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ALIENABILITY OP SOME ARIZONA MANGANESE ORES TO 

CONCENTRATION BY FLOTATION

CHAPTER I - INTRODUCTION

Current interest in the manganese ore resources of 
the United States, and the consideration given them in 
the Strategic War Minerals Program of the United States 
Government, is a consequence of the dependence of the
American steel industries upon imported manganese ores. ,

-  1 . . '  . . ; -This situation is not due, primarily, to a shortage of
manganese in this country, but to the low-grade nature 
of domestic deposits. As much of the higher-grade 
manganese ore in Arizona was mined and. shipped (hiring 
the World War, the present problem consists of devising 
satisfactory methods for the concentration of the lower- 
grade materials which remain.

Although a survey of the situation revealed possi­
bilities of treatment along gravity, magnetic, flotation, 
and hydromatallurgical lines, the experimental work 
described in -this paper was limited to flotation methods. 
The primary reason for this limitation lay in the 
character of the ores themselves. Pine grinding is 
necessary for good liberation of the manganese minerals
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in many Arizona ores, and, consequently, neither gravity 
nor magnetic methods seemed likely to provide a complete 

process.

Because of their possible- application to Arizona ores,
several experimental and plant flotation operations on

manganese ores deserve mention. The outstanding instance
is that of the Cuban-American Manganese Corporation

(10) 1
concentrator in Cuba, v;here several thousand tons of 
manganese oxide ore, containing about 20 per cent of
manganese, have been concentrated to 48 to 50 per cent

■ . - -

of manganese by flotation. The method in use is based
- (16,17)

upon the patent disclosures of A. J. Weinig and the 
reagents used consist of Louslana crude oil, a fatty acid, 
and pine oil in the rougher circuit with tannin being 
added to each of the two cleaning stages of flotation.
, • ■ . - , -

In the Cuyum district of Minnesota, a flotation
unit treated ferruginous manganese slimes whldi were the

(3)tailings from a tabling operation. on flotation heads 
assaying about 16 per cent of rtangamse, concentrates 
containing 23 per cent of manganese were produced with an 
extraction of 66 per cent. The reagents vised were oleic 
acid, sodium silicate, sodium carbonate^ and pine oil.

1 A numerical system of reference is" used throughout this 
paper. Numerals in parentheses refer to publications 
listed in the bibliography.
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In the ChlaturiL district of Russia, flotation has been 
tried in an attempt to recover the manganese in the slimes(IDfrom a washing plant. Basmanov reports agitating the - 
slime with sulphuric acid for 10 to 15 minutes and then 
adding sodium oleate and water glass arid finally floating 
the manganese minerals with pine oil as a frother. On 
sized material, minus 100 plus 250 mesh, the use of 0.2 
to 0.5 pound of sulphuric acid and 1.0 pound of sodium 
oleate per ton of slime resulted according to published 
statements in an extraction of 96 per cent, with a con­
centrate containing 43 per cent of manganese..

At the Biiima Mine of. ..Butte, Montana, several thousand 
tons of rhodochrosite ore averaging about 30 per cent of 
manganese and 20 per cent of silica have been concen­
trated by flotation to a product containing 38.to 40 per 
cent of manganese and less than 6 per cent of silica, with
an extraction of 95 per cent. The process, as developed

(4,5)
by F. D. DeVaney and J. B. Olemmer for the treatment of 
the Emma Mine ore, consists of a preliminary removal of 
the sulphide minerals by flotation employing a small 
amount of copper sulphate, xanthate, and pine oil, after 
which notation of the rhodochrosite was practiced using 
crude sodium oleate and pine oil. , -
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When the originators of this process applied It to 
oxide manganese ores, it was found that the use of sodium 
silicate and sodium carbonate was a necessary modification 
in order to obtain satisfactory silica dispersion. It was 
noted also, that oleic acid was preferable to the crude 
sodium ole ate and palmitic acid was found to be more 
effective for some ores* Heating proved beneficial, 
particularly when employing the higher fatty acids, and 
in all cases a high pulp density was found to be desirable 
in the rougher flotation.

A report of the successful flotation of manganese :
oxides on a laboratory scale has been made by A. M* Gaudin

(?)and R. H. Behrens. The work was done on the tailings from 
a magnetic concentrator at Fhllipshurg, Montana. The 
problem involved the separation of the manganese oxides 
from both carbonates and silica. As a promoter of mangan­
ese, oleic acid was found to-be the most adaptable, but 
greater selection in removing the carbonates was obtained 
with palmitic, stearic, and undecylic acids. Fuel oil was 
used and was found to improve the recovery of manganese 
and the rejection of the silica. Sodium silicate was the 
most satisfactory dispersant for silica. Reducing agents, 
with a fev: outstanding exceptions such, as citrates, tart­
rates, and dextrin, appeared to assist the flotation of the 
manganese oxides, while oxidizing agents such as potassium



chlorate and chloride of lime, depressed them* The 
theory advanced for this latter effect was "based on the 
fact that manganese soaps are manganous rather than 
manganic, and, hence, a prior surface oxidation is detri­
mental and a prior surface reduction essential for 
chemical filming. :

Several United States patents covering the flotation
(15)

of manganese minerals have been issued. Weed explained 
the difficulties of the flotation of manganese on the 
basis of poor reagent-ore contact which is due to improper 
dispersion of the fatty acids and oils which are Insoluble 
In water and in his patent proposed the use of a colloidal 
dispersion of the fatty acid and fhel oil. This emulsi­
fication was produced by the addition of triethanolamine, 
which forms a soap with a small part of the fatty acid and 
promotes its dispersion. The advantages claimed are both 
greater selectivity toward the manganese minerals and a 
much lower consumption of reagent.

■ V  ( Q y  ,  .

Gutzeit recommended the use of sodium stannate and 
sodium vanadate as activators of manganese oxides, with 
quebracho bark as a silica disperser. His patent covers 
the use of the isopolyacids in an activating capacity as 
distinct from the known action of the heteropolyacids. 
Flotation tests were made.on manganese oxide ores at a 
temperature of 35 degrees Centigrade using stearic acid
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and amyl xmthate as promoters and terpln oil as the 
frother.

The use of the heteropolyacids such as phosphomolybdic 
and phosphotungstic as oxide mineral activators v/as(IDpatented by Arnold. These activators have been employed 
in the flotation of chrome ores and are said to be satis­
factory activators for manganese oxides.

Only a fow instances of experimental work done on 
the flotation of southwestern manganese ores have been

( V> )

found. DeVaney and Coghill made flotation tests on 
manganese ore from the Artillery Peak district, west of 
Congress Junction, Arizona, with the following results:

MConcentrates were made, but their silica 
content was always high. ......concentration by,„.
present ore dressing methods appears hopeless." I*3'

(1)
Blessing, in his work on southwestern manganese- 

silver ores from the standpoint of the recovery of silver, 
had little success in floating the manganese minerals.
The reagents and combinations tried were oleic acid, 
oleic acid with kerosene, paraffin, EmulsolX^, mixed 
xylidines, Aeroflqat, and xanthate. Unfortunately, only 
silver assays were reported, and the degree of success in 
floating the manganese minerals must be estimated on 
the basis of an assumed manganese-silver association.
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The requirements of manganese ores and concentrates 
for the manufacture of ferromanganese are a minimum 
content in the vicinity of 40 per cent of manganese and 
a silica content not greatly in excess of 10 per cent. 
The object of the experimental work described herein is 
the Investigation of the possibility of the production 
of concentrates meeting these requirements by the flo­
tation' of Arizona manganese ores.
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CHAPTER II ■

MATERIALS AND EXPERIMENTAL PROCEDURES

Materials

The Arizona manganese ores, which the writer has &&& 
the opportunity to examine, may be classified roughly 
into three types. The highest grade and, to the writer<8 
experience, the most common type, is a black, dense ore 
containing psHomelane and small amounts of pyroluslte 
distributed through a siliceous gangue. Calcite may or 
may not be present. The ores of the Patagonia, Tombstone, 
and Yuma areas are frequently of this type* Or® from the 
Bender Mine near Patagonia, Arizona, was selected as 
representative of this type, and microscopic examination 
of polished sections indicated that a reasonably complete 
liberation of the manganese minerals would be attained by 
grinding to minus 100-mesh* The. calcium carbonate in the 
ore permitted the investigation of the s eparation of the 
manganese oxides from both siliceous and calcareous minerals.

