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The wide spread of the process of converting for recycling of copper, copper-nickel and nickel mattes, it
determines the relevance of finding ways to improve the design of converters and, especially, the protection
of refractory lining.

The reducing of specific costs for receiving the oxygen and getting the high capacity of oxygen plants give
more opportunities for recycling of raw material and melting of solid metals in the melt, and this is for its part
stimulates the design of convertors with long-term companies in an aggressive environment.

The promising direction is the using of the tuyeres in a protective shell from the higher pressure air, inert
gas (nitrogen, argon), natural gas or steam-air mixtures. In our country, the realization of this direction in
iron industry has started in the middle of the last century after publishing and conducting experimental work
by I. P. Bardin, S. G. Afanasiev, M. M. Shumoyv, Z. D. Epstein and N. |. Mozgovoy. Abroad, the tuyeres in a
protective shell at first were implemented by Guy Savard and Robert Lee (Canada).

In nonferrous industry first experimental works were conducted in 80-s for the industry of lead, nickel and
copper. Nowadays in China, the processes with the tuyeres are using in more than 40 plants and the Chinese
experts infuse this technology (SKS) in new plants under constration. The main distinctive feature of SKS is
the implementation of the air and nitrogen in high pressure, what makes it possible to refuse of the using of the
mechanisms and devices for cleaning of the tuyeres and also the using of the air blasting, enriched in oxygen.
In our country the using of the tuyere in a protective shell (TPS) was firstimplemented at the plant “Yuzhuralnickel”
in the 80-s. The implementation of this equipment on 13 converters allowed to stabilize the work of converter
area, increase by several times the campaign of converters and improve their operating conditions.

The feature of TPS at the plant “Yuzhuralnickel” is the applying of the conditions of the air blasting and low
pressure protective environment (0.06-0.12MPa) without a fundamental and costly changes in the design
of operating converters.

The experience of the applying such construction let to specify the protection mechanism of refractory lining
in conditions of aggressive melt of sulphides of non-ferrous metals with oxygen air blasting and using nitro-
gen, steam, vapor-air and high pressure air as a protective environment.

Conducted research and developed methodology with a mathematical model allowed to create the recom-
mendations for copper-nickel converters, equipped with TPS for practical using in every specific working
conditions.
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he wide spread process in the metallurgy of heavy
non-ferrous metals is the converting of mattes.
The advantages of this technology: auto-
genousness; high speed of metallurgical reactions; op-
portunity to get metallurgical products any degree of
readiness, simplicity of implementation, scalability of
equipment.

The disadvantages are: gas dilution; need of high qua-
lity staff, frequency of technological operations etc.

For copper-nickel production and especially for recy-
cling of nickel mattes, the main disadvantage of the con-
verting process is considered low life of refractory lining.

For copper converters campaign life between routine
repairs composes from 3 to 6 month (it depends on grade
of copper concentration in mattes and quantity of diges-
tible waste), compares to nickel converters which cam-
paign life does not exceed 12 days [1—2].

The refractory lining of converter is exposed several
factors: chemical (melt interaction with lining), thermic
(high temperature and its sudden drops), mechanical
(cleaning of tuyere, loading of large materials, junk and
raw feedings, hits on converter’s body frame during its
maintenance), led to its severe wear and as follows to re-
duce of the campaign.

In this article, the authors will explore the impact of
the thermic factors on equipment operating.

Low speed of the air blast in the melt does not let to
transfer high-temperature area of flame from lining of the
converter that led to severe wear of the wall of the tuyere
due to temperature at 1600—1700 °C [3—4].

The main ways to protect lining are created in several
trends:

— design and implementation of chock-resistant re-
fractories;
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— applying of the protecting covers on the fire delivery
part of lining;

— applying of the coolant systems of lining with the
use of both overhead and embedded caissons, cooling ele-
ments;

— using of the process technology as the reducing the
combustion rate on the refractories through the change
of blast characteristics, composes of blasting air, time and
speed of metallurgical reactions, quantity and quality of
the converted “cool” feedings and waste metal;

— design and implementation of the various tuyere
devices and ways to use them for conveying of air blasting
into converter.

