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RETALLURIY OF TR SINC/LEAD BAST FUNMAG

Lumnary
™e operation of the Imperial Smelting procese and its ancillary equipment
feccribed. Sinter ard preheated coke are charged to the shaft of the furnace,

e nrelieated air ig blown in through tuyeres at the bottom, Llead 1e reduced

«ir vne top of the charse and rune down tc be tapped off with the slag from the
~ e hearth., Zinc .x reduced to vapour in the 'wttes! p:rt of the “urnace,
4 .bove the tuyeres, and pasres via an offtake near the top of the shaft to

~sndenser.

Me zinc vapour 'n absorbed in a spray of molten lead, The residual gws

o on and 12 used to nreheat the blust air, while the condenser lead 1is

ru.uted by a pump throush n ceelin: system, As the lead coole the ginc
epurites and rises *o the surface, where it 12 retained by an underfliow baffle

1

{iverted to a holdvr ba'h, %! le the laewl returnz to the condenser.

T¢ zinc 1s tappei from the hoiding bath ana can then be acld ne Grado 4
crd 00EGST Zn)e T desired 1t may be refined to reduce 1te lead content, by
i1+ le=gzineing to ive Grade 2 (99,9 + & 2Zn), or by reflux.ng to produce

iride 1 (99499 + £ Zn).




T0/Wa, 3T
Bove 4

Introduction

1.  Thermodynamically the reduction of simc oxide carbon oannot be brought about
uriier atmospheric pressure at temperatures belrw the boiling point of the gzinc
metal, and it 18 thua impracticable to attempt to produce liquid minc directly
fron n blast furmace, The metal murt therefore be produced initially as a
wupoir, and 1n consequence the reaction requircs not only a high temperature to
fiv-.r reauction, but alsc a large supply ot neat per unit of zinc reduced in
srder *o provide the necessary laten! heat., As a result zinc reduction can take
. aaly near the bottom of the charpge where the heat supply 1s zreatest,

farther up the chaft the temporature is oo low althougsh chemically the

cases are still ghoy reduciig.

. chemical potential of the sasea can be qtilised by including lead
rateriale 1n tre charge, since lecad reluction i3 exothermic once the
war reachod furnsce temperature, Lead 1s thus reduced to liquid matal
tar of the charwe and runs dowr, ~ollocting copper, silver and gold
t+ the way, to be tamped off with tie slag from the furnace hearth, while
reduced to v cnr near the bottom of the charge and passes upwards with
g teo the furnwee friake, ‘
ccovery of zine mpour from the furnacc zases is difficylt because of their
yoeen potential and the low concentration (about % by volume) of the zinc,
rowlt oin neavy reoxidation as soon as the sases are cooled. The solution
v 1 1 the Imperial Smelting vrocess 1c to pass the gases to a scparate
v {the condenger) where they are scrubbed with a shower of mniten droplets
(o0 by paddlee ratating 1noa pool ol lTiquiad ‘cad. Reoxidation is checked
suiden irop in tosperaturc, while the lead droplets simultancously
1. the zince vapour {rom the furnace - ces. The lead is pumped
cousty from the condencer and circulated through a water coolad launder
romoves the heat derived from the gac:s, It should be noted that this
stash eondenser is o dovice for recovering ~inc vapour, and nas no

<tion with the productien of lcaa bullion from the furnace shaft.

4« the lead flous along th ot v colled launder its tomperature falls and
L, tnrown out of soluticn, forming a sccond liquid layer floating on the

i

4 gurface. When the tomperature has been sufficiently reduced the lead stream
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reachos a separator containing an underflow weir which diverts the zinc to a
holding bath from wh.ch it can be tapped. The cooled lcad re~enters the
condonser pool wiere it flows in countercurrent to the furnace gases, and is
thrown up into a spr.y by the rotors as beforec., The cooled furnace gases are
fin'.lly scrubbed with watur to remove lead and zinc oxides carried over from the
conden er, and thrcir calorific value is recovered by burning them to preheat

coke for the furnacc charge and air for the hot blast,

S Because the zine is recovered from so.ution in lead, lead constitutes the
major impurity. Simple iiquation before cnsting is sufficiont to produce
Grade 4 zinc (98.5% Zn) but further reCining is required to attain higher
purity. There is then a choice of vacurm de-zineing (VDZ) the circulating
condenger lead, siving Jrade 2 zinc (93.9+56 Zn) by distillation under reduced

pressure, or full rcfluxing to produce Grade 1 {99.,99+% Zn).

