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  he' Liberty Bell Methods of Precipitate Refining 

BY A. J. WEINIG,* E .  MET., TELLURIDE, COL. 

(Arizona hlceting, September, 1916) 
I 

THE Liberty Bell cyanide precipitate is unique in that it is apt to vary 
nliclely in con~position in the course of very short periods of time, ancl a 
nlethocl of refining and rnelting that would prove highly satisfactory at  
one cleanup woulcl yield al~llost 911 hopeless ''mess1' a t  a second. Tahle 
I gives a general conception of the wide range in grade ant1 composition 
of those raw precipitates. I t  is evident that  no one stnnclnrd flus coultl 
be expected to produce a high-grade bullion with such n nriclely valinble 
precipitate, and that  any method of treatment with acid recluires n~os t  
careful consideration. 

Naturnlly, our first efforts to inlprove our precipit,ates were clirectecl 
dong the l i nk  of acid treatment,. Table I1 emboclies the results of cnre- 
ful sampling and analysis of one cleanup a t  the time when wet refining 
reached its lnasilnunl clevelop~net~t a t  this mill. We have now cliscarclecl 
all methods of wet refining, successfully replacing them by a Illore scien- 
tific method of flus calculation descril~ed herein, but it is believed that  a 
general description of this wet refining is warranted as i t  throws some 
interesting side lights on acid refining in general. 

T ~ L E  I.-Ru:)zge of Co?t~po~.i t jon of Rww P.recipitufe.r 
Per Cent. 

Gold and silver. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.0 to 75 
Zinc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1S.Oto30 
Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 t o  52 
Copper . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 t o 2 0  
Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.Oto 5 
Calcium oxide.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.0  to  S 
Sulphur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5 t o  S 

Colunln A gives the analysis of the mw precipitate; colunln B, that of 
the precipitate after heating with steam, -4th frecluent addition of hyclro- 
chloric acid until a point was reached where the hatch had n strong tencl- 

* Mill Superintendent, Liberty Bell Gold Mining Co. 
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elicy to re~llain acid. The bath was then diluted with hot water, and 
repeatedly washed by decantation, until the liquor by test ii~clicated 
that  all solul~le lillle salts were removed. After the last decantat io~~,  
commercial su l~~hur ic  acid was added, the bath heated hy steam, ancl 
agitated with air until all action ceased. The bath was then dilutecl with 
hot water, ancl repeatedly washed hy clecantntion, until by test all soluble 
zinc snlts had been removed. 

Au and Ag. . . . . . . . . . . . . .  
Zn . . . . . . . . . . . . . . . . . . . . .  
Pb . . . . . . . . . . . . . . . . . . . . .  
Cu . . . . . . . . . . . . . . . . . . . . .  
KO?. . . . . . . . . . . . . . . . . . . .  
CaO . . . . . . . . . . . . . . . . . . . .  
Total sulphur.. . . . . . . . . . .  

SUIIR~UII('C 

Total. . . . . . . . . . . . . . . . .  
,Final weight of precipitate 
derived from 100 111. of 
mw pre~ipitnt~e, pounds. 

49.9 
2.4 

24.9 
2 .3  
1 . 4  

Trace 
5.53l 

Row 
I'reoiyi- 

t:rte, 
Pel. Ceut. 

I 

100 SO 1 .  81 - 1 59 
3 .51  per.cent. of this sulphur was combhlecl as sulphate. 

? 2.55 per cent. of this sulphur was combined as  sulphate. 

A 1 B 1 C .  1 D . 

Column C gives the analysis of the precipitate after the sulphuric 
acid treatment. This aiialysis is unique. We note first a slight decrease 
in the grade of the precipitate in spite of the fact that a large portion of 
the zinc has been removed. The increase in total sulphur content is 
indicative, as i t  shows how well finely divided lead reacts with sulphuric 
acid to fo rn~  lead sulphate. I n  this case a large proportion of lead 
sulphate was formed, thereby actually lonrering the grade of the pre- 
cipitate in spite of the relnoval of zinc. This esplains why i t  often 
happens in treating with sulp1iul.i~ acid raw precipitate containing much 
lime, as well as lead, that a precipitate is obtained actually lower in 
grade than the original raw precipitate. 

Column D shows analysis of the precipitate after being treated 
by hydrochloric and sulphuric acids ancl lastly wit11 hot caustic soda. 
To the residue, after decanting the last sulphul-ic acid wash, sufficient 
caustic soda was added to make a strong solution. The batch was then 
vigorously heated and agitated with steam for 2 hr., diluted with hot 

, r ~ $ f n ~ ~ $ \ l l  
Hydrochloric 

Acid, 
. Per Cent. 

