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(57) Claim

1. A process for the recovery of low molecular weight C2+ hydrocarbons, in particular 

ethylene and ethane, from a gas mixture obtained by the cracking of hydrocarbons and having 

been freed of high molecular weight hydrocarbons, characterised in that the low molecular 

weight C2+ hydrocarbons are scrubbed from the gas mixture by absorption by means of an 

organic, physically acting scrubbing agent in an absorption column, the scrubbing agent 

having a molecular weight between 50 and 75 g/mol, the scrubbing agent being passed in a 

circuit to be first loaded with low molecular weight hydrocarbons, being regenerated in a 

regenerating column and subsequently being returned into the absorption column for renewed 

loading.

15. A process according to any one of claims 1 to 14, characterised in that the temperature 

in the sump of the regenerating column does not exceed 105°C.

17. A process according to any one of claims 1 to 16, characterised in that the gas

containing C2 hydrocarbons and C3 hydrocarbons after having been withdrawn from the

head of the regenerating column and being separated from condensate after its partial
condensation, is subjected to a C2/C3 separation and the C2 hydrocarbons withdrawn from

the C2/C3 separation are separated further into ethylene- and ethane-contalning product gas

flows.
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(54)Title: METHOD OF PRODUCING LIGHT C2+-HYDROCARBONS FROM CRACKED GAS

(54) Bezeichnung: VERFAHREN ZUR GEW1NNUNG LEICHTER C,+-KOHLENWASSERSTOFFE AUS E1NEM 
SPALTGAS

(57) Abstract

The invention concerns a method, for the 
production of light C2+-hydrocarbons, in particu­
lar ethylene and ethane, from cracked gas, in par­
ticular from a gas produced by a fluid catalytic 
cracking process. The invention proposes that the 
light C2 +-hydrocarbons are scrubbed out of the 
cracked gas by absorption in an organic, prefer­
ably paraffinic, scrubbing agent with a physical 
action, the scrubbing agent having a molecular 
weight between 50 and 75 g/mole, preferably be­
tween 60 and 75 g/mole. Pentane, iso-pentane or 
mixtures thereof are particularly suitable for use 
as the scrubbing agent. Before the used scrubbing 
agent is regenerated, any methane which has also 
been scrubbed out is preferably stripped from the 
agent.

(57) Zusammenfassung

Die Erfindung betrifft ein Verfahren zur Gewinnung leichter C2+-Kohlenwasserstoffe, insbesondere Ethylen und Et­
han, aus einem Spaltgas, insbesondere aus einem FCC-Abgas. ErfindungsgemaB werden die leichten C2+-Kohlenwasserstof- 
fe aus dem Spaltgas durch Absorption mit einem organischen, vorzugsweise paraffinischen, physikalisch wirkenden Wasch- 
mittel ausgewaschen, wobei das Waschmittel ein Molekulargewicht zwischen 50 und 75 g/mol, vorzugsweise zwischen 60 
und 75 g/mol, aufweist. Als Waschmittel eignen sich besonders Pentan, Isopentan oder Mischungen daraus. Vor der Rege- 
nerierung des beladenen Waschmittels wird mit Vorteil mitausgewaschenes Methan ausgestrippt.



Process for tire recovery of low molecular weight

C24- hydrocarbons from a cracking gas

The invention relates to a process for the recovery of low molecular weight ¢34. 

hydrocarbons, in particular ethylene and ethane, from a gas mixture obtained by 

the cracking of hydrocarbons and having been freed of high molecular weight 

hydrocarbons.

In various cracking gas processes, in particular in fluidized catalytic cracking 

(FCC) a gas mixture is obtained which comprises inter alia low molecular weight 

hydrocarbons, in particular ethylene and ethane, but also C3 and C4 

hydrocarbons. In most refineries the high molecular weight hydrocarbons (C54. 

hydrocarbons) are first separated from the FCC waste gas by fractional 

distillation. Thereafter the ¢34. hydrocarbons are recovered by oil scrubbing, 

whereas the entire C2 hydrocarbons, but also a certain proportion of ¢3. and C4 

hydrocarbons are discharged into the fuel gas grid.

