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Complste Specification Aveaptad 1 J u}y 30, 1935,
PROVISIONAL SPECIPICATION.

PATENT SPECIFICATION

Application Date : Jan. 30, 1934, No. 3170 } 34
Oomplete Specification Left: Jan. 30, 1935.

Improvemenis in and relating to the Carrying Ouf of Chemieal
Reaetions with Circulating Ga,ges.

We, Eusyern COBDON, & British Sub-
jeet, of Worton Hall, The Green, Norton-
on-TFees, County Durham, and IvprrIan
Cmmvzosr, Inprsteres Limrrep, s British
Company, of Tmperial Chemical House,
Millbank, London, S.W.l, do hereby
declare the nature of this invention to he
as follows :—

This invention relates to the carryi
ot of chemical reastions with eotreulating
gased, especially mnder high pressure of
the order gemerally used in the synthetic
ammonia incngtry.

n  such remctions it is sometimes
necassaly t0 remove a proporiion of cer-
tain_of the gases in order to maintain
steady operating conditions, and this oam,
be done by purging a fraction of the cir.
culating gases, by tresting the cireulat-
ing guges with a suitable liguid or solid
absorbens, or by condensing out the gases
it is desired to. romove. Nuburslly any
such step must be taken at & sutable
point, having xegard to the arrange-
ments made for separating the reaction
products.  As a rule, it is convenient to
treat  the circulating pgases for the
removal of nndesired constituents ot &
point subsequent to the removal of the
reaction products,

We have found that » convenient and
econnmie mebhod of removing a propor-
tion, of one or more of the constitwents of
the gases, iy to pass the cirenlating gases
in rapid co-current flow with a sujfable
Lguid sbsorbent, for example hy passing
the gases and the Houwid through n ceil
of pipe of sufficient length to ensure the
desived degree of absorption. The exit
liquid may be regenersted by driving oft
the ahsorbed gns and used again i the
process, or it may be recirenisted con-
tinucusly and a certain fraictiom of it
withdrawn for regeneration, the
regenersted Houid being returned fo the
system. Fresh lLiquid is added as required
to male np for any losses.

Our improved method of removing a
proportion of the gases leads to an
mereased absorption per unit volume of
Houid compared with that obainable in
& couuber-current washing process, pro-
vided that the proportion of gas removed

{Price 15.]

s rclatively small so that the partial
presiures of the consiituent gases ave not
materially ohanged. We can alio use
bigher gas veloeitics than in the cownter.
current process, sinee in the latter eage
the gas velocity must be kept low in
order fo permit’ of the pruper distribu.
tion of Hynid and to prevent Kqnid being
entrained by the gas and carried out of
the top of the wagher,

As a result of the inereased absorption,
per moit volume of absarhont liguid owr
method requires a smaller volume of i
culating Bomid, and sinee we oam uge
high rates ‘of gas flow the size of plant
required I8 materially reduced compured
with that regtired %o operate a eounter-
current ahsorplion process.  Also, owing
to the smaller volume of abaorbent ligmid,
the losses of vuluable gascs, B.F.
hydrogen, whick are tnavoidably dis-
sofved by the lquid but which i is mnot
desired o remove from the system, are
eorrespondingly reduoced.

Our invention may be applied to the
treatment of the civculating gascs, after
removal of the ehief reaction products, in
processes for.' the synthesie of ammonia
from nitragen. uwnd hydrogen, or in Tro-
cessee for the synthesis of woethanol from
carbon  monoxide and hydrogen, or in
proecases for, the destruchive hydrogena-
tlon of . carbonaceous materials in the
Hguid or vapour phase. In the symthosis
of ammonia the gases to he removed are
methane and ivert gases such 2s argon,
which ave jutroduced with the make-up
gases and which tend to accumulate in
the system. In the synthesis of methanol
the gases 0 be removed are mainly
nitrogen introduced with the male-up
goses and methans, which is partly iniro-
duced with the make-up gases and parily
produced by a side reaction. In the
destructive ~ hydrogenation  of  gar.
bonaceous materials the gases to be
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removed are mainly methane and ethans, 100 -

which nre prodneed during the course of
the rescton, and nitrogen  introdweed
with the malte-up hydrogen. Instead of
treating the "whole of the oirenlating

gases, we may by-pass a porkion of the 105

gowes and frsat the by-passed gases as
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Jdeseribed before returning them to the
cireulating system. In this way the
vstern iy made more flexible as the gas
and lignid rates are independently con-
trollable.

