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WD 2008/ 021700 PCT/ US2007/ 074615 NANO STRUCTURE
SUPPORTED SCLI D REGENERATI VE POLYAM NE AND POLYAM NE
WEOFEL17ABSORBENTS FOR THE SEPARATI ON OF CARBOMNDUSXMD DE4615
FROM GAS M XTURES | NCLUDI NG THE AIR 5 FI ELD OF THE
I NVENTI ON The invention relates to nano-structure
NARPASITRU C TUHRE SUFRORTED SO1AD RIEGERER ANV ENEOLVKEVIINE
ggm @bmg%ﬁmtpdﬁymi WHYORBEN VS IF FRIFN PHHEARATION OF
G RBON BIOXITAE RO A MR VN HE AIR
I NVENTI ON d i mat e change and gl obal warming is
FIELDIGF GOSN VAR TOONt he nbst pressing and severe
envi ronment al robI ens of today. It is now generally
ac dBpREILIRaIeRs thaiaRoBHUSBIre FErPagicdaRchyy finteg sikica, alumina
e
g L S e e e e S
separ&GR) carbbn divxiide frehﬁmadlxmmred,amlmahtg thefaiom 15
conbustion of fossil fuels such as coal, petroleum and

natural gas. Together, these fossil fuels supply
BA @RAGR B0KofoF hﬁ{EﬁN\@ENﬁQ@ﬁ\% of the world. Because
tossil fuels are still relatively inexpensive and

ea$yinase ulsmgeamd ghobrat & anmirgais icefisiderod pnalof dremavstypesssing and

are_yet le ta replace them on the eno .
sovedf Sy Tonmtd) pre BeGisio? 1 TEPaton puTuly HasSPRaRA e pein cause
for ¢TBbd] v&&ﬁﬁ%qhe eE184s3Y fitie §d26all ANGrediolle 2BeONRo \Wayathdsphere. A

mtigate em ssions and their influence on the

majeyl grberthoub¢ gatt ie cpbongliodfle (€Oenmiychaindeleawdanpdamingntly from
comﬁ@@éoﬁroef fﬁ%ﬂ {uggs:gﬁlicfl 3s %&Hr §ee[{ﬂ1§1'ﬂfgn§n ';I{llsl,%lso% E ?{ntheise fossil

fucl§ agipdy hiesut 8084 of aﬂeleyieltg@qweds' othSGor] da CB EUHBNSHshif fucls are still
natural gas, and the air. Once captured, CO2 can be
relatdwy, SAprRyvs ﬁndg%aévé@ eaand pEcraEQisaHfa P HliraRati s arc yet

avalfaﬁg? toglrr?gﬁggtﬂ%%l Hﬁet - & ﬁﬁg{lé’% &l &,’Eal ﬁy)é:i.‘st ek F&ted to

synt rocar bons.
rema&iaar ataiosowne of emangﬁ[nthk lﬁ@tefrnnom gas str earrB IS

achj eved by echnj.ques based on i cal
o OGS Ul BE BT By hei (mCS o T Sbal climate i to
efflc?é’rﬁfﬁﬂﬁi’ ec%Q&‘?ﬂid?ﬂll'y%pﬁh@é eRad i 3é§ﬁ1%gssucﬁ faY Qﬁﬁﬁﬁ(ﬁls from fossil
separation, and perneation through nenbranes.

fuelmgg panico p@nmdsﬁbquadm&bmalt fe@thmsq u@tgrallamcﬂe’nng CO,

abs t|o ptlo stens are
ccccg gt RETTEy Thiedh & RoFTRAfiLt PR Ebe ISR 2colosica
forn¥@iloHEBr GaderShé SANGr ca@pmh)és uSed BoeMeNoSyhtheSidé fucl and
systens are aqueous sol utions of
synthetic hydrocarbons.

Currently, separation and removal of CO, from gas streams is achieved by
techniques based on physical and chemical processes such as absorption by liquid
solution systems, adsorption onto solid systems, cryogenic separation, and permeation
through membranes.

Among various CO, separation techniques, amine solution-based CO,
absorption/desorption systems are one of the most suitable for capturing CO; from high
volume gas streams. Commonly used solvents in such systems are aqueous solutions of

alkanolamines such as monoethanolamine (MEA), diethanolamine (DEA),

diisopropanolamine (DIPA), and methydiethanolamine (MDEA). Certain sterically
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al kanol am nes such as nonoet hanol am ne ( MEA),

di et hanol am ne (DEA), diisopropanolam ne (DI PA), and
woreaolkpelized hanol am ne (VDEA). Certain sterical | pCTMIS2007/074615

2008/ 021700 PCT/ US2007/ 074615 hi ndered am nes, such

as 2-amno -2-nethyl-I-propanol (AMP), can also be

hindé&Qchn@iSics, @@&P&s@ﬁ]ﬁlﬁlob@@@éﬂ%ﬂ 10f3roﬁab}ﬁdlr(AM1@)hc£msd, padédaths
capacities. O these, IS MoSt w e1£ used because
absagherits becwhgghoftmir hm@d?@z logdlnagaaeacmﬂ i thpgeoMEE Ay semepst widely
use plpe%altés%trosfa ﬁgﬁ r}{:’b 2 51%01‘@ ; Ounrrpa ¢ é}thc al?ovi/%uselogfs’ﬁogtermbsorptlon
coluéfns5 Hueadvet, MEAE@@&G&QXE&@M&J& &rakxmﬁcl&p iﬁbﬁ[&mgﬂﬂﬂ large amount of
operati onal problens caused by corrosion and chenica
heatdegiieddp reaencrré he solRrt A apsEatinpat piobimoeauseq By carpyion and
0 0
cro LY BRI PR N Sy QpRAIFHEENTo Sy
ME&nt useel insal agicous, amfnevsblu?th)n? @ithoth® 084t Ibsmga\tleﬂer Busdusbehe entire

ate te the MEA t | ot
solufigny oy BT "D % Hev PiehaReY A %ﬁtee?rts?sg@l%r@? s MEA System, a
lot (ﬁ*éﬁ@@ 1@%5&%&%1@%6 10, @lesRidAr Oﬁ%%kts G HRINRMAGRhe systems

For exanpl e, secondary and hin ed amnes (e.qg.,
alsoDire&nt Mglvqmt@gﬂm@ ommxanpd@d secandai@Chddisderpd |a0nn¢se(te$, DEA,

D1y APy BB BB HE M RER? RsqrRuR HeE SR B A capd gpg g0 prone

to c@lrodo® hRWVchéical déghiatal I amEA & BRI Ms8mlC0g only at a slow
several al kanolam nes are of interest because they

ratec £ﬁn@9m_ipn@ fqraxﬁdrtablplén@ﬁgrsamrelr alét@n@lgmmes\paﬁb pbingerest because
they c co%ﬂ)qﬁ? a‘tabléc' gﬁgrragtséfls{fgs J)fnva]f?o E% B}S’P ﬁ{i% \r)]vglelg suppressing in

avora arac errstics. A nu

part&héﬁﬁﬁﬁfa&ﬁ’raﬂ)@e sipdrié te A stscshay @umibe e of bll%meécopl&dnolaﬁﬂnd ftutions have
nmpst connmon bl ends are MDEA-based sol ution cantai ni ng

beenvigy chepadEand feodconynen flsada preaMd iatvibiecd ! btipbREMding
MERYr $EA m%@ve‘f htﬁe a«%&ﬁf&&nﬁfe % fhs SR il PhiRAR G H.
systens e e y a

can capt ur sorption on
dravsb:icksi oﬁanhmﬁcﬂutlcﬁobam S&ISEntSypl cally 20 used as a
dsorbent aratlon

ﬁ%ﬁfglesa 6 it iy AhB i on s do%%o%fa%ugolé%% frgdypically

usecf Qs 4 BN 1§d1 l?i'd&’OI‘B@l%toﬂ’o? sgﬁrﬁt%r[‘opemgogﬁeﬁ %rdc‘és&s X b&eB-on the
he so can have a | ar ge di stribution of pore

abllsy pé powmsnhés ta wacrpehly adbanti agetainagrnpantentsainedmedntronlhe solids

can ggbea agég fif’slfrit%utloﬁg Igglxllel%%ﬁg%ﬁ, 131? sﬁ‘pga;geﬁt E]ém%%l%gaﬂduarcﬁbated carbon,
or alpRRPSILza kiRl lES) tHeQ:T?§§BﬁrLﬁfﬂl§t@r 3] ntz%oﬁ@\ie Al'i'l% té&Beratures like

absor ption caEQC|t|es e.g 25 1 ngE g for
TOOIR dGFNPEratur @) catits- h%dwgm@@n@ hrage hz@o @bwﬁ@n pE@Cities (¢.g.,

160 %éoC%?S r 7§ IORE an d 155 A %p@g%'ﬁp%io%{%é‘ﬁ& Atez% efm pure CO,).

orpents de Iner I NCreasi n

Hovi@pehaudsoeptidm Ezilhleftleshﬁ@ﬁm&d‘@%ﬁtsafeehﬁcﬂ Ira;pldly with increasing
phyS|caIIy adsorbed on the adsorbents,
tempeatar gt Fuiihes bagruse griss diapniyahysicgHy éd?ﬁﬂ??‘{h PB thy adsorbents,

actugﬁi%%rdtﬁ)nl dn individual gas from a mixture of gases is low.

