PROCESS FOR CONVERTI NG GASEQUS ALKANES TO LI QUI D
HYDROCARBONS BACKGROUND OF THE | NVENTION 1. FIELD OF
THE | NVENTI ON: The present invention relates to a
process for converting |lower nolecular weight,
gaseous al kanes to liquid hydrocarbons useful for the
production of fuels, and nore particularly, to a
process wherein a gas containing |ower nolecul ar

wei ght al kanes is reacted with a dry brom ne vapor to
form al kyl brom des and hydrobrom c acid which in turn
are reacted over a crystalline alumno-silicate
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conposed of nethane dh¥D %RBpﬁ al kanes has been
di scovered in large quantities throughout the world.
Many of the locales in which natural gas has been

di scover ed ar eBAGKGROYND GFUTHE INVENEIONS whi ch have
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demand for natural gas. Due to the |ow density of
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use of nethane found in natural gas is as feed to
processes for the production of nethanol. Methanol is
pade PEFORIPTRIN OFRELATEBVARS! on of nethane to
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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 gaé,
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 to 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
conversion of methane to synthesis gas (CO and Hy) at high temperatures
(approximately 1000° C.) followed by synthesis at high pressures



for the production of synthesis gas. (CO and H2) from
nmet hane. Anong these are steam nethane reformng
(SMR), partial oxidation (POX), autothermal reformng
(ATR), gas-heated reform ng (GHR), and vari ous

conbi nations thereof. SVR and GHR operate at high
pressures and tenperatures, generally in excess of
600 C., and require expensive furnaces or reactors
cont ai ni ng speci al heat and corrosion-resistant all oy
tubes filled with expensive reform ng catal yst. POX
and ATR processes operate at high pressures and even
hi gher tenperatures, general
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waste heat and unwanted carbon dioxide, which tends to lower the
conversion efficiency of the overall process. Fischer-Tropsch Gas-to-Liquids
(GTL) technology can also be used to convert synthesis gas to heavier liquid
hydrocarbons, however investment cost for this process is even higher. In
each case, the production of synthesis gas represents a large fraction of the

capital costs for these methane conversion processes.

Numerous alternatives to the conventional production of synthesis
gas as a route to methanol or synthetic liquid hydrocarbons have been
proposed. However, to date, none of these altematives has attained
commercial status for various reasons. Some of the previous alternative
prior-art methods, such as disclosed in U.S. Pat. Nos. 5,243,098 or
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2 0 5,334,777 to Mller, teach reacting a | ower

al kane, such as nethane, with a netallic halide to
forma netal ous halide and hydrohalic acid which are
in turn reduced with nagnesi um oxide to formthe
correspondi ng al kanol. However, hal ogenati on of

nmet 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
require severe limtation of conversion per pass and
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'sA\Sgr} Qg rme?rrlrﬁ %%rrr{%e avoug the %rawbacks of utilizing fluidized beds
of moving solids, the process utilizes a liquid mixture of metal chloride
hydrates and metal bromides. Processes described in U.S. Pat. No.
6,462,243 B1, U.S. Pat. No. 6,472,572 B1, and U.S. Pat. No. 6,525,230 to
Grosso are capable of attaining higher selectivity to mono-halogenated
intermediates by the use of catalytic bromination. The resulting alkyl
bromides intermediates such as methyl bromide, are further converted to the
corresponding alcohols and ethers, by reaction with metal oxides in
circulating beds of moving solids, with the drawbacks that beds of moving
solids entail as described above. Another embodiment of U.S. Pat. No.
6,525,230 avoids the drawbacks of moving beds by utilizing a zoned reactor

vessel containing a fixed bed of metal oxide/metal bromide that is operated
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6, 525, 230 avoi ds the drawbacks of noving beds by
utilizing a zoned reactor vessel containing a fixed
bed of netal oxide/metal bromde that is operated 3 0
cyclically in four steps. Addi.tional drawbacks to the
processes described in these patents are the

si mul t aneous feedi ng of hydrocarbon gas and oxygen or
air to a reactor vessel increasing the potential of an
expl osive condition occurring within the equi pment in
the event of an unantici pated process upset or
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MIG process is not considered economcally viable.
convestedatonelefine xanst gasoline hailisggange ygiregarbens @ver tyarious

o B e PG AES "Bar KBNES 50 ales] 1 the
MethaHol tduBabkelind¢MTG) process, a shape selective zeolite catalyst,
ZSM-5, is used to convert methanol to gasoline. Coal or methane gas can
thus be converted to methanol using conventional technology and
subsequently converted to gasoline. However due to the high cost of
methanol production, and at current or projected prices for gasoline, the
MTG process is not considered economically viable. Thus, a need exists for
an economic process for the conversion of methane and other alkanes found
in natural gas to useful liquid hydrocarbon products which, due to their
higher density and value, are more economically transported thereby
significantly aiding development of remote natural gas reserves. A further
need exists for a process for converting alkanes present in natural gas which

is relatively inexpensive, safe and simple in operation.
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hi gher density and val ue, are nore economcally
transported thereby significantly aiding devel opnent
of renote natural gas reserves. A further need exists
for a process for converting al kanes present in
natural gas which is relatively inexpensive, safe and
sinple in operation. 4 00 SUMVARY OF THE | NVENTI ON To
achi eve the foregoing and other objects, and in
accordance with the purposes of the present
i nvention, as enbodi ed and broadly descri bed herein,
one characterization of the present inventionis a
process for converting gaseous al kanes to liquid
hydr ocar bons. A gaseous feed having |ower nol ecul ar
wei ght al kanes | vapor to form
al kyl  brom des s}%ﬁ?%\?gg\ﬁ)#éﬁggﬂwl ch in turn are
~reacted in the presence of a synthetic crystalline
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alkanes is reacted with bromine vapor to form alkyl bromides and
hydrobromic acid. The alkyl bromides and hydrobromic acid are reacted in
the presence of a synthetic crystalline alumino-silicate catalyst to form higher
molecular weight hydrocarbons and hydrobromic acid vapor. Bromine is

recovered from the hydrobromic acid vapor.

BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are incorporated in and form a
>part of the specification, illustrate 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 flow diagram of the process of the present

invention;



FIG 1 is a sinplified block flow diagram of the
process of the present invention; 50 FIG 2 is a
schematic view of one enbodi nent of the process of the
present invention; FIG 3 is a schematic view of

anot her enbodi nent of process of the present
invention; FIG 4 is a graph of nethyl brom de
conversion and product selectivity for the

ol i ginerization reaction of the process of the present
invention as a function of tenperature; FIG 5 is a
graph conparing conversion and selectivity for the
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ib%'ﬁv%%ﬁ’"ﬁg and 3, respectively, is preferably natural
gas ich’may be treated to renove sul fur conpqunds

and cEKboh isiagraph of a Paraffinic Olefinic Napthenic and Aromatic
(PONA) analysis of a typical condensed product sample of the process of
the present invention; and

FIG. 8 is a graph of a PONA analysis of another typical condensed

product sample of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

As utilized throughout this description, the term “lower molecular
weight alkanes” refers to methane, ethane, propane, butane, pentane or
mixtures thereof. As also utilized throughout this description, “alkyl
bromides’ refers to mono, di, and tri brominated alkanes. Also, the feed gas
in lines 11 and 111 in the embodiments of the process of the present
invention as illustrated in FIGS. 2 and 3, respectively, is preferably natural
gas which may be treated to remove sulfur compounds and carbon dioxide.
In any event, it is important to note that small amounts of carbon dioxide,
e.g. less than about 2 mol %, can be tolerated in the feed gas to the process

of the present invention.



