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<    *v    ^J?ßt blLtic Pa V>lem in the 1<s' rürnao« ir the reduoing oondition 
in the shaft, namely C02/CO ratio.      This report comparsa the theoretical 
calculations for equation (1) and the actual operational data 

ZnO(S) H   C0(g) -   Zn(g) + C02(g) (l) 

C02/C0 ratio in the shaft dominates the zinc oxide reduotion reaotion 
and, especially,  is the moct important factor together with temperature in 
condensing zino vepour in the gas which leaves the furnace.      C05/C0 ratio 
also haa a considerable effect en the production rate of zino in the 1.3. 
Purnaoe and smelting costs, eepeoially fuel cost. 

The reactivity of coke  is coneidered as most important from this 
point of view, EO at Do fu it is spooifiod ae 25 to 32 percent in order to 
get a C02/C0 ratio of 0.3 to 0.6 end an iron activity,  ape, of 0.3-0.5 in 
equation (2) at the minimum  theoretical equilibrium temperature 1000 to 
1020 C,  aacuming the activity of PeO in slag to be 0.4 to 0.5 and Pzn to 
bo O.ûo. 

FeO(s) +  C0(g) .-Fe(ft + CO,  (gj (2) 

0,-f        A theoretical value of condensation efficiency has been deduced as 
93/*,  and the actual value achieved in Suiaiko hoe beei. 90 to 92$. 

When tho temperature is kept oonat.-mt, aZn0 in slag drops as a^o 
in slag doea.      (The coefficient of correlation is given as 0.76 by 
statistical analycis of oUtr* at 2efw.)     Ucin* thii and a Pcoo/PcO of 
0.3-0.4 which is obtained from actual operation data at Sumiko? tho 
composition of matte and  the equi'ibriua in equatior.  (10) is obtained, given 
an iron activity of P.?   'o 0.5. 

Equation (io) aleo ehowc  that the higher the activity apQ the higher 
the copper activity acu at a constant value of Cu2S/Fes.      Since acu 
inoreasee as PCOo/PCO decreases,  it is more economio for copper to be 
reoovered in lead bullion in a furnace whioh hua strongly reducing oonditions 
aß has the I.S. Furnace. 

There are a number of economic advantages arising from the presence 
of lead in the charge to the I.S. Furnace end the production of lead bullion. 
These are not only the ability to smelt lead and zinc simultaneously but also 
the ability to recover valuable metals in the bullion.      Lead has another 
merit,  giving good hardness of sinter instead of adding SiOo, which results 
in a smaller slag quantity. 

However,  the behaviour of load charged to the I.S.P. should be oaro- 
fully considered fro;n a different viewpoint as having some effect on the 
elimination of sulphur in sintering and the formation of accretion in tho 
furnace shaft. 
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mraODUCTIOM 

hori,onUl «tort«.      »w hi« te°; ur'JTj V*" í?««*«>tt« oí 
replM.d i, continuo«, vertid reto!I•. l "* *""* untU I*o««»»iv.ly 

proooes had teen deWo-xid  „nd   MIM .       j °ther hani'   the electrolytic 
now by this pro««*. «"Wily of ,inc production  in tho -world i« 

the blast furnace Produríi,n^- X,     '  Ç  (   **?' } °f /vo•th.  U.K.,  for 
«eing this proWE/wï       î^u        ',.      I9* **" 1ÍrCt •1-*«» *¿rnao. 
replaced  th, hor^onttfreCt proots "^ •° "^ *»*> " 

Tbir was  of  flrnat  in terrât  tr,  --•«« i 
»aro- plants 0ub.equ*ntiy   iñtíod    J+M"    

prodacera throughout  tho world and 
Peaces at proocni ha, rZ bed $ IÏ" .P^CMB'      ¿ÍRC 01,t*ut fr0" L». >* i.-nea  u.,   o.   wcria sine production. 

