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Abstract

The Port Pirie site has been a significant worl

d producer of silver and gold as byproducts of lead
smelting from Broken Hill lead concentrates si

nce 1889. The technology used has changed over the
years to maintain competitiveness and to meet increasingly stringent environmental and hygiene
requirements. The current technology utilises vacuum induction furnace retorting to remove zinc
from Parkes crusts, followed by a bottom blown oxygen cupel (BBOC) for oxidising lead to pro-
duce silver doré suitable for electrorefining. The BBOC has displayed superior oxygen utilisation
and greatly improved hygiene compared to previous technology. In this paper the theoretical basis of
cupellation is reviewed and a computational thermodynamics model developed to predict the affect
of operating variables on the final doré composition. The composition of the doré anodes affects the
operation of the subsequent electroparting of silver and gold, especially the cost of electro

lyte puri-
fication, so the model can be used as an aid in optimising the silver production process.

Introduction

Silver production, as a byproduct of lead smelting utilising ore from the famous Broken Hill mine,
commenced at Port Pirie, South Australia, in 1889. In that year the Broken Hill Proprietary Com-
pany Limited built a lead refinery at Port Pirie to refine lead from its own smelter at Broken Hill and
from the British Broken Hill Proprietary Company Limited’s blast furnaces at Port Pirie. In 1915 the
smelter-refinery complex was purchased by the Broken Hill Associated Smelters Proprietary Lim-
ited and operated as such until 1988 when Pasminco Metals was formed [1].

Silver was refined from lead using the Parkes process, later becom
oped by Williams in the 1920°s [1]. Zinc was retorted from the
then lead was removed in traditional reverberato
air flowing over a very shal

ing a continuous process devel-
silver crust in Faber de Faur retorts,
ry cupellation. The first stage involved a stream of

low bath of molten metal, with slag running continuously from the fur-
nace to minimise the barrier between the air and the metal. The ,,rough dor

€* alloy produced was
transferred to another cupel for oxidation using sodium nitrate to

yield an doré containing typically
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0.04 wt% Pb and 0.2 wt% Cu. The process suffered from low recoveries (80 — 83%), a long cycle

time (4 —5 days) which caused large in-process inventories, inefficient use of labour and energy and
ime (4 —
poor hygiene [2].

In 1989 the reverberatory furnaces were replaced by a top submerged lancing dSlrozme;t z:ss:; ;to
. o . u i}
i i Is due to the high oxidation rates achieved and re
reduce the inventory of precious meta ! \ rechce opee
ilisati d cycle time was reduced to
i lisation was found to exceed 95 % an
T e o i icall duced was poor, 0.8 wt%
doré which could be economically pro .

under 8 hours, but the grade of the e oo, 4
d impractical to cast anode plates directly » ¢

Pb and 0.4 wt% Cu. It was also foun : : o o I 1999 &

i ¢ ith sodium nitrate in a reverberatory furna .
the Sirosmelt doré was final-refined witl : ! nace 21 I 1993
i d silver refineries to allow increases in produ
was decided to upgrade the lead an : e o
i i ilveri f lead was reintroduced, the retorts w p
flexible feed regime [4]. Batch desilvering © e
i i Sirosmelt reactor was replaced by a g

two vacuum induction retorts and the . . '

blown oxygen cupel (BBOC) [5]. Commissioning commenced in 1997 and. was complejced in 19? ,

i asing lead throughput by 11% and, most significantly, doubling the silver production capacity

incre

of the smelter to over 400 tonnes per annum [6].

ihe BB()C prOCCSS has pIOVen to be generally SUCCCSSful, although lance amming can bea pIObIEJil
. . (4
n that it increases Cy01e time alld IehaCtOIy wear Doré anullty 16Vels can be Ieduced to 0 01 wit
a d 0.1 wt% (:u but tappm to anode plateS was fOund to be 1mp0581ble SO the doré needs to l)e
Pb 1 1 % N g
heated to 1100 1150 C to plo’lde enough Supe[heat. Ilnpullt) 13"613 have been found to then rise
to 0.2 Wt/o Pb and 0.6 Wt/o Cu. IhlS putS an 1IlCIeaSed puI lﬁcatlon duty n the eleCtIO!efmmg plant

[6].