To achieve a higher selectivity for CO, adsorption, a compound providing
chemical absorption can be applied on the solid adsorbent. For this purpose, an amine or
polyamine can be deposited or grafted onto a solid support. Amines and polyamines
chemically bound (grafted) on the surface of solids, such as silicas and alumina-silicas,

however, show limited absorption capacity of less than 80 mg CO,/g and, in most cases,

.
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To achieve a higher selectivity for CO2 adsorption, a
conpound providing 30 chem cal absorption can be
wa@ppBioztoon t he solid adsorbent. For this purpPGEUSENT/074615
am ne or pol yam ne can be deposited or grafted onto a
solid support. Am nes and pol yam nes chem cally bound

less tHRS0-80)m@E O, NLa R8I RE CFOF 8 plESU. S Wake AN S i5| 08578597 to Leal et
and al um na-sil1cas, however, show |limted absorption

al. desspeseh eymehod éerschenusorgtonmgt GOR/a reem tempeiabye usagesslica gel
-2 WO /021700 PCT/{ US 1 Q74615 . | ess than 50- 60
havigg a5 A0 B eiReT TG LAY Witen I 3RBaeRynee

polyalkd&¥sibéhe domtdigmlg e orahoredingiab assisties MEktNQeudi@e. The material is
chem sorption of CO2 at roomtenperature usi Qgpsi lica

discipspd thig Parpbie eliplrsaelingbety 5t eerl 1Dt eaforlry AP npgrggram of
absofBLAN 0.3, PREI N8J6 85 B3 1o RALY Bl KOHYRIdSBE nfAU ' paring

nore amno noleties IniIts structure.
amimateri¢lald sosbéntdby ¢l coseatating e aapalingo dic abfoe bif ngidized solids.

bet ween 15 and 23 dr er. gram.of .
The JpREFSEHER YIS AMOH T BOE E%.ag%)?%%%%%ﬁ 63@%3;@ ef mg/g absorbent

usin@lSEdsARKEurd dFRHPEd, 3h HY eRald f9deAM I 11RNIdtE NRE amount of CO,
Sorbents by incorporating the amne onto the surface

that ghin briatlsarbdd solthalgraftctheine gortpech maxdussolidropportofemains
1 CO% bsoy bed on {#eﬁe solids is 7.7 ng/g absorbent
rela{iiqTR O BEr@Uss Ot Tl 18Y 9 GBS RS He. As is evi dent

f r omnbhep fatigingtpaehvadPiRblvek ifapegh@tihPatsofdRuport with amines or
absorbed on the grafted am no group on various solid
polysuppes: torrexgmiptes a nagkaby weSytyrpw, ctisde dudsergy andelwely $q250

CORTHREARURE 3001oAIRI & B985 T AR BIRYo L0URLKSS eiveol (PEG)

regnatin

on afdply anifa&Sarc o lyexanyhetharpaneolbmede sbaporap@hisablid is
al., J. Energy and Fuels 15:250 (2001) describe the .
currghie P i ripaef SIpBlsretorymene ih Qreltppehy cpbinyémasihepe and release it

. ( i f o
oS Sl TFSupRSoPD Bplb RSO SRR ot 9 ond
0.02i #m. €1 EFitib ynatkeréd and ispacd fishtidbid @s disolasedninvE . COAtent Nos.
fr capi phere release it _ipto the
636&821%5%?@%%@53@agﬁépﬂ%gﬁf#‘wat%?‘gﬁraet hy @tﬁzlqrrgtf]erred supports
desc@pR AR ese Phten®Car e PRt RtufeRyithTiir§lifREEF tRlnsAeh as
its nodifications are disclosed in U S ~Patent Nos.
AMBEB84T888hcing 878 rte8;as had @2, 683¢ulany seitdie chdrcteoistics. U.S.

Pt S8E SATBATY 37 0E6RS S Ao SURARG el ARRERg Rl Mbrorts

incl@&She hlureihbNEcoIME bn @ 8arDYBERIEJHLT dichRl Nccdediak it €S aBatent Nos.
having particul arly suitable characteristics. U'S

5,4 Eh68At aNb5.3 76,63 % shdraversthaamaemg of aminspeyat a8ghe sedent is
limigeidgfeln%‘f’r?%ﬂéﬁlef w}?.‘)%stio £, supports, i ncl udi ng al um na,
zeol1te an

carbon nol'ecul’ar sieves. According to U S
Pates! Pd¥ost. No 54,498,268 % Zittheh, o840, diskdoschawrsthod férh@cating CO,

sorb%rqgubr;t trggtin?gnga?beonprrn%?eecﬂ{ar %Pevteg Svitshoa{n?i%gtalcltosl’lols. This patent discloses
that monoethanolamine (MEA)-based materials are not stable and release MEA during
the regeneration step at higher temperatures. International Publication No.

WO 2004/054708 discloses absorbents based on mesoporous silica supports. The active
components for CO; absorption are amines or mixture thereof chemically connected or

physically adsorbed on the surface of the mesoporous silicas. Absorption on most of the

absorbents described in this publication is below 70 mg CO,/g. The best results are

-3-
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25 limted, ranging froml wt. %to 25 wt. % U S

Patent No. 4,810,266 to Zinnen et al. discloses a
woreaoRozii7bor creating CO2 sorbents by treati ngPCHURINT/074615

nol ecul ar sieves with am ne al cohols. This patent

di scl oses that nonoethanol am ne (MEA)-based materials

obtaPi @l BPLsiRf ARt R Rl (9839, MirtergRGicallP@dsorbed on the support
r egerier atron step at hi gher tenperatures.
t

(abount 80 Mgt COha). Plavtdaventicorusief tBo viletitigoaf DE47ogler the desorption
cond LIRS BEEEEP SuRER S0, TERORRY BGe Gl sgpusins umber

of C,@badiphies-desopitioh fyelet (Ao etof6. §Viedfice 3l dyy 3o nand ddater
physi cal | y adsorbed on the surface of the mesoporous
regegpratioagemppragipof ALY fros U-Of Paterd Nafsihtht to Sirwardane et al.

T T e U

surfRETIreIS0 072038 26 1hg”/gntidi meamine amsi/orgethéret hanol ami ne

E gg@%ﬁhomgigglgﬁtih%g!; é@;g%%??ég{sg%g@ggo%ggﬁg%%% EllSO been used

for dEPARS irdd do &K rQESVHNASHIYIAE, SRTP/SPtHP Bxanf AN HHTFOSL® from
the effectiveness of this absorbent generally decrease

Uniogi €4rbida ¢nava DongChemrizds) and SECESCLHS MAR® nmde@4s Bk pitcivsed in
ﬁ]\écl.aﬁ ?about (3)6. 8% gfter S C\écl. es a .at.rmdej['ate. 5 cod

compiehAd] QFULETSSH PRAPERIHUPI IR I, Cappination &ithsifins aggixe

phy§ic QR AB8rhidad sSivena! dansrefes@buch MiSglosiesmmeRbORS, Hak also
preparing sorbents by treating a c substrate havi ng

|
beeryugegvfor siany acersaios acigfgan rypovey (36 ngfy, - li-ted Rcksaing. B., GAs
. LS. | et I h
Pu B S DU PR SnR Y, DI SR BN Yo Bl s

dembastraed thegas of eimuats o Neiisdlpyof2ad | aamide HAS didfoyl @kagpife,
SELEXOL(r) from 10 Uni on Carbide (now Dow Chem cal s)
polysHylgrerglgepMopripeying gapsspmsiudipg (ildiom gaseayssiicema) The use

of e@%?&n%?gg‘ol t%gf‘d@ttﬁg aB&FB@b'I{] gﬁd h@so‘f‘?@@t Qﬁbbo '?ro% taﬂlines has

S m xe physi cal “or chem ca rbents, in a
alsofreon essliglich] . asclactgdly dbler@anime Fpelo dés pp. Hale8 62(Hd ). While the

B 5 B N kBt g 8y i
phast%gthﬁ(blgéld‘f ﬁ%géﬁé&l BEPFGunds-to %n%roxpeaéhf%%c_tm&cﬁ o@ﬁfﬁs @8Bents in

r oy denonstrates the use of m xtures O
the shilidsdpse panolsabierecapldradi 8. I8atyapahetr ., dfneagy and Fuels 15:250

| yet hyl ene gl ycol fpr, renpvi ases, . i ncludi e
o3 b S & i Rk BBoT By A itionev uf pebipgtneimine
on al JENA¥EC kg AP EOFcRIdVR T @NH oo se@RtAbsfHE: §f &Bpace shuttle.

am nes has al so been studied by J. Yeh et al., Energy
e

X. Yanet #uelisramroppandHiesaerorodiyerivhit2e t (903) biasrathaf
ro ALY, L1 B P B0 20, PBEA St
sorbony@eiat &dthe @PPAAsption indpdveptiinadhaedoesrissics oF tiof tegrd
rnateslrioarl.b eP?épSar;lt?on and performance of a solid absorbent consisting of PEI deposited
on a mesoporous MCM-41 is also disclosed (see X. Xu et al., Energy and Fuels
16:1463 (2002)). U.S. Patent Nos. 5,376,614 and 5,492,683 to Birbara et al. use
polyols to improve absorption and desorption qualities of the absorbents.