(1) 

lfci* procos* **  the following 8pet.ific oharacteri.ti«,«- 

bisrauth as * lead Sl^t'fJn ÎÏT* °°Tr' «°ld» eilver "* silver    bi«m»íh        if    f^naco does.      Hariri Works recovora 

^r
r;iL '^t."° *oopper'antino,ly ^ »PMnlc « * 

dtn t .!îî!•ative. Processes. For example, the retort 
oon^íí! *      focosa requires the minimisation of iron in 

X ?írir tPr0Ce8S iead haB to * maintained at less than 3* 
Ülí knoT^f PrOOeS0 bef0r° leÄChln* -d « addition U i. 
îSîtSî    ií^ i Ca,aee3 fo•*tlon of «ine ferrite in 
25 i^thf îfïd M^í Î."0 re0CVCry in ^^ing.      On the other 

ii J furn\ :ti^ rfQr
int rr^^ *» *¿° in0: ii-d 

where IBT° P      
è °    UfiUal3y re«""»red except as oxide, 

where a slag fWng    »roc«ss can be economically justified.' 

Snti^diíGft?,neauiy aiwayS «>-•»«* in their ores,  and oon~ 

sfatssa ^^Ätssr^differentí;i floîSL» offiMí,„.        J       para"e fcetallur pical   prooeeses.      However 

conœnlratL L        Î-S',^rnaoc to treat re^v "«terod balk cjoncenoraU-s 3e particularly important. 

^euitíne, î;0;^;:".^,0^*a new conoept u zinc ^d ^ 
mntorials L+ ^ •able f'° treat eo°^mioally varied ,-aw 
M^íf ^ilt"     lér/irC'  leQd «"* other »»tal. «uch as copper, 

fron, n nív ^iS o^Sw ^ Pr°<Xe8e8  ^ ^ * «~i^* 
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(2) «J!„f!^ly
J
0?n,,i,S*P#d *»* a blaat *»«* lu» a high 

productivity and low labour end capital oostfl (1).     ¿¡T 
«ino nnd lead rre produced together, those factors ehculd be 
improved further.      Table 1 gives a'ecaparison of these" oosïa 
for several  zinc smelting processes in  T  Japan, 

SVS*? fpo th° 8'f fXi r'S-P" in T^le 1»  iB « sported 

It is to be noted  that there ha« been ^oat progress in the 
performance of the »tanderd eizod furnace since i960. 

Son« operational data for 19ÓO and 1966 is compared in Table 2. 

SffiP ?- I.S.?. Operational Data 

!        1960 | 1968 
j ! -I  

—t 
t 
! 
f 

j Carbon burning rate           j       94 t/day        I 154 t/doy 
Carbon eonsuraption/t.Zinol         0.98             i 0 85              Ì 

