WD 01/ 04056 PCT/ USOQO 13506 DESALI NATI ON USI NG POSI TI VELY BUOYANT OR
NEGATI VELY BUOYANT/ ASSI STED BUOYANCY HYDRATE AND CONCOM TANT .5 CARBON
DI OXI DE CAPTURE YI ELDI NG LI QUI D CARBON DI OXI DE FI ELD OF THE_I NVENTI ON | n
general , t heVPRVR8 on rel ates to desalination or other pu‘?' Y8 of
wat er using hydrates to extract fresh water from saline or polluted water.
In particular, the i.nvention relates 10 to desalination or purification of
saline or polluted water using, e.g., industrial waste gas as a source of
carbon di oxi de; capturing the carbon dioxide fromthe source gas by
form ng car boDEBAKINATIONT MSINGIRDSITIVELY] BUOYANT GR WNEGHTTVELY
directly as a Jd@UOYANTYASSTETED]BUOYANCBASKORANED 20D TdEncOMENRNIN | n
gener al ,5 desalgataid®D2ORIDE Wmﬁmaﬁcﬂ%@uw 61 %&?ﬁgﬂf' ng
e, US

buoyant gas hydrates is known in the art. See., for exanp at ent
No. 5,873,262 and accepted Sout krefbdE amePaireRirR! | cation No. 98/5681,

t he di scl osures of which 20 are incorporated by reference. According to

thi s approach to Inwgeréralesahenmivention peldfdsC@bi 88salan@@SoR ofiothde Of
gases which spontaneously fornms buoyant gas hydrate when m xed with water
at suffici erpuniflicghidepith wah€oosdngr bysvatess aodestrantf fiiresknidted Ewom

tenmperatures is mxed with water to be treated 25 at the relatively deep
base of a tr¥REnPT cBPIMTedARR S ndPt BATHrGudR L et dnggytiomeralagasment

o o e FECAERSHEY S s B otE B !
30t he posi TrueRy Bugyant by S e T orm TG oo toronE s FErR fgRiEL, o
capturing the carbon dioxide from the source gas by forming
carbon dioxide hydrate; and producing liquid carbon dioxide
directly as a desalination byproduct.
15 BACKGRO OF I I
In general, desalination and purification of saline or
polluted water using buoyant gas hydrates is known in the art.
See, for example, U.S. Patent No. 5,873,262 and accepted South
African Patent Application No._98/5681, the disclosures of which
20 are incorporated by reference. According to this approach to
water desalination or purification, a gas or mixture of gases
which spontaneously forms buoyant gas hydrate when mixed with
water at sufficiently high depth-induced pressures and/or
sufficiently low temperatures is mixed with water to be treated
25 at the relatively deep base of a treatment column. According to
prior technology, the treatment column is located at sea.
Because the hydrate is positively buoyant, it rises though the
column into warmer water and lower pressures. As the hydrate

rises, it becomes unstable and disassociates into pure water and

30 the positively buoyant hydrate-forming gas or gas mixture. The



WO 01/ 04056 PCTIUSOQ 13506 purified water is then extracted and the gas is
processed and reused for subsequent cycles of hydrate formation. (Were ~

the wet e used for sone other purpose, such as rati on
SRRt oSS riiRhes

near by, ove unnecessary to process the gas 5 and instead to use
the gas in a pass-through node; in this way, only the small anmount of gas
not recovered is an operating cost.) Suitable gases include, anong others,

net hane, ebliaiBied REOPANS thbhadtrarRddMnd WheSghdHerL ol ocdbifad gy ously
known met hods of desalination or 10 purification using buoyant gas hydrates

rely on theetisddirfelr| yubddqylenpr exsiese s £ anykiraaieu Fatthatiloaw t enpedeatctiees t hat
are found at open ocean depths -bel ow 450 to 500 neters when using pure
met hane, ovet@AdWRAY RBhaisedwEer windie aSheny nvrredegaieh B8 peHer ge the

hydrate stability "envel ope,” and the desalination 15 installations are
essent i al | JeRIRAOBPRPARY  cOhSTIN BFTS BHUSFFSSRFX &P PEOPEPRITeg2Ear ryi ng

Soo>h et ehnd Udedida 14 QT EAL o JTBH DO A0ALEONG, AR, 22 S Mgyl o L apean

Sea, however, I's not” col e regursite pr5¥3ure to

be found &f1@ t3RaLhOIY QROUAD SKERMEE; nbhiSediRUl 8 NECRaSLESL A Wy N9 a much 20
| onger columm, which is inpractical. Mreover, many places wiere fresh

wat er i s atosk.)r esuitatdrec ghoeationtlade acaiingt othéxks, meshahd owtrhahef
continental shelves where a mari ne desalination apparatus would have to be
| ocat ed a Bran@nedi kutanse ahd ghigttaresrtkedfofnore, a fixed installation is
sonmewhat | ess versatile 25 than a nobile instal]ation would be.

Addi tional |y, {ThE RFRNHPUS t R BEFR fFc8F 1 IATdPRe t he hydrate, per
Se, tl% be ;?uri\@chligrﬂqangqééé%l&gé%drates rely on the néturally

high pressures and naturally-low temperatures that are found at
open ocean depths beiow 450 to 500 meters when using pure
methane, or somewhat shallower when usiﬂg mixed gases to enlarge
the hydrate stability "envelope," and the desalination

15 | installations are essentially immobile once constructed, being
fixed to pipelines carrying fresh water to land. In certain
marine locations such as the Mediterranéan Sea, however, the
water is not cold enough for the requisite pressure to be found
at a shallow enough depth; this would necessitate using a much

20 longer column, which is impractical. Moreover, many places
where fresh water is at a premium are located adjacent to wide,
shallow water continentél shelves where a marine desalination
apparatus would have to be located a great distance offshore.
Furthermore, a fixed installation is somewhat less versatile

25 than a mobile installation would be. Additionally, the known

methodologies have all required the hydrate, per se, to be



buoyant in order to collect the hydrate and the fresh water released
therefromin an efficient manner. In addition to using hydrates for

desalinatio it is also known to use hydrates to capture i.oxi de
fromgas 5 ﬁ?%"f‘@ such as power plant em ssions forned bff’eﬁfl}?ﬁ‘?‘ﬁg"‘f ossi |
fuel s by selectively form ng carbon di oxi de hydrates and then disposing of
the carbon dioxide hydrates in an environnent where the hydrate remains

stabl e, eTa. he, htde f c . a .. Patents
Nos. 5, 660, 6%“3??1"’ &’3’,&5%5, 89&”%%:;%&%&& 38@?5?3?%%% lg%gtﬁ?ésgghgﬁe%rﬁggea

di sposal of fAekesddikededeon intdie freti 81t hudrate mi ght be economically
feasi ble where the hydrate is fornmed at or near the sea (e.g., on an oil
rig or aboard aIshaqdidgrioat ta ssiaw dgdfawd<0ifpy, desalinaftdpn| ests is also
econonm cally feasible when the hydrate is produced inland. This 15 is
because of tiewexperk¥e S¥Irphes ot CRREUFhCaERPPORL QM isei eomcanst ai ni ng

hydrate_to the_ di sposal | ocation, .the supstanti al jority of the weight
and vol dme SFXRRFER T gfePE‘Eﬂ%’éip&tagto?mls\ﬁd‘toﬁf.gfﬂenrdg ¥ BrExitfe IRya+ht e,

ol cul ar BaN <Y U BIRE) Srats ke HE e Rt e e EREN T s

a nol ecul ar basi s. I'n ot her wo e nolec PR these

hydrat es ar @iispesig &t tabovirdaYiaebxi fie HR-aEHS 65 AME B3 dMUBEULESEe ThE
exact proportions vary slightly and are related to the degree of

occupat i on cfhet hpdtanesesemaling tstablei t @s3.d,n avhtlod Hdteogast thd @eehAsS
reside.) Thus, the cost of such deep-sea disposal of 25 carbon

di oxi de- bearSefg FS&ireaBPLs, | hict eFasantuiosandi 869/603ueSt 962489, cosd . of

transportin essarily, as deponstrated by the present invention) the
addi t 1 ORal %eﬁéﬂ?fi%m VBN B JeRrseeagdifposal of carbon dioxide
in the form of hydrate might be economically feasible where the
hydrate is formed at or near the sea (e.g., on an oil rig or
aboard a ship or at a seaside factory), it is far less
economically feasible when the hydrate is produced inland. This
15 is because of the expense of transporting the carbon dioxide-
containing hydrate to the disposal location, the substantial
majority of the weight and volume of which hydrate consists of
water. (Carbon dioxide hydrate, like methane hydrate and other
type I hydrates contains about 85% water on a molecular basis.
20 In other words, about 85% of the molecules in these hydrates are
water and about 15% of the molecules are gas molecules. The
exact proportions vary slightly and are related to the degree of
occupation of the 'guest' lattice sites in which the gas
molecules reside.) Thus, the cost of such deep-sea disposal of
25 carbon dioxide-bearing hydrate is increased substantially due to
the cost of transporting (unnecessarily, as demonstrated by the

present invention) the additional weight and volume of the water



WO 01/ 04056 PCTIUSOQ' 13506 in the hydrate. Additionally, the previously .
known teachi ngs of disposing of carbon di oxide via carbon dioxide hydrate”*
conpl etely_j r and therefore fails to take advantage enendous
capacity t&’(’g@@ﬁg desalinated or otherwi se purified 5 m@ﬂ%@lsﬁé%
formng and then nelting (i.e., causing to dissociate) the carbon d|0X|de
hydrates. SM2 RY OF THE I NVENTI ON . The various inventions disclosed herein
OVer CONe ONg, Qhe APari¥ee OhddifiE ohkii{ AtthRNs-ASTREL RHoW téaat:hﬁng gy art
and greatly expand the use and bene its of the hydr at e desal I nati on
fracti onat idispoeihe b yapbow idiioxgdé o¥id eadohnsidx0te NPDRidLfe
~installation-based desalination of seawater (or other "purification of
pol | ut ed vvencmm)let-ﬂbu lignoxeppndedherefdre f8ilndicalkkhei advantdgasofngehal t her
positively or gatlvely buoyant hydrate. The methods of the invention can
be enpl oyed-5fERECUS (FIRECHEY 1° PETRYY dRgrhi RAtasher o thptHiRey PUEER ascean
dept hs .are. not avai_ | abl thin le nabl e di stances for ocean-based

5 ‘wate 1Han@P0F JA.MrmJ.n S +hag %tté,nga - ?T,a,y Ge4sIRg C%ﬁrl ed out

desal i fati of to per of med US| g gas ﬁyd“
USiNg a 9agy;Qkogastd]l Xhll &aMonCUeBxlid hYlitLkedli ch produces either
positively or negatively buoyant hydrate. Addltlonally, the invention can
be practiced using carbon dioxide obtained from e.g., industrial exhaust
gases, thereby simultaneously prOV|d|ng purlfled wat er and capturing the
carbon 25 dioxide in the npos3UMMAREY HEf JNVEMTION]| sposal (or other use,

if so desired). 4 WO 01/04056 PCT/U800113506 The inventive nethods entai
c00I|ng t he Seaﬁkﬁ(ﬂarggus inventions disclosed herein overcome one or

10 more of the limitations associated with the prior art and
greatly expand the use and benefits of the hydrate desalination
fractionation meéhod by providing for land-based or mobile

-installation-based desalination of seawater (or other
purification of polluted water) that is supplied to the

15 installation and using either positively or negatively buoyant
hydrate. The methods of the invention can be employed where
input water is too warm or where suitably deep ocean depths are.
not available within reasonable distances for ocean-based
desalination to be performed using gas hydrate, and may be

20 carried out using a gas or gas mixture or even a ligquid which
produces either positively or negatively buoyant hydrate.
Additionally, the invention can be practiced using carbon
dioxide obtained from, e.g., industrial exhaust gases, thereby
simultaneously providing purified water and capturing the carbon

25 dioxide in the most efficient form for disposal (or other use,

if so desired).



sufficiently |ow tenperatures for hydrate to format the bottom of a
desalifation fractionation colum at pressure-depths and tenperatures
appropriate for the particular hydrate-formng 5 materi al bOshoMSRE- A
preferred eWBOYMIEht capitalizes on the property of the hydrate that the
amount of heat given off during formation of the hydrate at depth
is*essentially equal to the anmount of heat absorbed by the hydrate as it

di sassoci ates (Rl $hylAllyd BEPhbM GatdLereiidrg BHr Alfk@ELo0 mterial.
In 10 particular, as liquid or gas fornms hydrate,” and as the hydrate

crystals risgy#ficauallyhtowdeppe EMturE: E6kthdrateetbofomhakethe BtRGRNCY Of
the hydrate or "assisted". by gas trapped within a hydrate nesh shell) and

continue to ¢gf awdesedinaeiwasedctivnatjonf cohwmtri @it pressherergdptite and | heat
the surrounding seawater in 15 the colum. As the hydrate rises in the
wat er col uMmteRRe NS tEESE r#PRAPPFE2HR fxa$bs, PRHe anldr R ¥l fitesderming

dot h ically .-- the hydrate f t ' [ ' ' by th
ncrcasel prRRSARE1ob TR P ea: ol ARRSSPBSS oM FBRE (L eht FERA 5%t o1

I . O di | J b j js LALI .0f th
Pycrate woul B S BETTAY Py FREE S S ol EUT haR SRR (e 1

exotherm c fpsApidion 6F ¢he nyudaed et wpbnt hatedsbateapyledube essartial ly
no net change in the anount of heat energy in the system According to the

i nvention, haweiwer ofhbest ebsoghed Hat the hPdrdtidhesat eddihasisngidogsmat i on of
the hydrate is renoved fromthe system by renoving residual saline water
from the wat &rels§)uRack iRicRuUFesYaied 284] ? vdrater foeringemateetaled BR t he

heat energy - 5 ‘:ng 01/ 04(!%6 PEG}JSOOS/ §§,9§3 h rderla gseéjnéjlérsi ng_exo rherem' c
for mati'dh of PAHE MyarFatd® B&Ralse: 92 ¥ & ydrat
crystals rise through the water column (either due to inherent -
buoyancy of the hydrate or "assisted" by gas trapped within a
hydrate mesh shell) and continue to grow, heat released during
formation of the hydrate will heat the surrounding seawater in
15 the column. As the hydrate rises in the water column and
pressure on it decreases, the hydrate dissociates
endothermically . -~ the hydrate formation is driven primarily by
the increased pressure at depth -- and absorbs heat from the
surrounding water column. Ordinarily, the heat energy absorbed
20 during dissociation of the hydrate would be essentially the same
heat energy released during exothermic formation of the hydrate:
such that there would be essentially no net change in the amount
of heat energy in the system.
According to the invention, however, heat energy that is
25 liberated during formation of the hydrate is removed from the
system by removing residual saline water from the water column,

which residual saline water has been heated by the heat energy



formation of the hydrate is primarily pressure driven (as opposed to .
tenperature driven), the hydrate becones unstable under reduced pressures

as it rise (flr h the water colum., 5 and it dissoci
endot her m i"é* f??&gecause some heat energy rel eased duri ng‘;"g'i%%’é"rs‘r’ﬁ c

crystallization has been renoved from the system the hydrate will absorb
heat from other sources as it nelts, thereby creating a cooling bias. The

preferred gohadieaent- oy CRECAIMRR! EQALARN! BF i GRS nOB-AHL S %%gkhﬁg bi as by
10 passing the source water through the dissociation region of the water

colum, in featatésahengihrghydtadd @BSphtinddieyeptddsureodasved qagoo!l the
source or supply water to tenperatures sufficiently low for hydrate to
form at thecores@dotottrmpenstutd sriven) Asheohpdratizobecomnde unsrebleon may be
practiced using 15 liquid, gas, or gas m xtures which produce either

posi ti vel y Uissdy AREVFRAH PEEESHIeSh@§at b viEiSpshtibyuah ke rwater icalumer case of

positively bu nt,. hydr.ate, the hydrate .grystals thensel ves are ositively
nd0¥.% dissocia ﬁ-?aﬁnfotxerm cal(r\%g%/i g ?calhjﬁ\ﬁ/a?%fpil\{}aﬁltoﬁﬁﬁr%

o)
buoyant and™W "™ Fi 8R4t upon Tor

desal i nati on.felh36hi QNANGOBx SO dH At r N1 9Pae £ nQE WU R LBG YAt €

di sassociates into fresh water and the gas or gas mxture. In the case of
negativel y dHeOygBtety dhat Bydite WHEL QibierbhRedt firba Syrbaiseuecystal s, per
se, are denser than the surroundi ng seawater and therefore ordinarily
woul d tend itomedtak. th@yrebpntregitinage tdr@lingdetdason Bhe thefgasedor gas
m xture) 25 or |iquid which produces the hydrate such that hydrate
formation SPOOARBEMDIHEt Ene pismEd R feant&adazeom kbl copldpaskiandhy:
seawater |iguid are trapped vvithigha sh, shel | of p drate, and.6- WO
t Bhd ' :
01/ 04086 pET D) P08t evaltet PuflFuenE yanty=tion ReBtRdiTe e cause
the hydrat §a%@r column, in heat-exchanging relationship therewith, so as
. to cool the source or supply water to temperatures sufficiently
low for hydrate to form at the base of the installation.
As noted above, the invention may be practiced using
15 . 1liquid, gas, or gas mixtures which produce either positively
buoyant hydrate or negatively buoyant hydrate. In the case of
positively buoyant hydrate, the hydrate crystals themselves are
positively buoyant and will rise naturally upon formation,
upwardly through a desalination fractionation column at the top
20 of which the hydrate disassociates into fresh water and the gas
or gas mixture. In the case of negatively buoyant hydrate, on
the other hand, the hydrate crystals, per se, are denser than
the surrounding seawater and therefore ordinarily would tend to
sink. By controlling the injection of the gas (or gas mixture)
25 or ligquid which produces the hydrate such that hydrate formation

is incomplete, bubbles of the gas or the less-~dense-than-

seawater liquid are trapped within a mesh shell of hydrate, and



ri.se wthin the water colum. Preferably, the rising assisted-buoyancy
hydrate (negatively buoyant hydrate intinmately interm xed with 5

positively gJas or l'iquid bubbles) is diverted | atekpgihiéooR¥RF 2
"cat ch basi ?“9 m{ﬁnat the hydrate does not fall back down to the formation

portion of the desalination fractionation colum once the nmesh shell
di sintegrates during dissociation. Solid, negatively buoyant hydrate,

whi ch has seftlgeh t&satq%clbuaﬁnwnefaéhé heebese of chll8e 2R dIate | o
punped to the top of the catch basin, where it dissociates into gas and

fresh wat er .rigkfwittirdeser estef @olag. t he negatively buoyant hydrate in a
slightly different manner will cause all the hydrate to settle in the

sunp, from whi chPreferabgynpele tdstithe a¥sistedabiaygneyahydxgtmnge 15 catch
basin.) In alternative enbodi nents of the invention, the i nput  water may
or may not UEepAkSER} % RUEYUERT tHE AL SR FRERLY hiRtexmd xef i kgt - exchang| ng

| at hip th th to be cool ed th t
(furtheP) cO8PaR TindbPRgF S50 08 t¥Pie BrbREans 3r eobrFigd it ALl ne”

degree to whi,gh §u%stcaoeggﬂ9- is® @ﬁs@sc%@ YyB8h W ddasPAbE @aﬁ%%k%m the
buoyant or non-buoyant nature of the hydrate. Sone heat energy Is renoved

fromthe sysbeshdyeora@mRYbhpodidRdoretiy deBhCindasnCirrast 8ddioar ound t he
desalination fractionation colum in a water jacket 25 and which has been

heat ed by heatume|@esethdumesiy shpdi adisintegrateonriuring diM3drla04066
PCT/ USOCQ' 13506 I n the various enbodi nents of the invention, the purified
water will Belist megeltyvebs LuoXaphnkydfases| yhighihascsereled to a catch

10 sump at the base of the apparatus, is pumped to the top of the
catch basin, where it dissociates into gas and fresh water. (If
so desired, forming the negatively buoyant hydrate in a slightly
different manner will cause all the hydrate to settle in the
sump, from which it is pumped to the dissociation/heat exchange

15 catch basin.)

In alternative embodiments of the invention, the input
water may or may not be passed through the dissociating hydrate
in heat-exchanging relationship therewith to be cooled. 1In
either case, the input water is (further) cooled using other,

20 artificial means of refrigeration, the degree to which such
cooling is necessary being in part a function of the buoyant or
non-buoyant nature of the hydrate. Some heat energy is removed
from the system by removing warmed water which has circulated
around the desalination fractionation column in a water jacket

25 and which has been heated by heat released during hydrate

formation.



wat er, which preferably will be used as potable water, can itself be used
as a heat sink to provide cooling, e.g., 5 refrigeration as a basis foor air
condi ti oni i t climates. An additional advantage o #&%B&ged

desal i nati‘gﬂoy& ter purification according to the invgn ron 1s that the
installation is not subject to disturbances caused by foul weather and bad
sea conditions nearly to the sane extent as a marine site mght 10 be. '

Addi tional |y, aecens 14Mlsl BRbAULARLON Plrkant i LA c£2SSHL0gN access

to a marine-based ation. ing and storage faci ies are

nore practisedy @ion bangkirehel g ddiare adfantlfosPasetansd adreue secure
engi neering environnment available. Construction. is easier on |and, and

security negtdye which mpredecdbly widdphe atsedoaa perdbie- hasex icast al | ati on.
Moreover, because considerable amounts of residual seawater may be
extract ed $rshit he aiad ém pthoede vl Frarozhde BrIlism taed.ssystem), the

hydr at e sl urg Wi ||, be concentrated. This geans ,that there will be |ess
sal i n@ wat &% %’ﬁefﬁ*él‘ifbﬁér? B ¥ FPA: 2Hh OBUEHTTY SF Pk iBebeFati on

fractionation I br130d; t [ €M &5 Ia eawat er
for the hydrat ggt%&Er%"’x%\%l\ng%h%%t%%gd?égégﬁa%%%d %Séﬁ ae%g)%sggﬁdwéﬁ be

present tGurGeataridintaecbbeidd ash thet Blvept0esicasl thit 0t s Grisabh P4k Qfn t he
“hydrate. 25 Furthernore, because the residual seawater preferably is

reci r cul atisd nbhr suigiedtheéodéssthunbahcen dauaetli oy afodudnweatham aadebadr nore
times, other components such as trace elenents which are - 8 WO 01/04056
PCT/ US00/ 155506°n¢it 4998 Beamky d° the. sameyxEgntrdf Bemebieefirat®ighdo t hat

recovgry T/ om 108 SRAMRL Sl DeRTPE, L AGhLEM 1 AL Ll onald Y EhE
easier than access to a marine-based installation. Gas handling
and storage facilities are more practicable on land, where there
is more space and a more secure engineering environment
available. Construction is easier on land, and security may be
15 improved as compared to a marine-based installation.

Mbreover; because considerable amounts of residual seawater
may be extracted from the system (to remove heat energy from the
system), the hydrate slurry will be concentrated. This means
that there will be less saline water in the upper, dissociation .

20 regions of the dissociation fractionation column, and therefore
there will be less residual seawater for the hydrate to mix with
as it dissociates. Thus, less salt will be present to
contaminate the fresh water produced by dissociation of the
hydrate.

25 Furthermore, because the residual seawater preferably is
recirculated through the desalination fractionation column one

or more times, other components such as trace elements which are



cancentrated seawater may itself be useful or desirable. For exanple,
mari ne aquari sts m ght purchase such concentrated 5 seawater to use for

m xi ng repl water for their aquaria, and such concepihRb@dssgeavat er
woul d facil i@{i@%ecreati ng the specific mcrocosmfromwhich It was

extracted. In further enbodinents, the desalination installation is-
constructed so that the hydrate dissociation occurs while the 10 hydrate

is still at spnendeqdharsdCle lhat gbld) ma$t bkl codek 5088 i derahte pressure,
and the hydrate-formng gas 1s captured at this depth and processed for
re-use whil eretdddrintirsncthe prasstis e heconrsi pesatdilcalef fAddiaienes1pf the
operation are obtained wth such arrangenents. 15 In still further

enbodi ment s efneentrapednseanateranaeritsedd bechsdfivd on deminabilght Bdr a | ong
colum of water to create pressures appropriate for hydrate formation, the
inventive nBYIRES nEPrHRS FAWETLEEY HShhgPREFRASSH UG nerPceségrRE]C hy dr at e

formati qn/ separation  and, fivdrat e di ssochationfheat exghange 20 vessel s,
whi ch vessel 35 are nmechant cal Iy pressdrrzea®Usi hg@ “8ppt Opriard AFMR=d i c

punpi NG Syst g4 . sudCRoABEAANICA! L¥andteeSabhid Sthdinst d 2035 tﬁ-f'e made
conparatively nobile and may be used to provide the benefits of the

i nvention i nsgeifiy midtvedcsm $eomiwigsh beresdy asxtragedd mechanical ly
pressurized 25 systens can be used to control the dissociation of the
hydrate so that Innfenties regbedihentsdi 6keddesmslinheiby dimaiteifiotiomgis medi um
for exanple -- particularly when the carbon dioxide is 9 WO 01/04056

PCT/ US00/ 13588560 ra et tyafethR odrasg disteripsienmomed whilsddifest ered

from %)bhau%ycg:%%eé‘sigesgill ia@dggr;[\er id%lptg(,)ug&& %)lglra]%ufé I a'Ss %ll_ﬁn ehre
considerable pressure, and the hydrate-forming gas is captured
at this depth and processed for re-use while still at such
pressures. Considerable efficiencies of operation are obtained
with such arrangements.

