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[ 0001] Thiwoapnli4easi on cl ains the benefit of U. S. Provi erormsbkoibaitmot
Application 61/240,850 filed Septenbet 9, 2009 entitled Cryogenic System
for Renoving Acid Gases From a Hydrocarbon Gas Stream Wth Solid CO2
Recovery, the entirety of which is incorporated by reference herein.
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10  Field of the Invention

[0003] The present invention relates to the field of component separation. More
specifically, the present invention relates to the separation of carbon dioxide and other acid

gases from a hydrocarbon fluid stream.

Discussion of Technology

15 [0004] The production of hydrocarbons from a reservoir oftentimes carries with it the
incidental production of non-hydrocarbon gases. Such gases include contaminants such as
hydrogen sulfide (H,S) and carbon dioxide (CO;). When H,S and CO; are produced as part
of a hydrocarbon gas stream (such as methane or ethane), the gas stream is sometimes
referred to as “sour gas.”

20  [0005] Sour gas is usually treated to remove CO,, H,S, and other contaminants before it
is sent downstream for further processing or sale. The separation process creates an issue as
to the disposal of the separated contaminants. In some cases, the concentrated acid gas
(consisting primarily of H,S and COy) is sent to a sulfur recovery unit (“SRU”). The SRU
converts the H,S into benign elemental sulfur. However, in some areas (such as the Caspian

25  Sea region), additional elemental sulfur production is undesirable because there is a limited
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is generated as a “bottoms” product. Since the liquefied acid gas has a relatively high
density, hydrostatic head can be beneficially used in an AGI well to assist in the injection
process. In this respect, the acid gas may be recovered as a liquid at column pressure (e.g.
300 — 600 psia). This means that the energy required to pump the liquefied acid gas into the
25  formation is lower than the energy required to compress low-pressure acid gases to reservoir
pressure.
[0009] Cryogenic gas processing has additional advantages. For example, a solvent is not
required for the adsorption of carbon dioxide. In addition, methane recovery may be obtained
in a single vessel (as opposed to the multi-vessel systems used in the Ryan-Holmes
30  processes). Finally, depending on the refrigeration capacity, a tight H,S specification, e.g.,
down to or less than 4 ppm, may be met for the product gas.
[0010] Challenges also exist with respect to cryogenic distillation of sour gases. When

CO; is present at concentrations greater than about 5 mol. percent in the gas to be processed,
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feed stream and gravitationally descend from the controlled freezing zone onto a melt tray.
There, the particles liquefy. A carbon dioxide-rich liquid stream then flows from the melt
tray down to the lower distillation zone at the bottom of the column. The lower distillation
25  zone is maintained at a temperature and pressure at which substantially no carbon dioxide
solids are formed, but dissolved methane boils out. In one aspect, a bottom acid gas stream is
created in the distillation zone at 30° to 40° F.
[0014] The controlled freezing zone includes a cold liquid spray. This is a methane-
enriched liquid stream known as “reflux.” As the vapor stream of light hydrocarbon gases
30  and entrained sour gases moves upward through the column, the vapor stream encounters the

liquid spray. The cold liquid spray aids in breaking out solid CO; particles while permitting

methane gas to evaporate and flow upward into the rectification zone.



[0015] I n the upper rectification zone, the nmethane (or overhead gas) is
captured and pi ped away for sale or nmade available for fuel. In one aspect,
t he over hwadomabe&ne streamis rel eased at about -130 FPCThS2avwesivead gas
may be partially liquefied by additio#hal cooling, and a part of the |liquid
returned to the colum as the reflux. The liquid reflux is then injected 5
as the cold spray into the rectification zone and the controlled freezing
zone. |[001%i s iesipeapper trbeiffrnbee gsngfthg emehatki (jog osadhdad ige)iid captutwanend or
reflux requires.equipnment anci]lary.to the CFZ tower. This equi pnent .

i ncl udergp%f i, Fof 335 P@@?E%Y%I@E@@@?fs%ﬁaﬁ AtR5eS ,thepwﬁﬁ%e,ad%hqa@iﬁgﬁwa%

val ves. L f k14 i neet s
ot PSR o aAo P A oTR BRURAD shim) e ARAL I REL A Rk AR S
meet a guidpglarted tORqEP ectiifnicd &t thercobimil asthe tdfhrx. hediquidoefloe i theamjoudd as a
4 ppm H2S specificatiop, if sufficient reflux js generated. However, nore
str i%nge"ﬁtth% E%‘giSPliaéIé{l‘PdH% rqegticaiogrrone gad Fl%emarph?dd oA @S tin flys respect,

appl i cahé QReSHoH o ASradlRk icBIl KGR WRkiNane G6Y RIBRIEq AL Wy Rlpn@As ahdifH, 45 the
recovery, conversion to liquid natural gas (LNG(}, an rlfltrogen rejection.
15[ 001 JHA¢ownr eThits rdqniperent sypdwde ipgesi oorzlavayoiprensts, ygpirators gsinpg, ave
quanti t% of .1iquid nmethane reflux. This, in turn, requires |arger
refriget8tion Eqlipment. The nore vigorously the operator w shes to renove
Cx2, theopsjeat ehe @hdnefrbdiRkatih @t HFRYIrE@ITRAMIG) BOkOMBets N1 §pctiiabons a
need to reduce the refrigeration requirenents of the CFZ process while
still0 rfespipehiey ddvecnot o sneaple, howrthancwer meronpipelnd €O: Mestecatien af kses a
need f Cr Vo i 0 S ._Se t] s n i_n: ses
that anbbaghdn B g, B h P oS N BRI G PRI RIS BhEERE"
need f aoweaky@gaNstEingas spegficaionomohhaspurithatatirsl g3l &itofor applictibine CO2
and H2S content of the gas down to | evel s acceptable for. LNG specifications
for dowiyeh peBsNUM GV EYT FIURSPOBEYRE AW THBUTCCPYREY <081 pgiopde dinygish naturah

equi p ' : . THE | NVENTI ON 25[ 0019] A system for renovi ng
aci d g‘;%éts éf]?re‘g,cdntdﬁltr%ggg/@%mq:

e ma ra streamis provided. In one enbodi ment, the system
i ndlisudeg®0H7|cr yahemore dirimpéntlsatdifeationyvaray bEheetdiysintichshg tre quangty dfdguah
i ntermadigﬁte C(ﬁntr |l ed freezi n1g one. The controll ed f&gezi ng zone, . or
spray SBEfMECPEC NPt QIR gPgpt %é%ﬁgaf@ EAOSPREA p (REQT 3Y1g<9f°“r§5‘[ hane.

The cole sperbr WishBS & RiRRE B, th Gitathr s ﬂeﬁ%&ﬁﬂﬁr BEnfdhaBRemeyer head
| oop downstream of the distillation tower. [ 0020] The cryogenic

di stil [[@018n t dhere is 8 neerhfo iyduasdhe ocfrigerefioercquiramenfa st dter@afrpraanss winén
te. the r t i nt 1 head th t .and

P g QS AT Bh o R L% MRS B Red L5

201 04606 38R S HERY A2 omPanlyHEZokbIdASe s taemaini@tddasy ¢théd @ QLfediovan

equi prent downstream of the cryogenic distillation tower. The refrigeration
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reduce the CO; and H,S content of the gas down to levels acceptable for LNG specifications

for downstream liquefaction processes without increasing refrigeration equipment capacity.

SUMMARY OF THE INVENTION

25  [0019] A system for removing acid gases from a raw gas stream is provided. In one
embodiment, the system includes a cryogenic distillation tower. The distillation tower has an
intermediate controlled freezing zone. The controlled freezing zone, or spray section,
receives a cold liquid spray comprised primarily of methane. The cold spray is preferably a
liquid reflux generated from an overhead loop downstream of the distillation tower.

30  [0020] The cryogenic distillation tower is configured to receive a raw gas stream, and
then separate the raw gas stream into (1) an overhead methane gas stream, and (2) a

substantially solid material comprised of carbon dioxide.
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transported to the CO2 recovery facility with the slurry.
[0024] The system further includes a liquid return line. The liquid return line returns at
least a portion of the liquid material from the CO, recovery facility to the cryogenic
distillation tower. There, further processing of the methane and any acid gas components
entrained therein takes place.

30  [0025] The cryogenic distillation tower preferably includes an upper rectification zone

above the controlled freezing zone. The tower may further have a lower distillation zone

below the controlled freezing zone. In the latter instance, the cryogenic distillation tower is

preferably configured to receive the raw gas stream into the lower distillation zone.
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25  [0028] In either embodiment, a heat exchanger is optionally provided at the end of the
CO; recovery facility. The heat exchanger is configured to warm substantially solid material
taken at least partially from a final-stage filter cake to produce a substantially pure carbon
dioxide stream, in liquid phase. The substantially solid material is warmed by using, for
example, the raw gas stream as a heat source.

30 [0029] A method for removing acid gases from a raw gas stream using an acid gas

removal system is also provided herein. The raw gas stream comprises methane, carbon

dioxide and, most likely, other components such as ethane and hydrogen sulfide.



in the distillation tower is |lower than a feed stream causing nethane
within the raw gas 15streamto flash. The nethane travels through a
rectifi cawoeniizgnessabove the controll ed freezi ng zone amdTANRI19/081927
cryogenic distillation tower as an ovérhead net hane stream [0033] The
met hod al so i ncludes passing the overhead nethane streamthrough a
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primarily 5of solid carbon dioxide, and a first filtrate conprising nethane
and Scarstisamdioolishe, Tha mithand tphels éhrowiple af racgticdtiont emmenalovbethe foontrebtedml e,
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m xi ng [0083]f i r The finkthed AakendledRr paEE ehel bi&heiOlmd@hdnk dsti@dns bkotiyh 2and
refrigeration system downstream of the cryogenic distillation tower. The refrigeration system
cools at least a portion of the overhead methane stream to a liquid. The method additionally
20  includes returning a portion of the cooled overhead methane stream to the cryogenic
distillation tower as liquid reflux. A portion of the liquid reflux, in turn, may serve as the
cold liquid spray.
[0034] Also as part of the method, the substantially solid material is removed from the
cryogenic distillation tower. In one aspect, removal of the substantially solid material is
25  accomplished through use of a mechanical translation device such as a screw conveyor or
auger. The auger may reside within a downcomer of the collector tray as indicated above.
The auger cuts through the substantially solid material, or slurry, translating it out of the
distillation tower and towards solid CO, processing equipment. It is preferred that the
collector tray operates at a temperature of, for example, about -70° F to -80° F. This is at or
30  slightly below the freezing point of the CO, component.
[0035] The method further includes separating the substantially solid material into a
substantially solid filter cake and a substantially liquid filtrate. The filter cake is comprised

primarily of carbon dioxide, while the filtrate comprises methane and residual carbon



delivering the first solid-liquid slurry to a second filter. The second
filter produces a second 10filter cake conprised primarily of solid carbon
di oxi de, woaoa/wees®nd filtrate conprising nmethane and cachars2dionxisde, again
in liquid phase. [0038]Wile a single8separation step may be sufficient in
sone inplenentations, additional CO2 renoval may be undertaken. For

exanpl e, the separating step may further conprise rinsing the second filter
cake usdimgdt.h&hedlilttateandoimctidoxitike ehtpeaents such mghdake hi/dregebons ahd kt@r cake
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control eezing zone I'ati on tower preferably will not have a
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20115/ 046 65RIHTRr UsRObOrodre 27808 d-liquid slurry, and delivering the solid-liquid slurry to yet

a third filter. This produces a third filter cake comprised primarily of solid carbon dioxide,
and a third filtrate comprising yet a smaller amount of methane and carbon dioxide, again in
liquid phase.
[0039] The method also includes returning at least a portion of the second liquid material
20  to the cryogenic distillation tower. In one aspect, the second liquid material is directed back
to the lower distillation zone. In another aspect, the second liquid material is merged with the
raw gas stream and is re-injected into the tower in the controlled freezing zone.
[0040] In one embodiment of the method, the first filtrate and the second filtrate are
combined. The combined fluid from the filtrates forms the liquid filtrate that is returned to
25  the cryogenic distillation tower. In this instance, the combined liquid filtrate is preferably
injected into the lower distillation zone.
[0041] In another embodiment of the method, only the first filtrate is returned to the
distillation tower as the liquid filtrate. In this instance, the first filtrate may be returned back
to the controlled freezing zone. The distillation tower preferably will not have a lower
30  distillation zone. The second and, optionally, third (or subsequent) filtrates are delivered to a
separate, downstream distillation tower where residual acid gases are finally separated from
methane. In this instance, a recovery methane stream is obtained that is merged with the

overhead methane stream of the cryogenic distillation tower for sale.



Brief Description of the Drawi ngs [0042] So that the manner in which the
present inventions can be better understood, certain illustrations, charts
and/ or flwe2ehAusessar e appended hereto. It is to be not @dT/useewemers27 t hat
the drawings illustrate only sel ected9enbodi ments of the inventions and are
therefore not 5to be considered Iimting of scope, for the inventions may
admt to other equally effective enbodi nents and applications. [0043] Fi gure
1 is a side view of an il | Bsief Besoriptioh/ofdhe Dirhivatgson tower, in one

enbodi nent. A chilled raw gas streamis seen being injected into the

i nter ngg04d]e c8ptthedl thedmhiiRezh nghiglonke @feséﬁtemilémﬁihs claﬁ[&olﬁéﬂeFilmué@toaA, is a
plan view of _a nelt tray, in one enbodi nent. It tray resides within

the t ov@ﬁa@éllbwatﬂﬁés Sty i/ s flopy et ags %@ﬁ@ded[f@eﬁt@] Hiigytorke moged, hoyever,
Cross- Qttthg 81% i %ﬁ‘ﬂ’uﬂaté Qrﬁ @gllegte& LYo fmeﬁl[s%#tﬁ g@e?tﬁcﬂlg %ﬂd Eies tﬂ%_%fdrb ﬂgt B'

[0046] gure Cross- S8t onal Vi ew of

t akén ato rhmsa)nlsuda&d]lﬁﬁiﬂ@g off GOdine], Ifd)rgt}meen&ntlsnamagrddangeﬂomeldequallgwffe’ctwe
strippin tra%/é in the |lower distillation zone of the distillation tower,
in one eé‘%%%iﬂp hend $RPYER]Mgure 4A is a perspective view of a jet tray as

may be [gggf | nF?gutr@elr it N iRWBlew of afll ifiliittdRL] @pzzeﬂﬁllﬁfon' 'ﬂovt/&e iHPO&S
rectlflcatlon zone of the distillation tower, in one 20 enbodi nent.