Considering the last trend, we highlight the process
technology for protection refractory lining with use of the
tuyeres in a protective shell.

In iron industry the design of the tuyeree in a protec-
tive shell (TPS) for ground air blasting has started to im-
plement since 50—60-s the last century [5—13].

This tuyere allows to use blow gases on the way as well
for protection of refractory lining as for solving techno-
logical issues on steel refining from harmful traces.

In USSR the design and first semi-industrial tests of the
tuyere “pipe-in-pipe” was conducted by I. P. Bardin, S. G. Afa-
nasiev, M. M. Shumov, Z. D. Epstein and N. I. Mozgovoy
in 1946 for converting of high-phosphorous iron.

The authors used carbon dioxide in the capacity of
protective environment [14—15]. Later the works on the
were stopped due to the lack of prospects for the redistri-
bution of phosphorus iron.

Abroad the first implementators in 1964 and patent
holders on TPS for getting steel in 1966 were Guy Savard
and Robert Lee (Liquid Air company, Canada). After lots
of semi-industrial tests in Germany on Thomas converter
these design and technology was patented in 1972 named
OBMM (Oxygen Bottom Metallurgy Maxhutte) [16].

In nonferrous industry the first mention of the possi-
bility to use TPS was connected with the process, designed
and patented by Paul E. Queneau, Reinhardt, Guy Sa-
vard and Robert Lee in 1974 that was named (Queneau-
Schuhmann Oxygen Process) and later changed to QSL
(Queneau-Schuhmann-Lurgi).

Initially, this technology was planned to use for con-
verting of copper matte and scrap material, but later was
redirected to convert of lead concentrates with oxygen
enrichment.

The practical realisation of the process was carried out
in Maxhutte in 1975.

The main distinctive feature of the tuyere, used in these
processes, was its complicated mechanical construction,
that was propelled by pressure of air, oxygen and protec-
tive mixtures from 500 to 1500 kPa (Fig. 1).

The QSL process was implemented in the 90-s at the
following enterprises:

— Cominco Trial, with the capacity of 120 000 tonnes;

— Berzelius Stolberg, with the capacity of 80 000 —
155 000 tonnes;
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— Bayin, China, with the capacity of 52 000 tonnes;

— Korea Zinc, Onsan, with the capacity of 60 000 —
130 000 tonnes.

In the copper industry the first tests of the TPS were
carried out in 1992 at the plant of Union Miniere Hobo-
ken (Belgium).

The tests were considered successful, but despite this,
in 1995 the plant was reconstructed under using the pro-
cess of Isasmelt [17—18].

In nickel industry the first tests were carried out in
Canada at the plant Falconbridge in 1999 [18—19].

During the tests the oxygen content in air blasting
during processing of copper-nickel mattes was risen up
to 30%.

At the same time the resistance of refractories has not
changed.

The Canadians gave the proper name to this techno-
logy — ALSI Technology, and the converter with these
tuyeres called SMC (Slag-Make Converting).

During the period 1999—2006 on this reactor were
made the following improvements:

— the level of the oxygen enrichment rose up from 30
to 40%;

— the quantity of the tuyeres eased from 13 to 9;

— the size of annular gap was diminished on 35%.

— the deep of the tuyere dipping in melt was increased;

— the materials-handling system and gas removal sys-
tem were changed [20—22].

The further development of converting technology on
the base of the Guy Savard and Robert Lee patent went
to China, where the main process was called SKS.

In 1999 in this country was built the plant Shuikoushan
for the proposes of lead concentrates converting.

Nowadays the Chinese companies have been realized
more than 40 projects based on this technology [23]. The
technology of converting copper materials using SKS
equipment was implemented in 2001. One of the first
plants based on SKS technology for processing of copper
concentrates is the enterprise in Vietnam put into opera-
tion in 2008. [24—26].
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Fig. 1. Cross section of the tuyere process QSL [16]




The main characteristic feature of TPS used abroad
(patents by Paul E. Queneau, Reinhardt, Guy Savard and
Robert Lee) is the use of air blasting at the level of 500—
1500 kPa, the rather complicated design of the tuyere and
fan drift, the lack of constructive possibility of cleaning
tuyeres from internal and external scars.

