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I. Introduction

Investizating the contents of Copper metallurgy which has been perforrﬁed up to the present,
it still remains in the stage of describing the arts of metallurgy in detail which have been empiri=
cally  transmitted since old ‘times and we can find little results in it which have been obtained from
scientific research‘es.‘ Therefore we must go forward and investigate many empirical  facts from
the cl(lemico—physical‘ points of view and furthermore develop it up to the point where we can draw
quantitative conclusions for the many rules-of-thumb methods. Especially if we ‘assume various
‘changes in the smelting conditions in the future, it is positively” necessary for us to open a new
theoretical field and to resolve these problems on the more scientific and definite ground in order
to draw appropriate metallurgical conclusions in accordance with circumstances.

In- consequence of remarkable development of chemical thermodynamicé, it has also been applied
to steel making and the time has arrived when the processes of steel making' are studied from a
chemical and tliermodynamic viewpoint.  But in the field of non-ferrous metallurgy no researches’
have ’yet been made up to this day. '

Tn this sense, it is the aim of my research to investigate various phenomena in copper metall-
urgy thermodynamically and to contribute to the improvement and development of the operations ==

in copper smelting.
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1I. Determination of the chemical constant of sulphur
vapour S, from. the equilibrium.

between ferrous sulﬁ)hide and hydrogen.

When we put forward the chemico-physical consideration on many chemical reactions occuring:
in the process of copper smelting, we must first of all ‘calculate the affinity between copper and
sulphur.

’ Thefe are cuprous sulphide and cupric sulphide as the compounds of copper and sulphur. And
these ‘two. compounds are very important, as they are the chief components in copper ores. As it
is generally known that cupric sulphide.dissociates in-high temperatures and turns t‘() cuprous sul-
phide, I shall consider only cuprous sulphide in the present paper. : )

In order to determine the equilibrium equation of 2Ca S.T—-- 4C; + 8 (y), it is necessny to
determine the chemical constant of sulphur vapour & And so the author calcuhted the chemical |
constant of 8, gas from the reduction equilibrium of ferrous sulphide by hydrogen, as this has been .
investigated by comparatively many investigators. ‘

OF,8 S OF, + Sy(g)  evevvverenmniniins i SN (1)

In the reaction shown in the above equation, the dissociation pressure of ferrous sulphide is so
small that we cannot measure it directly. —Therofore we must calculate. it indirectly from the
reduction equilibrium of ferrous sulphide by hydrogen.

ES + H, ,AFe b HLS e SUITPIRSINISEOR ST e (2

OHLS = OHy + Sa(g) +revverersmeene T PR PUPPT e nraee e e e tara 3)

Now if we represent the equilibrium constant of equation (1), (2) and (3) as Ky, Kpr, and
Fc.ta. 1

Kpu] respectwely, we may denote as follows.

ﬁH 28
Kprp=—
rrr

a:
_ Dicts: .
K» rol
P birs ‘ . .Bw_ﬁ"ﬂ}
Hence K}u"—‘-“ Dgr == K#r1eKprrr

or log Kpr= 2log Kpir -+ log Kpyrr +++ @ °°r

Though the reduction equilibrium’ of ferrous
sulphide by hydrogen has been investigated by E.V. .ﬂi,o‘
Britzke and A. F. kaupustinsky®, L. Biener®, K.
Jellinek and Zakowski®, K. Sano® and S. Matoba
and T. Unotoro® hitherto, their results show or
large differences (see fig 1). But the values det-
ermined by Sano, which have been obtained by -30l
circulating Method and those of Matoba and.

