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WO 2008/ 021698 PCT/ US2007/ 074601 METHOD FOR PRODUCI NG
METHANOL, DI METHYL ETHER, DERI VED SYNTHETIC
HYDROCARBONS AND THEI R PRODUCTS FROM CARBON DI OXI DE
AND WATER (MO STURE) OF THE AIR AS SOLE SOURCE
WRZEHH0AL698 5 FI ELD OF THE | NVENTI ON The i nvenP{HH52007/674601
di scl oses to the conversion of carbon dioxi de and
water (noisture) of the air as the source material to
meViEd D FQRERBRUGHN (= MEHHANM IV FIYLETHER, DERTVED
h Y NEHETIG H YRBO G RBONSANR IR BRODLIC ENEROMONBBON
XTDE AN/BRYTER (MQISTURE)E THEAIR A SOLE §OURCEHMATERIAL
energy today. They are used to generate heat and
F Iffbﬁ 1 the source materials for
s. Fossil fuels also serve as raw
mat éT’heeihw&nﬁm div@doscn tosthd wiwens'mn ot cbandlotitkednd whegri(medture) of
S _essenti. t Q.,our usti on
thg]a ﬁ'}g s?urf:%%lftten% O%\?thrandp i &&F%Mega#egved 8 %Qg%lzyd[r Cét{bons and
protindis thivattem.t 0 gl obal 15 warm ng adversely affecting
the environnent. In addition, fossil fuel reserves are
on a decline. As an alternative to the declining
BAECREIRESNDIOF DHEIINVENEION t he use of nethanol as a raw
material .for produci nt het | rocar bons and
f uelospiblelserp @aag@é'?cg&¥ ﬁaYd. Y B USPLQ sgperye heat and
el@ﬁﬁﬁbﬁéﬁﬂﬁ%&h@ﬁm@@c rﬁaeredig RF ﬁatspa&nsg Ble:C Fobsillfadk also serve as raw
mat eri al (se Patent. No. 20 5,928,806). It
mggsTiply qué(aﬂwﬂwmaﬁb%fma«a@ étsﬁsdeﬂ‘éedmr?%c%é%%% fhour everyday life.

COnPHEE of fo@snlsﬁlgeﬁdxﬁ@ref bﬁ)dué/e's %M@ﬁ hixidO auheaitulh & global
supply particul arl K could be economcally

wemprgrdarsabaiicetingdhen rﬁmamt{ eadditiensforsdlfucl resgivepire on a
ddi;pxi de is present in high concentrations in the flue
gases of fossil fuel-burning power plants and other
var i duan dlistasve iodhe dechiving reserves ofdpssi fifolse theaise pfmethanol as a raw

oBEBERL SR oSl B LU0 RS 0t i

hafalsodetomggistxdiaden alfanative scgmeeofcaw beteridi (996, de-, U.S. Patent No.

il e N R A
vmaelusm“mustﬁlehmplsly partig areif ute:oﬁldrbetehmonnaﬁiy warggred andoecycled

OSglsubterranean cavities or under the sea.
pﬂ&é@%?‘ng uestration does not provide a pernmanent

sol uCirben diegidelBerasbatiih Bigh icgibeﬁtﬁ&ibnmdhcaﬂlm‘gamtoif #ssit fel-bumning
carbon 30 .dioxide |e o] xi de is vol at.i
DS P 200 SITRT T y® N sl afh SR RocoRip s ditural gas.
Maﬁﬂﬂiﬁﬁfal gﬁsgso%@@@nﬁgl sﬁg’iili(ﬂi)@ﬁt Shhenhtsq8s aadh dsao?,rceatdreo of carbon
accel er at e ear gquakes or r. at ur
dioKERoR ﬁaﬁg%aarmﬁlaxm@@lsgwaéﬁ%ﬁ%aﬁvq{sq %&ﬁaqn the global

climate, it considered to capture carbon dioxide from industrial exhausts and sequester the

captured carbon dioxide in subterranean cavities or under the sea. However, sequestration
does not provide a permanent solution because of its high cost and a potential for carbon
dioxide leakage. Carbon dioxide is volatile and can eventually leak into the atmosphere.
Inadvertent leaks of carbon dioxide can be greatly accelerated by earthquakes or other
natural phenomena, and would have a catastrophic impact.

