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A partial material balance over the flotation
pilot plant is shown in Figure 10. Of the 920 pounds
of crushed ore entering the process, 25h pounds of bulk
sulfides and l0h.6 pounds of tailings were obtained as
products. There was some process leakage, but the bulk
of the material that was not obtained as products, 56l.k

ß

pounds, was attributed to hold~up in the system. As
W

produced by the flotation pilot plant, the bulk sulfides
and tailings were in the form of slurries and further
treatment consisted of filtration, drying, screening,
and sampling for analysis. A Jones riffle was used to
split the tailings. Two samples, each weighing approxi—
mately one pound, were taken for chemical and screen
analyses. Also, a l00·gram sample was analyzed by

Meenaghan(65) for acid soluble manganese content.

Analysis of Manganese by the Modified Sodinn

Bismuthate Method. The modified sodium bismuthate
method was used throughout this investigation for the

analysis of acid soluble manganese. At the beginning
of the analytical procedure, an exact weight of approxi·
mately two grams of sample of material was weighed into

a 250·m1lliliter beaker. A volume of 30 millilitere

of concentrated nitric acid was added and the solution
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heated until all of the brown oxides of nitrogen had

been evolved. After heating, approximately two grams
of petassium chlorate were added and the sample was
heated to dryness. The samples tended to splatter

during the final stages of drying and it was found that

this condition could be overcome by using an infrared

heat lamp for the final drying. Also, to insure uniform

dryness, all samples were placed in a 260 °C even over-

night.
After drying overnight and then cooling to approxi—

mately 30 °C, 20 milliliters of concentrated hydra-
chloric acid were added to the sample. In approxi-

mately 20 minutes, the color of the solution turned
from cloudy-black to clear orange. At this point, 20

milliliters of concentrated sulfuric acid were added

slewly while agitating the solution with a magnetie

stirrer. The sample was then heated on a het plate

until white sulphur dioxide fumes were visible with

the absence of any hydrochloric acid oder. Next, the

sample was cooled to approximately 30 °G and volumes

of 100 milliliters of distilled water and 20 milli-
liters of six normal eulfuric acid were added. The

beaker containing the sample was then placed in an
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ice bath and the solution cooled to 10 °C. After cool-
ing, two grams of sodium bismuthate were added and the
sample agitated for ten minutes. The amount of sodium
bismuthate added was slightly in excess of the ratio
of 26 grams of sodium bismuthate per gram of manganese
in the sample(67). If manganese is present, the solu-
tion will turn dark purple in color. After mixing
thoroughly, the sample was replaced in the ice bath
and left to stand for at least 20 minutes to insure
the eompletion of the reaction and also to allow the
excess sodium bismuthate to settle. The solid was
separated from the solution by filtration. The residue
was washed with sulfuric acid solution, three volume
per cent, until all of the pink color was removed. The
filtrate was then titrated with standardized ferrous W

ammonium sulfate solution and back-titrated with
potassium permanganate solution.

Preparation of Titrating Solutions Used in th;
Analysis of Mnganese. The standard potassium per-
manganate titrant was prepared by dissolving 3.3 grams
of potassium permanganate in enough distilled water to
make one liter of solution. After allowing it to stand
for at least three days, the solution was filtered and
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the filtrate was poured into a bottle wrapped with ‘

aluminum foil. The potassium permanganate solution
was standardized against the universal standard,
sodium oxalate solution, which was prepared by adding
0.3 gram of scdium oxalate and four milliliters of
concentrated sulfuric acid to 150 milliliters of die-
tilled water. y

1 The ferrous ammonium sulfate solution was prepared
by placing approximately A0 grams of ferrous ammonium
sulfate and 20 milliliters of concentrated sulfuric
acid in a one-liter volumetric flask and filling tc
the mark with distilled water. This solution was then
standardized against the potassium permanganate solu-
tion. The standard solutions of potaseium permanganate
and ferrous ammonium sulfate ae prepared by the above

X

procedures were both approximately 0.1 normal.
Preparation of Sinter. Various sinters were pre-

pared by heating mixtures of tailings and chemical
reagents at elevated temperatures. A detailed sumary
of the reagents, crucibles, and sintering temperature
employed for the individual sinters is shown in
Table XIV, page 103. The tailings and chemicals te
be sintered were carefully weighed and thoroughly
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mixed in the desired weight ratios. Mixing was accom-
plished by grinding the sample in a mortar until homo-
geneeus in appearance. The empty sintering orucible
was weighed, loaded with the mixed sample, and weighed
again. The crucible containing the sample was then
placed in a preheated furnace and sintered for one
hour at the desired temperature. The sintering tem·
peratures were measured by means of a chromel·alumel
thermocouple which had been calibrated against the
melting points of lead and antimony, and the beiling
point of water.

At the end of one hour, the crucible was removed
from the furnace and allowed te cool to approximately
30 °C. After weighing to determine the total weight
loss, the sinter was removed from the crucible and
ground theroughly in a ortar. The empty orucible
was weighed te determine if the sample container lest
weight during the sintering operation. The weight
loss, if any, was taken into account in determining
the true weight loss of the sample during sintering.

T

Duplicate samples of each sinter were analyzed fer
acid seluble manganese content which was reperted en
the basis ef sinter weight and on the basis ef the
original weight ef tailings used in the sinter sample.



-37-

Dilute Sulfuric Acid Leaching of Samples of Sinter.
Duplicate, two—gram size, samples of sinter were
employed in the sulfuric acid leaching tests. Each
sample was leached with 100 milliliters of solution
(approximately 3.6 normal) containing 10 milliliters
of concentrated sulfuric acid and 90 milliliters of
distilled water. The samples were leached at approxi-
mately 30 °C for 15 minutes while being agitated with
a magnetic stirrer. After leaching, the sample solu•
tions were filtered and the residues were washed with
approximately 25 milliliters of distilled water. The
residues were dried overnight in a 260 °C oven, cooled
to appreximately 30 °C, and weighed to determine the
weight loss which resulted from leaching. The fil-
trates were heated to dryness and analyzed for acid
soluble manganese content using the modified sodium
bismuthate method of analysis. The manganese left in
the residues was obtained by difference between the
acid soluble manganese content in the sinters before
leaching and the amount of manganese determined to be
in the filtrates after leaching. The sample containers
employed for all tests were 250·milli1iter beakers.
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Dilute Nitric Acid Leaching ef Samples ef Sinter.
Duplicate, twe—gram size, samples ef sinter were
employed for the nitric acid leaching tests, and 250-
milliliter beakers were used as sample centainers. To
each beaker was added 100 milliliters ef dilute nitric ·
acid. Two different cencentrations of leaching solu-
tion were used which were appreximately 0.78 and 1.58 n
normal (see Table XVII, page 106). The solutions were
prepared by adding 5 and 10 milliliters of eoncentrated
nitric acid to 95 and 90 millilitere ef distilled water,
respectively. The samples were leached fer 15 minutes
at appreximately 30 °C while being agitated with a mag-
netic stirrer. After leaching, the solutions were fil-
tered and the residues were washed with appreximately
25 milliliters of distilled water. The residues were
dried evernight in a 260 °C even, ceoled te apprexi—
mately 30 °C and weighed te determine the per cent ef
solide leached from the samples. The filtratee were
heated te dryness and then analyzed for acid soluble
manganese content.

Het water Leaching ef Samples of Sinter. Duplicate,
twe·gram size, samples of sinter were empleyed for the
het water leaehing tests and 250 milliliter beakere were
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used as sample containers. To each beaker was added
100 milliliters of distilled water and the samples were
then heated on hot plates for 15 minutes while main-
taining a solution temperature of 100 °C. The solu-
tions were filtered hot and the residues were washed
with approximately 25 milliliters of distilled water.
The residues were dried overnight in a 260 °C oven,
cooled to approximately 30 °0, and weighed to deter-
mine the weight of solide leached from the original
samples. The filtrates were heated to dryness and ‘

analyzed for acid soluble manganese content.
Ammonium Carbamate Leaching of Samples of Sinter.