Unotoro obtained by flow method coincide fairly

with each other. . Therefore by adopting Sano 70 80 9.0 10.0

AN
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Matoba’s values, we have the third column of the table I

Table L
K log Kpr log Kprr log Kprry : investigators
- 976 —10.783 - —3126 --4.531 Matoba and ‘Unoloro.
1062 : -~ 9.304 --2.788 —3.738 Sano,
1073 — 9.087 —2.694 | ’ —3.649 . Matoba and Unotoro.
f1082 0 - 9026 —-2725 —3.576 Sano.
1125 © - 8478 —~2.615 © o —3.248 J/
1129 - S — 8.364 . —2.573 -3.218 Matoba and Unotoro.
1144 — 8.208 : — 2.549 —3.110 Sano.
2 — 7.899 ~2492 ~2915 | )
1173 — 7.839 ;e ~2.466 - —2.909 Matoba and Unotoro.
1273 . — 6.628 -2174 - ~2.280 y

In regard to the dissociation equilibrium of (3), the following equation has been given by Lewis
and Landall®, ‘ 4

log Kprir = — %) -+ 0.947 log T + 0722 10-°7 — 162 10~ 7T’ +0.722 +ooeeee(5)

The values calculated from this équation mcely coincide with the actual measurements as shown
in the table II, Hence, if we adopt this equatlon and calculte the values of log Kprir, we obtain
the fourth. column in the table I. By substltutmg these values in the equation (4), -we can fmd‘
the values of log Kpr. - The values log Kpr shown in the second column of the Table I have been

calculated in this way.

Table 2.
2H0S 2 2H 3 + Salg)
investigators T K | _ log Kprrr (obs) log Xpryz (cale.)

< preunner, Schupp. 1023 . —4.050 -4.070.
r o, P 1103 ) —3.420 —3413

y » : 1215 © 2600 —~2.618"
v, » ’ 1338 1928 1919
Randall, Bichowsky. 1362 ~1.804 —~1.794
Preunner, Schupp. L 1405 o —1A.586 —1.5681
Randall, Bichowsky. . 1473 - T —71.286 ~—1.268-

v, 537 T 0980 ~0.998
o, P . 1667 : —~0.514 —0.5%2

By Vant Hofif’s equilibrium equ'mon under constnt p1cssure, we have
d.Kp _ 4AH
4T RI®

dH i a function of temperature; but we can regard 4H as constant over a small range of

‘
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temperature. If we represent the equilibrium congtant at two different temperatures 7} and T as
Kp, and Kp. respectively and assume that 4H is constanf between these temperatures and then inte-

gurate the equation (6, we find

AH = »};Tl o 4, 5711 _KP ...................... SETPRERP seievereenne. e [ : (7)

Now putting T} = 106‘? and Ty = 1082, we see that the experimental value of log Kp and 100'
Kp,is —9.304 and —9.026 respectively from the second column in the table I
Substxtutmg these values the equation (7), we have

AE s == T3024 cvrverrererrnerenrerainn, e e e —— e (8),

And from the reaction (1), the following formuh is obt'uned

AH = AH0+2!01,1,1T+fG,JS(zT 2 { Cue AT oo, 9)

Miething’s table” shows,

200 :
S CordT = 1007 : \
0. T . .

Kelley® gives the following equation as the heat capacity of iron.
a: Crpg.ay=413 4638107  (273~1041°)
a>f:  AHoq = 340 ‘
B: Grrepy =612 +336 1077 (1041~7911)

From these equations, we can calculate as follows. )
{072 ' ' .
. S 011,6(1]—7937 .......... e s (10)

The heat capacity of ferrous sulphide FS at low temperéture was determined by Anderson®

- from 57.9°K t0296.0K, As the heat capacity below 100°K, he also gave the following equation.

() !
C,I,“S__D< 09) E<37O> ....................................... s (11)

But D( ) represents Debyes’ functmn and E(~4~)E1nstexlls function. Above 290” Kelley

gave the following equation.
a3 Grrescay =203 +390 107 (273~411) ‘
a>fB: 4H,, = 1060 , : ’
C B: Crrespy=1205 + 273 10T (411~1468)' _
Accordingly, if we adopt equation (11) from 0°K to 100°K and above 230°K the above Kelley’s
equations and then calculate émphlmlly from 100°K to 280°K usmg Anderson’s data, the result is as

=

S(b”m(lf_ 14628 wovreernereenns T e e s SR, (12)

