Office de la Propriete Canadian CA 2950129 A1 2016/01/14

Intellectuelle Intellectual Property
du Canada Office (21) 2 950 1 29
Jn organisme An agency of (12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada
CANADIAN PATENT APPLICATION
(13) A1
(86) Date de depot PCT/PCT Filing Date: 2015/04/30 (51) Cl.Int./Int.Cl. F258J 3/02 (2006.01)
(87) Date publication PCT/PCT Publication Date: 2016/01/14 (71) Demandeur/Applicant:

(85) Entree phase nationale/National Entry: 2016/11/23 EXXS)SNIVIOBIL UPSTREAM RESEARCH COMPANY,

(86) N° demande PCT/PCT Application No.: US 2015/028565
(72) Inventeurs/Inventors:

(87) N° publication PCT/PCT Publication No.: 2016/007209 NORTHROP, P. SCOTT, US:

(30) Priorité/Priority: 2014/07/08 (US62/022,072) VALENCIA, JAIME, US
(74) Agent: BORDEN LADNER GERVAIS LLP

(54) Titre : PROCEDE ET SYSTEME DE SEPARATION DE FLUIDES DANS UNE TOUR DE DISTILLATION
(54) Title: METHOD AND SYSTEM FOR SEPARATING FLUIDS IN A DISTILLATION TOWER

261~ 100 102

FiG. 5

(57) Abrege/Abstract:
A method and system for separating fluids in a distillation tower. The method may include feeding a stream to the distillation tower,
wherein the stream includes carbon dioxide, reducing a carbon dioxide concentration of the stream received by the rectifier section

SR VNN
RSN o
N 7 77
-

* . Teven, B
C an adH http:/opic.ge.ca + Ottawa-Hull K1A 0C9 - atip.://eipo.ge.ca OPIC 4% @ 727 CI1pO

AR W NN
) R A R
OPIC - CIPO 191 .




CA 2950129 A1 2016/01/14

en 2950 129
(13) A1

(57) Abrege(suite)/Abstract(continued):
by feeding a first cryogenic fluid to the controlled freeze zone section and accumulating rectifier section stream In at least one of a

holding vessel and a sump of the rectifier section, and terminating reducing the carbon dioxide concentration when the carbon
dioxide concentration of the stream travelling from the controlled freeze zone section to the rectifier section Is less than or equal to a
maximum carbon dioxide concentration. The first cryogenic fluid may comprise a substantially carbon-dioxide-free fluid.



w0 2016/007209 A1 | ] TV 0 0 0000 AL RO R

(43) International Publication Date

CA 02950129 2016-11-23

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization
International Burecau

(10) International Publication Number

WO 2016/007209 Al

14 January 2016 (14.01.2016) WIPOI|PCT
(51) International Patent Classification: (74) Agents: SCHMIDT, Jennifer A. et al.; Exxonmobil Up-
F25J 3/02 (2006.01) stream Research Company, CORP-URC-SW359, P.O. Box
(21) International Application Number: 2189, Houston, TX 77252-2189 (US).
PCT/US2015/028565 (81) Designated States (unless otherwise indicated, for every
, . kind of national protection available): AE, AG, AL, AM,
(22) International Filing Date: | AO, {T, AU Az BA BB. BG. BH), BN. BR. BW. BY.
30 April 2015 (30.04.2015) BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(25) Filing Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(26) Publication Language: English KZ. LA, LC, LK, LR, LS, LU, LY, MA, MD. ME, MG,
(30) Priority Data: MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
62/022,072 8 July 2014 (08.07.2014) US PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA, 5C,
SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
(71) Applicant (for all designated States except US). EXXON- TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
MOBIL UPSTREAM RESEARCH COMPANY . R
[US/US], CORP-URC-SW359, P.O. Box 2189, Houston, (84) D.e51gnated. States (unle.ss OZLhe}.‘"WZSé? indicated, fO}“ every
TX 77252-2189 (US) kind Of regzonal protection avazlable): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
(72) Inventors; and TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
(71)  Applicants (for US only): NORTHROP, P., Scott TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,

[US/US]; 134 W. Stockbridge Landing, Spring, TX 77382
(US). VALENCIA, Jaime [US/US]; 5503 Peace Ct., Hou-
ston, TX 77041 (US).

DK, EE, ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ,
GW, KM, ML, MR, NE, SN, TD, TG).

[Continued on next page]

(54) Title: METHOD AND SYSTEM FOR SEPARATING FLUIDS IN A DISTILLATION TOWER

204 18
A 124 oo
;I 238
:
i
5]
R
1
i
i
£
|
230
261~ 106 102

10
il P

(57) Abstract: A method and system for separating fluids
a distillation tower. The method may include feeding a
stream to the distillation tower, wherein the stream includes
carbon dioxide, reducing a carbon dioxide concentration of

the stream received by the rectifier section by feeding a first

cryogenic fluid to the controlled freeze zone section and ac-
cumulating rectifier section stream 1n at least one of a hold-
ing vessel and a sump of the rectifier section, and terminat-
ing reducing the carbon dioxide concentration when the car -

bon dioxide concentration of the stream travelling from the

controlled freeze zone section to the rectifier section 1s less

than or equal to a maximum carbon dioxide concentration.

The first cryogenic fluid may comprise a substantially car-
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METHOD AND SYSTEM FOR SEPARATING FLUIDS
IN A DISTILLATION TOWER

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the priority benefit of United States patent application
number 62/022072 filed July 8, 2014 entitled METHOD AND SYSTEM FOR
SEPARATING FLUIDS IN A DISTILLATION TOWER, the entirety of which 1s
incorporated by reference herein.

BACKGROUND

Fields of Disclosure

[0002] The disclosure relates generally to the field of fluid separation. More specifically,
the disclosure relates to a method and system for separating fluids in a distillation tower, such
as but not limited to during start-up of a distillation tower.

Description of Related Art

[0003] This section 1s intended to introduce various aspects of the art, which may be
associated with the present disclosure. This discussion 1s intended to provide a framework to
facilitate a better understanding of particular aspects of the present disclosure. Accordingly,
it should be understood that this section should be read 1n this light, and not necessarily as
admissions of prior art.

[0004] The production of natural gas hydrocarbons, such as methane and ethane, from a
reservoir oftentimes carries with it the incidental production of non-hydrocarbon gases. Such
gases 1nclude contaminants, such as at least one of carbon dioxide (“CO,”), hydrogen sulfide
(“H,S”"), carbonyl sulfide, carbon disulfide, and various mercaptans. When a feed stream
being produced from a reservoir includes these contaminants mixed with hydrocarbons, the
stream 18 oftentimes referred to as “sour gas.”

[0005] Many natural gas reservoirs have relatively low percentages of hydrocarbons and
relatively high percentages of contaminants. Contaminants may act as a diluent and lower
the heat content of hydrocarbons. Additionally, 1n the presence of water some contaminants
can become quite corrosive.

[0006] It 1s desirable to remove contaminants from a stream containing hydrocarbons to
produce sweet and concentrated hydrocarbons. Specifications for pipeline quality natural gas
typically call for a maximum of 2 — 4% CO; and % grain H,S per 100 standard cubic feet

(scf) (4 parts per million volume (ppmv)) or 5 milligrams per normal meter cubed (mg/Nm")
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H,S. Specifications for lower temperature processes such as natural gas liquetaction plants or
nitrogen rejection units typically require less than 50 parts per million (ppm) CO..

[0007] Separating contaminants from hydrocarbons 1s difficult. Consequently, significant
work has been applied to the development of hydrocarbon/contaminant separation methods.
These methods can be placed into three general classes: absorption by solvents (physical,
chemical, and hybrids), adsorption by solids, and distillation.

[0008] Separation by distillation of some mixtures can be relatively simple and, as such,
1s widely used 1n the natural gas industry. However, distillation of mixtures of natural gas
hydrocarbons, primarily methane, and one of the most common contaminants in natural gas,
carbon dioxide, can present significant difficulties. Conventional distillation principles and
conventional distillation equipment are predicated on the presence of only vapor and liquid
phases throughout the distillation tower. The separation of CO, from methane by distillation
involves temperature and pressure conditions that result in solidification of CO, 1f a pipeline
or better quality hydrocarbon product 1s desired. The required temperatures are cold
temperatures typically referred to as cryogenic temperatures.

[0009] Certain cryogenic distillations can overcome the above mentioned difficulties.
These cryogenic distillations provide the appropriate mechanism to handle the formation and
subsequent melting of solids during the separation of solid-forming contaminants from
hydrocarbons. The formation of solid contaminants in equilibrium with vapor-liquid
mixtures of hydrocarbons and contaminants at particular conditions of temperature and
pressure takes place 1n a controlled freeze zone section of a cryogenic distillation tower.
[0010] During normal operation, the cryogenic distillation tower operates at steady-state
temperature conditions. During normal operation, the operating temperature of the top two
sections that may be 1n a distillation tower, e.g., the controlled freeze zone section, and the
upper section, are cold. As a result of the cold operating temperatures, the concentration of
CO, within the upper section and the controlled freeze zone section of the distillation tower 1s
low; the CO, 1s knocked down by cold liquid sprays from a spray assembly within the
controlled freeze zone section.

[0011] During abnormal operations, the cryogenic distillation tower does not operate at
steady-state temperature conditions. The operating temperatures of the three main sections
that may be in a distillation tower are not cold. As a result, the warmer operating
temperatures prevent sufficient CO, from being knocked out, thereby leading to a higher
concentration of CO, within the upper section and the controlled freeze zone section of the

distillation tower than would be present during normal operation. The increased CO,
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concentration may result in CO; soliditying outside of the middle controlled freeze zone
section. The challenge during an abnormal operation 1s to get from an abnormal operation to
a normal operation. Examples of when abnormal operations may occur include but are not
limited to during start-up of the distillation tower. During start-up, the distillation tower may
be at or near-ambient temperatures.

[0012] A need exists for improved technology that can better facilitate going from an
abnormal operation to a normal operation so as to separate fluids 1n a distillation tower, such

as but not limited to during start-up of a distillation tower.

SUMMARY
[0013] The present disclosure provides a method and system for separating fluids in a
distillation tower.
[0014] A method for separating fluids 1n a distillation tower may comprise maintaining a

rectifier section 1n the distillation tower; maintaining a controlled freeze zone section in the
distillation tower that forms solids from carbon dioxide within the distillation tower; feeding
a stream to the distillation tower, wherein the stream comprises the carbon dioxide; reducing
a carbon dioxide concentration of the stream received by the rectifier section by: feeding a
first cryogenic fluid to the controlled freeze zone section, wherein the first cryogenic fluid
comprises a substantially carbon dioxide free fluid; and accumulating rectifier section stream
in at least one of a holding vessel and a sump of the rectifier section; and terminating
reducing the carbon dioxide concentration when the carbon dioxide concentration of the
stream travelling from the controlled freeze zone section to the rectifier section 1s less than or
equal to a maximum carbon dioxide concentration.

[0015] A system for separating fluids 1in a distillation tower may comprise a rectifier
section 1n the distillation tower; a controlled freeze zone section 1n the distillation tower that
forms solids from carbon dioxide within a stream that enters the distillation tower; a first
cryogenic fluid pump outside of the distillation tower that 1s configured to increase a pressure
of a first cryogenic fluid; a first cryogenic heat exchanger outside of the distillation tower that
1s configured to receive the first cryogenic fluid from the first cryogenic fluid pump and to
increase a temperature of the first cryogenic fluid; and a spray assembly configured to spray
the first cryogenic fluid into the controlled freeze zone section, wherein the first cryogenic
fluid comprises a substantially carbon dioxide free fluid.

[0016] The foregoing has broadly outlined the features of the present disclosure so that
the detailed description that follows may be better understood. Additional features will also

be described herein.
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BRIEF DESCRIPTION OF THE DRAWINGS
[0017] These and other features, aspects and advantages of the disclosure will become
apparent from the following description, appending claims and the accompanying drawings,

which are briefly described below.

[0018] Figure 1 1s a schematic diagram of a distillation tower with sections within

multiple vessels.

[0019] Figure 2 18 a schematic diagram of a distillation tower with sections within a

single vessel.

[0020] Figure 3 1s a schematic diagram of a distillation tower with sections within

multiple vessels.

[0021] Figure 4 1s a schematic diagram of a distillation tower with sections within a

single vessel.

[0022] Figure 5 1s a schematic diagram of a distillation tower with sections within

multiple vessels during startup.

[0023] Figure 6 1s a schematic diagram of a distillation tower with sections within

multiple vessels during startup.

[0024] Figure 7 1s a schematic diagram of a distillation tower with sections within a

single vessel during startup.

[0025] Figure 8 1s a schematic diagram of a distillation tower with sections within a

single vessel during startup.

[0026] Figure 9 1s a schematic diagram of a method for separating fluids 1n a distillation
tower.
[0027] It should be noted that the figures are merely examples and no limitations on the

scope of the present disclosure are intended thereby. Further, the figures are generally not
drawn to scale, but are drafted for purposes of convenience and clarity 1n 1llustrating various
aspects of the disclosure.
DETAILED DESCRIPTION

[0028] For the purpose of promoting an understanding of the principles of the disclosure,
reference will now be made to the features illustrated in the drawings and specific language
will be used to describe the same. It will nevertheless be understood that no limitation of the
scope of the disclosure 1s thereby intended. Any alterations and further modifications, and
any further applications of the principles of the disclosure as described herein are
contemplated as would normally occur to one skilled in the art to which the disclosure relates.

It will be apparent to those skilled 1n the relevant art that some features that are not relevant

4
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to the present disclosure may not be shown 1n the drawings for the sake of clarity.