After Hydrochloric 
and Sulphuric 

Acid .Tre:%tnieut, 
l'er Cent. 

After ~ r e a t m e n t  
wi th  Hydrochloric 

and Sulphuric 
Acrds Fnlloffed by 

C:nr~sti<: Sods. 
Per Cent. 
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water, ancl repeatedly washed by decantation, until, by test, all soluble 
lead salts had been removed. 

The effect of the caustic soda bath is well shown by the fi11:tl analysis. 
Tlie grade was well brought up and a 1n:zrked decrease in the quantity 
of l e d  ancl sulphur shonrs the solubility of lead sulphate in liot caustic 
soda. 

The present method of flus refining has been arrived a t  thtough 
n vast amount of esperiment. I n  general, i t  embodies the principle of 
the addition of an osidizer, ancl the proper proportionment of fluses t o  
carry off the osidized i~npurities as metitllic bases in a fluid slag. 

A rather wide experience in the melting of precipitates has shown 
that  the various impurities of precipitates are ositlizetl and driven into 
the slag in a definite order. Zinc tends to osiclize first, ancl trhe resulting 
zinc oxide n7ill co~nbine with the acid radical of the flus ant1 therefore 
enter the slag. As in blast-furnace practice, the zinc te~lds to render 
slags infusible; and foi. this reason bolas glass is always used in a greater 
anlount than silica t o  furnish the acicl radical for the slag. Boras glass 
greatly increases the fusibility of zinky slags. 

Sulphur tends to osiclize second, and if an alkaline oxide is present 
in the melt, alkaline sulphate is formed, which is rather e:tsily fusible. 
This sulphrtte is not soluble in the slag, and, being lighter, rises to the 
surface of the nlelt, forming the well-known sulphate "cover." The 
sulphate "cover" is neitrly always quite pure, so that after any riielt the 
nlelter may easily separate i t  fro111 the slag, and, by weighing aricl com- 
puting its sulphur content, obtain a close checl< on the analysis of the 
precipitate. This cover is either Na2S04 or IqzS04 depending on the 
alkaline oxide present. (The sulphate cover is an intensely interesting 
material to  the clleinist. Many unsuspectecl elements are known to 
concentrate therein. I n  the Liberty Bell material, Mo, As, Sb, Te, 
Se, and V have been detected.) Where precipitate is nlelted without 
osiclizers, sulphur generally makes itself known by the formation of 
matte-a very unclesirnble byproduct. 

After all sulphur is osidized, lead will osidize, ant1 the resulting lead 
oside enters the slag proper. I t  is well known tliat lead oside com- 
l~ines with silica in nearly all proportions under the influence of heat, 
and that the resulting lead silicates are easily fusible between rttther 
wide limits. For this reason more silica nlny be used in the melt when 
much lead is present, and for the same reason the amount of horns 
glass may be clinlinished. 

After lead, copper will osidize to CuZO nnd corilbine n7ith the acid 
radical of the slag. The color of such slags is red. Where an escessive 
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amount of osidizer is present, copper will osidize to CuO, arld slag con- 
taining this oside is green. 

This- selective osiclntion is ~l lost  clearly evident in the orcler of oxida- 
tion het,weell copper and lead. I t  is practicdly impossible to drive 
copper intolthe slag as lo~lg as  lnetsllic lead is present in the bullion. 
Here quantitative separations between lcacl and copper are easily 
obtained. 

C;rnpliite crucibles have a lnnrkecl reducing actioil on lend slags. 
No rilnt,ter how rn.pia the melting, or how fast t,he resulting s1a.g is re- 
illovecl from the crucible, if lnuch lend is present, solile will be reclucecl 
to met,al. I11 such cases i t  is practically impossible, in direct melting, 
to slag copper, even though osidizel-s are :tclcled far beyond t,he c:~.lculnt,etl 
requirement. 

IVhere illelts are conduct~ed in clay or clay-lined gr:l,phite crucibles, 
this reclucing action is of course :tvoiclecl, and :is s result copper will t)e 
fou~icl to e~l tc r  the slag as easily as le:td, thougli not u~it,il all 1e:tcl'is 
ositlizetl. Hence, in ~llelting precipit~tte in graphite crucibles no :it- 
teiilpt is made to slag copper. If a desirnble grade of bullion call not 
be m:tde unless copper is sl:tgged, the melter \vill then, of course, use 
clny or clay-lined crucibles. 

