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0,080 *0,01 for silica-saturated slage without fluxing additions,
From Table 5.2 it appeara thut Fa,04 i more susceptiblo to
replacement by Al,0. and Fe0 because it is less basic and the result
is a docrpase in the Fn3+/F92+ ratio,
The result for this investigation can be compared with the

work of Toguri and Santander (17). Toguzl and Santander equilibrated
a high silica slag in alumina crucibles at 1573° K over a range of
partial prassures of oxygen and the resulting slag had an average
alumina content of 6 mans per cent. The alloy and slag were
agquilibrated over a period of 48 houra snd it is possible that for
gach run tha slag was at alumina saturation. Assuming that the
alags of Toguri and Santander wero close to silica aaturation. and
that ths elag is watursted with 6 mass per cent Al,0, at 8 x 10~ atm
oxygen ths result abtained by least aquares analyois

maps % Cu ip slag = 29,3 °Cuag,5 5.13
indicalies that alumina dopresses the solubility of copper in slag.
1t Lo moat likely that tho slags of Togurd end Santandar wore not
at ailicn saturation at ths complotion of sach experiment and this
might account for tho lower valus of the solubility of copper In
nlag sompared to this investigation in which

maso % Cu in alag = 34,18 “Cudy, 5 5,15

Bailoy (16) showed thab for silice-saturatod slag at an

oxygen particl prossure of 109 atm containing no Piuxing addition;

and additionn of 5 mass por cant AL,0, and 10 mase par cent ALl,D
] 273
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roapactivaly

mass ¥ Cu in slag = 31,80 65u00 . (flux-frea) 5,16

H

27,52 aC““n,s (54 Alzos) 5,17

42,83 a

2e
L

cugy ¢ (106 A505) 518

’
The rasult for the addition of S mass per cent Al,0, shows a decrease

273
in the soclubility of coppor compared with the solubility for alumina«
froe alag. The reaultes for 10 mass pex cent M.203 show o aignifiuanﬁ
increase in the solubllity of copper, Ballay used a run time of
20 bours with a stock slag showing a high degree of oxidation,
This zelativoly short equilibration timo and the highly oxidized
alag could have given subatantial errors., Figure 6 indicatea that

the values of copper solubility are too high at low axygen potentials
and too low at high oxygsn potantials,

The solubdlity of copper in silica-saturated slag containing
about 4,5 maas per cent, 7,5 maas per cent and 10,5 masa per cent
lime is shown in Figure 30, Lime additions significantly decrease
the malubility of copper in slag. At about 70 mass par cent coppoar
in the slloy the coppsr content of the slag was docroassd from
2,10 maaa por cent for tha silica-saturatsd slag without Pluxing °
additions to valupa of 1,89 mass per cont, 1,64 mass par cent

and 1,40 masa per caent for fluxing additicns of 4,5 , 7,8

g
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and 10,5 mase per cent Cal respectively.

oy e SR R SERAT 0

The caleulated results for the activities and activity
coefficionts of copper oxide are presented in Table 5,1 whilst the

activity coofficient of coppor oxide la plotted against the mole

fraction NCuGO 5 in Figure 31, The figurae shows that for

]
succesolive incroases in lime content of the alag there is an increano
in the activity coefficient of copper oxide, Tha averages of the

activity coofficients of copper oxida ﬁre respeotively 2,86 (4,4 mass

e N ST

% Cal), 3,28 (7,7 mans % Ca0) and 3,81 (10,5 sase % Cr0).

Two pointo marked on Figurs 31 with question marka sppear to be
inconsistent with the other remita. The high values for thesa

activity coefficlents might posaibly have boon duo to entrapmont of

o s R e R SRR AT

alloy in the slag, Howsver from the relation g a/N 4% can ba

o

saon that whon ths amount of copper in the slag lncreasss thon the

e Y T P PR w1 A Rt W S G & T e e ok e St G e e e e S e e e i e e

activity coefficlent deocrosnan. In both cases the gold content of
¢ the slag was below 8G ppm. Therafors, metallle entrapment is not the i S
axplanation for the high activity coefficient valuas, The copper

( content nf the slag for thesae tuo pointe la low and thorefore mant

S

R

suscoptible to enalytical error. It 1s considersd that error in copper
analyaia at thuoon low values resulbed in low coppox valuos and therafors

anorouely high activity coefficlenta of coppor nx}dai Figure 3.

