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SELECTI VE OXI DATI VE CONVERSI ON OF METHANE TO METHANOL,

DI METHYL ETHER AND DERI VED PRODUCTS BACKGROUND
wolg@sacrpbons are essential in nodern life. PCT/US2006/013743

Hydr ocarbons are used as fuel and raw material in
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addiBhal otx9§eq1t A6k, Wlétﬂaﬂotl,salso called methyl alcohol or wood alcohol, is a colorless,
water-soluble liquid with a mild alcoholic odor, and is easy to store and transport. It freezes at
~97.6°C, boils at 64.6°C, and has a density of 0.791 at 20°C.

Methanol is not only a convenient and safe way to store energy, but, together with its

derived dimethyl ether (DME), is an excellent fuel. Dimethyl ether is easily obtained from
methanol by dehydration and is an effective fuel particularly in diesel engines because of its
high cetane number and favorable properties. Methanol and dimethy] ether can be blended

with gasoline or diesel and used as fuels, for example in internal combustion engines or
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Methanol is also one of the safest fuels available. Compared to gasoline, methanol’s
physical and chemical properties significantly reduce the risk of fire. Methanol has lower
volatility, and methanol vapor must be four times more concentrated than gasoline for ignition

to occur. Even when ignited, methanol burns about four times slower than gasoline, releases
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used in diesel engines. Advantageously, DMVE, |ike

nmet hanol, is clean burning, and produces no soot
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amounts of NOx and ot her em ssions even w t hout

after-treatnment of its exhaust gas. Sone of the

physi caltafdfl colBiHs6Rdf tHR R grépertibdMz DMERnE QIBRALHISON O

di esel fuel, are shown in Table 1. Table 1: Conparison

of the physical properties of DVE an8MHi ese| Diesebuel DVE

Di esel fgulgpBRi-ti Ng poi nt 0C -24.9 1809360 Vapes-aso

pressure at 200C (Qb%r%f@S. 1- Liquid dgqsity at 200C

(kg / nBfPEBEE I8 20d%) Heating val ue’(kcal / kg)™~

6, 880 1016GndueA® kainder 55 - 60 40668 55  840-890

é:ﬂoi gg!ﬁegtm@va:i@wﬁv@iufe_ (" (C) |23‘?/¢ 208)s80 329 0 10.1506 :

ammabi | j t mts inair (vo - . Q. -6.
Current | %an%WELer dobo g?éﬁsi on

I's exclusively produced by dehy
of met hawislonitioptempertiel CEor synt hesi zi néf°DVE di 8¢ 80y

f rom syrHhesbisy 1IgasSin By anbi ni ng t hesaetrhanol  syeMsisesi s
and dehydration steps In a single process has al so

B N T e T ——
syntBIMEE DM At yaisth sythésiPHRTFIbin® sheiétHaiol ¥gnthesis and

carbonyl ati on  of the nethanol. DMC has a high cetane
dehydaatioacteps iea singlersoesise hefedlsq bres dgvelerad-fuel in a

icg%&?lgﬁ{e{' ﬁltejth%ﬂochPeerQti&lﬁ(\)]i‘%d%ﬂ‘lgtﬂyﬂggl%)r{atégbé\éé??, it YanBbbtained by

VI'hg em ssi ons. ano vat1 ves,
conrifng m&Nmol BV, phasgknb iod 8 esidhtiveayisonyhatipn ef thetmetharmhdDMC has a
. potential uses. They can be, used, .for exanpl.e, as a .
highgetppe ratmeeandyga fnded l%iﬁaheaﬂe@%‘l mfﬁ&@PC?f\%P@E%&%@Q/édfedmmg
M . 0! : ifications to the existing
mel&%g?%{gsa&lgﬁ@ﬁ#%éﬁ%{g?gﬁ% Met hanol can al so be used in
f ueMetbaol and ftoderfvativess elgl, DMFi DIVIS, apg Gusdigselyhachmanyexisting and

poteglﬁglﬁligg%: g itcgﬂ l%e iutéefh _fobreﬂ%tﬁmgift, gqr é] %&blg’é{%g{ @ﬁ :g%:sgﬁf’mé Ond Efésel fuel in
ICESpdRetddt datLwitR bnlyManansholffeafions tb € dxidind@BReaast ful systems.

i'ndustrial uses. Methanol is also useful in reformng
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assoRBEl Witk Byd¥@dd 9k Se LR distribution, suggestions have been made to use liquids

rich in hydrogen such as gasoline or methanol as a source of hydrogen in vehicles via an on-

board reformer. It is also considered that methanol is the safest of all materials available for
such hydrogen production. Further, because of the high hydrogen content of liquid methanol,
even compared to pure cryogenic hydrogen (98.8 g of hydrogen in a liter of methanol at room
temperature compared to 70.8 g in liquid hydrogen at -253°C), methanol is an excellent carrier
of hydrogen fuel. The absence of C-C bonds in methanol, which are difficult to break,
facilitates its transformation to pure hydrogen in 80 to 90% efficiency.

In contrast to a pure hydrogen-based storage system, a reformer system is compact,
containing on a volume basis more hydrogen than even liquid hydrogen, and is easy to store

and handle without pressurization. A methanol steam reformer is also advantageous in
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The usefulness of methanol has led to development of other reforming processes, for

example, a process known as oxidative steam reforming, which combines steam reforming,
partial oxidation of methanol, and novel catalyst systems. Oxidative steam reforming
produces high purity hydrogen with zero or trace amounts of CO, at high methanol conversion

and temperatures as low as 230°C. It has the advantage of being, contrary to steam reforming,
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OMERORETs S 58 5 LBARADT, UL BOULO0REUL 5ot
cumbérgbme peshlehs 6Bdn-bard hipdropen so@peyr higlsgdnyproduniag edorers.

ot her_ systens, such as ,conventjonal. batteries and the
Becqiise pe) Wafel anddb s arpigmitizds epssipns f OW[%%%?%%TN&, PM, 505,
etc.)SHBLIm BRI @i?ec@ﬁﬁtﬂaﬁ@ltﬁlgl%ll(\&ﬁic}ééla_?br eRORE D bd FRLSRY zero
conputers, etc.), tor which sm si ze and wei ght of

emisivergphiclesi [ZENY, atelsise eimettagolBvpietlfviebickesudiver tousarly eliminate air
polllt?tslgtﬁ &%ﬁyé}ﬁﬁ:l\éﬁrﬂ t?lel:J f’on%rtgrzriﬁcf ’ Flluﬁlcelr,uu%lliﬂg Ié]lzz' %ehicles, the emission profile is

expected to remain nearly unchanged over time. New membranes based on hydrocarbon or

hydrofluorocarbon materials with reduced cost and crossover characteristics have been
developed that allow room temperature efficiency of 34%.

Methanol as indicated provides a number of important advantages as transportation
fuel. Contrary to hydrogen, methanol does not require any energy intensive procedures for

pressurization or liquefaction. Because it is a liquid at room temperature, it can be easily
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sector. By elimnating the need for a nethanol steam
reformer, the DMFC significantly reduces the cost,
weewphervsy and wei ght of the vehicle, and i npPOWES2006/013743
fuel econony. A DVMFC systemis also conparable inits
simplicity to a direct hydrogen fuel cell, w thout the
handfé&”g@feﬁoﬁﬁtr%%l a?ﬁ‘%aﬁ‘fed(?ﬂ Vaﬂé’i’ég Ryel 2468 aﬁﬁd@’aﬁﬂﬁdr@éen carrier for

drogen producing reformers. Because only water and
fuel @drvdnncéesetinmxgb on-teaidwethagol o footérer andaiah b asedsditastly in DMFC
ml}D( PM SO2, etc.) are elimnated. D rect nethanol
ve ?Efel cell vehicles are expected to be virtually zero

enMefia@bl ¥ aloGnestrdcflY youred 6k fusiEfopktatieipieatiodsV For 6dnhple,
vehicles offers to nearly elimnate air pollutants

methppelpan &by w%@r@qtmaﬁ duql gnepstturbines o gensette clgpiricipo wegeGas turbines
t
typlc\éﬁg lu? yl?eﬁttrllrgt] g B e é)cfblafrﬁ) sl atE ?ra (ﬁ%%ﬁé 29% aggﬁcﬁéd% such
ﬁlelshylﬂethamlh:aﬂ adllemlﬁgbérlpomnmbmmddaWarN@L smydsions because of its
uced cost angd cros r. characteris C ave, heen
towep Sge gash ot

dBReTEEE APFORC Hphcontames 2IRSIgHS are also

elimR@i&. RARA onaRethad] %ﬁfeﬁ%@§aﬂ¥é ﬂ@ﬁblﬁtﬁl&r@ﬁ{a‘c&ﬁl %as and distillate
I mportant advant ages as transportation fuel

fuelst @nmgajhrbmgwmformteql mathaixistiog surbiaes, roelgmallg damgneeirfer gz}tural gas or other

fosstil Fxﬁgse]aé %%géﬁilg&?lgatf j\%f,tﬁ) %?o ?Ib%‘?;ﬁacﬁve fuel since fuel-

gradé BI¥RRNAL Wiﬁb lobver FrRduhR DS tthlﬁ@Héﬁﬁnt)S t1me6al-grade methanol, can
distributed and carried in vehicles. It can act as an

be useddn furhipgs.ogesrusatheisize apd weight pf @ &1ef celbisiadlless impertang in static

on RS R0, BE c  L 0R SARBS PP gL o D

suchs® phosphofic heid] mbhien edrbériate ajpolid akiderfael cEliy (RABCINIEFC, and

t hano] n be used directly as fuel in gas turbines
SOFF“@B‘?F@WSW&“@P@&SP CdSHower . Gas turbines typically use

nafrt’écﬁﬁh&?‘t% RE ab R nf2efahol ﬁl‘d'ﬁlé{hﬁfdl-ldleﬁ{fe% JHeﬁﬁédlsol'ihire%‘%her

Conpared to such fuel sz, methanol can achi eve
significgitepplications mmhplqheramell industty. Rodapmethinoh s dnscddsemost

imprsit b 1{IPS oAERR RS a6 R "afon aF i Rbany

prod GBI Béthibl @ udeatd analifaehted RrddearRanS’ dhefdad bidduyts a8d materials,
on natural gas and distillate fuels, and can be

inclygling basirechemieals wichas forgaldshiion aesticaicidy MEBE (althoyglyitdy
1ncré;agl{n§pmh%%9d o35 lvi Sbﬁg tatf I%gs%lnk)é%%alleﬁ as %ﬁcﬁ{s gaolymers, paints,

el'y easy nodi
adhesives, aohsiMetibn @latediahs and othbigr Adeldwadbahabst 7004 bf llneﬂmnol is used to

prodﬁ%é’%é%éid‘e’ﬂ B e} S s MARER0%) o aektis gcid (11%).
Meﬂ?éﬁ‘x@l VeI QN £ e&st@ckffd?l:mﬁﬁ)kdetﬁ iffrnétﬁﬁ?mhfép%aﬁﬂ%ah&ryMw and

tatic app I catlons t han nobil’e applications, vari ous
dimefthcdltexeplhtha;lat@t bmong biharsPEkefenbemicl [rgerarediaBivraG; then procgssed to

hori.c aci nmol ten carhonate and.soli xi de | ..
manflPREe o Sy DAL FRSURCoI T Gipry Ly A e pd gfstis.
FornRRddhy86: produced in large quantities from methanol, is mainly used to prepare phenol-,

urea- and melamine-formaldehyde and polyacetal resins as well as butanediol and methylene
bis(4-phenyl isocyanate) (MDI; MDI foam is used as insulation in refrigerators, doors, and in
car dashboards and bumpers). Formaldehyde resins are predominantly employed as an

adhesive in a wide variety of applications, e.g., manufacture of particle boards, plywood and