15 In still further embodiments of the invention, rather than
relying on the weight of a long column of water to create
pressures appropriate for hydrate formation, the inventive
methods may be practiced using self-contained, sealed hydrate
formation/separation and hydrate dissociation/heat exchange

20 vessels, which vessels are mechanically pressurized using
appropriate hydraulic pumping systems. Such mechanically
pressurized installations can be made comparatively mobile and
may be used to provide the benefits of the invention in highly
diverse settings. Moreover, such mechanically pressurized

25 systems can be used to control the dissociation of the hydrate
so that, when using carbon dioxide as the hydrate-forming

medium, for example -- particularly when the carbon dioxide is



carbon di oxi de rel eased upon hydrate dissociation can-be in either the
l'iquid state or the gaseous state. 5 BRI EF DESCRI PTION OF THE DRAW NGS The'
i nvention delmm be described in greater detail in copgeaisheissh th the
drawi ngs, I'n whic Fig. 1 is a generalized, diagrammtic depiction of a

| and- based desal i nati on installation; 10 Fig. 2 is a diagranmatic, side

el evation view of an enbodi ment of a desalination fractionation colum

whi ch uti | ipzesidgdiyt ineehy diuayanis fpdbat eapitedhasd seapebeefa@lyad i n the
installation shown in Fig. 1; Figs. 3 and 4 are diagrammatic, side

el evati on exbagst HeseNolea t Wpdus trisdasPurceh @xhaext rgRcesdn-paitte ons of a
desal i nation fractionation colum enplgged in the installation shown in

Fig. 1; Fi§arBog sd’a”‘dfiﬁg?%ﬁﬁ?ﬁ?ﬁcup% AEAER R ALSSACIR R0 FRANRR Hey

enbodi nent esalin ion colum which utilizes 20

posi ti vel yeﬁggc’ﬁ’anttq' il age s%% m#cﬁ?%nggs%oeus Stiagged inthe installation
shown in Fig. 1, Flg 6 is a dlagrannatlc side el evation view show ng
overl apping water vents used in the desalination fractionation colum
shown §n Fig. 5; 25 Fi g. BRIEF PESHRIPTIM R OF gwegvat i on view of yet
anot her enbodi nent of a buoyant hydrate based desallnatlon 10 WO 01/ 04056
PCT/ USO0/ 13506 THer dovemniatn enllolasbecdpdayidddi in tqreaitnst addaani @p shown in
Fig. 1, which enbodinent is simlar to that shown in Fig. 5. Fig. 8 is a
d|agrannatFQHHQHW$9neWENQuﬁh8ndv#%&vgaﬁ &m which:

Fig. 1 is a generalized, dlagrammatic depiction of a land-

based desalination installation;

10 Fig. 2 is a diagrammatic, side elevation view of an
embodiment of a desalination fractionation column which utilizes
positively buoyant hydrate and which may be employed in the
installation shown in Fig. 1;

Figs. 3 and 4 are diagrammatic, side elevation views

15 showing two alternative heat extraction portions of a
desalination fractionation coluﬁn employed in the installation
shown in Fig. 1;

Fig. 5 is a diagrammatic, side elevation view of another
embodiment. of a desalination fractionation column which utilizes

20 positively buoyant hydrate and which may be employed in the
installation shown in Fig. 1;

Fig. 6 is a diagrammatic, side elevation view showing
overlapping watex vents used in the desalination fractionation
column shown in Fig. 5;

25 Fig. 7 is a diagrammatic, side elevation view of yet

another embodiment of a buoyant hydrate-based desalination
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enbodi nent of a desalination fractionation colum-which permts 5 the
utilization of negatively buoyant hydrate and which nmay be enployed in the
instal lation sh&ggfin Fig. 1, Figs. 9 and 10 are schenatic i.c and

end views, MY ively, of the dissociation and heat excﬁg%ge porti on of
the desalination fractionation colum shown in Fig. 8 10 Fig. 11 is a
Pressur e/ Tenperature di agram depicting regions of CO hydrate stability,"

the O |i quiydus: ot dnh@oPRfk Adnid1Yye8NME k@R 1 f 02 1A REYAL LYSLY i?.u%g_nt, o2

hydr at e- based desalination systenm "Fig. 12. is a diagramatic, si

el evation vilgwwhich embodimshelund Sfiktildlr repltagenenidwrs aat Fog. desi gned to
facilitate washing of the hydrate slurry; Fig. 13 is a diagranmatic, side
el evation vi ew ofign@t her a ebdpimmenicofsidededaratiain gnekrattaronat i on
colum which permits the utilization of a negatively buoyant hydrate,
which 20 e PREMNY &%) Ri detRlnadAar affasitiopat eyl G9aNmB edinkate Pekmbhs t he

negatively oyant. .hydrate; _Fig. 14 |s .a diagra tic, side elevation view
of a slgrryQHﬁo? _*ﬁfg%ﬁPﬂiﬁf§§%§FéfF%ﬁtﬁﬁﬁé?gﬂﬁgn%gﬁdaf YN A8¥aPt at i on
o o9 13enPofddinlonk 1A (LAAEIBHBILm ShORP! qYaLion view of an
enbodi nent of a desalination tractionation colu configured to maintain

the hydrate-fornfiyg.08Sand B) eidt 8dhdhaASTYr esometklic YWEHO0d4D4Q%60 s
PCT/ US00113506 Fig. 16 is a diagrammtic, side el evation view of an

enbodi ment okspegtdoiedni caf | theprdéssuclaeidhndesd| hawat e@nhsygd qrartaonfegured to
use positively buoyant hydrate;
the desalination fractionation column shown in Fig. 8;

10 Fig. 11 is a Pressure/Temperature diagram depicting regions
of CO. hydrate stability, the CO, liquidus, and the operating
envelope for a negatively buoyant, CO, hydrate-based desalination
system;

Fig. 12. is a diagrammatic, side elevation view of a

15 residual fluid replacement section designed to facilitate
washing of the hydrate slurry;

Fig. 13 is a diagrammatic, side elevation view of another
embodiment of a desalination fractionation column which permits
the utilization of a negatively buoyant hydrate, which

20 embodiment facilitates separation of residual seawater from the
negatively buoyant hydrate;

Fig. 14 is a diagrammatic, side elevation view of a slurry
holding, fluid separation apparatus used in the installation of
Fig. 13;

25 Fig. 15 is a diagrammatic, side elevation view of an
embodiment of a desalination fractionation column configured to

maintain the hydrate-forming gas at elevated pressure;
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Fig. 17 is a diagrammatic, side elevation view of an 5 enbodi nent of a
mechani cal |y pressurized desalination system which is simlar to that

shown in F,g. ut which is configured to use negativ 6&@%&
{V%.W@).sp @g{mﬁ enbodi nent

hydrate; Fi is a diagrammatic, side elevation view
of a nmechanically pressurized desalination system 10 configured to use
either positively or negatively buoyant hydrate; Fig.. 19 is a

general i zed, digggrangbid @ depdfdun@RiOf HdeMBELFUIGH hYeRI &SN i zed

desal i nati on systemlocated on a ship; Fig. 20 is schematic diagram

i |lustratiagbddimeaenppremeshaiickily sysismiceafldauaadat dopraditen | iquid
carbon dioxide and fresh water using industrial exhaust gas as the supply
of carbon cehfibgugdedt to fusenpogirivedy Fpopanz]hydrateshase di agramillustrating
the relative pressure/tenmperature conditjons at which hydrogen sul fide and
20 carbon di oxifd€-hylrkst @ fhIRRETERgicoBids qlevatdPat FEewiayr@®m il l ustrating

a di ssoci ati.on,. vessel in i C. rbon dioxid drate.is allowed to
di sso% at eem%og lénsn?oC’éprao ﬁc\éﬂé%@qag??ﬁ %‘?Sggﬁla?%x?éleﬂéﬁatﬁnes S&/ﬁf“er; Fig. 23

is a phase,giagsamihiisst catid BndwRalhways §6 Hud wRBcyiLh carbon di oxi de
hydrate is allowed to dissociate in the dissociation vessel shown in Fig.
22; and 1Zconfigi1dd40b@sPHédat0021350myahitghydhtes a graph illustrating the
variation in density of liquid carbon dioxide with varying pressure.

DETAI LED DESCRFEJFI ON -OR s PREHERREMENVBCDISNERTS eva tigndviewed dasal i nati on

installation is shown . : ) . )
embodiment of a mechanically pressurized desalination system

10 configured to use either positively or negatively buoyant
hydrate;

Fig. 19 is a generalized, diagrammatic depiction of a
mechanically pressurized desalination system located on a ship;

Fig. 20 is schematic diagram illustrating the components of

15 a system configured to produce liquid carbon dioxide and fresh
water using industrial exhaust gas as the supply of carbon
dioxide to form hydrate:;

Fig. 21 is a phase diagram illustrating the relative
pressure/temperature conditions at which hydrogen sulfide and

20 carbon dioxide hydrate form;

Fig. 22 is a schematic diagram illustrating a dissociation
vessel in which carbon dioxide hydrate is allowed to dissociate
so as to produce liquid carbon dioxide and fresh water;

Fig. 23 is a phase diagram illustrating P-T pathways along

25 which carbon dioxide hydrate is allowed to dissociate in the

dissociation vessel shown in Fig. 22; and
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5 schematically in Fig. 1 in generalized fashion.* The installation may be
divided roughly into three sections or regions: an intake portion 10; a
wat er purifi i portion 12; and post-processing and do SEskS 20€
section 14. W‘ﬁ@’q%ﬁgtﬁake portion 10 consists essentially of \ty%zhfgppargtsus 10
and various subinstallations necessary to extract seawater from the ocean
16 and transport it to the desalination/purification installation at
region 12, includiiag sHOAAUAGLENAL Gluskal uwepbgglaléo%ngnp& 111g, ggans
(not shovvn) to dra e wat e Fom ceah and punp it ore-for
subsequent piﬂﬂﬁ%ﬁ'cﬁ@boﬁ-&[@l&é wﬂw%ryﬂﬁéaéﬂe%tsw& can be | ocated
relatively close to the sea to reduce the piping distance of the input
water to a mninum and establishing the installation as close to sea

| evel as possible wll reduce the cost of purrpl ng agal nst pressure head.
The intake pipeline 1REIAILEDBE : 3 Pt IMENDS) t 0 sea that
it draws deep water, e.a., fromthe slope 20 of the continental shelf
because deep vvatérngdrﬁﬂs@ddeéala’ﬁtftéSde?StatH&ﬁlghaW GRowat er .

Al t er nat.i vel er be _drawn from ons c|loser to land, e.g.,
from ar&as O dl}eﬁ‘«?g: Sﬁfﬁfvtelﬁ't B9+ shé gﬁﬁeﬁ?l]g’r dt%@ skt anc?h across the

shal | ow vl &fnde3 100010 PBL ARFidUGAChLERLy }'ﬁ%o%ﬁ?éé%e@%?{,@ fg;om whi ch
water is drawn ultimtely et erm ne a nunber ¥ ac ors,
including -rek@on¥® Odd Q.41Q5ﬁe|:i§3-nlt.{ismiﬂ35£6«at@§:| Fﬁfif:)éaﬁ:h]@nw ifdnC12;
enbodi ment of the desalination fractionation colum which is enployed, as
descri bed berdwpostdeeddessinpearttsmiwnatteon usagkaseationnisaper se, i s

| ocated so that the highest art of the fluid-handling systemis at or 5
bel ow sea- 1 evel TBer ’e‘tﬁfg‘é PRE {Qﬁtl@ gPnshitk@spanpiadidy of the apparatus

10 and various subinstallations necessary to extract seawater from

the ocean 16 and transport it to the desalination/purification
installation at region 12, including subaquatic water intake
piping 18 and pumping means (not shown) to draw the water from
the ocean and pump it to shore for subsequent processing. Large

15 volume installations can be located relatively close to the sea
to reduce the piping distance of the input water to a minimum,
and establishing the installation as close to sea level as
possible will reduce the cost of pumping against pressure head.

The intake pipeline 18 preferably extends sufficiently out

20 to sea that it draws deep water, e.g., from the slope 20 of the
continental shelf because deep water is more pure and colder
than shallow water. Alternatively, water may be drawn from
locations closer to land, e.g., from areas on the continental
shelf 22 where the distance across the shallow water is too

25 great for practice. The precise depth from which water is drawn

will ultimately be determined by a number of factors, including
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Additionally, the water may be pretreated at a pretreatnent station 24.
Pretreatnment consists mainly of de-aeration, filtering to renove

parti cul at t and degassing, consistent wth ther j t hat
SrBlsaf Bl

material n for hydrate 10 nucl eation and growth ved from
the water. A preferred enbodi nent of the purification installation 30, per
se, is illustrated in Figs. 2, 3, and 4, which enbodi nent wutilizes

posi tivel y huguant, hwdr abecl 8 ©%6hbaainddtesR YR &fesh wat er. Seawat er
i s punped i%io theyi nstaFI gti on 130 antl vt\:/at er 159c{er?ptﬁjt9%1:2ﬁgﬁd i s punped down

to the | owefzadtydhat forf @blBin Ghichecs icupldgedf dhAebbsimdd Mellow. The bottom
of the hydrate formation section is no nore than about 800 neters deep,
and per hapsiegién, sthw [dewetlifaddennicdsypdddt hon oparheepatd ilodhardgss or  gas
m xture being used). A suitable, positively buoyant 20 hydrate-form ng gas
(or |iquid)thas thp StieEstnprh 19 Ewrfdtued- MINYOAY SRR iion 24t 086, and

positivyely byoyant hydrate 38 . spont aneously_for and begins to rise

t hr oug thé’#ﬂ&%e?e%%ed ,toa‘;sediué’ekﬂ’bwcisﬁst?\:% e reTREe ate-form ng gas
can be punped ugj ; tia). o hPa 1| i j.ate e _punps,
wi th the gas co% %ﬁl%%ggfgghdﬁﬁgwg??ﬂéré 3)dg\evﬁp fi‘{ygﬁéﬁgfﬁﬁ ng(%t@ ?%én% e|n§n

colum, persts@ion 24 .d0vRet FeaA@htt ohdiRRYt maHIGN ofi 8&-RG-althah, gas |ine
pressure 14 WD 01/04056 PCT/ US00/ 13506 is counteracted by anbi ent water

pressure. Adlaeriwmitio, removes pamoicwisoRs sat et @nds degxpEing, veendigHenpr essur e
gas punps located on the surface. Alternatively, once a gas has been
li quefied, Wifh Ebfh ISGUPHARRRT B35 reahedialcpRIRSSAFY hERR Mvdreher signi ficant
5 CO”?BGSS%%gleation and growth not be removed from the water.
A preferred embodiment of the purification installation 30,
per se, is illustrated in Figs. 2, 3, and 4, which embodiment
utilizes positively buoyant hydrate to extract fresh water from
seawater. Seawater is pumped into the installation 130 at water
15 input 32 and is pumped down to the lower, hydrate formation
section 34 of the installation. The bottom of the hydrate
formation section is no more than about B00 meters deep, and
perhaps even shallower (again depending on the particular gas or
gas mixture being used). A suitable, positively buoyant
20 hydrate-forming gas {(or liquid) is injected into the hydrate
formation section at 36, and positively buoyant hydrate 38
spontaneously forms and begins to rise through the water column,
as is known in the art.
The hydrate-~forming gas can be pumped using sequential, in-
25 line, intermediate pressure pumps, with the gas conduit

extending either down through the fractionation column, per se,

or down through the input water line so that gas line pressure
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Hydrate formation (crystallization) is an exothermc process. Accordingly,
as the positively buoyant hydrate fornms and rises automatically through

the water colum -- formng a hydratev"slurry” as hydrate

continue to YWo&VYU86e and 10 grow as they rise, until the h)’%&é‘%&ﬂ‘%‘%‘m ng
gas is used up -- the surrounding water, which will increasingly becone a
concentrated saline "residue,” wll be heated by the heat energy released

during cryst akligafePBcfdd e ARBEER GratBe! PMEALCRIt 8AD Salddhty. 14 g heated
residual seawater will 15 have a relatively decreased density and wl |

rise in the fet uBtesahoyitoviusk bhperdyideat RigB prdbears heass Fumpkt Yo&fteldhe
resi dual seawater rises high enough due to the extraction of fresh water
fromit, howewerhe shefa¢eghl Blsaknaiei vedyi dote egwrat bas \ddn digkefie,t he
bottom of the water colum. This highly saline residual 20 seawater is
col | ected i nt&UiAR RS BYMREk RoFFeFT T dERENS MidberbnEt T PP SRARRIEGRRE S
renmoved.. As the sl uLry of hydrate and heated residual seawater rises in
the fracti onSYTEon ¢oPlim, heated residual seawater is removed fromthe

systemin heat emgeegéé%naﬁubﬁméx@s_ b1iDgednnh r a6td,PnNaldefl 0L UM at one
or nore. points 46. The heat extraction section 44 1s shown 1 n greater

detail in FigrockssAs Aéddrtihbayechd RhEi gositivedl POSydAIavakasepaalsi on of
hydrate and - 15 WD 01/04056 PCT/U500/13506 slurry, water is punped from
t he syst em asndpaisesfantnmardrallbnlthropght flonakten prlbuowss- Thimings a

acconpl i shed through a t\/\q—sta’ge process. An internal sleeve 45 allows a
Cprimary sepaf¥t5aGR T HUEKe 2P| Brdrates cryHkalsr CPRRBEPUD G nugtaRkr Fedow t he

top of ltohe Sgrsc!we% ethé_ydrriaste? 819@11.3! r{lﬁ%sh§8r£€e§%brr\é@£gl‘ eg;av.\slati%r ugét?oudps —t—he
the surrounding water, which will increasingly become a
concentrated saline "residue," will be heated by the heat energy
released during crystallization of the hydrate.

Below a certain salinity, the heated .residual seawater will

15 have a relatively decreased density and will rise in the column
along with the hydrate 38. When the salinity of the residual
seawater rises high enough due to the extraction of fresh water
from it, however, the highly saline residual seawater will sink
to the bottom of the water column. This highly saline residual

20 seawater is collected in sump 40 at the bottom of the
fractionation column and is removed.

As the slurry of hydrate and heated residual seawater rises
in the fractionation column, heated reéidual seawater is removed
from the system in heat extraction portion 44 of the

25 fractionation column at one or more points 46. The heat
extraction section 44 is shown in greater detail in Fig. 3. As

illustrated in Fig. 3, for one mode of separation of hydrate and
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entire section 44. Water is punped from below the |l evel at which hydrate
exits fromthe top of the sleeve through fine conical screens 47. These

are design struct the passage of particul ate hydr creens
can be heat ed&g’é‘%eodi cally 10 to clear them of hydrate %@#@F@%ﬁ
restriction exceeds design limts.) Residual water is drawn off at a slow
enough rate. that any hydrate that may reside within water drawn toward

t he screen slhasya witeat €5 pepeantyor Ghei sesbam\aanphyt tdTarht hee tiandancy
toward downwards or sideways novenent associated with the force 15 of

sucti on of frAetienawioof progass-. Tery dsusparrmrldsbed| throughda swenstaget hi n
the colum. An alternative configuration 44' of the heat extraction zone

is shown i RTRFHSS 4. Pinn"PFl‘?"s“a&oﬁf'\gﬁ‘Lﬁ 40 BhioYs GRIFMUIGECPETYSRN %0 al l ow a
separate, hanj cal | y-driven density fractionation systemto operate.
In this cogtggﬁu?qa cledn,xsaas“éagcr%n ‘%’l %f thgomcl:eo E"rensﬁ)o‘f gt%r?aégpn% itl%tf and

capabl & of siQlady MRUEHRDcontRBRuedMY kese! AhANY GEALS IF1ULOES thﬂé”m. segnent
is carried by bearings 53 at the base 55 and at intervals along its height

to keep it entire/adelctéah 4. gnaee: W phmpée Pt belyw ahet Devewlasm, and to
25 allow it to rotate with respect to the portions 57, 59 of the colum
above and Whighw hvdrathiexigscfirom the wepPorf dihieyvsheeysithgough Hiidreaul i ¢ system
61 driven fromthe surface. Vanes 63 within 16 WD 01/04056 PCTI US00/ 13506
the centri FERECESEFEANIAT- L0 AFE Aef e anPPETuFbt Hhe P2SRAPEN vanes

or e 9o51 9168 banad,gn LG vengdesl an o cause g ik s vl

Water.int 1 ON O rotate w . en_ce_an ( ¥ng
velocigy teoyedidarhentRoOhylibsed iRt E0o WRkeiteRdidaked@d &lesiignext ract ed.

Gavity "settling”

limits.) Residual water is drawn off at a slow enough rate that
any hydrate that may reside within-water drawn toward the screen
has a greater tendency to rise buoyantly than the tendency
toward downwards or sideways movement associated with the force

15 of suction of the drawn-off water. Very buoyant gas rises and
stays within the column. |

-An alternative configuration 44’ of the heat extraction zone

is shown in Fig. 4. In this configuration, a centrifuge is used
to allow a separate, mechanically-driven density fractionation

20 system to operate. In this configuration, a segment 51 of the
column is made mobile and capable of rotary movement. The
mobile, rotary centrifuge column segment is carried by bearings
53 at the base 55 and at intervals along its height to keep it
in vertical alignment with the_entirety of the column, and to

25 allow it to rotate with respecF to the portions 57, 59 of the
column above and below it. This section is motor-driven, using

a hydraulic system 61 driven from the surface. Vanes 63 within
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or, fractionation works here in a horizontal plane, where the heavier
residual water "settles" toward the sides of the colum while the lighter,

nore buoyant hydrate "settles" toward the center of the c 1;?

hydr at e contY %0 rise buoyantly 10 and concentrates iantClﬁl;emgoenn @ir of
the centrifuge section. It wll be appreciated that nore than one such

centrifuge section nmay be enployed. As the hydrate rises into the upper,

di ssoci ati onpldReal raf Ga2R96n 20108430, Ol d BRedEsabingl kBN:{eagd | onati on

colum, the ept h-rel ated pressures forced or drove forndtion of
the hydrate ghissi Rahes £ WeBigRlY balsB8 By MR neWAEd deSighUbSt@deal |y in
the formof a slurry, wll be driven to dissociate back into the

hydr at e- f or ntheg hydsaterreniduai ewatfer gastlse smmtibnesd metace. whovever

regardl ess of the particular 20 nethod used to extract the warned residual
seawat er, hestrhydengy anch Wike SRFTRFAEYngeketinat EPwaNd dheoraP ef ithe (i . e.,
in the prior ar_t%_‘ ul d be.gbsorbed by the hydrate as it djssociates is no
| onger 3vai | %P P FE ﬁf&ﬁ&?@l_ wﬂ’f@Fe¥6r%’ftrﬂé’5§§se AT tHasSe BRI enmoved

fromthe systepOk. eatdaehl No-HO I (RSl diflaR-aeaqaler LotPaMeal

extraction portion e appar atus, net or o cooll ng

created in thavwippetesidliaSAet&t i'GataNds Nawa@YCHAO UG dRQr bEOtho G fumhhe
installation. 17 WD 01/04056 PCT/US00/13506 This cooling bias is

capitalized wiyide tbe slighteirc andreaduapbaygchydratparsetttillea’, tagatddineat ed
schematically in Fi%. 2, water being punped into the system (at 32) is
passed i n hegntegxehdy sglumr at iTheshvgrate ceghinees rtogirdne fowdingdyci ati ng

5 hydr%e. For exar‘rgl e, it is contenpl ate hat the di ssociation
and concentrates in the center of the centrifuge section. It

will be appreciated that more than one such centrifuge section
may be employed.
As the hydrate rises into the upper, dissociation and heat

exchange region 50 of the desalination fractionation column, fhe

15 depth-related pressures which forced or drove formation of the
hydrate dissipate; accordingly, the hydrate, which is
substantially in the form of a slurry, will be driven to
dissociate back into the hydrate-forming gas (or mixture of
gases) and fresh water. However, regardless of the particular

20 method used to extract the warmed residual seawater, heat energy
in the surrounding seawater which ordinarily (i.e., in the prior
art) would be absorbed by the hydrate as it dissociates is no
longer available to the hydrate. Therefore, because heat has
been removed from the system by extracting warmed residual

25 seawater in the heat extraction portion 44 of the apparatus, a
net or overall cooling bias is created in the upper,

dissociation and heat exchange portion 50 of the installation.
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and heat exchange portion 50 may be constructed as one or nore |arge, ]
i ndi vidual enclosures on the order of one hundred neters across. The input

water Wl | wodshds @ @ series of conduits through the regicgrsof{ssos

di ssoci ating hycfr ate and will be cooled 10 significantly as it-does so. In
fact, although sone initial refrigeration will be required at start-up of

the process, which initial refrigeration my be provided by heat exchange
means 52, the ThAast abdringobiey ey tablyalided apémivd dighentharst ate condition
in which the anount of heat energy transferred fromthe input 15 water to

t he di ssocadnantgghydrin earsicekdsi,ceenindigated| se¢hmmatinplly wat éigt 02,

t enper at ures apﬁgopri ate forla%?ont aneous forpation of hydrate at the

particul ar¥ ORI tBHEPREAs LBET dtCoAYSTR URh. 3¢l Pgssediely Asat water is

stabilized at, 4C.or bel Qqw. 20. Thi.s i cause, bel ow that tenperature, the
density. of*THEIA e?eela%ﬁgflséal e&hrﬁ,ﬂ%&ﬁ&eenﬁﬁ%%%s é’epg%%??%ﬁ?rzp&f’gt he

hydr atse- waf &7 3kUT M ¥or fRbiBe PYid BheCidip10ted %aﬁashe/%ﬁdg&técqaei&y, at a

given pressure, hydrate nucleation proceeds faster at col der water

t enper at Ur&sd huti egcHdtgeSpartidip sperapthe tBSsYRItRM 48 i) drNmdbe @ NDde of
maxi mumwarm fluid extraction (to create a state of induced thermal bias)
bef ore equladxgeri imdioridvedagycktsaresi on theachder ofl cheutimdred detets on of
this start-up period will vary 18 WO 01/04056 PCT/ US00/ 13506 dependi ng on
the parti ciF%08Si nstif HRPPEN"HRTaEt brRESs fida e sefies gohlcqnsduifst once

steady-state is, reached,. the system.c e.run . for extrenely |pon
o 3nc By siphBern g enor g, nvathse Ao HHTR Frefifuer o

operating ds W th el'ng shu ~“T.e, periods
year 55 CondyeQl; ek 8o 4185 adUee WY s3. eXid ekt Okl tddgh Nbigndr8at cEgTOVAl

mai nt ai ns a ‘st eady-state
refrigeration will be required at start-up of the process, which
initial refrigeration may be provided by heat exchange means 52,
the installation eventually will attain a steady-state condition
in which the amount of heat energy transferred from the input

15 water to the dissociating hydrate is sufficient to cool the
input wéter to temperatures appropriate for spontaneous
formation of hydrate at the particular depth of the dissociation
column.

Ideally, the input water is stabilized at 4°C or below.

20 This is because below that temperature, the density of the water
increases, which enhances separation of the hydrate-water slurry
formed by injections of the gas. Additionally, at a given
pressure, hydrate nucleation proceeds faster at colder water
temperatures. During the start-up period, the system is run in

25 a mode of maximum warm fluid extraction (to create a state of
induced thermal bias) before equilibrium or steady-state is

reached; although the duration of this start-up period will vary
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caondition so that the apparatus does not keep cooling to bel ow
st eady-state operating conditions. Once the hydrate has dissociated into

its constituent fresh water and gas of- gases, the fresh \A@%ﬁb ' nped
off, e.g. ag'%r}i’ej 54, and the gas is captured and recycl ed. ”gr?)é\??si ons
may be made for liquefying certain gases where this is desired.)
Additionally, a portion of the water in the dissociation and heat exchange

region 50 Wdle}:epc?ir;'@rdfi’aYtﬂ@t drtidMaeNih st 1198 Mon Wal:ahe €ORE A1 tHNdeS9gE STRI |
portion of salts that have been 15 renoved fromthe hydrate by washing of
the hydrat e goal hi svadtit. ondbestthRivi~-BEatON Hebuepsd ! de" gyoyém @anTbyegumat er
and pure fresh water is indicated schematically by dashed |ine 56. The
gray water fomyedtremgilyabbrg feperdtingipryiodspehthians baindesiydl down,
concentration, or for agricultural or industrial use_w thout 20 further
processi ng. iFhe: RAHFCGr 8 WA Qrdsay b/ E Sy cl RPFRARIng nfsidye water
fractiopation_colum, either b ing i.t back down_to__the hydrate
formation s&SFFRR-1F 589 ﬁlafscé}egagng m ;l’oFlaf%(tar?’é’f abat??‘l{lye_ ttégeback into
the concent ighgf Mydrat enst We/ aBbafatOi@RsChod NRebr 8651 ANALIOBe£Qh UM

| ocat ed above the heat 25 extraction portion 44, as indicated at 60, to

i ncrease thetthay-<btatat uperadidgheohydtadng.slurry and to aid in controlling
overall thermal bal ance of the system Furthernore, providing gray - 19
WO 01/ 04056 PCT/@8@01h850gdrate drsatigdcietdd|inte nadsi derdtitmeersfreshal

fluid allows for pre-dissociation washing. As further shown in Fig. 1, in
t he post-prHYaeesiailf A8 CHARTESreAR® RS WaERY iich PIAPeR HREfrr &sB-v@S er

preferably Lg sp, LLSALEY DY SECQNdALY.d 18! FBA1TRANS (Bfsvs TGS oS OnqR Y
made for liquefying certain gases where this is desired.)
Additionally, a portion of the water in the dissociation and
heat exchange region 50 will be "gray water," which is fresh
water containing some small portion of salts that have been -

15 ' removed from the hydrate by washing of the hydrate with water.
The distinction between the "gray” or mixed water and pure fresh
water is indicated schematically by dashed line 56. The gray
water may be suitable for drinking, depending on the salt
concentration, or for agricultural or industrial use without

20 further processing. The cold, gray water may be recycled back
into the fractionation column, either by pumping it back down to
the hydrate formation section 34, as indicated at 58; or it may
be injected back into the concentrated hydrate slurry at a
region of the fractionation column located above the heat

25 extraction portion 44, as indicated at 60, to increase the fluid
nature of the hydrate slurry and to aid in controlling overall

thermal balance of the system. Furthermore, providing gray:
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treatnment neans may include, for exanple, fine filtering, gas extraction,

aeration, and other processing required to bring the water to drinki'ng '

wat er stangyfmqddgr eover, it is extrenely significant thaicifsseedigg on 10

operating paraneters such as tenperature of the source water, the anount

of residual seawater extracted in the heat extraction section 44,

di nensi ons of the installation, and other paraneters such as viscosities

of fluids wetdr mtt 6@ Sysdidmtebresjiziney ofitddseithylirEiuddr el idws/egEolro al |
.fluids within the system salinity and 15 tenperature of residual water;

t he desi gnPeERtPRSOCdatiPemdAbEDf fresh water; salinity and tenperature of

i nput water;. g§§%gn hcoolin reﬁuire_ nts; . systeminefficiencies affecting
thermal bal and® fBFEPST (RQVE Wh ik dat bt Bt FRTCRASWATPCBRS G RAE cant | y

cool ed. Thjs, £qql : se 0 r 20

applicatio%iwor F%gaﬁg%%isgggﬁggéqfhg9%ﬁ%%%%s&%¥Q§3%Fg%g§%g;g%d hence can

be used t o pPdad8yr Sdddr@dRE Al WAtRENDIMRLENEE 64 QT Bid se8OREHAY ONI NQ.

Finally, once the seawater has been cycled through the desalination

f ract i onat tosatmehtnnean=d mdpwirstlugdam fvocessphg, fidle fAppteércalg,ogasa desired

nunber of tines, the residual, concentrated seawater (which may be highly

saline in esiuacsions agX@tigh FEPE020EET MITPCESHORY F5EBired i prpngpele back to

sea. Alternatively, jt may be retained, for those who desire it. Wth

respect t *AAEr &P YEHYSIBE RS 58PFHEF: and construction considerations

for the Syst.e"}qo'ggo&ér,cqetfm,&&@ﬂelg Jial £ 0en 0833k 8 én%ngéﬁtionation
colum 130 wi | e on the order of 15.to 20 neters in dianmetér, or even
| ar geo. operating parameters such as temperature of the source water,
the amount of residual seawater extracted in the heat extraction
section 44, dimensions of the installation, and other parameters
such as viscosities of fluids kithin the system; buoyancy of the
hydrate relative to all fluids within the system; salinity and
15 temperature of residual water; the design output requirements of
fresh water; salinity and temperature of input water; design
cooling requirements; system inefficiencies affecting thermal
balance; etc., the fresh water ?roduced will be significantly
cooled. This cooled water can be used to absorb heat from other
20 applications or locations such.as the ‘insides of buildings, and
hence can be used to provide refrigeration or provide for air-
conditioning.
Finally, once the seawater has been cycled through the
desalination fractionation column and downstream processing.
25 applications a desired number of times, the residual,

concentrated seawater (which may be highly saline in nature) is
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Canventional excavation and shaft-1ining nmethodol ogies common to the

m ning and tunneling industry can be used in the construction of the
colum 130. Overall dinmensions will be 10 determ ned based %’ﬂfl go(gt al
desired freMPUABF production desired and rel evant ther rTB%&H 2

consi derations. For exanple, one cubic neter of nethane hydrate has the
capacity to warm about 90 to 100 cubic neters.of water by about 1C as it

forms, ~andsihat, $ANBe& UMk Bt §La Of A%@Eﬁ&@i@?vt he x.&?}P%&i LYelpn&ool 15

about 90 to 100 cibi ¢ neters of water by about 1C as it I ssocl at es.

