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Abstract

The BBOC was developed by Britamnia Refined Metals Ltd. for the
cupellation of silver-lead bullion produced in the Parkes Process. A
production scale furnace was installed in 1986 and has operated
successfully since that time producing same 400 tonnes per annum of
silver. The process depends upon the injection of oxygen at the bottom
of the furnace through a nitrogen-shrouded consumable lance. This
principle has resulted in a number of advantages over the old
reverberatory type cupellation furnace.

Several other applications have been identified for this lance system
and test work has been conducted on a pilot scale to obtain process
data. One particularly attractive application is in the pyro refining
of precious metal doré produced from copper refinery slimes. In test
work on a 250 Kg furnace, selenide matte produced from slimes smelting
was refined using sodium carbonate flux. The test results are
summarised and the requirements for a production scale plant are
discussed. Work has also been carried out to evaluate the lance system
in a higher temperature application for the refining of black copper.
Other applications investigated include electrolytic lead refinery
slimes processing and softening of lead bullion. Work is also projected
on ‘the injection of hydrocarbon gases to provide reducing conditions
and submerged combustion heating of the melt.
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Introduction

Work began at Britanni. i i ; ’
a Refined Metals Ltd. (BRM) in the early 80's t&

find a more effective way of cupelling lead-silver bullion produced in’

gﬁ Pzrki}s]a t]?:m(':ess. The classical reverberatory-type cupel in use at

resulimg frcmtmtie sgfur%rarrened tzﬁx;; . n\&nber lOf ey ages oy
¢ _ ont poor thermal efficiency coupl i

low oxygen utilisation efficiency. These in turn lead g long ggo‘gégsl

times, excessive fuel consumption, hi eci ta entory and
. h :
relatively high process gas volumes. ' 9 precious metal inv

One area investigated was the use of oxygen and oxygen-enriched air ? '
Enrichment of the air blast supplied to the surface of t;lz

the cupel.

melt was found to be of i i econ
: : marginal benefit and was not i
x{;ﬁl;ée.d In order to improve gas/metal contacting a series of smg
2 esigns were t(_asted in the cupel furnace. Although‘ scm
provements were indicated, the wear rate of lance materials wai

excessive and also it became evident that the basic design of the '
, was unsuited .

furnace, having a shallow bath wi
with large surfa
for the development of a high intensity reargtor. ce ares

Subsequently experiments were carri i

: ied out using submerged injection’
gﬁ{g@;n ;n’1c05 i deep baﬂl.furnz—}ce. Initial pilot plant work wg(sacc;gio
A tuyez.:e gen\‘x’ie c:apzsmﬁting furnace. The original concept of
e o Lane eogten, Yy gave ‘way to the development of

lar;ce. The lance consists of two concentric stainless steel tubes with
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Figure 1 - BBOC Lance System
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Fig 1 shows the principal of operation of the '~

a. small annular  gap between them. _Commercially. pure oxygen is passed .

through the central tube and cooling nitrogen through the annulus. The
lance passes through a third tube which is fixed through the refractory.
wall of the furnace with its own supply of nitrogen for sealing the
lance. Wear of the tip is sensed by a fixed thermocouple passing down

for wear. The operation of the 3 tonne production unit, which has been
in use at Britannia since 1986 for cupellation of lead-silver, bullion
has been described previously (1)(2).

In view of the many advantages of this system over the conventional
cupellation process, discussions were initiated with other campanies
employing oxidative refining technology to explore other possible
applications of the lance technology.

Features of the BBOC Process

The injection of oxygen directly into the base of the furnace, away
fram the refractory, means that the region of high reaction rate is
projected into the centre of the metal bath. Oxygen efficiencies of
around 1009 are achievable using this system which also provides
vigorous mixing of the bath as a result of the nitrogen flow. By
conducting the oxidation in a small, intensive reactor, with very
little cooling by nitrogen, offective use is made of the exothermic
heat of reaction and in many cases the process becomes thermally
autogenous during much of the refining cycle. Reaction rates per unit
of furnace volume have been fourd to be 10-20 times greater than the

conventional reverberatory cupel.

