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Abstract:
A study of the battery activity of the manganese dioxide produced by the oxidation of manganese
sulfate by potassium permanganate is presented.

It was the purpose of this work to produce a manganese dioxide from this reaction that would ipeet
drain specifications and to investigate the commercial possibilities of the reaction, A discussion of the
sample preparation and performance of the- manganese dioxide produced by this synthesis is given.
Chemical analyses,which includes total manganese, available oxygen, moisture content, and pH,are
tabulated for each manganese dioxide sample as are apparent density, bobbin weight and initial drain
test performance, A cost analysis of a proposed ten ton per day plant to produce manganese dioxide by
the above synthesis is included.

Heat treating of the manganese dioxide made by the above reaction will produce a manganese dioxide
that will meet low drain specifications, A suggested method of preparation of a sample by the above
procedure is; purification of a technical grade manganese sulfate by the addition of 10 grams of zinc
oxide per 124 grams of manganese sulfate, adjustment of the volume of the manganese sulfate solution
until the concentration is 88.6 grams per liter, addition, at the rate of 26.25 grams per hour per 124
grams manganese sulfate, of potassium permanganate of a concentration of 52.5 grams per liter. The
reaction is to be run at the boiling point. After, washing, filtering and drying the product, it is to be
heated for 6 hours at 220 degrees centigrade.

Material meeting both high drain and low drain specifications was produced from technical grade
manganese sulfate and potassium permanganate. The conditions of a successful reaction were; aeration
of the reaction mixture; the concentration of the manganese sulfate was 0.1 mole per liter; a solution
containing one equivalence, based on one mole of manganese sulfate, per 2 liters of solution was added
to the boiling manganese sulfate at the rate of 26.25 grams per hour per mole of manganese sulfate; the
reaction mixture was held at the boiling point for 3 hours after the final addition of jihe permanganate.

Successful adaptation of this synthesis to a continuous reaction "basis is indicated by the results of this
investigation.
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ABSTRACT

A study of the battery activity of the menganese dioxide produced by
the oxidation of manganese sulfate by potassium permanganate is presented.

It was the purpose of this work to produce a manganese dioxide from
this reaction that would meet drain specifications and to 1nvest1gate the
commercial possibilities of the reaction..

A discussion of the sample preparation and performance of the mangan-
ese dioxide produced by this synthesis is given. Chemical analyses, which
includes total manganese, available oxygen, moisture content, and pH, are
tabulated for:each manganese dioxide sample as are apparent density, bobbin
weight and initial drain test performance.

A cost analysis of a proposed ten ton per day plant to préduce mangan-—
ese dioxide by the above synthesis is included,

Heat treating of the manganese dioxide made by the above reaction will
produce & manganese dioxide that will meet low drain specifications. A sug-
gested method of preparation of a sample by the above procedure is: purifi-
cation of a technical grede manganese sulfate by the addition of 10 grams of
zinc oxide per 124 grams of manganese sulfate, adjustment of the volume of
the manganese sulfate solution until the concentration is 88,6 grams per
liter, addition, at the rate of 26.25 grams per hour per 124 grams mangan-
ese sulfate, of pota551um permanganate of a concentration of 52.5 grams per
liter. The reaction is to be run at the boiling point. After, washing, fil-
tering and drying the product, it is to be heated for ‘6 hours at 220 degrees
centigrede., .

Material meeting both high drain and low drain specifications was pro-
duced from technical grade manganese sulfate and potassium permanganate. The
conditions of & successful reaction were: aeration of the reaction mixture;
the concentration of the manganese sulfate was O.1 mole per liter; a sclution
containing one equivalence, based-on one mole of mangenese sulfate, per 2
liters of solutjon was added to the boiling manganese sulfate at the rate of
26,25 grams per hour per mole of manganese sulfate; the reaction mixture
was held at the boiling p01nt for 3 hours after the final addition of the
permanganate.

Successful adaptation of this synthesis to a continuous reaction ba51s
is indicated by the results of thls 1nvest1gatlono
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INTRODUCTION

The largest consumption of mangenese dioxide is in the mgnufagture
of dry cells, in which it acts as a depolarizing ageht. Natural soﬁrces
of "supply of this materlal are the U.S.S.R., India, Braz1l. and-West
Africa, It is evident thdidunlng a war a transportatlon'problem‘1§ en—
countered iﬁ the supply of this viﬁal material., Because §£ the.laﬁge |
amoupt of mobile electronic equ1pment used by the Army, the demand for
large guantities of dry cells is great during a period of- emergencyo

The Army, through @he Slgnal Corps, has sponsored several re%earch
- programs to produce, in the United States, a manganese dioxidexof'suit- '
able depolarizing properties. The first succeésful process was production
by the electrolysis of a manganous sulfate solution. This process; °

though effective, has the disadvantages of~a-high operational-éost”and
high power consumptions (Power consumption contributes to the hlgh op-
erational cost, but. more 1mportant, the use of power-is critical durlng
war). Since mangenese dioxide may be pre01p1tated by chemlcal reactlons
_the Army Signal Corps instituted a research program-at Montana State
College to find a suitable chemical synthesis. The results of three’years
‘of research have been reported in works-by Berg, et al. (1), Nickelsogp(6),
Devidson (2), Fahlgren (3), Moore (5), Sadogopachari (7), and Kleipfeldes.
(4). :

After the conclusion of the Signal Corps contract; the Engineering




S
Experiment Staﬁion“at Montana State College decided to continue research
in the field. The ultimate object of such research was to be the inte-
gration of a chemical synthesis. within an existing chemical plant. -A
survey of the chemical industry disclosed 'a number of syntheses “that
could possibly be used. .Fﬁrtﬁer study of the more attractive syntheses,
which included‘economic evalﬁations, indicated that one -of thezmost
favorable syntheses ﬁas the production of mangenese dioxide by -the
oxidation of mangaheée.sulfate i; aqueous solutiom by the simultaneous .
réduction of potassiqm pe;manganéte, whereby the manganese contentéof
both compounds'is reqove%ed as baﬁtery active manganeserdioxidgi

The.wofk reported 15 this thésiF includes investigation of ‘methods -
whereby & sPecificatipp ‘material could be produced by this synthesis.
PreVibqs wofk had indi;ated very poor battery perforﬁanée for ﬁatgrial
produced from the aboyef;tarting material, but the very favorable
econoﬁic climate indigaféd that a more thorough inVaétigation*might be -
in ox_'dgrn A few large scale reactions are reported in this work,

S?EQIFICATIONS |

Since the largest merket for dry cells is the military, the.spec—
ifications established by the Afmy Signai-Corps.fdr acceptable synthetic
manganese dioxide”haVE"beenWUSed-ip_the QValuation of the Samplesrprﬁ—
duced in this investigatipnl HThe‘followiﬁg<Specifications are from

Bulletin SCL-3117-D (8) dated"18 March 1952,
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Chemical Composition

Available oxygen as MnOo 85.0% min.
Total manganese as Mp ' 58.,0% min.
Absorbed moisture as Ho0 3.0% max.
Iron as Fe (soluble in HCl) 0.3% max,
Silicon as SiQ s 0.5% max.
Total alkalai and alkallne .
earth metals 1.0% max,
Total heavy metals 0.3% max.
‘{other than Fe, Pb)
Lead.as Pb . 0:2% max.
pH A . 4.0-8

Apparent Dehsitg

" The synthetic manganese dioxide shall have an apparent density be-—
tween 20-30 grams per cubic inch.

Particle Size

Tﬁe.éyythgtic manganese dioxide shall be of such size that af
least 65 per;ent of the maferial shall paés thrqugh'a5U. S. Stapdard
Sieve No, 200 and a£ least 90 percent through a-U.-.S. Standard Sieve No.
100, | a

Crystalline Phase

From crystallographlc and mlcrostructural ‘analyses predomlnanoe of

the imperfectly crystalllzed phase known as gamma manganese dioxide:

+

should be evident.

'Particl% Morpho}ogy
The partiéle shall preSemﬁlirregular shapes with mno evidence of
- cleavage (that is, with nog—rectilinear profiles'having“nebulOUSWrgther
than sharp, Well;definéd edges) when examined at direct magnification

il

from 5,000 to 20,000 diameters.
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X-Ray Diffraction Pattern

| The X-Ray d;ffraction pattern shall be characterized by the diffuse
line pattern of gémma manganese &iégi@e, Significant lines, d, ofjgaﬁma
manganese dioxi@e.and their réggéqtive relative .intensities, I, for*?;on
radiatian ére aé'foilbwéz | o | :

d
4400

Reb5

2.14

1.65 1
1.40 '

1.06

]

WU ©-3~Iwn

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

the seven types of manganqsé dioxidé°

I .

Battery Life

D e
The 8pecifi¢atiops for discharge of standard.A size dry-cells are

H

as follows: . ‘ ; . . T

Low-Drain High-Drain
Type of discharge : continuous continuous
Discharge resistance 166-2/3 ohms 16-2/3 ohms
End voltage e 1,13 volts- ~ 1,00 volts
Temperature , 70°F. 70°F
Relative Humidity - - 50% 50%

Battery Life 130 hours . 5.5 ‘hours
MATERIALS AND METHODS |
EQUIPMENT
The smail reactions were run in standard laboratery glaSS'equ?Pmentp
Those pieces of equipment that have been cdnéidered unigue are descfibed-in

&

a following section: SYNTHESES.. . . > e
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In order to run reactiong, where the volume would be in-excess of

;

the limited sizé of glass beakers, a 20-gallon reaction vessel wasiput
into use., A Hajeg lined tank was mguntedusuffig}ent.distance"abov¢=the
floor to facilltate product femovalo Agitatioﬁ was provided.by:§ 1/3
h.p. motor béitgd to a §haft and bearing mount located over thé center of
the tank. A 6;inch wooéen impeller and 3/4~-inch wooden driving shaft
were cogplédfﬂblihe shaft in the bearing mount. The reaction mixture
was heatgd“gg éfstgam sparger. The product was removed either By
siphoning_of throggh a bottom bung.

. .Because the reactions were rum at the boiling point, a copdenser
was provided to remove éffluent steam. The condenser was construéted of
10-inch galvanized iron furnace pipe. A section of 10-inch pipe rose
directly above the tank té an elbow which contained a blower, which“dis—
charged into 6 feet of 7-inch galvanized iron pibe° The 7—inc£‘pip§ led
downward to a floor drain. The downcoming pipe WaS'pagked with‘lZ"igches
of Rashig rings and was cooled by two internal water Spr’ays° “

Because the'quantity of product that was made in the above reaction
_vessel was larger than ordinary'laboratory—size filters*could'handlé, a
large suction-type filter was constructed. The filter was made by. re-
moving a square portion of the top of a 30-gallon oil drum. The~ remeved
portion of the drum was replaced with:a piece of filter clophﬁheld.in
place by bolted wooden cleats. The bottém of tﬁe drum was fitted with a

drain valve. A hole was cut in the side of the drum 12. inches from’the~

top. A piece of 1/2 inch pipe was brazed in this hole and was connected
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to a Nash "Hytor" vacuum pump. In 6peration, a slurry is poured on: the
cloth and is filtered by.vacuuma S . -;
Reagents |

Since the goal of this investigation was to develop-a process that
could be integrated in a commereial plant; bothC. P. grade and TecH;
grade chemicals-were-used., Thée C:;P, grade chemicals were used wﬁere it
was desired to produce an oxide of high purity for battery evaluation.

The Tech. grade chemicals Were‘u_se'd where it was desired to dete{mine
the effect of the impurities om the battery life of the product""end in
the larger scale reactions. No work was done with natural ores because
the main plant was expected to supply both reagents of Tech. grade purn_tyo
Syntheses

" The method of preparation of samples discussed in- this thesis are
shown .in Table ITI of the Appendix. The steps for the preparation of a
sample are as follpwss .~ - '

1l. Solutions of the reactants were made.

