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(54) TUYERE FOR BOTTOM AND SIDE BLOWING AND METHOD FOR COOLING THE SAME

(57) The group of inventions relates to metallurgy,
and more particularly to devices for blowing oxidizing
blast through molten copper sulfide or polymetallic raw
material and methods for cooling these devices, and can
be used in nonferrous and ferrous metallurgy. The group
of inventions offers higher performance characteristics
of a tuyere for bottom and side blowing, including, inter
alia, enhanced reliability and longer service of the tuyere,
improved efficiency of cooling the tuyere under high heat
strains. A tuyere for bottom and side blowing comprises
a tuyere body having a passage, a main blast pipe, a
protective blast pipe, a tuyere nose, a cooled element
and a ceramometal headpiece. The main blast pipe and
the protective blast pipe are arranged coaxially with re-
spect to each other. The ceramometal headpiece is dis-
posed on the tuyere nose and is made of a material hav-
ing an average thermal conductivity of at least 30 W/m°C
and a phase transition latent heat of at least 1000 kJ/kg.
Method for cooling a tuyere comprises cooling the tuyere
nose at a coolant flow rate of at least 25·10-3 m3/s per 1
m2 of the surface area of the nose, and maintaining neg-
ative pressure within the cooled elements.
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Description

[0001] The group of inventions relates to metallurgy
and more particularly to devices for blowing oxidizing
blast through molten copper sulfide or polymetallic raw
material and methods for cooling these devices, and can
be used in nonferrous and ferrous metallurgy.
[0002] When molten copper sulfide is blown in the blast
flame region, high temperatures and hence high heat
strains are developing, which lead to burnout of the
cooled element. Therefore, cooled tuyeres are not used
for blowing molten sulfide (matte) as their use can lead
to burnout and thereupon to explosion.
[0003] Inventor’s Certificate SU 1667920 and patent
RU 2152441 disclose the use of tuyeres with coaxial
pipes (tuyere with a protective envelope shell) to reduce
the heat impact on the tuyere nose (end). Oxidizing blast
is fed through a main passage, and a weakly oxidizing,
inert or reducing blast is fed through a protective pas-
sage.
[0004] However, the tuyere with a protective shell re-
duces the rate of heat impact on the surface of the tuyere
nose, but does not protect it from burnout.
[0005] Headpieces can be used to protect the tuyere
end face from burnout, as described in patent RU
2235789. End face headpieces protect the tuyere nose
for a certain period of time.
[0006] However, low thermal conductivity of the head-
piece prevents forming a stable skull layer on the head-
piece, thereby leading to burnout of the headpiece and
the tuyere nose surface.
[0007] The prior art most closely related to the present
device is a blast furnace tuyere disclosed in patent RU
2299243. Cooling passages are formed by a filled pipe,
and the cooling intensity is attained by the use, in the
nose, of a coil with a specified section of the cooling pas-
sage. The main cooling intensity characteristic is the
coolant velocity, i.e. the flow rate of coolant, and main-
tenance of the specified flow rate at the proper level.
[0008] However, if the specified flow rate is not provid-
ed, the nose wall cannot be kept integral under heat
strains of >1000 kW/m2.
[0009] The prior art most closely related to the inven-
tive method is patent US 5,989,488, which uses cooling
the tuyere end face for its protection.
[0010] However, the unregulated flow rate of coolant
per the nose surface area cannot protect it when the blast
flame hangs near the tuyere surface; this leads to the
tuyere surface burnout despite the fact that the nose sur-
face is protected by a ceramic insert.
[0011] The object of the present group of inventions is
to provide a tuyere for bottom and side blowing an oxi-
dizing blast through a molten copper sulfide in a protec-
tive shell under high heat strains in the blast flame region,
and enable long operation of the tuyere.
[0012] The group of inventions offers higher service
characteristics of a tuyere for bottom and side blowing,
including, inter alia, enhanced reliability and longer serv-

ice of the tuyere, improved efficiency of cooling the tuyere
under high heat strains.
[0013] The object is attained in a tuyere for bottom and
side blowing, comprising a tuyere body having a pas-
sage, a main blast pipe, a protective blast pipe, a tuyere
nose, a cooled element and a ceramometal headpiece,
wherein the main blast pipe and the protective blast pipe
are arranged coaxially with respect to each other, the
ceramometal headpiece is disposed on the tuyere nose
and is made of a material with an average thermal con-
ductivity of at least 30 W/m°C and a phase transition la-
tent heat of at least 1000 kJ/kg.
[0014] Length of the ceramometal headpiece can be
determined by the formula: 

where L is the length of the headpiece, millimeters,
Po2 is the partial pressure of oxygen of the main blast,
MPa.

[0015] The object is further attained by a method for
cooling a tuyere, comprising cooling the tuyere nose at
the coolant flow rate of at least 25·10-3m3/s per 1 m2 of
the surface area of the nose, and maintaining negative
pressure within the cooled elements.
[0016] The present group of inventions provides a
tuyere, cooled from an explosion-proof cooling system,
with a protective envelope of air or another blast, and the
end face (nose) of the tuyere and the coaxial pipes is
protected by a headpiece contacting the molten material,
which is explosive in reaction with water.
[0017] The group of inventions is disclosed with refer-
ence to the drawing showing a longitudinal section of a
tuyere, where reference numerals stand for:

1 - tuyere body;
2 - passage;
3 - main blast pipe;
4 - protective blast pipe;
5 - tuyere nose;
6 - cooled element;
7 - ceramometal headpiece.

