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THE AMENABILITY OP ARTILLERY PEAK MANGANESE ORE 
FROM MOHAVE COUNTY, ARIZONA, TO CONCENTRATION

CHAPTER I - INTRODUCTION
The Strategic Materials Act which became effective 

in June 1939 authorizes the Secretary of the Interior, 
through the United States Bureau of Mines and the United 
States Geological Survey, to investigate the potential
supply, production, and potential cost of essential metals

.  .and minerals for the National Defense program. The most
recent list of strategic materials, issued January 1940,
included the following nine metals and minerals: Antimony,
mercury, nickel, tin, tungsten, chromite, manganese ore
(ferro-grade), mica, and quartz crystals. To be listed as
strategic, a mineral or metal must be essential to national
defense and its supply in war dependence must be placed
wholly, or in most part, on sources outside the continental
boundaries of the United States. Strategic minerals and
metals are designated by the Secretaries of War, the Navy,
and the Interior, upon advice of the Army and Navy Munitions

(2) (3)Board. Roush classifies these strategic materials in three

1 Finch, J.W., Strategic Minerals Investigations, Procedure
Followed by tEe Bureau of Mines, p. 1. '

2 Pehrson, E.W., Strategic Mineral Procurement, p. 1.
3 Roush, G.A., Strategic Mineral Supplies, p. 29.
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groups: (1) Ferro-alloy; (2) Non-ferrous; and (3) Non-
metalllc. Manganese ore of the ferro-grade Is listed in 
group (1), which includes those minerals used extensively 
in the iron and steel industry.

Among the strategic metals mentioned, manganese is
one of the most important because large tonnages are
essential to the steel industry, and because domestic
possibilities of tonnage and grade are controversial.
With steel operations in the United States at full capacity
of approximately 80,300,000 tons, the annual requirements
for ferro-grade manganese ore would be approximately
1,375,000 short tons. There is no satisfactory substitute
for manganese in the steel industry, and no secondary
manganese available from scrap metal. The deficiency in
the supply of domestic manganese ore which contains at
least 48 per cent of manganese, 7 to 10 per cent of iron,
7 to 9 per cent of silica, and phosphorus ranging from
0.12 to 0.18 per cent, is well recognized. This type of
ore is known as ferro-grade manganese, and only this type(4)
of manganese ore has been designated as strategic. Appro
ximately 35,474 long tons of the exposed higher-grade 
manganese ore in Arizona were mined and shipped during

4 Dolbear, S.H., Development and Production of Domestic 
Supplies of Strategic and Critical Minerals, pp. 47-48. >
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(5)World War I. If the demand and price justified attempts
to mine similar ore today, the tonnage produced would
probably be less than the small tonnage produced from
1916 to 1918. The present problem, therefore, is to
devise a satisfactory method for the concentration of
the low-grade deposits which might possibly be developed.

The principal low-grade manganese deposits of Arizona
are in the southern portion of Mohave County, in the
Artillery Mountains and along the Colorado River south of

(6)Topock, according to Wilson and Butler. The Artillery
Peak deposit forms a portion of the Kingman district,
which investigators of the United States Bureau of Mines
list as containing 50,000,000 tons of manganese-bearing
material, the chief minerals being psilomelane, quartz,

(7)calcite, gypsum, and feldspar. The experimental work 
described in this paper employed samples of manganese ore 
from this district.

Several experimental and plant operations on mangan
ese ores deserve mention because of their possible appli
cation to the Artillery Peak ore.

5 Wilson, E.D., Manganese, p. 2.
6 Wilson, E.D., and Butler, G.M., Manganese Deposits in 

Arizona, p. 71.
7 Dean, R.S., DeVaney, F.D., and Coghill, W.H., Manganese; 

Its Occurrence, Milling, and Metallurgy, p. 168.
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An outstanding operation is being carried out on
(8)

Cuban ores by the Cuban-American Manganese Corporation.
Ore containing about 20 per cent of manganese, as oxides, 
is being concentrated to an average grade of 44 per cent 
of manganese by flotation methods. The flotation concen
trate after nodulizing averages 51 per cent of manganese.

(9)The process is based on the patents of Welnig, utilizing
soap, gas oil, quebracho extract and lime.

Ferruginous manganese slimes, the tailings from a
tabling operation, have been treated by flotation in the

(10)Cuyuna district of Minnesota. On heads containing 18 per
cent of manganese, concentrates containing 23 per cent of
manganese v/ere produced with an extraction of 40 per cent.
In this operation, sodium carbonate, oleic acid, pine oil,
and sodium silicate were used as reagents.

Investigators of the United States Bureau of Mines
have tested log-washer sludge for the extraction of psilo-

(11)melane at Embreeville, Tennessee. This sludge contained 
17.4 per cent of manganese and 44.7 per.cent of silica.

8 Horcross, F.S. Jr., Development of the Low-Grade Man
ganese Ores of Cuba, pp. 1-15.

9 Welnig, A.J.# Concentrating Manganese Ores.
10 Dean, R.S., DeVaney, F.D., and CoghilT, W.H., op. cit.,p . 68»
11 Staff of the Ore Testing Section, U.S. Bureau of Mines, 

Progress Report - Metallurgical Division, Ore Testing 
Studies 1956-37, pp. 108-110.
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It was found necessary to grind to minus 200-mesh for 
liberation- of the manganese mineral, and consequently 
slime formation was high. Using reagents of sodium 
hydroxide and oleic acid, in amounts of 2.0 and 1.5 
pounds per ton of ore, respectively, a product contain
ing 51.7 per cent of manganese and 8 per cent of silica 
was obtained with an extraction of over 90 per cent of 
the manganese. Careful control of the conditioning 
reagent was necessary to keep the silica content of the 
concentrate within reasonable limits. Other tests were 
carried out by these investigators on pyroluslte ores 
from Millard County, Utah, and on manganese-bearing sand 
from the vicinity of Memphis, Texas. These tests gave 
various grades of concentrates, none of which was a ferro- 
grade manganese product.

(12)In 1929 DeVaney and Clemmer successfully floated rho- 
dochrosite, the carbonate of manganese. When their tech
nique was applied to oxide manganese ores, however, 
satisfactory dispersion of the silica was not obtained; 
After many tests, however, an oxide ore containing 25.3 
per cent of manganese, and 54 per cent of insoluble, was 
concentrated to 56 per cent of manganese with an extraction

12 DeVaney, F.D., and Clemmer, J.B., Floating of Carbon
ate and Oxide Manganese Ores, pp. 506-5087
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of 91 per cent. Oleie acid was used as the promoting 
reagent, and sodium silicate and sodium carbonate for the 
dispersion of silica. Seating the pulp and the use of a
high pulp density gave beneficial results.

(13)Basmanov reported the successful treatment of slimes 
from a washing plant in the Chiaturi district, Russia, by 
flotation. The slimes were agitated for 10 to 15 minutes 
with sulfuric acid, with subsequent addition of sodium 
silicate, sodium oleate, and pine oil. On sized material 
of minus 100 plus 150 mesh, the use of 0.2 to 0.5 pound of 
sulfuric acid and 1.0 pound of sodium oleate per ton of 
slime resulted In the production of a concentrate contain
ing 48 per cent of manganese with an extraction of 96 
per cent. '

(14)Gaudin and Behrens describe the successful flotation 
of manganese dioxide from a carbonaceous ore of the 
Phillpsburg district, Montana. The problem involved the 
separation of the manganese oxides from quartz, silicates, 
calcite, dolomite, and magnesite. Four methods of concen
tration by flotation were tried: (1) A bulk float of the
manganese minerals; (2) The flotation of the silicates and

13 Basmanov, V.A. as given by Ralston, O.C., in Flotation 
and Agglomerate Concentration of Nonmetallio Minerals, 
pp. 19-20.

14 Gaudin, A.M., and Behrens, R.H., A Manganese Recovery 
Problem and Its Solution, pp. 40-42.
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carbonates, while depressing the manganese minerals;
(3) Depression of the manganese minerals and silica, 
while floating the carbonates, with the subsequent acti
vation and flotation of the manganese minerals; (4)
Bulk float of the manganese minerals and carbonates, with 
the subsequent depression of the manganese minerals and 
removal of the carbonates in a froth. Of these methods, 
the third appeared to be best. This report is especially 
Interesting because of the reagents employed. Oleic acid 
was found to be the most adaptable manganese mineral pro
moter, but carbonates were removed with greater selectivi
ty by the use of undecylic, palmic, and stearic acids.
Fuel oil, when used in a collective float, seemed to have 
a beneficial effect on the flotation of manganese minerals 
but rather large quantities were required. Sodium sili
cate was especially desirable because it not only depressed 
the gangue but also seemed to increase the floatability of 
the manganese dioxide. The addition of reducing agents, 
with the exclption of tartrates, dextrin, and citrates, 
assisted the flotation. Oxidizing agents such as potas
sium chlorate and chloride of lime depressed the manganese 
minerals. (15)

Metallurgists of the American Gyanamid Company have

15 American Gyanamid Company, Personal Communication.
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developed a fatty acid of vegetable origin, reagent 708, 
which haa shown considerable promise on the manganese ores 
tested. This reagent, in conjunction with fuel oil and on 
some ores, sodium hydroxide, has the merit of low cost as 
well as being a powerful promoter of manganese minerals. 
These investigators have found it desirable to add the 
reagents to the grinding circuit or to the thickened ore 
pulp prior to flotation at a pulp density of 18 to 25 per 
cent of solids. From three to four cleanings have been 
found necessary in order to obtain a marketable grade 
product. v

Several patents have been issued in the United States
concerning the flotation of manganese minerals.

