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Improvements in the Removal of Org_anicallj Combined Sulphur
from Gases

I, Jawes-Yare JOEKSON, & British Sub-
jeet, of 47, Lincoln’s Innr Fields, in the
County of Londen, Gentleman, do hereby
declare the nature of this invention

5 (which has been communicated to me from
abroad by I. G, Farbenindusiric Aktien-
gesellschaft, of Frankfort - on - Main,
Germany, & - Joint Stdck Company,
orgonized nnder the Laws of Germany), to

10 hg'ay follows s

Tt4s alresdy known that orgunically
combined sulphur in gases is frequently
very troubldgome, especially when the
gases are to be subjected to catalytic

15 Trocesses.

Among the processas hitherto proposed
for the remnva]i of the nrgenically como-
bined sulphur, the catalytic conversion of
the ormanically eombined sulphur into

20 hydrogen sulphide has so far proved the
most efficient. Catalvsts are emploved
which contaif heavy metals. in particular
iron, lead, molybdenum, nickel or fung-
sten, or advantagecusly molybdenum er

25 tungsten sulphide. This process has the
drawhack that comparatively high tem-
peratures of from 300" to 600° Centigrade
must be emploved.

Tt has alse been mrovosed to lead the

30 gases at about 2001 Centigrade over 2
metal of the 5th, 6th or Tth group of the
periodic ystem which contains a mefal
of another group, the exhausted metallic
masy being regenerated by treatment with
oxyaen-containing gases 2t about 460°
Cenbinrade. This process is comparatively
treublesoree and expensive. ’

Tt has also heen nroposed to Temove
orgenically combined sulvhur Irom gases

40 by treating them with alecholic alkeline

_golutions but this method is unsuitable
" for industrial purposes because carbon di-
oxide is lwavs contained in the gases and
iz alsn absorbed by the alkaline solutions
45 whereby great waste of golofion 18

. .occasioned. .
* My forelgn correspendents have now

found that organically combined gnlphur,
guch s earbon disulphide and especially
50 carbon oxvsulphide, can be removed from
pagses by bringing the gas o ha ‘purified
into confact with strong organic bases or

[Prige 1f-1

" propylena, .

basic-reacting salts of strong inorganie
:f;i organic bases ab such high teamperatures

at the organjcally combined sulphur is 56
converted into hydrogen sulphide which is
led away from the purifying agent tfo-
gether with the gas.

The basie substances which may ba em-
ployed according fo this invention are 60
divisible into three growps. The first
greup compriscs the organie bases among
which are all strongly basic smeines and
espeofally those containing hydoxyl
groups, Tetramethylammonium hydroxide, 65
monogthanolamine, diethanelainine, - tri-
ethanolamine:, butyldisthanolamine . and
dimethylethanolamine may be mentiondd
by way of éxample. Stﬂf sironger basio
pmines witich contain more than 20 per 70
cent. of nitrogen and more than one nifro-
gen atom, as; for example diamino-ido-
propanol, may also be employed. The
use of bases dontaining at ledst fwo atoms
of nitrogen in the molecule sud corie- 16,
sponding to the ganeral formmla’y™ - -

. -ﬁﬂ—"lf—'ﬂa )

e B R
. o A;—&-——A;'- b .
{(in which B is an aliphatic hydrocarhon
radicle which may &lso: contadn a siniple
or substituted amino group snd in ‘which 80
at least one of the group:i:isvan'alkyl o
aryl group which may contain's hydroxyl
group or & simple “or substitufed emife
group or ot least one of the groupe A is
a simple or substifuted’ group, or in 85
which two groups A attached to different
nitrogen atoms constitute an’ al¥ylens
groap whilé'éach of the remaining groupd
A is hydrohén or an alkyl or aryl group)
offers ‘dpeeinl ddvantages. Bases of the 90
said kid” are advantageously derived ..
from readily accessible unsafurated hwdro-
carbons, sick as ethylene or‘propylensi
There may beinentioned in parkioular ther
substitution products of ethylene diamise, 93
diethylene triamine, triothylene - tetra-. 7.
mine and tetraethylene pedtamine amnd
the correspouding derivatives of {rismino-
{riaminobittylene and ‘feiras
Ag suitable substances 100

sminchutylens.
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of the said kind may be mentioned for
example dihydroxyathyl-ethylene di-
amine, mong - hydroxymethyl - ethylene
triamine, moncmethylmonohydroxy-ethyl-
5 tristhylene tetramine, monohydraxyethyl-

cthylene dismine, and melbylhydroxy--

ethyl-ethylene diamine. Substances of

the said idnd hove, with a comparatively -
low molecular weight, o high has-icitly :

[0 2nd are therefore especially usefu
The invention is not restricted to the use
of such comparatively complicated bases,
howaver, but ethyleme diamine, for
example, may be ysed itself, but generally
speaking it must be used under increased
pressure having regard in its compara-
tively low hoiling point.

A farther group of basic substances
comprises the alkaline-reacting aalts of in-
orgagic bases with inorgapic acids.
Among these may he mantionad in par-
ticular potassium phosphate, potesdum
metaborate and sodfum  tetraborate.
These substancey are usually employed in
the form of solutions whick contain
water as the solvent or as an agent facili-
tating dissolution. The said substances
also dissglve, even if not especially
readily, in many organic
cspecially  those conteining hydroxyl

20

25

40

groups so that sulutions mav be employed

withont any addition of water.

A group intermediate of the twcr '.

~ groups already mentioned comprises the
85 salis of sirony hases with comparatively
*week acids, the bases or the acide or both
being organic substances. Among these
may be mentioned in parficular the
alleali gr alkaline carth metal salts of weak
organic acids, such ag simple or subshi-
tuted amino acids. For example alanine
godinm or ' potessium salts, glycoeoll
sodium or potassivrn salls, methylalanine
potassium.  salt, dimethylalanine sodinm
salt, dihydroxyethylglyeocoll potassium
saltand similar substancesmay be employed
with advaniage. Salts of amine zeids
which are derived from amines containing
iwo or more nitrogen afoms Irequently
offer special advantages. Amino acids of
the said kind may be prepared for axample
from ethylene dismine or itz polymers, in
particular diethylene {riamine, triethyl-
ehe tetramine or tetrasthylene paniamine,
The noids may be derived from fhese
aming comfmumds in any suitable way?!
For example suitable carboxylic acids are
those which arc devived from monchasic
- ¢ aeids of the aliphatic series, such as acelic
80 acid, propionic or butyrie acids, or from

dibasio or polybasie acids, as for example

malonie acid, suceinie oeid or their
homologues, .or ftriearbaliylic acid, or
- from monohydroxy or polyhydrexy acids,
689 such as lactic acid, befa-hydroxybutyric

40

15

50

55

‘example in

solvents, .

acid, fartaric acid or citric acid, or from
keto acids, sach as nyroracemie acid, or
from unsaturated acids, such as maleic
acid. Amino acids which already con-
tain a simple or substituted amine gronp
way alse serve as initial materials for the
acids to he employed, 'The peids may
alsp be derived from aromatic componnds.
1n this case they may also contain for
the ring or in a side chain & 75
carboxylic group or a sulphonic or other
inoiganic acid group. The said sub-
stancas may also be derived from sromatic
amines, the amine group being present
elther in the ring or in g side chain, The 80
acids may also be derived from hydroxy
acids, suck es salieylic acid, or from halo-
gen acids, such as chlorbenzoie acid.
All these substances may salso contain.
more then one nucleus, such ag naphtha- 85
lene or anthracens. In general the acids
may be derived from acyelic, isoeyclic or
heteroeyclic compounds having ome or
more rings. Aeids corresponding to onc

of the fallowing forwule are especially 90
suitable:—' :

