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[57] ABSTRACT 

A ?otation process for recovering scheelite (calcium 
tungstate) from a low grade slimey ore containing 
other calcareous minerals such as calcite is described. 
The scheelite is selectively ?occulated by conditioning 
the ore pulp at a high pH, using intense agitation, usu 
ally prolonged, in the presence of predetermined 
quantities of a de?occulating agent, a source of poly 
valent cations to depress selectively calcite and other 
calcareous impurities, and a minimal amount of a fatty 
acid collector. The conditioned pulp containing the 
hydrophobic scheelite ?occules is subjected to froth 
?otation, preferably in the presence of a frother hav 
ing high wetting power, e.g., sodium dialkyl sulfosucci 
nate. 

12 Claims, N0 Drawings 
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RECOVERY OF SCHEELITE FROM ORES BY 
FLOTATION 

This is a division, of application Ser. No. 272,450 
now abandoned, ?led July 17, 1972. 

BACKGROUND OF THE INVENTION 

It is generally recognized that the selective ?otation 
of slimey nonsul?de ore pulps presents some of the 
most dif?cult problems encountered in the ore ?ota 
tion ?eld. When the valuable mineral is a slimey non 
sul?de material present in small amount, and the ore 
also includes an appreciable quantity of slimed nonsul 
?de gangue minerals having essentially the same ?ota— 
tion characteristics as the valuable mineral, the difficul 
ties may be insuperable. It is rarely possible to obtain 
high recoveries of essentially pure valuable minerals 
under these circumstances. 

Scheelite, a valuable tungsten-containing ore, fre 
quently occurs in low grade (e.g., 0.2 percent to 2 per 
cent WO3) finely mineralized ore deposits in associa 
tion with one or more other calcium-containing miner 
als such as calcite, apatite or ?uorite. The various cal 
cium minerals have remarkably similar ?otation char 
acteristics. Therefore, when an attempt is made to ?oat 
the scheelite with an anionic collector, calcite, apatite 
and other calcareous minerals tend to ?oat along with 
the scheelite, reducing the grade of the scheelite con 
centrate and in some cases impairing the recovery of 
the scheelite. In a typical operation with an ore assay 
ing 0.8 percent W03, scheelite ?oat products of 10 per 
cent to 15 percent grade are obtained at a recovery of 
65 percent using an oleic acid collector in an alkaline 
pulp containing sodium silicate as a gangue depressant. 
This represents rather modest concentration ratios of 
roughly 1:10 to 1:20 and ?otation efficiencies of ap 
proximately 25 percent to 30 percent. The terms “con 
centration ratio” and “?otation efficiency” are de?ned 
hereinafter. 

It is conventional to upgrade the scheelite ?otation 
concentrates to a minimum of 65 percent W03 by 
leaching the carbonate and phosphate impurities with 
mineral acid, usually hydrochloric acid, or by reacting 
the concentrates with alkali to produce synthetic 
scheelite. Obviously large quantities of acid must be 
consumed when concentrates of 10 percent to 15 per 
cent WO3 grade are enriched to 65 percent W03 or 
above or when synthetic scheelite is produced by reac 
tion of the low grade concentrates with alkalies. The 
reagent consumption involved in upgrading the ?ota 

' tion concentrates adds considerably to the recovery 
costs but has been considered to be essential because 
' of the difficulty in preventing ?otation of calcite and/or 
. apatite or ?uorite with ?otation reagents which afford 
' adequate recovery of the scheelite. 

The economics of recovering the tungsten values 
from a low grade scheelite ore could be improved by 
either increasing the recovery of the scheelite without 
sacri?ce in grade or by improving the grade without 
loss in recovery. The realization of appreciably higher 
grades at signi?cantly increased recoveries would rep 
resent a marked advance in the art. The achievement 
of these goals has awaited the discovery of means for 
improving the depression of gangue, especially the cal 
careous gangue, without impairing the ?oatability of 
the scheelite. Another problem to be solved before 
achieving the improved grades and recoveries is the dif 
ficulty of obtaining adequate frothing in the strongly 
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2 
alkaline pulps which favor the recovery of scheelite by 
?otation with a fatty acid collector in the presence of 
sodium silicate. 

PRIOR ART 

Many investigators have attempted to improve the 
results obtained by fatty acid ?otation of scheelite. 
They have studied the effects of pH, concentrations of 
soda ash, sodium silicate and oleic acid and have at 
tempted to improve the depressing effect of sodium sili 
cate. To the best of my knowledge, they have been un 
able to produce exceptionally high grade concentrates 
at outstanding recoveries when ?oating low grade 
scheelite ores with fatty acid collectors. 
“FLOTATION TESTS ON KOREAN SCI-IEELITE 

ORE,” W. Mitchell, Jr., C. L. Sollenberger and T. G. 
Kirkland, MINING ENGINEERING, January 1951, 
Transactions AIME, Vol. 190, pages 60 to 64, reports 
results of bene?ciating a sheelite ore by ?otation with 
emphasis on determining optimum conditions for ob 
taining maximum grade and recovery in the rougher 
concentrates. The most satisfactory reagent combina 
tion was found to be 1 lb./ton oleic acid, 2 lbs/sodium 
silicate, 1 lb./ton sodium carbonate, l/l0 Ib./ton pine 
oil and a small amount of a wetting agent (“Pentasol 
124” or “Aerosol OT”). A pH of 10 was recom 
mended. Extended conditioning with an impeller re 
volving at 1725 rpm. was found to be deleterious to 
concentrate grade when using these reagents and con 
ditioning period in excess of 5 minutes was found to be 
of no advantage. Concentrates containing about 10 
percent W03 at close to a 90 percent recovery were ob 
tained under the allegedly optimum conditions. 
US. Pat. No. 2,373,305 to Gieseke discloses the use 

of anionic wetting agents, e.g., “Aerosol OT,” to en 
hance ?otation of scheelite from calcite and silica 
gangue with a fatty collector and quebracho to depress 
gangue. The pulps were ?oated at their natural pI-I val 
ues and conventional frothers were used. Maximum 
concentration ratio was 25:1 at a 65 percent WO3 re 
covery. Flotation efficiency to obtain a concentrate of 
6 percent grade was about 20 percent. 
Russian investigators have studied the effect of the 

use of polyvalent metal salts with sodium silicate, 
added separately or simultaneously (in an unde?ned 
manner) on the ?oatability of scheelite, calcite, and ap 
atite with oleic acid. Reference is made to the follow 
ing: 
“INTRODUCTION TO THE THEORY OF FLOTA 
TION,” V.-I. Klassen and V. A. Mokrovsov, Butter 
worths, Inc. (1963), pages 329 to 335. This publi~ 
cation summarizes work reported by F. N. Belash, 
O. V. Pugina, Tsvetnye Metal], 1946, Vol. 19, No. 
6, pages 22 to 27. 