In Russia the first mention about possibility to pro-
cess copper-nickel ores with the use of oxygen blasting
dipped in a melt and with nitrogen as a protective shell
was proposed by Tsemekhman L. Sh., Ezhovy E. 1. and
Pevzner M. 1. in 1972. [27].

In 1980, a team of authors from the Gipronickel In-
stitute published a theoretical methodology and basic
principles for calculating a tuyere in a protective shell with
research results on an experimental unit for smelting cop-
per-nickel sulfide raw materials. [28].

The theoretical reason and the design of TPS con-
straction for application on 30 tonnes converters for pro-
cessing of nickel mattes at the concern “Yuzhuralnickel”
was made by Korol Yu. A. in 1983. Later, the design of
the tuyere part was modified for practical using on con-
verter, bypassing the stage of laboratory and pilot tests.

In 1987—1988 in the melting shop of “Yuzhuralnickel”
such TPS systems were implemented on 3 of 13 converters
and later by the end of 1989 this system was carried out on
all converters.

The active part for implementation of TPS was held
by Trukhankin A. V., Pichugin V. V., Denisov V. N and
Pashkovskiy A. A.

In the initial period, in the function of protective shell
were used gaseous nitrogen or cCompressor air or converter
blow air. In 1989 with the participation of specialists from the
design institute Gipronikel (Barsukov N. M., Rusakov M. R.
and Galnbek A. A.), the design was modified with the pos-
sibility of using natural gas or a vapor-water-fuel oil mixture
as a protective environment. In 1990 TPS installation with
protective environment of natural gas was launched at the
converter of depletion converting slags Ne 7 [29].

The main propose for using TPS on nickel converters
was in increasing the campaign of converters by extending
service life of the lining of tuyere belt.

The idea of “wrapping” the blast flame at the exit of
the tuyere nozzle into the melt with an inert gas (nitro-
gen), or a gas that lowers the temperature of the melt in
the area of the tuyeres due to endothermic reactions of
its decomposition (natural gas, steam-water-oil mixture)
was borrowed from the experience of using TPS in fer-
rous industry. [5].

As the result of this target and the restrictions in the
use of high-pressure blasting, the new design of tuyere in a
protective shell, using a blast of low (up to 100 kPa) energy
parameters, appeared (Fig. 2).

TPS is represented “pipe(5)-in-pipe(6)” fixed in the
distributing device of the tuyere collector (4) by screwing
them in with a gap between the walls of the pipes from 1 to
2 mm. Protective gas is supplied to the distribution device
of each tuyere from the corresponding collector (1).
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The air blasting came from air collector (2). The con-
trol (tuyering, cleaning) of the condition of air tuyere is
carried out through air shutter (3).

The tuyere works in the following manner: converter
air under pressure of 90—100 kPa is feeding into the main
collector and is blowing through the distributing device
and through the inner tube into the converter melt; the
protective gas is flowing through the gas collector and is
blowing through the distributing device into the gap bet-
ween the inner wall of the outer pipe and the outer wall
of the inner pipe; at the end of this process from the gap
the protective gas is wrapping the air flame, preventing it
from reacting with the melt directly near the tuyere belt,
thereby protecting the lining from high temperatures.

In the specialized literature, a very small number of
works is devoted to the calculation of tuyeres in a protec-
tive shell with low blowing parameters for the main carrier
of oxygen and the protective environment of the air, nitro-
gen, natural gas or vapor-air mixture.

Thereby, the authors of this article has developed and
proposed their own method of calculation of tuyeres with
a protective shell for low pressure blasting and created a
mathematical model on the basis of a table editor Excel
[30]. The basis of these calculations is the main message
that to ensure the closure of the air flame with protective
gas environment, it is necessary to prevent their mixing on
the tuyere slice. To ensure this condition, the speed of air
and gas flow from the tuyere in the melt of the converter
must be the same.

During the operation of the tuyeres in a protective
shell, several options with different inner diameters were
tested which were limited by the sizes of the tuyere chan-
nel in the refractory brick [30]. Summary characteristics
of one of the options for converter of 30 tonnes are shown
in the Table 1.

