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The waste gas was split into two streams, which left the furnace via two
exits directly op- This invention relates to a method of firing a  posite
to each other on the diagonal, one waste glass-melting furnace and more
particularly to such  gas stream heating the forehearth. By use of dam- a
method in which the batch materials and the   5   pers, the flow of waste
gases from one exit to the firing flame are delivered vertically into the
furnace.  other was roughly controlled. The flame length was United States
patent number 3748113 dis-        approximately two metres before it
impinged onto closes a glass-melting apparatus comprising a cy-  the
surface of the glass bath. lindrical member containing a glass-melting
cham-     A furnace of this construction was used in the ber with a
cylindrical flue fitted to the top of the   10   manufacture of a glass
having a very high melting cylindrical member. A burner simultaneously
ejects  temperature, the glass having to be maintained at a raw glass
materials and fuel into the glass-melting  temperature in excess of [err].
The glass com- chamber in a tangential direction of the periphery  position
was a very special glass composition ap- of the flue which is disposed in
the chamber.      proximating to: In accordance with the present invention
there  15  45% CaO is provided a method of feeding and firing a glass-
30% [err] melting furnace in which a feed stream comprising      15% [err]
glass batch and combustion air is moved above the  the balance being [err]
a little alkali etc. crown of the furnace, the feed stream and burning
Attempts to manufacture this special glass com- fuel are fed into the
furnace through the furnace   20  position using an all electric furnace
were not suc- crown and the batch in the feed stream is heated   cessful
even though the batch raw materials used to melting temperature,
characterised in that the  were extremely fine. However it was found that
feed stream moves downwardly and is surrounded     using a glass-melting
furnace with the feeding and by downwardly moving burning fuel, the feed
firing arrangement described above there was virtu- stream and burning fuel
are confined in a cylinder  25  ally complete fusion of the batch. prior to
entry into the furnace through the furnace    It is thought that in use of
the above described crown and molten glass droplets fall upon the sur-
furnace  feeding  and  firing  arrangement the face of molten glass in the
furnace.               batch/air stream  surrounded by the fossil fuel
Infra-sound is, preferably, applied to enhance  mixed slowly during the
passage down the cylinder the heat transfer to the batch in the feed
stream.  30  and once free in the furnace the fuel, air and batch In an
embodiment of the invention in the meth-  mixed strongly in an intense
reaction resulting in od of feeding and firing a glass-melting furnace
the complete or almost complete fusion of the referred to above the feed
stream is passed down-  batch. wardly through a tower above the crown of
the          Observation of the glass surface in the furnace furnace, fuel
is introduced and burned in the tower  35  immediately below the central or
feed area gives to heat the glass batch, the infra-sound waves are  the
impression that the glass is boiling when in fact applied within the tower
and a mixture of heated   molten glass droplets are raining down out of the
glass batch, combustion air and burning fuel is    flame on to the surface
of the molten glass in the passed downwardly from the tower through the
furnace. crown of the furnace.                         40      It is found
that in this process there is no The glass batch, combustion air and
burning     evidence of unmelted batch provided that a suffi- fuel can be
passed vertically downwardly through   ciently high temperature is
maintained in the crown the crown of the furnace, the flame of burning fuel
of the furnace. A crown temperature of [err] was striking the surface of
molten glass in the furnace,  found to ensure that the glass batch was
fully In one embodiment of the invention, the glass-  45  melted in the
example given above. In this process melting furnace was constructed with a
suspended   molten glass falls through the flame and sticks to crown which
had at its centre a cylinder with a lid.  the surface of the molten glass
in the furnace like The lid had a central hole and was surrounded by
glue. a ring of six holes, the centres of which were all    It is important
that a glass surface be main- equally spaced from the centre of the central
hole.  50  taineded beneath the flame, so that carryover is kept The glass
batch together with the secondary air    to a minimum. It is further
important to provide a was passed through the central hole and fossil fuel
sufficient length of path for the waste gases since, (gas or oil) passed
via burners through the six    with waste gas exits at different distances
from the holes making up the surrounding ring.              flame centre, a
tendency was noted for there to be The glass-melting furnace which was fed
in this  55  carryover at the nearer waste gas exit but no way was a round
furnace of about seven square      carryover at the further waste gas exit.
metres area. The furnace was fed via a batch flow      When melting only
cullet with a particle size of bin system and the furnace had a forehearth.
