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COMPLETE SPECIFICATION

Improvements in or relating to the Purification of Gases

We, THE GAs COUNCIL, a British Body Coz-
porate, of 1, Grosvenor Place, London, S.W.1,
do hereby declare the invention, for which

complete purification is that the zinc sulphate
solution should be alkaline. However, the pre-
sence of alkali is objectionable for the follow-

we pray that a patent may be granted to us, ing two reasons: (a) the zinc ions tend to be 50
5 and the method by which it is to be per- removed from solution as precipitated zinc
formed, to be particularly described in and hydroxide or carbonate and are thereby made
by the following statement:— ineffective for the removal of hydrogen sul-
This invention is for improvements in or phide and (b) the zinc ions tend to react with
relating to the purification of gases and is par- any hydrogen cyanide present to form soluble 35
10 ticularly concerned with the purification of compound ijons which are not effective for
fuel gases, e.g. coal gas or coke-oven gas, from complete hydrogen sulphide removal and
which both hydrogen sulphide and hydrogen which may make it very difficult to operate
cyanide must be removed. The invention is the process to obtain an ammonium sulphate
particularly applicable to gases which also con-  product that is free from zinc. 60
15 tain ammonia that must be removed. A well-known method for the analysis of
It is an object of the present invention to gases for hydrogen sulphide and hydrogen
reduce the hydrogen sulphide concentration in  cyanide concentration employs strongly ammo-
a fuel gas to a very low level, for example niacal zinc sulphate solution in such manner
below the statutory limit for town gas, approxi- that these two components are completely 65
20 mately 0.7 parts per million by volume. removed from the gas and remain with the
A further object of the present invention is reagent respectively as precipitated zinc sul-
to reduce the hydrogen cyanide concentra- phide and soluble ammonium zincicyanide.
tion in a fuel gas to a low level, for example, This and further known properties of the
below 5 grains per 100 cu.ft. cyanogen compounds of zinc would lead those 70
25 There have been a number of known pro- skilled in the art to predict that the known
cesses for the removal of hydrogen sulphide processes could not readily be applied to a gas
from gases by the use of zinc sulphate solution. containing hydrogen cyanide to produce
These processes were all characterised by a ammonium sulphate free from soluble zinc
purification stage which may be represented compounds. 75
30 as:— To secure a substantial removal of hydrogen
2NH, +ZnSO, +H.S=ZnS+(NH,).SO,, cyanide by a continuous process with full
by the separation of the zinc sulphide precipi- regeneration and re-use of the zinc sulphate
tate, and by the reconversion of this sulphide reagent it is necessary to establish conditions
to zinc sulphate for re-use in the process. in which an insoluble cyanogen compound is 80
35 Emphasis was l2id upon the complete removal  formed; this can then be separated and sub-
of ammonia from the gas and its recovery as jected to a chemical treatment to regenerate
pure ammonium sulphate.  The regenerated the reagent quantitatively.
zinc sulphate solutions in most of these pro- The equilibria in ammoniacal solutions of
c=ss2s tended to be acid. zinc sulphate used for the absorption of hydro- %5
40 There is no disclosure in the known art of gen cyanide are represented by equilibrium
the use of zinc sulphate solution for the sub- constants published in the literature. No cal-
stantially complete removal of hydrogen sul- culation from these known constants predicts
phide from a gas with full regeneration and  the formation of an insoluble cyanogen com-
re-use of the zinc sulphate reagent, the empha- pound of zinc under any conditions likely to 20
45 sis being on conditions which are unsuitable be useful in a continuous process for the

for complete purification. One condition for
[Price 3s. 6d.]

e e W

-
IET W’q

removal of hydrogen cyanide from gas with

Y 5 S
vran Ae L@
LI AE nE



812,428

10

15

20

30

35

45

50

55

60

65

full regeneration and re-use of the zinc sul-
phate reagent.

In contrast to this prediction from the
known constants we have found by experiment
that if weakly ammoniacal zinc sulphate is
used to remove hydrogen sulphide from gas
containing also hydrogen cyanide, the precipi:
tation of cyanogen compounds of zinc is very
considerable indeed. This phenomenon is
associated with the simultaneous precipitation
of zinc sulphide and would not otherwise
occur. The sulphide precipitate is known to
occlude much foreign matter, but the co-preci-
pitation of cyanogen compounds is quite
exceptional.

If small quantities of ammonia are added to
neutral zinc sulphate solution, zinc hydroxids
is precipitated. If more ammonia is added, the
zinc hydroxide redissolves, most of the zinc
in solution being combined with ammonia as
jons of the amine type. In a solution con-
taining about 3% ZnSO, by weight the pre-
cipitation of zinc hydroxide is prevented by
the addition of enough ammonia to raise the
pH above 10. If a substantial concentration of
ammonium sulphate is present the pH may be
much lower without the precipitation of zinc
hydroxide. Such liquors, if very rich in ammo-
nium sulphate, may be free from insoluble
zinc hydroxide and have a low ammonia
vapour pressure, for example, less than 5
grains NH, per 100 cu.ft. at 20° C.

The weakly ammoniacal zinc sulphate solu-
tions employed in the process of the present
invention are such that they contain sufficient
ammonium sulphate to prevent the precipita-
tion of zinc hydroxide. The free ammonia
content is however sufficiently low to permit
them to be employed in the process so that
the resulting purified gas contains not more
than 50 grains NH, per 100 cuft. and pre-
ferably not more than 20 grains.