Since we may consider that the heat capacity of diatomic sulphur §; is equal to that of oxygen,

"GOO> to vapour S, which Eucken gave for the ox-

..1

if ‘we apply the equatlon Crp= —7—1’ 4+ R+E

ygen, we find,
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1072 . - - . .
S Crg dT =TT09  covervroirereiiiininienn FUTROPP, FRPTS e (13)
o s ; : :

If we calculate 4H., substituting (8), (10), (12) and (13) into the equation (9), we have
AHy = T80T +vvevremsevesseneniensins SUTTROU SURTOTURTN e (14)

On the other /hand, equilibriixm cqu'ltion of the chemical reaction (1) is represented by

o : _4H, dT 3600
- y = BSlogT + — - ReE T
log Kpr==log e = — oy +851og Tk ~1 S s 8 ( T)
S 2 (4l 2 (dT
CrwedT — presdT - T
451 3 S iPPe ()71 S SF[Ip( '{ ra

Finally, substituting the value (14) in the above equation, we hwe .

17216 3600
—_— | e Y 3.5 log . d
log Kp;=1logps = T +38.5 log T—}-‘ 45{13 - SR E( ) 1
2 (4T 2 dT
- Oy ZT & CrpesdD - Tp  woveveveneninn 15
4571& T’g e 4”71S : g e ’ 5

The results of the actual calcnhtlon of e’tch term in the equation (15) at several different tem-

peratures are shown in the table 3. The term Z%ﬁ\ilISFE()(;()O) dT has been calcqlated from
‘the table of Landolt- Bomqtem“‘) and the term 22 S ar
4571y T¢
—LS iT—S C])F@,gllT below 280"](, the author has taken the graphical met-

4571 T¢ ,

1 .
hod, plotting various absolute tempemtuzes as abscissacagainst ——— T CrpegdT as ordinates. Above

S(‘p; ood T lm been from Schenk’s table'®,

For the values of —

i

280°K, Kelley’s equations have Been used.

_ Substituting the values of each term thus abtained into the "equation (15) and calculating Jp,
we get the eighth column in the table 8, where the average value of Jp is 2.45. From this, it
~ follows that the chemical constant of vapouf sulphur 8;is equal to 2.45 aund the eduilibrium cqu~

ation of (1) is

17216 1 sz 73600
o Kpye= T e T + f'] + —_— R N 2 ST
log Kpr=log2s:- T 8 45715 SI ‘£ T)
) 2 d1 2 dl
_ L el DA cerreeinnins
4.5718 T Xp“"’T 4571 S ™ Sp’ ol + 2.45 16)

The seventh and the ‘Iast column in the table 3. show the comparison of the experimental -
values with the calculated values from équation (16). '

Now if reciprocals of absolute temperatures are plotted as obscissae and common logari thms of
the equilibrium' constants as ordinates, we have the Fig 2, in which we see that there is a linear
relation between log pg and 1/T. l

Let us consider the free energy of the formation of fegrous sulphide.

OF, + S (g) = o OB, vt e )

If 'we denote the equlhbrmm cbugtant of this equatiom by K’py

K pr= —
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oo logK prs== — l‘og Kpr = — log p

........................................................... (18)
The free energy for the reaction (17) is represented as the following equation )

4F° = —RTlog K'r; o

= e ABTITIOE K pp werevveenseiniinncniniseniinas et e e cereeenn(10)
From equation (18) and (19) we have S

AF° = 4BT1T log pg: ++vvverers e ) ivvirerrerereenierger et ieeraarens NORUR (20)

Substituting the values of the last column of the table 3 into equation (20) jand calculating free
enrrgy 4F°, we obtain the table 4, ‘ ‘

- 60}

ch?/

~10].