[ 0049] FamywdandrB iAsclallsd dev gdseweah mmndvbmtghejeotpémtnglge interinheiajeeontroldgd of
Figure 4 00501){%% yre 5is a side view of the internmediate controlled
freezwifef ¢O8F YStillation tower of Figure 1. In this view, two

i1 1gst ripgbdye bafdukesAhay glanessy afldatitityt ieodcingsommaémt ahe entlit ey Redéy eeze
zone. within the tower below the controlled freezing zone.

[0045] Figure 2B is a cross-sectional view of the melt tray of Figure 2A, taken across line

B-B.

[0046] Figure 2C is a cross-sectional view of the melt tray of Figure 2A, taken across line

15 C-C
[0047] Figure 3 is an enlarged side view of stripping trays in the lower distillation zone of
the distillation tower, in one embodiment.

[0048] Figure 4A is a perspective view of a jet tray as may be used in either the lower
distillation zone or in the upper rectification zone of the distillation tower, in one

20  embodiment.

[0049] Figure 4B is a side view of one of the openings in the jet tray of Figure 4A.

[0050] Figure 5 is a side view of the intermediate controlled freezing zone of the
distillation tower of Figure 1. In this view, two illustrative baffles have been added to the
intermediate controlled freeze zone.

25  [0051] Figure 6A is a plan view of a collector tray, in one embodiment. In one
arrangement of a gas processing facility, the collector tray resides within the tower below the
controlled freezing zone.

[0052] Figure 6B is a cross-sectional view of the collector tray of Figure 6A, taken across
line B-B.

30  [0053] Figure 6C is a cross-sectional view of the collector tray of Figure 6A, taken across
line C-C.

[0054] Figure 6D is a cross-sectional view of the collector tray of Figure 6A, in an

alternate embodiment. The view is again taken across line B-B.



25[ 0051] Figure 6Ais a plan view of a collector tray, in one enbodinent. In
one arrangenent of a gas processing facility, the collector tray resides

wi t hi n t wotomwaredsel ow t he controll ed freezing zone. [0@B2]USe@ui0d298B is a
cross-sectional view of the collectorittray of Figure 6A, taken across |line
B-B. 30[0053]Figure 6E is a cross-sectional view of the collector tray of
Figure 6A, taken across |line GC [0054]Figure 6D is a cross-sectional view
of the [0653]ect Bigure dyis afsché¢maticediBgram shoawin@btgas padoessbmd Gatilite for rehlvering ew i S
again taken acrgss line B-B. .= WD 2011/0 6658P(%/ S2010/ 042927, 10 .

[ 0055] lﬁcb‘ﬁrgésef S AsEe gt | WeaMadht ArFY 6%% gﬁspﬁﬁ%}ée@é’fiﬁ&% dBi P4y for

removi NgnRkiiHedaghe cf)lﬂ&%r@r ?WP@gﬁe BAR D 6BGS ?f@)g@@ with the present
i nvention, In one enbodi nen The collector tray o I gure 6A or Figure 6D

is enpl [@9&6}]. [ 6058] Sllgtarsehanatm diagrahestewicg digagpaoncstiapiacgitn fgla&‘nmval@sa ng
faC|I|tay or renovi n% g glases f({oma.ﬁgﬁ?strear{n n ccor ance %ht e
pr eSent®ihEaHTi GH ¢ FAARTSHP P A Bhto i Prppid! éBYﬁn &tot” f‘?aﬁ?e’&ﬁa Figure
6A or Ringydeméf?. The agiddctorarRl o?¥edire AR FlidurgvDas Bgdi emptysd.a fl owchart for
a nmethod of renoving acid gases froma gas streamin accordance with the

pr esent[00Hilent Fisre rpreﬁﬁr@tSearﬂ@WCh@htfor parcahqdeefl D@mmgawérga@ﬁs fcemt aiges
Enbodi ”st‘?ﬂé&l% &QP%rJia'Hcé w?t'ﬂ%hi ﬁ%?%ﬁfve%{é&n i§hELfbodifind €7 M " hydrocar bon®

refers T0 an organi €

Detailed Description of Certain Embodiments

10  Definitions

[0058] As used herein, the term "hydrocarbon" refers to an organic compound that
includes primarily, if not exclusively, the elements hydrogen and carbon. Hydrocarbons
generally fall into two classes: aliphatic, or straight chain hydrocarbons, and cyclic, or closed
ring hydrocarbons, including cyclic terpenes. Examples of hydrocarbon-containing materials
15  include any form of natural gas, oil, coal, and bitumen that can be used as a fuel or upgraded
into a fuel.
[0059] As used herein, the term "hydrocarbon fluids" refers to a hydrocarbon or mixtures
of hydrocarbons that are gases or liquids. For example, hydrocarbon fluids may include a
hydrocarbon or mixtures of hydrocarbons that are gases or liquids at formation conditions, at
20  processing conditions or at ambient conditions (15° C and 1 atm pressure). Hydrocarbon
fluids may include, for example, oil, natural gas, coal bed methane, shale oil, pyrolysis oil,
pyrolysis gas, a pyrolysis product of coal, and other hydrocarbons that are in a gaseous or
liquid state.
[0060] The term “mass transfer device” refers to any object that receives fluids to be
25  contacted, and passes those fluids to other objects, such as through gravitational flow. One
non-limiting example is a tray for stripping out certain fluids. A grid packing is another
example.
[0061] As used herein, the term "fluid" refers to gases, liquids, and combinations of gases
and liquids, as well as to combinations of gases and solids, and combinations of liquids and
30  solids.
[0062] As used herein, the term "condensable hydrocarbons" means those hydrocarbons

that condense at about 15° C and one atmosphere absolute pressure. Condensable



includes primarily, if not exclusively, the el enents hydrogen and carbon.
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obj ects, such as through gravitational flow. One non-limting exanple is a

tray forvorkingifhpdng out certain fluids. A grid packing is another exanple.
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tower,” a “column,” a “CFZ column,” or a “splitter tower.”

15  [0066] The cryogenic distillation tower 100 of Figure 1 receives an initial fluid stream
10. The fluid stream 10 is comprised primarily of production gases. Typically, the fluid
stream represents a dried gas stream from a wellhead (not shown), and contains about 65% to
about 95% methane. However, the fluid stream 10 may contain a lower percentage of
methane, such as about 30% to 65%, or even 20% to 40%.

20 [0067] The methane may be present along with trace elements of other hydrocarbon gases
such as ethane. In addition, trace amounts of helium and nitrogen may be present. In the
present application, the fluid stream 10 will also include certain contaminants. These include
acid gases such as CO; and H,S.

[0068] The initial fluid stream 10 may be at a post-production pressure of approximately

25 600 pounds per square inch (psi) or lower. In some instances, the pressure of the initial fluid
stream 10 may be up to about 750 psi or even 1,000 psi.

[0069] The fluid stream 10 is typically chilled before entering the distillation tower 100.
A heat exchanger 150, such as a shell-and-tube exchanger, is provided for the initial fluid
stream 10. A refrigeration unit (not shown) provides cooling fluid (such as liquid propane) to

30 heat exchanger 150 to bring the temperature of the initial fluid stream 10 down to about -30°
to -40° F. The chilled fluid stream may then be moved through an expansion device 152.

The expansion device 152 may be, for example, a Joule-Thompson (“J-T”) valve.



5 a coolant to chill an overhead nethane stream This is in contrast to an
"open loop refrigeration system wherein a portion of the overhead nethane
stream i twel2b1vseassed as the working fluid. [0064] As usedThise@iong29ehe term
"subsurface" refers to geologic strat®@ occurring below the earth's surface.
10 Description of Specific Enbodi nents [0065]Figure 1 presents a schematic
view of a cryogenic distillation tower 100 as nmay be used in connection
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although some vapor phase may inevitably be entrained into the chilled fluid stream 12.
Most likely, no solids formation has arisen from the presence of CO,.

[0073] The cryogenic distillation tower 100 is divided into three primary sections. These

20  are a lower distillation zone 106, an intermediate controlled freezing zone, or “spray section”
108, and an upper distillation or “rectification” zone 110. In the tower arrangement of
Figure 1, the chilled fluid stream 12 is introduced into the distillation tower 100 at the
controlled freezing zone 108. However, the chilled fluid stream 12 may alternatively be
introduced near the top of the lower distillation zone 106.

25  [0074] It is noted in the arrangement of Figure 1 that the lower distillation zone 106, the
intermediate spray section 108, the upper rectification zone 110, and all the components are
housed within a single vessel. However, for offshore applications in which height of the
tower 100 and motion considerations may need to be considered, or for remote locations in
which transportation limitations are an issue, the distillation tower 110 may optionally be

30  split into two separate pressure vessels (not shown). For example, the lower distillation zone
106 and the controlled freezing zone 108 may be located in one vessel, while the upper
rectification zone 110 is in another vessel. External piping would then be used to

interconnect the two vessels.



the fluid stream 10. Preferably, partial |iquefaction of the fluid stream
10 is also created. A Joul e-Thonpson (or "J-T") valve is preferred for gas
feed stresonotinasesare prone to formng solids. The expamsirars2adewire’ 152 is
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m nimze heat loss in the feed piping. [0071]As an alternative to a J-T
val ve, the expander device 152 may be a turbo expander. A turbo expander
provi deg07fleat & citloolcmbgdiamnt,che ehgerawseditioelovfer dhatlatimozdacfl®b iphpbesses

Iiketh refr| ration unit bove. efri eratlo n|t is part
of the ¥kt eeﬁe%ﬁatﬁa@ﬁra&% of tHEtCﬁ}I@anilﬁﬁeﬁtrea@hQ ai&w HfRiIORCE he
over al 'dlﬁﬂ%ﬁeﬂ zbfe 16644 HETBMIStof R wTeﬂeabQ{zéEHé ﬂ)cﬁhhé’@oi% %@%@émeﬁﬁﬁ@\{@&he the

t ur bo- expander may not handle frozen particles as well as the J-T val ve.

[ 0072] I ahiléidt fhed sirersn dﬁ@éthetdperahegmr@mh@ﬁ@mwhmn éﬂ&i Ith‘éusemplawd,efnetﬂm ce

152 _convert the ni t.i al trea i toa ed fluid stre

Prefer dBIPYF fteﬂtéal Ye% eé?t{ﬁ? tg? 1$lffa}’(éef F‘Tcé OPlaﬁ‘ ‘ir%cé%giszc‘?f&mé‘rel% na&fz4o to
-70 F. dolrseN@odsOe6idinabNSkin iy ggedit &ild uﬁadréthlﬁi th@ﬂthteqwa[d WiRini the 4Rtiapesmt ed

at a pressure of about 550 psi, and the chilled fluid stream 12 is at

appr oxutﬁ’ezpliel@ﬂ w@zmmurAt meEBe thad i liquat vill { il cHisomednieredats terapgrptire i s in

a substant ou | nevi bly be
et a roavrdh Gtien oM PRRS Bel o OE T oERRS” i ABE SRRERG T 3R B
f or mat i lgardvagons pﬁ&éhtfuli &mﬁlb@re (eskagsethafic &Popdrdf) TRk THE itoryR¢ et Wiling

distillation tower 100 is divided into three pri marﬁ sections. These 20 are
a | 1nerteapeirture 8f ithsnmpepes- 1%686&?«“9%@&%@.%@5%@% G ﬁOFé]@?zPIPF‘dati%e or

spray S86LIaRRes %%nﬂ?é‘&istﬂ tgﬁ@&{]erqlo%tl | lation or "rectification" zone 110.

In the tower arrangenent igure 1, the chilled fluid stream 12 is
i ntrodyde@]i nt in ttllmelcdmestcihlsthlbattuonnzomem 10 Ca3, :hﬂaieamomlrenlliqacﬂ -pizseAlunids zone
108. However.,, Py? i ernativel 50 g i ntroduced

|uid stream 12 nay . al
near tHEIYiGoR}! t[a? E?ﬁtqmézf ﬂafncr'za%ﬁ‘én%léﬂﬁamnd@wﬂ t 5 3805 n t he

ar r angeflRtm@harfe! aﬂ%lro@nel= vhp@tpHaerhi@Wercallioft ddd Bdel P ZRBWARR thd 1}69 of the
intermedi ate spray section 108, the upper rectification zone 110, and all

t hdScortporerd8. afgishewsedion mhaqqomphshegl primextlye throwghwehee densfityr duﬁifef@helr e

applic ions in whic notion _cons der ons may
nood § IbeeRohS el 6 OGRS SFe'FoBaeraetp i op Sels A B

l'i m t atihRRsl @b@paenits &itin thbelidillstio tdtdramot QM@ﬂes%ﬂ;QedTwo@pthe@@aicmde@ 30
split into two separate pressure vessels (not shown). For exanple, the

| ower dnelt ﬁlaydﬁﬂoh pélefﬁletym%ada/ﬁatagWSLyo@qnﬁ@meécm@ssetéazﬁSfﬁrg d@ﬁlﬁés l #rdyarhe
208t by 3 Y RAPRRT 55D T LA AN Bl
WO 2201 1diA 668 Eﬁﬂ'd lﬁ%f&z’lﬁtéﬂﬁar_ﬁoﬂzﬁ of CO, and heat transfer.
[0077] Referring again to Figure 1, the chilled fluid stream 12 may be introduced into the
column 100 near the top of the lower distillation zone 106. Alternatively, it may be desirable
to introduce the feed stream 12 into the intermediate spray or controlled freezing zone 108
above the melt tray 130. The point of injection of the chilled fluid stream 12 is a design issue
25  dictated primarily by the composition of the initial fluid stream 10.
[0078] It may be preferable to inject the chilled fluid stream 12 directly into the lower
distillation zone 106 through a two-phase flashbox type device (or vapor distributor) 124 in
the column 100. The use of a flashbox 124 serves to partially separate the two-phase vapor-
liquid mixture in the chilled fluid stream 12. The flashbox 124 may be slotted such that the
30  two-phase fluid impinges against baffles in the flashbox 124.
[0079] If significant liquid slugging or frequent process upsets are anticipated, the chilled

fluid stream 12 may need to be partially separated in a vessel 173 prior to feeding the column

100. In this case, the chilled feed stream 12 may be separated in a two phase vessel 173.
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20  distillation zone 106 there below.
[0082] As will be discussed more fully below, the spray section 108 is an intermediate
freezing zone of the cryogenic distillation tower 100. With the alternate configuration in
which the chilled fluid stream 12 is separated in vessel 173 prior to entering the tower 100, a
part of the separated liquid/solid slurry 13 is introduced into the tower 100 immediately
25  above the melt tray 130. Thus, a liquid-solid mixture of sour gas and heavier hydrocarbon
components will flow from the distributor 121, with solids and liquids falling down onto the
melt tray 130.
[0083] The melt tray 130 is configured to gravitationally receive liquid and solid
materials, primarily CO, and H,S, from the intermediate spray section 108. The melt tray
30 130 serves to warm the liquid and solid materials and direct them downward through the
lower distillation zone 106 in liquid form for further purification. The melt tray 130 collects
and warms the solid-liquid mixture from the controlled freezing zone 108 in a pool of liquid.

