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WD 2008/ 021698 PCT/ US2007/ 074601 METHOD FOR PRODUCI NG

METHANOL, DI METHYL ETHER, DERI VED SYNTHETIC
WORMORAIARBONS AND THEI R PRODUCTS FROM CARBON Dr@XUSX807/074601

AND WATER (MJ STURE) OF THE AIR AS SOLE SOURCE

MATERIAL 5 FIELD OF THE | NVENTI ON The i nventi on

VISFHOI® F OO PREUD COMNE SIFAHAN O TPMETHX, $ R, DERIVED
WWHﬁﬁc%vbﬁb ARBOWS AND thspﬁ%@éml@mwbmsm

DiOfIEAD, WA FERMORS ke €A YA AUHSISOUE SOURSRMATERIAL

OF THE | NVENTI ON Fossil fuels are a major source of
FIEED®ORYHEINMENTIORY are used to generate heat and
electricity and are the source nmaterials, for
t r A8 picaten dirclpersite therggugrpion gerasben digxiisapd water (ggisture) of
the aﬁiaﬁ ?Alﬁcg &ﬁte}ﬁglr %‘eﬁheﬂ%‘fl &%@P&ﬁeﬁﬁ%xleﬁ%%ﬁotﬁ%% ﬁ}ycﬁgcarbons and
pro essentl a to our everyday
prodnﬁtsftlmsﬁbnf. uel , however, produces carbon di oxi de that
contributes to global 15 warm ng adversely affecting
the environnent. In addition, fossil fuel reserves are
BAGLGROTAES IOMeHEANVENRIGer native to the declining
reserves of fosSil fuels, the use of nethanol as a raw
mafFessildlclf ere pmajdo scinnge sfyenchgt todayh yHrezy@afr bredgo gergerate heat and

e a5 B S-SR o R S e DR 8% s s

matéi‘ﬁ‘lseﬂ'ok a&rlc(ws 2dro%a1%ons dhdSheiPat@nid PoducOesSerdidBiodRP bverkay life.
| y advantageous to utilize carbon

Condnuwatmf fOifﬁderﬁdb@Wﬁg?r,l nreduogs earben fipxidedhigortribbice to global

p| c
warf?ﬁfl aﬁi)réee %th%,( eﬁwr tﬂbe%l? t ndadg%o% Poﬁﬁmu%ﬂ’éagrves arc on a
declﬁhleOXI de |s pr esent i n high concent rat| ons in the flue
gases of fossil fuel-burning power plants and ot her

variseieltemgiivs tojthe %smmgsrte&ervq&ofép% fﬂffléqﬁ%mq qf methanol as a raw
mat&af m%ﬂu% ﬁl?fhfﬁ%ﬁl‘ hﬁﬁ'ﬁcarbc?t% N8 rﬁ(elg] @'E ste g, ubﬁfﬁ%n dioxide

contain sig I cant anounts (as rruc
has dfo banboggatedxis de altdmativd sogm'ee)f caw hmltermil (Deedaezg U.S. Patent No.

i SSi ons d their adverse effects on the. gl obal
5.9 %EHM%WOP W@JHQ@M@%@%?OE%‘&%&%G EYPBR HiOcH B FUBIIeFiBR S
vurtda[’l§i E&?e&hhlﬁltlb Fe’%‘il?ﬂl%tpﬁrt%f&rﬁz‘%ﬁﬂ estia rbetee&lon%@m}“é a%@hr&ﬂérﬁﬁ% cycled
di oxi de I n subtefranean Cavities or under the sea.

fromHbwetreespherequest rati on  does not pr OVI de a permanent

T R 0 S
powdNsla®d Bn @Y@BE vy iddsdial &thausts elt alseTERN@ItR: accompanies natural gas.
Many natural gas sources contain significant amounts (as much as 50% or more) of carbon
dioxide. To mitigate carbon dioxide emissions and their adverse effects on 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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I nadvertent | eaks of carbon di oxide can be greatly
accel erated by earthquakes or other natural
w@b@soressn, and woul d have a catastrophic i npakCT/US2007/074601
Furthernore, while it is of critical inportance to
curtail carbon dioxide emssions into the atnosphere,
damb&C@At hal kB BSoRHESE SThish & addiién &) RREnd bl ettt foPGafely
~sufficient to reverse the -1 WO 2008/ 021698
disppgng Ya200 AiQde e thag Hfege nethetteiiis almowhdse, Scranld &g of great
T [ i i Vi t hod f f el -
bend45 abbrhs Y el 8 ehReh 2o S RO s sBofidE b mpre iy
reveddelts prablem off tcatbou lddoige bhildirpeiatthe bensdphéret at alkss ovdaéd be

