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(57) Abregé/Abstract:

A process and an apparatus are disclosed for a compact processing assembly to recover C, (or C,;) components and heavier
hydrocarbon components from a hydrocarbon gas stream. The gas stream Is cooled and divided Iinto first and second streams.
The first stream Is further cooled, expanded to lower pressure, and supplied as a feed between first and second absorbing means.
'he second stream Is expanded to lower pressure and supplied as bottom feed to the second absorbing means. A distillation vapor
stream from the first absorbing means Is heated, compressed to higher pressure, and divided into a volatile residue gas fraction
and a compressed recycle stream. The compressed recycle stream Is cooled, expanded to lower pressure, and supplied as top
feed to the first absorbing means. A distillation liquid stream from the second absorbing means is heated in a heat and mass

SRR VNEEEN
R 5. sas ALy
O
A

W .
‘ l an a dH http.:vvopic.ge.ca + Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC
OPIC - CIPO 191




CA 2764590 C 2017/04/25

anen 2 164 590
13) C

(30) Priortes(suite)/Priorities(continued): 2011/03/15 (US13/048,315); 2011/03/17 (USPCT/US2011/028872);
2011/03/18 (USPCT/US2011/029034); 2011/03/18 (US13/051,682); 2011/03/21 (US13/052,348)

(57) Abrege(suite)/Abstract(continued):
transfer means to strip out its volatile components.



O 20117123276 A1 ||} 1000 O 10 R 01

CA 02764590 2011-12-05

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

(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

6 October 2011 (06.10.2011) WO 2011/123276 Al
(51) International Patent Classification: (72) Inventors; and
F25J 3/00 (2006.01) (75) Inventors/Applicants (for US only): JOHNKE, Andrew,

F. [US/US];, 907 W. Main Street, Berestord, SD 57004

(21) International Application Number: (US). LEWIS, Larry W. [US/US]; 5602 Court of Lions,

pC1/US2011/029234 Houston, TX 77069 (US). TYLER, Don L. [US/US]:
(22) International Filing Date: 2200 Princeton Avenue, Midland, TX 79701 (US).
21 March 2011 (21.03.2011) WILKINSON, John D. [US/US]; 4113 Tanforan Av-
e . enue, Midland, TX 79707 S). LYNCH, Joe T.
(25) Filing Language: English [US/US]: 5510 Ashwood Cou([rjt, )Midland, TX 79707
(26) Publication Language: English (US). HUDSON, Hank M. [US/US]; 2508 W. Smclair
Avenue, Midland, TX 79705 (US). CUELLAR, Kyle T.

(30) Priority Data: [US/US]; 1611 Cottage Point, Katy, TX 77494 (US).

PCT/US2010/029331 31 March 2010 (31.03.2010)

12/750,862 31 March 2010 (31.03.2010) (74) Agents: RUSSO, Alicia, A. et al.; Fitzpatrick, Cella,

PCT/US2010/033374 3 May 2010 (03.05.2010) Harper & Scmto, 1290 Avenue of the Americas, New

12/772,472 3 May 2010 (03.05.2010) York, NY 10104-3800 (US).

II’ZC/”%IIJSZZS(;IO/O351211711\7/[2/[ 823/021(())1(0151075'025621(());0) (81) Designated States (unless otherwise indicated, for every
’ 4 e kind of national protection available): AE, AG, AL, AM,

13/048,315 15 March 2011 (15.03.2011)

AQO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, Fl, GB, GD, GE, GH, GM, GT,

PCT/US2011/028872 17 March 2011 (17.03.2011)
PCT/US2011/029034 18 March 2011 (18.03.2011)

CCCCCCCCCCC
R R R R R R R R R R,

g s Mama 211 500201 U, L0 5 1, K, K. Ko, K X7

’ e KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,

(71) Applicants (for all designated States except US): ORT- ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,

LOFF ENGINEERS, LTD. [US/US]; 415 West Wall, NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,

Suite 2000, Midland, TX 79701 (US). S.M.E. PROD- SE, 5@, SK, SL, SM, ST, SV, 5Y, TH, TJ, TM, TN, TR,
UCTS LP [US/US], 6715 Theall, HOUStOIl, TX 77066 TT» TZ» UA» UG» US» UZ» VC» VN» ZA» ZM» LW.

(US). (84) Designated States (unless otherwise indicated, for every

kind of regional protection available). ARIPO (BW, GH,

[Continued on next page]

(54) Title: HYDROCARBON GAS PROCESSING

4 455 = :l
| 351 ;

INLE™ , |
CAS (. {: - ¢ F—jl |
32 P g |
A { " L5 bl | 10
36 L 38 - I
I
| A ‘
|
| :
412 } ~32a [~ 38a Tc;sa [
: | d Sy
| ~118b
| L{P’gl—z—'ﬁ\ | 7SEPARATOR
46 sig 4 41¢c 2V | 22 450 ] [PECTION
RESIDUE ; ‘ L | o | - 1ee
GAS = \ 41p 16 | 14 //\\ REGTIFYING
OO | \edt : Y b L__ 2o JSECTION
| ' ! ! b - ——— = 7]
' a'f ..s'r‘(—‘ : 38b -\\ /
T Vel /J .\_" V4
T ; s R AN
j | 17 /M| |ABSORBING
‘39 A S £ L. SECTION
34~ 15 k—?“(“ “““““““““““ I e S .
r__“‘\ I 40 403 :
-‘——E——.\_.I |
C:j__h._L_ 2 | |
| |
| - ‘ £ Y. : -
2~ g, # 33a CZ7 M118e
l{“_'r_j ' T *:::_, | I?Eh:1:TH-
35~ 33 MEDIUM - = af oo | [amiatts
v : | SECTION
uuuuuuuuuuuuuuu - |
S
LIDUID . ;
PRODUCT 4
FIG. 14

(57) Abstract: A process and an apparatus are disclosed for a compact processing assembly to recover C, (or Cs) components and
heavier hydrocarbon components from a hydrocarbon gas stream. The gas stream 1s cooled and divided into first and second
streams. The first stream 1s further cooled, expanded to lower pressure, and supplied as a feed between first and second absorbing
means. The second stream 1s expanded to lower pressure and supplied as bottom feed to the second absorbing means. A distilla-
tion vapor stream from the first absorbing means is heated, compressed to higher pressure, and divided into a volatile residue gas
fraction and a compressed recycle stream. The compressed recycle stream 1s cooled, expanded to lower pressure, and supplied as
top feed to the first absorbing means. A distillation liquid stream from the second absorbing means is heated in a heat and mass
transter means to strip out its volatile components.
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HYDROCARBON GAS PROCESSING

SPECIFICATION

BACKGROUND OF THE INVENTION

[0001] Ethylene, ethane, propylene, propane, and/or heavier hydrocarbons can

be recovered from a variety of gases, such as natural gas, refinery gas, and synthetic
gas streams obtained from other hydrocarbon materials such as coal, crude oil,
naphtha, o1l shale, tar sands, and lignite. Natural gas usually has a major proportion
of methane and ethane, 1.e., methane and ethane together comprise at least 50 mole
percent of the gas. The gas also contains relatively lesser amounts of heavier
hydrocarbons such as propane, butanes, pentanes, and the like, as well as hydrogen,
nitrogen, carbon dioxide, and other gases.

[0002] The present invention 1s generally concerned with the recovery of

ethylene, ethane, propylene, propane, and heavier hydrocarbons from such gas
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streams. A typical analysis of a gas stream to be processed in accordance with this
invention would be, 1n approximate mole percent, 90.3% methane, 4.0% ethane and

“other C, components, 1.7% propane and other C; components, 0.3% iso-butane, 0.5%

normal butane, and 0.8% pentanes plus, with the balance made up of nitrogen and
carbon dioxide. Sulfur containing gases are also sometimes present.
[0003] The historically cyclic fluctuations in the prices of both natural gas and
its natural gas liquid (NGL) constituents have at times reduced the incremental value
of ethane, ethylene, propane, propylene, and heavier components as liquid products.
This has resulted in a demand for processes that can provide more efficient recoveries
of these products and for processes that can provide efficient recoveries with lower
capital investment. Available processes for separating these materials include those
based upon cooling and refrigeration of gas, oil absorption, and refrigerated oil
absorption. Additionally, cryogenic processes have become popular because of the
availability of economical equipment that produces power while simultaneously
expanding and extracting heat from the gas being processed. Depending upon the
pressure of the gas source, the richness (ethane, ethylene, and heavier hydrocarbons
content) of the gas, and the desired end products, each of these processes or a
combination thereot may be employed.
[0004] The cryogenic expansion process is now generally preferred for natural
gas liquids recovery because it provides maximum simplicity with ease of startup,
operating flexibility, good efficiency, safety, and good reliability. U.S. Patent Nos.
3,292,380; 4,001,481, 4,140,504; 4,157,904; 4,171,964; 4,185,978; 4,251,249;
4,278,457, 4,519,824; 4,617,039; 4,687,499; 4,689,063; 4,690,702; 4,854,955;
4,869,740, 4,889,545; 5,275,005, 5,555,748; 5,566,554; 5,568,737; 5,771,712;

>,799,507; 5,881,569; 5,890,378 5,983,664; 6,182,469, 6,578,379; 6,712,880;
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6,915,662; 7,191,617, 7,219,513; reissue U.S. Patent No. 33,408; and co-pending
application nos. 11/430,412; 11/839,693; 11/971,491; 12/206,230; 12/689,616;
12/717,394; 12/750,862; 12/772,472; 12/781,259; 12/868,993; 12/869,007;
12/869,139; 12/979,563; 13/048,315; and 13/051,682 describe relevant processes
(although the description of the present invention in some cases is based on different
processing conditions than those described in the cited U.S. Patents).
[0005] In a typical cryogenic expansion recovery process, a feed gas stream
under pressure 1s cooled by heat exchange with other streams of the process and/or
external sources of refrigeration such as a propane compression-refrigeration system.
As the gas 1s cooled, liquids may be condensed and collected in one or more
separators as high-pressure liquids containing some of the desired C,+ components.
Depending on the richness of the gas and the amount of liquids formed, the

' hi gh-pressure liquids may be expanded to a lower pressure and fractionated. The
vaporization occurring during expansion of the liquids results in further cooling of the
stream. Under some conditions, pre-cooling the high pressure liquids prior to the

- expansion may be desirable in order to further lower the temperature resulting from

‘ the expansion. The expanded stream, comprising a mixture of liquid and vapor, is
fractionated in a distillation (demethanizer or deethanizer) column. In the column, the
expansion cooled stream(s) 1s (are) distilled to separate residual methane, nitrogen,
and other volatile gases as overhead vapor from the desired C, components, C;
components, and heavier hydrocarbon components as bottom liquid product, or to
separate residual methane, C, components, nitrogen, and other volatile gases as
overhead vapor from the desired C; components and heavier hydrocarbon components

as bottom liquid product.
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[0006] If the feed gas 1s not totally condensed (typically it is not), the vapor
remaining from the partial condensation can be split into two streams. One portion of
the vapor 1s passed through a work expansion machine or engine, or an expansion
valve, to a lower pressure at which additional liquids are condensed as a result of
further cooling of the stream. The pressure after expansion is essentially the same as
the pressure at which the distillation column is operated. The combined vapor-liquid
phases resulting from the expansion are supplied as feed to the column.

