METHOD AND APPARATUS FOR REMOVI NG CONTAM NANT FROM FLUI D FI ELD [ 0001] The
presently disclosed subject matter relates to nethods and apparatus for
removi ng contam nants fromfluids, such as petrochem cal and chem cal gas
streans. BACKERURH1B002] I n many petrochemical and ch&fdaF B ¢t8sses,
removal of contam nant provides process control and ensures conpliance with
envi ronnent al regul ati ons. For exanpl e, syngas generated by gasification of

coal or biomass, natural gases ggases enerated from petrol eumrefining and
processing can cYEIHQP H&&)rﬁﬁ?A qus R&a’%@%‘agﬂfi@“\%@“%o%c. ,

whi ch need be renoved to control catal ygtygpoi soning in the downstream
processing and for regulatory conpliance. In general, this renoval is
carried out by adsorbing the contaninagﬁEgE t he surface of sorbent
materials in reactors, such as fluidiz or noving bed reactors. In

t hese reactor e rbent materials are normally in e formof npellets
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of sizes on't m crons ousa mcrons. To
achi eve an adeguatigy doanmyuahts Gapatiidsysuck ex fpenthemithieand ghgnival ghs dicghs. sur f ace
area arc nornally used. For exanple, for the renoval of H2S froma gas

stream by adsorption, various porou§?qﬁg§%tﬁhﬁ)such as activated carbon,

nodi fied clay, or nodified zeolites sed. [0003] However, the

avai | abl e adsqsmb| Ansilyt R o@bmlchBind QRRGRH pRRLSEs] Rlndvdl Bf Bonkdrtlhbhk Z@didbed
reactor or a fixed bed ' reactor are predom nately | ocated on the internal

surfaces of t Heocpw|doatra) angyerdyres spaplgnes HHR KNREMgHEasSHitions dFeT a@rient o t he

internal por 0%&/r¥éa§§en9ifat&ih)? gQﬁhéaﬁ5§of i &thidnhsd, Whtral bdstd, bfsed R@chROMeal rate.
In addition, due to the interaction of gases with the internal surfaces and
repeat ed expamsirdsnnifingmndaredesynotant jatapiehqrafud apg toxic gases such as HsS,

adsor pti on-r egeperat i ORENEddeso rdlScP ) bslisl BRANIRRBYSE Gakicyddwsiall e. Due
to this physical instability, the pellets can lose integrity, i.e br eak

apart mechani QaIcPyingcaddrnigEeaer erlianss Jp espdel B remardris 5pEcd ¢ Weep t he

operation runnyiehiff tleCidabhlivant BEWLS QrRRBof RBIAL Satdlal ibecad@eleQudhOad he
system and the disintegrated pellets nust be renoved fromthe reactors.

Therefore, thduidined dind Qjasoredopacaehnigliey wafeer thFrSBH%e{lthf“%teEﬂétaﬁ/
drawback ari sizp@naii 9B maggp8eatse <87 &b mefordcher absohhrmdd MRt katesw used.
thousand microns. To achieve an adequate removal capacity, sorbent materials with high
surface area arc normally uscd. For example, for the removal of H,S from a gas stream

by adsorption, various porous materials such as activated carbon, modified clay, or

modified zeolites have been used.

[0003] However, the available adsorption sites of the sorbent materials in a fluidized bed
reactor or a fixed bed reactor are predominately located on the internal surfaces of the
pellets. With this approach the gases must diffuse into the internal porosities of the
pellets, which in turn, limits the removal ratc. In addition, duc to the interaction of gascs
with the internal surfaces and repeated expansion and contraction of the pellets in
adsorption-regeneration cycles, the pellets become physically unstable. Due to this
physical instability, the pellets can lose integrity, i.c., break apart mechanically, causing
costly clean up and lost materials. To keep the operation running efficiently, new
sorbent pellets must be added to the system and the disintegrated pellets must be
removed from the reactors. Therefore, the current gas clecanup techniques suffer from

this costly drawback arising from the aggregate forms of the absorbent materials used.



[0004] U.S. Patent No. 5,494,880 describes the preparation of pellets with
i nproved physical stability using a m xture of sorbent oxide, such as ZnQO
a stabilizing amount of an inert refractory oxi de and pqro 3 |ca hel d

t oget her wit W8PH&EY’8!12 However, the use of |arge anount §)C3)#’ f?é{ Bi81 s ot her
than the active sorbents can reduce t he absorbing efficiency. [0005] Recent
devel opnents in the renoval of contam nant have invol ved uti I i zing
nanostructures of absorbent materi al For exa

("Dosul fur i 2adPBHI DT HemhtenBAGL DuBhaire: B SpRPEAOBYT RELH 31 hdereyal

Met hod" Kor eany swa@ﬂ%ﬂxtyﬁ@iﬁg a 2 @)of S&B&t 086y, st@ssznbes stﬁbmilﬁ)g wecineef hods
for renmoving H2 a fixed-bed react. ontainin nl? <P z%d ZnO. which are
synt hesi zed bfllt”??é“ﬁ%%chr&o’&é"s?@tpéﬂ’“ ‘Ff*o cld {RefRieratit T RNV EPEST ur e

