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                                       Abstact

    The author$ investisrated the various modifications of manganese clioxide mainly from the
mineralogical staiicl-points. The several experimental results obtained during the investigations
came chiefly from X-ray data at room ancl elevated temperatures, the differentia} heatln.cr curve,
the deoxidation curve, the loss of weight by theymobalance and the cheniical compositions. These
}ed to the Åëonclusion, that the manganese dioxides are classified to five modilications: i) we}l-
crystailized pyrolusite which sliow$ numeroiis distinct diffraction patterns, a rernarkab}e encloth-
errr}ie peak at 6500-68DOC. accornpanied by another peak at 720"-7600C. (Pirika, Fukaura A
aRd 1;ukaura B) 2) gamma rVIn02 whieh shows a few cliffksed patterns, ancl a sharp endother-
mic peak at 568eC. The oxygen evolution occurs most vigorottsly at 500eC. This member is
believed to be a poorly crysta}Iizecl ramsclellite. (eleetro}ysed Mn02 from the Mitsui Industrial
Chemical Company) 3) cryptomelane containing essential potassiam ancl sodium, which shosv$
the characteri$tic cliffraction patterns at 7.0 A, 4+.9 A, and gradual broad endothermic peak at 560e-

570"C. attended by a double peak at 900eC. (IVIaruno, Kawai C) 4,) de}ta iVIn02, having a few
difFused line$, a charaeteristic dehydration endothermic peak at 2000C. and a }oW deoxidation
peak at 620eC. This modification has been considered to be a poorly crystallizecl cryptome]ane.
The dieoxiclation begins from 3000C. (Taehiki) 5) a•mixtuye of ramsdellite series mineTal ancl
cryptomelane. Half of the numerous diff'raction patterns of it corresponds to those ef crypto-
)rielane, ancl others to rarnsclellite member. The principa} deoxidation of Tamsde]liÅíe member
occurs at 6000-6i,50C. (Kawai A, Kawai B and Tsiijinaka). I?urtherernore, the most suStable
properties of manganese dioxicle for clry cells were experimentally determined as follows; in brief,
cryptomelane, v-phase is superior for continuous discharsre, whi}e the forri}er has also exce}ient
propexties for intermittent discharbre, successively folloNved by pyrolusite ancl y-phase in tliat
order.

                                   Introduetion

     A4anganese dioxide is one of the inost fainiliar and coinnion niine}'als

found in various m.ftnganese deposiÅís, but its mineralotocricai study is very

eqRivoeal owing to tke variability and overlappiRg of p'hysical propert2es and
chemica} compositioiis. Fuxthe}'more it a}ways occurs in a fine-graikied massive

state, and conipyises several moei'fieationsi'2'3) whicli are elosely relatee in
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tkeir erystal structueres. Some irmeinbers are well-cr>rstallized but others are

very poorly crystallized. For the above reasons, identiEeat2ons based on
physical properÅíies alone aere highl>r uneek'tain as well as unreliable. The

utilization of these niinerals has tremendously iltcreased in i'ecent >rears,
n]aiRly in cera}nic, che]nical, aRd inetallurgica} industries, especial.i>r in dry

cell industr>r. Tke ore is directl>r used as a basic rax•v materiai in a dyy cell,

so that doubtless}y tke minera]ogieal e}icar'acter o{i manganese dioxide nia>r

great}y infiuence 'the e!ectric behaxriour of a dry eell. For tlte increased
deinands for dry cell as well as }iew uses, mangaltese dioxide ltas been arti-

ficiaily prepared by various chemical or electrocheinical niethods, akd 'the

ininei'alogical properties of these p}'odLzcts liave skown that there are several

inodifieations according to the difference of proeedures or original reagents

used.

    The atitltor$ attempted to identify the various niodifications of natura}
niangaRese dioi ides froin 't}ie inii}eralogical standpoint, altd Lo detern3ine

the species of nattu'al ox'ides which have superior characterissics for dry ce}1

uses. Some manganese eres were fbkuid to be far supei'ior for dry ce!i pur-
poses, and this know}edge will tiltimately lead to the profourid inaproveinent

of t'he mineralogica} data about the charaeteristics of }iatur'al ore for heavy

dutv batteries.
   u-    rl"he autkors hereby x-rish to express their appreelation to IN(!r. Yoshio
Okada, the vice-president, and Mr. Shigeru Takizawa, tlie chief of technical-

sectloti of tl}e OkadLa Battery Compan>r. Pai't of this work is indebted Lo
the scientific researeli fuiid of 't!ie Ministry of EducaLion.

