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                              Xntrodu,ctien

    Reactions between FeS and mixed gas of H2 and H,Q produce Fe, FeO or

Fe,Pt and gaseous sulphides as the case of rnixed gas of CO and CO,, which has

been previously reported by the author.i) As gaseous sulphldes, in this case, H,S,

S02 and S! are considered to exist and the formation of S03 is negligible on ac-

count of the very low dissociation pressure of HLO. Only one among Fe, FeO and

Fe304 is stable according to the equilibrium relations shown as follows.

           Fe3 04 d- H, .'---'- 3FeO + H, O -････t･ny･-･･-･･･････････-････.･..( 1. )

           FeO +Hl,121Fe +H,,O･･････t･･･････････t･･-･･･････;-･･(2)

   Although many observations are i"eported on these reactions the author uses the

                                                                    '                                                                 'results obtained by Emett and Schultz2' 'for his calculations. As Emett and Schultz

                                    '                                                'did not show their results as a function of absolute temperature, the author cal-

culated the equations as follows.

           Iog Ki :: log pg,./p,[,, = -3306.22/T + 3.455 ････..-.･ ( 3 )

           log K, =- log pii..o/pii, :=-: --854,28 /T + O.502 -･･････`･ ( 4)

   Using these equations the iollowing table can be obtained.

                         Fe:sO.i+Ha23FeO+HflO

telllp. "c
['

l
600

log pHflolpug

   Hth %
   H,O,%

-- O.332

68.2

31e8

800 l iooo ,l 1200

TpmV uattmaMmm

O.374

2g.7 I'
     I
70,3 l
     l

O.858

12e2 [
s7os I

 l.2]O

5a8

9,t.2

.ruua.

vam

FeO+HL] ;:Fe+HL}O

temp. "c l

log p1-l2O/P/tlL,

  Hfi, %
  }IgO,%

6PO

- O.477

75.0

25.0

l 800 l

i IOOO E 1200

pm-rT

-O.294

66o3

33.7

-O.169

org.6

40.4

-O.078

54.5

45nOtr

rm
.t
.. E



             EquHibriumbetweenFeSandMixedGasofH2andH20･ ･ 85'

                        Wormatiozx of ma2 S

On the formation of H2S, three reactions are considered,

        FeS --- H, : Fe + Irlg S-･･-･--･-i-････-･--it････---･t･･-( 5 )

        FeS + H, O ',-" FeO + H, S･･･-･･-･･}--･･ny-･･････T･･･`･-･･･････( 6 )

        3FeS + 4H, O = Fe3 O,i + 3H£S + H,,･･･-･･-･･-･･-･--･t･･･( 7)

Reaction (5) is determined by the author as follows.3)

        log Ks == log p",s/pi{, =- --3910.28/T + O.887････････-･･･( 8 )

                             ,From this, log Ks at 6000C, 80eOC, 10000C and 12eOOC are calculated as follows:

                                   '
         ur inua zaMma==bum anwbabetmg'4a==.Mlternp. oc
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    When FeO is the Stable product of the reaction, reaction (5) must

with

           Fe + H, O 2 FeO -- H,･-･--･････-･-････--･-･=･･-F･--･( 9 )

   Therefore, from (8) and (4), the following equation is obtained.

           Iog K(} := log pii-.s/piT,･, =- -3056.0/T + O.385･････--+････(1O)

    By means of this equation, log K,, can be calculated as follows.

                             ne ., im-

be combined
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Under the condition where Fe, 04 is produced, reaction (7) must be considered,

this is obtained by combining reaction (6),with the reaction

        3FeO + H2 O : Fe3 04 + H,----････････`････････-･･･････---･(11)

Calculating from (3) and (10),

        log K} = log pi],.ep"i,,s/p",,,o =: ･--5661.80/T -- 2.3eO-･･(12)

By this equation log Ktie can 1]e calculated as follows:
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    From the above calculations,

         log p"2s ==log.Ks + log

         log pH2s ==log K[; + log

        31og pii2s =-log K7 - log

    Therefore, log pn,s is shown

perature the following table can
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the following three equations can be

pti,.'''''t''''''''''-''''"-''''`････････'･･(13)

p.,f,･･･････--･･････-･･-･t･･･ny･････････-･(14)

P}i2 + 41og ptT,,,, --･･--･･-･･t･･････--･( 1s)

as a function of pii,. and pri,o. At a
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    This relation is shown in Fig. 1.

