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62178P/ G606 PROCESS FOR CONVERTI NG HYDROCARBON
FEEDSTOCKS W TH ELECTROLYTI C RECOVERY OF HALOGEN FI ELD
woQosf1#Byo NVENTI ON [ 0001] The present inventi Opcirfus2008/006244

directed to a process for converting natural gas and
621788/6806 hydr ocar bon feedstocks into higher-val ue

products, such as fuel -grade hydrocarbons, nethanol,

and aromati c conmpounds. BACKGROUND COF THE | NVENTI ON

[0002] U.S. Patent Application No. 11/703,358 ("the

' STROUESSHORCONYERTING EVDROCARBOIS FREBSTOCKS WITH

Converting Natural Gas to Liquid Hydrocarbons”, filed

February 5, ERIECTRQEYTIGC REGOVERY QFFHALOGEN

Application No. 60/765,1 15, filed February 3, 2006,

descri bes a continuous process for reacting nol ecul ar

hal ogen with a hydrocarbon feedstock to produce higher
FIEL@W%H&WNHQ one enbodi ment, the process includes

he steps of al kane hal ogenati on, "reproportiopation”

10001} 5B Ili)?é‘fsﬁﬁteﬁ%%"’b ShuEsies o ot PrRCFEALY SR eRIRGLFRRI] gas and other
nonohal i re forned | i goneri zation (G C

hydrogR AR TR S Aey MERar S Prosielsy APT G el dapdsohyarocarbons, methanol,

s, t hat
r s, separation of products from hydrogen
anda%%%&?g{ggﬁ#?huous regeneration of hal ogen, and

recovery of nol ecul ar hal ogen fromwater. Hydrohalic
acid (e.g., HBr) is separated fromliquid hydrocarbons

BACKOROUNDUWE THEIRNVERMaOR splitter, and then converted

into nol ecul ar hal ogen (e.g., brom ne) by reaction

[0002]M t hUZS. Fawnt A pplic@iotORB. I V70B859(RRE S8 &PplidatiBit'g] entitled "Continuous
oxi de catal yst. The ' 358 application is incorporated

Procelyy fareCaneninz NatwealnGas to Lisquad tHydeéearbdrn300fRled Thebruazhp S, 2007, based on
application represents a significant advance in the
U.S. Bravisénal- Aplasationd¥o.v68/765,1a%dfileddBetmaryl 3 pR200Gsdessribes a continuous
for converting a hydrocarbon feedstock into higher ]
processa|fole rgagihge meolectier helogent withy enhydmcashpn dfsedsiogkhdo produce higher
' 358 application by enpl %yi ng electrolysis to .
hydropgag%r alhe opp | epbgdiment, the process includes the steps of alkane halogenation,
"reproportionation" of polyhalogenated compounds to increase the amount of monohalides that are
formed, oligomerization (C-C coupling) of alkyl halides to form higher carbon number products,
separation of products from hydrogen halide, continuous regeneration of halogen, and recovery of
molecular halogen from water. Hydrohalic acid (e.g., HBr) is separated from liquid hydrocarbons
in a liquid-liquid phase splitter, and then converted into molecular halogen (e.g., bromine) by
reaction with a source of oxygen in the presence of a metal oxide catalyst. The '358 application is
incorporated by reference herein in its entirety. _
[0003] The '358 application represents a significant advance in the art of C-H bond activation
and industrial processes for converting a hydrocarbon feedstock into higher value products. The

present invention builds on the '358 application by employing electrolysis to regenerate molecular

halogen (e.g., Br,, Cl,) from hydrohalic acid (e.g., HBr, HCI).
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hal ogen (e.g., Br2, d2) fromhydrohalic acid (e.qg.,
HBr, HC ).62178P/ G506 [0004] El ectrol ysis of aqueous

WOS0bd44B36¥0S t o produce hydrogen and oxygen is CfXa6s/006244
way of producing hydrogen with el ectrical energy.

' 62178P f%ébﬁrl y, hal ogens have been produced by el ectrolysis
oTj ali

de brines or netal halide vapor. Conventi onal
hydr ogen production relies on reform ng of
hydrocarbons with water (stean) to produce carbon

[0004']mn0Eledﬁ‘ol?@i@ dTalqaessagolityctis ag Ghoducekhyirdgie® 4@ oxygeR iDklknown way of
= 4206 kJ/mol CxHy + xH20 xCO + (x+y/2)H2 DH " O kJ/
produiidlg Hydedtzh wikieeleateicaledriecegy. | Sintilatlgyltlagene hed been prgduced by electrolysis
reacti on can be conpared to the exotherm c conplete
of halidé biaésoor raétahhialideceapoon Canventiongkhydroger prhduetiotheelies on reforming of
| ow energy products water and carbon di oxide: CH4 +
hydrop@@omOwith wHHI(GsERM) tBBDREY carbyn mrpgxide prdyrodycaiar kpdpgen:
+ y/2H2O DH. " OkJ/_ nol [0006] T 8i call)i, the reformng
pr oces st EaQpie€Oi 8H2co ét% ek//mali on to provide

to dri th th i dot ] ti .

oneT8) 0, NG LIS AR TS 2P o
000925 N AR5 SRR B e o e et
compl L FHMRR AR HHATHOR ST, OAEBIP BBy grpcs water

carbog%?méfdé- mol H2 [0008] Although energetically
unfavorabl e, the reaction can be driven by

el ect r gy st 904SLEO2X D)6 CoMiiand Pemdram nol e H2.
Water is the source of both the hydrogen and the

oxygen,C,ad xhg/2)0gh- 0o ay2enoenendly <y kImygen
production requires over potentials of approximtely
[0006]. 6 Vopitsllygnhe efoining Process is eoupladreith complgie agidatien to provide energy
the electrical energy required is approxi mately 300
to drikd therotheidise endothermic reaction. The resulting overall reaction produces both carbon
oxides and hydrogen and can be operated nearly isoergically:
C.Hn + xO; + yH,0 — (n-m)CO + mCO; + (m/2+y)H,
[0007] Alternatively, hydrogen can be produced by dissociation of water:
H,0 — 1/20, + H, AH= 286 kJ/ mol H,
[0008] Although energetically unfavorable, the reaction can be driven by electrolysis using
2x10° Coulombs per gram-mole H,. Water is the source of both the hydrogen and the oxygen, and
the high activation energy for oxygen production requires over potentials of approximately 1.6

Volts and a stoichiometric current. In practice, the electrical energy required is approximately 300

kJ/ mol H,.

- [0009] In halogen production by electrolysis of halide salts, e.g. the chloralkali process,

halogen (Cl;) and alkali base (NaOH) are produced from the haloanion and water in an aqueous

solution of salt (NaCl). Water is again the source of the hydrogen. Similarly, bromine can be
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[0009] In hal ogen production by electrolysis of halide
salts, e.g. the chloral kali process, halogen (C ) and
Woaglogsaimgmase (NaOH) are produced fromthe hal @afj@o@wds244

water in an aqueous solution of salt (NaCl). Water is
62178W&506t he source of the hydrogen. Simlarly, bromne

can be62178P/ G506 produced from bromne salts (NaBr).

In the latter instance, the production of nolecul ar

hal ogen fromthe hal oanion is energetically and
produked éoht Btdnyine dults) (i) U dn chenbatee dnstance xthggiroduction of molecular halogen

production, requiring a | ower over potential ( 1.1 V
from ﬂ@rhalmaniorﬁis) enerfOcall NaiBi kBreﬁcally—EdvanNgeHls[ @ored\id bxygen production,

2x1 05 Coul onbs ramnole H2 and the required '
requuemmtcrwqmwe@mtﬁrg}aln(bgl)éé@rsgs bAVdi cantly (conpared to

H20 al gne) to _appr.oxi mate 200 kJ/g nmol H2. [0011]

MVany atishpDNaBigvBnddi: Ho devel op econom cal |y

r| n

[0010&;3?}5’3@( é{s{.@gé%q}g@gg lﬁ{:]t} Irggzgrpfr{}c? giﬁ;g&g e T qlulre e ec;ncal energy reduced
: h

signiffgfiy [Pmiprad B0 ifpefto °aa¥ﬁ$€raéfeiv AhREE Hovever

[001 lﬁ hi SMtanl tt%mg)( ailg@edgee% S&’érPo ﬁe\?elg féén%lf'm{g f %ﬁlge?]p&rrggen production

nt erne I'S no econom C

proce§Se& ¥y gltm&gr 1 gtfﬂ‘gcﬁ%gﬁso@ﬁpbé ih ﬁ?tlgycﬁcr @‘ié’t{ bR odh% é’allg using oxygen (as

step oxi datiron wt ogen, (prefera

in a m@”bﬁﬁl fuzh€elf§ah1§ﬁ/oxa%?éi‘t R9frodficd h?@ro%@r‘f‘pﬁ@\il&er this typlcally leads to
oxi dation of hydrocarbon to carbon @i oxi de cannot

compR&¢ diffianldl té fsepzi}mérﬁmwi“atésrﬁﬂsfseﬁdt%oh@ntdaﬁ l\86fl. Another means of
stable HBr (DHfo rmation = -36 kJ/ nol), rat%er t han

removiag aydioelh GorahydrocarB&its 1kb/y stepwise partiah oidaBm With a halogen, (preferably
CnHm pBrp +pHBr CnH Br + x/2Br 2 CnHzBrp +xHBr [0012]

bromiBehalTher wdjoct alvahtage is GMVdepjéteHBndaiE}menﬂ hgdrocimbon to carbon dioxide
reaction conditions and may consi st of m xtures of

cannog ekeuraand thediidiegeadis dransfeaiedrtorthe dess dtabjel Hhraitmsaion = -36 kJ/ mol),
Cx+CyHzBrt +CrBrg. Conbustign of these final products

rathertharawa@;(%g mattonms@ﬁéﬂ‘é ®8ht ai ning trace water may b e

dt d dt t
tjﬁg reo§ /g§8 aﬁfénl'f@p%qg pl%rr] oxi des an 0 conver

[0012] Final products after removal of HBr depend on the reaction conditions and may consist
of mixtures of coke and brominated and perbrominated hydrocarbons: Cx+CyH,Br+CBr,.
Combustion of these final products in an oxygen atmosphere containing trace water may be used to
produce heat and carbon oxides and to convert the residual bromine to HBr: |
Cx + C,H,Br, + C;Brq + /20, + (t+q)/2H;0 — (x+y+r=n)CO; + (t+q)HBr

[0013] Another process for making hydrégen, based on HBr electrolysis, reportedly yields
energy savings of about 25% relative to water electrolysis. However, this process requires that
bromine produced in electrolysis be converted back to HBr, and this conversion step is a major

disadvantage of the HBr electrolysis route to hydrogen. In contrast, the present invention uses the
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Cx + GyH2Br + CrBrg + n/20 2 + (t+q)/2H 20 (r)
(x+y+r=n)CO 2 + (t+q)HBr [0013] Another process for
woBlg/1g4hydr ogen, based on HBr el ectrolysis, pepsb@mioys244
yi el ds energy savings of about 25%relative to water
62178??@566 ol ysis. However, this process requires that
brom ne produced in eI ectrolysis b e converted back to
HBr, and this conversion step is a nmjor disadvantage
of the HBr el ectrolysis route to hydrogen. In
bromin® geMdsted ih RtecpoBBento prodecd velnabls geoduned 2d{h8PHHEN0&mply converting it
brom ne generated in electrolysis to produce val uabl e
back tpHRIuct s, rather than sinply converting it back to
HBr. SUVMMARY OF THE | NVENTI ON [ 0014] The present
i nvention conbines the thermal (non-el ectrochemn cal)
reactivity of hal ogens (preferably bromne) with
SUMM@&%%@%EWN@%T&N% hydr ogen haI ide (preferably

HBr)__and reactive al kyl halides ot he
100141c ar ﬂa‘w PERIER ﬁwrgltlpﬁt swﬁéaaeat@g fwahéyolﬁreleeaﬂefmlew reactivity of

s AR5l B s o

a {s &O creq;e a r0CessS

reactiv%%{llifﬁgm bﬁ?sfc?r (o) ?r onz chog au&n\gll ermedie ate ﬁlg.? may Sfconverted to subsequent
produﬁ?l Y a@ﬁ?vtﬁgﬁ %h% I?)?lgﬁ aﬂ% P fhel F’%ﬂe elect{olysw of hydrogen

ydrocar to car OXI ovvs su

halide® bPHMSdel Qlts 8 cloafe! drf"d)ve?&(ll gﬁ)tc.b&nwﬁﬁ Qfgﬂ?ﬁ&nﬂ{/ Q%ﬁ,‘} efﬁblency The use of

one aspect of the inventi conti'huous process for

halogeh pY&ichisntle #othlysiiasdOOMNthe @8R cafoni tB icarbdNlifkideBNE allows subsequent
hi gher hydrocarbons conprises: (a) form ng al kyl

produdiivhi cf@artiay oxidatién pepdocdsecul ar hal ogen with a
hydr ocar bon feedstock under process conditions

[0015)s uf fln cirengspect 6DKhm adventiomad icdemand prpckssgen doalértieg a hydrocarbon
preferably with substantially conpl ete consunpti on of

feedstedkeintmppee ar arore highge hydrogyrbpos aomprisesy (e fomyingadlayldwlides by reacting
and_ hydrogen hal jde by contacting the al kyl halides

molecylay halggg} Vith a&axdapgpgboqﬁwéﬁoﬁq; gg%gspr@qﬁqu FoR trl,@ns sufficient to form alkyl

hahdeigxifx % rgg%) Lég%ggngf?rl r}‘lte\gpéh \ﬁ/%%&[ §j') gg@ggﬁt‘bﬁ %g}pglgp of the molecular
tos 458 &peamé%?@@aﬁ& AT AT Sp—
a first! &?ﬁl?&yurﬁiel' %\%&gs tcgﬁdilﬁ@hg A6Ricidht k}g form higher hydrocarbons and hydrogen

halide; (¢) separating the higher hydrocarbons from hydrogen halide; (d) converting the hydrogen

halide into hydrogen and molecular halogen electrolytically, thereby allowing the halogen to be
reused; and (e) repeating steps (a) through (d) a desired number of times. These steps can be
carried out in the order presented or, alternatively, in a different order. Electrolysis is carried out in
aqueous media, or in the gas phase. Optionally, the alkyl halides are "reproportionated" by reacting
some or all of the alkyl halides with an alkane feed, whereby the fraction of monohalogenated
hydrocarbons present is increased. Also, in some embodiments, hydrogen produced in the process

is used for power generation.
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reused; and (e) repeating steps (a) through (d) a
desired nunber of tines. These steps can be carried
woQuds/isBoghhe order presented or, alternativelypcirsg0s/006244
different order. Electrolysis is carried out in
621789CG804's nedia, or in the gas phase. Optionally, the
al kyl halides are "reproportionated" by reacting sone
or all of the alkyl halides with an al kane feed,
whereby the fraction of nonohal ogenated hydrocarbons
[0016]r eslard sdcond asgeeastthe iAVanion] & comimonspestiesefirconverting a hydrocarbon
hydr ogen produced in the process is used for power
feedstgenet@triethmn6l tiBpYi€ES0G) fQDIi6§ alkyl halsdasdrydreactpeamoletular halogen with a
the invention, a continuous process for converting a
hydrOb@rb%cfmd@mkf walgs poedess wonditiensh awificiendnp rfogrsalkylahalides and hydrogen
forn1nghglk hal i des by reacting nol ecul ar hal ogen

halideypreferablyywith subsiamially compdeir CQ%’@?Ptmﬂdbfe‘bg mQipeilar kabegen; (b) forming
rm al k hal j nd. . hydrogen halid
methaﬁ?@ﬁféf aﬁqal}nw%@[ﬁ & By SoRerag ¢ etk haligtung Lﬁﬂﬁ??‘tﬁna]g?h under process

ecul ar.hal o

conditg(Pr}eéaﬁn?ﬁcéexﬁtk @gnblyg@ah?l(ad%q ﬂgalinr}?glgaé}r{%y Fc%hsgf?rgggg fhe methanol from the
alkahr?eg ?llrgnﬁ(lfe tﬁig Hl&l%e g 1?(%121% Q%PQE Imt(aCEy% §geg1r, Iaé:rl en ?Cllilgar halogen, and

aqueoﬂfﬁﬁﬁalﬁgéée tfo d:tanﬁn K%Iy deﬁgoggﬁé 'tlgeehalggechl%]ﬁﬁﬁl}(glg 1 138 reused; and (e)
repeatﬁfgdst@ﬁHJ(f‘a‘? l{ﬁroﬁbk Qlti)ha Fc’l'eﬁ?édr RhrfbdrCaH fives. t ‘Fﬁés%béfeﬁl (L,aﬂ"\‘)é"gamed out in the

he hal ogen and e alkali to be reused

order r@ﬁ@e&ﬁé& Gors t ARgndtivklyl, NP Ughdiffdent 6tass. re(bpftiéﬂfﬁﬁy Qhe polyhalogenated
times. These steps can be carried out in the order

hydropdressnire d'repropadtiopatedt by ebacting rsotmedor dleo€nlie alkghalides with an alkane
Optionally, the pol yhal ogenated hydrocarbons are

feed, whapbytherfractinatoé dionbyalogematddig dsaraebams padsentol indreased.
al kyl halides with an al kane feed, whereby the

[0017F r acFheoprodtctimnohuietiyankby thik prrcssardguires fraésemreacton of alkyl halides
|ncreased [0017]. The production of nethanol by this

with agugeussal alédm qaéléect ﬁatt updes allabinejcopdigions| IHAWeYST. the slectrolysis process

rried out under gl kaline

yleldsvéﬁcljl%ﬂi]ﬁ qaq u%gél Sk ﬁé?ep%}'qlg}tmcgm&r o@%‘%‘? ml}ﬂgecombmmg all of
the al zlm,léﬁl {hsé’ﬁ‘ I %c1|§lln\ﬁ§l]tll§| rcrégtltl %%Heﬁg ia%/(flﬁg?n.t éleaq)ngcTsF described herein
prov1d%ti%f Qil%?rgﬁ%ru}ﬁatﬁ) ' gf ¥R agldr e&d Ib%sé Quéh ﬁ?alftrﬁglleest orsufﬁcient alkali is

ocess descri ereln provi

avallagleStQ TORP Wlihoﬂﬂétaﬂ@{ﬂ l?g(lirlmfd:%g PRIk NRRCofltdnt Nahe TS emoved in the

han sufficient
d1sproport10nat10n step is later recombined with the excess alkali after methanol and other products

have been formed and separated.