]g\e'm
]
Gl—F—-COOH
G
&
gt
'N\G. N\G,
. 3?
G—G—E—COOH 6—C—F—CO0H
G, &
(in which: B

G, and @, are hydrogen or hydrocarbon 95
groups which may also contain a hydroxy
or @ primay, secondary or tertiary amine
graup or a carhoxylic group or mere than
one:of these groups; - .
" G, i3 a hydrocarbon group whick mey 100
also, comiain a hydroxy er a -primary,

-senondary or terblary amine growp or a

earboxyl group or more than one of these
groups; -
“+ G s hydrogen or an aliphatic hydro- 105
carbon group which -may alse contain 2
hydroxy or a primary, secondary or ier-
tiary group or & carbexylic group ar more -
than gne of these groups; -

1 and E are hydrosarhon groups 110

which moy also confain g hydroxy or o
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primary, secondo‘rﬁ or tertiary amino  As salts of euch acids may be men-
group or a carboxylic group cr more than tioned for example:—
one of these groups; 1. gomma - hydroxyethylamino-alpha-di-
and in which ring closure may take ethylenetriamino-butyrie acid pofassinm 10
5 place in suy desired manner bstween the salt,
groupg G, &, Gs, (e, B and D).

HQ—0,H —NA—CH,—CH,CI—C00K
O H—NE—C,H—NH,

2. alpha - propylencdizmino - epeilon-amino caproic ucid sedium salé,

NH—CH.—CH.—OH ~CH,—CH-—CO0ONa _
NE-—O.H,NH;
15 3. the potassinm - sodium - salt - of

al-ﬁli.a.alp]m} - {tristhylene - tetramino}-
dipropionic acid. e

NaCOC COOK
H—N.‘E[—-—GQH,-—NBI_U,‘E[._NHwE!BH;—Zl:\_THThH
B, o -

4. the potussimn-sodium-monoethanclamine salt of triethylene - tetramino-
20 alpha-prapionic acid diacetic acid

NaOO(?
CH--NH—,H —~N—C, H,NH—C.H—NH—CH.—C00K
OIHa H,-COOH . . .. NH—CH~~01

5. the potassium - codivm salt of ~methylenediamino-diacetic acid
NaO0C—OH,—NH—0H,—NH~—CH—~CO00K
6. the sodimm salt of alpha-dicthylenetriamine-yropionic acid
| _ /000N
25 NH,,—U,,H‘—NH—(LH&A\*H-_:JJJ:E
7. the potassium salt of diethylene-h'iaminn-acetic'a.cﬁ'é-""‘-_":
NH,0,E~NH—C,7—NH—CH—C00K
8. the sodium salt of tristhylencteiramine-suceinic é;:id
NaQOC—CH; - |
N&OOF;—'—(_J}H—NH“"‘-C'L\Ha—‘NH—G2H4'—1\’E—C:HA_“NH2
80 9. ihe potaaaiu:ﬁ salt of methylenedinminc-acetic acid
NH—CH,—NH—UH ~CO0K
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10. the barium salt of ethylenediamino acetic acid _
NH.—C,H—NH—CH,—000—Ba—00C—CH,—NH-—(0,H—NH, - -
11. the scdinm-ealeium salt of tetraethylenepentamino-citric acid -
N'H,—O@——-NH*—U,H"—_NH_C,H.-—NH——O;ZEL——NH——-OH—COQ }da
E/,-COO"
T~0H
' JJH,,—-GODN&
12, the godimm-potassium sa]t ufethylenediamino—-malic acid
KOOC—0H—OI - '
NaOOC—(BH—NH—-CsIL——NH.e )
13. the sodinm sali of tnathvlene—tetrammo-dmeetlc aelfi
No00e—CH,—NH—C,H—NHE—C.H—NH-—,H, ~—~NI[-~CH,~—COON3
14. the sodium  salt of dlethylenetrla,mmo—tnmeuu acid
Na00C—CH,—NH—C,H,—N—CH,—NH-~CH,-CO0Nx
_ ' CH,—C000Na '
15. the sodium sali of etﬁyl-eﬁh,ylene'dia.rhiuo-diacet-ic acid
NaQO—CH—~N—C,H —NHmbHr_—COONa
N P
16, the godium salt of ’rriethyléﬁe;fétramino—acetiu arid
N‘H,—-—O{.EL—-—-NH—CgH¢wNH—D;EmNH_LH3mOOUNa )
17. the mong-sodiam salt of N—(beta-hydracry]m acid)-Ni-(ethyl)-N (a.mmn-

acetie acid)-hydrazine
' HO—CH-—-CH,—C00Na
b
c;H,—lxlr-cH-'-GOOH
H.

15. the potassium salf of diethylene-friaming-oleic acid, -
NH—C.H—NH—0,H—NHE—(CH,)—CH=CH-—(0H,)—C00K

19. pars - diethylenetriamino - berzoic acid potassium salé

NH.—C,E~NE—CGE~NE-¢(  »—CO00K
20. the potassium salt_ of _(e.thyl'el__ledi?.—_rgino)—hydroxyacetic acid
NH,—0,H—NE—0—CH— (00K

21 the sodinm salt of hetaa-methjflene&iaxﬂiﬁo-lacﬁc acid.
NI —Ci—NB—CH,—CIH(OH)—CO0ON=
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22, the sodium galt of sthylenediamino-bete-methylamiro-hydracrylic acid
NA,—C.H—NH—CH,—NIL—CH(OH}—CH—CO0Na
23, the sodium salt of 3-(disthylenetriamino)-anthracene-2-varboxyiic acid

—COONa
—NHE—L.H,—-NH—C,H—NH,

5 24. the beuzylamine salt of ethylenediaminmacenaphfhe_ite earboxylic acid

—CIE—NTI—CH~KH, -

_lE_coom, . .. NE~CE—~C_ >

25. the ethylenediamine salt of triethyleneistrumincanthranilic acid

GO0H .. .. .. NH—CHE—NH:

|
NH—C,II—NE—C.H,—NH—C.H,—NH,

9G. diethylenetriamino - terephthalicacid

COOH = -« NHy organic bases in this group may be further 20
mentioned for example monvethanol-
anyine borate, ethylénediamine phosphate,

CHy ethylenedianiine metaborate, the alanine

10 ! B{l}-}t i]f _t{iet-h%]enetetramiﬁ:l% and the
H phenol salt of  ietramethylammonium 2

: N"’/c - hydroxida, v

-HOOC In many cases it is advantageous to

: employ bazis substenees which contain no

“HaN = CHm GH, nitrogen or in which hydrogen atoms are
27. the sodinm salt of diethylenetri- 1o longer attached to any nitrogen atoms g0

3 recarboxylic aeid present, beemusc substances of this kind
a?‘z_g;cgﬁlupenfane—oar . have » longer life in some cases. In such
1, .

cases, for example potassium metaborate,
potassium  earbonate, triethunclumine,
CH-COONa hu’&yldiethanulamine and  dimethyldi- 85
] hydroxyethylethylene diamine or fhe
Hg e G4 =N MG, BN H- Gy g NHy sollinm salt of dimethylalanine, the potas-

sium. salt of dihydroxyethylglycoeoll or
d 28, ﬂl“?hﬂ‘;“ﬁ}i?una formed by Tng g, potassium  sult of m};thylhyd_may-

itting off water from the cthvlalanin !
! : y N anine may be wsed, 40
diethanolumine salt of elhylenadiamino ngtead of the single hasic subsiances,

cumalio acid mixtures of two or more of such substanees
may he employed and {he single compo-
/O\ . nents may belong fo different groups
oc CH C,H,~OH among thoss alvesidy mentioned. 45
[ '2 The hasic substapces may cither he used
HLE C~COOH - NH as such, provided they are liguid under
N\ | the reactivn conditions, or in the formn of
C C,H, their solutions, . 'For example pure tri-
] |- sthanolamine may hé used as the purify- 50
NH ~C Ha~ NH—— jng apent. When solutions of the basic

As salts of weak acids with strong substances are c_'am'p__l_oyed, water or any
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non-hydreting solveni or any mixture n}f,l;

iwo or more solvents may be employed.