10

15

20

25

30

In addition to use as fuels, nethanol and

nmet hanol - derived chem cal s have ot her significant
wa@ppbitcavd ons in the chemcal industry. Today, PCEUNIN®013743

is one of the nost inportant feedstock in the chem cal

i ndustry. Most of the 32 mllion tons of annually
othe%@&l‘?aﬁféls”@ DR dfnBEd1-HSVERNMERTaLpR dicts Bhdfhaterials are shown

vari ety of chem cal products and materials, including
inFIlﬁ:‘aslic chem cal s such as forml dehyde, acetic acid,

bR H diemtf LSRR Sk aBORR FnBHey Phicely ve o 60

O%Rﬁ"ﬂﬁg ﬂiamﬁﬁéiﬁﬁhg/ Ests. Cﬂfé&foﬁﬂ@fbé&ﬂtd&ﬁ&l%&éfbiiplaﬁﬁis@ﬁﬂﬁeam .economic
Wor |l dwi de, al nost 70% of et hanol i s use

t o_produce
role.f Besrapeielisdewenens), methane) s qoapidensd fa;no’fe‘@%lhleﬁee sw%éor processes

B e A Ik ey, o
chermiedlb aeiyding scetia acﬁddadmﬂdqhb/dd& ethapbl, b‘ehb/hdne glyanh ls’gfrene and

ethy&eg%%é%glgﬁghe I nt g gﬁ%lf tugtlséc rogg)gaﬁ%ﬁq?ﬂdgrect conversion of
metﬁaﬁél B%thafibl éa?l%ea%hleagchﬁﬁhg’ g ?hodﬁﬁﬁ%ﬁieﬁ%&lys@ Réhich has been found to
plastics. Formal dehyde, produced in € quantities

proniicrto therredurdine Icarbosylﬂwrmf)mgtbe@l tcoa%taéqlﬁxy e piidrselectivity close to

o0 T R ROTRA IS A HBLET By 8 possit

of pﬂoﬂﬁ&ﬁ@ Bk Rhe gVobl VlMﬁleﬂﬁa@l@Ule&aﬂi&Qﬁupﬁng instehd bt the usuml process
refrigerators, doors, and._in car dashboar ds and

using aﬂw&ng )as faedstaels elspauiryied; S&r@ﬁmmﬁ%ﬁm gynthesizing ethylene
glycggﬂg{)@ 21 &Hefaglptgﬁkéf SK :p{kt Mlaartlbﬁt a]so been made.

ure partlc oar ds,
pl y}wodsmn d)ﬁhimd{anmbmdalqsﬁmahdl ad:_ethytpﬂleeandqfropylene also known as

metlgpg iy UGB O3 tecFAOTBEG gt BA G B ProTEHaR R ng fff Figh demand
for dﬁrﬁﬁh@hafs &g@&ﬁ’&k Wléﬁﬁ'f)ﬁﬁu&m Cﬁie'MT@ﬂeélﬁloﬁ%y id Pésently a

e manufacturing costs. The cost of feedstock
two-steprpedasss ipivhick rausalggas s canertesctomasthanol ylasyniges andmethanol is

then?[éaélaé){lggqg%l\e %IFP e ]EJ} &Se%@g@a ere rtp%tﬁ?efcc@and) ﬁef'irsfj de%yﬁt%rte%nc% d%ethyl ether

(DMERPEARA \eenf 1REES tofoks efiitdheanddt Bydpshae asmaﬂraﬁmuh&rtﬁ’ butenes,
to produce chem cal s includi gg acetic acid,

highgeeleting alspaes, aed prmstics aemjsodanggl ycol , styrene, and
et hyl benzene, and various synthetic hydrocarbon

products. For 2etgrple di rect Cﬁrt\jefSE&meﬁé&ﬂ%Bﬁleﬂé

to eth@HOHc ap—he—ac hCHYOGHYSHrE>a> — T
cat al yst, whi dhHjfas been found to przlrgrg(#— lﬁ 2C CH—CH,
reductive carbonyl ati on of nethanol to acetal dehyde

W Nhrﬁ)&é eqthliymi feyg. pd;ymﬂ&t]b Qhﬁﬁ%sﬂmﬂe zeolitd dwtalystsnsuch as ZSM-5 (a

cata whi ¢ furth red de.to.
zeolgle Hg pedwbaréwa eoal Wm&p é%ﬁogm%caké sigveesich as
SAP6-34 R4 BAPY). l’PgU ﬁ?? ¥ eAQNBl-HRR LMY ‘é?@%r@ﬁ abidehalds Uﬁﬁlysts such as

process using ene as feedstock al so pursued
tungated osidgrover daMnaa(W@m%éﬁ)sb drave beenfesnd oty astivg iregrmverting
obt ai

metﬁaé%i/:g*céﬂlgqr? q{qg}tggﬂ?%eea{’cglggﬂp%%e Qe‘%\gveebx}/ 250" anl?ia’o%%L’C. The type and

amount of the end product depend on the type of the catalyst and the MTO process used.
Depending on the operating conditions, the weight ratio of propylene to ethylene can be
modified between about 0.77 and 1.33, allowing considerable flexibility. For example, when
using SAPO-34 according to an MTO process developed by UOP and Norsk Hydro, methanol
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Conversion of nethanol to ol efins such as ethyl ene and
propyl ene, al so known as nethanol to olefin (MO
wo ewbnol2egy, is particularly prom sing consi dePCnyS10h€013743

hi gh demand for olefin materials, especially in
pol yol ef m producti on. The MIO technol ogy is presently

is coftvdritl 10 btp1cRE Qﬁ(?gx%ﬁyleﬂe Whheh tH@er%lseIG&ﬁll‘rys akPANEd Bifene, a

Vi a gas and met hanol
valuatbﬂemsrftmg meaderiad far aetiurmber lof picsluctoes iatieutd §%. h'Whenwsingao MTO

ok S VRSP A S TRLE oo R e

abov@MouNt & pRicesitic0BRped by BRLEnMbSH, vith ZwkﬁMQPistap@duces
aromatics are also formed. - H3O . H20 Et hyl ene &

hydregaghapsén ghezasplirgardlor distibale rangs af seleetivity greaterf thanr95%.

ﬂe%g% C a% unt i n Osgga%g @go %&ggéi?%l@g%smgdlgmfpoar% zeolites

with Z&M&erﬂﬂe aeidity tecg. ;iZ‘SlMLi;meﬁusbyl ah/bktaly)st,s In this process, methanol is first
si | i coal umn phosphat e mol ecul ar si eyes such as
dehydygtad 18 4n£qHLIBABE. @174“{199&’ %{%ylve@mra raetﬁmcﬁ £ DfFE QXPT Catalyst
o UBERSIER, BEL SRR P AD SHER TSR GRY i, T i
olefinyicanomdergoi fagherdtansfoahatiansao highenaefimg CprGsmfkamns and Ga-Cro

tur bet ween 250, and .3 OC The type and anount
aroma]gcr%)% @ﬁ&o PGB e PRI OEPRZe8%e of t he cat al yst

anWlﬂf'&cMﬁQn? L] Sgayﬁa@&vepem mélvnw@ that BentRARMB/dtdt@rbons would
condi tions, the wei rati o of propylene to ethyl ene,
play g areigfetoto di’ husgememaé@ﬁedamﬂxetlg hydroggrgons @, chgmicaly aygilable

i | |
o GBI S AT g 88 g ot s
based AthtdMuls KTHdylthtedl, useedNiasibbng iconly élivusedtiveoarst dot Iha'ﬁeng nd

propyl ene at nmore than 80% se ectl Vi and al so
buMethanobeapalion ed o spyige Peag? sl BistSlas Rmie il protein
b
(SCF§ g?/fgrbc% gfe @%@Hﬁce@l% h ﬁ%?ﬁbégaéiéét?g r@&h&ﬁ%@rﬂ%@ﬁi&%eat on
subsfratepwhee gaunmgpﬂnergyc @the a]rotylnsiod‘s:na@pmdﬂ@%hew afoeisgoorganism,

evel.oped b Dil oy WM th ZSM 5. C

o2 BRIPUR Lo e End DG SCB HER ba bty i ng gt o o3 g Bnimal
feedat selectivity greater than 95% Ther e [ s aI SO0 a

nmet hanol to gasoline (MG process, '

ne@puwdfprmgethq BBINEIOBS UGSt Meesknol &ia sle@rlﬁéﬁmabgﬁ todiaye improved

b S. [

and éﬁ h %dé"?ﬁ% ?&cdlggh% %.fi!)l ngﬂagﬂp eraiatlﬂfrn? q:;fsls %lrrﬁost extcluswely made
ﬂonﬂfynﬂieﬁietghs/ bbtainbé fronfﬁﬁt:dilﬁplete antbustidrefor omelytia refatmaing} of fossil

and this mxtyre is then converted to light ol efins,
fuel,rgpqlﬂlgrqapyalegaﬁ;dmgmnec}@g dspdpyl ene. The light ol efins

ca

R b B Bl 0ol Gl SR b bduction
also yotires syn-gmﬁaﬁdrmmyeﬂcbt;hekmn@en@lly\m‘tdrable enéligiited imidrmanfiscale. As

usedﬂg;&ql%ct ?e %\éﬁé’b 1ncﬂl%e§ gr%fbtyge toP f)alant c%%uhn?gllmatenal i.e., materials

produced by a life form, mcludmg wood and wood wastes, agricultural crops and their waste
byproducts, municipal solid waste, animal waste, aquatic plants, and algae. The method of
transforming biomass to methanol is similar to the method of producing methanol from coal,
and requires gasification of biomass to syn-gas, followed by methanol synthesis by the same
processes used with fossil fuel. Use of biomass also presents other disadvantages, such as low

energy density and high cost of collecting and transporting bulky biomass. Although recent
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play a major role. Thus, nethanol-based synthetic

hydr ocar bons and chem cal s avail abl e through MIG and
wOMOsprneesses W I 1 assunme increasing i nport ank€T/Ug2006/013743

repl acing oil and gasbased materials. The |isted uses

of methanol is only illustrative and not limting.
1mpr%ént1‘@}ﬁ§ nvSﬁ‘f'ihgaﬂhé Asd6x « > ﬁa @ oQtfam%H BRIne f&Epyrolysis of
roteins. A single cel profeln refers to a

blom;asmsasomqyrmdpmadsmg, raomdcvcioprgamlsme\dhd ot conyneagiebapplication of
bio drocarbon substrates while gaining energy. The
‘?J'ﬁ Btei n content depends on the type of nicroorgani sm

