18 July, 2006 | NTEGRATED PROCESS FOR SYNTHESI ZI NG ALCOHOLS,, ETHERS D
OLEFI NS FROM ALKANES BACKGROUND OF THE | NVENTI ON Met hane hi&&-&ﬁ@@l\‘
been converted to nethanol by the hal ogenati on of nethane followed by
hydrolysis of the nethyl halide to form nethanol. For exanple, gaseous 5
chl orine has been used to chlorinate nethane to form chlorinated nethane,
principally methyl chloride, together with other chlorides, i.e.,

di chl or onet han &QF% ﬁ@.ﬁf;ﬁ ang HoTe]s & AGR!PLHAE

Al ternatively, ﬁnn‘}é(tn%géne aéQEEg{en su Sj ectAggét 0 fﬁw%ﬁ%ﬁ nation W th oxygen
and hydrochloric acid to _formt kﬁ?fgrﬁ]gﬁ(g% conpounds. The chl ori nated

net hanes produc@%@%%?@gé or phase to produce nethanol,

formal dehyde, form c acid and by-products, including carbon_ di onge a.Pd
hydrochl oric acid, 15“e&Epenai iGFSorPTHe g ivfiT ofP e E&S Vit ymethanct
Hydrochloric acid is produced or used in the halqgenation_of t hane _by
ei t her met hod and¥nidie geloseapérten, Oﬁeﬁﬁ'a?%ﬁeedta szfg]e ¥y Sé’id(?ggVEWI Phtion
and recycled. Corrosion and_ other problens involved wth th(:a[ handl i ng of
chlorine 20 and HrImHnGr ibeld€edtar Eosupsetiarad . RITS S3BFPLeN0I28°97D 915

granted to Bor kowski, et ,
5 c¢hlorine has been used to chlorinate methane to form

chlorinated  methane, principally methyl chleoride,
together with other chlorides, i.e., dichloromethane,
trichloromethaﬁe and carbon tetrachloride.
Alternatively, methane has been subjected to

10 oxychlorination with oxygen and hydrochloric acid to
form the foregoing compounds. The chlorinated methanes
produced are hydrolyzed in the wvapor phase to produce
methanol, formaldehyde, £formic acid and by-preducts,
including éarbon dioxide and hydrochloric acid,

15 depending on the chlorination selectivity. Hydrochloric
acid is produced or used in the halcgenation of methane
by either method and must be recovered, dehydrated by
azeotropic distillation and recycled. Corrosion and
other problems involved with the handling of chlorine

20 and hydrochloric acid are substantial.

U.8. Pat. No. 3,172,915 granted to Borkowski, et

al. is directed to a process for converting methane to



al. is directed to a process for converting nethane to 18 July,. 2006

nmet hanol . Bor kowski di scl oses the chl orination of nethanel§s£H§L@3Qﬁ C
chloride at high tenperatures to produce chloronmethanes and hydrogen
chloride. The process requires tenperatures in the range of 220-800 5 C.,
nore preferably 250-450 C., and long residence tinmes, e.g., nore than one
hour. Further, the process is hindered by the production of a m xture of
chlorination products, e.g., chloronethane, dichloromnethane,

trichl oronet hane and carbon tetrachl oride, which nmust be 10 separated
before hydrolysis_to nethanol. O her _di sadvantages result, fromthe energy
required to dr yeth@nofer r ROTERMEKL de HiFFLOE6/ t r’r'g‘ecor?}bjs‘?wwrhan‘aﬁi ng
probl ems i nherent with hydrochlorjc acid. U S. Patent No. 5,243,098 granted
to MIller 15 HEELPHSeLSimet nEFr et neBlPBidR oAt etidhy FRBRLFEWSS ned hanol .
In the MIler process, the reaction of methane wth cupric chloride
produces chl or ®FePNgRe FHHCIRYPGESERESri Grdci dYomRsse | nelersrdieat esTif e t hen
reacted wth steamand a catal yst containing na%pesiun1oxide to 20 produce
met hanol and nMEFPESEEMEERINGLE e CeNRGRasLUES oxRddhe sransferel aR2@-$90°

treatment of the nmagnesium chl oride
5 €., mwore preferably 250-450° C., and long zregidence

times, e.g., more than one hour, Further, the process is
hindered by the production of a mixture of chlorination
products, e.g., chléromethane, dichloromethana,
‘trichloromethane and carbon tetrachloride, which must be
10 separated before hydrolysis to methanol. Other
disadvantages result from the energy required to dry the
ferric chloride and from the corrosion and handling
problems inherent with hydrochloric acid.
U.5. Patent No. 5,243,098 granted to Miller
15 discloses another method for converting methane to
‘methancl. In the Miller process, the reaction of methane
with cupric chloride produces chloromethane and
hydrochloric acid, Thege intermediates are then reacted
with steam and a catalyst containing magnesium oxide to
20 producé methanel and magnesium chloride. Magnesium oxide
is regenerated by treatment of the magnesium chloride

by-product with air or oxygen. Cupric chloride is



by-product with air or oxygen. Cupric chloride is 2 18 Jul
regenerated by treatnment of the cuprous chloride by- produ
hydrochl oric acid. Wi le these reactions proceed at favorable rates,

attrition of the solid reactants, i.e., cupric and magnesi umoxide, is 5

significant. Special filters and processes are required
regenerate the reactants in the required particle size.
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significant. Special filters and processes are required
to recover and regenerate the reactants in the required
particle size. Miller also suggeste cupric bromide and
magnesium zeclite as alternative reactants. Because of
the attrition of the reactants,'difficulties associated
with the handling of 'solids, and the special filters and
pProcesses required to regenerate the reactants, the
Miller process has proved uneatisfactory. U.S. Patent
No. 5,334,777, also granted to Miller, discloses a
nearly identical process for converting ethene to
ethylene glycol.

U.S. Patent No. 5,998,679 granted to Jorge Miller,
discleoses a process for converting alkanes and alkenes
to the corfe3ponding lower alkancls and diols. In the
methed of the invention, a gaseous halogen (bromine) is
produced by decomposing a metal halide in a liquid
having a melting point below and a boiling point above

the decomposition temperature of the metal halide. The

by



having a nelting point below and a boiling point above
tenperature of the netal halide. The 3 18 July, 2006 pr
nolten hydrated ferric chloride naintained at a tenper

t he _deco i_tion
efeiﬁéﬁﬂﬂggﬁﬁé IS

ature bet ween about

37-280 C. The |lower al kane or al kene is hal ogenated in a gas phase
reaction with the hal ogen. The resulting al kyl halide or 5 al kyl dihalide
is contacted with a netal hydroxide, preferably an aqueous sol ution of
ferric hydroxide, to regenerate the netal halide and produce the
correspondi ng | ower al kanol or diol. Problens with this process include
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alkyl dihalide is contacted with a metal hydroxide,
preferably an aqueous solution of ferric hydroxiae,Ato
regenerate the metal halide and produce the
corresponding lower alkanol or diol. Problems with this
procegs include -low meonchalogenation selectivity, and
corrogiveness of the hydrated ferric halides, which may
present a containment problem if the process is run at
280° C, where high pressure steam ig8 reguired to
maintain ferric halide hydration. Finally, the process
produces a great deal of water and HCl1 or HBr, all of
which are difficult to geparate on'a large scale from
the desired product methanol.'

Publisghed internmaticnal patent application WO
00/07718, naming Giuseppe Bellussi, Carlo Perego, and
Laura Zanibelli as inventors, discloses a method for
directly converting methane and oxygen to methanol over
a metal halide/metal oxide catalyst. This is not a

catalyst 1in the true sense, however, because the



20 directly converting nethane and oxygen to nethanol over__a_ netal

hal i de/ metal oxide catalyst. This is not a catalyst in thé§#¥%Qﬁj&¥¥%L
however, because the 4 18 July, 2006 reaction involves transfer of halide
froma netal halide via reaction with methane to a different netal oxide
produci ng the netal halide and nethanol downstream Eventually the halide
is leached and the catalyst loses 5 activity. Oah et al. (George A d ah,
et al. J. Am Chem Soc. 1985, 107, 7097-7105) discloses a nethod for
converting nethane to nethanol via nmethyl halides (CH3Br and CH3Cl), which
are then hydrolyzediba Eﬁ@@@&éblékéﬁgﬂ¥¥“yf-h%@iEQefPéﬂcgsﬁeté%Bﬁg%ﬂﬂg'C}BC1

are hydrolyzed over catalysts with excess steam generating a nethanol,

water, and a HGlaOryddB it i €n }Baehéﬁ@art%tignd%fegsﬁga%ltaﬁab&&tdé% by
nole) fromHCL or HBr and water on' an industry scale (2000 tons per day)

requires an 15,8RQ0LARHS ANt Qf1engL gy and generahes 2 95&atsdgal, of

aqueous HC or HBr waste. Aqueous HCl1 and HBr are very corrosive as well.
S Eventually the halide is leached and the catalyst loses

5 activity.
Olah et al. (Geoxrge A. 0Olah, et al. J. Am. Chem.
Soc. 1985, 107, 7097-7105) discloses a method for
converting methane to methanol via methyl halides (CH;Br
and CHCl), which are then hydrolyzed to prepare
10 methanol. In the process, CH;Br and CH3;Cl are hydrolyzed
over catalysts with excess steam generating a met.:hanol,
wate;‘, and a HCl or HBr mixture. The separation of
methanbl (about 2% by mole) from ﬁc:L or HBr and water on
an industry scale (2000 tons per day) reguires an
15  enormous amount of energy and generates a great deal of
aqueous HCl or HBr waste. Aqueous HCl and HBr are very

corrosive as well.



18 July, 2006
process wher ei
intermedi ate t
reaction with
vari ety of al kanes, including nethane, ethane, propane, butane, isobutane,
pent anes, hexanes, cycl ohexane etc. to their respective alcohols, ethers,

SUMVARY COF THE | NVENTI ON The present invention conprises a
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oxygen (or air). While the process can be used to convert a
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ﬂ%ay%dﬁgtppgye¥ana %ﬁps to alcohols, ethers, or
olefins by reaction with ox?gen {or air). While the
process can be used to convert a_'variety' of alkanes,
including methane, ethane, propane, butane, isobutane,
pentanes, hexanes, cyclchexane etc. to their respective
alcohols, etheré, or olefins, the conversion of methane
to methaneol and dimethyl ether is illustrative.

Methane reacts with bromine over a catalyst to form
CH3;Br and HBr. CH;Br and HBr react with a metal oxide to
form a variable mixture of dimethyl ether (DME), water
and methanol, and the metal bromide. The metal oxide and
molecular bromine are regenerated by reaction of the
metal bromide with air and/or oxygen. The regenerated
bromine is recycled to react with wmethane while the
regenerated metal oxide is used to convert more methyl
bromide and HBr to methanol and DME, completing the
reaction cycle.

The process can be easily carried out in a riser

reactor. Compared toc the current indugstrial two step



6 18 July, 2006 process, in which nethane and steamare first converted to
CO and H2 at 8000 C fol |l owed by conversion to nmethanol o Julyz2006 Al -0
catal yst at approxi mately 70-150 atnospheres, the process of the present
invention 5 operates at roughly atnospheric pressure and relatively |ow
tenperatures, thereby providing a safe and efficient process for nethanol
production. The present invention operates with solid/gas mxtures at

at nospheric pressure. In the process, the 10 hydrogen halide is gaseous,
and therefore not as corrosive as when aqueous at high tenperatures. The

reaction of Br i an ,al kane.can,reach re.than 90%_,sel ectivity and
hi gh conversi02H¥%%%Fkaﬁgl§%ﬁo r SRAETS e FEPATSPES EFBﬁEcFQ?V%T%%%e
di br om des sucr% a%OCHglgrg alf:5

O

, n be_converted back to,the nonobrom des by
reaction with an al Kane over 8§%ot %eFogg?‘ﬁ?éziflf SR PSR 0y C . MebRRRct s are
produced. Duri egpe%ati%Q ngit of t%gi Br atons are trapped in the solid
state, making the sySt em S85°ToP r oSFVALYSD 0 2hn o BRBEOXdTaRELGe 78-1Hat in

t he process, DN% and. al cohol ﬁC}BC}g are not produced as a mxture with
excess atmospheres,  the process of ' the present invention

5 operates at roughly atmospheric pressgure and relatively
low temperatures, thereby providing a safe and
efficient procesg for methanol production.

The present invention operates with solid/gas
mixtures at atmospheric pressure. In the pProcess, the

10 hyarogen halide is gaseous, and therefore not as
corrosive as when aqueous at high temperatures. The
reaction of Br; with an alkane can reach more than 9'0%
selectivity and high conversion to alkane-monobromide.
The main side products, alkane dibromides such as CH,Br,,

15 can be converted back to the moncbromides by reaction
with an alkane over another catalyst. Very few by-
products are produced.

During operation, most of the Br atoms are trapped
in the solid state, making the system less corrosive.

20 Another advantage is that in the process, DME and
alcohol (CH;CH) are not produced as a mixture with excess

water. By controlling reaction conditions, almost pure



water. By controlling reaction conditions, alnost pure 7 18 July, 2006 DVE
and/ or nethanol is obtained directly so that it is not né&gggy&qﬁ
separate CH3OH fromwater. Finally, in the present process, mnethane and
oxygen do not cone into direct contact, resulting in inproved safety. 8 18
July, 2006 BRI EF DESCRI PTI ON OF THE DRAW NGS A nore conpl ete under st andi ng
of the present invention nmay be had by reference to the follow ng

Det ai | ed Description when taken in connection with the 5 acconpanying
Drawi ngs, wherein: FIGURE 1 is a schematic illustration of a nethod of and
apparatus for nt hesi zin I ol, t ogy a es.cC risin
ap1l‘oi rst versi 8?#0 nﬁﬁé’rf imgggaﬁgimé |%egg 9%?% E??%ﬁeﬁt%nki&% EFG%%E 2 isga

schematic illustration of a _method of —and.appacatus for Egmtﬂgsi zZi,ng
i ' n of the

al cohol s and/ 8P efREFESSFY o aFREABS" CoRpl T siNg a ‘Second var §i

first —embodinpnt of Lhe LOVEI O Bl FLAREE & SEEWAS inco

direct contact, resulting in improved safety.



15 and apparatus for synthesizing olefins fromal kanes ¢ risi second
enbodi nent of the invention. 9 18 July, 2006 DETAI LED DES anes
(et hane, et hane, propane, butane, isobutane, pentanes, hexanes,

cycl ohexane etc.) react wth nolecular brom ne over a catal yst conmposed of
all 5 possible netal conpounds and m xtures thereof to form al kyl brom des.
For CH4 (al though the process nmay be applied to higher al kanes as well),
the process of the present invention can convert nore than 50% CH4 to
CH3Br and HBr, with selectivity higher than 90% Mbst of the 10 by- product
is CH2Br2 plus r t f and CBr4, which can be

catal ytically P%E%Eb%?%%@ﬁﬁ%ﬁﬁigﬁr§%§ ?é§£$ﬁﬁb CH2Br2, CHBr3, and CBr4 with
CH4. Referring to the Draw ngs d partjcularly to FEigure 1, a method and
apparatus 10 for synt hB8Fgi ngc"'ﬂ%f%ecoh‘bﬁ‘ SLATE ﬁgrsqrtjr om™e kAFESRE ng
bromne conprising a first version of the first enmbodi nent of _ the
invention is séﬂg?fg‘ﬂ‘%l 7Y | PRstiragd e%’.y | e HEe Bhe st | bR® of fHEWBEhod and

apparatus 10, Bron1fe is received froma suitable source through aline 12
and is etailed Description when taken in connection with the

| 5 accompanying Drawings, wherein:

FIGURE 1 is a schematic illustration ofxa method of
and apparatus for synthesizing alcchols and/or ethers
from alkanes comprising a first version of the first
embodiment of the invention;

10 FIGURE 2 is a schemati&illustration of a method of

| and apparatus for synthesizing alcohols and/or ethers
from alkanes comprising a second version of the first
embodiment of the invention; and

FIGURE 3 is a schematic illugtration of a method of

15 and apparatus for synthesizing olefins from alkanes

compriging a second embodiment of the invention.