Ameong non-hydrating sefvents, thoss are

particulazly suituble which have a good
& sclvent power for the basie substances

amplaye&l and a high boiling peint, As
guch solvents muy be mentioned for
example hydrocarbons of high boiling
point which may belong to the arcmatie,
eyoloaliphatic or aliphatic series, or mix-
tures of the same, ag for example the nsual
washing oils, mineral coal tar oils, brown
cogl tar oils, the oils arising from low
femperature carbonisation, eracking and
destructive  hydrogenation  processes,

10

16

petrolenm fractions snd tetrshydronaph-

thalene. Although fractiong of compara-

tively low boiling point of the said hydro- .
-.always present in the solutions or in {he
+gases to be purified are sofficient, If 8!
ngeesgary, however, the gases may be pre-
“viguely moistened or water may be added
o the purifying agent in the form of
_--liqi‘:lid_ OF VEPOUL.

carbon mixtures can be employed, it is

20 usually advantageous not to emplay sub-

stances having a boiling peint of less $han .

190°  Centigrade. Uxygen-containin

solvents, such as ethers, ketones and.
Tispeni-

alcohols may also be emplayed.

2 ally suitable are for example industrial

amyl alechol and the mixture, consisting

mainly of igebutyl aleohol, known as iso-
butyl il and arising from the catalytic
reduction of the oxides of carbon. Poly-
hydria alechols, such as glyecol or
glyceriue, or the numerous substances
used in industry as solvemts for various
purposes may also be employed. By mix-
ing {wo ¢r more solvents with sach other,
the beiling point msy for example be
raised or the solvent power for the busic
substances increased or the watting powar
of the solution for the gases may be
improved. If necessary there may be
added to the solutions for the same purpose
other solid or semisolid substances, as for
example paraffin wax or inorganic salls, or

80

35

406

egenls which reduce the surface tension, -
as for example alkylated aromatic &ul~

45 phonic acids, Such additions nced ot
give true soluiions, but may also+be

employed 23 emulsions or suspension

For example » suspension of caleiumi -

¢hloride in sanyl sdechol may be employed.
Two or more solvents which do not mix

&0

with each other may also be emplayed, the

bagic substance being dissolved omly in
one of the solvents while the other
promotes the wetting of the gas with
55 liguid. Sueh g mixture Is for example &
“solution of the sodium salt of alanine o

. water mixed with amyl alechol.
The concentration of the basis sub-
stances mey vary within eny desired
g0 lmits. Thus, as already mentioned,
arganic bases may bs empleved in an un-

- diluted stabe provided they are liquid, as
for exaraple triethanolamine. The ron-
centrations which ere most favourable

65 depend on the busic substances to be used

and on iheir properties, Irn the case of
solutions of selid substances, the concen-
tration should in most cases not sxcued the
concentration of saturution, but in some
cases solutions may ha nsed which are T
saturated at the working temperalure or
which even then ##ill contain solit basic
substances in an undissolved form.
Generally speaking the most faveurable
concenirations of the basiv substances lis T
between 20 axnd 60 per cent.

Grenerally speaking it is advantagcous
to carry out the conversion of the organic-
ally combined sulphur in the pressnce of
water., Even very small amounts are, 8
however, sufficient so thei even when

- non-aqueous solutions are emplayed the

small umounts of water which are almost

Le process according to this invenlion 9(

s applicable to any gas which contains

organically combined sulphur. Water
gos, coke-oven gases, produser gas and
tuminating gas may be mentivned in
particular and also wany waste mases, as 9!
for example low temperature carbonise-
ton gases or cracking gases, When select-
ing the reaction temperature it should be
borne in mind that the conversion of the -
organic sulphur compounds proceeds 104
better the higher the temperature. For
reasons of economy, however, there are
usually used anly such high temperatures

that the conversion proceeds to the
desived extent and with satisfactory 10
gpeed.  Generally speaking  therefore

temperatures between about 90° and about
150" or 200" Centigrade are wusually

“employed. The reaction temperature may
geuerally speaking be the lower the move 11(
_strongly hasie the substantes employed.

-.* The basic substances employed accord-

ing to thiz invention have in-themselves
the property of being capoble of absorhing
gaseous . weak ~aclds,” as for example 11f
hydrogen sulphide and carbor dioxide and
of evolving them again whén hested. This
invention 1s not concerned with sueh an
abserption of hydrogen svlphide and at
the temperainres employed the basic 120
suhstances are capshle of absorbing only
small amounis of gaseony weak acids.
When therefore a gas is treated which
contains & weak pgasecus aeld such as
hydrogen sulphide or carbon dioxide in 195
addition to prganically eombined sulphur,
there may first ocour fo a ccriain extent
an absorption of these gaseons wesk acids
Ly the purifying agent. After some time,
howaver, & state of eguilibrium it sst up, 180
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the coptent of hydrogen sulphide in the
gag then not heing reduced but even
increased by the hydrogen sulphide
formed by the conversion of the vrgnnie-
ally oombined sulphur, In spife of this
content of guseous weak acids, the purify-
ing af‘ent adty in the manner already
described. )

When a content of hydrogen sulphide or
other gasaous weak acids in the gas is not
undesirakble, it is no{ necessary to remove
the hydrogen wsulpbide formed by the
conversion of the organically combined
galphur frem the gas, If, on the other
kand, it is desired to coblain a gas which
no longer eontaing hydrogen sulphide, the
hydrogen sulphide formed may he removed
in eny suiteble manner. Yor example the
gus freed {rom ' organically ecombined
sulphur may be led over bog irou wvre or
similar purifying masses or treated by a
web purification method, When the crode
gas vontains hydrogen sulphide in addi-
tion to organicelly combine] sulphur, the
said hydrogen sulphide may either be
removed before the conversion of the
organieally eombined sulphur or else
together with the hydrogen sulphide
formed by the said conversion. When a
content of carbon dioxide in the gas Is not
uwndesirable, it is advantageous to employ
for the remaval of hydrogen sulphide
after and, if desired, hefora the conver-
sion of the organically combined sulphur,
a method by which no substantial altera-
tion in the comtent of earbon dioxide inm
the gus takes place, On the other hand,
the removal of the hydrogen sulphide
formned efter the conversion of the arganic-
slly combined sulphur aleo offers the
opporfunity simultaneously (o reduce the
carbon disxide content of the pas.

