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Abstract:

The reagents chlorine, sodium hydroxide, and manganese sulfate have been reacted by several
techniques to yield manganese dioxide. The manganese dioxide was tested according to the U. S. Army
Signal Corps specifications SCL-3H7-D for utility as a high grade depolarizer for Leclanche dry cells.
The promising reactions were investigated extensively and treatment effects evaluated.

The synthesis methods investigated were: 1. Chlorine oxidation of manganese hydroxide 2. Chlorine
oxidation of manganese sulfate 3. Basic hypochlorite oxidation of manganese sulfate 4. Miscellaneous
methods which incorporate combinations of the first three methods Data on chemical and physical
properties of the MhO2 together with X-ray diffraction analyses and battery tests are reported. Analysis
of synthesis methods and operational difficulties are discussed.

The chlorine oxidation of manganese hydroxide was scaled up to 200 gallon semi-continuous operation
with commercial reagents. The better runs yielded manganese dioxide which passed the chemical and
drain test requirements of the Signal Corps Specification 31177-D for synthetic MnOg for military
grade dry batteries. Analysis by X-ray diffraction shows the MhOg to be of the gamma-rho to rho
crystalline structure.

Blends of Gold Coast ore and manganese dioxide prepared in the scaled up reactions were tested for
indications of the commercial utility of the chemical depolarizer. A mutual upgrading effect is shown
by the Gold Coast-chemical..ore blend in contrast to the linear variation of battery life with
composition exhibited by electrolytic Mn02-Gold Coast ore blends. Specification battery tests are
obtained with 55%-60% chemical ore, whereas 85-90% electrolytic ore is required! to upgrade Gold
Coast ore to the same capacity.
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ABSTRACT

The reagents chlorine, sodium hydroxide, and manganese sulfate have
been reacted by several techniques to yield manganese dioxide. The
manganese dioxide was tested according to the U. S, Army Signal Corps
specifications SCL—3117Ib for utlllty as a high grade depolarizer for
Leclanche dry cells. -The promising reactions were investigated exten-
sively and treatment effects evaluated. \

The synthesis methods investigated were:

1. Chlorine oxidation of manganese hydroxide

2. Chlorine oxidation of manganese sulfate

3. Basic hypochlorite oxidation of manganese sulfate
b

b Miscellaneous methods which 1ncorporate combinations of the
first three methods

.Data on chemical and physical properties of the MnOo, together with
X-ray diffraction analyses and battery tests are reported. Analysis of
synthesis methods and operational difficulties are discussed,

The chlorine oxidation of manganese hydroxide was scaled up to 200
gallon semi-continuous operation with commercial reagents. The better runs
yielded manganese dioxide which passed the chemical and drain test require-
ments of the SBignal Corps Specification 3117-D for synthetic MnO, for mili-
tary grade dry ‘batteries. Analysis by X-ray diffraction shows the MnOo,
to be of the gamma-rho to rho crystalline structure.

Blends of Gold. Coast ore and manganese dioxide prepared in the scaled
up reactions were tested for indications of the commercial utility of the
chemical depolarizer. A mutual upgrading effect is shown by the Gold
Coast-chemical.ore.blend in contrast.to the linear variation of battery

life withicomposition. .exhibited.by. electrolytic. Mhﬂg—Gold Coast. ore blends... ..

Specification battery tests are obtained.with 55%-60% chemical ore, whereas
85-90% electrolytic ore is requlred to upgrade Gold Coast ore to the same
capacity.
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INTRODUCTION

The need for portable power sources has been satisfied by a variety
of cell systems. Many of these cells util%Ze an'oxidation—rgduction
reaction which features solution of a metai £o yield metal i;ns at one-
electrode and evoluti§n of hydrogen at the other electrode.

ﬁesearchers soon discovered that the evolution of hydrogen was
undesirable, since it caused the cell potential to fall rapidly evénv
when the current drain on the cell was light. This phenomenon, which
caused a voltage décrease when the cell was under cufrént drain, was
termed polarization° Elimination of polarization, or depolarization,
became the object of intensive study. Depolarization by!reacting the
hydrogen with an ozidizing agent to form inert reaction products was the
approach which led to eventual success. The oxidizing agent which proved
most efficient from the point of view of stability, availability, and
effectiveness was the oxide of tetravalent manganese, manganese dioxide.
Best known of manganese dioxide depolarized dry celis is the Leclanche
dry cell, which utilizes the carbon-manganese dioxide: zinc metal couple.

Large naturally occuring deposits of high quality battery active
manganese dioxide in Western Africa were instrumental in the success of

the Leclanche cell. Note that the African natural manganese dioxide is

described as battery active, implying that high quality MnO, exists which-

is not battery active, i.e., does not function well as a depolarizer de-

spite its high assay of MnO,.
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Investigations by battery manufacturers and independent researchers
led to improvements in dry cell manufacturing techniguesy formulatioﬁs,_'
and storageability, but no significant improvement in the depolarizer
was made as long as the Géld Coast ore was available to the world at a
reasonable price. Other-M'nO2 ores were evaluated as were a variety of
synthetiéally prepared dioxides, but most.were.found to be inferior to
Gold Coast ore in performance. Some investigators began to discover that
the common denominator of battery activity of manganese dioxide was a
rather nebulous sort of thing. When the analytical tools of X-ray dif-
fraction and electron‘microscopy were brought to bear, the problem of
differentiating battery active MnOy from the inactive dioxide began to be
resolved. In general, the well defined, highly crystalline species which
gave sharp diffraction patterns were poor depolarizers, while the active
species tended toward an amorphous or meso crystalline structure and are
characterized by diffuse diffraction patterns.

As an. introduction. to .the.use.of electron.micrographs.and.X-ray.dif=
fraction in evaluating battery active MnO,, the reader is referred to. Fig~
ures 1 through 8. Figure 1 was prepared by the micro-optical section of
the Signal Engineering Laboratories as a guide ip judging the merits of
synthetic MnO,. The gradations in crystal habit correlate rather well . ﬁ
with battery activity for MhOQ ha;ing similar chemical and physicai prop-
erties such as %Mnoz, free moisture, apparent density, and crystal phase.

The electron micrographs must be used in conjunction with the other

analytical procedures to avoid unwarranted conclusions as the following

instances will illustrate:




4. GOOD 5. VERY GOOD

3. FAIR

Figure 1 Reference Electron Micrographs



Figure 2 Electron Micrograph MnO”™ 32,000X
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Figure 3 Electron Micrograph of MnOg - 32,000X
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Figure 5 Electron Micrograph of MnOg - 32,000X
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Figure 6 Electron Micrograph of MnO~ - 32,000x



Figure 7 Electron Micrograph of MnOg - 32,000X
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Figure 8. Shown above are X-ray diffraction patterns of (a) a
typical beta manganese dioxide prepared by thermal decomposition
of Mn(NOo)?, (b) rho phase MnO? prepared by chlorine oxidation of
MhCO” and (c) rho phase MhO? prepared by Ca(OCl)? oxidation of
MhCI? solution. The electron micrographs of the ultimate parti-

cles of these samples are shown in Figures 2, 4, and 5.

Comparison of Figures 1, 2, and 3 may lead to rating the MhO? of
Figure 2 as good to very good morphology and the Mn0O? shown in Figure 3
as very poor. The battery activity of the two samples is actually as
predicted, except that the best (Figure 2) is only mediocre as compared
to the natural ore from the Gold Coast of Africa and decidedly inferior
to the better synthetic MnO?. The reason for these results is shown by
the X-ray diffraction pattern of Figure 8a, the samples are both of the
relatively inactive beta phase. The point demonstrated is that an un-

desirable phase can exhibit excellent particle morphology and mediocre

battery activity, or may have poor morphology and show almost no

battery activity.
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The next two micrographs, Figures 4 and 5, show similar correélations
‘ for a desirable phase. Both samples have the rho crystal structure as
shown by Figure 8b and ¢, but by the particle morphology ratings of
Figure 1, the MnO, of Figure 5 must be rated much better than that of
Figure 4. The battery tests verify the ratings and show the best sample
to be almost twiée as good as the Gold Coast ore.

Figure 6 illustratés the.extremely fine, lacey particles associated
with some chemical syﬁtheses° The particular sample illustrated is a
gamma-rho dioxide prepared by the low temperature chlorine oxidafion of
Mh003 slu;'ries° The favorable phasg and mérphology do not account for
the poor battery activity of the sample. The extrémely low apparent
density of this MnO, prevented proper cell fabrication and battery tests
 Were very poor.

Figure 7 shows that several distinct types of crystél habit may
occur in a given reagent system.. This particular sample shows evidence
of trarndformation of one phase type to another.

Since World War II the U. S, Army Signal Corps has put a great deal
of effort into é program to improve the dry batteries used by the mili-
tary. The goal was to establish domestic production of a high grade
Synthetic Mn®2 depolarizer as well as encouraging research leading to
improvement of the other components of ?he Leclanche cell. To date,
-the'program has been successful; new cohducting gel systems, paper
separators, and improved electrolyte formulations have been déveloped°

Research sponsored by the Signal Corps led to the pilot plant and sub-

sequent commercial production of a synthetib depolarizep which .was sig-
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nificantly better than the Gold Coast ore. The newly developed prbééss
produced the gamma phase of Mh02 by the electrolysis -of acidic MhSOh
solutions. In addition to the development of the électrolytic process,
the Signal Corps sponsored research on synthetic MnO, depolarizers pre-

pared by chemical synthéses, a project undertaken at the Engineering

. Experiment Station at Montana State College.

As a scouting activity, the Signal'Cprps examined micro-optically
numerous manganese dioxide samples made by a great variety of reaction
types; those which produced meso-crystalline MnO, were chosen for fur-
ther investigations at Montana State College. A review of the research
done at M.5.C.. in the period 1951 to 1955 was presented by Berg (2)
and Baughman (1). This work was on the scale of a few hundred grams and
the reactions run batchwise or semi-continuous. Of particular interest
to Baughman was the reaction of MnCl, with caustic and chlorine followed
by digestion of the product with dilute HC1l at at elevated temperature.
The following description represents the reaction sequences

A solutlon of 480 grams of NaOH in 7.5 liters of water
was chlorinated and a solution of 1188 grams of MnCl, - 4Ho0
in 1.5 liters of water was added dropwise. A solutlon of
4,80 grams of NaOH was added dropwise during the last half
of the reaction time. The slurry was chlorinated at 25°C
for 24 hours. A 100-gram portion of the product was
treated with 22 cc of concentrated HC1l in one liter of
water for 2 hours at 87°C.

This procedure has been successfully employed in synthesizing
manganese dioxide which is about twice as effective as Gold Coast ore.

In an effort to extend the chemical synthesis of batterj grade ore

to the system NaOH, Cl,, and MnSO), a series of experiments were designed
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to evaluate the effect of tréatment variables on the battery activity of
the‘M@OQ.

| Literature and patent disclosures (3) mention the oxidation of MnS0),
. solutions by a variety of oxidizing agents iﬁciuding several methods for
the addition of caustic and'thorine° The reaction products are gener-
ally described as supeériér depolarizers, superior presumably to the
natural ore from Africa. Since the reaction conditions of temperature,
reactant ratios, contact time, and general technique were lacking in the
above disclosures, a starting point in the experiment design was largely
. . -at-the discretion of the experimentor.

The stoichiometry of the proposed reaction is:.

I MnSO, + ANAOH + Clpr———m—mm-d ~MnOp + NapS0, + 2MaCl + 2H;0
o+ - Mﬁ+h + 2e
R e 0
Mt + Cly, ———-—m—v > Mottty 201~

The actual seéuencé of events depends on the manner of the reagent
addition; for instance, Baughman has reported the dropwise addition of
MhSQL to chlorinéted caustic solutions.

II. LNaOH + Clp —-——-——2) NaOCl + NaCl + 2NaOH + H50

IIT.  2NaOH + #nS0), + NaOCL: ~—mm-m -~ 2 NaCl + NagS0) #.Hz0 + MnO,

The mol ratio of reagents was four mols NaOH per mo; manganese, which
fits the electronic requirements.- of equations II and IIT. The actual
mechanism of oxidation is no doubt cpmplex, since the pH of the reaction,

mixture, initially at 13+ hydrolyzes the MhSOA as fast as added to yield
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the insoluple hydroxide, Mn(OH)o, the chlorine added to a solution of this
base strerngth and of extremely low effective concentration of manganous
ion, reacts nearly éuantitatively to form NaOCl and NaCl. The basic hypo-
chlorite oxidation of Mn(OH)2 has been demonstrated to yield a hydrated
non-stoichiometric manganese oxideAwhich has the oxidizing power corre-
sponding to 85% of the manganese as 'Mn0O, and the rest as a divalent oxid-
ation state. The actual compound(é) present have not been definitely
identified, but are thought to be the tervélent oxide hydrate; manganite,
Mh203°H20 or Mn0°OH, a compound which assumes both tetravéiént and di-
valent character in acidic media. Continuing with the oxidation according
to the method of Baughman, after cozlnpl'eti.n'g the MnCl, addition, the
chlorine is appérently evolved as fast as ad@ed, indicating a deficiency
of base, therefore he spgcifies the dropwise addition of base to complete
the oxidation. The oxidation could, and probably does proceed by alternate
mechanisms at this stage, depending on the relative rates of caustié and |
chlorine addition.” If the chlorine is in excess, the effective oxidant
is probably HOC1l, which occurs by reaction IV:

IV.  Cl, + Hpo €======5  B* 4 €17 4 HOCL
This reaction will proceed to the right if base is added to neutralize
the HC1 formed; without base addition, equilibrium is apparently reached'
at a pH of about 1.8 - 2.0 at 25°C. If base is added more rapidly than
Cl,, the oxidant then becomes NaOCl. As the molar ratio of NaOH to Mn
becomes closer to the h:l ratio theoretically needed to oxidize all the

manganese to the tetraﬁaient state, the reaction mechanism takes on a
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different character. The relatively higher concentration of MnOy, as

compared to Mh(OH)z, in the presence of NaOCl, leads to the formation of
NaMno,, according to the reaction

V. 2NaOH + 2Mn0y + 3Na0Cl ——-—n2l y  2NalnO, + 3NaCl + Hp0

2(Mn+l" __:3§___> Mn"l"7
2(c1*l —-t28._5 c1-1

The intensity of the permanganate color persists even though analysis
of the manganese oxides shows that about 15% of the maﬁganese is present
as a quasi divalent staﬁe° Apparently the divalent manganese is coated by
a covering of MnO, in such a way as to make the divalent material unavail-
able, thereby presenting a particle with the properties of MnO,., The

formation of permanganate under these conditions is always accompanied by

.a change in ﬁhelappearance of the preciﬁitate to the light brown "hydrate”

characteristic of Volhard MnO,. The hydrate is a.non;stoichiOmétric oxide
which is typically 75 - 85% MnO, (dry<basis); and 55 - 60% Mn and is-a

poor dépdlarizer° Other characteristics of material made by this tech-
nique is an absorption phenomena at a particular point iﬁ the washing of
the MhOQ, The M0, precipitates were washed by successive dilution and
decantation of the soluble salts. Where permanganate férmed during the
reaction it was noted to decreasekin intensity as would be expected until
the wash water was in the pH range'of 4.0 to 5.0 where the MhOE suddenly
disappeared and the manganese dioxide became colloidal, remaining dispersed
for days., As the washiné continued, the amount of Mth in the dispersed

phase increased. The pH and salt content of the wash water was the

criteria for the end of the washing period; a pH of 6.5 to 7.0 and the

‘\/"\:
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absence of a precipitate with the addition of .1 M BaCl2 to a portion of
the wash water was considered the end point. ZHven after this degree of
washing, the resulting dried manganese diéxide would give an alkaline re-
action when subjected to the pH determination outlined by the Signal Corps
specification, SGL 3117-D, Table XV of the appendix.

