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PROVISIONAL SPECIFIOATION

Improvements in and Apparatus for the Rexmoval of Foreizn Gases
. from the Circnlating Gases of Catalytic Pressure Reaciions

"I, Grorce Wiliram JUENSOR, &
British Subject, of 47, Tineoln’s Inn
Fields, in .thc County of Lwndon,
. Gendleman, do hereby declare $he natnre

5 of this invention (which has been com-
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munjcated to me from. abroad by I, (.
Farbenindusirie Aktiongesellschaft, of
Franlfort-on-Main, . Germany, a Joiut
Btoek Company organised under the

0 Laws of Germany) to.be as follows:—

. Gras mixtures . which have heen sub-
jected to. eatalytin.pressure reactions, ns
ior sxample the ammonis aynthesis,
methanel synthesis or destruclive.hydro-
genation, frequently contain, in addition
to the reaptants, more or less lurge
amonnts of ofher gaseuus constitvents
which do not tuke part in. the. reastion,
ag for example methane, argon, carbon
divgide or the like. In some cases these
attendant gases are contaiced in the
initial gascs fromn the start and some of
them may first be formed in the reaction
by reason of side reactions. These
foreign gases beoome enriched .in the
reartion gages led in a eycle and must
therefnrre he removed continuously or
periodically . because otherwise they
unfavouraﬂiy affect the yield by reason
‘of the inereasing diminution in the par-
tial pressure of the reactanis. 1f the
foreign gascs be removed by continnously
withdrawing a part of the gas mixture
from tha cyele, for example to such an
extent that the amount of foreign gases
contained therein is the same as the
amount thersof imirodweed during the
same time with the fresh gas or by con-
vereion, there is also naturslly a waste

0 of the valuable gas constifuents at the

a0

game time which may be quite consider-
able. Tr order fo reﬁuca thia waste, the
rrocedure inay also he that the cireuls-
iing gasea are treated with liquids which
have a good solvent power for the foreion
gages hut which do not dissolve the
reactants or only dissolve them to a slight
extent. High=boiling oil fractions have
hesen proposed as such solvents for the
-removal of foreign gases from .the cir-
cnlating gases in the amnmonis synthesis,
When using such a substance foreign to
the operation, the danger of the iniro-

T [ Prige 11-]
hicn 4y &

-dustion of catalyst

oisons into the pas
eyele cannot always he avoided with cer-
tainty. The reaction product which is
liguid or which las been liquefisd by
eooling aud which has been formed in
the reaction may itself be ussd as solvent
for the foreign gases, preferably in o
cyele by freeing the liquid resction pro-
duct from the absorbed foreign gases by
releasing the pressure and then using it
again. In this case, however, congider-
able amounts of the reactants are also
removed from the eyele Sogether with
the foreign gdses: und ure therefore
withdrawn [rom thelr proper pur-
puse.

My foreign correspondenls have now
found that the removal of foreign gases
from the cireulating gases of cs,taﬁyﬁc
pressure reactions by means of the lquid
reaction produet ean be comsiderably
impyoved by intreducing the freth gas
serving to replenish the cireulating gas
only into a part of the clreulating systam
advantageously infe the laxger part of a
circulating system consisting in “known
manner of single cyeles arranged in
parallel, and only bringing the zas mix-
inre cireulaiing at the end of fhe other
part of {he eirculating system into con-
tact with the separated liguid reaction
preduct for the purpose of “washing out
the foreign gases. " By working in this
way, the foreign gases bevome enriched
in the par of the circulating system not
charged with fresh gas so that the highest
cantent of forelgn gases ceotrs in the end
evele, Since in this wey the partial
pressure of the foreign gases is greatly
increased, correspondingly larger
amounts thereof. dissolve in the treat-
ment with the Hyuid reaction product.
Purihermore those amounts of the reace
tenty which are absorhed by the liqmid
reaciion product dunring its separation in
each singls cycle, are for the most part
given up again in exchange for the
forefgn gases during its treatment with
the gng mnixture in fhe end cycle. With
a given comtent of fresh gas to foreign
gus, the content of foreion gas in the ead
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cycle is centinvously resulated so that 105

eqnally large smounis of foreign gas are

\
|.