Any suitable apparatug may be wused
for the conversicn of the orgaaie sulphur
compounds, (renerally spesking provi-
sien should be made for the most intimate
possible contact belween gas and liguid.
This may he effected either Ly very fine
disivibution of the liguid purifying agent
in the gas by -sp,raym% in very fing drop-
lets, as for example by cmploying
nozzles, or by very fine distribution eof

the gas in the liguid porifying agent. Thoe .

latter kind of distribution iz effected for
cxample by leading in the gas through
porous plates or by distributing the gas
in the liguid with the aid of a rapidly
rotating stirring means. Meang lying
hetween the two said extremes may also
be employed, IFor example mechanieally
moved washers, sach as disintegraiors,
Fcld washers or Stréder washers, o
stationar washing towers may be
employed. The procass may be earried out
by leading the gas through an amount of

liguid which remains continually in the
washing apparalus and which is kept at
the desired temperature. The gas may
glso if necessary be prelieated io the work-
ing temperature. On the other huud, the
purifying agen{ may also be heated ocut-
side the reaction wvessel to ile reaction
temperature and led in a eyele through the
purifying apparatns, as for example a
washing towoz.

Tha reaction temperaiure may be main-
tained in any desired manner as for
exumple by direct heating with combus-
tion gases or by heating by sleam evils or
the like. Waste gases, the heat eontent
of which cannol otherwise be satisfactorily
utilised, are also frequently very uscful
heating agents hecaunsa only comparatively
low temperatures are necessary. Elsctrie
healing meay also be empleyed by reason
of the ease with which it may ge regu-
Iated, If it is desired to make provision
for w cerlain femperature nof being
excesded, for example a sclvent for the
basie substance may be employed the boil-
ing point of which lics ai the desired
upper limit of temperaiure and which is
kept hoiling and thereby partially vapor-
ised, the vapours being condensed in a
suitable mapner and relurned to the
solution.

The process mey be corried out under
any desired pressure, The use of reduced
pressurve, however, rarely offers advan-
tages. (enerally speaking it is meost 100
economnical to werk ot the prevailing gas

ressure, An Increase in the pressure may,
owever, offer advantages hecause at pres-
sures ubove atmospheric pressure the
temperature of the houid purifying agent {105
may be higher without vaperisation
toking place. Sinee the compression of
gases cauzes a cousiderable evolution of

70

75

8¢

85

90

95

heat, there is the possibility according to

this invention of “using this heat in order 110
to bring the liguid to the necessary reac-
tion temperature "4nd {o keep it at the
same. As an cxample of the desulphurisa-
tion of & gas uider pressure may be men-
tioned the treatment of a mizfure of watex
gas and nitrogen serving for the synthesis
of ammaonia ang which has been obtained
by- the reaction of 'coke with sieam and
subsequent mixing of the waler gus with
nitrogan, e

The following Examples will further
illustrate the nature of ikis invention hut
the invention iz not resiricled 1o - these
Yxamples,

115

- Exawprw 1. 125

Water gus which Las been Ireed from
hydrogen sulphide with the aid of ferric
acid gas purifying mass but which still
contains 148 milligrams of erganieally

combined sulphur per cubic mefre is led 180
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with the aid of a porous plate through a
20 per cent. agueous sointicr of triethanol-

amine, the liguid being heated to 95° .
Contigrade in an o1l bath. Depending on

& the Leight of the liguid, a more or less
large amount of organleally combined
pulphnr is  converted iole hydrogen
aulphide. If isoaray] alechoel be employed
ag the solvent instecad of water, the con-
version of organically cornbined sulphur
inte hydrogen sulphida with the same
"height of liqeid is considerably better
ever at o higher gus speed.

In a similar manner, a conversican of
organically combined sulphur may be
carried out at 166° Centigrade by means
of @ 10 per ecnt. solution of potassium
carbonate in iscamyl alechol or an aqueous
golution of the sodium salf of alanine
heving a specific gravity at 20° Centigrade
of 1.18 or an aqueous solution of the potas-

10

15

.20

siwm salt of methylalonive having a
avity at 20° Centigrade of from. -

speeifie
1.18 to 1.25.

A washing tower which is well tnsulated
against heat radistion and is indirectly
beated at various poinfs with steam is
trickled wilth a hot agneous 37.8 per cent. -
solution of the sodinm galt of triethylene- 30

‘tetramincacetic acid. The temperaiure in

the washing tower and in the solution is
kept at about 106° OCcendigrade. If a
water gas from which the hydrogen
sulphide has been removed but whach 35
still containg 149 milligrams of organie-
ally comhined sulphpur per cubic mebre ba
churged through the fower at a spead of
100 volumes uf the washing space per hont,
the organically combined sulphur s 40
prectically ecompletely converied info
hydrogen sulphide. ,

Dated this 2nd day of July, 1984.
7. Y. & G, W. JOHNEON, .
47, Tincoln’s Inn Fields, London, W.C.2,
Agents.

COMPLETE SPEOTFICATION

Improvements in the Remova!_f{pfi prganically Combined Sulphur
from Gases

. We, Courzs & Courany, a Compan
with unlimifed Hability, i '
under the Companies Aet, of 440, Btrand,
in the County of Lundon, and FrEprriox
Jopwsow, a British Subject, of 218,
Victoria Drive, Easthourne, in the County
of Sussex, legal representatives of James
Yate Johnson, daceased, late of 47,
TLincoln’s Inn Y¥ields, in the County of
. London, do hereby declarc the nature of
thig invention (which has been communi-
cated from abroad by I. G. Farbenindus-
trie Alktiengesellschaft, of Frankfort-on-
Main, Germany, » Joiul Stoek Company
organized under the Taws of Germany)
in ‘what menner the same is to be

45

50

.55

al

ineorporated

performed te be pariiculerly deseribed

60 aud ascertained im and by the following

statement s — ' :

It ig already kunown thet Brgaali'cgallix.,

combined sulphur in gases ia frequéntly -

very troublesome, especially when; the.

gases are o be subjested to _catalytic
processes. : A

Among the processes hitherto proposed
for the removel of the organically com-
hined sulphur, the eatalytic conversion of
70 the organically combined sulphur into
--- hydrogen sulphide has so far proved thé
most eflicient. Catalysts are employed
which contain heav%meta.ls, in particular
iron, lead, molybdenum, nickel or

75 tungsten, ar advartageously molybdenum

d

~nated with an amine, especially an:
“or nf mixtures of aliphatis or aromatic

{example of finely divided sulphar

or tangsten sulphide. This process Las
the drawback that comparafively high
temperatures of from 300° to 600° Centi-
grade must be employed. .

It hag also been proposed fo lead the
goses at about 200° -Centigrade over 2
metal of the bth, Gth or 7th group vl ihe.
periodic system which contains a metal of
enother group, the exhausted metallic
mags being regenerated by trestment with
oxygen-pontaining gases at abeut 450°
Centigrade. This precess is compars-
tively troublesome and expensive,

Tt has also been proposed for example
in specification Wo. 14569/00, to remove
organically combined sulphur frow gases
by treating them with an amine prefer-
ahly soluble in alecokol, as for instance

a0

85

80

- with an sleoholic solution of saniline, at
- low temperafures. Similar processes have

a9k

use for

i;nljf_reg—
ine;

dlso been supgested making

amines as for eéxample aniline with in-100
soluble metal oxides or metnl galts; or of
amines, such as aniline, elhylamine and
diethylamine together with hydroxides,
suiphides or sulphhydrates of the alkali
or alkaline earth metals o a temperatuzre 105
as high ap circumstances permit {40°
Centigrade for example). None of these
processes has been commarcially sncesess-
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* ful by reason of the slow rate uf reaction
with the weak bases employed, and the
losg of sactivity end the greal wasie of
solution owing to absorption of the weak

8 gaseous acids at the low temperatures

employed. o
It has also besn observed in conncelion

with the recovery of weak gaseouy acids

from gas mixtures containing the same by
means of organic bases at low tempera-
tures that the process is mot suitahle for
recovering carbon disulphide from geses,
because this reacts with the amines, exeept
fertiary amines, with the formation of
derivatives of dithivearbamic acid or of
thiocarbamide,

Chir foreign corrvespondents have now

10

15

found that orgundeally combined sulphur,

such as carbon disulphide and especially
earbon oxysulphide, can be removed from
guses by bringing the gas io be pusified
into contaet with strong organic bases cx
basie reseting salts of strong inorganic or
organic bases at such high temperatures
that the orgarically epmbined sulphur is
converled inte hydregen sulphide which
is led away from the purifying agent
tngether with the ges, and that no substan-
tial absvrption of weak gaseous acids by
80 the purifying agent takes place.