The melt tray 130 is designed to release vapor flow back to the controlled freezing zone 108,



[0079]If significant liquid slugging or frequent process upsets are
anticipated, the chilled fluid stream 12 nay need to be partially separated
in a vesswb 2ind4pssB8or to feeding the colum 100. In thi ecraseqrow®2thill ed
feed stream 12 may be separated in a Bwo phase vessel 173. WO
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flow fromthe distributor 121, with solids and |iquids falling down onto
t he nell008¢lay TBemelt tray base 134 is preferably inclined. The incline is demonstrated in the
side view of Figure 2C. Although most solids should be melted, the incline serves to ensure
20  that any unmelted solids in the liquid mixture drain off of the melt tray 130 and into the lower
distillation zone 106 there below.
[0087] In the view of Figure 2C, a sump or “downcomer” 138 is seen central to the melt
tray 130. The melt tray base 134 slopes inwardly towards the downcomer 138 to deliver the
solid-liquid mixture. The base 134 may be sloped in any manner to facilitate gravitational
25  liquid draw-off.
[0088] As described in U.S. Pat. No. 4,533,372, the melt tray was referred to as a
“chimney tray.” This was due to the presence of a single venting chimney. The chimney
provided an opening through which vapors may move upward through the chimney tray.
However, the presence of a single chimney meant that all gases moving upward through the
30  chimney tray had to egress through the single opening. On the other hand, in the melt tray
130 of Figures 2A, 2B and 2C, a plurality of chimneys 131 (or “risers”) is provided. The use

of multiple chimneys 131 provides improved vapor distribution. This contributes to better

heat/mass transfer in the intermediate controlled freezing zone 108.



[0083] The nelt tray 130 is configured to gravitationally receive liquid and
solid materials, primarily CO2 and H25, fromthe internedi ate spray section
108. The wol2011¥4665830 130 serves to warmthe |iquid andPsoltsdowmsme al s and
direct them downward through the |owers distillation zone 106 in liquid form
for further purification. The nelt tray 130 collects and warns the
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20  resides within the draw-off sump, or downcomer 138 (seen in Figure 2C). Fluids collected

in the downcomer 138 are delivered to a transfer line 135. Flow through the transfer line 135

may be controlled by a control valve 137 and a level controller “LC” (seen in Fig. 1). Fluids

are returned to the lower distillation zone 106 via the transfer line 135. If the liquid level is

too high, the control valve 137 opens; if the level is too low, the control valve 137 closes. If

25  the operator chooses not to employ the transfer system in the lower distillation zone 106, then

the control valve 137 is closed and fluids are directed immediately to the mass transfer

devices, or “stripping trays” 126 below the melt tray 130 for stripping via an overflow
downcomer 139.

[0093] Whether or not an external transfer system is used, solid CO, is warmed on the

30  melt tray 130 and converted to a CO,-rich liquid. The melt tray 130 is heated from below by

vapors from the lower distillation zone 106. Supplemental heat may optionally be added to

the melt tray 130 or just above the melt tray base 134 by various means such as heater line



[ 0088] As described in U S. Pat. No. 4,533,372, the nelt tray was referred
to as a "chimey tray." This was due to the presence of a single venting
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meant that all gases noving upward through the 30 chimmey tray had to
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strippigighd I8 isldRwREOWe arrangement of Figure 3, where the liquid flow is split at least
15  once so that liquid falls into two opposing downcomers 129.
[0096] Figure 3 provides a side view of a stripping tray 126 arrangement, in one
embodiment. Each of the stripping trays 126 receives and collects fluids from above. Each
stripping tray 126 preferably has a weir 128 that serves as a dam to enable the collection of a
small pool of fluid on each of the stripping trays 126. The buildup may be 2 to 1 inch,
20  though any height may be employed. A waterfall effect is created by the weirs 128 as fluid
falls from tray 126 to tray 126. In one aspect, no incline is provided to the stripping trays
126, but the waterfall effect is created through a higher weir 128 configuration. The fluid is
contacted with upcoming vapor rich in lighter hydrocarbons that strip out the methane from
the cross flowing liquid in this “contact area” of the trays 126. The weirs 128 serve to
25  dynamically seal the downcomers 129 to help prevent vapor from bypassing through the
downcomers 129 and to further facilitate the breakout of hydrocarbon gases.
[0097] The percentage of methane in the liquid becomes increasingly small as the liquid
moves downward through the lower distillation zone 106. The extent of distillation depends
on the number of trays 126 in the lower distillation zone 106. In the upper part of the lower
30  distillation zone 106, the methane content of the liquid may be as high as 25 mol percent,
while at the bottom stripping tray the methane content may be as low as 0.04 mol percent.
The methane content flashes out quickly along the stripping trays 126 (or other mass transfer

devices). The number of mass transfer devices used in the lower distillation zone 106 is a



[0092] Referring again to Figure 1, the nelt tray 130 nmay al so be desi gned
with an external liquid transfer system The transfer system serves to
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distil Ilgi[{%or??g% ¥ E%@é tﬂu?tupe a%ﬁmﬁeaaty atrg%yb r‘[&%o}% Iy be added to the
mel t tr[@99930 @iguresiA @b@i\d@s i pRnvidw of ﬁlﬁﬂlub@aﬁfeihallrd@'w%afﬂ &e¢SenftRaitgersuch as
heat er line WD 2011/ 046658PCT/ USZOlO/ 042927 17 25. The heater line 25
ut i 10} z gHFfeBBrovadRsagTor CEBARR! AR Plabich by Bomdhe tirEdds1 & shewnt o
facilit [ of f
From t RaChi 1af 428 ngy b, 304,115 APRIE) P B ap? Btmlelitufh I Beg s
i nt r odut=t jetatab I4é2 irohetes dn stdlinkdtabomemb ored 280G veAsg noopching 4p5.uials, ta)ae‘of 5
stri ppi n% rays 1 6 I.s provjded.in e lower distillation zone 106 bel ow
the mel'fd t‘h@%‘i%@’ urgiify of sppll OPFUNES4A5s 126 are preferably in a
subst anpigd)l y pargl d;ﬁ%anoﬁ' 8hd BAmoPO fetaQY A2k hﬁayo’b@%cateﬁ%ﬁhh@fstﬁpﬁiﬁlgsiﬁd ppl ng
trays 126 nay optionally be positioned at a very slight incline, wt

weils s ienid/or tractifecatipy il seetiasls dfstheebwenildbd The e 426amay fleyargmged Wlth

onto ¢ eufRRracyh & BOGafiRtaelPhing Kbbeizbin kine A Hghrd, et Ty be

in a vajriny a@fangérﬁaﬂgﬁw be SutilikBe tisdtr faifitadd the aysakbdp oWetMeG%a@anﬂﬁﬁ in
generally horizontal relation to forma sinusoidal, cascadi % uid flow

Howevercasciaﬂes down aper eedh lchiey #3e Jhe iffyisdsrien flaysalamsthsebody 3dgdkhettabscr eat e
2 uber anpzaftr 9befle bified ol S MY icR, SEPARERL ArbRENE el MK An

ar Q@ngenmnhecbﬁoﬁn@ma @t Whewe) g dplthualcy bt provided Irﬁovatthb dapid ibonce so

that liquid falls into _two opposi ng downconers 129. [0096] Fi gure, 3 prOV| des
a si de SPPEAUSH BYs 26 pdihsenepings A28 Aso BegEhEnt Vanoss 5%&8@ Hngdbt lugheh of

the strhppig bflo%s% ih4 lro%FH%éﬁﬁat?d?ldzo%'lh ¢ ﬁa{]él Wpdsrds QI 3RRY &Gl Ec@‘%ﬁk

stripping tray referab as a weir 28t at serves as a a to enabl e
t he coldetray)mmandathmmhltthddﬂmeyjs F1lui d on each of the stripping trays 126.

The bui | e 1/2 to 1.inch, Otho ht € ed. A
vt er 1 A0EB {en Theoner whfeatisy i i Ftdalalof ARPLmyRI IS PRI P 126
L0 JAsr ano&ﬁ&-résﬁta%ﬂ%a@e%’t’h@sctthatﬁ@ otk REthhS LM s‘éﬁds bﬁhlddibe F&Elhfgpﬂeé‘@tah{ ays
126, but the waterfall effect is created d th hr ough i gher weir

confi gurn@ttendﬁ areTHaized il ghnisproosssimg tequipwicn htoupeomit thy hpalpulo of cm’msuw Im:tght er
hydr oc ar t str

o e cr uid in
thi's duneater S iy Rt 5alBAERRG o i a3t S0ibe MRS u i ca 1y
seal t F@sa@m&%f%geniﬁ&sﬁmatml owlf Y& Noul: @%Qd’smidn@lﬂﬁa%f%ﬁia?g)etﬁ%@liﬂhhd he
downconers 129 and to further facilitate the breakout of pdydr ocar bon gases.

trays 126 or 426 to limit sticking of CO; solids. For example, a Teflon™ coating may be
30  applied to the surface of the trays 126 or 426.

[0102] Alternatively, a physical design may be provided to ensure that the CO, does

not start to build up in solid form along the inner diameter of the distillation tower 100. In

this respect, the jet tabs 422 may be oriented to push liquid along the wall of the tower 100,



[ 0097] The percentage of nethane in the liquid beconmes increasingly small as
the liquid noves downward through the |ower distillation zone 106. The

ext ent ofwaoietivd4b&8i on depends on the nunber of trays 1PETius2ailom4isoner
distillation zone 106. In the upper p@t of the lower 30 distillation zone
106, the nethane content of the liquid may be as high as 25 nol percent,
while at the bottomstripping tray the nethane content may be as | ow as

0. 04 nuherpby perventinghsolis tahaumsulamt elohg fthaskhbofabit topudr d0yand| ansgriighgood
strippi n% tba%/ia 126 (or other mass transfer devices). The nunber of nmass

t r ansf efPREYIHESOMeEd in the | ower distillation zone 106 is a WO

2011/ 046655PCT/ USRO0/4R9RT, HBaiTRkiAEs B 1€98ha01GhALARRARRTNEN )

h
conposition of the raw gas stream 10. However, only a few evel s oﬂfb 8
st ri ppitraysti28y scppPBioneddmbteritly miccas| YMathand gesdbicaks emtorfesoiutdnazrel moves

desirred | evel of 1% in the liquefied acid . f l e, .
o0gaT vPYEn Tonat (Sl L Lb st et EsTa sESudiargi5en el RERRFERIM ¢ at o
net hanehi ibr@akein ifBlquRPfoeMind)Rdels TOGmSb thdhitiveh bf MY 1d<& diBMaSbARbNe
represent a panel with sieve holes or bubble caps. However, to provide

f ur t herl08e akhetlpaid fseher moverboyt afitle ervagende prlldion tawrahlkin 4l Gdiklatpeasdue to

sol i ds, | "1.et, trays"” may be enpl oyed below the nelt tray. In lieu
of traybso,%t(a?%%id%(?n&{)eralms 2r'uctured packi ng may al so be enpl oyed. [0099] Fi gure

4A proviodes a pl avpon ewitied tendibtillatioh readven €0(, elic boteymAABId dtiRa@NE2 enbedi ment .
10 Figure 4B provides a cross-sectional view of a jet tab 422 fromthe jet

traf 426boijs lgﬂ-owﬁl?ig@a% b theicboplgr160his afkgtiletypeusssaiahat nipyidesaepRiladaiaper, of
jet ta B\ 0 h b 22

i ncli nte)%tt a%m{r?g{ng?rﬂ e%{fgﬁs ?:Tg%/%é}?ntg;\ %Og%gmﬁfglﬁﬁ%%%%g?ﬂg%jdgp ﬁﬂtokigié%% 6 has a
pl ur al ivtapoofag baldelivpehihngghdAeatel GhOQS ko pmpeicasupplomentabhat tonhe englietrayt r ays
426 may, hbe | ocated in the stripping, 106 15and/or. rectification 110 ctions
of the 1@3@#%5@@6@5@4 hegys C&Q@%ﬁ&ﬁ%{ghﬂw& 58S ipdemRAT i C@nﬁa@%feﬁ such
as the RREhAER, Qfhedl &EdcRRIJE, §u_6|ﬁl)é§ a By SHAUK Gt éxch'é‘ﬁ%@"(ﬁéb sHRMN) Tk YbOr

packing arrangenment may be utilized that facilitates the breakout of
metldaneisgddor tht initalchad adesn d6wm copomizaaterget Int thepyregiret, ththlequiduénderinghen

flow al png.t he 424. The .ta 422 are, optimal ly.oriented .t ve, t he

1ot o i cage) S PPty BB e S ERb S P EyoBamal SR 46 AP oner
(not  shunihtdpetingRYittomalihivialRuip sevintl 0, the op&ry@®r W Warfiuhé cdsl boRems Blagequent
tray 426. The openi ngs 425 also permt gas vapors released during the fluid

mov enerfirepinc@eem the wirdiliptere over 0PI Whits ie-ceeliee teepredudtioaviid sisowr d9- nmor e
fficiently tg t Lt 171 chisEmevs. . |
CLpect Pl I Dol oA o LRI P B4R o

25f20ul i fagm tlesicbdidortiedmt erial s, that is, materials that prevent
sol i ds-bui |l dup. Foul i na-resi stant materials are utilized in_sone processing

equi pmdft03lo previert canfmplaied dRi uBcTcomondEions e Ml ¥ | 45 map SIPghHs s,
z :lsgs E) fxpi%ﬂﬁdé@hga%r l%tﬁ g[ﬁtthésb APancd, tipd Ilﬁgl'i trggqg? gﬂi _b%QilekigﬁecP\gm? ay [ﬁgérnall n the

cryogenic distillation tower 1 uting résistant naterials
may be heseug featirhesuth ay snk2&toe hd26. t Blobiemert itsisi prkfierrgd oliat @Reas Glystes. ba-or