[0029] At the outset, for ease of reference, certain terms used 1n this application and their
meaning as used in this context are set forth below. To the extent a term used herein 18 not
defined below, 1t should be given the broadest definition persons in the pertinent art have
orven that term as reflected 1n at least one printed publication or 1ssued patent. Further, the
present processes are not limited by the usage of the terms shown below, as all equivalents,
synonyms, new developments and terms or processes that serve the same or a similar purpose
arc considered to be within the scope of the present disclosure.

[0030] 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
processing conditions or at ambient conditions (25 degrees Celsius (° C) and 1 atmosphere
(atm) pressure). Hydrocarbon fluids may include, for example, oi1l, natural gas, coal bed
methane, shale oil, pyrolysis oi1l, pyrolysis gas, a pyrolysis product of coal, and other
hydrocarbons that are 1n a gaseous or liquid state.

[0031] The term “mass transfer device” refers to any object that receives fluids to be
contacted, and passes those fluids to other objects, such as through gravitational flow.

[0032] 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
solids.

[0033] As used herein, the term “closed loop refrigeration system” refers to a
configuration where the overhead stream of a distillation process having a controlled freeze
zone section 1s chilled and partially condensed with an external working fluid. The external
working fluid does not physically mix with the overhead stream. The external working fluid
only exchanges heat with the overhead stream. The overhead stream 1s the stream exiting a
top of an upper section of the distillation tower. A closed loop melt tray temperature
conditioning system 1n the distillation process 1s part of a closed loop refrigeration system.
[0034] As used herein, the term “open loop refrigeration system” refers to a configuration
where the overhead stream 1s used to assist in providing cooling. A compressor may be used
to assist in providing the cooling. An open loop melt tray temperature conditioning system in
the distillation process 1s part of an open loop refrigeration system.

[0035] As used herein, the term “normal operation” 1s when the distillation tower
operates at steady-state conditions.

[0036] As used herein, the term “abnormal operation” 1s when the distillation tower does
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not operate at steady-state conditions. An example of an abnormal operation includes but 1s
not limited to during start-up of a distillation tower. Start-up may include the initial start-up
of the distillation tower (1.e., when the distillation tower 18 first used). Start-up may include
any time after the initial start-up of the distillation tower (e.g., a time after the distillation
tower has been temporarily shut-down).

[0037] As used herein, the term “subsurface” refers to geologic strata occurring below the
carth's surface.

[0038] A “reservolr” or “subterranean reservoir” 1s a subsurface rock or sand formation
from which a production fluid or resource can be harvested. The rock formation may include
sand, granite, silica, carbonates, clays, and organic matter, such as heavy o1l (e.g., bitumen),
oas, or coal, among others. Reservoirs can vary in thickness from less than one foot (0.3048
meter (m)) to hundreds of feet (hundreds of meters). The resource 18 generally a deposit of
hydrocarbons.

[0039] The term “steady-state condition™ refers to when the key distillation process
operating variables, e.g., pressure, temperature, composition, and flows, have not fluctuated
substantially for some period of time (e.g., hours). The period of time may range from
orcater than or equal to 15 minutes. The period of time may be any number within or
bounded by the preceding range. When not at steady-state conditions, the distillation process
may be at a transient state on 1ts way to normal operation.

2% &6

[0040] The terms “‘substantial,” “approximate,” “sufficient” and “about” when used 1n

reference to a quantity or amount of a material, or a specific characteristic thereof, refer to an
amount that 1s sufficient to provide an effect that the material or characteristic was intended
to provide. The exact degree of deviation allowable may in some cases depend on the

specific context.

2% &6 2% &6

[0041] As referenced i1n this application, the terms “stream,” “gas stream,” ‘“‘vapor

stream,” and “liquid stream” refer to different stages of a feed stream as the feed stream 1s

processed 1n a distillation tower that separates methane, the primary hydrocarbon 1n natural

29 <6 ?

gas, from contaminants. Although the phrases “gas stream,” “vapor stream,” and “liquid
stream,” refer to situations where a gas, vapor, and liquid 18 mainly present in the stream,
respectively, there may be other phases also present within the stream. For example, a gas

?

may also be present in a “liquid stream.” In some instances, the terms “gas stream” and
“vapor stream” may be used interchangeably. The feed stream may interchangeably be
referred to as a stream.

[0042] A “flow controlling device” refers to any suitable device that can control pressure

0
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and flow. A flow controlling device being “open” refers to the flow controlling device being
anywhere from partially open to completely open. A flow controlling device may be bi-
directional whether specitfied or not as such.

[0043] The articles “the”, “a” and “an” are not necessarily limited to mean only one, but
rather are inclusive and open ended so as to include, optionally, multiple such elements.
[0044] “At least one,” 1n reference to a list of one or more entities should be understood
to mean at least one entity selected from any one or more of the entity 1n the list of entities,
but not necessarily including at least one of each and every entity specifically listed within
the list of entities and not excluding any combinations of entitics 1n the list of entities. This
definition also allows that entitiecs may optionally be present other than the entities
specifically i1dentified within the list of entities to which the phrase ““at least one” refers,
whether related or unrelated to those entities specifically identified. Thus, as a non-limiting
example, “at least one of A and B” (or, equivalently, “at least one of A or B,” or, equivalently
“at least one of A and/or B”) may refer, to at least one, optionally including more than one,
A, with no B present (and optionally including entities other than B); to at least one,
optionally mcluding more than one, B, with no A present (and optionally including entities
other than A); to at least one, optionally including more than one, A, and at least one,
optionally mcluding more than one, B (and optionally including other entities). In other

2% &6

words, the phrases “at least one,” “one or more,” and “and/or” are open-ended expressions
that are both conjunctive and disjunctive 1 operation. For example, each of the expressions
“at least one of A, B and C,” “at least one of A, B, or C,” “one or more of A, B, and C,” “one
or more of A, B, or C” and “A, B, and/or C” may mean A alone, B alone, C alone, A and B
together, A and C together, B and C together, A, B and C together, and optionally any of the
above 1n combination with at least one other entity.

[0045] The disclosure relates to a system and method for separating fluids within a
distillation tower such as but not limited to during abnormal operations. Figures 1-9 of the
disclosure display various aspects of the system and method. The system may comprise a
closed loop refrigeration system or an open loop refrigeration system.

[0046] The system and method may separate a feed stream, having hydrocarbons (e.g.,
methane) and contaminants, 1n a distillation tower 104, 204. The system may comprise the
distillation tower 104, 204 (Figures 1-8). The distillation tower 104, 204 may separate the
contaminants from the hydrocarbons.

[0047] The distillation tower 104, 204 may be separated into three functional sections: a

lower section 106, a middle controlled freeze zone section 108 and an upper section 110. The
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distillation tower 104, 204 may incorporate three functional sections when the upper section
110 1s needed and/or desired. The lower section 106 may interchangeably be referred to as a
stripper section. The middle controlled freeze zone section 108 may interchangeably be
referred to as a controlled freeze zone section. The upper section 110 may interchangeably
be referred to as a rectifier section.

[0048] The distillation tower 104, 204 may incorporate only two functional sections when
the upper section 110 18 not needed and/or desired. When the distillation tower does not
include an upper section 110, a portion of vapor leaving the middle controlled freeze zone
section 108 may be condensed in a condenser 122 and returned to the middle controlled
freeze zone section 108 as a liquid stream via a spray assembly 129. Line 41 may be
climinated. The stream 1n line 14, now taking the vapors leaving the middle controlled freeze
section 108, directs these vapors to the condenser 122.

[0049] The sections of the distillation tower 104 may be housed within a single vessel
(Figures 2, 4 and 7-8). For example, the lower section 106, the middle controlled freeze zone
section 108, and the upper section 110 may be housed within a single vessel 164.

[0050] The sections of the distillation tower 204 may be housed within a plurality of
vessels to form a split-tower configuration (Figures 1, 3 and 5-6). Each of the vessels may be
separate from the other vessels. A line 341 and/or another suitable mechanism may connect
one vessel to another vessel so that a vapor stream may travel from the middle controlled
freeze zone section 108 to the upper section 110. Before one vessel 1s connected to another
vessel, the vapor stream travelling from the middle controlled freeze zone section 108 may
ex1t the middle controlled freeze zone section 108 and travel away from the upper section 110
via line 343. The vapor stream travelling from the middle controlled freeze zone section 108
may travel away from the upper section 110 via line 343 during abnormal operation. To
prevent the vapor stream from travelling from the middle controlled freeze zone section 108
to the upper section 110, before one vessel 1s connected to another vessel, line 341 may
include a flow controlling device 342. The flow controlling device 342 may comprise, but 1s
not limited to, a valve.

[0051] In the split-tower configuration, the lower section 106, middle controlled freeze
zone section 108 and upper section 110 may be housed within two or more vessels. For
example, the upper section 110 may be housed within a single vessel 254 and the lower and
middle controlled freeze zone sections 106, 108 may be housed within a single vessel 264.
When this 1s the case, a liquid stream exiting the upper section 110, may exit through a liquid

outlet bottom 260. The liquid outlet bottom 260 1s at the bottom of the upper section 110.

3
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Although not shown, each of the sections may be housed within 1ts own separate vessel, or
one or more sections may be housed within separate vessels, or the upper and middle
controlled freeze zone sections may be housed within a single vessel and the lower section
may be housed within a single vessel, etc. When sections of the distillation tower are housed
within vessels, the vessels may be side-by-side along a horizontal line and/or above each
other along a vertical line.

[0052] The split-tower configuration may be beneficial in situations where the height of
the distillation tower, motion considerations, and/or transportation 1ssues, such as for remote
locations, need to be considered. This split-tower configuration allows for the independent
operation of one or more sections. For example, when the upper section 1s housed within a
single vessel and the lower and middle controlled freeze zone sections are housed within a
single vessel, independent generation of reflux using a substantially contaminant-free, largely
hydrocarbon stream from a packed gas pipeline or an adjacent hydrocarbon line, may occur
in the upper section. And the reflux may be used to cool the upper section, establish an
appropriate temperature profile in the upper section, and/or build up liquid mnventory at the
bottom of the upper section to serve as an initial source of spray liquids for the middle
controlled freeze zone section. Moreover, the middle controlled freeze zone and lower
sections may be independently prepared by chilling the feed stream, feeding 1t to the optimal
location be that in the lower section or in the middle controlled freeze zone section,
generating liquids for the lower and the middle controlled freeze zone sections, and disposing
the vapors off the middle controlled freeze zone section while they are off specification with
too high a contaminant content. Also, liquid from the upper section may be intermittently or
continuously sprayed, building up liquid level in the bottom of the middle controlled freeze
zone section and bringing the contaminant content in the middle controlled freeze zone
section down and near steady state level so that the two vessels may be connected to send the
vapor stream from the middle controlled freeze zone section to the upper section,
continuously spraying liquid from the bottom of the upper section into the middle controlled
freeze zone section and stabilizing operations 1nto operating at a steady-state temperature.
The split tower configuration may utilize a sump 331 of the upper section as a liquid receiver.
The sump 331 may be the liquid recerver for a pump 128. When the split tower configuration
utilizes the sump 331, the distillation tower 204 may or may not utilize a holding vessel 126
(Figures 1-3).

[0053] The system may include a heat exchanger 100 (Figures 1-8). A feed strecam 10
may enter the heat exchanger 100 before entering the distillation tower 104, 204. The feed

9
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strecam 10 may interchangeably be referred to as a stream. The stream 10 may be cooled
within the heat exchanger 100. The heat exchanger 100 helps drop the temperature of the
stream 10 to a level suitable for introduction into the distillation tower 104, 204.

[0054] The system may include an expander device 102 (Figures 1-8). The stream 10
may enter the expander device 102 before entering the distillation tower 104, 204. The
strcam 10 may be expanded in the expander device 102 after exiting the heat exchanger 100.
The expander device 102 helps drop the temperature of the stream 10 to a level suitable for
introduction into the distillation tower 104, 204. The expander device 102 may be any
suitable device, such as a valve. If the expander device 102 1s a valve, the valve may be any
suitable valve that may aid 1n cooling the stream 10 before 1t enters the distillation tower 104,
204. For example, the valve 102 may comprise a Joule-Thompson (J-T) valve.

[0055] The system may include a feed separator 103 (Figures 3-4). The stream may enter
the feed separator 103 before entering the distillation tower 104, 204. The feed separator 103
may separate a stream 10 having a mixed liquid and vapor stream 1nto a liquid stream and a
vapor strecam. Lines 12 may extend from the feed separator 103 to the distillation tower 104,
204. One of the lines 12 may receive the vapor stream from the feed separator 103. Another
on¢ of the lines 12 may receive the liquid stream from the feed separator 103. Each of the
lines 12 may extend to the same and/or different sections (1.e. middle controlled freeze zone,
and lower sections) of the distillation tower 104, 204.

[0056] If the system includes a feed separator, the expander device 102 may or may not
be downstream of the feed separator 103. In embodiments where the expander device 102 1s
downstream of the feed separator 103, the expander device 102 may comprise a plurality of
expander devices 102 such that each line 12 has an expander device 102.

