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BACKGROUND OF THE INVENTION
L Field of the Invention

The present invention relates to the recovery of desired hydrocarbons,
preferably olefins, from cat-cracked hydrocarbon gas streams. More
particularly, the invention relates to the recovery of olefins from cat-cracked

10  gas streams while avoiding the accumulation of unwanted oxides of nitrogen
and their reaction products, such as nitric oxide, nitrogen dioxide, dinitrogen
trioxide, nitro gums, ammonium nitrite and ammonium nitrate,
Accumulations of these compounds have been observed in ethylene recovery
facilities. Such accumulations can cause various operating problems, such as

. 15 equipment plugging and explosion hazards.

2. Di i kground Informati
Typically, olefins are recovered from cat-cracked gases using cryogenic
fractionation in which the coldest temperatures normally fall well below -107°
20  C(-160°F), and may dip as low as -168°C (-270°F). The feed is fed through a
series of units where the components are separated based on boiling point
differences. The feed is first fed to a cryogenic demethanizer, operating
between -118 to -140°C (-180 to -22(0° F), where methane with a boiling point
of approximately -162°C (-259F) and hydrogen with a boiling point of
25  approximately -253°C (-423°F) go overhead and hydrocarbons having two or
more carbon atoms go bottoms. The demethanizer bottoms is then fed to a
decthanizer, operating between -73 to -101°C (-100 to -150°F), where the
ethane with a boiling point of approximately -88°C (-127°F), ethylene with a
boiling ‘point of approximately -104°C (-15°F) and trace amounts of
30 hydrogen and methane go overhead and hydrocarbons having three or more
carbon atoms go "Bottoms.
' The demethanizer bottoms is then fed to a deethanizg
between -46 to -73°C (-50 to 100°F), where propane, propylese, aRACRWED
amounts of ethane and ethylene go overhead and hydrocarbha\&ﬂéﬂtﬁ 19%5 ~
35 or more carbon atoms go bottoms. As the hydrocarbon nu} &Y
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component to be separated increases, the oper:«;tfng*’temperat_: g
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Accumul i ons of these conmpounds have been observed |n ethylene Trecovery
facilitfes. Such accunul ations can cause various operating problens, such
as 154 equi prment pluggi ng and expl osi on hazards. 2. Di scussi on of
ound Information Typically, olefins are recovered from cat-cracked
> using cryogenic fractionation in which the col dest tenperatures
Iy fall well below [err] 20 C [eri and may dip as low as [err].
feed is fed through a series of unit&Wwhere the conponents are

sgpar at ed baS%d%ﬂﬁthﬁ'thBﬁh 4150 iricredsef becanee of thhhigheedoiling paiats dfeshcho a
ryogeni ¢ denet hani ze{) operating between -118 to [err] (-180 to [err],
wher e net hane oiling point of approximately [err] and hydrogen wth
a boiling point of Unfortumpteiyxicavcracked egasgs gendv & hize dcemaminaded cwithons

having two Or pirogen oxides. Nitric oxide (NO) is of concern in cryogenic separation
5 facilities because nitric oxide boils at approximately -152C (-241°F) which is

close to the boiling point temperature of methane at approximately -162°C (-

259 F). Thus, nitric oxide tends to follow the lighter compounds contained in

the refinery gas stream. At the very low temperatures used during cryogenic

fractionation, nitric oxide may be oxidized by oxygen, which typically is

10  present in cat-cracked gases, to form unwanted nitrogen dioxide (NO3) and

' dinitrogen trioxide (N2O3). If ammonia is present during the cryogenic
fractionation process, ammonium nitrite (NH4NO2) and ammonium nitrate
(NH4NO3) may be formed. In the presence of unsaturated hydrocarbons,
nitrogen oxides also can react to form NOy gums.

15 Nitric oxide and nitrogen dioxide are poisonous gases which are
undesirable for obvious reasons. Ammonium nitrite, ammonium nitrate,
dinitrogen trioxide, nitrogen dioxide and NOy gums solidify at the extremely
low temperatures used during cryogenic fractionation, and, as a result, may
plug the equipment and/or may cause a pressure drop in the system.

20 Ammonium nitrite also has been known to decompose spontaneously at
temperatures of around 6(°C (14(°F), while ammonium nitrate is reported to
decompose spontaneously at 21°C (410°F). NOy gums, particularly those
NO, compounds formed with diolefins, such as butadiene, are reported to be
unstable and to explode spontaneously at various temperatures. For all of

25 these reasons, researchers have tried to develop methods to refine cat-
cracked gases without accumulatmg these unwanted nitrogen-based
byproducts.

A number of processes have been developed for removing nitrogen
based substances from ejuipment used to refine gases containing oxides of

30 mtrogen. -These processes "typically are costly and burdensome because they
require’ that the process be shut down so that the equipment involved g¢
wastied or otherwise treated to remove accumulations of the un/fe}
cofnpounds. Few, if any, preventative processes have been de X
which cat-cracked gas may be refined without accumulating the {5

35 compounds in the first place. A preventanve process which would ‘avi
accumulation of these compounds would be highly desirable.
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deet hanyzer, operating between -73 to [err] (-100 t err ]F) eret

with a boiling point of approximtely [err], ethylene with a boiling
poi ntg’of approximately [err] and trace anounts of 30 hydr ogen and net hane
go oferhead and hydrocarbons having three or nore carbon atons go bottons.
The/denet hani zer bottons is then fed to a deethani zer, operating between
[efr] to [err] (-50_to [err]), where propane, propylene, and trace anounts
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to be separ at applicatiggstencheshea quocessi ngliziagper demedmnidert Absorber in a
particular configuration to provide a means to reduce the concentration of
acetylenes and diolefins which presents a potential forqiouling equipment in

5  an olefin recovery process. However, this referéence does not teach the
presence, accumulation, or removal of nitric oxides. In fact, the only oxides
even mentioned are carbon monoxide and carbon dioxide (column 1, lines
15-25).

