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           Equfiafikoffieeitw bekween Senfigebefie fiwa MopReewa fige@wa

                  enmedi wrfixed gas ef ma2. awadi wa2e

                                     '

                             Tatsuji UNo

                              '
                          (Received Aug. 31, 1951)

                                          '                                '

                             Xntroduetion

    In this report, the author will describe the action of mixed gas of H2 and H2O

against sulphur in molten iron. Equilibrium between'sulphur in molten iron and

mixed gas of CO and C02 has been previously reported by the author.i'

    Compared to the action of mixed gas of CO and C02 that of H! and H2O is

less important but can not be neglected in the iron and steel making process.

   As the reaction products of sulphur in molten iron and'mixed gas of H? and

Hg O, H2 S, S02 and S2 are considered in gas atmosphere. Some molten iron should

be oxidized to FeO (ljq), but it is not necessary to consider the higher oxides of Fe.

    As H,O content 1'n the mixture increases, oxygen in molten iron also increas-

es and at last it reaches its saturatiQn point and molten FeO floats on the molten

iron. Equilibrium relation of the formation of FeO has been recently detefinined by

Sanbongi.2)

    That is,

           Fe (liq) + H, O --"' FeO (liq> + H,.-･････････････t････････-･-･( 1 )

           log Ki :=-T log p.2/pEi,o = -2757.52/T + 1.8856･･･-･･･-.( 2 )

    By this equation, equilibrium gas content can be calculated as follows:

             ifrpit'nmunundumrfi"" 'RX.'                 temp."c I isoo l ]6oo l .]7oo
                                          oa`11341' 6L4ss6-
                log pH2!pllr,O                                O.3304

                                         72.15 75,47                               68.]5                  Hp, %
                  HcO% 31.S5 .27.85I25.53
   Therefore when H! content at thcset temperatures is less than that show'n in

the table, molten iron is saturated with oxygen, ancl molten FeO floats on molten

iron,

    When H, content is higher, molten iron dissolves oxygen corresponding to p,.

,/pFJ,i} but FeO layer can not exist. Considering t,he true equilibrium state, as long

as molten jron exists, He content of inixed gas must be higher than that shown in



the tiable. But when mixed g.as of higher H,O content acts on molten iron, gas

atmosphere i'eaches the equilibrium forming molten FeO. Therefore the reaction

           Fe (liq) -F H, O --> FeO (liq) + H,･･-･･･-･･･････-･-･･-ny･･･i･･( 3 )

must be considered as a way to the equilibrium.'

    Then the gaseous products in the range of FeO forming are not said to be

the products of true equilibrium.

                            Worgvxatiol'1 cf ww2 S

    On the formation of H,, S from sulphur in molten iron, the following reactions

are considered:

           FeS (in Fe) -v H, :Fe (liq) + H,S･････････････････-･･ny(4)

            FeS (in Fel) + }I,O 2 FeQ (liq) + H, S t･･･-･････････-`･･( 5 )

    Reaction (4) has been determined by the author as iollows.")

           log Ki -=- log pn,.,/pif,.(S) == --4427/T d- O.113-･････( 6 )

                                                                       L    From this equation, values of log K4 at 1500eC, 16000C and 1700"C are calcu-

lated as follows,

telll,p. "c t
1

lseo 16{}O

log K4 -2.384 1
       I

1 l700

-L.251 1 -2.1:sl

    As reactiion (5) is obtained by combining reaction

tions (6) and (2)

           log Kfi =:: log pii,,s/pri,o.CS] --- -7184,52/T

is introduced and values of log Ks can be calculated as

(4) with (1),

+ 1.9986･･･( 7)

 follows :

from equa-

temp, oC

i.g' i<,

l isoo I] i6oo
' Hli'1'o51･l" ! --i.sts7'

I i7oo
l -1.64b,

             tu
    From (6) and (7), the following equations can be obtained:

           log pJi,s ==-' log K4 + log pii,, + Iog CS ) ･･･----･･･-･･･:･t･ (

          ' log pH2s ==L- log Ks + log piiL() + log [.S)･-･････-･i･･--･-i-(

                                      p    Then if the temperature was constant, IQg pi{,s is determined

pii, -, and log CS],

    When pii2 + pTip･) rm- 1, log pii?s are calculated as iollows.
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log pH,) or log
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    In this table the mark (") shows the results in the tield in wlaich molten

                                              'FeQi'sproduced. . . ,'-
    From this table, Fig1 -N･ Fig3 can be obtainea.