6. The operatinn of the zine /lead blast furnace can thus be divided into a
number of sections as licted beiow:
Charg2 preparation
Furnace shuft
Slag and bullion handling
Condensation gystem
Separation system
Zinc refining - liquation
- vacuum de-zincing
- refluxing
The remainder of the paper describes in more detail the processes ocourring in

each scction taken in turn.

I. Charge preparation

7. The charge preparation system must suphly the furnace with sufficient feed
having the correcct chemical composition and physical condition. An account of
the weights of materials charged must alsc be kept. The materials to be
handied a1 sinter, coke, lime flux and a small amount of recycled dcoss. The
factors which must be controlled ar: sizing, temperature and weighing and

proportioning,
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(a) Sizing
g yinter is delivered from the Roasting Plant to the furnace feod bins after

ging over a one inch screen which effectivoly removes all material finer than

NLGO
inlf inch. Larsc lumps (grecter than four inches) are also removed by screcning

or by passing through spiked roils. Furthicr reroval of fines occurs as the

gintor is drawn from the feed “ins by o vibrating conveyor fitted with a short

one inch gereen.

h.  Altention to sinter sizing is justified by furnace performance. Ideally the

coke and cinter, should have uniform size to reduce segregation of

whole ~harge,

1w cliaree constituents in the shaft, and to induce cven gas flow 80 as to

Siuenr maximum fas—solid contact, This results ir more officient usage of the

ihat is  rore zinc car he gmelted per unit of coke charged. Uniform

(R

e gazing cannot be fully attainel while ugine ginter (though much progress ,

e teen made i tle iror tlant furnace by the unc of pcllcts) but it is well

“voam fhat the fine raction 1s the most narmful. Very large lumps are likely

o difficult to reduce and so are also undecirable.,

fake as roceived lies mainly in tle slze range > to 3% inches. Some

Crown oneurs daringe preheatine but it 1s not usual to screen the hot coke

v o ehareines to the furnace becau e of the 1ifficulty of excluding air and

S

Hoti coke screcning is practised

S

nroblem o f making usce of the coke firucs.

worer, at Cockla Creck and Xabwe (Zambia).

sroportion »f tue total lime cortent of the charge is added 1t the

~. instead of beine incorporated in the sinter an order to ;ive better

Tarioery
vipel of the slar ¢ oongition. Thisg furna~e addition must be made in the form

4 vnrd burnt lime in nrder to avoid charming fine material:  limestone would be

4 oot ionable heecaus. of itg effoect on the carbon dioxide content of the furnace

‘) Temperature
1 "he coke claree is prehoated to a temperaturc of 70C to BOOOC. Preheating

corves tuo purperest it is & useful method of supplying additional heat to the

“ pmane, 30 economiging on fuel usage, and it ensures that the coke is

<1 pourhly dry beforc heunys charged.

L

. \~tor in the furnacc charge 1s partially reduced to hydrogen, but under the
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oonditions in the offtake about half of tho wator remains undissociated, The
reaction of ginc with water is much more rapid than with carbon dioxide, so
quonching the gng with the luad apray is moeh lees wffective in preventing ro-
oxidation, Tt &8 thuec necessary to dry the coke before use, nnd a temperaturec
of 30000 or more is required to ensurc complete removal of water. Once this

has been =cecpted it ltocomes logicnl to undertake full coke preheating,

14. The coke in nctually neated 1rn o vert:cnl ahaft fired by Imperinl Smelting
furnace gae which hag passed through the condensor :.nd the wet scrubbing system.
This L.C.V. {low calorific valuc) ms is burnt in a separate combustion chamber

and the hot wzascs then nnus up threar the shaft in contant with the cokc.

15, The sinter charse 1g rot preheated, but witii sustabice 1ogering of the
o s ’ 3
storagc bun cere the heat ceneratoed duringe cintering car be congerved to the

(S
extent that the sinter cntors the furnace betueern 200 and 0O . Actual pre-

heatin: 1s not undertaken for two rcasons: f rst, that the sinter 1s slready
i dry and tierc 1s thacrefore no nececsity to hent 1t, ac in the onge of the coke,

and sccondly, toat o <imnle dircet fired preheater, such ac 1+ used for the

coke, would oxponc the gsintor to hot mapes which would bring cbout partial
reduction wnd chokiner ap of the bed, Iv view of these conrsiderations the

adiitional cost of providing sinter preheaters is mot thought to be justified,

(¢) Veighine and proportioning

16. Encl feed bin 1s preovided vith a vibrating conveyor and weigh hopper. The
couveyor e oncrated until the desired weight ig resistered, and the hopper 1s
them emrticd into the chorse Yucket of the automatic hoist. Two buckets arc
filled and hoistced together s: ¢ the furnace has two double=bell charring
points. In thig way a rccord of the total weichts of the various snterials fed
to tlie furnacc 1z kept 2id the provortions of the variocus constituentis are

controlled.