A second type of ore consists of particles of siliceous 
gangue imbedded in a matrix of manganese minerals. Psilo- 
melane is the chief manganese mineral, but pyroluslte is 
present in a much larger proportion than in the ores of 
the first type. Clay and chalcedony are present as free
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particles as well as in the manganese mineral groundmasa. 
The only example of this type of ore which was obs@rr@d 
came from the Artillery Peak district west of Congress 
Junction, Arizona. This is the largest known deposit of 
manganese in Arizona.

The third, and least extensive type of deposit noted, 
is that of the Cecil Martin claims near Sentinel, Arizona. 
The manganese oxides occur there in an almost exclusively 
calcareous gangue.

Partial analyses of the three ores are given 
in Table I*

Table T - Partial Analyses of Ores Tested

Manganese
£

insoluble CaC03

Bender 22.91 43.14 10.81
Artillery Peak 12.90 64.82
Cecil Martin 11.46 - -

Flotation Procedures

For purposes of qualitative estimation of the flota-
bllity of the manganese minerals, and the effects of various

(13)
reagents, "tube11 tests were made. Wark gives a descrip­
tion of this method which consists of shaking a few grams 
of deslimed ore in a 50 cc. stoppered glass cylinder with 
the reagents to be tested. The black manganese minerals



10.

provided sufficient contrast to the light colored gangue 
to permit a rough visual interpretation of the degree of 
selectivity. In no case were the results of tube tests 
taken as conclusive of the selective action of reagents, 
but they were accepted as valid, when no tendency toward 
flotation could be observed. Thus, the chief usefulness 
of the tube method lay in the eliraination of unlikely 
possibilities.

Flotation tests were made in a 100-gram capacity, 
transparent, plastic flotation cell of the mechanical 
type and of local design. If the results of the 100-gram 
tests warranted it, further tests were mad© in a 500-gram 
capacity Denver laboratory flotation cell* •

Distilled water was used in all tests unless other­
wise noted. •

Grinding

Ores v:ere crushed to minus 20-mesh in available 
laboratory crushing equipment and the fine grinding done 
in a porcelain Abbd mill using silex pebbles as the 
grinding media with a pebble to ore ratio of three to one. 
The grinding was standardized for the Bender ore when 
using the 5 inch diameter 100-gram capacity Abb! mill.
When, the 500-gram capacity Abb6 mill was used, the grind 

was adjusted to suit the ore being tested.



Wet and dry grinding wore compared from the stand­
point of their effect upon flotation. It was foundthat 

a dry Abb! mill grind .would give flotation results 
similar"to those of a wet grind provided the dry ground 
ore was kept wet for several hours before making the 
flotation test.

Sizing

Sizing tests were made by hand using Denver 
Equipment Company sieves. The screen sizes used were 
100, 200, and 350-mesh, and the size of opening of the 
200-mesh screen was measured and found to conform to the 
Tyler Standard opening of 0.074 mm. for this mesh sieve. 
Sizing tests on concentrates or other agglomerated 
material were preceded by an alcohol, and, if necessary, 
a benzene wash, to break up the agglomerates. This was 
considered preferable to prolonged screening, as the 
latter may result In grinding of the softer material on 
the screen.

Dispersion Tests

To ascertain the minimum quantity of a dispersing 
agent, such as sodium silicate or tannin, necessary to 
effectively disperse the fine portion of an ore, dispersion 
teats were made. A series of 10 test tubes, each contain­
ing 4 grams of ore and 12 cc. of water was used,increasing

11.
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amounts of the reagent tested being added >o successive 
tubes, After shaking/ the settling time was noted and 
the optimum or minimum concentration of the reagentfbr 
adequate dispersion was determined.

Heavy Liquid Separations

Heavy liquid separations were made using acetylene 
tetrabromide as the heavy medium* Its specific gravity 
of about 2.9 was satisfactory for the separation of the 
manganese oxides from siliceous and calcareous gangue 
minerals. It was found necessary to remove the minus 
350-mesh material before making the separation. Five 
lots' of 1 gram each of - the plus 350-mesh material were 
separated by stirring the suspension vigorously, allow­
ing the heavy fraction to settle, and then collecting 
each fraction on a filter." The heavy and light portions 
were allowed to accumulate on the filter papers and were 
each given a second treatment to assure getting the best 
possible separation. .

Briquetting

To permit a microscopic examination of finely 
divided products of flotation tests, bakelite briquettes 
were made using a briquette mould of local design. A 
composition of 30 per cent of bakelite was found satis-



factory with a heating period of one hour at a temper­
ature of 120 degrees Centigrade, .

Microscopic Procedure

The methods of Shori were followed in the micro­
scopic identification: of the manganese minerals. Etching 
tests were used as well as the microchemical, sodium.bis- 
nruthate, test for manganese. The microscope was prairided 
with polarizing equipment which permitted the identifi­
cation of pyrolusite and manganlte by their anis otropism.

Analytical Methods

For the analysis for manganese, a modification of 
.Lov/ti^oxalic acid method was used. As a quick approxi­
mation, in the case of the Artillery Peak ore, "spot" 
tests were made. The method could be used only on tailing 
samples and consisted of grinding a few tenths of a gram 
of the sample in an agate mortar and then pressing a 
small pat of the material adjacent to a similar pat of

...ground ore of known manganese content on a white paper.
A series of samples of known manganese content permitted 
the determination of the manganese content of a tailing 
vvithin one per cent on samples running not over 10 per cent

Calcium carbonate determinations were made using the 
standard calcium oxalate method. In the case of the
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Bender ore, an abbreviated method was devised. An excess 
of one tenth normal sulphuric acid was added to the 
sample which was then filtered. The filtrate was titrated 
with one tenth normal sodium hydroxide to a methyl orange 
end-point. The calcium carbonate content was calculated 
on the basis of the acid consumed. The method gave 
satisfactory comparative results on a series. of products-' 
from a single flotation test, although the calculated 
head assay might be several per cent above the true value.

. (9)
Insoluble determinations were made usin™ Low’s 

method. If a silica analysis was desired, the Insoluble 
residue - was treated with hydrofluoric and then sulphuric
acids and the silica content determined from the loss in

.. ■ ■ ■ r .

weight of the residue.

Iron determinations were made using the permanganate.
(9)method recommended by Low.

Phosphorus determinations were made using the
(9)

volumetric phosphomolybdate method given by Low. :

pH measurements were made using the LaMotte colori­
metric indicators where possible and an instrument f 
the potentiometric determination of pH where necessary, 
due to turbidity of solutions or the presence of a sub­
stance antipathetic to the Indicators*

14.
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CHAPTER III

EXPERIMENTAL V/OBK Oil FLOTATION 

Toots on Samolea from the Bender Mlno

Preliminary tea to xroro mado on the Bender ore to 
estimate the highest degree of extraction and oelec- . 
tlon possltlo by physical methods. A sample of tho 
ore was ground to pas a a 200-mesh a love and then - 
screened on a 350-mesh sieve. A heavy liquid separa­
tion v/as made, as described in Chapter II, on the 
plus 550—mesh portion, and all products were analyzed 
to doterain# their manganese content. The results 
are given in Table II.

Table II - Tests to Determine the Donroe of Liberation
■ • ■: - . : ■ , ■; . .

■Weight Manganese - £ of total

Head . v : 100.0 22.79 ' -
Plus 550-mesh 
lî lit fraction 13.5 4.19 S.5
Plus 350-mesh 
leaver- fraction 8.0 42.08 16.5 ■_: __ J ________
Einus 350-mesh 77.7 23.79 ■ ■■81-.2-'

Referring to Table U ,  if nearly complete liber­
ation of th© mngmiese minerals in the minus oSO-mesh 
material is assumed, a total extraction of over 90 per 
cent sliould be possible from the standpoint of liber­
ation of th© amganeae minerals. Assuming, also that a
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separation of the mnganoao minerals from the gangue on 
the mlnM 350-mesh: material will be as satisfactory 
as that observed on the plus 550-mesh, a concentrate 
grade of over 40 per cent of manganese appeal's possible.