(M xes of ssbt alleegaresddrdvre btgher heats of fusion, which nmakes the
process nore efficient.) Required cooling therefore will, in part,

det er mi ne hydr atWs thr gespedtotio putwsll dedipencmgdnrensnaonsingfl t he system and
the choice of gas 20 or gases to neet those production rates. Preferably,

t he di amet eFORTERIGEIPRSFMFAAFRENS ERBv AP BOItERNn Sedgrferrortsmplatrst . Thi s

facilitat b t ) t .th d th h th t
LS urm o YR P oo SR enR b 0oL G B A e
in the 25 heale Exler a5tidDor ROLORSs 4% daglqe% n 4 g50¢i At 5%@.6“0' heat

exchange in the dissociation and heat exchange region 21 WD 01/ 04056

PCTI USOON35¢$hvehitg offh 5 Sitiadht 06n a1 shedt- EXGRINGELKRW103i80 SHMIE to
constituted not just by a single dissociation "pool," as shown
schemat i cal the minkhg.a} thohelmidhdmdoayrgorsi e ofed imurdher of | i nked,
heat - exchangi ng devices in a nunber of different water 5 treatnent ponds or
pool s. The @AtEMcHER IPE §hgecotiioddRputOveradd. dimensigagenilbrpe he

turn, on the tenperature of the

PLSS? i ?gr%ég%%gigg%f%%%%d;%ngég?”y%taande51red fresh water production
' desired and relevant thermodynamic considerations. For example,
one cubic meter of methane hydrate has the capacity to warm
about 90 to 100 cubic meters of water by about 1°C as it forms,
and that same cubic meter of hydrate has the capacity to cool
15 about 90 to 100 cubic meters of water by about 1°C as it
dissociates. (Mixes of suitable gases have higher heats of
fusion, which makes the process more efficient.) Required
cooling therefore will, in part, determine hydrate production
rates, and hence dimensions of the system and the choice of gas
20 or gases to meet those production rates.

Preferably, the diameter of the residual fluid removal
column segment is larger. This facilitates buoyant, upward
movement of the hydrate through the water column while first
allowing separation of residue water from the hydrate in the

25 heat extraction region 44, and then dissociation and heat

exchange in the dissociation and heat exchange region 50.
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or gas mxture used to formthe hydrate, the rate at which heat can be
renoved fromthe system etc. 10 The input of water into the base of 'the
fracti onat ivageyfagdsunm can be controlled by a device (not seRukbnidat alters
the input throat dianeter so as to facilitate m xing of the gas and

wat er, thereby pronoting nore rapid and conpl ete hydrate formation.
Alternatively or additionally, hydrate formation can 15 be enhanced by
creating flow tTthebdliesceidtiohhend ripast watlednge WefiobedOwagrbaM t hi n t he. base
~of the hydrate forming gas injection port.36. It may further be desirable
to vary thecuseintted pet Iusd BEsalsimglponifsogdakben ciagdn"i #s shomnner to

sl ow t he buo ant . iicent of the hydrate slurry, thereby enhanci ng hydr at e
20 fornmati 8" e“\e}ﬁ'cﬁ ¥ ot fti%on? arkP th&athes @Mzngens it G sonywher B

signifi CanE.B.XKéM der @n&clhh%r %S%gt ea‘ﬁcteggul% |O\3§.{I nglr:tétor&si ?Sm? eg %ggal I nation

colum. This'Ts because

di ssoc§ at i Bgeéﬂ'ﬂe(ﬁtgﬁénd’s"duf {oeébswatm% alehal e&su% 4{@ tErddgipak, than that
whi ch coul d be accommpdated in a pool that is the di aneter of the col um

itsel f. Moeeoverilltfependegui thagioduotideaiaty) | hivh @iieat depdndsuihi ci ent
heat cannot be 22 WD 01/04056 PCT/ U500/ 13506 provided, water ice wll
form and drsrmuptont ke deemperativiort pheciemslt Pabef sitdhe Partiptnlsircaas
constriction within a column w |l hold hydrate bel ow the | evel where it

di ssoci at eSF f4aSeFyXturs, iSefr 59 TRy therhdrasat r bhe Fidtenat arisht bett gas
arriving at,, tbgeégl%‘;ead:%rﬁ;h{:ge_ sq%qy {)Q:r both normal operational and

safety reasons ecause the posi uoyant hydrate used in this
10 The input of water into the base of the fractionation

column can be controlled by a device (not shown) that alters the
input throat diameter so as to facilitate mixing of the gas and
water, thereby promoting more rapid and complete hydrate
formation. Alternatively or additionally, hydrate formation can

15 be enhanced by creating flow turbulence in the input water, just
below or within the base of the hydrate forming gas injection
port 36. It may further be desirable to vary the diameter of
the desalination fraction column in a manner to slow the buoyant
descent of the hydrate slurry, thereby enhancing hydrate

20 formation.

The dissociation and heat exchange region 50 will be
significantly wider and larger than the lower portions of the
desalination column. This is because hydrate will be floating
up into it and dissociating into gas and fresh water at a rate

25 that is faster than that which could be a;commodated in a pool
that is the diameter of the column itself. Moreover, the

requirement for heat will be great; if sufficient heat cannot be
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enbodi ment of the invention floats, fresh water tends to be produced at
the top of the section, thereby mnimzing mxing of Jr- fresh and saline
water. To inhibit unwanted di ssociation, the heat exchanger us nmay
ext end downWEP 8¥856t he top of the residual water renoval ?ggﬁggd?i{.sg&fhe

di ssoci ati on and heat exchange pools do not need to be centered over the
wat er columm; noreover, nore than one desalination fractionation colum

may 15 feed upward.intqa a given. di ssoci ation_and, heat exchange. pool .
S arly. graumees; "k RRUTRLH 3R0E, g skt O SREIIET Gl ose

together so @s,deQshe §¥HH¥Q&BRdf$B’ﬁH9§EP£UFHHn@%EthfHH’ﬁi%ﬁ@ﬂdéféﬁfﬁ%ker .
treatnent facilities, thereby decreasing installation costs and I ncreasing

econony. 2CuJilladdidiwriratel BeéDer IR Eevels wlekat i Onsissoeliatéy et reeanml | -
scale installations are al so possible. For these installations, smaller
di anet er desdusnarpvidiow dansa caantiyelcomstheuemednt f Igesadroirsinghate | ower
vol umes _of fresh water are required. Al though overall efficiency of such
syst ems Zwi | ITh5e SEEhRTe t hdR1951% AFEr LOE HUhs PoFBRk OneFatpPrahrandadvant age
of such smal | -fs%al e _installations is that they can be inplemented using
standard dridS Mg Wi HSds. Furthernore, nass-produced, prefabricated 23

WO 01/ 04056 PCTI Hﬁﬁﬁﬂﬁoggﬁ%ﬂeggth%%ﬁpﬂ%& LaCh! pRScAn be

installed in the casings es; this allows the i'nstallation to

be conpl et edmbbBifertelo®t kel nEribnPerdnd, OfréénBratEaPtbads GQSbeof such an
installation also is reduced, as fabrication of the conponents 5 can be
carri ed out perdaned rfushei Bdp 2dd thassectiginngthessbypmidint zong rdehng goes.
The various operating sections of a smaller-scale installation m ght be
replacéd tn/ﬁéﬁﬁPaiﬂqrﬁ?lﬂﬂénwater- To inhibit unwanted dissociaticn, the

heat exchanger apparatus may extend downward to the top of the
residual water removal section. The dissociation and heat
exchange pools do not need to be centered over the water column;
moreover, more than one desalination fractionation column may
1S ' feed upward into a given dissociation and heat exchange pool.
Similarly, groups of desalination fraction columns can be
located close together so as to be supported by common primary
" and secondary water treatmert facilities, thereby decreasing
installation costs and increasing economy.
2C In addition to large-scale installations, relatively small-
scale installations are also possible. - For these installations,
smaller diameter desalination columns can be constructed in
locations where lower volumes of fresh water are required.
Although overall efficiency of such systems will be lower than
2t larger scale systems, the primary advantage of such small-scale
installations is that they can be implemented using standard

drilling methods. Furthermore, mass-produced, prefabricated
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fromtheir casing using conventional drilling and pipeline maintenance

techniques. 10 An alternate, slightly sinplified enbodi nent 230 of a

desal i nation fr& tionation colum according to the invengigmusobsdsos6hown in

Fig. 5 |1 7 q ¢4/ grrbodi ment, hydrate formation occurs essentially within a

thermal equilibration colum 132. The thermal equilibration colum 132 has

an open |lower end 134 and 15 is suspended in shaft 136. In this enbodi nent,

i nput wat g%sgfinéﬁ&lctasgams boer fonse cah bhandesalédani ene ceddimysl32, e. a.

as at 138, preferably after passing through heat exchange and

di ssoci at io@ndr£yien hbi8s pftiilse at bdwsmth230nstaldiagipartd ehtompliated he

enbodi ment shown in Fig. 2. Positively buoyant h)édrate 20 formng gas is

inj ected iimt e télatiowdy phant srsied afh&immer (FEPItaYFIStHPEL YR & um 132,

as at 140, and hydrate wil] formand rise within (t)? colum_ 132 nmuch as in
npl i

the previ dastekddfdiaRe LSO THe TEABTHH néft T236 58P Fed TR Hat® heat of

formati on of the hydrate i I Y3f-8 s SWiQURdEog the thernal
25 eqai | i 5Pt F%ncacro’%&l?ﬁng‘igf%wgflﬁﬁéugsrt'ﬁg%sé?ej acke?" dlen?i ned between the

wal I s ~of %Qsdseéwm cb3Rn Bk &L hershiafar 1536 bpershiial sdwriodesat ination
fractionation colum is constructed. To this end, 24 WD 01/04056

PCT/ US00/ L3506e rtdtaaily dn st al lfadd omtriigh tc badteplagedf by #xtyartimmddely om
fabricated (i.e., "sewn") artificial fiber material, which is ideal
because Gfomt shéinyisashpy giringneenventiopahtdeillise b RIPELERP i n an open
weave that greatly facilitates thermal equilibration between 5 residual
sal i ne wameintprafiqe CRENFHBISPal equilibration columm 132 and seawat er

(S:Ih:)\(,:\nli:lolaf,ll Elgng f]iar\}é:fferr}fga)@@} esrlijgﬁgfftsim%iiif§e& ké@nb@:éﬁﬁ'ew bRot H£ £nbodi nent
desalination fractionation column according to the invention is
shown in Fig. 5. In this embodiment, hydrate formation occurs
essentially wiﬁhin a thermal equilibration column 132. The
thermal equilibration column 132 has an open lower end 134 and

15 is suspended in shaft 136. In this embodiment, input water is
injected near the base of the desalination column 132, e.g. as
at 138, preferably after passing through heat exchange and
dissociation region 150 of -the column 230 in similar fashion to
the embodiment shown in Fig. 2. Positively buoyant hydrate-

20 forming gas is injected into the lower portions of the thermal
equilibration column 132, as at 140, and hydrate will form and
rise within the column 132 much as in the previous embodiment.

The embodiment 230 is simplified in that heat of formation
of the hydrate is transferred to water surrounding the thermal

25 equilibration column 132 within a "water jacket” defined between
the walls of the column 132 and the shaft 136 in which the

desalination fractionation column is constructed. To this end,
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water is punped out of the system this warnmed water being water which has
circulated within the water jacket. In contrast to 10 the enbodi nent shown

in Fig. 2, r\?&?%ﬁiﬁe!‘ the intent of removing warmed water fromtae, water

j acket is no move so nuch heat energy that the input water Ts
automatically cooled to tenperatures suitable for formation of the hydrate
at the base of the colum, but rather it is sinply to renove enough heat
15 energy . dHe hpaeyentrommhelom ddnidlit Nerd futr@bh or i Ofmadae rhydr Al Lepgation
conduit from becom ng so warmthat hydrate cannot form at all.

Accordi ngl y, (i.lea, r sewdl) aint i ciaimiiaé ermateri epwadichf Leniddéwl Wricansgacket

may be relatively small cqrrgared to the rate at which warmwater is
renoved frorff REsheéightexmeigetiand A¢sppeteniiad4fer heimgendedi irermn ohenn in

Fig. 2. As aresult, it 1is necessary to supplenent. the cooling which.takes
pl ace in thé’eaﬁga‘fh%‘kcgrf&ﬁﬁiyagﬁflsldit%%%i%{‘tel 1 e iPraiaRi BRFWSSBDI enent al

"artifigial” | gey AL 152, tion is atherw imilar t
hat  of °t ne "STbcat herr e RouRe T i thtn RF ekl SRS Salen ¢ om

the upper parski gp8 Hawaherhestcsehagos: NG thb SeRUALLERePOr i on 150;
"gray water" is extracted fromlower portions of the heat exchange and

di ssoci ati on reghsnidGhe case with?bhe WRHbHIA4AE6sHRGH WH0HLd 3506 wak-hedn bel ow
the line of separation 156; and concentrated brine is renoved frombrine
sunp 141. T&atgEiis tpampedsert |dfhgheusystem bithhe warned wateufHdicigenater

dense to be negatively buoyant due to concentration and/or 5 cooling, and
to facili taf”gllggal?aﬁ r%d/'ﬁ§f‘g¥t9é%d’1f:ﬂé? nete Wa§6F1 I Hk&t- onIn tFRATEASEI £Br at i on

- gggyng;aiﬁi RAE" Ehstldheh? SRARPYRUELET 2 WRWQYVEL) AR DLl e o fv NP 11
warmed water from the water jacket is not to remove so much heat
energy that the input water is automatically cooled to
temperatures suitable for formation of the hydrate at the base
of the column, but rather it is simply to remove enough heat

15 energy to. prevent water within the interior of the hydrate
formation conduit from becoming so warm that hydrate cannot form
at all. Accordingly, the rate at which warm water is removed
from the water jacket may be relatively small compared to the
rate at which warm water is removed from the heat extraction

20 portion 44 of the embodiment shown in Fig. 2. As a result, it
is necessary to supplement the cooling which takes place in the
heat exchange and dissociation region 150 using supplemental
"artificial" refrigeration means 152. Operation is otherwise
similar to that of the embodiment shown in Fig. 2: fresh water

25 is extracted from the upper portions of the heat exchange and

dissociation portion 150; "gray water" is extracted from lower

portions of the heat exchange and dissociation region 150, i.e.,
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configuration permts the buoyant hydrate to rise throughout the colum,
whi |l e cool ed, nore saline water can flow out through the 10 vents 142, as

i ndi cat edwg?ﬁmgi cally. The desalination fractionati on pclusowidsest al | ation
may be further sinplified by feeding the input water into the system

w t hout passing it through the dissociation section 250 of the enbodi nent
330 shown in Fig. 7. If the input water is not 15 sufficiently cold, nore
artificial fdoaf beDe# alhieoDiné | £ Bepdritoidne156r aridednbyntsfreidgbriné dis. neans
252, but operation is otherwise the sane as enbodi nent 230 shown in Fig..
5. \Wher easrenowednfroni pehne smrcddbed 'so far utilize gas or mixtures of gas

whi ch form positively buoyant hydrates under 20 appropriate tenperature and
pressure condi FPO?Pﬁlltlﬁét%er%%ttﬁllf‘?futof °Ey’ﬂ?’é‘tee-‘“’8§§5dlﬁesé‘§lfFﬁg$‘?tc}T¥ or

ificati d j . et d t
pur 11 cat! gh 520, 1 SABSRAEL, SLGLY Y 25ALLAg. e, g5 and appar ot

descri bed rates. An enbodi nent
430 ofs a  desahinaldPLRof EaEiianaki et ¢obNEFEr GRRf kadERE to permit the use
25 of negatively buoyant hydrate for water purification is shown in Figs.
8-10. The dmji0ibghdifcar, eare dpiilappat hins cehiradirBenpréBeratdndishe precedi ng
enbodi ments of desalination fractionation -26 WO 01/ 04056 PCT/ US00/ 13506
col ums i scansaructesl weah exetiargénarniPiatssors ahown pbrfion 6350ThiE t he
installation is laterally or horizontall gi spl aced,or offset relative to
the hydr atePESRHERSiH BRETHLS (e RIRMAR s BYATaHR, T936% 5R o LERSSRORE TRt | vel .

e Chooai ek, B 600 NS AL R Bt b 050 0,
be e%' Oye\%n‘@ist 942, as indicated schematically. :
The desalination fractioné;ion column installation may be
further simplified by feeding the input water into the system
without passing it through the éissociation section 250 of the
embodiment 330 shown in Fig. 7. If the input water is not
15 sufficiently cold, more artificial refrigeration will need to be
provided by refrigeration_mean% 252, but operation is otherwise
the same as embodiment 230 shown in Fig. 5.
Whereas the embodiments described so far utilize gas or .
mixtures of gas which form posiﬁivély buoyant hydrates under
20 appropriate temperature and preésure conditions, the versatility
of_hydrate-based desalination or purification can be expanded
greatly by adapting the methods and apparatus described above to
accommodate negatively buoyant hydrates. An embodiment 430 of a
desalination fractionation "column"” configured to permit the use
25 of negatively buoyant hydrate for water purification is shown in
Figs. 8-10. The major differeﬁ?e between this embodiment 430

and the preceding embodiments of desalination fractionation
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this configuration. Low nol ecul ar wei ght gases such as 02, N21 H2S, Ar,
Kr, Xe, CH4, and CX®2 can all form hydrates under 10 dlfferent

pressure-t e conditions. Each of the different h% Ko/ N9 gas
systens w W?&g{#{e special design of the hydrate col um %él%s
tailored to the particular gas used in the installation, but the
principles of hydrate formation to extract fresh water will remain the

same. 15 Addblifidlilsy tnaddiny neaRl bxeimigat an@f a A0dC LY £ 93RS bnt 95 6he
primary hydrate-form ng gas nay broaden the hydrate stability field in the

sane way thefnehdairstaydatien Sisabbatétallfyi ekdnosizancpabdedl dp1agedi 8¢ hi gher
density hydrocarbon gases with nethane. 20 Al though a nunber of different
gases that PEfsenerpd@Eitieeyto ey andranalfaraahign Badubeat fxsmovpdr at e
desal i nati on, carbon_ dioxide and the desalination colum in which it is

used are dSEEFIIRK R&r 8Pd 3461 FPERRFHVEWhe %l@ﬁﬁ%ﬁﬁ‘?’éﬁéﬁ% and

consi derati p0s fPrmova(ijesa(I:tlnoatsl Qn_syst. ryrrg |ngéta '((J’bategfﬁ’é’ %??5%?%;25

naturaITy Iess buoyan Ran SEafat et
cont ai ni ng Qgggggé@%gyecar bon dioxide, referred to herein sinply as
"carbon dioxide" for sinplicity) is an ideal - 27 WD 01104056

PCT/ USOCQ 13506 mammberuse diFEedeiit Siira®ling s cah o @mpiloybarwitar bon
di oxi de does not conbust under the physical and thermal conditions

encount er edthps tdrnfligdratordes &b rmelegmlappeeidhts gasandsuch BRUS,viNgt ual |y
hazard-free. Carbon dioxide hydrate is 5 stable at shall ower depths than
net hane hydfatre Ean’élr'aB‘(ﬁjt CHire andafi®e 837 ntied PRSP I¥tA @ URGRF ate) . Even i f

presenfy di s3okyetnd BoLel A Yehye Ml AT RBSEIH Y ONBack YP YT 0X1 de 15
different hydrate-forming gas systems will require special
design of the hydrate column which is tailored to the particular
gas used in the installation, but the principles of hydrate
formation to extract fresh water will remain the same.

15 Additiocnally, adding small amounts of additive gas(es) to the

© primary hydrate-forming gas may broaden the hydrate stability
field in the same way the methane hydrate stability field is
expanded by mixing higher density hydrocarbon gases with
methane.

20 Although a number of different gases that form negatively
buoyant hydrate may be used for hydrate desalination, carbon
dioxide and the desalination column in which it is used are
described herein to illustrate the design requirements and
considerations for a desalination system employing hydrate that

25 is naturally less buoyant than seawater. Carbon dioxide (or gas

mixtures containing predominantly carbon dioxide, referred to

herein simply as "carbon dioxide"™ for simplicity) is an ideal
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human consunption and is not offensive to either taste or snell (as would
be the case of H2S hydrate). (In fact, fresh water 10 produced using ‘carbon
di oxi de cagydfipdmde SO as to retain sone quantity of thepEghddpmssds Oxi de,

t hereby providing soda water that is simlar to many popul ar brands but
that is different in at |east one significant way in that it will contain
all the naturally occurring mnerals found in seawater in proportion to 15
the remai nigag %al tiSe Nfdlr aenaMeRG dBridkdnse desaldrtatuDdr, RKa@688S.) Carbon
di oxi de hydrate is, |ike nethane, tasteless and odorless. There is

consi der ablddorédendoss peti cemitusit uhgdortimet physidslc hndertonstalat e cl early the
actual marine behavior of the formation and behavi or of carbon di oxide
hydr at e. Cé-‘PBSHt%@‘%ieé‘fPH%t?rsedvéPyt‘Eﬁ)Mﬁaﬁﬁod%séﬁlbét%ﬁfb@@eeaaﬁéﬂ)al ly

al nost anywher e ¢ IS commonl y. avai | abl e. a _an,'n ustrijal, waste
product -- 3F&rtfc rlv;%r?1 ]ﬁﬁ' agHy sftreﬁase a‘fﬁ%’d &% '%/%gﬂéfdrﬁﬁ? mishg fossi |
fuel Af \, f r S q met hane
or et Pane raes %"*3 bt o el R AL LN
hydr at e W Ishmbead rMibRd §&sindtabn¥atRirate) e Ridekhy praen¥ehbad®r Wy

met hane- m xed gases; 28 WD 01/04056 PCT/US00/13506 thus, the induced
thermal bids welatipelli gher cendethtspstencantidnl dbperdet ésmeaste efdr ciently. )

Desi gn and engl neering of the desalination fractionation colum wll be
det erm ned Pﬂallla?‘ﬁb*“ﬁ%‘éé‘iﬂ érfased"Bn #ﬁenﬁh%é°5efmﬂaﬁferttaﬁée of smedl

parti cul ar as u g for X carbon di oxi de
hydrate sta fl |?'§L°{r1g§| glﬁes cas('sﬁpcéjrfljlhiL g A7y tﬁg ?TESOn 2ki"8&%phase

ﬂ;ﬁ?;?%“ Tpﬁo&b@&ﬁ@smeréa&enoalémedhagr@énzda@@ §81£S hake £AI RARi OXi de

guantity of the carbon dioxide, thereby providing soda water
that is similar to many popular brands but that is different in
at least one significant way in that it will contain all the
naturally occurring minerals found in seawater in proportion to.

15 the remaining salts not removed during the desalination
process.) Carbon dioxide hydrate is, like methane, tasteless
and odorless. There is considerable recent experimental
information which demonstrate clearly the actual marine behavior
of the formation and behavior of carbon dioxide hydrate. Carbon

20 dioxide is very common and can be produced locally almost
anywhere and is also commonly available as an industrial waste
product -- particularly in the exhaust gases produced when
burning fossil fuel. (A further advantage of using carbon
dioxide as compared to methane or methane mixes is that the

25 higher heat of fusion of carbon dioxide hydrate will heat the

residual water more quickly than methane or methane-mixed gases;
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(formed from carbon dioxide gas) is stable at froman upper 10 pressure
limt of about 18 atnospheres, just above 0C, to about 40 atnospheres
pressure at | ove about’ 8C. Wth iéespect to carbon digxi r se,
the i qui dusw&e?({mé‘n s from about 37 atnospheres pressure at&?‘}t}gﬁwg’g@ve.oq
to about 40 atnospheres pressure at just above 8C. Above the |iquidus,
carbon di oxide 15 exists as a gas; below the |iquidus, carbon dioxide
spont aneous |l e OMPEESIS RSk ehdrn@lyl giasb‘%Qﬁdegljli’ghetrhgnayt?{\]grg(ys%em _
constructed so that, assum ng carbon dioxide is used as the operating gas,
t he carbon. diiaxi ggerdte mBrecdfridiehelyhe hydrate formation portion of the
colum at 20 anbient tenperature and pressure that is within the operating
regi on 450 that Resignsesdoéngineepingioh the thealiardtdondioxdienalydsat e
stability zone that |ies above the carbon dioxide |iquidus and above the
freezi ng poiCRLUBR WidilePe defeerinizedi tallangesueeswie bRsSdaen digembasei s t hat
t he range of water, depths, at 25 .which carbon di oxi de nay be used as the
operatinhg gREOPEH% g%i ‘\‘?/lé?f?ﬁﬁﬂ’i%’ﬁ@aﬁssg(e,b?r?)a"rsaﬁdi‘vef'&gsh]aill Is§qws, for
. Accordingly 129 0 L,!§Q1Q/ 5 I t shal | ow | and
appar at us can: %Iecz:'or%}?r g%%% , %\?\ﬁ,ﬁ)g%éw I a%rge%g%bellgggs%%%% Ton conmplexity
and cost. SkGpéfimdodetihevertodi BRASn RS EOEshAROUCagrat Porndi Exidley (or
ot her negatively buoyant hydrate-form ng gas, as desired) is 5 injected
near the baperuion lpd hherdiagreor imdicatesethaon-addon( @igxide alydda?g and
m xed with supply or input seawater that has been chilled by being passed
t hrough t he (hested fERBNtRFRaRd digridd gt i b9 Patlieoat 35Pmmdy oppey

cart it gl 3' proflileITAlL Ak ab33c M WiiosThersa A0 LN IS Y2t g ook !

40 atmospheres pressure at just above about 8°C. With respect to

carbon dioxide, per se, the liquidus extends from about 37
atmospheres pressure at just above 0°C, to about 40 .atmospheres
pressure at just above 8°C. Above the liquidus, carbon dioxide

15 exists as a gas; below the liquidus, carbon dioxide
spontaneously compresses to a liquid.