Furthermore, while it is of critical importance to curtail carbon dioxide emissions into

the atmosphere, recent studies suggest that this alone will not be sufficient to reverse the
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Furthernore, while it is of critical inportance to

curtail carbon dioxide em ssions into the atnosphere,

recent studies suggest that this alone will not be

sufficient to reverse the -1 W 2008/ 021698

PERIBYEY/ 074601 damage that has al ready oBET/FFp7/074601

Thus, in addition to having a method for safely

di sposi ng carbon dioxide so that it does not enter_the
dagpagp S5k Bes@iresqy appiTed JEubn grdugn toﬁ’éﬁ@&atm?té(’daf% safply
didhsthgl ArioR MY CH Rt G rbAg M b iRRIRLEBERNHAE Be bPgreat

nor e qui ckl reverse the cFr obl'em of carbon di oxi de
bangfit touabsoi be étybﬁﬁetoam@wb@ ipxide frew the afrpspergto more quickly
reRERE e Prdbledh Of 9 foxﬁfggﬂll@ intRE¥Edos B OF 1t also would be

at nospheric car | OXI hi's wou provi de an
be‘rmﬁsnhg Fohndce cl@famb@irre@@bn@ ef dtonosghend geboy dfogiless driglwould
p1%¥{£'1% I%gilﬁe%h%ﬂﬁg aﬁ%ﬂ%ﬁ I@ﬁ%rtce\é\%g g?{ﬂlté:m:g ef‘lg‘ seg’-tl{séga hgc}rocarbons
Whﬂé etdheshnbfytlmh elitigatiop ghbel dtmzaa cleage thaoxsi cdeseidror affected by the

S RY COF .THE | NVENTI ON The i nventi on

1ncr ITP (ﬁhcalt'bon dloxu?&:nu'\l/g/‘]A atmo heaﬁum ng nethanol from

at m)spherl c air, whi ch conprises renoving water from

[i.C. rlegE idification of noisture
iﬁ@%@.{fﬁf L8545 .].‘ﬁg@wdr ogen fromthe renoved water
by CHiedhyention Rlatedtth e metidd s ppdducing &ibﬂ@ﬁol froald htaio@fblﬁﬂc air, which

car bon di oxi de by absorption.o sor ion fromth
CRT TPV iBH VAL SoRt P Phesh ot e St ¢4 R hgherctrom;
o@nRG MydtoSer fikdin HRUSMORI IR By Ritalg ik bﬁhh& hRhNettReaOige;

reducti on and _ hydrogenati on under conditions
oldpipIng Cprdp ‘P@dﬁ Py abreB iR PhaseIption ﬁm’t"ﬁ}i‘esdeﬁ%@é@@ atmpeggheric air;

arfiPdoR G tin dgdt'h@ Sarfiéh di¥RlEthus SRSnELES) HReb1D M@fh@@@& rédition and
obt ai ne olely from atnospheric air as the source

hydsegenatipn @é@r@n@ﬁwﬁe@‘@@@hﬁom@ﬁm@a@%e}ng@m PRIsEssyie e¢rbon
d1()k1d@ Watérhﬁld@h§édl'ﬂy@rdg@n LIQ %bt%in'éa S(ﬁag ﬁ%ﬁfﬁﬁgspﬂhﬁgé@% the source

content of atnospheric air are” separated for use
mﬁﬁ“@‘h@%@b:s@@@@ﬁﬂ%ﬁ@dﬁ@ﬁtﬁn of met hanol , di net hyl

et hefheavMerq% ' tl‘lqﬁgglomﬁ))f@}nhcﬁé 51@ am{ ggfﬁ&?&lggﬁé ccﬂﬁen%?ﬂtlﬂgépﬁeﬂc air
Using alr as the source maté€rial provides an

are nepatrsadsior icdn thesphspqusht productomet methanehtdenéthyisther and derived

SRR AR R TR Ro B, (REREA e J R Mo o
imﬂadustthlmpblﬂ)ﬂhecs'taﬂmg mﬂeﬁqm’n/mdwsa'y meetnhlensokh prodviads. The method
ar.