[0007] The remaining portion of the vapor is cooled to substantial
condensation by heat exchange with other process streams, e.g., the cold fractionation
tower overhead. Some or all of the high-pressure liquid may be combined with this
vapor portion prior to cooling. The resulting cooled stream 1s then expanded through
an appropriate expansion device, such as an expansion valve, to the pressure at which
the demethanizer 1s operated. During expansion, a portion of the liquid will vaporize,
résulting in cooling of the total stream. The flash expanded stream is then supplied as
top feed to the demethanizer. Typically, the vapor portion of the flash expanded
stream and the demethanizer overhead vapor combine in an upper separator section 1n
the fractionation tower as residual methane product gas. Alternatively, the cooled and
expanded stream may be supplied to a separator to provide vapor and liquid streams.
The vapor 1s combined with the tower overhead and the liquid is supplied to the
column as a top column feed.

[0008] In the 1deal operation of such a separation process, the residue gas
leaving the process will contain substantially all of the methane in the feed gas with
essentially none of the heavier hydrocarbon components and the bottoms fraction
leaving the demethanizer will contain substantially all of the heavier hydrocarbon

components with essentially no methane or more volatile components. In practice,



CA 02764590 2011-12-05

WO 2011/123276 PCT/US2011/029234
however, this 1deal situation 1s not obtained because the conventional demethanizer is
operated largely as a stripping column. The methane product of the process,
theretfore, typically comprises vapors leaving the top fractionation stage of the
column, together with vapors not subjected to any rectification step. Considerable
losses of C,, Cs, and C4+ components occur because the top liquid feed contains
substantial quantities of these components and heavier hydrocarbon components,
resulting 1n corresponding equilibrium quantities of C, components, C3 components,
C4 components, and heavier hydrocarbon components in the vapors leaving the top
fractionation stage of the demethanizer. The loss of these desirable components could
be significantly reduced if the rising vapors could be brought into contact with a
significant quantity of liquid (reflux) capable of absorbing the C, components, Cs
components, C4 components, and heavier hydrocarbon components from the vapors.
[0009] In recent years, the preferred processes for hydrocarbon separation use
an upper absorber section to provide additional rectification of the rising vapors. The
source of the reflux stream for the upper rectification section is typically a recycled
stream of residue gas supplied under pressure. The recycled residue gas stream is
usually cooled to substantiai condensation by heat exchange with other process
streams, e.g., the cold fractionation tower overhead. The resulting substantially
condensed stream 1s then expanded through an appropriate expansion device, such as
an expansion valve, to the pressure at which the demethanizer is operated. During
expansion, a portion of the liquid will usually vaporize, resulting in cooling of the
total stream. The flash expanded stream is then supplied as top feed to the
demethanizer. Typically, the vapor portion of the expanded stream and the
demethanizer overhead vapor combine 1n an upper separator section in the

tfractionation tower as residual methane product gas. Alternatively, the cooled and
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expanded stream may be supplied to a separator to provide vapor and liquid streams,
so that thereafter the vapor 1s combined with the tower overhead and the liquid is
supplied to the column as a top column feed. Typical process schemes of this type are
disclosed 1n U.S. Patent Nos. 4,889,545; 5,568,737; and 5,881,569, co-pending
application nos. 11/430,412; 11/971,491; and 12/717,394, and in Mowrey, E. Ross,
"Etficient, High Recovery of Liquids from Natural Gas Utilizing a High Pressure
Absorber", Proceedings of the Eighty-First Annual Convention of the Gas ProCessors
Association, Dallas, Texas, March 11-13, 2002.
[0010] The present invention employs a novel means of performing the
various steps described above more etfficiently and using fewer pieces of equipment.
This 1s accomplished by combining what heretofore have been individual equipment
items into a common housing, thereby reducing the plot space required for the
processing plant and reducing the capital cost of the facility. Surprisingly, applicants
have found that the more compact arrangement also significantly reduces the power
consumption required to achieve a given recovery level, thereby increasing the
process efficiency and reducing the operating cost of the facility. In addition, the
more compact arrangement also eliminates much of the piping used to interconnect
the individual equipment items in traditional plant designs, further reducing capital
cost and also eliminating the associated flanged piping connections. Since piping
flanges are a potential leak source for hydrocarbons (which are volatile organic

- compounds, VOC:s, that contribute to greenhouse gases and may also be precursors to

atmospheric ozone formation), eliminating these flanges reduces the potential for
atmospheric emissions that can damage the environment.
[0011] In accordance with the present invention, it has been found that C,

recoveries 1n excess of 95% can be obtained. Similarly, in those instances where
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recovery of C, components 1s not desired, C; recoveries in excess of 95% can be
maintained. In addition, the present invention makes possible essentially 100%
separation of methane (or C, components) and lighter components from the C,
components (or C3 components) and heavier components at lower energy
requirements compared to the prior art while maintaining the same recovery level.
The present invention, although applicable at lower pressures and warmer
temperatures, 1s particularly advantageous when processing feed gases in the range of
400 to 1500 ps1a [2,758 to 10,342 kPa(a)] or higher under conditions requiring NGL
recovery column overhead temperatures of -50°F [-46°C] or colder.
[0012] For a better understanding of the present invention, reference 1s made
to the following examples and drawings. Referring to the drawings:

[0013] FIG. 1 1s a tlow diagram of a prior art natural gas processing plant in

accordance with United States Patent No. 5,568.737;

[0014] FIG. 2 1s a flow diagram of a natural gas processing plant in

accordance with the present invention; and

[0015] FIGS. 3 through 17 are flow diagrams 1llustrating alternative means of
application of the present invention to a natural gas stream.

[0016] In the following explanation of the above figures, tables are provided
summarizing flow rates calculated for representative process conditions. In the tables
appearing herein, the values for tlow rates (in moles per hour) have been rounded to
the nearest whole number for convenience. The total stream rates shown in the tables
include all non-hydrocarbon components and hence are generally larger than the sum
of the stream flow rates for the hydrocarbon components. Temperatures indicated are
approximate values rounded to the nearest degree. It should also be noted that the-

Process desi gn calculations performed for the purpose of comparing the processes
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depicted 1n the figures are based on the assumption of no heat leak from (or to) the
surroundings to (or from) the process. The quality of commercially available
Insulating materials makes this a very reasonable assumption and one that is typically
made by those skilled in the art.

[0017] For convenience, process parameters are reported in both the
traditional British units and 1n the units of the Systéme International d'Unités (SI).
The molar tlow rates given in the tables may be interpreted as either pound moles per

hour or kilogram moles per hour. The energy consumptions reported as horsepower
(HP) and/or thousand British Thermal Units per hour (MBTU/Hr) correspond to the
stated molar tlow rates in pound moles per hour. The energy consumptions reported

as kilowatts (kW) correspond to the stated molar flow rates in kilogram moles per

hour.

DESCRIPTION OF THE PRIOR ART

[0018] FIG. 1 is a process flow diagram showing the design of a processing
plant to recover Co+ components from natural gas using prior art according to U.S.
Pat. No. 5,568,737. In this simulation of the process, inlet gas enters the plant at
110°F [43°C] and 915 psia [6,307 kPa(a)] as stream 31. If the inlet gas contains a
concentration ot sulfur compounds which would prevent the product streams from
meeting specifications, the sulfur compounds are removed by appropriate
pretreatment of the feed gas (not illustrated). In addition, the feed stream is usually
dehydrated to prevent hydrate (1ce) formation under cryogenic conditions. Solid
desiccant has typically been used for this purpose.

[0019] The feed stream 31 1s divided into two portions, streams 32 and 33.

Stream 32 1s cooled to -26°F [-32°C] in heat exchanger 10 by heat exchange with cool
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distillation vapor stream 41a, while stream 33 is cooled to -32°F [-35°C] in heat

exchanger 11 by heat exchange with demethanizer reboiler liquids at 41°F [5°C]
(stream 43) and side reboiler liquids at -49°F [-45°C] (stream 42). Streams 32a and

33a recombine to form stream 31a, which enters separator 12 at -28°F [-33°C] and

893 psia [6,155 kPa(a)] where the vapor (stream 34) 1s separated from the condensed'
liquad (stream 35).
[0020] The vapor (stream 34) from separator 12 is divided into two streams,
36 and 39. Stream 36, containing about 27% of the total vapor, 1s combined with the
separator liquid (stream 35), and the combined stream 38 passes through heat
exchanger 13 1n heat exchange relation with cold distillation vapor stream 41 where it
1s cooled to substantial condensation. The resulting substantially condensed stream
38a at -139°F [-95°C] 1s then flash expanded through expansion valve 14 to the
operating pressure (approximately 396 psia [2,730 kPa(a)]) of fractionation tower 18.
During expansion a portion of the stream 1s vaporized, resulting in-cooling of the total
stream. In the process illustrated in FIG. 1, the expanded stream 38b leaving
expansion valve 14 reaches a temperature of -140°F [-95°C] and is supplied to

‘ fractionation tower 18 at a first mid-column feed point.
[0021] The remaining 73% of the vapor from separator 12 (stream 39) enters a
work expansion machine 15 in which mechanical energy is extracted from this portion
of the high pressure feed. The machine 15 expands the vapor substantially

‘1sentropically to the tower operating pressure, with the work expansion cooling the

expanded stream 39a to a temperature of approximately -95°F [-71°C]. The typical
commercially available expanders are capable of recovering on the order of 80-85%

of the work theoretically available in an ideal isentropic expansion. The work
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recovered 1s often used to drive a centrifugal compressor (such as item 16) that can be
used to re-compress the heated distillation vapor stream (stream 41b), for example.
The partially condensed expanded stream 39a is thereafter supplied as feed to
fractionation tower 18 at a second mid-column feed point.
[0022] The recompressed and cooled distillation vapor stream 41e 1s divided
into two streams. One portion, stream 46, 1s the volatile residue gas product. The
other portion, recycle stream 45, flows to heat exchanger 10 where it is cooled to
-26°F [-32°C] by heat exchange with cool distillation vapor stream 41a. The cooled
recycle stream 45a then tlows to exchanger 13 where it is cooled to -139°F [-95°C]
and substantially condensed by heat exchange with cold distillation vapor stream 41.
The substantially condensed stream 45b is then expanded through an appropriate
expansion device, such as expansion valve 22, to the demethaﬁizer operating pressure,
resulting 1n cooling of the total stream to -147°F [-99°C]. The expanded stream 45c is
- then supplied to fractionation tower 18 as the top column feed. The vapor portion (if
any) of stream 45¢ combines with the vapors rising from the top fractionation stage of
the column to form distillation vapor stream 41, which is withdrawn from an upper
region of the tower.
(0023} The demethanizer in tower 18 1s a conventional distillation column
containing a plurality of vertically spaced trays, one or more packed beds, or some
combination of trays and packing. As is often the case in natural gas processing
plants, the fractionation tower may consist of two sections. The upper section 18a is a
separator wherein the partially vaporized top feed i1s divided into 1ts respective vapor
and liquid portions, and wherein the vapor rising from the lower distillation or
demethanizing section 18b is combined with the vapor portion of the top feed to form

the cold demethanizer overhead vapor (stream 41) which exits the top of the tower at

-10-
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-144°F [-98°C]. The lower, demethanizing section 18b contains the trays and/or
packing and provides the necessary contact between the liquids falling downward and
the vapors rising upward. The demethanizing section 18b also mcludes reboilers
(such as the reboiler and the side reboiler described previously) which heat and
vaporize a portion of the liquids flowing down the column to provide the stripping
vapors which flow up the column to strip the liquid product, stream 44, of methane
and lighter components.