| Zino production                   !   3000 t/nonth    ! 50OO-6OOO t/month j 
~~~" — '•  — i 

(3)     tZTnÍOnQLnhOVQ'*ÍnCe thG prooeRB b^ whi<* le^ i» «covered 
SZfTL W1!h/'lï10 1S the 8•° «*  i« '• load Meet furn.ee, 
C^"1ÜalG in • serial, am recovered  ty solution xn 
e*cll       < h

UP        n0W ValUabiC '-:'jt"la  U'- ^nc ^contrates except cadmi« have renamed   tn  resides  wfl0n  treated pvro- 
etallurgiccdly.     Rucovcry  hro  V.n   .r.   a e^cucnt trient 

when eonm.rUü,.ij7    ustmaU,.       :m   ,,0 other  l^.l,   in  the 
Jydro^t-a  ur.^cM   prcceae   f.?r   nnc,   v,l,,b,e n.ijs except 

which aloo  contain   a-,%     f  the  zinc. 

Por trenti lent oí   th,.e r^uduop  in Japan several  processes are 
uecc wh,of. ,,.^ boen   lC.c + 8nitrA)1,, for  th€ u.l0ltopB conccrnCfl# 

tor oxouplv,   resides  w  treated by  ,. cor.brnr.tion ..f the copper 
blast furnace  ,M a f,,,!,,, f)r0(;CGÎ, fur  tho ^ of "* 
Solu,   silvers   nnc,   lsy   the  Ut,  Joeeph  nr^^e  fcr  zi.c * 

^f^rr\the   COpP0r.i:On^rti-r  for  ^^^   —0 oxide,  gold ana Biiver  lr->r>¡ zinc rci^no    ->nj  -m^ L       ^ 
furnace  for  copper,  f^l«!  ;uilj 3liv,r. 

A« the  I.S.p.   iB 0f.pr,Lltî of ei:i,.lt..J;0lUß rRC.„,orv  of these 

valuable retalo   i*  one  a«, t,   a iT,at n„pb U. cation of equipment 
and proves xs possible.      ln wrt,an ^  the I.3.F. ia suitable 
for complex ores which contain valuable rae tais and whxch are un- 
suitable for conventional processes. 
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fLifl ccwposiTioy 

9» 4»«lrod chwooteristio« of slag aroi- 

(1) It should be sutil in quantity 

(2) It should contri» aB little «ino r* possible 

(3) It should be fluid in ordor to gain highsr »ino woowy, 

These ere effected by the following frotore:- 

(1) Activity of FoO in 3lag 

(2) Activity of ZnO in sletf 

(3) The reducing atnoophere (C02»CC ratio) in the «heft. 

The reducing atmosphere haß to be controlled for zinc oxide to be 
reduced and for iron oxido to ho reduced aß for m ferrous oxide 
which is removed into the slag. 

The roduotion of iron oxide It detenained hy activity °f ^£\ 
•lag and CO2.C0 ratio in the shaft.      Whon the activity of FoO in 
¡¡¿¡i is fixld,  the activity of ZnO in sin« is fixed for a constant 
vclue of C02:CO and limits the reduction -,f ame oxide. 

Ai oalculated by T. Asagatti and «. Yawwc (3),  the activity of lino 
oxide is 0.02 to 0.03, oesunin« 0.06 for tho portisi pressure of 
Bine, Pa»,  and of 0.3 to 0.4 for the activity a^ in slag. 

(4) 
If coefficient of activity of ZnO is oiisuraod as 3        ,  tnen 
theoreticrJly the  zinc content of eia,? could be reduced to 1£-1«»- 
This was shown experimentally by 8.  Goto (4) and riso eupported bj 
Statistical analysis cf «lag composition at Bufu plant, SumiKo, 
Which shoved r. -"ood correlation between zinc «id PeO in slag. 
Table 3 dhows correlation coefficient« obtained at 3ofu between 
aino and other alag constituents. 

TAHÄ 3. 

Constituent I Correlation Cooffioienti 

(zinc free) ¡ 

( " H ) S 

( "   " ) I 

PeO 

CaO 

3i02 

AI2O3 ( "  " ) ! 

0.7*6 . 

-0.694 

-0.750 

-0.800 

i 
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%o • alninum at the prevailing /j 0> level, with loi CeûeiLlTûT     «M. 

«• wed to add hard burnt liae which i. often thTwfclioe^» utì-TH 
J^naoe..      A typicrl  Befu .W coalition i. ¿^fÌfÌSi^ ^UA 
•how. current elng/zmc ratios at Befu. 4"    ****• 5 

TlftBLK 4. 

Si Oc 

2C# 

Standard composition of eia* 

CaO 

207?. 

PeO      ; AI2O3 Zn Cu 

t 
:   O.45C '    3.5* 

«aus 5. 

*ov.  1968 
¡   0»o.  1968 

Zinc and Blag production 

Zinc 
Production 

4198 t« 
