
HENRY LAVERS, CAMBERWELL, ALFRED HENRY PIPER LOWRY, OFPRAHRAN, AND 
HENRY HOWARD GREENWAY, OF MELBOURNE, VICTORIA, AUSTRALIA, ASSIGNORS, 
BY MESNJE ASSIGNMENTS, T0 MINERALS SEPARATION AMERICAN SYNDICATE'(1913) 
rirmrrnii, or LONDON, ENGLAND. 

CONCENTRATION OF SULFIJD'ORES. ‘ 

To all whom it may concern: . 
Be it known that we, HENRY LAVERS, a 

subject of the King of England, residing at 
'Camberwell Victoria Australia ALFRED 9 7 7 

HENRY PIPER LOWRY, a subject of the King 
of- England, and residing at Lynzala, High 

. street, Prahran, State of Victoria,Australia, 
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and HENRY HOWARD GREENWAY, a subject 
of the King of England, residing at Mel 
bourne, Victoria, Australia, have invented 
certain new and'useful Improvements in 
the Concentration of Sul?d Ores, of which 
the followingv is a speci?cation. 

This invention relates to certain improve 
ments in the concentration of sul?d ores, 
and ‘refers more especially to the concentra 
tion of mixed zincv and lead sul?d ores, that 
is to say ores containing a mixture of galena 
and blende with gangue. In this specifica 
tion the term “ores” is intended to include 
concentrates, tailings, slimes, and other 
products containing metallic sul?ds. 
This invention rel-ates to the concentration 

of sul?d ores by ?otation separation, and 
more especially‘ to froth ?otation separation, 
in which a froth of sul?ds is ?oated to the 
surface consequent upon the aeration or' 
agitation of the ores in the presence of a 
suitable frothing agent (such as an essen 
tial oil—for instance—eucalyptus oil). 

Hitherto froth ?otation separation of the 
mixed sul?ds from the‘ gangue has generally 
been conducted with-\ the addition of acid 
to the circuit water. With certain ores—— 
known as calcitic ores—containing . car 
bonates the consumption of acid has in 
some instances largely added to the cost of 
treatment. This applies especially to slimes, 
as the acid consuming substances (such as 
calcite, &c.) are mostlylfound with the ?nely 
divided slimes. An alkaline medium or 
circuit water has been adopted in some 
cases, and, under certain conditions, for the 
differential or preferential ?otation sepa 
ration‘ of certain sul?ds from other sul?ds, 
but so far as we are aware, a ?otation sepa 
ration of mixed sul?ds generally from the 
gangue has not been effected with the em 
ployment in solution in the pulp of an al 
kaline selectivity-modifying agent. It has 
previously been proposed to e?ect the con 
centration of copper ores by the agitation 
froth process by agitating the ore sus 

~ Speci?cation of Letters Patent. 

' ture. 

Patented nee. i2, rare. 
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pended in Water with a minute quantity of 
an aromatic hydroxy compound to beat in 
air and form a froth, at the same time add 
ing to the circuit solution a small propor 
tion of an alkali to facilitate the solution of 
the aromatic hydroxy compound‘ employed 
as a frothing agent. 
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We have discovered that if a finely pul- ' 
'verized ore is submitted to ?otation sepa 
ration with agitation and aeration and with 
a suitable frothing agent (such as an essenJ 
tial oil, for instance eucalyptus oil) in Water 
containmg in solution an alkaline substance, 

may be separated from the gangue which 
sinks. This separation is preferably ef 
fected at a temperature of‘ from 120° to 
130° F. We have also found that the ad 
dition of an organic frothing agent (such 
as eucalyptus oil) is not always necessary, 
as the presence of the said alkaline sub 
stance in the solutionin some cases is suffi 
cient to insure the formation of a mineral 
bearing froth. 
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"such as carbonate of soda,‘ a froth of the ' 
' metallic sul?ds will rise to. the surface and 
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The question as to whether in the treat 
ment of any particular ore in a certain cir 
cuit water the addition of an organic froth 
ing agent is necessary can be. determined 
by a simple laboratory test. - 

If desired the resultant products may be 
retreated with or without the addition of 
fresh quantities of the substances re 
ferred to. ‘ ' _ . 