odiialRe e S S Gmol Bt ARNR R 0 et ThGY oot siBlienSa
prbduc&yﬁﬂtﬂimbi zmdh;y dinotiay bihas Mﬂﬂartohﬁldv’orm]lrﬁdhlﬂteﬂler a'dil&)e used as fuel

t.er anb t ai ne m di. f air | e
o R BAREo am D BV e BT Bt retP B B
at gusrﬁiwwr@a@aé mﬂn@lihmsgammgﬁymgahésm Whil tBe aﬁﬁﬁ{ dedle can be
an en treating the adsaorbent to relea e )
objpin %@S%TQPEW%PB‘%&C&@"O?HE’XEQ OB Sc‘.ﬂt%}ﬁ? 6‘@0@5?? agd then treating

the Rl ILio release the adsorbed carbon dioxide. The carbon dioxide can be obtained

from the air after removal of its moisture (i.e. water content).

In one embodiment, methanol is produced by catalytic hydrogenation of carbon
dioxide, wherein the hydrogen used in the hydrogenation is obtained by electrolysis of pure
water obtained from the air. In another embodiment, methanol is produced by reducing the

carbon dioxide under conditions sufficient to obtain carbon monoxide, reacting the carbon
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fromthe air after renoval of its noisture (i.e. water
content). 30 In one enbodi nent, nethanol is produced

by catal ytic hydrogenation of carbon dioxide, wherein

he hydrogen used in the hydrogenation is obtained

@P@@?’%&f@gi s of pure water obtained fromt hg@gp?z_om?%mm
anot her enbodi nent, nethanol is produced by reducing

t he. carbon, di oxi de under copditions sufficient to
S BB PR s SEPHY AR, Figtoyd
catAiRa 0y ARHS R AP RO F6ARAd un dEPESItidRs WiflidedRd Hrofwe twice

under cqgnditions sufficient to obtain nethyl fornate,
thg gprount of usedimethanply hydrogenating the methyl formate

undeyfehMul piodeea a§ébfrtii£% {oRRS int/Ghtidh QEMELrt M GRocedsB@1to any desired
amount of used nethanol. Methanol produced according

dertyativreoridpnendropmnowds Ber oxemplrapetiangbeasde delsiraterto produce
diﬂﬁﬁir%?cger, Both f oifiah hed %aﬁﬁblg & yg&%ﬁ,ﬁ FRAUE mERbnot or dimethy!

exa net hanol can be rated to produce

ethi¢rrran hlpe befurtber, tregisd Mndsh copditddms aetéicigni] to Synecompounds such as
r i i . .
L
hwlibdarbong atontabtics, or relataipoductisarsiibirefar areudefil enefeadntiock for
[ | ene. EtLhyl and propyl ene can be converted to

d%?gﬁé?”&%%%?ﬁ%%”?@ﬁthetic hydr ocar bons, aromatics, or

r el a@neduyhicd dmbbédmedtnaiethlneil abgrtler avith nitwgéndlsasparated from the air,

feedst ock, for 10 chem cal.s tran rtation fuel. .In.
end R oREr o BBEPHEAT Rv RN & EUgaUHEF S REiT Piogedion of
pdtesi. separated fromthe air, and used to produce

amoni a or ammoni a salts, are used for m crobiol ogica

production of proteins. 15 DETAI LED DESCRI PTI ON OF

DERBFERBHDE SOHREOHMENDS PREFERREDEMBODEMENS t 0 the use
of atmospheric air as the sole source for the

pr odtRE PRIl A s Ih BT gFe AriimeBhesiATs Rietolasenrer [ dhe production
of REHAI0And RHPBuRE deHivERtANYA methReN, sudhisim&B e Rvhiftcan then

used for energy storage and transportation, production .
beypsed fofgagay statess and TRaROTtapm PERSEEiPBP!L tragspetaiton duels, and derived

syMHEQ G AEDQR R pPSlEsS. 20 In one enbodi nent, the
invention relates to the use of the air, which

contlgions embadiment, the yversiognrlptes trthe ivolithe ai5f weigh Beptains a small
b\g's%ﬁﬁ%%lﬁ%uﬂt cﬂc@&%ﬁﬁ Higﬂldé h%oé%ﬁca&fﬁn@%ﬁf vhater ®i.c., water

water vapor) as the sole source materia _ _
vapouide diersgleserthy matgtialdhioprodusdiioonethyl picphgl landohdimethyhesher. The air

ir t : 9 . akd,V .
o 0 e LS R R b Bt o
the eputlitionsniggluding temﬂaiemglrﬁ,@rmgrrathun@itypﬂ%sﬁﬁez debumidtficatygn of the
ek S5 I S L0y
whethéreityi abgpriidd dr adstrptios waihra, sorbent, membrane separation, or any other

technique can advantageously be used in this invention.