2. The manganous sulfate solution was heated to the boiljing point
in either a 20 lifer Pyrek .jar or in the large*reactiorr—-v’ésselo

3. 'The' KMnOA solution was added to the hot MnSOA solution at the
desired rate.,

4. The reaction mixture was allowed to agitate for a desired
length of time after the completed addition -of the-KMHO,.
The temperature may have been meintained at the boiling point
or the SOlutlon may have been allowed to- cool :

5, Decantation of the reaction effluent and subsequent-additions
and decantations of wash water was carried out. The sample was
washed until the pH of the effluent wash water reached 6.5 - 7.0.
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6. The sample was filtered and transferred to a drying oven,

. 7. The drying time, at a temperature of 105 to- llO°C°; was
approximately 48 hours for. each sample°

8, The sample was next ball—mllled for 2 hours in a 3.5 gallon
size porcelain pebble mlll revolving at 60 rev./min. and
charged ‘with approx1mately 5.5 1b., of flint pebbles of about
'one—lnch dismeter each.

9. TUpon removal from the ballamlll the sample was screened
through a U. 'S. Standard Sieve No. 40, the —40 mesh portlon
being retalned and stored for testing.

10, The necessary analytlcal tests were carried out on the- sample°
(See Table I in the Appendnx) .

11, "A" size cells were fabrlcated out of the sample°

12. The fabrlcated cells were tested at each specified ‘resistance.
The pumber of cells that were tested on each-resistance varied.
Enough cells were tested such that at least two .cells had ap—
prox1mately equal drain lives. . - : :

Notes for steps 2-4: the reaction mixture is under constant
mechanical agitation; the reaction is maintained at constant volume by the
addition of hot Hp0; the Pyrex vessel was heated by an electric  immersion

: i

heater and a hot plate; the large reaction vessel was heated by sperged
steam. ‘ ' .

Those samples whose numbers are suffixed by the symbol-"H", were - made
by heating the sample in an electric‘oven.at the desired temperaturefard
for the desired length of time.

The main variables enqoumtered in this investigation are: -concen-
tration of reactants, time of reaction, effect of external agents;’and
purity of reactants. These variables are correlated with- battery activity

in the discussion section of this thesis. Complete studies of each-of the
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above variables have not been made. - Because of the mature -of the-problem,
as outlined in the introduciion, ;hg research was planned so.that-awéhange
of variables would proﬁuce a significant change in the battery'lifeffﬁAll
reactions, exgept one, were batch.reactiong, the ong;éxqeption~bei?gfrun

on & semi—confipuous bagis°~ | :

Battery Fabrication and.Tésting

From 5 to.10 standard: "A™" §iz¢ dry cells were constructed in ac-
cordance with cell assémbly tgchniéues outlined-in Army Signal -Gorps

specifications Bulletin SCL-3117-D (8). A mixture containing 80 percent

. -

by weight of the mangénese dioxide sample, 8 percent Sﬁawinigap‘cérbon
'Blécﬁ; and 12 percent NHACl was bieﬁded in a pebble miii;fbf 20 minutes
to assure qﬁiform boﬁéigﬁéncjl- This mixturée was dempened with a wetting
solution comsisting of 5,8fperceht:NHACl by Wéight,“826'percentfzhc¥gj‘and
85,6 ‘?éﬁ@?ht:H?D'ﬁhﬁil material acceptable for tampihg was qbiaingdo

From the mixture described above, bobbins were tamped in ah épparatus
which is d;agraﬁmaticélly shown 'in Figure l‘of the Appébdix; Dﬁe:tq the
corrosivenéss of the mixture used in bobbin meking, étéllite ana*me%ha-
crylaté plastic Wefe utilizéd for the parts of the apparatUS‘whichjwould
contact the mixt};reo . |

Afteé tamping, the bobbins were wrapped in cotton gauze, ~tied-with
cottoﬁ tﬁrgad, and set in zinc cans with a cold paste electrolyte -con-
taining-a ratio- of~50 ml. of-a éolution'consisting of 23.7 perceﬁtﬂNHACl,

22.3 percent ZnClp, 0.1 percent HgCl,, and 53.9 percent Hp0 to 10.7 gm. of
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-a mixturé containiﬁg 74.7 percent cornstarch and 25,3'percentrf;our,

A paper washer was placed arouﬁd the carbon rod, a brass cap waS"prQSSea
on the rod, and thén the bobbin was sealed in the can with wax,

After a period of five days, the cells were screengd for open
voltage and then frop 4 to 6'cel}$ were discharge&-through the‘?ﬁél
viously Specifigd resistances., Figpre 2 of the Appepdix schematically
shows a portion of the test rack. _The test rack consisted of eightl6,67
ohm resistances, twenty-four 166,7 ohm resistances, and an open voltage
circuit through the voltmeter, ‘The‘fest rack was placed in am'insulgted'
box where the temperature was controlled at 7020w, - The'insulated'béx
also serv;d as a storage place for all untested cells: ﬁnd voltages for
the drain tests were 1,13 volts for.the 166,7 ohm resistance, called low
'drain'(L;Do); and 1.00 volts for the 16.67 ohm resistance, called high
drein . (H.D.)« -

The.voltmeter in ‘the test rack consisted of a Simpson 50 micro-
ampere ammeter in series with a~330,000 ohm carbon resistor and-a 10,000
obm variable resistor. By adjustment of the varigble resistor, it was
possiblé to calibrate the aﬁmeter, against a standard voltméter, éuch”that
voltages between 1.00 and 1.20 could be read directly from the meter's
scale. The meter could be read to an accuracy of £,005 volts: - Thé-qali—
bration of the ammeter, -used as a voltmeter, was tested periodically by

measuring the voltage of -a-standard cell on the open voltage circuit. It

was found that the calibration of the ammeter remained constant. The use
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of an ammeter as a voltmeter has the inherent advantege of drawing
énly a small amouht of current from the test cell whenever a voltage
reading was made., |

After a period of three months, from one £o three cells of a parti-
cular sample wéﬁeﬂtested“for low drain 1ife:. The three—mdnthS'dfainxlife
.of the cells is‘an indication of the sample's shelf life. The Army
Signal Corps specification of the three-months drain life is that the
cells on the three-months test will give 85 percent or greater ?f.the
initial drain life.

Oxygen Analysis

Availéble oxygen aeterminations were_made ip-accdrdance ﬁith Signél'
Corps methods:as stated .in Bulletin SCL-3117-D (8).. The determination, was
made as follows:

A sample of dried ore (approximately 0.2-gm.) waS'Weighed accurately
into a 600 ml. beaker fittéd with a close fitting watch“glass; ‘Exacfly
50 ml., of a stock solution of ferrous ammonium sulfate of kﬁownkconcen—
tration (approximafely 0.2 Nj were added from .a pipette. In=a simil;r
beaker there was placed exactly 50 ml, of the ferrous ammonium“stdpk-
solution to serve as a control. Both.the-original and control-“sample
were diluted to 150 ml. with deionized water and digested on & st’é;m"‘bath
with occasional stifring until solution .of the ore was effected. - The
solutions were allowed to cool and the.volumes adjusted to about 200 ml.
The samples were then titrated with a solution of potessium dichromate of

known concentration (approximately 0.2N) using the potentiometric method
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for detection of end point.

Total Ménganese Analysis

A sample of dried ore (aéproximately 0.1l-gm.) was weighed gecurately
into a 600 ml. beaker fitted with a watch glags° Ten ml, of dis£illed
water and 5 ml, of concentrated hydrochloric acid were added and -the
sample was dissol%ed?byﬁheating; The solution was evaporated almost
to dryness and codled. Twenty-fivé"ini° of concentratéd“sulfuric and 10
ml, of concentrated nitric‘acid-ﬁere added and the solution was heéted
strongly until there.wgé no furthér"evolution of browﬁ'fgmeso “

After ceolihg, 275-300 ml. aeiqnized water and 3 gm. of 'sodium
bismuthate were added., The mixture was stirred for five minutes'and
filtered, with suction, through ‘a fine -sintered-glass filter funmel-into
a oné—liter side arm flask, The filter funnel, containing excess bis-— |
muthate, was washed several times with deionized water to assﬁre removal
of the manganate ion. Fifty ml. of sodium oxalate solution (approximately
0.2 N) and 100 ml. of 10% sulfuric acid were added to the solution.  This
solution was heated alﬁosf ﬁo boiling ahd the excess oxalate was titrated

with O.1 N potassium'permangénateo

pH Determination

A one gram sample of the dried ore was accurately weilghed into al256
mL. Erlenmeyer %lask and a quantity ‘of deionized water equal td;exaptiy
100 times the weight ‘of sample was added. The-outside wall-of the flask
was then marked a@ this level. The contents of tﬁe flask were*poiléa

actively for fifteen minutes, the water lost by evaporation was replaced,
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and the mixture was again brought.to boiling. Tﬁe flask was then fitted
with drying tubes containing ascarite and the mixture allowed to-cool

to foom temperature. The .contents~were -transferred to-a suitable

beaker and the pH was then determined on the slurry by means of*a ‘Beckman

i

pH meter. During the pH.measufement, the beaker containing the‘@aﬁple

was stirred to obtain a umiform suspension of the solids,

Apparent Density : . v J

Apparen% density was determined by running‘a-portionrof the =40
mesh ball-milled sample through- & Scott volumeter into a cubicfinch
container. The apparent density was reported as grams per cubic i’nch°
Moisture Content . v |

'

A sampie weighing from two to three grams was -dried . for 16 hours

at a temperature of 105-110° €. The loss in weight was' taken ‘as the

free moisture confent. : "

X—Réy and'Spectroéhemical Analysgs
: X:Réy'and“spectrochemicél-an%;ySes of the samples were dope at

the Signal Corps Engineerin% Laboégtories, Fort'Monmouth,,Newvje;igsey°
The methods used, as described by them, are as follows:, -8

X-Ray diffraction:-'X-Ray diffraction powder ﬁatterns of-portio?s of
the samples were prepared using iron K -alpha-radiation in-a-Debye=ﬁy§e
camera yielding a disPérsion of one degree:bf two thete per'millimeteér. of
Film,

Spectrochemical analysis: The sgmple was burneé to completion in a
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D. C. arc and the resultent spectra photographed. A specially selected
spectrum line-of each of the various constituent eLeméntg was ggas%red
for intensity and compéred with the intensity of the manganesé:;ntgrnal
standard line., This data was used to determine the pefcenfage$’ofwthe
elements present, using previously established working curve’s° The
amounts of sodium and potassium were determined by a modified m$thod
whereby lithivm was the internal standard line instead of the manganese

\

1line.