                             Speeimens

    Most of the inanganese dioxide speciniens under tltis investigation, were
collected b>r tke investiocrators from various localities throughout Japan, a few

specimens however were kindiy coRtribute(l fox- our reseem'ch pur'poses by the

nianagenients of soine mangaiiese mines. Out of al} 'these sanip}es, ten
representative specimens were selected to perform the various necessary ex-

perillien'ts.

    The localities tkese ten selected $peeiinens caine from, and tlieir general

charaeteristie pkysicai propeyties are listed be!ow;

   l. }iukaura (A), fz'om tlie Fukaura IN'Iine, }iiukaura I"own, Nislii-r]]sutocraru

    Count>r, Aomori Prel'1 Color coal black. Flbrous.
   2. Fukaui'a (B), from the Yukaui'a ]Xaine. Color b!uish black. ]X'lassive.



Minera'iogica stuay on Manganese bioxide Minera i 2oS

 Brittle and easy to tocrrin(l into flne powder.

3. Tsujinal<a, froin the 'l]sujinaka A'Iine, Noniura 'I"own, Higashi-Ui'a

 Count>r, Ekime Pref. Precipitated prodttet, having a botr>roSdal form.
4. Kawai (A), fyom the Kawai A'Iilte, Hinozawa, Yaniagata Village, Kunoe

 Cotint>r, Iwate Pref. Co}or dul] b}aek. Hardness moderate.
5. Kawai (B), froin the KaNvai IN/Iine. }lardines$ 1iigh. Broken into
 angulav b]ocks.

'I'able ]•• Chemical composMonand specitic .crravity.

Specil'nen

  No.

Locality

Sp. Gr.

MnO
o
Si02

TiO,

AI,O,

Fe203

BaO
CaO

MsrO

Na20

K,O
P20s

H,O(+)
H,0(-)

1 2

Fukaura
  A

3.987

i
l
i

l
E
t

1
i
]
i
l
j
I
I
I

  %
70.98

l4,.10

 0.73

 O.02

l
itttttttmm't-t-
I

1?ukaura
  B
m t/4,.809

l
i
I

  .O/O

76.4,5

l7.12

 1.27

 O.03

 0.39

0.42

3
l

r{"suji'

naka

3.987

c

  %
7tl,.10

13.78

 i.62

 O.04

 1.7i

 l.23

 0.10

0.22

e.4o

0.25

e.58

n. cl.

4,.66

0.89

4, 'i'5
'

Kawai IKawai

     'A
4,.O09

i
i

tr.

0.97

2.00

0.59

l.59

0.32

0.78

n. d.

5.37

1.79

E

'

tr.

o.e7

E

i
l
l

l

l

E
E

  tr.
  n. cl.

  n. d.

  n. cl.

  4,.77

   1.34• I

ll

  %
I 76.51
I
l, 14,.50

i

i 0.38
l
I e.og

I 0.61

  1.01

  0.92
l
l
l 0.27
i
I 0.36

  O.07

  0.99

  0.21

  3.35
I
i 2.07
I

B

6 7

IKawa;l

  c IMaruno

4.3M,
l

 %
75.26

15.74,

 0.60

 O.03

 0.25

 0.86

 1.54,

 0.i2

tr.

0.35

0.50

0.13

3.4,5

l.5i

4.393

 %
77.01

i5.84,

 0.L13

 O.05

 0.4•6

0.97

0.97

3.783

  %
73.92

14.99

 0.14,

8

tr.

0.32

2.30

0.79

n.cl.

0.89

0.89

'i"achiki

2.774,

tr.

o.e6

l.}5

tr.

0.64

0.30

0.75

1.34,

n. d

4,.39

3.38

l

l
i

  %
59.39

12.4,3

 l.30

O.05

 1.84,

0.5i

031
 1.96

3.46

 tr.

 0.79

 n. d.

 4,.39

14.3I

t

9

Pirika

3.34,7

10

Electro-
 lysed
Mn02

    l %[
72.28

l5.69
    i
10.29l
    i
 o.o3i

 o.27I

    i
 0.35l
    l
0.32

1.39

tr.

tr.

'

'

E

tr.

n. d.