H2S Reroval Fryg fIQh Sm&nkLaM Bt M d Do EBANEDhSUpPeroadnidrG Nanapae bboksy
Chem Eng. J. (2008) 48-55.) describes a purported nmesoporous silica
gel SBA-15 fur?éfiql"élﬁfél i zed by ZnO nanoparticle for H2S renoval froma gas

stream U.S. Patent plication Publicati 2009 14093 de c bes
desul furi zati dM0%i R@\??P)frrfi‘f‘ﬁ Pmﬁ‘%f%é% thyy Ty %I ° b%élea&lmagr FACRIUNEL S fecfin %0 a
porous subst r ahstrhduradel dbk&Bent Sa;cyﬁaldnepxad(aepleaLee e(t'aRe‘rmasallfuraﬁtldﬂonmmen

Sul fide by Zinc i de Nano arti S da" .
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di scl osure of each. of thes bl i.cation [ por.ate

reference in icf’%talélr’i‘{ginf“&s?ef‘[z% 1ChAEC &0 Slz‘?d!n rtge f%gmx arslsésé%fe?leeth()dnebw&%s and
appar at us t hatet glvereom@nicheurd HoRaaks! Blomt Gre Sexarst Wi SBée ln®lppgitels/nénd
renmove contam hant ln a re effj | n Y
[0007] The di SEPYRLEEISULERY Er‘?ﬁ‘t{er ¢Z @2{1%325% escrfégs d%a&% pe an
systens for remlaallgegSBantsamaa)nahzean b& an()m&ho()mxgc forchleﬁinr@aadwhﬁdm a gas

petrochenmi cal as Sltéée?% dg? 1%att{olr'l1 o 0 P1f40'§,3b§0(%§1190e‘9 Ecsﬁﬁ‘&r a{uﬁj such

as ZnO nanost r’ %atrrhr ur es of e sof material's are
prepared, for ogxamphie gass &y mbtalpbas@laiorhags emacbﬂetoarpoumxseulptrdb e$ ad8itoh, coat ed

plates can be mua%e?gdt% 298 ﬁ%m{)arf%fll?}i_l(r)ogg%%a;ftd un Ahc %Q?&%g]lki%ggmcles in

substantial pafad ornrng chann et ween
plates for thexfiling Hutdo Ifnl dwEhhromugh. Te iﬁﬂ)zatSéSéﬁﬂpp?@ﬂ@)edhscrdnewrpuder es

g 3 | f th
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H2S, in a fl uiTie plasi®burg oficachss thdse pslicitaoe isotfncqrtmatpdi atreig. byAfefeemcs or bt i on,
t he ”anOS”“thHtrir%§ can be regenerated using heat or other nethods.

[0006] As such, there is a nced for methods and apparatus that overcome the drawbacks
of the existing technologies and remove contaminant in a more efficient and economical

manner.

SUMMARY

[0007] The disclosed subject matter provides methods, apparatus, and systems for
removing contaminant in a fluid (e.g., chemical and petrochemical gas streams) using
nanostructurcs of a sorbent material, such as ZnO nanostructurcs. The nanostructures of
the sorbent materials are prepared, for example, as a thin coating on one or more plates.
Such coated plates can be mounted closely, and in one particular embodiment,
substantial parallel to each other, thereby forming channels between the plates for the

fluid to flow through. The plate-supported nanostructures providc sorption sitcs



[0008] In accordance with another aspect of the disclosed subject matter, a
sorbent structure to renove contam nant froma fluid is provided. The
sorption structure includes a vessel having an inlet and an outlet. the
vessel definiWQ2%2@HARber therein, and a plurality of pFSEASOAIEIEed

wi thin the vessel between the |nlet and the outlet. The plurality of plates
are arranged in spaced relationship to define at | east one channel

t herebetween, in which at | east one te has a surface coated w

nanost r uct ur e§u‘6‘ﬁan8al§’d9%féerﬁit°%? %’H’Pﬁld bf“ ¢ ebihpergREagen et a?ﬁoﬁté‘ﬁf”r?s%rm f1 uid

passing thr OUng&h@g At chRashar®er SARPREN,SAGI0HEE] phIsing Wb ek atfatdhed tkd | east
one plate. [0009] In yet another aspect of thﬁ%dl scl os d su%ect tter a

