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@) Flame gunning of refractory linings.

€) A method of repairing a refractory lining of a vessel lined

with a refractory by a flame-gunning process in which a patch- /0 2 4 /

ing material consisting of refractory particles and carbona- M i It 1

ceous fuel powder is flame-gunned together with an oxygen- AN r~\

containing gas to fuse or semi-fuse the refractory particlesina . —T= 3 = 5

region surrounded by high-temperature flames and. struck m—lr =

against the surface of the refractory lining to produce a deposit " <l

layer of the refractory particles. = c 7 -
By this method, a patching material having a higher mix- 2 6 i

ing ratio of the fuel powder or only the fuel powder is flame-
gunned at an initial stage of the repair, and subsequent patch-
ing materials, in which the mixing ratio of the fuel powder is
lowered stepwise, are flame-gunned whilst the repair is in
progress and during which a blow rate of the oxygen-contain-
ing gas is controlled in accordance with the change of the mix-
ing ration of the fuel powder in the patching material. Further-
more, an apparatus (1) which communicates with a flame-gun-
ning lance {2) of multiple concentric tubes for patching materi-
al, oxygen and cooling fluid.
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FLAME GUNNING OF REFRACTORY LININGS

This invention relates to flame gunning of
refractory linings, and more particularly to a method of
properly and efficiently repairing refractory linings by a
flame gunning proéess with a minimum repéiring cost and a
feeding apparatus-df patching materials used in the opera-
tion of this method.

In the refiﬁiﬁg of molten metal or similar
treaéments (hereinafter simply referred to as refining),
there aré usually used vessels lined with refractory, such
as converter, ladle and the like. 1In these vessels, the
fefractory lining is subjected to violent refining rgaction
by directly contacting with high~temperature molten metal
and molten slag, so that the melting loss and other damages
are cauged in the lining during the repeated use.

As is well-known in connecfion with the refining,
it is generally advantageous that the damage produced in
the refractory lining is réstored promptly at a time
producing é local damage. For this purpose, there are
adapted flame fusion processes with particulate refractories
having the same or analogous properties as in bricks used in
the refractory lining, among which a flame gunning process
whefein a patching material obtained by previously mixing
the particulate refractory with a solid fuel powder such

as coke powder or the like is accompanied by a high-speed

’
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blowing flow of oxygen gas is particularly utilized as
disclosed, for example, in U.S. Patent No. 3,883,078.
- Especially, the flame gunning is effective for

repairing the refractory lining (hereinafter simply referred

.to as lining) in the refining vessel such as converter or-

the like at the operated state of the vessel. 1In the
flgmergunning process, the patching material obtained by
previously mixing refractory particles with carbonaceous
powder, préferably_coke:powder'as a solid fuel is gunned
toward the damaged lining surface on the inner wall of.the
vessel together with oxygen gas, during which the refrac;ory

particles are fused or semi-fused in a high-temperature

;Vflamg produced by the burning .of coke powder with oxygen

gas, whereby a strong deposit layer is obtained on the
inner wall surface of the vessel to be collided with the
refractory particles. 1In this cése, the flame temperature
during the burning is necessary to be higher than the
melting point of the refractory particle. |

Now, the flame temper;ture during the burning by
the flamé gunning process or waste gas temperature after the

burning is determined by solving the following simultaneous

~ equations (1) and (2):

Q= Qregraaf (T2 (Twt273* 4 o, L)
| 100 100
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- Q ' '
T, = o= - + T ceese (2)
G A CPV+W CPW “AIR . , ’

wherein Q is a quantity of heat introduced, Q; is a sensible
heat ofrwaste gas after the burning, Q; is heét'of'dissipa-
tion,'TG is a temperature of &este gas, Ty, is a temperature
of an inner wall surface of the‘vessel, V is e volume of
waste gas, CPV is a specific heat of waste gas, CPw is a
specific heat of patching material, W is an amount of
patchihg‘haterial, A is a heat transfer area, o is a
séw is an emissivity between
flame and innerrwall surface, and TAIR

Stefan-boltzmann'é constant,
is an atmospheric
temperature.

"As shown in second item on the right of the
equation (1), heat transfer from the flame to the inner
wall surface always occurs dufing the repairing, so that
the temperatufe of the inher Qall surface gradually rises
and hence the flame temperature TG'also rises.

As a factor affecting tﬁe'flame temperature,
there are the heat transfer area A, waste gas volume V and
amount of patching:material W, i.e. there are the'feedr
rate of patching material perrunit time and the ratio of
fuel powder previously included in the patching material.

The heat transfer area A included in the
eQuation'(l) indicates a size of the vessel. Therefore,
the flame gunning conditions for the patching material

must be changed with the increase of the heat transfer



-4 - 6062498

area A, otherwise theiflame temperature lowers.

