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Introduction

Reactions between FeS and mixed gas of H, and H,O produce Fe, FeO or
Fe,0, and gaseous sulphides as the case of mixed gas of CO and CQO,, which has
been previously reported by the author.” As gaseous sulphides, in this case, H.S,
S0, and S, are considered to exist and the formation of S0, is negligible on ac-
count of the very low dissociation pressure of H.O. Only one among Fe, FeO and
Fe, O, is stable according to the equilibrium relations shown as follows.

Fe, O + H, 72 3Fe0 + H, O oo ovvreeeeeiiiiiie, (1)
FeO +H,22Fe + HyO v e (2)

Although many observations are reported on these reactions the author uses the
results obtained by Emett and Schultz® 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.

log K, = log Dugo/D., = —3306.22/T + 3.455 ---...... (3)
log K, = log Duyo/Duy = —854.28 /T + 0.502 ----..... (4)

Using these equations the following table can -be obtained.

FeyO4+H28Fe O4+H0

temp. °C | 600 ] 800 } 1000 ‘ 1200
log pliz0/ptsg \ - 0.332 | 0.374 0.858 ] 1.210
Hs % 63.2 | 29,7 | 122 | 5.
H.0, % 31.8 l 70.3 | 87.8 l 94.2

1

FeOJH:2F e +H,0

. temp. °C 600 0 | w000 | 1200
log pHgO/PH, - 0.477 ~ 0.204 ~ 0.169 - 0.078

Hs, % 75.0 66.3 59.6 54.5

H,0,% 25.0 37| 0.4 45.5
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Formation of H. 8

On the formation of H, S, three reactions are considered,

FeS + H, 2 Fe +Hy Svvrerovireriiiii (5)

FeS -+ HyO 2 FeO 4 HySivvvvvrmmriimiaenainiiianaeen, (6)

3FeS + 4H, 0 2 Fe, Oy + 3HS + Hepooovvvvoeieeneenne (7)
Reaction (5) is determined by the author as follows.”

log K; = 10g Dus/DPry = —3910.28/T + 0.887----e0onnoo. (8)

From this, log K, at 600°C, 800°C, 1000°C and 1200°C are calculated as follows:

termp. °C | 600 " £00 1000 ] 1200

l
log K5 | -3.502 | 2.7 | 2,185 | 1768

When FeO is the stable product of the reaction, reaction (5) must be combined
with

Fe 4+ H,0 Z FeO 4 Hy oooorvvvreieiis (9)
Therefore, from (8) and (4), the following equation is obtained.
log K = 108 Diies/Digr = —3056.0/T + 0385+ (10)

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

temp. °C | 600 | 800 \ 1000 ‘ 1200

log Ko | -3,116 | 52,463 | 2,016 | 1690

Under the condition where Fe, O, is produced, reaction ( 7)) must be considered,
and this is obtained by combining reaction (6) with the reaction
3FeO + Hy O 2 Fey Of 4 Hyoovvvrveeenieniii (11)
Calculating from (3) and (10), »
log K; = log puye Plues/Dhi0 = —5661.80/T — 2.300---(12)

By this equation log K¢ can be calculated as follows :

temp. °C 600 { 800 1 1000 ] 1200

log Ky | 9,008 ‘ 7,763 6905 | - -6.280

From the above calculations, the following three equations can be introduced.

log Dros :log'Ks + log Dipgrrerererrrerroe s e (]3)
log Puas :10g K + log Ditgny sorrrererererermmmaea i (14)
3log pues =log K, — 10g iy + Al0g Dirgo wwereerrrmrereensenns (15)

Therefore, log pug is shown as a function of py, and pu,. At a given tem-
perature the following table can be calculated for log D
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1200°C | -1.772 ~1.689 | -1.432

log pmes
He % | 99 ! 95 | 90 | 80 ’ 70 1 50 30 } 20 ‘ 10 ‘ 5 1
Hgo%i 1 ! 5] 10 | 20 } 30 | 60 } 70 [ 80 | 90 ] 95 99
600°C | -3.596 | ~3.614 | -3.638 | -3.689 | ~8.639 | -8.302 | -3.003 | -2.807 | -2.721 | -2.507 | -2.340
B00°C | =2.761 | -2.770 | -2.803 | —2.854 | ~2.912 | -2.764 | - 2.618 | -2.454 | -2.286 | —2.154 | —1.897
1000°C | ~2.180 | 2,207 | -2.281 | -2.282 | -2.840 | ~2.317 | -2.171 | -2.118 | —2.030 | -1.898 | ~1.641