sorption syst éf¥s r?‘rf"ﬁins%f@ﬂo%d ¢ SRTEUEBY St r‘i‘fgef“‘fr'i‘)t aspe gl
fluid. The sorfihdan systemincludes a feed of petrochem cal fluid
containing a contam nant; a sorption structure fluidly coupled to the feed
of petrochem qadosf Ib&ordiite S phdigsn aSpacuiet Ufeediicﬂtﬁbdjdlﬁﬁecamaittéﬂ et soﬂ&nﬂ’ ecei ve
the feed of petrochem cal fluid and at Ien@sé .one P(j_?ate hav {face
coated with naHBLEFJetGReY snaminyy Jiom 2nRtid s &rov ﬁla%fuc "R t he
pet rocheni cal ifidiuticdla i &s@ URjiQCn ihlot HORPLURN tlkbyvetdaBdeﬁOanemhanﬁEt ehetedl, andAn

outlet is provi eda | cha f the etro fter |ng
across the surfRCBIEOIN p({ %f’%e(a WiHe g Vefbﬁg ‘%@?ernok% %ﬁ (ﬁuﬂaphas a
reduced armuntpmﬁhtpaﬂtpazms nadtrrafgt®in GRAsSl rotiachps® ddiec suteﬁacnelcozhartnlab

pl ate. [0010] nmet hads, tion s cture .and ) ovided herein
will be descr |tlbeé‘§’ef“f‘?e‘bd?l &H’i‘taltg ShAPE R aéukb ISPRES PY %@W%H%alposmcfmm of
under st andi ng salmdqteﬂfhadaiaem @ctrpndkﬁmcﬂaﬂiamhlentcfmm flaid rpasstngrtbﬁmg,%aﬂhe aplpaso axh

di scl osed here'ﬂ Ultl iz %fl% gﬁures h hi gh external surface area
and an intrinStEEFA dy‘}mF‘o Eﬂr Pt 1 e e |ch allows high fluid flowrate

and hi gh procg‘z@gg apacity. 10 one emboc %ﬁ%eﬁttrgﬁtepa@%x%{l&b%%ﬁe% are

tightly aggre ruc Pures orm ng 4 co ayer ‘'on a rate that
has very | ow @mmietl tofremm\teecormnnanclf@ns pam@sch(smrcalpﬂmés)Th@ sebliamsyatefdl ui d to

diffuse ther EI n %U)? ofapc%f) mlcapﬁuﬁo%maln f Ofcon@%hﬂ'ﬂqeyg(g CQ\C&MII&QHC

predom nantly ailudc?'né ext erna act layer.
Usi ng ext er nalflugily f@pkdas ¢a fasd oﬂlleettsdmpnqabﬂulsh tlhe abrptior biryriwiaineideshan

355 e e o b e, B0 3 Robblehi Bl 8180 4P Rl e FRIVABRSH Qfcd oley

[ 00121 The vari ous ures and ages of the ect
matter are desestédoeith ime]penmtuaﬂscbfwsmberbe@@mrel rﬂactphtymal}@manékmpetlwhﬁmwg'e

skilled 10 theuafil ([ QMR M BBAT AL IEREL b o dchiigl ot he

acconpani ed figures s al s
DRAW NGS the petrochemlcal fluid after passing across the surface of the plate, wherein the

petrochemical fluid has a reduced amount of contaminant after passing across the surface

of the plate.

[0010] The methods, sorption structure and systems provided herein will be described in

conjunction with each other for purpose of understanding and enablement.

[0011] The contaminant removal approach disclosed herein utilizes nanostructures with
high external surface arca and an intrinsically low diffusion time, which allows high
fluid flow rate and high processing capacity. In one embodiment, the nanostructures are
tightly aggregated structures forming a compact layer on a substrate that has very low
amount of inter-particle spaces (or pores) to allow a fluid to diffuse therein. In such a

case, the sorption of contaminant occurs predominantly at the external or exposed



[0013] Figure | illustrates a perspective view of an exenplary
configuration of a sorption structure including a plurality of
nanost ruct ur e- coat ed %I ates according to one enbodi ment of the disclosed
subj ect matteVOUBOIAR Figure 2 is a microscope i mage oft THE*HYWSE r uct ures
of ZnO for contam nant renoval according to one enbodi nent of the disclosed
subject matter; [0015] Figure 3 is a mcroscope i nage of the nanostructures
of ZnO having a columar stru turepf or contam pnant renoyal accor.di ng to one
enbodi ment of YHeecHrsBF 6%’@8“53?@?& SRELEEFA PHFEB R Gufe SAPHY ?}%et?g‘i es an
enl arged si de WinBW@ithdPAGsi&OMPhbiOfy thdt X6 Witk péllctsuséd iatady taactbis gidag 1
according to one enbodi nent of the disclosed subject matter; and [0017]
Figure 5 illusper asc aati@p feitends ahd aroidvettaex exfphacisclo@df subjactanhien of a

sorption strucfure incl.uding. |ural ity of nanostructure-coat | at es
according to %C“gﬁ%gﬁfnﬁé‘ﬁ? g"é'? b‘ﬁ‘?gledf’dgélygg%aﬂengﬁcbjalgﬁet Sq{%%ge tné%?e 35%%%% Lt%D
DESCRI PTI ON [ GOl&Ying fetdled assdapior, intiidingihe a@speaiicddfgutch es delsaltos@dmsubj ect
matter, a method of renoving contami nant froma fluid is provided. The