The ammonium carbamate leaching procedure employed in
this_investigation was the same as that recommended by
Dean(25). Samples of sinter of approximately two, five,
and ten grams were employed in various leaching tests
(see Table XIX, page 108) and 250-milliliter beakers
were used as sample containers. To each sample was
added 50 to 100 mllliliters of concentrated ammonium

hydroxide containing 0.3, 045, or 5.0 milliliters of
ammonium sulfide. Carbon dioxide gas was then bubbled
into each sample for at least 15 minutes. During the

leaching period, the sample solutions were agitated
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w with a magnetic stirrer. Also, since the reaction
between ammonium carbamate and manganous oxide is
exothermic, a thermometer was placed in the test
solution to observe any change in temperature. After
leaching, the sample solutions were filtered and the

'residues were washed twice with approximately 25
milliliters each of concentrated ammonium hydroxide
and distilled water in that order. The residues were
then dried overnight in a 260 °C even, cooled to
approximately 30 *0, and weighed to determine the per
cent of solide leached from the original samples.
The filtrates were heated to dryness and then ana-
lyzed for acid soluble manganese content.

Construction of the Electrolgtic Cell. A photo•
graph of the electrodeposition apparatus is shown in
Figure ll. The electrolytic cell was made by placing

g a cylindrical cup, which was of porous ceramic, inside
a one—liter beaker. The space inside the ceramic cup
or the ”anolyte compartment” contained the anode and
the anolyte solution. The space between the cup and
the beaker was called the ”catholyte compartment" and
contained the cathodes and the catholyte solution.
The cathodes were fabricated from sheet copper while
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graphite, lead, and platinum materials were used as
anodes. New electrolyte was introduced to one side
of the cathode compartment of the cell from the cath-
olyte feed tank which consisted of a two-liter bottle
with bottom outlet. Spent catholyte was removed from

the cell on the opposite side from the feed inlet and

consisted of a bent glass tube with stopcock that acted

as a siphon. In order to balance the flow of elec-
trolyte through the catholyte compartment, two cathodea

were employed and were placed at right angles to a line

between the catholyte feed inlet and spent catholyte

outlet. The electrical circuit that was employed

during the electrodeposition tests is shown in

Figure 12.
golutions Used in the Electrodegosition of Manga-

gggg. Three solutions(25), anolyte, catholyte and
catholyte feed, were used in the electrolytic cell

for the deposition of manganese. The anolyte solu-

tion consisted of 25 grams of concentrated sulfuric

acid per liter of solution. The catholyte solution

consisted of 12 grams of manganese as manganous sul-

fate, 130 grams of ammonium sulfate, and 0.1 gram of

sulfur dioxide as ammonium sulfite per liter of
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solution. After preparation, the pH of the catholyte
solution was adjusted to approximately 7.8 with con·
centrated ammonium hydroxide. The catholyte feed was
prepared in the same manner as the catnolyte solution
except that the concentration of manganese per liter

of solution was 30 grams instead of 12 grams.
Preparation of Catgodes Prior to Electrolgsge.

The preparation of the cathodes prior to electrodepo·
sition of manganeae consisted of a cleaning and cost-
ing operation. In order to clean the copper cathodes, i

they esse soaked in a pickling solution until bright
in appearance. The pickling solution was prepared by
mixing 100 milliliters of nitric acid with 300 milli·
liters of water.

In the coating operation, three different types y
of coatings were employed in an attempt to facilitate

r

the removal of manganese from the oathodes after
depo•sition.The coatings used in this experimental were

silicone grease, sodium silicate, and a metal polish
of unknown composition called "Noxon”. The procedure
used to obtain a thin coating of silicone grease on

the cathodes consisted of first thoroughly coating the
electrodes and then removing the excese material with
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a hand towel. The cathodee were coated with a thin
layer of eodium silicate by first dipping the copper
electrodee into a 10 per cent solution of sodium
eilicate and then allowing them to dry. The last
type of coating weg applied by cleaning thecathodeswith

a metal polish, .After rinsing lightly with tap

water; e very thin layer of greasy·1ike substance
could be felt on the electrodes, In every test, the

cathodes; after cleaning and coatlng; were dried and

weighed prior to use in the electrolytic cell,

Electrodepgsition of Manganeee. Differencea in
procedure for individual electrodepoeiticn tests are

shown in Table XX; page 109. In general, the cell was

prepared by placing the electrolytes into the proper

ccmpartments and ineerting the electrodee. The elec-

trical oircuit eas then oonpleted and the desired cell

amperage was obtained by adjusting the variable rheo•

stat. The flow of catholyte feed was started and the

outlet flow of spent catholyte was adjusted so as to

maintain e constant level of solution in the catholyte

compartment. At periodic intervals; anolyte wasaddedin

order to maintain a constant solution level in

the anolyte oonpartment. Dnring several teste; the
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pH of the catholyte was maintained above 7.0 by the
addition of ammonium hydroxide. After electrolysis,
the cathodes were dipped into an anti—oxidizing solu·
tion, rinsed with tap water, dried, and weighed. The
anti·oxidizing solution consisted of a dilute solu·
tion of sodium dichromate of approximately 0.5 nor-
mality. The amount of manganese deposited during a
test was determined from the difference in weight of
the cathodes before and after electrolysis.

Accurate determinations of the cell current used
during the electrodeposition tests were made using a
copper coulometer. By weighing the coulometer cath—
odes before and after electrolysis and knowing the
amount of current required to deposit a known weight
of copper, the cell current utilized for the deposi·
tion of manganese was determined. The solution used
in the coulometer consisted of 150 grams of copper
sulfate, 50 grams of concentrated sulfuric acid, 50

milliliters of 95 per cent ethyl alcohol, and one
liter of distilled water.
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Data and Results

The experimental data and results obtained during
this investigation are presented in the form of tables.

Analysis of Raw Ore from the Betty Baker Mine.

J: The results of the analysis of the raw ore(l2) from
the Betty Baker Mine are presented in Table X. ~

T Size—weight Distribution of Combined Teils from
Bulk Sulfide Float. The results of the screen analysis
of the tailings(l2) showing the size-weight distribu-
tion of iron, copper, zinc, and acid soluble manganesex
are given in Table XI.

T

Analysis of Tailings from the Bulk Sulfide Flota·
tion of the Ore. The chemical analysis of the tail-
ings(l2) is presented in Table XII. ,

Analysis of Tailings for Acid Soluble Manganese
Content. The results of the chemical analysis of the
tailings for acid soluble manganese content as
obtained by the author are shown in Table XIII. The
average acid soluble manganese content of the tail-
ings obtained by Meenaghan(65) was 1.75 per cent.

Summary of Data on Samnle Sinters. A summary of ·

data on sample sinters tested during the experimental

is shown in Table XIV.
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gpalgsis of Sintered Samples for Total Acid
Soluble Mnganese Content. The results of the anal-
yses of the sintered samples for acid soluble manga- 4
nese content are presented in Table XV.

§££ggp_p§_Leaching with Dilute Sulfuric Acid on
Sintered Samples. The effect of leaching samples of
sinter with dilute sulfuric acid is shown inTable XVI. _

Effect of Leachin with Dilute Nitric Acid on
4 Sintered Samples. The effect of leaching samples of

sinter with dilute nitric acid is shown in Table XVII.
Effect of Leaching with Hot water on Sintered _

Samples. The effect of leaching samples of sinter ß
with hot water is shown in Table XVIII.

Effect of Leaching with Ammonium Carbamate Solu-
tion cn Sintered Samples. The effect of leaching sam-
ples of sinter with ammonium carbamate solution is
shown in Table XIX.

Electrodeposition of Mapganese. The data and
results obtained from the electrodeposition testsX
are shown in Table XX.
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g TABLE X
Analysis gg §gg_Qgg from ggg Betty Baker Mine,

Carroll County, Virginia

Componentn Weight5 %

Iron 37.63 s

Copper 0.63 _
Zine 1.75
Lead 0• ”

Sulphur „ 26.91
Manganese (acid soluble) ‘0.82

Corriveau, M. P.: Mineral Dressing Studies on
the Great Gossan Lead Ore from Carroll
County, Virginia, Va. Poly. Inst. Engr.

. Expt. Sta. Bull. No 113 (Sept. 1956).
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TABLE XI

A Size-Weight Distribution gg Combined
Sulfide ggggg

Size Weight Fe Cu Zn Mh— ‘ (acid soluble)
9% % 9% % 9% 2

+ A8 0.70 A.26 0.0A 0.21 0.71

- A8 + 65 (2.66 2.2A 0.02 0.18 0.58

- 65 +100
1.

