SYSTEM USI NG UNUTI LI ZED HEAT FOR COOLI NG AND/ OR POVWER GENERATI ON FI ELD OF
THE | NVENTI ON [ 0001] The present invention relates to nethods and systens
of enpl oyWwogoronbent nmaterials to provide refrigerati onPOI/USR0NOVEIT4 a
driver device, such as a drive shaft,1particularly in chem cal processing
and petroleumrefining operations. BACKGROUND OF THE | NVENTI ON [ 0002]

Chem cal processing operations, including petroleumrefining and

petrochem cal operati @YW TEM ESENQYUNUEISIZED HEATF FORen necessary to
conduct these oper ati@@ﬁiN@ g@pp@y@g@jwﬁ QE#%E Haoenper at ure heat
sources including bu T m and ot her hot
streans have perfornmed the intended functions, there remains unutilized
energy. Refineries and pet {] ical facilities typically utilize only 70%
of the inwwuct processi ng of crude oil to products.
[0003] In an effort to increase energy efficiency, it is desirable to
recover and utilize unutilized heat. One prior art nethod disclosed in U S
Patent No.[0p9B23. 0% pres&iasineentedn Adlareb {6 M¥tRodLank@terds ofemployiagheat and
apply such heat to an adsorbent material in order to rel ease an adsorbed
gas at hi gbebenpnesterials tophocideirafrigeraticraor teepowenla idnivar devicegsrchtdson cycl e
that contains an _expansion valve. K U, S. Patent Elo 5,823,003, discloses the
use of a zswieishaftappriculanly imghemisabayocessing AndRetIobM FeliBing,| n
refrigeration. fromsorbent materials in chem cal process applications have
limitati ofP"H9%n the sorbent materials and gases enpl oyed in sorption

systens require other process equi pnent such aspunpi ng devi ces, that are
expensive to maintain, unreliable and require a |large

BACKGROUND OF THE INVENTION

[0002] Chemical processing operations, including petroleum refining and
petrochemical operations, are energy intensive. It is often necessary to conduct
these operations at high temperatures using high temperature heat sources
including but not limited to steam. After the steam and other hot streams have
performed the intended functions, there remains unutilized energy. Refineries
and petrochemical facilities typically utilize only 70% of the input energy

needed to conduct processing of crude oil to products.

[0003] In an effort to increase energy efficiency, it is desirable to recover and
utilize unutilized heat. One prior art method disclosed 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 higher pressure,
which in turn can be used in a refrigeration cycle that contains an expansion

valve. U.S. Patent No. 5,823,003 discloses the use of a zeolite-water pairing.

[0004] Current methods to obtain refrigeration from sorbent materials in
chemical process applications have limitations. Often the sorbent materials and

gases employed in sorption systems require other process equipment such as



al l ocation of space. Such limtations often render the recovery of the
unutilized heat econom cal ly unsustai nable. [0005] Accordingly, there

remai ns awoeen)/mes2cake unutilized heat recovery effortspomprus2aomvsies fective
by providing the opportunity to utili2ze | ower and hi gher grades of
unutilized heat, to reduce equi pnment and space requirenents of the process.
There also remains a need to provide other uses, besides refrigeration, of
the fluid ﬁhﬁﬂnpﬁ%%@vfdé@ hanate dipeasiviesmsiRangashreRabetind TR Birk Al 18rgeSUMVARY
OF THE | NVENTI [0006] By proper selection of the absorbent material and

t he fl ui d,alleoatpén ofispacst Suchdanitbtons often exhdendlie meeverfy oL theninutilizeder ed by
| ower tenperature unutilized heat and require no suppl enental equi pnent
(e.qg., comsreecosomigaldy pusysiainablgoo7] Accordingly, one enbodi ment of the
present application provides a sorption systemincluding an adsor bent
material and a fluid, in which the sorbent material and fluid in

nbi nat i ) i ndex" .of 1.2 de [ h
;? u'nE?ib | 1000 o B ERlY. e R o Bt FE TS PRI BeRPBR Y, e
e.g., be : i i 1zd RAwd 2. F
I owgr ten%gﬁggurﬁg@&\cﬁ?'gfﬁgg@ﬁggrgg%d?{égﬁs?éj%@%@ﬁpeisozm?ﬁ\?n 600rKe§1‘1,d theOr
sor bent miigtidradradescoff uniitilized Heafto reducedidpment midspaveacyoiiements aft | east

1.5. In aé&referred enbodi nent, the pressure index is at |east two, or at
| east t hr ¢k pracess. Therstals@gmains amneeddaprowidg other uges] besddesei ght |

dependi ng upon the intended, appli ion. |n another, preferred enbodi nent,
the pressdf lgeﬁ@&{"iogtgeﬁb‘w&ag@&%?é%‘? "B’P’é’ggﬁagle?ﬁ SCRSREERt y .t he
pressure irﬁeﬂ% iss based on theinternal vessel pressure of a vessel that
contains the adsorbent and fluid in a

SUMMARY OF THE INVENTION

[0006] By proper selection of the absorbent material and the fluid, sorption
systems can be provided that are efficiently powered by lower temperature

unutilized heat and require no supplemental equipment (e.g., compressors and

pumps).

[0007] Accordingly, one embodiment of the present application provides a
sorption system including an adsorbent material and a fluid, in which the sorbent
material and fluid in combination have a “pressure index” of at least 1.2
depending on the type of unutilized heat stream. For higher temperature
unutilized heat streams (e.g., between 600K and 1200K), the pressure index is at
least 1.2. For lower temperature unutilized heat streams (e.g., less than 600K),
the sorbent material and fluid in combination have a pressure index of at least
1.5. In a preferred embodiment, the pressure index is at least two, or at least
three, or at least four, or at least six, or at least eight, depending upon the
intended application. In another preferred embodiment, the pressure index is a

low grade heat pressure index. Generally, the pressure index is based on the



desorption node under prescribed conditions that are described in greater
detail below [0008] The present application also provides a process for
provi di ngvoaolwaags2or refrigeration including selecting acrafseeogeosmd fl uid
and an adsorbent material adsorbing the refrigerant fluid into the
adsorbent material; heating the adsorbent material to desorb the
refrigerant fluid fromthe adsorbent material and directing the desorbed
refri ger anfitefhdlivdsdcd presdaid 6Fa LesseX Bt dohhigndgRaudietbdneahd gRIIAM af | ui d for
refrigeration, in which the adsorbent material and fluid in conbination
have a pr essenpionndede vhdert presarstedicchditivnd that hee gesssibad in gveater detail s
described in connection with refining and/or petrochem cal applications,

t he preseﬁ@kﬁ%vention is not introduced to be so limted. It is

contenpl ated that the use of the pressure index, and the sorbent material
and fluid conbination as application outside of the refining and

petrochem fiel I nclyding but npt |imted t se- as._a :Aassiveg. cooling
in a dwel Ilﬁﬁtﬁ] [0 prfﬁ%ﬁ{&pgglgﬂt[logggpipgg}/li(%ﬁ aeﬁr§8g%rf85ip5§§lagngp¢oooglen for
generatin |46 Vsl Al | g5t0hmhRnal

mat eri al %ﬁgétg@ftemf%& ﬁﬁacdﬁgdéi?%isﬁlg&?ﬁ% afrlgﬁl{l%glgﬁtt %ﬁitcﬁ%{da%gggﬁggt matﬁ er iaal ,

heat i ng t hdsatans thentefiigérant fllid mte dsoadsorbentithatedial; heating ¢haddsorbemtt
material, and directing the desorbed fluid to drive a driver device to

gener at e enaterial toj dagory theiekrigerant Suichfroanthieadsarbani matedalansbdiregting,

ted b wWthin th ' t hem cal pl ant )
ot r oducedhs HerprEraridetan: duid g paevBie thaSpafo thSSTIPETFeiPieG in Huid
[0010] Th %Pfeet‘ﬁg?ﬁti%ﬂpld &mdmte.aédéerb%gﬁiafiﬁéal%@ﬂ&ﬂiﬂtdo%iﬁx%ﬁ anw gt
i ncl udes a vess I'n tonmuni cation wth a heat source, the vesse

?Ont ai ni P@r@@u%ﬂﬁﬁebmt eise 1 22l Waild the fpreliedit invemtivaribdsscribddeini al sel ect ed
rom zeolites,

connection with refining and/or petrochemical applications, the present

invention is not introduced to be so limited. It is contemplated that the use of the
pressure index, and the sorbent material and fluid combination as application
outside of the refining and petrochemical field, including but not limited to use

as a passive cooling in a dwelling.

[0009] The present application also provides a process for generating
electricity or work that includes selecting an adsorbent material and a fluid,
adsorbing the fluid into the adsorbent material, heating the adsorbent material to
desorb the fluid from the adsorbent material, and directing the desorbed fluid to
drive a driver device to generate electricity or work. It is contemplated that the
electricity generated may be used within the refinery or petrochemical plant or

introduced into the electrical grid for use by the surrounding areas.