minus 10mms in the experimental furnace feeding 2  



3                 EP 0 474 661 B1                       4 and firing
arrangement described, again the glass  el of the order of 140 decibels
pulsing at 20 cycles was molten before hitting the surface of the glass
per second would cause the fuel and air to oscillate melt, and there was no
evidence of unmelted ma-    relative to the powdered glass batch and so in-
terial. It is therefore deduced that normal glass-  crease heat transfer to
the glass batch that the making materials would be very satisfactorily
melt-   5   batch achieves sufficient density within the flame ed by this
method.                                 that it falls out, ie as glass, or
alternatively would By calculation from data obtained on this ex-   force
the batch on to the surface of the melt where perimental furnace, the
energy utilisation for a nor-  judiciously placed bubblers would carry it
away. mal glass composition will show a saving of about      Additionally,
the application of infra-sound with 40%, therefore less than 30
therms/tonne (3.1 x   10  the introduction of fuel at the burners would
create 109 joules/tonne) must be achievable using the     such thorough
mixing of batch, combustion air and present invention and perhaps a melting
rate in    fuel, that the combustion air and fuel requirements excess of 7
tonnes per square metre.               would approach stoichiometric
conditions. It is believed that, when incorporating the feed-  The emission
clean up is achieved at the mov- ing and firing method of the present
invention in a   15  ing bed regenerator by the following means:
conventional furnace, the  following  additional      1) Introduction of
ammoniacal liquor approxi- changes should be made:
mately 22% [err] by volume at the entry to the 1) Considerable  reduction
in glass depth,        top of the bed. Ammoniacal liquor, not liquid
achievable when the batch has fused and melt-      ammonia, is preferred
since it will expand rap- ed, prior to hitting the surface of the melt.  20
idly and, because of the water present, will cool 2) Considerable reduction
in bath size, after the  the waste gases and react quickly with the [err]
melting has taken place; what is required is time  and surplus oxygen. for
homogenisation and refining. The glass after   Indeed, benefit may be
achieved by introducing the burner is at a temperature far higher than
some ammoniacal liquor at the burner, since that achieved on present
melters. Therefore its  25  surplus oxygen would be mopped up in the
viscosity will be lower, and this, together with   intense reaction and
carbon rich compounds the fact that most of the gases have been driven
would seize oxygen from any [err] around. off previously, will speed up the
refining pro-    2) Simultaneously, lime water or caustic soda cesses. A
reduced glass depth will be addition-    could be sprayed on to the top of
the bed, thus ally beneficial, particularly for coloured glasses.   30
extracting [err] as the waste gases move down 3) Since side or end ports
will not be required,   the bed. Alternatively, two regenerators could be
the crown may be significantly lowered leading     coupled, one for the
[err] reaction, the second to substantial energy saving benefits similar to
for the [err] reaction. those obtained by lowering the crown on fore-
3) Particulates and condensates would be hearths. In fact after the
burners, the remainder  35    trapped on the balls of the moving bed regen-
of the furnace will be heated or cooled by the     erator. waste gases when
the present invention is          4) The balls would be continuously
removed at adopted.                                           the
regenerator base, tumbled to clean, and 4) The exhaust ports for the waste
gases will be   then returned to the regenerator top. placed at the throat
end of the furnace and,  40    In use of the invention on a commercial
glass- since there is no reversal operation, there will  melting furnace
the waste gas exit temperatures again be an energy saving benefit. Heat
recov-   are expected to be less than [err]. ery will be achieved in moving
bed regenera-        Reference will now be made to the accom- tors.
panying diagrammatic drawings, in which: A moving bed regenerator would be
smaller  45     Figure 1 is a side view of a preferred feeding than a
static system, it is far more efficient and    and firing arrangement
according to the present gives real opportunities to clean up the
emissions.  invention. It is believed that, for a 300 tons (305 tonnes)
Figure 2 is a side view showing the arrangement per day melter, a cylinder
2.5 metres in diameter     of moving bed regenerators for heat recovery and
4.0 metres high would be required for confin-  50  and cleaning the exhaust
gases in relation to the ing the batch/air feed stream and the surrounding
feeding and firing arrangement of Figure 1, and burning fuel. Most furnace
halls would cope with      Figure 3 is a plan view of the arrangement of
such an obtrusion stuck on top of the furnace,        Figure 2, showing the
siting of spare moving particularly when the crown of the furnace would
bed regenerators and a double feed alternative be lower anyway. However, in
a preferred method  55    to the single feed and firing arrangement.