17. Close control of the proporiion of coke to sinter in the chargse must be

maintained in order to kcep the carbon/zinc r.tio in charge constant. Not all
the input zinc is reduced in the furnace, somc of it beinys lost to the slag as
oxide, and the proportion which i lost is controlled by tic carbon/zine ratio,

for a ziven sinter composition. Increccing the carben/zinc reduces the zinc loss

to slag, but since the rate of burning carbon is proportional to the air blast
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rate to the furrace, whie' is normally oconstant, tho amount of ginc charged, and
henee the gine output, is ulso reduced. The rate of ginc oroduction must

viopef re be halanced against the proportion lost in slag. 1t is gonerally

f 4 to be most profitable to run with a sinc loss in slag of about 5% of the

%
L}

il. “urnace shaft

Shape and 8slne

. e standard Imporial Smelting furnace shaft has a reotangular oross
. ith gemisircular e.de. Tre ahaft hoicht is about thirty feet, of which
Cer maneteer foet v brick lined, whole the lower vart ia formnd of two
codop dacket ftre pockoty love o than lirin7 of brick to redure hoat
. Mo 1aternal lensti s spproxateioly twenty fect ad the width s ten
~ ivire an oven acetional arca of 10 sauarc feot, bit the lower row of
acketa slopes inwarie reducs o the wiith between the incket faces to
feet at tie botton, Feod materisls are pntroduced thro b two 2ots of
LarTing betle, to prever cus leakayt, whil o the rreheated air blast
Chpoush gixtoen water coorad tuyere near the bottom £ the lrwer
. Mie normal heipht of the charec colomn ag abon wenty fect avove the

PooTses,

. he lommted shape »f the Imperial Smelt.ng furnace contras'e €ith the
1 eircular section of he iro hlact furnace. The rectanmilar shape was
cnally chosen to sonform with the deovmn of the lead blast furnace in which
Cmparatively lew intensity of the aar blast domandg that tho noses of the
v 1 should net be widely separated.  Since *het tame the Plowing rate to the
o1l Smeltins furnace has boen preatly inerearcd, allcoing the shaft to be
Cvved and the tuverces drawn bock, tut the basic shaye has been retained
g of the lapee quantity of hert avd the bhirsh temperaturce neceasary for
roduction.  These ficters, ac explained carlier, result in a ghallow
footien zone just above the tuyere lovel, cithout the extonsive pre—reduction
carriage in the upper shaft of the fron furnwec, Under these conditions smooth

okt of the furnace can only be obteined 17 the vhole of che cross scction at

i tuycre level ias active, without the formaticr ot a "dead-man™ at the centre.
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Thore is therefore a limit to the pesaible widih of the furnace at the tuyerea,

(b) Charge and blast distribution

20, Althouwrh « rec angular furnace is necemsary for the reaction zonec at the
bottom of the shaft, @ circular soctior would be hest tor charge distribution
siace one double Lell asystom cculd then be used with 11 the advantages of
radial symmctry. ‘nfortunately, s satisfactory combination of cirsular top and

rectanzular bottom has not yet becrn devised,

1. T charee belle of the standard farmace are placed on the long axis of the

shuft at a aoparation choaurn ‘o make the ohar-c urfece 1e level as possible,
but a fairly deor depreassion ander t ¢ rentre of each bell cannot he avoided
Wit this arrangoment.  Alternete charges of coke and sinter have been found to

~ive lees rosrrention than charrming the materislg 1o the same bucket,

22. Better control of charece diztribution i1s very desirable to reduce
gerrre~ition at1ll furthior and ‘o ~ive better control of the pattern of ms flovw,
Development cork n improved bell operation is proceeding with theee objectives
in Vicw,

Ji. The air supply to the furnace is preheatod by Cowper Stoves, as for the 1iron

blest furnace, to a temperature of up to BSOOC (Mctal tubular heaters, limited t«
about ?SOGW, ar nf111l 1 urc at som furnaces) ™o stoves are used to aupply
the blast alternately, and are fired with L,0,V. =i from the we! scrubbing
agyatom folio ing tice tead apliah condencer, ™ prehoated alr passes to the
tustle main g rround ngs the lover art of thoe furnnce, and from herc to the

gi1xteen wator cooled tuyoreo,

24, At vresent there s no ctandard system tfor control of thic blast distribution
among the tuyerce, Measurcment pag ghowr that the distributior can boe very
uneven, hoings only partially stalbilised by the remistance of the charre in the
furnace. If o Blow bole or ploe bepsine to fore stability s logt and the pipe

ji¢ mgtrensthened by oxtra air follovir the path of lower recistance. This han
led to the development of contpel gehemes bhagod on differential pregourc
meapurcments with merna] adjustment of the mair tlows, ant automatic control of

the air distribution is beiny established on the large (PQ” B Yt.) furnace at

Avonmouth, There i3 already cvidence to show that stabilisation of the blast
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distribution leoads to more oven worki.iz of tho charge.