[0010] The present application also provides an adsorption system that
includes a vessel in communication with a heat source, the vessel containing an
adsorbent material and a fluid, the sorbent material selected from zeolites,

silicagel, carbon, activated carbon, metal organic frameworks (MOFs), and



silicagel, carbon, activated carbon, netal organic franmeworks (MOFs),
andzeolitic imdazolate frameworks (ZIFs), and the fluid selected from

car bon diwei2dm/o4n20hane, et hane, propane, butane, ammonipay/Use@omoznd ot her
known refrigerants. BRI EF DESCRI PTI ONd OF THE DRAW NGS [ 0011] The invention
wi |l now be described in conjunction with the acconpanyi ng drawi ngs in
which: Figure 1 is a schematic of an exenplary enbodi nent of the present
appl i cati ogopié %l@dmléwra%wbﬂ& (Z3ES) a?nﬂ b AHRPSNERE] TR chAdoraNd car bon
dioxide as the tluird and utilizes unut| I zed heat to achieve a tenperature
of about Zi@fde Fingtiage2ethane, probhne rbuliriy aammemiapfrabrantothérckndvenr poi nt s
that correspond to four stages of the exenplary enbodi ment described in
Figure 1. IEATE@@Fants is a Mol lier Diagram annotated to show al ternative
process points based on the use of unutilized heat to achieve a tenperature
of about 4500F and alternative process poi nts based on the use of higher

sor bi ng pr, 4 | Or an | | ot s adsor bent capacity al ong
the y- amw "1‘914,\,. oh the x-axis. Figure 5is a
schematic of an adsor ptlon systemin accordance wi th an enbodi nent of the
present invention. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0012] The present
i nventi on [0011] noWHesingeston hell iow be das@ribeteinagdnjurctianwahithon with the

figures and the following terns. As used herein, the term "sorbent
mat eri al " acedropanyiogalraeingsiialwhicht reversibly b| nds to the fluid. Sorbent

Figure 1 is a schematic of an exemplary embodiment of the present
application which employs zeolite 13X as the adsorbent material and carbon
dioxide as the fluid and utilizes unutilized heat to achieve a temperature of about
212°F.

Figure 2 is a Mollier Diagram annotated to show four points that
correspond to four stages of the exemplary embodiment described in Figure 1.

Figure 3 is a Mollier Diagram annotated to show alternative process

_ points based on the use of unutilized heat to achieve a temperature of about
450°F and alternative process points based on the use of higher sorbing
pressures.

Figure 4 is a graph which plots adsorbent capacity along the y-axis and
average heat of adsorption along the x-axis.

Figure 5 is a schematic of an adsorption system in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0012] The present invention will now be described in greater detail in
connection with the figures and the following terms. As used herein, the term
“sorbent material” refers to a material that reversibly binds to the fluid. Sorbent

materials include, but are not limited to, adsorbents.



materials include, but are not limted to, adsorbents.[0013] As used
herein, the term"fluid" or "working fluid" refers to a liquid or gas that
can reverwpDhbw/darsed to the sorbent material. [0014] As meEask@wmdit4t he
term"driver device" refers to a turbfne, shaft or other suitable nmechani sm
driven by a fluid to generate electricity or performwork. [0015] As used
herein, the term"vessel" refers to an encl osed contai ner suitable for

cont ai ning an adsorbent material and a fluid under suitable conditions to
permt adsorption and desorption of the fluid in the sorbent material.

[ 0016] As hergd t telp A igZ ©F « i idu irb | i t

sour ce" ré??reﬂ toﬁﬁhltﬁabefl eﬁﬁgﬁgrﬁeotr renﬂalihgi ﬁ’g m{qnsgglil}rugeri?gr%"t(?ﬁgtqggj

remai ni ng of @b ¢hit @gn réveerpibdy birsd rothepertsdnt amatefinker t he heat source has been
used for its primary purpose in the refining or petrochem cal processing
operation. Unutilized heat is also referred to as waste heat. The
unutilized heat or unutilized heat source refers to a heat source that is

no | onger [80l4]use Anusedeharein, therteramdirover sleviasC Hefere 9 a puibeee; Shalf Mper at i on

and would traditionally be discarded. ;-The unutiljzed heat can be provided
e ot 1S StitaBlamedhaliom ErendRAA A 1 BEnerale ey Sper L | zeq
heat can i gude steam that was enployed in a heat exchanger used in
petrol eum and petrochem cal processing, and is of no value to current

processes and is being discarded. [0017] As used herein, the term "punp”
refers to a physical device that assists in transporting fluids from one

place to 3go@ts)er . [0l HeteRC eIRs thrnceyaskélh refees as@eeiclobed bentaimesent
application, a sorption systemis provided. The sorption systemrecovers
unut i | i zeduhalsle for oontaiming ainladsexbent ataterialemd a finil wndarisuitable heat source
may be used heat from a heat . ) .

conditions to permit adsorption and desorption of the fluid in the sorbent

material.

[0016] As used herein, the term “unutilized heat” or “unutilized heat source”
refers to the residual or remaining heat source (e.g., steam) remaining following
the processing operation after the heat source has been used for its primary
purpose in the refining or petrochemical processing operation. Unutilized heat is
also referred to as waste heat. The unutilized heat or unutilized heat source
refers to a heat source that is no longer any use in the refining and/or
petrochemical processing operation and would traditionally be discarded. The
unutilized heat can be provided as a unutilized heat stream. For example, but not
limitation, unutilized heat can include steam that was employed in a heat
exchanger used in petroleum and petrochemical processing, and is of no value to

current processes and is being discarded.

[0017] As used herein, the term “pump” refers to a physical device that

assists in transporting fluids from one place to another.



exchanger, or other process area of a chem cal processing plant or
petrochem cal refining plant. The sorption systemincludes at |east one
vessel cowmoabrwmgs2a sorbent material or a m xture of sorb@nis2emes7ral s and
a working fluid or a m xture of workifng fluids, and at | east one unutilized
heat source operatively connected to the vessel, such that unutilized heat
fromthe unutilized heat source can be transferred to the sorbent materi al

and f1 ui d [gergjai ngad astéttafcé Rath6ss gdpect OPAR] prés&ftraplplienticy,sd sotplidni n
accordance with one aspect of the present inventionis illustrated in Fig.
5. The somspsteonisgrevieedl T hewdrpties systeinr wcowersamutilizad heasbmid and a

second adsorption vessel 12, A unut.ilized heat stream 2 passes through
the first u@&ﬁbm heat sv@gwmqunwhmé ﬁ%éOH&ﬁmébfg’tedﬁ?éé’e?h Pﬁéailﬁ?feam 2 1

passes through the | f.ld cQnt ai ni.n . i '

adsor pti or‘?x@g@&gf’ olr\i@hﬁlsﬁlr%&te H 51‘2%&5)?%6%@:@9 gleé%%ﬁgsg%gggg élst %% ﬁ)re %‘Jégﬂé‘%%i second
adsor pt i ORefyRiH %laﬂ{?-Tﬂé‘éﬁrbﬁbﬁ%?s, BRInchRits 3t Mkt bAe VBSsel CoRAIMIAZ Aasses
through the wall's of |ine containing the streaminto the second adsorption
vessel 12 sofbennutaténialad dhmattuse 0Esonb2Rat massids ahd augdrkihe flaet ond adsor pti on
vessel 12. The unutilized heat streanms 2 1 and 22 may supply fromthe sane
unut i | i zednigage ofoverkingfluidse ané phleasttonmunytilizesbhea spusce anesativalpo20] The

first d d, ad ti ls 11.. 1 ted t
= breseur €onstriet FEB Gesdls siE 5k DabdudBins Rom QB RBLIEELETGRIRR " e
first ads%?%b%ngfe?ﬁ&i to%e%BPbérR?nzft@Hblee{ndl ui{&&t&ﬁﬂe&%ﬁﬁiﬁ%’@'v&sé& :
functions I ke a back pressure regul ator, Ich permts the working fluid

to escape fromthe first adsorption vessel 11 at a predeterm ned or pre-set
pressure. The predeterm ned or pre-set pressure may range from-170 psig to

~3400psi g[06¥9]ch i serppidndgsteny d0rintabeoaned vith os®adirat offeessrieséntcont ai ned
in the vesseland the tenperature of the waste stream A valve assenbly 14
i s i nt er powesantion is illustrated in Fig. 5. The sorption system 10 includes a first

adsorption vessel 11 and a second adsorption vessel 12. A unutilized heat

stream 21 passes through the first adsorption vessel 11. Unutilized heat

contained in the stream 21 passes through the walls of line containing the stream

into the first adsorption vessel 11. A unutilized heat stream 22 passes through

the second adsorption vessel 12. Unutilized heat contained in the stream 22

passes through the walls of line containing the stream into the second adsorption

vessel 12. A unutilized heat stream 22 passes through the second adsorption

vessel 12. The unutilized heat streams 21 and 22 may supply from the same

unutilized heat source or the separate unutilized heat sources.

[0020] The first and second adsorption vessels 11 and 12 are operatively
connected to a pressure damper/cooler 15. A valve assembly 13 is interposed
between the first adsorption vessel 11 and the cooler 15. The valve asseml?ly 13
functions like a back pressure regulator, which permits the working fluid to
escape from the first adsorption vessel 11 at a predetermined or pre-set pressure.
The predetermined or pre-set pressure may range from ~170 psig to ~3400psig,

which is dependent upon the amount of sorbent material contained in the vessel



bet ween the second adsorption vessel 12 and the cooler 15. Like the first
val ve assenbly 13, the second val ve assenbly 14 functions |ike a back
pressur e woguioauos2g whi ch permits the working fluid in Phe/tsewonas774
adsorption vessel to escape fromthe %econd adsorption vessel 12 at the
pre-set pressure. Aline 31 extends fromthe cooler 15. The working fluid
contained in the cooler 15 and the line 31 has a pressure of Pl and a

t enper at uradehe Tempérdfddlofithe dGCRS dadane W Vdlveassexstlocts fintdrpogddesent
invention, the line 3 1 is connected to an expansion val ve 16. Wen the

wor ki ng f Ibetwlegratieesecohd adggrptibe vexge i amd thalopeleral 5. nkiketthe flrstheal8e, t he

tenperature of the working fluyid drops from Tl to T3 such that TI > T3 and
the press@seemblyt kb thepegong \rfﬁvﬁ asserehly lﬁrg‘:ﬁ‘FPPn‘% bkpzsbsa&[;wr@wafe Pl > P2.