DISCUSSION OF RESULTS

Cost Amalysis of the Process
. e

As was mentioned in the introductien, this process has the advantage-
of a favorable econmomic climate. To further illustrgtg ﬁhis point,’ a
condegéed cost analysis of the reaction scheme is,,giyén-bélow°

The reaction is: 3MnS0y(aq.)+2KMn0y(aq.)+2H0(L.) x> 5MnQy . X0 O(s.)+
K50, (aq.)+2Hp80,(aq.). The process to be used is the batchwise addifion
of KMnO, to MnS0, at the boiling poipt.- ZnO- will be added to the MnS0Q
for purification. The reaction mixture will be aerated but mechanical L
agitatiqn will also be .used. . Washing will require 2 threé‘stage-éoup?er—
current decantation unit. The precipitated product will be filtened"én a-
rotary drum filter and dried in a kiln-type dryer.. Pebble-milling of the
dried product -will be done with pofcelain equipment. The necessary -analyses

and tests will be performed on the product before sale,
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It will be assumed that the main plant will be able to supply, the
manganese dioxide process with-MnSOA and KMnOAo No credit will beikaken
for the secondary reaction products,’ Recovéry ?f mahganese will be as-
sumed to be 95 percent éf inpit. Buildings, laﬁd, aﬁd necessary :dockage
facilities will not be considered as part of the required inve_stménto
Hendling and- transportation lqsées will be ignored because hy&ratidp of
the prodﬁct MnOs will meke up for -such losses, %
Market studies, by the Army Signal Cérps, have'éhown-that thebattery
industry would buy about 10 tons:per day of a salablé productrat $0.25 per

pound. The cost of the reagents.are thosé'prices found in the ‘recent

issues of "Chemical and‘Eﬁginéering;Newq“a
This study is divided info phe,}ollowing sectionss plantzgostg op-
erating cost, and investment. Each of thgse-sectiqné‘shows thglnééeﬁsary
calculations pertinent.to the .desired result. A - -summery-of thg"complete ‘
analysis is given at the end of the's’t.(udy° : .
Plant Cost: | |
{ Two mixing tanks, wood, 2000 gallons. $ 4;000
Two reaction veéSels; asphalt lined
2 wood tanks, 10,000 gallons with
heating coils and agitation’ equipment. 12,000

Countercurrent decantation unit,

% 3 thickeners and 3 slurry tanks. 12,000
Rotary filtration equipment; 200

H sqo ft. of filtering area. 12,000

S Rotary product dryer. : . 5,000
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é)Pebblé—mill and classifier ~ § 12,000
4) Total equipment .cost. $ 57,000
\

Instellation of equipment, 50
(??perdent of equipment cost. $ 28,500

Piping, pumping and transportation
0\ equipment, 30 percent of equipment

cost. 17,100
Materials handling equipment. —. 140,000
\"«Total cost of plant.equipment. $ 1225600 46,597
\\‘ . ‘ ——

Operating Costs:

Reagent Cost
20,000 1b. x 55 1b. Mp. x _1 =13,310 1lb.
% day 87 1b. MnO0p  0.95 day

/ 13,310 1b. x 3 x 151 1b. MnS0, = 22,000 110.,.1\11108'04
k/p day 5 55-lb°'Mn° ' day
13,310 1lb. x 2 x 157 1b. KMnO; = 15,200 lb. KMnO,
’ day E 55 1b, Mn, . day
(, 22,000 J,.b.._Mn.SQA x 1 1be Zn0 = 400 1b: Zn0
= - day 50 1b, Mn804 - "day
Reagent- _ lb./day Cost $/1b, . Total cost/day
ys/ fown MnS0y, . 22,000 $0.01 .0 _ $ 220 &8 1190
j\“%//kﬁ KNnOy, 152200 0.15 ©.%9 2,280 '1352p
wrs e/l PO . MO 0.5 7S " L
" $ 25566 9,327
- ' 10) 586 ©. 586

Reagent cost per pound of finished product°

$ 2566/dav = $0.1281 / 1b, &ﬂ_,': o, 9%
20,000 1b./day .

Process Energy Casts
There are 236,300 1b. of aqueous reaction.mixture to. be
heated per day. The heat capacity of the mixture will be

assumed approximétely'equal 10 0.9 Bot.u,
1be of
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236,300 x 0.9 (212-4 62) -= 31,900,000 B.t.u.
Ten percent of the abeve heat will have te be replaced in
the system becaﬁee‘of heat losses. - Sixty percent hea£ trans-

fer will be attained.

31,900,000 x 1.1 = 58,500,000 B.t.u./day
006 A

It will be assumed that the filter cake will contain 20
percent molsture, This'will necessitate the removal of
5,000 1b, water per dayo Heat of vaporization equals-1000

B.t.u./1b/ H20°

5000 X lOOO = 8,350, OOO Bstou./day
0,6 :

Total heat required, per day, 1s[bb;850 068>B te LE
ﬂ d,c0 //C)G
Cost of heat is $ 0.895/1.05 x 10° B.t. u,
Y
66,850,000 % $:0.895  x =% 0 0029/1b° =
1.05 x 10° 20 ooo
. 10
The cost..ef. electrlclty'w1ll be included in the mISCellaneous

costs, which will be set'at $ 0.0L per pount of finished
product.,

Summary of reagent and processing costs per'poﬁnd?of.MnQZO

Reagents ©$ 0.1281 6.63
Heat . 0,0020 e W3
Miscellaneous <o 0.0 .. ©,Q4

Total | " $ 0.1410/%b.  o%2 /(b
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Fixeéd Operating'Cost:

Diréct Labors: ' ' ' ~  Cost/day
9 Operators-$2.50/hr. 2. & $ 180,00 RE
4 Leborers $1.75/hr. 18 . 56,00 ®69
3 Maintenance $2.75/hr, [1%/® 66,00 86
1 Chemist $385/mo. 1509 13.00 72
3 Technicians $300/mo. 4200 -~ 30,00 e
: $ 345.00 231
Employee benefits (13%) 45.00 B sS
Total direct labor 390.00 TRZoEE
Expenses:
1 Chemical Engineer $450/mo. 509 15.00 1A
1 Salesman $10,000/yr. o000 28,00 45
Office and Administrative expense, 165,00  Sos
Depreciation (7% years), 45.00 172
Repair materials, : - 710.00° 3o
Building rent. e -
Burden 1. . \ 195,00 60O
-Total expenses (120% direct labor), . FGB.OO A
Total fixed operating cost. ~ $ 858.00 Yoz
$ 858/day '
20,000 1b/day = § 0.0429/1b, & 23|

Total manufactufing cost equals the sum of the material, labor -and

expense costs.’

Meterial cost $ w40 O.5ER
Labor and expense - 0.0429 o, 2301 {
Total manufacturlng Qost (gz§§§§> '
Freight . oo B30 - 0S8
Total cost, F. 0. B. - . T ezg
battery fabrication . _
plant, per 1b. .. $ 0.1939
€& - 83.@ = 3,7
" .Gross profit equals selling prlce less cost.
2O

Selling price §$ 0.25/1b. - $ 01.939/1b.=§ 0.0561/1b,

1. Burden con51sts of unforeseen expensas, local .taxes and contribu-
tions for the suPply of utilities.




$ 0.0561/1b,

Gross profit
- Less:
Property -tax (3%)
Income taxes.(52%)
Net profit per year

Investmgnt:

—21-

x 7,300,000 1b./yr. = $ 401,000/yr.

$ 401,000
45368 $ 396,632
209,000
$ 187,632

Listed below is the estimated .initial investment requirement for a

ten ton'per day plant.

Fixed assets (Plant cost) $ 112,600
| Develppmént 20,000

Inventory:

MnSO,, $ 2,000

KMnOy, 15,000

Zn0 1,000 u

Finished Goods 15,000 33,000.
Accounts Receivable 150,000
Accounté Payable 50,000 "
Cash 50,000
Total investment required . $ 415,600 ST

The retﬁrn on the.required investment for a selling price:of

$ 0.25 per pound is:

$.187;632"xr1007==45 percent,
$ 415,600

Summarys

The. actual cost of a plant that would produce 10 tons per day of

battery active manganese dioxide by the potassium permengenate. oxidation
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of menganese sulfate is $ 112,600, It will cost about $ 0.1939 per
pound to produce Eattery active manganese dioxide by this synthesis and
deliver it to a battery fabricator. The net profit per year will be
in the order of $ 187,632 and will represent 45 percent of an estimated
cagpj.’oa]l:;r'eq_u;'u_re.me_n"o_cl>,f_‘$’;!$4415,6@0_°

The Potassium Pgrmahganate Oxidation of Mangsnous Sulfate

Methods of preparafion and analytical and test data for the man-
ganese dioxide specimens produéed in this study are shown in theuépp;ndix,
Table I and Table II. . A code was used £o deésignate different samples,
the firs‘t.’l_gtt-er2 S; denotes manganese sulfate, the second group, KP;
dgnotes.pofassium permgnganate, and the number differentiates ﬁhe.reéctions.
The suffixing of the Iétter; H, after the number indicates heat tr?ét—
ment of a porfion of tﬁe sample, the le£ters; HS, denotes hydrogen sulfide
treatment, while the addition of lower case letters differentiates 'éub—_
sequent ‘tréatments. | | ) |

This study was teqmgd_th§:S§ﬁPi synthesis:; The. general phem;cal\
equation is:tBMnSO4 (aq.)f4—2KMn04,(aqf);F.%'HQOiglo)—2§>=SMnQ}XHg)"(s.)4-
K280, (ag.) + 2H80, (ag.).. . ' |

“Thee reac#iqps of this synthesis were carried out in the mapner,
described in the section, "Materials and Methods."
’ Pretious work rep'ofted by Berg et al. (1), and Keinfelder (4),
'indiqgted that the product of an S-KP reaction gave an unfavordﬁle d;ain

\

life. Kiéihfelder (4) indicated that specification menganese diexide
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could not be produced from the -S-KP reaction at concentraticms: of trom
0.0625 to 1.0 moles of menganese sulfate per liter of reaction volume.
This informatieon suggested treaiment of the product manganeee dioxide to
upgrade its drain life. One treatment known to be of value;was the low
teﬁperature heating of menganese dioxide. This -treatment was tried on
the remalnlng product of reaction S-KP-5 and de31gnated sample S-KP-5H.
This sample had 2.25 hr.-H., D. and 146. hr. ‘L. Do

Since sample S-KP-5 Wae made by Kléinfelder (4), its method of
preparation is given below.

" Dissolved 160 gm. MnSOA H20 in 1 liter H20, heated to 85°C.;
&dded, dropwise, over a 2.25 hry’ period, 105 gm.. Kiin0y, in 2 liters HpO.
Reactlon volume was maintained at 1 liter. Reaction time wds 6 hr. at
and average temperature of 85°C, The reaction mixture was cooled, with
agitation, for 16 hr. before Washlng. The product was ball—mllled for
2 hr, after drylpg n

.Because of the success of eample S-KP-5H it was decided to investi~

gate further, the feaction variables and heat treating of samples.

Reaction'Concentration Study

Kleinfelder (4) reports ‘five reactlons in Wthh the concentratlons
of the reactants were varied. These reactions:(S-KP-1, 2a, .3, oy and 5)
of his will be used in this study along with reactiops S-KP-6, 7,'8,,15,

*

16, and 17. i
Table III and Figure 4 in the 'AppendiX'show the effect of total
reaction volume. The curve in Figure 4 indicates that a dilute solution

of manganese sulfate shodd be used, Although none of the sémples met
S . . j

specifications, drain variance was from L.0 to 4.4 hr.-H. D. and 50 to
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124 hr. L. D, The total reaction volume was varied from one lite; toy
40 liters per nole of manganese §ulfatea

The fact that a better drain test arises from the use of a dilute
solutlon of manganese sulfate is shown in Table IV and Figure 5 in the
Appendlx° The above table and flgure show the effect of concentration of
manganese gulfate at conStant;coqcehtration of potassium perﬁiar;ganate°
The..basis_for cOmpafison.hae been taken as one equivalehc¢e of potasgium
permenganate per mole of naganese sulfate per two liters &t eolqt}on,

, |

Saﬁple.SéKP—I7,havﬁ¥§a concentration of 0.025 mole of ménéane§e sulfate
per liter of soluﬁioe, shows the beet drain test with 4.0 h#.'gq Diyand
106 hr.- L, D. _ , ) |
Table V and Figure © in the Appendix show the effect of the gon-

centiati?h of potaspium permanganate based on a concentratign of ‘man-

ganeée_sulfate 5f o#e mole per seven liters of* solution. Two corgen—

. trations of potassilm-permanganate, 0.57 and 1.1305 mole equivalents

(based on one mole of manganese eulfate),'were used for this-study.
The product of the more-éoncentrateﬁ solution had the better draip test
(19hr.,H Doy 55 hr. L. Do vs. 0.9 hr. H. Duy 42 hr. L. D. J.* The

entity and scope of the date preSented in this study prevent the
postulatlon of a prlnClple. |

The etudy of the effect of the concentratlon of the reectants

hae showy that, while no specification material was produced, the best
drain tests occurfed at the more dilute concentrations on menganese

sulfate €. g. about 0.025 moles per liter. Although a eoncentratiop
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of 1.1305 mole equivalents per liter of potassium permengaenate was the
better of the {wo concentrations chosen- for stuay, the datéa is tod

limited to waryant a definite conclusjon.