20 directed to a brom ne storage container 14. For exanpégiggkgggﬂg%is
easily manufactured frombromde, which is readily avail a

water. 10 18 July, 2006 As is well known, bromine is a liquid at room
tenperature. Liquid bromne fromthe storage container 14 is directed
through a line 16 to a brom ne vaporizer 18 wherein the bromne is
converted fromthe liquid 5 phase to the gas phase. Fromthe vaporizer 18
the gaseous bromne is directed through a line 20 to a reactor 22.

Met hane froma suitable source is directed to the reactor 22 through a

line 24. Wt hi PetagLEpaDEscRP22ridde 10 net hane and the gaseous bromi ne are
m xed together over an appropriate solid catalyst, and the tenperature of

the mixture i$ rai sadkhaebet wegacabout 204 abo her eby
o the &Q’nﬁ Lot G & CH31§71 &g

converting the methane and the brom ne

Ihr eact od mot haneard by o Goore ﬁ%?a%* msﬁgci i %Béaecaa% to
r

unr eact ed net hane and by products CH2

a condenser 34whBROWN syl hpe e r 2Br 2, CHBr d CBr4
are in the Iiquid e@u b%‘gmll-‘[gl on¥ B %%%%E%‘sg_'composed :Jii a q

5 possible wmetal compounds and mixtures thereof to form
alkylbromides. For CH; (although the process may be
applied to higher alkanes as well), the process of the
present invention can convert more than 50% CH, to CHiBr
| and HBr, with selectivity higher than 90%. Most of the
10 by-product is CH.Br, plus 2 HBr, trace amounts of CHBx,
and CBry, which can be catalytically reconverted to CH;Br

by reacting CHzBry, CHBr;, and CBx, with CH,.
Referring to the Drawings, and particularly to
Figure 1, a method and apparatus 10 for synthesizing
15 alcohols and ethers from alkanes using bromine
comprising a first version of the first embodiment of
the invention is gchematically illustrated. In the
operation of the method and apparatus 10, bromine is
received from a suitable source through a line 12 and is
20 directed to a bromine storage container 14. For
example, bromine is_ easily manufactured from bromide,

which is readily available from sea water.

10



state and are sent through a line 32 to a converter 28 20_to reagt gth
nmet hane. In the converter 28 nethane reacts with the by pr 2,

CHBr3, and CBr4 to form CH3Br. The newly formed CH3Br and unreacted
CH2Br2, 11 18 July, 2006 CHBr3, CBr4 and nethane are sent to the condenser
34 through a line 26 and the line 30. Fromthe condenser 34 gas phase

met hane, HBr, and CH3Br are sent to a converter 52 through a line 36. In
5 the converter 52 HBr and CH3Br react with metal oxide to form CH30CH3,
CH3OH, and H2O, which are sent to a separator 44 along with unreacted

met hane and CH3Br  aBroughwaili newd&:, |Brérhﬁ1éeB%ra&°r1:ﬂ%J "g&hyﬁ &l ther
and 10 net hanol /water are separated as products and recovere at_outl ets

40 and 48, 1 espambi¥gtire Thewagh@Blohfne SHISPUED LYoEEHDVEM {L.! he
A

water by distillation. CH3Br is sent back to the convert ough t he

the brom nati on r6actor 55 Thr it ho [1He T2 and PRE e Bt he
converter 52, the yHd@iRAl tHBt &l @¥ide {S converted from the liquid

5 phase to the gas phase. From the vaporizer 18 the
gaseous bromine is directed through a 1line 20 to a
reactor 22.

Methane from a sguitable source is directed to the
reactor 22 through a line 24. Within the reactor 22 the

10 methane and the gaseous bromine are mixed together over
an appropriate solid catalyst, and the temperature of
the mixture is raised to between about 20° ¢ and about
€00° C, thereby converting the methane and the bromine
to methyl bromide (CH;Br) and hydrogen bromide (HBr) .’

15 From the reactor 722, the CHiBr, the HBr, any
unreacted methane and by-products CH:Br;, CHBrz, and CBry
are directed to a condenser 34 through a line 230. The
by products CH;Br,, CHBr,, and CBry are in the liguid
state and are sent thréugh a line 32 to a converter 28

20 to react with methane. In the converter 28 methane
reacts with the by products CH,Br,, éHBr3, and CBr, to

form CH;Br. The newly formed CHiBr and unreacted CH,Br,,

11



converted to netal brom de and nust be regenerated. The nﬁial brggige
the converter 52 is sent to a 20 converter 58 through a Ii C
received froma source 74 through a line 72 to regenerate

wi t h oxygen

from
t

brom ne and nmetal oxide.. The regenerated 12 18 July, 2006 netal oxide is

sent back to the converter 52 through a

line 56, while the brom ne and

unreacted oxygen are sent to a condenser 62 through a line 60, after which
they are separated in a separator 68. The liquid bromne is 5 sent to the
storage container 14, while the oxygen is sent to the converter 58 through

a bl ower 66 anduarlj nesr/OanfehRithiAg tH-41 guLe %g t éec'oﬁggﬂggg g et hod

of and apparatus 100 for synthesizing al cohols an : .
conprising a sea@bdgMes si g ofs L £hrstigobpdi ment of the invention.

et hers

ron1§lkanes

Met hane and bromne are directed to a heat zone and vaporizer 102 where

the bromne is conygg%eghgrgghaehggyig%ggﬁgngggsgnqe8'éﬁ%onyh%? gﬁghggg at

a tenperature above the atnos

eric 15 por nt
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the converter 52 HBr and CH;Br react with metal oxide to
form CH;OCH;, CH;0H, and H»0, which are sent to a
Sseparator 44 along with unreacted methane and CH:Br
through a line 4s.

In the separator 44 dimethyl either and
methanol /water are separated as products and recovered
at outlets 40 and 4B, respectively. The methanol is
subsequently removed from the water by dietillation.
CH3Br 1s sent back to the converter 52 through the line
38 and the line 36, Methane from the separator 44 is
sent back to the bromination reactor 22 through the line
42 and the line 24.

In the converter 52, the original metal oxide is
converted to metal bromide and must be regenerated. The
metal bromide from the converter 52 is sent to a
converter 58 through é line 54 to react with oxygen
received from a source 74 throﬁgh a line 72 to

regenerate bromine and metal oxide. The regenerated

12



J solid catalyst. After the reaction, the mxture is directed Eo éﬁggenser
a 106. The liquid phase contains by products CH2Br, CHBr,8 = whil e

t he gas phase

20 contai ns brononet hane, HBr, and unreacted nethane.

products CH2Br2, CHBr3, and Cl3r4 are sent to a converter 108 where
react wth methane to form 13 18 July, 2006 brononet hane. After the
reaction the mxture is sent to the condenser 106. The conversion of the
by products CH2Br2, CHBr3, and CBr4 to brononethane in the converter 108
is facilitated 5 by the use of an electrophilic catalyst such as AlBr3,

SHFS, etc. which, pfoylflss 8.l guLbarLigr pathuay allowinds, dhpechofour
y ed as foll ows:

cent ered exchange of Hrand Br®

0 10 C#4 +

reaction is i
of hi gher
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e reaction may be represen

The by
t hey

s ?’ﬁ%r%g réﬁ#%%%}éeg’gggéﬁrﬁy;% glé%%%‘#f;o%wya%%t i%\é%lggbgcovery

th
are separated in a separator 68, The liguid bromine is

sent to the storage container 14, while the oxygen is

bronj des and . renoval_ of broﬁ?@?ﬁﬂﬂﬁf éépﬁg%@grr%%gékon ggxture,

in the prERefcEBELEEs S 2t TaNe

sent to the converter 58 through a blower 66 and a line

70.

Referring to Figure 2, there is shown a method of
and apparatus 100 for synthesizing alcohols and ethers
from alkanes comprising a second version of the first
embodiment of the invention. Methane and bromine are
directed to a heat zone and wvaporizer 102 where the
bromine is converted from a liguid to a gas and mixed
with methane at a temperatﬁre above the atmospheric
boiling peoint of bromine. The gas mixfure is passed into
.a bromin?tion reactor 104 containing an appropriate
solid catalyst. After: the‘ reaction, the mixture is
directed tb condenser a 106. The liguid phase contains
by products CH;Br, CHBri, and CBry, while the gas phase
contains bromomethane, HBr, and unreacted methane.

The by producte CH;Bra, CHBr3, and €Br, are sent to a

converter 108 where they react with methane to form

13



15 The gas phase m xture fromthe condenser 106 is passed_thrqugh 8
converter 110, where HBr reacts with the netal oxide to f 38 pdulgry 2008, 1 ge
and water. The netal bronmide is sent to a regenerator 120 to regenerate
nmetal oxide. Fromthe converter 110, the water, 20 brononethane, and

nmet hane are separated in a separator 112. Methane is recycled to the
converter 108 and the wvaporizer 102. Brononethane is sent to the reactor
114. 14 18 July, 2006 Water is sent to the reactor 118. In the reactor 114
br omonmet hane reacts with netal oxide to generate dinethyl .ether (DVE) and

metal | brom dep MRialabL 09 A SeRL 8aLhf CORNGLANAICIAL gaaheom xture

of brononet hane and DMVE fromthe reactor i s sent t0 a separat 116.

Brononet hane igh& ecyid &L L0 15he reactor 114, while DVE is obtained as a
product or directed to reactor 118. In the reactor 118 DME reacts wth

fegenerator 120 motale BRBNHEIPRoat RES BoryEriifsa 0RERe (HE Penttdr 114
reacts with ai (fBquorto %%Qleg:ﬁaﬁgggﬂe[; éecgr?&é’j‘:r!*teozg(ildo% air]sd ) .irtl.g'teéf ter
5 by the use of an electrophilic catalyst such as AlBr,,
SbFs;, etc. which provides a low barrier pathway allowing
direct four centered exchange of H and Br. The reaction
may be represented ag followg:
A
10 CHy + CBr, + AlBr; (cat) --> CH:Br + CHBr; + AlBr:
The overall reaction is isothermié and therefore may be
driven by fractional recovery of higher bromides and
removal of bromomethane from the reaction mixture, all
in the presence of excess methane.
15 The gas phase- mixture from the condenser 106 isg
pasged through a conver£er 110, where HBr reacts with
the metal oxide to form metal bromide and water. The
metal bromide ig sent to a regenerator 120 to regenerate
metal oxide. From the converter 110, the water,
20  bromomethane, and methane are separated in a separator
112. Methane is recycled to the converter 108 and the

vaporizer 102. Bromomethane is sent to the reactor 114.

14



regeneration the nmetal oxide is sent to the converter 15 1&% Eﬂd Egg
reactor 114, while bromne is sent to the vaporizer 102. f ed to
provi de the oxygen for nmetal oxide regeneration nitrogen may be purged
fromthe systemthrough the separator 122. Referring to Figure 3, there is
shown a nethod and 20 apparatus 200 for synthesizing ol efins from al kanes,
whi ch have nore than two carbon atons in their nolecular structure,
conprising a second enbodi nrent of the 15 18 July, 2006 invention. The

al kane and bromne are directed to a heat zone and vaporizer 202,
operating at a_tenperature aboye the atnospheric boiling point of brom ne,
where the now'gh8Eot® $7miTre LARITRREHANE e al l owed to nmix. 5 The gas

m xture is passed into brom nation reactor 04, which contains a
appropriate solid cﬁ?aFggt?eaﬁFP€r19ﬁe CHOPES a?ﬁerﬁFQFﬁrglfgvd%¥; ted to
a condenser 206, The heavi er al kane mul ti_brom des (el M/F%%? are
separ at ed ot heP*#S8s, EQucHSRE Rt veRt™diivio isitérneditiEes ot Lor gani ¢
synthesis at an outlet 208, while the al kane nmonobronm de, HBr, and
unreacted al kakenaie- seMetad Bremids ofs oagnt to the regenerator 120.

5 The mixture of bromomethane and DME from the reactor 114
is sent to a separator 116. Bromomethane is recycled to
the reactor 114, while DME is obtained as a product or
directed to reactor 118. In the reactor 118 DME reacts
with water (from the separator 112) over a catalyst to

10" form methanol.

In the regenerator 120 metal bromide fror.n the
converter 110 and the re;ctor 114 reacts with air or
oxygen to regenerate metal oxide and bromine. After
regeneration the metal oxide is sent to the converter

15 110 and the reactor 114, while bromine is sent to the
vaporizer 102. If air is used to provide the oxygen for
metal oxide regeneration nitrogen may be purged from the
system through the separator 122.

Referring to Figure 3, there is shown a method and

20 apparatus 200 for gynthesizing olefing from alkaneé,
which have more than two carbon atoms in their molecular

structure, comprising a second embodiment of the

15



In the reactor 210 HBr reacts with nmetal oxide to formnetal _hrom
water. The netal bromde is sent 15 to a regenerator 220

back to netal
and al kane are separated in a separator
to a vaporizer 202,

oxi de. Fromthe converter 210 the water, al kane nonobrom de,
212. Unreacted al kane is recycled
whil e the al kane nonobromde is sent to a reactor
20 Water is easily separated fromthe al kane nonobrom de in

212 as a by product. 16 18 July. 2006 In the reactor 214, al kane

nonobrom de reacts with netal oxide to generate olefin and netal brom de.
ent to the regeneratqr .220.far e i ack to
ﬁﬁ%%f’ﬁre ot 29| 8???1“%8“ DR edEK %?kggég%r%%&;b}: gm'cdl(;e from
214 is sent to a separat 216_where the r j epar at ed
Yieat” GFForit BEPERAGE pal At soP AT B it 81 FSMESFaYs b de.
whil e, ol efi_n.is _abtai netgraes a

Metal bromide is
nmet al oxi de.

t he reactor

due to their
if any, is recycled to the reactor

THE®

unreac

214 .
product. 10 | FOONE rRfendFrERRieBE b ind oRPHE™ f PEm I EonvEt T er

and the rector 214 reacts with air or Xygen to rege ate tal. oxi de and
bromi ne. Aftert 3 %gthane arg éE{owedrg% mix.

5

10

15

20

he now gaseocus bromine an

The gas mixture is passed into a brominaticn reactor
204, which contains an appropriate solid catalyst.
After the reaction the - mixture is directed to a
condenser 206. The heavier alkane multibromides (below
1%) are sepa.rated other uses, such as scolvent or
intermediates for other oxganic synthesis at an outlet
208, while the alkane moncbromide, HBr, and unreacted
alkane are sent to a reactor 210,

In the reactor 210 HBr reacts with metal oxide to
form métal bromide and water. The metal bromide is sent
to a regenerator 220 to be regenerated back to metal
oxide. Frcm the converter 210 the water, alkane
monobromide, and alkane are separated iﬁ a separator
212, Unreacted alkane is recycled- te a vaporizer 202,
while the alkane monobromide is sent to a reactor 214.
Water is easily separated from the alkane moncbromide in

the separator 212 as a by product.