As an illustration of this, I give the dnt:t reg:trding a melt of precipitate 
containing a r:tt.her high alnount of copper. This precipitate hael 
recciveil hydrochlo~~ic ncirl tren.t~nent only, and give upon :lnnlysis the 
follo\iiing composition : 

Pcr Cc~rl.  

Gold 2nd silver.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  68.3 
Zinc.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S.7 
Lead . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 . 3  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Copper ' 9 . 5  
Sulphur . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1.1 
Calcium oxide.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.1 
Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 9  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Total 96.9 

All of this pre~ipit~atc llaving beell flused alike with an osidizing 
flus equal portions n w e  nlelt,ecl down in graphite and clny-lined cruc.ihles. 
The resulting bullion fro111 the clay-lineel crucible shows 982 tot,:tl fine- 
ness, while the hullion from the graphite crucible shoiverl 512. I should 
ntld that, up to dat,e, we have not found an elit,ireljr snt,isfnct,ory clny or 
clay-lined crucible. At hest they last one heat. 

F2,uze.s.-The common osidizing fluses found . on tlle mnrliet nre 
manganese diositle, potassimn and sodiu~n nitrnte. R~Iangnnese diosicle 
can be obtainecl quite pure but a t  best i t  is costly because of its corn- 
paratively low quant,it,y of available osygen. I t  also requires estra 
weight of acid flus to retain the N a 0  in ,the slag. However, i t  gives 



satisfactory results. Potassium llitrnte is well k~lowrl ancl needs l ~ u t  
passing notice. Sodiu~ll nitrate is highly 1.econlmendecl slid deserves 
special ment,ion. It is very high in available osygen and the crude 
product fro111 Chile can be obtniried practically pure so far as flusing is 
concerned. It is Iayecl'clo~\~n a t  Telluride a t  less than one-fifth thc 
cost of potnssium nitrate, ancl is one of the very cheapest fluxes on the 
market. I t  is also nletdlurgically more to be desirecl in the flusi~lg of 
sulghur, the result,ing sodiulll sulphnte being clecicleclly Inore fusible than 
the con.esponc1ing pot,:issium srtlt nlltl 8,s :t result the sepnrnt,io~ls :%re 
)letter. T l ~ e  re:tct,ion between sodium nitrate ant1 sulphur is'2NaNOs + 
S = Na2S04 + 2 NO. Soclimn carbon:tte or soda-ash is niore desirable 
than the I~icarl~onnt~e~ since i t  goes considernbly farther weight for 
\\7eight as a flus, and lowers the freight hill. We use this flus only t,o 
supply alkali for t,he sulphur in the melt, when mnngnnese dioside is t,he 
osiclizer. -Silicrt is an escellent acid flus, though its use must he guarded. 
Slags high in silica are not well adapted to the melting of precipitat,e, 
1)ec:tuse of t,lle higher t,emper:zture they require, especinlly in t,he presence 
of zinc. By reason of its cheapness, i t  is desirable to i~se  as much silica as 
possible to replace l~o ra s  in the melt, but our esperience leads us never to 
go below a rat,io of boras glass to silica it1 t,he sln,g of 2 to 1, where nluch 
zinc is present, or below a ratio of 1 to  1, even, where nli~ch lcacl is to be 
slaggecl. 

I n  Table 111, I have eiiiboclied results consist,e~lt niit.11 our prsct,ice ntld 
have arl.angec1 the same for. convenience a,nd rapidity of- flus c:~lculatio;l. 

E;rplann.t:io~~~ o j  Table III.-In the substance column, I have plncecl 
the co~l l~ l lo t~  impurities of the precipit.ate as well as the more frequent,ly 
used fluses. Column 1 contains tlie molecular weights of the sul~st~ances 
in round numLers. Colu~ll~ls  2, 3 nad 4, I have labelled "Per 'Cent. 
Oxygen." These colmnns inclicat,e tlie weight of osygell that  the sul,- 
st,ance ~ i ~ i l l  conlbine with or evolve in per cent,. of the original weight of 
substance. . Thc terms "acid," and "bnse" osygen I use for brevity. 
This is a11 effort to di~t~inguisli betnreerl osygen t11n.t will e.nt.er the a,cicl 
or l.)nsic part of the slag. The met,allurgist's concepttion of a slig is 
tl1n.t i t  is n fusi1.1le mist,ure of clefinit,e chelnical combination between 
various ncicl ant1 I>asic oxides. By "avtiilnhle osygen" is meant the 
cluantity of osygen which the substance will evolve and which ~vill 1)e 
:ivnilable in ositlizing liletals or ot,lter impurities in the precipitate. 