(¢} Zones in the furnace - the *uyerc zono

25. The ¢ lumn »f charge 1n the furrace can be dividod into a number of sones
accordings to the predoninant cactions cccurrine in thew. There are basically

thrces the tuycer. zone, tie eguilibrium gone and the charge proheati zona.
\ ? - -

2o,  The main processzes takimg place in tho tuvere zone are combugtion of carbon,
reduetion of zinc and melt.is of ihe slay. The carbon is burmt principally to
~orben monoxide which reacts wit) zinc oxide, producing zinc vapour and carbon
fraxade,
2C
Zn0 + (

-
4

2 2 ¢
0 = n + COQ

\

eervise of the high temgcrature in th s zone sore of the carbon dioxide then

roncty with more carbon ,-.ving carbor monoxide.

c + €0, = 200

e

Totter reaction is underscirable since it absorbs heat and consumcs carbon

wt reducing ziac,

. e most suitable coke for t ¢ Imnerial Smelting furnacc should therefore
ctrong, to re st scchanical b eakdown (e fer the iror blast furnace), and

vonercactive o ro

o}

sist chemizal attack by carbon dioxide. Because of the high

oot dimand of thie zino reduciion reaction, tle use f very reactive coke would

,,
?

clilling of the tuvere zone to tiae pnint where there 1s a danrer of e
“roton ceasingy  in the irorn furnace, iy contrigt, sarbon menoxiic can be
ciraed for reduction throurh~it aost ~f the =haft heirht, id coke reactivity

-~ - R .
38 importanc,

. olag meltinge 1s troe ather important fuacticn of the tuyere zonc., It is
¢ that slag compeeitior laz 2 conrideratle effect on ziue reducibility. A
Cre Time/silicn ratis inercascs *le aeltine ‘emp. rature of the slag and
petices 180 zine content (por cert of zine oxide) though this offect is
Lrented by changes i the other slac constitucnts (mainly FeO and A1203).

1 ttion of 1Time flux te the charge can only be beneficial if the consequent

potuctisn ap zine assay of the slag morc than compensates for its increased

coantity,

i
|
|
|
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(d) The equilibrium zone e

29. A short distance above the tuyere zone heat transfer from tho rising gases
to the e cending char~c is virtually complete, tas and charge having both
reached .. temperature Hf about 1000°¢ . This statc of physical and chemical
cquilibrium nersists until tre charge oreheatine zone (the upper two to three
feoet of the ch rec column) 1s reaclied, Chemizcal reac‘ion ig not possible since
the reduction of lead oxide, and ferric to ferrous cxide, is completod in the
preheating zone, and + ¢ tesperature is not high enough for zinc reduction to

tesin,

(¢) Trc charxe prcheatings zone

3C.  An describe  earlier the sirtepr iz charced "cold"” at up to 30000, while the
coke in prehicatid 1o 00 0 tn SOOOC. The nev charee must then be hcated to the
temperature of4the couilibrium zone v tiae upward flow of gas, which ig
correspondin, 1v cooled in thve orocess. Heat ia supplied mainly from the
sensiblc heat »} the 2 es but also partly by *he re—oxidation of gome of the
zinc mpour by carben discxide as the mas cools below the former equilibrium

tomnersturc,

(£) Tu» air addition

31, The eascs l-avine +he charge will precipitate zinc oxide on any cold
surf~ce wit' which they come in contact, and zome oxide is already dcposited on
the du~t particles carricd in the gas stre'm. Tc rrovent massive build up in
the upper shaft and offile air is injected inte the open aspace below the shaft
roof, and a.sc around the bell spenings.  This oo called top air burns part of
the carbon monoxilde content 5f the ~taft 7as and ralses the gas temperature
above the re-nxidation point for zinc, It is probablc that most of the oxide
depogited on the on- berne dust is also re-~reduced.

-y

<o The gas finally passes via the furnacc offtalke to the inlet of the lead

srlagh condensecr.