As an example of the application of this 
process We may mention certain experi 
ments which have been conducted by us :— 
A. One pound of slimes assaying 14.4% 

lead, and 14.6% zinc, was submitted to ?o 
tation separation with agitation and aera 
tion in Al lbs. of water containing in solu 
tion carbonate of soda equivalent to 224 lbs. 
per ton of slimes treated, to whichlwas also 
added eucalyptus oil equivalent to 0.6 lbs. 
per ton of slimes. The charge was thor 
oughly aerated by, being agitated in such a 
way as to disseminate air through the mix 

On bringing the mixture torest, a 
froth of mixed concentrates’ was obtained 
assaying 26% lead, and 29.8%_ zinc, leaving 
a residue assaying lead, and 2.2% zinc. 

B. A parcel containing one ton of slimes 
from Broken Hill assaying 11% lead and 
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I 15.6% zinc, was thoroughly aerated by be 
ing agitated in about four (4) tons of water 

. vcontain'ing'an amount of soda ash equiva 
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lent ‘to 35 lbs. ‘per ton of ore treated, and 
eucalyptus oil equivalent to three-quarters 
(if) of a lb. per ton of ore treated at a tem 
perature of from 125° to 130° F. A froth 
of mixed sul?ds was Obtained assaying 
18.5% lead and 27.4% zinc, being a re 
covery of‘ 90% lead and 94% zinc- These 
?oat concentrates were retreated with small, 
additions of eucalyptus oil and soda ash to 
the circuit Water equivalent to _0.1 lbs. and 
.4 lbs. respectively per ton of ore treated 
while. the temperature was maintained at 
about 125° to 130° F., when a fr h of 
mixed sul?ds was obtained assaying 2.4% 
lead and 35.8% "zinc, being a recovery of 
84.3% lead and 90% zinc. W’ , 

0. Two lbs. of Broken'Hill slimes were 
mixed with 7 lbs. water at 130° F., and soda 
ash equal to.22.4 ‘lbs. per ton of the slimes. 
The mixture was then thoroughly aerated 
by‘ being agitated, with the result that a 
mixed concentrate assaying 29.5% lead, 
35.2% zinc, 25.0 ozs. per ton silver was pro 
duced, giving recoveries of 90.0% lead, 
92.7% zinc, and 91.5% silver. In this test 
-no frothing agent other than soda ash was 
added. I _ 

D. Two lbs. of Queensland copper ore 
tarnished by weathering and unsuitable for 
ordinary ?otation treatment assaying 2.9% 
copper (of, which 0.5% copper was oxi 
di'zed) 6.5 dwts. per ton gold were mixed 
with 7 lbs. water at 70° F. containing soda 
ash equal to 33.6 lbs; per ton of the ore and 
a mixture of about equal proportions of 
eucalyptus oil and mineral oil equivalent to 
2 lbs. per ton of ore. The whole was then 
thoroughly aerated by bein agitated with 
the result that a froth of mixed sul?ds was 
obtained assaying 11.3% copper, 26.1 dwts. 
gold, being a recovery of 74.4% copper, 
76.7% gold. 
The concentrates obtained by this inven 

tion are found to be in a most suitable con 
dition for preferential ?otation separation 
of one of the sul?ds from the other sul?ds 
by one of the known‘ methods, more espe 
cially one employing an alkaline separating 
medium. Though it has been found that the 
above method is especially» applicable to the 
treatment of slimes, it is not con?ned to the 
treatment of that class of ore,‘but is ap 
plicable to coarser material also. . 
This method of, treatment is ‘especially 

applicable to cases where by reason of the 
state of the ore due to oxidation by exposure 
or weathering (such as accumulated ‘dump 
slimes and tarnished ores), the use of acid 
is inadvisable, and neutral'circuit water is 
unsuitable. ‘ _ . 