=q.0}
o
SV
I . H ” 1 )
20 4.0 o I
Table 8.
27% 8 227 + Su(g)
» ] ) J O O -4 :
TR\ 17816/T 85log 7 OTIITE 2 14571 ,Tﬁj | Tamm 7%) log Psfobs)|  Jp | log pg:(cal)
- R'E<“7~" )d I Crredl’ Crposdl ’ ‘
978 | —17.694 | 10.458 0.011 8.780 — 9674 | —10783 | 2.336 | —10.664
1062 | —16.211 | 10.591 0.015 4.065 —10193 | — 9.304 | 2420 | — 9278
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1078 | —16.045 | 10.607 0.015 4098 | ~10.261 —0.087 | 2549 &~ 9.181
1082 | —15.911 | 10.620 0.016 4.126 ~10,304 —9.026 | 2497 ~ 8.998
1125 | —15.303| 10.679 0.018 © 4257 | —10.538 8478 | 2409 | ~— 8432
1129 | —15.249 | 10.684 0.018 4.270 —10.564 ~8.364 | 2474 | - 8.386 .
1144 | -—15.049 | 10.705 | ~ 0.019 4314 ~10.648 ¢ —8.208 | 2451 — 8.204
1172 | —14.689 | 10741 0,021 4.399 —~10787 | —7.899 | 2416 | - 7.862"
1178 | —14877 | 10.743 0.021 4.402 —10.787 ~7839 | 2459 . - 7.843
1278 | —18.524 | 10.867 0.027 © 4.693 " 11.988 —6.628 | 2597 — 6778
aver 245
Table 4.
x| 973 1062 1 1078 1083 } 1125 ’ 1129 1144 ] 1172 | 1173 1273
. i |

| .
¥a4° ‘-—47429i —45039 | ~44785 | —44503 | —43361 | —43277 —-429011 —42118 | —42052 | —-39406

III.  The theoretical calculation of -dissociation
pressures of cuprous sulphide
in the reaction 2C;S5==4C, + S.(9)

’

’ meg»-—”t‘gtiaw_;.gud(g) T et vereaens v (21)
The dissociation pressure of cuprous sulphide is so small that we must determine it indirectly
from the .reduction equilibrium GyS + Hy==2C, + H in the same manner as ferrous stlphide. -
But here the author Vcalculates by usmg' the chemical constant of sulphur vapour 8 which has been
gained in the previous chapter. ' ' ' y .
Now if we represent the heat content of the reaction (21) as AH, we see ‘the followiné equa-

tion. .
AH = 4H, + 4 Sopmdﬂ S(}p,s_rlT—— 2 gcpfﬁwzz* e 22)

From the table of Miething, we see

/

Sm‘;)fm,zT = 1180 crervererrerens e e S e ©3)
il - -

If we assume that the heat capacity of 8 is equal to that of oxygen and calculating from

TFucken’s equﬁoh Cp= % R A R;E(Dgg)

0 n .
), the heat content of & is as follows.

S”}bde QOTL  +rveerrets sttt 24)

Concerning the -heat capacity of cuprous sulphide at low temperatures, Anderson'® gave -the

following equation below 80°K.
92 379
Cp=D{*= 2D ——
. D( ) + D< 7 >

He also made actual measurments from 58K to 292.°K Then up to 80°K we use the equation
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Cp > + 2D<2‘9) and from 80°K to 208K we calculate gC;dT gmphxcally by usmg And-
erson’s d1ta. The result i is

LI '
\ CronsdT == 3830 rrervricerirmniimmiacninn, e i--(25)
314 . &

Heat of reaction of 2Cz+ == (S has been determined by Wartenberg' who has obtained
«1500 for 4H by direct method. While for the reaction §(g) &= 28,y Lewis and Landall'® have
given AEI;:‘,\": _— 29’;00

Hence 405 + 28 5y =205 8 AHs = — 38000
S.(ﬂ) [Q“—‘:—\—' 28(?') AH g = — 29700 -
adding 4G, +8()=>2Ca8 -~ Ay =— 67700
Therefore in the reaction (21), 4H g is equal to 67700, ; ,
o A 0o == 67700 cvveeei ST (26)