0.53

0.98l
   l

  %
70.29

I7.09

Teta}    %[

l  99.24,

L
r 9/o
 Iel.86

Sce',.gEi.si 4•22

        F

l
l
I

I

Mn% 1
e%combind
with rvhi
O!Mn

54,.97

3e.lo

1.88

5.07

F

l

59.20

34•.37

l.99

'%  c)9.59

4,.10

57.38

30.50

1.82

I%l .O/. i%i %i101.34, POO.3tl, ,100.92i 101.06 I

          Ii II

  %
}OO.64• i%li 102.I2I

['

4•.28 I
E

    I59.2sF ss.2sl
         l
31.76l 32.72I

    II
      i.93l l.8aj,

    .l

4.54,l
   /1
   I

   Il4•.391 4u19 i

   II }

3.94,

l
l

4.89'

I

    I59.54I 57.24•
    l
    '33.2ii 3i.67
    v
 1.91I L90
    l

i

'

l
i
I

46.07

25.85

l.93

i 55.97i

l
l

32.00
    l
 1.96I
    I

-:' Corrected specifie srravity, excludinsr the heteyogeneousiy contalninatea substance.
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   6. Kawai (C,), fro]n the K'awtki 'tXtline. Precipitated product, having a

    bot]'yoidal or k'idney sbape.

   7. iNllarvino, fromi 'the R([a'runo ]N'Iine, LNorn Lira Town, Ifligaslii-Uwa County,

    'Ehime IPref. C,olor dull black.

   8. 'rachil<i, fro2n the rl'achik2 I,Iine•, IJaelz2ki Viilage, Funai CoL{Rt.y,

    Kyoto Pref. Luster resinous. Covering the sttrf'ace of rhodoiiite.

   9. Pirika, froin 'the }'iril<a I([ine, Iniakane 't"oNvii, Setana Count>r, }lto}<-

    kaido. Colo}" bluisl} black. Bi'ittle akd easily broken in#o powder.

  IO. Electrol>rsed. AflRO:. SyRthesized in the A'litsui IndListriai Cheinical

    Compan>r. 1]{ine po}vde]'.

    'l."he cheiniÅëal conipositions`) and speciffc gravities of abo've $pec•imens

aie  ],iPhieeSseFetceidficiiigSiavbltey ix'N,as p,ec,sei>, detexmined by the method devised b>"

Yosltida and rl"akei.5) "jlihe contents ef manganese altd available ox'>rgen in

the chenAcal con]posi#.ion were anal'>rsed according to the antalytica! process

of J. I. S. speci.fieations. As table 1 shows, th.e 'principal co}rmpolte•nt of each

specÅínien is naturcftll>r consi$ted of liil.nO..) bat 'the atomic ratio "'In:0 is not

exactly egual to 2, but amounting Åío 1.8,9.-]..99. 'Iilils .iikdicates that t}ie>r

wei'e not composed o'f pu]re dioixide but included a guantity of' low grade
ei.cides, ]NGkO, IX•(lh.i•.,03 and '"'In3Qi.

    FurthereinoTe the deficiency oÅí ox>•'gen ma>r be attributed to other
f.ftctor$, suc;li as the deÅíect catt$ed b>f latLice diserder, o}' tke existeiice of an

OH radlcal ioR whiclt bonds xxritli a INfln 'ion, but lt is iiMpossibie to conclude

froni the ehetnical data a].one to xvb.at reason the deficienc>r of oy. >fgen is due.

Above all, it inu$t be polnted ou{, that the iG)ost iniportant problem whiclz
Åëontrols the mi}ieraioocrical 'propert>r of manganese dioxide and. cot}seguent]y the

electric behaviout' o.f the dr>r cell, is that of tlie existeiice of alkalis (K, "Ta)

and alkali eai't!is (Ba, Ca) e}emen.ts, oi: especia]Iy tlie existence of' positive

and negative water. 'I"hese relationships x•xri.I.L be discu$se•(l in ]nore de•tail in

tlie succeedii}g secsion.

                         X-ray investigation

    Identificatiek of nianff.aikese dioxides based on Åíheir ph>rsica} properties

alo}ie is highl>r unreliable, hardiiess oi' color i$ a particulary poo]r criterion.