In any event, it is inportant to note that snal
anounts of carbon dioxide, e.g. less than about 2 nol
% can be tolerated in the feed gas to the process of
the present invention. 6 O A block flow di agram
general ly depicting the process of the present
invention is illustrated in FIG 1, while specific
enbodi ments of the process of the present invention
are illustrated in FIGS. 2 and 3. Referring to FIG 2,
a gas stream containing | ower nol ecul ar wei ght
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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 nature of
the bromination reaction. In the case of methane, the formation of methyl

bromide occurs in accordance with the following general reaction:

CH, (g) + Brz (g) —» CH3Br(g) + HBr (g)

This reaction occurs with a significantly high degree of selectivity to
methy! bromide. For example, in the case of bromination of methane with a
methane to bromine ratio of about 4.5:1 selectivity to the mono-halogenated
methyl bromide is in the range of 90 to 95%. Small amounts of



met hyl brom de. For exanple, in the case of

brom nati on of nmethane with a nethane to brom ne
ratio of about 4.5:1 selectivity to the
nono- hal ogenated nethyl bromde is in the range of 90
to 95% Small anounts of 7 0 di brononet hane and

ti brononmet hane are also fornmed in the brom nation
reacti on. Hi gher al kanes, such as ethane, propane and
butane, are also readily brononinated resulting in
nmono and nultiple brom nated species. If an alkane to
brom ne ratio of significantly | ess than about 2.5to
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before flowing to a second reactor 34. |In second
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mﬁaky!cb&tmmles are reacted exothermically at a temperature range of from
about 150° C. to about 400° C., and a pressure in the range of about 1 to 30
bar, over a fixed bed 33 of crystalline alumino-silicate catalyst, preferably a
zeolite catalyst, and most preferably a ZSM-5 zeolite catalyst. Although the
zeolite catalyst is preferably used in the sodium or magnesium form, the
zeolite may also be modified by ion exchange with other alkali metal cations,
such as Li, K or Cs, with alkali-earth metal cations, such as Mg, Ca, Sr or
Ba, or with transition metal cations, such as Ni, Mn, V, W. Other zeolite
catalysts having varying pore sizes and acidities, which are synthesized by
varying the alumina-to-silica ratio may be used in the second reactor 34 as
will be evident to a skilled artisan. In this reactor, the alkyl bromides are
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such as Li, Kor Cs, with alkali-earth netal cations,
such as My, Ca, Sr or Ba, or with transition netal
cations, such as Ni, M1, V, W Oher zeolite

catal ysts having varying pore sizes and acidities,
whi ch are synthesized by varying the

alum na-to-silica ratio may be used in the second
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ocar bon products. At the |ow end of the
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Surprisingly, very little ethane or C2,-C3 ol efi Sgaor"for

afpyoaehing A00F p anethylr romide conversion increases towards
greater, however selectivity towards Cs+ products decreases and selectivity

towards lighter products, particularly undesirable methane, increases.
Surprisingly, very little ethane or C,,-C3 olefins are formed. At temperatures
above about 425° C. almost complete conversion of methyl bromide to
methane occurs. 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 activity over a range of several hundred hours, depending on the
reaction conditions. It is believed that higher reaction temperatures favor the
formation of carbon or coke and hence the rate of deactivation of the

catalyst. Conversely, temperatures at the lower end of the range may also
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above about 425 C. al nost conpl ete conversion of

nmet hyl brom de to nethane occurs. As a byproduct of
the reaction, a snmall amount of carbon wll build up
on the catal yst over tine during operation, causing a
decline in catalyst activity over a range of severa
hundred hours, depending on the reaction conditions.
It is believed that higher reaction tenperatures favor
the formation of carbon or coke and hence the rate of
deactivation of the catalyst. Conversely,
tenperatures at the | ower end of the range may also 9

00 contrib ki ng d
SaPBIS i3 TOUPE s of AVBaTof ey o PSR

Wb itig {BMpeAIaRs litib e r & ab@ut4ﬁ§b°(13 td0400° C., but
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nor na roce '

O st e Do g er gk S o st
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out 400 C. to about 6000 C. to renove unreacted
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eOSI car ition of air to reactor
anraacaed nnatsrmba@aortaeqoo@ﬂm@alyat inpefar an dfeprgreticabaand then

8EhssshisPRD Bhighripine Bbpditefl GBafo COP By jaliton & bif o
aeattore3d via tihe Z0rat Bpressure th the sangeealcabmut 34Javtcaabqui§ ha'»'
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second Iir??actor. 4 vialine 35 and is cooled to a

e ie9PRRTEHeN PRM?%e range of 0 C. to about 100 C. in
exchamger e#fueand whithbi e@fpiddsh thepdigieér | meleculan wehght

l1152/drocarbon products and hydrobromic acid is withdrawn from the second
reactor 34 via line 35 and is cooled to a temperature in the range of 0° C. to
about 100° C. in exchanger 36 and combined with vapor effluent in line 12
from hydrocarbon stripper 47, which contains feed gas and residual
hydrocarbon products stripped-out by contact with the feed gas in
hydrocarbon stripper 47. The combined vapor mixture is passed to a
scrubber 38 and contacted with an aqueous partially-oxidized metal bromide
salt solution containing metal hydroxide and/or metal oxy-bromide species,
that is transported to scrubber 38 via line 41, by any suitable means, such as
by pump 42. The preferred metal of the bromide salt is Cu(ll), Zn(ll) or
Fe(lll) as these are less expensive and readily oxidize at lower temperatures
in the range of 120° C. to 180° C., allowing the use of fluorpolymer-lined
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from hydrocarbon stripper 47, which contains feed gas
and residual hydrocarbon products stripped-out by
contact with the feed gas in hydrocarbon stripper 47.
The conbi ned vapor m xture is passed to a scrubber 38
and contacted with an aqueous partially-oxidized netal
brom de salt solution containing netal hydroxide

and/ or netal oxy-brom de species, that is transported
to scrubber 38 via line 41, by any suitable neans,
such as by punp 42. The preferred netal of the
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37 and added to I|iquid hydrocarbon product exiting the
aguerls soluiion\andyneutralized bywthe metalahydipyideranchPe mgtaloxy-
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reérhé e EfrohPthel srdb@t 38 viarlipei4 salt in sol ution and
water which is renpved fromthe scrubber 38 via |line