16
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regeneration nmetal oxide is sent to the reactor 210 and tge rgaciog
while bromne is sent to the vaporizer 15 202. If air is L

of oxygen for

regeneration of the netal oxide nitrogen may be purged

the system by a separator 222. 17 18 July, 2006 EXAMPLES Reaction 1:
Cat al yst preparation 5 Nb205 (0.8000g) was m xed with 0.500m 96(w) % H2SO4,
then the m xture was heated at 110C for 4 hours. The tenperature
increased to 500C within 6 hours, and kept at 500C for 4 hours. Catalyst
Cl was obtained. 10 Zr02 (2.0000g) was m xed with HZSO4 (3 000 m, 96
then the m xture was heated at 1100% for..4 hours raturg

d Catal yst

i ncreased to 500C wHEhithee TRGGFET &
C2 was obt ai ned. 15 Testing Reaction ¢ |t|on at al y. S
a net hane fl owgFal 19544 ?uﬂ%?%ﬁﬁfeBPg g 99 & TWEFr 1

RPreat C§985°P8r 4 hours

FBMFB HoUe 8ac

tenperature was 400C. The reaction was carried out

10

15

bromide is sent to the regenerator 220 for regeneration
back to metal oxide. The mixture of olefin and
unreacted alkane moncbromide from the reactor 214 is
gent to a geparator 216 where they ére easily geparated
due to their wide different boiling points. Unreacted
alkane nwnobromide, if any, is recycled to the.reéctor
214, while olefin is obtained as a product.

In - the regenerator 220 metal bromide £from the
converter 210 and the rector 214 reacts with air or
oxygen to regenerate metal oxide and bromine. After
regeneration metal oxide 1is sené to the reactor 210 and
the reactor 214,.while bromine is sent to the wvaporizer
202. If air is used as the source of oxygen for
regeneration of the metal oxide nitrogen may be purged

from the system by a separator 222.

17
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20 a micro reactor system After 6 hours on line reaction, tB@ rﬁﬁ Eion
effluent was analyzed by a GC/Ms. A nethane conversion ofd ith
95% CH3Br was obtained. 18 18 July, 2006 Summari zing the overall process in
Reaction 1: (1) CH#4 + Br2 > HBr + CH3Br + CH2Br2 + CHBr3 + CBr4 cat 5
Reaction 2: Exanple 1 Reaction on ML For all of the exanples provided
above the second stage 10 of the process occurs as follows. After
separation of the CHzZBr2, CHBr3 and CBr4 products fromthe gas stream
the CH3Br, together with the HBr are passed into the next reactor, which
contains ML (50% CuO on Zr02) and is maintained at 225 C. Flow ng the
reactant gases at 10 15 h-1 gives a 96% conversion of CH3Br + HBr to
CH3OCH3 and H20, or to CH3OH, or a mixture of CH3OH, CH3OCH3, and H20,
with 94%sel ectivity, the remaini ng pEEdIREESeing CuBr2/zr2 and 6% CCR.

D net hyl ether_and water are converted into nmethanol if desired in a third
react or Reaction 1:

Catalyst preparation
5 NbzOs (0.8000g) was mixed with 0.500ml 96(w)% Hi504, then
the mixture was heated at 110°C for 4 ° hours. The

temperature increased to 500°C within 6 hours, and kept

at 500°C for 4 hours. Catalyst C1 was obtained.

10 Zro;, (2.0000g) was mixed with H,S0; (3.000 ml, 96(w)%),
then the mixture was heated at 110°C for 4 hours. . The
temperature increased to 500°C within 6 hours, and kept

at 500°C for 4 hours. Catalyst 2 was obtained.

15 Testing
Reaction conditions:
The catalyst was tested at a methane flow of
1.5ml/minute and Br, flow of 0.07ml /hour. The reaction
temperature was 400°C. The reaction was carried out in
20 a micro reactor system. After & hoﬁrs on line reaction,
the reaction effluent was analyzed by a GC/MS. A methane

convergion of 24% (mol) with 95% CHsBr was obtained.

18



20 containing catalysts. 19 18 July, 2006 Exanple 2. Zr solution
preparation Zr (OCH2CH2CH3)4 (70(wW) % i n i sopropanol, 112. 6_&9)&1!&@3&
di ssolved into acetic acid (275 m) under stirring. 5 After stirring for
10 minutes, the solution was diluted by water to nmake a total vol une of 500
m. Asolution with a Zr concentration of 0.5M was obtained. Preparation
of M2 10 Cu(N03)2 (0.5M 7.200nl) solution was added into BaBr2 (0.5M
0.800 mM). A clear solution was obtained. To this solution, Zr solution
(0.5M as prepared above was added under stirring. After stirring a few
seconds, a geI was_obt ai.ned. The was dried at 110C for 4 15 hours,
then heated t o SHHEEWFIHT f r‘?d’&r':é‘ aﬁﬁo?(‘:éiﬁ W RS863E°Fof P4 hours. M2 was
obt ai ned. The metal oxide m xture was tested at a CH3Br flow rate of 1.0
m/mnute at 230C. In the first half hour, the average CH3Br conversion
was 659., and t(?)e a(\:/I_er age 20 di net hyI et her selectivi t¥Hwas 90.5% 20

4

+ Br, > HB + CH3Br + CHzBr, + Br; + CBx,
cat

5

Reaction 2:

Example 1

Reaction on M1

For all of the examples provided above the second stage
10 of the process occcurs as follows. After separation of

the CH;Br,,CHBr; and CBry; products from the gas stream,
the CH;Br, together with the HBr are passed into the next
reactor, which contains M1 (50% Cu0C on Zr0,) and is
maintained at 225° C. Flowing the reactant gases at 10
15 h™ gives a 96% conversion of CH;Br + HBr to CHsOCH: and
Ha0, or to CH30H, or a mixture of CHiOH, CH3OCH;, and H,C,
with 94% selectivity, the remaining product being
CuBry/Zr0, and 6% CO;. Dimethyl ether and water are
converted into methanol i1f desired in a third reactor

20 containing catalysts.
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18 July, 2006 Preparation of MB Cu. (NG3) 2 (0.5M 40.000 n)_ sol bi 8n was
added into Zr solution (0.5M 30.000 ml as prepared abovem

stirring a few seconds, a gel was obtained. The gel was 5 dried at 110C for
4 hours, then heated to 500C within 6 hours, and calcined at 500C for 4
hours. MB was obtained. Testing 10 The catalyst C2 (2.0000g) was | oaded
inthe first reactor (Ri). Atrap was |loaded with 2.0008 of M3. A second
reactor (R2) was | oaded with M3 (0.8500g). Reactants nethane and brom ne
were fed into the 15 first reactor (nethane flow of 1.5 ml/mnute, Br2
flow of 0.07 mi/hour). The reaction tenperature was 390C. After reaction
in RL (stabiIiEZE?&‘HS‘? énline reaction for nore than 8 hours) the resulting
m xture was passed_through the trap and a m xture of methane and CH3Br 20
(cont ai ni ng 2F% SAdutdPROPBERITIRELObt ai ned. This gas nixture was fed
directly into reactor R2 at 220C. In the first hour an avera%e CH3Br
conver si on of ZN@CH¥.GEh) 21 (FQ (Fky, ipog@opropancl, 112.6 ml) was

diggolved into acetic acid (275 ml) under stirring.
5 After stirring for 10 minutes, the solution was diluted
by water to make a total volume of 500 ml. A solution

with a Z2r concentration of 0.5M was obtained.

Preparation of M2
10 Cu(NO3)2 (0.5M, 7.200ml) solution was added into BaBr,
(0.5M, 0.800 ml). A clear solution was.obtained. To
this solution, Zr solution (0.5M) as prepared above was
added under.stirring. After stirring a few seconds, a
gel was obtained. The gel was dried at 110°C for 4
15 hours, then heated to 500°C within 6 hours, and kept at
500°C for 4 hours. M2 was obtained.
The metal oxide mixture was tested at a CH;Br flow
rate of 1.0 ml/minute at 230°C. 1In the f£irst half hour,
the average CH,Br conversion was 65%, and the average

20 dimethyl ether selectivity was 90.5%.

20



5 10 average dinethyl ether selectivity of 75% was obtai ned. SUEEH éi ng
the overall process in Reaction 2: (2) CH3Br + HBr + CuO Br 2

Possi bl e variations of Reaction 2: (2a) 2 HBr + CuO > H2O + CuBr2 (2b) 2
CH3Br + CuO > CH3OCH3 + CuBr2 Reaction 3: The solid CuBr2/ZrQ2 was
transferred from Reactor 2 to Reactor 3 and treated with 02 at 300 Cto
yield, Br2 and CuOd ZrQ2 at 100% yield and conversion. This reaction my

15 be run at 1000 h-1. Summarizing the overall process in Reaction 3. (3)
CuBr2/zr02 + %02 > Br2 + CuQ Zr02 20 22 18 July, 2006 Overall: (A CH + %
02 > CH3OH Posgi g uaibatéPiz 5 (B) CHA + '/z Q2 > % CGHBOCH3 + '3 H20 A
third enbodi mnent of the invention conprises a

Cu(NQs;), (0.5M, 40.000 ml) solution was added  into Zr
solution (0.5M, 30.000 ml as prepared above). After
stirring a few seconds, a gel was cbtained. The gel was
5 dried at 110°C for 4 hours, then heated to 500°C within
6 hours, and calcined at 500°C for 4 hours. M3 was

obtained.

Testing
10 The catalyst €2 (2.0000g) was Jloaded . in the first
reactor (R1). A trap was loaded with 2.000g of M3. A

gecond reactor (R2) was loaded with M3 (0.8500g).

Reactants methane and bromine were fed into the

15 first reactor.(methane flow of 1.5 mlfminute, Br, flow of
0.07 ml/hour). The reaction temperature was 3g0°C.
After reaction in R1 (stabilized by online reaction for
more than 8 hours) the resulting mixture was passed
through the trap and a mixtgre of methane and CH;Br

20 (containing 20% mol of CH;Br) was obtained. This gas
mixture was fed directly into reactor R2 at 220°C. In

the first hour an average CHiBr conversion of 91% with an

21



process for converting ethane to diethyl ether, ethanol, agd ethzb acetate

which may be carried out as 10 illustrated in Figures 1, 21 t he
process, ethane reacts with bromne to form brononet hane and HBr. The

br onoet hane then reacts with netal oxide to formdiethyl ether, ethanol
ethyl acetate, and netal brom de. The netal brom de reacts with oxygen or
air to 15 regenerate the original netal oxide. In the process, bromne
and netal oxide are recycled. It is well known that ethane can easily react
with bromne at |ow tenperatures (below 400C) to form bronoethane or

et hane di broni desragé @imetinableand® salabystits disedsy whe setebidyity to
et hane nonobrom de or dibromdes is high. The reaction is slightly

exot her mal andgiigm¥ €1 ¥i:82S3hd @ve@Bt N Oprokdsd hit N@Hctddnld: July, 2006

reacti on, bronpethane is converted to diethyl ether with 60 to 80%
conversion and selectivity over 80%w th about 4% selectivity to ethanol
and about 3% selectivity to ethyl acetate. Hence, high diethyl ether yield

with 5 useful ethangl nd et iyl acet@ie by pregucts dmQbtained in a
single pass. In the process, there is no direct

5

Posgsible variaticns of Reaction 2:

(za) 2 HBr + CuQ > H;0 + CuBr,

(2b) 2 CH3Br + Cu0 > CHi0CH: + CuBry
10

Reaction 3:

The s0lid CuBry/Zr0; was transferred from Reactor 2 to
Reaétor 3 and treated with ©; at 300° C to yield Br; and
Cu0/Zr0, at 100% yield and conversion. This reaction may

15 be run at 1000 h™.
Summarizing the overall process in Reaction 3:

(3) CuBr;/2r0; + % 0 > Bra + Cul/Zr0O,

20

22



contact between oxygen and ethane thereby providing a high |evel of
safety. If desired, the diethyl ether can be easily hydrgﬁgiliiqagggzhanol

with water over a 10 suitable catalyst. 24 18 July, 2006 EXAMPLE Part A
Et hane Brom nation Reaction A m xture of ethane (6.0 /m nute) and brom ne
(Br2 5 0.30nl/hour) was passed into a reactor (glass tube, ID 0.38",
heating zone length 4"), and was heated to 330C. The effluent was anal yzed
by GC/ M5. 100% bronmi ne conversion with 80% bronoet hane sel ectivity was
obtai ned. The by product with 20% sel ectivity was 1,1 10 di bronoet hane. The
1, 1- di bronpet hgpg..gap. be converted to bronpethane by reaction wth ethane
over a catal ysts—such as a netal conpound or a m xture of netal

conpounds. The hang .brom ion r ion can also be a catalysis 15
reaction. The é§§aly§¥% é}eggé joun §S%f Ti, Zr, H, V, Nb, Ta, C, M, W
M, Re, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt,. Cu, Ag, Au, Zn, Cd,' B, A, Ga,
In, T, Si, G, Sn, Pb, P, Sb, Bi, S, d, Br, F, Sc, Y, My, Ca, Sr, Ba,

Na, Pogsgible variation:

5 (B) CHsy + % O > % CHsOCH; + ¥ H20

A third ‘embodiment of the invention comprises a
process for converting ethane to diethyl ether, ethanol,
and ethyl acetate which wmay be carried out as

10 illustrated in Figures 1, 2, and 3. In the process,
ethane réacts with bromine to form bromomethane and HBr.
The bromoethane then reacts witﬂ metal oxide to form
diethyl ether, ethanol, ethyl acetéte, and metal
bromide. The metal bromide reacts with oxygen or air to

15 regenerate the original metal oxide. In the process,
bromine and metal oxide are recycled.

It is well known that Aethane can easily react with
bromine at low temperatures (below 400°C) to form
bromoethane or ethane dibromides. If a suitable

20 catalyst is used, the sgelectivity to ethane monobromide
or dibromides is hligh. The reaction 1s slightly

exothermal and is very easy to control. In the next
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Li, K O, La, Ce, Pr, Nd, Sm Eu, &, Tb, Er, Yb, Lu, 20 and or,. Ij xtures
thereof. The reaction is preferably carried out at a tenﬁé—é&%ge of
bet ween about 50C to about 600C. The reaction pressure is preferably from
25 18 July, 2006 about 1 to about 200 atm The reaction m xture can have a
ratio of ethane to bromne fromO0.1 to 100. Part B. The reaction of

bronoet hane with Metal Oxides. 5 Zr solution netal oxide preparation

Zr (OCH2CH2CH3) 4 (70(wW) % i n isopropanol, 112.6 m) was dissolved into
acetic acid (275m ) under stirring. After stirring for 10 m nutes, the

sol ution was dilutec d WI tlg\rorx\c/)at r to flgngEH_)é@I £ O HoEPf QA wikh

sol ution with 5%290" 2 concentTatlon o was obt ai ned Preparati on of

W A QuNOR) 2 (g ggdsg ee%ojto% 0,89 A00E0 4 LR 5y Siione(O. SM

64.0M) (as pr stirring few seconds, a gel

was obt ai ned. Ibeﬁ%(ilgg\ga g d at 11r¥%orfa?1‘{%oaﬂgﬁl£s&§d@%18%%%g tQOSOOC

within 6 hours urs nmet al oxi de

(M) was obtai neg 2acetate Hence, high diethyl ether yield with

5 ugeful ethancl and ethyl acetate by products i_s‘ obtaineci
in a single pass. In the process, there is no direct
contact between oxygen and ethane thereby providing a
high level of safety. .If desired, the diethyl ether can
be easily hydrolyzed to ethanol with water over a

10 suitable catalyst.
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18 July, 2006 Testing Bronoethane (0.20nl/hour) and helium (4.0nm /m nute)
were passed through a reactor that was packed with 3. Ooooﬁg}l’éﬁs&%ﬁ whi ch
was heated to 200C. Wthin the first 5 hour, an average bronoet hane
conversion of 70% wth diethyl ether 84 to 90% selectivity was obtained.,
The ethanol selectivity was about 4% and ethyl acetate selectivity was
about 3% In the above reaction, the netal oxides can be oxides of 10 the
followng netals: Ti, Zr, H, V, Nb, Ta, C, Mo, W M, Re, Fe, Ru, Co,
Rh, Ir, N, Pd, Pt, Cu, Ag, Au, Zn, Cd, B, Al, &G, In, TI, Si, Ge, Sn, Pb,
P, Sb, Bi, S, d, Br, F, Sc, Y, My, Ca, Sr, Ba, Na, Li, K La, Ce, Pr, Nd,
Sm Eu, &, Tb, Er, Yb, Lu, and Cs or m xtures thereof. 15 The reaction can
be carried out at a tenperature range %about 50C to about 600C. The
reaction pressure is preferably from 1 to about 200 atm The

reaction can p é’:%l’lﬁ%a%lét E/%H"Pn‘%lé% tﬂggt&: ggl ium The netal 20 brom de

is converted to netal oxygen or air to obtain netal oxide

and br om ne at a t.e eraturfe 21:
miXtlure © ethane

(6.0ml/minute) and bromine (Br,

5 0.30ml/hour) was passed into a reactor (glass gube, ID

0.38", heating zone length 4"), and was heated to 330;C.