abl.e to renove carbon dioxi de fromthe atnpsphere to

bengiigiad tgGpRiycy cheraigal sey¢lg ¢frimoshhcsic @aiapatiodiderp dus would

' i - I I -
provi R iR SHTHE RS Cror plgdeRl MBH sa SFnfhetic hydrocarbons
whilatatmtsplaard time aribgatingd) glwbadeclmsate bhangeaohbdtds cqrsod iodeffacted by the
. ineanu%tibLe. arq%n source for producing fuels and
increasn oh 610N KR B BEAEOSCT% at the same tine
mtigating global climte change that is caused or
affected by the increase of carbon dioxide in the
MNB RO EX INBRYNOF THE | NVENTI ON The i nventi on

relates to a t hod f oducj ng net hanol. from . .

L s B o sl i tho bk pHid EheTRRHBORR frolmBpsmegigyr, which
compisRIBNEVihE watdr fldyn stefvdphcichaicRt dedimadifi@iontdfivisture therefrom;

therefrom  obtai ni ng hydrogen fromthe renoved water
obtagyng birdapges feors thayiemer cdrivaiss by fatelysia wa gier mepsaifielaagage;

| ©X] j . rpti g t .

obrafiBhe e PEEEE b ARBRE R0 B SR B O osoheric ai
and catveaimgdhoxirten Hionklcalnisaibieadiyy SiitiablabhehsBtofiosticodn and

reducti on and _hydrogenation under conditions
hydregeratien gpdercgntiparucélitertiarenduce methanel. dp deiggeocesspthe carbon
. a r . , .
o R UKL B0 0, 68 LA ETCOREDBI o s
matarid esinghnyusécegsagnfprmedessayy form of energy. The water

(i gf, t he. noi sture in the. |r& and car bpon dioxiye ..
confe Rl l'%tt:t?‘ﬁgb)ﬁ%’fﬁedn Hherair) 3pd garoon dioxidsicaptepbe! qiwgspheric air
are ie ?]Iﬁféﬁ fSURS 8- HRLLRGASH GHd RIBLGE of Bt MaRA! dinféitlﬂ'@%ﬁ%f al%d derived

her and derived synthetic hydrocarbons as “products.
syntigficriy degoarbwss ahprodueis.cEsingaaras dic yorengirdaterial provides an

.1 nexhaustibl e .suppl.y of the starti teri,al s

inchAREBRAROOY oF it Rt Rlast iR R Strd miRE R Priduesy | Thgamethod

comPfisds BE tHeQIIMOErSioR b f 0drbE R ERRNcCin@ XV 48 vAbEr datiRIonY BEfEEient to
conditions sufficient to aﬁ{yoduce nmet hanol and/ or

prodyrergcthgnolemnger dinvetheatledr. Mcdhasel andien direthed plder earbemsed as fuel
or fuldP gcgdif’i‘&esfolﬂ %rther converted to synthetic hydrocarbons and their products.

The water can be obtained by dehumidifying the air while the carbon dioxide can be
obtained by adsorbing atmospheric carbon dioxide onto a suitable adsorbent and then treating
the adsorbent to 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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25 or fuel additives or further converted to synthetic
hydr ocarbons and their products. The water can be

W@ RiajozeeB by dehum difying the air while the cReBUS2007/074601
di oxi de can be obtained by adsorbing atnospheric
carbon di oxi de onto a suitable adsorbent and then

monbk 8 iMdncthied] AHER BBMtIohLPsuTBEIBRASE obtith REHYT ReshaeaihoN
di oxi de. The carbon di oxi de can be obtained fromthe

catalytipallyf hyslrogeaptingthe sfcthyl Sonmsite enses c@digonsyaffivient to produce twice
ten ne enbodi nent, nethanol is produced
ﬂmzﬁﬁﬂgngﬁﬁ??&ﬁ% 8?ogenat|on of carbon di oxi de, wherein
t hatdiydodg@ducteledcondirighe thyidvag@natan 08 firthed bicrbssed tcba/hy desired
el ectrql ysis of pure wat er obtained fromthe air.