44|. Th? remduall?apmpphammetaimngathe thigheremoilepuar weight
ecyl ar wej ght d b ts, th [ .
oG TACL ATO L AR oS TG, a8 dnty Eotiaines SoypHer 36 s
fdn';vaﬁde'%nyaqwﬁalegg qggﬁé?{ydf";&oF 80! BRYifovel Babstahiidly all ¥ater via

water via fromthe vapor stream The water is
linehi8 rfearovibe Vaper tstreamiehfheawaterss \hen | removed. frope the

ried v r.stre c ai ni ' r :
ey i drBore-pr Dl SREOPAR, St corllanR 4 righer
moledufar WeR§htChydroearsdry praducts st furthes yassedr viaatine &t to
but ane as desired, but primarily the C5+ fraction as

preductieepyanpcinit 52nta reroven Prapgne Ak RUAImES desifas but
pihaflf/ i 8L tPackBA 44 QUidlia 'BRAUAY iy 1R 8. 3An§ YorleRtishal
method of dehydration and liquids recovery, such as solid-bed dessicant
adsorption followed by refrigerated condensation, cryogenic expansion, or
circulating absorption oil, as used to process natural gas or refinery gas
streams, as will be evident to a skilled artisan, may be employed in the
process of the present invention. The residual vapor effluent from product
recovery unit 52 is then split into a purge stream 57 which may be utilized as
fuel for the process and a recycled residual vapor which is compressed via
compressor 58. The recycled residual vapor discharged from compressor 58
is split into two fractions. A first fraction that is equal to at least 2.5 times the
feed gas molar volume is ‘jtransported via line 62 and is combined with dry
liquid bromine conveyed by pump 24, heated in exchanger 26 to vaporize
the bromine and fed into first reactor 30. The second fraction is drawn off of
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adsorption followed by refrigerated condensati on,
cryogeni ¢ expansion, or circulating absorption oil

as used to process natural gas or refinery gas
streans, as will be evident to a skilled artisan, may .
be enpl oyed in the process of the present invention.
The residual vapor effluent from product recovery
unit 52 is then split into a purge stream 57 whi ch nay
be utilized as fuel for the process and a recycled
resi dual vapor which is conpressed via conpressor 58.
The recycl ed residual vapor discharged from conpressor

58 is split into two fractions. A first fractio fﬁ
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rﬁ Qééynaqeéasr sate of cat al yst deactivation due to the

deposition of carbon. Thus, the dilution rovi ded by
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uequs ase cont act t
5 I L ETORALI B 1he ranghOtaaE Joh- gl 9% T in heat
%Rbhﬂdg@ﬂ 46 Sarfdrtﬁéﬁ RRES&S td é@garbeidarm\awb@h rssuuuamomm‘é is
via | I'ne and is cooledtoatengerat(?jrel

regayeresk frqno\mnt stream;ip ligsfif Toe @au t’“%ﬂf’Hﬁ%“é‘?m
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bromne is recovered fromvent streamin ne TB
peheatad tooa temperabifre i the rangg @f about 100° C. to about 600°

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 bar
to bromine stripper 14 to strip residual bromine from water which is removed
from stripper 14 in line 64 and is combined with water stream 53 from
dehydrator 50 to form water effluent stream in line 56 which is removed from
the process. The oxygen or air leaving bromine stripper 14 is fed via line 156
to reactor 16 which operates at a pressure in the range of about ambient to
about 5 bar and at a temperature in the range of about 100° C. to about 600°
C., but most preferably in the range of about 120° C. to about 180° C. so as
to oxidize an aqueous metal bromide salt solution to yield elemental bromine
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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 reactor 16. Oxygen or air is
delivered via line 10 by blower or conpressor 13 at a
pressure in the range of about anmbient to about 5 bar
to bromine stripper 14 to strip residual brom ne from
water which is renoved fromstripper 14 in line 64
and is conbined with water stream 53 from dehydrator

50 to formwater effluent streamin linpe 5 V\:PI%\C 'hs
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I oX1 ae Or OoXy- brom de SBeCIeS so forne
el&rmruglabmnym%leadtﬁeamemaﬂheb'mﬁ gbase cptalyzgd Waf'lﬁr metal

yg%ﬁp%ﬁagpﬂﬁfroﬁge o'ﬁgfa@iﬁ?tlﬂr %ﬁa@ﬁ@eg ¢1€S h??ﬁe Ed5e of the

I'ze water and e overal
nesdaltbromider ming Cu(lh Brhdhe eractiansians helieved tOn%r obronic
acid produced in first reactor 30 and second reactor
34 to elenental bromne and steamin the Iiquid phase

cat aby mggrpg ﬂg];.@d) + B gje:/ggﬁ(gr IDUBrR3CAEH),

oper at ngln cataytlccce In the case of the
6HBr(g) + H,O = 6H(+a) + 6Br(-a) + H20

6H(+a) + 6Br(-a) + CuBr2.3Cu(OH), = 4Cu(+2a) + 8Br(-a) + 6H.0

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 temperature 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 22. In three-phase separator 22, 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 separate, denser liquid
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nmetal brom de being Cu(ll) Br2, the reactions are
believed to be: 4Cu(+2a) + 8Br(-a) + 3H20 + 3/202(g) =
313r2(g) + CuBr2.3Cu(OH)2 6HBr(g) + H20 = 6H(+a) +
6Br(-a) + H20 6H(+a) + 6Br(-a) + CuBr2.3Cu(OH) 2 =
4Cu(+2a) + 8Br(-a) + 6H20 The el enmental brom ne and
water and any residual oxygen or nitrogen (if air is
utilized as the oxidant) |eaving as vapor fromthe
outlet of third reactor 16 via line 19, are cooled in
condenser 20 at a tenperature in the range of about O
C. to about 70 C. and a pressure in the range of about

ambient to 5 bar to condense the brom ne and wat er, and
pmnea rhasehr Bre ligiHd SEoRBIeaplAsS: howeven hlaﬁr%@oﬂ&?g’ wer

F]BLIRIB w%nfeOP &t Hfordef Hf %SM‘F\&{ Oh%“" fhud b%b@@nﬂally dry

brom ne, der of about 3% by
bmrglhe vapoy candel teaslvabbl@lm h\é omd@ms% ligyidl dupéng and

%&éﬁa F%ﬁi‘.ﬁﬁ'ﬂﬁ ﬁvg%;,&;] g‘? %E’é@ gl\i;\geseelp]a tBnbém%eBUéﬁPy re-
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tantiall b j
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vapor stream
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not condensed exits three-phase SUE tor and is

peduced metal bromidessing tbetﬁcwpﬁfe ragtal, tholut'%é?%?fﬁ 65.
W&épﬁ%nﬁ%ﬁ‘ﬂ%r 3 d%) %GP‘QQr\ﬁéj Lrl?é’ 2% YndtihPsducel Intd iripper

reactron w netal brom des in the aqueous
M4t al brom de solution stream 65. Water is renoved