Accordingly, the system is constructed so that, assuming
carbon dioxide is used as the operating gas, the carbon dioxide
is injected into the hydrate formation portion of the column at

20 ambient temperature and pressure that is within the operating
region 450 that consists of the portion of the carbon dioxide
hydrate stability zone that lies above the carbon dioxide
liquidus and above the freezing point of water. The practical
result of this arrangement is that the range of water depths at

25 which carbon dioxide may be used as the operating gas is

relatively small and is comparatively shallow. Accordingly, a
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10 formation of the hydrate is inconplete such that a conplex, hydrate-gas
meshwork is forned. This condition is nmet when the gas is injected rapidly

and in rel gtj | ar ge bubbl es. The carbon di oxi de hydr os1Piséi €S
carbon di o%d&éﬁjé"é% bubbl es from the surroundi ng seawater, t dgrie)ibﬁa}at

preventing further formation 15 of hydrate. The conbined gas/liquid carbon
di oxi de and hydrate 1is positively buoyant, even though the hydrate per se

is negativwehytbramaRhalloR. LariRappa St hn L Cohbergéd,t ¥nihani1hhe
seawater), and floats upward,.as at 356. Additionally, sonme of the bubbles
wi || burst raddcecserwradnattorsheinpdenity and €ostned; 20 hydrate shells with
gas bubbl es predom nantly form new carbon dioxide hydrate rins, which are
assi st ed upwar dSHiil@ar bentheliembrdémens AREERiRasdhove AHrdorR dipxigei d
hydrate particles. The stemis designed to_prqduce as much hydrate as
possi bl e, 0‘855?g’leernf‘eﬁfﬁxvﬁlé’a\ﬂuﬁﬁa’éﬁd%%aﬁﬁ? BT 2 He 7S] F??%X‘?CQS 1fesi dual
fluid £o formaed nbXr AR0 JalerbEOUhSXhRGE W Rhe DoAY LEMPYd NG the

resi dual seawater in the heat extraction section 346. e system

furthernorqehas, tdie 36apagid ikt Wi supplf or3Q@np¥P LLWA4@86¢that has

PCT/ 1JS00/ 13506 liquid or gas injection, which-?my be in tinme-sequence
bursts rabken d¢Hiddedebyndebiogt passerds . thikbugls tihet basieerdiangaoindl | gas form
hydrate, as noted above, to ensure inconplete formation of hydrate. Thus,

| arger quafifsrERtdPngRRrtHc® BARLATH P BY Brifdghal’y eefrbuesation,

o o AT AR e 4B foe AL LI gy 9o Syt o such
the cge OfoRRSIlhVEYe il BANL OV AbBolipfeid SGEROHAIPR! Sond /Bl i ON OF the
negatively Buoyant ?assl ste
hydrate-gas meshwork is formed. This condition is met when the
gas is injected rapidly and in relatively large bubbles. The
carbon dioxide hydrate isolateg carbon dioxide gas bubbles from
the surrounding seawater, thereby preventing further formation
15 of hydrate. The combined gas/liquid carbon dioxide and. hydrate
is positively buoyant, even though the hydrate per se is
negatively buoyant (i.e., has a greater specific gravity than
the seawater), and floats upward, as at 356. Additionally, some
of the bubbles will burst and new hydrate shells will be formed;
20 hydrate shells with gas bubbles predominantly form new carbon
dioxide hydrate rims, which aré assisted upward by carbon
dioxide gas which tends to adhere to solid.hydrate particles.
The system is designed to produce as much hydrate as
possible, consistent with leaving enough warm, lower-density,.
25 residual fluid to form a "flux" and to allow extraction of heat

by removing the residual seawater in the heat extraction section

346. The system furthermore has the capacity for very rapid.
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10 buoyancy) hydrate is exotherm c. Accordingly, heat which is given off
during hydrate formation warns the surrounding, residual seawater, which
makes the residual seawater nore buoyant than the chill eq, w@;ﬁs whi ch
i s being irﬂS‘ﬁP"’?"ﬁft‘o the |lower part of the columm. The residual seawater
t herefore noves 15 buoyantly upward along with the hydr ate as new, denser
input water is supplied to the base of the fractionation colum, as at

360. The Upmﬂﬁ%\feasytngfecwsn SWiieUNHAPhd %l dumé- s&_eﬁ\éat:erburﬁé)ng with
the original upward novenent of the assi st ed buoyancy 20 hydrate, has a

certai n nonesdHEP anaachaimyd cehtinidus.This TarinitesdédechHardnat ealipvgasd

t hrough the colum until it reaches a |ateral deflection zone 362, where

t he hydr at efomsibgdzbtecammneted sihavey o ensuxet dacemrlietentarngtiom lofteral |y
relative to the hydrate formation and heat renoval sections 336 and 346

and into 25hYHEH- ssB’&'i‘%rt |16ﬁ9%ﬁ0q"r?é‘5'tlt11%1°‘rn‘?/falga§eéf? FEBEFITHE 2 even

t hough _sone_of the hydrate bl.es C eby
rel easi’ng trl"n%gactd'rvﬁei %u%&anglegﬁa%atceor]? 3F%e%yi eré‘ﬁﬁna%o ?1‘20’\‘/‘@3F D17 04056

PCT/ US00/ 13@9@: Q3 b P R QUENEYst S ubN L Atighd Bob B DR 1TRBAYYEnEONt i NUE tO
nove upwar rlaé:eover llh#% theysi\teat gxchange a%g di ssogsatl%n region of

t he col um Bafradéebhsed Nystonseddssnibéd dwrydrate | oses nomentum within
t he heat exchange and di ssociation portion 350, 5 it will settle and
di ssoci ate i nt oAshéngehe madef pbgivaisively wnvehtwhydrafgphnaed from resi dual
seawater as described in greater_ detail below Sonme of the hydrate,

however, wi$BPIIEREPES | (PIAAELRR ofnithRoBeIaitvicdypREP YRt éﬁis%\ﬂ?d sink to the
|OwerqBSt, bugp%ncy) hydrate is exothermic. Accordingly, heat which is
given off during hydrate formation warms the surrounding,
residual seawater, which makes the residual seawater more
buoyant than the chilled seawater which is being input into the
lower part of the column. The residual seawater therefore moves
15 buoyantly upward along with the hydrate as new, denser input
water is supplied to the base of the fractionation column, as at
360.
The upward movement of the surrounding residual seawater,
along with the original upward movement of the assisted buoyancy
20 hydrate, has a certain momentum associated with it. This
carries the hydrate upward through the column until it reaches a
lateral deflection zone 362, where the hydrate/residual seawater
slurry is diverted horizontally or laterally relative to the
hydrate formation and heat removal sections 336 and 346 and into
25 the dissociation and heat removal section 350. Thus, even

- though some of the hydrate "bubbles" will burst or crack,

thereby releasing the carbon dioxide gas contained therein and
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10 portion 364 of the colum. Concentrated brine will also sink to and
settle in the sunp portion 364. The sunken hydrate and concentrated -

resi dual gj ? punped out of the sunp at 365 and se 1‘7(? e
appropriatel’y o i gured separation neans 366. The waste saline water 368

i s disposed of as appropriate, and a 15 slurry consisting of the sunken
hydrate is punped upwardly as indicated at 370 and is discharged into the

heat exchangg; #fhudliahsgsi @id APashaiier 1350e reaSurdtcohtdnahes gdyae hydrate

di ssociates into gas and fresh water. Wthin the dissociation and heat
exchange chagwhed afDoveheint20 thydiedte exshehderandebi yi3dtoén t¥simmorted to
the chanber via the |lateral deflection portion 362 of the colum or punped
fromthe s@nphefcaluandds@ldusatp othifs momeurn- oAsctiurnydl3sde lades

di ssociate into fresh water and the hydrate-faormng gas. To facilitate
separ at i on™gPeRYus wifkhin the SRAt fx5hangat apd d125°F’ta§1§nnEE§%¥Fa? ¥30e pronot e

t f f h h drate Lo th t__of t t d heat
L ansTer oL g B DS AP SpL 0 ORED BN SOt on and hea
di S0 at | gp; AN0,11938e32saUOE0Lk %@5@@%%@@13&9@“@4%@@% chanber 350

as possible until dissociation of that volunme of hydrate Is conplete; and
to keep m yieuredf debeifrmahw.water produced by di ssociation and the nore
saline residual water to a mninum The configuration of the dissociation
and 5 heat exclfmmgeothatrbdiydsabewn howeFeys widlafidrm olddi kassses t hese

objectives. In particular, the assisted, buoyancy hydrate slurry rising
t hr ough th\’-i-”&ft%’a'ﬂ eR5ERRRES 928t PR AL OnS LR (iPn CBR IS TPARBE cBer  as at 360

afterl&xﬂ “Soékfﬁ%rE%Q oéﬁé% kLYuﬁg d%LLS&ﬁéé&%egogéine will also sink to

and settle in the sump portion 364. The sunken hydrate and
concentrated residual brine are pumped out of the sump at 365
and separated by appropriately configured separation means 366.
The waste saline water 368 is disposed of as appropriate, and a
15 slurry consisting of the sunken hydrate is pumped upwardly as
indicated at 370 and is discharged into the heat exchange and
dissociation chamber 350, eg.,g. at 372, where the hydrate
dissociates into gas and fresh water.
Within the dissociation and heat exchange chamber 350, the
20 hydrate, whether delivered or transported to the chamber via the
lateral deflection portion 362 of the column or pumped from the
sump of the desalination fractionation column 364, will
dissociate into fresh water and the hydrate-forming gas.
To facilitate separation of fresh water from saline water,
25 it is necessary to promote transfer of as much hydrate to the
upper part of the dissociation and heat exchange chamber 350 as

possible; to hold hydrate as high in the dissociation and heat
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10 362, as indicated schematically in Fig. 9. Additionally, hydrate slurry
bei ng purrped fromthe sunp is injected into the dissociation chanber at

372, where | e placed within special fluid separati gprRiQGas The
di ssoci at i OW%W%E exchange chanber is constructed w tﬁ nunber of

canted 15 separator shel ves 380 which extend fromone end of the chanber
to the other, as well as fromone side of the chanber to the other. The

canted nat upg.pf &J@ﬁﬂﬁé%%oal 'sO%SHBied‘ﬁH%ﬁ ai$3bkPg: Y&Y s £Rafi Nk and

t he Iighter Fesh water to rise wthin and between the shel ves, thereby

m ni m zi ng &Y ehdlidsy hgadate Xish@orPl&te ;S ahidnto aredpf fnﬁﬁmg\la&iel’theThEeﬁepar at or
shel ves 380 are canted in that they slope dowmward, both from one end of

t he chanber wabter tgmdochdrbyusliwsbkiasidr @mdobiee Jicde eélime wdsddbel to the
other. The separator shelves have pass-through apertures 382 which allow
t he denser, W3be¥ @ Rafdpinyn.si FRenFeMiivurReiey ffetgnditireiztipasandiense,

fresh ter torise wthin hesstemt .t he 0 ecanber asthe
hydrate di sBBRY aet’ﬁzg‘af‘ﬁ?oclf SFr ggﬁwm i9fd 59531591 EO g‘@c 1\f%

PCT/ US00/ 13g§£ec,frv%§h water, which is cooled due to the cooli ng b| as
created by t renoval of warmresidual water as described above in

connection W th fheapesthiag! ¥hBUgyS Kt Ay BlidychcSTBOdE RN tSurrySrigimyed as
at 384 and may be used for cooling as well as for 5 potable water. "G ay"

wat er -and sahtowgghr ebeddesalrimaténnvéchduionatliowenlpont emresesofthe hehdntadr
exchange and di ssoci ati on chanber 350, as at 386 and 388, and are handl ed
as descri beds a#0\#60j Aftendeingt 8kyexfec Aateextily @& 93%&5'-575&1%1 RoHEiare

embod PNt S158; U snaflled SRl BYe1S, V28 kL o1 REIG LY pIUSt 1T @

hydrate slurry being pumped from the sump is injected into the
dissociation chamber at 372, where it may be placed within
special fluid separation devices. 'The dissociation and heat
exchange chamber is constructed with a number of canted

15 separator shelves 380 which extend from one end of the chamber
to the other, as well as from one side of the chamber to the
other. The canted nature of the shelves allows the denser
saline water to sink and the lighter fresh water to rise within
and between the shelves, thereby minimizing turbidity and mixing

20 of saline and fresh water. The separator shelves 380 are canted
in that they slope downward, both from one end of the chamber to
the other as well as from one side of the chamber to the other.
The separator shelves have pass-through apertures 382 which
allow the denser, saline water to sink within the system and the

25 less dense, fresh water to rise within the system to the top of
the chamber as the hydrate dissociates into the fresh water and

gas.
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10 and the saline residue may be recycled back as input into the base of
t he desalination fractionation colunm. As an alternative to gaseous carbon
di oxi de, I{lg]lq' rbon dioxide can be used to form assi g;cqﬁ,gwgg&ncy
hydrate. Al 1@4«8€e| atively shall ow depths appropriate to.the tformation of
15 hydrate for separation of fresh water, liquid carbon dioxide.is nore
buoyant than seawater (although not as buoyant as gaseous carbon di oxi de.)

By injecting |igedsh wacdon wihiieki de coonea ahid ¢al kie i sBLigaRRIEr, a

resul tant nmeshwork of hydrate and I|iquid carbon dioxide is formed which is
positivel y clraayshtby £Be Timmavedhebrdarmmsssiduall waser sgrorieanebhbsd yabagsea Whol e
i medi ately wupon formng and will behave essentially the sane as a hydrate

meshwor k f 8RnBeRFacsAPl aiddusheaPPOITidpbXiRieYaRE kydisdre ¢mbeiieentisydr at e.
(Advant ages of liquid car di oxi de over seous carbon 25 dioxi de stem
fromthe fagt r?’??é'ggoﬁ%egi ﬁ’%qcﬁ?‘gd?‘?ydf’ﬁx’i’%eéjgi%gr ERMp s 88d¥ett acafiobe.
transpgorte e dep Wit ssign S, . njecting
l'i qui dg)car gg%&d&oglggérét ?%%’V\O %%38@%%%%&8%%&%@2 ﬁ‘ép _ s':l 51:0_ ive
hundred Metghér YorkRés -of Wak! hdel @Wchiityd iagli GUSsociatiSnPOSMae Wi t hout
the need for deep, in-line punps. Mreover, deeper (i.e., higher pressure)
i njection 0850) iaguiatl 3%@mrdmoin 388 pxardie avke | hanpiledDaée desscribapi sbateyshal | i zati on
and 5 growth of the hydrate crystal s.% Wien |iquid carbon dioxide is used
to form asshsteamtestcdfarkdy R9#tetvelydpiaeicabydrats sebrpirentsvekydvi ol ent

b the_unhydrated || di oxi de, t d.within th hwor k
ot oduces | BFGE PHPEAY G LAPRCICARBRI I GRE SR g InfRE LhsaeLond

10 and the saline residue may be recycled back as input into the
base of the desalination fractionation column.

As an alternative to gaseous carbon dioxide, liquid carbon
dioxide can be used to form assisted buoyancy hydrate. At the
relatively shallow depths appropriate to the formation of

15 hydrate for separation of fresh water, liquid carbon dioxide is
more buoyant than seawater (although not as buoyant as gaseous
carbon dioxide.) By injecting liquid carbon dioxide
energetically into seawater, a resultant meshwork of hydrate and
liquid carbon dioxide is formed which is positively buoyant.

20 The meshwork mass will rise spontaneously as a whole immediately
upon forming and will behave essentially the same as a hydrate
meshwork formed from gaseous carbon dioxide and carbon dioxide
hydrate.

(Advantages of liquid carbon dioxide over gaseous carbon

25 dioxide stem from the fact that once the carbon dioxide is
compressed, it can be transported to deeper depths without

further compression. Thus, injecting ligquid carbon dioxide at
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10 rises above the liquidus. Thus, in addition to the carbon dioxide gas
rel eased by dissociation of the hydrate (which occurs above the carbon

di oxi de |iquidus), the extra gas produced by conversion of the liquid

car bon di oxiweor@ossaseous carbon di oxi de has the potenti alPGTAISEBAR506
significant turbulence 15 and m xi ng. Therefore, flow of the hydrate should
be controlled such that it enters the dissociation section while stil

within therft] drat e, sgabi [ tﬁ field in order to preclude significant
di ssoci atio Se OF b1 HUAMPRREE MASeE S aPT S5 e Wit Bedpyi Blae  Hawides

slurry. 20 Addi.ti 0 Loxide liquid..s used to form
assi st ed buoyaﬁ%ygﬁg%j%%%eemgé§%€%%uBag%e§%%f§ﬁpf o AN E% PFRI dual fluid to
alter its st@rRobergagedpice (10 hyduhbs PaSssdrefeinflRQMELt BE {4 filidus
pressure depth, but while the hydrall:ge remaisns Ztab e. Tﬁi S V\Hﬁqﬂrdgduce

t ur bul ence amctbenxidhoxidewil hepradmthydesy erddidakkystlilnseat adesand deal |y,
resi dual saline water should be replaced by fresh water before the hydrate
rises ifAto tarev§hsostHis adydonts awysthda.) - 35 WO 01/ 04056 PGI/ USOOn3506

the dissociation_area of the carbon dioxide hydrate phase diagram (Fig.
11). This can bewﬁ‘érég)rfpﬂ‘ilgh'éﬂrw A3oriRe i {7 asedate 95 aesiwedoi nt s

al ternatingly, 255%%43%%%8%%%"51:9' e . residual,. or .int erfti tial water
10 . .
renoval sections, as US rated S Ei Y CPEPIFAtoidr ViRteRt Beraupe i d
repoval sectin@nuAflyd:Fit@d 21qhss CARBLA USiSd RS talpddd bRtk '%é%%!ﬁ%?ﬁo‘c
fresh water injection subsections 412 and fluid renoval subsections 414
const r uct ed pasdsbesviLanyecvbhetes-og. caritdn Higxide Jddiewhenefnd mixelirgéenovi ng
the interstitial saline fluid include additional
© 10 rises above the liguidus. Thus, in addition to the carbon
dioxide gas released by dissociation of the hydrate (which
occurs above the carbon dioxide liquidus), the extra gas
produced by conversion of the liquid carbon dioxide to gaseous
carbon dioxide has the potential to cause significant turbulence
15 and mixing. Therefore, flow of the hydrate should be controlled
such that it enters the dissociation section while still within
the hydrate stability field in order to preclude significant
dissociation while residual interstitial saline water remains in
the slurry.
20 Additionally, where carbon dioxide liquid is used to form
assisted buoyancy hydrate, care should be taken to allow
residual fluid to alter its state to gas once the hydrate has
risen above the liquidus pressure depth, but while the hydrate
remains stable. This will reduce turbulence and mixing when the
25 hydrate finally dissociates.

Ideally, residual saline water should be replaced by fresh

water before the hydrate rises into the gas-stable zone and then
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10 heat renoval; washing of the slurry (,.e., renoval of pollutants or
adhering ions or particulate material fromthe surface of the hydrate
crystals) kd replacenent; and direct renoval of sgl4 | rstitial
wat er fror#pﬁge’ ﬂ)k/gr ate slurry and dilution or repl acene%?rg’?‘"{lﬁg&ori gi nal
saline interstitial fluid 15 produced by the process of hydrate formation.
Al t hough washing of interstitial water is strongly reconmmended for the
slurry m xéne Qi8kotidblich aaedBE dhexiskboandiokfddayadheigiasiydrate -- as
wel |l as for any hydrate being used for water purification, where possible
-- SO as tdiagramni(Eiy.2010 ur brhiencen dpel aticompbistidd mbibabmmattigiehe i qui d
carbon dioxide converting to gaseous carbon dioxide, washing the slurry
and f | ushf3@¢Ts aRrd eetian BPARLY iddlter1at i dlep B¥FHRABEF WS Swlpipie de
benefits for .any.positively. buqgyant hydrate-based or assisted buoyancy
hydr at e- bReSd CEP8 B iR BRT AT FAFST 1 TPREEL e FoES 255 Rl dBSERREHLr 1 esh
or gray) f thes4di ssqQclaf ti IR d . slyrry_wll renove
addi t?onalfrﬁerpelltﬁ'f%%'m ?ﬁeb%%{r)&tozggét t glégﬁegét}l%n‘%xt lg”l%tt'@lsog'l HﬁeYFJFﬂ erstitial
water is fljughedohstrictd8 3 1404056t LRINER506 rid, hydeate slurry.
Moreover,.:: multiple residual water flushings w1l ensure greater fresh
wat er pr odugieconon Anbisketiemhddiznemd H30doterowids ahbsexttimnsf #a¢ti onati on
"colum" which is configured to utilize negatively buoyant 5 hydrate and
whi ch faciqoanghresteadgsr ahewh 18 e%h’éemfdﬂatg eh&Figest dudibesbanefits i s

illustrated in Figs. F1‘3 and 14 . The "col ugq; ]S _C néi%?,as an
asymetri & ﬁglg?n‘é%’e%t ﬁs{’rgﬁrgt%il‘éﬁ?l SAt-LR ‘H‘s‘# %PSBIS T MY a seawat er
i nput ocopl(ﬂé!ag fdfoval; PUSKAIE SEOLNBRI10R-@NEL GAL CRRNI 398 dhithesand a
resi aue ul o
or adhering ions or particulaté material from the surface of the
hydrate crystals) by fluid replacement; and direct removal of
saline interstitial water from the hydrate slurry and dilution
or replacement of the original saline interstitial fluid
15 produced by the process of hydrate formation.

Although washing of interstitial water is strongly

recommended for the slurry mixture of liquid carbon dioxide and

carbon dioxide hydrate —-- as well as for any hydrate being used
for water purification, where possible -- so as to minimize
20 turbulence and mixing attributable to the liquid carbon dioxide

converting to gaseous carbon dioxidé, washipg the slurry and
flushing saline interstitial fluid therefrom would also provide
benefits for any positively buqyant.hydrate—based or assisted
buoyancy hydrate-based system. In particular, injecting cold
25 water (either fresh or gray) from the dissociation section into
the hydrate slurry will remove additional heat from the hydrate

at the same time that saline interstitial water is flushed from
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10 riser conduit 436. As in previous enbodi ments, the seawater i nput
conduit passes through a dissociation and heat exchange regi on 438 whi ch,

in this enbdi is configured especially as a hydrategs sin."
As in the ngVﬁEH%‘enbodinents, the input water is passedp?ﬁ?%@gﬁathe
di ssoci ati on/ heat exchange 15 catch basin 438 in heat exchanging

relationship with dissociating hydrate in order to chill the input

seanat er. TPge ifjithe 8 CNMAS. | RoPRET: hR1¢10 P3e81440 Qfadkhescolpy

where it turns and flows upward and | aterally through el bow portion 442
bef ore ent ewing dnBarbygitedtef Grasth iviteangredictioaunp 20 434. Negati vel y
buoyant hydrate-forming liquid or gas is injected into the input seawater
in the hydrate Pocther smtzpddmentt T odnp desadimatidkafrsac@4bnbbion i quefyi ng
certain gases are_ provided; residual fluid can be used in a heat exchanger
457 to proVFdemBsorhieh ficr CPRELFIRATetPcat i dFeprEgatively puereron of 25 the
gas or Jiqujd,is contralled_such, that hydrate forpation is conplete (in
cont rasgt toi’Y‘?f@%ﬁpF%%e&lé:gl ifﬁcf‘gJet%a?es a’fanté‘c’"pf’g‘\i?kb%&%?raégc? bed,

assi sted bupya egbqell PR h; 5 0. 56 / US00/ 13506
that all ga§¥?§ﬁﬁ%iIize&¥%ga%o%%¥%vﬁ?ggg.u%ﬁgzﬁéggéiééfég'bugggnt hydr at e
settles to thadrart osn@indibareat 4 sauapyfiabrids vtheduadnakeasaidilgs, it

di spl aces the residual seawater, which is warnmed by the heat |iberated
duri ng hydrétielf epnaisten prifherbly edfi duatawssmatieput hamefudtedd2 ses buoyantly
through residue. fluid riser conduit 436, and it is punped out of the
system to h¥RsFe Fematinn apdatarch S8BP | TRPUSPad3fn are asyssidneaafliupdt he

previ due!Y AR LBRd AMAY. AL Sin THELLALS RLLORIR PUndNge SE1L N0 O the
input conduit passes through a dissociation and heat exchange
region 438 which, in this embodiment, is configured especially
as a hydrate "catch basin." As in the previous embodiments, the
input water is passed through the aissociation/heat exchange
15 catch basin 438 in heat exchanging relationship with
dissociating hydrate in order to chill the input seawater.

The input seawater is pumped to the base 440 of the column,
where it turns and flows upward and laterally through elbow
portion 442 before entering the hydrate formation and catch sump

20 434. Negatively buoyant hydrate-forming liquid or gas is
injected into the input seawater in the hydrate formation and
catch sump at 444. (Means 945 for liquefying certain gases are
provided; residual fluid can be used in a heat exchanger 457 to
provide cooling for the liquefication process.) 1Injection of

25 the gas or liquid is controlled such that hydrate formation is

complete (in contrast to incomplete, as in the case of the

previously described, assisted buoyancy embodiment), i.e., such
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10 controlled such that it "packs" down to the point of being grain
supported. Mechanical --apparatus such as a vibration tray is |ocated on

the slopin ofullﬂ 439 of the settling portion of the hyQJcghrpsRssdual
fluid chanper This concentrates the hydrate and m nimzes residual

fluid remaining so that the 15 hydrate can be punped rapidly, as a slurry,
fromthe base of the sunp up into the dissociation/heat exchange catch

basin 438 \har $1UGa¥% @yrm&mzeenéyiéorﬂl4ﬁyd£rﬁ%.hy@lﬁ@t&g§w(rﬁy i's punped to
the dissociation/heat exchange catch basin 438 at a rate t al is

general |y basysit tHydiratbesetaflesato WhieC bopos tdfvehy ivapagtmgO0q43y.dr agses
rises in the previously described enbodi nents. Decreasing the tine

requi red t sherbydsfage shttlgadr dtedisphmcelethd gegintiaoh seayrbar( wWieed it is at
its maximum stabiljty) to the _dissociation region (where it is at its

mi ni mum st &6i Y3RPAE BYstre Petkat 1ReTtes: Err i BERERh formeREchy dTae wi l |

di ssociate__25,rel i i L0 the catch basin...This,reduces the anount
of *° i ng ool Aeaiitet SrfleRld 2588 SRR b, ERUERG,

propor tione@fiid 838 \eS£duithabeCathd @l 86 Pimbed: 0ut3S VPh@1L PAQR0 ¢

PCT/ US00/ 13506 Punped hydrate slurry arrives in the dissoclati on?heat
exchange baendvd meatCant etrierates dowlingi bind iht tee Bistemhas id rher gr anul ar
saline water present. Care is taken to allow the saline water to separate
downwar d apdevficashywdesrripsdaerbediments. 5 there-is a mni num of m xi ng.

This is achi eved b¥ EI acj ng a slurry holder and fluid segar'at or tank in
the upper part ‘0f FAt® 2f SEEBAEDAPHeSRtEiRHaRG RN BHBER IS This al | ows

o o TS LA BT CR! B AR08 D LA BLTEE 52,8 BLas o
' supported. Mechanical-apparatus such as a vibration tray is

located on the sloping floor 439 of the settling portion of the
hydrate-residual fluid chamber 434. This concentrates the
hydrate and minimizes residual fluid remaining so that the

15 hydrate can be pumped rapidly, as a slurry, from the base of the
sump up into the dissociation/heat exchange catch basin 438 via
slurry pumping conduit 446. The hydrate slurry is pumped to the:
dissociation/heat exchange catch basin 438 at a rate that is
generally faster than the rate at which positively buoyant

20 hydrates rises in the previously described embodiments.
Decreasing the time required to transfer the hydrate from the .
formation region (where it is at its maximum stability) to the
dissociation region (where it is at its minimum stability)
ensures that a greater proportion of the hydrate will dissociate

25 relatively high in the catch basin. This reduces the amount of

mixing of fresh and residue water and increases the relative

proportion of fresh water that can be recovered.
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10 the dissociation chanber 438, in which the slurry holder and fluid
separator tank is placed, without mxing with fresh water. A preferred
slurry holder and fluid separator consi'sts of a fixed, w de; (Dfsgu

upwar dl y opgﬁof"é%ﬁé‘sor tanks 450 (Fig. 14) that receive thg’ hy Pa e 6sI urry
from above. Each tank holds the 15 negatively buoyant hydrate fromthe
hydrate slurry transfer system 446 and prevents it from sinking toward the

base of the di Siﬁ%%%gio r)%g?a err43§rﬁi'l"l;[aes Q%dEﬁéedlng«s%%gxsién el i vered by

pi pes 448 to a nu Spreaders consistin ane}silea(t)-‘r rotating

vanes desi gngdnbAgli SIS ant RecdiRAULM eVl 61805 i 40 THE-dOGALI Vel Y
buoyant hydrate séparates while falling to a screen shelf 470 in the tank.

Thi s al | ows imdlergeandler sa@isé Matethpoeggnht.he caee ebn takehfratalillo Bage of
the circulating input water intercooler system 474, which transfers heat
fromthe i mgdinpavater 3o Herafiateodrunwany iapdr freshnmdtesedsvadte socochet 25
wat er downward to be treated. A nunber of residual water delivery pipes 475

ext end >dowtREFE 7 AnHRETPERE FR*ERPs STRES ¢ ShaFRisTgdt BRkelafinghaal | ows -
39 WO 01/ 04Q P 06, ... i i to fl tQt f
sﬁ@x g;r {:cchlloeg.{ é}?ﬁg Plu:{llﬁggé\g%aéoaé Itg%k\gﬁ%?trhe %Rge:g V‘;’)ar% g?ejfﬁ%:,e 0

the vessel W tho i ng er surro i hg these "pipes:

even when g sbELst Whek e Sdkdnaag¥atinddit @kbaceriis hoeafL£dren the vessel
bel ow the slurry holding tank, no m xi ng occurs between the 5 residue water

pur ged fromnegabiveiioyahchyitidiaeestiisgocid@iatseo tdkeappdysisalchgaepar ati on.
The.main interface 477 (dashed line) between fresh and saline water w ||
be | ocat ed sekbnbderatarhds dolisteregdate asfd chdldetsdai &heoldwrapaekchéinge

chanber 438, where saline water naturally collects below fresh due to
densit}o the dissociation chamber 438, in which the slurry holder and

- fluid separator tank is placed, without mixing with fresh water.
A preferred slurry holder and fluid separator consists of a
fixed, wide-mouthed, upwardly open tank or tanks 450 (Fig. 14)
that receive the hydrate slurry from above. ‘Each tank holds the
15 negatively buoyant hydrate from the hydrate slurry transfer
system 446 and prevents it from sinking toward the base of the
dissociation chamber 438. The hydrate slurry is delivered by
pipes 448 to a number of hydrate spreaders consisting of vanes
or rotating vanes designed to disperse the granular hydrate 468.
20 The negatively buoyant hydrate separates while falling to a
screen shelf 470 in the tank. This allows saline water to sink
through the screen shelf at the base of the circulating input
water intercooler system 474, which transfers heat from the
input water to the dissociating hydrate and feeds the cooled
25 water downward to be treated.
A number of residual water delivery pipes 475 extend

downward from the base of this slurry holding tank, which allows
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10 differences. Saline water is renoved at the base of the chanber 480,
and provision is also nmade for gray water renpval as at 482. Miltiple
slurry hol gl dsgdgks nmay be placed within.a given di ssochainéa/iieat
exchange chanber so that the flow of hydrate 15 slurry can be rapid enough
to prevent clogging or freezing up of any one tank. Circul ating input water
may be passed first through one slurry holding tank and then through

anot her to nddvied 2£1 {RTREESE WS 06wl £ thePbise\@ifekhaSvedsAXignddlte
di ssoci ati on/ heat exchange chanmber. 20 Al fluids will find their relative

posi ti ons atictudbigg tthe water alurroopdingy tbes¢ lpipegh aThuCeyenoithen
fractionation. Al internal piping in the vessel can be fabricated from
i nexpensi veehepEaeEh vaderobmbinapEeF atnterfhipce gt Hegabed firyithesepsssdt i on may

A L B i
01104056 ngs%‘?é’/dﬂ‘}ﬁ uP%&{ GBR! Yach NGpit UWe %yRYIPL NG %‘%gdgééa kO 1S
constructed as a vari abre Vol une pi pe, i'h order {0 permt perrodic punping

of hydrat e of hhewrsitahOoBeprdtienhy did aalif Sfldrr@cor 1M ViRadR¥@! tines! OWM Y.
Such a variabl e volune pipe can be fabricated 5 relatively easily by

i nserting &etheen Kresh| aed salinki watdre widl e \opabpd ngprewhdne tthed6 ar ound
which fluid can flood when the pressure within the liner is reduced. The

inj ection pOFAT PBKE 6f Phe dipdrsiaticn/heay eicharge orhambes, 438, \wherebe
noted, is poziti O”a‘?;% abover tl:ie baﬁeec%fs ggfowi()fr%g ugm, z*__40 so that in the
event of i AGOMPT S5SAy AP R &r KBTS © demsity

10 differences. Saiine water is removed at the base of the chamber
480, and provision is also made for gray water removal as at
482. _ |

Multiple slurry holding tanks may be placed within a given
dissociation/heat exchange chamber so that the flow of hydrate

15 slurry can be rapid enough to prevent clogging or freezing up of -
any one tank. Circulating inpﬁt water may be passed first
through one slurry holding tank and then through another to
minimize temperature of the input water as it exits the
dissociation/heat exchange chamber.