The effluent was analyzed by GC/MS. 100% bromine

conversion with 80% bromoethane | gelectivity was

obtained. The by product with 20% selectivity was 1,1-

10 dibromoethane. Thé 1,1-dibromoethane can be converted to

bromeethane by reaction with ethane over a catalyst,

such aa .a metal combound or a mixture of metal
compounds .

The ethane bromination reaction can alsoc be a catalysis

15  reaction. The catalysts are compounds of Ti, Zr, HE, V,

Nb, Ta, Cr, Mo, W, Mn, Re, PFe, Ru, Co, Rh, Ir, Ni, P4,

Pt, Cu, Ag, Au, Zn, Cd, B, Al, Ga, In, T1, Si, Ge, S8n,

Pb, P, Sb, Bi, 8, ¢Cl, Br, ¥, 8c, ¥, Mg, Ca, Sr, Ba, Na,

i, ¥, 0, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Er, Yb, Iu,

20 and Cs ér mixtures thereof. The reaction is preferably

carried out at a temperature range of between about 50°C

to about 600°C. The reaction pressure is preferably from
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18 July, 2006 range of about 50 to about 700C and pressure range fro
about 1 to about 300atm A fourth enbodi nent of the inventﬁ@#ﬁé@h&éﬁgis a
process for converting saturated hydrocarbons (al kanes) 5 to their
correspondi ng ol efins. For instance, ethane to ethyl ene, propane to

propyl ene,

process of
Figures 3. 10 In the process, al kane reacts with CBr4, CHBr3, or CH2Br2,
or reacts with bromne to form brom nated al kanes and HBr. The‘broninated

al kane t hen reggbaewht RoMebale 98bdgcho FRLM-OLSLIdh A IRIAI Y qgile. The

nmetal brom de reacts with oxygen or air to regenerate t
In the process
olefins are ma
process al so

i sobut ane,

t her nal

but ane to butene or butadi ene, isobutane to isobutene, etc. The
the third enbodi nent may be carried out as illustrated in

oxi de.

i al I th t,
e By Ryl ccarban -t REPRERS oo REACAE 20b ! no pf;'rif;k?rng

produces saturated hydrocarbons such as propane, 20 butane,

pent anes, and hexanes, which are wusually difficult to convert

to useful mateplalsy, Fofp, KAWSn SEMADGSARNS GOKCHLEG L QLI ene by

5

10

15

Zr solution metal oxide preparation

Zr (OCH;CH,CH;) ¢  (70(w)% in isopropanol, 112.6 ml) was
dissolved into acetic acid (275ml) under stirring. After
stirring for 10 minutes, the'soiution was diluted with
water tc make a total volume of 500ml. A solution with a

Zr concentration of 0.5M was obtained.

Preparation of M4

A Cu(NO;); (O.SM, 64.0ml) solution was added into a Zr
golution (0.5M, 64.Dmi} (as prepared above). After
stirring for a few seconds, a gel was obtained. The gel
was dried at 110°C for 4 hours, then heated to 500°C
within 6 hours, and calcined at 500°C for 4 hours.

CuO/Zr0, metal oxide (M4) was obtained.
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28 18 July, 2006 cracking at tenperatures over 800C in an endotherni
reaction, which consunes |arge anounts of energy, and a|sb§g%$¥+éﬁﬁé about
30% by product acetylene (C2H2). The acetyl ene nust be hydrogenated back
to ethylene which 5 usually |leads to over hydrogenation to ethane. Propane
is currently used as fuel, since there presently exists no efficient
process that can convert propane to propylene. There has been research
directed at oxidizing 10 al kanes to their correspondi ng ol efins by
reacting the alkane with oxygen over catalysts. However, |low selectivity
and IOM/COﬂVEH%é%&%%?ES were obtained. The reaction generates |arge
anount s of heat, ICh can nelt the catalyst as well as the reactor.

Further, nost qf Jlathe %%‘sr%fgﬁ?mvoéﬂcﬁ hdig r@%&gg@%ﬁg{sepfw&h@

al kane wi th oxygen at high tenperature and pressure, potentially

dangerous. It is weld gﬂgc?\@%é th%t A kanes e@é%i))barc‘ft@ﬁt W 3%(?00\/\/

CHBr3, or CH2BrZ, or reac brommne a ow tenperat ures

4009 to form alkgne Fpnohyom 968sOheatkanel N dahuli auat table
catal yst i s uset, !

5 hour, an average bromoethane conversion of 70%, with
diethyl ether 84 toc 90% selectivity was obtained. The
ethanol selectivity was about 4% and ethyl acetate
gselectivity was about 3%.

In the above reaction, the wmetal oxides can be oxides of

10 the following metals: Ti, Zr, HE, V, Nb, Ta, Cr, Mo, W,
Mn, Re, Fe, Ru, Co, Rh, Ir, Ni, P4, Pt, Cu, Ag, Au, Zn,
¢d, B, Al, Ga, In, Tl, Si, Ge, Sn, Pb, P, 8b, Bi, 8, Cl,
Br, F, Sc¢, ¥, Mg, Ca, S8r, Ba, Na, Li, K, La, Ce, Pr, Nd,
Sm, Bu, Gd, Tb, Er, ¥b, Lu, and Cs or mixtures thereof,

15 |
The reaction can be carried out at a temperature range
from about 50°C to about 600°C. The reaction pressure is
preferably from about 1 to about 200 atm. The reaction
can be carried out with or without helium. The metal

20 bromide is converted to metal oxide M4 in oxygen or in

alr to obtain metal oxide and bromine at a temperature
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the selectivity to al kane nonobrom de or di brom de can 29 18 July, 2006 be
very high (nore than 95% CH3CH2Br CH3 sel ectivity can be r 20
reaction is slightly exothermal and is very easy to control. In the next
reaction, alkane bromde is converted to olefin with 100% conversi on (one
-5 pass) and selectivity over 95% Hence, high olefin yield can be obtained
in a single pass. In the process, the direct contact of oxygen w th al kane
i s avoi ded, making the operation safe. A further advantage of the present
invention is the virtual elimnation of byproducts, 10 rendering recovery

of the desired pighd nosusddntgcaldey aveasi oot bemnd heraniuentiaerel fpencess.
An even further advantage of the present invention is the production of

the ol efin w thgydnt e 4 edideki anofEmt he correspondi ng al kyne, thus
elimnating the need for partial 15 hydrogenation. 30 18 July, 2006
EXAMPLE  Part A Al kangofreRi RabbainéRaCcbiEORnd™ opade: fuoMtoabtHsed eact i on
process for converting saturated hydrocarbons {(alkanes)
5 to their corresponding olefins. For instance, ethane to
rethylene, propane to pr0p§lene, butane to butene or
butadiene, isobutane to iscbutene, etc. The process of
the third embodiment may be carried ocut as illustrated:
in Figures 3.
10 In the process, alkane reacts with CBr,, CHBr;, or
CH,Br;, or reacts with bromine to form brominated alkanes
and HBr. The brominated alkane then reacts with metal
oxide to form olefin and metal bromide. - The metal
bromide reacts with oxygen or air to regenerate the
15 metal oxide. In the process, bromine and metal oxide are
recycled.

In the prior art, olefing are made by hydrocarbon
thermal cracking. The thermal cracking process also
produces saturated hydrocarbons, éuch as propane,

20 butane, isobutane, pentanesg, and hexanes, which are
usually difficult to convert to useful materials. For

example, ethane can be converted to ethylene by thermal
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5 A mxture of propane (6.0m /m nute) and brom ne (Bra O. 32&1;1 Eougb9
passed into a reactor (glass tube ID 0.38", heating zone whi ch
was heated to 270C. The effluent was anal yzed by GO Ms. 100% brom ne
conversion with 88.9% 2- bronopropane selectivity and 10 11.1%
1- br onopr opane selectivity were obtained. This reaction can also be a
catalysis reaction. The catalysts are conpounds of Ti, Zr, H, V, Nb, Ta,
C, M, W M, Re,.Fe, Ru, Co, Rh, Ir, N, Pd, Pt, Cu, Ag, Au, Zn, Cd, B,
AI,Ga,In,TlSiGeSnPbPSblSBi,SO Br, F, Sc, Y, My, Ca,
Sr, Ba, Na, Li,.K kg g%m Erar s SFyeFUgobele -E.}?J: &, eXBothdrmadd Cs

c gorrpou

or m xtures of su The reaction can be carried out at a

Lenper at ure range i am ahpute: 10646 ab0krob00ouThE EEacidinpr easare can

be from about atm reaction mxture can have a ratio

of propane to ?o(rang%]%efr L aﬂ‘o&t?é% };]prqa% g:lﬂl )5 gg@@ngrp@%ggtl@ﬂeof

i sobutane A m but ane m nut brom ne
P Somihour) vas.Ressed ML BLeRckebalakess Libe W2 Defiflandeatiag zone

5 usually leads to over hydrogenation to ethane.

Propane 1is currently used as fuel, since there
presently exists no efficient process that can convert
bropane to propylene.

There has been research directed at oxidizing

10 alkanes to their corresponding olefins by reacting the
‘alkane with oxygen over «catalysts. However, low
selectivity and low conversion rates were obtained. The
i:eaction generates large amounts of heat, which can melt
the catalyst as well as the reactor. Further, most of.

15 these processes involve the direct contact of the alkane
with oxygen at high temperature and preséure, which is
potentially dangerous.

It is well known that alkanes can easily react with
CBry, CHBr3, or CHBr;, or react with bromine at low

20 temperatures (below 400°C) to form. alkane monobromides
or alkane dibromides. If a suitable catalyst is used,

the selectivity to alkane moncbromide or dibromide can
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5 220C. The effluent was anal yzed by GO/ M5. 100% brom ne Eogveratgg W th
99% 2 -brono-2 -nethyl -propane selectivity was obtained: i on
can also be a catalysis reaction. The catalysts are compounds of Ti, Zr,
H, V, No, Ta, C, 10 Mo, W M, Re, Fe, Ru, Co, Rh, Ir, N, Pd, Pt, Cu,
Ag, Au, Zn, Cd, B, Al, G, In, Ti, S, G, Sn, Pb, P, Sb, Bi, S, d, Br,
F, Sc, Y, My, Ca, Sr, Ba, Na, Li, K O, La, Ce, Pr, Nd, Sm Eu, &, Tb,
Er, Yb, Lu, and Cs or mxtures of such conpounds. The reaction can be
carried 15 out at a tenperature range from about -10C to about 600C. The

reaction presswie R heidH OMmAROWnah t 955 aBRltH, BPOu AL £ 1 A8 Fi8]CdAN

m xture can have a ratio of isobutane to bromne fromO.1 to 100. 18 July,

2006 Part B. The heachiah. ofnal Eéﬂ@t?&?”lgeélﬂz :@Athé%{aqesaxﬂ eparation
of Zr solution netal oxide Zr( OCH2CH2CH3)4 (70 in i1sopropanol, 112.6

m) was 5 di sgehkyedd it oraceljt 81 d (%Z5rgﬂe uﬂgﬁf %:téarét'le)ﬁ Agf]@.{ne

stirring for 10 nminutes, the solution was dil uted water to make a

f) 8{ Z: nggl une of, BR08L- 14 SOVl Wd R4 watﬁ%ss@téaﬁ{r&ﬂspén QM vas

5 passI) and seleétivity over 95%. Hence, high olefin yield
can be obtained in a single pass. In the process,‘the
direct contact of oxygen with alkane isg avoided, making
the operation safe. A further advantage of the present.
invention is thel virtual elimination of byproducts,

{ 10  rendering recovery of the desired olefin substantially
easier then the conventional process. An even further
advantage of the present invention is the production of
the olefin without the production of the corresponding
alkyne, thus eliminating the need for partial

15 hydrogenation.
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10 Preparation of Mb Cu(NO3)2 (0.5M

(0.5M 4.00m ). A clear solution was

solution (0.5M 8.0m ) as prepared above

stirring for a few 15 seconds,
110C for 4 hours,
500C for 4 hours.
Cu(N0O3)2 (0.5M 7.20m) solution was
cl ear solution was obtained. To this
as prepared above 5 was added under
seconds, a gel was obtained. The gel
heated to 500C within 6 hours, and
obt ai ned. 10 Preparation of M/ A Cu(
into Zr solutjion
stirring. Aft%*%
was dried at 1100 for.4 ho

a gel

urs, then

then heated to 500C within 6 hours,
Mo was obtained. 33 18 July, 2006 Preparation of M

By ¢ Pgepg oA s

4.00mM ) solution was_added into CaBr?2
obtained. To this s 20

was added under stlrrlng After
was obtai ned. The gel was dried at
and cal ci ned at

added into BaBr2 (0.5M -0.80m). A

solution, Zr solution (0.5M s.On)
stirring. After stirring for a few

was dried at 110C for 4 hours, then
Kggéhggg)at 500C for 4 hours. M6 was

5M 8:00m ) solution was added
aregcgggve was added under
S, gel was obtai ned. The gel

pane bromination reaction

A mixture of propane
0.30ml /hour)

0.38",

was passed into a reactor

heating zone length 4"),

(6.0ml/minute) and bromine (Brgl
(glass tube ID
which was heated to

100% bromine

10

15

20

‘Bi,

270°C. The effluent was analyzed by GC/MS.

convergsion with 88.9% 2-bromopropane selectivity and

11.1% l-bromopropane selectivity were obtained.

