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. ZNISODUCTION
1.1, SIATQARNT OF PRCBLEL

Design Development, Fabrication and Testing of a
Laboratory Mini Cupela.

Cupola is the most conmonly used furnace for
producing cast iron in the foundry, It is a continuous
shaft furnace and its contribution in the field of cast
iron foundry has been remarkable, Cupola's of various
sizes from I to 10U tons capacity are avallable in the
markets Largest Cupola in the world has a capacity of
100 tons/hr and it runs continuously for 5 t® 6 days a weck.

Although conventional Cupela's are mest commonly used,
yet it is difficult to run a big Cupola for the eccassional
or demonstrational work on account of large running costs.
Hence it was envisaged to develop a small laberatory Cupola
in the department for demonstration of the process in foundry
shop as well as for laborotory work, Ancther intention under
current of this project has been to make available a portable,
low cost Cupola to small shop foundrymen to save them from
heavy investment and enable them to produce quality jobs.
I.2. LSHHORCLOGY

The methodelogy adopted for the development of this
ubmﬁﬂ mini cupola has been as unders

I~ Design Stages The dimensions for the cupola furnace
were derived frem that of conventienal ones with the help of
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empirical fomulae., ¥he specific diameter was chosen to
get a desired output of 2% Kg/hr., Discussions with small
cupola operateors, teachers and technicians formed the basis
of design eriteria, Literature of American Foundry Soclety
was also consulted,
) . i on Stages The fabrication of
the cupola was done in our College Weriishop according te the
dimensions deduced in the design stage from the empirical
relations, Relevant standards were consultoed and discussions
with practicing foundrymen were carried oute

3« Igsting Stageg The cupola was tried on actual run
with cast iron/pig iron scrap and commercial hard coke twice
for ascertaining its workabilitys The draw backs were noted
and improvaments for further refinament have been suggesteds
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2« LATHATULE REVIEN
2.1,  SURCEA LI EETAL CASTLIG LIDUSTRY

vespite in roads made by electric furnaces, the cupela
still dies the vast bulk of the melting in the iren industry
todaye And it will continue to play the leading rele for
years to come.  Cupola installed in the next few years will
ajain be the «m:r.om.m in design, still enlarged, v ater
colled, and enriched with hot plast and controlled for more
easily than those in use today, Further in the future,
developments of externally fired cupecla or the down draft
cupela may drastically alter the size, shape and mode of
operation of the cupcla.

For long it has been the only practical melter for the
typical iron foundry, but because of the interecst the iron
foundry industzy has showered on induction melting, the casual
observer might conclude that the cupola is on its way oud,

Interest in making the switch to electrics has been
¢iven a certain impetus by the spread of tough air pellution
codes, Purchase of electrie furnaces which produce less
effluent than cupolas, was regarded by many foundri@s as the
alteornative to purchasing expensive air pollution control
equipnent for cupolas.

1n other instances, interest in the use of eleciric was
spurred by power companies thot offered special power rates
to tip the fuel cost balance in the favour of electrics whieh
ranelted in decline of cupola usage.
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Yet, the consensus of people who deal daily with
cupola users is a forescable future, the conventional cupola
will continue to play a very significant role in iren melting.
Whercas today, 9%¢ or all iron melted is tapped from cupela,
there is recason to believe that the percentage of iron melted
in cupola will decline with the widely predicted grewth in
iron castings production, however, that lower percentages
still might represent little decrease or even a net increase
in total capacity,

The conventional cupecla will continue te be the main
stay, but develoyment work now under way helds the potential
for drastically changing the size, shape, and mode of operation
of cupolas,

Lowest Cost [ieltoxr
A study conducted among 79 foundries showed that the

cost per ton of melted iron in cupolas (in 1961) of the
foundries averoged from IO=30y below that of the cost of
melting iron in electric furnaces in the other 18 plants,

The advantage of the cupola held true even when
operating costs for pellution control equipment were added in
with the cupola operating figures and early complications show
that the cost spread has narrowed somewhat partly due to
operational improvements made in the arc furnace segment of '
the study. Nevertheless, the cost edye still goes te cupolal
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2¢ 26 Upside - Down Cupola:

A new approach that may improve the air pollution

control situation confides in the " Upside = down' or

"down draft®™- Cupola, In which air is blown in near the

top of the stack and drawn out with the molten metal at the
bottom.

Its attraction with regard to air pollution hinges on
the fact that it is cleaner burning than commercial cupola,
The effluent from the down draft cupola is such that it
meets existing air pollution codes in many parts of the country
without further processing,.

The key is in the combustion process. Instead of
the charge being heated gradually as it decemds down the
cupola shaft, until it melts near the bottom, as in the
cinventional cupola, it is melted at the tryers near the top
of the shaft, Melting occurs in an oxidising atmosphere, and
molten is reduced as it passes down the shaft, The charging
arrangement involves a pressure tight cylinderical chamber,
much like the typical blast furnace, The charge is deposited
into the chamber, the 1id is closed, and the bottom is opened
to drop the charge into the shaft, That approach reduces
the amount of air that is needed in the cupola, thereby h9101ng
the pollution problen,.