Opticai observation b>r refiected light inakes identi{'ication of x•ye}1-ci'ysta}lized

inatei'i.al possible, but the ldcmt.ification ot" fine-ecrrained, poorly crystallized

niaterial is as >xeL alniost iinpossible.
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     On the other hand, X-ray powder metkods a3'e the best ineans of 2denti-
fication. Bat since tlie ]attiee dimensioiis among tlie several dioxide wnodi-
fications diffey only xrer>r $light!y, the>r niust be st}ppleinented l)>rr g[uantita-

t'ixre elieBiieal analyses and otheTr iiivestigatien inetkods in or(ler to distinguish

then} froin each other.
     X-ra>r diffraction patte•rns 'vvere niad.e fo'r etftcli specitnen, using a c>flindriea}

cai.nera of l}4•.6 inm. radius arid kinftltered l?e-K. radia'tien under 'the condi-

tion o'g 40kV, iagmA. for 2-3 hours. "I"he X-ray eata obtained f'ro]n 'the
above cDndition, 'were refered to 'the }'esults of a Geiger eoun'teT X-ra>r spectro-

nie#er app]ied b>r the atfthors.

     "I'he X-yay {liffraction patte}'ns of various s,i]nple.s were classified into

several types as shown i]i the followiRocr tables.

     (l) l?>rro]usite

     Tke.re are g.cneral bcrood agi'eenients among 'the specimens froin ]F>irlka

a]n{ii FLikaura and th.ey ean be correlated ivlth pyrokisite determined by
F!eischer, '}Ilichmond,") an(1 ]iNt'lclN(Itn'dle.7)

 .. :"al)l.e. .Z. li-ray powder patterns .of Pyrolusite .. ... ...

     I,ieL$cherPYrOIUSiteMM l ' pmka IrukauraA i FukauraB

  d(xgichmemll l,l(x)C ir`ii ld(x) I I l,l(x) l l id(X) I

                                                                I                                        l                                                        l                                '                        1                                I                '
 3.4,25

 3.096

 2.396

 2.Z08

 l.964,

 l.785

 !.6I8

. i.550

 l.tl,34,

 l.356

 1.053

2

}o

6

 4g

 4,

l

8

7

2

 5

3

      '

3.14+ IOO 3.14Å}
2.4,2 80 2.4i4+
2J2 50 2.13
l.985 70

i.635 80 l.64,
                 l.58l.570         30
      I

      l
      i l.31      I
      I      I

s

IV

W

s

sv

s

   3A3 vvw
   3.14i vs
   2.4Ai m
   2.12 m
   l.98 vvw
   l.80 vvw
   l.64i vs
   l.58 w
   I.4,tli w

   l.31 s
   ].06 m
'

3.4•3

3.14,

2.4J3

2.i2

198
1.80

i.63

1.57

1.4ag,

1.31

1.06

vvw

 vs

 m
 m
vv•w

vvw

 vs

  IV

  w
s (d)

m (cl)

     (d) diff'used pattern

     It xvil.l be seen 'that all 1.ines

tltose of F.l.eisclier and [Rlchinon(,

 ef
and

]i ltkai}ra

't.hose of

 A and. B x•vell
IXrika abcrree with

agree witli

the resu}ts
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of A(cMurdie. In tke latter ease, some of the lines a're missing. Me'MuTdie
concluded tltat these ei.ctra li!ies i'n the former case should be dtte to impurities,

and not be compatible wi'th 'the pyrolusite st}'ucture.

     The disappeara}ice of sonae patterns should be due to the g}'ain size o'f
p>rrolusite altd not to tlie contaniinatillg inipurities. rl"he difrraetion pat;terns

of znanganese {lioxides general!>r sltow vei'y dl.ffased, and only a few lines,

but it is a distinetive c'haractei'istic Qi' pyroLus'ite that 'it aclways skows

llunie'rous sharp liltes and lias the wel!-cr>rsta}lized fo]r]n. Accordingly 'th.e

raicio of "k}:0 of thi.s g]roup close}y approaches to 1 :2.

     (II.) r-phase

     This ma.odific-ck'Lion was 'fi'irst nanaed i]k l936 by O. Glemse]r") and has been
                                                    uinvestigated b'y nian>r workers. It lias been found to occur in natural ores,
and 'te be a ]najor constituent of the argi'fici.al products Nxrhlch have the niost

favoui'a'b}e characte/:istic for dry epll use.