[0057] The system may include a dehydration unit 261 (Figures 1-8). The feed stream 10
may enter the dehydration unit 261 before entering the distillation tower 104, 204. The feed
stream 10 enters the dehydration unit 261 before entering the heat exchanger 100 and/or the
expander device 102. The dehydration unit 261 removes water from the feed stream 10 to
prevent water from later presenting a problem in the heat exchanger 100, expander device
102, feed separator 103, or distillation tower 104, 204. The water can present a problem by
forming a secparate water phase (1.¢., 1ice and/or hydrate) that plugs lines, equipment or
negatively affects the distillation process. The dehydration unit 261 dehydrates the feed
stream to a dew point sufficiently low to ensure a separate water phase will not form at any
point downstream during the rest of the process. The dehydration unit may be any suitable

dehydration unit, such as a molecular sieve or a glycol dehydration unit.
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[0058] The system may include a filtering unit (not shown). The feed stream 10 may
enter the filtering unit before entering the distillation tower 104, 204. The filtering unit may
remove undesirable contaminants from the feed stream before the feed stream enters the
distillation tower 104, 204. Depending on what contaminants are to be removed, the filtering
unit may be before or after the dehydration unit 261 and/or before or after the heat exchanger
100.

[0059] The systems may include a line 12 (Figures 1-8). The line may also be referred to
as an inlet channel 12. The feed stream 10 may be fed into the distillation tower 104, 204 via
the line 12, 503 (Figure 9). The feed stream 10 (1.e., stream) may comprise contaminants
(e.g., carbon dioxide). The feed stream 10 may also comprise hydrocarbons (e.g., methane).
The line 12 may extend to the lower section 106 or the middle controlled freeze zone section
108 of the distillation tower 104, 204. For example, the line 12 may extend to the lower
section 106 such that the feed stream 10 may enter the lower section 106 of the distillation
tower 104, 204 (Figures 1-8). The line 12 may directly or indirectly extend to the lower
section 106 or the middle controlled freeze zone section 108. The line 12 may extend to an
outer surface of the distillation tower 104, 204 before entering the distillation tower 104, 204.
[0060] If the system includes the feed separator 103 (Figures 3-4), the line 12 may
comprise a plurality of limes 12. Each line 12 may be the same line as one of the lines that
extends from the feed separator 103 to a specific portion of the distillation tower 104, 204.
[0061] The lower section 106 1s constructed and arranged to separate the feed stream 10
into a liquid stream and a vapor stream. During normal operation, the lower section 106
separates the feed stream at a temperature and pressure at which no solids form. The hiquid
stream may comprise a greater quantity of contaminants than of methane. The vapor stream
may comprise a greater quantity of methane than of contaminants. In any case, the vapor
stream 1s lighter than the liquid stream. As a result, the vapor stream rises from the lower
section 106 and the liquid stream falls to the bottom of the lower section 106.

[0062] The lower section 106 may include and/or connect to equipment that separates the
stream. The equipment may comprise any suitable equipment for separating methane from
contaminants. Generally speaking, the suitable equipment comprises some type of mass
transfer device. For example, the suitable equipment may comprise one or more packed
sections 181, or one or more distillation trays with perforations, downcomers, and weirs
(Figures 1-3).

[0063] The equipment may include components that apply heat to the stream to form the

vapor stream and the liquid stream. For example, the equipment may comprise a first
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reboiler 112 that applies heat to the stream. The first reboiler 112 may be located outside of
the distillation tower 104, 204. The equipment may also comprise a second reboiler 172 that
applies heat to the stream. The second reboiler 172 may be located outside of the distillation
tower 104, 204. Linc 17 may lead from the distillation tower to the second reboiler 172.
Line 117 may lead from the second reboiler 172 to the distillation tower. Additional
reboilers, set up similarly to the second reboiler described above, may also be used.

[0064] The first reboiler 112 may apply heat to the liquid stream that exits the lower
section 106 through a liquid outlet 160 of the lower section 106. The liquid stream may
travel from the liquid outlet 160 through line 28 to reach the first reboiler 112 (Figures 1-8).
The amount of heat applied to the liquid stream by the first reboiler 112 can be increased to
separate more methane from contaminants. The more heat applied by the reboiler 112 to the
stream, the more methane separated from the liquid contaminants, though more contaminants
will also be vaporized.

[0065] The first reboiler 112 may also apply heat to the stream within the distillation
tower 104, 204. Specifically, the heat applied by the first reboiler 112 warms up the lower
section 106. This heat travels up the lower section 106 and supplies heat to warm solids
entering a melt tray assembly 139 of the middle controlled freeze zone section 108 so that the
solids form a liquid slurry.

[0066] The second reboiler 172 applies heat to the stream within the lower section 106.
The heat applied by the second reboiler 172 1s applied closer to the middle controlled freeze
zone section 108 than the heat applied by the first reboiler 112. As a result, the heat applied
by the second reboiler 172 reaches the middle controlled freeze zone section 108 faster than
the heat applied by the first reboiler 112. The second reboiler 172 can help with energy
integration 1f the second reboiler 172 comprises a heat exchanger that pre-cools the stream
ahead of the heat exchanger 100.

[0067] The equipment may include stripper section equipment. The stripper section
equipment may include one or more chimney assemblies 135 (Figures 1-8). While falling to
the bottom of the lower section 106, the liquid stream may encounter one or more of the
chimney assemblies 135.

[0068] Each chimney assembly 135 includes a chimney tray 131 that collects the liquid
strecam within the lower section 106. The liquid stream that collects on the chimney tray 131
may be fed to the second reboiler 172. After the liquid stream 18 heated in the second reboiler
172, the stream may return to the middle controlled freeze zone section 106 to supply heat to

the middle controlled freeze zone section 106 and/or the melt tray assembly 139.
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Unvaporized stream exiting the second reboiler 172 may be fed back to the distillation tower
104, 204 below the chimney tray 131. Vapor stream exiting the second reboiler 172 may be
routed under or above the chimney tray 131 when the vapor stream enters the distillation
tower 104, 204.

[0069] The chimney tray 131 may include one or more chimneys 137. The chimney 137
serves as a channel that the vapor stream i1n the lower section 106 traverses. The vapor
stream travels through an opening in the chimney tray 131 at the bottom of the chimney 137
to the top of the chimney 137. The opening 1s closer to the bottom of the lower section 106
than 1t 18 to the bottom of the middle controlled freeze zone section 108. The top 1s closer to
the bottom of the middle controlled freeze zone section 108 than 1t 1s to the bottom of the
lower section 106.

[0070] Each chimney 137 has attached to 1t a chimney cap 133. The chimney cap 133
covers a chimney top opening 138 of the chimney 137. The chimney cap 133 prevents the
liquid stream from entering the chimney 137. The vapor stream exits the chimney assembly
135 via the chimney top opening 138.

[0071] After falling to the bottom of the lower section 106, the liquid stream exits the
distillation tower 104, 204 through the liquid outlet 160. The liquid outlet 160 1s within the
lower section 106. The liquid outlet 160 may be located at the bottom of the lower section
106.

[0072] After exiting through the liquid outlet 160, the bottoms stream may travel via line
28 to the first reboiler 112. The bottoms stream may be heated by the first reboiler 112 and
vapor may then re-enter the lower section 106 through line 30. Unvaporized liquid may
continue out of the distillation process via line 24.

[0073] The system may include an expander device 114 (Figures 1-8). After entering line
24, the heated liquid stream may be expanded in the expander device 114. The expander
device 114 may be any suitable device, such as a valve. The valve 114 may be any suitable
valve, such as a J-T valve.

[0074] The system may include a heat exchanger 116 (Figures 1-8). The liquid stream
heated by the first reboiler 112 may be cooled or heated by the heat exchanger 116. The heat
exchanger 116 may be a direct heat exchanger or an indirect heat exchanger. The heat
exchanger 116 may comprise any suitable heat exchanger. The stream may exit the heat
exchanger 116 through line 26.

[0075] The vapor stream 1n the lower section 106 may rise from the lower section 106 to

the middle controlled freeze zone section 108. The vapor stream may include contaminants
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and hydrocarbons. The middle controlled freeze zone section 108 may be maintained to form
solids from the carbon dioxide within the distillation tower 104, 204, 502 (Figure 9). The
carbon dioxide 1n the solids may be the contaminants that rise from the lower section 106.
[0076] The middle controlled freeze zone section 108 1s constructed and arranged to
separate the feed stream 10 introduced 1nto the middle controlled freeze zone section 1nto the
solids and the vapor stream. The solids and the vapor stream are formed m the middle
controlled freeze zone section 108 when a liquid stream 1s sprayed into the middle controlled
freeze zone section 108 at a temperature and pressure at which the solids and the vapor
strecam form. The solids may be comprised more of contaminants than of methane. The
vapor stream may comprise more methane than contaminants.

[0077] The middle controlled treeze zone section 108 includes a lower section 40 and an
upper section 39 (Figure 2, 4 and 7-8). The lower section 40 1s below the upper section 39.
The lower section 40 directly abuts the upper section 39. The lower section 40 1s primarily
but may not exclusively be a heating section of the middle controlled freeze zone section 108.
The upper section 39 1s primarily but may not exclusively be a cooling section of the middle
controlled freeze zone section 108. During normal operation, the temperature and pressure of
the upper section 39 are chosen so that the solids can form in the middle controlled freeze
zone section 108.

[0078] The middle controlled freeze zone section 108 may comprise a melt tray assembly
139 that 1s maintained 1n the middle controlled freeze zone section 108 (Figures 1-8). The
melt tray assembly 139 1s within the lower section 40 of the middle controlled freeze zone
section 108. The melt tray assembly 139 1s not within the upper section 39 of the middle
controlled freeze zone section 108.

[0079] The melt tray assembly 139 1s constructed and arranged to melt the solids in the
middle controlled freeze zone section 108. When the warm vapor stream rises from the lower
section 106 to the middle controlled freeze zone section 108, the vapor stream immediately
encounters the melt tray assembly 139 and supplies heat to melt the solids. The melt tray
assembly 139 may comprise at least one of a melt tray 118, a bubble cap 132, a liquid 130
and heat mechanism(s) 134.

[0080] The melt tray 118 may collect a liquid slurry. The melt tray 118 divides at lecast a
portion of the middle controlled freeze zone section 108 from the lower section 106. The
melt tray 118 1s at the bottom 45 of the middle controlled freeze zone section 108.

[0081] One or more bubble caps 132 may act as a channel for the vapor stream rising

from the lower section 106 to the middle controlled freeze zone section 108. The bubble cap
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132 may provide a path for the vapor stream that forces the vapor stream up the riser 140 and
then down and around the riser 140 to the melt tray 118. The riser 140 1s covered by a cap
141. The cap 141 prevents the liquid 130 from travelling into the riser 140. The cap 141
helps prevent solids from travelling into the riser 140. The vapor stream’s traversal through
the bubble cap 132 allows the vapor stream to transfer heat to the liquid 130 within the melt
tray assembly 139.

[0082] One or more heat mechanisms 134 may further heat up the liquid 130 to facilitate
melting of the solids into the liquid slurry. The heat mechanism(s) 134 may be located
anywhere within the melt tray assembly 139. For example, a heat mechanism 134 may be
located around the bubble caps 132 (Figures 1-8). The heat mechanism 134 may be any
suitable mechanism, such as a heat coil. The heat source of the heat mechanism 134 may be
any suitable heat source.

[0083] The liquid 130 in the melt tray assembly 1s heated by the vapor stream. The liquid
130 may also be heated by the one or more heat mechanisms 134. The liquid 130 helps melt
the solids formed 1n the muddle controlled freeze zone section 108 into the liquid slurry.
Specifically, the heat transferred by the vapor stream heats up the liquid, thereby enabling the
heat to melt the solids. During normal operation, the liquid 130 1s at a level sufficient to melt
the solids.

[0084] The middle controlled freeze zone section 108 may also comprise a spray
assembly 129. The spray assembly 129 cools the vapor stream that rises from the lower
section 40. The spray assembly 129 sprays liquid, which 1s cooler than the vapor stream, on
the vapor strecam to cool the vapor stream. The spray assembly 129 1s within the upper
section 39. The spray assembly 129 1s not within the lower section 40. The spray assembly
129 1s above the melt tray assembly 139. In other words, the melt tray assembly 139 1s below
the spray assembly 129.

[0085] The temperature 1n the middle controlled freeze zone section 108 cools down as
the vapor stream travels from the bottom of the middle controlled freeze zone section 108 to
the top of the middle controlled freeze zone section 108. The methane n the vapor stream
rises from the middle controlled freeze zone section 108 to the upper section 110. Some
contaminants may remain 1n the methane and also rise. The contaminants 1n the vapor stream
tend to condense or solidify with the colder temperatures and fall to the bottom of the middle
controlled freeze zone section 108.

[0086] The solids form the liquid slurry when 1n the liquid 130. The liquid slurry flows

from the middle controlled freeze zone section 108 to the lower distillation section 106. The
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liquid slurry flows from the bottom of the middle controlled freeze zone section 108 to the
top of the lower section 106 via a line 22 (Figures 1-8). The line 22 may be an exterior line.
The line 22 may extend from the distillation tower 104, 204. The line 22 may extend from
the middle controlled freeze zone section 108. The line 22 may extend to the lower section
106.

[0087] The vapor stream that rises in the middle controlled freeze zone section 108 and
does not form solids or otherwise fall to the bottom of the middle controlled freeze zone
section 108, rises to the upper section 110. The upper section 110 may be maintained 1n the
distillation tower 104, 204, 501 (Figure 9). During normal operation, the upper section 110
operates at a temperature and pressure and contaminant concentration at which no solids
form. The upper section 110 1s constructed and arranged to cool the vapor stream to separate
the methane from the contaminants. Reflux in the upper section 110 may cool the vapor
strcam. The reflux in the upper section 110 may absorb contaminants. The reflux may
comprise liquid reflux. The reflux 1s introduced into the upper section 110 via line 18. Line
18 may extend to the upper section 110. Line 18 may extend from an outer surface of the
distillation tower 104, 204.