B0 produet at the prevailivg

pressure through 2 pipe € indo a Teservoir
or intermediste container k. -In fhe
latter . pressure is maintained whick
corresponds to the pressure of the. liguid

iling external tem-
perature or ‘which is only slightly above
the said pressure. - The
cseaping from the Hyuid and which eon-

ras  mxture

hituminous fnels, such as brows coals or
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removed @8 enter with the fresh gas eisty mainly of the foreign gases s led
Tuzing the same Bme. - sway throngh o pipe L The washing 55

Tt s not mecessary fo use the liguid tower g may slso he interposed dircetly
reaction product in eirctlotion and to In the last eycle. .

5 peleage it from pressure hefore each re- Wkhen necessary or desirable, addi-
employment, but i is only necessary te fional umounts of the end cyele gas
s 3t wnd to release it from pressurs once ~mixbure may be yemoved through 2 valve 50

" after 3t has been laden strongly +with p whereby the content of foreign gases
foreign pgases and conseguently to 2 can be still further reduced or kept at

10 correspondingly lesser extent with the' any desired velme. _
valuable woses. There are this ohtained ~ When wsimz the process for the
very high yields with great average smmonia synthesis, the lemperature of 65
¢llieieney- of ihe celalyst chamber and _the liguid ammonia in the washing tower
good, utilisation. of the whole plant. -. preferably amounts to from about 20° to

15 ®'The wnoture of the invention will be 30° Centigrade, to which # must be
turther deseribed with reference to- the Theafed In some rases. The Hoquid 7
accompenying drawing. in which i pmmonia has the property of having = 0
ghown by way of ezample an arrange- solvent power for ges -whieh inereases
ment of apporatus according to this with increaging temperature. The heat-

20 jnvention -I;ut the iawention is nmot ing up of the liquid ammonia ohtained
restricted to the parlicular grrangement in the separators ot a lovw temperature
shewn. g are cirenlating pumps, b are can be cHeocted in the washing tower (0
catalyst chambers, o are the coolers and #aalf directly by the eirculating gas, In
d are the separators.of a series-of cycle this ease the end cycle gas to be washed

25 Jeviges arranged in parallel; of which Js preferubly branchad off before or
any uuwraber may be used.  The “fresh behind the cooler o.- The gas leaving
gas s not infroduced intu ell the single dhe washing tower may he returned to 80
cycles, bub at ¢ into only two of thres; or the evele at any other suitable place
into five of seven of the single cycles instead of dircotly before the suction

30 present. In paralel to-the last or end sida of the cireulating pumps.
cyele in tha other part of the whole  “The apparatus required for the process
gystem:there i arTanged by means nf gus . dre very simple. The process may ba
pipes f & woshing tower g whick is pre- - garried out without the additional use of
Ferably provided with-filler bodies. - The apecial mechine parts, such as was com-

85 gas mixture of the- final eycleis-led pressars, pressure pumpd and the like
througlk this washing tower f upwards., and with merely the utilisation of pres-
Ix counter-current thereto there- flows sure differemces present in sny eyels 90

_over fhe filler hodies the liquid resction plant. If nepsssary the said pressure
product collected from the separstors d difference may be inecreased by inserting

40 and led to the upper end of the washing dam discs or regulating valves. Accord-
tower g-through = pipe h. It absorbs ing to thig invenilon there may also be
the single components of the gag mixture worked up with advantage synthesis $3
in an amount depending on their partial gases which have 2 eomparustively high
pressures.: At the lower end of the content of methane and other foreign

45 washing tower y i+ is released from gpace by Teason of their preparation from

lignite small eoke, or of their recoveryl(0

from coke-oven gases,

. Dated this 16th day of July. 1087

- J. Y. & G. W. JOUNSON, -

47; Lincoin's Inn Fields, Loadon, W.C.2,
e T : Agents,

COMPLITE SPECTFICATION

" Improvements in and Apparatus for the Removal of Foreign Gases
from the ‘Circulating Gases, of Catalytic Pressure Reactions

1,.. Gmopgn Writam Jomysow,.. 2 municaled fo me from abroad by I. G.
British Subjeet, . of 47, TLineoln's Tnn Tarbenindustrie Altiengesellschaft, of
 Wields, -in - the County of Tondow,. Frenkfort-on-Main, Germany, a Joint
105 Gentleman, do hereby declare the mature Stock (lompany organised - under the 110
of this invention (which has been com~ Laws of Germany) and in whaf manner
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the same is {0 be performed, to be par-
tieulazly deacribedp and ascertained in
and by the follewing sfatement:—

