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WO 2008/ 021700PCT/ US2007/ 074615 NANO- STRUCTURE
- SUPPORTED SOLI D REGENERATI VE POLYAM NE AND POLYAM NE
W Sde¥ b 7GBSORBENTS FOR THE SEPARATI ON OF CARBOP-Ph/BdoP874615
FROM GAS M XTURES | NCLUDI NG THE AIR 5 FI ELD OF THE
I NVENTI ON The invention relates to

-STRISG THRE SR QR ST A7 /) LAr£0
R gl pav et s e
se &’H&B% FROMIEAS FRXGEIRESANE BUDEYe (EEAIR

the air. 10 BACKGROUND OF THE | NVENTI ON Cimte
rmng is considered one of the
FIEEB fkgt NW2vere envi ronnental probl ens of
t od@y invdntiod roRitesaBNRNAlstncagEe spprEtdd@hch hefurédisilica, alumina
cause for global warm ng is the release of the

h

and ghye il salif) gesurrdiiser Y namme-prlyok shsotheptsivr eppturing and
.. i . i 1 A , V\h . h .

s PR A EIAE BT LRI BIFRRED) i Er 1

fuel s such as coal, petroleum and natural gas.

oget he he f Qs lel s _supply about 80% of the
BAGXERO U, Rl l?"s}- ause fossil fuels are
Stidimdt€ b Rid268InY %1(5\?&’[ REPRINLisdRdsiB8Y dn@ 9% mBSressing and

since no satisfactory alternatives are yet avalilable ~
severe endpdracantalproblomstaicodayo rihzusove gatarale ectegtedf thatsthe main cause

fuel.s are expected to remain our mai,n source.of ene
for glfbeuititRg 1 BF ess@fatnsy St IedaEryimae gt afioghy giddsphere. A
majéngtebiiRfuke biN Is4arifon APxidBeColphaliciels rieRhsed Sreli®minantly from
efficiently and econom cally capture CO2 fromits )
combysiiaeof foatihfugts sehesicowls pelrdarmagdinatyrabgash Jragictigr, these fossil
tes.and.. ot j jal tar] A -
BRIy SRR 08 ) UBLE iy LAY BELERe I e s
relafdigle itapthlied andEkyaa s engdainrsicesatidfactbrgabtegiica are yet

formations or under the sea, or can bg gﬁ d as a raw
avaijghlefq rplace taspheRdls srotmeus serle noglegniasell figels are expected to

remah %u?‘fﬁiﬂ?g&ﬁ'ce&'Eﬁ&@gli%thquggrﬁ%.on and renoval of CO2
I S C

rom gas streans I eved” by techni ques based on
phyiccady tnditidaenCOalenpsicessdshsiv aiflencabs ohpglobal Gimate is to

. id solution st ens dsorption onto.,solid . .
offici e Soong BRI Ba el G iUy M feGrSsiPBLGRm fossil
fucl RFRMBIRwver POMIPN VAL RHEstHERHSQPRE, ahRillf REHRIUES,

am ne sol uti on-based CO2 absorpti on/ desorpti on systens

acceppanging nefuraliges,.rnd thesair. t @iteecapireds &811nang sopzestaredrin geological
hi.gh vol u as_streang. Co nl.y used. solvents.i
forrjeiks & uHdh G P 85 SADU M1 T s MaRT 4T Raniditaghidfee! and
synthegh hagroommess. hanol am ne (MEA), di et hanol am ne (DEA),
di i sopropanol am_ne (DI PA), and nethydi et hanol am ne

( MSEIyentiye SERATALIQR angd Egnpyal of CO, from gas streams 1s achieved by
techniques based on physical and chemical processes such as absorption by liquid
solution systems, adéorption 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 monoecthanolamine (MEA), dicthanolamine (DEA),

diisopropanolamine (DIPA), and methydiethanolamine (MDEA). Certain sterically
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WD 2008/ 021700PCT/ US2007/ 074615 hi ndered am nes, such
as 2-am no-2-net hyl - 1- propanol (AMP), can al so be used
w@goslsaopent s because of their high CO2 | oadi pgT/US2007/074615
capacities. O these, MEA is nost wi dely used because
of its high CO2 absorption rate, which allows use of
. r 4 . CO ,
hind3 ol MICH R IR O BRGNP, BT s oo
absodlbers bedatiser @fGhicir BEhCOs Rgdingraaparitite GOthes)MBAds most widely
oper atignal .probl eps caused by corrosion and chem cal

useddfesgrusg atiits fighrs Op phspspiiotbsage ydichoallayyy wis & shoxtgripbsenptipn

Ly . o g . ) )
conBi) K, e SR bk SO TATRR B oo
heateequired te o¢genewie thesolwhntcind tpetraid@@Vpiobloat edysedlstcobsion and
heated tQ regeperate the MEA system a |ot, of energ e
chertigal e T | HypEent @&éﬁ%}’%ﬁ%ﬂﬂawé'e%hyanﬂﬁéw 1530 weight %
ME A& L3801 ia ThnNgusys! Sifte 581 A 030 wRIE8 Rt qieﬁ%dwéﬁfé}.a%%ause the entire

For exanpl e, secondary and hi ndered am nes (e.g., DEA
solupipmof wivieh 79rto\Ailde imwater nousrtat e aGtoabgengpateshe ME A system, a

t-han MEA, a re alLso prone.to corrosion d chem cal
ot o g PR Pl L BB i BB B ARG AaR Sstems
alsoPr&nt ais@dvarighel Fok eRSMHRY EESnENryARINh A cd QYR n%e_.g., DEA,
al kanol am nes are of interest because they can conbi ne

DIP Az 0 Bbprovideamnaes mpienatec SO bsarption sated s MEL., whil [age also prone

. . hei ¢ o
o oBHGTEETEA B el S AP AR Pt spanty o s low
rate S Bbtihulatisndh forencdasnbldadiak apeshal alkdndlagin®Sire @M@t because

bl ends _are MDEA-based sol utiop containing VMEA or DEA. = |
they imerPBIbIng faviomtde ghaapisriafienel walasicoypousdnptile suppressing in
part $hdiFLAAL eIt 8APAGKS. o ndMLRE 8§Eieﬂﬁb@ R3S R hine solutions have

systems. CO2 can also be captured by adsorption on
beersddviedorsdy bisdhthe. m&stl dodsnem blenygpaoaMBE 2 dagsdsblation containing

hysi | _adsor bent r .separation,of . Such .
MER DETHER L eSS Gl nd oo R e Ry ooy el e g ghe o
drawtR¢RS 8F Binih A3RHidh-68JddyBeg@nPONENt S in a m xture. The

solids can have a large distribution of pore size, as
i nCHh1dapalsgpehe capteneil vay, adsabtmatdnysalisbscsbedon Sobds are typically

' | h | , .
e o SO B B 25 PR on o
abilizgof péubashds adReeRiy adbavechiaghc &hPorthsoind im@fture. The solids

apacities, gfe. ., 25160 ng C2/g for zeolite 13X and
can hats dlprer BistIBIonQiore s 78Tl SHeEs ER, plwningaryd activated carbon,
td i -hes .
or 8 RAYSL ol SRESPIRG PP ARRLE! €5, ool RSP ERAures i
roomh ¢éoapIetuyaseslitr-basedlads@bysisdak b hWigd€ox, hbsbrptioh kepacities (e.g.,

adsarbents, act se tion of an individ gas
160 FieoPa/aof e dp X SEbE e ooy e B aeite dA & 41 Bngrmure COD
Hoﬁg‘?%leﬁ ﬁhé Y doYphiQH c4falitRdAREde MsofdeRRTRRUAL rfﬁfig%r: xlggcﬂ Sncreasing

chemi cal” absorption can be applied on the
tempedstordeRerth@obeqaniss cpaes pos eplyarhyaivielg adsorpedl parthaedsabents,

be deposit or .grafted onto a.splid.support. Am nes
acruBCoc RS radne il 6 BBB0n itis F 2885 Sl wne

surThaghicat aSfhéseluelty 36T €10,12d86pabA, a compound providing

al um na-silicas, however, show |imted absorption )
cherpigghelsoyptism ¢aaske enpdisdam thg sclid agserbant. i Forthistpuspesss an amine or
o 5008, 02 TARRET LSRR 45161 33RO samines
cherbic@By bo8id {grafied) oethecadurfadt 9€koles saches hitidad ofd alumina-silicas,

chem sorptioon of CO2 at room tenperature using silica
howgggr, B E‘&‘léedsachsf)%@na‘?ra@amﬁé?@\)@éh thepBhmg CQRGE Al gin most cases,

which is nodified with a pol yal koxysil ane cont ai ni ng

one or nore amno noieties i-@4ts structure. The

material is 5 disclosed to be capabl e of absorbing

bet ween 15 and 23 ng of dry CO2 per gram of absorbent.

