ZONE REACTOR CROSS- REFERENCE TO RELATED APPLI CATI ONS
This is a continuation-in-part application under 37 C
WOPR006R19398. 63 of Application Serial No. 10/ 369pt48S2005/002829
filed February 19, 2003, currently pending; which is a
continuation application of Application Serial No.
10/ 114,579, filed April 2 , 2002, now. U S. Patent No.
6, 525, 230; which is a continuation-in-part application
of Application Serial No. 09/951,570 filed Septenber
11, 2001, , now U. S. Patent No. 6,462,243, claimng
priority based on provisi gofE Agpbirogti on Seri al No.
60/ 284,642 filed April 187 Z00I. TECHNI CAL FI ELD This
sinvention relates to zone reactors, and nore
Par L4 S48 S bt o IRACAAES APAL1EL ful in
processSes for converting alkanes to al cohols, ethers,
ol efins, and ot her hydrocarbons. BACKGROUND AND SUMVARY

OF THE | NVENT|I ON U. S. Patent. No., 6,46%,243 dis%Loses a
met hod offRls.is a continuation-in-part ‘application under 37

C.F.R. §1.63 of Application Serial No.‘10/369,148 filed
10 February 19, 2003, currently pending; which is a,
continuation application of Application Serial No.
10/114,579, filed April 2, 2002, now. U.S. Patent No.
6,525,230; which is a continuation-in-part application
of Application Serial No. 09/951,570 filed September 11,
15 2001, , now U.S. Patent No. 6,462,243, claiming priority
based on provisional Application Serial No. 60/284,642

filed April 18, 2001.
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TECHNICAL FIELD

25 This invention relates to zone reactors, and more
particularly to =zone reactors that are wuseful in
processes for converting alkanes to alcohols, ethers,

olefins, and other hydrocarbons.



converting al kanes to their correspondi ng al cohols and
et hers using brom ne. The patent conprises four

wonthmdiisnt s of the i nvention therein di scl osegCeaskoos/002829
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including a reactor wherein bromne reacts with an
al kane to form al kyl brom de and hydrogen brom de, a
converter wherein the alkyl bromde fornmed in the
reactor reacts with netal oxide to formthe

C 0 BACKCROUINDG ANIC GUMMARY OFhEHE INVENNIONOUS ot her
i ndi vi dual conponents . The present invention

conpri sgs szoneakeaet oS, W) 24 segenalseseast imsishod of
di scl osed in the copendi ng parent application are

Caggﬁﬁééﬁgﬁﬂr%fkéﬁ%?'@x¥e§§§lr I s IR hb8ohols and

over a exity the system for converting

ol GRES ot Sther RYGERSar bond I sOBLF3nti aPTprioes  four

CSBPAHFTH Dard] Ui ZOHed Ehi 1T TS MosSH e b oaoh

utilized to facilitate reactions occurring .
including a reactor wherein bromine reacts with an
alkane to form alkyl bromide and hydrogen bromide, a
converter wherein the alkyl bromide formed in the
reactor reacts with metal oxide to form  the
corresponding alcohol or ether, and numerous other
individual components.

The present invention comprises zone reactors
wherein the several reactions disclosed in the co-
pending parent application are carried out in a single
vessel. In this manner the overall complexity of the
system for convegting alkanes to their corresponding
alcohols, ethers, olefins, and other hydrocarbons is
substantially reduced. In addition, heat generated by
reactions occurring in particular =zones within the

vessel can be utilized to facilitate reactions occurring

in other zones.
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i n other zones. Various enbodi nents of the invention

are disclosed. In accordance with a first enbodi nent
Ohevcmaym9r eact or conpri ses a countercurrent SpPETAISL005/002829
wherein gases flowin a first direction and net al

conmpounds flow in the opposite direction. A second

enbodi nent of the invention cedprises a cocurrent
arrangenent wherein the gases and the netal conpounds
travel Viartileissambaiieotionet Theef Lpyensndnsegendisclosed.
enbodi nents of the invention are continuous systens as

oppesescéerddece hivid herdodi nent eabotieenntyertie omonki cfeactor
is a fixed-bed systemthat is continual in operation.

I'1dﬁﬂﬁ%ﬁ@@ﬁﬁeaW%Bhnt@%cb?kéﬁte%%@@bﬁﬁﬂﬂuhhﬁhﬂegﬁbes flow in
conmpounds remain fixed within the vessel while the

gases Ar&.di ﬁ%ﬁt ed thyo thenesselofddilad N A8y in  the
]gll{lect!on an laetgr I'n the opposite direction. In the

ol | ow ng Detail ed, Descriptipn the invent] '

deSERET n GORFGRCEToN wi (R A8 CoMver rongrons  OF  the

met hane to net hanol. However, as V}é Il _be aglfgregi aﬁ,‘ed .
bylnventlon comprises a cocurrent arrangement wherein the

gases and the metal compounds travel in the same
direction. The first and second embodiments of the
invention are continuous systems as opposed to the third
embodiment of the invention which is a fixed-bed system
that is continual in operation. In accordance with the
third embodiment the metal compounds remain fixed within
the vessel while the gases are directed through the
vessel first in one direction and later in the opposite
direction.

In the following Detailed Description the invention
is described in cohjunction with +the conversion of
methane to methanol. However, as will be appreciated by
those skilled in the art, -the invention is equally
applicable to the conversion of ethane and the higher
alkanes to their corresponding alcohols, ethers,

olefins, and other hydrocarbons.



those skilled in the art, the invention is equally
applicable to the conversion of ethane and the higher

wal2b@assdwo their correspondi ng al cohol s, et hePeT/US2005/002829
ol efins, and other hydrocarbons. The foll ow ng Detail ed
Description al so describes the invention in
conjunction with the use of a.particular halide, i.e.
brom ne. However, as will be appreciated by those .
ski | | edmihe thelaskinghedtniard ohebsréghabhy also describes
applicable to the conversion of al kanes to their

cordigspondidig: abeohehs, &ifierstiand othel hydreocardonsof a
utilizing other halides, including in particular

chl fiécqgcg%dr 108 Nge BRLEE DESCRIBHLON O ol <DRAMNGSi11 be

A ST ete understandi ng of the present invention

may be had by reference tg .t-he follow,.ng ai ked 4 £1
De§@ﬂﬁﬁq%ﬁ¥%amﬁyt§§85%lékﬁi%%it%%nﬂwatéﬁﬁé t8€ invention
acconpanyi ng Drawi ngs wherein: FIGJRE 1 is a

Sqi aigt ARFRET LY [ARRLAT o BF FMEount a7 ElrFeRt Yonglkanes o

reactor conprising a first enbodinent of the
i nvidmtion; corresponding alcohols, ethers, and other

hydrocarbons utilizing other halides, dincluding in

particular chlorine and iodine.



FFIGURE IAis an illustration of a variation of the
countercurrent zone reactor of FIGURE 1 ; FIGQJRE 2 is

wa 20cagyagmatic illustration of a cocurrent zORET/US2005/002829
reactor conprising a second enbodi ment of the
invention; FIGURE 2A is an illustration of a variation
pf t he cocurrent zone reactor_gt FIGURE 2 : FIGURE 3
is a diagrammatic illustration of a fixed bed zone

r eagher eRRRIPTIBNAOFNITHE erpwdiwent of the
invention; FIGURE 3Ais an illustration of a variation

?; ;hgi%?x%ﬂnﬂ§d 58$§lé€90t95d%EsE5§Hng3 offl e lresent
( agr ammatic | ust r_atl on of a zo_ne react or
SOTPUSIG.D, LT[ TRRy TR0 AL | ) Bcuing
i SRR R R E L AT
SSt checgmr;atngin%pe]:)rr%twii%gs()fwhteq”eei%epar atus of FlLGURE 4A,

FIGURE 1 is a diagrammatic dillustration of
countercurrent zone reactor comprising a first
embodiment of the invention;

FIGURE 1A is an illustration of a variation of the

10 countercurrent zone reactor of FIGURE 1;

FIGURE 2 is a diagrammatic illustration of
cocurrent zone reactor comprising a second embodiment of
the invention;

FIGURE 22 is an illustration of a variation of the

15 cocurrent zone reactor of FIGURE 2;

FIGURE 3 is a diagrammatic illustration of a fixed
bed zone reactor comprising a third embodiment of the
invention;

FIGURE 3A is an illustration of a variation of the

20 fixed bed zone reactor of FIGURE 3;

FIGURE 14 is a diagrammatic illustration of a =zone

reactor comprising a fourth embodiment of the invention;

a



FIGURE 4C is an illustration of a |later stage in the
operation of the apparatus of FIGURE 4A; FIGURE 4D is

wanodsldiepration of a still later stage in thePCT/US2005/002829
operation of the apparatus of FIGURE 4A] FIGURE 5 is a
di agrammatic illustration of the use of the apparatus

of FIGURE 4A in the conversiongf m xtures of al kanes
to chemcally related products; FIGURE 6A is a
sectional view diagrammatically illustrating an
apparatus useful in practicing a variation of the

enbodi meptcdE t g | Aenki opetthyshiat edekn &t GURE Ipparatus
FIGURE 6B is a diagrammatic illustration of the

utijizati onigf Lhe apparatiys ofof! GRE benpboBL@HHE 7or  the

IS ah agrammatic il lFustration of an apparatus useful

!n.t e practice of a v . of the enbodi nent /
|_nvlerh‘f‘?‘§?11%rhlo °1h lﬁicfiﬁlé?%éo% GURE 8 is a sectional
view taken along the lin | QURE 7 | nth
5directioI‘F11%LFR1?hg BartfoviE Pf?&)ﬁjﬁrégﬁgn odi aagr}a %V stage in

illustration of a
the operation of the apparatus of FIGURE 4A;

FIGURE 4C is an illustration of a later stage in
the operation of the apparatus of FIGURE 4A;

FIGURE 4D is an illustration of a still later stage

10 in the operation of the apparatus of FIGURE 4A;

FIGURE 5 is a diagrammatic 1llustration of the use
of the apparatus of FIGURE 4A in the conversion of
mixtures of alkanes to chemically related products;

FIGURE 6A is a sectional view diagrammatically

15 illustrating an apparatus wuseful in practicing a
variation of the embodiment of the invention illustrated
in FIGURE 3;

FIGURE 6B is a diagrammatic illustratipn of the

utilization of the apparatus of FIGURE 6A; |
20 FIGURE 7 is a diagrammatic 1llustration of an
apparatus useful in the practice of a variation of the

embodiment invention shown in FIGURE 3;



conponent part of the apparatus of FIGURE 7 ; FIGURE
10 is a diagrammatic illustration of an apparatus

wagefo9dom t he i npl enentation of a variati on oPCThES2005/002829

5

enbodi nent of the invention illustrated in FIGJRE 3 ;

FIGURE 11 is the diagrammatic illustration of an.
apparatus useful in the practige of a fifth enmbodi ment
of the invention; FIGURE 12A is an illustration of a

first SraOEURE theieper adéoni@fal heiappdedarns ofor GURE line
11; FIGURE 12B is an illustration of a later step in

t hg-@paratieuref 1 he aprard@iies iorFIGURR el ki fdwERE
13Ais a diagrammatic illustration of a first step in

the opergldipiy ofg an; appar ajusqeRatsENgid1vakiration of a
of the apparatus illustrated |n FI GURE 11; FI GURE 13B

i's an IIutrat er A @peyation of

] > A Y Oh Ll BSAIERAE Snee
|agramTat|C|II stration faflrs ste he. .

