UTI LI ZATI ON OF WASTE HEAT USI NG FI BER SORBENT SYSTEM AND METHOD OF USI NG
SAME FlI ELD OF THE DI SCLOSED SUBJECT MATTER [ 0001] The di scl osed subj ect

matt er rewetes/mes0a fi ber sorbent system and parti cul aPCy/us260/0B®RE Syst em
for rapid heat transfer capable of being heated and cool ed rapidly.
BACKGROUND COF THE DI SCLOSED SUBJECT MATTER [ 0002] Chem cal processing
operations, including petroleumrefining and chem cal processing

operations, are energy intensive. It is often necessary to conduct these
operations at high tenperatures using high tenperature heat sources
including but not limted to steam and ot her hot streans present in

refining and PEHIEAIdEINGF VWASTEIEE AL USAY() FIBERSORBENT ST EYe¥P and ot her

hot streans have perforned theEThtrodakiNe ¢ip@ns, there renmains "waste"
or unutilized energy that can be further utilized. Refineries and

petrochem cal facilities typically utilize only about 70% of the input
energy needed to conduct processing of crude oil to products. [0003]In an

effort to increase eff} etk i and utilize the
waste or unutilized he%l@:l.]“%&ieé TrrIJr[s 3?@@?@??%%@#% Bﬁ gf i@gt ent No. 5,823,003
to Rosser et al. attenpts to nmake use of waste heat and apply such heat to
an adsor benf0094} er Tt disclosddeljcdt matterd relake toamfitzed sobdne dy stgas and patihvilaglyer

B oxpansi oA “yariid e SRy R HRER- Lbas oFHGl SRR LRP AU ST, CT 8

i ncorporated herein, describes the use of a zeolite-water conbination for a
sorption refriger aBAGKEROQENDY JUDUE|ISCLAREIBURIBE TIMAGBER n
refrigeration and work from sorbent materials in chem cal process

appl i cat i ongggpaye lchBfcat 4r8fSsind HerEXATRRrdir Pt ISR BRIy Ad Mg (AT)
provi ded by | ower grade heat sources, such as waste heat, are | ess than

t hat whi ch Wwegkdingepgronnsceedengsdynigtepyiyardf iy offemnecesyy deeondSudhest i mi t at i ons
render the LEGOYSE ¥ Rin UASLHr&IEHGNich T HBARRE fed St S TRARKHAAR hot
unsust ai nabl'e, or inpractrcal.

limited to steam and other hot streams present in refining and petrochemical processing

facilities. After the steam and other hot streams have performed their intended functions,

there remains “waste” or unutilized energy that can be further utilized. Refineries and

petrochemical facilities typically utilize only about 70% of the input energy needed to

conduct processing of crude oil to products.

[0003] In an effort to increase efficiency, it is desirable to recover and utilize the
waste or unutilized heat. One method described in U.S. Patent No. 5,823,003 to Rosser
et al. attempts to make use of waste heat and apply such heat to an adsorbent material in
order to release an adsorbed gas at a higher pressure, which in turn can be used in a
refrigeration cycle that contains an expansion valve. U.S. Patent No. 5,823,003, the
entirety of which is incorporated herein, describes the use of a zeolite-water combination

for a sorption refrigeration system.

[0004] Current methods to obtain refrigeration and work from sorbent materials in
chemical process applications have limitations. For example, the temperature swings
(AT) provided by lower grade heat sources, such as waste heat, are less than that which
would be provided using primary heat sources. Such limitations render the recovery of

useful energy from waste heat economically unsustainable, or impractical.



WO 2011/ 123600PCT/ US2011/ 030664 [ 0005] Accordingly, there remains a need to
i nprove unutilized heat recovery efforts (e.g., waste heat recovery) and
render suwb 20f1f1284¢08 nore cost-effective by maxi m zi ng oRrCpAIS261108066he
tenperature swings (AT) provided by | ower grade sources. There is a need to
provi de sorption systens with inproved heat transfer rate which are capable
of being heated and cool ed rapidly, thus rendering sorption systens driven
by | ower grade heat sources nore econom cally sustainable. SUMVARY OF THE
DI SCLOSED SUBJECT MATTER gQOOG]The purpose and advantages of the disclosed
subj ect mat (/05 | |Aceerdingly, theretrpmains aprgd spivmr@istunpiilized heps ragesey piferison t hat
fol | ows, I f subj ect
matter. Add&%?d%gﬁﬂgiJgh?gggg&%%ﬁgﬂe .SCﬁ%ﬁ%ﬁggﬁgf%gﬁmﬁgﬁﬁggﬁﬁf' be
realized andumuﬂhnmé@tﬁmwuwgewsm@®ﬂ§3@nwubﬁbvén§ﬂgmnewumkarWyﬂpwwnted out

in the wri tégegg?ﬁf%de%@%n %m% 'm?‘n!hgﬁqg{&%&?eat (iR e¥"Fa'té whith bk Qb rappended

dr awi ngs. achi hese an her advan ages and 1 n accordance
with the pubpnghamﬁiwMeodﬁ$mbﬂ5edmsuhﬁﬂngsnnmbmmmmasdemhd@ﬂedmandmbroadly
descri bed, hq S !e@ Bl Lo i ncludes a holl ow fiber sorbent
syst em and %g%F?gﬁFQFF§“QHQEF%3y%%ag&%?en1capable of being heated and
cooled rapidly. [0008]1n accordance with one aspect of the present
invention, a fiber sSUMMARYSYE {ldH DES@rOYERSUBIFGE BMEIER | ncl udes at

| east one vessel, a working fluid, at |least one thermal fluid and at |east

one hol | ow G@Gf | %ﬁ%ﬁ?oé@aﬁ@h@va&?ﬁe aotftﬂe%ﬁ's%}os "égﬁﬁﬁ erw ﬂ%{:& ?,%MIOW fiber

i ncl udes a orbent ral and mat erla hat t oget orm an

el ongat ed bod&KU@hﬁmémwnghtédmmmdyihmﬁﬂbWhaBWGMmsMmbbqbmnaﬂuﬂamﬁmnner
surface adj nt nt e d the
out er surfa?gﬁﬁgggggﬂﬁg%68Wh?m} Ad%%bnmgﬁg?ﬁg$§&ﬁhé$%§&§§g gﬁg?%%er bei ng
i nper neabl e wilbbbetlzetl Iaad ammﬂed rbg thel methbdaranld $yhents iperticwl hrlf 1bcunte|d ot 9] The
coating lay m t he group

const <ti ng. S BT g mE R TP Turl o eGSRy “hol Y(vi nyi
floride), pon(V|nyI|dene floride), ethylene vinyl alcohol copolymner, poly
vi nyl aIcoh@Mm7poIgamrMeﬁnh@mhm@mhykﬁnanﬁﬁgaﬁbna@bymmkghﬂdhmsmpyy(f
polypropyle e ef er h densj.t e 0

polyacrylonl (£$L$uﬁmﬁ§m“P$oﬁgsmno(%%ﬁépﬁgﬁ'%T% F%é ﬁ%%hmgﬁ ?E%% and
deri vat i ves ntalteriedfides a hollow fiber sorbent system and particularly a sorption system capable

of being heated and cooled rapidly.

[0008] In accordance with one aspect of the present invention, a fiber sorption
system is provided. The system includes at least one vessel, a working fluid, at least one
thermal fluid and at least one hollow fiber located within the at least one vessel. Each
hollow fiber includes a sorbent material and binder material that together form an
clongated body. The elongated body has a hollow interior and an inner surface adjacent
the hollow interior. One of the inner surface and the outer surface has a coating layer
formed thereon. The coating layer being impermeable to both the working fluid and the

thermal fluid.

[0009] The coating layer may be formed from a material selected from the group
consisting of poly(vinyl chloride), poly(vinylidene chloride), poly(vinyl floride),
poly(vinylidene floride), ethylene vinyl alcohol copolymer, poly vinyl alcohol,
polyamides, polyethylene (preferably high density), polypropylene (preferably high
density), polyesters, polyimides, polyacrylonitrile, polysulfone, polyurethane,

combinations thereof and derivatives thereof.



WO 2011/ 123600PCT/ US2011/ 030664 [ 0010] I n accordance with one aspect of the
present invention, the coating |layer is forned on the inner surface. The

t hermal fwoi2dipasees t he hollow i nterior, but does not pasasémoseshs t he
coating layer to the sorbent material. The thermal fluid may include a
heating fluid and a cooling fluid. The working fluid may include carbon

di oxi de. The carbon di oxide may be supplied froma process streamwithin a
petrochem cal or chem cal processing operation. The working fluid is in
fluid communi cation with the outer surface of the hollow fiber. [0011]In
accor dance WAl andr isprdanqsedth ap asnset g thegwesent inxeanen, die, cotthe laxsatsi ng | ayer
is formed o 4! | I r t he
hoIIOM/inte?F%?ggggﬁq%ﬁigﬁ%?&?gkégggﬁfgh%ng%fﬁ%ﬂgﬁgﬁﬁ%ggy2%38 esérbed by

t he sorbent pantlepigl thé epatinglagérdn Jatsedicis oapyerial. OUE2hdrmakbibgdmdanchideit h
another aspegkind kSR EHR A AN Hne AulilnRSTin QLREIER afYRE ST S

di scl osed conprfsing at Teast one vessel; a working flurd, at 1east one

t hermal f | uicgtbamdiositic hepbt suppked firdnep ptoocatsechnwivithin ia ptinechemichleeast one

vessel . Eachhfi.b r_includes & Sof bent .rraﬁeai.al ﬂan(p bi ndert.mate&%j[al form ng
an el ongat e BYE PREVEHE CRRBUY & SHPFAE R THE TH MRy e lr i Bs past the
out er surf aceteasudfatsofapladilos fivkr.bei ng adsor bed and desorbed by the sorbent
material. The thermal fluid may fl ow past the outer surface and is capable
of transferri heat wi thout wetting th i ber surface. Thermal,fluid

cont act  angttf] ¢ i Mok EEr bR b b B e B R oS e kT | ber may
further i nclisudemaironabid @rtergodidenThowotkives foud passiagitiragh thelhvdlowudterorcoat i ng i s

bt or - cont | A HEH B Re U S LA B ol UBR R Bl The

out er coati B@ngBed tydgr neabl e to the thermal fluid, whereby the thermal
fluid is prevented from passing through the outer coating to the sorbent

material. T ter coatjin be fornmed.from an. organongtal | i ¢ conmpound.
10015] 1’ ac i Bhnod fepHitoTano By RhE 8 bt R ol ARB Bt pesbfortmt Lor o
fiber sorpt ismiens kslisesddscodipsisih @ sielchsc oMtpiekssl, AGoditing Baddat g ohetHenidl f i ber
including an inner coatin neral ly inperneable t hermal fluid (i.e.
heat i ng 1 iuaa Eeopacier g malingeTa 18 Ses wtlg TR PEHESS hner

