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Abstract:
A portion of the second year's work on a project designed to survey chemical syntheses of
battery-active manganese dioxide is presented here. Adaptation of domestic ores to commercial
production of battery-active manganese dioxide by inexpensive chemical syntheses is the ultimate
objective of the project.

This report includes discussion of sample preparation and performance of manganese dioxide samples
from eight reactions of chemically pure reagents. Also reported are chemical analyses of the specimens,
consisting of values for total manganese, available oxygen, moisture content, and pH. Apparent
densities, bobbin weights, and initial drain test performances are tabulated with the chemical analyses.

Two reactions have produced samples which have met initial drain specifications; the reactions are as
follows: calcium hypochlorite oxidation of manganous chloride and calcium hypochlorite oxidation of
manganous nitrate. 
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ABSTRACT

A portion of the second year's work on a project designed to survey" 
chemical syntheses of battery-active manganese dioxide is presented here* 
Adaptation df domestic ores to commercial production of battery-active 
manganese dioxide by inexpensive chemical syntheses is the ultimate object
ive of the project*

This.report includes discussion of sample preparation and performance 
of manganese dioxide samples from eight reactions of chemically pure re
agents. AlsO reported are chemical analyses of the specimens3 consisting" 
of values for total manganese, available oxygen, moisture content, and pH. 
Apparent densities, bobbin weights, and initial drain test performances 
are tabulated with the chemical analyses.

Two reactions have produced. samples which have met initial drain 
specifications; the reactions are as followsI. calcium hypochlorite oxi- , 
dation of manganous chloride and calcium hypochlorite oxidation of mangan
ous nitrate.
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INTRODUCTION

Manganese dioxide, the depolarizing component in Leclanche type dry 

cells, has long been known to have battery-active qualities. As early as 

1913 patents were obtained, according to Bolen and Weil (I), for chemical 

syntheses of manganese dioxide suitable for battery depolarization, Î y 

191& a synthesis of battery-active manganese dioxide by electrolysis of 
manganous sulfate had been developed.

Ore deposits on the African Gold Coast furnish the only good naturally 

occuring battery-active manganese dioxide, Gold Coast ore and synthetic 

ore produced by the electrolytic process today supply the manganese di

oxide to United States manufacturers of dry cells. The Gold Coast supply 

has the inherent disadvantage of a long transportation route and the 

electrolytic product, while produced domestically, is necessarily expen

sive due to large consumption of electric power,

As a major user of the dry cells produced, the United States Army 

Signal Corps has stimulated and sponsored research and development studies 

on synthetic manganese dioxide, SuCh studies have been carried out by 

A, M. Magnuson (3), The Tennessee Corporation ( 9 %  and Western Electro

chemical Company (?) and their reports show successful production of high 

quality manganese dioxide by electrolytic methods from domestic ores,.---*-- 

Western Electrochemical Company now has a commercial operation producing 

electrolytic manganese dioxide at their plant at Henderson, Nevada,

The Signal Corps, thinking to overcome the disadvantages of distance 

in the case of the Gold Coast supply and of cost in respect to electro

lytic production, has sponsored further research at Montana State College;



the end sought being; development of a cheap chemical synthesis of 

battery-active manganese dioxide from domestic ores. 'Investigations rex

ported here are part of the work done in the second of two years devoted 

to the project designed to achieve the above goal*

Work done on the chemical synthesis project during its first year at 

Montana State College was reported in theses by J. A-« Davidson (2) and 

R 0 L 0 Nickelsoh (5)0 Second year work is reported in this thesis and in 

theses by W 0 G 0 Moore (4) and R 0 Sadagopachari (6)0
The effectiveness of manganese dioxide as a depolarizer in dry cells 

is best determined by actual testing of cells containing the specimen 

dioxide0 A group of preliminary tests willj however s sometimes - give 

indications of how the specimen will perform in a battery» These tests 

are as follows; chemical analysiss x-ray diffractions electron diffrac

tion 5 and electron microscopy* Of these tests9 the x-ray diffraction 
seems to be the best means of determining, the presence of the crystalline 

phase, called gamma, that supposedly gives optimum battery performance0
The extent of the second year investigations of the chemical synthesis 

project includes development of the more favorable reactions tried by 

Davidson (2) and Nickelson (5) and testing other reactions previously un

tried at.Montana State College* In all, sixteen reactions were studies| 

eight are reported here and eight are reported by Moore (4)e



SPECIFICATIONS

The specifications following have been tentatively established by the 

Arrry Signal Corps as of November 179 19499 for acceptable synthetic mangan
ese dioxide depolarizers* These specifications were taken from Bulletin 

S.CL-3117-A (S)0
Chemical Composition

Available oxygen as % MnOg 85*0$ min
Total manganese as $ Mn 58*0$.min
Absorbed moisture as % HgO 3*0$ max
Iron as % Fe (soluble in HCl) 0*2$.max
Silicon as % SiQg 0*5$ max
Other metallic impurities 0*1$ max
pH range 4- to 8

Crystalline Phase

From crystallographic and microstructural analyses predominance of 

the crystallized phase known as gamma manganese dioxide should be evident*

Particle Morphology

The particle shall present irregular shapes with no evidence of 

cleavage (that is* with non-rectilinear profiles having nebulous rather 

than sharp* well-defined edges) when examined at direct magnification 

from 55000 to 20*000 diameters *
X-Ray Diffraction Pattern

Specimen diffraction pattern should be characterized by the diffuse- 

line pattern of gamma, manganese dioxide* Significant lines* d* of gamma 

manganese dioxide and their respective relative intensities* I* for iron
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radiation comprising this specification are a's follows:

I I

4*00 5

2.45 7

2.14 7

1.65 10
1.40 5

Figure 3, in the Appendixs shows the various diffraction patterns of the 

seven types of manganese dioxidee 

Particle Size

Particles should be of such a size that 95 percent of the specimen 

shall pass through a U 6 S-0 Standard Sieve Uoe 325o

The bulk density of the specimen as measured by a Scott volumeter 

should be not less than twenty grams per cubic inch*

Battery Life

The specifications for discharge of standard A size dry cells are 

as follows:
■ Low drain High drain

Type discharge continuous continuous

Discharge resistance 166.7 ohms . 16.67 ohms
End voltage 1.13 volts 1.00 Volts

Temperature 70°F 7Q°F

Relative humidity 5 # 5 #

Battery life 130 hours 5.5 hours



MATERIALS AND METHODS

Reagents

Although the goal of this project is to develop chemical syntheses 

for producing battery-active manganese dioxide from commercially available 

oress only C0 R0 grade chemicals have been used in this study. The 

immediate problem was to produce specification grade product 9 leaving 
purity difficulties 'inherent in work with ores to be overcome during a 

later, phase"of the project. Data obtained in this study with pure reagents 

will be used as a guide in selecting processes suitable for study in adap

tations of commercial ores.

Syntheses

Methods of preparations of samples discussed in this report are shown 

in the Appendix in Table I. Important variables encountered were reaction 

temperature, concentration, and reaction time. Some tendencies were in

dicated with respect to correlation of specimen properties with reaction 

variables I these tendencies are noted in the discussion section. The wide 

scope of this investigation and time limitations have prevented the mak- 

- ihg of complete studies of reaction variables. Studies that have been . 

made were on batchwise reactions, leaving continuous processing as a 

future development.

Battery Fabrication and. Testihg

Standard A size dry cells were constructed in accordance with usual 

cell assembly techniques; Signal Corps specifications were followed in 

proportioning the various mixtures and solutions that were used. A 

mixture containing 80% by weight, of the MnOg sample, 18% Shawinigah
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carbon black, and 12% NHjifCi were mixed in a pebble mill for 20 minutes to 

assure uniform consistency. This mixture was dampened with a wettingi'
solution consisting of 5.8/K NH^fCl by weight, 8.6% ZnClg, and 85.6% HgO 
until material acceptable for tamping was obtained.

From the mixture described above, bobbins were tamped in an apparatus 

as shown in the Appendix, Figure I6 Due to the -corrosiveness- of the mix-
Iture used in bobbin making, stellite and methacrylate- plastic were utilized 

for the parts of the apparatus which would contact the mixture«, Use of the 

stellite die also was advantageous since it produced smooth-sided "bobbins*

Still in accord with Signal Corps specifications, the-bobbins were 

wrapped in cotton gauze and set in zinc cans with a cold paste electrolyte 

containing a ratio of $0 ml of a solution- consisting-of 23.7% NHjfOl by 

weight, 22*3% ZnGlg, 0.1% HgClg, and 53*9% HgO to 10*7 -gm- of a mixture

containing 74*7% cornstarch and 25*3% flour...A paper-washer was placed

around the carbon rod, a brass cap was pressed oh the rod, and then the 

bobbin was sealed in the can with wax.

After a period of four days the batteries were discharged through 

test resistances as partially diagrammed in the Appendix, Figure 2* - 

The test rack consisted of eight 16.6? ohm resistances and twenty-four 

- 166.7 ohm resistances. M d  voltages-for the-two drain-tests were 1.13 
volts for the 16677 ohm drain, low drain, and 1*00 volts for the 16.67 
ohm drain, called high drain.

Oxygen- Analysis

Available oxygen determinations were made in accordance with Signal 

Corps methods as stated in Bulletin SGL-3117—A (8)* The determination



was- made'as follows? To 0o2175 gm of dried MnGg- was added 50 ml of 0o20 U 

Fe(NH^)2(S0^)2 solution containing 175 ml con HgSO^ per liter® Another 

•50 nil of the'Fe(KH^)2(Sb^)2 solution was pipetted into a second beaker to 
run as a control sample® Both samples were diluted to 200 ml with dis

tilled- water and digested on a steam plate® • After digestion they were 

readjusted to the original 200 ml volume and titrated with- 0®2 N 
solution® Since a suitable indicator was not available  ̂ a -potentiometric 

titration was run using a type K potentiometer 9 eal-omel -Cells and platinum 

electrode® The available oxygen was computed as four times-the difference 

in volume of dichromate solution used in the sample and blank and reported 

as percent manganese dioxide®

Total Manganese Analysis

Portions of the specimen weighing O 0IO gm were dissolved in 10 ml 

water and 5 ml con HCl and the solution was evaporated-almost1 to dryness® 
To this mixture was added 25 ml con HgSO^ and 10 ml con HNOj and the 

contents, were heated-till all traces of brown fumes were expelled® After

cooling the solution, 275 ml water and 3 gm NaBiOj were-addedo:.- Excess 
oxidant was removed with a sintered-glass funnel and-the-material was also 
washed free of permanganate with hot water® This filtrate was-poured into 
50 ml of an oxalate solution and the excess was titrated with 0®1 N KMhO^0 
... pH Determination

A part of the manganese dioxide specimen weighing 0®75 to IoOO gm was 
- digested with 100 times its weight of distilled water for ten minutes at 
the boiling point® Volume was readjusted to the original and-the solution
was cooled® The pH of the supernatant liquid was then determined with a

.
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Beckman pH meter»

Density

Densities were determined by running'the-specimen-’through a Scott 

volumeter into a cubic inch container. The apparent densities were then 

reported as grams per cubic inch.