The successful cure-all for the activation of the hydrated form of
Mn0p outlined above was the digestion with HCl at or near the boiling
point. Baﬁghman{s opinion of the best leach condition was as follows:
determine the amount of divalent manganese in the "hydrate" by utilizing
Phevanalysis of the sample as %Mh02 and % manganese in the following |
manners:

% divalent manganese = (% total Mn) - (%Mn05)(55.gm Mn )
(87 gm MnOp

The difference in the two values is the grams of divalent manganese -
present, and since it is associated with oxygen, the convention has been
tbﬂconvert thé weight of divalent manganeée to percent MnO by multiplying
the above quantity by the molecular weight ratio of MhO;Mh or 71/55, which
gives: _

A0 = (1,29)x(Bin)~(.816)x(R0,)

A wérd of explanation of the reference to Mhb and divalent manganes;“
is in ordefg‘ Tﬁe-actual existence of divélent manganese or MnO is not
probable., However, several oxides of manganese such as'Mh203, MhBOh’ T
and>Mh203'H20 behave more like mixtures of MnO and MnOZIin the presence
of acids since solution to yield the manganous ion occurs and the insolu-

ble portion contains a predominance of tetravalent manganese. Thus the.
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calculated quantity, # MnO, is hypothetical, but nevertheless useful in
determining properties of a sample of MnO, .
The amount of HC1 necessary to activate the hydrate was tﬁat theo-
retically needed to remove all the divalent @énganese, Acid concentra-
. tion was typically 3 to 10% and the ratio of acid solution to hydrate
manganese dioxide 10:1 by weight. The resulting dioxide was then washed,
dried, and ground in a pebble mill to yiéld a very active depolarizer.
In reviewing this reaction sequence the following weaknesses are .
noted: the yield is about 80-85% per pass based on chlorine and caustic
consumption, and there appears to be no method for putting the reaction
‘og.a continuous basis., Neither of these are serious objections, but are
to be kept in mind when alternate syntheses are probosedu
The author, in 1952, demonstrated the chlorine oxidation of Mh(QH)z
according 6 thése equationss
VI, MnSOl; + NaOH ——---m-3 Ma(OH), + NaySO,
VII, 2Mn(O,H)2 + 012 ------- > MnOy + MnCl, + 2H0
The reaction was initially run twe stage as shown with cooling between
the Mn(OH), formation and the addition of chlorins. The reaction was
semi-continuous and was terminated aftér a 24-hour reaction period wﬁen
the pH, initially at 9-10, had fallen to 1.8 - 2,0. The prircipal ad-
vantége Qf this scheme was the production of the Mh(OH)Z by simple pH
coﬁtrol, and no special'atfention was needed in the chlorination, since
side reactions to form permanganaté were not possible in the presence of

appreciable concentrations..of .manganous ion. The .reaction. produét could

o
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be utilized after the customary washing, drying,“and grinding, and without
activatién steps to yiéld a very good depolarizér,‘ :*ﬁi’c‘.’hoﬂgh the yield of
product baséd on the caustic and chlorine consumption is about 105%, -the
50-55% conversion per pass necessitates a recycle manganese stream. Adapt-
ation of the chlorination to a continuous counter flow system-was,feasiblé
since no reagent addition othér than chlorine was madé during the oxida-
tion.

The sodium hypochlorite oxidation of neutral MhSOh solutions has been
reported (3). The reaction proceeds as follows:

VIII, 2Na0C1 + MnS0), ---=----> NagS0, + MOy + Cl,

201-’-% —¥l8 2010
Mot el A

The reaction proceeds to the right with the evolution of Clz. The re-
action product is recovered in quantitative yields and requires only the
customary washing, drying, aﬁd-grinding to be used as a good quality de-
polarizef° This reaction requires close control in the hypochlorite
preparétion since chlorination beyond the‘point of 3 gm/liter of free
NaCOH results in the spontaneous decomposition of the NaOCl:

IX. NaQCl —--=-=-=> NaCl + %0,

The overall chlorine and caustic consumption of réaction VIII is the
same as in the two reactions I and VII; howevér,. it should be noted that
during the oxidation step the chlorine changes only-ohe valence electron,
a situation brought about by the low pH of the reaction mixture., Utili-

zation of the maximum valence change of %he "pbéitiVB” chlorine requires

a neutral or basic reaction medium.
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It was concluded that this reaction would be worthy of further
‘effoft with some modifications in the chemistry to eliminate the chlorine
evoliition; i.e., maintain the reaction pH at the neutral point by caustic'

additiOn so the reaction would proceed as followss

X,  4NaOH + Clp ——--mn >~  2NaOH + NaOCL + NaCl
XI.  2NaOH + NaOCl + NaCl + MaSO; —-----3> NagSOj + 2NaCl +
MO, + Hy0

Reappraisal of the three reaction schemes in section I in the light
of their commercial application leads to the choice of VII and XI as
having.more promise than I. However, the excellent battery activity of
the manganese dioxide of I justified some effort toward utilizing MhSOh
in the reaction step and HZSOA in the activation step.

The first program adopted included investigation of reaction para-
meters of reactions I, VII, and XI on a batch or semi-continuous scale
with reagent grade materials used throughoﬁt. Utilization of commercial
grade reagents on a bench scale was to be the second: stage. so that impuir-
ity effects could be\evaluated iﬁ:biosély controlled experiments. Assun-
ing success in the second stagé, demoristration of the reaction on a scale
of 20 pound batches was to be aftempted to determine scale-up factors
not evident on’phe bench scale or 4 litef»beaker stage. Data from thé
three phases were to be uéed in approximating capital requirements of a

commercial venture.
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MITHODS AND .PROCEDURES

Previous research at Montans State Collegs. has shown that the best
‘method of evaluating depolarizer efficiéficy is to fabricate and test dry
cells according to Signal Corps specifications, SCL-3117-D. The perti-
nent paragraplis of this spécification which 6utliné the materials and
methods used in fabricating the "AY size test cells are ircluded in the
apperdix; The type of drain tests that the ¢ells are subjected to are
the iriitial high drain and low drain and the delayed eapééity low drain
test. The conditions fop these teshééfgwiistéd bélow:

Low. Drain . . ..High.Drain

type of discharge contintious continuous
discharge reésistance 166 2/3 ohms 16 2/3 ohims
test and voltage 1,13 volts 1.00 volts
dischargé temp 65-75°F 65-759F

(humidity not controllsd) |
. The battery drain ﬂéSts at Montana State College differ from the

capacity tests of the Signal Corps specification in that orly five days
elapsed between the time of fabrication and the drain tests. The differ-
ence in drain between the five~day and ten-day aging period is neégligible.

‘Thé Signal Corps speéifies the aging conditidns for delayéd capacity
tests t6 be TO°F and 50% rélative humidity. Humidity and temperature
wére not controlled during ﬁhe.éging period at Montana State College and
varied considerably. The tenmpérabure averaged 70-75°F, but the hunidity
was often in the zéro to thirty per cent range. Moisture loss in the
stored cells was sériols and pésﬁ mortems on.store&~cé11s showed the
bobbins to be powdery and the cOnductiﬁg gel deteriorated or eﬂtiréry

crystalliged. The resulting delayed capacity tests may’ not represent the




true capabilities of the test sample, but may be & more accurdte indica-
tion of percent moisture loss.

The battery te8t8 require eipht cells, two for sach initial drain
test; four for delajed capacity &t thres, six and twelve months., When
erratié performatice on the initial tests was erncountered; a check cell
wWag run off. The amount of MiO, Hecessary for this &sale of tesbing is
easily prepared in L-liter capacity besksws.

Chemiedl afialysis and physiéal measdireménts were made in accordance
with the SCL=3117=D gpecification for syhthetie manganese dioxide.

Initially, chemically pure chemicals wers used to prepare tlhie manga-
nese dioxide samples in béﬁches of about 100-200 grams each. Treatment
&ffects such as reactant fabioé, tempergture and reastion btime were e-
valuated by changing only one variable ab a timeé, Océasionally, larger
batches were prépared 50 aédi%ional maberial was svailable for investi-
gation of grinding, sizing, and acid digesﬁion;

Wheri suitable reaction conditions were found which produced manga-—
nese dioxide equaling or exceeding the SCL-3117-D specifications for
synthetic MiO,, the conditions were bried with commepeial or technical
gride reagents 8o that impurity effeéts ohi the product might be as-
dertaitied. When suitable purification teclnigues wete discovered and
the tse of commercial reagents yleldsd a produch meeting or closely
approaching the synthietic MiO, specificatior, the design of cortinuous
reaction systems was undertaken. Evaluation of operating variables
peculisr tP continudus dperation were ascertainad. The niext phase in=

volved the Seale-up of the commereial Petgént reactions from the 4-litew
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béaker stage to the 100-250 galion batch stage. The object of operatién
on this scdle was t0 evaliuate handling characteristics in semi-commercisl
equipment, determine suitable materials of construction, and to obtain
saniples of a size which would allow more extensive pdeuqt giality deter—

mihations.

EXPERIMENTAL RESULTS

Combiriation of the reagents MhSOh, NaOH, and Cl, to yield battery
active MnOy is accomplished in a variety of procedures. In considering
the systems which might be utilized, the simplest seems to'be the simul-
taneous or sequential addition of the three reagents in the stoichiometric
proportions to yield the produet, MnO,; and by-prodacts, NaCl and 1‘&13,250",+°
Several resctions illustrate the propertiss of manginese dioxidé prepared
by the addition of I mols of caustic to 1 mol of MnSO,, 5 followed by
ehlorination to ah acidic endpoint. Reversal of the procedure, that is,
chlorination of 4 mols of caustic followed by addition of 1 mol of agueous
MhSOh yields a product like that of MC1l-1. Table I shows the physical

and chemical analyses of these samples,

| Table I
Sample 0, as %Mn Density ~ Drain Tests
- 10, - gn/in3’ . high low 3 mos
Me1-7 83.1; 58.0 11.8 1ady 118 12
. MO1-1 78.0 56,0 12.5 2:5 8l X
MC1l-la 9545 6Lk 12,2 k.5 153 128

The products atre the 1ight browd hydrated MnO, typical of Volhard
dioxides that is,. the.precipitate.commonly obtained. by reduction.of .per-.

nisngsnate in neutral solutions. Calculation of posgibie_ehemiéal conibi-.

14
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nations in the hydrate may be useful in deciding the merits of the
synthesis typé. The divalerit manganesé is commonly associated with
‘tetravalent manganesé in the form of'thQ3, bixbyite, or tﬁe hydrated
quasi-tervalent oxide, manganite, Mh263°H20 or MnO+<OH. Since manganite
has béen identified in the air oxidation products of Ma(OH)» and Mn(OH)p
is present in both reactions under consideration, it follows that a
logical choic¢e is manganite. If the analyses of MCl-1 ;re considered,
caléulations of the quantity of te%raﬁalen% manganese as MnOo°Ho0

associated with the divalent manganese as MO leads to the following

results:
¥nO, , Mn0» #Manganite hydration
MC1-1 78,0 56,0 674, 21,2 11.4

The significance of the scaled down value for actual per cent MnO, is
this: In an éxperinment to determine the effective depolarizer reaction
"in a Leclanche cell, several cells were discharged until they were com-
pletely polarized. Figure 9 shows the voltage vs, time plots of these
discharge curves., .

The ampere hour-chemical conversion relation is such that the equiva-
lents of mangsnese dioxide actually présent in the cell corresponds ex-
actly to the equivalents of elec¢tricity summed over the ligh discharge
voltage plateau,.ioe,, at cell potentials greatér than .8 - 09‘v61ta The
primary depolarizdtion cell reaction is then:

XI.  Hp + 20y ——--=-=P Mgg03°Hz0

or ) »
———mems M0y -+ HoO
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arid the shape of the c¢urves indicates this reaction goes éssentially to
completion, A break in the volbage curve where all the MaOs is consumed
is followed by another lower plateau which corresponds to the reaction

XIII, -31@203 # Hg --'--'_-—'-'-'-} 2Mn30y, + Hp0
Hausgmanite h;a_s ‘b’é'e“r-l identified by X-ray diffraction as the prineciple
" prodiuct Sf thé.compiéﬁély discharged cellsé The evidence is nhot con-
¢lusive &inc¢e an exténsive testing program would be nécessary to pin
down the actual cell depolarization reaction; however, the sequence of
éverits ;s postulated seems sound enough to base the conclusion that the
best depolafizer has a minimun divélent mangahesé content.

Stoichiometri¢ manganesé oxides of average Mn.valence state léss than.
four are unstable in acid media at elevated temperatures. For example,
the compound Mny03 has beett contacted with dilute HySO) (1) at the boil-
ing point with the result that one half of the manganese dissolved.to form
MhSOh and the other half remained as manganese dioxide; a manganese di-
oxide which'is of the Heso ¢rystalline gamma-rho variety and a very ef-
ficient depolarizer. Such an internal oxidation reduction reaction has
been used to reduce the divalent manganese conten£ of samples such as
MCl-1 and produce a product ﬁibh much enhanced depolarizer capacity.

Agaiﬁ considering the reaction MCl-l, it is apparent that an acid
leach or activation step is necessary if a truly high quality depolarizesr
is needed. When MC1-1 was leached to remove the MiO with the result shown
by the MCl-la daba, a very effective depolarizer resulted. The efficiency
of the overall process is nhot outstanding ginée some of the mangahese is

cottverted to permangariate in the oxidation and someé must be redissolved
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in the leach step and recycled through the process. The best.bench scale
yield dita indicate about 85% per pass manganese conversions, 85% ultimate
yield based on chlorine and caustié, and 95+% ultimate yield of the manga-
nese,

The reaction is not as straighﬂférward as has been indicated, how-
ever., Iﬁcrio-opti.c‘:al analysis of reaction products made by this synthesis
show some instances of formation of epsilon phase MnOp. Epsilon MnO,
seems to be an effective depolarizer initially, but is not stable in the
presence of the battery electrolyte; 48 shown by a largé drop in cell per-
formance aftér thiee months' storage.

Some effort was expended in determining conditions which would yield
MnO2 with the activity of MCl-la without the necessity of a leach and if
possible, better reagent yield figures.