Column 5 gives the weight of n~:tng:inese tliosicle recluirecl to osidize 
n miit weight of the substance on the sallle line it1 Column 1. These 
figures are derived from the chemical equation: 

IVith purc liiangnnese dioxide tliese figures rcpres~nt np~rosimalcly 
tlie amount of osiclation obtained in practice. 
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TABLE III.-FZ.ZLX Table 

Co1,irnns 6 and 7 are sinlilar to Column 5; they represent the weights 

I 
of KNOB arlcl NaN03 required to oxidize a unit weight of substance. 
The figures are derived fro111 the e~luat~ioils: 

Per cent. 1 Lb. Substance Requires. 
Pounds 

Substance 

. . . .  Cu". 63 
Cu'. 63 . . . .  . . . . . .  

Authorities skein to agree that  these eclustious represent the break- 
ing up of the niters in presence of an oxidizable substance with heat; 
and I find that t,llis agrees well with pract,ice, where t,he lnelts are con- 
ducted in graphite crucibles. It has been frequently nut,ecl, however, 
that, when the melts are conductecl in clay or c1n-y-lined crucibles, 
the osiclizing power of t,he niters is markedly higher than is indicated by 
these equations; the ren.son being t,hat graphite has a reclucing action on 
slags. When clay or clay-lined crucibles are used, about 80 per ceiit. 
of the nitercnlled for by the above equa.tions will give the snn~e oxiclation 
in practice. 

colun~ns 8 :ind 9 give the ~veight in pounds of potnssiunl c,:trbonn,te 
or socliiim carbonate required to  form potassium sulpliste or sodium 

Pb.. 
Zn . .  . . . . . . . . . . . . . . . . . . .  
Fe. .  . . . . . . . . . . . . . . . . . . . .  
S . . . . . . . . . . . . . . . . . . . . . .  
SiOz. .  . . . . . . . . . . . . . . . . . .  
CaO.. . . . . . . . . . . . . . . . . . .  
bIn0:. . . . . . . . . . . . . . . . . .  
NaNOa..  . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . .  KNOa.. 
Na:COa.. . . . . . . . . . . . . . . .  
1<2C01. . . . . . . . . . . . . . . . . .  
NazO.. . . . . . . . . . . . . . . . . . .  
L O . .  . . . . . . . . . . . . . . . . . .  
Na:B107.. . . . . . . . . . . . . . .  
Mixture of 2 parts borax 

glass and l part silica. 

, blixture of 1 part borax 
glass and 1 part ailica.. 

Mixture of 3 parts borax 
glnss and 3 parts silica.. 

Column No.. . . . . . . . . . . . .  

207 
65 
56 
33 
60 
56 
S8 

85 
101 
106 
12s 
62 
94 
202 

. . . . . . . . . .  

. . . . . . . . .  

. . . . . . . .  

1 

. . . .  

. . . .  

. . . .  

53.4 
.... 
. . . .  
. . . .  
. . . .  
. . . .  
. . . .  
. . . .  
. . . .  
47.7 

49.6 

51.1 

50.0 

2 

7.7 
24.6 
2s. 5 

. . . . . . . . . . . . . . .  

25.5 
1S.3 
0.4 
7.S 
15.1 
12.5 
25.8 . 
17.0 
7.9 

5.3 

3.2 

4.8 

3 

. . . . .  

. . . . . .  
: . . . . .  

15.2 
26.2 
23.S 

. 4 

1.35 
1.57 

5 

1.03 
1.20 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . .  

6 

O.S7 
1 .Ol 

S.306.305.304.303.30 

7 S 9 

30.0 per cent. avail- 
able acid oxygen. 

64.7 per cent. avail- 
able acid osygen. 

40.4 per cent. nvail- 
able 'acid oxygen. 

10 



A. J. WEINIG 657 

su1ph:tte with 1 lb. of sulphur which has been osiclizecl to SO3. Thus 
I<2C03 + SO3 = IC2S04 + COZ. We use these carbonates only when 
mnng:tnese clioside is the sole osiclizer. 

Colunln 10 inclicntes the quantity of availal~le "acid" osygen in 
lnistures of bor:ts and silica. 1 his table could be carried out infinitely 
but I have only listecl mistures that  esperience and prnctice indicate to 
be feasible. 