Reaction Timé Study

Reactions S—KPrl, 8, 9, and 10 weré used to study reaction time.
The concentrat}on of manganese sulfate was held constent at one mole per
16 ljters. The basis fof comparisen of the drain date for the apove-
réactions will be taken as the time required to add 105 grams of'poFas—
sium permangapate to the reaction. A 2.5 hr. addition time gave a drain
test of 2.0 hr. H. D. and 78 hr. L. D. while a 4 hr. addition time gave
a drain test of 4.4 hr. H. D. and 124 hr.-L. D.. An addition time of 10
ur.. gave o drain test of 4.0 hr. H. D. end 106 hr. L. D. while a 15 nr.
addition“ Yime gave a drain test of 4.3 hr. H. D and 90 hrs L. D.

This limited study swows that the £ime of addition of potasgium
p;fmanganafe is critical if its rate of addition isﬂrébid, For slower
rateé of addifion,“ngt tob-great an effect is evident. Within Fhe
‘limiﬁationé:of this study, the optimum rate of addition appears to be
26,25 grams of potassium,pgrmangénate per hour per mole of manganese
sulfa%eg |

:Reactions S-KP-28 and\19 were run -with the same concentrations of
reac%aﬁts; 0.6 mole mangenese sulfate per gallon of solution and 52;5
graﬁé of potassium permanganate per -liter of solution. The rate of
addipion of the permanganate for reaction S-KP-19-was.-206:25 grams’per

hour-per:mole.ofxmanganese-sulfate.: The-rate of -addition. of - permanganate
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to reaction S-KP-28 was-35.grams. per -hour per mole.of manganeSe-sulfate.
The discrepancy in the drain fests of the two samples-Is apparentﬁ
S-KP-19 (26.25 gnm. per hr. per mole MnSO, ) had drain tests of 4.75 hr.

H. D. snd 76 hr. L. D. while the drain tests for S-KP-28 (35 gm. per

hr. per mole MnSO ) were 0,81 hr. H. D. and 58 hr. L. D. These two
reactions indicate that the best rate of addition of potassium permanganate
is 26.25 gramé per hour per mole of mangenese sulfate.

Other Reaction Variables

The variable of temperature was not evaluated because work done by
previous investigators, Berg et al. (1), had shown ‘that inactive méte;ial
had been.ﬁuﬂmiwhén thg'reaction was run at temperatures lower thaw the
boiling po%nt.

The time of bali-milling of the manganese dioxice was not investi-
gated because work done by Kleinfelder (4) had shown the percent increase
in drajn life to.be small.for an increased ball—milling time over 2 hr.

Reactioh S-KP-11 was run to determine the effect of enlarging the
~--regctionrsize on~the drain.life 6f'the'producta Reaction .S-KP-11 was run
under conditions identical to S-KP-3. Twicé the amount of reagents were
used in S-KP-1l as weré used in reaction S-KP-3. The comcentration of mangen-
esé sulfate was one mole per tﬁq liters of solution,the concentratiop of 4
potassium permanganate was one §quivqlence (based on ope mole of‘manganese
sulfaté) per two lite;s of solution. The rate of addition of the pérmangan—
ate was 52.5 grams per hour per mole of manganeée sulfate... The result§ of

S-KP-11 (1.4 hr. H.D. and 60 hr. L.D.) were essentially the same as
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5-KP-3 (1.5 hr. ‘H. D. and 44 hr. L. D.)a"Th?s indicates that the larger
reaction size does not have an effect on the produc? of the reacpioﬂ
provided all variables are the same in each instance.

Heat Treating Study

The heat treating of the proaucts of the S-KP syntﬁesis was in-
itiated with sample S-KP~5H. The conditions for the heating were 9 hr.
at 310°C. The_subcess of sample S—KP=5H (2.25 hr. H. D., 146 hr.'L; D.
vs., 0.3 hr. H. D., 20 hr. L. D, for S-KP-5) prompteélheat treating of
subsequent samples at conditiens similar to those of S-KP-5H. A'porﬁion
of succeeding reactions was heat treated. The heat treating of samples
of reactions S-KP-6 through 21, with'fhe exception of reactions S-KP-13,
and 19, was carried out for 9 hr. at 310°C. Most of the samples made
by treating manganese dioxide in this manner did’not give an apprecigbly -
improved drain test over the originél product. Thoge samples which met
or nearly met specifiéationﬁ will be noted. Sample S-KP-8H met the low

drain specification with a drain test of 134 hr: Sample S-KP-8 was made

with a COHCGDtY&thp of 0.0724 mole manganese sulfate per liter of solution,

potassium permanganate of the concentratlen, 0. 38 mole per llter of solutiom,

we.s added at a ‘rate of 26.25 grams per hour per mole of manganese sulfate.
S=KP-5, whose heat treaﬁed analoge met the low drain specification,
‘was made from mangapése.éulfate of a concehtration of one mole per liter
of solution. Potassium permanganate for the foregoing reaction was of
the concentration 0.332 mole per liter of solution and was added at a

rate of 42 grams per hour per mole of manganese sulfate. Sample S-KP-8
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differed from sample S-KP-5 with respect to concentration of all reactants
and rate of addition of potassium permanganate: 'beséite_the diffenepce,
the heaf freated poftions of each reaction met the low drain specification,
Samples S-KP-8, 13, ard 14 were made in the following manners . Thé
concentration @f ménganese sulfate was 0.0724 mole per-iitgr, potassium.
permanganate was added at a rate of 26.25 grams per hour per mole-of
manganese sulfate, the concentratién of the permanganate was 0.38 mole
per liter of solution. Since samples S-KP-8H and LLH were pregaréd
by heating.a portion of the analogous oxidation reaction produét for 9 hr,
at 310°C., the dfain tests for these samples should be in close agreement.
fhe drain tests for S-KP-L4H wére 3.5 hr.rH. D. and 128 hr. L, D, which
¢losely approaches the drain life of S-KP+8H (4.0 hr. H. D.j 134 hr. L.Ds).
Semple S-KP-13 was made with technical grade chemicalé and sample S-KP-13H
was made by heating a‘portien of sample S-KP-13 for 20.hf. atué}®90;

The drain tests for sémple S-KP-13 were 3.6 hr.H, D. and 35 hrs L, D,
Reaction $~KP-19 was made by combining_potassium permanggnaté of a
concentration of 52.5 gramé per liter of S%lution with manganese sulfate
of a concentration of 0.6 mole per gallon of dolution at a rate of 26.25
gramé per hour per mole 6f‘mahgane8e sulfate, The product of reaction
S-KP-19 was diyvided into niné 70 gram p&rtians, each of which was given a
aifferentoheat treatment. - Table VIv&nd“F&gune'7‘inrthe-Appendix*shpw the
effect of the temperature of heating on the draih life of S-KP-19. The
temperatures chosen were 230, 265, 310, and 355°C. The temperature of

230°C. damaged the original product least (4.0 hr. H.D., 77 hr. L. D. vs.

v
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4.75 hr. H..D., 76 hr. L. D. for'S-—KP_--19)° Table VII and Figure '8 im the
Appendix shew the results of a varied heating time on sampie S—kP;;Q,
Heating times of 3, 6, 15, and 24 hours were tried. The temperature was
cqutgnﬁ a? 305°C. As before none of the heat treated samples showed
improvement over £he original life of S—KP—_19° The hesting time éf six
hours yielded a product whose drain test closely approached that of the
original product (4.6 ﬁr. H. D., 62 hr. L.,-D° vS. 4.75 hr. H. D., 76 hr.
L.D.). To test the results of the above studies, semple S-KP-19Hi was made.
This sample Waé heafed at a temperéture of 238°C. for 6 hr. In comparisén
with sample S-KP-19, sample S-KP-19Hi had.a test'of'0a25 hr. less ‘on high
drain and a low drain test of 5 hr. longer that S—K;P——l‘?°

Although the results of the forégoing study were not definitely con—
clusive, a heaéing-time of 6 hr., and a temperature of 220°C. was chosen for
ali remaining heat treatments. Samples S-KP-20H and 30H should have had
low drain tests meeting or nearly meeting low drain specifications. These
two reactions duplicated the method of preparation of successful reacgions
S-KpP-8H and 14H. (The conditions for thése reactions are given belbwn)
The draiﬁ tegts for reaction S-KP-29H were 1.0 hr. H. D. and 44 hr. T, D,
while the drain tests fof'S -KP-30H were 1.5 hr., H. D. and 166 hr:.L; D.
An unpurified‘manéanese sulfate wgg used for reaction S-KP-29. The poor
performance of S-KP-29H indicates the necessity of purification of tge
' manganese sulfate before oxidation’for the production of specification
gréde mater%al,

It may be concluded that a method of producing battery active
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manganese dioxide that will meet low arain specifications has been

developed. The suggested procedure is that for S-KP-30H. and is as

follows: :

Reactants: Technical grade manganese sulfate and potassium perman-
ganate. The manganese sulfate is to be purified by the
addition of.10 gm. zinc oxide per 124 gm. pure manganese
sulfate.

Concentration: Manganese sulfate- 88.06 gm. per liter. Potassium

R . permanganate- 52.5 gm. per liter. :

Addition: 26.25 gm. potassium permanganate per hour per 124 gnm.
pyre manganese sulfate.

Temperature; Approx1mately 90°C.

Goolings; Gool, with agitation, for 16 hr. before filtering.
Washingt Wash unill the pH of the effluent wesh water i§ between
6.8 - 7.0. .

Drying: Dry product at-110°C. for A8 hr.

Heating: Mortar the dried product, treat the -40 mesh material in

a muffle furnace for 6 hr., at-220°C.

