PROCESS FOR CONVERTI NG GASEQUS ALKANES TO LI QUI D
HYDROCARBONS REFERENCE TO RELATED PATENT APPLI CATI ON:
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Anot her use of nethane found in natural gas is as feed
to processes for the production of methanol. Mt hanol

'SDE@S@,GRIP@YUW@* ﬁELKTEDaAFﬁ-' conversion of nethane to
synthesis gas (CO and H2) at high tenperatures
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P £RaHES Ras been discovered in large quantities throughout the world. Many

of the locales in which natural gas has been discovered are far from

populated regions which have significant gas pipeline infrastructure or market
demand for natural gas. Due to the low density of natural gas, transportation
thereof in gaseous form by pipeline or as compressed gas in vessels is
expensive. Accordingly, practical and economic limits exist to the distance
over which natural gas may be transported in gaseous form exist. Cryogenic
liquefaction of natural gas (LNG) is often used to more economically transport
natural gas over large distances. However, this LNG process is expensive
and there are limited regasification facilities in only a few countries that are
equipped 1o import LNG.

Another use of methane found in natural gas is as feed to processes
for the production of methanol. Methanol is made commercially via
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(approxi mately 100 at nospheres). There are several
types of technologies for the production of synthesis
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Numerous alternatives to the conventional production of synthesis gas
as a route 1o methano! or synthetic liquid hydrocarbons have been proposed.
However, to date, none of these alternatives has attained commercial status
for various reasons. Some of the previous alternative prior-art methods, such
as disclosed in U.S. Patent Nos. 5,243,098 or 5,334,777 io Miller, teach
reacting a lower alkane, such as methane, with a metallic halide o form a
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nmet al ous halide and hydrohalic acid which are in turn
reduced with rmagnesiumoxide to formthe
correspondi ng al kanol. However, hal ogenation of

met hane using chlorine as the preferred hal ogen
results in poor selectivity to the nononethyl halide
(CH3Cl), resulting in unwanted by-products such as
CH2CI 2 and CHCI 3 which are difficult to convert or
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substitute, as of yet, there currently exists no substantial market for DM E, and

hence an expensive additional catalyiic process conversion step would be

required to convert DME into a currently marketable product. Other

processes have been proposed which circumvent the need for production of

synthesis gas, such as U.S. Patent Nos. 4,655,893 and 4,467,130 to Olah in

which methane is catalytically condensed into gasoline-range hydrocarbons

via catalytic condensation using superacid catalysts. However, none of these
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via catal ytic condensati on using superacid catal ysts.
However, none of these 3 earlier alternative
approaches have resulted in comrercial processes. It
is known that substituted al kanes, in particular
met hanol, can be converted to ol efins and gasoline
boi I i ng-range hydrocarbons over various fornms of
crystalline al um no- silicates also known as zeolites.
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h)f,qlgﬁgr @ehc acid. The alkyl brom des and hydrobronic
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tenperature sufficient to form higher nolecular
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gaseous alkanes to liquid hydrocarbons The process comprises reacting a
gaseous feed having lower molecular weight alkanes with bromine vapor o
form alkyl bromides and hydrobromic acid. The alkyl bromides and
hydrobromic acid are reacted in the presence of a synthetic crystalline
alumino-silicate catalyst and at a temperature sufficient to form higher
molecular weight hydrocarbons and hydrobromic acid vapor. The
hydrobromic acid vapor is removed from the higher molecular weight
hydrocarbons by reacting the hydrobromic acid vapor with a metal oxide to

form a metal bromide and steam.
In another characterization of the preseni invention, a process is

provided for converting gaseous alkanes to liquid hydrocarbons wherein a
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provi ded for converting gaseous al kanes to liquid
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and form a part
of the specification, illusirate the embodiments of the present invention and,
together with the description, serve to explain the principles of the invention.

In the drawings:

FIG. 1 is a simplified block fiow diagram of the process of the present
invention;

FIG. 2 is a schematic view of one embodiment of the process of the

present invention;



5 FIG 3 is a schematic view of another enbodi nent of
process of the present invention; FIG 4 is a graph
of nmethyl brom de conversion and product selectivity
for the oliginerization reaction of the process of the
present invention as a function of tenperature; FIG
5 is a graph conparing conversion and selectivity for
the exanple of methyl brom de, dry hydrobrom c acid
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present invention;

FIG. 9B is a schematic view of the embodiment of the process of the
present invention illustrated in FIG. 9A depiciing an alternative processing
scheme which may be employed when oxygen is used in lieu of air in the
oxidation stage;

FIG. 10A is a schematic view of the embodiment of the process of the
present invention illustrated in FIG. 9A with the flow through the metal oxide
beds being reversed,

FIG. 10B is a schematic view of the embodiment of the process of the
present invention illustrated in FIG. 10A depicting an alternative processing
scheme which may be employed when oxygen is used in lieu of air in the
oxidation stage;

FIG. 11A is a schematic view of another embodiment of the process of
the present fnvention;

FIG. 11B is a schematic view of the embodiment of the process of the
present invention iflusirated in FIG. 11A depicting an afternative processing

6



FIG 11 Bis a schematic view of the enbodi nrent of the
process of the present invention illustrated in FIG
11A depicting an alternative processing 6 schene

whi ch nmay be enpl oyed when oxygen is used in |lieu of
air inthe oxidation stage; FIG 12 is a schematic

vi ew of anot her enbodi nent of the process of the
present invention; FIG 13 is a schematic view of the
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the process of the present invention as illustrated in
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carbon dioxide. In any event, it is | r
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the process of the present invention. A block flow
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reactor 30. Preferably, the nolar ratio of |ower
nol ecuhastosteifigwt diaftean@enerally depicting the process of the present

invention is illustrated in FIG. 1, while specific embodiments of the process of
the present invention are illustrated in FIGS. 2 and 3. Referting to FIG. 2, a
gas stream containing lower molecular weight alkanes, comprised of a
mixiure of a feed gas plus a recycled gas stream at a pressure in the range of
about 1 bar to about 30 bar, is transported or conveyed via line, pipe of
conduit 62, mixed with dry bromine liquid transported via line 25 and pump 24,
and passed to heat exchanger 26 wherein the liquid bromine is vaporized.
The mixture of lower molecular weight alkanes and dry bromine vapor Is fed
to reactor 30. Preferably, the molar ratio of lower molecular weight alkanes to
dry bromine vapor in the mixture introduced into reactor 30 is in excess of



dry brom ne vapor in the m xture introduced into
‘reactor 30 is in excess of 7 2.5:1. Reactor 30 has an
inlet pre-heater zone 28 which heats the mxture to a
reaction initiation tenperature in the range of about
250 C. to about 400 C. In first reactor 30, the | ower
nmol ecul ar wei ght al kanes are reacted exothermcally
with dry brom ne vapor at a relatively | ow tenperature
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brom nation to al kyl brom des and elimnating the
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hydrocarbon products. At the low end of the temperature range, with methyl
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significant methyl bromide conversion on the order of 20% is noted, with a