11.4h 2.h6 0.06 0.21 · 0.91

-100 +150 17.91 2.91 0.02 0.21 1.k2

-150 +200 15.98 3.1A 0.02 0.18 1.58
-200 +270 10.67 3.36 0.0A 0.18 1.89

2 -270 +325 10.16 A.03 0.0A 0.21 2.05

-325 +20 u 16.2L 5.15 0.02 1.20 2.h6
— -20 u 12..21. 8.96 0.02. 1.70 2.01.

Cogägältg 100.00 A.27 0.03 0.57 1.73

. Virginia, Va. Poly. Inst. Engr. Expt. Sta.
Bull. H0 113 (Sept. 1956). -
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TABLE XII

ggalgsis gg Tailings from the Bulk Sulfids A
Flotation gg the Ore from_ggg Bett; Baker

Mine, Carroll Countg, Virginia

Component Weight
· ) %

Iron k.37
Copper 0.02
Zine 0.k7
Lead 0.00
Sulphur 0.75
Manganese (acid soluble) 1.90
Manganese (total) 2.73

Corriveau, M. P.: Mineral Dressing Studies
on the Great Gossau Lead Ore from
Carroll County, Virginia, Va. Peli.
Inst. Engr. Expt. Sta. Bull. Ne l 3
(Sept. 1956).
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TABLE XIII

Analysis gg Tailiggs from_ggg Bulk Sulfide Floag
gg; Acid Soluble Manganese Content

Averag•
Test Total Acid Solubla Total Acid Soluble

No Manganese Content Manganese Content
wt % B wt %

2 1.93 I
3 1.98
lt5

2.01
6 1-I96
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Table XIV

9.§E§£.Q.B.§*.22l£...Lß§.L§.S¤ hu2s.1>.¤u.aa....¤.sx1.a91:.1¤¤ta

0
Slnter Sintering Components Weight of Weight Loss Amnnng or Obggpvgtlgng

Conditions Components Durlng TnIIIngg
Before Slnterlng In singgpa

Slntering

gg gm wt E
bA Temp.: 1100 °C Tallings 8b7 b3l.0 67.1 Color after

Time: one hour Na200 gb; sintering was
QrggIgIe; nIgke1 TgggI 1 9 dark green,

B Temp.: 1100 °C Tallings 50 3b.o 65.8 The slnter was
Time: one hour Na2C0 50 grey-black in
Cruciblez graph- Carboä 10 color after

Ite Total IIQ ggntering,

C Temp.: 1300 °0 Tallings 50 p 3b.2 66.0 Color of sinter
Time: one hour Na2C0 50 was red-brown.
Cruc1bl•: graph- Carbog 10

.................JJE;.......I2§Al......119.............................................._,
D Temp.: 1190 °C Taillngs 50 C Because of forma-

T1me: one hour NaOH 26 tion of very hard
Cruclblez nlckel Carbon 26 slag, slnter was

Tgtal I5; d;sgarged,

E Temp.: 1b50 °C Tailings 100 30.7 83.8 Color of slnter
Time: one hour Na2C0 gg was grey-black.
Qrgggble; ngggel Tgial Igg

F Temp.: 1330 °C Sinter A 100 29.0 55.b A black slnter was 0

Time: one hour Carbon g0 produced malnly .
Cruclblez nlckel- Total 1 0 because all of the

carbon did not
— ggrn,

G Temp.: lb50 °C Tallings 100 102.3 d A11 of the carbon
Time: one hour Na200 50_ did not burn. The
Crucxble: nlckel Carbog b0 einter was black.

H Temp.: 1155 °C Tailings 100 bl.3 77.8 A brown-black
Time: one hour Na 003 50 1 sinter was formed.
Cruclble: nlckel KCIO3 20

Tggal IE5

I Temp.: 1100 °C Taillngs 100 36.b 88.1 Approximately 67 %
Time: one hour Na CO b0 of the sample2 3Cruclble: nlckel KCl0 10 after heating was

Tgtal 150 soft brown sinterand the regt was
blgg; slgg,

J Temp.: 1120 °C Tailings 100 bl.3 92.0 The same observa-
Time: one hour Na 003 30 tion was notedCrucible: nickel KOI0ä 10 here as for slnter

mmc: 10 19

a Weight per cent of tallings in the slnter assumlng no weight loss of talllngs during
slntering.

0

b For sample A, 1100 °C represents the temperature of the furnace and not of the sample.
All other temperatures represent sample temperatures and were determined by placlng
a thermocouple directly in the sample.

G This sinter was dlscarded because lt fused into a very hard mass.
0

·
d Part of this sample was lost during slnterlng. 8

° For the remainder of the experimental, the sinter and slag were separated and treated
indlvidually.



A Table XV

A.;¤.11..11A¤
S....ss¤.....M¤¤sse §.¢.s&.s.¤.§.

S1nter8 Test A.8. Mn Ave. A.S. Mn Ave. A,S. Mn
No. Content Based Content Based Content Based

On Sinter On Sinter On Original
Tailings In

Sinter

wg Z wg Z wt E

A 1 1.89 1.95 2.91
2 1.96
3 1.77
H 2.22

2 1.91

Eb 1 2,üb 2,U3 2,90
2 2,U2

F 1 1.17 1.15 2.07
2 1,1}

0 1 2.13 2.1u °
2 2,1U

H 1 2.20 2.19 2,82
3 gljg

Id 1 2.38 2.35 2,67
2 2,32

IS 1 2.60 2.60 2.95
2 2,59

sd 1 2,0N 2,00 2.17

J 1 2.90 2,9b 3,20S 2 g,9z
8 See Table XIV for the sinter compositions and treatments,

b Sinter D was discarded because of the formation of a very hard slag,
G Part of sinter G was blown out of the crucible during heat1ng,
d Because of slag formation, sinters I and J were separated into soft

sinter (I and J above) and slag (IS and JS above) and analyzed
separately.



Table XVI

ättasl QL Lasshlns usa Qllnse Seltsam asus sa
Sgngggeg Sggglge

Leachlng conditions: The samples were leached for 15 minutes while being agltated. The
leach solution for all tests conslsted of 10 ml of concentrated
sulfurlc acid dlluted with 90 ml of distllled water tc make 100 ml
cf leach solution (approxlmately 3.6 normal). The filtered residues
were washed with approxlmately 25 ml of dlstilled water. The resi-
dues were dried in an oven overnight at a temperature of 260 °C.

Sintera Test Weight Weight Solide $.9. Mn A,S. Hn A,S, Mn Recovery
Nc. Of Of Leached Leached In In 6 Of A,S,Sample Resldueb From From Leach d Reeldue Mn In

Sample Samplec Filtrate _Res1duef
gg gm wt Q wt Q wt Q wt Q wt Q

A 1 2.0097 0.1693 91.58 0.15 0.2 2l.'·•· 92,32 2.0069 0.16¤8 91.79 0.11 0.1 22.M 9u,b

B 1 2.0033 0.0883 95.59 1.80 1.9 0.8 1.9
2 1.9957 0.1127 9¤.35 1.8b 1.9 0.0 0.0

C 1 1.9968 0.0810 95.9b 1.95 2.0 0.0 0.0
2 2.0009 0.0902 95.b9 1.96 2.0 0.0 0.0

See Table XIV for compcsltions and Table XV for A,S, Mn content of slnters,
b Dry residue obtained after leachlng.