derivatie KB Aepl sQMpaRRds. Fer peavenle, rgetbmﬂ Gerhe Wyma%ﬁomgoduce

r f
a3 2T RREh B 45 Y68l SARBORRTLSY, BB fiaiidor dimethyl
etheea@wlmahmfdamzﬁﬂw @Bhs sufficaxi Befown tchmpetridansoth as

nder ,condj t uffl ient.,to obtain ne [, .fornmate, )
cthy £ S R (e Y o BEHLE RGP PREPTHERHYIO Hghatains, synthetic
hydrdBA66nC %ﬁia&ﬂc@ 5% re%‘t%& bf‘ddﬁ@tts attfa tHéI‘éf&‘@ Eretudb@bas 4 fé%dstock for

anount of used nethanol. Methanol produced accordi ng
Chmnmdsheﬁmmmeﬁwwunmchn be further processed to any

deri.vat] ve_ .or ed o ounds

ex %? Pﬁg@lg}en gﬁ%t%lélog g?%? Ll gﬂ{f 60%%noaélﬂycsgparated from the air,
and GicdBb bbﬂdu@é hemonRAIrinfhonidbAR, @t @satbdoralidBbiological production of

transportation fuels. Both met hanol or di met hyl ether
protgiah al so be further treated under conditions

sufficient to form conpounds such as ethyl ene and

propyl ene. Ethyl ene and propyl ene can be converted to
DETA OITED D SER MBT1RY OHERETERREID (ENIBb)IDIMENITSrmt ics, or

rel ated products, and therefore are useful as
f ed8s ﬂI%YGRtl?Iblfelai?ﬁ tefsie ot strppspheigdpay Pasels ﬁOWG% for thg,production
of m@ HaHb L8 co Fﬂ?gglg(%s%ﬁk’e %ﬁﬂﬁ&ﬁ&nol gﬁﬂép&ﬁne aﬁ @%h%lﬁ&?&n then
so separate ron1t e alr, use uce
be umdnfon ciEergy starago anchtrsmﬁpbﬂatlcar promlaeimbtf cofrtramlspmmhlom o, @ad derived
roducti on of roteins. 15 DETAI LED DESCRI PTI ON OF
SW“@%@ q@ﬁéﬁﬁf UENTS The invention relates to the use

of I@Bﬁ@&ﬁﬁ&ﬁﬁ@ntaih% iAentibe rd Akt 16&EoftRE ait RBhich contains a small
producti on of methanol and conpounds derived from

but sigtifieans kmogniaH caod idiaetideydndet here, s1gmﬁ@mt gmauntied vatdydi.c., water

ed,for, ener e and. tra ort c
vapefF 87tk S SPGBl B B ot B R DR A asRietaSt B8k he ai
has D) 002 EHRBNAD OIPLY Snd a relatively high rnmsture content (2-6%, depending on

the conditions, including temperature, pressure, humidity, etc.). After dehumidification of the
air to remove its water content, any process for capturing and isolating CO, from the air,
whether by absorption or adsorption with a 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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20 I'n one enbodi nent, the invention relates to the use

of the air, which contains a small but significant
w@pwameieed car bon di oxi de and a nore signifi caPCT/HI®OTI074601

of water (i.e., water vapor) as the sole source

mat eri al for produci ng nethyl alcohol and/or dinethyl
as fuldhd¥Bdilicalif ﬁlsél'oﬁed iRas-RnbRW CO2P6ORIMAL PAtéht ODpI attING 60/837,274

relatively h noi sture content (2-6% depending on
filedt Avegusb HY |200@rtge citie corfPricpitvdngiels anqereorated detsuy ly reference thereto.
Afteh %Pbgrll Hixideli§ Ce} 1AIi tl? La qo%'}léfyageldfrlegf@ tRIQ)ugé h&ﬁl %?d)%r reduced