high selectivity towards Cs+ products. Also it is noted that methyl bromide

appears to be more reactive over a lower temperature range relative to methyl

chloride or other substituted methyl compounds such as methanol. Notably,
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chl oride or other substituted nethyl conpounds such as
met hanol . Notably, 9 in the case of the al kyl brom de
reaction over the preferred zeolite ZSM5 catal yst,
cyclization reactions al so occur such that the Cr+
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aromatics. At increasing tenperatures approaching 300
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The catalyst may be periodically regenerated in situ, by isolating
reactor 34 from the normal process flow, purging with an inert gas via line 70
at a pressure in a range from about 1 to about 5 bar at an elevated
temperature in the range of about 400° C. to about 650° C. to remove
unreacted material adsorbed on the catalyst insofar as is practical, and then
subsequently oxidizing the deposited carbon to CO. by addition of air or inert
gas-diluted oxygen to reactor 34 via line 70 at a pressure in the range of
about 1 bar to about 5 bar at an elevated temperature in the range of about
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subsequent |y oxi di zing the deposited carbon to CO2 by
addition of air or inert gas-diluted oxygen to
reactor 34 via line 70 at a pressure in the range of
about 1 bar to about 5 bar at an el evated tenperature
in the range of about 10 4000 C. to about 650 C
Carbon dioxide and residual air or inert gas is
vented fromreactor 34 via line 75 during the
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The residual vapor phase containing the higher molecular weight
hydrocarbon products that is removed as efiluent from the scrubber 38 is
forwarded via line 39 to dehydrator 50 to remove substantially ali water via
line 53 from the vapor stream. The water is then removed from the
dehydrator 50 via line 53. The dried vapor stream containing the higher
molecular weight hydrocarbon products is further passed via line 51 to
product recovery unit 52 to recover propane and butane as desired, but
primarily the Cg+ fraction as a liquid product in line 54. Any conventional
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line 53 fromthe vapor stream The water is then
renmoved fromthe dehydrator 50 via |ine 53. The dried
vapor stream containing the higher nolecular weight
hydr ocar bon products is further passed via line 51 to
product recovery unit 52 to recover propane and butane
as desired, but primarily the C5+ fraction as a
liquid product in line 54. Any conventional 11 nethod
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temperature in the range of about 0° C. to about 70° C. in heat exchanger 46
and then passed to absorber 48 in which residual bromine is recovered from
vent stream In line 67. The aqueous solution effluent from scrubber 43 is
transported via line 49 io a heat exchanger 40 to be preheated to a
temperature in the range of about 100° C. to about 600° C., and most
preferably in the range of about 120° C. to about 180° C. and passed to third
reactor 16. Oxygen or air is delivered via line 10 by blower or compressor 13
at a pressure in the range of about ambient to about 5 har to bromine stripper
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and then passed to absorber 48 in which residua

brom ne is recovered from vent streamin |ine 67. The
aqueous sol ution effluent from scrubber 48 is
transported via line 49 to a heat exchanger 40 to be
preheated to a tenperature in the range of about 100
C. to about 600 C., and nost preferably in the range
of about 120 C. to about 180 C. and passed to third
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1) Fe(+3a) + 6Br(-a) + 3H(+a) + 3/202(g) = 3Br2(g) + Fe(OH)3
2} 3HBr(g) + H20 = 3H(+a) + 3Br(-a) + H20
3) 3H(+a) + 3Br(-a) + Fe(OH)3 = Fe(+3a) + 3Br(-a) + 3H0
The elemental bromine and water and any residual oxygen or nitrogen
(if air is utilized as the oxidant) leaving as vapor from the outlet of third reactor
16 via line 19, are cooled in condenser 20 at a temperaiure in the range of
about 0° C. to about 70° C. and a pressure in the range of about ambient to 5
bar to condense the bromine and water and passed to three-phase separator
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1) Fe(+3a) + 6Br(-a) + 3H(+a) + 3/202(8) = 3Br2(g) +
Fe(OH)3 2) 3HBr(g) + H2O = 3H(+a) + 3Br(-a) + H20 3)
3H(+a) + 3Br(-a) + Fe(OH)3 = Fe(+3a) + 3Br(-a) + 3H20
The el enmental brom ne and water and any residua
oxygen or nitrogen (if air is utilized as the

oxi dant) |eaving as vapor fromthe outlet of third
reactor 16 via line 19, are cooled in condenser 20 at
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Reactor 130 has an inlet pre-heater zone 128 which heats the mixiure to a
reaction initiation temperature in the range of about 250° C. to about 400° C.
In first reactor 130, the lower molecular weight alkanes are reacied
exothermically with dry bromine vapor at a relatively low temperature in the
range of aboui 250° C. to about 600° C., and at a pressure in the range of
about 1 bar to about 30 bar to produce gaseous alkyl bromides and
hydrobromic acid vapors. The upper limit of the operating temperature range
is greater than the upper limit of the reaction initiation temperature range to
which the feed mixture is heated due to the exothermic naiure of the
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vapor in the mxture introduced into reactor 130 is in
excess of 2.5:1 . Reactor 130 has an inlet pre-heater
zone 128 which heats the m xture to a reaction
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The effluent that contains alkyl bromides and hydrobromic acid is
withdrawn from the first reactor 130 via line 131 and is partially cooled to &
temperature in the range of about 150° G. to 350° C. in heat exchanger 132
before flowing to a second reactor 134. In second reactor 134, the alkyl
bromides are reacted exothermically at a temperature range of from about
150° C. 1o about 450° C., and a pressure in the range of about 1 bar to 30 bar,
over a fixed bed of crystalline alumino-sificate catalyst, preferably a zeolite
catalyst, and most preferably a ZSM-5 zeolite catalyst. Although the zeolite
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rglmla l%ts.l ‘}{1 |ﬁgr%%ts{n%ntsén?pera{ures approaching 300° C., methyl bromide

Cs+ products decreases and selectivity towards lighter products, particularly
undesirable methane, increases. Surprisingly, very little ethane or Cz-C, otefin
compounds are produced. At temperatures approaching 450° C. almost
complete conversion of methy! bromide to methane occurs.  In the optimum
range of operating temperatures of about 300° C. to 400° G, as a byproduct of
the reaction, a small amount of carbon will build up on the catalyst over time
during operation, causing a decline in catalyst aclivity over a range of several
hundred hours, depending on the reaction conditions and feed gas
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such that the C7+ fractions produced contain a high
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v.lsae 1350 eodlzd telatemgeraiae e fn@ngeid beet ¥ ol to abouit 100° C.