In  ('Flus C'~lcul:ttion, Case I," given in the appentlix; I have gone 
through the regular flus calculatio~~ with some detail. For the type 
precipitate I have taken the lowest grade of raw precipitate that we have 
yet melted. 

The analysis of this precipitate was: 

Per Cent. 

Au and Ag. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25.0 
Pb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3S.S 
ZII . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  30.5 
Cu . . . . . . . . . . . . . . .  : . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .4  
S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 .2  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  CaO 2 .0  
SiOz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 4  

- 
. . 

Total.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  90.3 

I t  will be noticed tha t  I use a type slag of 2 of acid osygen to 1 of 
basic osygen. This is the result of experience. Such slags have just 
a noticeable tendency to  string and are the best, most easily fusible, and 
least corrosive to the crucible. They are invariably of low grade, and 
have been made repeatedly as low as $20 per ton in precious metal. 
This type of slag has been found by far the most desirnble, and n7e now 
make it  as a regular practice, irrespective of the colnposition of the 
precipitate or fluses used. 

Since 100 lb. of precipitate was assumed a t  the start, 92 per cent. of 
this flux was added to  the estimated dry weight of precipitate. It is 
interesting to note tha t  this melt gave a resulting bullion fineness of 972 
total fine. As we assumed that all the copper would go into the bullion, 
and that the balance of the impurities and base rnetals were removed in 
the slag we clicl expect a bullion of 25" + (25" + 1.4) X 1,000 = 950 
total fine, npprosirnately. This melt, of course, was collductecl in a 
graphite crucible. 

"Flux Calculation, Case No. 2" was the calculation for the pre- 
cipitate treated with caustic soda, listed in Column D Table 11. The 
bullion macle was 942 total fine, m~hich is in remarkable accord with the 
calculated fineness, assuming that  all copper went into the bullion, as 
69.4 t (69.4 + 3.2) X 1,000 = 955 total fine. 

The calculation shon~s the use of soda ash and manganese dioside. 



It is also interestil~g thnt n clistirlction was nlacle between sulphicle and 
sulpllate snlphur. 

;i'i,~~lcrbnq.-After 1.crnovi11g thc precipit,ate frc)ln the press the co111- 
;:::te:! fl::s is nd:!tc! z!ii! t . ! ~  nr!?ole well miser1 \vhile wet. Tlie ~nist,urc 
is then loadecl i~ i t~o  cast-iron pans, L ~ I I C ~  placed in n large cast-iron nitiffle 
furnace; nncl 'the t,emper:tture of the furnace is grntludlj~ raisetl to n red 
heat,. I n  this opernt,iorl moisture is re~noved, n.nd the pre~ipi t~ate 
grndually :tgglomerates ancl settles to  about one-third of its origina.1 
volume. During t,his process prncbicnlly all the chemical renctions are 
coll~pletecl :tncl the mass sinters to n point where sul~secluent "dusting" 
is avoitlecl . 

When sinterecl bile c1l:lrge is t,nken from the furnace nncl coolecl, 
a.ntl is ensily removed from the pans. This gives an excellent product 
for crucible melting. I11 one case, \vhere a precipitate containing 90 
per cent,. of gold and silver was obt,ained by acicl-treatment, the miltring 
of over 11,000 oz. of fine ljullion was dolie in 4 hr. in one No. 275 oil- 
1)urning tiltilig-fun~:tce. This included the t i~i le  t.nken in starting up 
the furnace in the cold. With precipit.ate of :tvernge grncle, i . ~ . ,  65 
per cent,. Au ant1 Ag, a ~i lel t i~lg rate of 1,300 oz. of ljullion per hour is 

. . coin~non. 

The advantages gained by sintering are many. The co~llpletiori of 
pract,icnlly all chemical renct>ions in t.he muffle furnace prevents any es- 
cessive boiling in the crucible, ant1 t l ~ e  crucible, m t ~ y  be loaded to the 
t,op during the period of melting. T l ~ e  slow applicntion of heat in the 
n~uffle furnace gives anlple chance for con~plete c l ~ ~ m i c a l  re:xc,t,ion. 
Hence, we arrive, in the use of oxidizers, a t  prnctical results w11icl1 
corresponcl wit11 theory. The great decrease in the volume of the pre- 
cipitatecluring sintering enables us to get nlucll nlore weight in the crucible 
a t  n chsrge, and this again decicledly increases the me1t;ing mte. Metal 
losses during the sintering a.re esceeclillgly small. At one titile the vent,s 
of our muffles itrere connected to a dust cham1)er1 ,but nothing n.. "t9 ever 
recovered; ancl frequent bests of the gases leaving the ~lluffles, hy passing 
them through water or cotton soaked in a. solution of soclitun sulphic:le, 
f:~ileil to sho~v more t,han traces of v:~lunble met:t'l. , 