[0024] The liquid product stream 44 exits the bottom of the tower at 64°F
[18°C], based on a typical specification of a methane to ethane ratio of 0.010:1 on a
mass basis 1n the bottom product. The demethanizer overhead vapor stream 41 passes
countercurrently to the incoming teed gas and recycle stream 1n heat exchanger 13
.Where it 1s heated to -40°F [-40°C] (stream 41a) and in heat exchanger 10 wheré it 1S
heated to 104°F [40°C] (stream 41b). The distillation vapor stream is then
re-compressed 1n two stages. The first stage 1s compressor 16 driven by expansion
machine 15. The second stage i1s compressor 20 driven by a supplemental power
source which compresses the residue gas (stream 41d) to sales line pressure. After
cooling to 110°F [43°C] 1n discharge cooler 21, stream 41e is split into the residue gas
product (stream 46) and the recycle stream 45 as described earlier. Residue gas
stream 46 flows to the sales gas pipeline at 915 psia [6,307 kPa(a)], sufficient to meet
line requirements (usually on the order of the inlet pressure).

[0025] A summary of stream flow rates and energy consumption for the

process 1llustrated in FIG. 1 1s set forth 1n the following table:
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Table I
(FIG. 1)
Stream Flow Summary - Lb. Moles/Hr [kg moles/Hr]

Stream Methane Ethane Propane Butanes+ Total
31 12,398 546 233 229 13,726
32 8,431 371 159 156 9,334
33 3,967 175 74 73 4,392
34 12,195 501 179 77 13,261
35 203 45 54 152 465
36 3,317 136 49 21 3,607
38 3,520 181 103 173 4,072
39 8,878 365 130 56 9,654
41 13,765 30 0 0 13,992
45 1,377 3 0 0 1,400
46 12,388 27 0 0 12,592
44 10 519 233 229 1,134
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Recoveries™®
Ethane 94.99%
Propane 99.99%
Butanes+ 100.00%
Power
Residue Gas Compression 6,149 HP | 10,109 kW]

* (Based on un-rounded flow rates)

DESCRIPTION OF THE INVENTION

[0026] FIG. 2 1llustrates a flow diagram of a process in accordance with the
present invention. The feed gas composition and conditions considered in the process
presented 1n FIG. 2 are the same as those in FIG. 1. Accordingly, the FIG. 2 process
can be compared with that of the FIG. 1 process to illustrate the advantages of the
present invention.
[0027] In the stmulation of the FIG. 2 process, inlet gas enters the plant as
stream 31 and 1s divided into two portions, streams 32 and 33. The first portion,
stream 32, enters a heat exchange means in the upper region of feed cooling section
118a 1nside processing assembly 118. This heat exchange means may be comprised
of a fin and tube type heat exchanger, a plate type heat exchanger, a brazed aluminum
fyjpe heat exchanger, or other type of heat transfer device, including multi-pass and/or
multi-service heat exchangers. The heat exchange means is configured to provide
heat exchange between stream 32 tflowing through one pass of the heat exchange

- means and a distillation vapor stream arising from separator section 118b inside

processing assembly 118 that has been heated in a heat exchange means in the lower
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region of feed cooling section 118a. Stream 32 is cooled while further heating the
distillation vapor stream, with stream 32a leaving the heat exchange means at -25°F
[-32°C].

[0028] The second portion, stream 33, enters a heat and mass transfer means
in demethanizing section 118e inside processing assembly 118. This heat and mass
transfer means may also be comprised of a fin and tube type heat exchanger, a plate
type heat exchanger, a brazed aluminum type heat exchanger, or other type of heat
transter device, including multi-pass and/or multi-service heat exchangers. The heat
and mass transfer means 1s configured to provide heat exchange between stream 33
ﬂowing through one pass of the heat and mass transfer means and a distillation liquid
stream flowing downward from absorbing section 118d inside processing assembly
118, so that stream 33 1s cooled while heating the distillation liquid stream, cooling
stream 33a to -47°F [-44°C] before 1t leaves the heat and mass transfer means. As the
distillation liquid stream 1s heated, a portion of it is vaporized to form stripping vapors
that rise upward as the remaining liquid continues flowing downward through the heat
and mass transfer means. The heat and mass transfer means provides continuous
contact between the stripping vapors and the distillation liquid stream so that it also
functions to provide mass transfer between the vapor and liquid phases, stripping the
liquid product stream 44 of methane and lighter components.

[0029] Streams 32a and 33a recombine to form stream 31a, which enters
separator section 1181 inside processing assembly 118 at -32°F [-36°C] and 900 psia

16,203 kPa(a)], whereupon the vapor (stream 34) 1s separated from the condensed
liquid (stream 35). Separator section 118f has an internal head or other means to
divide 1t from demethanizing section 118e, so that the two sections inside processing

assembly 118 can operate at different pressures.
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[0030] The vapor (stream 34) from separator section 118f is divided into two
streams, 36 and 39. Stream 36, containing about 27% of the total vapor, 1s combined
with the separated liquid (stream 35, via stream 37), and the combined stream 38
enters a heat exchange means in the lower region of feed cooling section 118a inside
processing assembly 118. This heat exchange means may likewise be comprised of a
fin and tube type heat exchanger, a plate type heat exchanger, a brazed aluminum type
heat exchanger, or other type of heat transfer device, including multi-pass and/or
multi-service heat exchangers. The heat exchange means is confi gured to provide
heat exchange between stream 38 flowing through one pass of the heat exchange
means and the distillation vapor stream arising from separator section 118b, so that

stream 38 1s cooled to substantial condensation while heating the distillation vapor

stream.

[0031] The resulting substantially condensed stream 38a at -138°F [-95°C] i1s
then tlash expanded through expansion valve 14 to the operating pressure
(approximately 400 psia [2,758 kPa(a)]) of rectifying section 118¢ (an absorbing
means) and absorbing section 118d (another absorbing means) inside processing
assembly 118. During expansion a portion of the stream may be vaporized, resulting
in cooling of the total stream. In the process illustrated in FIG. 2, the expanded
stream 38b leaving expansion valve 14 reaches a temperature of -139°F [-95°C] and
1S supplied to processing assembly 118 between rectifying section 118¢ and absorbing
section 118d. The liquids in stream 38b combine with the liquids falling from
rectifying section 118¢ and are directed to absorbing section 118d, while any vapors

combine with the vapors rising from absorbing section 118d and are directed to

rectifying section 118c.
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[0032] The remaining 73% of the vapor from separator section 118f (stream
39) enters a work expansion machine 15 in which mechanical energy is extracted
from this portion of the high pressure feed. The machine 15 expands the vapor
substantially 1sentropically to the operating pressure of absorbing section 118d, with
the work expansion cooling the expanded stream 39a to a temperature of
approximately -99°F [-73°C]. The partially condensed expanded stream 39a 1s
thereatter supplied as feed to the lower region of absorbing section 118d inside
processing assembly 118.

[0033] The recompressed and cooled distillation vapor stream 41c¢ 1s divided
into two streams. One portion, stream 46, 1s the volatile residue gas product. The
other portion, recycle stream 45, enters a heat exchange means in the feed cooling
section 118a inside processing assembly 118. This heat exchange means may also be
comprised of a fin and tube type heat exchanger, a plate type heat exchanger, a brazed
aluminum type heat exchanger, or other type of heat transfer device, including
multi-pass and/or multi-service heat exchangers. The heat exchange means is
configured to provide heat exchange between stream 45 flowing through one pass of
the heat exchange means and the distillation vapor stream arising from separator
section 118b, so that stream 45 is cooled to substantial condensation while heating the
distillation vapor stream.

[0034] The substantially condensed recycle stream 45a leaves the heat
exchange means in feed cooling section 118a at -138°F [-95°C] and is flash expanded
through expansion valve 22 to the operating pressure of rectifying section 118¢ inside
processing assembly 118. During expansion a portion of the stream 1s vaporized,
resulting 1in cooling of the total stream. In the process illustrated in FIG. 2, the

expanded stream 45b leaving expansion valve 22 reaches a temperature of -146°F
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[-99°C] and 1s supplied to separator section 118b inside procesSing assembly 118.
The liquids separated therein are directed to rectifying section 118c¢, while the
remaining vapors combine with the vapors rising from rectifying section 118c¢ to form
the distillation vapor stream that 1s heated in cooling section 118a.

[0035] Rectitying section 118c¢ and absorbing section 118d each contain an
absorbing means consisting of a plurality of vertically spaced trays, one or more
packed beds, or some combination of trays and packing. The trays and/or packing in
rectifying section 118¢ and absorbing section 118d provide the necessary contact
between the vapors rising upward and cold liquid falling downward. The liquid
portion of the expanded stream 39a commingles with liquids falling downward from
absorbing section 118d and the combined liquid continues downward into
demethanizing section 118e. The stripping vapors arising from demethanizing section
118e combine with the vapor portion of the expanded stream 39a and rise upward
through absorbing section 118d, to be contacted with the cold liquid falling
downward to condense and absorb most of the C, components, C; components, and
heavier components from these vapors. The vapors arising from absorbing section
118d combine with any vapor portion of the expanded stream 38b and rise upward
through rectifying section 118¢, to be contacted with the cold liquid portion of
expanded stream 45b falling downward to condense and absorb most of the C,
components, C3 components, and heavier components remaining in these vapors. The
liquid portion of the expanded stream 38b commingles with liquids falling downward
from rectifying section 118c and the combined liquid continues downward into
absorbing section 118d.

[0036] The distillation liquid flowing downward from the heat and mass

transfer means in demethanizing section 118e inside processing assembly 118 has
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been stripped of methane and lighter components. The resulting liquid product
(stream 44) exits the lower region of demethanizing section 118e and leaves
processing assembly 118 at 65°F [18°C]. The distillation vapor stream arising from
separator section 118b 1s warmed 1n feed cooling section 118a as it provides cooling
to streams 32, 38, and 45 as described previously, and the resulting distillation vapor
stream 41 leaves processing assembly 118 at 105°F [40°C]. The distillation vapor
stream 1s then re-compressed in two stages, compressor 16 driven by expansion
machine 15 and compressor 20 driven by a supplemental power source. After stream
41b 1s cooled to 110°F [43°C] in discharge cooler 21 to form stream 41c, recycle
‘stream 45 is withdrawn as described earlier, forming residue gas stream 46 which
thereafter flows to the sales gas pipeline ai 915 psia [6,307 kPa(a)].