€. Phe prea&itISTdxdsting @Rstiod dTRréductigbmethiieo] &iﬁ%l‘k&s%yﬁr@as/ Syn-gasis a
uses, including uses as food and ani mal feed

mixtuysrafihaéragee cerkonferaxislesand carbosidiorade, and produgesingethanol over a
[ V. d efficient
heter‘é%%ﬁeog#%&?%ﬁ%gd&%%lﬁ‘?e ﬁ)llb@ﬁ{g éﬁgtrl@rg}t ly, methanol is
al nost excl usively made from synt hesi s gas obtai ned
f ré@ in&ilpl st==ponCitkOMn (or cat al yhlggk ef o2 hi7rkgpl binol
fossil fuel mai nl y natural gas (nethane) and coal.
an_aLSLL b fir rene e bLo
!ﬁ%gﬁ Ig?nol produ? 1on a|§§mpnvo|32§ﬁ%§% ”@%ﬁgﬁPPhuﬂ
not be energetlcall favorable and limted |n terns
sc@Pe. t Adlyseeer e 1t FeQ er m " bi o@gx)slcl—ndlltﬂjbéalamd
type of plant or ani mal mat er | al, i.e., materials
pr OHel fiesd t\b(y mctmﬁsaré emrmennmwh ihea ofioerdtiom dquad e 21.7 keal.mol™

te |cultur Crops and t heir.waste byproduct
and 1 A0 afepee il afd BT ® dersiise e LBEpon 1 metharol

is fa@cﬁgd ﬁi/ Qﬁ:?easfﬁ Qhé"?x‘e@s%ge s dé’c?eré&fng i t@ﬂlp@faﬁff@ﬁécotrding to Le
hanol is simTar to the nmethod of producing

Chaﬁh@rfmpmimpk ofrhe thatd, eqambnr degeriiyes sheyersiothieomici roversd water gas shift

e YRR, AR onsh T ol B AR B R GFeract it

hydrbgéﬂ%%ﬁfocﬂic% ndthAaRENTE RebeT redétichdy sitiplg @%, susiliéithagirdt and the
energ den3|2%band hi gh cost of collecting and

thlrdtrp@m@pg)r Eagiyp q:s,@yea@pgﬁsa@ gevenyiblgoangris therefore limited by
oSSR R LL AR SBng ok, CREBREHY St e an
compssitt@nefithasypgasm si ng, nore developnent IS needed for

co ci.al pl i i.on of biocr ent |

ex PR 15 b Ees e DR S b SHBIneR Ay of pgaing o partial

oxidaioh &aa'ig cadnIEDub haferidl, ¥he e?s (:%51 RN, QSRR g8 rp@ﬁ@leum heavy oil,
monoxi dé and carbon di oxi de, produces net anol

and gepbalt. aTh@c@np@mHmfsyn@aaisgneraﬁy) ohatagierized biytthe stoichiometric

owi n at,i OH DH298k = - 21.7
munb S, oA ) M eaveten PR S poha - o 8 kel /
ml CO2 + H2 CO + H20 H298K 11.9 kcal / nol
_ (moles H, - moles CO, )

(moles CO + moles CO, )

Ideally, S should be equal to or slightly above 2. A value above 2 indicates excess hydrogen,
while a value below 2 indicates relative hydrogen deficiency. Reforming of feedstock having
a higher H/C ratio, such as propane, butane or naphthas, leads to S values in the vicinity of 2,
ideal for conversion to methanol. When coal or methane is used, however, additional
treatment is required to obtain an optimal S value. Synthesis gas from coal requires treatment

to avoid formation of undesired byproducts. Steam reforming of methane yields syn-gas with
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The first two reactions are exothermc with heat of
reaction equal to - 2 1.7 kcal.nmol 1 and - 9.8
woemb/1nmbs 1, respectively, and result in a decPEHBES20061013743

vol une. Conversion to nethanol is favored by
i ncreasing the pressure and decreasing the tenperature

a stoRBEMAO GuihBer 6t X8 £b] B r8quites IRl thd B akRicldker to 2 by adding
equation describes the endotherm c reverse water gas

CO, shifing excess hphogmiasmne other posesssrok poRmpoBidsyadesin However,

s G e 22 AN R i
hydrtS%fm ntenb&nd, ladditionalty, thedowhit efler g @chiduaiigion Fespitalibhvestment and
e

hese reactions is reversible, and .is therefare
operpting qasts. HatyRkeassdrprraniansdeyey puritiss shHehep sulfw, halogenated
i [ : t . e and
comp Ak, £l SN il oy foifn b ERBRA P BE BRRES. Mol
pr Bheletisting pracesbes inbdrablyesniiyy exttanety agtivrandaelective copper-based

oxi dati on of any carbonaceous terial, suc S coa
catalFi gt oy Tt AL GrE0 A FOEVY Brhestir- SprE bty partof
syn—%z{/%q% ﬁ&[’%&@& td @Bth@holS¥idr %ﬁg? SvaEne tahlyyt, ﬁﬁ%ﬁﬁfrﬁﬂ% %?dgas is

e stoichionetric nunb S, corresponding to
recyedgdi aft¢ronparhdemobutibanol @ndwiates. Hhere islses momp recentlndgvetpped
. + nol es ldeal lv...S shoul d, be equal . to . —_—
iRy S e i BB Wit FLUAL s Bl ot
Althbiygh 1@ exristigploeeBes/RdvidendiigdnoVscledtiftity gedaes tlidl F% wrd energy
hydrogen deficiency, Reform ng of feedstock havingwi
efficigngh abovie 18%. £rvds, m%thamplé%avmgdg@rﬁé,cwb sfilhpenteips Wapsw anchgther

impurRRISsukR assdi“é?dl{z'&ls%ds r{e.g} .aﬁie,rtil(t)yarﬂfC(é@ iRty efler, néethyl
conversion to netfhanof. en coal or t hane i s used,
formateyesctone, higtiet alovtalls (etlmadlnpropand, heapdl), eod tomgedhna ydegearbons.

Congfisielie mmetbeel Fen el ROF Rl ees GRALEY: B BYfPudierade

genePIBAREA 66 2500, Ad RAPB Wil BadSY TheRFcalballd has the highest
stoi chionetric nunber of 2.8 to 3.0, and requires

purifyoviéy 4 mgthahel @nicak gxcecdiog 8P.86% andyy theddindgrdammerslly observed in

usin xcess hydr n i/ so ot her oce
e 8 PS8 P PR PSR RBHBo g e
critigll &f B eBtihe Eﬂﬁb$365 ah@ therent] Revaldd wail® thigdly depdddmuti€natire and
of fers high ydrogen content and, additionally, the

purify sfiél feediocky irvpithcdesirechisielat pupde satane! Bipguced by the

oxsRERBHLAB. Bl AT S SRR DR dane o

the existiap proviesscior produpinp smathanbbthemtghlsyaigas isthelenargy heguirement of the
The, exi st i nvari.abl

firs AP HIT A FIOBNG e L Ber Indlb ineiag gt gpase it

invofUel H@hd B AT b thd}R ih 8R6LiBAIEShARNA0 SarbBh Alohdkide (and some
arrangenent. Because only part of syn-gas is converted

CO,), ovhigt intnol musttberepwsd tngethoral. t he catal yst, the

"R D103 YdnP&Sioh 3 methane (natural gas) to methanol without first producing

a mixture of carbon monoxide and hydrogen (syn-gas) is a long standing challenge and a
much desired practical goal. Although various C-H activations of converting methane to
methyl derivatives have been reported, such chemistry is still far from being practical.
Whereas claims of selective and direct oxidation of methane to methanol were made using a
variety of oxidizing agents and metal oxide catalysts, any claimed high selectivity conversion

was achieved only in very low yields of methanol. At higher conversions, selectivity is
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recycled after separation of nethanol and water. There
is also a nore recently devel oped |iquid phase process
wo eoosirebanol  producti on, during which syn- gasPCEUS2006/013743

bubbled into liquid. Although the existing processes
have net hanol selectivity greater than 99% and energy

rapid®y [dsE ARGy ﬁ?%s%@%{id&ﬁé&gﬁmﬂﬁétb gloghaldeddeNbriniteacid and carbon
reactor sti contai ns water and other inpurities,

dioxiley areabtaiiiesls ol ved gas (e.g., nethane, CO and CO),

di net h et her.. nmet.hyl. fornate i.gh .
al TBtorLo et Rariol: Ryt Rare iopdREhy B Weflfflored g petieve

high hysihaRRERRREiorfGaeRItEdd cbiyiplefidHddivn, it haauet jeabded possible to
three grades of purity: fuel  grade,

achigyierihe mm‘gingggﬁofggglay@ , ﬁmt@vigﬁad -cmgfééqtgéﬁgﬁhgawould render
T

prodgetivar, lteye Blageed dak improved prockuss ithat felfectimeih produce methanol from

roduction, The syn-gas, geperati on and rification .
metng 5y Higtcelectiv e B0 HekHas GaecPREprpbolddbise S 0% peovided by
the Iﬁé’éénfﬁl%ﬂdon\!\’ou' d largely depend on the nature and

purity of the feedstock. To achieve the desired | evel

of puri&¥ nmet hanol produced by the existing processes
SUMMARY, 9 @HBJNNE sufficient distillation.