Operatld%u%&]%n];bpéﬁatas bﬁ%F?@@ﬁglg P idsiPfion of an
apparatus useful in the implementation of a variation of
the embodiment of the invention illustrated in FIGURE 3;

FIGURE 11 1is the diagrammatic illustration of an

apparatus useful in the practice of a fifth embodiment

10 of the invention;

FIGURE 12A is an illustration of a first step in
the operation of the apparatus of FIGURE 11;

FIGURE 12B is an illustration of a later step in
the operation of the apparatus of FIGURE 11;

15 FIGURE 132 is a diagrammatic illustration of a
first step in the operation of an apparatus comprising a
variation of the apparatus illustrated in FIGURE 11;

FIGURE 13B is an illustration of a later step in
the operation of the apparatus of FIGURE 13A;

20 FIGURE 15A is a diagrammatic illustration of a

first step in the operation of an apparatus comprising a

variation of the apparatus illustrated in FIGURE 11; and



variation of the apparatus illustrated in FI GURE 11;
andFI GURE 15B is an illustration of a later step in
woOheosopevat i on of the apparatus of Fl GURE 15A. PETAISkGEE002829
DESCRI PTI ON OF THE | NVENTI ON The present invention
conpri ses zone reactors wherein three sequentia
chem cal reactions occur in segarate zones within a
single vessel. In Zone 1 oxygen is reacted with a
nmet al bracuee toskonim bronibéugasaandnt hef a later step in
correspondi ng netal oxide. Brom ne gas from Zone 1
PagIRSs R ré@Ne 2 el thpaseeerd cgheniguHE react i on
occurs . In Zone 2 nethane gas is introduced at an
intermedi ate point in the vessel. Methane reacts with
the bromne from Zone 1 to form nethyl brom de and
hydr ogen brom de. The | atter gasses pass into Zone 3
where the third chem cal reaction causes nethyl
brom de and hydrogen brom de to react with nmetal oxide
to form nethanol and netal brom de. Methanol is
converted to the liquid phase by condensation and is
recovered fromthe reactor vessel as a |liquid. Excess
gasses, nostly methane, are separated fromthe
recovered net hanol and



are returned to the zone reactor along with fresh

nmet hane. Metal oxide from Zone 1 is transported to
waaow/0393sbere it proceeds from Zone 3 through BOomas2006002829

Zone 1 thereby conpleting the cycle.Reactions in Zone

1 are endothermc; therefore, nmeans to supply heat are

provi ded. Zone 2 and Zone 3 invelve exothermc

reactions; therefore, nmeans to renove heat are

pr opETEULET BE SEREPRL OW OB THD NENVENTION necessarily a

sharp one since there is no physical barrier between

zones. Thesef giescs@Me OWRId@Pf Ee@ptioss mMapmRCCUfeactors
The inportant el enent, however, is that all the oxygen

i s &QQ¥§{£E“kﬁf%éﬁﬂéﬂﬁdaﬂﬂﬁ%ﬂ nc%%%ﬁc%lsorEQ@Elbh%t|Sccur in

or Nno oxygen remal ns 10 re_act w th nethane in Zone

speE?%@raF%tgaa F|%ﬁ % %tn&n%é%gygésg%ganfkﬁ%e 1 oxygen
4 Gch® a3o05EPBuS EPnr STy BYSPIUMUED s (AP SEsapas @0

from met hanol in various isolation/purification steps.
ythﬁr@@@ﬁgépondlng metal oxide. Bromine gas from Zone 1
passes to Zone 2 where the second chemical reaction
occurs. In Zone 2 methane gas is introduced at an
intermediate point in the vessel. Methane reacts with
10 the bromine from Zone 1 to form methyl bromide and
hydrogen bromide. The latter gasses pass into Zone 3
where the third chemical reaction causes methyl bromide
and hydrogen bromide to react with metal oxide to form
methanol and metal bromide. Methanol is converted to the
15 1liquid phase by condensation and is recovered from the
reactor vessel as a liquid. Excess gasses, mostly
methane, are separated from the recovered methanol and
are returned to the zone reactor along with fresh
methane. Metal oxide from Zone 1 is transported to Zone

20 3 where it proceeds from Zone 3 through Zone 2 to Zone 1

thereby completing the cycle.



met hane in Zone 2 will pass through Zone 3 and be
recycled in Zone 2 . Other unreacted brom nated

wepeaewicassare returned to Zone 2 either for reaeCrms2m5/002829
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to suppress further formation of the higher broninated
speci es by satisfying chem cal equilibrium The zone
reactor operates at essentiallyyat nospheric pressure
and at tenperatures up to about 750F. The principa

advant age ;e¢ebngonygnt yenal 1rethanolenpioatesmild;es therefore,
the simplicity of the system The zone reactor

ac%k%%%§t%ges %@gﬂfsﬁéa faq%tnﬁﬂ9$i&@d§ slongl e2 vessel zone 3

whereas e Co ional process requires nmultiple

vessel s to first pr.oduce synt hesi | o y
cat @AW+ ¢ r% Qﬁ ?#%l?%ﬁ??ﬁﬁ%%ﬁi'tﬁ%gg%ﬁép%éa%§%?9 to remove
operates at slightly above atnospheric pressure

whéreeds alfe ‘onal process requires pressures up

to 200 atnospheres . A's will be appreciated by those

ski | | ed The tm%@?%i}l@heoioﬁ@nﬁéaé@or%@tbfn?ﬁﬁsﬁgjé'l:gﬁt a sharp
i nvention can be used with ethane and hi gher al kanes

t 0 greodadeceorahesmonds ngio physical barrier between zones.

Therefore, some overlap of reactions may occur. The
important element, however, is that all the oxygen 1is
converted to metal oxide in Zone 1 so that little or no
oxygen remains to react with methane in Zone 2. In Zone
2 other bromides, i.e., higher brominated species, in
addition to methyl bromide may form and result in
products other than methanol in Zone 3, such as various
ethers. Any by-products are separated from methanol in
various isolation/purification steps. Any unreacted
methane in Zone 2 will pass through Zone 3 and be
recycled in Zone 2. Other unreacted brominated species
afe returned to Zone 2 either for reaction or to
suppress further formation of the higher brominated

species by satisfying chemical equilibrium.



al cohol s, ethers, olefins, and other hydrocarbons. The

zone reactor also has advantages over a nultistep
wonroemaassnti | i zi ng the sanme brom ne chem stry. PONAIS2005/002829

advantage is that one step replaces several. In

addi tion, brom ne gas remains in one vessel and need

not be condensed and re-vaporttkd. Figure 1 shows a

countercurrent system enploying the zone reactor of

the present inwen¢i onrebotbhi s enpoditent gadses F9sgptially

upward t hrough a bed of solids which is noving

dowwashh Qagep rics siufter ogigech @t telpcatthomsof upheto  about

vessel and reacts with a nmetal brom de to form brom ne

ga%éﬁﬁitfﬁécﬁfiﬁépﬂgg'ngﬁﬁtébe06&@@-éﬂﬁv%ﬂﬂﬂﬂhal methanol

entails regeneration of the nmetal oxide, which was

;éﬁ):rnogceed dnyfone 3 R omrﬂﬁliéfg%zg%e thdr 968€6%.1 @he zone

ere met hane gas 1s 1 ntroduced. The mnet hane

reacts with the bromne to f.orm nmethyl ' a .
>hy drfEebr BHFHSVe%héquat?%?%%l%agéeﬁ)t?{ogcrgogd nggr fSHate
to Zone 3 where fresh netal oxide reacts with these .
gasteseb f oMAERRhanshCand RBRVSREHPBATde. PTRESSS — FEAULEES

regenerated netal oxide
multiple vessels to first produce synthesis gas followed

by catalytic reaction. Furthermore the =zone reactor
operates at slightly above atmospheric pressure whereas

10 the conventional process requires pressures up to 200
atmospheres.

As will be appreciated by those skilled in the art,
the =zone reactors of the present invention can be used
with ethane and higher alkanes to produce corresponding

15 alcohols, ethers, olefins, and other hydfocarbons.

The zone reactor also has advantages over a multi-
step process utilizing the same bromine chemistry. One
advantage }is that one step replaces several. In

addition, bromine gas remains in one vessel and need not

20 be condensed and re-vaporized.



fromZone 1 is returned to Zone 3 thereby conpl eting
the cycle. The reaction in Zone 1 may require heat. I|f

weaoea1sewt abl e heat supply apparatus is provi #emUskms/002829
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Zone 2 the reactions are exotherm c. Heat fromthe

Zone 2 reactor is allowed to raise the tenperature of

the gasses formed. Zone 3 involyes reactions that may
require the renoval - of heat; therefore, a suitable

heat remavaireapparsticiss i ® pcovntedcTheerbnesysaet orempfloying
FIGURE 1 conprises’a unitary vessel. Referring to

FI GURE LAnect heczererr eagt orhof g 1 ivayer@t Son. In this
conprise a vessel having nultiple conponents which are

secyred:one Oggg%gerﬂ% sybhabhe fashRers. vl sof solids

a:lom§ removal components” of the vessel for

oy SRemof of e Vhe oot P B tiahe g, M dften =t the

P L L L S

ga%ggaﬂﬁégkfkgﬁgaguggdtggé corresponding metal oxide. This
step entails regeneration of the metal oxide, which was
expended in Zone 3. Bromine from Zone 1 proceeds to zone
2 where methane gas 1s introduced. The methane reacts
with the bromine to form methyl bromide and hydrogen
bromide. The latter two gasses proceed upward to Zone 3
where fresh metal oxide reacts with these gasses to form
methanol and metal bromide. The regenerated metal oxide
from Zone 1 is returned to Zone 3 thereby completing the
cycle.

T@e reaction in Zone 1 may require heat. If so, a
suitable heat supply apparatus is provided. In Zone 2
the reactions are exothermiq. Heat from the Zone 2
reactor is allowed to raise the temperature of the
gasses formed. Zone 3 involves reactions that may

require the removal of heat; therefore, a suitable heat

removal apparatus is provided.



the gasses transport the solids. This enbodi nent

conbi nes the reaction steps with the physical novenent
wohodevamel i ds . The chemi cal reaction steps aPeTAS2005/002829

described for Figure 1 . The zone reactor of FIGURE 2

conprises a unitary vessel. Referring to FlI GURE 2A,

the zone reactor of FIGURE 2 mpy-al so conprise a

vessel having multiple conmponents which are secured

one to an@ hesnby rsidtaly eof agti@umEs. 1 Thisnadismss a unitary

renoval of conponents of the vessel for cleaning

and/Qysdiepai rg fé%r?%3t_%hoﬁd\§G@E§i X180- bewe SHrRM reactor of
conprising a t ird odi nent of the invention.

Wh ur cgnt S ,
Flgire dgscﬁggesgggéontl Jsﬁgygteﬁgggﬁ§th%§g§ multlple

5 At o Pﬁ%@%géégr%ﬁ: %Zf/e%)(' J% 50! 930‘&353' %y suitable

gasses are pa

through the vesse| generatio pds carr ri.ed
Sout A3 PG by Taber SE o FRONRD GRaSS TR of ©he
the system The steps involved and the order in mhlch

t hese a5l peef crheah @ IeB(QF Herpalr-

Figure 2 shows a cocurrent system employing the
zone reactor concept. In this system gasses and solids
proceed together in the same direction. In addition the

10 solids are suspended in the gas flow in a way such that

' the gasses ‘transport the solids. This embodiment
combines the reaction steps with the physical movement
of the solids. The chemical <reaction steps are as
described for Figure 1.

15 The =zone reactor of FIGURE 2 comprises a unitary
vessel. Referring to FIGURE 2A, the zone reactor of
FIGURE 2 may also comprise a vessel having multiple
components which are secured one to another by suitable
fasteners. This allows removal of components of the

20 vessel for cleaning and/or repair.