[0037] A summary of stream flow rates and energy consumption for the

process illustrated in FIG. 2 1s set forth in the following table:
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Table II
(FIG. 2)
Stream Flow Summary - Lb. Moles/Hr [kg moles/Hr]
Stream Methane Ethane Propane Butanes+ Total
31 12,398 546 233 229 13,726
32 8,679 382 163 160 9,608
33 3,719 164 70 69 4,118
34 12,164 495 174 72 13,213
35 234 51 59 157 513
36 3,248 132 46 19 3,528
37 . 234 51 59 157 513
38 3,482 183 105 176 4,041
- 39 8,916 363 128 53 9,685
40 0 0 0 0 0
41 13,863 30 0 0 14,005
45 1,475 3 0 0 1,500
46 12,388 27 0 0 12,595
44 10 519 233 229 1,131
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Recoveries™
Ethane 95.03%
Propane 99.99%
Butanes+ 100.00%
Power
Residue Gas Compression 5,787 HP | 9,514 kW]

* (Based on un-rounded flow rates)

[0038] A comparison of Tables I and II shows that the present invention
maintains essentially the same recoveries as the prior art. However, further
comparison ot Tables I and II shows that the product yields were achieved using
significantly less power than the prior art. In terms of the recovery efficiency
(defined by the quantity of ethane recovered per unit of power), the present invention
represents more than a 6% improvement over the prior art of the FIG. 1 process.
[0039] The improvement 1n recovery efficiency provided by the present
invention over that of the i)rior art of the FIG. 1 process is primarily due to'two
tactors. First, the compact arrangement of the heat exchange means in feed cooling
section 118a and the heat and mass transfer means in demethanizing section 118e in
processing assembly 118 eliminates the pressure drop imposed by the interconnecting
piping found in conventional processing plants. The result is that the portion of the
feed gas flowing to expansion machine 15 is at higher pressure for the present
invention compared to the prior art, allowing expansion machine 15 in the present
invention to produce as much power with a higher outlet pressure as expansion

machine 15 in the prior art can produce at a lower outlet pressure. Thus, rectifying
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section 118¢ and absorbing section 118d in processing assembly 118 of the present
invention can operate at higher pressure than fractionation column 18 of the prior art
“while maintaining the same recovery level. This higher operating pressure, plus the
reduction in pressure drop for the distillation vapor stream due to eliminating the
interconnecting piping, results in a significantly higher pressure for the distillation
vapor stream entering compressor 20, thereby reducing the power required by the
present invention to restore the residue gas to pipeline pressure.
[0040] Second, using the heat and mass transfer means in demethanizing
section 118e to simultaneously heat the distillation liquid leaving absorbing section
118d while allowing the resulting vapors to contact the liquid and strip its volatile
components 18 more efficient than using a conventional distillation column with
external reboilers. The volatile components are stripped out of the liquid
continuously, reducing thé concentration of the volatile components 1n the stripping
vapors more quickly and thereby improving the stripping efficiency for the present
invention.
[0041] The present invention offers two other advantages over the prior art in
addition to the increase 1n processing efficiency. First, the compact arrangement of
processing assembly 118 of the present invention replaces five separate equipment
items 1n the prior art (heat exchangers 10, 11, and 13; separator 12; and fractionation
tower 18 1n FIG. 1) with a single equipment item (processing assembly 118 in
FIG. 2). This reduces the plot space requirements and eliminates the intérconnecting
piping, reducing the capital cost of a process plant utilizing the present invention over
that of the prior art. Second, elimination of the interconnecting piping means that a
processing plant utilizing the present invention has far fewer flanged connections

compared to the prior art, reducing the number of potential leak sources in the plant.
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Hydrocarbons are volatile organic compounds (VOCs), some of which are classified
as greenhouse gases and some of which may be precursors to atmospheric ozone
tormation, which means the present invention reduces the potential for atmospheric

releases that can damage the environment.

Other Embodiments

[0042] Some circumstances may favor eliminating feed cooling section 118a
from processing assembly 118, and using a heat exchange means external to the
processing assembly for feed cooling, such as heat exchanger 10 shown in FIGS. 10
through 17. Such an arrangement allows processing assembly 118 to be smaller,
which may reduce the overall plant cost and/or shorten the fabrication schedule in
some cases. Note that in all cases exchanger 10 is representative of either a multitude
of individual heat exchangers or a single multi-pass heat exchanger, or any
combination thereof. Each such heat exchanger may be comprised of a fin and tube
type heat exchanger, a plate type heat exchanger, a brazed aluminum type heat
exchanger, or other type of heat transfer device, including multi-pass and/or
multi-service heat exchangers.

[0043] Some circumstances may favor supplying liquid stream 35 directly to
the lower region of absorbing section 118d via stream 40 as shown in FIGS. 2, 4, 6, 8,
10, 12, 14, and 16. In such cases, an appropriate expansion device (such as expansion
valve 17) 1s used to expand the liquid to the operating pressure of absorbing section
118d and the resulting expanded liquid stream 40a 1s supplied as feed to the lower
region of absorbing section 118d (as shown by the dashed lines). Some
circumstances may favor combining a portion of liquid stream 35 (stream 37) with the

vapor 1n stream 36 (FIGS. 2, 6, 10, and 14) or with cooled second portion 33a

0.



CA 02764590 2011-12-05
WO 2011/123276 PCT/US2011/029234

(FIGS. 4, 8, 12, and 16) to form combined stream 38 and routing the remaining
portion of liquid stream 35 to the lower region of absorbing section 118d via streams
40/40a. Some circumstances may favor combining the expanded liquid stream 40a
with expanded stream 39a (FIGS. 2, 6, 10, and 14) or expanded stream 34a (FIGS. 4,
8, 12, and 16) and thereaiter supplying the combined stream to the lower region of
absorbing section 118d as a single feed.

[0044] - It the feed gas is richer, the quantity of liquid separated in stream 35
may be great enough to favor placing an additional mass transfer zone in
demethanizing section 118e between expanded stream 39a and expanded liquid
stream 40a as shown 1n FIGS. 3,7, 11, and 15, or between expanded stream 343 and
expanded liquid stream 40a as shown ‘in FIGS. 5,9, 13, and 17. In such cases, the
heat and mass transfer means in demethanizing section 118e may be configured in
upper and lower parts so that expanded liquid stream 40a can be introduced between
the two parts. As shown by the dashed lines, some circumstances may favor
combining a portion of liquid stream 35 (stream 37) with the vapor in stream 36
(FIGS. 3,7, 11, and 15) or with cooled second portion 33a (FIGS. 5, 9, 13, and 17) to
form combined stream 38, while the remaining portion of liquid stream 35 (stream 40)
1s expanded to lower pressure and supplied between the upper and lower parts of the
heat and mass transfer means in demethanizing section 118e as stream 40a.

[0045] Some circumstances may favor not combining the cooled first and
second portions (streams 32a and 33a) as shown in FIGS. 4, 5, 8,9, 12, 13, 16, and
17. In such cases, only the cooled first portion 32a 1s directed to separator section
1181 1nside processing assembly 118 (FIGS. 4, 5, 12, and 13) or separator 12

(FIGS. 8, 9, 16, and 17) where the vapor (stream 34) is separated from the condensed

liquid (stream 35). Vapor stream 34 enters work expansion machine 15 and is

3.



CA 02764590 2011-12-05
WO 2011/123276 PCT/US2011/029234

expanded substantially 1sentropically to the operating pressure of absorbing section
118d, whereupon expanded stream 34a is supplied as feed to the lower region of
absorbing section 118d inside processing assembly 118. The cooled second portion
33a 1s combined with the separated liquid (stream 35, via stream 37), and the
combined stream 38 1s directed to the heat exchange means in the lower region of
feed cooling section 118a inside processing assembly 118 (or in heat exchanger 10
external to processing assembly 118) and cooled to substantial condensation. The
substantially condensed stream 38a 'is flash expanded through expansion valve 14 to
the operating pressure of rectifying section 118c and absorbing section 118d,
whereupon expanded stream 38b 1s supplied to processing assembly 118 between
rectifying section 118c and absorbing section 118d. Some circumstances may favor
combining only a portion (stream 37) of liquid stream 35 with the cooled second
portion 33a, with the remaining portion (stream 40) supplied to the lower region of
absorbing section 118d via expansion valve 17. Other circumstances may favor
sending all of liquid stream 35 to the lower region of absorbing section 118d via
expansion valve 17.

[0046] In some circumstances, 1t may be advantageous to use an external
separator vessel to separate cooled feed stream 31a or cooled first portion 32a, rather
than including separator section 118f in processing assembly 118. As shown in
FIGS. 6, 7, 14, and 15, separator 12 can be. used to separate éooied feed stream 31a
into vapor stream 34 and liquid stream 35. Likewise, as shown in FIGS. &, 9, 16, and
1’7, separator 12 can be used to separate cooled first portion 32a into vapor stream 34
and liquid stream 35. ‘

[0047] Depending on the quantity of heavier hydrocarbons in the feed gas and

the feed gas pressure, the cooled feed stream 31a entering separator section 118f in
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FIGS. 2, 3, 10, and 11 or separator 12 in FIGS. 6, 7, 14, and 15 (or the cooled first
portion 32a entering separator section 118f in FIGS. 4, 5, 12, and 13 or separator 12
in FIGS. §, 9, 16, and 17) may not contain any liquid (because it 1s above its
dewpoint, or because it 1s above its cricondenbar). In such cases, there is no liquid in
streams 35 and 37 (as shown by the dashed lines), so only the vapor from separator
section 1181 1n stream 36 (FIGS. 2, 3, 10, and 11), the vapor from separator 12 in
stream 36 (F1GS. 6, 7, 14, and 15), or the cooled second portion 33a (FIGS. 4, 5, 8, 9,
12,13, 16, and 17) tlows to stream 38 to become the expanded substantially

condensed stream 38b supplied to processihg assembly 118 between rectifying
section 118¢ and absorbing section 118d. In such circumstances, separator section
1181 1n processing assembly 118 (FIGS. 2 through 5 and 10 through 13) or separator
12 (FIGS. 6 through 9 and 14 through 17) may not be required.

[0048] Feed gas conditions, plant size, available equipment, or other factors
may indicate that elimination of work expansion machine 15, or replacement with an
alternate expansion device (such as an expansion valve), is feasible. Although
individual stream expansion is depicted in particular expansion devices, alternative
expansion means may be employed where appropriate. For example, conditions may
warrant work expansion of the substantially condensed portion of the feed stream
(stream 38a) or the substantially condensed recycle stream (stream 45a).

[0049] In accordance with the present invention, the use of external
refrigeration to supplement the cooling available to the inlet gas from the distillation
vapor and liquid streams may be employed, particularly in the case of a rich inlet gas.
In such cases, a heat and mass transfer means may be included in separator section
1181 (or a gas collecting means 1n such cases when the cooled feed stream 31a or the

cooled first portion 32a contains no liquid) as shown by the dashed lines in FIGS. 2
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through 5 and 10 through 13, or a heat and mass transfer means may be included in
separator 12 as shown by the dashed lines in FIGS. 6 though 9 and 14 through 17.
This heat and mass transfer means may be comprised of a fin and tube type heat
exchanger, a plate type heat exchanger, a brazed aluminum type heat exchanger, or
other type of heat transfer device, including multi-pass and/or multi-service heat
exchangers. The heat and mass transter means 1s contfigured to provide heat exchange
between a refrigerant stream (e.g., propane) flowing through one pass of the heat and
mass transfer means and the vapor portion of stream 31a (FIGS. 2, 3, 6, 7, 10, 11, 14,
and 15) or stream 32a (FIGS. 4, 5, 8,9, 12, 13, 16, and 17) flowing upward, so that
the refrigerant further cocﬂs the vapor and condenses additional liquid, which falls
downward to become part of the liquid removed in stream 35. Alternatively,
conventional gas chiller(s) could be used to cool stream 32a, stream 33a, and/or
stream 31a with refrigerant before stream 31a enters separator section 118f (FIGS. 2,
3, 10, and 11) or separator 12 (FIGS. 6, 7, 14, and 15) or stream 32a enters separator
section 118f (FIGS. 4, 5, 12, and 13) or separator 12 (FIGS. 8, 9, 16, and 17).