[0088] After contacting the reflux 1n the upper section 110, the feed stream forms a vapor
strecam and a liquid stream. The vapor stream mainly comprises methane. The liquid stream
comprises relatively more contaminants. The vapor stream rises in the upper section 110 and
the liquid falls to a bottom of the upper section 110.

[0089] To facilitate separation of the methane from the contaminants when the stream
contacts the reflux, the upper section 110 may include one or more mass transfer devices 176.
Each mass transfer device 176 helps contact the liquid and vapor phases, which helps
separate the methane from the contaminants. Each mass transfer device 176 may comprise
any suitable contacting device, such as a tray with perforations, or a section of random or
structured packing 176 to facilitate contact of the vapor and liquid phases.

[0090] After rising, the vapor stream may exit the distillation tower 104, 204 through
outlet 401 to linc 14. The line 14 may emanate from an upper part of the upper section 110.
The line 14 may extend from an outer surface of the upper section 110.

[0091] From line 14, the vapor stream may enter a condenser 122. The condenser 122
cools the vapor strecam to form a cooled stream. The condenser 122 at least partially
condenses the stream.

[0092] After exiting the condenser 122, the cooled stream may enter a reflux accumulator

124. The cooled stream may be a two-phase stream. The two-phase stream may comprise a
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liquid stream and a vapor stream. The reflux accumulator 124 separates the two-phase
strcam 1nto a liquid stream and a vapor stream. The reflux accumulator may be any suitable
vessel that can separate a stream 1nto a liquid stream and a vapor stream, such as a reflux
drum. The reflux accumulator may serve as a holding unit for the cooled stream entering the
reflux accumulator 124.

[0093] Once separated, the vapor stream may exit the reflux accumulator 124 as sales
product. The sales product may travel through line 16 for subsequent sale to a pipeline
and/or condensation to be liquefied natural gas.

[0094] Once separated, the liquid stream may return to the upper section 110 through line
18 as the reflux. The reflux may travel to the upper section 110 via any suitable mechanism,
such as a reflux pump 150 (Figures 1-2, 5-8) or gravity (Figures 3-4).

[0095] The liquid stream that falls to the bottom of the upper section 110 collects at the
bottom of the upper section 110 as the liquid 330. The liquid stream may collect on tray 183
(Figures 2, 4 and 7-8) or at the sump 331 of the upper section 110 (Figures 1, 3 and 5-6). The
sump 331 1s at the bottom portion of the upper section 110. The liquid stream collected may
exit the distillation tower 104, 204 through line 20 (Figures 2, 4 and 7-8) or outlet 260
(Figures 1, 3 and 5-6). The line 20 (Figures 2, 4 and 7-8) may emanate from the upper
section 110. The line 20 may emanate from a bottom end of the upper section 110. The line
20 may extend from an outer surface of the upper section 110.

[0096] The line 20 and/or outlet 260 connect to a line 41. The line 41 leads to the spray
assembly 129 1n the middle controlled freeze zone section 108. The line 41 may emanate
from the holding vessel 126. While the holding vessel 126 1s shown 1n Figures 1-8, the
holding vessel 126 may or may not be present when the upper section 110 includes the sump
331. The line 41 may extend to an outer surtace of the middle controlled freeze zone section
110.

[0097] The line 20 and/or outlet 260 may directly or indirectly (Figures 1-8) connect to
the Iine 41. When the line 20 and/or outlet 260 directly connect to the line 41, the liquid
spray may be pumped to the spray nozzle(s) 120 via any suitable mechanism, such as the
spray pump 128 or gravity. When the line 20 and/or outlet 260 indirectly connect to the line
41, the line 20 and/or outlet 260 and line 41 may directly connect to the holding vessel 126.
The holding vessel 126 may house at least some of the liquid spray before it 1s sprayed by the
nozzle(s). The liquid spray may be pumped from the holding vessel 126 to the spray
nozzle(s) 120 via any suitable mechanism, such as the spray pump 128 (Figures 1-8) or

oravity. The holding vessel 126 may be needed when the sump 331 does not have sufficient
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volume to hold the liquid stream at the bottom of the upper section 110.

[0098] During an abnormal operation of the distillation tower 104, 204, the distillation
tower 104, 204 does not operate at steady-state conditions. To make the distillation tower
104, 204 go from not operating at steady-state conditions to operating at steady-state
conditions, the system may reduce a carbon dioxide concentration of the stream received by
the upper section 110, 504 (Figure 9). Reducing the carbon dioxide concentration may
include feeding a first cryogenic fluid to the middle controlled freeze zone section 108, 505
(Figure 9) and accumulating reflux in at least one of the holding vessel 126 and the sump
331, 506 (Figure 9). The system may terminate reducing the carbon dioxide concentration
when the carbon dioxide concentration of the stream travelling from the middle controlled
freeze zone section 108 to the upper section 110 1s less than or equal to a maximum carbon
dioxide concentration, 507 (Figure 9).

[0099] The carbon dioxide concentration 1s the concentration of carbon dioxide within
the stream travelling from the middle controlled freeze zone section 108 to the upper section
110. The carbon dioxide concentration may be determined by any suitable detecting
mechanism. Examples of a suitable detecting mechanism may include, but 1s not limited to, a
ogas chromatograph or an infrared detector. The detecting mechanism may sample the stream
travelling from the middle controlled freeze zone section 108 to the upper section 110 from
an upper portion of the middle controlled freeze zone section 108. The maximum carbon
dioxide concentration may be equal to a carbon dioxide concentration 1n the stream travelling
from the middle controlled freeze zone section 108 to the upper section 110 that 1s less than
or equal to 6 percent (%) of the components within the stream. The maximum carbon
dioxide concentration may be any number bounded by or included within the aforementioned
range, such as but not limited to less than or equal to 5%, or less than or equal to 4%. The
components within the stream may comprise any component within the stream (e.g., carbon
dioxide, methane).

[00100]  The first cryogenic fluid may comprise a substantially carbon-dioxide-free fluid.
In other words, the first cryogenic fluid may not comprise carbon dioxide. For example, the
first cryogenic fluid may comprise liquid natural gas or liquid nitrogen. The liquid natural
gas may comprise methane.

[0100] The first cryogenic fluid may be stored in any suitable cryogenic fluid storage
container 228, 247 (Figures 5-8). For example, the cryogenic fluid storage container 228
may comprise a tank. The cryogenic fluid storage container 228, 247 may be outside of the

distillation tower 104, 204. In other words, the cryogenic fluid storage container 228, 247

18



10

15

20

25

30

CA 02950129 2016-11-23

WO 2016/007209 PCT/US2015/028563

may not be inside of the distillation tower 104, 204.

[0101] To feed the first cryogenic fluid to the middle controlled freeze zone section 108,
the cryogenic fluid storage container 228, 247 may fluidly connect to the middle controlled
freeze zone section 108 of the distillation tower 104, 204 via line 234, 263. The first
cryogenic fluid may be fed from the cryogenic fluid storage container 228, 247 to a first
cryogenic fluid pump 226, 246 via linc 234, 263. The first cryogenic fluid may be fed from
the first cryogenic fluid pump 226, 246 to a first cryogenic heat exchanger 225, 245 via line
234, 263. The first cryogenic fluid may be fed from the first cryogenic heat exchanger 225,
245 to the middle controlled freeze zone section 108.

[0102] The first cryogenic fluid pump 226, 246 may be configured to increase a pressure
of a first cryogenic fluid. A pressure of the first cryogenic fluid, which enters the first
cryogenic fluid pump 226, 246, 1s increased when the first cryogenic fluid 1s pumped through
the first cryogenic fluid pump 226, 246. The first cryogenic fluid pump 226, 246 may
increase the pressure of the first cryogenic fluid so that 1t can enter the distillation tower 104,
204 at a pressure closer to but above a pressure within the distillation tower 104, 204. The
first cryogenic fluid pump 226, 246 may be outside of the distillation tower 104, 204. In
other words, the first cryogenic fluid pump 226, 246 may not be within the distillation tower
104, 204.

[0103] The first cryogenic heat exchanger 225, 245 may be configured to receive the first
cryogenic fluid. The first cryogenic heat exchanger 225, 245 may receive the first cryogenic
fluid from the first cryogenic pump 226, 246. The first cryogenic heat exchanger 225, 245
may receive the first cryogenic fluid after the first cryogenic fluid exits the first cryogenic
pump 226, 246. The first cryogenic heat exchanger 225, 245 may increase a temperature of
the first cryogenic fluid such that the temperature of the first cryogenic fluid goes from a first
temperature when 1t enters the first cryogenic heat exchanger 225, 245 to a second
temperature when 1t exits the first cryogenic heat exchanger 225, 245. The second
temperature may be higher than the first temperature. The first cryogenic heat exchanger
225, 245 may increase the temperature of the first cryogenic fluid so that 1t can enter the
distillation tower 104, 204 at a temperature closer to that within the distillation tower 104,
204. The first cryogenic heat exchanger 225, 245 may be outside of the distillation tower
104, 204. In other words, the first cryogenic heat exchanger 225, 245 may not be within the
distillation tower 104, 204.

[0104] The system may include a spray assembly 129, 270 that feeds the first cryogenic

fluid to the middle controlled freeze zone section 108 from the first cryogenic heat exchanger
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225, 245. The spray assembly 129, 270 may be configured to spray the first cryogenic fluid
into the middle controlled freeze zone section 108.

[0105] The spray assembly 129, 270 may include a spray pump 128, 248 and spray
nozzles 120, 240. The spray pump 128, 248 may pump the first cryogenic fluid, which exits
the first cryogenic heat exchanger 225, 245, through line 232 to the spray nozzles 120, 240.
In other words, the first cryogenic fluid may travel from the first cryogenic heat exchanger
225, 245 to the spray pump 128, 248 and the spray pump 128, 248 may pump the first
cryogenic fluid to the spray nozzles 120, 240. The spray nozzles 120, 240 may spray the first
cryogenic fluid into the middle controlled freeze zone section 108.

[0106] The spray assembly 129 may comprise a controlled freeze zone section spray
assembly 129 or a cryogenic fluid pump assembly 270. The spray assembly may comprise a
controlled freeze zone section spray assembly 129 when the first cryogenic fluid comprises
liquid natural gas. The controlled freeze zone section spray assembly 129 1s the same spray
assembly that sprays the liquid spray from the upper section 110 to the middle controlled
freeze zone section 108 during normal operation. The spray assembly may comprise a
cryogenic fluid pump assembly 270 when the first cryogenic fluid comprises liquid nitrogen.
The spray assembly 270 may be specially designed to handle the liquid nitrogen. The liquid
nitrogen may be sprayed 1n spray assembly 270 instead of spray assembly 129 because spray
assembly 129 may not be designed to handle liquid nitrogen. Liquid nitrogen tends to be
colder than liquid natural gas and, therefore, may require different equipment than liquid
natural gas to be sprayed. It may be possible to design the spray assembly 129 so that i1t can
handle a first cryogenic fluid that comprises liquid nitrogen. If the spray assembly 129 1s so
designed, there may not be a cryogenic fluid spray assembly 270. If the spray assembly 129
1s so designed 1t may comprise material that can handle liquid nitrogen. The material for
handling liquid nitrogen may comprise any suitable material, such as but not limited to,
special metal alloys like high nickel. If the spray assembly 129 1s so designed 1t may
comprise a mechanism that allows 1t to transition from handling liquid nitrogen to liquid
natural gas and methane. The mechanism may comprise a way for initially spraying the
liquid nitrogen 1n a dedicated spray bank and then start reducing the amount of liquid
nitrogen sprayed when reflux builds up while increasing the reflux sprayed through the spray
assembly 129.

[0107] When the spray assembly 129, 270 sprays the first cryogenic fluid, the carbon
dioxide concentration of the stream travelling from the middle controlled freeze zone section

108 to the upper section 110 may be reduced. The concentration of carbon dioxide may be
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reduced because the first cryogenic fluid sprayed may lower the temperature of the carbon
dioxide within the vapor stream, which 18 rising within the middle controlled freeze zone
section 108, to one 1n which the carbon dioxide forms solids. When the carbon dioxide forms
solids, the solids tall toward the bottom of the middle controlled freeze zone section 108 and
less carbon dioxide travels from the middle controlled freeze zone section 108 to the upper
section 110 because so much of the carbon dioxide falls toward the bottom of the middle
controlled freeze zone section 108 as solids.

[0108] When the spray assembly 270 comprises a cryogenic fluid pump assembly 270,
the system also comprises a spray assembly 129. The spray assembly 129 1s the same spray
assembly that sprays the liquid spray (1.e., stream) from the upper section 110 during normal
operation. The spray assembly 129 may comprise a controlled freeze zone section spray
assembly 129.

[0109] In addition to being the spray assembly that sprays the liquid spray, the controlled
freeze zone section spray assembly 129 may receive a second cryogenic fluid that 1s fed to
the middle controlled freeze zone section 110. The second cryogenic fluid may comprise a
substantially carbon-dioxide-free fluid. The second cryogenic fluid may comprise liquid
natural gas. The second cryogenic fluid may be fed to the middle controlled freeze zone
section 108 sometime after the first cryogenic fluid 1s fed to the middle controlled freeze zone
section 108 via the spray assembly 270. The second cryogenic fluid may be fed to the middle
controlled freeze zone section 108 at the same time that the first cryogenic fluid 1s fed to the
middle controlled freeze zone section 108 via the spray assembly 270.

