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~ The advantages of treating anv ore havingcop- ­ 
per values as non-sulphide forms, by leaching’ 
with sulphuric acid, agitating withl some suita 
ble form of metallic iron such as sponge iron, 

A 5 scrap or balls and recovering the resulting ñnely 
divided cement copper in the metallic condition 
by flotation have longl been realized. However,­ 
due to difliculties encounteredlin the cofunctionf 
ing of the various steps of the process this meth 
odhas not, prior to the following described in 
vention, found successful commercial application. 
By my method as heregiven, the various units of 
the process function together as a whole as well 
as individually in such manner as to. consistently 
produce copper in an economical manner and 
without metallurgical or . mechanical obstacles. 
The present. method involves the use of recent 
­improvements-which I' have developed,_ such as 
given in 4my Patents-No. 1,971,416 and 2,070,133, ' 

20 and constitutes a complete process for production 
of copper by the s'o-called leach-precipitation 
iiotation method, as well as certain decided im- » 
provements in some of the individual steps. 

I have found that by following the type of 
steps and the combination thereof as I propose 
in the _ following description, former obstacles 
are overcome and the various stages function so 
that the entire process is coordinated, giving high. 
grade concentrates and low tailings as end prod 
ucts at low cost and without metallurgical' diili 
culties. Among the salient steps of my improved 
process are thefollowingf-l- ` 1 

(l) Pulp thickening afterg'rinding and before 10 
leaching. . \ ` l 

(2)' Precipitation by metallic iron usingeither 
’ a slight' excess of sponge iron over thestoichio'- - 

>_metric equivalent of the copper in solution, or 
employing a bed of iron of such size of particles .15 
that the iron is retained in large excess inv the 
precipitator lwhile a portion of the copper is pre­.4 
cipitated in nodular form and the remainder is 
precipitated and removed in finely divided form 
as the pulp passes through. Also the inhibition 20 

­`of .excessivecopper nodule growths in the pre- ' 

Former methods of conducting this type of l 
25 

of pulp density; (2) certain electro-chemical 
reactions taking placeduring ~copper cementa-l 
tion,- especially whenl metallic copper ~and­ me 

ï tallic iron are in physicál‘contact; (3) the pres O 
. ence of dissolved cOlJPer in lthe eilluent from the. y 
precipitation apparatus employing metallic iron; 
(4) the fundamentals and> control of resolution 
of cement copper subsequent to the vinitial pre 
cipitation; (5) the tendency of cement copper 
to oxidize andv become unñoatable during aera 
tion or ­flotation treatment;LV (6) the effect of 
hydrogen ion concentration of the pulp solution 
on cement copper flotation.. particularly as toA 

40 ­conditioning of the pulp prior to flotation; 
(7) the regulation, control and use of iron, both 
dissolved and precipitated, in the­ cement copper 

«. flotation circuit and in any solvent regenerative. 
`stages that may be employed, and (8) the re 
treatment, handling and disposition of middlings 

l and/or forms of copper rendered non-floatable 
by the lplant treatmentpin -the cement copper 
circuit. ,f ` - . 

­ On the contrary, my process as here described 

50 takes all the abovefactors into" account, intro 
­ duces novel components and combines certain 
­treatment steps in such a way> as to produce a 
new result which is the successful operation of 
the leach-precipitation«flotationv process as a 

55 whole. ' 

process have overlooked the functions and the, 
eiîects of such`important factors as (1) control` 

’~ v(5) Removal of ferrous sulphate solution 

cipitator charge, .by removal of pulp from the 
bottom of the charge.l ­ , 

(3) :Partial precipitation of iron, further pre 
cipitation of copper and conditioning of pulp 
for cement copper notation by _adding an-alka- ' 
line precipitant in limited amounts after pre 
cipitation of copper by iron- and before notation 
of cement copper, thereby recovering cement 
copper by flotation in presence of both dissolved 
and precipitated forms of iron. 

(4)I Removal of cement copper flotation mid»A n 
dlings, secondary concentratesv and intermediate 
products from the main circuit, giving said prod 
ucts a special treatment to re-convert the altered 35 
material back to a floatable form and then sub­` 
jecting such reconditioned~ cement copper ­prod 
ucts to a further flotation treatment. . ~ 

either from the'icement-coppertailings pulp or 40 
from ndecanted clear solution obtained by pre 
cipitating copper by iron, contacting said solu 
tion with sulphur dioxide and air to produce sul 
phuric acid and/or ferric sulphate or both, and 
addition of said acidic solution, followed by sup- ,45 
plemental sulphuric acid, to the leaching circuit 
­to effectdissolution of copper in the ore. ' 

It is understood that'the above steps may be s 
­,subject to considerable variation without deviat 
ing from the process here claimed‘ and that the 50 
above steps are susceptible of many combinations 
to suit specific conditions.. ~ y ‘ 

The individual steps of my process are shown 
in the accompanying drawings, in which, 

Flgure 1 shows the complete process, and Fig-f 55 



2, 5 
_ ure 2 shows an alternative step for the flotation 
of sulphides. _ _ » 

Figure 3 is a- diagrammatic view of a preferred 
type of precipitator. ' 
' Figure 4 is -af diagrammatic longitudinal sec 
tionalview of a device for use in the absorption 

_ and aeration steps of my process. 

15 

.flotation proper. 

Figure, 5 is a cross-sectional view of the appa-v 
ratus of Figure 4,'taken'along the line l-l of 
Figure 4. _ _ 

The crushed ore and water are introduced to 
``the ball mill A, where the ore is suitably com 
minutedand-formed into a pulp. The discharge 
from the ball mill is passed to a classifier'B, which 
is in closed circuit with ythe ball mill A. the classi- « _ 
ner overflow being sent to the subsequent treat- _ 
ing stages. _ _ 

If sulphides are presentin the ore in mounts 
sufllcient to warrant> their separate recovery. 
such sulphides may be extracted by a sulphide.. 
notation step prior to the leaching-precipitation 

Buch sulphide flotation may be 
conducted either in an acid or alkaline circuit, 
depending upon the type of ore undergoing 
treatment. > - 

In either event, and-regardless of whether the 
sulphides are preliminarily floated or not, the` 
pulp prior to leaching is suitably thickened. 

I have found that concentration of­ solution 
with respect to acid, copper and iron salts as well 
as the percent solids in the pulp are important 
factors affecting pulp conditioning as shown by 

­ froth characteristics, and­ the resulting amena 

a5 

40 

bility to notation when dealing with cement 
copper. Furthermore, in order to effect the most 
economical leaching, precipitation and cement 
copper flotation treatments, the pulp density 
must-be-controlled within certain limits. I 

, A pulp density of _less than 30 percent solids is 
generally required to permit of the most eco 
nomical; grinding and classincation. »I have 
found that leaching, precipitation, conditioning 

’ . for cement copper flotation as well as the cement 

..45 
copper fiotationßper'atio? _itself is'best conducted 
at a higher pulp density than that employed _in 
_grinding and classification, and that. the-proper 
pulp density, by reason of its governing the con- . 
centration' of the various substances in solution 

' _ when dealing with a given grade of ore, is vital 

55 

' leaching. This is readily accomplished of 

70 

[u 

to successful conditioning and froth formation 
for cement copper flotation. I therefore employ 

` the method of varying the pulp density during 
the treatment process so 'that-those vital ‘steps 

_ in the >processvll'lich areaffected by Wlpdensity‘ l 
_may be conductedunder the conditions which. 