10 SUMMARY OF THE INVENTION

The present invention provides a safe, effective, and economical
method for recovering olefins from cat-cracked gases without accumulating
* dangerous amounts of nitrogen oxides. One way to achieve this result is using
well known absorber technology to operate the demethanizer rather than
15 using the typical cryogenic technology.
' Recovering olefins from cat-cracked gases without the accumulation
of dangerous amounts of nitrogen oxides is achievable in a safe, effective, and
economical process by conducting the recovery at temperatures that are high
enough-to prevent the oxidation of nitric oxide (NO) to form nitrogen dioxide
20 (NOZ) and high enough to prevent the accumulation of unwanted nitrogen
" oxides. A stream of cat-cracked gas first is scrubbed to remove acid gases,
including nitrogen dioxide (NO»), and then is passed through a depropanizer
fractionation tower. Hydrocarbons having four or more carbon atoms are
recovered in the bottoms of the depropanizer, and the overhead from the
- 25  depropanizer -- which is composed of hydrocarbons having three or fewer
carbon atoms -- is sent to an absorber demethanizer tower. Hydrocarbons
having two or more carbon atoms are recovered in the bottoms from the ..
absorber demethanizer tower, where temperatures are no lower than about -
45.56°C (-5C°F). The o;/erhead from the absorber demethanizer tower --
30  which 1s fcomposed of methane, hydrogen, and trace amounts of mtrogen
oxlde, Cz, and absorbent (C3) -- then is chilled to condense and re
amounts of Cp and heavier gases, including trace amoun
' absorbent at temperatures of about -101.11°C (-15(°F) or high ‘_

35  prevent the oxtdatlon of nitric oxide and avoid the accumulatlo vfs

This Sheet Has B

i ﬁll



- 2- separatlon towers al so increase, because of the Airgher ~bq I}ggllgﬂ ﬁti (?
e

of :eachT facadt unat el y, cat - cracked gases f&nef to b
with nit
separat i

|tr|c oxide (NO is of concern in cryogenic
es because nitric oxide boils at approximately [err]

whi ch is close to the boi ling point tenperature of nethane at approxi mately

[err]A- [err]). Thus, nitric oxide tends to follow the |ighter conpounds

contAined in the refinery gas stream At tRe-very |ow tenperatures used

dur fng cryogenic fractionation, nitric oxide may be oxidized by oxygen,

whifch typically is

BRIEF DESCRI N OF THE DRAWI
FIG. 1 is a simplified flow diagram of a facility in which cat-cracked
gases are refined according to the process of the present_ jnvention.

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIG. 1, it should be understood that, when a stream
is identified, the stream actually represents a pipeline. Also, it should be
understood that the usual flow-control valves, temperature regulatory

10 devices, pumps, heat exchangers, accurnulators, condensers, and the like
("auxiliary equipment"), are operating in a conventional manner.

Referring to FIG. 1, after compression and cooling, the cat-cracked
gas stream flows through a line 10 to feed a caustic scrubbing tower 11. The
stream then is fed to a standard depropanizer tower 12. The gas stream is

15  separated by the depropanizer tower 12 into (1) an overhead containing
hydrocarbons having three or fewer carbon atoms (with normal
contaminants, such as trace C4’s) which exits the ‘depropanizer tower 12 via
line 16. The processing of the bottoms from the depropanizer tower 12 does
not form a part of the present invention, and will not be discussed further.

20  The overhead from the depropanizer tower 12 flows through the line 14 and
through various auxiliary equipment and feeds into an absorber
demethanizer tower 18.

In a preferred embodiment, the absorbent used in the absorber
demethanizer tower 18 is "the C3 cut". The C3 cut is a preferred absorbent

25  because the C3 cut has a high capacity (per pound of absorber oil) to absorb
Cy’s at relatively warm temperatures of about -28.8% C (-20°F) to -40°C (40
F). Also, small quantities of the Cs’s, which are lost in the absorber
demethanizer overhead 3tream, can be recovered by moderate chilling to
temperaturcs of -78.8°C (-110°F) to -9°C (-13C°F), or alternately by a

30  second’ absorptxon step using an absorbent with a higher boiling poj 1€
temperatures used in the process do not approach -106.67C (-14
is the temperature at which unwanted compounds of nitric o
begin to accumulate.