The alkaline substances most suitable for 
addition to the circuit water are the carbon 
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ates of the alkaline ‘metals, but other alkalis 
may be'used. We prefer in‘ most cases the 
crude sodium carbonate or soda ash. The 
amount of alkaline substance added to the 
‘circuit water should in all cases be su?i 
cient to produce slight alkalinity in the mix 
ture of ore andwater when submitted to the 
well known phenolphthalein ‘test. Any of 
theyknown frothing agents may be used in 
conjunction with the alkaline circuit Water, 
but in cases where the alkali and the froth 
ing agent react upon one another (such as 
with carbonate of soda and oleic acid) the 
latter must be added in very small quan 
tities to avoid the formation of an undue 
amount of soaps which tend to form an in-_ 
discriminate froth of sul?ds and gangue. 
We therefore prefer to use a frothing agent 
other than a fatty'acid. . 
In the following‘ claims the terms “sub 

stantially all the ?oatable metalliferous 
minerals” and “substantially all the ?oat 
able zinc and lead” are intended to mean 
such a recovery of metalliferous mineral or 
of zinc and‘ lead together as is practically 
obtainable in a procedurev which aims to 
?oat all the metalliferous mineral as differ 
entiated from preferential selection of one 
metalliferous mineral from another. 
What we claim as our invention and de 

sire to secure by Letters Patent is :— 
1. A process of concentrating ores con: 

taining mixed metalliferous minerals which 
consists in agitating and aerating a ‘pulp of 
such an ore, such pulp containing 1n solu 
tion an alkaline selectivity-modifying agent, 
so as to obtain a froth of concentrates of 
substantially all the?oatable metalliferous 
minerals while the gangue sinks, said solu 
tion being alkaline during separation of the 
minerals, and separating the froth, whereby 
the metalliferous minerals are separated 
from the gangue. 

2. A process of concentrating ores con 
tainingmixed metalliferous minerals which 
consists in agitating and aerating a pulp of 
such an ore, such pulp‘ containing in solu 
tion an alkaline selectivity-modifying agent 
and also containing a small proportion of a 
frothing agent, so as to obtain a froth of 
concentrates of substantially all the ?oat 
able metalliferous minerals while the gangue 
sinks, said solution being alkaline dur 
ing separation of’ the minerals, and sepa 
rating the frotlnwhereby the metalliferous 
mineralsare separated from the gangue. 

3. A process of- concentrating ores con 
taining mixed metalliferous minerals which 
consists in‘agitating and aerating a pulp of 

_ such an ore, such pulp. contalnlng in solu 
tion a carbonate of an alkaline metal, so as 
to obtain a froth ‘of-concentrates of sub 
stantially all the ?oatable metalliferous 
minerals while the gangue sinks, said solu 
tion being alkaline during separation of the 
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minerals, and separating the froth, whereby 
the metalliferous minerals are separated 
from the gangue. } _ 

4. A process of concentrating ores con 
taining mixed metalliferous minerals which 
consists in agitating and aerating a pulp of 
such an ore, such pulp containing in solu- 
tion a carbonate of an alkaline metal and 
also containing a small proportion of a 
frothingv agent, so as to obtain a froth of 
concentrates of substantially all the float 
able n'ietalliferous minerals while the gangue 

‘sinks’, said solution being alkaline during' 
separation of the minerals, and separating 
the froth, whereby the metalliferous miner 
als- are separated from the gangue. 

5. A process of concentrating ores con 
taining mixed metalliferous minerals which 
consists in agitating and aerating a pulp of 
such an ore, such pulp containing sodium 
carbonate in solution so as to obtain a froth 
of concentrates of substantiallyallthe ?oat? 
able metalliferous minerals while the gangue 
sinks, said solution being alkaline during 
separation of the minerals, and separating 
the froth, whereby thelmetalli'ferous min 
erals are separated from the gangue. 