RN KN TR RE T SN s
ensyr e jhNphick MBe @5Pcx4Q8R one aspect at 30° to 40° F, so they contain relative heat energy.
Thus, in Figure 1, vapor stream 25 is shown being directed to the melt tray 130 through a
heating coil (not shown) on the melt tray 130. The vapor stream 25 may alternatively be tied
to the transfer line 13S5.
[0106] In operation, most of the reboiled vapor stream is introduced at the bottom of
30  the column through line 27, above the bottom liquid level and at or below the last stripping
tray 126. As the reboiled vapor passes upward through each tray 126, residual methane is
stripped out of the liquid. This vapor cools off as it travels up the tower. By the time the

vapor stream from line 27 reaches the corrugated melt tray 130, the temperature may drop to



not start to build up in solid formalong the inner dianmeter of the
distillation tower 100. In this respect, the jet tabs 422 may be oriented
to push |Iwouod/abessg t he wall of the tower 100, WO PCT/US2010/042927

2011/ 046658PCT/ US2010/ 042927 19 thereldy preventing solids accunul ation
along the wall of the tower 100 and ensuring good vapor-I|iquid contact.
[0103]In any of the tray arrangenents, as the down-flowing liquid hits the
stri ppiabgut 289§ td R6F. dhpavat, itlos rafiainedete edrs anoqursl tovet hehmggakd bnelaks out

of solution and noves 5 upward inp vapor r The .. however, is cold
enough AT LA G EnBRY e SGHOLo0 ok HorT0 Rat e e SAOHSLId gy @ 1 or m

and trayel ;oM €0, bR cBRES BBodfact Weh ipwasl: Ly 3.l ation zone 106. The
liquid is then noved out of the cryogenic distillation tower 100 in an exit

li ne ad0&0Hot t onmsRéfbmring Istck etanmeB@iler| BiD4]uisom extiotiomystrdsen @i sthid Ext itlon
tower 100,..t bot t.0 | uid stream 22 enters 10 rebojler. 16 I nFi gure
1" Bhe PR 50" TR ot el SRS e M 58 bORss Vebtiorfra Tbor +o
t he botdxpadet vhiRe 162 kddveéd e pra@¥se of\tHeeRRohEqW@PRYdutt, BEcdtvcBaRBvidingZ/. 1 N
addition, reboiled vapor may be delivered through a heater line 25 to

provi decHigspitenesffest. hEkus, tao chifled mstton ptagam 9. 1sTROVEdedpl ditisnelap dedes i s
| | 6 , T ly,
cheat BEICIAE B RS, LERREL AT ATII feo e R BTRRRLY Ve

15 usedidwathote@rdughtonalor ilodt A GItwelRNsddd dchergativatipiaz @S@neFigyre 1) Ihicene
respect, the liquids entering the reboiler 160 remain at a relatively |ow
t enfPer attypionss e liguidipPemayhe pumped o a@artiallgepugiedionk reepr il ayPHt ehin he

initial ' 184 o] t h bot: f i
stream" %L#Hregm&% ﬁg&ﬁeéit);pﬁcg% o;mlﬁig’v\g{e ?% %ﬁ]iq(fnebtepér‘?en-q lgg%h %éc?ﬁ' pégd%lct i on
fluid stlteemnvd,Ghe EO% nidyite weadeas a tiiveilflé flood prenvfadienpreag pil ecventgl heat

t hrough |Line 25 i m xed. phase retyrn 20from¢t r.eboj.l J160. [0105] 1t
is conﬂ@h@at ed _t'ﬁ%t?fr@ﬁagﬁméa osbfHbHON 1oR8 Hgef the il FPd‘{FL‘&égr ate
Wi t hout, ReadRE upitR®udP the! IBWEP BRI RREQ86, thRigNBRhE chif@¥yd 891 TPific Bklt
designed with an internal heating feature such as an el EC%II’I c heater.

Howlév ertrayi 30, gndomgsf e rcenitroltvadt freszinganong Y88. e hhbeondifotled &dezingronsni¥Baleéineshe

heat ener avai l.able in bott fluid strea . The warmfluids 25 jn

neat er 1 ReroE e v inEon SR s B HRaE, AoBen@pot aivvar firRarh i ve
heat engfdigh thddshtroiled Fre@iiEzohe 108POE t&hp@aie2Sf ths veite Wacdigdsnaudh égedred to
the nelt tray 130 through a heating coil (not shown) on the nelt tray 130.

The vapbic Wémczsaml%aﬂiﬂ@ﬂna@ﬂlw sorpiagtffasg theosprie npzzgsst2: Thindiques,

0106] | ation, f j | - i i th
bot t om Br 45 Fa®ise RS it ORGSR nERE B St U SOSESREE S
at 20r hefripordtioa unst70stinioppiangngdnagnt, tBE liqdel rhétRarncedxdis | fath ¥@Re hopAss EX2

upward through each tray 126, residual nethane is stripped out of the
i qui d.2t Phicomesiwic ommsormrtehs -{10° F 49l 30°Up t Heweviers sy ligwid methang he

vapor %ﬁ&%e@fﬂ&fp(&%ﬂf g@aYt fr&AGRESurtARAHEE, " HIRbE dodlRldy thbA¥mbdQeurd BE the

t enper at ure nay
upwardly-moving vapor. The vaporized methane also flows upward due to its reduced

density (relative to liquid methane) and the pressure gradient within the tower 100.

25  [0109] As the methane vapors move further up the cryogenic distillation tower 100,
they leave the controlled freezing zone 108 and enter the upper rectification zone 110. The
vapors continue to move upward along with other light gases broken out from the original
chilled fluid stream 12. The combined hydrocarbon vapors move out of the top of the
cryogenic distillation tower 100, becoming an overhead methane stream 14.

30  [0110] The hydrocarbon gas in overhead methane stream 14 is moved into the
external refrigeration unit 170. In one aspect, the refrigeration unit 170 uses an ethylene
refrigerant or other refrigerant capable of chilling the overhead methane stream 14 down to

about -135° to -145° F. This serves to at least partially liquefy the overhead methane stream



WD 2011/ 046658PCT/ US2010/ 042927 20 about -20 F to O F. However, this
remains quite warm conpared to the nelting solid on the nelt tray 130,

whi ch maywbeorrwaedsd -50 F to -70 F. The vapor still hasPpemasgiomsmobal py to
melt the solids CO2 as it cones in caitact with the nmelt tray 130.

[0107] Referring back to reboiler 160, fluids in a bottom stream 24 that
exit the 5 reboiler 160 in liquid formmy optionally pass through an
expander4. vahy ecfiig@ated hectkapanicdem Malsvihed Gvee du aasflish eomplcass wir scpdratidre
bOttOﬁ]|Ig§id roduct, effectively providing a refrigeration effect. Thus,
a chilldg stream 26 is provided. This also creates hydrostatic head.
I n thisoiegpect, fhescEsRibh @H‘adﬂbéﬂ‘l‘ﬁ @ﬁééd' B ch s’ 26! fiym HelidRuPggpuped
downhol e through one or nore A wel (seen schematically at 250 in Figure
1) . | n Bongaslld sipresants dhs lighter hydrquarhom@samyrlﬁnerlkyump‘éldna rft@n dhpariginal | y

recqvered oil reservojt, as pant of an en a ced oi cove hus

F he SR GRS Oy Sy e heBpmriey” ALS 15 Rk I F SR o R

used ascodrsd e Ploduét’ denaagmbugmrto 88 b%ﬁ@@a afll kold @6V Mally, A1) wikeh r l ng
again to the | ower distillation zone 106 of the distillation tower 100, gas
noves Whankrough the | ower distillation zone 106, through the chlnneys 131
in the 15 tr d_ i t I

cont roI F@#lf reezi%éoéboﬁe f%g 0\6?%6%%32&%%%?&68{1 lﬁ%n%{nge[ﬁé Pequéé%gt% unrqfa I ty of

spray ne@malmsoddsedAsTliik @ott@lﬁdfecdimvﬁﬁqw@\ﬂﬁhdi thoug Repdigted dithicakpaakion
freezing zone 108, the tenperature of the vapor becones much col der. . The
vagdr idambai K& apd Eﬁ}umieam (‘;lhen@t"‘f?érlr@“co%l’ﬁalpf Fomayrhe wsid9 myEzthediayih
This i i d h i ng
peen chlﬁﬁ#‘gé%@%@gx@z O R (T S
the |i gibode ret toare 18K id prdvrd@na spvay femlizafl ths li§RR @flua 18erflerlatuid ecfhik 18
apprOX| e 120 F to - However s the liquid t hane evap rates,
PP absorhs b ety diridsi rigsapctniPEn s elte frsRe Qe ARt dafr e of
the upvag O MRYiNE tt{@ﬁauld ek ‘IQI@QMe@lﬁHe h’@@l 98458 &b&w&m&g&d&ﬁ to
its reduced den5|ty (rel'ative to liquid an€) and the pressure gradient

wi tIdi n nrbsent owehe in0R! fl2El §tr00]10)ANd mcesr@tf hadwgem pulfide fplve if presdnerin e t he
cryogenlﬁ PQStlllatl g tower 100, they |l eave the controlled freezing zone
108 and"&R Pmﬁﬂsmﬂdﬁ r rectification zone 110. The vapors continue to nove

upwar d [ailp31g W t hin@hbebolingdiargemest, Hek@rhealindii8strbam A4iigtarah tHrbigdt ed
fluid stream 12. The conbi ned hégrocarbon vapors nove out of the top of the

cr yogerfincorgindeen reftiperatienfesten.on thieesmasseah thy eydibend methpametresny b 14.
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ext erna era one ‘aspec on unit 170
use® arnsehbyiyeidecflet 18 gdharfter, tiat @x&:!fhd’adfrﬁdttgﬁfeamﬁeamamﬁl eewbirigdd tol dbogt t he

over head net hane stream 14 down to about -135.to -145 F. This serves to at
| east paf®q Bty 1.409urst.yandriben Gerled 48N Eembiané aii gndapassipyy an external propane

2011/ 0%@@%‘5’9{/ H’ﬁ@gf&@&%&gﬁd %ﬂnujeé ad Qfeahfls rth&‘?ﬁﬁ@cﬁgd %Wﬁ[é@ 19t s

then noved to a réflux condenser or separation c
separ atﬁuﬁherodmaﬁhgr Alfngba sxpasdat nhay lsaemdad) ECYES dy@nfrmamﬂlhutqlwsdwlbz&d smxne18

The g 1& S aﬁ é g{ %r qQgar bon_gages, primarily methane,
From 't REEBAY G 55 P st S0 saHse RProeon B Snrlle Sty et
pr ese ntGasTbﬁea{ﬁ@td‘b%ﬂﬁmﬁ%Sat JL@agtSOn@fFr@&ymé ecorﬁﬁtﬁlenpr @.Qé&?fbes Hict tdBingl of spught
to be captured and sold comercially, along wth any ethane.
overhead methane stream, and is incorporated herein 1n its entlrety by reference.
[0114] It is understood here that the present inventions are not limited by the cooling
method for the overhead methane stream 14. It is also understood that the degree of cooling
between refrigeration unit 170 and the initial refrigeration unit 150 may be varied. In some
30  instances, it may be desirable to operate the refrigeration unit 150 at a higher temperature, but

then be more aggressive with cooling the overhead methane stream 14 in the refrigeration

unit 170. Again, the present inventions are not limited to these types of design choices.



[0112] A portion of the overhead nethane stream 14 exiting the refrigeration
unit 170 remai ns condensed. This portion becones liquid reflux 18 that is
separ at edwOreotigeese@par at i on 10 chanber 172 and ret ur nedPCo/usb@oweser 100. A
punp 19 may be used to nove the liqui® reflux 18 back into the tower 100.

Al ternatively, the separation chanber 172 is nounted above the tower 100 to
provide a gravity feed of the liquid reflux 18. The liquid reflux 18 w |

i ncl ude[Oat@] car bdketdining ki Inatl?lgfredpehh figoich eflex UBperetuaetliihiocttiuppezone
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10). [0113]In one cooling arrangenent, the overhead nmethane stream 14 is

t aken tdmtmdgherinthspmass| tomsfer efevicgel b6 lamwres‘yﬁ«:aéwn trays tthatsorawdarag@mdmg t he
over.head .net hane eamJ14 is ta through a c - er t hill a
et ar n g6 PoRea 1R e nesmb RN at B P uRv 128 o6 BeT AR | LR et ux
18. Thetfzﬁ;@fﬁaﬁdombhgnmﬁﬁé@gg&lﬂge&b@a@o5&eﬁi@myé& i's pressurized to about
1,000 psi to 1,400 psi, and then cool ed using anbient air and possibly an

ext er nd01Mlopane Aefilvigerfzem. liqwe p@fb@s@t’fﬁ%@dl%mmowldqwagd\sthmwgéarﬁhq
then di ?t%c%goﬁ Wa U9y %ﬁdﬁf&ﬁﬁ'}g&flaﬁ vaéyoHr% hoelft o‘f’%’ ms&’%ﬁ e%%ttlrf%th% eoé@@'iﬁ
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Stream Cont ai ni ng at Least One Freezabl e Conponent," describes the cooling

of 18n oVisrmdOd FRsY vshdha fomsamme Hawid |®a$erftfdrqm eaflugy 18plds ontp A cpllecteifiatt et y
by ref e CAR T h&%%él b 14 ﬁld%ﬁﬁ%%&gg}@t&@oidaa&h b:g;la{ ﬁlzg@ﬁlan ‘é&@ﬁﬂa%‘ﬁf are

not limte bytecoomgrre e ove anesream IS
al so urldelrcs:tadmﬂ ankdatsithined adel%ases mbvingaipwagd betwhe wonedliddgieceatngomonuriios. 170
and the_initi refri i on._un 0. be varied. In some 30 instances,
i t naye];)bafn&i’é‘é %ﬁﬁ}l@qgﬂ 2pd cqy 81121@?%@%%!%0 % AicPlasteyy 5y Wohi gher
temper goy¥{H. but Tﬂkeeollpé’etd?oﬂ’r%z qggrﬁéﬁk%@y V&eﬁﬁescﬁoidb%nﬁahl%z ?Mﬁﬁrh%é@kz 7t hane
stream 14 in the refrigeration unit ." Again, the presént inventions are
notl3l i rolleetingoliqiids e Hopysarsr, ofs il mgerht trhy)dé@,scollev@r tray 140 also has one, and

2011/ 046658PCT/ U 0/ 927 2 0l115] Returnin o Fi gur & t he
aut o DERHRD 3 8TaTy & GPRBIEYY fpo PHBE dasor o Ay fiam B Pl sl on
zone 1LQne T08. |A @hinthely@hbilbsp Ja&ah%en&é’ﬁe Ru@ avihhepicoiiadd vy eampbdts I310ugh one
or nore mass transfer devices 116 in the upper rectification zone 110. In

one enblddiipdrigures 38 4nistC mayrhetwed déhimeeys g aadeapeld? farcatiedser tavaldd t hat
provi dg S@ESC&C{EQ%Q%%E['V% 6’ff§ gﬁw $ it 30 AMaeeuers 119, simlar to

trays 1% Cri
20  [0118] It is noted here that in the upper rectification zone 110, any H,S present has a

preference towards being dissolved in the liquid versus being in the gas at the processing
temperature. In this respect, the H,S has a comparatively low relative volatility. By
contacting the remaining vapor with more liquid, the cryogenic distillation tower 100 drives
the H,S concentration down to within the desired parts-per-million (ppm) limit, such as a 10

25 oreven a 4 ppm specification. As fluid moves through the mass transfer devices 116 in the
upper rectification zone 110, the H,S contacts the liquid methane and is pulled out of the
vapor phase and becomes a part of the liquid stream 20. From there, the H,S moves in liquid
form downward through the lower distillation zone 106 and ultimately exits the cryogenic
distillation tower 100 as part of the liquefied acid gas bottoms stream 22.