Thcse flus ca1,culations have IIOJV been used for a period of 1s ~nontlis, 
cluring which time nbout 60 melts 1i:~ve been concluct,ecl on all gr:tdes of .  
raw 3rd acitl-tl.ente<l precipitate; a~l t l  in no case lias theie been a failure 
to realize a close approsimntion to  the gmde of bullion calculatecl. 

X1crg.s.-The slags vary so \viclely in composition tllnt a t  n glance no 
rc1:ttionship see~lls to exist. Tlley 311, however, conforrn to one single 
relntionship: namely, the ~-:tt,io of "n.cid " to ' ' base " oxygen is ap-  
prosimntely 2 :l. 

After reviewing the analysis of some 20 slags, I fillel t,ll:tt tlie rnnge 
of tlie composition of slags nl:ty I)e co~~siclerecl to fall within the follonrir~g 
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limits. The slags .\yere lllacle from ,211 grades of raw ancl nuid-treated 
precipitate. 

Per Cent. 

Zn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 0 t o 3 0  
P b . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 5  to 65 
Cu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 t o 2 0  
CaO.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0  to  10 
SiOa..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 . 0  to 20 
Mn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 t o 3 5  
B20a . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 0 . 0 t 0 2 0  

*Na?O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 t o l S  
I<?O . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 0 t o 2 0  

Tlie coniposition of the sulphate cover reniairls quite constant. 
When socla niter or socliulll carbona.te are used tlie sulphur in t h e  

su1ph:ite cover is fro111 20.5 to 21.5 per cent. This is close to the theo- 
retical requirement of sulphur in NnsS04. When potassiu~il niter is 
used the sulphur collterit lies between 17 anc:l 18 pcr cent., likewise close 
to the t,heoret,ic:tl requirement for sulphur in Ii2SO4. 

As nn i l l~strat~ion of tlle clist~ribu~ion of the bases :tncl conipouncls in 
all t,he products of the melt, I will take Case. 1. Here 134 lh. of slag 
ant1 534 111. of cover were m:~.cle by :~ctunl weigl~t~s for every 100 lh. of 
dry precipit.ate melted. 

A partial itnnlysis of this slag gave: 
Per Cent. 

Zn . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  15 .4  
P1, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 s . o  
Cu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0 . 2  
CnO . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 . 7  
Bi02  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 .1  

The sulr~hur i n  the cover was not determinetl. If wc 
compute tlie actual \veights of msteri:tls in precipit,nte am1 
in the slag, we arrive a t  the following figqres:' 

Precipitate and Flux 
100 Lb. Precipitate 

' ZII 0 . 2 0 5 O X l O O =  . 
Ph 0.38SO X 100 = 
Cu 0.0140 X 100 = 

CnO 0.0200 X 100 = 
SiOn 0.0140 X 100 = 

In flus 
SiO. Totnl 

Slag 
Pounds 134 Lh. 

2 0 . 5  ZIL 0 .154  X 134 = 
3 5 . 5  Pb 0.2SO X 134 = 

1 . 4  Cu 0 . 0 0 2  X 134 = 

2 . 0  C n O 0 . 0 1 7 X ? 3 4 =  
1 1 . 4  S i 0 2 0 . 1 4 1 X 1 3 4 =  
I l S . 0  
119.4  

therefore 
flus and 

Pounds 

20.60 
37.50 

0 .27  
2 . 3 0  

19.00 

If we assrlllle that the sulphate cover co~itnills an .  average of 21 per 
cent,. sulphur, the 5.5 11). of cover would inclicnte 5.5 X 0.21 = 1.16 111. 
s u lp l i~~r  or 1.16 pol. cent. of tlry precipitate. This is n very close Chr~li 
to the 1.2 per cent. c)btnined by act,ual analysis; ancl we thus arrive nt 

* Estimatccl from nreights of horas and alkalies used 
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results that are entirely satisfactory within the limits of esperihental 
error. 