Another advantage of the down draft approach is that
almost any type of scrap can be charged into it., Except large

chunky pieces, Borings and turnings could be used, because
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they would be melted immediatly, rather than blown out the
stack,

Molten metal and combustion gases flew out through
the cupola tophele inte a closed forehearth that might be
linked to an air furnace, The cembustible in the gases are
burned in the special forchearth, and those gases then are
used to prehecat the incoming blast air in a recuperative
preheaters Hot blast is essential in operation of the down
draft cupola because the coke must be ignited immediately at
the tope of the cupolas There is little opportunity te
preheat the coke as in the conventional cupeolas
2.2¢2 CUPOLA WLTH JULTIUYGRS ROUSSY

As Repositions for the tuyers offer the chance to
produce a wide range ef carbon contents in cupola, lMoore have
tried two rows of tuyers (36* apart for 73% dia cupola)s They
suggested that by carefully dividing the blast between these
rows, preforably equally, it may yield metal with higher
temperature, about 70 - 90" higher, for a given coke
consumption, and the melting rate can be increased by II=23% °
Besides coke consumption could be reduced by 20-32%,

On varying the distance between two rows the carbon
contents and manganese contents of the metal was increased te
maximum values and 5 content lowered to minimum value with
36* apart rows, silicon content of metal decreases continuously
as distance between two rows of tuyeres is incroased.

The increase of distance between the rows affects
the folloving e
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I. Increese in metal tempereture until it reaches
the maximum.
2. Decrease in melting rete.
3. Increases combustion efficiency and also stack
gas temperature.
The effects of increase in the proportion of air supplied
to the upper tygyeres &are:-
(1) Incressed carbon content of the meta, & maximum
value is obtained when the blast is equelly divided
between the rows of tuyeres. k
(11)There is tendency to reduce Si content of the metal
glightly.
By operating with two rows of tuyeres with optimum
spacing, carbon content wes approximately 0.06 per cent
higher than Si content 0.I7 per cent lower then obtained when
operating with & single row of tuyeres initial temperature
being identical in both ceses. The carbon equivalent value

(C + 81 P ) wes not therefore effected by tuyere spaecing
at constzat metal tempereture.
2.2.3 CUFOLA SHELL
The cupola is housed in steel body fabricated to shape
out of steel. Refrctories are provided to engble the shell
withstand the melting temperature. Inefficiency of this may
lead to buckling and crecking of shell. In order to avddéd these:
(1) The internal skin temperature should be low.
(11)The heat trensfer through the shell should be as
papid as possible.
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(1ii1) Heat should be radiated/conducted from the outside
skin of the shell as rapidly &s possible.

In order to facilitate the lower skin temperature the
charge should have smooth descent. A taper of approximately
I° may be provided to allow this. The amount of tuyere
protrusion, tuyere diameter in relation to cupola diameter and
amount of downward inclination of tuyere determine the location
of combustion zone and m etal superheat zones. Improper location
can lead to excessive temperature on the inner surface with
resultant abnormal tempereéture gradient through the shell, and
hence give rise to hot spots.

Shell should have structural strength to support load,
residtance to internal &nd external corrosion, resistance to
termal fatigue 2nd excellant thermel conductivity and hence
it should not be excessively alloyed. Cupola shell is subjected
to 75000 Lb/in2 hoop strees at 600°F, For shell plain carbon
steel with high deformation capability or a low carbon steel
with 0.2 per cent C, Max™ 0.06 per cent P, 0.05 per cent S, is
suggested.

Insulating layers on outside skin should bc-avoidod
suitable for lining this part. Above the chérging door, the
function of the lining is to protect the shell from the heat
of stack gases.

ACID CUPOLA

The material most commonly used for lining acid cupola
is fire bricks. The fire clay refractories, which are

essentially composed of A1203 and 8102 are severaly corroded
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by the acid slags encountered in cupola. Cupola sleg can be
considered essentially as composed of Cao, A1205 end 8102
and other minor oxides, Thus Ceo remeins the meéin fluxing
constituent.

S1lica bricks are not used to any sreat extent in Cupola
lining since they tend to spell and disintegrate with repeated
heating and cooling under the usual conditions of operetions.

BASIC CUPOLA

Basic Cupoles operate on a basic (high Cao +Mgo/S10,)Slag.
It then becomes necessary to line these cupoles with basic
refractories. Basic cupola hes an advantage over the acid
process in that the desulphurization of the metal can also be
effected. As there is greater carbon pickup by the metal in
the basic process, steel screp can also be used as a charge
material.

The chemistry of slag atteck on refractories in basic
cupola is complicated. Cupola slags are known to consist of the
collowing minerals: monticellite, merwinite, skermenite, diopside,
dicalcium, silicate and tricalcium silicate. It has been shown
that in cupola the coear of bésic lining is meinly due to the
reaction with silica in the slag. Besic refractories have good
resistance to calcium silicate slags.

Several basic linings have been used in cupolés ranging
from megnesite to chrome nagn“'e and dead burmed delomite with or wi
thout tar bond.
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Magnesite is the most suitable material for lining
besic cupole, but it has certain disadventages namely, high
thermel conductivity slow spalling resitance and high cost.
These disedvantages can be overcome by water cooling or by
as it reduces the rete of heat extrection. Rust, water bubbles
etc. should also be evoided between the shell and lining as it
also reduces the rate of heat extrection, The preferable
thermel gredient of steel shell should be as shown in Fig. I(e),
The thermal gredient in cese of steel shell rusted on the
inner/outer surfaces or processing water or 0il, bubble layers
ere deteriorated as shown in Fig. I(b) which result in feilure
of shell due to buckling or cracking.