Substituting the equations (23}, (24, (25) and (26) into the equation_(22), we can calculate the
value of 4H,. The result is as follows.’ ) ) .
AH, == B85T0  c-vrerrreesrneoieiiiiiniiiiii, i s et ey Ceeeeas 27
Now if we denote the dissociation pressure of sulphur vapour & by s, the equilibrium ‘equation

of (21) is rleplesented as

] 4H, 1 dT 3600 4 aT (|,
G Pog = - oF AT —_ Y& y
log sy = — =0 + 8510 gT+4r,13 SR > ) ¢4_571§T230pc J7
2 dr¢
i : Corie AT - Tp evere erreeenes e rerre it e e et et aats 98
4‘5718 \ orac sl +Jp )

The value of 4Hy in. the first term of this equation is given as 68570 from the equation (27)

1 ‘dT R+ E(%OO> dT can be calculated from the table of Landolt-Bornstein.
4571} T’

According to the table of Miething, the value of the fourth term is equal to 7.10 at 600°K.

00
o g dT\ Creadd = 7.10
Jo

-and thesthird term

T

~

' 600 .
Above 600°K, we adopt the following equation by Kelley and S CrendT = 3012 by Miething’s
. : ' . ~ "O - .

table.

Finally let us c01151de1 the fifth and the sxxth terms. Up to 298° we can gcalculate — ,_2__‘@‘ |

4571} T
Crewsdl gmphxcwlly from the expenmentwl dam of Anderson and over 298K from the following
equations which have been given by Kelley.
a: Creps=9.38 + 812 « 10-°T
a>B: AdHg = 1340 ’
B: Cras=209 &7 ]
If we use the chemical constant Jg = 2.45 obtained from \the dissociation of ferrous sulphide

and substitute it in the equation. (28), we see the following equilibrium equation.
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log pin = — = 3.5 log i 4 (d o
ogf’s + 45.-.13\3{,813 E( T ) 1’+4071gT’ ,SGIC T
2 . '
4 571 g gGIW SIZT -+ 2 S S T T T T P (29)

Calculating each term of the equation (29), finally we have the results which are shown in
the table 5. Substituting these values into the above equation and calculating the common logari-
thm of equilibrium constant logKp:, we can determine the dissociation pressures of cuprous sul-

_ phide at different temperatures; The results are shown in the ninth column of the table 5. »

Plotting the data of the second cslumn as abscissae and the ninth column in the table 5. as-
“ordinats, -‘we see that the izadivjdual point falls ’beautifully upon a straight line as shown in. the
i Fig. 2 ) ‘

If we denote the equlhbuum constant of the reaction 4 € + So {g) =2 20 Sby K'p, we have

log K = —log ps:

Table 6.
20 S = 4Ca + S2(g)

‘ — (ﬁ j’ ar ;7* ,

K 1yr —15001/7°| 85 1og [*071 3600 4 571§ 4 571( Jr log #s:
. . ]\-L( 7 )11’7\ Cl,w z’T Crez ,sflT

1004 | 9.560.10-4 | —14.941 | 10506 | - 0.012 8.624 - 16.546 245 —9.895
1109 | 9.017.10-4 | —13.627 | 10.657 0.017 9.120 ~=17.405 245 | —8.688
1148 | 871110-4 | —13.067 | 10.710 0.019 9295 | ~17.705 245 —8.298
1183 | 8.453.10-4 | ~12.680 | 10.755 0.021 - 9.448 —17.966 245 ~17.972
1283 | 7.794.10-4 | ~11.692 | 10.879 0.027 . 9.867 —~18.670 | 245 | —7.139

o

Therefore the free energy of the reaction 4Gy + 8 /g)==2C5S is represented by the following
equation. ’ ; ' ‘
AF° = 4.571 T log pse g
Substituting the values of the last column in the table 5 into the above equation, Wc‘obtain
table 6.

Table 6.

7K . H 1004 l 1109 4 1148 1 C1183 . i i 1283

!

