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We, METALLGESELLSCITAFT AKTIENGESELL-
SCHAFT, of 14, Remterwey, Frankfuwrt-on-the-
Main, Germany, a bedy corporate organised

vnder the Laws of (ermany, do hescby

declare the invention, for which we pray that
a puaienl may be graned to us, and the
method by which it 15 to be performed, to be
particularly described in and by the follow-
g statcment: —

This invention relates to a process [or
purifying, by washing, gases acenmulating
during the refining or conversion of fuels, and
in parricular, to the washing of such gases
with au organic water-soluble absorbent con-
taining nitrogen and oxygen sach as an N-
aikylated pyrrolidone or piperidene,

Pyrrolidones and piperidunes ars lactams
of the y- and d-amuino wcids derived from
butyric acid, valeric acid and capreic acid.
Since these substances are cyclic acid amides,
they are neuiral and therefore act as paysically
dissolving absorbents. These substances are
characterised by having a distinctly selective
ahsnrprive power for hydrogen sulphide and
organic sulphur compaunds before absorb-
ing carbon dipxide and hydracarboms. Since
these substances are water-seluble, they will
also absorb any water vapour contained in
the gases (realed thereby.

It has heen proposed to use such substances
in the purification of pases in such 2 manner
that all impurities, such as hydrogen sulphide
organic sulphur compounds, carbon divxide,
light gasoline ransing from €, and higher,
and watcr vapour are jointly washed out
from the gases o be purificd. Further, (hese
impurities can be individually recovered from
the desorbate or desorbing agent resulting
from the regeneration of the charged
absotbent.

Huwever, in order effectively to utilise the
high selectivity of thesc substances with
respect ta acid gaseous compounds, the gas-
washing processes wiilising these substances
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ay absurbenis are preferably carried out in
several stages, In the first stage, hydrogen
sulphides and organic sulphur compounds are
washed out from the gases. In one or several
of the subsequent stzges, carbon dioxide and
hydrocarbons are washed out either separately
or jointdy.

The carbon dioxide can be recovered in 2
manner koown per se by udlising washing
solutions having an alkaline effect and the
bydrocarbons by means of an oil-washing or
by adsorption using active carbon. How-
cver, the carbon divxide can also be washed
out in 2 similar known manner by mczns
of methanol or of an organic polar washing
agent or deiergent such as, for instance,
tcetone, sither rogether with the hydrocarbons
or separately therediom.

In many applicaiions the hydrogen sulphide
and the organic sulphur compounds as well as
the carbon dioxide are washed cur with N-
alicylated pyrroliodnes or piperidones in two
completely. separated stages, each stage being
provided wills ils own regeverating apparatus
and washing agent circulation.

As i usuglly done with physically dis-
gsolving subsiances, the regeneration of these
absorbents 18 accomplished by expanding and
then subsequently heating and stripping the
ubsorbent with steam,

It iz an object of tho prescot invention tu
provide a novel and improved process for
purifying gases such as those resulting during
the refining or conversion of fucls by wash-
ing our varfons impurities including hydrogen
sulphide, organic sulphur corapeunds, carbon
dioxide, hydrocarbons and water vapour under
pressure by using as an absorbent M-alkylated
pyrrolidones or piperidones which may also
cuptain 1 to 2 C-atowms in side chains.

According to the present invention thers
is provided a process for purilying gases by
remeving  therelrom  Impurities  including
hydrogen sulphide, organic sulphor com-
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pm_nds carbor  dioxide, hydrocaibonz and
water vapowr, wherein the gases are washed
with an absorbent comprising an N- a]LyIated
pyrrolidone and/or piperidone and 1 10 507
by volume of a lowboiling polar organic
water-soluble substance.

Thus in the process of the present inven-
tion a low-boiling organic, polar, water-soluble
snhstance such as methanol, cthanol or geetone,
is added tw rthe N-alkylated pyrrolidone or
piperidone in quantities ranging from 1 to
509% by voluune and preferably fzom 5 to
20% by volume. It bas boen discovered
that the addiden of such a subsmance to the
absorbent results in considerable advantages
in hoth the charging and the regencration of
the absorbent. During the abqorptir‘n pro-
vess, during which (he sbsorbent is being
charged with the impurities, thc removal of
the impurities by the absorbenf is greatly
facilituted since the addition of the water-
solnble snbstance decreases the viscosity of
the aghsothent and alsa 1he remperatore
necessary for the thermal regeneration of
the asbsorbent. As a result, 8 great volume
of steam Is formad which acts as 2 propellant.