The basic substances which may be

25

employed aceording {o this invention ave.

divisible inte three groups. The firs
grony comprises the organic hases gmong
which are all slrongly busic amines
and especially 058 containing
hydroxyl groups, Tetramethylammonium
hydroxide, moneethanclamine, diethanol-
amine, inethapolamine, bulyldiethanol-
amine and dimethylethanolamine may be
mentioned by way of exampla. Rl
stronger hasic amives which contain more
then 20 per cent. of mitrogen and more
thau one nitrogen atom, as for exampie
diaming - isopropamnol, wmay =also he
employed. The use of bases containing
at lsast two atoms of nifregen in the
molecule and corresponding to the general
forzaula :

35

40

45

50 I -

I
A—~N-—A,

{in which B iz an alipkatic hydroearbon
radicle which may also contain a simple
or substituted amino group and in which
ab least vne of the groups A is an alliyl or
55 arvl group whick may eontain & hydroxyl
group or & simple ar substituied amine
group, or in which {wo groups A atlached
to different nitrogen atoms constituie an
alkylene group while each of the remain-

ing groups A is hydrogen or an alkyl or §§
aryl group) offers special advantapes.
Basez of the eaid kind are advantageously
derived from readily accesaibli 1nn-
saturated hydrocarbons, such as ethylens
or pz:o‘?flene. - There may be mentioned in 65
particniar . the substitelion products of
ethylene diamine, diethylens triamine,
{ricthylene tetramine and tetrasthylens
pentamine and the corresponding deriva-
tives of triaminopropylene, triamino- 7
bulylene wnd tetrzeminobuiylene. As
suitable substances of the said kind may
be mentioned forexumple dihydroxy-sthyl-
ethylene diamine, monohydroxymethyl-
ethylens friamine, monomethylmone-
hydroxyethyltriethylene teiramine, mono-
hydroxyethyl-ethylene  diamine, and
nethyl-hydroxyethyl-ethylene diamine.
Substauees of the said kind have, with a
comparatively low molecular weight, a 80
high basieity and are therefore eapecinlly
useful. The invention is not restricted to
the use of such comparatively complicated
basos, however, byt ethylene diamine, for
example, may bé used itself, but gener-
ally spealking 3t ‘must he used under
imecreased pressuie having regard to its
comparalively. low boiling point,

furthey ‘group of Dasic substances
comprises ‘the alkbline-reacting salts of
inorganic Vases “with -inorganic scids,
Among these 1may by mentioned in parti-
cular  potassium” phosphate, potassium
ingtaborate and sodinm tetraborate, These
substances are usially employed in the pj
form of solutions which coniain water a=
the selvent or as an agent faeilitating dis-
soluticn. The said substances also
dissolve, even if fiot especially rerdily, in
many organic solvents, especiclly those 100
eontaining hydrexyl groups so that =zolu-
tions may be smployed without any addi-
tion of water,

A group intermediute of the two groups
already mentioned eomprises the salts of 105
strong bases with comparatively weak
acids, the bases or the acids or hoth heing
vrganic gnbetances. ' Among these may be
mentioned in particuler the alkalr or -
alkaline enrth metal salts of weak organic 110
acids, such as simpla or substitated amine
eeide, For . example aianine sodinm or
Dotagsii salts, gllyc_ocull godium or potas-
sium salts, methylalanine potassivm salt,
dimethylalaning ‘sodinm alt, dikydroxy- 115
ethylglyeoeoll “potassium Salt end similar
aubetaneeg may be bmployed with advan-
tage., Salis of - aniine acids which are
derived from amines comtaining two or
meore mnilrogen ulvins frequently offer 199
special advantages. Amine aeids of the
said kind may he prepared for example
from ethylene diamine or its polymers, in
paviicular diethylene triamine, fri-

85

99
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ethyl&ne tetra,nme o t.euaet.h}leua peat-
amine. The apids may be derived from
these amine compounds in any sunitable
way. For example suitable carboxylic
§ acids ate those which are derived from
monobasic acids of the sliphatic series,

such as acetie acid, propionic or butyric .

acids, or from dibasic or polybasic acids,
0 as for example malonie acid, suceinie acid
1

acid, or frem monuhydruxy o J[J)ey
hydrox:y acids, such as lactic acid,

hydroxybutyric acid, tartaric acids o

eitric acid, or irom keto ecids, such ds

15 pyroacamm acid, or from unsaturated
aeids, such as maleic acid. Amino acids

which already confain a simplo or subshi= -

tuted aming greup may also serve as
initial materials for the acids fo be

461,001

or their homologucs, or tnearbal]yhc. -derived from hydroxy acids, su

employed, The acids m di alsa be derived 20
from aromatic compoun In this case
they may also contain for example in the
ring oz in a side chain & carboxylie group
or o sulphonie or ofher imorganic aeid
group. The said substences alse be 95
derived from aromatic amines, 'bie amino
group being present either in the ring or
it u side chain, The seids may also be
ei ds sali-
110 agid, or from halogen acids, such as 50
] bensoic meid. Al these substances
'ay alse contain more than one mumelews,

such aa naphthalene or anthracens, Tn

géneral tho acids may be derived - from

-acyelic, isocyolic or heferceyelic com- 83

pounds having one or mare rings. -Acids
gorresponding to ome of the following
formules ave especially suitable:—

6, &
/G'ﬂ — G'z N o~

N\_ N\ . \Ga ‘ \Ga
(s } ) G's_ . .

| o
G 1—~—COUH G—C0—CO0HG —L-—-E—CO0H Glu—g—-E——QOOE -
G IR ) .k '
40 (in which: more than one of these groups; - 55 -

@&, and &, are hydrogen or hydrocarbon
groups which may alse contain a hydroxy
or a primary, secundary or tertiary amino

group or a carhoxylic group or more thun,

45

cne of these groups; s 1
G is a hydrocarbon group whioh “ra

also contain a hydroxy or a primary;:
seepudery or tertiary amine gromp or-a

earbexyl group or more than one of these
50 groups;

(G, ig o hydrogen or an a fhatm hydro-

earhon group which may also contain a
bydrexy or = primary, secondary or
tertiary group or a carbexylic greup or

. these groups;

. gmupa .,

D and E are hydrocarbon groups whlch
niay also contain a bydroxy or a primary,
secondary or. tertiary amine gremp or a
carhoxylie group or more t]lan vne of |
B0
o and’ in which ring olosure may 'take_
’pl&cu ‘In any desired manner between the
(., Gy, G E and D.)

As salts of such acids may bha men-
tioned for example:— 65
1. gamms - hydmxyelhylamno alpha-
d;fthylenetnamno-butync ae:ul _potassium

salt :

HO—C,H,—NH—CH,—CH~{H—(00K

70 ohtainable by acetylating ga.mma -amiino-
butyrie acid, brominating the resulting

product, converting the bromination
pruduct with dmthylcnetnamme, saponi-
NH,--CL,—

ohtamablc by .acetylating apsllon-ammo
80 caproic acid, brominating the prm:hwti

converting it with Ero lpylene dlamme ane .

sapomfymg the acety group.

