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STUDIES ON THE DESULPHRIZATION OF MOLTEN
PIG IRON BY MANGANESE (I)

(Mn-S Equilibrium in C-saturated Molten Iron—Part 1)
Kokichi Sano, Dr. Sei. Michio Inouye

Synopsis: .

It is necessary to obtain the intimate knowledge of desulphurizing power of manganese,
which always exists in molten iron during the iron and steelmaking processes. However, it
should be pointed out that whilst many studies on the desulphurizing power of manganese
had been established, there was no good agreement in their results perhaps because little
attention was given to behaviour. of sulphur in liquid iron.

Because recently the activity of sulphur in liquid iron containing various alloying elements
had been determined, the authors tried to study the equilibrium between manganese and sulphur
dissolved in liquid iron and to ascertain the desulphurizing power of manganese on the
standpoint of sulphur potential. On this first report, the Mn-S equilibrium in carbon satu-
rated iron was determined between 1200° and 1500°C.

The results obtained were in good agreement with those of W. Oelsen. Itis noteworthy that
the results suggested the possibility of decreasing sulphur content of pig iron containing more
than 1% manganese to be useful for steelmaking by lowermg the temperature to about 12C0°C.
Such effective desulphurizing power of manganese was ascribed to high sulphur potential
in liquid iron. Assuming the activity coefficient of 'sulphur in these Fe-Csat-Mn-S melts was

expressed thus,
‘M)

log fs=log fs' +logfs +logfs
it was presumed that the values of fs were nearly constant at any temperature except in the
higher manganese concentrations. The equilibrium of manganese and sulphur in molten iron
was shown as follows: , :

aMnS aMnS

S+Mn=MnS) K=/ svn ~ fs05%]-/MalMn%]
and from experimental data it was apparent that the product [S2,]1[Mn?9,] was also approx1mately
constant at comparatively lower temperatures. Although the activity coefficient of manga-
_ nese in such solution had not yet been determined, it might be regarded as constant in lower
sulphur concentrations and carbon saturation. On this assumption, in the above range aMnS
might be also constant and the apparent equilibrium constant K''=[S%][Mn%] was conve-
niently substitute'd for the equilibrium constant K and written.

9763

log K!''=— +5°197

and then the following thermodynamical data were obtained,
S +Mn=(MnS) AF'=—47,741+28°45T
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Mn(1)+%S:(g)=MnS(s)

AF%= —79,26142465T

Compared the data of carbon solubility in these experiments ‘with those of Fe-Mn-C* ‘mielts,

the effect of dissolved sulphur on carbon solubility in liquid iron were discussed.

In lower

sulphur concentrations, the following equation given by Turkdogan et al. mnght be applied,

4ANG=—Ns when Ng<0°005

where ANS was the atom fraction of carbon which was displaced from carbon saturated solu-

tion by dissolved sulphur and Ns was the atom fraction of sulphur in Fe-C-S melts.
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CO gas generator

A H Hg-Manometer
‘B H,;S0,; I Reaction tube
C KOHR J High frequency
D Alkali pyrogallol induction furnace
E Cu-net furnace 450°C K Optical pyrometer
F Scdalime+CaCl, L H.SO,
‘G P;0;
Fig. 1-a. Diagram of Apparatus.
. . A
ﬁ::a
T D ~— Gas in
\‘———'GZS at A Glass prism
B Sampling window
£ C Glass cap
D Side branch
— E Water cooling jacket
F Quartz tube
(40mmI.D. x500mm)
—F G Quartz tube for gas inlet
LG H Heat insulation
(Alumina crucible)
- I High frequency induction
il coil
° J Graphite crucible
Py K Liquid metal
o
o
<

Fig. 1-b. Furnacé assembly.
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Table 1. Equilibrium data on C-saturated Fe-Mn-S melts at various temperatures.

