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Abstract:

The purpose of this investigation was to survey the field of chemical synthesis of manganese dioxide
and to determine which syntheses might be adapted to commercial production of battery-active
manganese dioxide.

Samples of manganese dioxide were prepared from chemical reagents by a large number of different
syntheses. These samples were given a chemical analysis consisting of determination of total
manganese, available oxygen, moisture content, and pH, The physical structure of the manganese
dioxide was determined by x-ray diffraction, electron diffraction, and electron microscopy. The
effectiveness of the product as a battery depolarizer was determined by making "A" size dry cells and
draining them at a prescribed rate.

Nitric acid oxidation of hausmannite (Mn304) and chlorine oxidation of manganous carbonate gave
the best materials for battery depolarizers although neither product met specifications. All materials
which were synthesized under alkali conditions were unsatisfactory depolarizers.
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ABSTRACT

The purpose of this infestigation was to survey the field of
chemical synthesis of manganese .dioxide and to determine which syntheses
might be adapted to commercial productlon of battery-active manganese di-
oxldeo : ‘

Samples of manganese dioxide were prepared from‘chemical reagents
by a large number of different syntheses, These samplés were given a
chemical analysis consisting of determination of total manganese;.avail=
able oxygen, moisture content, and pH. The physical structure of the
manganese dioxide was determined by x=ray diffraction, electron diffrac-
tion, and electron microscopy. The effectiveness of the produet as a
battery depolarizer was determined by making "A" size dry cells and dralnu
ing them at a prescribed rate, :

Nitric acid oxidation of hausmannite (Mn ) and chlorlne oxidation ;
of manganous carbonate gave the best materials %o% battery depolarizers
although neither product met specifications. All materials which were
synthesized under alkali conditions were unsatisfactory depolarizers.
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INTRODUGTION

With the possibility;of having the supply of batterybactive'manm-
ganese dioxide to the.United States cut off in time of war,.the necessity
-of déveloping methods of synthesizing a good manganese dioxide has become
apparent., The United States does not have a natural sourcé of battery
manganese dioxide and has been importing a natural product-from the Gold
Coast of Africa; :

As early as 1918 it was known that a battéry manganése dioxide
éuperior to natural Gold Coast ore coul& be prepared by electrolytic
deposition of manganese dioxide on én anode, During the past’severél
years #he devel&pment of this method wés accelerated under a program quéu
sored by the United States Army Signal Corps. At tﬁe breseht time -commer-
cial plants are béiﬁg-developed'to prepare batteryhactive manganese 41loXe
ide by this method,

Although a superibr‘pr?duct can be prepared by the electrolytic
metﬁod, 1arée gquantities of electric power afe required and the product is
expensive, During any emergency which might develop, expansion of the
industry would be limited to the amount of“a#ailable power, Since larg¢
quantities of battery manganese dioxide are.consumeé, a”more economiqal'
chemical process which will produce a depolarizer comparable to electro-
1ytie méthods is ‘desired. | | |

As early as 1913 patents have been obtained for cheﬁical synthesis
of manganese dioxide which was suitable for a battery depolarizer. Since

that time practically all known methods of chemigallpreparation of'mangéu
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nese diexide have been reported as suitable for producing battery grade
meterial, As there were no specificatione for the requirements of battery -
depolarizer manganese dioxide until recently, many syntheses'ﬁere reported
which gave very poor depolarizers. The material from many of these synthe=—
| ses was not as effective as natural Gold Goest ore, |

| The effectiveness of manganese dioxide as a depolarizer in dry
celis can be determined only by actual testing of the celis. A group of
preliminary tests will; however, give_an'iﬁdication of how the produet
will perform. -Theee tests are: .chemical,analysis, x-ray diffraction, .
eélectron diffraction, and electron mlcroscopy. Of these'tests, the xpray
diffraction pattern has proved to be the most valuable means of determlnlng
cerystalline phase, - |

| The two crystalline'phases of manganese dioxide are tetragénal
(beta Mnoz) and orthorhompic (the mineral Ramsdellite)° Five other phase:
types which are modlflcatlons of the basic phases are called alpha, gamma
delta, epsilon, and rho., In recent years tests conducted by the Squler
'Slgnal Laboratory of the United States Army Signal Corps at Fbrt Mbnmouth
New Jersey, have shown that gamma phase manganese dioxide has the structure
best suited for battery depolarlzer materlal° Rho ‘manganese d10x1de is a
fair depolarizer about equivalent'to Gold Coast ore, The other structures
give very poor battery life,

The purpose of-thie investigation was to survey the field of
chemical synthesis of manganese dioxiderend to determine which syptheses
‘might be adapted to commercial produetion of manganese dioxide coﬁparable
to the electrolytic product., Jack A, Davidson reported in a thesis the

results of another group of manganese dioxide syntheses(4).
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FQUIFMENT, METHODS, AND SPECIFICATIONS