The concentration of salts present is prefer-
ably high but not so high that the separation
of crystals of zinc ammonium sulphate
becomes possible. _

According to the present invention there is
provided a process for the simultaneous
removal of hydrogen sulphide and hydrogen
cyanide from fuel gas which process comprises
washing the gas with a weakly ammoniacal zinc
sulphate solution containing sufficient ammo-
nium sulphate to prevent the precipitation of
zinc hydroxide, separating the precipitated
zinc sulphide and inscluble cyanogen com-
pounds of zinc from the resultant solution,
processing the said solution for the recovery
of crystalline ammonium sulphate substantially
free from zinc compounds, and reconverting
said precipitate to zinc sulphate for re-use in
the process. .

The process is particularly suitable for the
treatment of coal gas and coke-oven gas and
is preferably applied to such gases so that the
greater part of their ammonia content 1s

removed simultanzously with the hydrogen
sulphide and hydrogen cyanide.

The process of the present invention con-
sumes ammonia equivalent to the hydrogen sul-
phide and hydrogen cyanide removed; a fur-
ther quantity of ammonia may be needed to
bring the regenerated zinc sulphate solution
to the necessary ammoniacal condition. Where
insufficient ammonia is present in the gas to
be treated, additional quantities may be added
to the system, for example, directly to the zinc
sulphate solution as concentrated ammoniacal
liquor.

In one preferred application of the present
invention coal-gas or coke-oven gas to be puri-
fied is washed in a primary purification process
with an ammoniacal solution for the removal
of the major proportion, e.g. 80%, of the
hydrogen sulphide present in such manner
that little change is effected in the ammonia
concentration in the gas which is accordingly
more than the equivalent of the hydrogen sul-
phide and hydrogen cyanide in the gas. The
present process is then applied for secondary
purification of the gas to remove all the
remaining hydrogen sulphide and most of the
hydrogen cyanide and ammonia.

In one preferred method of washing the gas
the greater part of the wash liquor is con-
tinuously recirculated so that the change in the
composition of the wash liquor on one pas-
sage through the washer is relatively small.
With this system by removing the greater part
of the precipitate, present after one passage
of the liguor through the washer, before
returning the liquor to the washer it is pos-
sible to combine a high concentration of
ammonium sulphate in the wash liquor with
a low content of precipitate in the washer; the
concentration of - ammonium sulphate also
becomes large in relation to the concentration
of unfixed ammonia present with it in the
liquor. Conditions resulting from the recircu-
lation method are therefore favourable for
maintaining the desired high proportion of
ammonium sulphate and for the processing of
the excess volume of liquid for the production
of crystalline ammonium sulphate. The recir-
culated wash liquor after substantial reduc-
tion of its content of precipitate but before
returning to the washer may be mixed with
regenerated zinc sulphate solution and ammo-
niacal liquids so that the liquid entering the
washer does not vary greatly in composition.

The ammonium sulphate may be recovered
from the wash liquor after the separation of
the precipitated zinc sulphide and insoluble
cyanogen compounds of zinc by treating the
wash liquor to convert all the zinc remaining
in solution to insoluble zinc sulphide, filtering
to separate the zinc sulphide and thereafter
stripping the filtrate with steam to remove
volatile impurities and converting the ammo-
nium sulphate solution to the crystalline salt
in an evaporative crystalliser.
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To effect this final precipitation of soluble
zinc the wash liquor may be treated with
hydrogen sulphide, ammonium sulphide or
ammonium hydrosulphide. = The sulphiding
agent may contain hydrogen cyanide, but this
must be in low absolute concentration; thus
the hydrogen sulphide gases produced in the
process when using the acid method for
regeneration of the zinc sulphate reagent is
unsuitable because of the high partial pressurs
of hydrogen cyanide present. Suitable reagents
include concentrated ammoniacal liquor which
is rich in dissolved hydrogen sulphide, unpuri-
fied coal gas or coke-oven gas, or similar gases
from which the major proportion of hydrogen
sulphide, e.g. 80%, has been removed by
washing with aqueous ammonia.

It is preferable that the wash liquor sul-
phided in this manner should be initially free
from precipitate containing cyanogen com-
pounds of zinc, but if such precipitate is pre-
sent the sulphiding treatment is likely to con-
vert the insoluble cyanogen compounds to zinc
sulphide.

It is important that the quantity of zinc
precipitated as sulphide in processing the wash
liquor for ammonium sulphate recovery should
be small in proportion to that separated from
the wash liquor used in the main washing
stage. The removal of the precipitate from the
main washing stage is the only substantial
purge of cyanogen compounds from the wash-
ing system. Thus the continued removal of
hydrogen cyanide from the gas is dependent
upon the separation of this precipitate.

For the regeneration of zinc sulphate from
the wash liquor two methods are available.
The precipitate may be washed to reduce its
content of ammonjum sulphate and thereaftzr
fed to a roaster, preferably as a slurry, and
roasted in a fluidised bed with sulphur or
hydrogen sulphide equivalent to the cyanogen

Hydrogen sulphide -
Hydrogen cyanide -
Ammonia - - -

The plant for the secondary purification
is represented by the accompanying flow dia-
gram which shows that the gas is passed in
sucoession through four sets of washers:—

The washers 1 for final zinc precipitation
are provided for working up excess zinc liquor
prior to ammonium sulphate recovery. They
are a means of bringing this liquor into con-
tact with a gas containing hydrogen sulphide
to convert to insoluble zinc sulphide all the
other zinc compounds present, the concentra-
tions of ammonia and hydrogen cyanide pre-
sent being such that the conversion to
insoluble sulphide can be substantially com-
plete, only about 5X 10™* grams atoms of zinc
remaining in solution with about 2 gram mole-
cules of ammonium sulphate in each litre 2M
solution contains 264 gms. per litre or 23.3%
of (NH,):SO, by weight).

compounds of zinc present and to the excess
of sulphur required to ensure substantially
complete conversion of all the zinc to zinc
sulphate. Alternatively, the zinc sulphate may
be obtained from the precipitate separated
from the wash liquor by dissolving the pre-
cipitate in sulphuric acid, at least two equi-
valents of acid being necessary for each equi-
valent of zinc.