In this coﬁnection, the vessels to be renewed or
repaired hevervarioue differept sizes, an example of which
ine}udes ledles gainly_used in the transportation and
Vtreé;ment_qf mpltentmetel, converters as a typieal example
of refining Qeseel;‘andrhe liker During the repeated |
renewingfor repeiring, the refractory lining formed on the
inner:ya}l;offthe Veeeel is gradually thinned, that is,
the internal volume or inner surface area of the vessel is
enlarged, and ceeseqpently thereimay be caused ; fear of
_hqlding no necessary fiame’gunning ability in compliance
with the enlarged degree of the internal volume.

On the other hand, the temperature of the inner
%wall sprfaeencan substantially'accurately be estimated
from:the:operatingrcoqditipns’of the refining vessel.
_Therefore,rby changiné the feed rate of the patching
material per unit time and the ratio of coke included in
the patching meteriai in considerationrof the internal
volume ofrthe-vessel, a proper'deposit layer of refractory
particles caﬁ be obtained at a necessary burning flame
temperature.

, Moreover, the feed rate per unit time must be
increased as,the,internal volume of the vessel increases
_to,require therincrease of gunning amount necessary for
the repairing, but may be limited by the restrictions of

the fiame gunning apparatus. Particularly, if it is
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intended to adapt the flame gunning apparatus to the final
enlargement of the internal volume in the converter as
pfeviously mentioned, the apparatus is disadvantageously
feqﬁired to be made large. In the latter case, therefore,
it is adﬁaﬁtageous to increase the ratio of coke included
in therpatching_material.

In Figs. lrand 2 are shown influences of different
fgea rates having a che ratio of 30% and 40% on the flame
temperature at various inner wall surface temperatures,
respectively. In this case, the measurement was carried
out in a con§erter provided with a flame gunning apparatus
and having heat transfer area of 128 m? and natural magnesia
was used as a refraétory particle.

From the'data‘of Figs. 1 and 2, there are under-
'stoodrthe_fbllowingé: |

(1) Thé flame temperature is apt to rise as the
‘ inner wall surface temperature rises;
(2) The flame temperéture is apt to be raised as the
feéd faterper unit time increases; and
(3) rThe flame temperature rises as the coke ratio
increaseé.

In tHe flame gunning process, the ratio of coke
powder to be mixed and the féed rate of the patching
material per unit time can be controlled easily, while the
temperaturerf the inner wall surface of the vessel changes

in accordance with refining operation states just before
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‘the repairing, 10St time up to the beginning of the refining
and the like and gradually rises wfth the advance of the
flame gunning to brlng about the rlslng of the flame
:Vtemperature. Therefore, the feature that the inner wall
7surface temperature is always measured during the £1ame
gunnlng is partlcularly 51gn1f1cant in the actual operation
for the flame gunnlng
| In this p01nt however, the prior art as prev1ously

mentioned only dlscloses that the patchlng material to be
used contains a re1atively large anount of coke in order
to sureiy fuserthe refractory.particles. In this case, a
heatrquantity fairl§ iarger than the theoretically required
one is supplied into the fiameigunning system, so that the
heat'efficfency becomes poor and the cost fs too expensive.
On the other side, when the coke ratio is reduced so as to
1mprove the heat eff1c1ency, if the inner wall surface
‘temperature is unsatisfactorily low, there can not be
obtained'a flame temﬁerature enough to fuse the refractory
particles,rso that}the;greater part of the patching material
becomes wasteful without contributing to the flame gunning
and the requlred repalrlng is not attalned

In general the inner wall surface temperature
is low at the 1n1t1a1 stage of the flame gunnlng and
'gradually rises Wlth the advance of the flame gunning.
' Ifrit is.intended to'continue the flame gunning operation

under the feed rate and coke ratio adapted for the inner
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wall surface temperature at the initial stage, the combus-
tion heat quantity of coke powder becomes wasteful owing
to the rising of the inner wall surface temperature at the
last stage. While, if it is intended to continue the
flamé gunﬁing operation under the feed rate and coke ratio
-adapted for the inner wallréurface temperature at the last
stage, the refractory partiéles are not fused at the
initial stage and are wasted.

It is, therefore, én objéct of the invention to
solve the above mentioned drawbacks of the prior art and
to advantageously achieve proper repairing for the lining
by adjustingroptimum coke ratio andrfeed rate in accordance
with the change of the inner wall surface temperature to
control the flame temperature capable of realizing effective
flame gunning.

- As seen from the experiences of the flame gunning
operation, the invention has been based on the fact that
the bonding ability of refractory particles to the lining
is good when thé flame gunning is performed at a high
flame temperature or when the coke ratio is high.

' - According to the invention, there is the provision
of in a method of repairing a refractory 1lining of a’
vessel lined with refractory by flame gunning process in
which a patching material consisting of refractory particles
and carbonaceous fuel powder is flame-gunned together with

an oxygen containing gas to fuse or semi-fuse the refractory
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particles in a region surrounded by high-temperature flame
and struck against the surface of the refractory lining to
produce a deposit léyer of the refractory particles, the
improvement wherein a patching material having a higher
~mixing ratio of fuel powder or only the fuel powder is
flame-gunned at an initial stage of the fepairing and sub-
sequently patéhing materials, in which the mixing ratio of
fuel powder is lowered stepwise, are flame-gunned in order
with the progress of the repairing, during which a blow-
rate of'the,oxygen’contaiﬁing gas is controlled in acéordance
with the change of the mixing ratio of fuel powder in the
- patching material.