Eduipment

Cell bobbin tamper

The inner bobbiﬁs for the test cells required 5 tamping machine and
_dies to form them to sﬁecifications, The tamping machine was hand operated
and éonsisted of a taﬁper mounted on two vertical rods in such a way that
it was ffee to move up and dqwn. The stationary dies at the bo£tom were
removable to facilitate cleaniﬁg, The lower stationary dies had Bakelite
inserts to keep the battery material from being contaminated by other
metals and the tamper was made with a polystyrene tip for the same phfposeo
The use of dissimilar plastics preveénted the' tamper frpm binding when it
was in the lower die. The;bottém-of the lower die was fitted with a ﬁlas-
tic bleck which éould be pushed up to force the completed bobbin out of
the die, The upper end of tﬁis‘bloék waé drilled to hold the:carbon elec-
trode centered in the die while the depolariier mix was being tamped around
it. 'The details of thig tamper are shoﬁn iﬁ Figure 1.

. Battery test rack

. The testing of.the dry cells consisted of ‘discharging them through
resistanpe coils, The high drain test usea coils with 16 2/3 ohms resist-
ance and.the low drain test used coils wfth 166 2/3 ohms resistahce,_ The
test coils wére hand wound of nichrome wire which had appréximately Lol
ohms resistance per foot and were calibrated with a Wheatstone bridge
when.they were installed in the test’panel; The battery drain was records

ed by taking voltage readings across the cells at intervals, The voltmeter
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circuit used a Simpson Model 260 Vblt-ohmwmllllammeter and selector
swltches were used to switch from one cell to another. The test rack was
capable of running four high drains and twelve low drains at tﬂe same time.
'A schematic drawing of part of the system is shown in Figure 2;

Chemical synthesis equipment

Standard chemicel glassware was used as containers for mest of the
reactions and smatl electriclstirrers were used to keep the materials
mixed, A gas fired assay furnace was used for the high temperature heat
treatments and the temperatures were measdred with chromelmalumel thermo-
couples, Porcelain ball mills with quartz stones were used in all grind=
ing eperations. A thermostatically controlled electfic oven was used to

© dry all samples and to give low teﬁperature heat treatments,

Methods

Sample preparation

All of the samples were prepared from C.F. chemical reagents with
the exception that a technical grade manganous sulfate was used in some
tases. Small scale tests were usually run to see what conditions were
necessary to make the reaction work and then a 1arger batch was made to
glve‘enough manganese dioxide for testing and analysis, All samples were
dried at 110°C uniess designated otherwise,_ The reactions. used had either
been suggested by the Army Slgnal Corps or were taken from literature
(2 3, 6) Since a variety of different methods of preparation were used,
the preparetionAOf each is given with the discussion of results,

Total manganese analysis

Appfoximately 0.1 gram of manganese dioxide sample was accﬁrately
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weighed and placed into a 600 ﬁl beaker, Ten ﬁl Qistilled water and five
ml., concentrated hydfochloric acid were added and then boiled almost to
dryness, The sample was taken from the heater and 25 ml concentréted stl-
furic acid and 10 ml concentrated nitric acid ﬁére added, This mixture
was heated until all of the brown fumes were’expelled. The solution was
eoqled and dilutéd to 275 ml with distilled water, Approximately 3 grams
sodium bismnthafe were added ard stirred until apparently all of the man-
ganous ion had been converted to‘pefmanganate ion. The excess oxidant was

filtered off with -a fine sintered-glass filter and the filtrate was heated

. to 50°C., Fifty ml 0.2 N'sodium oxalate solution was added and the .excess

titrated.with'o;l N potassium permanganate solution,

Available oxygen analysis

Approximately 0.2 gram of sample was weighed accurately and 50 ml -
02 N ferrSus ammonium sulfate soiution‘containing 175 ml conceﬁtrated
sulfuric acid p;r liter was added. The solution was diluted to-about 200
ml .with distilled water and digested on a steam bath until the sample was
dissolfed,- A control sa@ple ﬁas given the same digestion period and both
samples were ti£rated with 0,2 N potassiuﬁ dichromate solution using a
potentiometric titration,

. Determination of moisture

Betweén 1 and 3 grams of the original sample was dried for 16 hours

at a temperature .of 110°C, The loss of weight was taken as the water con=

tent of'thq sample,

Determination of pH

A sample.between 0.8 and 1,0 gram was weighed into a 3600 ml Erlen—
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‘meyer flask.and 100 times the sample weigﬁt of.distilled water was added.
This solution was boiled for 20 minutes; the water level broughﬂlback to
the original and cooled to room témperature with an ascarite tube over it
to prevent contaﬁination from carbon dioxide in the air., The pH of the
supernatant liquid was detérmiﬁed.with a Beckman pH metef.-

'Determination of bulk density

The bulk densities of the samples were ‘determined with a standard
Scott paint voiumeter° The sample was poured through the volumeter until {
the cubic inch cup was full, the excesé was'scraped off with a spatula, -
and the weight of the manéanese éioxi&e in the cup was the density in grams
per cubic inch;