Figure 3 shows a fixed-bed system comprising a

third embodiment of the invention. Whereas Figures 1 and



in Figure 3 . This node of operation distinguishes
itself by avoi ding novenent of solids as in the

weonhadiigmnt s of Figures 1 and 2 . |In addition, POY/US2005/002829

ne

carefully setting the duration of each step the heat
generated in Zones 2 and 3 can be at least partially
allowed to raise the tenperatutg-of the bed. Then,

when flow is reversed and Zone 3 becones Zone 1 , the

he@® sleaioadbien thetsobiods capsbemasedFigupe ovd dedgdrribes a
reaction heat needed in Zone 1 . In this way the

overldirgidiectyssem. ditrecthé r gpsten off heayukeord thee metal
exotherm c zone to the zone where it i s needed w t hout

9oy ough an idderdedialg 15t eFiseh a8 (Hi82Mthe vessel

generation. However, since the heat generated in Zones

2 aw%djlﬁe, i fgggggggt’}ﬁ%ebg Jigaler than that neededetler. The

necessary to'renove sone heat

fromthe s

Sa Lﬁﬁqed}eyr%é;{rg]l glg%@fzggﬁéag‘g%%g |%EEI%EQP %éé:go ;irsegfc'ersing
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reactor of FIGURE 3 may al so conprise a vessel havin
nulth el Bldnpbnentes wFﬁvlé ég
by suitable

RughetBecEYadeBne 106 &fGtRfervolved

and the order in which they are performed are described
in Figure 3. This mode of operation distinguishes itself
by avoiding movement of solids as in the embodiments of
Figures 1 and 2. In addition, by carefully setting the
duration of each step the heat generated in Zones 2 and
3 can be at least partially allowed to raise the
temperature of the bed. Then, when flow is reversed and
Zone 3 becomes Zone 1, the heat stored in the solids can
be used to provide the reaction heat needed in Zone 1.
In this way the overall effect is a direct transfer of
heat from the exothermic zone to the =zone where it is
needed without going through an intermediate step such
as steam generation. However, since the heat generated
in Zones 2 and 3 is likely to be greater than that
needed in Zone 1, it may still be necessary to remove

some heat from the system.
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fasteners. This allows renoval of conponents of the

vessel for cleaning and/or repair. Referring to Fl GURE
04poctchesogone reactor of the present inventi onrPOBAUS2005002829
conpri se separate vessels. Utilization of separate

vessel s to define the zone reactor allows the use of

punps to control the pressure-at-which the reaction

wi t hi n each i ndividual vessel takes place. Uilization

of separite vesselrsaaltsa abFoVRIGURE uSe afmpudlasss &o unitary
prevent outflow froma particular vessel until the

reagdd 1 t herpifehaismdeen conplet edrgndeheo theieattector of
facilitate transfer of the action products to the next

zongrgudie Rhyshgal o sgpardidon & taheveggg.lcaﬂla*@ﬂ@?i @fultiple
formed during operation of the zone reactors disclosed

her el .5, ACCoppl Liphed by canentd.analo Meanencti HY. cuitanie

val Uai € product’s ‘and by-products recovered a er
useful, species returned.to the appropriate zone faor
corRrFesrts‘? Br saﬁ’”s?a 'lé’r’f’sofrgﬂgﬁ‘?galog cofiplhents of the

eq%é;égingé%ﬁfggﬁ{ggt;héﬂégnézsgigp apparatus 20 is

Referring to FIGURE 14, the zone reactor of the
present invention may also comprise separate vessels.
Utilization of separate vessels to define the =zone
reactor allows the use of pumps to control the pressure
at which the reaction within each individual vessel
takes place. Utilization of separate vessels also
allows the use of valves to prevent outflow from a
particular vessel until the reaction therein has been
completed and to thereafter facilitate transfer of the
action products to the next zone.

The physical separation of the chemical species
formed during operation of the =zone reactors disclosed
herein 1s accomplished by conventional means, with
valuable products and by-products recovered and other

useful species returned to the appropriate zone for

conversion or satisfaction of chemical equilibrium.



diagrammatically illustrated. The apparatus 20
conprises an inperforate cylinder 22 forned from an

wappeopsivat e netal , an appropriate polyneric nmrCemsa05/002829

or both. The cylinder 22 has closed ends 24 and 26. A
passageway 28 extends through the end 2 4 of the
cylinder 22, a passageway 30 exgends through the end
26 of the cylinder 22, and a passageway 32 extends to

t he centg@fepﬁﬁ%ont@f thegeyd i nder 22nbetymendthes 20  is

ends 24 and 26 t

ereof. The apparatus 20 further

cor ﬂ@f%%ﬁ%ieﬁoneiﬁéswﬁ@éh! s initigkly &%ﬂﬁééﬁéitus 20

A second zone 36 | ocated at

opposite, end of the cyldnder 22 fr. ong ,34
i ni STEREYSET 1 1HY Wi RSt Ceon Cda LIRS 24 of CBBSE of Tom  an

zone 38 whjch is centrally dispose

tween the

i b ,
fF rRo Sel e anaCehe. SBcoRETPERGISE O 4 [jprerial, or
enpty. Referring to Figure 4B, a first stage in the

Soperaith on dfhe hevapparat ¥ 2025 s CARGRS
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passageway 28 extends through the end 24 of the cylinder
22, a passageway 30 extends through the end 26 of the
cylinder 22, and a passageway 32 extends to the central
portion of the cylinder 22 between the ends 24 and 26
thereof.

The apparatus 20 further comprises a first zone 34
which is initially filled with metal halide. A second
zone 36 located at the opposite end of the cylinder 22
from zone 34 is initially filled with metal oxide. A
third or central zone 38 which 1s centrally disposed
between the first zone 34 and the second zone 36 is
initially empty.

Referring to Figure 4B, a first stage in the
operation of the apparatus 20 is shown. Oxygen or air
is directed into the first zone 34 through the opening
28. The oxygen or the oxygen from the air reacts with

the metal halide to produce metal oxide and halide. The



is directed into the first zone 34 through the opening

28. The oxygen or the oxygen fromthe air reacts with
woOheroreezad hal i de to produce netal oxide and hatTas2005/002829

Thehalide flows fromthe first zone 34 into the

central zone 38 . Sinultaneously with the introduction

of 1 oxygen or air into the figst zone 34 through the

opening 28, a selected alkane is directed into the

cemdlaldezofitod8 thraughhihef openi ngnd2. 3WW tihito t hee central

central zone 38 halide reacts with al kane to produce

al kydndald de and hydrogen halide. The al kyl halide and

t he hydrogen halide pass fromthe central zone 38 to

t he secan thtp,t eg : the:

al kyl hgﬁﬂgné‘élo%ﬁ“d&?fwsél\%yg?ggen@he;l FRES0808E130 | OE oxygen or

oxide to

.0d whi gh d
hc s SREBucy 0T THE rRAR T oA wEH T He Eectn Sahe s @
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through the opening 32. Within the central =zone 38
halide reacts with alkane to produce alkyl halide and
hydrogen halide. The alkyl halide and the hydrogen
halide pass from the central zone 38 to the second zone
36.

Within the second zone 36 the alkyl halide and the
hydrogen halide react with metal oxide to produce
products which are recovered through the passageway 30.
The reactign within the second zone 36 also produces
metal halide.

Referring to Figure 4C; the foregoing reactions in
the first zone 34, the central zone 38, and the second
zone 36 continue until substantially all of the metal
halide that was originally in the first zone 34 has been
converted to metal oxide. Simultaneously, substantially
all of the metal oxide that was originally in the second

zone 36 is converted to metal halide. At this point the



the first zone 34, the central zone 38, and the second
zone 36 continue until substantially all of the netal
woabiethaodhmat was originally in the first zone BdThE2005/002829
been converted to netal oxide. Sinultaneously,
substantially all of the nmetal oxide that was
originally in the second zone.8%-is converted to netal
halide. At this point thereaction is stopped and the
centgzalt izone Bs 8 issoppaduatad Thiee nexenstrage izotde 38 is
operation of the apparatus 20 is illustrated in Figure
4D.evEhe geart i ons descri bed above in conjunction in
conjunction with Figure 4B are now reversed, with

oxygen @%émﬂéQ%ﬂiﬁh%?nlﬁtﬁﬁet9péf§t§6ﬁoﬁ§ Z0Re a¥Pparatus 20
through the opening 30. The oxygen or oxygen fromthe

ai ry Eiﬁs bchhe retal, Q'MEP inqihe 5850p8,30NQ38ribed
kirbs nSrrde T

to pro uce e and ne oxi de. The romthe

rea tion in the.second zone 36_pass o_t. C

S, b whr 6978 SPELAPT it hogrk %%f??%%e. GoF ChrSiEE 4B are
the openi ng 32 to produce al kyl halld and h 0

haltde. TRYRyFeRal idéh aﬁ%ﬂ%ﬁﬁo@%nahal(ﬁ%WQO%gm Ea to the

second zone 36 through the opening 30. The oxygen or
oxygen from the air reacts with the metal halide in the
second zone 36 to produce halide and metal oxide. The
10 halide from the reaction in the second zone 36 passes to
the central zone 38 where it reacts with alkane received
through the opening 32 to produce alkyl halide and
hydrogen halide. Alkyl halide and hydrogen halide from
the reaction within the central zone passed to the first
15 zone 34 where they react with the metal oxide contained
therein to produce product and metal halide. The
reactions continue until substantially all of the metal
halide in the second zone has been converted to metal
oxide and substantially all of the metal oxide within
20 the first zone 34 has been converted to metal halide at
which time the apparatus 20 1is returned to the

configuration of Figure 4A. At this point the central



the reaction within the central zone passed to the

first zone 34 where they react with the netal oxide
woandcaiigsdd t herein to produce product and netakcaiseae/ 002829

The reactions continue until substantially all of the

metal halide in the second zone has been converted to

nmet al oxi de and substantially -al9- of the nmetal oxide

within the first zone 34 has been converted to netal

hal Edreat38ihi eh etviagmattiee! appar &hes Jdrvs desarhbddt ¢ycle of

the configuration of Figure 4A. At this point the

cenbpakabhen3Bsi sepwatadt ed and the above descri bed

cycle of operation is repeated. Referring to Figure 5

there i sprehewning apparaduse 46 usefad i8 thowdr aoti ePparatus
of the third enmbodi nent of the invention as

i 11 wpt pated:i B, Figur on%caélq:ed%%rﬂ&edtﬁlﬁf&'éﬁ@@&ﬁnéﬂt of the

cgnjunctlon therew t Many of the conmponent parts of
e.a 4 I t d :
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component parts of the apparatus 40 are identical in

gf the

construction and function to component parts of the
apparatus 20 illustrated in Figures 4A-4B, dinclusive,
10 and described hereinabove in conjunction therewith.
Sucﬁ identical component parts are designated in Figure
5 with the same reference numerals utilized in the

foregoing description of the apparatus 20.
The apparatus 40 comprises first and second
15 cylinders 42 and 44. The cylinders 42 and 44 are each
identical in construction and function to the cylinder
22 illustrated in Figures 4A-4D, inclusive, and
described above in conjunction therewith. The cylinder
42 receives a mixture of alkanes, including methane,

)

20 ethane, propane, etc., through the opening 32 thereof.

The several reactions that occur within the cylinder 42

produce products and methane which are initially
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Such identical conponent parts are designated in

Figure 5 with the sane reference nunerals utilized in
Oheocfoaswgoi ng description of the apparatus 20PCThS2005/002829
apparatus 40 conprises first and second cylinders 42

and 44. The cylinders 42 and 44 are each identical in
construction and function to tpg-cylinder 22

illustrated in Figures 4A-4D, inclusive, and descri bed
abawe:dve reanj tmedign dheergwirting B cyl i nder 42

receives a mxture of al kanes, including nethane,

et hane, JHOPIRE:HALL. rdNI0UGRY t Fa-Bperiny 32ddereef . which
The several reactions that occur within the cylinder

42c¥%§ﬁfc%ﬁﬂﬁﬁ§yc %eangggﬁhﬁége &@icfsar§epa¥5ted from the

I ni yrecovered thro the opening 30." The net hane
resultjng fromthe, reactigons whigh occur within the, .
cyﬁFﬁﬁ%Fgfﬁ i§e§8§5%39edi%F€h1t éepr6ﬁﬁ%1§“?g§ul%Pgaln the
fromthe reactions within the cylinder_ 42 b

comritidsal (gehnPyues CORERNEORRLL | | FACPBICUTRe SUCh  as
methane is then directed into the cylinder 44 through

t helisgeldi kit B2  her Bo® . M@tteine t e then directed into the

cylinder 44 through the oéening 32 thereof. Within the
cylinder 44 the methane 1is <converted to products
utilizing the  same reactions described above in
conjunction with the apparatus 20. Products resulting
from the reactions occurring within the cylinder 44 are
initially recovered through the opening 30 thereof.

As will be understood by reference to the foregoing
description of the operation of the apparatus 20,
operation of the apparatus 40 continues until
substantially all of the metal halide that was
originally in the first zones 34 of the cylinders 42 and
44 has been converted to metal oxide and until
substantially all of the metal oxide that was originally
in the second zones 36 of the cylinders 42 and 44 has
been converted to metal halide. At this point the

direction of flow through the cylinders 42 and 44 1is



cylinder 44 the nethane is converted to products

utilizing the sane reactions descri bed above in
woanjeingddon with the apparatus 20. Products reeuius2owg002829

fromthe reactions occurring within the cylinder 44

are initially recovered through the opening 30

thereof. A s will be understoodijhy reference to the

foregoi ng description of the operation of the

appas-pd e 0 operrakiton iqf, t hexygppar aiss 40 re@tfeidnueimto  the

until substantially all of the netal halide that was

ori ginalddrd Nabhenki ugt 700egn34nQf Jdtas Ldudifierso A2roducts

and 44 has been converted to netal oxide and ‘until

substantial Ly all._ of I I.d a h
ori a@ri“%afnfe?}hﬁﬁet h&lerese]ééggvggégs f%élmofec %Aﬁegé’?’??‘ﬁﬁér 34242t rough
and 44 has been converted. to tal_ _halide. At _thi
poi A t RESARPESETor o FIOWPCREBIGH (HE cyPPRISFET4FTom the
and 44 isreversed. That is, oxygen is directed into
5t hecedinderer 44 480 ap09R 4tk hir b3 %ggﬁﬁabagéagemays 30,
products and nethane are recovered fromthe cylinder
42 t hr ougdfeheipassagdaayres thandhsrsduct sshgwn an apparatus
recovered fromthe

50 useful in the practice of a variation of the third

embodiment of the invention as illustrated in Figure 3

and described hereinabove in conjunction therewith.