° Based on weight of sample of einter.
d Based cn solide in filtrate obtalned after leachlng.
8 Based on weight of resldue.
f Based on the following calculatlon: Q recovery of Mn in residue :

Q A S Mn n es d e wt of res due O
ä; A,S, Mn in sample of einterilwt cf sample cf slnterl



Table XVII

Leaehlng conditions: The samples of slnter were leached for 15 mlnutes while being .agltated, The leaoh solution for slnters A, B, and C, conslsted _of 10 ml of eonoentrated HNO; diluted with 90 ml of dlstilled waterto make 100 ml of leach solu lon (approxlmately 1,6 normal) foreach test, The leach solution for slnters E through J conslstedof 5 ml of conoentrated HNO} dlluted with 95 ml of dlsällled waterto make 100 ml of leaeh solution (approxlmately 0,8 normal), Thefiltered residues were washed w1th approximately 25 ml of dlstllledwater, The reslduee were drled overnlght in an oven at a tempera-. ture of 260

°C.SlnteraTest Weight Weight Solide A,S, Mn A,S, Mn A,S, Mn RecoveryNo, Of Of b Leached Leached In In Of A,S,Sample Resldue From From Leaoh d Res1due8 Mn In. Sample Samplec Flltrate Residuef
gm gg vg E wg Z wt Q wt Q ‘ gg Q

A 1 2,01¤5 0.1292 90.92 0,11 0.1 28.7 9M,b2 2.0096 0.1825 91.58 0.12 0.1 20.2 93.9

B 1 2.00++6 0.0675 96.63 1.85 1.9 0.0 0 0.0 '
A 2 2.0001 0.1060 9U,7O 1,86 1,9 0,0 0,0 ·

C 1 2,0020 0.0698 96.51 1.87 .1.9 0.9 1.62 2,0011 0.1132 9#,3ü 1.86 2,0 0,7 . 2,1

E 1 2.0023 0.1190 9*+.06 2,03 2.2 6.8 1.72 2,0015 0.1898 90,52 2,00 2.2 *+.5 1.8

1* 1 2,0016 0.3088 8*+.57 1.59 1.++ 0.0 0.02 1.998*+ 0.3296 83.51 1.59 1.*+ .__0.0 0.0

G 1 1.9999 0.2*+*+1 87.79 1.95 2.2 1.6 8.9 I
2 2,0023 0.2b9l 87.56 4 1,91 2,2 1.8 10,7

H l 1,9968 0.1237 93.81 1.72 1.8 7.6 21.52 2.0031 0.1b13 92.95 1.83 2.0 5.1 16.b

lg 1 2,0025 0.2391 88,06 1.88 2,1 b,0 20,22 2,0018 0.2351 88.26 1.93 2.2 3.6 17.9
IS l 2,00bu 0,2077 89,6h 2,16 2,b b,2 16,92 1,9980 0.2083 89.57 2.23 2.5 3.5 l¤,l

.1 1 1.9951 0.*+675 76.57 1.57 2.0 1.8 21.62 1.9956 0.*+751 76.19 1.62 2.1 1.6 19.0
JB 1 2.0028 0.5730 71.39 1.65 2.3 *+.5 ***+.02 1.9956 0.5*+87 72.50 1.71 2.*+ *+.5 *+1.9

8 See Table XIV for composltlone and Table XV for A.S, Mn content of sinters, 6
b Dry residue obtained after leaohlng,
8 Based on weight of sample of sinter,
8 Based on solide ln flltrate obtalned after leaohlng,
8 Based on weight of residue,
f Based on the following calculatlonz S recovery of Mn in resldue Z _

S s d e w d e
I

·
A,S, Kn in sample of slnter wt of sample of slnter

8 Sinters I and J conslsted of approximately one-third by weight of slags after heat Vtreatment, The slags, after being wlthdrawn from the slntered samples, were analyzedseparately and the results are repreeentea above as IS and J8 respeetfully, The softslntered materials are repreeented above as I and J.



Table XVIII

0 ss1...m:»..x;..dSee ..¤.aa1S6..6.,
Leachlng conditions: The samples were leached with 100 ml of dlstllled water for 15

minutes at 100 OC. The flltered resldues were washed with approx1—
mately 25 ml of dlstilled water. The resldues were then dried over·
night 1n an oven at a temperature of 260 °C,

Slntera Test Welght We1ght Sollds A.S, Mn A,S, Mn A,S. Mn Recovery
No. Of Of b Leached Leached In In Of A,S,Sample Residue From From c Leach Res1due° Mn In1 Sample Sample Flltrated Reslduef

,_,_ gg gm wjé wté wtf wté wgg

A 1 2.0048 1.6120 19.59 0.11 0.6 2.3 99.90
2 2.0106 1.6284 19.01 0.11 0,6 2.3 94,40

B 1 2,0019 1.3726 31.44 0.00 0.0 2.7 100.002 2.0001 1.3887 30.57 0.00 0.0 2.6 100.00

C 1 1.9911 1,3670 31.39 0.00 0.0 2.8 100.00
2 1.9951 1.4084 29.41 0.00 0.0 2.7 100.00

H 1 2.0036 1.7553 12.39 0.00 0.0 2.5 100.00
2 2.0007 1.7705 11.51 0.00 0.0 2.5 100.00

lg 1 1.9999 1.7953 10.23 0.00 0.0 2.6 100.00
2 2.0021 1.7981 10.19 0.00 0,0 2,6 100,00

IS 1 1.9959 1.9170 3.95 0.00 0.0 2.7 100.00
2 2.0052 1.9395 3.53 0.00 0.0 2.7 100.00

Jg 1 2,0038 1.5882 20.74 0,00 0,0 2,5 100.00
2 2,0014 1.5616 21.97 0.00 0.0 2,6 100,00

J8 1 1.9979 1.9622 1.79 0.00 0.0 3.0 100,00
2 1.9982 1.9653 1,65 0.00 0.0 3,0 100,00

8 See Table XIV for compoeltlons and Table XV for A,8, Mn content of sinters.
b Dry resldue obtalned after leaching,
c Based on weight of sample of sinter.
d Based on sollds in flltrate obtalned after leaehlng.

° Based on weight of resldue.
f Based on the following calculatlonz S recovery of Mn in resldue ;

S Mn in res d e w f es d e 00
A,S, Mn in sample of s1nter$]wt of sample of sinterl

8 Sinters I and J conslsted of approxlmately one-third by weight of slags after heat
treatment. The slags, after being wlthdrawn from the sintered samples, were analyzed
separately and the results are represented above as IB and JS respectfully. The soft
slntered materials are represented above as I and J,



Table XIX ·
§LI£9.§.2l]&..B.Qhlß8.!.1.Ul&§2Bl1Il§.21R§.lQ119B. ‘

6 S ¤ ésnalss
4

Leaching conditions: The ammonlum carbamate leachlng solutions were made by passing
carbon dioxlde gas 1nto llquld ammonlum hydroxlde, The amount ofconcentrated NHbOH.used for each test ls shown below a1ong(§&$h
time of leachlng, The (NH ) S was added as an accelerator .
The samples were agitated äuäing the leach period, The residuee
were washed twice with 25 ml of ooncentrated ammonlum hydroxlde

. and 25 ml of dlstilled water respectively. The resldues were
dried ln an oven overnight at.a temperature of 260 °C,

S1nter8 Major Leaoh1ng Welght Weight Solide A,S, Kn A,S, Mn Recovery
And Conditlons Of Of b Leaohed Leached In d Of A,S,
Test NHMOH INHRSZS Ceach Sample Residue 7 From From Resldue Mn In 8
No, Used Used Time Sample Sample° Resldue

ml ml mln gm gm vg Z wt 2 wt E wt {

A 1 100 0.0 15 2,0001 1.7231 13.85 0.00 2.3 100,0
2 100 5,0 15 1.9982 1.6096 9,03 0•33 1,8 4 82,8
3 100 5.0 15 9.9953 9.1132 8.25 0.20 1.9 87.7
4 100 5.0 15 10.0016 9.0030 9.58 0.31 1.8 84.1

2 5 50 0,5 20 9.9915 9.0912 9.01 0.09 2.0 95,0
6 50 0,3 20 10.0010 9.0142 9.87 0.12 2.0 93.8

B 1 100 5.0 15 1.9983 1.5709 21.19 0.12 2.2w 93.0
2 100 5,0 ‘ 15 2,0010 1,5816 20.96 0.09 2,2 · 96.2
3 100 5.0 15 10.0029 8.0270 19.75 0.05 2.2 97.0
4 100 5.0 15 9.9963 8.0334 19.64 0.04 2.2 97.8
5 50 0,5 20 9,9875 7.8218 21,68 0,00 2,3 97,8

a 6 50 0.3 20 10.0026 7.7867 22.15 0.04 2.3 97.8

1 100 5,0 15 2.0001 1,5659 21.71 0,26 2.1 86.3
2 100 5,0 15 2.0008 1,5637 21,85 0,22 2,1 88,4
3 100 5,0 15 10.0000 8.0517 19.09 0,09 2,3 99,5
0 100 5,0 15 10,0027 7,9680 20,34 0,09 2,0 99,5
5 50 0,5 20 9.9780 7,6945 22.89 0,06 2.4 99.6
6 50 0.3 25 9.9985 7.8624 21.36 0.05 2.0 99.7‘

E 1 50 0.3 20 0.9997 0.8705 2.58 0,15 2,3 93,8
2 50 0.3 20 0.9990 0.8681 2.63 0.16 2.3 93.0

.