The gas after removal of hydrogen sulphide
and hydrogen cyanide therefrom may be sub-
jected to a final wash employing water, sul-
phuric acid or regenerated zinc sulphate solu-
tion in order to remove any residual ammonia
in the gas. The used washing medium may be
mixed with liquid recirculated in the main
washing stage.

Heat is generated by the chemical reactions
involved in the process; means for removng
this heat may be desirable. A preferred methed
is to allow the heat to be carried forward in
the gas as sensible heat and as the latent heat
of water of saturation; the cooling may then
be effected in a condenser and the aqueous
condensate returned to the process to the
extent and to the places which will give the
best control of the water balance of the pro-
cess and of the concentration levels of the
aqueous solutions employed.

Following is a description by way of
example and with reference to the flow dia-
gram accompanying the provisional specifica-
tion of one method of carrying the present
invention into effect.

The gas to be treated is a gas from which
809% of the hydrogen sulphide has already
been removed by a primary liquid purification
process using ammoniacal wash liquor but
causing insignificant change in the ammonia
content of the gas.

This gas contains:—

80 grains H.S per 100 cu.ft.
40 grains HCN per 100 cu.ft.
220 grains NH; per 100 cu.ft.

These washers are of the multistage type
and the liquor is moved through them in a
single pass countercurrent to the gas.

Only a small proportion of the total pre-
cipitation of zinc is effected in these washers
which accordingly make small reductions in
the concentrations of hydrogen sulphide and
ammonia in the gas and a small increass in its
hydrogen cyanide content.

. The main washers 2 for secondary purifica-
tion are similarly of the multi-stage type with
countercurrent flow but with recirculation of
liquor from the first to the last of the stages
in contact with the gas. In these washers
hydrogen sulghide is removed from the gas
substantially completely and to below the
statutory limit. The residual concentrations
of ammonia and hydrogen cyanide in the
treated gas are in the ranges 10 to 20 and 1
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to 2 grains per 100 cu.ft. respectively.

The liquors in contact with the gas in all
stages contain excess of soluble zinc, mainly
in the form of amines, and sufficient ammo-
nium sulphate to prevent the precipitation of
zinc as hydroxide.

The liquor first brought in contact with the
gas, that is with the outgoing gas in the last
stage of the multi-stage concurrent system, is
a mixture made in the mixing tank 6 and
stored in the return tank 7. The pa of the
mixture is controlled by variation of the rate
of additicn of 787, suiphuric acid to the
regenerator 10, the control pu of about 8 being
selected as high enough to ensure a reasonable
reserve of alkalinity and just low enough to
ensure that the ammonia vapour pressure of
the liquor does not exceed 20 grains per
100 cu.ft.

The liquor last leaving contact with the
gas at the first or gas-inlet stage is by com-
pression richer in precipitated zinc sulphide
and cyanide and in dissolved ammonium sul-
phate and unfixed ammonia, the pH is higher
and the concentration of dissolved zinc is
lower. This liquor passes to the slurry
separator 5.

The washers 3 for final removal of ammonia
and hydrogen cyanide also are of the multi-
stage countercurrent-flow type with recircu~
lation of liquor from the first gas-contacting
stage to the last, in this case by way of the
tank 8. Their normal function is the substan-
tially complete removal of the residual 10 to
20 grains of ammonia per 100 cu.ft. and ths
residual 1 to 2 grains of hydrogen cyanide in
the gas. Their reserve function is the removal
of residual hydrogen sulphide slipping past
the earlier washers during possible periods of
partial failure or of overloading. The liguor
in all stages is relatively dilute, almost neutral
in pH, and contains an appreciable concentra~
tion of divalent zinc ions. The changes in
concentration and pH from stage to stage are
kept small by providing sufficient recircula-
tion. At the liquor-entry or gas-outlet stage
liguor is provided that is very slightly acid.
sufficiently so to ensure negligible ammonia
vapour pressure but not acid enough to. cor-
rode steel or iron.

The condenser 4 receives gas free from
hydrogen sulphide, ammonia and hydrogen
cyanide, but warm and saturated with water
vapour because no special means have been
provided in the earlier gas washing plant to
rzmove the heat generated by the purification
and other chemical reactions in the system and
part of the heat added to the system for the
evaporative crystallization of ammonjum sul-
phate.  The condenser cools the gas and con-
denses the excess water vapour, the purified
gas leaving the system being cool but satur-
ated with water vapour. The aqueous con-
densate removed from the gas is relatively
clean and substantially neutral.

Referring to the flow of zinc liquors and
slurrics, the slurry separator 5 comprises a
receiving tank for the liquor from the main
washers 2, a system of cyclones to separate the
liquor into a concentrated slurry of zinc sul-
thide and cyanide and a decant liquor contain-
ing little precipitate, and a small tank for
decanted liquor. The concentrated slurry is
passed direct to the regenerator 10 for treat-
ment with sulphuric acid. The decanted liquor
is divided, very much the greater part is
returned for re-use in the main washers 2 by
way of the tanks 6 and 7, and the small part
is treated in the washers 1 for complete pre-
cipitation of the zinc as sulphide.

The mixing tank 6 receives all the liquors,
not otherwise required or disposable, that can
be mixed to form the liquor for re-use in the
main washers 2.

These are:—

Decanted recycle liquor from the shurry
separator 5.

Acidic zinc sulphate solution from the
regenerator 10,

Condensate from the indirect-cooled con-
dteiﬁser 14 for distillate leaving the stripping
still.

Condensate from the indirect cooler 15 for
the hydrogen sulphide gases.

Excess liquor from the tank 8 of the washers
3 for final ammonia removal.