Moisture Content

A sample weighing one to three grams was dried for -sixteen hours at 

a temperature of IlG0Cc The loss in weight was taken-as the moisture

content
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DISCUSSION OF RESULTS

Methods of preparation and analytical and test data for the manganese 

dioxide specimens produced in this study are shown in' -the -Appendix, in 

Table I and Table II0 Some samples were sent to the-Signal Corps Labora= 

tory for confirmation of the data obtained at Montana State College; in'
I

general the agreement has been good, with the Signal Corps-reporting 

slightly better battery life than was obtained here for the -same samples*

This discussion is divided into eight parts- according t o  the reactions, 

studied* Reactions are formulated in the most probable manner as indi=
i

Gated by experimental observations, some thermodynamic■.calculations, and 

literature references such as Bolen and Weil(I)* In-somecases, however, 

the reaction by-products are of uncertain composition,. Manganese dioxide 

was the only reaction product analyzed and - evaluatedd • .

A code was used to designate different samples, the first portion 

indicating the manganese source (N for manganese nitrate, S for sulfate, 

etc*) and the second indicating the treatment (OH for calcium-hypochlorite, 

H for heating, etc,)*

Calcium Hypochlorite Oxidation of Manganous Chloride

MhClg (aq) + Ca(0Cl)2 (s) =-=^ MhOg (s) + GaClg (aq) +-Glg (g)

Samples K=GH=IO and K=CH=Il were made with bleaching powder, calcium 

■ehloro=hypochlorite ( GaOClg) ,• and"'thqy'-both"have' poor ' chemical character= 

isties and drain tests. Starting with K-GH=12 a pure calcium hypochlorite, 

Ca(0Cl)g, was used in making the rest of the K=GH= series*

Samples K=CH=12 through K=CH=27 are generally within specifications
’.-i

for chemical analysis; the apparent densities of these samples are on the
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average five to ten grams per cubic inch below specifications„ Density 

does not seem to correlate well with other properties however9 as evidenced 
by comparison of densitiess bobbin weights 9 and drain tests of samples 
such as K-CH-17 (10.1 gm/in3s 10*2 gm bobbinss 3=4 hrs high drain, and 108. ' 
hrs low drain) and K=CH=25 (13»6- gm/in^, 8*9 gm bobbins, 5»7 hrs, and 249 . 

hrs)* Correlation between density and bobbin weight is of a doubtful 

nature; K-CH-17 (10*1 gm/in^) had an average bobbin weight of 10*2 gm 
while K=>CH=20 (16*7 gm/in^) also had an average bobbin weight of 10*2 gm, 

Bobbin weights, being proportional to the amount of material forced 

into the bobbin die, are more dependent on tamping qualities of the speci

men than on its apparent density, A specimen having good tamping qualities 

usually" tends to be easily wettable by the solution used to dampen the 

tamping mixture, Specimens that were pebble-milled for an hour or. two 

needed less wetting solution than unmilled samples and on the average they 

produced a.higher weight bobbin. Comparisons of K-CH-Il, unmilled, with an 

apparent density of 9,7 gm/in^ and bobbin weight of 8,7 gm and K-CH-20, 

pebble-milled, with 16,7 gm/in^ as its density and 10*2 gm as its bobbin 
weight show the effect of pebble-milling, on tamping qualities since 22,2 
ml wetting solution seemed to give optimum dampness to the sample having 

8,7 gm bobbins and on the other hand 9=5 ml on a similarly sized batch 
gave 10,2 gm bobbins, Since pebble-milling seemed advantageous with, 

respect to bobbin weights,. samples from K-GH-19 on were milled.

In an attempt to ascertain reaction conditions producing specimens .
X '■

that would give the best battery life, eight samples, K-CH-20 through 

K-GH-27, were prepared at four temperatures and two concentrations *
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Figures 4 and 5 in the Appendix show plots of temperature versus battery 

life for the eight samples„ From the array of data> although scant$ some 

tendencies might be indicated for batch preparations with CaCpCl^ addi

tions over a 3»5 hr period„ Better battery life was produced by the sample 

from the more concentrated solution within., the 30 to 90°G temperature 

rangee Temperature optimums are indicated at 50°C to 70°C for the concen

trated solutions while the curves of the dilute reactions rise to the left 

with the exception of one erratic point at 50° on the high drain curve*
Need for further study at lower temperatures is indicated from the 

tendencies shown in the temperature versus' battery life curves for dilute 

reactions e

Reaction time for samples K«CH=20 to K-CH«=27 was said to be 3o5 hoursj 

this meant that the Ca(O G l ^  was added to the reaction mixture over a 

period of 3,5 hours * Actual reaction is apparently almost instantaneous 

since immediate evolution of chlorine gas from the mixture upon addition 

of Ca(001)2 has been noted*
Ten of the seventeen samples prepared by this type synthesis under 

various reaction conditions have met the initial drain specifications for 

low drain Iife5 three have met high drain specifications 5 and two samples 
have met both initial drain specifications„

Commercial exploitation of this reaction would probably hinge on a
, . > ' 

favorable development of a recycle process that would regenerate the

hypochlorite material* Density improvement can be achieved by pebble-

milling, pH control by water washing is fairly easy, and specification

grade product can be made under various conditions* Contingent upon
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obtaining material of sufficient purity from ores and of sufficient 

cheapness through recycling^ commercial production of battery-active MnOg 

by this reaction is feasible.