F 1 50 0.3 20 0.9956 0.5155 9.61 0.09 1.2 92.1
2 50 0.3 20 5.0043 ·4.5105 9.79 0.08 1.3 99.3

G 1 50 0,3 20 5.0002 4.8788 2.03 0,06 2,1 _ 96,3
2 50 0.3 20 5.0030 0.9810 0.03 0.06 2,1 97,2

a See Table XIV for eomposltlons and Table XV for A,S, Mh content of slnters, "

b Dry resldue obtalned after leaching,

° Based on weight of sample of sinter,
d Based on weight of residue, 0
6 Based on the following calculationz S recovery of Mn in resldue Z

2; A,S, Mn in res;dge}§wg gg geildgelflgg) Ä
A,S, Mn 1n sample of slnter wt of sample of slnter -



Table XX

Operating 7 Test NQ,
Cond1tions« 1 2 3 5 6 7 8 9 10

DeposltloniTlme,
geo} 9,600 10,000 1,800 3,600 10,000 0,970 0,970 0,970 7,620 10,000

Anodea I G G Pb Pt Pt Pt Pt Pt Pt Pt

Area Of
Anode I
so ft. § 0.105 0,105 0,013 0,007 0,007 0.007 0,007 0.007 0.007 0.007

Effective
PlatingArea Of bCathodee Z
sq ft ,[0,1130 0,1130 0.1805 0.1805 0.1320 0.0695 0.0695 0.0695 0.0695 0.0695‘

Catholyte ‘
Feed Rate
m1/mln 3,30 3,10 1,70 1,50 1 6.00 0.00 0.00 0.00 0.00 0.00

Catholyte [
pH [ 7,2 6,0 8,0 8.0 7.6 7.6 7.8 7.8 7.5 7.8

Cathode
g A

Treatmentc S,G, N.S. N.5. N.5. N.5. N.$. N.$. N.5. none M.P.
[ .

Ave. Cell [
Voltage
volt

’
[ 5,2 5,2 11.1 11.8 9.8 7.0 5.5 7.0 6.0 6.0

Ave, Cell]
Current

300 300
,100

I

Range Of

Operating
TemperatureOc 26-30 27-03 26-30 25-00 28-05 28-32 30-32 30-35 30-30 30-33

ceunode ECurrent [Density ;
amp/so ft[ 07.6 03.9 19.9 18.8 01.7 03.2 28.8 50.0 03,2 03,2

welgnc or [Cathode [Deposit
gm

’
[ 6.0 10.2 —-— ·—- —-- 1.8 0.5 1.1 0,1 6,0

cauhoae 5 9
Current ‘
Efficiency ‘

[21.8 25.1 --- --- -—- 21.2 8,8 11,1 31.5 20,5

Power g
ConsumotionkWh/# Mn [ 5.30 0.63 —-- --- -—— 7.32 13.79 10.01 0.22 5.05

H Three different anode materials, graphlte, lead, and platinum, were employed and are
represented above by the letters G, Pb, and Pt respectively.

b Copper cathodes were employed ln all tests.
C The three different cathode coatlngs employed, slllcone grease, sodium silicate, and

Noxon metal polish, are represented above by S.G,, N,S,, and M,P, respectively,
3 *

Approxlmately 8.5 grams of ammonlum sulfite per liter was added to the electrolyte ussi
in tests 7 through 10. A bro~n preclpltete formed end wes removed by f11urat1on
nrinr tn elentrnäennaitinn in tests Q and IO. but HOC ln CGSCS 7 RHÖ R.
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Sample Calculations

Examples of the calculations used in this investiga-
tion are presented in the following paragraphs.

Determination of Acid Soluble Magganese by Analysis.
The analytical procedure followed for the treatment of
samples in the determination of acid soluble manganese
is presented on page 81. The standard equation used
for this analysis is as followss

Y -
([V; x N;] - [VP x Npj) x Wb x 100

ws

where:
V; ¤ voääme of ferrous ammonium sulfate used,

Nt ~ normality of ferrous ammonium sulfate
Vb - volume of potassium permanganate used, ml
Nb - normality of potassium permanganate

Wh • milliequivalent weight of manganese, gn
Wb - sample weight, gn

Y - acid soluble manganese, wt % .
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The milliequivalent weight of manganese is 0.010986
gram, since the valence change during the analysis is
plus five. Substituting actual values, shown in
Table XIII, page 102, a sample calculation ie shown
below for the determination of the weight per cent of
acid soluble manganese contained in the tailings from
the bulk sulfide float:

([32.25 ml x 0.1112] - [0.05 ml x 0.0997]) x 1.0986 gm
2.0001+ gm

- 1.97 per cent manganese.

Gathclgte Feed Rate. Accerding to Dean(25), the ·

optimum concentration of manganese in the catholyte was

10 to lb grams per liter. Since the cetholyte feed
contained 30 grams of manganese per liter, a calcu-
laticn was made to determine the appreximate feed
rate in order tc maintain a concentration of apprexi—
mately 12 grams per liter of manganese in the
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catholyte compartment. The calculation as performed
during this investigation is presented below:

Z
_ D x I x E x N .‘ W

where:
2 D • weight of manganese deposited in onesecond with a current flow of one

ampere if the cell were 100 per
cent efficient ‘

I ¤ average cell current, amp 6

E • approximate actual cell efficiency, % Z

9 N = number of drops per milliliter of eolu- .
tion measured from the catholyte feedv line

W - weight of manganese in grams per milli-
liter of feed solution

Z · catholyte feed rate, drope/sec.

Substituting actual values: 8

0.000569 gmzamp-sec x 3.0 amp x 0.5 x 28 drops/ml
30 gn M/liter x l liter/1000 ml

• approximately l drop/sec of catholyte.

Since the current and the cell efficiency varied during
the experimental, for different operating conditions, 2

the above approximate feed rate was used for all tests
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instead of attempting to calculate the exact individual
feed rates;

Cell Current Consumgtion. The quantity of current
passed through the cell during individual electrodepo-

sition tests was determined by the use of the copper

coulometer. Knowing the weight of copper deposited,

the time of deposition, and the amount of copper that

will deposit per quantity of electricity, the average

current may be calculated as shown by the following

equation:where:

—
T W - weight of copper daposited during elec-

trolysis, gm
° R - weight of copper deposited during one

second with a current flow of one
'ampere through the coulometer

T = time of deposition, sec
I = average cell current, amp.

As an example, the first deposition test, which is pre-

sented in Table XX, page 109, was performed for 9600

seconds and 17.0 grams of copper were deposited on the

cathodes in the coulometer. The average current for



the test was determined to be 5.h amperes and was cal-
culated as follows:

17 • O gm
0.000329A gm7amp·sec x 9gOO sec' 5°h amp°r°8°

I
Cathode Current Density. The cathode current den-

sity was calculated by dividing the average current by
the effective deposition area in square feet to ebtain
amperes per square foot. Using the data presented in
Table XI, page 109, a sample calculation ef current
deneity is shown below:

~CD _ A
where: ·

A - effective plating area of cell cathodee,
sq ft

I = average cell current, amp
CD ¤ cathode current density, amp/sq ft.

·——äi&—äE£-—
- A7.6 amperes per square foot.

0.1130 eq ft ‘



Cell Current Efficiene!. The cell current effi-
ciency for individual tests was determined by the follow~
ing equation:

E · ";"‘
t

where:
Wh - actual weight of manganese depoeited, gn p
Wt - theoretical weight of manganeee that

should have deposited during the
test, gm

E ~ cell current efficiency, % .

Substituting the data for test 1 shown in Table XX,
page 109, the calculation was performed ae followsz

6.h x 100
0.000569 gm Mn7amp·e•c x 9600 sec x 5.h amp

• 21.8 per cent.
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Cell Power Consumption. The cell power consump·
tion for individual tests was computed by multiplying
the average voltage by the average current by the time
of deposition. An example calculation using the data
for test 1 shown in Table XX, page 109, is as followss

E x I x TPC • ———————————
100

where:
E

l-
average cell voltage, v

I • average cell current, amp
T • time of deposition, hr

1000 - conversion factor to change watts to
kilowatts

PC • power consumption, kwh .

