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discovery of soluble chemicul flotation réagcnts,’and the economic
solution of th¢ finc-grinding problem are the principal facters respon-
sible for the increcasc. The remarkably successful opcration of a . -~
nuriber of all-flotution custom plints in trcating complex orcs is un-
qucstionably duc to their efficiort research organizations.

A general cffort is being mande to raise the grade of flotation
concentratcs and to deturmine for cach mill the point at which the
grcatest profit can be made, when the lowered freight and snclter
charges on the concentrates are compared with the extra cost of concen-
tration and grcater loss 1n tailing. A carcful study of this question
has shown in «a numbcr. of cascs that it would pay to regrind elther the
flotation concentrate or middling, as the casc may be, and subject then
to a second flotution. It 1is quite obvious that o flotation concentrate
for the most part already ground to minus 200 mesh 1s difficult to
recgrind unless 1t is carricd as an ¢xtrcrmely thic!t pulp to the grinding
mill and a high circulating load maintnined in the classificr:ball mill
circult, conscqucntly concentrite or middling to be ground generally
gocs to a desliming classificr of the drag type; sands from this classi-
fier go dircct to thc¢ mill, whilc the overflow gocs to 2 thickencer,
from which thc thiclicned discharge nlso goes to the regrinding mill. An
nlternative arrangemoent, and onc thut has proved satisfactory, is the
use of the Genter thickener, in which cosc tho product to be ground
gocs dircct to the thickincr. The mill, as a rulc, 1s operated in -
closed circuit with a bowl classificr, and very high circulating loads,
up to 1000 per ccnt, arc rccommended.

The. types of flotution muchincs ure muwrous, but when compared to
a few wecll-lmown types of stundard riachines, the majority have 1little .
merit. In the flotation of lecad-zinc ores practicc scems to favour the
usc of sub-acration midchines for lcad and stondard spitz type machines
for zinc. The pncumatic type machine hus coug very much to the fore
with the development of @ new type of ccll imown as the :.aciIntosh,
which uscs a revolving blonkct. Blanket troubles causcd by banking and
clogging arc climinatcd by this type of construction. Thec cecll 1is -
cspecially, adaptable for sclecctlve scparations.

A number of now flotation reagents of groeat merit have beon
reccntly developed. Cresylic acid reconstructcd with phosphorous penta-
sulphidc is a ncw rcagent which is highly sclective . in the prescnce of
sulphide¢s of iron and cun be used on colper-zine or lcad-zinc ores.
"Flotagen S" and "Flotagen" arc two other ncw rcagents, the former
functions with cyanide¢, sodium sulphitc, and 2lso with sodium thio-
sulphate. Flotagen, which druld be added as a solid, cin be used only
in alkaline pulps and rcquires sufficicnt agltation beforc flotation
to allow it to go into solution, although violent mcchunical agitation
is not nccessary. Flotagen S, on the other: hand, gocs 1nto solution
rcadily and should not bc in contact with the orc pulp for morc than
onc minutc beforc flotation. It is not advisablc to allow Flotagen to
remain in contact sny leonger than nccessary, as therc 1s often a marked
dcer¢tasc in cfficicney if the time 1s prolonged. The usc of Xanthate, .
phospho-cresylic ncid, rnd other solublc flotation agents has been
found to havc & bencficial cffceet on the filtration of the flotation
concentratc. By the substitution of thesc roagents for olls 1t has
bcon found, in some cascs, that the tonnage handled by the filters coan
be doubled. : ‘ -
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The length of time that the modifying reagent is allowed to rcmain
in contact with thec orc before flotation is 2 most important factor ana
until recently has been morc or. less disrcgarded. " The general practicc i
has been to take carc of the timé clement by adding the. reagents to thc 8
ball mill. This was cffcctive in most cascs but took care only of the 5
flotation of thc first mincral. It has bcen found:advisable to providec © - F
time contact for ccrtain rcagents used for the flotation of the sccond %
‘pincral. Improved rcsults have bcen obtained and the consumption of
rcegents lesscned by incrcasing the time of contact badre the flotation
of the first mincral by the addition of conditioning tanks cquipped
wvith agitating devices. Prosent practicc uses up to 25 hours -contact
bcfore the lead scparntion and up to one hour between the lead and zinc
scparations. The time factor of coursc, depends ¢ntircly on the orc
bcing trcated, and -somc orcs rcquirc only a few minutes. The claim . i
that violent agitntion is ncecssnary during the time contact is, in‘the E
writcr's opinion, a very mistaken assation. S R ' ¥

It is the cxpericnce of thos¢ in charge of concuntrators for the
flotation of hcavy sulphidc orcs that to obtain maximum rccovery the
ore must be freshly brolcn, and that only = small supply of broken orc
can be carricd in the stopcs, as the slightest oxidation intcerfercs
with the flotation, and hcavy losses result. This applics particularly
to the taking of samplcs which arc to be uscd for cxpcrimental worl.
The author has frcquently found 1t nccessary to rcquest thnat noew
samples be taken nnd shipped from freshly mined orc becousce of the
difficulty in obtaining any scparation on prcvious samples scnt. -The
sccond samplecs, taken as rcquested, rcsponded rendily to sclective
flotation. . : - :