~—C,H,—NB—C.H~NH.

fymf the acetyl group and cnmcrtmg- the
resu tmg- product with ethylene oxide. 75

2. alpha - propylenediamine - spsilon
aming caproie.aefd sodinm salt.

CIE,—CH—CH,—CH—C00Na

NI'H—-C,H —NH, . ...

8. The potassium-sodium salt of alpla.

lphat - (tncthylene teﬁ'ammo) dipro-
nic. amd .
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NaOO(f : . COOK
CH N, NH—_O,H —NH—0.H —NE_CH
ba, s

obtainable by reacting  triethylene- caustic potash.
tetramine with two molecular proportions 4. the potassium-spdium-monoethanol-
of scetaldehyde and of hydrocysnic acid amine salt of tristhylene - fatramino-
5 and saponifying the resulting aitrile by alpha-prepionie aeid diacetie aeid Hij
means of a mizture of caustie soda an

NaOO(i)'
CH—NH—C.H—N-CH- NH C.H NH—CH.—COOK
05, CH—COOH . . . . NH,—C,H,—0H

obtainable by oconverting tristhylene- the resulting prodtct by means of equi-

{etramine with one molecular proportior molecular proportions of caustic potash,

of eetaldehyde and of Lydrocyanic acid, causlic sodu and monoethanolaming, 20
15 reacting the resulting product with two 6. the sodium salt of alpha-diethylene-

molecular proportions of formaldehyde triamino-propignic acid

and of hydrocyanic acid and saponifying '

COONa |
NE,—C, ‘—-NH—G,.H.wNH-—(l.}I[
' b,
obtainable from  diethylenetriamine, 6. the potassium salt of diethylene-

25 acetaldehyde and hydrocyanic acid and {riamino-acetic acid.
sapenification of the resaiting product.

NH.—C.H—NH—C H—NHI—CH.—CO0K
80 obtainsble from  disthylenetriamine, 7. the sodium ‘salt of tristhylens-
formaldebyde and hydrooyanie acid and isiramino-suceinic aecid
saponification of the resulting product. . DR '
NaQOC—CH, = D
85 - : -
Na00c~—CH—NH—C,H—NH—C,1,—NH—U.H—NH,
obtainabla hy reacting alpha - bromo 8. the barium sali‘ of ethylenadiaming--
siceinic aeid with triethylenetetramine.  acetic ncid '
40 NH.—0.H ~NH—CH,—(00—Ba—000—CH~NH—C,H,—NH,
pbtainable by reacting ethylenediamine means of baryta. - -

with formaldehyde and hydrocysnie acid 8. The sodium-caleiwm salt of fetra- 45
and saponifying the resulting nitrile by_ ethylenepentamino-citric acid

NH,~C.H—~NE—C.HE—NE—C:H,—NE—(,H ~NH-—CH—000 . __
| L, oo~

|- 01r
{5, —c00Na

Ca
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obtzinable '{l reacting tetraethylenc 10, the sodiumn - potzssium salt of
pentaming wit: monohrome—cliz'lc zeid. athylenadiaminosmalic asid

KO0OC—CH—OE
NaOOC——éH-—I\"HHCz]E[,—N 1II.

(=14

obtainable by converting Lt;hylenedmmme 11, the sodium sali of trzethylene-
with bromo-malic acid. tatramino-discetic aeid

10 NaO00—~UH;—N]I—CJL-——LNII*Cg]:'[f—NH—CzE—NH—CHn—COON.a

obtainable by veacting triethyleme- and saponifying the resulting mtrﬂe
telramine with two molecul.ur proportions 12. the sedium salt of diethylenelri- 15
of furmaldehyde and of hydreeyanic aeid amino-iriacetis acid

Na,OOC—CHg——NH-—C:Hd—Dg—C .H,— NH—CH,—CO0Nz
' . CH~000Na -

" ohtatnable by réacting dlethylenetnamma sapomiymg the resulbing pitrile. : .-
with thece moleeular proportions of — 18. the sodium salt of ethyl—ethylene—
20 formaldehyde and of hydrodyduic aeid und diamine-discetic seid
NaQ00—CH—N—C H.—NH—0H.—00Na
B ' _
28 obtainable by rteacting ethyl-elhylene- wsuponifying the resulting nitrile.

diamine with two molecular proportions of . 14. the sodinmm salt of methylene-
formaldebyde und Lydroeyanic acid and tetraminc-acclic acid .. -80

NH. 0. —NH—C.H—NHF—C.H—NH-—-CH, (00N
vbtainable by reacting tristhylene- and sapomification of tho resulting nitrile. 85

tetramine with one molecular praportmn 15. para - diethylenstrismine - henzoic
of formaldehyde and of hydrocyarnic ac1cl aeid petassium salt

NH3~—~C=H4-—NH—-D=]I.~—NH—-—®—COOK ' E

obtainable from diethylenetriamine and © 16. the sodium salt uf 8- (chethylene—
40 pars-chiorbenzoic acid. oo tnammu) -anthracene-2-carbisxylic acid

T N7 —C‘OONa L T
—-—NH—C JHe—NH—C, A—Mz

obtainable fram  8-chlor-anthracene-2- 17. the berzylamine sali of e.thylane-
45 carboxylic acid and disthylene triamine. - diamine-acenaphihene earboxylie acid:

—--GH—-NH——C=H¢—NH3

_sm_ooom . . z\mz—-cm_-Q

obtainable from uhlcr-acenaphthene carb- amine.
50 oxylic acid and efhylene dizmine and 18. the ethylenediamine salt of tri-
neuiralising the prodnet with benzyl- ethylenetetramino-anthranilic acid
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s e i GOOE (. . NH~CH—NEH,

B H,—NE—C.H,—NH-—C,H,—NH,

obtainable by acetylating anthranilic acid,
chlozinating it and converting the
chlorination product with d{ricthylene-
5 tetramine, saponifying the acetyl group
and xeutralising the oproduet with
ethylenediamine.
19. disthylenetriamine - terephthelic
acid
COOH = «--NHy

‘iﬂf’.
W)

1Q

:"“*H [afu ) e
"""HaN - H&."" GH?.. ',

obtainable from diethylene triamine and
chlor-terephthalic acid and constitoting
an inframolecular sali. )
20, the sodium salt of dielhylemetri-

15 amino-cyclopertane sarboxylie acid

CHy—CH;.
CH~COONa
CHAﬂ'c [ 3] “'NH“C)_H‘;' NH~ CQ_Hq.- NH&

obtainable from chler-cyclopentane carb-
oxylic acid and diethylenetriamine.
91 the compound which iz obtainable
90 from chlor-cumalic acid and hydroxy-
ethyl-diethyleneiriamine and which con-
gtitute an intra-molecular salf

FaaN

oc Nem. =0

G~ COOH-«+-BH -
/ 5
< T Gty
NH—=Cp = AiH—

|
HC

" Ay salts of week scide with strong
95 organio bases in this proup may be further
moentioned for example moncethanolsmine
horate,  ethylenediamineg  phosphate,

ethylenadigmine metaberate, the alsnine
gald of txiethylenetetramine and the
phenol salt of tetramethylammonium g
hydzoxide, = :

In mauy cuses it i1z advaniageous to
employ basie substancsy which contain no
nitregen or ip which hydrogen atoms are
no Jonger atteched to any witrogen afoms 86
present, because subsiances of this kind
have a longer life in some cases. In such
cages, for examEIe potassium metaborate,
potassinia  carbonale, iriethenolomine,
butyldiethanolamine and dimethyldi-
hydroxyethylethyleds diamine or the
godium salt of dimethylzlanive, the potas-
sium: salt of dihydroxyethylgiycoco or
the potassium salt of methylhydroxyethyl-
alanina may be used. ' 45