Determination of battery capacity

Five standard "A" size dfy délls were constructed éécording.to existe -
ing dry cell assembly techniques f;om each sample., The cells were stored
from four to five days at room temperature (65-75°F) before heing diécharged,
Two cells were discharged continueusly through 16 2/3 ohms for the'high'drain
test and two were discharged continuously through 166'2/3 ohms for-the low
drain test: The fifth cell was set aside for three months before it was
givén the low drain test. _/

Specifications

. The following specifications for synthetic battery-active manganeée

dioxide:were taken from Army Signal Corps Tentative Spec¢ification (1):

Chemical composition
Availaﬁle'oxygen as % Mh02 85% min,

Total manganese as % Mn 58% min,
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Absorbed moisture as % Hy0 3% max.
Iron as % Fe - T 0.2% max,
Silicon as % 510, - 0.5% max,
Other:metaliic impurities | 0.1% max.
pH : . . Lo0=8,0

Crystalline phase

X=ray dijfraction patierns should show a predominénce of the imper-
fectly erystalliied-phase known as gamma.manganese-dioxide. " A chart showr=
ing the x=-ray diffraction pattérn of phe various phases is given in Figure
3, '

Egttery capacity

?ﬁe stan@ard l"11.." size dry cell, when fabricatéd according to speci~-
fications, shall run a minimum of 5e5§ hours on high drain test and 130
hours: on low drain test,' Cutoff voltéges were respectivel& 1.00 and 1.13.

Density |

The bulk density of'the product as measured by the Seott volumetér
shall be a minimnm of 20 gm/in’. This density should give a cell bobbin

weight which is between 9,5 and 10,5 grams,
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DISCUSSION OF RESULTS

Nitric acid oxidation of hausroannite (MnoO”)

The hausmannite used in this reaction was obtained either by heat-
ing inactive reagent manganese dioxide or technical manganous sulfate in
a furnace at 1000-1100°C for 4-5 hours according to the reactions:

3Mn02 — M-jon + 02

AMNSO™ A »  Mn30™ + 02 + 3S02
The hausmannite formed from these reactions was reoxidized to manganese
dioxide by treatment with nitric acid according to the reaction:

Mn304 + 4HNO3 ---v- ZMn(NO3)2 + MnO2 + ZH20
The preparation of each sample is given in Table 1.

Since two-thirds of the manganese was dissolved in the nitric acid,
the degree of oxidation of the hausmannite was proportional to the loss of
weight of the solid material. The data supported this fact, because only
samples which had high losses met specifications for oxygen content. To
obtain a high oxidation it was necessary to grind the hausmannite to -150
mesh before treatment with nitric acid, as shown by the chemical analysis
(Table 11) of samples 0-H-7, 0-H-8, and O-H-9.

Although particle size has some effect on the required temperature,
it was apparent that the mixture had to be heated above 75°C before any
appreciable reaction took place. When the reaction started, it was exo-
thermic and the temperature was difficult to control until most of the oxi-
dation had taken place. The reaction time to produce the best samples was
I™ hours, but since no attempt was made to reduce the time with Ffinely

ground hausmannite, there was a possibility that a shorter time could be
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used, The oxidation reaction above was given in Cﬁftman (3) hsing any
acid,iso attempts were made to use a portién of sulfuric acid° Alﬁhough
up to 10% sulfuric acid by volume did not cause an appreciable change in. o
the product,-50% sulfuric acid lowered the oxidation and cut battery life.. |
Hydochioric acid:was not used for this reaction because it disselves man-—
ganese dioxide, |

The physical properties of this product were good. It gavé a high
density product unless the hausmannite was_ground extremély fine, and
taﬁped into a eell bobbin which met weight specifications in most~caées‘
(Table-III)° The proper pH of the finishéd samples were easily obtéiﬁed by
washing the product in water. )

Micro=-optical analysis of the materials have shown that the.predom=
inant phase in the poorly oxidized samples was hausmannite with minor.phgseé
| of rho=gamma., Alfhough four dflthe samples were reported with a méjor beta
phase, the original manganese dioxide which was beta was only givén a mod=
erate heat treatment for two of these samples} The other two samplés with
beta phase proba%ly were partly formed from decomposition of the manganous
nitraté which formed as a byproduct,

The batfery drainjtesfs on this material did not meet speéifications
buP the 5.1 hours on high drain was the best obtained from any product made
by chemical methods, The low drain tests reached a maximum of 110 hours.
An attempt to improve the battery life by gninding the products ﬁade from
a coarselhausmanhite failed to show any appreciable difference. It was
noted that materials which were below specifications f?r available‘oxygen

gave good battery tests if the proper crystalline phaée was present (O=H=5),
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Only three samples were prepared from hausmannite made from manganous
sulfate. Since none of the samples had been prepared at temperatures above
85°C, no comparison can be made with the products described above. The
sample prepared at 85°G gave a fairly good battery test of 10? hours on low
drain and 2,2 hours on high drain, and was the best of the three samples.
All of the samples gave gamma-rho x-ray diffraction patterns.