Permanganic Acid Oxidation of Manganous Nitrate

2HMn04 (aq) + SMh(NO3)2 (aqj + 2HgO (I) SMnO2 (s) + 6M O 3 (aq)
Permanganic acid used in this synthesis was made by reacting barium 

permanganate and sulfuric acid and filtering off the barium sulfate pre= 

cipitate. Due to the high cost of barium permanganate and the consequent 

expensiveness of the permanganic acid and the relatively poor drain tests 

of samples M-N-I9 M=N=Z9 and M=N=S9 work on this reaction was stopped 
after the three samples were made,

Pattery life of M=N=Z and M=N=S-(3 o6_hrs high drain9 104 hrs low 
drain9 and 3,4 hrs and 104 hrs) is roughly comparable to natural Gold 
Coast ore performance. Both of these samples were pebble=milled and their 
bobbin weights were within the 9<>5 to 10,5 gm specifications,

Control of pH to the 4 to 8 range called for in the specifications 
was not easily obtained by water washings, The acid produced by the 

reaction was removed only after extensive washings and in the case of 

M=N=Z the sample was given a dilute basic wash9 which apparently did not 
hurt its battery life, by comparison with the similar but water “washed 

M=N=S«

Further development of this reaction is needed to realize its poten= 

tialities, The reaction is attractive yieldwise; a high percentage of the 

starting materials emerge as usable product, Contingent upon finding a 

resin stable to HMriO49 ari ion exchange cycle to produce a cheaper per=
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manganic acid may possibly be used.

Permanganic Acid Oxidation of Manganous Hydroxide 

2HMh04 (aq) + (s) — SEnO2 (s) + 4HgO (l) .

This synthesis was part of the survey of reactions between perman

ganic acid and manganous salts; other reactions in this survey not in

cluded in this report are discussed in a thesis by Moore (4).

Gne of the two samples produced by this synthesis had a high drain 

battery life of 5<>5 hours which met initial drain specifications. Both 

samples s M-OH=I and M=0H=25, had low drain battery lives comparable to 

natural ore performance. Neither of the two samples was pebble-milled 

and their bobbin weights were 8.6 gm and 7*9 gm respectively.
.Calcium Hypochlorite Oxidation of Manganous Nitrate 

Mh(NO^)2 (aq) + Ca(OCl)2 (s) — >  MhO2 (s) +■ Ca(MOg)2 (aq) + Cl2 (g) 
■ As in the K-GH- series the first few M=CH= samples were made with 

bleaching powders CaOCl29 and correspondingly poor analytical and test, 
data were the result. Beginning with N=CH=IO the samples in this series 

were made with pure calcium hypochlorite. Starting with N-CH-12 all 

samples were pebble-milled before battery tests and analyses were made.

After seeing the performance of N-CH-IOs 5»3 hrs high drain and 133 

hrs low drain, which approaches specifications rather closely and after 

the subsequent good low drain tests of N-CH-Il and N-CH-12, 135 hrs and 

143 hrs, a study of concentration, reaction temperature, and reaction time 
was planned. Samples -N-CH=l3 through N=GH=24 were produced under this 

plan. Two concentrations, 400 gm percent aqueous Mn(NOg)2 per 2 liters 
water and k00 gm per 10 liters water, were used to give concentration



extremes „ Three different temperatures were used=— $0, -7G9 and 9G°C and 
two reaction times, two hours and six hours, gave contrast to that varia

ble 0
Curves were drawn through points plotted as battery life versus reac

tion temperature for the different concentrations and reaction times„

These curves are shown in the Appendix, Figure 6 to Figure 9*
Tendencies indicated by the curves in Figure 6 seemed to be toward an 

optimum temperature around 7G°C for the dilute reaction at two hours while 

no outstanding tendency is to be noted for the concentrated case. Better

battery life at the lower reaction temperatures is indicated in Figure 7
'

in the six hour curves. Comparison of Figure 7 and Figure 4 shows a 
similarity between reaction temperature and high drain battery life for 
the K-GH- series and the ET-GH- runs.

The difference between a two-hour reaction time and six hours is 

evident on comparison of Figure 8 and Figure 9» The curves in Figure 8 
indicate better battery life on the low drain test from samples produced 

at the higher temperatures while the six hour curves in Figure 9 show 
the best performances from low temperature samples.

Tendencies of different reactions mentioned in the preceding para

graphs are not to be taken as inflexible conclusions. Attempts were made 

of course to hold all things equal in the series of preparations and to 

change only one variable at a time but some unobtrusive deviation in 

handling or in battery-making technique could have affected battery life. 

Production problems inherent to this reaction are similar to those 

of the K-GH- method; ore purification and hypochlorite cost would be the



immediate.deterrents to commercial production« .

Potassium Permanganate Oxidation of Manganous Mitrate 

3E i( E >3.)2 (aq) + 2KMn04 (aq) + 2H20 (I) —
5Mn02 (s) + 2K$J03 . (aq) + ^HWO3 (aq) 

The first of two samples produced by this survey reaction had good 

chemical characteristics, an average bobbin weight of 9o0 gm9 and drain 
tests of 4o0 and 80 hours« The material is roughly comparable to Gold 

Coast O r e0
The second sample, whose analysis shows it to be poorer than the 

first, has not been battery tested at the time of this writing* Both 

samples had a fairly high water content, indicating possibly the presence 

of a slightly deliquescent hydrate«,

Fuller potentialities of this.reaction may be realized by further 

study*

Sodium Hypochlorite Oxidation of Manganous Nitrate 

Mh(KO3)2 (aq) + 2HaOCl (aq) — >  MfoO2 ‘(s) + ZKaNO3 (aq) + Cl2 (g) 
Three" of the four N=SH= samples tested have low drain battery lives 

of over the 130 hours specification for initial tests* Chemical proper?= 

ties of the samples were good, the pH was easily brought within specif!= 

cations by water washes, and good bobbin'weights were readily achieved* 

This reaction has good potentiality of producing samples that will 

meet all specifications» If samples cannot be made that meet high drain 

standards, however, thought has been given to making a blend of an N=SH=
I

sample with its excellent low drain capability and a sample giving good 

high drain life* No sample blends have been tried here as yet but a
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common practice of battery companies is to upgrade their Gold Coast ore 

with the more expensive electrolytic producte 

Thermal Decomposition of Manganous Oxalate 

Mn(COO)2 (s) + ZO2 (g) MnO2 (s) + ZCO2 (g)
Fulfillment of the preceding reaction was attempted at various tern= . 