It should be pointeq'out that the temperature used for treating the
samples is-that temperature in the free space of the muffle furnape;in
which heat treating of the above samples took place. The time of heating,
suggested above, is that time found to be mﬁst favorable for a 70 .gm.
sample, It is suggested that the time of heating and the temperature of
heating for differept sized samﬁles may be differept than the result§.of

this studyol

Adaptatiop of Cgmmeyuial Reggents to the Reaction

'Tecﬁnical gradé'réagents were used in three reactions in an éttempp to
evaluate the commercial adaptability of the reaction. The reactions pséd
for this study were S-KP-12, 13, and 14.  S-KP-12 had the following
'feaction conditionsy the concentration of manganese sulfate was one mole

"per two liters of solution, the concentration of potassium permangapate
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was one eguivalent (based on one mole of manganese sulfate) per two Liters of
solu*l:'ion° The rate -of addition of the perménganate was 52.5 grams per hour
per mole of manganese sulfate. These conditions are the same conditions
specified for reactions S-KP-1l znd 3. The above.reaction comditions were
picked because S-KP-11 had been & close duplication-of S-KP-3 ana thereby, the -
drain test of S-KP-12 could be predicted. S-KP-12 had a drain test of 2.5
hr. H. D. and 42 hr. L. D., which compéred closely with S -KP-11 with & drain
test of 1.4 hr. H. D. and 60 hr..L- D. The proximity of fhe.above values' of
- ‘the drain tests indicated that the impuritieé in the manéanese suifate
supplied by the Carus Chemical Co. of LaSalle, Illinois, were not detri-
mental to bettery life°

To further 1nvest1gate this hypothesis, reactlons S—KP%lB and 14 were
run, f£e conditions for these two reactions were the same as thOSe for
reéction,S¥KP—8; They are as follows: Concentratioﬁ of 0.0724 mole man-
ganese sulfate per liter of solution, 0,38 mole per liter of solutiop of
potassium permanganate, aaded at a rate of 26.25 grams per hour per mole of
‘manganese sulfaté. Reacpion S-KP-8 was made using C. P. grede chémicgis;
reaction S—ﬁP-lB used technical grade reéctants; reaction S-KP-14 used a
purified technicasl grade manganese sulfate and technical grade potassium
permanganate. #inc oxide was chosen as the purification agent because any
ionic zinc compounds formed during the purification would act as a cétalyst
to the oxidation reaction, Berg et al. (l);

As would Dbe expected,.the sample made from purified manganese sulfate

had & slightly higher drain life, e. g. S-KP-13, 4.25 hr. H. D., 110 hr. ‘L. D.,




~32-

S-KP-14, 4.6 hr. H. D., 122 br.L. D. Both reactions produced samples ‘that
had drain 1lives close to that of sample SKP-8 (4e4 hr.H.D, 124 hr. L.D.),
Reaction S-KP-14 then becomes a duplication of reaction S-KP-8, while thé
results of reaction S-KP-13 show thaf purification of theimanganese sulfate is
unnecessgfyo ’ R '

It is possible- to conclude, from this brief study, that the puri-
fication of commercial grade manganeée sulfate is not necessary to make. .. ..
specification bettery active-menganese dioxide: -(Based on mengsnese sulfate
manufzctured by the dérus Chemical Co.)

Other Methods

-From the foregoing studies, it is evident that only one methoed of
producing; ;specification battery active maﬁganeSe dioxide has beégffpund,
Although a full ihves%igation of reaction variables was not édmpléped, it
was felt that enoﬁgh wo;k had been done to substaptiate the hypothesis that
in order to meke épec;fication bat%ery active manganese dioxi@é by the -5-KP
reaction, it shall be necessary to introduce an additional step into the
reaction sequepce. .

The various methods tried are listed below,

Eydrogen Sulfide,édsorption-Désorpticn -

Sample S-KP-6H-HS was made to determine the effect of adsorbing and
then desorbing hydrogen sulfide gas on manganese dioxide. This sample was
prepared by suspending 100 gramé of sample S-KP-6H in 3 liters of water and
30 cc. of phosphoric acid (sirupy). Hydrogen $ulfide gas was bubbled into

the mixture until an appreciable color change was noted. The sample was
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filtered and placed in a muffle furnace at 300°C. for 2 hr. Because the
drain test, after treating was not greatly improved over semple S-KP-6H, no

more samples were made by this process.

Hydrochloric Acid Leach
R S _—T——__-

Berg et al. (1) lists a method of treating manganese dioxide With
hydrochloric acid, whereby the battery life of the manganese dioxide is im—
proved.. Using the above method of leaching, two samples were made; S-KP-lla
and 12a. The drain life of each of these samples was less than that -of -the

origingl sample and for this reason, further work was not undertaken.

Ammoniym Hydroxide Pigesﬁion

Digestion of sémble:S—KP—lé in ammonium hydroxide was tried.
Approximately 200,graﬁs of S-EP-16 was digested in-a solution of 100 cc.
¢onc, ammonium hydroxiae in 3 liters water. This digestion proved defri-

meﬁtal to both high drain and low drain battery life, relative to‘phe"

original sample.

Incorporation of an Acid in the Reaction Mixture

Four reactions were run in this series; two reactions usiﬁg,hyf
drochloric acid and two reactions using nitric acid, They are:react;ons
8-KP-20, 21, 22, and 23. The concentration of manganese sulfatg“(one*mole
per 2 lters of Solytion ) and potassium permanganate (Qne equivalence'per
mole of manganese sulfate per 2 liters of solution ) was constant: throughout
this séries, as was the method of preparation. One-tenth mole and 0.25 mole
of hydrochloric acid per mole of manganese sulfate, were added to reactions

S-KP-20 and 21 respectively. The drain tests for these two reactions ares
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S-KP-20,°1.05 hri H.D., 37 hrs L.D.; S-KP-2L, 2.3 hr. H.D., 50 hr: L.D.
Opne-ténth mole and 0.25 mole of nitric acio per mole of"manganese'sﬁkfate,
were added to reactions S-KP-22 and 23 respectively: The ‘drain-tests for
these two react?onS'arerfSaKP—22, 2.3 hr. H.D., 87 hr. L.D.; S-KP=23, 1.0
hr, HeDo, 38 hr; L.D. |

Nope of. the samples nad arain tests which met Specificationsg*'FuFtherl
study was not medes |

Conversion of the,manganése'Sulfate°§91ManganeSe;Ghloride

Kleinfeldér (4) was sucoessful.in producing specification. battery
active manganese dioxide‘osing"nanganeSe chloride and potassium”permanganateo
Reaction S-KP-31 was run by oxidizing manganese chloride (made by treating
manganese sulfate with ca101um chlorlde) with potaSS1um permanganate by a
method outllned by Klelnfelder (4). The drain test of sample S—KP—Blwwas 1.0
hr. H.D. and 57 hrs L.D. |

Since the usual S-KP synthesis contains omne less~step, thexpnooesswin«
volV1ng the conver81on of the sulfate to the chlorlde does . not’ appear as
favorable as the dlrect ox1dat10n from the economic stendpoint. ‘

Incorporation Of“CaTbOHTBI&Ck”anthe Reactxon'Mlxture

In an attempt to evaluate the effect of - surface on the formation of
gamma. phase manganese dlox1de, carbon black was added to- reaction- S—KP~32
Except for the adQ1tlon.of the carbon black, reactlon S-KP-32 is a duplicate
of reaction S-KP-8., One equivalence (per mole of manganese -sulfate) of
potassium permanganate.in‘two-liters of solution was added +to-one moide’ of

manganese sulfate in 16 1;ters of solution. Fifteen grams of -carbor “black
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were suspended jin the manganese sulféate solution.
Despite ‘the fact that fhé carbon blacklwas not -removed before:fabri-
catiori of the sample iptovcell§,.the drajin life of 2.5 hr. H.D, and l}l;hro
L.D., for Samplé‘S—KP432, closely approaches the drain life of S=KP-+8 (4.4

hro HoDoy 124 hrs L.Ds)

Aeration of the Réactiqn.MiXture
In orde? to‘aéitate a.reéqtion mixture“(S—KP~l8), air was*bugbled

intd the reaction.. Sample S-KP-18 was prepared in a reactionxvessélﬂcon—'
taining 8000 graﬁs of flint pebbles.. The concentration of'reactantS“was 0.1
mole mangaﬁng suifate per liter of solution, dne equivalence(KMnyy per~m01§ of
ménganese-sulfa?e‘per 2.1liters of .solution. The rate of potassiud permangan-
ate addition was 70 grams per hour per mole of manganese sulfates - ThE??e—
“action mixture was air agitated., The product from this reaction, when-fab-
ricated intp cells and tested- had a drain life of 5.51 hr:; H.D. and 125 hr.
L.Ds Becaupe sample 'S-EKP-18 ‘met the- high draln specification and wap only

5 hr. short of the lOW’dralD Spe01f1cat10n, reactlon S-KP=24 wa.s formulated
to try to determine the effect 6f aeration on the batpery act1v1tydof”m§ﬁgan—
ese dqulde produced by the S-KF synthesis., The reaction condltlons for

S-KP-24 were identlcal t6 those of S-KP-18 except for the presence of the
pebbles. The drain' life of the product of this reaction was 5.4 hrs H.D.
and. 126 hr; L.D. The battery tests of S-KP-24 duplicate the tests:of re~
abiiom S—KP—].&° From this information.it was assumed ‘that the preSedce”of
air in the reaction mixture ;é beneficial to the drain life of manganese

dioxide produced by thé S-KP synthesis.
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Because the above two samples did not meet both drain specifications,
and earlier work had indicated the importance of ménganese‘concentration, a
series of three reactions; S-KP-25, 26, and 27 were run at concentratlons of
one mole of manganese sulfate per 2, 6, and 14 liters of water resPectlvely
while the concemtration of permanganate was constant at one equivalence per
mole of manganese- sulfate” per two liters of sélution° It was the purpose
of this series to dete;mine the function of manganese concemtration iy the
aerated reaction. The battery drain tests for the’above-reactiOHS“are'as
folloﬁs:— S-KP-25, 4;5 hr; H.D., 61 hri L.D.; S-KP-26, 4.7 hr; HﬁDy;?ilgahro
+LoDo; S-EKP-27, 5.0 hr: H.D., 150 hr: L:D. Sample S-KP-27 excee&ed*tﬁeglow
arain specification Ey 20 hr°  If is evident from this study'that»£he~conpen——
tration of mangéneSe.$ulfate, one mole per 14 liters of solution,ﬂused'ﬁﬁ“re—
action.SfKP—27, is the most favorable concentration used:; The :conclusion to
- this study is in accord with a similar étudy presented in an--earliersec—
tion of this thésisu | |

The éffect of impur;ties in the manganése sulfate was studied by re-
actions S—KP~é9 and 30. The preparation of both samples is 1dentlcal ‘o
the preparation outlined for-reagtlon'S—KP—27; Sample S-KP-29 was made :from
- . technical grade mangapese sulfate supplied by the Oarusthemical Coo,'phile
samplé S;KP—Bd wa s maae from purified (zinc oxide method) ‘manganese sulfate,
The drain tests for these reactions are: S-KP-29, 4.5 hrai.H.D., 114 hr% LoDaj
S-KP-30, 3075 hrg H,D;; 96 hr. L,D, The sample prepared frém theWimpu;éﬂman_
ganese sulfate gave the greater drain ‘test.

In the light of studies made on the aeration of the reaction mixture
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and the results of fpreéoing studies reported in this.thesis, .it was.de-
cided to ineorporate the following conditions;in$0'ag;ange=neaation;~ 1.
This reac?ion was to produceone-pound of material. 2. The lafge reaction
vessel would be ueedf 3, The reactisn mixture would be aerated; mechaaical
agifapion would alse be ueedo 4, Technical grade manganese.sulfatemwpald
be used. (Carus Chemical-Co.) ‘5. Because the reaction vessel is heated
by sparging steam directly into the reactiom mixture, thereby causing an
increase in volume as the reaction progresses, theni;dtial concentration
of the manganese sqlfatelwas.to be one mole per 10 liters of solutieh; 64
The concentration of potassium permanganate was to be one equivalent;-based
on one mole of mangapese sulfate, per 2 liters of solution, 7:; The addition
time for the permaag%nate was to be 4 hr. 8. The reaction mixture'wae to
be held at the boiling po;nt:for 3 hr. after final addition of the'peréann
ganate. These'condiiioné, from -the interpretation of the'meageerata‘
available were thought to be satiefactory, and material approachiﬁg'specifi—
cation Shoﬁld be.produpedo

The reaction Wthh was run at the above conditions was -S<KP-33, This
reactlon met, both daaln 5pe01flcat10ns with a drain life of 6.2.hr.. H D. and
131 hrs L.D.