Although the losses of manganese are high in each batch process, a
nitric acid cycle could be set up whereby the nitric acid and the manganese
could be recovered and recycled.

Chlorine oxidation of manganous carbonate

The chlorine oxidation of manganous carbonate took place in an aque-
ous suspension according to the equation

MNnCO3 + CI2 + H20 ———*- Mn0O2 + 2HC1 + CO2
Since the solubility of gaseous chlorine in water was inversely propor-
tional to the temperature, the reaction proceeds much faster at low temper-
atures.

Only one of the samples made by this method was good on battery
tests (C-CL-3) but this was enough to make the reaction look promising.
This sample had a density of 17.3 gm/in® and was completely reacted to
manganese dioxide, while other samples made in the same way except for an
hour longer reaction time were of very low density. The only explanation
for this difference is that reaction time seems to be very critical.

The First sample prepared by this method was washed with nitric acid
to remove any manganous carbonate and to complete the oxidation. This gave

beta manganese dioxide, while the other samples were in the gamma-rho



structure range except where heat treatments decomposed residual manganous
carbonate. The acid treatment appeared to have converted the gamma-rho to
the beta phase.

A large sample was split into four parts and three of these were
given heat treatments at 150, 170, and 200°C to investigate the possibility
of converting rho or rho-gamma manganese dioxide to the gamma phase. Since
the x-ray diffraction patterns were very similar between gamma and rho (Fig-
ure 3), there seemed a possibility of converting from one to the other.
Although the battery tests were very poor, there was some improvement in
material heated at 1VOOC and this agreed with heat treatment of other rho-
gamma products as reported by Davidson (4).

As a result of these heat treatments some residual manganese carb-
onate was converted to beta manganese dioxide almost in proportion to the
temperature. This result agreed with the findings of Davidson(4) for a
synthesis by this method.

Decomposition of manganous nitrate

When heated at temperatures above 150°C, solutions of manganous
nitrate decomposed according to the equation:

MN(NO3)2 MnO2 + 2NO2 .
The product from this reaction had a high density and in most cases was a
high percentage manganese dioxide.

The crystalline phase of material produced by this reaction was
predominantly beta with traces of rho and the battery life was only about
half of the specifications. Although Nossen (5) reported that gamma man-

ganese dioxide was produced by.this type of reaction, none has been syn-
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thesized in this investigation.
Paratoluenesodiumsul fonamide reduction of potassium permanganate
In one of the possible preparations of saccharin, paratoluenesodium-
sulfonamide was oxidized with potassium permanganate leaving a residue of
manganese dioxide. Since manganese dioxide was a byproduct of this inter-
mediate reaction, the reducing agent was prepared from paratoluenesulfon-

chloride by the reactions:

+ HCI

The product from these reactions reacted with potassium permanganate

according to the equation:

Since the reaction was highly basic, the product needed washing
with very dilute acid to meet specifications. The material had a very low
density and was unsuitable for tamping battery bobbins.

The syntheses were carried out at different temperatures and concen-
trations of sodium hydroxide but no significant differences were noted in

the samples. The crystalline phase of the material was either delta or

epsilon.
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Decomposition of potassium permanganate

When potassium permanganate was heated above 240°C it decomposed
according to the equation:

2KMnO4  — KgMnO + MnO2 + 05
The potassium manganate was water soluble and was washed away from the
manganese dioxide. Since the manganate decomposed in water, part of the
manganese dioxide in the product was formed according to the reaction:
DKgMNO”™ + 2H20 ———2KMnO, + MnO2 + 4KOH.

The first sample prepared by this method was washed with nitric
acid yielding an alpha crystalline phase, while the second sample which
was not washed with acid was epsilon. The battery life was poor on low
drain and nothing on high drain. The density was low and the samples made
very poor cells.

Oxidation of manganous sulfate with potassium permanganate

Aqueous solutions of manganous sulfate and potassium permanganate
when mixed together and heated formed manganese dioxide according to the
equation:

2KMNn04 + 3MnSO + 2”20 -—*, SMhO2 + 2~50~ + K3S04.
Although a zinc oxide-zinc sulfate catalyst speeded the reaction the pro-
duct was the same with or without a catalyst.

The First two samples prepared by this method were washed with
nitric acid to improve the oxidation and the product was alpha phase. The
second two samples were washed only with water and the delta-epsilon phase
was indicated. This was the second instance where nitric acid converted

epsilon phase manganese dioxide to alpha.



-17-

The product was of very low density and did not make battery bobbins
which met weight specifications. The battery drain tests indicated a poor
grade of product unsuitable as a battery depolarizer.