Before proceeding v/ith flotation tests, the grind­
ing technique v/as standardized for tests made In the 
lOO-gran capacity flotation cell, The ore, at minus 
SQ-znsah, .was wet ground as described, in Chapter 1 5 ^  
U8li% a two to one ratio of solids to liquid. The 
time of grindir^ was varied until, at a time of 15 
minutes, thi screen analysis given in Table III was 
obtained and accepted as" satisfactory for flotation 
testing. All subsequent tests on this ore, unless 
otherwise specified, v/ere made using this grind,

Table III - Screen Analysis of Standard Grind

Weight
'■ . 1 ' ,V" ' ' • ‘

Cumulative
% U 8  100-mesh - ‘ • 2.4 2.’4
Minus 100, plus 200 57.7 40.1 '

Minus 200, plus 350 22.9 63.0

Minus 350-mesh . 37.0 ; 27,0

Totals 100.0

Series I - Effect of pH
The purpose of those tests was to determine the 

effect of pH on the flotation of both the manganese



minerals and the ealeit© In the ore. The pH was varied 
using sulphuric acid or sodium" carbonate and soap as'the 
promoter. Ivory soap Y/as" selected as a pure and easily 
reproducible product. The soap Y/as added in lots of 0.1 
pound per ton of ore, and the addition continued %mtH 
manganese mineral vms not visible in the froth, the 
quantities varying from 1 to 5 pounds. DuPont frether 
B48 was used in Test 1, but a f rot her was not needed" in~ 
the succSsding tests. A summary of the results of teats 
1 to 5, inclusive, appears in Table IV.

" (a)
■ Table IV - Effect of oil Variation

17.

Test
Ho.

” p 5 ~ Manganese in 
concentrate. %

Manganese
extracted.^

Calcito J
extracted.%

. 1 6.7 23.5 " --3/ *1 , . , 94.4. .
2 ' 7.6 85.9 59.6 96.5;

3 8.2 22.9 48.0 91 #0
4 9.1 24.1 50.7 . ,90-V
5 10*2.' 20.1 52.8 82.6

(a) Heads contained 22.91- per cent of manganese

Interpretation of Results of Tests 1 to 5, inclusive 
Referring to Table IV, the results of Tests 1 to 6, 

inclusive, indicate the following conclusionsi
1. A pH of 7.6 (the pH of the ore in distilled 

water) is most satisfactory for the flotation of both 
the manganese minerals and calcite vhen soap is used 
as the promoter.
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2, It Is evident that calotte floats none readily
than the cangamse minerals under these conditions.
These results confirm the observations of Gaudin and 

(7)Behrens.

Series II - BeVaney-Clemmer Procedure

Series II consists of tdsts based on the BeVnney- 
(4) •Clemmer patent which involves the flotation of the 

manganese minerals as a high pH using a fatty acid as 
the promoter and sodium carbonate and sodium silicate 
to give the desired alkalinity and dispersion.. The 
quantities of sodium carbonate and sodium net a silicate 
(2.5 pounds of the foirmr and 10.0 pounds of the latter 
per ton of ore) were determined by dispersion tests, as 
described in Chapter II. These reagents were added in 
the grinding stage, but it was found necessary to add 
the fatty acid in the flotation cell to prevent -excess­
ive frothing during grinding. In each case, the pulp 
was conditioned for 5 minutes with the promoter, the 
froth collected for 20 to 25 minutes, and the tests 
stopped when manganese mineral was no longer visible 
in the froth. The addition of a frother was not 
necessary.

The first of the tests followed the patent 
disclosure in using 6.0 pounds of oleic acid per: ton of 
ore. The results of Test 6 are given In Table V.



The second tost v;as m d o  using 6.0 pounds @f fish 
oil fatty acids per ton of ore, as reconnaended by 
7=®inlĝ 'L6,17-as pronotora of the manganese minerals.
Tbs results of Teat 7 appear in Table V.

As the patentees suggested a high pulp density for 
Improved extraction in rougher flotation, a third test 
was' imde using 200 grams of ore in the 100-gram 
capacity flotation cell, giving a dilution of about 50 
per cent of solids* Dispersion tests had indicated that 
the concentrations of sodium carbonate and sodium 
silicate in the solution were the governing factors, 
rather than the quantities per ton of ore, so, 1,25 
pounds of .sodium carbonate and 5.0 pounds of sodium 
silicate per ton of ore were used. Oleic acid was 
added at the rate of 6.0 per pounds per ton of ore.
The results of Test 8 appear in Table V. *

- r.' (a) "
Table V - DeVan ey-Clemmer Procedure

Test
Kn. - - Manganese Manganese in 1

6 . Oleic acid 85.0

7 Pish oil fatty acids 71.6 27.2 ”
8 High pulp density 86.0 24.4

(a) Heads containing 22.91 per cent of manganese.



Interpretation of Results of Testa 6 to 8, inclusive.
Referring to Table V, the results of Tests 6 to 8, 

inclusive, the conclusions uhich follow are indicated.
1. Both eat|ractlpn and the grade of concentrate 

obtained show an - improvement over those 
obtained in t W  tests of Series- I.

2. The fish oil fatty acids appear to be a more
selective promoter than oleic acid, although 
not as powerful. '

3. A high pulp density doe s not appear to bo 
desirable, although this effect may be due to

• slightly poorer dispersion as a result of the 
decrease In the quantities (per ton of ore) of 
sodium carbonate and sodium silicate used- 
' in Test 8. - ■

Series III—  Oleic Acid with Kerosene

3otli VJeInig 1̂6' 1^and Gaudin and Behrens 

mention the use of hydrocarbon oils to assist the 
flotation of the amganeoe oxides. Series III cone lets 
of tests made to determine the effect of kerosene, when 
used in conjunction with oleic acid, upon the flotation 
of mangan© se minerals. In each of these tests, 5.0 ' 

pounds of oleic acid per ton of ore were used, with 
variations in the amounts end order of addition of 
the kerosene. The flotation time varied from 7 to 11 
minutes, the teste beli^ stepped when no manganese 
mineral was visible in the froth. As a frother, 0.3



pound of pine oil per ton of-ore -was. used, . s ,

The first test was made using oleic acid and 
conditioning was done In the flotation cell. The 
results of Test 9 appear in Table VI.

In the second test 2.0 pounds of kerosene per ton 
of ore were added in the Abb& mill and the oleic acid ,- 
added during tlie conditioning period in the flotation 
cell. The 'results of Test 10 appear in Table VI.

For the third test the order of addition of the
kerosene and oleic acid was reversed, the quantities
.. • - - , - - ' ■ ■■■. ' "  -■ • -
remaining the same. The results of Tost 11 appear in
sable vi. ■ ; ' - : .

- In the fourth test, 'the- ore was conditioned. In

the flotation cell with the oleic acid, and 6;0 .
pounds of kerosene per ton of ore. The results of ‘
Test 12 appear in Table VI.

' (a) :
Table VI - Oleic Acid with Kerosene

Test 
. Mo.

Manganese 
extracted, %

Manganese in 
concentrate.^

9 01 ole acid .only''' 38 #6 22.5
10 Kerosene in grind 36.5 22.0
11 :: -. : 51.8 : ■-2S.i .
12 Six pounds of 

Kerosene 35.4 22.1

(a) Heads containing 22.91 per cent of manganese.



Interpretation of Results of Tests 9 to. 12,Inclusive.
Referring to Table VI, the results of Tests 9 to 12, 

Inclusive, the conclusions which follow are indicated*
1* It appears that it is detrimental to both the 

extraction of manganese and the grade of the 
concentrate to add kerosene to the grinding 
circuit.

2. Large amounts of kereosene are of'little value.
3. The results of Test 11 are of interest in that 

both the grade of concentrate anl the extrac­

tion- were benefitted by the addition of the 
oleic acid to the grinding circuit.