_ permit of their most successful functioning. 
Inasmuch as I have found‘that all the steps 

including and subsequent to leaching, are best 
_conducted at a pulp density much greater than` 
that suitablefor grinding and class'incation, I _ 
propose to'include as an improvement on> former 
methbds, the step of thickening the pulp prior to 

a. standard typev thickener which reclaims water.l 
that may be alkaline, for subsequent'milling op~ 
erations and supplies a pulp ofthe desired density 
to the leaching, precipitation and flotation opera 
tions. By such. a , plan the so-called “milling" 
steps which include grinding, classincatioh and` 
possibly preliminary sulphide notation, and the '_ 
sò-eane'd “hydro-metallurgical" steps which 1n 
clude leaching,­ copper precipitation. pulp condi-"_J 
tioning for cement copper flotation, flotation of 
lcement copper and treatment of cement copper l 
middling or intermediateproducts, are entirely 

9,130,278 l f 
independent of each other as regards the vital 
step of pulp density. ' 

It _has been shown by actual tests that the final 
tailings are essentially the same regardless of 

-1 whether the sulphide copper is floated prior to or 
simultaneously with the cement copper. Simi 
larly, tests also showed that by increasing the 
pulp density after grinding and before leaching, 
an increased efficiency was obtained in leaching, 
precipitation and flotation.l ‘ ` 
The pulp may be thickened either prior to or 

subsequent to the sulphide notation. n the :m1-v 
phides are floated in an alkaline circuit, lime or 
some other suitable agent may be introduced 
along with the water prior to grinding, and the' 
thickening may be subsequent to the flotation 
stage. Figure l shows an arrangement for sul 
phide flotation in an alkaline circuit, and it will 
be noted that lime is added‘with the water prior 
'to grinding. In this ‘arrangement the classifier 
overflow is sent to the'rougher C, and then to 
the cleaner D from which­ the sulphide concen 
-trates are removed and cleaner rejects recircu 
lated to the rougher. The tailings from the 

- rougher are thickened in thickener T--1, and the 
overflow therefrom returned to the .chargeenter 
ing the ball mill A while the thickened product 
is sent to the leaching operation. ` 

I may, however, thicken the pulp prior to dota 
tion and condition the thickened pulp for sul 
phide flotation with an acid or suitable alkali 
agent as desired. I rather prefer this arrange-­ 
ment inasmuch as acid circuits are sometimes 
used, and such a circuit would dissolve oxide cop 
per in certain types of ore. If an acid circuit 
were used, it would necessitate an acid-proof _ 
thickener if the thickening succeeded ñotation; 
and the copper in the overflow would be too 
dilute to readily recover. ‘ 
4InKli‘igure 2 I have shown an arrangement for 

thickening prior to sulphide notation. lIn this 
arrangement it will be noted that water alone is 
added to the charge to the ball mill and that the 
classifier overflows are thickened in thickener 
T-I prior .to sulphide flotation.. The overflow 
from thickener T-i is returned to the ball mill 
charge. Acid is added to the thickened pulp 
from T-i, or, if the sulphides are to be floated in 
an alkaline circuit, lime may be added to such 
pulp. In this case C represents the rougher and 
D the cleaner, which operate in the same manner 
as discussed above in connection with' Flg.`1. 

« 'I‘he sulphide tailings are sent to the leaching 
stage. ‘ ‘ _ 

As'indicated in both Fia. 1 and Fig. 2, the sul 
phide flotation stage may be by-passed when 
desired. ­ 

`As heretofore‘pointed out, the thickened pulp 
from thickener T-i or the tails from rougher C 
are passed to the leaching stage. Leaching may 
be _accomplished ̀ by use of commercial sulphuric 

ide and iron solution, by sulphur dioxide and air 
applied directly to the ore, or by sulphur dioxide 

' and air or dilute acid followed by strOng sulphlll'ic 
' acid. . ~ v ` ' 

' Sulphur dioxide, because of its affinity for the 
basic constituents ­offthe ore. may generally be 

directly in lieu of sulphuric acid to any> 
extent in leaching copper. oiide ores. 

. acid, by dilute' acid produced from sulphur diox- ' I 

Its use involves the steps of gas absorption by the - 
.pulp (thus forming empmtesand bnsulpnites), 

-- aeration to change these compounds to stable 
sulphates, and then _completion of the leach, 76 



if necessary, by adding a small quantity of sul 
phuric acid. ` j ' , . 

'I'he absorption step isëbest conducted, not with 
hot gas as incertain vformer methods, but in the 
cold. This may be' conveniently done by elevat 
ing the pulp by air lift action, allowing it'to fall 
back into the main body as a stream or cascade 

« and passing the sulphur dioxide gas transversely 

» Patent No. 1,952,675. 

through the cascading stream of pulp, as in the 
method used for acid regeneration with sulphur 
dioxide and iron sulphate, as described in my 

The aeration stage may require one to two 
hours for complete conversion to sulphate, where 
as the gas absorption may only require a few min 
utes. These two stages should be conducted in 
separate units and may be accomplished in tanks 
or modified cells provided with both air lift and 
cascade action. Apparatus such as shown in 
my Patent No. 1,952,675, when modified so as to 
handle ore, would be well suited for the gas ab-> 
sorption and the aeration u'nits. In this conver 
sion step the bi-sulphites evolve sulphur dioxide 

' which is available for continued leaching. Si 
multaneously, the normal sulphites arev oxidized 

Y to sulphates.- .. ' 

Y "45 

',I‘he final addition of sulphuric acid not only 
provides for completion of the leach but also 
decomposes any remaining sulphites or bisul 
phites, thus producing a pulp which is amenable 
to subsequent flotation. _ 
When the available sulphur dioxide is relatively 

cheaper than sulphuric acid its use as an adjunct 
in providing for the gangue consumptionl of acid 
may be advantageous. As compared to use of 
dilute acid, produced by regeneration with sul 
phur dioxide-it offers the possible advantage of 
not causing pulp dilution. 
Apparatus for the alternative steps is disclosed 

in Fig. l. The full lines indicate apparatus for 
use in leaching by commercial sulphuric acid or 
by dilute’acid. In this case, there is a series ` 
of agitators E-‘QI and -E-2. 

If- it is desired to leach with sulphur dioxide 
applied directly to the ore or 4by sulphur dioxide . 
followed by­ sulphuric acid, the thickened pulp 
is first sent to Q where sulphur dioxide from the " 
roaster K is absorbed. A certain amount of air 

­ _is of course included in the gas from the roaster. 

