

















134 ELECTROCHEMICAL AND METALLURGICAL INDUSTRY.

getting the result expressed in each case in terms of X. Since -

the two expressions represent the same quantity, we put them
equal to each other and solve for X. Having obtained X, we
substitute it in other expression and get the result asked for.
Let X be the weight of the bath after the reaction, in pounds;
the bath before the reaction weighs 100,000 pounds.
Oxidized out:
Carbon (100,000 X 0.035) — X 0.03 = 3,500 — 0.03 Xpot{l‘nds.

Silicon 100,000 X 0.02 = 2,000
“
Phorphorus 100,000 X 0.0075 = 750
“«
Manganese 100,000 X 0.005 = 500

Oxygen required:
For carbon (3,500 — 0.03 X) 16/12 — 4,677 — 0.04 X pounds.

For silicon 2,000 X 32/28 = 2,286
For phosphorus 750 X 80/62 = 068 “
For manganese 500 X 16/55 = 145 “

Sum = 8,076 — c.04 X pounds.

Oxygen supplied : ;

If all Fe’O® of ore (27,000 pounds) were reduced to
FeO = 27,000 X 16/160 = 2,700 pounds.

If all Fe*0® of ore were reduced to Fe 27,000 X
48/160 = 8,100 pounds.

We thus see that we will certainly require more oxygen than
the Fe’O® can give up in becoming all FeO, but not as much
as would be given up if it all became Fe. If all the Fe’O® were
considered first reduced by the reaction to FeO, giving up
2,700 pounds of oxygen, the reaction will still require the fur-
nishing of

(8.076 — 0.04 X) — 2,700 = 5,376 — 0.04 X pounds
of oxygen, which would have to be furnished by FeO becoming
Fe. In that reduction, however, 72 parts of FeO gives up 16
of oxygen in becoming 56 Fe. The reduced Fe will be, there-
fore, 56/16 of the weight of oxygen thus furnished, and
therefore,
Reduced Fe = 56/16 (5,376 — 0.04 X) pounds.
= 18,816 — 0.14 X pounds.

The same quantity is obtained more directly as follows:
Fe in original bath 190,000 X 0.9325 = 93,250 pounds.
Fe in bath after reaction = 0.97 X pounds.
Therefore, Fe reduced . = 097 X — 093.250 Ibs.
These two expressions represent the same thing, and, therefore,

18,816 — 0.14 X = 0.97 X — 93,250

Whence X = 100,960
And the reduced iron = 0.97 X — 93,250 = 4,681 pounds. (1)

(2) The ore used contains altogether

Fe — 27,000 X 112/160 = 18,900 lbs.
Fe reduced to metallic state = 4,681 “
Fe remaining in slag as FeO =14,219 “
Weight of FeO = 14,219 X

72/56 —18,282 “ = 61.1 per cent
Weight of P°O° =750 4+ 968 = 1,718 “ = 57 ¢
Weight of MnO =500 + 145 = 645 “ = 21
Weight of CaO = 2000 “ = 67 “
Weight of SiO‘=3,(.)oo+4,286= 7,286 “ = 244 ¢
Total weight of slag =29,931 “ (2)

(3) The physical data available do not permit of calculating
the actual heat of the reaction at 1.300°, since many of the
specific heats needed are lacking. We will therefore foot up
the items of heat evolution and absorption uncorrected for
temperature, which is the only thing to be done under the cir-
cumstances.

Heat Evolution.

Calories.
Si to SiO 2,000 X 7,000 = 14,000,000
P to P*O° 750 X 5892 = 4,419,000
Mn to MnO 500 X 1,053 = 826,500

[VoL. V. No. 4.
C to CO 471 X 2,430 = 1,144,500
SiO* to FeO. SiO* 7,286 X 144 = 1,049,200
CaO to 3Ca0. P*0O° 2,000 X 949 = 1,898,000
} Total = 23,337,200
Heat Absorption.

Calories.
Fe*O? to FeO 18,900 X 573 10,829,700
FeO to Fe 4,681 X 1,173 5,490,800

Fe’C to Fe* 4+~ C 471 X 705 (?) 332,000 (?)

1,682,000 (?7?)
1,050,000 (??)

FeSi to Fe 4+ Si 2,000 X 931 (??)
Fe*P to Fe* + P 750 X 1,400 (??)

Sum 19,504,500

These calculations, therefore, show a minimum surplus of
heat in the reaction of 23,337,200 — 19,564,500 = 3,772,700 Cal.,
an amount which would raise the temperature of the slag and
resulting metal approximately 100° C. above the 1,300° at which
the reacting materials came together. The quantity above
marked (?) is a little doubtful in amount, but those marked
(??) are very doubtful, perhaps may not exist at all. If these
are omitted from the heat absorption the surplus heat is in-
creased some 50 per cent of its value, and the rise in tem-
perature might be in the neighborhood of 150°. Further, some
of the CO formed by the oxidation of carbon may be burned to
CO?® close to the surface of the bath, by free oxygen in the
furnace, still further increasing the rise in temperature.

The conclusion from these calculations and discussions is
that the pig iron and ore reaction in the Monell process is a
heat evolving reaction, which, independently of the heating
effect of the fuel used by the furnace, could increase the tem-
perature of the contents of the furnace at least 100°, and
possibly 150°. It would be highly interesting to have a typical
heat such as this followed closely with a good reliable pyro-
meter, so as.to check the indications of the thermochemical
study of the process. ' .

[The next instalment of these calculations will be upon the
electrical methods of melting iron and steel, electro-thermal
processes of reducing iron ore and the electrolytic refining of
iron.]



