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THE PROFITABLE TREATMENT OF SILICEOUS 
LOW·GRADE OOPPER ORES. 

By J. J. Mt'IB, M.lnst. M.E. 

TB. question of the economic treatment of these ores is of the 
hiahest importance, and wiU require.to be I8riously undertaken 
at lOIIle future time. The writer in diaoussiDIl this question, 
does Dot propose to touch on the an; concentration or smelting: 
methode. The majority of these deposita are aituaW in poeitions 
tbat would not admit of the importation of Ouzes IUld fuels to 
effect a .uneltine: operation at a commercial profit. 

No doubt in mllD1 typical cases of eelf.8u:.:ina ores, or 1tith such 
fluz. and fuels adjacent to the co-,per ore deposita, .the method 
of matte III18ltiq and OOJlTerting tbe product to copper could not 
be aurpuae:d, either as regards continuous action in operation or 
the COBt of same • 

Unfortunateb;, the notable BUooeeeee in that line do not aoooDDt 
for the ultimate metallurgical destiny of tbe isolated depoeits of 
the abcwe claasee of ores. . 

If .e take chalcopyrite ore. distributed in sman particles 
through a siliceous matrix, it will be sufllcientiy representative 
01 the iBoIated depoaits scattered throogh Ao.trab. and Ta .. 
mama. It will be clearly seen that there is a wide field for di8-
CU88ion regarding their proAtable treatment. For some years 
past tbe writer bas occupied a considerable portion of his time 
10 an investigation and study of this claaa of ore from the other 
States ad the West Coast of Tumania. In coD88Quence, the 
fact baa been fully borne bome to him that, in regarding these 
occurrences individually, and as a ~ble source 01 proSt to their 
OWDeI'S, the lines of investiptlOll must be ' carried out in 
some other direction than are OODC8Iltration. The writer there­
fore coDUDenced his len~ I8riee of investipti0D8 with the 
esperimental oonC8ntratlon of low--arade CXlPpeo' nlphide ores by 
water. 

Ezperim.ental 001lcentration by Wattr. 
The aim in this test was to obtain a degree of concentration, 

both in bulk, by weight of material: and increase in copper con· 
leota of tbe concentrates, that 1VOUJd about return the costs of 
the operation, l .. yj~ any profit that might be ~ble to be 
recoTeNd from. tbe tatlings. It appeared that if operation cost!l 
oould be thus retumed, a deferred proftt miabt be acceptable. 
The teet ... hich moot c10eely reeemblea this reaolt will now be de­
.. ribed. The o........,ple _ waa 100 lba. 01 a t1Pical 10w-1!Rde 
on, as delcribed. herean.der. It wal carefully weighed after 
s.rmdinC ODd eroshina em a oastiron board, and p.- thlOOlEh a 
SIeve of .0 holes to tile liDear inoh. The ore was theD carelUJ.ly 
ooaoentratecl in small lots in a rille dish by an ell:.P8rt manipUla­
tor. The three producta, my_tie.ted in rotatlOD., are as fol­
low8 :-JI'int, the crude ore j aeoond, the oonoentrates; third, 
tbe tailinp. 



The following is the writer' s analysis of the crude ore :-
Copper. Iron. Sil\C3. Alumina. Snlpbnr. altall, 

Per cent. Per cent. Pel' cent. rer oeDt. &c., undetermined. 
Percent. 

3·9 9·55 50 ·15 16·SO 19·81 
The concentrates, after being dried at 1000 C,) were found to · 

contain by weight 7 -277 per cent. of the origmal ore-sample 
tested of 100 Ibs., and a separation into the tailings of 92 -128 per 
cent. 

The writer's analysis of these concentrates was as follows :-
Copper. Iron. K\lI~'tl. AlumilUl. l 'ndeterm!ned 
Per cent. Per cent. Per am!. Pf'r filnt. Per oeot. 

11 ·12 28 ·40 14 ·40 4 ·50 41 ·48 
The tailings, after being dried at ]000 C., were theu. &888,.«1 

for coppert~d found to contain S '31 per O8Ilt., u the tailiDgs 
con_eel "y weight 92·723 per oeat.oftbe~l o_ple 
this calculated out to a separation into the tamp of 8 '13 per 
cent. of the copper contents of the crude ore, and • l'eCOTery in 
tbe concentrates of 0 ·81 per cent. of the copper oontenta of the 
crude ore. 

The concentrates should then contain by cal.culation 0 'SI -:-
1 ' 271 X 100 = 11'13 per cent. of copper, provmg the asaay to 
be concordant to 0 '01 per cent. 