U S. Patent No. 6,547,854 to Gay et al. discloses a

met hod for preparing am ne-enriched sorbents by
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0.02 atm CO2. This material and its nodifications are
disclosed in U S. Patent Nos. 6,364,938; 5,876, 488;

\Vég&ﬁ%2ﬁ8§; and 5,376,614 to Birbara et al. Th@CTﬂBﬂMW@M&H
preferred supports 20 described in these patents are

of polymeric nature, with acrylic ester resins such as

s S SITSEE L L DR FREDARY] SRBEIAS B Y o Lot o

al. cﬁsc‘l&s%s Q&ﬁethaﬂ d’oﬁctﬁ’eﬁﬁs&%&oﬁb‘f@@d SGLeaE eipReituROSShDLiica gel
upports, including alumna zeolite and carbon
havigg| RIH{AP S69ackRANComA 20 AEd R0 /gy whichag medifigswith a

pol}é‘d %t < q%lﬁlsng%e (éIrA‘moHeo n%%rlpofgﬁ%s ARy Q&u?((xreanﬁl‘ﬂeematerlal 18

rangi n

dlscwtssd % be cﬁﬁabm of %sorbmg bebiv&en PhuedD3 Nog oﬂd@loog pér fam of
or. creating

dj
sbsEhPHletrS- Bjient Bt brig CaAeI%b e b e paseipe for preparing
amiRILRG IIICRRRRs by l?ﬁ&)rg?&ta tgé SRSt th@kurface of oxbcihzed solids.

nonoet hanol am ne d materials are not
Theaapontes mazienvEATEUNE n@Cﬂaeabsm@e(h enahesmmoﬁﬁeps &17 ﬂlg@t&fsorbent

wsinggRORYES i 0% Gl AR ohe ehpeuBasEam IR edofibrispRunt of CO»

that®hh e AbSAHBR@bh Ihe FRFAUMINE FONPORLRESuS 81 ports remains
absorption are amnes or mxture thereof chem<cally

Tela’@‘@ﬁﬁé@Webe@ﬂS‘phﬁﬂieﬁdbwamu@cﬁowetﬂg@n t he surf ace of the

neso C sQrption._on

b ooPheppEbreritfu e ARoR s haB PPl st Gapary wigh amines or
polymniféR/ Bor ckamphe s pdpRs b 1SS SatyepalV® al ., J. Energy and Fuels 15:250

2008/ 021700PCT/ U32007/ 074615 "obt ai ned b

(2004)) sleperis Bgidgeeloprat ofpelypthyieniming @éﬂ{yoh@ﬂwﬁwdglaﬁol (PEG)

on A SURBEY ok SO T RO RIS ol

currbintéy aﬁécbmtsp\aemsiaﬂtlm‘ tot fenwvals0y frent th@&:t&bfrﬁdtth;bsﬂbﬁ‘eemd&elease it

ot Rk RS R iy SO LN SeB AL LB

0. ozr gL mfatmg n{a%ﬂ@ﬁrﬁhq&seme&lffyahxn@%)disc%s%d i, ﬁnftat!fx\ﬁ-Nos.
908, 497 to Sirvvardane et al. discloses a nethod for

6 36659!§p8a648ﬁ 6.488r béﬂi,éiib;ﬂmdrfeé’t'd 6194 t» Birbgrastlbt The prdfenrcdgupports

72t
desclipsgh i diferR] 5is8metings BehS SR Brbibo R st Ghen s
AMBmaamuHelﬁg BSOS RS ﬁmlb@ﬁﬂy@ﬁdbﬁe%aﬁh%@ﬁﬁe@s U.S.
for_ acid gas renmoval , mainl and H2S. For exanpl e,

Patent Nog 87404 fodwr 28,6881 & @&%614&8 ﬂémwsgi@w otherpessibly supports,
1nclf'i’(ﬁ]ig %ﬁﬁﬁl%g‘éow) ggﬁ% C de%H]n%AéEl&a{ §icYas n%l: ?ﬁlg:t%rlg ISak’at-f:nt Nos.
S IncCco

esses ena conmpoun
5,4 %&UG‘S@S amds 5 1317 ﬁ;ﬁd 4physéval theramdaitiof alnis® phsaiitson tha sarbent is

._.process such as a_ gl ygcol ne process, have al so been
hmlEFéieﬂal’fgéﬁ‘g ?Fﬁﬁy?%ar/‘stof%srwéc?d gas renoval (see Kohl, A

L. | G&

5, ST BIBENy o5 fgco EARRF GO £h5apd pf Bl co-

sorb;bﬁtsd:ammmgazaelgmt helamtarcicves xtith @wimgfalcohols. This patent dlscloses

o o RS ETVE) R B S50l ol 1 i

the lfergeﬂéraaé@ 9i¢p a8 hiBRMBemJAEnYSE BherBhhivhLMPRLULYEM NbO
nprove the absorption and desorption of CO2 from

WOa%GiOﬁé(WHQ& difickasch ebsorbeni basedoyn mesomoei sifica su;&m“rSgyThe active

274- 78 2001 | iter
comﬁggel}ty? re(]',‘é% abspdo tl?lh are Aminss 05#] i;]télge g}? €a Xci;lggﬂ%&l dconnected or
phyﬁ@i@%&ddbﬁ ﬂi% dur gt df the mesoporous silicas. Absorption on most of the

absorbents described in this publication is below 70 mg CO,/g. The best results are
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20 phase, the use of oxygenated conpounds to inprove
characteristics of gas sorbents in the solid phase has

wabsgobesn expl ored. S S_atyapal et al., Energpcdidr007/074615
Fuel s 15: 250 (2001) nentions the use of polyethylene

al ycoI in conjunction wth pol yet hyl enei m ne on a

obtaﬁ)l%e lgp%éln%%uﬁﬁgrc}%%&lafg r@ﬁ?zﬂ > PRIC &l?st}sc?iﬁggdggr%gd on the support
(abot ¢BORY CUS/eANHIVRSREWcobiSsc N\t RE hr@la$1li(§y? oPDHA QRS the desorption
shows that 25 polyethylene gl ycol incorporated in a

conditignh dhe aeainamess of thid shsorane gencirle dserepemith ipsressng number

or CSeSER BRI A0, LR P AT BRI Lol
regenotatidnabmperant ofonbi 6090)g 108, P‘.Ebnﬂié@%‘;%&%@’bfb Sirwardane et al.

i soporous, MCM 41 (s al so disclosed (see X. Xu et  al.
disclases gynciiee midireperngspsbents by yopimg aslespathshpiokaying a low

surféoe?’a?r@a 6t6.2nd % rﬂgzlgq’ﬁ?h L9 aBig b dl‘eeéth@tl use 30

pol yol's to inproveé absorption an sorption qualities
of Atlcttdrlohsbpoiwbthmteae giol &n@rothmwxyg@mtada:lorﬁponndsrkmyp ialsg been used

for AR P GO AR A BN 137 CHIP BTG from
Umcﬁc@armdg OkRw Db%//ChenE21HUAG/SPPAEIIRCTIARITS BBA{ BASP IR used in

998) has a room tenperature carbon dioxide capacity
commﬁrt‘«l&d@rm@sisght Opeganaind campounds an combinatiog hvigh elslsrmselsamxed

phy&gal 51 cpsmé%iil ‘chgg r?lf %r? %?nséjcigg%c’ ﬁl?crﬁoa\év acpgg(%(r) m%ﬁqf}wal?rggess Ve also
beelﬁﬁtfddcﬂoe ﬁtany%&@fhom @aid afs&@ﬁlb'VM (@&@Koﬁbhﬁe anghd Nlelsen R.B., GAS
enerative, provi des a
PURHIAEN Pt eSS RUDishtoe P s Ueh cRateeice bt 400 FeMcElioy
dembﬂ?t?ﬁgg {HeQfe ot ik Jrle&bﬁgﬁs@? p@iﬂ%&diﬁl@le%}[lﬁtﬁﬂkn%p@tbetis of a
SO

ves the corrosion an tion prob
polyextiyd¢icng)ytelcionoémngiiag gases) éededing SDMGM g%ed‘itsl[itreams The use

NTION. 10The i nyenii on .provi des suppor.t M
of C%N.\l/ rAlECq SAPmPEI S ﬁﬁ{’ Hen gpd ﬂﬁsogmlﬁ%%@@of?om amines has

also%@ﬁ QaididoRy epostt Ad B8y AR @‘u@!srl%cgﬂr 2454 FE@@(F 1); While the
ch provide structural I'ntegrity and I ncreased

hteraityg@ mainlgneletgsdoithy use of amifige agd pppg&naﬁqﬂ carhgowgndls ie the liquid

phad the ATt RSt e BIRBS N s R STt T s 3 e seupgres in

the dbdMepltis® hbdRIsY bRad Eksloteds| Z.Sdtpghl than Akabpuhd FORINM: 250
and can be nanosilica, funed or preC|p|tated oxi de,

(200d3 resmivons the wseref paluethpiena gheol irecongrnetion withmelyethyleneimine
on a Jbﬁﬁ&flc I@ﬁqoﬁg}dglreengcﬁ)% @8, ol {h%Bd'lé(sedSa?ﬁgglg‘ﬂaré/ of & space qshuttle

rary anol am ne, aroma
X. Xanttrets Micraprbinatd dfesopdrerne MarknabroeXR(q003) shdjhes that

polyingine O SeHBcPLER] b THEporur NaH 60 Seheseneinine
sorb@ﬁpiﬁprt)%s X3 %so%tfi’cﬁteﬁﬁ desorption characteristics of the tested
material. Preparation 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 gualities 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, 127,
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200l i goners of ethylene glycol, polyethylene glycol,

pol yet hyl ene oxi des, and ethers, nodifications and
wokotkMi©g t hereof , and can be provided in an apgpik200P074615

to about 25% by wei ght of the sorbent.