4595 t. 

Slag 

2687  t. 
2°14  t. 

» Metrio ton« 

SI ag/Zino 
Ratio 

0.641 
0.639 

•KAFTOAB A1ÎALTSIS 

iron.      On the other hand,  zinc oxide i. reduced to «ine vaoow ÜT 

ZnO(e) + C0(g)    „    zh(g) • C02 (g) 

*1 - Psn . PCO^ZnO . Poo 

ty Boudouard equililariuo and 
other reactions 

C(.) «o2(«) 2 (»(g) 

Kg    «    P2Cc/Poo.,       aC -  Ì. 

Pe304 («) • 4 tJOig)    « 

PeO (s) 4 00(g)    .    pG  ( 
3 Pe (¿r) + 4*002(f) 

<*>*(«) 
Pe304 (". ) • voie)    -    3 PoO (»)\ 00o(g) 

(1) 

(t> 

(3) 

(4) 

(5) 
(6) 

tAnm«. ?* •«^ilita'i* for thoee equation at various Poo5/Poo ratio« m& 

SoZ with oili^li^e!0 C°~e*let^ «• <* « «* •*»• vapour i. 
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It io dea irati« to obtain conditions whore af W top ail- addit-on 
the temperature is more than 1000°C and Pco2 íB 0.3 to 0.6 at the ^«a08 

top.     This nenne that no reverse reaction of equation (1) oooure at the 
furnace top and PeO is stable in the shaft.      It iß, however, normal that 
the partial pressures of CO? «and CO vary at the tuyere zone, in the 
reaotion zone and in the preheating '/one of the shaft.      Befu I.S.F. ha» 
been examining C02:CO ratios "e;; oc/gen balances,  and tho eftect on these 
of coke reactivity,  and have  concluded that a reactivity from 20-30f~> is 
required.    Almost all  +>o  c-rben burns to CO -t a tuyere zone and the 
COLICO ratio then incroaoca up to  1.0 ut the reaction zone, but with 
coke of thir? reactivity tho Boudouard reaction reduces this ratio to 
0.3-0.6 at charge level. 

Vorke trials gr.ve satisfactory resulte at Befu plant where coke« of 
different reactivity were used in a number of trials. 

As it will bo mentioned later, C02»C0 ratio ie an important factor 
for formation of r.atte  and fcpeiSB. 

BLAST TIGRATURE 

Svmiko adopted Cowper stoves with a separate combustion ohamber for 
preheating blast air,  in view of the low oclorifio value of the exhaust 
gas from the I.S.P.      The stoves have been definitely satisfactory in 
operation.      Blast temperature ie maintained at 800 C at the bustle main. 
The dono temperature of the coiabuation chamber ie kept below 1100 C to 
proteot the refractories.       This  temperature could be  increased if the 
oloaning of tlie (-aß viae improved. 

Heat input into tho fui naco ie  that /generated from combustion of 
coke, the sensible Levin sf charge and hot blast.      Besides being a souroe 
of heat,  the hot blaßt has  -¿jr. important metallurgical role in the furnaoej 
it inoreaaos reactivity of coke and accelerates oxide reducing reactions. 

Temperature distribution in tho shaft is considered to be as followst- 

The highest temperature,   !400~1450°C is attained in the coke combustión 
zone at tuyere level aud ^   the reaction zono,  the temperature should have 
beon reduced to about 750 0 according to our calculations, because of 
ondotherraic reduction reactions.      Above  charge level  a temperature of 
1020-1050°C ie maintained by combustion of furnace gas to prevent the 
reverso reacticn of oxide formation frou Kino vapour. 

TABLE 6. I.S.F. Gas Analyses 

CO 
co2 
N2 
Zn 
Pb(s) 

Gao in furnace 
t0P  
21.38 * 
11.43 
61.00 
6.39 

Gas leaving the 
charge level 

i 

23.34 
8.68 

60.67 
6.71 
0.14 

*  21.1$ iß measured by analysis 
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BUgJ¡ 7. I.S.F. Heat Input 

C —9 CO    ) " 
j c —» COp  ) Up *** ohsr2e level 

Sensible her.t ,vf s in tor 
ooi:e 
) 

top CAT) 

Hot blast (tuyere) 
"       "      (top air. 

CO-* C00 in r. furnace top 

1$9 
38.5 
1.6 
5.7 

18.2 
1.4 
7.7 

air.      w\^ e%neQrly **«**• *"* 