. In the preferred embodiments of the invention,
the flame temperature is optimized by selecting or adjusting
the mixing ratio of refractory particle to fuel powder in
the patching material in accordance with the change of
.temperature rising on the inner wall surface of the vessel,
or by selecting or adjusting a feed rate per unit time of
the patching material consisting of refratory particles
and fuel*powder'andra mixing ratio of fuel powder included
in the patching material in accordance with the change of
temperéture rising on the inner wall surface of the vessel.
‘Further, at least one of the feed rate per unit time of
the patching material consisting of refractory particles
and fuel powder and the mixing ratio of fuel powder included

,_in_the,patching material is previously set in accordance



. | 0062498

with the size of the vessel to be repaired, the englargemeht:
of the eamaged area and the inner wall surface temperature
of the veSSel And also, the oxygen containing gas is
blown in such an amount that the oxygen content in the gas
is substantlally less than the theoretical amount required
for complete combustion of fuel powder. Moreover, the
refractory’partieles are such a material or blend that the
meltlng p01nt of the refractory partlcle exceeds the
temperature Ilevel of the vessel under the operating
conditions but is small in the difference between both
temperatures.

. In‘the operation of fhe flame gunning process
according to the invention,  there is ueed an apparatus for
feeding a patching material, which is communicated with a
flamergunning lance ef multiple concentric tubes to form a
paesage for tbe patching materiai, a passage for an oxygen
containing gas and paseaées for feeding and returning a
cooling liquid, comprising_atrleast two separate tanks for
storing the patching material, a pipeline for the patching
material prov1ded with a flow control valve and extending
from each of the tanks to the passage for the patching
material, a pipeline for a carrier gas provided with a
flow control valve and connected to each of the tanks and
pipelines for the patching material, and a pipeline for
the oxygen containing gas provided with a flow control

valve and communicating'with the passage for the oxygen
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containing gés. In this case,rthe refractory particles
and fuel pdwderrmay bé separately charged into the tanks,
or at least two patching materials having different mixing
ratiqs:of refféctory particle to fuel powder may be reserved
in ét:léastftwézséparété'ténks;
| ;iAécéfdingjtbrthe apparatus of the above mentioned

cohstfﬁéfibn,:thé'miking ratiordf refractory particle to
fuel béwder'caﬁ Be changed in accordance with the state of
the ihhér wéllisﬁrface of_the vessel to be repairedﬁ
In én'éxtreﬁe'éasé;:therflame gunning lance may be used as
a mixer for the fuel powder and the oxygen containing gas
so as to develop the function of burner. Therefore, when
rébairihg thé ihnef:wall of the refining vessel wherein
the ihhéf wali;surface teﬁperature ié relatively low (e.g.
not“morézthaﬁ i,bOObC); the fuel powder alone or the
patching matéfiélrhaving a higher mixing ratio of fuel
powder iérfirst fe&:at the initial stage of the repairing
and thereéftéf the pafching mgterial having a higher
mixing rétio 6f:réfractory particles is fed so as to
finally aéhie§é'a-bfopef mixing ratio of refractory particle
of 60-70% as the iﬁnef wall surface temperature gradually '
rises. 7

The invention will ﬁow be described with reference
to the aCCbmpaﬁying drawings, wheréin:_

Figs. 1 and 2 are graphs showing'influehces of

the inner wall surface temperature of the vessel and the
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feed rate of the patching material on the flame temperature
at coke ratios of 30% and 40%, respectively;

Fig. 3 is a schematic view of an embodiment of
the appératus for feeding of patching material ﬁsed in the
flame:gunning process according to the invention;

Fig. 4 is a graph showing a relation between the
tapping temperature of the refining vessel and the index
of the patching material cost;

Fié.:S is a graph showing an influence of the
flame gunning time on the change of the inner wall surface
temperature and the coke ratio for making the flame temper-
ature constanty |

Fig. 6 is argraphrshowing a relation between the
mol ratio of 0,/C andrthe 0O, and CO contents in combustion
gas;;and

Fig. 7 is a graph éhowing arrelation betwéen the
mol ratio of 0,/C and the melting loss of non-flame gunned
region.