2.2.4 INNER LINING:

The new advences in cupola operetion heve imposed some
of the most severe conditions to which the refrectories can be
subjected. Even under the best melting condition it is
necessery to repeir the lining after the melting operations
are completed. The successful selection of refrectories
demends & knowledge of charccteristics of the refractories on the
one hend the service condition on the other hand.

In the melting zone, which extends from the top of the
tuyeres upwards for a distance depending upon the height of
the coke bed and the velocity of blast air. The refractories
encounter high temperature, slight slag corrogion end chemical
attack and the fluxing action of lime, coke, ash and sand.
Spalling is not likely to occur during the melting operation,
but when the bottom is dropped, the cold air rushing pass



the hot refractories creates conditions of severe thermal shock.

In the hearth of cupole, the lining is in contact only
with the molten metal, slag and relatively static coke, so
that the effects of tempereature and abression &re not serious.
The choice of refrectories in these two zones depends largely
on the slag practice acidic or basic.

The lining in the charging zone is not subjected to
high tempereture or slack attack, but severe abression occurs due
to the charge moving downwards. Some foundries use cast iron
blocks in the upper part neer the charging door. Hapd burned
fire clay refractories of low porosity are jquite giving a
fire clay back up lining and by the use of monolithic linings.

Dolomite linings are lisble to perish by absorption of
atmoshperic moisture. However, stabilized dolomite linings
are known to give service. Carbon lininzs have occasdonally
been used in cupoles operating on high basic slags. The chief
drewbacks of carbon refrectories are oxidation above red heat
eand high termel conductivity. Cerbon refractories for cupoles
should have the following properties apparent density I.5 gm/c.c,
porosity IO per cent.

Although the initial cost of basic linings would be much
higher than that of acidic lininge, considerable saving can be
echieved in the subsequent processing of the metal, @nd the
overall performénce cost of basic lining may be much less.

It hes been reported thet basic linings give more life and less

refractory cost per ton of iron.
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2.2.5 CHARGING AND KINDLING

The use of wood kindling is one of four common
techniques for lighting & cupola, Other techniques employ
gés or oil bummers, an electric igniter, or externally fired
coke. In smeller cupolas oil or gas burners are inserted
through the breest opening. Channels often are formed during
building of the bed. After the coke is ignited, the burner is
withdrawn and the breeet is made,

In the kindling operetion an even layer of dry wooden
chips is spread on the bottom end on top of its chopped fire
wood is layed in a crib. The pieces of fire wood must not be
longer than 2-3 inches and thicker than half inch. Now firewood
is ignited and air is admitted when the wood is burning freely,
the bed coke is cherged. Usually, the bed is divided into 3
portions, & small gquaentity of the first portion of the coke is
carefully forked in on top of the freely burning wood. Large
size coke up tec one inch lumps is used for the bed chérge, when
the coke is burning well, & sign of which is 2 smokeless yellow
fxiuw fleme, the remainder of first portion of coke is charged,
the balance being added in two doses. Each consecutive coke
chérge is made only after the preceding batch is well alight.

The height of coke bed is the height of the column of
coke above the row of tuyeres. The height depends on the
quelity of coke and on the volume and pressure of the blast.
2.2.6 CONTROL OF CHARGE

The cupola is charged after the bed cherge has been blown.
Small quentity of flux is firet charged into the bed charge



or, A

followed by alterneting layers of metal, coke &nd flux.

The metal charge is effected in the following sequence -
steel scrap, pig iron, cast iron screp, home screp, For

the first two or three layers, small size melting stock is
used, normally smell gatings or sprues, As a rule, the whole
of the cupola shaft should be filled to the level of the
chéarging door throughout an entire heat.

The weight of metal charge should be from I0-I5 per cent
of the hourly output of the cupola. A certain amount of lime
stone, the flux used to from the cupola slag, is added above
the first metal charge. Upon being heated in the cupola the
lime stone is decomposed into Cao &nd 602. The lime neutrelises
the silica introduced into the cupola with the coke ash and
sand formed in the oxidation of silicon, the Co, is carried
out by the flwe gases. The reaction between the silica and lime
reduces the melting point of slag end increases its fluidity.

After the first lgyer of metal charge &nd flux, the first
working charge of coke is mede, it weighs from 8-I2 per cent of th
metal charge. As the coke in the bed charge burmns, that of
the working charges gredually drop down together with the
molten materiels under it to maintain a constant rete of coke
combustion in the bed charge. Alternate cherges of coke and
metal are made up to the charging level.

2.2.7 CONIROL OF COKE
The effects of size and quality of coke are reviewed

as under:
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(a) EFFECT OF COKE SIZE
(1) Effect on metel tempersture - The increase in
cocke size increases the metal tempercture &s shown in Fig.(2).
Investigation conducted on 2 hot blast cupola shows that the
effect of coke size on tapping temperature is small. The effect
is shown in Fig. » (2 and b)

(11) Effect on Combustion Ratio - The increase in

coke size is accompenied by an increase in the combusticn rat:;o.
(114) Effect of Stack ges Tempereture - The Steck

ges temperature increeses with increasing mean coke size.

(iv) Effect on Heat Utilizetion - Increasing coke
size incréases the sensible heat content of the stack gas

reduces the latent heat content of the stack gas and improves
the thermal efficiency slightly as shown ia Fig. 3 (e and b).