coati ng def kfBent matdtiana@lbiridamnkedal tfenfiSCal déhgated YEBI havidk ah bstet fieapal f 1 ui d
(e.0., stea?ﬂ{ The h I_Iﬁw fiber further includes an outer surface that is
8 ﬁ%@d

per meabl e t ¢ & WREMIG PRt epst the eushtygiacs ad iefplgoiRringfdseedasdn t he outer

surface andedohRdibh MRS sofRAthAGial MR th&nBOfIBE May TRWakidhe SRRHsREEAndM t hi n
t he chanber. The fiber sorption system further conprises a supply of the

wor ki ng f 1 uiiskapablgof traggfesigg hept gsithag)wettingrthqfiber e tampldhideantict he out er

surface of 'aﬁk%lé O fHeIer suPElEl & hRRAILY 90 dd3feck MRS P ALY RFMEARCIRG arf OF
exanpl e, poly(vinyl chloride), poly(vinylidene chloride), poly(vinyl

floride), Pobig(edanyd oridpeuter yrfagie)The putsy¢aaries yipapreable dothe wodamnilyider . pol y

vi nyl al coh ] : i i ;
pol ypr opyl eg%ch(tgér?g%é gg%%ﬁﬁ/d Hﬁg h¥§2%§+$9§e gﬁéﬁgi’?grhi?ﬁ%‘gf'?}?%ﬁzfégs‘?@uon
pol yacr yl oniy thclserbepohatgull fldnentepalating stihperacatdt ©.the theinei fluidowliretat i ons or

derivatives ‘t]‘ke[t e&lg)ngr%] f;-qu isdpirév%l‘ltgé ?rgmspldginegcthro% Ehg %ut%‘}' éo%ti]?lgnt%ltﬁledsg)%eﬁt met hod of

creating wor
material. The outer coating may be formed from an organometallic compound.

[0013] In accordance with another aspect of the disclosed subject matter, a fiber
sorption system is disclosed comprising at least one hollow fiber including an inner
coating generally impermeable to a thermal fluid (i.e. heating fluid or a cooling fluid) as
well as working fluid. The inner coating defines a channel adapted to receive a supply of
the thermal fluid (e.g., steam). The hollow fiber further includes an outer surface that is

permeable to a working fluid. A chamber is defined by and between the outer surface

3.



pressurized working fluid that includes providing a vessel containing a

fi ber sorption system as disclosed herein, and introducing a supply of the
wor ki ng fwoi2ditria3@n exterior surface of the outer coati rgT/Usaemosescs ng t he
thermal fluid (e.g., heating fluid) to the inner channel to obtain a
pressurized working fluid; and directing the pressurized working fluid to a
wor k conponent. The work conponent can be an expansion val ve to provide
refrigeration, or a turboexpander to provide electricity. [0015]In
accordance w th another aspect of the disclosed subject matter, a fiber
sorption sysguetheinnegiogting Seld ashdenti rprigripd eentained| veian the geanihsr.| Bw ficher

i ncl udi ng ag.| r ol I i I ith the

i nner surfag%bggﬁﬁﬁggﬂigﬁﬁﬁgﬁﬁgfé§ﬂ§§§g§%$3$¥%@§?3@q5§§gggégaggd?ﬁ% wor ki ng
fluid (e.g. flugiohorngiocx digh the Dhier svofaboet holldpe fibérurddaionilhe thgdesT an out er

coating that _js_ i r r | U i 4, wherein
t he outer c%%%%ﬁéggg??ﬁgghﬁﬂ%ﬁghﬁg?ﬁEg?aggﬂk?ﬁgﬂ%ﬁ#%?&@éé#gﬁgkgﬁhﬂthe i nner
surface, w floride)sRriyiemylideat dotidd), Kthyltei viigd alablidhicopdshmeer glvdynieyl.alcbhd, f i ber

sorption system further includes upply.of the rking.fluid jn fluid
cormunt cat | SRS PRECHHRE PETFd BeR Rt afiar PO @255 Fiebar i ng can
be, for exadpilséy), pallyssers, pylyintidésopolge)ryloimiley pylysutohel @oButitaos, icde) their

pol y(vi nyl ro.'d%%§ Pol . %vinylidene floride), Ethylene vinyl alcohol

copol yner, 68P@n91 Pr§¥%tﬁﬁﬁ, pol yani des, pol yet hyl ene (preferably high
density), polypropylene (preferably high density), polyesters, polyimdes,
pol yacryl onija0ii] e, Tholigsludckcuigect paltyialsetifdunts a @tethod of thaing vaoktbmat i ons or
derivati ves. 001§iTh§id%ﬁ§*ﬁsed segkect.natter al§o.inchgdes a met hod of

creating a Bre¥¥ar: ¥ 8 1! NS PR h e B BPAGOR Vbssel

cont ai ni ng aystdnbey dighsed Pdr¢if mngd yidtodRiAga slippl siedvdiking ifloid tasdl ext@ticroduci ng a
supply of the working fluid to the channel; ~introducing the heating fluid
to an exter ?wfacgaffﬂla%ét%croat% “Eli’i’g%’é%t%? ot Al (5 2p el fhupllip fﬁmaﬁrng
fluid; and dhdn@elttb BBtainRrRE@ESY VoS MAd; kihd BirddiHi thetpfesquribBd Wok@igponent . The
wor k conponent can be an expansion valve to provide refrigeration, or a

t ur boexpand&idite 2 groplFanpoaric f i§ wprkrompeFRgan be an et ¥lVe e REYilcment , t he

channel and ¢hgrsRANBEN uAbEpRAER (b Gl AbctidlyCr 0Ss-section and concentric
with each other wherein the cross-section of 'the channel is about 50

m crons to about 400 mcrons in dianeter. Additionally, the |inear distance
froman int é¥41gF sdp peserlange wilangtherasperbabiba disclpssd spbiesk Paisros fikdr f ace of

the inner nepBligEstes i 1i90RD A inollddsQut RBQYhe AQR WK BRRdInERAS iFReF bent
material is a zeolite, such as zeolite 13X, and is about 10%to about 95%

of the totaPuiker ghtt ipterperbledRaniseking {lod etiThe imeparfagtohningd chygeem
di scl osed hgx&hda b fecsivé b a8 drdke WeRink MuRRRl!, CabbOMSxils). WL GhdwEbd& ar bon
di oxide is obtained froma process streamwthin a petrochem cal or
cheni cal pr dedssinalydesparcater eprting thehis speamebiriadhd thermepByidendwork[ng019] 1t i's
to be under %h%?gvhé Q@Hh@&fté} chiMfhe! RHEAQ GPmIEMRERen HRIG E’Jia'tigg cthe
follow ng deta I'ed escription-are exeinary and are 1 nten to provide
further explimmatirieee ofith hertinsohtogd dogabpdeithimtitetabambdrailhedber sorption
system further includes a supply of the working fluid in fluid communication with the
inner surface. Additionally, the outer coating can be, for example, poly(vinyl chloride),
poly(vinylidene chloride), poly(vinyl floride), Poly(vinylidene floride), Ethylene vinyl
alcohol copolymer, poly vinyl alcohol, polyamides, polyethylene (preferably high
density), polypropylene (preferably high density), polyesters, polyimides,

polyacrylonitrile, polysulfone, polyurethane, etc. - their combinations or derivatives.

[0016] The disclosed subject matter also includes a method of creating a pressurized
working fluid that includes providing a vessel containing a fiber absorption system as

disclosed herein, and introducing a supply of the working fluid to the channel,;

4-



[ 0020] The acconpanyi ng draw ngs, which are incorporated in and constitute
part of this specification, are included to illustrate and provide a
further uwioenstt2s@dong of the method and system of the diPstiussEd/oswshs ect
matter. Together with the description, the drawi ngs serve to explain the
principles of the disclosed subject matter. BRI EF DESCRI PTI ON OF THE

DRAW NGS [0021]Figure 1 is a schenmatic representation of a conventi onal
adsorption system [0022]Figure 2 is a graphical illustration depicting the
adsorptive properties of a working fluid in accordance with the disclosed
subj ect mat tfoduinDhg hetigey flaid3o pr exferss swrifasa af thy ckambst toaabtaiihe passetizddi ber f or

use in the t pr esent
vention: e a0l e OB G B S B AR TE Rl PR B Fonal
view of a ca@tle@nfpob@n cdgye angpangion Nelvé tOHEOVIé@reB@@tatlsysqremrbwmpmg to

anot her enb present i nvention. [0025]Figure 5is a
Cr 0Ss- sectlgﬂgﬂgg%%g%gé hol |l ow fiber for use in the fiber sorbent

[0017] In an exemplary embodiment, the channel and the chamber are each circular
in cross-section and concentric with each other wherein the cross-section of the channel
is about 50 microns to about 400 microns in diameter. Additionally, the linear distance
from an interior surface of the outer membrane to an exterior surface of the inner
membrane is from about 50 to about 400 microns. The sorbent material is a zeolite,

such as zeolite 13X, and is about 10% to about 95% of the total weight of the chamber.

[0018] The fiber sorption system disclosed herein is suitable for use in applications
in which the carbon dioxide is obtained from a process stream within a petrochemical or

chemical processing operation, such as a combustion operation.

[0019] It is to be understood that both the foregoing general description and the
following detailed description are exemplary and are intended to provide further

explanation of the disclosed subject matter claimed.

[0020] The accompanying drawings, which are incorporated in and constitute part of
this specification, are included to illustrate and provide a further understanding of the
method and system of the disclosed subject matter. Together with the description, the

drawings serve to explain the principles of the disclosed subject matter.
BRIEF DESCRIPTION OF THE DRAWINGS
[0021] Figure 1 is a schematic representation of a conventional adsorption system.

[0022] Figure 2 is a graphical illustration depicting the adsorptive properties of a

working fluid in accordance with the disclosed subject matter.

[0023] Figure 3 is a sectional view of an uncoated fiber for use in the fiber sorbent

system according to an embodiment of the present invention.



system accordi ng to anot her enbodi nent of the present invention.

[ 0026] Figure 6 is a cross-sectional view of another hollow fiber for use in
t he fi berweantignsesyst em according to a yet anot her enbedirnsnei1o8066he
present invention. [0027]Figure 7 is a cross-section view of yet another

hol |l ow fi ber for use in the fiber sorbent systemaccording to the present

i nvention. DETAILED DESCRI PTI ON OF THE DI SCLOSED SUBJECT MATTER [ 0028] The
presently disclosed subject matter will now be described in greater detai
in connection with the Figures and the follow ng ternms. [0029] As used
herein, thel@@#m " Sigupehts apegtionilatiew pfefcopted fibergorwse & tha fibgrisatbentever si bl y
binds to a i 14 - hal SachhG but are not limted
to, adsorbeﬁ?%%ﬁ?%8%%#%@aﬂ%@%Qﬁgé%?ﬁ%ﬁﬁﬁgr???ﬁﬁﬁﬁgﬁﬁ}ng fluid® refers to a
liquid or gas that can reversibly bind to the sorbent material, either in a
cheni cal or YRk caligusehisa crapprasrtiprid vigwradialgllew fiber fhisuse it the dhersarbed an

expansi on Valygn ud:beaifllo A DEPEALERFtheliRecdR iAGHELT T geTant . [0031] As used

herein, the term"dri device” refers to a turbine, shaft or other

[0026] Figure 6 is a cross-sectional view of another hollow fiber for use in the fiber

sorbent system according to a yet another embodiment of the present invention.