_ In the flame gunning procéss according to the
invention, the inner wall surface temperature of the
vessel to be repaired is first measured by'means of a
radiation pyrometer before the start of the repairing,
from which is estimated a change of the inner wall surface
temperature during the flame guhning, whereby the feed
rate of the patching_méterial and the mixing ratio of fuel

powder are determined. Alternatively, a thermocouple or
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the like is embgdded in the lining of the vessel to directly
measure the temperature of the lining and the same operation
as*described.abpve can surely be performed on the basis of
the measured value. Moreover, the measurement of the
inner ﬁall surface temperature may be performed by any
measuring devices usually used: in this field
~In Fig. 3'is-showﬁ,an:embodiment of the apparatus

for use in the flame'gunning process operated according to
the temperature of the inner wall of the vessel measured
by the thermocouple embedded therein. In the apparatus éf
Fig;,S,,nnmeral 1 is a self-propelled truck for operating
a flame gunning lanée g, numeral 2 a tank for storing
refractory,particleé, nﬁmeral*B a tank for storing coke
powder as a fuel, numeral 4 a pipeline for transporting a
patching'material consisting of refractory particles and
coke powder, numeral 5 a pipeline for an oxygen gas,
numerals 6 and 7 pipelines for feeding and returning a
cooling water, numeral 8 a thermocouplé_embedded in an
inner wall of a converter C,Nnuﬁeral 9 a control unit,
numerals 107and 10* flow control valves for adjusfing the
pressure inside the tanks 2 and 3, numerals 11 and 11'
flow qontrolrvalves for carrier gas, numeral 12 a flow
control valve for oxygen gas, and alphabet f a gunning
flame.

R At first, the lining temperature on the inner

wall of the converter C is measured by the thermocouple 8.
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Then, the feed rate of the patching material and blow rate
of oxygen gas are adjusted throughrthe control unit 9
based on the above measured temperature Thereafter, the
flame gunnlng is carried out at the top end of the flame
gunnlng lance g. 7 |

| The refractory partlclesrand coke powder are
supplled from the respective tanks 2, 3 1nto the plpellne 4
for the transportatlon of the patchlng mater1a1 in feed
rates determlned by adJustlng openings of flow control
valves 10,710', 11, ll' in accordance w1th the outputs of
the control unit é. -

On the other hand, the flow rate of oxygen gas
is controlled by the flowlcontrol—valve 12 so as to achieve
approx1mate1y the theoretlcal amount requlred for complete
combustlon of the given flow rate of coke powder.

As mentloned above, the mixing ratlo of coke powder is
determlned on the ba31s of the llnlng temperature measured
by'the thermocouple in order to provide a flame temperature
required for fusing the refractoryrparticles, so that the
blow rate of oxygen gas is determlned by adjusting the
opening of the flow control valve 12 in accordance with
the output of the control unit 9 based on the determlned
mlxlng ratio of coke powder

| In the 111ustrated embodlment, the refractory
particles and coke powder are separately stored in the

tanks 2 and 3, butrplural patching materlals having different
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mixihg ratios of fefractory particle to coke powder may be
separately reserved in plural tanks. In the latter case,
the same results as in the illustrated embodiment are
obtained by selecting the feeding order of these patching
méterials to perform the flame gunning. Moreover, even
whéﬁ'the mixing ratio of coke ﬁowder in the patching
materialréan not be changed in the installation to be
used; subsfantiaily the game operation can be performed by
preﬁiouély determining optimum mixing ratio of coke powder
under consideration of flame gunning time and heat
efficiency.

Since the change of the lining temperature can
be estimated from the lapse time of the repairing by
accumuiating, fdrrexample, the data of operational result,
the actual measurement of the lining temperature is not
always performed during the repairing, but it is, of
courée; desirable to take the actually'ﬁeasﬁred temperature
jnto account as at least a factor for the arrangement of
thé éboverdataQ '

The invention will be furtherrdescribed in
detéil with respéct to thé case of répairing the refractory
lining of the refining vessel.

In the conventional convérter, there have been
adopted semi-~-dry fepairingVmethods,‘wherein the refractory
particles in the patching material are chemically adhered

to eéch other and to the inner wall lining of the refining
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vessel by bonding force of several weight percents of a
binder contained in the patching material. 1In these two
methods, therefore, the refrgctory particle must be used
to have a melting point largely higher than the tapping
temperature of the refining vessel under operating conditions
of this vessel. For instance, when the tapping temperature
is 1,600°C, the refractory particles having a melting
point of about 2,400°C must be used, while when the tapping
temperéture is 1,800°C, if the refractory particles having
a melting point of about 2,400°C is used likewise the
rabove case, the melting loss becomes conspicuous. In the
later case, the refractory partic¢le having a more higher
melting point muét be used in order to reduce the melting
loss, but such a raisiﬁg of the melting point in the
refractory particle 1is not too effective because the
bonding force between particléS'is ultimately a chemically
weak force. Therefore; both the methods have such drawbacks
that the cost of the patching material necessarily increases
and also the scattering of the durability after the repair-
ing becomes large.