(3as” mixtures which have been sub-

5 jeeted fo cafelytic pressure reactions, as
%or example the amimonis aynthesis,
methanol synthesis or destructive kydro-
genation, frequently eontain, in addilion
to {the reactants, more or less large

10 amounts of other gaseons consiituenta,
which do not take part in the reaction,
as for example methaue, argon, carbon
dioxide or the like. Tn sowe cases these
ebtendant gases are contained In th
15 initial gases from the start and some o
them may fzsi be formed in the reaction
by reason of side reactions. These foreign
gases become enriched in the resection
gases led in 2 cyele and mugt therefore
20 be removed coplizuously or periodically
because otherwise they wnfavourably
affect the yield by reason of the increas-
ing diminution in the partial pressure of
the reactants, If the foreign pases ba
25 removed by continuoudly Witidrawing a
part of the ges mixture from the gycle,
for example tn such an extent that the
amount  of foreizn gases contained
therein is the same uy the amount thersct
80 introduced during the same #ime with
the fresh pas or by conversion, there is
“also maturally a waste of the valuabla
gas constiluents at the same time which
may be quite considerable. In order to
30 reduce this waste, the procedure may
also he that the cizeuluting pases are
treated wiih liguids which have a good
solvent power for the forsign gases bub
which do mnat dissolve the reactants or
40 only dissolve them te » slight extsnt.
Hirh-hoiling oil fractions have heen
proposed as yach solvents for the removal
of foreivn gases from the cireulating
gages in the axemonia syathesis. When
45 msing sueh o substance foreign fo the

" operation, the danger of the introduction
of catalyst poisons into the gas cyele
cannot always be avoided with certainty.
The reasetion produrt whick is liguid or

50 which has been liquefied by cooline and
which has been formed in the reaction
may itsell be wused as solvent for the
foreign moeses, preferably in e cycle by
freaing the liquid remction product from

65 the absorbed %oreign guses by releasing
the pressure and then wsing it apajn, In
this case, Lowever, considerable amounts
of the reactants are alse vemoved from
the eyela together with the foreipn gases

60 and are therefore withdrawn from their
proper purpose.

My foreign correspondents have now
found that the remnval of foreign guses
from the circulating gases of catalytic

65 pressure reactions by menus of the liguid

reaction product can be eonsiderably
improved " in~ such eirculating systems
which consist. of single cyeles arranged
in parallel, each single eycle comprising
the essentiol - deviees such as catalyst 70
chamber, cireulating pump, cooler and
separator. Accordinge to this inventon
the fresh gas serving to xeplenizh the
cireulating gos is introduced only info =
part, advantageously inte the larger part 75
of the single cycles arranged in parallel,
and the gas mixture cirenlating at thae
end of the other part of the cirenlating
system iz hrought into contast with the
separated liguid reaction prodnet for tha 80
purpose of washing out the foreign gases.
When workine in this way, the forefen
gascs continuvusly wander from the
eycles charged with fresh gas into the
other part of the system which is not 89
charged with fresh gas. Tn the latier
part the foreign guses become enriched,
and the hizhest content of foreien gases
oceurs in: the end eyele. 8ince in thin
way the partial pressure of the foreism 90
geges 1z greatly inereased, correspond-
n2lv larger  amcunis theresd are dis-
solved when heing freated with the liquid
reaction produel.  Furthercore thess

-amounts “of - the resctants which aze 96

absorhed by the liquid reaction product
during its separation in each singla cycle.
are_for the most part given up arain in
exchange for the foreign gases during
the treatment of the mas misture of the 100
end oyele. Witk a given forelen oas
conient of the fresh gas, the content of
fureign gas in the end eyele is cone
tinuouely regulated so that equally large
amounts of foreignm gas are removed as 105
Epter with the fresh gas during the same
ime,..

It i3 not necessary to use the lgmid
reaction produet in’ cirewlation and to
telease it from pressure hefore each rve. 110
employment, hut it is only necessary to
use it and to releage it from pressure
once after it has been laden strongly with
foraign ‘gases. and rong uently +o a
rorrespondingly lesser oxfent with the 115
valuable gases.: There are thus obtained
very high- yields with great average
efficiency ‘of the catalyst chamber snd o
good utilisation vf the whole plant,

The nature’ of the invention will be 120
further described with refofence to the
drawing sovompanying the provisional
specification in which is shewn by way
of exumple an arrangement of apparatus
according to this invention but the inven- 125
tion is not resiricted to the partieular
arrangement ahewn.