2S5 L AR08 Bl 5 00, L B8
withicer first ereintingfsyhdgas. f Tlis inethicgldoynpeiselodstidizimgansthamnander conditions

eformi ng step. The process is_.also jneffjcie
suffigient (@ Brodpics %vwwffm%ﬁwiﬁ@f%ﬁﬁs#ﬂ%%ﬂe% agjpunts of
fonﬁv\%: acﬁf A& afRAi6:80e; (Bn PR RO the TRRAIIS dé ﬁﬂ&’er?ﬁgﬁti%fﬁcient to

In turn nust be reduced to nethanol. _
forrs elatinaniol andcformisrasicbor roéthyiefolraate; qndssubseguenfhshydregenatively

configiaantransih hre ot SpREHE el & gt ol g
AdveRtgSROE tiRd il ehadlGRidhédh LR Btichiea widat sepiiatibnudiis

various C-H activations of converti nghmet hane to

contpenpt treanver shbsantigly all pheclorpalgelide dheraindn metithalopgl without
. ST fer s ; . . T
oy 5 By 7 LR oW ST B riiing

stepper e made using a variety of oxidizing agents and
nmet al _oxi catal ysts, any, ¢l ainmed high sel.ectivjt .
co gefwfﬂee%&& SrheespayeT 2 soliceg Ci%sk_winétpd’ge ol and formic
acidTIADRE theﬁts;/lmﬁﬂg&{ﬂyc&?ﬁé%éi Ry cGfRAs isUftictent & RRIGhthyl

ost and onl tures of oxidation products - .
forrhéter it femiclacid tan he reacted avitritble éamiabichpideowidge poraligons sufficient

obtained. T | t hough varij.o etaj]jed. reaction ;.. .
o oG tegieohab b Braun et B Pubis e BBl R R Rl ggporization
undePEBRIitEdne Buffikiedt ¥ fohfthetRATo@ite whichdBén Reonvértddas nivanol.

yet been possible to achieve the conbi nati on of high

Themethyl fosmplesan be egnverigd tamathpae! bytcatlytic kydrogenatign ogby
ele{tﬁgﬁi&ﬁicgﬂlre?&&iog)(i dative conversion conpetitive with
€

conventi onal syn-gas-based net hanol
The methane source may be natural gas, coal gas, or a methane hydrate. The methane

source may be oxidized by contact with an oxidizing agent under conditions sufficient to
substantially form methanol and formaldehyde. Useful oxidizing agents include molecular
oxygen or air and a suitable catalyst, or hydrogen peroxide and an oxide catalyst. The oxide
catalyst may be a single or mixed catalyst based on V, Ti, Ga, Mg, Cu, Mo, Bi, Fe, Mn, Co,

Nb, Zr, La or Sn and that is optionally provided on a silica or alumina support.
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production. There is a need for inproved processes

that effectively produce nethanol from nethane by high
w@eloeati2i ty good yield oxidative conversion, BCHUSivese3743

are now provi ded by the present invention. SUMVARY OF

THE | NVENTI ON The invention relates to a nethod of

Pr @R 35D GmPESDARGYL, ﬂfl ﬁ@ﬂh@n taﬂﬁ@ BelBRIEEL uNAd: ROAditibhs suficient to

produci ng syn-gas. |s met conpri ses oxidi zi ng
produet dienethyl ather. "Blumd:imeﬂmh stheuéani bsi heatedtio therpyergoee of an acidic-basic

or e TP AR e  SPBhehl o FB B0 i o iter
olefihd) %ﬁﬁtﬁéﬁ(ﬁhﬁﬁb&@'&)ﬂd e @Fone?ids hid @BE pBothicisdoetde atscfeéd@fonks for

anol and formc acid or nmethyl formate; and
chenygdg erasensporgiiondidnabihaaohor peorraek sanderepagsd by pydration of the
vy EPp g RS SSRILY, OB S D] 680 AR08
substitugafoe thastirdl pasiainSEP@ fait heating f)unpbxs cforﬂp:cmseittﬂ@ ¢rdndustrial use.

convert substaptially al] the hyde t here
o PP g ABRBRS Pl S PTD R BRI Crro P Tap g By ibxing
suffitfehEARSGHs W&lﬂﬁﬂf?l btherf @ﬁﬁ\f@ﬁ\%ﬁtﬁm dieRevmbieALe cﬁﬁi@thyl carbonate

oxi di zi ng ste he fornal dehyde can be converted via
can oformied by eeat;‘amabﬁl@lﬁ sneithnol wish phosgenaoibyf e thdaaw garbonylation of

t hen su onvert under diti

the bRl PR GO PR RRr o Py et Sfgpnts of
dim&IByl'cBfong@ With donvBidnar diedell @ley.da teihgpdrtation dudlican be prepared by

sufficient to produce nethanol. It is alsq, possible
adding pjedhanol leezasmenyitfethy decl phaviga eanipimen gasaline £anteaiof at feast 15%
byvmﬂﬁjn conditions sufficient to formnethyl formate

Ch then is converted to nmethanol. The met hyl
f orAz|bd etha—:ansds,ethe mwlembledr dimethyt bthmoéanblyt asadoalvg&tibm energy storage
hy dro%enatl on, by el ectrochem

[
and FropsaRet GLRREHe Ry OeT o I RIZe GR limingi ?15 %agwt%%es or dangers
inheft NPME u@é’%@t‘iﬁrsg&&ﬁwﬁ%ﬂ@]@ oPPPEC 8t HRKo MRl ¥ 28N Yethanol
contact wt di zi ng agent under conditions
for pgegaringisenple ¢adl protestsdot htaharyorfammal@mneatﬂbﬂonan d
f or mal dehyde. Useful oxidizing agents include :
BRIFP ISRERIEXISE 190 ARAWINGE SuLi 2Pl e A ml Yol oo
e catal yst. The oxide
Cc atTak YedtueBindeenefisi ofghein®entivngeill teadrat ystre beident fmm Yview of
Ti, G, M, Cu, M, Bi, Fe, M, Co, Nb, Zr, La or
the fgllawingdetailed descriptian of s Eativgsmbodiments it aPGOé?PRfHVw&
formother products, the nethanol can be
dra\xaﬂgsoéﬁfh'gf elg under conditions sufficient to produce
di ﬁ"éﬁhy bhatslarownxemplasef methanbhderived whireicabprioducts and materials;
the presence of an acidic-basic or zeolitic catalysts
to formethyl ene or propylene. The |latter can be

COIG! 2 SchefiatibAly lQsthH&NBE present inventive process termed the METHANOL
ECONOMY™ process by inventor George Olah.

and

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The invention relates to new, efficient, oxidative conversions of a methane source

such as natural gas to methanol or dimethyl ether. This method comprises oxidizing
methane under conditions sufficient to obtain a mixture of methanol and formaldehyde, but
substantially excluding formic acid and carbon dioxide. Formaldehyde is subsequently

converted under conditions sufficient to form methanol and formic acid or methyl formate;
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ol efins, synthetic hydrocarbons or aromatics and their
products for use as feedstocks for chem cals or as

wo ea@easpe4 ati on fuel s. Ethanol or propanol canP@BUS2006/013743
prepared by hydration of the ethylene or propyl ene,
respecively. Alternatively, the dinmethyl ether can be

used as . a substitute far,natural. gas and LPG.f0 o
and {35Ea G B BRI Fifialedh pUfERR 5P RaATR i Hopditiops
suffidiéht & famahethiii] Rathoat nyeySproaiicts. NPregdratsly the arthahe ekidation
_can_be prepared by m xing sufficient amounts of )
mixgreris Eatededirps y wiithauicssRyratien ok compogents £ produgq ggthanol. This

R
c afrboneydmbbadiment thefernmtddhgdeformad dn the methanpvoxdidatiior step is

cataltrgllR GBS BouOeH CRBPFERts BRSiorp Elssfanpl afd fognic scid
whibh B2384cg BB rehiEd ukRR cHiiRERRANTRSer Yo REH EhTRRARE)

0 gasoline Wt > fuel having a mninmmgasoline
Alterpattvsht, thef foamaldelzsie i3 g9uvbsted, 9l methyl fagmate bytitssatalpgisglimerization.

v R30Sl ATER g OGP 350 R4 Ebs ot

intetr] BbMbHEtoA eﬁﬁinei. | il anaiher éfBodimsal HRToagR Sicl thakdn gbtakmed is used
i nherent in the use and transportation of LNG or LPG
to reducp orgraddehyde to mpducedngiianol-ne net hanol for preparing

0L B AT o B0 s, o

field ereeifaint smetharic ey drate Btci)ds oxidized bg conectrwitleaevkidizivig agent. The

o S b S £ b SR ek S0e o an e
cataY RWrRYSxidWal:el Rdxide) Latalsts B ARILEY AR GASMR, Cu, Mo, Bi, Fe,
net hanol - deri ved chem cal products and naterials; and

MnfCG N ZrcheoaSh ead isyptiphallytpravided eme sifice se alumira/sipppie Any

rocess. ternmed, t he NVET E t r y
unrfi B EpARERT ! RRaN e E SR Bk RIRARS ief
PREFERRER nlelyBEA) DEDShSertdtewithoig ahy bP-pi@luat ®Sméthamd by its catalytic
efficient, oxidative conversions of a nethane source

hydregentian o hy alesiroehemicab raduptemolf devired; methayel can gapsequently be
dehy;ﬁgér;cgcll {Hl?ciel? ancﬁﬁgﬁl?s:: éluﬁ?cclel? )36 gtot%lg%dlg@tm Bfhetnder

ons su ent m-xture of nethanol
an@’hé eesattingahgtianol pradustudas tha mseduinl ayvaetetyt eftivayg. fliois miconvenient

acid and carbon di oxi de., Formal dehyde i s suhsequ l )
and S et G ey SR AT TR S ER L oS BTSN g G gfermal
comBaFioh@hPines &fd fhePlellTE Mu¥hanbPEdiB Rl ADGrafd RRABIURRHIINS ffficient to
nmethyl formate i s hydrogenatively converted under

produodimeithyd sther. Dimethyl ether is an excellent substitute for diesel fuel. Methanol

and/or dimethyl ether can be catalytically converted to ethylene or propylene (as well as other
olefins). These light olefins can be converted into synthetic hydrocarbon mixtures and their
products including for example ethanol (by hydration of ethylene), higher carbon olefins or
aromatics and be used as feedstock for derived varied chemicals and transportation fuels.
Methanol is also useful as a source of single cell proteins.
The invention relates to new, efficient, oxidative conversions of a methane source
such as natural gas to methanol or dimethyl ether. This method comprises oxidizing
methane under conditions sufficient to obtain a mixture of methanol and formaldehyde, but

substantially excluding formic acid and carbon dioxide. Formaldehyde is subsequently
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sufficient to form nethanol w thout any by-products.
Preferably, the nethane oxidation mxture is treated
wa@lReoeatd2y4 wi t hout separation of its conmponent SPEDUS2006/013743
produce methanol. This process achi eves high
selectivity in nethanol with practically applicable
convé/ﬂte%ll Lgﬁei"](l;(ﬂldﬁﬁﬁls SHER B Yorm inkhdnol amd fbemicckeid or medyl formate;

he nmet hane oxidation step is catalytically converted

and subs;eqaemtycthe msthytermiageis hy drogensdiv PLyrronyeriad Undabrondipns

t t
sufﬁqggﬁg‘é fc?%@e%?‘“‘ll%ﬁ%% Sqf&é&%ﬂﬁg X t}’elfér?ﬁl @19 rﬁ’éfﬂa‘?fe oxidation
m1xt$ﬁ{eti§frfhaéd &‘i@éc%ﬂy vhﬂitbu'lf sk{pﬁﬁhgﬁ bf/tﬂsecon;spmmntseo pmdiut:@mwﬁia?qu This
or mat e its catal yti i neriza r.mat e
proc%y achl@eqsﬂng%a@lea‘umfﬁg Hlyla t@awé nVﬁmm?ﬁ“&ﬂY fﬁ@l%ﬁg\yaﬁﬁ d
or?ee %%ﬁocﬁﬁl 6%%1‘1{18&6}“)35 ?&ﬂﬁld ift M%&ﬂb}ﬁ&ﬁidﬁ%&p is

anot ner e ormc acid that is

| catal?tbdaﬂly medvar&:dwsaaai mOdlﬁeddlanmzfmo mezction jaimethengirapd denic acid,

t hanol . Advant a sl . | l.abl I
whichrs DTG eoE A0S hURTP e 2 63 pep Bk
Altex'ﬁﬁé?@‘i‘ &he f@fn‘ﬁﬁﬁﬁy&éﬁg tehRSted & Mmethyl formtediyzZieckamlytic dlmerlzatlon
Ct with an oxidi zing agent. The oxi di zj ng agen