30  [0119] In cryogenic distillation tower 100, the liquid captured at collector tray 140 is
drawn out of the upper rectification zone 110 as a liquid stream 20. The liquid stream 20 is
comprised primarily of methane. In one aspect, the liquid stream 20 is comprised of about 93

mol. percent methane, 3% CO,, 0.5% H,S, and 3.5% N;, At this point, the liquid stream 20 is



trays, random or structured packing may al so be enpl oyed. [0116] As fl uids
fromliquid reflux stream 18 nove downward through the rectification trays
116, addiwocnalo4s@8hane vapori zes out of the upper rectipCirastolonizeone 110.
The net hane gases rejoin the overhead3net hane stream 14 to becone part of

t he gas product 10stream 16. However, the remamining |liquid phase of |iquid
reflux 18 falls onto a collector tray 140. As it does so, the liquid refl ux
stream alabmrtamﬁ"cfa’ml M30d Fl Thpisak only s&ighﬂhyabvlarrpﬁrthﬁnﬁ]ageﬂm fliny d8o ddcbmpidcand
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substantially planar body for 15 coll ecting |qU| However, as with nelt

tray 13Qraycbtddectootlcttroaydad 1Hse mgy otream adld iproefagadab|Spray ptr@mmlzlt ys of

ch| eys for. venting g s..comn up mthe coptrolled.f zone 108.
o i B BPEgETene st Ruodios mERe e uf eI 98 anc

132 i N F909Uh @isis ABtaABE tRCsPIRY stRRNUBE . puteiM@y Shel thleraRdiafaddntrdied frédzing

collector tray 140 are shown in the enlarged view of Figure 5, discussed
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t he renalnlgé vapor with more liquid, the cryogenic distillation tower 100
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t hr ough Ss trans devices 11 e upper rectlflcatlon zone 110,
the H2 Semsttlaaa:dhstﬂﬂdmnltowan et thanechna msthpot bechnolid aod uttheatelgpecopérase

and becones art of .the |i. UId stre 20. Fromthere, the H2S noves in
liquid g Gh @%m&aﬁlaﬂﬁf%@ tgﬁ%StF%f ‘di stillation zone 106 and ultimately

exits tjlpg2Qr yogentig %Brﬁ% strb@hi 2N flogivele A021&aS1 PR hEso Aautdiecdrbot afdxait E"%P' d
gas bottonms stream 2 0[ 0119] I n cryogenic distillation tower 100, the
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rectification zone strea dstream
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At this point, the 1iquid stream20 is WO 2011/046658PCT/ US2010/ 042927 23
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drum 1 reader 'coPl ecti on rum 0 provide
surde agpacht yne‘lotraya lpu,mmdlﬁﬁelts Upo nh@hqﬁudn@axséle Fsgin alierbe eideC Og-aikch dijuidn
drum 174, a spray stream 21 is created. ay stream?2l is pressurized in
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i nter rredl ate control freezing zone 108 an tte roug zz1 %sy 122.
[ 0120] Semeinpey micthanofromitbe sprpytretn 2hof Bt nopees 122hanldyquididy etk anteinto
vapori Ze?)ora nﬁihese vapors move upwards in the cryogenic distillation tower 100 and re-enter the
25  upper rectification zone 110.
[0122] It is desirable to have chilled liquid contacting as much of the gas that is
moving up the tower 100 as possible. If vapor bypasses the spray stream 21 emanating from
the nozzles 122, higher levels of CO, could reach the upper rectification zone 110 of the
tower 100. To improve the efficiency of gas/liquid contact in the controlled freezing zone
30 108, a plurality of nozzles 122 having a designed configuration may be employed. Thus,

rather than employing a single spray source at one or more levels in a reflux fluid stream 21,

several spray headers 120 optionally designed with multiple spray nozzles 122 may be used.



evapor ates upon exiting the nozzles 122. Fromthere, the nethane rises
through the 10 internediate controll ed freezing zone 108, through the

chi meys w0 20hi@46@8| ect or tray 140, and through the nas®Crrsesian29devi ces
116 in the upper rectification zone 1280. The net hane | eaves the
distillation tower 100 as the overhead nethane stream 14 and ultimately
becones part of the commercial product in gas stream 16. [0121] The spray
st r eam PHusf themohfigumbaz bé shelPPayahsals d22dms aaribpactddrothicdeads arahSfed ey 1 me

fron1th se. In t espect . _sone CO2 nonentarily enters the gas
phase ﬂ%ﬁﬁyggﬁﬁbﬁﬁ‘ﬂ“ﬂf#ﬁﬂpﬁ%gﬁ@ﬂﬂg However, because of the cold
tenper gigpsH W t hithd NGiaenhéR]d B4 ré@i@éél&'%rcéﬁ@@d @beustd&%zlg%%ﬁg@n&ﬁsr fhon
di oxide quickly turns into a soli hase” and begins to "snow. " This
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rs t ase until 130. Thi ar bon
it o e ushiiie 20 200, AR fhutRislan doit S bR Snl R Rupb R it drome R S Tnase.
Fr om t Roferbh@ fé@Zeafchﬁl s lofGhé do£AS cotRtrsdm. (TR ARskstseansd ehsudeBbges or
trays 126 in the | ower |st|IIat|on zone 106, along with liquid CO2 from
t he chidovedge mhghﬁlewmalmdlﬂeeaylgd@@é 0B agd apoide goad Yapar-ligeidrontaghgnd
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qU|ckIy rea Ynto Va or. ese vapors nov Ve pwards 1n e Ccryog

di stil Ilqua@dltlﬁ@ygelrthée@ogﬂdc dgﬁﬂﬁticﬁlrtotvbﬁl(ﬁﬁupper rectification zone 110.
[0122]|t is desirable to have chilled_liquid contacting as nuch of the gas
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t he upper cation zone t ower 0. To I nprove

ef fi ci ervoyragé pgashisitheliftle clomt-aess CO, trhetidanfroal hevdng rbaelz upgha @umnﬁﬂanﬂm a
plurality of nozzles 122 having a si gned .confi guration may, be enmp ed.
Thus, roHHEE PR AHPPEREIS %@%Z@%bf@ é%ﬁwl%dﬁ Ao WOR - BUEH < i
a ref | Upcrhhitl ghaShb@ame &Jerheagvﬂt@ne%ﬁéﬁﬂ lﬁ'e(ﬁﬂly?fosbe]i%é’yc%& agpal |y designed
with nultiple spray nozzles 122 may be used
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ensure cover age mn con reezing zone rovi de
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cryogeriV&2 é. sti| 114t ﬁsqrmdefham@ inhgyent peftiency secis nmfrete@ﬁget ﬁé‘&djegés 120

and a Cé?)'h{rﬁ%ﬁ&ﬁ&‘ 99 s%l’igrull ARPLIAGNOF ﬁje?z 4%201@ RN GRIERLH P RS GURuid

coverage mnim zes back-m xing as wel n this respect, conplete coverage
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and enterln t he up rectlflcatlo 10 se t hes articles
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vapors through the cryogenic
solid components in the controlled freezing zone 108 melt and then re-mix in the lower
distillation zone 106 with any H,S and other heavy hydrocarbons in the liquid phase.
[0127] Because relatively pure CO, is more desirable for acid gas injection or
disposal, an acid gas enrichment process or other purification method is desired to separate
30  frozen CO,. This separation should take place at the bottom of the controlled freezing zone
108 or at the top of the lower distillation zone 106. Thus, instead of melting the CO, (and

remixing with any liquid H,S and heavy hydrocarbon components) and gravitationally

dropping the liquid-phase components through the lower distillation zone 106, it is proposed



distillation tower 100 ultimately produces a gas conprised of a comerci al
nmet hane product 16. The gas product 16 is sent down a pipeline for sale.
The gas pwodoto4d@spr ef erably neets a pi peline CO2 specipCirastélonszse7 1 to 4
nol. percent, as well as a 4 ppmor |28ss H2S specification, assun ng
sufficient reflux is generated. At the sane tinme, acid gases and, if 20
present, heavy hydrocarbons, are renoved through bottons fluid stream 22.
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enbodi nent.” Figure 6B provides a cross-sectional view of the collector tray
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10[ 0129} Fadistate ﬁ}rmﬁta@i@ul@@ﬁ@and i@)d @ddh-bffcl udes a base 620. The base 620 may
be a substantia pl anar body, or may have undul ations to increase surface

|
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[0132] The chimneys 622, 624 may be of any profile. For instance, the chimneys
622, 624 may be round, rectangular, or any other shape that allows vapor to pass through the
25  collector tray 610. The chimneys 622, 624 may also be narrow and extend upward into the
controlled freezing zone 108. This enables a beneficial pressure drop to distribute the vapor
evenly as it rises into the freezing zone 108.
[0133] The top openings of the chimneys 622, 624 are preferably covered with hats or
caps 626. The caps 626 minimize the chance that solids dropping from the controlled
30  freezing zone 108 will bypass the collector tray 610 and travel into the lower distillation zone
706.
[0134] Along with the base 620, the downcomer 630 is preferably inclined. An

incline arrangement for a downcomer 630’ is demonstrated in the side view of Figure 6D.



6B and 6C has a plurality of chimeys 622, 624 (or "risers"). The chi meys
622, 624 20 provide inproved vapor distribution, allowing fluids in the gas
phase to woavealo4egsdard fromthe | ower distillation zonePt@aSand/oiased t he
internedi ate controlled freezing zone6l08. This also contributes to better
heat/ mass transfer in the controlled freezing zone 108. [0132] The chi meys
622, 624 may be of any profile. For instance, the chimeys 622, 624 may be
round, Figate6DLUk arcroBrscatipnabiieer oSthapelltdtat tray bbvef Figioe 649 ipassltehracugh

the 25 collector tray 610. The chj.nmey 2, 624 may al so be narrow and
ext end iﬁvﬁ%ﬁ&}raeﬁtnﬁ et%évEa%hep&fwéaim?ﬁ-e@r)%l%ﬁ 108. This enables a
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the freezing zone 108. [0133]The top openings of the chimeys 622, 624 are
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IS a Cross- tionalq.view of the collector tray 610 of Figure 6A, in an
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tower and to CO2 recovery, facility. [0136] Figure S a schenatic di agram
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colldoectiato a cryogenic distillation tower 705. The distillation tower 705 has an intermediate
controlled freezing zone 708. The controlled freezing zone 708, or spray section, receives a
cold liquid spray comprised primarily of methane.
[0138] The cold spray is preferably a liquid reflux generated from an overhead loop
714 downstream of the distillation tower 705. The overhead loop 714 includes refrigeration
25  equipment within a heat exchanger 170 that serves to cool the overhead methane stream 14
and then return a portion of the overhead methane stream 14 to the cryogenic distillation
tower 705 as liquid reflux 18. The liquid reflux 18 is sprayed within the controlled freezing
zone 708 through spray headers 120 to cause precipitation of solid carbon dioxide particles.
As illustrated in Figure 7, the liquid reflux 18 is delivered to an upper rectification section
30 710, which will be discussed further below, before being sprayed through the spray headers

120. Other implementations, may draw some or all of the liquid reflux 18 directly to the

spray headers 120 or to the spray header collection drum 174.



tray 610 of Figure 6A. It can be seen in Figure 7 that the collector tray
610 is incorporated 20 into a cryogenic distillation tower 705. The

di still atworzotinaesss 705 has an i ntermedi ate control | ed fPegaisagoneye7 708.
The controlled freezing zone 708, or X¥pray section, receives a cold liquid
spray conprised primarily of methane. [0138] The cold spray is preferably a
liquid reflux generated froman overhead | oop 714 downstream of the
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system js npt shown.in Fi.gu 7. 0140] I n, additign, the initial fluid
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for chilling the initial fluid stream 10. A refrigeration unit (not shown)
pr ovi degowwb#Phty 70UFd (such as liquid propane) to heat exchanger 150 to

bring t enperature of the initial fluid strea down to about.530 to
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zone 7os%li‘P Stlre%\/rYl éor}r?prised primarily of methane vapor (injected into the controlled freezing zone

708) and liquid acid gases and, possibly, heavy hydrocarbons (injected into the lower

distillation zone 706.) The two-phase vessel 173 minimizes the possibility of solids plugging

the inlet line and internal components of the distillation tower 705.

25 [0142] In one aspect, the cryogenic distillation tower 712 is operated at a pressure of
about 550 psi in the controlled freezing zone 708, and the chilled raw gas stream 712 is at
approximately -62° F. At these conditions, the raw gas stream 712 is in a substantially liquid
phase, although some vapor phase may inevitably be entrained into the chilled gas stream
712. Most likely, no solids formation has arisen from the presence of CO,.

30 [0143] The cryogenic distillation tower 705 also includes an upper rectification zone
710. The upper rectification zone 710 resides above the controlled freezing zone 708. As

discussed above in connection with the cryogenic distillation tower 100 of Figure 1, the

distillation zone 710 serves to further separate methane vapor from any entrained carbon



controll ed freezing zone 708. However, it is understood that the raw gas
stream 712 may be 20 directed through a two-phase vessel such as vessel 173
shown i n WOQor4d658Thi s generates a split stream conpri ®€a/yseoromuiory of

met hane vapor (injected into the cont28ol | ed freezing zone 708) and |iquid
aci d gases and, possibly, heavy hydrocarbons (injected into the | ower
distillation zone 706.) The two-phase vessel 173 mnim zes the possibility
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20  drops into the lower distillation zone 706. The slurry may be moved gravitationally.
Alternatively or in addition, the slurry may be translated with the aid of the auger 640.
Alternatively still, a portion of the cold liquid reflux 18 may be directed from a side wall of
the distillation tower 705 into the collector tray 610 to urge the slurry from the collector tray
and out of the distillation tower 705.