(16)Weed proposed the use of oleic acid and kerosene col
loidally dispersed in water containing a proportion of 
triethanolamine soap compound. The colloidal dispersion 
is claimed to improve the reagent and ore contact, there
by giving a greater selectivity for the manganese minerals
and a lower.consumption of reagents.

(17)Arnold was granted patents on the use of heteropoly 
acids, such as phosphomolybdic and phosphotungstic for the 
activation of manganese oxides.

16 Weed, F., Flotation of Manganese Ores.
17 Arnold, G., Concentrating Ores by Flotation.
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Gutzelt*s patent covers the use of isopoly acids, 
sodium stannate, and sodium vandanate as activators of 
manganese oxides, with quebracho extract as a silica 
depressor.

Experimental work on the flotation of Southwestern
(19)

manganese ores has been limited. Blessing, in his inves
tigation of manganese-silver ores, had little success in 
floating the silver associated with manganese minerals. 
Oleic acid was of no advantage and mixed xylidines were 
not satisfactory collecting agents. No results were giv
en, however, on the manganese floated.(20)

Dean, DeVaney, and Coghill examined ores of the King- 
man District, Arizona. The high-grade sample tested con
tained 38.3 per cent of manganese, 1.6 per cent of iron, 
and 16.7 per cent of insoluble. Fractions were separated 
by sink and float methods. The ore sized between l/2 inch 
and 14-mesh showed no liberation of the gangue; 14 to 65- 
mesh material indicated a reduction of insoluble to 15.2 
per cent. The authors concluded that further crushing of 
this ore would give a higher grade concentrate if tabling

18 Gutzelt, G., Process for Concentrating Oxidized Ores 
by Means of Froth flotation7

19 Blessing, L.R., Experimental Work on Manganese Silver 
Ores, pp. 27-34.

20 Dean, R.S., DeVaney, F.D., and Coghill, W.H., op. cit., 
pp. 40-41.
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were practiced. The low-grade sample tested, which most 
closely approximated the Artillery Peak samples described 
In this thesis, contained 8.1 per cent of manganese, 2.3 
per cent of Iron, and 68.6 per cent of Insoluble. Flota
tion tests as well as sink and float tests were made. The 
authors concluded:

"....the results were unsatisfactory.
Concentrates were made, but their silica 
content was always high. From the ex
perimental work on the low-grade ore its 
concentration by present ore dressing methods appears hopeless."

(21)Halley described the results of tests made recently 
on a sample of manganese oxide ore from the Artillery Peak 
district. Oleic acid, Sherwood 407, kerosene, sulfur di
oxide, tannin, and Dupanol L.S. paste were the reagents 
employed. It was found that fine grinding was necessary 
for satisfactory extraction of the manganese minerals, and 
that regrinding the rougher concentrate before proceeding 
with cleaner flotation was beneficial. Employing a sample 
containing 12.9 per cent of manganese, and 64.8 per cent of 
insoluble, a concentrate was obtained containing 38.6 per 
cent of manganese with a total extraction of 70.5 per cent.

The possibilities of treating Artillery Peak ore com
prise hydrometallurgical methods, sink and float, magnetic

21 Halley, A.F., The Amenability of Some Arizona Mangan 
ese Ores to Concentration by Flotation, pp. 55-487
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separation, gravity separation, flotation, or combinations 
of these methods. The experimental work described in this 
paper is limited to flotation methods and to gravity con
centration by means of a table as it was believed these 
methods offered greater promise of success than other 
metallurgical methods.



12

CHAPTER II

MATERIALS AND EXPERIMENTAL PROCEDURES 

' ' MATERIALS
The samples of Artillery Peak ore and manganese

bearing rooks, which the writer has examined, vary
widely in manganese content. The manganese occurs as
wad, intimately mixed with detrital material, largely

(22)
sand and clay, impregnated with silica. The manganese 
content ranged from 2.4 to 14.6 per cent. Samples number 
1, 2, and 3, containing 2.4, 3.5, and 5.6 per cent of man
ganese respectively were not used in the experimental work 
because of their low manganese,content and in addition the 
results of the heavy liquid separation tests indicated 
that these samples would not be amenable to concentration 
by flotation or tabling.

Partial analyses of the ores tested are given in 
Table I.

22 Hunt, Charles, U.S.G.S., assigned to Strategic Miner
als Investigation, Personal Communication.
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Table I - Partial Analyses of Artillery Peak Samples

Sample
No.

Per cent 
Manganese

0 10,8 *
1 2.4
2 5.6
3 3.5
4 13.2
5 12.1
6 14.6

* This sample contained 70.0 per cent of Insoluble 
and 2.1 per cent of Iron. The other samples were 
assayed for manganese only.

" FLOTATION PROCEDURES
Two flotation cells were used for testing. Tests of 

100 or 200 grams were made in a 400-e.c. capacity, trans
parent flotation cell of the mechanical type, constructed 
of plastic material, built by Mr. F.S. Wartman of the 
United States Bureau of Mines staff. Larger tests, 500 
or 1000 grams, were made in a Denver Sub-A flotation cell. 
A single flotation test was made in a Fagergren cell and 
another in a Booth-Thompson cell.

TABLING
The investigation of gravity concentration methods on 

the Artillery Peak ore was done on a reconstructed 12 by
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24 inch Wilfley table. The table deck was constructed 
at the United States Bureau of Mines’ Southwestern Ex
periment Station and consisted of a linoleum surface out 
of which riffles were cut.

GRINDING
The largest pieces in the samples received:were 

approximately 6 inches. The samples were crushed by 
stage crushing to minus 10-mesh in a Braun chipmunk-type 
crusher, and ground to minus 20-mesh by stage grinding 
in a Braun pulverizer. Fine grinding was done in Abbe 
mills of different capacities, using various grinding 
media. The fine grinding procedure varied, the variations 
being noted In the test tabulations.

HEAVY LIQUID SEPARATIONS
Heavy liquid separations were made using acetylene 

tetrabromide as the heavy medium. Its specific gravity 
of 2.96 was found to be satisfactory for the separation 
of the manganese oxides from the gangue minerals. The 
minus 350-mesh material was removed before treatment be
cause its presence hinders separation of the fractions.
The plus 350-mesh material was separated by stirring the 
suspension, allowing the heavy material to settle, and 
then removing each fraction to a filter paper. The two 
fractions were then retreated to assure a nearly complete
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separation, and finally each was washed with benzene, 
dried, weighed, and assayed.

ANALYTICAL METHODS
For the determination of manganese, Volhard*s method

(25)
was used as given by Keffer.

. (24)
Insoluble determinations were made according to Low. 

(25)
Keffer*s rapid method was used for iron assays. 
Hydrogen-ion determinations were made using the 

LaMotte colorimetric indicators where possible, otherwise 
using an electrically operated glass-electrode type indi
cator.

23 Keffer, R., Methods in Non-Ferrous Metallurgical 
Analysis, p. 179.

24 Low, A.H., Technical Methods of Ore Analysis, p. 221.
25 Keffer, R., op. cit., p. 36.
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. : CHAPTER III

EXPERIMENTAL WORK ON FLOTATION OF 
ARTILLERY PEAK SAMPLES

Tests on Sample Containing 10.8 per cent of Manganese 
Heavy Liquid Separation

A heavy liquid separation, as described in Chapter 
II, was made on the plus 350-mesh portion of the sample 
to determine the degree of liberation of the manganese 
minerals after grinding to a size of minus 150-mesh. The 
results of the test appear in Table II.

Table II - Heavy Liquid Separation*

Weight
%

Manganese
%

Insoluble
i

% of total 
Manganese

Head 100.0 10.5** 70.0 100.0
Light
Fraction 81.4 3.7 88.0 28.6
Heavy
Fraction 18.6 40.3 25.5 71.4
* Grind - 5 per cent plus 150-mesh.

** Products assay.
Referring to Table II, it is evident that a concentrate 

of low insoluble content cannot be obtained on the plus. 350- 
mesh fraction of this sample. Assuming the minus 350-mesh 
fraction of this sample would show at least similar
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liberation, a concentrate containing 40.3 per cent of 
manganese with an extraction of 71.4 per cent is possible 
as far as liberation is concerned.