Chlorine oxidation of manganous chloride

An aqueous solution of manganous chloride was oxidized with gaseous
chlorine according to the equation:

MNnCI2 + CI2 + 2H20 ——» MnO2 + 4HC1.
Since the reaction would not proceed at room temperature, the temperature
was raised to the boiling point of the solution and then it would only pro-
ceed slowly because of the low concentration of chlorine in the solution.
The pH had to be kept between 3 and 5 with calcium carbonate or else the
reaction would stop.

The product of the reaction was mostly manganite (MngO”~.HgO) so only
one sample was prepared. The probable reaction which took place was

ZMnClI2 + Clg + 4HgO < MngO”eHgO + 6HC1,
The battery life was very poor and the product was unsatisfactory.

Ammonium persulfate oxidation of manganous sulfate

Ammonium persulfate oxidized aqueous manganous sulfate solution
according to the equations:

(NH4)2520g + (NH4)2504  H2S504 +

MnSO”N + HgO + 0 —— MnOg + HgSO~.
The reaction was carried out near the boiling point of the solution.
Although the product of this reaction was specification manganese
dioxide from the chemical standpoint, the crystalline phase was alpha.

Consequently the battery drain tests were very poor and the product was
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unsatisfactory.

Potassium perchlorate oxidation of manganous sulfate

Dry manganous sulfate was oxidized with potassium perchlorate
probably according to the equation:

MnSOz + ZKCIOyv Mn02 + K2SOyv+ CI2 + SO2
The high temperature which was necessary to get oxidation to take place
caused some of the manganese dioxide to reduce to Mn20/.

As with other reactions where alkali metals were present the manga-
nese dioxide was alpha phase. Although not enough material was produced
for battery tests, the reaction was abandoned because of the micro-optical
data and the explosive nature of the oxidizing agent.

Potassium chlorate oxidation of manganous sulfate

An acueous manganous sulfate solution was oxidized with potassium
chlorate and nitric acid according to the equation:

MhSOWw + KCIO™ + HNON — MnO2 + CIO2 + KHOWw + NO2.
The chlorine dioxide gas which was evolved from the reaction exploded on
the first attempt, but a sample was prepared by cooling and removing the
evolved gasses as soon as formed.

Again the manganese dioxide was alpha phase and gave unsatisfactory

battery drain tests.



«19-
SUMMARY

The following generalizations may be drawn from'the results founq
in the investigation: )

1. Nitric acid oxidation of hausmannite gave a product which was
closer to meeting specifications tham the other methods discussed in this
report, The hausmannite must be ground to =150 mesh before oxidation.

2; Chlorine oxidation of manganous cgfbonéte gave a fairly good
préduct but reaction time was very critical,

3. Healt treating gamma=rho manganese dioxide at about 170°C for
,0~50 hours improved the battery life appreciably, |

L., Decompositien of manganous nitrate by heating gave a beta man-

ganese dioxide which was a high percentage MnO This .product was not as

2°
good as natural Gold Coast ore on battery tests. .

56 All>syntheses which were carried out in the presence of alkali
ions gave a poor battery aepolarizer material. The.crystalliﬁe phase of
these.prqducté were either alppa,'deita, or epsilon,

6. Epsilon or delta=-epsilon manganese dioxide was converted to alpha
phase by.tfeatment with nitric acid, | |

7. The gamma-rho intermediate and rho phases gave fairly goed battery .

performance,
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Sample -
O-H=1 .

O=H=2
0=H=3
oo
OnHe5

O=Heb

O-H=17
O=H=8 -
O=Hm9

0-H-10

O=H=11

O=H~12

' 0-H-13

126 ml HpSO, at 120-13
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TABLE I
PREPARATIONS OF CHEMICAL MnO,
Method of pfgparation

Inactive MnO, was reduced to Mn30, by heating at 930-1085°C
for three hours. ZEight hundred eight grams of Mn Oh'was OXie=.

- dized with 930 ml HNO3 by heating the mixture and setting i%

aside to react for 3 days.

One huridred and fifty grams of inactive reagent MnO, was heat-
ed to 410-4509C for 2 3/L hours and quenched in cold water.

One Hundred and fifty grams of inactive reagent MnO, was heat~
ed to 410-456°C for 2 3/4 hours and cooled in CO, a%mosphere.

Three hundred grams of inactive reagent MnO, was reduced at
about 1200°C for 5% hr and cooled in a GO, atmosphere, -

One hundfed sixtyétwo grams of the pfodhct from. O=Hw=l was
treated with 187 ml of HNO,, .

Two hundred grams of Mn;0; (made by heating inactive Mnbz at
1000°C for 5 hr) was oxidized with 230 ml cone HNO; and 23 ml.

" conc HpS0), at room temperature for 5 days.

Two hundred grams of Mn30 -was oxidized with 230 ml cone HNQB'
and 23 ml conc HyS0, at”95-1159C for 1% hr.

One hundred fifty grams of 'Mnq0, was oxidized with 267 ml conc
HNOg at 75-115°C for 1% nr.