10 Many of the component parts of the apparatus 50 are

substantially identical in construction and function to

component parts of the apparatus 20 illustrated in

Figures 4A-4D, inclusive, and described hereinabove in

conjunction therewith. Such substantially identical

15 component parts are designated in Figures 6A and 6B with

the same reference numerals utilized above in the

description of the apparatus 20 but are differentiated
there from by means of a prime (‘) designation.

The apparatus 50 differs from the apparatus 20 of

20 Figures 4A-4D, inclusive, in that the cylinder 227 of

the apparatus 50 includes additional =zones 52 and 54

therein. Bach of the zones 52 and 54 receives a



cylinder 44 through the passageway 28. Referring to
Figure 6A, there is shown an apparatus 50 useful in
woOhespneobi ce of a variation of the third enmbod#CTEIS2006/002829
the invention as illustrated in Figure 3 and descri bed
her ei nabove in conjunction therewith. Many of the
conponent parts of the apparatys_50 are substantially
identical in construction and ?unction t o conmponent

paréétéﬂy§$etﬁ@p@ﬁﬁ&ﬁ§ogooE|bH§Ehah@dﬂd1ﬂﬁdMMf¥hte coupling
AA- 4D, i'nclusive, and descri bed herei nabove in

conj knetpon | tﬂgg ey § ye S&h%ﬁeéghléﬁagﬂo%idd’ed dgpt 't@lgB reaction

conponent par are designate I gures 6A and
ith the same t ﬁeren ner.al.s d v :
desSrTBET I of TEHE” appir 1L r%ol g, 280 FREEE pifiacing
there from by neans of prinme desi gpat i on.
amﬁﬁ%@%@t%OCBWPFéﬁéngrgﬁ %ﬁ%sggocsfgﬁPg§&9?s than
4A- 4D, inclusive, in that the cylinder 22" of th
Sappéeat Gis b eirmdisedeRe addict | Gt - zonse EITANHY 5 Ehe catalyst
therein. Each of the zones 52 and 54 receives
acathhystig hednirdiesh ofithinchthe tzodegi |52 ataed 54 1is a
coupl i ng
selected zeolite. However, the catalyst received within
the zones 52 and 54 may also comprise a metal
halide/oxide. If a metal halide/oxide 1is employed
10 within the zones 52 and 54, it preferably comprises a
different metal halide/oxide as compared with the metal
halide/oxide that is utilized in the =zones 34 and 36.
Operation of the apparatus 50 proceeds identically to
the operation of the apparatus 20 as described above
15 except that the presence of a catalyst in the zones 52
and 54 facilitates —coupling of the alkyl halide
molecules produced within the zone 38 to products.
Referring now to Figures 7, 8, and 9, there is
shown an apparatus 60 useful in the practice of the
20 third embodiment of the invention as illustrated in

Figures 3 and described hereinabove in conjunction

therewith. The construction and operation of the



of the al kyl halide nol ecul es produced by the reaction

occurring within the central zone 38 thereby producing
wonroemwet3d®o conpri si ng hi gher nunbers of carbon aCoMs2005/002829

t han woul d ot herw se be the case. Preferably the

catalyst that is contained within the zones 52 and 5 4

Is a selected zeolite. However ,;the catal yst received

within the zones 52 and 54 may al so conprise a netal

hal ideloxide . cbf asmetalyhali defoxidenis egBbeyed to the
withi'n the zones 52 and 54, 1t preferably conprises a

L5300, 8, D FELOALI % EOURO B ATS) s ohows

OXi t utilized in e zones 34
and, 36. Qferatio of the par at us, 50 pr.oc e§§ . .
i dehti cBHYYCED t oﬂé‘?at?%n %‘Péth%esa eacfu S above  in
descri bed above except that the presence of a catalyst
i n ¢ore]) whpekomthpewithaci | it ates coupling of the
al kyl halide nol ecul es produced within the zone 3 8 to
5pr oduct sThRefagaingg usowso ThrRreiesesy 2 goanged 64 hbpging a
is shown an apparatus 60 useful in the practice of the
plurality of cylinders 64 mounted therein. The
cylinders 64 are imperforate except that each cylinder
64 has a central portion 66 which is perforated. Alkane
is received in the barrel 62 through an inlet 68 and
10 passes from the barrel 62 into the cylinders 64 through
the perforations comprising the portions 66 thereof.
The pressures of the alkane within the barrel 62 is-
maintained high enough such that alkane flows into the
cylinders 64 while preventing the outflow of reaction
15 products therefrom.

The cylinders 64 of the apparatus 60 are further
illustrated in Figure 8. As indicated above, each
cylinder 64 is imperforate except for the perforated
portion 66 thereof. The cylinder 64 has end walls 68

20 and 70 situated at the opposite ends thereof. Each of

the end walls 68 and 70 1s provided with an oxygen or

air receiving passageway 72 and a product discharge



third enbodi nent of the invention as illustrated in

Fi gures 3 and descri bed herei nabove in conjunction
woOhersmpdh. The construction and operation of PCT/US2005/002829

t heapparatus 60 is simlar in many respects to the
construction and operation of the apparatus 50 as

shown in Figures 6A and 6B andodescribed herei nabove

in conjunction therewith. The apparatus 60 conprises a
baméégsggéﬁ@yimg_a plurality of cylinders 64 nounted
therein. The cylinders 64 are inperforate except that

each cylinder 64:has 2 £enLLabRQLL 0N 66 AR Choks 76 which
perforated. AlKane is received in the barrel 62

t hr ough, anp. i nl e nd e rom:t bar r { n

t her *H T AeeY s c&&t{%ﬁm‘% rﬂgﬁﬁi Sflglflcig Q%d L eéec,q%dngtz%ne 78

roug € perforations conprisi
the portions, 66 i

ereof., Th f.th I .
f CHEEER heb Ba bt 180 TR Ha B ot Tk hi gh Eibugh. shonthi=d

that al kane flows into the cylinders 64 while .
Spr evemET Y ERBE0BPT FERCHePeAGlilcls prodidts tiHerRFFbnrations

The cylinders 64 of the apparatus 60 are further
comprising the perforated portion 66 of the cylinder 64.

or

zones 82 located Dbetween the zones 76 and 78,
respectively, and the zone 80 contain a catalyst.
The catalyst contained within the zone 82

10 preferably comprises a selected zeolite. The catalyst
may also comprise a metal halide/oxide. If employed,
the metal halide/oxide of the zones 82 is preferably a
different metal halide/oxide as compared with the metal
halide/oxide comprising the zones 76 and 78.

15 Operation of the apparatus 60 1is substantially
identical to the operation of the apparatus 50 as
illustrated in Figures 6A and 6B and described
hereinabove in conjunction therewith. Oxygen or air is
initially directed into the cylinder 64 through the

20 passageway 72. The oxygen or the oxygen from -the air

reacts with the metal halide within the zone 76 to

produce halide and metal oxide. The halide passes into



illustrated in Figure 9 . A s indicated above, each

cylinder 64 is inperforate except for the perforated
wQQaodei0ays966 t hereof . The cylinder 64 has end waCrAIS&®5/002829

and 70 situated at the opposite ends thereof. Each of

the end walls 68 and 70 is provided with an oxygen or

air receiving passageway 72 angsa product

di schar gepassageway 74. Each cylinder 64 conprises a

fingtc zeratf81Whi6hei Md i @hkyecont aimesadtms alvikal i ee alkane
and a second zone 78 which initially contains netal

oxiyqe., A 4 hidd groaepLr aly gpne 80 slRceibyas hahkden halide.
it ?

t hroug e pertorations conprising the perforated

LR S B LR RO, ppzcuon e

ZON€es an , respectively, an

zone 80 contain a catalyst. T cat al . yst._cont.ai :

wi (YRR 2 8RER83 g e?%ﬁ?y%?oﬁg?%%esfgcégﬁggggg coupling
zeolite. The catal yst may al so,conprise a _netal . o
Shalafle/ B¢ dem91Pf3uiﬁﬁl ofBAPTL R Het & Shald i ox it igle  into
the zones 82 is preferably a different netal

halneedoxiee asviogpatzoyew t hupherget@f carbon atoms.  The

hydrogen halide and the now-coupled alkyl halide next
pass into the zone 78 where the hydrogen halide and
coupled alkyl halide react with the metal oxide therein
10 to produce product and water. The product and the water
are recovered from the cylinder 64 through the outlet
74.
The foregoing process continues until substantially
all of the metal halide within the zone 76 is converted
15 +to metal oxide and substantially all of the metal oxide
in the zone 78 is converted to metal halide. At this
point the direction of flow through the cylinder 64 is
reversed with oxygen or air being received through the
opening 72 in the end 70 of the cylinder 64 and products
20 and water being recovered through the opening 74 formed
in the end 68 of the cylinder 64.

Referring to Figure 10, there is shown an apparatus



hal i de/ oxi de conprising the zones 76 and 78. Operation

of the apparatus 60 is substantially identical to the
wopessandon of the apparatus 50 as illustrated PAT/US2005/002829

Fi gures 6A and 6B and descri bed herei nabove in

conjunction therewmth. Oxygen or air is initially

directed into the cylinder 64.44rough the passageway

72. The oxygen or the oxygen fromthe air reacts with

t he ometsalenaliide Wi thiact e zonec 76 thipaodupediakndeof the
and netal oxi de. The halide passes intothe centra

o € a]"]t @L‘ﬁt withy the ald<ansdt hey e'a‘hct Odescribed
pro uce a k | Fal i e and hydrogen hali de. The al kyl

hal,i de .an Tydro e halides pass,LiLAugh I herfat g&%g&aws 90

zone acllitates coupling o

nol ecul es co I Sjin hal i d |nto nmol ecul e

ha AP H1&SFer ﬁB@ §egf92a$é8ﬁn§t6%s ea ﬁhgrﬁ98%86e%luld 24
hal i de and t he now coupl ed al kyl hallde next pass into

5t hecoroe 8L whBgESLRe hyBR®gOR RS 022 arfd iddifil egomprises a
al kyl halide react with the netal oxide therein to

pr dohuee rprdduc tmamtdf obd eP6 Fheuptedudtt arre t Rpdwdhereof and

a pair of oxygen receiving/product discharge manifolds
98 and 100 situated at the opposite end thereof.
A baffle 102 is centrally disposed within the
10 barrel 92. A plurality of tubular passageways 104 are
situated on one side of the baffle 102 and extend
between the oxygen receiving/product discharge manifold
98 and the bromination manifold 96. A plurality of
tubular passageways 106 éxtend between the manifold 96
15 and the manifold 100.
The tubes 104 are initially packed with metal
halide. Oxygen or air i1s received in the manifold 98
through a passageway 108. The oxygen or the oxygen from
the air react with the metal halide within the tubes 104
20 to produce halide and metal oxide. Halide flows from
the tubes 104 into the manifold 96 where it reacts with

alkane which is received in the manifold 96 through a



are recovered fromthe cylinder 64 through the outl et
74. The foregoing process continues until

weubwtoaswpal |y all of the nmetal halide within POEUS2ME002829
76 is converted to netal oxide and substantially al
of the metal oxide in the zone 78 is converted to
metal halide. At this point theydirection of flow
through the cylinder 64 is reversed wi th oxygen or air
belﬁgbgégg%gydlj@rough the opening 72 in the end 70 of
the cylinder 64 and products and water being recovered

throughfhgg QQEEF98n7%ﬁ;O£ dhaﬂlﬁgevﬁﬂﬁ16§h8f ﬁm%ne within

cyl i nder 0 errin |gure 10, there I's shown

aratu
enb@g‘?rrerﬁ?% Cﬁse$§ve%?% ?ﬁ]{}grg{ae Il;grgg(greh%drogen
e oA o uThG0. S 186 2&?” e by Lgrﬁﬁé“dérmet metal

transfer fluid 94 contained therern The barre

5 urenbde conpr Tees alkwéni hatiles n&ﬁﬁfmnTQ%SQXQRRﬁ%W halide
at one end thereof and a pair of oxygen

r ece¢ v higi py ofuotn dihec hegaye: imami ¥ bflesn the manifold 96 pass

through the tubes 106 thereby converting the metal oxide

contained therein to metal’ halide and producing

products. The products are received in the manifold 100
10 and are recovered there from through a passageway 112.