Belash and Pugina, concerned with the soap ?otation 
of scheelite, studied the effect of using polyvalent me 
tallic salts along with sodium silicate on the ?oatability 
of pure mineral systems containing either scheelite, cal 
cite or apatite using about 1%; lb./ton oleic acid. Polyva 
lent metal salts were added separately and as “addi 
tions of a mixture”. The publication does not explain 
how the mixtures of salt and silicate were prepared. On 
the basis of investigations with pulps containing indi 
vidual minerals, not mineral mixtures. they demon 
strated that certain metal salts, especially when used as 
mixtures with sodium silicate, enhanced the depressing 
effect of sodium silicate on all of the minerals when se 
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lected proportions of silicate and salt were used. While 
improved depression of apatite by use of the salts was 
demonstrated by data for one scheelite ore, the grade 
of the resulting scheelite concentrate did not exceed 20 
percent. 
Another study of the effect of addition of metal salt 

on the selective and depressing action of sodium sili— 
cate during the ?otation of scheelite from calcite and 
?uorite appears in a publication of N. A. Kozhemyakin 
and N. S. Dikinova, Tsvetnye Metall, 1970, Vol. No. 
43, No. 8, 93 to 98. Separate addition of ferrous sulfate 
or ferric chloride to the sodium silicate was reported by 
these investigators to be better than simultaneous in 
corporation of the reagents. 
The following patents disclose processes for ?oating 

scheelite from ores containing other calcium minerals 
wherein salts of heavy metals were used in conjunction 
with sodium silicate or sodium condensed phosphate 
dispersants to depress calcium carbonate and/or apa 
tite minerals. 

U.S. 2,040,187 - Rose et al. 
U.S. 2,140,485 - Clemmer et al. 
“FROTI-I FLOTATION AND AGGLOMERATE 
TABLING OF NONMETALLIC MINERALS,” 
Oliver C. Ralston, Canadian Institute of Mining & 
Metallurgy, Transactions, Vol. XL, 1937, page 
713. 

The prior art workers who investigated various as 
pects of selective scheelite ?otation failed to recognize 
thecriticality of employing high energy conditioning 
with minimal amount of collector in the presence of an 
effective dispersant-depressant system. Insofar as can 
be ascertained, they also failed to appreciate the re 
markable bene?ts which could be realized by using cer 
tain metal salts with sodium in a specific manner de 
scribed hereinafter. 

THE INVENTION 

Accordingly, a general object of the ivention is to 
provide an improved method for selectively ?oating 
scheelite from low grade slimey ores which include 
calcium-containing gangue minerals. 
A speci?c object is to selectively ?occulate and ?oat 

scheelite from a de?occulated slimey ore pulp in which 
minerals such as calcite, apatite and ?uorite, alone or 
in combination, are depressed and de?occulated. 
Brie?y stated, the present invention resides in a 

method for recovering scheelite by froth ?otation from 
a slimey low grade tungsten ore pulp containing at least 
one calcareous mineral other than scheelite, such as 
calcite, apatite, and ?uorite, and siliceous gangue. The 
method comprises subjecting the slimey ore pulp to in» 
tense, and usually prolonged, agitation at a high pH in 
the presence of a predetermined optimum quantity of 
a reagent capable of de?occulating the constituents of 
the ore pulp, a source of polyvalent cations to depress 
calcareous minerals other than scheelite, and a minimal 
predetermined amount of a fatty acid collector, 
whereby the scheelite is selectively ?occulated in the 
de?occulated pulp, and sujecting the pulp thus condi 
tioned to froth ?otation, preferably using a synthetic 
organic wetting agent as the frother, to recover as a 
froth product a concentrate of the ?occulated schee 
lite. 

In a preferred embodiment of the present invention, 
the ore pulp is de?occulated and the calcareous and si‘ 
liceous gangue minerals are selectively depressed by 
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4 
adding a predetermined quantity of a previously pre 
pared stable hydrosol obtained by mixing a dilute alka 
line silicate solution with a dilute solution of a polyva 
lent metal salt, the hydrosol containing less than 2 per 
cent SiO2. 

DESCRIPTION OF THE INVENTION 

The method of the invention is applicable to bene?ci 
ating ?nely mineralized scheelite ores containing as 
gangue minerals silica and/or silicates as well as one or 
more other calcareous minerals, especially calcite (or 
other forms of calcium carbonate), apatite and ?uorite. 
The ores may assay from a fraction of a percent W03, 
e.g., 0.1 percent W03, up to 10 percent W03 or above. 
The invention is of especial importance and bene?t in 
processing ores or ore fractions containing less than 3 
percent W03. 
The term “scheelite” encompasses pure calcium 

tungstate minerals as well as calcium tungstate in which 
molybdenum proxies for some of the calcium, e.g., the 
molybdenum-bearing scheelite variety of mineral. 

Flotation and table tailings maybe processed. Alter 
natively, crushed, ground ore may be employed. The 
ground ore or tailings should be ?ner than 65 mesh 
(Tyler) and may be 200 mesh or ?ner. 
When sul?des are present with the ore or ore tailings, 

they should be removed by ?otation with a suitable sul 
?de collector prior to ?oating the scheelite. In many 
cases it is preferable to alkalize the pulp with soda ash 
to a pH of about 10 and then de?occulate the pulp 
prior to carrying out the sul?de ?otation, as described 
in the illustrative examples. Improved scheelite recov 
ery may be realized by such practice. When molybde 
num sul?de is present, it may be recovered by addition 
of a neutral oil collector after de?occulation and prior 
to ?otation of other sul?des with a conventional Xan 
thate collector. 
Conventional low energy conditioning for short 

times, e.g., 5 minutes, may be used in ?oating sul?des. 
The preferred de?occulating (dispersing) agent is an 

