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S U M M A R Y 

A research was carried out on steel making from selfreducing 
agglomerates in a laboratory induction furnace, employing pell e ts with 
different percentages of coke and ore sílica contents. 

Time measurements were then undertaken in order to assess t hq 
velocity of the process in funct·ion of pellet diameters, thus determl
ning the optimum diameter required for the induction furnace operation . 

1. INTRODUCTION 

Previous studies undertaken by the Cathol ic Univers ity o f 
Chile, on a new steelmaking process led to the conc lusion that it 
is possible to obtain steel directly from selfreducing pellets in 
an induction furnace, a type of steel suitable for elaborating any 
common carbon or low alloy type of stee1 1. 

The selfreducing pellets employed in above mentioned studies 
contained as reducing agent an economical coke, in a quanti~ equal 
to the stoichiometrically required one for the reducing reaction, 
plus 15%. The yield of iron recovered from the process defined as 
the percentage of combined iron reduced to metall ic iron varied 
between 59% and 78%; the carbon con tent of the steel obtained ran
ged between 0,01% and 0,06%; the sulphur content between 0,005% 
and 0,094%; and the phosphorus content between 0,008% and 0,031%, 
whilst the basicity index expressed as molar ratio of (CaO + MgO) 
/Si02 varied from 2 to 2,5 in all experiments. 

ln vi ew of the product obtained by the afore mentioned pro
cess, research continued on other qualitative as well as quantita
tive aspect s of the process. 

2. EXPERIMENTATION WITH A SAMPLE OF HIGH SILICA ORE 

ln order to find out to what extent the new steelmaking me
thod might be interesting, a sample of very high sílica, (Table 2) 
was used in the composition of the selfreducing pellets (Table 1). 
ln these cond itions, a low basicity was obtained because if this 
index was adequate for desulfurizing and dephosphorizing and addi
tionally neutralizing the gangue SiOz, the pellets resulted mecha
nically weak dueto the excess of lime incorporated into them. 

The basicity index (CaO + MgO)/SiOz expressed as molar ratio, 
in spite of being 1,4 or less ln ali experiences (Table 3) and the 
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TABLE N° 1 

COMPOSITION OF PELLETS WITH HIGH SILICA ORE (%) 

EXP. No ORE COKE Caco3 BENT. K2C03 CaF2 MgO 

60,5 14,2 16,6 1 ,o 3,0 2,6 2,1 

2 60,5 14,2 16,6 1 ,o 3,0 2,6 2,1 

3 50,4 11,8 29,1 1 ,o 4,0 1,6 2,1 

4 50,4 11,8 29,1 1 ,o 4,0 1 ,6 2,1 

5 50,4 11 ,8 29,1 1 ,o 4,0 1 ,6 2' 1 
6 50,4 11,8 29,1 1 ,o 4,0 1 ,6 2,1 

TABLE N° 2 

COMPOSITION OF ORE ANO COKE 

ORE COKE 

ELEMENT CONTENT (%) ELEMENT CONTENT (%) 

Fe* 40,70 c 80,82 

s 0 ,06 H20 5,17 
p o, 14 Ashes 8,18 

S.i02 27,70 Volatile matter 4,33 

s 1,50 

* lron in combination in magnetite and hematite in the following 
ratio : magnetije/hematite • 20,2 ; this value Is the sarne one 
cited by Joseph for iron ore pellets . 
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TABLE N° 3 

PERCENTAGES OF RECUPERATION ANO WEIGHT OF CHARGE COHPONENTS ANO PRO-

OUCTS OBTAINEO lN EACH EXPERIENCE 

Exp. N° Yield of re- lnitial Pellets Steel ob- Basicity Index 
cuperation Steal tained 

(%) (gr) (gr) (gr) (molar ratio) 

43,3 889,25* 2903,2 1191.15 0,7 

2 63,2 1145,55 1912,52 1435,7 0,7 

3 74,8 1045,10 2033,7 1349,3 1,4 

4 45,8 1221,45 2107,8 1414,6 1,4 

5 44,7 1197,05 2200,0 1393,7 1,4 

6 51 ,5 1180,25 2200,0 1406,7 1 ,4 

* Carbon, sulphur and phosphorus contents of first initial steel 
were 0,51; 0,03 and 0,03, respectively . 

recomendations of avalue not under 2 for an adequate removal ofsul
phur and phosphorus from the steel bath2, the phosphorus content of 
the steel obtained showed an average value of 0,013% (Table 4). This 
shows that from the point of view of the content of this element ln 
steel, the process may be interesting even in the case of a high si-
1 ica iron ore. 

TABLE N° 4 

COMPOSITION OF STEEL OBTAINED 

EXP. No c s p 

0,025 0,159 0,019 

2 0,028 0,140 0,027 

3 0,029 0,062 0,015 

4 0,048 0,079 0,005 

5 0,020 0,13 0,005 

6 0,023 0,070 0,005 
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With respect to the column of initial steel of Table 3, it 
must be clarified that a portion of the steel obtalned ln each ex
perience was taken and introduced into the hearth of the induction 
furnace as initial heating stee l for the next experlment. The sarne 
method was also used ln the above mentioned prevlous study1 as well 
as in the followlng experlments. 

Table 3 shows an average yield of recuperatlon of 53,9%, the 
lowest value reached ln al i experiences of this type. On the other 
hand, Tables 3 and 4 illustrate how the sulphur and phosphorus con
tents of the obtained steel diminish when the baslclty Index ln
creases from 0,7 to 1,4. 

The coke contents shown on Table 1 also correspond to an ex
cess of approximately 15% over the stoichiometrically required one. 

ln these experiences, the remova! by slag of the sulphur and 
phosphorus entering into process was 73% and 88% respectlvely, and 
in order to produce a steel with sulphur contents under 0,02% the 
procedure of afore mentioned study must be fo11owed1 adding lime 
and fluorite to the process lndependently from those contalned ln 
the pellets. 