Fig 2 shows the operating sequence of the BBOC. Solid charge is added
by overhead hoist with the furnmace in an upright position or
alternatively 1liquid charging may be used. Melting takes place in the
forward tilted position following which the furnace is tilted back into
the blowing position. Periodically slag is removed by tilting the
furnace forward and if necessary further solid charge may be added. On
campletion of refining the dord metal is cast directly to moulds. The
lance may be replaced at any time during the cycle by tilting the
furnace into the forward position.

Oxygen efficiency is maximised by the submerged injection system and is
not influenced by the presence of surface slag layers. This is a major
advantage over top blown furnaces, (which require oxygen penetration
through the slag layer) and in turn . this has been shown to give
reproducible results in terms of the progress of refining against
quantity of oxygen injected. Process control and in particular end
point determination is thus facilitated.

In metal refining applications, the ability to accumulate a thick layer
of slag is beneficial in that it facilitates the removal of slag with
the minimm of metal entrainment. For example in the cupellation
process at BRM, the change to the BBOC fram thé old reverberatory type
cupel, reduced silver in slag by approx. 50%.

Refractory wear in the BBOC is mainly confined to the slag line where
litharge attack is greatest. An ongoing programme of refractory
investigations has lbeen carried out since the process began operation
and lining 1life has been progressively improved. Currently up to four
months operation is possible using dry jointed refractories of fused
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grain direct bonded magnesite-chrome. ‘The slag line is water-jacketed

using a simple jacket externmal ‘to the furnace . Furthe

LT « : 8 . e f ‘ -- ) : ri
are planngd using a refractory of ultra- Ay sy
believed will minimise litharge attack.

NGE o LANCE DRIVE UNIT.

HYGIENE HOOD

Figure 2 - BBOC Operating Positions

The use Of a tC)p blown r otar Y conv erter ( TBRC ) for  the cupella tion of
lead—do‘re bulllon at Ra_nd Refmery Ltd. ha s been described reC:eIltly

re it has been necessary to limit the extent of refining to k

' . .
about 12% PM's - in order to avoid refractory problems due to litharge

t A - .
attack at elevated temperatures and - difficulties in control of the
These problems are not

operation as the end-point- is
. - approached.
doserved in the BBOC which is used at BRM to achieve a purity of
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low silica content which

ster than 99% . ‘prior to further’ refining treatmen t in
another furnace. Ifthe bath temperature is £66 low in the final stages
it is ‘possible to “freeze Tetal - on the’ lance “but this is readily
remelted by tilting into a holding position. : ‘ R

than '99% ‘sils

Black Cc r

The smelting of v scrap in a blast furnace results in the
production of an impure bullion known as 'Black Copper' which typically
contains about 80% copper with varying amounts of iron, zinc, tin, lead
and nickel. Traditionally this metal is refined to anode grade copper

air Dblowing in & “converter followed by final refining ard
Jeoxidation in an anode furnace. ' ‘ ,

One proposal for increasing the intensity of both the smelting and
refining processes is the use of the TBRC. The BBOC offers an
alternative method of introducing oxygen for the refining process. In
order to evaluate the performance of the bottom blown system in this
more demanding environment, a testwork programme was carried out at
Warren Spring Taboratory (WSL) vwhich at the same time compared the top
and botton blown systems directly using the same basic furnace
arrangement. Results of this work have been presented (4) and are
priefly summarised below.

Tn total, seven potton blown and six top blown tests were conducted m
which the mode of operation was basically as follows:

o Charge between 200-250Kg of black copper with flux

o Melt and sample the metal bath i

o Blow with oxygen once & temperature of 110-1150°C had been
reached using the burner to provide ancillary heat - when
necessary.