Lo EBRaRN bmbagiietn BB, R PRSBTHAELE o
s@E&hIdoRthidify fower nbledularasieight dikgrmase omhansecm)‘ rhigtuee of a
nol ecul ar wer ght al kanes, conprised of

feed gas plus a recycled gas stream at a pressure in me range o? about 1
bar to about 30 bar, is transported or conveyed via line, pipe or conduit 162,
mixed with dry bromine liquid transported via pump 124 and passed to heat
exchanger 126 wherein the liquid bromine is vaporized. The mixture of
lower molecular weight alkanes and dry bromine vapor is fed to reactor 130.
Preferably, the molar ratio of lower molecular weight alkanes to dry bromine
vapor in the mixture introduced into reactor 130 is in excess of 2.5:1.
Reactor 130 has an inlet pre-heater zone 128 which heats the mixture to a
reaction initiation temperature in the range of 250° C. to 400° C. In first
reactor 130, the lower molecular weight alkanes are reacted exothermically
with dry bromine vapor at a relatively low temperature in the range of 250°
C. to 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
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feed gas plus a recycled gas streamat a pressure in
the range of about 1 bar to about 30 bar, is
transported or conveyed via line, pipe or conduit 162,
m xed with dry bromine liquid transported via punp 124
and passed to heat exchanger 126 wherein the |iquid
brom ne is vaporized. The mxture of |ower nolecular
wei ght al kanes and dry broni ne vapor is fed to reactor
130. Preferably, the nolar ratio of |ower nolecular
wei ght al kanes to dry bromine vapor in the mxture
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to about 30 bar to produce gaseous al kyl brom des and
hydrobrom ¢ acid vapors. The upper limt of the
operating tenperature range is greater than the
Thlsnneacbon toceursiwith a significantly rhlgh gegeee o splechyity §> methyl
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reaslily bromoninated rasulfiag i m%%@@ﬁ&?‘é'ﬂpﬁe?rﬁ’g?“”ﬁégn?%"?% It
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t db
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si gni |cant [ ess than 2. 1is utilized,
peseat in fhe yeecd) gast toythep bmmmn@tlgu wreaieediy Wowméed ttadarm

et?\of/%rocrﬁl%es ancf]| propyl bromides. Further, the dry bromine vapor that is
fed into first reactor 130 is substantially water-free.  Applicant has
discovered that elimination of substantially all water vapor from the
bromination step in first reactor 130 substantially eliminates the formation of
unwanted carbon dioxide thereby increasing the selectivity of alkane
bromination to alkyl bromides and 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 130 via line 131 and is partially cooled to a
temperature in the range of about 150° C. to 350° C. in heat exchanger 132

before flowing to a second reactor 134. In second reactor 134, the alkyl
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significant formation of undesirable carbon soot is
observed. It has also been shown that other al kanes
such as ethane and propane which may be present in
the feed gas to the bromnation are readily brom nated
to form ethyl brom des and propyl brom des. Further,
the dry brom ne vapor that is fed into first reactor
130 is substantially water-free. Applicant has

di scovered that elimnation of substantially all water
vapor fromthe bromnation step in first reactor 130
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Cits %59& Cat 'Eei'npgpaiures above about 300° C. in the secccﬁda?ea%rtor result
in increased yields of light hydrocarbons, such as undesirable methane,
whereas lower temperatures increase yields of heavier molecular weight
hydrocarbon products. At the low end of the temperature range, methyl
bromide reacting over ZSM-5 zeolite at temperatures as low as 150° C.
significant methyl bromide conversion on the order of 20% is noted, with a
high selectivity towards Cs+ products. Notably, in the case of alkyl bromides
reacting over the preferred ZSM-5 zeolite catalyst, cyclization reactions
occur such that the C;+ fractions produced contain a high percentage of
substituted aromatics. At increasing temperatures approaching 300° C.,
methyl bromide conversion increases towards 90% or greater, however

selectivity towards Cs+ products decreases and selectivity towards lighter
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I mportant paraneter in determning the selectivity of

the oliginerization reaction to various higher

nol ecul ar wei ght |iquid hydrocarbon products. It is

preferred to operate second reactor 134 at a

tenperature within the range of about 150 Cto 400 C

but nore preferably within the range of about 2500 C

to 350 C. Tenperatures above about 300 C. in the

second reactor result in increased yields of |ight

hydr ocar bons, such as undesirabl e nethane, whereas

| ower tenperatures increase yields of heavier

mol ecul ar wei ght  hydrocarbon products. At the |ow ﬁ%d
e
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temperature in the range of 400° C. to 600° 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 via line 170 to
reactor 134 at a pressure in the range of about 1 bar to about 5 bar and an
elevated temperature in the range of 400° C. to 600° C. Carbon dioxide and
residual air are vented from reactor 134 via line 175 during the regeneration
period.

The effluent which comprises the higher molecular weight
hydrocarbon products and hydrobromic acid is withdrawn from the second
reactor 134 via line 135, cooled to a temperature in the range of 0° C. to
100° C. in exchanger 136, and combined with vapor effluent in line 112 from
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to 400 C but nore preferably in the range of about
2500 Cto 350 Cin the second reactor 134 bal ance

i ncreased selectivity towards the desired products
and | ower rates of deactivation due to carbon
formati on, against higher conversion per pass, which
mnimzes the quantity of catalyst, recycle rates and
equi pnent size required. The catal yst nay be
periodically regenerated in situ, by isolating

reactor 134 fromthe normal process flow, purging wth
an inert gas via line 170 at a pressure in the range
of about 1 bar to_about 5 bar and an glevat
hydsosachopsirinrer (AZ. Thmgixtere 18 tenpassgd épa serubbgr 138,80¢
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as Is practical, and then subsequently oxidizing the
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\rngslllne 183. ¥h(£, %?.25 g%gsstrdela?ns 8c|>r\|/tg%m|gnthtehh heﬂ molecular weight
hydrocarbon products is further passed via line 151 to product recovery unit
152 to recover Cj; and C; as desired, but primarily the Cs+ fraction as a
liquid product in line 154. Any conventional method of dehydration and
liquids recovery such as solid-bed dessicant adsorption followed by, for
example, refrigerated condensation, cryogenic expansion, or circulating
absorption oil, as used to 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 152 is then
split into a purge stream 157 that may be utilized as fuel for the process and
a recycled residual vapor which is compressed via compressor 158. The

recycled residual vapor discharged from compressor 158 is split into two
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solution are stripped-out by contact with feed gas
111. The stripped aqueous phase effluent from
hydrocarbon stripper 147 is cooled to a tenperature
in the range of 00 C to 50 C. in heat exchanger 146
and then passed via line 165 to absorber 148 in which
residual bromne is recovered fromvent stream 167.
The residual vapor phase containing the higher