'which the pulp is thoroughly áeraced. 
From Q the pulp is passed to an aerator R, in 

` As heretofore pointed out, apparatus such as 
shown in my Patent No. 1,952,675 (Figures 4 and 
5 of the drawings of this patent) may be used 
lfor the absorption and aeration stages, yprovided 
lit is modified vto handle ore pulp. The schematic A Í' 

_ apparatus shown in Figure 4 comprises a vessel, 

65 
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designated generally II, which is provided with a 
_platform I2 and wells I3 depending from-the . 
platform and _traversing the vessel Il. It will 
be noted that. the wells I3 terminate, asl at Il," 
short bf the base of thelvessel AII and are posi- _ 
rtioned above apertures lärwhich communicate 
with ,headers I6.. 'I’he headers I6 `are supplied 
with air or some other suitable gas under pres 
sure, which is free to pass‘through (the aper 
tures I5.“ ’ ~ ` ' ` 

'rho platform yl2 ispfovide lwana series of 
I ' longitudinal slots l1. APulp i admitted to the 

vessel through pipes I8 and is discharged through 
pipe |93' ‘Sulphur dioxide >gas isV introduced to 
the vessel through pipe 2| and exhausted there-' 
from through pipe 22. It will be appreciatedthat 
the gas under pressure from h‘eader I6 will raise 
the column of pulp within theqwells I2 to form 

. ’ 2,130,278 ‘ “ 

lleaching by the use of ̀ acid will, of course, de- y 

I ­ 3 

a body of pulp above'the platform I2. ­'I'his ele 
vated pulp in turn will fall in lsheets 23', and the 
stream ofl sulphur dioxide is directed against such 
sheets at substantially a right angle. The amount 

' of 'pulp in the elevated body above the platform 
is such as to insure .asubstantial head, and con 
sequently the sheets 23, and their entrained gases, 

A are 'carried' well beneath the surface of the main 
` body of pulp. f . 

If it is desired to supplement the direct sul 
phur dioxide leaching. bythe use of sulphuric 
acid, such acid may be added to the pulp from4 -. ’ 
R. followed by further agitation in S. The ad 
visability of supplementing the sulphur dioxide 

pend upon the particular ore ­treated and the 
lconditions of operation. 

.it would of- course be; necessary to, add. it after> 
the sulphide’ñotation inasmuch as sulphur di-­ 

'to eventually completely neutralize ­the free acid " 

i 

If an acid circuit is employed for the sulphide i 
flotation, additional acidmay be used and some` 
leaching effected during the sulphide flotation. 
If sulphur dioxide is used directly for leaching, 

oxide forms sulphites which are injurious to the 
_sulphide flotation. ­ y . ' ­ ‘ . 

Following the‘lea'ching operation some residual 
sulphuric acid usually remains in the pulp. For 
mer methods have­ either added this acidic preg 
nant solution to the. metallic iron precipitant or 
else have used limestone for neutralization prior 
to precipitation. lIn the former case the iron 
consumption is excessive and often the precipitat 
ed cement copper is in an acidic pulp which pro 
motes re-solution of cement copper. 
stone is resorted to _for neutralization, certain 
obstacles are encountered as unless the limestone 
is ground extremely fine the'reaction is slow and .­ ' 
incomplete. i . 

MyV method preferably employs use of a water 
>soluble alkaline substance, such as milk of lime, 

This forms an emulsion' in place, of limestone. 
with water-more readily than limestone, is more 
rapid in its action and is more readily trans 
ported through pipes around a plant and if added 
in slight excess will form copper hydroxide after 

f‘ the acid is neutralized. This slight precipitation 
of vcopper'may have advantageous features under 

'certain conditions ̀ as it insures complete neu- ‘ 
trality ­and conserves metallic iron, and underV 
certain neutralconditions is converted to metal 
110v çqpper. accordingto the reaction 

Thus, nftypercent more copper may be precipi 
tated per'unit of iron consumed than under ordf 
nary conditions. The above reaction is made pos 
sible by the use of a"neutral solution which is in 
sured by precipitation of a limited amount of ` 
copper hydroxide. It is understood, however, that 
even‘ if the solution shows a slight ­acid reaction 
on entering the precipitator, there, may still be 
present sumc'ient> excess of milk of lime particles 

during precipitation with metallic iren. However, 
both the feed and discharge pulp from the pre­ 
-cipitator Amay be distinctly acid without depart 
ing from the Aspirit and purpose ­of the "general 
process here described. 
As will be 'later pointed out, flotation middling ̀. 

'products may be substituted for'or may supple- . 
ment the neutralizing action of the milk of lime 
or other water soluble alkaline substance. If 
dilute acid­ is used for the leaching, I/prefer 
to send the leached‘pulp to 'a thickener T-2, 
inasmuch as such dilute acid causes a dilution ' 



4 _ 

of the pulp. If the pulp is not sumciently dilute 
to warrant thickening, thickener T--2 may be 
by-passed as indicated by the dotted lines. 
As an improvement overformer precipitation 

>methods in clear solution, my process may in 
clude the following steps: 
The amount of clear copper solution decanted 

from the »above mentioned thickener T­`­2 is 
y.governed by a regulating device of ­ any suit 

lo 

15 

able means, the balanceof the solution in the 
thickener feed mixing with the underflow to the 
cement copper flotation. The clear overflow goes 
toa suitable precipitator for removal of copper 
and then any desired fraction of the iron-bear 
ing ysolution returns to dilute this thickener feed, 
and by means of this increased volume of re 
cìrculating solution throughthe thickener makes s 
possible recovery of any desired fraction of- the 
total ccîiîìer from said clear solution; If de 
sired, a portion of such return solution may go to_ 
`the acid regenerator circuit and a portion 'may 
b'e discarded. Furthermore, a certain amount of 
fresh make-up water may be added as dilution 
medium to supplement the return discard so 
lution mixing with the thickener feed. ' 

Referring to Figure 1, the overflow from thick 
_ener T--2 is regulated by gate M, and then passed 
vthrough precipitator P-Z, which may Ainvolve 
a rotary drum, scrap iron` boxes or even elec 
trolysis. By returning this precipitator effluent 
solution at least in part to dilute the feed to'T-­2,` 
a. closedA circuit wash is effected through the> 
solids in T-Z and'in regulating the ñow by M 

' the» fraction of the total dissolved copper which 
is precipitated and recovered in P-2 may be 
varied over wide ranges. If no solution from 
P-2 is.discarded, the precipitation need be only 
partially complete in P­-2. If desired, some fresh 
Water may be addedfor dilution. _ _ ' 

Also, part of the eiliuent from -P-Z may be ` 
wasted and part or all may be passed through 

-the .acid regeneration cell- J, where, by con 

45 

' SOLUCES. 

tact with sulphur dioxide and air, such as shown 
in my Patent No. 2,055,082, acid and/or ferric 
'sulphate areproduced for subsequent leaching; 
This sulphur dioxide may be obtained from any 
suitable source as from pyrite or sulphur, the 
pyrite' being logically a by-product from >prelimi 
nary sulphide fiotation. This regenerated acid 
may be supplemented'to any extent by 60° Bé. 
acid. 
The calcine roasted in K is then preferably 

charged hot into the sponge iron furnace L and 
converted to sponge iron, by any suitable method, 
but preferably according to the method given 
in my Patent No. 2,038,578. However, scrap may 
be used to any extent in place of sponge iron, 
or the sponge iron may supplement the scrap. 