In the event that C2 hydrocarbons as well are to be recovered from the FCC 

waste gas, this is done by partial condensation in a low temperature process. 

Such a process is known for example from EP-B 0 185 202. Because the FCC 

waste gases invariably contain traces of higher, polyunsaturated hydrocarbons, 

nitrogen oxides and oxygen, this process always involves a risk that explosive 

resins may form in the very low temperature items of equipment. A plant with 

partial condensation in a low temperature process accordingly always entails a 

certain safety risk. Thus, for example in February, 1990, such a plant exploded 

in France after having been in operation for eight years.
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A process for removing ethane and ethylene by absorption from a gas mixture 
coming from a coal gasification is known from US-A-4 035 167 whereby 
cyclohexane, cyclohexene, 1-chlorobutane or 1,1,1-trichloroethane is used as 
scrubbing agent for the absorption.

A process for absorption of ethylene and ethane from a cracking gas is described in

la
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We have now found C2+ hydrocarbons can be recovered from the input gas in a simple 

manner, but where the safety of the plant is warranted by a special mode of operation.

Accordingly there is provided a process for the recovery of low molecular weight C2+

5 hydrocarbons, in particular ethylene and ethane, from a gas mixture obtained by the cracking 

of hydrocarbons and having been freed of high molecular weight hydrocarbons, characterised 

in that the low molecular weight C2+ hydrocarbons are scrubbed from the gas mixture by 

absorption by means of an organic, physically acting scrubbing agent in an absorption 

column, the scrubbing agent having a molecular weight between 50 and 75 g/mol, the 

10 scrubbing agent being passed in a circuit to be first loaded with low molecular weight 

hydrocarbons, being regenerated in a regenerating column and subsequently being returned 

into the absorption column for renewed loading. The low molecular weight C2+ hydrocarbons 

are scrubbed from the gas mixture by absorption by means of an organic, preferably 

paraffinic, physically acting scrubbing agent in an absorption column, the scrubbing agent 

15 having a molecular weight between 50 and 75 g/mol, preferably between 60 and 75 g/mol, 

the scrubbing agent being passed in a circuit to be first loaded with low molecular weight 

hydrocarbons, being regenerated in a regenerating column and subsequently being returned 

into the absorption column for renewed loading.

• ·
• · ·
• · e

• · · ·

• · ·
• «0
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20 The process according to the invention offers the advantage that the low molecular weight 

hydrocarbons are removed from the gas mixture during gas scrubbing, thereby avoiding a 

safety risk in that the formation of explosive resins is prevented by this procedure.

Advantageously a C4+ hydrocarbon fraction, preferably pentane, isopentane or mixtures

25 thereof, is employed as a scrubbing agent. Such a scrubbing agent is characterised by a very 

high solvent power for C2 hydrocarbons, in particular ethylene and ethane, but also for other 

readily soluble components. Light gasoline comprising proportions within the above 

described molecular weight range, in particular pentane compounds are obtained during the 

pretreatment of the feed gas, for example in the fractional distillation, and are accordingly 
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In a preferred embodiment of the process according to the invention the loaded scrubbing 

agent, prior to its being fed into the regeneration column, is stripped with a stripping gas, 

resulting in particular in the stripping off of co-absorbed

• ·
• ·

• ·



methane. The methane thereby recovered can be further processed or may for 

example be used as a fuel gas.

Particular advantages result if the stripping of the loaded scrubbing agent is 

conducted in a lower section of the absorption column. This procedure, apart 

from simplifications in respect of apparatus requirements, offers the advantage 

that methane dissolved in the scrubbing agent can even be stripped off already 

from the scrubbing agent in the absorption region in addition to the stripping 

region, since the stripping gas can flow through the entire absorption column.

Further advantages result from the feature that evaporated scrubbing agent is 

employed as a stripping gas. For that purpose heat is introduced into the lower 

region of the absorption column, for example by a boiling vessel, causing a 

certain part of the scrubbing agent to evaporate. Due to the lower temperatures 

in the upper region of the absorption column the evaporated scrubbing agent is 

condensed once again and can be reloaded with low molecular weight 

hydrocarbons. Stripping with a foreign stripping gas might result in 

contamination of the ethylene product flow.