Wth such an .arrangenent. .the worki.ngfl uid 0 RIL.QVI cool i ng
for a heafewe{%n g}crﬂ‘i%ém\'/{}ﬁ ti'ﬁ Wgrﬁ%ﬁgﬂgféj%‘h%%&ggﬁ? gggﬁghﬁpﬁ/ggﬁ%% t he
wor ki ng f|e§beg)epﬁéﬁletﬁetseé&&t99d§d?ﬁtibﬁ%ss%¥qEaa'ﬁﬂ%pﬂessettﬂ?&sh?éTpArI%élBP of the
working flurd increases fromT3 to T2 such that T2 > T3 and TI > T2 in
response temtesids febravhegodleatl St rldra wbeking ifhiid tcbntainguhssthegoblerdifigéind he heat
exchanger 18. The pressure of the working fluid remains close to P2. [0022]
The wor ki ribe Hipe3d has arpressuse @fPd andea temperabge ®f dilion vessel 11 and the

second adsorption vessel 12 via a return line 33. The tenperature of the
working fluid is T2 and the pressure is P2. A valve 4 1 controls the flow

o o K b, ¢ E TR E R bt B s P ANER RS iR AR
e e B8 KRRy il WIR AR5, RSl LR
materi al eapimioedalve It thieline@dgothet tefiperature of the working fluid drops

from T1 to T3 such that T1 > T3 and the pressure of the working fluid drops

from P1 to P2 such that P1 > P2. With such an arrangement, the working fluid

can be used to provide cooling for a heat exchanger 18, which is operatively

coupled to line 32. As the working fluid passes through the heat exchanger 18,

the temperature of the working fluid increases from T3 to T2 such that T2 > T3

and T1 > T2 in response to withdrawing heat from the other fluid passing

through the heat exchanger 18. The pressure of the working fluid remains close

to P2.

[0022]  The working fluid is returned to the first adsorption vessel 11 and the
second adsorption vessel 12 via a return line 33. The temperature of the working
fluid is T2 and the pressure is P2. A valve 41 controls the flow of working fluid
from the return line 33 to the first adsorption vessel 11. A valve 42 controls the
flow of working fluid from the return line 33 to the second adsorption vessel 12.
When the working fluid is returned to the first adsorption vessel 11, the working
fluid 1s adsorbed onto the sorbent material contained in the first adsorption

vessel 11. When the working fluid is returned to the second adsorption vessel



vessel 11. Wen the working fluid is returned to the second adsorption
vessel 12, the working fluid is adsorbed onto the sorbent material contained
in the sewondiczdssopti on vessel 12. [0023] The oper ati orcwofuskéve/083734 em 10
wi |l now be described in greater detaBl. In accordance with the present

i nvention, the first and second adsorption vessels 11 and 12 operate in
tandem The working fluid flows into the first adsorption vessel 11 when
the valve |4 fhd v%_oﬂaﬁ% flulf §s ¥dMotBed oitd BEBLSe? PRiteHAl tdnteited!ihthé um i s
established wthin the first vessel 11. The unutilized heat stream 21
passes t hsecghl adverptiorsvessebd2] 11 such that the sorbent material and the
working fluid are heated, which results in the desorption of the working
fluid fromthe sorbent material. This increases the pressure of the working

fluid contained in the first vessel 11. Once the pre-ﬁt pressure is
reached, 08823 or kiThe opasption of the svstem 10 will naw be descripsddpigraateyj a val ve

nbl . h th he ) i id is '
fhe. i ne Sptaif®sesopianseryith e Bsentingetdt hf BBf sl GobdRgRiegh. "o 71
wthin [ RRssbis] WHEN ! dirarenBnandin Y 3inydiking IRRFIRMAGn R hgssure and

tenperature o e working fluid drops to a pressure of P2 an

t enper at urads@xiptida vessdlHd wher tR2valve@4f opba. Vithekialge #l wenhairs greesswtil
t hrough the heat exchanger 18 to cool the fluid contained therein. In

accor dancequilitimiurnds pstablished within therfirst vesspehl. dhenuwgidized epkstipady t o

cool a prqgess stream.for refini t hem cal [ tion.

win Such 2dpassesdgaran etk veisel 11 sveh By e Sqenfmploral A9 8L G be
ost, isr [ ' g st

10515 ar sor R RER ARhARAE WHCREEa Th APt itp o B the N RN et er 1o

provi de cqpir Mge Y@bent fatérinl O VIR H aadessendenprisure of tHe storkimd floid t ower. It

is also contenplated that the cooling perforned by the working fluid
contained in the first vessel 11. Once the pre-set pressure is reached, the

working fluid is released from the first vessel 11 via valve assembly 13, such
that the working fluid is released into the cooler 15 and the line 31. The working
fluid has a pressure of P1 and a temperature of T1 within line 31. When the
expansion valve 16 is operated, the pressure and temperature of the working

fluid drops to a pressure of P2 and a temperature of T3 in the line 32.

[0024] The working fluid is passed through the heat exchanger 18 to cool the
fluid contained therein. In accordance with the present invention, the heat
exchanger 18 is used to cool a process stream for a refining or petrochemical
processing operation. With such an arrangement, the unutilized heat, which
normally would be lost, is recaptured and used to perform cooling of another
process stream. It is also contemplated that the working fluid can be used to
cool water to provide cooling water to an overhead condenser in a distillation
tower. It is also contemplated that the cooling performed by the working fluid
may be used to recover gas molecules from a fuel stream. The present invention
is not intended to be limited for use in process streams in refining and

petrochemical processing applications. It is contemplated that the heat



may be used to recover gas nolecules froma fuel stream The present
invention is not intended to be limted for use in process streans in

refi ni ng woadopaurseohem cal processing applications. It ipeTasatenm7as ed t hat
t he heat exchanger can be used in connection with a building cooling system
| ocated in one of the buildings |located at the facility such that the
unutilized heat can be used to cool one or nore of the buildings. [0025]

After the eRé‘ﬁaﬁigég chRbeYEed tix'i'%oﬁﬁ@éncﬁf(&ﬁﬁ%gﬁhldlﬁ% cbBBn¥Ry&kRDIoChitddnent er s

return line 33.” The tenperature of the working fluid 7s”T3 and the pressure
remai ns clons®ftthe bRildihige locdtved atithe ﬁasﬂny@addt}&lmllie tatilizddchewtrcknrbg f | ui d
does not return to the first vessel rather, the valve 42 is open such
that that Wied k9 eRplfangiar mare @fﬁ\ﬁblhldéngﬁhe second adsorption vessel 12. The
val ve 42 remains open until equilibriumis established within the second
vessel 12. The unutilized heat stream 22 passes t hrough the second vessel

resul ts i N0V Gedh g RASTInEI G RBNNR dCR SioanEe 4 #oe UKL TRk er al .
Thi s i ST SRRES il RECISUThAEntpRFaclRY K1 0 bl AR R Tednipg he second

vessel 12 e pre-set pressure 1S reac e mor |ng uid is

rel eased F)li“mhidl%m?e&ﬁs)@l@s&@@P@ T valge Maliy eloxed eubh Yhat3he swgRidghBuid he
working fluid is released into the cooler 15 and the line 31. The working

fluid has daemetsmnnm toftheifirsineesaelt lelrmeﬁm uhe vaived?2 Qpﬁmsuthtbatzt_hat The
Ehr ough ¢ NOThisE TERCOY 1010 RIS UI RIS VEsSebdr ot YAVERE T i hat:
adsor pti ogey sﬁse& e el SRR 1 bscibiigna SfANAeAdeoLbam gsswes 11 and

12 operate emsu 'S operatl n-an adsorption nmode when
the ot her uhﬁtlﬁ@&i BédtRerehth 22 93&%& I@Mdﬁ@hﬁﬁ@'@eéﬁiﬂ Ves6€l VESi§ch thW te such an

arrangenent, the first and second
sorbent material and the working fluid are heated, which results in the desorption
of the working fluid from the sorbent material. This increases the pressure of the
working fluid contained in the second vessel 12. Once the pre-set pressure is
reached, the working fluid is released from the second vessel 12 via valve
assembly 13, such that the working fluid is released into the cooler 15 and the
line 31. The working fluid has a pressure of P1 and a temperature of T1 within
line 31. The working fluid passes through the system, as described above. After
passing through the heat exchanger, the working fluid is returned to the first

adsorption vessel 11.

[0026] The first and second adsorption vessels 11 and 12 operated in tandem
such that one is operating in an adsorption mode when the other is operating in a
desorption mode and vice versa. With such an arrangement, the first and second
vessels 11 and 12 operate to provide a continuous supply of working fluid to the

cooler 15 and line 31 at pressure P1.

[0027] In accordance with an aspect of the present invention, the expansion

valve 16 can be replaced with a driver device 51 (e.g., a turbine). The working



vessel s 11 and 12 operate to provide a continuous supply of working fluid
to the cooler 15 and line 31 at pressure P 1. [0027] In accordance with an
aspect ofwohelopuesent invention, the expansion val ve 16pcamsb@onesraced
with a driver device 51 (e.g., a tur®®ine). The workingfluid passes through
the driver device to either generate electricity or performwork by driving
a shaft or other suitable nechanism whereby the tenperature and pressure

of the V\Drﬂﬂidi'gaiéeb!itﬁ!ro“?ﬁhﬂe deiveeaseicaso GRE6 gdirdaeav@ricityorwerforng fl uid
could then be used in the heat exchanger 18. It is also contenpl ated that

expansi on wark\by diviagd shadt dr other sui¢atile méchansm,behersby the taraperaturen or der
to performboth power generation.and refrigeratign. [0028] The_ _sorption
systemi n@nd@é@ssar%@fﬁ@nwﬂaﬂéﬂ]uaqi woulg, dgereass as 8%?06@%1 Ver ides and a

working fluid. or a mxture o rking fluids.,.T r t terial and
fluid in %ﬁ%ﬂ?%%@éﬁ? b?\gg%(t% er&%kg)&?hag@%{ ig's?ﬂ%aﬂ,wor at | east
1.5, or alohRfRflated tﬂ%g()@:&&zén@ﬂﬁltva"}v 96 afld the Afiver dePlceF1 ¢AP8E uded @ at