[0027] Figure 7 is a cross-section view of yet another hollow fiber for use in the fiber

sorbent system according to the present invention.
DETAILED DESCRIPTION OF THE DISCLOSED SUBJECT MATTER

[0028] The presently disclosed subject matter will now be described in greater detail

in connection with the Figures and the following terms.

[0029] As used herein, the term “sorbent material” refers to a material that reversibly

binds to a working fluid. Sorbent materials include, but are not limited to, adsorbents.

[0030] As used herein, the term “working fluid” refers to a liquid or gas that can
reversibly bind to the sorbent material, either in a chemical or physical sense. When the
working fluid is introduced to an expansion valve, it can also be referred to as a

refrigerant.

[0031] As used herein, the term “driver device” refers to a turbine, shaft or other

mechanism driven by a working fluid to generate electricity or work.

[0032] As used herein, the term “vessel” refers to a container suitable for containing

the fibers and a thermal fluid under suitable conditions to permit sorption and desorption.

[0033] As used herein, the term “thermal fluid” refers to a liquid or gas capable of
introducing a temperature change to the sorbent material. Thermal fluid can be a heating

fluid or a cooling fluid.

[0034] As used herein, the term “unutilized heat” or “unutilized heat source” refers

to the residual or remaining heat (e.g., steam) following the processing operation after



mechani smdriven by a working fluid to generate electricity or work.
[ 0032] As used herein, the term"vessel" refers to a container suitable for
cont ai ni nyorbhe/f28éeer s and a thernmal fluid under suitabl @CTarsAd1Liodnss4 t o
permt sorption and desorption. [0033] As used herein, the term"thernma
fluid" refers to a liquid or gas capable of introducing a tenperature
change to the sorbent material. Thermal fluid can be a heating fluid or a
cooling fluid. [0034] As used herein, the term"unutilized heat" or
"unutilized heat source" refers to the residual or remaining heat (e.g.,
st eam foI | dhwihegf sprecsdiap bengiserfonperrandry numpicdn the refipinheractredhamices has been
used Tor it sqLiiHm o RGPS ckiinbiB B L6k MM 18l sAELS RCREIL fial - opeessing
operatlon ex T of an un 'l ze eat source is "waste heat." For
exanpl e, t hexample,ithe ungtlized atator unntilizéd licaeguive aan eouregiesoomna thatisaoheat sour ce
that is no f essing
operation aESQQQk(g%S%%d&f%ﬁﬁg @&%39353%%¥§5 %Qﬁgbﬁﬁ%ﬁglﬁged heat can be
provi ded as traditionuliy ibk dmemlddaleé[ﬂle smrté]aeri hdémanex@rqyicbd apart umotizddiheatt at i on,
unutilized heat n_inclu oyed,i.n a h exchanger
ised | pet rOrBuRRtEAY PELRL AR AR e BB W T how e
made to var engbyabipadist eacidmgammir impetdeund aﬁdl‘t&trdrt}feﬁ]hdaS@dcesstbg ect matter in

vi ew of the definitions above. Reference to the nmethods will be made in
conj unction under tQ t he systens los ere|n
[00bo] For t AL  SEHRERIPARR e M b S RHELF BT QhRBMTER R

adsor pti on disclosed subject matter in view of the definitions above. Reference to the methods w111

be made in conjunction with, and understood from, the systems disclosed herein.

[0036] For the purpose background and not admission of prior art, an adsorption
system 1000 is shown in Figure 1. The system 1000 is disclosed in US Patent
Application No. 12/603,243 entitled “System Using Unutilized Heat For Cooling and/or
Power Generation”. The disclosure of which is hereby incorporated in its entirety. An
adsorption bed (110) is provided, that contains tubes packed with adsorbents (e.g.,
MOFs/ZIFs/Zeolites/Carbon). The adsorption bed is adapted to receive either a feed of
waste heat (120) or cold water (130). During an adsorption stroke, the adsorption bed is
provided with a feed of cold water and the adsorbents adsorb working fluid (e.g., CO,) at
a lower temperature, T3, and lower pressure, P2. The cold water supply is then valved
off, and a feed of waste heat is then fed to the adsorption bed to heat the adsorbent bed to
T1 (>T2) to release adsorbed working fluid. The heating increases the pressure of the
released working fluid P1 (>P2). Thus the adsorbent acts as a compressor, and

conventional devices, e.g., pumps, are not required to drive the cycle.

[0037] The pressurized working fluid can be introduced to a turboexpander (140) to
generate electricity. Downstream of the turboexpander, working fluid is now at a lower
pressure, P2 and lower temperature, T2. The thermodynamic conditions are such that the
working fluid is in an at least a partially condensed phase. After exiting the
turboexpander, the condensed working fluid is fed to an evaporator (150) to chill a given
process stream in the refinery, which in turn increases the temperature of the working
fluid to T3. The working fluid is again introduced to adsorption bed and the process is

repeated.



system 1000 is shown in Figure 1. The system 1000 is disclosed in US Patent
Application No. 12/603,243 entitled "System Using Unutilized Heat For

Cool i ng amo/20r1/IRgeer Ceneration”. The di scl osure of whi CATIUS2018/080594
incorporated in its entirety. An adsorption bed (110) is provided, that
cont ai ns tubes packed wth adsorbents (e.g., MOFs/Zl Fs/ Zeolites/ Carbon).
The adsorption bed is adapted to receive either a feed of waste heat (120)
or cold water (130). During an adsorption stroke, the adsorption bed is
provided with a feed of cold water and the adsorbents adsorb working fluid
(e.g., CR) [¥B8h IJheﬁdSpmﬁapewtem@owvsn Figig 1l ipogerpnsd estharseconp2. The col d
wat er suppl v fed to

t he adsor pt ?é%gr?ﬁbfog%?%eﬁ%g)a?g? ggsor %Y{{ae g%&iel 'rll'%gtt(tﬂ(])@rg gse

adsor bed womkien(l80). uilavingTive aﬁmtm@edmrpelaklelgllb\heormaéwm® tefl ta bee r el eased
wor ki ng f1l ui r C S and
convent i Onalre%gfe]ratg(f 5 agomno}ﬂ%ﬁoﬁﬁg\lhﬂgﬁ% e()g‘l%p%dsglg)tﬂ @gd dlg%n egprgjgén f{t{{ae cycl e.
[ 0037] The pOelss dethitedganding sorptidnl aystelm&eam bteefoundtm Udij Pewintt Appdicdtioneex pander

(140) to ge r.icCl . Down the tu expander, working
(rurt io ok a5 ofEh Rt PRI RET Shet MusplBE ur e, 72, The

t hernrodynam ¢ conditions are such that the working fluid is in an at |east

a partially [QﬂSﬂhensih)dvepd:ra@mvenﬁbnzérde@gisthiavgcetthie dﬂaadmegfﬁaﬁdecxanmhetheondensed
wor ki ng f| UI dlrecst hv\%]e[gl ta%dggl h%%a ea sorb tlrgo t51 asoxgver a?tn% ?rr (ﬁeraggess stream
in the reflner R RPYUFR T REreases 3% era ure of 't e wor ki ng

fluid to T3longbtetempafrkmreg;wﬁﬂgnydle|t1meag@mn;equ@hﬂpdlus:emgmecpniss)b@gerdmdsbed and

the process is re t ed 2011/1 011/ 030664 038] The
ndsorpt 1 on SyLOURRER SR IR GHirEeatis SoLguIEAATIE B R it adsor pt i on
bed (160), a{fﬁi@madﬁéf(ﬁ)@brﬁlﬂ A@cﬁe{brmﬂy audlegtbr aift sﬁtdnﬁ&ﬁn %ambﬂfedmahnd/drm) or

col d wat er 180% Havi ng dsor t| on peds in parall el aI{)

adsor pti on BRYPLoGbEEe f%fdeﬁ&’ﬂtﬁ fa%% qabhes{eF{BRfé‘Suf%\H*ﬁI?‘%3 RE” ot her
adsorption bed is in desorption rmde O her details regarding sorption

syst ens can [@=0f outﬁﬂleiagpebtcﬁthel%astc&ﬁéds%lbpbirﬁﬁteir&rmﬂéhedﬂo%hé@&eaﬁatfombch is
her eby i ncorporated by refer LN i tiret. 0039 ver,

convent i onafgwgg?(ﬁlﬁ]sao%%téonc@ ta aﬁt“ﬂl‘ilaé:fé{d?/gﬁ é@‘@ggnﬁ% hl’ﬁ? 41 he i ndirect
heating and pealell i cefatihheprRekanrdaanirking Suldicembsig &ll@vweinceRdw fibansfer rate

and | onger t erat re swing cycle tinmes. Consequently, this design
requires bi aﬁ"ﬁ eaﬁ%r/lefrwﬁﬂmes%thﬁgaeemaewg%&@@&%&ﬂﬂfl?f@ 88t of the

adsor pti on sysh@MuanchdtikihpiiiRsSIdIwetiMhea ERAh Al ted tA@'éi'eivbQ@@ﬂfdl)y@f such
prior art systems can be ineffective and/or cost prohibitive for use with

| ow grade wdstteermakiiuid The hollowiiber alsqipeudss g grigoviracy oapiboprsingsidect of t he

di scl osed suhjgqte RIdEhg HTiddhdt ﬁ@f‘itf%ga%ﬁ’an?oef Gl aGamBA e sQffade Ry BRNVENt i onal
adsorption beds. Parti cu%ar l'y, a fiber sorption systemand nethod is

provi ded f oinner eatingig sorpers g@t@ﬂﬁlzlé éonxﬁnqé wighif fhaictianekspetivesmige lnel east one
hol I ow fib er oatﬂiggln(gﬁltér%‘ﬁffgdeb th?sacran??ﬁ lﬁsé %fdggr%gl {g (ci]ﬁsrl Sé.t]iat i ng

general ly inper toat r mal deflnlnga
channel adapt skextawior sriivef the Sogupng tl@fthtrhwel flinéroel heﬁtllngl ﬂ:hld waletrbn@lctcbw fiber
al so incl udes,an I f ner.al | n e to working
fluid that 5 ??rcl}eaglg‘gq{;:R%%"ﬁgi’g%%%%ggwg{kﬁ%tgl%g?lgst%r IEab%é% rg%t%natqhe i nner
coating. A sorbent material is contained within the chanber between the