according to the present invention, infra-sound is     Referring to Figure
1 there is shown a cylinder applied when the fuel is introduced, thereby
reduc-  1 which constitutes a tower extending upwardly ing the cylinder
height required. An infrasound lev-  from a crown 2 of a glass-melting
furnace in which 



3    5                 EP0474661 B1                       6 the surface of
molten glass is denoted by reference    By the use of the present invention
the melting 3. The upper end of cylinder 1 is closed by a lid 4  of a glass
batch may be accomplished in a smaller shown in cross-section to contain a
central hole 5  furnace than that conventionally used for the same and
holes 6, on either side of the central hole 5.  throughput of material.
Because the furnace is The holes 6 are two of six holes arranged in a ring
5   smaller, less energy is required to heat it, and about the central hole
5.                          there is consequently less pollution from
exhaust Glass batch and secondary air are passed in a   gases to
atmosphere. single feed stream 7 through the central hole 5. Fossil fuel,
gas or oil, is passed through burners  Claims (not shown) at the holes 6,
so that flame passes   io down the cylinder 1 all around the single feed
1. A method of feeding and firing a glass-melting stream which gradually
expands into the surround-      furnace in which a feed stream (7)
comprising ing flame.                                             glass
batch and combustion air is moved After being substantially confined in the
cyl-     above the crown (2) of the furnace, the feed inder 1, the single
feed stream 7 is able to expand   15  stream (7) and burning fuel are fed
into the when it passes out of the cylinder 1 into the          furnace
through the furnace crown (2) and the furnace below the crown 2. The flame
surrounding       batch in the feed stream is heated to melting the single
feed stream 7 hits the surface 3 of        temperature, characterised in
that the feed molten glass in the furnace and spreads out in all     stream
(7) moves downwardly and is surround- directions within the furnace.
20       ed by downwardly moving burning fuel, the Advantageously
infra-sound waves such as are       feed stream (7) and burning fuel are
confined used in firing some power stations, are employed      in a
cylinder (1) prior to entry into the furnace in the combustion system, the
infra-sound being        through the furnace crown (2), and  molten applied
at the holes 6. As the infra-sound waves       glass droplets (9) fall upon
the surface of mol- are reflected from the surface 3 of the molten   25
ten glass (3) in the furnace. glass, vertical vibrations are set up in the
flame as indicated diagrammatically at 8 in Figure 1, and the  2. A method
according to claim 1, characterised relative movement which is caused
between the          in that heat transfer to the batch in the feed
particles of glass batch and the hot air and burning   stream (7) is
enhanced by the application of fuel results in increased mixing and rapid
transfer  30  infra-sound. of heat to the glass batch so that complete
melting of the batch is ensured.                           3. A method
according to claim 2, characterised When the batch melts and glass droplets
are         in that the feed stream (7) is passed downwar- formed, these
drop out of the flame onto the sur-      dly through a tower (1) above the
crown (2) of face 3 of the molten glass as indicated by droplets  35  the
furnace, fuel is introduced and burned in 9.
the tower (1) to heat the glass batch, the infra- Figures 2 and 3 show the
arrangement of mov-       sound waves are applied within the tower (1), ing
bed regenerators [err] and [err], also des-          and a mixture of
heated glass batch, combus- ignated by numerals 10 and 11, for cleaning the
tion air and burning fuel is passed downwardly exhaust gases to remove[err]
and [err] respec-  40        from the tower (1) through the crown (2) of
the tively. The moving bed regenerators are each es-       furnace.
sentially similar to the pebble heater described by S L Norton, Jr in the
Journal of the American      4. A method according to any one of the
preced- Ceramic Society Vol 29, No 7 at page 188. Spare        ing claims,
characterised in that the glass moving bed regenerators are indicated at 12
and   45   batch, combustion air and burning fuel are 13 for use when
regenerators 10 and 11 are out of      passed  vertically downwardly
through the service.                                               crown
(2) of the furnace, and the flame of In Figure 3 the outline of the molten
bath is      burning fuel strikes the surface of the molten indicated at 14
in relation to the cylinder 1.         glass (3) in the furnace. As an
alternative to use of a single feed cyl-  50 inder 1, a pair of cylinders
15, 15 may be used, in  5. A method according to claim 4 characterised
which case a wider bath is required as denoted by      in that the flame
spreads out in all directions the dashed line 16.