ﬁft a The mass per cont copper for each addition of lime la plottwed
: )
againat the activity coafficiont of capper oxide In Flgure 32 and
tha fallowing exprassions were obitained

mass % Cu dn slag = 34,60 33”“0,5 (Col~Proe slag) 5012

; w 32,13 aCuGO ] (4,9 mase % Call) 5,19 t
’
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Mass % Cu
in Slog

wemw Mass % Cu = 34,60 Y%eu0 (Siiica~sa9uroted slag
in ‘Slag 05 without fluxing uddiiian-a)

o 4,5 Mass % CaOt Mass% Cu = 32,03 op 0
A 7,7 Mass % CaO ¢t Mass % cu = 29,29 qcuoo"s !
m 10,5 Mass % CaO ¢t Mass% Cu = 25680 ’ p

CuOy, 5 / §
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FIGURE 32

; —— :
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RELATIONSHIP BETWEEN MASS PER CENT COPPER and
Acup M SICA-SATURATED SLAG CONTAINING 4,5

7,5 and 10,5 MASS PER CENT LIME ot 1573° K
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maas % Cu in slng = 29,29 o (7,6 masa % CaQ) 5,20

Cunn 5

= 25,68 a (10,5 masn % Cal) 5.21

H
cuOO’E

The increase in activity coofficient of gopper oxida and
dacrease in tha solubility of coppsr for successive increases in
the limo contont of thé sing can again be explained in torms of the
acid-base thoory of slage. ¥From Table 5,2 4t can be seon that lime
is mora basic than either Mgl or A1203 and haence lime additiona can
be expected to give a jraater decreass in tho solubllity of coppoer
oxide in the slag than elther of thsse twe oxides becauso of the
groater roplacement of copper catlons with calclum cationa in the
ailicate tcomplex. |

Lims also affacted tﬁn Fel and F”z“a gontante of the slag.
For additiona of 4,5 , 7,5 and 10,5 masa per cent Cal the
Feot/ra®* ratio wes 0,068 £ 0,00 , 0,073 £ 0,01 snd 0,070 & 0,01.
As oxpscted, all thres values are lowsy than the value of 0,080 ¥ 0,01
for nilica-saturated slag., There was not a decresss in the ratlo
for incrensing lime additions probably bocauss of analybioal

difficultios with emall samplos,

§¢9 Practiecal Implicatinns of Results

In coppor amelting it is intended that the copper content of the
slag ehould be as low os ponaiblo especially when high slag to matte
ar slag to meoital rativs are encountured, In oxder to minimioe the

copper content of olags it is imporbant to maintain a relatively low

visgonlty In order to avold entrapped particles of motsl oy matis in the
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alag. The othex 1mportant consideration iz thsrmodynamic where an
increass in the sctivity coefficisnt of copper oxide in the alug
results in a lowering of the solubility of copper axide in the alag.
This investigation shows that tharmodynamically %he copper
content of a silica-paturated aslag can be altered significantly by '
additiona of MgO, AL,0, and Cals The additions of up to about 4 mass
per cant Mg0 and 8 mass per cent Alzo has a slightly benaficial
affact on coppar losses to ailicn-satu;ated slags by ralaing
4 Culg 5 from 2,58 to 2,83 and 2,75 respectivaly. The addition of
lime hag a more pronounced affect in lowering the copprr solubility
in slag. Ad;itiana of about 4,5 , 7}5 and 10,5 maas per cent Cal «
increased thoe amti;ity cosfficlent from 2,58 for flux-free slag to
2,86 , 3,28 and 3,81 with respsctive decreases in the maximum copper
solubility from 2,10 mass per cent to 1,89 ; 1,64 and 1,40 respsctivaly,
The rasulta of the inuastigahion are most relavant to
rpverbaratory amalt%ng since these slaga are silica-saturated, The
incorparation of MO, A1203 and sspaocinlly Cal in roverberatory slags
1a‘daairabls to maximize ZYCUOO’S provided the physical

charadtar&atiés of the sleg, particularly the viscosity and meiting

pulnt, are not adversoly altered, '
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6. FUTURE UDRK

L e e

This outline of futura work is only for eilica-sasturated slags.