3. SENSITIVITY OF THE YIELD OF RECUPERATION WITH VARYING COKE EXCESSES 

lN PELLETS 

With the aim of detecting the sensitivity which the yield of 
recuperation presents wlth varylng coke excesses ln the pellets, the 
agglomerates were prepared with the sarne raw materiais and identi
cal quantities as in the already mentioned previous case1, with the 
exception of the coke which was slightly lowered from 15% to 12%, 
and malntaining the basicity index expressed in molar ratio, also 
between 2 and 2,5. Processing these pellets in the lnduction furna
ce, results revealed that a decrease of 3% of the excess coke im
plied a lower yleld of recuperation (over 3%). 

4. STUDY ON REDUCING PELLETS WITH 40% COKE EXCESS CONSIDERING PROCESS 

KINETICS 

As lt is impossible to assess a priori the optlmum excess of 
coke and worked aimed precisely at obtaining this information was 
continued, the experlences were followed by studles with high va
lues : a 40% excess. lt was found that the optimum coke excess ran
ges between this value and 15%1 considering that in both studles 
everything is similar with the exceptíon of the percentage of ex
cess coke . 

ln this case as ln ali experiences, the molar ratio (CaO + 
Mg0)/5102 was kept between 2 and 2,5, although nearer 2 (Table 7). 
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TABLE No 6 

COMPOSITION OF ORE AND COKE 

ORE COKE 

ELEMENT CONTENT (%) ELEMENT CONTENT (%) 

Fe* 63,50 c 68,60 

s 0,07 H20 5,98 
p 0,10 Ashes 10,60 

Volatile matter 13,30 
p 0,02 

Si02 5,00 s 1 ,50 

* lron in combination with magnetite and hematite ; percentage of 
their ratio in the ore is magnetite/hematite = 24 . 

yield of recuperation as well as the corresponding basicity index. 
Percentages of nonmetall ic elements contained in the steel obtained 
are presented on Table 8. 

TABLE N° 8 

COMPOSITION OF STEEL OBTAINED 

EXP. No c s p 

4,76 0,03 < 0,005 

2 2,99 0,05 < 0,005 

3 1,50 o. 19 < 0,005 

4 0,48 0,25 < 0,005 

5 2,65 0,08 < 0,005 

6 2,94 0,17 < 0,005 

7 2,01 o. 14 < 0,005 

8 0,68 0,38 < 0,005 
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From Tables 7 and 8 it can be seen that although the yield 
of recuperation increases significantly in the case of the pe11et5 
with 40% excess coke in relation to pellets wi th 15% excess cok' 
anda similar basicity indexl, the carbon con tent of the produc t 
obtained increases to a limit at which the steel results far fr~m 
a low carbon steel . 

From above facts it can be deduced that it may be conve
nient to utilize pellets with a coke content between these two ex
cess rates. 

Based on the values shown on above tables, it can be deter
mined that the remova! by slag of the sulphur and phosrhorus ente
ring into the process amounts to an ave~age of 79% and 97%, res
pectively, considering the series of experiences. These values are 
higher than those shown in section 2 of this paper, and as expec
ted due to the higher basicity in this case. On the other hand, 
the sarne as in this case and throughout the entire experimentation 
undertaken up to now, a higher phosphorus than sulphur remova! 
through the slag, has been observed. 

With the aim of studying the klnetics of the process, the 
pellets were introduced into the hearth in monolayers, as shown in 
Figure N° 1, and measurements were taken of the time the different 
masses of pellets with a given diameter took to be processed; this 
procedure was repeated with pellets of other diameters and thus a 
fami ly of curves obtained describing parametrically the various 
pellet diameters (Figure N° 2). From this graph the gradient or 
process time is calculated in function of the pellet diameter ari
sing the interesting result that a maximum velocity is reached with 
a diameter of 9 mm. This fact is shown by the graph on Figure N° 3 
in which the processing velocity of the mass is expressed in unit 
of effective hearth section which in al l cases of the experimenta
tion was 30·,16 cm2 (This is the portion of the inner hearth section 
in which the pellet monolayers were dissolved). 

Thus it can be appreciated that in the case of pellets of 
this diameter, steel production per unit of time will be maximal 
and consequently losses due to radiation of the induction furnace 
per unit of steel will be minimal. Thi s impl ies a maximum temporal 
yield of the furnace as well of the thermal and steel producing re
sults. 

5. CONCLUSIONS 

a) The production of stee l from selfreducing pellets permits an 
adequate phosphorus remova!, even in the case of basicity inde
xes expressed in molar ratio of 0, 7 to 1,4 (phosphorus conten t 
of steel obtained~0,027%). 

b) The yield of recuperation in this rocess was very susceptible 
to variations in the coke excess o f the pellets, a variation of 
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3% being noticeable. 

c) The pellet coke excess was limited to avalue ranging between 
15% and 40% and research work will continue in order to deter
mine conclusively which is the adequate percentage of excess. 

d) ln ali experiments carried out until the present time, the re
mova! of phosphorus by the slag was considerably higher than 
that of sulphur . 

e) A pellet diameter of 9 mm. impl ies the highest temporal eff i
ciency in the elaboration of steel and also from the thermal 
aspect of the induction furnace. 

f) ln view of the relationship existing between pellet porosity 
and pellet mechanical behaviour and consequently, their kine
tic behaviour in the furnace, quantificatjon of the porosity 
measured by specific area, is recommended~;5. 
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FIGURE N°3 AVERAGE PROCESS VELOCITY FOR PELLETS OF OIFFERENT 
DIAMETERS WITH 40% COKE EXCESS 