20 All fluids wili find their relative positions according to
natural buoyancy or through a process of fractionation. All
internal piping in the vessel Ean be fabricated from inexpensive
plastic or other material. This method of fluid separation may
also be installed in the disso;iation/heat exchange section of

25 the assisted buoyancy and pumped sump embodiment shown in Fig.

8.
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(which would result in the formation of assisted buoyancy hydrate), any
excess gas which does not formhydrate (along with assisted buoyancy

hydrate) wi i up the residue fluid riser conduit 436. ittle
hydrate wil M%@@%%g with gas up the 15 residue fluid riser ng)né?ﬁ'?hfkdzfses, and

any such hydrate will have dissociated prior to arriving at the top of the
residue riser section. Therefore, the anmount of fresh water "lost" by

bei ng transport gdebyrabish BMErSi Y blmPehdricBhaRt ¢ Jﬁcq&eexngér&é_le}gabefresh

water is not feasible; and accordingly no connection is 20 provi t ween
t he output afs Bheatbshldueoflme cbipeseincordls to gefmitNgelri6dic pumpin

di ssoci ati on/ heat exchange catch basin 438.) For proper operation of this
enbodi ment, 98 bxdrate widhopd| allojich &be duketectorsetdieubd meveispdatd keep
the rate of flow of fluid through the system|ow enough to keep solid

hydr ate frorfito75Y bei Hfhs ReprrigPkhdoLeRe Ri®ef Fan ke ikebricahedi t 436.

Furt her gore he.design of the .hydrate forymation and catch sunp. 434, as
SLAgvER %as“"&%fb’f hlerysre gf*ﬁ%ea fﬁgf‘abf‘? ssgreelff Wi L /8056

wel | as>t he T°30&t por t1 on

PCT/ US00/ 13 OS\eiH 3 desi : On f A6l 4 €e1 "
separation %}Ei@r%: e hyé'trngt gbl?%%n ?%g ?g%%gh??ﬁi%ﬁhgctg%%dﬂ\%ﬁ%teﬁet Pydr ate

formati on apdeesitd wHithn4BKe 15 deskgneshde@di npart lateral novenent to the
residue fluid as well as to permt upward 5 novenent thereof. This causes

t he hydrat e/ r esithee iffljection xtaing 446 ao\uhe hydrasld-fowmnlhg al irgelidt byel y
smal I upward conponent, which facilitates settling out of the hydrate and
which is in928onth 3€tllt Bet PREGIedSoRSitivasd  abrste dhsobRrPemE thehi ch

P et S8, R I LS8! i PR e SETALRLLY 20
(which would result in the formation of assisted buoyancy
hydrate), any excess gas which does not form hydrate (along with
assisted buoyancy hydrate) will rise up the residue fluid riser
conduit 436. (Very little hydrate will escape with gas up the

15 residue fluid riser conduit 436, and any such hydrate will have
dissociated prior to arriving at the top of the residue riser
section. Therefore, the amount of fresh water "lost" by being
transported by such hydrate will be minimal; recovery of that
fresh water is not feasible; and accordingly no connection is

20 provided between the output of the residue fluid riser conduit
436 and the dissociation/heat exchange catch basin 438.)

For proper operation of this embodiment, flow rate controls
such as constrictors should be used to keep the rate of flow of
fluid through the system low enough to keep solid hydrate from

25 being swept up the residue fluid riser conduit 436.
Furthermore, the design of the hydrate formation and catch sump

434, as well as the lower portion of the residue fluid riser
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characteristics. In the enmbodi nents described thus far, the weight of the
colum. of water creates the pressures required for hydrate formation. In

these enbo m the m ni mum pressure depth at 15 whi chpbydémhSsosS St abl e
is far gre(ﬁ'er 4ﬁs‘an at sea level, where the pressure is one atnosphere.

Accordingly, the hydrate begins to dissociate at relatively el evated
pressures. Various ones of the embodi ments described above may be nodified

so as to colaoﬁaaié h%htah@ammegagﬁé& ec%segciimtteheclg&-mg §£§Tﬁ!}ﬁ g0

capture the rel eased gas at the region of the fractionation columm where

t he di ssoci ahkohyditas fpbmathe Fashire fihad. atadcbedioglygf thBehgdtdtan
(surface |l evel; one atnosphere anbient pressure), wth certain resultant
advant ages. fppmapian apd| eatcly shupi4d ys| degfgned| baebueirthydtetak f or mi ng
gases 25 and gas m xtures are required to desalinate |arge vol unes of

wat er. Ther BPEement; fo; fhe gesifdue Siitigh a8 wello@aste PHitr 8PWa¥d ecti on, and
stored Il e maintali vat ed pLessunes 42 WO 01/

5
oCT bachy 1 BEEnat” REEe B PRRYE | it BRe IR R At S ratatis P mixgure
di ssoci ate) ¢ fdie QIR QS WIBR 5@1a@y§él){)%mg§ﬂd\hﬁgrw hgmgﬁr ch small er

than would be the case if the gas were allowed to expan y’as it

ri ses to thenseh fracelnestqy essul inglo@pSof Cthal WPapHEY iaqd bhieklifly apal |y, if
the hydrate-form ng gas is kept pressurized, raising its pressure to the
pressure reqertrafti bp thy revéensly demeriheadr ambodinentsg wkith @rovedeires
far | ess reconpression of the gas _and hence is |ess costly. A preferred
enbodi ment BYYF |Vr?r\RAHFW36|°§%BEF%H i e ¥pRent 18hat; Jsu FeMRAR b6 ¥ssi ng are

cont ro{d ed égrbai% ta(r)xdbe!ucel\tml-xagé poorer settling and separation
characteristics.

In the embodiments described thus far, the weight of the
column of water creates the pressures required for hydrate
formation. In these embodiments, the minimum pressure depth at

15 which hydrate is stable is far greater than at sea level, where
the pressure is one atmosphere. Accordingly, the hydrate begins
to dissociate at relatively elevated pressures.

Various ones of the embodiments described above may be
modified so as to collect the fresh water released from the

20 hydrate and to capture the released gas at the region of the
fractionation column where the dissociation takes place, rather
than at the top of the column (surface level; one atmosphere
ambient pressure)}, with certain resultant advantages. In
particular, relatively large volumes of hydrate-forming gases

25 and gas mixtures are required to desalinate large volumes of
water. Therefore, if the gas is captured, processed for re-

injection, and stored while maintained at elevated pressures
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el evated pressure is illustrated in Fig. 15. In this enbodinment, a
physi cal barrier 610 extends across the fractionation colum and bl ocks

t he upward ve of the hydrate slurry. The l.ocation o ier 610
VRO, chctpSolioht

depends on ability limts of the particular hydr
substance wused, but will be above the region of hydrate stability (i.e.,
at | esser pressure-depth). As the hydrate dissociates, the released gas

forns a pocket_ at .t n €5 S g C d processing system
626wy | o S ot e Bredhents e e RTa- LR REGLY: I RS ERERN S

at nospher e gnl fQQmBr 884U that TAEStIBS RARERSS Wil 1 SHS rRfPh0 2Ra PRy GRALAI N
nmeans for liquefying certain gases.) The gas is processed and re-injected

into the Iwalrlat def bhantdsenifethd aas6i8rataBiziveldntd hexpamde fABIWESs a% | N

the previously described enbodi nents, except the gas systemis 25

mai nt ai ned &isesooi Hee apinfanpegird PFeESBOE cdropse thyatrasphdirssoci at i on

secti og 630 extends_ downward to  sonme particul ar depth determ ned by the
I

particdl ar ARFGtaLE2I1%a 15BN 1M FGEE - BRI FPE3 5B Sk e Rt PRERGE FiEeDei ng
d. B . : i i,at "controlled,”. el evated
use ecat&ﬁag.sélggs gg?;ﬂe%squSPC-!t%ee%rg%'Qﬂe reéggreré) 48 F.Pg,ee?@/ogu S‘I“OV\A y

pressure, on reaction proc gener a

than in thambayardescidhadgesadione Rl §ui Ad e +ak0L &5 tﬁ%oﬂﬁfés&&}ﬂ%gg?r 632
present in the 5 dissociation/heat exchanger section (as described in
connecti on the ghspardilgneecidaksserbstlys designed to accommpdate the
particular, slower reaction rates. Input water 634 is passed through the
di ssoci at i on/ heét PEsEsrntgeenrrdinent AOGckn whichadiggocig8ommmhd gaisnj ect ed
into the base of the_ desalination 10 fractionation colunn at 636, as in
previ&ﬂsI)!9$€§8FFb%QF processing are controlled so as to be kept at
elevated pressure is illustrated in Fig. 15. 1In this
embodiment, a physical barrier 610 extends across the
fractionation column and blocks the upward movement of the
hydrate slurry. The location of the barrier 610 depends on the
15 stability limits of the particular hydrate-forming substance
used, but will be above the region of hydrate stability (i.e,,
at lesser pressure-depth). As the hydrate dissociates, the
released gas forms a pocket at trap 620 and enters a gas
recovery and processing system 626 while still at a pressure
20 depth considerably greater than one atmosphere surface pressure.
(The gas processing system 626 may contain means for liquefying
certain gases.) The gas is processed and re-injected into the
hydrate formation section 628 at 629 in the same manner as in
the previously described embodiments, except the gas system is
25 maintained at considerably higher pressure.

The hydrate dissociation section 630 extends downward to

some particular depth determined by the particular hydrate-
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enbodi nents. One or nore fresh water bypass pipes 640 comunicate with the
di ssociation region at a point 641 | ocated above the fresh water/saline

wat er i nt e?\f@‘ﬁg“@ 4 but bel ow the upper boundary 15 . 648 gdrnidagniswgr at e
stability field. The pipe(s) 640, which are screened or otherw se

configured to prevent hydrate from entering them deliver fresh water
rel eased fromthe hydrate to fresh water accunul ation region 666.. A gray

wat er returfofifg gHSbedlnhoubedlenBeEaus® theSAYAIR JHAY Y Mest AndéOW back
~down into 20 the saline .fluid below the fresh water/saline water interface

644. More htgpntyoddéd e elevatedipraasere artdtodismygdaitieh yrednrdpantiliydr at e
is drawn fromthe sunp 654 and processed or renpved as at 658, as in
previ ousl y RESSEPRLEW WIRLSYi ARTR Slovbytihan Lrethe ikoZp-dewribefl whi ch may be

i or St 1 PERHPHEE o RP AR s EFF A S BBURNR SERGRFASEAEe B EhRn of  at
660, near 4o OLCAOARS0 BEHIISAD JGM6n U c0hed I Ligheveler

accurrul ati on region and we above t ysi ca arrier

cont enpl at ag thhptedivuspbyBodiatertal I i £/de@lBned & fakeshmoddecithand gray water
return pipes 640, 650, and the heat 5 exchanger in the dissociation/heat
exchange saexrtoénubdf) mApwbe reamtiipgurawssucinputatwatbei §344dsi pagsesd can be
varied, thereby permtting different hydrate-formng |iquids, gases, or
gas m xt urtdsopgh e, ddgseriationdhptt isxshargaitsesiiothin fippsi exshanserr i er
610 and heasﬁ?&exch ust abl g, .10 whereas a series

a

of bypass pag ?%%%P%nggg%éf%%o\égéé ;P%\a?:elnéf atgief PEPARTPAHICSt | ocati ons can
be pr@ﬁiCkﬂ¥r§@gi5H§¥T%q ééﬁhﬁﬂ Q§e€36, as in previously described
embodiments.

One or more fresh water bypass pipes 640 communicate with
the dissociation region at a point 641 located above the fresh
water/saline water interface 644 but below the upper boundary

15 .648 of the hydrate stability field. The pipe(s) 640, which are
screened or otherwise configured to prevent hydrate from
entering them, deliver fresh water released from the hydrate to
fresh water accumulation region 666. A gray water return pipe
650 allows denser, more saline gray water to flow back down into

20 the saline fluid below the fresh water/saline water interface
644. More highly saline résidual water and/or negatively
buoyant hydrate is drawn from the sump 654 and processed or
removed as at 658, as in previously described embodiments.
Output fresh water, some of which may be returned to the fluid

25 removal section for purposes of washing interstitial saline

water as described above (not shown), is drawn off at 660, near
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remotely using suitable inlet and outlet valves. In this manner, changing
fromone hydrate-form ng substance to another can be effected very quickly

and conveniently. 15 By holding and fuily processing for reini t he
hydr at e-f or ﬁ’(?]&‘y‘ﬁgsg while it is still under pressure, consicg;eursg *jé:,@{'
econom es of operation can be achieved. The variation in the pressure of
the liquid or gas, fromthat required for formation of the hydrate down to

that at whi cfy2Q b 68N MGl shSwi&l La3etni IAThh e LYl &t afandf kept to a

mnimum This, inturn, mnimzes.the energy cost associ at punpi ng
t he capt ur edaduw@dr ahe-pysicag pasridroweabove the di ssoci ation/ heat exchange
section back down to the hydrate- form ng section at the base of the

appar at us, parti éal as|goritempdatéed cdrhatgthdpHysdtal hearriger 620t ageanifyesht he
greatest change of pressure in a hydraulic colum (such as any of the
above- descriaféd 8RBoKIeREPTt BKEYpPAReS 440y hESUp it Fbet heds of the - 45
WO. 01/ 0%056 PCTI1 USOO 135t816 col unm.t,l\/breover, hhe . vol ume ofﬁéhe ygas to be
handl ed °( anE*REEIFHI HY ISt AES LR 1P hed Y AL RANTT i SRFTEGRI PRk ftavas
facility) i d e s e 1;gNLEL ernaf | not
shown) to t#eéngégk?g%%c{hogﬂgﬁgtm}# l%bt)%f%syfgés?%& a%lﬁ%gf g{é%{eeba'g t he
desal i nat i orpdrindetifgalirFe reft WRiratdRrHemisRAh eduidy] Ragss|rbzeshdy means
of an associated hydraulic standpipe, thereby causing pressures within the
appar at us nesixtuhes sty feecesed e thguseme cinistrdlabicopr eTher phydistaght of t he
st andpi pe. \Were the standgipe is inplemented in 10 tall structures (such
as adj acent BSFFREEF n@k0 f@4r heRk exRbeRprRAiARY PacTertifrllyepdivstableni gh

pressurngs C%,39§a§r£*§é¥1es of bypass and return pipes 640, 650 having

different inlet locations can be provided and opened and closed
remotely using suitable inlet and outlet valves. In this
manner, changing from one hydrate-forming substance to another
can be effected very quickly and conveniently.

15 : By holding and fully processing for re-injection the
hydrate-forming gas while it is still under pressure,

. considerable economies of operation can be achieved. The
variation in the pressure of the liquid or gas, from that
required for formation of the hydrate down to that at which

20 fresh water is released from the hydrate, can be kept to a
minimum. This, in turn, minimizes the energy cost associated
with pumping the captured hydrate-forming gas from above the
dissociation/heat exchange section back down to the hydrate-
forming section at the base of the apparatus, particularly

25 considering the fact that, percentagewise, the greatest change
of pressure in a hydraulic column (such as any of the above-

described embodiments) takes place in the upper portions of the
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in the topnost part of the dissociation/heat exchange section, which is at
ground level. In further enbodinents of the invention, the water may be 15
desal i nat ego%is ified in self-contained, nmechanically peressassssed

vessel s. Such enbodi nents offer a nunber of distinct advantages, including
the fact that the instaltlations can be of various sizes and shapes to suit
| ocal conditions, containnment constraints, and fresh water requirenents.
20 Mor eovercolumher amsebher pridiel oudhme dEsche bpds ¢nbbelihmiledaland rel ati vel y

| arge-scal e and therefore are of a fixed, permanent nature,

sel f - cont aiagedyrdingas the zekkee pfothengass hapdl ing periPmandnpedafacilitydture in
terns of their construction and thejr |ocation. |ndividual pressurized

i nstal | at | #Adlcaksobeup§autsd SEERIAFaPt Nl | spaces and produce fresh

wat er - ef fi ci ent%%’rﬁnr Sal\_(ggnila .Ivgwéxgé %%m Sygnhienggﬁfigqgagﬁﬁgg@&ﬁgﬁ?e with

fabricated at nanutfacturing facilrties and 1nsta

a 46 ;WO @1504P56 t'BQPHgﬁQLO 3506 #HdaeEs Bfatliefafradtiona @064 rdétfumhon,
which site mght be a uilding or even a ship or other nobile platform A
mechani cal lcknpbe Ssdaliedednd ateaklhat zeah byoméampuofdat cmameiapedi tivel y buoyant
hydrate to extract fresh water fromwater is 5 illustrated in Fig. 16.

| nput wat ehydsaplivmpstandplins e sharebe Fanpdny iRFSIEUpTLIYEPent 81 he operating
system pressure by punp 704. The vvatg);a ent,eri t.ge CE)[}_%%suri zed hydrate
formati on ARBATaEimPERToHPS SEEERCY 1P &8 RATERPAPLY , PARGSH SSui t abl e,

posi tively, buoyante hydr af 6. £ 9001 NGy SURSLANCE dndiph B 6 Qo @mefkdaniigCti on
point 712. f’f@%ns %f% for%1 |pqufy| ng certain gages are provided wnere this
is adygnt aQSQPSsEﬁcTtlagegeﬁéﬂcihnégiémjac_ent buildings near the -
desalination facility), relatively high pressures can be created
in the topmost part of the dissociation/heét exchange section,
which is at ground level.
In further embodiments of the invention, the water may be
15 desalinated or purified in self-contained, mechanically
pressurized vessels. Such embodiments offer a number of
distinct advantages, including the fact that the installations.
can be of various sizes and éhépes to suit local conditions,
containment constraints, and fresh water requirements.
20 Moreover, whereas the previously described embodiments are
relatively large-scale and therefore are of a fixed, permanent
nature, self-contained, pressurized embodiments can be more
temporary in nature in terms of their construction and their
location. 1Individual pressurized installations can occupy
25 relatively small spaces and produce fresh water efficiently,
even in low volumes. Such installations can be fabricated at

central manufacturing facilities and installed on site with a
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process.) Positively buoyant hydrate 714 spontaneously forns and rises
t hrough the residual water, as in previously described enbodinents, to the

top of the 710 where it accumul ates 15 and concent
buoyant hytﬁgﬁ’zﬂs’f‘urry i s subsequently admitted into tran{: er oa’%n%hﬁlashi ng

section 720, and then into the dissociation/heat exchange vessel 722.
(Flow of the hydrate slurry is regulated by valves 734.) Wile in the

Cransfer angs 2O U B8c2 SN oddlryidie oy dpi, MY, NE: gshiedaof the

residual, intergranular saline fluid using wat er tapped fromthe

fresh wat erooilidiilg 628evédrL shipno O heashobyrd @13@¥che. used to conpletely
flush residual fluid, although the nunber of washings w /| depend on the
ef fectiveness ofA s@shraicalivt bresgiriZzedf Lastaittiooncémbigirednyoviasey f or
different gases and gas m xtur esgand the nature of the crystalline
fraction of PRREFIvaLYr PYoyant byArakades exhsadhasiiion; nayebdnoncuateryis 47 WO
01/ 040556 PCT%USOO/ 3506 ,resifu:re i s nmaintained in the lQ‘idrate formation
and separat TONCVESTER TP 3dtPn (P YEERT atS SWPRE 2k BFaRgRTiRS sel 722

by pressureg %;’5 ; £ S§g§§@ier tgy?ﬁeer@e%gg%%%g% QL pggschurveﬁégll%myp and

nmovenent of romone vessel to't s contro varying

pressure antodisi Mpet BetéA-dritBesVele/ @ esditi-ddyoy¥at & o it iBACIhdave a
pressure punp 733 and a diaphragmor gas-fluid interface 736, which are

‘used to raisepar@tdonovessqlr §dguie warteeathpwessdl,. akd es diridabbef he vessel s
is controlled so that the h%;drate remains stable as hydrate until 10 it is
final |y colPetitdyedidbeerrenbrarake-formhnat oppsfanchels digestedtaon vessel

722. -E. S ifn}&éi¥é%ep £§¥n¥féte ﬂﬁéﬁﬁ%c%%gigﬁg liquefying certain gases
are provided where this is advantageous to the desalination
process.) Positively buoyant hydrate 714 spontaneously forms
‘and rises through the residual water, as in previously described
embodiments, to the top of the vessel 710 where it accumulates

15 and concentrates.

The buoyant hydrate slurry is subsequently admitted into
transfer and washing section 720, and then into the
dissociation/heat exchange vessel 722. (Flow of the hydrate
slurry is regulated by valves 734.) While in the transfer and

20 washing section 720, the hydrate may be washed of the residual,
intergranular saline fluid using fresh water 726 tapped from the
fresh water output 728. More than one wash cycle may be used to
completely flush residual fluid, although the number of washings
will depend on the effectiveness of separation through

25 fractionation (which may vary for different gases and gas
mixtures) and the nature of the crystalline fraction of the

slurry. In some cases, no washing may be necessary.
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will release considerable amunts of gas and therefore will cause ‘
undesi red m xi ng. Moreover, pressure conditions in the dissociation vessel

shoul d be gepipstissed to mnimze turbulence. 15 in the flpgrisGiRdsid Xt ure
and to pronote efficient separation of saline and-fresh water. The

di ssoci ati on and heat exchange vessel 722 may be constituted by a nunber
of linked, heat-exchanging-devices in a nunber of -different water

treat nent chanbpressubkeifaidiatashe®,in?@he hipirghtpuformitionWahd depend on the
overall system production rate which, in turn, will depend on the

t enper at ur éepératicon ypasel Wdleand tite thar dizadcdietipnlliedt gasharge gas m xture
used to form the hydrate, the rate at which heat can be rennved fromthe
system et ¥eSEPhct3% Rt PEFFSUEENRRIATCS FERST WFa APt Ie TaRyiPRE B2 and

re-use of the h‘y %g? forJnmoge ggt to???‘{)daf:e |gn%2§ﬁsssﬁgeaﬁr§ben heg in the

previously aescrl nbodi ren Fona1 T

li quefyi nglgyé&?éz%ﬁ@anwg,a%§né8pre\é&94/ &@iﬁlﬁgéﬂésqgtiifég%l%g be

absorbed and removed usi'ng heat” exchangers containing residue or saline
fluids. It7sal| e spptans asedeidmthavbea nedsanire apinp PBESswd izzed process
is inherently | ess continuous than the previously 5 described enbodi nents
and is essditphtdop erbeasiflpidcus=rfapect3ur ohiohtdre gpsterm imisentrol | ed
so as to sinmulate the pressure variation in the previously described
enbodi nent 304 thR¥er,BERFSHS BB ‘E?‘Té’at"éas?% prPé‘§§ﬁWF%e‘d‘ &h8 Ye558dSedSinto the

opPa ot pAIELESN BEORY B SRR AU LOUELER 0 RSl plRare e
pressiy i zegy enedih gy ScAAnQvtae aaacesaé@rsicratea at the top of the -
dissociation vessel 722. This is because premature dissociation
will release cbnsiderable amounts of gas and therefore will
cause undesired mixing. Moreover, pressure conditions in the
dissociation vessel should be controlled to minimize turbulence.
15 in the fluid-gas mixture and to promote efficient separation of
saline and fresh water.
The dissociation and heat exchange vessel 722 may be
constituted by a number of linked, heat-exchanging devices in a -
number of different water treatment chambers. The -actual size,
20 throughput, etc. will depend on the overall system production
rate which, in turn, will depend on the temperature of the input
water, the particular liquid, gas, or gas mixture used to form
the hydrate, the rate at which heat can be removed from the
system, etc. Fractionation, concentration, separation, drying,
25 and re-use of the hydrate-forming gas takes place in the same
manner as in the previously described embodiments.