(<) Graft accretion

33, Arn important process which har not yet been described is the build up of
acerction on the walls of the shaft below charze level. This is composecd of

various deposits of rcharee constituents cemented by zinc sulphide in the lower
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hot zone of tlc shaft, and of gzinc oxido bonded deposits in the upper mene
noarer to the charge surface.

-

34, In the carly period of Imporial Smelting furnsce operation accretion growih
in the shaft could not be controlled, and it was neccseary %o stop production
throe or four timca a year to clean out the shaft. More recently methods of
control have been ovolved no that resular shaft clean~—outs are no ionger
necessary, and campaisng of up to two your- in durat on have been attained,
Premature torminatinon »f the campatgn may atiil, »f course, be brouh* about Wy

other oausgcs,

35. Thore are two ways of dealin,s with furnace aceretiont to provent ite
formation, or tn levelop quick metbods for ite removal.  The second approach has
been the mrst puccesaful 30 far, and there 1s now a well develsped technique of
blagting down *t'i¢ maccrotinon with oxpiczives turire a abort stop at which
condenser cleaning s also carried ~ut, Shots can be inserted either from the

top of the shaft after romoving the beils, “r through Yoles v the side walls,

. The first approach, f complete orevention, was not possible in toe cast,
but is row berinc ity to appear more neactioable,  Aceretins is the lower
(sulphxic-) zone teoda to Fomm ot fhe wrrep gackats ahowe the dead spmces between
the tuyere~ whope tiorce is ar 1nadegquatc sumniy o f hot mases. A bottor nndor=
gtandirg of the snape f the racowmy i froot f the tuyeres e ow loading Yo
the situation wrore 1t wiil be possirle to speci{y their number and location so
that tiere will be no icad snaces, ad oely 2 mirimum »f accretion builld up in

the lower shaft,

17, In the upper {or1de) zone accretion is areir formed in rogicns at the walls
where mas flrw and charge movement are inadequatc., Ir this ~ase cociing af the
gases causc: re—ouxidation of zinc, with the ziro o ide b oading torether particles
of staticnary ~harpe, Jar f.ow ir trhe upper shaft is ~ontrolied by ~haree
voidage (sesrcantisg of roke nd 2inter; and, near the surface, by *he shape of
the stockline »reofile, It 12 Popod tnat improved control 3f charre and blast

distribution will cvertualiy elim.rate upper zhaft accretion,

111. Slag and bullion hasdling
W £

318, Slag and lead bullisn are tapred from the furmace hearth at approximstely
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hourly interwals into & forchessrtl whore sotiling ta ee place. The leas
sccumulates in the forehear'h and is removed cither by s lead well at ome side,
permitting oontinuous flow duri- the slag rur, »r from a taphole wher the pun
is finieted., Te siar pvortflowe fram the *or of ‘he forehearth 3t a tampornture
of about ??‘3{73? “nd te rramiiatod By 2 et of wmtor, The sraraintad alaw in
later removed t5 the dump., A rertais awmeust of “peiss (ircr arpenidy of

wriadble composition) 1lec ippumrs, and 1 tieprsed ~f with the slag,

3. Bilver and 214 present 1n the raree are oo lected by the lend, as is most
of the copoer. “orpror e miscitle 4 load 81 *he tappine temparature, s theprs
ie mo diffiruity 1 mrewing 1t From toa fermace, Byt asz 3000 4 the lemd cools
COpTer g ‘hpewn 0 af anlitian, Wb oy sopret cloarges (ap £, vy, A ~Opper
in bulliorn! €918 caumen o trounle, mt ot cigher levelas (%7 and ipwards) 1t e
Recessary ' koo tha 'ea’ as ot ap ceni ¥ 9 ring tasdling by tanping 1t Crom
tre foreheart: a* t g apd f +ig 2ing mun, The prose it Limit of rormal peration
ie about 17 orpop ¢ Guciton, Cout Y vl Yeon reachod during *rial runs.

#

40, Copper reccovery from sla- mpies frem 707 ¢ iy + Tiding a» *he copper and
lead ecrtents ~f *he givvar ape trorenac!, Tome of the builion ga partially
refined by =uiinb e yligto, ¢ romeove Y g byule o f the pper ar wmtte and produce
a grade f lead wuitalble for uae im + . lowd sbineg* ~orionser, The rema LT Nz
lead may be wfiiad by conveational ethoda P bulioon and copper matte may
be soli accrriing *5 wiich 1w mo8t profitable at the particular eite under
congideratiin,

IV, Zoadensation and geparation

41, Tre ~ordencer i+ really tre hoart f the Imperial Smelting process since it
waz the irn wer 0 toe ppocles - f recovering sinc from the furnace mases that sade
preduction of 2ir- fron 2 tlasgt furnace possible,

