was heated to
190 OC and the bottom zone to 225 0C. The product trap
was charged with c.a. 6 nL tetradecane and 166
2. oAuadboanelﬁﬁwelpndagudeWW@@HbﬂUu@hmnd@wﬁhUdK@@bpaﬂmnmﬁweSa

compo%ﬂg hla)gs ‘ﬁges%o‘ilﬁhla 8T vﬁ{erg’ﬁmlsnﬂ-}léﬁror d{t‘if-h)c @hcré@( 1s hydrogen,

r onodod ecane was [T vere
alkyl, auspxsz apa0, afiybamin . dalkyl gEdng aﬁfq AeéRnaty or BM roxy

additional 30 m nutes, and then follomed by a 15

5. phaiied kAN B e RORL b oor aphy. he

anal ysi s showed 99% conversi on of the 2-bronododecane
Sisp® etk es.c 1yl
I e R L v S
1% ket ones. [0079] The present invention offers the

5. afviashs@as ritedse cfhﬁrtn| PV\ﬁ{eréiﬁ’%ﬁe &i{o@&bmﬁﬁsd@d @(Bﬂ&pdtnﬁld having the
e co as conpared to
1bnnd%ﬁﬁ3ﬁ§h@t@3 “g- 5?%%L §}QX oi dance of ethyl ene
oxrde use of easier and Iess expensive pr oduct

6. p#r t:l?g tl?g?nm%he v% U&n & 0 co éﬁgestehgorgﬁwn%elhavmg the

ion can rried ou

ﬁxnmhmﬁﬁﬁﬁybﬁﬁb@éébNdmﬁykﬁtﬁnrdes. Product selectivities

are simlar to, and possibly higher t han, that

achi eved with existing technal ogy, aIbert g Iomer
7. cHrvehed arrecied Behgiay bavherint ?wpas%ﬁ Ylsng ehvgal-

(bronrnated hydr ocar bon + water -+ND ~MBr 2¢

at e) ctrvrtres and 50+% f

5 raapeins poptedBelimlonsiin e ppibe apRyES sbeeh,

have been observed More recently, selectivities above

9. 822/81&%33 a??e%ﬂec?ﬁlsrﬁﬁ%ﬁ ? \fvﬂé'relﬁ H@ﬁ% ?stde%gggfonlr. the group consisting

deca
of ethyleneeglytdnpivaslene ghycole ngqnb@d t@mfr 4nr1u@1txﬂa@9e@wm¢f
various preferred and exenpl ary enbodlnents but is
not limted theretao. nodi f.i cati ons .
10. v Armghodastegited mGlug wger%w&r%ﬂkls egnarped ykrlrrr-ed

person upon reading this disclosure. For exanple, in

1. Pt nyarih Moel e o IBaGa ffprises o
nwuﬂomtbrn the |liquid phase in the absence of a

net al - oxygen cat al oreactant. In anot her enbodi nent of

the invention, ethoxylates are produced by reacting an
12. a|m§tho¢)ra§m¢ca@d in claim 11 herein the metal oxide is selected from the group

consisting of oxides of copper, magnesium, yttrium, nickel, cobalt, iron, calcium, vanadium,
molybdenum, chromium, manganese, zinc, lanthanum, tungsten, tin, indium, and bismuth,
and mixtures thereof.
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wi th ethyl ene oxide, propylene oxide, or another

organic oxide, in the presence of a netal oxide. The
wonventioes is limted only by the appended cl aPas/uaz®6/013394

their equivalents VWHAT IS CLAIMED I S: 1. A nethod of

mK'rH&h&P %241 %%Em lefos%’crrélﬁ ﬁ@mct%‘n&ﬂ&% ﬁgseﬁcted f Tom the group
e R BT S TR T L. 00 O L it e

al koxylate. 2. A nmethod as recited in claiml, mhereln

o 08 A L B PR SR, D
alkalyfetals. R2 i s hydrogen, al kyl , alkoxy, ani no, al kyl
anino dialkyl amno, nitro, sulfonate, or hydroxyl.

3 as,re lajim2, . wher.ei

R 5reta i aatl, e St ChfpL iR ke hobt
V\,hereln Rl is R2-(C6H4) -, where R2 |s_06 Cl4 al kyI. 5.
16. A ARhdiRel RTedited it @&ln 1, Ghakitile m%%ﬁﬂdb is€H e or more

co i.ses a C oun avi ng (.CrH2D) X

aaf SR HERR P R el iy TR LA TSR
claim1, wherein the diol conprises a conpound having

17. t hg h&hdads@edited (A EHZOMéteinthetal oﬁid@s) i dopBd iRt dhesh 5-20
12 ?C|ted in claim1, wherein the diol conprises

mo %ﬂ%ﬁbne glycol. 8. A nmethod as recited in claim1,
wherein the diol conprises propylene glycol. 9. A