Additionally, heat produced by liquefying hydrate-forming gas
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versatility in that pressures may be controlled to provide the optinum
pressures for formation of hydrate and to control the rate of

di ssociatio ver,. different |liquids, gases, and 15 ] s can
Wo {4@& : M B

be used within same apparatus, and:the same -water can be processed
nore than once using: different liquids, gases, and gas m xtures. A
further nechanically pressurized enbodi nent 800, which enbodinent utilizes

negatively bugyapd Ipdrde8 i ©ehbded {di83NnesP é’@h%’i‘ngef‘?%(yiﬁ:ta%ﬁiﬁg be
treated, is shown in Fig. 17. Input water is punped frominput presSsure up

to the operakkeBgdsy dredalphessliui@sand into the pressurized hydrate
formation and separation vessel 810 by punps 804, and a suitable,
negatively buoyakt wWidr heecagmregingedashats thaj methedhighlinj giteissnrpoedit 812.
25 (Means 813 for liquefying certain gases may be provided.) Negatively
buoyant hydr RESEIH @péﬁgaﬁm JeFdrFANtARYOLF nian theoRkpvidvslyesi dual

wat er, degcrnggafn oanection %ﬁth 49 01104056 PCT/ USOQO' 13506
previ ousTy d&SRFTHE ﬁg'ég A BOdyEheRFAFA tH e P BAFRMEe3Rd  col | ect s
and concentr i t S (S i i 816, .. whi opened
and cl osed tgigisnllt%o?%pggesa%@c?*n ?ﬁ?%’%ﬁ%{fg& ét)ﬂzarsetjcﬁr%t%%ac% gégi n the
previ ously dgsesddird vaRLARIYC Al ¥hor®ESMbuEed dHQELABMbodImRRES! € dhe

mai ntai ned in the system by pressure bal ance reservoir systens 832 (one
for each vessatgr tandenbvesieat ief ptemsudived amh ingecoed rididoedhby varyi ng
the pressure in the system conpartnents. Pressure punps 830 and di aphragns
10 or gas-f| #PRREATUEY f ARG STIEDEPARESURR L St 6ai%?<5sén§ng°‘l’%¥/ﬁ?r ter egstrad | n

each Vgﬁ?Gl Lﬂg“?g%@dSQtng hydrate formation and dissociation reactions.
Mechanically pressurized embodiments provide increased
versatility in that pressures may be controlled to provide the
optimum pressures for formation of hydrate and to control the
rate of dissociation. Moreover, different liquids, gases, and
15 gas mixtures can be used within the same apparatus, and the same
water can be processed more than once using different liquids,
gases, and gas mixtures.
A further mechanically pressurized embodiment 800, which
embodiment utilizes negatively buoyant hydrate to extract fresh
20 water from water to be treated, is shown in Fig. 17. Input
water is pumped from input pressure up to the operating system
pressure and into the pressurized hydrate formation and
separation vessel 810 by pumps 804, and a suitéble, negatively
buoyant hydrate-forming gas is injected at injection point 812.
25 (Means 813 for liquefying certain gases may be provided.)
Negatively buoyant hydrate 814 spontaneously forms and sinks

through the residual water, as described in connection with
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As the hydrate slurry passes through the transfer and washing section 820
and into the dissociation/heat exchange vessel 822, it may be washed of
t he resi dugoorondgser gr anul ar 15 saline fluid with fresh watcwusoeymses from
the fresh water output 828, which renoves salt fromthe hydrate slurry
prior to dissociation. Subsequently, the hydrate is permtted to flow
downward fromthe transfer and washing section 820, and into the hydrate
20 di ssoci apion odady hiescraked armpativsbe/b®Fant vinalra tes enbsdinminatesamhd
fresh, gray, and saline water are renoved. Heat exchange between the input
wat er and. tNdegtEsnd LOPAFRISARSS dnsPAhed) suBR chied agd ot eSRFEI9BE BH6previ ous
enbodi nents., .Dissoci ati take l.ace under.controlle ressure conditions
to mnim zew%ht &t Dul eerrl%g fﬁgt%eosgflw%l-cgo It x‘fifﬁgggnagt@'ep?g#ﬁwée ef ficient
separation gfesahifg@and fresh water. 50 WO 01/04056 PCTNS00/ 13506
Preferably, a slurry holder and fluid separator tank 860 is provided in the
upper part of the fh a:eChabvividlgatie sxitaadnecnSsal1922ratdirisegi Mlar in
construction to that described above and shown in Figs. 13 and 14. The
tank 860 membodiwents wpirrssgreofisf meshtazimgdsahirie wastemyy prrewisdreng a

- conduit for the residual saline water to sink to the bottomof the vessel,
~which cond#lenFeoreesyot hes¥demiet dt ©nef fomaaTd Veseslldesddty fresh '

wat er. As iré thg €a°sfe‘t§f$ %Plle.ﬂgzghagécce}jlril%og#ei%uri zediléé)q_%‘igti vel 10
buoyant hydPIEERhSOdi“HENt T *th &4 BB o at | d RERY B HangEes el 822
may be consty Eug%éaémacmg[;mhe%sli KRl suheYunptChIH UMY ASPheesd N 2
nunber of different water treatnent
10 or gas—-fluid interfaces 836 are used to raise and lower pressure
in each vessel independently.
As the hydrate slurry passes through the transfer and
washing section 820 and into the dissociation/heat exchange
vessel 822, it may be washed of the residual, intergranular
15 saline fluid with fresh water tapped from the fresh water output
828, which removes salf from the hydrate slurry prior to
dissociation.
Subsequently, the hydrate is permitted to flow downward
from the transfer and washing section 820, and into the hydrate
20 dissociation and heat exchange vessel 822, where is dissociates
and fresh, gray, and saline water are removed. Heat exchange
between the input water and the dissociating hydrate slurry
occurs as described in previous embodiments. Dissociation takes
place under controlled pressure conditions to minimize

25 turbulence in the fluid-gas mixture and to promote efficient

separation of saline and fresh water.
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chanmbers. The actual size, throughput, etc. will depend on the production
rate which, in turn, will depend on the tenperature 15 of the input water,
the parti cubﬁi 1'/0%%\5" d, gas, or gas mxture used to formthegrhiehake the
rate at whic %ea can be removed fromthe system etc. Fractionation,
concentration, separation, drying, and re-use of the hydrate-form ng
substance takes place in the same manner as in the previously described
embodi nents. 20 Ametbeibpfbeadismenty Hdevhasd mmbadsepidatpovhsiess dy gat er
versatility by using either positively or negatively buoyant hydrate to
extract fresprovided imnorhsegmerepaxy ogfofthetdissaztierjionfieaghewnhanygdi g. 18.
Pumps P and in-line valves 914 are provided throughout the system
Oper ation, degnssdi A82oird He S5mpha% iiducaprskRRtdes- Forthatg deapsikette used,
is as descrihed in_.the pressurized .vessel,installatio usi ng. ei t her
positively o‘%wﬁeaﬁ?i é\}b‘?‘@‘ g&ogéﬂ?’ g]aas R d#’%lt ei'trﬁlta% G86??/ GapsELzes
PCT! US00) 135061nTbp EAACLHBNL] P HakbE U ot isB Ul WABHE L B 05 cor 0as
m xture supply 1I'S uncertain as a variety of” gases nm heusea: nbodi ment s
of this typeresadudl beaiisrf whrbh € SAaketor&ld 8btobm o t8EPGELEd 0NN ch
mlitary activity, or at any place where a 5 tenporary supply of fresh
wat er. i s remqmendedtwi sdiaitesathesi galifiec antex ofrsinr Ubé i Dowaredehs e Mreshhi S
enbodi ment contains all the attributes of both the positive and negative
buoyancy hyt#*&fe, nechanically pressurized desalination fractionation
enbodi nents, includjng.use_ of f#e‘%g wat er ,9q2£ fromthe fresh 10 water
output 928 to flUEHT &NCIGAPS At iThE REERIDLGLY; BFessUTigsfa Resifdgely
| ) eCth@N PYidlin® O Ha oPEMULAAHLntaS cHE! ds 3301 RELH SndnbOE AR,
ei ther positivéely or negatively buoyant .

vessel 822 may be constituted by .a number of linked, heat-

exchanging devices in a number of different water treatment
chambers. The actual size, throughput, etc. will depend on the
production rate which, in turn, will depend on the temperature

15 of the input water, the particular liquid, gas, or gas mixture
used to form the hydrate, the rate at which heat can be removed
from the system, etc. Fractionation, concentration, separation,
drying, and re-use of the hydrate-forming substance takes place
in the same manner as in the previously described embodiments.

20 Another embodiment 900, which embodiment provides greater
versatility by using either positively or negatively buoyant
hydrate to extract fresh water from seawater or polluted water,
is shown in Fig. 18. Pumps P and in-line valves 914 are
provided throughout the system. Operation, depending on the

25 particular hydrate-forming substance used, is as described in
the pressurized vessel installations using either positively or

negatively buoyant gas hydrate.
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hydrate. In particular, nultiple punping units P and fluid control valves
914 are provided to direct the flow of fluids and 15 hydrate slurries in
fluid cont gmel oragbsWashi ng units 916 and hydrate slurry cemgost/assests 918.
The gas processing system 944 includes.neans for |iquefying certain
recovered gases and gas mxtures. As in the above-descri bed enbodi nents in
whi ch the weight 20 of the colum of water generates the requisite
pressures, any ehistémdRabaniicaphytpfassiyi desfuleshete i tied abkabi ofgs My be
sinplified by feeding the input water into the systemw thout passing it

t hr ough t heniditwsecsapilon iseendartainraheaatvasketamfe gasébmayabei fised al
refrigeration will need to, be provided, but 25 operation w |l otherw se be
the sane af™PEALPRREHES thi® TRE coehhie asplvy dic Fiagieh &ediBddehent s
shown in Fii%s. nd 17 and.the "comhined” pressurifed apparat us as shown

16
in Fig. 18.3" S*BSAWSTGTYoRsE 2pET US0T/ Y2506 2 AS Y0Pt %RE85ES frechani cal Iy
pressu izec’:eﬁﬁgggjsm;z%l?fof h elsHVAMd 01 sMRY D X iE BRILY JmDObi 1 e. I n the

case of a ship-borne "inStallation (Fig. 19), for exanple, water to be
treated is sighf€es&ed canstRsiiohededul femerit OusTHARh eftbskiMent Bohtdihsd
smaller 5 and nore conpact installation built right on board the ship
1000. Negatailvetkpe hattypdbutey drfabeth gihredobibhver dAndqoegetiveghuoydmech as
carbon di oxide) that is non-conbustible at the pressures and tenperatures
of this syderrhfd MerEaBiFH YN 8F RS U 28 et iGRdPR | RS HienpE&r r ed,

CoPeot oY SHBRAEaA “S LI pBE SO BAFH LSRR BLenLOE, Pl o

10 water output 928 to flush residual saline water. Multiple
liquid or gas injection points 908 are provided, as well as
provision for handling either positively or negatively buoyant
hydrate. 1In particular, multiple pumping units P and fluid
control valves 914 are provided to direct the flow of fluids and

15 hydrate slurries in fluid control and washing units 916 and
hydrate slurry control units 918. The gas processing system 944
includes means for liguefying certain recovered gases and gas
mixtures.

As in the above-described embodiments  in which the weight

20 of the column of water generates the requisite pressures, any of.
the mechanically pressurized vessel installations may be
simplified by feeding the input water into the system without
passing it through the dissociation section for heat exchange.
More artificial refrigeration will need to be provided, but

25 operation will otherwise be the same as for the positive and
negative buoyancy hydrate embodiments shown in Figs. 16 and 17

and the "combined" pressurized apparatus as shown in Fig. 18B.
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In the ship-borne enbodi nent, sone of the heat produced by the hydrate
formation reaction is extracted by heat exchangers 15 in the hydrate

formation a ntration vessel, which is possible beca‘#ﬁnﬁhw{s
i mredi at e a(?‘g%g@l 0 seawater. Further :heat is extracted fromthe hydrate

slurry in the hydrate slurry transfer system This pre-dissociation heat
extraction nmaxim zes the cooling effect of the hydrate dissociation

because 20 renpvizdnBead éﬁbv%gdfn&j:ﬁéhitc‘&l_ﬁp%r_é’s%'ﬁ?‘i@gﬁv\ixﬂﬂb&iﬁ%n{:gswl{:%le

treated fluid all ows dissociation to begin wth the hydrate slurry at a

| ower tenper abweribhafaywmd dxexemél PluitbideSe.InTkUS, casdecf Reshipaddine
produced will be significantly cooled. This cooled water can be used to
absorb heat #nrtaidatéoraflFise G48bd for 23applei deteef to der direanedris
air-conditioning. The fresh water is treated as described in previous
enbodi ment s, PEARESRERNRE FCTHPEE 13D AFSE1iPGTRIS00ineEbs hiudsiigual snetler may

punped Back VI PREeC Sty dLaFF ST O BOAT 0 SOBR) fP [ Bgaper Boik no

mechani cal | y;pgyy.essuri zed hydrate fractionation nethod of desalination.
This 5 is because the residual treated water can be returned to the sea

i medi ately, thewaytiediyTbabpgneiHydraelCiomdedt Beohaatril@iaval gdy OCess.
The water intake for the desalination ideally would be placed as |ow on
the keel 101Cush ehecathqr didopbds) hatt bs mepapabestililakatanber esi dual
water return and to mnimze uptake 10 of pollutants, which in the case of
oi | - based prFEFEREeAMPHERTPEFHIAS Pl thitefivesrs and lide Shsbounsingr e

usual I'y ,found, i.n ti ngrgaeeg_iogg I opor ion.closer to the sea surface. Aboar d
ship,. the EPEER TG R8RS véprrﬁfltefff)‘fl’e ecﬁ?fef:é?gly where installations
are placed in ships or where the handling of combustible gases
constitutes a hazard.
In the ship-borne embodiment, some of the heat produced by
the hydrate formation reaction is extracted by heat exchangers
15 in the hydrate formation and concentration vessel, which is
possiblé because of the immediate access to seawater. Further
heat is extracted from the hydrate slurry in the hydrate slurry
transfer system. This pre-dissociation heat extraction
maximizes the cooling effect of the hydrate dissociation because
20 removing heat in addition to that removed with the residual
treated fluid allows dissociation to begin with the hydrate
slurry at a lower temperature than would exist otherwise. Thus,
the fresh water produced will be significantly cooled. This
cooled water can be used to absorb heat and hence can be used to

25 provide refrigeration or air-conditioning. The fresh water is

treated as described in previous embodiments, and warmed
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1020, which allows it to be returned to the sea closer to the 15 surface
where the warmer water will float well away fromthe water intake. I'n
addi tion, npyengms of the ship creates considerabl e turbuperrgsoonissogh wil |
pronote m xing of the residual water and near-surface water when the ship
I's under way. When the ship is tied. up, water froma shore source can be
20 used or the systemcan be recycled with fresh water to mnimze

resi dual watresidedlimateznmay e desdlamat Lon—draiet heatitsmircey $hEthouan be
operated at a mnimal level, i.e., at a level just sufficient for the

t her mal bal dficés refif téletvrihoenBrmRAsePack otr the Beakt t ai ned qui ckly.

Where the ship i red, or ot herw se .25 maj ntgining .a static, position, the
resi dual wat er c%hsr% laglé?'hra%é’argoat%’é‘pséi ’0‘%‘3302?? RY AECAARLt3d¢ can be
taken into |, der.at i oyt| AN s@.as to 54
WO 01/ 04056 PCT LJ‘%% 1 g%%g&msf%?n&tz%’;ag%ﬁ’%éng#e}ﬁt dF c?érrspagé'thag%l al F3At he

resi duay waterpécadde tgarfdAduavayrddtem wiesskiap POStetfthigi €htdne sSLM | ar
conpact installations can be fabricated as pre- packaged conponents that
can be airl ifmetiarelgastherdblyomaximiing éffickdedcyoof thar heathBdmovalle -- for
i nstance, immedi ately follow ng a di saster such as an earthquake -- and
assenbl ed PEPFRASy. VherwteenpBraky for Hedidesailasebidmtideatlnrwoudgebat ed,

il ar to PhtehEscrrecn for Frot tpif et Sns aPlR MgtRleiin e o S
cperate | n SoVARe yRyhd BN PN BRRE: YerERDVRY AN hubln AMGERR o) oo
Sui tiabica fobf pblawkcages) elithCih YeHe @EbENYE i033hPE L) PHREREEE £ia RLAGT
SHPPLY industrial chemicals either float or are usually found in
increasing proportion closer to the sea surface.
Aboard ship, the return fluid can have multiple outlets
1020, which allows it to be returned to the sea closer to the
15 surface where the warmer water will float well away from the
water intake. 1In addition, movement of the ship creates
considerable turbulence which will promote mixing of the
residual water and near-surface water when the ship is under
way. When the ship is tied up, water from a shore source can be
20 used or the system can be recycled with fresh water to minimize
residual water return, and the desalination fractionation system
can be operated at a minimal level, i.e., at a level just
sufficient for the thermal balance required for normal operation
to be attained quickly. Where the ship is moored or otherwise
25 maintaining a static position, the residual water can be

returned to the sea directly. Wind and tide can be taken into

consideration to select the return outlet utilized so as to
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are al so part of the nobile apparatus, and possibly also part of 15 [arger
tenporary facilities.. Pressurized vessel desalination fractionation
installatio al so be nounted on pallets for shipnment . i ft or
ships or i %%?lgﬂzggaﬁrd commerci al shi ppirng containers (for \%‘?@ﬁb({é%rg%o
handl i ng equi pnent exists world-wde) to facilitate air and road 20 travel.
They can be nmounted on vehicles or set up on a pier, or anywhere near
seavat er or @ik Rkariténmeacdesalgditt adaoi1ldihbi 86kidinakhyer M et he
seawat er has been cycled through the pressurized vessel desalination
fracti onati opaxoladnawapdf 2 dbenstieanwspr efeissienglgppl i cati ons a desired
nunber of times, the residual seawater is sinply punped back to sea or
retained for thSs@ikRAD eRmpecs ipstallationp @y H40B68LHCHUES004 18506 As

not ed above, one reason carhon,dioxide is an ideal gas to use for hydrate

desal i nat i orPHF<FEF FPERRTNSi Ehah 42 bej i ridhitednsf yeasddwohlawe and fact,
is typigally i 'gguﬁ. i te_pgoducts -- particular in the
exhaust%basé%&%#%%uggdé g%hg%$ﬁ¥%% foséé% 52 g?e(ﬁgpeﬁﬁggﬁ%it part, the
exhaust  proghiaeshinges digaRksg §essias bnelsdnphal LY SRNLaLas 1Y er

vapor, hydrogen sulfide, carbon dioxide, carbon nonoxide, an nitrous

oxi des (NO, )ragridilyi.t ridlgere weinpdrins sedmbbiiighst BB a RIS ke OSpdH-2aSS i N
addition to soot and other particulate 10 waste matter. Wen using

i ndustrial E%dFeuSPMRACE Fersoare eofoftheakbake, dicusfabl f @nddgsal prmatessdgnor

purifying water -- such .purification nay be the primary objective of the
process ,e_ngPafstbfo ar to that described for Fig. 1 are employed.
10 These can be specially designed for light weight, ease of

deployability, and ability to operate in a variety of

conditions. Power generating units or power cables suitable for

drawing electricity f:qm any inshore powerboat or other supply

are also part of the_mobile apparatus, and possibly also part of
15 larger temporary facilities.

Pressurized vessel desalination fractionation installations
can also be mounted on pallets for shipment in aircraft or ships
or in standard commercial shipping containers (for which cargo
handling equipment exists world-wide) to facilitate air and road

20 ﬂ travel. They can be mounted on vehicles or set up on a pier, or
anywhere near seawater or other water to be desalinated or |
purified.

Finally, once the seawater has been cycled through the
pressurized vessel desalination fractionation column and

25 downstream processing applications a desired number of times,
the residual seawater is simply pumped back to sea or retained

for those who desire it.
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potable water, or it may be sinply a nmeans for capturing carbon 15 di oxi de
fromthe waste gas em ssions for purposes of reducing "green house gases" '
and their {g996408é €d environnental harm wi th the produgiirRRedissds’ €Sh

wat er being a "side" benefit -- certain provisions for pre-processing the
gas nust be nmade. In particular, an installation 1100 for sinultaneously
capturing 20 carbon dioxide fromindustrial waste gases and produci ng
desal i nat ed or Rurndteddaboeshonatsrason chilket rddbedde ndiag. idéal dashaust gas
1102 produced by the conbustion of fossil fuels in industrial plant 1104

i s fed thr&aghseirier praeeesidegepiahionessiprrifdgatian g5, thae ¥awsexhaust
gas is 25 pretreated using filters, absorbents, electrostatic neans,

cheni cal s&FpEFH X{é:(?ﬂﬂ??]%é’éil' A5t c 4B at YRR LY THRS) dnnbfusteiathe

non- car bon_dL oXi one : hays I - 56 WO

01/ 04056 P&%ﬁé(}%/% f%%gg cg’tg?gﬁg‘gﬁrg?a%i%ﬁg%%ﬁygr o%rsgg o’?g?%uece%ar bon

di oxi d¢ hyghat GodrhinhOtsasiaAn@uele, PrEBE OLRS Ho3E PEANS thd OSxidMst Ncl ude
means 1106 for such cooling, e.g., .heat exchangers through which the
exhaust gaprédumsi wheBahomdnhefogpiilnfnetsicagical by hyshtaies fwaitgat i on vessel
1111, the exhaust gas passes through washi ng/ hydrate-form ng prechanber
1108. PrectWapdor hyegegemsudéige aaaggpy dirxdde; | faxkpn mhapdicde,t dad can be

pressurized, Wen th rechanber 1108 is,. .in fact, so pressurized, the
exhatst gaBliERNSe OXLAPLNO-k B 6L GERESR MRiERPANFAHLER UiReFIPr assur e

condi t| ONScSihIdeGbiNbrduss 06 MAAE8ACK0 ! U8 WAL Bar dit kst rated in
Fig. 21, ﬁy rogen sf i de ydrate w il format pressu ef emnmperat ure
condiig onsyy®ld makewe. t hose required for carbon di oxi de hydrate
-When using industrial exhaust as the source of carbon
dioxide for desalinating or purifying water -- such purification .
may be the primary objective of the process, e.g., to produce
potable water, or it may be simply a means for capturing carbon
15 dioxide from the waste gas emissions for purposes of reducing
"green house gases" and their associated environmental harm,
with the production of fresh water being a "side" benefit --
certain provisions for pre-processing the gas must be made. In
particular, an installation 1100 for simultaneously capturing
20 carbon dioxide from industrial waste gases and producing
desalinated or purified fresh water is illustrated in Fig. 20.
Exhaust gas 1102 produced by the combustion of fossil fuels in
industrial plant 1104 is fed through dry
processing/preprocessing means 1105. The raw exhaust gas is
25 pretreated using filters, absorbents, electrostatic means,
chemical sorption techniques, and/or catalysis to remove most of

the non-carbon dioxide components. The exhaust gas must also be
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to form and therefore the majority of the hydrogen sulfide 15 conponents
of the exhaust gas not renpoved in the previous, prelimnary processing can

be renoved by form ng hydrogen sulfide hydrates in the prq,%t}ﬂfm 108 and
t hen renovi ﬁﬁf’?'(", 56e.g., in a solid hydrate flush. The washing r@{s“’l5 ue from
t he exhaust gas will consist of 20 solids fornmed fromsoot, partially

conbust ed hydrocarbons, snmall anounts. of netals and salts, and, when the

prechanber 1108 des suSui4A01M 19" 85 S8 dedoantd RELEoh SalWalRIRPaSMd irde in
y #

the exhaust gas, hydrogen sulfide hydrate. (The solids w constitute
only very sngdim,PaaROthd PrepRbckheimxhadat TS hagSiViBid mebfis PIQfHUCEd,
t he hydrogen sul fide hydrate subsequently w1l dissociate into hydrogen
sul fi de and fwt euchweodliyy eatt endsatt epebahustrisonhodugtulwhichctiaei d and

ot her hydrogen-oxygen - 57 WO 01/04056 PCT/ US00/ 13506 sul fur conpounds,
and al ong wi g¥hausé gefetiiWfy solid waste will constitute hazardous

material_in concentrated formwhich needs to be disposed of usin
appr opri-at e neange%ﬂ’é? e‘?/ﬁﬂnlg 68tﬁ?1%‘i‘/ﬁ?dt &PER HYskE 3RSy AgRaiony VERSS glénlt. 5
The density L , [ 5 _ studi ed
ext ensi vel y,%ea%&gégggc%aﬁ%%gtggﬁ%%éﬂ?%@%ﬁé@éﬁ%eia%%ﬁgggn measur ed at
bet ween 1. 00k ephesbét hoda apdcHander 9168 mly bd09 M¥ye1ThuseeiisideRasity.
is very close to that of fresh water. Therefore, if the prechanber 1108 is
filled wth otetmber et anhpdrpgesswuikedde Whipdr ahe pddhamber SEYES dise from
the water in the prechanber 1108 by sinking, particularly when |arge
vol unes of ¥afaske §9 Ane§syaizedy thier exkpnstheapre$rafbehrownklcrhe
condi tilcans of | ow. turbidi t}ﬂbWi th Cpeas bubbl es riai ng thro%gh t he

itions su

water in the chamber under pressure con icient to
form hydrogen sulfide hydrate. As illustrated in Fig. 21,
hydrogen sulfide hydrate will form at pressure/temperature
conditions well above those required for carbon dioxide hydrate
to form, and therefore the majority of the hydrogen sulfide

15 components of the exhaust gas not removed in the previous,
preliminary processing can be removed by forming hydrogen
sulfide hydrates in the prechamber 1108 and then removing it,
e.dg,, in a solid hydrate flush.

The washing residue from the exhaust gas will consist of

20 solids formed from soot, partially combusted hydrocarbons, small
amounts of metals and salts, and, when the prechamber 1108 is
suitably pressurized and there is hydrogen sulfide in the
exhaust gas, hydrogen sulfide hydrate. (The solids will
constitute only very small proportions of the exhaust gas.)

25 When it is produced, the hydrogen sulfide hydrate subsequently
will dissociate into hydrogen sulfide and water, with the

attendant production of sulfuric acid and other hydrogen-oxygen-
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wat er bath, the hydrogen sulfide hydrate will tend to rise near 15 the _
surface of the water in the prechanber 1108, where it will accumul ate and
forma hydrate-rich |ayer through which the exhaust gas goghRh@HsesOn the
ot her hand¥Otke the large vol ume of exhaust gas risfﬁg through t he
water in the prechanber 1108 will cause extrene turbidity, the hydrogen
sulfide hydrate 20 is unlikely to separate out naturally by neans of

gravity f rﬁ%k?n%?%gﬁiggagggﬁge %18ng :mhtfhh%hgalse%na%iﬁgvmﬁd wa_LLsdmﬁ "

pr echamber ave to be fluShed periodica

whi ch precldsles: opad abizAgdde MAkEEESS AN cAnctaitBUOBSraMish Réeds
Alternatively, if the prechanber 1108 is pressurized and I|argely

gas-fill ed tonbechi gcised| bF ussingr eperoredpte amegmsayhat wildt &e kaG@n ttaken from
the heat exchange system 1107 can be used - 58 WO 01/04056 PCT/ US00/ 13506
to wash andhesel hatiadeskbbstingdieet¥t-ciently while allowing hydrogen

| fi de hydrat to, for T t fill |1 but, the | t of
The pr Schanber 1Y Heashr b ob PHEoRre b s mukeRer DA B3P BRF dToPhe.
vessel . (V%kgaigaae@&%ﬁgwgl Uha3 Bled RG1FLSI NI oSHLSEWERYLY RASHARI i Nto

the hydrate Tormation vessel 1111 would sinply becone part of the fresh

wat er  progideh- feaiired SBRiHAweand1 arys Gydeogen sphfaske hydnagecd hat forns
is separated fromthe wash water, which is heated as it cools the exhaust

gas, by neapns Mpasepans) i Dis idehkety likl@eryAlok@ sepeiiat icmnfresier 1110 may
al so be used in an enbodinent in which the prechanber 1108 is pressurized
and wat er - iakeed, Therefeser iilfethe mmatharbey 1H9Gvés £olled werhtwatagash
Y S S A B PN USRI UL R S S R
the prechamber 1108 by sinking, particularly when large volumes
of gas are rising quickly through the prechamber. Under
conditions of low turbidity with gas bubb;es rising through the. .
water bath, the hydrogen sulfide hydrate will tend to rise near
15 the surface of the water in the prechamber 1108, where it will
accumulate and form a hydrate-rich layer thrdugh which the
exhaust gas bubbles. On the other hand, because the large
volume of exhaust gas rising through the water in the prechamber
1108 will cause extreme turbidity, the hydrogen sulfide hydrate
20 is unlikely to separate out naturally by means of gravity
fractionation. Therefore, in the case of a water-filled
prechamber 1108, the prechamber will have to be flushed
periodically, which precludes operating the process on a
continuous basis.
25 Alternatively, if the prechamber 1108 is pressurized and

largely gas-filled (which actually is preferred), a spray of

water 1109 taken from the heat exchange system 1107 can be used
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t hat nust be di sposed of. according to recogni zed practices, and 15 the
heat ed wash water is passed back into the heat exchange system 1107. After

it has been coplagsufficiently by intercoolers 1113 for Iptqggo&lgsgsform

spont aneousl'y under operational pressure and tenperature conditions, e.g.
by processes as described 20 previously. for cooling the input water, the
fully preprocessed exhaust gas 1102' then passes into hydrate formation

vessel  111lgo Waenhydaaésoll @henexkeustegsel eﬂ-ﬁ-i]q']iein%lgrﬂﬁﬁlér h2gewii 1S
configured essentially the same as the pressurized hydrate formation

vessel shownhydrdgeg. sA¥fixe hiydrébes éxt €ntmit T dateondpmyr €diioraline
production of negatively buoyant hydrate, the pressurized vessel shown in
Fig. 18. As but tthe éauer \pant pRokke nrgshambenxivwidht 8, mbwl iofedoerbets ut ed
wat er and the ex aliit ga&fgg WD 01/ 04056 PCT1USQQ/ 13506 containing the
carbon di oxi f#ardtint? d GEERE P4 reenyeFste  BRRRT iYRPRELEENY PHEL and
pressurg and e r LLl r.Ql.le Q orm.car bon

di oxi de%hydr%]% g%maégégs%ﬁ%ggg%é%\}l&&ﬁ F’gsg}()‘% J'|%rtl" °t %gpnlfé‘\%f%gg%%aotd‘loﬁent S, .

this will Scdedone: oruchikRbehpDAtetons SPPOSHIthe £ puers! Y. ) Residual
gases such as nitrogen oxide are purged fromthe system The carbon dioxide

hydrat e 1112pricgiukhehn t3alisf enteer tand pnesShydricted Bylfiatec hgHs8s0€ | taidtoN
vessel 1114, which nay be |ocated below the hydrate formati on vessel 1111
“as shown in Fgs i sepanatedsIizemihe Haghgratay, wbickdmt heatedehyidr at e
formation veszel ‘(‘sim'larly to as shown in Fig. ). The hydrate

18
‘di ssoci at i orFS% §skpe 1 pYss gﬁ%‘\/\ﬁ’% ﬁ‘eaf‘éa‘i’%rse@gtraf:‘f’?’f FiAEgE BRL0- | t(A s
gener allloy slggplaé'gtign tﬁqt%&e§fw In?a?/d at.l..'¥grk?é %s%lds§gcénatelmggdiment in

which the prechamber 1108 is pressurized and water-filled, as
described immed;ately above, to filter the wash water.) The
- solid waste will consist of concentrated hazardous materials
that must be disposed of according to recognized practices, and
15 the heated wash water is passed back into the heat exchange
system 1107.