The practical results of the design calculation and
the implementation of tuyeres with protective shells
on nickel converters were confirmed togher with the
research on a cold lab bench conducted by the staff of
the Gipronickel Institute in 1987—1990. A. Galnbek,
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Fig. 2.

The design of the tuyere in the protective shell:

1— collector of the protective gas (natural gas, nitrogen, vapor-
water-fuel mixture, compressor air, converter air); 2 — collector
of the air blasting; 3 — air shutter; 4 — distributing device; 5 —
inner tuyere; 6 — outer tuyere; 7— lining of tuyre belt of converter
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A. N. Barsukov, M. R. Rusakov, E. 1. Ezhov and Ned-
vetsky E. P. [31].

The studies have shown that, with the presence of a
protective shell, the level of turbulent pulsations sharply
decreases, the flow retains its sizes at 1.5—3 of the diameter
of the main channel and the flare opening is observed
far from the wall. The penetrating ability of the air flow
increases with the use of TPS and the greatest effect is
achieved at flow rates of 250 m/s.

With the speed below 100—150 m/s, the effect of
using TPS on a cold model is not observed. During test-
ing, of TPS the researchers found out a significant effect of
damping torch pulsations, bath oscillations and a decrease
in wave formation on the surface of the liquid.

The experiments of Gipronikel’s employees on a hot
model using a single tuyere on nickel and copper-nickel
mattes fully confirmed the data previous obtained to on a
cold model and working converters of the “Yuzhuralnickel”
concern. In addition, the analysis of heat loads on the re-
fractory lining allowed in 1990 to recommend the use of 0x-
ygen-enriched blasting on copper, nickel and copper-nickel
converters equipped with tuyeres in a protective shell. [32].

The technological scheme of the converter redistribu-
tion of the plant is shown in Fig. 3. Its distinctive feature

Table 1
Comparison of TPS options

Internal diameter of the air tuyere, mm 40 40
Outer diameter of the air tuyere, mm 48 48
Internal diameter of the nitrogen tuyere, mm 52 52
Outer diameter of the nitrogen tuyere, mm 60 60
Width of the gap, mm 2 2

Air consumption on the tuyre, m3/hr 1311 1100-1400"
Nitrogen consumption on the tuyre, m3/hr 320 200-260"°

*Actual cost fluctuations are associated with changes in the level of the
melt above the tuyeres and its density during the conversion process
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is the use of the method of mixing liquid molten phases of
slag, matte and mass for depletion of converter slags [33].

The core of this method is to fill the converter, heated
by natural gas, with two or three buckets of matte, over-
flowing one of the converter slag into it, the blowing in
within 0.5—2.0 minutes with air and the following slag
sediment above the matte. After 5—10 minutes of sedi-
ment, the slag is poured into the ladle and is dumped. As
the portions of slag are processed, the mass of the melt is
enriched with nickel and cobalt and is depleted in iron.

The control over the content of non-ferrous metals in
waste slag in practice is carried out through regular analy-
sis of the melt mass for the content of cobalt. After reach-
ing the cobalt content in the mass of 1.3%, the processed
slags become reusable and depleted in the same way in the
secondary depletion converter. The mass in the primary
depletion converter is reduced to 4—6% by cobalt and, af-
ter complete slag discharge, is transferred into the auto-
clave melting converter.

The mass of the secondary depletion converters is go-
ing for further processing either into the converter of the
autoclave mass smelting or into the collecting converter,
depending on the tasks to balance the nickel between au-
toclave mass and converter matte. The type composition of
the refinement products during the depletion of the con-
verter slag by the method of phase mixing is presented in
Table 2.