On the contrary, in the method of repairing
refractory linings by flame gunning process according to
the invention, the refractory particles are bonded at at
least a semi-fused state to each other and to the inner
wall 1lining of the refining vessel. As a result, the

bonding force in this method is extremely excellent and
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stable as compared with tﬂe chemically bonding force of
the binder as described above. Therefore, the flame
gunning process makes it possible to efficiently select
therrefractory particles in accordance with the operating
- conditions of the refining vessel.
| Namely, when the‘tapping tempefature of the
refining vessel is a relatively lower ﬁemperature level,
- refractory particles having a melting point slightly
-higher'than the above level may be used, while when the
 tapping temperature is. a relatively higher level, the
refractory particles may be selected from ones having a
melting point higher than the tappingrtemperature level
but a small difference between the melting point and the
tapping temperature, so that a fairly stable repairing can
be performed aé compared with the prior art and also the
cost of the patching material becomes largely inexpensive.
. Now, the operating conditions in the refining

vessel are generally classified into the following three
cases: |

(1) The refining is performed at a relatively low
temperature level without substantially scattéring;

(2) The refining is performed at a relatively high
temperature level without substantially scattering; and

(3) The refining is performed with a large fluctuatioﬁ
extending from the low temperature level to the high

temperature level.
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According to the invention, the repairing treatment
- by the flame gunning brocess may be followed to each of
the abdvejcasés (1)-(3). That is, at least two patching
métefi?ls éontaining feffaétofy particles with a relatively
’16w'ﬁélting bdint are seﬁaratély stored in at least two
tanké:in“reéar& to the case (1), and at least two pétching
materiéls containing refractory particles with a higher
méltiﬂg point'éré'separétely stored inrat least two tanks
ihrregérd'to the case (2), and several patching materials
containihgfréfractéfy particles with different meltiﬁg
points'aferéeparatély'stored in several tanks in regard to
the case (3). 1In any case, these patching materials are
flaﬁe-gunnéd,throﬁgﬁ the'transportiﬁgrpipeline and flame
guﬁning lance onto thé inner wall surface of the refining
veésel to be repéiféd. "Therefore, the blowing operation -
matchihg'wiﬁh each réfining'condition of-the above cases
(l)-(3)rméy be carried out after the completion of the
repairing. ' ' ) |
In the actual repairing operation, it is a
greaﬁéét:point'to;éeleCt what képd'of refractory particles,
whbse melting point is higher than the tapping temperature
of”the?féfiﬁing'vessel to some extent. As previously
mentioned, the bonding force of the repaired portion by
the flame gunning process is considerably strong owing to
the bondihg at fused or semi-fused state of refractory

pafticle.' Therefore, it is sufficient to use réfractory
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- particle heying a melting point higher by aboutA200-300°C
- than the,tapping temperature of fhe refining vessel.
J_?InkFig.ré is shown an index of patching material
eostvepfeechtpetehingrmaterial in accordance with the
Ttepging:tempefaturerqflthe_refining vessel.r Here, the
- index of pete@ingimaferial cost is indicated on the basis
.that the cost of refractory particles per unit cost of
_ipapchipg_materiel;used_inrthe:prio: art is 100., It can be
seen_frqmrFig. 4 that aceprding to the prior art, the
,dpreble effect Qf the’repaired portion is not so suffieient
,eve@_if;thermelﬁing point is_ﬁeised in. accordance with a
rhigh'tappigg temperature level because the bonding force
7:qfrtheﬁrepe%red portion is weak, while according to the
‘inyentien,_therdu;ebie effecﬁrof the repaired portion
'Vbeeemee more,eufficient,as the melting point of the
_,refrectq;&.perticlelrisesrbecauserthe refractory particles
are bonded to .each other and to the inner wall of the
veseel at at least a semi-fused state in the flame gunning
process. ‘

,_:Mpfeover, theruse of highjtemperature patching
matepial is not effective at the tapping.temgerature'below
1,7OQfC,in the flame gunqing process as compared with the
‘use Qf lowftempe:ature‘patching material because the
‘bonding state of the»repeired portion using the high-
tempereture_patehipg material becomesrmore dense and is

apt to accelerate the melting loss due to peeling under

LN EERE A R
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Chemical composition of patching material used, weight %

Conventional Flame gunning .

method process'accorqlng

to the invention
MgO 81 ' 73
Ca0 ) 11 10
Fe,04 . 1 ' 6
Si0, 3 ' 10
Ignition loss 4 1

(2) Refinihg vessel at tapping temperature of 1,800°C

Flame gunning

Conventional oy
method process according
to the invention
Meiting point of o o
refractory particle 2,600°C 2,100°C
Repairing thickness 30 mm 50 mm

Durable number
after repairing

Melting loss rate
Index of unit -

Index of patching
material cost

2 charges

15 mm/charge
100

100

3 charges

17 mm/charge
60

20
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thermal change (or thermal spalling).

In this connection, the followings show the
comparative data ofrrepairing result between the conven-
tional éeﬁi-dryrrepairing method and the repairing method
by the flame gunning prbcess according to-the invention
when the tapping temperature of the refining vessel is

1,600°C and 1,800°C, respectively.

(1) Refining vessel at tapping temperature of 1,600°C

Flame gunning

C°“XZ§§§§nal process according
to the invention

Melting point of o o
refractory particle 2,400°C 1,900°C
rRepairing thickness ‘20 mm 40 mm
‘Durable number - o S | .
after repairing . 47charge§ , 7 charges
Melting loss rate 5 mm/charge 6 mm/charge
Index of unit 100 ' i 54
Index of patching 100 B 18

material cost
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Chemical composition of patching material used, weight %

Conventional | flame goming,
_to. the invention
"MgO0 90 - 79
Ca0 3 11
Fe, 05 1 3
Sio, ' 1 -2 6
Ignition loss 4 1

As apparent from the above, the invention makes
it possible to considerably reduce the patching material
cost in both the cases of high and low tapping temperatures
as compared Qith the conventional method because the index
of unit is less.