{ SPERBIEICHE SRS TE &k Bont OF &

presﬁﬁdfdrﬁﬁbﬁtihﬁgeeﬁﬁiﬁnsfddsﬁﬂlﬁdd&lewlﬁ V\/net her by absor pt i on
or adsorption with a sorbent, nenbrane separation,

anyVaeHéE-» thedppipiugeonian oblhs 20 Seebriselpicgdran d airby any suitable
meahd! Pnd \Qyt?ﬂtsblg{éd 8t Y}% /a%rls lo$ h{gﬁgﬁg?}néddycaﬂ%re WBHAd Eﬁk‘gcﬁy in any

I'n many [ ocations an may n extensive
desied mdninciadsi aosm,umﬂ:l fot hydragenqnoduormon bathlytiealist oroséesctlk»ehmmeailly. The
eneratin ? thegg?re wat er . t ai ne

for
hydipgeiha ehiaine this by ZeRatiye CPYV Lo 3%‘? 2 {omphanol.

used,asd @IzbytﬁﬁQ%rbe%Q)‘t%ﬁﬁ&i fr&@%trﬁ@sﬁ%h@ﬁc his 84 @Jrﬁﬁloﬁ S&{Fbe material
the air by any suitable neans, including nenbrane

and ggdde atddupc methanolorammethpk @mﬂacd@dlngéo dre pra¢essdsalescribiad in U.S.

Pategtglglg %%8(%2%?0?93}5% n&‘izgt rﬂ?@a&g?thodlelﬁerﬁ/HyOSO the entire
contB@HPe8EN SIGVMER isSH fafd h@ﬂﬁl@f)@ edftrehctCtiered. WOS. Patent No.
2008/ 021698 PCT/ US2007/ 074601 as funed silica is

3,928i886 Idessaibies wmetog e agduging, carboprdiwiids gtk atpaodarm oxygenated
hydfé‘ge?rbb&s%lcﬁ N %I?thgfgl Vﬁl?’o% &Ztﬁ 1 Fohhgtg fa‘ur?ylgglp;d% or%cg‘gxﬁc aélla%y, for

Fe con |ncor bra

examlﬁé,qfrewdmgtdaﬁroatdi)omdd\fv&aeerr agd retwﬁnodl merggetolasfembu Iz66k such that
it can be released readily through heating and/ or
the Gaghpnepid wré%,%%r%trto Q@ PRYECA érwl é%@i‘yg?ﬂéte@ bydioryhen or a

mixtQfy ?‘j &Xﬁé}) (gdtare n]s , gﬁﬁ%ﬁkﬁﬁ catBA NG lﬂb%bgﬁe provides

air y any suita
methoela ficr. coiﬁhﬁ“umgCé)z to s@ktanellbyf cacba’[ymm&ychogemaaom{lndmgdioses that

o SRS e L eg Sl rsct by tn any, desiied
1nchﬁﬁﬁgﬁél}éétircﬁ§§1i b{f Rihtce! 'ﬁﬁ§ ﬁﬁﬂﬁﬁmﬂ:@ikélbfses ToRicidpydFRaeR 088 to produce
tai ned can be used hy rogenati ve conver si on

a rea@tlom(mxmrﬁ qoataiaing Eommlé mdth@@:mhm@t dermapien obfaximaklighyde and

from at [ic n sour ce, nat eri
smoafl s R SR e B ST R R BT ol ooy s B i de and
fornti®@adill @ PIcHRRSIS Besides Gsih®ednizFhrdl Ticheklat @Fé cAN@nistry to convert
5,928,806 and co-pending U.S. Patent i cation

formpldehpge 95ncthened thiempent of siatianp!l md@%ﬁéwa@foe wWhriredsed b,y' reacting the

fomhopcf:eﬂg@eo%/gg ?%8@8% %lgycﬁéageeqlesgﬁr%gi J&esglﬁﬁlgsueum‘gthaﬁ)&t %ﬁmernatlvely,

uci ng carbo
forntdt @cid den Bactaviadl Wlthtrﬁetﬁﬁfdlrtd)foygﬁﬁahﬁdormate which upon catalytlc