The small percentage of copper recovery in the concentrates is 
accounted for by the sliming of the ore. 

The results of the writer's tests clearly show that, in the case of 
low~ade chalcopyrite ore, the grinding of the material to the 
necessary degree of fineness, to prepare it for lixiviation, p1l1-
veriseM the chalcopyrite contained in the rock to 80 minutely 
divided powder that each microaoopic paJt.icle bas a gravity UD­
equal to settling in the bulk of water in contact with it; and. in 
consequence, it floats away on the surface of the water. The 
tailings from this experiment were then subjected to a lixiviation 
test, as follows :-A 5 per cent. solution of sulphuric acid by 
volume was adopted on the basis of one ton of IJOlution to one ton 
of tailings, apd as temperature piaYR an important part in the 
time of extraction, the vat was keJ?t 8S nearly as possible at a 
temperature of 70° F., to agree wlth a climate that would be 
favourable to a method of this description. 

The following table shows the time of extraction of the copper 
from the tailings under these conditions :-

No. of Copper 
AlIII8y. TaUIDp. P('r C6'1t. 

1 At start 3 ·37 
2 After 12 weeks 0 ·50 

Extractinn 
Per cent. 
Nil. 
2 ·87 

The conclusions at which the writer arrives is that the wet 
concentration of the sulphide ores of copper should not be at­
tempted unless it is intended to make a profitable recovery from 
the prepared and residual tailings. 

It might be po66ible by a lengthy look-up of capital to obtain 
8. slow profit in the way descriDed in the fo~ing test, but it 
does not recommend itself 88 having &ad partioWar merit. 

In the large pyritic decosits in Spain, 8 oouutry whose climate 
is eminently SUited to it, arge profits are made by natGrallisivia­
tion, when the persistent fonnation of 81I1pbatee can be relied on. 

The writer regards the concentration tests by water as merely 
a. u~ful basis .from which to start in following up the inqniry. 
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PART II.-Chemical M ~tltods. 
The nest stage in the investigation was a careful examination 

of the various chemical methods that have been employed or p~ 
poaed in various countries for the treatment of this c1a!o,S of ore. 
The writer started. with the old and well-known method of the 
chloridising roast. The principle involved in this pl'OCe8S is the 
coDvenion Of \be co~per su1.bides to cupric chlorides by roastmg 
the cruabed ora .itli an a misture of salt. Very nicely drawn 
conditioDB require to be obaerved in order to obtain a hign n:trac­
tion of the oopper. The roasting operatiou requires to be carried 
out in a muJBe furnace provided with water-condensers, to recover 
the cupric chloride that is la~ly volatilised. The cost of tillS 
operation is therefore much hi~er than a roast carried o~ in an 
open hearth reverberatory calclner, where the heat generawd by 
the fnel U&ed is applied directly to the ore. 

The other conditions neceseary to 8uC'ceR/o;rui operation were, 
according to the writers tests, as follows :-Firs\, the sulphur 
should not esceed Ii times the quantity of copper present; S{'rond, 
from 5 to 6 per cent. of copper is the outs-ide limit that the ort' 
should CoDtaln; third, the temperature of the fumaL'e ~hould no~ 
exceed dull redne!Uj. Over a number of tria)", on ore~ containing 
various copper contents, it was found that a rroportion of any· 
thinK leRti than four units of salt to one unit 0 copper gave m()!lt 
UIl8atisfactory extractions. 

With all the conditions carefully ob~rved and attended to, an 
-enractioo of 70;»er cent. of the ClOpper present could be relied 
UJMIIl. The wrIters conclusions, however, are that the hi'th 
charges of a muffle roast, coupled with the ~t and importation 
of the n.ece8li&ry quantities of salt, would not admit of profitable 
treatment. 

The Hu"t-Dou"la.~ MetNHI. 
The J,Jrincipies laid down in this method were the nest in order 