The gas mixture is advantageously fed into the absorption column at a pressure 

of 4 to 50 bar, preferably 10 to 30 bar. Although an elevated pressure during 

absorption entails increased energy expenditures, it also substantially decreases 

the amount of required scrubbing agent. Thus, for example, the scrubbing agent 

throughput required may be reduced by half if the pressure is increased from 4 

bar to 30 bar.

Advantageously the absorption is carried out at temperatures between 0 and 

-50°C, preferably between -30° and -50°C, particularly preferably between -35 

and -45°C. Although even lower temperatures increase the solvent power of the 

scrubbing agent for the low molecular weight hydrocarbons they on the other 

hand may cause a possible increase of NO2 formation. Therefore, when

3



employing feed flows having a relatively high ΝΟχ content a comparatively high 

temperature for the absorption should be selected. The cold overhead product of 

the absorption column can be employed for cooling the cracking gas mixture.

After the components lighter than ethylene, for example methane, have been 

stripped off the loaded scrubbing agent, the scrubbing agent loaded with C2+ 

hydrocarbons is passed into a regenerating column. The regenerating column is 

operated at temperatures higher than during the absorption. The highest 

temperatures in the process according to the invention prevail in tire lower region 

of the regenerating column. There the scrubbing agent is heated preferably by 

means of a boiling vessel in order to obtain desorption of the Cg. hydrocarbons 

from the scrubbing agent. The temperatures in the sump of the regenerating 

column are thus advantageously so selected that 120°C, preferably 105°C is not 

exceeded. The reason is that it was found that polymerisation for example to 

form butadien will then be avoided. It is difficult to remove polymerisation 

products from the scrubbing agent. Accordingly the temperature in the sump 

region of the regenerating column is predetermined at the lower limit by an 

inadequate desorption of the Cg. hydrocarbons from the scrubbing agent and at 

the upper limit by incipient polymerisation.

In principle it is possible for the regeneration of the scrubbing agent to be 

performed at a pressure which is lower or higher than that for the absorption. 

However, preferably the pressure in the regenerating column is below that of the 

absorption column.

From the head of the regenerating column a gas flow is withdrawn, partly 

condensed, passed into a separator and the condensate reintroduced from the 

separator as reflux into the regenerating column for reducing the losses of 

scrubbing agent. In addition, a product gas flow rich in C2/C3 hydrocarbons is 

recovered by the separator. hydrocarbons passed into the regeneration are

4



returned from the sump of the regenerating column to the absorption column 

jointly with or serving as regenerated scrubbing agent.

In accordance with a further development of the process according to the 

invention, the head product of the regenerating column is partly condensed and 

after the condensate has been separated and returned into the regenerating 

column, the C2 and C3 hydrocarbon-rich gas flow is subjected to a C2/C3 

separation. In the C2/C3 separation a C2 hydrocarbon flow is recovered which 

in a further separating stage is separated into ethylene- and ethane-containing 

product gas flow.

In the following the invention will be further elucidated with reference to a 

working example.

There is shown in:-

Fig.l: The process according to the invention including absorption,

regeneration and further separation of the C2 and C3 hydrocarbons 

by distillation.

It is to be noted that the totals of the data listed in the individual tables 

concerning the composition of individual flows, due to approximations may 

exceed 100%.

By way of duct 1 an FCC cracking waste gas, freed by fractional distillation of 

C44. hydrocarbons and dried, is fed into the absorption column 2 at a pressure 

of 13,3 bar and a temperature of 22°C. In this case the FCC waste gas has the 

following composition :-
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components

H2 3,4 Weight %

n2 11,8 Weight %

co 1,1 Weight %

ch4 31,6 Weight %

c2H4 20,5 Weight %

C2H6 28,4 Weight %

c3h6 2,0 Weight %

c3h8 1,0 Weight %

other

< 0,1 Weight %

J
Woo#

By way of duct 3 regenerated scrubbing agent composed to about three quarters 

of pentane and to about one quarter of isopentane is fed into the upper region of 

the absorption column 2 at a temperature of -40°C and a pressure of 13,1 bar. 