met hod i ncl udes i ntroduci %nﬁ;ﬁﬁ%ﬂ%ﬁbwg? YArEPpRIWANCYY structure,
wherein the sorption stru ‘ e having a surface
coated with ngpes| EHGLUT @fudhicd SHERRANMBLETdraly MILLE) RotfBrdhibNid
containing a 32@?2m&n{§nt |ﬁ1§b gtlej jdeg{rbq)t%g Vgorpti on nbf/ thed?%o?bf{iek%{_lnat er? al .
The net hod f urspipéien strishugd slugiag ¢ mhgalith of pingstaucsee-exscdt Ecssisedaipe OPIY he

plate for sorpfigmneh: JriR GeRtRATLRARmRY, t he sorbent material, wherein the

fluid has a reduced anmpbunt of cont'am nant after passing across the surface

of the plate, \gnd; giacharal &%r&s@&aeh}rﬁ%&joff 1O MARBUSREPEE 2RO Foi' détatfi@inafl t er
pl at e.

passi ng across the surface of the The sorption structure
removal according to one embodiment of the disclosed subject matter;

[0015] Figure 3 is a microscope image of the nanostructures of ZnO having a columnar
structure for contaminant removal according to one embodiment of the disclosed subject
matter;

[0016] Figure 4 illustrates an enlarged side view of the sorption structure illustrated in

Figure 1 according to one embodiment of the disclosed subject matter; and

[0017] Figure 5 illustrates a top view of another exemplary configuration of a sorption
structure including a plurality of nanostructure-coated plates according to one

embodiment of the disclosed subject matter.

DETAILED DESCRIPTION

[0018] In accordance with one aspect of the disclosed subject matter, a method of
removing contaminant from a fluid is provided. The method includes introducing a feed
of fluid to a sorption structure, wherein the sorption structure includes at least one plate
having a surface coated with nanostructures of a sorbent material, wherein the fluid
containing a contaminant is subjcct to sorption by the sorbent material. The mcthod
further includes passing the fluid across the surface of the plate for sorption of the
contaminant by the sorbent material, wherein the fluid has a reduced amount of
contaminant after passing across the surface of the plate, and discharging the fluid from

the sorption structure after passing across the surface of the plate. The sorption structure



can further include a vessel that houses the at |east one plate, where the
vessel includes an inlet and outlet. [0019] Figure 1 illustrates an

exenpl ary confiquration of a sorption structure includin I ural it

nanost r uct ur e¥ 93?&28?3 Bl at es according to one enbodi ment P%f”?ﬁ“é”?ill%%l osed
subject matter. The sorption structure 100 includes a plurality of
generally planar plates 110 that are coated w th nanostructures of a
sorbent material. The plates are arranged in ubst a

£ ashi on, T or G FGRAS IR RarTaR et BN priBEo It ot TS UBER « e
plurality of tdenplaatiesictA feed of fluid 140, which contains a contam nant
subject to sorption by the sorbent material, is introduced to the sorption
structure 100,[0eL9¢ Figukei Hlllaﬁ'traitdﬂa&tcxcrﬁ[ﬂal’gfhenﬁ@ﬁﬁomf)fﬁ|SQIbt¢bni mdhﬁcemmingo pass
t hrough the ch etls 120 an acrgg1 It e surfa e of t@dl r disclosed

mat eri al - coatep“r%l étoggdrff’itﬁ“ W CPEast ¢ "68?@“8 8f° tRE or?tﬁ r?an?c NS
renoved by t heubjedthentr. mmbedsnpadn stﬂibtﬁfeela)f)nmudei zhgluxfahtyncd gemere(ﬁyqﬂﬁnaxngads e.g.
via an outl et ere .S reduced.
[0020] The fl théwhah%ff C?%Cdgw‘@] %aélf’“'t“éit“F Prg ni’&? m%%‘r%%]a %ala{e%aré ‘h“%égé

chem cal or peiqubchﬁﬁnl}cpdralga&smbmcfasrmggarpeamhahﬁels 320004ntﬁeampllat) édustthat t he
nmet hod and system are sui tab!e fO{ use

c e pre
with various 6?@@5@ Blt“fagggn%fttg?:grméx 't’ He mét “él RS SPERAEEor di ng
to the pr esentsulbjmzwtormbnmythbmmmmMmH1sdmsmdutcm ioztht b@m(mmmuaamhwﬂor a

gas stream The gas. st but not ses,
flue gases, netha rﬁa i g’%ﬁt ﬁ‘gg}%/ fleegfco uﬁ&?lﬂ;emds'iotp e HE &mu orc1 Ch%dﬁglﬁﬁgéa Ig]ﬁd