Subetituting:

5.2 volts x 5.h amp x 9600 sec
1000 wette/kilowatt x 3600 sec/hour

- 0.0753 ki1owatt~hour.
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IV. DISCUSSIOH

An analysis of results, recommendations for future
studies, and a summary of limitations imposed on this
investigation are presented in the following section. A

Discussion of Results

In this portion of the report, the more important
data and observations are interpreted in an attempt to
clarify the work performed during this investigation.
The subjects discussed include the raw ere, the method
used to procure the tailings, and the results obtained
from the methods employed in recovering the manganese
which consisted of roasting, leaching, and electrodepe-
sition.

Ore from the Betty Baker Mine. The raw ore was
obtained from the Betty Baker Mine, Great Gossan Lead, ,
Carroll County, Virginia. After blasting an outcropping
of the mineral deposit, a sample was hand picked to
obtain fresh, unoxidized ore free from oxidised or
weathered material and overburden. The reason for
excluding weathered material was because of the fact j
that some exidized components of the ore, iron in
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particular, are very difficult to separate(lh) from the
tailings by the bulk sulfide flotation process. How-
ever, hand picking did not change the ore content
enough to invalidate the procedures used in this inves-
tigation for the recovery of manganese. This can be
shown by comparing the chemical assays of the tailings
used in this work with the tailings used by
Meenaghan(6k).

Tailings from the Bulk Sulfide Flotation of the Raw
Qgg. Of the 920 pounds of crushed ore fed into the flo-
tation pilot plant, 39 per cent or 358.6 pounds were

4

recovered as sulfides and tailings, the balance being
accounted for as material hold-up and leakage. The
weights of the sulfides and tailings were 25h and lOk.6
pounds, respectively.

8
A chemical analysis of a sample of tailings

resulted in an assay of 1.90 per cent acid soluble p
manganese and 2.73 per cent total manganese(l2). A A
good agreement was obtained during this investigation
for the acid soluble manganese content which was 1.96 „
per cent. Analysis for total manganese was not per-
formed.

6
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In comparison, the tailings used by Meenaghan(6L),
which had been obtained from another sample of Betty
Baker ore and which had been deslimed, averaged 2.2 per
cent acid soluble manganese and 3.8 per cent total man-
ganese. Desliming, in order to increase the concentra-
tion of manganese(l3’6Ä), was not performed on the tail-
ings used in this investigation. The reason being that
the smaller mesh sizes of tailings, which would have been
eliminated by desliming, contained considerable manga-
nese. As shown in Table XI, page 100, the tailings,
between minus 325 mesh and plus 20 microns, contained
5.15 per cent iron and 2.h6 per cent acid soluble manga-
nese. The tailings of minus 20 microns contained 8.95
and 2.0L per cent of iron and manganese, respectively.

6

Based on chemical analysis of the raw ore, the p
358.6 pounds of product from flotation should have con-
tained approximately 2.9h Punds of acid solublemanga-nese.

Most of this should have gone into the 10L.6
‘ pounds of tailings which would have resulted in an

approximate analysis of 2.8 per cent acid soluble man-
ganese. The actual analysis showed a content of 1.90
per cent manganese or a difference of 0.91 per cent.
It is possible that the difference between the
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calculated manganese and the actual manganese found in
the tailings resulted from solution by the sulfuric
acid used in adjusting the ore pulp for flotation of _
the sulfides. ,

Sintering of Samples of Tailings. Three different
types of furnaces, G10-bar, resistance, and direct-fired

y gas, were tested for sintering samples of tailings. The
gas-fired furnace was found to be the most suitable

”
because of the short heat-up time which was approxi-
mately one hour. The disadvantages of this furnace
were limited sample capacity and difficult temperature
regulation which was done by operating serew clamps on
the gas and air lines. The advantages of the G1o·bar
furnace, located in the Deramics Department, were that
it had automatic temperature control and 1arge_samp1e

capacity. The major disadvantage was the lengthy heat-
up period which was approximately six hours. Due to uns
disadvantages of small sample capacity and lengthy heat-
up period, the resistance furnace was not used.1

c The sintering time and temperatures were originally
— planned for one hour and 1100

‘C,
respectively, follow-

’ing the work performed by Meenaghan(6&). However, not
all of the samples sintered properly at 1100 °C and
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therefore some samples were sintered as high as 1450 °C.

The higher temperatures resulted in rapid deterioration
of the crucibles. Of the two types of crucibles used,
that made of nickel was found to be suitable for tem-
peratures of 1100 °C or lower, while graphite, even
though unsuitable, lasted longer at higher temperatures.

As described in the section on procedure, various
chemical reagents were cmployed during the sintering of
the tailings for two reasons: (1) to recover the acid
insoluble manganese, and (2) to convert it to some

form which could be easily separated from the
othercomponentsby leaching. The best recovery of the acid _
insoluble manganese resulted from sintering the tail-
ings with sodium carbonate. As shown in Table XV,
page 104, sinters A and E, which contained sodium car·
bonate, analyzed 2.91 and 2.90 per cent acid soluble
manganese, respectively, based on the original weight

of tailings in the samples. The difference between

the above assays and that reported as total manganese
content of the tailings, which was 2.73 Der cent, was
attributed to experimental error.

Sinter D, which contained tailings, sodium hydrox· s

y ide, and carbon, formed a very hard ceramic-like slag and
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was discarded. Sinters F and G contained carbon which
did not completely oxidize at 1330 and lh50 'G, respec-
tively. Also, part of sinter G was lost due to sudden
‘evolution of entrapped air during the heat-up period.
Approximately 33 per cent of slag was formed during

‘ sintering of samples I and J which contained sodiun
carbonate and potassium chlorate. The hard slag was
separated from the soft sinter in both cases and ana-
lyzed separately. The results showed that the slag _

portions contained more acid soluble manganese than p

the sinter portions which would be expected because

of the more intimate contact and therefore a more com-

plete reaction between the components in the liquid
state.

6 6

‘Di1ute'Sulfuric Acid geaching of Sinter. The sul-

furic acid solution used to leach the various samples of

sinter was approximately 3.6 normal and was prepared by

adding 10 milliliters of concentrated sulfuric acid to 6

90 milliliters of distilled water. _Leaching with
dilute sulfuric acid solution with subsequent filtra-
·tion removed 91 to 96 per cent of the solids from each

sample of sinter tested. The best result, so far as

the concentration of manganese was concerned, was
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obtained by leaching sinter A which was prepared withde
1:1 ratio of sodium carbonate to tailings. The residue

of this sinter, after leaching, contained approximately
22 per cent manganese based on the weight of the residue.
Of the amount of manganese contained in the sinter as
determined by the sodium bismuthate method, approximately
93 per cent was retained in the residue after leaching.

In the case of the other einters tested, nearly all
of the manganese was leached from the samples; the fig-
ures being 98 to 100 per cent recovery of the acid
soluble manganese in the leach solutions. This did not
represent a separation or concentration of manganese,
since most of the other components in the sinters were
also leached from the samples. In explanation of the
variation of the results obtained, most of the manga-
nese in sinter A was in the form of the dioxide, Mn02,
which is insoluble in dilute sulfuric acid. The major
portion of the manganese in the other sinters tested
was in a form, probably Mn203, which is soluble in
dilute sulfuric acid. As will be presented in a later
section on ammonium carbamate leaching, very little
manganese was found to be in the form of manganous
oxide, Mn0, which is also soluble in dilute acids.
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Dilute Nitric Acid Leaching ef Sinter. As shown in
Table XVII, page 106, the first three einters were
leached with appreximately 1.58 normal nitric acid
solution while the remainder of the tests were per-

‘

formed employing approximtely 0.78 normal solutions.
The best result, which was ebtained using the strenger
nitric acid solution, was very similar to that obtained ’”

with dilute sulfuric acid. The average concentration
of manganese in the residue after leaching samples of
sinter A was ZA per cent which represented a recovery
of approximately 9A per cent of the acid soluble man-
ganese. A

The results obtained by leaching the samples
of,

sinter with the weaker nitric acid solution are incon· A
clusive; however, it can be said that 70 to 9A per cent
of the solide leached from the samples contained 55 to
100 per cent of the acid soluble manganese. Therefore,
very little separation and concentration of the manga-
nese was achieved. 8

Hot Water Leaching cf Sinter. The weight of
solide extracted from samples of sinter varied up te_l
31.5 per cent when leached with hot water. In five ef
the six different sinters tested, 100 per cent of the
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g acid soluble manganese was retained in the residue. The
one exception was sinter A in which 9k.h per cent of the

A
8

manganese was recovered in the reeidue. The manganese
A which diseolved in water was probably in the form of

sodium manganate, NRZMÜÄ, since this is the only sol-
uble manganese compound that could have existed under
the conditions of sintering. In general, the increase
in concentration of manganese in the residuee from the

A sinter after hot water leaching, was less than one per
cent.