35  the demethamzer tower 18 through a line 20, preferably at 2



ANT
10 present in 1g @cked gases, to form unwanted §Torogen agdd_palﬂ) g
and diThis e [err]. If ammonia is present during the cryogenic
if ract i o m\d amoniumnitrite (NHANO2) and amoniumnitrate
(NH4N03 In the presence of unsaturated hydrocarbons,
nitrogen oxides also can react to form[err] guns. 15 Nitric oxi de
and _gni trogen di oxi de are poi sonous gases which are undesirable for obvious
ghons. Amoniumnitrite, ammonium nitrat.g,-dinit rogen tri oxi de ni trogen

P 3o oo Ler o Tt by oo R SREA B RCRARES,
land/ or may causckemetpanasurtewdr of8,i thet logechead epreféably Asrrmmﬂednusutg iJoeleal so
has been known -y e@&gﬁ?e&gg?ﬁlgé‘%géfﬁg&%e HRRR SR Hiatn. O TR L MpldH 1 -
this, the overhead is fed through at least one heat exchanger 22. Then the
5  overhead is depressured to a drum 24 where condensed liquid is separated
from the hydrogen/methane gas stream at a temperature of about -78.8%C (-
110°F) to -90°C (-130°F) and the liquid containing recovered Cp’s and C3’s is
returned to the demethanizer absorber tower 18 as stream 26 for recovery.
The hydrogen/methane overhead from drum 24 is used as the chilling
10 medium in exchanger 22. Because the overhead from the absorber
demethanizer tower 18 contains more C3 hydrocarbons than Cjp
hydrocarbons, the condensing temperature of Cy and heavier portion is not
low enough to facilitate the accumulation of undesirable oxides of nitrogen..
" One of ordinary skill in the art will recognize that a similar result
15 could be achieved by other means. For example, instead of using Joule
Thomson expansion to cool the absorber demethanizer overhead, a second
step could be added in which heavier oil was used as an absorbent to recover
the Cp and C3 hydrocarbons from the overhead. The use of heavier oil as an
- absorbent also would permit processing at relatively high temperatures' and
20  thus would further reduce the risk of unwanted accumulation of nitrogen

oxide compounds.
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. 'step C xnto’ the third portxon and the fourth portion at tempera

from cat-cracked gas wherein the gas contains_yoxides of nitrogen
comprising the following steps, all conducted at temperatures above
-107C (-160°F):

A. removing acid gases from the gas;

B. separating the gas into a first portion primarily
comprising hydrocarbons having no more than three
carbon atoms and a second portion primarily comprising
hydrocarbons having at least four carbon atomis;

C. separating the first portion using absorption with an
absorber oil into a third portion primarily comprising
compounds selected from the group consisting of

. methane, hydrogen, nitric oxide, and a small proportion
of hydrocarbons having two and three carbon atoms,
and a fourth portion primarily comprising hydrocarbons
having at least two carbon atoms; and

D.  recovering at least one desired hydrocarbon from the
third portion.

The process of claim 1 wherein the acid gases from step A are

removed by passing the gas through an alkaline solution.

The process of claim 1 or 2 wherein the gas is separated in step B by

passing the gas through a depropanizer to form a first portion and a

second portion.

The process of claim 1, 2, or 3 wherein the first portion is separated in .

step C by passing:the first portion through an absorber demethanizer

to form a third and a fourth portion.

The process of any preceding claims wherein the gas is separated in

<A
RN
s

F).
The process of claim § wherein the first portion is passed
absorber demethanizer at temperatures between -29°C (
-4°C (-4C°F). :
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US- AP, 220 | ished after the priority date of this
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: comprises chilling the third portion to a temperature of from -79°C
(-11C°F) to -101°C (-15C°F) whereby the third portion is separated
into a fifth portion comprising a fraction enriched in hydrocarbons
5 having two and three carbon atoms and a sixth portion primarily
comprising compounds selected from the group consisting of
hydrogen, methane, and nitric oxide. '

8. The process of claim 7 wherein the chilling step comprises heat
exchanging the sixth portion with the third portion after expansion of

10 the third portion.

9. The process of claim 8 wherein said expansion is a Joule Thomson
expansion.

10.  The process of claim 7, 8, or 9 wherein the temperature of the third
portion is reduced to between -79°C (-110°F) and -9°C (-13(PF)

15 during the chilling step.

11. The process of any of the preceding claims wherein the desired
hydrocarbon is an olefin.

12.  The process of any of the preceding claims where the recovering step
.comprises absorbing said at least one desired hydrocarbon from the

20 third portion using a hydrocarbon absorbent having more than three
carbon atoms. _ _

13.  The process of any preceding claims wherein the absorber oil used to
separate the first portion into the third portion and the fourth portion
of step C is a C3 absorber oil.

25 14. A process for reducing the accumulation of undesirable oxides of
nitrogen during the recovery of one or more desired hydrocarbons
from cat-cracked gas wherein the gas contains oxides of nitrogen
comprising the use of an absorbent oil in the recovery process whereby
the process is cori&ﬁc_ted at temperaturé's above -107°C (-16(°F).
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presence, Accunul ation, or renoval of ni.tric oxides. Iﬁ“bécﬁttﬂa}oﬁllo 3 1 9

oxi des evgn nentioned are carbon nonoxide and carbon di oxide (colum 1,

i nes 15/25). 10 SUMVARY OF THE | NVENTI ON The present

i nventi®dn provides a safe, effective, and econom cal nethod for recovering
3¥ from cat-cracked gases w thout accunul ati ng dangerous anounts of

nitraden oxides. One way to achieve this result is using well known

| ah pber technol ogy to operate the deneth.zsnlzer rat her than 15 usi ng the

cal cryogeni c teehnol ogy. » ml at - cracked gases

out the accunul ation of %V ou's Men oxides is

ni evable in a safe, effective and econom cal process by conducting the

ecovery at teﬁpoec%gst Ut h@%(t)vee}'fneg htﬂgfins From Cat-Cracked Gas Without

Accumulanng Undesirable Oxides of Nitrogen v

Recovering olefins from cat-cracked gases without the accumulation
of dangerous amounts of nitrogen oxides is achievable in a safe, effective, and
economical manner by conducting the recovery at temperatures that are high
enough to prevent the oxidation of nitric oxide (NO) to form nitrogen dioxide