hydrogenation will give twice the amount of methanol. Through another route, carbon
dioxide can be used to generate carbon monoxide through a high temperature reaction with
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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hydr ocar bons such as nethyl al cohol, nethyl formate,
formal dehyde or formc acid by, for 15 exanpl e,
wQew@siozhopyy car bon di oxi de, water and el ectri caPCEEB200Y/074601
to a reduction zone such that the carbon di oxi de and
wat er react to form oxygen and an oxygenated
hy diQgaoP &Y @imcehyl Bih%F proBuddd FRorY G8RG gﬁé:hchwg EEHNOAScording to
U S. Patent Application No. 11/402, 050 provides
the ipEriiongre emvenatde tSiomgar(d@QarlsmrﬁeMﬁ:ﬁmpl ihypn gxechleyt transportation
fuel a%fc? Ea%gl? ne%gw g?%g&jtho rgguc%s gﬁthépgfgbc{rgé/a%od%?lﬂd ld&%ged' Iﬂat'élqﬁs It can
also $)bl chﬁh’lr@d $1a0 ﬁﬁﬁethﬂ%theﬁwdwldﬂﬂg peddetd by ﬁéh}&ir@fon\wtmﬂthanol) or to
hi s application discloses reducing carbon dioxjde to

dlm?fhﬂcfﬁ@@natﬁ Rimethybearhenatq ras Regredicnt iy ok laty coarkenylation of
rnetPMnBr &%ﬁﬁ tPME i \%{1 1R 19&% 2 H‘Bailfjﬁg ﬁ{:@uels can be produced
smal | er | wed

ann nts o ano
sobbmmmnﬂﬁnnrto convert the fornaldehyde and fOfﬁlC acid

tha Cani zzar p- Ti schenko, type .
%%npl} g BERReT P Hg Geben RRLHIN 81d cqriepunds derived
fron?t‘ﬂ@ﬁhrhtre Qgefﬂ%ts RanRnidt Qﬁdj&@ay %ﬁ)@a‘tﬁ’@ eﬂeﬁ‘g}r SR2EH aRY fuels, as well as
reacting the 25 fornal dehyde with formc acid (as a

uscfhlysdartge mag?mutsd‘ey VArmus yhtm@glszs@nﬂ@nh apdiocarbons and related products.

MetfnoP it gty bRt chie 2Pforilan Bt SRS M deis ppyigor zeolitic

catal_?'y ﬁt@gﬁﬂa&é @tﬁyl‘éhé imcﬂd)ﬂ/ﬁoﬁyvlérﬁeewﬂﬁ& oAl t@ﬁardﬂﬁb@@&?hlers and as
hr ough anot her route, carbon dioxide can be used to

feedgt@ﬁléf%ipéheé aysbetichyeendathens Hicsehmatenialtingd sheyaicals inuding

0 t t Ll

SRR, by RS ATEL DA GRS AR S SASRR Ry ctan
and ppamdl eresﬁdah{lﬁy\ﬁﬁeﬁyarﬂfﬁ @hyértel thhiihegerahs, golylotefing, varied

nmet hanol . The energy. required for the process of
syntBSAMAFQHEPoREPT ARt OMMOHBAN Ehelay pmé%rs roduced from these
Comgggggquently converting CO2 and hydrogen to nethano

met hyl ether, can be provided by any conventiona
or Aalaflerfrlatst veactisiouare ge;neira’ikyl lesbiwmgo akibledl pracgeaidne tnat js no need
d wind ene

r 2008/ 021698
to reBa PR oA ORI TRy Bt Toh SO orRy fonsrfapell aware of

condh QUG ek bt MR ERP S duee H3R f8R A IR Sing Qtatrt‘i’n§ Rterials
i nvention are convenient to store and transport

derl‘mgitﬁmn the dtmospheexasetht enly spusa opartahes @ﬁclomdélerealmd can

| d h d b
oo et R Byl 6B b PO LS B RESRRER Wt o
mlc@bfgahiaﬁis te&pfuce froftithe s sPizRAOgHoBS dlﬁqué@@ in@ydizo the

nmet hanol ) or to di met yI carbonate. Dimeth
preswe@é REtegcEgANTBEInG BHieE dalty by xiibang peraggp ﬁr@ﬁwhatairo i hus, the