Oxidation may also takc placé. in thc grinding mills when heavy
sulphidcs arc being treated. Scrious difficulty has been c¢xpericnccd
in somc mills with this problcu.  The ccndition is undoubtedly causcd
by the heat gencerated 2t the point of contact by the impact of the
- balls striking thc lumps of sulphide orc. The action can be overcome
by incrcasing the classificr capacity and building up & high circulating
load to thc mill so as to kcep the pulp in the mill only & very short
timec; by the addition of modifying rcagents in thc proper amount, or
by carming a morc dilutc pulp in the grinding mill at the sacrifice of
capacity. : ‘ | ’ :

There anrc two diffcrcnt methods of npplying sclective flotation to
an orc: The first, nnd thce onc which is morc comronly uscd, is =~
straight flotation scpnrntion made on the original pulp. The sccond
ncthod is by bulk flotstion of thc two or morc minerals and thce sub-
scquent separntion of thent by sclective flotation. Sone nmisunderstand- f
ing sccms to cxist regarding the usc of thesc two mcthods, and attcmpts t
arc frequently rrdc to comparc their respeccetive norits without taking :
into considcration the particular orc on which they arc to bc uscd.
Although crch method has a distinct ficld of its ovn, therc is gencrally
little roon left for any argurient as to which ncthod should be uscd,
provided that sufficicnt information on the character and bchaviour ef
the orc has been obtained by previous cxperinentnl work. An orc
containing 2.25 per cent lend, and 6 per cent zinc, providing there -« |
arc no interfering solwpble salts prescnt, cells for a straight - -
scloctive’ float. But Af the lead was nround 1 per cent or less, a bulk
float of both the lcad and zinc with a. sclcetive scparation on the bulk
concentrate would probably be the better rncthod. - In the latter casc,
If possible, only a part of the zinc should be cut with the lead.
§ This would be possiblé, in the najority of cascs, bccnuse of the
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vetter floating proverties of Lhe-legd; 41dsb§‘not c.dr}.ivl‘ﬂ-“"t‘bie‘c:opper
sulphate reagent usea to promote the flotstion of zinc until after the

‘1ead had been floated ,BY this method the tonaage of bulk concentrate

to be treated in the tlﬂe contect tanlts wvould be rmeh less than if ‘the
whole of the zinc hac peen floated. The ratio of lead to zinc would

2133 be higher which would assist the separation to be ohtained between

the lead and zinc in the subsequent selective separation.  In an ore
containing sdluhle copper salts, a bullr flotation of the gzinc and lead
is practically always necessarv. The reason for this is the amount of
nedifying reagents necessary to overcome the promoter action of the
copper salts on the zinc. ‘ ' ‘ ' o

In the general practice of bulb flotwtlon the zinc conceatrate is
obtained as.a t= 1111¢ from the flotation of the lead. Ia the case of
an ore contaiaing e large proportion of pyrites, considerable trouble:
w1y be expected fron the iroa which will tend to float in the bulk
concentrate. as a rule it is found 1mpo sible to reactivate the zinc
nineral after the bullk concentrate has been suhject to the time contect
treatment with the reagents required to effect the separation. The
iron which had floated would rermain with the zinc preveﬁting nossiblv
a 311n311g grade of zinc coaceﬂlrate belng nroduced.

.

Heavry sulphide copuer ores frequently coat in s*-al1 anovnts of .
zinc. -Such an ore having an apurozimate mnalysis of copzer 1.3, zinc
0.6, and iron 20 per. ceat or hlnher‘ and also containiag considerable.
soluble .sulphates, could be concentratel for the copper content alone,
the zinc being discarded. The conder conceatrate, however, would
probably carrv 5 per cent zinc. This .amount wouvld be objectlonable te
the smelmy. The rearent costs would be too high oewing to the presence
ox seluble salts ts atte;pt to retard the zinc bv the crdlnary rethoas.

‘he fletation of a-bull: concentraie containing the coprer, zinc, and
part of the iron would in all probability give a produvct which it )
wiuld pav to woriz on for the oroduction of & narketable zinc concentrate.

On the other hand, a heavy sulphide ere contaiaing cepper 2, and
zinc 6 per cent lends it e lf ruch hetter to a otralght selective
flotation. Another point worth drawing attention to is that should the
proportion of zinc in the above ore be raised to 10 per cent, the
copper concentrate would carrv 2 much greater ameunt ef zinc. and the
final recovery of zinc night he lower than fron the first example.

Scme eres cdntain soluble salts, such as sulphates nf iron,
alunina, magnesium, ccpler, etc., in such quantities that even the
addition of large arounts of soda ash or lime will not prevent the
=odifying reagents being destroyed as quickly as they are added, thus
Jreveating then frémn fulfilling their function. There are in gereral
two ways of attacking such a problem: (1) to endeaveur to make a bulk
toacentrate with the idea of subsequently making the selective sepa
2tioa on the bulk concentrate, and, (2) to wash the ore by crus bing
and partly dewatering and agin brinpinﬁ the pulp to the required .
density by the additis». ef fresh QTI'Jlne weter. Ores of the above
characteristic preaent a research »roblen which will tax the ingenuity.
Of the metallurgist to solve. Fortunately mining corpanies which have
been successful in overcoming such difficulties are sh071ng a very
Ar attitude br publishing their Hethodo. '

Owing to separate roblews 1ﬂvolved in the work from which the
Eornqtion coatq1qed iq this urt1c1e has been ebtnined the nethod of
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presentation will be confined to giv1ng examples of the separations

obtained on different types of ore, and the methods and reagents used
to obtain then. ;

Modlfying Reapents' In order that the reader may better understand

the methods used in obtaining these separations,
a brief description of the uses of some of the more common modifying
reagents will be given. For a description of the propertiles of oils
and flotation reagents, see Memorandum Series No.ll,"Selective flota-
tion as applied to Canadian Ores".