1. In silica-saturated slags tho oxygen potential of the slag at

a particular oxygen partial pressure is -reflected by the F93*7F32+

273
the samp partial pressurs of oxygen the ?93+/F82+ ratio is altered.

retio. When Mg0, Al,0, or Cal are added to silica-saturated sleg at

It would be of intarest to know tha change in activities and activity

5 for additions of Mgo, Al,0, and

Ca0. To do this sccurately more refined tachniques are guquired for

coefficisntas of both Fel and Fezo

the analyais aof Fel,
2. A2 an extension of this investigation, information on tha effects
of Alzﬂs and Cald on copper solubility in ailiba-saturated sleg ub to

273
partial pressure of oxygsn of 10'8 atm,

the limits of solubility of A1,0, and Cal would be of interest at a

3. Little information is available about the effect of additions of
Mg0 and Cal on copper gnlubility in silica-saturated slags over the
range of partlal pressurss of oxygen from 10“11 to 10"5 atm. The
information on the offect of ulumina is conflicting and investigationa

at diffeyant partial pressures of oxygen for sdditiona of Mgo, Aiaoa

w&_nd Ca0 ars nocossary to clarify the effect of thase fluxing additions

on the solubllity of coppar in silica-saturated iron ailicate alaga.
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4, If tho variation in the solubility of copper was establishaed for
single additions of Mg0, ﬂlzu3 and Ca0 ovar a range of oxygen 5

; ‘ . potentinls, the study could then be extended to investigats tha

g
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§ effact of additions of mexe than one of these compenents on the %

e

L | solublility of copper in silica-saturatoed alags,
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7. LCONCLUSION

The effoect of fluxing additions of Mo, A1203 and Ca0 on the

solubility ef copper in silica-saturated slag was investigatad by

- L varying tha activity o? copper in a coppar-gold alloy aquilibrated’
with a fayalite elag in a silica crucible at a partial pressure of : 1

. oxygen of 8 x 1077 atm and a tamperatura of 1573° K,

R R N i AP S

The results of this investigation conflrm that coppar is dissolved

as Cuby ¢ in silica-saturatod fayolite slag and the salubility of
coppar in this slag without any fluxing additions can be expressed | _
by the ralgtionahip o : | g

T maas % Cu in elag = 34,560 “Cuﬂn’s

for copper contents in ths slag bstwsen G to 2,4 mass per cent.

o
A i e e 2

| The average value of the asctivity cowsfficient of C“OO,S in silica~

saturated slag without fluxing adcditions wae 2,88, ' % 1

Tho addition of 4 mass per cent MgD increased tho activity
i coufPiclent of Cuno’s to 2,83 in the slag and slightly decreased the

Y

&

solubility of copper in sllica-saburasted slag at 1573% K. The i §

exproasion abtained for coppor selubility waa : o

mass % Cu in slag = 33,74 atuno 6

’ .

The addition of about 6 mase por cent Al,0, also increased the

astivity coefficient of Culd in the slag to 2??8 and slightly

0,5
reduced the splubllilty of coppur in the slag, The axpression obtalned

for copper solubility wos

mass % Cu in slag = 34,18 ﬂcUuo’S
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Additione of lime (4,5 , 7,5 and 10,5 mass per cant) reducsd
the solubility of cupper in the elag and incroased the activity

coafficlent of Cul to 2,86 , 3,28 and 3,81 respactively. The

0,5
solubility of copper in slag for additions of about 4,5 , 7,5 and
10,5 mass por cant Cal respectively can be expressed by the following
aquations ’

maps % Cu in slag = 32,13 a (4,5 masa per cent Cag)
Cuns 5
v ’.