nol ecul ar wei ght hydrocarbon products is renoved as
effluent fromthe scrubber 138 and forwarded via line
139 to dehydrator 150 to renpve substantially al
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least 2.5 tinmes the feed gas volune is transported
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ge?n%@rgzuré ?nag'lt(el rgﬂgg lcjnc‘: gbctauhtaét o ea%g ta out (f" és ang. malr?tameg at
a pressure sufficient to enter scrubber 138 by any suitable means, such as
pump 143. The portion of water that is recycled is selected such that the
hydrobromic acid solution effluent removed from scrubber 138 via line 144
has a concentration in the range from about 10% to about 50% by weight
hydrobromic acid, but more preferably in the range of about 30% to about
48% by weight to minimize the amount of water which must be vaporized in
exchanger 141 and preheater 119. A second portion of water from stripper
114 is removed from line 164 and the process via line 156.
The dissolved hydrobromic acid that is contained in the aqueous
solution effluent from scrubber 148 is transported via line 149 and is
combined with the oxygen or Oz-enriched air leaving bromine stripper 114 in
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sel ected operating tenperature, preferably in the
range of 250 C. to 350 C. in order to optim ze
conversion vs. selectivity and to mninmze the rate of
cat al yst deactivation due to the deposition of carbon.
Thus, the dilution provided by the recycled vapor
effluent permits selectivity of bromnation in the
first reactor 130 to be controlled in addition to
noderating the tenperature in second reactor 134.
Oxygen or 02-enriched air 110 is delivered via bl ower
or conpressor 113 at a pressure in the range of about

ambi ent to about 5 bar to bromne stri 114 t
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{50 o eofh Syfnd Sl S48 Fioe b BB b
rype&eé ay) yheital dxides’ mnthe cdse afbthet sumoried metahboamide sealt
operaQed a?%lg%erttgm'bgrartt?reé %%%t |8\rNe} %?essn?ét Qto\%f%h NWater may
primarily exist as a vapor. In either case, the hydrobromic acid reacts with
the metal hydroxide, metal oxy-bromide or metal oxide species and is
neutralized, restoring the metal bromide salt and yielding water. Thus, the
overall reaction results in the net oxidation of hydrobromic acid produced in
first reactor 130 and second reactor 134 to elemental bromine and steam,
catalyzed by the metal bromide/metal hydroxide or metal oxide operating in
a catalytic cycle. In the case of the metal bromide being Cu(ll)Brz in an
aqueous solution and operated in a pressure and temperature range in
which water may exist as a liquid the reactions are believed to be:

4Cu(+2a) + 8Br(-a) + 3H,0 + 3/20,(g) = 3Brz(g) + CuBr2.3Cu(OH).
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a nmetal bromde salt. The preferred netal of the
bromde salt is Cu(ll), Zn(ll) or Fe(lll) although
Co(ll), Ni(ll), WMn(ll) or other transition-netals
whi ch form oxidizable bronmi de salts can be used.

Al ternatively, alkaline-earth netals which also form
oxi di zabl e brom de salts, such as Ca(ll) or My(II)
could be wused. The netal brom de salt in the

oxi dation reactor 117 can be utilized as a
concentrated aqueous solution or preferably, the
concentrated aqueous salt may be inbibed into a
por ou h surface area, acid resistant inert
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order of about 3% by weight, any add|t|ona| bromine which is condensed
forms a separate, denser liquid bromine phase. The liquid bromine phase,
however, has a notably lower solubility for water, on the order of less than
0.1%. Thus, a substantially dry bromine vapor can be easily obtained by
condensing liquid bromine and water, decanting water by simple physical
separation and subsequently re-vaporizing liquid bromine.

Liquid bromine is pumped from three-phase separator 122 via pump
124 to a pressure sufficient to mix with vapor stream 162. Thus the bromine
is recovered and recycled within the process. The residual enriched air or
oxygen and any bromine vapor which is not condensed exits three-phase

separator 122 and is passed via line 123 to bromine scrubber 148, wherein
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at which water primarily exists as a vapor, the
reactions are believed to be: Cu(ll)Br2 + /2 02(g) =
Br2(g) + Cu(11)0 2HBr(g) + Cu(l1)O = Cu(l1)Br2 +
H20(g) The el enental brom ne and water and any

resi dual oxygen or nitrogen (if enriched air is
utilized as the oxidant) |eaving as vapor fromthe
outlet of third reactor 117, are transported via |line
127 and cooled in the second side of exchanger 141
and condenser 120 to a tenperature in the range of
about 00 C. to about 70 C. wherein the brom ne and
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| om ng exanpl es denonstrate the practice and
utility of the present invention, but are not to be
construed as limting theggg Et@ereof EXAMPLE 1
Various m xtures of dry brom ne and net hane are
r eact Ei6s. 7 and FIG. 8 illustrate two exemplary PONA analyses of two Cg+

liquid product samples that are recovered during two test runs with methyl
bromide and methane reacting over ZSM-5 zeolite catalyst. These analyses
show the substantially aromatic content of the Ce+ fractions produced.

EXAMPLE 3

Methyl bromide is reacted over a ZSM-5 zeolite catalyst at a Gas
Hourly Space Velocity (GHSV) of approximately 94 hr' over a range of
temperatures from about 100° C. to about 460° C. at approximately 2 bar
pressure. As illustrated in FIG. 4, which is a graph of methyl bromide
conversion and product selectivity for the oligimerization reaction as a
function of temperature, methyl bromide conversion increases rapidly in the
range of about 200° C. to about 350° C. Lower temperatures in the range of
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honogeneously at tenperatures in the range of 459 C
to 491 C at a Gas Hourly Space Vel ocity (GHSV which
is defined as the gas flowrate in standard liters
per hour divided by the gross reactor catalyst-bed
vol une, including catal yst-bed porosity, in liters)
of approximately 7200 hr'. The results of this
exanpl e indicate that for nolar ratios of nmethane to
brom ne greater than 4.5:1 selectivity to nethyl
bromde is in the range of 90 to 95% wth

ear - : ¢ . .

2B 260 et 258 €0 s aros P R higher fojekular

welght @rodutistbbWepsio doriersionpisciow. hatHigher teroperatieds in the

durln? two test runs with rret{ljd/l$ brom de and net hane
cat-a

rangec of wout 2607 to abat BEOG £1-a8aW highRlseonuessipasdn the

h i b icoe )

C roRe Pl R RS bbb o lower

moteailgtweight prodUs, 5n peelicular uadesingble atetzar@ais ohisenvad; At
a

Space Velocity (GHSV) _of xi.jat el y .94 hr' .

b erper et 1501 CoBbRRDIS ot e
reXi 1. hel ted i

A Bt AR o o o o on

and product selectivity for the oliginerization
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735Ar Cwerel @it rannplRIG: Somwiecksi isnat graph Hhat ibustiates the
coEr%(éﬁLti%eA'conversions and selectivities of several example test runs,
shows only a very minor effect due to the presence of HBr on product
selectivities. Because hydrobromic acid has only a minor effect on
conversion and selectivity, it is not necessary to remove the hydrobromic
acid generated in the bromination reaction step prior to the conversion
reaction of the alkyl bromides, in which additional hydrobromic acid is

formed in any case. Thus, the process can be substantially simplified.