According to an enbodi nent, the sorbent is

179§8§ %egiog@t%n‘lé%énw I%brlglc)z}rlbﬁa ox@e calpe%lgr r4§r\%e§§13rp§rcent at a relatively
hlgh\@@gwaofgesbapur ge, lean 25 sweep gas, or a conbination
t her eof The invention also relates to preparation
of Asrbessatipasuranhshamndhpg s |aélﬂeé|f0m%1%w0tfﬁg saibepkior capturing
f [
co., Ghia8 IhL0g, IGRRYL ARG, ARAON FLXLARAEAT IR
proviid@ciibighreiogaiodapading anmibiedt eowptlias etevaeiieiiperatofes. In

carbon oXi d and water, or reduction of carbon
ad 1&%%%%&1 %"&ﬁHP? iSyHEmhrt soly @rihe carrapiopagd syapstion

&L bR rﬁgot'élé’&ﬁd] kd puedqby catal ytic
Pro h&gr ogena(?iltl%}l of t eg'(iglr?tg)eér é,% ate conmpound wth
hydr ogen to form net hanol . I n one enbodi nent,

SUl(/rﬁ\ElAﬁgngijEJ qUg EL(S% catal ytic hydrogenation of an

e et at fpouia—e. Jd. , net hyl for nmat e, wher ei n
t h?h@)ﬁ%éﬁ@i%ﬁ §€Qe$ ?ﬂ%@teﬁ)ﬁ‘ﬁ{lﬁg %@ﬂfeh%rbon%smg an amine or an
2008/ 021700P / Us2007/ 074615 i s obtai ned
aml@/mﬂbcqmp@sm@n venpasited ionaa prng-$trustunerl @ualpqrt, which provide
not her e i produ ed by reducing
stru 8 g S P e Fefas o O ABSoraliBn BREREGET: o ent to
carpe @u?@ﬁﬁﬁﬁiﬁe ahRE &ﬂlmﬁmhfé@pcﬂ?él%ﬁUQﬁmﬁls decovhpbbed of a nano-
nmet hano nder conditions sufficient to obtain_ nethyl
strugtpredesolid. dhg neae-SiryeiuEsd SUPPAY ¢AB Yarae Prghark @apticlppize less than
f
aboﬂitoqu?alﬁ] n, ¢ M@Sﬁn 60 kl/gﬁ(%] ftﬂrhoguc é)g&%g%:tgtreg o%(?f? %%F%um silicate,
carbonvenbtube, oaa nhetire nhdsreof pre essed c:tmbamprdm&m gctondary, or

derivative di.fied co ounds. For, exanp
tertight HRHI Ot E ‘Hgolalé‘iﬁr &F%ﬁ’% eI E . OOFES aHREY %?OIEP%POHS

ther¥d}. CIA Eﬁlaéka?dp?Q tRE afithd NSFrebd 2t G MNARK o?gﬁgutt 25))'@5[0 75% by

sufficient to form conpounds such as ethyl ene and
weightadthe setbekt. h?he nelyahdapbe pyleetaei fram, be cempe.t gcdrol,
. 10 hi theti S, .
oligghgth ¢ty 247 Pl RIS HAE £ ool PR TAEAEE pridsy.end ethers,
modifieftidnsagdanikagdstinedof] Mid chiebi pﬁdﬁd&f irA%n amount up to about 25%
transportation fuel. In a further enbodi nent,
by waightapilothe sqrbapé furt her used for mi crobi ol ogi cal

DE%%E&?@]‘?%\? &%ﬁ%@ﬁ%ﬁﬁ%ﬁ%&%@&% ﬁéﬁl‘f@ﬂ%éﬁ% sorbent can be

desdrbyéahd osgemetatEbdy applége hedtarédoecd pppetice dasnrhegdsspurge, lean
for absorbing CO2. The fsor bent conpri ses an amine on a
swe%ggs,ﬁrm@@atlg%% a nanosi | i ca support,

for‘rhehﬁ%ﬂgicrhgalga%zgt%ﬁ% ek%r% of T %brn%nahﬁ%@ﬁ&ular use of

fromany desired source; inc ustri al
the sarhentsfios captune ggadespafatingssithorf diekideufroinnggposwence. The carbon

. S . .
d1ox%eacnatn%’e r&l2ased 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, e.g., methyl formate, wherein the hydrogen used in the hydrogenation

-5-



10

15

20

25

30

20 well as natural sources. The nano-structured
support according to the invention provides structural

wohdR@siAy to the amine as well as a high surf age@iRH0T4615
for solid-gas contact. A polyol can also be added to

t he supported am ne sorbent to enhance its CO2
. i FlLLL orpt i rat.es. |t .
s o800 B LOHORBH b 83 B0 FSHE 4R ORCIR BhfPel hBpby enanctis

produkedbyn fedacial ehedaibdncdieside dbdericbhditlby duffisiehtité darbon monoxide,
nangparticles (nanosilica), have exceptional qualit.ies

: ) . |
reactiae Hgsaehon mepoxide il mepiengladaeeondgiong saificienhie ehsan methyl
ore BB U PR ASIER o W PoREBEGLbA psfcient o
producy erthanal. pr ovi des signi ficant advantages over the
absorbents of the prjior art, e.g., absorbents having a i
pol foL qusifs}&af %ecglidmﬂ fedﬁ%gwantmng%n%@%%@r@e%eﬁe@w any desired
deri@tfeo? %ﬂﬁﬁec&%ﬁﬁ:‘bhﬁ&s. FordURER! mefidnaQgh %}4 lﬂgl\?@ha‘ced to produce

_ tenperatures. Thus, the pres nt sorbent a
dimetbyleathdryehich pew also e furdep seated ondarco@idods sufifi cientito fem

as_ mxture nder yvari qQus itions an
comind st e g Qe JBEke P apBonsap hegonverted to
highk£EIRTIAY, AlsonMBc AREYEHBorR! ardfiatied) br FPatBPHRIIBES, and therefore are
tenperatures, enabling nultiple absorption-desorption

usefglas alsedbtady fanchamipglnpred trangeertasion fygd
2008/ 7 - 7 ChiViTy. e_sorbent. .
a1 98 SRS ARRE Mo G BERIL o KR BB b gpproduction
of siafiletdal ppatei@s. art absorbents. Further, unlike certain
prior art sorbents which can contain amne only in an
amount of 1 w. %to 25 w. % the nanoparticl e-based

DEPNIINED TOEPER TP PRAQ'CE F9rE PREREREWS HMRDISAIERER Zin” a

abdile iBvaiontrelaesatodreg@enttivisupported Soubentst foe apsoebimgtCO,.

sorbent s §temi.s ractical for separating CO2 from .
 ndiSRPTOET EPTPHST “TLEBEe Q& RO STV Rk TpRPH oS 8o b nanosilica

suppd4€ | foP Wk Jdirbig g RAWRIsRibATY 808NE U Ddrbel AUl fRdm any desired
factories, as well as other gas streams, particularly
sourngat pchidingmdosimied exhavgtss flyaighsesarfi fogib fusbhoering poivenglants, as
i ifj | . . .
Wellgéesg%tlgliagg%g% rfo%e %ngor-%glgr%t 1% Bﬁ}%m‘?’rg agﬁ??r_ ?negdtottﬁﬁ.%ventmn provides

strustaFdléntegACCHY e Rgnih® at hell B3vekighQorthse sregFesidiill-bas contact. A
absorb CO2 by the follow ng mechani sm Upon cont act

polygl can glsg é)@_@é@d & teatwopertedprpRsahent toirahaigspsy £Og absorption
cnfIHE, SRECDESH R, O (om0 o, Satbarmle,

Caitbladicen unek prtqitl g déseoeciet! thatertaid barieay dfammbescale particles,
I E RN RTINS (S L T L
amihdtS pERAMNRes BE1yRNET A ihi it 2AREA0 Ml Aok ARREIJEY 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, €.g., absorbents having a
polymeric support, including a high CO,-sclectivity 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

