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‘This invention relates to an improved process
‘of separating hydrocyanic acid from such-indiis-
trial gases which, like lighting gas, coké oven: gas,
-and the like, contain, ‘besides hydrocyanic acid,

5 -also sulphuretted hydrogen and ammonis, i
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Y same difficult.

The hydrocyanic acid has up to now been' re-
moved from said gases by ‘washing  thése latter
with.an aqueous suspension of finely ‘distributed
free sulphur, but thatprocess necessitates the em-
‘ployment of very finely ground sulphur:of a ‘for-

eign origin, at least free sulphur,:which first must -

be produced by means of a particular-method.::

T have discovered that the employment of spe-’

- ciglly manufactured sulphur forthe purpose of re-
moving hydroeyanic -acid from gases can be dis-
pensed with if, in order to convert this acid into
»ammonium—sulphocyanate, the sulphuretted -hy-
drogen itself contained in the respective gases
is used. If sulphide of ‘nickel or another suitable
nickel salt by which sulphide of nickel is precipi-
tated owing o the sction of the ammonia-and the
sulphuretted hydrogen,; is admixed to the washing
liquid, free sulphur is disengaged from- the ‘§tl=
bhide of nickel under the oxldizing -influence of
the oxyzen likewise contained in- the respective
gases, but the thus formed hydroxide of nickel is
atonce again converted. into ‘sulphide ‘of nickel
by the further supply of :sulphuretted hydrogen
whereby again sulphur is Separated, and' so ‘on;
The thus fermed free sulphur reacts with thesul-
phide of ammmonia contained in the liguid where-
by - ammonium poly-sulphide “is- formed ‘which
takes up the hydrocyanic acid contained ‘in the
gases. whereby ammonium-sulphocyanate is
formed. . If ‘there is more ammonium-~polysul-
‘phide than is requisite to take up the hydrocyanic
jacid, the excess thereof is oxidized to ammoniume-
thiosulphate which contaminates the rhodammo-
‘nium lye formed -and rendeis the working -of the

The behaviour of the substances mentioned ¢an,

however, be influenced in such a manner thatiex-.

clusively thiocyanate is formed if the amount of
the nickel salt admixed %o the washing liquid .is
accommodated to the contents .of oxygen in the
respective gas about.as follows: With - consider-
ation of the usual contents of oxygen-of from;0.5
to 0.7 percent by volume for instance in coke oven
gases the contents of nickel in the washing liqdid

should not be materially higher than from. 0.5.

to 1 gram of nickel per 1 liter of the washing
liquid, if the separation of -nore sulphur than'is
requisite for the formation of “anmmonium-thio=
cyanate and, thus, also the formation of ammoni~
um-thiosulphate, shall' be prevented. “On ‘the

‘Other hand, if the gas contains frém 21025 per-
‘cent by volume of oxygen, the contents of nickel
in" the washing liquid "should not be materially
higher than from :
complete .removal: of the hydroeyanic dcid shall
be achiéved without the disadvantage of the for-
mation of.an -undesired excess of sulphur.

When carfying out the process according to the

0.1t 0.3 grarm per 1 liter, if

bresent invention, it is suited to the purpose to use

a little less nickel than is- requisite for obtaining
quantitative removal .of the -hydrocyanic. acid.

One is. then. sure that no-.soliible sulphur com-

Jbounds, éspecially ammonium-thiosulphate, arise

10

in ‘the solution. "The rest of the hydroeyanic acid .

“still contained .in .the -gases. can be reliably re-
/moved from them by adding

] a slight amount of
finely pulverized sulphur to the washing liquid.
In order to make matters .stiil more. clear I

point out what follows: The present invention re- -

lates to the practically complete removal of hy-
«drocyanic: aeid. from .coal ~.distillati0ni.gases; ‘but
my improved process does not aim .also ‘at the
complete removal of the sulphuretted ‘hydrogen
also .contained in the respective gases. Cwing
thereto, only so much sulphuretted . hydrogen is
removed from the gases as-is ‘requisite to convert
the cyanogen radical,- —CN, into thiécyanogen
radical, —CNS. “The excess of the sulphuretted
hydrogen is removed by another way which does
not form a part of the present invention, "

In.carrying -out my improved process, I make
use of such an amount of nickel that only a part
-of the sulphuretted hydrogen -is waghed out in
the form of sulphiide of nickel, and ariother. part
thereof forms, sulphide of ammonig with the am-
‘monia present in the gas. ' This sulphide of s
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‘nonia forms, together Wwith .the stlphur . sepa- .