EXAMPLE 5
Methyl bromide is reacted over a ZSM-5 zeolite catalyst at 230° C.
Dibromomethane is added to the reactor. FIG. 6, which is a graph of
product selecﬁvity, indicates that reaction of methyl bromide and
dibromomethane results in a shift in selectivity towards Cs+ products
versus methyl bromide alone. Thus, these results demonstrate that
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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 1.
Conparison tests utilizing a m xture of only nethyl
brom de and net hane wi thout hydrogen brom de over the
same ZSM 5 catal yst at approxi mately the sane

pressure at about 250 C. and at about 260 C. at a GHSV
of approximately 73 hr a were also run. FIG 5, which
is a graph that illustrates the conparative
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%@bmﬂmaﬂetyy%% rathidcza pepyt bramides eanviession bf appryimately 98%e
and,__di byononet hane results in a shift in selectivity
1HRSHLLs+ products versus methyl bromide al one.

g_hgs, Thhe,snt? ddc&tddn%f;diﬁm)aﬂsfeh&ioﬂlméms of 2Be qoesent invention,
i br onpnet han r [ and her fore

IR dupmeietel, Mrefiae MAAoRPRRLdS, Gritelel gide
Ypehate$ |nr1=§)&aEtx§ﬂél bfé(ﬂé' alléwihg e!:>rdi?rh Peas bedasiy recypled Sﬂmtn the
i nvention

6 A %
rossse 418 Doi8] BB ALY SRy AR et Bfteer n
35 Eéﬁ‘&tﬁ%ﬁfasé of-Bid @ap%? ghb&@aﬂ@h@eyahre%tm a%raﬁgélw abéut

pr oxi mat el br om

d@ﬁv@r é¢ QEOléifGOOapﬁ)rath mastrefesaly é{hﬂ‘earaﬁ%@?bﬁ‘l“oﬁod@
GOIY6¢ &1 ViQh ARREAXI BRhfihe/ vaSHand metal hydroxide, metal oxy-

bromide or metal oxide. Operation at temperatures below about 180° C. is
advantageous, thereby allowing the use of low-cost corrosion-resistant
fluoropolymer-lined equipment. Hydrobromic acid is neutralized by reaction
with the metal hydroxide or metal oxide yielding steam and the metal
bromide.

The elemental bromine vapor and steam are condensed and easily
separated in the liquid phase by simple physical separation, yielding
substantially dry bromine. The absence of significant water allows selective
bromination of alkanes, without production of CO, and the subsequent
efficient and selective oligimerization and cyclization reactions of alkyl
bromides to primarily propane and heavier products, the Cs+ fraction of
which contains substantial branched alkanes and substituted aromatics.
Byproduct hydrobromic acid vapor from the bromination and oligimerization

24 o



I's observed. Thus, in accordance with all enbodinents
of the present invention, the netal brom de/ netal
hydr oxi de, netal oxy-brom de or netal oxide operates
in a catalytic cycle allowing bronmine to be easily
recycled within the process. The netal bromde is
readi |y oxidi zed by oxygen or air either in the
aqueous phase or the vapor phase at tenperatures in
the range of about 1000 C. to about 600 C. and nost
preferably in the range of about 1200 C. to 180 C to
yield el emental brom ne vapor and netal hydroxide,
net al oxy- brom de or netal oxide. erati o

{
reagbien Are readily disselved dte anseAugous pha %@aﬂﬂsaté%&&d by the
RELERMrGdOBE MBtdl Q&ld%%e@fes re¥al§Pirom oxidation of the metal

corrosion-resistant fluoropol yner-1lined equi pnent.
Byamiger onic acid is neutralized by reaction wth the

met al Tn%dg.%ggse & tﬁ@t BresOnt %evmsﬁ disnGesyt @APLAYIGE 18N

net al e elenmental brom ne vapor and steam
aoevertinuairreckssrsinaedbopsrates b ovapegsuiestim the rapge gf about

ﬁg%g?%g %&Ha‘? aRA%E r&Galve Vlﬁlﬂf a gfhtuﬁéggé menrﬁn?? of about

br om ne sence signrticant
RatoeC. mldbwsse@l" ébtfomhe gasmhasat anch prefferablyaahost 20 ° C. to

1.t f th .
sbortoin, P belBul 0% Piers fosliaf 6dftiions permit the
oyéel 6z ﬁslsogx%@%Nel eqaipafent! Myifelatlmedyncs'stﬂaplet :ieqngh nthat |are

ropan eavi ction o
Rhetnciash frarh et RO istahafiet® Tori e gefngfese and
pURAldrliHEE Ve el TRIpIAG and PURipadie thehbqil’d) phasa.cThe Ipﬁbcess
vapor fromthe brom na?| on and f?) %l g\ﬁerl zat

R R o I R S e
AirBB Y5F Gperafisth Ad tHeCproiBétdn dNEXCedivE caboRRcdexs 8.

species resulting fromoxidation of the netal
unwemf@é byrredyst oseBtniBIZedhe e PEIESE nivcrIRANIL i diprclly

ggbﬁ%%bvaemuéamgg&gﬁvﬁqy br2Bakt dn PAARg vaHEEEmolecORPXIGHE

oW pressur range of about 1 bar to about
gombanenisidn the liquefiet \netrplaupwgas GG hand arotprgasaline ugle

ggrpg%qﬂ ha\%b?u)p%%glg Q@wlﬁggﬁ%en?thefréﬁy LigRifigayRRGeSsing

prefera
the octane value of the gasoline-range fuel components.