| east 8. I'n various enbodi nents, the pressure index may be a | ow | evel heat
pressur e itadexm (reogler té performtbdth peskch@ehempphi sl iedrigetadibaw 600K), or a
hi gh | evel heat pressure index (e.g., for unutilized heat applications

bet ween 600K and 1200K). Various conbi nati ons or sorbent materials and

fluids are considered to be within the scope of the present invention

provi ded $0@28]conflihessorptien sustenr ctudes asorbe rpatgslgﬁoéairwmc sptbegtioul d be
noted that a canbination .that .i.s suitable for appljcati Wi t,h hi gher

t enper at ufRAEHYS a0 AWORERE lflé’éﬁnrﬁiﬁ&uWo?g‘BBrlﬂBgldlﬁaﬁl EBFSPrbfnl?ower

t enper at ur, tid4 neHmbi ' [ i ndex
I s descri ggaé&géell %)dv(\; 1ﬁﬁi(agllrﬂ eat et?l&légggﬁa.w?(gggﬁg%ﬂe&g sortg%ans{th?rzaftwer?dﬁz S?n t he
sorption gystoent lest 2Nosudeadss, ke at 1kt 406m4ti1edst ((Qor Beteased. poutiods

kcal / nol e and about 20 kcal/nole, or nore
embodiments, the pressure index may be a low level heat pressure index (e.g.,
for unutilized heat applications below 600K), or a high level heat pressure index
(e.g., for unutilized heat applications between 600K and 1200K). Various
combinations or sorbent materials and fluids are considered to be within the
scope of the present invention provided such combinations satisfy the desired
pressure index. It should be noted that a combination that is suitable for
application with a higher temperature unutilized heat stream may not be

applicable for a lower temperature unutilized heat stream. The determination of

the pressure index is described below in greater detail.

[0029] The adsorbent material in the sorption system has an average heat of
sorption (Q) between about 2 kcal/mole and about 20 kcal/mole, or more

preferably between about 3 kcal/mole and about 10 kcal/mole.

[0030] In one embodiment of the present application, the working fluid is
selected from carbon dioxide, methane, ethane, propane, butane, ammonia, freon
or other suitable refrigerant. 'The adsorbent material is selected from zeolites,

silicagel, adsorbing polymers, carbon, activated carbon, metal organic



preferably between about 3 kcal/nole and about 10 kcal /nole. [0030] In one
enbodi nent of the present application, the working fluid is selected from
carbon diwwi2d®/o4n20hane, et hane, propane, butane, ammonipaT/Udse@onoiir4 ot her
suitable refrigerant. The adsorbent mdAterial is selected fromzeolites,
silicagel, adsorbing polyners, carbon, activated carbon, netal

organi cframewor ks (MOFs), and zeolitic imdazolate frameworks (ZIFs). In

one enbodigpidwbig (MOFES), 'aﬁdcz%llﬁ@ lmlaaﬁdﬂaem{l@wofme(za%prme material is
a zeolite. In one enbodihient the fluid is carbon dioxi de ‘and the zeolite is

a zeol it e efhbadimeat thel fuid iz eatbdredidbR e Jiidad fhel adsathM dzateralvis tarzemhide.her
aspect of the present agfl I cation, a process f proyiding refrigeration is
provi ded. Imwaegmhadimenthesluid igicagponedioxids an 8’@469 it e zeiE bt i ng a

refrigerant i,d and bent material, sorbing the refrigerant fluid
into the ?6?%5%1y%38}1?eaf?kheati ng the sorbent material to desorb the

refrigerant fluid fromthe sorbent material, and directing the desorbed
refrigerant fluid to an instrument to expand the desorbed refrigerant fluid

for refri qsgﬁJ' on. E'aeo a988%ﬁﬂp£x%tﬁf:@£§r?§c§gg e%ﬁ;agpﬁesu&ysi em as

descri bed e sorbent materia nati on have a

pressure iphe&ss Por pﬁovh(ﬁﬁFtreﬂn@eraﬁon?dpﬂO%Géd ZThe)prc&Ieset éarsprodiding at | east
4, or at least 6, or at least 8. In various enbodi nents, the pressure index

may be a Irofiigeeatédn mehudesy selecting b meigerant fuidiagd 4 wbﬁnm&ter{?ﬂessur e
O A R o SERSE e MR S o, L0
it ough « FEyRt @ spBRRRG e P ALE kbt e RUR TR Reral, cnibegno 11 v €
provi des ahPHESRBEd F&ftigerant fluid to an instrument to expand the desorbed refrigerant

fluid for refrigeration. The process preferably employs a sorbent system, as

described above. The sorbent material and fluid in combination have a pressure

index of at least 1.5, or at least 2, or at least 3, or at least 4, or at least 6, or at

least 8. In various embodiments, the pressure index may be a low level heat

pressure index, or a high level heat pressure index.

[0032] In accordance with an aspect of the present invention, the sorbent
system and the processes described herein do not require the use of a pump or
additional components to facilitate movement of the working fluid through the

system.

[0033] Another aspect of the present application provides a process for
generating electricity or work. The process for generating electricity or work
includes selecting a sorbent material or a mixture of sorbent materials and a fluid
or a mixture of working fluids, sorbing the fluid into the sorbent material,
heating the sorbent material to desorb the fluid from the sorbent material, and
directing the desorbed fluid to drive a driver device to generate electricity or

work. The sorbent material and fluid in combination have a desorbed:sorbed



generating electricity or work. The process for generating electricity or
wor k i ncludes selecting a sorbent material or a m xture of sorbent

mat er i al swarediozo4fd20i d or a m xture of working fluids, sechiusgomies7is uid
into the sorbent material, heating the sorbent material to desorb the fluid
fromthe sorbent material, and directing the desorbed fluid to drive a
driver device to generate electricity or work. The sorbent material and
fluid in greRiRainiden dﬁ‘ﬂ?eaf%tQ?ﬁ&bpﬁ%tﬁt@hﬁ%@ﬂh%ﬁﬂﬁ@liiélﬂl@é‘a&b Heatigagt 1.2
(for high'tenmperature unutilized heat applications), at least 1.5, or at

| east 2, aitlaust | Sast aBleast 2 air dtdeast 34or at least 4,aasat 1€ast 6y onat leasts. ‘Bhe The
process preferably utilizes a sorbent system described above. Pressure

| ndex [ 003upceasipseficratly sitibizes ASOphaa sxstenn IEsEHIGdAPWgpl oy a "pressure

i ndex" that can be determi ned at various desorbing tenperatures, which is
used to determ ne suitable conbinations of a sorbent material and a fluid.
The press:ge indix|4 i s determned by the follow ng nmethod. One hundred (100)
grans of &ial are placed in a 1 liter vessel designed to be

i sol ated from associ ated equi pnment with existing val ves on both ends of the
vessel . The vessel also has indicators to neasure inside pressure and

t enper at ur[@034]he \Eabedinent$ bii slitepresent dpplicatdonetiplay putpeedsurs thder” 9., CO2)
at one atnospheric pressure. The sorbent material adsorbs fluid and the

sor bent mikativaatbegeterrnimedas yerions desarbingotennegatares sdhigh dsased 18t nospheri c

Peat od ¢ b dismERe BY A HOTUBR Bk b BFEk aRie o 20 ) T WERSTFe
vessel andy dar Refc RS b3l e S8R RE D RE HEAAARFGB) B eBRCr at ure,

the internal "vessel pressdre i s neasure erm ne € pressure

i ndex is defteneehaeridlnge pidded iafa Phitdrosddel dedfiglel tdbericdlatedfione, preferred
enbodi nents of the present application
associated equipment with existing valves on both ends of the vessel. The vessel

also has indicators to measure inside pressure and temperature. The vessel is
flushed and filled with a pure fluid (e.g., CO,) at one atmospheric pressure. The
sorbent material adsorbs fluid and the sorbent may heat up. The vessel is
equilibrated at 298 K and 1 atmospheric pressure, this sorbing pressure being
defined as Py = 1.0. The vessel is heated to a pre-selected desorbing temperature
(e.g. 348 K). When the vessel and sorbent material reach the pre-selected
desorbing temperature, the internal vessel pressure is measured to determine Pr.

The pressure index is defined as the ratio of Pg to P;.

[0035] As noted above, preferred embodiments of the present application
make use of a lower temperature of unutilized heat. In order to select a sorbent
material/fluid combination that is preferred for use with low level heat (e.g.
sorption systems that utilize low grade unutilized heat), it is often desirable or
necessary to ascertain at least the low level heat pressure index, as determined
above. A pressure index of at least 1.5 is generally appropriate for use in low
level unutilized heat applications. Nevertheless, other embodiments of the

present invention may use high level heat sources. Thus in these embodiments,



make use of a |lower tenperature of unutilized heat. In order to select a
sorbent material/fluid conbination that is preferred for use with | ow | evel
heat (e.gwoorppursan systens that utilize | ow grade unutiPCirasdodames7y4 it is
often desirable or necessary to ascerBBain at |east the | ow |l evel heat
pressure index, as determ ned above. A pressure index of at least 1.5 is
generally appropriate for use in low |l evel unutilized heat applications.
Never t hel gsig.deSirhisle t6¥BRAt ARNIS 19/] hB& frE&ueeinddxy dRtsueh caBes, use high | evel
heat sources. Thus in these enbodinents,it is desirable to select a high

| evel heatcoprbisations dfrsdebentimatetiahandiseskingditnidraay bave afpressubzimndenat er i al
and working fluid may have a pressure index as low as 1.2. Exenplary

Enbodi nen@SIRW@§ 1Zkol- te 13X and CO? [0036] For purposes of illustration

and not limtation, a zeolite 13X/ CO2 sorption chilling system 100 is
provided in one representative enbodi nent of the present application, as

vari ous t eHperatote i nt is shown in Figures
2 and 3 for reference. In this enbodi nent, tw vessels 111 and 112 are
mai ntai ned in an adsorption node and a desorption node, respectively. Wen
on vessel [0836]n t For pusposes iodrllusitkion dirl ndtighitdtensed zedite 1 3BOE@esor pti on
node and vice versa, In the present enbodi nent, the sorbent material is
zeol i te 13%aptiphechibding sygtem 408 is proaded Fopne Fepresysetivg embppdirgeriqigheon

140 psi _aRtesent hpngol & drpihohemencaiga Famd ol TRty "
L9 2 5 BP9 g S Pl SR S ST, e oo
or val ve $H@whan Figures 2 and 3 for reference. In this embodiment, two vessels 111

and 112 are maintained in an adsorption mode and a desorption mode,

respectively. When on vessel is in the adsorption mode, the other vessel is in the

desorption mode and vice versa. In the present embodiment, the sorbent

material is zeolite 13X. The working fluid is CO,. For the vessel in the

adsorption mode, carbon dioxide is adsorbed by the zeolite 13X at a pressure of

about 140 psi and a temperature of about 95°F. These conditions are denoted in

Figure 2 as Stage 1.