I prefer, when possible, to employ so-called 
“regenerated acid" for- leaching, either as the 
entire solvent or as an adjunct to sulphuric acid 
and/or ferrie sulphate produced from other 

solutions, obtained from clear solution or by de 
canting from pulp after copper recovery, and con­` 
tains generally from 3 to 10 percent free sul 
phuric acid anda smaller amount of ferric sul 
phate. The use oi' such solution causes con 

­­siderabie pulp dilution in the leaching circuit. 
70 

15 

Therefore, when employing such dilute acid or 
ferrie sulphate which is justified under ordinary 
conditions by cheaper cost or metallurgical bene 
­fits of theferric sulphate.. I recommend the use 
of an acid-proof thickener foliowingthe leach 
'og step. This makes possible decantation of 

Such acid uses as a base discard iron' 

>2,130,278l ' ., 

clear, copper-bearing solution and thickening of 
the pulp to the desired density for conducting 
precipitation and cement copper flotation under 
the most favorable conditions. Experimental 
data showed that leaching a­ pulp, originally 
thickened to 60 percent solids, with 6 percent 
acid, resulted in a pulp containing 46 percent 
solids. Similarly, 3 percent acid solution added 
as leaching solvent reduced the percent solids 
from 60 to 36 percent. 
Recovery of copper from the decanted solu 

tion may be accomplished by Íany standard 
method,_ as with iron, or by the novel modifica 
tion hereinafter disclosed. . 
.Further tests also showed that with pulp ini 

tially at 34.7 percent solids and 12.88 lbs'. per ton 
copper in solution, 50 percent of the total dis-_ 
solved copper could be recovered in a standard 
100 foot diameter thickener at 3,000 tons per 24y 
hours, the underflow being 50 percent solids. 
Similarly, by diluting the' feed _to 13.55 percent 
solids the copper> was correspondingly diluted to 
'3.94 lbs. per ton, but the copper reclaimed in the 
clear solution overñow increased to 83 percent of 
the Atotal dissolved copper.4 
From the above, it may be seen that by using 

dilute acid for leaching,'the solids may be brought 
to the desired degree fon cement copper precipi 
tation and flotation by thickening after leach 
ing. 1 The decanted solution may be entirely re 
turned to dilute the thickener feed, in which 
case ‘the solids are the same in the feed 'prior to 
dilution and in the underflow, or any desired 

Üpart of this solution may be removed from the 
thickener system and used for Asolvent regener 
ation or discarded. 
In case T-Z is by-passed, the-leached pulp is 

­sent through a mixing device F to complete the 
reaction with­ lime. The metallic iron is then 
added and the pulp fed to the rotary precipi 
tator. P-­-'i. As shown by Figure 3 of the draw 
ings, this is equipped with a special discharge 
device which selects material around the pe 
riphery-during rotation and discharges at the 
axis, thus advancing thesolid copper 'as pre 
cipitated» and. preventing accumulations. _In 
order `to maintain the >pulp within the drum 
and control the". discharge, suitable gland con 
nections of any desired type are of course pro 
vided at either end when required. An agitator 
tank could be substituted for the drum in case 
of sponge iron. ‘ 

30 

35 

40 

45 

The precipitating step using metaluc ironßsy - 
‘ be either of two types, vis: 

(1) The iron is very iinely divided, travels con 
currently with the pulp through the precipita 
tor and hence does not accumulate or form a bed 
as the pulp travels through the precipitator. 
_Usually a small excess of metallic iron continues 
with the pulp. f ì 

(2) The iron is relatively coarse, such as cut 
scrap, flakes or granules. and remains in consid 
erable excess as a charge in' the precipltator 
through which the pulp is passed. No large ex 
cess of iron in the pulp, however. is present-after 
the pulp leaves the precipitator. In the latter 
case, if reclaimed scrap, such astin cans, is used, 
foreign matter, such as copper or brass articlesl 

- maybe present. ' 

I have found that when a copper and iron sur 
face continue in contact together and are im 
mersed in ay copper-iron sulphate solution, elec 
trolytic action takes place and deposits copper on 
the _copper surfaces. This action of discha/xjgepf*V 
copper ions forming metallic copper/on/s/urfaces 

55 
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other than Ymetallic _iron is a characteristic phe 
nomenon and a general condition, and takesplace ` 
in case of brass or copper particles or coarse ce 
ment copper in the precipitator with the result 

` 5 that >such particles ̀ form' growths of copper which’ 
'accumulate in the precipitator._4 In order to take 

.j care ï of such accumulations of coarse metallic 
copper, I propose the methods of eliminating such 
coarse copper by grinding 'during precipitation 

‘ or by allowing it to segregate inthe precipitator 
and simultaneously with thev precipitating opera 
tion Vto remove said metallic copper by mechani 
cal meansv of elimination. ì y 
From >the above description~ it is evident that 

either relatively ilne metallic iron, such as sponge 
‘ iron, or relatively coarse material, such as cut or 

20 

25 
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`’35 
~ `tudinal baiiies may also be used to mix >the iron 

40 
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minced tin, ordinary scrap or-balls, or _iron poured 
from molten state, may be used. In case of very ' 
ñnely divided iron anyñstandard type of agita 
tor may beq employed, b_ut for coarse material­ a‘ 
rotary cylindrical mill or drum, such as disclosed 
by Dosenbach 1,477,476 and Terry 1,589,615, is 
recommended. Such a mill or drum is also ad 
vantageous for sponge iron'precipitation. It is 
my purpose in such a type precipitator to avoid 
'as far as possible lifting of the iron charge out 
of the pulp during rotationl 4of the mill, but to 
keep the iron charge within the pulp, thus aiïord 
ing greater contact and avoiding aeration.­ 
In providing requisite agitation I prefer to agi 

tate the pulp and solution lying over­ and in theA 
'iron charge and to mix this with _the iron, rather ' 
than to agitate by lifting the iron substantially 
out of the mixture.` In order to prevent short 
circuiting of pulp through the drum, I provide 
cross sectional bailles where necessary. Longi 

with the pulp. The maximum charge of material 
maybe held within the drum by use of suitable 
gland connections at feed or both feed and dis 
charge ends. « y v 

By adopting means to prevent accumulation 
of coarse copper­ during precipitation', continu-.ï 
`ous functioning of'a precipitating mill isV made 
possible. If grinding action is not employed for 
this purpose I propose the method of preventing 
such accumulations by continuously discharging 
at least part of the pulp from the bottom of the 
charge where the coarser particles tend to segre-~ 
gate, in contradistinction to the ordinary type 
of discharge which overñows at the axis of the 
drum. My method of pulp' discharge may be ac 

I ` complished in a variety of ways and is not limited 

to any speciñc mechanicalI means as long as the 
requirements are fulfilled of maintaining a high 
pulp level preferably above the axis of the mili, - 
provision of means for removing­ coarse material 

y with the pulp, and simultaneously removing at 
least part ­ol the eiiluent pulp from the bottom 
of the charge. ` ‘ ' 

Such a‘ methodmay be carried out by a device 
, such as shown dia'grammatically in Figure 3 of 
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'the accompanyingdrawings. InA this tlgureÍ i 
represents a precipitating drum having _al pulp 
level as indicated byr the line 2.. AThere are. 
mounted in the drum a plurality. of pipes, pref 

l erablyfour, such as indicated by numerals 3, l, ' 
- 5 and 6. These pipes are connected together at 
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the axis of the drum by a connection which has 
an opening in its center, such as 1, that matches 
the drum discharge opening. ` . . ­ 

I Ahave shown each of the pipesv 3, 4, 5 and 6 
as having’ different peripheral openings, for the 
purpose of showing the possible varied construc 

' tions in this respect. Under ordinary circum' 

’uniform for each-of vthe four pipes. 
stances, however, the ends of the‘pipes would be 

It/ívm be 
noted, for instance, that pipe No. 3 is provided 
at the peripheral end withv a,45° bendand with 
no constriction. Pipe 4 has nobend butmay be 
.provided with an opening that is angularly dis-v _ 
posed. Pipe 5 has a long projection at ,the pe­' 
ripheral end and is provided with a constricted 
opening. _ pe 6 is provided with a 99° bend and 
with a constricted opening. The exact construe# 
tion of the pipe in any given >drum will 'depend 
upon the conditions of operation. , . 