i nner coat i m@P4dhd ddteenatiwaly.fleodiscldsed subjost mejter prpuidas @ Bber serpgappisigmof  wor ki ng
fluid is in AL t he t her mal
Ui d, o g hpadiB et Bl S e S AE Rl Rl B T2 s

pr essuri zed cowstrikétedywith an nhnélrsorfaqetpesmg)ndamtan@ttew0d41ng oo Adahticer malt | vel vy,

the disclos %(ejfn%rlf'gb!t gllannerfaaap?ed t§ ¥e%\elllvg aegup%lyf (;ftgl‘leerwgr%ngtffuldn Thé %ol?ow fiber
also includes an outer coating generally impermeable to a thermal fluid (e.g., a heating
fluid) and working fluid to define a chamber between the outer coating and the inner
surface. A sorbent material is contained within the chamber between the inner surface

and outer coating. In this configuration, a supply of working fluid is introduced to the
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and nethod for creating a pressurized working fluid wherein the holl ow
fiber is constructed with an inner surface posing no resistance to working
fluid perweanion3icoand defi ning a channel adapted to rec@cCrasaoizoppby of the
working fluid. The hollow fiber also includes an outer coating generally

i nperneable to a thermal fluid (e.g., a heating fluid) and working fluid to
define a chanber between the outer coating and the inner surface. A sorbent
material is contained within the chanber between the inner surface and

outer coating. In this configuration, a supply of working fluid is

i ntroduced et thanichabihe Shemensl thothomtad fipidpeintroduser ©Hke etsioralrtace of d i s

i ntroduced t heLEX 1AL o8 8 i nﬁT gggg$ RnQRL&ip @ pressurized
wor ki ng quH%c%ro%?t gﬁgoﬁgé%%ﬁn%?gggé $ 42] ﬁglggsté%?and nmet hods of
t he di scl osed subject matter utilize the adsorptive properties of the

sel ect ed sol¥4At , dihe hystesn aEmagtidsef the distloeed sulject mpéen ytikise thgiadsertegpect to
the wor ki ng,f{ %1Q§0§H&§H&§ed§8?%ent0{uclﬁ heviblker &eélﬁ&eﬁﬁ‘hb fixd, %qésg)grftat' on of
t hese adsor t|ve relatitonship 1s 1l ustrate Figure 2. 'Particularly, an
i ncrease i ntq daperkangflwdy wdueesO1, hetha e nd Sdﬂfen@@@p{e@ﬁn@atlomf thhssr , an

i ncrease in r 431

11 ustrati on@{gﬁgﬁg rgla{ (ﬁl%'l??ssﬂl{lﬁl%te% %g%e?é%’lagt cﬁ% a'lzlgﬁcr?a% qugﬁ?&%ture

r epr esent at iradec@ripooinamnefLC@fuptake Furdhse at increagnt possurd @044} Fieg:0.3 di scl oses
an uncoated fi er 10 for use in a sorbent systemin accordance with aspects
of the preseﬂ& i'nvention. The fiber 10 includes an adsorbent 11 and a

bi nder 12. In accordance with an aspect of the present invention, the fiber
10 i s made ﬂMHﬁ]anF&dsup@enfﬂmﬁn@nmmahbﬁhm@mkaﬁWhgsei@@ﬂ@@ﬂkyoand rate of
adsor ption rkin Ld. i affected by the presence
of thermal ?? 2%§%3?$Hh97 ﬁ$%%9§$?8ﬁm£h%%%fh$ﬁgg%iber 10 is perneable to
both the working fluid and the thernmal fluid does not wet the fiber
surface. Suil@l e &dsordbelosss aguecaded dbribdor vsedr eatrbant shsteaiin bel ow. The

Pl e (2o RLRRLAG AR, Gk R AL ARLIANCIPI Ll AlehAfL ey but not
limted to ¢f ay and si ca resi or a polyneric na eriral (1ncludi ng but
not I|nltedanbapmﬂguﬁlﬁamCQGMyammmenagmhyﬂMthakmnmamnmaﬂwfﬁeflmk05|c)

Q her Di nde'in e grgqla%‘a sor tf:lon Iqaln rliwh SE cap 1t a drat a(i1 18r(1) e of the
present inventron provi suc n& ?3r|a S U6 AdVeEr'dd y i npact

t he CapaCItﬁm@qﬂbn@f@oﬂ@uﬁﬁ&@m@mlﬂﬁmadﬁydﬁ%ﬂﬁﬂtm@ﬁﬂﬁﬁnﬂﬁbuMﬂWMIﬁghf|UId on

t he adsorbent 11. 04 cordan n a f the

et on oo i Giesmon B bR 196 PR B poth R PR P Hoi o e BREE ey 1 ¢y of
fibers 10 hausedt w6t thd g whrkRe. csuntaaleraegbrwmsmrmdeacﬁf&asregrea(ter d@tail REBSOr ption
beds 110 an gﬁéﬂvg B;Agrkln flui d and the ther fluid are capabl e of

m xi ng wi t hi INgyaR{Ts e, 8C B} WOERARIC MNFLIA %Hldﬂlh%bblém{ iEecribed in

connection \m@lﬁy Ma%ﬂ&ysésﬁﬂbﬂ@g&lym&ﬁmmé@a elclumngbﬂ noiLlimftdio PHHERIAE,
invention is not intended to be so limte r at it is contenplated t hat

the fibers Pelyawewlmwal%éal ikl ceHylogiey &th%ﬁl@ﬁ%m@ﬁalad%%rﬁf@&sm@ fhe ni xi ng

of the worKipBg.cfi Wiinth tﬁ@ﬁofé@@f th&ee 8%l infd bl provi8Y such binder materials do not
2011/ 123600PCT/ US2011/ 030664
adversely impact the capacity and rate of adsorption and desorption of the working fluid

on the adsorbent 11.

[0045] In accordance with an aspect of the present invention utilizing a fiber 10, the
sorption system includes a plurality of fibers 10 housed or otherwise contained within a
vessel (e.g., adsorption beds 110 and 160). The working fluid and the thermal fluid are
capable of mixing within the vessel. While the present invention is being described in
connection with the system 1000 illustrated in Fig. 1, the present invention is not
intended to be so limited; rather, it is contemplated that the fibers 10 may be utilized in

any sorption system permitting the mixing of the working fluid and the thermal fluid.



[ 0046] Fig. 4 discloses a coated fiber 20 for use in a sorbent systemin
accordance with aspects of the present invention. The fiber 20 includes an
adsor bentw@Do11za2bionder 22 and an outer coating 23. The ®GTAS2@i0aBlony 23 i S
perneable to the working fluid, but is inperneable to the thermal fluid.
Wth such an arrangenent, the selection of the adsorbent 21 and the bi nder
22 is not limted to those materi als whose capacity and rate of adsorption
and desorption of working fluid is not affected by the presence of thernal
fluid. [004n&ghe outer coating 23 is preferably an organonetallic conpound
The netall ol ﬁbon@#ﬁ 4 @fscloprs a@pgtafhﬁhﬁﬂalfm%e tonedendyster if pesaidancsups 4-
based on t h pp%gtj o?lfh'gg{*es&ﬁ’ quhl% ﬁgérCZO-Il_ﬁ&l!l Ql%(ds@lg)elgﬁ u n r%?

no y silicon.

preferably r pre erably silicon and tin, esp eC|a
The organo @mmpoméﬂmgmm@ZﬁhéhQWgQHDMH@éBMSpmnbﬂﬁbwnmswakmgﬁmdtbmasbyI

groups havi ’lglgefngq‘é’iﬂl otﬂ?etﬁ% Pfh? Ny a&iﬂiakg{]n?e% ese &'notf‘?h 20 carbon

atons, nore prefera g car on atons rocar group may be
al i phat i ¢ ondsartenell zmdglnednmk:r Ahisalot mhltqsnlmtthose mateaals thseo:agarcaupmd ey be

ke, pref oft Shomy SRRy P SURR R B PR o B GRS ooy

and phenyl . fletdef erred organonetal | i c conpounds i ncl ude al koxysi | anes,
sil anes, silazanes and phenyl sil oxanes. Especially preferred conpounds

i ncl ude al k s avin O 1 &9, 14 al ko Qu peci al
tetraalkoxy%myzL gogﬁ%(mg%g%3¥P d&mloﬁ é%g%' (%ng%“%ﬁﬁane§mﬁaV|ng
fromlto 6 calhjxmeyt of ltlmmga,nomsqaﬂmlcaxhlbgunlde)safm G;dupdﬂ 45 baxxdnethe[TOPAB] The

t t h the fib h Id h
o o vt el tuBbetle PR PRI IR Gl oL el B b Sh P S Rner ¢ han

110 degrees sﬂlI&earﬂumeéspe@aﬁtyl sﬁlQ:oRBTli@(}fgmtcoﬁ@Uﬁhtstdﬂﬁleeiﬂgdnbmet@llht er surface of
nce th the prese i hventi on, 8F6$ ter oating

the fi ber cco
23 shoul d CS%POUP é}f@a‘fa&e vl groups B dion ﬂ@ n afppgs MR {i per 20

to 100% of ey Ssdnaesns, RloRfRERRAbY 1E T000M A atotns1 GAYhYERb& R folp afal Ye f r om 80
to 100% The anmpunt of the outer surface covered is nost prefera Iy 100% or

as close to2100YF T PBY Brws EDLHPhC SEROFARNEBURN B4Y BEFUBBRE VSTt he

present i nveniciiom kol ds%l:ﬁ‘& (ﬁiyéénbﬁilog?eg hyldRy 3R4 ﬁlfe'hqz@ BRIy B6lnsdes a
plurality of fibers 20 housed or otherwi'se contained within a vessel (e.g.,

adsor pti on Bewss melgdamethylsefyl, madoyis ethprgand niipey a Rgtarse ofrgaaemedllic | ui d are
capabl e of %Iﬁb&ﬁdé"fnhﬁh@alk&&sﬂfa%éé%hane Qﬁaz%@s%ﬁdg &1' sﬂsxa%és Afs ?é!&élgﬁ the

thermal fluid  from passing’throug e fi1 ber into the interior of the
fiber 20 toptdfarcddempomds mzllldaml&oxyhéanm heyeng foom 1 W aléowome@mallwnventl on

| s being de%e%hl? dofhpG AR SEM' 20 et ih j%ﬁn@ﬁi&lﬁg}s&@}?& Hadi hgﬁ%ﬁﬁtﬁ% in Fig.

1, the present invention IS not inten mted; rather, it is
cont enpl at edlkbkagrotfseespedidlyshe2@metiayl-dineloxenie] | zed i n any sorption system
permtting the mxing of the working fluid and the thermal fluid, which

prevents tNeo@BFsagge Bhief Ol e drllofhelallcOndlifi bh BETiné o0 hHa0l i 0- 5

di scl oses a I ber use 1N a sorbent systemin accordance
have a high water contact angle, higher than 90 degrees, preferably higher than 110

degrees. The outer coating 23 may not cover the entire outer surface of the fiber 20. In
accordance with the present invention, the outer coating 23 should cover from greater

than 25% of the outer surface of the fiber 20 to 100% of the surface, preferably from 50
to 100%,more preferably from 80 to 100%. The amount of the outer surface covered is

most preferably 100% or as close to 100% as possible.

