MONTANA

STATE UNIVERSITY

Electrolytic synthesis of battery-grade manganese dioxide
by George E Lohse

A THESIS Submitted to the Graduate Faculty in partial fulfillment of the requirements for the degree
of Master of Science in Chemical Engineering

Montana State University

© Copyright by George E Lohse (1952)

Abstract:
This paper describes the semi-pilot plant production of battery active manganese dioxide from Montana
manganese ores.

The operations included crushing and grinding the ores; leaching them with sulfuric acid; removal of
impurities, filtration, and electrolysis of the solution, and stripping the electrodes of the product.

Iron, the chief impurity, was removed by making use of the selective solubility of ferric and
manganous ions in dilute solutions of pH equal to 6.0.

Filtration was accomplished on a plate and frame press but a large volume of filter aid was required.

Electrolysis was performed in a 25 gallon plastic-coated steel tank using AGR -graphite anodes and
chemical lead cathodes-, - Anode stripping of manganese dioxide was easily accomplished by baking
the electrodes in an oven at 115°C, then scraping to free- the product.

Battery tests of the manganese dioxide produced- from' these operations compare favorably with the
U.S. Arny Signal Corps Specification, The product and specification values are respectively 138 hours
and 130 hours for low drain tests of size "A" cells through 166 2/3 ohms, and 5.25 hours and 5.5 hours
for high drain test of size "A" cells through 16 2/3 ohm:s.
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ABSTRACT

This paper describes the semi-pilet plant production of battery active
manganese dioxide from-Montana -manganese oress . :

The operations included crushing and grinding the ores; leaching them
with sulfuric acid; removal of impurities, filtration, and electrolysis of
{he solution, and stripping the electrodes of the produet, :

Iron, the chief impurity, was removed: by making use of the selective « -
soluhility of ferric and manganous ions in dilute solutions of pH equal to
6900 : ‘

Filtration was accomplished on a plate and frame press but a large volunme
of filter aid was reguired. '

Electrolysis was performed in a 25 gallon plastic-ceated steel tank using
AGR graphite anodes and chemical lead -cathodes. - ' ‘

Anode stripping of manganese dioxide was easily accomplished Ey baking
the electrodes “in -an-oven at 115°C, then scraping te free the-product.

Battery tests of the manganese dioxide produced- from these operations
compare favorably with the U,S. Army Signal -Corps Spegification., The product
and specification values are respectivély'138-hours-and 130 hours for low
drain tests of sige "A" cells through 166 2/3 ohms, and 5,25 hours and 5.5
hours for high drain test ef size "A" cells through 16 2/3 okms,
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INTRODUCTION

The use of naturally occurring forms of manganese -dioxide in dry cells
has been described by Phalen in 1§l9 (&) e The exact physical structure of
battefyaactive manganese dioxide and the manner in which its depoiarizing
action proceeds is not generally knowns There is therefore-no direct nethod

‘of“evaluating battery activity other than by actual tést in‘a dry cell.

Ménganese dioxide occurs naturally in various physical phases most of
which are not sufficiently battery active. The form most suited for dry ceils
as determlned by electron micrographs of proven samples-is--that known as
"gamma," which is represented by anhedral (amorphous) partlcles and clusters°
Fleéctron diffraction patterns of the "gamma! phase glvevcharacterlstlc lines

which lack fineness, another indication of amorphou; structure,

-Of the worldts knhown deposits of manginese dioxide that from the African
Gold coast provides the principai source of MnOp of good, batteryaaetivity for
+ - the United Stateso- A email deposit ef'batterybactive~manganese oré has been
found in this-country at'Phillipsburg,,Mbntanag but its quality renders it
hardly competitive with the imported product. .In the event of extreme emer—
. geney and the uncertainty of the African supply in wartime, military and
domesti¢ needs requine the use of aomestic'ore as a'souree for the production
of manganese dioxide, | |

Prior to this investigetion work has been done in detail both at this
institution (3) and at the Georgie Institute of Technology (1) regarding the
electrolytic synthesis of battery grade manganese dioxide on a laboratery

secale., In these reports ere listed full information on the effects of con=
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centrations of solutien, current density, cell voltage, types and sizes of
electrodes, and impurities on the neture_and activity of manganese dioxide
producedc |