The N-alkylated, preferably N-methylated,
pyrrolidones and  piperidones are smiscible
with water. Additions of twater of less than
109, will Improve the selectivity of the
pyrrelidones and piperidenes for sulphur com-
pounds but will not imcreasc the viscosity
which will incresse to a maximum ragardless
of further imcreases in the water content.
Thus, Bmits arc dofired for 2 decrease in the
tempcrature of absorption which, in torn,
increases the absvptwe power of physically
dissolving absorbents.

The addition of low-boiling organic polar
subgtances, particolurly  meibansl,  ethanol
and acerone, allows for a considerable decraase
in the viscosity of the ahsorhent without
impairing in any way its absorptive power.
"This considerably increascs the speed at which
the impurities are removed from the gasss
even in the case of low washing temperatures
such as lower then 0° C. The operation of
the process at low washing temperatures, for
examnple between §° C. and the smbient
temperature, means that when physicaily dis-
solving absorbants are used in order 1o obrain
a predetermined purity in the end product,
smaller quantitics of absorbents can be uzed.
As a result, the dimensions of the apparamns
with respect to the absorption stage, the re-
generation stage and rthe heat exchangers
can he decreased but the resnkting smaller
apparatus will stfll be sufficient for carrying
out the process.

This improvement in the exchange of im-
Funﬂes from the gases ro the sbsorhent also

avourably affecis the regeperation of the
charped ahsorbent, particularly if this rc-
generation is achieved through expansion.

In thermal regeneration, wherein the

chnrged absorbent is leated and blown out
with steam, the addition of methanol, ethangl
or acetone to the ahsorhent lowers the boiling
point thereof. In the sump of the column
of the regeneration tower, the temperature
is 109° C to 110° C, Temperamres which
arc capsble of impairing the qualities of the
ahsorbent are not reached, The vapours of
tie added substances, ie. methano], ethanol
or acerong, act us @ siripping vapour, so that
the heat reguiremcnt for the thermal re-
geperation is considerably reduced since the
regeneration column can Be heated with rela-
tively inevpensive waste heat, such as, for
instance, with lnw-pressure steam.

During the regeneratipm process, a large
properdon of the added subsiance is cvapor-
ated, The merhanol, ethanol or acetone
together with the desurbing agent pass out
throngh the head of the regeperation columm,
whereas  the MN-alkylated purrolidone or
piperidone remains 1 the swmp of the
column.  The present process provides for
the recovery of this added substance from
the desorbate through coudepsation and add-
ing this recoversd substance o the cooled
sump product of the regeneration tower prior
to recirculation of the same into the head
cf the washing column. As a result, the
same proportion selecied for the ahsorhent
is re-established for each washing step.

The dissolving power of the absorbent with
respect to hydrocarbons is increased through
the sddifon ol meihanel, eihancl or acetone
to the N-methylated pyrrolidones or piperi-
domes. As a resulr, the light gasolines rang-
ing from G, to approximately C,, if they are
at all present in the cride pas, are also dis-
solved when the hydrogen sulphide and the
crzanic sulphur compounds are washed out

This simultanecus ahsorprion of hydro-
carbons may be carried out subsequently to the
vashing out of carbon dioxide, particularly
in those cezses where thers is no previous
washing siep for sulphur compeunds.  The
vezshinm-cur of the corban dioxide s prefer-
zbly carricd out at the lower temperanire
ardd using a larger quantity of absorbent.
During (e regeneration process these hydro-
carhons are contained as a COTCERTTAIE in 2
zone located in approximately the central
portion of the regemeration tower. ‘This
concenizate may be tapped as a side product
from a lzreral outlet and be passed into a
countercurrent washer. In thc washer the
added substances are washed our from the
hydrocarbons by water. The aqueons addi-
tional substance is then rectified in o distilling
colozmn and  ther recircnlated with the
sheorhent together with the recovered addi-
tionzl substance,

The present process is particularly suited
ior purifying gases occurting during low
remperature  carbonisation, the coking or
gasification of solid fuels, as matural gases,
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or during the thermal catalytic or oxidising
cracking of petroleum fracrions

In order ic enuble the invention to he mara
readily understood, reference will now be
made to the accompanying drawing, which
illustrates diagrammarically and by way of
example an embodiment thereof, and which
is a flow disgram schematically illustraring
the process of this invention.

With relerence to the drawing, the appara-
tos for currying our the presemt invention
comprises an absarprion tower 1, a regenera-
tion tower 2, a countercurrent washer 3, and
a rectification column 4. The absorption
towet 1 and the regeneration tower 2 both
consist of substance-cxchange columns known
per se and provided with trays.

The gas which is to be purified i5 intro-
duced into the lower cnd of the ahsorption
tower 1 through a conduic 5, and the treated
gas s discharged [rom the bhead of the
absorption tower 1 through an outdet con-
dir 6.