4. The poor extraction's observed in these tests
are probably due to the restriction in the 
quantity of oleic acid used. ’: "

*■ Sorles IV - Effect of Sulphur Dioxide
F. S.Wartman^14^suggested that sulphur dioxide 

might be useful in depressing silica a M  activating the 
..manganese minerals,., Series IV consists of tests made 
using this reagent in conjunction with oleic acid, 
sodium carbonate, and sodium silicate.

The first of these tests was made f or- the purpose 
of establishing a basis for.comparison, and 6.0 pounds 
of oleic acid per ton of ore were used without sulphur 
dioxide. The oleic acid was added in the flotation cell 
and the froth collected for a period of 15 minutes.



The results of Tost 13 appear In Table VII.

The second test nas made using 6.0 pounds of oleic 
acid and 6.0 pounds of sulphur dioxide per ton of ore, 
the latter being added in an"aqueous solution. Tt» 
ore was conditioned first, with the sulphur dioxide, 
and second,-with the oleic acid, and the froth dbllected 
for 20 minutes. The water added during the test con- 
talhed tine same concentration of sulphur dioxide as that 
in the flotation cell#, The results of Test 14 appear 
in Table VII.

The third test was made using 10.0 pounds of sodium 
meta sillcat®, 12,0 pounds of sulphur dioxide, and. 12.0 
pounds of oleic acid per ton of ore. The pulp was
conditioned first, with the sulphur dioxide which was

■ ~ ' '■ - ■■ ■ /- : " ■ ... , ' . - ■. ,
followed by the sodiim elllset# and oleic acid. The
froth was collect#d ov#r a period of 50 minutes. The
results of Test 15 appear in Table VII.

; - . . ' ’ ' ' ' . ' (4)
A fourth test v;as mado using the BoYaney-Clermer

proeedam with sulphur dioxide. The pulp was conditioned 
with 3.0 pounds of sulphur dioxide per ton of ore, 
following which, the pH value was increased to 7.5 with 
sodium hydroxide. Sodium carbonate, sodium silicate and 
oleic acid were ad cod in the same proportions as in Test 
6 of Series II, and the froth collected over a period of 
20 minutes. The results of Test 16 appear in Table VII.

A fifth test was made which was similar to Test 16

25.
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in all respects, except that 6.0 pounds of sulphur 
dioxide per ton of ore were used, and 7.0 pounds of 
oleic a c M  per ton of ore were needed. The results of 
Test 17 appear in Tatle VII*

A sixth test was made using 12*0 pounds of sulphur 
dioxide and 8.0 pounds of oleic acid per ton of ore, 
but in other respects the sans as Tests 16 and 17*
The results of Test 18 appear in Table VII.

(a)
Table VII - Effect of Sulphur Dioxide

fast
Mo. i n g B S i l S ^ ^ g p g g g l
13 Oleic acid alone 23.3 76.7
14 Sulphur dioxide added 25,5 93.0
15 Sulphur dioxide' and 

sodium silicate added 26.4 83.2
16 DeVaney-Clemnier with \ 27.0 83.2
17 27.9 83.3
18 DeVanoy-Clemmor with 

12 lbs. sulphur dioxide -28.2: 78.1

(a) Heads containing 22.91 per cent of manganese.

Interpretation of Results of Tests 15 to 10. inclusive
Referring to Table VII, Tests 13 to 18, tho con­

clusions which follow are indicated.
1. A comparison erf* t M  results of Test 6 which 

appears in Table V with those of Tests 13 to 
18 shows that sulphur dioxide Improved the 
grade of concentrate obtained in every case.

2. Large amounts of sulphur dioxide apparently 
increase the amount of oleic acid necessary



. and decrease the extr^etion*
■' .'; : V : ■ . ■■ ; -
: 3. Whenlused la moderate amounts, sulphur: dioxide

. seems' to improve both the grade of the concen­
trate; and the extraction.

4. When sodium silicate is used with sulphur
dioxide at a relatively lew pH value, the grade 
of concentrate Is impmved at the expense of 
increased consumption of promoter*

Series' V - Separation of Calcite 
To investigate -the possibility of a separation of 

the calcite from the manganese minerals as well as the 
latter from the silica, a test was made in which the- * ' - ;Y vv'v;-'-v. ': : ' v ' •promoter' was added in small portions and a separate 
ajncentmt® .collected' after cacti addition. The reagents 

v and their order of addition, with the exception of the 
promoter,' vzore the same as those in Test 17 which was 
described in Series IV. To obtain better reagent- 
mineral contact and eliminate the possibility of the oily 
oleic acid being carried off in tlie froth instead of 
assisting the flotation of the manganese minerals and 
calcite, a colloidal dispersion of 10 parts oleic acid, 
one part triethanolamine, and 2000 parts water was used 
as the promoter in accordance with the Weed' disclosures. 
The promoter was added in the quantities indicated in 
Test 19 of Table VIII, and the froth was collected after 
each addition until manganese mineral was not visible in 
it. The results of Test 19 appear in tabulated form in

: . 25.



Table VIII - Separation of Calcite
Extraction Cumulative

Oleic Acid 
lbs per ton

HoTgET
2

Manganese'
/V.  •

Calcite insoluble
■ •• /-j' ■ (

Manganese
$

Calcl’te
Z .

Insoluble
■ ' % :- ifead 100.0 22.81- 14.9 ; . 41.5 100.0 100.0 - 100.0

Doncentrate 1 0.2 9.8 -14.51 ' 55.0 : 15*4 6.1 35.6 3.5

Concentrate 2 ' : 0.4' /.y 7.2 20.41' 57.0 ' 23.8 12.6 52.4 7.6
Concentrate 3 6*6 4.6 25:20 . 22.0 ’ 31.3 . 17.8 59.1 11.1
Concentrate 4 0,8 3.7 : 27.38 16.3 33.7 22.3 63.1 14.1
Concentrate 5 1.0 '2.6 28.64 13.0 54.7 ■ 25.6 v- 65.1 16.3

Concentrate 6 1.5 4.1 1 24.35 ' 20.5 30.2 30.1 70.5 19.4
Concentrate, 7 2.0 5.4 23.03 19.6 31.6 33.7 75.2 22.0
Concentrate 8 3.0 6.3 22.30 20.3 30.1 39.8 83.9 ; 26.4
Concentrate 9 5.0 9.3 27.53 17.5 52.7 51.1 94.6 33.6
Concentrate 7.0 10.4 35.02 : 3.0 35.4 67.1 96.6 , 42.3
Concentrate 11 10.0 30.5 22.75 1.5 58.4 97.3 99.3 84.3
Tailing 8.0 7.54 1.7 83.5 2.7 0.7 15.7

to01
#



oo
r-4

8
—♦ CO

is
E 8

g 8
4»
3 S

8

8
OH

* ....  4 -j 6
Quantity of Reagent

Figure 1

fO<3



28,

Table VIII and In graphical fora' in Figure '-!•

Interpretation of Results of Teat 19, 
Referring to Table VIII and Figure 1, the con­

clusions which follow are Indicated*
1* Th© calcite is more floatable than the

manganese minerals, but the possibility of a 
: satisfactory separation of the two by this

■; ' ; method' appears^unlikely*" •
2* Tb» separation of the mangmoee minerals from, 

the silica is also unsatisfactory, and large 
amounts of promoter apparently cause even less 
selectivity';''* This latter effect may be d m  to
the decreased concentrations of dispersing 
agents toward the end of the long test in a 
small flotation cell*

Series VI - Effect of Sherwood Reagent 407 

A sample of a reagent made by the Sherwood Petrol­
eum Company and termed "Mahogany Oil” or Sherwood 407, 
gave encouraging results when investigated by means of 
tube tests as described in Chapter II. The composition 
of the reagent was not disclosed by the manufacturer.
The tube test results may be summarized as follows: 
first, sulphur dioxide is necessary to obtain the desired 
selection and is more effective if added between two 
additions of promoter; second, both kerosene and* oleic



' t

aeld seem to enhance the s ele ctive action of Shom-ro od 
407.. ,

In the first flotation test of this scries,. the 
pulp vras conditioned in three stages; first, with 5.0 
pounds of Sherwood 407, 3.25 pounds of kerosene, and 
3.75 pounds of oleic acid; second, with 23*1' pound# of 
sulphur dioxide; oncl, third, with 9.0 pounds of Sherwood 
407 and 1.25 pounds of kerosene per ton of ore. A 
frother was not needed. The results of Test 20 appear 
in Table'a. ;, ; '

.. ; A_. se.mBd ' test .was ■ made /eliminating the sulphur
dioxide, but keeping the otiier reagents and their ' 
quantities constant. The result® of Test 21 appear 
in Table IX. ■ . -

A third.-tost was made at :a. pulp dmsity of nearly 
50 per. cent ‘ of m  lids, us ing a SOO-graa timrge in the 
100-gr88a capacity flotation cell, in mi effort to 
reduce the amounts of reagents required. The pulp was 
conditioned in three stages, using first, 4.0 pounds 
of Sherwood 407, 1.3 pounds of kerosene, and 1.5 pounds 
of oleic acid; second, 16.5 pounds of sulphur dioxide, 
and third, 8.0 pounds* of Sherwood 407 and 3.3 pounds of 
kerosene per ton of ore. The results of Test 22 appear 
in Table IX.