@ are cirenlating pumpse, & are cotalvaet
chembers, ¢ are the coolers and J are the

separators of o series of eycle deviess 130
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greanmed  in parellel, 8f which any
numuber mey be msed. The fresh gas 1s
not imiroduccd into all the single eycles,
hut at e into cmlﬁr two of three, or inio

5 fve of seven of the single éyéles preseit.
Tn parallel $o the last ur end cycle in the
other part of the whole system there is
arranged by means of gJas pipes f a
washing tower gl which is preferatly
.10 provided with filler bodies. The gus
mixture of the end oyele is led through
this washing fower g upwards. ~In
connter-eurrent thereto there flows over

the filler hodies the liguid reaction pro-.

15 duct collected from the separators-d-and

led tr the wpper end of the washing tower .

g throngh & pipe A. It absorbs {the
sinzle edmporents of the gad mixtura-in
an  amount depending on their partial
90 pressures. Al the lower end of the
washing totwer g it is released [from
pressure throwsh a pipe ¢ into a reseTvoir
or inlermediate container k. In “the
latter » pressuré is maintaived whieh
5 corresponds to the pressird of the liguid
product at the preveiling pxternal lem-
perabure or which is cnly slightly above
the said presénre. ‘The gay niixture
eseaping from the lignid and which eon-
30 gists mainly of the foreige geses is Ted
awav through o pipé 1. The washing
tawer ¢ may also be interposed directly
in the end eyele, '
When neccssary or desivable, addi-
35 Honazl amounts of the ead cyele gmas
mixture may be removed through a valve
p wherehy the content of foreign gases
_ean be still further reduced or kept at
anyv desired wvalue, - '

40 VWhen wusing the procesa for  the

ammonis synthesis, the temperature of .

the liguid ammonia in the washing tower
preferably amounts to from abount 207 to
30° Jentigrade, to which it mustbe hested
-46 in some oases. 'The lignid ammonia has
-the property of havieg « golvent power
for gas which increases with increasing
temperature. The heating up of the
ligwid ammonia obtained in the separa-
50 tors at a low temperature can be effectsd
“in the washing tower itself directly by
the circulating gas. Tn fhis casethe end
eyela gas fo be washed is preferably
branched off befoye or behind the cooler
55 ¢. The gas leaviug ihe washing tower
may be returned t6 the cycle at any other

-snitable place instead of directly before
the suetion side of the ciroulating punps.
The apparatua required for the process
.are very simple. ‘The process may be 60
carried out without the additfonal use of
speeial machine parts, stieh as gas cor-
pressors, pressave pumps sud fhe Like and
with merely the utilisation of pressurc
. differences present in any eycle plant, 1t 66
necessary the said pressure difference
zy be inereased by imserting dam dises
or Tegnlating valves. According to {kis
invention there may also he worked up
with advantage synthesis gases which V@
huve o comparatively high content of
methane and other foreiyn guses by
reason’ of their preparation from bilu-
minows fuels, suck as brown ecoals or
lignite swmall coke, or of their recovery 78
-from coke-oven gases,

Having now particunlarly desczibed and
ascertained the nature of my said inven-
tion and in iwhat manner the same is fo
le performed, I declare that what 1 80
clalm is:—

1. Tmprovements in the removal of
foreign gases from the circulating guses
of catalytic pressure reactions performed
in cireulating systems vonsisting of single 85
cycles axrenged in parallel, by treating
tlie goses with lquid reactiva produect
and replenishing the eireulating gas by
firesh gas, which improvements consist
in dintrodueing the fresh gos serving to 90
replenish the cireulating gus, only into

‘a part-of ke single eyeles, but not inte
the..eni cvcle, and bringing the gas
‘miztute ecireulating at the end of the
ggstemy intv contact with the separated 95
li%uid reaction product,

3. In the process as claimed in claim

1, ewrploying Hynid ammenia of a2 fem-

aratare of about 20° to 80° Centigrade

or treating the circulating gases of the 100
ammonia synthesis in the said manner.

3. A propess and an apparatus for the
removal of foreign gasee from the cir-
culating gases of catalytic pressure
reactions substantislly as described with 105
reference to the drawing accompanying
the Provisional speeification.

Dated this 18th day of July, 1938,
I, & G W, TORNSON,
47, Linc_o]gll?s I;_mfgelds, Londan, W.C.2,

ents
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