A review of reactionmconditions.of MC1-1 . showed. that .the.reaction was

essentially the oxidation of Mn** or Mn(OH),, depending on the relative

amounts of NaOCl and NaOH. The tendency is to favor the oxidation of the

hydroxide; the reasoning is as follows: The product contains appreciable

divalent manganese even though MdOf is evident at the end of the reaction,
an anomolous situation since MhOZ rapidly is feduced by all divalent
manganese compounds with the possible exception of rhodonite. The re-
action apparently précee&ed by oxidatiofi of outer layers of the hydroxide

gel structuré in a manner which effectively sealed and prevented further

‘atback on the remaining inner hydroxide. Near the endpoint of thé reaction,

the solution contained, for all practical purposes, "MnO," particles, NaOH

and NaOCl, a combination effective in forming NaMnO) and NaCl.
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The solutior to the problem could appeay from two quarters; elimina~
tion of the nonequilibrium conditions leading to the trapping of M (CH),
in the ihterstiées of the MnO; particles, or reduction of the caustic~to-
manganese ratio. The first course seemed more desirable since.a 100%
yield of MnO, would tﬁeoretically be the result; yet, practically, no ef-
ficient mixing or agitating mechanism was devised which altered the course
of the reaction.

Investigation of the caustic-to-manganese .ratio was studied rather
éxtensiVely becauée of the immeaiate success of the first experiment of
‘this nature. When one mol of mahganese sulfate is reacted with two mols
of caustic, a heavy white gelatinous precipitate of Mn(OH)2 forms and thé
pH of the solution .assumes a.value of 9.5 - 10.5. When.chlorine. is admit-
ted to the agitated solution at room temperature, dark particles of MnO,, .
form around the Cl, bubbles. Since the chlorine has limited solubility,
even at the freéezing point of solution, the reaction proceeds rather
slowly. A convenient experimental procedure was to chlorinate the solu-
tion in open agitated vessels at a rate which allowed a slight excess of
chlorine, 'Resﬁlts of chlorine oxidation of manganése hydroxide slurries
at various temperatures and several concentrations show that product qual-
ity ié not seriously affected by changes in reaction température over th¢
range of -5°C to AOOCa Oxidation at higher températures proceeded by a
different mechanism and yielded MngO2 Witﬁ the same physical and chemical
properties as the low £emperature product; but with very poor battery acti-

vity. The mechanisn of the high temperature oxidation is thought to be

via a manganite intermediaté since the solutions become an intense orange-
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brovwn c¢olor chardctéristic of mangsanite. The high assay of MnO, in the
product plus the pgbr depolarizer capacity leads to the-conciusion that a
highly crystalline dioxide of the beta structure or a highly ordered, poor
morphology of the rho phase is produced. Figures 3 and 4 show the results
of high tempeﬁature chlorine oxidatién of MhC03§ both matgr%als are poor
depolarizers, |

The chlorine oxidation of manganese hydroxide proceeds to the end-
point pH of 2.0 without the formation of permanganate. The manganous
hydroxide functions as both the base to neutralize the acid formed during
the chlorine-water reaction to form HOCl and HCl and as a reducing agent
for the HOCl. The 2:1 caustic ratio Eherefére results in only a 50+% con-

version of the manganéée to manganese dioxide per pass according to the

seduence
xv, MhSOA’+ 2NaOH ~=——=-=2> NayS0j +-Mh(OH)2
V. 2 (OH), + Cly ———-—-—3> HaCly + Mn0y + 2Hy0

The pfoduct of reaction XV is typified by the following samples in Table

I1s !

} Table II
Sample Ave, 0, as %M Density | .Drégin Tests

| Temp,  #0, .. sm/in3 high  dow 3 mo.

MC1-h o° 92,2 59,2 13.8 7.2 133 119
MC1-5 20 89.6 61..1 142 7.6 -0 103
MC1-6 20° 92.1 60,2 12,8 5.5 129 112
Mc1-3 27° 92,2 62,2 12;5 645 118 109
MC1-10 7° 90,2 60,6 11,0 5,2 119 105

The advantage of this reaction is the ease of control, no side reactions are

encountered, the yield of product based on the caustic added is in the range
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of 100-110%, and no activation step or acid digestion period is necessary
to produce a depolarizer that is of the gamma rho crystalline structure and
has sufficient activity to meet the Signal Corps specifications for synthet-
ic MnO,. The obvicud disadvantage of such a process is the‘ldw conversion,
inherent to the 2:1 caustic-to-manganese reagent ratio. The long 24 hour
contaet time used in the abové syntheses was not deemed a disad%antage’%e—
céﬁse it could be reduced to the order of ol to .2 hour by a more éfficient
cﬁlorination technique to be described in the next section.

In adjusting the reaction eonditions of the 50% per pass mangdnesé
hydroxide chlorination to more realistic conditions, the contact time re-
ceived most attention. As mentioned previously, the rate limiting variable
appeared to be ‘the ;ow solubility of‘the oxidizing agent, Cl,. Increasing
%he partial pressure of Cl, over the reaction mixture was the first and
most significant effort in increasiné the reaction raﬁeo ‘A few experiments
were performed to determine the approximate reactor requirements.. 4 small
l-liter sucﬁion flask agitated by a magnetic stirrer was charged with 500
ml of Mh(OH)2 slqrry‘of the ‘same concentration as w;s used in the 24 hour
atmospheric pressure runs. A pressure regulated, metered chlorine supply
was connected through a stoppered opening at the top of the flask, As
might be expected, the reaction rate wad ‘rapid at first and declined grad—
ually to zero after one hour.  The rate wés very dependent on degree of
agitation even in the early stagesﬂof the reaction, Temperature of the
reaction mixture was not contrglled and varied from_?hOC to BBOC_° Ié por-

tion of the product was washed and dried according to standard praEticess

and was submitted for X-ray diffraction analyéis. Figures 10g and h show

r
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Figure 10 X-Ray Diffractions of MnOg. a, electrolytic MnOg; b, MC1-19;
c, MC1-35; d, MG1-28; e, MC1-31; f, MG1-32; g, KS-I; h, MC1-58.
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the diffraction pattern of the pressure chlorination along with the pat~
tern of sample MC1~10, which was prepared by the low temperature, 24 hour
reactioﬁ period at.aﬁmospheric pressure. Thé similarity is striking; both
samplés are in thé gamma rho structural range.

At this point, tiwo additional exploratory runs were made to determine
the proper concentration of manganese hydroxide for the pressure oxidation.
A slurry of twice thé concentration of previous runs and a filter cake of |
manganése hydroxideé Were the féed materials for the two pressure runs. The
viscous slurries were difficult to agitate and the oxidation proceeded
slowly and iﬁcqmpleteiye

The low permeéability of the concentrated mangénese hydroxide gels to
the chlorine even at éS psig was not anticéipated, but it demonstrated the
need of good agitation for successful completion of the oxidation in a
short period of time. Another case illustrating the critical nature of
agitation is the reaction MCl-ha, a scale-up of MG1-L to approximately 10
gallons in a Saran-lined round bottom reaction vessel. The agitation was
inéufficient to keep all the manganese hydroxide in suspension. That
which settled out in the bottom of the reaction vessel survived a lé-hour
interval in contact with the reaction ligquor whiéh was at a pH of 1.8.
Contamination by the M’n(OH)2 can only be resolved by removing it with
dilute acid.

Conditions for the pressure reactions were again chosen as a matter

-of expediency in acquiring equipment and simplicity of operation. Chlor-

ine pressure was chosen as 15 psig, largely becduse the process was vis-

uvalized as a counter current c¢hlorination in a column type reactor; the
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head of reaction liquor which would correspond to- 15 psig at the chlorine
inlet would be about thirty feet. The m&ngénése‘hydroxideicdncentration
was kept at the 2 mols per 3.5 liter level used in the atmospheric oxida-
tions because adequate agitation of & slurry of this concentration was poé-
sible. Since the atmospheric oxidatioﬁ runs showed a high reaction temp-
erature to be undesirable and that temperatures of 40°C and lower were sat-
isfactory, the reactants were charged to the reaction vessel at a tempera-~
ture which with the exothermic heat of reaction would result in a final
reaction temperature less than AOOCD The.avefage temperature of all pres-
sure runs was close to 30°C. |

The first runs were made by placing the reagents in a sealed 4-liter
suction flask aﬁd admitting chlorine while the vessel was agitated by a
mechanical shaking dévice. The reaction was deemed complete when the
chlorine rotameter showed ﬁo more flow, The results were encouraging;

the better runs are illustrated by MC1-28, which had the following proper-

tiess
Sample 0, as ‘%Mh gm/in> Drain Tests .
%ﬁhOQ Density ~ high.  low 3 mo.
. MC1-28 89.8 60,8 13.8 7.2 137 133
MC1-27  88.0 . 59.0  13.4 6. 1k 108

Séme.samples prepared by this technique were contaminated by flakes of
unreacted manganese hydroxide which were observed to remain in the corners
of the reactor where agitation was poor. In an effort to eliminate the
contamination, the reactor was modified by adding a corrosion resistant

Vanton pump which circulated the reaction, contents at a rate of 3-4 liters

per minute. This system was successful in producing a rather uniformly
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good product, MC1-27 being a typical example. A difference between the
atmospheric and pressure chlorination product should be noted. The pres-
sure product consistently required. more wetting solution to get the proper
tamping consistency in the battery fabrication. The bobbin weights aver—
aged léss than 9.0 grams, as compared to the 9.5 to 10,0 gram bobbins of
the atmosphéric product. The lattef.MhOZ required 20 to 30% less wetting
agent than the pressure product, thus resulting in a higher percentage of
Mh02 in the bobbin in addition to the heavier bobbin. Despite the lower
concentration in the bobbin, the pressure product'gave at least as good
drain tests as the atmospheric product.

The success of the relatively short contact time pressure chlorination
of manganese hydroxide slurries batchwise led to the construction and
operation of a continuous counter current chlorination apparatus which
allowed continuous production of MnO2 aﬁ a rate of 50 grams per hour, with
a contact time of 20 minutes. A schematic diagram of the continuous re-
actor is shdétm in Figure 11.

The best results with the 50% per pass reaction when run in the con-
tinuous reactor were with run CR-I-1. The physical properties and chem-
ical analyses are similar to those of the batch reactions and the drain
tests of 6.6 hours high drain,‘134 hours low drain, and 11k hours at three
months, about equal to the better batch results. Operating difficulties
for the apparatus were thosecharacteristic of the small scale of the equip-
ment, plugging of the %" take-off lines, and erratic performance of the

bellows pump. Larger take-off lineés and better agitation in the feed

reservoir alleviated the difficulties, and satisfactory operation was then
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obtained. Optimuii reaction conditions for continuous reaction were not
determined since the scope of the proeject did not allow 24-hour operaticn
for extended periods. |

In continuous column reaction systems, a smooth conversion profile
should be maintained; in other words, agitaiion which is sufficient to
break up the manganese hydroxide gel particles and prevent by-passing of
these unreacted particles to the exit stream. Contamination of the prod-
duct by manganese hydroxide was eliminated by an agitation level of 1/40
horsepower per gallon of reactants.

Tank type reactors in series should not be overlooked as a reaction
media, Additional work on the physical chemistry of chemically prepared
MnO, depolarizers may show that éptimum crystal size is of the order of
1 micron or greater, whereas the manganese hydroxide chlorination without
nucléation leads to a predominance of sub micron (nominally .l to .2 micron)
crystals., Knowledge of the crystal habit and its effect on battery life,
stability, cell potential and other depolarizer characteristics is likely
to be developed only after commercial application of the process; the rea-
son being that enough data are at hand to guide production of a product
which exceeds the requirements of the Signal Corps for synthetic military
grade depolarigzer.

The nucleation inherent in a stirred tank type reaction system 6pens
some interesting averiues for the researcher interésted in. optimums rather
than a."specification grade" product.

.The data to this point demonstrate the feasibility of (1) a 50% con-

version per pass process featuring a 100% ultimate yield on all reagents,
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and good product quality without added activation steps, and (2) a 100%

conversion per pass process which requires an acid leach and solution of

'5-10% of the manganese as an activation step with an ultimate yield on

411 reagents of about 85%,

In an effort to discover alternaté roubes to a 100% corversion, high
yield process which did not require an activation treatment, othef oxida-
tion procedures were attempted.

Several reactions were run in which the caustic-to-manganese. ratio was
2:1 to 421 and the resulting manganese hydroxide slurry with various amounts
of free caustic was chlorinated in the batch j-~liter pressure reactor.

The data of Table III illustrate the effect of caustic ratio on con-

version and product duality.

. Table III
Sample  mol NaOH  Conversion 0, as  %in ’ Drain Tests
o mol Mn : X 05 . High  Low 3 Mo,
MC1-28 2 57 89.8  60.8 7.2 137 133
MC1-=29 ' 2,9 80 8647 59.1 8,6 120 109
MC1-30 3.5 g6 83:8 55,3 6.9 125 106
MC1-31 3,75 89 82,2 593 6.7 115 8h
MC1-7 L.0O 100 83.4 58.0 1.4 118 12
'MC1-3la —— - _— 88.5 60.6 6.8 169 110

Results indicate that the activity of the MnO, decreases as thé con-
version increases and especially affected is the storage life, which deéte-
riorates to a negligible value at 100% conversion. In addition, X-ray
diffraction analyses show that the 100% conversion material of MC1-31 may
contain the undesiréblé ép&ilon phasé as indicated by the diffraction pat-

terns of Figure 10e,
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These patterns do not indicate that epsilon phase Mh02 is inherent to
a 100% conversion_procéss, for, as will be brought out in a later section,
the presence of certain impurity ions may effectively catalyze the forma-
tion of gamma phase MnO,. Regardiess of phase, the fact remains that no
100% conversion run of the type where all hhg caustic was added to the
mangenese and subsequently chlorinated has produced a depolarizer which
will pass the Signal Corps specification for synthetic Mh02, nor has any
sample of this type retained a significant percent of its initial activity
after three months' storage. Some improvement in the initial drain tests
was accomplished by digesting the producf in 100 gram’per{liter stoh at
the boiling point for one hour. The effects of the leach ;re mafginal,
although the stability, physical, and chemical properties are enhanced.

Continuous counterflow chlorination with high ¢onversions of the

~manganese was attempted in the runs CR-IV, V; and VI. Selected samples

from these runs are listed in Table IV,

Tablée IV
Sample  Conversion 0p as  @in Drain Tests
M0, High Low 3 Mo.

CR-IV-1? Oy 89.6  59.8 7.6 . 143 106
CR-V-12 100 89.6  59.4 7.0 140 69
CR-V-22 100 89.2  59.7 - 6.7 149 77
CR-V-3% 100 79.9  56.3 5.8 . 128 87
CR-vI-1® 100 85.5  57.1 7.4 1h6 119
CR-VIII-1 100 78.1 54,0 6.2 90 0

Operating difficulties in these runs wereé principally due to the
foaming tendencies in the column reactor and a somewhat more critical

trouble, the tendency for the feed to change caustic ratio due to manga~

nese hydroxide s_ettling° The changing caustic ratio resulted in per-
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manganate formation., Permanganate formation occurred from another source
dlso; when air was allowed to contact the mangsnese hydroxide feed, some
was oxidized by the following reaction sequencs:

X1, ‘2PIn(OH)2 # 30p —smmme=ny  Mnp0g°Hz0 + H0

The air oxidation upséts the ratio of caustic to divalent manganese,
resulting in an eXcess of oxidant when all the.ﬁanganese is in the tetra~
va}ent state, thereby resulting in NaMhOA; The air oxidation was elimina-
ted by blanketingkthe agitated 6lésed feed storage vessel with nitrogen.