Another new material for trapping carbon dioxide are metal organic framework

compounds. A preferred compound known as MOF-177 (J. Am. Chem. Soc., 2005, /27,
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the solid phase has al so been explored. S. Satyapal et

al ., Energy and Fuels 15:250 (2001) nentions the use
wo@Roopotyed hyl ene gl ycol in conjunction with  PCT/US2007/074615

pol yet hyl eneimne on a polymeric support to renove

CO2 fromthe cl osed atnosphere of a space shuttle. X
179983 had a Adom teMpFARR AN ANSkiNESPREFYOHS] 4wngﬁthe§ce§t2at%9relatwely

shows 't hat 25 pol yet hyl ene "gl ycol i ncorporated

mghﬂﬁﬁﬁwWEiéQéﬁbus MCM 41 / pol yet hyl enei mine sorbent

char ac%erﬁ{l% o%c::?so?psor %Ileol?egl%gd ?ersé)nr g%prco)?_/)?de %%rbeltﬂ; for capturing
CO.andiqreis fedfi sreng %c@ﬂorﬁ‘qcsp|rd:a£ﬂ11@'kkﬁia[lbﬁlretan606§¢1ﬁafratﬁ@ ahd %hch

deposited on a nesoporous  MCM41 is al so discl osed
prowl@,@@eﬁ Kighygmeyalagapacitn at yybigatiasyell ¢s cleyatedggsmpogyrey.. In
addlﬁP?’ ar 9&%%:@ '&lﬂ goff g%t?r%lftg%&é Ssét?% ’c?%ﬁs&ﬁ gﬁh Q%(ﬁaﬁ&n
protﬂﬁambﬁtheoafxmm@ netlnmﬂoglfes idwccabdor bents. Anot her new

material for trapping carbon dioxide are nmetal organic

framewor k conpounds. A preferred conpound known as
SUMITARRY ORTHAMNEIRM oS0C. , 2005, 127, -4 WO
— 2008/ 0Z17/00 PCI/USZ00/7 074615 17998) has a room

t edhenavantionqaipvides sipgpoiritd avapasdtbgnisfcoitisie g’narnine or an

i pES0 ke ShpSiififn Bbuaiiel oprufiboPLrRRSg s St siiftn pidvide

strudtiRd] R griosemtrda®éd G@etaﬁgdr?aon G@f»’.amwﬂ chis
efficient, economcal, readily avail abl e and

r egéAc enpndry &or thadming ek asrnpxeﬁmlmls:oalms@wns énesvaposed of a nano-
strucictu%% 39 01& %the%qu) %{e?']El?t%i?'edvF %o@%ag Ih? | 0%1 Eg Sat?g%?{ ?ctl%J %R less than

rtion, i'cient’ sorp

abowol Wesm] ied car b@ﬁalm’sﬂam fema@@)rr@trd:c;ipltauad@Iahc&rmamurhlgaicate
exi sting technol ogies i s _needed. SUWARY OF THE
carboRERTILER: 202 THEUTRVRGTEP bnT e BRSNS R p BF IRATY asRcqBdary, or

tertlﬁgf Qﬁﬂ{e 0&8%61&1’1@&%3%&%@ grn‘?r{e %xe@%ﬁﬁ%sp@[] é’o(?lllblnatlons

osit1on deposit on a nano-structure
ther\mﬁ cln qor @aangpde, the nondticiisgiresamtt égah taynoamd of abasuatzi?ééﬁi tm% by

.abs tion capacit he pport f e amn
Welémq%réﬁﬁé?%m @ﬁ%aé fvef 2 BF §3186W—,51 S b eéaﬂla?i% Weerol,
olig%éfé%ﬂjertﬁﬂeﬁ@%ly@ol o craNenSEIyesE, %B%ﬂ%ﬁl@[@é)&ldg@%nﬁ%‘t’tﬁers

a primary particle size less t han 5 about
modéﬁ@latm;ﬁ apé nmahuoe$ theowpf, dnthean bfr pravedddoint &t @dowxti wheto about 25%
by G& ﬁ SI|H§a e, carbon nanotube, or a mxture
Y %Hie °PRE“ANi ne can be a primary, secondary, or

t erAtclcafcMnglﬁB BE cAibodiKenotRNdoMBental @FEinkfat B¥ MEne JBr¥&H can be
am nes or conbinations thereof. In an exanple, the

desoghpdand scgsneded by Bpakyingrbeait rashiced BIRSS By #@IUPBogasPurge, lean

sweep gas, or a combination thereof.

The invention also relates to preparation of the sorbent and the particular use of
the sorbent for capturing and separating carbon dioxide from a gas source. The carbon
dioxide can be released and used to produce methanol. The method comprises reduction of
carbon dioxide and water, or reduction of carbon dioxide under conditions sufficient to
produce an intermediate compound followed by catalytic hydrogenation of the intermediate
compound with hydrogen to form methanol.

In one embodiment, methanol is produced by catalytic hydrogenation of an

intermediate compound, ¢.g., methyl formate, wherein the hydrogen used in the hydrogenation

-5-
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wei ght of the sorbent. The polyol can be sel ected

from for exanple, glycerol, 20 oligonmers of ethylene
w@kopsori70pol yet hyl ene gl ycol, pol yet hyl ene oxi BEFUSENT074615

ethers, nodifications and m xtures thereof, and can

be provided in an anount up to about 25% by weight of

is obtA1Be S BBRtolyAE 60K SeNEbthidc@ FrofTRO dir M inoth R RnHBHREM, methanol is
is redenerative. The sorbent can be desorbed and

prodmegﬂebiselreétl@ag By cappinydiergdherder contiiiesdufitagy (o earbon monoxide,
reactl%Tglu i on ge‘g%o 1 he1$ﬁthanoﬁ \}le\léfl C([)érlilgla ohs gufﬁ?w{lt to obtaln methyl
fornfakes pad aettalgﬁceory Hydeogeadtheithe afehyl ﬁﬁnﬁ&rﬁnd@ﬂbcafdltuﬁl@ s@ﬂ‘ﬁc1ent to
the sorbent for capturing and separating carbon
prodyromctianels om a gas source. The carbon dioxide can be

r ehgasadl Bl%q &’b?iea%c&r(alr%r B BE; Vgﬁ%ﬂ%ﬁg e fu Uﬂ% &Zot BQdd to any desired
conpri ses re uction o car I OXI , Ofr
derivaedu ot modiftdd coatpoomdsdiFax lexia:’mple dﬁethtmm dart b@d&lydrated to produce
fficient. o 30 e a i te coppound
dlrnqtﬁyh e&l%é,dw &aaq Qp@{)? g.lrﬁ))?](‘ﬂr% ]é& e& ﬁo thnﬁéug{)cwnt to form

t h
cm ST ST SO T T B

highbyeleHige aaytbetioliydaocarbans earomdiicst er whatgbpmdycts agd therefore are

el GRIGR g ChoBIs Yo0AOFLTODCRERHUS2007) 074615 i s

obt@h RethcP¥mBb@aich nyshahoPéanvit fafth&lfsad A GnitFodiBlédigal production
air. In another enbodinent, methanol is produced by

of singlgwell pepteike car bon di oxi de under conditions
sufficient to carbon nonoxide, reacting the carbon
nonoxi de wi th nethanol under conditions sufficient to
DETOIE D DES R IP TION 0t €HEPREEARE B IEMBODIMENTS
hydr ogenating the nethyl formate under condltlons
suflihe dnwsmtiop delates te deRcHEt NP tak 9T hpe® for dsgekige CO..

ac‘i‘ﬁ bRt Qorggﬁsésrh\ﬁeﬂﬁlng%n 'P’u R8sy ﬁ%&‘f e]é_%?‘g nhfosilica

any eS|red rivative or conpou
supxgifpt ghsonhpand Idesr&birtgeCGgh(ﬁdIzataﬁd)etad)smfoedi dimen any desired

di net |ch can also b furt treat ed
SOM&M@P‘%&% “5%%1@ SXfrausts; ﬂﬁ? gpgss Bu%%g BOWAT plants, as

wellEfsMH@RE s AREeP rﬂ&yﬁﬁf&estr@QBéh %ﬁﬁp(ﬁfﬂ gc&fr@lﬁgl t6 M8 FRRnREN provides
converted to 10 higher olefins, a synthetic

swuﬁydﬁ@@@gbomwthamonm@a&swﬂasadeghsedh@wmdw@M§mhdmwsconmct A

polsl S5 4 B e HhMeup Sl S HToRsnt P BRI L O Shsorption

capdElifie@td cenab@rtisd hees. used for i crobi ol ogi cal
production of S|n9Ie cell proteins. 15 DETAILED

DESARSPrEONn R cPHE PREFERRED tRVBEDRivENTSers of nano-scale particles,

particularly silica nanoparticles (nanosilica), have exceptional qualities as support for

amines, polyamines, polymeric amines, and modifications thereof, for the absorption of
CO;. The sorbent with nano-scale support according to the invention provides
significant advantages over the absorbents of the prior art, e.g., absorbents having a
polymeric support, including a high CO,-selectivity and removal capacity at ambient and
elevated temperatures. Thus, the present sorbent allows selective capture and separation
of CO; from various gas mixtures under various conditions and temperatures. The
present sorbent is also easy to regenerate and recycle at ambient to moderate

temperatures, enabling multiple absorption-desorption cycles with no or minimal loss of
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The invention relates to regenerative supported
sorbents for absorbing CO2. The sorbent conprises an
W@Pi0s@210M a nano-structured support, e.g., a neCDERI0TEr4615
support, for absorbing and desorbing CO2. CO2 can be
absorbed from any desired source, including
actiViBRAUShE b@Hbe #5188/ 8d dressel e 88&ToPhind @@cﬁiollratfd‘iﬁérrob%m &he prior
power plants, as 20 wel| as natural sources. The ' '
art ahagibestsr dorineadindikpporteinguewrart saybewss mach pyeerrtain amine only in
r ovi s§ru raly, I ptegri 1 he ;am.ne a | |
on oBRALRPE v S E o P TR FEHRE B pfing to the
inveRfibn 2hs Qohairngd digdifi @ntipei S patdudd o Alinie:, 8@ bgsttveéDabout
enhance_ its CO2 absorption capabilities and CO2
25 vipLotipt ToMtr @t es. It has been unexpectedly di scovered
th i i f F - i c . .
partEane P b ey Ko RAPARER ra@hiihET0- ity industral
cfflenc gpiascnelh agtimlse fioms fassil Sugpaurhifgosowamlmes and other industrial

ol yam nes, | ymeric am nes, and nodi fications, C e
fact rﬁ%¥ aweﬁfaéroeﬁﬁﬁgaaﬁgswaﬁ Wlslrlaﬁwmr%@ssfapt?éﬁlﬁlgmmfwant