The return tank 7 receives mixed liquor
from the mixing tank 6 for re-use in the main
washers 2.

The tank 8 for neutral zinc liquor serves the
washers 3 for final removal of ammonija and
hydrogen cyanide. It is divided into three sec-
tions. The receiving section takes the faintly
alkaline liquor from the washers part of which
is passed to the mixing tank 6, the remainder
entering the second section. To this mixing
section are added the acidic make-up of zinc

. sulphate solution and the diluent make-up of

aqueous condensate from the condenser 4.
The return section takes the mixed liquor for
re-use in the washers.

The filter 9 is provided to separate zinc
sulphide pracipitate formed in the final zinc
precipitation in the washers 1, from the zinc-
free ammonium sulphate solution; it is a con-
tinuous filter, the precipitate being dzlivered
unwashed as a slurry to the regenerator 19.

The regenerator 10 receives zinc sulphide
slurry from the filter, zinc sulphide-cyanide
slurry from the slurry separator and 78% sul-
phuric acid imported from outside the second-
ary purification system. It delivers zinc sul-
chate solution containing excess sulphuric
acid, and hydrogen sulphide gas containing
much hydrogen cyanide and some carbon
dioxide.

To ensure that little hydrogen cyanide or
hydrogen sulphide remains dissolved in the
acidic zinc sulphate solution leaving the
regenerator 10 steam is blown through the
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zinc sulphate solution to heat it and to strip
out dissolved gases.

Referring to the ammonium sulphate plant,
the stripping still 11 receives clear ammonium
sulphate solution from the filter together with
mother liquor and washings from the centri-
fuge 13 and brings them into countercurrent
contact with low pressure steam evaporated
from the crystallizer 12. The ammonia, car-
bon dioxide, hydrogen sulphide and hydrogen
cyanide dissolved in the ammonium sulphate
solution are thereby carried away in the out-
going steam, removal of these components
being desirable to prevent excessive corrosion
in the crystallizer to which the stripped liquor
passes. The outgoing steam passes to the strip-
ping-steam condenser 14.

Measurement of the density of the stripped
ammonium sulphate solution indicates the
general level of sulphate concentrations in the
system, which are adjusted by making small
changes in the rate of withdrawal of liquor
through the washers 1 to the filter 9 and cor-
respondingly in the rate of return of aqueous
condensate from the condenser 14 to the
tank 6.

The evaporative crystallizer 12 receives
ammonium sulphate solution free from impuri-
ties volatile in steam and effects continuous
crystallization by evaporation of excess water.
Heating is by indirect steam. Most of the
steam driven off is passed directly through the
stripping still 11; a small part passes into the
regenerator 10. Ammonium sulphate crystals
settle out and are removed periodically to the
batch centrifuge 13.

The centrifuge 13 receives batches of
ammonium sulphate crystals as a slurry and
removes the mother liquor. The crystals are
washed with part of the aqueous condensate
from the hot well of the washer-cooler 4.
Mother liquor and washings are return to the
crystallizer 12 indirectly as part of the feed to
the stripping still 11. The washed and whizzed
crystals are removed for drying and bagging
elsewhere.

The condenser 14 for stripping steam is an
indirect cooled with upward flow of steam,
downward reflux of condensate and down-
ward flow of cooling water. The condensate
passes to the mixing tank 6; permanent gases
pass overhead and return to the unpurified
coal gas stream.

The indirect cooler 15 for hydrogen sul-
phide gases, also with upward flow of the feed
and downward flow of condensate and cooling
water, cools the hydrogen sulphide gases pass~
ing out overhead and removes most of its
water vapour content. It effects a considerable
degree of rectification so that the reflux con-
densate which passes hot to the mixing tank
6 does not take with it any appreciable recycle
quantity of either hydrogen sulphide or hydro-
gen cyanide.

WHAT WE CLAIM IS:—

1. A process for the simultaneous removal
of hydrogen sulphide and hydrogen cyanide
from fuel gas widch process comprises wash-
ing the gas with a weakly ammoniacal zinc sul-
paate solution containing suificient ammonium
sulphate to prevent the precipitation of zinc
hydroxide, separating the precipitated zinc
sulphide and insoluble cyanogen compounds
of zinc from the resultant solution, processing
the said solution for the recovery of crystalline
ammonium sulphate substantially frec from
zinc compounds, and reconverting said preci-
pitate to zinc sulphate for re-use in the
process.

2. A process as claimed in Claim 1 wherein
the fuel gas is coal gas or coke-oven gas.

3. A process as claimed in Claim 2 wherein
the hydrogen sulphide concentration is
reduced below the statutory limit for town gas.

4. A process as claimed in any one of the
preceding claims wherein the fuel gas con-
tains an amount of ammonia at least equivalent
to the hydrogen sulphide and hydrogen
cyanide removed.

5. A process as claimed in any one of Claims
1 to 3 wherein additional ammonia is added to
the fuel gas.

6. A process as claimed in any one of Claims
1 to 3 wherein additional ammonia is added
to the zinc sulphate solution as concentrated
ammoniacal liquor.

7. A process as claimed in any one of Claims
1 to 4 wherein the fuel gas to be treated is
initially washed with an ammoniacal solution
to remove the major proportion of the hydro-
gen sulphide present said washing being car-
ried out in such a manner that the ammonia
concentration in the partially purified gas is at
least equivalent to the hydrogen sulphide and
hydrogen cyanide to be removed.