{%1) The crondarnger

42. The stardard :onderser is 4ivided ints three stases, Eisht potors work in
the lead po 1 arringed 17 paire across the directinr of wee flow, two pairs in

the firet stasc and ro in 2an' of ¢ & cthers. T™e rotors are lesigred to throw

<P B ospray of lead deorlets which effectively fills the #ns space botwesr the
load pecl and tre poof,
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A1, "ooled icad at about 45000 o ters the back oand of the condenser at a rate
£ um to 000 ton: per hour and flows forward against the direction of the gas
£ w, renchine a terperature of about SSOOC in the first stage. The lead then
roocs throush a submerged slot to a sump at the side of the condenscr, from
Wit 1t ig pumped contiruou-ly *n the conling systeon. lic pumping rate of the
ivad 11 regulated t» natch the lLeat teo be removed from the gases by keeping the
;1o and nutlet tenperatures at the:r tarset values., Thege targets are largely
fived by operntiver limitations: icad pumps d» not run happily far above SOOOC,
# 1l lhwer toemperaturces car orly be achieved by vory high pumping rates, but it
is posgibla tha*t tor rapid cooling of the furnace gas may causc formation
©oors "fost (zee Yo low) witn reduced condeasmtion efficiency. The lead inlet
rature an tre other and, should be as low az possible in order to minimise
~ontant of the lead, but below ddOGC there 1s trouble with local

o o rzine (MRl 41070).

o furnace gas enters ftie eondenser at about 1DSOOC and is quickly cooled
first stawre to abeut £50°C. Cocling cotinues morce slcwly in the other
o oand the mare leave:r at abcout EOOOC. Zinc 18 absorbed by the lead 1roplets
*{" frem the vapour phase (properly speaxing the "eondenser" should be
*": "abtsorber"), hut 1. ig brlicved that a small proportion of the zinc
vraalivy cordense on onucletr present in the zas stream as particles of dust
Cumec oearriec over freom the furmace.s T e zine "fop" so formed is too fine to

[N

tra covdderzer ant 12 carricd on o up the offtake.

vy tne coadenser the residual ~as patsc3 1p 2 tower designed to settle

“anieally ertraincd lead deopicts and return them™te the condenser. The

Tinally sormibbel with weter to recover the zinc and lead which it carries,
~oar oxvirired eiurrs Frown as tlue powder, which must be returned to the
. . ‘ L - A . S .

r Tlant and subscequently resmelted.,  About 5% of the zine volatilised in

Varnace 18 recirculatod in tols way,

LY

Dooserarat1lon gystom

« atanlard separntinn asyetem oonsiats hasically of two cooling launders
et parallel threowgt Lhiich the lcad is made tec flow, followed by a bath
“aanirw wnounderflow baffle tu eld back the zine thrown out of solution as

-vad conle., Additional baths are required for iross removal and for
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collection cf the separatod zinc, ~nd finally the load rust ro-cntor the

ocondenser “through a weir syatem providing a gaa scal,

47. The cold lead is saturated ' it} zine (abrut >7) when it cnters the condensor.
The ratc o lead [low i+ detormiied by the quantity of heat to be removed from
the mases, once the tarect temperatures at tie hot and cold ends of the condenser
have bmeu fixed, «nd it is fouud that mueh more lead must be circulated to conld
the gases than wculd he requ.rcd to dissolve the zine. The zine content of the
lead inereascs bv only ahout 0,257 during its prasase through the condenser, and
the kot load therefore contai s about 20757 zine {commared with a solubility of

o~ A , : . . .
4.3 at S307°0) wien it entors the conling lounders,

48, Tho cooling launders are tall narrow coannele coch about 50 feet long. The
uoper part of the =idus i- water jacketed wund ile lower part rcfractory lined.
Tris i< tie standard cquipment bu* an al':r;ativc ystom wit! immoreion coolers
(movable water eocled tuLbes or nlateg) whieh dip ints the lead ag it flows

tlrowrh a wide refractery Lincd trough may re used instend,

Ao Pollowing the laurdere the lead reaches the se called "flux bath", where
ammonium chiloride is addey to facili“ate drogs removal,  The flux dross,
containing lead and zine sxides formed in the Yaunder, is held back by a..
underflow weilr and periodicallv reroved.  “oxt comes th¢ scparator bath, where
the zine rises to tle surface and overflows inte - holding bat’, from which it
can be tappea at intervals.  The lead continuce vencath a deep underflow weir

te an enclosed channel (+he "return 1aundar”) and so re-enters the condenser.