10  (NO2) and high enough to prevent the accumulation of unwanted nitrogen
oxides. One way to achieve this result is using well known absorber
technology to operate the demethanizer rather than using the typical
cryogenic technology. A stream of cat-cracked gas first is scrubbed to remove
acid gases, including nitrogen dioxide (NO97), and then is passed through a

15  depropanizer fractionation tower. Hydrocarbons haﬁng four or more carbon

' atoms are recovered in the bottoms of the depropanizer, and the overhead
from the depropanizer -- which is composed of hydrocarbons having three or
fewer carbon atoms -- is sent to an absorber demethanizer tower.
Hydrocarbons having two or more carbon atoms are recovered in the

20  bottoms from the absorber demethanizer tower, where temperatures are no
lower than about -46°C (-50°F). The overhead from the absorber

" demethanizer tower -- which is composed of methane, hydrogen, and trace
amounts of nitrogen oxide, Cp, and absorbent (C3) -- then is chilled to
condense and recover trace amounts of Cy and heavier gases, including trace

25  amounts of the C3 absorbent, at temperatures of about -101°C (-150°F) or
higher.
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WITHOUT ACCUMULATING UNDESIRABLE OXIDES OF NITROGEN

BACKGROUND OF THE INVENTION

1 Field of the Invention

The present invention relates to the recovery of desired hydrocarbons,
preferably olefins, from cat-cracked hydrocarbon gas streams. More
particularly, the invention relates to the recovery of olefins from cat-cracked
gas streams while avoiding the accumulation of unwanted oxides of nitrogen
and their reaction products, such as nitric oxide, nitrogen dioxide, dinitrogen
trioxide, nitro gums, ammonium nitrite and ammonium nitrate,
Accumulations of these compounds have been observed in ethylene recovery
facilities. Such accumulations can cause various operating problems, such as
equipment plugging and explosion hazards.

2. Discussion of Background Information

Typically, olefins are recovered from cat-cracked gases using cryogenic
fractionation in which the coldest temperatures normally fall well below -107°
C (-16(°F), and may dip as low as -168°C (-270°F). The feed is fed through a
series of units where the components are separated based on boiling point
differences. The feed is first fed to a cryogenic demethanizer, operating
between -118 to -14(°C (-180 to -220°F), where methane with a boiling point
of approximately -162°C (-259°F) and hydrogen with a boiling point of
approximately -253°C (-423°F) go overhead and hydrocarbons having two or
more carbon atoms go bottoms. The demeéthanizer bottoms is then fed to a
deethanizer, operating between -73 to -101°C (-100 to -15(°F), where the
ethane with a boiling point of approximately -88°C (-127°F), ethylene with a

boiling point of approximately -104°C (-155°F) and trace amounts of

hydrogen and methane go overhead and hydrocarbons having three or more
carbon atoms go bottoms. '

The demethanizer bottoms is then fed to a, deethamzer operatmg .

between -46 to -73°C (-50 to 100° F) where propane propylene and trace
amounts of ethane and ethylene go overhead and hydrocarbons havmg four
or more carbon atoms go bottoms. As the hydrocarbon ‘number of "each
component to be separated increases, the operatmg temperatures of the
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DETAI LED DESCRIPTION OF THE I NVENTION Wth reference to FIG 1, it should
be understood that, when a streamis identified, the streamactually
represents a pipeline. Also, it should be understood that the usual

f{ow control valves, tenperature regulatory 10 devi ces, punps, heat
exchangers, accunul ators, condensers, and the like ("auxiliary equipnment"),
are operating irn a conventional manner. Referring to FIG 1, after
conpression and cooling, the cat-cracked gds streamflows through a line 10

f eed ' ' t 1S o d
(0,120 coust g ke, ey PN B S phsgoFLoGE™ ¢

“tower 12 into (‘.EQmBQﬂ@&-erhead contai ni ng hydrocarbons having three or fewer
carbon atoms (W th NOnEHumRely2dabeficked S pades aterid a6€ beecbhtantihael Wil S

the depropani Zer;itrto%ﬁ rax}gesyl Ritric oxide (NO) is of concern in cryogenic separation
5  facilities because nitric oxide boils at approximately -152°C (-241°F) which is

close to the boiling point temperature of methane at approximately -162°C (-

25%°F). Thus, nitric oxide tends to follow the lighter compounds contained in

the refinery gas stream. At the very low temperatures used during cryogenic

fractionation, nitric oxide may be oxidized by oxygen, which typically is

10  present in cat-cracked gases, to form unwanted nitrogen dioxide (NO7) and
dinitrogen trioxide (N2O3). If ammonia is present during the cryogenic
fractionation process, ammonium nitrite (NH4NO7) and ammonium nitrate
(NH4NO3) may be formed. In the presence of unsaturated hydrocarbons,
nitrogen oxides also can react to form NOy gums.

15 Nitric oxide and nitrogen dioxide are poisonous gases which are.
undesirable for obvious reasons. Ammonium nitrite, ammonium nitrate,
dinitrogen trioxide, nitrogen dioxide and NOy gums solidify at the extremely
low temperatures used during cryogenic fractionation, and, as a result, may
plug the equipment and/or may cause a pressure drop in the system;

20 Ammonjum nitrite also has been known to decompose spontaneously at
temperatures of around 60°C (140°F), while ammonium nitrate is reported to
decompose spontaneously at 21°C (410°F). NOy gums, particularly those
NOy compounds formed with diolefins, such as butadiene, are reported to be
unstable and to explode spontaneously at various temperatures. For all of

25  these reasonms, researchers have tried to develop methods to refine cat-
cracked gases without accumulating these unwanted nitrogen-based
byproducts.

