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Abstract

In electric arc furnaces (EAF) for steel making, the bottom purging tuyere that is used for

gas agitation plays an important role in helping with the dissolution of scraps, homogenization of

temperature, purification of molten steel and reduction in steel making hours.

This paper introduces a newly developed bottom purging tuyere with new gas supplying

system, which achieved extended service life without changing the materials and the length of the

tuyere.
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1. Introduction

In general, the wear rate of gas purging
tuyere bricks installed in the bottom of the EAF
is greater than that of the rest of the bottom
lining refractories due to thermal spalling dam-
age or abrasion damage caused by the molten
steel flow through the gas injection process.
Especially, the top faces of the gas injection ele-
ments are locally worn as shown in Fig. 1 and
careful management of the residual thickness
is required to avoid overuse which may cause
leakage of molten steel. On the other hand, the
wear of refractories other than tuyere bricks
is little and certain amount of thickness still
remains when the tuyere bricks need to be
replaced. When the thickness of tuyere bricks is
reduced to the limit, the EAF should be cooled
down in order to replace the tuyere bricks. At
that time, refractories surrounding the tuyere
bricks should be replaced as well even though
they have good remaining thickness. Therefore,
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Tuyere wear profile.

the extension of the durability of tuyere bricks
is strongly demanded for achieving a longer
EAF campaign.

It is not difficult to obtain longer lives of
tuyere bricks if longer bricks are used, how-
ever, increase in refractory costs and probable
decrease in the stirring efficiency accompany
this method. We have developed a new tuyere
system for solving this issue, in which the
surrounding refractories with good remaining
thickness are effectively utilized. The new high
performance tuyere system can be applied
without increasing the initial thickness of the
tuyere bricks and changing the equipment of
the shell of the EAF.

In this paper, the features of the new high
performance tuyere system are described as
well as the expected effects and the results of
actual application.
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Fig. 2 Example of high performance tuyere
system.
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2. Features of High Performance Tuyere
System

A tuyere is an element used to inject inert
gases such as nitrogen or argon into an EAF.
In general, metallic parts are used for the gas
supply system. As shown in Fig. 1, gas is intro-
duced from the main pipe into the gas pool, and
then injected into the molten steel in the EAF
as small bubbles through several fine stainless
tubes, of which the diameters are between 1.5
and 2.0mm typically.

An example of a design of a new high per-
formance tuyere system is shown in Fig. 2. The
gas to the 2nd tuyere can be supplied from the
main pipe of the 1st tuyere by using a simple
joint pipe. The 1st tuyere is used from the begin-
ning of the campaign. On the other hand, short
stainless tubes are used for the gas permeable
system in the 2nd tuyere. When the wear of the
bricks comes to the top of those short tubes,
gas injection from the 2nd tuyere starts. The
location of the 2nd tuyere should be out of the
local wear zone of the Ist tuyere. During the
stand by time, gas pressure can be kept in the
short tubes because the 2nd tuyere has its own
gas pool, which prevents the tubes from melting
or clogging. In addition, it is possible to have a
3rd tuyere in the same manner if required.

3. Practice for Switching Tuyeres

An example of the practice for switching
tuyeres in the double tuyere system is shown
in Fig. 3.

The gas injection from the 2nd tuyere starts
when the wear of the brick comes to the top of
tubes because the gas pool always has a certain
gas pressure. The start of gas injection can be
confirmed by monitoring the change in gas
pressure as well as observing the movement of
the surface of the molten steel on the furnace.
If an automatic alarm system for detecting the
gas pressure change is installed, it will help
judge the correct timing for the tuyere switch.

The tuyere can be switched during furnace
maintenance. The local worn parts of the 1st
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Fig. 3 Example of switching tuyeres.
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tuyere can be repaired with unshaped refrac-
tory if wear is significant. If an automatic or
manual switching valve is attached to the gas
lines for the 1st tuyere, the line can be switched
without furnace shutdown.

The procedure for ending the gas injection
from the 2nd tuyere at the end of the campaign
is the same as for the ordinary procedure. Thus,
the utilization of the remaining thickness of the
2nd tuyere is achieved.

4. Optimum Design of High Performance
Tuyere

The most important point in designing a high
performance tuyere is how to determine the
height of the tip of the stainless tubes in the 2nd
tuyere. If the tip is positioned far below the hot
face of the refractories, it may cause excessive
wear of the 1st tuyere when switching tuyeres,
which will result in a short campaign life. To
the contrary, if the tip is positioned close to the
hot face, the timing of the tuyere switch may be
too early to obtain a good effect from the double
tuyere system. In the following paragraph, cal-
culations to obtain optimum position of the tip
are described.

Fig. 4 shows the relationship between the
wear rate and the amount of tuyeres wear for
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Fig. 4 Designing parameter diagram.
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the double tuyere system. Where, N1 and N2
represent the number of heats before and after
the tuyere switch. x represents the wear rate
of the tuyere during gas purging, y represents
the wear rate of the area around the tuyere. L1,
L2, L3 and L4 represent the amount of wear. L'
represents the marginal length of a tuyere to
be safety used. These numbers are linked by
the following formulas.