Remove the first slag (iron-based)

Add more flux :

Blow with oxygen to remove the remainder of the tin and lead.
pour the furnace contents (1250-1350°C), cool, separate slag
and metal

o Analyse products

o000

Two different batches of black copper were used for the tests. These
had the following composition: '

BATCH 2 BATCH 3

—

1

i cu 829, 78%

| Fe 3.1% 5.2%
l7n ~ 2.7% 3.4%
! sn 3.5% 4.4,
! Pb 3.7% 3.8%
i

t

M , 4.7% 4.3%

As anticipated, the melting time in the top blown tests was ‘shorter as
a result of the improved heat distribution resulting from rotation of
the furnace. - About 509, extra melting time was required in the bottam
blown furnace. : :
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It was found that in the bottomflPlowmg tests, oxygen flowrates had to
be limited to 100-150 Nl.min. ' ’ ‘ '

same lance size was used as on the 3 tonne production BBOC. , ey }
During the initial iron blow, in which the iron was reduced to about

0.5% using a silica flux, the maximum rate of exothemmic heating is
cbtained and the bath temperature increased rapidly to about 1300°C..

After removal of this slag blowing was continued with more flux for tin

and lead removal,

One - of the main conclusions of these tests was that the bottom blowing

technique was at least 3 times as efficient in the use of oxygen.
Camparison of the data for top and bottom blowing tests in which a

copper grade of approx. 98% was achieved in each case (Test 4 in each

case) 1illustrates this clearly (Table I). The charge weight in each

case was 250 Kg. |

Table -T

f Time of 02 £l te Time of 02 flowrate 02 Passed
| k Iron Blow Nl.min.” 2nd Blow 2nd blow N1./100Kg.

| Mins. Mins. Mins. Mins.

i

!\ Bottom Blown 8 . 75 29.5 150 2000

: Top Blown 12.5 275 . .50 275 6875

Copper Refinery Slimes .

The - slimes produced in copper electrorefining vary widely in
camposition fram one plant to another. In general they will contain
the impurities which are insoluble in the electrolyte, particularly the
precious metals, selenium and tellurium together with others such as
arsenic, antimony and lead which are anodically dissolved and
subsequently precipitated from solution. In addition there is likely
to be refractory material originating from any mould wash adhering to
the anodes. The chemical compournds likely to be present in slimes are
numerous and complex but in general the silver is largely combined with
selenium and tellurium as Ag,Se and Ag,Te, lead is present as
P]oSO4 and arsenic and antimony exist in Complex oxide form. Copper
may ‘be present not only in metallic form but also as selenide,
telluride, sulphide and other campourds.

Due to the large compositional variations in slimes produced at
different refineries, processing flowsheets in use are also varied and
have been adapted to suit the particular requirements. The first step

is normally the removal of copper by sulphuric acid leach with air
sparging.

The classical system for pyrometallurgical processing of the leached
slimes consists of smelting to a bullion or matte followed by oxidative
refining to product doré bullion suitable for electrorefining. The
selenium may be recovered by roasting prior to smelting or

alternatively it may be removed by fuming or slagging during the
refining process.
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_to avoid excessive splashing. ‘This
limitation is due both to the small furnace size and the fact that the

S iti . used for this:
= . dord . furnaces have tradltmnal}ywbeen us :
Reviiblzratoﬁﬁl ning duty but their well-known dlsadvantages hax‘re.lefi:
’Eénole the?.r replacement in a number = of plants by oth?r ‘more e)‘ff%cn.;:ei—x1 :
ocesses. One factor which is nowadays of paramount nnpgrlrzance zz ca?x
giecious metals inventory held up lga gmc;sls.f_mrgin gozist‘;ng;which
3 e
hold up many tonnes of precious me S, t_man: g o T on of
e of the most significant opera ing-costs. :
I;ra}éiio&g ;Ie}tals into slag and fume requiring recycling also add’ to the
overall lockup.

