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Abstract

The approach based on the use of sulphur dioxide from metallurgical off-gases as a reagent in the technologies
of processing of the crude ore is considered, which allows, in specific cases, a sulphur closed cycle to be set
up. The expedients are demonstrated, which enable one to reduce the body of sulphur ingress to processing
with a feed stock, and to enhance the efficiency of sulphur productions now in operation.

INTRODUCTION

Traditional fields of sulphur dioxide appli-
cation, as a raw material to produce sulphuric
acid, sulphites, thiosulphates, bleaching and
disinfecting agents, can be considerably expand-
ed thanks to the researches, which have ap-
peared recently. Depending on the purpose in
mind, they employ sulphur dioxide as a soft
oxidizer or reducer. For example, during sul-
phatising roasting of complex (Cu, Zn, and
Pb) sulphide ores in the atmosphere of sulphur
dioxide [1, 2], a sulphate product is formed,
which ensures about 76 % copper and up to
99 % zinc to pass into solution upon aqueous
leaching, while lead with iron remain practi-
cally completely in the insoluble residue. Pyrite
dissociates under these conditions according to
the scheme

FeS, — FeS + 058, (1)
3FeS + 2S0, - Fe,0, + 258, (2)

On the other hand, SO, is applied as a
reducer to process zinc ferrite with roasted zinc
concentrate [3].

The great scope of possible use of sulphur di-
oxide in a variety of hydrometallurgical processes
is opened up: during electrolytic processing [4-6]
of commercial products [7, 8], in the processes
of non-ferrous metals leaching from oxidized cop-
per ores [9] and pyrrhotinized ores [10], from oce-
anic (bottom) concretions [11], etc.

Hence, the real possibility exists of sulphur
dioxide applying both in the form of the dilut-
ed or concentrated gas mixtures, and in the
form of water solutions. In this case, the source
of SO, is the metallurgical plants, which re-
lease it in the atmosphere, frequently without
the proper recovery.

Issues of air-pollution control at the
metallurgical plants are complicated by the lack
of the system decision of all the problems that
emerge during the sulphide ores processing;
these problems include economic, technological,
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and ecological ones. Some important aspects
should be set off.

— All technological processes, including the
ones of salvaging harmful exhausts of the met-
allurgical plants, represent to some extent the
sources of harmful components emission. For
example, production of elemental sulphur from
“heavy” off-gases is the source of atmospheric
emissions in the working area; these emissions
include such compounds as hydrogen sulphide,
carbon oxysulphide, carbon monoxide, the tox-
icity of which is considerably higher than that
of sulphur dioxide; the processes of recovery
of weak sulphur dioxides by means of liquid
phase cause water bodies pollution.

— Implementation of chemical processes in
metallurgy brings about further expansion of
the infrastructure and nomenclature of mate-
rial resources produced and consumed by the
manufacturers (catalysts, reagents, and simi-
lar items).

— Productivity progress due to the wide use
of sulphur recovery processes results in the
growth of personnel number and in the need
for the new auxiliary productions to be set up.

— Growth of the fixed capital, in its turn,
causes amortization to increase and the profit
to be essentially decreased.

It is possible to consider Norilsk Mining-and-
Metallurgical Integrated Works (NMMIW) as an
example.

Sulphur production at Nadyezhdinskiy and
Copper Plants of the NMMIW is extremely un-
stable for many years. The principal reason lies
in the rigid technological bonding between two
inherently diverse productions, metallurgical
and chemical one. Creating the “buffer” between
these productions can be a solution for this sit-
uation: for example, the “buffer” in the form
of liquid sulphur dioxide, which will make it
possible, on the one hand, to achieve a safe
recovery of the “heavy” sulphur dioxides by
physical method, and on the other hand, to set
up a stable production of elemental sulphur,
as a recovery product most suitable for trans-
portation.

Dressing procedures are efficient to decrease
sulphur content in the concentrates of non-fer-
rous metals. Thus, production of the pyrrho-
tine concentrate as a separate product and its
subsequent hydrometallurgical processing are

introduced in the dressing cycle of NMMIW
since 1979. This has allowed a 13 % decrease
of sulphur ingress into pyrometallurgy process.

Nevertheless, all of these actions are inad-
equate. Application of the traditional lines of
attack for the exhausts neutralization, based
on building the conventional versions of re-
covery processes in the “tail” of metallurgical
flow diagrams, is associated with huge expenses
and is inefficient for the reasons listed above.
Therefore, a search for new designs is appro-
priate to conduct in three main directions: a
minimization of sulphur ingress into metallur-
gical process, the use of sulphur dioxide in the
work cycle of the crude ore processing, and
increasing the efficiency of sulphur extraction
from off-gases.