As indicated above, the reaction between the oxygen
or the oxygen from the air and the metal halide may be
endothermic. Conversely, the reaction of the alkyl
halide and the hydrogen halide with the metal oxide may

15 Dbe exothermic. It is also possible that, under certain
circumstances, the oxidation of the metal halide is an
exothermic reaction and/or that the halide/metal oxide
reaction 1is endothermic. The heat transfer fluid 94
within the Dbarrel 92 flows around the baffle 102 as

20 indicated by the arrows 114 thereby transferring heat
between the exothermic reaction and the endothermic

reaction and in this manner each achieves thermodynamic



98 and 100 situated at the opposite end thereof. A
baffle 102 is centrally disposed wiwthin the barrel 92.

wa pleingdopty of tubul ar passageways 104 are si PQaUSL006/02829
one side of the baffle 102 and extend between the
oxygen receiving/ product discharge manifold 98 and the
brom nation manifold 96. A plupglity of tubular
passageways 106 extend between the nanifold 96 and the
mand g0l Idi df0im The tubes 104 are initially packed with
nmetal halide. Oxygen or air is received in the

mani f ol dri98 thsedgbnacFasgagesrygdl8orTithexygegenr from the
the oxygen fromthe air react with the nmetal halide

{PP &f@htHQQSméQQltﬁaﬁiggu%ﬁtﬂéh'@%ea&%HB§1104 continues
oXi Hal i de f fromthe tubes 104 into the

nanlfolp %&&%ﬁ%&%llﬁ%gfgggz W%EhtﬂleHgtﬁf'%gﬂfﬂe has been

eceived in the mani rough apassagemay 110
sThe ssastion o ihe el oo 1 L alkae WA Getle o o
Thetﬁgbgik§86hgagdgmgﬁéﬂggéfﬁ;éggggatﬂaggde with the metal
oxide within the tubes 106 continues until substantially
all of the metal oxide has been converted to metal
halide. At this point the direction of flow through the
10 apparatus 90 is reversed with oxygen or air Dbeing
received through the passageway 112 and products being

recovered through the passageway 108.

Referring to Figures 11, 12A, and 12B, there is
shown an apparatus 120 which is useful in the practice
15 in the third embodiment of the invention as illustrated
in Figure 3 and described hereinabove in conjunction
therewith. The apparatus 20 includes a bromination
chamber 122 which is divided into first and second
portions 124 and 126 by a piston 128. A valve 130
20 selectively controls the flow of oxygen or air received

through a passageway 132 into the portion 124 of the

chamber, or directs the flow of products outwardly from



oxi de. The al kyl halide and the hydrogen halide

resulting fromthe reaction within the manifold 96
woasw/oyavough the tubes 106 thereby converti ngrPCiais2005/002829

nmetal oxide contained therein to netal halide and

produci ng products. The products are received in the

mani fol d 100 and are recovered2PhRere fromthrough a

passageway 112. As indicated above, the reaction

betwieenapherexpged 26y theowxlygen Plasemdeh@yai F34and Fggen or

nmetal halide may be endothermic. Conversely, the

reagit orrafertingy atkyl dpardewandlibe thydrogentheal iplessageway
with the netal oxide nmay be exothermic. It is also

posgi Pl @nlihathe UREEKeCEr3Ri PaSEESURBIRNGES, at RRssageway 136
oxidation of the netal halide is an exothermc

reaction snd!cgam%ﬁ@t §hg hakiide/ m“itrf’i't,ioﬁl reaetd ot metal

i s ‘endot herm he heat transfer fluid 94 within the

I

cxoLhel Mg d 22641 o 204, e endgLhey L SBEtl o0 S0 roduce
halide and metal oxide. Halide passes from the chamber
i38 through a passageway 140 into the portion 124 of the
chamber 122.

10 Alkane 1is received in the portion 124 of  the
chamber 122 through a passageway 142, a valve 144, and a
passageway 146. Within the portion 124 the alkane
reacts with halide produced by the reaction within the
chamber 138 to producé alkyl halide and hydrogen halide.

15 As the reaction continues the alkyl halide and the
hydrogen halide force the piston 128 to move rightwardly
(Figure 11). This process continues until all of the
metal halide within the chamber 138 has been converted
to metal oxide and the piston 128 has been forced to the

20 extreme right hand end (Figure 11) of the chamber 122.

At the beginning of the procedure just described

the portion 126 of the chamber 122 was filled with alkyl



The reaction of the oxygen or the oxygen fromthe air

with the netal halide within the tubes 104 continues
wanoiclo1sebst antially all of the netal halide hasThsems002829

converted to netal oxide. Simlarly, the reaction of

the al kyl halide and the hydrogen halide with the

nmetal oxide within the tubes 186-continues until

substantially all of the netal oxide has been

comngritRd &8dmalyalroaani dealiAte t hi &spoiiitl the dippeeciiafed by

of flow through the apparatus 90 is reversed with

OXYGRIL O s RE 11081 NG racei ¥ed, t Rheughrddunpassagedayl halide
112 and products being recovered through the

ggs; ﬁ@?éréggn'ﬂgﬂfﬁgifw LR Figuhasnlly2d 2Aes@Nbed from a

: R shpmn an appar at us 120 whi ch i s useful
0 L0 PSSR o A ST TBH LIS, 1, = vaive
rerifabose, Ln conlunction Lheu ot eEpRanalsiAta s
into first and second portions 124 and 126 hy a piston
128initialle ffddled with metal halide. Q%acéﬁon of the
oxygen or the oxygen from the air with the metal halide
produced halide and metal oxide. The halide flowed
through a passageway 156 into the portion 126 of the
10 chamber 122 where the halide reacted with alkane
received through the passageway 142, 'and valve 158, and.
a passageway 160. Within the portion 126 of the chamber
122 the halide reacted with the alkane to produce alkyl
halide and hydrogen halide. The production of alkyl
15 halide and hydrogen halide within the portion 126 of the
chamber 122 continued until substantially the entire
content of the chamber 154 was converted from metal
halide to metal oxide.
Referring particularly to Figure 12A, rightward
20 movement of the piston 128 forces the alkyl halide 'and

the hydrogen halide outwardly from the portion 126 of

the chamber 122 through the passageway 156 into the



sel ectively controls the flow of oxygen or air

recei ved through a passageway 132 into the portion 124
wohodevadhanber, or directs the flow of producPeT/US2005/002829

outwardly fronthe apparatus 120 through a passageway

134. Oxygen or air entering the apparatus 120 through

t he passageway 132 and the valAa#H <130 passes through a

passageway 136 into a chanber 138 which initially

conchenbeietld4 hal Pde. tWs hpainhe Wisanbeamhes tyd is filled

oxygen or the oxygen fromthe air reacts with the

net ali thalmeleal oopriciduce [Tald delland metldldeoxadd. ted | Hgdrogen

passes fromthe chanber 138 through a passageway 140

i nt @atthgepoftdmon thdd wdrthen chambesf 12he AbKafnBeks 122 react
received in the portion 124 of ' the chanber 122

through arpassegeyry ckhde aival Ve l4ha@héhra 154 to produce
passageway 146. Wthin the portion 124 the al kane

5eaE%§9W%§h§HHi&%%@fpdu%i%k%%#&ﬁ%ﬁegghi3@?%%%2§§s§h%hrough

cha 8 to produce alk I de and h

o e S RHOEHAn PR ARLRE, 195,25, Dbttty 1o
rigg%gagggyrecovered.

When the piston 128 has reached the right hand end

of the chamber 122, substantially all of the alkyl

10 halide and hydrogen halide have been forced out of the
portion 126 of the chamber’ 122 and have been converted

to product by reaction with metal oxide within the
chamber 154. At this point substantially all of the
metal oxide within the chamber 154 has been converted

15 Dback to metal halide. The positioning of the valve 150
is reversed thereby admitting oxygen or air into the
chamber 154 through the passageway 148, the wvalve 150,

and the passageway 152. Meanwhile, the positioning of

the valve 130 is likewilse reversed thereby facilitating

20  the recovery of product resulting from the reaction of

the alkyl halide and the hydrogen halide within the

portion 124 of the chamber 122 with the metal oxide



(Figure 11) . This process continues until all of the
metal halide within the chanber 138 has been converted
woaoosaiigd9o oxi de and the piston 128 has been fopCeaSk@s/002829
the extreme right hand end (Figure 11) of the chanber
122. At the beginning of the procedure just described
the portion 126 of the chanber 3322 was filled with
al kyl hal i de and hydrogen halide. A s will be
appi eeh ah eehdychhaserskikl ed thyst he har torddeg priesem@er inuous
of al kyl halide and hydrogen halide in the portion 126
resyl ¢2d deom 85 £ 50W10fs OX¥GEAGOL AN LAROUMY B within the
passageway 148, a valve 150, and a passageway 152 into
a cha 154, whj. ch i ni.tial i1 i ;
hal %Egééagégon£§f é“6x§53§£%¥sékef%%?ﬁ%%ﬁ%?gﬁgkﬁe halide
air wwth the net al.i de produged lide a nmet al .
oxi BB TP OB TG pASEHBaay A EBar AL, Oxide
the portion 126 of the chanber 122 where the halide
r eaCPRERWER al Rankhe ecef vRaliFPdughl ¥R paskifevly 1°¢ to
142, and val ve 158, and a passageway 160. Wthin the
porpirodugeepobdedie. chanber 122 the halide reacted with
t he al kane to produce al kyl

Referring to Figures 13A and 13B, there is shown an

19}

apparatus 170. All of the component parts of the
apparatus 170 are identical to components of the
10 apparatus 120 as illustrated in Figures 11, 12A, and 12B
and described hereinabove in conjunction therewith.
Such duplicate component parts are identified in Figures
13A and 13B with the same reference numerals utilized
above in the description of the apparatus 120.

15 The apparatus 170 employs duplicate chambers 138
and 154 along with duplicate components controlling the
flow of materials to and from the chambers 138 and 154.
The use of duplicate chambers 138 and 154 and duplicate
components ancillary thereto is useful in increasing the
20 throughput rate of the apparatus 170 as compared with
that of the apparatus 120 and/or in balancing the

kinetics of the reactions occurring within the chambers



hal i de and hydrogen halide. The production of alkyl

hal i de and hydrogen halide within the portion 126 of
woOheosphgasber 122 continued until substantial | yPrPCiais2005/002829

entire content of the chanber 154 was converted from

nmetal halide to netal oxide. Referring particularly to

Figure 12A, rightward novenent-gf_the piston 128

forces the al kyl halide and the hydrogen halide

out WaBdlandf rldr.t he portion 12 6 of the chanber 122

t hrough the passageway 156 into thechanber 154. At

this poi Refidieiehamerrikhfds 34 | £dgwWi 68, mehake0Xkd@hown an
The al kyl halide and the hydrogen halide fromthe

por t of e chagber 2 ct. W
oxi tgg%:%rflafﬁ%socﬁgzber 1%%% o&%r o%}ﬁ%e %%o%ﬁétlh‘gn?mtser?f the

The pLOGuGL, and it erpass LALoUTD the, passageuay 152, e

t he and a passageway an over ed®

ghen e, p st A28 hes aahel e L e endhol 1o

andaE%FrOQgEgyﬂéfekﬁ@gaégﬁgbgorggd gg%jggcgggn therewith.
Such duplicate component parts are identified in Figures
15A and 15B with the same reference numerals utilized
above in the description of the apparatus 120.

10 The apparatus 172 employs duplicate chambers 122
along with duplicate components controlling the flow of
materials to and from the chambers 122. The use of
duplicate chambers 122 and duplicate components
ancillary thereto is useful in increasing the throughput

15 rate of the apparatus 170 as compared with that of the
apparatus 120 and/or in balancing the kinetics of the
reactions occurring within the chambers 122.