X i ller
i i reactors are capable of rapidly processing sma
g&::(l:i, qllgfl(ta:rllii‘e’z with a consequent reduction of mvegtt::ory lc:;zlils mgx;i
i ignifi i i leaning volumes. - At present,
with significant reduction iIn gas € o .
i i ifi has centred on the top blown rotary
of this process intensification cen e top Dl
i i £ combining the sme g
furnace (TBRC) which is capable of ¢ ! fining
i i ‘of the bullion phase the
duties. For the oxidative refm_mg o i P e igher
has been shown. to be more attractive in .
2;1;3;”;1 Sﬁé?f‘fglency is obtained, better process control is possible and
other operational advantages are obtained. :

ASAR i refi i oduced - are high in
's amarillo copper  refinery, slimes pr
Zgg.lver ggds selenium After leaching fo:::'copper ren_loval ﬁoﬁowe?:a by
filtration, the filter cake is sx{eltidgwgg gl;xaﬁgelg hgs: gon slzigt 1%
. The products are a recycle sla ) . :
g‘;ergiie:‘_nately og silver selenide. - A furfxe of high selenium content is ’
also produced which is processed for selenium recovery.

i which contains approx. 60% Ag, 20% Se'and 673'
?;oc;agtsjaflgs%ofmth;ﬁmfiz:; than 1.5% Pb and Sb, is carried out mi?:l?;g
furnaces of about 15 tonnes capacity. Lancing using m;ygeix;i:;im hel
air with a soda ash flux is used for the removal_o iees fum and
tellurium into the slag. The final stage of the cyclefmv? v S
of copper to the required 1ev§l of al?m:lt 0.5% by. 11rtr1th.erf ation
using nitre as a reagent, A typical ref}nlng cyc]_.e mf Slionn urnaes
of the order of 7-10 days with a final doré production o .

The use of the BBOC for this refining ‘duty offergd t':he possibilii:.y of
replacing the doré furaces with a single_ unit in o:;der th>n g(l)\rrg e:
reduction in inventory level and other c:perCh atlonatel?‘eneﬂfqétséaoc o
t obtain = performance data for su a sys

i?lstallation at Warren Spring Laboratory in {:he UK was gzed tw?v O;‘\m a
series of tests on the Amarillo matte. This furnace a;d a bokingttan
volume of about 251 and is equipped with an oxy-gas l_aurner ia !
lance  system. A more detailed description of the pilot plant has been
given (4). .

i i ior i lace involve the oxidation of
main chemical reactions taking pla 1 :

gziver selenide and telluride and their reaction with the soda ash
flux.

T
0. -> 2Ag + 5€0 (
2. 2 5 a0+ 00 @2
se@)z 39’rNazo ->  Na,Se0,

i i to

imi i involved in the conversion o§ .Ag ’I‘e
Sm;]égr aigacgons T?;:e standard procedure involves 1.:he :Lnjec%lon_of
Ic\fl;qz’(tpjenéem:icheél .air into the bath using blowing pipes of special
colbalt-based alloy. A layer of soda slag on the Fummace helps to
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capture theSeOgmkmt ‘rvolatilisation .is so rapid initially-that much:

‘passes: to

more readily céptured in-the slag.

The 'testw‘orkk prograrmne was aimed 'at achieving removal of ﬂnpurities
into a soda phase - as in . the current process but with a minimum of
volatilisation of selenium.  The tests were designed to provide an-:

The basic 'pro&adt;re adopte‘dy in all the testé was as follows:-

1. 250 Kg of matte was charged

2. . The charge was melted using an oxy-fuel burner
whilst feeding the lance with a flow of nitrogen
Soda ash flux was added and allowed to melt -

g Y]
.

blown into the melt at a rate of up to 200 Nl.min,
5. - The slag was poured and more flux charged
6. . Steps 3-5 were repeated until: refining was complete,
7. Thedord was cast out. = ., ..

Metal samples were taken from the melt periodically after first .

stopping the blowing and tilting the furnace into.the holding position.
Test Results

Charge _tfselting was accamplished  within 90—:]10 mins. using 260-275
Nl.min. " natural gas and 380-455 “ NLmin.”™  of oxygen. A flux
addition of 20-25 Kg of soda ash was made with the initial charge. The

contents  were cawpletely  fluid ‘at a ‘temperature of  900°C and the-

furnace was then tilted into the blowing position. It yas found that
an oxygen -blowing rate much in excess of 200 Nl.min.”™' gave rise to
excessive splash and in subsequeni': testwork this was maintained as
close. . as possible to 200 Nl.min.”', This is a phenamenon associated.
with the small scale and is not a limiting factor on large units,

ard  cooling, Temperatures were in general maintained between 1000°c -

and 1200°C during refining.