While the foregoing preferred embodiments of the invention have
been described and shown, it is understood that the alternatives and
modifications, such as those suggested and others, may be made thereto

and fall within the scope of the invention.
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about 180 C. for the liquid phase. These operating
conditions permt the wuse of |ess expensive equi pnent

of relatively sinple design that are constructed from
readily available netal alloys for the gas phase and

pol yner-1lined vessels, piping and punps for the liquid
phase. The process of the present invention is also

nmore efficient because | esscerfligy is required for
operation and the production of excessive carbon

di dxlale: as an unwant ed byproduct is mnimzed. The
process is capable of directly producing a m xed

hydr ocar bon product containing various

moliecul ar prevegitfor ccmmpertiagt gaseous halkhnepudd i limid hydrocarbons
petrol eum gas (LPG and notor gasoline fuels range

t h&PMPEFE9subst anti al aromatic content thereby

Si gn: fi equtihy o ?@éelb@%ifégd Hahhgdb{r/v%enPd@dr:.uwfwéighhalkanes with
gasol i pe-range fuel conmponents. e the f.qoregping

or remineyagREBdPR ALY BIPMdRS S Ry RIRMic s Fken

descri beghcBRg saldoNRyl BrémidesUndré présefcé bR isaidnigydrobromic acid
alternatives and nodifications, such as t

s y@g\_gga ezfalygcansicting ,eSﬁggtiqyg qfrﬁ‘o%’"m?éiﬁ’é:ﬂfﬁtgﬁi?ﬁ? alug)ino-silicate
W tcB{dl’ysi %RG %P%e té}ﬁp%@ﬁjré NMRMdiéNio fornP hightt Mioletular weight

clarm rocess for converting gaseous al kanes to

| i diytiepchibons @adedditionaldydrabsemis adidact i ng a gaseous

feed having | ower nol ecul ar wei ght al kanes with

brom ne vapor to form al kyl brom des and hydrobrom c
aci2d; affitle peaess ofjclabm d wihargin saidbromiae vapartie syhstartiady dry,
of ,sai d hydr.obrom i Y t | Sk ; ;
o< SitEPuAoRE BRGHPRN of BBpRedt rkSh o) Bbhghith said
al allyhbromidléscat e catal yst and at a tenperature
sufficient to form hi gher nol ecul ar wei ght

hydr ocar bons and addi ti onal hydrobrom c acid. 2. The

pr @cessThé Ipt‘do%b@bf claie 1 eihersinisdiduyassboe feedio naiusal gas.
substantially dry, thereby avoiding the formation of
significant carbon dioxide along with said alkyl

br @m deshe process of claim 3 wherein said natural gas is treated to remove
substantially all of the carbon dioxide and sulfur compounds therefrom prior to

reacting with said bromine vapor.

5. The process of claim 1 wherein said temperature is from about 150° C.
to about 400° C.

6. The process of claim 5 wherein said temperature is from about 250° C.
to about 350° C.

7. The process of claim 1 wherein said crystalline alumino-silicate catalyst

is a zeolite catalyst.
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3. The process of claim1 wherein said gaseous feed is
natural gas. 4. The process of claim 3 wherein said
natural gas is treated to renove substantially all of

t he carbon di oxi de and sul fur conmpounds therefrom

prior to reacting with said brom ne vapor. 5. The
process of claim1 wherein said tenperature is from
abgut 1 : L&
5 Sher of e pincest 81 BAM 7 Mok s 290l BRS80S 2SS kedite
abcataly@sandsaid highes molecdarsweightdiydronatbanscgostain g &7 fraction

crystal L l.un 14 d : is a zeolite

ca I'hﬁtﬁ%ﬁ%%g%%bépé@%{é@g%éﬁg&?n 7 wherein said

zeolite catalyst is a ZSM5 zeolite catalyst and said

hi gher | ecul ar i gh drocar ' + .

fr ot o piatess o Saflh BoiE B G - 20 i Sefuf( & rodied

ar guiat &t Rasd ond haodifyige satiod seleated Somhaydrogersaind Group 1A
jed. with at | east one

ZSM 5 zeolite catal IS nodi f
rmélkﬁi}'i‘%@‘e@é?'i%%@@gﬁé@é’ﬁ’"ﬂ?8ﬁ{th§?ﬁtﬁ'§en and Group | A

al kaline netals, or Goup Il A alkaline earth netals.

10. The_process of claim9 whereij id M5 zeolite,,
caflfi ysThe graegas of elgim Qwh%ﬁ'ne%&qqgﬁ@@é &Fé ¢ gatafyshismodified
onqu@,t, | BhTRJeChits Gt 16841 SO ERIANsel6QEH UBmM HYBEGYEA] Bodium,

cesfum nagnesi um calciumor barium 11. The process

of polagbibmi Cesiume MAgsasiHMp FAIFUALORRAIM.i s produced by

oxi di zi ng an aqueous netal brom de salt solution, the

metal of said nmetal bromide salt being selected from

Cul1Zn, The pra@ess Mf, claim 1CGuherein sgjd broming, wapgrois gygdeged by

clai. r.ej [ ' VAROL i f : |

o PlEgs o8 Bafé yfell BBnide (AR LQUIRr RS HRGEL BY soid meta

suprmitie shihbeimgtsalectdd fromiGli, Zat Be, Go,dWi e, €al or Mgi ng

selected fromthe group Cu, Zn, Fe, Co, N, M, C(Ca,

or My. 13. The process of claim1l wherein said higher

noh gcul e Wod@es of ulalimo¢ awlherein saidtirominea valiyr i€4pradaced by

ngia{z%cgté?rr\]gtaf Bro%%gé Xsta}’(”c%ngiﬁehd 8?1( Caegcs)’rous support, the metal of
said metal bromide salt being selected from the group Cu, Zn, Fe, Co, Ni, Mn,

Ca, or Mg.

13. The process of claim 1 wherein said higher molecular weight
hydrocarbons contains a Cs, Cs and Cs+ fractions in admixture with excess
lower alkanes, the process further comprising:

dehydrating said higher molecular weight hydrocarbons to a dew point
of about -20° C. or less so as to recover said Cs+ fractions as a liquid.

14.  The process of claim 13 further comprising:
mixing at least a portion of said Cs and C, fractions with said alkyl
bromides and said hydrobromic acid prior to the step of reacting over said

synthetic crystalline alumino-silicate catalyst.
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| ower al kanes, the process further conprising:
dehydrating said higher nol ecul ar wei ght hydrocarbons
to a dew point of about -20 C. or less so as to
recover said C5+ fractions as a liquid. 14. The

process of claim13 further conprising: mXin
| éést ahpomnolceas @iccgeding &3 aaitn Gawherein isgit S&ﬁn Hf geagling said

Speve B o2 Pt WABQOR AR, ATl BabRF oA saltPstep of

abeHBtingG s3id kgt Brovitiab Yetursan di)séxfondTl’eectmrpcess
according to claim1l wherein said step of reacting

said gaseous feed with said bronm ne vapor occurs in a

o B oS68RrEte o1 O8] 1 iRl oot FBF Sy StoflitLig and said

Oédéiltlahﬁnﬁydwlswoemﬁ aitis @bapen. d hydrobronic acid and
said additional hydrobromic acid is a vapor. 17. A

process for converting gaseous | ower nol ecul ar wei ght

ahkaneg po, Eé% %Wé’ﬁlﬂpaé\%&%scl%mr'rﬁbfé%ularr%éi hi'dik@nes to

gaseous é COI’] al nin nol ecul ar wel ght al'kanes

V\lldithdbiydmdmbamoompasfngr m al kyl broni des and
hydr obrom c acid; reac

oY coontPCUNgSA AR (oa8 GRnang dower sHRGUEr Wl alkanes
C@ﬁtﬁ't%&tmr?‘ FaprAoG6FRHI6/ BforHide’ driéf WydroBRAhicradigcul ar

ht h ocar bons an a di t1 onal hydrobrom c acid;
and cor&a:&mgrsgaldzalkyl Idednsom thexpresensaiaf agynthedaarystalline