The practice of using tuyeres in a protective shell of
nitrogen in the processing of nickel mattes showed an in-
crease in the campaign of converters the set in 2.5 times
(from 5—8 days to 16—34). The campaign of depletion
converters increased in 1.5—2 times (from 50 to 90 days).
Converter of preparation and melting of autoclave mass
increased the operating time from 13—15 days to 22—
29 days. The campaign of depletion converters increased
by a smaller amount due to their periodic overflow with
slag and a decrease in speed of air blasting below 100—
120 m/s. Under these conditions, the effect of TPS at the
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Fig. 3. Scheme of nickel matte processing and converter slag depletion
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applied air and nitrogen parameters was practically not ob-
served [32—34]. The main reason for their stop was caused
by the burning of tuyeres in refractory bricks (Fig. 4). In
this case, the flame was centered in the tuyere area and the
tuyere tube itself was exposed to heat, the lining remained
intact. This problem was solved by working with the TPS,
where natural gas was used as a protective gas.

The results of TPS testing with a protective envi-
ronmet in the form of natural gas in converters for the
depletion of converter slag using the method of mixing
liquid phases made it possible to determine two techno-
logical effects:

— the first one — increasing the depletion converter cam-
paign from 50 days on a standard blasting to 105 days (Fig. 5)
using TPS with natural gas due to more smooth wear of the
refractory lining and reducing the possibility of tuyre burning
out, making “holes” in refractory with decomposing natural
gas at the slice of the tuyre and with heat absorption;

— the second one — reduction of free oxygen in the
blasting and burning of natural gas conversion products,
reduces the partial pressure of oxygen in the melt, reduces
the degree of oxidation of metallic and sulfide iron matte
thereby increasing the efficiency of depletion operation by
the method of phase mixing.

An additional effect on the depletion of slags in the
conditions under consideration was observed only for
cobalt and nickel. The decrease copper content in nickel
slag was not recorded due to its low content and other
mechanism of copper distribution between mass and slag.
A high share (more than 90%) of the content of dissolved
sulfide copper and its mechanical losses makes the ex-
traction of copper from slags effective only by good mix-
ing, following sediment, viscosity reduction of the slag
and temperature rise.

Examinating the results of the research, the authors
clarified the mechanism of the impact of the blasting on the
bath of the converter, expressed in a number of publicati-
onsby B. N. Zakharov, V. A. Vorobyov, I. F. Khudyakov,
A. A. Babajan, A. A. Galnbekom, A. I. Tikhonov,
V. I. Smirnov, A. A., Zeidler, L. M. Shalygin,
J. P. Kapusta, A. A. Bustos, B. R. Macnamara etc.
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tuyere zone of the brick through cracks and chips in the
lining. This flow does not allow to set a protective slag lin-
ing on the surface of the brick.

The second significant area of the melt circulation
(Area 2, Fig. 6) moves along the bottom of the converter
downwards and washes the tuyere zone by an ascending
flow from below. This area may has several additional cir-
culations caused by and determined by the level of the
melt, the angle of inclination of the tuyeres, the position
of the converter, the presence of waste and cold additives
in the converter.

Table 2
Type composition of melts and refinement products, %

|~ | Co | Fe |

Matte room 15-17 0.1-0.2 55-60
Convertered slag 1.2-7.5 0.1-0.6 42-50
Converter matte 76-78 0.3-0.4 0.6-0.8
Mass of the depletion converter 20-30 1.3-6.0 40-45
Mass of the secondary 18-20 0.9-1.3 45-50
depletion converter

Return slag 0.2-0.6 0.06-0.90 44-50
Waste slag 0.13-0.15 0.05-0.06 44-52
Converter matte after sediment 77-78 0.3-0.4 0.2-0.3
tank
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Fig. 4. The tuyre of the depletion converter without TPS:
1 — tuyre collector; 2— burnout in the lining of the tuyere belt;
3 — refractory lining

Lining thickness, mm

The core of this mechanism is the pen-
etration of the air blow into the melt (Area 1,
Fig. 6) to a depth (range) determined by the
blasting pressure, the melt level and its specific
gravity. The higher the melt level (Converter
overflow), the higher the density of the melt as
it is purged by air and iron removal, the small-
er penetration of the blasting into the bath, the
more flame is pressed against the tuyere belt,
creating a high temperature zone in this area
and high circulation of the melt in the coun-
terflow with the air movement. ,

@~ TPS with nitrogen

«=Ow== TPS with CH4

1 1 1 1 1 1 1 1 1 1 1 1

Melt flow in this Area 3 (Fig. 6) is directed 1 10

down along the wall and destroys the lining of
the converter by additional strain and penetra-
tion of superheated and liquid melt behind the