                            eworraation of Sg?

                                              '
    In the case of S02 formation, the following three equations can be considered:

           FeS + 2H,O 2 Fe + SO, + 2H, ･････-iiny･･ny-･ti･････,･･･--･(16)

           FeS + 3H,O : FeO + SO, g-- 3H,,-･･-･･･････････････････-･･･(17)

          3FeS + 1OH20 Z FeB 04 + 3SO,, + 1Ok -･･-････････-+･･･e(18)

    The author determined the equilibriurn constant of the reaction")

           3,FeS + 10CO], : Fe, O,, + 3SO, + 1eCO･･･-･･････････････(19)

    as
           log Kig = log pgo,epi,"o/pLOo,= --52669.7/T + 22.438 ･･･(20)

    The equilibrium constant of the reaction

           H,O + CO 2 HI,, + CO, ･･b･･-･-････････-･･･････-･･･..-..-...-.(21 )

has beefi precisely determined by many authorities and Maurer and Bischof5) gave

the following equation:

           IOg K2i == log peo?, pii,/pii2ospco =- 2203.4/T + 5.1588 × 10'-fiT + 2.54.26

                   × 10-7T2 -7.4617 × 10'ii T3 -2B ･･･J･･･････-(22)

    Caiculating log K,, beteen 6000--12000C, the author gave a simple equation tor

thisreactionasfollows. ,
           iog K. == 1775.87/T - 1.634･･･-･･･････････-････e･･'e ny--･･b･･･(23)

    This equation agrees well with equation (22) in this temperature range.

                                                           '    From(19)and(23),forthereaction(18) ･
           log Kis = Iog pts'o,,epll',/pl?,o = -34911.0/T + 6.098 ･･･(24)

isintroducedandlogKiscanbecalculatedast'ollows: .

                     ttM O"tdcv.um' an='munvyE N].t 9.illi.Pt oc
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Equilibrium

as follows:

constant for the reaction (17) can be calculated from (24･ ), and
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    From these results the f'oliowing equations can be obtained:

          ' log pso, ::-= log Ki6 - 2 (log pF,, - p,JL,,)) ･････････i･････--･ (27)

           log pso, == log Ki7 - 3 (log pii, - pii2o) ･････････L･･t-････(28)

          31og ps ･, =:= log K,s ----1O (log pf.:, -- pii,,o) ･･-･･t･･･-L･･･i･･･ (29)

    Then if the temperature was constant log p,o, becomes the function of log pH,

p-
,.:,9fft,,,P.:2'' that iS PHL'/PH2･ Fig･2 rePi'eSents the relation between,log p,.,. and log

    When p", + pll,)==- 1, log pso, is calculated as follows:
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  ptpmmutan ' 'za    From these results Fig.3 is obtained.

                                             '
                        ewissoeiation Pressva7e of Sg

                                                    '
    S, .v.apour produced by the dissociation of FeS has nothing to do

composltlon. ,
    Therefore from the equa,tion described before,")

           log p,, ==- --16916,4/T + 6.64･･･-･t･･･-･t･-････････.....･.....(31 )

    Iog p,,, at 6000C, 800eC, 10000C, 120000C are calculated as follows,

                                                        .
                                            '            te:hp, ec Mnvl......6.g.g... .l. .seonm"FIli.}.s.]-e.g.-.-.l" i2eo
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SuXphur eontent in Gas atwaospere

    From the above caiculations, 'at given H, % in H,--H20 mixture, gaseous

sulphide which shows greatest partial pressure･is tabulated as follows. Besides this gas,

some gaseous sulphides whose partial pressure is greater than 1/100 of iihe greatest

are also described here.

                                            '           '''･'-Eff' ･'an:..m･..ttmo.ur.-.･.,･･ .-rpt-IrSVmmJru H,,%lgg1gslgoIso 7ol'srmo 3o 2oilolsll."-m
                                                                    tttttt -ttt      .... -.... ttt .... .... . H,o,% lls1]ol2o 3olsoI7oiso1goIgplgg
  6oopclii2g,.:tsigSi･i2g,.z'1'x-//'li2gb,.k'ggSii2g,,.zg,-sligg,.z.gf6-li2g,.:gssli?g,.:gs/sl,i2g,.k)ts';sliyg,.eggsE,igg,ggi;Sii?g,.l7,}d,L'S

        tt tt  soo.c llog p}te.sllog pH2sllog p}igsilog pH2.slllog pt-J2s:log pill2sl]og piilslog pHEsJog pH2silog ptiL,sliO"gl.PsHg9S