25 [0147] There are several potential advantages to extracting CO, in a solid state
without allowing the solid to melt and exit as part of the bottoms fluid stream 722. First,
when done at the proper temperature and pressure, the process of crystallizing carbon dioxide
into a solid state typically produces a substantially pure solid material. While some trace
amounts of methane, hydrogen sulfide and heavy hydrocarbons may be entrained in the solids

30  as part of the slurry, separation of solid CO; allows for a substantially pure CO, product.

Stripping of light products such as methane or other acid products such as H,S is not

necessarily required as such products will fall as liquids into the bottoms fluid stream 722.
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a liquid return line 760. The liquid return line 760 returns the filtrate to the lower distillation
25  zone 706 of the cryogenic distillation tower 705. The CHj, is vaporized and becomes part of

the overhead methane stream 14. The H,S and any heavy hydrocarbon components are

dropped out of the tower 705 as liquids in the bottoms fluid stream 722.

[0152] It is noted that the liquid line 744 may also contain heavy hydrocarbons,

particularly measurable components of ethane and propane. These components may be
30  recovered by sending the filtrate 744 through a process similar to a conventional natural gas

liquids (“NGL”) train (not shown).

[0153] The first filter 742 captures the solid portion of the slurry, known as a “filter

cake.” The filter cake comprises primarily carbon dioxide. The solid filter cake is delivered
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solid matérial line 746 directly to a heat exchanger 772, the operator may
chddse rcgdedrmsthenveatd bydmgonsbldde dicoe desed haveryg fromdthict sobid affiltdri dakerasreg. | n
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a rinsi Hg“ essel 748. In the rinsing vessel 748, cold liquid CO2 is sprayed
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slurry, with any 15 residual nethane and hydrogen sul fide being rinsed away
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t heoheg18KchangeRefértidg apaimab ahGhking N sdlT48hmraferatlly, iBOslurry is mixed in the
rinsing vessel 748. A stirring apparatus 747 may be provided in the rinsing vessel 748. The
stirring apparatus 747 may be, for example, a set of blades that rotate through the solid
material to create surface area. Creating surface area exposes the solid material to the cold
liquid CO; from deliver line 784. This, in turn, helps to rinse the residual methane and

25  hydrogen sulfide from the solid.

[0158] The new slurry is carried from the rinsing vessel 748 through slurry line 750.
The new slurry is delivered to a second filter, noted in Figure 7 as 752. The second filter 752
captures the solid portion of the new slurry. The solid portion again comprises primarily
carbon dioxide. The solid portion represents a second filter cake, and is delivered along a

30  second solid material line 756. From there, the second filter cake may be warmed so that it

enters the liquid phase.



20[ 0157] Referring again to the rinsing vessel 748, preferably, the slurry
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stream (@2ctorhRHb ) & AORH mdigidii rst filtrate 744 or the second filtrate 754
contain any nelted CO2, the nelted CO2 will evaporate into the controlled
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peri ph?ﬁ@.ﬂﬁcdﬂi&{j | lati on colum (not shown) for further purification.
[0162] The operator may choose to carry the substantially pure, solid CO2 in
i ne 7981eR1r ect | yThepnersomyaay choosh snefsry the substyntieHyn aufoy eelid CQadn knomf

separ at(iipe@ﬂ? fto itl’i@Héa{tte&gﬁan@&y772. Alternatively, additional separation of impurities may

20  take place. Box 770 in Figure 7 depicts one or more additional rinsing and filtration stages

for the solid CO; in line 756. The number of rinse and filtration steps is dependent on the

desired purity of the CO, product. Line 782 is shown delivering cold CO; as a rinsing agent.

A third (or subsequent) filtrate 774 is released from the additional rinsing and filtration stage

770. A third (or subsequent) solid CO, (or filter cake) is delivered through line 776 to the

25  heat exchanger 772. A final CO; product line is seen at line 786. The liquid CO; product

may be used for acid gas injection, or may be delivered for sale as a high-purity product. A

customer may, for example, use the liquid CO; product for enhanced oil recovery or for other
purposes.

[0163] The gas processing facility 700 of Figure 7 is ideally used in conditions where

30  the chilled raw gas stream 712 has a high CO; content, such as greater than approximately

30%. In this condition, significant refrigeration may be required to freeze all CO; from the

raw gas stream 712. Therefore, it is believed to be more energy efficient to inject the raw gas

stream 712 in the lower distillation zone 706 below the controlled freezing zone 808 and
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25  [0167] Figure 8 is a schematic diagram showing a gas processing facility 800 for
removing acid gases from a gas stream in accordance with the present invention, in an
alternate embodiment. The gas processing facility 800 is generally similar to the gas
processing facility 700. In this respect, the gas processing facility 800 also utilizes a collector
tray such as the collector tray 610 of Figure 6A. The collector tray 610 is incorporated into a

30  cryogenic distillation tower 805. The distillation tower 805 again has an intermediate
controlled freezing zone 808. The controlled freezing zone 808, or spray section, receives a

cold liquid spray comprised primarily of methane.
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freezing zone 808. In addition, the raw gas stream 812 is injected into the
contSr oldoad résides zh rihe zoneoBUSredzngezariee8Wol e atiditiony thy BWOgasTHiegm 812 is

i st.ent, wi.th th i ti d ibed 0170 f
rovi ng TREl i Babs Etplndor P e Mg E R e 6] 4UF, BSRRRAARY (e
cont r ol &ltHcrs@dliiéh d&68b&0Hovs. t 0 obtain a higher solid CO2 recovery. To

20 effectuate this, the tenperature of the chilled raw gas stream 812 is
br ought[04&in t o afksundpessdor movigg the lmﬁtlgnmgméfcprdherehlﬂlé&p@v arustecappdide t han

was i S t . i L.gure, . th sty eam
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liquid CH4 reflux descending fromthe spray headers 120. This produces a
sol i d tREt 259 &ci Pt at & LOBHTIEMPHATED Fange g wrmimresed op dheiang2as SRy y.

712 in Figure 7. As the raw gas strcam 812 enters the tower 805, it flashes and cools,

precipitating the CO; in the controlled freezing zone 808. Any vapor CO, will be cooled by
the liquid CHy reflux descending from the spray headers 120. This produces a solid that
25  precipitates onto the collector tray 610, forming a slurry.
[0171] As with gas processing facility 700, the slurry is moved in gas processing
facility 800 from the cryogenic distillation tower 805, through a slurry exit line 741, and to a
CO; recovery system 840. The CO, recovery system 840 may be the same as the CO,
recovery system 740 of Figure 7. In this respect, a slurry comprised primarily of carbon
30  dioxide is moved through a first filter 742, and then optionally moved through one, two, or
three stages of rinsing and filtration until a substantially pure CO; solid is obtained. The CO;
solid is preferably warmed through the heat exchanger 772 and then released through outlet
778 as a liquid. Liquid CO; is released as a product through line 786.



[0171] As with gas processing facility 700, the slurry is noved in gas
processing facility 800 fromthe cryogenic distillation tower 805, through
a slurry wei201lld4ne&s8741, and to a CO2 recovery system 840CTHise0100R29ECOVErY
system 840 may be the sane as the CO24recovery system 740 of Figure 7. In
this respect, a slurry conprised primarily of carbon 30 dioxide is noved
through a first filter 742, and then optionally noved through one, two, or
t hree d0agHs of rlinrthe G amrdoery sysadrn G40 wiitHigue 8 uths tfastt filahicy74dufrem@ERt sol i d

is obtained, .The CO2 solid is preferaply warne hrough the.heat exchanger
752" and el &1 eRgud PnthsugHossI Gorlona@war %Péui 1S iy GeRplep Tl The

rel easegheasiont JIMRACY, kb5 RHIBd&44 8P -Fi%M@ 2OLHRMIGOPRRGE RN HD27 34
[0172] I n the CO2 recovery system 840 of Figure 8, the first filtrate 744

f r om f imetharfa-tichefirst 4itrite 7ddttnonghl theoliquheé retnynolgenve) dinds tir¢dtlyt intnthe dweer 805.
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first filtrate 744 is nerged with the initial fluid stream 10. In this way,
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may contaln trace amount ne and tar I OXI n the reboil er
892, t harbuat diaxidei dn tied ehode &, sha methuee Y rbhbang s teopammy88dthankhg@raascovery

nmet hane stream 894 is rged wt he net han al es, prodyct 14 and

del i veriod: ¢ BhtisoRury duct a}%e%rea%&{ts Beeged ﬁﬁb%ﬁﬁﬁ%q o1 Pefugio ads

rel easegigerell WHENBPSs sali§rdgHgeR. 896 conprises primarily hydrogen sulfide
with trace anmounts of carbon dioxide. TheH2S-rich liquid 896 is disposed of

or 1bakd@174r ough Ehesodbouler 882 calesr yeloares A higuids B%n) Theadiqard 896 exomwrrisese, t he

second filtrate 754 and .t he subsequent filtrate(s) 8 .he,.di. ed of
or ¢ akdirEdifS bgrean SR Ncte R AR tthB BT g e i 308 B e
892. THiispos&d PRdrithical tfouyh aRRifiGaEd Ry dnit (MOt SHdwalyD URtan Afteiehldv< o RBénddoes
not warrant recovery, or require segaratl on. [0175] As can be seen from

Fi gur esfiliraigntpdgandding ubssaven fidass) RgH subidiredisprsgd ]@é outaken srgughrasuipt i mum
e
oveaoheashdmabdf €K¢ bautgetrdossindt vasrdneadcoexghang@lirclséParatibre desired purity of
the COZ[O?’;SO]dUCt 7£se cglngé sgglsftrom Figures 7 and 8, different processing schemes may be
utilized. The optimum arrangement will depend on a number of variables. These variable
include the availability (or capacity) of refrigeration as generated within an overhead heat
exchanger such as heat exchanger 170, the desired purity of the CO, product 786 and, most
25  importantly, the composition of the initial fluid stream 10. Regardless of the selected flow
scheme, the basic principle of distillation combined with solid removal and purification will
apply.
[0176] In some situations, the initial fluid stream 10 may have a high concentration of
hydrogen sulfide, such as greater than about 5 to 10 percent. It some implementations, such
30  as when solid CO; recovery is desired, it may be undesirable to run a gas feed stream having
a high H,S concentration through a cryogenic distillation tower as it is believed that high

levels of H,S can solubilize CO,, thereby preventing solid formation in the controlled

freezing zone. In this situation, natural gases with a high ratio of H,S to CO, may be fed to a



25 inportantly, the conposition of the initial fluid stream 10. Regardl ess
of the selected flow schene, the basic principle of distillation conbined
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cryogenic distillation tower. This step is shown at Box 905. The t ower has
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25  distillation tower. This is demonstrated at Box 910. In one arrangement, the raw gas stream
is injected into the distillation tower in a lower distillation zone below the controlled freezing
zone. In another arrangement, the raw gas stream is injected into the distillation tower in the
controlled freezing zone itself. Preferably, the raw gas stream has been substantially
dehydrated before it is injected into the distillation tower.

30 [0181] The method 900 further includes chilling the raw gas stream. This is indicated
at Box 915 of Figure 9. Chilling the raw gas stream causes carbon dioxide within the raw
gas stream to precipitate upon the collector tray as substantially solid material. At the same

time, the pressure in the distillation tower is lower than a feed stream, causing methane



at Box 915 of Figure 9. Chilling the raw gas stream causes carbon di oxi de
within the raw gas streamto precipitate upon the collector tray as

subst ant iaDI2g1198bésd material. At the sanme tinme, the pre®sufus2010/081927
distillation tower is lower than a fe®d stream causing nethane WO
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and cartbswehitessubstaniially sodigi matghals tanstamerit pse skt eut okilye distillation tewaipl e,
a por o%%dqg\ghl%sgrc zrggcpvte{:};%%& [0187] The separating step of Box 935 may
[

further conprise rinsin rst filter
20 [0185] The rnethod 900 further includes separating the carbon dioxide slurry into a

solid material and a liquid material. This is shown at Box 935. The first solid material is
comprised primarily of carbon dioxide, while the liquid material comprises methane and
residual carbon dioxide. The liquid material may include other components such as hydrogen
sulfide, heavy hydrocarbons and even light aromatics.

25  [0186] The separating step of Box 935 may be accomplished by passing the slurry
through a first filter. This produces a first filter cake comprised primarily of solid carbon
dioxide, and a first filtrate comprising methane and carbon dioxide, in liquid phase. The first
filter may be, for example, a porous media or a centrifuge.

[0187] The separating step of Box 935 may further comprise rinsing the first filter

30  cake using a cold carbon dioxide stream, mixing the first filter cake to produce a first solid-
liquid slurry, and delivering the first solid-liquid slurry to a second filter. The second filter

produces a second filter cake comprised primarily of solid carbon dioxide, and a second



30 cake using a cold carbon dioxide stream mxing the first filter cake to
produce a first solid-liquid slurry, and delivering the first solid-liquid
slurry tova2esuoangsfilter. The second filter produces aPrseasaaofuiseer cake
conprised primarily of solid carbon di7oxi de, and a second WD

2011/ 046658PCT/ US2010/ 042927 37 filtrate conprising primarily nethane but

al so carbon di oxi de and hydrogen sulfide, again in liquid phase.
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residual acid gases are finally separated fromnethane. In this instance, a
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Thi s | spdahedvegaitiliessn &neWhet her there are one, two, three or nore
filtration stages. The final filter cake is a final- sta%efllter cake taken

from t H8191Inal f ilntaspthepprabedigent ofathe mp}hqs@ﬂﬂmnb/ e first Thfrate dureseneq fcl ude
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i n Box Igure 9 rmng nay one or exa heat
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gas stream The result is a pure carbon dioxide liquid. The pure
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2011/ 04RGRBEGT/ tHRe0 T4 8R1Gal acid gases are finally separated from methane. In this

instance, a recovery methane stream is obtained that is merged with the overhead methane
stream of the cryogenic distillation tower for sale.