An absorbent containing, for example, 809,
by volume of Nemethyipyrrolidone and 209
by volume of methanol 5 Introduced into
the upper end of the absorptien tower 1 by
a distributor or spray nozzles through 2 con-
duit 7 which leads [rom the regenerator
tower 2. The sbsorbent flows downwardly
through the packing in the absorption tower 1
and comes into contact with the ges Jowing
upwardly thercthrough in  countercurrent
refatfon therewith, The absorbent charged
with impurides during +this countercurzent
contact with the gas is discharged from the
bortom of the absorption tower 1 fhrough a
conduit 8 and flows through an expansion
valve © infv an expansion wvessel 10, The
gases fiberated i the ewpansion vessel 10
through the decrease of pressurc thercin are
compressed by a compressor 11 and teturned
to the absorprion tower 1 through conduit
12,

The purtly cxpanded absorbent i3 dis-
charged from the expansion vessel 10 through
& condunit 13 and then pusscd throngh a heat
exchanger 14 and an expansion valve 15 to be
introduced into approximately the centzal por-
tion of the regenerstion tower 2. The re-
generation tower 2 is provided at its lower
end with a steam coil 16 to function as 2
heating unit in & manner known per se,

The. substances absorbed [rom the gus,
topether with the methanol, are evaporat=d
in the regeneration fower 2 amd cscapz from
e head thereof through 2 conduir 17 teading
1o a condenser 18, in which the methanol and
water vapour are condensed, A separator
19 is connected in series with the condenser
18 and the paseous desorbate escapes froml
the separator 19 through a conduit 20 for
further utilisation. The condensate con-
sisting substantially of methanol and water
retimns from the separator 19 through a

conduit 21 as reflux into the head of the
regeneration colume 2.

Pure N-methylpyrrolidone is tapped from
the sump of the regeneration column 2 through
a conduit 22 and returued intw the head
of the absorption tower 1 by a pump 23
through the hear ewchanger 14 and a cooler
24.  The methanol recovered during the
regencration s again admixed to the N-
methylpyerolidone at a suilable point in the
conduit 7. .

Alter (he absorbent has ahsorbed hydro-
carbons snch as light gasoline {rom the gas
which js to be purified, the hydrocarbons
aze concentrated in a Zone in the upper central
portion of the regeneraiion tower 2 and are
tapped from that zome as z fraction con-
taluing meibanol through a side outlet 25.
The mixire of methancl and masoline is
passed lnio the countercurrent washer 3 with-
in which it {s washed with water introduced
through a conduit 26. The hydrocarbons
ore Urn removed through the outlet conduit
27 while the aqueous methanol is removed
through & conduit 28 und passed throngh a
Deater 20 into the rectification column 4.
Water is wpped from the bottom of the
rectification column through a conduir 30,

Tn the hoad of the rectification column 4,
the methanol Is vaporised and  removed
through a conduit 31 to be condepsed In 2
copler 32. A portion of the condensed
methanot i5 returned as g reflux flow into
the head of the rectification column 4 through
4 conduit 33. However, the major portion
of the methanol is passed through a conduit
34 to a pump 35 from which it is pumped
through a conduit 36 into the conduit 7 to be
again admixed with the N-methylpyrrolidone.

In the event that thc gas which is to be
rurified s free of hydrocarbons, the pure
methanol can be rapped as a side product
from the regeneraiion tower 2 through con-
duit 25 and directly imo the conduit 36.
Under these circumstances the counter-
current washer 3 and the ractification columm
4 van be climinated.

When the mcthanol from the conduii 36
s admixed to rthe N-methylpyrrolidone in
condiit 7, the initial concentravion of the
absorbent is re-established and the absorbent
is then recirculated through the absorption
tower 1.

In order further to describe the process of
the present invenrion and to assist in the com-
prehension  thereof, the following specific
example is presented for illnstrative purposes
only:

ExAnmpiy
This cxample demonstrates the application
of the present process to the purification of a
gas obtalned [rom the gasification of carbon
by means of steam and oxygen under pres-
surg. The cooled gas {rum which tars have
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the following composi-

beern removed has

tion:
FLS - - 12, by volume
CO, -~ 299 by volume
CO - - 20% by vohune
H, - - 409 by volume
CH, - - 10% by volume

In uddition, the gas contains jn vaporous
form small quantities of carbun oxysuiphide
and mercapians as well as the hydrocarhons
which have not been condensed during the
caoling, such as Hght gaschne in a quantity
ol approximately 3 g./Nm®. The gas is under
a pressure of 25 atmospheres absolute.

The sulphur compounds including hydro-
gent sulphide arc first to be washed out from
the gas.