This reaction can also be a catalysis reaction. The

catalysts are compounds of Ti, Zr, Hf, V, Nb, Ta, Cr,

Mo, W, Mn, Re, . Pe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag,

Au, %n, ¢4, B, Al, Ga, In, Tl, Si, Ge, Sn, Pb, P, Sb,

g, ¢1, Br, F, Sc, Y, Mg, Ca, Sr, Ba, Na, Li, K, O,

La, Ce, Pr, Nd, Sm, Eu, &d, Tb, Er, Yb, ILu, and Cs or

mixtures of such compounds. The reaction can be carried
out at a temperature range from about -10°C to about
600°C. The reaction pressure can be from about 1 to
about 200 atm. The reaction mixture can have a ratio of

propane to bromine from 0.1 to 100,
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15 heated to, 500C within 6 hours, and cal cined at 500C for 4 hours. WM
was obtained. 34 18 July, 2006 Testing on Mb 2- br onopr opardd ¥Bl2=28060ur)
and nitrogen (5.0m/mnute) were passed through a reactor (glass tube ID
0.3811, heating zone length 4") that was packed with 0.8701gram5 Mb and
heated to 200C. 100% 2- br onopr opane conversion wth nore than 95%

propyl ene selectivity was obtained wthin the first 40 mnutes. As the
reaction proceeds, the CuOis converted to CuBr2, and the 2-bronopropane
conversion rate decreases. \Wen the reaction was carried 10 out at 180C,

W thin the begigvimigat@ofll 88t 50 Be propyl ene sel ectivity was reached
w th 2-bronopropane conversion nore the 60% 1-brono-2-nethyl-propane

(0.29nil/ hour) andmikthe0esr L2obhtlAd/ MENUHE)nvale: pass&dbibningh (Brs eact or
(glass tube ID 0.38", heating zone length 411) that was packed with

0.8701gram Mo anc iahedyrh 0 wa20 Ga s dndy 08D réackBEhYiglpeepanideconyer si on
with nore than 96% 2-net hyl - propyl ene selectivity was obtained within the

first 20 hour. Asgihe LEACLHHN RHAIIESERS aBd) | he1@WR | $as heated to

5 220°C. The effluent was analyzed by GC/MS. 100% bromine

conversion with 99% 2—bromo~2—méthy1—propane gelectivity

was oEtained.

This reaction can also be a catalysis réaction. The

catalysts are compounds of Ti, Zr, HEf, VvV, Nb, Ta, Cr,

10 Me, W, Mn, Re, Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag,

Au, Zn, ¢d, B, Al, Ga, In, Tl, Si, Ge, Sn, Pb, P, Sb,

Bi, 8, C¢l, Br, F, Se¢, ¥, Mg, Ca, Sr, Ba, Na, Li, K, O,

La, Ce,- Pr, Nd, Sm, Eu, Gd, Tb, Er, ¥b, Lu, and Cg or

mixtures of guch compounds. The reaction can be carried

15 out at a temperature range from about -10°C to about

© 600°C. The reaction pressure can be from about 1 to

about 200 atm. The reaction mixture can have a ratio of

isobutane to bromine from 0.1 to 100.

32



converted to CuBr2, the 2-bronopropane conversion decreases.. 35 18 guly,
2006 1-brono-propane (0.24m /hour) and nitrogen (5.0M/m passed
through a reactor (glass tube 1D 0.38", heating zone length 411) that was
packed with 0.8701gram M5 and heated to 220C. 100% 1- br ono- propane 5
conversion wth nore than 90% propyl ene selectivity was obtained within
the first 20 m nutes. 2-brono-2-nethyl-propane (0.31m /hour) and nitrogen
(5.0m /mnute) were passed through a reactor (glass tube 10 ID 0.3811,
heating zone length 4") that was packed with 0.8701gram Mo and heated to

180C. 100% 2- brgymn- 25 . Mefhy | -RULR3288 COPValI%0R Woibmi®és WiAdh fltal
2-met hyl - propyl ene selectivity was obtained within the first hour. 15

Testing on Mo Aigdure of 1-bronopropane and 2-bronopropane (volume 1:1)
(0. 25n/ hour) and nitrogen (5.0m /m nute) was passed through a reactor

(gl ass tube 'D@rde%%ata%at be9z20: 7008 e RRkR1 44l ad hat was packed with
0. 8980gram M6 an

Zr (OCH,CH,CH3), (70(w)% in isopropancl, 112.6 ml}) was
5 dissolved into acetic acid (275ml) - under stirring. After
stirring for 10 minutes, the sclution was diluted with
water to make a total volume of 500ml. A sclution with a

Zr a concentration of 0.5M was obtained.

i0 Preparation of M5
Cu(NO3), (0.5M, 4.00ml) solution was added into CaBr:
(0.5M, 4.00ml). A clear solution was obtained. To this
golution, Zr s=sclution (0.5M, 8.0ml) as prepared above
wag added under. stirring. After stirring for a few
15 seconds, a gel was obtained. The gel was dried at 110°C
for 4 hours, then heated to 500°C within &6 hours, and

calcined at 500°C for 4 hours. M5 was obtained.

33



heated to 200C. 100% reactant conversion wth nore than 36 18 July, 2006
90% propyl ene selectivity was obtained wthin the first 1d§ﬁﬂﬂﬁygé——-esting
on M7 5 A m xture of 1-brono-2-nethyl-propane and 2-brono-2- nethyl - propane
(volune 1:1) (0.30m /hour) and nitrogen (5.0M/mnute) were passed through
a reactor (glass tube ID 0.38", heating zone length 4") that was packed
with 0.8500gram M7 and heated to 226C. 100% reactant 10 conversion with
nore than 95% propyl ene selectivity was obtained within the first 40

m nutes. The netal oxides used above can be oxides of the follow ng
metal s: Ti, Zr,pidparbtida cFameCr, Mo, W M, 15 Re, Fe, Ru, Co, Rnh, Ir,

Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, B, A, G, In, T, S, G, Sn, Pb, P, Sb,

Bi, S d, Br, clynd¢, Yo.Myw, CRa621) Bloidiodi wak dddedCeinPb, BMBr, Sm
Eu, Gd, Tb, Er, Yb, Lu, and Cs and m xtures thereof. The reaction can be

carried out at g tpesaise I ange1 L9 f Lomuahaut wdOCobladhoat 660€nidhe
reaction pressure can be fromabout 1 to about 200 atm The reaction can
be carried out Mif.0: Q4 W Ehoub10LEE099R. slhe ghAl) as prepared above
5 was .added under stirring. After stirring for a few
seconds, a gel was obtained. The gel was dried at 110°C

for 4 hours, then heated to 500°C within 6 hours, and

calcined at 500°C for 4 hours. M& was obtained.

10 Preparation of M7
A Cu{NO3), (0.5M, 8.00ml} solution was added into Zr
solution (0.5M, 8.0ml) as prepared above was added under
stirring. After stirring for a few seconds, a gel was
ob1‘:ained. The gel wag dried at 110°C for 4 hours, then
15 heated tec 500°C within 6 hours, and calcined at 500°C

for 4 hours. M7 was obtained.
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37 18 July, 2006 brom de was converted to netal oxide (M, M, and M/) in
oxygen or in air to obtain netal oxide and bromne at a t range
of about 50 to about 700C under pressure range fromabout 1 to about
300atm 5 It will therefore be understood that the nmethod and apparatus of
the present invention operates on a continuous or batch basis to convert
al kanes to alcohols, ethers, and olefins. The nethod and apparatus 10 of
the present invention operates at relatively |ow tenperatures and at | ow
pressures and is therefore econom cal to nmanufacture and use. The brom ne,
which is utiligggkiﬂqtgﬁangethod and apparatus of the present invention,
I's continuously recycled. The netal oxide, 15 which is utilized in the

process i s conth Buglislaodoels eehed bIPHORT Sl eisqth enhadiimauecy! the

i nvention have been illustrated in e acconpanyi ng Draw ngs and
R e, ook, S8, P DAL Ll (D D gyt oo
capabl e of nuneﬁé%@ing zone length 4") that was packed with 0.8701lgram
5 M5 and heated to 200°C. 100% 2-bromopropane cenversion
with more than 95% propylene selectivity was obtained
within the first 40 minutes. As the reaction proceeds,
the CuC i& converted to CuBr;, and the 2Z-bromopropane
conversion rate decreases. When the reaction was carried
10 out at 180°C, within the beginning 10 minutes, 99%

propylene selectivity was ;eached with 2-bromopropane

conversion more the 60%.

l-bromo-2-methyl-propane (0.29ml /hour) and nitrogen
15 (5.0ml/minute) were pasged through a reactor (glass tube
ID 0.38", heating zone length 4") that was packed with
0.8701gram M5 and heated to 220°C. 100% Il-bromo-2-
methyl-propane convergion with more than 96% 2-methyl-
propylene selectivity was obtained within the first
20 hour. &As the reaction progresses and the Cu0 is
converted to CuBr,, the 2-bromopropane conversion

decreases.
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rearrangenents

, hodifications, and substitutions of 38 18 I 2 CLAI M5
1. (Arended) A nethod for converting nethane to nethanol ié#ﬁ#i%éﬁgk 5

providing a qu

the nethane with the brom ne and thereby form ng brononet hane,
brom de, and by products CH2Br2, CHBr3, and CBr4;

wi th nethane i
br ononet hane;

netal oxi de catalyst and thereby form ng nethanol and a netal bron de;

oxi di zing the
recycling the

10

15

20

antity of nethane; providing a quantity of brom ne; reacting

n the 10 presence of an electrophilic catalyst to form

hydr ogen
reacting the by products

reacting the nethyl brom de and the hydrogen bromde with a

15

taI bron1de L0 for al net oxi de m ne;
ggtéﬁ EkiEder 5'5%“‘9?ﬁ358 éﬁd n3RdoBER

23Rd recycl rom ne

(5.0ml/minute) were passed through a reactor (glass tube
ID 0.38", heating zone length 4") that was packed with
0.8701gram M5 and heated to 220°C. 100% 1l-bromo-propane
conversion with more than 90% propylene selectivity was

obtained within the first 20 minutes.

2-bromo-2-methyl -propane (0.31ml/hour) and nitrogen
(5.0mL/minute) were passed through a reactor {glass tube
ID 0.38", heating zone length 4") that was packed with
0.8701lgram M5 and heated to 180°C. 100% 2-bromo-2-
methyl-propane conversion with wmecre than 96% 2-methyl-
propylene selectivity was obtained within the first

hour.

Testing on M6

A mixture of l-bromopropane and 2-bromopropane (volume
1:1) (0.25m1/hour) ‘and nitrogen ({5.0ml/minute) was
passed through a reactor (glass tube ID 0.38", heating
zone length 4") that was.packed with 0.8980gram M6 and

heated to 200°C. 100% reactant conversion with more than
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20 2. The nethod according to claim1l wherein the step oi rggctiga t he by
products with nethane is carried out in the presence of ane. 39

18 July, 2006 3. (Amended) The nethod according to claiml1l wherein the

el ectrophilic is selected fromthe group including Al Br3 and SbF5. 5 4.
The met hod according to claim1 wherein the step of m xing the nethane and
the bromne is carried out at a nethane to bromne ratio from about 1:10
to about 100:1 (by nole). 10 S. The nethod according to claim1l wherein
the step of mxing the nethane and the bromine is carried out at a

met hane to br O@b@eﬂ&b}y‘iekﬁo%ﬁg%ivﬂ% H8s abOt indd: Wi {Hdh NEle) £iddx 6. The

process according to cfaim 1l wherein the step of m xing the nethane_and
the brom ne is gapihgdeput at a methane to bromne ratio fromabout 1:1 to
about 5:1 (by nole). 20 40 18 July, 2006

Testing on M7
5 A mixture of 1—bromo—2—me;hyl-propane and 2—b;omo~2—
methyl-propane (volume 1:1} (0.30ml/hour) and nitrogen
(5.0ml/minute) were passed through a reactor {(glass tube
ID 0.38", heating zone length 4") that was packed with
0.8500gram M7 and heated to 220°C. 100% reactant:
10 conversion with more than 95% propylene selectivity was

obtained within the first 40 minutes.

The metal oxides used above can be oxides of the
following metals: Ti, Zr, Hf, VvV, Wb, Ta, Cr, Mo, W, Mn,
15 Re, Fe, Ru, Co, Rh, Ir, Ni, P4, Pt, Cu, Ag, Au, Zn, Cd,
B, Al, Ga, In, Tl, Si, Ge, €n, Pb, P, Sb, Bi, §, Cl, Br,
F, Sc, Y, Mg, Ca, Sr, Ba, Na, Li, K, La, Ce, Pr, Nd,
8m, Eu, Gd, Tb, Er, ¥b, Lu, and Cs and mixtures thereof.
The reaction can be carried out at a temperature range
20 from about 50°C to about 600°C. The reaction pressure
can be from about 1 to about 200 atm. The reaction can

be carried out with or without nitrogen. The metal
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7. The method according to claim1l wherein the step of niéigg tgggggthane
and the bromne is carried out at a tenperature of betwe . and
about 400C. 5 8. The process according to claim1 wherein the step of

m xi ng the nethane and the bromne to formthe nethyl brom de and hydrogen
brom de and the step of contacting the nethyl brom de and the hydrogen
bromde wth a netal oxide are carried out continuously. 10 9. The process
according to claim1l wherein the step of mxing the nmethane and the

brom ne to formthe nethyl brom-de and hydrogen brom de and the step of

contacting thenyekink hasntdevarikd e Medaogeribeonude U6, Wuid My )metl
oxide are carried out in a batch reaction. 10. (Amrended) The net hod

according to clahteh othenciirt B8 8heRiffmexddi gkide toed MicHidy i de to
form the original netal oxide and brom ne, the step of 20 recycling the

metal oxide, a'ﬁ@m%@?aﬁﬁ@@ OardRCYEEI Nebdiie shr opbn&hd capbked @er
continuously. 41 18 July, 2006 11. (Amended) The nethod according to claim
1 wherein thegstepupt Pxh&l ZiRgh LRBUTRE alo bLide dothker m
5
It will therefore be understood that the method and
apparatus of the present invention operates on a
continuous or batch basis to convert alkanes fo
alcchols, ethers, and olefins. The method and apparatus
10 of the present invention operates at relatively low
temperatures and at low pressures and is therefore
economical to manufacture and use. The bromine, which
is utilized in thé method and apparatus of the present
invention, is continuously recycled. The metal oxide,
15 which is utilized in the process is continuously
refreshed.

-Although preferred, embodiments of the invention
have been illustrated in the accompanying Drawings and
described in the foregoing Detailed Description, it will

20 be understood that the invention is not limited to the

embodiments disclosed but iz capable of numerous

rearrangements, modifications, and substitutiona of
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the original netal oxide and brom ne, the step of recycling. the ﬁEtal
oxi de, and the step of recycling the 5 bromne are carri f bat ch

reaction. 42 18 July, 2006 12. (Cancelled) An apparatus for converting

met hane to net hanol and/or ether conprising: a first reactor; neans for
directing nethane and bromne into 5 the reactor to produce brononet hane,
hydr ogen brom de, and by products CH2Br2, CHBr" and CRr4; a second
reactor; neans for directing at |east the by products and nethane into the
second reactor for reaction in the 10 preéﬁg@% of an electrophilic
catalyst to form brononethane; a reaction conprising a solid netal
oxi de; neans for directing brononet hane and hydrogen brom de fromthe
first and second reactors into contact with the 15 nmetal oxide to form
met hanol and/or ether and netal brom de; neans for oxidizing the netal
brom.de to form the original netal oxide and brom ne; and

1. (Amended) A method for converting methane to
methanol comprising:
providing a quantity of methane;
5 providing a guantity oﬁ bromine;
reacting the methane with the bromine and
thereby forming bromomethane, hydrogen bromide, and by
products CH,Br,, CHBr;, and CBx,;
reacting the by products with methane in the
10 presence of an electrophilic catalyst to form
bromomethane:
reacting the methyl bromide and the hydrogen
bromide with a metal oxide catalyst and thereby forming
methanol and a metal bromide;
15 oxidizing the metal bromide to form the
original metal oxide and bromine:
recycling the metal oxide; and

recycling the bromine.
20 2. The method according to claim 1 wherein the

step of reacting the by products with methane is carried

out in the presence of excess methane.
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means for recycling the original netal oxide 20 and the bi ) ne. 43 18
July, 2006 5 13. A nethod of renoving organi c contam nants ¥L¥Q§Qids
conprising the steps of: providing an oxidizing gas selected fromthe

group including ozone and chl orine dioxide; formng the oxidizing gas into
sub-m cron size bubbles; providing a flow of liquid initially having at

| east one contam nant material contained therein; dispersing the sub-mcron
si ze bubbles of the 10 oxidizing gas into the flowing initially

contam nated |iquid and thereby substantially inmredi ately oxidizing
substantially all of the contam nant contained in the |I|iquid; and
recovering the treated liquid. 15 20 14. The nethod, of claim 13 wherein the

oxidizing gas is férned‘$¢ﬁ%ﬁ%ﬂkrﬁ@%r6ﬁt§P§eEﬁﬁﬁﬁﬁéggaﬂH’dF§BéWséd

wherein the electrophilic is selected £rom the group

including AlBr,; and SbFE;.