alkali metal (especially sodium) silicate and it is prefer 
ably added to the alkalized ore pulp as a preformed sta 
ble metal salt-alkali metal silicate hydrosol. These hy 
drosols are ?uid liquids containing less than 2 percent 
SiO2 by weight and produced by mixing a dilute aque 
ous solution of an alkali metal silicate with a dilute 
aqueous solution of a suitable metallic salt. The salts 
which are useful are those acid-forming salts which 
produce very ?nely divided and stable colloids when 
mixed as dilute solutions with dilute solutions of alkali 
metal silicates to form compositions containing less 
thaw 2 percent SiO2. The most satisfactory salts pro 
duce sols which appear to be true solutions when 
viewed with the naked eye. I-Iowever, investigation of 
these sols with a light scattering microscope will reveal 
the presence of very small individual particles uni 
formly distributed throughout the composition without 
aggregates being present. Examples of salts which pro 
duce such hydrosols include mineral acid salt (nitrate, 
sulfate, chloride) of iron (ferrous and ferric), cobalt 
and beryllium. These hydrosols have a strong depress 
ing effect on calcite. 
Cobalt salts are outstandingly effective in depressing 

apatite which may be present in the ore. Beryllium salts 
result in hydrosols which are remarkably effective in 
depressing calcite but may not be as effective as other 
salts in depressing apatite. Aluminum salts, which form 
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sols containing some aggregates, may be used although 
such hydrosols may be less effective with some ores 
than hydrosols produced with other salts which form 
hydrosols with more ?nely divided suspended solids. 
On the other hand, salts, e.g., copper sulfate, which 
produce coarse precipitates when mixed with alkaline 
sodium silicate solutions containing less than 2 percent 
SiO2 are unsuitable. The resulting sols may actually ac 
tivate the ?otation of calcite and/or apatite. 
For reasons of economy, sodium silicate solutions are 

the preferred alkali metal silicates used in preparing the 
hydrosols. Sodium silicate solutions having Na2O/SiO2 
mole ratios within the range of 1:1.60 to 1:3.75 are 
commercially available. “0”, which analyzes (wt.) 
9.16 percent Na2O; 29.5 percent SiO2 and the balance 
water, is an example of a suitable starting material after 
dilution with water to a SiO2 content below 2 percent 
by weight. The pH of an alkali metal silicate solution 
after dilution to below 2 percent SiO2 is generally 
within the range of 10 to 12. “O” diluted to 5 percent 
(SiO2 concentration of 0.45 percent) has a pH of about 
1 1.1. 
To‘ produce the hydrosols, the metal salt is dissolved 

in water and the solution is mixed to uniformity with 
the prediluted alkali metal silicate solution, preferably 
by adding the salt solution to the alkaline silicate solu 
tions. Generally, salt is used in amount within the range 
of about 5 to 20 parts by weight (anhydrous basis) to 
100 parts by weight alkali metal silicate (anhydrous ba 
sis). In a typical hydrosol prepared by mixing a l per 
cent aqueous solution of FeSO4.7H2O with “0" diluted 
to 0.45 percent SiO2, the weight ratio of sodium silicate 
(anhydrous) to salt (hydrated) will be about 8/1. The 
pH of the hydrosols is slightly less than that of the dilute 
sodium silicate solution used in preparing the hydrosol. 
For example, a stable hydrosol obtained by adding a 
suitable amount of a dilute solution of ferrous sulfate 
to “O” diluted to 5 percent (0.45 percent SiO2) may 
have a pH of about 10.6. 
To obtain the full bene?ts of employing the hydrosol, 

i.e., adequate de?occulation of the initial ore pulp and 
optimum selective depression of calcite, apatite and 
other gangue, a predetermined quantity of hydrosol 
must be employed. Such optimum proportion varies 
from ore to ore, principally with the quantity of calcite 
or other calcium gangue that is present. As the amount 
of calcite or other calcium gangue increases, an in 
creased amount of hydrosol is generally required to ob 
tain optimum results. Example IV’illustrates the effect 

' of variation of the quantity of hydrosol on the selective 
?otation of scheelite from calcite and provides a model 
upon which to base simple tests to determine an opti 
mum proportion of dispersant. 
The use of a freshly prepared hydrosol is recom 

mended. 
The hydrosol is a ?uid material, readily incorporated 

with conventional metering devices, and may be mixed 
with the alkalized ore pulp using mild mixing for a short 
time, e.g., l to 5 minutes’ conditioning. 
While alkali metal silicate is the preferred de?occu 

lant and it is preferably employed as a preformed hy 
drosol containing the metallic salt as a cooperative de 
pressant, it may be possible with some ores to use other 
de?occulants, e.g., sodium condensed phosphates or 
lignosulfonates, and/or to add the metallic salt to the 
pulp after incorporating the de?occulating agent. The 
results of such separate addition of salt and de?occulat 
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6 
ing agent are usually markedly inferior to those ob 
tained when a hydrosol is employed but may be supe 
rior to results carried out without using a salt additive. 
Oleic acid is a preferred anionic collector and it must 

be employed in minimal or starvation amount in order 
to minimize ?otation of calcite and other calcium min 
erals after addition of the hydrosol. With low grade 
ores, e.g., ores containing 0.1 percent to 1 percent 
W03, the predetermined quantity of collector is within 
the range of from about 0.05 to 0.2 lb./ton. Tall oil 
acids may be used, preferably in combination with an 
emulsifying agent such as an oil-soluble petroleum sul 
fonate. 

Intensive agitation is required when conditioning the 
de?occulated ore pulp with the fatty acid collector. 
When the ore is high in calcite, the intensive agitation 
usually should be prolonged. The intensive agitation is 
necessary in order to form ?oated scheelite ?occules 
which are sufficiently strong and coherent to endure 
subsequent cleaner ?otation without losses of scheelite 
occurring. Prolonged intensive agitation apparently 
minimizes calcite flotation. It will be apparent to those 
skilled in the art that commercial froth ?otation pro 
cesses in which the concentration ratios are very high 
invariably necessitate one or more cleaner ?otation 
steps. Losses of mineral values in middlings, such as oc 
curs in conventional scheelite ?otation processes, is 
very undesirable, adding a recirculating load. 
The de?occulated pulp is conditioned with the fatty 

acid collector in equipment containing an impeller sys 
tem capable of rotating at high speed and aerating the 
pulp. A Fagergren ?otation machine is a specific exam 
ple of commercially available equipment that may be 
used in the conditioning step. Reference is made to 
Perry’s “CHEMICAL ENGINEERS’ HANDBOOK,” 
pages 21 to 73, Fourth Edition, published by McGraw 
Hill Book Company, for a diagram and a description of 
the operation of a suitable model of a Fagergren ma 
chine which provides mechanical agitation and aera 
tion by a rotating impeller on an upright shaft, the rotor 
being surrounded by a stationary cage (stator) ?tting 
closely around the rotor and providing a shearing ac 
tion. Rotors operating at peripheral velocities within 
the range of about 1300 to 2000 ft./min. are recom 
mended. The corresponding speed of rotation obvi 
ously varies with the size of the impeller. For example, 
a laboratory model Fagergren mixer (2.0 inch rotor 
and 3-7/9 inch stator) operates at a maximum speed of 
2900 r.p.m., corresponding to a peripheral velocity of 
1520 ft./min. A 7 inch impeller similar in design can be 
rotated at 930 r.p.m. whereby tip speed is about 1700 
ft./min. 