An initial quantity of 1060 Nm". of this
gas is treated with 2.8 0, of an zbsozbent,
which consists of 25% by volume of N-
methylpyrrolidone and 15% by volume of
methgnol, in the apparatus shown 'in tie
drawing, The washing temperature il the
absorption column 1 js maintained at —10°
C. by means of the cooler 24.

The pumified gas having a residuzl sulphur.

content of 1 mg./Nm?, is discharged from
the absorption tower 1 through the comduit
6. The charged ahecrbent is’ conducted from
the absorption tower inte ihe expansion vessel
10. At a decrease in pressore of about 5
atmospheres ahsolutc thers escape frem the
expansion vessel 10 equally absorbed quantities
of methane, hydrogen and carbon menoxide
25 well as small quantities of hydrogen sul-
phide and carbon dioxide. This expunded
gas is raised to the prcssure within the
zbsorption tower 1 by means of the compressar
11 apd remmed into the sbscrption HWET
throngh the conduijt 12.

The remaining portion of the pardy ex-
panded absorbent is then passed through ths
condmt 13 wherein it is expanded in the
valve 15 and intreduced at atmospheric pres-

‘sure imto the Tegeperation tower 2. The

heating coil 16, which is connpected fo 2
suitable scurce of steam, maintains the sump
of the regeneravion tower 2 at 3 iemperature
of approximately 110° C. The temperatare
in the head of the tower 2 is sbout 75° G
As a result, @ substantial portion of the
methanol is conmtxined in  the absorbent
which is discharged from the heed of the
tower (hrough the conduit 17 imto the cooler
18. ‘The mesthanol is completely returned
as a reflux How threugh the conduit 21 into
the head of the tower 2.

The sulphur compounds and 2 small por-
tion of the carbon diozide totalling approxim-
ately 62 Nm®. are removed through the
conduit 20 from the sepasator 19, the sulphur
concemiration of this desorption gas being
about 16.4% and being sufficient for further
Lreatiment.

After washing ont the sulpbur compoonds,
a sceond step of this process s conducted in
order 1o wash out the carbon dioxide.

‘The apparatus for achieving this corres-
ponds to that illustrated in the drawing with
only the quantity and composition of the
absorbent as well as the temperature in the
ahsorption tower being different.

In order o wash owt the remaining 23%
of curbon dioxide down to a residual con-
centration of 069, 13.2 m". of an absorbent
containing 709 of N-methylpyrrolidone and
30%;, of methanol is used in the absorption
tower which has a temperamre of —35° C.

Thus it can be geen that the present inven-
ton provides an improved process for the

urificatfon of gascs by washing, pardon-
arly those gases obtained during the refining
or conversion of fuels. The mcreased
efficiency of the absorbent used in the wash-
ing of the gases enables a decrcase in the
size of the spparatus pecessary 1o carry out
this process as wcll as a decrease in the
guantizy of absorhent required.

WHAT WE CLAIM I8:—

13 A process for purifying gases by re-
moving  therefrom  impurities  including
hydrogen sulphide, organic sulphur com-
pounds, casbon dioxide, hydrocarbons and
water vapour, wherein the gases are washed
with an ahsorbent comprising an N-adkylared
pyrrolidone and/for piperidone and 1 to 50%
by volume of a low-boiling polar organic
water-yoluble substance.

2. A process as claimed in Claim 1,
wherein said substance is methanol, ethanol
or acetone.

3), A prucess as claimed in Claim 1 or
2, wherein said substance is added o the
Wealkylatzd pyerolidone or piperidenc in
stages to wash out during each stage the
impurities in the gases.

4). A process as claimed in any preceding
Claim, wherein said absorbent compriecs 5
to 2095 by volume of methane), ethansi or
acerone,

5% A process es claimed in any preceding
Claim, wherein the gases to be puritied are
paseed thruugh an absorbing tower in counter-
current to the absorbent and wherein the
absorbent is thermally regenerated, including
cvsporating the added suhstance, condensing
the added substance to recover the same and
adding the recovercd substance to the re-
raainder of the ahsorhent prior o passing the
sbsorbent into the absorbing tower. '

G). A process as claimed in Claim 5,
wherein during the thermal regeneration, a
side product is tapped consising of the
hydrocarbons removed from the gases and
a portion of the added substance, the side
product being washed with water to remove
the hydrocarbuns therefrom, and wherein the
added substance and water are rectified to
remove the water therefrom, the subutaoce
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being added to the absorbent prior to passing THIEMANN, SON & CO,
the absorbent through the absorbing tower. Chartercd  Palent Agents,
7). A process for purifying pases, sub- Prestige Honse, 14 ta 18, Holborr,
stantially as hereinbefore described with refer- Londen, E.C.1,
5 ence to the accompanying drawing and/or Agents for the Applicants,

the foregoing Examplc.
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