‘ -1.790 \ -1.814 ; -1.865 1 ~-1.928 | -1.991 | -1.845 | -1.787 | ~1.736

This relation is shown in Fig. 1.
Formation of SO,

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

FeS + 2H,0 2 Fe + SOy + 2H, -vveiivveeinn. e (16)
FeS -+ 3H:0 2 FeO + SO, 4 3Hy oo ovvveerrvcenniaian. (17)

3FeS + 10H,0 > Fe; O, + 350, + 10H, ------oovoovvvven (18)

The author determined the equilibrium constant of the reaction®
3FeS 4 10C0, 2 Fe, O, + 350, + 10C0- -+ vovereeee. (19)

as
log K5 = 1og DiogeDib/Dlib, = —52669.7/T + 22.438 ---(20)
The equilibrium constant of the reaction
HiO + COZ Hy 4 COy cvvvvreeeeineennniiiniaiiin (21)
has been precisely determined by many authorities and Maurer and Bischof® gave
the following equation :
' log K, = 108 Do, Pire/Priso * Peo = 2203.4/T + 51588 x 107° T - 2.5426
x 1077 T? —7.4617 x 107" T3 =23 - -ovevnns (22)
Calculating log K, beteen 600°~1200°C, the auihor gave a simple eguation for
this reaction as follows. . .
log Ky = 1775.87/T — 1.684--coiieeeneannnn. b (23)
This equation agrees well with equation (22) in this temperature range.
From (19) and (23), for the reaction (18) '
log Kis = 10g Do, DIt/ Difo = —34911.0/T + 6.098 --- (24)

is introduced and log K,; can be calculated as follows :

temp, °C [ 600 l 800 1 1000 - } 1200

lsg K‘s \ 7—7%%892 ) -26.438 l 7 7—2].328 \ ~17.603 -

Equilibrium constant for the reaction (17) can ‘be calculated from (24), and
(3) as follows :
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log K7 = 10g Paoy* Dhe/Phipy = —12739.07/T + 3.184.-- (25)

temp. °C ‘ 600 \ 500 k 1000 | 1200

log Ky ] ~11.408 1 -8.688 ‘ -6.823 | -5.464

'

Equilibﬁum constant for the reaction (16) can he calculated from (25) and (4)
as follows:
log Ky = log Dagye Pire/Dhe, = —13593.35/T 4 3.686 ----. (26)

temp °C ] 600 ’ 800 ( 1000 ; 1200

log Ko | ctsst | esss | 6w | b
{ i

From these results the following equations can be obtained :

108 Psng _ log Kig = 2 (08 Disy — Disso) «oeerereremnennees (27)
]_og pS()7 — log K” . 3 (]Og pﬂz — pIIZO) .................. (28)
3]0g Dy g = log K —10 (Iog Dag = p”ﬂ()) .................. (29)

Then if the temperature was constant log pg,, becomes the function of log py,
—log p,,., that i Du,/Du, . Fig. 2 represents the relation between log Dy, and log
plly:/pllg()"

When pu, + Pmey = 1, log Dy, is calculated as follows :

log psos
Ht, 2 3 ; ] g0 | 7 ) 50 30 ' 20 ’ 10, ‘ l 1
H,0 /; ’ 20 | 80 l 50 70 ‘ 80 | 90 | ‘
600°C | 15,875 ~14.442] _13.70%] ~13.088 —12.512" 11,297 -10,070) - 9,200} - 8.116] - 7 L‘i ~ 4,645
800°C | -12. 9/4! S11.541) 10891 -10,187) ~ 9,710 ~ 8,688 ~ 7.584) = 6.806) - 5.632 - 4550 ~ 2,161
1000°C | ~10.98, ~ 9.550, - 8,900/ - 6.196; - "7.798 - 6.823 5;719i - 5,017 - 3,928 - 816t
1200°C | - 9.583 8,110, ~ 7.550 - 6.746| - b.zm, - 5.404) - 4.360 - 3,658 - 2,283 - 1 6()0E 0.784

From these results Fig.3 is obtained.
Dissociation Pressure of S,

S, vapour produced by the dissociation of FeS has nothing to do with the gas
composition. ‘ '
Therefore from the equation described before,”
10g Dy, = —16916,4/T + 6.64-cocoooiriiiii (31)
log pye at 600°C, 800°C, 1000°C, 12000°C are calculated as fo_llows.

temp. °C } 600 { 800 | 1000 } 1200

log ps» ‘—]2/4 l —.) ]u 1 —6.657 ' 4,84
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Sulphur content in Gas atmospere

I‘rom the above calculations, at given H, 95 in H,—H,Q 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 the greatest
are also described here.