Generally, the energy input during the conditioning 
step is within the range of 25 to 100 hp. hr./ton. 
The conditioning time using the intensive agitation 

varies for any given ?otation pulp with the volume of 
the conditioning equipment and the power input rate in 
a large conditioning unit is lower than in a laboratory 
unit because of the limitation as to rotor top speed. 
Thus, as the impeller diameter and liquid volume in 
crease, conditioning times become longer because 
power scale-up is not proportional to slurry volume. 
Optimum conditioning time varies from ore to ore and 
is readily determined by simple experiment for any 
given size equipment and slurry volume. This is demon 
strated in an illustrative example. 
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A frother must be incorporated into the conditioned 
pulp to ?oat the scheelite. In most cases, conventional 
frothers (e.g., pine oils or conventional alcohol froth 
ers) will not produce satisfactory froths. In some cases, 
essentially no froth is obtainable with these conven 
tional frothers because of the highly hydrophobic na 
ture of the ?occulated scheelite. In order to produce a 
froth, an anionic wetting agent, preferably an alkali 
metal dialkyl sulfosuccinate such as Aerosol OT (or a 
fatty acid alkanolamide such as “Monamid 150 ADD”) 
may be used. 
The preparation of fatty acid alkanolamides, includ 

ing those of the type employed in carrying out the pres 
ent invention, is described in US. Pat. No. 2,094,609 
to Wolf Kritchevsky; US. Pat. No. 2,173,909, also to 
Kritchevsky, deals with the use of fatty acid alkanola 
mides in ore ?otation. 
The rougher scheelite concentrate is cleaned one or 

more times by re?otation with stagewise addition of 
frother if necessary. The cleaner ?otations necessitate 
dilution with water and thus pI-I will decrease during 
cleaning. For example, the pH may be 10 during 
rougher ?otation and decrease to 9.5 in the second 
cleaner. Contrary to expectations, it was found that the 
addition of alkali (caustic soda) during cleaning to 
maintain pH at 10 did not aid in depressing calcite. In 
fact, calcite was activated. Low shear agitation is rec 
ommended for cleaning the rougher scheelite concen 
trate. 

In carrying out the ?otation process of the invention, 
concentration ratios over 1:2000 may be realized by 
?otation. 
Residual calcite and apatite in the cleaned scheelite 

?otation concentrates may be reduced by leaching with 
a mineral acid. Concentrated hydrochloric or nitric 
acids are usually employed. One procedure for acid 
leaching is described in the illustrative examples. Other 
procedures may be employed. 

Alternatively, the scheelite concentrate may be dis 
solved in alkali, e.g., soda ash, and synthetic scheelite 
crystallized in known manner from the solution. 
The following examples are given for illustrative pur 

poses. 
The samples of tungsten ore used in the examples 

were run-of-mine scheelite ores from King Island, Aus 
tralia. Typical ore from this mine is high in andradite 
(an iron silicate mineral) and contains substantial 
amounts of calcite with lesser amounts of siliceous min 
erals such as pyroxene, epidote, sphene and feldspar. 
Sul?de minerals include pyrite, arseno-pyrite, molyb 
denite and pyrrhotite. 
An assay of a representative composite sample of the 

ore is as follows: 

Wt. 91 

Tungsten (W01) 0.77 
Iron (Fcgog) 8.34 
Total Sulfur (S) l.l2 
Free SiO: 6.72 
C02 2.95 

BASIC TEST PROCEDURE 

The basic test procedure used in all examples was as 
follows. A 500 gram portion of the ore sample was 
crushed to minus 10 mesh (Tyler) and ground in a 
stainless steel rod mill for 20 minutes at 60 r.p.m. at 50 
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8 
percent solids. The ground charge (minus 200 mesh) 
was transferred to a 500 gram capacity Denver Sub-A 
?otation cell and was diluted to 25 percent solids. The 
pulp was then treated with the equivalent of 10 pounds 
of soda ash per ton of ore and conditioned for 5 min 
utes at 1200 r.p.m. In all tests (except those in which 
dispersant was added at a subsequent point of the pro 
cess), the incorporation of soda ash was followed by 
addition of a dispersing agent (described in the exam 
ples) and the pulp was then conditioned for another 5 
minutes at 1200 r.p.m. 
Before carrying out sul?de ?otation, molybdenite 

was recovered by conditioning for 5 minutes with 0.5 
lb. lton “Eureka” oil as a collector. A molybdenite froth 
product was taken after addition of “Dowfroth 250” 
and ?otation for 5 minutes at 1200 r.p.m. 
To ?oat the sul?des, the tailings of the molybdenite 

?otation were conditioned for 5 minutes with 0.5 
lb./ton of a xanthate collector (“Z-6”) which is potas 
sium amyl xanthate, or “Z-5” which is potassium se 
condary-amyl xanthate. The sul?de ?otation was re— 
peated in a second stage and the sul?de froth products 
were combined, ?occulated, ?ltered and dried. 
The tailings from the sulfide ?otation were then pro‘ 

cessed for ?otation of the scheelite. In order to condi 
tion the pulp with a high energy input, the tailings were 
transferred to a 7-% inch plastic container capable of 
handling a one gallon charge and equipped with a Fa 
gergren mixer (2 inch rotor and 3-"/s inch stator) impel 
ler. Oleic acid was added in amount of 0.18 lb./ton (ex 
cept where otherwise indicated) and the pulp was con 
ditioned for 5, 15, 30 or 45 'minutes, depending on the 
test, with the impeller operating at 2700 r.p.m., corre 
sponding to a peripheral velocity of about 1400 ft./min. 
In a typical operation of this impeller with a 30 percent 
solids slurry, energy input is 28 hp. hr./ton for a 15 min 
ute conditioning period. In a control test, carried out to 
demonstrate the necessity for high energy conditioning, 
conditioning with the oleic acid was in the Denver ma 
chine at 1200 ‘rpm. for 5 minutes. All conditioned 
pulps were transferred to a 500 gram Denver Sub-A 
?otation cell for ?otation of scheelite and a rougher 
?oat was taken at 1200 r.p.m. after addition of a given 
frother. The rougher flotation lasted 5 minutes. The 
rougher ?otation concentrate was cleaned three times 
in a 250 gram Denver flotation cell in which the impel 
ler operated at 900 r.p.m. In all of the cleaner opera 
tions, ?otation time was 5 minutes. The cleaned ?oat 
products and tailings were ?occulated with alum, ?l 
tered, dried at l00°C. and weighed. 