peratures and by different means9 i0e0 by open dish heating in air and by
heating under vacuum and letting in air onto the supposed MnO„ The

.

methods that were tried failed to produce manganese dioxide5 the products
probably were manganese Sesquioxide9 Mn2Og 9 ,or'hiausmannites IfagO^9
depending on the temperature of decomposition,, Thermodynamic calculations

indicated formation of the lower oxides over the dioxide*, ,

■Tĥ is reaction might.be of possible value in making pure Mn2Og or pure

MnoO1 to be later used in a leaching process that produces, battery-active 
3 4 .... v'v

V --

MhO2 as discussed by Moore (4)0 The sulfuric acid leach of OX-H-5 pro

duced a sample with-a good chemical analysis but the sample has not yet 

been battery tested*

Sodium Hypochlorite Oxidation of Manganous Sulfate

MnSO^ (aq) + ZNaOCl (aq) MnO2 (s).+ Na2SO^ (aq) + Gl2 (g)
The sample produced by this survey reaction gave a battery life of 

4*0 hours high drain and 9.9 hours low drain9 putting it in the Gold 
Coast ore class* As with the other reactions in which only a few samples 

were' made, the full capabilities of this synthesis can only be seen after 

further testing*
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SUMMARY

I 0- Pebble™milling a sample for one to two hours seems to improve the 

tamping qualities arid subsequent bobbin weights of the sample®

2» All reactions reported here,, with the exception of thermal decomposi= 

tion of manganous oxalates have produced.samples giving as good or 

better battery drain tests than natural Gold Coast ore®

3« Specification drain tests have been achieved by the following 

reactionss

High drain oniy™=permanganic acid oxidation of manganous 

hydroxide

Low drain only™=sodium hypochlorite oxidation of manganous 

nitrate

High drain and low Urain-=(I) calcium hypochlorite oxidation 

of manganous chloride and (2) calcium hypo= 
chlorite oxidation of manganous nitrate0



ACKNOWLEDGEMENT

The author acknowledges with thanks the support of the United 

States Army Signal Corps which sponsored this researeh0



LITERATURE CITED

(1) Bolen, M 9- and B 9 .H9 Weil,_ Literature Search on Dry Cell Technology*
Atlanta, Engineering Experiment Station Georgia Institute of 
Technology, 1948»

(2) Davidson, J9 A 9, M 9 S9 Thesis, Montana State College, 19529
(3) Magnusoh, A9 M 9, M 9 S9 Thesis, Montana State College, 1950*

• • -

(4) Moore, W e G 9, M 9 S0 Thesis, Montana State College, 1953»
(5) Nickelson, R 0 L 9, M 9 S9 Thesis, Montana State College, 19520
(6) Sadagopaehari> R», M 0 S0 Thesis, Montana State College, 19530
(7) Schumacher, J9 C6, Electrolytic Production.of Battery=Active

Manganese Dioxide, Western Electrochemical Company Progress 
Reports to U 9 S9 Army Signal Corps, 1950 to 1952®

(S) U 9 S0 Army Signal Corps, Tentative Specifications, Manganese'Dioxide0 
Synthetic 9 SOL^SllT=A, 17 Novembera 1949» Fort Monmouth, New 
Jersey, 1949»

(9) Winter, E 0 A 0, Electrolytic Manganese Dioxide„ Tennessee Corporation 
Progress.Reports to U 0 S9 Army Signal Corps, 1950 to 1953® -



APPENDIX.
„23“

Figure I. 

• Figure'2. 

Figure 3»

Table I 

Table II 

Figure 4.

Figure 5»

Figure 6«

Figure 7«

Figure 8, 
Figure 9«

Bobbin Tamping Apparatus,

Schematic Diagram of Battery Test Back6 O o 6 6 6 6 6 6

Reference Chart for X-Rajr Diffraction Patterns for
Various Types of Manganese Dioxide6 O 6 6 6 6 6 6 6 6 6'
Methods of Preparations e d o » o » o o o o » o o o o o
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MANGANESE DIOXIDE PHASE TYPES
XRD

I TTTTTrT-1 I'1 ' ' 1 1 T T T IT
10 8 65 4 3 2 1.5 IA

C X

il 1.1. . .I I I I l  I I__L I __________________

I I

jS N 20
I I J ■ 11 .I Ii__L

Ii y  , _

I f  , N '7_1IU__I Ii I i

1 0 8 6 5 4

Figure 3. Reference Chart for X-ray Diffraction Patterns for Various 
Types of Manganese Dioxide
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TABLE I
METHODS OF PREPARATIONS

Code Preparation

K*= GH-IO A solution of 400 gm MnClg oA-HgO in 500 ml HgO at 105°C to 
H 50C was reacted with 290 gm bleaching powder over a 3 hr 
period»

K-CH-Il A solution of 400 gm MnClg<,4Hg0 in 500 ml HgO at 105°C to-' 
115°C was reacted with 290 gm bleaching powder over a 6 hr 
period„

K-CH-X2 Reacted 400 gm MnCl2o4Hg0 in I liter HgO at 70°C to 75°C 
with 290 gm Ca(OCl)2 over a 2„5 hr period« Product was 
heat treated at I5O0C under vacuum for 50 hrs0