[0018] In some embodiments it may be necessary to maintain the anolyte in acidic condition,
which may require a small amount of acid to be added. The separation of a portion of the acid can
be accomplished by a liquid phase process or, alternatively, by the use of a regenerable solid

reactant or adsorbent. Acid can also be provided from an external source, either from on-site or
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avai l able to react with the al kyl brom des to achieve
al kaline conditions. The acid renoved in the
wodoei4e9@r ti onation step is later reconbi ned wcttushg/006244

excess al kali after methanol and ot her products have
621782€804 0r med and separated. [0018] In sone enbodi nents

it may be necessary to maintain the anolyte in acidic

condition, which may require a small anount of acid to

be added. The separation of a portion of the acid can

- off-sitegzeacration! Astearhtivylyaah bgetall eRbes ®f pcidaas Hedichieved by removal of a small

alternatively, by the use of a regenerable solid
amountexfcllahit fram thelsystdment . Acid can al so be provided from
an external source, either fromon-site or62178P/ G506
[0019b7 f -Ioi 2 éhigepspeat PHHhe invertianaai aoskipuousnprovess bt cexveeting a hydrocarbon
of acid can be achieved by renoval of a small anount
feedstgek mte anjalleyl amine somprisesm(a)] foombig glkylhalides By seasting neglecular halogen

- the invention, -4 continuous process fQr converting. a ..
with aydraeabaR Feeflasls Vatst Arvieess &pndifigRs suffipife todrpRiakied halides (e.g., ethyl

o) oL R o b i s
molecgf%%aioig?egi{bﬁggof | ﬁxgeﬂfﬂlﬁ gxafgf?'é ﬁ‘gﬁ!aﬁgé’lingfla'ea#igﬁgf%r\%cpﬁg the alkyl hatides
T S T D
IR P e -

halidef REdTh§dide¥tn afd ReSle@lst BAlKgdn BIRctalk iy, &lfe)ret?ﬁgl%\ﬁﬁgr}ﬁe halogen to be
the al kyll am nes fromthe al kal i ne halide; (d)

reused; Ginde(e) irggeating sedpk k) deobgh (dea idesicedpathbgesf amds. These steps can be
nol ecul ar hal ogen el ectrolytically, thereby allow ng
carried bet ingahe geler presérged exjattdmatvely(ia)a diffpeat ondgr. sOptienally) the alkyl halides
through (d) a desired nunber of tinmes. These steEs can
are "r¢pgopartiphated obpt reaetinggonee oall pf the @tyblalides with an alkane feed, whereby the
calternatively, in a different order. Optionally, the
fractiqqy qfymonphajagenatgd Bydroggbepopresent iy iagreasgd. r eact i ng sone
r | of the alk hal i des with an al kane feed, . .
IOOZO%eﬂe@?%é\ asps%tf?/fjc}he SV RBABIA PPN L BraTG 19E 4PBsHEng coal into coke
esent is.increased. .[0020] |In_.a . fourth.aspect of th .
and hIEER s provia s Bl DT UbipLFoPigtediqel ifermediates and
' r [ r oy, d [.S h e
hydrolt Bafig o2 PehclE] AHSHba. Sodt it E1cR08l: SRRk rggess conditions
sufficient to brominate and dissociate significant elements of the coal skeleton, thereby forming a
mixture of brominated coal intermediates (e.g., polybrominated hydrocarbons); (b) forming coke
and hydrogen halide by reacting the brominated coal intermediates over a catalyst under process
conditions sufficient to from coke and hydrogen halide; (c) separating the coke from the hydrogen
halide; (d) converting hydrogen halide formed in step (a) and/or step (b) into hydrogen and
molecular halogen electrolytically, thereby allowing the halogen to be reused; and (e) repeating

steps (a) through (d) a desired number of times. These steps can be carried out in the order

presented or, alternatively, in a different order. The coke that is produced can be used to generate
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hydrogen halide by reacting crushed coal with
nol ecul ar hal ogen under process conditions sufficient
wol2ofr48pnat e and di ssoci ate significant el enpatra96os/006244
the coal skeleton, thereby formng a m xture of
62178P/@H0gat ed coal internediates (e.g., polybrom nated
hydr ocarbons); (b) form ng coke and hydrogen hali de by
reacting the brom nated coal internediates over a
cat al yst under process conditions sufficient to from
electromak powrdfdnythie pgerssh@lia dembéstions etpan agehagtibheamciopredfictivm of electricity),
t he hydrogen halide; (d) converting hydrogen halide
or coflentedeand seldst ep (a) and/or step (b) into hydrogen and
nol ecul ar halo%en el ectrolytically, thereby allow ng _
[0021] he Hnp Sdbraspectid the inveation micqniinupes processos ceprerting coal or biomass-
d) a desired nynber of tines, These steps ca

. throygh . n .
denvgjglilg(il%pgrgan%mtoiwly S a8, TOgEHS B RIaY! fl and comprises: (a) forming alkyl
o R g B S s B By ook uner
B0 e SERELRE SE5 L ST g g e, ey i

subst:ﬁﬁiahgﬁogﬁilégdcoﬁg’drg%ticlrp gf?]dle H?)lé%ui%];htag) \ﬁ/g itfr‘c])g&g{égﬁolg?ls and alkaline

I nve a continuous process

B i M o YL RERS SO0 p s PO Po-R¥ PGfons suffcient to

form EMbeaﬁHiaﬂgl_liﬁB hekdd; &) é@hﬁﬁﬁ? thyd d;schy(q@ FonPthedalkaline halide; (d) converting

i omass-derived hydrocarbon feedstock under process

the aikalink haldes irstofHyideogont aid nidledulal lka!bgdmabliedleélﬁlﬂéully, thereby allowing the
hydrogen halide, preferably with substantially

halogemw g be treusedn sudvfxt)i repeasingt dtepsnfa) dloohigh (das dgsired fumhber of times. These
form ng polyols and al kaline halide by contacting the

steps garklye cqrepd deisinthe prdgn presensedi bk alternativiey, ipraodifferent order. Optionally, the
conditions sufficient to form polyols and al kaline

alkyl halideg gre repropestigpatednby renstipgserae ar 4t ehtheiatkyd hrlidasiveith an alkane feed,
ljde: (d [ t | kaline halide into
Wherqlfrs'a%géﬂl(ﬂészfc %’@r@fﬁgggatﬁfgﬁ apar %’@oﬁ@%ﬂ"&t% ingrepsed.

002§ 197 S R B 5450 o i s i
the eltgktg@ %]etr;: (2 (r:“e’lec‘cgl]% s }Sﬁ g?ihggfogg’%ﬁ irﬂna%ge gyl}f%lfllse ?Ié lhglggr:jgglggen and water, and

electr@giis op@lafélint Nk k%gﬁ@ a%x'fpfét%ﬁlélf‘ ;ﬁcigeﬁﬁgl?ﬂp %gl&d.li?xg ?iﬁlﬁgéxide, rather than

reacti ng sone or S W

hydrogbkamid ofdhtiodRdseihy ddventhi@oF igPehtl9f redBARE3hO P8 RRE fjuirements of the
ydr ocarbons present is increased.

electrolytic cell(s). An improved electrolytic cell, having an oxygen-depolarized electrode is also

provided as yet another aspect of the invention.

[0023] A number of elements are common to various aspects of the invention, including: (1)

halogenation of a hydrocarbon feedstock in the presence of molecular halogen to produce hydrogen

halide and an oxidized carbon-containing product; (2) further reaction of the oxidized carbon

products to produce final products; (3) separation of carbon-containing products from bromine-

containing components; (4) electrolysis of the remaining halogen-containing components (e.g.,

-
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[0022] In an inportant variation of the invention, an
oxygen-depol ari zed el ectrode is used in the
woebggiusabyzer, and el ectrolysis of hydrogen hatird®2008/006244

yi el ds nol ecul ar hal ogen and water, and electrolysis

62178¥/GHogal i ne hal i de yi el ds nol ecul ar hal ogen and
al kal i ne hydroxi de, rather than hydrogen. This
vari ation has the advantage of greatly reducing the
power requirenments of the electrolytic cell(s). An

HBr, iNgBrdte dfoeh eletlogeny snd hgédolgen linvanngleetrolytic cell (or, alternatively, use of an
oxygen-depol ari zed el ectrode is also provided as yet

oxygemédepedarizgd pdettragie tohgieldh helvgewand[ @a28] oA halogbe randf alkaline hydroxide,
el enents are common to various aspects of the

instegdnof hydregen); né&lydenaeg: thgt]_)s preduepshear bp uspd 40 power one or more process
hydrocar bon feedstock in the presence of nolecul ar

COmPRRETHY OF COFPEFssA AN S r ogen hal i de and an oxi di zed

002527 2855 PR B Bt (2 (ULt RECL 0 SLl i, and ot
kT P TR0 A ) B o groducts, e
meth{n%mh@ é%?‘g@b(%B m@tu?tﬁgfé&?at? %%gr ren*g}qatrgmg eﬁ%enswe to form, and the

nearl}hfﬁﬂ[ypgﬁﬂlieﬁ Sib&l gﬁlp{ 5t 8L Yo g& Q{)lfoﬁﬂ Ny %cﬂﬂﬁ VQ¥Hen compared to the

use ‘of an oxygen- olarize ectro y|e

conve@ibAL &N A rdedss! the ?fes@ﬁﬂ i80&foaNnd s@ﬂéﬁ%& hrpﬁxahy JEprérd %nd has at least the
i nstead of hydrogen Hydrogen that is produced can

followiagddvantyeser one or nore process conponents, or
conpressed and sold. [0024] The present conventi onal
e cdiseesfcallyl palateesserirediatdsi foi priodacerhighanealue gabduas)dncluding fuels and
ot her hydrocarbons yields syngas (CO + H2), which can
béighsnvelue eblemisalsi gher val ue products, such as
nmet hanol and |inear al kanes. The internedi ate syngas
i éompéerétlyg BresEne(e tloS#BY Y ~8MMhe nearly fully
i di zed carbon nust be rzduced to formuseful

SHE P2k RFEMNESEHRPEAIIE § S8 00hVErTI-BMAC)syngas

p the present invention is superior in many
* é@b%?@gbﬁﬂﬂeﬁﬁggﬂ} Ieast the fol | owi ng advant ages:

Uﬁf Rxfed%%{ep %&1 a%r"ggge e’? {V%gn Eﬂg dpr 0(9#5 \0Le %lgﬁe orms.

ue pro S an
oC I@‘?rﬂbfe%:éctor design vs. complex syngas-to-methanol converter.

e No catalyst necessary vs. catalysts required for reforming and for syngas conversion.
e Fewer by-products and thus simpler methanol purification operations.
e No steam supply for reforming is needed.
e Hydrogen is'produced on a separate electrode as a relatively pure product.
e The reaction is pushed to completion in the final step by the removal of products from the
reaction vessel.
[0025] According to the invention, molecular halogen used to form alkyl halides is recovered

as hydrogen halide and recycled to the electrolytic cell, and the alkyl halides are converted to

-8-



Lower operating pressure(e.g., ~l-5atmvs. ~80atn
Lower peak operating tenperature ( e.g., ~50C vs. -

wol20633@36h. No need for pure oxygen No firedpegfidromfons244
and thus greater safety when used on offshore

621781/655hgr ns.. Sinpl e reactor design vs: conpl ex
syngas-t o- net hanol converter. No catal yst necessary

vs. catalysts required for reformng and for syngas
conversion. Fewer by-products and thus sinpler

highemedlhapolduptsr Ekamples dinclodetheicomvi@sion b nttgdbrabideloyelf Dfeolite catalyst
reformng is needed. Hydrogen is produced on a

to arog@pachemicelsent] Hidie and cenveedion bfmbyo plkybbontdescte.g. efHykbromide) over a
reaction is pushed to conpletion in the final step by

catalystfe olefins\als ethylsnedanst §Bf.r Aitetnativelpabe alkyl halides|are readily converted to
[ 0025] According to the invention, nolecul ar hal ogen

oxygenaies; suph apalgpholkathess and aldehydese donpapdes ineluf theggarmersion of methyl
alide and reqécl ed to the electrolytic cell, and the

bromigf i {1 EHPHLEIUeD CoNORH G aeibmsL FsbNeBo G H emoaRof
o R4 SO 0 6 a0 e, ve i
a1 5 B FAYERTLSY, Lo BOO B P (Fomobenven n
aqueoﬁg EBHI&&?&T AfthohB o tpﬁéﬁcﬁ rR8%h ﬁle,y dttng c@xln}(e}(éiml?@* étﬂﬁﬁfromide in

e al cohol's,

o
are readily conver to oxygenates, such as

ammoid®lethylaffheaindawies. Exanpl es include the conversion
of methyl brom de in an aqueous sol ution of NaOH to

[0026]Tet hEOInvebnNalls paptishldrifiliePRhen fii®hsedfon-site at an oil or gas production
di brononet hane in NaOH to ethylene glycol and NaBr. I'n

facilitgf such asmobffsliore oll @digaefip, ortdia vadlihghd lvehicd @s 1&dd The continuous
readily converted to am nes. Exanples include the
processendescs bahhatinao e héihizedn ¢omjuanction wethithe poldutii@nofdil and/or gas,
. ammoni a to phenol and aniline, and the conversion of
using glepiyicitly gendrated ion-siterio ppwer hieeldsypbiicreelléshd NabBr .
[0026] The invention finds particular utility when it
is used on-site at an oil or gas production

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] Various features, embodiments, and advantages of the invention will become better
understood when considered in view of the detailed description, and by referring to the appended
drawings, wherein:

[0028] FIG. 1 is a schematic diagram of a continuous process for converting a hydrocarbon
feedstock into higher hydroca'rbons according to one embodiment of the invention;

[0029] FIG. 2 is a schematic diagram of a continuous process for converting a hydrocarbon
feedstock into higher hydrocarbons according to another embodiment of the invention;

[0030] FIG. 3 1s a schematic diagram of a continuous process for converting a hydrocarbon
feedstock into methanol according to one embodiment of the invention, in which a membrane-type

electrolytic cell is used to regenerate molecular bromine;
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facility, such as an offshore oil or gas rig, or at a
wel | head | ocated on | and. The conti nuous processes
wodees14éxed herein can be utilized in conjunct ipm/usb08/006244

the production of oil and/or gas, using electricity

62178¥20Q806t €ed on-site to power the electrolytic cell(s).
BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0027] Vari ous
features, enbodi nents, and advantages of the invention
wi || becone better understood when considered in view

[0031pf tHE. dietsaa selebntigivcdiagrtaimoof a asodtilyousefrecdss Ifgr tonvefting a hydrocarbon
appended draw ngs, wherein: [0028] FIG 1l is a

feedstechmtm triethapohgecanding taanaher emtmdimpntarfabs irfvention, in which a diaphragm-
converting a hydrocarbon feedstock into higher

type elgsttrpb@l&rcbgm%u@dé@gquxgtetmpleﬁéarehmmamnt of the
invention; [0029] FIG 2 is_a schematic diagramof a