After it has been cooled sufficiently by intercoolers 1113
for hydrate to form spontaneously under operational pressure and
temperature conditions, e.g. by processes as described

20 previously_fqr cooling the input water, the fully preprocessed
exhaust gas 1102' then passes into hydrate formation vessel
1111. The hydrate formation vessel 1111 is pressurized and is
configured essentially the same as the pressurized hydrate
formation vessel shown in Fig. 17 or, to the extent it is

25 configured for the production of negatively buoyant hydrate, the
pressurized vessel shown in Fig. 18. As is the case with those

two embodiments, saline or polluted water and the exhaust gas
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vessel s shown in Figs. 17 and 18, but differs in that a heating 15 el enent,
1115, which preferably constitutes part of the systems heat exchange
subsyst em Q{04056 Provided along with an additional outlcriusald8sf or the
removal of [iquid carbon dioxide fromthe vessel. Concentrated carbon '
di oxi de hydrate slurry is introduced into the vessel 1114, as descri bed
previously, and 20 the introduction of it into the vessel is controlled by
means of \ahveimbchabhesoadibd?dsoxidmtrehintcardugrddinta dbehprdete sl urry

is introduced on a batch basis. é,,Thi s i s necessary because the pressure in
t he hydr at doghatirn Fessal viddepndipyessuse g Ge@ReEdtureh4AnEHEICM t he

hydrate formati on vessel 1111.) Alternatively, .25 in:line slurry punps can
be used to2%8i ﬁ?’é‘?’??lﬁr?gh%? 3 E8stPE icﬁrg?ﬂe‘;%’dvvﬁ?t !?%%rrﬁtﬁyd?ﬁt e di ssoci ati on
vessel . The hydr i 6 L0 e e 6 +i upper
part of thge\s/églée C?ff%ﬁ(g%/&é“sg%se\é% %ﬁe?’é%t c{?l%-r%he tngegl?lgiﬁ}lﬁi,rh \At‘iwigrle t he
hydrate di §308bR¢ &h aB¥at@Ntaghli £ Jppe st e cahyi fuadl yR) esmesRivaandi ti ons
wi thin the vessel 1114, dissociation of the carbon dioxide 5 hydrate is
managed SoOgaseé Gsynhodsceifrageh veidy afaspassst fbed thebeystem. connection

wi th the previous enbodinents) and |iquid carbon dioxide (in contrast to
gaseous car bon Thexagbpn dioxidpahydrafeatlladisskbBRA tHRNSE§rred tawhen the

hydrate is introduced into the dissqciation Vﬁiiﬁl 114, it .is introduced
under 10 pPEESIH28FdNYRIARS SLaP e SHar: Yoy e "WEFaPeY f%bility

fieldin the yigl 'Heg}sg%zeggégg&a& forfiar i P ARSssCRNE1 11 QRS sAbun W Fgt he

hydrate refmarns sta sure wthin the dissociation vessel fil4 may
be copgrol hedoby S aRSWRT iR FiBNE2TRHGG aERN R RRe 1A Tty B6MMddiong an inert

gas into the

vessel (similarly to as shown in Fig. 18). The hydrate
dissociation vessel 1114 is shown in greater detail in Fig. 22.
It is generally similar to the pressurized hydrate dissociation
vessels shown in Figs. 17 and 18, but differs in that a heating

15 élement 1115, which preferably constitutes part of the system's
.heat exchange subsystem 1107, is provided along with an
additional outlet 1120 for the'removal of liquid carbon dioxide
from the vessel. Concentrated carbon dioxide hydrate slurry is
introduced into the vessel 1114, as described previously, and

20 the introduction of it into the vessel is controlled by means of ’
valve mechanism 1122 so that the carbon dioxide hydrate slurry
is introduced on a batch basis. (This is necessary because the
pressure in the hydrate dissociation vessel will rise to greater
than that in the hydrate formation vessel 1111.) Alternatively,

25 in-line slurry pumps can be used to maintain higher pressure in

the downstream hydrate dissociation vessel. The hydrate is held
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15 standpi pe using valve 1128.) The tenperature within the dissociation
vessel 1114 may then be permtted to rise, e.g., by absorbing heat from
the surroundig9fedtés "Ore preferably, is caused to rise byp@Egidowsisys addi ng
heat renoved fromthe hot exhaust gas back into the systemvia heat
exchanger 1115. 20 Alternatively, the tenperature may be caused to rise
advant ageousl y by passing the hot exhaust gas around the dissociation
vessel 1114 ihrichegluppendpartts ofnohe shenwel beiong thecrexhauists §aghis the
preprocessed in neans 1106 and 1108. As heat being input fromthe heat
exchange syst&# ddiddeswbere (thet bligrata disseoiatiese, the system noves to the
right along P-T path 1130 and crosses phase boundary 1132, at which point
the hydrate di s&8cFEREECINRY ERPLLTFRATGLPER Ads PARBSHFR IPNRELEPNS 61 WD

01/ 04055 PCTLLSAY 17505., BACaYss, |46, uessel ol 5 sepled, hovener, as the

hydr at e conti nues o dissocia e pressure and a
t enper atsir € hEiteNdls hihddee sofss L r r e ase,
the systemcontinues to r?ove t oward tptﬁgagi@%ﬁ%fégﬁoﬁggePn?T&%;Pﬁgi}i%%f5 but
the pressureabbdwednatomentfibnciveth that préfvdud RAbBdInéntMe and130q@lPNg

whi ch the system noves crosses below the carbon dioxide |iquidus, and the
car bon di oxi errhpasdeentitnsids centradiono dasedudechiien dicasidel | ustn at ed at
poi nt B. (Point ,Baﬁe resents just_an exanple of the system

t enper at ur e/ PHESSH R c ARITOPEASI AT M0 /AT sl $BBch¥A e ils éorprdiced the
bressur of t erat e ctl R 1ok TBEIAllors 180y (N6 P FAEGeieR 1PRen vessel i e
wi t hinibhe ddedlsdrofarmsd akimbbiyed A dohg§££5ﬂ§aﬁhoghgiﬂpgfg%e)sL?bf&%%}atiOn’
the system may pass relatively quickly through the portion o
: field in the wvicinity of point A, i.e., under conditions at
which the hydrate remains stable. (Pressure within the
dissociation vessel 1114 may be controlled by means of a
pneumatic standpipe 1126 by admitting an inert gas into the
15 standpipe using valve 1128.) The temperature within the
dissociation vessel 1114 may then be permitted to rise, e.g., by
absorbing heat from the surroundings or, more preferably, is
caused to rise by actively adding heat removed from the hot
exhaust gas back into the system via heat exchanger 1115.
20 Alternatively, the temperature may be caused to rise
advantageously by passing the hot exhaust gas around the
dissociation vessel 1114 through conduits (not shown) before the
exhaust gas is preprocessed in means 1106 and 1108.
As heat being input from the heat exchange system causes
25 the temperature to rise, the system moves to the right along P-T

path 1130 and crosses phase boundary 1132, at which point the

hydrate dissociates into carbon dioxide gas and fresh water.
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15 the phase diagramin which carbon di oxide gas exists. In those ,
i nstances, the hydrate will essentially dissociate directly into carbon

di oxi de | |W0§l,0@ pure water. Alternatively, by control lpchashdisos
pressurization of the dissociation vessel 1114 using the gas valve 1128,

pressure can 20 be increased sufficiently fast so that the carbon dioxide
never enters the gas phase. The systemw || then nove along P-T curve

1130" t hr oggBatidte theweessdly dsakeasddbhbibver,0Re 8 @irdte didfGihsi Nto the
i quid carbon di oxi de/water zone 1134. In either case, however, the result
i s the esséntdiddorimnmedile pr2sSsyrodndt aorpwifingilgutie camperatdirexi de and
fresh water. Non-hydrate-form ng conponents of the exhaust gas, such as

ni trogen ofPHeRUEngONFiTogeRts Ghe |tepeeratwes agdf P{-‘)‘Fﬁsctié ipareane, 62he\\D

01/ 04056 PCT/ US00/ 13506 through t | ed t 1150
AR g R IR G A e el eﬁ@vg?f&m (A§”§§t

anotheg, | 658 deeLELLOd ALLELOAL Ue sulehs HIERSULEL | tharl @ﬁesy

controlled so as not to rise as high as in these 5 errbozlt rrents gaseous

carbon di oxisie diBahersidd thedsyskanmboss ¢Hopsedepaidd the éphRased. In that
case, the gaseous carbon dioxide can be renoved fromthe hydrate

di ssoci at i éiexigeséiqgiidus, ahdt the rcalchon wiiloxikde gba g adngersssirtes cakbbme
vessel but below those required for hydrate stability (e.g., two hundred
to three 18i¢Hider dTatdoashet b3S FEsduie)Podnd %orrp(r’-’é”%édstliﬁplrleqeh’éls car bon

di de at | at I I t d t t and t
and et hodt S oaip PR, S B B BALIR SEP A BON PRE R TRAFERS 5 r eady
pressyy i zegh Qas 89St Alin! QSt&ﬁnpllggw %neSbaLer A e8bhd lafee16agi er -- and.

hence | ess expensive --
important than maklng sure that the final pressure/temperature

conditions within the hydrate dissociation vessel lie within the
field of stability for liquid carbon dioxidé.)' In operation,
- the system may pass relatively quickly through the porxtion of
15 the phase diagram in which’carbén dioxide éas exists. 1In those
instances, the hydrate will éssentially'dissociate directly into
carbon dioxide liguid and pure water.
Alternatively, by controlling the pressurization of the.
dissociation vessel 1114 using the gas valve 1128, pressure can
20 be increased sufficiently fast so that the carbon dioxide never
enters the gas phase. The systém will then move along P-T curve
1130' through the lower, hydrate stability zone 1132 and
directly into the liquid carbén dioxide/water zone 1134. In
either case, however, the result is the esSgntially immediate
25 production of liquid carbon dioxide and fresh water.
Non-hydrate-forming components of the exhaust gas, such as

nitrogen oxides and nitrogen, will be released from the system
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15 the case where gaseous carbon dioxide is conpressed to liquid carbon
di oxi de from approxi mately normal atnospheric pressure.) As illustrated in

Fig. 24, at ssure and tenperature conditions that i he
#Je]oﬁgg{gg pet/DSa0bs0k I

di ssoci ati o int B, the liquid carbon dioxide will be positively
buoyant with respect to 20 the fresh water produced from di ssoci ation of
the carbon dioxide hydrate. Mreover, the liquid carbon dioxide and the

fresh water tﬁ%ﬁu&?%tvieauﬂtiidma%ﬂ séeeetadi:lrw ¥nct Nénd itlgghgd car bon

di oxi de will oat on top of the fresh water rel eased by ydrate, with

an interfaceaidbr difd:x@de22)d hateeesrd hembwed Pomtaef sesdemiat er is then
extracted by valve-controlled outlet 1154, and the |iquid carbon dioxide
is extracted by (&8 wet enothegl,| é¢edsodeferié@altirpatiesh ifapeessntd ibe
saturated with 63 WD 01/04056 PCT/ US00/ 13506 di ssol ved carbon di oxi de and
may cont ai nthecF BT RMPEeENIRLLIPA R RScBPBokC diide aé hight agaanbehewe hdr awn
under essure. The,. fresh water may .t hen.be used for any _desired purpose,
e P ety THIE S L T T B SR L AR M
gui t e convegi 141 19Ul d4 T Or ej r ed. | ety of
exi sting co%ﬁ%ildlgép%?cﬁl?gﬁgdbr lgql ?ggéeﬁéég’ tklg éé&ﬁ% Sé?%%gpurrped to
great oceanddepidis da@r bé eeHaRTeAAE AN the AQNrdtRSidddabc SliioReviBLEr 1 Mhi ch
will settle to the very bottom of the system is extracted via a
val ve- cont r at | gtk cellreivdllb®ighOgas patesenrbe b Hitbei vesdel, bandbeliwposed of .
Preferably, even though the carbon dioxide and water are essentially
i mi sci bl e, these drduired 1858, hidratiyStabdlity rig.ghe BT duadnse 9 cdiresat er
down ow t he | ess _dense |iquid carbon dioxide, i$ t{)crb vi ded extendi ng

a

from thfe boPPRHRSSt HFARSPRGEF RIST WSt ART TIWPTESHS iquid carbon

dioxide at relatively low temperature using industry standard
apparatus and methods. Compressing the pressurized carbon
dioxide from the already pressurized gaseous state to the liquid
state would still be easier -- and hence less expensive —-- than

i5 the case where gaseous carbon dioxide is compressed to liquid
carbon dioxide from approximately normal atmospheric pressure.)

As illustrated in Fig. 24, at the pressure and temperature

conditions that exist at the dissociation end point B, the
liquid carbon dioxide will be positively buoyant with respect to

20 the fresh water produced from dissociation of the carbon dioxide
hydrate. Moreover, the liquid carbon dioxide and the fresh
water are essentially immiscible. Accordingly, the liguid
carbon dioxide will float on top of the fresh water released by
the hydrate, with an interface 1152 (Fig. 22) between the two.

25 The fresh water is then extracted by valve-controlled outlet
1154, and the liquid carbon dioxide is extracted by valve

controlled outlet 1120. The.fresh water will be saturated with
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15 water can flow dowward w thout having to flow through the carban .
dioxide. Finally, Fig. 22 shows the systeminput water as passing through
t he di sso%g&ll&g vessel 1114 as in the previously descrpopusoenssodi nents.

It will be pre%ﬁi ated, however, that 20 because heat is being added to the

system t hrough the heat - exchange system 1007 so as to nove the tenperature
to the right 1in the phase diagramshown in Fig. 23, |less heat will be
absor bed oyt sof1vedechfipsd ddekede andt hey ercablhiermiarodidseplet iofn  of t he
hydrate, and therefore the input water will not be 25 chilled to the same
extent as Liqiie cprben clisixjddethat ised bemiciingvR $indagcBFeRIney, BeRli ti onal
suppl enental cooling may be necessary in orde ;_‘Cgr the hydrate to be

[
formed. 64freyd OBLEZONH PETAURDIISESSEBT AN AFPYEShIRMBATR (S ’a , :singl e

one of each is shown, nore than on r .acessl] [ ' ppar at us
1105, precREHHEMY Y2687 G ggee ?aor(rgr?gtéiﬁbog{l\%%s%%* q%ll%fsgéﬁgg or Egéiate

di ssocj at O{z‘ite"%%ﬁ‘ééniléﬁ‘t‘lyf@){ bes a1gh oy ofbrinN afd Sditde® L8&d ald ation. For 5

exanpl¥e, i & nmay be desirable or even necessary to cycle the exhaust gas a
nunber of {ipRs PoiEOExistingt Eaahmicigli dpplicatites drydiapesddrafati on vessel
1111 in order to reduce the levels of non-carbon dioxide materials which

ot herw se néght, bguseinheumpad cto PseahsIEeaPoaePthy IREt RBTYIFYFALLPR Y ar and

specific enbodi rents_of the invention have been discl ﬁsed in sggE detail,
nUmer ouS Mo Fese8rA b¥ M| VR Mk HBSD ASGT T WOk FPE YHFH RESAPE, whi ch

oo SRl b he € s BB S e PN o R 1o

10 as described previously, and disposed of. Preferably, even
though the carbon dioxide and water are e;sentially immiscible,
~a conduit 1158, arranged to carry the more dense fresh water
down below the less dense liquid carbon dioxide, is provided
extending from the bottom of the_tray 1124 so that the separated

15 ‘water can flow downward wifhout‘having to flow through the
carbon dioxide.

Finally, Fig. 22 shows the system input water as passing
through the dissociation vessel 1114 as in the previously
described embodiments. It will.be appreciated, however, that

20 because heat is being added to the system through the heat
exchange system 1007 so as to move the temperature to the right:
in the phase diagram shown in Fig. 23, less heat will be

- absorbed out of the input water by the endothermic dissociation
of the hydrate, and therefore the input water will not be

25 chilled to the same extent as in the previoﬁsly described

embodiments. Accordingly, additional supplemental cooling may

be necessary in order for the hydrate to be formed.
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.15 claims. 65 WO 01/04056 | I~ 1"l 11I~I1001ji 11111 11 ~ ft

PCT/ US00/ 13506 C L I claimthe following; 1 1. An installation for
desal i nati ng _or ifying saline or 2 otherw se polluted r, said
installatio o%'r‘}%'%si ng 3 a desalination fractionation i nsit,a aoto)i&ggrtl)ﬁhavi ng
a lower, 4 hydrate formation region; 5 an input water conduit which is
arranged to provide input 6 water to said hydrate formation region; and 7
a gas supply congyhbi W) G thiSugh PG EonPIdbhdCoRYHA &5 Sndil,Md3gegas to
said hydrate formation region; "9 said installation further conprising a
hydr at e di ss€inabhendry GroegsebndlixepIotdesdiny appRrdtysonioen pieddmbder
installation and 11 laterally displaced relative to said hydrate formation
regi on 12 akiP8gohfdpteFormatioe vassgdt 11El,y abdégnritydrpdeatessetifalting out
13 of residual fluid flowng into said dissociation region, whereby 14

negativel y bURFPEAt 1hidimave PeseBRbteshirat | SAngley iRt R atdRP45 BBt tiing into
sai d hygr at eefcl)nr ti on r%g%on.elﬁra%l The i@est%l I gtéé)rn 3f clajml?, further
conprisi’ng & T1ew " 17- di¥er EefePeifitds Cont I GUrea e e i é’rfyg%‘?/va y flowing
fluid 18 |atghply bdd G sAdehydk Aliged! 5506/ AL ofcteflidify 19 theollifie

installation of claim2, wherein said |ower, ydrate formation region
conprises a fpstadtersmmdtachi 08sS4NML11124n Soiiddri 86t ddulel @Ae f LIENQN of

conprising a hydrate slurry conduit 22 which conveys hydrate slurry from
sai d hydr at enoncokkeon i doxd dapma P& itad ssahichydhatei sk ssgbitatawse thgi on. 66
WO 01/04056 11T e e el PCT/US00/ 13506

water to taste poor.

10 Although particular and specific embodiments of the

invention have been disclosed in some detail, numerous

modifications will occur to those having skill in the art, which

modifications hold true to the spirit of this invention. Such

modifications are deemed to be within the scope of the following

- .15 claims.
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FTETITILIEIIIIT MC S 24 4._The installation of claim3, wherein said
hydrate 25 slurry conduit ki Ld separator which-separates 26°
hydrate fregoisssgual flui tﬂﬂi@ﬂt]ﬁiﬂﬂgl&hm | 1 ati on of clparaisévissdser ei n
said hydrate 28 dissociati oes a stacked series of canted
shel ves 29 having apertures therein to permt rising or settling fluid to
30 pass therethrough. 31 6. The installation of claim2, wherein said input
wat er 32 @opdiai pXlowimgingh sai d -hydrate dissociation region such 33
that water passing through said input water conduit is placed in 34 heat
exchanyi ng rel ati oAShiPs iR tAUr Ea%e dgratdtdnpngr invrddivdng 3% liyer are

di ssocj ation, regj on. 7., The jnstallatiopn ., of claim®6, further conprising
37 sup |en€ﬁPa’F“9’€&oPPﬁg“%ﬁ§Pa# rat§Ed T d‘BPt?L&ﬁl"\ﬂaF@Fp’b’%‘ﬁ%g 38
through said i condul . . T, i ation.of_claimil,
wherei% sai d Igaomge,s\ggﬁ)ﬁityl&?‘atg gé%%%o:?r#%tt ?8?1 ir}%ézlag;;?isénctc}?ﬁ? ?6 raegloaée ta hydr at e
settlifng HAiarAL FosHEPionsdedibmstal lation further conprising a hydrate 42
slurry conduit comruni cati ng between said hydrate settling catch 43 sunp
and sa$d hydr atan dnpsooragteironondgitowhaclll isonkiramyest] tbopporiide 4sphydr at e
slurry fromsaid hydrate settling catch sunp to said 45 hydrate

di ssoc# at | saterdicofaid hyprape Hormg4des Fegiopp~and | ||| . 1111 L1111 11111

PCT/ USP0O/ 13506 C L Ms 46 9. );ch 'bnstaj | ati on of claim8, wherein said
di ssoci ation £7IPEgFHRPIYOABPILHS YBASD oFS A3ranetdi ey PREY I J¥axake-

Conflqyredf$§hing gas to said hydrate formation region;

URES

9 .said installation further comprising a hydrate dissociation
10 region disposed at an upper portion of said installation and
11 laterally displaced relative to said hydrate formation region
12 and configured to catch negatively buoyant hydrate settling out
13 of residual fluid flowing into said dissociation region, whereby

14 negatively buoyant hydrate is substantially prevented from

15 settling into said hydrate formation region.

16 2. The installation of claim 1, further comprising a flow
17 diverter region configured to diwvert upwardly flowing fluid

18 laterally into said hydrate dissociation region.

19 3. The installation of claim 2, wherein said lower,

20 hydrate formation region comprises a hydrate collection sump,
21 said installation further comprising a hydrate slurry conduit
22 which conveys hydrate slurry from said hydrate collection sump
23 to said hydrate dissociation region.
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48 receive hydrate slurry frgﬂ%fgggg;_gﬁﬂJJ—skuffy hol di ng tanks 49 each
havi ng one or nore conduits extendi i ger portions 50 thereof
toward a Iomer ion of sai i-on. 51 10. i |l ation
of claim8, ™ @ﬁ'ié% conpri si: ng\“‘“ﬁ ’ﬂ luid riser con u‘?olt;ﬁm
communi cating with said hydrat e settllng catch sunp and configured to
convey away fromsaid 54 hydrate settling catch sunp residual fluid

di spl af@d by 55 pegahievehyrduqyabh Sy dnatis setild el rhy%es@ecat ch sunp.
56 11.” A method of desalinating or purifying saline or 57 polluted input
wat er , 2% espechi¥Meldbndadt dediidiedsCoHNflisl Bgpabdt i ewiich gegadiabesnput wat er
to a hydrate formation region of 59 a desalination fractionation

i nst al 2&t i ohydhatte ifgomorasibalnfdnid. 60 and causing said i nput water to be
m xed with a hydrate-form ng 61 substance under pressure conditions and
tenperature conditions 62 conducive to formation of hydrate such t hat

hydrate 63 t | f . 64 i.di d .hydra hydr at
0l ssocthe on region E TeetilRyipR GRS RERRIRo 0TI WELECF( om oai d
desal i pat i og, £1 gt%gt kﬁglo@b ﬁiﬁiésa% g@a Yed eggoieeenqga' sR&lIde or

pol | uted water t een war ne eat exothermc formation of
sai d hydglr at gavirG a&eeuﬁeeaihelﬂein%rpelﬂmhageﬁn 'Orl ké&d.nl lighhid 1o 11
1111 W 01/04056 | 11l 111122 el 21222 10 HEnd / US00/ 13506 ¢ L
M 69 a3d ow ngssainkdeytratghtio di ssociate into fresh wat er and 70 the
hydrate-form ng substance in a dissociation region of said 71 desalination
fractionation installation; and 72 collecting said fresh water;

31 6. The installation of claim 2, wherein said input water
32 conduit passes through said hydrate dissociation region such

33 that water passing through said input water conduit is placed in
34 heat exchanging relationship with hydrate dissociating in said
35 hydrate dissociation region.

36 7. The installation of claim 6, further comprising

37 supplemental cooling means arranged to cool input water passing
38 through said input water conduit.

39 8. The installation of claim 1, wherein said lower,

40 hydrate formation region is configured as a hydrate settling

41 catch sump, said installation further comprising a hydrate

42 slurry conduit communicating between said hydrate settling catch
43 sump and said hydrate dissociation region and configured to pump
44 hydrate slurry from said hydrate settling catch sump to said

45 hydrate dissociation region.
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73 said nethod further conprising at |east partially cooling 74 said input
wat er toward said tenperature conditions conducive to 75 formation of

hydrate b idinput h said 76 hyclreseeaisos m ng
substance%&‘%ﬁ‘ol?% The net h\(l)\ﬁlmmﬂL“HrWI erein the input water is at 78
| east partially cooled towartl s@id té&nmpérature conditions 79 conducive to
formati on of hydrate by being passed through said 80 dissociation region
in heagt exchangi ngrheclinstalisitiipnwof hclsdimds, 8helrpdinas®id wiesebjatieat is

absorbed fromsaid input water by said 82 hydrate as said hydrate
di ssdii at e=génnotdmpmiseal ¢ne og3mese shweriehHsdngf tanks monfiowrrd dion sai d

hydrate-form ng 84 substance produces posit hydr at e and

wher 8n saﬁeﬁel% WAFREE eS T 55?‘8&?%"8'3%?]&{ P?;B\F/Qg‘%ﬁcgé‘acgﬁ’ﬂlf%n regi on by
bei n tted to r| t hydf [ . 87 14.
The grat aSF‘n?%‘?vmr% £re 9 grfoé::;'ngg%l d"qh é %}ﬁfngr 'rs'hﬁél}g ﬁ%} Bgstance is |ess

densgpt ha'%n%@é&'f'%&a\ﬂ@tﬁwe&ngo,@ew%@ssﬁﬂi famdéa&ﬂamrp&egp&& se, is .
negatively buoyant; said hydrate- 90 form ng substance is mixed with sai d

i nput water in a manner 91 such that hydrate formation is inconplete and
traps pockets of 92 said hydrate-formi ng substance within a shell or
meshébrk of - BO. Thpslﬂi@étlaltlasn%%ﬁl%lpl%(céﬁrthelFIqu‘!PIrFLSF-W a0 01/ 04056 +
[1~li 12121 11~I1 1121 1+ 11 | PCT/US00/ 13506 CLEI\% hydrate to
prodBde agepideri Hduy dnEdSefy GPATRL trgoBmunicatdnagyt s&lﬁ&gy‘éfae s provi ded

to s g Régiﬁiﬁyg' s%gﬁlg\“ rgegg%gtc}&x,edgtso ohlrld :Rf f%l dmassi cf%sted buoyancy

hydr | ng perm Ise into hy rate ssoci ati on
reglgg. hydrate settling catch sump residual fluid dlsplaced by

55 negatively buoyant hydrate settllng within said catch sump.

56 11. A method of desalinating or purifying saline or

57 polluted input water, respectively, said method comprising:

58 providing said input water to a hydrate formation region of

59 a desalination fractionation installation that is located inland. .

60 and causing said input water to be mixed with a hydrate-forming

61 substance under pressure conditions and temperature conditions

62 conducive to formation of hydrate such that hydrate

63 spontaneously forms;.

64 providing said hydrate to a hydrate dissociation region of

65 said installation:

66 removing heat from said desalination fractionation

67 installation by removing residual saline or polluted water that

68 has been warmed by heat ‘of exothermic formation of said hydrate;
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97 15. The method of claim14, further conprising diverting 98 said

assi sted buoyancy hydrate nm I I they rise 99 into said
hydrat e di ssoci ation region imﬂl ﬂ@ ji ﬂ ﬂﬂi assisted 10
hydrat e nas¥0#I®Eoci ate, n CI | I hydrat e 1019\‘/%6%%0%?%“

settles within said hydrate dissociation region, 102 thereby substantially
m nim zing the anount of negatively 103 buoyant hydrate which settles

Wi t hinggai d hydr : | regi | salLpat i

fracti gélat ion i n%%%"{lgt%r%%i@rlhd{g;%ge E}ﬂe(ﬂ%g? %) og'nglga?%néﬁ,*a\%%gr grli% sai d
hydr at @9 f Or FhBOhydfi eSEBEh AN SUBRERAES 85 8 §BSsdYiagasnNt&GibL of194id7. The
nmet hod of claim 16, wherein said gas or gas 108 m xture produces

positi Vel y desyairathipdr dtactikd@tidn imerajdbtioh:ofandl ai m 16, wherein said
gas or _gas 110 m xture produces hydrate which, per se, is negatively
buoyanf2 111 arerliestéps said IFgshorat@as mixture is mixed with said input
112 water in a nmanner sgch hakhydrate formation is incpnipl ete and 113
traps pockets ofSakg BefiRd SUTIRETFRRAEIRP 13 o2 SEnBRFE I #ORELMvor k of

sai d hygr at u | t . ses.. 70 _- This
Sheet ‘gs Bgé%gR{eH;ﬂq’gcggtg’?ﬂdti“la?&P#a/a%F‘%FHg{ Ei’n#éﬁﬁﬁ°r5“5iuig‘_'ﬁﬁ11111
VITE 145 (=1 Eo MR OH04858y RGHUSR04IS506 dl 1 Spuitl GatQr ThemiBIdgdeRf seii m 11,
wherein said hydrate-form ng 117 substance conprises a liquid. 118 20. The
met hod7ef chadratl-fonhengi suksxiadcdydrate-formng 119 substance conpri ses
gaseous or |iquid carbon dioxide.

77 12. The method of claim 11, wherein the input water is at
78 least partially cooled toward said temperature conditions

79 conducive to formation of hydrate by being passed through said
80 dissociation region in heat exchanging relationship with said
81 hydrate, whereby heat is absorbed from said input water by said
82 hydrate as said hydrate dissociates endothermically.

83 13. The method of claim 11, wherein said hydrate-forming
84 substance produces positively buoyant hydrate and wherein said
85 hydrate is provided to said hydrate dissociation region by being
86 permitted to rise into said hydrate dissociation region.

87 14. The method of claim 11, wherein said hydrate-forming
88 substance is less dense than said input water and produces

89 hydrate which, per se, is negatively buoyant; said hydrate-

90 forming substance is mixed with said input water in a manner
91 such that hydrate formation is incomplete and traps pockets of
92 said hydrate-forming substance within a shell or meshwork of

- 69 -
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120 21. The method of claimal, further conprising rinsing 121 said
hydrate of residual fluid be ' drate dissociates. 122 22. The

met hod of GloAi/glokd. Wherein HHJﬁLBB}ﬂ!ﬂ]%UﬁWl ne 123 or peehises/Bdegrat er

t hat has been warned by heat sC' 'i®24 formation of said hydrate
is renoved via a screened water trap. 125 23. The nethod of claim 11,
wherein said residual saline 126 or polluted water that has been warnmed by
heat 3¥ exséikrydeaté 2o frordate assdbtedikhdypdeat leydrateenmanssess ;candri f ugal | y.
128 24. The method of claim 11, further conprising controlling 129

provi® on 83idAvdrAyerkt #regided Fonyardthydrrssodisracéatieyinngion b330 said
instg%é ation suchft hat . sai d P%/‘grbate di‘sgﬁﬁ_}&at es while 131 remaini ng under
el evated preesifr 8fstded &veia PrEaReY Are mesge e AeEmiFtedure. 133

25. The ne f. I hat :S.N turing 134 said
hydraét}’g-foﬁ]nq%ésgsﬁ é?a%&?%‘?ﬁgesgﬁﬁgﬁy reét%g- ?% i?Inﬂlrig 135 substance is under
said el evated pressure and recycling said This Sheet Has Been Repl aced -
71 ~1~1U 1211212 1000 e e 1 WO 0!/04056 11'11111 '211111 1l 11111
[1 1147 PCTI USO0Q51350Ge MeShd@tothydrium el £, orfiuirnhes ulksbahsing @iveetinsg Whil e
mai ntai ned 137 substantially at said el evated pressure. 138 26. The net hod
of cl%i m 1saidyaesbstrd Hugyagel Nverate masses lavoraldyi o they sdaeed at or

near the bottom of a fractipnati,on, 140 colum that is |ong enough for the
vei gif® of HToFEHY ‘b\f‘LﬁéFe‘Flssfﬂaw-?’hi*?nglans‘F‘?‘bé‘FBn%% i"@SrdcaﬁﬁﬁFﬁdo :

genegrat e | 4 dit | ..candyci t I | of
ydrile, SR P S S RO S HE Iy BV ITBVERE i
hydrighe- f QiYicAOsinks settles within said hydrate dissociation region,

102 thereby substantially minimizing the amount of negatively

103 buoyant hydrate which settles within said hydrate formation

104 region of said desalination fractionation installation.