A number of processes have been developed for removing nitrogen
based substances from equipment used to refine gases containing oxides of

30 nitrogen. These processes typically are costly and burdensome because they
require that the process be shut down so that the equipment involved can be
washed or otherwise treated to remove accumulations of the undesirable
compounds. Few, if any, preventative processes have been developed by
which cat-cracked gas may be refined without accumulating the undesired

35 coiripounds in the first place. A preventative process which would avoid the
accumulation of these compounds would be highly desirable. '

This-is the replacement sheet
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line 14. The processing of the bottons fromthe depropanizer tower 12 via
l'ine 16 does not forma part of the present invention, and will not be 20
di scussed further. The overhead fromthe depropani zer tower 12 fl ows
t-hrough the line 14 and through various auxiliary equi pnent and feeds into
an absorber denethanizer tower 18. In a preferred enbodi nent, the absorbent
used in the absorber denethani zer tower 18,is "the [err] cut". The C3 cut
is a preferred absorbent 25 because the Terr] cut has a high capacity
(per pound of absor HéS-AGEJZ)ZOW,aWhmhbwé}Z publishedebfter ke priozityndatenof rthisur es

of about [err] anti i ;,r are

| ost in the ab?ggkéaﬁ{%ngaﬁg% z""‘erp %hea “seré 5‘ ﬁ?m%glhat_ e 3 %gf%b?

nmoder at e chi | | ipatticwdar configurator $o qrro{ndc rd meenﬁ 40 rmpducs the cemqmmnpntgf a
acetylenes and diolefins which presents a potential for fouling equipment in

5 an olefin recovery process. However, this reference does not teach the
presence, accumulation, or removal of nitric oxides. In fact, the only oxides .
even mentioned are carbon monoxide and carbon dioxide (column 1, lines
15-25).

10 SUMMARY OF THE INV ENTION

The present invention provides a safe, effective, and economical
method for recovering olefins from cat-cracked gases without accumulating
dangerous amounts of nitrogen oxides. One way to achieve this result is using
well known absorber technology to operate the demethanizer rather than

15  using the typical cryogenic technology.

Recovering olefins from cat-cracked gases without the accumulation
of dangerous amounts of nitrogen oxides is achievable in a safe, effective, and
economical process by conducting the recovery at temperatures that are high
enough to prevent the oxidation of nitric oxide (NO) to form nitrogen dioxide

20 (NO2) and high enough to prevent the accumulation of unwanted nitrogen
oxides. A stream of cat-cracked gas first is scrubbed to remove acid gases,
including nitrogen dioxide (NO7), and then is passed through a depropanizer
fractionation tower. Hydrocarbons having four or more carbon atoms are
recovered in the bottoms of the depropanizer, and the overhead from the

25  depropanizer -- which is composed of hydrocarbons having three or fewer
carbon atoms -- is sent to an absorber demethanizer tower. Hydrocarbons
having two or more carbon atoms are recovered in the bottoms from the
absorber demethanizer tower, where temperatures are no lower than about -
45.56°C (-S°F). The overhead from the absorber demethanizer tower --

30  which is composed of methane, hydrogen, and trace amounts of nitrogen
oxide, Cp, and absorbent (C3) -- then is chilled to condense and recover trace
amounts of Cp and heavier gases, including trace amounts of the Cj
absorbent, at temperatures of about -101.11°C (-15¢F) or higher.

Thus the process is conducted at temperatures that are high enough to

35  prevent the oxidation of nitric oxide and avoid the accumulation of unwanted
NOy compounds in the Cp and heavier hydrocarbon streams.
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30. second absorption step using an absorbent with a higher boiling point.
The terrperatures used in the process do not approach [err], Wmch Is the

terrperatur ed conpounds of nitric egr nto
accunul at e. ﬁinﬁmﬂlwf romthe absorber denet hcg?ﬂzlgres ?‘W{ ses
20 Iv a

‘from 35 t r tower 18 through a |ind.
pressure of about 2.8 - 34mII|on[err] (400 - [err]) In order to
recover nost -5- of the remaining [err] Anhd [err] hydrocarbons fromthe

over head of the absorber

BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is a simplified flow diagram of a facility in which cat-cracked
gases are refined according to the process of the present invention.

DETAILED RIPTION OF NVENTIO

With reference to FIG. 1, it should be understood that, when a stream
is identified, the stream actually represents a pipeline. Also, it should be
understood that the usual flow-control -valves, temperature regulatory

10 devices, pumps, heat exchangers, accumulators, condensers, and the like
("auxiliary equipment"), are operating in a conventional manner.

Referring to FIG. 1, after compression and cooling, the cat-cracked
gas stream flows through a line 10 to feed a caustic scrubbing tower 11. The
stream then is fed to a standard depropanizer tower 12. The gas stream is

15  separated by the depropanizer tower 12 into (1) an overhead containing
hydrocarbons having three or fewer carbon atoms (with normal
contaminants, such as trace Cq’s) which exits the depropanizer tower 12 via
line 16. The processing of the bottoms from the depropanizer tower 12 does
not form a part of the present invention, and will not be discussed further.