within the furnace. A throat 17 is shown in the molten bath 14, the molten
glass being fed through the throat 17 to a   55  6. A glass-melting furnace
comprising a crown forehearth (not shown) after which the molten glass
(2), a cylinder (1) above the crown (2) and 



may be refined and preconditioned in steps which       means for moving a
feed stream (7) compris- form no part of the present invention.
ing glass-batch and combustion air above the 4    5                 EP 0
474 661 B1                    6 *    C    L   M   S    * the surface of
molten glass is denoted by reference    By the use of the present invention
the melting 3. The upper end of cylinder 1 is closed by a lid 4  of a glass
batch may be accomplished in a smaller shown in cross-section to contain a
central hole 5  furnace than that conventionally used for the same and
holes 6, on either side of the central hole 5.  throughput of material.
Because the furnace is The holes 6 are two of six holes arranged in a ring
5   smaller, less energy is required to heat it, and about the central hole
5.                          there is consequently less pollution from
exhaust Glass batch and secondary air are passed in a   gases to
atmosphere. single feed stream 7 through the central hole 5. Fossil fuel,
gas or oil, is passed through burners  Claims (not shown) at the holes 6,
so that flame passes   10 down the cylinder 1 all around the single feed
1. A method of feeding and firing a glass-melting stream which gradually
expands into the surround-      furnace in which a feed stream (7)
comprising ing flame.                                             glass
batch and combustion air is moved After being substantially confined in the
cyl-      above the crown (2) of the furnace, the feed inder 1, the single
feed stream 7 is able to expand   15  stream (7) and burning fuel are fed
into the when it passes out of the cylinder 1 into the          furnace
through the furnace crown (2) and the furnace below the crown 2. The flame
surrounding       batch in the feed stream is heated to melting the single
feed stream  7 hits the surface 3 of        temperature, characterised in
that the feed molten glass in the furnace and spreads out in all     stream
(7) moves downwardly and is surround- directions within the furnace.
20       ed by downwardly moving burning fuel, the Advantageously
infra-sound waves such as are        feed stream (7) and burning fuel are
confined used in firing some power stations, are employed      in a
cylinder (1) prior to entry into the furnace in the combustion system, the
infra-sound being        through the furnace crown (2), and molten applied
at the holes 6. As the infra-sound waves       glass droplets (9) fall upon
the surface of mol- are reflected from the surface 3 of the molten   25
ten glass (3) in the furnace. glass, vertical vibrations are set up in the
flame as indicated diagrammatically at 8 in Figure 1, and the  2. A method
according to claim 1, characterised relative movement which is caused
between the          in that heat transfer to the batch in the feed
particles of glass batch and the hot air and burning   stream (7) is
enhanced by the application of fuel results in increased mixing and rapid
transfer  30  infra-sound. of heat to the glass batch so that complete
melting of the batch is ensured.                           3. A method
according to claim 2, characterised When the batch melts and glass droplets
are        in that the feed stream (7) is passed downwar- formed, these
drop out of the flame onto the sur-      dly through a tower (1) above the
crown (2) of face 3 of the molten glass as indicated by droplets  35  the
furnace, fuel is introduced and burned in 9.
the tower (1) to heat the glass batch, the infra- Figures 2 and 3 show the
arrangement of mov-        sound waves are applied within the tower (1),
ing bed regenerators [err] and [err], also des-          and a mixture of
heated glass batch, combus- ignated by numerals 10 and 11, for cleaning the
tion air and burning fuel is passed downwardly exhaust gases to remove
[err]and [err] respec-  40        from the tower (1) through the crown (2)
of the tively. The moving bed regenerators are each es-       furnace.
sentially similar to the pebble heater described by S L Norton, Jr in the
Journal of the American      4. A method according to any one of the
preced- Ceramic Society Vol 29, No 7 at page 188. Spare        ing claims,
characterised in that the glass moving bed regenerators are indicated at 12
and   45   batch, combustion air and burning fuel are 13 for use when
regenerators 10 and 11 are out of      passed  vertically downwardly
through the service.                                               crown
(2) of the furnace, and the flame of In Figure 3 the outline of the molten
bath is       burning fuel strikes the surface of the molten indicated at
14 in relation to the cylinder 1.         glass (3) in the furnace. As an
alternative to use of a single feed cyl-  50 inder 1, a pair of cylinders
15, 15 may be used, in  5. A method according to claim 4 characterised
which case a wider bath is required as denoted by      in that the flame
spreads out in all directions the dashed line 16.
within the furnace. 