Our invenfion may also be applied to
the removel of gageous oF vaporons
reaction products in cases where it is
desired to cffect the reaction with the
initfal presence of a suhstantial propor-
tion of the reaction produets and only 1o
vemove from the system the amounts of
resptjon products corfesponding fo the
reschunts uged #p. . .

By way of example we will decsribe
the application of the invention fo the
removal of methune, ethane and nitrogen
from the cirenlating gases of a destryc-
tive hydrogenation plaut operating under
& pressure of 200 atmospheres, The gases
cirenlsded  through a  comverber, whers
they were brought into contact with the
carbonaceons material af & raised fem-
perature, them through a cooled cutich-

pob, where the voudensible products were

separated from the geses, and them
through a gas washer supplied with
keposcue as  the absorbent Hguid for
removing methane, ethane and nitrogen.
The rate of gas cireulution wes
5000 cubic metres per hour, refersin
to the total ges measured &t oorm

temperature and pressure.  The gus
entering the converber contained 10
per cent. volume of npitrogen and 5

Iy
per cent. o‘g methane and ethane faken
together, and in order fo keep the com-
position of the ecirmulating gas constemé
at thiz point it was necessary to rewmove

pitrogen &t the rate of 12 oubic metres
per hout and methane and ethane at the
rate of 20 cubic metres per hour. The
gases leaving the ecatch-pot were passed
wpwardfy through o washer econsisting of
a pipe 17 em. in dinmeter and £ metres
in length, kerosene being injected at the
bage & the rate of 5.3 cobie metres per
hour, and the required amounts of nitro-
gen, -methane and ethane were thus
removed from the gascs.

By way of comparison it may be men-
tioned that i a ecounter-current washing
progess, using the maximum gus velocity
‘eongistent with proper distribution of
‘the kerosene, four lengths of pipe ench
YF om. in diameter and I2 metres in
Tength were necessary to fulll the same
duty as the single pipe 4 metres in length
mengioned above.  The gas wos passed
in parallel streams through the four pipes
and kerosene was injected at the total rate
of 6.3 cubic metres per hour. Thus in
the  eo-curremt process a  much smaller
gpparatns  wag - required and one cubic
retye, per, hoyr less of Leroseme than in
the ; ounter-omrrent process, correspond-
ing tou-decreased loss of 12 cubie metres
of dissglved hydrogen.

n the: co-cucrent process the absorption
efiiciency-was 95 per cent. compared with
88 per cent. in the ease of the counter-
cioyent progess.

26th day of Januszy, 1934

: E. A BINGEX,

. Impuriel Chemical House,
Milfbank, London, 8.W.1.
Sclicitur for the Apphecants.

Duted the

COMPLETE SPECIFICATION.

Improvements in and relating fo the Carrying Out of Chemical
Reaciions with Cirenlating Gases.

We, Koxymrs Gorpox, a Buitish Sub-
jeet, of Norson Hall, The Green, Norton-
on-Tees, County Purkam, snd InpERHAL

CHEEMICAL INDUSTRIDE Lawrrap, a Brifish -

Company, of Imperial Chemical House,
Afillbark, London, S.W.1, do  hewby
decfare the maturc of this invention and
in what manmer the same Is to bz per-
formen, to be particulazly deseribed and
aseertained in amd by the following
statement :—

This invention relates to the carrying
out of chemieal reactions with ecfronlaf-
iug gascs, especially under high pressure
of the order generally unsed in the syn-
thetic smunonts, industry.

In such reactions it is somefimes necca.
sary to remove a propoxtion of certain of

the gases in opder to maintain steady
operating conditions, and this car be
done by purgivg = fraction of the cir-
cnlating ‘gases, by treating the cireolat-
ing gasds” with' a suitable liguid or solid
absorbenit; or by condensing out the pgases
it is deésired to remove. Naturally any
such sfep must be taken ot a suitable
point, Having regard to the arrangements
made for reparating the reaetion pre-
ducts. As a role, it is convenient to treat
the circulating gases for the removal of
ungdesired constituents at a poinb subse-
quent to the removal of the reaction pro-
duets.