COz%ﬂQérﬁfé@ﬂoﬁ&sS%Q?ﬁéanﬂ??@l‘é@b%n% Barf N80 bOUSHH doQRp RLRVEEEFrom the
significant advantagés over the absorbents of the

atmguphericart , e.g., absorbents having a polyneric
support,, includi.ng a high 2-sel ecti vi an v
ool sbipenl Sombuiafed b MlerBe b sty Bpth EDT S the
follo'Rblilﬂ@,médh%nﬁhﬁ.‘s@%%@ﬁtb@m\bitﬁ!a' QMEo BSRE M MRtLARU ©,,aRd
separation of from various gas m xtures under

suppeateidouming sheintdadpsbagids tppar faroveg a cPemapy egyaplex.
sorbent is also easy to regenerate and recycl e at
anhi 0 N ate temgeratures, L Ng: iple
a%&{iﬁ%nfde ptSom—Tyctes wt 1%@‘{?2“%% ni%ﬁq ss
of -6 WD 2008/ 021700 PCT/ US2007/ 0746¢5hadskds vity. The

sorbent al so addresses the corrosion and evaporation
pr &bthenregdnce lod wat¢rothe earbamgis dppben rsactEie forar a bigarbanate and

oGRS il U8 ARt U G BB MBI v
CO.abswepasi tolaeitbased anmi ne sorbent according to the

i nvention can contain a significantly higher anount of
amne, e.g., between about 5 25 wt. %and 75 wt. %

Th LI@IRZN!'@O? ég%%F{fR&{%.r JP g'flzb S@eﬁf‘lgds}r aﬁﬁ%ﬁl@{sz qr 1R2aI\SIH

separ ati ng rom’i ndustri ["Uent gases suc
those fromfossil fuel-burning powBicapbamates and ot her
industrial factories, as well as other gas streans,
particul arly natural gas _containing significant CO2
c

ONCEREGiRg FOHs CMBPYMANt @AY WiveRtiRn. dby potbedarOaran bp geadily
sSSP ORE FER L U HRAE Ffl O
regeabsatiob of@Re kyrbeitecan be achieved by modest heating of the sorbent, applying
reduced pressure or vacuum, gas purge, and/or a carbon dioxide lean sweep gas, which
releases CO; from the sorbent. The ready regeneration enables the sorbent to undergo
repeated absorption-desorption cycles with ease.

Advantageously, a large variety of amine- and ether-based compounds can be
used on the present nano-structured support.

Amines that can be used in the invention include primary, secondary and
tertiary alkyl- and alkanolamines, aromatic amines, mixed amines, and combinations

therecof. Primary and secondary amines are the most active for CO, absorption. The
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foll ow ng mechani sm Upon contact with a gaseous

stream contai ning C02, the supported amne chemcally
W@b®enbolCO2 by form ng a carbanmate conpl ex. 1BCRUS2007/074615

RIR2NH + CO2 < RIR2N Q02 +H2NRLIR2 Carbamate 1In the

presence of water, the carbamate further reacts to

amih @A R0 &1t GRALRRIN ﬂ&e@eﬁﬁg ﬂr@fe@@tﬂgsco'hhﬁn ANuPBeicWhiBBu St primary
further react with C02, thereby increasing the overal

and eapaige B phisnceaperants. TRo aRiipe RoopRnewpzRmiidalso bp@ low
Volal_{(lnﬁ% Ip ax avoH% olglrr%tznhmrzlr\e)lllro\)gsl\l I_k arlr?’llrr{:ear woulgdo‘ gor%egll e ttlgeege{]s stream

i nventi on, t Ne a sor

and ﬁea@aée/th%&fﬂﬁmeb@d odnkle hh@rpﬁ@@ gydtem camr IBin & anzhﬁples of amino
regenerated. The desorption of CO2 and a&neration

comgpneHa iRQHBRRYt a5 mobdimited f@\/@anth@@in% Eftngdigthanolamine
(DENj %ﬁ{yﬁ)(ﬁg%gn@iaﬂlrﬁe - gﬁOXI IR Wi, RGP andfiinine,

a carbo ean’sweep gas,
ammloebm:shﬁ% fprepancim | swoidieanolantine, teeaeyhyﬂermxeeraaﬁihe,n

pen GBI o S Y Sy P EIrae bty B, yluding various polymeric

arnnféjE’@rﬁb&%ﬁﬁ%dymrﬁureértggreﬁﬁr P@fy%tlﬁfler?éﬂn@@es ##8 referred because of
et her - based conmpounds can be “uséd on the present

theinbigb-rgopo tour &t cs opgray tand Arimey anhiad foaetidrelitisedni heir low

he inventiqgn |nclud rimar, secondar
voldyy) ORI ReiRGh S irE reRe g e MR i e bcticial for
max@iii 188 thAdHo GRNGT b M Bctid h@itRAfin IR APREYer@ANPolyethyleneimines
secondary am nes are the nost active for CO2

havigggoelseilon weTihs greqtesbapddg) o2 r¥0@iAOTPYSATEF/ Gagmine content
in th%rgo!:‘? ?anof)%) glpout §I§ t/u aboup %‘?foqfrtﬁe a&%ﬁwgfggplo?lth%os%tr@ent
a Su ar

I Cclen

coMpwihahss th’Er(eogﬁrbsm;@pmme@bSptsdmwaaacaéﬁmdg afehd Qwpported
volatlllty to avaid or mnimze |oss of am ne, which
amifgsqrhcitope Rl rand et ingopaEated et sorbrat gerpasisians Wean amount up

to 2%“&%& Y&Qﬁé %‘B of IR BPSAH ptr‘h%dﬁ%ﬁhgg‘fg}éﬁfolst fnﬁ@oves the

es o conponents I nc ut” are
absdrpm)rt end tlesomptiaed hédrobamnneandMed)gasel thichastolsayiofiéhe amines,

alloé(DEA%thqlég eLl?eh‘g:fri ggcne%é %n g?egqcélﬁg_ﬁ%flg%%?%sngf the sorbent even at lower
g T R RS A o
amipw) yed bliyduddband ey valatilitthe dvokéer niimiohiadigaglosariviigh
cont%grlirfaqgsr Jrh% gas stream and decreases the effectiveness of the absorption system
over time. Examples of polyols used in the present sorbent include but are not limited to
glycerol, oligomers of ethylene glycol, polyethylene glycols, polyethylene oxides, ethers
of oligomers of ethylene glycol, ethers of polyethylene glycols, ethers of polyethylene
oxides, oligomers or polymers of cyclic ethers such as polytetrahydrofuran, and
modifications and mixtures thereof. Preferred polyols have a molecular weight lower
than 10,000. More preferably, polyols have a molecular weight lower than 1,000.

The support according to the invention is a material having primary particle sizes
less than 1,000 nm, preferably less than about 100 nm. Preferred supports are
nanosilica, especially so-called fumed silica and precipitated silica. Fumed silica

typically has a primary particle size ranging from 5 to 50 nm and a specific surface area

between 50 and 500 m*/g. Fumed silica is generally prepared by vapor phase hydrolysis

-8 -



10

15

20

25

30

am ne conpounds and m xtures thereof.
Pol yet hyl enei m nes are preferred because of 10 their
whe@hk/opr7eporti on of secondary and primary am nRPCT/US2007/074615
functionalities and their low volatility.
Pol yet hyl enei m nes al so provide a high nitrogen/carbon
of als@tdon-RARALINGIaL, Jueh as FBoNIt&ir NI éii@ @ToUNt ERhmPastyT
functionalities in the absorbent. Polyethyl eneim nes
comppy¢ialy pupidahle Srmogpigice 1gtlede AERGHA & 6omaPegussa, CAB-O-SIL®

ron 58, I KRUSS e ol 54 BILEE, FROLGM g Pepgped om

aquotRis @blutidhs bhecsdiodesflan alkalfiz SHEABCE gl REdiGERsilicate) with a mineral
absorption and desorption characteristics of the

aciddgeporiagic agifiwdsoptaing, Byamyiy rardelss Farmeddyr oy weted are

' itio ' t 0
zenqrfl} BELARGBCEG SOHROR S TTosl pPy ATl HPean Apeietlly
aggreghtgab Somnmbargyemidrbe sizalpaeat @ts. ofih@asekcifes suridecme06f pieeipitated
... sorbent, and decreases th i Scosi f the am nes, .
Slhcaﬂeawah@ IeRgeSEOH éoéé?btr%/g% éé@ﬁ%&%m@%ﬂ% ayailade

precglsgtca)%éd Glich & 1SR BRI VESmALPd; PYRIstr2Q Jn%{ﬁél@{)]%élﬂ@?%c{ <

Pol yol s used in the invention shou
TOKUWB HaR tfiore Tobuwgarda. ami nes, and shoul d have | ow
volatil,ity to avoid.or m.ninze gas | 0oss i ch )
conotmrt e e SR tlet R G B Erndiiiceife Mehtweight, Aufy.
whiffoeedelr v anessniil fdreciRRsAr NldvanthsiStoiPso@VAId rdetdi® significant
Exanpl es of polyols used in the present sorbent