20 30 40 50 60 70 80 90 100 110 120 130
Number of working days

Fig. 5. Thickness variation of the lining of the tuyere belt with TPS of nitrogen and
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Fig. 6. The mechanism of the impact of the blasting on the melt:

As the result, in the tuyere area there are two oppo-
site flows of the melt and a blasting flame, which creates
a temperature on the level of 1200—1700 °C. Mechanical,
thermal and chemical effects of aggressive melt significantly
limit the service life of refractories with no protective slag
lining.

If using a protective shell, there is an additional phe-
nomenon associated with the “wrapping” of blast air into
the shell of neutral gas, which prevents the interaction of
the oxygen of the blasting with the melt at a distance of
3—4 diameters from the wall of air tuyre. This distance
depends on the gas velocity of the protective shell and its
pressure at the tuyere cut.

The higher the speed and pressure, the further the
flame “breaks through” the bath, without interacting with
the melt. As a result, the following effects occur: displace-
ment of the blasting flame deep into the bath from the
tuyere wall; the increase in the volume of Area 3 (Fig. 6);
reducing the rate of circulation of the melt along the wall;
killing the bath and removal of the high-temperature focus
from the surface of the refractory.

Taking into account the equality of air and natural gas
velocities, at a distance of 1—4 diameters from the tuyere
cut [29, 33—34], the oxygen of the blasting does not en-
ter into chemical interaction with the metals of the melt
and, first of all, with metallic iron and sulfide. In addition,
natural gas under the action of high temperature melt de-
composes by the reaction proceeding with the absorption
of heat. During the decomposition of natural gas blown
into the melt through the tuyere, the temperature at the
tuyere cut does not exceed 500 °C [5]. This circumstance
protects the tuyere from the effects of high temperature of
the melt and prevents burnout of the tuyere tube and the
formation of “holes” in the refractory lining.

Going back away from the cut of the tuyere, the pro-
tective shell of natural gas is destroyed and the oxygen of
the air actively interacts with the mass of the melt and
natural gas. In this case, part of the oxygen is consumed
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to oxidize the decomposition products of natural gas,
reducing the concentration of free oxygen. Under these
conditions, the oxidation rate of metals decreases and the
exchange reactions between metals and mass sulfides and
slag oxides gain an additional advantage due to a decrease
in the partial pressure of oxygen [35—36].

The experience of using tuyres in a protective shell for
blowing low energy parameters on 13 converters of Yu-
zhuralnickel concern makes it possible to give appropriate
recommendations on their use and improvement of the
conversion process:

— it is preffered to use TPS with a gap size of 1.5—2.5 mm;

— in the presence of sufficient amount of high pres-
sure air, it is possible to reduce the diameter of the air pipe
maintaining its throughput and self-cleaning mode;

— in the presence of oxygen and nitrogen for TPS it
is possible to enrich air blasting with oxygen to the level
of 60—80%, the limitation is determined only by the pres-
ence of a sufficient amount of cold additives for smelting
in the converter and their autogenicity;

— 1itis possible to use as a protective environment both
high-pressure air and nitrogen with natural gas, and air-
vapor-oil mixture;

— in the calculation the design of the TPS it is recom-
mended to take the speed of expiration of the blasting in
the melt not lower than 180 m/s, the tuyre operates in self-
cleaning modeat a speed of 230—250 m/s and its construc-
tion may be simplified by refusing to clean it;

— for the tuyre design “Yuzhuralnickel” with provid-
ing the speed of the air blasting in a protective shell of ni-
trogen on the level of not lower than 240 m/s it is recom-
mended to apply the outer tube with outer diameter of 60
mm and the wall thickness of 4 mm, the inner tube with
outer diameter of 48 mm and the wall thickness of 4 mm,
that could require the application of pressure in the air
tuyre collector not lower than 0.1 MPa and nitrogen pres-
sure in nitrogen collector — 0,28 MPa. Air consumption
per tuyre will be 25,6 m?/min, nitrogen — 6,2 m®/min.
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