K-CH-14 Reacted 400 gm MhGlg»4Hg0 in I liter HgO at 70°C with'290 
gm Ca(OCl)2 wetted with 200 ml HgO over a 6 hr period0

K-CH-I5 Reacted 400 gm MnCl2 <,4Hg0 in 3 liters H2O at 7G°C over a 
6. hr period with 290 gm Ca(OCl)2 wetted with 200 ml HgO0

K-CH-16 Reacted 400 gm MnCl2 «4Hg0 in 2 liters HgO with 200 ml con 
NHt OH and then with 290 gm Ca(OCl)2 wetted with 200 ml 
HgO over a 3 hr period at 70°C0 Product was leached with 
dil HNOo (200 ml con HNOo per 2 liters of soln) for 2 hrs 
at 95°0o

K-CH-17 Reacted 400 gm MhCl2 ^ H g O  in 7 liters HgO at 70°C over a 
I hr period with 290 gm Ca(OCl)2 wetted with 200 ml H2O 0

K-GH-IB Reacted 1200 gm MhCl2 o4Hg0 in 9 liters HgO at 70°C over 
a 2 hr period with 600 gm Ca(OCl)2 wetted with 600 ml H2O0

K-CH-19 Reacted 1400 gm MnCl2 o4Hg0 in 12 liters HgO at 70°C over 
a 6 ‘hr period with 1015 gm Ga(OCl)2 wetted with 1015 ml' 
H2O 0

K-CH-20 Reacted 400 gm EnClgo4Hg0 in 2 liters HgO at 90GC over a 
3„5 hr period with 290 gm Ca(0Cl)g wetted with 200 ml H2O0

K-CH-21 Reacted 400 gm MnCl2o4Hg0 in 10 liters HgO at 90°C over a' 
3*5 hr period with 290 gm Ca(OCl)2 wetted with 200 ml H2O0

K-CH-22 ' Reacted 400 gm MhCl2 o4Hg0 in 2 liters HgO at 50°C over a 
3*5 hr period with 290 gm Ca(OCl)2 wetted with 200 ml HgOe



K-CE-23

. K==CH=Sij.

K=CH-SS

K-GH-26

K-CH-27

M-N-I

Code

M—N—S

M==N=3

M-OH-I

M—OH—2

Preparation

Reacted 460 gm MnClgoA^gO in 10 liters HgO at 50°C over a ' 
3o5 hr period with 290 gm Ca(0Gl)g wetted with 200 ml HgO0
Reacted 400. gm MnClg0AHgO in 2 liters HgO at 3O0C over a 
3o5 hr period with 290 gm Ca(0Cl)g wetted with 200 ml HgO0
Reacted 400 gm MnClg=AHgO in 10 liters HgO at 30°C over a' 
3e5 hr period with 290 gm 0a(0Cl)g wetted with 200 ml HgO0
Reacted 400 gm MnClg0AHgO in 2 liters HgO at VO0C over a 
3=5 hr period with 290 gm Ca(0Cl)g wetted with 200 ml HgOe
Reacted 400 gm MnClgoAHgO in 10 liters HgO at VO0C over'a 
3 = 5 hr period with 290 gm Ga(0Cl)g wetted with 200 ml HgO*

One-third of the HMnOi made by reacting S U  gm Ba(MhO. )g 
in 790 gm HgO with ?6 ml 36 N HgSOi was reacted with ^
SSO gm 50 percent Mn(N0^)g soln0 Reaction temperature 
ranged from 25°C to AS0C.? the reaction mixture was allowed 
to digest overnight0
Two pounds 50 percent Mn(N0o)g soln was diluted with 8=5 
liters E ĝO and reacted witn 500 ml 10 percent HMnO, soln 
at 89°C over a 45 min period=

One pound 50 percent Mn(N0o)g soln was diluted with 3 
liters HgO and reacted with 250 ml 10 percent HMnOjiji at 
500 to IO0C over a 45 min period=
A. suspension of 30 gm reagent grade MnOg in a soln o f -50’ 
gm MnSO^ in I liter HgO was reacted with 30 ml con NH^OHj 
the resulting precipitate was filtered9 water-washed, and 
treated at 24°C with 3 liters 5 percent HMnO^-while on the 
filter paper= By recirculating the HMnO, the precipitate 
was covered with acid for a 45 min period0 ,

Reacted 300 gm MnSOi0HgO in 3 liters HgO with excess 
NH,OH= The Mn(0H)g was filtered9 washed9 and slurried in 
3 liters HgO and then reacted at 27°C with 400 ml 5 percent 
HMnOj^ over a I hr period=

,,^iBLEI(Confd)
. METHODS OF PREPARATIONS



Code
N-CH-7

N-GH=-S

N-CH-9

N==CH==IO 

N-CH=Il 

N—CH-12 

N-CH-13 

N-CH-14 

N=CH=Ig 

N—OH—16

6

—29=

TABLE I (coat'd)
METHODS OF PREPARATIONS

Preparation

A dil soln of MhCNOo^ in HgO was reacted at .350C over a 
3 hr period with 200 gm bleaching powder„ Product was 
leached'with dil HNOo (25 ml con HNOo per 3 liters solh) 
at 250C,
Reacted 412'gm gO percent Mh(N0o)2 soln at IlQ0C to 120°C 
over a 2 hr period with 160 gm bleaching powder-o Product 
was leached with dil HNO^ (50 ml con HNOo per 300 ml soln) 
at 25°Go

Reacted gOO gm 50 percent. Mn(N0^)2 soln diluted with 50 ml 
con HNOo and 700 ml ^ O  at IOO0C over a 6 hr period with • 
200 gm bleaching powder.
Reacted 500 gm go percent Mn(NOo)2 soln diluted with 50 ml 
con ItNOo and 2100 ml H2O at 100oG over a 6 hr period with 
200 gm-.Ca(OCl)2O