in exchanger 136, and combined with vapor effluent in line 112 from
hydrocarbon stripper 147. The mixture is then passed fo a scrubber 138 and
contacted with a siripped, recirculated water that is transporied io scrubber
138 in line 164 by any suitable means, such as pump 143, and is cooled io a
temperature in the range of about 0° C. to about 50° C. in heat exchanger
155.  Any liquid hydrocarbon product condensed in scrubber 138 may be
skimmed and withdrawn as stream 137 and added to liquid hydrocarbon
product 154, Hydrobromic acid is dissolved in scrubber 138 in the aqueous
solution which is removed from the scrubber 138 via line 144, and passed to
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The effluent which conprises the higher nolecul ar

wei ght hydrocarbon products and hydrobromc acid is
wi thdrawn fromthe second reactor 134 via |ine 135,
cooled to a tenperature in the range of about 0 C. to
about 100 C. in exchanger 136, and conbined with
vapor effluent in line 112 from hydrocarbon stripper
147. The mixture is then passed to a scrubber 138 and
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! néx%hgné)elil'r ‘?56 S\’Atfhre?gi{ﬁn tJhSe?quuid bromine is vaporized and fed into first
reactor 130. The second fraction which is drawn off line 162 via line 163 and
is regulated by control valve 160, at a rate sufficient to dilute the alkyl bromide
concentration to reacior 134 and absorb the heat of reaction such that reactor
134 is maintained at the selected operating temperature, preferably in the
range of about 300° C. to about 400° C. in order to optimize conversion vs.
selectivity and to minimize the rate of catalyst deactivation due to the
deposition of carbon. Thus, the dilution provided by the recycled vapor
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that may be utilized as fuel for the process and a
recycl ed residual vapor which is conpressed via
conpressor 158. The recycl ed residual vapor
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120° C. to about 180° C. and passed to third reactor 117 that contains a metal
bromide salt. The preferred metal of the bromide salt is Fe(lll), Cu(ll) or Zn(ll)
although Co(ll), Ni{ll), Mn{l1), V{It), Cr(ll) or other transition-metals which form
oxidizable bromide salts can be used. Alternatively, alkaline-earth metals
which also form oxidizable bromide salts, such as Ca (Il) or Mg(l) could be
used. The metal bromide salt in the oxidation reactor 117 can be utilized as
a concentrated agqueous solution or preferably, the concentrated aqueocus salt
solution may be imbibed into a porous, high surface area, acid resistant inert

support such as a silica gel. The oxidation reactor 117 operates at a pressure
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solution effluent from scrubber 148 is transported via
line 149 and is conbined wth the oxygen, oxygen
enriched air or air leaving bromne stripper 114 in
l'ine 115. The conbi ned aqueous sol ution effluent and
oxygen, oxygen enriched air or air is passed to a
first side of heat exchanger 141 and through
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y'o‘fa Mg in Slp‘?é'&"ﬁ Qrﬂéé‘l%ttﬂ'@qa waéFlvaa‘c P/Bé?&s‘i”as a

OoXl e or Specl es or, neta
i iquiddhe ssactions al’seb@&pp@m e netal brom de sal t

i Ch ‘it BPUa) - CBF et Bt G208 x A - HNOBHA hor

by ox a3 BURET Ha0, £ BRE L IBET M0 i e Spec es
and i Sspegﬂ(@) L Zgh - a)rL%t(@H 3¢ Feresdyat eirly) eraHie sal t

and yielding water. Thus, the overall reaction
r dsuhescase phéhenatetalx botanide nbeing Ml igBrRostigpasieddon an inert

RS o BOSRhS A 8 Gondoe o

nwtmd:h bateripderaniytexdisthpd lawapde tbe reeatiehs ard mm[eup@ tabéng
inacatalytic cycle. In the case of the netal
br oni d& B&UHQBF?ef RCuy!Epr2>+ Br2(gh aqueous sol ution and

water enscantt Gkt BrAl AR Fencti ons e o
oo 15155 - e Eplypg Pebor) + I-2) -
The elemental bromine and water and any residual oxygen or nitrogen
(i air or oxygen enriched air is utilized as the oxidant) leaving as vapor from
the outlet of third reactor 117, are cooled in the second side of exchanger 141
and condenser 120 to a temperature in the range of about 0° C. o about 70°
C. wherein the bromine and water are condensed and passed o thres-phase
separator 122. In three-phase separator 122, since liquid water has a limited
solubility for bromine, on the order of about 3% by weight, any additional
bromine which is condensed forms a separaté, denser liquid bromine phase.
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2) 3HBr(g) + H20 = 3H(+a) + 3Br(-a) + H20.3) 3H(+a) +
3Br(-a) + Fe(OH)3 = Fe(+3a) + 3Br(-a) + 3H20 In the
case of the netal brom de being Cu(ll)Br2 supported on
an inert support and operated at higher tenperature
and | ower pressure conditions at which water
primarily exists as a vapor, the reactions are
believed to be: 1) 2Cu(ll)Br2 = 2Cu(I)Br+ Br2(g) 2)

2QJO|(=\|{FT1 ;i%hc:j Jbég%.fri%; gﬁazs%i%%k%r) %?ﬁg h?)tgbn&) log bé%)ror{" for water,
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arator 122. In three ase arator 122
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brom ne which’is”condensed forns a separate, denser
l'iquid brom ne phase. 20 The I | qui d brom ne phase,

however a_not abl ub|
the or dd U'@S‘Dr?'@g? lsh%%" ge— h %@g?gﬁ#\@ ﬁ%/war@"mp
brm lgfab Em@wecaﬁﬂcs@ﬁ 1@ ax lévyth obhpar steshriyy Geobﬂdﬂ’tﬁ_ erlniyomlne is
ui rom.ne an ecant i wat.er Si e .
PHFEPY(PO SBFAPAISHWN tae,DEGGREn{ 1 TPUaaL 30y PRicHg Srriched
| | Sikliof dX/gEm BRd aty bidmihER@PbAMhID IPRET sbrddtised exits three-
conditions that result in the near cong%gre reaction

of Phase sapasator d 28\ isspaghes iadiner ta3 omje $GRURGRL 148,
COpRGRHe éldlﬂﬂ‘ 'b‘i’orﬁfn@ma NBcoviéed \@t @iEsclaforifiio INYBfDASAR acid

the m sci brom ne in the aqueous phase, . and
at Sautiani aﬁr%amlqannexgad Ebﬁ@éhb?faﬂ 4%’@ |"'r‘%§l§f5t sWiaterds removed

f r@‘?ﬁ‘?ﬂé FhrReiphal sk Heheraii12ER yikiimel TP LRSS 114.

ree- phase se arator 122 via punp 124 to a
pressure sufficient to mx with vapor stream 162. Thus

the braqmn . recovered and recycled within the..

pr ocesgr %édo?”é& GAAMPES derBQ%té"ﬁg thf“i RREHCe gnp @tfmy of the
OXVa8EntaRvhriioM, IitQii: A6t 6aR0Eon&iued akdintiiirty werdeps treof.
exits three- phase separator 122 and is passed via

line 123 to brom ne scrubber 148, wherein residual

brom ne is recovered by gyegpbiuthon into hydrobromc
acid solution streamconveyed to scrubber 148 via

li ne 168&rionst enixiwes e@bvEy bromine and methane are reacted

homogeneously at temperatures in the range of 459° C. to 491° C at a Gas
Hourly Space Velocity (GHSV which is defined as the gas flow rate in
standard liters per hour divided by the gross reactor catalyst-bed volume,
including catalyst-bed porosity, in liters) of approximately 7200 hr'. The
results of this example indicate that for molar ratios of methane to bromine
greater than 4.5:1 selectivity to methyl bromide is in the range of 90 10 95%,

with near-complete conversion of bromine.
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fromthe three-phase separator 122 via line 129 and
passed to stripper 114. The foll ow ng exanpl es
denonstrate the practice and utility of the present

i nvention, but are not to be construed as linmting the
scope thereof. EXAMPLE 1 Various m xtures of dry
brom ne and nethane are reacted honpbgeneously at
tenperatures in the range of 4590 C. to 491 C at a @Gas
Hourly Space Vel ocity (§$§¥hﬁﬁé h is defined as the

gas flowrate in stand s per hour divided by
t he gr d‘ae r7eztt PIG. cmmabmtamacbmmp\lm PONACdn@WsQQ of two Ce+