%@x}uﬁﬁ’éo @%gea\?éqqﬁlyagtaé]ds ?y%r PS¢ s%‘%ie qﬁb‘g rgwﬁigﬁgf‘ molecular

a%fbrﬁwdﬂﬁﬁlr%rwahd Bmdrti@hépmd:robmrﬁucfafdwnaw d hi gher
nmol ecul ar  wei ght hydrocarbons. 18 process of

cI ai m ¢antantingisaid Hydrokrostici acidn S§®@6Q§'°§‘él dyderbramic acid,

| f

ol M e PO ST POCar AR ! fo remove said
fhﬁd?oﬁﬂirﬁnd‘écﬁ@ @nd@dcﬁﬂ@harhy@m@bmb)adrcbﬁanbsmd Higher molecular
neutralization reaction wth said aqueous sol ution

cWRight RYAPCRERRNS on product s obt ai ned by oxi di zi ng

18.  The process of claim 17 wherein said water is an aqueous solution and
said step of contacting comprises: '

removing said hydrobromic acid and said additional hydrobromic acid
from said higher molecular weight hydrocarbons by neutralization reaction
with said aqueous solution containing reaction products obtained by oxidizing
an aqueous solution containing a metal bromide salt, the metal of said metal
bromide salt being selected from Cu, Zn, Fe, Co, Ni, Mn, Ca or Mg bromide.

19. The process of claim 17 wherein said step of contacting comprises:
removing said hydrobromic acid and said additional hydrobromic acid
from said higher molecular weight hydrocarbons by dissolution into said water
forming a hydrobromic acid solution, said hydrobromic acid solution being
neutralized by reaction with an aqueous solution containing a metal hydroxide

obtained by oxidizing an aqueous metal bromide salt solution with oxygen, the
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an aqueous solution containing a nmetal brom de salt,
the netal of said netal brom de salt being sel ected
fromcCu, Zn, Fe, Co, NN, Mh, Ca or My brom de. 19.
The process of claim 17 wherein said step of
contacting conprises: renoving said hydrobromc acid
and said additional hydrobromc acid from said higher

I I i ght d
vorBial b oyl 8oea Biacba ey ool B4 o
hy daodirigl ¢ aci d sol ution being neutrali zed by

reaction with an aqueous sol ution containing a netal
hydr oxi de obtai ned by oxidizing an aqueous net al

br ogi deTh&/progedsudf Gam’v\ﬂﬂ?hwhér}egesaldt $tep ozacomaameg alompfrises

said netal brom de salt

Fcrermngyah AYropof g 2§, Sofhaapional SRR agid from
V\'h‘ééﬁ' ngﬁéﬂf %&é&@aroﬁve@hﬂtr@ﬁfdd%&)d?@nw Icﬁssalunbﬂnmtd s@id water
sai d robromc acid and said additi gqﬁ &gdr obromni c

ac ferm mgamhyér@bfpmlp@sé# sakfiage 5RIdProRasy BPEFHENs
by di SS?éLPHri’z% i PydbroniiZid sblofich Bad @eé&"ﬂ@@@@%ﬁbnzed

acid so sal d process further conprisin
vapudnobrqrglcgaldolsmbytmmﬁfbmmetab%d% seid metal aweerb@am%med
g o‘ﬁﬁﬁﬂﬁ%é%‘?‘s{tarﬁf % 9%1 Eorﬂﬁi'n%d %ﬂ'ePberDs ‘éhbﬂ)‘brﬂ th& hrigkal of
OXI net'al ~oxI de bel ng obtai ned oxi di zing a
nesaid rhetahbmenidabalt being selesteddrom thpavup %u;?psoF@‘ Copidi, Mn,
msg:al f said netal bromi de salt being selected from
th ) Cu, Zn, Fe, Co, Ni, M, Ca or My. 21. The
process of .claim 17 further conprising: converting

sai_d hydrobromc id ai onal hydrobromn c
ac?g t‘gﬁ%PWﬁ%fjﬁéﬁ'm %ﬂg"&% 8®§H%E‘bcl aim 21 further
conpri stéwertihghedid aydbromic dcld aiesaidwdditiohalr hydeohyhmic acid
hy drocar bons. 23. The process of claim 21 further

coFFp W@?'ﬂ% recycling said bromine that is converted

from said hydrobromc acid and additional hydrobromnc
acid to_said step of reacting with said gaseous feed,

sakd- br Hhe peocsss Afclaier Yt futhel soRPUSipg: |

dehydrating said higher molecular weight hydrocarbons.

23. The process of claim 21 further comprising:
recycling said bromine that is converted from said hydrobromic acid

and additional hydrobromic acid to said step of reacting with said gaseous

feed, said bromine being recycled as a vapor.

24. The process according to claim 17 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 17 wherein each of said hydrobromic acid and

said additional hydrobromic acid is a vapor.
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24. The process according to claim 17 wherein said

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

reacting said al kyl brom des occurs in a second

reactor. 25. The process of claim17 wherein each of

sai d hydrobrom c acid and said additional hydrobromc
aci,d i s,a : S MET |

ga2ous aPiPRREE fof pfiyefing blbeBtE as. KEMIGKS hihocarbons
I ncomgrisingg a m xture conprising | ower nol ecul ar

2190 R3O NG G080 PR, et Ssoous

aciatkaheseme biatnihé vapor to egfrstmeactont r oduci ng sai d al kyl
brom des. and said hydrobrom c acjd,i . C .
react orwglb‘ﬂ'?‘é(f'\gi ﬁ&‘ygc{%'%‘f%ec‘t iaggc b\}%’?ﬁf‘ﬂ?‘i"ﬁe"‘é‘? 6l said first
al welghsr; silicate catalyst; and w thdrawi ng an

ef fl uent conprising higher npl ecular .wei ght . iy
hydr ocalngefucing Faid; VEQHPB{H)%?E%%%'@E?@E?R%"H acid into a
segefshd RaétbPEontdifing 'd'Syrithét tallin€ bRIMMa Silivdte catalyst; and

sai d higher nol ecul ar wei ght ydrocar bons cont ai ns .
C5+ fr awithdsawing2gan Trafflysnic saampsising ahighss VRRIpeHlar  weight

Sahga3xSbBRE 9AY SadHydrdbtoricaftPfrom sl Second reactor.

27. The process of claim 26 wherein said higher molecular weight

hydrocarbons contains Cs+ fractions.

28. The process of claim 26 wherein said hydrobromic acid is a vapor.
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