Methyhforbmtaie il s sdglyetgnsamintinof I AR aRe 25 a fuel for

inter] gilcag;bugtéq?gqq&ggggo a(\jne ge%%xgxlgé Fmen? (tﬁ %%&W%@Q &B)tamed is used
to reMive Btmalféhyddo p @aucel\ihechﬂiol La or Sn and is optionall y
provi ded on a SI lica or ial um na sy&gort rea

meAdvanaeeriplh aethons puslaglefiom eRE AT Haaguad ao%sestn(ﬂgturaﬁ gas, coal
ﬁeld%(&%tﬂéré' ngth%}lg HydrM%E ) st tﬁad%n%t AR B okREZing agent. The

product” to meth by its catalytic
oxidivyely pganaby ba mmﬂecluyar ekpgeiny octaevomgrise byirogéroperoXifle and an oxide

desi red t han bsequent | at
et e R i e BRERLbeB SE S8 GRARS i pe
Mn, (85 Nt Zln 9,2 ShaRalis H5RAEEY poRtleB@nlasiita dt atunviak sefportofAny
way's I's a convenient and safe material for energ

unregttod agélaam mawoarrmpteatané thenrecyicleddn tes@dfizingstedy el

neRLERb oAl B8 PR nisPhy SARL TRy ol 8 Beltpp) by Iy gty

hydrdRnBidstas dﬂéd%bhbfhlc@ltl’e&ﬁctloﬁ) Bidesiybd, etdikmol saresubsequently be
excel l ent substitute for diese t hanol and/ or

|
debydipatinges espHBIOnS W TSI AP NP GV LRTer Lod 1 o
_?_L"g%ele %\ﬁ 1?% m%fh%?éﬁ n@B&uc(t @%ﬂ Yehded 33 2 V0I8Y PRk, nﬁ)ls a convenient

can converted into synthetic
and daféﬂhﬂﬁﬁzlilﬁbﬂeﬁﬁrg(}t storge anditrstspprtatiomoduistas eikodlentifuelfor cmternal

B A

prod%/cg:r @(ﬂerv Qflhl%ﬁly‘} b@gi i ah Sx@Nent siBREMC foediben f\feu eMgthanol
a n o

I's al so useful as a source of single ce
and/q:rrdamahwsethémen bevaalyticallyrconwarted te sthyytepe o& propyicas ﬁas well as other

oleﬁns)§ q’ﬁese\ilgh{: SId¥fs g’a{n %Sco%en%dnﬁtto rg%ltﬁe:t%’colll’};cﬁ:(?carbon mixtures and their
products including for example ethanol (by hydration of ethylene), higher carbon olefins or

aromatics and be used as feedstock for derived varied chemicals and transportation fuels.
Methanol is also useful as a source of single cell proteins.

The invention relates to a method of synthesizing methanol by oxidative conversion of
methane (natural gas) which avoids initial production of syn-gas. It has now been discovered

that methane can be selectively, and at the same time with high conversion, converted to
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such as natural gas to methanol or dinethyl ether.

Thi s nethod conprises oxidi zi ng net hane under
w@omvdiltizens sufficient to obtain a m xture of PEL/OS2V06/013743

and fornmal dehyde, but substantially excluding formc

acid and carbon di oxi de. Formal dehyde is

LV eon: L =L o .
BRI RBIEC 1 RIS S St v
formaldehypdpesrihd Majdn @rodmeisy Thiscoxidetienistephy thlloged diyiatedayment step,
duri RO s YR G R A SBP Y aliphereFt g E Siotieantly

incréasi Atk Qe 81 oftikiBaro THiS BaREk e 'o9eal pr¥édsh Brbctical for the
separati'on of Its conmponents to produce nmethanol. This

prodpeidaresmethhia wethaut tte reebssity iof conyertingraethane firsiite yn-gas and

ractical | licable yields. |In-.one odi nent ...t
prodfiihis ing) s WRBERY Y rienfiS e S0 AP Bk gpehlit.
catraé uiitidl dkidaticn 67 ettt 10 fmaktiiedfinetithnCham amaldehyde can utilize
reaction to nethanol and form.c acid, which are

any af fbe kpewsn £3tglyte gxidation preeedusesrigiatiiameysianm petpieamtenpgratures of
[ . . - i I

o 35T TR P ERARNL G Yo L] TS D o

miniehiumfer TRadkilted peldziniy vefl amamdt & deyiedal sidefandesasiblécgiditions to

oct ane nunber. qf 115 and can serve a fuel, for
condieh B ationin s BARMG SHUL OO I SEh B Ve B G RreHE diatng agents
pref%rglﬂyfolﬁﬂléenc(o?&i&ﬂ (t)fiﬁ%tidrﬁwﬁf?hﬁdregcﬁl hoMaEEr {tPequReHIGHs are also

orimal dehyde t'o produce methanol .” Advant ageously, _
effeative loaern varzty ofdatalystonyangd efide (rsixedioxide) casadystebased on V, Ti, Ga,

v, CREMS B 5 SaNpy LEorhhon s T e iR g suppores

such R QilR4 lod bliifh. aDENSverBY arkOurTOF 6gyiensite F¥MERIDN IOk sl pass though
conpri se hieglrogen per oxi de and an oxide catalyst. T

h
is geggiadles kepfiak tags Hienabyutcid % s thaynisactpdmsthapn being chgled-

o el R inShe fpecious B o offiaiptbeoheptipane i
reactddywithnsagei eich high passeuraggboloe30-200 v )enhdartdgh teerperature (about 200-

recycled to the oxjdizing step. Meth formate can be
500 énm%@l 6o %?}F)y%?%wgﬁ P¥idRiqn %ﬂ%@%ﬂ?ﬁ _5?6Ye bpnjextensively
inveSt@dagddy trt %aﬂiﬂ%%{é\&@ Qﬁét'sél@ctﬁfitgtﬁﬂ n’l?étﬁa‘hto[ RehetsGakh decreaging oxygen

reducti on. esired, nethanol can subsequently b
conadetigtiimeingie systber. Avbest, 17563050 salédtivity émmetlmnpk foduatéon at 8-10%

di met hyl et.her. The resul ting.nmethanol uct can he
com{Fea s YAy R eI et PrafBhARE ¢ B 8 teaf BR300
contBm®y,&isingla d184s-191R€ r&i¢tdE! WhidH Sectiéll folsapSiBey deddridary rebétidns. Most

an excellent fuel for internal combustion engines and

othet sfuflies ebtrined ypderdheir beshreapdortengifians gmpsepsyres of 450- 500°C and
e 934 oro . | o
pes REL ROl b T RS, RN FLISS1 0 hne

convierisibn. AElibhpadssuredas phakieredibyllreatibry are piedoeninant, limiting the

catal yticallLy converted. to et hylene or propyl ene, (,as
expegia toarablf REFets PE%Q?Ws%FaIﬂSI‘Pe el Yy tomeffrnd G ﬁnb(ebe moderately

inﬂdt%ﬁg%ﬁre&l ERrbHng (RY B! inGe Art LRRPRAMREUERSs RAGor design and
shape and residence time of the reactants.

At about ambient pressure (1 atm), catalysts can play a crucial role in partial oxidation
of methane with O,. A large number of catalysts, primarily metal oxides and mixed oxides,
have been studied. Metals have also been tested but they tend to favor complete oxidation. In

most cases, the reactions were performed at temperatures from about 600 to 800°C, and
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products including for exanple ethanol (by hydration
of ethylene), higher carbon olefins or aromatics and
wheoossext9as feedstock for derived vari ed chem pEl/ESBENE013743
transportation fuels. Methanol is also useful as a
source of single cell proteins. The invention rel ates
Torm{ Ref FHTHO P HATACE b P BrTPIBRR ani oL@ LAY, Dxidation
produeti Silada ipselfexitibitomunifjus getivitysn okidatiars of mwethbasio formaldehyde.

di scqvered t hat nethane can be. s el and, at e
HighgL R GO R QB L P OIS O ey e PR AR dehum
(Mo®Y) a8 ivashdiin i(T04) @kldwa%tstso Mt f&d ofhdrfll RhpEH R aRiRd

m'xture of nethanol w th Tormal dehyde as the éMJ or

O

nevegthelawsdn she mngasololkioddei dm ismepolybdate cataliele Feaf3@M00s), 25, was found
to be d’l? ﬁit gfeﬂ:ttwg ESQI stdfﬁ :ﬂ%al\/\&l&{% %1'?)? n{'@tl)l(atng r\gltfl ?rc—%‘é‘ E@ﬁ%ﬂmaldehyde

ara resulting St gni

yield df@BG/aSRmtlbﬁl ev@ti a@llﬁbacsﬁlpp@tddMEHMdmk&ﬂﬂ kﬁslyt;ﬁ‘@ve a 16% yield.
overal | process practl al for the produ}g‘il on

A siligaryyaptcdVipRe catalypichas bearsehseryed o shoyya &hﬁﬁleﬁ%Yl%?fe"O% to
oxyg%hé:téa c&ﬁ%a?ﬂa @@ﬁﬁﬁ%@ﬁgﬁi{@r A M%erﬁféh%?%%% th excess

y present used Fisc type chem stry
stearn.n At kel higixtedqierabwemﬁsadébhpa:maltaxutachmf urethapé, methivan ddrmed on

deh til
the o 3Dst §PTeeG R AP RROS 4 e Rec o P Gy S pdlor carbon
ox1d&eEX}ﬁ§1ﬁlﬂgth%§@HcH 'i&ﬁheQ)fbt ?roé&:@nnxmc with the

formation of formc acid carbon di oxide to be kept
t olneordeto puiRimire Eorglatiph @ﬂbn@o@mﬁs angl iperepsegplge@vipf to methanol, use

of log/)g(lpte (?l!loon\lf]\ﬂe?lg) %ﬂgesf ﬁﬁgggélf1s§3&giag);e? gfl.lrl[‘e%tl %g%gatlﬁ%lﬂﬁ for methane
oxidatidif £¢,evtwedu, dotzsuﬁ@clag@rdcﬁv@ aﬁb%atempefmmgg NSino¢ ga ph)ase

Oxi dation with ydr ogen peroxi de_ ar ui val ents
reactigns ggperallyyeqane hxg@ewwe@t%ﬁ e#90°69, llﬂé‘%dalP 5¢ geackiesiqpgrating at

moréaﬁbg%bt@qgﬁﬁé}%%s@% b& ﬁge"ﬂl MR %xﬁﬁ]igdm% Yol cdh be %afdgg through

Nb, Zr a or n an
electenphilirs@qy gpmagion (ad) (yxylgnn ﬁumponalsza’sm)rof astlgineic sumramds (Olah et.

ol AGey o JHE B9 Fodlo o 78e Tl nal pVhst REdfindof B e fpefhcics
(BroAR6hciddthabde Wahh nliRnUih&atloaserBil@h8etfitéisulfuric a01d) at room

recycled. It was reported that in the hormtgeneous

tempstedere vashi lapakrogen p@foxnd;et (Falk), methang peoduses metbara] inhi select1v1ty