ol 0 D0 SRR DA S LA ADERL S s et
as pifotedim byhetilading CO,, H,0, and N, obtained solely from the air. In this embodiment,
the atmospheric air is used not only as a renewable carbon source (i.e., carbon dioxide) and a
source of hydrogen (derived from the air's moisture content) but 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;O 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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Met hanol , di nethyl ether, and synthetic hydrocarbon
products and conpounds derived fromthem are useful
w@0080mmeesi ent and safely storable energy sourP€BUS2907/074601
fuels, as well as 10 useful starting materials for
vari ous chem cals, synthetic hydrocarbons and rel ated
avaiRbRAY ‘éb&ybod‘fbﬂo'ﬁ{)@ce _NGhEA HEITBRENNY dr8EdBdn HBBudde Whereas water is
converted in the presence of an acidic-basic or
abungdant ¢t ¢agth, @lamawy@f i nopayileblgde mankiypreape Seavidterdesalination is a
r e
possRICHERR T U o BBltting Qe RL A AR wa@Pfhusc e
broug@f inVvish bafsiciagl Soraaiine dBtne Ricstidn’C MhdicRgn water obtamed from the
transportati on fuels. For exanple, ethylene and
moigiyrg 9y (therpdr @éWSt?euSﬁ% pad evenesongRicphRiRgHCt of gtragpgheric CO,
1soleﬂ1_r @IS‘I singtfS BF Qg{ }/y §Qtup@eym§t@fqalkf§ F&IrdX@ﬁ &Qn&oand derived
I ghe fins, ef1ns, varied synthetic
prodoytdy the m\’@nmm pmmd&s axmateb(hausnhlp auddsivemsliywevdilable source of CO, and

HZOpelr’{glg’gv B r ‘?36%3 %‘gﬁhfgg ggﬁgﬂbéla%@sig gqfn‘aﬂe ? gf:’%ﬂl@‘[qﬂéh neeéed to replace

incr@sfgly dih@MskiRg rdshEES of fosd1PfRRE q"hetp%d'e%'s bRod8YAtd RBus in that it
reaction conditions herein. The skilled practitioner

mitigaesgbbal glimate dbn@odusan @lmqr¢a§e¢ cautitragionrmf G indlv @mesphere
r,od the Sired rod us the startin
whilf ABREREiielfy GO3HEF St RENGHRURhEred ADRHENHTG fucls and
prodeefdr ce material as disclosed herein. Methanol can also
be used as a food source for single-cell organisns or
m croorgani sns to produce proteins, e.g., single cel
Ex A Lﬁsns in agueous nedia in the presence of
———nrgrogen containing nutrient salts, by utilizing
ni Mhegenowimeidneplas tre fﬂlmsﬁ"atlﬁ&enl&&ﬂd%md 06t 1®d Bderpreted as
) rovides a method for producing nitrogen-containing
hnngpgﬁ%%ﬁ%ﬂﬂf(HﬁBQLRﬁQ§“§HCh as proteins by utilizing
C02, H20, and N2 obtained solely fromthe air. In this
enbodi nent, the atnospheric air is used not only as a
Exmmghdmable carbon source (i.e., carbon dioxide) and a
ce of hydrogen éderlved fr the air’ nDIStU{
C o 8mgls%r8tcogqe ‘bo e ar éﬁfﬁ?’@@e(gg;’ A ﬁ:%}dglﬂentfa&d applicable method
of dRuRHHFH B MK LYo @do‘ﬁh% dndp ﬁ@o?ﬁtﬂ)ﬁ tec@nﬁﬁﬂe@ A8E} removal of
proteins thus produced can be used 0 any desired

the i ptom@plnemcl roelstuey, herecatagaiminiprescd dlrpu@mrmdsolrbmgm@tems
cons&siwg &f §1 ﬁ b elf 5@0%%@ qsfg%ef‘,tlgl%w Ct{%ﬁ: cg?enr aba?rﬁ,g}ghcs%bon dioxide.