[0037] After adsorption is complete, the adsorbent bed is isolated by
operating the relevant valve (e.g., valve 141 for vessel 111 or valve 142 for
vessel 112) and heated using unutilized heat from petroleum refining or
chemical processes. The adsorption mode may last for several seconds (e.g., 10
seconds) to several minutes. The duration of the adsorption mode varies based
upon the adsorbent material and fluid selected. Unutilized heat is applied to the
vessel in order to desorb the CO,, thus initiating the desorption mode. Using the
unutilized heat, the vessel is heated to about 212°F in this particular
embodiment. A pressurized stream is generated due to desorption of CO, from

the 13X sorbent material as the adsorbent bed heats to 212°F. In response to



vessel 112) and heated using unutilized heat from petroleumrefining or
chem cal processes. The adsorption node nmay | ast for several seconds (e.g.,
10 secondwd 20m/=eszer al mi nutes. The duration of the adsecpitsemomozies vari es
based upon the adsorbent material andi4fluid selected. Unutilized heat is
applied to the vessel in order to desorb the CO2, thus initiating the
desorption node. Using the unutilized heat, the vessel is heated to about 2

12F in thicpefaibhidt Bckeresire8bulatdrRaBRSUL.EZ Sl I BRfBrivesgédngaged due to
desorpti onﬁgf Cc2 fror%the 1§X g%l?gerrlt amalt(teéri al as the 5dsgr bent bed heats

t 0 2120F. vhiverlddpfonsesdedbdi), diighpredsuee 66cks pelessadr feomethelvessel toal ve
((i.e., valve 113 for vessel 111 or valve 114 for vessel 112), high
pressure DEBSHE dasnpeis¥aoleml thet 4/ peeset pressyie dggure 1 480psig) owhidoiser 115

at a preset _pressure e v Si whi ch.,i s~denoted in Fjgure 2 as
Stage 2. dreain bidirt R ftagn - A Rutbeb SRR (38 dtrondnslsfy The
pressuri zegyg2 streamis cooled to the pressure danper/cooler 115 to
appr oxi mat e?y 1100F, which is denoted as stage 3 in Figure 2. As a result,

the pressure of the cooled CO2 streamin the line 13 1 is approxinmately
1380psi (Pl') and the tenperature is approxi mately 1100F. The cool ed wor ki ng

fluid str¢goBs]s SGﬂh&jﬂa@mﬁzxtd@@ﬁm@ﬁn@b@&adit@@hé prassureAadnpardpdia on
val ve 116 to about 140 psi (P2) and -400C (T3), which is denoted as stage 4
i n Fi gur el?; taapprexpaatalyd 108K yehichas depoted as stagend irfigure2orApe a needl e

(ol ve Lo Lesly bl Rut, 10 2% 0B ot TS conlof shgamcan be tiged ao a
ot ST L) B IR A RS S SodAhng
Sr; 2 ?gger flhiBstkéang i $ubsegREMSy eRparRRARNABACAILY *sinpein egpaitior hevecal
116 to about 140 psi (P2) and -40°C (T3), which is denoted as stage 4 in Figure
2. The expansion valve 116 may be a flow restrictor or a needle valve to restrict
but not stop flow. This cooled stream can be used as a high quality refrigeration
load for many different applications within refineries or similar facilities where
unutilized heat is readily available. For example, the refrigerated CO, can be
directed to a heat exchanger 118 to chill process streams within refineries and
chemical plants.
[0039] After performing the refrigeration operation within the exchanger
118, the carbon dioxide of this representative embodiment can have a
temperature of about 60°F to 100°F (T2) and a pressure of about 140psi (P2).
The carbon dioxide working fluid is then recycled back to one of the vessels for

use in a subsequent adsorption mode.

[0040] The CO,/zeolite 13X system has a pressure index of greater than 3.5.
The pressure index is determined in accordance with the procedure set forth

above.



[0039] After performng the refrigeration operation within the exchanger
118, the carbon dioxide of this representative enbodi nent can have a

t enper at uwe 20fo/abx2at 600F to 1000F (T2) and a pressure etCTalseaw/003v0psi
(P2). The carbon dioxide working fluidd is then recycled back to one of the
vessels for use in a subsequent adsorption node. [0040] The CQ2/zeolite 13X
system has a pressure index of greater than 3.5. The pressure index is

det er mi neqo@4y jacc N IeanGEvdyt Righbe tdthperatlite heddar BE hpplRdtPNLddsdPy Hore

Al ternatively, higher tenpérature heat can be applied to desorb nore

wor ki ng f mworitinmgofleidunekechitesnfiroinethaddsonptionrbdde dAs gsowhanvligures, gnddo8, and
for purposes of illustration and not limtation, sta?e 2 1S. now, stage 2A,

i n whi ch Rumsesef tlussationand refdimitatery e 2 S velass 286 VBt t he

bed to 45Q0F, instead of 212F. ,Thi ressurized str | s, 1 cooled to
1500F be SrebiessERERwe yittffzed thel s@ireE R ho LR ReL Bbed 1 SEF cnount. of
cool ing Megachbt S12F¢ Phis Hhesselfzbd sABAM i9to bBichoRld @l NAFFUR ISt em based
on a 4500F heat source, using the selection of zeolite 13X and carbon

di oxi de, ‘ekpansien.sltgtherefoaatwitl fegire mach highegantemt of gbeling evelia atf heat i ng
and cooling. It is understood, however, that a sel ection of sorbent

materi al &kgeid. ulle efrdenanobithis altemnative systemhased easat &0 Fiieat serreepr oduce
gy e Tebn'o AR5l Tk Sk B M VA phaB 168
LT or ent Lok due i ad . . | t
her o ot agos FABrERHCL IR o HEARANEL Bol 1635 SpIERRARLIBNEY L B 21 o

reduce t he sefdctioh @fepristnt nhedyisiifluidybavet] o hiphien feviech@edt priessire a | ower
pressure cooling may be limted. Neverthel ess, such an enbodi nent can be
useful f oindaxocsandineduce a sorption system that is better suited for a higher quality of

heat.

[0042] Alternatively, a system can be operated at lower pressure differentials
during adiabatic expansion. Figure 3 demonstrates a system where stages 1-B
and 4-B are at higher adsorption pressures. This will also reduce the efficiency
of the system. By not expanding the fluid to a lower pressure cooling may be
limited. Nevertheless, such an embodiment can be useful for providing

refrigeration.

[0043] For purposes of the above discussion, each vessel can be a shell-in-
tube type configuration with adsorbents in the tube(s). The vessel may have an
inner diameter of about 5 ft and contains tubes having a length of about 20 ft.
Other vessel sizes are considered to be well within the scope of the present
invention. Furthermore, the present invention is not limited to shell-in-tube heat
exchangers, other exchangers and other vessels may be selected based on
ordinary skill in the art and are considered to be well within the scope of the

present invention.



refrigeration. [0043] For purposes of the above di scussion, each vessel can
be a shell-intube type configuration with adsorbents in the tube(s). The
vessel mayohawea42820i nner di aneter of about 5 ft and contrarns2emebexry7havi ng a
| engt h of about 20 ft. O her vessel skézes are considered to be well within
the scope of the present invention. Furthernore, the present invention is
not limted to shell-in-tube heat exchangers, other exchangers and ot her

vessel s mggodg selmss RprdesatvOsmbsdlineal i psdiidédd fob ckéifiplart papesesy €
consi dere t‘gﬂbe wel I@{%thl n the scope of the resen(?ﬂrl)nventlon [0044] Thi s

r epr esent aeither thertppdicagon nWs‘%PWH@@pIISflmlt@xté spegifis gmphadimentsei t her t he
appl i cati Yiscded ag' eléﬁy &l V\%}\’VR&C 1r§ t pltiga(gilon %)pgxa%?}ﬁglgth@r a%g?x%glll grent s
appl 1 ca

di scussed above, ere |n I on exa ot her

adsor bent nigéredls aicsﬂmﬁsi cérl beé dﬁ:dQﬁltheb;ﬁaMoﬂ in dddfiopl ta,Cteohfe, 133 ancdhCéddi ti on
to, zeolite 13X and CO . [0045] Adsorbent Materials [0046] As not ed above,
and as used in this application, the term"sorbent material" or "adsorbent
material"” refers to a material that reversibly binds the fluid. Sorbent
mat eri al s [00d3lude AdsonbentrMaterjai47] Sorbent materials that can be used in
enbodi nents of the present invention include, but are not limted to,

net al - organi c frarrevvork based (MOFbased) sorbents, zeolitic imdazole

Sorpent s iIAEGh. ATFOEATRRSE fidas 5% i i RbR B bnt e Shytlt Lo
plurality rﬂéteﬁat”adr, ga@émenpma@énam&ﬁks I ya{a%narthmeﬁe%kers%lgdﬁnaé Hed er

bui l ding units. I scl osed 1 n International Published Application No. WO
2007/ 1 117RAd. Worbﬂntlnsathﬂaanclluﬂe(aﬂp@Ibahwd by reference, the netal can be

[0047] Sorbent materials that can be used in embodiments of the present
invention include, but are not limited to, metal-organic framework-based (MOF-
based) sorbents, zeolitic imidazole framework (ZIF) sorbent materials, zeolites

and carbon.