This stu Yy p D jy he
h dy was ulldeltakEH to IOVlde a gIeateI uﬂde[Standlﬂg Of the cu Cuatlon rocess 1n il

BBOC, with the intention of developing ways to maintain the low impurity levels .1nmally achieve |

while at the same time allowing satisfactory anode plate casting.

2 The Silver Refinery
2.1  General Description

The Pi () etal € 19% P ) ts of two Junke \ i io etorts
h P SCi us M lS R fine ( MR) C nSiS S J l'lk T Gmbh acuum mdzlctl n )Y
v ’s i thi i ini ice ed ])r(!C SS ,a m'bl n OXygen cup A .
IR using e Union Miniere licens € 7 ‘bott(‘) own O (9 el BBOC and a
(C( )llVen)tiOnal paltmg plant uSing Ba“)ach‘ Ihum CenS. quuatlon ()f Palkes crust from the desllvef l‘ng
P i ded al y contains
i i i t iron k ttles at 650 C. The upgra llo
an is Carl'led out the lead reﬁnery m four cas (8} € ' .
rOXimately 25 /() Ag 10 /0 Pb and 65 /0 Zn aﬂd iS tapped mto 350 kg mOuldS for dellVCIy to the
app 3

. . . . s an-
PMR [6]. This alloy then undergoes zinc distillation in a VIR, leaving a bullion which contains ap

. L .. d

imately 65-70 % Ag, 25 % Pb, less than 4 % Zn and a little copper. The distilled zinc 151‘;2.1ppe;3

i ’ ’ . . 1

?mm the c};ndenser into 250 kg moulds and returned to the desilvering proc§s§. ’I.'he b;l ion en

rlfm d to the BBOC, where zinc, lead and copper are oxidised by submerged injection of 0Xygel
charge: » )
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at 1000 °C. The slag, almost entirely litharge (PbO), is returned to the lead blast furnace and the
doré is cast into 10 kg anode plates for electrorefining. Electrorefining takes place in 80 Balbach-
Thum cells to produce 99.99 wt% silver at the cathode, which is then melted and cast into 30 kg
ingots or granulated, according to customer demands. The cloths in the cells are periodically re-
moved to recover anode slimes, which are further leached to produce a 98 wt% gold product. The

PMR is operated by only three personnel. The Balbach-Thum cells are currently the production bot-
tleneck and Pasminco are seeking an alternative technology.

2.2 Cupellation in the BBOC

The BBOC is a 3 tonne capacity, non-rotating refractory lined furnace, fired with a natural gas/air
burner. The key feature of the furnace is a consumable, nitrogen shrouded lance inserted through the
bottom of the furnace, through which oxygen is blown directly into the molten alloy. There is little
turbulence on the surface of the charge, which is advantageous both for refractory life and a low rate
of fume emissions. Only one person is needed to operate the BBOC through its 15-20 hour cycle to

produce “clean” silver doré (0.01 wt% Pb, 0.30 wt% Cu) ready for casting. A typical cycle com-
prises the following steps, where the times given are approximate;

[1] melting: metal butts with a composition in the range 60-75 wt% Ag, 25-40 wt% Pb, 0.3-2.5
wt% Zn and 1- 4 wt% Cu, are charged to the BBOC and melted over 4 hours,

[2] blowing and slagging: oxygen blowing commences and after 1.5 hours slag is skimmed off,
taking 0.5 hours to remove 250-280 kg of slag. This is repeated four times, to give a total time
of 8 hours. At this point the alloy contains approx. 0.1 wt% Pb.