» The assembly of the pipes would preferably 
installed in a cylindrical, rather than aconical, 
end. Inasmuch as the open ends of the pipes 
extend to the periphery of the'drum, and inas 
much .as the pulp. level is above the axis of the 
drum, pulp is discharged _from the bottom as well 
as 'at other levels in‘ the pulp, the pulp flowing 
from the arms to the pulp discharge. 
By maintaining suiilcient peripheral speed the 

coarse ironwill tend to be thrown out of, instead 
of into, these­ discharge pipes, inasmuch as the 
combined effects of centrifugal force and gravity 

. will operate to keep the coarse iron from enter 
_ ing these discharge pipes while the pulp passes. 
­through. ,On the other hand, the small particles Y. 

ics-I 
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of copper which sink to the bottom of the charge ' 
ï-will be eliminated with the pulp andvdischarged 
`before these grow to a largesize or accumulate 
’in quantity. , , ' . 

'I'he vsize and number of'these discharge pipes, 
relative size oij peripheral openings to pipe diam 
eter, angle andïdirection of bends, direction o_:t:l 
peripheral openings, and length of the projections 
on the discharge pipes must be determined i'orv 
speciilc conditions: _ v 
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The level of pulp in the drum maybe regulated . 

,through a stuffing box. Inasmuch as some metal 
lic iron maybe carried ̀ out in the pulp along with 
the coarse pieces of metallic copper, I propose to 

-' employ suitable screening) magnetic ­separation, 
or other methods for return of the iron to the 

‘ drum and separation of any coarse metallic ,cop 

>by extending a pipe from the drum discharge to a - 
variable ,weir overllow, thepipe, of course, going 

'I'he advantages of the type of drum just dis- ' 
cussed are that both the pulp and iron levels may 
be carried at any desired distance above the cen 
ter of the drum,.thus giving increased precipitat 
ing capacity. Furthermore, eñtrained air and 
gases willlbe eliminated, even with the pulp level 
above the center.. The principal advantage is”th`at 
the material in thedrum is-eliminated from the 
bottom as well ‘as the top 'of thecharge, which 
results in an elimination of coarse copper, and 
prevents copper growths from accumulating on 
particles in the charge. . 
As a modiñcation of the above method I may;­ 

in some cases, prefer to allow coarse copper nod-I 
ules to vgrow in the precipitating apparatus and to 
produce a certain fraction of copper in this form. 

from the rotary precipitator by means of radial 
lifter scoops located at the discharge end, vwhich 
pick up the copper’ nodules from the bottom and 
by mechanical lifting action caused by rot/ation of­ 
said mill, elevaterthe coarse .copper sufllciently 
above the rest ofthev charge so that` it falls by 
gravity and is deflected into the. discharge opening 
wof the mill. In such case> mutual separation of 

"In such case, I_lpropose to eliminate such copper ' 
05 

coarse copper pulp and metallic iron is then ac- v 
_complished as aforesaid and the metallic iron re­' 
.turnedto the precipitator. > ~ 

10 
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vit _ _ 

«'ï The following observation 

6 
Inasmuch as the rate _of Aformation of such 

coa‘rse copper increases as the copper surfaces ex 
posed I propose further to control the formation 
of such _nodules by controlling the amount of 
coarse copper present in the precipitator. 
Furthermore. I may take advantage of the tend 

ency to plate copper surfaces in contact with me 
tallic iron and copper sulphate, and make use of _ 
:copper as lining and wearing surfaces ̀for the in 
teri’or of the precipitating mill. By lining said _ 
mill with thin copper sheets, I am able to utilize 
electrochemical action thus set up to plate copper 
onto said sheets and to utilize this copper as'a 
Awearing surface or to remove such plates as a partJ 
of ‘the copper production. _ - ‘ 

illustrates the elec 
`t'rocl'ièxnical action taking place during copper 
Èp?ëci‘ltation byiron, which causes growths of 

i... copper nodules when metallic copper isin contact 
with metallic iron in copper-iron sulphate solu 
tion, regardless ofthe type of apparatus or kind 
of iron employed. ' __ « „ 

I_n a mechanically agitated' tank used for cop 
per precipitation by sponge iron,.no coarse cop 
per was formed during a period o'f several weeks 

` operation when agitation was sufficient to elimi 

as 

nate the products as fast as formed. However, 
after operating a few days with decreased'agita-~ ' 
tionso that the sponge iron and cement copper` 
settled and made contact together on the bottom 
ofthe'tank a large quantity of copper lnodules 
was formed of the size of marbles. l ' 

Similarly, plating of copper on articles of cop 
per or brass in a precipitating mill employing cop 
per solution and metallic iron has been noted. 
This shows the importance of my method of pre 
venting accumulations'of .coarse copper during 
precipitation. 
In the use of amill or drum type precipitator it' 

~is important 'to secure liron of suitable physical 
characteristics and to expose a large surface. 
Also, I have found the presence of tin detrimentalA - 
to cement copper flotation. I, therefore, propose 

_ as a logical precipitant' the use ̀ of metallic iron 
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prepared by pouring molten iron in such manner 
as to subdivide it into suitable small particles, as 
by granulating molten iron'witha iet, by'pourim;v 
it onto a> cold surface, or by molten iron 
into a liquid, such as water, under conditions to‘ 
produce separate and ñattened iron particles. 1n._ 
such preparation of precipitant, I use means­ suchl 
as a neutral or reducing atmosphere to avoid for 
mation of the characteristic oxide scale on the 
iron particles which normally is formed by cooling 

' of molten iron. As this oxide scale prevents chem- ' 
~ical action of the copper solution on iron, prepara 
tion of _iron free from such'scale and suitable for­ 
use as a-precipltant is‘hereby disclosed as a part 
„of this'process. ~ ì . 

' This'method of preparing molten iron is more 
fully described and claimed in its various aspects 

A in­ my Patent No. 2,070,134.. 
similar to the method given -m my patent No, 

1,971,416, this­ process uses a waterv soluble alka 
` ­line precipitant, such'as milk of' lime,v to par 

tially precipitate the iron in' solution following 
precipitation of the copper. performs 
thedouble function of precipitating, ascopper hy' 
droxide, from '10 to 98 percent of any copper inv 
solution after contacting/ with iron. and also pro- _ 
tecting the cement 'copper from oxidation and re-l 
solution in the subsequentsteps'.> This-precipita-v 
tion of copper by lime protectsl plant equipment­> 

ì _from corrosion and the prevention of re-solution 
_may be_.:extended byl use of additional small 

. _. . _ ‘ _ " 1 > . f 
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amounts of lime at anystage of the cement cop­. j 
per flotation, particularly in the cleaning or in f 
secondary treatment operations. Actual Itest re 
sults show that not only is re-solution ̀ of cement 
`copper during flotation largely inhibited by my 
method and that copper in solution after con 
tact with iron is substantially precipitated by lime 
during the partial precipitation of iron, but also 
that this copper hydroxide is partially recovered 
in the rougher flotation. _ , ' 

The simultaneous combination of thickened 
10. 