4 1‘ I _gpat ’ —44042 ’ — 43544 J —43109 J — 41867
: B )

As shown in the Fig 2, we see that the two lines of cuprous sulphide and ferrous sulphide cross
‘each other. If we detrmine the /t‘e’mperature of the junction of these two lines; we find
T= 1090°K or 817°C °
Therefore it follows tyhat the affinity of sulphur vapour 8 for iron is strogger than thaﬁ of
copper under 8.7°C, while above this temperature the affinity of copper for §; becomes larger. than

that of iron conversely; in other words the affinity of copper dnd iron for sulphur vapour & is



178

Tokiaki Tanaka

related conversely with each other with 817°C as their turning point,

¥

IV. Dissociation equilibrium of hydrogen sulphide

and determination of

the chemical constant of hydrogen sulphide.

QH.S === 2H, + &(y)
The equiliblum in the reaction ZHS

Schupp'™ and Randall and Bichowsky' over a Wlde range of temperature,

are given in the table 7.

ZH +4 8(g) has been investigated by Preunner and

The values of log Kp

Assuming that the heat capacity of diatomic sulphur is given by the same equation that Eucken

has employed for oxygen, heat cap'xcxty of 8y is
GP=LR»+R=E<3—699)

TFor the heat capacity of hydrogen we take Eucken’s formula

01’113————7~R+R°E

2

For the heat capacity of hydrogen ‘sulphide, we employ Meck’s formula,

>+R E<°850>

Cms=SR4R-E

2

(1690) F R (

From the (30) equatxon,vwe obtain

5000

S

Table 7.

3750

2H oS =% 2H 5 + Sa(8)

investigator tnemp 77K | log & investigator tempZ" XK log &
Premnner, Schupp. 1023 —4.050 Preunner,  gchupp. 1405 —1.586
y s v 1103 —38.420 Randell, Bichowsky. 1473 —1.286
v , 1218 —~2610 | v o, ¥ 1537 ~0.980
y s ¥ 1338 ~—1.928 V4 , Vs 1667 ~0.514

Randall, Bichowsky. 1362 —1.804 '

4H = 4H, + S(Jpg;dT +9 SCHng— 9 SCH_»SdT
oo am=atly+ o R7+ ((Rep(B0) +ore £ (00) — ok (100)
. 2 - LT T I
. - . ooe .
~2R.E(3%Q)_21{.E Z?Qﬂ i A S R PP 31)

4H is a function of temperature, but over a small range, we may regard AH as constant.

“Therfore we obtain the following formula as before.

-7 dH =

Ty Tﬂ N
=1,

15'7110b

Kp, - -

Kpi
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With Ty=1023and T, = 1103, we obtain from the table 7 log Kp; = 4,050 and. log K s = —
3.420. Substituting these values into the above equation, we have
AH s = 40620 -
Again substituting..this value in the equation (31) and calculating AHO, the result is
AH, = 37500
Accordldgly the equ1hbr1um equation of (30) is

37500 1 (dr( 3600 5000
Kpe — 37500 1 ReT
loghp = — e +2510 T+4r718 S[R E( )+2 (T ) |

—2Re 1:(1690 2R-E(—3750) —-2R-E(3_——850) aT +Ir
8204 3600 4 5000
. Kp=— "2 gT+ —— NN RE(C=) + 2RE (T
log Kz T 2510 4571ST°SE E( T ) ,
‘ 1690\  op (3750 3850
= ORE( =2 L ORE[ LN QR E [ 22N | AT - T orveeveraronneneannes 39
2RE(T) R <T> ‘RE(fT)]TFJI (32)

In order to determine the value of jp we substitute 10gK1 shown in the table § into the

equation (32) and then calculate each term of the above mentloned equation, The average value
of Jp is as follows. (see Table 8.) ¢ V 2