amoppts| af henibes watle meantajring fisd flogvingippedenrhara¢teystiasrgithgut
et hyl I I l. | s,: .pol yet. ne . .
co B b RV BB SR Ry BB DY iy e
non@biettg allbwpahateth it asal @l fvodlsocstingl 8.gqfas pativwaking aldetives in
oxi des, oligoners or polyners of cyclic ethers such as .
powggregifepd & B Wchris naife Subsiigntes. @adile §esSafiic Aodugises 2., in

r P ol - H: [
s R Ry PR GO RS R PR S o e ot
hydrophdoulbar theei ginfact owebe tizatedlto Phdducthydsahodid silicas. Both
hydsophili d%p” [ omhit B @gﬁ'aggveilgggoﬁ%%@ﬁj%gsalﬁﬁsg are all suitable
for ﬁeeisethé‘IﬂhﬂoJsﬁﬁ@tu?&@@mﬁ@ﬂfpp%%d&ﬁ’rdiﬁ%% &d Beplipports
are nanosilica, especially so-called funed silica and

pr €dhi naaesirgitinicdanatFuakscugiabieclar usy pi tal prysdrggnane sorbents

) i r article, size,ranging fro to 50 nm and )

incl ¢ B0 Bap Bugtdl EaodTiRhas B8 ahah Bud by idgreonium

oxidel hh€ Burh& genaIm bkidep ;)%Q iBfe DY uMARGH RDES révipit by Sikhium
-8 WD 2008/ 021700 PCT/ US2007/ 074615 of a

oxidgj pregimtatrshrii ¢rgiwmIoxids, calgiim aiicstd, cedenimanpabps.ciddaixtures
thméé?cn4)- Exanpl es of commercially avail able funed
SiTica include AEROSIL(r) from Degussa, CAB-O SILO

f r e Gappdrte dmelifEArbSl tldan )b ef froparfa kiyyidmegnation or by another
Precipitated silica is forned from agueous so] utions
conygntiogabiccBRidge. ART sKrRAP|o avhen ippaeenationgs useddhe ppno-structured

supp%.r{ haad & iy\’h{ige(ﬁofﬂiﬁﬁéﬁkd in a suitable solvent and maintained as a

suspension by stirring. A separate amine solution is prepared by completely dissolving
the amine in the solvent. The nano-structured support and the amine solution are then
combined under stirring. Preferably, the amine solution is added stepwise to the
suspension of the support to ensure good dispersion of the amine on the surface of the

support. The solvent is then removed to form the supported amine sorbent. The

-9.-



10

15

20

25

30

5 acid (e.g., sulfuric acid) under stirring. Primary
particles fornmed by this nethod are generally between
wW@2@sa2600 nm in size. These primary particl es PERUS2007/074615
subsequently aggregate to formlarger mcron size
particles. The specific surface area of precipitated
resubting SR HeRRbait dn"RNGLRE k9B 84h bO cRAAIRAY sickXaMPb8kin a
~of comercially available precipitated silica include
unifprm $omdey. from PPG I ndustries and FINESIL(r) and 10
T%g@oﬁ cr:%n ‘%ﬁr gc[g[e-lciotlé L%ﬁg@c'e tEBI %goré{iloﬁ/%gsoq’ggon characteristics of the
preci‘pitated silica have the appearance a
supporgldtamging Rbrbeht. UMhen a Wiy dleis povdiahe pdRel tasbBahlixed together with
particle size allows themto absorb and retain
the amiggispiwiontandandgnte they suanenreen ahihcsuppett dinaipalyal cae also be
scpaga Bl A AGHERT € BN FId S et AP sy BRI ofthe sppport. In
that tched, thaypelydbsdletidyis prbferdldyndded 6ixdteo the alspovsor bfthetsapport,
be used i.n food processing, e.g., as, anti-cakin .
and &Ed?oﬁj’?}’éés fhgn rﬁ@\ﬂﬁ%‘f gaol?ta%bthﬁ sBabRT Belon %@teﬁaﬁkThe obtained
solid® %bt‘%h U8 Red 3R qllé DHICAR MR SR RAUSH Bie afrife (ijn 1 solvent is added

abrasive material 1 n a toothpaste. Fumed an

undgrséciipgt Hiredlys bolivestsis aemogaher @irnythe kypirasfsdi dnhiog/polgtol sorbent.
their surface can be treated.t oduce, hydr ophobi.c

The gpeBn M B P RE S Fr & RAES A SGR RO SO § Bagorm gowder,
velAlnyas 1 inh @hidodichp&fle S HisSaASingab@t Wwhich Hekd A 18actQyith, the
for use as the nano-structured am ne support accordi ng

amipepandh@ic palpohcimhe udhipesk Henselweant sheuld acipebbr batasily separated
i t or i.n the esen ] S e .
oo 9B 8 Bl Ny BE 850, RGNS g bt e o

limitddusiadeohot ivdech tamnmedsalive apihdsmandgolgsls aaddah boRasily removed
titani um oxi de, precipitated al um num oxi de,

frony theciosb et dipr e metbaialecthgpel ps dxapserydidleddinlund various
nﬁxg§ggﬁmn§gk%E4gH%%hjcate, car bon nanot ubes, and

m Xt ur es thereof. The supported am ne sorbent can
be Theepaheds fay properagnahinesuppotiyd aodicheraccording to the invention

conventional techni que. For ex | e, . when i npregnatiaon
are §EXPENSAYV HbeAS-cefiy RItuY PO HiSotoitbe fhsttjaig SYRETior 10 the
sorb&his&ftcPhredibsRREsRAs iy ki wit bRl R, sol vent and
mai ntalned as a suspension by stirring. A separate o
anmAdeyagieketustn the ipreepan edalilys & opt edngeyofdi@sdiseingg 8@pabilities

the amine in the solvent, . The nano-structured.su rt
for e hen e U5t 64 R piel RO Bno ot orelit BA performed
undé&tvaifoul Gondtieherap! Yved heniy¥rfgresS@hYE bPO to J00ATafkhd in any
stepwi se to the suspension of the support to ensure

suitgfde Magneh ersi ore Ruadlamisrgenrting §xed aeeiag, qrftuidized
s RRDL, TIE Y S oA OGRS 3 s o
meaRGTh UDRQRF( 00 6 thermogravimetry (TGA) or by measuring CO, absorption
under static conditions.

Once the bulk of the amines, e.g., about 70 to 90%, is complexed with CO,, the
sorbent can be regenerated. As used herein, the term "regeneration” or "regenerative" is
understood to mean that the sorbent can be re-used by releasing or desorbing the
absorbed gas from the sorbent. The absorbed gas is released by treating the sorbent with
any process that effects the release, e.g., heating, reduced pressure, vacuum, gas purge,

and combinations thereof. Thus, the regenerated sorbent according to the invention can
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resulting am ne sorbent can be used as is or can be
crushed and sieved to obtain a uniform powder.
wologotwocan be added to enhance the PCT/US2007/074615
absor ption/ desorption characteristics of the
supported am ne sorbent. Wien a polyol is used, the
be uR&d ¥Plaary, BerollX athifi PYeLESH tWhIdtsoPptioR@y@BsNen an example, the
sol ution and added to the suspension of the support. '
sorbThiempiityios its ahsaipton ke epar atcal aftedirepolodeabsprptioedesorption
eyei§f BETere B FORED R dulth b R BRRISS Oy G many absorption-
desdppdeeadlby Rddeenfanisit té Qsd paraHelsqBofiton tddst Which allow
su&port and the solvent is then renoved to obtain
absqr RGO b API08PLIYHTSESNCTREPB 19 B carfifd GHCanABPUsShl i d i s
th ' r.s I ANt ' -t
any B CFERFRSRE o Q0h RpZRL iRl aiaRoR i didofibribic. \Bhe absorbed
CORB m@lb?gpdltgzoﬂlu%fpemtig'gsltw ehm;leﬁlttto gfe@amdttbmgsmpne 5&.@(1 by heating the
anm ne/ pol yol sarbent. sor bent, ¢ used as
sorbght QLTS O AFAH 560 dd APROAOST e BAusH TP mure (o-2., by
PG ing bW pBOH VIBIK )04 bs CRARARI, EaffgadissRe) Virne
PrEBut which dos ng[?g]r)g\’ggtsclgv}nnfgh’, the am ne and the
compulayiohs demedfe Thei degemdatidthecstoioneatlowhosdedtipll e frestbf the CO,
be easily,se ated fromthe rpbent. by m.d atin
that 3T pIco et Hafh raves PhE Pt B8 OF AuPetie” HUF QPetibfien be
stordPot 1d8dti8AnY Aegik€&PR@hSer, Whd aft foaPeriffeal (V@ cabiaRey faifl CO, is
pol yols and can be easily renoved fromthe sorbent.
reuspéin eyt |(&): shsprdivatdesetmmvotyclesnd i sopropyl al cohol ,
an I OUS .17 s.thereof ¢ T f Sy:
oL HF R aOh b EBE I F B SOPROF L s S o FhdfHisclosea
in cd-pendinpyE18. iPatkent Apelidatiex Nensid/8s7, aTRifid Wgust 10aL0G6, Bl entire
yet produce sorbents that are superior to the 20
conterf; eriiah IS iRGoaRBR B PorisHeR) BERIPRFCRAGHR- net hods.
égﬂgtsgﬁ)eegf' $¢dbrdin %o 'tﬁEVﬁlQlteht‘?& %qﬁp}rﬁﬁlf%t%ﬁeaﬂdaﬁ&g ¥k release
absorbing capabilities or use w vari ous
the swgtportatl aande iim chestemipalatgeesamsijonr pessurd hengbsothp tabeor pti@n
be perf orne under.varigvs@éonditions, ﬁ.gf,.over a. .
Opertaélﬂge Jrihee SAGE 1615 PR3 DOISECAFIGUPR 24 4 cSHve _QBFfé‘tlon ata
tempBBRRE rafzcGhat Edh Be EAIY @hinkdiBVY BSh SR the Prédebd iBE sorbent is
moving, or fluidized 25 absorption bed. The ability of
costtd¢féecsioefenpravadingpt igh e@ivacyaam doe laentvisstprat edidsijtion to a high

seloff R P B BB TBE SR B birC G arh SEATc Bt TaffenSXibilicy and
vers@Nfgy, the skt @fn 4166 adaMeSoouSlydbo usAdttroh® 14r@ec UWmMéESof CO,-

conpl exed with C02, the sorbent can be regenerated.
CONtANiNg &ASIHF @IV ATIONS SPWICRS " r egener ati on" or
"regenerative" is 30 understood to nean that the
sorbent can be re-used by rel easing or desorbing the
EXAMPoHsed gas fromthe sorbent. The absorbed gas is
rel eased by treating the sorbhent wt .
The following examples are illustrative only and should not be interpreted as

limiting the scope of the invention.