The sample designated.S-KP-33a was a portion of the product:of-r?action
S~KP~33; The-reaction was sampled when'approximately 0.3 of the.pobtessium
permanganate had been- added to reaction mixture  S-KP-33; SamplefS—KPaBBa'had
a drain life of 3.4 hro H D. and 130 hrs L.BD. This indicates that the longer

holding time in the reaction vessel is necessary for thé“product“tO“mget
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high drain specificatiqqso '
Becauge sample S-KP-33a met one ‘specification; it was postulated
that the S—KP rgactiop could be run by combining two.fldwingkstreams;'with
air introduced at thé junction, followed by a short (one~hr.) reactiom time
and then filtya?ion of the-product. The cqnditions~chosen-forﬁantrial re~
action on the above continuous basis were as:identieal to those 6f reaction
S-KP-33 as possible with ‘the excebtion of an added purification step. for
.the‘manganeSe sulfate; . this reaction was designatec}::S—KP«BA° £
The drain life of samplgw$—KP—34 was. 4.0 hr:-H.D. and 117 ﬁrJ*LnDo
Althoﬁgh the sample d?es not meet specifications; the -results -show that~the
abpve‘type:of:cgntiﬁugué reaction scheme is fedsible.
SUMMARY
1. The.economics_ﬁf thé S—KP syﬁthe;ié are industrially favorable: - -A 45
percent réturﬁ on an iﬁifial capital outlay of*$>415,600‘is_p0 be ex~
pected per year. Theée figures are based on a’plant capacity of 10°

tons pérﬂday and a selling ﬁrice of $ 0,25 per pounﬁ of<finisheﬁwproducta

2, Although adjusiment Qf relative concentration"of'reactantS“failedﬁtO”pro—

duce a specification material; a concentration of manganese -sulfate of

about 0.025 moles per liter seemgd bést.
4

3., The rate of addition of potassium permanganate to manganese'sﬁlfété'has
ah éffect~on the battery-acti%ity of the product: A.satisfactorfﬁpate
of addition seems to be 26.25 grams of potassium permanganaﬁe perﬁ&our
per molé of mangapese sulfgteo

4o Enlargement of the reaction size does not have a detrimental effect on
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the drain life of the reaction product.

Heat treatiné-of portions-of the reaction product has disclosed a:

m§thod whgr?by a-matérial meeting low drain SpecificatiODS“miéht be
pfoduéedo~ The cppdit}ons fgr such a reaction are suggesteds . Purifi-
cation of.the manganese sqlfate by the addition of 10 gm.-zinc inde

per 124“gmp'mang§?ese sulfa,tre° Concentration of manganese!splfate

ié to be 88,6 gm@.per liter.and -the concentration of thevpefmanganate

to be 52.5 gm. per liter. The permanganate is. to be added at the rate

of 26,25 gm, per hour per 124 gm. manganese sulfate. After washing,
filtration and drying of the product, it is to'be heated -at a teﬁpera-
ture of aboﬁt.2éobcg for 6.hrp

Commercial reagents were readily adaptable to thensynthesiss' Purifi-
cation of technical grade mamgaﬁese éulfa?e and potassium permaﬁgénm

ate was not necessary to produée §pecification material. |

Seven othér methgds of trgat@gnt of the product of reaction were“triedo
Of these seveﬁ methods, oﬁe, the aeration of the reaction mixture,'pro—
duced a matérial that met both high drain and low drain specifications.
The coﬁditions fpr‘fh@ successfﬁl regction weres Aeration of the'réaction
m}xturém Concgntratién-Qflunéufified Tech., grade manganese sulfate wés
Oil molghper liter of SOluti§n° A solution containing one ‘equivalent
(based on one mole of ﬁangaque sulfate) of potassium permenganate, per
2 liters of solution was added at a rate of 26ué5 gm., per iour per"mo1e of

mangenese sulfate. Reaction was run at the boiling point, :87°C: The

Reaction was held at phe boiling point for 3 hr. after the final addition
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- of permanganate.

From the one continuous reaction scheme that was tried, results in-
dicate .successful adaptation of the S-KP -synthesis to a continuous

reaction basgis.
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TABLE 1
ANALYTICAL AND TEST DATA

Code % 0o % Mn % Hy0 pH Gm./” Bobbin wte Initidl Drain  3-Month
: .as . - . cu, in, . gme . Tests
1\‘11’102 o HoDe. L.De
S=-KP-5H 86.5 58.7 0.0 7.3 =~ 11,1 9.3 2,25 146 33
5-Kp-b6: 90.0- 59.8 0.8 5.9 - 13.8 2 2,75 93 - 66
S*KFﬂéH 9002 5865 ' O.O 6«:0 1107 . 995 300 75 :Lll{-
S-Kp~-6H-HS  86.5 5645 - 0,0 . 5,1 13,1 9e¢5 L o0 6l © 36
S“'KP""? - . 9190 6006 003 '603 13n2 809 lo9 55 . 1+5
S“K_P"‘?H' . 920,5 58¢9 OQO 596 11-4-0_6 9@1-1- 3.75 6}-4— 6/+
S"K.P"S- 95:9 59&1-1- lno 6el+ ll-l—ol-l— 907 14—0/4- 12)-1' : 120
S-KP-8H 95.5 60.1 0,0 6.6 14,0 10,0 4.0 134 116
S‘“KP"9- o 96e6 581:7 1.2 603 1307 1063 . Ll—uo 106 73
S“‘KP"gH 970‘1 59‘5 Ooo 699 :U+06 10.52 306 78 62 .
S-<KP-10. 87,8 59,6 0.7 6.5 13,5 9.8 Lo3 90 60 |
S-KP-10H 90.6 60.9 0.0 6.5 14,0 10,0 3.6 80 6l 'ﬁs
S-KP-11" 89,4 573 1.8 5,1  11.3 9.2 1ok 60 20 \
S-KP-1la 83.8 56.5 1.0 5,8 11,1 9.4 1.2 33 26
S-KP-11H 89,4 5749 0.0 6ok 1Le7 97 2,1 60 25
S"'KP‘=:L2. 8809 571_6 092 500 1096 995 20,5. 11‘2 29
S-KP-12a 73.9 5642 1.5° Lo 6 10,0 9.3 1,64 3l 26
S-KP-12H 92.4 58,1 0.0 5,1 11,0 9.0 3.1 93 29
S-KP-13." 91.9 60.6 0.9 6.5 13.2 9.6 Le25 110 101
S-KP-13H 92.6 61,7 0.0 650 13,0 9.7 3.6 35 51
S=KP-14 = 9L 595 0.9 . 6,1 140 9.5 Lo 6 122 Th
S-KP-14H 92.0 60.2. 0.0 6.1 14T 9.9 365 128 53
S-KP-15. 8644 56,6 245 L8 117 9.0 L1 . 8l . 20
S-KpP-15H 87.0 5ke7 0,0 55 11,9 8.8 3,85 55 32
. 5=KP-16 87.8 5547 2.0 Le9 10.0 9.0 2¢35 L8 26 [
S-KP-16a 86,1 5504 1.9 6,8 10,0 9.2 0.0 38 12
S-KP-16all 86,1 5409 0,0 6.6 10,8 9ol 0.5 540 36
'S-KP-16H 88,4 . 56.4 0.0 5.1 1.2 9.4 o) 79 L,
S=-KP=17 78,0 5548 2.0 6,3 12,3 9ol Lo 106 86
' 2,1 6,2 12,5 9.8 5,51 125 116

3=-Kp=18 - . 90,0 55.1




TABLE I (cont'd)
ANATYTICAL AND TEST DATA

Code %0y % Mn 3B H0 pH Gin./ Bobbin wt. Initial Drain  3-Month
) as . . Cu. in gm, Tests '
MnOo H.D, _ L.D.

S-KP-18H 92.0 60.0 0.0 6.8 - 13.4 9.8 Le23 80 106
S-KP=-19 85.0 5662 1.5 565 11.9 9oky Le75 76 70
S-KP-19Ha 83.4 53.1 . 0.0 5.6 12,5 9.8 Lo15 42 58
S-KP-19Hb 81,7 55eL 0.0 5.9 11.9 9.6 1.3 32 39-

S-KP-19He 82,5 5Le1 0.0 5,0 2.4 9.7 3.2 39 .60 -
" S~-KP-19Hd, 81,7 53.5 0,0 Le9 12.4 945 440 77 61
S-KP~19He  70.4 5h.1 0.0 565 12,3° 9.6 L6 62 51.
S-KP-19Hf 75.5 - 52,1 0.0 bo'7 11.5 10,2 Lo? 61, 58
S-KP-19Hg Th.9 50,9 0.0 5.4 12.6 10.1 1,27 53 . L0

S-KP-19Hh 69.2 . 48.9 0.0 5,3- 12,2 10.1 . 3.0 48 No test.
S-KP-19Hi 76.0 50.0 0.0 hab 11.9 9.9 Le5 81 96
S-KP=-20 80.3 5545 2.9 6.0  11.4 10.2 1.05 37 3
S-KP-20H 81,9 57.0 0.0 5.7 11.9 9.8 365 L5 36
S-Kp-21 82,8 58,1 2e5 5.8 11.4 9.6 263 50 42
S-KP-21H 83.1 5645 0,0 5.4 . 10,9 9.7 2.5 L5 36
S-Kp-22 81.0 56,0 2.3 537 9.6 9.2 2.3 87 50
S-KP-22H 8L.4 5662 0.0 5.9° 11.7 10.1 0.0 1 0
S-KP-23 80.5 56,1 2.8 5.7 10.4 9.5 1.0 38 30
S-KP-23H 82.8 56,0 0.0 5.1 11,4 9.8 1.6 45 m——
S=KP-2 87.1. 59.0. 2.0 6.3 13.7 10.1 504 126 55
S-KP~2/H 88.3 58,1 0.0 504 13.1 10,0 hol 85 . ——
S-KP-25 83.5 58,0 2.3 5.9 11,2 9.3 ho5 61 ——
S-KP~25H 82.4 5545 0.0 5.9  .12.4 10.0 1.95 48 J——
S-KP-26. 85.3 575 2.8 6.1 12,7 10.1 C L7 118 —
S-KP-26H 88.7 . 59.0 0.0 5.6 12,3 9.8 1.6 67 ———
S-KP-27. 86.9 59.0 1.5 6.5 = 146 9.9 5.0 150 ———
S-KP-27H 88,5 58,0 0.0 49 Lol 10.0 Le5 88 ———
S~Kp-28. 81.5 57.6 2.5 6.7 1044 9.2 0,81 58 ————
. S-KP-28H 8.8 55.6 0.0 6.2 13.0 9.8 2.25 56 ———
1.8 6.7 13.1 10.0 ko5 114 —

SwKP=29. 87.6 56,0




Code

S-KP-29H
S=KP-30"
S-KP-30H
S-KP-31
S-KP-32
S-KP-33
S-KP-33a
- S5-KP=-3L4

% 0,

as
VnOo

91.5

. 91.2

93.1
81143
81,0
83.2

85.1

90.5

% Mn

56.8
5Tk
5844
56,0
5146

52,2 .

5642
5569

o o 0 .0 6 o o
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TABLE I .(cont'd)
ANATLYTICAL.AND .TEST .DATA

pH G, /
. Cu, 1N, . glle

| H.D.
6'.7 IBOLI— lO.L]- l.O
5.7 13,0 10,0 3.75
5.8 9.4 9.3 1.5
6.8 10,6 9.65 “1,0
6ol 10,7 9.45 2.5
6.5 13.0 9.75 6.2
boly 12.7 10.05 3h
6.7 13.1 "10.0 L.,0

Ll
96
166
o7
111
131
130

- 117

Bobbin wbt. Initial Drain 3-Month
' Tests '
LQDQ

- -
- am -
o -
- . am
- o ow
e

_947_




Code
S-KP=5H
S-EP-6

S-Kp-6H

S-KP-6H-HS

S-KP-7

S-Kp-7H
S-KpP-8

S-KP-8H"

S-KP-9

~

~/6-

TABLE II
METHODS. OF PREPARATTON

Preparation.