7ot prodUef sBini, e et eqerl cind W deetabs it methy

f Obroﬂ'ﬂdi@hnd @ﬁétﬁén@fee{wh?%ﬂér rembs eabme cﬁl?ﬁt erhefse%thalyses
el e t|V|t to ne bromde is in the range of

90S QW SHNR wamaéfaﬁen@nbofdsﬁ\%ﬁr%qow PEYRethe.

21 EXAI\/PLE 2 FIG 7 and FIG 8 illustrate two

exenpl ary PONA anal yses of two C6+ |iquid product

sanpl es that are recover &AMPEHRSG two test runs with
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zeol ite cat gl g@t Hgéns?ée analorvgrgs%l ZQﬁIOS’Vz%rohl% éétélyst at a Gas
suHQuf&htSpaDﬁdefJ@WBl(GUSNd)rﬂfeaﬂprOXImdh@y@% hr? aover angange of

SRy 0 gty O, R, CPRE BB fhef g bar

(Gbiswuref a\spri!ustrmmelhym}l. #y whinkeis @ geapde obfmethyl bromzde

- 000 600. C
o et 7 PSSl a'e ol rigiion e uncton
4 ofiempleratareq !mtbwfbromndnebdnweréwm inatleasesompRis iromeaadge of

Q@ﬁ@@@?!(ﬁ“ i Vi t#@ﬁﬁg rC[at ﬁp@!enl msrl L@%%?ﬁn re%:nge cr)} about

COTU(PTSJ W abo@ wes f@m‘ Eelectivity ftﬁvdr@@@ﬁgﬁé‘r melBeuAr weight
2000 C. to about C. Lower tenl%ratures in the

r GEUGE Newsyer C@@WS@ i§ (Vb o lilighes gemperaiyiss in the range of
S QARft 2%bt . P HBEESsF @%ﬁoﬂ%%ﬁérﬂ hvERIdHatn ths PEHeet St 50%

however conversion is low Hi eratures inthe
ratﬁgée%‘ﬁ 10g%u|?0"2%@f0”0@@3'ﬁ605@‘99%y 10 dpMey mwar weight

COPUBEGEONR | rt‘iélﬁ’arr Qﬂﬁ%sf?%bléo%etﬁ ecuf%; r&%%ed“"ﬂ@ﬁfgher

I NCreasl ng S ectivit ower wel
prtedwaiurasmq@aet%euCa&elemw@stqrabtk@nﬁﬁawdlyemvr@ases At about

d 50 C
SFEE oy Bl BRSO Bheniossy

At about

EXAMPLE 4

Methyl bromide, hydrogen bromide and methane are reacied over a
Z5M-5 zeolite catalyst at approximately 2 bar pressure at about 250° C. and
also at about 260° C. at a GHSV of approximately 76 hr'. Comparison tests
uiilizing a mixiure of only methyl bromide and methane without hydrogen
bromide over the same ZSM-5 catalyst at approximately the same pressure at
about 250° C. and at about 260° C. at a GHSV of approximately 73 hr' were
also run. FIG. 5, which is a graph that illusirates the comparalive
conversions and selectivities of several example test runs, shows only a very
minor effect due to the presence of HBr on product selectivities. Because
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450 C., al nost conpl ete conversion to nmethane occurs.
EXAMPLE 4 Met hyl brom de, hydrogen brom de and net hane
are reacted over a ZSM5 zeolite catal yst at ,
approxi mately 2 bar pressure at about 250 C. and also
at about 260 C. at a GHSV of approximately 76 hr'.
Conparison tests wutilizing a mxture of only nethyl
brom de and met hane wi t hout hydrogen brom de over the

s t.al t at ' tel . o
<Rl SRRl PRBHOHIRLR el PR SRR
aDthéhd@ltéﬁaﬂtj yto lflambitvé tl;me h9cti rrc])bl-@ﬁicrauid geheatesl invihi diroinination
a gra at [ llustrates the conparat,ve v i.ons.. ..
5 oaCion SEParlr 8 Vit CoVarblR BREREY & héf BRYRIER S (Swnicn
onhddifonet hydroBiomit sefd BGbmesteirt anyt beseprBaes) tiee pfockEs can be
on product selectivities. Because 22 hydrobrom c acid

hagUkstantialy #Mieds f ect on conversion and sel ectivity,

it is not necessary to renove the hydrobromc acid
generated in the bromnation reaction step prior to
the conversion reaction BfAMREER kyl bromides, in

whi ch  e@if bidbe Ty d6L96@BVEr BCZOMLS 2bItERMAtAITstaRY230° C.
case. Thus, the process can be substantially

si Riprompeethan/is pddedtaelgacpr. ofiCi &, Wiighds &raraply peprogluct
ZS ¥ t 2 ' '
2 ceasotF A0, e el Feadiion’ciOmstny) BroihRRPER] MGoMethane
presulis in ashétin selegiivity holvards €8s+ pratugis aersusn ngthyt bromide
hyl ' ' . in. ' .
eGP o A0S a0 BE RERSTE R S G enafh B el febotive
br amd therefatonery Highi seletindiyeormsmotretteeninghe dremiration step
di b th i I ti d th
i BT L LB IS REcBrsAaRe e FRErTiatL e Dokl ghserved.
st Rfweve?, that thegsidsde dfdibromanigitarsinafedsbe thi eseof catalyst
invention. It has been, gbserved,, however

t hat the.
prdRaGVaQs  ERAYIERD fe PiiSiating deMAsEathug doopptitize the

CafrRlacH beRRRG bMREINGE, ah@ DHdctivdtion hitghes epepakin® pure
tenperature to optim ze the tradeoff between

selmeliv bramidand deactivation rate, as conpared to pure
met hyl brom de. EXAMPLE 6 A mi xture of 12.1 nol %

met hyl brom de and 2.8 nol % propyl brom de in nethane
are reacted over a ZSNEXAWMEWE ®e catal yst at 295 C and

a GHSV' A mixture of 12.1 mol% methyl bromide and 2.8 mol% propy! bromide
in methane are reacted over a ZSM-5 zeolite catalyst at 295 C and a GHSV
of approximaiely 260 hrl. A methyl bromide conversion of approximately
86% and a propyl bromide conversion of approximately 28% is observed.