.leached pulp, partial. precipitation of iron by 
lime, and addition of a flotation reagent mixture 
produces-a novel result in that said pulp is thus 
given 'an improved conditioning for flotation, such 
that the froth characteristics are stabilized and 
improved, the froth being persistent and cement 
copper recovery from' the flotation cell being ex 
tremely rapid as compared with other sets of 
conditions. This improved lcondition of froth 
characteristics shows that definite co-action takes 
placein the steps of pulp thickening, addition of 
lime or alkali after copper précipitation by iron 
with partial precipitationêthereby'oi- iron and 
substantially complete precipitation of copper, 
addition of ñotation reagent and subjecting the 
aforesaid mixture to flotation ’ treatment with 
ferrous iron present both in the dissolved and 
precipitated condition,.to produce an improved 
result. . 1_ ' ­ 

Not only does the lime added as above aiford 
inhibition .of re-solution during flotation and 
also protection of mechanical equipment by vir 
tue of completing the copper precipitation, but 
the improved _condition of froth characteristics. 
which it produces greatly enhances the recovery 
of copper in the flotation subsequent to adding of 
lime. I have further found that certain flotation 
reagents are highlysusceptible to changes in' 
hydrogen ion concentration of the pulp, and it is 
also generally known that hydrogen ion concen'f 
tration is avital factor in certain other types of 
flotation. vI _have further found, however, that 
this hydrogen ionv concentration may be con 
trolled, flotation conditions stabilized and a_n im- f 
proved flotation recovery effected by the afore 
said use of anr -alkaline reagent, as milk of lime, to( 
partially 'precipitate the iron prior to_ flotation. 
'This beneficial efl'ect` of lime on pulp condition-` 
ing ‘is a novel` result and is in addition to the im­. 
provements which I have previously described 

' relative to use vof'alkaline precipitants._ 
As an example ofthe improvement in condi 

tioning for cement copper flotation effected by ' 
thickening prior to adding a relatively insoluble «u 

_ organic sulphur compound (such as “Minerec A") 
used as'the collecting medium,>reference is made 
lto actual demonstration in which at 82 percent 
solids ’and 'without'dewatering but only adding 

‘ lime ­prior tocement copper flotation a' taillng *Í 
of 0.41 percent copper was obtained. By simply 
thickening' the pulp to 40-42 percent solids `prior y 
to leaching, but not,_adding'lime,.the taillng loss 
was 0.4_8 " percent copper. I However, by adding 
lime after v.copper Vprecipitation and ahead of u 
¿flotation'to‘ precipitate 'approximately 15 percent ‘ 
of- the iron, the pulp density remainingl at 40-42 
percent solids. the. ,final flotation (talling was 
lovveredLtov 0.23 percent' copper, representing a 
marked saving by the combined use. of a tblck- _4m 
ened pulp," partialî-precipitaticn of iron by lime 
‘and conducting flotation ­in presence of ferrous 
hydroxide. ï _ ' ` 

' Furthermore. it °was found. that under abov 
­conditior'is 'of a pulp thickened to atleast 40 prr- .n 
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the pulp from »the leaching stage, and at the same ` 

. time eiIecting an economy in the amount of lime 
cent solids and partial precipitation of ferrous 
iron by lime prior to flotation an entirely different 
type of ilotation froth was produced than former 
ly, using in both cases an organic sulphur col 
lector of the insoluble type.` _ 
In the case of thickening and the use of lime 

the froth was easily formed, tough, tenacious and 
I Y loaded with mineral much better than formerly; 

` thus showing that this combination òf steps pro 
10 
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duced a novel and’improved result. The above 
operation illustrates that‘there is an optimum set 
of conditions as to pulp density, iron in solution, ̀ 
iron precipitated and hydrogen ion ­concentra 
tion, which produces the desired froth character- _ 
istics to give'this improved notation of cement 
copper, and that Isuch .optimum conditions are 
obtained by use of my’ method herein disclosed. 
Lime emulsion is ­added to the drum eiiluent as 

shown. If special conditioning is required the 
flotation reagent is added also .at this point. 
However, the type of ‘ñotation reagent and points 
of addition are notl fixed by the conditions of 
this process. G is a mixer, conditioner or pump 
which prepares the pulp for cement copper >flota 
tion, H being therougher and I the cleaner. The 

. _rougher tails may' be discarded or sent to thick 
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ener' T-3 for reclaiming of iron solution for acid . 
regeneration. . i 

The cement copper cleaner reject, together with 
any other middling products, are sent preferably 
,through a thickener T-4 for discarding 'of water 
and are then given the acid-iron-lime treatment, 
as previously mentioned,­ before being again sub 
jected to flotation. The drawings illustrate re 
turn ‘of these middlings to ̀ .the main circuit, but 
if desired, they, may be removed entirely and 
treated in a separate system.­ 

It has been shown in my above mentioned co 
pending application Ser. No.' 733,249`that the 
nature of cement copper alters with aeration, 
.copper sulphate 'and copper oxide being formed. 
Although this alteration is largely inhibited by 
the milk of lime treatment,.ye`t repeated passages 
through flotation cells and pumps tend to render 
'avcertain amount of the copper unñoa’table. For ̀ 
this reason, it is the aim of my .method to include 
a special treatment for intermediate products. 
cleaner rejects orsecondary concentrates which 
in standard practice would be îrecirculated back 
into the cement lcopper notation system and ulti 
mately lower the grade ̀­of the final concentratey 
and raise the tailing. ` 
As given in my said ~copjending application, this­ 

process includes the step of removing such circu 
lating loads from the cement copper notation sys 
tem, rendering the A‘copper sulphate and oxide 
iioatable by changing the chemical form of the 
unñoatable copper andl then treating the product 

. again by flotation. This may be-aêcomplished by 
first giving such middlings an acid treatment to 
dissolve oxidized forms, of copper, adding lime to 
the pulp as pointed out above, precipitating with 
metallic iron, and then subjecting the _pulp to 
flotation. . . 

This treatment of the middlings can be not only 
readily carried vout by reintroducing the middlings ' 
into the main circuit but an advantage in such a ' 

' step resides in the fact that lime can be con 
served thereby. In Figpre l it will be noted that 
the cleaner rejects are preferably thickened, in 
thickener T-4, and then such thickened pulp in- ' 
troduced _to the main d circuit intermediate the 
leaching and the precipitation steps. The oxidized 

i copper in the middling products will be dissolved 
by any excess acid, thereby tending toneutralize 

i 
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necessary to neutralize the pulp. The middlings, 

l 

f 

, ­after reintroduction into the main circuit,A are of ' ` 
‘course subjected to the same treatment as the 
original pulp ­therein. 

s . 