[0032} ontFIfucus seheaatict Gagraph ot A tGoRBnUeUSyRIPERSA b gonverting a hydrocarbon

feedstgﬁgg}st'}égicgg%l Q)&it rﬁgqlg (plgsFin? dcr:l?%ség?gheg e%ﬁ%%'g? g;ﬁj‘n%‘ie is previded, according
a schemat i i agram of a continuous process for

to Oneceéﬁquﬁl_???fgocf&ﬁlﬁ?%%&% bon feedstock into methanol

[00332(:%2[5“1% gglesf Os};:ggr%g «g{éﬁlgg?t‘;ﬁ %P %net%lf@&{og}r;%g get i ?cg:brdinng W (Jmcehembodiment of

the inv&§@eHer at e nol ecul ar brom ne; 62178P/ G606 [0031] FIG 4
I's a schematic diagramof a continuous process for

[0034F ONVIE, 749 aBs AYERRS ARRAR R 6618 ostindont ProfRENAR Qonverting coal into coke
according to anot her enbodi nent of the invention, in

and hydibgdn, acsdrd@ipp taend saBodihrat 60ty inventieh;] is used to
generate nol ecul ar bromne; [0032] FIG 5 is a
[0035Fchefidl. | & idiaaghamaid iBugtanbh nfoa prguese éss cdmverting coal or biomass into
converting a hydrocarbon feedstock into higher
polyols\add dydrogemsaccordntg tolonaembodygeent of thel iavénted; cat hode i s
rovi ded, according to one enbodi ment of the '
[0036] nvdAG. Oris a[cbars Bjusfrating produst selestiMisyrbar kromination o meghane according to
of an electrolytic cell according to one enbodi nent of
one empedimepkefthe veptieoia]) FIG 7 is a schematic

[0037Llol(,j“ul-sll%iIt g% iggf:ha?'t (fl?\g]sttllaggg upsroglgc? Cse esctiﬁll%r/ o nc\é%{) 1r|1gn Ot methyl bromide
according to one embodiment of the invention; and

[0038] FIG. 11 is a chart illustrating product selectivity for coupling of methyl bromide

according to another embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0039] The present invention provides a chemical process for converting hydrocarbon
feedstocks into higher value products, such as fuel-grade hydrocarbons, methanol, aromatics,
amines, coke, and polyols, using molecular halogen to activate C-H bonds in the feedstock and
electrolysis to convert hydrohalic acid (hydrogen halide) or halide salts (e.g., sodium bromide)

formed in the process back into molecular halogen. Nonlimiting examples of hydrocarbon
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and hydrogen, according to one enbodi nent of the
invention; [0035] FIG 8 is a schematic illustration
wohog4ps@cess for converting coal or bionmass ipatraus2008/006244
pol yol s and hydrogen, according to one enbodi ment of
62178Mesppvention; [0036] FIG 9 is a chart illustrating
product selectivity for brom nati on of nethane
according to one enbodi nent of the invention; [0037]
FIG 10 is a chart illustrating product selectivity
feedstooks approbriag for uvetihythe byresend énweantion dhclgde allanes, e.g., methane, ethane,
enbodi nent of the invention; and [0038] FIG 11 is a
propapéycant eiven lesgeraalkamgs;pefthse hatesll gas and etherf mixtamss pf hydyocdrbons; biomass-
_ nethyl brom de according to another enbodi ment of the
derivg wa@bpnsoemmatocw@@mlnwwmmqqsmwsrlrghdwdrocarbon streams (so-
9] The present inventjion provides a chem ca
calle%, é

ightsrds'h typigaies fmh@lrmﬁ% #lwéwcar«beaétmkls C@rhb%used with or without

roducts ch as

hi I | -
addedhlgp% rg\r/ago Wé?%m fe F@ﬁl&t I%}J% wgptl%lgg cogl,gn most cases the
reasBEL Y o i thgfaf pacn o ecti vt o © 1 bonds
d . .
[0040Ty r’?ﬁ@ix%ééo@eﬁb% % 99 fsgkroﬁg%fte%eﬁn (ﬁﬁlgﬁ'& C#rgguc%%i)a)g eactl?n with molecular

rum Ccess

haIOgEPciﬁ oca gﬂgdze‘{ 8P. C%Hl ggrgdyst ocﬁisi appro relirg (ree rred Wlth bromine being

most 'pfbf&lf‘&i Rh aENbedalideetel Ger 'pB?énﬁgFréﬁbﬁé@Q§ ’coﬁ‘vegT Br to Brz is significantly
nmet hane, et hane, propane, and even arger al kanes;

lowerah&f thasiequtd t@torgRs @Neo C1,NQI09V fdrBress.0f.36V for CI” % It is contemplated
hydr ocar bons; bi omassderived hydrocarbons; and coa

that flierihaiand éédine edn benyed) thmghars ngcasbatillyivgit edquidalentarelbdts. Some of the
streans (socalled "light-ends"), typically a m xture

problé@hCassCrinted rwitta flbonsg carhlilodly banddwesigd dy wsinghdibute wiredrosiof fluorine (e.g.,
added net hane as the hydrocarbon feedstock. Wth the

fluoripg gaptcpaiedoby dgknm mﬁomtorc@tbe% dilpenty. edtl &y exnectgid) hopever, that more
primarily al |phat| C nature, [0040] The hydrocar bon

vxgor?l@ea%%@k RdLERY éwleae Teaered §ore Plkpfl gidgs 39 couple and form higher

hydro uE o g{é sgr%agetglmfaﬂ;q ﬁgtl)r? e%rb%ﬂ léorﬁf é ﬁglé{bel Y\c!ﬁns associated with

iodine Iisun]m i tl?lglen%othermw nature of certain iodine reactions) can likely be addressed by
carrying out the halogenation and/or coupling reactions at higher temperatures and/or pressures. In
general, the use of bromine or chlorine is preferred, with bromine being most preferred.

[0041] As used herein, the term "higher hydrocarbons" refers to hydrocarbons having a greater
number of carbon atoms than one or more components of the hydrocarbon feedstock, as well as
olefinic hydrocarbons having the same or a greater number of carbon atoms as one or more
components of the hydrocarbon feedstock. For instance, if the feedstock is natural gas -- typically
a mixture of light hydrocarbons, predominantly methane, with lesser amounts of ethane, propane
and butane, and even smaller amounts of longer chain hydrocarbon such as pentane, hexane, etc. --

the "higher hydrocarbon(s)" produced according to the invention can include a C, or higher
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nost preferred, in part because the over potenti al
required to convert Br to Br2 is significantly | ower
wotoeemsbdyat required to convert A to d 2 (1. 09¥Tfuxrod806244
vs. 1.36V for d ) . It is contenplated that fluorine
62178 dspedi ne can be used, though not necessarily with
equi val ent results. Sone of the problens associ ated
with fluorine can likely be addressed by using dilute
streans of fluorine (e.g., fluorine gas carried by
hydrohabon,rsuch s ethene, popatehbutade,| Crliydrodarbdns, aepmatt dgidrocarbons, etc., and
however, that nore vigorous reaction conditions wl|
Optlorraélyr@qulpme@rmrlelm kyd/of langet dlsfins.o Theupine "Hglt lysiracarbons” (sometimes
édrocarbons due to the strength of the
abbrerlra r .Hé & Ar 15ders ven&1-Gai hydragarhonspread| apgthanss sthagee gropane, ethylene,
ith |od| ne (sgch as tFe endot herm c nature of certain

Propy{egg; Butapes cindo gsenescm iqf efvhic eﬂ&d@ﬁresagaédgwsc ak F99m gtemperature and
o P o BB Bl 2P A onand e s

room em 9 tubrom ne or chlorine is preferred with brom ne
erpng Host preferred. [0041] As used herein, the term

[()042&hI gﬁ(%l 1H¥}ﬂn_% Qritle %§crg§ g{n d ih ﬁ}ehhdgfn%c@ﬁgﬁj Ql?enl?lalll di8stBnces are referred

reater er or car

to in glﬂmﬁﬁ?ﬁnﬁlﬁg&far therdiyd QLEQQHCIE@&Q%QC\KCC @érswe{nllle?ssthe context clearly

i nic hydrocarbons aving the Sane or a greate

dictatéibReiwiSS. Ea HQAthplé, Ok yRhaldt8" Hclies dné %mﬁﬁslﬁll&l ‘Bfihdes which can be
t he hydrocarbon eedst ock. For instance, if

the sahge@sgd. 0 CB0%SmethlyLibaimidap or iffdre! (e)g.,amsthyt chﬁmﬁé and glibromomethane);
hydr ocar bons, predom nantly methane, with | esser
"highaniydnd cartadnsétihcdndss @reopanm®rahizhen hadwcardods, evleioh can be the same (e.g.,
smal | er anounts of |onger chain hydrocarbon such as
100%mstangher, diffeseahte. g.chexane, pentanehanghastane).dr ocar bon(s) "
roduced accordlng to the invention can include a C2
[0043Er hilgiferle2 are pehegmichilen shagramp genyrally depisting different embodiments of

ane, an C +.h rocar ons, aronatic
the mﬁ r%acgr Wgwil ﬁr%rocaraﬁ %ﬁsitsros af Pl}p%?dngﬂ EAe, With &WF%@ halogen (e.g.,

bromleg { Iclﬁggg'gerﬁ]bglg&fé{] S The theFBr% y@lﬁgtqrg ld@rtso giliefgmng to FIG. 1, one
embo&%(r%r F &R Bl%%éSS 5 g’laku‘[%llugg 1 Syd? I%%ﬂ%xs AT oR%uFall gas fmethane or other light

ene, prop ut enes, a

hydroM}b&l& r&f)ﬁ%d”ajﬂllé/ f&ﬂﬁé éa% ; ggﬁifﬂq fgr Oca?%foe‘éuﬂp Bromine are carried by

at nospheric pressure ons
separdty/ Rined!1, Y2 ¥ ea drohidiBos &@ét@@@sarﬁf‘gllé‘\ilé‘d lih FhAS Bfoducts (HBr, alkyl

roonrtenperature
bromides, optionally olefins), and possibly unreacted hydrocarbons, exit the reactor and are carried
by a line 4 into a carbon-carbon coupling reactor 5. Optionally, the alkyl bromides are first routed
to a separation unit (not shown), where monobrominated hydrocarbons and HBr are separated from
polybrominated hydrocarbons, with the latter being carried back to the bromination reactor to

undergo "reproportionation” with methane and/or other light hydrocarbons, as described in the '358

application.
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[0042] Both in this witten description and in the
cl ai ms, when chem cal substances are referred to in
wotdoes/aksgpal , singular referents are al so i ncl pded;s2603@06244
vi ce versa, unless the context clearly dictates
62178B/030¢) se. For exanple, "al kyl halides" includes one
or nore al kyl halides, which can be the sane (e.g.,
100% net hyl bromi de) or different (e.g., methyl
brom de and di br ononet hane); "hi gher hydrocarbons”
[0044] nc| Indths conpliny reacioe Shinghebromidesoaal pussidly wihiec likgbbrobsides and olefins
the sane (e.g., 100% octane) or different (e.g., '
react hrethapegsepent fomequpding cotal ysh &) forfndfighdr Hid@Rartbns. MNoalimiting examples of
schematic flow di agrans general |y depicting different
couplmghertalivetatase oafro‘tiﬁ@? iith Ve {358 napplicatigi, it W6hyodr odhe poeparation of doped
feedstock is al I owed to react wi th nol ecul ar hal ogen
zeolitepang thep usepsearbenrgarben gernling satalystyiscleseribedrin PateghRublication No. US

200 4oL O e i Bl s T et oy
[0045%he H dlglggg'kh)(c{éoétrgoer{?a ?Z}{)OS@%}? r)oli}a{éabcg?ﬂs B%CE'P Bl o alkyl bromides
exit tlﬁer coon'ﬁjlpﬁg Alator L4 ! agH §§) gﬁ]ﬁ%\%ﬁtg atnhg% nzoroxaﬁ %g??tlon unit 7, where

I Oon reac
f
i, il ST B SR, B, g some i

suitab® §eﬁh@dtfdnﬂécl’ﬁﬁq@e | T%r&akﬁgno{)l%dﬁ@tﬁ bea cﬁﬁfe@%é&pb’?la' ¥t 8 to a product
reactor 5. Optionally, the alkyl brom des arefirst

| recovEgUingtd9 tvhieh $ tad t&mlglﬁérthyﬁmrlﬁﬁ%ducty\/ﬁ@ﬁﬁany residual natural gas or

nonobr om nat ed hydrocarbons and HBr are separated from

other gadepbs spuciea) whichydn be acied shrough h linkd 0l aaf incthe leesendf natural gas or lower
carried back to the brom nation reactor to undergo

alkanes; ggnycledrand orami¢dobackwiptthe hmrhiana’éoramjl/cmr. dtlkenat]viehtcombustible species
hydr ocar bons, as described in the ' 358

can beyytedciats RV S Zeraplianest pubusel tp gendratedsairindfy eﬂ@amyrfor the system.

nmonobr om des and possi bly oth al kyl br.om des. an
1004ﬁi| ef AAYCqUS 53qdiyy bsﬁiéwﬁfi%sfgne@ebf %Sf‘l’céﬁjﬁﬁm?é byt ylgtll into the HBr

absor%tbquﬁﬁrng] g‘{h&% 9@%‘1@ 1g$sa{hﬁq-26{ &2‘3 t]lolﬁrr{% hlglrlle(%ygg Imelgromlde. The aqueous
sodlux%prﬂ%)fnges a% r@% aIn%ugits o‘rf ppe}(r) L%Itsog.]n %th? O rggnic species are carried

use a car carpon co

by a lgrg:tof% %ci%% a?atg(ﬁx’sﬁlgl'tt hs gwggﬁ‘ﬂ’tg?%%e %Eillétg&lhhgglrl it a{t@ di extraction, flash
vapori24tiéef ' @hfeCother ﬁiitﬁbler}nbﬂhﬁd @ lskpd@4t¥ the organic components from the sodium
bromide. The organics are either routed away from the system to a separate product cleanup unit
or, in the embodiment shown, returned to the HBr absorption unit 7 through a line 14 and
ultimately exit the system via line 8.