(c) Temperature contrel

50. Thc heat balance f the conidenzer is maintained by kccping the temperatures
of the lcad 2t the pumo sump (where it leaves the condenser) and at the return
launder (where i. re—entors 1t) at their tarmet values. Two controls are
avallable to adiust these +wn femperatures: the gpeed »f pumping of the lead
and the narea of the wuter jackets to whic! 1t s exposed.,

51+ The heigit of the lead stream ir *he lovinder 15 requlated by o steel overflow

velr at the end, the height 5T whicl can be adjusted by movable steel plates, In
this way the height of the wnter Jackets in contart with the lead can be
controlled; roining the height increases 1lc cooling and reduccs the return
launder temperaturc. It trc case »f immersion coolers, the number of coclers in

use can be altered casily to give control,
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52« With the temperature at the rcturn launder kept to target the pump sump
temperature depends on the pumping speod. By working these controls together

steady conditions can be sustained.

(4) Arsenic removel

“3. There 1s always a certain amount of arsenic present in the raw materials,
*heush the actual quantity varics greatly. About 60% of the arsenic charged to
*he furnace is dispoesed of in o slag, speiss and bullion, while the remainder
io volatilised from tie furnace staft and passes into the condenszer., Of this
“ractic about 457 appears 1n the blue powder and 1s consequently recirculated

to fhie Sinter Plan', while the rest is abscerbed in the lead where it reacts with
Tne tooplve zlile arsenide.

e Zainc ar=enide ig zolid at the temperature of tlie condenser load

Soor

REE 1(’1‘"\0(‘.) and would be expected te separate with the drosses which are

tlerted in the flux hath. Tre density of the a zenide i« not very different
e that of ligquid zine however, and tae sepuration is incompletc. Because of

w4

s oargenic and chloride contents the flux dross evolves arsine mas in contact

citionosagture, and for this reason it ie returned directly to the furnace shaft,
. Ueoargenic remaining an the zine must be remeved in order to meet the ‘

ety liwits, and this 1s donce by 2ddin- metallic sodium to form sodium
roeiide whieh flozt.s to the surface and can be skimmed off. This sodium
wrment can be carricd out immediately afier tapping the zinc from the holding

Y

vy oromay be deferred until after refluxing.
Caamium

©+  Codmium present in the rawv materials is partially vola.ilised during

aatoraing, passing on with thoe gases to the Acid Plant. This cadmium is rcmoved
t'e 7as scrubbers and appears either as soluble cadmium in the liquors or as
b

»iuble cadmium in the lead sludge. The liquors are treated by Ion Exchange

1oondmiam cecovery but thesludge 1o recyecled to the sinter returns circuit.

« Beesuse climination during sinteriw is not comnlete, some of the input
celium finds its way with the sinter tc tie Imperial Smelting furnace, where it

tr woelatiiised in the shaft and narried over with the zinc to the condenser.

About half of this volatilised cadmium reports in the dross and blue powder and
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is returned {o the sinter mix, tut the resainder appoars in the sinc at the
holding bath. This cadmium can be recovered only by refluxing, partial ~r total.

V. Zinc purification

53. Sone murifie~tion 2f the zinc tapped from the holding bath may be necessary,
depending or the zrade which it is desired *o produce, Throe mothoda of
purificatior are in use, liquation, vacuum dazincing and refluxing,

(a) Liqua:ion

SJe  3iaple liguation, after < dium troatment, is nll that is necessary for the
profuction of Grade 4 zinc, Tre sine in tapned from the holding bath and sodium’
treated in the ladle, ad is then poured into »ne end of & largze bath  hrough
which 1t moves elowly, cvorflowin trrouch a narrow notch at the far cnd into a

holdine wat! ,

60, fentle tor heatiny by @as burncres 13 used to keep the temperaturc as low as
possible without causing *ronble wit frecezing ~f the zinc, Lead (and iron
compounds) scttle t the bottom of the liquaticor hath, from which thay are

} ) ' \
remevaed at fairly lon- interval. (10 5 15 weeka ),

$1. After passiige throu~' the liquation bath the zire ~ollects in holding bat’
whcre its te perature i - raised by electric irduction heators, after which it 1a

tapped ot and cast int., platea or blocks.