[0018] A tuyere for bottom and side blowing comprises
a tuyere body 1 with a cooling passage 2, a main blast
pipe 3, a protective blast pipe 4, a tuyere nose 5, a cooled
element 6 and a ceramometal headpiece 7.
[0019] The main blast pipe 3 and the protective blast
pipe 4 are arranged coaxially with respect to each other.
[0020] The cooling element 6 is formed by filled pipes
or a slit-like passage.
[0021] The ceramometal headpiece 7 is arranged on
the tuyere nose 5 to protect the surface of the tuyere
nose 5 and the spout of pipes 3, 4, and is made of a
material having an average thermal conductivity of at
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least 30 W/m°C and a phase transition latent heat of at
least 1000 kJ/kg.
[0022] Reduction in the thermal conductivity of the
headpiece 7 prevents formation of a protective skull and
causes wear of the headpiece 7 and the tuyere. Reduc-
tion in the phase transition latent heat of the headpiece
7 decreases the time of thermal impact of the blast flame
on the headpiece 7 and causes thereby melting the pro-
tective skull, overheating the headpiece 7 and the tuyere.
The ceramometal headpiece 7 is made of layers of dif-
ferent materials: those having a low thermal conductivity
and a high melting point, and those having a high thermal
conductivity and a melting point of about 1100°C.
[0023] Length of the ceramometal headpiece is deter-
mined by the partial pressure of oxygen of the main blast
according to the formula 

where L is the length of the ceramometal headpiece,
millimeters,
Po2 is the partial pressure of oxygen, MPa.

[0024] Thermal conductivity of the ceramometal head-
piece is determined as the average of the sum of products
of mass fraction of the layer by thermal conductivity for
cross-section of the ceramometal headpiece. Phase
transition heat or latent melting heat is determined for a
particular ceramometal headpiece. To determine char-
acteristics of the ceramometal headpiece, thermocou-
ples are caulked into its working surface on the side of
molten sulfide. Temperature of 960° C, equivalent to the
skull melting temperature, is taken for the instant of melt-
ing the protective skull. The coefficient of heat transfer
from the cooled element wall to the coolant was about
3700 kW/m2°C. Experiments have shown that a de-
crease in the average thermal conductivity of the cer-
amometal headpiece by less than 30 W/m°C leads to
increasing the headpiece surface temperature above
980° C, which is the evidence that the skull is melting.
Based on the headpiece surface temperature, removed
heat flux and heat applied to the headpiece surface, the
impact of the latent phase transition heat on the time of
decay of the heat flux on the headpiece surface is math-
ematically determined as compared to experimental da-
ta. Mathematical modeling has identified that the use of
a headpiece with latent heat of phase transition of more
than 1000 kJ/kg causes an increase in the time of heat
flux impact on the headpiece skull from 0 to 60 sec, and
no melting of the skull occurs during this time.
[0025] The method is implemented in the following
manner.
[0026] The tuyere is installed in the molten sulfide
zone. Oxygen for main blast is fed though the main blast
pipe 3, and air is fed through the protective blast pipe 4.
Skull layer forms on the surface of the ceramometal head-

piece 7, which protects the headpiece 7 and the tuyere
from wear. Water coolant is supplied on the surface of
the tuyere nose 5, and a negative pressure is created in
the cavity of the cooled element 6. Negative pressure is
provided by installing the tuyere in a certain place of the
explosion-proof cooling system. In a case of uncontrolled
destruction (burnout) of the headpiece and the tuyere
end wall, molten sulfide penetrates into the cooled ele-
ment, crystallizes, the flow of water inside the element is
stopped and no explosion occurs. Water flow rate on the
surface of the nose 5 should be at least 25·10-3 m3/s.
With reduction in the flow rate the cooling intensity de-
creases and involves melting the skull on the headpiece
surface, wear of the headpiece, and as a consequence,
possible burnout of the tuyere.
[0027] Performance of the tuyere was tested on "No-
randa" system. The tuyere was installed in the tuyere belt
and in the bottom of the system. Surface of the headpiece
was in contact with molten copper sulfide. A layer of pro-
tective skull formed on the surface of the tuyere head-
piece. Main oxygen blast was fed through the central
passage. Air blast was fed through the protective shell.
Tuyeres in the bottom and side part of the system were
operated for a long time. No wear and overheating of
tuyere occurred, which was confirmed by determined pa-
rameters of the tuyere.
[0028] The above examples are particular cases and
do not cover all possible embodiments of the present
group of inventions.
[0029] Those skilled in the art will appreciate that var-
iations of the present device and method do not alter the
matter of the invention, but only determine specific em-
bodiments thereof.

Claims

1. A tuyere for bottom and side blowing, characterized
in that the tuyere comprises a tuyere body having a
passage, a main blast pipe, a protective blast pipe,
a tuyere nose, a cooled element and a ceramometal
headpiece, wherein the main blast pipe and the pro-
tective blast pipe are arranged coaxially with respect
to each other, the ceramometal headpiece is dis-
posed on the tuyere nose and is made of a material
having an average thermal conductivity of at least
30 W/m°C and a phase transition latent heat of at
least 1000 kJ/kg.

2. The tuyere according to claim 1, characterized in
that the length of the ceramometal headpiece is de-
termined by the formula: 

where L is the length of the headpiece, millime-
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ters,
Po2 is the partial pressure of oxygen of the main
blast, MPa.

3. A method for cooling a tuyere according to claim 1,
characterized in that the method comprises cooling
the tuyere nose at the coolant flow rate of at least
25·10-3 m3/s per 1 m2 of the surface area of the nose,
and maintaining negative pressure within the cooled
elements.
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