The runs produced a product like CR-VIII-1, which shows a high degree
of hydration, though only a moderate amount of divalent mangaﬁesé, When
the hydrated product was heated in the presence of 100 gram per liter
HZSOh’ a change in the degree of hydration was noted when ﬁhé ﬁemperatﬁre
.attained 65-70°C or higher. The subscript, a, associated with the first
five samples of Table IV, indicate an acid digestion. The low teiiperature
(33°C) leach of‘CR-V-Ba was not effective in reducing the hydrétion, while
samples CR-V-1% and CR-V-2%, which were digested at 95°C, were improved
considerabiyn A few percent“of the divalent marighnese is removed in the
leach so that the object of 100% conversion in the oxidation step is not
realized. The results of the continuous high conversion runs are not
encoufaging for tw; reasons: the highly hydrated product requires an acid
digestion for activation and the delayed cap&é%t& after three months is
rather poor. The unleached products corroded the zinc battery cans aftesp
two months' stérageg indicating occlusion of an oxidant mere active than
MnOs, perhaps sodium chlorate. The X-ray diffraction patterns of sardiples
CR-IV-1%, CB-V-1%, and CR-VI-1%® show the MnO, to be of the gamma~-rho
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structure with fairly poor crystallization or extremely fine particles.
The vefy diffuse nature of the pattern of CR-VI-12% compared to CR-—V,V-la
may be indicative of the effects of the reaction variable. The contact
time of CR-V-12 was 50 minutes while that of CR-VI-1% was half that value,
25 minutes. The caustic-to-manganese ratio was 3.75 mols/hol, and the
temperature ranged from 30° to hOOC over the 8 fOOt'leﬁgth of the reactor,
for the runs Cﬁfv, CR-VI, and CR-VIII. The caustic ratio of CRsIV—l% was
3.5 to mols per mol, thus accounting for the incomplete conversion f&f
this run.

It is conceivable that the high conversion process is a feasible means
of producing a very active'depolarizer, The poor stability may be remedied
by a more thorough study of the acid digestion. Ap instance where this
~ sort of stabilizing treatment was successful has been reported (4).

A corrosive product was prepared by the oxidation of acidic MhSOh by
NaClOs at elevated temperatures. The product, when unleached, corroded
the cells badly and storage life was negligible. When the MnO, was di-
gested in successive portions .of boiling 150 gram per liter HZSOA, the
delayed capacity improved to the point where the product could pass the
Signal Corps specification.

The high initial battery activity, coupled with the high conversion
of the CR-IV, V, and VI series makes them worth further :consideration.

It is questionable whether the critical control necessary for successful
operation of the high conversion pfocess, together with the need for an

activation acid leach of thé product is an advantage over the 50% conver-

sioh process.
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Only one réagent addition method was discovered which allowed 100%
conversion of the manganése, 100%+ ultimate yield of caustic and chlorine
(based on the electronic redquirements of /4 mols NaOH and 1 mol Cl, per mol
MnO,). This method was the constant pH oxidation of MhSOh solutions by
chlorine. The pH was held at the desired level by addition of 10% NaOH
as the reaction proceeded.

The first reaction of this nature was MCl-16, where a caustic ratio
of h:l was used, and the pH was held at 6.5 to 7.0. As the base is added
at this pH, it is apparent that the oxidation proceeds via manganese
hydroxide, since the hydroxide particles are clearly evident. The reac~
tion proceeds fairly slowly even initially, because of the low solubility
of chlorine at atmospheric pressure and the reaction temperature of 25°C,
The reaction could be followed to a degree by the observed deflection
sensitivity of the pH meter as a funétion of amount of caustic added, much
the same as a potentiometric titration endpoint is determined. The addi-
tion of relatively large volumes of base initially causes.a small pH change,
due to the Puffering action of the insoluble weak base Mh(OH)2, whereas
near the endpoint of the reaction; little or no Mn** is present to react
with the added base, and the addition of but a few drops of the NaOH causes
a large change in the pH. The difficulty in using this potentiometric
method is that as a normal procedure, the sample is over-titrated, and
the endpoint determined from the maximum rate of change of electrode poten-~
tial with reagent addition. Overtitration with caustic in the case under

discussion results in the reaction of the product to form permanganate.
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Table V.shows.the.physical,. chemical,.and.deépolarizer .properties of

the constant pH series:

Table V
Sample Gaustic Reaction 0Oy as #Mn  Density Drain Tests
Ratio pH 0s ' ~ High lLow 3 Mo,

MC1l-18 L L5 83.0 57.2 8.4 0 6 0
MC1-18a —— — 90.4 59.4 11.3 Lol 134 78
MC1=19 3.6 o=k 86.8 574 10.6 5.2 116 58
MC1=16 L 6.7 92.4 63.1 12.2 6.0 122 13
MC1--17 3.6 6-7 93.0 64,6 140 6.1 123 123

In all runs the 3,6:1 caustic-to-manganese ratio is most effective.
The product of MCl-18 was very corrosive, so a portion was digested with
100 ém per liter HpS80, at 95°C for 2 hours. The leached portion (-18a)
was upgraded considerably although the delayed capacity remains unsatis-—
factory. It is‘interesting to note that X-ray diffraction analysis of
18 and 18a shows the acid leach effected the phase shift from gamma to
rho; however, this minor structure shift does not accéount for the observed
difference in activity. ZElectron micrographs show a much better erystal
development in the constant pH type of oxidation. The ultimate particles
appear to be predominately in the .5 to 1 micron size range, whereas .02
to .2 micron size‘particleé are generally obtained by the manganese hy-
droxide chlorination,

Reduction of the catistic ratio in MC1-19 yielded a préducq of much
better initial drain tests, although it, too, shows poor stdrageability.
It is interesting to note that at the low pH of MC1-18 no permanganate
formed, althoggh the product was the low density, highly hydrated product

characteristic of Volhard Mn0,. Permanganate was formed in MC1-16 at a
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pH of 6-7 during the addition of the last 130 ml of base, The gaﬁstic
ratio correspending to the permanganate free endpeint is approximately
3.7 or about 92% of the theoretically required caustic. MG1-17 was run
at the neutral point, with a caustic ratio of 3.6. The product contdined
all the manganese for 100% conversion and the initial and delayed capacity’
were satisfaéﬁory so that no subsequent leach was necessary. The delayed

capacity maintenenace of MCl-l7, even after two years' storage under the

low humidity Montana State College storage conditions, was 19 hours, which

compares with a high grade electrolytic sample which had retained 25 hours
low drain capacity after 2.yeafs_unaer the.same,Qtorage”conditionsw Figure
12 shows the delayed capacity of several chémical MnO, samples compared
with electrolytic MnO, performance.

X-ray diffraction patﬁerns of 17, 16, and 19 show a distorted beta-
gamma structure while 18 and 18a are gammé and rho. The battery tests of
MC1-197 and MC1-19 are much better than the predominaté beta diffraction
lines would indicate. Many battery tests of pure beta MhOz with good
particle morphology show that the best drain tests obtainable are about
2.5 hours high drain, and 70 hour low drain; tests Which are far below
those of MC1l-17 and ~19,

The high conversion and yield obtainable by this procedure and the
fact that the product approaches closely Signal Corps sygthetic specifi~
cations, without the need for acid digestion or other activétion,.makes
‘the method noteworthy. The constant bH oxidation viewed from the point

of view of adaptability to a continuous process is not especially attrac-

tive. Control by pH electrodes is feasible, though the electrode life in
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the Cl, saturated solution at any appreciable pressure is rather short,
judging from the number of electrode failures ocecuring in the 120 hours -
of constant pH operation. Even though a usable pH controlling device is
devised, a simple method of maintaining the reaction stoichiometry in a
flow process is not immediately apparent.

A procedure which alldwed the high manganese conversion to a good
quality product without an acid leach was a modification of the 50% per
pass manganese hydroxide oxidation. The reaction was run by chlorination
of a manganese hydrdxide slurry to the usual endpoint of pH 2. Caustic
was then added to précipitate the remaining manganese as M’n(QH)2 and the
chlorination continued to a pH of 2.0. ‘The procedure was repeéted so that
the theoretical overall manganese conversion would be 87.5%. The actual
conversion was 89%. A typical product of this procedure is MCl-14, which
is considerably better than Gold Coast ore, but not up to the activity
required by SC1-3117-D, The'trend‘of decreasing density with increasing
conversion applies to this procéedure siricé the apparent density of all
samples prepared by this method were of the order of 9 to 9.5 grams per
cubic inch as opposed to the 50% conversion product which usually has a
density of 12 to 1L grams per cubic inch.

'Several runs of the sequential caustic addition method outlined above
weré made in the 4-liter pressure chlorination apparatus. The only improve-
ment resulting from the pressure chlorinstion was in the high drain per-
formances The properties of MC1l-38 are listed in Tables IX and‘Xhand

illustrate the type product obtained by this method. The high hydration

and low density of the product are characteristic. A portion of MC1-38
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was digested with 100 grdm per liter HZSOA at 95°C for one hour and
designated MCi-38a. The acid digestion improves the chemical and physical
pfoperties and gives a specifiéation grade product although the stability
after three months' storage is questionable. The sequential caustic addi-
tion method seems to be the equivalent of the runs like MC1-31, where all
the caustic is added at the start and the éhlorination allowed to proceed
to thg endpoint without interruptioﬁa No micro-optical data on the pro-
ducts made by the sequential 50% conversion technique is available; how-
ever, the manner in which the sample ﬁas upgraded by the acid digestion
would indicate a predominance of a stable crystalline phase, and the high
order of activity would suggest the gamma-rho structural range.

Another approach to the utilization of chlorine and caustic to obtain
battery active MnO, from MhSOh is the use of sodium hypochlorite. Sodium
l hypochlorite may -be prepafed‘direétly by electrolysis of brine or by chlor;
.ination of cold dilute caustic colutions, Soiﬁtions containing 20% NaOCl
and three grams per liter of free NaOH are stable at room temperature, but
even dilute solutions with no excess caustic tend to decompose with the
evolution of oxygen. The silver-platinum metal electrode couple was

successfully used in determination of chlorination erdpoints in preparation

of sodium hypochlorite by adding chlorine to caustic sblutions. Electrode

potentials were correlated with free caustic determinations and available
chlorine analyses so that NaOCl solutions of accurately known composition
could be prepared,

- Sodium hypochloriteé reacts with MhSOh in several ways depending on

the pH of the solution. In acidic solution the reaction is essentially




as followss:

, .. BT S
XViI. 2NaOCl + Mn_SOh e s e e Na’ZSQl;, + MnOy + €1, /i\
' 2 Gl+l +le hY o
(Mh 2 ___:ggm___-é; §i+g

However, if the pH is held in the basic range, no chlorine is evolved and

the reaction i8 represented by this sequence:

XVIIT. NaOCl + 2NaCH + MnSO, - > NagS0j, + MOy + NaCl + Hy0

Of the two reactions, the second seems to be of most interest since the
preparation of the oxidant may be controlled closely; and the oxidant
addition to Mh504 with high conversion of manganese and no recycle §treams
appears to be pract;ical° |

 Oxidant'addition to manganese sulfate solutions was accomplished under
a variety of reaction conditionms. Of most interest was the evaluation of
product quality. as a function of conVersion$ No . significant..difference.is
noted in the reaction product up to the caustic ratio of 3,75 mol per mol
of manganese, Th?zéxidant ﬁas of constant mol rétio; that is, the mol
ratio of NaOHéNaO&léNaGl remained constant at 2:1:1 for all mins, but the
amount of this oxidant used in each reaction was changed. iable VI shows
the chemical, physical, and drain test data for typical runs of the

hypochlorite evaluation.
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Table VI
Sample Caustic Conversion 0, as % Gm/in3 . Drain Tests
ratio %ﬁnog _ .. density ‘High ' ILow 3 Mo,

MC1-20 3.0 81 89.6 60,4 12.6 4.0 139 L5
MC1-21 3.25 86 89.5 59.5  12.4 3a4. 134 49
MC1-22 3.75 96 9.k 59.6 10.0 3.7 121 100
MC1-23 4,0 100 82,8 53,6 7.6 0.0 6 0
MC1l-22a _— —— 9%.9 58.8 12.8 3.9 152 L9
MC1-24 . 3.5 9L 91.6 62.3 11.3 4:0 . 88 L7
MCi-25 = 3.5 92 84.6 60.7 9.4 1.0 100 97

The four to one caustic ratio is again noted to be conducive to
permanganate formation, hydration of the product, and.poor drain tests.,
No method produced a satisféctory depolarizer, although the X-ray dif—.
fraction showed essentially single phase rho manganese dioxide and the
better samples had high‘MnO2 content. The uniformly poor delayed capacity
of samples is not explained by the data. A careful spectrographic and
chemical analysis of the samples, together with microfoptical examination
of the bobbins after extended storage may show that absorbed ions catalyze
crytomelane formation in the presence of the battery electrolyte. Sampies
2J, and 25 show that no imprdVement in the drain characteristics results
from high or low reaction temperature. The relatively low'Mn@2 content
of the low-temperature oxidation, MC1-25, may suggest that the oxidation
mechanism may be the oxidation of M’n(OH)2 via these routes: |

XIX. MnS0, + 2I\IaOI~_i :::IEJ—'Z::":? ﬂn(OH)z

XX, Mo(OH)y 4+ NaOCL ~—2-———3 NaCl + Hy0 + MOy

Reaction XIX is known to go to completion almost instantaneously,
while in MC1l-25, the presence of 9% of divalent manganese indicates that

reaction XX has slowed significantly due to the lower temperature, thus
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producing a product contaminated with Mn(OH),. It should be mentioned
that M’n(OH)2 is rapidly converted to manganite by atﬁospheric oxygen dur-
ing the drying of the Mn0, filter cake.