MINIMIZATION OF SULPHUR INGRESS
INTO METALLURGICAL PROCESS

This direction is worthy of applying the
technological procedures, which enable one to
minimize sulphur ingress from dressing treat-
ment into metallurgical production, for exam-
ple, by the withdrawal of low-nickel pyrrho-
tine product in parallel with tails of iron sul-
phides flotation [12]. The new reagents and re-
gimes tested in commercial conditions allow
sulphur ingress in metallurgical processing to
be reduced by 20—29 %. However, with obvi-
ous simplicity, this way requires much resource
and is inefficient, as the pyrrhotine product sent
to long-term storage carries away therewith up
to 3 % of non-ferrous metals.

The research into the process of thermo-
magnetic dressing of pyrrhotine has been car-
ried out. This process is based on the fall in
solubility of non-ferrous and platinum metals
in the minerals of pyrrhotine group as their
S/Fe atomic ratio changes to the value <1. De-
creasing the ratio of sulphur to iron can be
attained either by sulphur fixation into sulphides
more stable than FeS (for example, CaS), or
by creating the conditions favourable for sul-
phur to diffuse from pyrrhotine lattice into al-
ternative phase, for example, into metallic iron.

Heat treatment yields nonmagnetic stoichi-
ometrical iron sulphide, 1. e. troilite, and the
magnetic concentrate around metallic iron that
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Fig. 1. Schematic diagram of sulphur cycle with the use of sulphuric acid leaching of pyrrhotine concentrate.

collects up to 95 % of nickel, cobalt, platinum
metals, and up to 15—-20 % of copper. Upon
cooling and grinding, a cake is exposed to mag-
netic separation. Magnetic concentrate can be
used with the flow chart of NMMIW, for ex-
ample, to precipitate sulphides of non-ferrous
metals from the slurry of an autoclave leach-
ing of pyrrhotine. The non-magnetic product
passes through the stage of flotation to sepa-
rate the rich copper concentrate that is pro-
cessed by means of conversion to yield crude
copper.

Pilot-laboratory tests of this technique have
verified the possibility to produce magnetic con-
centrate of the following content (%): Ni 5—15,
Cu 0.5—-1.5, Co 0.3—0.5, Fe 65—70, and S 6-8,
with its yield of 15—20 % from the weight of
thermally treated fusion mixture, and with ex-
traction into this concentrate (%): Ni up to 95,
Co 90, Cu 25. Copper minerals, formed during
heat treatment, represent bornite solid solution.

Hence, thermomagnetic dressing of pyrrho-
tine makes it possible to achieve not only an

extraction of up to 99 % sulphur, which comes
with pyrrhotine, into the dump waste product
poor in the non-ferrous metals content, but also
the high extraction degree and selectivity of
copper and nickel separation into the associat-
ed concentrates even at the stage of dressing
treatment.

ADOPTION OF SO, IN THE WORK CYCLE
OF CRUDE ORE PROCESSING

The second promising direction may be con-
sidered the use of sulphur dioxide from met-
allurgical off-gases in the work cycle of crude
ore processing. This affords, on the one hand,
the efficiency of the main manufacture to be
raised, and on the other hand, SO, atmospheric
emissions to be significantly reduced by means
of the lower investment cost than with build-
ing of the specialized sewage treatment works.

In Nadyezhdinskiy Metal Works (NMW) of
NMMIW, the use is made of the combined pro-
cessing of pyrrhotine concentrate. The process
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includes an oxidizing autoclave leaching, pre-
cipitation of the non-ferrous metals, which
have partially passed into solution, flotation
separation of sulphides and elemental sulphur
from iron oxides followed by selection of the
froth product to obtain the rich sulphide con-
centrate and commercial sulphur. Such kind of
production allows one to propose two general-
ized flow diagrams based on the sulphur cycle
set up.

The first version (Fig. 1) suggests that leach-
ing of pyrrhotine concentrate should be con-
ducted in sulphuric acid solutions [13]:

MeS + H,SO, = MeSO, + H,S (3)

Sulphuric acid is supposed to be produced from
“weak” converter gases by means of the un-
steady-state process [14], while hydrogen sul-
phide evolving in the process is supposed to be
sent to sulphur production according to current-
ly available technology.

According to the second version (Fig. 2), au-
toclave oxidizing leaching is supposed to be con-
ducted with the use of not oxygen, as in the

existing production, but with pure sulphur di-
oxide as an oxidizer [15]:

MeS + 2SO0, = MeSO, + 2S 4)
Sulphur dioxide can be obtained from “heavy”
off-gases with sulphur dioxide (the volume frac-
tion of more than 25 %) of autogenous smelt-
ing of sulphide raw material by the use of
physical methods of gas mixture separation. The
processes to produce the liquid sulphur dioxide
by the direct compression (cooling) method [16]
or involving a stage of gas hydrates formation
[17] are developed. These processes allow a high
recovery degree to be provided that is practi-
cally independent of the deviations of the raw
stream parameters.