Although preferred embodiments of the invention
have been illustrated in the accompanying Drawing and

20 described in the foregoing Detailed Description, it will

be understood that the invention is not limited to the

embodiments disclosed but is <capable of numerous

{



portion 12 6 of the chanber 122 and have been

converted to product by reaction with netal oxide
woizodsinodhe chanmber 154 . At this point substarCiralskoos/002829

all of the netal oxide within the chanber 154 has been

converted back to netal halide. The positioning of the

val ve 150 is reversed thereby-&8dm tti ng oxygen or air

into the chanber 154 through the passageway 148, the

val veedbngement e passddewayiosz, Meambhi lsebsttig¢utions of

positioning of the valve 130 is |ikew se reversed

t hegebys f agtl idiatiodd st hel treany edypaft pngdiebnr edid tdpigrit of

fromthe reaction of the al kyl halide and the hydrogen

hal i de wWitbhpibhe portion 124 of the chanber 122 with

the nmetal oxidew thin the chanber 138. Thus, the

process is continuous with the piston 128 novi ng back

and forth within the chanber 122 to force previously

produced al kyl halide and hydrogen halide outwardly

t hrough the netal oxide contained in the associated

chanmber 138 or 154 to produce product. Referring to

Figures 13A and 13B, there is shown an



apparatus 170. Al of the conponent parts of the
apparatus 170 are identical to conponents of the

weaeppavadies 120 as illustrated in Figures 11, 1PAT/USDIS/002829
12B and descri bed herei nabove in conjunction
therewi th. Such duplicate conponent parts are
identified in Figures 13A and 13B with the sane
reference nunmerals utilized above in the description

of ?ﬂgﬂ% tus 120. The apparatus 170 enpl oys
duﬁ*#@a e cC %nbers 138 and 154 along with duplicate
co

onents controlling the flow of materials to and
frofehet hahbePs138 and 154. The use of duplicate
chanbers 138 and 154 and duplj cate conmponents ‘
anci | | ar¥- t hePet o MERR%Ef ul 9fn in898¥§?%énﬁhe alkanes ©
t hroughput rate of the apparatus 170 as conpared w th
% hatoofeshendppear aydsocaobans/ brclndbad ahkengtere of:
ki netics of the reactions occurring within the
chanber s138 apdot5din&ef err ivegsed Fihguriey 15/ andngsgregated
there is shown an apparatus 172. A 1 of the conponent
par 8106wt hevtappasat 48 fid2ngr @ i dengt cadorieg cenpoywmd zone,

of the
and a third zone;
reacting metal halide and oxygen in the first
10 zone of the vessel to form metal oxide and halide;
reacting the halide from the first zone with
alkane in the second zone of the vessel to form alkyl
halide;
reacting alkyl halide from the second zone and
15 metal oxide in the third zone of the vessel to form at
least one reaction product corresponding to the alkyl
halide reactant and metal halide;
| transporting the metal halide from the third
zone of the vessel to the first zone thereof; and

20 recycling metal oxide from the first zone of

the vessel to the third zone thereof.



apparatus 120 as illustrated in Figures 11, 12A, and
12B and descri bed herei nabove i n conjunction
wohers@mapdh. Such duplicate conmponent parts ar ePCT/US2005/002829
identified in Figures 15A and 15B with the sane
reference nunerals utilized above in the description
of the apparatus 120. The apparst-us 172 enpl oys
dupl i cate chanbers 122 along with duplicate conmponents
control I 2ng the fileawoof nef ercahgetoimnd bAdmnelse to their
chanbers 122. The use of duplicate chanbers 122 and
dupkbgateperAPARENhSdaBehkbany Lheletbnysthsebubpsnof:
i ncreasing the throughput rate of the apparatus 170 as
compar ed Wi t hpLhataohqt N aRRAIANUS K30 ANG/ @6 | insegregated
bal anci ng the ki neticS of the reactions occurring
w thin.the chanber \ haugh: f
errbgfﬁ}r@‘ﬂt slr{)‘:fe]ilhoelsi é\%é%ﬁﬁ%h gaavglgégnezirc{ﬁ'st ?atseedcoinnd zone
he accongan ing Drawi ng and described in the
or 8§6i fg E%%Qi%@&ebescription, it will be understood
that the invention is not limted to the en‘oodin.entgh First
di scl osed but TP3CEAPALIME G Mkt HusFRAr PENGERents, the Tirs

nodi fi cati ons, and substitutions of , ,
zone of the vessel to form metal oxide and halide;

reacting halide from the first =zone with
alkane in the second zone of the vessel to form alkyl

10 halide;

reacting alkyl halide from the second zone and
metal oxide in the third zone of the vessel to form at
least one reaction product corresponding to the alkyl
halide reactant and metal halide;

15 transporting the metal oxide from the first
zone of the vessel through the vessel to the third zone
thereof; and

recycling metal halide from the third zone of

the vessel to the first zone thereof.



parts and el ements w thout departing fromthe spirit

of the invention. THE CLAIMS What is clained is : 1 . A
worbtdemdo®d converting al kanes to correspondi NgPCT/US2005/002829

hydr ocar bons including the steps of: providing a

vessel having an unsegregated hollow interior defining

a first zone, a second zone, a a third zone;

reacting nmetal halide and oxygen in the first zone of

t he Vessge %gofornhg?ﬁéh oxi de anQﬁnﬁ}Jgﬁﬂl eactii@nes to

the hali mthe first zone wt alkane n the

second zaone vessel .to forn1a|k I|d

r ealtr Ag °aR Hnﬁa5¥8§°FP6#PFﬁel§§% one Can e St S

oxide in the third zone of the v ssel tp format |eas g
one reaction BFGH&QPngoersdﬁﬁﬂ¥%b /P YHY al RY Hgﬁeggegate

reactant and netal halide; transporting the netal
ha|m@éhqwnﬁm¢ﬁ;%?ﬁrgeflnlng a first “zone, a second zone,

5 and a third zone;
initially reacting metal halide and oxygen in
the first zone of the vessel to form metal oxide and
halide; |
reacting halide from the first =zone with
10 alkane in the second zone of the vessel to form alkyl
halide;
reacting alkyl halide from the second zone and
metal ?xide in the third zone of the vessel to form at
least one reaction product corresponding to the alkyl
15 halide reactant and metal halide;
subsequentiy reversing the flow of Ggases
within the vessel and thereafter:
reacting metal halide and oxygen in the third
zone of the vessel to form metal oxide and halide;
20 reacting halide from the third =zone with
alkane in the second zone of the vessel to form alkyl

halide;



zone of the vessel to the first zone thereof; and
recycling netal oxide fromthe first zone of the

woeasmalowe the third zone thereof.2 . A net hodrof/us2005/002829
converting al kanes to their correspondi ng hydrocarbons
including the steps of: providing a vessel having an
unsegregated hollow interior €é8ining a first zone, a
second zone, and a third zone; reacting netal halide
and oxygen i nc¢detfig sélikphehatidpefvemsshet ooy zone and
nmetal oxide and halide; reacting halide fromthe first
zong 1 hoaliKandn nthdersesondkaenecdf thiee wassel to form a
form al kyl halide; reacting alkyl halide fromthe
seciukbZzohe apebdeial i fespondhegt hisd Zowme ofkyhe bromide
vessel to format |east one reaction product
cor L N : hal i de reactant and neta
haf%%%ﬁggggﬁga%??%ﬁgl?%é%hgggi oxide fromthe first

zone of the vessel through the vessel to the third

zone



thereof; and recycling netal halide fromthe third

zone of the vessel to the first zone thereof.3 . A
worbtdemdo®d converting al kanes to correspondi NgPCT/US2005/002829

hydr ocar bons including the steps of: providing a

vessel having an unsegregated hol |l ow i nterior defining

a first zone, a second zone, g a third zone;

initially reacting netal hal i d&”and oxygen in the

first zope of the M??ﬁgé to(ﬁprn1?%5@lrQﬁl _ %lkanes to

hal i de; reactlng hal r'de fromthe rst zon
al kane in thg a of the vessel for al k
el hErePaanti g APy POREPPh FrOHFLRShEcEBR DERE Hhi
netal oxide in the third zone of the vessel to forma
| east one readti onPpPBHHERI cort esPIRGITAG tré ke aFW??rforate

hal i de reactant and netal halide; subsequently
revehsmhgrtth§WMHﬂN éﬁrggségmi second ends and comprising a

5 first reactant receiving zone located at the first end
thereof, a second reactant receiving zone located at the
second end thereof, and a centrally disposed reaction
zone located between the first reactant recei&ing zone
and the second reactant receiving zone;

10 b. providing a quantity of metal halide;

c. positioning the quantity of metal halide
in the first reactant receiving zone of the chamber;

d. providing a quantity of metal oxide;

e. positioning the quantity of metal oxide

15 in the second reactant receiving zone of the chamber;

f. providing an oxidizing gas;

g. reacting the oxidizing gas with the metal
halide and thereby producing gaseous halide and nefal
oxide;

20 h. providing a quantity of alkane;
i. directing the alkane into the reaction

zone of the chamber;



within the vessel and thereafter: reacting netal

hal i de and oxygen in the third zone of the vessel to
woanoworeal oxi de and halide; reacting halide PCcomskive 002829

third zone with al kane in the second zone of the

vessel to form al kyl halide;reacting al kyl halide from

t he second zone and netal oxi dd0iFn the first zone of

the vessel to forma reaction product corresponding to

the al kyl braivi de reactirg able nepdkabponivdéh 4 then gaseous

met hod of converting al kanes to correspondi ng

hy dit @Caddonscaxhngy | dinngsthe sg epsimof tha . rpeotiidinngzane and

substantially inperforate chanber having first and

seconée&hsp eedu €DAPT 4 BkPD Bafidst reactant receiving

zone |l ocated at the first end thereof, a second

reactant recejvi ngrgga&lll@caﬁﬁéi aetl}&m Se£PNge eNgroduced  in
thereof, and a centrally di sposed reaction zone

éocaée}g Eft V‘ﬁf@ thedipstafeachan Eﬁee'ﬁﬂ&_ge Ofn%x%@@xc;mg a

d reactant receéi ving zone; . providing a

quagéﬁtXlggngeﬁgérgggkgoh and metal halide; and

1. recovering the non-alkane hydrocarpon

‘produced in step k. from the chamber.

10 5. The method of claim 4 wherein the halide
comprising the metal halide of step b. is selected from

the group consisting of bromine, chlorine and iodine.

6. The method of claim 4 wherein the oxidizing
15 gas of step f. is selected from the group consisting of

oxygen and air.

7. The method of claim 4 wherein the alkane of
step h. 1is selected from the group consisting of

20 methane, ethane, propane, butane, and isobutene.