8. A process as claimed in any one of the
preceding claims wherein during the washing
with the ammoniacal zinc sulphate solution the
greater part of the wash liquor is continuously
recirculated, the greater part of the precipitated
zinc compounds being removed after each
wash. 7

9. A process as claimed in Claim 8 wherein
the wash liquor to be recirculated after removal
of substantially all of the precipitated zinc
compounds is mixed with regenerated zinc sul-
phate solution and ammoniacal liquor in order
that the composition of the wash liquor may not
vary greatly. ,

10. A process as claimed in any one of the
preceding claims wherein the ammonium sul~
phate is recovered from the resultant solution
by treating the solution in order to precipitate
all the zinc in solution as zinc sulphide, filter-
ing to separate the zinc sulphide and thereafter
stripping the filtrate with steam to remove any
volatile corrosive impurities and converting the
ammonium sulphate solution to a crystalline
salt in an evaporative crystallizer.

11. A process as claimed in Claim 10
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wherein the resultant solution is treated with
hydrogen sulphide, ammonium sulphide or
ammonium hydrosulphide,

12. A process as claimed in Claim 10
wherein the resultant solution is treated with
concentrated ammoniacal liquor rich in dis-
solved hydrogen sulphide.

13. A process as claimed in Claim 10
wherein the resultant solution is treated with
unpurified coal gas or coke-oven gas or a
similar gas which has been partially purified
from hydrogen sulphide by washing with
aqueous ammonia.

14. A process as claimed in any one of the
preceding claims wherein zinc sulphate is
obtained from the precipitate separated from
the wash liquor by washing the precipitate to
reduce its content of ammonium sulphate and
thereafter roasting the precipitate in a fluidised
bed with sulphur or hydrogen sulphide equiva-
lent to the cyanogen compounds of zinc pre-
sent and to the required excess of sulphur to

ensure substantially complete conversion of all
the zinc to zinc sulphate.

15. A process as claimed in any one of
Claims 1 to 13 wherein zinc sulphate is
obtained from the precipitate separated from
the wash liquor by dissolving the precipitate in
sulphuric acid, at least two equivalents of acid
being used for each equivalent of zinc.

16. A process as claimed in any one of the
preceding claims wherein the gas after removal
of hydrogen sulphide and hydrogen cyanide
therefrom is washed with water, sulphuric acid,
or regenerated zinc sulphate solution in order
to remove any residual ammonia in the gas.

17. A process for the simultaneous removal
of hydrogen sulphide and hydrogen cyanide
from the fuel gas substantially as described in
the specific example with reference to the
drawing filed with the provisional specification.

BOULT, WADE & TENNANT,
111 & 112, Hatton Garden, London, E.C.1,
Chartered Patent Agents.

PROVISIONAL SPECIFICATION

Improvements in or relating to the Purification of Gases

We, THE Gas COUNCIL, a British Body Cor-
porate, of 1, Grosvenor Place, London, S.¥.1,
do hereby declare this invention to be des-
cribed in the following statement:—

This invention is for improvements in or
relating to the purification of gases and is par-
ticularly concerned with the purification of
fuel gases, e.g. coal gas or coke-oven gas, from
which both hydrogen sulphide and hydrogen
cyanide must be removed. The invention is
particularly applicable to gases which also con-
tain ammonia that must be removed.

It is an object of the present invention to
reduce the hydrogen sulphide concentration
in a fuel gas to a very low level, for example
below the statutory limit for town gas
approximately 0.7 parts per million by
volume,

A further object of the present invention is
to reduce the hydrogen cyanide concentration
in a fuel gas to a low level, for example, below
5 grains per 100 cu.ft.

There have been a number of known
processes for the removal of hydrogen sulphide
from gases by the use of zinc sulphate solution.
These processes were all characterised by a
purification stage which may be represented
as:—

2NH,+ZnSO,+H,S=ZnS+(NH,}.S0,,
by the separation of the zinc sulphide pre-
cipitate, and by the reconversion of this
sulphide to zinc sulphate for re-use in the
process. Emphasis was laid upon the complete
removal of ammonia from the gas and its
recovery as pure ammonjum sulphate. The
regenerated zinc sulphate solution in most of
these processes tended to be acid.

There is no disclosure in the known art of
the use of zinc sulphate solution for the sub-

stantially complete removal of hydrogen sul-
phide from a gas with full regeneration and
re-use of the zinc sulphate reagent, the
emphasis being on conditions which are un-
suitable for complete purification. One con-
dition for complete purification is that the zinc
sulphate solution should be alkaline. However,
the presence of alkali is objectionable for the
following two reasons: (a) the zinc ions tend
to be removed from solutions as precipitated
zinc hydroxide or carbonate and are thereby
made ineffective for the removal of hydrogen
sulphide and (b) the zinc ions tend to react
with any hydrogen cyanide present to form
soluble compound ions which are not effec-
tive for complete hydrogen sulphide removal
and which may make it very difficult to operate
the process to obtain an ammonium sulphate
product that is free from zinc.

A well-known method for the analysis of
gases for hydrogen sulphide and hydrogen
cyanide  concentration  employs  strongly
ammoniacal zinc sulphate solution in such
manner that these two components are com-
pletely removed from the gas and remain with
the reagent respectively as precipitated zinc
sulphide and soluble ammonium zincicyanide.

This and further known properties of the
cyanogen compounds of zinc would lead those
skilled in the art to predict that the known
processes could not readily be applied to a gas
containing hydrogen cyanide to produce
ammonium sulphate free from soluble zinc
compounds.

To secure a substantial removal of hydrogen
cyanide by a continuous process with full
regeneration and re-use of the zinc sulphate
reagent it is necessary to establish conditions
in which an insoluble cyanogen compound is
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formed; this can then be separated and sub-
jected to a chemical treatment to regenerate
the reagent quantitatively.

The equilibria in ammoniacal solutions of
zinc sulphate used for the absorption of hydro-
gen cyanide are represented by equilibrium
constants published in the literature. No
calculation from these known constants pre-
dicts the formation of an insoluble cyanogen
compound of zinc under any conditions likely
to be useful in a continuous process for the
removal of hydrogen cyanide from gas with
full regeneration and re-use of the zinc sul-
phate reagent.