[0048] MOF-based sorbents include, but are not limited to, MOF-based
sorbents with a plurality of metal, metal oxide, metal cluster or metal oxide
cluster building units. As disclosed in International Published Application No.
WO 2007/111738, which is hereby incorporated by reference, the metal can be
selected from the transition metals in the periodic table, and beryllium.
Exemplary metals include zinc (Zn), cadmium (Cd), mercury (Hg), beryllium
(Be) and copper (Cu). The metal building units can be linked by organic
compounds to form a porous structure, where the organic compounds for linking
the adjacent metal building units can include 1,3,5- benzenetribenzoate (BTB);
1,4-benzenedicarboxylate (BDC); cyclobutyl 1,4- benzenedicarboxylate (CB
BDC); 2-amino 1,4 i)enzenedicarboxylate (H2N BDC); tetrahydropyrene 2,7-
dicarboxylate (HPDC); terphenyl dicarboxylate (TPDC); 2,6 naphthalene



selected fromthe transition netals in the periodic table, and beryllium
Exenplary netals include zinc (Zn), cadmum (Cd), nmercury (Hg), beryllium
(Be) and woppmvo4¢s20) . The metal building units can be | ipoam$2dmg/oas7gani c
conpounds to form a porous structure,1where the organi ¢ conpounds for

|'i nking the adj acent netal building units can include 1,3, 5-

benzenetri benzoate (BTB); 1, 4-benzenedi carboxylate (BDC); cyclobutyl 1, 4-

benzenedi Ga¢dBExYlat 2(@&15@? yyrénd i Nndichrbobd aeqPEXT ) di Jate (H2N BDC);
t et rahydr opyr ene&Z,es(- di car og?)’/rl ate (HPDC) ;)Q?er phenyl dicarboxyl ate (TPDC);

2, 6 napht lidarbexlylater GRC) 0randsatofylatehawing phenydicompovsgs.at e ( PDC) ;
bi phenyl di carboxylate (BDC); or any di carboxyl ate havi ng phenyl conpounds.
[ 0049] Specific materials MOF-based sorbent nmaterials include: MOF 177, a

material having a general fornula O Zn4Q( 1, 3, 5-benzenetri be te) 2;
MOF-5, al 4804Hown Specifravmaterialy Mi@Eehass Sﬁahﬁ%glaée@%lﬁéwpdﬁw-iﬁf a

Zn4Q( 1, 4- henzenedi carboxylaie ; 6 i Vi ng. r al

forml a o@%ﬁﬂﬁfﬁy@%ﬁ@%ﬁﬁlﬁﬁgﬁ%ﬁzﬁéﬁ% B&%@ﬁ%@étﬁb%@t@?, lglcgg{sgri al

havi ng a geRatRiwh 8§ IRMOPII, §isdAaPRAIAg b gbnkenZBnadiCof Zﬂ{gdl%-e'\; and

IRMOF-1 1, a material having a general formula of Zn4((terphenyl

di car boxy Ibehe)nedicavboxidaeds tIRMOE- 6 py neateridl haviig agbnenal &repuld;ofand

| RMOF-8, a material having a general fornula of Zn4Q(2, 6 napht hal ene

di car boxy|Zat4@)(cy§1@bietybhr4ag@mghcarb@wéaqemIRMQFné, ampdefazldiavieg Aul a OF G

8H6CU30 2 (co r_benz - 3, 5- tricarboxylate). 50

Seol 11 EGE raniA el deee L PRt pp sy el And VR L a. o

limted t 168, G =10, 5 e t the

ni ver si 1y P g R B ot O B Py RT3 et ur e

453, 207- Zh,O(teBalvipgrop9the 2 MediebboxytneRoand ERIMOF & hanateeial havingsa
general formula of Zn,O(2,6 naphthalene dicarboxylate); and Cu-BTC-MOF, a
material having a general formula of C,sHsCu;0,, (copper benzene-1,3,5-

tricarboxylate).

[0050] Exemplary zeolitic imidazole framework (ZIF) sorbent materials
include, but are not limited to, ZIF-68, ZIF-60, ZIF-70, ZIF-95, ZIF-100
developed at the University of California at Los Angeles and generally discussed
in Nature 453, 207-211 (8 May 2008), hereby incorporated by reference in its

entirety.

[0051] Zeolite adsorbent materials include, but are not limited to,
aluminosilicates that are represented by the formula M,,,0°'Al,0;ySi0, wH,0,
where y is 2 or greater, M is the charge baléncing cation, such as sodium,
potassium, magnesium and calcium, N is the cation valence, and w represents
the moles of water contained in the zeolitic voids. Examples of zeolites that can
be included in the methods and systems of the present application include natural

and synthetic zeolites.



entirety. [0051] Zeolite adsorbent materials include, but are not limted
to, alumnosilicates that are represented by the formula M2/ nO Al 233 ySi O
2wH20O, whwoeo010/43828 or greater, Mis the charge bal anci rgTamsteoonps7such as
sodi um potassi um nmagnesi um and cal ci8um N is the cation val ence, and w

represents the noles of water contained in the zeolitic voids. Exanples of
zeolites that can be included in the nethods and systens of the present

appl i cati ggos21c! Udeatiad] ealitedniflciavb] hatdre naelihiiteristo] @Hﬁ?dznléla(msl zeolites
i nclude, but are not limted to, chabazite (CAS Regl stry . 12251-32-0;

typi cal f Qegistey Nazﬂzlﬁb32)®,(t$p®a2f®}ﬂiﬂm (Altn) 42100’ 1(3(13133@)Reg| stry No.

12173-98-7; typlc f rrula (SlO )40 4H20), erionite (CAS
Regi stry Reerdepie eg‘ﬁwl}%‘él fﬁlﬁnﬁg , K2)4.5[ (A O

Forml a ( SHIGO: @OM%‘Q ki 33%@&% %@j N5 2‘?’3@?‘23 OB o1

CAS R 1 5 6 24H
(20) anggbﬁﬁ?lpsﬁae%m% Kb Séﬁwzgﬁsl(b%@mﬁ? f<) [(AI 9 2)3“,{@? o%]z) 5)

6H20) . [00&8]12$73t2893;qp1<milf0tmslal(ﬂal Mg,Nh)zut are not limted to, zeolite A

t | f | Na, A|02 2(S1 0 2) 121 27H20O , | X S
ol Ll ey ) Boa00 5 (STO b2 S SO amontiloib¢F A SR egistraNes 250655641

29, 120 s Bl R NS PSSR %%@@sl%?%lgi‘% FMirega
(typi cal W@@él Ra, mgéﬁd@?éﬁbé\% ?9121)2 Si02)28] .2 IHO where TMA is

t et ramet hyl anmoni 4m pic formula: (Na, TPA) 3[(AIO 2)3(Si O
2)93]i 6H 20, where TPA is tetrapropyl ammni um

[0053] Synthetic zeolites include, but are not limited to, zeolite A (typical
formula: Na);[(AlO,),,(S10,),2]) 27H,0), zeolite X (CAS Registry No.68989-23-
1; typical formula: Nagg[ AlO,)g6(S10,),06] 264H,0), zeolite Y (typical formula:
Nasg[(AlO,)s6(S10,),36] 250H,0), zeolite L (typical formula:
Ko[(AlO,)¢(S10,),7]22H,0), zeolite omega (typical formula:

Nag s TMA| 5[ AlO;)s(S10,),5].21H,0, where TMA is tetramethylammonium) and
ZSM-5 (typical formula: (Na, TPA);[(AlO;)3(Si0,)e3] 16H,0, where TPA is

tetrapropylammonium).

[0054] 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.

[0055] Synthetic zeolite sorbent materials are commercially available, such
as under the Sylosiv® brand from W.R. Grace and Co. (Columbia, Md.) and
from Chengdu Beyond Chemical (Sichuan, P.R. China). For example, Sylosiv®

A10 is one commercially available zeolite 13 X product.



[ 0054] Zeolites 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 wechmal4ospy by Kirk-OQ hner, Vol une 16, Fourth E@criusagosoostes t he
headi ng "Ml ecul ar Si eves," which is Wereby incorporated by reference in
its entirety. [0055] Synthetic zeolite sorbent materials are commercially
avai l abl e, such as under the Sylosiv (r) brand fromWR G ace and Co.