= 29,29 ﬂcua

(7,5 mass par cent Cad)
0,8

= 25,68 a (10,5 mass per cent CaQ)
Cuﬂg's

At 10,5 mass per cent Cal in silica-saturated slag the copper
golublility in slsp is doerussed by about 30 pex cent,

Tha cbserved increasa in the activity coefficient of C"DO,S with
additions of Mgl, A1203 and Ca0 rasulte In an increage in the
sctivity of copper oxide in the slag with a subssequent decresse in
the solubility uf‘boppar in the slag. |

The effact af tha fluxing additiono Mgd, AL,0, and Cal on the
solubility of copper in silica-saturated slag and on the activity
coefficients of Culy 5 can be explainad by theix relative basicition.
In silica-saturated iron silicate slegs both MgDd and “1203 act no

bagsic oxides. Thelr relative pasition on an acid~baso classification

.table (Table 5.2) indicates that the offect of both fluxes on the

solubllity of copper in elag will not be particularly prorounced
and indead thia s the sase. Limo e mors basic than Cuzu and 1to

effact on the solubllity of coppar in slag {s far greater,

2 ‘-V*{\, 5
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9, - APPENDIX

1. Flowratn Calibrationas

The intimate wmixing of carbon dioxide and carbon monoxide at
olavated Semperature provides an extramsly small yst accurastely
conkrollef oxygen partial preassups through the squilibrium reaction.

Co + &02 = 0, R.1

for which the aquilibrium constant is

) chz o
ing K = 109 ORI, ’ 6.2:
‘ Peo pﬂz* 7 .
Tha standard fres energy far equation A.1 48 given by

AGY = w RTANK ) A3

log K = =AG/(RT)(2,303) Adh

Standard Pres onerpy data In caloxies for the resction ig evellabla

(42)¢ Thursfors, .

| Peo,,
Po Po,} !
B Mﬁ&g‘ i 4,‘365 ﬁ.ﬁ

Tha above relabionshlp can b expanded to a thié\ ardar
eelationship as @ mare ascurate Punction of temperatusn, Howsver
thia is not necessary within the sccuracy requirved. Tahle 4,1

~ Plowrates uned ag 15739 K,

gives tha CO and 802

3 v/{}
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TABLE ALl CALIBRATION TABLE FOR Eﬁg/CO FLOWRATES
902 (atm) “coz/Pcn Co (ml/min) £, (m1/min)
-6 ; ?
10 69,98 10 700 :
1077 22,13 30 664 :
w8 6,998 50 350
ot '
MO 2,213 100 221,3 '
10710 9,70 300 210
107H 0,221 400 89,4 i
10712 0,07 400 28 i
2 Data from Table A,1 are plotted mn Figure 33 as C0,/CO ratio :

i
varsua the partial pressure of oxygen. An accurate measursment )
of the C0 and co, flourates at the settings used showed that the :
UOZ/CB rabio was 6,240 which correspondad to an oxygen partial %
pressurs of 0,0 % 10™7 atm, ' .
2,2 Fyaluation of Thermodynamic Data :

For tho reaction GO + &62 = (0, Al
AG? = awb T o
L] ”RTI“K N A-S
fhus from the data of Thamaaan»(az)
rink = 89890 L 20,18 a7
and log K = 3280 . 4,405 Aut
' A 8
. (e
<
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4

from uhich K = 6,995 x 10”% at 1573° K R

o o .
NC X TR

o
- i T e e ~>,‘»)‘: . .
ha

Cumparad to the volue obtained by Kubaschewski (43)
4 .

L

K = 6,981 x 10°

For the reaction

cu(1) + 40, (g) = Cubu'a(l) A8

e i
AL IR s i e v e,

kAR ot 1l 55.&-:4)J BT TR

The data of Elliott and Giviaser (44) gives

AR

. AGO(cul) = - 17490 4+ 7,21 T A9

V:fﬁ:::xf_.ﬂi\,.f«‘,ﬁ%,w.:w et e e

SRR SRR,

for which K = 7,158 at 1573° K
From Mah (45) the following information was ohbtained.

o AT

'?Gu(l) + &oQ = 2Cu00,5
"AG%(esl) m w 29260 4 10,488 T A.10 -

g

for which K = 59,36 at 1673% K *
Thus the squilibrium constant fox equation A8 io
K = 79?0‘\5
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