Tated by ‘the siilphide of mnickel by the &light
amount of the oxygen contained inthe gases, ani-
monium-polysulphide, which gives 6ff its sulphur
to the hydrocyanic acid contained in the ‘gases,
forming therewith ammonium-thiocyanate, as al-
ready -stated. - Thus, the larger the ‘amount - of
nickel contained in the washing liquid, the larser
is also the amount :
oxygen .contained in the coke oven gas can:sepas
rate, the sulphur reacting with the existing am-
monium-sulphide and forming Doly-sulphide,
There s thus, under ‘this condition, moié poly-
sulphide formed ‘than is requisite for converting

"the cyanogen radical, —CN; into thioeyanogen

radical,"==CNS; 'so-that now ‘the ‘cxygen ‘of “the
‘gases has an ‘opportunity ‘to ‘oxidize the excess of
‘ammonium-polystlphide to ‘ammonium-thiosul-
‘phate. “If the amount of nickel contained in the

of free ‘sulphur which the i
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'eljation‘ was composed as follows:
o5 - RO e

washing Iye is fixed already from the beginning,
then the same disadvantage will be experienced
if -~ from any . reason ~during the service
the content of oxygen in: the coke - oven
gases increases. If, for instance, at a -certain
definite contents . of . hydrocyanic ~acid and
simultaneously therewith at a content of oxygen
of 0.49% by volume a content of 0.05% by volume
of nickel in the washing :liquid has been found
to'be proper for forming only so much poly-sul-
phide as. is requisite for- converting the hydro-
¢yanic acid into thichydrocyanic acid, then that
content of nickel is no longer suited for the pur-
pose in'view if the content.of -oxygen in the gases
amounts to more than 04% by volume.. In this
case the excess of ammonium-polysulphide
formed is in the position to form,. besides am-
monium-thiocyanate, - also aimmonium-thiosul~
phate, and this be the more the case, the ‘more
the content of oxygen in the gas increases. =
The effect of my improved process will now be

‘shown with the aid of. the following examples:

A coke oven gas subjected to the washing op-

From 105 to 11.5 g/chm of HaS.
from-1 to 1.2 g/cbm of HCN
"6 g/cbm of NH3
S - 2.1-g/cbm of COz
from 0.8 t0'1.2 g/cbm of Os.~

Every hour 2 cbm' of this gas were waéhéd in’

a small iron-vessel filled with grid-work. The
washing lye was set in circulation by means of &
cog-wheel pump with 2 speed of about from 6 to 8
liters per hour and was distributed over the grid-
work by means of a spray.  In three tests 1000

“em3 of the washing liquid contained:

In the firs case: . ; .
11,5 grams of NHs and 35 grams of '8
In the second case: : S
11.5 grams of NH;z and 2.5 grams of Ni in the form
of Ni(OH)z2 R ! :
~In the third case: ’ R :
115 grams of NHs and 0.75 gram of Ni in the
form of Ni(OH)z. -~ | . ) i
In-the first-case 35 grams of S were added after
20 chm of gas had been led through said vessel.
Computed relatively to the amount of sulphocy-
anate formed until the end of the test 10%: of sul-
phur in excess had been employed. :
The amount: of hydrocyanic acid removed from

‘the coke oven gas in all tests amounted in aver-
‘age to from 98.9%

t0100% of the HCN contained
in the gas so that only from 0 to 0.01. gram of
this sicid could be ascertaineéd in the purified gas.

" After 50 cbm of gas had been led through the
washing liquid contained in said vessel, there
were ascertained in the washing liquids:

- In the first case:

14.9% of ammonium rhodanide (=53 g. of HCN)
and 1.2% of. thiosulphate. ) Sl
- In the second case: -

1529 of ammonium rhodanide (=54 g. ‘of HON)
65 SR

- and 9.8% of thiosulphate.
In the third case: .

