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
renovi ng worveidmanat s from fl ui ds, such as petrochem calPCarus2ahesizs@l gas
streans. BACKGROUND [ 0002] In many petrochem cal and chem cal processes,
renoval of contam nant provides process control and ensures conpliance with
envi r onnent al regul ations. For exanple, syngas generated by gasification of
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whi ch need be renoved to control cat aFLBiDpoi soning in the downstream
processing and for regulatory conpliance. In general, this renoval is
carried out by adsorbing the contam ng n the surface of sorbent
materials in reactors, such as fluidi ed or ITDVI ng bed reactors.
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area are normal Fy used. For exanple, t he renoval of froma gas

stream by adsorption, various porous materl al s such as activated carbon,
modi fied clay, or nodified zeol it BAGKGROEAMD used.

[0002] In many petrochemical and chemical processes, removal of contaminant provides
process control and ensures compliance with environmental regulations. For example,
syngas generated by gasification of coal or biomass, natural gases, gases generated from
petroleum refining and processing can contain harmful and toxic gases such as H»S,
COS, etc., which need be removed to control catalyst poisoning in the downstream
processing and for regulatory compliance. In general, this removal is carried out by
adsorbing the contaminant on the surface of sorbent materials in reactors, such as
fluidized bed or moving bed reactors. In these reactors, the sorbent materials are
normally in the form of pellets of sizes on the order of a few hundred microns to few
thousand microns. To achieve an adequate removal capacity, sorbent materials with high
surface area are normally used. 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 rate. In addition, due to the interaction of gases
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 cleanup techniques suffer from

this costly drawback arising from the aggregate forms of the absorbent materials used.
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[ 0007] The di scl osed subj ect mat provi des net hods, apparatus, and

syst ens f ontirégyrovi ng contanminant in a fluid (e.qg. cheni cal and
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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
nanostructures of a sorbent material, such as ZnO nanostructures. 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 provide sorption sites



substantially | ocated on the exposed surface of the aggregation of the
nanostructures for renoving the contamnant, for exanple H2S, in a fluid
passi hg awoase/wBha2surface of the plates. After sorpti oRCTIUSR011/051380
nanostructures can be regenerated using heat or other nethods. [0008] In
accordance wth another aspect of the disclosed subject matter, a sorbent
structure to renove contam nant froma fluid is provided. The sorption
structure | j i .
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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 area 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



BRI EF DESCRI PTI ON OF THE DRAW NGS [0013] Figure 1 illustrates a perspective
vi ew of an exenplary configuration of a sorption structure including a

pl ural i t ywofzerean3oser uct ur e- coat ed pl ates accordi ng to omeTArsbadionsse of the
di scl osed subject matter; [0014] Figure 2 is a mcroscope i mage of the
nanostructures of ZnO for contam nant renoval according to one enbodi nment
of the disclosed subject matter; [0015] Figure 3 is a m croscope image of

t he nanost [.Ngr@.Go r f '
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illustrated in Figure 1 according to one enbodi nent of the discl osed

subj ect ngOOEY]; THNdai O 1fZhtuFdsgatide the hdVangigtalofsha diefosed awbiett anathare
exenpl ary configuration of_ a sorption structure including a plurality of

nanost r uctdfﬁ@ibsgaheéﬁn phd el beceme deafdlyt aprairat Entwas siNed & theart dioge thssed
subj ect ”%fl&kmg%le& ﬁ&c%&ﬁlllﬁgﬂl% the accompanied figures as well as the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] Figure 1 illustrates a perspective view of an exemplary configuration of a
sorption structure including a plurality of nanostructure-coated plates according to one

embodiment of the disclosed subject matter;

[0014] Figure 2 is a microscope image of the nanostructures of ZnO for contaminant

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 subject to sorption by the sorbent material. The method
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
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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,
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have a nunber of dlfferent S|zes dependlng t he Iocatlons |n mhlch they are
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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
nanost r ucwonrer/03The present invention may result in a siPgmiuSeaansi3seducti on
in H2S content. The di scharged gas containing 10 ppb of H2S as conpared
with the feed gas containing 100 ppm of H2S. [0028] The sorption sites of
the sorbent material can be depleted after prolonged use for renoving

cont ami nanyfysAagte g HEK RS K TRUCHAMARRY LIHRA RNakfigkl iF9RARA nO

| onger reactl e to the conta nant e sorbent teri
pl at es coabkadomhlmtmmhpﬂhetu ckest eanviregs ég&meff af elsbut d 00 men ar algiundl msor bent