- In the repairing method by the flame gunning
process according fo the invention asrdescribed above,'the
‘repairing number during the use life of the refining
vessel or the converter was about 600. Before the refining,
the inner surface area of the new converter lined with
refractory bricks was about 100 m2, but the inner surface
area of the converter during the repeated refining was
118 m? at the 200th repairing, 128 m?® at the 400th repairing
aﬁd 137 m?2 at the 600th repairing. Since the maximum

discharge rate of the patching material from the flame
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gunning lance used was 210 kg/min, the deposit layer
having an.average porosity of not more than 20% can be
thainéd from the patching material having a coke ratio of
30%:un£il the 200th repairing,fbut the porosity tends to
incréase when the repairing is further continued under the -
same conditions as déscribed above. Thereupon, the coke
ratio is changed from 30 to 33% until the 400th repairing
and further to 35.5% after the 400th repairing, Qhereby
" the formation of deposit layer having an average porosity
offnot more than 20% can be retained. | |

In this cohnection, Fig. 5 shows an embodiment
of controlling the coke ratio in accordance with the inner
wall,surﬁacg temperature of the converter measured by the
therchouple embedded therein and the change of the inner
Vwallrsurface,temperaturé during the flame gunning is also
shown in fig. 5. 1In this embodiment, when the feed rate
per unit time of the patchiné material is the maximum
‘dischafgerrate from the flame gunning lance used, the
flame temperature is made constant without lowering'heaf
efficiency by changing the coke ratio of the pétching
material in accordance with the change of the inner wall
surface temperature.

~ -As regards Fig. 5, the following experimehts were

carried out using the apparatus provided with the flame
gunning lance g as shown in Fig. 3. At first, a patching

material A having a coke ratio of 40% and containing natural
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magnesia as a refractory particle was charged in the
rtank72; ﬁhile a patchihg matetiel B having a coke ratio of
30% and containing natural magnesia was charged in the
tank 3. Then; the fleme gunning of the patching material
oh.theilihiﬁg‘ofrthe eonVerter C was started at the inner
wall . surface tehﬁeretufe of 1,200°C as measured by the
thermoeoupie'S'by discharging the patching material from
the ﬂezéle'of the ianéerg at a feed rate of 200 kg/min.

7 In tﬂe first-experiment; the patching material A
was fleme:gﬁnnea;for 2 minutes and then the patching
material B was fiameegunﬁed for 3 minutes. In this way,
the depoéit layer wae’formed with an adhesion degree of
'95%Pendicoke poﬁdef:was consumed'inran ameunt of 0.49 kg
per l kg of the dep051ted refractory particle.
| . In the second experlment only the patchlng
matefiai'B'was flame-gunned for 5 minutes under the same
conditions as described above. In this case, the coke
ratieﬁﬁee'net so high:egainst the inner wall surface
tempefétﬁferatVtherbegihning'ofrthe flame gunning, so thet
ther fieme 'temberatﬁre was -not raised sﬁfficiently.

As a reeult,fthe adhesioﬁrdegree was restricted to 83%,
whlle coke powder was consumed in an amount of 0.52 kg per
1 kg of the depos1ted refractory partlcle

In the thlrd experlment only the patching
materiei anas flame-gunnedrfor'5‘mihutes under the same

conditions as described above. In this case, the adhesion
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degree was as high as 98%, while coke powder was excessively
consumedrin an amount of 0.68 kg per,1 kg of the deposited’
refractory partlcle.

7 As apparentrfrom the above experiments, the
flame temperature can be optlmlzed by controlllng the coke
ratlo of the patchlng materlal 1n accordance with the
change of the measured inner wall surface temperature

7 Further,_lt has been conflrmed that the effective
repairlnéAtlme canrbe shortened to 60% of that required in
the conventlonal method and the loss of refractory particles
is reduced to 80% of that produced in the conventional
method because the loss toward the exterior at the initial
stage of the flame gunnlng considerably reduces. Moreover,
it has been confirmed that the corrosion resistance of the
deposit laYeris-increasedvupto 30% because the deposition
in thelowtemperatureuregionareduces at the initial stage
ofrthe flamergunning. | |

VVAs descrlbed above,raccording to the invention,
the repalrlng operatlon can be performed with a high
eff1c1ency and reduct1on of refractory loss in a short
time. Furthermore, an optlmum repairing result can be
obtained b&' optionally changing the mixing ratio of
refractoryrparticle and fuel powder in accordance with the
combustlon state durlng the flame gunning. Therefore, it

ﬂmakes p0551ble to efflclently flame~-gun the patching

material to increase the adhesion efficiency of refractory
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particle and at the same time to reduce the cost of the
patching material itself. As a result, when the damaged
portion of the-refraétory lining is repaired by the method
according to the invention using the flame gunning process,
the redﬁction of the repairing cost can advantageously be
realized by selecting refractory particles having a lower
melting point within a limit capable of satisfying perform-
ances required under operating conditions, particularly
temperature level applied to the repaired refractory
lining. |