Example 1. Preparation of a supported amine sorbent
This example illustrates preparation of a supported amine sorbent composed of
50 wt. % polyethylenimine and 50 wt. % fumed silica having an average primary

particle size of 7 nm and a specific surface arca of 390 m?/g +/- 40 m*/g.
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any process that effects the release, e.g., heating,
reduced pressure, vacuum gas purge, and conbi nations
wao bh@sezif700 Thus, the regenerated sorbent accor dP@US®07/074615
the invention can -10 WO 2008/021700
PCT/ US2007/ 074615 be used repeatedly, through
Mulph RS 18MERAPHhOR: AR MRttt M, 6Y 05 890) hlfg Wik EXATPE®In 25 mL
the ‘sorbent maintains its absorption efficiency even .
of mgthanolr dpéeasdutiabsws phé¢rorddpdsbpptwisn undgicstasing to 4 g fumed silica
. Preferabl t bent intaing j.ts or-pt.ion .
in s E T 0p b s AR o PR ot iisRe B3 AT RY by teppmine on
the $uHpOBINVEIY RttutOwds etifrad @bt &l addisionpt Ak, hedithe sUiVad was then
al  ow 5 absorption and desorption/regeneration to be

remewd frap HetmissHe bursing at pEr Caspdapyecuupp pn g rotgvap followed by
b . ' . '
over iR ey Gl FEFPEDS R upPoRRHRNTE MbenCbipliSd muas white
solid,ovkichwadsettich emphediand aived go prdoduckeatiifignt hewdsor bent
at tenperatures from about 25C to about 120C), reduced
pressure (e.g., by pressure swing absorption (PSA)),

Exaf@ffie MY PepXBQHHTOT 4 661?%&%% S‘i\fﬁiﬁﬁg)(ﬂ&olaerbéﬂt
conbi nati ons t hereof. e regeneration treatnent

al Towseeegdntiladttatenppasfionhd aGtdpotthdtaniige/poyull esdant

ith t ' f th b to, d.. Th .
compaiet oo BE oDy ey GrihuRa 1P Gy PRREHBAT raRaL g dq vt %
fumbd GiI&QrdIQﬁkrirf%ﬁﬁQve(rﬁgfgﬁﬂﬁfa@} febticis ome 697 nrd wiﬂeu%géici'ﬁe surface

further CO2 absoyption-desorption cycles. Uses an

arcarafal%0 B of 4002 /gncl ude t hose nenti oned above and as

f i.scl ' ~ [ P .
S AP0 S AL 5 0 Sl 25
of nefilidod. ThONEEtio®ivaghhe@hadded doprpise ab O hane&l silidy suspended in

reference thereto. The sorbent according to the
200 iy gtpthagioli wndor sHAIEy O SawIceoddl isRFEsIoR Y nodyghklene glycol on
I a4t AL r
the {uipoRt PR REATLAS IR e SRS AL AL TRESTAL. the
solveht wss capaiaddefrom the gemarratbydreasing a¢ 508C tunder vgerat omm rotovap,

at 20 tenperature ranpge t can be. easi )
foll s P &oNEE i GSUHBU | AEn Soc e o R R d obiiisupgort was a white
pow;ae%hea_‘hf\%; EMBhEPhnPLRVEGI Ng a high efficacy and a

ong life span, in addition to a high selectivity and '
capéexg vy thoebte@r dqwy drfepand weparetd wiith SBevbusehafiol. To this

. jts exihility and versatilit. e t,.ca l.s
mixlyiS oho dgedueshy enBR e Skt bico BT D 5PN 30 mi
metlEol HaliaBPeDASHFidtOhViaEi Y8 d3GerEES of 38lyEMIlife on the
The foll owi ng exanples are illustrative only and

polyshsuprprhot hpsofutoarpisethed ngiged under brisk stirring for an additional

hour. Thereafter, the solvent was removed from the mixture by heating at 50°C under
vacuum on a rotovap followed by overnight vacuum (< 1 mm Hg). The resulting
supported amine/polyol sorbent was a white powder, which was crushed and sieved to

produce a uniform powder.

Example III. Preparation of a supported amine/polyol sorbent

The same procedure described in Example Il was used to prepare a sorbent
composed of 47.5 wt. % polyethyleminine (molecular weight M, of 25,000), 10 wt. %
polyethylene glycol (molecular weight My, of 400), and 42.5 wt. % fumed silica having a

-12-



limting the scope of the invention. 30 Exanple I.
Preparation of a supported am ne sorbent This exanple
WO kdossLy7ed es preparation of a supported am ne BOF/D82007/074615
conposed of 50 wt. % pol yethyl enim ne and 50 wt. %
fumed silica having an average prinmary particle size
prlrr&fry paititlAfide Bf IRAE frihe o%wlﬁ@&%slgwam@ﬁe ﬁ%%o@%ﬁg;o%ent 4hs a
. -11 WD 2008/ 021700 PCT/ 007/ 0746
whl@oﬂOﬁl@t Wlll@hwm; seoyndpingdcldwad tgeprghucad upffons poeadler.4 Te powder
nmL of nethanol. This solution was
had eﬁéelp gl% gharacntengté uinder stirri ng to 4 g funed
silica in suspension in 100 nL nethanol to ensure
good di spersion of polyethylenimne on the support.
5 Examyde hVyt Measyrement; of r@éz flbﬁo@ﬁl%éﬁﬁq%‘d’aﬁlh%@rSta‘dﬁé]yStem
th
e g EftishRfh 430 oBLHRTRYSHe ah iR OB LGP s tubes
conmmaoceedioghpay e ineny @ad ammarhigy steih eC@gl-mpnfahmdg @xsﬁewere passed

sor bent o t ai ned a white solid, ch
OVeIRIFsWEENSHAMOUBLRY thsOPrPHRIEPA drficrs &ﬁ%mventlon The
weiRtaAP8sd bf thRr8RE&M Rt %s HorRtosPRRA %uﬁ'ﬁbﬁe{ Pohﬂﬁi there was no

Sorbent 10 This exanple illustrates preparation of
10 furtbarppoghemcarrisne (j§bl absbrgmmbent deteunpmééd/ the idGcose. m%/elght

Des&fplny etor}”y(]aﬁgé/r%ggl;ngge%%ﬁg lﬁél%et léggl gg:ﬁ ﬁig"g%ﬂgeré"\?acuum
(< 1pamH ng} 1Sl B€ DEsofptlBh \ohpdtisy &@@@étfehﬁufedrtf 6mtaﬁﬁgﬂw‘ weight
390 n2/g +/-40 n2/g. Polyethylene glycol (nolecular

decrgesqgght M ,, of 400) 2 g was dissolved in 25 nL 15 of
rmt[lﬂ% gsc')rptl!al(r:l‘;fnéa%éyeteﬂrl] Cﬁe% d%?alﬁegﬁgltﬁ%g% q&ﬁg la‘éﬁsor%grtlt% a?e
15 sumﬁta}rle’edn@,TabQ ensure good di spersion of polyethylene
glycol on the support. The m xture was then stirred
for an additional hour. Thereafter, the solvent was
TFabtsybd GOpabsarp tig X capacigy mez%&urngwatts sm@lelnrsdétic conditions

vacuunTon—a rotovap, —fottowed by it n :
1 mm Hg). Ahsordlenti ned pol yol /suﬁbs}{’if’ HEY V\h 5 orption

powder V(mtg'mbwageighu]shed and gi eve of th bsorben/t)g

[ H .AA
UUt [=]] IICU UUI UI I S UMJPUI l was III )\CU VVI lII JU T IIClIIaIIUI .