20  The overhead from the depropanizer tower 12 flows through the line 14 and
through various auxiliary equipment and feeds into an absorber
demethanizer tower 18. |

In a preferred embodiment, the absorbent used in the absorber
demethanizer tower 18 is "the C3 cut”". The Cj3 cut is a preferred absorbent

25  because the C3 cut has a high capacity (per pound of absorber oil) to absorb
Cy’s at relatively warm temperatures of about -28.8%° C (-20°F) to -40°C (-4(?
F). Also, small quantitie_s of the C3’s, which are lost in the absorber
demethanizer overhead stream, can be recovered by moderate chilling to
temperatures of -78.8°C (-110°F) to -90°C (-130°F), or alternately by a

30  second absorption step using an absorbent with a higher boiling point. The
temperatures used in the process do not approach -106.67 C (-160°F), which
is the temperature at which unwanted compounds of nitric oxide reportedly
begin to accumulate. ‘

The overhead from the absorber demethanizer tower 18 passes from

35  the demethanizer tower 18 through a line 20, preferably at a pressure of
about 2.8 - 3.4 million Newtons/m2 (400 500 psi). In order to recover most
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denet hani'zer tower 18, the overhead preferably is cool ed using Joule
Thonmson expansi on of- the hydrogen/ net hane gas stream To acconplish this,
the overhead is fed through at |east one heat exchanger 22. Then the 5
overhead is depressured to a drum 24 where condensed liquid is separated
fromthe hydrogen/ methane gas streamat a tenperature of about [err] [err]
to [err] and the liquid containing recovered_[err] and [err] is returned to
the denet hani zer absorber tower 18 as streafm26 for recovery. The.

hydr ogen/ met hane of vies fmnainirr dnd lﬁ3214ydrecarbeds front thee overhéadof the abstfﬂﬁbrum

18 containe. mor e dEHE 2@%@#&@% b prRRRRRN s, HE0R o e@@lﬁe g
tenperature of | }nsandeﬁpaasmnrofpthet hyd‘rogsnmnethanevmcstlghrmdmaad:dom
the accumul ation gl #RASIASR & R4 ®ESudl al'ldasP8RE heat exchanger 22. Then the
' 5  overhead is depressured to a drum 24 where condensed liquid is separated
from the hydrogen/methane gas stream at a temperature of about -78.89°C (-
110°F) to -90°C (-130°F) and the liquid containing recovered Cy’s and C3’s is
returned to the demethanizer absorber tower 18 as stream 26 for recovery.
The hydrogen/methane overhead from drum 24 is used as the chilling
10 medium in exchanger 22. Because the overhead from the absorber
demethanizer tower 18 contains more C3 hydrocarbons than Cp
hydrocarbons, the condensing temperature of Cy and heavier portion is not
low enough to facilitate the accumulation of undesirable oxides of nitrogen.
One of ordinary skill in the art will recognize that a similar result
15  could be achieved by other means. For example, instead of using Joule
Thomson expansion to cool the absorber demethanizer overhead, a second
step could be added in which heavier oil was used as an absorbent to recover
the Cp and C3 hydrocarbons from the overhead. The use of heavier oil as an
absorbent also would permit processing at relatively high temperatures and
20  thus would further reduce the risk of unwanted accumulation of nitrogen
oxide compounds.

25

30

35
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One of ordinary skill in the art will recogni ze that a simlar result 15

coul d be achi e mll)mllmufwngm For exanple, instead of using Joul e
Thonson expansn bsor ber denet hani zeg : nd step

coul d be added tn %hi'th *hedvi ér oil was used as an
[err] and [err] hydrocarbons fromthe overhead. Th
an absorbent also would pernmt processing at relatkvery—h-gr—terperdt ures
and 20 thus would further reduce the risk o6- unwanted accurml ation of

ni trogen oxide C(m__%gds. 25 30 35

1 A process for reducing the accumulation of undesirable oxides of
nitrogen during the recovery of one or more desired hydrocarbons
from cat-cracked gas wherein the gas contains oxides of nitrogen

5 comprising the following steps, all conducted at temperatures above

-107°C (-16C°F):

A.  removing acid gases from the gas;

B. separating the gas into a first portion primarily
comprising hydrocarbons having no more than three

10 carbon atoms and a second portion primarily comprising
hydrocarbons having at least four carbon atoms;

C. separating the first portion using absorption with- an
absorber oil into a third portion primarily comprising
compounds selected from the _grouﬁ consisting of

15 methane, hydrogen, nitric oxide, and a small proportion
of hydrocarbons having two and three carbon atoms,
and a fourth portion primarily comprising hydrocarbons
having at least two carbon atoms; and

D.  recovering at least one desired hydrocarbon from the

20 . third portion.

2. The process of claim 1 wherein the acid gases from step A are
removed by passing the gas through an alkaline solution.

3. The process of claim 1 or 2 wherein the gas is separated in step B by
passing the gas through a depropanizer to form a first portion and a
25 - second portion.

4, The process of claim 1, 2, or 3 wherein the first portion is separated in
step C by passing the first portion through an absorber demethanizer
to form a third and a fourth portion.