A fourth test was made, also at a high pulp 
density, with the oleic acid omitted. The three-stage

29.
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conditioning procedm*® as dascrlbad JPon Tests 20 to 22 
was followed and the total anowits of reagents were 
9.5 pounds of Sherwood 407, 6.9 pounds of kerosene, 
and 6.6 pounds of sulphur dioxide per ten of ore# The 
results of Test 23 appear in Table lie
- v . : . . (a)

Table XX - Effect of Sherwood 407

Test
Ho. ' ' *• V  '■ Manganese in 

concentrate,^
Manganese
extracted.^

20 Initial test 28.0 97.4
21 Sulphur dioxide 26.2 83*7
22 High pulp

density ' " 28.8 ; ' 84.4
23 bleic acid

omitted ... " 28.9 93.4
(a) Heads containing 22.91 per cent of 

aanganooe.

Interpretation of faults of %st8 20 to 23.InfWd.'m. 
Referring to Table IX, Tests 20 to 23, the 

conclusions which follow are indicated,
I4 It is evident that the Sherwood 407 reagent

combination was more effective from the stand­
point of both grade of concentrate and extrac­
tion, than the best results obtained hereto for®.

2. Sulphur dioxide is an essential constituent of■ ■ ' , ; ■ ; ■ . ; / , / ' ■ . - •- . ..

the reagent combination, but oleic, acid does 
not appear to be necessary.

3. A high pulp density In the flotation cell 
results in lower reagent consumption with
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llttlo doer ease in extraction and an actual 
increase in the grade of concentrate obtained.

Series VII - Miscellaneoag Testa

Several tests were mad© to determine the value of 
a miscellaneous group of reagents and reagent combi­
nations that gave inconclusive qualitative results 
when tested by means of tube tests os described in 
Chapter II. : , - ' '

The first of these tests was m d e  followir^ the
\ (15).'-"'
Weed patent procedure as closely as possible. As 
a pulp density of 33 per cent of solids was specified 
for flotation, a 150*gram charge of ore was ground with 
1.2 pounds per ton of ore (in terms of oleic acid) of 
the; following- reagent emulsion:

mg. per cc.
Oleic. a cid ■ / 800ICerosene ■ ■ ' : 50TrietlmnolaiPim 5

A total of 8.4 pounds per ton of ore of the reagent 
were required and the froth was collected over a period 
of 35 minutes, using 0.3 pound of pine oil per/ton of 
ore. The results of Test 24 appear in Table X.

The second of these tests was made using alkaline 

potato starch, which F. S. Wartman^^bad hoard was a 
promoter of the manganese minerals. The pulp was
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of 1.0 pound p«r ton of ore was used. : The last 0.3
pound addition was of no apparent value In floating tho
manganese minerals as tte froth, was white. The results
of Test 25 appear In Table X.

: (M) .
Again on F. S. Wartman',s .suggestion, a reagent

combination consisting of an emulsion of 1 per cent of
Bmulsol Corporation reagent X and 6 per cent of kero- 

- . . ■ . '• -
sene was used. The pulp was conditioned with 0,1 pound.
of the reagent and floated using a total of 1*0 pound
of the re agon t per ton of ore. The last 0*4 pound of
the reagent appeared to collect little manganese
mineral. , The results of Test 26 appear in Table X.

: : • : '' (a) , ,.Table X - Miscellaneous Tests

conditioned with 0,1 pound of the reagent, and a total

Tes t 
Mo. Eanganes© in Manganese ,

24 -Weed patent .. -■ method 24.9 91.0
25 A1!ĉ ^ k i s arch 24.0 40.5
26 Emulsol Xt with . kerosene 23.8 42.8
(a) Ile&ds containing 22.91 per cent of manganese.

Interpretation of Results of Tests 24 to 26.inclusive. 
• Referring to Table X, Tests 24 to 26, inclusive, 

the conclusions whioh follow are indicated.
1. The results of Test 24 Indicate that the grade 

of concentrate obtained, when following the 
Weed patent disclosures, is not as satisfactory
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as that obtained when the DeVaney-Clemmer procedure is 
used, and a greater consumption of proaoter is 
experienced.

2. Alkaline potato at arch . is not a satisfactory 
promoter of the manganese minerals as employ­
ed in Test 25.

3. An emulsion, of kerosene and Enaiisol is not
effective as a promoter of the manganese 
minerals present in this oro as evidenced by 
Test 26. .

Tests on Samples from the Artillery Peak District

A heavy liquid separation m s  imde on a sample of 
ore from the Artillery Peak district to determine the 
degree of liberation of the manganese minerals after 
grinding; to a s is o' of minus 200-mehh. The sample was 
ground to minus 200-mesh, the test made on the plus 
350-mesh portion, and the products analysed for mangan 
ese and insoluble. The results of the test appear in 
Table XI.

Table XI - Heavy Liquid Separation

Weight... " .•.-. Manganese Insoluble /■a of total

Bead i no, o ^7,0 inn,n
Td-glrt Fraction"- 77.5 4.92 83.0 29.5
Heavy
Fraction _ 22.5 40.49 • 16.2 70.5



Referring to Table XI> It Is evident that a 
concentrate of low silica content eamiot be obtained 
on the minus 200 plus 350 mesh fraction of this ore.
If it is assumed that the minus 350-mesh material 
would show a similar degree of liberation, an extrac­
tion of 70 per cent of the total manganese In a concen­
trate, analyzing 40 per cent of manganese appears 
possible In so fhr as liberation Is concerned.

Flotation tests were made to compare the effect 
of a dry ground charge, which had been soaked in water 
for several hours, with a charge #iich had been wet 
ground. For the firs t test, a sample of the ore, 
crushed to a size of minus 20-meah was screened on a 
100-mesh sieve and the oversize ground for 10 minutes 

without water in an Abbl mill. The minus 100-mesh 
material was again removed, and procedure repeated 
until the entire lot had been reduced to minus 100-mesh

For the second teat, a 100-gram sample? of the 
ore was wet ground for 15 minutes in the manner des­
cribed in Chapter II, using a dilution of 66 per cent 
of solids.

Flotation tests were made in exactly the same 
manner on both samples, The r esults of Tests 27 and 
28 appear In Table XII•



• Table XII - V/et and Dry Grind

rest
Ho;

Manganes o In^
concentrate.%

Manganes® 
extracted, io

27 Wet grind 24.1 ' 75,7

28' Dry grind 23.5 74.6

Referring to Tnble XII, the results of Tests 27 
and 28 T/ore considered sufficiently similar to justify 
the use of a dry grind on this ore for the comparison 
of the effects of various reagents upon its flotation. 
Subsequent tests on this ore were mad© using a dry 
grind, unless otherwise noted.