th. soelting rate ,*d thugi•TS ^S?ÏTS°a ^ °f *ta Md 

production, possibility of an increase in 

Ç01TOSAÎI0M ICTIflmgr 

furnace .**£?£ SÄa£otVTV' ^JT " lw~ *• 
v^y difficult to recover  zlTc in « ctlS® Vl*' 8° that " •^ * 
ueed in other zinc emouL^ proceeses        ?n ^T

Vpe.°f 2°ndenBOr " is 

zinc is adsorbed in leed * IZl h* Li,Peri^ Smelting Process 
sho*er of lead droplets 18raS„t^T *V<   th*ÜUeh a »"deneer whore R 
lead by cooling/     Ue^îv Z ,*      ZÍn° Í8 ^P^^ted from the sinoy 
with 2% of fine "    .   4pe^L7ofe^r ^ ^ °f thS -»*— 
with 2.02* of Zinc at , te^Îïïe of IS0?.** ^^ t0 the °°nd0n8er 

suggeeted by Awgraai  (4 ,    6)  ^ oi"5^ ^«»oretioal efficiency 
lower beoauce it is intlLnnA Z v   ' \        n0tUcl reault mi«ht te somewhat 
ature of the p*.  fuír^e ronditi f10n8 ln the 0•P°8^ion •d teuper- gae,  rurntioe  condition and technique of condensation. 

production S *& S^!1^'  ^ "»"»***<» - «i»o 

HBCOVEBY OP LS/.T) 

U«d oxide In ohnrsB CM ^ eMUy reauoe4 ,n œ MothM-lo ^^ 

«*<•) + C0(f)   .   PKi) + C02(g) (7) 

AO   .    -15.J00 - 2.38T 

t   -    aPb   Pooî/np^^^ 

I 
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Most of the lead in charge, therefore, is reduced at the upper part 
of the shaft.     Part of the lead sulphide and oxide reante with sino to 
form aino sulphide which forras accretion on the walls of the shaft - 

PbS + 2n(g)    .   Pb(l) + ZnS 

PbO + ZnS PbS + ZnO 

(8) 

(9) 

These reactions are carried out a little above the reducing BOI» for 
•Ino oxide and sulphur is recirculated in some degree in the shaft. 
Analysis of accretion car.  indicato this region. 

TABLE 8. I.S.F. Accretion Composition 

Distance 
from Roof Zn 

3 M 
4 " 
5 " 
6 » 
7 M 

8 » 

60.0 
61.6 
58.0 
29.6 
27.7 
38.1 

Pb 

12.8 
16.0 
17.6 
12.4 
14.2 
14.2 

0.98 
0.72 
0.71 
3.75 
6.65 
2.86 

As Pe 

0.06 
0.04 
0.04 
0.18 
0.15 
0.46 

2.57 
2.29 
2.40 
3.80 

15.1 
9.4 

AI2O3 + CaO - Si02 

3.22 
2.77 
4.11 

17.69 
20.73 
16.43 

(Accretion analysis in No.  1 campaign at Befu) 

As shown in Table 8, there is a olear difference in the analysis 
of aoaration above and below the 5 meter level. Thus one deduoes that 
the reaction »one might be at the 6 to 7 meter level. 

Fig.  3 snowe the equations for the reactions in the shaft and 
fautore such as Pco2/Poo  and temperature. 

Metallic leed, which is reduced in the upper part of the shaft, 
aots as collector for copper,  gold, silver, antimony and bisauth. 

Another metallurgical advantage of lead in the charge is that it 
oan increase the hardness of sinter instead of Bilica.      Silica content 
in sinter can bo decreased from Af to 2.5^ when lead in sinter is raised 
from up to 2C#.      This loada to a decreased slag volume, whioh réduits in 
decreased fuel cost and zino loss in the slag. 

A* ,,    A ^P10*1 analysis of sinter is 1% lead, 45$ eine,  2.5# silioa, 
A7> lime and a hardnesB of OO rattler index at Befu plant. 

Distribution of new lead in the I.S.F. is shown in Table 9, from 
recent operating results  at Befu. 

TABUS 9. Lead Distribution 

Ladle zino 
Bullion 
Cu Dross 
Slag 
Natte A Speise 
Unaccounted Loss 

Oct.1968 

3.2 
84.6 
9.2 
0.7 

2.3 

Nov.1968    |   Deo.1966 

3.1 
87.6 
6.6 
0.6 

2.1 

3.4 
87.0 
6.5 
0.8 
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Socie matte and epe i ss are produoed, but aa thsy aro not separated 
in the forehearth they are included in slag.     Lead oontent in ilaf at 
Befu is found to be muoh loss than that of the lead blast furnaoe. 

TABLE 10. Load in Slag 

Oct. 1968    i   Nov. 1968    ;   Deo. 1968 

Pb in Blag 0.43 0.33 0.43 

îhe upper limit of lead in sinter has not been olearly determined 