Lime - This reaggnt was ene of the first to be used in flotation. It
requires a time contact with the ore and, 1f possible, should be added
in the grinding mills. It is used to- overcome the deleterious effect
of soluble salts which are frequently present in ores, but its princi-
pal use is as a depressant for iron sulphides in the selective
separation of lead and zinc, copper and zinc, and copper and iron
sulphides. It also has a marked depressing action on zinc sulphides
in their separation fronm lead and copper. If added in too large.
amounts it will also prevent the lead from floating. Chalcopyrite will
float'in a strongly alkaline pulp, but chalcocite and some of the
other copper minerals arec affccted by the least excess. Therefore,
lime should not be used in their flotation. As a gencral rule, much
better results can be obteined in the flotation of thesc minerals w1th
a combination of soda ash and cyanidec thtn with lime.

Soda ash (sodium carbonate) - This is used for rmch the same purposes
ime, but its action is much less severe. Its action as a

' depressant on sulphides of iron is not great, but its great value in

flotation arises from its property of increasing the differences
between the rc¢lative floating propertics of two or nore minerals,such
as zinc and iron sulphides, so that a sharper separation between the
two minerals can be obtained. ,

Sodium bicarbonate - The use of this reagent is preferred in the
selective scparation of lead and zinc when the orc contains only a
ninor amount of pyrite or pyrrhotite. .

Sodium cyanide - This is onc of the most valuable of all modifying
reagents, since by its action the surface of the zinc sulphides and
iron sulphides arc modified so that they do not float. By taking
advantage of this action, lcad and copper sulphides may be separatcd
fron them. As a rule, cyanide is used with either soda ash or lime,
generally with soda ash. It is frequently uscd in combination with
zinec sulphate, in which case the solutions of the two salts arec
brought togethor just as they enter the flotation pulp so as to form
an ermlsion of zinc cyanide. Time contact is important when using
cyanide, some. ores requiring one hour contact, others only a few
ninmutes contact.

Sodium sulphite and thiosulphate - These two salts have similar
properties. Sonmetimes one is the more effective, sometimes the other,
depending entirely on the ore. They are used for the same purposc as
¢yanide and in a number of. cascs have been found just as effective.

Zinc sulphate - is used as a depressant for zinc in separations of
lcad and zinc. It is possiblc that its use might be extended to the
zep&ration of copper and zinc, but the writcer has never had occasion
° try 1t -

Sediun acid phesphate - is uscd occasionally as a depressant for zinc

in lcad and zinc soparations.
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Sodiun hydrosulshite - This can be used also as a depressant for zinc.

Sodiur dichronate - This salt is used in the selective separation of
Tead and zinc with cyanide, on ores which contazin large sricunts of iron

sulphides. It -seens to have a beneficial action. It is seldon
necessary. o

CIpner suloaate - 1s added in guantities of one half to tvo pounds per
ton, as a decided wromotor for the flotation of zinc.

Ores consisting of couplex mitures of gelena,
sphalerite, prrite und pyrriotite, ¢ontainiag
fold and silver.

The prohlems involved in the treatrent of such ores are vaied
althouzn the.recovery of the rold and silver is, in wost cases, the
major prohleri. In conneBtio sith the recoverw of silver sone ver:
inrterestiig resvlts vere ohbtained on an ore received froi: the Slocan
district, B.C., viere the recoverv of silver is tiie major »nroble::. The
sarticular swmnle was seat in fromn a mill wvhich vras recovering only 50 j
ser cent of the silver in the feed, b a corbination of gravity separ- i
ation and flotation. %“he typical flow sheet of the district includes
jims and tahles for conccntrating the lcad. fThe tailings containing
the zinc and &« larme nrosortion of the silver are dewatercl, reground,
and floated, the products beins a low-grade lead prodnct, high in
silver, and & ailrt mrade zinc coacentrate.

In order to determnine the sociation of thve silver, pieces of
salena, blendc, and ;zangue verao )1cke“ out and assaved for silver. The

¥4

picces vere epprozimatcely /8 inch in size. The results weire as foliow

Ascey silvez

Galcna, crratallizoc in largse cubes 100.7 ozs,ton
Galcna, finely disseminated, argrresatcs of cryotals 192.0 .
Z2inc blende P 0.16, “n 63.30 per ccent 7.5 “
Gaaguo . Pb tracc 4n 1.66 pcr cont 1.18 !

This showrs conclusivel:r that in place the silver, in sore tforim; is
ascociated aulmocst ciiclrsively with the galoae.  Samplon of the ore were
crushicd to about 10 1w¢sh and a lcead concenirate rade by tubling. The
concentrate COALviqbd 70 per cent lead but only 67 ozs/ton silver, as
«rainst 100 ozs/ton in the cecarse unbroiwa picces of Dure selcaa.