[0047] Aqueous sodium bromide is carried from the NaBr-organics separation unit 13 by a line
15 to an electrolytic cell 16, having an anode 17, and a cathode 18. An inlet line 19 is provided for

the addition of water, additional electrolyte, and/or acid or alkali for pH control. More preferably,

a series of electrolytic cells, rather than a single cell, is used as an electrolyzer. As an alternative,
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[ 0045] HBr, higher hydrocarbons, and (possibly)
unreact ed hydrocarbons and al kyl brom des exit the
WOC00H439yg reactor and are carried by a |ine 6 pcang2008/006244
hydr ogen brom de absorption unit 7, where hydrocarbon
621780896t s are separated from HBr via absorption
distillation, and/or sone other suitable separation
techni que. Hydrocarbon products are carried away by a
line 8 to a product recovery unit 9, which separates
severdl heerikbs glieellhgen beacdnnactpd onlpatadlef. r Nondimyiting sixdmales of electrolytic cells
natural gas or other gaseous species, which can be
includectiapltagrny mggibrane] amkmedcusy cell,rwhikle cambe mufnorelam @il di-polar. The exact
gas or | ower al kanes, recycled and carried back to the
materiyl dhoivs avitlorespech 62 Brake-aprveateraelegolyte, androther prsicess features will vary with
species can be routed to a power. generation unit _and )
the typecf g wisder Afeeans odnmp bspmideds telgciiofxzed gp the electrolytic cell(s), with
Ssystem. [ 0046] .Agyeous .sodi um hydr gxi.de or other
bromigy iyt beink ORQAeA BEthEARAF (A" Tt Bt Gen 8 Nt b fsepesd ot the cathode
it - where i utralizes the HBr, .and forns ueQus
CHA R 34 bor 0 T BBt B BBt telioXRa TR AP clectrolyzer and
route TR 1 Abs YL RGRA DAY prluct s and other organic
specres are carried by a I''ne 12 to a separation unit
[0048}3: BRInfike QH?PZ&%%CP( | Srofhclalih e élQ&rolk%é}% rdcbPitkd! 1th bromine being
extracti on, sh™vaporization, or sofre other suitable
recycl¥BlaR@dséPat@P a1 fhiePrddr@s. 05 et Cally OWBORBHiife s QAftidd By a line 20 to a dryer
sodi um brom de. The organics aré either routed away
21, aid 4y bheningsit asmrial By ehine 2etopi ddbtet 28| aad Uherd Biytliy 2 back into the
in the enbodi mrent shown, returned to the HBr
bromiabsar pdacton unih instadves wgtera thd aeodnt afindatel tassomiatddy with the bromine is
exit the systemvia line 8. [0047] Aqueous sodi um
tolerablecim bteminatioarandechupting) thiedrkerBmay bgaglintigatedpadydrogen produced at the
unit 13 by a line 15 to an electrolytic cell 16,
anodenef; thegelegirodviird ecll pan hgpthzassedh oiemes priferphlye collgated, gmpressed, and
[ S provided for the addition of water, additional .
routect thaepgiyaykine 2410/ % POWET EepFratipk FPit, sush @SHac%lﬁl eell or hydrogen turbine.
: re preferably, a series of electralytig cells .
Alterrp S FaP bl eSSl b et g - B sheptrical power that
. Lternative 6217 ver al ries of cells..
is gert B A B BE St AL PR QRYRIER T SPEYsflip B cppeimuous process

incluﬂ§ﬁltere9écyrgiﬁiccc§#s i ncl ude di aphragm mnenbrane, and
e y cel’l, I

cur ch can be nono-polar or di-polar. The

[0049F X aCExFRS1ER AMd bt F¥RedMcbhdiliERPRLE., LIRS PrsHR! @mperature, residence
el ectrol'yté, and other process features will vary wth

time, etc.) for bromination, C-C coupling, reproportionation, product separation, HBr clean-up, and

corrosion-resistant materials are provided in the '358 application at §39-42 (bromination), 43-50
(reproportionation), 61-65 (C-C coupling), 66-75 (product separation), 82-86(HBr clean-up and
halogen recovery), and 87-90 (corrosion-resistant materials), which paragraphs are incorporated
herein in their entirety. Anodes, cathodes, electrolytes, and other features of the electrolytic cell(s)
are selected based on a number of factors understood by the skilled person, such as throughput,

current power levels, and the chemistry of the electrolysis reaction(s). Nonlimiting examples are
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the type of cell used. Aqueous sodium bromide is
el ectrolyzed in the electrolytic cell(s), with brom de
WOI2008/1a89400 oxi di zed at the anode (2Br~ Br2 + %@T)Usamm%z“

wat er bei ng reduced at the cathode (2H20 + 2e~ H2

62178%5%6 Aqueous sodi um hydroxide is renoved fromt he
el ectrolyzer and routed to the HBr absorption unit via
line 11. [0048] Brom ne and hydrogen produced in the
el ectrolyzer are recovered, with brom ne being

foundriady.sl dteanMobis401@080 (Nidold Bealprades 368, 8k (Gésteralany); Y. Shimizu, N.
wet bromne is carried by a line 20 to a dryer 21, and-

Miuragdry. bY anaave, | GasBRhasee Elbytrdysis nef PR dtarasbdméat Aeid 28/sing PTFE-Bonded
and then by line 2 back into the brom nation reactor

Electrgde,| nti dstBydregemtanesgy, h¥ ohmb3iniNoof6, \/\éf«5_>64%s(§888)at Bd van Velzen, H.
with the bromne is tolerable in bromnation an

Langeakarppi fig Menyeussef, dt- ngngign,eHleE{gqtgdysq—mj f}@g@ﬁam Mark 134 Flue Gas
oduced at t he node of the_electraolytic cell

Desule%rl%ggg ddoess fférqu%sf ar alIEM Gl ez\ple’aed Elﬁ‘fﬁf’g@@é‘w’ Vol. 20, 60-

68 (1%(} ro(gg g(lt hragllil? E)e&d nl're lgr?c}lr}:},;){jé\gglglﬁ L{geg;cﬁ%l%t bﬁ)grme from Hydrogen

Chlorzs%r Zkgﬁiﬁ OC;{ %céfquxﬁgty e‘%&f ace, aa}llc g%bvﬁﬁzgﬁtea %;89 mecrh is incorporated
by refgl%gggﬁgr ?“ﬁfm?pgm d to power various pieces of

rn the conti nuous process,
[0050] n C | Iﬂcﬂﬂggexﬁﬁlﬁhrﬁleﬁcﬂff 8L YiVenti6e! lhﬁTtré{t&pﬂ)gﬂ:IdEXle IRt i8lroduced into a

preferred conditions (e.g., catalysts, pressure,

plug IR WiRle JTeR QI%BCAUGOI@ at @t1ate) off ol @ebMAtan@Molecular bromine is
C-C coupling, reproportionation, product separation,

introdult¥d #tlagate-afi. 5CeindlesBeccrl with & €sthlstesidéndeBings B4 60 8¢dnds at 425°C. The
provided in the '358 application at }39-42
major(}iydmdaﬂmhi wodyctstBich@le(metpybipontide (f0b)oand, diblontdntiare (14%), and 0.50
ling), 66-75 (product separation), 82-86(HBr
moles(ﬁ gthU)g mqq@pcﬁd] emqtb@mﬁ@pyyrsmana 48%. dithe products are carried by a line 4
(corrosion-resistant material s), which paragraphs ar
into a,cgw]rrwlegﬁt%s,ﬁ@plgh 3 plaqkﬁ@pfad g;qpﬁor g@lyamm@gnsmon metal (e.g., Mn) ion-

exchagge@@éiﬁgf%%%gwgéys:@ %F 5 SR s g
a d1st1i11hl}& Eﬂ?&l}@n e@ﬁaﬁ%gﬁ&boé% eteg'ﬂ aﬁ)g t@ﬁ gpﬁclg?me %ff the reactor. In
vis LD, SELCOBYE'S AL %@d“ﬁgﬁgﬁ%@%‘%&l Sfgpine rnse.

hlghel(S lailkdriin&!zagbcﬁ{ﬁr #a drRPufed& 4RO B6RIAS IR conpling reactor and are carried

by a line 6 to a hydrogen bromide separation unit 7, where HBr is partially separated by distillation.

Aqueous sodium hydroxide is introduced and allowed to react at 150°C, forming sodium bromide
and alcohols from the HBr and unreacted alkyl bromides. The aqueous and organic species are
carried by a line 12 to a separation unit 13, which operates via distillation to separéte the organic
components from the sodium bromide. Aqueous sodium bromide is carried from the NaBr-
organics separation unit 13 by line 15 to an electrolytic cell 16, having an anode 17, and a cathode

18. An inlet line 19 is provided for the addition of water, additional electrolyte, and the pH
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Mura, N. Yamazoe, Gas-Phase El ectrolysis of
Hydr ocar boni ¢ Aci d Usi ng PTFE- Bonded El ectrode, Int.
wodoogrigg@gen Energy, Vol. 13, No. 6, 345-349 (@¢9a8bo0sos244
van Vel zen, H. Langenkanp, A Moryoussef, P.
6217gﬁ/bgb@gton HBr El ectrolysis in the Ispara Mark 1 A
| ue Gas Desul phurization Process: Electrolysis in a
DEM Cell, J . Applied Electrochem stry, Vol. 20, 60-
68 (1990); and S. Motupally, D. Mak, F. Freire, J.
adjustéeitsl beness Reay 2 ibiyngd{Bunostl aved.f Etsttrblydisag perfoihét inde membrane cell type.
The El ectrochem cal Society Interface, Fall 1998,
Aque@-s86iunebmimidé isdiectiolyzediin tlor gectad] gtilc &sil, mafhesrendde ion being oxidized at
herein in their entirety. [0050] In one enbodi ment of
the anpHe (2B entBrort, 2¢7) andswater beingmeducgd afl therathodnd2HsO + 2¢” — Hy + 20H')
introduced into a plug flow reactor nade of the all og
Aquemggdamrahy@romees sImaveddiam dkeelgefrolyzay and irewted & the HBr absorption unit
brom ne is introduced at a rgi %f 0. 50, nol es/ second
via lingj 41, %rom%ﬁndr@sdramewwc ingt G@E@b’ﬁﬁfs at 425C.

[OOSITQEO gdy%#m%]ﬁeén? UCt oldgﬁl%pl{ ogﬁo gb rgg%nfa gas, methane, or

ot &#Saoae&b@ cleES 8o b J5008, .Yﬁ%"’%‘?gﬁ?{)gﬁc 8 gFng0E hydrocarbons and
arome{tﬁ%&%ouﬁds d%Pl cled. aII'Pﬁ%?IﬂbQ(ﬁg‘le{l ae@éc%glﬁw{aﬁkpbﬂge % a non-alkaline

ransition’nmeta I onexc

medufﬁll uﬂd&c&%&ﬁ&ﬁ@ gom %8Qbt li®. qgg}mr'h@/gr&ﬁlt‘tﬁhy ghd ﬁBr) are carried by a

I'n the coupliing reactor a drstribution

line 6%9&3?HB!F%§&?&6@%& 7,Swheéé rocﬁﬁboﬁ%r@ﬂﬁﬂt@@ﬂ: :iE;Saialeﬂ from HBr. After
space tine of the reactor. [n this exanpl e, 10 seconds

residuabofgagicofrdntfits pfotbitR e fomche HBYah adeparation Ait 13, rich aqueous HBr
gasol i ne range. HBr, higher hydrocarbons, and (trace)

is carmert buatlad H fo/thelmlaroligr eetli 16.t Makeopphatay eletotyde, aradid/base for pH
are carried by a line 6 to a hydrogen brom de

contrd eifaeedadois preivided bywh éine 19BrThesaquapus HBY ys elepisolsizage foryning molecular
distillation. Agqueous sodi um hydroxide is introduced

bromlaﬁ andshydrpeen.t 4sBrais evalv eflzmd remgved fgnstbgiclsetBhEe, de concentfatlon of

cohols fromthe HBr unr eact ed _al
HBr i elrcaobrRed @Qﬁeéﬂ‘f A g%a’ﬁ m@a&:%@g Sibue a%}ﬂ} sege bromine (Brz)

enteaifid, S ishoty o i, BBRGEN b9 R 2571340 PO SRRt 26, which separates
bromJlE ?ﬁ} égx%{r? Pe%'{hrﬁrhp(hggllgF vid HYRPH NS ongoﬂ{p &fl@lj‘%uqtﬁgfe separation operation.

ani cs separation uni

The lédnnzﬁ;ul:éust HB?'QS %hﬁﬁeﬁrlpicl(ttb Gh& EB: éb@orﬂﬁ%ﬁ'lﬂ)gt 52 aqmdﬁ Wet bromine is

and a cat hod
carried by a line 28 to the dryer 21, where it is dried.

[0052] In another embodiment of this aspect of the invention (not shown), natural gas,
methane, or another hydrocarbon feedstock is converted into higher hydrocarbons, and halogen
(e.g., Brp) is ;eqovered by gas phase electrolysis of hydrogen halide (e.g., HBr). Products from the
coupling reactor (i.e., higher hydrocarbons and HBr) are carried by a line to an HBr absorption
unit, where hydrocarbon products are separated from HBr. After residual organic components are

removed from the HBr in a separation unit, gaseous HBr is carried by a line to the electrolytic cell.
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18. Aninlet line 19 is provided for the addition of
wat er, additional electrolyte, and the pH62178P/ G506
wodbgiebe@d to be less then 2 by addition of acipdr/us2008/006244
El ectrolysis is performed in a nenbrane cell type.
62178¥680Es sodi um brom de is electrolyzed in the
electrolytic cell, with brom de ion being oxidized at
the anode (2Br Br2 + 2e~) and water being reduced at
t he cathode (2H20 + 2e~ H2 + 20H ). Aqueous sodi um
The dagebusxHBe i <lectobyzed, forping heoledudat bromide andrigddécgehedWet bromine is
to the HBr absorption unit via line 11. Brom ne and :
carrietyogr o fjoa tatlee gryedueketeiinist dreede| Optiomdllyz &ff dry[ BB 1§ fed to the electrolysis
Referring to FIG 2, an alternate enbodi nent for
cells, therdrgentdanperphiminated.gas, net hane, or ot her hydrocarbon
f eedst ocks i nto higher hydrocarbons, such as fuel i
[0053@ ad]élq“}cﬁe@éca$ g%gmhﬁ@nmnb%moéhe@@m afithe ipgention, in which natural gas,
depicted. [n.this enbodi nent, electrolysis takes place .
methafi of 4OHIeA PRSHOT GO AEAOSIACK Bt ERIIERA i metﬂr?éw@és@ah? Hyermediate, methyl
react.or (i.e. i gher drocar bons. HBr r )
bromi Nalyra) 6o’ nd e o0, DB, re airic Py rpehtraft nes, Ak gnd 202 into a
- ocar r re _separqied fr HBr. After .
bromllr;%tgclgn dﬁe%r:t%? 308 agg %ﬁ%&eg tg ﬁ%as?ea:[g(t—: Péorfil)lc{)sg?efgr" orPneftﬁP{fegﬁg}lde and HBr), and

organi ¢ conpon ve

iy . 113 o . . _

posi SRR b ep by AOHEOH UB6ul B beanger 205, i

lower¥R e tenfflefthfeO! i trRcesRiry@fHed¢ Ra3Cart Firtiile oBRUMNE) I_%aésfng through a cooler
needed, is provided by a line 19. The aqueous ris

206. &l sutio® by #RGyasde8 206 Age BATIEE BY AN 207 td&ndBr AB5driega08. The remainder
As Br2 is evolved and renoved fromthe el ectrol yzer,

by-patdee tleoHBe abscabércandaire kidtiet bytdiénec2 (9cdikezltlyze thelreapt®r/absorber 210. The
The resulting | ean aqueous HBr, along with sone
split fyoporiines @Rrdeterennedaby et acidbasesdibprepottiopatadmneddsd to achieve the proper
~carried by a line 25 to a brom ne stripper 26, which
pH indlegreepetoeabsernii ne (Br2) from | ean aqueous HBr via
distillation or, sone other suitable separation | L
[0054§ o r Wiatsn optronallye Bis-epleh iy ®48s § ECVEEYSr PEROPH ARt p1L R minimize salt

contehofs PRRMR kP Rebatil Erdhl 516 %o JEb R S, o sparate i 213
. dried OQ%Q | n,an er enbodi nent of this aspect of
Camegﬁlégir%?/%‘ﬁt [ o%alts% erghgv\m) , hatural gas, net hang, or

[OOSSﬁSOtﬁﬁf S oﬁé? %@d&ﬂg{ ﬁl%cﬁﬁg ggsé)ir?ergrb?;/@ .rsgﬁtdviiarg ﬁngzgg?; a stripper 215

drocar ogen IS recovere

(wher8 @3 g i@ fre es'eﬁéi’ﬁ%ﬂ@'ﬁs's&tﬁpﬁifngmfdcftﬁ&elﬁeﬁéb @ th&r &ent t618e reactor/absorber

Products fromthe
210 via a line 216. Gasses from the HBr absorber join the by-passed stream from the cooler 206

and are carried by a line 209 to the reactor/absorber 210. HBr solution from the stripper 215 is
carried by a line 217 to an HBr holding tank 218.