        -2.761 l -2.77g -2.so3 i -2.ss4 I -2.gl2 I -2.76`i [ -2.61s i -2.454 1 --2.286 i -2.154 llO"g2R2･lfl2

             'l' l 'l'' ''l"-'1 i'1  ioooocigg,.iig,2SiOmg,.e,g;Si2g,.gg,2Sl9g,.Zg,2SIi2g,.Zi[sSBg,P,il,2S･i2g,.?:k'SIi9g,.?}t,L'Sl/igElg}/3sul/igg.lik/eell&gt?IPl,i.i.S.

pt...::･1:coo'6i2g,.??E""iiig,･el',7.sl'2g,.z',iis[i/i..ixg"si/i?g,gg.;,.si･it.E.giaj4･i2g,,./Lts'}ilg,/L:i12'.Z,i,iitigS?g,11gs",Slllige･'6'11I/7#s:106gg:'/e'll'i,i/f,

    Only the gases described in this table have important influence upon sulphur

content in the mixed gas of HL, and H,O, and.the other gases can be negfected.

    Now, as both HpS and SOfl contain 1{1430g,S per 1 m3, from above table S

grarns contain6d in 1 m3 at equilibrium state are calculated as follows:

          ww'･ull ' rmmo,nm#"･ .･'anmomo.''lnlH2, %
H20, %

 600o･c
S glm3
log S

 soo" c
S glm3
log S

11 OOOo c

S g!m3
log S

99 1 g,

   Iil

l go 1 so I 7o l so

sI io l
o.362s o,347sl o.32go

     l[-O.4407 1 -O.tl586i -O.4g27

20 l

i
E

lk 3o

 3o l s8           I

     llO.3283     I O･.7134r

-o.4s}s71 :O.146Z.l･

70

I 20

l so

i iO

l

:
L

1 5 f l

+

E

   '-'l
1.42011i 1.8132
    1
O,]523 O,2585
    I

90

  "l
2.6bts4j
O, t265
    1

95 I g,

O.2926i

-O.53:S7L

                  !ti:11,-,g9,?i, i-,I:3X,7I :ligS8,l i,llj'[li,I.     lll.75]8
    I
o.L4 ?'?i

    1
2 4625
 'I
O.3914
    .I

3.446o

O,5373

1

+

5.0279

O.7014

L

r

L
l

l

7g4017

O.8693

1

L

     T
113.5149i,

 1,13osl

   "j
     13,S.7223
     I
 lo5279
     i

:i6165[ 6.5365

    I
O.5o83 O.8154
    i'
     1
110.03151 27.C)023
     i
1.001til ].4314
     1

     1
9.255'5,

     l
O.P663'

     II '

2il.1670
     ' 1.3ss,21

    18,8788i

O.9484i
    1

          I      7.47038,4013,
o.g244I･ o,ts733I

    ii

6.5369

O.8155

'l"

l
t'

    '6o8912    I
e.si',8Bi

]200" C

S g/m3
log S

     L'
9,64･54

o,gsglI

 -1
20.4347t
     1 1.31ol
     1

l1.0239

 1.0I8S

     123.6662
 l.37,llI

  wwi

     I20.127753I.893
     l
 'l.30321 2.7t,58
     1

     1
23.1946!

 1,3654i

     1

     11            17,0742i･      l9.519521,9505
 1.3414i 1.2gosl 1.2323i'

     li[ym'' ''um'-unz=htww','.an
    This relation is shown in Fig.4.

    From these results, important gaseous sulphide

ween FeS, H2 and HL,O is seen to be H,S. But at

temperature, SO, plays also an important role.
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ConeZusion

   From the calculations on the partial pressures of H2S, SO,,and S£, as gaseous

sulpbides produced by the reactions between. FeS, H, and H, O, the author calcu-

lated the sulphur content in gas atmosphere at equilibrium state.

   By this calculation, H, S and SO, are the important ga$es at the equjlibrlum

state of the reactions between FeS, H, and H,O. This is similar to the formation

of COS and SO, in the reactions between FeS, CO and CO,. But as H2S is rnore

stable than COS, mixGd gas of H, and H,O is preferable for desulphurization than

that of CO and CO, at the reducing side.
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