[0110] The controlled freeze zone section spray assembly 129 receives the second
cryogenic fluid the same way that the previously described controlled freeze zone section
spray assembly receives the first cryogenic fluid when the first cryogenic fluid comprises
liquid natural gas. Specifically, the second cryogenic fluid may be fed from a second
cryogenic fluid storage container 1228 to a second cryogenic fluid pump 1226, from the
second cryogenic fluid pump 1226 to a second cryogenic heat exchanger 1225, and from the
second cryogenic heat exchanger 1225 to the controlled freeze zone section spray assembly
129.

[0111] The second cryogenic fluid storage container 1228 may fluidly connect to the
middle controlled freeze zone section 108 of the distillation tower 104, 204 via line 1234,
1236. The second cryogenic fluid may be fed from the second cryogenic fluid storage
container 1228 to the second cryogenic fluid pump 1226 via line 1234. The second cryogenic
fluid may be fed from the second cryogenic fluid pump 1226 to the second cryogenic heat
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exchanger via line 1234.

[0112] The second cryogenic fluid pump 1226 may be configured to increase a pressure
of the second cryogenic fluid. A pressure of the second cryogenic fluid, which enters the
second cryogenic fluid pump 1226, 1s increased when the second cryogenic fluid 1s pumped
through the second cryogenic fluid pump 1226. The second cryogenic fluid pump 1226 may
be outside of the distillation tower 104, 204. In other words, the second cryogenic fluid
pump 1226 may not be within the distillation tower 104, 204.

[0113] The second cryogenic heat exchanger 1225 may be configured to receive the
second cryogenic fluid. The second cryogenic heat exchanger 1225 may receive the second
cryogenic fluid from the second cryogenic pump 1226. The second cryogenic heat exchanger
1225 may receive the second cryogenic fluid after the second cryogenic fluid exits the second
cryogenic pump 1226. The second cryogenic heat exchanger 1225 may increase a
temperature of the second cryogenic fluid such that the temperature of the second cryogenic
fluid goes from a first temperature when 1t enters the second cryogenic heat exchanger 1225
to a second temperature when 1t exits the second cryogenic heat exchanger 1225. The second
temperature may be higher than the first temperature. The second cryogenic heat exchanger
1225 may be outside of the distillation tower 104, 204. In other words, the second cryogenic
heat exchanger 1225 may not be within the distillation tower 104, 204.

[0114] The middle controlled freeze zone section 108 may receive a second cryogenic
fluid from the reflux accumulator 124. The second cryogenic fluid may comprise a
substantially carbon-dioxide-free fluid. The second cryogenic fluid may comprise liquid
natural gas. The second cryogenic fluid may be fed from the reflux accumulator 124 to a
second cryogenic fluid pump 150. The second cryogenic fluid may be fed from the second
cryogenic fluid pump 150 to the middle controlled freeze zone section 108. The second
cryogenic fluid may be fed from the second cryogenic fluild pump 150 to the middle
controlled freeze zone section 108 via line 233, 1233, 236, 1236 and the controlled freeze
zone section spray assembly 129. The second cryogenic fluid may be fed when the first
cryogenic fluid 1s liquid natural gas or liquid nitrogen. The middle controlled freeze zone
section 108 may receive the second cryogenic fluid from the reflux accumulator 124 after an
initial start-up of the distillation tower 104, 204 but sometime during abnormal operation.
The distillation tower 104, 204 may not receive the second cryogenic fluid during the initial
start-up because the reflux accumulator 124 needs to accumulate some of the second
cryogenic fluid from the stream exiting the upper section 110 so that the reflux accumulator

124 has some second cryogenic fluid to feed to the middle controlled freeze zone section 108.
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During the 1nitial start-up 1t 18 unlikely that the reflux accumulator 124 will have accumulated
any second cryogenic fluid to feed to the middle controlled freeze zone section 108.

[0115] The system may comprise a way for feeding a rectifier section cryogenic fluid to
the upper section 110. The rectifier section cryogenic fluid may comprise a same cryogenic
fluid as the first cryogenic fluid. If the rectifier section cryogenic fluid comprises a same
cryogenic fluid as the first cryogenic fluid, the rectifier section cryogenic fluid and the first
cryogenic fluid may be fed from the same cryogenic fluid storage container. The rectifier
section cryogenic fluid may comprise a same cryogenic fluid as the second cryogenic fluid.
If the rectifier section cryogenic fluid comprises a same cryogenic fluid as the second
cryogenic fluid, the rectifier section cryogenic fluid and the second cryogenic fluid may be
fed from the same cryogenic fluid storage container. The rectifier section cryogenic fluid
may comprise a substantially carbon dioxide free fluid. The rectifier section cryogenic fluid
may comprise no carbon dioxide.

[0116] Feeding the rectifier section cryogenic fluid to the upper section may comprise
feeding the rectifier section cryogenic fluid from a cryogenic fluid storage container 228,
1228, 247 to a rectifier section cryogenic fluid pump 226, 1226, 246, feeding the rectifier
section cryogenic fluid from the rectifier section cryogenic fluid pump 226, 1226, 246 to a
rectifier section cryogenic heat exchanger 225, 1225, 245, and feeding the rectifier section
cryogenic fluid from the rectifier section cryogenic heat exchanger 225, 1225, 245 to the
upper section 110. The rectifier section cryogenic fluid may be fed from the rectifier section
cryogenic heat exchanger 225, 1225, 245 via a line 233, 1233. The rectifier section
cryogenic fluid fed from the cryogenic fluid storage container 247 to the rectifier section 100
may be fed via lines 1233, 1234. The rectifier section cryogenic fluid fed from the cryogenic
fluid storage container 247 to the rectifier section 110 may be fed via lines 231, 1231, 1233,
1234. Whether the rectifier section cryogenic fluid 1s fed from the cryogenic fluid storage
container 247 or the cryogenic fluid storage container 1228 to the rectifier section 110, line
1234 may include flow controlling device 3000; line 231, 1231 may include flow controlling
device 1227. When the rectifier section cryogenic fluid 1s fed from the cryogenic fluid
storage container 247, flow controlling device 3000 may be open and flow controlling device
1227 may be closed. When rectifier section cryogenic fluid 1s fed from the cryogenic fluid
storage container 1228, flow controlling device 1227 may be open and flow controlling
device 3000 may be closed. The flow controlling device 3000 may be any suitable device.
For example, the flow controlling device 3000 may be a valve. The flow controlling device

1227 may be any suitable device. For example, the flow controlling device 1227 may be a
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valve.

[0117] The cryogenic fluid storage container 228, 1228, 247 may be the same storage
container that the first cryogenic fluid or the second cryogenic fluid 1s stored in (Figures 5-3).
If the cryogenic fluid storage container 228, 1228, 247 1s the same storage container that the
first cryogenic fluid 1s stored in, the rectifier section cryogenic fluid 1s the first cryogenic
fluid. If the cryogenic fluid storage container 228, 1228, 247 1s the same storage container
that the second cryogenic fluid 1s stored 1n, the rectifier section cryogenic fluid 1s the second
cryogenic fluid.

[0118] The rectifier section cryogenic fluid pump 226, 1226, 246 may be the same
cryogenic fluid pump that the first cryogenic fluid 1s pumped through or that the second
cryogenic fluid 1s pumped through. If the rectifier section cryogenic fluid pump 226, 1226,
246 1s the same cryogenic fluid pump that the first cryogenic fluid 1s pumped through, the
rectifier section cryogenic fluid 1s the first cryogenic fluid. If the rectifier section cryogenic
fluid pump 226, 1226, 246 1s the same cryogenic fluid pump that the second cryogenic fluid
1s pumped through, the rectifier section cryogenic fluid 1s the second cryogenic fluid.

[0119] The rectifier section cryogenic heat exchanger 225, 1225, 245 may be the same
cryogenic heat exchanger that the first cryogenic fluid 1s pumped through or that the second
cryogenic fluid 1s pumped through. If the rectifier section cryogenic heat exchanger 225,
1225, 245 1s the same cryogenic heat exchanger that the first cryogenic fluid traverses
through, the rectifier section cryogenic fluid 1s the first cryogenic fluid. If the rectifier
section cryogenic heat exchanger 225, 1225, 245 1s the same cryogenic heat exchanger that
the second cryogenic fluid traverses through, the rectifier section cryogenic fluid 1s the
second cryogenic fluid.

[0120] Accumulating the liquid stream 1n at least one of the holding vessel 126 and the
sump 331 of the upper section 110 may comprise collecting the rectifier section cryogenic
fluid 1n at least one of the holding vessel 126 and the sump 331 and/or collecting
condensation of the vapor stream that travels from the middle controlled freeze zone section
108 to the upper section 110 1n at least one of the holding vessel 126 and the sump 331. The
rectifier section cryogenic fluid may be collected after the rectifier section cryogenic fluid 1s
fed to the upper section 110. Initially, the rectifier section cryogenic fluid may vaporize as it
cools down the rectifier section 110 as 1t falls through the rectifier section 110. The rectifier
section cryogenic fluid may be collected after 1t 1s fed because the rectifier section cryogenic
fluid 1ncludes liquid and the liquid may fall toward the bottom of the upper section 110 to be
fed to the holding vessel 126 and/or to fall into the sump 331.
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[0121] As liquid stream 1s accumulated, the amount of first cryogenic fluid and/or second
cryogenic fluid fed to the middle controlled freeze zone section 108 may be reduced until no
more first cryogenic fluid and/or second cryogenic fluid 1s fed to the middle controlled freeze
zone section 108. The liquid stream may interchangeably be referred to as rectifier section
stream. As rectifier section stream 18 accumulated, the amount of rectifier section cryogenic
fluid fed to the upper section 110 may be reduced until no more rectifier section cryogenic
fluid 1s fed to the upper section 110 because the system 1s at normal operation.

[0122] At least a rectifier section stream portion of the rectifier section stream in the
holding vessel 126 and/or the sump 331 may be fed to the cryogenic fluid storage container
228, 1228. The rectifier section stream portion may be fed to the cryogenic fluid storage
container 228, 1228 by travelling via line 231, 1231 to the cryogenic fluid storage container
(Figures 5-8). The line 231, 1231 may include a flow controlling device 227, 1227 that
restricts how much of the rectifier section stream portion may be fed to the cryogenic fluid
storage container 228, 1228. The flow controlling device 227, 1227 may be any suitable
device. For example, the flow controlling device 227, 1227 may be a valve. The rectifier
section stream portion may be fed to or from the cryogenic fluid storage container 228, 1228
during abnormal and/or normal operation. If the rectifier section stream portion 1s fed to the
cryogenic fluid storage container 228, 1228 during normal operation 1t may be because the
rectifier section stream portion contains excess rectifier section stream.

[0123] The rectifier section stream portion may comprise at least one of the first
cryogenic fluid, the rectifier section cryogenic fluid and the second cryogenic fluid. After
being fed to the cryogenic storage container 228, 1228, the at least one of the first cryogenic
fluid, the rectifier section cryogenic fluid and the second cryogenic fluid in the rectifier
section stream portion may be separated from the solids 1n the rectifier section stream
portion. The rectifier section stream portion may include solids after the rectifier section
stream portion 1s passed through flow controlling device 227, 1227 because solids may be
formed after the rectifier section stream portion passes through flow controlling device 227,
1227. The rectifier section stream portion may not include solids before the rectifier section
stream portion passes through flow controlling device 227, 1227.

[0124] The rectifier section stream portion fed to the cryogenic fluid storage container
228, 1228 may comprise at least one of vapor, liquid and solids. The vapor within the
cryogenic fluid storage container 228, 1228 may rise to the top of the cryogenic fluid storage
container 228, 1228 and exit through the top of the cryogenic fluid storage container 228,
1228. After exiting the cryogenic fluid storage container 228, 1228, the vapor may be
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compressed 1n a compressor 238, 1238 and transported to line 16 (1.e., sales pipeline) via line
235, 1235. The liquid and/or solids 1n the cryogenic fluid storage container 228, 1228 may
fall towards the bottom of the cryogenic fluid storage container 228, 1228. The liquid that
falls may be fed to a storage unit 230, 1230 via a flow control device 229, 1229 that allows
for the liquid to travel to the storage unit 230, 1230 but does not allow solids to travel to the
storage unit 230, 1230. In other words, the flow control device 229, 1229 may restrict the
passage of solids. The solids may collect at a bottom 290, 1290 of the cryogenic fluid storage
container 228, 1228. If another abnormal operation arises, liquid from the cryogenic fluid
storage container 228, 1228 may be fed to line 234, 1234 so that the cryogenic fluid can be
fed to the distillation tower 104, 204 to enable restoration to normal operation. Solids that
fall to the bottom of the cryogenic fluid storage container may be pumped to a flare vessel
(not shown) for disposal. Ambient heating of the flare vessel may melt/vaporize the solids.
[0125] It 1s important to note that the steps depicted n Figure 9 are provided for
1llustrative purposes only and a particular step may not be required to perform the inventive
methodology. Moreover, Figure 9 may not 1llustrate all the steps that may be performed.
The claims, and only the claims, define the inventive system and methodology.