[0056] Aqueous sodium hydroxide (e.g., 5-30 wt %) is provided to the methanol reactor 210
by a line 219. A weak NaBr/water solution is also delivered to the methanol reéctor 210 by a line

220.
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coupling reactor (i.e., higher hydrocarbons and HBr)
are carried by a line to an HBr absorption unit, where
woeReapmbon products are separated from HBr. pdfifii®2008/006244
resi dual organi c conponents are renoved fromthe HBr
62178P/Gxogeparati on unit, gaseous HBr is carried by a line
to the electrolytic cell.62178P/ G506 The gaseous HBr
is electrolyzed, form ng nol ecul ar brom ne and
hydrogen. Wet bromine is carried by a line to the ,
[0057qr yeIn thehir¢tRandl forsnationadactéy) ety |Urymidef reaety wr watsr in the presence of
fed to the electrolysis cells, the dryer can be
strongbasei (sediech, hyd¥0%idE), Bhdm@hatebic famedealenp odihmpossibdé byproducts such as
anot her aspect of the invention, in which natural gas,
formaidahydaer formigaoidhed ligpit steeenb eonthisingsmethiangls by-pnedictsedqueous sodium
into nethanol via the internediate, nethyl brom de. )
bromidsi gp@aqg%lsas,spgl%gygggu@ﬁ ngegra@/agaﬁeme@egyactor via a line 221, to a
ate |i.nes 201 and 202 j i on reactQr

strippSb 4L BATHEN.SA thobetiae figtigh gr(értga E{%%gr/?ﬂgg oot 44 fygirculated via a line
223 Q0 A Bo R A op FRE B S Y SRR DR 2R

00583 TRE 55 325 S5l R, S0l B S it et
AquegO sodiufObidnile Hnd! MR IRRARE o Eeilldd gﬂyi'thgxloetegk e water as the

0 an absor remal nder - pass

"bottdrie SHBEMATIN KEpp&" mrv%p&aéﬁﬁl?@thex%}?of thBStrRfPRr is carried by a line 226 to
directly to the reactor/absorber 210. The split

anothgy @RENAtANMIBLET e@liphed WRH alieébdile 228i fhdasshdenser 229. In the distillation
di sproportionati on needed to achi eve the proper pHin

unit 22% bwpmidactsadrsoseparated Hdndt | mathirml, andptthenaéthynol is removed from the
pre-treated in, e.g., a reverse osnosis unit 211 to
distillation iz @23 slata kon2¥Hhithroigh pcosled2dl, to a tstogagegtahla@32. The vapor from the
_ _reactor 210 via line 212. In addition, a separate |ine
distillation wait 22@ { Whiahegontaing hy-prBhuctsh 4o edreied 208 2 1e@33] thrmigh the condenser
solution forned in the HBr absorber 208 is sent via a
229 angd therpthaoygh 3 line 234 3@ 2 byrprodyustesterags ki 235 aPationally, depending on the

. S rateq by stripping or. other neans nd then sent iy
particp P ByePrpguct arodsEd B hois Joliig Boinfoninitgol SR iken as a ditillate

HBr _absorlber j.0in the by-passed stream from

whilefrgrpths € vere bott . .
tbPi’ep 88%? e e26% Sﬁéi Breg R4Pr i ed by a line 209 to the
[0059%?20?@5 LARRAE Bfan? 1omot & #5R Hi ARilABH dlie253 Lh®R&oiler 225 contains

water and aqueous sodium bromide and sodium hydroxide. This is carried away from the
distillation unit via a line 236 and cooled by passing through a cooler 237 before being delivered to
a sodium bromide holding tank 238. It is desirable to lower the pH of this salt solution. This is
accomplished by metering the delivery of aqueous HBr from the hydrogen bromide holding tank
218 via a line 239 to a pH control device 240 coupled to the sodium bromide holding tank 238.

[0060] With the pH of the sodium bromide in the holding tank 238 brought to the desired level
(e.g., slightly acidic), aqueous sodium bromide is removed from the tank and carried via a line 241

through a filter 242, and delivered to an electrolytic cell 243, having an anode 244 and a cathode
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carried by a line 217 to an HBr hol ding tank 218.
[ 0056] Aqueous sodi um hydroxide (e.g., 5-30 Wt % is
wooes/igemd to the nethanol reactor 210 by a |i pe12d9Q008M06244

weak NaBr/water solution is also delivered to the

62178®'dxpgol reactor 210 by a |ine 220.62178P/ G506 [ 0057]
In the nmethanol formation reactor, nethyl brom de
reacts with water in the presence of strong base
(sodi um hydroxi de), and nmethanol is formed, along with

245. fihediltet &5 fryyideditocprotest e membranesindkdyldetralytié ogliv. Preferably, a series of
acid. Aliquid stream containing nethanol,

electrblytigreels) catber thaqu e singlscall, inmsed esranl electaolyzerqueous
sodi um hydroxide is carried away fromthe reactor via

[0061& | i Aguoaus, sodiina bsemidspisreloctplyzad jorthe slectplytisecebloDt @mh bromide ion

quid fromthe reactor/absorber 210 is circulated v
bemgaomﬁhﬁ%d sbteiqnpde (B coBhet 9241119 VaFrheing fftdé‘ﬁ?fb Pta'{hﬁ rcethode (2H,0 +

2e” - E‘ztegfﬁé‘éggﬁ% éq%glzso {ngtgls ?Zé!?atlf %\un&bxqsr Igg \yhlc 1s camed away from

the cIRBEHIRr 48 S Al rou B o TR g o 3&9 Tt PR ack g e sodium hydroxide
solutlgﬁ o tﬁ'lg d.yfté({ {gﬁﬁ%oeftha%%?re%&ro} EP@ (lia ia 2 lbne i’l or exiting

er 1rs carr ine 226 to

[0062;nOt mecﬂlaﬁtb'r(l) fe'iO FertidVeld fhcnd tl?eq écﬁﬂﬁ%e\f”vuqa find 85¢ yngompressor 249,

a condenser 229. |In the |st| ation unit

and thefr & Q‘Zillr'férSZSDr €Thé FB%IﬁfrﬁdisfrEﬂméaetbhtﬁ@ Yrom#déoh H8actor 203 by passing it
met hanol” is renoved fromthe distillation unit 227 via

through h h8&t eX3RangehR03Ighd,af aecdssiry, 23 eatdr25. NOleager bﬂ)ﬂ{ﬁne that is dissolved
232. The vapor fromthe di stl Tlation unit 227 (whi ch

in thecamtlpteris alsg-nemodted tiom itlse elactroletc cell(sp243 be cAdFing the anolyte from the
t hrough t he condenser 229 and then through a |ine 234
cell(s) wiaaa %}le @53dact stsipperadfss, tvaite PBBNINEYIs remavddyby stripping with natural gas
dependi ng on the particul ar by-products produced and
(supptlﬁgma Blang 23 o biyrntker rne%rﬁarTélle melgcular hrafdpe igsagried by a line 255 to the
ts are recovered as bottons.

comp?qg%tglg%éllﬁﬁggyg H(ﬁ éq%%/ gpt[% ingastreed fq, the bromination reactor as described

distillation unit 222 and reboil er 225 contai ns water

above, g aqueous sodi um broni de and sodi um hydroxi de. This

[0,063;2 6 k%ll goola%\éﬁé{rg fdgg;s{shl%ﬁ‘élgétﬁoﬁ ueéhlg rgmgo?d tby ?m% %506? ecompressed in a
comp{:é@éc{f@sqeinh,v @;Stﬁﬁlxaflﬁ routed to a power generation unit 258. Residual methane or other |
inert gasses can be removed from the methanol formation reactor via a line 259. The methane or
natural gas can be routed to the power generation unit 258 to augment power generation.
Additional natural gas or methane can be supplied to the unit via a line 266 if needed.

[0064] In a laboratory implementation of elements of the process depicted in FIG. 3, methane is
reacted with gaseous bromine at 450°C in a glass tube bromination reactor, with a space time is a
60 seconds. The products are methyl bromide, HBr, and dibromomethane with a methane
conversion of 75%. In the methanol formation reactor, the methyl bromide, HBr, and

dibromomethane, react with water in the presence of sodium hydroxide to form methanol and
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a sodi um brom de holding tank 238. It is desirable to
| ower the pH of this salt solution. This is
woe6idgpshed by netering the delivery of aqueeyrshi¥s006244

fromthe hydrogen brom de holding tank 218 via a line

6217898508 @ pPH control device 240 coupled to the sodium
brom de hol ding tank 238. [0060] Wth the pH of the
sodi um bronide in the holding tank 238 brought to the
desired level (e.g., slightly acidic), aqueous sodi um

formdidehiyde €from thendibesmbmetitahd)e Itaigkfufthel danonstited thadithe formaldehyde is
line 241 through a filter 242, and delivered to an

dispragloetidiracddyto metteinbl 248 fornsivi avid. alHeane;d@weidm thagpraducts are methanol and
cat hode62178P/ G506 245. The filter is provided to

formipaeidect the menbranes in the electrolytic cells.
Preferably, a series of electrolytic cells, rather

[0065) hanThe rarghse shasyn in |F§Gu§e@nak>yaﬁn@nb@ph§mpz glectrglytig £plls, rather than
Aqueous s di um bromi de is el ectrolyzed in the

dlaphag@bfm9|°§ﬁ$ c o membrane,pelly spdigm igas Wé WY AgmK; Aoy of water flow to

the oo SRR, oIt wsa& %Qﬁrzéeda wyﬁee selh PO sqm fons and water

dr.oxi

proceg(g}nlf? (g}%f cg&btd%eciofg)ol%r e eI Iélc% %Femalf oglﬁnegg §£ ’(t)hlj: mvepntlon shown in FIG.
4, dlagﬂllggfnm&ﬁlyé%@uéé n?esaﬁﬁ)tgl i c%ngf?\!lcﬂj feﬁgh (?% e t cﬁﬁe with respect to NaBr.

oXl dé so on 1I's t oute

To re%f%ﬁ@ﬁﬁﬁ:' Nif?naﬁt:ﬁl@tea]agol‘ytéxs@aﬁénr{ﬁro%éﬁ a 1rid083lto W@r@rﬁiﬂe@hpper 253 where

romne is renoved fromthe el ectrolyzer via a [ine

bromi#é8s fetncVed QAR c@SRA to 443mpRédort MNarid0than didyfdr 2860 NaBi€olution from the
bromne is returned to the brom nation reactor 203 by

stripppA 333 RGatried by aligh 230 he die WaBhkoldig t2015238)0vheré it combines with a richer
necessary, a heater 251. Ml ecular bromne that is

NaBrdolsiohv Ether fedathues afitheyirecdss arel ssmilastoshess ih Fdo 3.he
el ectrolytic cell §s) 243 by carrying the anolyte from

[00661 he bedriother aspest af thenavasn; modecslar hplogen k5@ coviied by electrolysis using
brom ne is renoved bg stripping with natural gas

a nor-BypEFe Produeing (cathedasig. G0 pYYESRhEPPlEEAed. cathede, which significantly
nol ecul ar brom ne i ;carrl ed b aline 2

5
reduces, fHfi BRYHr COUYMPLY Y qusiu%&gc atep, dpsigad Bé Pﬁ%ogsrt urfly 5 depicts one

h d bed. abpv
embofifndnl ot i aitet O tﬁiﬁa’f*&%t&ase?fﬁfsy%ﬁ% 8RRk, fhs Digfugtion of higher

hydrocin%gng5§ Wﬁiﬁuﬁm 1 15 @1&18’%&@%&1@%7 Rﬁ‘d% ‘%‘é the differences noted

onal Iy, rout &d power generation uni
bdo“ReS|duaI met hane or other

[0067] Bromine and natural gas, methane, or another light hydrocarbon are caused to react in a
bromination reactor 303, and followed by a coupling reactor 305. The organics and HBr are
separated in an HBr absorption unit 307. Aqueous sodium bromide is carried via line 315 to an
electrolytic cell 316 equipped with an anode 317, oxygen depolarized cathode 318, and an oxygen
inlet manifold or line 324. Optionally, additional water or electrolyte or pH control chemicals are

carried into the cell via a line 319.
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i nert gasses can be renoved fromthe nethanol
formation reactor via a |line 259. The met hane or
wonaisuigdsogas can be routed to the power gener atir@R2008l0b6244

258 to augnment power generation. Additional natural

621781#@;5% met hane can be supplied to the unit via a |line
260 if needed. [0064] In a |laboratory inplementation
of elements of the process depicted in FIG 3, nethane
is reacted with gaseous bronine at 4500C in a gl ass

[0068] ubeMoil cviian b orainerie gariepated i thh anodp@Be™ + BB, + €3, £{d the wet bromine is
seconds. The products are nethyl brom de, HBr, and

carriedivitr @ hine826 & e dvyer 324, thedughracheatan\3@8 saraitherd raiiéd baak to the bromination
the nethanol formation reactor, the nmethyl brom de,

reactasi03. ahtithei eathnrsmexygeneis elestiolyticall roduced in the hresence of water (%0, +
resence of sodium hydrOX| de to form net hanol

H0 gﬁeﬁn?@ﬁ @5@@ hyraayldens ae carriehRVAR a8 iapnenys fedivan éydromde via line

ther rm rated that the fornal dehyde is
311, talt%epﬁ Stqu‘iﬁ‘H’( (i'} met hanol and formc acid. Hence,

[0069?68%@% irrhv nﬁpxg also dggrtgﬁlé\%%%pﬁen%q@]e elg%gqlgtgr rcpél(l: 8¢ ic:((>jr'1verting halides into
molec&x aqqha?% %48 é:%cl:)gﬁlfnrle% Ioﬁl\ghl(rc‘rlg Show i E:% ?‘F E Al celloﬁg() includes a gas

rane odi um’i

suppl%\”lﬁzﬂui%m YOP t gh v@rﬂ?ﬂjﬂkyégn é’ﬁt %5‘ h&%ﬁx}?tehﬂ&eﬁaﬁ‘ ?Q)ebe introduced; a

artment’. n contrast’

gas dﬁﬁfs{bns&%déﬁ‘ 402”%7%15%%&95 Q& %ﬁggén%? ahhﬁty%@ﬁ -BO¥i8ining gas); a cation

conpart ment. In an alternate enbodi nent of

exchahB¥ fidhibRihesd U3 chtholit Eleciolytt cHaRibe 404 BishEsedtRtwideditthe cation exchange
resulting in conti nuous depl etion of the anolyte with

membraspand tHeogdsadiffusiba cadpldenas hnbde elsatbslytedetpintice #05; and an anode 406,
anol yte is taken through a line 252 to a brom ne

extendingiiptoethe 268de\blectzolyteochianer.s Wherpopatatangiunder biasid (alikabne) conditions,
conpressor 249 and then a dryer 250. NaBr sol ution

waterfig gitradneeds into phreeathale ¢lecteadytei chgmbyr tiroughea poxy 403, mbaqueous sodium

NaBr. hol ding tank 238, where it conbines with a riche
hydroxgda,is sgmegdoirom the, glpanplg‘atvgﬁ, anothgr Hoﬁte“%' ovigilarly, aqueous sodlum bromide

i intpqdE i aps, RETs Hariher JEHER o gk A0y B fiplecular bromine is |
cameﬁ aggatyrg%% by élﬁfzée dglscgr]rcﬂp/‘{% cg(yiimbgg Nk dg rllng %Qﬂgﬂ%a}mo%e and cathode can be
copne%{reggg Eilhﬁeg&% al : ns%%)g fg}ort) %@gen%@ﬁ' ﬁ‘gl\.gzye eqénpment for converting

AC ®"®HC current (e.g mechanical rectifier, motor-generator set, semiconductor rectifier,
synchronous converter, etc.) and other components.

[0070] In operation, water is introduced into the cathode electrolyte chamber through the water
inlet port 407, and aqueous sodium bromide is introduced into the anode electrolyte chamber 405
through port 409. Oxygen flow through the gas supply manifold 401 is commenced and the power
to the cell is turned on. Sodium bromide is reduced at the anode, bromine gas is evolved and
carried away by line 410, and sodium ions are carried through the cation exchange membrane into

the cathode electrolyte chamber. At the cathode, oxygen is electrolytically reduced to hydroxyl ion
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enbodi nent of this aspect of the invention, in this
case involving the production of higher hydrocarbons.
wohoes/fsey diagramis simlar to that shown i n pehr@s2dos/oos244

with the differences noted bel ow. [0067] Brom ne and

62178¥®G508! gas, net hane, or another |ight hydrocarbon are
caused to react in a bromnation reactor 303, and
foll owed by a coupling reactor 305. The organics and
HBr are separated in an HBr absorption unit 307.

in theAmeseoos oS wdicumAlgnestisdediusn bydrokidd exitatheicathodé Slectrobme chamber through
el ectrolytic cell 316 equi pped with an anode 317,

port 488y gen depol ari zed cat hode 318, and an oxygen inl et
mani fold or |line 324. Optionally, additional water or

[00714| ecTherpetolytic sell deseribed hengimeandiesusad én eepraign withy various processes,

) .he cell via a line 319.62178P/ GG06 [ 0068] Ml ecul ar

includjpg eem§°§§ﬁ@fsatpé?feaiedt AROVEnodé lezeaimsw]anlyz@dsjaptagﬁaus when power
consapiioNh oGRS B S Sel b 5% e o, where the
risk o SR H AR Bl B Rliaieesyeh s PREn SRAEER G R R o °