(v) Effect on Melting Rate ~ Increasing coke size
wwhoritng reduces the melting rete slightly.

(vi) Bffect on Metal Composition - In such
investigetions where the molten metal produced is of hyper-eutect i«
composition, increasdmg the coke size increases the carbon content
of metal and decrecses the loss of iron. Increasing coke
size hes no significant effect on silicon, manganese, sulphur
or phosphorous contents of metal.

(b) EFFECT OF COKE QUALITY

(1) The influence of coke quélity on the metal tempereture
is generally small and cen not be corelated with the physical
properties of cokes,
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(11) The changes in metal composition with chenge in
coke quelity are associated with the chemicel composition of
the cokes used. An increase in the carbon content of the
coke appears to result in en increased carhon pickmp by the
metal and @ lower sulphur content of the coke is associated
with the decrease in the sulphur content of metal.

(1i1) There is no significent chenge in generel cupola
performance e.g. in such items as Blast pressures, lining wear

or sleggzing up of tuyeres, due to chenge in coke quelity.

2.2.8 CHARCOAL ADDITION:

In India Chercoal Addition is done due to the shortage
of coel, and the existinz coke ovens can not cope up with the
demend. Also the ash content of coke produced is nearly 25 per
cent which is necessary for the use of additional oime stone.

Charcoal can be used to melt iron in cupola if it is
hendled suitably. Dust and fines should be screened out and
@ hard charcoal should be used. Charging should be done by
hand to avoid crushing of charcoal. The hardness of coal
depends upon the kind of the wood used &nd methods of burning
and converting into charcoal.

A greater weight portion of iron melted will be necessary
than the good coke since charcoal is very reactive end solution
loss or carbon monoxide content of top gas will be higher.

That could be recovered by use of iron probably would not be
much hizher thén the coke with 25 per cent ash.
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2.2,9 EFFECT OF MOISTURE IN COKE

Moisture in the coke used in cupcla operation
often is blamed for porosity or blow holes in cestings. The
coke containers little moisture after it has descended a
short distance into the cupola &nd parther the descent the
lees likelihood of moisture being present.

Usually the bed in cupola is throughly ignited, which
means that no moisture is present. Additionally some coke
is placed on the bed to bring it to the desired height is
penetrated repidly by ascending extremely hot gases and any
moisture 1s driven off,

The same thing occurs with succeeding coke charges
moisture is driven off higher and higher in the cupola as it
is filled with coke and iron charges. That tompereture is
sufficient to drive off moisture in the upper portion of
cupola, Thie is indiceted by the fact that flue gases are
at a tempereture of around S00°F ofcourse heet is required
to drive off moisture and theoretically more coke will be
required to attain the same temperature than when moistume
free coal is uded.

8 similer situation prevails if the air blown into
the cupola contains high moisture. In summer, when air is
humid, meny foundries increase the émount of coke in splits
to ettain the desired temperature.

2.2,10 CONTROL OF LIME STONE
The gzenerel practice is to use lime stone equel to
3 per cent by weight of the iron charge and @bout twice that
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emount on the bed. Lime stone is placed away from lianing,
preferably in the centre, Slag hole should be opened just
before the slag reaches the tuyeres.

Indicetions are thet liquid slag is ebout one third
the weight of iron. To hold this amount of slag as well
as the usual amount of iron in the well, the tuyers would
have to be located quite high above the bottom plate. Also
that the amount of slag would make quite & mess when the
bottom is dropped.

The slag hole should be opened as soon @8 the slag
rises @8 few inches above the hole, and ofcourse before the
glag reaches the tuyers. Thet cen be determined by keeping a
close watch at the tuyeres after melting begins.

2.2,I1 CONTROL OF SCRAP- PIG TRON RATIO

The use of screp in the charge reduces the cost of
the charge and improves the mechénical properties of caestings.
Addition of steel screp reduces the carbon content of cast
iron. The screp should not contein non-ferrous metals or other al
alloys, for production of alloy cest iron chromium steel screp
is mostly used.

Scrap for cupola and furneéce chérges includes gates
end sprues rejects from the foundry &nd metal working shops,
turning and other waste, products of the enterprise.

Turninge which constitute I0-25 per cent of the weight
of castinge are packeted on presses of various designs before
use, 28 loose turnings will bura in the cupola.
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2.3 CHEMISTRY OF CUPOLA REACT IONS
The melting of ciet iron depends in the first pleace
cn the features of the fuel Gombustion process, solid fuel

usuélly coke normelly usad.

Comustion of Solid Fyels - The combustion is e
chemical reaction in which atmosrheric oxygen combines with

the carben. Two chemical compounds, both of them gases
Cc:»2 end CO are produced in the reaction.

C +0, = Co, + 8I40 Kcal/Kg. of carben.

Carbon di-oxide is a product of the complete cocmbustion
of carbon and is not capeble of further oxidation.

Carbon Monoxide is obtained in the reaction

C+1I/20, «CO + 2450 Keal/Rg. of cerbon.

Carbon Monoxide is & product of incomplete combustion,
carried by insufficient oxygen. In air, carbon monoxide burns
with a blue flames, when CO combines with atmoshpheric oxygen
it is completely burnad to from carbon = dioxide according to
the reaction

200 +0, = 2 Co, + 5690 Kecal/Kg. of curbon.

The reaction in which Co, is formed produces considerebly
more heat than incomplete combustion in which CO is formed.