As water is frequently not available in many locations and/or may need extensive
purification, distillation etc. before it can be used for generating hydrogen, the pure water
obtained from the atmosphere is hence directly suitable to be used as a hydrogen source.

CO; can be isolated from the air by any suitable means, including membrane
separation or with any sorbent device or material. An efficient process for capturing and

reversibly adsorbing CO; from a gas mixture using a nano-structure supported absorbent such
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whet her by absorption or adsorption with a sorbent,

menbr ane separation, or any other technigue can

advant ageously be used in this invention. As water is
frgzguentl not available in many | ocations and/ o

0842168%si ve purification, distillation e{’ETfU%"@?"é[i{’é“l

it can be used for generating hydrogen, the pure wat er

30 obtained fromthe atnosphere is hence direc
asfymedpfies i gisplessddn o andiner or geRond fricat Ardse t@gﬁ% £0/837,274

filed Ahugh2 40,2000 thd \Gitied dontDit @f%@i&b t@@ip@ra@ea%fam byWekeddicB thereto.
nmenbrane  separation or wt sorbent device or

Aﬁﬁ‘t c@rtiog |dioxie 1%?“1&3%‘1“’@ ﬁtcalpb%@keé%edff%ﬂdﬂﬁ dpeughihegfingrfgd/ior reduced
&%ﬁ&rﬁf@eynag%&e@dﬂaqeg%éﬁe@mla gas mxture using a

nano-structure supported absorbent such -3 WO
2008Wei21 6938 RSO0 P4 86 Rirheanfhgriendpted froms hejair by any suitable

T T e

desrtd menreoat esource ffondtyioigen grodwntion pmlml@bly hequeﬁmc}yymcally The
ref eren 1 t r apt

LR P Sy LAY SRR LRIy o AR Bt
red L(C@ﬁandmgesthw @n bopbtamed fmmtahmsphmmtaurcas som:imsn souvexdmaterial

ool 5 Rimpoiye® et af el e oEhrife S Sbefengfedioed imus

Pai’f&ﬁl]}&x 5 @E&Stﬁfﬁna feoipsadingd . Pit@liﬂﬁtﬂpﬁcﬁioﬁ Nos 1 D#02059bthe entire

urit nd.c be utiliz ectl esire
cdioh bl s BR oL R R drormgrei i B st e, USRS
5,028 Q(b@’dehé‘rﬂieé ym@tho@ beelE mdﬁalhdx‘ide ahB Svateh wifoBf ORy @ Bated
‘obt'ai ned can be used in hydro’%enatda%le conver.si qQn

hygirocarhens gchas matsl aICC@e}zmg%rl fopepteHaEnaldehy dreoTdBms Ad by, for

edabipIe ?fom@@fuoﬁ dfxEdeFate ORI ECRRAI &Ergh B £Fddfdtion EOncAdeh that
used roduce nethanol or di net hyl et her accordlng

ﬂl@@alib%dlsﬁlée ardweteryaact i loan oxyeeaml an pygakdedyydrocarbor or a
mpt e 2&3%0 15ArREDEAN Y- P%tenPﬁb?l'fHatlcﬁpﬁb i mton 950 bl%wdes

the entire content 0Of each

mictheds fobeanveding 6 e tnmphanch b patiizéc hydeqaspasion @n@lsqimeémﬂt

g B GRS o B0yt i DO
inslydhmgatectrely$iy bf wdtero Hbis applidation disdesenteducippearedndbivnidieto produce
a g;,ractﬁo% &H}x&réifdngau%{% fofn;ﬂjc a%l%. gft!mlxﬁmtzﬁg ﬁ)\fﬁlgtkdﬁ%g‘ﬁﬁ'rrﬂ%hyde and

er an ectric energy to a re
sindlee amowoits dtﬂlmthanbh dt ©dolhoved dy exticdecanid comtegrthe avtldthyde and

form o ted h n _or
R R R, R B Db B RSB R bl o comven
fohppldeioeat |tc1)1|ﬂethhnol 8¢ AORNOSOnghanel pieéucedeﬁdimiscré:{sad by reacting the

convert,in .to. t hanol by cat ti hydr agenat,i.on ..
SR EkL e a8 S ) B Sne bt o e R HARGE  fhatvely,
fdanely &gﬁdﬁglgb ﬁd&ct{édgqth emeﬂfahal o ﬁdmfmﬁmlaﬁYnafd,l whith Iupon catalytic