0074 2R85B 52 55 e A N Bk P, it e

realized Wwheb®a CBRtiBus %@&g?ﬁé BBschiBEd hafn fdrRSdhg, 1HE, hig(}elle{ hydrocarbons or

i nvention also provides an I nproved electrolfytic C

methdrl, i§ @aryied loungt 4P ffeRdge bilthi@ JTrBlnl Gﬁatfbﬂh,Qﬁem a fB¢IBty located onshore in
enbodi nent of which is shown in FI 6. The cell 400

a remoteClougtasm. aPgasf theiiliyy iedinf the dodktsioh bf adgfficuhits lransport material (e.g.,
oxygen gas, air, or oxygen-enriched air can be

naturalngas) dinte @; more assitly ftfanspatedc Aghiddmattdid], suchchs ihigher hydrocarbons or
permeabl e to oxygen (or an oxygen-contai ni ng %gs); a

methangl.i oAnethehandy nesidesaine the3useaof 4héguedustient fagilyy'e existing electrical
chanber 404 di sposed between the cation exchange

generaligihpapdeita fich praryelsctaraliasarster oA PhSHBOWEISURRbHe

Iectrolxte chanber. 405; 06, extend

[0073] nt oACFRIIREIGePTE] %?M?@Qfgwgsnmg?&dqeﬁvéﬁ iyBfie, 4fgmproved production
e R S L B e B 4 B 5 provias
v Ty B SHEBNA R A" T8 LB SUPYSH] S e mprocmens
compHiSidkUR) #5:2EhE &ikyl halides by reacting molecular halogen with oil or gas pumped from
the well, under process conditions sufficient to form alkyl halides and hydrogen halide, optionally
with substantially complete consumption of the molecular halogen; (b) forming higher
hydrocarbons and hydrogen halide by contacting the alkyl halides with a first catalyst under
process conditions sufficient to form higher hydrocarbons and hydrogen halide; (c) separating the
higher hydrocarbons from hydrogen halide; and (d) converting the hydrogen halide into hydrogen

and molecular halogen electrolytically, using electricity provided by the electrical generator or

electrical power supply, thereby allowing the halogen to be reused.
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is introduced into the anode el ectrol yte chanber
through a port 409, and nol ecular bromne is carried
wo0e/14360m t he anode el ectrol yte chanber via @drit¥008/006244
410. The anode and cat hode can be connected to an
621781/€8bgi cal power supply (not shown), which may include
equi pnment for converting ACto DC current (e.g.
nmechani cal rectifier, notor-generator set,
sem conductor rectifier, synchronous converter, etc.)
[00742nd Dt asthercempissiimest, ahOithiRdvddpdactidn tutilitwatiedre io$l or gas is pumped
i ntroduced into the cathode el ectrol yte chanber
from tahwelligndttherchptextracted efompahe edftli, is gdvidedetha sfasiditly having an electrical
brom de is introduced into the anode el ectrolyte
generatan ab ether el§ctriealopayverpupplys 0@, ingrgyemertt Icowprisngu ) fotming alkyl halides
gas supply manifold 401 is comenced and the power to
by reqqtfeg argleculay halggenvigha hydipcaibop fegdstask jupdercprgeess catldltlons sufficient to

t he, anode, om ne s is evolved and carrjed a .
form gkl araqbniaY%raa% idsngpiipnallyayith gepstantiaily ﬁomm@¥e consumption of the

cat | eXC nge ne .i nt.o t e el ectrol . .
moleci HRUASER D) e B BB 3Ry GUkA1ng TRIEE Y GO)FLES [ alkyl halides with
squecyf Raﬁ%ro 28GR SRR B RIERES i s

separaﬁ+ gct%lé glluéﬁ%a%of ﬁ%ﬁoﬁfgeﬁs Kl lfﬁ%gﬂéhﬁ (:(91 égl%eréxfé&l%]al C#‘l%e halide into hydrogen,

IC Cce n can use
| 0 kel :
moleéﬁ%oﬁzﬁ%iﬁt %d&%@gﬁ?éé@aEO%@Bﬁﬁﬁﬁg %gﬂ‘%:{elgﬂhgg?/ bB&ided by the electrical

gener@dy 8¢18€ 1041 poWee BufiyiRhereby aNGWingQRe hflogdh AnitHE alkall@o be reused.
where it is desirable not to form hydrogen (for

[0075¢x anfl anothin @kgect BE thel inkerifon] tHecgenaral approacixiéssribed above, including the
precautions, such as on an offshore drilling rig).
steps [0 02 gephtidrg uprodudtefarmaton, prodoein séparasioad and @ectenlytet yegeneration of
of industrial settings, particular value is realized
halogemwu,sed t@mkﬁ ﬁU@memQSc said aeshadigeienatirgl gag, methane, or another
gher hydrocarbons or nethanol, is

ahphaélgrh)fd&pag}mn &edgﬁclbﬁ g(pm/,egeqnlqltorqlbylo@m@pqs N E] Hﬁennedlate alkyl bromides.
o PR S o bt LS ARIBES R R on recr o
atowl, o8 ity I Hopls bR BRidiEEL e droch Prpmillf oS B0, and. possivly
unreaétg& rhﬂi?ocm'%ge gﬂ%’ 1?1%2”?}2213 gﬁé ttﬁlgoﬁ.lg?o d{?e%ﬁa‘gféhlaﬁéer which lowers their

Ity Tes i on

tempé‘rﬁﬁfé. | The SkGIbRMIAG &G ¢£ALd by a line to an amination reactor. Ammonia or
aqueous ammonia is also provided to the amination reactor by a separate line. The alkyl bromide
and ammonia are allowed to react under process conditions sufficient to form alkyl amines (e.g.,
RN) and sodium bromide, which are then separated in a manner analogous to that described above
with respect to the production of methanol. Aqueous sodium bromide is carried by a line to an
electrolytic cell or cells, where it is converted into hydrogen and molecular bromine

electrolytically, thereby allowing the bromine to be reused in the next cycle.
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generation capacity, such as an electrical generator
or ot her power supply. [0073] According to one
woentwdbsgnt of this aspect of the invention, PAT/US2008/006244
i mproved production facility where oil or gas is
62173r/@zed froma well and thereby extracted fromthe
earth is provided, the facility having an el ectri cal
generator or other electrical power supply, the
i mprovenent conprising: (a) form ng al kyl halides by
[0076] eacRefegrimg hew ubaf1GEal Togreh 8ytwedn othiet agpectrasf thenipeehtionoare presented, in
the well, under process conditions sufficient to form
whichapea}|is sanvetted taridghsrdvabege pokealor deal epbiooreas lisy cewiveted into higher value
substantial ly conpl ete consunption of the nol ecul ar
polyokaipehepicolialy), red thelplegagised iy theopracessris regeaeaiedrdeiolytically. In the
i de by contacting the al kyl halides with a first

embogmeﬁ]t@ngIGp 7 06‘%‘§]§6ch9‘?§ ISt qll@ﬂ‘éedéF fzqc& wathymelgcuylar bromine at elevated
tempeggtg;ées 2&) é\rg? . &i cﬂ?ﬁf@&xg&ﬁ f’itﬁ}'em %%S'&Brn"). The brominated

h d .
ot B Rp TP T Ay Sl oy i
additi‘ébﬁcfni/dri'}%%ry prrﬁl\ﬁ' deq'hPycotktéealﬁi %;:B{olg brgﬁ?ﬁ a}eg E}fe%r seﬁ)arated and the

ower su t hereb oW ng

hydrolgén Bforhiat §€ greﬁ ?elnz&a%/ @9 Gink %) Zﬂ]elécﬁoﬁﬂl@tdéﬁ lor @219 ds'nﬁﬁﬁ‘tt to that described

an inproved production facility where oil or gas Is
aboveD tHepets, dlloWih@moBdcul a2 Beorhine t6 By r%\?hér@ﬁd%dfrémt he
earth is provided, the facility having an electrica
[0077¢eneFHG.08 depictt heimitdregrotess dh whivk rcoalippbjomasb@erived hydrocarbons are
i mprovenent conprising: (a) form ng al kyl halides by
bromingted; thegbydbeuingaikiil diragswes wr alkyhbropsidec andHBr, which are then processed
' f eedst ock under process conditions sufficient to form
in a mpRRAr dnaldgees teribathgescobreh abeye, e, Bist albmbbromigdies land HBr are at least
substanti al | X conpl et e consunption of the nol ecul ar
f

partiay) ssparpted 9ndt benpiyl semides| atgnallow ety nesadia Wite afkpli, (e.g, sodium

h hal h | k
hydfoesrfféiéégree e ga#»?w'e?d%ﬁwﬁ“&e% G PRPRBERERIB CaFfalOLDs"). The poly-
stcon 8 1REraG] [ sopfim BERGIOP: HREbAG R AR highPi B caricd by a tine
to an g{% ?15%? 0919 %P ?11'50 L}ﬁl%lfgnxg{)lg:agig? rgll%gtln gqsgrreggﬁ%&gﬁ 61;}!1 Fﬁﬁéequently separated
and r&k&EL ri cal generat or or electrical power supply,
thereby allowi ng the hal ogen and the alkali to be
[0078] eUSERE fdIdWiRE nbAlidRH@anfieelus@ite VAol ¥@Bbdibnts Hefeatures of the

general approach descri bed above, including the
invention, including methane bromination, C-C coupling to form higher hydrocarbons, e.g., light

olefins and aromatics (benzene, toluene, xylenes ("BTX")), hydrolysis of methyl bromide to
methanol, hydrolysis of dibromomethane to methanol and formaldehyde, and subsequent
disproportionation to formic acid.
[0079] Example 1 Bromination of Methane

Methane (11 sccm, 1.0atm) was combined with nitrogen (15 sccm, 1.0atm) at room

temperature via a mixing tee and passed through an 18°C bubbler full of bromine. The CH4/N2/Br2
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steps of hal ogenation, product formation, product
separation, and electrolytic regeneration of hal ogen
woidogsaeshot o make al kyl am nes. Thus, in one empadisa®gions244
nat ural gas, nethane, or another aliphatic hydrocarbon
62178@€eR90ck is converted into al kyl am nes via
i nternmedi ate al kyl brom des. The feedstock and gaseous
brom ne are carried by separate lines into a
brom nati on reactor and allowed to react. The
mixtule ovak passed nintpropreheated glays tubredinsyde dinmeied @ ZhcinHBnpth, 30.48 cm, filled
and possibly unreacted hydrocarbons, are carried by a
with glagsebealis)catl PROSC hwhere dominagion of wikthidnel tooke pkace vathr a residence time of 60
tenperature. The al kyl brom des are then carried by a
seconfls, peodusingprampnkytiremomethane,dibremasgthangranddiBous
ammoni a_i s al so E:rovi ded to the am nation reactor by a

separ atidl4 T B2 —rkELBr byFHfire#ilRr and armoni a are

all owed to react under process conditions sufficient

&’%{formél kyl am nes (e.g., RN2) and sodi um broni de, .
As progipcinledt werRagions dirarwereollactad Ry fnricn faaRb eRtey! NaOH, which
neutra‘rimffztﬁﬁ rtﬁcbfiﬁr %Qﬁgxﬂ&&dﬁ{ G;%H%?%%é cthf&ahE Qgﬁﬁgﬁtg@aggtﬁ%aéd) to dissolve as

ano Aqueous SO els carrie
muchtod tlerhyehreatrbol products es possible eVbhtilerdoatgoniehtsilgke methane were collected in

onverted. into _hydrogen and nol ecul ar brom ne
a gas g‘l‘% ?réﬁ?H:BééﬁyfiVyca‘Ebﬁgrt@W al | owi ng the bromine to be
reused in the next cycle.62178P/ G506 [0076] Referring

nowto FIGS. 7 and 8, two other aspects of the .
After jthey bromhipation eeagties,cthe egke ion cathiophceousidepesits onere ruaekd off in a flow of

i_gh val u e Or, coal or. hio S IS converte .
heated o Cipib AT oHBHE bre, PG Bt SRS meS PSPHE bl = sotuated barium
hydroRRdeGgRitioH € GatiGmt dAEbdHaRkC €813 pteutRGRRE qadtfied by GC. The amount of coke

el ectrolytically. In the enbodi nents shown in FIG

7,
was detergingd bagsd on the §1Qacvelntion frasadecakings Hist iggulfsare summarized in FIG. 9.
brom ne at el evated tenperature, form ng coke, HBr,
and brom nated coal internediates ("CxBrn"). The
Exaniplo2i0HyBe Couplihg tLightetkfaises are converted i nto coke
by allowing themto contact a catal yst, thereby
form ng additional hydrogen brom de. The coke and

2,278/ 885 BoQU 955 FCHYROIAERBNAL 65 16386k KD ORER, reactor (1 Ocm

brom de hen carried by a line to an electro
ID), wdut wes prebbated tes400°Carefare théweactites (CHikr] diied dy N, was pumped into the
i br om t.o be regenerat ed

t her allo mol ecul _ar )
reactos g, e 41 Of GORYIVERE CiBio PR aled 1 Aiices GG 88 And 93 miimin
for NYEE E98r Buphhf TBsFiodGboN phcbYAELHR’ DRt with a residence time of
0.5sec and a CH;3Br partial pressure of 0.1 based on this flow rate setting.

After one hour of reaction, the products left the reactor and were collected by a series of traps
containing 4M NaOH, which neutralized the HBr and hexadecane (containing octadecane as an
internal standard) to dissolve as much of the hydrocarbon products as possible. Volatile
components like methane and light olefins were collected in a gas bag after the HBr/hydrocarbon

traps.
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brom nated, thereby form ng al kyl brom nes or al kyl
brom des and HBr, which are then processed in a nmanner
wo20éd/agas to that described above, e.g., thepalrkigho08/006244
brom des and HBr are at |east partially separated and
62178Mesekkyl brom des are allowed to react with alkali,
(e.g., sodium hydroxide), thereby form ng sodi um
brom de, water, and poly-al cohols ("CxHy-gq(OH)q"). The

After PIRd dGipHiaB %a%n@ﬁ Ethe RBRE 8F E41bHRAREHEIGHPY W e itne PO in a flow of heated
t he aqueous sodi um bromi de is carrled by a line to an

air (Sg¢cap) atoqR° Cchréhoum ang|the Cvaylae captheeduwith absasmatrd bagium hydroxide

SOlutlF’S%sgﬂ%ﬁl:d tg' ugél‘f ﬁn&? r at ﬁ;g:fiabgyd C{CF U I;—: a%r%ount of coke was

deterniinet Gusedestinbe lomr&vsmronffﬁﬁﬁ ldé&fku@é THErebulsedte s@fimarized in FIG. 10.
i ncl udi ng net hane brom nation, C-C coupling to form

hi gher hydrocarbons, e.g., light olefins and aromatics
e n n | S Of .
Even %P%Eglf%b%hgﬁfnto eﬁitggcerret é%ﬁ Hr 5305-?6 fs)%n gééglﬁ&i ¥§%, T Among the coupling
produdtstg‘Ilipami Odheart dlermhjoapﬂiduafsdaﬁmthﬁahldeiﬁthi@n cameibuted to 50% of carbon

subs rt| nation to formc acid. [0079
recoVERYa Bl & e bkt omghylipearhpnsiiider fny fm@eémi] coke made up the
balan&e&%@%oﬁ%&e&‘embﬂﬁd W'th nitrogen (15 seem |.Gatm

at roomtenperature via a mxing tee and passed
t hrough an 180C bubbler full of brom ne. The

2178P/ m xture was passed into a
Exa"’gﬂl‘é%ﬁ%% nggfﬁi i nsi de dianeter 2.29 cm |ength,
30.48 cm filled with glass beads) at 5000C, where
brom nati on of nethane took place with a residence

Pelletg |0W®for6@<6élé@gﬂdd%SMp5 @qudc N@BM3|O%,r¢ i iorlengthe wetnbpaded in a tubular

quartzd{'eg%tgo 102 sé?r@r?ﬂ? e re gcﬁ eated I%?]ey mgefoaeo%g?cilgnb 3Br, diluted by

N,, waEpirBgeddintd theREactértt Al fldw Qaté Mf NSl hninor CTH B2 Uédn@xlo'llé@ @y a micro liquid
the HBr and hexadecane ggont ai ni ng oct adecane as an

pump; gnde?-Sal/min oz dThe €HiBs sovnlingasactipntioek plahe over the catalyst bed with a
resideﬁf%é&%{f%%see@\r,a\g? écéc%Eﬁ b ?t(i)ag %Ireglsgre 0¥8l ;aée ﬂ}qpﬁﬁ\z;%t% setting.
HBr / hydro carbon traps.

a

After one hour of reaction, the products left the reactor and were collected by a series of traps
containing 4M NaOH, which neutralized the HBr and hexadecane (containing octadecane as an
internal sténdard) to dissolve as much of the hydrocarbon products as possible. Volatile
components like methane and light olefins were collected in a gas bag after the HBr/hydrocarbon

traps.