mat eri al . th re erence to e di ne t herein, ZnO
e nopact i APEPre TR, it BelVeshahe PR R sl FBS gDy dhe SrfAct
nanoparti Ca!r@asof:@’rfé &Qh@%?att&ckvdlmoﬁt ) Qwﬁl’gaéquaﬁoitﬁl@ﬂﬁes?fcaégg fronl QQRE 11 gmai 1 or
an oxygen rich atnosph ere to revert back to ZnO nanoparticles, acconpanied

by the reladsboulf 5(I§©2bngasTh€vqbnomslqnanf the nemistrectuiesd con daaanajmbéﬂ lrmyeagq theabl e
medi a, c_sol uti.o Wi |.e ari oy

i sctosed iistechtif o8 or dRs IREanly dutEriBou e STRT B BhBertooo
that the idavedthicied Saned 2 ltb MOD Qﬂflésf‘%iéeﬂ&@thaﬂ(ﬂhdfﬁﬁfala@ Vel 6 fols pyat€ Whedied to
practice within the scope of the following clains. It will be apparent to

t hose ski IMegestiugtuiefle art that various changes may be nmade without departing
fromthe spirit and scope of the invention as defined by the follow ng
clainms. (0NG igwerfetloidated an enlargedgiicteovﬂewmfrthms@‘pﬁom wiractfiteuilldstrated in
conprisin ducin 0,a Sor

truct ur o FiEs s apyeh brerbBErR it P SRR P RgTae pilhct FSHBeRRE P oy
surface COBfeqfiuMiityoMBnea pliei1p0ese Rlounted Oh RIRM0IAES 810,akhick he ihdtaidd on

containing a contanm nant subject to sorption by the sorbent material;
the support frame 340, forming channels 340 betwéen adjacent plates. The present
invention is not intended to be limited to the arrangement shown in Fig. 1; rather, other
arrangements of the spaced plates are suitable provided the plates are arranged such that
the reactive gas can flow over or across the plates such that the gas stream contacts the
nanostructures. For example, the sorption structure can be arranged in an overall
cylindrical structure, with a circular cross-section, as shown in Figure 5. This structure
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 existing 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 structure. Lower flow rates are required for smaller sorption structures, while



passing the fluid across the surface of the plate for sorption of the
contam nant by the sorbent material, the fluid having a reduced anount of
cont am nawo 2afxmriipassi ng across the surface of the pl arer/tseal1/051380

di scharging the fluid fromthe sorption structure after passing across the
surface of the plate. 2. The nmethod of claim1, wherein the sorption
structure includes a plurality of plates in spaced relationship defi ni ng at

| east one g w | Uy LRSS Nehot AT L
across the é@e?@ce F%glecg %ﬂp °??‘?n% tah%@fsfo\gﬁgf t?L(l)ugh§t he at 8Tveask,gt one
channel . determined. su€h ethatteﬂhla qxds dfas climilan @ntach einesis nwith ehqpharcatridtyresf Theat es

have gener al | anar configur.ation AT met hod of ¢l aim 2,
wher et n aditeistint™ Brte GOl anuBanes SEPAT o5 OB fog GshaRe
:;he met ho%%&%ﬁiﬂ@gldﬁbbad}%@l@eds%mﬁﬁ%d%ﬁptﬁ@' R gab 8diTBininpIR0Ipkh 4118, P! at es
ave a nunber of different sizes . The net hod accor ng to anyone

of the pragae)eheoRtBh it 6F Blcoftdfi RhRHE! dah BOddPRTeLLrct prdi6REkd 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 regenerated 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, e.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 thereto 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.



7. The nethod according to anyone of the preceding clains, wherein the
sorbent material is a netal oxide. 8. The nmethod of claim 7, wherein
t he met alwoxp#3re2Zn0O. WO 2012/ 037112PCT/ US2011/ 05138@CT/US20110513%he

met hod according to anyone of the preceding clains, wherein the
nanostructures as coated on the plate have a thickness of |ess than about
700 nm 10. The nmethod according to anyone of the precedi ng clains,
wherei n the nanostructures have an average di aneter of |ess than about 100
nm 11. The nethod accordi ng tﬁlﬁﬂi@ﬁe of the preceding claims,
wherein the nanostructures are coated on the plate by chem cal vapor

deposi tion. 1. A method of removing contaminants from a fluid, comprising:

introducing a feed of fluid to a sorption structure, the sorption structure
including at least one plate having a surface coated with nanostructures of a sorbent

material, the fluid containing a contaminant subject to sorption by the sorbent material;

passing the fluid across the surface of the plate for sorption of the
contaminant by the sorbent material, the fluid having 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.