. . Metal pct.at Equilibrium '
Heat Temp Time Intial K’ =(MnC fs . Remarks
° g o5 . = n]ksj .
No. cC) (mn) Se ¢ Mn s l . (Calc) :
62 1500 120 0.58 5.05 2.25 0.198 0.446 4.48 .
65 ’ ’ 0.65 5.07 ' 2.46  0.188 0.462 4.46 } Desulphurized by Fe-Mn
T " r 0.55 5.11 3.78 0.129 0.503 4.28 addition
70  1400—1500 15-»60 0.58 — 3.36 0.146 0.492 — Desulphurized by Fe-Mn addi—
*71 ’ 20120 0.55 5.11 3.06 0.205 0.628 4-41 }\ tion at 1400°C and attained to
*72 ’ 20—60 0.30 2.18 4.15 0.135 0.560 4.37 equilibrium at 1500°C
74 1500 60 0.47 5.00 1.47 0.317 0.467 4,51
77 &4 e 0.32 4.98 1.75 0.290 0.507 4.41
95 .’ 14 1.04 5.00 1.05 0.537 0.563 4.54
96 ' e 1,03 4.98 0.71 0.613 0.436 4,53 |
97 " o 0.77 5.06 1.67 0.328 0.548 4.58
99 e " 0.67 5.06 2.33 0.232 0.541 4.46 |
100 r re 0.71 5.20 3.44 0.131 0.452 4.56 :  Desulphurized by Fe-Mi:
101 e e 0.40 5.21 4.07 0.122 0.496 4.42 addition
102 re r 0.41 5.13 3.97 0.137 0.543 4.30 i .
103 ’ . 0.30 5.17 5.19 0.094 0.490 4.10 !
105 ’r L 1.55 4.93 0.63 0.592 0.372 4.46
w6 s . 1.14 4.98 0.87 0.546 0.475 4.52
108 - H 4 0.31 5,22 4.97 0.026 0.474 4.21
109 & v 1.57 4.92 0.44 1.139 0.502 1.34
110 i '’ 1.00 4.90 0.69 0.815 0.567 4.31 \ Desulphurized by Fe-Mn addi-
*112  1400—1500 2060 0.40 5.05 1.87 0.229 0.428 4.55 tion at 1400°C and attained to .
*113 o ’’ 0.40 5.02 1.04 0.433 0.452 4.60 f. equilibrium at 1500°C
30 1400 40 0.31 4.56 4.72 0.046 0.217 3.81
34 X 90 0.53 4.79 1.24 0.1¢6 0.243 4.16
36 ‘o 60 0.28 4.78 1.98 0.117 0.241 4.03
37 " re 0.36 4.91 2.92 0.082 0.269 4.06
38 e '’ 0.28 4.82 1.74 0.153 0.266 4.12 ¢
39 ' 50 © 0.65 4,89 2.07 0.123 ° 0.257 4.19 |
40 v r 0.96 4.72 0.79 0.369 0.288 4.C6 - ; Desulphurized by Fe-Mn
41 ’ i 0.96 4.80 1.13 0.210 0.237 4.30 | addition
42 ‘o 60 0.68 4.89 2.25 0.081 0.183 4,19
44 o r 0.68 4.93 2.56 0.078 0.232 4.09 |
46 ’ . 0.63 4.84 1.85 0.114 0.211 4.18 |
50 o r 0.94 4,72 0.34 0.611 0.209 4.09
51 & r 0.27 . 4.95 3.53 0.062 0.218 4.05 )
*54 13001400 2060 0.32 4.87 2.40 0.094 0.226 4.10 . Desulphurized by Fe-Mn
*55 r r N 0.30 4.85 1.75 0.122 0.214 4.21 } addition at 1300°C and atta-
*56 ' o ! 0.28 4.85 1.54 0.165 0.254 4.25 ined to equilibrium at 1400°C:
86 1400 60 0.65 4.94 3.12 0.073 0.229 4.09 | Desulphurized by Fe-Mn
87 0 ' 0.30 4.98 512 0.050 0.257 3.76 } addition
88 2] e 0.35 4.92 4.12 0.055 0.225 3.86 Desulphurized by Fe-Mn addi—-
*89 13001400 2070 . 0.50 4.78 0.99 0.239 0.237 4.19 tion at 1300°C and attained
o1 1400 60 0.40 4,95 3.82 0.062 0.237 4.01 to equilibrium at 1400°C
111 . ’ ! 4.71 0.40 0.607 0.243 4.08
2—a 1300 20 0.38 . 4.46 0.58 0.164 0.0950 3.69
—b i e . 4.46 0.79 0.100 . 0.0789 3.67 |
—cC r ’ : 4.58 1.27 0.065 0.0817 3.81
3—a 4 30 0.38 4.55 0.75 0.108 0.0806 3.84
—b " o 4,58 1.29 0.058 0.0747 o 3.82
.—Cc ’ i : ‘ 4.65 2.20 0.042 0.0921 3.86
4—a o’ o 0.40 4.54 - 0.57 0.150 0.0860 3.82 Desulphurized by Fe~Mn
—b e o ! 4.59 1.42 0.C64 0.0908 3.81 addition
—c " ’’ . 4.61 2.48 0.040 0.1004 3.65
5—a | " r’ : 0.40 4.51 1.47 0.059 0.0870 3.67
—b " i 4.56 1.62 0.042 0.0682 3.72
—c Y i 4.69 2.58 0.031 0.0795 3.79
6—a ’ 4 0.35 4.50 0.37 0.194 0.0726 3.76
—C S r 4.61 1.115 0.075 0.0830 3.91
7—a ' r Mn=2.36 1.48 0.062 | 0.0917
—b r o 0.81 0.112 0.0909
—c o o 0.44 0.166 - 0.0722 : Demanganesed by Fe-S
14—a e o’ Mn=2.12 1.38 0.C69 0.0955 / addition
—b re . 1.17 0.072 0.0848 |
—c ' o 1.04 0.086 0.0895 /
16—a r . 0.59 4,51 0.33 0.249 0.0819 3.84
—b ’ L 4.50 0.70 0.105 0.0732 3.79
—C ' ' 4.58 1.04 0.074 0.0723 3.81
9—a 12g0 20 0.58 4.29 0.148 0.252 0.0373 3.55
—b . o 4.33 0.44 0.100 0.0437 3.57
—c ’ " 0.84 0.037 0.0475
10—a ‘o 30 0.58 0.13 0.281 0.0377
—b o o 4.34 0.49 0.081 0.0395 3.57
—c e 20 0.92 0.040 0.02368
11—a e 30 0.58 4.39 1.38 0.028 0.0380 3.53
—b re e 4.41 1.71 0.022 0.0370 ¢ 3.49
12—a i e 0.23 4.40 0.61 0.074 0.0447 | 3.65
—b e e 4.36 0.78 0.048 0.0376 | 3.58 Desulphurized by Fe-Mn
—c r o 1.03 0.045 0.0457 addition
13—a " 35 0.28 4.38 0.76 0.068 0.0510 3.59
—b [ 30 4.40 1.23 0.040 0.0490 3.54
—c 2t o 4.46 1.47 0.033 0.0482 3.51
27—a ‘o 40 0.32 4.34 1.31 0.030 0.03¢6 3.4
—b ‘’ 35 4.35 1.85 0.021 0.0379 3.39
81—a o 69 0.20 4.45 2.25 0.025 0.0562 3.47
—b ‘., 45 4.59 3.39 (.018 0.0623 3.48
—¢ o 45 4.64 4.27 0.012 0.0525 3.40
82—a ' 60 0.20 4,51 2.65 0.014 0.0266 3.47
—b re 40 4.49 3.82 0.019 0.0726 3.28
—c L 30 4.58 4.04 0.011 0.0445 3.37 _
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© “Fig. 2. Mn-S Equilibrium in C saturated