Experuments by the Western Electrochemi¢al Company (5) and- the Tennessee
Corporatien (6) have shown that battery grade manganese dioxide can be proal,
duced continuously by eleetrolysis with good current efficiency, providing
~the -proper conditions are employed. The former hes preduced'ene ton per day
of material which met U, S. Army Signal Corps Spe01flcatlons (7). Conditions
used compare closely with those reported by ‘Magnuson (3)°

Montana ores are of two types, pyrolu51te and rhodochrosite. The chiéf
impurities of each are szllca and iron, the latter belng the more detrimental
and the -harder to remove, The amount of iron in some cases is as high as
.eight percent., Data have not been reported on the removal of irem of such a
high concentration from a manganous solution without loss of manganese. In
‘every case where experimenters have produced fgamma" -phase manganese dioxide
by electrolysis, aildhave obtained battery life long- enough to meet, Signal
‘Corps Spe01flcat10nso The presence of iron in manganese dioxide apparently
has no effect on the phase produced but?counteracts the sllght acidity of the
battery once it is made. As a result the depolar}21ng action of manganese
" dioxide ceases in the neutral or basic medium and battery 1life terminates,
| The reason for this inﬁestigatien was to develop a stepwise series of _
operations for the processing of raw oré, through leeching, filtering, and
' electrolyzing to obtain specification material; a procedure that can easilj

be copied for a large industrial operation for Montana ores.




b
METHODS

Processing of Ore

. Rhodochrosite and pyrolusite ores were initially reduced in a jaw.
crusher to parﬁicle siées ranging up to one=half inch in dianmeter., The ores .
were further reduced in a pulverizer to sizes no larger-than-onemeighth‘inch,
and then ground in a ball mill to pass a'hgumesh"screena At that point rho-
dochrosite ore (manganese carbonate) was ready for ieaching,‘ Pyrolusite |

(inactive oxide of manganese) however required roasting, preferably to mangan-

- ous oxide, before leaching was possible,

Leaching

Ores were leached with 10N téchnicai‘gradé sulfuric acid in a twenty-
five éallon tank -which ﬁés coaﬁed with asphaltum paint to resist the action
of the acid on the metal, Agitation was intermittant -and was accomplished
with a one=third horsepower mixer (17@0 RoP.M,) using & wooden impéllér;t
Abrasion by the ore on the sides of the tank -eventually removed the asphaltuﬁ

and allowed the acid to attaék the metal surface,’ To prevent such acfion a

- rubber coating to resist abrasion should be used,

The extréction of ‘rhodéchrosite with sulfuric acid proceeds according to
the equation:

MnCO3 + HgSO) ——3 MnSO, + HuO + COp 4

Generally, ten percent excess acid (based on the amount required for the man-
ganese portion only) is used instead of the theoretical amount required for

the extraction of the manganese and the other solﬁble.portions of the ores
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If the percentage of the acid soluble constituents of the ore is known, fhé_
proper amount of acid cén then be caleulated and excess acid is not ﬁeeded,
The extraction of raw pyrolusite ore with sulfuric acid cannot be

aécompiishéd for reasons which are shown later in the ihérmddynaﬁic calcuié=
tions., Pyrolusite can be roasted to lower oxides of manganese wﬁich can be
.1eaéhed with this acid., Manganous oxide is the best oxide for léaching, and
roasting to this ‘form can be accomplished in & redﬁcing étmosphere with the

aid of hydrogen at 250°0C or with coal at temperatures near 1000°C,

Piltration

Filtration has been found to be somewhat difficult-althoﬁgh c¢lear soiutiohs
: ﬁave been obtained. |

Tﬁe general method used is as followss

1, After the 1each with sulfuric aecid thé:solution was neutralized to a
ol of 6,0 to 6,5 using hydrated lime, then éir plown for 48 hours to precipi=
tate ferric hydroxide, - |

' 2, Johns Manville cellte filter cell was added to improve flltratleno

3, Filtration was accomplished -on a’plate and frame press, and the cake
was subsequently washed with tap water, |

The solutlon of Butte rhodochrosite was filtered on a small hand plate
and frame press, Initially a thin film of sludge on the vinyon filter cloths
.reﬂdered-them impermeable to the -solution and filtration stopped.  Fressure |
was increased until the"casf"irén frame cracked." After it was“replaced by one
of steel, filtrétion was continued after one pound of filter aid ﬁas addgd té'

four liters of solution. This operation was done without neutralization
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and additional impurities were introduced because -of the effect of the acidic
solution on the iren press. It.was noted at this time that thé solution
cleared upon standing and that filtratien problems can be greatly eased by
allowing the sludge to settleo | -

The solution of Phllllpsburg rhodochrosite was first- neutrallzed with
calcium oxide and calcium carbonate until the pH reached a value of six, Tt
was then air-blown for'hé hours -to précipitatleerrie hydroxide and was filtered
oh a Sperry plate and“frame press -using three-frames; each @aving a total filter-
ing area of - 200 square inches.