Hy, 2| 9 95 ’ 90 E 80 ’ 70 i 50 30 ’ 20 { 0| 5 | 1
H,0,9| 1 ‘ 1 ’ 30 { 50 70 ] 80 1 0 | ] 09
' | | i - ' '
800°C log pHgslog Dllqblog pHnSlOg pHaq‘lOg pllo Iog pHss log pu.slog pnnslog pn,slog 1)110510g PHaS
-3.596 | -3.614 | -3.638 | -3.689 l -3.639 | s -3.802 | -3.003 ] 97 -2,b697 | 2,304
S ! ? .
\ | [ ! dog pHgS
800°C log pHgslog puqs]og puoslog pHns‘lOg pUnS‘IOg pmS]Og pnnslog pmslog pnoslog PHyS ] g7
| 2,761 | -2.779 | -2.803 | -2. 854 | -2.912 | -2.764 | k | 2.618 | -2.454 | -2.286 | -2.154 10% pe0a
T I i " log pHySlog pH,s log Ditgh
1000°C log pu,slog pu3slog piisslog pnoalog plIaSlOg pifss log pnc.s‘log DHgS _z 000 Ci% _%9@ ggl .1()34f.
¢ 9.9 _9 9« ‘ __ . = 3 log psoallog pSoqilog psos
. 2,189 | 2,207 | -2,231 | -2, 283 2. 340 2,817 1 2,171 ! -2.11 5 58| 5. kag”| 20,457
1 HoS] HoS oS 1 HgS
oG 18 P“n‘JOg p“oslog piieslog pHnSIOg pHo%‘IOg pHaSIOg prgs 5 g io—%p736 % s !(i% is3
-1, 1 -1, ~1,814 | ~1,865 ‘ ,1 09 | . 1og pSOg! Iog posa log pSOo‘lOg PSoy
| 772 | 790 l 36 | 9 1,991 | 1,845 ‘ 50587 -3 2% 50571 6. 7en

Only the gases described in this table have important influence upon sulphur
content in the mixed gas of H, and H, O, and the other gases can be neglected.

Now, as both H, S and SO, contain %1430g.5 per 1 m? from above table S
grams contained in 1 m® at equilibrium state are calculated as follows :

Wi, % ! T I I O R O I M L
i ]
IR SRR AR ARAR AR AR
o | i !
8600/63 0.362 >J 0.%4-781 0. 5390; 0. z.wd 0. 3‘)83I 0. 71541 1. 4201; 1. %13‘)‘ 2.6084 3. 0160‘ 6.5365
m | i
lo§ s |-0. 44071 -0, 4586 -0, 4&7\ -0.5¢ 7“ 0. 1533 0. "580\ 0,4268 0 0083: 0.8154
i |

R 462’) 3,4468  5.0279 7, 4()11‘ 10,0316
0, 8693 ](\()M!
I

27,0023

v s}

o | |
2000 C /3.4796 2.3787; 2, 250% 2,002 | 1,751

S g/m3 % | | |
log' S | 0.3944 0.3762‘i 0. sz;; 0.301s 0.2435, 0.8914  0,6373 0.7 "014}
| i i
|
1

[ . ; |

1000°C 9. 2535 8.8788) 8, 4015 7.4703  6.5369 6.89120 9.6454 11,0239, |
|

S ms !
10§/S 0.9663‘ 0.94841 0,0244; 0,8733  0,8153 ().838Bi 0,0891; 1.0483 11,1308
. i

|
|
- 20.1277531. 893
|
| i | j |
|
\

1.8082, 2,7268

3.5149

|

|

JO | el I o s

éZOO/Cd 24.1670' 23.]9461 21.9505?» 19.5195‘ 17.0742) 14,6003 20,4847 23, ow 33,7223 64. 7047‘ 8748.71
g /ms 1 |

log S 1.3654, 1.3414{ 1.2005, 1,232 1.1644 1.310-1“ (5741[ 15279, 18113 8.9419

This relation is shown in Fig. 4.

From these 1'esﬁ]ts, important gaseous sulphide produced by the reactions bet-
ween FeS, H, and H,O is seen to be H,S. But at high H,O content or at high
temperature, S0, plays also an important role. ‘
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Conclusion

From the calculations on the partial pressures of H,S, SO, and S, as gaseous
sulphides 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 gases at the equilibrlum
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, Butas H,S is more
stable than COS, mixed gas of H, and H,O is preferable for desulphurization than
that of CO and CO, at the reducing side.
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