nat ural gas. TEhessméthodacard tlseysjﬁlmm m;erlble:owtseqblate@ lrlénnvleast@mbawnnﬁrmes such
as sul fur conpounds uch as not d [ fid

carbon disul fi 82[&1(“6@)“ I'eFI]‘lO\éFd b gt}l}]e Wikept Iaateréaazgg\erédftgxa th%%ytl lfs %Hchafgﬁg,z ﬁ

used herein, tviwantoatlen Wlmmmmmamn'bfmmteensantmtbe mudbstraimc@i to be rem)ved

froma fluid subject to treatment of the methods of the disclosed subject
matter. The cd#28hTmafiuidcént isngbisdeto foorovexenpingmits, caBSE; 2 cirbigaly br

sul fide gases, rpet'ffd‘ic'il%ﬂﬁi’lu éab epr&t&s sl CRNGE Bthh (?% @k Qem&ﬁ’d?it WEQ in the

fluid to be treat can he or der reds of ppm or The
pr esent |nventdp®rdlmmﬁy thyepresfefitagtdnten drp bltltaélatf¢rnge hrith Fattouga npgess Stlfl?fnb For

cont am nant c];ntflﬁc tﬂwufngthgcp axpds gjs{c c@&fhn& ﬁ%] rds Q 1ﬁ9@rn9§rgha§r%g %EddaElb used

for renovi ng the contam nant ¢ e se ase on the contam nant
Vari ous types dgﬁfulfsmap@n amrovelc e igensrcet Weegns Steem suw tehde e smoglimigdd t he

cont am nant ¢! B HREMucisRles SHARMb Pyt SRT RFRY nIREE! dflon GRR0LBC kS
1 natural gas. The method and system may be used to remove contaminants such as sulfur

compounds such as, but not limited to, carbonyl sulfide (COS), carbon disulfide (CS;),
hydrogen sulfide (H,S) and mercaptan.

[0021] As used herein, the term “contaminant” refers to a substance to be removed from
a fluid subject to treatment of the methods of the disclosed subject matter. The
contaminant can include, for example, H,S, CS,, carbonyl sulfide gases, mercaptain, etc.
The concentration of the contaminant in the fluid to be treated can be on the order of
hundreds of ppm or less. The present invention may be effective in treating higher

amounts of contaminant in the fluid to be treated.

[0022] The sorbent material used for removing the contaminant can be selected based on
the contaminant. Various types of sorption mechanisms between the sorbent material

and the contaminant can be used. For example, the sorbent material can include metals,



metal alloys, or netal oxides. In some enbodi nents, the sorption of the
contam nant is based on an aci d-base reaction. In one specific enbodi nent,
t he sorption nanostructures include ZnO nanostructures, which are
particularly useful for adsorbing H2S due to the |arge equilibrium constant
of the chem cal reaction between ZnO and H2S at | ow tenperature. The ZnO
and H2S react to form ZnS and H20. [0023] The nanostructures of the

di scl osed subject matter are prepared as a coating on a substrate plate. As
enbodi ed her ei RE@ROUSy MBS orIdes AhPARe e’PtPPé"”%‘iﬁ‘Ef‘sthF%P@t'?’EOfah%Wf?ﬁ?‘?ﬁﬁ‘ Ssol i d
materi al . For msedpire smnciciddbsd | gadtian.i om, orteh esperifico simboditnemte sthe asorpti@n

fabricated usi &go%%%ﬁlclu\éga Su%ﬁ% &tEr‘eQ h(c%}?é pQ#chQ?IEIQJgefQI Bgrbfﬁgem cal

vapor deposition rate SI I con cess is
descri bed, forH8xigpP éhe ipige grabrem cpastant of ithe ehsmisat @ﬁ?t'ONcS’et"‘Ge"ffoglaS‘dt o Lu
et al., entitled at bhtiegicrited. THerrabl ad BuS feactao AeraEZss bed M@lve Technol ogy and
Sensors Provided Thereby," which is incorporated herein in its entirety by
reference. It is contenplated that the silicon wafer can be use as a plate
110 or it can [B23hTheasnesiruciyreawbthadisciasassubigsteanalier P Rfcgated aF grepetpihe 110.