I
_ _

Agggnium Carbamate Leaching of Sinter. The maxi-
mum weight of solide leached from the various samples
of sinter with ammonium carbamate solution was 23 per
cent which was approximately 10 per cent lese than
that obtained with hot water leaching. However, the
manganese extracted from the sinters with this method
_was}greater than that extracted with hot water. Of
the sinters leached with ammonium carbamate solution,
the best extraction of manganese was obtained byleach-ing

sinter A. As shown in Table XIX, page 108, the
manganese extracted from sinter A for six tests
averaged approximately 0.18 per cent based on orig-
inal sample weights. Based on the acid soluble
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manganese content of the sinter, the extraction ofA .1
masganeee from sinter A averaged approximately nine
per cent. This is an indication that very little man-

. ganous onide was formed during the sintering operation. —

Electrodepgsition of Manganese. Electrodeposition
of manganese was performed in order to become aequainted

- with the problems of producing metallic manganese.- The
procedures employed were eseentially the same as those

‘ outlined by Dean(25). The major differences were the

j types of electrodes, cathode coatings, and diaphragms
employed. As shown in Table XX, page 109, the best
result was obtained from test 9 in which the current
efficiency was 31.5 per cent and the power consump—
tion was &.22 kilowatt-hours per pound of manganeee
deposited. ‘

Of the many problems encountered during the elec-
trodeposition studies, one of the most troublesome was
the resolution of the plated manganese during elec-
trolysis. In one test, the cathodes were removed from
the cell and the deposited manganese was allowed to
oxidise slightly in air. The cathodes were then
replaced in the cell. Within five minutes after
continuing the electrolysis, the deposited manganese
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‘ 7
had completely redissolved. In three other tests, par-
tial resolution of the plated manganese was observed to
occur after the formation of a white precipitate of
unknown composition in the catholyte compartment,
After a reexamination~of the deposition procedure, the
catholyte pH, which was 8.h, was found to be higher
than that recommended by Dean(25) for electrowinning
manganese. In subsequent tests, both phenomena, the
precipitation of the white substance and the resolu— ,
tion of the deposited manganese, were eliminated by
lowering the catholyte pH between 7,2 and 7.8,

Another problem encountered during this study was
the removal of plated manganese from the cathodes after
electrolysis. In order to facilitate stripping of the A
deposited manganese, three different types of cathode
coatings were employed which were silicone grease,
eodium silicate, and metal polish, A secondary pur-
pose of the coatings was to prevent corrosion of the
electrodes at the solution line, It was found that the
stripping operation was the least difficult when employ-
ing electrodes that had been treated with a metal polish,
of unknown formulation, called ”Noxon”. In comparison,
plated manganese was the most difficult to remove from
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the electrodes coated with silicone grease. In test 9,
untreated electrodes were used and it as found that the

y manganese was more difficult to remove than that depos-
ited on cathodes treated with silicone grease.
Untreated and silicate—coated electrodes were obeerved

‘
to corrode at the solution line.

The formation of manganese dioxide in the anode
compartment was another major problem. Three different ·

— anode materials, graphite, lead, and platinum, were
employed during the electrodepo ition studies. Each
of the materials tested produced large amounts of man-
ganese dioxide in the anode compartment. The weight of
manganese dioxide produced in each test was not deter-
mined; however, it was observed that the amunt formed
when using platinum as the anode material was less than
when using either graphite or lead.

Analysis of Manganese. The modified sodium bis-
. muthate method for the analysis of acid eoluble manga-

nese was employed throughout this investigation. An
attempt was made to utilize the dropping mercury elec- I
tropode for manganese ana1ysis(77), but because of the
difficulty in preparing samples and reproducing results,
this method was not used.
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Recommendations

As a result of this investigation, the following
recommendations are presented for future studies
relating to the recovery of manganese from the Betty
Baker ore.

Flotation of the Tailings. It is recommended that
the tailings be investigated to find out whether or not _
a higher manganese concentrate can be obtained, without p
sacrificing the overall yield of manganese, by applying
an additional flotation process. If a more concen-
trated product could be obtained, the recovery of man-
ganese would be more economical because of the reduced
amounts of chemical reagents that would be required in
the sintering, leaching, and electrolyte purification
processes. °

Losses of Magganese During Bulk Sulfide Flotation.
It is recommended that a manganese balance be made cover-
ing the bulk sulfide flotation process. During this
1¤v•s¤1ga¤1¤¤ approximately one-third of the acid sol-
uble manganese contained in the raw ore was unaccounted

for in the products from flotation. Sulfuric acid was
used in the flotation process and it is probable that



the acid reacted with the manganocalcite in the ore
to form water-soluble manganous sulfate, The fil-
trates from both flotation products were discarded,

'
If the above reaction does take place, a saving prob-
ably could be effected by recovering the manganous
sulfate since it is already in the form suitable for
electrolysis,

Reducing Roasts, It is recommended that a further
study of the reduction of the tailings be performed
using reducing agents other than carbon, Goal, fuel
oil, and hydrogen should be included in this study,” h
Carbon was used during this investigation and was
found to be unsatisfactory because of the high reaction
temperature required, If the manganese in the tailings
could be reduced to manganous oxide, recovery of this p
material could be accomplished by leaching the sinter
with ammonium carbamate solution, Recovering manga-
nese by the ammonium carbamate process is advantageous
because all of the leaching raw materials can be easily”
recovered and recycled, y „

Electrodepgsition of Manganese, It is recommended ~
that a statistical study be made to determine the
effects of different variables on the deposition of
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manganese. As observed during this investigation,
changes in plating conditions and equipment produced
large variations in results. A statistical study

— would enable the inveetigator to determine more
accurately which variables were significently effect-
ing the electrolytic process.

Cell Dieghragg. It is recommended that cetionie
and anionic membranes(h0) be studied es cell diaphregms
in future electrolytic manganese experiments. One of
the problems encountered during this investigation was
the formation of manganese dioxide in the enode compart-
ment. The exact mechenism of this reaction is unknown '

but if the manganese ions or the ions containing man-
ganese could be prevented from entering the anode com-
partment, then the problem of manganese dioxide forma-
tion in the anode compartment could be eliminated.
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Limitations

The limitations imposed upon the processes used in
this investigation are presented in the following por-
tion of this report.

Raw 0re. The raw ore was obtained from the Betty
Baker Mine, Great Gossan Lead, Carroll County, Virginia.

Bulk Sulfide Tailings. The tailings used in this
investigation were obtained from the Betty Baker ore by
a bulk sulfide Tlotation process which was performed in
the Mining Engineering Department, Virginia Polytechnic
Institute, Blacksburg, Virginia.

Manganese Analysis. The modified sodium bis-
muthate method for the determination of acid soluble
manganese was employed throughout this investigation.

Sintering Conditions. Samples of sinter were
produced by reacting various combinations of chemical
reagents with the tailings for one hour at temperatures
varying between 1100 and 1ASO °C. The weight ratios
of the chemical rcagents to tailings were as followsx
sodium carbonate, 0.3, 0.h, 0.5, and 1.0 to 1.0; potas-
sium chlorate, 0.1 and 0.2 to 1.0; ammonium chloride,
0.1 to 1.0; carbon, 0.2, 0.h, and 0.5 to 1.0; and
sodium hydroxide, 0.5 to 1.0.



-l33—

8
Dilute Sulfuric Acid Leaching. Two•gram samples

of sinter were leached for 15 minutes with 100 milli-
liters of approximately 3.58 normal sulfuric acid
solution. The samples were agitated during the leach•
ing process. The leaching temperature was approxi~
mately 30 °C.