Remaining product. of S-KP-5 was heated for 93 hr. at 310°C.

Heated & solution of: 676 gm. Mn3) 4. HO in 14 liters HZQ
to .87°C.; added, dropwise,. 420. gm... KMnOy, in 7 Liters H0
over a 5 hr, perlod Reaction volume was malntalneq at
14 litérs-and total.reaction time was & hr. The re—
action. mixture was not-allowed to cool before decantation
of the.filtrate, -

The -product- of S—KP-6 ‘minusone. hunared grams, heated for
9 hr, at 310°C. £ 10°C.

Suspended. 100 gm. of. Sample  S-KP-6Hin' 3 liters H20 and

30 cc. H3PO4 ( comc.). Treated slurry with H2S (g.) for
10 minutes. The resultant preduet was filteréd and hegted
at 310°C. for 6 hr.

Dissolved 338 gm. MnSOA.Hzo in ‘14 liters H20 heated to
87°C.; added, dropwise, 210 gm. KMnO4 in 3.5 liters- H20°
Reaction volume~was maintained at 14 liters. THe KMﬁ04
solution wags-added ovetr & 4.5 hr. périod; 8790, temperature
maintained for 3.5 hr. Regaction mixture was cogled for

15 hr., with agitation, before filtering°

Half the product of S—KP 7 was neated for 12 hr. at 310°C.

Dlssolved 169 gm MDSQ4°EZO in 14 liters 320 heated to

. g0 C.; added, dropw1se, 105 gm. KMhQ4 in 1.75 Liters Ha20.

Reaction Volume maintained at 14 liters. The KMnO,
solution was added over a 4 hr. period; 87°C. temp.
maintained for ol hr. Reaction mixture was cooled for
15 hr.,wltn agitation, before fllterlngn

Half the product of S-KP-8 was heated-for 9 hr. at 310°C.

Dissolved 169 gm. MnSQ4.H20 in 16 liters H20, heated to
to 87°C., added dropwise, 105 gm. KMnOj in 9 liters HoO.
Reactlon volume was maintained at 16 liters. The KMnQ4
selution was added over a 10 hr. period. Reaction mix—
ture was cooled for 4 hx‘o, with agltatlon, before
f;lterz,ngo




Qode
S-KpP-9H
S-KP-10

S-KP-10H

S-KP-11

S-KP-lla

S-KP-11H

S-Kp-13

S-KP-12a

S-KP-12H

S~KP-13

S5-KP-13H

-4~

'TABLE JI (cop't)
- Preparation
Half the product of S-KP-9 was heated for .9 hr. at:'310°C°

Dissolved 169 gm. MnS0z . Hp0 in 16 liters HpO, ‘heated to
87°C., -added. dropwise, 105 gm, KMnO, in 16 liters Hgoo
Reaction. volume was maintained at 16 liters: The XMnO
solution was added over a 15 hr. period. ‘Reaction-mixture
was cooled for 5 .hr. with agitation, before‘filt‘ér:}hgo

Half the product.of S-KP-10 was heated for‘9'hr°'at“310°0°

Dissolved 338 gms MnSO0y, ¢ Hp0 in 4 liters H20, heated to
87°C., added -dropwise, 210 gm. KMnO/ in 4 1iters "Hp0%
Reaction volume was maintained at 4 liters.  The KMnO,
solution was. added over a 3 hr. period;j 87° C. temp.

. maintained for 3 hr. Reaction mixture was- cooled for

18. hr., with agltatlony before filtering.

Leached 120 gm° S—KP—ll in 1200 cc., H20 with 5 CC. CONncC,
HC1l for 2 hr..at 82°C.

Heated 90 gm., S*KPnll for 9 hr. at 310°CD

' DlSSOlVed 398 gn, Tech° MnS0; (Carus 77-8L%) in 4 liters

H20; heated to 80°C.; added, dropwise,-over a‘'3 hr. period,
220 gm. Tech. KMnO, in 4 llters Ho0., Reaction. volume was

maintained at 4 liters; reaction temperature WaS‘87°C°,

total reaction time was 6 hr, followed by agltatlon for
18 hr., to cool before washlnga : . o

Leacbed 160 gm° S-KP-12 in 1600 ccs HpO 'with 8 cc, conc.,

HC1 fbr 2 hr, at'83°C.

Heated 90 gms S-KP-12 for 9 hr. at 310°C. ( =£10°C.).

DlSSOlved 196 gm. Tech. MnS0,, (Carus 77-81%) in 14
liters HoQ; heated to 80°C.; added, dropwisey over a:4 hr.

period, 110 gm. Tech. KMnO, in 2 llters Ho0s Reaction
volume was maintained at 14 liters; reaction temperature
was 90°C.; total reaction time was~7 hr: followed by
agitation'for 16 hr., to cool, before washing.

Heated 75 gma S-KP-13 for 20 hr. at a temperature. between
310°C and "340°C, :




Code

S-KP-14

S-KP-14H

S-KP-15

S-KP-15H

S-Kp-16

8-KP-16a
S“KP"l 6JaH
S-KP-16H

S—KP-17

~4,8-

TAELE IT (cont'd)

Preparation

Dissolved 196 gm. Tech. ‘MnS04(Carus 77= 81%) in I Iiter
H20; heated to about'60°C. and added & .slurry of 20~gm. '
ZnO: if 150 cc. H0; cobtinued to heat for 20 minutes with
agitation. Reaction mixture filtered free-of -ZnOrand
precipitated impurities, diluted.to:14 liters, ‘and heated
to 80°C.; added, dropwise, over a 4 hr.- perlod 110 gm.
Tech. KMnO, in 2 liters Ho0. Reaction _volume: was main-
tained at 14 liters; reaction temperatureras 90°C. ;

total reaction time was 7 hr. followed. by agltatlon for

16 hr., to cool before washlngo -

Hested 70 gm. S-KP-14 for 20 hr. at 310°C.

. Dissolved-507- gn s MnS0; ,H40 in 3-liters-Ho0; -heated to

90°C. and added, dropwise, a solution of 215 gm. KMnOA
in 3 liters H20 over a 33 hr. perlod Reaction volume
was maintained between 3 and 32 liters;y reaction- temner—
ature was 93°C.; total reaction time was © hr. followed
by agitation for 16 hr., to cool, before washlngu

Heated 70 gmcu PKP—l5 for 9 hr. at °LD—320°C

DlSSOlVeQ 507 gm. MnSQ; HQ0 in 3 liters H20; heated to
90°C. and added, dropwise, a-solution.of..315 g -Klin0
in.4 liters HpO over a 4 hr. perind. Reactidn volume was
maintained between 3 and 3% liters; reaction temperature
was 93°C.; total reaction time was 6 hr., followed by
agitation for 16 hr., to cool, before.washing.

After WaShlng sample S-KP-16, the 5ample was divided into
two parts apd l‘WaS dlgested at 90°C. in & solutiop of
100 ec. of NHzQH coric.) im 1 liter Hp0 for L hre
Heated 70 gm. S-KP-16a for 9 hr. at 310°C,

Heated 70 gms S-KP=16 for 9 hr. at 310°C.

Dissolved 169 gu. MoSO;.H0 in 40 liters Hy0 (ap),

. heated to B.P. by sparging with steam; Added, dropwise,

105 zm.- KMnOA in 2 liters HZ over a 23 hr, perlod
Reactlon volime increased due, to condenSed steam and
product removal was started after 35hr.; reaction
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TABLE II (cont'd)

Code Preparation

S-Kp-17 temperature was "88°C,; total reaction time was'5 hr,
(continued) ' .

S-Kp-18 Dissolved 169 gme.- MnS0,.Hz0 in 10 litere Hp0 in a reaction

vessel with 8000 gm. of flint pebbles in the bottom.
Reaction mixture was agitated (alr) and heated to B.P.
Added, dropwlse, 105 gm. KMnO, in 2 liters Hp0 over a

13 nr. period. Reaction volume was maintained at 10 liters;
reactloq temperature was: :87°C,; total reaction  time,was:.

6l hr° _
S—KP—lBﬂ Heated 70 gmo-of’S—KPfLB for 9 hr, at-310°C,
S-KP-19 Dissolved 1284 gn. Tech. MnS0, (Carus 77:81%) in 6

liters Ho0 and precipitated impurities with . a- slurry of
60 gm. of Zn0 in 900 ccs Ho0. Filtered, diluted-to.10
gallons, and -heated to B.P. by sparging with steam. Added,
dropwise;: a .solution-of 660 gm. KMnO4 in 12 liters of

“H50 aver a 4 hr. period. Reaction volume maintained at
20 gallons, Total reaction time was 6 hr.; reactlon mem—'
peratqre was’ 85°b° S

S-KP=19Ha  ~  Heated 70 gm: S-KP-19 for 9 hr. at?310°C.

S-KP-19Hb - Heated 70 gmi S-KP-19 for 9 hr. &t 355°C.

S-KP-19Hc Heatéd 70 gm. S-KP-19 for 9 hr. at=26§°co

S-Kp-19H4 ~  Heated 70 gm. S-KP-19 for 9 hr. at 230°C.

S-KP-19He - Heapgé 70 gn. S-KP-19 for 6 hr. at 305°C.

S-KP-19Hf - Heapéd 70 gn. S-KP-19 for 3 hr. at-305°C,

S-Kp-I9Hg °  Heated 70 gm. S-KP-19 for 15 hr. at:305°C.

S-KP-19Hh Heated 70 gm. S-KB-19 for 24 hr. at 305°C,

S-KP-19Hi . . - Heated 70 gu. S-KP-19 for 6 hr. at-238°C.

S-KP-20 Dissolved 196 gm. Tech<MnSQ, (Carus 77-81%) of.l.liter

Ho0 end precipitated impurities with a slurry of 20 gm.
of Zn0 in 1 liter Hp0:, Filtrate heated-to B.P. and
0.1 mole HCl added to solutions Added, dropwisey~110




Code

S-KRp-20
(continued)

S-KP-20H

S5-KP-21

S-KP-21H

S-—KP—22

S-KP-22H

S-KP-23

S-KP-23H

S-KP-24

© of Zn0 in 1 liter Hp0.

. quenched and washed immedistely.
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TABLE II (cont'd)

Preparation

gm. Tech."KMnO; in 2 liters Ho0 over a 2 hr. period.
Reaction volume maintzined at 2 liters; totel reasgtion
time was 6 hr.; reaction temperature was 92°C. Reaction
mixture was agltated for 16 hr. while coollng°

Heated 70 gm. of S-Kp-20 for 9 hr. at 310°C.

Dissolved 196 gm. Tech, MnS0, (Carus 77-81%) in 1 liter
HA and precipitated impurities with a slurry of 20 gnm,
of ZpO in 1 liteér HZ0. Filtrate heated to B.P. and

0.25 mole HCL added to solution. Added, dropwise, 100 gm,
Tech. KinQy in 2 liters HZ0 over a 1 hr. period. Reaction
volume maintained at 2 liters; totel reaction time was 6
hr.; reactlon temperature was 93°C. Reaction mixture was
quenched apd washed 1mmea1ately.