25 [0192] In yet another arrangement of the method 900, the final filter cake is warmed.
This is done regardless of whether there are one, two, three or more filtration stages. The
final filter cake is a final-stage filter cake taken from the final filter, whatever that may be.
This will, of course, include at least a portion of the first solid material. This warming step is
shown in Box 945 of Figure 9.

30  [0193] Warming may be done, for example, by heat exchanging the solid carbon
dioxide making up the filter cake with the raw gas stream. The result is a cold, pure carbon

dioxide liquid. The pure carbon dioxide may be sold on the market or used for enhanced oil



38 recovery operations. In addition, a portion of the cold carbon dioxide
stream nmay be used as a rinse for creating the solid-liquid slurry as
descri bedwvalouen46¢58194] While it will be apparent that tRreTiuse@oisIs her ei n
described are well calculated to achi¥®ve the benefits and advant ages set
forth above, it will be appreciated that 5 the inventions are susceptible
to nodification, variation and change w thout departing fromthe spirit
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coIIecﬁ@?mﬁPﬁVmB@Wdﬂﬂ?ﬁ@nb%hWW@kNQBZfree2|ng zone for receiving the
substantially solid material as it is precipitated in the controlled
freezing zone and directing the substantially solid material out of the
cryogenic distillation tower; a first filter for receiving the
substantially solid material and separating the substantially solid
material into a solid conponent conprised primarily of carbon dioxide,
15and a non-solid material conprising nethane; and aliquid return
line for returning at |l east a portion of the non-solid nmaterial to the
cryogenic distillation tower. 2. The systemof claim1, wherein the
coll ector tray conprises a downconer into which



20t he precipitated substantially solid material falls. 3. The system of
claim1, wherein the collector tray directs the substantially solid
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(ii) by operation of a nechanical tra¥slation device, (iii) by aid of
spraying a portion of the cold liquid spray into 25the collector tray and
agai nst the substantially solid material, or (iv) by conbinations thereof.
4. The Gysivism of claim 3, wherein: the collector tray conprises a
downco i.nto.whjch the precipitated substantially solid nmaterial falls;
30t he ﬁ&éﬂdﬁ? 4Pt Yansl ati on device is an auger; and the auger is disposed
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and a | ower disHiIlaHLon zone bq%PMLthe cQ t”%lleg freezin .zone: d 5t he
cryoged e isst P dqUsh SRBREP PESEORT Gy TETPRE AP O HE CFaing 404 dheeam
intg t hephawes thdirgdi dak dtrbOR iOAG -ovBrhedd thedianit €M Gifcatd @dm Subswheh®y Kolid he
cryogenic distillation tower is configured to rel ease a bottons stream from
t he 10Ie%eralgogmris¢del pecipidaied carben ¢ioxidgns st ream conprising acid gases in

| i qui d phase; e_| I aui et i r . a portion.of the
firot 1§ qut apargedrod il doBluslthn oP e ShHTe BnBOSE sl BBy
cl ai m Ghe vhaheidmtthendotdagivind eednBirLpomicn 6P tHesB2riead baythdhc 3kaa to the

15et hane, propane, butane, hydrqgen,sulfide, aromati ¢ hydrocarbons, or
conbi nayeEsaIC (Hg],l@gpp tower as the cold liquid spray;

10 a collector tray below the controlled freezing zone for receiving the substantially solid
material as it is precipitated in the controlled freezing zone and directing the substantially
solid material out of the cryogenic distillation tower;

a first filter for receiving the substantially solid material and separating the
substantially solid material into a solid component comprised primarily of carbon dioxide,

15  and a non-solid material comprising methane; and

a liquid return line for returning at least a portion of the non-solid material to the

cryogenic distillation tower.

2. The system of claim 1, wherein the collector tray comprises a downcomer into which

20  the precipitated substantially solid material falls.

3. The system of claim 1, wherein the collector tray directs the substantially solid
material out of the cryogenic distillation tower (i) by gravitational flow, (ii) by operation of a
mechanical translation device, (iii) by aid of spraying a portion of the cold liquid spray into

25  the collector tray and against the substantially solid material, or (iv) by combinations thereof.

4. The system of claim 3, wherein:
the collector tray comprises a downcomer into which the precipitated substantially
solid material falls;
30 the mechanical translation device is an auger; and

the auger is disposed within the downcomer.



in substantially |iquid phase. 8. The systemof claim®6, wherein the
first filter conprises (i) a porous nedium (ii) one or nore filter
presses, Woi2odvmanessor nore belt presses, (iv) a hydrocy®Coms20100)2927
centrifugal 20separator, or (vi) conbfnations thereof. 9. The system of
claim6, wherein the collector tray is operated at a tenperature of about
-70 Fto -80 F. 2510. The system of claim 8, wherein: the solid conponent
fromthe firBiedystetnesf dldmal,whestinfilter cake; and the liquid nmaterial from
the first fitgt er is a 11. The system of ﬁ{iai m 10, further

1 rst. fiItrafte
conpri si ng: BHENOBRLF t\}ég%lto‘?edr uﬁhﬁs?%@ftsﬁ% AR UPRET FCiHIEAlIOn 0B &E?YFg a

col d canhbeshiiRy iﬁ%%ziﬁ% LR Man @8 o werQAUEIaAGN Sord Bcfdw BRI doflerbli Qe Al Wdhy, WO
2011/ 046658PCT/ US20107 042927 41 12. The systemof claim 11, wherein the

ri nsi ngandessel conprises a mixer for mixing the first filter cake so as to
produce the first salid-liguid slurr 13. ., The system of claim 11, further
congri si ng: tE% “BEENE d?%“l”taﬂ?n g%%rlﬁ §¥’i’1%glﬁe‘b6°r Eﬁ&%géﬁé i gﬁ%%f%a&aﬁ% %S | ter
recei vilgget Mistilldtiodtzos®! 1 d-11quid slurry and producing a second filter cake
conprised primarily of solid carbon dioxide, and a second filtrate
conprising nmethane, in |iquid phase. 14. The system of claim 13, wherein

the systemi-s conf] t ine the first filtrate 10and the second
fiItratée', an ersé’?tﬁ%rlﬂoﬁcﬁ%mc%r‘{@lggég% first filtrate and second filtrate to the

| ower di sti lthatc@geriondstibitibh@owergigi dnfigiuetitalrelcaskba bdhiems yst@miafim ehai m
14, wherein the first filtrate further conprises nethane, carbon dioxide,
hy dfogdaweidistilipgion gpng dhbattmsoiisamcepwgpinggeidggsesth diquidshass: gpd ¢l ai m 11,

further comppi ﬁhﬁ'lg:retum line returns at least a portion of the first liquid material to the lower

distillation zone.

7. The system of claim 6, wherein the bottoms feed stream comprises carbon dioxide,
15  ethane, propane, butane, hydrogen sulfide, aromatic hydrocarbons, or combinations thereof,

in substantially liquid phase.

8. The system of claim 6, wherein the first filter comprises (i) a porous medium, (ii) one
or more filter presses, (iii) one or more belt presses, (iv) a hydrocyclone, (v) a centrifugal

20  separator, or (vi) combinations thereof.

9. The system of claim 6, wherein the collector tray is operated at a temperature of about

-70° F to -80° F.

25 10.  The system of claim 8, wherein:
the solid component from the first filter is a first filter cake; and

the liquid material from the first filter is a first filtrate.

11.  The system of claim 10, further comprising:
30 a rinsing vessel for rinsing the first filter cake using a cold carbon dioxide stream, and

producing a first solid-liquid slurry.



a heat exchanger configured to warm substantially solid material taken
primarily froma final-stage filter cake to produce a substantially pure
carbon diwwi2da/sb6s8am in |iquid phase; and 20wherei n t ReTaSR@A0O29RDN

di oxi de stream conprises a portion of4it he substantially pure carbon dioxide
stream 17. The systemof claim 16, wherein the final-stage filter cake is
produced after the first filter in a second filter or a third filter. 25
18. ThelXsystHm gbteal af ¢hailn 1 heliceein thdhransiagweasl sinfpeam € ariperi feemitivgtiogen

sul fide, and the system furt.her conprises a hydrogen sul fide
remvalﬁréy‘glfeéﬁf‘]é%w?fsdﬂrp “P%ﬂ}eglﬁﬁv@hgﬁ@ﬂlﬁiﬁ%i al portion of the hydrogen
sulfide fromthe raw gas stream before the raw 30gas streamis injected
into the cryogenic distillation tower. 19. The system of claim 1, wherein:
WO 201 1V304 6 6B8RgIcuSHE1GmoU2 dathed Qomprising:t he cryogeni ¢ distillation tower
further conprises upper_r.ectification zone,above t controll ed freezing
o and T SEpnE HuhBERTS R bRl ArgR B ror e e e B N6 ve
the rawogadiqald S8y il QrbfeitORtse@ndesltdrr @R icBspASREpridadly- Jhe IRy &liesn of
claim 19, wherein the first filter conprises a porous nmedium one or nore
filter Peedeand agaeondilivpie somprising mothaas, indigeidiphgescl one, a centri f ugal
separator, or conbinations thereof 1021. The system of claim 19, wherein the
collector tray is operated at a tenperature of about -70 F to -80 F. 22.
The sysltdem ofhecdysicm df%lainhed, eititrein the system is dohfig@ed el corabiae itad fidst fiatdhe
first filter is a first filter cake; .and_15the liquid material fromthe
firld fandithe s¢cond fltratesand; nefurm the combined first filtrate and second filtrate to the lower

distillation zone as the liquid material.

15. The system of claim 14, wherein the first filtrate further comprises methane, carbon

dioxide, hydrogen sulfide, or combinations thereof.

15

16.  The system of claim 11, further comprising:
a heat exchanger configured to warm substantially solid material taken primarily from

a final-stage filter cake to produce a substantially pure carbon dioxide stream, in liquid phase;
and

20 wherein the cold carbon dioxide stream comprises a portion of the substantially pure
carbon dioxide stream.
17.  The system of claim 16, wherein the final-stage filter cake is produced after the first
filter in a second filter or a third filter.

25

18.  The system of claim 5,

wherein the raw gas stream comprises hydrogen sulfide; and

the system further comprises a hydrogen sulfide removal system configured to
remove a substantial portion of the hydrogen sulfide from the raw gas stream before the raw

30  gas stream is injected into the cryogenic distillation tower.

19. The system of claim 1, wherein:



23. The systemof claim 22, further conprising: a rinsing vessel for
rinsing the first filter cake using a cold carbon di oxi de stream and
produci ngva 2biwvetessol i d-1i quids slurry. 20 24. The syswPemuskololoaiont 23,
wherein the rinsing vessel conprises & mxer for mxing the first filter
cake so as to produce the first solid-liquid slurry 25. The system of
claim 24, further conprising: 25a second filter conprising a porous nedi um
t he second ftht ceyogemicalistillagot ewvdri fusthersalmltses aguipgdersteatifisatiandzope alonad ng a
rised primarily of solid carbon dioxide, and a

second filter cake co
second ?PWFﬁﬁ@ggﬁﬁﬁng?%baﬁ%thane and carbon dioxide, in liquid phase.

26. The systgmeaf, ]g%léld’@tﬁlﬁtloﬂw&%&'l@co & bd Bk e R WD ohd BcafB A8 Shat
| east a portion of the second liquid naterial with the raM/gas stream

bef or e dohgolalfreggasmgstoneam i s injected into the cryogenic distillation
tower. 27.The system of claim26, WD 2011/046658PCT/US2010/ 042927 43
further conprising a distillation separator configured to receive the

second 40.| t redeesydneeh bPcIRIMPAYC & hareROhe aRFSt fikt&Uotptist £ 2 PoEfRR I Blm ok on
di oxi de, H2S, or conbinations thereof in | i qui d phase, and a recovery

met hanemeter Bhigr; Prasrgsvnsr e mMorhdck qwesses y2 hedrheisdonst econirifygal owbitama. o4 t h
the ove a stream 5 28. The system of claim 27, wherein the

i rst #%Eﬁ)ﬂ¥ﬂﬁg %ﬂ%ﬁe bottons |iquid stream each further conprise hydr ogen
sulflde 29. The system of claim 25, further conprising: 10a heat
exchaanr conflgured to warm substantially solid material taken primarily

fr ot a 4l nal The sigtent pf @l@ﬂmcla‘a(éleeé%ﬁ%e%l@cwsttﬁyswaﬂneraé?d §t plerBPLE aiursop
di oxi destf &89 ¢4 Rob kUi d phase; and

22.  The system of claim 19, wherein:
the solid material from the first filter is a first filter cake; and

15 the liquid material from the first filter is a first filtrate.

23.  The system of claim 22, further comprising:
a rinsing vessel for rinsing the first filter cake using a cold carbon dioxide stream, and
producing a first solid-liquids slurry.
20
24.  The system of claim 23, wherein the rinsing vessel comprises a mixer for mixing the

first filter cake so as to produce the first solid-liquid slurry

25.  The system of claim 24, further comprising:
25 a second filter comprising a porous medium, the second filter receiving the first
solids-liquid slurry and producing a second filter cake comprised primarily of solid carbon

dioxide, and a second filtrate comprising methane and carbon dioxide, in liquid phase.
26.  The system of claim 25, wherein:
30 the liquid return line merges at least a portion of the second liquid material with the

raw gas stream before the raw gas stream is injected into the cryogenic distillation tower.