[0049] In accordance with an aspect of the present invention utilizing a fiber 20, the
sorption system includes a plurality of fibers 20 housed or otherwise contained within a
vessel (e.g., adsorption beds 110 and 160). The working fluid and the thermal fluid are

capable of mixing within the vessel. The outer coating 23 prevents the thermal fluid

-10-



W th aspects of the present invention. The hollow fiber 30 includes an
adsorbent 31, a binder 32, and an inner coating 33. The hollow fiber 30
cont ai ns wWoRoll/ssoont eri or 34, which extends the | engthPofi/ush@1foslses 30.
The hollow interior 34 is configured to permit the thermal fluid to flow
therein. The inner coating 33 separates the hollow interior 34 fromthe
adsorbent 31 and binder 32. The inner coating 33 is inperneable to both the
working fluid and the thermal fluid. Wth such an arrangenent, the
selection of the adsorbent 31 and the binder 32 is not limted to those

mat eri al s whegeragspaibough B diberdldnieftheaigenphefi tenfizen d0 thetbo pgsoibert 2dfandor ki ng
fluid is no mal fluid
will not paréhseaJ%%{r:r%%ad\gﬁﬁ f’iFEWQ§n§?§rgllﬁ%P q%kﬁéuik&ﬁ(%ega%bﬁzei nluér?'g1 lvelercll-(t;l‘r? Wlti)t @I{ehe fiber

30. The wor kystam 1000iitusitrgted dslog ble thei pagsenttien Aeisio nbleintendedtobg$e lirhigedext er i or

f the fib f - I i nyl
ghl or ?del) e%%?%(l\t/ll[s%yﬁ%%glﬁgd?%%% |f§8?t2b ?ﬁ%plﬁﬁn&sﬁﬁg@ }ny( ngy%ll( \élezg
floride), eipbtyrhmmgthnelmyingafdmhmlrkm@ﬁmhym@mp theohal ﬂniidaydhicalpwhmls thepol yam des,

pol yet hyl ene % r ensi .~ Pol ypropyl ene (preferably high
density), p8f & ﬁ?%g%%‘ﬁf;tﬁlﬁgﬂlg theﬁé%/l)f&cr ylonitrile, polysulfone,
polyurethane etc., their conbinations and derivatives thereof [0052]In
accor dance \WGSH] t h§ig36@1!$ehseSiadMHmﬁibﬂ 30tfot usz iimgscabdnt fysten30 acdolndansor pt i on
systemincl udes a I ber. ho or ther tai ned
wihin a vesddifsst b8 by Bhelimb s A G o By R LR D €1 U
flows thr oughldem hal dnduneir ndsaemg 63 sTl@amacﬂibwtﬂ’mer 30 dvatagnsAGwlldkhéntérivedaml fl ui d

Gesor pt1 on P Roer eLPETPrCD: (e PEliSh ks S SORREO ARy 11 ui i 6

capabl e of ﬂ&&ﬁérﬁh@l flui® o ﬂdi’ethfeiebﬁrThB%ﬂeﬂ&(QtlhglEB scphrafel e hoflow heerioessel

W t hout m xi_n he the e.the present ion is being
descri bed |#°%6W%EPY g i3 Wﬂ%ﬁzs g‘f&’ﬁ?r WVERET g&?&@&?@aqtﬂ P%he 1, the
present i nvertiiAn{hig ai®ihe ltﬁahﬁadmch tW1tllDﬁlcﬁQn hiraigb@6kit, thatd@tion bithe S

contenpl ated that the fibers I|ze§ i.n any sorption Séstem

whi ch pr eveAfsoriene’ gndithegpinger é%é m%kmstwqom%? pratsHys hieseraricH NG 12

[ 0053] Fi 9. G &lissiphios &%t Rsdiptidow wWorBRE néid if Qi aﬁf&‘?ed'ﬁ_% tRe %@Jeﬁ@erﬁf fRYSkiem in
accordance with aspects of the present invention he hol |l ow fi ber 40

i ncl udes an flatls dihp deemad fluidawihinedeass rom thgepligr ifgtier34deathaigtens: offife hol | ow
fiber 40 conppaifs T%e Dbk selas Rbedifto tmaﬁ&b&%fttﬁmg% tﬁ@&térﬁ)%hﬁle of the

fiber 40. The hollowinterior 44 1s configured to permt e working fluid
to flow thefiépmd0. The working fluid can pass fromthe hoIIOW|nter|or 44
into the adsorbent 41 and binder 42. The outer coating 43 is inperneable to

both the WO}I(WS@E F gt ?hn@ln&)afl 3ttﬂﬁ'BEr%r éxlah‘lbﬂ pé{y(nfﬁyﬁéh(l\—(thd%ﬁ arrangenent, the

sel ection of the adsorbent 4 is'not linted to those

mat eri al s wheseigdidensi Gﬂlipfléﬁ)dwla(tvé%ﬂm&&%@pbﬁl@}rlldalmjﬂ@@@bﬁﬁbﬂe@w@ﬂ wor ki ng
fluid is no r e i rmal fluid
will not patsalsC ]ifl(%? gé %ﬂn O?Q\r%n%%ﬁglogﬁiﬁ@& (g%th}g%lgt(?mfe;%g ﬁlglﬁ be, for

exanpl e, poldyr(SW)erlyl@thP}denedBl)eferM lydglwdwity)dﬁﬂﬁe_swl‘sl, mlb'l(LtB§ieS pol y(vi nyl
f l oride), gf)lx/gcvr%lp}ﬁ I'llg g)ggrsulko%]e )Z%ﬂeitl%[n ce r[ﬁ iV ¢d 1na% Es aE!la élelﬁxga? T%%/ mer, poly

vi nyl al coh ene’ fera
polypropyleﬂen@ﬁreferably hlgh denS|ty) polyesters poly i m des,
pol yacrylonitril, polysulfone, polyurethane, etc. - their conbi nati ons and

derivatives [(SdﬁLeOfIn £c(%9§1§%dj'v&lﬁ tKe{ &l%&'n%%en%oﬁ ﬁgﬁﬁ%&‘ﬁ%ggﬂ%@@%mm of the

fiber sorption stem east one provi ded
with sor bensﬁtmnmbzdmlumbuy@f hiberGahkoatd or, otlivowsy emntainddevidor préssal syst em

|ncludesa Iuralt d.or othe se,con ned within a
vessel -1 n ErbsiishlipPhe (LR BLCE o PO M550 S04 BLAB TR, §
receive steanm(fheﬁbemgowhn tﬂérnahﬂuml/@tcmdeé dxambces@r}flhaat ﬁiz)nsfeirh@eﬁhmﬂmel 51 is

defi ned by an i ble.in coat i .52 Ion| r|Ie
(PANy A ok 37 S3tr@h e ottt FigoRiuPiind PEWPITE BHY out er
coating 54 andpitse mm@ fitdrh theSDHEDINIhtoRRY inteGibest thdvessll 6hithas nﬁﬁﬁg wﬁtﬁ 13X or

Mesopor ous SI| ered : L o : ,
P he ti‘lermay\ﬁ id. %ﬂﬂe the present invention is being described in connection with the
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am nes. The chanber al so includes pol yner support materials 56 to assist in
mai ntai ning the structural integrity of the hollow fiber. WO

2011/ 123600RCT/1280011/ 030664 [ 0056] The hol | ow fi bers 56Pcamsh@1foarened in a
tubul ar configuration and include an inner coating 51 and an outer coating
54 defining a chanber 53 there between. In a preferred enbodi nent, the
chanber 53 extends along a length which is coextensive with the inner and
outer coating and contains the sorbent material (e.g., zeolite 13X). This
maxi m zes the anount of sorbent material which can be disposed within the
chanber. Préysamahi0p illystrated oy BHent. tm@ﬁﬁtanvensowggfdg@md%t@ $9 lirpigede hanber in
an uniform r i fiber.
The i nner cgag!t?%}ﬁgk g]?t gggtc g%rf]ﬁg?rs% rb %H%hﬂte TQSQ tlhlb%isgﬂl M gh The
channel ext emisnmﬂilenemlgp%thbwng@ﬁgfbildﬁﬁtbthhﬁllehmhﬂﬁldber and is adapted to
receive a supply fluid for direct contact with the inner coating. Depending
on the embogyisnt ¢, kRRCROLIGMIELBE £GPPI AN SHShEDs Ao desfihped furt her
bel ow, the urd receiv 8 e anne can er a working fluid,
or a t her malvithlaggedts Céthg pres¢rd irvieniggne dbk holdpw fibdrdy inclgiesar ddsorberg 4&rrbodi ment ,
the inner c I I d the
outer coati ﬁﬁhb{\l‘\% !nﬁi agl%ﬂ?el; %atl}{ 4@?%%@2%%&9%@?5\%3{ Sk%r(l)ug‘¥' Pﬂtgcf rag’efl nes a
chanber bet \mélmh elxtwedsam Ength oathle mlgelaéhi)d Tthh dollamnmcrioondd is mgnflgunedttbl psrmlt

R L N A A A

is int roducéeﬂ mm thlaladsdrﬂfmt ctlhaa]drbaidetcbz Obitcaiuter aoapng%unmpﬁdle@e loitogh tht ui d from
t he sorbent al ternative the i nner coati an be.generally

or mmabl e 1 8 R GHPR Atk S L Vit SR iRy BLISlongrEr ol 1 o

i nper neabl Eaﬂ@rt&ntél’lei’nﬂﬁlhe Hihder 42 isIndt kihit& to eivlkse glufeﬁﬁlls ofoseaapddpphiyd @fe wor ki ng
fluid is introduced within the jinner nnel i ber d the thernual
fluid (e.g.! %fga@f%mﬂ ﬂ[}mﬂqnso |“f?€1f16%lﬁ‘é@és b2 f fffée yiths Pgrenes plheRalof 1 he

chanber to ehfdaiThe hePh8IRM WAt PRE kitdGe Fibttiad, f rom t he sorbent material .
[0058] I n an exenpl ary embodi ment, the hollow fibers of approximtely 100

m cron inner e and 10 on. chanb This configuration
D Fove for . duhe ke Sr LS bET e BATR! ek oS TS contl gur
this scale @6@(@@1@&1@&@&@1@@ pdny(tvb@t fl6ie), e pahaideiefl@fde, Bﬁiy&ﬁé philon bed can
be altered fromhot to col W|t in seconds. Further frequency of

t enper at ur e 25GRH §orpt XDERK/SPOI%W“}’ H‘écOQPIZ%Ol}éﬁ%d?so%lbeﬁhﬂ?ne&rege@%’slﬁglbt ion system
to be mini mdz,@dy) Foepepanrebrefiishly high eliaidepolftetapdly Nalidegw fi ber
preferably circular in cross-section and oriented with a concentrlc