Promoter^
The use of oleic acid as a promoter for Artillery

(26)
Peak manganese minerals has been demonstrated by Halley. 
Oleic acid was used in this capacity in the investigation 
of the amenability of the manganese minerals to flotation 
in Tests 1-31, inclusive. The oleic acid was added as a 
water emulsion, stabilized with triethanolamine.

Series I - The Effect of Sulfur Dioxide
(27) :Halley concluded, "the presence of sulfur dioxide 

improves the separation of the manganese minerals from the 
siliceous gangue, and was particularly effective when added 
to the flotation cell during the conditioning period be
tween two additions of the promoter.” On tests of ore from 

.........  (28)the Bender Claim, Halley also found a pH of 7.6 “most satis
factory” for the flotation of manganese minerals.

A series of tests was made to determine the effect of 
sulfur dioxide, using sulfuric acid as a pH regulator.

26 Halley, A.P., op. cit., p. 52.
27 Ibid., p. 39.
28 Ibid., p. 17.
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DuPont frother B48 was used in each test as the frothing
reagent. The pulp density of the tests was 25 per cent
of solids, and the tests were made in the small flotation 

(29)
cell. Halley concluded, "a fine grind is essential for 
satisfactory recovery”; in each test the ore was ground 
to 5 per cent plus 150-mesh, using a single rod in the 
Abb& mill. The pulp was conditioned for 5 minutes in the 
flotation cell after the addition of each reagent.

The first test of this series was made to establish a 
basis of comparison. Oleic acid was:the only reagent used, 
this reagent being added to the flotation cell.

In the second test the pulp was conditioned in four 
stages using first, 2.0 pounds of oleic acid; second with
2.0 pounds of sulfuric acid; third with 1.0 pound of sul
fur dioxide; and fourth with 3.0 pounds of oleic acid per 
ton of ore. A total of 5.0 pounds of oleic acid was used 
per ton of ore.

The third test was the same as Test 2, but 2.0 pounds 
of sulfur dioxide were used per ton of ore.

The fourth test was the same as Test 3, but 3.0 pounds 
of sulfur dioxide were used per ton of ore.

In the fifth test the pulp was conditioned first, with
2.0 pounds of oleic acid; second with 2.0 pounds of sul
furic acid; third with 1.0 pound of sulfur, dioxide; and

29 Ibid., p. 53
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fourth with 1.0 pound of oleic acid per ton of ore. A 
total of 3.0 pounds of oleic acid was used per ton of 
ore.

In the sixth test the ore was conditioned first, with 
3.5 pounds of oleic acid; and second with 2.0 pounds of 
sulfuric acid.

In the seventh test the ore was conditioned first, 
with 0.5 pounds of oleic acid; second with 2.0 pounds of 
sulfuric acid; third with 1.0 pound of sulfur dioxide; 
and fourth with 3.0 pounds of oleic acid .per ton of ore.
A total of 3.5 pounds of oleic acid were used per ton of 
ore.

The eighth test was the same as Test 7, but 3.0 
pounds of sulfuric acid were used per ton of ore. . . •

In the ninth test the pulp was conditioned first, 
with 3.0 pounds of oleic acid; second with 3.0 pounds of 
sulfuric acid; third with 4.0 pounds of sulfur dioxide; 
and fourth with 4.0 pounds of oleic acid per ton of ore.
A total of 7.0 pounds of oleic acid was used per ton of 
ore.

In the final test of this series. Test 10, the pulp 
was conditioned first with 4.0 pounds of oleic acid; 
second with 2.0 pounds of sulfuric acid; third with 3.0 
pounds of sulfur dioxide; and fourth with 4.0 pounds of 
oleic acid per ton of ore. A total of 8.0 pounds of
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oleic acid was used per ton of ore.
The results of tests of Series 1 (Tests 1 to 10, 

inclusive) are given in Table III.

Table III - Series I*

Test
No.

Keagehts, ibs./ton
PH Per cent ManganeseOleic

Acid
Sulfur
Dioxide

Sulfuric
Acid

— IH “
Concentrate Extracted

1 5.0 - - - 19.6 45.0
2 5.0 1.0 2.0 7.4 19.5 52.0
3 5.0 2.0 2.0 7.4 19.5 55.0
4 5.0 3.0 2.0 7.4 18.2 72.0
5 3.0 1.0 2.0 7.4 16.6 57.0
6 3.5 — 2.0 7.2 21.1 44.6
7 3.5 1.0 2.0 7.6 16.6 63.0
8 3.5 1.0 3.0 7.2 19.2 37.0
9 7.0 4.0 3.0 7.2 17.8 57.0

10 . 8.0 3.0 2.0 7.2 18.5 46.0
Heads containing 10.8 per cent of Manganese.

Referring to Table III, the following conclusions may 
be drawn.

1. The presence of sulfur dioxide increases the ex
traction of manganese minerals but reduces the 
grade of concentrate. This conclusion is indi
cated by Tests 1, 2, 3, and 4; and 5, 6, and 7.
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2. The use of sulfuric acid In amounts over 2.0 
pounds per ton of ore decreases the extraction 
of manganese minerals. Tests 7 and 8 indicate 
this conclusion.

Series II - Effect of Grinding
The economics of treatment of low grade manganese 

deposits depends, to a large extent, upon the grinding 
necessary. In Series I of the tests on this sample the 
ore was ground to 5 per cent plus 150-mesh. The purpose 
of Series II is to investigate the effects of a finer 
grind.

In Series II the ore was pebble ground in a small 
Abb& mill to 2 per cent plus 150-mesh. The pulp density 
of each test was 25 per cent of solids, and the tests were 
made in the small flotation machine. DuPont frother B48 
was used as the frothing reagent. The pulp was conditioned 
in the flotation cell for 5 minutes after the addition of 
each reagent. Certain tests of Series I are included in 
the table of results for the purpose of comparison.

The first test of this series was Test 11. In this 
test the pulp was conditioned first, with 0.5 pound of 
oleic acid; second with 5.0 pounds of sulfuric acid; third 
with 1.0 pound of sulfur dioxide; and fourth with 5.0 
pounds of oleic acid per ton of ore, A total of 5.5 pounds 
of oleic acid was used per ton of ore. The conditions
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under which this test was performed were the same as those 
of Test 8, Series I, except for the fineness of grinding 
of the samples used.

In Test 12 the pulp was conditioned first, with 3.0 
pounds of oleic acid; second with 3.0 pounds of sulfuric 
acid; third with 4.0 pounds of sulfur dioxide; and fourth
with 4.0 pounds of oleic acid per ton of ore. A total of

:

7.0 pounds of.oleic acid was used per ton of ore. The' ' i
conditions under which this test was performed were the 
same as those of Test 9, Series I, except for the fineness 
of grinding.

In the final test of this series. Test 13, the pulp 
was conditioned first with 4.0 pounds of oleic acid; 
second with 2.0 pounds of sulfuric acid; third with 3.0 
pounds of sulfur dioxide; and fourth with 4.0 pounds of 
oleic acid per ton of ore. A total of 8.0 pounds of oleic 
acid were used per ton of ore. The conditions under which 
this test was performed were the same as.those of Test 10, 
Series I, except for the fineness of grinding.

The results of tests of Series II (Tests 11-13, in
clusive) are given in Table IV.
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Table IV - Series II*

Test
No.

Oleic
Acid
Lbs/ton

Sulfur
Dioxide
Lbs/ton

Sulfuric
Acid

Lbs/ton
Manganese in 
Concentrate, 

%

Manganese
Extracted,
.. &____i

8 3.5 1.0 3.0 19.2 37
11 3.5 1.0 3.0 19.5 57
9 7.0 4.0 3.0 17.8 57
12 7.0 4.0 3.0 21.7 64
10 8.0 3.0 2.0 18.5 46
13 8.0 3.0 2.0 23.1 67

* Head containing 10.8 per cent of manganese.

Referring to Table IV, the following conclusion is 
indicated!

The use of a slightly finer grind improves both the 
grade of concentrate and the extraction of manganese miner
als . Tests 8 and 11, 9 and 12, and 10 and 13 indicate this 
conclusion.

Series III - Effect of Various Pulp Densities
T50]

Halley has reported that an increased pulp density 
lowers reagent consumption, but also lowers the grade of 
manganese in the concentrate.

A series of tests was made to investigate the effect 
of various pulp densities on the flotation of this sample.

30 Ibid., p. 20.
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The samples used for testing were wet ground by graded 
grinding and wet screened through 150-mesh. In these 
tests tap water was used with the pH reduced to 7.0 by 
sulfuric acid addition, and DuPont frother B48 was used 
to give optimum frothing. The pulp was conditioned in 
the flotation cell for 5 minutes after the addition of 
each reagent. Certain teats of Series I are included in 
the table of results for the purpose of comparison.