Series 1 - Oleic Acict-Sulphur Dioxide
A series of tests was made to determine the effects 

of various quantities of sulphur dioxide, pulp density 
and fineness of grinding on this ore when using oleic 
acid as the promoter, •

The first test of this, group was Test.28, which 
appears in Table . XII, . The ore was conditioned in three 
stages using first, 1.0 pound of oleic acid, second, 6,6 
pounds of sulphur dioxide, and third, 2,0 pounds of oleic 
acid per ton of ere. A total of 5,0 pounds of oleic acid 
and 0.5 pound of duPont frother B48 was used. The 
results of Test 28 appear again in Table XIII,

A second test was made in the same manner as Test 2% 
but 0.65 pound of sulphur dioxide per ton of oro was
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used. The results of Test 29 appear In Table XIII.

A third test was m d e  in the same manner as Test
29, but the sulphur dioxide concentration was sustained 
at 0.65 pound per ton of ore and a total of 6.0 pounds 
of oleic acid was used. The results of Test 30 appear 
in Table XIII,

A fourth test was made in the same manner as Test
30, but 3.3 pounds of sulphur dioxide were used in the
conditioning. The results of Test 31 appear in Table 
XIII. •

In a fifth test a charge of 200 grama of ore, to 
give a dilution of about 50 per cent of solids, was 
conditioned first, wifi 0.5 pound of oleic acid; second, 
with 0.66 pound of sulphur dioxide; and third, with
1.0 pound of oleic acid per ton of ore. A total of 3.0 
pounds of oleic acid, and 0.5 pound of duPont frother 
E48 per ton of ore was used, and the concentration of 
sulphur dioxide was sustained at its original value.
The results of Test 32 appear in Table XIII.

A sixth test was made in the same manner as Test 
32, but 0.33 pound of sulphur dioxide and a total of
5.0 pounds of oleic acid were used per ton of ore.
The concentration, of sulphur dioxide was sustained at 
its original value. The results of Test 33 appear.in 
Table XIII.
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A seventh test w s  made In the some manner as Test 

30, hut the ore was wet ground In an AbbS ciill for 30 
minutes, to observe the effect of a very fine grind on 
the flotation of the manganese minerals in this ore.
The results of Test 34 appear in Table XIII.

An eighth test was made using a sample of ore which 
had been dry ground to minus 200-mesh and soaked in water 
for several hours. A total of 4.5 pounds of oleic acid 
per ton of ore was used, but the test: was the same as 
Test 32 in other respects. The results of Test 35 appear 
in Table XIII.

A ninth test was made using 1.0 pound of sulphur 
dioxide and 5.0 pounds of oleic acid per ton of ore, and 
sustaining the concentration of the sulphur dioxide 
throughout, but in other respects the same as Test 55.
The results of Test 36 appear in Table XIII.

A tenth test was made using an Initial and sustained 
concentration of 2.0 pounds of sulphur dioxide per ton 
of ore, but In other respects the same as Test 36. The 
results of Test 37 appear in Table XIII.

An eleventh test was m d ®  using 3.3 pounds of sulphur 
dioxide per ton of ore in t he conditioning, and not 
allowing its concentration to drop below 0,66 pound per 
ton of ore, but in other respect a the same as Test 57.
The results of Test 38 appear in Table XIII.
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Table XIII - Oleic acid, - Sulphur Dioxide

Test
No.

Grind ; Blip . 
Density

Sulphur 
: Dioxide 
Lbs. per ton

Oleic •
Acid
Lbs,, per ton

Manganese•in 
Concentrate, %

Manganese 
Extracted,^

28 (b) (e) ; 6.6 : 5.o . 23.5 '; 74.6
29 (b) (e) ; • ‘Os66 * ' 5.0 ' : 19.9 85.4
30 (b) (e) : 0.66 (h) 6,0 23.7 77.8
31 (b) (e) : 3.3 (h) 6.0 26.7 78.7
32 (b) (f). ; ; 0.66 (h) 3.0 21.1 75.8
33 (b)b (f) 0.33 (g) 5.0 23.0 78.5
34 (e) (e) : 0.66 (g) 6.0 . 24.5 84.8
35 (d) (f) 0 :,66 (g) 4.5 19.4 96.3
36 (d) ; in 1.0 (1) 5.0 20.6 95.5
37 (d) (f) 2.0 (j) 5.0 23.4 92.4
38 (a) (f) 3.3 (h) 5.0 21.5 94.0

Heads contained 12.90 per cent 
of manganese.
Dry grind to minus 100-mesh. 
Pine, wet grind.
Dry grind to minus 200-mesh. 
Normal pulp density (about 
25 per cent of solids)
High pulp density (about 50 per 
cent of solids)

(g) , SOo coneentration_ sns tmined at
0.33 lbs. per ton* of ore. ' '

(h) SOg concentration sustained at
0.66 lbs. per ton of ore.

(1) SOo concentration sustained at 
1.6 lb. per ton of ore,

O) S02 concentration sustained at
2iO lbs. per ton of ore. .
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Interpretation of Results, of Tests. 28 tô  inclusive.
Referring to Table XIII, Tests 28 to 58, Inclusive,

t h e - .conclusions ' which follow . are .indicated.

1 • The presence of sulphur dioxide roducos the 
extraction- of the manganese minerals, but 
improves the' grad® of the concentrate obtained 
as indicated by the results of Tests 28 and 29.

2. When smaller amounts of sulphur dioxide are 
added continuously, there is a slight improve­
ment .in extraction as evidenced by the results 
of Tests 28 and 30.

3. A hi^ier initial concentration of sulphur dioxide 
with a lower sustained concentration Improves the 
grade of concentrate obtained as shown by the 
results of Tests 30 and 31.

4. A high pulp density results in a lower reagent 
consumption as indicated by the results of Tests 
52 and 33.

5. A fine grind improves both the grade of concen­
trate obtained and the extraction of the manganese 
minerals as shown by the results of Test 34.

6. Using a high pulp density and a fine grind, an 
increase in the amount of sulphur dioxide 
employed results in an increase in the grade of 
concentrate obtained as evidenced by Tests 35 to 
38, inclusive.



Series II - Oleic Aeid-Serogene Etnulaltm ,

A series of tests was made to determine first, the 
effect of kerosene when used in conjunction with oleic 
acid in an emulsion stabilized with Shorreood 407, and 
second, the value of the three-stage conditioning proced­
ure used when sulphur dioxide was employed. A total of
2.0 pounds of the emulsion per ton of ore (in terms of 
oleic acid), was used. The emulsion consisted of 10Q-mg 
per cc. of oleic acid with 2-mg per cc. of Sherwood 407, 
and varying amounts of kerosene. Each test was made on 
a charge of 200 grams of minus 200-mesh dry ground and 
water soaked ore, with 0.5 pounds per ton of duPont froth­
er B40. Tap water, with the pH value reduced to that of 
distilled water by means of sulphuric acid, was usod in 
these tests.

Tlie first test was made without kerosene, the pulp 
being conditioned in three stages with first, 0.5 pound 
of oleic acid; second, 1.0 pound of sulphur dioxidej and 
third, with 1.5 pounds of oleic acid per ton of ore, and 
the concentration of sulphur dioxide was-sustained at
1.0 pound per ton ot ore. The results of Test 59 appear
in Table XI7. ' - ' • .

The second test was the same as Test 59, but 0.2 
pound of kerosene was added, after being emulsified v/ith 
the other reagents. The results of Test 40 appear In 
Table XIV.

40.
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The tlilrd teat was tho same as Test 40, but 2.0
, , ' : ■ . . : - : ■; - ' - . . ■ \
pounds of kerosene were used.' The results of Test 41
appear In Table XIV. .

A fourth test was made in the same manner as Tests 
40 and 41, but 4.0 pounds of kerosene were used. The 
results of Test 42 appear in Table XI?.

A fifth test was made without sulphur dioxide. In 
otter respects, the test was the same as Test 40. The 
results of Test 43 appear in Table XIV.

* sixth test was made in which the three-stage 
conditioning procedure-was abandoned, the initial 1,0 
pound of sulphur dioxide per ton of ore' being added 
first, and followed by the emulsified reagent. In other 
respects, the test was the same as Test 40, The results 
of Test 44 appear in Table XIV.