18. MeANAGn&Bad RGteH clalln G 1 Ak MBrdin MBEST Skidd8 db&d Witﬁ' one or more
ron1t e group consisting of ethylene glycol,

e
Mkmeﬁﬁéﬁﬁﬂﬂ‘ﬁlycol ol i gomers thereof, and mi xtures
thereof. 10. A nethod as recited in claim1, wherein

19. thg lfﬂétﬁ’éd ds3eIRAE! @LiRA 8 WhekinUhe thdtal SBINRAoAI th 86thiRS-20
in claim1, wherein thé metal-oxygen catal oreact ant

mol #Alkli ses a netal oxide. 12. method as recited in
claim 1l herein the nmetal oxide is selected fromthe

20. grgq‘ﬂetﬁ&p% &Ef‘[ anl ﬁ’]lxi ld %e{%ﬁn ﬁlggﬁc{d » oxRIH %ﬁ. d on zirconia,

trium nicke , lron, um vanadi um
tltanwlywa@nﬁma ew%%walhlaﬁw%é@te% nc, |anthanum
tungsten, tin, indium and bisnuth, and mi xt ures

21. t hgrrﬁaﬁocﬂg’s 1e LIEEﬁiqu £l f &%{s%cihahﬁh 1‘etra Btﬁ#alr’r:lg water,

oxXI |s sel écte roup consi s
Ofoﬁﬁm@ﬂtﬁc%ﬂ@WHWQCB Ni O, Co2®3, and FeZCB and m xtures
thereof. 14. A nethod as recited in claim11l, wherein

2. h?x rﬁ&h&g%sor)éé&%a #Elag'g \ghé'f‘eﬂlrzeé}gﬂg bt%ﬂTﬁﬁ%cﬁl)%fr&a#on compnses a
compqyad hayigg thexfpeeula B -&r, gre Eoﬁﬁ atkyl R (&16He)ch‘&sla?r%18 is hydrogen
alkyl, @fkiok §,Chrhifio,CA11i&1 Ainisb, diNEN @inihd, Rro)edlfina@X bRy &Y Ar8IE®) the

diol an%pnosres g?cgn%pound having the formula HO-(C,H,O)<H;; 1<m<4; and 1<x<8.

15.

23. A method of making an alkoxylate, comprising:
allowing a Cg-Cy alkyl bromide to react with ethylene glycol or an ethylene glycol
oligomer in the presence of a metal-oxygen cataloreactant to form an ethoxylate.
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al kali netal -doped m xed copper, magnesium yttrium
ni ckel, cobalt, or iron oxide. 17. A method as recited

wonowliavays 16, wherein the netal oxide(s) is doped/uszn06/013394

24.

ArointeegatpdyProcessiar Mpkipe Ay alk ox

contain 5-20 nol @6alkali. 18. A nethod as recited in
claim1l, wherein the net ﬁXIde is.doped with one or

@te (,i{nﬂ%]il% as recited in

bfdrﬁinmnl@a hyﬂmbﬂbﬁm td&thbmmteddlyquaﬁmed to contain

ﬁRWI%nEIF én(%/%r%i Kk rré/td?q% g@&&ggw‘ﬁi d @1%1 d‘?@le'ﬂﬂes‘é{l@é & a metal-

supported on zirconi a,

5  oxygen datdlanenctantdb tﬁwmnal alk@)t}{laia an(b& meird bFErideyandabl e support

oxygen.

Q%etn@fa'uﬁF th@ﬂmetafb)gﬁggfeﬂ QBkaRRedcBGt B? fhehtihgCtha intBtal brédidevth air or

nprisfng 1nc ng tetrahydrofuran, water, or
oxetane as a co-reactant. 22. A nethod as recited in
claim1l, wherein (a) the brom nated hydrocarbon
conpri ses a conpound having the formula R -Br, where
Rl is alkyl or R2-(C H4)-, where R2 is hydrogen,
al kyl , al koxy, am no, al kyl am no, dialkyl am no,
nitro, sulfonate, or hydroxyl; and (b) the dio
conpri ses a conpound having the formul a
HO (CmH21nO xH; ; | <nmk4; and | x<8. 23. A nethod of
maki ng an al koxyl ate, conmprising: allowng a C8-C O
al kyl bromde to react with ethylene glycol or an
et hyl ene glycol oligoner in the presence of a
net al - oxygen cat al oreactant to form an et hoxyl ate. 24.
An integrated process for making an al koxyl at e,
conprising: bromnating a hydrocarbon to forma
brom nat ed hydrocarbon; allow ng the brom nated
hydrocarbon to react with a diol in the presence of a
nmet al oxygen catal oreactant to forman al koxyl ate and a
nmetal brom de; and regenerating the netal-oxygen
catal oreactant by treating the netal bronmide with air
or oxygen.