y«t, although S.E. Woode and D.A. Temple estimated it as 28$ (7). 

BEHAVIOUR OF SULPHUR AND COPPER 

Moat of the sulphur is brought into the I.S.P. from sinter and coke, 
•nies« usually have eulphur contents of less thru 0.8 and 0.7 respectively. 

Table 11 showB sulphur distribution in No.  3 osapaign of Befu I.S.P. 
Most of the sulphur was rejected into sing. 

TABLE 11.       Sulphur Distribution during Wo. 3 Caupaign at Befu 

Performance Period 

High S Cokes 
j 8th Apr.-1st ¡fay j 28 th Feb.-31st Mar.! 
! '  r" "   ' " ' "i 

BfPÜT I 
Sinter Cake 59.1 
Flux Bath I*oes             j 0.1 
Slag from Rev. Furnaoé 
Coke Ko.  1                       j 40.4 
Coke No. 2                       ! 0.4 

Total 

OUTPUT 
Dross from bullion 
Blue Powder 
I.S.P. EroBs 
Flux Bath Dross 
SI eg 
Matte and Speise 

Total 

Loss 

100.0 

2.3 
13.6 
3.4 
0.3 

67.0 
10,0 
96.6 

3.4 

61.5 

6.4 

32.1 

100.0 

2.6 
5.1 
2.6 

71.8 
11.5 
93.6 

6.4 

* High sulphur ooke     S1I.33È 



TABLE  12. 
Sulphur in h1a £ 

Speiss 

| Matte 

01     \    Fe    \    2"~jS     Pbi   Aß Co 

2-4 
Au       \      Kg     ; 

-  g/t ! m \ 
ï L.-4:5J....2.J.1:3jl8-23,....t7_. jO.3-0.5 b-26oj 

3-5    j    50    |   4-7 j 15   ^5 jo.^i i ~ """ °*7   jo.3-0.5 J6O-360J 

or «M raiiSÄE: svst1^ *• -—- 
TABLE 14. 

Calculated Matte Conpoeition 

L y -4 PbS Peo 
' :——~~—*- i fw   j 
| 3.75-6.23 l   2.>5.7    ¡ 5.9M0.51! 32.39-28.88 37.2-39.8 1 

TABLE ip, 
Pepper In Lend Bullion 

No.   1 
Campai gn 

No. 2 
Campaign 

2.0?^ 2.15? 

No.   3 
Campaign 

1.8756 

Valu* of activity of iron ca* be obtained m follow»,- 

W + Mj)    «    2 Cu(l) + PeS(l) 

A  G   -    -10,610 + 9.74T (8) 

Kl   '    ftCu,>es/aCu2S-aPe 
FeO(l) + 00(g)    «    pe«) + co2  (g) 

¡1   0   .    -10,430 + 9.11T 

(to) 

l2   -    a^.Pco, 
'/- *V tiJC0 

•w 
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activity determined fron practical  considerations is obtain.«! as ind^taÍ 

0.4 in Xi°I ?í V1ï! °Vî: aCtÍVÍty 0f Fe0 18 eß^fd to be appro*»**!* U,\V      I.-.P.,  the rel.vtion between value of the activity of IMTUTJU 
partial pressure ratio of C02«C0 i. as shown in Tabic"£    * ** 

TABLE 16. Relationen?- between   ^ and Po^/pco 

^ 0.B 

I Poo^/Pco 
-+_ 

0.114   :   0.143 

0.5 0.3 0.1 

0.228 0.33 U14 

will beí.rSa0.5rretiOn m Po°2,Po° ie ••«•a** to ba 0.3 to 0.4, a* 

Karata and Yazawn v  ' determined oopper in lead and ImmA in m.+-L. .• 

T.TIITAofp:°2/Pcoato 1?°°0c-  »!wSÌA£1.2AÎ 
m lead increases much more and lead in natte goos down. 

<„•«      I1?0 S^• flh0W6 thnt in the I'S-P-  °°PPor oannot be oompletely reduce 
into matte but met be dissolved in bullion tobe recovered. 

TABU 17. Copper Distribution at Befu 

! Ladle Zino 
! Bullion 
| 8p«ia« and Matte 
Sia« 
Copper Irose 

j Blue Powder 
Other« 
Loa« 

lb tal 

No.   1 
?a¡npaign 

No. 2 
Campaign 

6.8 
8.2 

21.3 
68.2 
2.6 
0.7 

-7.8 

A   I", 

10.0 
20.1 
«1.5 
0.3 
0.2 
7.4 

100.0 100.C 

Ho. 3 
C—pai gi 

9.3 
3.2 

22.2 
62.0 

1.3 

2.0 

100.0 

Sulphur, whioh is charged U the furnaoe, recirculates inside the 
Bûart and oauaas accretion formation.       It ie ole«r from Table  11 that 
sulphur- XB brought in by a inter and coke.      The analysia  in Table 8 
indicate* that sulphur ploys some port in acarttion formation.      As shown 
in ïig.  5,  increasing sulphur  in eintor ha» a deleterious effeot on the 
furnace euch m increase of blast pressure  by conation formation, high 
carbon consumption and higher zinc I OPS. 

According to P.M.J. Gray (9), iaatte is expected to form with low oontont 
of copper, only when sulphur in sinter ie more than 1.5*.    This depends upon 