In contrast to this prediction from the
known constants we have found by experiment
that if weakly ammoniacal zinc sulphate is used
to remove hydrogen sulphide from gas con-
taining also hydrogen cyanide, the precipita-
tion of cyanogen compounds of zinc is very
considerable indeed. This phenomenon is
associated with the simultaneous precipita-
tion of zinc sulphide and would not otherwise
occur. The sulphide precipitate is known to
occlude much foreign matter, but the co-pre-
cipitation of cyanogen compounds is quite
exceptional.

If small quantities of ammonia are added
to neutral zinc sulphate solution, zinc
hydrogide is precipitated. If more ammonia
is added, the zinc hydroxide redissolves, most
of the zinc in solution being combined with
ammonia as ions of the ammine type. In a solu-
tion containing about 3% ZnSO, by weight
the precipitation of zinc hydroxide is pre-
vented by the addition of enough ammonia to
raise the pH above 10. If a substaniial con-
centration of ammonium sulphate is present
the pH may be much lower without the
precipitation of zinc hydroxide. Such liquors,
if very rich in ammonium sulphate, may be
free from insoluble zinc hydroxide and have
a low ammonia vapour pressure, for example,
less than 5 grains NH, per 100 cu.ft, at 20°
c

The weakly ammoniacal zinc sulphate solu-
tions employed in the process of the present
invention are such that they contain sufficient
amonium sulphate to prevent the precipita-
tion of zinc hydroxide. The free ammonia
content is however sufficiently low to permit
them to be employed in the process so that
the resulting purified gas contains not more
than 50 grains NH, per 100 cu.ft. and prefer-
ably not more than 20 grains.

The concentration of salts present is prefer-
ably high but not so high that the separation
of crystals of zinc ammonium sulphate
becomes possible.

According to the present invention there is
provided a process for the simultaneous
removal of hydrogen sulphide and hydrogen
cyanide from fuel gas which process comprises
washing the gas with a weakly ammoniacal
zinc sulphate solution containing sufficient

ammonium sulphate to prevent the precipita-
tion of zinc hydroxide, separating the pre-
cipitated zinc sulphide and insoluble cyanogen
compounds of zinc from the resultant solution,
processing the said solution for the recovery
of crystalline ammonium sulphate substantially
free from zinc compounds, and reconverting
said precipitate to zinc sulphate for re-use in
the process.

The process is particularly suitable for the
treatment of coal gas and coke-oven gas and is
preferably applied to such gases so that the
greater part of their ammonia content is
removed simultaneously with the hydrogen
sulphide and hydrogen cyanide.

The process of the present invention con-
sumes ammonia equivalent to the hydrogen
sulphide and hydrogen cyanide removed; a
further quantity of ammonia may be needed
to bring the regenerated zinc sulphate solution
to the necessary ammoniacal condition. Where
insufficient ammonia is present in the gas to
be treated, for example, additional quantities
may be added to the system, for ezample.
directly to the zinc sulphate solution as con-
centrated ammoniacal liquor.

In one preferred application of the present
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invention coal gas or coke-oven gas to be puri-

fied is washed In a primary purification process
with an ammoniacal solution for the removal
of the major proportion, e.g. 80% of the
hydrogen sulphide present in such manner
that little change is effected in the ammonia
concentration in the gas which is accordingly
more than the equivalent of the hydrogen sul-
phide and hydrogen cyanide in the gas. The
present process is then applied for secondary
purification of the gas to remove all the
remaining hydrogen sulphide and most of the
hydrogen cyanide and ammonia.

In one preferred method of washing the gas
the greater part of the wash liquor is con-
tinuously recirculated so that the change in the
composition of the wash liquor on one pas-
sage through the washer is relatively small.
With this system by removing the greater part
of the precipitate, present after one passage
of the liquor through the washer, before
returning the liquor to the washer it is possible
to combine a high concentration of ammonium
sulphate in the wash liquor with a low content
of precipitate in the washer; the concentra-
tion of amominum sulphate also becomes
large in relation to the concentration of un-
fixed ammonia present with it in the liquor
Conditions resulting from the recirculation
method are therefore favourable for maintain-
ing the desired high proportion of ammonium
sulphate and for the processing of the excess
volume of liquid for the production of crys-
talline ammonium sulphate. The recirculated
wash liquor after substantial reduction of its
content of precipitate but before returning to
the washer may be mixed with regenerated
zinc sulphate solution and ammoniacal liquids
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so that the liquid entering the washer does not
vary greatly in composition.

The ammonium sulphate may be recovered
from the wash liquor after the separation of
the precipitated zinc sulphide and insoluble
cyanogen compounds of zinc by treating the
wash liquor to convert all the zinc remaining
in solution to insoluble zinc sulphide, filtering
to separate the zinc sulphide and thereafter
stripping the filtrate with steam to remove
volatile impurities and converting the ammo-
nitm sulphate solution to the crystalline salt
in an evaporative crystalliser,

To effect this final precipitation of soluble
zinc the wash liquor may be treated with
hydrogen sulphide, ammonium sulphide or
ammonium hydrosulphide. The sulphiding
agent may contain hydrogen cyanide, but this
must be in low absolute concentration; thus
the hydrogen sulphide gases produced in the
process when using the acid method for
regeneration of the zinc sulphate reagent is
unsuitable because of the high partial pressure
of hydrogen cyanide present. Suitable reagents
include concentrated ammoniacal liquor whici
is rich in dissolved hydrogen sulphide, unpuri-
fied coal gas or coke-oven gas, or similar gases
from which the major proportion of hydrogen
sulphide, e.g. 80%, has been removed by
washing with aqueous ammonia.