confi gur at i 8AlYaqylenitdypakysubone; plywathnitestc | -dhadigostbiatipns ang deivagivisar and from
about 50 m gy.pnRe to about 400 microns in dianmeter. Additionally, the |inear
chanber thickness can be from about 50 to about 400 m crons. [0059]1n
accordance with another aspect of the disclosed subject matter, a plurality
of fibers can be arranged in a bundle simlar to a shell and tube heat

exchanger . Tiisp! ure '7td¥}i)1@tfs bl RRERGRDEIRh AL fifhr SrpfAg Ak Yy Paral | e

arr angenent ernative % (g) urality of fibers can be oriented at an
angl e with mdéghagicasteneke Wofﬂb?éﬁ isPRevidedydthssodants penteinglibaed- wi t h portions

of adjacent Qe hbxﬂex%?@l‘i@s%gpt?édﬁs t&@&@luﬁés*’h%luraﬁ’t? o@h? Hgﬂ?d’\%ﬂ h a uniform

space di sposed tHérebetween over the entire h ers. In an
exenpl ary enﬁ@mlmwtammmthtnkﬁeve@iﬂ eI:n tlstsmfbrah@ltmggmhgdlmntr dsickanagidd it 0 a

rui do. 1 ne Sfiie BRglP Rl AR IRELIRF R R, T8 Bond3F 04 299 ,
Cx2) and t hdeﬁmﬂ@ysn dnpe@aeabﬂﬁemnm coajmgljm smeh asqrelyeictytonite kt(PAY). médl um (e.g.
steam) or Cofl) b695§n% eHf8d between the inner coating 51 and an outer coating 54 and is

packed with sorbent particles 55, such as zeolite 13X or mesoporous silica with adhered

amines. The chamber also includes polymer support materials 56 to assist in maintaining

the structural integrity of the hollow fiber.
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[0060] In a preferred enbodi nent, waste heat (e.g., |ow grade waste heat) is
used as a heating fluid to drive the sorption system In sone applications
of the diwolosed3®abj ect matter, the heating is provi de@#Cogusesiososheat from
a chem cal processing or petrochem cal refining operation. In one

enbodi ment, the unutilized heat ranges from about 343K to about 573K, or
nore preferably from about 363K to about 523K. [0061] Whil e the working
fluid is, for purposes of sinplicity, largely described in the context of
Cc2, other wor ki ng fluids can be enpl oyed. In one enbodi ment, the working
fluid is a §@56hndThe helérve&beé-ﬁ%f CFHGH?P derpisd in diubypickenfigrsetivariad inshida A,

propane, butgngq, n%ﬁLfEd&F 11%94{ RERERA rﬁer% t]i}]eEé ﬁé?&)%erﬁ) in @t her

refrigerants, or ot er suita Pds. Simia e sorbent material is
| ar gel y desordfdyesd cimbodihenic thatckanbeo 3 exderds taengsiengwurhwlsls nesxtenping wehi

thereto. In t}%rl ne? QP(P tg%g%tlné aﬁg (Zn%lgsetﬂe #I?et ?Fn'a%hal' (§ ]gsgelo%?et l%g(g ?‘E}g}:zeo' Ites,

silicagel, car Iva car organi ¢ frame and
zeolitic i rmdtamkattkm afmcammrﬁsoibsnt(rﬂdtﬁsa) which canlee chmowﬂlwnﬁnﬂuhbhbamm k| ng fluid

is carbon di,0o r he s9 s a zeolit
erpodi womt CPREEE SRS Ront R Mos TP s b Snd ER8 Wi L & Po%a zeolite
X, pr ef er abkyncantzaioh ot @en&%long&be leagth oMife abilcarll ﬁbe{rOGﬁ&]nASr d@@ﬁi@(ﬂe&b@;\ae and

as used int | i cati on, orben naterial " ref

motor al t nabreaBpun bbb R, TG IO ed iR B physi cal
sense. Sor bapllowtb&hh@lsadipied Wdecndaclifppniisd (frAed]ccaniienth theiesd al s t hat
can be used in enbodi nents of th di sc|l o %gg su ject matter include, but are
not i m ted eBingniERane esgamecenfbp s i phlley R RESYsiea Gl Pesstiacd

zeolitic lnfﬂﬁ%pﬁﬁb&ﬁﬁ&ﬂM@h&e&&i%hmﬁ@khﬁﬂ&mﬂ&&%kbmk§aw%@@h%ﬂﬁﬁ<ﬁ@d car bon.
[ 0064] MOF- based sorbents include, but are not limted to based

sorbents wi thermaalgiuig &g heatee/caging luidtet al oxi de, netal cluster or netal
oxi de cluster building units. As disclosed in International Published

Appl i cati on[dda7] WOIZORnibbdindBt, thhhedd cbadin R &Y RBNrallyepeRMa8lesla ermaf er ence
inits entiret the netal can be selected fromthe transition netals in

the peri odi duidapidehe aier agating. (Whish is esastaly apncalle i sworkine flvid. defies pzn) |

cadmi um ( Cd)}panfBRf 6ath¥en(ti9dutertidski rlukﬂellyrer C&@he. HhEis B Rurdtigh |l \Aﬂgyum ts
can be linked by organic conpounds to forma Forous structure, ere the

organi ¢ compbuadEeHBId Isiinikidnerdin an edgrios syrfaceet tE owa qodiingy anghihe ﬁleem% i ncl ude
1,3,5- benzepgf egbﬁ%gghﬁld&rﬁ}oduéeﬁmﬁﬁ%e@ﬁ%&% DRl A &b BB one | obuty!
oxyl ate ( BDC) ;

1, 4- benzenedi car | 2-amno 1,4 benzene carboxylate (H2N
BDC) ; tetraﬂywﬁbpwﬂeﬁ@b@ﬁﬁmﬁdmba%%@mdeVehQHPD@pmﬂwempheﬁvmﬂﬂvcarboxylate

(TPDC); 2,6 Q%F ¢N§9 rboxyl at e
(PDO) ; blphg g@lcarﬂ%%gFQﬂ&P?é%E§B§%§§%ﬁ ﬁﬁ%qﬁﬁqm’ﬂﬁggyggughenyl
conmpounds. M&@ﬁ@ﬁ@pbdnﬂu@am@genheissmﬁiy¢ﬁﬂmﬂdn§ﬁubemmnmmme¢mahm¢Mmclude
MOF-177, a inner channel of the fiber, and the thermal fluid (e.g., heating fluid) is introduced to the
exterior surface of the chamber to obtain a pressurized working fluid from the sorbent

material.

[0058] In an exemplary embodiment, the hollow fibers of approximately 100 micron
inner diameter, and 100 micron chamber thickness. This configuration allows for dense
packing of sorbents within the sorption bed. Fibers of this scale are advantageous in that
the temperature of the sorption bed can be altered from hot to cold within seconds.
Further, such a frequency of temperature swing allows for the size and footprint of the
sorption system to be minimized. The channel and the chamber of each hollow fiber

preferably circular in cross-section and oriented with a concentric configuration. For
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material having a general formula of Zn40(1, 3, 5-benzenetribenzoate)?2;
MOF-5, also known as IRMOF-1, a material having a general fornmula of
Zn40( 1, 4-wbenvigna@icar boxyl ate) 3; | RMOF-6, a material h&eirAg2@19s0ees al
formul a of Zn40(cycl obutyl 1, 4-benzenedi carboxylate); IRMOF-3, a materi al
having a general fornula of Zn40(2-am no 1,4 benzenedi carboxyl ate)3; and
| RMOF-11, a material having a general fornula of Zn40(terphenyl

di carboxyl ate)3 , or Zn40(tetrahydropyrene 2, 7- dicarboxylate)3 and

| RMOF-8, a material having a general formul a of Zn40( 2, 6 napht hal ene

di car boxy| acenmple, tlmhzmhvsm%@mﬂw@gzm/fm@@m T@@@B]HE%EWPW zeolitic

i mdazole frg ) mted
to, ZIF-68, e mma{f%ﬁ?‘ém&{%ﬂg ﬂ@%@%@m F‘%SC e RhE aHLalﬁtltsvdetPsHy of

Cal i f or ni a about 480 mivgwises and general |y di scussed in Nature 453, 207-211 (8
May 2008), hereby incor porat ed by reference inits entirety. [0067] Zeolite

adsorbent RSl 2 I hRGIUER AL AL o hILLAGh Aotk wgu&%(}luaﬁ%lzegr that

are represented by t for mul Al 203 ySI 02 wH ere
greater, M péflbdﬁ@cmrbarag@ngﬁéhrambund@ sgraildr dma sf@tl@hd ke h@dpmhﬂngﬁotﬂysi um

nagnesiun1a { r fhe nol es
of water talﬁLgf Nt eb‘%%d%}'g%ﬁlaa a 3H}%a&§?£aﬁr@ggﬁ¥hz§@%@t§t§gt’hat can be
i ncl uded i npmhﬁéltymﬁﬁmwaahdosglmd@mn afglet\hmh msmemteadlpnlhqrcahe Blpers qaol ude
natural and,s nthe zeol it Nat ural. zeolite ne ud but are not
Tited to. beHabst pfn PeReha et PR bR GB%GH e Bt
Ca2RA102) 4( iu@iZyr8] sbB&é?cﬁs)ppsdainhedam\tmn oA Rajrcsibgth bbthe ﬁﬁe’w 3n28- 7; typical

formul a Na8KA10 S 40124H20), . eri |te CAS R 0-42-8;
yphoar f or ST RO heRGa b G bSO S oo S SABIRETL asi 1o

( CSAS RE(EZJI( st ayd ManékZ:&?)Yt Zﬁp&meﬁbwto(halherﬁﬁr iﬁd:v@cirhﬁ‘@ﬂuiﬂg ,thd\Na&l]l side can be

K2) 29. 5[ (A102 Si.02) 133123 i noptilolit Regi stry No.