iron at various temperatures under CO
atmosphere.
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NTWAD Mn Thh732 b OEDS 5T L SN
3. 17& A1 Mn 1~2% Z&irFFeieplice L,
g tAIEEEDS 1200°C S THEF U THBiMED & T3 &
B RIOEHAIER LTS 0.04% LTFIKTHLLE
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REERGE R ST AEER BT AHIRER2, TN

Table 2.

manganese at various temperatures.

Limits of desulphurization by

| . Limits of desulphurization, .

Temp Mn S pct. .

° E3

°C)  Pet Authors Oelsen| Vzen- T Sch-
' . rup enck
[ ;
I 05 0-088 | 0°100 ! — -
' 1.0 | 0*044} 0%052; — ° —

1200 « 1°5 0*027 : 0°027 « — —
L 20 0°022 1 0°023 - —
i 2°5 0017 | 0°018 - =
o5 | 0165 | 0205 | o038 | —
© 1+0 | 0-080 | 07105 | 0°10 —

1300 ! 15 | 0-060 | 0%070 | 007 —
| 2°0 | 0°045| 0.055 0°07 i —
© 25 ! 04037 | — - =
! 0.5 | 0v465| 047 | 0'55 108
i 10 0°240 | 0°25 0-31 063

1400 | 1°5 0°162 | 017 0°17 0°39
1200 0°120 | 0°13 0°12 0°27
25 0-095 | 0-11l 0°20
P05 — 0°75 I 1°10 —
P10 0°500 | 042 060 —

1s00 ! 1°5 , 0°338 | 0°30 — —
b2:'0 ! 0°254 |-0°25 — . -

2°5 ' 0205 0°18 — —

* C not saturated, Si Contained 2°19%
- C 2°9~549, -
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STUDY ON THE CHARCOAL PIG IRON FOR CHILLED IRON ROLLS (II)

(Thermal Properties)

Synops1s

Kokichi Otani

On account of the special features of charcoal pig iron that was described in the previous

report (Tetsu to-Hagané, Vol. 43, No 4,
~roll.

1957, p. 444), it
Heretofore such special features have been considered to be owing to the gas contents,

is used for producing chilled iron

and so scarcely investigated with reference to the thermal factors. .
Because the author considered that it had reference to the thermal factors, the following
experiments which had been hardly tested were carried out:

Determination
Determination
Determination
Determination
Determination

1)
2)
3)
4)
5)

of the heating and the cooling curves in thermal analysis:

of the anomalous specific heat value:

of A, transformation temperature:

of thermal conductivities for various pig irons:

of specific heat for the boron-treated cast iron:

From the above experiments concerning these factors (the anomalous specific heat,

ther-

mal radiation thermal conductivity), there were found distinct difference between the char-

coal pig iron and the other pig irons.
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