L=L14+L2=L3+1L4 --ovvrreerrerereeeannn. (1)
L1=xNI1, L2= yNZ ........................ (2)
L3=yN1, LA=xIND -ereeeermeeeeeennnn.. (3)
NI=N2 e (4)
L= (X + y)Nl ................................. (5)

Formula (6) is driven from formulas (3) and
(5) to determine L3 what represents equivalent
tip position of the tube in the 2nd tuyere.

L3=yL/(x+y) (6)
Where, a represents the number of gas pools,
formula (6) is expressed as formula (7) depend-
ing on a.

L3=yL/ix+ (a— 1y} (7)

If N’ represents the service life of the normal
tuyere, it obtains formula (8 and (9). The
expected service life (N) for the tuyere with
double gas pools is calculated by formula (10).

L =N e (8)
N1 = XNV(X + y) .............................. (9)
N=NI+N2=2N1=2xN"/(x+y) - (10)

Formula (10) is expressed as formula (11)
depending on «a.

N=axN/{x+ (a— 1y} (11)
ax/{x+ (a— 1)y} >1, because the relationship
between x and y is generally x>y, that is, the
expected service life becomes longer than the
present service life. Fig. 5 shows the relation-
ship between the x/y ratio and the expected
increase rate of service life. The larger the x/y
ratio becomes and the more the number of gas
pools becomes, the more the expected service
life increases.

5. Results of Actual Application

The high performance tuyere with double
gas pools was actually used in an EAF. The
material of tuyere bricks was MgO-C bricks



Shinagawa Technical Report

E2NO2ET 254 TOMFHHNIE, K (10)
TRODL LW TED,

L = XN cevevrereerere (8)
N1=xN"/ (X + y) ................................. (9)
N=NI1+N2=2N1=2xN"/(x+y) =-rreeeee (10)

SO AT = VoEE akd 5L, (10)
FRAD) TRI N TE, TR 7=V ofEikic
IBLTC, WiffHEmr AL A2 L0 TE %,

N=axN/{x+ (a -1y}

HHEIIx>YTHLEIEND, ax/|x+ (a—-1)y}
S1E o, ek HFa L 0 % < ifE
b5 ENTE D, x/yOIFE LW a O
KOREFig. 51T, x/yitask&dwiz s, £
12T AT = VEH T 34 %,

5. EFCTOFERAKIR

E2ROA%HTH 5 A4 TOEMERER % FHF 12
EH L7z 51710, 82 POom ki, 3t
W2 =R EI0% DMgO-CNLAD @ L 72,
1T, 82 PHZENEICHZELSmmDSUS
M 2 TARRE L, % 2 T OME OJeinlniE i,
B2 5270mm DA E & L7z,

W OBFEHAE % b £ 12930chfF T TOH A D
YA ZFEL, FOBREZEGL 2. BE
N AR =) 73k L, E2THEHDIF
(2200ch%3 (ZAH Y § B IEADE R L7228, £D%
310ch COEIZCTIE, B2 PIDOKREILE 110
D L60mmE<, REEREFIOOR RGN
LHENEEZ L Tz, o ARK—1) >~
U2 &) 5 2 PO AL 720ch T IZF £ - 72
A, TAOYYEZIZHEIL, W) EZ KD
55 2 PO O BEIRTBICRIEIX 2 <, NERICHRE) %
HkfE T & 72,

6. BHYIC

BEAFHER X TIOo&Em AL B L, P
JE BT KW OFRIE % A 50 R C & 2 @ PERET I
BT H I ENTE, 41%IE, WEEMZ
FHZSH L TOWLFTHETH 5o

Vol. 55 2012

S

2

= 60.0

§ 50.04- —e-Type of double gas pools

§ ’ —e—Type of triple gas pools

< 40.0

(o]

2 300 / "
2 200 /ﬁij:;j

5 100

s (<
*% 1.0 1.1 12 13 14 15 16 1.7 18 19 20
3 x/y ratio

[N]

Fig. 5 Relationship between x/y ratio and
expected increase rate of service life.

(C=10mass%) with 7 stainless tubes of ¢1.5mm
inner diameter were installed. The top of the
tubes in the 2nd tuyere was positioned at
270mm below the hot face.

The timing of switching the gas line was
set at 930 heats in reference to the wear rate
of regular tuyeres in the ordinary campaigns.
Although the 2nd tuyere experienced spalling
problems and lost a part of its thickness almost
equivalent to 200 heats worth of spalling at
the beginning of the campaign, the remaining
thickness was found 60mm longer than the
Ist tuyere after 310 heats, which was thought
to be effective in the design of the high per-
formance tuyere. The timing of switching the
gas line was moved forward to 720 heats due
to the influence of the spalling. However, after
the successful switching to the 2nd tuyere, it
performed well without any problem until the
end of the campaign.

6. Conclusion

We have developed a high performance
tuyere system that enables effective utilization
of the remaining thickness around the original
tuyere. We continue working in improving the
system to expand the applications.