et her according to the invention due to its universa

avai lability on earth provides unigue and significant
Examnlgznt ages by enabling universal direct utilization of

th%l ln ater, rgmg\@e(? gé Ql gl?’%atlla éf%ﬁza%cﬂfs q% ctrl i¢ generation of
Ty i ytig 85

avai 1 apl e 16 ever 0 pro uce essen
hyddogelt.ocar bon products. Wiereas water is

Example 3

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.



abundant on earth, clean water is not available in
many areas. Seawater desalination is a possible,
wW@RkaoRoIgh8 expensi ve, way of obtaining cl ean wak&r/US1007/074601
and areas, water nust be brought in from outside and
sonetinme di stant |ocations. The clean water obtained
ExahpRm the 5 noisture of the air is thus a useful and
even econom cal by-product of atnmospheric CO2. ' o
i sdibagtbenrt sysgmfer regnavakbcaabon ¢igxidp drophthy dslynigdéficd air consisting of
rial t r ol riyed oduct
pref%ﬁét%}lh\?a e%%l?%%lgfeg@?ngﬁﬁﬁﬁ&i or eogﬁ:g glsrlafgll\{neo gc{ﬂglgs c%lﬂgan‘ﬁhg polymers.
uni versal ly avail abl e source of CO2 and HO
everywhere on earth. It thus provides a basis for
Exa and materials needed to replace increasingly
di niii Shi Il o T o :
al SRR BEGMBR: $loni O of ey EreRlRERFit) By supporting
on fwhedvsitien, chamge oderbett smithble segsed of amcesttucatrednatofe WddiZhigh surface
i.n the atnosphere while effectively utilizing CO2 and
W&t er in the at nosphere to produce essential fuels and
products. EXAMPLES 15 The foll owi ng exanpl es are
illustrative only and should not be interpreted as
limting the scope of the invention. Exanple 1 The
noi sture content of the air is renoved by any
conveni ent and applicable method 20 of
dehum dification using appropriate cooling and
absorption techni ques. After renoval of the bulk
at nospheric noisture, the treated air is passed
t hrough an adsorbi ng systens consisting of a suitable
chem cal absorbent, known to efficiently absorbing
carbon dioxide. Exanple 2 25 Cean water renoved by
dehum dification of air and used for electrolytic
generation of hydrogen. Exanple 3 Carbon di oxi de
absorbed or adsorbed according to exanple 1 is
subsequent|y desorbed 30 by heating and/or
application of decreased pressure and then converted
chemcally to methanol. -6 WO 2008/ 021698
PCT/ US2007/ 074601 Exanple 4

acti
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Absor bent system for renoval carbon dioxide fromthe
dehum dified air consisting of preferentially a
wWpoiogeeteys enei m ne pol yner or ot her pol yam no BEDURR07/074601
contai ning polynmers. 5 Exanple 5 Absorbent used in
exanple 4 rendered of significantly increased activity
by supporting on funmed sHEi@aaIMEum na or ot her
sui tabl e supports of nano-structured nature with high
surface activity. -7 W 2008/021698 PCT/ US2007/ 074601
Whal 1SR4 VE What is clained is: 5 1. A nethod for
produ0|ng'nethanol from at nospheric air, which
conprises: renoving water from atnospheric air by
dehum dification of nmpisture therefrom_  obtainin

. nNg .

hydr ogert PEBAT {91e rp@irincemC el ramy atmasahericair, g qoapprises:

me e - i :

b o KB YRA ol O LA of i therefrom:

at obaphier hydragan; fran dthell@mooed enter hy cithlysic ar bter dicans afeleavage;

thus obtained by suitabl e nethods of. reducti and.

hy GPYGERAE RN Bk b SResrorna Shorplies B 3%}%315@
atmdPh&angl; anwherei n the carbon di oxide, water, and

derlvedfhydrogen are obtained solely from atnospheric
ai comsrtirgeths oanboe divaiderthied ohi@nedybasiytahkeoretbadsyoffrodurtiof and

energy. 15 2. The nethad accordin o claim1, wherein
nya§Refhlp apdirsondiigny ERE S PR elndust

dekumeicgh fhicaoafdidxid:, aafer, shd dERQedBY 106256 0bEined sbRly from

claim 2, wherein the carbon dioxide is separated from
atmqspherig 4ir a3 fbe sejuehmatesiabesginyi faceseiydarm pbeuprgyrhe

nmet hod according to claim1l, wherein the absorbent is

a polyam no containing polynmer deposited on a

nano- st mhe histled decoidingus fchia landaresugipatter fdr.thedf@ction is obtained

nmet hod according to claim4, wherein the pol yam no
by delyppidifiingpT s Yher 25 is a pol yet hyl enei ni ne and t he

support is fused silica or alum na. 6. The nethod

according to claim 3, wherein the carbon dioxide is

obBai ned’hbynethod according to claim 2, wherein the carbon dioxide is separated from

the air subsequent to dehumidification.