Thus, in accordance with all embodiments of the present invention set
forth above, the metal bromide/metal hydroxide, metal oxy-bromide or metal
oxide operates in a catalytic cycle allowing bromine o be easily recycled
within the process. The metal bromide is readily oxidized by oxygen, oxygen
enriched air or air either in the agueous phase or the vapor phase at
temperatures in the range of about 100° C. to about 600° C. and most
preferably in the range of about 120° C. to about 180° C. to yleld elemental
bromine vapor and metal hydroxide, metal oxy-bromide or metal oxide.
Operation at temperatures below about 180° C. is advantageous, thereby
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of approximately 260 hr"'. A nethyl brom de conversion

of approximately 86% and a propyl brom de conversion

of approximtely 98% is observed. Thus, in accordance

with all enbodi nents of the present invention set

forth above, the netal brom de/netal hydroxide, netal

oxy-brom de or netal oxide operates in a catalytic

cycl e allowing bronine to be easily recycled wthin
oY S TE@ Tt Wgrrogfn gSrrbéoﬁ-?@sq{ P{t Oﬁﬁ@r%)ﬁagmg}’-lined

oxygen oxygen  enric alr “or arr €l I'n

acpaeiusenthadstydoosbromméc aajsbis pleatralizd byerqaet[m writs then metal

+ MR o e P be KRHingsrelfh 5P e frorBBE 55

C. to Yihel eleeieetaiamrahmebvmornamd/smamami omatiehsed and easily

hydr oxi, d 0X rom de or

OSePSEeE il B isRiL tieRe BY) Sialp oyl Separation, yielding

acuibBlanbaRUGy ﬂrbmrr?o%/lTh%Sa@eln@woﬂ Qllgnl’ﬂﬁahﬁﬁrat@‘r alliows GeRictive
Iosl on re tan or opo mer-11 me

PR BRgAn cohalanes RBHORroditny PhLs S e, Sibsequent

n@fwdlenthhﬁa Oéele@av@r oligthdrizetibifeand edy@linfiont e@emnam éfh%t!kyl

metal brom de. The el enental broni ne vapor an
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of %Q&H/t d ﬁtfnfd;ﬁq{ @deﬁatég ﬁﬁg’sﬁélﬂl%gied by the metal

|C|en | Feor rgi'merization
c \hydiodd cm rrxemiw)ods spfecisk yésultingo fiode oxidatipni afathe ymetal
pro(garg]ee and heavi er products, the C5+ fraction of

cont ai ns substantial branched al kanes and
subst i {waecbrdamsmivitle anothep eathotlimedtyafribb moosessaititide present

¢ SRehl TPSed TR0 58 S SRR, 3D e
a%nﬂ@t@tdna‘aﬂaﬁéﬂ dpy dpeeatgetiala shpstanalesiafi IafTErhal'lnemto drose
speci es resu i dation of

t f
o 1GOFEERONIRG S129BS IZARIDSA WD ApRRasb 10 Eﬂﬁ%ﬁf ﬁ@ﬂts o eMore
p%&?ﬁﬁﬁm@f 4 NEaPr SRR cér&&i‘hmg qawe& |M§Ib&€1h60k~e!@h1':|éﬂ<anes

9A, the alkyl “brom nation and al kyl brom de
cORTEIISPERf Bt dgesofa ieed @@ﬁﬂ‘é’cﬂ facveled 988 SHRRM At gpressure in

descre?r[) mt 4 Qdr h@sasoum 'bﬁﬁ n@ﬂﬁhg&mme ed via line,

respect above. re

padipe oucendujts 252@@6 ity é%ﬁﬁ&ﬁtwﬂ% an%@pmeémﬂﬁ | beemping: liquid
WE?H& ‘ﬂg@ rzgték‘?ﬁg?esultﬁﬂmfﬁgﬁqgﬁfag‘é’g&gﬁ 81ag§un% b82GnE3mssed to
heat exchanger 226 wherein the liquid bromine is vaporized. The mixiure of
lower molecular weight alkanes and dry bromine vapor is fed to reactor 230.
Preferably, the molar ratio of lower molecular weight alkanes to dry bromine
vapor in the mixiure introduced into reactor 230 is in excess of 2.5:1. Reactor
230 has an inlet pre-heater zone 228 which heats the mixiure to a reaction
initiation temperature in the range of 250° C. to 400° C. in first reactor 230,
the lower molecular weight alkanes are reacted exothermically with dry
bromine vapor at a relatively low temperature in the range of about 250° C. fo
about 600° C., and at a pressure in the range of about 1 bar to about 30 bar to

produce gaseous alkyl bromides and hydrobromic acid vapors. The upper
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the range of about 1 bar to about 30 bar, is
transported or conveyed via line, pipe or conduits
262 and 211, respectively, and m xed with dry brom ne
liquid in line 225. The resultant m xture is
transported via punp 224 and passed to heat exchanger
226 wherein the liquid bromne is vaporized. The

m xture of |ower nol ecular wei ght al kanes and dry

brom a . r.
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s edadtivity b fniéth ephiimige SaRanRaY e@wéetﬂmh bowModeurss and
in the range o 0 to 95% Small anounts of

di %ﬂ@ﬁ@ﬂfﬁﬁ%ﬁﬁ’éioﬁm undegirabif frPRR FEORISOLEEE®: df hasyalsp been
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eliminating the large amount of waste heat generated in the formation of
carbon dioxide from alkanes.

The effluent that contains alkyl bromides and hydrobromic acid is
withdrawn from the first reactor 230 via line 231 and is partially cooled o a
temperature in the range of about 150° C. to 350° C. in heat exchanger 232
before flowing to a second reactor 234. In second reactor 234, the alkyl
bromides are reacted exothermically at a temperature range of from about
150° C. to about 450° C., and a pressure in the range of about 1 bar to 30 bar,
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brom des and propyl brom des. Further, the dry brom ne
vapor that is feed into first reactor 230 is
substantially water-free. Applicant has di scovered
that elimnation of substantially all water vapor
fromthe bromnation step in first reactor 230
substantially elimnates the fornmation of unwanted
carbon di oxi de thereby increasing the selectivity of
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i ght hydrocarbons, such as_undesirable
reactlons occur such that the Cy+ fractions produced contain a high
percentage of substituted aromatics. At increasing temperatures approaching
about 300° C., methyl bromide conversion increases towards 90% or greater,
however selectivity towards Cs+ products decreases and selectivity towards
lighter products, particularly undesirable methane, increases. Surprisingly,
very little ethane or C»-C,4 olefin compounds are produced. At temperatures
approaching about 450° C. almost complete conversion of methyl bromide to
methane occurs. In the optimum temperature range of about 300° C. to
about 400° C., as a byproduct of the reaction, a small amount of carbon will
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nmet hane, whereas | ower tenperatures increase yields of
heavi er nol ecul ar wei ght hydrocarbon products. At the
| ow end of the tenperature range, nethyl brom de
reacting over ZSM5 zeolite at tenperatures as | ow as
about 150 C. significant nmethyl brom de conversion on
the order of 20%is noted, wth a high selectivity
towards C5+ products. Notably, in the case of alkyl
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elg proguc?tg and hydrobromic acid is withdrawn from the second reactor 234 via
line 235 and cooled to a temperature in the range of about 100° C. to about
600° C. in exchanger 236. As illustrated in FIG. 9A, the cooled effluent is
transporied via lines 235 and 241 with valve 238 in the opened position and
valves 239 and 243 in the closed position and introduced into a vessel or
reactor 240 containing a bed 298 of a solid phase metal oxide. The metal of
the metal oxide is selected form magnesium (Mg), calcium {Ca), vanadium
(), chromium (Cr), manganese (Mn), iron (Fe), cobait (Co), nickel (Ni),
copper {Cu), zinc (Sn), or tin (Sn). The metal is selecied for the impact of its
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tenperature in the range of about 400 C. to about 650