In some cases the scheelite concentrates were up 
graded by treatment with hydrochloric acid to remove 
calcium carbonate and apatite when present. Leaching 
was carried out with 5 percent hydrochloric acid in in 
crements until effervescence stopped (pH of about 
1.5), followed by agitation for 20 minutes at room tem 
perature, ?ltering, washing and drying. 
The term “concentration ratio” is the ratio of the 

W03 assay of the feed to the W03 grade of the ?otation 
concentrate. “Flotation efficiency" is a value obtained 
in accordance with the following equation: 

Flotation efficiency = 

grade >< recovery 
grade >< recovery of perfect separation 100 X 
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EXAMPLE I 

A. This example, Part A., illustrates an especially 
preferred embodiment of the invention wherein a low 
grade tungsten ore pulp was dispersed with a freshly 
prepared iron-silicate (Few) hydrosol and, after differ 
ential sul?de ?otation in which 75.3 percent of the mo 
lybdenite was recovered, the pulp was conditioned with ' 
a starvation quantity of oleic acid, using prolonged high 
intensity agitation, and ?oated with a fatty acid al 
kanolamide frother, followed by two cleanings, to re 
cover 87.7 percent of the tungsten (based on a head 
assay of 0.93 percent W03) in the form of a concen 
trate of 66.6 percent grade. 
The hydrosol was prepared by diluting “0” sodium 

silicate solution to 5 percent by addition of water and 
adding, with mixing, a 1 percent aqueous solution of 
FeSO4.7l-12O. 
The reagents used in the test were as follows: 

Lb./ton 

Dispersion (before sul?de ?otations) 
Na2CO3 10.0 
“0" Na2SiO3 0.30 
FcSO4.7H2O 0.38 
Molybdenite Flotation 
“Eureka“ oil 0,5 
“Dowfroth“ 250 
Sul?de Flotation 
“Z-S” 0.5 
Sheelite Flotation 
Oleic acid 0.18 
Monamide ISO-ADD 0.38 

The material balance and assays were as follows: 

15 

25 

30 

10 
prolonged high energy conditioning resulted in an in 
crease of almost 50 percent in the grade of the scheelite 
concentrate, representing an increase in concentration 
ratio from 1:47 to 1:65 and an increase in ?otation effi 
ciency from about 70 percent to over 85 percent. 

EXAMPLE ll 

This example illustrates the than of using the sodium 
silicate dispersant in the form of a preformed hydrosol 
(iron~silicate hydrosol in this case), rather than unmod 
i?ed sodium silicate. The example also shows the bene 
?ts of adding the salt-silicate mixture as a preformed 
hydrosol rather thana by sequential addition of the salt 
and the silicate to the pulp. 
The head sample used assayed: 0.90 percent WO3 

(corresponding to 1.12 percent CaWO4); 2.95 percent 
CO2 (corresponding to 6.7 percent CaCO3 and 0.85 
percent P205 (corresponding to 2.98 percent CaSF 
(PO03 

In all of the tests the sodium silicate or sodium sili 
cate-iron sulfate combinations were incorporated into 
the pulp after addition of soda ash ( l0 lb./ton) and be 
fore addition of Ereka oil and sul?de ?otation. With 
the exception of variations in dispersant, the same rea 
gents employed in Example I were employed. In all 
cases the sodium silicate was employed in amount cor 
responding to 5 lb./ton “O” and salt, when employed, 
was added in amount corresponding to 0.5 lb./ton Fe 
SO4.7H20. All dispersed pulps were conditioned with 
0.18 lb./ton oleic acid with Fagergren impeller at 2700 
rpm. for 15 minutes after addition of the collector. 

ln test A, the dispersant was a 5 percent solution of 

Wt. "/1 W03, ‘7: ‘7: W03 Dist. M052, ‘7! 

Molybdenite concentrate 1.8 0.40 0.8 57.71 
Molyhdenite cleaner tails 1-2 1.0 1.34 1.4 — 
Sul?de froth product 2.0 0.59 1.3 — 
Sul?de rougher tails 89.8 0.070 6.8 — 
Sul?de cleaner tails l-3 4.2 0.44 2.0 - 
Scheelite concentrate 1.22 66.6 87.7 — 
Heads — 0.93 — 1.38 

The data show that 87.7 percent of the scheelite of 
66.6 percent W03 grade was recovered from a minus 
200 mesh scheelite ore containing less than 1 percent 
W03. Concentration ratio was about 1:65 and ?otation 
efficiency was 85.1 percent. 

B. To demonstrate the desirability of employing pro 
longed high intensity conditioning before scheelite ?o 
tation, the procedures of Part A were repeated in detail 
except that the pulp was conditioned with oleic acid for 

' ?otation of the scheelite for only 5 minutes with the Fa 
_ I gergren impeller operated at 2700 rpm. The recovery 

of scheelite was essentially the same as it was with the 
. prolonged conditioning with the Fagergren impeller at 
‘ 2700 rpm. but the grade of scheelite in the concen 
' trate was only 42.22 percent as compared to 66.6 per 
cent with the prolonged conditioning. Thus, the use of 

45 

50 

55 

“0” sodium silicate; no salt was used with the “O”. In 
test B, the iron-silicate hydrosol was prepared as in Ex 
ample l by adding a 1 percent solution of FeSO4.7l-l2O 
to “0”, previously diluted to 5 percent. A freshly pre 
pared hydrosol was employed in test B. In test C, the 
hydrosol was prepared by adding the diluted “0” to the 
1 percent solution of the ferrous sulfate and the hydro 
sol was used shortly after it had been prepared. ln test 
D, the “O” was diluted to 5 percent and then added to 
the pulp, followed by mixing for 1 minute; after addi 
tion of the diluted “0”, a 1 percent solution of Fe 
SO4.7H2O was incorporated, followed by mixing for 1 
minute. In test E, the 1 percent ferrous sulfate solution 
was added to the pulp, followed by mixing for 1 minute 
and then the 5 percent solution of “O” was added, fol 
lowed by mixing for 1 minute. 