The first test of this series was Test 14. A charge 
of 175 grams of ground ore, to give a dilution of about 
45 per cent of solids, was conditioned first, with 1.0 
pound of oleic acid; second with 1.0 pound of sulfur di
oxide ; and third with 2.0 pounds of oleic acid per ton of 
ore. A total of 3.0 pounds of oleic acid was used per ton
of ore. The sulfur dioxide.concentration was sustained at
1.0 pound per ton of ore.

Test 15 was the same as Test 14, but 200 grams of ore, 
to give a dilution of about 50 per cent of solids, were 
used.

In Test 16 a pulp containing 175 grams of ore was 
conditioned first, with 2.0 pounds of oleic acid; second 
with 1.0 pound of sulfur dioxide; and third with 3.0 pounds 
of oleic acid per ton of ore. A total of 5.0 pounds of 
oleic acid was used per ton of ore. The sulfur dioxide 
concentration was sustained at its original value.
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The final teat of this series. Test 17, was the same 
as Test 16, but 200 grams of ore, to give a dilution of 
about 50 per cent of solids, were used.

The results of tests of Series III (Tests 14-17, 
inclusive) are given in Table V.

Table V - Series III*

Test
No.

Pulp 
Density 
% Solids

Oleic
AcidLbs/ton

Sulfur
Dioxide
Lbs/ton

Manganese in 
Concentrate,

i

Manganese
Extracted,

■*
5 25 3 1 16.6 57

14 45 3 1 17.5 83
15 50 3 1 18.1 88
2 25 5 1 19.5 52
16 45 5 1 18.9 79
17 50 5 1 19.2 93

* Heads containing 10.8 per cent of manganese.

Referring to Table V, the following conclusions are 
indicated.

1. The use of increased pulp densities results in a 
greater extraction of manganese minerals. This 
conclusion is indicated by Tests 5, 14, and 15; 
and 2, 16, and 17.

2. The use of increased pulp densities results in a 
higher grade of concentrate, as evidenced by Tests 
5, 14, and 15; and 16 and 17.
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Series IV - Effect of Sodium Silicate
A series of tests was made to investigate the effect

of sodium silicate. This reagent is used as a depressant
(31)

of siliceous gangue minerals. The samples tested were wet 
ground by graded grinding and wet screened through 150- 
mesh. A pulp density of 45 per cent of solids was used.
Tap water was used with its pH reduced to 7.0 by sulfuric

-• „acid addition.
; .In the first test of this series. Test 18, the pulp 

was conditioned first, with 3.0 pounds of oleic acid; sec- 
ond with 5.0 pounds of sodium silicate; and third with 2.0 
pounds of oleic acid per ton of ore. A total of 5.0 pounds 
of oleic acid was used per ton of ore. The pulp was condi
tioned in the flotation cell for 5 minutes after the addi
tion of each reagent.

Test 19 was made in the same manner as Test 18, but 
a total of 10.0 pounds of oleic acid was used per ton of 
ore.

Test 20 was made in the same manner as Test 18, but
10.0 pounds of sodium silicate were used per ton of ore.

The final test of this series. Test 21, was made in 
the same manner as Test 20, but a total of 10.0 pounds of 
oleic acid was used per ton of ore.

31 Gaudin and Behrens, op. cit., p. 41
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The results of tests of Series IV (Tests 18-21, 
inclusive) are given in Table VI.

Table VI - Series IV*

Test 
: Ho.

Oleic
Acid
Lbs/ton

Sodium 
Silicate 
Lbs/ton .

Manganese in 
Concentrate,

Manganese
Extracted,

%
18 5 5 14.0 30
19 ' 10 5 21.9 81
20 5 10 14.0 24

. 21 . 10 10 21.0 63
* Heads containing 10.8 per cent manganese.

Referring to Table VI, the following conclusion is 
indicated:. ... ; v

Sodium silicate exercises a depressing effect on man
ganese minerals as well as siliceous gangue minerals. Its 
depressant effect on manganese minerals is overcome by in
creased amounts of promoting reagent. Tests 18 and 19; and 
20 and 21 indicate this conclusion.

Heavy Liquid Separations on Samples No. 4 and 5.
Heavy liquid separations, as described in Chapter II, 

were made on two additional samples of Artillery Peak man
ganese ore. The results of these tests appear in Table VII.
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Table VII - Heavy Liquid Separations

Sample
No.

Product Weight
%

Manganese % of total 
Manganese

4 Head 100.0 13.7* 100.0
Light
Fraction 64.9 5.0 23.0
HeavyFraction 35.1 30.0 77.0

5 Head 100.0 12.0* 100.0
LightFraction 76.2 5.4 34.3
HeavyFraction 23.8 33.0 65.7

* Products assay.

Referring to Table VII, the following conclusions may 
be made•

1. On sample number 4, assuming a similar liberation 
on the minus 350-mesh material, a concentrate con
taining 30.0 per cent of manganese with an extrac
tion of 77.0 per cent is possible as far as the 
liberation is concerned.

2. On sample number 5, assuming a similar liberation 
on the minus 350-mesh material, a concentrate con
taining 33.0 per cent of manganese with an extrac
tion of 65.7 per cent is possible as far as the 
liberation is concerned.

During the time in which this experimental work was 
being performed the United States Bureau of Mines was 
carrying on a campaign of exploration at the Artillery
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Peak deposit. From time to time samples were delivered 
for examination. As the material which had been used so 
far in these tests was being seriously depleted, it seemed 
wise to make a single large sample from some of these 
delivered samples which were of about the same chemical 
and physical composition. The remaining sample containing 
10.8 per cent of manganese was mixed with samples contain
ing 13.2 and 12.1 per cent of manganese, the latter show
ing similar possibilities in concentration by heavy liquid 
separations to that of the sample so far tested. The com
posite sample contained 11.9 per cent .of manganese, and 
was used in the tests of Series V - VIII, inclusive.

Tests on Sample Containing 11.9 per cent of Manganese.
Series V - Oleic Acid - Sulfur Dioxide

The first series of tests on this sample was made to 
determine the effect of oleic acid and sulfur dioxide. In 
this series the ore was wet ground by graded grinding and 
wet screened through 150-mesh. The Denver Sub-A flotation 
cell was used, and a pulp density of 50 per cent of solids 
was used in each test.

In the first test. Test 22, a charge of 1000 grams of 
ground ore was conditioned first, with 3.0 pounds of oleic 
acid; second, with 1.0 pound of sulfur dioxide; and third, 
with 2.0 pounds of oleic acid per ton of ore. A total of
5.0 pounds of oleic acid was used per ton of ore. The
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sulfur dioxide concentration was sustained at its original 
value.

In Test 23 the pulp was conditioned first, with 1.0 , 
pound of oleic acid; second, with 1.0 pound of sulfur di
oxide ; and third, with 2.0 pounds of oleic acid. A total 
of 3.0 pounds of oleic acid was used per ton of ore. The 
sulfur dioxide concentration was sustained at 1.0 pound ' 
per ton of ore.

Test 24 was the same as Test 23, the total amount of 
each reagent was the same but the amount of oleic acid 
added before and after;the sulfur dioxide addition differ
ed. The first addition of oleic acid was 0.5 pound and 
the second 2.5 pounds per ton of ore.

Test 25 was the same as Test 24, but one-half the 
oleic acid was added before the sulfur dioxide, and the 
remaining half after the sulfur dioxide.

Test 26 was the same as Test 25, but the first addi
tion of oleic acid was 2.0 pounds and the second 1.0 pound 
per ton of ore.

The results of tests of Series. V (Tests 22-26, in
clusive) are given in Table VIII.
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Table VIII - Series V*

Test
No.

Oleic
Acid
Lbs/ton

Sulfur
Dioxide
Lbs/ton

Manganese
Concentrate,

%

Manganese
Extracted,
.... f°.______

22 5.0 1.0 18.0 94.5
23 3.0 1.0 23.1 90.0
24 3.0 1.0 23.1 84.0
25 3.0 1.0 23.1 83.3
26 3.0 1.0 23.1 84.0

* Heads containing 11.9 per cent of manganese.

Referring to Table VIII, the following conclusions 
are indicated.

1. The use of an increased amount of oleic acid 
increases the recovery of manganese minerals, 
but decreases the grade of concentrate. This 
conclusion is indicated by Tests 22 and 23.

2. The manner of oleic acid addition causes little 
variation in the manganese extracted, the grade 
of concentrate remains the same. Tests 23, 24, 
25, and 25 indicate this result.

Series VI - Calclte Flotation 
(32) "" —

Halley concluded, "The calclte is more flotable than 
the manganese minerals...." This series of tests was made

32 Halley, A.F., op. cit., p. 28.
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in an effort to float the calcite first, thereby increas
ing the grade of the manganese concentrate.

The tests were made in the Denver Sub-A flotation cell 
using a pulp density of 50 per cent of solids. Tap water 
was used with its pH reduced to 7.0 by sulfuric acid addi
tion. Five minute conditioning stages were used.