5 4. The method according o <¢laim 1 wherein the
step of mizing the methane and the bromine is carried out
at a methane to bromine ratic from about 1:10 to about

100:1 (by mole).

10 5. The method accoxding to claim 1 wherein the
step of mixing the methane and the bromine is carried out
at a methane to bromine ratico from about 1:1 to abouk

10:1 (by mole).

15 6. The process according teo claim 1 wherein the
step of mixing the methane and the bromine is carried out
at = methane to bromine ratie from about 1:1 to about 5:1

{by mole).

20
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into the flowing initially contam nated |iquid

manuf act ur e.

flowng initially contamnated liquid is
surface thereby cleaving 44 18 July,
oxi di zing gas fromthe exterior surface.
15 including the 5 additional step of nmoving the exterior surface relative

to the flowing liquid. 17. A nethod for synthesizing diethyl ether,

et hanol, and ethyl acetate from ethane conprising: 10 providing a quantity
providing a quantity of brom ne;
brom ne and t herebys. f onmengehhodvechandimndthydiagenl bwbrrdéy Hheecting

t he bronpet hane into engagenent with 15 a netal oxi de and therebx form ng

of et hane;

di ethyl et her, sethafomixieg Hle aebbate anghihe Frepdnept yrfafeisd ou

1c

15

20

at a temperature of between about 20°C. and about 400°C.

B. The process accerding to claim 1 wherein the
step of mixing the methane and’'the bromine te form the
methyl bromide and hydrogen bromide and the step of
contacting the methyl bromide and the hydrogen bromide

with a metal oxide are carried out continuocusly.

3. The process according to claim 1 wherein the
step of mixing the methane and the bromine to form the
methyl bromide and hydrogen bromide and the step of
contacting the methyl bromide and the hydrogen bremide

with a metal ¢ozide are carried out in a batch reaction.

10. (Amended) The method according to claim 1
wherein the step of oxidizing the metal bromide to form
the original metal oxide and bromine, the step of
recycling the metal oxide, and the step of recycling the

bromine are carried out continuously.

[

41

i mredi ately upon its
15. The nmethod according to claim 13 wherein:
gas is directed through sintered naterial to an exterior surface;

and the
25 directed across the exterior
2006 sub-m cron sized bubbl es of

16. The nethod according to claim

m xi ng the ethane with the



converting the netal bromde to formthe original netal oxide and brom ne;
recycling the netal oxide; and 20 recycling the brom ne. J od
according to claim17 wherein the step of mxing the ethane and the
bromine is carried out at an ethane to bromne ratio fromabout 1:10 to
100:1 25 (nol). 45 18 July, 2006 19. The nethod according to claim 17
wherein the step of mxing the al kane and the bromne is carried out at a
tenperature of between about 50 C. and about 600 C. 5 20. The net hod
according to claim 17 wherein the step of m xing the al kane and the
bromne is carried out at a pressure between 0.1 to 200 atm 10 21. The
process according to claim 17 wherein the step of reacting the ethane with
the brom ne to forrithe (Bbendedt haf@eanetiled staaprdfiingorrtcactiaign the
bromQethane w th nmetal oxide are carried out continuously. 15 22. The
process accor diterais &hai fFey oheatwidizipg the metal bromide to form

the original metal oxide and brxomins, the step of
recycling the metal oxide, and the step of recycling the

5 bromine are carried ocut in a batch reaction.
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step of reacting the ethane with the bromne to formthe braqnpet and
the step of contacting the bronmoethane wth netal oxide out in
a batch reaction. 20 23. The method according to claim 17 wherein the step
of converting the netal bromde to formthe original netal oxide and

brom ne, the step of recycling the netal oxide, and the step of recycling
the bromne are carried out continuously. 25 46 18 July, 2006 24. The

met hod according to claim 17 wherein the step of converting the netal

bromi de to formthe original netal oxide and brom ne, the step of
recycling the netal oxide, and the step of recycling the brom ne are
carried 5 . out in a batch reaction. 25. An apparatus for converting ethane
to diethyl ether, gEhanttancmideethyl Acetamrmredmsri Spng: cenvemsingr ; 10
means for directing ethane and brom ne into the reactor to produce

br onpet hane ané<hjpdregen Trigmned; aadf p¥ sethfist Acmg%idénded conprising a

solid metal oxide in a hqysing;
a first reactor;

means for directing methane and bromine into
5 +the reactor to produce bromemethans, hydrogen bromide,
and by products CH,Br,, CHBr4, and CBr,;

a second reactor;

means for directing at least the by products
and methane intc the second reactor for reaction in the

10 presence of an electrophilic catalyst to form
bromemethane;

& reaction bed comprising a solid metal oxide;
means for directing bromomethane and hydrogen bromide
from the first and second reactors into centact with the

15 metal oxide to form methanol and/or ether and metal
bromide;

means for oxidizing the metal bromide to form
the original metal oxide and bromine; and

means for recycling the original metal oxide

20 and the bromine.
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means for directing the bronoethane and the 15 hydrogen brog;de i&to t he
first nmetal oxide bed such that hydrogen brom de is conv 1 er and
nmetal brom de; neans for separating the water fromthe bronoethane; a
second netal oxide bed conprising a solid 20 netal oxide in a housing;
means for directing the bronoethane into the second netal oxide bed to
formdiethyl ether, ethanol, ethyl acetate, and the netal brom de; neans
for converting the netal bromde to form 25 the original netal oxide and
brom ne; and 47 18 July, 2006 neans for recycling the original netal oxide
and the bromne. 26. A nethod for converting ethane to diethyl ether 5
conprising;, providing a quantity of ethane; providing a quantity of
bronmi ne; reacting fBe ebhesichad B rHRcUrGhPRE2BRE CaHemehp s H oy
br onoet hane and hydrogen brom de; 10 direcéing t he bronoet hane into

providing an oxidizing gas selected from the

group including ozone and chlorine dioxide;

5 forming the oxidizing gas imnto sub-micron size
bubbles;
providing a flew of liquid initialliy having at
least one contaminant material contained therein;
dispersing the sub-micron size bubbles of the
10 oxidizing gas into the fleowing initially contaminated
liquid and thereby substantially immediately oxidizing
substantially all of the contaminant comntained in the
liguid; and

recovering the treated liquid.

15
1l4. The method of claim 13 wherein the oxidizing
gas is formed into sub-micron size bubbles and dispersed
into the <flowing initially contaminated 1liquid
immediately upon its manufacture,
20

15. The method according to claim 13 wherein:
the oxidizing gas is directed through sintered
material to an exterior surface; and
the flowing initially contaminated liquid is

25 directed across the exterior surface thereby cleaving
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a netal oxide and thereby formng diethyl ether and a netal brom de;
converting the netal bromde to formthe woriginal netal o m ne;
15 recycling the nmetal oxide; and recycling the brom ne. 27. The nethod
according to claim 26 wherein the step of m xing the ethane and the
bromne is carried out 20 at an ethane to bromne ratio fromabout 1:10 to
about 100:1 (by nole). 28. The nethod according to claim26 wherein the
step of m xing the ethane and the bromine is carried out 48 18 July, 2006
at a tenperature of between about 50 C. and about 600 C. 29. The nethod
according to claim26 wherein the 5 step of mxing the ethane and the
bromne is carried out at a pressure of between 0.1 to 200 atm 30. The
process accor disvgp-mactbai ns2dvheridbies hef stwipigfingi xgary tfvemetttame and

the bromne to formthe 10 bronvoet hane and hydrogen brom de and the step of
exterior surface.

16. The method according to claim 15 including the
> additional step of moving the exterior surface relative

to the flowing liquid.

17. A method for synthesizing diethyl ether,
ethanol, and ethyl acetate from ethane comprising:
10 - previding a guantity of ethane;
providing a quantity of bromine;
mixinglthe ethane with the bromine and thereby
forming bromoethane and hydrogen bromide;
directing the bremoethane into engagement with
15 a metzl oxide and thereby forming diethyl ether, ethanol,
ethyl acetate, and a metal bromide;
converting the metal bromide to form the
criginal metal oxide and bromine;
recyecling the metal oxide; and

20 recycling the bromine.

18. The method according to claim 17 wherein the
Step of mixing the sthane and the bromine is carried out

at an ethane to bromine ratio from about 1:10 to 100:1

25 (mol) .
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contacting the bronoethane with a netal oxide are carried_ out
continuously. 31. The process according to claim 26 mherelﬁJﬂHKnggﬁstep of
m xi ng the ethane and the brom ne to formthe bronoethane and hydrogen
brom de and the step of contacting the bronoethane with a netal oxide are
carried out in a batch reaction. 20' 32. The nethod according to claim26
wherein the step of converting the netal bromde to formthe original

net al oxi de catal yst and brom ne, the step of recycling the netal oxide,
and the step of recycling the bromne are carried out continuously. 25 49
18 July, 2006 33. The nethod according to claim26 wherein the step of
converting the netal bromde to formthe original netal oxide catalyst and
brom ne, the step 8P.rethel meghod keaqmtidhgokbdelaandl? hehsxein ofhg ecycl i ng
the bromne 5 are carried out in a batch reaction. 10 15 34. The net hod of
cl ai m 26 wher &t§et & @i@:‘ﬂn%f'ﬁhe alkane and the bromine is carried cut

et a temperature of between about 50° C. and about 600°

C.

20, The method according to claim 17 wherein the
.8tep of mixing the alkane and the bromine is carried ocut

at a pressure between 0.1 fo 200 atm.

10 21. The process according to claim 17 wherein the
step of reacting the ethane with the bromine to form the
bromoethane and the step of contacting the bromoethane

with metal oxide are carried out continuously.

15 22. The process according to claim 17 wherein the
step of reacting the ethane with the bromine to form the
bromoethane and the step of contacting the bromoethane

with metal oxide are carried out in a batch reaction.

20 23. The method accoxding to claim 17 wherein the
step of converting the metal bromide to form the original
metal oxide and bromine, the step of recycling the metal

oxide, and the step of recycling the bromine are carried
out continucusly.

25
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engagi ng the bronoethane with the netal oxide also produces ethanol. 35. A
met hod for converting nethane to nethanol conprising: pr antity
of nmethane; providing a quantity of brom ne; reacting the nmethane with the
brom ne and thereby form ng brononet hane, hydrogen brom de, and by
products CHZ BrZ, CHBr3, and C3r4; reacting the by products with nethane in
the presence of an electrophilic catalyst to form 20 brononet hane;
reacting the brononethane forned by reacting nethane with brom ne and the
br ononet hane forned by reacting the byproducts with nethane with a netal
oxi de and thereby form ng nethanol and a netal bronide 50 18 July, 2006 5
oxi dizing the netal_brom de fromthe onnnethane oxi de reactlon to

formthe original Zfet afExPEENAAETTHANE T &M tWEeﬁﬁfﬁl tBRi de;

step of converting the metal bromide to form the original

metal oxide and bromine, the step of recycling the metal
oxilde, and the step of recycling the bromine are carried

5 out in a batch reachtion.

25. An apparatus for converting ethane to diethyl
ether, ethanol, and ethyl acetate comprising:
a reactor; |
10 means for directing ethane and bromine into the
reactor to produce bromeoethane and hydrogen bromide:
a first metal oxide bed comprising =z solid
metal oxide in a housing:
means for directing the bromoethane and the
15 hydrogen bromide into the first metal oxide bed such that
hydrogen bromide is converted to water and metal bromida;
means for separating the water £from the
bromoethane;
a second metal oxide bed comprising a solid
20 metal oxide in a housing;
meang for directing the bromoethane inte the
second metal oxide bed to form diethyl ether, ethanol,
ethyl acetate, and the metal bromide:
means for converting the metal bromide to form

25 the original metal oxide and bromine; and
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recycling the brom ne; separately reacting the hydrogen bromd ] a
netal oxi de and thereby form ng water and netal brom de; l§*¥§¥§é§§§the
metal brom de fromthe hydrogen 10 brom de netal oxide reaction to form
the original nmetal oxide; and recycling the netal oxide. 36. The nethod
according to claim35 wherein the 15 step of reacting the by products with
nmethane is carried out in the presence of excess nethane. 37. The nethod
according to claim35 wherein the electrophilic catalyst is selected from
the group 20 consisting of A Br3 and 5bF5. 38. The nethod according to
claim 35 wherein the step of mxing the nethane and the bromne is carried
out at a nethane to bromne ratio fromabout 1:10 to about 25 100:1 (by
mol e). 51 18 July, 2006 WRRSTHOIELRIE-48E oF e ner 1T nalaitat™®d wivddei n t he
step of m xing e_net.hane and the bromine is carried out at a nethane to

t
bromine ratio Fpgn¥%%dﬁ?ﬂT?Tb to about

26. A method for converting ethane to diethyl ethexr
5 comprising:
providing a guantity of ethane:
providing a guantity of bromine;
reacting the ethane with the bromine and
thereby forming bromoethane and hydrogen bromide;

10 directing the bromoethane into engagement with
a metal oxide and thereby forming diethyl ether and a
metal bromide;

converting the metal bromide to form the
original metal oxide and bromine;

15 recyciing the metal oxide; and

recycling the bromine.

27. The method according to claim 26 wherein the
Step of mixing the ethane and the bromine is carried out
20 at an ethane to bromine ratie Ffrom sbout 1:10 o about

100:1 (by mole).

28. The method according to claim 26 wherein the

step of mixing the ethane and the bromine is carried out
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10:1 (by nole). 5 40. The process according to claim35 wherein the step
ol by 2096,

of m xing the nethane and the bromne is carried out
brom ne ratio fromabout 1:5 to about 5:1 (by nole).
according to claim35 wherein the step of mxing the

at
10 41. The net hod
net hane and t he

bromne is carried out at a tenperature of between about 20 C. and about
600 C. 15 42. The process according to claim 35 wherein the step of

m xi ng the net hane and the bromne to formthe nethyl

brom de and hydrogen

brom de and the step of contacting the nethyl brom de and the hydrogen
brom de 20 with a netal oxide are carried out continuously. 43. The process

according to claim35 wherein the step of mxing the

met hane and t he

bromi ne to for At AetemRANRAULET 6 Bet¥srR MRMUEgER bF ondeld almit BO0St ep of 52
18 July, 2006 gontacting the nethyl brom de and t he hydrogen brom de

29. The method according to claim 26 wherein the

5 step of mixing the ethane and the bromine is carried out -

at a pressure of between 0.1 to 200 atm.