14.7% of ammonium rhodanidé (%,5_2,2 g. of HCN)

and 1.3% of thiosulphate.” - . -
While, thus, as regards the washing-olt of hy-
drocyanic acid, the three tests showed rio differ-

ences, great differences were found when ‘the

washing liquid was examined with respect to-the
undesired contents of thiosulphate, . Considering

‘the comparatively high percentage of oxygen in

the gas very much thiosulphate is obtained when
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the equation. "

large amounts of nickel are employed.. On the
other hand, slight ‘amounts of nickel in the wash=
ing liquid cause the formation of only so much
sulphur as is. requisite for the formation of rho-
danium. g

~~Pyrther experiments ‘were made “with--a coke
oven gas containing only from 0.3 to 0.4% of

oxygen.. The content as regards the other com~

ponents was practically the same as in the above-
mentioned three cases, and the tests were carried

~out.in the same manner.

In the fourth case the washing liquid contained
11.5 grams of Ni in the form of Ni(OH) in
1000 ccm. The hydrocyanic acid removed from
the gas amournted to from 96 to 100% of the total
amount contained in the raw gas. - After 50 cbm.
of gas had been led through the washing: liquid,

this latter contained 14.3% of ammonium-rho-

danide (=50.7 grams-of HCN) and 1.4% of am-
monium-thiosulphate. This shows that if -the
percentage of oxygen in the gas is only small a
percentage of the same magnitude as in. the
second of the three cases at first dealt with 2.5
grams of nickel in the form of Ni(OH)2 in 1000

“cem.) causes only a slight formation of - thio-
" sulphate. i

. In;the fifth case also a gas poor in oxygen was
‘used.- The percentage of nickel amounted  only

t0 0.55 gram in 1 liter, also in the form of Ni(OH)3,

approximately. corresponding to the third case. 3!
The washing liquid contained 11.5 grams.of NH;3

and 0.55 gram of Ni in the form of Ni(OH) 2 in
1000 ccm. After 50 ¢bm. of gas had been led

_through the liquid this latter contained 10.4% of

ammonium rhodanide (=37 grams ci HCN) and
0.4%. of . thiosulphate.. The washing-out. of
hydrocyanic acid amounted only to from 65 to
789,. It was found that the contents of 0.55 g..0f

nickel in 1 liter of liquid is not sufficient for the

_complete washing-out of the hydrocyanic acid if

the percentage of the oxygen in the gas is so slight
as stated. The formation. of thiosulphate is in
such a case, of course, particularly slight.

By addifig: such a small amount of elementary

‘sulphur that it was just sufficient to bind that

portion- of hydrocyanic acid which had not been
washed-out; complete washing-out of the hydro-
cyanic acid was-attained -also with.a sixth test
carried. out in-a manner analogous to the fifth

case. ~As the-amount of the nickel to be added ¢

cannot be computed prior to carrying out the test,
in that it depends on a variety of circumstances,

_such'-as - percentage of oxygen, of sulphuretted

hydrogen; and of hydrocyanic acid in the gas, of

the amount of the washing solution and of the !

gas to be led through-it, as well as on the tem-
perature, the process must be started in this'way

- that one commences with the lowest addition of
nickel to the washing liquid appearing admissible

with respect to the percentage of oxygen of the
gas, and ‘that then the contents of nickel in.the
solution ‘is slowly. increased until about from 98

0 1009, of the hydrocyanic acid are being washed:

out. - It will then be found that at the same time

‘only so much sulphur is washed out of the gas

ag-is requisite for the conversion of the entire
amount of -hydrocyanic acid -into rhodanium-

“hydrogen and that'the formaticn of thicsulphate
-“is ‘without importance. .. - o

In the carrying out of my preseént improved
‘process the oxygen contained in the gases -acts

upon the sulphide of nickel precipitated. by the

stlphuretted hydrogen in this way according to
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5 riches in ineffective nickel alts
its further working is rendered difficult.- - If the
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NiS+ 1502+ HiO=Ni(OH) 8,

that it is temporarily converted “into _ nickel-
hydroxide - which, however,” is" instantaneously
converted inito sulphide of nickel by ‘the sulphur-
etted hydrogen present, the nickel-hydroxide act-
ing, as it were, catalytically for the ‘oxidation of
the sulphuretted hydrogen to diséngage ‘sulphur,
In this way the percentage of the ‘ammonium-
sulphocyanide contained in the washing lye can,
while the lIye is circulating, ‘be increased up to
35% without any decrease of the washing effect
during the removal of the’ hydrocyanic acid.