A seventh test was made in which the three-stage 
conditioning procedure was again abandoned, the emulsified 
reagent being added first rod followed by the sulphur 
dioxide. In other respects, the test was the same as 
Test 40. The results of Test 45 appear in Table XIV.

Interpretation of Results of Tests 39 to 45, inclusive. 
Referring to Table XIV, Tests 39 to 42, Inclusive, 

the conclusions which foilcw are indicated.
1. Small amounts of kerosene irprove the extrac­

tion of the manganese minerals, but even large 
amounts have little effect upon tte grade of



concentrate obtained*
2. Sulphur dioxldo assists the flotation of the 

manganese minerals.
3. The three-stage conditioning procedure seems

to be essential in order to obtain satisfactory 
extraction, but the grade of concentrate is not 
as high as whon the sulphur dioxide is added 
first. .

■■■;;■■' (a)
Table XIV - Oleic Acid-Kerosene Sauls ion

Test
-lip..-

Manganese in 
Concentrate, $

Manganese
extracted,^

39 Ho kerosene 19.9 85.2
40 0*2 lb. of 19.9 9o.i;:
41 2.0 lb. of

-kerosene— -.-. . 20.2 89.8
42 4.0 lb. of 

kerosene 20.8 ' " ' 89; 2

43 No sulphur 
dioxide 22.3 50.9

44 Sulphur dioxide 
first 25.0 72.4

45 Promoter first 21.4 76.5
(a) Heads containing 12.90 per cent of manganese.

Series III - DuPont Reagent 
The duPont Company recommends the following reagent

combination for the flotation of the manganese minerals:
mg. por cc. ‘ '

Dupanol L. S. paste 0.53 
Rosin 4.00 
Sodium hydroxide 5.00 
Crude oil 30.00 
Rosin oil 4.00
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A series of tests was made usli% this regent on 200-gram 
lots of.-minus 200-mesh, dry ground ore viiich Imd "been 

soaked, for several hours In distilled water* In each case, 
the or© was conditioned with 40 cc* of the reagent, which 
was equivalent to 12*0 pounds of crude oil per ton of ore, 
and 0*5 pound of duPont frother B48 was used. The crude 
oil used consisted of No. 5 California fuel oil which had 
"been thinned with 10 per cent of No. 1 California fuel oil.

The first test was m d e  using.this reagent In the 
manner described above. The results of Test 46 appear in 
Table XV.

A second test was mad® using the reagent in conjunc­
tion with sulphur dioxide. The pulp was conditioned in 
three stages, usl%% first, 10 cc. of the reagent, second,
1.0 poimd of sulphur dioxide per ton of ore, and third,
30 cc. of the re agent. ' The ' sulphur dioxide concentratlon 
was sustained at ths initial <x>nc®ntration. The results 
of Test 47 appear in Table XV.

The reagent emuls ion was highly olkal inn and Test 48 
was made to determine the effect on flotation of lowering 
its pH. Sulphuric acid was added to the reagent, reduc­
ing its pH value to about 7.0. Thê  test was made using 
the neutral reagent, but was the same at Test 46 in other 
respects. The results of Test 48 appear in Table XV.



(a)

Test
Ho.

• • ' -
S K S S g S t f c e Manganese extracted. %

46 Reagent as specified 22.3 82.6
47 Sulphur dioxide 

added 18.9 85.7
48 Neutral reagent 20.4 72.7

(a) Heads containing-12,90 per cent of manganese.

Interpretation of Results of Tests 46 to 48,Imlaslve
Referring to Table XV, Tests 46 to 48, Inclusive, 

the conclusions which foliar are Indicated,
1* The duPont reagent gives a satisfactory grade 

■ of concentrate, "but the extraction, is not as
high as can he obtained with a dispersion of 
oleic acid and kerosene,

2, Sulphur dioxide decreases the selectivity of 
this reagent in respect to the manganese

. ,' : \ : ■ ' v ;minerals. This effect may be due. In part, to 
the acidity of the aqueous solution of sulphur 
dioxide,

3, neutralizing the reagent with sulphuric a d d  
decreases its usefulness as a promoter for the 
manganese minerals*

Series IV - Cleaner Flotation

Several tests were made in an effort to determine 
the most satisfactory procedure for the cleaner



flotation of rougher concentrates recovered, from this 
ore. In order to have the same rougher concentrate for 
use In these tests,., rougher flotation tests were made 
in a 500-gram capacity Denver laboratory flotation cell 
on samples which were wet ground and wet screened to 
give a minus 180-mesh product.. The oleic acid-sulphur 
dioxide procedure described in Test 38 of,.Series I was 
used and concentrates having an average content of 
21,96 per cent of manganese and representing 86,6 per 
cent of the total manganese in the ore, were obtained... 
The moisture content of the combined concentrates was 
determined and a sample of the wet material equivalent 
to a ■ 100-gram, dry'.weight was used for each test. Two 
stages of clearior flotation^ 0*5 pound of duPont frother 
348 per ton of feed being added In the first, were used 
for each test appearing in Table XVT,

The first test of this series was made with the 
addition of the frother only* The results of Test 49 
appear in Table XVI;

The second test of this series was made using an
• „ V- .

initial concentration of 3fcO pounds and a sustained 
concentration of IvO pound of sulphur dioxide per ton 
of feed for each stage of cleaner flotation* The 
results of Test 50 appear In Table XVI.

In the third test, the pulp was ̂ conditioned in three
' ' . . "... ' . *

stages wlth^ first, 1.0 pound of oleic acid, second* 6,0 
pounds of sulphur dioxide, and third, 1*0 pound of oleic
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acid, per ton of food.' A total,of 5$0 pounda of oleic 
acid per ton of feed was used in tbs first cleaner float 
and the- concentration of aulphur dioxide was sustained at
2.0 pounds par ton of feed. The same concentrations of 
sulphur dioxide were used In the second stage of cleaner 
flotation, hut oleic acid wee not added. The results of 
Test 51 appear in Table XVI,

For the fourth test, a sample of the rougher concen­
trate was ground for 15 minutes in a 100-gram capacity 
Abbe mill and the flotation test performed in the same 
manner as Test 51, The results of the first two stages 
of cleaner flotation appear as Test 52A In Table XVI,
In this case the cleaning operation was repeated using 
an initial concentration of 6,0 pounds and a sustained 
concentration of 2,0 pounds of sulphur dioxide per ton 
of feed in each stage. In all, four stages of cleaner 
flotation were used. The results appear as Test 52B in 
Table XVI,

A fifth test was made using tannin to improve the
(17) •grade of concentrate as disclosed by Welnlg The

pulp was conditioned with 0,25 pound of tannin per ton 
of feed before each of the tm stages of cleaner flota­
tion, The results of Test 55 appear in Table XVI.

Interpretation of Results of Tests 49 to 5£t inclusive.
Referring to Table SVI, Tests 49 to 53. inclusive, 

the conclusions which follow are indicated.
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1, Sulphur dioxide Is of little benefit In the 
cleaner flotation of the rougher concentrate 
tested.

2. Regrlndlng the rougher concentrate before pro­
ceeding with cleaner flotation Improves the 
grade of concentrate obtained with only a small 
sacrifice In extraction.

5. As employed In Test 55, tannin does not greatly 
Improve the grade of concentrate obtained, but 
does cause a decrease In extraction*

(a)
Table XVI - Cleaner Flotation

---1

+) * 
CO O 
OR Manganese in 

concentrate. ̂
Manganese"(b) 
extracted,$

49 Frother only 32.3 85.1
50 Sulphur^lgxide 32,8 72.9
t--, Additlonal oleic acid 

wlth sulphur dioxide. 32.6 84.7
52A Regrind 35.2 82.4
53 Tannin 53.2 55,4 ‘

(a) Tests-made on rougher concentrate analyzing 
21*96 per cent of manganese and containing 
86*6 per cent of the manganese in the ore,

(b) Per cent extraction In cle zmer flotation.
Test 52B - Four Stages of Cleaning

Weight,% Manganese, ^ of Total Manganese
Head 100,0 ■ ; ™ 3 o g . b  -----

Concentrate 58.5 30.6 70.6
Middling 61.5 .10.3 29.5
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40.