After the coupling reaction , the coke or carbonaceous deposits were burned off in a flow of heated
air (Ssccm) at 500°C for 4hours, and the CO; was captured with a saturated barium hydroxide
solution as barium carbonate. All products were quantified by GC. The amount of coke was

determined based on the CO; evolution from decoking. The results are summarized in FIG. 8.
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After the brom nation reaction, the coke or
carbonaceous deposits were burned off in a flow of
woheed/ade@i r (5sccnm) at 500C for 4 hours, and tplag/§seB08/006244

was captured with a saturated barium hydroxide

62178®0Gso60n as barium carbonate. Al products were
guantified by GC. The anount of coke was determ ned
based on the CO2 evol ution from decoking. The results

With 8h8 BURB{ak#R6m! Spdration thodeXWBR canObBRBontadl todple®ly. BTX vyield
Light O efins 2. of a 5% My-doped ZSM 5 ( CBV8014)

reachifbgﬁ Pte {ker| lwdaw%qms,ampmum rbrqmahwoeagb@ns@ rang £oke pentributed to the

carbob_éc‘gv@@ &r iy by ab\,\ﬁ’g a}b(ﬁ g,% £ Qegﬁgc%fv?ﬁ/é al{neelfsCt Ip%gr components of

the “(fthérvhydﬁdcﬁrblfns,?”diiﬂ/ dah befsent BadkBor r@%ﬂd&@bﬂa@@nﬁbll@wm BY Gurther coupling
and 93.3m/mn for N2. The CH3Br coupling

[
tObOQSég'@thS lirggk()ﬂFld@ée%b@het he catalyst bed with a
residence tinme of 0.5sec and a CH3Br partial pressure
of 0.1 based on this flowrate setting. After one hour
Exanfile & €86t ORydidMRiPE OB RicdtRide thNeth@Rt Or and were
col | ected by a series of traps containing 4M NaCH,
whi ch neutralized the HBr and hexadecane (contai ni ng
oct adem%@sNQOHMgHgghsmggar d) to dissolve as
much of the hydrocarbon products as possible. Volatile
conmponents |i ke nethane and |ight ol efins were

In a 36h! 8GIMALs fied UER PaRtGf écﬁl'ipﬁeaewhﬁref BiA LRSI POH 1M sodium hydroxide
traps. 62178P/ G506 After the coupli ngar eaction,

he
aquequs iselugien {43 Bumarl aud 1 depbremomefkans (b2 Omapoly pyere ﬁd%pd in sequence. The
react(frlv@éé/ %ﬁtl? ﬁﬁﬁg%q vAtH m(r'é%@r?m refove D& dfe@ hirHRRIHE SlosARthe cap. The closed

was _capt ure wth a saturated barium hydroxi de
reactogoweﬁ plsgedhdn (#ar dluppinym B@ﬁ%‘t‘% blogk| prghentest {e 17@7Ce and the reaction started

simulfidaiisy.| §fe P¥ackon whi ufBr ¥ Housd atGRI ReiBSrafied 4thisfifishg.

based on the CO2 evolution from decoking. The resul ts
After stoppmgihe reac6gn, the meastorywas maesd igranigefvaterdagh for a start time to cool the

produ%%sﬂngﬁeceARlefT% erfthiB Bhe EURMRT ﬂieoféaétﬁﬁf? 1§6id9ay YanéfeREW to a vessel and
pli ng roducts C3H6 and C2H4 are the

dlluteerhiﬁa@fiswatsm eresselnivas comasiedonith i easebag BS@O{% g@llect the un-reacted

brom&ﬁEtIHQl'ib HeGRYEr Yhe BlaltioRIRd Mr@&?ﬁ&i) Afd the product concentrations were
br omphydr ocar bons, and a tiny anount of coke

analyzedawith p £{e-E135 in wlaich éﬁ@@pqogg injggtiomapplicable caplllary coﬁlmn was installed.

The gas product analysis shows that there was no bromomethane remaining, indicating that
bromomethane was converted completely. Based on the concentration measurements for the liquid

product, the methanol yield including tiny amount of dimethyl ether, was calculated to be 96%.

Example 5 Caustic Hydrolysis of Dibromomethane to Formaldehyde Followed by

Disproportionation to Methanol and Formic Acid

CH;Br; + 2NaOH — HCHO + 2NaBr + H,0
HCHO + 1/2H,0 — 1/2CH;3;0H + 1/2HCOOH
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Exanple 3 CH3Br Coupling to BTX Pellets of M ion
exchanged ZSM5 zeolite (CBV3024, 6 cmin length) were
wol0esiadogon a tubul ar quartz reactor (1D, 1.0cwcr/odineshos244
was preheated to 4250C before the reaction. CH3Br,
62178P/Gs0ed by N2 was punped into the reactor at a flow
rate of 18m /mn for CH3Br, controlled by a mcro

liquid purrp, and 7.8m /mn for N2. The CH3Br coupl i ng

Causﬁc? ﬂ?{ljﬂe lﬁltﬁ'o&%gm Va%rgc\%gsﬁ agrglte%_%%tac&grg%ngaf g} - SUMS e?rocedure as in
Examprle G, 5v1tja$lmj em\eptlbnsthﬁl avhightMa@Ht(tH{B;g rafie gR.26hevdsoemployed. After

for ion, th rea and wer . :
collecgl&gltggféeaaggx’)l/ llgulgi sgs cd? tqruglbtéty & gﬁf)g?%% Eed m%g%%ﬁq Shloride solution was
addedntoi refutrabz thel éxredotiven hitroide anéxaidifyasodiufe Gorraite)i Mthanol and formic

it 353 OR0RA"T T8, U SRS SRS B p T, o, metanl an

formaidxmydaewhs fb]lk\eedrﬂiyl"lanmpmnd dlspjblborﬁbﬁ}ftidns ofiefbanaldehyde to (additional)

methe}no omc ?CI?h 3%8 #‘g %lﬂ]gstl?e rgl&tv{?sietgﬁ ﬁxgxteg%&% og aﬁ)romomethane reached

99. 9°/ﬁ;amiutmtzhe gixlds ofrpethats andiferntic moiddeanthbd 48,58 hhdeT.a%% respectively.
heated air (5sccnm) at 5000C for 4hours, and the. CO2
was captured with a saturated barium hydroxide

Exampbdsut areinS dembastratsnthaablotivnh ethanfd danﬂfeaﬂbuqﬂetelyﬁf}elrolyzed to methanol, and -

d1bro%uang{a%%%?iﬂ (2 S pé%/rtgfyuﬁ}r/‘%ﬁpy]ngf Co'élba‘?]\/\ﬁanéj § erl%n & tugde:r mild caustic

conditioss. STharesuliede summlatizeBinlT4b?d Y8P/ G506 Wt h this BTX
maxi mum oper ati on node, CH3Br can be converted
conpletely. BTX yield reached 35.9% O her
hydr ocar bons, aromatics, bronohydro carbons, and coke
contributed to the carbon recovery of 51.4% 4. 8%
1.0% and 6.9% respectively. Propane is a ngjor
conmponents of the "other hydrocarbons,” and can be
sent back for reproportionation followed by further
coupling to boost the overall BTX yield even higher.
Exanpl e 4 Caustic Hydrolysis of Brononethane to
Met hanol CH3Br + NaOH CH3CH + NaBr 10
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In a 30m stainless steel VCR reactor equipped with a
stir bar, 13.2g | M sodi um hydroxi de agueous sol ution
wo(2bés/aBel ) and 1. 3g brononet hane (12. 6mmol ) werAsashd®os244

i n sequence. The reactor was gently purged with
62178R/Gsogen to renove the upper air before closing the

cap. The cl osed reactor was placed in an al um num

heati ng bl ock preheated to 150C and the reaction

started sinultaneously. The ‘f%‘?@ii on was run for 2

hours at this tenperature w NS irring. 15 After

st oppi ng t he r eQetstwHydrhlysisedcidyB avakCHbBicadl i n an

ice-water bath fgr .t t o .cool roduct s

i nsi de. After b Sl DisrlraBisibRatihior i qui d
was transferred to a vessel and dilg ed by cold water.
The vessel f :

col | ect th_e un-react ed_ br ononet han Hérf an Hzgge
reaction |i qm—d—wawrg«hed—aﬁd—t—hg—%fedﬁeé—

concentrati onﬂa\eﬁ_[/@,_pg%yéﬁ rwi th a1(§§- FID, i q-,vvhi ch
i on appl T cabf ?’u

an aqueous injection-a e capillary colum was

installed. . TRgp@psufr@eyct anal ysisgoshows gt there
was no brononet hane remal hi ng, indicating that

bronoret hane y@acfisiige (igg conpl etel yp Based op the
concentration neasurenents for the liquid product, the
met hanol yi el Contersioti(g) tiny amounpo.of di meodhyl

ether, was calculated to be 96% Exanple 5 Caustic
Hydr ol ysi s of CBl;®OtHoyieldétd)ane t o For 8&bdehyde4d6l1 | owed
by Di sproportionation to Methanol and Formc Acid 2 5
CH2Br 2 + 2NaOHOQRPId vieldNeBr + H20 HCHO + 1/ 24R2&

1/ 2CH30OH + 1/ 2HCOOH62178P/ G606 Caustic hydrol ysi s of

di br ononet hane was carried out according to the sane

[0680 Ir gﬁ%@@@g Fﬁég{ﬁlssec(ig?(égﬁi%?ﬁ%ﬁg;@%g&%&%&ggﬁve and preferred

NN T kL T —
.ali t i, | d i.dif ‘1

sop ISP S8R SR LA PR 1508 AL g witin e

Lo uREntdRioan! Y products, indicating that hydrolysis to
Sc()pems\t haﬁo‘f}ﬁlgnd formal dehyde was foll owed by conpl ete

[0081fli SPAOBAE exafte] Bl Yromindednddsd Be t@ANdd £8@! the electrolytic cell(s)

using a concurrent extraction technique, wherein an inert organic solvent, such as chloroform,
carbon tetrachloride, ether, etc. is used. The solvent is introduced on one side of a cell; bromine
partitions between the aqueous and organic phases; and bromine-laden solvént is withdrawn from
another side of the cell. Bromine can then be separated from the solvent by distillation or another
suitable technique and then returned to the system for reuse. Partitioning is favored by bromine's
significantly enhanced solubility in solvents such as chloroform and carbon tetrachloride, as
compared to water. Extraction in this way serves a dual purpose: it separates Br, from other forms
of bromine that may be present (e.g., Br , OBr , which are insoluble in the organic phase); and it
allows bromine to be concentrated and easily separated from the organic phase (e.g., by
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nmet hanol and form c acid. The GC anal ysis shows t hat
t he conversion of di brononmet hane reached 99.9% while
woldoes/viselpds of met hanol and form c acid reachedTAB2608006244
and 47.4% respectively. Exanples 4 and 5 denonstrate
62178Py@soer ononet hane can be conpl etely hydrol yzed to
nmet hanol , and di brononet hane can be conpletely
hydrol yzed to nethanol and formc acid, under mld
caustic conditions. The results are sunmarized in
distillatibhle Ar62pisRl @D GorTextratibn Gasisvéell aklyfdr cbysatiorobf GridBine by heating
and CH2B2 and Subsequent Di sproportionation of HCHO
bromiezgontaigng Banes3BIuticRS Br a IgaORo@H3BpHoY. 5B atl whbieh the concentration
2.17 Tenperature (0C) 150 150 Reaction tinme (hr) 2 2
of mategplasibsorgne (By2) 198t its lighest, @sigompyied tel oty bownipe apecies. |
HCOOH yield (%9 47.4 [0Q80] .The invention has been . .
[0082]) o s c AR FBQtHEF teréweke?fe%’eglﬁcaﬂ%% toothe Rrasss daselosed \hereimgvarious pumps,
rred S, but is not limted theret

f nbodi N . e
valveg}%gferwapquc Z’F%ﬁg%gh%rse &mlt&%‘ll uits, B(P\?Ia‘n%‘\g ?ﬁ, gng equipment in addition
or in ?lﬁcip gl‘ieg'ﬁéti\{eotoathgkgﬂolwendi S04 rflél{i gagldg%%ﬁg?(}efe thtlg oog)(t’igrgée g*e processes. In

closure, are also ITMncC

additig)n,eot.hgly ﬁgﬁk&n?nd[ imefits O%J%P r%g %@?clhrﬁyed P ltlfe?'gFg%P%lication and elsewhere,

romne can al'so be renove he el ectr:
can beChtl{z2l iHSthBGracti@NGtiHeChlesé ihféHtioRN TRE RN EAKBN is limited only by the
wherein an inert organic solvent, such as chloroform

accorgpniig dl&ihisamaltheit equivalther, etc. is used. The sol vent
is introduced on one side of a cell; brom ne
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partitions between the aqueous and organi ¢ phases; and
brom ne-1aden solvent is w thdrawn from anot her side
wohog/1ago@el | . Brom ne can then be separated f pefidicns/nos244
solvent by distillation or another suitable technique
62178RIG50ben returned to the system for reuse.
Partitioning is favored by bromne's significantly
enhanced solubility in solvents such as chl orof orm and
carbon tetrachloride, as conpared to water. Extraction
WHATIStGLAIMED erves a dual purpose: it separates Br2
fromother forns of brom ne that may be present (e.
1. BA cogtiuous \prGERs Hrecqnyssingop éﬂyriwcmrb@nofeg@w phieduigher hydrocarbons,
and it allows bromne to be concentrated and easily
Cmnpggﬂérated fromthe organlc phase (e g., by62178P/ G506

a ga t%x';nk@%bﬁpéppﬁe gfy rseca gﬁ'glof & qggae%tvlvl S]agrocarblon feedstock under

proceg %n}ug?if)ﬁsg nstu'?fim%rﬂg & qﬁ)%%ﬁél@gn %i#? Z'iuicp r‘b S?Oas fég]\é\aear optionally with
subst%'ﬁgfrﬁ/ tnagmél%{e eongan%%ségfthgsngas lar Hifogegpar ed to ot her

pecl es ahpl e of

g ft)hﬁﬁi'g'}f?g*?er gdltolegrbBﬁQQﬁ& y(ﬂbé&L i Wﬁoﬂt&tl?g Bd Ak halides with a

punps, val ves, heaters coo ers eat exchange

first c@t@gﬁsf @ldeb Pidcess (dRWRIONS YRFCIRS to AR HEgHer B aﬂans and hydrogen halide;
tion or in the alternative to that shown in
f (Quepsatigmthb dighrep hodredarbonOfbinHydefodeh Balld€C esses. I n

addition, other features and enbodi nents, such as

d édcednvedingrthe ydta@ss tmpige iintat hydnogenchnel meldeelae halogen electrolytically,

be utilized in the practice of the present invention.
therebyradlopimgtheihaloges to berfeuset;antly by t he acconpanyi ng

clainms and their equival ents.62178P/ G506 WHAT | S

clArsEptingsteps (a\ thighgh (eudesisedpenberadtimssnvert i ng a

hydr ocar bon feedstock into higher hydrocarbons, '

conprising: (a) form ng al kyl haI i des by reacting

l ecyl ar _hal ogen w t.h hdro on. f eedst ock .und
2. o G BroB P s Yot iy SR d oW REIEIH DedpHr Y e Eedstock comprises
hydrogen halide, optionally with substantially
natura?ggs | ete consunption of the nol ecul ar hal ogen; (b)
form ng hi gher hydrocarbons and hydrogen halide by
contacting the al kyl halides with a

3. A continuous process as recited in claim 1, wherein the hydrocarbon feedstock comprises

methane.

4. ‘A continuous process as recited in claim 1, wherein electrolysis is carried out in aqueous

media.

5. A continuous process as recited in claim 1, wherein electrolysis is carried out in the gas

phase.
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first catal yst under process conditions sufficient to
form hi gher hydrocarbons and hydrogen halide; (c)
woS8e4addng the hi gher hydrocarbons from hydr @ggis2008/006244
hal i de; (d) converting the hydrogen halide into
62178dysegen and nol ecul ar hal ogen el ectrol ytically,
thereby allowi ng the hal ogen to be reused; and (e)
repeating steps (a) through (d) a desired nunber of
times. 2. A continuous process as recited in claim1l,
6. Wirecentinuobe procdssoasarebived fneclaisd dCWhereiipthe $€ghen Alytiiodhrbons comprise fuel
gas. 3. A continuous process as recited in claiml,
gradewllydragiarbonk endvpdaoostibdrydfased®neck conpri ses net hane.
4. A continuous process as recited in claim1, wherein
electrolysis is carried out in aqueous media. 5. A
conti nuous process as recited in claim1, wherein
7. eIAeé?li“éﬂWF Process ay Fecited dniclaim @h\yhgggl the aromatic hydrocarbons comprise
has . 6217 xm§§§6 6. A continuous process as recited
benzen%ﬁ’te U P 21 & n the higher hydrocarbons conprise
fuel grade hydrocarbons and/or aromatic hydrocarbons.
7. A continuous process as recited in claim®6, wherein

g. U %cgﬁ r{n%‘ls %ngéégsr 52 l?1‘?/“1’71 (gomyarég%rgo? é?e’ae@ﬁ% gp&%lelﬁlgfhgnol comprising;

and "X enes A co I NUO

hxg)rfaﬁﬂﬁgqﬁkjl %%ﬂ?és e%@ﬁr%erggfebﬁ‘lgphalpgégw{th %'hg?rocgn@on feedstock under

formn ting no

procew t&néltlhﬂgrﬁﬁﬂ&@ﬁ’tn tb eﬁﬁ'ﬁlt Qi1 URSEdes pﬁ&?ﬁ%r&éé’ﬂd'htah@é"soptlonally with
ficient to formalkyl halides and hydrogen halid

substa(iMall?ﬂainb}étd\tdd%uﬁlkJHSﬁ ahtheahblt ol iil@den; coOnsunpt i on of
t he nol ecul ar hal ogen; (b) form ng nethanol and

al(keformmghatthaieo! layd atkaliae biakide byheontadtini thahlkgleisalidies With aqueous alkali
aqueous al kali under process conditions sufficient to
underfpyocessreorvhnais safficiert ka lfonmemiethanoleand alkaline halide;

(c) separating the methanol from the alkaline halide;
- (d) converting the alkaline halide into hydrogen, molecular halogen, and aqueous alkali
electrolytically, thereby allowing the halogen and the alkali to be reused; and

(e) repeating steps (a) through (d) a desired number of times.