, 5. The process of any preceding claims wherein the gas is separated in
30 step C into the third portion and the fourth portion at temperatures
above -46°C (-5(°PF), preferably between -29°C (-20°F) to -40°C (-40°
F). :

6. The process of claim 5 wherein the first portion is passed through the
absorber demethanizer at temperatures between -29°C (-20°F) and
35 -4 C (-40°F).
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mtroge recovery of one or noj BeeRay bons from
:cat-crag ww&g ,t he gas contains ¢ H Lgrogen 5
corrprl steps all condu¢ted o 1 #es above [err]:

A Vi ng aC|d gases fromthe gas; B. Sseparating the gas into a first
portlon primarily conprising hydrocargons having no nore than three 10
carbon atons and a second portion primarily conprising

7. The process of any preceding claims wherein the recovering step D

comprises chilling the third portion to a temperature of from -79°C
(-11¢°F) to -101°C (-150°F) whereby the third portion is separated
into a fifth portion comprising a fraction enriched in hydrocarbons

5 having two and three carbon atoms and a sixth portion primarily
comprising compounds selected from the group consisting of
hydrogen, methane, and nitric oxide.

8. The process of claim 7 wherein the chilling step comprises heat
exchanging the sixth portion with the third portion after expansion of

10 the third portion.

9. The process of claim 8 wherein said expansion is a Joule Thomson
expansion.

10.  The process of claim 7, 8, or 9 wherein the temperature of the third
portion is reduced to between -79°C (-110°F) and -9F°C (-13(PF)

15 during the chilling step.

11.  The process of any of the preceding claims wherein the desired
hydrocarbon is an olefin. '

12.  The process of any of the preceding claims where the recovering step
comprises absorbing said at least one desired hydrocarbon from the

20 third portion using a hydrocarbon absorbent having more than three
carbon atoms.

13.  The process of any pi'eceding claims wherein the absorber oil used to
separate the first portion into the third portion and the fourth portion
of step C is a C3 absorber oil.

25 14, A process for reducing the accummlation of undesirable oxides of
~ nitrogen during the recovery of one or more desired hydrocarbons
from cat-cracked gas wherein the gas contains oxides of nitrogen
comprising the use of an absorbent oil in the recovery process whereby
the process is conducted at temperatures above -107° C (-160°F).

=

30

35
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hydrocar bons having at |east four carbon atons; C. separating the first
portion using absorption with a [err] absorber oil into a third portion
primarily conprising conpounds selected fromthe group consisting of 15
net hane, hydrogen, nitric oxide, and a small proportion of hydrocarbons
having two and three carbon atons, and a fourth portion primarily

conpri sing hydrocarbons having at | east tigo carbon atons; and D

recovering at |east one desir v dr @w third

portion. 2. The process of “& Y l@‘éﬁv@’&i ases fromstep A are

~renoved by passing the gas through an al kaline sol ution. :
Process for Recovering Olefins From Cat-Cracked Gas Without

~ Accumulating Undesirable Oxides of Nitrogen

Recovering olefins from cat-cracked gases without the accumulation
of dangerous amounts of nitrogen oxides is achievable in a safe, effective, and
economical manner by conducting the recovery at temperatures that are high
enough to prevent the oxidation of nitric oxide (NO) to form nitrogen dioxide

10  (NO2) and high enough to prevent the accumulation of unwanted niti'ogen
oxides. One way to achieve this result is using well known absorber
technology to operate the demethanizer rather than using the typical
cryogenic technology. A stream of cat-cracked gas first is scrubbed to remove
acid gases, including nitrogen dioxide (NO37), and then is passed through a

15 depropanizer fractionation tower. Hydrocarbons having four or more carbon
atoms are recovered in the bottoms of the depropanizer, and the overhead
from the depropanizer -- which is composed of hydrocarbons having three or
fewer carbon atoms -- is sent to an absorber demethanizer tower,
Hydrocarbons having two or more carbon atoms are recovered in the

20 bottoms from the absorber demethanizer tower, where temperatures are no
lower than about -46°C (-50°F). The overhead from the absorber
demethanizer tower -- which is composed of methane, hydrogen, and trace
amounts of nitrogen oxide, Cp, and absorbent (C3) -- then is chilled to
condense and recover trace amounts of Cp and heavier gases, including trace

25 amounts of the C3 absorbent, at temperatures of about -101°C (-150°F) or

higher.
FIGURE 1.
30
35
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3; The process of claim1 or 2 wherein the gas is separated in step B by

passi ng the gas through a depropani zer to forma first portion and a 25

second portion. 4. The process of claiml, 2, or 3 wherein the first
portion is separated in step .C by passing the first portion through an
absor ber denethanizer to forma third and a fourth portion. 5. The

process of any preceding clainms wherein the gas is separated in 30

step Cinto the third portion and the fourth portion at tenperatures above
[err], preferably between [err] to [err] F). 6. The process of claimb5
V\,herel n the first portion is passed through the ‘absor ber denet hani zer at

t enperatures between [err] and
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35 . [err]. 7 7. The process of any pifecegrposECERENT %é—:
recovering step D conprises chilling the third p(prgilgnwt. :a, 1 t'drga o2~
frd'm[err] [err] to [err] whereby the third port parﬁ%ir'ﬁta Loed 7
fifth portion conprising a fraction enriched in 1y rﬁ&%g(@ paged...
having two and three carbon atoms and a sixth poft d&%’ 'ilfz% P RAgRY -----
conpounds selected from the group consisting oflh 8 Fehe: QrRpged ...
nitric oxide.

DATE OF RECEIPT. 2"

BRIEF DESCRIPTION OF THE DRAWING
FIG. 1 is a simplified flow diagram of a facility in which cat-cracked
gases are refined according to the process of the present invention,

DETAILED DESCRIPTION OF THE INVENTION

With reference to FIG. 1, it should be understood that, when a stream
is identified, the stream actually represents a pipeline. Also, it should be
understood that the usual flow-control valves, temperature regulatory

10 devices, pumps, heat exchanpers, accumulators, condensers, and the like
(“auxiliary equipment"), are operating in a conventional manner.