To leach 51 pounds of this ore, thirty-one pounds of sulfuric acid dlluted |
to approximately 35 1iters-was employed. The excess acid was theh neutralized
and 5 pounds of filter aid (this 'amount occupied a loose volume of 3,5 U, S,
gallons) were added before filtration was-made -on the preséb During the
filtration the pressure reached 60 pounds -gage and would undoubtedly haﬁe gone
higher had slippage no£ occurred in the centrifugal‘pump»-'When the cake was
washed ;, ‘the water ‘pressure bqilf-up to ’75.'pounds° The timiwfor the filtraﬁion ‘
of 35 liters was two hours, TFurther filtrations were performed using a 2l
centimeter Buchner funnel with suction applied by-wate£ aspirator.

The amount of filter aid'to 5e added for easy filtration will debend pri-
marily upon the particle size to whiech the original ore-has been ground. The
finer the particle size the more difficult is the filtration. Other constitu=
ents of the sludge affectlng the ease of flltratlon include the amounts of
calcium precipitate and ferric hydroxide which is formed during the air. oxim
dation,

_ Other methods of filtratien are desirable, Two suggestions are cénﬁrifuge -
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and a precoated rotary vacuum filter. If an Oliver is first coated with a
lthick layer of.filter aid and the knife blade so adjusted to scrape off the
sludge as it cakes, this method should prove satisféctory,. No industriai
methods besides the plate and frame press have been attemptéd at this

institution and those suggested aré mere bostulationso

Removal of Impuritieé

| Of the inactive ingredients of the Montana ore, silica constitutes
thé major portion, and no -other cqnsﬁituentniS"presemtninflarge amquntso
None of these are attacked by-sulfuric acid and-éll~arewrempved in the
imitial filtration,

The active 1ngred1ents are characterized chiefly by calc1um oxide and
iron be51des the manganese, but traces of zinc, lead, copper;- 51lver, gold
and aluminum can be found in these oress Only calcium and iron’ are present

in amounts whlch'would affect the manganese dioxide., Since éalcium is
relatively- insoluble as the sulfate, its- presence causes no dlfflculty and
is easily removed in the initial filtration.

- The removal of iron was the mosg-difficult‘task encountered during
this development. Several methods"have'been t?ied"but-the most satisfactory
one involves the use of a:costly chemical.

The first reagent tried is known by its trade name Versene. It is a
tetra sodium salt of ethylene diamine tetra acetic acid. This. compound has
the property of chelating (complexlng w1th) fron such that it cannot be
removed from solution. - Versene F=3 Specific is -a special reagent for irqn

and has been used successfully by the Bersworth-Chemical Company (8) to
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prevént the deposition of that metal in copper electrolysis. A like pro=-
cedure was tried for manganese and iron., An amount of Versene F=3 Specifie
to complex the iron, as determined from a graph in the Bersworth Bulletiny
was added to a solution of manganous and- ferrous sulfates. Upon electrolysis
no manganese‘dioxide was deposited and it was assumed that the Versene pre-
vented the deposition of thé ¥nO, as well as the iron. As the Versene
could also prevent the precipitation of iron in basie solution, sodium car—
bonaté was added to precipiﬁate-manganese carbonateo*'Manganése was preéeht
in both the filtrate and residue and was apparently~chela£ed along with tﬁe
iﬁen uhtil the Versene was éxpended. Strong potassium hydroxide caused a
precipitate of méét of the manganese with little effect on the iron in
solution. - However the presence of the‘éikéli metal_in-the electrolyte
after the manganese is dissolved causes the inactive "alphé" phase instead
of the "gamma® upon elef::trolysis°

fhe second ‘reagent employed is the ammonium salt of nitrosophenyl
hydrqul amine, better known as cupferron. This reagent can quantitatiVely
remove iron'from a 20 percent sulfuric solution (2) without loss of mangan~
ese according te tﬁe equation:‘

2 '[66H5N(No)omal;| + FeS0) ——3= [céHS-N(NQ)(zL Fe \L + (NH, )5S0, .