-6-



10

15

20

25

30

20 It 1R2N CO2- +H2NRIR. 2 + H20 ..11C33- +H2NR IR 2 +
R1R2NH Bi car bonate According to an enbodi nent of the

wo 5068331760, the absorbed CO2 can be readily 25p@p8850086h4615
and the supported am ne can be regenerated. The
desorption of CO2 and regeneration of the sorbent can

sty B SOPERHlr ERAFe et Hi oo bGP ok p B B pror

art akEPbeaR. IFRRthct Wekike GaRainVWHiehart Sr8aste SvHIER cin 8cRthCamine only in
sorbent. The ready regeneration enables the sorbent to

an ageyat ol mepkatoekd wbsor Peingaopatislpbised apyee sarbgnt gpcording to the
. . i f 1 -

v sop SORAAL SRRMANY A0 SRS B LT

25 witatoarsd T8I6ktU¥ed support. Am nes that can be used

in_the invention jnclude primry, secondary and . .

t el P&tYC RIGEFNL SOFPRALSY RGOS RGiEce] Tofsshsiatipe &iPnfgem industrial
ot X ARS8 1309 (AR AT IR 8r T JU6N M s
factadssg apwictims ofher gadBGt20M8/ D2t 70RAE TatB2DFs/ ndaamgamigmBcant

absorbent shquld, therefore, preferably contain
COLGR RS n At e Sarenb R Ss6 B et COs from the
atm&PRBARENRL s. The ami no conponents should al so have | ow
volatility to avoid or mnimze |oss of am ne, which
woudhd sedenhatooadiagtih eheyayestion snsuggdsted b alroeb gk by the
foll efif ect iC %nessnﬁf Itlh(e)z tab orgti on_system over .t L ITE the
BRI L gL 11 RBD SORBRLEHE RSP UFa bR P& P>
supporfdtaint ChsMIRELBISIR TOLLY MeMling diceftaandt ashpRx.
(DEA), nethyl di et hanol ami ne,
2- (2-am noet hyl am no) - et hanol , dii sopropano| am ne,
2 2hiRedID- et B0 T3=propanedi ol RiReN&i0mnol BVRR:
t etraet hyl enepent am ne, pentaet hyl eng-a%e@aqé ne,
pol yet hyl enei m ne, and the likes, in U ng-vari ous
polLy fRY hres @itk RE wWeddwm ehoelabanskefuxhel Racts 6 6@k a bicarbonate and
Pol yet hyl enei mi nes are preferred because of 10 their
relegey g pBpws Mherh o Risthehiracy Vahd-Qritherehy difrepping the overall

Ghii I4cies and their low volatility.
Co%g#y%tlﬁyﬁéeﬂnag% nes al so provide a high nitrogen/carbon
rati o beneficial for maxim zing the anount of am no

funct.i it i.nh the sorbent, Pal yethyl i mne
ha\ri?rlkj&nn‘gbéc'uﬁiﬁl\! '2gﬁtl'?£)r ea‘E‘eT_tﬂgg)-?’GO é}?@&% + KRN
especially preferred. The am ne copi@pbordafe t he sorbent
can be about 25%to about 75% of the total weight of

the sorbent. 15To enhance the CO2 absorption and
dega@cptding te iacmbbd ématt iof shoofmvehigos uhpabioebed@Oaean be readily

sor ben ol yol s, can be incorporated in the sorb
desR B BRY enPP PR AT D PR atiisg, GHtb droriom of LO; and
regef8h@ioh Sfthé B&bHERN HMe achi® Al hbaas h@ﬁtilfﬂ@b% Qlle%or%eélrt],t applying

i nproves the absorption and désorption of the sor .
redugnd pikssuisawesichm, gispUstt andiér ¢ parbanidinedde ahewicay gas, which

00% ave, better ess ;to the active.amno sites of
releffes (B aE SRR FAGRRA Gordtiplin iR aBY B0 gl froUndergo
rep 2R dyMssrptfeRdddsBritie dyd¥@ntitReaghoul d be unreactive

toward am nes, and should have low volatility to avoid

or Advantsgeeudags lapgsvanigiy of apert-amdrrakasbasheé compounds can be

ffectiveness of the
use%ﬁ%orﬁ@g%tglggég%ﬁgﬁfé% ﬁpﬁ)g&Exarrpl es of polyols used

I n Athcpieaanh bearshe i thativeidohiiiclad€prifary,i sgcbmthry @and

gl yclg&gl , oligoners of ethylene glycol, polyethylene .
tertigry, a1 e, anWaly @R IEhRS. SRaTRRIEC ABRsr RUNKhimyles giifer@mbimations

theré{ylﬂyﬂ’ﬁﬂﬁpg l%a((f Qécofqg%lgﬁégﬁirfég POINELBY SR FhY €9, Sibsorption. The

ers of” pol yet
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oxi des, oligomers or polyners of cyclic ethers such as
pol yt et rahydr of uran, and nodifications and m xtures
W@ bekaefo0 Preferred poI yol s have a nol ecul ar Wegdikaoo7/074615
| oner than 10, 000. More preferably, polyols have a

nol ecul ar wei ght | ower than 1,000. The support
amif?e ¢ m(a)(rljg)/&% aS?l?llldel gheé'?}é)g'g t OFera@yt tl_ueL ra' ) f1§1%\1/1{ Mount of primary
and @é@fn@ﬁ@bhmlﬂcempds@m@bwu& ahfifo @manheﬁt@rshedldsal@Mavézow

are nanosj|lica, espeC|aIIy so-called funed silica and
volagiligy topyeided mginimize logy A améng, iwhich yysiubd coytapdnaty the gas stream
and @E&:ljﬂe@@/ th%aé'f%érc?llvgné’észo% té@ggécﬂ'ﬁtléﬁggg grn]scgaaﬁggl?én Eggrﬁg%es of amino

specitic surface area betwee

com@bhem‘a mdudeber aklnot pineipar ’&dmb;loe/thmmlamlﬁm GMEWJ[ dieytgindlamine
2008/ 021700PCT/ US2007/ 07461 on beari ng

(DE% gl (g éﬁﬁng]émgm,l% r}(géat% 1(;}11)\sopr0pan01amme
;31 f I

2 ?2%‘%53%@31%’% SRR amine,

penmndlyRE&hfﬁlahﬁhé,rpn‘ry%k@amnePamt il liltse chdudingavarious polymeric

forned fr spl ut reacti.on of an
aming pompeun q%gg.pgm(eé tgereotog hs){lprilq}gil%ﬁs afepretgrred because of
thelﬂhig%rlﬁ'bpﬁﬁindof(s%c@ndar?Lﬁhﬁtﬂriﬁa@%ﬂho%ﬁgﬁoﬁlit{e@'a‘i‘ﬁ their low

Primary particles forimed by this nethod are generally
volagiditye Enlytrlanaoines 4lao prodde THagh nptmgmf sarbeir ritid beneficial for

max%% 11%% lﬂie%gnt l %%Pei%at t?crnit;a %fée%rép éﬂé ec{gll;)eg%tc gpotl e?ié feneimines

havﬁll |rh61@c@1®ﬁ a@%ﬁt)gréﬁ@ﬂﬁﬁinfﬁm&(és &15@prﬁfeﬂ'ed Exaenphfise content
commercially avail abl e eci |tated silica include

in thﬂISDEh@LUDCW berr it 200 ipsthiqus d 5 dnef the igts] woighb@f tie sorbent.

TOKY

sili c%a lh]?g%/%ﬁ{@hgé eaﬁ a%rge o? e%%*%ﬁg%?c&ﬁ{@t%sfﬂﬁtﬁ %/ ’gﬁipported
amimhsdrbeqtopoliyols éﬁmémer insomplokatpdi thel serisert eoaiplosmmnt hemn gi@ount up

SO and, retain nifica angunt s mnes whi |
to 2805 ShiBe Ftal, VEteD OF PhoooEb ke SagHo: a grolty paptoves fhe
absoMp b9 hd Q&drPGon SN RIS AMVAY dQfeREs fﬁémﬁgccﬁﬂﬁ of the amines,

precipitated silicas Is their non-toxicity
allowBrohOp bx heve hettdrlagosss th élm adiviserniseditesn of twdsorbent even at lower

Ki
temfBTRRGTL S SotvTRatRl in E e Rl b i RS
amids BRd bifoudd Qe te vBlaBility tdlawdif @8 Vgt @hk &ss] Whith

t oot hpaste. Fumed and precipitated silicas are
contgaiatas the goy dtrepmi andclecmases teioffestivenass of she hsorption system