In Test 27 the ore was wet ground by stage grinding 
and wet screened through 150-mesh. The pulp was condi
tioned first, with 0.2 pound of cottonseed oil soap; and 
second with 0.7 pound of DuPont frother B48 per ton of ore. 
After this conditioning the first concentrate was removed. 
The remainder of the pulp was then conditioned with 1.0 
pound of oleic acid; second, with 1.0 pound of sulfur di
oxide ; and third with 2.0 pounds of oleic acid per ton of 
ore. A total of 3.0 pounds of oleic acid was used per ton 
of ore.in .conditioning the remaining pulp. The sulfur di
oxide concentration was sustained at 1.0 pound per ton of 
ore in the second stage of flotation.

Test 28 was made in the same manner as Test 27, but 
but 0.1 pound of cottonseed oil soap was used per ton of 
ore.

The results of tests of Series VI (Tests 27 and 28) 
are given in Table IX.
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Table IX - Series VI*

Test
No.

Cottonseed 
oil soap 
Lbs/ton

Oleic
Acid
Lbs/ton

Sulfur
Dioxide
Lbs/ton

Manganese in 
Concentrate,

i

Manganese
Extracted,

i

27 0.2 3.0 1.0 1) 12.8 
2) 23.9

1) 28 
2) 68

28 0.1 3.0 1.0 1) 11.5
2) 22.5

1) 31
2) 64

* Heads containing 11.9 per cent of manganese.

Referring to Table DC, the following conclusion is 
indicated:

Both tests may be considered negative on account of 
the amount of manganese in the first concentrate, and there
fore calcium determinations were not made. These tests also 
indicated that cottonseed oil soap appeared to be a promoter 
of manganese minerals and seemed to warrant an investigat
ion of cottonseed oil soap as a reagent in the flotation 
of manganese.

Series VII - Comparison of Flotation Cells
1. Denver Sub-A Machine.

Liquid Capacity---------- 3140 cubic centimeters.
Surface Area at Spill Level—  31.5 square inches. 
99.7 cubic centimeters per square inch of sur
face.

2. Booth-Thompson Machine.
Liquid Capacity---------- 3600 cubic centimeters.
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Surface Area at Spill Level— 36.0 square inches.
100.0 cubic centimeters per square inch of sur
face.

3. Fagergren Machine.
Liquid Capacity--------- 3260 cubic centimeters .

■ Surface Area at Spill Level— 42.2 square inches.
: 85.8 cubic centimeters per square inch of sur

face.

Three similar tests were made to compare the flota
tion cells. The ore was graded ground on the pulverizer 
through 100-mesh and reground in the Abb4 mill for 30 min
utes. A pulp density of 50 per cent of solids was used in 
each test.

The following procedure was used in each test: The
pulp was conditioned first, with 2.0 pounds of oleic acid; 
second with 1.0 pound of sulfur dioxide; and third with
1.0 pound of oleic acid per ton of ore. A total of 3.0 
pounds of oleic acid was used per ton of ore. The sulfur 
dioxide concentration was sustained at 1.0 pound per ton 
of ore. The results of Tests 29, 30, and 31 appear in 
Table X. -



Table X - Series VII*

Test
No.

Flotation
Cell

Oleic
Acid
Lbs/ton

Sulfur
Dioxide
Lbs/ton

Manganese in 
Concentrate, 

%

Manganese
Extracted,

i

29 Denver 
Sub-A

3.0 1.0 19.0 89

30 Booth-
Thompson

' 3.0 1.0 18.1 57

31 Fager
gren

3.0 1.0 13.4 87

* Heads containing 11.9 per cent of manganese.

Referring to Table X, the following conclusion is 
indicated:

Using this particular procedure on this sample, the 
Booth-Thompson and Fagergren flotation cells do not match 
the performance of the Denver Sub-A machine.

Series VIII - Effect of Cottonseed Oil Soap
Cottonseed oil soap was investigated as a promoter of 

manganese minerals in this sample. The soaps are gener
ally nonselective as flotation reagents and they are 
usually used in conjunction with reagents acting as con
ditioners, and with depressants for gangue minerals.

The following series of tests was made to determine 
the effect of cottonseed oil soap with various reagents.
In each test the pulp was conditioned in 5 minute stages. 
Rods were used in the Abb6 mill as grinding media, and 
the grinding time standardized to give a 150-mesh product.
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Series VIII, Group 1 - Use of Sodium Silicate and X-l 
The use of sodium silicate as a depressant of sili

ceous gangue minerals has been demonstrated in this paper.
(32)

Mr. F.S. Wart man suggested the use of the Emulsol Corpora
tion’s reagent X-l as a reagent disperser.

Each test of this group was carried out in the same 
way. The pulp was conditioned in 5 minute stages first, 
with cottonseed oil soap; second with sodium silicate; 
and third with X-l. In each test 10.0 pounds of cotton
seed oil soap and 0.5 pound of sodium silicate-were used 
per ton of ore. In the first test, 0.1 pound of X-l was 
used per ton of ore. The amount of X-l was increased 0.1 
pound per ton of ore for each succeeding test. The results 
of Tests 32, 33, 34, 35, and 36 appear in Table XI.

Table XI - Series VIII, Group 1*

Test
No.

Soap
Lbs/ton

Sodium
Silicate
Lbs/ton

. X-l 
Lbs/ton

Manganese In 
Concentrate,

%

Manganese
Extracted,

%
32 10 0.5 0.1 18.1 69
33 10 0.5 0.2 18.1 57
34 10 0.5 0.3 19.8 69
35 10 0.5 0.4 19.8 86
36 10 0.5 0.5 19.8 81

* Heads containing 11.9 per cent of manganese.

32 Wartman, F.S., Associate Metallurgist, U.S.Bureau of
Mines Southwestern Experiment Station. Personal communication.
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Referring to Table XI, the following conclusion is 
indicated:

The use of X-l does not markedly influence flotation 
results, and its use would not he warranted in rougher 
flotation.

Series VIII, Group 2
Use of Sodium Silicate and Aerosol OTC3¥]

Mr. F.S. Wartman suggested the use of the American 
Cyahamid Company’s reagent Aerosol OT as a detergent.
This reagent was tested in conjunction with cottonseed 
oil soap and sodium silicate.

Each test of this group was carried out in the same 
manner. The reagents were added to the rod mill before 
grinding, and ground with the ore. The standard 150-mesh 
grind was used. In each test, 10.0 pounds of cottonseed 
oil soap and 0.5 pound of sodium silicate were used per 
ton of ore. In the first test 0.1 pound of Aerosol OT 
was used per ton of ore; the amount was increased 0.1 
pound per ton of ore for each succeeding test. The results 
of Tests 37, 38, 39, 40, and 41 appear in Table XII.

34 Ibid.
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Table XII - Series VIII, Group 2*

Test 
No.

Oleic
Acid
Lbs/ton

Sodium
Silicate
Lbs/ton

Aerosol
OTLbs/ton

Manganese in 
Concentrate,

zo
Manganese
Extracted,

$
37 10 0.5 0.1 18.1 85.5
38 10 0.5 0.2 18.9 87.5
39 10 0.5 0.3 18.9 89.0
40 10 0.5 0.4 18.1 90.0
41 10 0.5 0.5 18.5 90.6

* Heads containing 11.9 per cent of manganese.

Referring to Table XII, the following conclusions are 
indicated.

1. Increased amounts of Aerosol OT increase the re
covery of manganese minerals. Each test in this 
group indicates this conclusion.

2. These tests Indicate that Aerosol OT has little 
effect on the grade of the concentrate obtained.

Series VIII, Group 3 
Use of Sodium Silicate and Fuel Oil

The use of fuel oil in the flotation of manganese min-
(35)

erals has been reported by Gaudin and Behrens. A group of 
tests was made to test this reagent in conjunction with 
cottonseed oil soap and sodium silicate. In these tests

35 Gaudin and Behrens, op. cit., p. 41
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the reagents were added, to the rod mill, and the charge 
ground to minus 150-mesh.
. ;In the first test of this group. Test 42, the reag
ents were 10.0 pounds of cottonseed oil soap, 0.5 pound J 
of sodium silicate, and 5.0 pounds of fuel oil per ton of 
ore.

Test 43 was the same as Test 42, but 7.5 pounds of 
cottonseed oil soap were used per ton of ore.

Test 44 was the same as Test 43, but 10.0 pounds of 
fuel oil were used per ton of ore.

Test 45 was the same as Test 43, but 15.0 pounds of 
fuel oil were used per ton of ore.

In Test 46, 5.0 pounds of cottonseed oil soap, 0.5 
pound of sodium silicate, and 5.0 pounds of fuel oil were 
used per ton of ore. ’ -

Test 47 was the same as Test 46, but 10.0 pounds of 
fuel oil were used per ton of ore. '

Test 48 was the same as Test 47, but 15.0 pounds of 
fuel oil were used per ton of ore.

The results of tests of Series VIII, Group 3 (Tests 
42-48, inclusive) are given in Table XIII.



Table XIII - Series VIII, Group 3»

Test
No.