12321- 85- 6, 111%&5?% af&?wﬁawg}%vé%g é)a%%lfip%o%%%ﬁlagﬁam Ilipsite
(typical fOléﬂﬂﬂn@mcz(t%n%he%gﬂ‘@dalrﬁ(e?os&)aaﬁ&Qc%llﬁé-m@a-l@lglo) [0069] Synt heti c

zeolites include, but are not limt zeolite A(typlcal f or mul a:

B e NIk Rk bisp Byt Setotertio gy 1o By peNG APEVRIEARS 1 or mul a:

Na56[ ( AL02) 26icRind 26 JdrivSMEEtptiorzSoteint qen &on(et Appli@abnd @tiati@losed subject
KOMLO2) 9( 5i 02) 27122H20), zeolite orreq@ pi cal for mul a;
Na68TMALG[ Amﬁyrsths.heazylgsﬁprzwm@obyw ﬁfma&nﬁg tied! BHRSEE Qmoni um)  and

ZSM 5 (typi gadoch@hidbl réfiniiNeperalibA18 bh ARFIGRO S AR AR Aifi&Id3Rat RS BohPA 1S

t et rapr opyl anmmoni u
about 343K o about 573K, or more preferably from about 363K to about 523K.
[0061] While the working fluid is, for purposes of simplicity, largely described in the
context of CO,, other working fluids can be employed. In one embodiment, the working
fluid is a gas and is selected from carbon dioxide, methane, ethane, propane, butane,
ammonia, chlorofluorocarbons (e.g., Freon™), other refrigerants, or other suitable fluids.
Similarly, the sorbent material is largely described in the context of zeolite 13X, but is
not limited thereto. In one embodiment, the sorbent material is selected from zeolites,
silicagel, carbon, activated carbon, metal organic frameworks (MOFs), and zeolitic
imidazolate frameworks (ZIFs). In one embodiment the working fluid is carbon dioxide
and/or the sorbent material is a zeolite. In one embodiment the working fluid is carbon

dioxide and the zeolite is a zeolite X, preferably a zeolite 13X.
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[ 0070] Zeol ites that can be used in the enbodi nents of the present
application also include the zeolites disclosed in the Encycl opedi a of
Chem cal woechnoi2egy by KirkQ hrmer, Vol unme 16, Fourth EdiPCITars20iamesess t he
headi ng "Ml ecul ar Si eves,"” which is hereby incorporated by reference in
its entirety. WO 2011/ 123600PCT/ US2011/ 030664 [0071] Synthetic zeolite
sorbent materials are commercially available, such as under the Syl osiv(r)
brand fromWR G ace and Co. (Colunmbia, M.) and from Chengdu Beyond
Chem cal (Sichuan, P.R China). For exanple, Sylosiv(r) Al10 is one

comrer ci al | porhent Maitdrialyeol ite 13 X product. Uses of the Fiber Sorbent
Systens of the Present Application [0072] The adsorbent systems of the

present appl[om#l ON\sGRRdRBoWSHA ok Nsci@h tHXUHp AL, GRL o SsoPScAV a8kt he
setting allows for the presence of a vesseP t hat contai ns a sor bent

material, ardept ymakrigldhatragrsiihubiads the wedinediyipliya eheenienbanhysigalef f ecti vel y
direct the QSEQrQﬁﬂaWﬁﬁﬁhggnkthQ¢%ﬂmﬂﬁ expansi on device to provide
refrigeration or r|ver evice to provide electricity or work. For
exanpl e, the desorbed gas may be directed to a Joul e- Thonggon expansi on

val ve, to pl¥$dHe rSefhemg@aft%ﬂ qlghat cap beyssa i1 spehogimantieof destivcinser! suBickl ng f1uid

can be direglad 1Qude Ul Bt A& 1R Wi o ?%ﬁﬁtffahﬁ%& Bfsed M1OF-SHRAS
provide work. The sorption systens described herein nay be used to prOV|de

chilling, peweentaaeplighiihidpzade iremevevbi4i&} Mbﬁnv\xnﬂﬂqu@i@mhtesméwp%ss| bl e
applications for sorption systenms of the present application include
residential [dde?] IRNEF %&ée@gorﬁér{ts i‘ﬁ@lﬁ&’é bhiohd A likded RS MEOHITHREA §6kn@ heat punp
in the mnnter) vehi cular (where the on-board air conditioning utilizes
exhaust heatitharmduriliy @8 metahmetal exiflq inpeépl ahyeterctiandty gridp clipeshuildngoriy | n a
pref er red enBoHLENin fichAfnR 15BAlHed APBhidaGS) N8O 1724 PRARDERLL RYSLem | s
used within a chemcal or petrochem cal refining plant, and the desorbed
wor ki ng f | uherebysinggrperated bp rdduiciens in df ertigdy.ded wefakon @blfrqfﬁ‘ddtdm@ﬁlepr ocess
areas, part 'tr%ﬁgit?ornl 12 53R %Ji‘f%tdlc t&h?’ af?&‘?%{gl il %&éﬁl@ \i}nﬁét% %@fﬁ &2ih? Separ ate
conponents A M XLure. For exanpl e refri ation can e used t
recover I|qﬂéﬂ;ednmamﬁhDeuﬂr@a$Hg1ﬁﬁahfﬁh@n(B@nﬂhémwmgmsbsggmnmgmap a

stack, or t frigeration sed ndensers to i nprove
The. of fact i JOHEEY SRTRLBRERT: RFn 4PEn RoRRR ShepaRTEIRGI Sy Pade e

sumrer nont Hi&.linking the adjacent metal bulldlng units can include 1,3,5- benzenetrlbenzoate
(BTB); 1,4-benzenedicarboxylate (BDC); cyclobutyl 1,4-benzenedicarboxylate (CB
BDC); 2-amino 1,4 benzenedicarboxylate (H2ZN BDC); tetrahydropyrene 2,7-
dicarboxylate (HPDC); terphenyl dicarboxylate (TPDC); 2,6 naphthalene dicarboxylate
(2,6-NDC); pyrene 2,7-dicarboxylate (PDC); biphenyl dicarboxylate (BDC); or any

dicarboxylate having phenyl compounds.

[0065] Specific materials MOF-based sorbent materials include: MOF-177, a
material having a general formula of Zn,O(1, 3, 5-benzenetribenzoate),; MOF-5, also
known as IRMOF-I, a material having a general formula of ZnsO(1,4-
benzenedicarboxylate);; IRMOF-6, a material having a general formula of
Zn40(cyclobutyl 1,4-benzenedicarboxylate); IRMOF-3, a material having a general
formula of Zn,O(2-amino 1,4 benzenedicarboxylate)s; and IRMOF-11, a material having
a general formula of Zn4O(terphenyl dicarboxylate)s ,or ZnsO(tetrahydropyrene 2,7-
dicarboxylate)s;; and IRMOF-8, a material having a general formula of Zn,O(2,6
naphthalene dicarboxylate)s.
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[ 0075] By proper selection of the adsorbent and working fluid, the sorbent
system can nake effective use of |ower grade heat than previously provided
by sorptiwo2811gi28698 in the prior art. For exanple, in omE€TAsR@diod®n: of the
present application, the heat supply is "unutilized heat" which has a
tenperature of from about 70C to about 300C, nore preferably from about 90C
to about 250 C. In accordance with the present invention, it is

contenpl ated that the adsorbent and working fluid may be selected utilizing
the pressure index disclosed in US Patent plication No. 12/603, 243
entitled " Sy¥6em Usxpgpleyrepliticzeddapela frameworkdSIH) agrbem anatrialpdnedyde, but

Gener ati on" -di r i i i r F10:
A N e R e e
negati ve ef béculifofiad pios Aaggfesand gonralydiscdssgbinRapire AdH2HRL11 BMasi ng

appropriate f n I L4 i n,.t | fluid / coating material to
reduce | nte??@i%%tb?ééfgﬁ%gm e \/\r/tg%}rﬁe%?%fgq%sﬁgtr% [ fluid and the coating, e.g.,
for water, detergent and the like and for triethylene glycol, stearic acid

and the |i k&06/D07&kTlik sdsothgntesaenalt invlade hivadd mas hitnited top plovingeidicFtey

exenplary p . I | £t - t i.nventi I fmted to
t he specifi@&g%%g |ﬁ€ﬁ%i d%g%ﬂ%@%ﬁ“gﬁ%@@?3§¥6§%géﬂﬁg%%>ﬁﬁ5{ﬁgm§%g I cation

[ 0077] The distb¢ deegt wlabfieg tativatsuelr as sodimot pétasshien, Inagidseich and cglcope Noy t he

Specl f I c e.m?h%dc' {rg n&a?enccie,sa% ! brgdreshrelt%?ﬂen' olle n(hqe Weage'r cgrﬁgilrl%) B tlgreoz%lolfitliccvaotidspns of the
I nvention I n aadll}l on %O ose (?,‘SCI’IHIAZI)E,‘C{S ereirn w 18(?,‘COITE‘ appar ent to

t hose ski |l | &dampled dferealitts thatean bh@cliudedag thengethiels and pisicon olithd ptdaent
acconpanying Fi ures.(fuc difications are intended to fall within the
scope of t h&PRYSEEHRY & S, ?n%@@‘ If %15 urther to be understood that al
val ues are approxi mate, and are provided for description. [0079] Patents,
pat ent appl (@8] onNatypalbkéolgatindnde, byncdwt timfesor ¢hpbazn $CAARdgiONocol s ar e

o e L ougba oL PR GRSt PR BRY, S P e
12173-98-7; typical formula Nag[(AlO;)s(Si03)49] 24H,0), erionite (CAS Registry No.
12150-42-8; typical formula (Ca, Mg, Na,, K»)45[(AlO2)o(Si02)27] 27H,0), faujasite
(CAS Registry No. 12173-28-3, typical formula (Ca, Mg, Nas,
K2)29.5[(A102)50(S10)133] 235H,0), clinoptilolite (CAS Registry No. 12321-85-6, typical
formula Nag[(AlO,)s(S10,)30] 24H,0) and phillipsite (typical formula: (0.5Ca, Na,
K);[(AlO,)3(S10,)s] 6H,0).

[0069] Synthetic zeolites include, but are not limited to, zeolite A (typical formula:
Nap[(AlO2)12(Si02)12] 27H,0), zeolite X (CAS Registry No. 68989-23-1; typical
formula: Nags[ Al02)s6(S102)106] 264H20), zeolite Y (typical formula:
Nass[(AlO2)s56(S102)136] 250H,0), zeolite L (typical formula:

Ko[(AlO2)9(S102)27] 22H,0), zeolite omega (typical formula:

Nag sTMA | s[AlO2)s(Si02)05].21H,0, where TMA is tetramethylammonium) and ZSM-5
(typical formula: (Na, TPA);[(AlO;)3(Si02)93] 16H,0, where TPA is

tetrapropylammonium).

[0070] Zeolites that can be used in the embodiments of the present application also
include the zeolites disclosed in the Encyclopedia of Chemical Technology by Kirk-
Othmer, Volume 16, Fourth Edition, under the heading “Molecular Sieves,” which is

hereby incorporated by reference in its entirety.
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***  CLAIMS 1. A fiber sorption systemconprising: at |east one vessel; a

working fluid; at |east one thermal fluid,; at | east one hol | ow
fiber | ocwbedivizsddon the at | east one vessel, wherein tRETRSRIOMBGEDeEr
i ncl udi ng: (a) a sorbent material and binder material formng

an el ongated body; (b) the el ongated body having a hollow interior;

(c) the elongated body having an inner surface adjacent the hollowinterior
and an outer surface; (d) one of the inner surface and the
outer surface having a coating layer formed thereon, wherein the coating

| ayer bei ng [00fhkr mSsptheticzsolife serbem aaignipls jarprommsireial yrreyailabde, susdaprandef | ui d.