N e
glyd&fﬁdl bligeimeislof easylear glyabl, pSLyeﬂ@beB: g@cbler palgethgbenkehxides, ethers
ano-str

of o @it rfihy lone Eligp herniRE PebE IR e FiberiPas of polyethylene
- S t
0x1cf§g, $18R)rferb QF g?%@?érg of BScIRY &88R su@ﬁnag ‘ﬁg%@é ﬁ‘gfd%ﬂu% g

or pre at ed oxiI des such l'um numm
modoficatmnsfandedixpires trerenh &ke&el;edamdiydlsl rede & imaedwan weight lower

tory T80 RIS pERse BLPE RNATA PR S B iePbls™ Ehen 1o

S' |T'h@%h§por@ @é&ﬁﬂld@&ﬂ%@ RRatidN s Méﬁéﬁ%a%ﬁ%ﬁﬁﬁ@fy particle sizes
he supgorte am ne sorbent can be prepared

less|tlmn &gh tnlrrorpr@ﬁer@}y daso tthar abmlm\léﬂtnnonarefc@@d]mnmets aFQr

nan AR cSport O PRI GPAM RS il s i ecteiien P uper siliee
typlbzﬂi)ah@kl f)ﬂﬁiaey poltieNdizaRchpi®d foal Nesl 5@sinPasdis BEASTiOBurface arca

by stlrrln ,ZAse arate amne solution is prepared by
‘@0l Knopgyl silica is gencrally prepared by vapor phase hydrolysis
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30 the amine in the solvent. The nano-structured

support and the am ne solution are then conbi ned under
wGbdoglob¥gy Preferably, the am ne solution is aggems2onr 074615

stepwi se to the suspension of the support to ensure

good di spersion of the amne on the surface of the

of a%ﬂpc%%[t%eagngia?ﬁe Vs%%é s11t her}e{r@%qon e Eﬁ(ﬁ%r r]%xtarll,zrleples of

mne sor

comaf&&/angl LYe0RIT ﬁuﬁa@@mcamm&e BEROS I fmh DR gD EMB-0-SIL®
can be used as is or can be crushed and sieved to

fronp Gphete 2nd BEQlP B LB fpan Tokuyama pBrecipisated silisa is frrared: fsom
aqu@ﬁlg %S Bfifichd %QQE&{O%M%’ %Eﬁ?ﬁ@%gﬁe g@ %[), Bhﬁ{ﬂl §1tﬂc%§ea Qfith a mineral

uppor t am ne sor ben i S use
ac1dt(b% Pullfipoic awid) helensiethgt Ryember patitles EEoﬁﬂimi byrthie method are

h i on and added to the suspension of .the support.
generp Y% i 54 85 Besigke ATE R ¥ Sylisgauently
t t S
aggr%g%t\égg fofth ‘i’argﬁfﬁ'ldgg{g gi’%e %gﬂ%lgf ‘Fﬁ@ g@ﬁi?? gﬁlfffl%éqﬁ'ea of precipitated

s1hc|arghenaﬂblrynmde@tnﬁOrtstSOlOanf/ge anasmémﬁnomhetchwdly available

procERES bitiod Byt HiA LR bt b Tk RN BRVESH fagn®

TOKISPE® 85 Maktpgngol vent and a sol ution of the an1ne
in the solvent is added 10 under stirring. Final

solFumed silicar andweeipitateddoviviea havosthp @ppwdnmfneehgmght flufty,

h b
whltcs?r;{l Secpea él"]n; i Ss%rgarlf;ﬁar}%lgfégsg% rHol'l\ise ﬁ%}s | ﬁqsgalgﬂﬂ%cp re*%am significant
amofAk fainyiabs wiile Ghaihtiag arheleeﬂmm@ eY ich@racRitstivdivethout
does not react with, the am ne_and the polyol can be

cakiggi |Anpther ainantaes o6 Airmed ad arqsrr@ﬁaé%ﬁhy%@ theis inpy- toxwlty The
t And

non SRR A R e SRR B RE88 ABEng acditves i

powldemdlfeddpmchioﬂ:&)hmlhsxs itk ehibstamtesli axlohvwesartio@sodints, ¢.g., in

.and can be ea ved. fro e sorbent.
abraﬁB’F r&@éﬁﬁﬁ & 2 tpefhnasts Sﬁt@%?fgﬁgcf prea}mtﬁtégoﬁﬂawfeaaee
hydﬁﬁ)ﬂﬂ‘i’@'bh@ﬂ%n‘@x%?a!é% @8n bBeraRld ©aoREUSRAopIdC E‘ﬁchQdﬁoth

prepari ng am ne supported sorbents accordlng
hydtdpéllummlaydmphobxc arlizas,reexpehas v‘éleambcbﬁs@ stlmas,aarppll suitable

for oSut g‘_g@g‘grbents thg{ are s or totthe 20
%&rdbse FEECHYPr VB § SoRdie b yrention
Admﬁélaxgaﬁm-lﬁlrwotultelaanatremm mﬁfabWﬂhhga iathé feese@n@Rinefsorbents
CO2 absor bi ng. capabllltles for use with various
incluge firaed anprecivdigsad edegysrhsisfnaed. alyményp o3idss femed gifconium
ox1cf%é ?r%g ?lIa %@%ﬁ%?&é@@%kf gﬁliﬁngQ1ut[ﬁlgﬁﬁln0)§ﬁ§, pre }5?{% ¢ titanium
omdeapm[plmecgzlrcomum axedr |calcifih e sys toafbor nanmuaae‘s; Klﬁﬂmlxtures
ing, or fluidized 25 absorption bed. The ability of
sorbent to capture CO2 can be denonstrated by
Meggir 2 Q
reaer AR R R P AP R ATY Ihpieorbr BY another
con@nimnizh EECbuiCkleOfF or ke ampi s eshereingpre gadyount isAGet ptheQdnoisructured
compl exe t he orbent n he regenerated. B As
Sup LA 811 IR HG Of B EgR AP B0 G A g G &5 o
suspeRsidR l%nﬁﬁﬁ‘ﬁltgoqtq stParARadIntnRalo 1 dtéh KOIREMNedIB cdfpletely dissolving
re-used by rel easing or desorbing the absorbed gas
the amgrn nhbe solvsaht Thahenatstrurbeed gmqurs an@tl@a@ememolutmn are then

corbfEt lfbr s1EriRE] BRI abh, g BiRE SEEERn 0803 [ER RsliShe

suspiRkids, ofand sﬁ@;b‘fﬁ*t BRELANRS gbbeeersidh S thd ﬁh‘ﬁlﬂeﬁ‘&@ﬂﬂ alrethe of the
sorbent according to the invention can

suppabg b f?b@P@W@SQGWPEﬂH&@%th%’%@PP@B@ aang yorbent. The
through nultipl e absorption-desorption cycles. In an
exanpl e, the sorbent maintai4-its absorption
efficiency even after repeated absorption-desorption
cycles. Preferably, the sorbent maintains its
absorption efficiency for many absorpti on-desorption
cycles. It is convenient to use parallel absorption
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5 absorption and desorption/regeneration to be carried
out continuously. For exanple, for a CO2
WO 8d0eepi7oe t he regeneration is endotherm c, so pBe/Us2007/074615
absorbed CO2 is rel eased by subjecting the absorbent
to elevated tenperature (e.g., by heating the sorbent
resu"[]tti%é SHRE! A5HE S cah YD AR 22 ol Be %E&éﬂed]a%%l vg@etg%%?ﬁn a
pressure (e.g., by pressure sw ng absorption ? A) )
unifgas powdge, vacuum | ean gas sweep, or any 10
conbi nati ons thereof. The regeneration treatnent ..
ol POl cabht P Qdytorfmbpnes theFRbSembonfisEoTEOR SHBTASiGaistics of the

: ! 5 ‘ _ .
uptrled e AOHAL W ents POYAPI L, BE oR FRaR be plited lfether with
the athmessotitent arfd aizidd (to elgenepatad) of tensuPEarti sThreepedgal dan also be

futh.r CfOZab or pti on-desorptian cycl es. . Uses
sepagpgly dseqlyghin B ARf R biegeKihiia isnersiomet eaport. In
that @8sd, Whd Hisiat e Ry $rft%o Yh

S L0 0 05 A0 S B o o s
and gt $aleerd an themtremioves ite hbiagn thecmpported polyiokmateriddy The obtained

.reference ther.eto. The ,s@r be acc.or di tQ the
solid f{ BRE Gl RER 6% solrortangn SRR b e MERE Ak Ao ds addea
und &URRERE € Fidilly) 8olvent RecBRBE ERFothEthaReHPortd SmeIEFolyol sorbent.
range of the absorption operation. Further, because it

Theisgrheap s be Bsed eigevacan bssrashed and stavied do eptaimeupifoam powder.

a . [ t : bhy [ i .
P S0 AR08 Pl GRS AR, BupRfin, e
amiﬁma(tjr;cbt_rhe\piodjdi gambb 'rh]lgiliz]&f i Thas@lvaﬂ(tgaulld%gfekélﬂ? béRasily sdparated

a It1on 0 a,nLgn.,sel e tIVIty an capa |ty or,
fror%ﬂmﬂréﬂgﬁ)a @eg healinmAnd/pp vaqianoPretaed el Fas |1mﬁg?§%ha¢ are not
limi¥y DalitdHAlY, wHiPE c80 Hﬂgf'ltve%ﬁﬁnfé %%bgggaﬁtﬁa%%ﬂ%veagﬁg removed

used to treat large volunes o ont ai ni ng gase
froni tlonsorhento Ursxampds, methagxAREaES], and isoprophkalcohol, and various