[0126] Disclosed aspects may be used in hydrocarbon management activities. As used
herein, “hydrocarbon management” or “managing hydrocarbons” includes hydrocarbon
extraction, hydrocarbon production, hydrocarbon exploration, 1dentifying potential
hydrocarbon resources, 1dentifying well locations, determining well 1njection and/or
extraction rates, 1dentifying reservoir connectivity, acquiring, disposing of and/ or
abandoning hydrocarbon resources, reviewing prior hydrocarbon management decisions, and
any other hydrocarbon-related acts or activities. The term “hydrocarbon management” 1s also
used for the ijection or storage of hydrocarbons or CO,, for example the sequestration of
CO,, such as reservoir evaluation, development planning, and reservoir management. The
disclosed methodologies and techniques may be used in extracting hydrocarbons from a
subsurface region and processing the hydrocarbons. Hydrocarbons and contaminants may be
extracted from a reservoir and processed. The hydrocarbons and contaminants may be
processed, for example, 1n the distillation tower previously described.  After the
hydrocarbons and contaminants are processed, the hydrocarbons may be extracted from the
processor, such as the distillation tower, and produced. The contaminants may be discharged
into the Earth, etc. For example, the method for producing hydrocarbons may include
producing the vapor stream extracted from the distillation tower. The method may also

include removing the vapor stream from the distillation tower before producing the vapor
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stream. The 1nitial hydrocarbon extraction from the reservoir may be accomplished by
drilling a well using hydrocarbon drilling equipment. The equipment and techniques used to
drill a well and/or extract these hydrocarbons are well known by those skilled in the relevant
art.  Other hydrocarbon extraction activities and, more generally, other hydrocarbon
management activities, may be performed according to known principles.

[0127] It should be understood that the numerous changes, modifications, and alternatives
to the preceding disclosure can be made without departing from the scope of the disclosure.
The preceding description, therefore, 1s not meant to limit the scope of the disclosure.
Rather, the scope of the disclosure 1s to be determined only by the appended claims and their
equivalents. It 1s also contemplated that structures and features in the present examples can

be altered, rearranged, substituted, deleted, duplicated, combined, or added to each other.
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CLAIMS
What 1s claimed 1s:
1. A method for separating fluids 1n a distillation tower, the method comprising:
maintaining a rectifier section in the distillation tower;
maintaining a controlled freeze zone section 1n the distillation tower that forms solids
from carbon dioxide within the distillation tower:;
feeding a strecam to the distillation tower, wherein the stream comprises the carbon
dioxide;
reducing a carbon dioxide concentration of the stream received by the rectifier section
by:
feeding a first cryogenic fluid to the controlled freeze zone section, wherein
the first cryogenic fluid comprises a substantially carbon-dioxide-free fluid; and
accumulating a rectifier section stream 1n at least one of a holding vessel and a
sump of the rectifier section; and
terminating reducing the carbon dioxide concentration when the carbon dioxide
concentration of the stream travelling from the controlled freeze zone section to the rectifier

section 1s less than or equal to a maximum carbon dioxide concentration.

2. The method of claim 1, wherein feeding the first cryogenic fluid comprises feeding
the first cryogenic fluid from a cryogenic fluid storage container to a cryogenic fluid pump,
then feeding the first cryogenic fluid from the cryogenic fluid pump to a cryogenic heat
exchanger, and then feeding the first cryogenic fluid from the cryogenic heat exchanger to the

controlled freeze zone section.

3. The method of claim 2, wherein feeding the first cryogenic fluid from the cryogenic
heat exchanger to the controlled freeze zone section comprises spraying the first cryogenic

fluid into the controlled freeze zone section.

4, The method of claim 3, wherein spraying the first cryogenic fluid comprises spraying
the first cryogenic fluid via a controlled freeze zone section spray assembly of the controlled

freeze zone section.

5. The method of claim 4, wherein the first cryogenic fluid comprises liquid natural gas.

0. The method of claim 3, wherein spraying the first cryogenic fluid comprises spraying
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the first cryogenic fluid via a cryogenic fluid spray assembly of the controlled freeze zone
section and spraying the stream via a controlled freeze zone section spray assembly of the

controlled freeze zone section.

7. The method of claim 6, wherein the first cryogenic fluid comprises liquid nitrogen.

3. The method of claim 1, wherein the maximum carbon dioxide concentration within

the stream comprises less than or equal to 6 percent of the stream.

9. The method of any one of claims 1-8, further comprising directly feeding a rectifier

section cryogenic fluid to the rectifier section.

10. The method of claim 9, wherein the first cryogenic fluid comprises a same cryogenic

fluid as the rectifier section cryogenic fluid.

11.  The method of any one of claims 9-10, wherein the rectifier section cryogenic fluid

comprises a substantially carbon dioxide free fluid.

12.  The method of any one of claims 9-11, wherein feeding the rectifier section cryogenic
fluid comprises feeding the rectifier section cryogenic fluid from a cryogenic fluid storage
contamner to a rectifier section cryogenic fluid pump, then feeding the rectifier section
cryogenic fluid from the rectifier section cryogenic fluid pump to a rectifier section cryogenic
heat exchanger and then feeding the rectifier section cryogenic fluid from the rectifier section

cryogenic heat exchanger to the rectifier section.

13.  The method of any one of claims 1-12, further comprising feeding the rectifier section
strecam to a controlled freeze zone section spray assembly of the controlled freeze zone
section when the carbon dioxide concentration travelling from the controlled freeze zone
section to the rectifier section 1s less than or equal to the maximum carbon dioxide

concentration.

14. The method of any one of claims 6-13, further comprising reducing the carbon
dioxide concentration of the stream received by the rectifier section by feeding a second
cryogenic fluid to the controlled freeze zone section, wherein the second cryogenic fluid

comprises a substantially carbon dioxide free fluid.

15. The method of claim 14, wherein feeding the second cryogenic fluid comprises
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feeding the second cryogenic fluid to a second cryogenic fluid pump, then feeding the second

cryogenic fluid from the second cryogenic fluid pump to the controlled freeze zone section.

16. The method of claim 15, wherein feeding the second cryogenic fluid from the second
cryogenic fluid pump to the controlled freeze zone section comprises spraying the second

cryogenic fluid into the controlled freeze zone section.

17. The method of claim 14, wherein feeding the second cryogenic fluid comprises
feeding the second cryogenic fluid to a second cryogenic fluid pump, then feeding the second
cryogenic fluid from the second cryogenic fluid pump to a second cryogenic heat exchanger,
and then feeding the second cryogenic fluid from the second cryogenic heat exchanger to the

controlled freeze zone section.

13. The method of claim 17, wherein feeding the second cryogenic fluid from the second
cryogenic heat exchanger to the controlled freeze zone section comprises spraying the second

cryogenic fluid into the controlled freeze zone section.

19.  The method of any one of claims 16 and 18, wherein spraying the second cryogenic
fluid comprises spraying the second cryogenic fluid via the controlled freeze zone section

spray assembly.

20. The method of any one of claims 14-19, wherein the second cryogenic fluid

comprises liquid natural gas.

21.  The method of any one of claims 1-20, further comprising feeding a rectifier section

stream portion of the rectifier section stream to a cryogenic fluid storage container.

22.  The method of claim 21, wherein the rectifier section stream portion comprises at

least one of the first cryogenic fluid, a second cryogenic fluid, a rectifier section cryogenic

fluid and the solids.

23.  The method of claim 22, further comprising separating the at least one of the first
cryogenic fluid, the rectifier section cryogenic fluid and the second cryogenic fluid in the

rectifier section stream portion from the solids 1n the rectifier section stream portion.

24.  The method of claim 23, further comprising feeding the at least one of the first

cryogenic fluid, the rectifier section cryogenic fluid and the second cryogenic fluid to at least
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one of a cryogenic fluid storage container and a sales pipeline.

25.  The method of any one of claims 23-24, further comprising collecting the solids at a

cryogenic fluid storage container bottom of the cryogenic fluid storage container.

26. A system for separating fluids 1n a distillation tower, comprising:

a rectifier section 1n the distillation tower;

a controlled freeze zone section in the distillation tower that forms solids from carbon
dioxide within a stream that enters the distillation tower:;

a first cryogenic fluid pump outside of the distillation tower that 1s configured to
Increase a pressure of a first cryogenic fluid;

a first cryogenic heat exchanger outside of the distillation tower that 1s configured to
receive the first cryogenic fluid from the first cryogenic fluid pump and to increase a
temperature of the first cryogenic fluid; and

a spray assembly configured to spray the first cryogenic fluid into the controlled
freeze zone section, wherein the first cryogenic fluid comprises a substantially carbon-

dioxide-free fluid.

27. The system of claim 26, wherein the spray assembly comprises a controlled freeze

zone section spray assembly and the first cryogenic fluid comprises liquid natural gas.

28. The system of claim 26, wherein the spray assembly comprises a cryogenic fluid

spray assembly and the first cryogenic fluid comprises liquid nitrogen.

29.  The system of claim 28, further comprising a controlled freeze zone section spray

assembly configured to spray a second cryogenic fluid into the controlled freeze zone section.

30. The system of claim 29, further comprising a second cryogenic fluid pump configured
to increase a pressure of the second cryogenic fluid and a second cryogenic heat exchanger
configured to receive the second cryogenic fluid from the second cryogenic fluid pump and to

increase a temperature of the second cryogenic fluid.

31.  The system of any one¢ of claims 26-30, further comprising a cryogenic fluid storage

container that fluidly connects to the distillation tower.

31



SJUO148MA 7S CA 02950129 2016-11-23

WO 2016/007209 PCT/US2015/028563

20 E +
+
3

.+

PP PP

.+

* e

+*
+*
*
*
-
+*

‘T T N N N N N N N N N O U U B B )
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*

+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
LR I R R B
+*
+*
+*
+*
+* +
+*
+* + .
* L R N O O
+*
+*
+*
+*
+* +* +
LR RN EEEEEEEE
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+
* *
+*
+
+* +
+*
+ .
+*
+*
+*
+*
* H
+* *,
+* +*
LR EEEE RS
+ *
+
+*
il .
+*
+*
+*
+*
+*
+*
+*
+*
+*
* +*
+*
+*
+*
+*
+*
* +*
LR N N R O R
* +*
* +*
+*
+
+*
+*
+* +
+*
+* *
+*
+* .
+*
+*
+*
+*
+*
+*
+*
+ +*
*_+ +*
+*
* +* +*
& +*
+ +* +*
+ +
+* +*
+*
+*
+*
+*
+
. .
£ 4 +*
+* Q0000000000000000000‘0000000 +
+*
+
+*
+* *
+* . LR B N N B
+*
+
+*
+* *
+*
+*
+*
+
+*
+* +* +
+*
+*
+*
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+ +*
+*
+*
*
+*
+
+*
* 4 e * 4+ 4 e +* H
+* +* 4
+*
+*
+* +* +
+*
+* +* +*
" .
+ * * +*
+* > ¥
+* * e +* +
+* *_ 4
+ +* +* +*
+*
* * +*
. . +* L B R e 3 * * + 0 .
+* +* +
+* +*
+* +* +* * +
+* *
* * +* *
* * +* *
+* +* +* +
+* a * * +*
+* * * + LR N N N B
* +*
+* +*
+* +* +
+* +*
+* +* +*
+* +* +* * *
* * + +* + *
+* H +q+ * *
. +* +* + * +
LR B R e 3 LR I I R R R R R R +*
+* + +* + +*
+* + * +*
+* . +*
+* +
+* +*
+* +*
+* * +*
* +*
+* + +*
+* +
+* +*
+* * '+ +*
+* + +*
* + + & +*
* +*
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+*
+*
+* *
+*
+*
H +*
+
. +*
+*
+* +*,
+*
+ +*
+
+*
+*
+* *,
+* *
+* *
+
+* *
+*
+*
+*
+*
+
+* >
+* el
+*
+*
+* +
+
+* &
+* +
+*
+*
. +*
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+*
* +
+*
+*
+*
+*
+* +
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+* +
+
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+*
+ +* +
+* LN EEEEEEEE R
+* +*
+* + +*
+*
+* +*
+
*
+*
+*
+*
+*
*
*
+*
>
+*
+*
+*
+
+* +*
+*
* *
+*
+*
*
+*
+* . .
*
+*
+* * +*
* * + + 4
+
+*
+* *
*
+ +
+*
+*
* * *
+*
+* * + + + * + 9+
* + * + 4
+* +*




ZO014EM1T 7
WO 2016/007209

2671 ~

&
+* +
AR N
+* +
+*
*

-

LR

LR L L U O

MR RN RN E RN

+* +
*$ 4 b
+* +

*

102

CA O

+*
+* +

LR NN NN O
+ + +

12
138

135

2950129 2016-11-23

14

+*
0'00'00'00'00000000000'0.0.0

LR

+
LR RN E R RN RN EEE RN

+*

LR R I I I I R I I I I I I I I I A I I I I R I I I I O R I I R I I A I I I I I I I U I A I I I D I I I I O I O I O I I I I I I R I D I I I I D U D U D R I U R I D I U U U I U U O B
LR R R I I I I I I R IR I I R R I I R I R I R R -

* e

+*
LB EEEEEE RN RN EEE NN
+

MR E R E RN EEE RN

+

-

od
a3
53

13

* e

.‘:
s
-

+*
+*
4
+*
+*
+*
+*
+*
+*
+*
* e

* e

* * *

*
+*

*
LA AN

LR I U I U I I U I I

133

+*
*
*
+*
* 4 d e * 4 b e

+*

*

17
181

+*

+*
+*

*

*
+*
+*

LR R R R R R R R R R EEEEEEEEEEEEEEEEEEEEEEEEEEEEREEEEEEEEEEEEEEIEEBIEEEEEEERIEEBEEEBIEEEEEIEEEEEEEEEEEEEEEEBIEEEEEEBIEEEBEEEEEEEEEEBEZEEBEEEEEEBEEZBEEZEZEEBIEIEIN N
-
AR P I I I R I I R I I I I I I I I I I I I I I I R I R R N

LR R I I I I I I I I I I I I I I O I I I I I I I I I I I I I I R I I I I I I R O I I I I I A I I I I I I I I I R R I R D I I O O U I I U I I I I D R D D O D U U D U U D O U U U U O 2