Referring to FIG. 1, after compression and cooling, the cat-cracked
gas stream flows through a line 10 to feed & caustic scrubbing tower 11. The
stream then is fed to a standard depropanizer tower 12, The gas stream is

15 separated by the depropanizer tower 12 into (1) an overhead containing
hydrocarbons having three or fewer carbon atoms (with pormal
contaminants, such as trace C4's) which exits the depropanizer tower 12 via
line 14. The processing of the bottoms from the depropanizer tower 12 via
line 16 does not form a part of the present invention, and will not be

20  discussed further. The overhead from the depropanizer tower 12 flows
through the line 14 and through various auxiliary equipment and feeds into
an absorber demethanizer tower 18.

In a preferred embodiment, the absorbent used in the absorber
demethanizer tower 18 is "the C3 cut". The Cj cut is a preferred absorbent

25  because the C3 cut has a high capacity (per pound of absorber oil) to absorb

: Cy’s at relatively warm temperatures of about -28.8% C (-<20°F) to 4P C (-4(°

- F). Also, small quantities of the C3's, which are lost in the absorber
demethanizer overhead stream, can be recovered by moderate chilling to
temperatures of -78.8°C (-11(°F) to -9°C (-13(PF), or alternately by a

30  second absorption step using an absorbent with a higher boiling point. The
temperatures used in the process do not approach -106.67 C (-160°F), which
is the tempcrature at which unwanted compounds of nitric oxide reportedly
begin to accumulate,

The overhead from the absorber demethanizer tower 18 passes from

35  the demethanizer tower 18 through a line 20, preferably at a pressure of
about 2:8 - 3.4 million Newtons/m?2 (400 - 500.psi}- In order to recover most
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8. The process of claim?7 \/\herel n the chilling step conprises heat
exchangl ng thesiXth portion with the third portion after expansi on of 10

the third porti ess of claim8 wherein said expansion is a
Joul e Thomson eig“ﬂ“m"“wmr ime process of claim7, 8 or 9 wherein the
tenperature of the thikd hortidn is reduced to between [err] and [err] 15
during the chilling step. 11. The process of any of the preceding clains
wherein the desired hydrocarbon is an ol efi 12. The process of any of

t he preceding clains where the recoveri ng‘étep conpri ses absorbing said at
| east one desir efldigd ocar bon fromthe

1. A process for reducing the accummlation of undesirable oxides of
nitrogen during the recovery of one or more desired hydrocarbons
from cat-cracked gas wherein the gas contains oxides of nitrogen

5 comprising the following steps, all conducted at temperatures above

-10PC (-160°F):

A.  removing acid gases from the gas;

B.  secparating the gas into a first portion primarily

- comprising hydrocarbons having no more than three
10 ‘carbon atoms and a second portion primarily comprising
hydrocarbons having at least four carbon atoms;

C.  separating the first portion using absorption with-a e
absorber oil into a third portion primarily comprising
compounds selected from the group consisting of

15 methane, hydrogen, nitric oxide, and a small proportion
of hydrocarbons having two and three carbon atoms,
and a fourth portion primarily comprising hydrocarbons
having at least two carbon atoms; and

D.  recovering at least one desired hydrocarbon from the

20 third portion.

2 The process of claim 1 wherein the acid gases from step A are
removed by passing the gas through an alkaline soluticn.

3 The process of claim 1 or 2 wherein the gas is separated in step B by
passing the gas through a depropanizer to form a first portion and a

25 second portion. _

4.  The process of claim 1, 2, or 3 wherein the first portion is separated in
step C by passing the first portion through an absorber demethanizer
to form a third and a fourth portion.

5 The process of any preceding claims wherein the gas is separated in

30 step C into the third portion and the fourth portion ar temperatures

above 46°C (-5(PF), preferably between 2P C (-20°F) to 4 C (40

. F).

6. The process of claim 5 wherein the first portion is passed through the
absorber demethanizer at temperatures between -2 C (-2(°F) and

35 -4 C (-4 F).
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20 . third portion using a hydrocarbon absorbent having nore then
t hree carbon atoms:
o~ N

R OB O

7. The process of any preceding claims wherein the recovering step D
comprises chilling the third portion to a temperature of from -79°C
(-110°F) to -101°C (-150°F) whereby the third portion is separated
into a fifth portion comprising a fraction enriched in hydrocarbons
5 having two and three carbon atoms and a sixth portion primarily
comprising compounds selected from the group consisting of
hydrogen, methane, and nitric oxide.
8.  The process of claim 7 wherein the chilling step comprises heat
exchanging the sixth portion with the third portion after expansxon of
10 the third portion,
9. The process of claim 8 wherein said expansion is a Joule Thomson
expansion,
10.  The process of claim 7, 8, or 9 wherein the temperature of the thlrd
portion is reduced to between -79°C (-110°F) and -9°C (-130°F)
15 during the chilling step.
11.  The process of any of the preceding claims wherein the desired
hydrocarbon is an olefin,
12.  The process of any of the preceding claims where the recovering step
comprises absorbing said at least one desired hydrocarbon from the
20 third portion using a hydrccarbon ahsorbent having more than three
_carbev. atoms

This is the replacement sheset

pate: 29 AUG 1997