2. The method of claim 1, wherein the sorption structure includes a plurality
of plates in spaced relationship defining at least one channel therebetween, and further
wherein passing the fluid across the surface includes directing the fluid through the at

least one channel.

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

planar configurations.

4. The method of claim 2, wherein adjacent plates are arranged substantially

in parallel.

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

plates have a number of different sizes.

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

plate is formed of silicon.

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

sorbent material is a metal oxide.

8. The method of claim 7, wherein the metal oxide is ZnO.



12. The method according to anyone of the preceding clains, wherein the
fluid is a petrochem cal gas. 13. The nmethod accordi ng to anyone of
t he precealOngi2ai3ailes, wherein the contam nant includes RgunsSgEn/osuBéi de.
14. The method according to anyone of the preceding clains, wherein
sorption of the contam nant with the sorbent material is based on an

aci d- base reaction. 15. The nethod according to anyone of the
precedi ng cl ai np r=YrK [PalehNy nersgtd . DERL WiBLS ) by
heating the used so;‘};)eent%mgl)laregr%dz)ﬂraﬂé © ﬁ%lg.O%Thg%ﬁéeC{aﬁogO%cg%r di nge to anyone

of the premeditngturésasimoatedioartiad platchhavs atlptkness sftlessaharr #oluti7@then. | ncl udes a
vessel housing the at Ieast one plate, the vessel including an inlet and

| et. ' t f | ui d,
compri sing: a Visser TRADHIGEhor i Sboan TN st JBlker b8BT g &

chanber  nanostructures have an average diameter of less than about 100 nm.

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

nanostructures are coated on the plate by chemical vapor deposition.

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

fluid is a petrochemical gas.

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

contaminant includes hydrogen sulfide.

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

sorption of the contaminant with the sorbent material is based on an acid-base reaction.

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

comprising regenerating the sorbent material by heating the used sorbent material.

16.  The method according to anyone of the preceding claims, wherein the
sorption structure further includes a vessel housing the at least one plate, the vessel

including an inlet and outlet.

17. 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 arranged in spaced relationship to define at least one
channel therebetween, at least one plate having a surface coated with nanostructures of a
sorbent material for sorption of contaminant from fluid passing through the at least one

channel across the surface of the at least one plate.

18. A sorption system to remove contaminant from a petrochemical fluid,

comprising:
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therein; and a plurality of plates disposed within the vessel
between the inlet and the outlet, the plurality of plates arranged in
spaced revatznmshiip to define at | east one channel therebgtuse@n/,osB80 | east
one plate having a surface coated with nanostructures of a sorbent nmaterial
for sorption of contam nant fromfluid passing through the at |east one
channel across the surface of the at | east one plate. 18. A sorption
systemto remove contagh Bafkhamcd Mk ORBGM Aoty COMPrising: a
feed of petrochem ca uid containing a contam nant; ’ a
sorption structure fJ]uidl oupl ed 1t he f 0 etrochent ¢ fluid, the
sorption structure ianscoquc}ll n%‘“&ﬁ“? ﬂ}uéi?y %%u%rleedﬁtéﬂb/eelp eﬁeotfp gtg%c%g ?%tllatﬂ r bdéﬁ%e’n‘i cal
fluid and satptiogasiictafeinpluding aRawleN® raccivy thateedadpteechontitul flanbgidrds tdasr es of
a sorbent material, the contamnant in the petrochenical fluid subject to
sorption Bct Hatsshryaata matfags gpated nritl grappstostuwes @t ausarbenr ipderialnéicudi ng
an outlet; : : i ] Ui : 1 t t et of
the sor pt SaEyinant in o petrocefAERAOSLICH LI BY ffle Mkl BEAL IR
acr oss t hesoguiohaaectofe fultberpheluéingtaheupet amthem cal flui d having a reduced
anount of contam nant after passing across the surface of the plate.

a discharge fluidly coupled with the outlet of the sorption structure to

receive the petrochemical fluid after passing across the surface of the plate, the
petrochemical fluid having a reduced amount of contaminant after passing across the

surface of the plate.
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