Jpz= =826 reerniiniiin TP PP PP TR verrersenrenenn(38)
" Table 8. '
2H S Z 28, + S2(g) '
K 82047 2.5log 7° 4751 = f ¢dr log &kp Jr
028 . | -80%0 | 752 —0208 | - —4060 | —3347
1103 —7438] | 7.606 —0.242 —3420. | - ~3.346
- 1218 —6736 | 714 20201 s 2610 " —3.297
1333 - —6.132 7.816 0341 1998 . —3a71
1362 —~6.023 7835 —0.349 ~1.804 —3.267
1405 ~5.839 7.869 ~0.370 . —1.586 —~3.246
1473 —~5.570 . oveg1 —0.400 - ~1986 —3.937
1537 ~5.338 7.967 0426 —0980 | —3.183
1667 —4.921 8.055 0481  _obi4 —3.167
aver, —3.262

Hence we obtain foﬂo\zving equation
log Kp= — 5204 4 o Slog T+ 7 _SdTS [R B (3600) +ORE (5000) - ORME (1690)

r 4.571
e OR L 0750) —9Re ];(3850 ]dT 326 rereeniiennnn s (34)

Let us now consider the value of the chemical ccnstant of hydmgen sulplude If we denote
the chemical constant of vapour sulphur®'S, hydrogen and hydrogen sulphide by jg, jue and jms

rcspectxvel}y,wlhe value of Jp in the equation (32) is
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=i +%n, '»_’?g]-h s T e S (86)

The chemm'tl constant of vapour sulphur S) is equal to 2.45 as shown in the chapter II.
5. T2 BB ceeeei e s e '++(36)
It is shown from the experiments that the chemieai :Cons:tant of hydrogen is- v
T Em e BUBBH rerenreeeie i e e e SO 87

Substituting (33), (36) and (37) into the equation (37), we oltain
s = —0.83

Therefore the chemical constant’ of hydxogen sulphide is equal to »-08

V. " Calculation of equilibrium’ constant
~ of the reaction
c CnS + Hy == 2C; + HL,S.

Concernuw the - reduction equilibrium of cuprous sulphlde by hydrogen, Jellmek and Zakouski'”
Britzke and K'tupustmsky1 > and Sano™ have carried out this experlment On the other hand,
combining the dxss_ocratlon equilibrium of cuprous sulphide and that of hydrogen- sulphide, - we can
also determine the equilibrium. constant of the reaction Gy 8ok H == 2C; + HS, Therefore the
author has compared the values thus obtained with the actual expcrimexrtal data of Jellinek; Britzke
and Sano. ‘ )
90,8 m=24C; + 8.(g) weverereeeerereens JETPTT e 21)
OH, + 8:(g) == 21&_7,b ............... e RERRERN ST (30X

adding  2C; S+ OH, == 4(1@ + 2HS
' Cy S+H == 20 + HS e e eeerrerrresasisesesia e rres e rae i are e eeraas (38)
Then if we denote the’ equlhbnum constant of (21), (80)' and (38) by Kpr, Kprr and Kpiy -
respectwely and represent ‘the dissociation constant of the reaction (30), or 2H,§ —= 2H, + §.(y)

14

by K’'ps1, we have

. 1
{J jre=— ——
1’1 ir Kot
‘ ' IC]’I‘ -
oo KpreKpyp=— - =K*
1;1 PIL Koot I | |
Hence log Kri= %(Iog[fljl—-]_ogK’Pu) ................ ....... feeees (39)

Substituting the equation (29) and (34) in above formula, we find *

8399 2 (dT 1 (ar 1 (dr
o Kopryy e — 0099 Crom 05 1og 7'+
log Kpizr = —=5 +4571§ SCP AT — 4571§T§ poms ~+ 05 log 4571S S

: [P (1690) +Re L(375° ¥ R-E(-‘—O)—S;Q) —R-E(QOTQ%] AT + 2.855--(40)

Calculating the value of log Kprrr by the use of this ‘equation, the eighth column of the table

9 is obtained. . S . e . N
- If we adopt the equation (5) instead of the equation (34) audAca‘lC,ul.atev log Kprz, we have the
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* fifth column of the table 10.  The table 10 and the Fig 3 show the comparison of the values thus

calculated with the experimental data of Sano, Jellinek- and Britzke. Trom the Fig 3.

