Material balance in cupola
Operation of a cupola

Cupola is used to melt pig iron to make iron castings in foundry. Charge consists of pig iron,
scrap and limestone and coke.The oxidation of the following elements takes place:

&+ QE - m@;
Mn+ 0.5 07 = MnQ

Fa -+ 0.5 0; m FeQ

5103, MnQ and Fe@ 0 slagged. Loss of carbon from pig iron may occur due to oxidation of
carbon. However, this loss of carbon is compensated by absorption of carbon from coke. Cupola
runs intermittently.

Air is blown through the tuyeres.

In material balance, the input consists of pig iron, scrap, limestone, coke and air. Whereas output

consists of cast iron, slag and exit gases CO L0 N 1.

In cupola melting the calculation on material balance is required to determine the amounts of
various inputs and outputs such that material management can be done for smooth inflow and
output of materials.

Change balance calculations

A cupola melts per hour 15 taons of pig iron of composition C 3.5%, Si 2.2% Mn 0.8% PO.7%
and rest Fe; and 5 tons of scrap containing C 3,%, Si.8%MN 1.1% and PO.2%.

The dry air used is 842,617 measured at *+ % to melt 1ton of pig iron and scrap per minute.

During melting 20%% of total St charged, 1390 of total M charged 1% of total F& charged and
M of Cis oxidized, 1¥92 of carbon of coke is absorbed by iron during melting. Enough Calls

is charged to give 3278 €alin glag. The coke is #2% Cand 8% 810; ng weight of coke is 1% of
the total weight of pig iron and scrap.

Required:
a) Charge balances of cupola for 5 hr run.

b) The % composition of resulting cast iron, slag and gases.



Solution:

w 250 kgl min w §3.3 kglmin

Pig iron . and scrap

Metallic charge ™ 993 kglzin

Air blast ™ 24288 mi® o, out of which amount of O m 2.32 kg moles

The calculation on material balance is given below

From the amount of element oxidized one can calculate weight of slag
wm 15 kg|min. (dag conalats of 5O -+ MnQ + FeQ -+ Cal)

Let us per form carbon and oxygen balance to calculate exit gas.

@ Lot coke -+ C oxldlzed from plglvon + Chromeuap + Clnda QU w Cin gasss

Uxygen from last -+ oxygen from Ca OOy = oxygen In gagses

Letx kymole CU and T kgmols CU; in «xit gag

Equation 1

Xk T =2.9254

1)
)

3)



X+ 2V= &72 (4)

weget x ow L1208 and T w 1,796

Exlt gas amount w 11268 = L7966 + § 7252 wm 11,6466 Kguivls
I?ifl;;-tiﬂﬂiif wm 367, % C0; m 1543 and % Ny m 74,90
Exit gag vohune = 26088 m® | minuts

dAamount of ¢azt lron w 329,29 kg |min

Charge balance for 5 hr operation

Plglyon w75 tonn  Slag = &5 tome

Scrap w 25 ton  captiron = 9EFtons

Blast w 22 109m® gager = 2348 x10%m@
Coke = 111 tona

U Oy w 241 tong

Illustration material balance

Pig iron and coke are charged in a cupola to produce an iron casting. The flux is pure € Qg

Kg is used/ ton of pig iron charged.The coke used 125 kg/ton of pig iron; the composition of

coke is
BEYeC, 6% O 0% Al U ancl 3% FalX

e S m Ly

The gas from cupola contains 12¥ \olume No carbon is oxidized from pig iron. The

slag from cupola is:

FaQ 12% §0Qg 48% MnQ 3%, Calr 259, A1,05 18%

The cast iron produced carries 38% © pesides some Mn and S,
Required per ton of pig iron:
a) Weight of slag

Mn

b) Volume of air consumed in oxidizing Si “*“‘and Fe



c¢) Volume of air oxidation of C of coke.

d) Volume and % composition of gas

Solution:

4292 halance given weight of slag =50 kg @)

To find amount of air, we have to find oxygen of air used to oxidize S M and Fe
8l oxldlzed = & Incharge — B inzlag

O requiredior 5l oxldation = 025 kgmole

@ requlred for Mn oxldation = 0.011 kgmole

O requlred for Fe oxidation = Q0L5¢ kgmole

Volume of air consumed in oxidation ™ 3%:&04m® (b)

Volume of air for oxidation of carbon of coke can be found one we know L0 and COg Since C

oxidizes to “< anel €Oy

Let Y kg mole W@+ W02 in exit gas

o geilt gaz o QBT Kgnole CU and BT Kg mole OO

Carbon and oxygen balance:Let x kg mole of oxygen is required for oxidation of carbon of
coke

B854+ 026 m 0.5+ 0.BY (1)

Solving equations 1 and 2 we get

iom Gl and Tm 2114

Volume of air ™ 988.2¢ m? (c)

Volume of gas ™ 7882 m?



(O =1328% 00, =1318% N, = T34d % (d)
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