I NCIl udl el ectr ol

R R g BB AR R AR SR, OFOSE GRS th TP carbon

dRkid W& Ebe 1Red RALhERR chtbdl HioRoxG@ thdtuh B igh @nifieat@€ irdhction with
with concom tant formation of forpal dehyde and
carbon and then reacting the carbon monoxide so produced with methanol to form methyl

formate, followed by catalytic hydrogenation to methanol. The energy required for the
process of separating CO; and water from the air, and of subsequently converting CO, and
hydrogen to methanol or dimethyl ether, can be provided by any conventional or alternative

source, including atomic, geothermal, solar, and wind energy.
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smal |l er amounts of nethanol. It is followed by a
treatnment to convert the formal dehyde and formc acid
to met hanol. Besi des using Cani zzaro-Ti schenko type
chem stry to convert fornmal dehyde to nethanol, the
WORIHO2H08 et hanol  produced can be i ncr easedPE/US2007/074601
reacting the 25 formal dehyde with formc acid (as a
hydr ogen source) to synthesi ze net hanol ..

Al t Methemo) ard dimetiy} gt Prrdpepddzom panosihiges €92 and Hz0 according to
th@f%léﬁﬁkﬁi ard 6bnfv8:[1£¥it %%t@% lall(.fl Qﬁtﬁﬁ&% M\Q!Ehﬁg] M%C&@Bﬁ{'%gﬂoﬁahon

ogenatlon W | glve tw ce the anount of nethanol

ﬁr¢ wghbgmtlh@catww@dum@nﬁc fidsncathentand dedvedseatenials. It can
al&?ﬁl?éa%&teﬁ%g ARA%KED Ewdﬁ‘%g%%e uledtiyHin eﬁ%%rcﬁ%&éﬁﬁnol) or to

reaction wt carbon a acti’'ng e carbo
dimsthyk tafeonste. Priodhpledrbanath canchermodiced oy ¢odatveredrbariyla®0n of

meﬁ)lr %‘i t gr,co a%h% %V\ﬁg 1n8§nt1?)§%1§&lrc¥i¥e)%§ l}%%ég{aﬁgﬁgg Eée%ﬂ fﬁe(l)s } gan be produced

roces
scﬂﬂpﬁbmtthmgrcaz and water fromthe air, and of

SR R0 ] 8 P Bl S BRI v

fromh tiadni & nedful\ee corsenientand Bifeib(lsdira‘l)@b @tetymssurc@emﬁ iestlgyad well as

e DB R HSAALa A B RGPrIgph g rlaed products

Methagsleadof digitha! BGRRAERE Contliedan thelp2dk@e @Qﬁrd&dikﬁc-bé&d Heeolitic
i nvention are convep}ioent to stor and {ans

caplysiRiRgroduee efhylencaiion RIoPYIFag, SHisR AL 1Bl tofn e kg, sud a
fe@&sa&%%ﬂ othdr s PRhAH h’j{@m&{r&qﬁ C&n‘%’@h@t@ﬁﬂ@ aliheRGAl M Iling

derived materi al s. can also be converted into

trmsa@myn fusisn dior exajppics pth Vlgnw@dmwéen@y% fesrhydragad; te forgy ethanol
aﬂ?ﬂr@@aﬂ }es&rcntfé?y i c@ﬁ%@b’énv@ﬁé&@'ﬂ @rolaicrg‘ra%l IWlefins, varied