[0050] Depending on the temperature and richness of the feed gas and the
amount of C, components to be recovered 1n liquid product stream 44, there may not
be sufficient heating available from stream 33 to cause the liquid leaving
demethanizing section 118e to meet the product specifications. In such cases, the heat
and mass transfer means in demethanizing section 118e may include provisions for
providing supplemental heating with heating medium as shown by the dashed lines in
FIGS. 2 through 17. Alternatively, another heat and mass transfer means can be
included 1n the lower region of demethanizing section 118e for providing
supplemental heating, or stream 33 can be heated with heating medium before it is

supplied to the heat and mass transfer means in demethanizing section 118e.
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0051} Depending on the type of heat transfer devices selected for the heat
exchange means in the upper and lower regions of feed cooling section 118a, it may
be possible to combine these heat exchange means in a single multi-pass and/or
multi-service heat transfer device. In such cases, the multi-pass and/or multi-service
heat transfer device will include appropriate means for distributing, segregating, and
collecting stream 32, stream 38, stream 45, and the distillation vapor stream in order
to accomplish the desired cooling and heating.

[0052] Some circumstances may favor providing additional mass transfer in
the upper region of demethanizing section 118e. In such cases, a mass transfer means
can be located below where expanded stream 39a (FIGS. 2, 3, 6, 7, 10, 11, 14, and
15) or expanded stream 34a (FIGS. 4, 5, 8,9, 12, 13, 16, and 17) enters the lower
region of absorbing section 118d and above where cooled second portion 33a leaves
the heat and mass transfer means in demethanizing section 118e.

[0053] A less preferred option for the FIGS. 2, 3,6, 7, 10, 11, 14, and 15
embodiments of the present invention is providing a separator vessel for cooled first
portion 32a, a separator vessel for cooled second portion 33a, combining the vapor
streams separated therein to form vapor stream 34, and combining the liquid streams
separated therein to form liquid stream 35. Another less preferred option for the
present invention is cooling stream 37 in a separate heat exchange means inside feed
cooling section 118a in FIGS. 2, 3, 4, 5, 6, 7, 8, and 9 or a separate pass in heat
exchanger 10 in FIGS. 10, 11, 12, 13, 14, 15, 16, and 17 (rather than combining
stream 37 with stream 36 or stream 33a to form combined stream 38), expanding the
cooled stream in a separate expansion device, and supplying the expanded stream to

an intermediate region in absorbing section 118d.
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[0054] It will be recognized that the relative amount of feed found in each
branch of the split vapor feed will depend on several factors, including gas pressure,
feed gas composition, the amount of heat which can economically be extracted from
the feed, and the quantity of horsepower available. More feed above absorbing
section 118d may increase recovery while decreasing power recovered from the
expander and thereby increasing the recompression horsepower requirements.
Increasing feed below absorbing section 118d reduces the horsepower consumption
but may also reduce product recovery.

[0055] The present invention provides improved recovery of C; components,
Cz components, and heavier hydrocarbon components or of C3 components and
heavier hydrocarbon components per amount of utility consumption required to
operate the process. An improvement in utility consumption required for operating
the process may appear in the form of reduced power requirements for compression or
re-compression, reduced power requirements for external refrigeration, reduced

energy requirements for supplemental heating, or a combination thereof.

|0056] While there have been described what are believed to be preferred
embodiments of the invention, those skilled in the art will recognize that other and
further moditications may be made thereto, e.g. to adapt the invention to various

conditions, types of feed, or other requirements.
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WE CLAIM:

1. A process for the separation of a gas stream containing methane, Cz components, C3
components, and heavier hydrocarbon components into a volatile residue gas fraction and a
relatively less volatile fraction containing a major portion of said Cz components, C3
components, and heavier hydrocarbon components or said C3 components and heavier
hydrocarbon components wherein

(1) said gas stream is divided into first and second portions;

(2) said first portion 1s cooled;

(3) said second portion is cooled;

(4) said cooled first portion is combined with said cooled second portion to form a cooled
gas stream,;

(5) said cooled gas stream 1s divided into first and second streams;

(6) said first stream is cooled to condense substantially all of said first stream and 1s
thereafter expanded to lower pressure whereby said first stream 1s further cooled;

(7) said expanded cooled first stream is supplied as a feed between first and second
absorbing means housed 1n a single equipment item processing assembly, said first absorbing

means being located above said second absorbing means;

(8) said second stream 1s expanded to said lower pressure and 1s supplied as a bottom

feed to said second absorbing means;

(9) a distillation vapor stream is collected from an upper region of said first absorbing

means and heated;

(10) said heated distillation vapor stream is compressed to higher pressure and thereafter

divided into said volatile residue gas fraction and a compressed recycle stream;

(11) said compressed recycle stream is cooled to condense substantially all of said

compressed recycle stream;

(12) said substantially condensed compressed recycle stream is expanded to said lower

pressure and supplied as a top feed to said first absorbing means;

(13) said heating of said distillation vapor stream 1s accomplished in one or more heat

exchange means, thereby to supply at least a portion of the cooling of steps (2), (6), and (11);
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(14) a distillation liquid stream is collected from a lower region of said second absorbing
means and heated in a heat and mass transfer means housed in said processing assembly, thereby
to supply at least a portion of the cooling of step (3) while simultaneously stripping the more
volatile components from said distillation liquid stream, and thereafter discharging said heated
and stripped distillation liquid stream from said processing assembly as said relatively less
volatile fraction; and

(15) the quantities and temperatures of said feed streams to said first and second
absorbing means are effective to maintain the temperature of said upper region of said first
absorbing means at a temperature whereby the major portions of the components in said

relatively less volatile fraction are recovered.

2. The process according to claim 1 wherein

(a) said cooled first portion is combined with said cooled second portion to form a

partially condensed gas stream;

(b) said partially condensed gas stream is supplied to a separating means and 1s separated
therein to provide a vapor stream and at least one liquid stream;

(¢) said vapor stream is divided into said first and second streams; and

(d) at least a portion of said at least one liquid stream 1s expanded to said lower pressure

and 1s supplied as an additional bottom feed to said second absorbing means.

3. The process according to claim 2 wherein

(a) said first stream is combined with at least a portion of said at least one liquid stream to

form a combined stream;

(b) said combined stream 1s cooled to condense substantially all of said combined stream
and 1s thereafter expanded to lower pressure whereby said combined stream 1s further cooled;

(¢) said expanded cooled combined stream is supplied as said feed between said first and
second absorbing means; and

(d) any remaining portion of said at least one liquid stream 1s expanded to said lower

pressure and is supplied as said additional bottom feed to said second absorbing means.
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4. The process according to claim 1 wherein

(a) said first portion 1s cooled and is thereafter expanded to lower pressure;

(b) said second portion 1s cooled to condense substantially all of said second portion and
1s thereafter expanded to said lower pressure whereby said second portion is further cooled;

(c) said expanded cooled second portion is supplied as said feed between said first and

second absorbing means; and

(d) said expanded cooled first portion is supplied as said bottom feed to said second

absorbing means.

5. The process according to claim 4 wherein

(a) said first portion is cooled sufficiently to partially condense said first portion;

(b) said partially condensed first portion is supplied to a separating means and is
separated therein to provide a vapor stream and at least one liquid stream;

(c) said vapor stream is expanded to said lower pressure and is supplied as said first
bottom feed to said second absorbing means; and

(d) at least a portion of said at least one liquid stream is expanded to said lower pressure

and 1s supplied as an additional bottom feed to said second absorbing means.

6. The process according to claim 5 wherein
(a) said second portion is cooled and is thereafter combined with at least a portion of said

at least one liquid stream to form a combined stream;

(b) said combined stream is cooled to condense substantially all of said combined stream

and 1s thereafter expanded to lower pressure whereby said combined stream is further cooled:

(¢) said expanded cooled combined stream is supplied as said feel between said first and

second absorbing means; and

(d) any remaining portion of said at least one liquid stream is expanded to said lower

pressure and 1s supplied as said additional bottom feed to said second absorbing means.

/. The process according to claim 2 wherein

(1) said heat and mass transfer means is arranged in upper and lower regions; and
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(2) said expanded at least a portion of said at least one liquid stream 1s supplied to said
processing assembly to enter between said upper and lower regions of said heat and mass

transfer means.

8. The process according to claim 3 wherein

(1) said heat and mass transfer means 1s arranged in upper and lower regions; and

(2) said expanded any remaining portion of said at least one liquid stream 1s supplied to
said processing assembly to enter between said upper and lower regions of said heat and mass

transfer means.

9. The process according to claim 5 wherein

(1) said heat and mass transfer means is arranged in upper and lower regions; and

(2) said expanded at least a portion of said at least one liquid stream 1s supplied to said
processing assembly to enter between said upper and lower regions of said heat and mass

transfer means.

10. The process according to claim 6 wherein
(1) said heat and mass transfer means is arranged in upper and lower regions; and
(2) said expanded any remaining portion of said at least one liquid stream 1s supplied to

said processing assembly to enter between said upper and lower regions of said heat and mass

transfer means.

11. The process according to claim 7, 8, 9, 10, 2, 3, 5, or 6 wherein said separating means is

housed 1n said processing assembly.

12. The process according to claim 1 wherein
(1) a gas collecting means 1s housed 1n said processing assembly;
(2) an additional heat and mass transfer means is included inside said gas collecting

means, said additional heat and mass transfer means including one or more passes for an external

refrigeration medium;
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(3) said cooled gas stream is supplied to said gas collecting means and directed to said

additional heat and mass transfer means to be further cooled by said external refrigeration

medium; and

(4) said further cooled gas stream is divided into said first and second streams.

13. The process according to claim 4 wherein

(1) a gas collecting means is housed in said processing assembly:

(2) an additional heat and mass transfer means is included inside said gas collecting
means, said additional heat and mass transfer means including one or more passes for an external
refrigeration medium;

(3) said cooled first portion is supplied to said gas collecting means and directed to said
additional heat and mass transfer means to be further cooled by said external refrigeration

medium; and

(4) said further cooled first portion is expanded to said lower pressure and is thereafter

supplied as said bottom feed to said second absorbing means.

14. The process according to claim 7, 8, 9, 10, 2, 3, 5, or 6 wherein

(1) an additional heat and mass transfer means is included inside said separating means,
said additional heat and mass transfer means including one or more passes for an external
refrigeration medium;

(2) said vapor stream is directed to said additional heat and mass transfer means to be
cooled by said external refrigeration medium to form additional condensate; and

(3) said condensate becomes a part of said at least one liquid stream separated therein.

15. The process according to claim 11 wherein

(1) an additional heat and mass transfer means is included inside said separating means,

said additional heat and mass transfer means including one or more passes for an external

refrigeration medium;

(2) said vapor stream is directed to said additional heat and mass transfer means to be

cooled by said external refrigeration medium to form additional condensate; and
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(3) said condensate becomes a part of said at least one liquid stream separated therein.