>

+* +
AT R

+* +

*

+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*

* tt e

4

+* +
MR RN E RN

*
+
+ +*
+ ¢ +*
MR RN EEEEEE BB
+* +*
+*
+ +*

*
L R B I I I U O U O
+*

+* 4
LR I I I D I I U I I U U U U O U U U U U O
+* +

+* +
AT TETETETETE TN
+* +

PCT/US2015/028563

*
+* +
L D U I U I B
+* +

+ +*

* e

+*
+ +
+ *
* * + 4+ 4

L I O

+
+
.+
4
+ .+ 4
+
+
+
+
+
+
&
+ +
+
+
.
R R R R R R R R R R
+
+
+
'
+
+
+
+
+
+
. +
+
+
+
+
+
.
+
+
+
+
+
+
+
+
+
' +
¥
+
.+
: +
+ + +
.+ +
+ +
+
+
+
+
.+
+
+ +
+
+ +
+
+
+
+
+
+
S
4
+

+

+*




SJUO148MA 7S CA 02950129 2016-11-23

WO 2016/007209 PCT/US2015/028563

20 E +
+
3

.+

PP PP

.+

* e

+*
+*
+*
*
*,
+
‘T N N N U N I N N U N U N U U U N U N N B R )
+*
m M
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+ +*
Ad
+* +*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+* +* +
LR R R EEEEEEEEEEEE
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
m o
* P
+* +
+*
+*
+*
+*
+*
+*
*
+* *,
+* +
LR EEEEEEEEREN.
> *
*
+*
+
i
+* +*
+*
+*
+*
+*
+*
+*
* +*
* +*
+*
+*
+*
+*
+*
+*
+*
+* +*
LR N N N R I A R I I I D N I N I O I U N N D N N N N R R N N N B +*
+*
+* +*
# +*
+*
+*
+*
+* +*
+*
+* +*
+
+* .
+*
+*
+*
*
+* +*
*
+*
+ *
+*
* +*
+*
+* +*
+*
+* +*
+*
+* +*
+*
+* +*
+*
+*
+*
+*
+*
+* * '
+* Q0000000000000000000‘0000000 +»
+*
+*
+*
+* *
+* . LR N N N U N N B
+*
+*
+*
+* *
+*
+*
+*
+*
+*
+* +* 4+
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+ +*
+
+*
*
X :
+
+*
+*
+*
+*
+*
* 4+ e * 4+ e +* H
H +* * +
+*
+*
+* +* +*
4 +*
+ * * +*
. .
* * * +*
+* > ¥
+* LR +* +*
+* *_ 4
* * +*
+*
* * +*
+* * 4 .
* +*
+* +*
* +* * +
+* *
* +* +*
+ +* +
. d +* +*
+* +*
* +
+ *, +*
+* +*
+* * +*
e +* LR U U +* *
+ +* *
* +* +*
+* +* »
+* +*
+* +* .
* +*
+* + +*
+* +* +* +
* 4 e +* +*
+* +* +*
+* +* *
+ * +*
+ +*
+* +*
+* +*
+* +* +
+* +* &
* +*
+ +* d
+* +*
L N U N I U I I B B R +*
H +* +*
+*
+*
+*
+*
+*
+*
+*
. +*
+* . .
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
: .
+*
+* *
+*
+* *
H +*
+*
. +*
+*
+*
+*
+ +*
+*
+*
+*
+* *
+* *
+* *
+*
+* *
+*
+*
+*
+*
+*
+* *
+* >
+*
+*
+* +*
+*
+* &
+* +
+*
+*
. +*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
* +*
+*
+*
+*
+*
+* +
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+* +*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+* +* +
+* (R EEEEEEEEEEEE .
+* +*
+* + +
+*
+* +*
+*
+*
+*
+
*
+*
+*
*
+
>
+*
+*
+
+
+* +*
+*
+* +*
+
+*
+*
+
+* . .
+*
+
+* * +*
+* * + + +
+*
+
+* *
+*
+ +
+
+*
+* *, *
+*
+* * + + * +
+* + * + 4
+* +




SJUO148MA 7S CA 02950129 2016-11-23

WO 2016/007209 PCT/US2015/028563

+*
AR R K

*

+

LR

*

*
-
+*
+
* +*
* + + 4+ 4

L U U U U U U U U U I B

+* +
AR R R R R R EEEEEEEEIEEIEIEIEIEIBIININ
+*
*

+
LR RN R E RN NN
-

+*

LR B R IR I I I I I I I I A I I I I I I I I I A I I I I I A I A I I I R R I I I I I R I I O R I I R A I A I R I I I A R R I I I I I I I I I I I I O O I R O I R R I R U R R R R I R R S
MR R RN EEEEEEEEEEIEEEEEIEIEEEEBIEEBIEEIEEEEEEBIEEIEIE BB

146

+* L L N U N I U I U O O

+* +*
*
+*
+*
+* +*
* +* + +*
MR RN R R R EEEEEEEEEEEIEIEIEIEIEIEIEIIE I + +*
+ 4+ +
* +
*
>
+*

+

+*

+*
AR NN R RN RN, MR NN RN NN NN RN RN
*

+*

L I U I N U U N U I U U O

LR N R I U U I O

acolk
Cad
3

147 —
134

-

* + + 4+ 4

A

*
* + + 4+ &
LR

+

AR I N

* e

LR R R R R EEEEEEEEEEIEEEEIEEIEIEBIE BB BB EBIEEIEIEIEIE BB I IEBIE BB BB BB EIEEBIEEBIEEBIEEBIEEBIEIEIE BN EN
+* 4

* * P e

+*
LR U B U U U U U U B +94¢

\
+*

* e
+

+ +* +
* 4 bt
+ +
*

- LR B U U A

102 103

LI EEEE RN

LR L L U O *

138

4

§ 37

+
AR

* 4 e

135

+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+* +*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*

LR R R EE R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEIEEEEIEEIEIEIEIN

* + ¢+

&
+*
+

+

LR I I R I I D I I U I I U U I U U I U D U U D I O D U U B O O

LB BB EEEEEEEEEEEN

+* +* +
AN N 0.0 * 44 AT 0.0.0 + 3
+ +*




SJUO148MA 7S CA 02950129 2016-11-23

WO 2016/007209 PCT/US2015/028563

+*
L N U B U D N I U I I U U U U U N I T U U O N U U O O D U D U U U I B U U U U U U D B
+*

TN é

+
. ‘0000000000000000000000
*
+*
* +
* +* +
* *
+
+
+* .
* +
MR RN RN E RN

204 124 - '

* e

* + 4+ 4

* e

LR L U U L U

AT TE T

MR E R R RN

+ + +

* e

223 ong .
b 230

L R R I AR R R R R R RN
+ *

LN NN R R R EE NN

+

*
+*
*
*
+* AR AN RN N RN
*
*
+* *
+* + &
* * +
+*
* *
*
+* * *
+*
* +* + > +
+* * + + * + 4 +* * + ¢ +*
+* + > + + + +
+ + * +
*
+* -
+*
+ MR RN RN R R E RN -4
+
+*
+
+
*
+* +*
LR R I I I I I I I I I I I I I I I I I I I O I I I O I U D O U D O U U O O U O O O
+* +
+
+

*

MR RN RN EEEEEEEEEIEIN

s
g
e
[

+*
00'000000000000000000000000

+

*

* bt

MR RN NN AN NN RN * 4 4 4+

198

LR RN R AR NN

L B B

LR U N B I U D L D U D I U U D U U U U U D U O 2

+*
R R R RN RN

*

47

MR R R EEEEEEEEEEN

135

+*

LR R R E R EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE R EEEEIEIN]

+ .
+*
+
+*
+*
* 4+ e LRI IR +*
*
+* +* +* +*
+* +* +
+ +* +* +*
+* +* +*
+ + +* +* +*
+ * * +
+* +* +* +° 4
s +* +* +* .
+ LRI * +* +
+* +* +*
+ +* +* "d +*
* * +
+* +* +* +*
* + 4+ * + + +
+ +* +* +*
+* +* +* +*
+ +* +* +*
* * +
+*
+ +* +* +*
* +*
H * +* +* +*
+* +* +*
. L B O AR T O O 000000‘0
+
+* +*
+N¢ +*
+* * +*
+* *
+* + +* +*
+ +
+* +*
+* + +*
LR L B N N B O 2 L N U I I U I I O I U U U U U O D U B +*
+* + +* +* + +
+* +*
+ +
+* +*
+*
+* +*
* +
+* +*
+ +
+* +*
* +*
+* +* * +*
+ 4 +
+*
* +
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
+ *
+*
+*
4 +*
+ +
+*
+
+ +*
+* +*
+*
+ +*
+*
H *
+*
. +*
+*
+
+*
* 4t * e
+*
+*
+*
+
i
+*
*
+*
+* +
+*
+
+*
*
+* *
+*
+*
+
+* d
+
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
*
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
*
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
+
+*
+*
+*
+
+*
+
+*
+*
+*
*

+
+*
+

LR R N I I I I I I I U U I U U U U U U U U U U O O O

LR BN NN RN




ZO014EM1T 7
WO 2016/007209

261~

*
*
4
+*
+*
+*
+*
+*
+* + +* +*
LR N B I I I R 2 L I B N B BN
+* + +* +*
> +*
+*
+*
+*
d +*
+*

+
+* +

*

+* +
LR D B I IR I I U I U U I U I I U U U I O U U O D U I O O 2
> + +

+

1471 —
134 —
o 28

L N D U U U U D U U N O
+

+*

102

135

L L B I

CA 02950129 2016-11-23

PCT/US2015/028563

“d
'00
LA AR R R AR AR AR IR -
H + +* +
> *
+
+* +*
+*
+ +*
+* +
+* +* +
LRI NN NN A AR AN NN N NN EEE RN *

+

+*
*
RN NN AR R EEEEEEN

1238~

+*

+*

. Pl f’""‘%" 12
oo o o e o o o o e

+
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
. » &
+*
+*
+*
. .
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*

+

L

LR D I I I I I I I I I I O O I I R I I R D U I D I I U U D U D U U U D I N
- *

>
%
;‘“’
e

X
5

nee ane s s i RSBn-nex e s

$

2
Sy

X

[

£

AMERAEEEEEEEE RN

#ﬂmn

LR N I U I U O

\'hummuwmmwmu

LR I B U I U I O

+*

A

NI [ ————

*

+*
MR R RN R RN

LR B I

00‘000000‘00000‘00000000000000

+* LR I I I I R

+*

+
+*
+*
+ ¥
*
*
0 OO KN (KK XK XX XX KX OO CXF OKn  Ocx g&.mmmmmmmmmmmmm

MR NN

* 4 bt

*
LR U I D U I D L U U U I U U D O O

oo
o
RED

+*
+*
+*
+*
+

LR R I I I I I I I I R I I I I I D I R I U O I I R I U I I D U U D U I U U U U I I
-
+*

LR U B O
MR

L L B D A

+ * + 4+ 4+ &

+*

181
{33

+*
LR R B I I I I I I I U I I U I I U N U O U U U O R O O
* *
+ *

* 4
LA AN

+*

+
LR D B I IR R I I I I I I I I I I I I I I I I I I I I R I D I I I I I D I A I I U I I I O U D I I I I I U R I O I I I I U I U I O U I O O U U O I I D D D D D U U I U O U D U I U O
-

+*
+*
+*
+*
*

LN * 4+ e

+*
LR R I I I I I I I U I I U I U U U U D O U U O U O O
& +*

LR I I I IR I I I R I I I I I I I I I I I I I I I I I I I I I I I I I O R I O R I I D I O I I O I I I D D U I I U R I I U D R D U U U U D U D O

+*
+*
+
+ +
+
. 26 E
+
+* +
AR E RN RN RN EE RN
+ +* .
+*
+*
+*
+*
+* *
+*
+*
+* +
+*
+*
+*
+*
+*
+*
+*
+*
. . .
+*
+*
+*
+* *
+*
+*
+* +
+*
+*
+* +
+ * + +
+* +

FG. 6



SJUO148MA 7S CA 02950129 2016-11-23

WO 2016/007209 PCT/US2015/028563

*
E EE +* 4
4 LA NN AR AN AR AR A AN A AN AR AN AN -
+* 4
+*

+*
+*
+*
+*
+*

+*
* e

*

* + + e
K3 O

3.