car bonat e can produced by oxidative at1on
ss@#hetlﬁbrddm@monsm ewmdtif gomnpunﬂﬁe ag wvlbmnr@dvcae%&p%ﬁpm these
4}&5 , all these useful fuels can be produced solely
omthe air. Methanol, dinmethyl ether, and synthetic
hy dr &gall efghesp redims steagedersinipmmmds sidbed preditiofigra tharhsmo need
bRl ﬁﬁ iof QB RS eﬁ{‘ drh%%iﬁ %@Etﬁfoﬂ%}l IEWSP %&% of
sources an uel's, as we as
cameittions sif§ciérdito achidve osprofheniticalesiredgyodustusiog the startlng materials
dr, 0 d rel.ate [ nd/ or
d%%ed ?r ﬁ tﬁe C'%ﬁlcffgi%nag k%e Cohtr é&? %%Eenal ?ﬁ'ﬁscgr%gd;%eﬁ%e of an
aci dMethIams can ajafo ®astd 4si acfood stuadeyfst Sngia)cq}]mrgiammls or

| ene nd/ fp % | ene, . whi ﬂ are useful to §f0d¥§e
s s 1 R P il P S IY s e R
pﬂ&ydiilfzé)gfaﬁ moﬁk@ﬂhlﬁg&ﬁitri‘éﬁt ﬁ}{t& &:ysmaiédg ﬁ1hﬁgﬂanain$ the aﬁ IThu:s the
inclu s i on, fueis. For et ene
iy oAl rasids® & B ot M A setig PGS LB A eTE 4 Brfifocis such
adproRAR 8Y utik A8OEO!, IHLO| dhd NJ&Y&E@@OE B MRIae th thds embodiment,
h| her ol efins, polyolefins, varie synthetic

QFEBGTIS S ussd nﬁtr@%"fsl adﬁ%f’dYﬁﬁ&ﬂ%@Qn SQIECG b P4 caglon dioxide) and a
scﬁﬁ&’:cgf Gl SroRnqdieRd FlobPiR bR 8BisteOIRRANDR also as a source of nitrogen

for producing nitrogen-containing proteins. Single cell proteins thus produced can be used for

any desired purpose including human or animal alimentation.
The use of the air as the sole-source material in the conversion of CO» and H,0 to
methanol or dimethyl ether according to the invention due to its universal availability on earth

provides unique and significant advantages by enabling universal direct utilization of the air,
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As all of these reactions are generally known to
skilled practitioners, there is no need to recite
detail ed reaction conditions herein. The skilled
ractitioner is well aware of 20 conditions sufficient
© 220298 or produce the desired products uBFHYSp74601
starting materials derived fromthe atnosphere as the
only source material as disclosed herein. Methanol can .
avgilable e vaybedyAe PEodusessabal fuels prs hydraggtben pradpcts. Whereas water is
2GRN bR BRHO Elear W StE00 hOBRLBMR: ih thaR) BLHC SRR AELBRination is a
e.g., single cell proteins, in aqueous nedia in the
pessibleerithoug)i expersiwgway eforbtaaing plganivaters dn eridaeess watgymust be

bf&l. tiilz fr&g oﬂ‘_.:s{dﬁ: Qﬂ@gbﬁégﬁ{@ cﬁs}?&t .cﬁtg)n;sr.h Pite cl&agxewa%é obtained from the

i nvention also provides a netho or produci ng

myisturogfithe doistimismi usefubdndremen ecoyomica dyearedusteflatmespheric CO;

_ : . ‘ ) el
PR AT LD S R Akl
progduais et imEhtianprgvides @ inexhewstibleand anibasallyeuaibble(souree pf CO, and

carbon di oxi de a_ sourge .o rogen (deriyv
iR ierah S S e AT Jor T SRER LB s pptece
inofeasingly digtnishih@res@wechi€ossiy firklst The procesw i Asaddugntageous in that it

roteips., Single cell proteins thus prod d. can be
offsaiys plpbit Bk atibs BinH RO S PP RGO agpsphere
whilé Efdctitdly IR COfand Fifer s the @fmdspier@iopréduct BBential fuels and
sql e-source material in the conversion of CO2 and H20
P{o8Uctet hanol or dinethyl ether according to the
invention due to its universal availability on earth

rovi des uni que and significant advantages by enabli ng
E&ﬁ&ﬂ@éﬁbl direct utilization of the air, -5 WD