The reaction is Co, + C = 200 - 3240 Koal/Kg. of fuel.

In this reaction heat is absorbed so it should be prevented.

The quantity of heat liberated in the combustion of
I Kg. of fuel is known as heating or calorific value of fuel.

The heating value of the fuel depends upon the amomt
of combusible materials which‘ it contains (meinly cerbon)
end on the emount of inert material (ash, moisture). Moist
fuels with 2 high ash content have a lower heating velue,



te-h
CHARGING DOOR

w
(1
wl
p .S

C F
3
T

gl

Oa

0 [ 20 0 1400
%COMP.OF GRS TEMP.
(A) 8
FIG-4




than pure and dry fuel.
‘ The cupola is designed not only for the melting
of cest iron but also for heating it to @ temperature
édequatc to ensure the production of high quality shaped
éastl.ngs. The heating of molten cast iron to & very high
| tempereture is facilitated when complete combustion of the
carbon of the fuel takes place with the formation of Cop.

It must be noted that Co, is capable of releasing paert
91’ its oxygen to oxides. Apart from causing losses of
‘iemnts contained in the cast iron, the formetion of oxides
@13111: well lead to deterioration in iron quelity. The
r'_lormsl retio of Co2 to CO in cupole gases ia approx. 2:I,
ﬁwo third of carbon being burnt to form C:o2 and one third
forming CO.
’ The contents of the product of combustion of carbon
&nd oxygen of gases at various levels of cupola shaft from
tuyeres to the charging door is shown in Fig. 4-A, The
meximm amount of Co, and O, is observed ebove the plane of
rkx'omr of tuyeres, as the amount of 02 decrecases, the 002
éontont repidly drops to I5.5 per cent and there is prectically
no chenge upto the level of charging door.
& In the begining the CO content increases up the
!éhpola shaft, then it nolds sveady at ebout 9 per cent.
1’ \‘ Fig. 4-B illustretes the chenge in temperature of
 géses as they rise up the cupola shaft. [lhe curves ia
'Figures 4-A and 4-B show the meximm C:o2 content corrospdnding
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to the highest ges temperature. As the (.‘.o2 decreases
the the CO content increases, the temper:ture of cupola
geses fall,

A further drop in shaft ges tempereture with constant
Co2 end CO content is caused by heat removal from geses for
heating up the metallic charge and coke moving downwards.

Thus two processes occur during cupola melting,
combustion of fuel, which i& the source cf heet and heat
exchange between the heated geéseous products and colder charge.

2.4 OPERAT ION AND COMFOS ITION CONTROL

2.4.I CONPROL OF CARBON STEEL : Bringing the carbon
content of first iron under control requires a correct and
reproduceable balance between bed height and steel content
of first few charges. In a cupola of 42 inches a height of
48 inches bed coke should be chosen, the bed made carefully
to that height after a standardized burn in procedure
carbon content in melt depends upon steel screp to pig iron
ratio as discussed before.

If first iron is hot enough the bed height can be
mede standard and carbon eénalysis will tell whether or not
steel screp is required and now much to get the desired
carbon content. It 1is important to standardise the bed
preparation.

Carbon content also increases with temperature, higher
temperature cen be obtained by hot blast by oxysen enrichment
or by Ca02 addition. Carbon in ected with nitrogen to the
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fore-hearth helps in increasing carbon content upto 0.2 per
cent,
2.4.2 REMOVAL OF SULPHUR

Control of sulphur in cupola is not possible.
Generally there is sulphur pick-up due to sulphur present
in the coke. The sulphur in cast iron is controlled by
ladle desulphurisation.

Other methods of reducing free sulphur (normally from
.05 per cent to .I2 per cent) in @ melt of CI to less thean
.02 per cent are affected by use of non-active gas as an
agitator to mix or desulphurisation agent such as Ca Cz,
with molten iron. It may be otherwise combined with iron
in a gient milk shake.

Desulphurising process developed in Japen also uses
& desulphurising agent. The melt discharges continuously
from cupola through troughs into a rotary fore-hearth, where
it is stored temporerily. A blanket of desulphurising agent
covers the melt and is brought into physical contact with
sulphur. The agent can be added at intervals or continuously.
Acting as a blanket to cover the melt, the agent assists in
reducing heat lose. Slag is removed by inclining the hearth
end reking it off,

2.5 MELTING RATE
It is affected in cupola hy oxygen enrichment and blast

temperature. Plant and laboratory test of cupola operation
with oxygen enrichment unanimously. The effect of change of
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blast tempereture and oxygen enrichment om melting rete
are shown in Figs. 6 end 7 respectively. The effect of
oxygen enrichment , hot blast and n=turel gas enrichment

are discussed in the next sections.

2.5.1 OXYGEN ENRICHMENT;

The use of oxygen to speed up milting in cupola is
b:sed on the fact that it increases the iron tempereture
and so feor a given iron tempereture, less coke is required
per ton of iron melted when oxygen is used. In this respect,
it functions in the same way &s ucsing hot blast. In fact,
the two might be considered interchangeable.

The effect of enrichment of blast with oxygen defers
from that of injecting the same amo.mt of 02 into the well
of cupola. The use of 2 per cent oxygen in a blast will
reduce coke consumption by 0.6 per cent. If same is
injected into the well we can replace 4 per cent of coke.