Above the chimney tray 4 the scrubbing agent is withdrawn, cooled in the side 

cooler 5 in order to withdraw the process heat formed and once again introduced 

into the absorption column. Above the chimney tray 6 loaded scrubbing agent is 

warmed up by indirect heat exchange (7) with regenerated scrubbing agent and 

returned again into the absorption column 2. Above the chimney tray 8 the 

scrubbing agent is once again withdrawn and further heated in the boiler vessel 

9, before once again being fed into the absorption column 2 underneath the 

chimney tray 8. Above the chimney tray 10 the scrubbing agent is once again 

withdrawn and further heated by indirect heat exchange (11) with regenerated 

scrubbing agent and is fed into the lowermost section of the absorption column

2. The three column sections underneath the chimney tray 6 serve for the 

removal of components lighter than ethylene from the scrubbing agent. By the 

heating of the scrubbing agent, scrubbing agent vapour is formed which is 

employed as stripping gas for stripping off the components which are lighter than 

ethylene, in particular methane. Overhead of the absorption column 2 a gas flow 

is thus withdrawn which is virtually free of C2_|_ hydrocarbons and which has 

the following composition:
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H2

N2

°2

CO

6,7 Weight % 

23,0 Weight %

0,1 Weight %

2,2 Weight %

CH4 61,6 Weight % 

and traces of C24- hydrocarbons.

From the sump of the absorption column 2 a scrubbing agent loaded with C24- 

hydrocarbons and having a temperature of 54°C and a pressure of 13,4 bar is 

withdrawn:

c2h4

C2H6

c3h6 
c3h8 

c5Hi2
C5H12 (Iso)
other

3,4 Weight %

5,2 Weight %

0,8 Weight %

0,3 Weight %

65.6 Weight %

24.6 Weight %

components <0,1 Weight %

The loaded scrubbing agent from duct 12 is further heated by indirect heat 

exchange (13) with indirect scrubbing agent and introduced into the regenerating 

column 14. In the regenerating column 14 the hot regeneration of the scrubbing 

agent takes place. For that purpose regenerated scrubbing agent from the sump 

of the regenerating column (15) is partly (16) heated in the boiling vessel 17 to 

105°C and returned into the lower region of the regenerating column. The 

scrubbing agent vapour thereby formed strips the C2 and C3 hydrocarbons off 

the scrubbing agent. The overhead product of the regenerating column (18) 

having a temperature of 57°C and a pressure of 7,6 bar is cooled in a condenser 

19 and introduced into a separator 20. Components which have condensed out,
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for the predominant part scrubbing agent which has condensed out are returned 

again from the separator 20 into the upper region of the regenerating column 14. 

The scrubbing agent flow withdrawn from the sump of the regenerating column 

14 by way of duct 15 at a temperature of 102°C and a pressure of 7,8 bar and 

which is not returned by way of duct 16 into the regenerating column is raised 

by pump 23 to a pressure of 14 bar and cooled in tire heat exchangers 13, 11, 7 

and 39 to -40°C. The composition of the regenerated scrubbing agent 

withdrawn from the regenerating column is as follows:

c2h6

c3h6
c3h8

C5H12

C5H12 (Iso)
other

0,4 Weight %

0,5 Weight %

0,2 Weight %

72,0 Weight %

27,0 Weight %

components <0,1 Weight %

By way of duct 22 a small amount of scrubbing agent purge is separated off. A 

corresponding amount of scrubbing agent is added to tire cooled scrubbing agent 

in duct 3 by way of duct 24.

By the separator 20 a C2-/C3 hydrocarbon gas mixture is recovered in the duct 

' ^5 having the following composition:

c2h4 38,7 Weight %

C2H6 55,2 Weight %

c3h6 3,7 Weight %

c3h8 1,9 Weight %

C5H12 0,2 Weight %

C5H12 (Iso) 0,4 Weight %

other

components < 0,1 Weight %
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This gas flow is subsequently passed to a fractional distillation and for that

purpose ii? first introduced into column 26 for a C2-/C3 hydrocarbon separation.