W

10

C . positioning the quantity of netal halide in the

first reactant receiving zone of the chanber; d .

pnosiod93eg a quantity of metal oxide; e . posi PCOAISDES/002829
the quantity of netal oxide in the second reactant

recei ving zone of the chanber; f . providing an

oxidizing gas; g . reacting thgl oxidizing gas with the

netal halide and thereby produci ng gaseous hal i de and

met al oxi.de; The. peoubdi ngf a cjuesint | ¥y wheakkaneth¢ step of
directing the al kane into the reaction zone of the
ch%ﬁggﬁain. react ing ke alkarerwitld t beatgaggouproviding a
hal'i de produce in step g . in the reaction zone and

t hey. Itn | eyl ldidends.. reacting the al kyl
haﬁ?ggxﬁgﬁgﬁggﬁ‘?ﬁégﬁzéw?ﬁ. with the netal oxide and

t her eby produci ng a non-al kane hydrocarbon and net al

halide; and 1 . recovering the non-al kane hydrocarbon

9. The method of claim 4 further including the
subsequent steps of reacting the metal halide produced
in step k. with oxidizing gas and thereby producing
gaseous halide and metal oxide and reacting the metal
oxide produced in step g. with alkyl halide and thereby

producing a non-alkane hydrocarbon and metal halide.



produced in step k . fromthe chanber. 5 . The nethod
of claim4 wherein the halide conprising the neta
woabiethaod step b . is selected fromthe groupPCT/US2005/002829
consi sting of bromne, chlorine and iodine. 6 . The
met hod of claim4 wherein the oxidizing gas of step f
is selected fromthe group consisting of oxygen and
air. 7 . The nethod of claim 44%terein the al kane of
step h ._is selected fromithe. grou onsj sting_of .
nethane,lgtha e p?%h%%g,o u?%%%? n uFi%ﬁﬁt%ﬂ%F@?t?ﬁézed
net%%d(of claim4 wherein the step of providing an |,
al kane i s carPFedi@diiRdbyapr dvitditng @ Gt e BfCHVINg zone
| east two al kanes. 9 . The nethod of claim4 further
i nchedvagnt hehsubgéqent reeepandf rmeastivigia hez ot aland  the
hal i de produced in step k . with oxidizing gas and
5t herebyt pondychag gaseous halide and netal oxide and
reacting the netal oxide produced in step g . wth
al kyl hal i de gpgvif@engbyaprodyehag 8abehyatkapgceiving zone
hydr ocar bon and netal halide.10. The nethod of claim4

furfherccharagterizedtion zone and the second reactant

receiving zone;
providing first and second quantities of a
10 predetermined catalyst;
positioning the first gquantity of the catalyst
in the first catalyst receiving zone;
positioning the second gquantity of  the
catalyst in the second catalyst receiving zone;

15 the catalyst facilitating coupling of the

alkyl halide molecules produced in the reaction zone.



by: providing a first catal yst receiving zone between

the first reactant receiving zone and the reaction
woaenw/01g9evi di ng a second catal yst recei vi ng z8a®/US2005/002829

bet ween the reaction zone and the second reactant

recei ving zone; providing first and second quantities

of a predetermn ned catalyst; pdSi-tioning the first

quantity of the catalyst in the first catal yst

recei vi ngl zom®; passittiashi ngofhe seesHar§aagtity2bkahfe  to

catalyst in the second catal yst receiving zone; the

cat@byséspacdind atydugo caripdbn ngcofpt helay kyhe hatepe of:

nol ecul es produced in the reaction zone.11l. A nethod

of convertingaal kagesvi@ig®rrespobdbegahydaaotgr bonsperforate
conprising the steps of: a . providing a substantially

Lgpn%ﬁi@?%%eg%%%effbﬁﬁ ngnli rsécond seeendagndscandising a
5 first reactant receiving zone located at the first end
thereof, a second reactant receiving zone located at the
second end thereof, a centrally disposed reaction zone
located between the first reactant receiving zone and
the second reactant receiving zone, a first catalyst-
10 receiving zone located between the first —reactant
receiving =zone and the reaction zone, and a second
catalyst receiving zone located between the reaction
zone and the second reactant receiving zone;
b. providing a quantity of metal halide;
15 c. positioning the quantity of metal halide
in the first reactant receiving zone of the chamber;
d. providing a quantity of metal oxide;
e. positioning the gquantity of metal oxide
in the second reactant receiving zone of the chamber;

20 f. providing first and second quantities of

a predetermined catalyst;



first reactant receiving zone located at the first end

thereof, a second reactant receiving zone | ocated at
woOherespeeond end thereof, a centrally di sposed peaaiSR®ms/002829

zone | ocated between the first reactant receiving zone

and the second reactant receiving zone, a first

catal ystreceiving zone |ocated between the first

reactant receiving zone and the reaction zone, and a

second catal yst r | M g 134 g;negh%catﬁq&et WREMEIRG, of the
reaction zone and 't e second reactant receiving zone;

Bo.ﬁaﬁﬁra&\gjsn th‘nat}h S&yy Coaftarrgg}sﬂ ]{% g,% 9::1 The | rst

reactant rec V|n zone of, t he chanber r oy ng
a quantity of OHHGIRRING | ThEs; FFSRP% ‘fiﬁ%ntl y “ot the
guantity of net aI oxide in the second react ant
r e BA g Iz olfe Bte t3RchRdral St IHEA Y F91%t and
second quantities of a predetermined catalyst;g .
Sposi tioning the fipsyvigliarg iary C@flc’clk?elrcsat%%nst in the
first catal yst receiving zone;
j. reacting the oxidizing gas with the metal

halide and thereby producing gaseous halide and metal
oxide;

k. providing a quantity of alkane;

10 1. directing the alkane into the reaction
zone of the chamber;

m. reacting the alkane with the gaseous
halide produce in step j. in the reaction =zone and
thereby ﬁroducing alkyl halide;

15 n. directing the alkyl halide into
engagement with catalyst in the second catalyst
receiving zone and thereby facilitating coupling of the
alkyl halide molecules;

0. reacting the alkyl halide produced in

20 step m. with the metal oxide and thereby producing a

non-alkane hydrocarbon and metal halide; and



h . positioning the second quantity of the catalyst in
the second catal yst receiving zone; i . providing an

woxd@imEa93wg gas; j . reacting the oxidizing gasPporius2d08m02829
nmetal halide and thereby produci ng gaseous hal i de and
metal oxide; k . providing a quantity of al kane; 1 .
directing the al kane into the reaction zone of the
chanber; m. reacting the al kafie“wi th t he gaseous

hal i de produce in step | . _in reacti zone
thereby proditi ng S %31 4l de?cpl% e (E5° nd Yerocarbon

al kyl halide into engagenent with catalyst in the
se GO HGRAI Y5 S FRR & vi NP o H3ereby
~facilitating coupling of the al kyl halide nolecules; o
reacting the al kyl halide produced in step m. wth
the netal oxide and thereby producing a
12. The method of claim 11 wherein the halide

5 comprising the metal halide of step b. is selected from

the group consisting of bromine, chlorine and iodine.

13. The method of claim 11 wherein the oxidizing
gas of step f. is selected from the group consisting of

10 oxygen and air.

14. The method of claim 11 wherein the alkane of
étep h. is selected from the group consisting of
methane, ethane, propane, butane, and isobutene.

15

15. The method of claim 11 wherein the step of

providing an alkane is carried out by providing a

mixture of at least two alkanes.



non- al kane hydrocarbon and netal halide; andp
recovering the non-al kane hydrocarbon produced in step

WO 2006fngavpt he chanber. 12. The met hod of cl ai mpd1/US2005/002829
wherein the halide conprising the netal halide of step
b, is selected fromthe group consisting of brom ne,
chlorine and iodine. 13. The m&bhod of claim 11
wherein the oxidizing gas of step f . is selected from
t he group® conBiist redg oxfygehaand Jdi r furgherhdnedibdg the
of claim 11l wherein the al kane of step h . is selected

f r osub hreqyenup stepsi st f ngeettimyhdiies ®Behahe hydrigisaneroduced
but ane, and i sobutene. 15. The net hod of claim 11

whei gi nstidie K.epw@thproxidi ngnan glkared stharebgd pudducing
by providing a m xture of at |east two al kanes . 16.
The neLhed ofaiGlel MmAd fdderokngb udinRg £8&cting the metal
subSequent steps of reacting the nmetal halide produced

gn 8§ngekgfo§4d£gdoﬁlnd|%é}9 ??Swfﬁ‘@g bALEDY, NreUCIAY thereby

I de al “ox

gaseous h and net de and reacting the metal
?)ﬁleggg 15891‘%86:9 r|18n§gfgage' th.Irgch:ggJ‘x Qﬁllil qutgﬂdhalide .

17. The method of claim 11 wherein the catalyst

comprises a predetermined zeolite.



produci ng a non-al kane hydrocarbon and netal halide.

17. The nmethod of claim 11l wherein the catal yst
woaoriis®s a predeterm ned zeolite.18. A nmet ho8CDUS2005/002829
converting al kanes to correspondi ng hydrocarbons
conprising the steps of: a . providing a chanber

havi ng substantially |nperfora% first and second end
sections and a perforated centr section and

conpri si pg a £ rst,gaget ant ftece' ¥pagezong l ocaleg by o

the firs sectlon thereo a secon

recei vin he second end sectio

{ ner e R G g T S P ST R R ST ESERS o5 ofepe Of
| ocated in the perforated central sectlon t her eof ;

provi ding a quantiRyC6iRRY aP HePsBRer ch av&&9t$%ﬁﬁF@Ptlally
the quantity of netal halide in the first reactant

r ecene nforare off ielé chamber sedondpr ®Fiddi ngeations and a
quantity of netal oxide; e . positioning the quantity
Sof petébrakede centhelsecendiroeactamd 'r eompviisgngone first
of the chanber
reactant receiving zone located in the first end section
thereof, a second reactant receiving zone located in the
second end section thereof, and a centrally disposed
reaction zone located in the perforated central section
10  thereof;
b. providing a quantity of metal halide;
c. positioning the quantity of metal halide
in the first reactant receiving zone of the chamber;
d. providing a guantity of metal oxide;
15 e. positioning the quantity of metal oxide
in the second reactant receiving zone of the chamber;
f. providing an oxidizing gas;
g. reacting the oxidizing gas with the metal
halide and thereby producing gaseous halide and metal

20 oxide;

h. providing a quantity of alkane;



f . providing an oxidizing gas; g . reacting the
oxidizing gas with the netal halide and thereby
wonrowwadwg gaseous halide and netal oxide; h . PCT/US2005/002829

providing a quantity of alkane;i . directing the
al kane through the perforations of the central section
of the chanber into the reactiop zone; j . reacting

the al kane with the gaseous hali°de produce in step g .

in the reactign zpagrgﬁgihpereq%gfrodggkggealk%hmo%%&) the

halide; k . reacting the afkyl i de produced in s

j .. wth the netal i de_and thereby. produyci a :
onPAF EaRE RO oR4r T f et bl SR ARE: Cind e chambes into
recovering the non-al kane hydrocarbon produced in step

k . tPRoRPEREICRARBBE/ 19. The method of claim 18

wherein the halide conprising the netal halide of step :
b . is selectegd fr@ﬁﬁggéngro@becomﬁkﬂHQK;Wﬁt%roh$ﬁe gaseous
and chl ori ne.

S5 halide produce in step g. in the reaction zone and

thereby producing alkyl halide;
k. reacting the alkyl halide vproduced in
step j. with the metal oxide and thereby producing a
non-alkane hydrocarbon and metal halide; and
10 1. recovering the non-alkane hydrocarbon

produced in step k. from the chamber.

19. The method of c¢laim 18 wherein the halide
comprising the metal halide of step b. is selected from

15 the group consisting of bromine and chlorine.

20. The method of claim 18 wherein the oxidizing
gas of step f£. is selected from the group consisting of

oxygen and air.



20. The nethod of claim 18 wherein the oxidizing gas

of step f . is selected fromthe group consisting of
woxymanoand air.21. The nmethod of clai m 18 whepermskiwes/ 002829
al kane of step h . is selected fromthe group

consi sting of nethane, ethane, propane, butane, and

i sobutene. 22. The nmethod of el&i-m 18 wherein the step

of providing an al kane is carried out 'by providing a

m xture 2i.atTheasethnd alfkankzim238 THeemrsirothef alkane of
claim 18 further including the subsequent steps of

reagtépg hbe netalsehakicde predumcedhen sfremK .comdisting of
oxi di zing gas and t hereby produci ng gaseous hali de and

met gl oxhéde éﬂﬂaﬁsaczgi:@@aﬁ@ﬁ PRt @he OXale PEOBUESH: N
step g . wth alkyf al'ide and thereby producing a
non- al kane hydrocarbon and netal halide.24. The net hod
of claim 18 further characterized by: providing a

irst ca Iys# recei,vi ng zene_ et we t LESt vp o £
ieactantggece Q?nggﬁﬁ%faﬁgtﬁ%@?%aggioﬁﬁg%%é; the step o
providing an alkane is carried out 'by providing a

mixture of at least two alkanes.

23. The method of claim 18 further including the
10 subsequent steps of reacting the metal halide produced
in step k. with oxidizing gas and thereby producing
gaseous halide and metal oxide and reacting the metal
oxide produced in step g. with alkyl halide and thereby

producing a non-alkane hydrocarbon and metal halide.