If coke split is 8 to I per cent (or I2 per cent of
cherge weight) 2 per cent of oxygen amounts to about 570 Cft.
per ton of fire. Replacement 4 per cent coke and 0.6 per cent
coke would increese melting rete by about one third and one
twentieth respectively.

In 48 inches cupola with an 8 to I coke retio, the
melting rate rould be about 8 tons per hour. Under best
conditions the use of 4560 Cft. of oxygen per hour would
increese the melting rate by @bout 2 to 5 tons per hour.

2.5.2 HOT BLAST CUPOLA

A hot blast cupola is one which is designed to produce
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iron of the required temperature together with blast
pre-heating systems guarrenting that hot blast temperature
is maintained at @ constant level even over & prolonged
melting period, thus assisting in successful execution of
dach individueal melting operation.

The blast is pre-heated to 300-500°C it results in
reduced coke consumption and increased productiwity. High
tempereture tends to reduce sulphur absorption in the
furnace.

Modern trend is to use the combdmation of a2 shaking
ladle with 2 hot blast cupola. Thds method hes several
advantages. It hes been shown that sheking ladle is capable
of affecting any desired degree of desulphurisation and that
the sheking ladle makes it possible to carbonize to any
extent in & simple way end with & great certainty. Thus
hot blast cupola can be opercted in conjuwnction with a
shaking ladle.

The ecid hot blast cupola together with the sheking ladle
makes posesible the conclusion of an all scrap charge into ‘
high grede CI, with en iron tempereture after treatment in
sheking ladle of I420 - I435°C, which amply satisfies the
requirements of standard grey iron foundry. The effect of
hot blast on coke and melting rete is shown in table

TABLE II

s tn o Swge tnpeleing ot Sl Tom. 0
0 13.5 520
o " 520

. . 450 =500
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¥ F 9 3.
-3 - 600
=35-50 - -

“ 4 500
-22-30 - 500

=55 - 50 600

- 15-20 -

=33 33 -

-27 % 500550
=28 « 430

- 20 400

~14 .4 I7 470
-I9 22 470

=27 25 550
-28.7 33 450

-33 20 450

- - 500
-25.5 50 390
-I4.2 I7 390
-28.7 49 500
-39.7 21 500600
33 -12.5 400-500
-32 32 500

-23 - 500
-I2 - 520
-29 - 925
=28 25 320




Where
X is increased corrsponding to decreased coke rate.

2.5.3 NATURAL GAS ENRICHMENT

The predicted coke end melting retes of O, 2 &nd 4 per
cent naturel ges injection were eveluated for various blast
temperetufe. The results of these are shown in Figs. 8 and 9.

In Fig. 8 the coke rete is shown to decrease with increasing
natural gas injection, as indicated by the respective positions
of curves. In Fig. 8 the curves have same relative positions
thet they held in Fig. 8,

This indicates thet production rete will slightly decrease,
as shown by the proximity of the curwes, with increasing level
of natural gas injection.

The reported plant trials are given below:

TABLE
Influence of natursl gas injection on coke and melting

rates.

Change in Coke Chénge in Melting Natural Gas

Rate per cent. Rate per cent. per _cent.
=50 o &
50 - -
=275 5 x 4.7
~46.5 60 xx 4.52
46 5 i8.2 x 4.34
~40-50 xx I5-20 xx 4.5 xx

x Corrected to reference blast rete.

xx Average Value.
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From table we see that use of natural ges would be mérked by

the decrease in coke rete. On & more completely reported series
of tests the coke rate was observed to deerease on the order of
40-50 per cent whereas the melting rete increased by I5-20 per
cent at 4.5 per cent Netural Gas level.

There is, however, some indication that improved
combustion efficiency and top gés tempercture may be achieved
with changes in blast conditions. The conclusion that can be
reached by the above results is that a coke saving can be
realised with natural gas injection but that the improvement
in melting rete is less than the corresponding improvement
in coke rate.

The injection of cold natural gas at tuyeres decreases the
tempercture in the melting zone because of the decomposition of
naturel gas (epprox. 90 per cent methene) to carbon end hydrogen.
Since the ensuing combustion in the presence of hot coke does
not proceed beyond CO end hydrogen, the overall result is that
less energy is developed within the melting zone with injection.
Consequently, natural gas injection should be accompanied by
oxygen enrichment on &@n increesed blast tempereture to maintain
a given melting zone tempereture.

2.6 FLEXIBILITY EXPERIMENTAL CUPOLA
The experimental cupola of segmental construction
with interchangeable melting zone and well sections. Two
melting zones sections héve been provided, although the cupola can
be adapted to operate with other, different melting zones,

if necessary,
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One of the melting zone sections is of conventional design
with 2 perallel bore to be used with a normel refrectory lining.
The other melting zone section is conical, widening towards
the lower end, and is provided with four protruding copper
tuyeres, which will be water cocled. The conical melting zone
will not be lined, but will be extensively water cooled on
the extemel surface. By the use of this section end the
gelection of a suitable refrectory in the well, the cupola may be
opercted over a wide renge of slag compositions from acid to
highly basic.

The cupole can be opereted with hot or cold blast. The
blast heated in directly fired by o0il &nd is designed to
operate at air outlet temperature upto a00°c.