16. The process according to claim 1, 7, 8, 9, 10, 12, 13, 2, 3, 4, 5, or 6 wherein said heat and
mass transter means includes one or more passes for an external heating medium to supplement
the heating supplied by said second portion for said stripping of said more volatile components

trom said distillation liquid stream.

17. The process according to claim 11 wherein said heat and mass transfer means includes one or
more passes for an external heating medium to supplement the heating supplied by said second

portion for said stripping of said more volatile components from said distillation liquid stream.

18. The process according to claim 14 wherein said heat and mass transfer means includes one or
more passes for an external heating medium to supplement the heating supplied by said second

portion for said stripping of said more volatile components from said distillation liquid stream.

19. The process according to claim 15 wherein said heat and mass transfer means includes one or
more passes for an external heating medium to supplement the heating supplied by said second

portion for said stripping of said more volatile components from said distillation liquid stream.

20. An apparatus for the separation of a gas stream containing methane, C2 components, C3
components, and heavier hydrocarbon components into a volatile residue gas fraction and a
relatively less volatile fraction containing a major portion of said C, components, C3
components, and heavier hydrocarbon components or said Cs3 components and heavier
hydrocarbon components comprising

(1) first dividing means to divide said gas stream into first and second portions;

(2) heat exchange means connected to said first dividing means to receive said first
portion and cool said first portion;

(3) heat and mass transfer means housed in a single equipment item processing assembly

and connected to said first dividing means to receive said second portion and cool said second

portion;
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(4) combining means connected to said heat exchange means and said heat and mass
transfer means to receive said cooled first portion and said cooled second portion and form a

cooled gas stream;

(5) second dividing means connected to said combining means to receive said cooled gas
stream and divide said cooled gas stream into first and second streams;

(6) said heat exchange means being further connected to said second dividing means to
receive said first stream and cool said first stream sufficiently to substantially condense said first
stream;

(7) first expansion means connected to said heat exchange means to receive said
substantially condensed first stream and expand said substantially condensed first stream to
lower préssure;

(8) first and second absorbing means housed in said processing assembly and connected
to said first expansion means to receive said expanded cooled first stream as a feed thereto

between said first and second absorbing means, said first absorbing means being located above

said second absorbing means;

(9) second expansion means connected to said second dividing means to receive said
second stream and expand said second stream to said lower pressure, said second expansion
means being further connected to said second absorbing means to supply said expanded second
stream as a bottom feed thereto;

(10) vapor collecting means housed in said processing assembly and connected to said

first absorbing means to receive a distillation vapor stream from an upper region of said first

absorbing means;

(11) said heat exchange means being further connected to said vapor collecting means to
recetve said distillation vapor stream and heat said distillation vapor stream, thereby to supply at

least a portion of the cooling of steps (2) and (6);
(12) compressing means connected to said heat exchange means to receive said heated

distillation vapor stream and compress said heated distillation vapor stream to higher pressure;

(13) cooling means connected to said compressing means to receive said compressed
distillation vapor stream and cool said compressed distillation vapor stream;

(14) third dividing means connected to said cooling means to receive said cooled
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compressed distillation vapor stream and divide satd cooled compressed distillation vapor stream
into said volatile residue gas fraction and a compressed recycle stream;

(15) said heat exchange means being further connected to said third dividing means to
receive sald compressed recycle stream and cool said compressed recycle stream sufficiently to
substantially condense said compressed recycle stream, thereby to supply at least a portion of the
heating of step (11);

(16) third expansion means connected to said heat exchange means to receive said
substantially condensed compressed recycle stream and expand said substantially condensed
compressed recycle stream to said lower pressure, said third expansion means being further
connected to said first absorbing means to supply said expanded recycle stream as a top teed
thereto;

(17) liquid collecting means housed in said processing assembly and connected to said
second absorbing means to receive a distillation hiquid stream from a lower region of said second
absorbing means;

(18) said heat and mass transfer means being further connected to said liquid collecting
means to receive said distillation liquid stream and heat said distillation liquid stream, thereby to
supply at least a portion of the cooling of step (3) while simultaneously stripping the more
volatile components from said distillation liquid stream, and thereafter discharging said heated
and stripped distillation liquid stream from said processing assembly as said relatively less
volatile fraction; and

(19) control means adapted to regulate the quantities and temperatures of said feed
streams to said first and second absorbing means to maintain the temperature of said upper

region of said first absorbing means at a temperature whereby the major portions of the

components 1n said relatively less volatile fraction are recovered.

21. the apparatus according to claim 20 wherein
(a) said combining means 1s connected to said heat exchange means and said heat and
mass transfer means to recetve said cooled first portion and said cooled second portion and form

a partially condensed gas stream;

(b) a separating means is connected to said combining means to receive said partially
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condensed gas stream and separate said partially condensed gas stream into a vapor stream and at
least one liquid stream;

(c) said second dividing means i1s connected to said separating means to receive said
vapor stream and divide said vapor stream into said first and second streams; and

(d) a tfourth expansion means 1s connected to said separating means to receive at least a
portion of said at least one liquid stream and expand said at least one liquid stream to said lower
pressure, said fourth expansion means being further connected to said second absorbing means to

supply said expanded liquid stream as an additional bottom feed thereto.

22. The apparatus according to claim 21 wherein

(a) an additional combining means is connected to said second dividing means and said
separating means to receive said first stream and at least a portion of said at least one liquid
stream and form a combined stream:;

(b) said heat exchange means is further connected to said additional combining means to
receive said combined stream and cool said combined stream sufficiently to substantially
condense 1t;

(c) said first expansion means is connected to said heat exchange means to receive said
substantially condensed combined stream and expand said substantially condensed combined
stream to lower pressure;

(d) said first and second absorbing means is connected to said first expansion means to
receive said expanded cooled combined stream as said feed thereto between said first and second
absorbing means; and

(e) said fourth expansion means is connected to said separating means to receive any
remaining portion of said at least one liquid stream and expand said any remaining portion of
said at least one liquid stream to said lower pressure, said fourth expansion mean being further
connected to said second absorbing means to supply said expanded liquid stream as said

additional second bottom feed there.

23. The apparatus according to claim 20 wherein

(a) satd heat exchange means is further connected to said heat and mass transfer means to
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receive said cooled second portion, and further cool said cooled second portion sufficiently to
substantially condense said cooled second portion;

(b) said first expansion means is connected to said heat exchange means to receive said
substantially condensed second portion and expand said substantially condensed second portion
to lower pressure;

(¢) said first and second absorbing means is connected to said first expansion means to
receive said expanded cooled second portion as said feed thereto between said first and second
absorbing means; and

(d) said second expansion means is connected to said heat exchange means to receive
said cooled first portion and expand said cooled first portion to said lower pressure, said second

expanston means being further connected to said second absorbing means to supply said

expanded cooled first portion as said bottom feed thereto.

24. The apparatus according to claim 23 wherein

(a) said heat exchange means is connected to said first dividing means to receive said first
portion and cool said first portion sufficiently to partially condense said first portion;

(b) a separating means is connected to said heat exchange means to receive said partially
condensed first portion and to separate said partially condense first portion into a vapor stream
and at least one liquid stream:;

(c) said second expansion means is connected to said separating means to receive said
vapor stream and expand said vapor stream to said lower pressure, said second expansion means

being turther connected to said second absorbing means to supply said expanded vapor stream as

said first bottom feed thereto: and

(d) a fourth expansion means is connected to said separating means to receive at least a
portion of said at least one liquid stream and expand said at least one liquid stream to said lower
pressure, said fourth expansion means being further connected to said second absorbing means to

supply said expanded liquid stream as an additional bottom feed thereto.

25. The apparatus according to claim 24 wherein

(a) an additional combining means is connected to said heat and mass transfer means and
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said separating means to receive said cooled second portion and at least a portion of said at least

one liquid stream and form a combined stream;

(b) said heat exchange means is further connected to said additional combining means to
receive said combined stream and cool said combined stream sufficiently to substantially
condense it;

(c) said first expansion means is connected to said heat exchange means to receive said
substantially condensed combined stream and expand said substantially condensed combined
stream to lower pressure;

(d) said first and second absorbing means is connected to said first expansion means to
receive said expanded cooled combined stream as said feed thereto between said first second
absorbing means; and ‘

(e) said fourth expansion means is connected to said separating means to receive any
remaining portion of said at least one liquid stream and expand said any remaining portion of
said at least one liquid stream to said lower pressure, said fourth expansion means being further

connected to said second absorbing means to supply said expanded liquid stream as said

additional bottom feed thereto.

26. The apparatus according to claim 21 wherein
(I) said heat and mass transfer means is arranged in upper and lower regions; and
(2) said processing assembly is connected to said third expansion means to receive said

expanded liquid stream and direct said expanded liquid stream between said upper and lower

regions of said heat and mass transfer means.

27. The apparatus according to claim 22 wherein

(1) said heat and mass transfer means is arranged in upper and lower regions; and
(2) said processing assembly is connected to said third expansion means to receive said

expanded liquid stream and direct said expanded liquid stream between said upper and lower

regions of said heat and mass transfer means.

28. The apparatus according to claim 24 wherein
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(1) said heat and mass transfer means is arranged in upper and lower regions; and
(2) said processing assembly is connected to said third expansion means to receive said
expanded liquid stream and direct said expanded liquid stream between said upper and lower

regions of said heat and mass transfer means.

29. The apparatus according to claim 25 wherein
(1) said heat and mass transfer means is arranged in upper and lower regions; and
(2) said processing assembly is connected to said third expansion means to receive said

expanded liquid stream and direct said expanded liquid stream between said upper and lower

regions of said heat and mass transfer means.

30. The apparatus according to claims 21, 22, 24, 25, 26, 27, 28, or 29 wherein said separating

means 1S housed in said processing assembly.

31. The apparatus according to claim 20 wherein
(1) a gas collecting means is housed in said processing assembly;

(2) an additional heat and mass transfer means is included inside said gas collecting

means, said additional heat and mass transfer means including one or more passes for an external

refrigeration medium;

(3) said gas collecting means is connected to said combining means to receive said cooled

gas stream and direct said cooled gas stream to said additional heat and mass transfer means to

be further cooled by said external refrigeration medium; and
(4) said second dividing means is adapted to be connected to said gas collecting means to

receive said further cooled gas stream and divide said further cooled gas stream into said first

and second streams.

32. The apparatus according to claim 23 wherein
(1) a gas collecting means is housed in said processing assembly;
(2) an additional heat and mass transfer means is included inside said gas collecting

means, said additional heat and mass transfer means including one or more passes for an external

- 40 -



CA 02764590 2016-08-16

refrigeration medium;

(3) said gas collecting means 1s connected to said heat exchange means to receive said
cooled first portion and direct said cooled first portion to said additional heat and mass transfer
means to be turther cooled by said external refrigeration medium; and

(4) said second expansion means is adapted to be connected to said gas collecting means
to receive said further cooled first portion and expand said further cooled first portion to said
lower pressure, said second expansion means being further connected to said second absorbing

means to supply said expanded further cooled first portion as said bottom feed thereto.