                            Yormation of SO.

    On the formation o'f S02 by the reactions between sulphur in molten iron and

the mixed gas of H, and H! O, two reactions ai'e considered.

           FeS (in Fe) + 2H, O 2 Fe (liq) + SO, + 2H,･･････--･･･t(1O)
                                                  s
           FeS (in Fe) + 3H,O :FeO (liq) -- SO, + 3H, ･-･･･････ (･11)

   ReacVQn (10) can be introduced by combining the folloviiing three equations.

           FeS (in Fe) 2 Fe (liq) + 1/2 S, i････････････-･･-･･-･･･t････J･(12)

           1/2 Sg + Og Z"' S02 '"''''''''''"'" n''"'"-'''""'''''''''' (13)

           2H, O 2 2H, + O,-･--････t･･･-･････-･t･-･-･･････-･････...........(14)

    Reaction (12) has been determined by the author as follows.")

           log Ki2 == log pkS!/CS) =-- -9174.3/T + 2.705 -････････(ls)

    The equilibrium constant of reaction (13) has been precisely deterrnined by Le-

wis & Randall`' and Schenck5) gave the following equatiop,:
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    Iog Ki3 =: log pso,/pgi, !. po, ==':L 18215/T --1.39-log T

            + O.61 × 1O--BT -O.068 × 1O--6TL' HO.20･･･････････-i･･(16)

   ,Calculating log Ki3 between 14000C - 19000C, the author gave a simple equation

forthisreaction. ,
            log Km == log pso,/ps't,g'p., =:T- 18115.9/T - 3.79 ･･････}L-(17)

    This equation agrees well with equation (16) in this temperature range.

    The equilibrium constant of the reaction (14) has been given by Schenck,6'

    IOg K4 = log p(･,, p:'.r,/pft,,o =L' -24900/T + 2.335 log T -O.965 × 10-` T

            + O.137 × 10-6 T2 - O.665 × le--iO T3 + O.1907 × 10-i7 T5 - 2.17･J･(18)

    In the same way the author simplified this eciuation and obtained the follow--

.lng equatlon:

            Iog K,i ='L log po,, pk,/pfi,o = -25500/T --F 5.675･････"(19)

    From (15), (17) and (19), for the reac'tion (10)

            Iog Kio :=: log pk,. pso2/p,i,,o = -- 16558.4/T + 4.590-･･d--(20)

is introduced and log Kio can be calculated as follows:

              estmnv==nttn . .an"..L. .,' imptnvbontmMM. .MmaW  temp.ec l iseo
' lo'g- 'Kio'' ' l ' -li[74g

i 16eo
i' '-4.251'".'

  1{Z..e.e

"13.so2 ''

         m
Reaction (11) is obtained by combining reaction (10) with the reaction

        Fe (liq) --- H, O 2 FeO (liq) + H,,i･････-･T-･ny･･･････････････(21 )

The equilibrium constant of this reaction (21) has been given by Sanbongi,2)

       10g Ki ==: log pff,,/p}i,,o == -2757.52/T + 18856･･t･･--･･(22)

Calculating from (20), and (21) the following equation is obtained:

       10g Kii JL' IOg PX, ps･),/pii,r) == -19315.9/T + 6.476･--(23)

By this equation, log K" can be calculated as follows:

                --- -... .anlteni"p. OC

log Kit

i
l'r'

1500

--
4･.418

1 1600

I ..3.s37

E 1700

E -3.314

From above results, followlng equations can be introduced.

     Iog p,so2 =- log Kio + 2 (log piii･o-iog p}i,) + log (S)･-･･-･-･･(24)

      Iog pso2 == Iog Kit + 3(log pii2"-log pm) + log [s)････････i(25)

Therefore, log ps ? is h function of Iog pH2o-log pi{g, or pNflo/pH2, and

When pH2,) + pii2 =' 1, log psufl is calculated as follows.

