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Stwdiy on the eqaxgRfitsiffiwattffit between fiptasge, sedgekwaw

             eemedi CO-C02 wafixedi gee$.

Tatsuji UNo and Etsuro E{oMMA

      (Received Jan. 16, 1952)

                            M, rrn'tTockuction

. By the reaction between ferrous sulphide and CO-Ce, mixed gas, it can be

considered that S02 COS and CS, are ptbduced. Besides thetu S2 gas' can also

be considered to exist in the gas phase indepen,dent of CO-CeL. mixed ratio.

We have previously reportedi',?) some results of experi/ Ents /n,'which the pro-

duced gas was conditioned to be only S02 or COS Further, one of the authors has

reported3) some results of the case where the produccd gas is only CS2 and also
on the vaRour pressure of S2 gas koth calculatEd from the alreadY' ''known thermo-

dynamic data. Surnmarizjng thEse rcsults scme calculations have been carried out

on,the equilibrium between ferrous sulphide and CO-C02 mixed gas. Furthermore

some calculations were made on the cquiljbrium icetwecn sulphur in molten iron

::tda geOtiTteSOf-;oMmiXoeudr geaxSpefrri.OmMentthse. ali'CadY 1<nown thermody,namic data and some

                XX. wwquiXibriumbetweenferroussulphicte ･

                         and CO-C02 mixed gas.

    In case ferrous sulphide is in state of equilibrium with CO-COL, miked gas,

gaseous sulphides that can be considered to exist in the Equilibrium gas phase are

S07, COS, CS2 and S2. As for the case whcn Gnly SO, or COS gas enters into

the problem we have previously derived the relations, of which results have already

reportedi)'2), icetween pco2 and p,sofi or pco and P(os frem the experjmental data,

CSf gas was proved to be ncgligibe according to the rcsults ofcalculations carried

out by one of the･authors. S, gas which is produced by dissociation of ferrous

sulphide and of which the partial pressure'is constant at a given temperature in-

dependent of, CO-COL, mixed･ratio, was also proved to be negligible up to 1200eC

by calculation. By calcuatjons carried outupon the relation between Pco (Peo+Pco2

== 1) and Pso2 or Pcos over the temperature range of'600 to 1200"C, produced gases

that should be tal<en into consideration･according to CO-Ce, rnixEd ratio are
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   From the fact that 1m3 of COS and SO, each contains 1430g of sulphur

                                ' we calculated the weight of sulphur in
      LO
    ,,' lm3 of equilibrium gas from the partial
      J.s pressure of the produced gas and obtaiRed
   eq
   ) the relation between Pco (Pco+Poo2 ==1)
   E o･6 and log S(g/m3) which is shown graph-
   di ically jn Fig. l.
   v o･4 As is clear from Table'Z the main
    b   ""t gaseous sulphides that are produced by the
      O'2 reaction between ferrous sulphide and CO-
                                   C02 mixed gas are COS and S02, How-
      e4 dig- ,E>af･,,fa2 4 62v:6rh,:t,g,go.W.Zr,8?.M.P8,ral,Uge.C,O.,g,P.i:,Yg

          . Fig･i ofco-co,mixedratiowhileatahigher
temperature SOg increases with C02 enrichment at a very rapid rate as can be

seenfromFig.I,soSO,cornestoplayagreaterrole. .

             XXX, ecquiZibrium between sulphur in moZten

                     iron and CO-C02 mixect gag,

･ In the previous section the equjljbrium between ferrous suiphide and CO-

C02 mixed gas was considered. Next, we have investigated and carried out some

calculations on the equilibrium between sulphur in molten iron and CO-C02 mixed

gas. In such case SOL, COS, CS2 and S, can also be considered to be produced.

About S02, CS2 and S2 one of the authors has previously carried out some calcu-

lations and reported`) his results, As for COS, we carried out sorne calculations

using the equation of the formation equilbrium of CeS which was derived from
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   When we consider the equilibrjum between molten iron and CO-C02 mixed

gas, the･iron oxide in ･rnolteR iron that should be considered is only FeO. When

CO/CO! ratio exceeds a certain value, the formation of free FeO does not occur,

but with tihe eririchment of C02, molten iron becomEs saturated with FeO･and the

formation of ,free FeO phase begins. In such case, at the equilibrium state whole

content of Fe shouid be turned to FeO and consequently the expressipn [S,'] (sul-

phur in molten iron) would be inappropriate, however, as far as rpolten iron exists,

such expression should be allowed to show a tendency to equilibriupa.