Other preparations were made utilizing the basic-hypochlorite oxi-
dizer with varied free caustic to hypochlorité ratio, but the results were
néimore encouraging than those of Table VI, The data for all hypochlorite
oxidations indicate that a prodﬁét of desirable chemical, crystalline, and
initial drain.capacity may be produced at conversions of 95+% and ﬁlti~
mate yields of close to iOO%o Further treatment, such as acid digestion
at elevated temperature, improves the initial low drain tests, but the
delayed capacity i's not enhanced when the acid used is 100 gram per liter
H,S0),. |

Other hypochlorite reactions evaluated included:

X, - 2Na0Cl + MnS0) —----——--3 MnOp + Na,SO, + Cl,
in which the hypochlorite was added to the MﬁSOh, The mechanism here is
apparently ionic, since the reaction remains at or near pH Ly which is
below the point of precipitation of appreciable amounts of M‘n(OH)2° The
results of this type oxidation are not encouraging enough to warrant fur-
ther ‘study, since a much bettef depolarigzer is obtained without the evolu-
tion of chlorine according to the procedure of the previous section,

The addition.of NaOCl solutions. to strongly. acidic (H50,) solutiens
of MnSO, yields MnQ, of good battery quality (5). Conversions are re-
ported to decrease as the acid concentration incrgaseé until at 300 grams

per liter H250h; no mnoz is obtained. The micro-optical, physical, and

chemical properties of this MnO, pfepared-by reaction of equi-molar ratios
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of NaOCl and MnSOh in boiling 100 gram per liter ﬁgsoh.indicated a speci-
fication grade material. Delayed capacity of this material is not reported.
Yield figures indicate the acidic reaction follows reaction XXI.

The next effort was toward evaluating the impurity effects arising
from thé use of commercial reagents. Manganese Incorporated of Henderson,
Nevada made available a technical grade-MhSOh which contained the impuri-
ties Mg, Si, Na, A1, Ca, Fe, K, Cu, Ni, and Ti. These materials were
preseﬁt principally as sulfates, Table XII lists analyses gf typical
technical MhSOh samples, and Table XIII shows the spectrographic analyses
of a technical grade sample together with the analysis of the same sample
after a copper purification and pH adjustment. |

The 50% conversion manganese hydroxide chlorination)reéction was
chosen to evaluate the technical grade MhSOL since this reaction sequence
was fairly foolproof and reproducably produced MhOz of high purity and
good activity and stability from chemically pure MhSOh. Table VII lists

several runs made with impure MhSOh and corresponding runs with CP M'nSOh°

Table VII
Sample Mn . 0Op as %Mn Density Bobbins Drain Tests
: Sourcé %MnO2 p High Low 3 Mes.

MC1-9 MS-4  80.7 ~ 60.8 10.3 9.4 5.6 78 60
MC1-8 MS-4,  78.2  60.1 9.7 8.9 2.4 65 14
MC1-3 CP 92,2  .62,2 12.5 9.5 6.5 118 112
 MC1-28  CP 89.8  60.8 13.8 9.3 7.1 136 133
 MC1-34  Ms-6  82.2  58.0 12.3 9.0 7.3 112 98
MC1-36  MS=5 846  56.6 12.9 9.0 8.0 125 98
MC1-32  Ms-6  8l. 58,0 8.3 8.3 1.5 99 48
MC1-33  CP. 84.6  58.2 10.7 8.8 L7 114 106
MC1-33a ——- 91.1  60.0 13.4 9.2 6.9 139 ——
MC1l-32a  ——- 85.9  58.0 - 14.1 9.6 7,0 133 -
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.-Samples MC1-8 and MC1-9 show that the impurities are detrimental
since a poorly oxidized product is obtained. 'Sincé the pressure chlori-
nation technique was shown to be superior to the atmésphefic chlorination;
no further runs like MC1l-8 and -9 were atterhpted° The improvemenﬁ in
drain tests of MCl—Bh over MC1-8 and -9 is due to the pressure chlorina-
tion, .The amount of lower éxides in MCl-34 is decreased by a factor of
two over the atmospheric chlorination runs. The improvement is not great
enough to yield a specification grade product, however, as does the CP.
counterpart, MC1-28, The results showed that a purificatioﬂ of the tech-.
nical gradé MhSOh was necessary. A simple technique was tried first since
it invo%Ve& no expensive reagent or adverse treatment conditions. The
treatment was to contact the impure MhSOh solution with an excess of iron
in order to precipitate copper, and follow by a pH adjustment with CaCOB
and air oxidation to precipitate the iron as~Fe(OH)3,

The reason for the copper removal was based on the known catalytic
activity of copper in decomposing hypochlorite to form oxygen and chloride
ion, Tﬁe first technical grade runs showed a high percentage of lower
oxides even though the same pH endpoint was attained as was reached in
the CP runs. The presénce of these oxides could arise from the presence
of oxygen because oxygen rapidly oxidizés-Mh(OH)z not to the tetravalent
oxide, but the tervalent oxide, mangsnite. The improved oxidation ob-
tained by increasing the partial pressure of Gl2 in the pressure chlori-
nations would fit in with this rationalization.

Sample MC1-36 was prepared from a purified or copper-free MnS0,

solution having the aﬁalysis shown in Table XIII. The purification
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effectively reduced the coﬁper and aluminum content but did not affect
the other impurities greatly. The initial drain tests and chemical
properties of MC1-36 are but slightly under the SCL-3117-D specification.
The delayed capacity of MCl-36 after one year was 94 hours, or about

Eequivalent to the better electrolytic or GP chemical ore.

The X-ray diffraction patterns of MnO, made from the CP and the
" technical grade MhSOh by similar processing shows the predominance of
gamma patterns in the technical grade product, while the CP products are
rho or gamma-rho. These patterns are shown in Figure 10. The distinction
, betweén gamma and rho or gamma-rho structures is not important in itself
since all of the structures appear to be»equélly desirable depolarizers;
however, the fact that the undesirable epsilon phase occurs in MC1-31,
made from GP MnS0) , and dogs not occur in the technical graﬁe duplicate,
MC1-32, has considerable importance. Identification of the impurity which
causes this phenomenon would be an interésting project.

Runs 33 and 32.show again that the impurities of 32 cause a lower
MnO, content and poorer drain tests when the conversion is increased to
90+% by using a 3.75:1 NaOH:Mh ratio. These samples were leached at 95°C
with 100 gram per liter stoh and have the properties listed under the
designation 33aland 32a. Considerable improvement in the properties is
noted;, even though the chemical composition of the samples is not greatly
altered. ‘

The results show that an acceptable depolarizer can be prepared from
'Mhsdh‘containing Al, Mg, Si, Fe, and Ca. Copper is consideréd detrimental

possibly from its activity in decomposition of hypochlorite té form chlo-
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ride ion and oxygen.

Several large batches of MnO, were prepared so that more extensive
investigation oﬁ leaching, grinding, sizing, blending, etc. could be
made. Thé reaction chosén was the chlorination of 3:5 mol NaOH per‘mol
MnS0, slurries. This particular mode of oﬁeration is not consideréd an
optimum of the process‘variables studies, but was chosen‘because it is
economical in.time, cost of ‘constructien, and in operation.

The procéss bggins with the MnSOA pr?pafatioho“ Commercial manganese
carbonaté was dissolved with HgSOh and the iren precipiﬁated by simul-
tarieous pH &djustment and air oxidation to the ferric state. The filter-
ed MhSOh‘sé¥ﬁ£ion was reactgd witﬁ technical gradé caus?ic'prepared py
solution of thé 76% Nazoiflake‘in.tap water. The process water used for
all solutions, washing, te., contaied 180 ppn hardness as CaCO. The
agitated Mn(OH), slurry was oxidized by sparging Cl, as fast as the re-
action would allow; this rate depended on thelamoupt of free caustic
présent, agitation, and temperature in that order of importance, Reaction
pH was the critieria for terminating the chlorine additipno' The oxidation
product was washed by the slurr#—deéahtatibn'methoq'and was leached with
dilute'HZSOA’to remove lower oxides and unreacted Mn(Oﬁ)Q, The leached
ﬁroduct was washed to a suifate;free endpoint;‘filtéred aﬁd dried at 160°F
in avcirculafiﬂg air, steamrheéted oven, Grinding in a 2.5 gallon ball
mill and screening -100 mesh compléted the treatment.

This general procedure was successfully employed to prepare 25 pound

sampleé of MhOz which had sufficient activity te pass the SCL-3;17~D speci-

fication for synthetic MnO,. Propertieé of several samples are tabulated

R R R R  — S SSSSSe——————— 77—‘ i
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below in Table VIII:

Table VIII.
Sample 05 as yAlis) Density Bobbins Drain Tests
#Mn0, - High Low 3 Mo.

PR-I-1 - 89.2 58.9 12.0 9.1 7.5 127 116
PR-II-1 91.6 58.7 9.1 8.9 6.0 92 —
PR-II-2 91.6 58.7 11.3 9.3 5.5 112 115
PR-II-3 91.6 58.7 15.4 9.8 7,0 12, 103
PR-III-1 89.0 60.9 10.3 9.1 2.8 95 8l
PR-III-2 89.0 60,9 11.3 9.1 7.3 113 93
PR-ITI-3 89.0. 60.9 1h4.2 9.5 8.8 126  ——
PR-V~2 89.6 59.8 14.3 10.0 5.2 140 —r
PR-VI-1 84.8 56.6 13.7 9.4 7.0 134 —

The results of the runs are encouraging although most did not produce
specification éradé MnO,. The better samples contain ﬁigh percgntageé of-
Mn and MnO,, good density, and are of the rho phase with fair particle
morphology. OStability after three months' storage is gdo¢,aé.the three
month tests indicate.

In reviewing the scaled up qperations, the only serious difficulty
occurred in the chlorination step. Very low yields were obtained in ail
runs bécause of non—equilibrium conditions in the oxidation step. The
agitation 1n the tank reactor used was not sufficient to' allow complete
conversion of the Mn(OH), and serious contamlnatlon of the product
occurred. The product quality was not impaired since an acid leach ef-
fectively removed the uncornverteéd Mn(OH)z, but the necessity for good
agitation is:again demonstrated. The level of agitation used in these
runs was about .0l horsepower per gallon of reaction mixture.

The runs PR-II-1, 2, and 3 and PR-III-1, 2, and 3 show the importance

of the grinding teéhnique to the physical properties and battery activity




~58=
of the chemical battery ore. The re;ation o% battery performande to
grinding time is presented graphiéaliy in Figutes 13 anddlh; :Figures 15,
16, 17, and Figures 18 and 19 are eléctron micrographs of the PR-II and
PR~III samples which were ground successively for twé-hour periods. ' The
electron micrographs clearly indicate the distortion of the bladed morphol-
ogy wntil finally, aggregates of the fractured particles are grouped into
ldrger anhedral partlcles several microns in dlameter. Figure 20 shows
the X-ray dlffractlon patterns of PR-II-1,'2, and 3, and rereals‘that no
change in crystal structure occurs during the grinding. The highest dens-
1ty, heav1est bobbins and best high and low draln tests are obtalned w1th
the 1arge anhedral aggregates shown in Flgure 17 and Figure 19, The im-
plication from the grinding study is that a pre01p1tat10n technique which
prodﬁces anhedral micron size particles would be desirable. On the other
hand, the use of grinding to upgrade:a low deh8ity but otherwise satis--
factory depolariZer is a demonstrated fact.

After preparlng many hundreds of samples of chemlcal battery ore,
relating apparent den51ty, partlcle size and dlstrlbutlon, bobbin weight,
and battery life as a function of grinding or ball milling treatment, the
only usable possuiate-seems te be a very inexaet one: regardless of method
of preparation, a two-hour ball milling period followed by.screening to
=100 mésh seems to be the m?st reproducible sample preparation technique.
This system has sérved as iong as.the sample size was held'to 100-300
grams, the ball charge was five pounds, and the 2.5 gallon mill was ro=-

tated at 70 r.p.m. When the large samples (10-30 pounds) were processed,

the grinding procedure had to be changed to a more practical‘ball and
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Figure 15 Electron Micrograph of PR-11-1
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Figure 16 Electron Micrograph of PR-11-2
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Figure 17 Electron Micrograph of PR-11-3



Figure 18 Electron Micrograph of PR-111-1
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Figure 19 Electron Micrograph of PR-111-3
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Figure 20.
sample load. The ball load was increased to 10 pounds and the sample
charge added to fill the mill approximately half full. This procedure
allowed about 80% recovery of -100 mesh MnOg after a six-hour grind.

The construction materials used for the reactors, leach vessels, and
wash tanks were wood, fibre glass reinforced polyester, and a molding
compound made of a room-temperature curing epoxy-poly amide resin. These
materials were generally satisfactory, having withstood repeated runs
where conditions were alternately highly alkaline, acidic with solutions
saturated with chlorine, and strongly acidic with HgSO™ at the boiling
point. The leach conditions were a bit drastic for the polyester and
small pinholes developed in the tank lining. However, the lay-up pro-

cedure used on this tank was questionable. The epoxy resin was satis-

factory at all conditions, and in addition, was found to be a very ef-
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fective corrosion resistant coating for the iron parts of a small oliver
rctary filter, and a plate and frame préss. A polyester resin coated
mdrine plywood 1000 gallon wash tank wasisgtisfactory in ali respects.

Polyétﬁylene‘waé‘an expcellent material as fegards chemidal resis-
tance; however, the low softeéning point of the low density polyetliylene
wis undesirable for the high tenmperatire Operatibns, such as preparing
the caustic solutions from 76% flake or the acid leaching step mentioned
previously. Saran tubing was successfully used for tran§ferring,the
reagents to the various process vessels,

Operating characteristics of the pilot runs are not considered indic-
ative of commeércial operation: The runs hever really got out of the
shakedown stage since continual modification was made to make the units
functionél and few investigations were made which wqula indicate process- '
ing optimums. The chlorination step has‘ﬁeen cited as an exanmple of re-
actor inefficiency which could be easily rectified by a variety of com-
mercial reaction systenis, including turbine agitated tank.or colum re-
actors operated at supér atmospheric chloring préssurea

A further purpose of the lgrge sample preéparation was to study the
blending characteristics of the chemical MhOz'whén mixed with natural ore
f;om the Gold C@ast, Figute 21 shows the battery life versus blend compo-=
sition for PR-I and Gold Coast blends. The curve shows that 'a mutual up-
grading 6ccurs, The shape of'this;cﬁrve is rather unexpected, but has
been verified by other researchérs in the chemicél Mh02 field. The reason
for the curvature_prébably is attributed to an increase in'MhOZ conéentra¥

tion in the bobbins due to better tamping qualities of the mix. Data on
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the electrolytic-Gold Coast blends indicate these materials blend to give
an essentia;ly linear battery life versué composition relationship. Com-
parison of the curves of Figure 21 show ﬂhat a given battery activity can
be arrived at with lower concentrations of the chemical MnO, over almost
the entire concentration range, even’thoggh the pure electrolytic ore is
superior to the puré chemiéai ore in this instance. It is éasy'to'con—‘
clude that the chemical ore has an ecoriomic advantage over thé electro-
lytic ore in upgrading Gold Coast' blends. Aé an example, calculations
baged on cufrent market‘quotationé of $140 per ton for Gold Coast ore and
%600 per ton for electrolytic and chemical ore show that the total depolar-
izer cost in fabricating batteries meeting SCL-3117-D specifications is
reduced by as much as 33% when the chemical ore is used instead of electro-
lytic ore in the Gold Coast blends. More data on the chemical ore blends
are neécessary to reveal the maximum poteﬁtial.in upgrading Gold Coaslt'ore°
Blends utilizing chemical ore like that obtained in the 50% conversion
pressure chlorination which had activity compafable to the electrolytic
ore should be gvaluated.