of the mvestigation programme. Tbe cruKhed and roal;ted ore-. 
are treated by a 80Ivent solution, wheretv the copper is taken 
into solution u ita chloride; and it is .prectpitated from the solu­
tion by the injection of sulphurous aCid gaB. The solution is re· 
pnerated by addition of salt. This process sives eltcellent re~ult.s 
where the conditions are favourable to Its operation. The 
nece88ary adjunct of a cheaply-mined pyritic bodY would strictly 
limit the economic value of ita application. It can therefore be 
~1IJed over in the present consideration of the various methods. 
Various other methOds of minor importance were then tried, and, 
with one eltception, they did not offer suffiCIent encouragement to 
foUow up. The eltceptlon referred to is the method of roastmg 
the crushed ores with ferrous sulphate. It j" carried out very 
cheaply in som.e countries, in the following manner :-The cru .. hed 
ores are made into sti1f paste brick~ with cementation liquon;. and 
then bumt in kilns, thus converting the low·grade sulphides lOW 
sulphatee, which are soluble in water. After arriving at this 
stage, it appeared essential that a satisfactory finaneial solutIOn 
was of ~ual importance with a sUcceAflful hydro--metaUurgical 
one, and, in addition, a continuous IUld sustained action that 
woUld compare with that obtained by a smelting operation. 1f 
theae opposing factors could be n?('o8('iled, it appeal":'d evidt"Dt 
that a satisfacto~ aolution of this problem {'Quid be arrived at. 
The field of investigation was now narrowed down to definite bnee 
of inquiry, and the final outcome was that the writer has denlon­
IItr." that the followiog method will fulfil all of the ·,bo .. COD-
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ditioD!I. All ore was selected for treatment typical of the low­
er_de siliceoua ores surrounding the Mount LYell field, and fn11l 
the MOnDt L,.ell Comstock Mine. 

The followmg is a complete analysis of it by the writer ;-

Silica ..................... " ......... . 
Copper ' .................... ," ........ . 
Iron " ...................... ..... , ..... . 
Sulphur .................. ". ," •..... 
Alumina ........ , ............ , .. •••... 
Zinc .................. '" ... ,., ........ . 

.I t!.~~ ::: ::: ::: ::: ::: ':.: '::. ':: .. ::, 
Magnesia ... ... ... ... ... ... ... ... . .. 
Oxygen, and 1088 '" ................. . 

Peroen~ 

.J8 '0 
4 '56 

l3 ·29 
12 '60 
12'90 
1·17 
I '26 
1·40 
3 '40 
1'42 

100'00 

It will be seen from the conditions that these ores contain con­
siderable sulpbur contents, and! moreover, that by a judicIous 
&election of a small proportion 0 the ores as they leave the mine, 
the sulphur contents of that small portion can be considerably 
increased. This is the main factor on which the writer proceeded 
to work out this method for their profitable treatment, and be 
now proposes to follow the ores in their progress from the mine 
tc their final conversion to a marketable product. The following 
is a detailed description of the method :-

Op(ration.t at the Mine. 
When the ore il est-racted from its place in ,itu by any of too 

usual systems, the aim should be to roughly and cheaply throw 
out the ricber sulphides, to the extent of from l..sth to l·lOth of 
the bulk of the ore treated. In the generality of cases an 
enriched sulphide zone bas been deposited on the footwalls of these 
ore.bodies. If they are not greaUT enriched in copper, owing to 
the increased amount of iron SUlphIde present these narrow souee 
are notably increased in sulphur contents. \Vben this is the ca&ef the taking out of this portion separately would save the 8maU 
additional cost of the rough selection. This smaller proportion 
is Te8e"ed for 88parate treatment

i 
and the main bulk of the ore 

then goes forward to the regular pant. 

Preparation of the Ore (main bulk). 
The ore is first reduced to sucb a degree of fineness as the 

operator may find uece88ary, in order to exp08e the &mall sulpbiae 
particles to the oxidising flame of the calciner. The machinery 
employed for this purpose can be adopted by any particular 
operator to suit himself. 

Calcination of the Ore. 
This operation is of great importance, and a consideration of 

the chemistry of calcination is eeaential. When the ore is sub­
jected to an oxidising roast in its pulverised state1 it undergoes 
two important chaD~, viz., a chemical and a phY8Jcai one. The 
chemical change is, fintly, the oxidising of the firat atom of 
8ulphur, which is feebly combined, with tbe fPYleration of lui. 
phUroU8 acid gas i and, secondly, the combustion of the second 
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atom with the generation of both sulphurous and sulpburic acid 
gaBes; and, tinally, 8S the temperature is raised, the fonnauoo 
of osides and Bulpbates of copper. 