9. A continuous process as recited in claim 8, wherein the hydrocarbon feedstock comprises

natural gas.

10. A continuous process as recited in claim 8, wherein the hydrocarbon feedstock comprises

methane.

11. A continuous process as recited in claim 8, wherein electrolysis is carried out in aqueous

media.
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(c) separating the nmethanol fromthe al kaline halide;
(d) converting the al kaline halide into hydrogen,

wombgfud@r hal ogen, and aqueous al kal i PCT/US2008/006244
el ectrolytically, thereby allow ng the hal ogen and the

62178P/€&los t 0 be reused; and (e) repeating steps (a)
through (d) a desired nunber of tinmes. 9. A continuous
process as recited in claim8, wherein the hydrocarbon
feedstock conprises natural gas. 10. A continuous
process as recited in claim@8, wherein the hydrocarbon
feedst ock conprises nethane. 11. A continuous process

12.  ad\ ceutinueds ipnoacskapsr&itedtinraddim 8] whenenl glsetzolysis dacairied out in the gas
out in aqueous nedia. 62178P/ G506 12. A conti nuous

phasepr ocess as recited in claim8, wherein electrolysis is
carried out in the gas phase. 13. A continuous process
for converting a hydrocarbon feedstock into an al kyl

' . i i ng: f or i | kyl hal i _ ,
13, PR CORHESOR) SRS o cOUBHOIE T oK B GO0k into an alkyl amine

com f.eedst ock under process conditions sufficient to form
pgwﬁ hal i des and hydrogen halide, optionally with

SR T PRt TR oM st e
oy GARGL! A8 e et 1480 5 lb2pionaly i

substatiaMY caMbRES cAREmptikARLE IR Msleb s hdlédensepar ating the
al kyl am nes fromthe al kaline halide; (d) converting

t lfe) forkild siRyhahinde ahdtatkayid haiéd b rdntaolige tHeadlkyl halides with aqueous
hal ogen el ectrolytically, thereby allow ng the hal ogen
alkalih@am&ereuseprocessdofiditione peffitiengtostoap alkyh pmitesand hlkatipe halide;
a desired nunber of tines.
(c) separating the alkyl amines from the alkaline halide;

(d) converting the alkaline halide into hydrogen and molecular halogen electrolytically,
thereby allowing the halogen to be reused; and

(e) repeating steps (a) through (d) a desired number of times.

14. A continuous process as recited in claim 12, wherein, wherein the alkaline amine comprises
Phﬂq}{z
15. A continuous process as recited in claim 12, wherein the alkyl halides comprise ethyl

bromide, the alkaline amines comprise NaNH,, and the alkyl halides comprise ethyl bromide.

16. In a production facility where oil or gas is pumped from a well and thereby extracted from
the earth, and having an electrical generator or electrical power supply, the improvement

comprising:
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14. A continuous process as recited in claim12,
wherein, wherein the al kaline am ne conpri ses NaNH2.
woboes/A3@Nt i nuous process as recited in clai mpgzus2008/006244
wherein the al kyl halides conprise ethyl brom de, the
62178p/Galopne am nes conprise NaNH , and the al kyl halides
conprise ethyl bromde. 16. In a production facility
where oil or gas is punped froma well and thereby
extracted fromthe earth, and having an el ectrica
génefoanong akylehaes byakagtimgemoleuydpt halogdnewithpodwergastpumped from the
conprising: 62178P/ G506 (a) form ng al kyl halides by
well, p@&gwmsmr@@MQrsufmlqgéﬁ foum hlkui haliges gudhydraperdhdlideproptionally with
he wel |, under process conditions sufficient to form
Substaentnaw cmvl%w&amﬁm pbermelsrylachalegen; onal Iy with

antl I et.e con i on, of . the nol ecul ar
hmgﬁlng( ;g?rgw brﬂn@ aad ﬂ?{@f@ﬂ% hellsry cantpotipg thgyalkyl halides with a
th a. first

first cgéiyig? Gac e gt BT o RamiERr dh Bty Gpeipycrogen halide
byt ?%%ﬁ%?%gﬁl‘b%%% i E e
hycijjr g{ﬁweﬂﬁ% dﬁlg) ‘ﬁfﬁ#'a 1Ha>eh§§%fg%e?1?§fhy{'h%lléﬁqu'}m en electrolytlcally,

ogen a ogen

using eclle%ﬁ’i&iy%ﬂb%d%ﬂ Y t‘ﬁ@ L1¥ridal Gefdrafol rok %@ctr&%ﬂ ?E@Efﬁgupgﬂg}é thereby allowing

el ectri'cal power supply, thereby allow ng

the hdlézeaqo bewsingd. 17. The inprovenent as recited in claim
16, wherein the oil or gas production facility is

| ocated offshore. 18. In a production facility where
oil or gas is punped froma well and thereby extracted
17.  f Tamimpovemenhss roidediavilaig: b vaeedn theoail oggasegradwntionrfacility is located
el ectrical power supply, the inprovenent conprising:
offshqra) forming al kyl halides by reacting nol ecul ar
hal ogen with a hydrocarbon feedstock under process
conditions sufficient to formal kyl halides and

] h
h)flgj 2% g uc|t1181|1 Ifatljc(zi‘llty \Bltlelrg rc])q or ga\é\nl; pumped from a well and thereby extracted from

18.
the earth, and having an electrical generator or electrical power supply, the improvement
comprising: |

(a) forming alkyl halides by reacting molecular halogen with a hydrocarbon feedstock under
process conditions sufficient to form alkyl halides and hydrogen halide, optionally with
substantially complete consumption of the molecular halogen;

(b).forming methanol and alkaline halide by contacting the alkyl halides with aqueous alkali
under process conditions sufficient to form methanol and alkaline halide;

(c) separating the methanol from the alkaline halide;

(d) converting the alkaline halide into hydrogen, molecular halogen, and aqueous alkali

electrolytically, using electricity provided by the electrical generator or electrical power supply,

thereby allowing the halogen and the alkali to be reused.
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substantially conpl ete consunpti on of the nolecul ar
hal ogen; (b).form ng nethanol and al kali ne halide by

WO/ aeddong the al kyl halides with aqueous al lpgipiusdod®ne244
process conditions sufficient to form nethanol and

- 62178®/G8ogne halide; (c) separating the nethanol fromthe

al kaline halide; (d) converting the al kaline halide
i nt o hydrogen, nol ecul ar hal ogen, and aqueous al kal
el ectrolytically, using electricity provided by the
19.  elldetimpratengahes sected or cleime t8,rwisakingbeweil os gagpprpduction facility is located
thereby all owi ng the hal ogen and the alkali to be
offshereused. 62178P/ G506 19. The i nprovenent as recited in
claim 18, wherein the oil or gas production facility
Is | ocated offshore. 20. A continuous process for

20, PR Pl oo S T g
iPEEEhe Rarifaitd chabi P 0B SR ane: tonkosel i dyg reacting crushed
coal hgﬁ}ﬁf 3@&?{@ n?lgr;%%gﬁ g&ng%k elgrgéecefré Egtg'lrd?)%ognﬁs %lgﬁcg%xg Lt;()/)g ?im brominated coal

intenﬁé&%%f,g M_ﬁﬁ%&q{ﬁiﬁé‘t ed coal internedi ates over a

cat al yst proce€ss conditions sufficient to form

C @keforithd vk oaa _rhghffﬁ deflBalid &by $ERBAR tHeErohliGatEP LSl ifitehediates over a
t he hydrogen halide; (d) converting the hydrogen '

catalydedindée pf e ontitiong Buffizient fidfodin coke And RydropéPhdiadr ogen
and nol ecul ar hal ogen el ectrolytically, thereby al | ow

t ife) sepiratiegtiecoke fioauthediydarpdn helide;epeat i ng steps (a)
through (e) a desired nunber of tinmes. 21. A
cédx convstsngtheckwbogar haladey frunidnig steml(a)oand/or step (b) into hydrogen and
bi omass-deri ved hydrocarbons into polyols, conprising:
molequigy helgan algotpkyiFalia thaeky Hiow tedulagsh tobesaed; and
hal ogen with coal or a hi omass-derjved, hydrocarbon
f

DJEPFERE SHime ko) hiough fe)autrdired BRRbEAfitiRsSent to form
al kyl hal i des and hydrogen

21. A continuous process for converting coal or biomass-derived hydrocarbons into polyols,
comprising:

_(a) forming alkyl haiides by reacting molecular halogen with coal or a biomass-derived
hydrocarbon feedstock under process conditions sufficient to form alkyl halides and hydrogen
halide, optionally with substantially complete consumption of the molecular halogen,;

(b) forming polyols and alkaline halide by contacting the alkyl halides with aqueous alkali
under process conditions sufficient to form polyols and alkaline halide;

(c) separating the polyol(s) from the alkaline halide;

(d) converting the alkaline halide into hydrogen and molecular halogen electrolytically,
thereby allowing the halogen to be reused; and

(e) repeating steps (a) through (d) a desired number of times.
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hal i de, optionally with substantially conplete
consunption of the nolecul ar hal ogen; (b) form ng
woReby/absiand al kal i ne halide by contacting thecalildghos/nos244
hal i des with aqueous al kali under process conditions
62178R113506i ent to form pol yols and al kal i ne halide; (c)
separating the polyol (s) fromthe al kaline halide; (d)
converting the al kaline halide into hydrogen and
mol ecul ar hal ogen electrolytically, thereby allow ng
22. t He chafimipyus nrocdse fergewvertiegd Hydyocadpmafaedsfoek ége Kigher hydrocarbons,
through (d) a desired nunber of tines.62178P/ G506 22.
COMPASIAZNt i nuous process for converting a hydrocarbon

R CR—
e e T S ——
subst{#Ra19 BBl bt HSh 8 E'e)ama'a%?“ R o oy o b or bons

T%Mﬁﬁgﬂgh%g{yldﬂ%afy 8&0 g% éggdgﬁﬂd)k%ﬂnt&%lng(iﬁg alkyl halides with a
first cﬁﬂe\f}fs{ ﬁh&'ﬂ&)ré&sg wnmtmrgt%ﬁfﬁé"éﬂi 2@@ pattlo ggﬂd hydrogen halide;

i de; (C) separating the h|g er hy ro rom

hx@r@g@anngltﬁedﬁghefr%df&af&h& o RyiRogindiabigen hal i de
into water and nol ecul ar hal ogen in an electrolytic

C&d) comveridlglthe Ggdiogpe talldd tht@wvatex Wee indleqidirdial M in an electrolytic cell
cat hode, thereby allow ng the hal ogen to be reused;
or cellsquuémedr\m;ﬂean ionggesi égpoldrizged tchthodg hthérdby allowimgrthd halogen to be reused,;
nunber of times. 23. A continuous process for
and converting a hydrocarbon feedstock into nmethano
conprising: (a) forn1n% al kyl halides by reactlng
mbfdEpating ﬁ@ﬂ»@@aéﬁhwugh & hesired apmber ¢fdbaes ock under
process conditions sufficient to formal kyl halides
and hydr ogen halide optionally wi th substantially

23. C%”Ecl)rﬁ}n%oﬁg r;}?ouc o?'nco?l]:/e ing anHycﬁ'gcl:ler on ?eed Dok into methanol, comprising:

(a) forming alkyl halides by reacting molecular halogen with a hydrocarbon feedstock under
process conditions sufficient to form alkyl halides and hydrogen halide, optionally with
substantially complete consumption of the molecular halogen;

(b) forming methanol and alkaline halide by contacting the alkyl halides with aqueous alkali
under process conditions sufficient to form methanol and alkaline halide;

(c) separating the methanol from the alkaline halide;

(d) converting the alkaline halide into molecular halogen and aqueous alkali in an
electrolytic cell or cells equipped with an oxygen depolarized cathode, fhereby allowing the
halogen and the alkali to be reused; and

(e) repeating steps (a) through (d) a desired number of times.
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(b) form ng nethanol and al kal i ne halide by contacting
the al kyl halides with aqueous al kali under process
wocalisse@ns sufficient to form nethanol and alpgghig36os/006244
halide; (c) separating the nethanol fromthe al kaline
62178P/Gsb®; (d) converting the al kaline halide into

nol ecul ar hal ogen and aqueous al kali in an

el ectrolytic cell or cells equipped with an oxygen
depol ari zed cat hode, thereby all ow ng the hal ogen and

24, t 1 glekiadliytic gelbéorrconverting aralideinte lanpakogepscofrprising:

through (d) a desired nunber of tines.62178P/ G506 24. )
At epecuprly ymnprifeld| thrqugh whiphepxysey gashain s e¥igsn-enriched air can be

) $D| cul ar hal ogen, conprising: a gas supply manifold
mtroqyeedygh whi ch oxygen gas, air, or oxygen-enriched air

can_be.introduced; a.gas diffuysion cathode, which is. . )
o s it Cafirien R metmoatle CruiBn A iy obiken Genaining e
cagiqﬂnﬁg%gan e, Jepbrane; a cat hode el ectrol yte

chafber d 0Bt &en the cation exchange nenbrane

A58 1 Rt B R S et e

diffugbsclthgdeyt € chanber. 25. A nethod for converting a
hal rde 1 nto nol ecul ar hal ogen, conprising: providing

amneing@é eletirdlyte chahdbep QMBI i Sing a gas supply mani fol d,
a gas diffusion cathode that is pernmeabl e to oxygen or

annanydeextendihgimo g grde ekecaalytochaxehange nenbrane,
a cathode el ectrol yte chanber di sposed between the
cati on exchange nenbrane and the gas diffusion
cat hode, an anode el ectrol yte chanber, and an anode
25.  exA erethadgfor penyerting ahditle intoonoleoulpt kalogenyrbemprising:
i ntroduci ng water into the cathode el ectral yte o
c Pagding anplecholidicrrglisopypaisinga g3 SRpyananfnd.a gasdiffusion cathode that

is pe aesab.ienttoo ogc)r/]geenggrs ag ué))gflggn-rgggtialfn?xlgd gas, a cation exchange membrane, a cathode
electrolyte chamber disposed between the cation exchange membrane and the gas diffusion
cathoae, an anode electrolyte chamber, and an anode extending into the anode electrolyte chamber;

introducing water into the cathode electrolyte chamber;

introducing oxygen or an oxygen-containing gas into the gas supply manifold

introducing aqueous alkaline halide into the anode electrolyte chamber;

supplying electrical power to the cell;

forming bromine gas by reducing alkaline bromide at the anode;

forming alkaline hydroxide by reducing oxygen at the cathode;

rémoving aqueous alkéline hydroxide from the cathode electrolyte chamber; and

_ removing molecular bromine from the anode electrolyte chamber.

26. A method as recited in claim 25, wherein the alkaline halide comprises sodium bromide.

-37-



10

15

20

25

i ntroduci

ng aqueous al kaline halide into the anode

el ectrol yte chamber; supplying electrical power to the

wWORhd 1435407

m ng bronlne gas by reduci ng al kal i peTar@is@des244

at the anode; form ng al kaline hydroxide by reducing

62178K\GBEH6 at
hydr oxi de
renovi ng
chanber .

27. t e matthall

brom de. 6
hydroxige. wher e

t he cat hode; renovi ng aqueous al kal i ne
fromthe cathode electrol yte chanber; and
nol ecul ar brom ne fromthe anode el ectrol yte
26. A nethod as recited in claim?25, wherein

i aserératied da claimpr25ewhemili uhe alkaline hydroxide comprises sodium

2178P/ G606 27. A nethod as recited in claim
in the al kaline hydroxide conprises sodi um

hydr oxi de.
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