A throat 17 is shown in the molten bath 14, the molten glass being fed
through the throat 17 to a   55  6. A glass-melting furnace comprising a
crown forehearth (not shown) after which the molten glass    (2), a
cylinder (1) above the crown (2) and may be refined and preconditioned in
steps which       means for moving a feed stream (7) compris- form no part
of the present invention.                 ing glass-batch and combustion
air above the 4    7                 EP 0 474 661 B1                    8
*    C    L    M   S    * crown (2) of the furnace, means for feeding the
den Aufsatz (2) des Ofens geleitet werden und feed stream (7) and burning
fuel into the fur-     die Flamme des brennenden Brennstoffs auf nace
through the furnace crown (2), means for      die Oberflache. der
Glasschmeize (3) im Ofen heating the batch In the feed stream (7) to
auftrifft. melting temperature, characterised in that the   5 furnace
comprises means for moving the feed    5. Verfahren nach Anspruch 4,
dadurch gekenn- stream (7) downwardly and for surrounding the
zeichnet, daB sich die Flamme in alien Rich- feed stream (7) by downwardly
moving burning       tungen im Inneren des Ofens ausbreitet. fuel, wherein
the feed stream (7) and burning fuel are confined in the cylinder (1) prior
to  10  6. Glasschmelzofen mit einem Aufsatz (2), einem entry into the
furnace through the furnace         Zylinder (1) oberhalb des Aufsatzes (2)
und crown (2), and molten glass droplets (9) fall      Mitteln, um einen
ein Glasgemenge und Ver- upon the surface of molten glass (3) in the
brennungsluft enthaltenden Beschickungsstrom furnace.
(7) Uber den Ofenaufsatz (2) zu bringen, Mit- 15     teln zur Einffhrung
des Beschickungsstromes Patentanspruche
(7) und brennenden Brennstoffs durch den Ofenaufsatz (2) in den Ofen,
Mitteln zum Erhit- 1. Verfahren zum Beschicken und Beheizen eines
zen des Gemenges in dem Beschickungsstrom Glasschmelzofens, bei dem ein
Beschickungs-       (7) auf Schmelztemperatur, strom (7), der ein
Glasgemenge und Verbren-  20    dadurch gekennzeichnet, daB der Ofen Mittel
nungsluft enthalt, Ober den Aufsatz (2) des        aufweist, um den
Beschickungsstrom (7) ab- Ofens gebracht wird, der Beschickungsstrom
warts zu fdrdern und um den Beschickungs- (7) und brennender Brennstoff
durch den Ofen-      strom (7) mit sich abwarts bewegendem, bren- aufsatz
(2) in den Ofen eingeffhrt werden und      nendem  Brennstoff zu umgeben,
wobel der das Gemenge im  Beschickungsstrom  auf  25
Beschickungsstrom  (7) und der brennende Schmelztemperatur erhitzt wird,
Brennstoff vor dem Eintritt durch den Ofenauf- dadurch gekennzeichnet, daB
sich der Be-           satz (2) in den Ofen in dem Zylinder (1) gehal-
schickungsstrom (7) abwarts bewegt und mit        ten werden und Tropfen
(9) geschmolzenen sich  abwarts  bewegendem,  brennendem             Glases
auf die Oberflache der Glasschmelze Brennstoff umgeben wird, wobei der
Beschik-  30    (3) in dem Ofen fallen. kungsstrom (7) und der brennende
Brennstoff vor dem Eintritt in den Ofen durch den Ofen-   Revendications
aufsatz (2) in einem Zylinder (1) gehalten wer- den, und Tropfen (9)
geschmolzenen Glases      1. Proc~dd pour alimenter et chauffer un four de
auf die Oberflache der Glasschmelze (3) im   35    verrerie, dans lequel un
flux aliment6 (7) conte- Ofen fallen.