Cottonseed 
Oil Soap 
Lbs/ton

Sodium
Silicate
Lbs/ton

Fuel
OilLbs/ton

Manganese in 
Concentrate, 

$

Manganese
Extracted,

i

42 10.0 0.5 5.0 19.2 88.2
43 7.5 0.5 5.0 18.9 88.0
44 7.5 0.5 10.0 19.8 84.5
45 7.5 0.5 15.0 20.6 84.0
46 5.0 0.5 5.0 20.6 69.0
47 5.0 0.5 10.0 20.6 77.0
48 5.0 0.5 15.0 21.4 74.0

% Heads containing 11.9 per cent of manganese.

Referring to Table XIII, the following conclusions 
are indicated.

1. Increased amounts of fuel oil raise the grade of 
concentrate slightly. This conclusion is indi
cated by Tests 43, 44, and 45; and 46, 47, and 48.

2. The use of decreased amounts of cottonseed oil 
soap, with the same amount of fuel oil, decreas
es the recovery of manganese. This conclusion 
is indicated by Tests 42 and 43, 43 and 46, 44 
and 47, and 45 and 48.

Series VIII, Group 4 - Use of Quebracho Extract
The use of quebracho extract as a silica disperser
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(36)
has been patented by Gutzelt.

A group of tests were made to Investigate the use of 
this reagent In conjunction with cottonseed oil soap.
The reagents were added to the rod mill and ground with 
the ore. The standard 150-mesh grind was used. In each 
test of this group 10.0 pounds of cottonseed oil soap 
per ton of ore were used as the promoter of manganese
minerals. ...

In the first test of this group. Test 49, 0.1 pound 
of quebracho extract was used per ton of ore.

In Test 50, 0.5 pound of quebracho extract was used 
per ton of ore.

In Test 51, 1.0 pound of quebracho extract was used 
per ton of ore.

In Test 52, 2.0 pounds of quebracho extract were 
used per ton of ore.

In the final test of this group. Test 53, 5.0 pounds 
of quebracho extract were used per ton of ore.

The results of tests of Series VIII, Group 4 (Tests 
49-53, inclusive) are given in Table XIV.

36 Gutzelt, G ., op. cit.
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Table XIV - Series VIII, Group 4*

Test
No.

Cottonseed 
Oil Soap 
Lbs/ton

Quebracho
Extract
Lbs/ton

Manganese in 
Concentrate,

io

Manganese
Extracted,

io

49 10 0.1 18.1 85.5
50 10 0.5 18.6 85.0
51 ... 10 1.0 19.8 83.5
52 10 2.0 19.8 67.5
53 10 5.0 19.8 50.5
Heads containing 11.9 per cent of manganese.

V Referring to Table XIV, the following conclusions 
are indicated.

1. Increased amounts of quebracho extract cause a , 
decrease in the recovery of the manganese min
erals. Each test in Group 4 indicates this 
conclusion.

2. Quebracho extract, when used in amounts over 1.0 
pound per ton of ore, has a depressant effect on 
both manganese minerals and gangue. This con
clusion is indicated by Tests 52 and 53.

The ore sample used in the previous tests was deple
ted. A new sample from the same district of about the same 
grade and physical structure was prepared in the same manner 
as the previous samples. The following tests were made on 
this new sample, which contained 14.6 per cent of manganese 
and was labeled No. 6.
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Heavy Liquid Separation on Sample No. 6 
A heavy liquid separation, as described in Chapter 

II, was made on the sample containing 14.6 per cent of 
manganese. The results of this test appear in Table XV.

Table XV - Heavy Liquid Separation on Sample No. 6

Weight
£

Manganese
fo

% Total Manganese
Head 100.0 14.6 100.0

Light
Fraction 38.8 4.4 21.8

Heavy
Fraction 15.7 39.0 78.2

Minus
350-mesh 45.5 14.8 -

Referring to Table XV, assuming a similar separation 
on the minus 350-mesh material, a concentrate containing
39.0 per cent of manganese with an extraction of 78.2 per 
cent is possible as far as the liberation is concerned.

Flotation Tests on Sample Containing 14.6 per cent of
Manganese

Series DC - Comparison of An Oleic Acid 
Emulsion and Pure Oleic Acid 

A series of tests was made to compare the effect of 
pure oleic acid and an emulsion consisting of 5 parts of 
oleic acid, 5 parts fuel oil, 1.5 parts X-l, and 100 parts
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water, as promoters of manganese minerals. In each test 
the reagents were added to the grinding mill and ground 
with the ore. The standard 150-mesh grind was used in 
each test.

In the first test. Test 54, 5.0 pounds of pure oleic 
acid were used per ton of ore.

In Test 55, 5.0 pounds of oleic acid in emulsion form 
were used per ton of ore.
1 A third test, Test 56, was made, the reagents being 
pure oleic acid 3.0 pounds, fuel oil 1.0 pound, and sodium 
silicate 0.5 pound per ton of ore.

Test 57 was the same as Test 56, but 3.0 pounds of 
oleic acid in emulsion form were used per ton of ore.

Test 58 was the same as Test 57, but 5.0 pounds of 
pure oleic acid were used per ton of ore.

Test 59 was the same as Test 58, but 5.0 pounds of 
oleic acid in emulsion form were used per ton of ore.

The results of tests of Series DC (Tests 54-59, in
clusive) are given in Table XVI.
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Table XVI - Series IX*

Test
Ho.

Pure
Oleic Acid 
Lbs /ton

Oleic AcId 
Bmulsion 
Lbs/ton

Fuel
OilLbs/ton

Sodium
Silicate
Lbs/ton

%Manganese
Gone. Rec.

54 5.0 — m. 21.0 35
55 •• 5.0 — e- 21.0 35
56 3.0 — 1.0 0.5 19.5 40
57 3.0 1.0 0.5 17.2 33
58 5.0 1.0 0.5 21.0 59
59 — 5.0 1.0 0.5 21.0 49

* Heads containing 14.6 per cent of manganese.

Referring to Table XVI, the following conclusions are 
indicated. ....

1. When used without other reagents, the two promoters 
act similarly, as shown by Tests 54 and 55.

2. In the presence of fuel oil and sodium silicate, 
pure oleic acid gives more satisfactory results 
than the emulsion. This conclusion is indicated 
by Tests 56 and 57, 58 and 59.

Series X - The Effect of Sodium Oleate
A series of tests was made to Investigate sodium oleate 

as a promoter of the manganese minerals in this sample.
The tests were carried out in the same manner as Series IX. 
In each test 1.0 pound of fuel oil and 0.5 pound of sodium 
silicate were used per ton of ore.
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In the first test. Test 60, 5.0 pounds of sodium 
oleate were used per ton of ore. _

In Test 61, 10.0 pounds of sodium oleate were used 
per ton of ore.

In Test 62, 15.0 pounds of sodium oleate were used 
per ton of ore.

The results of tests of Series X (Tests 60-62, in
clusive) are given in Table XVII.

Table XVII - Series X*

Test
No.

Sodium
Oleate
Lbs/ton

Fuel
Oil

Lbs/ton
Sodium
Silicate
Lbs/ton

Manganese in 
Concentrate,

%

Manganese
Extracted

%
60 5.0 1.0 0.5 20.2 43.0
61 10.0 1.0 0.5 21.7 53.5
62 15.0 1.0 0.5 24.0 68.5

* Heads containing 14.6 per cent of manganese.

Referring to Table XVII, the following general con
clusion may be drawn:

For the particular ore sample tested and the reagent 
combination used, sodium oleate is not a satisfactory pro 
moter of manganese minerals. Large amounts give better 
results, but the use of these amounts is not warranted.
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Series XI - The Effect of Cottonseed Oil Soap
A series of tests was made to investigate the effect 

of cottonseed oil soap as a promoter of the manganese min
erals in this sample.

Group 1 - Effect of Cottonseed Oil Soap When 
Added to Various Parts of the Circuit

A group of six tests was made to investigate the 
effect of soap additions in.various parts of the circuit. 
The ore was wet ground in a small Abb6 mill using rods as 
the grinding media. The ore was ground to 150-mesh for 
each test.

In the first test of this group. Test 63, all reag
ents were added to the rod mill. The reagents were 15.0 
pounds of soap, 0.5 pound of quebracho extract, 0.5 pound 
of fuel oil, and 0.3 pound of X-l per ton of ore.

In the second test of this group. Test 64, 20.0 
pounds of soap per ton of ore were added to the mill, 
along with the other reagents, which were the same as 
Test 63. When flotation was almost complete an addition
al 1.0 pound of soap per ton of ore was added to the flo
tation cell.

In Test 65, 10.0 pounds of soap per ton of ore were 
added to the rod mill, the other reagents being the same 
as Test 64. An additional 5.0 pounds of soap per ton of 
ore were added to the flotation cell juat before flotation.



48

Test 66 was similar to Test 65, but the final addi
tion of soap was made near the end of the flotation.