. foll gw ng. ex les are illustrative only and should
nuxﬁg?sﬂﬁ#?éhQ§P3¥£W¥g'as liniting the scope of the
i n%@tm&ﬁod§ﬁ)r$ﬁ§éﬁﬁﬁ1@g hmik¥ QR0 ABr Nt RaSIRBRG 8he invention
am ne sorbent This exanple illustrates preparation of

are WeanpHoYe aed aFayHie corbew: yeopivsdyee sobcss thpt argysuperior to the
iJane: 9 d silica having an
SOT[%\%}*éS?’%EXJS?{HﬁI{%@bO%@& Igﬁ%e‘% i‘r%eé{?l% "7 nmand a specific
sufdrestageedspfthd MvdiRiog chablked ankidg rangddf CO, absorbing capabilities
2008/ 021700PCT/ US2007/ 074615 POl@éet hyl eni m ne
for yseoyiel ypePUSRItHTA ang Indstna) gggopureeyy RS aBfupBeY &8N b performed

undé‘?v&mt)u@fco %‘ﬁg,oé. " Emﬂsa ?éfﬁoﬁ%{btgl?? %@gtol? oal%eﬁ, and in any

op-wW se under’ stirring t Silica
suitzhls peEmscnre.g. ninldCegulamidowagelent or ens tixed,gooding, or fluidized

sbsdipPE bed e apfy B b BRI G BRh U OB O° dimorHEted by
meag?ﬂiié%gbsd’i@ﬁoﬁ benherm&sravRRetty PRGNS Wyhdrity E6ahbEption

)C under vacuum on a rotovap fol | owed by overni ght
undgmgtaiercorditionsn Hg) . The supported ami ne sorbent

obtai n i.te solid, ,whi then crushed .an

o S s R TR TR p o RO SO SRR BE Wil O, he
sorbRAEEa] Bd tepRnatell. SAPPRSID R catnelepal Yeiensartidan or tRERBhE ative” is

exanple illustrates preparation of a supported )
undeffiaed/tp snsed) thabihgsatbent 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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conposed of 45 w. % pol yethylenimne, 10 wt. %

pol yet hyl ene glycol, and 45 w. % funed silica of
whansgi7en average primary particle size of 7 pgpipshddrds1s

specific surface area of 390 nR/g +/- 40 n2/g.

Pol yet hyl ene gl ycol (nolecular weight IVI m of 400) 2

ol.ved jn 5 _of t ha i S.,sol ution
be e FeRle A b e Bootp g og FanhB e ot fs” didpralipe. e
sorbefit Bldthtdins 1ﬂ§‘tabb¢ﬂ1lpﬁbn ctfigieficys bvdil A0 repat@NSbloeptdsiRdesorption
disBerS|on of polyethyl ene glycol on the support. The
cyclgs.x Praferaplys thheqrbang ma@@pmmts abscaptden pHiasndyolgr many absorption-
t: u
dosERESIEL, L 05pBRNSTNo Y8E pEATRY AR LS. P

ab sdcrptmu end doduirptiae/itgenératibntonbeghrridhentadhtin Hewsly.

ol oI/support was a white 20 powder which was crushed
(ljy , for a CO, gor@e@t dhe regenggiign pxgndothermic, so the absorbed

COZHQ |ré’l@£1§e§ 32 g]ec‘gﬁl? tHL %68 Bidtto %@e\% ['r{i)gpa‘?‘hre %%, l& ?eatmg the

m xture, 4. ofFyet hyl eni m ne rwei
sorbefit @Bﬁﬂ@@l)atmies $iwinv eboutr2 550 tmabnet h207€]), wascatipedsure (e.g., by
St epwi.s f) sur od di spersion of pol yethyl eni m ne
Presc“)‘n‘f'etsﬁ‘@n%& > BHHRWSS YRUBH! RS P x &Py

comYih®iond ﬂie?goﬁ'tTHer ﬂe?gnérﬁﬁo@&eéﬁiﬁjéntt a0BR% c4senBAHY most of the CO,
Thereafter, the sol'vent was renoved fromthe M xture

that iy coraplexad wath @@@Hun@l ef theasoubentde ba reloesedaplicoC Do wenithen be

stor QY P T U Y e, s sl el sl from €O, 5

reuswllﬁihn‘tm G(D#ﬁﬁ@ﬁbtﬁﬁﬁdédo?pftﬁih tyelgy oduce a uniform
powder. 30 Exanple IIl. Preparation of a supported

anidses %ql esctigny g@ﬁpz include these ggrHopedlaygrand as further disclosed
o, PR A PRSP M SOBE  00 i
cont\ami ofiwehiclvisafico2bor0@@ hereirDbyteferhqeahyretony| ene gl ycol

ecul ar weight Mof 400), and 42.5 w
s. | heaﬁomr H?f“gdm%oi gl/V@Qﬁ%eﬁ@wvﬁibet#P& ngoes not release
the ﬁfp}p%?ﬂ'e}d aRARE ik bk RhgRrAlrd aftlbr é/a sﬁ%tr@h gf the a(})sorptlon
pol'yol /am ne supported sorbent S a V\,hl
opexabiooh Rm@eg,rbn@adseaﬂ ds sémmbéelof regenodition &mdl,ﬂifa‘od;lrvmoperatlon at a
er. The had excel |l.e acteri st
tom BERLEE syrldtr ROk, PRBEH SGraials iy BBh bR hcissl g Sorbent is

costugifagive ot pfd\ﬁdis]}gsd Righ QPEcabs ML 1oy HEd spavasn odliBibAes a high
usi ng an apparatus conposed of gl ass tubes connect ed

SeleﬁféVléy g8d capddityeioy Gnrapierg andsgarationchiecensn of i Agxibility and
Versggﬁgﬁ Ec?rb@ﬁlrc’@aﬁldalgé{ %ﬁv:ﬂ{tgg&ﬁfsghge H@H)%nttrg t%r © iumes of CO,-
absarben ng t’o

S prepared accor &1 nvent
contaliigh igasasciremasernfustsbercabsor bent was noni tor ed unt|I
saturation, i.e., until there was no 10 further weight

i ncrease. CO2 absorption was determ ned by the
EXANMPigase in weight. Desorption of CO2 was achi eved by
~ heating the sanple at 80 to 110C under vacuum (< 1 nmm

Hg J'he dpligwing exResplepticonlicaptet bylywasl setudd nonee itiyrpreted as

. .oonitori ht decrease. The
hm1§g§6§%§@@% Q‘fgﬁgb?%‘%é’ﬁt“s obtai ned with some of the
absorbents are 15 summuarized in Table 1. Table 1. CO2

absor ption capacity nmeasurenents under static
Exampldili iBneparation 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 area of 390 m*/g +/- 40 m®/g.
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Absorbent (ratio by weight) Absorption tenperature (C
CO2 absorption (ng CO2/ g absorbent) Nano-structured

wd YsR@2806 | ca supported  fumed silical PEl (LW 685074615
50) 70 144 funmed silica! PEI (LMW (50/ 50) 85 146

hydr ophobi ¢ funed silica! PEl (HWN (50/50) 85
Polyethylenimine (molecular weight My, of 25,000) 4 g was dissolved in 25 mL

of methanol. This solution was then added drop-wise under stirring to 4 g fumed silica
in suspension in 100 mL methanol to ensure good dispersion of polyethylenimine on
the support. The mixture was stirred for an additional hour, and the solvent was then
removed from the mixture by heating at 50°C under vacuum on a rotovap followed by
overnight vacuum (< 1 mm Hg). The supported amine sorbent obtained was a white

solid, which was then crushed and sieved to produce a uniform powder.

Example II. Preparation of a supported amine/polyol sorbent

This example illustrates preparation of a supported amine/polyol sorbent
composed of 45 wt. % polyethylenimine, 10 wt. % polyethylene glycol, and 45 wt. %
fumed silica of having an average primary particle size of 7 nm with a specific surface
area of 390 m*/g +/- 40 m%/g.

Polyethylene glycol (molecular weight My of 400) 2 g was dissolved in 25 mL
of methanol. This solution was then added drop-wise to 9 g fumed silica suspended in
200 mL methanol, under stirring, to ensure good dispersion of polyethylene glycol on
the support. The mixture was then stirred 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 obtained polyol/support was a white
powder which was crushed and sieved.