       , .' (i) Wormatiorx of COS ' "
                      t/             /t
    The following two reactions can be considered for the formation of COS.

       ･ ･- ･･ , [S]+CO:COS (1),,
            ･･･' [s]+co,:[o]..,+cos (2)
  /.Thereaction(1)g,anbederivedfromthefollowingtworeactions. ...

   .' 'CO+1/2 S,:COS                                                           (4)
    Against reaction (3) the following equation `is given by S. Matoba and T. Vno5'

              logK3-logPkf･2/[S]:-9174.3/T+2.704 (5)
Against reaction (4),we have cornputedtl) the equation ' '･

             logK4==logPvos/Pao.Pk62=:6443.5/T-5,418 (6)

    From equations (5) and (6) we can derive the following equatjon against

reaction (1)

           logKt"=logPaos/Poo･[S]=-2730.8/T---2.173 (7)
    Then, by combining this equation and the following equation which was given

by Sanbongi6) for Fe-C-O system

    ' C02Z[O]s.;SatinFe+CO ''''                                                            (8)

                 logKs=logPao/P.o2==-4158.8/T+3.24 (9)
We can derive the foliowing equation for the reaction (2)

           logK2=logPoos/Poo2.[S]=-6889.6/T+1.07 (10)
    Reaction (1) is valid for the range where molten iron is not saturated with

oxygen, while reaction (2) is for the range of saturated molten iron.

    Equations (7) and (10) may be expressed as

                   log Peos :log Ki + log Pco + log [S]

        and logPoos=logKr+logPoo2+log[S]
respectively, so log pcos is functioned by [S], Peo or Pao2･ Assuming (Pco + Pco2)

to be unity, the value of Jog Pcos at a given CO-CO, mixed ratio and [S] %

can be computed as shown in Table 2. ･



l94 Tatsuji'UNo, Etsuro

       Table, 2
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          fii)Sulphurcontentintheequilibriumgasplaase,' '
 /

   Here, we are going to consider the content of sulphur that can exist in the

equilibrium gas phase when CO-C02 mixed gas is in cquilibrium state with sul-

phur in rnolten iron. As for SOft, CS: and Sp gas we used the previously report-

ed`' data and for COS the above described ones.

   The details of calculation will not be given here. Gaseous sulphides in the

equilibriurn gas phase that should te considerEd according to [5] % and CO-C02

mixed ratio at 1500, 1600 and 17COOC are listed qualitatiyely jn Table 3. In this
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    From the fact that 1 rn3 of COS and Seg Each ccntains 14･30g and 1rn" Of S2

coritains 2860g of sulphur we derivcd tLe su]phur content jn 1m3 iof equilibrium ,'

'･ gaS from the partial pressure ot produced gas and computed the relation between

 Peo (pao + Peoff == 1) and log S (g/rn:')･ The rEsults are shown graphically in Figs. '
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    It is clear from these tables and figures that S02 plays a main role over almost

the whole range of CO-C02 mixed ratio while COS should be considered only

when CO exceeds 50 %. ,Further, at higher temperature S2.can ptot be ignored at

:i{h.zr,s,E･ ･tk-･,ti6 F.'i;ili}.#iggi z.t?,,7G¥ w,waig,eE･.t{al."e,dsr,zts･ggg.o,xi,2izi:-i,a m,g2zh,:･:,e

atmosphere only a small amount of sulphur can exits.

                           XV,, eoxxelusions

   When ferrous sulphide is ip a state of ,equilibrium with CO-CO, mixed gas,

assumming SO?, COS, CS2, and S? to exist in the gas phase and calculating their

par.tial pressure, we have obtained the main gaseous sulphide at different CO/C02

'mixed ratios and further computed the amount of sulphur that can exist iri the gas

phas'e at the equilibriurn state. From these results it became clear that COS plays

a rnain' role even at rather high C02% range, however, at extreme high C02%

range S02 supersedes COS. Further we carried out some caiculations on sulphur

in mo]ten iron in which case the partial pressure of gaseous sulphid6 in gas phase

is affectqd by sulphur content;in molten {iron., In this case COS and S02 also

Iecoyme "e main gaseous sulphides. SO, has become the main gas aireaqy from

high.C9% rapge and.COS comes into the problem only gyer the range whe.re CO
etteegds 50 %, and also at higher tepa,perature S2 gas can not be ignore.d at higher

[s] %.
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