The thi ckness @iub‘é\l?éct@blaiesAé emsooté’aatér@n 8% Wayptﬁf%fx@ﬁﬂb'tb{e b@sGatk @A ndn-nm  The

t hi ckness of the er abl S ui t abl pI at es
for grow ng tH’é’rQﬁ‘ @frmdacsg‘?r g'jf " ar@m Fa § %hg'mn% phltr}eenarloﬁglfi]reﬁzl gu(r%e 2 is
an exenpl ary efatvfcate@wsng rﬁt@n@@c@per {lepagitiorofCVIN @rmagtdlseraania areseicat yap®d on a
silicon wafer Jeb&HitroH'lﬁ(%vb LSRR SR oWk, aaammsroaelge.sw@@a@éu for

geets
nanot | ps. havi AISEEF JEEt St oS EpBeete (S ES e HRAL Hleorder et i

"Sel ecti ve MOOUBeEr Swidre dtodhiOWsas dechpsiogy drieEEensoraRseyiied dherelon’ Whlch is
Nanot echnol Og¥n00¥g latet herdWin_its enifely ) ré@QAce W4 %tén%létébclgéﬂﬁé &l vgrei n in

its entirety by reference. The nanostructures B | ate_ can have
a thi ckness ofc2 BE&s¢ ARA PRSI0 A0behA atﬁ‘ﬁwdﬁﬁf"ﬁo ‘étrrstu Et[ﬂtea?rl @?teﬁ%f‘\/@en 800
nmto about 5Q>Iamrr110Tﬁlmte|cmsmsﬂwaﬁ@tyleesthmg/mhaam reefereblyl ferathas tf mumtTthee (as
shown in Fi gurtl’ﬁck%%sscﬁt éf @?éf erdiif REL HER2 fifm. er QLiBBRe pmwaﬁéfsa«mt
capabl e of bein ornme 3 on a flat surface. eferrl ng
back to Fi guré‘aﬂos“t’%@ebﬁrﬁtga‘l‘s??%ﬂ ??prﬁfleat es can be arranged in a spaced
relationship to each other, e.g., at an average di stance of about 100 nmto
about 1 mm an I b f dj acent
about 1 1 a0 PAEAGLE0) L 5308 DEL RGP (BARP R 2HE! AR

nanost r uct ur esyatecden daliqop yigfea Gerrviev) ig ﬁﬁcoéﬂﬁﬂcea‘{é'é‘tﬁw%i)@f tRenpeserhiBvastiani si on

of the nanost rpk!ﬁ)b#éﬂ%? M@&w@rmaabh@eahttyreg RES GraReablylfermie@astranetips Leliag e ar ea

of the plates. ar surf , L t r.uctures
can be 2 to 16 tlf %@ d'é‘ﬁ ? eFPr THRAN t We“ﬁustﬁur ﬁg%étg’fegél&%% &ﬂgb&%@@&% Qtfhout
nanost r uct ur e¥nO N@OMS!, IEEGuTransactionf 9ot NapoteshnpipgenYelrgetio-s1.ddargh @dP%f t he

sorption strughihes .ht:drp&étéahaemhm.t?éﬂwﬁt@b}refé/tatc@hmesmbmegae@ doatealanover al |
cubi c shape w th

rectan I Cros o] The p urallt of coa
pl ates 320 ar &' n@%ﬁtcga h&ﬁ taht 'C'Fﬂ?fsfigfé g'?fn ?rb?f’t E&Qre ifistA rFeo(?rtchlar
support frame b8@en 8@y nm kpbohicadmen. Thexnanestivelares atHy deena Cfpjvra'm§trucﬂlfté
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Fig. 1; rather, her arran epent e spaced plates are suitable

provi ded the BF'HQ Ened & dgPgShefALP @elﬁéwat‘:ﬁat the reactive gas can fl ow over
or across the plates such that the gas stream contacts the nanostructures.
For exanple, the sorption structure can be arranged in an overal

cylindrical structure, with a circular cross-section, as shown in Figure 5.
This structure includes a conbination of a plurality of structures, such as
illustrated in Fig. 1, with varying sizes within the determ ned space. The
di aneter of the cylinder can be selected to fit in conventional or existing
flow tubes for transporting the fluid, e.g., gas flow tubes for retrofit
pur poses. The cylinder can be divided into several portions in the dianeter
direction, each of the portions being fitted with plate support franes 420,
on which a plurality of nanoparticl es-€oated plates are nounted. The
plurality of plates can have a nunber of different sizes, depending the

| ocations in which they are nmounted. In turn, the plate support frames 420
are installed on the cylindrical wall 410. The enpty areas such as 430 in
Figure 4 can be filled with smaller size plates. 100271 For purpose of
illustration and not limtation, reference is nmade to certain paraneters of
a representative enbodi nent of the nethod and system For exanple, the
fluid is a gas stream and the contam nant is H2S, and the sorption occurs
as adsorption at a tenperature between about 100 C and about 900 C and a
pressure betmeen about 15 p5|g and about 1500 p5|g The fIOM/rate of the



hi gher flow rates can be enpl oyed for |arger sorption structures. The flow
rate is determ ned such that the gas has simlar contact tinmes with the

nanostructurc [gsent invention may result in a si éT eduction
in H2S conten?’ %% ﬁl scharged gas containing 10 ppb of S%Og@%%roar ed