[3] final blowing: oxygen blowing is used to reduce the lead content to the target of 0.01 wt%.
Marble chips are periodically added to aid the raking off of the small amounts of slag formed.

[4] casting: the melt is super heated to 1100-1150 °C to avoid freezing during casting. Casting
takes from 2 ' to 4 hours and requires 3 operators to cast 2200 kg of silver into 10 kg anode

plates. The impurity reversion increases as a function of casting temperature and the doré can
reach 0.2 wt%Pb and 0.6 wt%Cu.
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The activi . . .
[ activity ?f PbO can be taken as unity and if pure oxygen is used as the oxidant gas then its par-
tial pressure is also unity, and so;

Apr = AGopb - ZRTll’l(apb) (4)

Llines c;m be dra.wn.on an Ellingham diagram for various values of lead activity in silver, as is
s own. y the solid lines on Figure 1. They are not parallel, but radiate from the value of the stan-
dard Gibbs free energy change for the reaction at a temperature of 0 K.

Slm.llarly, the expression for the silver oxidation reaction, where the silver activity and the oxygen
partial pressure are both unity and the variable activity is that of AgOg s is;
= 3

AGAg = AGoAg+ ZRT]n(aAgOO 5) (5)

Another set of lines on the same Ellingham diagram for various values of silver oxide activity in the
PbO slag can be drawn, as shown by the dashed lines on Figure 2.
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Figure 1: The BBOC reactor [5], reproduced with permission of the Instititution of Mining and
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Cupellation is a high temperature oxidation process which takes advantage of the large difference in 3 e = 0.01
stability of silver and lead oxides, as shown by the following equations for 1000 °C; 5 =50 | R
£
2Pbg, + Oae = 2PbOg) AG® = -190.32 KJ ) o -100 app = 0.1
o
4Agy + Oxg = 4A80050) AG°= 92.80KkJ @ f—) 150
- =
The Gibbs free energy data was taken from the database of the Outokumpu Oy HSC Chemistry for = 1 ; ap, = 1.0
© 200 | 2Pb + Oz = 2PPO

Windows version 4.0 software package [8]. Contacting a silver-lead alloy with oxygen will result in
preferential oxidation of the lead, eventually producing silver containing very low levels of lead.
The slag produced will be almost pure PbO.

] -
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Expressing the Gibbs free energy data on a modified form of the Ellingham diagram yields a much
more informative analysis of cupellation. Individual lines are drawn for the reactions at particular
values of activity of the various components, chosen to be relevant to industrial practice. For the
case of the lead oxidation reaction, the Gibbs free energy change as a function of species activities

o Figure 2: Modified Ellingham diagram for cupellation using pure oxygen.

AGpy = AG% + 2R TIn(apso) — 2R TIn(apy) — RTIn(po,) ®
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The equilibrium position for either reaction lies a‘ulong the Gibbs free energy change value of zero.
Some useful conclusions can be drawn from the diagram;
[1] the activity of lead in molten silver varies from about 0.0091 at 1000 °C to a little over 0.001 at
1200 °C. The lead content of the silver is thus a strong function of temperat‘ure. - -
[2] the activity of AgOqs in the molten PbO slag is very close to 0.1 and is quite insensitive to
temperature.

Assuming AgQo s is ideal in PbO, this is equivalent to 5.1 wt% Ag. Itis imPonant to al.)pre'clatlcla t:xat
ilver is co oxidised with lead, so there would significant silver losses during cupellation if all slag
silv - >

formed remained in the furnace until equilibrium.

i i es-
The actual oxygen partial pressure in the injected gas in the BBOC is on‘l)f :83 atlm.ddue t?ei}ieoirthc
i i d to shield the lance. The equilibrium lead con
ce of a small quantity of nitrogen use . > ' . !
:gver under this oxygen partial pressure, calculated using activity coefficient data discussed later, is

given in Figure 3.