The inventors have,made various examinations on
the thermal resistaﬁce‘of the refractory lining after the
repairing and found that abnormal melting loss may be
produced on the surface of non-flame gunned region in ;he
repairing. -Of course, such an abnormal melting loss of
non-flame gunned region is disadvantageous in the reparing
- by the flame gunning process.

| Now, the inventors have made further investigations

in ordér,to solve the above disa&vaﬁtage and found out
that the abnormal melting loss of non-flame gunned region
during the flame gunning results from surplus.oxygen
-reméining in combustion gas.

That is, according to the flame gunning process,
the oxygeﬁ containing gas is wusually blown in such a
manner that the oxygen content is somewhat larger than the

- theoretical amount required for complete combustion of
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fuel powder, so that surplus oxygen not contributing to
combustion usually remains in combustion gas. As a result,
the- surplus oxygen entrained in the high-température
combustion gas produces the ébnormal melting loss of
“non-flame gunned regionriﬁ the refractory lining when
contacting with the surface of such region.

According to the invention, therefore, the
oxygen containing gas is p;eférabiy blown in such a manner
that’ the surplus oxygen in combustion gas is substan;ially
_zero,'i.e. the oxygen content in the oxygen containing gas
fiS'substantialiy less than the theoretical amount required
for complete combustion of solid fuel powder, whereby an
unexpected result is obtéined for preventing the abnormal
- melting lossrof'the non-flame gunned region.
| Iﬁftﬁis connection, the invention will now be
'described in detail with reference to the following
experiment. | o

In thié'experiment{ coke powder and oxygen gas
-were used as solid fuel powder and oxygen coﬁtaining gas,
" respectively, and the repairing of the refractory lining
by the flame gunning process was carried out by changiné
the mol ratio of oxygen gas.to coke powder (0,/C), during
which CO and O, contents contained in combustion gas aqd
the melting loss of non-flame gunned region were measured
to obtain results as shown in Figs. 6 and 7, respectively.

-As apparent from Fig. 6, even when the mol ratio



R 0062498

of 0,/C is 1 for theoretically achieving complete combustion
of coke powder, uncombusted cgké powder remains in the
combustion system because the compléte combustion can not
be achieved in fact. Therefore, the oxygen gas has been
blown in an ‘amount excessively larger than the theoretical
amount required for complete combustion of coke powder as
previously mentioned. In this case, however, the melting
Ioés of non-flame gunned region rapidly increases when the
mol ratio of Oz/C_exceeds 1 as shown in Fig. 7.

On the other hand, as apparent from Fig. 7, the
melting lqssrpf nonffléme gunned region'is very low when
the oxygenrcontent<is within_a range of 0,/C<1 achieving
no complete combustion of coke powder. Therefore, the
' blow rate ofroxygen gas for coke powder according to the
invention isrﬁreferable to be a mol ratio (0,/C) of less
than 1. However, the larger amount of uncombusted coke
powder is unééonomical and also there is caused a risk of
exposing the surroundings to an elevated temperature
atmosphere due to combustion of uncombusted coke powder b&
contacting ambient'atmospheré with high temperature waster
gas containing uncombusted coke powder. For this reasén,
the mol ratio of 0,/C is not léss than 0.6, preferably not
less than 0.8 in practice. |

| The following experiment was made in order to
show that the abnormal melting loss of non-flame gunned

region is prevented by burning solid fuel powder with
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oxygen gas under such a condition that surplus oxygen in
combustion gasVis'substantiallyizero.

That is, a damaged portion of a refractory
11n1ng in a converter of 200 t capac1ty was repaired by
the flame gunnlng process under the follow1ng condltlons
and thereafter the melting loss of non-flame gunned region
was measured to pbtain a_result as shown in the following
Table 1.

Refractory particle =~ = :'Aatpral magnesia
, (MgO: 93%, SiOz: 7%)

'Mixing'ratio of refractory particle
to coke powder (purity: 88%) = 70:30 (in weight %)

' Feed rate ef'patching material : 200 kg/min

Blow rate of oxygen : 95 Nm3/min
‘Feed rate of carrier gas = : 400 Nm3/min
‘Mol ratio of 0,/C ~ " : 0.95
" Repairing time = . 6 minutes

7 For the comparisoﬂ; the same repairing operation
as descrlbed above was repeated except that the mol ratlo
of 02/C was made l 05 by changlng the blow rate of oxygen.
Thereafter, the,meltlngiloss of non-flame_gunned region

was measured to obtain a result as shown in Table 1.
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Table 1

Mol ratio of-Oz/C Melting loss (mm/repairing)

0.95 - : 0.08
1.05 | o 0.25

As'apparent'from Tabie:l, when the oxygen content
in the oxjgep centaining'gas is substantially less than
the theoretical ameunt reQuired for complete combustion of
fuel pbwder, the meltlng loss of non-flame gunned region
largely reduces in the repairing by the flame gunning
process. | -

According'te the rnvention, the repairing of
refraetdry liniﬂgs indthe eonVerter-by the flame gunning
process 1is ﬁsdallf:perfermed at sueh a state that the
lining is held at a Sufficiently higher temperature just
after moitenrmetal and siag are tapped from the converter.
1f the inner wall surface temperature is lowered by some
reason and should be preheated prior to the repairing, the
heatlng by flame gunnlng may be carried out by feeding
only the solid fuel powder or by feeding the patching
material containing an extremely reduced quantity of
refractory particle.r In this case, the melting loss of
refractory lining can advantageously beﬂprevented by

blowing the oxygen containing gas within the blow rate
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range as defined above.