The 1¢& ﬁ agtﬁoq?%rﬁ%eee?l% {J%gbng g gbéﬁl&g %ﬁon%%g@t%ﬁhe@ﬁgdrggen peroxide,

Hgof Ol theansthdrIC-SEb@d! IThe niwthahal f@met én thetskan@hcil ay@em is in
een extensivelyy investigated. |t was observed th

protcg)@reécfpmﬂ QR nandiis mte&?fbfr@@sfégh% W\da&'@&rr@a@ltm@ i the high
selecgié?fg%ﬁse‘}%lf: %fsﬁl‘éh tﬂerg %1&%11 Kidh&Bst it 1(@8@4'?6172151@0%% er

ct|V|ty|nme tlon at onver si o
perox\ﬁss aniatmmgdcﬂrs&ﬂemsohrdbéhﬂde condi ti ons (4500C, 65

e t han.5% Q2. cont , in I -l jned .
P Dot ke OB RadAton <& psihme ot Be Bl sPomicall Progseted in
stronlgth‘éids %S/i’c@ﬁls %ﬁﬁlﬂ’uﬁ@ s&ﬁ&ﬁieﬂ?@m&&’c%rusi gﬁ%&ﬁﬁﬁnﬂ}ﬁﬁﬁaisodﬁd metal

condi tions rrdperat ures of 450-50
ed in sulfuric acid or oleums (Perlana et al. Science, 1993, 259, 340).

complex catalysts d1ssolv
Several homogeneous catalytic systems activate under these conditions the otherwise very
unreactive C-H bonds of methane at lower temperatures and with surprisingly high selectivity.
At a temperature around 200°C, the conversion of methane to methanol by concentrated

sulfuric acid using an HgSOy catalyst is efficient. Oxidation of methane produces methyl
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pressures of 30-60 atm reported selectivities of

30-40% net hanol with 5-10% net hane conversion. At high
w@e@saues gas phase radical reactions are preRPORUSZNG 013743

limting the expected favorable effects of solid

catal ysts. Selectivity to nmethanol can only be

noder at el W4 b 0 '
R
convélﬁbﬁm&)fm%, 186%4 s&m?ieity tomethfyl hyth?gamlfamtis aclzhédsvedb datcomplete the
anbi ent _pressure (1 arg), catalysts ay a
catalgigerc. Hnerondssdis B Ubs HatOirOvalhait, BGess 59 Qi molecule
i h ! She process
of sufuliE R (AHUERR Aoy f0Ahi Bl pRICEL, G BolcRhs it p
can tecmsily esitlizdd bSO, véich e reactioaweith Bo@ptil peoduge Ha$Oothat can be
I.n, nost cases, the reactions were perforned at
recy§leder at ures from about 600 to 8000C, andf or mal dehyde
( "'@h@lew’%e QbhRie ﬁy@%g&hﬁ;lﬁf&@@ﬁ’étm and@ii§lsephia€ion fiden sulfuric
~only, oxidation product. Silica itself exhibits a .
acid medipus, haytaver, ) enerSH LYRFENIIRE CBRbeTRAIRRPIOCESS requiring regeneration of

faor oL '
s R, DG o AP FRAA0 5 SINEL e TASUED somon
unat(rddv8) HamevengneaH taxic ME2AD6 sudhxdsdatinatg liyyditis, rhibdamy,ipalledium,
et BT oo - BRSPS ang b ey B8 sGlned i
apla‘é@lﬁlg‘;c& i %@ijzgdme nmost active catal yst for partial

met hane, with a reported formal dehyde o
yi dlsavadér f3BRed Remgtthooxidatim mactioniprogresspyedy didees the sulfuric acid,

PCl 3-MoCl 5- R tal yst . 16%vield. A
deorgiepi Ao R A ) DR SR B G efmprgury and most
metad %ﬁrﬁs RleeRageahgiatyl af 1dwerGhkidd Yht @xge baivethisioReondudsed in

( CH and at net hane conversion of 20-25%in

olevmx(@asisture eBHSQ¢ andr¥ODi §O rengiserith the swterdarmgdyfuring the reaction to
. j oxi dat.i;on .0 . .ret hanol fornmed on the
gwe@%?@;ti@reéygmlfhglgg ﬂfeé’grg%egig’ﬁ?h econposed or oxidi zed
t 0 Aflsanéthddde hyfdemedil/ safalloacianmoxilyesth fexplddhyide (andtfsrmic acid) in
. absence in_the qbtained prodquct mxture. In orﬁl.er to
direqiinpgthaneoxidstinn MIHRILEr QXY BFm dikas @owrhpen fuyndhat this mixture can be
Lo i1Rbutl fAMB Eegafohi RBulting in a substantial
RS s KRR Gy ol AR 805K, g s st
incresat &l msthandla@ontent dralmeaking thetdverallagresesh sahentive andh practical for

sufficiently actiye at l.ower tenperatures...Sin .
com i T B AL S ERBT a 1Y° RRgUAFEL FAUHER B o pend formic
acid( PrAl@}Mhe okidaubsl siBhase bk aeiet @nsinAffeRhi Waysat nor e

noderate tenperatures can be used. For exanple

me Aesendingctarons enbodimens dormaldehyre i teeatadspier B pelid base catalyst such

0 t L0 € .0 f t] i j ) .
os CRORAME O abhihion SNIER i th FBHEEL (AR oFhaliqd Cannizarro
reactieh, prodlcinglAdiBandl and Séihic ade Thesetphadiets isadibaehadvitineach other to
superaci ds (Bronsted acids that are many mllion tines

formsmethyhErmafan concentrated sul furic acid) at room
tenperature wth hydrogen peroxide (H2Q2), nethane

produces nethgoplo | nhigh sel egj Wil ¥ HCOOH

CH; OH + HCOOH

» HCOOCH; +H,0

An alternative way to carry out the conversion of formaldehyde into methyl formate
involves a modification of the Tischenko reaction, i.e., catalytic dimerization of formaldehyde

with an aluminum alkoxide catalyst or with Cu, PbO, Sn0;-V,0s, Fe;03-V,05, Sn0,-MoO3,
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The reaction proceeds in strong acids through the
i nsertion of protonated hydrogen peroxide, H3Q2 +,
WO nioe/112e4 met hane C-H bond. The net hanol for neRICT/NS100€013743
strong acid systemis in protonated form CH3OH2 +,
and is protected fromfurther oxidation, resulting in
t [ e L\ , ' '
5104 Sk P ORI ach R TR fBere over-
tempeestmreiralege cfatiowtt120ng 18¢1C0d Fheskilled chamisbss agamdamiliar with the

t hanol formed from oxidati gn of net hape can be thus
geneehf/ﬁ %aliapgw%%(g Gaibly GoRdions iy caEyaE ouf essgeactions in high
conveRiRiahi §E1guUbsequent oxidation using predonm nantly

netal s and netal conplex catal ysts dissolved in

sulfuric acid or oleuns (Periana et al. Science, 1993,
259, 340). Several_ho 3cat ald/éic systens
activate under tReEeOconditrons>t HEQG-Hswi se very

unreactive C-H bonds of nethane at | ower tenperatures

anMeiy forsmatpobigined)ivia the Ganristasotdriischenlty regetion is subsequently

t r.at.ure around 200C, .the. conversion of t hane, to. .
catay RS Aok 26T SUSh PRO sl R e el gt with no
bypré@ick! Westhyl Sorddid €dneio bdAedRich@nically reubang iy OB Pb

met hyl hydrogen sul fate (CH3OSG3H), which can be
eleCtFﬁi’@ﬁ-ol yzed to nethanol in a separate step. At a

conversion of 50% 85% selectivity to nethyl hydrogen

sulfate is achi eved. To conplete the catalytic cycle,

Hg+ i s reoxi dileQOC;Hg2+Hpy H2SO> OZCHLOH t he

process uses one nol ecule of sulfuric acid for each

nol ecul e of t hanol produced. SO2 generated during

t hdhyythe e¥erall sepcHan iasi |y oxi di zed to SO3, which upon

reaction with HOw ||l produce H SO4 that can be

recycl ed. The cl eavage of hyl hydrogen sulfate to

nmet hanol and its %ﬁréti on quLn szuén%%ﬁc acid nmedi a

is, however, an energy consum ng CUNb&r Some process

requir.ing . regeneration of sulfuric.acid.. The use of. .

ol b acidrieay s CmemdtpnisafiStusieal Sovaanugne aeent
(as albaick b@ﬁymg@ng Kiawa \tedcte BB AP dr CatdBhidhiSy FHB fordtaldehyde to

platinum iridium rhodium palladium ruthenium and
prodyest methergl. al so be used in nmethane oxidation, the best

results are obtained with a platinum conplex in H2SO.

As water formed during the oxidation reaction

progressivel y dCHyDe¢sHCOeH sttt iCH ¥ e, Cdgcr easi ng

its acidity. Because the activity of platinum as well

as those of nmercury and nost netal systens, decrease

r aphigabje eambipelians o theise eactions ardadidalive comveeyien efimethane to

BB S R UG, e 39 b P
reaction step gives two moles of methanol for three moles of formaldehyde with one mole of
carbon dioxide available to be recycled to produce additional methanol according to the
method described in copending U.S. Patent Application of G. Olah et al. entitled Efficient
And Selective Conversion Of Carbon Dioxide To Methanol, Dimethyl Ether And Derived
Products filed of even date herewith [Attorney Docket No. 81722-4500], the entire content of

which is incorporated herein by reference thereto.
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give H SO4, thereby avoiding a decrease in acidity. As
nmet hanol is fornmed in small nounts nostly with

wo ooosaltehyde (and formc acid) in direct nethe@EUS2006/013743
oxidation wth air or oxygen, it has now been found
that this m xture can be further processed in a second

treatment step g pput .QI’)L@’Hﬁﬁ_P@I’PR-EéQ{L resulting in

a substantial increase in methanol cohtent and maki ng

the overall pr ive an tiggl for
conmer ci al pr oﬁﬁ%i_ﬁg@ﬁet ha%ol%.ﬁg%fs és‘,(?fbsequent
treatnment of formal dehyde and Tormc acid, fornmed in
t he oxi dation s3eh0camr 1 2@Hs0Rd 60 in different

ways. According to one enbodi nent, fornal dehyde is
t r Aatnedhamobis readilyl detlydrated to dinadtiydtetiencthe ares@d Oxatative conversion

of mghai fo g b el AL ULt BraBiet B ko oS b B et or in
chengmﬁe{uh%ﬁﬁéaﬁ@ﬂg TOMHE it kight aﬂ_ﬂglié?erférd%&’&io‘ﬁ oR&HbhY ateRSited,

) ‘each other to form net formate., 2 HCHO CH3OH -
routiHEBBHNCEATH eondocieH ty find modagerred iqp optimizer cenditions e

oty R B8 o R B Bl b & O 15 Rl Rodvcon

accdrdifzhe keOpre QA trivefitior. . @ther thah eeydohvertlion®iandhl @43 sofirces,
formal dehyde with an al umi num al koxi de cat al yst, .or

metlpra) cabe pgdyicady tyr ngrse, frap (BLogo%Y 2 resHibe! ROt bpcteria’s
brealn@?%%a; %@fanlgt% ALY IR HOMEELE biddeh0 m@gag ) r@aueeggg the

e over a tenperatur€ Tange © out
dig¢stivd 88¢ks of st kiahingeds, obhgemissts sush ag@imitésaand magroeighisms during

intsiPp R T i PR, SR PO KOS O BB BROHR T RITE
veg¥lafibitithay AbdfardIRR) BiddasZQompdscdaaihi)VeE M¥thahQid®dRbon dioxide in

obtai ned via the Canni zzarro or Tischenko reaction is

varginp pepasivmsyandaoatansi teeagk llgyelsyod odhse alemesdtsovel ackysisegen sulfide

rogite catalys i ving 2 nmoles of methanol with no
ngi}&vg%’éﬁ‘%’?nﬂ@f ﬁ?}rl O?B}Oﬁgglgeban al so be
el aut pashemandd yf etdtioeld cosveninguethatic toRhethhieid iy padtisularly

HCOOCH3 + H2 2 CH3CH Thus the overal | reactiluon is: 2
advpptageogsproyiswlidg-pumerous applications of methanol as fuel and for other

chemical applications. The safety and versatility of methanol makes the present direct
conversion especially desirable.