;\-’3
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Figure 3: The equilibrium lead content of silver as a function of temperature at an oxygen pa
pressure of 0.83 atm. and at a PbO activity of unity.
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It has been reported that the silver content of the PbO slag is strongly temperature dependent during
Sirosmelt cupellation, and that the silver content is typically 0.6 wt% [2]. The lower silver content
than predicted is expected since the Sirosmelt process never reached equilibrium as evidenced by
the reported high lead and copper levels in silver. However, the strong temperature dependence can
only be explained by a corresponding strong dependence of the activity coefficient of AgQys in
molten PbO, yet it is difficult to believe that this could be the case. A possible explanation is that
silver in the Sirosmelt slag was mostly entrained metal and the observed temperature dependence is
a consequence of changes in the viscosity of the slag, and thus the settling rate of the metal droplets.

Small amounts of zinc and copper are also present in the alloy charged to the cupellation furnace.
The standard Gibbs free energy changes, also taken from the database of the Outokumpu Oy HSC
Chemistry for Windows version 4.0 software package [7], for these reactions at 1000 °C are;

2Zng) + Ong) = ZnOyy) AG®=-437.45 k] ©)

4Cug) + Oy =4Cu0p 5(5) AG®°=-151.76 kJ %)

Zinc would be expected to be oxidised to a solid ZnO dross very early in the cupellation process,
while copper would be a little less effectively oxidised than lead. High levels of zinc in the feed to
cupellation, due to inadequate removal in the previous dezincing stage, causes several process prob-
lems. Zinc oxide in the PbO slag raises its viscosity and increases silver entrainment losses, while

the very exothermic zinc oxidation reaction leads to increased refractory wear and excessive lance
consumption [6].

3.2 Computer Modelling

The computational thermodynamics package “HSC Chemistry for Windows” version 4.0 was used
for the modelling. This program takes as inputs the species involved and the phases within which
they occur, their initial amounts and their activity coefficients. Any one species can be assigned to
multiple phases. The single-atom cation-base formalism for species was used so that composition-
independent values of activity coefficients could be applied. The program often experiences conver-
gence difficulties if expressions relating activity coefficient to composition are used. The database
in the package requires modification to enable the use of the single-atom cation-base formalism.
Values of H°, S° and C, coefficients for the conventionally represented species were halved to con-

vert the data from, for example, Ag,O to AgOys, etc., and these data were then stored in the “own
database”.

The initial amount of alloy charged to the BBOC is typically 3000 kg and has a representative com-
position of 26 wt% Pb, 2 wt% Zn, 2 wt% Cu, balance Ag. The flowrates of oxygen and nitrogen
through the lance are 21.3 and 2.4 Nm*hour respectively, and for the purposes of the model these
were converted to the amounts of these gases injected over a 5 minute period. The amounts of oxy-
gen and nitrogen were increased in steps by these amounts.
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The activity coefficients used for the species in the alloy were based on data taken from the compi-
lation of HULTGREN [9]. The data was modelled according to the quadratic formalism introduced by
Darken [10] where, in a binary alloy 1-2 in which 1 is the solvent;

log(1) = o4z (:2N2 + N?) + log(12) ®
where 1, is the activity coefficient of 2, ¥, is the limiting activity coefficient of 2, ¢, is a constant
and N, is the mole fraction of 2. The expression for lead in silver at 727 °C, the temperature at
which the data was available, was found to be;

log(yes) = 0.107 (-2Npy + Npy?) + 0.303 ®
From this expression it was determined that the activity coefficient of lead in silver only varied from
1.8 to 2.0 over the full range of compositions expected. Since interest was focussed on the final lead
content, the value of the activity coefficient of lead in silver at 727 °C was taken to be 2.0. It was
corrected to the temperatures of interest in this work using the following relationship, which as-
sumes that the silver-lead system is a regular solution;