‘We have found that a convenient and
ceonomie method of removing a proper-
tion of one or more of the constituents of
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the gases, is to pess the circulating gases
i rapid co-current flow with a suitable
Lignid ubsorbent, for emample by passing
the gases and the Hguid, prefesebly umder
Ppressure; through a pipe or & ceil of pipe
af sufficiert length to cosure the desired
degreess of sbsoiplivn: The exit ligeid
mey be regenerated by driving off the
absorbed gas (for example by relensing
the pressura} and used ogaim in the pzo-
géss, or # sany be accisculated con-
tinuonsly emd 8 ecrtwin fraction of it
withdrawn: for regeneration, the

' regenerated liguid being returned to +the

systenr. Frosh Houid is added as required
to make vp for any Joases,

Our jmproved method of removing =

oportion of the gases leads & am
inereased ebsorplion per unib volume of
Hguid ccmpared with that obtainable in
a counler-current washing process, pro-
vided that the proportion of gas removed
is relatively mmall mo that the partial
pressures of the constituent gases are mob
moderially chunged: We can 2lso use
higher gus velvcities than im the counter-
enerent process, since in the latter case
the gas velociby ramst be kept low in
ovder 4o permit of the proper flow of
Hquid down the tower snd {o prevent
liguid belog cntrsined by the gas and
oartied oub of the top of the washer.

As revult of the incressed ahbsorption
per unit volume of abeorbent Lguid oor
method requires & smaller vohime of eir-
colating liquid, and sipee we can mse
high rates of gas flow the size of plant
required is matexially reduced com-
pared with that required (o opurabe u
comber-urrent: absorption process. Also,
owing to the smaller velume of absorbent
liquid, the losses of wvalwahle gases, e.g.
hydrogers, -which ars wuraveldably dis-
solved by the liquid but which it is nob
desirad to remove from the system, arc
correspondivply reduced.

Our iovention may be epplied to the
treatment of the circulating gases, after
romoval of the chief reaction produets, in
procegres for the synthesiz of ammonia
irom nitropen and hydrogen, or in pro-
cezses for the synthesis of methanol from
carbon, monoxide snd hydrogen, or in
processes for the destrootive hydrogena-
tion of earbonaceous materials in the
liguid or vapour phase. In the synthesis
of ammonia the gases to be removed are
methane and inert gases auch as argom,
which are introduced with the malke-up
gases and which tend to accwmulaie in
the system. In the synthesis of methanol
the geses to be removed are mainly nitro-
gen intfoduced with the make.mp gaszes
and methane, which is partly introduced
with the make-up gasez and partly pro-

diiced by o wide reaction. In the destrme-
tive  bydiogenstion of ecarboraceons
matesials the gases to he removed are
zainly methase and ethsne, which are

produced - during the coume of the
reaction, and. . niteogen  indroduced
with the mukewp hydropen. Instead

of trenting the -whole of the cirentas:
ing geses, we may by-pass a portien
of the gases and treat the by-passed gases
a8 described before returning them to the
eirenlating systemr. In this way the
syste:it iadmade more flexible as the gas
gnd lguid rates are independently econ-
trolleble.

Our invention may also he applied to
the zemeval of gaseous oOF  Vaporous
reaction prodmots In cases where It s
desired to effeot” the reaction with the
initial presemoc of & substantisl propor-
tion of the reaction producis and only to
remove frum the system the amounts of
regotion products corvesponding to the
reactants used up.