(Col unmbi aF1Més) and from Chengdu Beyond Chem cal (Sichuan, P.R China). For
exanple, SyTosiv (r) AlOis one conmercially available zeolite 13 X
product. Fl uids [0056] As noted above, the termfluid refers to a liquid or
gas that reversibly binds to the adsorbent material. Non-limting exanples
of fluids[008&6] cardmotadabove, thetemdfluie refetshtothbqpidesregds thpipteiversiblon

i ncl ude carbon dj oxi de, methane, ethane, propane, butane, ammonia, freon

and ot her biistitashe adsarbenfematarial s Nanshyiiting examalesof fads thascanhieessur e

i ndex. Sel ection of Sorben Material s cor nce W th
anot her _aSBeLi BreOrge 7h HE RS st thiligh dambehfibulfe

sor bent ”Eilﬁhb%ro%ﬁﬁ‘e oufthid, ArhAbnkS Srdod aqﬂfmhea&m%w Pef?lg\e?ﬁ% heat Sor bent
systemwi thin a chemcal processing or petrochem cal ning operation.
The met hodatisfpmpathe wboneldedeasbqt pressliregndéex.adsor bent material in a vessel,
introducing a fluid into the vessel to a predeterm ned adsorbi ng pressure,
al l owi ng the chanber to reach equilibriumat the predeterm ned adsorbing
pressure 1 atn) securing the chanber to prevent the escape of fluid,
heati ng t Beleete enh Matexials anddekuddsyi ned tenperature (e.g., 348K),
measuring internal pressure within the secured chanber after the sorbent
mat eri al has reached the predeterm ned tenperature and sel ecting the

[0057] In accordance with another aspect of the invention, a method is
provided for selecting a sorbent material and a fluid for use in combination in a
waste-heat sorbent system within a chemical processing or petrochemical
refining operation. The method generally includes providing an adsorbent
material in a vessel, introducing a fluid into the vessel to a predetermined
adsorbing pressure, allowing the chamber to reach equilibrium at the
predetermined adsorbing pressure (e.g. 1 atm), securing the chamber to prevent
the escape of fluid, heating the secured chamber to a predetermined temperature
(e.g., 348K), measuring internal pressure within the secured chamber after the
sorbent material has reached the predetermined temperature and selecting the
sorbent and the fluid for use in combination if the measured internal pressure
within the secured chamber is at least 1.5 times the adsorbing pressure. In one
embodiment, the sorbent material and the fluid for use in combination is selected
if the measured internal pressure within the secured chamber is at least two
times, or at least three times, or at least four times, or at least six times, or at
least eight times the sorbing pressure. The adsorption system can be used to
provide refrigeration, to drive a turbine to provide electricity or to drive a work

shaft or other driver to perform work.



sorbent and the fluid for use in conbination if the neasured internal
pressure within the secured chanber is at least 1.5 tinmes the adsorbing

pr essur e.wonromma7enbodi nent, the sorbent material and tireTfusadod/obsIr4 use in
conbination is selected if the nmeasur®d internal pressure within the
secured chanber is at least two tines, or at least three tinmes, or at |east
four times, or at least six tinmes, or at |east eight tinmes the sorbing

pressure. Mn system can be used to provide refrigeration, to
drive at ide electricity or to drive a work shaft or other
driver to performwork. Heat of Sorption [0058] Preferably, the sorbent

material and fluid couple has an average heat of sorption (Q from about 2

kcal / nol e [0058]boutPréferklslgl {hedaebemndatepiaband Eludd ablipleftrasanaenagethdatal / nol e
to about 10 kcal/nple for heat sources up to 600K The heat of sorption
shoul d be ofsompion ERcAPIMahaiti2okeabonele 40 akeut 20kral/mple anddgnere t enper at ur e

Corbent vy sfhrBout S5 00 AR bR P LA kP o o)
Figure 4 g;am%ﬁ@gsa &f*k%rfé@e‘)ﬂ UGO8 b%fbett%ér?zkﬁél/nfn%?é R St 4oNEcaRhQIET I ON
materi al . e e

of a fluid and sorbing shown on t t side of the Figure 4,

| abel ed t hea higher leapenitursdidat sGurcBEgigpréatithen $00Keaid tp wo d200Kplie
generally has too | ow of a heat of sorption to ﬁ_rovi de a suitable pressure

"spar k" arasadahih. hecopeent/materidl skouidtalse havepehighoaplasity faethsofleidm of
Figure 4, |abeled "Low Capacity Region" denonstrates a region in which the
choice of sorbent material provides for a |low capacity of the fluid such

that, regardl ess of the heat of sorptjop, the fluid capnot drive the
sor ption 49&55§m ﬁ%gum‘bgﬁm@mtéa@s the B’&F‘L@nﬁ? of thesedwo-iackrs e of Sorption

gt o SSHRIAS 35S g R M S PR e ebeBOR R iy 0o
4, labeled the “Low Heat of Sorption Region,” the sorbent/fluid couple generally
has too low of a heat of sorption to provide a suitable pressure “spark” and such
a sorbent/fluid is not a proper couple. The bottom of Figure 4, labeled “Low
Capacity Region” demonstrates a region in which the choice of sorbent material
provides for a low capacity of the fluid such that, regardless of the heat of
sorption, the fluid cannot drive the sorption system. The right side of Figure 4,
labeled “High Heat of Sorption Region” demonstrates a region in which the
choice of the sorbent provides too high of a heat of sorption to provide sufficient

pressure to drive the sorption system. Hence, the preferred region is labeled

accordingly.

Uses of Adsorbent Systems of the Present Application

[0060] 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 fluid, a heat supply and means to
effectively direct the desorbed fluid to an expansion device to provide

refrigeration or a driver device to provide electricity or work. For example, the



pressure to drive the sorption system Hence, the preferred region is

| abel ed accordingly. Uses of Adsorbent Systens of the Present Application
[ 0060] Thwoadmaubeent systens of the present applicati onPcarusb@908¥d4 i n
various applications provided the setaling allows for the presence of a
vessel that contains a sorbent material, a supply of fluid, a heat supply
and means to effectively direct the desorbed fluid to an expansion device

to provi d%e%&fb%d%@’s hdyobe diredtedrtb\eeoudeThoen CPsenrerx@unsi@naAaﬁee o rovider work.
For exanpl e, the orbed gas may be directed to a Joul e- Thonpson expansi on

val ve, t o rpfrigerateon. eAttegwtivel prihe Albsenbndtﬂwélcyn berkregtssbiobretirbingite can be
directed to a turbine to prowd | ectricity or a wor shai{tO to run a

machi ne t@rﬁY‘éﬁleéECthorPOW |%‘Pé”&1}9 phing 40 inspKide gy o rption systens
of the present application include residential (for generating air
conditioning in the surmer and a heat punp in the wi nter), vehicular (where

t he on-bo ning. utild zes xhaust

(refini ngqgﬂ?jﬂche 0(§§11I %q%tlonfﬁa%%(?rp lﬂnéyﬁ ﬁ?tt gapqgﬁenggﬁéf@{tﬁ* t he
present aﬁﬁ&lh@@&é&ﬂbnﬁamgf&ggm i?l:gb Y 2bedtibnintSROth shfifeParkd 8 Meg@!  or
petrochem cal plant des ed fluid is used to provide

refri ger atpudip tmthalvdmtter) otdigcular Owhere the @ashogrdralin cofditibyingnadizeshat rely
on tenperature differences to separate conponents of a m xture. For
exanpl e, tembam%ﬂxea@@mdtmdnsteah(Iﬁgnugénd ehemaicl plants)guef i ed petrol eum gas
(LPG C3+) fromflue gases going up a stack, or the refrigeration can be
used to operate condensers to inprove the effectiveness of vacuum

O oo TR BBt Bhiodt e BARESh PR, IS AePr 20T
use of | owetiel RRedSAthihMAhdMiRY QM5 YodHeMibEESaRY, 2AHIRE BESABed 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.

[0063] By proper selection of the adsorbent and fluid, the sorbent system can
make effective use of lower grade heat than previously provided by adsorption
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 180°C.

[0064] The present invention 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.



systens in the prior art. For exanple, in one enbodi nent of the present
application, the heat supply is "unutilized heat" which has a tenperature
of from avoun10/@@20t o about 3000C, nore preferably frompabaistocd00:274 0 about
18Q0C. [0064] The present invention i®2 not to be |[imted in scope by the
speci fic enbodi nents descri bed herein. |Indeed, various nodifications of the
invention in addition to those described herein wll becone apparent to
those skilled in the art fromthe foregoing description and the
acconpanyi ng figures. Such nodifications are intended to fall within the
scope of t[pgesyPPent Rdfrtar iE bk WREetstddd that hHNa®Ss dre DPraxifpis a@thrthat al |
val ues are approxi mate, and are provided for description. [0066] Pat ent s,
pat ent appirocided dosdegeuiptionat i ons, product descriptions, and protocols are
cited throughout this application, the disclosures of each of which is

i ncorporated herein by reference inits entirety for all purposes. CLAI M5:

1. A sorption system conprising: (a) a sorbent material; and (b) a fluid,
wher ei n t H806@)r beRtatenis.cpatent applicationy publisationsh Arpductiieserptions @8dr e | ndex

of at least 1.2, 2. Th orption,systemof claiml wherein th orpent

oht ol eroRls e crred s Ry And e tone b Mscrostfes Fieach BRABBERT S S
The sorpti; &%ﬁg i el t ial and fluid in
conbinatiéﬁﬁha eIgﬂ%f@gggngF%Sgﬁﬁggﬁéﬁe%@%g?QP ?gérﬂﬁ§§%he sorption system
of claim3, wherein the sorbent material and fluid in conbinati on have a

pressure index of at |least four. 5. The sorption systemof claim4, wherein
the sorbent material and



fluid in conmbination have a pressure index of at |east six. 6. The sorption
systemof claim2, wherein the sorbent material has an average heat of

sor pti on WwQrotwt4ne2zen about 2 kcal /nol e and about 20 kcalrtmaiseooatoizie
sorbing conditions of the sorption syStem 7. The sorption systemof claim
6, wherein the sorbent material has an average heat of sorption (Q between
about 3 kcal /nole and about 10 kcal/nole at the sorbing conditions of the
sorption {YSAEMS:8. The sorption systemof claim1, wherein the fluid is
sel ected from carbon di oxi de, nethane, ethane, propane, butane, ammnia and
freon; andfurther wherein the sorbent material is selected fromzeolites,
silicagel, adsorbing polyners, carbon, activated carbon, netal organic
framewor ks ( MOHs)A SEAHITEHISIEMcCORPHBIAGE at e fr anewor ks (ZI Fs) and

conbi nati ons t\?ﬁreof 9 Agsorpti n system conprising: a vessel in
conmmuni cati on e)t?hs%{bﬁ%{na %Eﬁlc%r,“?t he vessel conprising a sorbent materi al
and a fluid; thg) senpent material sel ected fromzeolites, silicagel,
adsor bi ng pol yners, carbon, activated carbon, netal organic frameworks

(MOFs), and zeethdrein theisoeenlt atatefialearifinidsin(cOnitsinatiandiavea pressude sel ect ed
from carbon_di oxi de, nethane, ethane, propane, butane, ammoni a and Freon.
10. The sdndsx ofatdgastdmd.according to claim8 or claim9, wherein the fluid
is carbon dioxide. 11. The sorption system according to any one of clains
8-10, wherein the sorbent material is a zeolite. 12. The sorption system of

claim1l, wherein tRgSYHESN sP&ERI dfllalrs 1, wherein the sorbent material and

fluid in combination have a pressure index of at least 1.5.