I3

F?gAB.

L " s
80 2.0 (0.0
Table 9,
CiaS + Ho 2 805 - HS
_2 pd” L pdZ e | 1 a7
K | —8399/7 | 0.6log 7" | 4.571, T( "'4.571j 7’2J. 4.5715 l,j‘ _ Jp log Krrr
‘ " Cpeadl” Cooangd? 4pIT L
1004, ~3.385 1.501 4.812 . —B.973 0106 | 2.855 —2.884
1109 —3.065 1.522 4.560 ~8.703. 0.134 | 2855 —~2.697
1148 ~2.961 1.530 4.648 —8.853 0.140 © 2.856 —2.641
1188 | 2878 1.536 4.724 —8.983 0.149 2.855 —2.592
1283 —2.649 1.554 4934 —9.335! 0.173 ~2865 1. —2.468

we see that Sano’s values and those which have bee calculated from the equation (40) coincide fairly

- with each other. o
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Table -10.
CagS A Hy 2 2Cy + HoS
T K log Kps11(3ano) | log&prrr (Britzke) loglgpjzj (Jellenek) log](szz(calcf1'01115) lgg](z)[u(calcfromli())
1004 } —2.890 ~2.824 ’ — --9.828 T —9.884
1109 ‘ —2714 ~9.60 ; —_ —2.661 ~2.697
1148 —~2.660° . —25238 | — ; ~2.608 —2.641
1183 —2.614 — <2482 - —.2.565 —2.592
1283 -2.496 - —2.456 ' . 92458 —2.468

g

V1. Conclusions.

I. From the dissociation pressures of ferrous sulphide,. the chemical constant of diatomic

sulpour has been determined. ‘The result is

f,sg = 2.45 }
And the equilibrium equation of the redction 2FS """“QF(, 4 8,(g) is representédA as
- 11216 ar
1 == 5 1 T el B R - CrecT
ogpsi=— "0 + 85log +45715 ¢ 4571S S R
2 (4T
a
4571S S resdT + 245

II. Employing this chemical constant and the heat of formation of cuprous sulpliide determmed
by Wa1tenbe1g, the dissociation pressures of cuprous sulphlde at high tempeartures have been
themetmally calculated. ‘The equilibrium equation of the reaction 20, Sig=> 40, + S (9) is

log s = — 1% + 351087 + [T {ReE (PT0) a7+ 4’;"718 T\ Croat

2.
4571

In the diSSOCla}tIOn of cuprous and ferrous sulphide, there is 2 linear relation between common

g" T gam,sd?’ + 245

logarithm of equilibrium constant and reciprocal of absolute temperaturé And these two line cross
‘each other at 7= 817°C "

Fxom this it follows that the affinity of copper for diatomic sulphur & is stronger than that
of iron for 8 over 817°, while below this temperature, the affinity of iron for &, is larger than
t]nt of copper for & ) ’

IIL. -The dissociation equilibrium of QIIS ) 2H, -+ Sn (g) is represented is

log Kp = — 2% 4 0 5log T + ‘LS gE (3600) L oR E(@g
—9R<E (1—2?9 —9R. F("Jﬁ@ —9RE (3%50» AT ~3.26 .

T 4.571
Adopting js; = 2.45 and jg, = — 3.685, which have been determined from the experimental data

and Jp = — 8.26, we can calculate the chemical constant of hydrogen sulphide. The result is

inag = = 0-,83
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IV. Combining the equation (21) with the equation (34) and with the (5) respectively, the

values of log Kp in the reaction C,.8+ H.=>2C, + H.S can be determined. The following table

shows the values thus obtained.

T°K 1004 ! 1109 1148° ° 1183 f 1283 | remarlk
: Lo
, —2.828 —2661 | 2608 . —2565 —2.458 cale. from (21) and ()
log pr-s'tn: S \ X :
= o884 —2.697 - 2.641 —2.592 —2468 7 » (21) and (40) .
1 ! . i .
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