the activity of FoO m sia«.    In order to obtain natta with high «mtentoT 
copper,  activity of FeO  in ala« has  to be decreased a« ouch aa possibla W. 
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E53ÌAVIOUR OF IRON 

•Ih« behaviour of iron in the I.S.P. is very important «hen discussing 
•lag and matte formation.      As mentioned before, it is controlled by the 
reduoing conditions, i.e. Pcoo/Pco,  in the shaft.     Ferrous oxide, mud« in 
the lower part of the shaft, in combination with silica,  forms fayalite. 
Some goes into matte. 

Another important consideration is tho removal of arsenio as speis«. 

TABLE 18. Distribution of New Arsenio 

Matte and Speiss 
Slag 
Ladle Zino 
Cu dross 
Bullion (after drossine) 
Others 

Total 

61C5 
5.7 
1.3 

18.2 
10.1 
3.2 

100.0 

Wien speiss exists as a third layer between slag and bullion, it oan 
be takon out via the forohearth.      It is noticeable that oobalt and niokel 
are oonoentrated into speiss. 

Zinc content in slag has a positive correlation with FeO content in 
slag and a negative correlation with matte and speiss formation (see Pig. 4). 
This means that the stronger the reducing atiaosphere, more PeO in slag 
decreases and matte and/or speiss formation increases. 

Although it is desirable to keep PeO content and amount of slag as 
low as possible, a target of FeO content is stipulated of 36$ beoause tho 
slag from our plants is supplied to a producer of Portland cement as a 
souroe of iron. 

FLUORINE AND CHLORINE BALANCE 

Fluorine and ohi orine in ores and fluxes aro often problemi in the 
Imperial Smelting Proco ss. Fluorino particularly would attack the lead- 
lined venturi scrubber in our Sinter Plant and silioon carbide in I.S.P. 

Most of the chlorine is put into I.S.F. from raw materials, flux 
bath dross and chlorine gas at the effluent treatment plant. Chlorine 
balances for our plant in No. 2 and No. 3 campaigns were made. Though 
it has been etated that chlorine could improve condensation efficiency, 
this relation is not clear yet. 

Fluorine ie mainly introduced into the I.S.F.  from sinter, and most 
of it is returned to tho sinter plant in blue powder,  as shown in Table 22, 
although 22$ of it is rejooted with slatf.      The behaviour of fluorine is a 
olear oontrast with that of chlorine which is removed in solution in effluent 
discharge. 

^^mtatjmmÊimmamimmmÊIÊmmmÊm 
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.., Jj Táblt 19 tt» flttoria« balano« for the Susiko I.8.F. it shown. 
nUM 20 and 21 «how oblarla« bal an oat for the work« and for the I 8 * 
rt*pt;otively. *•••*•• 

TABLE 19. I.8.F. Fluorine Balano* (Jan. 196BÌ 

Sinter Cake 

Flux Bath Dross 

Totel 

OUTPUT 

Sia« 
I.S.F. Dross 
Flux Bath Dross 
I.S.F. « igiene 
Blue Powder 
I.S.F. - Loss 

Total 

21.73 
9.12 
0.47 
0.77 

63.14 
4.77 

100.00 

& 
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Works Chlorin« Balano« (Peo, 1968) 

Distribution *¿ 

IMPOT 
Sinter Cake 
Hygiene Duat 
Flux (NH4CI) 
Cd-apent solution 
Cl 2 gas 
New water 

Total 

OUTPUT 
Overflow from Neutralisation 
Thiokener to sea 

Blue Powder and gondola 
Slag 
I.S.P. Dross 
Sludge to sinter plant 
Evaporation loss from cooling tonar 
Venturi loss 
Unacoounted loss 

Total 

W* M* I.S.F. Chlorine Balanoe 

' DffUT 
Sinter Cake 
Flux Bath dross 
Ammonium ohloride 

Distribution % 

Total 

7.1 
34.5 
58.4 

100.0 

OUTPUT 
I.S.F. Dross 
Slag 
Flux Bath dross 
Condenser exhaust gas A hygiene dust 
Washing & hygiene gas and dust 
Unaccounted loss 

Total 

10.0 
0.6 

34.5 
41.3 
12.5 
1.1 

100.0 

II/RVL/IMQ 
IO.4.I969 
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