2.7 PROBLEMS IN CUPOLA MELTING:
Hanging is 2 common melting troubles. Usu&elly hanging
ie called by inefficient repair of lining. In which accelerestion

and projecting perts of the lining were not removed and
sometimes due to oversized pieces in the charge. Accelerstions
and projecting parte of the lining and also brenching to lumps
of screp which get caught prevent the uniform descent of the
cherge. Consequently the basic measures to prevent hénging
include proper lining repairs and breaking up of outsize sci'ap.
To eliminate hanging the blest is reduced and a heavy
crowbar is inserted through the charging hole into the shaft
to loosen and break through the heng up. During this operetion,
blast should be shut off completely to facilitate operations and
avoid burning up of bed coke. Frequently the shutting of the
blast alone allows the hanging portion of the charge to descend.
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Second way of elimineting hanging 18 to add one or
two extra charges of coke.

Other problems such ag run out of the molten iron

through the bottom occurs when the hearth has not been
properly rémmed or when too dry fouadry sand has been used.
A minor run out of iron cen be dealt with by cooling the
3point of leakage with & water jet.
R‘ Heating up of the shell occurs when an insufficiently
?ofractory mortar is used for lining, the Joints are ercded
By the molton iron and there is & pertial failure of lining.
If a jet of water is played on the heated part of the shell,
ﬂhia region and the molten iron around it are coclled aad

melting may continue.
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3. LABORATORY MINI CUPOLA

3.1 DES IGN REJUIREMENTS AND PARAMETERS
Capecity - 250 =300 Kg/hr.
Corresponding to the required capacity the dimensions

and other design paremeters were obtained from the general
charging directions for cupoles (FROM American Foundrymen|s

/ Society).

The dimensiore for O size cupola were taken from
the above said teble and accordingly reduced to suit our

requirements., The results of which are listed as under:

Shell dia I4 inches
Thickness of 2.25 inches
Lining

Die Inade 4 - (2.25 x2)
Lining 9 inches.
Height 67 inches
Melting Rate 300 Kg/hr.

Coke/Iron Charge 6:I Coke 9 Kg. ;
Ratio Iron 54 Kg.

3.2 ESTIMATING AND COSTING FOR LABORATORY CUPOLA

Materiel Jduentity Rate Cost,
1) M.S, Sheet 16 SWC 28 £t 27.70 Sft. T77.77

I8 SWC 9.0 f£t2 53.33 Sft. 300,00
I4 SWG 5.0 Ft2 22.22 Sft. IIL.IT

11) G.I. Pipe I inch 4 £t II.00 Ft. 44,00
dia.

I232.1I
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i111) Angle Iron 2 inch x 8 ft.

2-I/2 inch x I7 ft.

iv) Fire Bricks 80 No.
v) Fire Clay 2 Bags
vi) Elbow I xI-I/2 Inches 3 No.

I-I/2xI-I/2 Inches
vii) 0
Bend 90"x I-I/2 inches

I No.
I No.

viii) Electrodes 5 No.

ix) Nuts end Bolts I2.5mm
8

x) Overhead/Miscelleneous

I5 No.
IO “Ol

I¥ ft.
I7/-ft.

4.50 each
30/~ each

I5/- each
I5/- each
18/~ eech

2.50 each

lumpsum

Lumpsum

232.11
120,00
289.00

360,00
60.00

45.00
I5.00
* 18.00

37.50

I00 .00

Total -
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4, TESTING (Experimental)

4.1 HOUS ING THE CUPOLA

The cupola was fabricated out of mild steel sheets
(I6 sWG). Dimensions for the cupola were derived from
standard dimensions.

4.2 LINING

Lining of the cupola was done by rem@ning around a
wooden block having internal contour of the cupola with a
backing of insulating bricks.

4.3  EXPERIMENTAL SET UP_
Bottom of the cupole was prepared by remming moulding
sand, blowers were connected to the blow pipes. Manometer was
connected to the wind hose through menometer tube. The plugzing
sand was mede for closing top hole and slag hole.
4.3,I KINDLING
After the moulding sand was remmed, the level of bed
was reised to top hole which had a slope towards the tep hole.
The cupola wes completely dried and filled with dry wood up
to the tuyer level. Woods were iginited end simultaneously
air was blown in. Then coke was charged upto about half of
the bed charge and other half was charged as soon as the
first half was ignited. The top of the bed charge wéas made
level., When the bed charge was well iginited, the first
charge of iron was put in.
The cupolea was char-ed after the bed charged had been
blown. A small quantity of lime stone weighing ebout 2 - 3
per cent of metal charge by weight was first charved into the
bed followed by alternative layers of metal coke and lime stone.
The metal charged i.e. cest iron screp weighs about I0-I5 per
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cent of the hourly output of the cupola., Coke charged weighs
from 8-I2 per cent of the metal charged. After this full blust
to tuyeres from the blower from the blast in bed pipes.
4.3.2 MELTING
Ag the coke in the bed charge burne that of the working
charge gradually drops together with the molten méterials
under it to replace the burnt coke of the bed charge and a
constant rate of coke combustion in the bed charge is maintained.
The top hole is kept open until the iron begins to melt.
After it begins to melt the top hole is closed with a plug.
The first slag starts coming from the slag hole when level of
iron reaches the slag hole then top hole is opened and metal

is tapped.
4.3.3 ACCESSORIES
i) Blower
Volte 250
Watts
H.P, I
RRM 2825.

4o QPZRAT ION
I'wo trials were made to standardise the melting of screp

used,
The results of the trials have been dpicted in the following

table.