Although these reactions are well~known, it is Dot generally 
known that the physical change imparted to the fiDely-ground ore 
is of et:lual importance wbere a leachIng operation is contemplated. 
The fiDe rock particles are granulated, and are made amenable 
to free peroolatioD, and perfect leaching. This fact has now 
become so well recognised m America that the slimes from a pre­
vious operation, and which require a further wet treatment, now 
UDde~ a preliminary roast, when they are found in good pbySical 
oondition for percolation and leaching. The stage to which the 
calcination of the ore is carried is the first important considera­
tion, and, vrovided that the last of the sulphides as Bucb are con­
verted, it 18 a matter of no moment what proportion the residual 
oxides and sulphates bear to one aDothe~\ and the charges can De 
drawn at that stage. It can be noted wat the over-roasting of 
the charge has no prejudicial effect on subsequent operations, 
exce'pt slightly adding to the cost. Automatic reverberatory 
calcmers, when used on a large proposition t are the most economI­
cal j but the hand-rabbled type on small ana isolated mines are less 
costly. 

Forced Leach.ing of the Ore. 
The calcined ore is then transferred to the wooden leaching-vats 

(fitted with filter bottoms), and discharged graduall:)' and bot . 
from the calciner into the sulphurous and sulpburic aCid solution 
in the leaching vats, derived from the ore that has been separately 
treated. The best mixing proportion is 200 gallons of solution to 
ODe ton of ore. The are IS well covered and the temperature 
raised .considerably b:y the hot ore. The discharge-pipe from tne 
mufBe furnace (described under the separate treatment) is then 
started, and the temperature is further raised by that means. 
The copper sulphates in the charge being easily soluble, the writer 
has provided for the attack on the oxides only. These are then 
attacked very rapidly by the sulphuro1Hl and sulphuric acid sOlu­
tion ,and the reaction completed In a very short tlme. 

bt. CuO + H,SO. = CuSOl! + H 2 0 

2nd. CI10 + H 2 80 .. = CuSO .. + H 2 0. 
The hot osygen of the blast also tends to oxidise the surplus, 

H 2 SO, to H~S0 4; which is an advantage. 

Precipitation of the Copper. 
The strong copper solution is then run through the filter-taps 

into the preci:ritating vats on to bars of pigiron, and the precipi­
tation effecte hot. About I-12th of the copper contents will be 
retained by the dampnees of the charge in soluble form. This 
caD be recovered with one wash water. 

Separate Treatment of the Selected Portion of the Ore. 
This portion, being higher in sulphur contents than the main 

portion of the ore-bOdy, is used for making the sulphurous and 
sulphuric acid waten necessary for leaching the whole of the ore. 
By a convenient mufBe arrangement of a small type, the furnace 
&88e8 are injected. into the ore-extraction vata, thus generating 
the eulphurous and sulphuric acids in the solution. This is 
further increased by arranging a hot;..air coil in the fire-chamber 
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and pa.s&ing the bot-air also through the muffle. As pyrites does 
DOt give up the whole of its sulphur in a. closed muftle, this obviates 
that difficulty, and reduces cost. 

Trl:atm.ent Cod per (on of Crude Ore. 
These costs have been carefully considered, and are on tbe con. 

servative side :-

Coo ..... 
""'. 

Crushing schistose ores ... ... ... . .. . .. 
Reverberatory roast ... . .. . . . .. , ..... . 
Labour on leaching-vats ........... . 
Hot air .. , ' ................ , ...... '" .. . 
S~lpburous and sulphuric acid waters .. . 
Plglron .................... .. ... ........... . 

'. n. 
5 0 
3 6 
0 6 
0 6 
2 6 
1 0 

Total ... ....... .. ............... 13 0 

Against this a reduction of 41. can be safely made on the copper 
values from the muffle roast, making the treatment chargee 
against the ore 93. per ton. 

With the mining charges added, it will leave a range of profit 
on a fairly low grade ore. The precipitated copper would be the 
&nal product, and it would range in ll888y value from 70 to 80 
per cent. of copper. There is a ready Australian market for this 
high~grade product, which only requires a common melting opera~ 
tion to convert it te copper. 

CONCLUSION. 

After a loog investigation of this subject! the writer bas arrived 
at the conclusion tliat this pl'OCe88 wil fulfil the OODditiOll8 
nece888~ for the successful treatment of the.ae ores. The action 
is rapid, continuous, and complete. Various further ecoDOlDies 
in the coste of running can be made, notably in the regeneration 
of the solutions &c. 

A plant in fuft rnnning order, capable of treating 100 tons of ore 
per diem, could be installed for about £2500 ; and for every 100 
tons additional, an iocrease of 26 per cent. on that amount. 

An advantage of this process is that it is not based OIl finely. 
drawn chemical equationa, as most chemical proceeses are; and a 
few days' experience on an ore would show the best working oon~ 
ditioD8 to each individual operator. 
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