(logy")r, = (logy’i)r, (T1/T2) (10

where v"; is the limiting activity coefficient of “i” and T is in degrees Kelvin. From this relationship
the values of the limiting activity coefficients of lead in silver at 1000 °C (1273 K) and 1100 °C
(1373K) are both 1.7 to the accuracy justified by the data. Similarly the activity coefficient of cop-
per in silver at 990 °C was found to be given by the expression;

log(ycw) = 0.812 (-2Ng, + Nei) + 0.521 an
and a value of 3.3 was found to apply to very dilute solutions of copper in silver at 990 °C. The cor-
responding value at 1100 °C is 3.0, found using expression 10. The ternary formalism of DARKEN
for the system Ag-Cu-Pb was used to show that dilute lead and copper in silver interacted with each
other so little that the activity coefficients of each could be taken as constant. Finally, the activity
coefficient of zinc in silver was taken as 1, simply because zinc is oxidised from silver to very low
levels early in the BBOC blow and the actual value of the activity coefficient for zinc in silver is
unimportant to a consideration of the final composition of the alloy.

Regarding the slag, no information could be found in the literature on the activity coefficients of
AgOqs, CuOps and ZnO in molten PbO, so the slag was taken to be an ideal solution. The activity
coefficients of all gaseous species were set to unity.

4 Results and Discussion
4.1  Cupellation at 1000 °C.

The composition of the alloy as a function of the amount of oxygen injected is given in Figure 4. It
can be seen that the first element to oxidise is, as expected, zinc and it is reduced to insignificant
levels after the addition of only approx. 15 kg of oxygen. Over this period the lead content of the
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all(?y slightly increases as a result of the removal of zinc, but thereafter decreases almost linearl
while the copper content steadily decreases. The alloy composition changes very slowly aft I?T?)rky’
oxygen addition when the target lead content of 0.01 wt% has been achieved, with a c}:)rrezr di .
coppe‘r con.tent of approximately 0.07 wt%. This is close to the 0.1 wt% Cu c,laimed in racI:'on lg ;
At this point the direct silver recovery can be shown to be 96.95 %. Little change Iciccuice ['t]};
further oxygen addition because the system is very close to equilibrium with the injected gas o
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0.10 Lo |
i
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N N [ —jCu:
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Figure 4: Alloy composition during progressive oxidation in the BBOC at 1000

0
otherwise noted. C, except where

g wa}s1 noted that in the earlier Sirosmelt process the alloy was oxidised to 0.8 wt% Pb and 0.4 wt%
u, the copper content being less than the lead content [2]. The model confirmed that at these poor
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levels of lead removal, copper is oxidised more than lead and that the levels quoted are in accord

with the model predictions.

Figure 5 shows the evolution of the slag composition. Initially only ZnO is formed and it will appear
as a solid dross on the alloy surface, as has been reported [2]. As the addition of oxygen increases
PbO is formed and fluxes the ZnO, although the ZnO solubility in PbO at 1000 °C is only approxi-
mately 8.5 wt% [11]. If the initial alloy contains much more than 2 wt%Zn, complete fluxing of
7nO will not be achieved and this will cause process problems. The copper content of the slag rises
steadily after approx. 20 kg of oxygen addition. The silver content of the slag is the most important
operational issue and is seen to remain very low until approx. 80 kg oxygen addition, but thereafter
rises rapidly. With further oxygen addition past 100 kg it continues to rise but very much more
slowly as equilibrium is approached. When the alloy has achieved the target lead content of 0.1
wt%, the AgOq.s content of the slag is equivalent to approx. 6 wt% Ag. In practice the silver content
of the slag could be much higher due to entrainment of silver droplets.

100 — f i T T
i\ o | ] ! 1000 °C
| i
Zn0O ;/PbO' TN
80 { , T
i \ / !
= e |
Pnava 8
2 60 |— : / f : | , ‘ ‘ ;
o C b
- ;
2] ! 1
E
0N
=l
5 | ! . o
20 : w \ | }
L / } % Ba—
o Ll e 2 YT
0 20 40 60 80 100 120 140
Oxygen (kg)

Figure 5: Slag composition during progressive oxidation in the BBOC at 1000 °C.