TABLE 1 

EFFECT OF USlNG SODIUM SlLlCATE ALONE OR IN COMBINATION 
WITH FERROUS SULFATE SALT ON THE FLOTATlON OF SCHEELlTE 

Flotation 
Dispersant System Scheelite Flotation Concentrate Ef?ciency, ‘71 

Test Wt. r/r W03, ‘7: Recovery. ‘71 

A Silicate without salt 4.80 16.7 89.3 43.1 
B Hydrosol - (salt added to silicate) 1.32 63.2 92.7 85.2 
C Hydrosol - (silicate added to salt) 1.83 69.9 76.9 81.6 
D Silicate first, followed by salt 5.88 15.4 97.6 43.2 
F. Salt first. followed by silicate 5.50 14.1 86.2 38.8 
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A comparison of the metallugical results in Table I 
for tests A and B shows that the use of sodium silicate 
in the form of a hydrosol obtained by adding iron sul 
fate to diluted sodium silicate increased dramatically 
the grade of the scheelite concentrate from 16.7 per 
cent to 63.2 percent with a slight increase in recovery. 
The fact that the weight of the ?otation concentrate 
was reduced from 4.80 percent to 1.32 percent with 
this signi?cant increase in grade shows that the effect 
of the iron salt when added in hydrosol form in test A 
was to depress minerals which would otherwise ?oat 
with the scheelite without depressing the scheelite. 

Similar results were obtained in test C, in which the 
hydrosol was prepared by adding the silicate solution to 
the salt solution, However, in this case, the ?otation 
concentrate was richer in W03 than in test B and recov 
ery of W03 values was less. The weight of the concen 
trate was greater than in test B but less than in test A. 
These results indicate that a hydrosol prepared by add 
ing sodium silicate solution to salt solution was some 
what effective in depressing minerals other than schee 
lite but that more scheelite was depressed than in test 
B. The 69.9 percent grade of the concentrate in test C 
was markedly superior to the 167 percent grade in test 
A at a lower, but still good, recovery. 

In contrast to tests A and B in which the use of an 
iron salt effected an outstanding increase in W03 grade 
with a modest increase in recovery (test B) or with the 
modest loss in recovery (test C), data for separate addi 
tions of ferrous sulfate and sodium silicate (tests D and 
E) with results for test A, sodium silicate alone show 
that these bene?ts were not obtained by using the fer 
rous sulfate with the sodium silicate when they were 
added separately. When the ferrous sulfate solution 
was added to the pulp before the sodium silicate was 
added (test E) grade and recovery were slightly lower 
than when no iron salt was used. On the other hand, 
when the ferrous sulfate solution was added after the 
sodium silicate, recovery was improved but grade was 
reduced slightly. 

EXAMPLE III 

Tests were carried out to demonstrate the necessity 
for controlling the amount of oleic acid collector in 
order to selectively ?occulate and ?oat scheelite while 
maintaining calcite depressed by using an optimum 
predetermined quantity of hydrosol to disperse the 
ul . 

p Tlfie sample of tungsten ore used in the test assayed 
1.37 percent WO3 and 4.14 percent CO2 (correspond 
ing to 9.41 percent CaCO3). 
The procedure of Example I was followed using a 

freshly prepared hydrosol obtained by adding 1 percent 
ferrous sulfate solution to “O” diluted to 5 percent. 
The hydrosol was used in amount equivalent to 5 
lbs/ton “O” and 0.62 lb./ton FeSO4.7H2O and it was 
added to the pulp after incorporating soda ash, 10 
lbs/ton. Oleic acid collector was used in amounts of 
0.09, 0.18 and 0.27 lb./ton and high energy condition 
ing (15 minutes in the Fagergren at 2700 rpm.) was 
used to condition the pulp. The frother used in the 
scheelite ?otation was the alkanolamide of Example I. 
Using a minimal quantity of oleic acid (0.09 lb./ton), 

?otation ef?ciency of scheelite was 76.2 percent and 
only 15.5 percent for calcite. Thus, the ?otation was 
highly selective to scheelite and calcite was effectively 
depressed. 
On the other hand, when the amount of oleic acid 

collector was increased to 0.18 lb./ton, the ?otation ef 
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ficiency of scheelite decreased to 61.3 percent and the 
?otation efficiency of calcite increased to 32.7 percent. 
Thus, by doubling the amount of oleic acid, sufficient 
collector was present to ?oat calcite and also to reduce 
the recovery of scheelite. 
The effect of adding excessive collector was even 

more striking when the amount of oleic collector was 
tripled — to 0.27 lb./ton. In this case, ?otation effi 
ciency of scheelite was only 51.6 percent, as compared 
to the 76.2 percent efficiency when only 0.09 lb./ton 
oleic acid was used. The efficiency of calcite ?otation 
undesirably increased to 46.6 percent, approximately 
triple the efficiency of 15.5. percent when 0.09 lb./ton 
oleic acid was used. Thus, by using only 33 percent of 
this amount of collector, ?otation efficiency of schee 
lite was increased by about 50 percent and ?otation ef 
?ciency of calcite was decreased by about 300 percent. 
These results demonstrate the criticality of restricting 
the quantity of fatty acid collector when conditioning 
the slimey de?occulated pulp with a high energy input. 

EXAMPLE IV 

Tests were carried out to determine the effect of 
varying the amount of hydrosol used to disperse a tung 
sten ore pulp and to depress calcite on the relative ?oa 
tability of scheelite and calcite in the ore. 
The ore used was a sample of the same ore used in 

Example III (1.37 percent W03). In all cases, a freshly 
prepared ferrous sulfate-sodium silicate hydrosol (Ex 
ample II) was used (8 parts by weight “0” to 1 part by 
weight FeSO4.7l-I2O). The quantity of hydrosol used in 
the tests varied in amounts corresponding to 3, l 1 and 
14 lbs/ton “0”. All of the procedures and reagents of 
Example 11 were used. In all cases the collector was 

oleic acid (0.18 lb./ton). 
It was found that the ?otation efficiency of scheelite 

improved gradually as the quantity of hydrosol in 
creased from the equivalent of 3.0 lb./ton “O” (0.37 
lb./ton FeSO4.7_H2O) to 11.0 lb./ton “O” (1.37 lb./ton 
FeSO4.7H2O) and decreased slightly as the amount of 
hydrosol increased to 14.0 percent “0”. Thus, ?otation 
efficiency of scheelite was only 39.9 percent with 3 
lb./ton “0” whereas efficiency exceeded 60 percent at 
l 1 lb./ton “O”. Efficiency was 54.0 percent at 14 
lb./ton “O”. 