As known in the art, methanol can be blended with gasoline as an oxygenated additive
and used in internal combustion engines with only minor modifications. Methanol can also be
used to generate electricity in a fuel cell, by catalytically reforming methanol to H, and CO or
by allowing methanol to directly react with air in a direct methanol fuel cell (DMFC). DMFC
greatly simplifies the fuel cell technology and makes it readily available to a wide range of
applications, including portable mobile electronic devices and electricity generators.

Another significant benefit of direct conversion of natural gas (methane) to methanol
or dimethyl ether is ready and safe transportation of fuel when pipelines are not feasible or
available. LNG (liquefied natural gas), which is currently widely transported across the seas
under cryogenic conditions using very large tankers (>200,000 tonnes), unloaded at LNG
terminals, and fed into pipelines to satisfy increasing needs and substitute for diminishing

local natural gas sources, presents potential hazards for devastating accidents. The direct
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Formi c acid formed in the Cannizarro type reaction can
itself serve as reducing agent (as a source of

whsasogen when reacted thermally or catal yti cBECT/YS2106/613743
f or mal dehyde to produce nethanol. CH20 + HCO2H CH3OH +
CO2 Suitable conbinations of these reactions all ow

convegélgdgf {llé/tﬁraf ga{évtg Il oP{dn’ﬁ@ﬁl Péife ch&%dl I&S’ihe‘fdrés@nt invention

selec y and yield |n|ng with the
prov1ﬂk'strullsaieazflte?nettiwpﬁo trazmapbrtmg efugl @sves tvvo m)I es of
nmet hang or .three noles of f rna deh t
iR GAPBBR (EFRS BERTRITIE T BerPeye i el BBy s aso

the sf’aggﬁéofngfé L1 fEV AR chaafalsdtubiad forinhkerieharttid @sidf aeanumber
|ncpen|ng U 'S. Patent Application of G O ah. et al
of othert prodhes @t Ruidinigarelymers, mte@dheﬁévwwtm negtertals, sgpthetic

To Met h
Chenl‘jf:%&d’gﬁgn?ce}ué‘@ Sofmci%/l 8 gf e %1:1':1 évmg{gﬁﬁ[& it o:ﬂrl}éégﬁbocl) 8?<nebe
convidBiently é8defo@i a sﬁlﬁﬂie @ﬂilyﬁestepni ehylend anstiorgiropydene (e.g.,in a

i ncorporated herein ref renc reto.?2
L o T SR I U R et oA

hyd argg&psoe{nd'tﬁ% ?t%q{létk( %ﬁfg%‘ﬂ{aﬁg ﬁg% Bﬂrgéd?ﬁtrhﬁllel ﬁ{d'}ﬁ’bdudt@@rrently

esent oxl ive conversion of nethane to nethanol is
derivddsRaontebdsil Susl tenibé obtaimed fioen uiethendly whishiven adwantageeusiy be

fuel or .in_chem cal ons. To the extent that
obtaawgi%ﬁéml?éﬂewg&f)%%mgﬁﬁﬁ f}@ﬂ are desired, routine

t epid A& AR CRAEMCHRE! frodidtiod of Hethapokfren reethare (natural gas)
optim Zed conditions. Any suitable source of _natural

accagding 6o theetrésanisineentioneslsoguavifes thepeoted spwpnaiatiel fop the nerY

eSO BATS rE g S et ey

lig ufgﬁ@iw&c@b ¢hat E&H lgd mua@ﬁgﬂ irf theiréEt cogidasioh neethewlifitel ol and as
naer obi ¢ bacteria's bre

e C0LE Secl e b g g ot PS¢ e phul s

EC@N ;@mg; Sroce ck%aeh o'ﬁ%%ﬁm%'ﬂﬁghtsoon%rgi@ﬂ o ABtufY g4k @Sources to

m croorgani snms durin estion, as well
metBéhol br &&ﬁieﬂ@/lh d’fhﬁr andipmcluelmil dfdigse subs@mees By @@naqapé geeyeling of

o S S A S B 057 o oo

oM kdigsifitdnd advd kSncD bilities. I
08 R S i s 1

this pyatresy exethaantiis osedtzsr oA cm;@ng@aergjhgogg@ g@:ﬁtunpféq ﬁ%‘f or in the
e T
metBRR] ifEA LN Snd{3) At fRaRk fassyhtietic Apdiotarboms dvertheir products
currently obtained from oil and gas resources, including polymers and even single cell
proteins, which can be used for animal feed or human consumption. Methanol and/or
dimethy] ether can be produced by the disclosed process using any method of dehydration
such as treatment of methanol over a solid acidic catalyst such as Nafion-H or the like.
These products are of great practical use as transportation fuels in internal combustion
engines or fuel cells. Dimethyl ether can also be used as a substitute for natural gas. Both
are also raw materials for olefins (such as ethylene and propylene) and for subsequent

production of synthetic hydrocarbons and derived products.
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chem cal applications. The safety and versatility of
nmet hanol nekes the present direct conversion
wezpeairnbdy desirable. As known in the art, nepdiENS1006/013743
can be bl ended with gasoline as an oxygenated additive
and used in internal conbustion engines with only
ExAhpsyggrodi fications. Methanol can also be used to

~——generate electricity in a fuel cell, by catalytically
r efThe fidllogving thangles llostite BuichoPOnat thewitiktyl afithenpresent process. They

thanol to directly react with ajr in a direct .

are Fserandre ¥l kearn stikaiecsT megiped Ghesmicrlreastiops fi i applied to the
proded€ds oFeld inb&RfyA0! ogy and makes it readily available to

a w de range of applications, including portable

nmobi | e el ectroni c devices and el ectricity generators.

significant benefit of direct conversion of

nat,u : han [168t o

ot B TE bRl DTSR P (0 rERT, Mo B A it dhen, was
passlevepprehemsd $i0s a065@Can laajuhrz tubbiCohtinugue floadeaabrmabtain 17%

TN e s
rea(%%gg ]S{ée;r &E&Q)Qi&%fl&ﬂ%@éﬂide Het%lg]?tg% Apelibid ﬁﬁmdg ?ﬁe‘ids of

into pipelines to sati I ncreasi ng needs and
forrgalBeltyide in thefrangechfrtiOni 20k withlaboati 20rtat50r’a imegizane sonverssn.

UndR e Bebe ottt torten apards OfRD 4G LR o Rt Broduced
can(b@ive®d ivthe 8ddifibnal ?ﬁ‘e@@faﬁbﬂ of fnetHahi6l. PiesAbe dub¥gitdddBr oxygen in
provides a safe alternative to transporting natural

the gaidlatiomsteRidi ti on t o being a conveniently storable

en I t ' . '
ma? %g?é%tfs%‘%e‘rh‘? \S/eg;rgﬁ% Eﬂgﬁ ’ct %E‘}u% él g S Js)fu cﬁ f‘?g& 5{1 % %Igﬁ{}%ée?’ghout any
sepmtlﬁibﬂt of the irehctiaun ﬁroﬂuﬁ nhédr badic ehtabitic Ronditichs(Caws Mg agd the like)
..polypers, paints, adhesives, conpstructio terials,
elthgx/m%gfheogaé pbﬁ%_ecf&%(}mwm%k% S5 Lor uper Bately P@Jefé?qs (at
150PCPhBY IS metiBRb] drddBinhi¥ acile TR RBhv&r&Bn Bfd gég&?fﬁn{y%mﬂey

converted In a sinple catalytic step to ethyl ene
Carsuiwcraoy repetimmyis 299%. eMgthanolrand fommib asidican be otrefated or repitdl further

rpcess t.he buil.di,ng. b} ocks for, B produci ng, synt het.i .
to e B re Toatein el Fiefl G pbvereflieQ Tiiiang! SRR befow in
Exdnysléps addppn fuel and products currently derived from

fossil fuel can be obtained from nethanol, which can

advant ageously be obtained in a sinple selective

ion of nethane. The inproved and efficient

di ' f, L1 .

el a PO QDG padBE AMRaIde D (FRARATIE RO § o3 reacted a
150 G¢o petenbadethulformate in §9%fselectivity wishvB§ % eonvecsidvE THANGher

ECONOWY( t rocess || ow ng convenient.storage of
aCoEERORAch U AT I PGk AT Tracelyish aBd Sitfeions

the direct oxidation nmethanol fuel cell and as
EXanaPLik g materials for synthetic hydrocarbons for fuel

and varied products. NMETHANOL ) .

The methyl formate obtained by the processes of Examples 1 and 2 is catalytically

reduced with molecular hydrogen in the gas phase over copper chromite catalysts at
atmospheric pressure in the temperature range of 100 —230°C. Selectivity to methanol is >

90 % and methyl formate conversion is about 85 to 90 %.

-0 .