The-ferrous cupferrate precipitate can be filtered or it can be extracted
with ether or chloroform in which case its recovery is then possible with
the evaporation of the ether. The initiai cost §f ihegcupferron.is too
high té discaga the cupferrate, and unless a suitapié orgaric chemical as
strong7a base as potassium-hydroxide is found to régengfate the cupférrate':r<

to a usable form, its use is not economically advisable. Potassium hydroxide
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could be used, but again the alkali metal ion would'be iﬁﬁroducéqo
Ammenium hydroxide is not. basic enough for the regeneration.

The final method used ifvolves the differential solubility of mangan=-
ese and iron in neutral and slightly acidic solution, Ferric hydroxide
can be precipitated from a solution of pH equal to-5.0 but manganese.hyn
droxide can be precipitated only in a solution above a pH of 804

After leaching the ore with sulfuric acid, the solution was heutra-_

1ized to a pH of 6.5 with calcium hydroxide or calcium carbonate and air

blown to oxidize ferrous ion to  ferric., Ferric hydroxide was thrown out

of the solution with no appreciable loss of-manganese, Galcium.hydroxide

"was ‘used" because the calcium sulfate formed - from the reaction-with sulfurlc

acid was 1nsoluble and could be removed along with the ore- 1nsolubles and

ferric hydroxide in the initial filtration,

i

Eiectrolysis

After a pure manganous sulfate solution is obtained, it is electrolyzed

and manganese dioxide is deposited according to the equation:
MnSO), + 20,0 ——p MnOy + HyS0) + Hy 4

Electrolytic operation was performed in a plasfic coated steel tank of.
approximately 25 gallons capacity. The péwer was supplied byAa_motor—gén=
erator set équipped with a variablée rectifier circuit as shown on Figure 1
to adjust the voltage and current-density at the proper values. The man~
ganese diexide deposited on an AGR graphité anode spaced one inch on eiﬁher
side from two chemical lead: cathodes at which hydrogen was emitted. The
anode size was 2" x A" x 10" and the cathodes were 1/16" x Aﬁ x 10M, ~The

sizes of the electrodes have no effect on the product formed and ahy sizes
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or shapes can be used-as long as the proper anode to cathode spacing is
maintained, The best conditions as found by Magnuson(3) for electrolysis

were as follows:

voltage : ' - 1.95 volts

amperage _ 6,7 amperes per Sq. ft. of
anode

temperature ‘ 93°C

H230y, concentration 95 grams per liter

Mn30y, concentrations 150 grams per liter

Anode 16 Cathode spacing 1 inch
' The effects of the abové on current efficiency are shown on Figures

2, 3, 4 and 5 which were reported in previous work at this institution (3.

Anode Stripping

The déﬁosit of manganese dioxide on graphite clings tenaciously to
the surface and is difficult to remove, Methods suggested inclide scraping,
boiling the spent manganous sulfate solution in which the anode is inserted
and subsequent filtration to remove the product which had fallen off the
electrode, and precoating the anode with oil before electrolysis, with sub=
sequent removal of the product by scraping.

The ‘best method found was o roast the anode in an electric oven at
115°C, As lidquid évaperated the product contracted and cracked on the supr-
face. When this condition was éttained,"the maenganese dioxide could'easily
be removed by scrapingo

' If the electrolyte is not maintained-above 9@ degrees during electroly=
sis, the graphité anode softens and carboﬁ is easily remqved‘during the
scraping operation, Soft anodes are thus the cause of excessive carbon con~

tent of the manganese dioxide,
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THERMODYNAMIC CONSIDERATIONS

In order to consider the feasibility of some of the chemical processes
which occurred during this investigation, the thermodynamic calculations
were made and are so reported.