4. The method according to claim 1, wherein the absorbent is a polyamino

containing polymer deposited on a nano-structured high surface area support.

5. The method according to claim 4, wherein the polyamino containing polymer

is a polyethyleneimine and the support is fused silica or alumina.

6. The method according to claim 3, wherein the carbon dioxide is obtained by
capturing atmospheric carbon dioxide on a sorbent that is subsequently desorbed by treating

the sorbent to release the captured carbon dioxide therefrom.

7. The method according to claim 6, wherein the sorbent is treated with sufficient
heating, reduced pressure, vacuum, gas purge, or a combination thereof to release the captured

carbon dioxide.
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20

capturing atnospheric carbon di oxi de on a sorbent that
i s subsequently desorbed by treating the sorbent to
w0 20080398 he captured carbon di oxi de therefronmPCBOS2007/074601
The nmet hod according to claim®6, wherein the sorbent
is treated with sufficient heating, reduced pressure,
vaguum TgasndydR cordingdo AR ahbRMh hE K 8Rked & Juolifassy
the captured carbon dioxide. -8 WO 2008/ 021698
clectpatysitispoaaly 07 a6dherma cleah@ermftth@wafat&)@t direigoyas! feerajarmaspheric air.
wherein the hydrogen is obtained by electrolysis or
catal ytic or thermal cleavage of the water that is
r egpved The erstaidms@idaigi te ciim.8, whereih@cti§! flochA o€ Binthitiig cther is
to claima8, wherein nethyl al cohol or dlnethyl et her
produged Bomthricrsben dipside RS Watsr Bk shbsxinerbiramdhedifer t hat
is obtained fromthe air. 10. The nethod according to
claim1, which further conprises reducing the carbon
di d8i de Thodethooedortlingns chiithfli, eihérht futtherfomprisey leducing the carbon
: noxi react i t he carbon nonoxide wth t hanol :
doxRaReE SIS N ILisht odPan e BBV CrstHE the thgpaghgimonoxide
w1th3fﬂéjch§rﬁ‘>tl ﬂhd’ér c8§dl1h¥nslsqlfﬂ“‘éﬁ€1ﬁt(%8 80@k Iﬂgthglhﬁ)ﬁlﬁ% ¥ cfa%lﬁﬁ‘aﬁy
under conditions sufficient to produce exclusively
hydnogetaéing the mdthyMoematetuhdet caodiviods sigficiontdb produte exigyely
further conprises converting nethanol under
methadthi ti ons sufficient to produce di methyl ether. 15
12. The nmethod according to claim211l, which further

conprises reacting the dinmethyl ether in the presence
of lan adihd ir@ﬂtmisﬁceordrngzte 6laimile whaahafuither agmpeises converting

rnetha%nfjlll tde? conditgofn%léﬁffe r1,|ent to rﬁgiu e"&lﬁ%ﬂ‘ﬁl gtﬂg and/ or

/1%€he acco I hg to claim 12,
mhlch further conprises converting ethylene or
prggylene under conditions suff|C|ent to produce

ed dpamkdtadacaydingdacking !, waih v%r:réﬁ@ﬁflé%ﬂ rgacting the
dim&%lye%% th%rf)‘Fes@ﬁ&dd‘fca'hSacfa[i@-gé‘s‘fcegr Jeb R Eeﬂﬁ%t winder conditions sufficient

to form ethylene and/or propylene.

13. The method according to claim 12, which further comprises converting
ethylene or propylene under conditions sufficient to produce varied synthetic hydrocarbons,

derived chemicals, polymers, and products produced from them.