O) di ssol ed in 7'%0 nL  met hanol

TORM§teuctyyed fumped S“HF“S“Hf"HB‘f yet|hyl eni mi ne_(mpl ecul ar
144
5

§)e5 o ensure dood digpersion of

fumec{ sghc ?F

s11 . 146
hy@&} %@Ic*} Y& mva ﬁM\%QSO/E’@' ycI ['suppgyt. The sol utipfy
fuM@ssifidae PEM e (4shrsiiek stijrring f0r an additiongls
fud&l oy PEIT(iHIM\emem 4255he.580) vent was2r enoved from t s
fumng idilikag pbadigahtingamsihe B0GOUNder 85 181
fumed silica / tetracthylenepentamine (50/50) 85 197

Nano-structured precipitated silica supported

precipitated silica / PEI (LMW) (50/50) 70 144
precipitated silica / PEI (LMW) (50/50) 85 149
precipitated silica / PEI (HMW) (50/50) 50 110
precipitated silica / PEI (HMW) (50/50) 70 130
precipitated silica / PEI (linear) (50/50) 70 178
precipitated silica / pentaethylenehexamine (50/50) 70 185
precipitated silica / tetraethylenepentamine (50/50) 70 195

PEI (HMW): polyethylenimine of molecular weight Mw ca. 25,000
PEI (LMW): polyethylenimine of molecular weight Mw ca. 800
20 PEG: polyethylene glycol Mn ca. 400
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vacuum on a rotovap followed by overnight vacuum (< 1

mm Hg). The resulting supported am ne/ pol yol sorbent
wor®sa2vibi t e powder, which was crushed and si eREHUSH07/074615

produce a uniform powder. 30 Exanple Ill. Preparation

of a supported am ne/ pol yol sorbent The same procedure
Exa®fjfie V. b8feasir &iamPdbeCcl, amsrpasnl chﬁaﬁfﬁﬁ@i"n% AtR@uRRFavimetric
ana&ggposed of 47.5 wt. % pol yet hyl em ni ne (nol ecul ar

ight M,, of 25, OOO) 10 wt. % pol yet hyl ene gl ycol

o BRSO Y e Pobu 108 sty Babis o BT

(Shlﬂfaldﬁ&rBCfpéﬁl)t)J (Ilh% W&l atsonbent (B 0lgamwagdoaded into a platinum
pol on / am ne supported sorbent was a white solid,

cruc\hlﬂﬁ@ﬁ Wdacegraute asauErRRdancs ptlisaidisl #bsgrbenépyas then pretreated
0 e
st (REE (oo AR Rl PYSPY 1 O £ P undor s flpgyof nitrogen.
Subsdamon{dy j tho sammdmwhy coslicdgo ahstiedited ahygsteion t€@perature and the gas
absor ption was obt ain ar at us

e a
flowey ﬁﬁeéorow gt &8%s O{ﬂﬁglé‘turé&%r?ii%%‘odl sr%?gwoa%wwrtp other gases

(e. garsz Y)@Cfﬂé{{ﬁaﬁ%ﬁg e ) CaieCanRhal H RAsIASES RIS %§§@&)rded over
ver pre-weig anmount s of “absorbents prepared

tlmeawcdﬁtdmnge the € Oeabsovetman oapaciThe Exumplyhiof iahsnrpasemesisurements

obaifig 710 iy Grepaeel e Ter B PR RO e R diamipp 11 (47.5 wi. %
PELAISRE. B, IPRG ¥as4 2 8twer 193, m&ﬁe@mudaz atGIBAsA 2 NinVEAIB .

Desorption of CO2 was achi eved by heating the sanple
at 80 to 110C under vacuum (< 1 mmHg) for 1 hr.

De%%}rtl)?é ho"M&fmﬁM t ?rd‘@)nggs(ﬁ, fﬁ?l”éa htg%tftznleab orbent
wei g decr ease %ﬁ g‘% &
with some @r “n? Wé/éd‘%“r? SStructured
Tabl e 1. ?L‘ ‘cws‘ggﬁ? mﬂgre&ﬁ%ﬁrwa &Ur enent s

under static conditions Absorbent Ahan tion COP

absor ption rati o by weight) tenper at ur é ( MG RbdorPtion
(O absorbent?s f@RR&LItIRR ured funed sil | @i €wp%rz{lﬁ6rbent)

f e d el | | ca / Dl:l /I I\AI\Y /l:ﬂl l:ﬂ\ 7('\ 1/1/1 f 1 ivvpd

LB LA “AY] T \ ’ \ l LB LA “AY] \JI I I

1¢0(PEI;0QLM/\) (50/ 50) 85 146 hydrophobi c |f uned S|1I4()ca
PE! (I—II\AI\Y (:n/ :m QR 133

10% C02 mn Nz 92

370 ppm CO, (0.0370%) in air (80% Na, 20% O,) 27

'PEI: polyethylenimine of molecular weight Mw ca. 25,000
PEG: polyethylene glycol Mn ca. 400

Example VI. Repeated absorption-desorption cycles

The solid sorbent of Example III was subjected to multiple cycles of absorption
and desorption, and absorption-desorption cycles were measured using the static
experimental conditions described in Example IV (with 3 minutes for absorption at
room temperature with pure carbon dioxide and 10 minutes for desorption at 110°C).
The CO; absorption capacity of the absorbent remained unchanged after ten absorption-
desorption cycles (see Table 3). The data shows that the sorbent according to the

invention is capable of a number of repeated absorption-desorption cycles without
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fumed silica / PEl (HWY / PEG (45/45/10) 27 142
fumed silica / PEI (HWY / PEG (42.5/47.5/10) 27 148
wo eoweai2ig0d | ca /| pent aet hyl enehexam ne (50/ 50) BGI/L8M07/074615
fumed silica / tetraethyl enepentam ne (50/50) 85 197
Nano-structured precipitated silica supported
dlmﬁ)ﬁﬁféﬁ@%&é\:pﬁ@n%h#é&@ dndRfah UcLMAl WdPbHRPter Bb ion-desorption
precipitated silica / PEl (LMN (50/50) 85 14
cyclps.ecipitated silica / PEl (HW (50/50) 50 110
precipitated silica / PEl (HMWN (50/50) 70 130

b1 cci bi ¢ af Bp1ect RERe?teddn0aabRpHIn AR aPHion 96/%0) 70

I85CypLeci pit at ed [sid 1 Faz/ |t et raes hyl gnépent angné 9 | 10
(50/50) 70 19% PHI (HMA: |pol et hyl eni i ne bf

Abserptier Ghpacityei ghosNW oxa] 125,/00G |PEI2 Llw\) 116 118 | 117 | 117
(mg g6y rtsprtentni ne af nol ecullar wei gh 00 120

PEG pol yet hyl ene glycol M ca. 400 - 13 MD 2008/ 021700
PCT/ US2007/ 074615 Exanple V. Measurenent of CO2
absorption capacity using a thernogravinetric

anal yzer CO2 absorption data was obtai ned using a

t hernmogravi nmetric anal yzer 5 (Shimadzu TCA-50). The
powder ed absorbent (5-20 ng) was | oaded into a

pl ati num cruci ble and placed on the instrunent

bal ance. The solid absorbent was then pretreated at
the desired tenperature, generally 90 to 110C for 1 hr
under a flow of nitrogen. Subsequently, the sanple
was cooled to the desired absorption tenperature and
the gas flow switched to either CO2 or a m xture of
CX2 in different proportions with other gases 10
(e.g., N2, 02, natural gas, etc.). The change in nmass
in the sanple was recorded over tinme to determ ne the
CO2 absorption capacity. Exanples of absorption
nmeasurenents obtained with this nethod for the

absor bent prepared according to Exanple 111 (47.5 w.
% PEI, 10 wt. % PEG and 42.5 wt. % funed silica) are
summari zed in Table 2. 15 Table 2. Measurenment at 50C
of CO2 absorption capacity of an absorbent conposed
of 47.5% PEI, 10% PEG and 42. 5% nano- st ruct ured
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fumed silica" using a thernogravinetric anal yzer Gas
conposition CO2 absorption (ng CO2 / g absorbent)
waeesnaod 140 10% CO2 in N2 92 370 ppm CO2 ( OpOBUSHYP7/074615
inair (80% N2, 20% 02) 27 'PEl: polyethylenimne of
nol ecul ar wei ght Mw ca. 25,000 20 PEG pol yethyl ene
gl ycol M ca. 400 ExanpleH¥lcLARgnsat ed
absor ption-desorption cycles The solid sorbent of
Exanple 111 was subjected to nmultiple cycles of
va§b§gﬂg %8 and desorption, and absorption-desorption
Were neasur ed using the static 25 experinmental
condltlons described in Exanple IV (with 3 mnutes for
absorption at roomtenperature with pure carbon
di dxi de Aatrlidieprhppfufios absaspingeeisbon dinxidg frompepas mygre,
0 Ofh € nt remai ned
Conﬁggﬁgﬁgbﬁﬂh#t%¥i?g%ﬁgégggg?%gﬁﬂﬁhgg%ng|on cycl es (see
Table 3). The data shows that the sorbent according to
er of repeated

abor pt 1 DR SBBESH BET B /01 QT { RGBT Shp B0 -~iructured solid
cupRRORLOZbAO0 PETHHSZARLI0ZARRR abélh i afied absor pti or

capacli ty and be used over ten

absorptlon desorptlon cycles Tabl e 3. Repeated CO2

b t t 8 .
1037 s OB eP B S ing Bodinng. Eareit e adrSeicpigd support is

a naﬂi&ﬁhl;i?sﬂl&é? aluMi@®4nli gh&bige rR@vl or pi&lpﬂ’@eg‘@&ﬁf@oaéﬁﬁﬁn silicate,
PCT/ US2007/ 074615 THE CLAIMS What is claimed is:

carbang@hptitbsopbemxtufotheagsfor bi ng carbon di oxi de fron1a
gas m xture, conprising an anmne and a
nano-structured solid support. 2. The sorbent

acaor di Myetsortn@bsokdingh@rdtiim 1 hehoam tisd 4rdigleUs @trimary,
solid
secondary, or tertiary amine or alkanolamine, aromatic amine, or mixtures or

combinations thereof.