The thermodynamics for the extraction of raw pyrolusite ore with sul-
furic acid indicate that the reaction is very unfavorable. With the

approximate formula of the oxide as shown the reaction is as follows:

A H29Q = -21.0 kcal/mole
A £298 (-319.58) + 2C-176.2) — > 2(-224.7) + 2(-56.7) + (-102.9)
AFg9Q = 10.88 kcal

-21000 -~10880 _ _1Q7 Entropy units

Temperature of neutral energy
T= = 196°K
The free energy of this reaction is 10,880 calories per mole and the temper-
ature at which the value is zero is 196°K. For this reason pyrolusite
should be roasted to lower oxides for leaching.
For the removal of ferric hydroxide from the manganous and ferrous

sulfate solution, the equation and thermodynamics are as follows:
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4FeS04(aq) + 02 + 4Ca(OH)2 + ZH20 -— 4Fe(OH)3~ + 4CasS04 ~

AH o 4("236.0) + 0 + 4(-236.0) + 2(-66.32) — ~ 4(-197.3) + 4(-338.3)
AH29g - —-117*84 kcal

AF 298 4(-196.4) + 0 + 4(-214.8) + 2(-$6.7) — > 4(-166.3) + 4(-311.86)
A FgMQ = —154*4 kcal

AS - N —raL . =122.8

From the above, the equilibrium constant can be calculated by
Keqg = » N = 6.2 x 1O
The thermodynamics indicate that the reaction is very favorable as the
value of the free energy is - 154,400 calories per mole. This reaction
should theoretically proceed as long as the proper pH is maintained.
The deposition of manganese dioxide proceeds according to the equation

MnSO4(ag) + ZHgO(1) — > Mn02Cs) + H2S04Caq) + H2 F

A H fo (-265) + 2(-68.32) — > (-123) + (-211.84) + O A H 398 = 66.80 kcal
208
AF 398  (=224*7) + 2(-56.7) — ~ (-102.9) + (-176.5) + 8 A F398 = 58.5 kcal

At 93°C the value for the free energy is 56,600 calories per mole. Mien this
value is converted to electrical units, the theoretical amount of power re-
quired is 0.344 kilowatt hours per pound of manganese dioxide. The value does
not agree with the value of 0.54 kilowatt hours per pound calculated from
Faraday"s Law. Neither does it assume that the exact mechanism of the re-
action proceeds from a manganese valence of two to four by the direct action
of electric current» Tlie thermodynamic calculations involve only the initial

and final products, not the possible intermediates or the mechanism.
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MATERTALS AND EQUIPMENT

The sources of manganese for all operatigns have been Montana eres
obtained from Phillipsburg and Butte, Montana, -Assays ef these ores are -
given in Table I,

Originally an electrolytic tank of cedar was used for the electrolysis,
but was replaced by thehplastic coated steel because organic resins in the
wood which Qere dissolved by the acidie solution caused a precipitate that
contained manganese upon electrolysié°

A Karbafe tank would also be suitable.because an immersion heater made

of that material showed no deterioration’in the acid seolution.

TESTING

Analyses of products and solutions as well as the fabrication of
baﬁteries were ?erformed in this laboratory. Battery testing consiétéd of °
a low drain at 166 2/310hms and a high drain at 16 é/B ohms with size "A"
dry cells, Eﬁd voltages for low and high drains-specifications‘(7) were
respectivély.1913 and 1,00 volts,

Acid concentrations were found with a standard pH meter, and manganous
sulfate concgntrations were determined by colorimetric means as described by

Magnuson (3).

RESULTS
Filtration
Filtration has been accomplished with difficulty on a plate and frame

press.after filter.aid was added to speed the operation. Other methods
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suggested include centrifuge and a precoated rotary vacuum filter,

Removal of Tmpurities
A solution containing ten percent FeSOhgx(HzO) was reduced in a single
trial with cupferron such that manganese dioxide with 1,72 percent iron was

produced upon electrolysis. . Results are inconclusive because -of the unknown

amount of water of erystallization in the ferrous- sulfate -used. They do show

however that cupferron is a suitable reagent to remove iron even though its
use has not been proven‘ecenomipglly advisable, |