Instead of the single basic substances,
mixtures of twe or more of such sub-
stances may be amployed and the single
components may belong to different
groupe ameng those already menticmed. 50

The basic substances may either be
used as such, provided they are liquid
under the reaction conditions, or in the
form of their solutions. For example
pure triethanclamine may be used as the &5
purifying agent. solutions of the
basic substanees are employed, waler or
any non-hydrating solvent or any mixturas
of iwo or mure selvents mey be cmployed.
Among non-hydrating sclvents, those are G0
pertienlarty suiteble whish have a good
solvent power for the basic eubstances - -
employed and a high boiling point, As
suc% solvents may be mentioned for
exawmple hydrocarhons of high hoiling 66
point which may belong fo the aromatic, -
cycloaliphatic or aliphatic series, oxr mix-
tares of the same, as for example the
usual washing oils, mineral eoal tar oils,
hrown coal iar oils, the oile arising from 70
Iew temperzture carbonisaiion, cracling
and destructive hydrogenation processes, - -
petroleum. fractions and {etrahydromaph-
thalena. Although fractions of compars-
tively low beiling point of the said hydre 76
carbon mixtures can be employed, it iz
usually adventageous not fo employ sub-
stances having a bolling poini of less then
100° Centigrade. Oxygen - containin
solvéats, such as ofhers, kefomes an 80
aleohols may also be employed. Espeeislly

40
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suilable are for example industrial amyl
alechol and the mixture, ~consisting
mainly of isobutyl alechol, known as iso-
butyl oil and arising from the eatalyiic
reduclion of the oxides of carbon.
bydric alcohols, suech as glyeol or
glyoerine, or the numerous substances
used in industry as solvenis for verious
purposes may also be employed. By mix-
ing two or more solvents with each other,
the boili
raized or the solvent power for ihe basic
gubstances increased or the wetting power

10

Poly-:

point may for cxample he-

of the golution for the gases may be im-

15 proved. If necessa
to the solutions for the same purpose other
solid or semisolid substamees, as for
example pataffin wax or inorganic aalts,
which do nol interfere with the process
of the invention, or agenis which reduce
the surface tension, as for example alkyl-
ated aromatic sulphonic aecids. Such
additions meed not give true golutions, but
mey alsd be employed as emulsions or sus-
pensions.  For example a suspension of
caleium chloride in amyl xleohal may be
cmployed as & solvent. Two or more soi-
vents which do not mix with each other
may also be employed, the hasic substance
80 being dissolved only in ome of the sol-
vents while the other promotes the wetting
of the gas with liquid. Such a mixture is
for example a solution of the sodium salt
of alapioe In water mixed with amyl
35 aleohal s

20

there may be addad

The basic auhstances may also be em-

sployed while distributed on sclid su]i-
ports. For example, a poraus material,
sach as lumps of coke, may be soaked
with & soluticn of the basic substance
and the gas {0 be treated passed uver the
zesalting product at the desired tempeiz-
ture

40

The concentration of the basic sub-
glances mey vary within cany desired
Limits, Thus, as alreads wmeniioned,
er{;a.uic bages may be emploved in an un-
diluted state provided they ara liquid, as
for example tristhanclamine, The con-
centrations which are most favourable de-
pend on the basic substances to be used
and on their properties. In the case of
solutions of solid substances, the concen-
tration should in most cases not exceed the
econoeniration of saturation, but in some
cases solutions may bhe used which are
saturated ai the working temperature or
which even {hen still contain selid basic
substances in an undissolved form.
60 Generelly speaking the most favoursble

coneenirations of the bagic substances lie
between 20 and 60 per cent,

‘While the process according to thig in-

vantion may be carried out in the ahsence

65 of water or moisture it is, generally

50

bo

speaking, advantageous to earry out the
conversion of the organically combined
sulphur in the presence of water. Tven
very smeall amounts are, however, suff-
clent so that even when non-aqneons solu- 70 -
tions are smployed the small amounis of
water are almost elways present in the
solutions or in the fases te be parified are
guficient. If necessary, however, the
gases may be previously moilstened or 76
water may be added to the purifying ageni
in the form of lgnid or vapour.
The basic substances remain active for
2 long thme, When they are spent, the
may for sxample be gegenerated snd -useg 80
for the same purposa or for example for
the removal of weak gaseons aecids from
geases containing the same.
. The process according to this invention
{s applicable lo uny gas which contains or- g5
gatically combined sulphur. Water zas,
coke-oven gases, praducer gaa aud ﬁf:—
minating may be mentioned in par-
ticular anﬁgo many wasta gases, as for
example lew ‘temperature carbonisation 99
gasas o cracking gascs, When gelacting
the reaction temperature it should be
borne in mind that the conversion of the
organic  sulphur compounds procesds |
better the higher the temperatura.: For g5 !
reagons of economy, however, thera arc
ustally used only such high temperatures
that the conversion proceeds to the de-
sired exient and wifth satisfactory speed. i
Génerally speaking- therefore tempera- 100
lures between about 90® and about 150° i
or 200° Centigrade are usually employed.
The reaction temperature may generally
speaking be the lower the more strongly
basi¢ the substances employed.
. The basic substances employed aceord-
ing to this invention have in themselves
the property of being capable of absorbing
ageons weak acids, as for szample
ydregen sulphide and earbon diexide 110
and - af evolving them again whan
heated: " This invention is net comcerned
with such an absorption of hydrogen sul-
hide and et the lemperatures smployed
the basic substauces are capahle of ab- 115
surbing only small amounts of gaseous
wesk yeids, When therefore a gas is
treated which contains a wesk gaseous
20id mch ag ]lgdl’()g‘en sulphide or carbon
dioxide in addition to erganieally com- 120
bined sulphur, there may first eccur to a
cerfain extent an absorption of thess
gaseous weak acids by the purifying
ugent, After some time, however, a
state of equilibrivm is set up, the content 195
of hydrogen sulphide in the gase then mot
Leing reduced but even inéreased by fhe
hydrogen sulphide formed by the conver
sion of the organicnlly combined sul- |
phur. In spite .ol this content of 130
L {
!

105.
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gaseuus weak oeids, the purifying agent
acts in the manner already described.
When a content of hydrogen sulphide or
other gaseous weak acids in the gas is not
& undesirable, it is no} necessary to remove
the hydrogen sulphide [ormed by the con-
version of the orgavieaily combined sul-
phur from the gus. If, on the other hand,
it iy desiradl to obtain a gas which no
10 longer contains hydrogen sulpliide, the
bydregen sulphide formed may be re-
moved in any suitable manner. Yor
exampla the gas freed from organically
combined sulphur may be led over bog
fron ore or stmilar pmrifyving masses or
treated by a wet purification method.
When the crude gas contains ll{drogen
sulphide in eddition to crganically com-
bined sulphur, the said hydrogen sul-
20 phide may either be removed beiore the
conversion of the organieally combined
sulphur or clse together with the hydro-
gen sulphide formed by the said conver-
sion, ‘When a content of carbon diexide
25 in lhe gos is nob nndesirable, it is advan-
. tageous to employ fvr the removal of
Iydrogen sulphide after and, if desired,
before the conversion of the organically
comhined sulphur, a method hy which no
substantial alteration in the content of
carbon dioxide in the mas- takes place,
On the gther hand, the removal of the
hydrogen sulphide formed after the con-
vergion of the organically ecombined sul-
phur also affers the cpporfunity aimul
taneously to reduce the carbon dioxide
content of the gas.