5. The sorbent according to claim 1, wherein the amine is monoethanolamine
(MEA), dicthanolamine (DEA), methyldiethanolamine, 2-(2-aminoethylamino)-ethanol,
diisopropanolamine, 2-amino-2-methyl-1,3-propanediol, tricthanolamine,

tetracthylenepentamine, pentacthylenehexamine, or polyethyleneimine.

6. The sorbent according to claim 5, wherein the amine is a linear or

branched polyethyleneimine having a molecular weight greater than 600.

7. The sorbent according to claim 1, in which the amine is present in an

amount of about 25% to 75% by weight of the sorbent.

8. The sorbent according to claim 1, which further comprises a polyol in an

amount up to about 25% by weight of the sorbent.
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support has a primary particle size | ess than about
100 nm 10 3. The sorbent according to claiml,
wWob@BMe2110@ he nano-structured support is a nanPGI/UBA7/074615

silica-alumna and the |ike funed or precipitated
oxide, calciumsilicate, carbon nanotube, or m xture
t her eof ThdRofbent BECoTAIMREREC1AGE 8T WhBgkid Pne%(ﬂ&m ikiselected from the
wherein the amne is a prinar secondary,

groupeanisgtinganti glpcaspl, @lhgam@rsavﬁ qtgyleaﬁb ehgol, mowﬁthjelen@ glycol,

polym[ﬁ(tléJ [ es 18%‘5 aﬁ? nJﬁlle %ﬁcgtl?oel{s d m15xtur1c_|§ ?he%gorfb ent

nonoet hanol am ne 20 (I\/EA) di et hanol am ne ( DEA) ,
mst hyl di et hanol am ne,  2- -am no_et hyl am no) - et hanal ,

di 18opr Eﬁaﬁerw ﬁ@COTQU’@nﬁOrﬁéalﬂl hrevhgrein the mnepsecdnisd, support is
v L0 L RS RS STSBEATL 1 g 2% 5%
Weigh:trdfehds s@nbent dlndghé sorbleai forther whmpeisos pblgetnyilae glgcal in an

near 25 bran yet hyl enei m ne having a
amOH’BT BELI‘? 0“\/\]@( &’ﬁfgalﬁ gégf'egor R4 600. 7. The sor bent
according to claim1, in which the amne is present in
an anount of about 25%to 75% by wei ght of the
sofdbent ThgBothenThecwdimgeiotclaiot by ehd seapildec wf T¢leasing hhe

conpr.i.se n an anmount up to about
absoéggfs i ‘ﬁ%ﬁldS S‘}eﬂetP%%%/‘gtoﬁtregeri%aW 2008/ 021700
PCT/ USZOO?/ 074615 9. The sorbent according to claim8,

wherein the polyol is selected fromthe group
congi st ilhg sgfbegut y@@rdlng tol dlgand t swheércan el sonecnyliy ighted with
h I th (0)'¢ t

surRge el ROt e s R, BT B0Re" {58 mR G uiiepr e
rele@@Cos st tiad amloahnovdall M@ﬁlﬁdoﬂbd&@rh@ﬂﬂ dicsdidlelct ur ed

support is nanosilica, the amne is polyethyl enei mne

in an anount of about 25%to 75% by weight of the

sorkent €S hi :

ol ot ni) ARthor e SRLEI: bty GRERIRTSSypich comprises
dispefsmg]ﬂlesmﬂnbesrttuctﬂl@dlsilppd'ﬂn én acobemnt tabwar disngpensionl dissolving the

1, .which abl e of .rel easi ng the .absorbed carbon
amipg Hkﬁh&éOW?é‘ﬁ t? ?%gt ap apdpe ?@5@9& camiiging the spypensipang the

amlf’i’& %hﬁbﬂgaﬂcpre%&hﬂg o soM&Ttqb Tok€h S %HB@RE is treated
sufficient heat, reduced pressure, vacuum gas

purge or a conbi nation thereof to

14.  The method according to claim 13, which further comprises adding a
polyol in the amine solution or the suspension before combining the solution and the

suspension.

15.  The method according to claim 13, which further comprises adding a
polyol to the suspension; drying the suspension after the addition of the polyol to form
a supported polyol; dispersing the supported polyol in the solvent; and combining the
dispersed supported polyol and the amine solution prior to removing the solvent to

form the sorbent.
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15 rel ease a substantial amount or all the absorbed
carbon dioxide. 13. A nethod for preparing the sorbent
w@pooshzi7no 1, whi ch conprises dispersing the PCT/US2007/074615
nano-structured support in a solvent to forma
suspensi on; dissolving the amne in the solvent to
fong an AafenR dsk ¥bh@RuoxPTRAfLAHg a8 sSpEREAS c@boaHoxide from
the 20 ami ne solution; and renoving the solvent to '
a gap gripturpevidhop erhent, Mhiclrisempetsho dx pasties thermgrbant @cegnging to claim
which further .c rises adding,a .palyel in the .
1o dfhs pPtot b e RS BRI E P B B hhi g rreating
the sbeitti tnt @idaibbabsabspensh@ippedcalbon dJhaidetd@tkase it.
according to claim 13, which further conprises adding
a polyol to the suspension; drying the suspension
afor g adhbh QBedthidd® A8y Ok 4 R-A0T Mo B EURREDHGded in a
pol'yol ; dispersing the“supported pofyo I'n the
fixed oinwveintg, oafididieadbead agd theegasdingiperdsad is gppakct &d paiffiolent time
and the anine.aotution grior to renoving the sol vent
to tra thy 318 mdiads &t Pintordentz wo 2008/ 021700
PCT/ US2007/ 074615 16. A nethod for continuously
capturing and separating carbon dioxide from a gas
m X8ur e Thiethethod erdreding tehileim ¢onphemes thexypobénigs ticeted with

surgRog gL FEERsEE R ufe Sufblh Grofiad byt endeltiodibSieng o
releddeat iaBSorbbd@agdnAPLkidehat contai ns absorbed or
entrapped carbon dioxide to release it. 5 17. The

nmet hod according to claim 16, wherein the sorbent is

o 5. o dpgd A L8 7 L LAEIRAEPIANS en

up tb 98P, bhehecaniners domplakediwiti berbsardiexide. 10 18. The
nmet hod according to claim 16, wherein the sorbent is
treated with sufficient heat, reduced pressure,

va um . onbi i . . .
¢ erace TR AHbEapedtind GATRENSE, QRichIGHAR, cdipripes peacting the
releaedandbargdioaids @i forth8iscfig@redurtt.he sorbent is treated

when 15 up to 90% of the amine is conplexed with
car bon di oxi de. 20. The nethod according to claim 16,

whbgh fyhthesin6@UPEd AR #o&akin PO, FRErcik 84888 ¥5h.68E POMed to

di oxi de to form useful products.
produce methanol by (a) electrochemical reduction of carbon dioxide in water or (b) reducing
carbon dioxide under conditions sufficient to produce an intermediate compound and
catalytically hydrogenating the intermediate compound with hydrogen under conditions

sufficient to form methanol.

22. The method according to claim 21, wherein the intermediate compound is

methyl formate.

23. The method according to claim 20, which further comprises reducing the
carbon dioxide under conditions sufficient to 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.

- 18 -



10

20 21. The nethod according to claim 20, wherein
carbon dioxide is used to produce nethanol by (a)
webk®@sneehem cal reduction of carbon di oxi de | PCTHEHSIN7/074615
or (b) reducing carbon dioxide under conditions
sufficient to produce an internedi ate conpound and
cabal yt mhahlchdayREQAaRAb lcNEm LDewh ith TR icohPrisQaRAydMEting the
Wi th hydrogen under conditions sufficient to form
methppphandist comigias suffigeentia producscimethyhetheto cl ai m 21,
wherein the internediate conmpound is nethyl formate.
23. The nethod according to claim20, which further
Conpri s&he hxthigl degordhigy t3QlataaOWhibha¥itike com@eikes heating the
. conditions sufficient to carbon nonoxi de, reacting. the )
dimethylsgher wbHepressncagitan asihicrhan orisabtic exnastinggisconditions sufficient
ffid Gl n nmethyl formate, and catal ytically
tOﬁﬁgﬁ%%géﬁgkﬁﬁgp? ﬁ%thyl formate under conditions
sufficient to produce nethanol. -18 WO 2008/ 021700
PCT/ US2007/ 074615 4. The .nmet hod. according to claim,
20C,56V\,hi Ih¢ fllﬁltoﬁiearcc%rgﬁ‘&ti’ §§§E§éhxygw§tfw#gert09 PriNstRANGHng the
cthylénd %ﬁd@Pﬁl@?gﬂeﬁ@ﬁnMfc&hdiii@r{!;tsuff%i&{t@@H&ﬁepdlé‘@ﬁsh)(k BhARS
25. The nethod according to claim 24, which furt her
hydrooarpeiss evntaeias,iong préreicEproilnedi¢reomefor upe asrefepdwednioe
h of an ac%dic@?%si%.%{ zeolitic catal yst under
cherigal§ OF p ransReRy o tu to form ethyl ene and/ or
propyl ene. 26. The method according to claim25, which
further conprises converting the ethylene and/or ,
pr 8Py edbe metnd aseerding togtrimg 2Pt whickdurthay camgrsgs hydrating the
| ef i L. - ans ' or a
oty gt By BB ShhdR DCRER RGBS qn L PRI (O,
chemcals or as transportation fuel. 27. The net hod
according to claim25, which further conprises
hydrati ng the ethylene or propyl ene under conditions
sufficient to formethanol or propanol. -19

-19 -