' 1though the invention has been described with
respect to the repairing of refractory linings in the |
converrer,;it can be applied to the repairing operation in
the other refining vessels, heating oven, holding furnace,
coke oven and the like. 1In any case, according to the
in&ention, when the repairing of refractory linings is
performed by the flame gunnlng process, the flame temperature
-can properly be controlled by adJustlng the mixing ratio
,Qf ‘solid fuel powder in the patching material and further
the'feed rate of the patchingrmaterial in accordance with
therohenge of the-idner wall surface temperature during
the repairing; so that the deposit layer of refractory
particle having a higher bonding strength can advantageously
be forﬁed wdﬁhoﬁt causing wastefulnessrof refractory |
partlcle and fuel powder Therefore, the repairing for
any meltlng 1oss produced in the refractory lining can be
-performed easily, surely and - properly. Furthermore,
according to the invention; the abnormal melting loss of
~non-flame gunned region oen largelyrbe mitigated in the
repairiﬁg‘of refractorp linings by the flame gunning

process.
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CLAIMS

ﬂl',' In a method of repairing a refractory lining of

a vesseiﬂlined'&ith refractory by flame gunning process in
whlch a patchlng materlal cons1st1ng of refractory partlclesA
and carbonaceous fuel powder is flame-gunned together with
an oxygen contalnlng gas to fuse or semi- fuse the refractory
partlcles in a region surrounded by high- temperature flame
and struck agalnst the surface of the refractory lining to
'produce a deposit layer of the refractory particles, the
1mprovement whereln a patching material having a hlgher
mixing ratio of the fuel powder or only the fuel powder is
fiame-gunned at an initial stage of the repairing and sub-
sequently patchlng materlals, in which the mixing ratio of
the fuel powder is lowered stepw1se, are flame-gunned in
order w1th the progress of the repairing, during which a
blow rate of the oxygen containing gas is controlled in
accordance with the change of themmixing ratio of the fuel
powder inrthe patching material.

| 2. A method accordingrto claim 1, wherein a flame
temperature duringrthe flame gunning is optimized by
selecting or.adjusting the mixing ratio of refractory
'particle to fuel powder in the patching material in
accordance with the change of temperature rising on the

inner wall surface of the vessel.
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3. A method according to claim 1, wherein a flame
temperature during the flame gunning is obtimized by
selecting or adjusting a feed rate per unit time of the
patching material andrthermixing ratio of the fuel powder
in the patchlng material in accordance with the change of
Vtemperature rlslng on the inner wall surface of the vessel.
4.: A method according to claim 3, wherein at least
:one of the feed'rate perrunit time of the patching material
and theimixing;ratio of the fuel powder in the patching
material is previouslj set in accordance with a size of
the veseel to be repairedror an enlargement of an area to
be repairedraarwell as the inner wall surface temperature
previously measored.' |
5. .A method accordlng to claim 1, therein the
oxygen contalnlng gas is blown in such an amount that the
oxygen content in the oxygen contalnlng gas is substantially
less than the theoretlcal amount-requlred for complete
combustion of the fuel oowder.
6. '.A method accordlng to cla1m 1, wherein the
efractory partlcle is such a materlal or blend that the
meltlng p01nt of the refractory partlcle exceeds the
temperature level of the vessel under operating condltlons
thereof but is small in the difference between both

temperatures.
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7. An apparatus for the feeding of patching materials
used in thé flame gunning process as claimed in claim 1,
which is communicated with a flame gunning lance of multiple
concentric tubes to formra passage for the patching material,.
a passage for an oxygén containing gas and passages for
feeding and returning a cooling liquid, comprising at
least two separate tanks for storing the patching material,
a pipeline for the patching material provided with a flow
control valve and extending from each of the tanks to the
passage for the patching mgterial, a pipeline for a carrier
gas provided with a flow control valve and connected to
each of the tanks and pipelines for the patching material,
and a pipeline for the oxygen containing gas provided with
a flow control vaive and communicating with the passage
for the oxygen containing gas. |

8. An apparatus according to claim 7, wherein only
fuel powder is stored in one of the tanks and only refractory
particles is stored in the remaining tank.

9. An apparafus acéording to claim 7, wherein at
least two patching materials having different mixing
ratios of refractory particle to fuel powder are separately

stored in at least two tanks for the patching material.
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