3. The sorption system of claim 2, wherein the sorbent material and

fluid in combination have a pressure index of at least three.

4. The sorption system of claim 3, wherein the sorbent material and

fluid in combination have a pressure index of at least four.

5. The sorption system of claim 4, wherein the sorbent material and

fluid in combination have a pressure index of at least six.

6. The sorption system of claim 2, wherein the sorbent material has
an average heat of sorption (Q) between about 2 kcal/mole and about 20

kcal/mole at the sorbing conditions of the sorption system.

7. The sorption system of claim 6, wherein the sorbent material has
an average heat of sorption (Q) between about 3 kcal/mole and about 10

kcal/mole at the sorbing conditions of the sorption system.

8. The sorption system of claim 1, wherein the fluid is selected from

carbon dioxide, methane, ethane, propane, butane, ammonia and freon; and



zeolite X. 13. The sorption systemof claim 12, wherein the sorbent
material is zeolite 13X. 14. The sorption systemof claim1l1, wherein the
sor pti on wobsm4r2eovers unutilized heat froma unutili red/use@v/oszyas ce. 15.
The sorption systemof claim 14, furtMer conprising: at |east one vessel
containing the sorbent material and the fluid;at |east one unutilized heat
source operatively connected to the vessel, such that unutilized heat from

the unuti lf,age »bﬁafeumermbeﬁtrmmérian Al @ste @t ZbbRies Osiliemelmat eri al _and
fluid contained within the vessel. 16. The sorption systemof claim 15,

further cadporbsigpolymetsjcerboneadtivatddocarben.froetal nggamc ramewergsonse to the
fluid bei n%el eased fromthe at | east one ves}és 17. The sorﬁﬁron system

accor di ng (MOES)anrnd zeolitig imidazolatefiamgwirks 42889 sd cambisptigps iareele| v

coupled to the unutilized heat source, at |east one vessel and the second
vessel containing the sorbent and the fluid, wherein each of the at |east

one vessel andqg he -.ption node and a desorption
o Mlaﬁé $§tkm] 8Ondbisf

node, wherein in th esorption no ‘uid is released fromthe sorbent

material in regspasss 1h@ohhﬁunwat1bhlmelﬂahleatsoudobe,rthervesseltcbmmumg aon node,
the fluid is sorbed by the sorbent material, wherein when the first vessel
i s operat |sa@)e|nhmaﬁ@rlai@s@rqaﬂmd1 mode, the second vessel is operating in the

8228: BE : 82 ggghea ?cﬁt@e% Material sefeectetd1 fero}cnI 260 1té/sessshcagef a Qerb%é Bgl)irrrllerts,h €

carbon, activated carbon, metal organic frameworks (MOFs), and zeolitic
imidazolate frameworks (ZIFs); and
the fluid selected from carbon dioxide, methane, ethane, propane, butane,

ammonia and Freon.

10.  The sorption system according to claim 8 or claim 9, wherein the

fluid is carbon dioxide.

11.  The sorption system according to any one of claims 8-10, wherein

the sorbent material is a zeolite.

12.  The sorption system of claim 11, wherein the sorbent material is

zeolite X.

13.  The sorption system of claim 12, wherein the sorbent material is

zeolite 13X.

14.  The sorption system of claim 1, wherein the sorption system

recovers unutilized heat from a unutilized heat source.

15.  The sorption system of claim 14, further comprising:

at least one vessel containing the sorbent material and the fluid;



second vessel is operating in the sorption node. 18. A process for
providing refrigeration conprising: selecting a fluid and a sorbent

mat er i al ;weantwmgszbhe fluid into the sorbent material ; reattisagowbz76or bent
material to desorb the fluid fromthessorbent material; and directing the
desorbed fluid to an instrunent to expand the desorbed fluid for
refrigeration;wherein the sorbent material and fluid in conbination have a

pressure index @leRt ch€anhtifiz&d hd& sofird p@atvél9connbeealtd ige eeRel,ricity or
wor k conprising: selecting a sorbent material and a fluid; sorbing the

fluid i nt cuthéthatamndhizedrhtat firamy; theemitiliged heassmiremtambe éransferted togber b t he
fluid fromthe sorbent material; and directing the desorbed fluid to drive
a driver devhesé maegalandatladgapined wiphigthgyessel.20. The process of claim
18 or claim19, wherein the fluid is selected from carbon di oxi de, nethane,
et hane, propane, butane, amoni a and freon; and further wherein the sorbent

material is seliegt edrfd QiibAgRlieh oftihifas furRdSmbdngol yirers, car bon

activated carbon, netal gani ranewor ks (MOFs), and zedlitic imdazol ate
f ramewor ks ( ZI Rsdrivet devicehfor peefoestng ivork dn nesponseve the fluidiseingui d i s
carbon di oxide. 22. The process according to claim20 or claim21, wherein
t he sor bereleasadefrpal thesit deasb one vessel.

17.  The sorption system according to claim 15, further comprising;:

a second vessel operatively coupled to the unutilized heat source,

at least one vessel and the second vessel containing the sorbent and the
fluid,

wherein each of the at least one vessel and the second vessel has an
sorption mode and a desorption mode,

wherein in the desorption mode the fluid is released from the sorbent
material in response to the unutilized heat,

wherein in the sorption mode, the fluid is sorbed by the sorbent material,

wherein when the first vessel is operating in the adsorption mode, the
second vessel is operating in the desorption mode and,

wherein when the first vessel is operating in the desorption mode, the

second vessel is operating in the sorption mode.

18. A process for providing refrigeration comprising:

selecting a fluid and a sorbent material,

sorbing the fluid into the sorbent material;

heating the sorbent material to desorb the fluid from the sorbent material;
and

directing the desorbed fluid to an instrument to expand the desorbed fluid

for refrigeration;



23. The process of claim?22, wherein the zeolite is selected fromzeolite
A, zeolite X, zeolite Y. 24. The process of claim23, wherein the zeolite
i s zeol i twoDl8M/04280 The process according to any one of pPCraiSa®9h8s57241,
wherein the heating is provided by umétilized heat fromone of a refining
operation and chem cal processing operation.26. The process of claim 25,
wherein the unutilized heat is at a tenperature of 6000K or |ower. 27. The

process of cl aiyh&®in mesroebéhttxﬁ@teﬁapaﬂd faedihesthbimtidashdveanpebait 343K to
about 573K. 28. The process of claim 27, wherein the unutilized heat ranges

f rom aboutin@&3&f aleastolud. 453K. 29. The process of claim 18, wherein the
refrigeration is used to provide cooling water to an overhead condenser in
a distillation tower. 30. The process of cl ai m 29, wherein the

refrigeration | use ver n ream 31. The
process accor d| ﬁfﬁ@c%ﬁggﬁge% %‘Sﬂ%elfgg ygi %gi(%\/\hﬁ)? the
refrigeration |sgld%ggladﬁgb%ttﬁgtgna@aﬂggmmaz The process of claim 19,
wherein the sorbent material and fluid in combination have a pressure index
of at |east 1.5ortdag theéluid aeske sérbehaimateralor cl ai m 32, wherein the
sorbent material and fluid in conbination have a pressure index of at |east
four. 34. The pretiagshesodeat matgialindesorh thadluid fip th‘é\?i)@ént materialy pi ne
and electricgity is provided. 35. The process of claim 19, wherein the
driver de e is a work shaft

directing the desorbed fluid to drive a driver device to generate electricity

or work.

20.  The process of claim 18 or claim 19, wherein the fluid is selected
from carbon dioxide, methane, ethane, propane, butane, ammonia and freon; and
further wherein the sorbent material is selected from zeolites, silicagel,
adsorbing polymers, carbon, activated carbon, metal organic frameworks

(MOFs), and zeolitic imidazolate frameworks (ZIFs).
21.  The process of claim 20, wherein the fluid is carbon dioxide.

22.  The process according to claim 20 or claim 21, wherein the sorbent

material is a zeolite.

23.  The process of claim 22, wherein the zeolite is selected from

zeolite A, zeolite X, zeolite Y.
24.  The process of claim 23, wherein the zeolite is zeolite 13X.
25.  The process according to any ohe of claims 18-24, wherein the

heating is provided by unutilized heat from one of a refining operation and

chemical processing operation.



and nechani cal work is provided.
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26.  The process of claim 25, wherein the unutilized heat is at a

temperature of 600°K or lower.

27.  The process of claim 26, wherein the unutilized heat ranges from

about 343K to about 573K.

28.  The process of claim 27, wherein the unutilized heat ranges from

about 363K to about 453K.

29.  The process of claim 18, wherein the refrigeration is used to

provide cooling water to an overhead condenser in a distillation tower.

30. The process of claim 29, wherein the refrigeration is used to

recover gas molecules from a fuel stream.

31.  The process according to any one of claims 18, 29 or 30, wherein

the refrigeration is provided without a pump.

32.  The process of claim 19, wherein the sorbent material and fluid in

combination have a pressure index of at least 1.5.

33.  The process of claim 18 or claim 32, wherein the sorbent material

and fluid in combination have a pressure index of at least four.

34. The process of claim 19, wherein the driver device is a turbine and

electricity is provided.

35.  The process of claim 19, wherein the driver device is a work shaft

and mechanical work is provided.