Two hundred grams of'MnBOh was oxidized with 345 ml conec HNOB
at 70-759C for 1% hr. _ - -

Two hundred grams of Mn,0, (made by heating inactive MnO, at
1000=1100°C for 4% hr) Was oxidized with 230 ml HNOB and 23 ml

- HpS0, at 70-90°C for 1% hr.

Two hundred grams of Mn,0, was oxidized with 230 ml'Hl\IO3 and 23
ml HpSO) at 70-800C for™20 minutes.

.Two hundred grams bfoMn%G,+ was oxidized with 230 ml HNO3 and 2§
C :

ml stOh at 105135 or 20 minutes?

Two hundred grams of Mggou was oxidized with 126 ml HNO; and

7 for 20 minutes,




Sample
O=H=1/,

O~-H=15

S-H=1

S=H=2

S=H~3

C=CL=1

C=CL=2

C~CL=3

C=CL=4

C~CL=5

C=CLwb

C=CL="7

C=CL=8
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TABLE I (Cont'd)
PREPARATIONS OF CHEMICAL MnO,

Method of preparation

Two hundred grams of Mn30) was oxidized with 253 ml HNOj at
110=1359C for 20 minutes. : o

Two hundred grams of Mn30j, was oxidized with 230 ml HNOB and
23 ml HoS0, at 70~120°C for 2% hr.

One hundred grams MnSO, was roasted at 1200°C for 1 hr and .

cooled in a CO, atmospiiere. Thirty=eight grams of this material
was oxidized with 45 ml HNO3 at room temperature.

One hundred grams MnSO, was roasted at 1200°C for 1 hr and
cooled in air., Thirty-eight grams of this material was
oxidized with 45 ml HNO3 at room temperature.

Two hundred grams of Mng0, (made by heating MnSO, at 1000-1100°C
for hg hr) was oxidized with 500 ml HN03 at 70-8%00 for 1% hr,

One thousand grams of MnCO, was suspended in 3 1i water and Cl
was passed through the sus%en51on at the boiling point for 20 %re
The product was treated with nitric acid to remove the residual
MnCO3 and improve the oxidation of the product.

Two hundred grams MnCO, was suspended in 3 1i water and chlor=-
inated at the boiling point for about 10 hr.

Two hundred gfams MnCO, was suspended in 3 1i water and chlor—
inated at 0-10°C for 3 hr.

Two hundred graﬁs MnCO, was suspended in 3 1i water and chlore
inated at 0°C for 4 hr-

One thousand grams MnCO, was suspended in 3 1i water and chlor-
inated at 10°C for 4 hr. A portion of the manganese dioxide
was heat treated at 150°C for 35 hours.

" . A portion of manganese dioxide prepared for C=ClL-5 was heat '
treated at 220°C for 48 hours,

A portion of manganese dioxide prepared for C=CL-=5 was heat
treated at 170°C for 47 hours. :

A portion of manganese dioxide prepared for C-CL=5 was dried. at
room temperature. '




Sample
NeHe1

Ne-H=2
N-HqB
N=-H=4
N-H=-5
N—ﬂmé
‘N-Hu7

P-PT=1

PuPT2
P-PT-3
P~PT-l,
P-PT-4~Ac

P=H-1
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TABLE I (Cont'd)
FREPARATIONS OF CHEMICAL MnO,

 Method of preparation

' Fifty percent manganous nitrate solution was decomposed at

150-250°C in a casseroleo

Dilute manganous nitrate solution was decomposed at 250«50000
by spraying on a porcelain plateo ’ .

Four hundred grams of 50% aqueous Mn(N03)2 was decomposed in a
casserole at 170-250°C, .

Four hundred grams of 50% aqueous Mn(N03)2_was decomposed in a
casserole at 170°C,

Fifty percent aqueous Mn(N03)2 was sprayed on a granite slab
at 150-250°C,

Fifty percent aqueous Mn (NO )2 was sprayed on a granlte slab at'
250~-400°C, ~

Fifty percent aqueous Mn(N03)2 was sprayed on a granite slab at
390-450°C, _

* One hundred and fifty grams of paratoluenesulfonchloride was

treated with 150 ml of 20% NH,, heated slightly, and filtered.
The precipitate was treated with 232 ml of 10% NaOH and the’
resulting sodium salt was used to reduce 200 grams of KMnOl+
The mixture was heated to’ start the reaction.

‘This sample was prepared the same as P=PT=1 except 174 ml

10% NaOH was used,

This sample was prepared the same as P~PT=1 except it was'nop :
heated to start the reaction,

This sample was prepared the same as PnPT-2 except it was not
heated to start the reactions

A portion of sample P-PT-} was washed with acetone to remove
residual organic compounds, -

Potassium permanganate was heated for 2 hours at 240-34L0°C to
decompose it. The resulting mixture was treated with water
and carbon dioxide to convert the potassiim manganate to man-
ganese dioxide and potassium permanganate.