I have also discovered that if the percéntage
of hydrocyanic acid in ‘coking gases is very high
or if the washing is carried out at an increased
temperature, a part.of the Sulphide of nickel can
be dissolved in the form of a nickel cyan complex
salt.  As this dissolved nickel cannot take part in
. the conversion of the hydrocyanic acid into thio-
hydrocyanic acid; as above described, in that it is
1o more precipitated by the sulphuretted hydro-
gen, the degree of the washing-oiit decreases in
such a case at once so that, in order:to re-estab-

5. lish’ the: proper proportion between .the oxygen

and the active nickel of the washing liquid fresh
amounts of nickel in - the form, of . sulphide " of
nickel or of a nickel compound adapted to be pre-
cipitated by sulphiuretted hydrogen must be added
. {or rendering the washing process again. quanti-
tative. R e
This method delivers, it is true, an ammonium-
sulphocyanate of a  satisfying concentration,
suffers, however, from the drawback that it en-
complex salts whereby

re-obtainment of the nickel converted into. the
complex salt would be. given up, the process would
become expensive by reason of the requisite con-
. tinual supply of fresh amounts of nickel.. " -
Now, according to my improved process, the
re-obtainment of the nickel in a form suited for
the removal of the hydrocyanic acid is rendered
Dbossible thereby that parts of the solution. which
have been withdrawn during the service, or that
"~ the entire amount of the solution, after the read-
ily concentrated ammonium-sulphocyanide solu-
tion has been removed, is stitred with. sulphur
prior to its being. further worked. In this way

: '_, there forms in the solution which contains am-

monia, as well as sulphuretted hydrogen, am-
monium-polysulphide which decomposes the com-
plex nickel cyan compound into sulphocyan, there
being precipitated. black -sulphide of nickel, and

5 the cyan radical being converted into. said sul-

phocyan, . Such a’ decomposition of - the nickel
¢yan complex salt can, I emphasize, be effected
only hy the ammonium-hydrosulphide of am-
monia likewise present in the liquid. -The sul-
, bhide of nickel separated in any suitable manner
is re-conducted to the washing plant. . This. sul-
phide of nickel re-obtained from . the . solution

presents the advantage over freshly precipitated -

sulphur that it can be disselved in solutions treat-
ed with gases containing hydrocyanic acid only
with pretty great difficulty, that is to say, soluble
nickel cyan complex salts cannot easily be formed;
but nevertheless transmission of the oxygen pres-
ent in the coke oven. gases to the sulphuretted
hydrogen of the respective gases can be effected
quickly and productively. The sulphide of nickel
regenerated in that manner remains longer suited
for the transmission of the sulphur to the hydro-
cyanic acid than does ordinary freshly precipi-
tated sulphide of nickel.

3

B 4 & the: ammonium-sulphocyanate solution, in
the case of a teo strong concentration. as'regards
the' sulphocyanate; should contain too little sul-
phide of ammonia to precipitate the nickel from

- out-of the nickel cyan complex compound, and =

to’effect the; intermediate formation - of: polysul-
phide.of ammonia, which may easily occur when
operating at too high a temperature, for instance

30°.C.;'with. gases poor in NHs and HsS it-iswa

matter of course that sulphuretted hydrogen from

10

any source, for instance in the form of raw .con-. .

densed gas water, may be added to the liquor, or
the: waste: vapors. of ‘the ammonia-water ‘sepa<
rators or waste damp of ‘saturators: may be intro-
duced -into- the liquid. In order to: furnish the

ammonium polysulphide requisite for the decom.- ‘
. bosition of the nickel cyan complex salt, one. can

also-proceed in: the manner that otherwise pre-
pared -ammonium. polysulphide. is added to-the
ammonium:sulphocyanate lye which contains am-
monium sulphide, instead of stirring sulphur into
said lye. In this modification of ‘the method, the
stirring phase may.be dispensed with. : Slight
heating of the liquid is advantageous for increas-
ing the decomposition of the nickel cyan complex
salt, - :