The removal of iron by precipitétion of ferric hydroxide in a solution of
pH equal to 6.0 cannot be accomplished in one pass if the iron content is high.
When Phillipsburg rhodochrosite was used as the éource of maﬁganesé and the
concentrations of manganous ana iron sulfates were respectively 190 and 10

grams per liter, oxidation of the solution with air reduced the iron concen=

tration to nine grams per liter although the pH was maintained above 5.0,

After filtration and subseQuénﬁ treatment as before, the iron content was re=
duced to eight grams per liter, To -explain the above phenomenon the following
hypothesis has beeﬁ developed:

ao. The precipitation mechanism proceeds according to the'equation as

-follows and not by the one previously cited,

4PeSO,, + Oy + 10H)0 = 4Fe(OH)z | + AHS0,

For each amount of ferrous sulfate conyerted to ferric hydroxide there is an

equivalent -amount of acid formed., It is readily seen that the-hydrogen jon

concentration cannot be maintained unless a substance such as caleium is

present to react wiﬁﬁ‘the acid as it forms,.
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-b. - The precipitation of ferric hydroxide requires considerable water
per mole, The affinity of ferrous and manganous sulfates to retain water for
solution as the concentrations increase greatly retard the oxidation of the
ferrous jien to the ferric state, Thus the précipitation of ferric hydroxide
is retarded.

The difficulties which arise could, therefore, be overcome by using di=
lute solutions initially.

‘When the same Phillipsburg rhodochrosite solutien containing four grams
per liter of iron was diluted to twice its original volume, neutfalizétién
and air oxidation reduced the iron content to one gram per liter on the first
trial, 'The second oxidatibn reduced thé iron content to less than O¢OOl grams

- per liter, -The above hypothesis, therefere, appears to be -correct and dilute

solutions should be used to speed the removal of iron. In an industrial process

it will then be necessary to use some method of evaporation to re=obtain the .

proper manganous sulfate concentration.

Electrolysis

Conditiohswemplojed for the deposition of manganese-dioxide are shown in

Table II, In all runs the current densities were maintained as close as

possible to 6.7-amperes per square foot per cell and the voltages at 2,0 volts.

The equipmént“however was not pgoperly constructed te adjust both variables to
the correct values. As long as the voltagée did not become excéssive, the
current~deﬁsity was chosen as the-more important variable.

Two cells connected in-parallel were used in each run except for thaf

_run in which the solution from Butte rhodochrosite was electrolyzed., In this

1




case the operation was completed in a battery jar after resins from a cedar-

‘tank rendered that apparatus unsuitable, K The actual line amperage is twice

that as shown ih Table IT, and is assumed‘to be equally divided between the
two cells° _ A

M1 runs were cont inuous excepb that of the Butte ore electrolyte which
was operated with different solutions as each became contaminated with pre~
cipitated resin, | ‘

It is readily noted that thé curreént efficieney is low-in all runs,
These values are based on the weighté of manganese dioxide which were stripped
from the anodes, and upgn the calculated value of 0,54 kilowatt hours per
pound és determiﬁed by the Faradéy Law. This law is used because it has been
customary in the past to determine currént efficiency according te this method. .
Of the two Phillipsburg ore runs, the current efficiency of the first is low

because of the low temperature. It was noted 4in this -case that the anodes

- were considerably softened at the temperature below 90°C. As a result carbon

waé easily removed from the electrode and-the manganese content of the
pfeduct was greatly reduced because :of the excessive carbon. -In the second
run of électrolyte from Phillipsburg ore the acid concentration was kept below

that of Magnuson's (3) and corresponded to that used by the Western Blectro=

. chemical Company (5), The efficiencies were better for the lower acid content

s

and indicate that more suitable conditions should be develeped for the larger
scale operations, |

Analyses of the products'§re shown in Table III, The effect of iron and
carbon upon the battery life of the cells can be noted, The manganese dioxide

from Butte rhodochrosite which had 59,7 percent manganese, 1.7 peréent iron,
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and low carbon content gave results as gded as the product from the first run’
of Phillipsburg elect?&lyte which had 51 percent manganese, 0,886 percent iren,
and relatively high carbon content. The low drain for the respeﬁtive products
were 110 hours and 106 hours;-the high'drain-timés were 3.95 hours for'thé
Butté MnO, and 4.1 hours for the Phillipsburg.

From the above dat; it can be seen that the presence of iron or carbon
causes a decrease in battery life of the cell. Iron and carbon contents should
be kept as low as possible.