6. A process of concentrating ores veon 
taining mixed metalliferous minerals which 
consists in agitating and aerating a pulp of 
such an ore, such pulp containing sodium 
carbonate" in solution and also containing a 
small proportion of a frothing agent, so as 
to obtain a froth of concentrates of substan 
tially all the ?oatablejmetalliferous minerals 
while the gangue sinks, said solution being ‘ 
alkaline during separation of the minerals, 
and separating thefroth, whereby the metal 
liferous minerals are separated from the 
gangue. ' ' p 

7. A process " of concentrating zinc-lead 
ores which consists‘ in agitating and aerating 
a pulp of such an ore, such pulp containing 
in solution an alkaline selectivity-modifying 
agent, so as to obtain a froth of concen 
trates containing substahtially all the float-v 
able zinc and lead while the gangue sinks, 
said solution being alkaline during the sepa 
ration of the minerals, and separating the 
froth, whereby the zinc and lead are sepa 
rated from the gangue. “ , 

8. A process of concentrating zine-lead 
ores which consists in agitating and aerating 
a pulp of such an ore, such pulp containing 
in solution an alkaline‘ selectivity~modifying 
agent and also containing a small propor 
tion of a frothing agent, so as to obtain a 
froth of concentrates containing substan 
tially all the floa'table zinc and lead while 
the gangue sinks, said solution being-alka‘ 
line during separation of the minerals, and 

separatingthe froth, whereby the zinc and 
lead are separated from the gangue. 

9. A process of concentrating zinc-lead 
ores which consists in agitating and aerating 
a pulp vof such an ore, such pulp containing 
in solution a carbonate of an alkaline metal, 
so as to obtain a froth of concentrates con 
taining substantially all the ?oatable zinc 
and lead while the gangue sinks, said solu 
tion being'alkaline during separation of the 
minerals, and separating the froth, whereby 
the zinc and lead are separated from the 
gangu‘e. " 

' 10. A process~of concentrating zinc-lead 
' ores which consists in agitating and aerating 
the pulp of such an ore, such pulp contain 
ing in solution a carbonate of an alkaline 
metal and also containing a small propor 
tion of a frothing agent, so as to obtain a 
froth‘ of concentrates containing substan 
tially all _the ?oatable zinc and lead while 
the gangue sinks, said solution being ‘alka~ 
line during separation of the minerals, and 
separating the froth, whereby the zinc and 
lead are separated from the gangue. 

11. A process of concentrating zinc-lead 
ores which consistsin agitating and aerating 
a pulp of such an ore, such pulp containing 
sodium carbonate in solution, so as to obtain 
a froth of concentrates containing substan 
tially all the floatable zinc and 'lead while 
the gangue sinks, said solution being alka 
line during separation of the minerals, and 
separating the froth, whereby the zinc and 
lead are separated from the gangue. 

_ 12. A process of concentrating Zinc-lead 
"ores which consists 1n agltating and aeratingv 

70 

75 

85 

90 

95, 

a pulp of such an ore, such pulp containing , 
sodium carbonate in solutiorr and also con 
taining a small proportion of a frothing" 
agent, so as to obtain a froth of concentrates 
containing substantially all the ?oatable’ 
zinc and lead while the gangue sinks, said 
solution being alkaline during separation of 
the minerals, and separating the froth, 
vwhereby the zinc and lead are separated 
from the gangue. . 

In testimony whereof we have signed our 
names to the speci?cation in ‘the presence of 
two subscribing witnesses. 

HENRY ravens. 
ALFRED HENRY PIPER LOWRY. 
HENRY HOWARD GREENWAY. ' 

_Witnesses to signatures of Henry Lavers 
and Alfred Henry Piper Lowry: ~ 

CHARLES V. CoLLIsoN, ' 
HAwLY CoBnY. _ 

Witnesses to signature of Henry Howard 
Greenway: 

HAROLD‘ CHARLES I'IANKINS, 
WlLLIAM JAMES WALTON. 
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