Any suitable apparatng may be used for
the comversion of the organic sulphur
compounds.  CGlenarally speaking provi-
gion should he made for the mosé inti-
mate possible coniact befween gas and
lignid. 'Phiz may be sffecied either by
very fine distribution of tha liquid purify-
45 ing agenl in the gas by spraying in very
fine droplets, as for example by employ-
ing nozzles, or by very fine distribution of
the gag in the liguid purifying agent. The
Iatter kind of disiribution is effected for
exampla by leading in the gas through
parcus plates or by distributing the gas in
the liquid with the aid of a_ rapidly
rotating stirring means, Mezus lying be-
tween fhe two said extremes may also be
55 employed. For example mechanieally

moved washers, such as disintegrators;
Feld washer or Str8der washers, or
stationary washing towers may be em-
ployed. The process may he carried ouni
60 by Yeaﬂing’ the gas through an amount of
liquid which remains continually in the
woshing apparatus and which is kept at
the desired temperature. The gas may
also it necessary ba preheated to the work-
86 ing temperature, On the other hand, the

15

50

45

40

50

purifying agent may alse be heated out-
side the reaction vessel to the reactiom
temperature and led in a eycle through
ike purifying spparatus, as for examfle
& washing tower. . 70

The reaction temperature may be main-
fained in any desired manner as for
example by direet heating with combus-
tion gases or by heating by steam coils or
the like. Wuste guses. the Leat content 75
of which ecannot otherwise be satizfac-
torily utilised, are also frequently very
useful heating agents hecause only com-
paratively low {emperatures are neces-
sary. Blectric lealing may also be em-
ployed by reason of the easa with which
it may he regulated. If if is desired to
make provision for a certain temperature
net belng exceeded, for example a solvent
for the basic substance may be cmployed 85
the hoiling point of which lies at tEm de-
sired npper limit of temperaturs and
which is kept boiling and thereby par
tially vaporised, the vapours being con-
densed in a suitable manner and returned
to the solution.” =

The process may be carried oot wader
any desired pressurd. The use of reduced
pressure, - However, rarely offers sdvan-
tages. Gcenétrally speaking it is most 95
economical 1o work at the prevailing gas
pressure. Au increase in the pressure
may, however, offer advantages beenuse
al pressures abuve atmospheric pressure
the temparaturs of the liguid purifying 100
agent may be higher without vapeorisation
teking place. Bince the compression of
gases cauges a considerable evolution of
heat, there is the possibility aceording to
this invention of using this heat in order 106
to bring the liguid to the necessary re-
actinn temperature and to keep it gt the
same. As an exemple of the desulphur-
isation of @ gas under pressure may be
mentioned the treaiment of a mixture of 110
water gas and nitrogen serving for the
syrthesis of ammaonia and which has been
obtained by the reaction of ecoke with
steam and sunbsequent mixing of the water
gas with nitfogen.’ 5

The following Examples will further
illustrate. How 'the said invention may be
carried out, in' practiee’but the invention
is aol restricted to these Examples,

"Exasprn 1.

‘Water gas which has been freed from
hydrogen sulphide’ with the aid of ferric
oxide gas purifving mass but which atill
containg 148 millierams of organieally
combined sulphur per cubic mefre is led 194
with the aid of a porous plate through
2 20 per cent. squeouz solution of tri-
athanolamine, the liquid heing heatad to
95° Centigrade in an oil hath, Depend-
ing on the height of the liquid, s more or 180

80
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120
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447,001

‘less large amount of ovrgamically com-

bined sulpbur iz converted into hydrogen
salphide. I isoumyl alecchol Te employed
a8 the solvent instead of water, the com-
& version of organically combined sulphur

into hydrogen sulpbide with the same .
height of liguid is considerably better.

even at a higher gas speed. .
10 Te a similar manner, a conversion of
carried out at 108" Centigrade by means

"of o 10 per cent. solution of potassium

carbopate in  isvamyl elechol or an

15 aqueous solution of the sodium salt of

Centigradé of 1.18 or an aqueons solution

of tha potassium salt of methylalanine

having a specific gravity at 20° Cenli-
grade of from 1.18 {e 1.25.
" .- Bxamern 2.

A washing fower which iz well insu-
lated against heat radiation sad is in-
dircetly heated at varioms points with
gteam 1s trickled with a hot aguecus 37.8
per eant. solution of the sodium salt of
{riethylenetctramine acetic acid (ebtain-
ghle from iriethylene tolramine and
chloracetic aecid). The tempszature, In

20

25

{he waghing lower and in the solution 'is-

kept at about 106° Centigrade. If a water
%as from which the hy{lrogen sulplide Las
een removed but which still contains 149

80

milligrams of organically combined sul-.
phnr per cubic meire Be cherged throngh
the tower at a-speed of 100 volumes of tho

35
washing space per bou¥, the organically
combined sulphur is practically com-
pletely converted iuto hydrogen sulphide.

We .are awarc of gpscification No.
40 370,978 according to which corbon oxy-

sulphide iz removed from gases by passing

the same fogether with hydrogen at a-

temperatureqbetween 200° and 250° Cen-
tigrade over o catalyst consisiing of cup-
45 reus sulphide and fri-potassium phosphate
and potassinm. cmrbonate, whereby the
carbin oxysulphide Is converted into an
equivalent quaniity of hydrogern sulphide,
quie"h is removed {y means of any known
50 method. The process accordiag to this

erganically combined sulphur may be .

alanine having a specific gravity at 20°
" consists in brin

-Bydroxyethyl groups or

_organic hases.

“organically

invention differs -from the  said koown
process in that no wse'is made of cuprous
sulphide for desiroying organically com-
bined sulphur and on the cther hand ike
pressnce of hydrogen iz not neecassary.
Wo make no claim to the said known

- process. . ) _
- Having now particulazly described -and
_ascertained the naturg of our said inven-

tion-and in whal menner the same is to
‘be performed, wa declare thal, subjectk to
the foregaing disclaimer, what we elaim
ig:—

1. A process for the removal of vrganie-
ally combined sulphur from gases which
ing the gas fo be purified,
praferably in the presence uf meisture,
into contach with strong organie bases or
Lagic-reacting salts of gtrong inorganic or

arganic bases ab swch high -temperatures”

that the organically combined sulphur is
converted inte hydyrogen sulpkide which
is led away from the purifying agent to-
gether with the ges, and that no sub-
stantial absorption of weak gassous acids
by the purifying sgent takes plece, - .
2. A gpecific method of carrying ont the

o6
80
®
7o

75

process ag claimed in eladm 1, whiech eon- . -

gists in employing as sfrong organie
baseg such amines as contain one-or more
as contain
geveral nitrogen atoms. . A

" 3. A speeific method of t;az-'ryiﬁg out the

process as claimed in elaim 1, which con-
sista in employing as basic-reacting salis
guch ag aro derived from gimple or sub-
stitufed amino acids and alkslis or strong

4, The process for the removal -of
combined sulphur from
gases, substantially as descril ed in each
of the foregoing Lxamples, ... .. .

5. Gases when Irced from organically
cambined sulphur by the process particu-
larly described and aseertained or its ob-

vigus chemical equivalents.

Dated this 10th day of June, 1836,
J. Y. & G.W. JOHNSON,

8%

90

95

47, Lincoln’s Yun Tields, London, W.0.2,

- Agends,

" Treamington Spa: Printed for His Iffai-estyf__x Stationery Office, by the Oourisr Press—1937.
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