The gas composition is given in Figure 6. The oxygen partial pressure in the reacting bubbles rising
through the alloy varies over a very wide range as blowing proceeds. It remains below 107 atm.
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until { iti

o Il;z addition of 2.6 kmol (83 kg) of oxygen, representing almost 100% oxygen utilisation until

e ! wever, as the lead content of the silver approaches the target level, the oxygen partial pres
€ rises Fo approach the initial oxygen content of the injected gas i.e. the oxygen utilisation d

creases quickly towards zero. As noted earlier B

! , Port Pirie practice is to skim sl
hours, with the amount of slag removed bein, o B

g 250-280 kg. The model predi
pours predicts that after [ hour of
owing the slag mass would be 285 kg, and after 1.5 hours it would be 495 kg. This shows that in

ractice i i ili
p , even in the first hour of blowing, the oxygen utilisation of the process is less than 100 %

=

5 ,
N ]
! L | ! 1 i 1000 °C
——N2(g)—— o — |
0 f i | ’ ‘; |
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Figure 6: Gas composition during progressive oxidation in the BBOC at 1000 °C

Th . . .

o e lea;l] vapour partial pressure in the offgases is an important occupational hygiene issue. Figure 6

trigv&? t atfthe lead content of the gas is initially accounted for by elemental lead, but that the con-

o sll :;n 0 Pb(l) beicomes predominant after approx. 2.0 kmol (80 kg) of oxygen addition. This can
more clearly on Figure 7, which also shows the total | .

' s ead vapour pressure. While the t

; . otal

bla:m}r pressure is e'llway‘s small, below approx. 5 x 10 atm., it is highest during the first half of the
wing cycle so this period presents the greatest occupational hygiene risk to the operators
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It was reported [6] that when the metal in the BBOC is heated to 1100-1150 °C to provide enough
superheat for anode casting, the lead and copper levels rise to 0.2 wit% and 0.6 wt% respectively.
Even though slag is skimmed prior to heating, there still remains a significant amount of PbQ ab-
sorbed into the furnace refractories so lead reversion via the following reaction is possible;
2Ag+PbO=Pb +2Ag0s

These impurity levels are higher than predicted by this model and suggest that lead reversion may
not be a simple thermodynamic process.

The kinetics of lead reversion was examined by heating 10 g of pure silver in one magnesia crucible
and 7 g of PbO in another at 1200 °C in contact with air in a muffle furnace. The silver was then
poured into the crucible containing the PbO. At various time intervals the crucible was removed and
the PbO quenched using a cold steel rod. A portion of the silver button was analysed for lead, first
confirming by optical microscopy that there was no PbO entrainment in the sample. The results are
shown in Figure 8. It can be seen that the lead content of the silver rose rapidly within 5 minutes of
contact, before slowly falling to the equilibrium value appropriate to these conditions. As yet no
explanation can be offered for these observations, however they provide support for the unusually
high lead contents found in practice when the silver in the BBOC is heated prior to casting.

0.1

Lead species in gas (mol%)