C. to renove unreacted nmaterial adsorbed on the

catal yst insofar as is practical, and then

subsequent |y oxidi zing the deposited carbon to CO2 by
addition of air or inert gas-diluted oxygen via |line
270 to reactor 234 at a pressure in the range of

about 1 bar to about 5 bar and an el evated tenperature
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t QQeLibatt BhddiplidiP ihlicWed by, for example, refrigerated condensation,

cryogenic expansion, or circulating absorption oil, as used o process natural

gas or refinery gas streams, as known to a skilled artisan, may be employed
in the implementation of this invention. The residual vapor effluent from
product recovery unit 252 is then split into a purge stream 257 that may be
utilized as fuel for the process and a recycled residual vapor which is
compressed via compressor 258. The recycled residual vapor discharged
from compressor 258 is split into two fractions. A first fraction that is equal o
at least 1.5 times the feed gas volume is transported via line 262, combined

with the liquid bromine and feed gas conveyed in line 225 and passed to heat
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nol ecul ar hydrocarbon products in line 244, 218 and
216 via opened valve 219 to heat exchanger 220
wherein the mxture is cooled to a tenperature in the
range of about O C. to about 70 C. This cooled mxture
is forwarded to dehydrator 250 to renove
substantially all water fromthe gas stream The

water is then renmoved fromthe dehydrator 250 via line
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resuitant bromine vapor is transporied from reactor 246 via line 247, valve
248 and line 242 to heat exchanger or condenser 221 where the bromine is
condensed into a liquid. The liquid bromine is transported via line 242 to
separator 222 wherein liquid bromine is removed via line 225 and transported
via line 225 to heat exchanger 226 and first reactor 230 by any suitable
means, such as by pump 224. The residual air or unreacted oxygen is
transported from separator 222 via line 227 to a bromine scrubbing unit 223,
such as venturi scrubbing system containing a suitable solvent, or suitable

solid adsorbant medium, as selecied by a skilled artisan, wherein the
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conpressor 213 at a pressure in the range of about

anbi ent to about 10 bar to bromne via line 214, line
215 and val ve 249 through heat exchanger 215, wherein
oxygen, oxygen enriched air or air is preheated to a
tenperature in the range of about 1000 C. to about
500 C. to a second vessel or reactor 246 containing a
bed 299 of a solid phase netal brom de. Oxygen reacts
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and 246, respectlvely, has occurred, these valves are closed. At this point,
bed 299 in reactor 246 is a bed of substantially solid metal bromide, while bed
298 in reactor 240 is substantially solid metal oxide. As illustrated in FIG.
10A, valves 245 and 243 are then opened to permit oxygen, oxygen enriched
air or air to flow through reactor 240 to oxidize the solid metal bromide
contained therein, while valves 239 and 217 are opened to permit effluent
which comprises the higher molecular weight hydrocarbon products and
hydrobi'omic acid that is withdrawn from the second reactor 234 1o be
introduced into reactor 246. The reactors are operated in this manner untit
significant conversion of the metal oxide and metal bromide in reactors 246

and 240, respectively, has occurred and then the reactors are cycled back to
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the substantially conplete scavenging of the HBr to

| ow | evel s at higher process tenperatures. Another
di stinct advantage is the elimnation of water from
the brom ne renoved thereby elimnating the need for
separation of brom ne and water phases and for
stripping of residual bromne fromthe water phase.
Reactors 240 and 246 may be operated in a cyclic
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noéxcﬂgh&]& éé%, aﬂd introduced into the bottom of reactor 240 which contains
a bed 298 of solid metal oxide particles. The flow of this introduced fiuid
induces the particles in bed 298 to move upwardly within reactor 240 as the
hydrobromic acid is reacted with the metal oxide in the manner as described
above with respect to FIG. 9A. At or near the top of the bed 298, the pariicles
which contain substantially solid metal bromide on the afirition-resistant
support due to the substantially compléte reaction of the solid metal oxide with
hydrobromic acid in reactor 240 are withdrawn via a weir or cyclone or other
conventional means of solid/gas separation, flow by gravity down line 259 and

are introduced at or near the botitom of the bed 299 of solid metal bromide
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the system the need to condense the brom ne vapor to
aliquid to renove unreactive conponents, such as
nitrogen, is obviated. Conpressor 213 is not
illustrated in FIGS. 9B and 10B as substantially al
commercial sources of oxygen, such as a commercia
air separator unit, will provide oxygen to line 210
at the required pressure. If not, a conpressor 213
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obviated. Compressor 213 is not illustrated in FIG. 11B as substantially all
commercial sources of oxygen, such as a commercial air separator unit, will
provide oxygen to line 210 at the reguired pressure. If not, a compressor 213
could be utilized to achieve such pressure as will be evident to a skilled
artisan.

in accordance with another embodiment of the process of the present
invention that is illustrated in FIG. 12, the alkyl bromination and alkyl bromide

conversion stages are operated in a substantially similar manner ic those
32



phase netal brom de. Oxygen reacts with the netal

brom de in the manner descri bed above with respect to
FIG 9A to produce a dry, substantially HBr free
brom ne vapor. The flow of this introduced gas induces
the particles in bed 299 to flow upwardly wi thin
reactor 246 as oxygen is reacted with the netal
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The gas stream containing lower molecular weight alkanes, comprised
of mixture of a feed gas (line 211) and a recycled gas stream, is transported
or conveyed via line 262, heat exchanger 352, wherein the gas stream is
preheated to a temperature in the range of about 150° C. to about 600° C,
valve 304 and line 302 to a second vessel or reactor 310 containing a bed
312 of a solid phase metal bromide in an oxidized valence state. The metal of
the metal bromide in an oxidized valence state is selected from copper (Cu),
iron (Fe), or molybdenum (Mo). The metal is selected for the impact of its

physical and thermodynamic properties relative to the desired temperature of
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cooled to a tenperature in the range of about 30 C. to
about 300 C. The brom ne-containing vapor is then
transported via line 242 to vessel or reactor 320
containing a bed 322 of a solid phase netal bromde in
a reduced valence state. The netal of the netal
brom de in a reduced val ence state is selected from
copper (Cu), iron (Fe), or nolybdenum (M). The netal
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{ heiaiinACCoMiAnER With the Jollowing BeReral farmuia Whetaim b represents
br@%‘nrﬁ ;s stored as a second nmetal bromde, i.e.