Othesr tests showved that the fincr the geleas vns crushea tie less silver
the lead concentrate contained. It vas ohvious, thercforo, that tre
silver wns beiar freca by eruching. This vas confirnied by t e rosvlts
of t= flotution tests, as it waus found that the largest provertion of
the silver penerallw revnorted in the zine concentrate. There vss
ahundant cvidence to sl:ov tihet tue cilver rihich vas freed frov tihwe
“tlena br crushing vas in an ¢ ttrenely fine fom:. Tals was furtaer
J0rae out Hr sone vorlt o1 the products frow onc ot the operating
tordined gravitr and 1lotntion nills which showed thst 75 wer cent el
fhe silver in the zie flot~tion coiccatrate was in the minus 200 resh
eterial, and thnt the losses in the tailimp wiere duc to verw finel-
livided “llV(? mineral, .

It follous thnt owiny to t'w fiacly divided state of = port of the
Alver valwvi s, high recover conld not be cxpected ia s rill using
Muv ity cowecatrntors, nor vould a high racoverr of silvir e ovleincu

br the usi. of Jirss or tablen. It vould also follew that a lerme arount




of the fine silver would be lost whea the jig and table tailings were
dewatered preparatory to regrinding for flotation of the zinc. The fact
\ that the. t2ilings from the flotation department treating the regroung
- M tailings and fines from the jigs and tables contain high values in
silver shows that the fine silver is _very hard to collect in the flo-

- tation concentrate. This is in accordance with personal experience of
_ [ tre writer who has ohserved in 2 nurber of cases that. verv fine
. M particles of minerals by theriselves are very difficult to o0il aand

o collect in the froth. It had also been ohserved that in a flotation
nulp containing relatively coarse grains of minerzls, the fine grains
¢xhibited a marked tendency to cluster and cling around the larger ones.
This characteristic suggestcd that in erder to collect and recover the
finely-divided silver valuecs a greater proportion of large grains must
be present so that by the bullc action of the flotation of the coarse
grains, the fine grai-s would he gathered in and colleccted.

\
For trese rcasons separntion of the lead and zinc from the original
mill nulp by selective flotation was rerarded as a solution of the
srohlerm. Later, after a method of seharating the lead and zinc had been
) gyorked out it wns found that very high recoveries of tne silver vere
- obtained, thre 1argpst proportion reporting in tite zinc concentrate.

In general, the selective separstion of lead and zinc is obtained
by the addition to the ore puln of sorie reagent that will temporarily
deaden the floating properties of the zinc, thus pernitting the recovery
of 2 high~grade leud concentrate.: In the case of the najority of
Canadien ores, the scparations are made rorc difficult by the prescnce
of large amounts of iron sulphides, both.pyrite and pyrrhotite, and
sore reagent rust be used which will pernanently deaden these two
suldhides so that thev will not float with either the lead or zinc. The
only rcagents used which perform both thesc functions are sodium
cvanide, sodium suloinite, and sodiuvrm thiosulphate, but the following
have been used wiith sorc success in terporarily deadening the zinc:
zine sulphate, sodium acid phosshate. and sodium hydrosulphite. The
ection of zinc sulsante is ruch rore effective whea used with sediur
cyanide, the two beig nixed by bringing the streams of the. two
recagents together just as they enter the flotation pulp. So far as has
becn obscrved by the writcer, thecsce reagents whe:n used scparately have
20 ¢ffcet in preventing the iron sulphides from floating.

These modifying reaments arc used in an alkelince pulp, either with
soda ash or liric. Lirmce hns o perrancnt deadening cffecet na pyrite and
mrrhotitc, end also affects galena in the same vay bat to a lesscr
dogrec.  Cascs have been roported ¢f sodiun sulpiide being uscd to
¢ffcet a scparation “Wotweon léad -and zine, but, with the cxecption of
"¢ instance, no success 1ns boen obtnined with it in our laboratories.
3y the usc of conper sulminte, the action of these nodifying reagents
is destrovud, md the lot-tion propertics of the zinc nincrals is
rvived., The longth or tirc the nodifying rement is in contact with
the ore is impertant. As 2 general rule it ray be stated that the
effect of a srall smount in contact Tor a longer period approaches the
effect ef a larzer amovnt in contact for a shorter period. Mills are
107 erected in vhich surge tanlis sre used to increase the time the
"0difying reasgents are in contact with the ore.

_ The use of pilot tablec for indicating the woriz tne flotation
Jichines are doiny is recorrended wherever possinle. If the lead and
Zinc separations are not nerfect” enough the flotntion concentrate nay
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be tabled without causing undue losses. The aetion of flotation
coagulates the fine nineral grains so that they settle much nore

rapidly and there is not the same tendency for the fine mineral to be
lost in the overflou of the thickeners.

Examples of selective separation on lead-zinc sres

1. The ore consisted - -of galena and sphalerite with silver, the
sulphides heing dlsseninated throughout the gangue,-requiring fine
grinding. Analysis

Lead ' 7.10 per cent
Z inc 14.06 "
Silver 3.04 ozs/ton
Gold trace

The ore was ground to 50 nesh for flotatlon. Small scale tests only
were ngde. .