+*
LR RN NN E RN E RN EEE NS

233
T 26 236
126~ 236~

*

+*

LR B R B I I I I I I I I I I I I I I I I I A I I I I I I O I I I D I A I I I I N U R I I N O O I D O D N O I I I I U U U O U U R I U I R I O D U U U I D U U U O D I U D U I U R R S
LR B I I I I I I I I I R D O O U O U

PO X XX XX KK KK OO o

+*
* e

*
LR R I L I I U

LB R RN NN

* +
AR NN RN N R R AN NN RN RN RN
+*

+*
* +
*
“iii———
* + + + 4
+*
+*
+*
+*
+*
+*
+*
+*
+*
+* +*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+* +
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
+*
4
-
+*
+

MR RN NN EEEEEE RN

MR EE EEE R RN RN MR E NN RN R R RN RN

290
229

* e

+*
+*
+*
+*
+*
+*
+
+*

* “a
£l +
+*

*
+*
+*
+*
+*
+*

+*

LR L D I

AR R

* e
* e

LN EE RN RN RN E RN EEEEEEEEEIEIEIEEIEIEE I B I EBIEIBIEIEEIEEEIBIEBIEIBIEIBIEIBIEIEIEIEIEBIEINN
+* +

22 )

LR
+
+*

+

+*
+* +
* bt
+*
+

+*
+*
+*
+*
*
+* 4
+* +

0.0'00'00'00'00'00000'00'0

LR D U
AR N E RN

L I T U

102 12
138

+* +*
L U I I I R I O U

+*

AR E R IR I I I I R R I I I I I I I I I I I I I O R I I I I I D I I I I I I N I I I U N O O N D O D N O I I I I U U U O U U R I I I R I I D U I U I D U U U I D I U D U B U R R

+*
* + *
AR I I I I I I I U U U U U U U U U L U O O
+ +
+

+
* e * 4 b e

+* 4+ + 4

135

A U I B I I I I O I O

LB NN RN NN NN R RN R R EEEEEEEEEEEEBEEEEEEEEBIEEIE BB

*
+*
*
+*
+*
*
+* +*
+*
*
+ +
+*
+ .
*
* +*
+*
+* 4
+*
*
+* H
o+ +*
+* +*
+ *
+ +*
+* +*
+ *
+ +*
+* +*
+ *
+ +*
+* +* +*
+ * +
+ +*
+* +*
+ +
+ *
+ +*
+* * +*
* + +
+* +* +* * * +* +* +
00000000.0000. 000000000000000000.0000 00000000000000.0.00
+ *
+ .
+*
*
*
$ + +
. +
+



2014EM1T72
0 2016/007209

+*
* ¥
+*
+*
*
+* *
+* +*
+* *
+* 4 +*+ +
+* %
+*
+*
*
+ +*
* +

*

+ +*
+ +* * +* +
H +*
+*
+* *

*
+* +
*
+ +
+*

+ +* +
* 4
+* +

LR E NN RN

LR U

100 102

CA 02950129 2016-11-23

PCT/US2015/028563

* +
ii EE +* +
4 + LR AR R R R AR AR AR AN AR R >
+* +
+*

*
+*
* + +* +
4
+
* *
000000'00000'00'00'00000.0'0 .
g E
*
+*
* .

1238~

* e

* + + + 4

LR

2

+*
+*
. X [ VPV VRV YR VN |
+*
+*
+* +* + H
+* MR R R EN
+ +*
+* +
+* + *,
-, +*
+* +*
+* +*
+ * +
+ .+
+* +
+*
+*
+*
+
+*
+* .
+*
+*
+*
+
+*
+*
+*
.‘
. £ 3
+* .
+*
+*
+*
., L :
*e R AN N RS A AN NR NN R S WA NN NS m‘ %
+*
+* .
+*
+ .
) & "D
+*
. v v '8“
X BT
+
+* > .
+ +* *
+*
+ bd‘
X &r
+
. s ' wre e rad o
. o Sy
+* + *
+* LR U N U U N N
+ * *
+* +*
* e +*
+*
+* +*
+*
Q’ + .QQ *
A A A A A A AN mru + i+ 4 - o N OfN O 20O M |+ +] [+ + I+ + | & uﬂ!
+* +*
+* +* +* +*
. 4 L | i
+ * +
+*
+* +*
+* +*
+* * +* .
+*
+ +
+*
+* +*
+*
+* +* H
+*
+ +
+*
+* +*
+*
+* +*
+*
+ +
+*
+* +*
+*
+* +*
+*
+ + H
+*
+* +*
+*
+* +*
. .
+ +
. .
+* +
+* * * 4+ 4 +* +
+* * * +* + .
AR RN RN EEEEEEEEEEEEEN +* +
+ +* + +*
+* >
+* +* +*
+*
+* +*
+* +*
d + +*
+ +* *
+* +* +
- +*
+* +*
. i ~a
+ +*
+*
+* +*
+*
+* +*
+*
* + +*
+ W
+ +*
+*
+$ +
+*
+
+*
+*
+* .
. )
+* +*
% 0 =3 x x»
+* * + +
+* +* *
+*
+*
+
+* +*
+ H i
+* +*
MR EEEEEENE
.‘00‘00‘00‘00‘00‘00‘00‘0 * A “w “
+ * + +
+*
+* +* *
+* + *,
+* +* LR R B I I I I I I R I I I O O O O
+* + + +* *
.Q +* LR N U U B B
+* +*
+* +*
+* +*
+* L N N U U R R B B 3
+ > +
+* +* +
+* +* +*
+* LR N R N B
+* 4
+* *
+ +* *
+* - +
+ . > +
+* + +* +
+* AR
+*
+
+*
+* d
+*
+*
+*
* .

xord
o
b

*
+*
+*
+*
+*
+*
4
+*
+*
+*

+*
*
+*

d * 4 4 4+ &

+* +*

* e

*
* e

LR B I

* 4t

+
+*
*
+ +
*
+*
+*
*
+*
+*
+*
+*
+*
* 4+ e
*
+*
d

ey S
£

0.000'00'00'00'00000000000

+*

*
*
*
L I I U I I U U O U U

+

137 —==

+

*

AR I I I I I I I I I N I I I I I I I A I I I I I I O I I R I I O I I I I I I I I I I A U I I I I U I I I I I I R U I I I U U O R I N I I R O I O I U U D U R I N B U I U O

133 ¢

+*
+ 000'0000000000000000000000
* +*

+*

+

* 4 * * d e

+*

LR B I I I I U I I I U O U U L U D O
*

MR RN N E RN EEEEEEEEEEEBIEEIEEEBIEEIEEIEIEBIEIEBIEIEBIEIEIBIEIEBIBIEIEIBIEIEIE BB BB EIEEBIEEIE BB

+
335 |
*
*
+* +
+$ + +
+ + *
*
+*
*
*
+*
*
*
+* +
*
*
+*
*
*
+* + +*
+ *
*
+ *
* 4
+* +*
+ *
+ *
+* +*
+ *
+ *
+* +*
+ *
*
+* I+ + +*
+* *
+* + +*
+ *
+ *
+* +* g
+ . *
+ + * 4
+* + +*
AT LA AR N
+* + + 4+
+* +*
+




SJUO148MA 7S CA 02950129 2016-11-23

O 2016/007209 PCT/US2015/028563

+
LR I I I I I I I O I O I O I I I I I I I I I I I I I O I I I I I A I I I I I I I I I R I A I I I I I I I O I I O O O O U O O I D O I O U I O I D O I U O B O U R U I O U D O O O )

+*
+*
+*
*
+*
+*
+*
+*
+*
*
2 2 1 r n n o
e . . . . +
+*
+*
*
+*
+*
+*
+*
+*
*
+*
+*
+*
+*
+*
*
LR R I I I I I I I I R I I I I I I I I I I I R N I N
LR N U B N N I U U I U U U U U U D U D I N I O O I U U I I I U I D I U O I O I I I I I O D I D U O O U U U N D U U O I O O O U R U U I U U U U U O U D N U U U U U U N U D U U U U U O 2
+*
+
+
+*
+
+
+*
+
* + 4
+* + +*
+* *
+ 4
+*
+*

+
LA R R R R R R R R R R R R R R R R R R R R R

Maintaining a controlled freeze
zone section

LR R B I R I I I I I I I I
+

LR R R I R R IR R I R TR R R R T R R O R R N
MR NN E AR RN RN EEEE RN

*
+* +

* + 9+
LR B B R
+* +

Feeding a stream to the
gistiliation tower

L R I I I I I I I I I I I I I I R I I I I I I I I I I I O I I I I D D D D D R D U I I D U D O R

LR R R I R IR R R I I R R R R I R R O R I O
AR NN RN R EEEEEEE RN

L R I I I I I I I I I I I I I I R I I I I I I I I I I I O I I I I D D D D D R D U I I D U D O R

+*
+*
+*

+*

+*
+
+
+*
+
+
+ o
+
+* +

+*

+*
*

+*

HReducing a carbon dioxide
oncentration

Feeding a Accumuiating
first cryogenic a rectifier

HUg section stream

LR B I I A I I A I I I I I I I I O I I I I I I I I O U U I O U D D U U I U O U O O LR I I I I I I I I I I I I I I I I I I I O I I O U O D I O R I U U D I U O U O O 2

AR NN NN AR NN NN NN

LR I I R R I I I I I I I O I I I I I I I I I O N N U O P O B O O I I U U U U O U
LR D N U U N I U U U U U U U U U U U D 2

LR R I I R I I I I I I I I O I I I I I I I I I I I I I I A I I I I I D R I O I D U I I U O O O D U U O O O
L I I D I I I I O I I U O I I U O O O I U O O U O O U O I I O U I U U D U U U U U O D

LR R I IR I I I I I R I I I I I O I I I I I R I I I R I I I I I R I I I I I I I I R I R I I I I D O I I A I I R R I I I I I D I R I I U O I I O I I O I O I U D I I D I U D I I I U U U I O U I I O I R 4
0000000000000000000000000000000000000000000000000000.00000000000000000000000000000000000000000000000000

+

+*
RN
+* +

+* +

Terminating reducing carbon
dioxide concentration

LR B I I I I I I I I I I I R R I I I I I I I U I A I U I I B I O I I O I I I R O I I I I I A I R I I I I I I I I I I O I I I I I O I I O I I O R U O O U I I I O I D U U I U I I R D U U U D U U U D D D D

FIG. 9

*
+*
+*
+*
+*
+*
*
+*
+*
+*
+*
+*
*
+*
+*
+*
+*
+*
*
+*
+*
+*
+*
+*
*
+*
+*
+*
+*
+*
*
+*
+*
+*
+*
+*
*
+*
+*
+*
+*
+*
*




+
+* +*
+ +
+* +
* +*
* LR N I I I A I I I I I I N I O I D O U I I I N U U O U O O O D O O O +*
+ +
* +*
* +*
+ + +
*
* +* +* +*
M [+ + B+ ¢ | I oo o oo B KXs e oo + sl e
+ + +
* + +* *
* +*
+ +
* + * +*
.
* +* +*
+ : + - + .
* + *
* . +*
*
+ +
* H +
* +*
+ + P
* + H
* +*
*
+ H +
* + +
* LR R I I I U I I I U U U I U O O
+ .
+
+*
*
+
*
+
+
> +*
*
+
*
+
+
+*
* +* +
+ .+
* +
+ +*
+
+* +*
*
+ +
* +*
+
+ +
+* *
* * * +* *
+ + + +
* * +* +
+* + +* +
+ + - +
+* +*
* +* +*
+ +
* +* *
+*
RN M + + +
+* +*
+
+* +*
+*
+ +
+*
+* +*
+
+* +*
+*
+ +
+* - 4
+*
+
+*
+*
+
+*
+*
> +
+*
+*
+
+*
+*
+ +
+*
+*
+
*
+* +
+ + + :
+* +* +*
+* + *
+ +
+* +*
+* +*
+ +
+* +*
+* +
+ +
+* +*
+* +*
+ + .
+ +*
+* + + +* +
+
+* +* +
+
+
+*
* +
4
* +* *
+* + +* * + 4
+ + + + + e
+
+ +*
+* +*
+ +
+ +* +*
H + +
+* + 4
*
+ +
+*
+*
+*
+* +* 4
. 000000000000000000000000000
+*
+*
+
*
+*
+
+*
+*
+
*
+*
+
+*
+» * +*
+
+* *
4 +
+ +
+*
+* . +*
+
+* *
+*
+ +
+* +*
+* *
+ +
+* +*
* +* *
+
+ +
+* * +*
+* +* *
+ + +
+* +*
) 1 K
+ +
LR N O
+* + +*
+* +* *
+ + +
+* +*
+* + *
+
+* +* *
+ + +
LR N I R I I I I I I I D U I D U I I U I I U I N I U U U D U U D U O U D U O * R R R e, T LR R I IR I I A I I I I I I I I I A I I I I I I I I I P D I U D D U O I D U I D U R D U U O R
PO N A A 0 0 0 200000 RO A N A A A A A e I N A N A A N A A A 0 2 2 00 A 2 0 000
+* + * +* *
+ + *, +
+* +*
+* + +*
+ +
+* +* +*
L4 + L D N B O
+ + +
+* +* +*
+* +* * * e +*
+ + +
+* + +* +*
+* + +*
+ + + +
+* +* +*
+* + +*
+ + NN
+* +* +*
+* + L U I I O +*
+ + +
+* +* +*
+* +* +*
+ + +
+* + +*
+* + +*
+ + +
+* +* +*
LR DR U I I O +* + +*
+ + +
+* +* +* +*
+* + +*
+ + + +
+* +* +*
+* +* * 4+ b +*
+ + +
+* + +* +*
+* + +*
+ + + +
+* +* +*
+* +*
+* +* AR R
+* +*
+* +
+ +
+* +* *
+* +*
+ +
+* +*

* * +*
LR D I I I I I I I R I I I I I I I I I I I A I I I I I I I I I I I O A I I I I I O I R I I I I I I I I U I I R I I I I U U U U I U U O D U U D D U B O
+* *
*
+*

+*
*
*
+*
*
*
+*
*
*
+*
*
*
+*
*
*
+*
*
*
+*
*
*
+*
*

*

*

1R

+
LRI NN N AN R N

LTINS

*
LI EEE RN

2 ...
M,M,

*
+* +
LTI
+* +

*
*
+

+*

000000'00'00'00'000000.0000000
*
d

*gaoa

* n
MR R RN E R R R EEEEEN

1
254

LR BN NN NN NN

181

+*
+*

*

+* LR B D I I I I I I I I I I I O D I I D O I I U U U U I I U U I O O

0000000000000000000000000000000000000000000

*
+*

+*
+* +

+
+*
+*
+*
+*
+*
+*
+*
+*

LR B N I U I D I O

RN

+*
LR B N I I I I I I I I O D I I D U I U O U D U I N I D U D I U U U U O U D R

1




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - abstract
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - claims
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - drawings
	Page 42 - drawings
	Page 43 - drawings
	Page 44 - drawings
	Page 45 - abstract drawing