rn+ ‘? reactor 320 while the resultant vapor

cont ai ni ng resi dual 2mPBr,or OXYORMABS + Bignted from
reactor 320 via line 324, valve 326 and |ine 318. The

gabhe reuliant draraingi vepor dswiieneperéediMith hei gaa Siieanareantaining
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Is preheated to a tengerature in the range of about

150 C. Repcp§us! RPAcS20 vapy LB @PerMEd| Nnd AMFEC igshion.  As
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a solid phase net ‘al bromi de I n an oxidi zed val ence

st @asestrepia caglaiinglpwet moleasias waiglmlkanesrio 8 tepsaeredto the
Vaé ﬁ@ é&&h? 346, \ﬁﬁiteeﬁl@él ah qu‘o‘ﬁ){épﬁ&ﬁ irt td) aperd H&He to permit

Fe), nol ybdenum( e metal 1s sel ecte
t Hbls g@%@trealm witl br@mm vanorahat is generaiaain teactor 310 to be

pr% bHES 16 %ﬁ ?%ﬁl#&lo%h%a%?' '2%pd LiERSE dfaile ?Gg is dp'b%rated

Oper a |on oténtial” environnment
helaltha opap awdse mmerwilromm @ dtoiny reastqr 46 iorbe wansported

ars Fe%ltoqygéjo,a\ﬁhi@%aﬁgt Qée ig"i&p%rgtgﬁ Pifr th%ew& tnqc?de to permit
residual air or oxygen to be vented from reactor 320. Once significant
conversion of the reduced metal bromide and oxidized metal bromide in
reactors 320 and 310, respectively, to the corresponding oxidized and
reduced states has occurred, these valves are closed as illustrated in FIG. 13.
At this point, bed 322 in reactor 320 is a bed of substantiaily metal bromide in
an oxidized state, while bed 312 in reactor 310 is substantially metal bromide
in a reduced state. As illustrated in FIG. 13, valves 304, 317, 306 and 326
are closed, and then valves 308 and 332 are opened to permit the gas stream

containing lower molecular weight alkanes to be transporied or conveyed via
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nost preferred. The solid netal brom de in an oxidized
state is preferably immobilized on a suitable
attrition-resistant support, for exanple a synthetic
anmor phous silica such as Davicat G ade 57,

manuf actured by Davi son Catal ysts of Col unbi a,

Maryl and. The tenperature of the gas streamis from
about 1500 C. to about 600 C., and preferably from
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FIG 13. At éﬂ%bi?ﬁent*%ﬁ ﬁ%géﬁ‘t iSRRI tédsmacae 14,

bed of substantia e Iln an oxl
st #reebeghBl2 el 332 zontalm&;hm wackre 318 amib%zthrresmqwely, are

i Yt Sy, b 87 Sher ASHbLA IR 84 b for
t heonttmlouemp@fmfoarm B8 Deds ewithoh the nat_ecbm mavrdeh&:rmipment,
o A5 oAb BL e Lo Y oP UM, e ol KaBRSreblor. 1n
accordance with this embodiment, the bromine-containing gas withdrawn from
the reactor 246 via line 242 is cooled to a temperature in the range of about
30° C. to about 300° C. in exchangers 370 and 372, and introduced into the
bottom of reactor 320 which contains a moving solid bed 322 in a fluidized
state. The flow of this introduced fluid induces the particles in bed 322 to flow
upwardly within reactor 320 as the bromine vapor is reacted with the reduced
metal bromide entering the bottom of bed 322 in the manner as described
above with respect to FIG. 12. At or near the top of the bed 322, the particles
which contain substantially oxidized metal bromide on the atirition-resistant
support due fo the substantially complete reaction of the reduced metal
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lines 262, heat exchanger 352, wherein gas streamis
heated to a range of about 1500 C to about 6000 C,

val ve 308 and line, 309 to reactor 320 to thermally
deconpose the solid phase netal brom de in an oxidized
val ence -state to yield elenental brom ne vapor and a
solid netal bromde in a reduced state. Valve 332 is

al so opened to pernmt the resultant brom ne vapor to
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at of less expersives equipment of relatively simple design that are constructed
from readily available metal alloys for the gas phase and polymer-lined
vessels, piping and pumps for the liquid phase. The process of the present
invention is also more efficient because less energy is required for operation
and the production of excessive carbon dioxide as an unwanted byproduct is
minimized. The process is capable of directly producing a mixed hydrocarbon
product containing various molecular-weight components in the liquefied

petroleum gas (LPG) and motor gasoline fuels range that have substantial
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support due to the substantially conplete reaction of
the reduced netal 35 bromde with brom ne vapor in
reactor 320 are withdrawn via a weir, cyclone or

ot her conventional neans of solid/gas separation, flow
by gravity down |line 359 and are introduced at or

near the bottom of the bed 312 in reactor 310. In the
enbodi ment illustrated in FIG 14, the gas stream

BTSN ) SEpbBEE By e e
ga@%’ﬂ'ﬂ%‘éﬁﬁgqfﬁetmt%d or conveyed via line 262

and he er, 352 r.eam
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vapor and a solid netal brom'de in a reduced state.

The flow of this introduced gas induces the particles
in bed 312 to flow upwardly within reactor 310 as the
oxi di zed netal bromide is thermally deconposed. At or
near the top of the bed 312, the particles which
contain substantially reduced solid netal brom de on
the attrition-resistant support due to the
substantially conplete thermal deconposition in
reactor 310 are withdrawn via a weir or cyclone or

ot her conventi onal neans of gas/solid separation and
flow by gravity down |ine 364 and introduced at or
near the bottom of the bed 322 of particles in
reactor 310. In this manner, reactors 310 and 320 can
be operated continuously with changing the paraneters
of operation. The process of the present invention is
| ess expensive than conventional process since it
operates at |ow pressures in the range of about 1 bar
to about 30 bar and at relatively |ow tenperatures in
the range of about 20 C to about 600 C for the
gas phase, and preferably about 20 C to about 180
C. for the liquid phase. These operating conditions
permt the use of |ess expensive equi pnent of
relatively sinple design that are constructed from
readily available netal alloys for the gas phase and
polymer-1lined vessels, piping and punps for the

i quid phase. The process of the present invention is
al so nore efficient because |l ess energy is required
for operation and the production of excessive carbon
di oxi de as an unwanted byproduct is