with the feed gas containing 100 ppm of H2S. [0028] The sorption sites of
the sorbent material can be depleted after prol onged use for renoving
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that the invention 1's no imte 10 and be Various di ed to
practi ce w t himndshectgecope of the follow ng cl a| m;. It will be apparent to
those skilled in the art that various changes may be rmade w t hout departing
from the spirilf028hdigswopilugifates ke chlagedh side micasofded i“»qmétsmbvuctwre iflusirhtodvimg
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conprising: i nt%OdUCI n lurd to a tructure, the

adsor ption st rTlhlePlklraéltbmfr?p#ti?%Plegs B Oprumennitadyondiie 1}9I1®f5e7§00‘f’h19b fﬁ@ﬁ%@ﬂ?dﬂ]’s solid
material having, Uﬂb&’érﬁ%&% §4@S§m§1 gg:hgnn%]“ ﬁl@%eﬁve%Hrdtiﬁgﬁt %&?&edm@' BiBsent

nanostructures of a netal oxid orption materi al” having hi ckness | ess
t han 1000 nm desatintiegotgpiendsd tmbmbw thepdriaggqreneshion nb?lgrrétraﬂhelop@am c

vapor deposi ti,q, o0& B @t sacaﬁmags Ar@blﬁtea@;g%v&@h ol RASHPart Qe QNG RAAL her
defi ni ng channel s bet ween the pl ates | uird containing a contam nant

subj ect to soflstiresHvhgastse lagsoppriasiesniie glefoauchiha shorgss sient sogtagisther ough

the channel s apdREHASS FHE SIMAAGE: Qérpﬁ&lestﬁlcﬂir@%axf L aﬁgl%gﬁ%'éﬁno»%iallt he
contam nant on the adsorption material, the havi ng a reduced anount

of cont ani nanty&Kfien sisuesise.rthat plessler plegs- @&#@a@eﬂh@’fv“ fithBigple gt elgs diygture

includes a combination of a plurality of structures, such as illustrated in Fig. 1, with
varying sizes within the determined space. The diameter of the cylinder can be selected
to fit in conventional or ¢xisting flow tubes for transporting the fluid, ¢.g., gas flow tubes
for retrofit purposes. The cylinder can be divided into several portions in the diameter
direction, each of the portions being fitted with plate support frames 420, on which a
plurality of nanoparticles-coated plates are mounted. The plurality of plates can have a
number of different sizes, depending the locations in which they are mounted. In turn,
the plate support frames 420 are installed on the cylindrical wall 410. The empty areas

such as 430 in Figure 4 can be filled with smaller size plates.

[0027] For purpose of illustration and not limitation, reference is made to certain
parameters of a representative embodiment of the method and system. For example, the
fluid is a gas stream and the contaminant is H,S, and the sorption occurs as adsorption at
a temperature between about 100 C and about 900 C and a pressure between about 15
psig and about 1500 psig. The flow rate of the gas will vary based upon the size of the

sorption structurc. Lower flow rates arc required for smaller sorption structures, while



di scharging the fluid fromthe adsorption structure after passing across
the surface of the plates. 2. The nethod of claim1, wherein the plurality

of plates havgqgengsald Yy planar configurations. 3. The gpgtofd &l @l m 2,
wherein adjacgﬁg pl ates are arranged substantially in para%ﬁéﬂ} 1%& The

met hod according to anyone of the preceding clains, wherein the plate is
formed of silicon. 5. The nmethod of claim1l, wherein the netal oxide is

ZnO. 6. The ccordi t ] ecedi [ rein
t he nanostruc?ﬁ%@gqgg %%%S%gqgﬁﬁgﬂ§¥%3§igﬂﬁgsﬁpgﬁ&%ﬁg?ﬁ%sgh%%ﬁﬁggﬁ@ﬁ an 700
nm 7. The netchodingt sehdhright gasampoireilasfeconthe tipree oathi thg nehairmgyressh@hei n t he

nanost r uct ur espr&@(t%n uﬂﬁﬁ?%@mﬂ&%éﬁﬁcaﬂf relh?@i n ttrhﬁgs c’ltﬁl%n? Mrpe ﬁsah&%@d met hod
accordi ng to anyone of the preceding clalns, erein the fluid is & gas.
gas containing 10 ppb of H,S as compared with the feed gas containing 100 ppm of H,S.

[0028] The sorption sites of the sorbent material can be depleted after prolonged use for
removing contaminants, and the sorbent material can turn into an inert compound no
longer reactive to the contaminant. To reuse the sorbent material, the plates coated with
nanoparticles can be regencrated to the original sorbent material. For example and with
reference to the embodiment herein, ZnO nanoparticles will convert to ZnS after
adsorbing H,S. The ZnS nanoparticles can be heated in a temperature range of 500 —
1000°C in air or an oxygen rich atmosphere to revert back to ZnO nanoparticles,
accompanied by the release of SO, gas, which can be collected or absorbed by suitable

media, ¢.g., a basic solution.

[0029] While various embodiments of the disclosed subject matter are shown and
described, it is to be understood that the invention is not limited thercto and may be
variously embodied to practice within the scope of the following claims. It will be
apparent to those skilled in the art that various changes may be made without departing

from the spirit and scope of the invention as defined by the following claims.