0.05

‘ 0 0.50 ; : ; 5 ;
: ’ : ; —
| oOxygen (kg- moles) i . -
-
| . 0.40 |- - :
i idation i t 1000 °C and total . !
ies i i ssive oxidation in the BBOC 2 = é
Figure 7: Lead species in the gas during progre eg 4 |
lead at 1100 °C. E g { |
3 |
c : .
42  Cupellation at 1100 °C | : | ] -
. i itive the operat- -
. . ture by 100 °C was modelled to determine how sensmve. e op . _3 020 Henn equillb T— N -
e O epetaton ture. After the addition of 100 kg of oxygen it was note g : |
i |lation are to temperature. }
ing parameters of cupe |
s i very significant |
he lead content of the silver increased from 0.01 wi% to 0.04 wt% (F]:gur: ;2, ;en 13; oot 0.10 j
: t - d well above the target. Further blowing to a total of 1.50 g0 ' Y. o |
el 9 :nor improvement for such a large increase in oxygen usage. |
the lead level to 0.035 Wwt%, a minor 1mp: s O o - |
d a little, from 6.5 to 5. () 5y : .
ilver content of the slag decrease o,
- I‘Ieimprovement in silver recovery from 96.95 % at 1000 °C to 97.38. %o @ - 0 2 o - | -80 | - o
asma tent of the silver increased from 0.08 wt% to 0.13 wt% (Figure 4), again Contact time (mins)
conten : F
" f ifcieerase Blowing to 150 kg of oxygen only reduced this to 0.12 wt%. 0 vort
n . . |
N 1 total partial pressure of lead in the offgas increased from 0.05 vol%
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Figure 8: The lead content of silver in contact with molten PbO and air at 1200 °C for increasing
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It can be concluded that an increased cupellation temperature has a significant deleterious impact on
silver quality and will necessitate more frequent purification of the electrolyte in the electroparting
process. This has a very negative impact on the economics of silver recovery. Means for allowing
heating of the silver while limiting the opportunity for lead reversion are currently being considered.
One possible option is to granulate the silyer rather than cast anode plates, because this will be a
much quicker process and require less superheating. Refractories that absorb less PbO are also being

sought.

43 Multiple Slag Skims

In practice slag is pot left on the metal until the completion of the blowing cycle, being skimmed
approximately 4 times at equal time intervals. The incentive for doing this is apparent from Figure 5
- only at the later stages of the blow does the silver content of the slag become high, leading to a
reducing recovery of silver to the bullion. By removing the slag prior to this increase, the volume of
slag present during the final stages of blowing is greatly reduced so the extent of silver loss is corre-

spondingly decreased.

Multiple slag skimming was simulated by a simplified two stage skimming cycle. The composition
of the alloy after 70 kg of oxygen addition was taken as the input to a new HSC file in which the
masses of the slag components were set to zero. A further 30 kg of oxygen were then progressively

added, to bring the total oxygen addition to 100 kg, as before. The following changes in perform-
ance parameters in changing from a single final slag skim to two slag skims were noted;

o silver recovery rose from 96.95 % to 99.36 %. In a single cycle this is equivalent to the mass of
silver lost to the slag dropping from 64 kg to only 13.5 kg Thisisa significant increase in direct
recovery and a substantial reduction in the in-process inventory of silver.

o the final lead content of the silver dropped from 0.01 wt% to 0.006 Wt%. This is the result of a
reduced activity of PbO in the slag since the CuQgs and AgOoss, which are mostly formed in the
latter stage of the blow, reduce the PbO content of the slag.

» the copper content of the silver doubled from 0.08 wt% to 0.175 wt% as a result of a higher ac-
tivity of CuOo.s in the slag since the volume of diluting PbO is much reduced.

In summary, direct silver recovery is very significantly improved by two stage slag skimming and
lead removal was enhanced, but copper removal was much poorer. A higher copper content in the
silver anodes is the price that must be paid for the improvement in direct silver recovery.

4.4  Kinetic Considerations

The kinetics of cupellation in the BBOC have not been examined experimentally in this work, but a
consideration of the mechanism of cupellation leads to some interesting conclusions. A schematic of
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5 Conclusions

Over the 112 years of producing silver at the Port Pirie site, the technology used has evolved with
the changing needs for higher production rates and much greater environmental cleanliness. Cur-
rently the BBOC is used for cupellation and has proved successful, although there is still an issue
involved with the need to superheat the metal prior to anode casting. This has been found to in-
crease the lead content of the silver above desirable limits. Thermodynamic modelling and kinetic
experiments have provided a deeper understanding of the cupellation process and confirmed the role
of increased temperature in degrading the quality of the metal product. Means are being explored for
limiting the extent of lead reversion while still allowing heating of the metal for improved anode
castability.
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