37



m nim zed. The process is capable of directly
produci ng a m xed hydrocarbon product containing
vari ous nol ecul ar-wei ght conmponents in the |iquefied
petrol eum gas (LPG and notor gasoline fuels range
that have substantial 36 aromatic content thereby
significantly increasing the octane value of the
gasol i ne-range f uel conpq?ﬁﬂhﬁ Wil e the foregoing
preferred enbodi nents of venti on have been
descri bed and shown, it is understood that the
alternatives and nodifications, such af Hhose b
tuggestpacassl fot fenyertingy I8LH @ seld, liauidy hydjqcarbons
within the scope of the invention. 37 CLAIMS 1. A

for converting gaseous al kanes to |liquid i
hydr qeactiena gassousi feedavirgpiovietgnalegatasovsightalianes with
havi ng | ower nol ecul ar wej ght al kanes w th., brom ne
rapuine wawrowpamajw %rce;mc‘@%sa@ﬁ*avcﬁyﬁ%ﬁfw%dc aci d:
' eact g s@ kiRl brihfides! RFtrienorebenes ef saidchyaiotsraindo acid

aci an

hydr obrom a synthetic crystalline
adim spathetic caystaliacatipminensificate gatalyieand @tea temperature

sufficient_to form hi gher nol ag | itional
?rf»ifﬂﬁ;'@@"ai%oﬁ%maﬁ‘égréﬁfd leHar Vﬁ%j@l?totl?ly ngtrilo%pél%rlasd;angng dditiona
' il dhgdr obrom ¢ acid and sai d additional
W%L%%%? aicj d from said higher nol g_c,ul a‘;@f\l@ ght . id
hydr oending seig hydrobramgicsaaidi and \s@ich BAgivppa oLpnic acl
ai d addi t.ignal r onj [ | t RdcEAgt aid
‘?B’F’m et Qnecfr dﬂ%%gagj{dmgéggfn ﬁgﬁ%“?ﬁreb%gggg@ss of g.
Kl dtoBtomivhali® iand sid! atibitiona iaydrobraait cacicb with ariefial axide to
gnesium cal cium_ vanadi um chrom um nmanganese,
farerg mataldromigde apdisteam. copper, zinc or tin. 3. The
process of claim2 wherein said netal oxide is
supported on a solid carrier. 4. The process of claim .
8. wheTRé proeéss ofetlaim dxwbierdin sashthe metaliof seideretal pxige is
Vm%%?aglsi'um, calcium, vanadium, chromium, manganese, iron, cobalt, nickel,

copper, zinc or tin.

3. The process of claim 2 wherein said metal oxide is supported on a

solid carrier.

4, The process of claim 3 wherein said metal oxide is contained in a bed

in a vessel.

5. The process of claim 1 further comprising:
reacting said metal bromide with an oxygen containing gas to obtain a

metal oxide and said bromine vapor.

6. The process of claim 5 wherein said bromine vapor is used in the step

of reacting said gaseous feed having lower molecular weight alkanes.
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5. The process of claim1 further conprising: reacting
said netal bromide with an oxygen containing gas to
obtain a netal oxide and said brom ne vapor. 6. The
process of claim5 wherein said brom ne vapor is used
in the step of reacting said gaseous feed having

| ower nol ecul ar wei ght al kanes. 38 7. A process for
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ransportl ng sald brom ne vapor

hteairgridepanicldseand sleansai d gaseous feed. 10. The
process of claim8 wherein after substantially all of

said metal oxide particles in said bed in said first
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vapor.

9. The process of claim 8 further comprising:
transporting said bromine vapor to said step of reacting said gaseous

feed.

10. The process of claim 8 wherein after substantially all of said metal
oxide particles in said bed in said first vessel have been converted to said
metal bromide particles, said process further comprising:

passing an oxygen containing gas through said first vessel having a
bed of metal bromide particles to form metal oxide particles and bromine

vapor.

11.  The process of claim 10 further comprising:
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11. The process of claim 10 further conprising: 39
transporting said brom ne vapor to said step of
reacting said gaseous feed. 12. The process of claim
10 wherein after substantially all of said netal

brom de particles in said bed in said second vesse
have been converted to said netal oxide particles and
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va(g E to formal kyl brom des and hydrobrom c acid;
&8 said al kyl brom des in the presence of sai d

hydr obr omc acid and a synthetic cryst alline
al um no-silicate catal %‘éﬂ and at . tenper ature
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14.  The process of claim 8 wherein said the metal of said metal oxide and
said metal bromide is magnesium, calcium, vanadium, chromium,

manganese, iron, cobalt, nickel, copper, zinc or tin.

15. A process for converting gaseous alkanes to liquid hydrocarbons
comprising:

reacting a gaseous feed having lower molecular weight alkanes with
bromine vapor to form alky! bromides and hydrobromic acid;

reacting said alkyl bromides in the presence of said hydrobromic acid
and a synthetic crystalline alumino-silicate catalyst and at a temperature
sufficient to form higher molecular weight hydrocarbons and hydrobromic

acid;
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oxidizing said first netal brom de with an oxygen
containing gas to form brom ne vapor; and reacting
said brom ne vapor with a reduced netal bronide to
forma second netal bromi de. 16. The process of claim
15 further conprising: contacting said second netal
brom de with said gaseous feed thereby thermally
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thermal |y deconposed |n said fourth vessel to said

br om ne va or and, sa reduced. taI br om 21,
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further conprising: reacting said bromne vapor and
said reduced netal bromde to form a second netal

oM FRe BrocedSeOPERMASF50heleth Bakd redutéermetal bromide is
conpri si ng: . .
cor?tglined inga bed in a third vessel and bromine vapor is reacted with said

reduced metal bromide in said third vessel to form a second metal bromide.

19.  The process of claim 18 wherein after substantially all of said reduced
metal bromide in said bed in said third vessel has been converted to second
metal bromide, said process further comprising:

contacting said second metal bromide with said gaseous feed thereby
thermally decomposing said second metal bromide to said bromine vapor

and said reduced metal bromide.

20. The process of claim 18 wherein said second metal bromide is

contained in a bed in a fourth vessel and said second metal bromide is
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concurrently transporting said second netal brom de
fromsaid third vessel to said fourth vessel and said
reduced metal brom de fromsaid fourth vessel to said
third vessel. 23. The process of claim1l wherein said
step of reacting said gaseous feed with said brom ne
vapor occurs in a first reactor and said step of

ST adl | ST RS e ishp g sao

reflus&PRictaIBbrofiide.gaseous  feed with said brom ne vapor
occurs in a first reactor and said step of reacting

'Sl'ﬁied aloléyl brgrri Iole§ occurs i.ni a second reactor. 25.
0 RS LR 1 R e s s Bl i sond
ﬁbéra%?ﬁt %@gﬁggom anit! sbédl int spidoffourtivacessey ks cegrkthermally
decomposed tocégits:l Brgm?néc’ ‘38889 an as%tléj E‘e‘dudb%d metal bromide, said
process further comprising:

reacting said bromine vapor and said reduced metal bromide to form

a second metal bromide.

22.  The process of claim 20 further comprising:
concurrently transporting said second metal bromide from said third
vessel to said fourth vessel and said reduced metal bromide from said fourth

vessel to said third vessel.

23. The process of claim 1 wherein said step of reacting said gaseous
feed with said bromine vapor occurs in a first reactor and said step of

reacting said alkyl bromides occurs in a second reactor.

24. The process of claim 7 wherein said step of reacting said gaseous
feed with said bromine vapor occurs in a first reactor and said step of

reacting said alkyl bromides occurs in a second reactor.
25. The process of claim 15 wherein said step of reacting said gaseous

feed with said bromine vapor occurs in a first reactor and said step of

reacting said alkyl bromides occurs in a second reactor.

42