~ S-KP-3

S—KPl;
K-CL-1
S=AP=1

S=KK~1

S=KC-1

Se=KC=2
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TABLE I (Cont'd)
PREPARATIONS OF CHEMICAL‘Mn:O2
Method of preparation

Four hundred grams of KMnO, was heated to 250°C and then the
mlxture was washed with wa%er and filtered,

Manganous sulfate was ox1d1zed with potassium permanganate in °
hot aqueous solution with zine oxide and zinc sulfate catalyst,

Manganous sulfate was oxidized with potassium permanganate in
hot aqueous solution with zinc oxide and gzinc sulfate catalyst ‘
keeping the solution neutral with ammonia,

Three hundred grams of technical MnSOj, was dissolved in 700 nil
water-and dripped into & boiling solution containing 245 gram
KMnOh 840 ml water, 17.5 gram Zn0O and 17.5 gram anOh’ Approx=—
imately 175 ml NHIOH was used to neutralize the sulfurie acld

as it formed.’ .

This sample was prepared the same as S-KP»B except no zinc
catalyst was used,

Nine hundred fifty grams of MnCl,.A4H.0 was dissolved in 3 1i
of water and heated to the boiling point. Chlorine was passed
through thé solution for 21 hours and the pH was kept at 3=5
with CaCOB°

Seven hundred gram of MnSO, was dissolved in 2 1i of water and

. heated to 80=30°C, The resulting solution was oxidized with

1050 grams (NH4)28208 over a,.period of 3 hours,

Dry manganous sulfate and potassium.perchlorate were mixed
together and fused.

Manganous sulfate in hot aqueous solution was oxidized with
potassium chlorate and nitric acid. The effluent Cl@2 exploded,
so no sample Was obtalnede :

Manganous sulfate in hot agueous solution was oxidized witﬁ
potassium chlorate and nitric acid, The effluent ClO2 was
removed as fast as formed, '
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TABLE TII

CHEMICAL ANALYSIS OF MnOz SAMPIES

O, as ' '
2 ,
Sample =~ %MnO; % Mn % H,0 % Fe* % Si0% % P

O=H=] - 56,8 66.4 1.17 0,04 0,57 <0,02
O=H=2 98,5 62.5 0,31 ‘ .
O-H=3 99.2 62,0 0,20
O=H=1, 32.9 65,9 0.15
O=H=5 67.3 52.1 1,69
O=H=6 40,1 70.7 0,40
O=H=7 86,4 59.9 1.68
. O=H=8 90.1 59,2 2.23
O=H=9 89.8 6044 2.81

Q=H=10 - 70.4 6h42 2,09
O=-H-11 3950 7203 0.39
O=H=12 6.1 64,8 3,08
0-H=13 L5.4 7065 1.60
O=H=lh  72.3  63.5 1,85
O=H=15 h8 7 68,5 1.40

S=H-1 33 8 36,0 2.58 .

" S=H=2 .  T7.4 55,6 2,00
S-H=3 86?5' 61?3 10?68 | | _
C-CL=1 94.9 60,1 0.64 0,01 © 004 <0,02

C-CL=2 86.8  61.9 1,86

C~CL=3 941 63.0 1.03
- C=CLels 85:.4 62,7 Le53
C=CL=5 70.5 6Lk 2,56
C=CL=b 80,0  6h.5 2,09
C=~CL=7 66,4  61.7 4410
C-CL=8 32,2 54,8 9.37

NeH-1 97.1 60,7 0.,22 001 0,01  <0.02

Ne-H=2 75.2 55,7 0.42 0,18 0.57 0,04
N=He=3 OL,0 62,8 0,18 -

Ne-Herd 96,6  62.5 0,31
N-H-5 87,9 57,9  0.71
N-H-6 85,2 61,9 0,62
NeH-7 66,8 63,5  Olhb

P=PT-1 = &l1.9 574 4o39
P=PT=2 81.8 57.8 . 2.10
P=PT=3 . 79,9 5545 2,97
P=PT=4 81,9 5642 3463
' P-PT-4~Ac 81.9. 5508 3.84

#*These analyses performed only on flrst samples by Signal Corps L
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TABLE II (Cont'd)

CHEMICAL ANALYSIS OF MnO, SAMPLES

0, as i
 Sample = % Mn0, BMn B HO b Fer . F Si0% B Fbr pH

P-H-1 85,5 58,3  3.2h . 0.03 0,04  -€0.02 - 3:8
P-H-2 80,8 56,8 2,61 | . - 7.2
S-KP-1  86.6 58,8  3.0L 0,05 None  <0,02 3.2
S-KP~2  .83,0  57.5° 2,64 0,05  None  <0,02 3.4
S=KP=3 78:6 5559 6.97 : 5.9
S-KP-h  8Ls6 58,6 he52 6.1
KeCL=1 58,8 60,9 0,59 _ . N 740
S-APsl 85,7  58.3  3.66 0,02 0,07 0,05 3.3
S=KK=1 53,1 62.4 0,72 0028 1.13 0.05 6.2
5Kl  No results’ ‘ - o '