nant de la composition et de l'air de combus- tion est deplace au-dessus de
la voOte (2) du 2. Verfahren nach Anspruch 1, dadurch gekenn-         four,
le flux alimente (7) et le combustible zeichnet, daB der Warmeabergang an
das Ge-         enflamme sont charges dans le four par la menge im
Beschickungsstrom (7) durch Beauf-  40    vofte (2) du four, et la
composition presente schlagung mittels Infraschall verbessert wird.
dans le flux alimente est chauffee a la temp6- rature de fusion,
caract6risd en ce que le flux 3. Verfahren nach Anspruch 2, dadurch gekenn-
alimente (7) se ddplace vers le bas et est zeichnet, daB der
Beschickungsstrom (7) durch      entour6 par du combustible enflamm6 se d6-
einen Schacht (1) oberhalb des Ofenaufsatzes   45  plagant vers le bas, en
ce que le flux aliment4 (2) nach unten gefordert wird, im Schacht (1)
(7) et le combustible enflamme sont confines Brennstoff zum  Erhitzen des
Glasgemenges          dans un cylindre (1) avant d'entrer dans le four
eingefUhrt und verbrannt wird, die Infraschall-    par la voOte (2) du
four, et en ce que des wellen im Inneren des Schachtes (1) einwirken
gouttelettes de verre fondu (9) tombent A la und eine Mischung aus
erhitztem Glasgemen-  50     surface du verre en fusion (3) dans le four.
ge, Verbrennungsluft und brennendem Brenn- 



stoff aus dem Schacht (1) durch den Aufsatz    2. Proc~d6 suivant la
revendication 1, caract~ris6 (2) des Ofens nach unten geleitet wird.
en ce que la transmission de la chaleur I la composition pr~sente dans le
flux aliment4 (7) 4. Verfahren nach einem der vorhergehenden An-  55    est
amelioree par l'dmission d'infrasons. sprOche, dadurch gekennzeichnet, daB
das Glasgemenge, die Verbrennungsluft und der      3. Proc~dd suivant la
revendication 2, caract~risd brennende Brennstoff vertikal abwarts durch
en ce que le flux alimente (7) est d6plac6 vers 5    9                 EP 0
474 661 B1                    10  *    C    L   M   S   * le bas par une
tour (1) au-dessus de la voOte (2) du four, en ce que du combustible est
introduit et mis I feu dans la tour (1) en vue de chauffer la composition,
en ce que les ondes infrasonores sont emises a l'intdrieur de   5 i-    la
tour (1), et on ce qu'un melange de compo- sition chauff6e, d'air de
combustion et de com- bustible enflamm6 est d~plac4 vers le bas, de la tour
(1) et a travers la voOte (2) du four. 10 4. Procdd6 suivant l'une
quelconque des revendi- cations pr~cddentes, caract~ris4 en co quo la
composition, I'air de combustion et le combus- tible enflammd sont d~placds
verticalement vers le bas, & travers la voOte (2) du four, et en   15 co
quo la flamme du combustible en feu heur- to la surface du verre en fusion
(3) dans le four. 5. Proc~d6 suivant la revendication 4, caract~ris4   20
en ce que la flamme so propage dans toutes les directions & l'int~rieur du
four. 6. Four de verrerie comportant une voOte (2), un cylindre (1)
au-dessus de la voOte (2), et des   25 moyens pour faire mouvoir un flux
aliment4 (7), comprenant la composition et de l'air de combustion,
au-dessus de la voOte (2) du four, des moyens pour charger le flux aliment6
(7) et le combustible enflamm6 dans le four, par la  30 voOte (2) du four,
des moyens pour faire chauffer la composition dans le flux aliment6 (7)
jusqu'& la temperature de fusion, caract6ri- s4 en ce que le four comporte
des moyens pour ddplacer le flux alimentk (7) vers le bas,  35 et pour
entourer le flux aliment4 (7) par du combustible enflammd qui so ddplace
vers le bas, en ce quo le flux aliment4 (7) et le com- bustible enflammd
sont confinds dans le cylin- dre (1) avant d'entrer dans le four par la
voOte  40 (2) du four, et on ce que des gouttelettes de verre fondu (9)
tombent a la surface du verre en fusion (3) dans le four. 45 50 55 6    