The technical feasibility of the caqstic—chlorine oxidation of man-
ganese sulfate has been demonstrated. The bettér technigues result in
good yields of a depoiarizer which will satisfy the Signal Corps speci-
fication for synthetic manganese dioxide, SCL-3117-D.

A réview of the economics of one oxidation froeedure will demonstrate
the com@ercial feasibility of the process. The 50% conversion process
was chosen fof its simplicity of 0pefation ahdjits demonétrated ability‘

to produce a specification grade depolarizer{
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The operations necessary to commercial production are similar to

those used in the bénch—scale operation:

Ore leach to produce neutral MnSO,. ,

. Purification of MnSO;, to remove iron and heavy metals,
. Caustic addition to form Mn(OH), -

. Chlorination : -

. Product separation -and recycle of unconverted manganese
. Washing, drying, grinding of product .

. Quality determination, blending, packaging

~oN\»miE\WwW N

A flow sheét showing the basic equipmegt‘necessary for this type of
operation is shown in Figure"22° A lis£ ofzequipmenﬁ and faeilities neces-—
sary for the dpératién are listed in Table XIV, Thé sizing of process
équipment is only gpproiimate. The estimated prices for the equipment are
rule of thumb estiﬁates in the casé of the filtéfs, but are based on cur-
rent quotations from equipment manufacturers for the majority of items.

A rather largé general expense item was entered to allow for neglect-
ed items. The sum of equipment expenses and capital requirements for
startup and running for 90 days amounts to nearly $1,000,000.

A continuation of Table XIV sliows a breakdown of reagent cqsts‘bgsed
on daeily plant'reguiremenfs and are calculated from current published mar-
ket prices. A final‘écééunting of yearly expensés and income resulﬁs in
a net return after taxes of $250,000. This net represents a 28% return
on the investment.

The process would be considerably more attractive to a chlq;ine
caustic producer since the aaily cost for these items is ovef half of the

total raw materials cost.




7o

The calculatiOns aré rather idealized; but are considered to indicate
that the 50% conversion process can be scaled t0 10 tons per day with a
capital requlrement of less than $l 000,000, and will return more than

20% per year of tlie invested. capital.
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SUMMARY

1. Msnganese dioxide prepared by the chloriné oxidation of manganese

hydroxide will pass Signal Corps speéification SCL-3117-D for initial

drain tests when tlie following conditions are obsérved:

A,

Ds

the.réagénts Cl, and NaOH aré of standard commerecial
purity, technical grade; or better..

the mahgahese sulfate uséd in preparing the ﬁanganese
hydroxide has léss than 1% Mg, .5% Si, .1% Al, .1% Ca,
A% Fe, .1% K, .001% Cu, .001% Ni.

the NaOH to MnSO,, mol ratio is 2:1 or alternately, if

if is n6 greater thén 3.75:1 provided the product is
digested with dilute HzS0; at a temperaturé gféatér'

than 65°C for sufficient time to remove thé lower

oxides and decrease the hydration.

the reaction températﬁre is maintained at 45°C or less.
the agitation is sufficient to keep the M’n(OH)2 dd s
persed and available for reaction,

the reaction time is long enough to obtain a product con-
taining 92-95% of the manganese in the betravalent oxida-~
tion state. ‘

the prbduct is dried to less than three percent free
moisture at a temperaﬁure of 110°C or lower.

the dried product is ball milled for long enough to assure

the highest possible concentration in the battery bobbin,

or until further milling shows no improvement in battery




-
tests.

2, Manganese dioxide of rho or gamm-rho crystalline phase can be
prépared by addition of a.basic sodium hypOchlorité solution to pure MnS0),
solutions when:.

A. the oxidant is added to the MhSOh solution.,
‘B: the oxidant compositiqnlhgs the molar ratio NaQH:NaOCl:
u ”NaCl-Qf 2:1:1, “ ) |
d; i%bg TOl ratio o% godium in the oxngﬁt to manganese is
léss.than 3.75:1 or otherﬁise'maintained at a leével which
prevents the formation of permanganafe.
D. ‘the temperature is approximately 35°C.

3. A distorted beta-gamma phase of MnO, of excellent battery quallty
ard stability is produced by the chlorlnatlon of pure manganese sulfate
with the simultaneous addition of dilute NaOH to maintain thé reaction pH
at a constant value when:

A." the NaOH to manganese mol ratio is below the value where
permanganate formation occurs; or about 3.75 mols NaOH
per 1 mol Mn.

B. the reaction temperature is 25°C.

C. the pH is held at 6.0 to 7.5.

L. Analysis of Mhozfsamplés prepéred as in 1 show that impuritiés
present in the MnS0) to the éxtént of 1% Al, 1% Mg, 5% Si, A% Ca, 1% Xk,
s05% Fe, and ,01% Cu csnsistently causes formation of gamma phasé Mnoz,

while G, P. MnSO) produces rho or gamma<rho phasé MnO,. -
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5, The use of MhSOh having the impurities cited in 4 results in:
A, contamination of the product wﬁbh divalent manganese.
B. high degrée of hydration of the produét.foughl& pro-
‘portional to the MnO content. .

6. Dilute sulfuric acid leaching ét elevated temperatufes activates
tHe product made as in 4 when;

A, the sulfuric acid concentration is 150 grams per liter
‘or léss.

B. ﬁhe leéch temperature is greater than 6500,‘

C. the MnO content is reduced to the range of 0-6%.

7. Blends of manganesé dioxide prepared as in 1 and Gold Coast MnOy
exhibit a mutual upgrading effect; that is, mixtures show higher battery
tests than would be predicted by linear interpolation between the dréin
tests of the ﬁure éomponents.

8, The Leclanche cell deﬁolariiér reaction wifh a~de§olarizer pre—
~ pared as in 1 appears to be séquehtia; when discharééd/continuously
through 167 ohms resistance. ‘Thé priméry depolarizer reaction is the
reduction of Mh02 to MQZOB occurring over the output voltage range of
1.75 to .90 volts and a secondary réaction of the.MhzOB to Mn40,, over

the voltage range of .8 to .1 volts.

/
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MC1-17

Sample % 05 as
MnOp
MC1-1 - 78.0
MC1-12 95.5
MC1-2 91.2
ME1-3 92.2
MC1-L 92,2
MC1~5 89.6
MC1l-6 92.1
MC1-7 83.4
MC1-8 78.2
| MC1-8a 88.4
MC1-9 80.7
MC1-10 90.2
MC1-11 91,5
MC1-12 93.6
MC1-13 91.5
MC1~1k 90.1
MC1-15 90.0
MC1-16 92.4

93.0

-7~
TABLE IX

ANALYTICAL DATA

Densit

%Mn % H0 pH
L . gm/in-
56,0 6.5 9.3 12.5 |
614 3.8 6.2 12.2
63.3 0.0 6.4 11.9 . .
62,2 2.8 6.5 12.5
59.2 0.8 4.3 13.8
61.1 1.3 L.k 14.2
60.2 2.2 L.8 12.8
58,0 7.k 5.3 11.8
60.1 4.3 6.2 9.7
58.14 L.6 6.2 13.3
60.8 1.5 Lol 10.3
60.6 2.8 6.5 11.0
58.5 2.3 6.3 10.4
60.0 2.0 5.8 10.4 .
59.8 3.3 5.6 10.4
58,1 3.3 5.7 9.3
58.3 3.2 . 5.8 9.7
63.1 2.3 7.0 12.2
6l,.6 1.6 5.9 14.0




Sample

MC1-18
ME1-182
MG1-19
ME1-20
MC1-21

MC1-22

Al

MC1-228

MC1-23
MC1-24
MC1-25
MC1-26
MC1-27
MC1-28
MCl-zé
MC1-30
MC1-31
MC1-31%
HC1-32

MC1-322

%0
Wz

83.0
90.4
86.8
89.6
89.5
9L.k
9.9
82.3
91.6
8li..6
8h.6
88.0
89.8
86.7
83.8
82.2

8805

. 8L.4

85.9

-78-

TABLE IX (Cont'd)

58,0 3.7

¥ % H0 Pl
57.2 3.3 7.8
59.4 0.8 7.0
574 1.7 7.2
60. 4 1.0 6.6
59.5 1.5 7.4
59.6 1.6 7.3
57.8 0.7 6.7
Sh. L 8.6
62.3 1.6 7.8
60.7 2.1 7.6
58,7 3.4 6.7
59.0 3.2 6.8
60.8 3.0 5.8
59.1 2.6 5.9
55.3 4.1 6.1
59.1 .8 7.0
€0.6 3.4 6.3
58.0 3.7 6.2
6.0

Densit

gm/in
'.' ‘8014-‘

11.3
10.6
12.6
12.4
10.0
12.8
7.6
11.3
9.4
11.8
13.4
13.8
11.8
12.7
12.0
12.9
8.3
4.1
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TABLE IX (Cont'd)

' Sample % 0, as % Mn % Ho0 pH Density
¥n0p . L - gn/in’ .

HC1-33 8l,.6 58.2 5.8 6 10.7
MC1-332 91.9 60,0 3.2 6. | 13.4
MC1~34 2.2 58.0 3.4 6al 12;3
MC1-35 83.0 57.8 3.5 5.7 10.7
MC1-36 8L.6 56.6 5.1 5;6 12.9
MC1-37 75.0 561 6.4, 6.1 12.9
MC1-38 . 82.0 57.3 6.0 7.0 i0.0
MC1-382 85.0 57.8 L3 6.7 12.7
CR-I-1 90.8 619 2.5 6.1 13.4
CR<II,III-1® 91.1 61.6 3.2 5.9 15.6
CR-IV-12 9.6 59.8 2.6 5.9 15.5
CR-V-12 896 594k 2,3 6.1 16.6
CR-V=22 89.2 59,7 3.6 5.1 14.6
CR-V-32 79.9 56.3 L3 63 1h5
CR-VI-12 85.5 57,1 2.9 6.2 145
CR-VI-22 86.5 58.8 3.0 6.0 13.9
CR-VII 88.2 . 60.1 1.2 8.0 10.1
CR-VIII-1 . 78.1 5.0 64l l6,1_ 13.0

PR-T~1% 89.3 58.9 . 2.9 . 6.0 12,0




Sample

PR-IT-1
PR-II-2
PR-IT-3
PR-ITI-1
PR-ITI-2
PR-ITI-3
PR-V=2

PR-VI-1

%Qz as

_Mn0,

91.6°
91.6
91,6
89.0
89.0
89.0
89.6
84.8

=80~

TABLE IX (Cont'd)

% Mn % H,0 pH
6.7 1.9 6
58.7 1.9 6.1
58.7 1.9 6.1
60.9 2.8 6.
60.9 2.8 6.k -
60.9 2.8 6.l
59.8 L.k 6.0
56,6 2.4 6.2

Densit§
gm/in- .

' 9i1
11,3
15.4
10.3
llnB
1.2
14.3

13.7




Saniplé Bobbin Wt
grams
MC1-1 9.4
Me1-i2 9.6
MC1-2 9.7
MC1-3 9.5
MC1-4 9.1
MC1-5 9.3
MC1-6 9k
ME1=7 9.2
wel-d 8.9
MG 1-82 9.1
M01=9 9.4
MC1-10 9.8
MCci-~11 10.4
Mel-12 9.8
MC1-13 9.9
MC1-1) 9.5
MCi-15 9.0
Mci-16 9.8

MCi-17 9.9

TABLE X

=8]=

DRAIN TEST DATA

High Drain

(5 day

2.5
.5
5.6
6.5
7.2
7.6
5.5
L.k
2.
5.6
5,6
5.2
Lo2
2.9
5.3
ko3
7.8
6.0

6.2

test) hrs

Léw.Draiﬂ
8l
153
117
iis
133
140
129
118
65
129
78
119
106
91
123
106
129
122

123

Low Drain
(3=month
test) hrs
8l
128
104,
109
119
104
112
12

14

60
105
52
68
108
94
109
13
123




-

TABLE X (Cont'd)

Sample Bobbin Wt High Drain Low Drain Low Drain

. grams (5 day (5 day (3-month

o test) hrs. 4est) hrs - test) hrs
ug1-18 8.6 0.0 6 0
Mol-l8a 9.7 u;u 134 78
MC1-19 9k | 5.2 116 58
MG1~20 11.1 40 . 139 L5
MC1-21 9.9 © 3. 134 - 49
MC1-22 - 8.8 3.7 121 100
MG1-222 9.8 EX | 152 19
- MC1-23 7.9 0.0 6 0
MC1-2L 9.9 4.0 ‘ 88 N
MC1-25 8.8 1.0 100 97
Me1-26 9.0' : 6.6 140 108
MG1-27 8.9 6.b 14k 108
MC1~28 9.3 7.2 137 133
MC1-29 8.9 r 8;6 120 109
MC1-30 9.3 6.9 126 106
MC1-31 8.9 6.7 .15 85
MC1-31% 9.9 6.8 ' 109 110
MG1-32 8.3 1.5 . 99 48

MG1-322 9.6 7.0 133 ' —
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TABLE X (Cont'd)

Sample Bobbin Wb High Drain Low Drain Low Drain

grams (5 day (5 day (3-month
: test) hrs test) hrs test) hrs
MC1-33 8.8 L7 114 106
MC1-332 9.2 69 139 —
MC1-34 9.0 7.3 . 112 " 98
MC1-35 8.9 8.9 111 _ 72
MC1~36 9.0 8.0 125 - 98
Mcl;37 8.8 boly 111 81
MC1-38 8.7 6.5 113 75
MC1-388 9.6 6.2 134 75
CR-I-1 9.6 6.6 134 | 11,
CR-II,ITI-1* 9.9 7.4 - 150 112
CR-IV-12 9.7 7.6 143 106 -
CR-V-12 9.7 - 1.0 , 140 69
CR-V-22 9.7 : 6.7 149 77
CR~V-32 9.4 5.8 128 87
CR-VI-1% 9.8 ' Taly 146 119
CR-VI-22 9.5 6.6 | 134 106
GR-VITI-1 9.5 6.2 0 0

PR-I-12 9.1 7.5 127 116




Sample

"PR-IT-1
PR-II-2
PR-II-3
PR-TII-1
PR-III-2
© PR-III-3
PR-V=2

PR-VI-1

Bobbin Wt

grams
8.9
9.3
9.8
9;1
9.1

10.0

9ely

TABLE X (Cont'd)

High Drain
(5 day

test} hrs
6.0

5.5
7.0
2.8
7.3
8.8
5.2

7.0

Tow Drain

(5 day
test} hrs

92
112
12

95
113
126
140

134

Low Drain
(3-month

test) hrs

115
103
8L
93




Sample
MC1l-1

Mcl-12

MC1-2

MC1-3

MC1-L

‘MC1-5

MC1-6

~85~
TABLE. XI
METHODS OF . PREPARATION OF . SAMPLES ..

. Preparation

A solution of 310 grams of NaOH in 3 liters water was
chlorinated and a solution of 308 grams C.P. MnS0)-H,0

in .6 liters of water added dropwise over & 5 hour period.
The average reaction temperature was 29°C and the total
reaction time was 22 hours.