Instead of decomposing the thus formed nickel

cyan complex salts by treating them with. sulphur,
or with: polysulphide respectively, in the manner
described; this part of the process may. be carried
out also:in this -way that the formation.of such
nickel cyan. complex “salts during -the washing
procedure  is prevented already from the begin-
ning. - It is suited to.the purpose: to. effect that
during.the setrvice by reducing the washing tem-~
Derature.. If, for instance, the coking: gas. is
washed: under normal:conditions at a tempera-
ture of about:30° C,, it is possible to increase the
concentration of the sulphide of ammonia, by, di-
minishing -the  temperature - to 20° . C. -In most
cases. this contrivance will already suffice to pre-
vent the sulphide of nickel fromnbeing.di‘ssolved,
that is'to say to prevent the formation of soluble
nickel- cyan- complex compounds which can no
more -be precipitated by means of sulphide : of
ammonium. . . o IR

. If the percentage of sulphuretted hydrogen
contained.in the gases to be dealt with is not-too
small, one will succeed when proceeding. in the

Just stated manner by again precipitating already r

dissolved nickel from the nickel cyan. complex in
the form: of sulphide of nickel as a complex salt,
as sufficient ammonium-polysulphide.is forming.
There is, however, presupposed in this case that

still sufficient sulphide of nickel is suspended ‘in -;

the washing liquid. A sufficient quantity. of sul-
phide of nickel must be present at all events, If
that is not the case, either the lacking amount
of ‘sulphide of nickel, or & nickel salt adapted to
be precipitated by sulphide of ammonig, or am-
monium-polysulphide; or (to form this substance)
elemetitary “sulphur, must be added in-order to

start’ the reaction by ‘the- ‘sulphide-ﬂo‘f_! nickel -

present. ... : DETRIER
--:Another method for the re-obtainment of .the
sulphide of nickel especially in the case that the
coke oven gases or the like are poor in oxygen
consists in treating the washing liquid with air
prior to conducting it back into the washing ves-
sel. - The sulphide of nickel still present-in the
form of a suspension delivers in that case free
sulphur which reacts with the existing sulphide of
ammonia - in forming ammonium-polysulphide,
and. so ‘precipitates in the form of ‘sulphide of
nickel that part of the nickel which has been dis-
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4
solved as a complex salf, 'The aniount of air used
to carry -out this procedure must, however; . he

-only slight-as it is only to replace that portion

which the gases are lacking. Treating the wash=

ing liquid with- air takes place preferably in an

intermediate vessel provided for the circulation

" of the liquid. ‘It.is also possible to design the pipe
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leading to the upper part of:the washing vessel

or-tower in such a manner that the liquid ‘is

treated with air-while it flows through said pipe.
I claim: R

1. The process of separating hydrocyanic-acid

4in the form of ammonium ‘thio-cyanate -from

gases containing “said acid, ammonia, and ‘sul-

‘phuretted hydrogen with ‘the-aid of washing
_lyes. containing -nickle compounds, ‘said process

consisting in adding to the washing lye an amount
of the nickel compounds sufficient to produce the
amouht of ammonium-polysulphide requisite for
the ‘conversion of the hydrocyanic acid into am-
monium-thiocyanate, ‘and insufficient to form
soluble sulphur compounds ‘rendering the lye

< impure.
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9. The process.of separating hydrocyanic acid
in -the - form -of ammoniurm thiocyanate ~from

-gases containing said acid, ammonia, and sul-

phtiretted hydrogen with the aid of washing lyes
containing nickel compounds, said process con-
sisting  in dissolving’ nickel cyanogen complex

compounds, introducing ammonium polysulphide

into the solution so as to precipitate thereby sul-
phide of nickel out’of said solution of the nickel

_‘cyanogen complex compounds; and introducing
into the washing -lye -already at the commence-

ment of the washing operation an amount of
said sulphide of nickel sufficient-to preduce the