It is preferable that the wash liquor sul-
phided in this manner should be initially free
from precipitate containing cyanogen com-
pounds of zinc, but if such precipitate is pre-
sent the sulphiding treatment is likely to con-
vert the insoluble cyanogen compounds to
zinc sulphide.

It is important that the quantity of zinc pre-
cipitated as sulphide in processing the wash
liquor for ammonium sulphate recovery should
be small in proportion to that separated from
the wash liquor used in the main washing
stage. The removal of the precipitate from the
main washing stage is the only substantial
purge of cyanogen compounds from the wash-
ing system. Thus the continued removal of
hydrogen cyanide from the gas is dependent
upon the separation of this precipitate.

Hydrogen sulphide - -
Hydrogen cyanide - -
Ammonia - - = -

The plant for the secondary purification is
represented by the accompanying flow diagram
which shows that the gas is passed in succes-
sion through four sets of washers:—

The washers 1 for final zinc precipitation
are provided for working up excess zinc liquor
prior to ammonium sulphate recovery. They
sve a means of bringing this liquor into contact
with a gas containing hydrogen sulphide to
convert to insoluble zinc sulphide all the other
zinc compounds present, the concentrations of
ammonia and hydrogen cyanide present being
such that the conversion to insoluble sulphide

For the regeneration of zinc sulphate from
the wash liquor two methods are available,
The precipitate may be washed to reduce its
conient of aminocinwin suiphate and thereafter
fed to a roasier, preferably as a slurry, and
roasted in a fluidised bed with sulphur or
hydrogen suiphide equivalent to the cyanogen
compounds of zinc present and to the excess
of sulphur required to ensure substantially
complete conversion of all the zinc to zinc
sulphate. Alternatively, the zinc sulphate may
be obtained from the precipitate separated
from the wasa liquor by dissolving the pre-
cipitate in sulphuric acid, at least two
equivalents of acid being necessary for each
equivalent of zinc,

The gas after removal of hydrogen sulphide
and hydrogen cyanide therefrom may be sub-
jected to a final wash employing water,
sulpauric acid or iegenerated zinc sulpbate
solution in order to remove any residual
ammonia in the gas. The used washing medium
may be mixed with liquid recirculated in the
main washing stage.

Heat is generated by the chemical reactions
involved in the process; means of removing
the heat may be desirable. A preferred method
is to allow this heat to be carried forward in
the gas as sensible heat and as the latent heat
of water of saturation; the cooling may then
be effected in a condenser and the aqueous
condensate returned to the process to the
extent and to the places which will give the
best control of the water balance of the pro-
cess and of the concentration levels of the
aqueous solutions employed.

Following is a description by way of
example and with reference to the accompany-
ing fiow diagram of one method of carrying
the present invention into effect.

The gas to be treated is a gas from which
80% of the hydregen suiphide has already
been removed by a primary liquid purification
process using ammoniacal wash liquor but
causing insignificant change in the ammonia
content of the gas.

This gas contains;—

80 grains H.S per 100 cu.ft.
40 grains HCN per 100 cu.ft.
220 grains NH, per 100 cu.ft.

can be substantially complete, only about
5X107* gram atoms of zinc remaining in
solution with about 2 gram molecules of
ammonium sulphate in each litre (2M solution
contains 264 gms. per litre or 23.3% of
(NH,).80, by weight).

These washers are of the multi-stage type
and the liquor is moved through them in a
single pass countercurrent to the gas.

Only a small proportion of the total pre-
cipitation of zinc is effected in these washers
which accordingly make small reductions in
the concentrations of hydrogen sulphide and
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ammonia in the gas and a small increase in its
hydrogen cyanide content.

The main washers 2 for secondary purifica-
tion are similarly of the multi-stage type with
countercurrent flow but with recirculation of
liquor from the first to the last of the stages
in contact with the gas. In these washers
hydrogen sulphide is removed from the gas
substantially completely and to below the
statutory limit. The residual concentrations
of ammonia and hydrogen cyanide in the
treated gas are in the ranges 10 to 20 and 1 to
2 grains per 100 cu.ft. respectively.

The liquors in contact with the gas in all
stages contain excess of soluble zinc, mainly
in the form of amines,. and sufficient
ammonium sulphate to prevent the precipita-
tion of zinc as hydroxide.

The liquor first brought in contact with the
gas, that is with the outgoing gas in the last
stage of the multi-stage concurrent system, is
a mixture made in the mixing tank 6 and
stored in the return tank 7. The pH of the
mixture is controlled by variation of the rate
of addition of 78% sulphuric acid to the
regenerator 10, the control pH of about 8
being selected as high enough to ensure a
reasonable reserve of alkalinity and just low
enough to ensure that the ammonia vapour
pressure of the liquid does not exceed 20
grains per 100 cu.ft.

The liquor last leaving contact with the gas
at the first or gas-inlet stage is by comparison
richer in precipitated zinc sulphide and cyanide
and in dissolved ammonium sulphate and un-
fixred ammonia, the pu is higher and the con-
centration of dissolved zinc is lower. This
liquor passes to the slurry separator 5.

The washers 3 for final removal of ammonia
and hydrogen cyanide also are of the multi-
stage countercurrent-flow type with recircula-
tion of liquor from the first gas-contacting
stage to the last, in this case by way of the
tank 8. Their normal function is the substan-
tially complete removal of the residual 10 to
20 grains of ammonia per 100 cu.ft. and the
residual 1 to 2 grains of hydrogen cyanide in
the gas. Their reserve function is the removal
of residual hydrogen sulphide slipping past the
earlier washers during possible periods of par-
tial failure or of overloading. The liquor in
all stages is relatively dilute, almost neutral in
pH, and contains an appreciable concentration
of divalent zinc ions. The changes in concen-
tration and pH from stage to stage are kept
small by providing sufficient recirculation. At
the liquor-entry or gas-outlet stage liquor is
provided that is very slightly acid, sufficiently
so to ensure negligible ammonia vapour pres-
sure but not acid enough to corrode steel or
iron.