Eighty grams of MCl-1 was acid leached with 27 ml of con-
centrated HC1l in one liter of water at 85°C for two hours.

A solution of 338 grams of C.P. MnSO, ‘H,0 in three liters
of water was reacted with 160 grams éf aOH dissolved in

«5 liter of water to form two mols of Mn(OH), in 3.5 liters
of solution. The resulting slurry was chlorinated for 24
hours at 25°C to a final pH of 1.8. The reaction mixture
was then heated to 65°C for two hours.

A solution of 338 grams of C.P. Mn30, *H,0 in three liters
of water was reacted with 160 grams A flaoH dissolved in
s5 liter of water to form two mols of Mn(OH), in 315
liters of solution., The resulting slurry was chlorinated
for 24 hours at 25°C to a final pH of 1.8. The reaction
mixture was then heated to 65°C for two hours.

A solution of 338 grams of G.P. MnSO, *H,0 in 5.5 liters
of water was reacted with 160 grams of NaOH dissolved in
.5 liter of water to form two mols of Mn(OH), in 6 liters
of solution. The resulting slurry was chlorinated for 24
hours at 0°C to a final pH of 1.8. The reaction mixture
was then heated to 65°C for two hours.

A solution of 338 grams of. C.P. MnSO, -H50 in three liters
of water was reacted with 160 grams of NaOH dissolved in
.5 liter of water to form two mols of Mh(OH)2 in 3.5
liters of solution., The resulting slurry was chlorinated
for 2l hours at 2°C to a final pH of 1.8. The reaction

-mixture was then heated to 65°C for two hours.

A solution of 338 grams of C.P. MnSO, ‘H,0 in three liters
of water was reacted. with 160 grams of NaOH dissolved in

.5 liter of water to form two mols of Mn(OH), in 3.5 liters
of solution. The resulting slurry was chlorinated for 24
hours at 20°C to a final pH of 1.8. The reaction mixture
was then heated to 65°C for two hours.




MC1-8
MC1-g2

MC1-9

MC1-10

- MC1-11

MC1-12
MC1-13

MCl-14

w836
TABLE XI. (Cont'd)

Preparation: .

A solution of 338 grams of C.P. MnSQ, °H,0 in three liters
of water was reacted with 320 grams of NaOH dissolved in

+5 liter of water to form two mols of Ma(OH), in 3.5 liters

of 'solution. The resulting slurry was chlorinated for 2i
hours at 5°C to a final pH of 1.8. The reaction mixture

" was then heated to 65°C for two hours,

A duplicate of MCl-6, einept that the manganese sulfate -
was of the composition of MS-l4, Table XII.

Forty-two grams of MCl-8 was leached with 100 ml of 100
gram per liter HpS0) for two hours at 95°C.

A duplicate of MCl-8. The average reaction temperature
was 27°6C.

" Two mols of C.P. MnSO, dissolved in 2 liters water was

reacted with 160 grams of NaOH in one liter of .solution.
The gesulting Mh(OH)z slurry was chlorinated for 24 hours
at 3YC, ' ‘

\

The reaction effluent of MC1-10 was reacted with suffic-

ient NaOH to bring the pH to 10. The resulting Mn(OH),
slurry was chlorinated for 48 hours at 0°C. ~

Four mols of MnSO, in J liters of water was reacted with
eight mols of NaOﬁ in 2 liters of water. The resulting

.Mn(OH)2 slurry was chlorinated for 24 hours at 20°C.

The reaction effluent of MC1-12 was reacted with 160 grams
of NaCH in .5 liters of water. The'resulting Mh(OH)2
slurry was chlorinated for 24 hours at 2000, -

Four mols of Mhsohvin‘h liters of water was reacted with
eight mols of NaOH in 2 liters of water. The resulting
Ma(OH), slurry was chlorinated for 2) hours at 20°C. One
hundred sixby-grams of NaOH in .5-liter of water was added
to precipitate the manganese as Mn(OH),. The résulting
MnO,>Mn(OH),, slurry was chlorinated for 24 hours at 20°C.,
The procedure was repeated with 80 grams of NaOH in 250
liter of water and the slurry agsin chlorinated for 24

iy

hours at 20°¢;




Sample

MC1-15

MC1-16

MC1-17

MC1-18

MC1l-182

MC1-19

MC1-20

-87~
TABLE XI (Cont'd)

Preparation
A duplicate of MC1l-12, éxcept that the product was ball

milled instead of mortar ground.

Three liters of a solution containing 2 mols MnSO, was
chlorinated at an average temperature of 23°C., A caustic
solution consisting of 320 grams NaOH in 3 liters Ho0 was
added slowly to maintain a constant pH of 6.5 to 7.0,
Total chlorination time was 28 hours, although the re-
action was run over a 5-day time interval.

Three liters of solution containing 2 mols MnSO) was
chlorinated at an average temperature of 27°C. A caustic
solution consisting of 320 grams NaOH in 3 liters H-O was
added slowly to maintain a constant pH of 6.8 to 7.0.
Total chlorination time was about 20 hours although the
reaction was run over a 5-day interval. All but 330
grams of the NaOH solution was added.

Three liters of a solution containingfé mols MnSO, was
chlorinated at an average temperature of 20°C., A caustic
solution consisting of 320 grams NaCH in 3 liters H20 was
added slowly to maintain a constant pH of 4.0 to 5.0.
Total chlorination time was 35% hours although the re-
action was run over a 7i-day time interval,

One hundred grams of Mle9 was leached with 120 ml of 95
gram per liter stoh for two hours at 95°C.

One and one-half liters of solution containing one mol
C.P. MnSO, was chlorinated at a rate of two liters per
hour and at an average temperature of 25°C. A caustic
solution consisting of 144 grams NaOH in 1,3 liters H,0
was added slowly to maintain the pH in the range 4.0 to

5.0, Total reaction time was 16.8 hours.

A solution containing 480 grams of NaOH in four liters of
water was chlorinated until the molar composition was
2NaOH:1NaOCl:1NaCl., One half of this solution was added
dropwise to 1.5 liters of solution containing 338 grams
of C.P, MnS50, “H,0 over a three-hour period. Total re-
action time was. eight hours and the average temperature
was 27°C, - ,




MC1=22
MC1~228
MC 123

MCL-21,

MC1-25

MC1-26

ME1-27

MC1-28

MC1-29

TABLE XI (Centid)

Iy
~ oo

‘Preparation

The procedure of MC1-20 was used eXcept the ratio of
caustie t0 mangarniése was inéreased. Five hindred and
twenty grams of NaOH in four liters of witer was chleri
rated to & NaOH:NaOCl:NaCl ratie of 2:1:1; and ohe half
of this oxidant was used &5 in MC1-20.

The procediirs of MCl=2l was followed excéept that the
NaOH used was 600 grams in four 1iters.

Oné hundred grams of MG1=22 wWas asid leashed with 100

ml of 100 gram per liter stoh;

The procédute of MCI=2l was Fellowsd except that bhe
NaOH used was 640 grams in i liters of water.

Thé procediire of MCl=21 was followed except that the
NaOH used was 280 grams 1n 2 liters of water. The reac-
tion temperatire was 90=95 %¢ and bhe fingl pH was 4.5,

The procedure of MC1-2) was followed except the reaction
témperatite was 7°C and the final pH wWas Ls0. -

Two mols of C.P, MnSO, in 2 liters of water was reacted
with four mols of NaOﬁ in 1.5 liters of waters; The
resultlng Mn(OH)2 slurdy was placed in a mechanlcally
agitated fi=liter suction flask. The flask was sealed;
evacudted; and chlorirne admitted at 5 psig. The reactlon
tlme was 3 7 hours and the average temperature wag 25°C,

The proéédure of MG1-26 was followed éxcept that the

.¢hlorihe pressirée was 15 psig and thé reaction time was
1,7 hours:; The time for zero chlorine flow wds 1,2 Lodurss

P

hours°

Two mols of G.B. S0, iv 2 liters of water was reacted

with 5 3/ mols 6f NaéH i L:5 liters of water to form 2
nols of Mn(OH) afd 1 B/A 6l of free.NaOH in 3+5 liters
of slur¥¥. The reéultlng Mh(OH) was chiorinsted iA the
pressire chlorinatien apparatus for 3:5 hours at 259, -




MC1-312

MC1-32

MC1-32%

MC1-33

MC1-332

MC1-34

MC1-35
MC1-36
MC1-37

MC1-38
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TABLE XI (Cont'd)

Preparation

The same procedure of MC1l-29 was followed except that
the amount of NaOH used was 7 mols in 1.5 liters of water.

The same procedure of MC1-30 was used except the amount-of
NaOH used was 7.5 mols in 1.5 liters of water. The aver-
age reaction temperature was 22°C.

Sixty-nine grams of MCl=31 was acid leached with 200 ml
of 100 gram per liter H,S0, at 85°C for 1 hour.

The procedure of MCl-31 was followed except that the
MnSOh was not C.P, but was prepared as in MS-6, Table
XII. '

Fifty grams of MC1l-32 was acid leached with 150 ml of 100
gram per liter H2S80y, at 959C for 1 hour.

A duplicate of MCl-31 except the average temperature was

33°c.

Fifty grams of MC1-33 was acid leached with 150 ml of 100
gram per liter HpSO) at 959C for 1 hour.

“Two mols of technical MnSO, prepared as in MS-6,' Table

XII, was diluted to 2 liters and reacted with 4 mols of
NaOH in 1.5 liters of water. The resulting slurry was
chlorinated at 15 psig for 2.5 hours at an average
temperature of 33°C,

A duplicate of MC1-34 except that the average temperature -

was 23°C.

A Quplicate of MC1-35 except that the source of MhSOh was
MS-5, prepared as in Table XII,

A duplicate of MC1-35 except that the source of MnS0), was
MS-), prepared as in Table XII,

Two mols of C.P., MnSO, in 2 liters of water was reacted
with 7.5 mols of NaQOH in 1.5 liters of water. The result-
ing M’n(OH)2 slurry was chilorinated at .15 psig for 2.5
hours. The average temperature was 29°C.




Sample
MC1l-388

CR-I-1

CR-II, III-1a

CR-IV

CR-IV-12
CR-V
CR-V-12

CR-V-22

CR-V-32
CR-VI-1

CR-VI-12

-90-
Table XI (Cont'd)

Preparation.

Ninety grams of MC1-38 was acid leached with 200 ml of
100 gram per liter HpSO, at 95°C for 1 hour.

Continuous counter current chlorination of Mn(OH), was
carried out in an 8 foot, 2 inch I.D. glass reactor shown
schematically in Figure 11. The Mh(OH)z feed was prepared
by reacting 2 mols of C.P. MaSO; with 4 mols of NaCH to
form 2 mols of Ma(OH), in 4 liters of slurry. The aver-
age teémperature was 2%00, and the conversion of manganese
in the feed was 55%. :

The same procedure as CR-I was followed except for the
contact time, which was 1 hour. Mn(OH), contaminated
these products due to foaming in the reaction section.
The products of both runs were combined and acid leached
with 100 gram per liter HSO; at 85°C for 1 hour.

The procedure of CR-I was followed. The feed was pre-
pared by reacting 4 mols of C.P. MnS0; with 14 mols of
NaOH to form 8 liters of Mn(OH), slurry. The contact
time was 1.7 hours, the average temperature was 35°C
and the conversion was 95%.

One hundred grams of the product from this reaction was
acid leached with 100 gram per liter HpS0j at 959C for
1 hour.

A duplicate of CR-IV except the contact time was 1 hour.

A 100 gram sample of CR-V was acid leached with 100 gram

per liter HpS80, at 95°C for 1 hour.

A duplicate of CR-V-12,

A duplicate of CR-V-12 except that the leach temperature
was 33°C.

A duplicate of CR-IV except that the contact time was
.5 hours., '

A duplicate of CR-V-12,




CR-VI-28

- CR-VII
CR-VIII-1

PR-I

PR-I-12

PR-II

PR-II-1

PR-II-2
PR-II-3

PR-III
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Pregafation'
A dupllcate of CR-VI-1 except the NaOH was inereased.

Four mols of C.P. MnSO was reacted with 15 mols of NaOH
to form 4 mols of Mh(Oﬁ)z and 7 mols of free NaOH in 8

" liters of slurry. The slurry was treated as in CR-VI-1,

A.duplicate of CR—V—-la°

A duplicate of CR—VI-Z except’ that the contact time was
1 hour.

A duplicate of CR-I except that the MhSOh used was pre-
pared as in MS—6 Table XII.

100 pounds of MnSO, prepared as in MS-7, Table XII, was
diluted to 10% MnS and reacted with 28 pounds of NaOH
to form 45 gallons of Mn(OH), slurry. The slurry was
chlorinated until the pH reached‘B.O at an average temp-
erature of 339C,

. The product of PR-I-was acid leached with 100 gram per

liter HpS0, at 80°C for three hours.

The procedure of PR-I was followed except the quantities
were all doubled, and the manganese sulfate was purified
of iron according to the procedure outlined in Table XII,
MS-8. The product was acid leached with 100 gram per
liter HpSO) at 80-90°C for three hours.

The product of PR-II was ground in a ball mill for two
hours. A portion was screened ~100 mesh and designated
PR-II-1.

The same procedure as PR-II-1 was followed except that
the grinding was continued for an additional two hours.

The same procedure as PR-II-2 except the grinding was
continued for an additional two hours. .

Six hundred pounds of 10% MnSO; prepared as in Table’XiIg
MS-8,, was reacted with 32 pounés of NaOH to yield 90 gal-
lons of Mn(OH), slurry. The slurry was chlorinated for

12 .hours until the pH reached 2.5. The product was acid

leached with 50 gram per liter HpS0) for 2 hours at 80-90°C.
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Sample. Preparation.

PR~-III~1 The grinding procedure used in PR-II-1l was duplicated.
PR-III-2 The grindiné procedure used in PR-II-2 was duplicated.
PR-ITI-3 . The grindiné procedure used in PR-IT-3 was duplicated.
PR-IV . The same procedure used in PR-I was followed except that

. the MnS0; was C.P. grade and thé quantities were reduced
by half. The product was acid leached with 100 gram per
liter HpS0, for 2.5 hours at 85-90°C.

PR-V Six hundred pounds of 10% MnSO, prepared as in Table XII,
M5-9, was reacted with 56 pounds of NaOH to give 90 gal-
lons of Mn(OH), slurry. The slurry was chlorinated for
14 hours to a pH of 4. The product was acid leached
with 50 gram per liter H5S80) for 2 hours at 80-90°C.