Column 26 is equipped with sump heating 27. From the sump of the column 26

a distillate (LPG) which is essentially composed of C3 hydrocarbons is

withdrawn by way of duct 28, with the following composition:

C3H6 58,8 Weight %

C3H8 30,9 Weight %

C4H6 0,3 Weight %

C5H12 3,2 Weight %

C5H12(Iso) 6,7 Weight %

other

components <0,1 Weight %

The overhead product of C2 hydrocarbons having the following composition:

c2h4

c2h6 

c3h6 
other

36.9 Weight %

62.9 Weight %

0,1 Weight %

components <0,1 Weight %

is fed by way of ducts 29 into the column 30. In order to keep the C3H6 

/C3H84_ components in ducts 29 as low as possible, the flow 32 withdrawn 

above the side tray 31 is returned as reflux into the upper region of the column 

26. The reflux 32 has the following composition:

C2h4 

c2h6 
other 

components

24,6 Weight %

75,3 Weight %

< 0,1 Weight %

9
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Column 30 serves for splitting the C2 compounds. For that purpose the sump 

region of column 30 is heated by way of the sump heating means 33 whilst the 

overhead product is partly condensed (34) by column 30, and the condensate 

withdrawn by a separator 35 is returned as reflux into the column 30 by way of 

duct 36, there to attain a back-washing of the components which are heavier than 

ethylene. More than 99,9 % of the overhead product of column 30 is represented 

by ethylene, so that by way of duct 37 a pure ethylene product flow with 

minimal contaminations is recovered. A sump product having the composition:

c?h4 0,9 Weight %

c2h6 98,8 Weight %

C3H6 0,3 Weight %

other

components < 0,1 Weight %

is withdrawn by way of duct 38 from the sump of the column 30. This ethane 

fraction from duct 38 may for example be mixed with the overhead product of 

the absorption column 2 in duct 40 and be used as a fuel gas.

The columns 26 and 30 may be combined in a single column in which case from 

the head of this column likewise a ethylene flow is recovered, whereas from the 

sump of the column a C3 hydrocarbon/ethane mixture is withdrawn.

10
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS:

1. A process for the recovery of low molecular weight C2+ hydrocarbons, in particular 

ethylene and ethane, from a gas mixture obtained by the cracking of hydrocarbons and having 

5 been freed of high molecular weight hydrocarbons, characterised in that the low molecular 

weight C2+ hydrocarbons are scrubbed from the gas mixture by absorption by means of an 

organic, physically acting scrubbing agent in an absorption column, the scrubbing agent 

having a molecular weight between 50 and 75 g/mol, the scrubbing agent being passed in a 

circuit to be first loaded with low molecular weight hydrocarbons, being regenerated in a 

10 regenerating column and subsequently being returned into the absorption column for renewed 

loading.

• · ·
• * a

2. A process according to claim 1 wherein said organic physically acting scrubbing'agent
• · e>

• ·
• ·
• ·

is paraffinic.
* · · ·
•

• ·
• · ·
• · o
• · · ·
• · A ·

• ·
• ·

• · · ·
• 

• 0 · ·
•

• · · ·

15

3. A process according to either claim 1 or claim 2 wherein said organic physically acting

scrubbing agent has a molecular weight between 60 and 75 g/mol.

4. A process according to any one of claims 1 to 3, characterised in that a C4+

20 hydrocarbon fraction is employed as the scrubbing agent.

5. A process according to claim 4 wherein the scrubbing agent is selected from the group 

consisting of pentane, isopentane or mixtures thereof.

25 6. A process according to any one of claims 1 to 5, characterised in that the loaded 

scrubbing agent prior to being fed into the regenerating column is stripped by means of a 

stripping gas, whereby in particular co-absorbed methane is stripped off.

7. A process according to claim 6, characterised in that the stripping of the loaded

scrubbing agent is carried out in a lower section of the absorption column.
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8. Process according to either claim 6 or 7, characterised in that evaporated scrubbing 

agent is employed as a stripping gas.