(v Tacuum dezirei N

Gl Taruam ezincin 1s a method of zine purification which make: usc of the
hest content of the condencer load ag the source ~f energy. Originally
developed for purifyine lead at Dopt 7irie, Australia, it was firet applied to

zirc purification at Avormouth,

53, Tic Lot lea? containing the 7inc is pumped from the sump at the first mtase
of the condenger to the innut gyphon of a vacuuwm vessel ir the form of an
inverted truncuated ~one, T lead flows dom a romovable spiral ) sunder close
to the walls of the vesecl, leavin: t rousk a bar ~rtric lee noar the bottom
whicth muintains the vmecuum scel. On iischar- o from thig the iead passcs through

an inmersion coosled launder, to remove 1ts res:iual heat, ard 8¢ reachen the

flux bath and returns *+- the condenaor,
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2. The wacuwr vessel con*ains in ite centre a water cooled condenser, in the
stape of a vertical tube, to the top of which is attached the line leading to
the mcuwr pump. Undor moderatoly high vacuum gire vapour is evolved from the

1 flowing in the spiral launier, cr-sseas the vapour space and is deposited on

: wntral condenser, as 3 solid layer at [iret, As the thickness »f tho deposit
s 1te surface temperaturc risca urntil 1+ reacteg the melting point Hf
. ifter which the condensed metal runa off and is collected by a tindish
foately beneath the hottom »f the e ndernscr, The zine then leavea by another
*ric leg lending to a holding bath from which it is tapped off,
Cwouam degineing ie ~apable of producing zine of Sride 2 quality, containing
s 0.0 laad, but canrot by itaslf roocver radmium, which, boing more
than the zine, digtill s swep o th 16, The cadmigm contont of the zine
wWoder be regeoveopsd by use of the eadeium oo lumm cnly of a conventional
Hlhixer plart , whier, aince 1t dves rot prosuire total boiling Nf the sine,
3 Loma o ogpen T Y run ttar *he lead oo lamra,

racuum ez ncinge orocezs A tre attraction of preaducing an improved
Forine watroot gmegrang e full coet of poflux.ong, thoueh the economice
Cawros f citner prooca muart depent o tvo ppoumaetanceas £ sach particular

Aratior advantays s f meusn tezincins e that by 1tag action 1t stripe the

roioad f 1te sine contont iretoad F poturainge it gatupatod e the

roar e tro conventional oo ling lsunder - separnty on bath system, It
Pariotoat thas will remilt un o iroreascd condensation afficiency, though

oA net yobt buon provesd in o pectie s,

N ‘""hx;rﬁg
o purifisation by refluxing is a two 2tage pracess, in which the zime
ror toiiad off from o load and ther nor-volatile impurities (in the lead
, aftor which cadmium 18 botled £f from tie gine (1n the cadmium
Co Beomuse f the hoevier (had cr the fipest stage 1t ia normal to feed

inlum o Law Trom *we loat oo lumna,

e The bl column congiats f s gtack o f carborundum trays, luted together
fothe adges and forming o fractionet ne coluen, The lower half o f +the ocolusn

surrcunded bty heatin- ~rambers fired with 11 ~r gms, while the upper half

i

cnclosed in s brick tower and forms & reflur colusn, the gases frow the top
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of which pass to & ocondonser. The cadmium columr is generally similar in
construction,

69. Opertion is continuous. Zinc is fed from a moltine bath into the top of
the heated scouisn 5f the laad column, from which purified zine and cadmium
pours page upwards while liquid zine enriched with lead flows 2own. There
are alternative wavs »f operating thie load columns in aceordance with the
products which it 1s desired to mako.

70. T> produce all Gpade ' zine it ig necessary to have total recirculation of
the bottor predust f tre alumn, T - lead limataa from the zinc in the
melting battr and 1a remowed Lhpoust a forewell, aad a omall proportion of the
bottor product 1a bl d ff for bateh Aisti lati-n to recover nopper, tin and
other minor impuvitice whisb tend +- eancentrate here,

Mo If 1t 13 de-iral to rreduce a proportioon of Gpade 4 metal th battom

produet 1z oremoved and liguated in *he noral way to reduce the lead content to
tel w 1,57, By ady ting tre firing »f the ~lumr 1t 1, poasible to enntenl
the rolative pronartiore of the zine feod whioh eventually appear a3 the top

wnd Lattam produnt s,

e The top npetuct of tro lond ~clumns ie tranaforrad +- the eadrmium column

by fuod laundera, Oratc 1 zine now wppears = tho bottom peoduct, while the top

produst is v ozin 21l .y contalning five 4ot por cent cadmium, Tho sadmium

18 reeoverad fpam thrie lsy by distiilation in a smll soparate column

producing pure zine ond crude cadmium metal,
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THE EQ'’ILIBRIUM ZONE IN AN
IMPERIAL SMELTING FURNACE
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l

PbO+CO =Pb+CO2
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CO+C —2CO
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