After the solution frem the Phillipsburg rhodochrosite was treated for
the second time to remove iron, it was electrolyzed and conditions of operétion
gnd product analysis are listed in Tables iI'and 1II as Run 2o This prqducﬁ
éave spedification low drain battery test of'138mhours and was.shori 15 minutes
of the 5:5 hours required for high drain Specifications°. After 24 hours the
batteries from the high drain test recovered to a line voltage on thé 16 2/3
ohm circuit of 1,35 volts., 'The manganese content of this product was 58.6
percent, the iron conbent 00065 percenb; The carbon content made up most of
the difference hetween ﬁhe'maximum"pessiblefmanganese percentage and the 58m6‘
percent actually present., If this carbon content were reduced it is believed
that the product would also meet the high drain specificatiénsa Iﬁ an electroi-=
lytic operation, it will be'necessafy to maintain the pfoper temperéture such'.
that the anode deterioration is kept to a minimﬁmo Then the -carbon is nof,

easily scréped from the electrode and the amount in the produét is reduced,
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SUMMARY

The following statements can be made from the results found at this

- institutions

1. Specification grade battery active manganese dioxide can be produced
electrolytically from Butte and Phillipsburg rhodochrosite ores, providing

the iron eontent -of the product is kept low,

2, Iron can best be rémoved by making use of the selective selubility of
ferrie and manganous jons in solutions of pH ‘between 5.0 and 6.5, .If the
solutions are kept dilutey ferric hydroxide will readily precipitate in this
PH range upon ai} oxidation of the ferrous to the ferric ion, However, a
series of oxidations may be necessary before the jron content is sufficieﬁtly.
reduced, The addition of calcium hydre#ide is suggeéted to maintain the

proper pH range.

3, Acid resisting plastic~coated tanks or those made of Karbate are suitable

for electrolytic operatién. -Cedar vessels are not satisfactof'yo

L, Filtration can be accomplished on a plate and frame press if filtering
aid is wvsed, Other mgthods suggested include the use of a centrifuge or a

precoated rotary vacuum filter.

5, Temperatures should be maintained above 90°C to prevent deterioration of

graphite anodes and to -improve current efficiencies,

6. It-may be necessary to alter operating coenditions on differeént apparatus

in order that current efficiencies can be improved.
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Component

Manganese

lIron

Zinc

Lead

Copper

Silver

Gold

Calcium Oxide
Aluminum Oxide
Silicon Dioxide
Sulfur
Phosphorus
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TABLE 1
TYPICAL ASSAYS OF MONTANA MANGANESE ORES

Percentage of Component

Butte Phillipsburg Roasted Butte
Rhodochrosite Rhodochrosite Pyrolusite
16.4 26.23 48.6

3.0 7.6 3.8
2.5 Trace 0.10
1.0 0.32 0.0
0.16 0.07

1.24 0.4
0.037 0.02
1.18 7.8
(not reported 1.71
40.0 (but present 14 .56
3.2
0.04 0.114



Electrolyte
Grams/liter
Run 112sS04 MnS04
Butte
Rhodochrosite 90 150
Phillipsburg
Rhodochrosite
Run 1
2 Cells 90 150
Run 2
Cell 1 75 150
Run 2
Cell 2 75 150
Run 2
Cell 3 75 150

TABLE

ELECTROLYTIC OPERATING CONDITIONS

Temp.
°C.

93

82

94

94

94

Time
Hrs.

38

115

48

Sl

28

Current
Amps

3.4

3.5

3.75

3.5

3.5

Current
Density
Amps/Tt2

6.28

6.48

6.93

6.48

6.48

Average
Voltage

2.3

2.2

2.3

2.25

2.10

Strip Wt.
grams

91

106

135.3

215.5

95.0

Kw-hr/
Ib Mn0O2
Based on
strip >t

1.48

3.78

1.38

1.34

0.985

Current
Eff.

36.4

14.3

39.0

40.2

547



Run

Butte
Rhodochrosite

Phillipsburg
Rhodochrosite
Run 1
2 cells

Run 2
Cell 1

Run 2
Cells

2& 3
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TABLE 111
ANALYSES OF PRODUCT MANGANESE DIOXIDE

Mn Fe pH Apparent Bobbin High
% by wt $ by wt Density weight Drain
gms/in3 grams Hrs
59.7 1.70 4.8 29.3 9.7 3.95
51.0 0.886 4.8 26.4 9.5 4.10
58.6 0.065 4.6 19.0 9.5 5.25

Analyses to be made by Signal Corps.

Low Low Drin
Drain 3 months

Hrs Hrs.
HO 82.3
106

138 —
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Figure 1. Schematic Diagram of Electrolysis Circuit
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