Substance Weight  Cimbined us i Acid ,  , / n n u .  1 pound: 1 Pounds Pounds 

Z n  
Pb 

- Cu 
CaO 
Si01 

*B203 
*NrtaO 

Totals in the original' flux cnlculatioil as 2S.80 : 14.50 or a ratio of 
spprosimately 2 to 1. 

The cyanide slags are stored, and once a year are melted up in a 
s i ~ a l l  blast furnace with brick charges, made from the ash obtained 
by burning old mill launders and tanks. This furnace which has a 
capacity of 5 tons of slag and brick a day also handles copper scrap 
directly, and will deliver about 15 tons of pig copper per clay. This 
local smelting lasts only about 10 days a year. Any matte made is 
controllecl by running the furnace more osidizingly and thus driving the 
metals into the.bullion and slag. As a result of this tlie only byl,rodncts 
shipped are lead bulliorl arid pig copper. 

In spite of the seemingly high costs of local smelting, the ultimate 
gain is greater, by reason of the invariably greater recovery, or coin- 
pared ~vith that  realized by shipping the material away. 

Z n O  
PbO 
CUZO 
CaO 
SiO2 
B203 
NnzO 

20.60 
37.50 
0.27 
2.30 

19.00 
2'7.00 
22.50 

* Co111puted from \\.eights of burss and niter used. 

. . . . . . . . .  

. . . . . . . . .  

. . . . . . . . .  
' .  . . . . . . . .  

1 0 . 2  
1s . 5  

. . . . . . . . .  
-- 

25.7 

5.10 
2.90 
0.03 
0.66 

. . . . . . . .  

. . . . . . . .  
5.SO 

14.49 
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APPENDIX , 

Flux Calc~~lnlion Case No. 1 

I Pounds 

Data and E r p l a ~ ~ a t o r y  Oxygen 
NaNOs EpL,"," Silica 1 Acid 

Base 1 1 1 
I 

(Referenccs apply to  Table 111) assume 100 Ib. 
of precipitate 

Zinc 20.5 lb. 
. . . . . . . . . . . . . . . . . . .  20.5 X 0.87 (See Col. 7. opposite Zn) = 

20.5 X 0.246 (See col. 3, opposite Zn) = . . . . . . . . . . . . . . . . . . .  
Lead 3s. S Ib. 

38.8 X 0.28 (See Col. 7, opposite Pb) = . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  3S.S X 0.077 (See Col. 3. opposite Pb) = 

CaO 2.0 Ib. 
2.0 X 0.255 (See Col. 3 opposite CaO) = . . . . . . . . . . . . . . . . . . .  

SiO: 1.4 lb. 
1.4 X 0.534 (See Col. 2. opposite SiO?) = . . . . . . . . . . .  

Borax Class (as i t  is desirable t o  maintain a ratio uf bvrax to 
silica of 2 t o  1 in the elag i t  is convenient t.0, sdd here the 
proportionate amount of borax to  balance s l l~cain  the pre- 
cipitat,e. In  this cnse the  silica is low and t.his correction 
could readily be omitted on this particular precipitntc 
hut as  i t  is necessary to  correct for horax here when silica 
is high the correction for silica is carried through for form). 
Hence 3 X 1.4 = 2.80 Ib. borax . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2.SO X 0.079 (See Col. 3. opposite NazBdOr) = . . . . . . . . . . . . . . .  

. . . . . . . .  2.SO X 0.477 (See Col. 2, opposite NarB.07) = 

also 
54 X 0.496 (See CoI  2. opposite Mix. 1 B.G. to  I Si0B = 1 26.SO ~ 

. . . . . . . . . .  54 X 0.053 (See Col. 3, opposite hIiu. 2 B.G. to 1 SiO?) = P.SF 

0.75 

1.34 

The total pounds of NaNO3 added i s . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
As this places extra basic oxygen in the slag as N320 we have: 

. . . . . . . . . . . . . . .  2S.SU X 0.094 (See Col. 3, opposite NaNOaj = 

Total acid and basic oxygen.. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
The 2.09 Ib. acid oxygen will balauce >>(2.OYi = 1.05 Ib. base 

, oxygen. This leaves 11.54 - 1.05 = 10.50 Ib. base 
oxygen to be satisfied. or 21.0 Ib. extra acid oxygen to l ~ e  
added. Using the nlixture of 2 borax and 1 silica to 
supply this acid ox gen. we have 21 + 0.39 (See Col. 
10, opposlte Mix. 2 K.G. t o  1 SiO:) or 541 b. of mixture. 
This is: 
36 Ib. borax glass.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. IS ~ b .  silica.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Grand totals of acid and basic oxygen or a ratio of 2 to 1 
. approx . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S ? r l p h u r A s  all sulphur goes into the "cover" as,wrLI ae the 
niter used to osidiae it, we have: 1.2 X 5.30 (See Col. 7. 
opposite) = . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . .  