30. The process according to claim 26 wherein the

step of mixing the ethane and the bromine to form the

10 bromcethane and hydrogen bromide and the step of

contacting the bromoethane with a metal oxide are carried

out continuously.

3l. The process according to claim 26 wherein the

15 step of mixing the ethane and the bromine to form the

bromoethane and hydrogen bromide and +the step of

contacting the bromcethane with a metal oxide are carried

out in a batch reaction.

20° 32. The method according to c¢laim 26 wherein the

step of cenverting the metal bromide to form the original

metal oxide catalyst and bromine, the step of recycling

the metal oxide, and the step of recycling the bromine

are carried out continuously.

25
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with a netal oxide are carried out in a batch reaction. 44, TBe 5§§BOd
according to claim35 wherein the 5 step of oxidizing th 8 mde to
formthe original nmetal oxide and brom ne, the step of recycling the netal
oxi de, and the step of recycling the bromne are carried out continuously.
10 45. The nmethod according to claim35 wherein the step of oxidizing the
netal bromde to formthe original netal oxide and brom ne, the step of
recycling the nmetal oxide, and the step of recycling the brom ne are
carried out in a batch reaction. 15 46. A nethod for synthesizing olefin
oxides conprising: providing a quantity of a reactant selected fromthe
group i ncludi ng bronohydrins and al kane 20 di brom des; reacting the

sel ected reactant Vith Bheerethodxdatmrsiaot her ebgifolfi vheveit i thoxi de and

a nmetal bromde; cagnverting the netal bromde to formthe 25 priPinaI
met al oxi de artFFr B g@vagf)tlng the metal bromide te form the origina

metal oxide catalyst and bromine, the step of recycling
the metal oxide, and the step of recycling the bromine

5 are carried out in a bkatch reaction.

34. The method of c¢laim 26 wherein fthe step of
engaging the bromosthane with the metal oxide alseo

produces ethanol.

10
35.. A method for cenverting methane to methanol
comprising:
providing a quantity of methane;
providing a quantity of bromine;
15 reacting the methane with the bromine and

thereby forming bromemethane, hydrogen bromide, and by
products CH, Br,, CHBr,, and CBr,;

reacting the by products with methane in the
presence of an electrophilic catalyst to form

20 bromomethane;

reacting the bromomethane formed by reacting
methane with bromine and the bromomethane formed by
reacting the by products with methane with a metal oxide

and thereby forming methancl and a metal bromide;
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18 July, 2006 recycling the nmetal oxide; and recycling the br?nig . 47.
The met hod according to claim46 wherein the 5 reacting %§£¥ﬁ¥s—§g§ried

out at a pressure of between about 1 and about 300 ATM 4B. The net hod
according to claim46 wherein the reacting step is carried out at a
tenperature of between 10 about 50' C. and about 600 C. 49. The process
according to claim46 wherein the reacting step is carried out
continuously 15 50. The process according to claim46 wherein the reacting
step is carried out in a batch reaction. 51. The method according to claim
46 wherein the step of converting the netal bromde to formthe original
20 nmetal oxide and brom ne, . the step of recyclingﬁthe netal oxide, and the

step of recycling the bPﬁFrijﬁéi%?e &&eri Ut € ?‘?ﬁ%ousﬁ’ipf“ 52t he met hod
cccering, (o chALBAS 08 8, 15,5 sLERAL,C M SN LS A brom o
recycling the gtal oxide and bromine:
recycling the metal oxide:
5 recycling tThe bromine;
separately reacting the hydrogen bremide with
a metal oxide =and thereby forming water and metal
bromide;
oxidizing the metal breomide from the hydrogen
10 bromide metal oxide reaction to form the original metal

oxilde; and

recycling the metal oxide.

36. The methed according to claim 35 wherein the
15  step of reacting the by products with methane is carried

cut in the presence of excess methane.

37. The method accorxding to claim 35 wherein the
electrophilic catalyst is selected from the group

20 consisting of AlBr, and SbFs.

38. The method according to claim 35 wherein the
step of mixing the methane and the bromine is carried out
at a methane to bromine ratic from about 1:10 te about

25 100:1 (by mole).
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oxi de, and the step of recycling the bromne are carried _qut in_a batch
reaction. 5 53. A nethod for converting an olefin' tois ng

ol efin oxide conprising: providing a quantity of an olefin; providing a
gquantity of bromine; providing a quantity of water 10 reacting the olefin
wi th brom nelH20 and thereby form ng the correspondi ng ol efin bronohydri n;
reacting the olefin bronmohydrin wiwth a netal oxide and thereby form ng the
correspondi ng ol efin oxide; converting the nmetal bromde to formthe 15
original metal oxide and brom ne; recycling the netal oxide; and recycling
the bromne. 54. The nethod according to claim53 wherein the 20 step of
reacting the olefin bronmohydrin with the netal oxide is carried out a
pressure of between3&bothel meghoghegroBONATM SHinTHE ngtsednadder di ng to

claim53 wherein the 25,ste€ reacting the olefin bronmohydrin with the
met al oxi de 555§gpju7§gx2666 he methane and the bromine is carried out

at a methane to bromine ratio from about 1:10 +o abont

10:1 (by mole).

40. The process according to claim 35 wherein the
step of mixing the methane and the bromine is carried out
at a methane to bromine ratio from about 1:5 to about 5:1
(by mole).
10
41. The method according to ¢laim 35 wherein the
step of mixing the methane and the bremine is carried out
at a temperature of between about 20° C. and about 600°
c.
15
42. The process according to claim 35 wherein the
step of mixing the methane and the bromine toc form the
methyl bromide and hydrogen bromide and the step of
centacting the methyl bromide and the hydrogen bromide

20 with a metal oxide are carried out continuously,
43. The process according to claim 35 wherein the

step of mixing the methane and the bromine to form the

methyl bromide and hydrogen bromide and the step of
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is carried out at a tenperature of between about 50 C. a E g
The met hod according to claim53 wherein the 5 netal oxi J

oxi de of at |east one of the following nmetals: Ti, Zr, H, V, No, Tao Cr,
Fe, Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, A, G,
In, Ti, Ge, Sn, Pb, P, Sb, Bi, Sc, Y, My, Ca, Sr, Ba, Na, 10 Li, K La, Ce,

M, W M, Re,

nd about_ 600 C. 56.

an

Pr, Nd, Sm Eu, Gd, Th, Er, Yb, Lu, and Cs. 57. The process according to
claim53 wherein the step of reacting the olefin bromohydrin with the

netal 15 oxide is carried out continuously. 58. The process according to

claim53 wherein the step of reacting the olefin bromohydrin with the

nmet al oxi de i

according to claitecsinghshei nethel 2REH-dsf aegnFErt PRECPAR nBTHM 4% oni de to
nal nmetal _oxide and broni ne, the steg?%f recgcliqg_the nmet al

formthe origi

oxi de, and thé'idded BRFLRECHFHFRFIHEHFORT N ard da

conti nuously.

10

15

20

25

s carried out in a batch reaction. 20 59. The net hod

88 T28° bt

56

44. The method according to claim 35 wherein the
step of oxidizing the metal bromide to form the criginal
metal oxide and bromine, the step of recyecling the metal

oxide, and the step of recycling the bromine are carried

out continuously.

45, The method according to claim 35 wherein the
step of oxidizing the metal bromide to foxrm the original
metal oxilde and bromine, the step of recycling the metal
oxide, and the step of recycling the bromine are carried

out in a batch reaction.

46. A method for synthesizing olefin oxides
comprising:
providing a gquantity of a reactant selected
from the group including bromohydrins and alkane
dibromides:;
reacting the selected reactant with a metal
oxide and thereby forming olefin oxide and a metal
bromide;
converting the metal bromide %o feoxm the

original metal oxide and bromine;
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18 July, 2006 60. The nethod according to claimb53 wherein the steE of
converting the netal bromde to formthe original netal om ne,
the step of recycling the netal oxide, and the step of recycling the

brom ne axe carried 5 out in a batch reaction. 10 15 61. A nethod for

converting an olefin to its corresponding olefin oxide conprising:

providing a quantity of an ol efin;
reacting the olefin with the brom ne and

providing a quantity of brom ne;
t hereby form ng the correspondi ng

al kane di brom de; reacting the al kane dibromde with a netal oxide and

thereby form ng the correspondi ng ol efin oxi de;

converting the netal

bromde to formthe original netal oxide-and brom ne; recycling the netal
oxi de; and recycling theebyohminge th20méRal Tdreidest hod according to claim61

wherein the

step of reacting the al kane dibrom de with the netal

carried out at a pressur&eerchidiivdes Bbouind. to

10

15

20

25

. 47. The method according to c¢laim 46 wherein the
reacting step is carried out at a pressure of between

about 1 and about 300 ATM.

4B. The method according to claim 46 whereiln the
reacting step is carried out at a temperature of between

about 50° C. and about 600° C.

49. The process according to claim 46 wherein the

reacting step is carried out continuously.

50. The process according to claim 46 wherein the

reacting step is carried out in a2 bateh reaction.

31. The method according to claim 46 wherein the
step of converting the metal bromide to Form the original
metal oxide and bromine, the step of recycling the metal
oxide, and the step of recycling the bromine are carried

out continuously.

S52. The method according to claim 46 wherein the

step of converting the metal bromide to form the original

oxide is



about 300 ATM 18 July. 2006 63. The nethod according tcisclgﬁ' m@ erein
the step of reacting the al kane di brom de wth the netal carried

out at a tenperature of between about 50 C. and about 600 C. 5 64. The
process according to claim6l wherein the step of reacting the al kane

di bromde with the netal oxide is carried out continuously. 10 65. The
process according to claim6l wherein the step of reacting the al kane

di bromde with the netal oxide is carried out in a batch reaction. 66. The
met hod according to claim®61l wherein the 15 step of converting the netal
brom de to formthe original netal oxide and brom ne, the step of recycling
the netal oxide, and the step of recycling the bromne 'are carried out
conti nuously. 1x#7 oxide aed Howrdaveorthagtey cfaresBdlixlerbennehal step of
converting the netal bromde to forn1the.ori%inal nmetal oxi de and brom ne,

the step of re¥dd ngnehEhaettedllr oSxreeychmy the STeplnT SrecFaFFhgit he

brom ne are carr.ied ,
out in & batch reaction.

5 53. A method for converting an olefin to is
corresponding olefin cxide comprising:
providing a quantity of an olefin;
providing a guantity of bromine;
providing a guantity of water
10 . reacting the olefin with Dbromine/H,0 and
thereby forming the corresponding clefin bromohydrin;
reacting the olefin bromohydrin with a metal
oxide and thereby forming the corresponding olefin oxide;
converting the metal bremide te form the
15 original metal oxide and bromine;
recycling the metal oxide; and

recycling the bromine.

S54. The method according to claim 53 wherein the
20 step eof reacting the olefin bromohydrin with the metal

oxide is carried out a pressure of between about 1 to

about 300 ATM.

55. The method according to claim 53 wherein the

25 step reacting the olefin bromehydrin with the metal oxide
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out in a batch reaction. 25 5S 18 July, 2006 68. The net hod aﬁcogﬂigg. to
claim 6l wherein the netal oxide includes an oxi de of aﬂ' of the

following netals: Ti, Zr, H, V, Nb, Ta, C&, No, W My, Re, Fe, 5 Ru, Cc,
Rh, Tr, N, Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, G, In, Ti, Ge, Sn, Pb, P, Sbh,
Si, Sc, Y, My, Ca, Sr, Ba, Na, Li, K La, Ce, Pr, Nd, Sm Eu, &, Tb, Er,
Yb, Lu, and Cs. 10 69. A nethod for synthesizing olefin oxides from

al kanes conprising: providing a quantity of an al kane selected from the
group including ethane, propane, butane, isobutane, pentanes, cycl ohexane
and hexanes; 15 providing a quantity of brom ne; reacting the sel ected

al kane and the brom ne and thereby form ng the cqrrespondi ng ne
di bromi de;  r dgctiAFE LA 4 kaine® &%\P&ﬁﬁ&@gw ?ﬁ k%leq:r’ﬁ?teﬁl 2 ?Fgesglnﬁg't her eby
formng olefin ch(i e %ng 81=.ngtal

and abou 0 .

56. The methed according to claim 53 wherein the

5 metal oxide includes an oxide of at least one of the
following metals:

Ti, Zr, RE, VvV, Wb, Ta; Cr, Mo, W, Mn, Re, Fe,

Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, Ga,

in, Tl, Ge, 8n, Pb, B, 8b, Bi, Sc, ¥, Mg, Ca, S8r, Ba, Wa,

10 ui, K, la, Ce, Pxr, Nd, Sm, Eu, G4, Tb, Er, Yb, Lu, and

Cs.

57. The process according te claim 353 wherein the
step of reacting the olefin bromohydrin with the metal

15 omnide is carried out centinuously.

58, The process according to claim 53 wherein the
step of reacting the olefin bromohydrin with the metél
oxide is carried out in a batch reaction.

20

5%, The method according to claim 53 wherein the
step of converting the metal bromide to form the original
metal oxide and bromine, the step of recycling the metal
oxide, and the step of recycling the bromine are carriled

25 out continuously.

56




20 brom de; 25 recovering the thus forned ol efin oxide; nvert | t he
nmetal bromde to formthe original netal oxide and broniigéhﬁﬁeggﬂgng t he

netal oxide; and recycling the bromne. 18 July, 2006 70, The net hod
according to claim69 wherein the step of reacting the al kane di brom de
with the netal oxide is carried out at a pressure of between about 1 and
about 300 ATM 5 71. The nethod according to claim69 wherein the step of
reacting the al kane dibromde with the netal oxide is carried out at a
tenperature of between about 50 C. and about 6000 C. 10 72. The process
according to claim69 wherein the steps of form ng the al kane di brom de
and reacting the alkane dibromde with a netal oxide are carried out
continuously. is 60. The method according to claim 53 wherein the

step of converting the metal bromide to form the original

metal coxide and bromine, the step of recycling the metal

oxide, and the stap of recycling the bromine are carried

5 out in a batch reaction.

6l. A method for converting an olefin to its
corresponding olefin oxide comprising:
providing a gquantity of an olefin;
10 providing a guantity of bromine;
reacting the olefin with the bromine and
thereby forming the corresponding alkane dibromide;
reacting the alkane dJdibromide with a metal
oxide and thereby forming the corresponding olefin oxide;
15 converting the metal bromide to form the
original metal oxide and bromine;
recycling the metal oxide; and

recycling the bromine.

20 62. The method according to claim 61 wherein the
step of reacting the alkane dibromide with the metal
oxide is carried out at a pressure of batween about 1 to

about 300 ATM.




73. The process according to claim69 wherein the steps fognin%P%Eg al kane
di brom de and the step of reacting the al kane di brom de | oxide

are carried out in a batch reaction. 20 ,74. The nethod according to claim
69 wherein the step of converting the nmetal brom de to formthe original
nmetal oxi de and brom ne, the step of recycling the netal oxide, and the
step of recycling the bromne are carried 25 out continuously. 60 18 July,
2006 75. The method according to claim69 wherein the step of oxidizing
the netal bromde to formthe original netal oxide and brom ne, the step
of recycling the netal oxide, and the step of recycling the brom ne are
carried 5 out in batch reactions. 10 15 76. The nmethod according to claim
69 wherein the nmeté@d- o¥hdenghstddescentiog de sLaak Feayhesntn ofhithe
following netals: Ti, Zr, H, V, Nb,_ Ta, C, M, W M, Re, Fe,

step of reacting the alkane dibromide with the metal
oxide is carried out at a temperature of betwesen about

50° C. and about 600° C.