105 16. The method of claim 11, wherein said hydrate~forming
106 substance comprises a gas or gas mixture.

107 17. The method of claim 16, wherein said gas or gas

108 mixture produces positively buoyant hydrate.

109 18. The methoed of claim 16, wherein said gas or gas

110 mixture produces hydrate which, per se, is negatively buoyant;
111 and wherein said gas or gas mixture is mixed with said input
112 water in a manner such that hydrate formation is incomplete and
113 traps pockets of said gas or gas mixture within a shell or

114 meshwork of said hydrate to produce assisted buoyancy hydrate
115 masses.

R ————
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144 substance down to said hydrate—formation region. 145 27. The nethod of
claimi1i, conpri si ng nechani c izing said hydrate formation
region to generate said 147 m m H’@ Imns conduci vep %éw,ﬁggﬁl on of
hydrate. 14&OUM0488e et hod of , er conpri si ng

mechani cal |y pressurizing said hydrate di ssociation region. 150 29. The
nmet hod of claim 28, wherein provision of said 151 hydrate to said hydrate
di ssogi@tion regien ideCROEHI bedchyim 132 GRELQ] Ishid KRiriteveopiARpUr €
within said hydrate formation 153 region and said hydrate dissociation
regi om7 154s30stdhdeichagrddesdasal quai.i ng or purifying saline or 155

ot herwi se polluted water, said nmethod conprising 156 providing saline or
otherwi se polluted input water to a 157 lower, hydrate formation regi on of
a desalination fractionation -72 This Sheet Has Been Re(PI aced

11! 11111191111111112101 | Fpe1nqEhod of | c}aim 114 1yh]A9Im \7?11‘11 ydnaterforming

PCT/ 0/ 135 WO 01/04056 ¢ L Ms 158.i I iQn Xing said input
wat er th ats gl §8§pﬁ35§9esmg>afﬁ°rues 0 %%%%leéa%rggghd raafeg sai d gas
hydrate, per se, having 160 a specific gravity that is greater than the
specific gravity of 161 the input water and therefore being negatively
buoyario rel ati ver1.162nht om&dtiod bRpelaivli el , foRiHE sl divignginseidpr med at
tenperature 163 and pressure conditions conducive to the formation of said
gas 184 hyskid dyydiébecalisiasgdeal flgdd hgfers eatid bedyateyiddedotintes.

di ssociation 166 region of said desalination fractionation installation
and 167 allow ng said gas hydrate to dissociate into fresh water and the

122 o 22. The method of claim 11, wherein said residual szline
123 or polluted water that has been warmed by heat of exothermic
124 formation of said hydrate is removed via a screened water trap.
125 23. The method of claim 11, wherein said residual saline
126 or polluted water that has been warmed by heat of exothermic
127 formation of said hydrate is removed centrifugally.
128 24. The method of claim 11, further comprising controlling
129 provision of said hydrate to said hydrate dissociation region of
130 said installation such that said hydrate dissociates while
131 remaining under elevated pressure substantially greater than
132 atmospheric pressure.
133 25. The method of claim 24, further comprising capturing
134 said hydrate-forming substance while said hydrate-forming
135 substance is under said elevated pressure and recycling said
- 71 -
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168 hydrate-formng gas o as mxture; and 169 collecting said fresh
water. 31. The nethod of claim 30, wherein said mxing is controlled such’

tor, “aro WengCEs e Lo I RHISMEANR. | 25v. "; spenigsegmenn cn

therefore rise naturally withn sai'l desdlination fractionation
installation. 32. The nethod of claim3l, wherein said assisted buoyancy
gas 1pedr atydrassesonrimglsyiestattel berad-ugei whilesabtinthigreri ati on region as
they rise within said desalination fractionation installation so as to be
hor i13d@nt aldupstiasplalded atesaitd wdevateheresswes., hydrate fornmation region of
the desalination fractionation installation. This Sheet Has Been Repl aced
112122 @t et - 73 WO 01/04056 1 111G o rE~t)y "ty ri~"nnon,~l
PCT/,\JS00/ 13506, . L s 33., The 0 f claim32 .wherein sone gas_hydrate
set tllggs in thezﬁ'owgﬂ © ?E’%%‘{]@f?g?%h ilgﬁ V}é%%lrr\l SPiSalx ra&&sg?f’ﬁ%llogn

f ra‘itsbonatfeﬁﬁoianfé aldcatb@nt 32 HedBIhRIbbEH N aCEPRIYi1HRAY: PAMPI NG sai d
settled gas hydrate upward and into the dissociation region'of, said
desalipnat ic@nuhh agidtonat iawy enbayhl fat iths. wahhtTbe ABdd1eehnobs clhatign 33,
further conprising separating said settled gas hydrate fromresidual fluid
bef ane saiwitbéttdadd fyastipragtire eoluanste lgengirgtecsaid ewesegron of said

desalination fractionation installation, ]
142 conditions conducive to the formation of hydrate, said method

143 ‘comprising pumping said input water and said hydrate-forming
144 substance down to said hydrate formation region.
145 27. The method of claim 11, comprising mechanically
146 pressurizing said hydrate formation region to generate said
147 pressure conditions conducive to formation of hydrate.
148 28. The method of claim 27, further comprising
149 mechanically pressurizing said hydrate dissociation region.
150 29. The method of claim 28, wherein provision of said
151 hydrate to said hydrate dissociation region is controlled by
152 controlling relative pressure within said hydrate formation
153 region and said hydrate dissociation region.
154 30. A method of desalinating or purifying saline or
155 otherwise polluted water, said method comprising
156 providing saline or otherwise polluted input water to a
157 lower, hydrate formation region of a desalination fractionation
-2 -
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35. The nethod of clai m 31, +wther—econprtsing renoving heat |iberated
during exotherm c formation e en te by renoving heated
residual fluid 29?{{ gugh whi chﬂlum“mgumﬁlnﬁuoyancy gas hygeakensss’ | Si ng.
36. The met REYPH0S | ai m 31, Twrthertconprsisi*ng-cooling said input water by
passing said i nput water through the dissoci-ation region of said -
desalination fractionation installation in heat-exchanging relationship
with 1ggdot Nergleald dorlbASOR] Aldd@agasiABA sbeefll wingsadghbeseigas 7. The
netho& of clarm 36, further conprising cooling said input water using
means 18yppl eAwetad 40 preddcpagss nydeate, daiguyaseirathy opeh sehehaving

di ssoci ation region of said desalination fractionation installation. 74 -
This SlBeet lHaspBetfiReplaxtty that -is| predder than(hr /sp2056i¢ guagity of

PCT/ USOQ 13506 38. The nethod of claim 30, wherein said mxing i.S .
contrdbled $hehinpil warsst andi H19spiare RALNGaPEIYEY S, HE°Y%fgg‘ﬁléEH}e
buoyant gas hydrate, which settles jin,a.lower, su t] i
desal itR4t i orFof FALY i ‘TP Hﬁ‘%?ﬁ'stsaﬁﬁdaf"f"éﬁn%ng ih eﬁgflor& géi %P&aeuﬁeﬁgkgﬁ? d gas
hydratgst o Be POVl ARl LanaPtfbndlicatariald 48 ERSI QRraE:8AI Ok dasal gation
fractionation nstallation conprises punping settled gas hydrate from said
| ower ;3 gguUNP RALLtON to said dissociation region. 39. The nethod of claim
38, further conprising renoving heat |iberated during exothermc fornmation
of saindsgas hydredwsiry seédoyasydeatedca dei guaridddiitd &hdissmiabien

di spl aced wupwardly by said settled gas hydrate, said displaced residual
f1 ui d166i ng reEsph Rfe FadgndesriinationghracrtdoRation JMsepliaEiry and

167 allowing said gas hydrate to dissociate into fresh water and the
168 hydrate~forming gas or gas mixture; and
169 collecting said fresh water.

31. The method of claim 30, wherein said mixing is
controlled such that said gas hydrate forms assisted buoyancy
gas hydrate masses which, in toto, are positively buoyant
relative to the input water and which therefore rise naturally

within said desalination fractionation installation.

32. The method of claim 31, wherein said assisted buoyancy
gas hydrate masses are diverted laterally into said dissociation
region as they rise within said desalination fractionation
installation so as to be horizontally displaced relative to the
lower, hydrate formation region of the desalination
fractionation installation.
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conduit by which said input water is provided to the | ower, hydrate

formation region of the desalinatj f fonation installation. 40. The
nmet hod of L , furthe;l' [1 ﬂi m“'r ng said inp:};%ﬁ@go 3shy passing
sai d i nput W\Aﬁlg}“%?hr ough t l!ll“ﬂ ﬂiﬂ” I egi on of sai esaﬁination
fractionation installation in heat-exchanging relationship with
endot herm cal |y di ssociating gas hydrate di sposed therein. 41. The net hod
of claim40, fugsherreonpticd B 609in 132, GRéfbinNRuke VGHLhyHShHEg Means

suppl emental to said passing said This Sheet Has Been Replaced - 75 -
FTTTTT 111Eettlés|in thelldwelr, Way@ad () Fo8madildn] regidd 1dfl balidl JI 1111 1 IN
PCT/ US00/ 13506 S i nput water through the_dissociation region of said

desal i nat i §esativatiFnarreiopasien | iastahlayion Theidaratdedofuethsmim 38,
wherein said pupping _settled_.qgas drate fro aid |l ower, su portion to
sai d. di SSGCRRTTGPS PUGPUIS SRk Ted o SRS BITRG WMARA 8hF it Eeur ry

hol der tanlg, dispased Woiiu osakd #1839¢k A4 4 L.aneallow ng said

hydr at e t?l ?g§00|ate wé{Q#]ﬁ sd?ﬂgéﬁhr?§£%ﬁﬁ%}e?§?%ﬁﬁ?ﬁaﬁéégfresh wat er and
sai d hydratgsf9r1ddi®ngas or gas m xture; passing residual, intergranular
saline water through fresh water disposed within said dissociation region

via one or nore conduits extending from a bottomportion of said slurry

hol der tank toward a bottom
34 The method of claim 33, further comprising separating

said settled gas hydrate from residual fluid before said settled
gas hydrate enters the dissociation region of said desalination

fractionation installation.

35. The method of claim 31, further comprising removing
heat liberated during exothermic formation of said gas hydrate
by removing heated residual fluid through which said assisted

buoyancy gas hydrate is rising.

36. The method of claim 31, further comprising cooling
said input water by passing said input water through the
dissociation region of said desalination fractionation
installation in heat-exchanging relationship with

endothermically dissociating gas hydrate disposed therein.

37. The method of claim 36, further comprising cooling
said input water using means supplemental to said passing said
input water through the dissociation region of said desalination

fractionation installation.
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portion of said dissociation region so as to avoid or m'nim'ze m xi ng of

the residual, intergranula i gt h fresh water.; and renoving
. . !” t : ; .
0o 1o gggdr i TV ARIBN V) o 7 %o gl

wat er, said method conprising providing saline or otherw se polluted:input
water to a |ower, hydrate formation region of a desalination fractionation

install ation andsgi xing s Hod NRIlc19Rh €30 WihB re 8 ban din@xi gle #0 produce
carbon di oxi de hydrate, said m xing being perfornmed at tenperature and

pressure conwintkohbed cnehhCithet tamkishent Daipt iaan odfs=8al dagafds di oxi de
hydrate; causing said carbon dioxide hydrate to be provided to a

di ssoci at i omegagival vfoupypdt deas hydaete wifichc sebhkes dn Z6lowekhi suBheet Has
Been Replaced 1, 11211111 1211212 1101 111 111, WO 01/04056_1 J!'I111J 1111111
I~ 11111 PPFti@’P|°$€ﬂ%§o€?i§5’6’@twln%ﬁaaq‘Hl&PPBh%r?d*séPme $8Ad car bon

di oxi de hydr te to dissociate int. fre the ¢ aQn dIOIde and
col l ecti ng sgll ae%rrles's%lds Ster. " hLet ng%spp a/vai;c dé’ggf'f‘%%‘?ltﬁg SSF‘ puri fying

sal i ne or Q@EE&'&%MW‘%&X\@& &5 s%@ép&e_cstél‘i?x%}fmﬁaf&c%@@ﬁ dgFCCOWD“ si ng:

a nmechanically pressurized hydrate formation vessel in onmuni cati on
Wi th a hydr ahetdissnidinatofpr Veas punp ity sttt eed£y hyUppty Frdehtd

configured to provide said input water to said hydrate formation vessel; a
hydr at e- f or APHgr s UraPost Sepploy sebAdlissocdntiourmyibn. provi de a
hydrate-form ng substance to said hydrate f.ormation vessel ;
39. The method of claim 38, further comprising removing
heat liberated during exothermic formation of said gas hydrate
by removing heated residual fluid that has been displaced
- upwardly by said settled gas hydrate, said displaced residual
fluid being displaced upwardly through a conduit other than a
conduit by which said input water is provided to the lower,

hydrate formation region of the desalination -fractionation

installation.

40. The method of claim 38, further comprising cooling
said input water by passing said input water through the
dissociation region of said desalination fractionation
installation in heat-exchanging relationship with

endothermically dissociating gas hydrate disposed therein.

41. The method of claim 40, further comprising cooling

said input water using means supplemental to said passing said

//
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a fresh water output conduit configured and disposed for renoval from said

hydrate formati on vessel of fr ed by hydrate dissociating
therein; agdofosed | Ne water ﬁmmm maml gured angcgiSinsad for
removal from said hydrate for mati oh vesdel sof*interstitial residual saline
water or gray water. 45. The apparatus of claim44, wherein said hydrate

di ssoci ati on vessel is nechanically pressurized. 46. The apparatus of claim
44, furt heimpu@npatedt ndprangh i tiecddhandiert idh spagied bEt swieh deahlidytdioat e
formation vessel and said hydrate dissociation vessel and in fluid

communi catfirestiomrgian dnstakiationt er chanber configured for receiving of
fresh - 77 This Sheet Has Been Replaced WO 01/04056 | I~"11I1 ~I1L11 1"l
[T~ Il 1"~ PCT/USO0/ 13506 S water, washing of hydrate di sposed therein

of interstitial, rg[%;dﬂgj: Sl 'f”?lg%h' :Q, and.J. %pggfﬁ%,ﬁf S8 eq

interstitial r'esi I |nef w t'h sal recelved wi t hin
said int aghﬂy@ferte 4%on THE ARRAER] Ul p&iaion ¢4, smrﬁlsaoéfaﬁowdrat e

formati on 'vessel and said hydrate dissociation vessel are confi gured and
di sposed nekabh Veoniprieas heinsEertbnpaiydrate imper atsurmf heddelr appar at us
with a hydrate-form ng substance that produces positively buoyant hydrate.
48. The apipsprated v\tiﬂihétlﬁaﬁﬂ@ism@#%ﬁiﬁnsm#qﬂydﬁg%@ﬂ%ﬁ#&@|mmgsel and
sai d hydrate dissaociatipon vesse ur ed and di_ sposed relative to

each ot heftot 813953t ¥ Sﬁﬁdoﬁ‘?eflydh% r 5BBE W FEeRY dPafeE- f or i ng

SUbStanceand said hydrate-forming gas or gas mixture; passing residual,
intergranular saline water through fresh water disposed within
said dissociation region via one or more conduits extending from
a bottom portion of said slurry holder tank toward a bottom
portion of said dissociation region so as to avoid or minimize
mixing of the residual, intergranular saline water with fresh
water; and removing the residual, intergranular saline water

from said dissociation region.

43. A method of desalinating or purifying saline or
otherwise polluted water, said method comprising

providing saline or otherwise polluted input water to a
lower, hydrate formation region of a desalination fractionation
installation and mixing said input water with carbon dioxide to
produce carbon dioxide hydrate, said mixing being performed at
temperature and pressure conditions conducive to the formation
of said carbon dioxide hydrate;

causing said carbon dioxide hydrate to be provided to a

dissociation region of said desalination fractionation
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t hat produces negatively buayant hydrate. 49. The apparatus of claim 44,

wherein'said hydrate formati nd sai d hydrate dissociation vessel
are configured and di sposedlﬂamm& H H ILot her to perm, tion of
sai d appar aVQVMOG 5 hydr at % e that pr od{%}é%sog’gzgp i vel y

buoyant hydrate as well as with a hydrate-form ng substance that produces
negatively buoyant hydrate. 50. The apparatus of claim44, wherein said

apparatus i$ il r .1 abl q. - .S 4 en Repl aced
I~l~ 111 11 1?3%0153@\8903%%338?“1‘%141%?1%i%ﬂriﬁlf%lg%ﬁ%‘g%l/élgéw

CLM ITTTTTT ) dsodhte TRRLAPRUAL Hatdf amlkatne XXhrboReleoRidd napparatus is

| ocated aboard a ship. 52. A nethod of capturing carbon dioxide from
exhaust gas anctdqeeetahd ys=sSidnikésinemtely produci ng purified water, said
met hod conprising: mxing said exhaust gas with saline or otherw se
polluted water under pressure and tenperature conditions conducive to the
formati on of carbon dioxi de hydrate such that carbon djoxi de lg%drate S

formed from car bt dPBXFRRATEGHEF PR FAeRPLARFENG @7 BRRLLEINGS814R% Mt er
nol ecul es coniai.ned.w thin id ' of._her wi t ,;

al | owi ng sa?‘aﬁg treliéoﬁna%’gxbfa Zéghy]d%%éecq? ggéyés%agﬁgﬁkggﬁ%@é ;éé)ﬁ r?%%’ﬁ%n

g: gggg?aﬁpgnsg; 4 WRERAN I AGULEs s s1ERl78CH dth A EBRRa €l S iR sk el gased upon

fluid communication with a hydrate dissociation vessel:;

an input water supply conduit configured to provide said
input water to said hydrate formation vessel;

a hydrate-~forming substance supply conduit configured to
provide a hydrate-forming substance to said hydrate formation
vessel;

a fresh water output conduit configured and disposed for
removal from said hydrate formation vessel of fresh water
released by hydrate dissociating therein; and

a saline water output conduit configured and disposed for
removal from said hydrate formation vessel of interstitial

residual saline water or gray water.

45. The apparatus of claim 44, wherein said hydrate

dissociation vessel is mechanically pressurized.

46. The apparatus of claim 44, further comprising an
interchamber disposed between said hydrate formation vessel and
said hydrate dissociation vessel and in fluid communication

therewith, said interchamber configured for receiving of fresh

- 77 -
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sai d carbon di oxide hydrate; _and collecting fresh water rel eased upon

di ssoci ation of said carbon, gL oxi hydrate. 53. The method of claimb52, -
further cogBlisicsd Pretreati tﬂuﬂjﬂﬁﬁmmtmwas bef ore mpeirRgod/izsosi th sai d
saline or otherwse pollutedy L or nore neans selected from
the group conprising filters, absorbents, electrostatic neans, chem cal
sorption techniques, and.catalysis to renove non-carbon di oxi de conponents
from sai d wadexstvagatng Hii bydtset didasofstrhBepimcet] in?Orddildikhl || WO
01104056 112112121 (11l ~~"I~IL L1 11 1"l PCT/US0O0/13506 C L MS 54. The.
met hod of xesdidwai2saline Hdpidompd septpeswsntngf sadiddinkematsttigds before
mxing it with said salinﬁ or thgrmd e pglluted wat er. 55. The net hod of
clai m 54, ¥SicHel F3hiS SR WHERnSREE (FafShhRater &966LEed MEthdR; Bk haust
gas by Sahﬂn%&%hgﬂge to said carbon dioxide hydrate to facilitate

di ssoci ati'on théreof. 56. The method of claim52, further conprising
transferring heat fromsaid exhaust gas to said carbon dioxide hydrate to
facilitate dissociation thereof. 57. The nethod of claim52, further

conpri si ng wash7ng Tistiappexdtais bfgasabefsdr, ewheéxeimgshid WMytdragai d sal i ne or
otherw se polluted water to renove non-carbon di oxi de conponents thereof.
58. The nefdrodtaen credselssnd dddehndratis iddgsaedarinnshesrel alrgdrate of a

conponent of said exhaus as ot her than sai
P configure aéé d&sé%sed refative to eagh other to permit .

operation of said apparatus with a hydrate-forming substance

that produces positively buoyant hydrate.

48. The apparatus of claim 44, wherein said hydrate
~ formation vessel and said hydrate dissociation vessel are
configured and disposed relative to each other to permit
operation of said apparatus with a hydrate-forming substance

that produces negatively buoyant hydrate.

49. The apparatus of claim 44, wherein said hydrate
formation vessel and said hydrate dissociation vessel are
configured and disposed relative to each other to permit
operation of said apparatus with a hydrate-forming substance
that produces positively buoyant hydrate as well as with a

hydrate-forming substance that produces negatively buoyant

hydrate.

50. The apparatus of claim 44, wherein said apparatus is

mobile or transportable.
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carbon dioxide is fornmed. 59. aim52, wherein said carbon
di oxide hydrate is allowed to”nwmﬁm!ﬁwth pressure and tenperature
condi tions e roll ed such di oxi de hygepise

di ssoci at eswé)s‘g;ebg{}ft’al ly i nmredi ately T , and liquid gar bor?m!c'ioisoxi de.
80 - This Sheet Has Been Replaced Il 1 I1LLil TLIT 1001 1ILL 1111 WO
01/04056 I 1" 011"~ 10 1r~rr 11111 11 101 PCT/USO0/ 13506 C L M60. A
met hod of produchng |iHauiagpesdthion ofi 6Xxa e 505 awBef@irh @@ i@oaPHa Ritg: i50r M ng
carbon di oxi de hydrate from gaseous carbon di oxi de and water under
pressure andocenpérstaare eosdin.d ons conducive to the formation of said

carbon di oxi de hydrate; and all owi ng said carbon dioxide hydrate to
di ssociate while controlling pressure and tenperature conditions such that

said carbon dioxjde dissociates essentially imediately intq water_ _and

'l qui d carbon di 5% dd TEEROHRE FEERBA GATEPTH Bt iHSerEPR TS5 ad8bus
carbon di oxide 11328 i fu COITRRAER &b 985 angasal d bon

di oxi de hyd)régtqegl&gé%lr x%l@i} m XI ng §s(aégdo eangzlfL“ gas eWi tﬁ sali q&/ater. 62.
The et hod efetgbdi sonfplishibgt her conprising pretreating the exhaust gas
before mxing it wwth said water using one or nore neans selected fromthe
group conpri si ngnixingessid edisosiiepges,wiglhestl bse ain etheansse @rdAnced

sorption techniques, and catalysis to remove non-carbon di oxi de conponents
fromsaid @ﬁﬁagsanﬁﬁspressure and temperature conditions conducive to the

formation of carbon dioxide hydrate such that carbon dioxide
hydrate is formed from carbon dioxide contained within said
exhaust gas and water molecules contained within said saline or
- otherwise polluted water; -
allowing said carbon dioxide hydrate to dissociate into
said carbon dioxide and said water molecules;
collecting carbon dioxide released upon dissociation of
"said carbon dioxide hydrate; and
collecting fresh water released upon dissociation of said -

carbon dioxide hydrate.

53. The method of claim 52, further comprising pretreating
the exhaust gas before mixing it with said saline or otherwise
polluted water using one or more means selected from the group
comprising filters, absorbents, electrostatic means, chemical
sorption techniques, and catalysis to remove non-carbon dioxide

components from said exhaust gas.
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63. The nethod of claim®6l,- further conprising cooling said exhaust gas
before mixing it with said water. 64. The nethod of claim63, further

conpri si Nnowoloiada8é €r ri ng heall“lmuﬁnl"lmlr“ ﬂ'{l d exhaust gesussssisd cool i ng
81 This Sheet Has Been Repl Wi rrrrrrrr o 01/ 04056
| 101 1111111 11111 12211 11 %11 Ffi PorhuS00/'13506 G L Ms to said carbon

di oxi de hydrate to facilitate dissociation thereof. 65. The nethod of
claim 61, furtHe- cBhermetiheg of reliedmep?i ripritbat fompnisand eodidmgt gas to
sai d carbon dioxide hydrate to facilitate dissociation thereof. 66. The
met hod of &R R*¥BEUSE FahEPTebAPHixdPHgl hatitngaid fad iBRnatiAthgauisef or e
mxing it vmﬂ'n tse%ig yaier to remove non- car bon di oxi de conponents thereof.
67. The nePhod'SF CParm 66, wherein, during said washing, hydrate of a
conponent of said exhaust gas other than said carbon dioxide is forned.
68. The nethod of claim61l, wherein said carbon dioxide hydrate is allowed
to di ssoci ate \g5i| eTips emthoe andlhbenPes Atfur-ehet AbiprioDtg are control |l ed
such. that said carbon dioxide hydrate dissociates essentially imediately
i nt o wat er tzansflerging heatboemovidofror. sagg. eppaustsigals| by i said epolimat i ng
exhaust gas and saline or %S herw se pol | uted, water generally

si mul t aneotRISFL9sGREPOT AL PAt FatiYeRaE® ft ifaFhitate dissociation

thereof. :

56. The method of claim 52, further comprising
transferring heat from said exhaust gas to said carbon dioxide

hydrate to facilitate dissociation thereof.

57. The method of claim 52, further cbmprising washing
said exhaust gas before mixing it with said saline or otherwise

polluted water to remove non-carbon dioxide components thereof.

58. The method of claim 56, wherein, during said washing,
hydrate of a component of said exhaust gas other than said

carbon dioxide is formed.

59. The method of claim 52, wherein said carbon dioxide
hydrate is allowed to dissociate while pressure and temperature
conditions are controlled such that said carbon dioxide hydrate
dissociates essentially immediately into water and liquid carbon

dioxide.

I
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11111121121122 tii lii 1111 VTTﬁTfﬁﬁﬁﬁﬁ_rr###+T—lIIIIIIIII

nyarate for e pakegnarver so d MNIN IAHMINTHF=: <" orivea wiArsdPite, o 27"

formati on chanber; a source of *sal’iné of otherw se polluted water in

conmuni cati on mﬁth said hydrate formation chanber so as to
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ersal@lnd a
rmat i on chanber

SO as to preeitdedexdmpiglisiggs to said hydrate formation chanber. This Sheet
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forming carbon dioxide hydrate from gaseous carbon dioxide

and water under pressure and temperature conditions conducive to

the formation of said carbon dioxide hydrate; and

allowing said carbon dioxide hydrate to dissociate while

controlling pressure and temperature conditions such that said

carbon dioxide dissociates essentially immediately into water

and liquid carbon dioxide.

61. The method of claim 60, wherein said gaseous carbon

dioxide comprises a component of exhaust gas and said

carbon

dioxide hydrate is formed by mixing said exhaust gas with said

water.

62. The method of claim 61, further comprising pretreating

the exhaust gas before mixing it with said water using one or

more means selected from the group comprising filters,

absorbents, electrostatic means, chemical sorption techniques,

and catalysis to remove non-carbon dioxide components

exhaust gas.

from said

63. The method of claim 61, further comprising cooling

said exhaust gas before mixing it with said water.

64. The method of claim 63, further comprising

transferring heat removed from said exhaust gas by said cooling

- 81 ~
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to said carbon dioxide hydrate to facilitate dissociation

thereof.

65. The method of claim 61, further comprising
transferring heat from said exhaust gas to said carbon dioxide

hydrate to facilitate dissociation thereof.

66. The method of claim 61, further comprising washing

said exhaust gas before mixing it with said water to remove non-

carbon dioxide components thereof.

67. The method of claim 66, wherein, during said washing,
hydrate of a component of said exhaust gas other than said

carbon dioxide is formed.

68. The method of claim 61, wherein said carbon dioxide
hydrate is allowed to dissociate while pressure and temperature
conditions are controlled such that said carbon dioxide hydrate

dissociates essentially immediately into water and liquid carbon

dioxide.

69. An installation for treating exhaust gas and saline or
otherwise polluted water generally simultaneously, said

installation comprising:

a hydrate formation chamber;
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a hydrate dissociation chamber in communication with said
hydrate formation chamber so as to receive hydrate formed in
said hydrate formation chamber;

a source of saline or otherwise polluted water in
communication with said hydrate formation chamber so as to
provide saline or otherwise polluted water to said hydrate
formation chamber; and

a source of exhaust gas in communication with said hydrate
formation chamber so as to provide exhaust gas to said hydrate

formation chamber.
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