W

5

provi ding a second catal yst receiving zone between the
reacti on zone and the second reactant receiving zone;
pnoosiod9aeg first and second quantities of a  PCT/US2005/002829
predeterm ned catal yst; positioning the first quantity

of the catalyst in the first catal yst receiving zone;
positioning the second quantltgbof the catalyst in the
second catal yst receiving zone;  the catal yst

facilit ting oupl_i t L. hal | I :
producedd'n t § r&gﬂgici 52%3%5§y1$hgbheté@Déﬁgﬂﬁg;%%lzed
18 including the additional step of providing an
endYosur e havi ng the chanber encl osed therein and
providing a quantity of alkane within the enclosyre
wher eby al kare FHghhniche ancf b5k e FFB@%YFFroﬁﬁﬁeﬁﬁéng
perforations of the chanber into the reaction zone. 26.
A meftheerof onvefiing arkamesnto cefpé¥ppadi Agne and the
hydr ocar bons conprising the steps of: a . providing an
enclRsitierhasdgaeg first and

providing a second catalyst receiving zone

between the reaction =zone and the second reactant

receiving zone;

providing first and second quantities of

10 predetermined catalyst;
positioning the first quantity of the catalyst
in the first catalyst receiving zone;
positioning the second guantity of the
catalyst in the second catalyst receiving zone;
15 the catalyst facilitating coupling of the

alkyl halide molecules produced in the reaction zone.

zone



second ends; b . providing a baffle within the
encl osure which segregates the enclosure into first
weandemaednd zones; ¢ . providing a heat transfecTfusmod 02829

d . substantially filling the enclosure with the heat
transfer fluid; e . providing a reaction manifold at
one end of the enclosure; f . ovi di ng an oxi di zi ng

gas receiving manifold at the 3econd end of the

encl osurg; ¢ rovidi product.jecei vi ©ig ganifalid th
at the s%c'ongheeﬁd of qr}‘:*Ir:c’gmgjncl%sure; ah . pr%vi glﬂng atl J ©
| east . qne first inperforate tube:. i_ . extending the_.
fir%ﬁd#ﬁﬂﬁgﬁgonFFﬁ ouSfy ??%ﬁﬁ#ﬁﬁgcnagﬁ §§ﬁ§°§§§% REving the
recei ving manifold throu%h,the first zane of the Fit £
encFFERY t e SESactPER NI 341 d:HFOY dfngdggntity ©

| east one second inperforate
alkane within the enclosure whereby alkane from the

5 enclosure flows through the perforations of the chamber

into the reaction =zone.



tube; k . extending the second tube continuously from

the brom nation mani fold through the second zone of
wohersmngddosure to the product receiving mani f olPdT/U%2005/002829

providing a quantity of netal halide; m. positioning

the quantity of metal halide in the first tube; n

providing quantity of netal oxi5@e; o . positioning the

quantity of metal oxide in the second tube; p

provi di ngfan Bxi dimetpdas; of . dicPEFELkgche alkanes to

oxi di zing gas into the oxidizing gas receiving

mang$ ot espowd f ngnh yieocoxildbzs ngompsl s Eeei Vhagstansf ofd

into the first tube; r . reacting the oxidizing gas

Wi th the netaj. hal }ﬁﬁ@vﬁ.ﬁiﬁ@e dd rehcllubaranthdvhei@byirst and

produci ng gaseous halide and netal oxide; s .

proyiding a,gyantity of al kane;

5 b. providing a baffle within the enclosure
which segregates the enclosure into first and second
zones;

c. providing a heat transfer fluid;
d. substantially f£filling the enclosure with

10 the heat transfer fluid;

e. providing a reaction manifold at one end
oﬁ the enclosure;

f. providing an oxidizing gas receiving
manifold at the second end of the enclosure;

15 g. providing a product receiving manifold at
the second end of the enclosure;

h. providing at least one first imperforate
tube;
i. extending the first tube continuously

20 from the oxidizing gas receiving manifold through the

first zone of the enclosure to the reaction manifold;



t . directing the alkane into the reaction manifold;u
reacting the al kane with the gaseous hali de produce

wonomtamp . in the reaction mani fold and ther e0y/US2005/002829
produci ng al kyl halide; v . directing the al kyl halide
produced in step. u . into the second tube; w.

reacting the alkyl halide proddded in step u. with

the netal oxide in the second tube and thereby

produci ng a nbn- al keereidimy ozbir beasan@neetdcdred | Hapexforate
di recting the non-al kane hydrocarbon produced in

Stepuve;: into the product receiving manifold; and y .

recovering the non-al kane hydrocarbon produced in step

w . fromthe krom éhespapeycttieceiatngl mamibol decoRZinuously

The met hod of claim 26 wherein the halide conprising
thespetathbabi-dfi Ak t$bAPmAnd Fb3aseheele® fltfiMsecond zone of
5 the enclosure to the product receiving manifold;

1. providing a quantity of metal halide;

m. positioning the gquantity of metal halide
in the first tube;

n. providing quantity of metal oxide;

10 0. positioning the quantity of metal oxide
in the second tubs;

P. providing an oxidizing gas;

g. directing the oxidizing gas into the
oxidizing gas receiving manifold and from the oxidizing

15 gas receiving manifold into the firs£ tube;

r. reacting the oxidizing gas with the metal
halide in the  first tube and thereby producing gaseous
halide and metal oxide;

S. providing a gquantity of alkane;

20 t. directing the alkane into the reaction

manifold;



the group consisting of brom ne and chlorine.28. The
nmet hod of claim 26 wherein the oxidizing gas of step n
WO 20&/8ed9ect ed fromthe group consisting of oxpgemsand002829
air. 29. The nethod of claim 26 wherein the al kane of
step 1 . is selected fromthe group consisting of
met hane, ethane, propane, butang,. and isobutene. 30.
The net hod of claim 26 wherein the step of providing

an al kane is garrigdagtindpy phevi dikgna mwittlr e wie atgaseous
| east two al kanes. 31. The nethod of claim 26 further

i nch 4l fg LheasRsequente st eps iof ¢reackibaatibe WRiMalfold and
hal 1 de produced in step w. wth oxidizing gas and

the{ﬁg%%g§gégﬁ%gg%ggiggg§lhﬁéiggeand net al oxi de and

reacti e’ produced in step r . with

al kyl halide and thereby, roq%%gn on-al.kane :
hydr ocar bon ahd ne éFeﬁgfﬁﬁe. . %l%%?hoga&ﬁ%e produced in
converting al kanes to corresgond[ng hydr ocar bons

SconpFeRH ng- t kBtetr Bps §ecord “ubfbyiding a first

substantially inperforate reactant receiving chanber; _
W. reacting the alkyl halide produced in
step u. with the metal oxide in the second tube and
thereby producing a non-alkane hydrocarbon and metal
halide;

10 X. directing the non-alkane hydrocarbon
produced in step w. into the product receiving manifold;
and

V. recovering the non-alkane hydrocarbon

produced in step w. from the from the product receiving

15 manifold.

27. The method of claim 26 wherein the halide
comprising the metal halide of step 1. is selected from

the group consisting of bromine and chlorine.



b . providing a second substantially inperforate
reactant receiving chanber; ¢ . providing a

weubwtoaswpal |y i nperforate reaction chanber; dPCT/US2005/002829
providing a piston within the reaction chanber, said
pi ston dividing the reaction chanber into first and
second zones and noveable within the reacti on chanber
to expand and contract the fi'ré{]'and second reaction

zones r)eklatlv e;f)m%g]i‘? not hecrla %r%ledg% 3t he QdelZlng

quantit p03| | oni ng qguant

of nmetal halide in the flrst re ctant receivi ng: sting of

charserof gstepr Byi disng S St i 5 7o thet dFOBR| Fensfsting

positioning the quantity of metal oxide in the second

r eactyayen raggkiadmg chanber; i . providing an oxidizing

gas;] . reacting the oxidizing gas with the netal

hal i de and t hereby produci ng gaseous halide and net al

oxi de;

5 29. The method of claim 26 wherein the alkane of
step 1. 1is selected from the group consisting of

methane, ethane, propane, butane, and isobutene.

30. The method of claim 26 wherein the step of
10 providing an alkane is carried out Dby providing a

mixture of at least two alkanes.

31.. The method of claim 26 further including the
subsequent steps of reacting the metal halide produced

15 in step w. with oxidizing gas and thereby producing
gaseous halide and metal oxide and reacting the metal
oxide produced in step r. with alkyl halide and thereby

producing a non-alkane hydrocarbon and metal halide.

!



k . providing a quantity of alkane; 1 . directing the

al kane into the first reaction zone of the reaction
woheosmasz9om . reacting the al kane with the gaseouas2005/002829

hal i de produced in step j . in the first reaction zone

and t hereby producing al kyl halide; n . the production

of alkyl halide in the first regction zone causing

nmovenent of the piston within the reaction chanber

resul ti ng2in axpangéoiodf thef firstonveadtiman zoré kames to

contraction of the second reaction zone; o . the

C0n&&’g\%égeneﬁnt;hﬁya%eagbbﬁa%bmﬁr&@mﬁgr esul kicegsf bem
novenent of the piSton in the reaction chanber causing

previously prgducegrgbggkn?alldqato'Hf@¥ggon1tggbstantlally
second reacti on zone into the second reactant

recei Vi Leag gusly pr oduced

aIk&Wpﬁggpag%ﬁlfﬁagﬁgnnefa% OXIég CBr e decond

react ant rece|V|ng chanher and thereb roduci n .
%on- al kane . provnglng de gong gugstantlally

imperforate reactant receiving chamber;
c. providing a substantially imperforate
reaction chamber;
d. providing a piston within the reaction
10 chamber, said piston dividing the reaction chamber into
first and second zones and moveable within the reaction
chamber to expand and contract the first and second
reaction zones relative to one another;
e. providing a quantity of metal halide;
15 f. positioning the quantity of metal halide
in the first reactant receiving chamber;
g-. providing a quantity of metal oxide;
h. positioning the gquantity of metal oxide
in the second reactant receiving chamber;

20 i. providing an oxidizing gas;



hydr ocar bon and netal halide; and q . recovering the

non- al kane hydrocarbon fromthe second reactant
woeewin9zrg chanber. 1 33. The net hod of cl ai m B@1/US2005/002829

wherein the halide conprising the netal halide of step

e . is selected fromthe group consisting of brom ne,

chlorine, and iodine. 34. The ngthod of claim 32

wherein the oxidizing gas of step g . is selected from

the group con iﬁ“f‘@a@ﬁiﬁ’?)’ﬁﬁ@ ard daizing3asThel et fied metal
of claim 32 erein the alkane of step k . is selected

froﬂhiﬁ@e%&ﬂﬂ? 99@§E§§gggx$%gﬂ§g?ﬁggse%h@anﬁalP&Qpéﬂﬁi metal

but ane, a I sobut ene: of claim 32
mhereigethe step of providing an al kane is carried out
by B?%V|ding a mxture of at |east two al kanes. 37 .

The net hod of claim 32, further in&%uging thg .

subsequent st &ps oPTPBLEINAget ABRELEY REI PAE2BPoduced

in step p . wth oxidizing gas _and thereby producing ,
Jyaseous hal i dé-anddiBeaFidgi déhgnd 3E5R%¢ ng 10He netldy first

reaction zone of the reaction chamber;

m, reacting the alkane with the gaseous
halide produced in step Jj. 1in the first reaction zone
and thereby producing alkyl halide;

10 n. the production of alkyl halide in the
first reaction =zone causing movement of the piston
within the reaction chamber resulting in expansion of
the first reaction zone and contraction of the second
reaction zone;

15 0. the contraction of the second reaction
zone resulting from movement of the piston in the
reaction chamber causing previously produced alkyl
halide to flow from the second reaction =zone into the

second reactant receiving chamber;



oxi de produced in step j . with alkyl halide and
thereby producing a non-al kane hydrocarbon and net al
woabietha9399 4 PCT/US2005/002829

-58-

p. reacting the previously produced alkyl
halide with the metal oxide in the second reactant
receiving chamber and thereby producing a non-alkane
hydrocarbon and metal halide; and

5 gq. recovering the non-alkane hydrocarbon

from the second reactant receiving chamber.

» 33. The method of claim 32 wherein the halide
comprising the metal halide of step e. is selected from

10 the group consisting of bromine, chlorine, and iodine.

34. The method of claim 32 wherein the oxidizing
gas of step g. is selected from the group consisting of
oxygen and air.

15

35. The method of claim 32 wherein the alkane of

step k. 1s selected from the group consisting of

methane, ethane, propane, butane, and isobutene.
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36. The method of claim 32 wherein the step of
pfoviding an alkane is carried out by providing a

mixture of at least two alkanes.

37. The method of claim 32 further including the
subsequent steps of reacting the metal halide produced
in step p. with oxidizing gas and thereby producing
gaseous halide and metal oxide and reacting the metal
oxide produced in step j. with alkyl halide and thereby

producing a non-alkane hydrocarbon and metal halide.