- amount of ammonitm-polysulphide requisite for

the conversion of thé hydrocyanic: acid into am-
monium-thiocyanate, and insufficient to form sol-
uble sulphur compounds reéhdering the lye impure:
-’83, The ‘process of separating hydrocyanic - acid
in the form of ‘ammonium thio-cyanate from
gases containing said ‘acid,  ammonia, ‘and sul-
phuretted hydrogen with aid ‘of ‘washing lyes
containing nickel compounds, said process con-
sisting in" adding to the washing Iye an amount
of the nickel compounds sufficient to produce the
amount of ammonium-polysulphide requisite for
the conversion of the hydrocyanic acid into am-
monium-thioeyanate, and insufficient to form
soluble sulphur compounds rendering the lye im-
pure; introducing ammonium-polysulphide into
the lye so as to precipitate-the nickel contained

“ in the ‘same in the form ‘of a dissolved nickel
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cyanogen complex salt, and finally, conducting
the sulphide of nickel so obtained hack into the

-waghing process.

"4, The process of separating hydrocyanic acid
in the forsn of ammonjum-thio-cyanate” from
gases -containing said acid, ‘ammonia and- sul-
phuretted hydrogen with the aid; of -washing lyes

‘containing nickel compounds, said process con-

sisting in adding to the washing lye an amount
of the nickel compounds sufficient to-produce the

2,008,258 ) v
amount of ammonium-polysulphide requisite for:
the.conversion of the hydrocyanic acid into am-

monium-thiocyanate; .and insufficient’ to: form
soluble  sulphur compounds réndering  the Jye
impure; introducing ammonium polysulphide into
a part of the washing lye during the washing op-
eration so as to precipitate the nickel contained
in the same in the form of a dissolved nickel
cyanogen complex salt, and finally, conducting the
liquid -containing suspended 'sulphide of- nickel
back into the washing process. i 2

"5, The process of separating 11yd1jdc${anic acid
in the form of ammonium thio-cyanate from
gases containing said’ gcid, ammonia, and. sul-

_phuretted hydrogen with the aid of washing lyes

containing nickel compounds, said process con-
sisting” in adding to the washing lye an amount

10

15

of the nickel compounds sufficient to produce the.

amount:of ammonium-pclysulphide requisite for
the conversion of -the hydrecyanic acid into am-
monium-thiocyanate, and insufficient to. form
soluble sulphur compounds reéndering the lye im-

pure; introducing ammonium . polysulphide into
the entire amount of the wasghing lye and after
the saturaticn of said lye with aminonium thio-
cyanate has become a maximum so as to precipi-

20
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tate the nickel contained in the same in the form '

of & dissolved nickel cyanocgen cormiplex salt, and
finally, - conducting -the -separated “sulphide  of
nickel so obtained back into the washing process.

6. The process of separating hydrocyanic acid
in-the form  of ammonium ‘thio-cyanate " from
gases ‘containing “said ‘acid, ammonia; and sul-
phuretted hydrogen with the aid of washing Iyes
containing nickel' compounds, ‘said precess con-
sisting in adding-to the washing Tye an amount

_of the nickel compounds sufficient to produce the

amotnt of ‘aimonium-polysulphide requisite for
the conversion of the hydrocyanic acid'into am-
monium-thiocyanate, and insufficient ‘to form
soluble sulphur compounds rendering the lye im-
pure, treating the liquid leaving the washing cir-
cuit and containing still suspended nickel sul-
phide and dissolved nickel cyanate complex salt
with air so as to produce thereby the sulphur
necessary for-the formation of ammonjum poly-
sulphide to precipitate said nickel cyanogen com-.
plex salt inthe form -of sulphide of-nickel, and
conducting ‘said liquid théreafter back into the
washing process. i o STo R

7. The process-of separating hydrocyanic acid

"in the form-'of “ammonium “thio-cyanate -from

gases containing said acid, ammonia, and sul-
phuretted hydrogen with the aid of washing:lyes
containing hickel compounds, said process con-
sisting in adding to'the washing lye an amount

30

35

40

45

50

113

of the nickel compounds sufficient to produce the )
amount of ammonium-polysulphide requisite for

the conversion of the hydrocyanic acid into am-
monium-thiceyanate, said addition of the nickel
compounds being, besides, chosen so-small that
the hydrocyanic ‘acid is not completely washed
out, and ‘adding, finally, ‘pulveriilent sulphur so
as to render the further washing-out quantitative.
w ‘ : WALTER KLEMPT.
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