27.  The system of claim 26,



wherein the cold carbon di oxi de stream conprises a portion of the
substantially pure carbon dioxide stream 15 30. The system of cl aim 29,
wher ei n twe 2himmabesst age filter cake is produced in the ®etarsdoiviok19er or a
third filter. 31. A nethod for renow3ng acid gases from a dehydrated raw
gas stream conprising: 20providing a cryogenic distillation tower, the
tower having a controlled freezing zone that receives a cold liquid spray
conpri sed prfurthtr doynpofsinget distiigatioaRcpaaatontdnéigumd to ragivieehovecbi fitoand aral | ed
freezing zope; injecting. the raw gas.streami.ntq t cryogeni ¢ distillation
tower : 8 mr?crqcrqg Gogfgms Aw%tji;sgregﬁ S SR GRtide e BOLORPBHTeS BEM n t he
raw gasp$igh ab© adP a RERGERI h@hsepeAmt A}y col l ector tray as substantially
solid material, while allow ng nmethane to substantially vaporize and exit

t he cryogenizhatistthd tcaovaoy ntetwee sasanars cowditrdav thhic wamdesd methiance stream.

passi ng the overhead nethane stream through a refrigeration system
downstream of the cryogenic distillation tower, the refrigeration system
cool i npg he TheesRRadoMBELMANe BRSEMEBNTirs@1#s bh@4856&RETY MRRQ LRLHA 20 44
renoving the substantially solid material fromthe cryogenic distillation

t ower dsrtherstogprige hydrogen Sudfgdsar ati ng the substantially solid material into
a solid material conprised primarily of carbon dioxide, and a liquid

mat eri al conprising nethane; and 5returning at |least a portion of the

li qui d 29at erTtal sybtent dfeladinyXsgy rtter dorapiidih@t i on tower. 32. The net hod of
claim 31, wherein: the collector tray conprises.a downconer into
whiléh the pricsabrrciererr sonfdguied foayvagn sibstaglipht slidgnaterigltaken wignagilyfemani cal
transl at &0on. i ht Rl ; r i h ially
ol 1 d rog SR FRE: ML T0 Bre. ERNRGATRIY paPiarmBy SRR Bab B SRESHRR

t he mecinani cal translation device to nove the substantially solid materi al

fromthe downconer, out, of the.cryogenic distillation t r.. 33.. The net hod
of claim 31%@}1&% cold spphon i tidie figreny PRI roLQn of %M%%@ﬁv AU whi ch
the preGiintfbade shst antial l'y

15
30.  The system of claim 29, wherein the final-stage filter cake is produced in the second
filter or a third filter.
31. A method for removing acid gases from a dehydrated raw gas stream, comprising:

20 providing a cryogenic distillation tower, the tower having a controlled freezing zone

that receives a cold liquid spray comprised primarily of methane, and a collector tray below
the controlled freezing zone;
injecting the raw gas stream into the cryogenic distillation tower;
chilling the raw gas stream so as to cause carbon dioxide within the raw gas stream to
25  precipitate upon the collector tray as substantially solid material, while allowing methane to
substantially vaporize and exit the cryogenic distillation tower as an overhead methane
stream;
passing the overhead methane stream through a refrigeration system downstream of
the cryogenic distillation tower, the refrigeration system cooling the overhead methane
30  stream;
returning a portion of the cooled overhead methane stream to the cryogenic

distillation tower as liquid reflux to serve as the cold liquid spray;



solid material falls; and the collector tray directs the
substantially solid material out of the cryogenic distillation tower (i) by
gravitatiwoabifd4esss (ii) by operation of a nechanical tPramdiSaiioomdevi ce,
(iii) by aid of spraying a portion of#the cold liquid spray into the
col l ector tray and 20agai nst the substantially solid material, or (iv) by
conbi nati ons thereof 34. The nmethod of claim31, wherein: t he
cryogeni ¢ di shiovirgt thorsubsavetallfy uotith enatedatpfrors eébe aryoggperdistidation tovatriasra zone
above the internediate controlled freezing zone, and a | ower distillation
zone bel'YW-t he 25i ntermedi ate control | ed freezing zone; and the raM/gas
streamis i njBel.geo 'tHéts%&Qﬁla'll?%ﬁd eHaBdrlal hﬁé h@&l@ﬁﬁﬁ‘eﬂaﬁgbm
cl aim 34, her Conprising releasing a ottons s ean1fron1the
| ower diagiainl dl@?tld@mnd@d@pldm@teﬁﬁi dootpriomg rs¢thawpambnpri si ng acid gases in
|'i quid phase;  and wher. ei et.ur.ning at |east a portion the liquid
mtarial to FHENERFbla et o e A ool o Bty BelRianBut 1y e
I|qU|d material to the lower distillation zone. WO
2011/ 046658PCT/ US2010/ 042927 45 36. The net hod of claim 35, wherein the
bot t ons32st r el methpd PEEained havkereipr opane, butane, hydrogen sul fide, carbon
di oxi de, or S f st ti Y, The
et nod of i 5 ROLEOL R shHBEES e doPhGHRR R bR p: el § el
into a st intht@GinioRend a:mwralnsoeﬂtrmslaﬁah|dby1c@favmhafﬁheﬂodneomﬁgancand ali qui d
mat eri al conprised rlnarll of met hane, conprises passing.th
subddt ant i al I'Me¥INEd h?aﬁ@?sr ?Ilaltbh rsolighmateriph dfom j the efryogamis 1”6'5*%1]@\”% a

first f d irst
o o e SHERARTRRL SRLEELURSLLRY 342 ohbee oL St 15l
met hod rodtegildrom 8¢, dostrepmenoutiod tisepaegniodjstillatibheswaonpri ses: rinsing the
first filter cake using a cold carbon dioxide stream mxing the first
filter cake to produce a first solid-liquid slurry; and

delivering the hithsd oB@hinds] iviitrdns! urry to a second filter, thereby
producing a second 15filter ‘cake conprised primarily of solid carbon

di 0%i de, andhea cebenerdtrdy komptises codpwieinmy into which the precipitated substantially
solid material falls; and

the collector tray directs the substantially solid material out of the cryogenic

distillation tower (i) by gravitational flow, (ii) by operation of a mechanical translation

device, (iii) by aid of spraying a portion of the cold liquid spray into the collector tray and

20  against the substantially solid material, or (iv) by combinations thereof.

34, The method of claim 31, wherein:
the cryogenic distillation tower further comprises an upper rectification zone above
the intermediate controlled freezing zone, and a lower distillation zone below the
25  intermediate controlled freezing zone; and

the raw gas stream is injected into the lower distillation zone.

35. The method of claim 34,
further comprising releasing a bottoms stream from the lower distillation zone, the
30  bottoms stream comprising acid gases in liquid phase; and
wherein returning at least a portion of the liquid material to the cryogenic distillation

tower comprises delivering the liquid material to the lower distillation zone.



met hane, in liquid phase. 39. The nethod of claim38, further conprising
conbining the first filtrate and the second filtrate; and 20wherein the
second | iwoi2diwvab@si al that is returned to the | ower di eCiriusatioomozdne
conprises the conbined first filtratetsand second filtrate. 40. The net hod
of claim39, further conprising: rinsing the second filter cake using the
col d carbon dioxide stream 25m xing the second filter cake to produce a
sol i d- 13qui di'sd oethpd @hdaim 35, whdedin s bn@ommetrsnhiodﬂiphqw cthsha)rprypdno, a
third filter her eb produ ing.a.third filter c ke rised p y of
sol i d A HEnMager et HhdcsbohRict s O reRPIRASRBY Ma5reR): b tlaflﬂ%lu

phase. s&41. The nethod of claim 37, further conpr|5|ng war m ng
substantially solid material taken prinarily froma final-stage filter cake
to produce a substantially pure carbon dioxide stream in quuid phase; and

oo Sam i PREE R s aif §7 ¥ hin soptitl T4 s kinGa selich ATRRO S Foam

42. Thesoﬁetda@q;oﬁém%o@hpﬂséé privhLed] lolﬂ aFRNWBHRIAB Jaridd BT uSE $naRafs icBehpi&l
substantially 5solid material tal primri l fromthe final- stage filter

cake tHrBugHY &f methanexeomamigey p@@l@ﬁ tb%ltbsﬁléml ¥ solighmnangebroneh i firbefiltaw gas

streamg,. §§§G H];r %cﬁgtaht? t ﬁIter éa%' ?&%%ﬂﬁ&f‘ ﬁ\nl%hlnl tqt;fesa 18 gllbloIl dl&"gaf %8ggrt’ir§te S a

porous ne cen
filtrate comprising methane and carbon dioxide, in liquid phase.

10
38.  The method of claim 37, wherein the separating further comprises:
rinsing the first filter cake using a cold carbon dioxide stream;
mixing the first filter cake to produce a first solid-liquid slurry; and
delivering the first solid-liquid slurry to a second filter, thereby producing a second
15  filter cake comprised primarily of solid carbon dioxide, and a second filtrate comprising

methane, in liquid phase.

39, The method of claim 38,
further comprising combining the first filtrate and the second filtrate; and
20 wherein the second liquid material that is returned to the lower distillation zone

comprises the combined first filtrate and second filtrate.

40.  The method of claim 39, further comprising:
rinsing the second filter cake using the cold carbon dioxide stream;
25 mixing the second filter cake to produce a solid-liquid slurry; and
delivering the solid-liquid slurry to a third filter, thereby producing a third filter cake
comprised primarily of solid carbon dioxide, and a third filtrate comprising methane, in liquid

phase.

30  41.  The method of claim 37, further comprising:
warming substantially solid material taken primarily from a final-stage filter cake to

produce a substantially pure carbon dioxide stream, in liquid phase; and



wherein the dehydrated raw gas stream conpri ses hydrogen sulfide; and the
met hod further conprises renoving a substantial portion of the hydrogen
sul fi de fwormtihgessaw gas stream prior to injecting the PaWUSasB08¥292amM i Nt O
the cryogenic distillation 15tower. 445. The nethod of claim 31, wherein:
the cryogenic distillation tower further conprises an upper rectification
zone above the internediate controlled freezing zone; and 20t he raw gas
streamis i nyleetiadhé nold cattenciionidobtre torepdicng mothen of %he suihantially Ipact of
claim 45, wherein separating the substantially solid material into a first
solid et ?m'%ﬁﬁﬁgéed primarily of carbon dioxide, and a second |iquid
material conprised primarily of methane, conprises passing the
substantially solid material through a first filter, 25thereby producing a
first f42. terTlmmethodrqfrdla'eMbr‘ivh@cbinl the orfzarsmhgf doropiri4ps rpashiK 'rtlcbesubattadtidlyf irst
filtrate netha e .and .c e. 47. The
et Hoq “GHa QT AT AR vl FOPLiG gt T b St Ppief Adireb P hiaecs aliha
I|qU|dtﬁgﬁ@ahgbxgﬁmgaﬁwﬁnﬂgggwugsgﬁéﬁﬁIIatlon 30 tower conprises (i)
injecting the first filtrate directly back into the controlled freezing

zone, or (||) nmerging the first filtrate with the raw gas stream before the

2011/ oabbsareh tesbuiod S8y "athid® SRUAREME b bdl ihum o3

separ atdengifbgy.t her conprises: rinsing the flrst filter cake using a cold
carbon di oxide stream mxing the first filter cake to produce a first
sollil0d- liquids slurry; and delivering the first solids-liquid

slurry 40 a sRGA | her eby produci ng a second 5filter cake
conprlsed p(ﬁ%ﬁr?zoab#é G??% carbon di oxi de, and a second filtrate

conpri si ng neldrainehe deybouteddiaoxdad streama cdryiplni og dpdiogbid sudfde;iand| | qui d phase.
the method further comprises removing a substantial portion of the hydrogen sulfide
from the raw gas stream prior to injecting the raw gas stream into the cryogenic distillation

15 tower.

45, The method of claim 31, wherein:
the cryogenic distillation tower further comprises an upper rectification zone above
the intermediate controlled freezing zone; and

20 the raw gas stream is injected into the controlled freezing zone.

46.  The method of claim 45, wherein separating the substantially solid material into a first
solid material comprised primarily of carbon dioxide, and a second liquid material comprised
primarily of methane, comprises passing the substantially solid material through a first filter,
25  thereby producing a first filter cake comprised primarily of solid carbon dioxide, and a first

filtrate comprising methane and carbon dioxide, in liquid phase.

47, The method of claim 46, wherein:
returning at least a portion of the second liquid material to the cryogenic distillation
30 tower comprises (1) injecting the first filtrate directly back into the controlled freezing zone,
or (i1) merging the first filtrate with the raw gas stream before the raw gas stream is injected

into the cryogenic distillation tower.



49. The nethod of claim48, further conprising: rinsing the second filter
cake using the cold carbon dioxide streanm 10m xing the second filter cake
t o producwoaosal4sess| i qui ds slurry; and del i veri ngcrhms2&iolouzds? | i qui d
slurry to a third filter, thereby profucing a third filter cake conprised
primarily of solid carbon dioxide, and a third filtrate conprising nethane,
carbon di oxi de and hydrogen sulfide, in |iquid phase. 1550. The net hod of

cl ai m 4. fUI’IteI”tﬁethcd)nﬁclhisﬁmig wleaethith segamhtieg fAethoncbrhprdiges:at e and the third

filtrate; ) faeg ?[ secondultrat and the third filtrate into a
di stlllatlonrg’é% § st MitRGakp PSIBE 0L PR BT EONE Y qui d st ream conpri sed

primarily of GRHARe ﬁks@ﬁ'lt@@cakb'?o todHéda RRASAid-BAHdSsieFomary met hane
stream and 20comi ni ng the overhead net hane stream fromthe cryogenic

di still ati on debwamgthe rﬁraﬂsehdﬁh@uéslyamyﬁo hiaaeonstt fileanthesby pidvecmgtahsdoraf
cl aiim 4 er co substantially solid
611 i 0 BPRRRH PYTERBRe b selich airogp ARG e o8B i eiirbthe,
subst anhétahidey cRY6@ dRATRAA] Ky @ieie s il aMiqhid phhgyi d phase; and
wherein the cold carbon di oxi de stream conprises a portion of the

substantially pure carbon dioxide stream 52. The nethod of claim 51,

wher ei n yd he ”ﬂ%{;ﬂ}tﬂgd gfﬂgirn'# %jﬂ‘R SSI FlgllrﬂgeSUbSt antially 30solid materi al

t aken prl mar | rom age r cake through a heat exchanger

such that heatnsing texedtand filevdakl utihg theayldesb&t diogiae stridh;
2011/ 046658PCT/ US2010/ 042927 48 53. The nethod of cl ai m46 wherein the
firldt filter RiSHsthesecond fhrotke fpoduesa soliddiguidssligsy: and

delivering the solids-liquid slurry to a third filter, thereby producing a third filter
cake comprised primarily of solid carbon dioxide, and a third filtrate comprising methane,

carbon dioxide and hydrogen sulfide, in liquid phase.

15 50.  The method of claim 49, further comprising:
combining the second filtrate and the third filtrate;
injecting the second filtrate and the third filtrate into a distillation separator, thereby
producing a bottoms liquid stream comprised primarily of carbon dioxide, in liquid phase,
and a recovery methane stream; and
20 combining the overhead methane stream from the cryogenic distillation tower with

the recovery methane stream.

51.  The method of claim 46, further comprising:
warming substantially solid material taken primarily from a final-stage filter cake to
25  produce a substantially pure carbon dioxide stream, in liquid phase; and
wherein the cold carbon dioxide stream comprises a portion of the substantially pure

carbon dioxide stream.

52.  The method of claim 51, wherein the warming comprises passing the substantially
30 solid material taken primarily from the final-stage filter cake through a heat exchanger such

that heat is exchanged with the raw gas stream.
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53.  The method of claim 46, wherein the first filter comprises a porous media or a

centrifuge.