9. The nethod according to anyone of the preceding clains, wherein the
contam nant includes hydrogen sulfide. 10. The nethod according to anyone
of the preceding clains, wherein sorption of the contam nant with the
adsorbent material is based on an acid-base reaction. 11. The net hod
according to anyone of the preceding clains, further conprising
regenerating the adsorbent nmaterial by heating the used adsorbent nmaterial.
12. The method according to claim1l in which the plates are forned of
silicon, the rE®HS oxi de nanostructures are ZnO, and the contaminant is
hydrogen sul fide which is adsorbed at a tenperature of 100 to 900C and the

ZnO adsor bent Jmt op) %'ofte%o(/ﬁ%g‘é&‘?ér%{ngsfﬁé Qﬂﬁi&%ﬁhﬁsﬁd@?e of 500 to 1000C in
air or an oxygen ri ch atnosphere.  13. K‘sor.ptlo structure to renove
contam nant from aintPdlcig & &epraf JHidge adeeien SHEHhJBARIFIRIER SHHHUEN

g_ut let, OIt he K?SSGLcmrisl‘r\b %Q:)tl)@alﬁy}'laﬂ’fﬂ)ﬁés bﬁ&:ﬁ@i-ﬁb’ro&m&licﬂmﬁﬂetﬁl abiihy thadkng¥sat es

i sposed withint vesse etween the inle n rality
of plates of a non-%B% s4 Jor ¢ r?a%uéf]r;?eafo%eéjs/\{vﬁqgg%go? ﬁlfcgﬁénéegia Séé?ﬁeog(lggt han
2mm and a surface edretndidn waterialmavioge thirkpess dess dfand 0pRira Iderpsitefeoralis 69t i on

material having a phbekesasmite®s bl adtal IHEMidWapde pasitied tad plafee BeMy-ipor ous
solid material by net aé egart‘gar%lic vapor &epg%f ti on nte[%eb Ieaet 88, b%lerggthzearranged
in spaced rel ati onStE? (ERUHRY PG URATREFS BB ASEAM eeﬁ'rat”es. plates,

fluid containing a contaminant subject to sorption by the adsorption material;

passing the fluid through the channels and across the surface of the plates for

adsorption of the contaminant on the adsorption material, the fluid having a

reduced amount of contaminant after passing across the surface of the plates;

and

discharging the fluid from the adsorption structure after passing across the

surface of the plates.

2. The method of claim 1, wherein the plurality of plates have generally planar

configurations.
3. The method of claim 2, wherein adjacent plates are arranged substantially in parallel.

4. The method according to anyone of the preceding claims, wherein the plate is formed

of silicon.
5. The method of claim 1, wherein the metal oxide is ZnO.

6. The method according to anyone of the preceding claims, wherein the nanostructures

as coated on the plate have a thickness of less than 700 nm.

7. The method according to anyone of the preceding claims, wherein the nanostructures

have an average diameter of less than 100 nm.

8. The method according to anyone of the preceding claims, wherein the fluid is a gas.



14. A sorption structure according to claim13 in which the plates are
formed of silicon, the netal oxide nanostructures are ZnO 15. . A
sorption structure according to claim13 or 14 in which the plates are
pl anar and parallel to one another with a distance of 100 nmto 1 mm

bet ween the surfaces of adjacent plates.

9. The method according to anyone of the preceding claims, wherein the contaminant

includes hydrogen sulfide.

10. The method according to anyone of the preceding claims, wherein sorption of the

contaminant with the adsorbent material is based on an acid-base reaction.

11. The method according to anyone of the preceding claims, further comprising

regenerating the adsorbent material by heating the used adsorbent material.

12. The method according to claim 11 in which the plates are formed of silicon, the
metal oxide nanostructures are ZnO, and the contaminant is hydrogen sulfide which is
adsorbed at a temperature of 100 to 900°C and the ZnO adsorbent material is
regenerated at a temperature of 500 to 1000°C in air or an oxygen rich atmosphere .

13. A sorption structure to remove contaminant from a fluid, comprising:
a vessel having an inlet and an outlet, the vessel defining a chamber therein;

and
a plurality of plates disposed within the vessel between the inlet and the outlet,

the plurality of plates of a non-porous solid material having a thickness of less
than 2mm and a surface coated with nanostructures of a metal oxide adsorption
material having a thickness less than 1000 nm deposited on the non-porous
solid material by metal organic vapor deposition, the plates being arranged in

spaced relationship to define channels between the plates.

14. A sorption structure according to ciaim 13 in which the plates are formed of silicon,

the metal oxide nanostructures are ZnO.

15. . A sorption structure according to claim 13 or 14 in which the plates are planar and
parallel to one another with a distance of 100 nm to 1 mm between the surfaces of

adjacent plates.
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