(s ).

t
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Dissociation pressure

17000C is caiculated

of

as

  meissoeiation geressure

sulphur equilibrated with

follows.

        Iog ps2

of

s
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I
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   These values have no relation to the mixing ratio of H, and H2O.

                   SuZphur eontent in gas atuitosphere

   From the above calculations, at given H,. % in ff£,-Hil O mixture, gaseous sul--

phide whlch shows the greatest paratial pressure is tabulated as follows. Besides

this gas, some gaseous sulphides whose partial pressure is greater than 1/100 of the

greatest are also described here.
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   TheserelationsareshowninFig.7-Fig9. ,
   According to these results, irnportant gaseous sulphides preduced

tions between sulphur in molten iron, H2 and 'H2O are H,S and S02.

  .) ･

  s

  L,

    -S -4 -3 ".}) -l -･di --4 --3
              (eg i9,ks. if2tsr 79t,"
              Fig.1 Fig.2

-lhmhor n.

-

/reo"e

toO

80

rfo

ua

20

in
119b

triin
""--C3-E}

u'

inrix
"Sk-c>g

'tu

e

N.

0

by the reac-

 If the sul-

l6oopa-

/00

80

el0

40

20

M let,tinZn"""""
-

"es'6.4k"i RM

0
-2 -･1

/oo

-. 80
"s
il

"X 60
pt

ill

N. ,ua
N･El

ts,

w

0
-,s

T-h'--

tt

,pVN

-"""--
ihtA
"･llc>"'

t-Cs.za
ta

1.-J,]

 ta
""
VNA

-4 " =,?
    lo.g R-tss

   Fig. '3

--1

'D

R
ll

"
$
s

s
N..

?><"

 Niill

100

/suaev
80

,

60
v

kh<Atrx

ua ..---"m

"

ts N '

6S."tu

-

20

0
ve -8 -4 o

    t2zg jeilso.

   Fig. ...4

4

.



Equilibrium between Sulphur in Molten lron and Mixed gas of Hg and H20 99

/ew

 ua
g
si ma

g
ag ua

gre

p

0
-?

Ti""- vavny

IS"00`V

Ms,tlh
g"･u

esM'""-gK

.

-8 -4
   (op Beg

   Fig. 5

o
,/t

dL

K.

R
"

"
s
F

s
N.

clsCl

 Ns

1700r

oo

80

nv

ua

20

"""･)

"Rs"hhs

-

0
ue -8   -4

 thy 2igen

Fig･ 6

0
diZ･

lee-

;l;

N sw
{1

"$#
pt tsv

$
'Nt.

aNe ua

 N
l{･

ro

0

?

tF.

l,Jroo'e

'

.M"=Ezaantu

hh"
b"

'

-k' '

0   24ipg J (ijr.s?

Fig.7 '

6

i

Iao

"
R sw･
ts/

s

sWs
N

be ua

 s
t{'

1 s?O

0
?

'

etvifewtr

L

hll tar/s
ltIl

･g
"N'

.tlt

tt''

'

za 2' 4
  dhs?s.r,stttw,2 -

          t
  Fig S

eg'



IOO Tatsuii 'UNo

                     g
                     R
                     41/)

                     f

                     s

                    ge･

                        ,? 0246
                            ' (egAS.r}8>S7t,s2

                                  Fig,9 '
              '
phur content of molten iron was high and temperature was also high, sulphur vapor

should be considered. When H2O content in gas atmosphere is rather great, values

of ps 2 reach very high and in these cases calculatigns done by the assumption that

pH? + pHpt == 1 can not l]e applied in practice. But this shows that in strong oxi-

dizing condition, much sulphur can be contained in gas atmosphere.

                               Con,eiusion

    On sulphur dissolved in molten iron, the author has carried on the calculations

like those reported in foregoing pqpers.

    In this case, although H, S, SO, and S, may be con$idered as sulphides in the

gas atmosphere, H!S and SOt! are more lmportant. When iron contains. much sul-

phur,at high temperature, vapour pressure of SL, becomes considerably large.
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