5.5 g of the obtained polyol/support was mixed with 50 mL methanol. To this
mixture, 4.5 g polyethylenimine (molecular weight M,, of 25,000) dissolved in 50 mL
methanol was added stepwise to ensure good dispersion of polyethylenimine on the
polyol/support. The solution was then mixed 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 1II. Preparation of a supported amine/polyol sorbent

The same procedure described in Example II was used to prepare a sorbent
composed of 47.5 wt. % polyethyleminine (molecular weight My of 25,000), 10 wt. %
polyethylene glycol (molecular weight M,, of 400}, and 42.5 wt. % fumed silica having a
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133 funed silica! PEl (HWY / PEG (45/45/10) 27 142
fumed silica / PEl (HWY / PEG (42.5/47.5/10) 27 148

wo bded25bd | cal pentaet hyl enehexam ne (50/50) 85C]1,%g2007,074615
fumed silical! tetraethyl enepentanine (50/50) 85 19

Nano- st ruct ured preC| p| tated silica supported
prmﬁ %Eﬁiciea 90?5' | Ca lbte‘mc'a\{c‘l/%o %?/8,151‘1(1) & gl.?pplo%t“ed sorbent was a

white solid, which was ground and sieved to produce a uniform powder. The powder

had excellent flow characteristics.

5 Example IV, Measurement of CO; absorption capacity using a static system

CO;, absorption data was obtained using an apparatus composed of glass tubes
connected to a gas delivery and vacuum system. CO;-containing gases were passed
over pre-weighed amounts of absorbents prepared according to the invention. The
weight increase of the absorbent was monitored until saturation, i.e., until there was no

10 further weight increase. CO; absorption was determined by the increase in weight.

Desorption of CO; was achieved by heating the sample at 80 to 110°C under vacuum
(< 1 mm Hg) for 1 hr. Desorption capacity was determined by monitoring the weight
decrease.

The absorption measurements obtained with some of the absorbents are

15  summarized in Table 1.

Table 1. CO; absorption capacity measurements under static conditions

Absorbent Absorption CO; absorptien
(ratio by weight) temperature (mg CO,/ g
°Q) absorbent)
Nano-structured fumed silica supported
fumed silica / PEI (LMW} (50/ 50) 70 144
fumed silica / PEI (LMW) (50/ 50) 85 146
hydrophobic fumed silica / PEI (HMW) (50/50) 85 133
fumed silica / PEI (HMW) / PEG (45/45/10) 27 142
fumed silica / PEI (HMW) / PEG (42.5/47.5/10) 27 148
fumed silica / pentaethylenehexamine (50/50) 85 181
fumed silica / tetraethylenepentamine (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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precipitated silica! PEl (LMAN (50/50) 85 149
precipitated silical! PEl (HWJ (50/50) 50 110

wdbRslopi7b@t ed silical PEI (HWY (50/50) 70 130pc/us2007/074615
precipitated silica / PEl (linear) (50/50) 70 178

precipitated silical pent aet hyl enehexam ne (50/50) 70

Exa %)e | &g{.ﬁgn? H‘ bﬁﬁ abs%hr)?gﬁ |2:¥1 %gltnaéns]l rt‘l%arl:nof,rravimetric

CO; absorption data was obtained using a thermogravimetric analyzer
(Shimadzu TCA-50). The powdered absorbent (5-20 mg) was loaded into a platinum
crucible and placed on the instrument balance. The solid absorbent was then pretreated
at the desired temperature, generally 90 to 110°C for 1 hr under a flow of nitrogen.
Subsequently, the sample was cooled to the desired absorption temperature and the gas
flow switched to either CO; or a mixture of CO; in different proportions with other gases
(e.g., Nz, O, natural gas, etc.). The change in mass in the sample was recorded over
time to determine the CO, absorption capacity. Examples of absorption measurements
obtained with this method for the absorbent prepared according to Example IIT (47.5 wt. %
PEL 10 wt. % PEG and 42.5 wt. % fumed silica) are summarized in Table 2.

Table 2. Measurement at 50°C of CO, absorption capacity of an absorbent
composed of 47.5% PEI, 10% PEG and 42.5% nano-structured
fumed silica' using a thermogravimetric analyzer

Gas composition CO; absorption
(mg CO, / g absorbent)
100% CO2 140
10% CO; in N, 99
370 ppm CO, (0.0370%) in air (80% Ny, 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 Il was subjected to multiple cycles of absorption
and desorption, and absorption-desorption cycles were measured using the static
experimental conditions described in Example TV (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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PEI (HWY: pol yethyl eni mine of nolecul ar weight Mv ca.
25,000 PEI (LMW : polyethyl enimne of nol ecul ar wei ght
wM08@217690 20PEG pol yet hyl ene glycol M ca. 409usWe7/074615
2008/ 0217OOPCT/ US2007/ 074615 Exanpl e V. Measurenent o >
CO2 absorption capacity using a thernogr aV| metric

. abhsor.pti o tal Bsin
dim@eleSiorina pp Rl Aol ot AT SR AbSpofgsorption
cyclpowder ed absorbent (5-20 ng) was | oaded |nto a

pl ati num cruci bl e and pl aced on the instrunent

bal ance. The solid absorbent was then pretreated at

the desi rEdbleérpBleaemted C@embsai‘ptyom{deswp’_tmyqies 1 hr

tHa a—Fow-—of—Hi "“g,ll Wb"cqu it he—sarphe—ywas
cooﬁg‘é‘{ to the dé3| r abéor ptioh errpératu e aﬁd t 10

Abs@88o0d U ' t( i ther a X[ N
(mg%%zggﬁé%%eg{)opor? ofriosf)e/vil?% oﬁr(f%%\selglsloy{i. 3 7117

0Z, natural gas, efc.). The change in nass in the
sanpl e was recorded over tinme to determ ne the CO2
absorption capacity. Exanples of absorption
nmeasurenents obtained with this nmethod for the
absorbent prepared according to Exanple 111 (47.5 w.
% PElI, 10 wt. % PEG and 42.5 wt. % funed silica) are
summari zed in Table 2. 15Table 2. Measurenent at 50C
of CO2 absorption capacity of an absorbent conposed of
47.5% PEI, 10% PEG and 42. 5% nano-structured funed
silical using a thernogravinetric anal yzer Gas
conposition C 02 absorption (ng CO2/ g absorbent) 100%
CO2 140 10% CO2 in N2 92 370 ppm CO2 (0.0370% in air
(80% N2, 20% 02) 27
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PEIl : pol yet hyl eni m ne of nol ecul ar wei ght Mwv ca.
25,000 20PEG pol yet hyl ene gl ycol M1 ca. 400 Exanpl e
VI. Repeat ed absorption-desorption cycles The
solid sorbent of Exanple Il was subjected to nmultiple

cycl es of absorption a 0 ,on, and _
absor pti on-desorption ¢ measured using the
static 25 experinmental conditions described in Exanple

[V.(with 3 mnutes for absorption at roomtenperature
What i ¢limsdriss car bon di oxi de and 10 ninutes for desorption

at 110C). The CO2 absorption capacity of the absorbent

remai ned unchanged after ten absorption-desorption

cycl es A(sig ciahelickide J0Berfl #rabshOWE daltithn dikads ﬁbﬂ%ﬂgas

according.to the invention is capable of a nunber

mixtupendayieieh isapaie pbivlassivarihe sbsarhed chiben \ﬂiqmwhexi/@ated for
rregen%égltl%)gg5 fﬁfegls%gl%egg&ﬁﬂzgégg érlé g%\f}\i}%ﬂl? ag'amoﬂbéﬂea%o&bﬁ% RS 48t 75% by

can over
weighabfihe pbibeint-zte sosupporo of fatelEsed sbb pertidles Bapiaa tagalinte? particle
. ab orp{)i on-desorption_ cycles cle 1234567 )
size less than about 100 nm for providing structural integrity for the amine and a high surface

area for amine-gas contact,

2. The sorbent according to claim 1, wherein the support is a nanosilica, silica-

alumina, fumed oxide, precipitated oxide, calcium silicate, or mixture thereof,

3. The sorbent according to claim 1, wherein the amine is present in an amount
of greater than 25% and is a primary, secondary, or tertiary amine or alkanolamine, aromatic

amine, or mixtures or combinations thereof.

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

tetracthylenepentamine, pentaethylenchexamine, or polyethyleneimine.

5. The sorbent according to claim 4, wherein the amine is a linear or branched

polyethyleneimine having a molecular weight greater than 600.

6. The sorbent according to claim 1, wherein the support is fumed silica having

a surface area of 50 to 500 m*/g.