During .. the limited nuﬁbér of tests carrle:i out it was not possible to
optimise the flux additions and slag removal times so ag to obtain the

90%. General visual. observation of the off-gas above the furnace
Suggested that. very 1little fume was produced. The lance operation
during the tests was satisfactory and the wear rate was not excessive,
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- The fumace was tilted into the blowing position and oxygen

R
o
o

an

&}

Cu Metres of Oxygen Passed

Figure 3 - Selenide Matte Refining

i furnace. As
fluid and were readily removed fram the :
e V%‘ng w;erhe; ol;océss chemistry was found to be essentn.?l;L% v?;z
Wsameas as in t‘clle exist.ing process and copper removal bglow abou. tra}é %lux as
not possible using only soda ash as fl\_zx: Sodium ni e
camnonly used for copper removal below this limit.

The test work "indicated several areas where the BBOC hiﬁs1 figniflcant
benefits compared to the conventional process. These include:

Reduced flux consumption of approx. 80%.

Higher Se content of glag.

Reduced fuel oonsmlption.

Lower gas cleaning volume, 4
Reductgon in working inventory of at least 8 tonnes (Ag+Au)

Improved process control.

O0000O0

It is estimated that a single 3 toune naninal capac%'.g:yhBBOC wiila l:lxsa
capable of replacing the existing cupel furnaces. An our cy
proposed in which 2 tomnes of doré would be produced.

Projected savings by the use of this techno]'.ogy are ognsiderz;g]iin angiﬁ
a result of the favourable economic ar.1a1y51s.ASAR‘OO is proc_llo guring
the installation of a BBOC for this application at Amari

1991. Lead Refinery Slimes

In the Betts electrolytic lead refining_procez’s,léxggur?ligzglﬁgs §§
ectro. in an aqueous solution o X
?iuosil]i.gigi acid. Pure lead is dq)osutec.i at; the lead ﬁmﬁeiegii:‘g
the more electropositive impurities rema}r;d 1ns§iubé§r o Zigctr e

ode in the form of a slimes. PerJ_. ically :
othne ?;daersl af;e removed and the slime mechanically cleaned after which
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they are washed and filtered. The camposition of the slimes varieg
greatly according to the source of the lead bullion but the major
constituents invariably include antimony (which is required to be
present in the anode to control slimes stability), silver, bismuth and
lead. Other elements which are nomally present in smaller
concentrations are gold, copper and arsenic. A typical range of
composition is as follows:- :

Sb 40 - 50%

Ag 3 -12%

Bi 4 - 15%

Pb 10 - 25%

Au 100 - 300 g/t

Cu 1 - 4%

As 1 - 16%

As with copper slimes, lead slimes are processed in a number of
different ways at Qifferent plants, but in general the first step is a
smelting operation followed by the oxidative refining of the bullion
produced. Only silver and gold remain unoxidised, the lead and bismuth
being oxidised into a slag phase whilst antimony and arsenic are mainly
volatilised and collected as fume. i

The smelting process is relatively difficult due to the low bulk
density of the slimes and the low thermal conductivity, Static
reverberatory furnaces, short rotary furnaces or electric furnaces are
used for smelting -and the products are a high antimony slag phase and
metal bullion. , )

The next stage of processing is the removal of antimony from the
bullion, This may be carried out in either reverberatory or rotary
furmaces  either by lancing, in which case slag formation is favoured,
or by surface blowing where the volatilised oxide tends to be entrained
and is collected as fume,

The final stage consists of the cupellation of the remaining bullion to
produce a doré which is later processed by electrorefining. The
litharge slag produced is rich in bismuth and is normally smelted to
produce a high bismuth metal feed to the bismuth recovery section, If
the lead content is high it is sometimes economical to remove both a
high lead followed by a high bismuth slag. During cupellation it is
sometimes necessary to add extra lead to the charge to assist copper
removal.