Product - ' Weight Assays Per cent of values
-9 Pb % Zn % Ag oz. Pb Zn Ag
Zinc conc. 24 .5 6.25 46.95 5.30 17.7 84.7 .47.9
" 6.8 6.6

Tailing 61.9 0.75 1.49 0.29 5.3

Reagents used:

Soda ash
Cyanide
Thiocarbanilidc
Zinc sulphete
Pinc oil

Copper sulphatc
Xanthate

Pinc oil.

lbs(ton Added and ground vwith ore

" 1] i un
1] 1" n u

.~ Added to leud coll
Y Added to zinc ccll
1 il H

n ' i ] .o
i !

Both cyanide and zinc sul»hatc wcre used to riodify the flotation
propertics of the zinc and pyrite. On this particulur orc, the addition
of zine sulpratc gave o sharper sepurution bctwoen thic lend cnd zine
than was obtaincd with cyanido qlonc. The lcocngth of tire the ore was
kept in conta ¢t with .the cyanide was found to bc an inportant factor.
Anill is under construction bascd on the rcsults of thcse tests.

OCHOOOOM.

l--'CﬂOI—-'VU'Il\DCJ'!O

2. The orc was- o hceavy sulphide type containing gold, silver, golena,
sphalcrite, pyrite, mnd pyrrhotitec, with very little ganguc. It
required grinding to spproxinatcely 65 riesh for flotutlon. Analysis:

copper "0.73 per cont
Lcad 18.47 "
Zinec . . 23.54 "
Gold . 0.42 oz/ton
Silvcer . 19.42 "

Sall serle tests only were rinde -




product We%ght Assavs Per cent of values

. 7 Pb % 7%n% Auoz Agez Pb “n Au_ Ap
Lead "conec.  32.7 52.31 10.97 0.80 . 46.3 83.0 13.2 63.9 81.3
zinc conc. 41.1 2.31 47.69 0.1l6 5.74 5.2 83.3 16.1 12.7
Table conc. 5.2 0.90 9.80 11.4 2.7
Tailig 21.0 1.256 1.5 0.17 2.93 1.8 1.4 8.6 3.3
Reagents used-

Soda ash 6.0 lbs/ton Added and ground uith ore

Thiocarhanilide 0.2 " L “ “ N

Sodium cyanide . 0.3 " - Five minutes contact

Cresylic acid 0.2 “ Added to lead cells

Copper sulphate 1.25 * Added to zinc cells

Xanthate 0.4 i " . .

Pine oil 0.1 " " " N

A mill, based o1 the results of these tests, has beea built and is in
successful operation. /

3. The following separation was obtained on dunp middlings consisting
of sphalerite, p-rite, aad pyrrhotite, and only 2 to 3 per cent pgangue.
Analysis:

Lezd _ 2.45 per cent
“Zine 23.00 i

T e following are results of a 5-ton test:

—— —— -——

Product B Assayé Aporéx. recoveries
* rh % Zn_% Pb 7n

Lead concentrate  16.50 12.40 .85 9%

Zinc concentrate 0.30 51.62 91 ¢

Tailing 0.45 0.85 L

Feagents used: :

Soda ash © 18.0 1lbs/ton Added and ground with ore
Cyanide 0.26 " Added to lead cells
Acid coal tar creosote 0.21 " Added and ground with ore
Vater gas tar 0.21 " “ “ ‘ i
Copper sulphate 2.0 “ Added to zinc cells
{anthate 0.4 " “ " .

Amill, based on these results, has been built and is in operation.

4, The sulphides in this ore consisted of sphnlerite, galena,
Pyrrhotite and a little:pyrite and chalcopyrite, also values in gold
and silver. Analysiaz-e

Leud 1,96 per cent
Yine : 5.52 y
Iron 7.42 o,
Gold 0.02 oz/ton
Silver 3.28 "

"esults of a 5-ton test -



Product = - e — e, Assays __Approx. recoveries
Zn g _Po % " Fe 5 Au oz Ag oz Pb Tn

lead conc. 4.17 51.09 2.60  0.30 40.0 89.4 9 ..
zinc conc. 47.18 1.15 ‘ 9.0 94.8 %
Tailing _0.30 _ 0.15 9.4 _ ,
Reagents used- .

Soda ash 2.0 1bs/ton added and ground with ore

Acild creosote - 0.2 "o it u " ‘

Wiater gas tar - 0.2 " i ” . “

Sodiun cyenide 0.1 ‘Added to le=d cells

€resylic acid 0.4 i it T Ny

Copwer sulphate 1.0 " Added to z inc cells

¥o.2 neutral creosote 0.4 u " it “

TT nixture 0.2 0 : " “ i

Pine oil No.5 0.2 i i i i
5. he ore consisted of sulnhides of iron, copper, lead, and zinc,

finely crystnlline end intirately associated. It also cerried values
in silver and gold. Annlysis - - :

Copner 2.35 per cent
Arsenic 0.76 0
Iead 1.26 u
Zinc - 14.25 i
Gold ) 0.03 oz/ton
Silver 3.91 "
Antinony. trace

Recults of srall scz=le test -

- - — e ——— —— —— - -

Product = Veight _ Assays _____Per cent of values
% _Cu4g PH G " ¥n % hu oz Ag 0z Cu _Po_4n_Au Ag

Cu-¥b conc. 17.0 12.32 6.6% 13.86 0.08 14.76 90.393.% 18.3 4.6 0.0
Zinc cone. 23.0 0.5G6 0.25 4£9.6 0.04 3.0 5.5 4.2 8.5 0.1 8.6
Teiling 60.0 _0.16_0.05 0.7 __0.015 0.56 41 25 35.028.39.5
Reagents used: ‘

Soda ash 10.0 lho/tOﬁ #dded and ground with ore

Thiocarbanilide 0.25 ' . ‘ " ,

Sodium cyunide 0.24 " ! . v “

Pine oil - 0.0 * Adicd to -lead c&lls

Conper sulphate 1.5_ ; agded to zinc cells

Xanthate O :3 a.i i " o .