Based on chemical composition of pyrrho-
tine concentrate, specific consumption of sul-
phur dioxide comprises 0.5, in the first version,
and 1.1 t SO,/t of the concentrate in the sec-
ond version. Application of these technologies
may be restricted solely by technical difficul-
ties in their practical realization. Taking into
account the circumstance that presently sulphur
recovery is practically absent in NMW, appli-
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Fig. 2. Schematic diagram of sulphur cycle with the use of anhydride leaching of pyrrhotine concentrate.
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cation of the described approach can solve a
problem both for the specific plant, and for
NMMIW as a whole.

The flow chart of the autoclave oxidizing
leaching realized in NMMIW (Fig. 3) is associated
with formation of some technical products,
which hold promise to be applied as SO,
absorbents. These products include the slurry
of pyrrhotine and sulphur-sulphide
concentrates, the oxidized slurry of the
autoclave leaching of pyrrhotine products, the
slurry from tails of sulphur-sulphide flotation
and ferropurification. The estimation for an
absorption capacity of these products in respect
to sulphur dioxide has shown that under the
similar conditions of interaction, the slurry of
pyrrhotine concentrate is highly competitive
with limestone suspensions. Slurries of sulphur-
sulphide concentrate and of autoclave oxidizing
leaching possess high absorption capacity too.
Depending on type of the product, oxidation-
reduction interaction of SO, goes by different
reactions:

FeS + 2S0, = FeSO, + 2S (5)
with the slurry of pyrrhotine concentrate or
Fe,O4MH,0 + 5S0, + 20, + 2H,0

= 2FeSO, + 3H,S0, (6)
Fe,0,H,0 + H,SO, + SO,
= 2FeSO, + 2H,0 (7)

with the oxidized slurry of autoclave oxidizing
leaching [18].

During the research of the process of sul-
phur dioxide absorption by iron-bearing tech-
nical products of NMMIW from the low-con-
centration gases (volume fraction of SO, was
1-5%) on a laboratory and pilot scales, opti-
mum absorption parameters and experimental
values of kinetic parameters of the process
have been determined. It has been found that
the recovery degree of sulphur dioxide from
weak concentration gases under the low-tem-
perature (25—40 °C) treatment conditions sta-
bly amounts to 90 % (the maximum wvalue is
96 %) with the average volume ratio liquid/gas
equal to 0.001. The weight of absorbed sulphur
dioxide recalculated to 1 t of pyrrhotine rang-
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es from 80 to 216 kg. Thus, 1t of pyrrhotine
concentrate (pyrrhotine content of 75 %) is ca-
pable to provide desulphuration of at least
760 m® (normal conditions) of NMW gas (2.6 %
SO,). Consequently, when processed all low-con-
centration gases from NMW, it is possible to
absorb no less than 40 thousand ton of sulphur
per year.

An effect of preliminary treatment of slurry
of pyrrhotine concentrate by weak sulphur-
containing gases on the technology parameters
of the subsequent stages of hydrometallurgical
processing of raw material was studied by
means of the pilot and semi-commercial setups
with the subsequent leaching, precipitation,
and sulphur-sulphide flotation. Results of semi-
commercial trials have shown the enhancement
of technology parameters of autoclave-
hydrometallurgical processing of pyrrhotine
concentrate combined with preliminary
treatment by weak sulphur dioxides as
compared to the existing flow diagram. The
suggested version has a number of the
important technological benefits.

1. Upon sulphur dioxide treatment, the slurry
of pyrrhotine-containing material shows more
acidic reaction (pH 2—-4), which promotes a
decrease in loss of platinum metals with final
rejects of autoclave technology.

2. In the process of treatment of initial
pyrrhotine matter with sulphur dioxide, partial
leaching of ferrosulphides takes place with iron
and sulphur passing into solution. This allows
the productivity of the subsequent leaching
stage to be raised, which provides a reserve
for increasing the output of this treatment.

3. Treatment of pyrrhotine material with SO,
raises the sulphur extraction degree in autoclave
leaching, and promotes a deeper disintegration
of oxidation-resistant minerals. This ensures,
in its turn, an increase in selectivity indexes at
the stage of sulphur-sulphide flotation; in
particular, this increases an extraction degree
of non-ferrous metals into the concentrate.

4. Consumption of limestone for
ferropurification of resulting tails is less in
comparison to versions, which make use of
other iron oxide absorbents (sulphur-sulphide
concentrate, the oxidized slurry).

5. Conditions of sulphur dioxide trapping by
pyrrhotine are realized in an interval of

temperatures 25—40 °C, which is responsible for
simplicity of implementation and lower power
expenses.