10

ECONOW(tm) process is based on efficient direct
conversion of natural gas resources to nethanol or
walovet B2b4 et her, and producti on of these substBCES200§013743
chem cal recycling of carbon dioxide, which can be
at nospheric or industrial exhaust gas. The concept of
ExARfr! HANOL ECONOMY(tn) process presents significant
ges and possibilities. In this process,
meAhanahixtee o ftndsadid )nchfowmaldehjrcbrdbtain@i @grmst.h@c(a'gﬁsponding

di ' | f ' f d
prodiss of Trgamid | e arspbPYeiny QA dh e SERGABIYE Tedpi ot 100°C.
Methied1 Udd el forkBlaBRl obliRld ia bl 487 yicdd ard h 2808HOC he
tor synthetic hydrocarbons and thelrfproducts
convarsion of fyrmibaciil N@d 79 /mn%en t@ﬁm@a@m afdsbformeklehyde and formic
ac1W tonfB Qﬁsa@% raw]a ? Xa%ﬂfg ' Ql.gaé %55‘%:1 18§sﬁ{n%8 reactor, clean

ghi e
conG&EioH FRYE MBthahbitila0oh yRidl/ or di met hyl et her can be
produced by the disc| osed praogcess. using any nethod
deRperesxranles ildystrgs the é%neF?é wtilirofias prepmt PERFEsS byt §}8ﬁP%|
pra&ﬁfogél‘g cﬁl‘?{lﬁ iYethe ﬁﬁgﬁ aﬁﬁ‘{éaeﬂpg ovidd§ hlafe‘ﬁf'to Uﬂ@l%.% a w1de
ucts are o rea practica e as ransp
vané@ﬂﬁkﬂumchmhﬁahamd@nnhuswsdmckﬂgines or fuel ceIIs
Di met hyl ether can also be used as a substitute for
natural gas. Both are also raw naterials for ol efins
(such as ethyl ene and propyl ene) and for subsequent
production of synthetic hydrocarbons and derived
product s. EXAMPLES The foll owi ng exanples illustrate
but not limt the utility of the present process. They
are based on the use of known suitable or nodified
chem cal reactions that are applied to the processes
of the invention. EXAMPLE | A gaseous m xture of
nmet hane (20 nmol %9, O (10 nol %, diluted with nitrogen
was passed over preheated SiQ2 at 650 Cin a quartz
tube continuous flow reactor to obtain 17% of
formal dehyde in a single passover. The conversion of
met hane was 30 % Simlar reactions over other oxide
and m xed oxi de catal ysts are expected to provide
yi el ds of formal dehyde in the range of 10 - 20% w th
about 20 to 50 % net hane conversion. Unreacted nethane
is recycled. Smaller anbunts of CO as well as CQ2 that
are produced can be used in the additional preparation
of methanol. Air can be substituted for oxygen in the
oxi dation step. In a subsequent second step, the
product m xture formed in the first step wi thout any
separation of the reaction products under basic
catal ytic conditions (CaO, MO and the |ike)
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ei ther under the gas phase flow conditions (100 -
180C) or under batch conditions (at 150C) provides
woredoaan2b4 and form c acid. The conversi on and PCT/US2006/013743
selectivity in the Cannizzaro reaction is > 90%
Met hanol and form c acid can be separated or reacted
further to produce net hyll #Qﬁ“ﬁﬁﬁl n high yield to be
converted to met hanol ow i n Exanpl es 3 and
4. EXAMPLE 2 Over a ZrCE catal yst, the gaseous
whiiqQl Bllgeyde obtained in Exanple 1 was reacted at 150

to obtain methyl formate in 99%selectivity with 85
%converS| on. The other aforenentioned catalysts are

t d | t d
cover sfoneubERkhispatag hrlhael B - stinie 808e ithey it
prodd%ﬁlgoefyﬁcg% ssciodonpraePbadizingaiéthand @d@ﬁécﬁidﬁidr@ %hfﬂ»élent to

reduced wi th nol ecul ar hydrogen in the gas phase_ over

prodiisp @émxam efimethagalt mdﬁgwléﬁhyw ﬁ@%ﬁ@ﬂl%alp%ﬁ%ef@nnw acid and
the t
carbon, di % %{16%{}%)%&&;3 h&ﬁg fm?e% %gﬁ:?g&?osﬁ@%é%ﬁt (;CX f&'ﬂl methanol
and &b@.ﬁb a&a dr@&l@yl%ﬂ%&ﬁh& sdbséqlientlgz hyidpoigenaively domlvmtmg the methyl
acid and formal dehyde o talneg@fron1the correspondi ng
formpate yoderson ltlesz%\ﬂ%ﬁ@eatt nymedgrclover WVAI 20 in a
guartz tube reactor at 190C. Methanol and net hyl
formate were obtained in overall 40 %yield and a 2:1
ragi o. The metimderfsiaim lofwhemimthe nagthahohasidzidormixpimsis treated

TRE T UMTENA 1 T ATCR RO X SR N

metBylH]esD] lwlltﬁ@ﬁltdr tmbductd. ean conversion gave methanol
in 60 %yield. hese exanples illustrate the genera

utility of the present process but skilled

pr %Ct It DG ethdt clﬁﬂni %ﬁ}e}eli]l? th%I ﬁll:ﬁﬁéﬂ ?@%nglg 93lid base

provi ded nerein 1o genérate a MA e varre
cata(lﬁﬁmn&ﬁhﬁthaﬁd anﬂcfdmb acidswhiich ateothed sﬂHdElL(élnAy pEAtat under

¢l ainmed is: A met h % of preparing nethanol froma
Conﬁﬁpﬁ&ﬁ§ﬁ§@HFE@bﬁmﬂnﬁﬁﬁ ¢ produci ng syn-gas whi ch

conpri ses oxidi zi ng net hane under conditions

sufficient to produce a m xture of nethanol and

f odmal d &y decthed of dated 3, evhicinfutheiscamiprises reactingthd femdc acid with

the SRS el PR LTt ot RRBF A 1 orm ¢ aci c

or nethyl formate; and subsequently hydr ogenat i vel y
converting the nethyl
The method of claim 1, which further comprises subjecting the formaldehyde

to catalytic dimerization under conditions sufficient to form methyl formate.

6. The method of claim 1, wherein the methane source is natural gas, coal gas, or

methane hydrates.
7. The method of claim 1, wherein the methane source is oxidized by contact

with an oxidizing agent under conditions sufficient to substantially form methanol and

formaldehyde.
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formate under conditions sufficient to form nmethanol.

2. The nmethod of claim1, wherein the nethanol
wo@iodatizen m xture is treated without separatiPCT/U82006/613743

conponents to convert substantially all the

formal dehyde therein to nethyl alcohol w thout any

byg prod By . | 40 ' :

£ o8 et o gt of ST, BAekeRl oE s i slAE LS ACLIR: oxygen or ai
andiastitabletdtalysd. and form c acid, which are then

subsequent|ly converted under conditions sufficient to

formnmethyl formate. 4. The nethod of claim3, which

fupt her TRORRIHOAST cl8AG Whreld e bRIIRifig @%én@ c¥hpiises A§drogen

f or mal dehyde under conditions sufficient to produce
peraxedenandain oxide cRitadystet hod of claim 1, which further

conprises subjecting the fornal dehyde to catalytic

di meri zati on under conditions sufficient to form

methy! fThé fRtiRd A clalii®, MhbRatthe bxtdeahtilykt inohrlessifgle b mixed

met hane_source is_natural %g%% coal gas, _or nethane

) L

catalystrbesedson ¥, TirKe, Mg, (a6l Mk My Cophiby &r:d-2rqidn and are
: : [ el ontact with an
or B L ol e G o O 0P 1 ol ont Lo
substantially form nethanol and fornal dehyde. 8. The
met hod claim7, wherein the oxidjzi agent is
mob bour The Eihalim; 1, i g e ingthang RTouered and recycled
to thWkidBigQebpof claim 7, wherein the oxidizing agent
conpri ses ﬁ&drogen per oxi de and an oxi de catal yst. 10.

The nmethod of claim9, wherein the oxide catalyst

iI\/B %éﬂ e%}\lg Imré Iof?i q% ré:’larirriﬁﬁ? %é%%&%g b r%hyki %ér%gartg % nc\égﬁér}jteg rtgarlnethanol

by cpilytvaldrygepsor. ded on a silica or alumna support.
11. The nethod of claim 1, wherein unreacted nmethane

is recovered and recycled to the oxidizing step. 12.

This3.mst IT'EQP%E#@L icm,i 1 Wﬂ@fe | etnne%h dl?ﬁﬂ e fschroﬂ%r?edi tg methanol

converte anol By catalytic hy oéenatlon. 1
by el¢ngronkedrinioal refluatioai m 1, wherein the nethyl formate is
converted to methanol by el ectrochem cal reduction.
14. The nmethod of claim 1l which further conprises

dely dr atrh® eh PRIIGIRImUNKEICh further comprises dehydrating methanol under

conditions sufficient to produce dimethyl ether.

15.  The method of claim 14 which further comprises heating dimethyl ether in the

presence of an acidic-basic or zeolitic catalysts to form ethylene or propylene.

16.  The method of claim 15 which further comprises converting ethylene or
propylene either to higher olefins, synthetic hydrocarbons or aromatics and their products for

use as feedstocks for chemicals or as transportation fuels.

17.  The method of claim 15 which further comprises hydrating ethylene or

propylene to form ethanol or propanol.

18.  The method of claim 14 wherein the dimethyl ether is used as a substitute for
natural gas and LPG for heating purposes for households or industrial use.
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conditions sufficient to produce di nethyl ether. 15.
The nmethod of claim 14 which further conprises heating
walevet ideh4 et her in the presence of an aci di c- bBGT/TSN6/013743

zeolitic catalysts to formethylene or propylene. 16.
The nethod of claim 15 which further conprises
copy.er t TAgnREHMM|FRRIMAI ARVIAEY fiether Sdrhhi¥es bRpMiBNSH improved diesel
ol efins, synthetic hydrocarbons or aromatics and their

fuel py BHxiag §uﬂ%ren9 gmounds pEdimsthod rther withchayantighal digseliel.
transportation fuels. 17. The nmethod of claim15 which

further_conprises hydrating ethylene or propylene to
f 020n et KaaBicthod of claparovhich §irtheh eomprises dorfing Himethyl 4arbonate by
erei i I S, St 4 e .for
react AR On I Bsg e o, FridtA8 BB bt SRl
househol ds or industrial use.19. The nethod of claim

14 ic r aseleN i ' . .

ai 2Ll P B ar CARRDARCIPRERRE LBrRlls bIBRANELY fpgproved diesel
fuel by méxingwstfficnnaeotnito ofdindiled ehrbbnett withQondigion®itdiad] fikl.

claim1 which further conprises form ng di nethyl

carbonate by reaction of the nethanol w th phosgene or

by22xi d&b¢ methodof olayth dtwitioh 6ifrthieh eornpridea pedpariid trafdspertation fuel

t hod.of claim20 ich further caonprises preparin

by adffing wehaneldo &peLide e Gie! g g TAlCIORyTE Eataling GORIRREOL at least
15% %k valumed hyl carbonate with conventional diesel fuel.

2 The nmethod of claim1 which further conprises

preparing transportation fuel by adding nmethanol to

gag®l i Mehdvink | ' Lo '
et e e b T ARG IS gpanol or
dimeghyd ethen @s eanivenient anetayrstaragepanidgesmspariation inrederidlein order to minimize

. i hyl, et her ,as_conyveni ent, ener .
or eEE B iRl b I RS o AR TS Bheile SRl of LNG or
LPGm nim ze or elimnate the di sadvantages or dangers
i nherent in the use and transportation of LNG or LPG
24. The nethod of claim 14 which further conprises

ut24.i zi Tige mbthotef biaiin 14 faiiclpfuehar dohgprise glilezigethe methanol for

ﬁfotei S fPr huna r ani mal, alinmentation.
preparing single cell proteins for human or animal alimentation.
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