200802698 iRCH HSAA0FL AT Ay B ahaBhéull GoEYEINAPHYed as
to produce essential fuels and hydrocarbon products.
ligWidpeths sepecef the invgptielant on earth, clean water is

not available in many areas. Seawater desalination is

a possible, although expensive, way of obtaining
Extreplelwat er. In and areas, water nust be brought in

fro ' t ' ' The;.

et of Rn TR AR IR TE AR o S r T and 11 R hd

obdehsmidificatiomuengappepoate vpdelg aby appogdion techfiqas mAdptremogal of
[ . on,.. [ . al

Pl AR, M3 WlRed PGl bl g b pifims

ciisstingwfenduitadde greav¢all esogbiant, kexdan stficidndy absdrbing carbon dioxide.

uni versal ly avail abl e source of CO2 and H20

everywhere on earth. It thus provides a basis for

Ekateple2and materials needed to replace increasingly

di m nj shing reserves, of fossi.l fuels. T rocess. i s )

ol S oLl AP ER et R O A A LSO R Gl o Edneration of
hy&bgaﬂe change due to increased concentration of CO2

In the atnosphere while effectively utilizing CO2 and
water in the atnosphere to produce essential fuels and
ERseiet s. EXAMPLES

Carbon dioxide absorbed or adsorbed according to example 1 is subsequently desorbed
by heating and/or application of decreased pressure and then converted chemically to

methanol.



15 The foll ow ng exanples are illustrative only and
shoul d not be interpreted as Ilimting the scope of
the invention. Exanple 1 The noisture content of the
air is renoved by any conveni ent and applicabl e net hod
VO 893G ni di fi cati on using appropriate cooPtHES2AH 74601
absorption techniques. After renoval of the bulk
at nospheric noisture, the treated air is passed
Eﬂﬁﬂﬁﬁgh an adsorbing systens consisting of a suitable
Chem 6athe ARG RER TN remb P Wtbb:0diBkihE EbRNEd SehBRRRMLI #2%consisting of
carbon di oxide. Exanple 2 25 Clean water renoved by
pigErantinlly ¢ palgrtindencaning pelymerior @éhe pelpsmigp geuphoptaiging polymers.
generation of hydrogen. Exanple 3 Carbon di oxide
absor bed or adsorbed according to exanple 1 is
Exampdefluent | y desorbed 30 by heating and/or

appl ji i . C 2 A .
chorh SR8l i SERATS Heh REBTPHG R 5By YGRS SPRUGH 6 supporting
0P edSRRe ahdnidHelothde xampleasudpoiis O ndrersirusiyssti @atufeowith high surface
renoval carbon dioxide fromthe dehumdified air
activity.. . . L.
consSisting of preferentially a polyethyl enei m ne
pol ymer or other polyam no groups containing pol yners.
5 Exanple 5 Absorbent used in exanple 4 rendered of
significantly increased activity by supporting on
fumed silica, alunmina or other suitable supports of
nano-structured nature with high surface activity. -7
1. A nethod for produci ng nethanol from atnospheric
air, which conprises: renoving water fromthe
at nospheric air; obtaining hydrogen fromthe renoved
wat er; obtai ning carbon dioxide fromthe atnospheric
air; and converting the carbon di oxi de under
conditions sufficient to produce nethanol; wherein
the carbon di oxi de, water and hydrogen are obtai ned
solely from the atnospheric air as the source
mat eri al using any necessary




formof energy. 2. The method according to claim1,
wherein the renoved water is obtained by
dehum dification of the air. 3. The nethod according
to claiml1, wherein the carbon dioxide is separated
fromthe air after the water is renoved. 4. The
nmet hod according to claim1, wherein the carbon
di oxi de is obtained by capturing the carbon di oxi de on
an adsor beht t hdx mediod fprsugducing methasel five appospheric
t r eat | A& Which seprigrsnremaving whienfem the ategsphersdhainar bon
di oxi debtaiméngliydsegensromi g rwatdved watTostdainmgtoartownai m 4,
wher ei diokhie freu sler imosplicsic aire addecbiveitingghié Earborent
heat i ndioxidedindedcaad@iss kefficienbflttiudatetRAdewh&Eind
conbi nedeiciboh 6088, vider'BLIFAR bR Gre SHRALT §flel§ FHRPN
di oxi dge a@nos %rlgﬁfrlﬁg%&%ﬁ@’e%ﬁ%&l%sﬁx&b%g‘n@cesmgr en