INCREASING THE EFFICIENCY OF SULPHUR EXTRACTION
FROM OFF-GASES

At present, elemental sulphur is assumed
an economically feasible transportable product
of neutralization of sulphurous exhausts for
NMMIW. Therefore, of special interest is a
widespread use of catalytic processes and new
types of catalysts both at a stage of sulphur
dioxide reduction, and at the stages of Claus
process and incineration of off-gases. This will
allow a tangible reduction in energy intensity
and in consumption of materials for the process.

One of the new ways is the unsteady-state
Claus process. The unsteady conditions are
provided by alternating the direction of reaction
mixture delivery into the catalyst bed at its
initial temperature (120—170 °C) [19]. Owing to
thermal capacitance of periodically heated and
cooled catalyst, the temperature of the reacting
gases always decreases towards the outlet from
the catalyst bed. The conditions close to the
theoretically optimum ones are created in the
reactor. The temperature of the end sites of
the bed is lower than the condensation point
of sulphur vapours. When a fresh reaction
mixture falls on the cold catalyst (120—170 °C),
the intensive reaction proceeds and is attended
by sulphur condensation on the internal surface
of the catalyst. This process goes on until the
entire active surface is blocked, and the reaction
and consequently condensation are stopped. Zone
of the reversible deactivation of the catalyst
will move after the thermal wave. The low-
temperature zones available in the reactor that
works under the non-stationary conditions
theoretically enable one to reach the conversion
level of up to 98 % in one catalyst bed.

From the technological point of view, the
scheme of a “double” unsteady-state Claus
process [20] is even more effective (Fig. 4). This
scheme includes three catalytic reactors (CR-1,
CR-2, CR-3), two sulphur condensers (CSC-1
and CSC-2), and four three-way gate valves for
switching the gas stream (CS-1-CS-4).

Hot gas with the temperature of 350—
400 °C, from the reactor of high-temperature
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reduction of sulphur dioxides, enters into the
reactor CR-3, where hydrolysis of COS takes
place, and Claus reaction partially proceeds:

(8)
(9)

Then gas passes through the condenser CSC-2,
where it is cooled to 160—170 °C, and in so doing
condensation of sulphur (formed for the most
part in RG) occurs. In the subsequent process,

COS + H,0 = H,S + CO,
2H,S + SO, = (3/n)S, + 2H,0

gas enters into the reactor CR-2 that works in
the non-stationary mode [19.] Unsteady
conditions are also created by periodically
alternating direction of gas flow through a
catalyst bed by means of the system of
reversing gate valves CS-3, CS-4. In these
conditions, the reaction zone with a temperature
of 230—250 °C is formed in the middle of the
bed, and the ends of the bed play the part of
heat regenerator, which allows the process to
be realized without gas preheating. Sulphur,
both formed in this reactor and drawn from
CSC-2, partially condenses in the form of a
fog on the end sides of the bed. As liquid
sulphur deactivates the catalyst, an inert
material may replace the catalyst in the end
parts of the bed.

Gases leaving the CR-2 are cooled in CSC-1
up to 145—150°C and are fed to the reactor
CR-1 that works in the “cold bed adsorption”
mode. Here, a high conversion of the mixture
is achieved, and the resulting sulphur, together
with the one coming from CSC-1, condenses in
the catalyst bed, 7. e, CR-1 works not only as
a reactor, but also as sulphur trap.

Upon full deactivation of the catalyst in CR-1,
“an external reverse” of the stream is made
by means of the system of gate valves CS-1,
CS-2. As a result, gas moves in the opposite
direction. Hot initial gas from the reactor of
high-temperature reduction enters first in the
reactor CR-1. Sulphur in this reactor evaporates,
and thereby catalyst reactivation occurs.
Coincidentally with this, cooling of the catalyst
in CR-2 takes place by means of gases coming
from CSC-2. After a while, the mode similar to
the one described above is established. Duration
of a transition period is no more than 10—15 %
from the time of setup operation between
“external reverses”.

The process proposed involves to the
maximum extent the use of the equipment of
the existing setup for elemental sulphur
production from off-gases of Vanyukov
furnaces from NMMIW Copper Plant.
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CONCLUSIONS

The given analysis has demonstrated a
possibility in principle for substantial decrease
of sulphur dioxides emission due to recovery
of both concentrated and weak sulphur dioxides
of metallurgical productions within the current
technology concepts. The basic advantage of the
described processes is that they provide the
conditions for elemental sulphur production and
hydrometallurgical production, practically
independent of the sources of sulphur dioxide
due to creating the “buffer” of raw material
that can be exemplified by both the liquid
sulphur dioxide and sulphuric acid.

Additional potentialities appear with the use
of techniques and technologies aimed at the
preliminary removal of sulphur compounds
from the initial sulphide raw material and upon
the improvement of current sulphur production.
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