In contrast to the ?otation efficiency of scheelite 
which was increased by increasing the amount of hy 
drosol up to an optimum value of 11 lb./ton “O”, the 
?otation efficiency of calcite decreased sharply as the 
amount of hydrosol was varied within this range. When 
hydrosol was used in amount equivalent to 3 lb./ton 
“O”, ?otation efficiency of calcite was 82.5 percent, 
but with l 1.0 lb./ton “O”, the value was only 32.7 per 
cent. With the equivalent of 14 lb./ton “0", the ?ota 
tion efficiency of calcite increased to 42.5 percent. 

In other words, using 0.18 lb./ton oleic acid, scheelite 
was preferentially ?oated with the equivalent of 11.0 
lb./ton “0” but the ?otation was undesirably preferen 
tial to calcite when the amount of hydrosol was re 
duced to the equivalent of 3 lbs/ton “0”. When exces' 
sive hydrosol was used (14 lb./ton “O” for this ore 
pulp), the ?otation became less selective to scheelite. 

EXAMPLE V 

Tests were carried out with the scheelite ore of Ex 
ample II to demonstrate how variation in the cation of 
the salt used with sodium silicate to produce the hydro 
sol dispersant affects the relative ?otation efficiencies 
of scheelite, calcite and apatite in a low grade tungsten 
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ore when using high energy conditioning with a mini 
mal amount of oleic acid collector and to show that se 
lective ?occulation and ?otation of the scheelite with 
effective dispersion and depression of both calcite and 
apatite requires the use of a stable hydrosol free from 
coarse precipitate. 
To produce the hydrosols, a 1 percent solution of a 

metal salt was added with mixing to a solution of “O” 
sodium silicate previously diluted to 5 percent, as in 
Example I. The salts used were: FeSO4.7I-I2O; CoSO4.7 
H2O; CuSO4.5I-l2O; Pb(NO3)2; Be(NO3)2.3I-I2O; A12. 
(SO4)3.l8I-I2O. All hydrosols were used within an hour 
after preparation. In a control test a salt was not added 
to the diluted “0” brand. It will be noted that copper 
and lead salts has been suggested in the Clemmer pa 
tent (supra) as an agent for conditioning a tungsten ore 
before addition of sodium silicate to improve the selec 
tivity of a fatty acid collector for scheelite in ores con 
taining calcite and apatite. 

All hydrosols were prepared with an equivalent 
weight of metal cation. 

Portions of the ore were alkalized with soda ash and 
dispersed with hydrosols described in Table II before 
undergoing sulfide ?otation and scheelite ?otation as in 
Example I]. Concentrates were cleaned as in Example 
II. In the scheelite ?otation, conditioning was in the Fa 

14 
Data in Table II show that all of the hydrosols were 

more ef?cient in ?oating scheelite than sodium silicate 
was but that only the transition metal salts which pro 
duced extremely stable ?ne hydrosols (salts of iron, co 

5 balt) were superior to sodium silicate in depressing the 
?otation of both calcite and apatite. The beryllium salt 
improved the depression of calcite signi?cantly but not 
the apatite. It is interesting to note that two metal salts 
suggested in the prior art for use with sodium silicate 

10 in selectively ?oating scheelite from calcite and apatite 
improved the flotation of scheelite but both also im 
proved the ?otation of calcite and apatite and were 
therefore less effective than sodium silicate alone when 
used in my high energy conditioning process using a 

15 trace quantity of oleic acid collector. 
In order to demonstrate the economic advantage of 

using stable hydrosols in the ?otation of scheelite, as 
compared to sodium silicate or unstable hydrosols, the 
mineralogical constituents of the concentrates of Ex 

20 ample V (Table II) were computed from the assays and 
the theoretical grades of the concentrates after leach 
ing with hydrochloric acid, assuming 100 percent re 
moval of calcite and apatite could be achieved. The 
quantity of concentrated hydrochloric acid (I00 per 

25 cent) required to leach calcite and apatite were calcu 
lated. The results appear in Table III. 

TABLE III 

EFFECT OF HYDROSOL COMPOSITION ON THEORETICAL GRADE OF SCHEELITE 
CONCENTRATES 

AFTER ACID LEACHING AND AMOUNT OF ACID REQUIRED 

Hydrosol Composition 

Theoretical Upgrading of 
Concentrates After HCI 
Leach. W03 Percent 

HCI Theoretically Required 
to Leach, lh./tnn 

Salt Used ' Calcite Apatite Total 

None (control) 55.3 122 I2 I34 
FeSO4 70.3 1 4 5 
C0504 71.3 1 2 3 
Be( N03) 71.1 6 8 14 
CuSQ, 60.3 106 16 122 
Pb(NOa), 67.8 140 20 160 

gergren at 2700 r.p.m. for 15 minutes. The concen 
trates from the scheelite ?otation step were analyzed 
for W03, CO2 and P205. Recoveries of W03, CO2 and 
P205 were computed from these analyses and assays 
made on the head samples. Flotation ef?ciencies for 
scheelite, apatite and calcite then were computed using 
the formula described above, with an appropriate value 
for the grade of perfect separation for each constituent. 
Overall scheelite ?otation- ef?ciency was then com 
puted for each test from the following equation: 

' ‘Overall ef?ciency = 

F. E. scheelite + ( IOO — F. E. apatite) + (IOO—F.E. calcite) 

3 

, wherein “F. E.” represents ?otation ef?ciency. 

TABLE II 

50 

40 Data in Table III indicate that less than 1/10 of the, 
acid would be required to leach all calcite and apatite 
from the scheelite concentrates when using hydrosols 
of iron, cobalt or beryllium rather than sodium silicate 
to depress calcite and apatite and that, using such hy 

45 drosols, the products would be at least 15 percent 
higher in grade. While the grades of the leached con 
centrates would be from about 3 percent to 10 percent 
higher using hydrosols of copper and lead instead of 
straight sodium silicate, the grades would be lower than 
those obtainable with hydrosols of iron, cobalt or beryl 
lium; furthermore vastly more acid would be required 
with hydrosols of copper or lead. For example, using a 
hydrosol of iron instead of a hydrosol of lead, only l/32 