Mring

9 May,85

14 May,
1985,
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> EQLTE

CHARGE RESULT FAULT
EIVISAGED

Coke Bed height 15% (1 ) Cherge dld not 4 )Insufficlent taper of
=0l and (I Fersp )” Fge descend cont= bed made to remove the

(tn 2 changinge miously at the me tale
Iime ftone = 1.5 Kg. bo $tome
Coke Ratlo 61 1, 11 ) Refractory burn out
Coke = 38 Kg. (of viich 11 ) fleg dd not and cracked 1ining.
33 Kge were ured for cone out of
pre-hea ting ) the elag hole.iii ) Coke used wae of
inferior quall {y.
114 ) Purnece wae
blodked after
firing,
Coke Bod height 2% 1 ) Continuoue flov of & ) flag hole not

mol ten metal was at a proper height.
Pilg Iron and CI. Serap obrerveds
11 ) Insufficlent taper

(in 3 changings ) . 11 ) flag dd not of lining,
come out
Mlol"m-llg(lmumg
141 ) Owola vae
Coke Ratio &1 blodked.

Coke ( in 3 changing)
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6~ ANALYSIS OF EXPERIMEN AT ION

The mejor drgybacks in the trials made by us can be
listed as followe:-

i)
11)
ii1)

iv)

v)

The diemeter of the furnace is not sufficient.

The taper of the refractory lining is not adequete,
Exéessive heat loss due to insufficient thickness of
lining.

Height of sleg hole not proper.

The refractory lining crecked due to vibretions caused
by the blower,
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7-_SUSGESTIONS FOR FURTHER WORK

The following sugzestions are made to modify the
existing Cupola - '

i) Outer shell dia to be increesed.
11) Fire brick lining cen be made in a better way
so that the heat loss is reduced,
1i1) Provide sufficient teper to lining.
iv) Height of slag hole be adequate.
v) Meke seperate platform for fixing the blower in
order to minimize vibrations.

vi) Use of better coke for furnace.




8- CONCLUS ION

Smaller Cupolas héve been tried for experimentation

purpose and it is worthwhile for want of operetional ease.
The dimensional variebles seem to be derivatives of the

conventional cupolas,
Experimental cupola of 225mm I.D, cén be very helpful

in providing sufficient working experience in cupola operation.
Auality grey iron and sphenoidal grephite iron can be economically

produced from the experimental cupola molten iron.
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ND IX
DIMENS TONS OF WORLD|S IARGEST CUPOLA
Capacity = I00 Tons/hr.
Dismeter = I50 Inch Internal Diemeter
Height = II6 Ft.
‘Pre-heated Air = I200°F,
Homogeneous = 3.4 per cent C, 1.8 per cent Si
Cut put. 0.35 per cent Mn, 0.05 per cent S,
«04 per cent P,
Coke Ratio a 7=3/4 to I
Charge = 48 Inch Steel 7500 1b.
Steel Bundles 3000 1b.
Car Wheels 2000 1b.
24 Inch Steel 2500 1b.
Foundry rejects 2000 1b.
Dectile Revert 2000 1b.

When fully cherged = I8 Charges
I0 ton each, IS0 tons of charge + 33 tons one charge
is made after 6 minutes,

Coke = 2600 1b,
Lime = IBOO 1b.
Dolomite = 500 1b.
Felsper = J00 1v.
50 per cent Fe S1i = I050 1b.
Slag = 37 per cent 5i O,

I.5 per cent Mn O
7 per cent Mg, 8 per cent CaOl,

0.7 per cent FeO, 5.6 per cent A1205
0.2 per cent T1 O, .
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STRUCTURAL

I, Height from floor to top of Cupola = 90 Ft. 6 Inch.

2. Height from floor to bed plate = I7 Ft. 6 Inch.
e Height from bed plate to Centre line

of tuyeres = 7 Ft. 6 Inch.
4, Shell dia at tuyeres = I50 Inches
Se Shell dia at expansion joint = I40 Inches
6. Shell dia above gas take off = I20 Inches

Melt zone construction 3/4 inches thick five box
quelity grede 6.
Upper shell One inch thick Corton on inside
and I/2 inch mild steel on out shell.
Tuyeres I2-I0 inches Cast Corper - projecting
IS5 inches apert the shell with I5 degree declination,
REFRACTORIES
Bagic 4=I/2 inches 70 per cent A1203 against shell

with I8 inches Carbon, brick inside Total 22-I/2 inches thick.
Bottom send thickness = 20 inches.

Tap hole, breast, slag supporters and iron runmers
remmed with 80 per cent A1,0; 85 ton forehearth: 60-F0 per cent
A1205 brick ladles 60 per cent A1,0_ bricks.

3 T hapaé.Ul‘wr\‘\:oLr:trtz&Paua!a
AIR SUPPLY ==

3 blowers reted 25000 Scfm 96 0Oz. drived by
900 HP Motors (One Spere) 2 - I200°F hot. blast unit.

EMISSION CONTROL

High energy venture type scrubbel 2 exhasusters 43,500 Cfm.
80 inches Wc. driven by 7C0 HP Motors guerented for 0.05 gm/Cft.

of effluent.

MIX 75 per cent Steel, 20 per cent Revert, 5 per cent FeSi,
I3 per cent Coke, 6~I/2 per cent Lime Stone 2.5 per cent
2.5 per cent Dolomite 0.5 per cent Fluorspar




	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51