Test 67 was similar to Test 66, but 5.0 pounds of 
soap per ton of ore were added to the mill instead of 
10.0.

In Test 68 no soap was added to the mill but the 
other reagents were the same as Test 67. Before floating,
10.0 pounds of soap per ton of ore were added to the cell, 
and near the end of flotation an additional 5.0 pounds of 
soap per ton of ore were added to the cell.

The results of tests of Series XI, Group 1 (Tests 
63-68, inclusive) are given in Table XVIII.

Table XVIII - Series XI, Group 1»

Test
No.

Total Soap 
Lbs/ton

Manganese in 
Concentrate,

Manganese
Extracted,

%

63 15.0* ** 24.0 79.0
64 21.0 24.0 91.5
65 15.0 21.7 94.5
66 15.0 21.0 94.7
67 10.0 21.7 90.5
68 15.0 18.8 94.5

* Heads containing 14.6 per cent of manganese.
Other reagents were the same for each test. They were:
0.5 pound of fuel oil, 0.5 pound of quebracho extract, 
and 0.3 pound of X-l per ton of ore, and were added to 
the grinding mill.
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Referring to Table XVIII, the following conclusions 
are indicated.

1. Each test of this group indicates cottonseed oil 
soap to be a powerful promoter of manganese min
erals .

2., The addition of a portion of the soap to the flo
tation cell gives a greater extraction of mangan
ese minerals than when all the soap is added to 
the mill. This conclusion is indicated by com
paring Test 63 with Tests 65, 66, and 68.

3. The addition of all the soap to the grinding 
mill lowers the extraction of manganese minerals, 
but increases the grade of concentrate obtained. 
This conclusion is indicated by comparing Test 63 
with Tests 65, 66, and 68.

4. Whether the second addition of soap" is made 
before flotation or near the end of flotation, 
there is little effect on the products. This 
conclusion is indicated by Tests 65 and 66.

5. The use of 21.0 pounds of soap per ton of ore 
gives the most satisfactory flotation results. 
This conclusion is indicated by comparing Test 
64 with the other tests of this group.
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Series XI, Group 2 - Use of Acidulated, Resaponified
Cottonseed Oil Soap

Flotation tests of this group were made to investi
gate the promoting properties of acidulated, resaponified 
cottonseed oil soap, the form in which cottonseed oil soap 
would be used in mill practice. In each test the ore was 
ground to 150-mesh. Tests 69-73, Inclusive, were made in 
the small flotation cell; Tests 73-80, inclusive, were 
made in the Denver Sub-A machine.

In the first test of this group. Test 69, 15.0 pounds 
of the soap, 1.0 pound of fuel oil, and 0.5 pound of que
bracho extract per ton of ore were added to the grinding 
cell and ground with the ore.

Test 70 was the same as Test 69, except that 10.0 
pounds of soap per ton of ore were added to the grinding 
mill and 5.0 pounds of soap per ton of ore were added to 
the flotation cell.

Test 71 was the same as Test 70, but 10.0 pounds of 
soap per ton of ore were added to the grinding mill.

In Test 72 the reagents were the same as Test 70, but
7.0 pounds of soap per ton of ore were added to the grind
ing mill and 3.0 pounds per ton of ore to the flotation 
cell.

In Test 73, 4.0 pounds of soap and 1.0 pound of fuel 
oil per ton of ore were added, to the grinding mill, and an 
additional 2.0 pounds of soap per ton of ore were added to
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the flotation cell.
In Test 74, the soap additions were the same as 

Test 73, but 5.0 pounds of fuel oil per ton of ore were 
added to the grinding mill.

Test 75 was similar to Test 74, but 5.0 pounds of 
sodium hydroxide per ton of ore were added to the grinding 
mill. The pH of the pulp at the beginning of this test 
was 11.0, and this pH was sustained throughout the test.

In Test 76 the reagents added to the grind cell were
4.0 pounds of soap, 5.0 pounds of fuel oil, and 2.0 pounds 
of sodium hydroxide per ton of ore. An additional 3.0 
pounds of soap were added to the flotation cell. The pH 
of the pulp at the beginning of the test was 8.8.

Tests 77, 78, 79 and 80 of this group were duplicates 
of Test 76.

The results of tests of Series XI, Group 2 (Tests 69- 
80, inclusive) are given in Table XIX.



Table XIX - Series XI, group 2#

Test
No.

Total
Soap

Lbs/ton
“Fuel-
oilLbs/ton

Que
bracho
Lbs/ton

Ha OH 
Lbs/ton

Manganese
in Cone.

%
Ext #
%

69 15 1 0.5 21.0 96.5
70 15 1 0.5 m. 21.0 96.5
71 10 1 0.5 — 23.2 76.0
72 10 1 0.5 22.5 94.0
73 6 1 e* — 30.0 75.0
74 6 5 — — 26.7 87.0
75 6 5 «• 5.0 22.5 92.0
76 7 5 - 2.0 29.2 85.0
77 7 5 2.0 28.2 85.0
78 7 5 2.0 28.6 86.0
79 7 5 2.0 28.1 86.0
80 7 5 - 2.0 27.4 87.0

* Heads containing 14.6 per cent of manganese.

Referring to Table XIX, the following conclusions are 
indicated.

1. Each test of this group indicates acidulated, re
saponified cottonseed oil soap to be a powerful 
promoter of manganese minerals.

2. When large amounts of the soap, 15.0 pounds per 
ton of ore, are used the method of its addition 
does not affect flotation results. This
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conclusion is indicated by Tests 69 and 70.
3. When smaller amounts of soap, 10.0 pounds per 

ton of ore, are used its method of addition 
affects flotation results. Adding a portion of 
the total to the grinding circuit and the remain
der to the flotation cell gives beneficial re
sults. This conclusion is indicated by Tests 71 
and 72.

4. The use of Increased amounts of fuel oil lowers 
slightly the manganese value of the concentrate, 
but increases the manganese recovery. This con
clusion is indicated by Tests 73 and 74.

5. The use of sodium hydroxide decreases the mangan
ese content of the concentrate, but Increases the 
recovery of manganese minerals. This conclusion 
is indicated by Tests 74 and 75.

6. The use of increased amounts of soap and a decrease 
in the amount of sodium hydroxide results in a 
lower extraction of manganese minerals, but an in
crease in the grade of concentrate. This conclu
sion is indicated by comparing Test 75 with Tests 
76, 77, 78, 79, and 80.
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Series XII - Gleaner Flotation 
Series XII, Group 1 - Single Stage Gleaner 

Several tests were made in an effort to determine the 
most satisfactory reagent combination and procedure for 
the cleaner flotation of rougher concentrates. The clean
er tests of this group were made on the rougher concen
trates of Tests 77, 78, 79, and 80 of Series XI, Group 2.
Each cleaner test was made on an individual rougher con- 

(37)
centrate. Halley concluded that regrinding of the rougher 
concentrate before proceeding with cleaner flotation im
proves the grade of concentrate obtained. For regrinding, 
the rougher concentrate was returned to the large Abb6 
mill and the cleaner reagents were also added. The clean
ing tests were made in the Denver Sub-A machine. The 
reagents added to the cleaner flotation are based on the 
original head of 1000 grams.

In the first test of this group. Test 81, the rougher 
concentrate of Test 77, Series XI, Group 2, was reground 
for 20 minutes with no reagent addition.

In Test 82 the rougher concentrate of Test 78, Series 
XI, Group 2, was reground 20 minutes with 2.0 pounds of 
sodium silicate per ton of ore.

In Test 83 the rougher concentrate of Test 79, Series

37 Halley, A.F., op. cit., p. 47
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XI, Group 2, was reground for 20 minutes with 2.0 pounds 
of sodium silicate and 1.0 pound of acidulated, resaponi
fied cottonseed oil soap per ton of ore.

In Test 84 the rougher concentrate of Test 80, Series 
XI, Group 2, was reground for 40 minutes with the same 
reagents as Test 83.

The results of tests of Series XII, Group 1 (Tests 
81 to 84, inclusive) are shown in Table XX.

Table XX - Series XII, Group 1

Test
No.

% Manganese 
in Rougher 
Concentrate

Clean. Reagents Regrlnd Time in 
Minutes

% Manganese
Soap

Sodium
Silicate

Clean.
Cone.

Ext.*
Total

81 28.2 m. ' — 20 33.7 69
82 28.6 2.0 20 34.7 71
83 28.1 1.0 2.0 20 32.3 81
84 27.4 1.0 2.0 40 36.2 73

* This does not include manganese in the cleaner tailing.

Referring to Table XX, the following conclusions are 
indicated.

1. The use of sodium silicate in the cleaner flota
tion increases both grade of cleaner concentrate 
and recovery of manganese minerals. This conclu
sion is indicated by Tests 81 and 82.