EFFECT OF COMPOSITION OF HYDROSOL DISPERSANT ON RELATIVE FLOTATION 
EFFICIENCIES OF 

SCHEELITE, CALCITE AND APATITE IN LOW GRADE TUNGSTEN ORE 
AND OVERALL EFFICIENCY OF SCHEELITE FLOTATION 

Overall Scheelite 
Flotation 

Hydrosol Composition Flotation Efficiency, ‘71 Efficiency, "/1 
Salt, 

Salt Used lbJton lb./ton Scheelite Apatite Calcite 

(Control) () 5.0 43.1 8.1 43.1 64.0 
FeSO,.5H,O 0.63 5.0 85.2 5.4 1.3 89.5 
CoSO4.7H2O 0.62 5.0 84.4 2.5 1.3 93.5 
Be(NO3)2.3H2O 0.42 5.0 81.8 9.2 4.6 89.3 
AI2(SO4)3.I 8H2O 0.50 5.0 70.8 9.9 * 80.5 
CuSO,.5H2O 0.55 5.0 48.7 10.9 72.2 55.2 
Pb(NO_-,)z 0.60 5.0 45.9 12.0 58.5 58.5 

‘CO2 not assayed in this concentrate 
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the amount of acid would be required. The use of 5 
lb./ton l-lCl with the iron hydrosol would represent, 
under current prices, a savings of $2.5/ton of concen 
trate over that acid required with straight sodium sili 
cate. 

EXAMPLE VII 

The outstanding efectiveness of a hydrosol obtained 
by adding a dilute ferric chloride to sodium silicate is 
demonstrated in this example. 
The hydrosol was prepared by adding a 1 percent so 

lution of FeCl3.6H2O to “O” diluted to 5 percent. The 
stable ?ve-grained hydrosol was used in amount equiv 
alent to 11 lb./ton “O” and 1.39 lbs/ton FeCl3.6l-l2O 
with 0.09 lb./ton oleic acid collector to ?oat scheelite 
from the ore of Example lll (1.37 percent W03 and 
4.14 percent C02). 
The procedure of Example III was followed and the 

results compared with those of a similar test in which 
the same amount of oleic acid was used with a hydrosol 
equivalent to l 1.0 lb./ton “0" and 1.39 lbs/ton 

FeCl3.6H2O. 
Using the hydrosol prepared with the ferric salt, ?o 

tation efficiencies of scheelite was 79.3 percent (69.5 
percent grade at a recovery of 84.3 percent). When the 
hydrosol was produced with the ferrous salt, ?otation 
efficiency was 76.2 percent (57.7 percent grade at a re 
covery of 81.2 percent). 

1 claim: 
1. A method for recovering scheelite by froth ?ota 

tion from a slimey low grade tungsten ore pulp contain 
ing calcareous minerals other than scheelite, such as 
calcite, apatite or ?uorite, and siliceous gangue which 
comprises agitating said ore pulp at a strongly alkaline 
pH for at least 5 minutes with an energy input of at least 
25 hp. hr./ton in the presence of a predetermined 
amount of a reagent capable of de?occulating the con 
stituents of the ore pulp, a predetermined amount of a 
source of polyvalent cations to depress calcareous min 
erals other than scheelite, and from 0.05 to 0.2 lb./ton 
of a fatty acid collector, said amount of fatty acid col 
lector being insufficient to produce a froth adequate 
for ?otation, whereby the scheelite is selectively ?oc 
culated in the de?occulated pulp, adding a synthetic 
organic frother having strong wetting power, and sub 
jecting a pulp thus conditioned to froth ?otation to re 
cover as a froth product a concentrate of the ?occu 
lated scheelite. 

2. The method of claim 1 wherein the frother is a 
fatty acid alkanolamide. 

3. A method for ?oating scheelite from a slimey low 
grade tungsten ore pulp containing calcareous minerals 
other than scheelite, including a substantial amount of 
calcite, and siliceous gangue which comprises: alkaliz 
ing said pulp with soda ash, de?occulating the alkalized 
pulp by adding a predetemiined quantity of a stable 
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preformed hydrosol obtained by mixing a dilute aque 
ous solution of an alkaline silicate with a dilute aqueous 
solution of salt containing polyvalent metal cations 
having the ability to depress calcite, selectively ?occu 
lating the scheelite by agitating said ore pulp at a pH of 
about 10 for at least 5 minutes with an energy input of 
at least 25 hp. hr./ton with from 0.05 to O.2lb./ton of 
a fatty acid collector, said amount of fatty acid being 
insufficient to produce a froth adequate for ?otation, 
and subjecting the resulting ore pulp to froth ?otation 
in the presence of a synthetic organic frother having 
strong wetting power so as to produce a froth product 
which is a concentrate of scheelite and a tailing prod 
uct. 

4. The method of claim 3 wherein the salt used in 
making the hydrosol is a ferrous salt. 

5. The method of claim 3 wherein the salt used in 
making the hydrosol is a ferric salt. 

6. The method of claim 3 wherein the salt used in 
making the hydrosol is a cobalt salt. 

7. The method of claim 3 wherein the ore pulp con 
tains sul?des which are ?oated from the pulp with a 
xanthate collector before the pulp is conditioned for 
?otation of the scheelite. 

8. The method of claim 7 wherein the ore pulp is de 
?occulated with said hydrosol before sul?des are 
?oated. 

9. The method of claim 3 wherein the fatty acid is 
oleic acid and the frother is a fatty acid alkanolamide. 

10. A method for recovering scheelite from a low 
grade ?nely mineralized tungsten ore containing as 
gangue appreciable amounts of calcite, siliceous miner 
als and sulfide minerals which comprise: grinding said 
ore to at least minus 6, mesh to liberate the scheelite, 
forming the ground ore into a pulp, adding soda ash to 
increase the pH of the pulp, de?occulating said pulp by 
incorporating therein a predetermined quantity of a 
preformed stable hydrosol prepared by mixing a dilute 
solution of alkaline sodium silicate with a dilute solu 
tion of a salt of a metal selected from the group consist 
ing of ferrous, ferric, cobalt and baryllium, the beryl 
lium, containing less than 2 percent SiO2 by weight, 
?oating sul?des from the pulp in the presence of a xan 
thate collector, conditioning the tailings of the sul?de 
?otation with a predetermined amount of oleic acid 
within the range of 0.05 to 0.2 lb./ton for a time in ex 
cess of 5 minutes with an energy input of at least 25 hp. 
hr./ton of ore in the pulp, and subjecting the condi 
tioned ore to froth ?otation at a pH of about 10 in the 
presence of a fatty acid alkanolamide frother. 

11. The method of claim 10 wherein the salt used in 
making the hydrosol is a ferric salt. 

12. The methodof claim 10 wherein the salt used in 

making the hydrosol is a ferrous salt. 
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