Pine oil o 0.1 . : ! "

6. This sample consisted of materizl tokea frori a tailing dunp
roduced fro" t“e concentr=~tion of a lecd- z1lc orc. Analv is_ -

Lecd - N 0.07 per cent
Zine 10.06 "
Results of ¢ ton test -
LroavEE-."ac-_.---—fdusav“ ‘_ gqgg;pocovggipg
R -1 5 42 153:.- L IO/ W
Lend conc.  22.31 10.41 4.25 74 4 y
4inec cone 0.14 49.09 : 85

Tailing _____0.06 _0.40
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Reagents uscd!

Soda ash 2.0 lbs(ton Addcd and ground with ore
* Acid coal tar crcosotc 0.3 L .

Sodiun cyanide 0.09 " Added to lead cells -

Crcsylic acid 0.6 " i " o

Copper sulphate 1.24 " aAdded to-zinc cells

Xanthate 0.25 " , "o u m

Pinc oil 0.25 wooo " "o n

7. This sanplc was a lcad-zine orc cars ying silver, the galcna and

sphalcrite werc intlnatclv dlsucninatcd with pyrite und nyrrhotite.
Analysis -

Lead 3.35" per 001t
ine : 7.08
~ Iron 4.82 "
Silver 9.5 ozs/ton

Rcsults of sriall sculce tost:

Product "Weight 7 ASSOYS ' Per cent of valucs
G b % Zn ¢ . Lg oz. Pb 7Zn Ag

Lcad conc. 6.0 146,53 2.74 134.0 - 80.9 2.2 72.2
-Lead nidd. 5.¢ 9.02 6.88 28.5 . 15.5 5.6 15.2
Zinc conc. 10.9 0.32 65.32 4.5 1.0 82.7 4.4
Zinc nidd. 3.5 0.80 15.18 7.44 - 0.8 7.4 2.4
Tailing ; 73 .7 0.08 0.21 0.8 1.7 2.1 5.8
Rcagents uscd -

Soda ash 5.0 1bs/ton Addcd und ground with orc

Thiocarbanilidc 0.2 - " v "

Scdiun cyanidc 0.2¢4 " Added to lcad colls

Cresylic acid 0.7 M "

Copper sulphatc 1.0 " added to 21nc cclls

0.2 ncutral crcosotc 0.5 i " L

0.1 1] 1 it . it

Xenthatc

Orcs consisting of intinatc nixturc of chalcopyrite
and pyritc and pyrrhotite, with ond without
. apprccinble ariounts of gold

The successful scpuration of chalcopyritc fror: tiie iron sulphides,
hoth pyrrhotitc «nd pvritc,rcquircs the¢ solution of two problems. The
first problenm is to frec the coppor nincral fron the iron. Fine grind-
ing is ncarly alwcys nccessary owing To the intinatc association of
chalcopyrite with the pyritc. The. dcv<lopncnt wvithin thc last fow
ycars in the art of finc grinding riakes it possible to frcee cconorical
the two nincrals in the fin(ut gmincd orcs. The sccond problen is to
prevent tac iron fror floating @ith tho copper. In the case of chalco-
byritc orc, containing no gold, this can generally be donc by naintoin-
iIng a strongly alkalinc pulp with lirc. Lirc has a permancnt dcadening
Cffcct cn pyrite wnd UJrrnotitc tnd very hivh ratios of conccntration

¢in be obtnincd.

4s a general rule, coppor orcs containing gold proscnt an cntirely
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different problem, that of recovering the £old in the copper concentrate
The use of lime. to retard the iron, cxeent in rarc instances, tends to
throw the greatcer part of the gold witk the iron tailing. Soda ash or
caustic soda is used because it has not the detrirental effecct on the
g0ld, but unfortunatelr it does not deaden the pyrite. Its effect is
sufficient to kcep thc prrrhotite from floating, but pyrite fleats’
rcadily. Soda disperses or deflocculates the gangue slimes whereas

lime coagulates them. However, in the ‘case of soda, there also secems to
be a tendency to ceagulatc the sulphides. '

Sodium cyanide added tn a pulp, the alkalinity of which is main-
teined with soda ash cean be uscd to perranently deadcen at least a part
of the pvrite, but it also has a modifiying effect in sorme cases on the
chalcopvrite as vell. The chalconyrite can be reactivated by the
addition of & limitecd amount of copper sulphate. By the use of cyanide
under these conditio=ns, it is often possible tn obtain a higher ratio
of -concentration without lowering the recovery of the gold.

Exarmples of sclective separations on copper-iron : 1
orcs, rith and without gold values : ?