33. The apparatus according to claims 21, 22, 24, 25, 26, 27, 28, or 29 wherein

(1) an additional heat and mass transfer means is included inside said separating means,
said additional heat and mass transfer means including one or more passes for an external
refrigeration medium;

(2) said vapor stream is directed to said additional heat and mass transfer means to be
cooled by said external refrigeration medium to form additional condensate; and

(3) said condensate becomes a part of said at least one liquid stream separated therein.

34. The apparatus according to claim 30 wherein

(1) an additional heat and mass transfer means is included inside said separating means,
said additional heat and mass transfer means including one or more passes for an external
refrigeration medium;

(2) said vapor stream is directed to said additional heat and mass transfer means to be
cooled by said external refrigeration medium to form additional condensate; and

(3) said condensate becomes a part of said at least one liquid stream separated therein.

35. The apparatus according to claim 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 31, or 32 wherein said
heat and mass transfer means includes one or more passes for an external heating medium to

supplement the heating supplied by said second portion for said stripping of said more volatile

components tfrom said distillation liquid stream.
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36. The apparatus according to claim 30 wherein said heat and mass transfer means includes one
or more passes for an external heating medium to supplement the heating supplied by said

second portion for said stripping of said more volatile components from said distillation liquid

stream.

37. The apparatus according to claim 33 wherein said heat and mass transfer means includes one
or more passes for an external heating medium to supplement the heating supplied by said

second portion for said stripping of said more volatile components from said distillation liquid

stream.

38. The apparatus according to claim 34 wherein said heat and mass transfer means includes one
or more passes for an external heating medium to supplement the heating supplied by said

second portion for said stripping of said more volatile components from said distillation liquid

stream.

_4) -



CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

1/17

NOLLO4S
ONIZINVHLIW3d
agl ~

NOILO4S
HOLVHVdES
EQL ~

(LYY HOI¥d)

l 'O
4’
) 10Nao¥d
[0.81] aindon
4,79
BCY
- !
9.8} 4049 A
F-—-
X ERE, ecy mv
- )
06217 402 A
a - %
(05471 4.6¥ 74
H3IMOL - Y
NOILYNOILOYYA | .
-t ¢ GE ~ [{(B)ed) eLe ~ BCE mr ce~ [{eJedy 20€'9]
[00427] GG ‘o] VISd 616
1.6 9l ARSI R R | < SV
° ) VISd | [o.ee] A (0,571 mm L3N
T\ €68 | 42- peee O ze~N 401
I — Y
age °ge Lo o »A - -
- A -
[0.66] VA (0,561 @Nm Y A
407} vl 4.6€)- >
ol [0,0t] [D02¢°]
B @Mu n_oO.w.. n_o©N| ﬁO O._w_
e ~ -~ B ~] ™ °
[(e)edy 219 Y Y v v v 4,70}
ELZl | ogy ST e i e — -
VISd | o VA AR Ve R Y
J6¢ [0.66°] [0.66]
dolbl- GG 4488l i > 91
Ly -
: ~GP Ol ~ \
[0.867]
ol [(e)edY 208'9] v
Vo VISdals | _ 8.A / v
INAISTY @w 9.6 m? : o? -
1,011 1z 0c Gl



CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

2/17

A > ¢ Ol
/
[(e)edy eLe
mo%..*_&wm 029 | : - o
WLl | VISd [0,9¢"] A A
006 128 gop L0ebY]
r T - 1 )
N Y- O H_ON.V ._u.m
- > 2 > — by
NOILO3S - N~ S V \ \ . lonaoyd
ONIZINY i [0.81] ainol
HI3W3A| | —— <~ ANIdan | co 1,99 .
5Q1L | ~ > ONILYI N N N N S
- T v ) v, v, \
N m N
— P~ -1 N
NOILO3S > e A5
K v €07y ~ 1€ M
ONIFH0SEY | |\ / BRE
pgLL~ | N,/ ~8LL N \ \ |
EAN [0.£4-]
7 N me 4,66" \ el
— -~ ) ,
NOILOaS[ FT 77 [0.967 S A 0 0 - e )echt 0€"0] .
ONIAJILOZY| | N /| d.68l- L VISd 616 SY9)
\/ ° gl = 3 -
BLL~ | A ege 104567] . alt oL RIS INAIS3Y
N va e 408€1- ¢ 12 40011
NOILO3S = - VAJ
HOLYEYd3S :gﬁv_ [0,66°]
agLL~ | 8SLe | d8pk- 110,967 | pon . [[062€] _|[o.01]
i ,M_wm Vel | T sz P g0l
Noloas| | T -
ONIT00D| | === >
Q33d| | == 8¢ Y 9¢
egLL ~ | & - ¢ ,, - N X Y
e - m Gt _
== ) N Y [(e)edy 20€°0]
—= ¢ 7 VISd 616 Vo)
— >, i
T 5 L
40,01




CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

3/17

- € Ol
NOILO3S °Le e
HOLYYYd3S - W A
1IBLL~ |~ - ——¢
- —-c4 pe
(| r- D > > — vy 10NA0Nd
S ) > > > N > aINo
NOILO3S| | — - e —— WNIGIN X
ONIZINY| | < > ONILYaH L, S \ N Y
HLIANFA| |- T ’ 0 ’ -
a8} ~ o
QL1 P Z01% )7 Y
I ) pp— N _ - mwm N N
NOILO3S[ k——— o™ ’ g -
ONIGHOSEY | | N 7 eLy
P8LL ~ \X/ \ > -
/N Qmm | 9l \ > - P
- - ) N N
Ol A./ \.u VA \ 07 qiv rmN L OF ANaisS3a
ONIAILOY | | N / v .
981 | ~ \\//
x.\ /u 4Gy ¢e
NOILO3S = - _WA_J
HOLYYYd3S
ag81L L ~ ~ QL1 eGh~ EBQE~ BgE~
NOILO3S| | _ g
ONINO0O| | === g
33| | == ot Y > Y
egl |~ | S "y -~ 7
| m; - l“ _M mw.v Y
. Il..\.l.l‘
= > $ SYO
v 7 ¢ 137N
28 b
L




CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

4/17

A . 7 Old
_GE
NOILO3S mwm .
HOLVYYVd3S -~
J8LL ~ _x A
——— T — -
/I..I|II||'-umO _ ._wm
N N %
) 7 n Yf T
NOILO3S [ 0 N ) _ Lonaoyd
ONIZINY g g ’ ainoI
-HLIW3a| | - < —- NNIA3N | £¢
gL | ~ - > ONILVYIH N N ) /
___ cee _x 4 g A
1 — ) N
B i
B0V OF y e o
NOILO3S - — ¢ ,,ﬁvnm N N Gl
ONIGHOSEY| | ——— ™ /| Y
PBL L ~ AR S
X N > >
7 N| age
— - g ¢ X \ mw¢ N |
NOILO3S[ F” ™ A 0 \ X
ONIAJILOAY| | N\ 7 vl 9l . L S¥O
)4 i i : INQAISIY
0811 ~ /\ ql¥ ( oLy Ot/
/ N\ ON
N agy & C
NOILO3S XJ
HOLYYHVYd3S
811 ~ ~ 8Ll eGh ~| BQE ~
Noroas| |2 -
ONINOOD| | === >
a334| | === 8¢ i
eglLl ~ | C== et
= 7
- IU - ™ 5
P Q # SYO
’ ( N L3N
AS 1€
L




PCT/US2011/029234
5/17

CA 02764590 2011-12-05

WO 2011/123276

g G ‘Ol
~GE
NOILD3S mwm
HOLv¥vdas - >, 1
/h_,\\ w v . g vw 1oNQ0Yd
B N\ N ~N -
- g ’ ainon
NOILOTS| | — — — L —~ WNIQIN e
ONIZINY - > ON|LYI- 8 § : .
-H13N3a| | ——— ) ) .
/L~ | D
- of mm.v ON.V
— B X Gl
| ege L Ymﬁm Y
— )
NOILO3S| k———A ¢ > > __ .
oNlgHosay| | N 7 EpE ]
\N / m:w | |
P8 ~ X N . | |
/ N\ >,
N me X \ | . _ _ SV
L - ? % %
NOILO3S[ . \¢ X A oo Al ) It 9t 3NAIS3d
ONIAJILOTY| | N 4 . 12
0 ~
L1 \\\// -
NOILO3S = [ 7 = i X’»
HOLYHYdIS |
a8hl~ ~ 8Ll eGy~l BgE ~
NOILO3s| | T _ -
ONIT000| | === >
g334| | == 8¢
egQLL ~ m.lln.....ll./...‘ ( <
g > Gy
f.ﬂlm g N ! ~\ <
M m N s N m%_
AS _ XS
L .
N -




PCT/US2011/029234
6/17

CA 02764590 2011-12-05

WO 2011/123276

9 Ol

b
) _1onaoyd
ainoI
B A
NOILO3S| | — - — e —— WOIGaN . e
-MHZW____W,_W__M W.i-... >~ ONILVIH N - ! mw_ﬂ
98| | ~ ”lllu BCE “/ eLe “)\Nv
N ! '.> > U } - “
,.ui.u. -
] eQt 0} y N
zo:om_m- - ==>< —5—&—- Gl ge [MVE
onNigyosay| N /L eee ~ /€ Y
pgLL~ | N,/ N
P § > )
7\
/ N\
.ﬁ\lll/lx_ Dwm \ .
,H —
NOILO3S| &\ ] -5 A 7 \ D .
ONIAAILDTY| | N 7 7l gy Bl o _ _SVO
\/ ; : :
8L L ~ /\ ) 5 JNAISdY
/N dgy 4 7
NOLLOISE =~~~ et XJ
HOLVYHVYdIS
ek ~ 38l eGy~ ege~ eze~ L ~
NOILO3S| | T >
ONIMOOY| | === > .
d334 w > 8¢ * 9¢
BgLL~ | -~ ) - ) ) Y
=== . GY
== —— !
; SYO
N - i ( L3N]
A% X




CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

717

L Dld

B lonaow
A ainon
- A
TN oo
~
- —— NNIQIN
z%_,___%mw - > ONILYIH o . whe ~Zl
o -
HIEWEA| |~ B S e,
9gLL~ (7 Oy oy | 4 > O
r TN
_ Ll ece f ol ~ V¢
) N g g S Y
e6¢ !
- ,
NOILO3S| k=—==A" > > > _
oNigyosay| [N
p8LL~ |\ \
a 7 -
.h\ /,V me 91 elLy \ - o QYO
OZ;M__W_.wwm_( /VA\
/ N\
N gy &
NOLLOFS = [~~~ et
HOLYYYd3S
gk~ ~ 8Ll eGy~ ege~ BZe~| L&~ b~
NoiLoas| |22 >
ONIT000| |E£=2 -
d334 w > 8¢ Y ol
EGLL ~ m H = ( A Ll A ) ¢ 4
c== ~ m _“ i
.......f.....\)..ll‘
C il [ m N SY9
26 A L3N




CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

8/17

8 Ol

NOIL33S
ONIZINV
"H13WQ
98LL ~

NOILOJS

ONIGdOSEY
PSLL ~

NOILOGS
ONIAFILO3Y
ABL L ~

NOILO3S
dOLvVdVdds
q8L L ~

NOILLOAS
ONIM0GD
d344
egL1l ~

——
p—am

74%
) Lonaoyd
A aINOI
/
- A
. ) BCE IAS ece ~ 71
\ N -l [ SR
I - €
uﬁﬂ&l* Y
e0y oY " -
e 4 >< - Lo e 3 ——— Gl ~ P
0 - Ll ¥
N ﬁ ete
% — > >
/
% nwm \
- |
N >4 A N \ -
\ 14 g, ElV - - SVY9
\/ ( ¢ ¢ 3NAIS3d
A - oz Ay T oly | 9y
/ *1%3 L&
- ¢ “VA_
—tllf
~38ll BC ~| BQE ~ L4 ~
——— -
< ==
P 8¢
== / Y
-l
~=3 > 5
m:.l...../I..A _A 0 ¢
oz 4 A SVO
- . el
X - ¢ 13N
45 A9




CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

9/17

6 Ol4

7 _ 19Naoyc
A ainoI
- A
> ~GE
—
VolTEe= ] R =) e eze .
ONIZINY | | — — — | 2LV : — .
-HLAwaa| |- e
agLL~ [~ €0y . Oy Y C . O
| - X { ~—_
- D Ll Talyy ~Le ~ £
4 ) Y Gl I
i ge
NOILOAS| kg > > >
oNIg¥osay| [N 7
pgLL~ | Y \
.P\\ //V Dmm” ©_‘ MM._N \ o ““ _ mqo
- < : . 7
NOILO3S[ ™~ > A Tar T oi % INAISTY
ONIAZILOY| | N/ 7l 1z
8L ~ N\
SN asy ¢f
. N
NOILO3S - - XJ
HOLYHYd3S
R i Gy~ BgE~ L ~
Noloas| |20 >
ONIT009| | === -
Q3| | === 8¢
egl | ~ mmM!A ¢ \ .
<= A - . mwv
2 i A -
— " & - ’ N EQY

n

LE



CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

10/17

NOILO3AS
d01vdvdds
8L~

142

NOILO3S [ =1

ONIZINY
iEEle
o8l 1 ~

| 1

NOILOIS

ONIHH0SaY
PELL ~

NOILO3S
ONIALI LI
98L 1L ~

NOILO3S
d0LVavddsS
a8l 1 ~

|

0L 9l4

144

5 +01004d

-« — - ANIJ3IN
= ONILY3IH

o\

\

%

et

3/

_‘

-l
i

e
-

L
> <
L

~ 8Ll

43¢

¢
E0V
mwm

L/

J
J

¥

o
v

N[/ \|/ \J

!
il
¢
M
o

- ¢

]

e8¢ ~

sy NWN

BGY ~

O ~

\{/

ECE ~

— \|/

ELy ~

Gl

1/

o¢

9l

9c

qlLv

L/

\/_\/

4

1/

AiNoIT

SYY

oz OtV

LC

PLv

17

> 3naisay

SVO

G

1/

LE

L3N



CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

11/17

> Ll 9l
NOILO3S Sle e
HOLYYYd3S ~ ' A
1811 ~ \rlllu..Anllv.:.mo be
: > — — vy
! & ’ / . § ) Y._.ODQOW_n_
v v 7 aiNnol
NOILO3S| | L —— ANIQIN %
ONIZINY| | > ON|LY3H § N N e Y
HIIW3a| | ——— T ’? ’ ’ C A
9 ~ >
8Ll — mwv ow y
~ ™\
T eee Ll oe ~ L€ ]
. { -
— ¢
NOILO3S[ k———o 2 v
ONIgHosav| | N 7
gL~ | N [8k i
\\// >, N > \ XD
/ N\
Kk b nwm I} S ¢ N = Jn0is
NOILD3ST k v VA A 0Ly CpLY of ANdIS3d
ONIAILOTH| [N 7 7l v ¢
081 | ~ \(
NOILO3S| |/ /, agy ¢
HOLYYYIS = [ et WAJ
a8l ~
N
BGh ~ BRE~| BZE ~ ELy ~
L~
k7 g
Y
] g mwm * @Nm Y
F:.AA > - >
O—.).. _ - '._.\ J/
_ Nmm N SY9
- ™\
| - Y, - ’ rmm 137NI
Y G
- w Y




CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

12/17

A > ¢l 9l4
~ GE
NOILD3S . mwm .
HOLYYYd3S - > \
1811 ~ - |
G | po
i v ’ — by
NOILOIS - N \ ) 3 ) 10naoyd
ONIZINY - _x QNI
-H13W3aal |- - — - _
agLL~ | T~ T > ONILV3 N N mmm X
¢ < _\ J 7 A
S & .
- r
20v OF y gy
NOILO3S < &t Xm : : Gl
ONIgH0saY| | q i Y
PSLL~ [N/ epe
X [E | —
/N asg
_F ) \ qiv
NOILLOES .4IIIq.lA X A ‘ >, XD
ONIAJILOZM| [N 7 -l X _ . SYO
0BLL~ | ) o? N o? mv ANAISIY
nouos| |/ N[ agy & 0 e
JOLVYHVYd3S - . “ > j
agl | ~
e ~ B ~ e ~
b G 3¢ R
7 >
Y
m o
3¢
ol i A |
_ﬁ. Nwm SY9
T 0 = S ERY
A L€
L Gt
T ) <




CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

13/17

g el 'Ol
~GE
NOILD3S mwm .
HOLYYEYd3S -~ ]
I I s wm
N\ N
[ / v/ - a4
- Y \ \ ) 19N00Yd
0 ’ g > anon
NOLLO3S| | — - — e ~~ WNIQIN .
.OZ_N_Z< M——— T = NI YIH N N : 8
H1dN3d N J / W, >
3 ~ N
ot | mmw ow |
I >4 .
___ ece Ll ~ L& Y
HES 4 o
NOILO3S| k———A" 2 > >
oNigyosay| | N 7 ere -,
SO \ |
.m.\ /v Dwm ql \ - - SYS
~ . % { (
NOILO3S| I~ /] 9 A 0z 2 L Ph 9 ANdIS3E
ONIAJILOY| | N/ )
OGL L ~ /\
/ \ NN
NOILO4S % N qct
HOLYHYdAS = [T~ 7 7 e VAJ
agl L~
—
L ~ eGy~ B8E~ 8E~ el ~
I ﬁ -
_
r s
_ Y
L g
R 2
|
1= 7 N - S m%_
A RS
! G
- ) 4




PCT/US2011/029234
14/17

CA 02764590 2011-12-05

WO 2011/123276

439 =

44
) 1onaoyd
AINOI
B \
NOILO3S| | - — - A\NIC3IN o ~ GE
_.m_u__.ém“w,“w_m w e ONLLVIH x > N
agLL~ | —T3 ece : ﬁ e|g .z
S0
i mmv ow y i,
- M -1
NOILO3S - 28] > === p TR <e§
oNigyosay| [\ /] Lb epe N
P8LL~ | /7 e n N J
\\// ~8lLi J 7 J !
\1\ /.v me \
— [ - N
NOILO3S[ F™ ™~ >3 A - \ D
ONIAJILOZY| | N/ B 4 _ g, 9di¥ - o _ SYO
\/ ( ¢ (
agLL~ | A | ] ; 3INAIS3Y
NOILO3S| |/~ | asp cC 12
HOLYYVd3S - - XI»
qgl ) ~
N
& eGy ~ BgE~ BZE~ Bl ~
(7 >
Y
] - 8¢ 9€
op~ 11T ) = Y
| r |
| Nwm SV9O
N
T R B L3N]
A 1€
Y GY
- >~ : Y




CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

15/17

GL 9Old

i
) _ 1onaoyd
A ainoli
= A
— ~ GE
TN
vouoss| | CZZTERT 02l ec el o
ONIZINY | | - - ‘ D 1 0 .
-HLIAW3A] | e -
LIS | P SN : S
| el -
L
_ Ll ece ~ ¢
C ) . r N 9 6g
e A _x 4 ) Y
p — e, m N\ _/ N\
NOILO3S K —— — A / / 7
ONIgYOSaY| [N 7
pgLi~ | 3 (8 \
Y
/ N\ ( XD
.m.\ /.v Dwm gl alv \ - w<o
NOILOAS[ | ——— A > 1\ oty ol X Inals3y
ONIAJILOTY | [N 7 bl 0Z ¥
081 | ~ \x/
NOLLO3S| |/~ \|  asv ¢¢
HOLYYVd3S - XJ
a8l } ~
:?H esy~| Bge~ Bze~ /€~ el ~
I
Y
r -
3¢ ¢
_rlA N ¢ f‘ N ) ¢ Y
Ol ~ g >
i A3 m
) SYO
| T 7 2 A L3N]
Y Gy .
> ) Y




PCT/US2011/029234
16/17

CA 02764590 2011-12-05

WO 2011/123276

91 Ol

4%
) -Y._.ozooma
\%/ aiNoI
_ - .
NOILO3S| | - — - NNICAN oo r~ GE
e = N - -
9gLL~ | ZTD ece L€ eee ~ 2l
( ) PR L .
e ~ €
Rt Sl
] 20t ov f il
NOLLO3S | <~ -t >t ) THE S
onigyosay| [\ Lb ppe Y
PeLL~ | N7 N N § .
VA ~ 3Ll v , v, ..
/ N\
.m.\ N me \
ONIAJILOTN| [N 7/ l g, Ai¥ SY9
0 ~ \/ A N ( -
gl L N ] : 3NAISAY
AN - oz LY &P | oy
NOILO3S| |/~ \|  asy
HOLVYHYd3S - - XJ
qgl L ~
N
L ~ eGy~ BBE~  BE~ el ~
7 >
Y
- -
_ Y
L g
0l ~ ] S
_
YO
T N = ’ 2 L3N}
A 4 _ _ L€
Y G
» > , Y




CA 02764590 2011-12-05

PCT/US2011/029234

WO 2011/123276

17/17

Ll Old

e
) _ Llonaoyd
A ainoI
~ A
TN
voloss| | CIITERT NN ee Sek ~2l
o |- S e S e
oglL~ |~  Bov 0y CITo%
“ ~—— ] N Y —
\_ _ N
Y
ey
~ % N N N
NOILD3S| K Sh 7 7 7
ONIGHOSEY| [N 7
Jd PN 8Ll
o | ]
! N me o nmv[/JL\ o - SV
NOILOIS[ | ——— 7 > ! N e A K anals3y
ONIAJLLOTY| [N 7 Pl 0¢ 12
081 | ~ \/
NOILD3S \>/ qgp ¢
YOLYYHYdIS = e VATA
aglLl ~
”_ eGy~| BQE~ 8¢~ Bl ~
L ~
i’ -
Y
. -
|
oL~ Il TT J
r h P
e F i 8 SYO
i Nm / 4 nm L3N
Y G
> ) Y




	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 - description
	Page 33 - claims
	Page 34 - claims
	Page 35 - claims
	Page 36 - claims
	Page 37 - claims
	Page 38 - claims
	Page 39 - claims
	Page 40 - claims
	Page 41 - claims
	Page 42 - claims
	Page 43 - claims
	Page 44 - claims
	Page 45 - claims
	Page 46 - claims
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - drawings
	Page 56 - drawings
	Page 57 - drawings
	Page 58 - drawings
	Page 59 - drawings
	Page 60 - drawings
	Page 61 - drawings
	Page 62 - drawings
	Page 63 - drawings