Reacted I lb 50 percent Mn(NOo)2 soln diluted with gO ml 
con.HNOg and 3,5 liters H2O at 90°C over a I hr period with 
200 gm Ca(OCl)2 wetted with 200 ml H2O0-
Reacted I lb go percent MN(NOq)2 soln in 7 liters HgO at 
90°C over a 2 hr period with 200 gm Ca(OCl)2 wetted with 
200 ml HgO,-

Reacted I lb 50 percent Mk(NOo)2 soln in 2 liters H2O at 
90°C OveP a 2 hr period with 200 gm Ca(OCl)2 wetted with 
200 ml H2O0
Reacted I lb $0 percent Mn(NOw)2 soln in 10 liters HgO at 
90°C over a 2 hr period with 200 gm Ca(OCl)2 wetted with 
200 ml H2O0
Reacted I lb 50 percent Mn(NOq)2 soln in 2 liters H2O at 
70°C over a 2 hr period with 20Q gm Ca(OCl)2 wetted with 
200 ml H2O0
Reacted I lb 50 percent Mn(HO^)2 soln in 10 liters H2O at 
70°C over a 2 hr period with 200 gm Ca(OCl)2 wetted with 
200 ml H2O0
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H-GH-17

H-CH-IS

H-CH-19

H-CH-20

H-CH-ZL

Nr-CH-22

H-CH-23

N-CH-24 '

H—KP-X

-N-KP-2

H—SH-X

Code Premration .

Reacted X Xb 50 percent Mn(HOo)2 soln in 2 liters H^O at 
50°C over a 2 hr period with 200 gm Ca(OCl)^ wetted with 
200 ml H2O e
Reacted I Xb 50 percent Mn(NOo)2 Soln in 10 liters H2O at 
50°G over a 2 hr period with 200 gm Ca(OCl)2 wetted with 
200 ml H2O.
Reacted I Xb 50 percent Mi(NOo)2 soln in 2 liters H2O at 
90°C over a 6 hr period with 200 gm Ca(OCl)2 wetted with 
200 ml H2O0
Reacted I lb 50 percent.Mn(NOo)2 soln in 10 liters H2O at 
90°C over a 6 hr period with 200 gm Ca(OCl)2 wetted with 
200 ml H2O.
Reacted I lb 50 percent Mh(NOo)2 soln in 2 liters H-O at 
70°C over a 6 hr period with 200 gm Ca(QCl)2 wetted with 
200 ml H2O0
Reacted I lb $0 percent Mn(NOo)2 soln in 10 liters H2O at 
YO0G over a 6 hr period with 200 gm Ca(OCl)2 wetted with 
200 ml H2O0
Reacted I lb 50 percent Mn(NOg)2 soln in 2 liters H2O at 
50°C over a 6 hr period with 200 gm Ca(OCl)2 wetted with , 
200 ml H2O0
Reacted I lb 50 percent Mn(Hpq)2 soln in 10 liters H2O at 
50GC over a 6 hr period with 200 gm Ca(0Cl)2 wetted with 
200 ml H2O0
Reacted I lb 50 percent Mn(NOg)2 soln in 12 liters H2O at 
75°C over a 2 hr period with 134 gm KMnO^ dissolved In 2 
liters H20»
Reacted I lb 50 percent Mn(NOo)2 soln diluted with 25 ml 
con HNOg and 12 liters H2O at 2Y°C over a 2 hr period with 
134 gm KMnO^ dissolved in 2 liters H2O0
Reacted 500 gm 50 percent Mn(NOq)2 soln diluted with 50 
ml con HNOg and 650 ml H2O at IOO0C over a 4 hr period 
with 2085 gm 5 percent NaOCl soln. .

~TABLE I (cont'd)
■ METHODS OF PREPARATIONS
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N-SH-2

N—SH-3 

N-SH-4 

N-SH-5 

OX-H-I 

0X-H-2

OX-H-3 

OX—H—4 

OX-H-5

S-SH-I

Code Preparation

Reacted filtrate from N-SH-I at IOO0C over a 2 hr period 
with 1336 gm 5 percent NaOCl soln.

Reacted 785 gm 50 percent M n f N O ^  soln diluted with 65O: 
ml H2O at 25°C over a 48 hr period with 3100 gm 5 percent 
NaOCl soln.

Reacted I lb 50 percent Mn( N O ^ soln in 2 liters HgO at 
85°C to 90OC over a I hr period with 2400 ml 5 percent 
NaOCl soln.

Reacted I lb 50 percent Mn(N0o)2 soln in 10 liters HgO 
at 50°C over a 5 hr period wich 2800 ml 5 percent NaOCl 
soln. .

Manganese oxalate made by reacting MnSOji .HgO with (COOH)g 
was heat treated for 72 hrs at 315°C to 3250C. Product 
was leached with 5 percent HgSO^.
Filtrate from synthesis of oxalate for OX-H-I was neutra
lized with NH,0H which caused further precipitation of- 
manganese Oxalatej this oxalate was heat treated at 4Q0°C 
for 21 hrs. Product was leached with 5 percent HgSO^9
Manganese oxalate made by reacting Mh(0H)2 with (COOH)g 
was heat treated at 350°C for 25 hrs. Product was leached 
with 5 percent H2S0^.
Manganese oxalate made by reacting Mh(0H)g with (COOH)p 
was heat treated at 400°C for 21 hrs. Product was leached 

■ with 5 percent HgSO^0
Manganese oxalate made by reacting MhCOg with (COOH)g was 
heat treated at 150°C to 230°C under vacuum for 168 hrs. 
Product wad leached with 25 ml con HgSO^ in 300 ml HgO at 
96° C«

Reacted 338 gm MnSO,.HgO in 3 liters HgO at 25°G over a 
1.5 hr period with 3.5 liters 5 percent NaOCl soln.