By way. of cxemple we will describe
the application of the invention to the
removal of. methane, ethane and nitrogen
from the circulating gases of a destrue-
tive hydrogenstjon plant operating under
a pressure -of - 200  almogpheres.  The
gases  efroulated fhrough & converler,
where they. wepe. brought into cupbuch
with the oarbonmceows mwterial st a
raised temperature, then through a cooled
catch-pot, where the condensible products
were soparated from the gases, and then
through a pgas . washer suppBed with
kerosene or the like ns fhe ebsorbent
Liguid for removing methane, ethane and
nitreger. The rate of gay circulstion was
500 .cubis mefres. per howr, referring €0
the total gay measured at normal fem.

erature and pressure. The gas entering
the converter confained 10 per cent. by
volume ' of nitropen and 5 per oemt. of
methane and ethane taken together, and
in order to keep the composifion of the
cireulating gas .eonstant wt this point it
Was necessary. b0 remove nitropen at the
rate of 12 gubic metres per hour and
methane and . ethane at the rate of 20
oublc metres per hour, The ﬁasas leaving
the cafch-pot’, were, passed upwardly
theough a_ washer, donsisting of a pipe 17
cm. in didmeter and 4 melres in.Hlength,
kerosene being injected at the base at the
rate of 5.3 cubic metres per howr, and
the required ~ amounts " of mitrogen,
methene and ethane wers thus removed
from. the gases. ) )

By way of comparison it may be men.
tioned that ju a rountor-current washing
process, nging fhe meximum gas velovity
which permits the flow of the Lkerosens
down the tower without kerosene being
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entrained by the gas and being carried
out of the top of the tower, four lengths
of pipe each 17 cm. in dismeter and 12
metres in length were necessary to fulfil
the same duty as the single pipe 4 mctres
in length mentioned asbove. 'The gas was
passed in parallel streams upwardly
through the four pipes snd kerosene was
injected downwardly at the total rate of
6.9 cubie metrez per hour. Thus in the
co.current process a much smaller
apparaius was required and onc eubie
metre per howr less of kerosene than in
the counter-current process, correspond-
ing to a decreased loss of 12 enbie metres
of dissolved hydrogen.

In the co-current process the ahsorp-
tion efficiency was Y5 per cent. compared
with 80 per cent. in the cuse the
coutiter-cirrend Procesi.

In British Specification 331,008 it has
Leen proposed to recover the reaction pro- .

ducts from the gages and  vepours
obteined in the destruetive hydrogenation,
of distillable carbonccecus materials by
condenging the ~vapours and simul
taneously bringing the gases and vapours
into contact with = washing oil which
may be introduced into the condenser in
go-current with the said gases and
vapours. In the sail specification it is
stated that the uncondensed gases are
freed to a great extent or prachically
completely  from the  hydrocarbons,
whereas according to the prerent inwven-
tion only a small proportion of the gazes
is resnoverd in the course of a single pass-
age throngh the serubbing zone.

Having now particularly deseribed and
ascertained the najure of our seid inven.
fion and in what manner the same is to
be perfurmed, we declare that what we
claim is -—

1}.. A pracess for carying  out
cliemival  reactions with  cireuleting
pases, in which a proportion of one or
more of the constifuents of fhe gases is
removed by passing the cirenlating gases,
or o porkion of them, in rapid co-eurvent
flow with a suitable Jliquid ahsorhent
under such conditinns that the propertion
of gas removed is Telatively small, and
that the partial pressures of the con-
gtitnent gases are not therehy materially
changed, the Tlguid absorbent heing
subsequently regenerated end retrmed to
the system,

2) A process as claimed in Claim 1, in
whtich the gases and the liguid ave passed
through o pipe or & cnil of pipe of sufli-
cient length to ensure the desired degree
of ahsorption,

3) A process us claimed in Claim 1 or
2, in which the gases und the liqrid are
passed upwardly.

. 4) A process as cirimed in Claim ), 2
or 3, in which the gases arc ireated nnder
high pressure.

fiy! E ese as claimed io Claim I, 2,
% or 4, in which the liquid absorbeal is
recirpulated  continmonsly and & cerlain
fraction, of it is withdrawn far regencru-
tion, the rcegenerated liquid  Teing
returned to the system. .

6}'A process as claimed in any of
Clajms -3, in which the ecivenlating
gases ore those of & destructive lydro-
geoation, plant operated under high pres-
sure and the ligquid absorhent iz kerosenc
or the like.

Dated the 30tk day of January, 1835,
E. A, BINGEX,
" Froperial Chewijcal Honse,
~ Millbank, London, 8.3, 1,
" Solicitor tor the Applicaily,
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