It is understood that the above described ̀ flow I. 
sheet is merely indicative'of the principles ̀ consti 
tuting my process land that .wide variations arev ­ », 

10 possible without deviating from my invention. In 
certain» cases some ofthe steps shown may even 
be enminaœa, as is indicated-by the dotted lines 1n “ v 
the drawings, and still conform to the features of 
this process. 
middlingsC auxiliary flotation cells may be em 
­ployed to make a final tailing and the concentrate 

Also, in re-,treating cement copper ̀ 
`l5 

maybe re-treated „by“ acid and iron. Whenl y 
middlings are added to the precipitator feed, the 
vlime at this point is nrodified or eliminated. ‘ 

In the foregoing description attention has been 
directed to the improved result obtained in cement 

‘ copper recovery as a result of. pulp thickening as. 
well as the beneficial )effect of ferrous hydroxidey 
in beneilciating the conditioning effect forilota 
tion. 'I'hese benefits apply particularly when 
using a relatively insoluble type of organic sul 
phur compound requiring dispersion or emulsiii 
cation. In the references to' “thickening” or “in 
creasing pulp density” in this connection it is 
understood that these terms are used in their 
more popular >sense and do not restrict the oper 
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ation to mere extraction of water unless such limi­­ i 
tation is clearly imposed by conditions set forth. 
In many cases the concept of thickening, as here 
applied, is also definable in terms of viscosity, 
and such viscosity may be increased by addition of 
relatively small amounts of slimy substances, such 
as iron hydroxide as> described in this specifica. 
tion, which alter the pulp consistency. 

It will of course be appreciated that various 
modifications may be made in my invention witli 
_out exceeding the .scope of the appended claim 
by which alone I am to be bound. y I 

I claim: 
1. A leaching-precipitation-flotation process for 

copper ores comprising grinding and classifying 
the ore, thickening the pulp subsequent to classi 

, ñcation, leaching the thickened pulp, neutralizing 
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free acid in the leached pulp, precipitating the> ' 
copper in the pulp by metallic iron, then'condi 
tioning the pulp with a water-soluble alkaline 
precipitant, subjecting the conditioned pulp to 

products of such flotation into the circuit prior to 
precipitation. ­ 4 { 

2. A process for treating copper ores contain 
ing oxidized values which consists in grinding the 
ore to a pulp, removing water from the pulp, 

. leaching with sulphuric acid, treating the pulp 
with metallic iron and thereby precipitating 
copper in ñnely divided form, adding a water 
lsoluble alkaline precipitant vand thereby precipi 
tating va portion off-the dissolved iron and leaving 
­a portion of the iron in solution, subjecting the 
mixture to'fiotation and recovering copper there-_ 
by from said pulp. -. d ` 

3.- A processas given in claim 2, but including 
_recovery of iron bearing'solution‘ from copper 
precipitation, contacting said solution with sul; 
phur dioxide and air; and additionof acid so‘ 
produced to the leaching circuit.` 

4. A process as given in claim 2, but including 
precipitation of copper in a rotary type -mill and 
discharge of pulp from said mill by means com 

_flotation, and reintroducing the intermediary 1 

te 
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, municating with or adjacent to the periphery so 75 
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e» that copper segregated at or ­near said periphery 

Gl 

is discharged and accumulation of said copper 
inhibited.4 _ , ' ' 

5. A process as given in claim 2, but also includ 
ing the retreatment of vcement copper flotation 

~ mîddlings and similar products by removal from 
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the _flotation circuit, and reforming cement cop 
" per surfaces instead'of oxidized'forms and then 
subjecting such products to a further flotationv 
treatment for recovery of the contained copper. 
' 6. A process as given in claim 2, but Ialso in 
cluding the use of metallic iron prepared by sub 
dividing molten iron into small particles under 
such conditions that _the characteristic iron oxide 
coatings are not formed during cooling of the 
molten iron, so that surfaces substantially of me 
­tallic iron> are produced and then exposed to the 
copper-bearing solution when said Ysubdivided 
iron particles are added to the copper-precipitat 
ing appara-tus, said particles being of such a size 
as to permit mechanical feeding into a precipi 
tating drum with the ore pulp and to be substan 
tially retained in the drum during the discharge 
of the pulp and precipitated copper. 

'7. A leaching process for 'copper o_res compris 
ing passing sulphur dioxide into a pulp of such 
ore whereby the gas is absorbed by the pulp, 
aerating the pulp and the absorbed gas to par 
tially oxidize the formed sulphites to vsulphates, 
and then adding sulphuric acid. _. i _ 

8. A leaching-precipitation process for copper 
ores comprising leaching’a pulp of the ore, thick 
ening the leached pulp, precipitating the copper 
in the clear solution from _the thickening step, 
and precipitating the copper in the thickened 
pulp. ­ ~ _ » 

9. A leaching process for copper ores compris 
ing leaching with regenerated acid, adding lime 

` to the leached pulp, then thickening the leached 
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pulp, precipitating the copper in the clear solu 
tion from the thickening step, and passing some 
of the efiluent from such precipitation step to the 
acid regenerator circuit. _ . 

- 10. A leaching-precipitation process for copper 
ores comprising leaching a pulp of the ore, thick 
ening the leached pulp, precipitating the copper 
in the clear solution from_ the thickening step, 
passing a portion of the solution after such pre 
cipitation to the thickener feed, and precipitating - _ 
the copper inthe thickened pulp. _ _ 

11. In a leaching-precipitation-ilotation proc 
ess in which the ore is first leached by regener 
ated acid. then precipitated by metallic ironand 

" then floated, the steps of thickening the notation 
tails, and introducing‘ the thickener overflow to 
the acid-regeneration circuit. 

12. A leaching-precipitation-ñotation process 
for copper ores comprising grinding and classify. 
ing the ore, thickeningthe pulp subsequent to 
classification, leaching the thickened pulp, neu 
tralizing free acid in the leached pulp, precipitat 
ing by metallic iron the copper in the pulp, then 
"conditioning the pulp with a water-soluble alka 
line precipitant and subjecting the conditioned 
pulp to flotation. ' _ A ' ' 

13. A process for treating copper ores contain 
ing oxidized values which consists in grinding the 

' ore to a pulp, removing water from the' pulp. re' 
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moving the sulphide constituents of the pulp, 
leaching the non-sulphide portion with sulphuric 
acid, treating the leached pulp with metallic iron 
in a rotary type mill,­arid discharging the coarse' 
copper from said mill by means communicating 
with the periphery so that copper segregated at ` 

or nearsaid periphery is dischargemadding a _ 

2,130,278 u 

water-soluble alkaline precipitant to thereby pre 
cipitate a portion of the dissolved iron and/leav 
ing a. portion of the iron in solution, and subject 
ing the mixture to flotation to recover copper 
from said pulp. 'l 

14. A process for treating copper ores contain-` 
ing oxidized values ' which consists in grinding 
the ore to a pulp, removing water from the pulp. 
leaching with sulphuric acid, treating the leached 
pulp with metallic iron in a rotary type mill pre 
cipitator in which the pulp level is substantially 
above the axis, discharging the pulp from said mill 
by' means communicating with the periphery 
thereof, adding an alkaline precipitant to thereby 
precipitate a portion of the _dissolved iron and 
leaving a portion of the iron in solution, and sub 
jecting the mixture to flotation to recover copper 
from said pulp. . 

15. A process for treating rcopper ores contain 
ving sulphide and oxidized values which consists 
in grinding the ore to a pulp, recovering the 
sulphide values by a flotation step, thickening 
the tailings, from the sulphide flotation step, 
leaching the thickened pulp, precipitating the 
copper in the leached pulp by metallic iron to 
form finely dividedl cement copper, adding a 
water-soluble alkaline conditioning agent to pre 
cipitate a portion of the dissolved iron, and sub 
jecting the conditioned pulp to flotation. to re 
cover. the copper therefrom. 