Due to excessive Mn(OH), contamination, two successive
~ leaches with 5 gram per liter acid were necessary for
the pH of the leach solution to remain less than 2,

PR-V-2 A five pound portion of PRV was ball milled for six
hours and screened =100 mesh,

PR~-VI-1 Seven hundred fifty pounds of 10% MnSO, prepared as in
Table XII, MS-8, was reacted with 70 pounds of NaOH to
give 115 gallons of Man(OH)., slurry. The slurry was
chlorinated for 10 hours until the pH reached 3.5. The
produ¢t was acid leached with 100 gram per liter HQSOh
for 1 hour at 90°C.
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MANGANESE SULFATE  PREPARATION

A lead fume by-product from'ﬁanganese, Incorporated which assayed -
at 28%.Mn, 26% Pb, 32% H,0 was contacted with 66° Be HpS0), in the weight
rati§ 100:35. The acidic mixture was ﬁeated with intermittent stirring
for thirty minutes over a temperature range of 60-100°C, The solution
was cooled and diluted with water to yield.an acidic solution containing
. ¥n, Fe, A1; Mg, Cu, Ca, and some colloidal Si0,. The free acid was |
neutralized with lime and solutions with a pH of 3 - 5 were obtained.

Typical solution compositions were as follows:

Sample. Mn(g/1) Fe(g/1) Culg/1) pH
. MS-1 36 " .8 ) 1.

MS-2 39 b .l 3.6
MS-3 37 .3 .15 4.2
MS-4 67 .7 .26 L.3
MS-5 69 .8 .02 5.7
- MS-6 68 02 02 L.3
MS-7 228 1.1 — L.b
MS-8 7h 2 - Lo5
M¥S-9 7L o2 ) - 5.9

Manganese sulfate made from the lead fume is reported above as MS-1 through
M8-6, inclusively.

The manganese sulfate of MS~7.and -8 was prepared from MhCO3 obtained
from Manganese Chemicals Corporation of Riverton, Minnesota. The MncoB
wWas prepared by the ammonium carbonate process and contains ammonium
carbonate as a major impurity although iron is also present. This MhCOB

contains 46% mangenese. The manganese was.dissolved by adding stoichio-.

metric amounts of stoh to the slurried M'nCOB° No purification of MS-7
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was attempted and when the concentrated solution was diluted to 10% for
use in reaction PR-1, Fe(OH)B precipitated, but was not removed. MS-9
was a duplication of MS&? except that CaGOB was added and air sparged in
to complete precipitation of iron; The purified ManSO), solution was
filtered through a plate and frame press with Filteraid precoated dacron
cloths. The MhSOh of MS-9 was prepared by dissolving technical grade
¥nS0, obtained from the Carus Chemical Com,pany° This M"nS(')hr assayed 81%’

MnS0;, with about 10% (NHA)2SOA as the major impurity.
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SPECTROGRAPHIC ANALYSIS OF MhSOh

Impure MhSOA PufifiediMhSOA
Component, MS-6 % . -5 %
Alunminum 1 0.1
Magnesium 1 1
Silieon 0.5 0.5
Sodium 0.5 0.5
Calcium 0.1 0.1
Potassium 0.1 0.1 .
Iron 0.05 0.1
Copper 0.01 0.001
Nickel 0,001 0,001
Titanium 0.001 0.001
Chromium None found None found
Cobalt None found None found
Barium None found None found
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ECONOMIC SURVEY .OF MANGANESE DIOXIDE PLANT
PLANT €OST )

Item NO. & CAPACITY

200 tons
50 tons/day

Outside storage

Ball mill . 50 tons/day
Fine ore bin ' 350 tons
Leach tanks & accessories . - 15,000 gal.
Thickeners - 00 x 7

- 10,000 gal.
x 40,000 gal.
x 20,000 gal.
800 f£t2
x 60,000 gal,
x 20,000 gal.
x 10,000 gal.
x 10,000 gal.
x 1,000 gal.
1 x 2,000 gal.
3 x 24 x- 107
800" ££°
1 x 20,000 gal.
Combination unit

Cu removal tank

Fe containing MhSOh storage tank
Fe removal tank

Oliver vacuum rotary filter
Purified MhSOh storage
Mn(OH) tank

50% NaOH syn.

50% NaOH storage
Chlorinator-

Cl, storage

Product thickeners

Oliver vacuum rotary filter
Product storage tank

Dryer grind size

H WD

H D

Package & storage 20,000#/day
Sulfuric acid (98%) storage 2,000 gal.
Pumps 17
Instruments

TOTAL . % o o o o o o o

Total equipment
Transmission equipment (10%)
Piping (%) and wiring (5%)
Special piping (15%)

' Installation of equipment- (21%)

Freight on machinery at. (5%)
Engineering 10% total
Building
General expense (50%)
TOTAL PLANT . . . . &
Operatlng Capltal (total daily raw materlals and
fixed costs x 100 days)
TOTAL CAPITAL REQUIREMENT . . .

EST. PRICE -$-

1,000
2,800
3,000
1,000
6,000
44,000
1,000
2,000
1,200
40,000
5,600
2,200
2,000
2,000
14,700
2,000
10,500
~ 50,000
2,200
25,000
6,000
2,400
3,400
10,000

$200,800

~ $200,000

20,000
18,000
30,000
42,000
10,000
1,5 ,000
25,000

100,000
- $490,000

1,05 ,000
. - $895,000
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Income: 20,000# MnO, at $0.30/#
Daily Reagent Costs: |

Mn: based on product assay of 60% Mn,
12,000# at $.04L5/# -
HpS0, = 120% of theoretical to make MnSO),
26,200# at $.025/#
NaOH: 92% of theoretical,
- 32,100# at $.041/#
Cly: 100% of theoretical based on product assay of
92% MnOs, 15,000# at $.0L7/#
CaCOg:  6,000% at $.01/#

TOTAL RAW MATERIALS . . . .- § 3,280

Daily Fixed Costss

Freight on product and selling expense at $.01/# product
Insurance and property taxes at 5%

Depreciation at 20% per year
Payroll - 18 people

Payroll taxes at 2%
Maintenance

Heat and power :
' TOTAL FIXED COSTS

Sum of déily raw}materials and fixed costs
Daily Net Béforée Taxes:
$6,000 - $h;500

Taxes at 52%
' - Daily net after taxes

Yearly net after taxes
(350 operating days/yr)

Return on Investment:

252,000 x 100 = 28%
895,000

$ 6,000

B 545

655
1,315

705
&0

$ 200
70

280

360

10

50

250

$ 1,220
$ 4,500
$ 1,500
780

$ 720
$252,000




-98—
Table XV
EXCERPTS - SCL-3117-D SPECIFICATION

3.3 Chemical .Composition.. fhe synthetic manganese dioxide shall
show, on analyses as described in 4.3, the following chemical compesition:

Available oxygen as % -MnO, : 85% min.
Total manganese as % Mn 58% min.,
Absorbed moisture as % Hy0 3% max.
Iron as % Fe (soluble HCI) ) 0.3% max.
Silicon as % Si0, ' . 0.5% max.,
Total alkali and alkaline Earth Metals 1.0% max,
Total Heavy Metals:(other than Fe, Pb) 0.3% max.
Lead as % Pb . 0.2% max.
pH ll-ao - 800

\

3.3.1 The synthetic manganese dioxide shall have an épparent density .

betweéen 20-30 grams per cubic inch.

3.4 Particle Size. The synthetic manganese dioxide shall be of
such size that at least 65 ﬁercent of the material shall pass through a
U. S. Standard Sieve #200 (see 4.2) and at least 90 percent through a
U. S, Standard Sieve #100. S
I

3.5 Crystalline Phase.. When the crystallographic¢ and micro-struc-
tural analyses of the synthetic manganese dioxide are made as described
in L.L4, there shall be evidence of a predominance of the imperfectly
crystallized phase known as gamma MnO,.

3.5.1 Particle Morphology. When examined in the micron and sub-
micron size range, at direct magnification from 5,000 to 20,000 diameters,
the particle shall present irregular shapes with ne evidence of cleavage,
i.e., with non-rectilinear profiles having powdery or nebulous rather
than sharp, well-definited. edges.

3.5,2 X-Ray Diffraction Pattern. The X-ray diffraction pattern
shall be characterized by the diffuse-line pattern of gamma MnOp. For
the purpose of this specification, the significant lines (d) of gamma
MnO, and their respective relative intensities (I) for iron radiation
* are as followss
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o
1

4..00 5
R.45 7
2.14 7
L:65 10
1.40 5
1.06 3

3.6 Capacity. When discharged as described in 4.6, the minimum
allowable average capacity for "A" size cells, fabricated as described
in 4.5.1, shall be as follows: '

a, High Drain Test . . . . . . . . . 5.50 hours
b. Low Drain Test . . . . . . . . 130 hours

L.3.8 Determination.of.pH...A sample of dried ore {approx. 1 gram)
is accurately weighed into a 250 ml. Erlenmeyer flask and exactly 100 times
the weight. of distilled water is added. The outside wall of the flask is
then marked at this level., The contents of the flask are boiled actively
for 15 minutes, the water lost by evaporation is replaced and the mixture
is again brought to boiling. The flasks are fitted with tubes containing
ascarite and cooled to room temperature in a water bath. The contents
are transferred to a suitable beaker and the pH is then deteérmined on the
slurry be means of a pH meter after stirring the mixture to obtain a uni-
form suspension.

4.3.9 -Determination of Apparent Density. A Scott volumeter is used
for this determination. The original sample of manganese dioxide is quar-
tered several times but not ground or dried. The resulting material is
poured from a L-0z. bottle into the brass funnel which directs the manga-
nese dioxide into a baffle box containing glass plates. These glass plates
regulate the fall of the manganese dioxide. 4 funnel at the bottom directs
the material into a one-inch brass cube. Fnough material is used so that
" the cube is filled just to overflowing. A flat steel edge is used to

level the material at the top of the one-inch cube and to remove any ex-
cess without packing the manganese dioxide. Theée material plus the cube

is weighed and the weight of the empty cube is subtracted fiom. the total
"weight. The resulting value is reported as the apparenb:dens1ty i grams
per cubic inch. '

they !

L.3.10 Analyses for Alkali, Alkaline Farth,.Heavy. Metals (other
than iron and lead). Analyses for impurities shall be performed by
spectrographic methods. Chemical compos1t10n is determined semi-quanti-

tatively by emission spectroscopy in the visible and ‘wltra-violet. The
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samples are burned to completion in a d-c arc and the resultant spectrum
is photographed. A specially selected spectrum line of each of the various
constituent elements is measured for intensity and compared with the in-
tensity of the manganese internal standard line.. These data are used

with previously established working curves to determine the percentages

of elements present. '

L. Crystallographie. and. Micro-Structural .Analyses..’

L.h.1l Electron Microscopy. The samples shall be prepared for exami-
nation in the electron microscope as follows: Approximately 0.2 gram of
the sample, in fine powder form, is moistened with 4 to 6 drops of butyl
acetate (reagent grade) on a flat glass plate, and slurried for approxi-
mately 3 minutes under the blade of a stainless steel spatula at moderate
pressure. The sample is then mixed with 2 drops of a 2 percent solution
of parlodion in butyl acetate, slurried for complete dispersion, and cast
on clean distilled water. A portion of the film thus formed is selected
and mounted in the microscope by the usual techniques. Photographs shall
be taken of five representative fields.

Loy Electron Diffraction. Electron diffraction patterns are
obtained by the transmission method on dense samples supported on the
parlodion filmj the film is prepared as previously described in L.4.l.

hoho3 X-Ray Diffraction. X-Ray diffraction patterns are obtained
by the usual techniques,-using either a Debye powder camera or a Geiger
counter X-Ray spectrometer. The use of filtered FeK alpha radiation in
a Debye powder camera having a dispersion of 1 degree of 20 mm of film
is recommended, with an exposure of 6 to 12 hours in order to bring out
the gamma MhO2 pattern.

Lho.5.1 Construction. "A" size dry cells shall be cbnstructed as
follows in accordance with existing standard cell assembly technidues.

(a) ‘The following dry mix formulation shall be used:
80% MnO
8% Car%on Black
12% WH,C1

' (b) The dry mix is ball-milled for 20 minutes in a
1.25 gallon porcelain jar to assure uniformity.

(¢) The following wetting solution shall be used:




(a)

(e)

(£)

(g)

(h)
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5.8% NH,Cl
8.6% ML,
85.6% Ho0

Between 65 and 125 ml of wetting solution shall be
uniformly mixed with 500 grams of dry mix in order
to insure proper tamping consistency.

The A" cell bobbin shall have the following dimensionss

Height . o . . . . . 1.375.inches
Diameter . . . . . . 0,492 inches S

The "AM cell bobbin shall weigh between 9.5 and 10,5
grams when made as previously described.

Each bobbin shall be hand wrapped in battery cloth
and tied with cotton thread. .

The following paste formulation shall be used:

(1) Solutions: 23.7% NH,C1 -
- 22,3% ZnCl,
0.1% Hgll,

(2) Starch and Flour Mixbures 7h.7% cornstarch

25,3% flour

(3) Cold Setting Paste: 50 ml of solution of 10,7
grams of flour and starch mixture.

(4) Quantity used: Approximately 2.5 ml of cold
setting paste per cell.

4.5.2 Cell. Aging.Period. Fabricated cells shall undergo a 10=day

stand ‘period at 709F and 50% R. H. prior to being screened and assigned
for capacity tests. Cell screening consists of measuring open circuit
voltage and flash current of each cell, Cells within + 0.0l volts of the
average voltage and within + 0.5 ampere of the average current value are
acceptable for test purposes. (The above limits are tentatively set).

hob 4Caﬁacity Tests.

/
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heb,1 Fifteen (15) each dry célls, size "AM", prepared as descrlbed
in 4.5.1, shall be used for each of the initial capacity tests *1 as fol-~

lowss.
Low Diain
(1) Type of Discharge continuous
(2) Discharge Resistance 166-2/3 ohms
(3) Test End Voltage 1.13 volts
(4) Discharge Temperature 70F (50% R.H.)

High Drain

continuous
16-2/3 ohms
1.0 volt

70F (50% R.H.)

*]1 - Inasmuch as an evaluation of each sample is required in not
more than 1 month's time, the evaluation must of necessity be based
upon initial capacity tests only. However, in order to prove each
evaluation; sufficient dry cells are made from each sample, as
previously described in 4.5.1 and 4.6.1, and set aside for delayed
capacity tests after storage periods of 3, 6, 12, 18 and 24 months
at a temperature of 70 F. 1t is also de51red to have a capacity
maintenance of 85% after a storage period of 1 year at a tempera-

ture of +70°F and 50% R. H.
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NATURAL AND SYNTHETIC -MANGANESE DIOXIDE BLENDS

Blend S Drain Tests
Type % Type . Code . % '~ High .~ hrs low - hrs
Gold Coast | 100 Chemical PR-I-la O L2 82
n " 95 n » n‘ 5 Lo5 82
3] 1] 90 " n 10 l+ o 5 91
" L 80 g " 20 5.3 101
i " 60 on 1 4O 5,7 124
" n 40 " " 60 6.0 128
n " 20 " " 80 6.2 134
n il O 1] 1] loo 7 R 5 127
gl n# 100 Electrolytic
. PR-841(4) O Loy a8
] 136 : 50 n ] t 50 6 .1 105
7.0 138

1 n3 0 " oo 100

* Lot No. P-49-112
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