In order to investigate the effectiveness of the BBOC for antimony and
arsenic removal a test was carried out in the 1.5 tonne pilot plant.
Initially 1075 Kg of alloy containing 9.8% Sb, 0.85% As was charged and
melted._1 At a temperature of 450°C, oxygen blowing §t a rate of 360
Nl.min, was commenced, After injecting 26.3 Nm oxygen, 250 Kg

antimony removal was camplete, During the test  the temperature
increased to 'a maximum of  1050°C due to the heat of reaction. Very
little fume generation was observed and results indicated a high
recovery “of Sb into the slag. The Sb and As contents of the bath are
plotted  against volume of axygen injected in Fig 4, Slags were removed
at the points indicated and their compositions are given in Table II.
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Table IT

5 A o
% % )4
| 86
Slag A 9.47 3.7 48,
s1ag B 25,91 1.13 57.87
Slag C 13.89 .35 74.49
Slag D 13.19 .09 84.13

The lance system operated well under these conditions with virtually no
consumption at temperatures below 750°C. The calculated oxygen
efficiency during the test was close to 100%.

BBOC capab i timonising and
i le of carrying out both thg dean‘
g;elling clxs)erations in a single furnace with a high antimony recovery

into the slag and low off-gas volumes.

E i Onsan plant of Korea
BBOC furnace is to be installed e.lt'the .
?in?: ;:gime for slimes processing duties. - Initially ﬂle'fuz.:naci ng kée(;
used in 'the cupellation of deantimoniged 'bt}llion it is plann
extend the use eventually to include deantimonising also.

o Sb ADDITIONAL
I l “HARGE
o
; _
3 5 STAG &
\'1
7
& " ! .
o
[} ‘q\
.’.} ;
\
SLAG B
=3 |
As 1 SLAG € grag D
- ""‘w;.!,_.;:?""——-.,_A,,m_w e T ¥ .

" 0 gy n 40 2 I

Cu Metres of Oxygen Passed
Figure 4 -~ Sb and As Removal in a 1.5 tonne BBOC -

Future Developments

i 11 as refining offers the
~of the BBOC. for smelting as we s F .
g:sﬂ‘.;js.iity of further reducing the.precn.)ue': Ipet?als ;.?fri;c;r‘{o igrnzléuaﬁz
sing whilst at the same time minimising - :
gzluoggxsrmgg substantial operating alﬁ gapélt;]éggozii msg:lggiéctis’ g g:
& furna it would be possible to _
gﬁ fwherge'th;t tuggulence created by the gas flow would ass:.stlthe
assir:lilaticm of the charge. The use of an oxy—?uel burner to replace
the existing fuel-air burner would also be beneficial. :
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projected to replace the nitrogen flow in the lance shroud with a
hydrocarbon fuel gas. It is anticipated that suhnerged,canbustim
would allow efficient heat transfer to the charge of up to 25% of the
total heat input, the remainder being provided by a fixed oxy-fuel
burner, This system would allow the camplete pPyrometallurgical

Conclusion

Since its inception as ga more efficient replacement for the
conventional cupellation furnace, the BBOC has been shown to be capable
of other oxidative refining applications, Bottom injection offers some
inherent advantages over top jetting techniques, such as low fume
production, high oxygen efficiency and good process control,

duties including the processing of Parkes crust, selenide matte, black
copper  and antimony/arsenic removal., The black copper work
demonstrated the ability of the lance system to Operate in severe
operating environments up to 1350°C and achieve oxygen efficiencies
three times that of the top blowing system.

slag. This can eliminate the need for costly fume scrubbing equipment
to recover selenium, The BBOC technology will shortly be introduced
to lead slimes processing at Korea Zinc's Onsan plant.

The author wishes to thank Warren Spring Laboratory and ASARQO Inc. for
pemission to include data produced during testwork Programmes.,
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