SsKC-2 83,1 57,1 2,35  0,0L 0,03  <0,02 3,2

%* These analyses performed only on first samples by Signal Corps Lab,
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TABLE IIT

PHYSICAL AND BATTERY TEST DATA OF CHEMICAL Ym0y,

Bulk Battery Drain Tests (hr)
Den51ty Bobbin wt High drain Low drain

‘Sample gm/in3 grams 16 2/30 166 2/3N Crystalline Phase
0=H=1 27,9 e . 3.7 63.5 Mestly Mn Qh
O=H=2  46.6 10.8 1.6 31 Beta
OmH=3 46,2 10.8 1.6 30 Beta
OeHely 24,7 - 10,1 0.1 1 MhBOh
O=He5 10,6 8,0 561 97 - Mh203, Gamma(’) Mh02
0=H~6 23.6 " 10,3 1.1 14 Mn,0
O=H=7 11.9 8.7 5.1 109 Be%a + trace rho or.

L T ‘ gamma,
O=H~8 7.6 8ok L0 77 Beta + trace rho or

' ' C ' : gamma
0=H=9 7.9 8.3 1,0 110 Gamma, , poorly erystal=

, ) : lized + trace rho

0-H=10 22.7 903 ho3 98 - Mng0), + minor rho-gamma
0-H-10 g ' 9.5 L6 9L , :
O=H=11 40,2 10,2 0.1 2 ) Mhﬁeh
O=H=11 g 10.3 0.3 3
O-H=12 30.4 10.0 3.k 52 MhBOA
O-H=12 g 9.8 3.3 54
O=H=13 35,5 - 104 1.4 18 . Mngeh
0=-H=13 g ' 10.3 1.6 19
O-H~14 21.5 9.5 3.5 78 Mng0y, + minor rho-gamma
O=H=1/4 g 9.9 3.6 67 ' T
0=H=15 30,2 10.2 2.9 L2 MhBGA
O=H-15 g 10,0 ‘3,0 42 .
S=H-1 947 77 2.7 42 Gamma=rho .
S=H=2 6L - 8eohy 0,0 54 . Rho, appears to change

. ’ ’ to gamma
S=H=3 10.0 8.1 2.2 107 Rho=gamma,
0=CLe=1 6.9 e 0.0 4.3 . Beta
C=CL=2 9.7 8.2 1.0 7L Rho
C=CL=3 17,3 9.3 3.2 126 Rho
C=CL=ly 3.7 7ol 0.0 1 . . Gamma=rho ;
C=CL=5 3.3 7.6 0.0 1 . MnCC, + trace beta
C=CL=b6 3oh 7ol 0.0, 2 . Beta + minor MhG@B
Ce=CLe"7 2.8 762 0.0 - 33 MnCO,, + mlnor beta
C-CL-8 3.7 7.5 0.0 16 MnGO3
N-H=1  37.1 w145 37+6 Beta

#Sample ground to u150 mesh .




TABLE III (Cont'd)

=30«

PHYSICAL AND BATTERY TEST DATA OF CHEMIGAL,MnOz ‘

Bulk

Sample gm/in3

N-H-2
N-H-3

NeHe=l,
NeH=5
N=H-6
N-H=7

P=PT=1
P=PT=2
P=PT=3
P=PT=4
P=PT=l-Ac

P-l=1
P=H=2

S=KP-1
S=KP=2
S=KP=3
S=KP-4,

K=CL-1
S=AP=1
S=KK=1

S=KC=1
S=KC=2

37.4
41,2
16.1

14,9

14.3

C 99 -

-l-"-l-"f'\ﬂ\ﬂ

o

PP °
DO wviwun O3

o -

=
" FFEUMO 2o
Dol

W ow-3&

9]
(@]
[0

9ok
No results

grams

10.8

[

o o

L] L]

L]

~I I3 ~J~7 (NeRXe N o)
o6 g
3w wneo

Ll

o

-]

..q

16 2/3n

1.7 41
2.6 70
2.5 68
2.5 55
0.0 3
0,0 1
0,0 6.
0.0 0
Q‘.O 805
0.0 164
0.0 67 -
0.1 27
1.3 L5.3
0.0 63
0,0 0
2,2 37
0.9 28,3
2,2 18,6

| Battery Drain Tests (hr) .
Density Bobbin wt High drain

Low drain

166 2/3n

Crystalline Phase

Beta + alpha

Beta + trace alpha
Mn,0.

Beta.2 ?

Beta + trace rho

Beta + trace rho

Alpha.MngO3 + trace
beta _

Delta

Delta~epsilon-

Epsilon

~ Delta

Delta

Alpha
Epsilon

Alpha

Alpha

Delta~epsilon
Delta-epsilon
Manganite (Mno03,.H20)
Alpha

Alpha + Mnp0s

Alpha
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