y me e

the «c 1%>§,| de 1s obtain ne s ration
after t evvate is renoved fromthe air. 7 The

met hod accay di ng. 40 cI aiml, wherein the rogen 'S
obtai ned b eI ecEr agporg g‘h"@ 10?”11‘3

cl eavalf&*dF t“ﬁ‘éerrl% cpHen REthSr- accordl ng

to claim1, which further conprl ses reducing the
carbon di 0¥ de uhbiemethoddiceording tewhafing, sherein thef or m
car boncarprodioside is sepatataugfrethehear biber the nater deremiot/éd.
nmet hanol under conditions sufficient to obtain nethyl
formate, amd caThé mumaldcyorhmrta@mtn Rietdiethaet hyl
f or mat eurbi@bxide o bthRBE by Shiftliift ARalHINRENLSCE) an
et hangiserbdnt thAeis ¥eb4Q6: E&Pb@(g ﬁeﬁ:@n@é Jdsopbine h

furt h |

condi t |Oorre11§ suyfégl eng%%ﬁ%r gro %gg{él %I hyI et her. 10.
The net hod accor cI a| V\ﬁgp ther

conpri sgs rseactl g: E{’ﬁtg P iy Wénmeesence
of Bn 3SpipeRL IS fea éwa gipntihcating, zedpced preguire,

condi t YASHYMsgASTRWES 9f 2 cembiagipn thereof to release the
captured carbon dioxide.

6. The method according to claim 1, wherein the
carbon dioxide is obtained by membrane separation after the water
1s removed from the air.

7. The method according to claim 1, wherein the
hydrogen is obtairied by electrolysis or catalytic or thermal
cleavage of the removed water,

8. The method according to claim 1, which further
comprises reducing the carbon dioxide under conditions sufficient
to form carbon monoxide, reacting the carbon monoxide with
methanol under conditions sufficient to obtain methyl formate, and
catalytically hydrogenating the methyl formate under conditions
sufficient to produce methanol.

9. The method according to claim 1, which further .
comprises converting methanol under conditions sufficient to
produce dimethyl ether.

10. The method according to claim 9, which further
comprises reacting the dimethy! ether in the presence of an acidic-
basic or zeolitic catalyst under conditions sufficient to form
ethylene and/or propylene.



et hyl ene and/ or propylene. 8 11. The nethod accordi ng
to claim 10, which further conprises converting

et hyl ene or propyl ene under conditions sufficient to
produce various synthetic hydrocarbons, chem cals, or
pol ymers, or products produced fromthem 12. The

met hod according to claim1, which further conprises
reacting rrethanol W th nitrogen to produce anmoni a or
amoni a sallds. 1Bhe mabodeeens mad@@kaanrlg which|faither12,
wher ei spmpréses pdntvesgerethydenceqrarapdend ungler edralitions

at nos pheficientab pratude uaeshsfsgnthttiehydreemborsnchemndalt,lve
anmoni polgmeR 0D dNBLS priotiGeedl forh Sigsn . f or

m crobi ol ogi cal production of proteins. 14. The met hod

according tg cl a’[’ﬁ@l%ethWH%E@drEm hE clafiR 3 OGREM fultRerd

I
E?rﬁ?tﬁﬁﬁm bﬂﬁ@a@%ﬁ?supg iottplite b or
I'ng to

accor i m 14, wherein the pol yani no

cont ai ni ng .poly pol thyle ei n.ne, and
support, is Bused ?‘F‘F@Qd&Fc%ﬁﬁﬁltﬂﬁa‘@ » Where Flod

accor dhHgesyis separated fropbe atmospherig #y Pnd usedder the
pr oduceactianopnd the agumanimoraTBNBRILFAlls wiee esed forat | s
obt ai mattréliokegichkpraduction of proteins.

14. The method according to claim 5, wherein the
absorbent is a polyamino containing polymer deposited on a nano-
structured high surface area support.

15. The method according to claim 14, wherein the
polyamino containing polymer is a polyethyleneimine and the
support is fused silica or alumina.

16. The method according to claim 1, wherein dimethyl
ether 1s produced from the carbon dioxide and water that is
obtained from the air.