2. The fi ber jRaf Rl OhSUSAMIACCHRA MY dO@h@him, Ma YOErRi-Dchiigagoat i ng | ayer
Beyond Chemical (Sichuan, P.R. China). For example, Sylosiv® A10 is one

commercially available zeolite 13 X product.

Uses of the Fiber Sorbent Systems of the Present Application

[0072] The adsorbent systems of the present application can be used in various
applications provided the setting allows for the presence of a vessel that contains a
sorbent material, a supply of working fluid, a heat supply and means to effectively direct
the desorbed working fluid to an expansion device to provide refrigeration or a driver
device to provide electricity or work. For example, the desorbed gas may be directed to
a Joule-Thompson expansion valve, to provide refrigeration. Alternatively, the desorbed
working fluid can be directed to a turbine to provide electricity or to a shaft to provide
work. The sorption systems described herein may be used to provide chilling, power and

chilling in combination with power.

[0073] Possible applications for sorption systems of the present application include
residential (for generating air conditioning in the summer and a heat pump in the winter),
vehicular (where the on-board air conditioning utilizes exhaust heat) and industrial

(refining and chemical plants).

[0074] In a preferred embodiment of the present application, the adsorbent system is
used within a chemical or petrochemical refining plant, and the desorbed working fluid is
used to provide refrigeration to aid in other process areas, particularly areas that rely on
temperature differences to separate components of a mixture. For example, the
refrigeration can be used to recover liquefied petroleum gas (LPG, C3+) from flue gases
going up a stack, or the refrigeration can be used to operate condensers to improve the

effectiveness of vacuum distillation columns, particularly in the summer months.

[0075] By proper selection of the adsorbent and working fluid, the sorbent system
can make effective use of lower grade heat than previously provided by sorption systems
in the prior art. For example, in one embodiment of the present application, the heat
supply is “unutilized heat” which has a temperature of from about 70°C to about 300°C,

more preferably from about 90°C to about 250 °C. In accordance with the present
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is formed on the inner surface, wherein the thermal fluid passing flow ng
the hollowinterior. 3. The fiber sorption systemof claim2, wherein the
wor ki ng fwoi2divre3déon fl uid conmuni cation with the outer ®OTfise@108066he

hol |l ow fi ber. 4. The fiber sorption systemaccording to claim1, wherein the
coating layer is formed on the outer surface, wherein the working fluid
passi ng through the hollow interior such that it is capable of being
adsorbed and desorbed by the sorbent material in the el ongated body. 5.The
fiber sorption systemof claim4, wherein the working fluid is in fluid
communi cat i SFvenidnhitisrenicmpltcdglt theadsabent prd werkingWuid it be sgleTthé fi ber

sorption Sy%hﬁﬂ%ﬁﬁ%?&@éu?@m&& Gl RsBBindrd Pﬁtgh A‘Bﬁﬁ{aﬁbxﬁ}ﬁghﬁ/&)@% degtyer i's

sel ected from consi sting of ride po y vinyl i dene
chl ori de), &Ysyﬂ(ansnyg Uhufdmediél)eat FpoCy‘legmydifpdlécweerﬂeomfdm) Tb¢ ﬂnyctl@sru@ vi nyl

al cohol COp%WHEE 1B9e‘b§6/y ﬁ)&aead'lﬁ E“é’ﬁtb?tg El/gﬂ&p Rlechh c%(}lf‘? d&{&rEf erably

hi gh density po ypro pre era ensi ers
pol yi m des, cpoingaekcyiabihe hesgahm ef@oi gfsaﬂnﬂamecnthw]d bt h@meummahtﬂm_tngons

t her eof and derivati e sorpti.on s m conprising: at
| east one v élgpsrgq)rla ¢ surfe (I;t%nt ﬁlﬁé (?dmvgs m tLerma{ ﬂu18 Boa ating ma%rlaﬁo redugg)
interfacial tension between the thermal fluid and the coating, ¢.g., for water, detergent

and the like and for triethylene glycol, stearic acid and the like.

[0076] This representative embodiment is provided for exemplary purposes; neither
the application nor the invention is limited to the specific embodiments discussed above,

or elsewhere in the application.

[0077] The disclosed subject matter is not to be limited in scope by the specific
embodiments described herein. Indeed, various modifications of the invention in
addition to those described herein will become apparent to those skilled in the art from
the foregoing description and the accompanying Figures. Such modifications are

intended to fall within the scope of the appended claims.

[0078] It is further to be understood that all values are approximate, and are provided

for description.

[0079] Patents, patent applications, publications, product descriptions, and protocols
are cited throughout this application, the disclosures of each of which is incorporated

herein by reference in its entirety for all purposes.
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a thermal fluid; at |l east one hollow fiber located within the

at | east one vessel, wherein the hollow fiber including: an i nner
coat i ng dDi2pimg3@ochannel adapted to receive one of a ®applsgoiefache
thermal fluid and the working fluid therein; an outer coating

defining a chanber between the outer coating and the inner coating ; and a
sorbent material and a binder material contained within the chanber,
wherein one of the inner coating and the outer coating is a generally

i nper neabl e nmenbrane that is inperneable to a thermal fluid, and wherein
the other of the inner coating and t &dAM®r coating is a generally

perneabl e coating that is perneable to a working fluid. 8. The fi ber
sorption system of clQRrGorpiBeERIch dAGriegEeabl e coating is selected from
a cellulose fiber, a polysulfone, a polyurethane and a polyim de. 9.

The fiber sorption sydieshoaesssdi ng to any one of the preceding clains,
wherein the thermal f]yidiingtiiides a heating fluid and a cooling fluid.
10. The fiber sorption systemof claim9, wherein the heating fluid

conprises steam at lepgt onT Herrhgl Blard; sor pti on system according to any one

of the preceding clai g, Wehaidly ﬁt%k?lo%?t%%\hl\ﬁg%iﬁg&t onie%es%flizﬁgérkih‘?he

12. The fiber sorption systemof claim e zeo I's zeolite
13X hollow fiber including:
(a) a sorbent material and binder material forming an elongated body;

(b) the elongated body having a hollow interior;

(c) the elongated body having an inner surface adjacent the hollow
interior and an outer surface;

(d) one of the inner surface and the outer surface having a coating
layer formed thereon, wherein the coating layer being impermeable to both the working
fluid and the thermal fluid.

2. The fiber sorption system according to claim 1, wherein the coating layer
is formed on the inner surface, wherein the thermal fluid passing flowing the hollow
interior.

3. The fiber sorption system of claim 2, wherein the working fluid is in fluid
communication with the outer surface of the hollow fiber.

4. The fiber sorption system according to claim 1, wherein the coating layer
is formed on the outer surface, wherein the working fluid passing through the hollow
interior such that it is capable of being adsorbed and desorbed by the sorbent material in
the elongated body.

5. The fiber sorption system of claim 4, wherein the working fluid is in fluid
communication with the inner surface of the hollow fiber.

6. The fiber sorption system according to claims 2 to 5, wherein the coating
layer is selected from the group consisting of poly(vinyl chloride), poly(vinylidene
chloride), poly(vinyl floride), poly(vinylidene floride), ethylene vinyl alcohol copolymer,
poly vinyl alcohol, polyamides, polyethylene (preferably high density), polypropylene
(preferably high density), polyesters, polyimides, polyacrylonitrile, polysulfone,
polyurethane, combinations thereof and derivatives thereof.

7. A fiber sorption system comprising:
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13. The fiber sorption system of claimaccording to any one of the
preceding clainms, wherein the working fluid conprises carbon dioxide.

14. The fwben1ssg@di on system of claim 13, wherein the earhasao1diodocsse i s
froma process streamw thin a petrochem cal or chem cal processing
operation. 15. A fiber sorption systemconprising: at |east one
vessel; a working fluid; at |east one thermal fluid; and at
| east one fiber located within the at | east one vessel, wherein each fiber
including a sorbent nmaterial and binder material form ng an el ongated body
havi ng an outer surf aééastheresseh t he working fluid flows past the outer
surface and is capabl;wakPQqhﬂg adsor bed and desorbed by the sorbent

mat eri al . 16. The frber sorption system according to claim 15,
wherein the thernal fdthénhef flods past the outer surface and is not wetting

the fiber _sur face. at least o%lz holim\?fil;ér E)O%lé.te? Witﬂltni tf?{atsfé@tto%@\f%s%glo&zﬁérgig tﬁeo claim
15 or claim 16, further conprising an outer coating on the outer surface,
wher ei n t he hollivefibaaafudig: bei ng perneable to the working fluid such that

wor ki ng fluid may pass .t hrough the.outer coati for .adsorption.an

desor pti on by tho SorBdn s peifithd Ehafs Hanlet Ree PR P e ig

i nper meabl e to tthe thchedlfalid fdduhdhvorkingibythébi@; t hermal fluid is prevented
from passi ng through the oute g e sor?gnt mat eri a

r coating to,t 18.
The T Pher 00 i onal et Btatine P AR Lot i A ST it B¢ e out oy
coating is fornegnéd@nimn a8d ganonetal Ii ¢ conpound.

a sorbent material and a binder material contained within the chamber,
wherein one of the inner coating and the outer coating is a generally
impermeable membrane that is impermeable to a thermal fluid, and
wherein the other of the inner coating and the outer coating is a generally
permeable coating that is permeable to a working fluid.
8. The fiber sorption system of claim 7, wherein the permeable coating is
selected from a cellulose fiber, a polysulfone, a polyurethane and a polyimide.
0. The fiber sorption system according to any one of the preceding claims,
wherein the thermal fluid includes a heating fluid and a cooling fluid.
10. The fiber sorption system of claim 9, wherein the heating fluid comprises
steam.
11. The fiber sorption system according to any one of the preceding claims, ,
wherein the sorbent material is a zeolite.
12. The fiber sorption system of claim 11, wherein the zeolite is zeolite 13X.
13. The fiber sorption system of claim according to any one of the preceding
claims, wherein the working fluid comprises carbon dioxide.
14. The fiber sorption system of claim 13, wherein the carbon dioxide is from
a process stream within a petrochemical or chemical processing operation.
15. A fiber sorption system comprising:
at least one vessel;
a working fluid;

at least one thermal fluid; and
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at least one fiber located within the at least one vessel, wherein each fiber
including a sorbent material and binder material forming an elongated body having an
outer surface, wherein the working fluid flows past the outer surface and is capable of
being adsorbed and desorbed by the sorbent material.

16. The fiber sorption system according to claim 15, wherein the thermal
fluid flows past the outer surface and is not wetting the fiber surface.

17. The fiber sorption system according to claim 15 or claim 16, further
comprising an outer coating on the outer surface, wherein the outer coating being
permeable to the working fluid such that working fluid may pass through the outer
coating for adsorption and desorption by the sorbent material, wherein the outer coating
being impermeable to the thermal fluid, whereby the thermal fluid is prevented from
passing through the outer coating to the sorbent material.

18. The fiber sorption system according to claims 15 to 17, wherein the outer

coating is formed from an organometallic compound.
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