The condenser 4 receives gas free from
hydrogen sulphide, ammonia and hydrogen
cyanide, but warm and saturated with water
vapour because no special means have been

provided in the earlier gas washing plant to
remove the heat generated by the purification
and other chemical reactions in the system and
part of the heat added to the system for the
evaporative crystallization of ammonium sul-
phate. The condenser cools the gas and con-
denses the excess water vapour, the purified
gas leaving the system being-cool but saturated
with water vapour. The aqueous condensate
removed from the gas is relatively clean and
substantially neutral.

Referring to the flow of the zinc liquors
and slurries, the slurry separator 5 comprises
a receiving tank for the liquor from the main
washers 2, a system of cyclones to separate
the liquor into a concentrated slurry of zinc
sulphide and cyanide and a decant liquor con-
taining little precipitate, and a small tank for
decanted liquor. The concentrated slurry is
passed direct to the regenerator 10 for treat-
ment with sulphuric acid. The decanted liquor
is divided, very much the greater part is
returned for re-use in the main washers 2 by
way of the tanks 6 and 7, and the small part
is treated in the washers 1 for complete pre-
cipitation of the zinc as sulphide.

The mixing tank 6 receives all the liquors,
not otherwise required or disposable, that can
be mixed to form the liquor for re-use in the
main washers 2. These are:—-

Decanted recycle liquor from the slurry
separator 5.

Acidic zinc sulphate solution from the re-
generator 10.

Condensate from the indirect-cooled con-
dgﬁser 14 for distillate leaving the stripping
still,

‘Condensate from the indirect cooler 15 for
the hydrogen sulphide gases.

Excess liquor from the tank 8 of the washers
3 for final ammonia removal.

The return tank 7 receives mixed liquor
from the mixing tank 6 for re-use in the main
washers 2.

The tank 8 for neutral zinc liquor serves
the washers 3 for final removal of ammonia
and hydrogen cyanide. It is divided into three
sections. The receiving section takes the faintly
alkaline liquor from the washers part of which
is passed to the mixing tank 6, the remainder
entering the second section, To this mixing
section are added the acidic make-up of zinc
sulphate solution and the diluent make-up of
of aqueous condensate from the condenser
4. The return section takes the mixed liquor
for re-use in the washers.

The filter 9 is provided to separate zinc sul-
phide precipitate formed in the final zinc pre-
cipitation in the washers 1, from the zinc-free
ammonium sulphate solution; it is a con-
tinuous filter, the precipitate being delivered
unwashed as a slurry to the regenerator 10.

The regenerator 10 receives zinc sulphide
slurry from the filter, zinc sulphide-cyanide
sturry from the slurry separator and 78% sul-
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phuric acid imported from outside the secon-
dary purification system. It delivers zinc sul-
phate solution containing excess sulphuric
acid, and hydrogen sulphide gas containing
much hydrogen cyanide and some carbon
dioxide.

To ensure that little hydrogen cyanide or
hydrogen sulphide remains dissolved in the
acidic zinc sulphate solution leaving the regen-
erator 10 steam is blown through the zinc
sulphate solution to heat it and to strip out dis-
solved gases.

Referring to the ammonium sulphate plant,
the stripping still 11 receives clear ammonium
sulphate solution from the filter together with
mother liquor and washings from the centri-
fuge 13 and brings them into countercurrent
contact with low pressure steam evaporated
from the crystallizer 12. The ammonia, carbon
dioxide, hydrogen sulphide and hydrogen
cyanide dissolved in the ammonium sulphate
solution are thereby carried away in the out-
going steam, removal of these components
being desirable to prevent excessive corrosion
in the crystallizer to which the stripped liquor
passes. The outgoing steam passes to the strip-
ping-steam condenser 14,

Measurement of the density of the stripped
ammonium sulphate solution indicates the
general level of sulphate concentrations in the
system, which are adjusted by making small
changes in the rate of withdrawal of liquor
through the washers 1 to the filter 9 and corre-
spondingly in the rate of return of aqueous
condensate from the condenser 14 to the
tank 6.

The evaporative crystallizer 12 receives
ammonium sulphate solution free from

impurities volatile in steam and effects con-

tinuous crystallization by evaporation of excess
water. Heating is by indirect steam. Most of
the steam driven off is passed directly through
the stripping still 11; a small part passes into
the regenerator 10. Ammonijum sulphate crys-
tals settle out and are removed periodically to
the batch centrifuge 13.

The centrifuge 13 receives batches of
ammonium sulphate crystals as a slurry and
removes the mother liquor. The crystals are
washed with part of the aqueous condensate
from the hot well of the washer-cooler 4.
Mother liquid and washings are returned to
the crystallizer 12 indirectly as part of the feed
to the stripping still 11. The washed and
whizzed crystals are removed for drying and
bagging elsewhere.

The condenser 14 for stripping steam is an
indirect cooler with upward flow of steam,
downward reflux of condensate and downward
flow of cooling water. The condensate passes
to the mixing tank 6; permanent gases pass
overhead and return to the unpurified coal gas
stream.

The indirect cooler 15 for hydrogen sul-
phide gases, also with upward flow of the
feed and downward flow of condensate and
cooling water, cools the hydrogen sulphide
gases passing out overhead and removes most
of its water vapour content. It effects a con-
siderable degree of rectification so that the
reflux condensate which passes hot to the mix-
ing tank 6 does not take with it any appre-
ciable recycle quantity of either hydrogen
sulphide or hydrogen cyanide.
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