. 16. A process for treating copper ores contain 
' ing sulphide and oxidized values which consists 
in grinding the ore to a pulp, thickening the 
pulp, recovering the sulphide values by a flotation 
step, leaching the flotation tailings, precipitat 
-ing the copperl in the leached pulp by metallic 
iron, adding a water-soluble alkaline conditioning 
agent to'l precipitate -a portion of the dissolved 
iron, and subjecting the conditioned pulp to~ 
flotation to recover the copper therefrom. 

17. In a. leaching and precipitation treatment 
for copper orÍes, the step of adding to the pulp 
after the leaching stage, but prior to the pre 

, cipitation stage, a water-soluble base in a greater 
'amount than the theoretical quantity necessary 
to neutralize the free acid. , 

` 18. In a leaching-precipitation-flotation_proc 
ess for the treatment of copper ores, the step 
of adding between the leaching and precipita 
tion stages, a water-soluble base and middling 
products from the flotation step. . ` 

19. A method of recovering copper comprising 
treating a copper sulphate solution with metallic 
iron in'a rotary type mill to precipitate finely _ 
divided cementcopper and nodular copper removing 
from the drum during operations. mixture of finely.` 
divided cement‘copper, nodular copper, metallic 
ironl and pulp, separating the nodular copper ' 
and metallic iron from the ñnely divided cement 
copper pulp, reclaiming the metallic iron from 
the nodular copper, and' returning the said re 
claimed iron to the ‘copper precipitating circuit. 

20. A leaching process for copper ores compris 
ing leaching withl regenerated acid and with 
supplemental commercial strength sulphuric acid, 
thickening >the leached pulp, precipitating the 
copper in the clearsolution from the thicken 
ing step, and passing some of the emuent from « 
such precipitation step to vthe'facicl regenera-v 
tor circuit. _ . . 

21. In aleaching-precipltation process for ores 
containing oxidized copper yalues in which free 
acid exists at completion of the leach, the steps 
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of‘neutralizing at least aportlon of the free acid _ 
in said leaching emuent by. adding to said eiiiuent 
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a water soluble base, and then precipitating the 
copper from solution by the use of iron. 

22. In a leaching-Precipitation process for 
ores containingoxidized copper values in which 
tree acid exists at completion of the leach, the 
steps of neutralizing at least a portion of the 
iireey acid in said leaching` eiiiuent by adding to 
said eñiuent a water soluble base, and then pre 
cipitating the copper from solution by the (use of 
ñnely divided iron. « 

23. In aleaching-precipitation-ilotation process. 
for the treatment of copper ores in which the 
notation is carried out at a_ relatively thick pulp 
density, the steps of removing a product from 
the iiotation stage which is intermediate the 
concentrate and the tailings; thickening the said 
product, and returning the thickened product 
to the circuit ahead 'of the precipitation stage. 

24. In a precipitation process for the recovery 
`»of metallic copper 'from solution, the steps of 
mutually contacting the copper solution, metallic 
iron, and metallic ’copper in a rotary type pre 
cipitator while agitating such solution-iron 
copper mixture at a`rate\to form mechanically 
separable 1copper aggregates,` and discharging 
the aggregates so i’onned from said precipitator 
by means communicating with the periphery of 
the precipitator. 

“25. In a precipitation process for the recovery 
of metallic copper from solution, the steps of 
agitating dissolved copper with metallic iron .in 
a rotary type precipitator, and discharging the 
precipitated copper from said precipitator by 
means communicating with the periphery thereof. 

26. In a precipitation process for the recovery 
` of metallic copper from solution, the steps of 
agitating a pulp containing dissolved’copper with 
metallic iron in a rotary type precipitatonand 
discharging the precipitated copper from said 
precipita-tor by means communicating with the 
periphery thereof. 
Y27. A leaching process for copper kores com 

prising introducing sulphur dioxide, ferrous sul 
phate and air into a pulp of such ore, and comple 
inenting such addition by introducingcommercial 
strength sulphuric acid. ’ » 

28. A leaching-precipitation process Afor copper _ 
ores, comprising thickening the leached pulp, pre-4 
cipitating the copper by iron in the clear solution 
from the thickening step, and reintroducing the 
'iron bearing solution, air and ­sulphur dioxide into 
` the pulp ahead of leaching. v 

29. A leaching-precipitation process for copper 
ores comprising leaching with regenerated acid 
and with supplemental sulphuric acid, the step of 
precipitating the copper from solution by the use 
of metallic iron, mixing sulphur dioxide with Í 
>some of the iron-bearing solution from'such pre-f 
cipitation stage to thereby form ferric sulphate 
and vsulphuric acid, and then reintroducingsaid ­ 

-9 
regenerated sulphuric acid and ferrie sulphate at 
the leaching stage. . 

36. In a process for treating copper ores in 
which the entire ore pulp is successively ground, 
classiiled, lea'ched, precipitated and then ñoated. 
.the steps of conditioning the cement copper for 
flotation by the addition of a water soluble alka 
line precipitant, and subjecting the pulp to the 
said conditioning stage at a greater density than 
that employed for the grinding and classifying­ 
steps. r' 

3l. In a leaching-precipitation-ilotation process 
for copperores, the> steps of neutralizing' free acid ' 
in the leached pulp prior to copper precipitation 
by adding a water soluble base to such pulp, and 
.then precipitating iron hydroxide in the pulp 

_ after copper precipitation and before 'ilotation by 
adding a water soluble base to the\ pulp. 

32. In a leaching-precipitation-flotation process 
for cop 
fying >the ore, leaching the pulp, precipitating 
copper in the leached pulp by treating with a bed 
of metallic iron which is substantially'retained 

>in a rotary drum, thereby producing ñnely di 
vided' cement copper in the pulp and leaving only 
a minor portion of the' copper in solution, adding 
milk of lime to precipitate both dissolved copper 
and iron as hydroxide, adding a flotation collect 
ingreagent which does not combine chemically 
with either copper hydroxide or copper in solu 
tion, and then subjecting said pulp mixture to a 
notation treatment for recovery of cement copper. 

33. A method for leaching ores with sulphur 
dioxide which consists in establishing a body of 
pulp in a stationary container, elevating a por 
(tion of said pulp above the normal pulp level to 
form a second body of pulprallowing the pulp in 
said second body to accumulate a sufllcient head 
to fall in forceful sheet-like formation back into 
the first body of pulp, and simultaneously pass 
ing a current of sulphur dioxide containing gas 
through the space deiined by the ñrst body of 
pulp and the second body of pulp, thereby ab 
sorbing sulphur dioxide into the pulp by the _ 
aforesaid cascading action, and repeating said 
operation untilthe desired degree of combination 
of sulphur dioxide with the pulp constituents is 

, obtained. 

34. In a-.copper precipitation process involving 
supplying pulp to a> mechanical precipitator, the 
step of depositing metallic copper in slab forma 
tion by electrochemical action which comprises 
simultaneously agitating and mutually contact 
ing metallic iron, ­copper sulphate solution, and 
va continuous> metallic copperv surface, the agita» 
tion being such that the rate of copper deposition 
on said metallicv copper surface is greater than 
the rate of abrasion` of said surface caused by 
said agitation. ’ - - 
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