9. A process according to any one of claims 1 to 8, characterised in that the cracking gas 

5 is fed into the absorption column at a pressure of 4 to 50 bar.

10. A process according to any one of claims 1 to 9, characterised in that the cracking gas 

is fed into the absorption column at a pressure of 10 to 30 bar.

10 11. A process according to any one of claims 1 to 10, characterised in that the absorption

is carried out at temperatures between 0 and -50°C.

12. A process according to any one of claims 1 to 11, characterised in that the absorption 

is carried out at temperatures between -30 and -50°C.

15

13. A process according to any one of claims 1 to 12, characterised in that the absorption 

is carried out at temperatures between -35 and -45°C.

14. A process according to any one of claims 1 to 13, characterised in that the temperature

20 in the sump of the regenerating column does not exceed 120°C.

15. A process according to any one of claims 1 to 14, characterised in that the temperature

in the sump of the regenerating column does not exceed 105°C.

25 16. A process according to any one of claims 1 to 15, characterised in that the pressure 

in the regenerating column is below that of the absorption column.

17. A process according to any one of claims 1 to 16, characterised in that the gas 

containing C2 hydrocarbons and C3 hydrocarbons after having been withdrawn from the
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condensation, is subjected to a C2/C3 separation and the C2 hydrocarbons withdrawn from 

the C2/C3 separation are separated further into ethylene- and ethane-containing product gas 

flows.

5 18. A process substantially as described herein with reference to the drawings.

DATED this 26th day of June 1996.

LINDE AKTIENGESELLSCHAFT

10 by their Patent Attorneys

DAVIES COLLISON CAVE
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II. RECUERCH1ERTE SACHGEBIETE

Internationale Aktenr.elch®
PCT/EP 93/01180

I. KLASSIFIKATION DES ANMEIJDUNGSGEGENSTANDS (bel nsehrtrtn Wasslflkadonssjrobolen rind all» anzugebot)* 

Nach der Internationalen Patentklassitikation (IPC) Oder nach dcr national® Klassifikation und der IPC

Int.Kl. 5 C07C7/11

Klassifikationssytem

Rechachierter Mindestprtlfstoff 7

Klassifikatlonssyniboie

Int.Kl. 5 C07C ; C10G

Rechercbierte nicht zurn Mlndestprilfstoff gehhrende Vertlffentlichungen, soweit diese 
unter die redierchierten Sachgebiete fallen 8

HI. EINSCHLAGIGE VEROFFENTUCHUNGEN ’

Kennzdchnung Her Verofi'entiichung11 , soweit erforderiich unter Angabe tier maflgeblichen Teile12

US,A,4 035 167 (CONTINENTAL OIL COMPANY)
12. Juli 1977

DE,B,1 088 477 (LINDE)
8. September 1960

° Besondere Kategori® von ugegeb®® Vertff®tlichung® 10 : 

Ά' Verhffentlichung, die den allgesndn® Stand der Technik 
definiert, aber nicht als besonders bedeutsam anzusehen ist 
Uteres Dokument, das jedoch ent am odet each dem interna­
tional® Anmddedatum verbffentllcht warden ist 
Verilffentlichung, die gedgnet ist, tinea PrioriUtsanspruch 
zweifdhsft erschdn® zu lass®, oder durch die das Vr-jf- 
fentiichungsdatum ein® anderen im R*ch«ch®b®icht go. 
nannten Verilffentlichung belegt werden soil oder die aus einem 
anderen besonderen Grund angegeben ist (wie ausgefuhrt) 

Ό' Verhffratlichung, die sich auf cine mlindliche Offmbcrung, 
cine Benutzung, tine Ausstdlung oder andere Mallnahm® 
bezieht

'P* Verttff®tUchung, die vor dent international® Anmeldeda­
tum, aber nach dem bcansprucht® Prioritktsdatum verhffat- 
licht word® ist

Έ'

L'

*T*

*X·

Ύ'

Bor. Anspruch Nr.u
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