Heated 70 gm. S-KP-21 for 20 hr: at a temperature between
31@°C. and 355°C, - e

Dissolved 196 gm. Tech. MnSOA (Carus 77—817) in. 1 liter-
HALO and-predipitated impurities with a slurry of 20 gm~
Filtrate heated. to B.P. and 0.l mole..
HNOg added to solution. Added, dropw1se, 110 gm. Tech.
KMnO, in 2 liters: HgJ over a 2 hr. period. Reactioh volume
maintained at 2 liters; total reaction time was 6 hr.;. .
reaction temperature was 93°C.. Reaction mixture was

Heated 70 gm. S-KP-22 for 6 hr. at 305°C"

Dlssolved 196 gm. Tech. MnSO, (Carus 77-81%) in 1 liter °
H20 and pre01p1tatea impurities with a slurry of 20 gm, of
Zn0in 1 liter: HQO “FilItrate -heated to B. P, and 0.25
mole HNO3 added to solution. Added, dropwise, 110,gm.
Tech. KMnO; in 2 liters HpO over a'2 hr. period: Reacgion-
volume maintained at 2 liters; total reaction time was 6
hr.; reaction temperature was 93°C. Reaction mixture;was
quenched- and washed immediately. '

Heated 70 gm. S-KB-23 for 6 hr. at 220°C.

Dissolved 169 gm. MnSQ, .Hp0 in 10 liters H0; heated to




Code

S-KP-24

(Continued).

S-KP-24H
S-KP-25

S-KP-25H

5-KP-26

S-Kp-26H

. 8-Kp-27

S-KP-27H
S-KP-28
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“TABLE IT (cont'd)

Preparatign

B.P. Added, dropwise, 105 gm. KMnOj in 2 liters-Hp0

over a-2 hr. period. Reaction mixture was alr sgitated.
Reaction volume was mainteined at 10 liters; total reaction
time was 6.5 Hr.; reaction temperature was 87°C. .Reaction
mixture was allowed to cool, with egitation, for 16 hr.,
before washlng, .

Heated 70 gm: S-KP-24 for 6.hr.-at 220°C,

Dissolved. 169 gm. MnSO,.H20 in 2 liters-H20; “heated to
B.P. Added, dropwise, 105 gm. ‘Kiin0y, in 2 liters: "H20

over a 2 hr. period. Reaction mixture was air: agltated
Reaction volume was maintained at 2 11ters, total-reaction
time was 5.5 hr.; reaction temperature was 87°C. Reazction
mixture was allowed to cool, with agitation, for 16 hr.
before washing.

Heated 70 gm. S-KP-25 for 6 hr. at 220°C.

Dissolved 169 gm. MnSQ; . Hp0 in 6 liters HpO; heated to
B.P. Added, dropwise, 105 gm. KMnO, in 2 liters HpO over
a 2 hr. period. Reaction mixture was air agitated. BRe-
action volume was maintained at 6 llters, total reaction
time was 5.5 hrc, reaction temperature was 87°C. Reaction
mixture was allowed to cool, .with agltatlon, for 16 hr,
before washing.

Heated 70 gm. S-KP-26 for 6 hr. at 220°C.,

" Dissolved 169 gm. MnSQA,ng in 14 liters Hy0; heated to

B. P. Added, dropwise, 105 gm. KnOy in 2 liters ‘H20

over a 2 hr. period. Reaction mixture was air agitsted
Reaction volume was maintained at 14 liters; total reaction
time was 6 hr.; reaction tempersture was 93°C Reaction
mixture. was allowed to cool, with agltatlon, for 16 hr°
before washing. .

Heated 70 gm. S-KP-27 for 6 hr. at 220°C. v
Dissolved 128/ gm. Tech. MnSO, (Carus 77-81%) in 6 liters

HL; treated with a slurry of 60 gm: Zn0 to precipitate
impurities. TFiltrate was diluted to 10 gallons; heated




Code

S-KP-28 ., ..
(continded)

S-KP-28H
S-KP-29

S~KP-29H
S-KP-30

S-KP-30H
S-Kp-31

. S~KP-32 '
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TABLE -IT (comt'd)

Preparatlon

.. to B.P. by aparging with steam. Added, .dropwise; 6€0
gm..KMn04 in 6 liters Ho0 over a 3 hro,perlodw Heaction
volupe was maintained at 12 gallensj total reaction time
was 6 hr.; reaction temperature was 87°C, Reaction mixture
was allowed to cool, with agltatlon, fer 6 hrn before
wash;ngol

Heated 70 gms S-KP-28 for 6 hr, at°220°6,

Dissplved 153 gm. Tech: MnSOy; (Carus -77+81%) in 14

llters Ho0; -heated to B.P. Added, dropwise;- 1L0:"gm.

Tech. KMnO4 in.2 litersg HpOrover a 2:5 hr:-period; -Reaction
volume was meintainéd at 14 liters;. total reaction “time:
was, 6.5 hre; reaction, temperature was90°C. Reaction:mix-
ture was allowed to cool, with- agitation; forrlé hre i
before was;h?.ng° Reaction was air agitated,

Heated 70 g S—KP—29 for 6 hr° at*220909

Dissolvej 153 gnm. Tech “MnS0y (Carus - 77~81%) in 505 cc,
H20} tregted with 10 gm. Zn0 to precipatate 1mpur1t1esg.
Filtrate was dilited to 1 liters; -heatedvtd'B.P§ - Added
dropwise, 110 gm. Tech. KMnO, in 2. liters' Ho0 over a '

2 hr. period. Reaction volume was maintained at>l4 Liters;
total reaction time was 6 hr.; . reaction temperature was
90°C° . Reaction mixture was allowed to-cool, with-agitation,
for 16 hr. before washp.ngo Reaction was air agitated.

Heated 70 gm. S—KP~30 for 6 hr° at; 220°C°

Dlssolved 153 gmy Techs ‘MnSO; (Carus’ 77~8l%) “in 505, cc.
Hn0; heated, added 111 gm: CaCls dissolved'in 1. Titer: ‘Ha0:
Preclpitated Ca804 removed by filtration. Diluted fil-
trate to' 2 liters;: heated to B.P. Added, dropwisey 110°

gm. Tech.:KMnO, in 1:5.1liters H20 over a2 hrs permbdg
Reactioh volume was maintained at 2 liters;.total'ireaction
time was 6 hr.; réaction’temperature wasr87°@. -Reacfibn’
mixture was allowed to-cool, with agitatlon, for lé’hrq
before washing. i

Dlssolved 169 gmn MnSOA . H 0 in 16 liters H,0; added 105

C o gl KMnDA lnwz 11ters Ho0 oVer a 3.5 hr, periods ."Réaction




Code

S-Kp-32
(continiied)

S-KP-33

S-KP-33a

S-KP-3/
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TABLE II (cont'd)

. Preparation

volume was maintained at 16 llters, total reaction time
wag 8 hr.; reaction temperature was 92°C. Reaction
mixture was allowed to cool, with agitation, for 16 hr,
béfore washing°

DlSSOlVed 676 gm. Tech; MnS0, (Carus 77-81%) in 10° gal-
lons Hz0; heatedrto B, P. Added, dropwise, 420 gm. Tech,
KMnOy: in & liters Hy0 over a 4 he. - period; -‘Reaction
mixture was air agltated A. portlon of the ‘produtt was
Wlthdrawn when 0.3 of the KMnO, had been added. Reaction
volume was maintained at 10 gallons; - total reaction. ‘time
was 7 hr.; reaction temperature was:87°C, Reaction. LXK~
ture was quenched and washed immediately. -

Sample withdrawn from reaction S-KP-33: (See aboye.)

Purlfled W1th Ano, 20 gallons of a solution .containing
169 gm. Tech..MnS0, (Carus 77-81%) per 100 cc. of ‘solu-
tion. Diluted 100 cc. of" MnS0y solution to 12 'gallons
and heated to B.P. Added, dropwise, a solution comn-
taining-52.5 gm, Tech. KMnO per ‘liter of solution:. Re-
action product removel begun when stoichiometric amount
of KMnQO, had been added. Combined remsining MpSOA
solution and KMnO, -solution at a stoichiometric:rate,
based on & rate of 200 cc. "of MnSO,; solution per hr.,
with constant removal of product. Reaction mixture was
air agitated; reaction volume was 12  gallons; reaction
time was 1 hr.; reaction temperature was:87°C. Total ‘time
of operation was 6 hr. Product was washed on :filters
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TABLE ITI
REACTION VOLUME - DRAIN DATA® S-KP-: SERIES

4

Code © Total Volume ' Initial?Drain Tést (Hours)
' Liters/Mole:MnSO/ © High® Aves Low  Ave,
S-KpP-5 i1 - 0.3 20
S_E{P—ls l l.n'l. 1025 81 50
S-xp-16 1 : 2.35 48
S-KP~4 2 0.6 - 48
’ . ) l ° 0 54
S-KP-11 2 1.4 60
S=KP-3 . 4 1.5 44
' 2,13 . 69
S-Kp-6 4 2.75 93
S-Kp-7 8 1.9 55
_S-Kp-8 - 16 bokd 124

S-KP-17 _ 40 4.0 106
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N
TABLE IV
Effect of ‘Concentration of MnSO4 at Constant Cdncentration?of’KMnOA
Concentration of “KMn0, = 1 equivalence per 2 liters.,
ne Code | . "MnS0, Conc. .. Initial Drain Tests (Hours)
. ‘Mole/Liter A . High -~ Avés . Low . Ave,
S-Kp~-17 Cor 0.025 4.0 106
S-KP-1 0.0724 2.0 78
S"KP;B 005 . ) 105 . 44
1.05 46
S"KP-Z]- 005 ’ Oq6 48

S-KP--5 1.0 ‘ 0.3 ‘ 20
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TABLE V

Effect -of Concentration of KMnOy-at Constant Goncent:gtionﬁofﬁMnSOA
" Concentrationof“MnS0,==""1 Mole per 7 liters.

Code “KMnO, Conc. Initial DrainTests ‘(Hours)
Mole eq. 1 Liter High Low
S-KP-2a . 0.57 0.9 L 42
S-KP-7 | 1.1305 1.9 55
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TABLE VI

Effect. of Temperature of Heating on Drain Life:of S-KP-19.
! : Time of heat = 9 hours

Code - ‘ Témpépaﬁﬁre : Initial Drain Tests
~ - High (Hours) Low
S-KP-19Hd- - 230°C, - 4.0 77
S-KP-19He ' 265°C, 3.2 39
S-KP-19Ha - 310°C, 415 42
s;Kﬁ;léﬂb 355°C. 1.3 32
N
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TABLE VII

Effect of Time of Heating on Drain kife of - S-KP-19
Teémperature’'of Heat =='305°Ca

Code - © ime : L Initial Drain -Tests

' (Hours) . High- (Hours) Low
S-KP-19Hf 3 o2 gy,
S-KP-19He - 6 . 4.6 62
S-KP-19Hg 15 1.27 53

S-KpP-19Hh . _ 24 3.0 48
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HIGH DRAIN LIFE HR.

TOTAL REACTION VOLUME (LITERS) PER MOLE OF MnSO4

Figure k Reaction Volume Vs. High Drain and Low Drain Life.

LOW DRAIN LIFE HR.



HIGH DRAIN LIFE HR.

Mn SO4 CONCENTRATION, MOLE PER LITER
Figure 5 Concentration of MhSO" Vs. High Drain and Low Drain Life

LOW DRAIN LIFE HR.
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HIGH DRAIN LIFE HR.

KMnO4 CONCENTRATION MOLE EQ PER LITER
Figure 6 Concentration of KMnO" Vs. High Drain and Low Drain Life.

LOW DRAIN LIFE HR1



HIGH DRAIN LIFE HR.

Figure 7
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Temperature of Heating Vs. High Drain and Low Drain Life
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LOW DRAIN LIFE HR.



HIGH DRAIN LIFE HR.

TIME OF HEATING (HR.)
Figure 8 Tine of Heating Vs. High Drain and Low Drain Life.

LOW DRAIN LIFE HR.
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