Teats on Ore from the Cecil Martin Claims

Flotation tests were rad® on samples containing 
11,3 per cent of manganese from the Cecil Martin Claims 
near Sentinel, Arizona. The predominant gangue mineral 
in this ore was ealcite and as the experimental work on 
samples from the Bender Mine had indicated that calcite 
was more readily floated than the manganese minerals 
when oleic acid was used as the promoter, an attempt was 
made to float the calcite away from the manganese- 
minerals whlch would, become- concentrated in the tailing.

’ Series I - Inverted Flotation 
AVserles of tests v/as m d e  using 100-gram samples of 

the ore which had been wet ground far 15 minutes in an 
Abb3 mill at a dilution of 66 per cent of solids.

In the first test the pulp was conditioned with 2.0 
pounds of oleic acid per ton of or® and the calcite 
floated using 0.2 pounds of duPont frother B48 per ton 
of ore. The results of Test 53 appear in Table XVII.

A second test was made using sulphur dioxide to 
determine whether a high concentration of this reagent 
would act as a depressant for the manganese minerals, 
when the quantity of promoter was restricted. The pulp 
was conditioned first, with 2,0 pounds of oleic acid, 
and second, with 10,0 pounds of sulphur dioxide per



per ton of ore. The concentration of sulphur dioxide 
was sustained, at 5.0 pounds per ton of ore and 0.2 
pounds of duPont frother B4B w§s used per ton of ore.
The results of Test 54 appear in Table XVH.

(14) .
F. S. Wartnan suggested the use of sodium 

hexanietaphosphate, which is sold under the trade name of 
Calgon, as a possible depressant for c&lcite, A test 
was made using this reagent, the pulp being conditioned 
first, with 0.5 pounds of Calgon and second, with 1.0 
pound of oleic acid per ton of ore. A total of 4.5 
pounds of oleic acid and 0,5 pound of duPont frother B48 
per ton of ore was used in the test. The results of 
Test 55 appear in Table XVII.

Tube tests, made as described in Chapter II, had 
indicated that duPont reagent M. P. 189, which is an 
aliphatic sulphonate, would float calcite, but not 
manganese minerals. A test was made using this reagent, 
the pulp being conditioned with 0.1 pound of M. P. 189 
per ton of ore. A total of 1.2 pounds of the reagent 
were used per ton of ore. A frother was not needed.
The results of Test 50 appear in Table XVII.

Interpretation of Results of Tests 53 to 50. inclusive.
Referring to Table XVH, Tests 53 to 50, inclusive, 

the conclusions which follow are indicated.
131)743
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1. Oleic acid is the most effective of the reagents
and reagent combinations used.

: ... ' * ’ " ■ ■ . . ■■■ . ■ . -

2. Activation of the manganese minerals by sul#mr
dioxide is indicated by the results of Test 54.

3. Calgon is a more effective depressant of the 
manganese minerals t):mn of cal cite*

4. DuPont reagent H.P. 189 has a tendency, not 
observed in tube tests, to float a part of the 
manganese minerals;

.  ̂ ■. ' (a) 'Table XVII - Inverted Flotation

Test
Ho.

: Mangane se in
concentrates•

Manganese 
extracted, $

53 Oleic Acid 19.4 31.7
54 Oleic Acid with 

Sulohur dioxide 14.3 76.9
55 Oleic Acid with 

Calgon 22.6 50.7 -
56 DuPont H.P. 189 19.2 76.9

— .... ...... ......

(a) Flotation Teats on ore containing 11.3 per 
cent of Manganese.

Series H  - Inverted Flotation of Wilfley Table 
■ ■______  Concentrates ____ _______ ...

Tests re made on the concentrate from a TJ Ilf ley 
table test on this ore. The table concentrate assayed
31.0 per cent of manganese and contained 41 per cent of 
the total manganese in the ore. The flotation tests 
were made using samples of the concentrate which had 
been ground in the manner described in Series I.
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In the first test, the sample was conditioned, with
1.0 pound of duPont reagent la.P. 189 per ton of feed and 
the calc it e floated. The results of Test 57 appear in 
Table XVII. . ‘

For the second test 5*0 pounds of Calgen and 11*0 
pounds of oleic acid "per ton of feed were used. The 
results of.Test 58 appear in Table' XVIII.

' ■ ■ ■ ■ ■ : ' " . ' - (a)Table XVIII - Tests on Wllfle? Table Concentrate.-

Test . .
Ho.

In
concentrate, %

.Manganese
Extraction.^

57 DuPont M.P. 189 37.5 87.2
Oleic a old and 

58 Oal/ron 41*7 . 85.5
(a) Flotation teats on concentrates containing 

51.0 per cent of manganese.

Interpretation of Results of Tests 57 and 58
Referring to Table XVIII, Tests 57 and 58, the 

conclusions which follow are Indicated.
1. A satisfactory separation of the manganese 

minerals and the calcite can be obtained on 
the table concentrate.

• 2. The consumption of oleic acid is excessive
when the quantity of Colgon used in Test 58 
is employed.

3. The contrast in the results of-Test 57 with 
those of Test 56 which appear in Table XVII 
may be due to the absence of the primary 
slimes of the ore in the former caso.



CHAPTER IV - COHeLUSIO®

The results of fcho oxperlnenfcal work on the . 
flotation of manganese minerals indicate that differ­
ent types of ores may require very different methods 
of treatment; Despite this faet* the experimental 
work indicates that the factors which follow had a 
similar effect on all ores tested and uppefcr to 
: justify the conclusions given in so far as those ores 
are concerned.
1. Oleic acid is a powerful promoter of the'mangan­
ese minerals and calcite,
2. Sulphur dioxide i^roves the separation of the 
manganese minerals from siliceous gangue minerals
and is most effective when added during tii® condition­
ing period in the flotation cell between two addltlaos 
of promoter* * ■ ' ‘
5. A high, pulp density In the flotation cell decreases 
the consumption of reagents without causing an ex­
cessive decrease in the grad® of concentrate obtained.
4. Calcite is more readily floated than the manganese
mirisrals* :
\ ■ . ; ■ ■ . .  . " . ' '

!Bie results of tests made on samples of ore from
the Bender Mine, the most difficult type of ore-tested, 
indicate the conclusions which follow.

52.



5, A reagent combination eonaisting of kerosene 
and Sherwood 407 when used with sulphur dioxide gave 
the most satisfactory results*

(4)
6, A Procedure based on the DeVaney - Clemmer 
disclosures yielded moderately good results, but the 
reagent consumption was high*
7, A satisfactory separation of the calcite from 
the manganese minerals was not obtmi ned when oleic 
acid was used as tb# promoter*
8* The pH value of the ore in distilled water was 
satisfactory for the flotation of the manganese 
minerals with soap.
9* Fish oil fatty acids, alkaline potato starch, 
Emulsol X^-kerosene emulsion, a nd soap are not as 
powerful as promoters of the manganese minerals as 
oleic acid*

The results of tests made on sonpies of ore fro m 
the Artillery Peak district indicate the conclusions 
which follow.
10. A fine grind is essential for satisfactory recovery
11. Oleic acid when used in conjunction with sulphur 
dioxide is most effective particularly when used in 
an emulsion stabilised with Sherwood 407.
12. Kerosene, when added in an emulsion, improves 
the extraction to a slight extent, but does not effect 
the grade of concentrate obtained.
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13• Grinding of the rougher concentrate before pro­
ceeding with cleaner flotation is beneficial*
14. neither sulphur dioxide nor tannin are effective 
in raising the gratis of the cleaner concentrate when 
added to the cleaner flotation circuit.
15. The reagent combination recommended by the Du­
Pont Company is effective, but the quantity, necessary 
to obtain satisfactory extraction, is excessive.

The results of the tests made on samples of 
ore from the Cecil Martin claims indicate the con­
clusions which follow.
16. Selective flotation separation of the calcite 
from the manganese minerals was not satisfactory on 
the undeslimed ore, but oleic acid was the most effec 
tive of the reagents tested in this respect.
17. A satisfactory separation of the calcite from 
the manganese minerals of a Wilfley table concentrate 
is possible*
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