- 1. This ore wus & conplex sulpride consisting of chalcopvrite inti- !

b natcly associated with pvritc. The chalcopyrite was disseminated

- throughout the prrite, the suvlphides constituting 80 per cent of the i

- ore. The ore vas ground to pass 100 nesh, 75 pur cent being -200 mesh. ‘ i

= inalrsis - S %
Copper 3.0 ner cent ;
Iron - 40.0 i !

. Inzolublc 7.5 o -

= Othcr ganpgue 4.5 " !
Sulphur 45.0- “

Results of tonnarc¢ scnle tegt -

Copypcr concantrate
Tailing
Recovery

Reagents uscd -

22.77 per
0.12 ¢
96 pcr cent

cent cooper
t (1]

Lime 10 1hs/ton added to ball mill
Barrctts Wo. 634 0.6 v " “ b
T mixturc -0.25 U Added to c¢lls

2. The orc was a copper-gold orc
Analysis - -
Copper
Iron
Silica
Gold
Cilver

Small scale te3ts only -

frori the Rouya district, Quebec.

4.60 per cent

19.83 o
50.64 - "
0.04 ez/ton
0.22 v

-— —

Product Vieight: Assays _____Per cent of velucs
G cu & Ay 0z Cu Au
Conner core. 35.3 12.14 0.11 95.0 81.1
Cop~c¢r nidd. 8.5 “1.39 0.04 2.6 7.1
Tailing _.56.2 _._0.19 0.01 2.4 11.8




Pecagents usecd -

LA .4
LN v R

| Soda ash 4 1bs/ton  Added to ball mill
N Xanthate , - 0.07 " . .-  Added to cclls
; Pinc oil 0.05 * o o "

’

Ne. 3 - This is a copyrer-gold ore from tho Rouyn district, Qucbec.
£nalysis -

4" - Copper 1.6 per cent :
| : Gold . : - 0. 28 o&/ton : -
~mall sculc tests onL- - :

—— —— - > o e

, Test Product Wc%:ht ’ Assars 2er coht of vsalucs
o — % Cu & ~Au oz __tu__ _Au
3 L Copucr counc. 31.4 4.7 0.76 90.4 85.2
Tailiag - 69.1 0.11 0.06 9.6 14.8
B Conncr conc. 22. 6.50 0.98 94.1 80.06
Tailing __77.1 0.1 ' 0.07 5.9 __ _19.94

Reagents usced - -

A Soda as} 6.0 1vs/ton  Added to ball mill
No.4 crcosote (Barrctts) 0.4 i i i i
Cresylic acid 0.4 o Added to cells

B Soda ash 6.0 H Added to bzall mill
Cranide 0.2 i w " i
No. 4 creosote 0.2 i ¥ “ v
ater ges tar 0.05 y i .
Hanthate - 0.05 “ ﬁddoa to cells
Copoei sulphute ) 0.4 “ “ "

iote: The use of cooper sulohate in test B was found necessarv in order
to renct1Vate tiie chalcop rite “hich iiad been affected by cya nide.

Ores COﬂSlStilg of intinate mixtures of chalcoovrlte,
) sphalerite and iron sulwhides.

-—— e - i

This type of orc orohenly presents tne ost difficult of all
selective flotniion wrovlers. 7The use of cvaaide Lo .terporarilr deaden

LU the zinc cnd to perﬁlnedtl" deaden the iron sulphides seens .essential.
S fovever, sevar tions have bee obtained in our laboratory by floating

the copper in «1l=li=e puln by the nddition of lire. Tor the flotation

O the zine the co»aicr tnilinpg urs dewatered to elininate a part of the

line »nd tre 3ulp then brousht up to the reguirea densitr by addition of
fresh water. At this point sodn esh vas added ard the ziac floated ia a
soda ash pulp, co»per sulvhate being used to help reactivate the zinc.

Exunolen or seloc sive separation of copper und zinc
fron p-rite and oyrrhotite zangues )

D
- e + At - . —— v

This waz n codner-ziiac ore fro.i the Rouyn district, Guebec. The
&ple comtaied sphalerite oni ch-lcopvrite togethor with a little gold
. silver asiocisted in o he:vy sulphide ganmue. The cowper and ziac
ulnhides vere finely disseniwated ond fine prinding ves reaulred.

.
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sariple contained s»nhalerite
silver in a heavry

2old and

sulphide gangue.

" Analysis - . ) v
Copper 4.15 per cent
%2 inc 10.0 "
Gold 0.18 oz/ton
o Silver 3.02 0
Small scale tests only: -
Product Height Assays Per cent cf values
o _ Cuf% Zn % s 0z Ag oz _Cu __7n _Au __ Ag
Cepper conc. 17.3 20.66. 6.91 0.56 11.96 85.5 11.8 50.3 65.7
Zinc conc. 14.6 1.96 48.57 0.32 1.39 6.9 69.8 24.3 6.4
Zinc middling 8.1 1.30 11.37 0.30 3.80 2.6 9.1 12.7 9.8
Tailing 61.0 0.6. _1.56 0.04 0.93 5.0 9.3 12.7 18.1
Reagents used - | ' _ ‘
Soda ash 10.0 1hs/ton Added to ball mill
Cyanide 0.5 i i it - it
Thiocarbanilide 0.2 " : i i “
Cresylic acid 0.2 4 Added to copper cells
Copper sulphate 1.0 " Added to zinc cells
Xanthate 0.3 i " " w o
2. This was a conuver-zinc ore from the Roum district, Ouebec. The

and chalcdopvrite together with a little
The covper and zinc

sulphides were fincly dissemincted and fine grinding was required to

free then.

on the basis of the

Copper,

Line
Lead
Iron

Insoluble

Gold
Silver

Sriall scale tests oaly -

tests.