Dilutc Nitric Acid Leaching. Two·gram samples of
sinter were leached for 15 minutes with 100 milli11ters,_„ A

of appreximately 0.78 or 1.58 normal nitric acid. The
U 8

samples were agitated during the leaching process which
was performed at approximately 30 *0.

Hot water Leachigg. Two—gram samples of sinter
were leached for 15 minutes with 100 milliliters of dis-
tilled water while maintaining a temperature of 100 *0. ‘

Ammonium Carbamate Leaching. Two-, five-, or ten-
u

gram samples of sinter were leached with 50 or 100 milli-
liters of concentrated ammonium hydroxide saturated with
carbon dioxide. The ammonium carbamate solutions also
contained 0.3, 0.5, or 5.0 milliliters of concentrated
ammonium sulfide solution. The samples were leached
for 15, 20, or 25 minutes while being agitated. The
leaching temperature was approximately 30 *0.
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Electrolytic Solutions. The catholyte feed solu-
tion employed consisted of 30 grams of manganese per
liter as manganous sulfate, 130 grams of ammonium sul-
fate per liter, and 0.1 gram of sulfur dioxide per
liter as ammonium sulfite. The catholyte solution
was the same as the catholyte feed except that it con-
tained 12 instead of 30 grams of manganese per liter
as manganous sulfate. The anolyte solution consisted
of 25 grams of concentrated sulfuric acid per liter. „
The pH of the catholyte solution was varied between
7.2 and 8.b by the addition of ammonium hydroxide.

Electrodeposition of Manganese. The cathodes
were of copper while the anode materials were of
graphite, lead, or platinum. The cathode coatings

1

employed were silicone grease, sodium silicate, and
metal polish. The cell diaphragm was a porous ceramic
cup. The cell voltage was varied between 5.2 and 11.8
volts direct current while the cell current was varied
between 2.0 and 5.5 amperes. The cathode current den-
sity was varied between 18.8 and 50.h amperes per
square foot. The operating temperature of the cell
was kept below A5 °C.
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V, CONCLUSIONS

Slntering the tailinge, which were obtalned from

bulk sulfide flotation of Betty Baker oro, in various

weight ratlos and combinations wlth sodium carbonate,

eodlum hydroxlde, pctasslum ohlorate, ammcnium chlorlde,

and carbon at temperatures between 1100 and 1ß5O °G led

tc the following conelusionsz 1

1) The complete oonversion of the lnsoluhle man-

ganeee in the taillngs tc the acid-scluble form can be3
accomplished by sintering with scdium carbonate at a _

welght ratlo of 2:1 cr less of tallings tc sodiun car-
bonate for one hour at 1100 °G.

2) The addition of carbon to the eodium carbonate-

‘ta11ings sinterlng process was detrlmental to the con-

verslon cf the ac1d—1nsolub1e to ac1d•solublc manganese

since-the eonverslon obtained was 88 to 97 per cent whlch

wae less than that obtained in the abeence of carbon; T

Leaching of samples of the slnters from 15 to 25
3

minutes wlth 3,6 normal eulfuric acid, 0.8 and 1.6 nor-
mal nitric acld, hot water, and ammcnium carbamate so1u—

tion led to the followlng eoncluslonsz

l) The procedure for the concentratlon of the man-

ganese in the taillngs from 2.73 per cent, of which 1.96
per cent was acid eoluble, to/2l.9·Z¤.ß per cent, all of
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which was acid soluble, was determlned to be leaohlng
with 3.6 normal sulfuric acid or 1.6 normal nitrio acid
for 15 minutes at 30 °G of a sinter which was prepared
by heating a 1:1 weight ratio cf tailings to sodium car-
bcnate for one hour at a furnaoe temperature of 1100 °C.

2) The manganese contained in the residuec, which

were cbtained by filtratlcn after dllute acid leaohing
cf the slnters, was conoluded to be manganese dioxlde,

Hn02, since this is the only oxlde of manganese which
ie insoluble in dilute sulfuric and nitrlc acid solutions.

3) carbon was ineffectlve as a reducing agent for

the ccnvercicn cf mangancse compounds in the tallings tc

mangancus cxide since less than five per cent of the
available acid•eoluble manganese in the slnter was ex-
tracted using anmonium oarbamatc, which reaots with Hnü
to form a eoluble manganoue-ammonlum complex;

Eleotrcdeposltlon of manganesc from a manganous•
ammonium sulfate electrclyte, which contained 12 grams

of manganese per liter as manganous sulfate; 130 grams

of ammonlum sulfatc per liter, and 0.1 grams of sulfur
‘

dicxide per liter, and using coated copper cathodes led
‘

to the following concluslcns:
1) The use of a porous cup as a dlaphragn and a

platinum anode decreases the current efficlenoy to one-

half that reported by others for the electrodepositicn
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of manganeee at a cell voltage of 6,0 volts, A current
density of M3,2 amperes per square foot, a pH of 7•5,

and a temperature of 30-3ß °0.
2) Eleotrodepceited manganeee can be removed from

a oopper cathode if the cathode ls first coated with a
metal polish called 'Hoxon'•
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VI. SUMMARI

The purpose of this investigation was to evaluate
procedures for chemically converting the manganese com- ·
pounds in the tailings, from bulk sulfide flotation of
Betty Baker ore, to soluble salts from which the manga-
nese could be recovered electrolytically. The three

procedures studied during the experimental portion of

this investigation were sintering, leaching, and elec-

trodeposition.
The tailings were sintered for one hour with ‘

e various weight ratios and combinations of sodium car-

bonate, sodium hydroxide, potassium chlorate, ammonium
chloride, and carbon at temperatures ranging from 1100
to lh50 °0. The sinters were leached from 15 to 25

1

minutes with 50 to 100 milliliters of 3.6 normal sul-

furic acid, 0.8 and 1.6 normal nitric acid, hot water,
and ammonium carbamate solutions.

The electrodeposition of manganese was performed
in order to become acquainted with the problems of pro-

ducing metallic manganese. The solutions employed in _

the electrolyses were prepared from stockroom chemicals
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and oonsisted of the following: (1) catholyte feed

which contained 30 grame of manganese as manganoue sul-

fate per liter, 130 grams of ammonium sulfate per liter,
and 0.1 gran of sulfur dioxide per liter, (2) catho-
lyte which was prepared in the same manner as the
catholyte feed except that it contained 12 grame instead

of 30 arams of manganese per liter as manganous sul- y
fate, and (3) anolyte which contained 25 grams of con-
centrated sulfuric acid per liter. Threedifferentanode

materials, graphite, lead, and platinum, and

copper cathodes were employed in the electrodeposition
process, A study was also made of the effect cf three

different cathode coatings, silicone grease, sodium
eillcate, and metal polish, on the removal of plated

manganese: A porous ceramlc cup was used as the

diaphragm to separate the anode and cathode compart-

mente in the cell.

After evaluating the procedures employed, it was

concluded that a complete conversion of the insoluble

manganese in the tailings to acid-soluble form can be
accomplished by sintering with sodium carbcnate in a
2:1 weight ratio or less of tailings to sodium carbonate

for one hour at 1100 °0. The addition of carbon to_the
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sodium carbonete-taillnga sintering process was detrl-

mental to the conversion of the acid-insoluble to acid-

eoluble manganeae„

The procedure for the concentratlon of the man-

ganeee in the tailings from 2.73 per cent to 21,9-2ß,b

per cent was determlned to be leaching wlth 3,6 normal

sulfuric acid or 1.6 normal nltrlo acid of a sinter pre-

pared by heatlng a 1:1 weight ratio of tailings to eodlum

carbonate for one hour at 1lCO °C. The manganese con-

tained in the reeldues, which were obtained by flltr-

tion after dllute acid leaching of the eintere, was con-

cluded to be manganese dloxide, Carbon was found to be T
ineffective as a reducing agent for the converslon of

manganese compounds in the taillngs to manganoue oxlde,

Durlng the electrodeposition tests, it was found

that the use of a poroue cup as a dlaphragm and a

platinum anode decreasee the current efficlency to one-

half that reported by others for the electrodeposition

of manganese at a cell voltage of 6.0 volts, a current

density of M3,2 amperes per square foot, a pH of 7.5,

and a temperature of 30-jh °C, Also, electrodepoelted

manganese can be removed from a eopper oathode if the

cathode ie first coated with a metal polish called

”Noxon“.
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