7. 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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8 9 10 Absorption Capacity (nmg CO2 /g absorbent) 105
106 114 113 112 115 116 118 117 117 THE CLAI M5 Wat
is clained is: 1. A solid carbon dioxide sorbent
for absorbing carbon dioxide froma gas m xture and

ich Ls capahl e of. rel easing the. absorped. car bo
o e AR AEec ikt FRRD donbrE TG Po BRbiseRleB from the
group @A TG RRrAN I Rnief IR Ey&l, iyl &RVB1y &l aNAlthylene
.. 75% by wei ght of the sorbent and a support of
oxidey, gHhrss pabaniguies thepredt i cl es having a primary particle
size |l ess than about 100 nm for providing structural
integrity for the amine and a high surface area for

api ne- Jas serbeitactording to cladn 1] WaeRhi the BlipReGio hehdiflich Baving a
claim1, wherein the support is a nanosilica

panticléifqecof Iogs thnrsd) nom.ufed thacoghent Hirier parapmssd agwlyghin an amount up
to 25% B Gl i B HieGBlRne OF M xture ther eof

10.  The sorbent according to claim 9, wherein the amine is monocthanolamine
(MEA), diethanolamine (DEA), methyldiethanolamine, 2-(2-aminoethylamino)-ethanol,
diisopropanolamine, 2-amino-2-methyl-1,3-propanediol, triethanolamine,
tetraethylenepentamine, pentaethylenehexamine, or polyethyleneimine, and the polyol is
selected from the group consisting of glycerol, oligomers of ethylene glycol, polyethylene

glycol, polyethylene oxides, ethers, and mixtures thereof.

11. A method for preparing the sorbent of one of claims 1 to 10, which comprises
dispersing the support particles in a first solvent to form a suspension; dissolving the amine in
a second solvent to form an amine solution; combining the suspension and the amine

solution; and removing the solvents to form the sorbent.

12.  The method according to claim 11, which further comprises adding a polyol
into the amine solution or the suspension before combining the solution and the suspension to

form a sorbent that includes both the amine and the polyol.

13.  The method according to claim 11, which further comprises adding a polyol to
the suspension; drying the suspension after the addition of the polyol to form a polyol
supported by the nanosized particles; 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.

14. A method for continuously capturing and separating carbon dioxide from a gas
mixture with a sorbent, which comprises exposing the sorbent according to one of claims 1 to
10 to the gas mixture to effect absorption of carbon dioxide by the sorbent and treating the

sorbent that contains absorbed or entrapped carbon dioxide to release it.
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3. The sorbent according to claim1, wherein the am ne
is present in an anount of greater than 25%and is a
primary, secondary, or tertiary am ne or al kanol am ne,
aronatic am ne, or mxtures or conbinations thereof

The orb nt acc rdin to cIa|n13 wherei.n the a
WEM ORI e PRER B LR TR e and the
sorberEk BBGvﬂieﬁtﬂﬂ a 'ﬂ?{'e@ th&dng, %o (tﬂmﬁﬁ%cf&%tdﬁ)i TSR Qhd B4 %Qh contact for

dllsopropanolanlne 2-am no- 2- net hyl - - pr opanedi ol
a sufficiqné fimerio Frapiheecarhost diexitle i Baspdantani ne,
pent aet hyl enehexam ne, or pol yet hyl enei m ne. 5.

The sorbent according to claim4, wherein the anine is
a1bi nedhe adctiiydorehethgnolckinhyl @Nsi FhoRin @Y kh@e is treated with
nol ecul ar wei ght greater than 600. 6. The
sufficien} brahrediices PERSFHC RCRIIR, 2AS PUEgRh BF & Fombinatien thersef to rglease the
idibGa. having a surface area of 50 to 500 n2/g.
Mmod%ﬂ éﬁgééﬁent according to claim1, which further
conprlses a polyol in an anount up to about 25% by

m§k g} sor bent he sorbent
or grrte o agrording tyclaim 16, wﬁ@reﬁbqhwrbpgt ig grated aden up to
90% Jmmhﬁl% lgsaﬂﬁemtﬁ EérBQn @loxfeycerol , oligomers of

et hyl ene glycol, polyethylene glycol, polyethylene

oxi des, ethers, and m xtures thereof 9. The

b t | 4 th t
o dhoor et driotihedp Sl 4 P Ghrthds e pHER Tstrtinsthe
releasédEarbbie dRIReH forbhide B hrseR! | ses a polyol in an

anount up to 25% by wei ght of the sorbent. 10.
The sorbent according to claim9, wherein the amne is

R R S

releasddl Cz«&b@ﬁ dip&fdﬁ|Lﬁﬂtﬂt®ﬂdﬁlﬂﬁﬂkﬁfﬁc%nmtﬂiwduc& aB ifeeRangd tehpound and
t.ri et hanol am ne tetraethylenepentam

catalyfealhhstiRgaeanintcthn iteraedite pRmpat W@h@(d@%ﬁ@ ungggicqngitions
mﬁﬁcﬂﬁ{ﬁﬂ%nﬁ§m§ geted fromthe group consisting of
gl ycerol I goners of ethylene glycol, polyethylene
gl ycol polyethylene oxi des, ethers, and m xt ures
{ Bér eofThe mothod atdordigreichid IQQWhafeﬁpt&é imtgrniddents osphind is
one of clainms Ito 10, which conprises dispersing
Hmﬂng port particles in a first solvent to forma
suspensi on; dissolving the amne in a second sol vent
te,for t nsj .
ok ¢ na e e Sl b Ry O R A bl o B e g he
methahohmdbheorslmdaﬁ Btfficient to prodﬁ’ce dﬂ‘me*chylaémad accor dl ng to
claim 11, which further conprises adding a polyol into
the am ne solution or the suspension before conbining
t SO 0
R e e e R
dimethpdtetied imthe pratemg dfanekaiiorbdsis on/vtﬂohhc tataly stemdeommditias

t he uspenS|on drying the
SUﬁkgﬁgﬁgﬂgpgﬁwk%@gPagﬁ@Dgg P%ion of the polyol to forma
pol yol supported by the nanosized particles;
dlsperS|ng the supported polyol in the solvent; and
c@fbi ni hgnterl@dcﬁcscpréméd chipFaes w@whpfgﬁlmcompdmsm@nammgthe

ethylercio ?%&e/ P]r? EroByl'er% urtni%z1 i Ln %8&11(%16813 ?% g S eiji‘)tﬁad'ﬁi gélgrrwopanol or to form

higheicslpfiny, syghabchydenarahs, ﬂﬁmﬁ&'ﬁd@soﬁ' o @xdtslgrofthym tHergiil@m for use as
m xture wth a sorbent, which conprises exposing t

aﬁfd@@@bgﬁﬁhﬁ@ééhdﬁﬁgH@@W@ﬁéu@¥1@1alns 1to 10 to the gas
m xture to effect absorption of carbon dioxide by the
sorbent and treating the sorbent that contains
absorbed or entrapped carbon dioxide to release it.
15. The method accordi ng tl& cl ai m 14, wherein the gas
m xture is air and the sorbent is provided in a fixed,
nmoving, or fluidized bed and the gas and bed are in
contact for a sufficient tine to trap the carbon
di oxi de in the sorbent. 16. The net hod accordi ng



20. The nethod according to claim 19, wherein the

i nternmedi ate conpound is nethyl formate. 21. The
nmet hod according to claim 19, which further conprises
dehydrating the nethanol under conditions sufficient
to produce dinethyl ether. 22. The net hod
according to claim21, which further conprises heating
the dinethyl ether in the presence of an acidic-basic
or zeolitic catalyst under conditions sufficient to
form et hyl ene and/ or propyl ene. 23. The net hod
aggordi j ' : ri ses
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ggﬁqi&g% R sN@ M dralisxias uﬂc‘l"ertcf)ﬁ'(lﬁﬁgﬁ)é’ &afidient 16 Welbon monoxide,

net hod of produci ng net hanol which conpri ses:
reactiugpihb icapon axdpornidd ivati wethhna mndercanbivions dficitet wobtae methyl
nto,th orbent, of gne pf cl,ai 1 to 10 foll owed
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25. The nethod of claim 24, wherein the carbon dioxide

source is air, the atnosphere, or an effluent stream

frpm a r ¢l st 1 ial: .

ofc) aTBeRher N, Bl ARr compries A cRiR TR} BRfhanol
under pendiamd suffidert t¢ prediote dins:tisdffhieci ent to produce

di met hyl ether. 27. The nmethod according to

claim 26, which further conprises heating the dinethyl

ebher irfe hhddr88S0aR 165180 28CWiich AR Colprid@datihE the

catal yst under conditions sufficient to form ethyl ene
dimethyyidither ipthe pydsems. of an acidi@BasicTorezentitih oatalastomdei engditipns

claim27 ich further, conprises converting the
S“ﬁ“%?ﬁVﬁ%%%b%&%?%?“%?%%?Péﬁgaunder condi tions sufficient

to formethanol or propanol, or to form higher

ol efins, synthetic hydrocarbons, aromatics, or )

pP&ducthe picBindasertdnigrte £laym X oWhighduher compsiges eareripg the

ethyle'ﬁg gﬂ&/SPﬁﬁpﬁ%m@‘&n&eQ BORAS AsA kP Rerdt ¥8 Yorm ethanol o propanol, or to form

higher olefins, synthetic hydrocarbons, aromatics, or products produced therefrom for use as

a feedstock for chemicals or as transportation fuel.
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