2. The addition of soap to the cleaner flotation in
creases the recovery of manganese minerals but 
decreases the grade of cleaner concentrate. This 
conclusion Is indicated by Tests 82 and 83.
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3. Increasing the time of regrinding the rougher
concentrate results in a decrease in the extrac
tion of manganese minerals, but an increase in 
the grade of concentrate. This conclusion is 
indicated by Tests 83 and 84.

Series XII, Group 2 - Two Stage Cleaner
Three two-stage cleaner tests were made. The first 

cleaner concentrate was obtained in the same manner as 
Test 84.

In the first test of this group. Test 85, the cleaner 
concentrate was ground 20 minutes with no reagent addition.

Test 86 was the same as Test 85, except that 1.0 
pound of acidulated, resaponified cottonseed oil soap per 
ton of concentrate was added to the grinding mill.

The final test of this group. Test 87, was the same 
as Test 86, but 1.0 pound of sodium silicate per ton of 
concentrate was also added to the grinding mill.

The results of tests of Series XII, Group 2 (Tests 
85 to 87, inclusive) are given in Table XXI.



Table XXI - Series XII, Group 2

% Manganese 2nd Cleaner %  M a n g a n e s e
Test
No.

in 1st 
Cleaner 

Concentrate
Regrind 
time in 
Minutes

Rea
Lbs

Soap
gents 
/ton 
Na Sil.

2nd
Clean.
Cone.

Ext *, 
Total*

85 35.6 20 — — 37.4 42
86 33.4 20 1.0 36.0 70
87 55.7 20 1.0 1.0 38.8 62

*  T h i s  d o e s  n o t  i n c l u d e  t h e  m a n g a n e s e  i n  t h e  t w o  c l e a n e r  
t a i l i n g s .

Referring to Table XXI, the following conclusions are 
indicated.

1. The addition of soap to the second stage cleaning 
operation increases the recovery of manganese 
minerals. This conclusion Is Indicated by Tests 
85 and 86•

2. The addition of sodium silicate to the second 
stage cleaning operation increases the grade of 
concentrate, but decreases the recovery of man
ganese minerals. This conclusion is indicated 
by Tests 86 and 87.

3. These tests could not be considered satisfactory. 
The small increase in grade of concentrate would 
not warrant the additional expense involved.
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CHAPTER IV - GRAVITY CONCENTRATION

To investigate the amenability of Artillery Peak man
ganese ore to concentration by gravity methods, table tests 
were made on the machine described in Chapter II. These 
tests were made in an effort to obtain a finished concen
trate, a tailing product which could be discarded, and a 
middling product amenable to concentration by flotation. 
Four tests were made on the sample containing 11.9 per 
cent of manganese, and one test on the sample containing 
14.6 per cent of manganese.

The first test of this series, Test 88, was made on 
the sample containing 11.9 per cent of manganese. The 
sample was ground through 20-mesh by stage crushing and fed 
to the table at the rate of 80 grams per minute.

Test 89 was the same as Test 88, but a smaller amount 
of concentrate was recovered, and a relatively larger 
amount of middling product was obtained.

In Test 90 the sample containing 11.9 per cent of man
ganese was ground by stage grinding through 100-mesh and 
fed to the table at the rate of 80 grams per minute.

Test 91 was the same as Test 90, but the ore was fed 
to the table at the rate of 150 grams per minute. No 
attempt was made to separate the middling and tailing 
product.
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In the final table test. Test 92, the sample contain
ing 14.6 per cent of manganese v/as ground by stage grind
ing through 100-mesh and fed to the table at the rate of 
60 grams per minutes.

T h e  r e s u l t s  o f  t h e  t a b l e  t e s t s  a r e  g i v e n  i n  T a b l e
XXI.

T a b l e  XXI - T a b l e  T e s t s

T e s tNo. Head 
% M n Grind

FeedR a t e
% M a n g a n e s e ^ Extraction

G o n e . M i d d . T a l l . G o n e . M i d d . T a i l .
88 11.9 -20 80 15.9 6.6 8.2 74 16 10
89 11.9 -20 80 34.7 12.9 5.6 23 58 19
90 11.9 -100 80 37.9 11.0 4.6 36 46 18
91 11.9 -100 150 38.8 8.6 38 62
92 14.6 -100 60 40.5 21.9| 9.0 27 30 43

Referring to Table XXI, the following conclusions may
be made.

1. The concentrates obtained in these tests were not 
sufficiently high in manganese to meet govern
ment specifications for ferro-grade manganese, 
and therefore could not be considered finished.

2. The tailing products of these tests contained 
such a large amount of manganese, and represented 
a considerable portion of the total manganese 
present, and therefore could not be economically 
discarded.
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3. Referring to Test 89, it is possible, at 20-mesh, 
to obtain about one-quarter of the manganese in 
a table concentrate as high grade as that obtain
ed by flotation, grinding to 150-mesh and using 
one stage cleaning.

FLOTATION OF TABLE PRODUCTS
Five tests were made to investigate the amenability 

of certain table products to concentration by flotation. 
Tests 93 and 94 were made on the combined middling and 
tailing product of Test 91, which contained 8.6 per cent 
of manganese. Tests 95, 96, and 97, were made on the mid
dling product of Test 89, which contained 12.9 per cent of 
manganese. In each test a pulp density of 50 per cent was 
used.

In the first test. Test 93, the small flotation cell 
was used and the pulp was conditioned in five minute stages 
after each reagent addition. The reagents used were first
1.0 pound of oleic acid; second, 1.0 pound of sulfur di
oxide ; and third, 1.0 pound of oleic acid per ton of ore.

Test 94 was the same as Test 93, but the table prod
uct was ground in the Abb4 mill for 20 minutes before 
flotation.

In Test 95 the table product was ground from 20-mesh 
to 100-mesh in the small Abb4 mill. The reagent additions 
were similar to Test 94, but the first addition of oleic
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acid was 2.0 pounds per ton of ore. A total of 3.0 pounds 
of oleic acid was used per ton of ore.

Test 96 was the same as Test 95, but 0.1 pound of X-l 
was included in the third stage of conditioning.

In Test 97 the table product was ground from 20 to 
100-mesh in the large Abb4 mill, and The Denver Sub-A 
cell was used for flotation.- The pulp was conditioned in 
5 minute stages using first, 10.0 pounds of cottonseed oil 
soap; and second 0.5 pound of X-l per ton of ore.

The results of flotation tests of table products are 
given in Table XXII.

Table XXII - Flotation of Table Products

Test
No.

Mn
Oleic
Acid
Lbs/ton

Sulfur
Dioxide
Lbs/ton

Soap
Lbs/
ton

r=r-
Lbs/
ton

Manganese in 
Concentrate,

%

Manganese
Extracted

< *
93 8.6 2.0 1.0 m. 14.3 58.0
94 8.6 2.0 1.0 — — 14.3 63.0
95 12.9 3.0 1.0 — •» 19.0 69.0
96 12.9 3.0 1.0 — 0.1 20.6 79.0
97 12.9 - 10.0 0.5 23.1 91.5

* Based on heads to the flotation operation.
Referring to Table XXII, the following conclusion is 

indicated:
The table products tested are amenable to concentra

tion by flotation, especially as shown by Test 97, but in



62

view of the nature of the other products of the table 
tests, their production is not warranted.
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CHAPTER V - CONCLUSIONS

The results of the experimental work on the Artil
lery Peak manganese ore indicate the following conclu
sions .

1. Cottonseed oil soap was a better reagent than 
either oleic acid or sodium oleate when used as a promo
ter in the flotation of manganese ores. This is considered 
the chief contribution of this thesis.

2. A high pulp density in the flotation cell resulted 
in a greater extraction of manganese minerals and an in
crease in the grade of concentrate obtained. The limits 
investigated in these tests were 25 to 50 per cent of 
solids.

3. The addition of a portion of the promoter to the 
grinding circuit and the remainder to the flotation cell 
increased the extraction of manganese minerals.

4. When used in conjunction with cottonseed oil soap, 
these reagents had the following effects:

a. Sodium silicate depressed manganese minerals 
as well as siliceous gangue minerals. The 
depressant effect on manganese minerals was 
overcome by increased amounts of promoting 
reagent.
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b . The reagent X-l did not markedly influence 
flotation results.

c. Fuel oil increased the grade of concentrate 
slightly.

d. Aerosol OT increased the recovery of mangan
ese minerals but had little effect on the 
grade of concentrate obtained.

e. Quebracho extract caused a decrease in the 
extraction of manganese minerals.

f. Sodium hydroxide decreased the manganese con
tent of the concentrate, but Increased the 
recovery of manganese minerals.

6. Fine grinding of the rougher concentrate, before 
cleaner flotation, resulted in a decrease in the extrac
tion of manganese minerals, but an increase in the grade 
of cleaner concentrate.

7. Cleaner flotation indicated that it would be most 
economically carried out in one stage only. The slight 
increase in the grade of concentrate in the second stage 
would not warrant the expense involved.

8. Table tests produced a moderately high grade of 
concentrate, but the recovery of manganese minerals was 
very low.
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