2.71 -- 

. I  : ) : : : : : 

Grand totals of fluxes to  be used..  . . . . . . . . . . . . . . . . . . .  . I . .  . . . .  

The nlelter made up the flux by parts as: 
Parts 

NaNOs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  35 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Borax 39 

Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  18 - 
Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  92 



Pllis Calculatio,~ Cci.se No. 2 

~ Pounds 

Total . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  36 

L)at:t aud Expianatory i 1 Oxygen 
NaaCOs MnO? :Pis"," SiOr 1 Acid 1 Base 1 1 1 1 

(References apply to  Table' 111) assume 100 Ib. 
of precipitate 

Z i n c  3.2  1b. 
3 .2  X 0 .  87 (See Col. 7, opposite Zn) = 
3.2 X 0.246 !See Col. 3, opposite Zn) = . . . . . . . . . . . . . . .  

Lead 8 .5  Ih. 
5 . 5  X 0.43 (See Col. 5, opposite Ph) = 
S.5  X 0.077 (See Col. 3, opposite Pb) = . . . . . . . . . . . . . . .  

Silica 1 . 7  Ib. 
1 .7  X 0.534 (See Col. 3, opposite SiOr). . . . . . . . . .  

Borax 2.55 11,. 
As the slag \\,ill be low in zinc a e  chooses higher ratio 
in the slag of borax to silica for ect,norny. Tuking the - ratioof 3 of borax to 2 of silica wa n~rist  hrrc take into 
account the necessary borax to halancc the silica In 
t.lle prrripitate. 
Hence: 1 . 7  X $6 X 3 = 2.55 11,. borax.. 
2.55 X 0.079 (See Col. :i. opposite N:I:BIU~) = 
2.55 X 0.477 (Yee C:ol. 3, opppsite Na:Ba(J7) = . . . .  

d l ~ r ~ ~ u n ~ r r ? ~ ~  rliozide to  ocid~ze sulph~de sulphur 
3.08 - 2.65 = 0 .4s  Ib. solphide sulphur 
0.48 X 8.30 (See Co1. -5, opposite S) = 

Hel~ce we have 10.40 Ih. h.lnO: required to  oxidize rnctals 
and sulphur.. . . . . . . . . . .  :. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Therefore the bnee oxygen which the RInC)a carries into the 
slag is 10.4 X 0.192 (Bee Col.  3, opposite IyInOz) = 

Totals or acid and I~auc osygen.. . . . . . . . . . . . . . .  
2.11 1h. acid oxygen \rill satisfy $6 (2.11) or 1 . O G  Ih. 
base oxygen. This lenvrs 13.55 - 1.06) = 2.49 Ib. 
base oxygen to  be satisfied 
2 X 2.40. 

O, 404 
(See Col. 10, opposite Mix .  of 3 borax to 2 

sil~ca) 
Equals 12.3  Ih. of the acid mixture. 
This is 7.4 lh. boras. .  

a n d 4  .(lIb.silica 
;\lso 12.3  X 0.048 (See Col. 3, opposite hlix. 3 1.0 2) = 

13.3 X 0.500 (See Col. 3, opposite Mix.3 t.02j = .  . 
Cmnd totals of acid and base oxygen or a ral.io 

. . . . . . . . . . . . . . . . . . . . . . .  of 2 1.0 1 approx.. 
Sudot rrsh to for111 Nn?B04 with all tlle sulphur this all 

forma "cover" and is not considered a portion of tlic 
slag. 
3.0:j X 3.30 (Bce Cul. 9, opposite S) = 

Grand tot.nlu of fluxes to  be used.. 

The mclter therefore 111ade up the following flus: 
Parts 

Na2Ci)s . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 
RInO?.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
B~,rax glass . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  10 Silica . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

O.S0 

. . . . . . . . . .  
1.22 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . .  
-- 
(2.11) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . .  
(;.I5 
---- 

S.30 

. . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . .  

0.70 

0 .65  

. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.21 

1.00 
- 
(3.55) 

0.50 

A 

4.14 

10.00 

10.00 

3 .SO 

3 .G5 

4.00 

(10.45) 

---- 
10.45 

2 . 5 5  

7.40 

9.05 

4.90 

. 4.00 