]

64. The process according to claim 61 wherein the
step of reacting the alkane dibromide with the metal
oxide is carried out continuously.

10 65. The process according to claim 61 wherein the

step of reacting the alkane dibromide with the metal

oxide is carried out in a batch reaction.

66. The method according te claim &l wherein the

15 step of converting the metal bromide to form the original
metal oxide and bromine, the step of recyecling the metal
oxide, and the step of recycling the bromine ‘are carriéd

out continucusly.

20 @7. The methed according to claim 61 wherein the
step of converting the metal bromide to form the original
metal oxide and bromine, the step of recycling the metal
oxids, and the step of recyecling the bromine are carried
out in a batch reaction.

25

59




Ru, Co, Rh, Ir, N, Pd, Pt, Cu, Ag, Au, Zn, Cd, A, G, In, Ti, G, Sn,
Pb, P, Sb, Si, Sc, Y, My, Ca, Sr, Ba, Na, Li, K La, Ce, 1BJulyy2089 £,
Gd, Tb, Er, Yb, Lu, and Cs. 77. The nethod according to claim®69 further
characterized by formng 1,2 di bronopropane over a brom nating catal yst.
20 78. The nethod according to claim77 wherein the step of formng 1,2
di bronopropane is practiced using heat. 61 18 July, 2006 79. The net hod
according to claim77 wherein the step of formng 1,2 dibronopropane is
practiced using electromagnetic radiation. 5 80. The nethod according to

claim77 wherein the step of formng 1,2 di bronopropane is practiced using

a conbination of a brom nating catalyst, heat and el ectronagnetic
radi ati on. 10 81. ASEet hdie fertrarhtatscsivging. bPeflalbxPHeshsérein Wiefins

conprising: providing a.,quantity of an olefin_selected from the group
i ncl udi ng ethyF@ﬁ@? %ﬁ&8§|éﬁ&lﬂﬂ?§léﬁe?X%ge of at least one of the

following metals:
Ti, %r, Hf, V, Wb, Ta, Cr, Mo, W, Mn, Re, Fe,
5 Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Al, Ga,
In, T1l, Ge, 8n, Bb, P, Sb, Bi, 8¢, Y, My, Ca, Sr, Ra, Na,
Li, K, La, Ce, Pr, Nd, 8m, Eu, Gd, Th, Er, ¥b, Iu, and

Cs,

10 69. A method for synthesizing olefin oxides from
alkanes comprising:
providing a quantity of an alkane selected from
the group including e£hane, propane, butane, isobutane,
pentanes, cyclohexane and hexanes;
15 providing a quantity of bromine;
reacting the selected alkane and the bromine
and thersby forming the corresponding alkane dibromide;
reacting the alkane dibromide with a metal
oxide and thereby forming olefin oxide and a metal
20 bromide;
. recavering the thus formed olefin oxide;
converting the metal bromide to form the
original metal oxide and bromine;
recycling the metal oxide; and

25 recycling the bromine,

&
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pent enes, cycl ohexene and hexenes; 15 providing a quantitﬁ‘gulwéﬂﬂ£
providing a quantity of water; reacting the sel ected ol efs ne/ H20

and thereby form ng the correspondi ng ol efin bronmohydrin;
ol efin bronohydrin with a neta

and a net al

brom de; 25 recovering the thus formed ol efi n oxi de;

converting the netal bromde to formthe .original netal oxide and
recycling the netal oxide catalyst; and 62 18 July, 2006 recycling the

brom ne. 82.

t he bronmohydrin with the netal
bet ween about 1 and about

wherein the

10

15

20

25

The met hod according to claim81 wherein the step of

reacting the
20 oxi de and thereby form ng ol efin oxide

br om ne;

reacting

oxide is 5 carried out at a pressure of
300 ATM 83. The nethod according to claim81

step O-.-redbei ngthpRd drorshydr ite wlehmt B8 wheagimxtle is 10
carri ed out at a teqperature of between about 500 C. and

reacting the alkazne dibromide with the metal
oxide is carried out at a pressure of between about 1 and

about 300 ATM.

71. The method accoxding to claim 69 wherein the

step of reacting the alkane dibromide with the metal

oxide is carried out at a temperature of between about

50° ¢. and abeout 600° C.

72. The process according to claim 69 wherein the
steps of forming the alkane dibromide and reacting the
alkane dibromide with a metal oxide are carried out

continuously.

73. The process according to claim 69 wherein the
steps forming the alkapne dibromide and the step of
reacting the alkane dibromide with a metal oxide are

carried out in a batch reaction.

, 74.  The method according tc claim 69 wherein the
step of converting the metal bromide to form the original
metal oxide and bromine, the step of recycling the metal
oxide, and the step of recycling the bromine are caxried

out centinuously.

BV



about 600 C. 84. The process according to claim8l mhereig tE? Sﬁﬁﬁs of
formng the bronmohydrin and reacting the 15 bronohydrin | oxide

are carried out continuously. 85. The process according to claim8l
wherein the step formng the bronohydrin and the step of reacting the 20
bronohydrin with a netal oxide are carried out in a batch reaction. 86.
The met hod according to claim81 wherein the step of converting the netal
brom de to formthe original 25 netal oxide and brom ne, the step of
recycling the netal 63 18 July, 2006 oxide, and the step of recycling the
brom ne are carried out continuously. 87. The nethod according to claim81
wherein the 5 step of converting the nmetal bromde to formthe origina
met al oxi de and br oh% ne, Theh&eshep afceediad ity tlrdmibalvhegwiie thand t he
step of recycling the bromne are carried out in batch reactiqgns, 10 88.

The met hod acc®FaP My CFiELZ1LRT s SErait NPT et dsrdCalF o8%i the iHFdPad#8s an oxi de

of at |east On%eggltggide and bromine, the step of recycling the metal

oxide, and the step of recycling the bromine are.carried

5 out in batch reactions.

76. The method according to claim 69 wherein the
metal oxide includes an oxide of at lesast one of the
following metals:

10 Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W, Mn, Re, Fe,
Ru, Co, Rh, Ir, Ni, pd, Pt, Cu, Ag, Bu, Zn, Cd, Al, Ga,
In, Tl, Ge, Sn, Pb, P, 8b, Bi, S¢, ¥, Mg, Ca, Sr, Ba, Na,

Li, K, La, Ce, Pr, Nd, Sm, Eu, Gd, Th, Er, Yb, Lu, and

Cs.
15
77. The methed according te claim 69 further
characterized by forming 1,2 dibromopropane over a
brominating catalyst.
20 78. The method according to ¢laim 77 wherein the

step of forming 1,2 dibromopropane is practiced using

heat.

A1



followng netals; Ti, Zr, H, V, Nb, Ta, C, Mo, W M, 1393-1':@? gﬁg Co,
Rh, Ir, N, Pd, Pt, Cu, Ag, Au, Zn, Cd, A, G, 15 In, B3 , — Pb, P,
Sb, Bi, Sc, Y, My, Ca, Sr, Sa, Na, Li, K La, Ce, Pr, Nd, Sm Eu, &, Tb,
Er, Yb, Lu, and GCs. 89. A nethod for synthesizing propylene oxide from 20
propane conprising: providing a quantity of propane; providing a quantity
of brom ne; reacting the propane and the brom ne and thereby formng

1, 2-di bronopropane; 54 18 July, 2006 5 reacting the 1, 2-di bronopropane with
a netal oxide and thereby form ng propyl ene oxide and a netal brom de;
recovering the thus formed propyl ene oxide; converting the netal brom de
to. formthe original netal oxide and bromne; recycling the netal oxide
catal yst; and recyid. nghehaebhefi aecording to claim 77 wherein the

step of forming 1,2 dibromopropane is practiced using

electromagnetic radiation.

5 80. The method acecording to claim 77 wherein the
step of forming 1,2 dibromopropane is practliced using a
combination of a brominating catalyst, heat and

electromagnetic radiation.

10 8l. A method for synthesizing olefin oxides from
elefins comprising:
providing a quantity of an olefin selected from
the gxoup including ethylene, propylene butylene,
pentenes, c¢yclohexene and hexenes;
15 providing a gquantity of bromine;
providing a guantity of water;
reacting the selected olefin and bromine/H,0
and thereby forming the corresponding olefin bromohydrin;
reacting the 6lefin bromohydrin with a metal
20 oxide and thereby forming olefin oxide and a metal
bromide;
recovering the thus formed clefin oxide;
converting the metal bromide to form the
original metal oxide and bromine:

25 recycling the metal oxide catalyst; and
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10 90. The nethod according to claim89 wherein the step gf ﬁeaéghgg t he

1, 2-di bronopropane with the netal oxide is carried out a of

bet ween about 1 and about 300 ATM 15 91. The nethod according to claim89
wherein the step of reacting the 1, 2-dibronopropane with the netal oxide
is carried out at a tenperature of between about 50 C. and about 600 C. 20
92. The process according to claim89 wherein the step of formng the

1, 2-di bronopropane and the step of reacting the 1,2-di bronopropane with a
nmetal oxide are «carried out continuously. 65 18 July, 2006 93. The process
according to claim89 wherein the step formng the 1, 2-di broi nopropane and
the step of reacting the 1,2-di bronopropane with a netal oxide are

carried out in a batch reagtling BebroFhaepmet hod according to claim 89
wherein the step of converting the nmetal bromde to formthe original

nmet al oxi de catal yst and brom ne, the step of recycling the netal oxide

catalyst, and the %ﬂﬁp % ergg ﬁéangcé£¥aing to ¢laim 81 wherein the

step of reacting the bromohydrin with the metal oxide is
5 carried out at a pressure of between about 1 and about

300 ATM.

83. The method according to claim 81 wherein the
step of reacting the bromohydrin with the metal oxide is
10 carried out at a temperaturs of between about 50° C. and

about 800° C.

84. The process according to claim Bl wherein the
steps of forming +the bromohydrin and reacting the
15  bromohydrin with a metal oxide are carried out

continuously.

85. The process according t¢ claim 81 wherein the
step forming the bromohydrin and the step of reacting the
20 bromohydrin with a metal oxide are carried out in a batch

reaction.

86. The method according to claim 81 wherein the
step of converting the metal bromide to form the original

25 metal oxide and bromine, the step of recycling the metal



10 brom ne are carried out continuously. 95. The nethod ag&géginggbg claim
89 wherein the step of converting the netal bromde to f

net al oxi de catal yst and brom ne, the step of recycling 15 the
and the step of recycling the bromne are carried out in batch reactions.
96. The nethod according to claim89 wherein the netal oxide(s) is the

oxi de or oxide m xtures of the 20 following netals: Ti, Zr, H, V, Nb, Ta,
C, No, W M, Re, Fe, Ru, Co, Rh, Ir, N, Pd, Pt, Cu, Ag, Au,

Ga, In, Ti,

Ge, Sn, Pb, P, Sh, Bi, Sc, Y, My, Ca, Sr, Ba, Na,

Ce, Fr, Nd, Sm Eu, Gd, Th, Er, Yb, Lu, and 25 Cs. 66 18 July,
The nmet hod according to claim89 wherein_the steg?of form

di br onopr opane®¥sdgyr 26 EBE AR °f TBFYRTIRE (YT B

gi nal
nmet al oxi de,

Zn, Cd, Al,
Li, K, La,
2006 97.

ng 1,2
ot %t‘"’.‘rescgg.rl?ﬂe met hod

according to clain189_mhere4n the step of formng 1,2 di bronopropane is

practi ced usi Gt HEdttinggus

10

15

20

87. 'The method zccording to claim 8l wherein

Ke nethod according to claim8.9 wherein the

the

step of converting the metal bromide to form the original

metal oxide and bremine, the step of recycling the metal

oxlde, and the step of recycling the bromine are carried

out in batech reactions.

88. The methed according to claim 81 wherein
metal oxide includes an oxide of at least one of
following metals:

Ti, Zr, Hf, Vv, Wb, Ta, Cr, Mo, W, Mn, Re,
Ru, Co, Rh, Txr, Ni, Pd, Pt, Cu, Ag, Au, Zn, Cd, Al,
In, T1, Ge, Sn, Pb, P, 8k, Bi, 8¢, ¥, Mg, Ca, 3r, Ba,
Li, K, La, Ce, Pr, Nd, Sm, EBu, Gd, Th, Er, Yb, Lu,

Cs.

the

the

Fe,
Ga,
Na,

and

89. A methed for synthesizing propylene oxide from

propane comprising:
providing a quantity of propane:
providing a guantity of bromine:
reacting the propane and the bromine

thereby forming 1,2-dibremopropane;

54

and



10 step of formng 1,2 dibronopropane is practiced using ele%tronggnetic
u

radi ati on. 100. The nethod according to claim89 wherein f

formng 1,2 di bronopropane is practiced using a 15 conbination of a
brom nating catal yst, heat and electromagnetic radiation. 57

reacting the 1,2-dibromopropane with a metal
oxide and thereby forming propylene oxide and a metal
bromide;
receovering the thus formed propylene oxide;
5 converting the metal bromide to . form the
original metal oxide and bromine;
recycling the metal oxide catalyst:; and

recycling the bromine,

10 90. The method according to claim 89 wherein the
step of reacting the 1,2~dibromopropane with the metal
oxide is carried out at a pressure of between about 1 and

about 300 ATM.

15 91. The method according to claim 89 wherein the
step of reacting the 1,2-dibromopropane with the metal
oxlde is carried out at a temperature of between about

50° €. and about 600° C,

20 92. The process accoerding to claim 89 wherein the
step of forming the 1,2-dibromopropane and the step of
reacting the 1,2-dibromopropane with a metal oxide are

carried cut continuously.
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18 July, 2006

93. The process according to c¢laim 89 wherein the
step forming the 1,2-dibrcmopropane and the step of
reacting the 1,2-dibromopropane with a metal oxide are

carried out in a batch reaction.

94. The method accoxrding to claim 89 wherein the
step of converting the metzl bromide to form the original
metal oxide catalyst and bromine, the step of recycling
the metal oxide catalyst, and the step of recycling the
bromine are carried ottt continuously.

95. The method according to c¢laim 89 whereih the
step of converting the metal bromide to form the original
metal oxide catalyst and bromine, the step of recycling
the metal oxide, and the step of recycling the bromine

are carried out in batch reactions.

96. The method according to claim 82 wherein the
metal oxide(s) is the oxide or oxide mixtures of the
following metals:

Ti, Z2r, HE, v, ¥b, Ta, Cr, Mo, W, Mn, Re, Fe,
Ru, Co, Rh, Ir, Ni, Pd, Pt, Cu, Ag, Au, Zn, Zd, Al, Ga,
In, 71, Ge, Sn, Pb, ?, 5b, Bi, Sc¢, Y, Mg, Ca, Sz, Ba, Na,
Li, K, La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Er, Yb, Lu, and

Cs.
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97. The method according *o claim B35 wherein the
step of forming 1,2 dlbromopropane is practiced over a

brominating catalyst.

$8. The method accerding to c¢laim 89 wherein the

step of forming 1,2 dibromopropane is practiced using

heat.

99. The method according to clalm 89 wherein the
step of forming 1,2 dibromopropane is practiced using

electromagnetic radization.

100. The method according to claim 89 wherein the
step of forming 1,2 dibromopropane is practiced using a
combination of a brominating catalyst, heat and

electromagnetic radiation.
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