The erection of a nill is contenplated in the near future

results of these Analysis -

 7.36 per cent

6.03 "
race
35,40 "
18.6 u
0.03 oz/toa
2.45 "

Product eight ASS8YS Per cent of values
—_— e &8 _Cu92 InG_Au ez _As 0oz Cu 7Zn Au Ag
Copper cone. 28.0 23.74 3.68 0.80 7.04 93.0 16.1 75.4 76.0
Zinc cone. 9.8+ 1.22 47.38 0.01 0.31 1.7 72.9 3.4 3.1
Zinc nidd. 9.7 1.07 3.68 0.01 0.61 1.4 5.6 3.4 2.3
Tailing 52.5_0.53_ 0.65_0.01_0.92 3.9 5.4 17.8 18.6
Reagents - ' . ' ,

Soda ash 4,0 1bs/ton Added to ball mill

Sodiwn cranide 0.3 " “ e

Thiocarbanilide 0.2 " “ ) !

Cresylic acid o.08 *“ " M e

Conper sulvhate " 0.4 " Added to cooper cells

Copner sulwnhate 1.5 ! Added: to zinc cells

Xanthate 0.3 " " ¢ “

Pine oil Ho. 5 o.08 e " .
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3. The ere contained Geld 0.099 and silver 1.36 ozs/ton: copper 1.89,
zinc 4.61, lead 0.45 per cent. The ore was ground to 95 per cent minus
200 mesh for the test worlk. A large amount of researc- worl: has been

carried out on this orc br different peeple. The best results ebtained ’
so far are with the folleoving methods, two of which will be described:

fiethod No.l - Lime, 3 1bs/ton wus added to the ball mill while grinding.
agitated with 1 1b/ton salt for 3 minutes. Floated copper with 0.12
1b/ton Yanthate and 1 drop pine oil. Reclean concentratc with % 1b/ton
selt, 0.02 lo/ton xanthate, and 1 drovn pine oil. Agitated with 1 1lb/ton
lime and ¥ 1lb/ton copper sulphate. Floated zine with 0.12 1b/ton
xeanthate and 1 drop cresylic acid. Reclcaned concentrate with 0.1
1b/ton copper sulphate, 1 1lb/ton lime, and 0.02 lb/ton xanthate.

Hethod No. 2 - Apitated with 3 1b/ton soda ash and 1 1b/ton sodium .
sulphite and 1b/ton scdiun cyanide.  Flcated copper with 0.12 lb/ton
xanthate and 1 drop pine oil. Recleaned with 1 1lb/ton soda ash,

L 1b/ton sodiun sulphite and 0.0l to 0,02 lb/ton xanthate. Agitated i
with 1 1b/ton soda ash, * 1b/ton cooper sulphate and 1 1b/ton sodium ’
sulphite. Floated zinc with 0.12 1b/ton xanthate and 1 drop cresylic
acid. Reclcaned with 1 1b/ton scda ash, & 1b/ton sodium sulphite, 0.01
1lb/ton xanthate, and 1 dro» pine oil.

The following results verc obtained from the first method, and in
arder to approxirate coatinuous operntion a series test was made. The
copper was floated as a roughcr concentrate which was reclcaned, the
teiling from the clcaning bceing added to another batch of are before
this bateh was floated for the copper. The tailing fromn the cepper §
flotation was floated for zine, end a rougher zinc concentrate made. |
This was reclcaaned and t¥c tailing fron recleaning added to the copper
tailing from the sccond copper flotation. The test was run continuously
on 15 charges of orc, 1500 graas to the charge. The results follow -

Ccpper concentraiite Zine concentrate Tailing
Assay % metal  ratio of Assay % nectal ratio of  Assay % metal
containad conecutrn. contained concentrn. contamd
tu 17.0 83.0 - 10.35 1.1 5.05 11.5 0.28 11.95
in 3.0 5.97 43.5 83.2 ' 0.6 10.83
Au  0.53 48.5 ' 0.03 26.4 0.06 25.10
Az 4.90 33.1 1.6 10.4 0.94 ©56.5
Pb. 4.4 _90.0 0.0 0.0 0.05 10.0

Example of separation of chalcopyrite and
ralena

——

These two minerals arc being sunccessfully separated in .actuzl mill i
opcration. Previous to the opecration of the sclective separation, the ?
two minorals weore collected in the one concentrate and shipped to the
Smclter. The operation of the celective ceparation to produce separate

lead and copper concentrates has increascd the net returns per ton of
trude by the asount of $4.65 pcr ton. ' :

. The separ»tion ic effected by floating a bulk concentratc containa
Ing the lecad and codpcr. This concentrate is subjectod to a time
tsntact with the réquired riodlifying reageats until sufficient action has
Eakcn place to prevent the conper from floating. The pulp is then
Tloated t» produce a lead concentrate, a copper concontrapp being