TABLE I (cont»d)
METHODS OF PREPARATIONS



TABLE II
'ANALYTICAL AND TEST DATA

Sample O2 % Mn ^ H2O pH gm/in^ ■ BobBih Wt Initial Drain Life
as % M11O2 . ' (gms) High (hrs) Ldw

K-CH-IO 52;$ 47.5 4:20 5:2 8:2 8:7 1:9. 90
-11 56.4 54.6 2.30 5:9 9.7 8:7 2:0 38-12 9 ho 5 6o ;5 0.34 6:1 10.0 9:3 2:7 143
-14 92;o 59.9 1.01 5:7 10:0 9.4 3:6 12$
-15 94.9 60.8 0:51 6:2 8.0 9:2 5:6 129—l6 84.0 59.1 o:60 4:9 9:1 9 ^ 1.1 50
-17 91*5 57i5 - 0.02 4.5 10:1 , 10:2 3:4 108-18 92.7 60.2 0:20 5:7 *:5 10:1 4:6 137
-19 93.0 61.4 0:07 6:1 14.3 10.2 4:5 140
-20 93:0 . ,62.0 0:01 6:1 16:7 10:2 4:4 142
-21 93 iO 59.6 o;oi 6:6 15:2 io;o 4:5 H O
-22 83.0 $8.0 2.00 6:3 13:2 9:3 5:8 137
-23 90i0 . 61 i O 0:45 4:8 .. 12:8 9:9 2:6 132
—24 86.1 58:5 1.60 6:4 10.2 8:8 4:1 135
-25 89.2 58.7 0:10 5:6 13:6 a:9 5:7 149-26 93,5 58.5 0:12 6:8 15:7 9.8 5:3 - 1$3"-27 90; 5 38:5 0:01 6:3 15:1 . 9:7 5:o 132M-N-I 8g;2 57:9 1:50 6:6 6:0 7:6 0. 88
-2 94.0 61.8 - 0:6$ 7:0 13:2 9:8 3:6 104
-3 92.6 60.3 0.6$ 4:2 14:4 9:5 3:4 104M-0H-1 93.1 6i;i 0.80 4:1 8:2 8:6 5:5 90
—2 86.1 57.8 4.50 4.1 8:4 7:9 0:4 100

N-GH-7 86.3 55.4 4:90 6:0 4.1 7:9 0:8 101
-8 72.5 58.1 0:95 5.2 11.2 9.0 2.9 40
-9 89.1 59:5 0.89 5.3 11:4 •- * c'
-10 92.0 $8:o 0.46 4.4 9:4 9:2 5:3 133-11 92 ;o 60.2 0:03 4*7 8:8 9:1 3:8 135-12 93 60.7 0:01 4:5 14:6 8.1 3:6 143
=13 92 ;4 60:2 o.$o 6:3 16.3 9:8 5:4 159-14 93.0 60,2 0.20 6.4 15.7 9.8 4.5 159



TABLE II (contM) 
ANALYTICAL AND TEST DATA

Sample O2 ^Mn $ H2O pH gm/in3 Bobbin >Wt Initial Drain Life
as % MhO2 (gms) High (hrs) Low

N~GH-i5 90.5 6215 0150 6;6 15.9 917 517 146
=16 92.3 61.4 0.45 516 14.7 916 512 150
=17 90.0 61.6 1.70 6.1 16.5 917 515 148
-18 91.0 60.8 1115 6,0 12.7 917 313

414-
145

=19 92.3 61.1 OllO 6.2 1517 1010 129
—20 9i;e 60.4 0.60 614 1517 919 319 116
-21 91.9 6019 0170 6.2 17.0 913 512 133
-22 92;? 61.0 0.45 6.3 14.6 9.5 5.1 148

. =23 90.0 59.6 1150 6lQ 15.4 917 515 150
-24 m i 60.3 ■ 1.10 518 14.5 916 5.6 146

N-KP-I 94.0 61.3 2.70 4.0 912 ' 9.0 4.0 80
“2 83.1 3316 5100 613 4.2 - =  ■

N-SH-2 96.0 5814 0.69 414 912 912 4.2 149
=3 92̂ 2 58.1 1.25 412 1217 918 O'- 55
■=4 9212 6016 0113 6,3 15.7 9.7 513 152
=5 92.2 61.0 0143 612 1414 918 514 140

OX-H-I 57.0 6810 " 0134 $19 1015 9.3 1.1 22
—2 6516 65.5 0.40 510 912 - = c=»

=3 67.0 6318 0.78 512 10.5 C=,

=4 65.5 6512 0.57 514 1012 - - c=»

=5 9i;i 58.6 1117 8.0 1112 Ca

S = S H d I 89.6 59.0 0.40 4.8 11.4 8.4 4.0 99
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REACTION TEMPERATURE

Figure 4. High Drain Life 7a. Temperature for 3.5 Hr K-CH- Reactions
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Figure 5. Low Drain Life Vs. Temperature for 3.5 Hr.K-CH- Reactions
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Figure 6. High Drain Life Te. Temperature for 2 Hr N-CH- Reactions
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Figure 7 High Drain Life Vs. Temperature for 6 Hr N-CH- Reactions
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Figure 8. Low Drain Life Vs. Temperature for 2 Hr N-CH- Reactions
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REACTION TEMPERATURE

Figure 9. Low Drain Life Vs. Temperature for 6 Hr N-CH- Reactions
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