     It is the characteristie of r-phase that it is so fine-bcrrained and peorl>r-

cry'stal].izee, and tkat r-phase shows a few diff'used lines. I{"romei the X-ray

di'{'{1'action patterns, Mc";Iu}'die reported that tliis nioeificatlon was related to

p>rrolusite, but Cole and B>rstr6in9) related tkis inineral to 'iranksdellite•
                                                                            e     "'lc"'{urdie ikeglected a ctharaci;eristic line at a spacing of about 4• A of

r-phase aiid corre}ated it Nvitli the p,vrolusite. On Lhe othe•r kand, Clo}e

investigated the relationship beLween r-phase arid ranisd.el!ite and coneluded
' that there were at least 3 types of r-}NanO..) cha]raeterized by snia!i. diff"erenees

'ilk 'tkeir X-ray di'ffractiolt pattez'ns. Altd. he suggested that the vcm'ious fornis

                        Table 3. Difl'raction patterns of y-phase

v-phase

Cole l
I Duboi$

     IYIitsui

Electirolysed procluct

d(X) ii l
1
1

l
l

'KE.iilllrv i

       l

     iIl     I
d(X) I

I
I
l
1 w

4o2 I
SI,, l

2.41 i

2JO i,.6, l

1.38 I

,.2s l

slvvw I
]ii i

n]s  I
il
w l

4,.0 l
      i

2.36 i

2.o6 I
l.,ss I

1.38

      I

111S

m
lll

s

w

1
1
t
;
l

l

4,.o l

      i

2.43
      i
2.13

I.64,

1.40

2

lll

lll

 s

vs

l]1

vvd

 d
 d

vcl

vcl
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of r-"Cn02 discussed above were imperfectly crystallized ranisdel].ite. With
' t}iis relationship, it 2s extreiMely interesting 'to cons'ider that 'the 6-phase

corresponds to a poorly-crystal}ized crypto}iielane. '
    The elect}'olyseCt mantocranese (][ioxide prepared by the ]NGitsui Industrial

Chemical Compan>r sliowrs a few CÅíif'fused patterns, an{l generall>r shows a
re}atively good agreement to the k'esu}ts of Cole, Dubo!sie) o}i r-p}iase. The

slight differences in tliese patterns will be der2ved from the broadening of
eaeli diffractiolt paÅítern.

    (III) Cryp#omelane

    r]]his a].k.ftli-beaylng ]nembeer of AilnO: x-ras ]iamed as cryptoinelane by
Richmoiid cftnd l?}eiscliev.i') Tf."he general fo]'inula was given as RMnsOi6• In

this formu]a, R ls K or INTa in ci'yptomelane, Pb in coronadite and Ba ln
lio]landite. ]t i$ one of the co]rLi]Mon oxi{le niinerals oceurriiig iR ]aatura}

ores. 11ike spechnen$ 'Åíroin /Ntlaruno and 1 awai belong to this type.

    From the precedinocr chemical compositioiis, one sees 'that these speciinens

                Table 4,. X-ray diffraction pattern$ of cryptomelane

Cryptomelane I
i
i

McMurdie Fleischer,
Rie}imond

i
i

rvlaruno ]

l
1

Kawai C

  od(A)
I
i I

I
l
l

  od(A)

6.92

4.91

3.4.7

3.1}

2.46

2.4,0

2.27

2.16

9

5

3

10

2

4,

2

3

6.863

4,.892

3.4q+5

3.105

2.4y4i5

2.387

2.183

2.ltl,5

1.917

1.820

1.633

1.618

1.528

i.423

i.34•7

I i d(X)
l

i
I I

I

l
l W

l

]

i

9

8

3

IO

3

7

 4,

 5

2

5

 4,

 4+

6

2

 5

t
I
:
j

7.0

4,.9

       i
  m cli
l rrllY ci

IIilI       l  mldlliiIiIsld       l
       l
   s I vd
       l
       I

Iw I d
   w l vvcl
       I

  m I vcl
   m i d       l
j ]n I vvcl

  ojd(A) l
      I

I
I
F
I

w

1.835

1.M,

1.54

I
i
I

2

3

2

i

i

E
I
'

I
:
I
I
i

I
I
l
I
I
i
i
l
t
E
I
I
{
i
:
l
I

l

3.14,

2.4+0

2.16

1.83

1.65

1.54

l.4,3

!.36

    7.0

    4,.9

l.I 3.i4
l
i
l
I 2.4i
I
i

I 2.16
[

I
I 1.s3
i
i ]L.65
l
i
I 1.s4,

l 1.4d33

    1.36

;
l
l

lll

m
I

isl
l
I

i vs
i

l ins
i
i

im
lwL
I
I

Imi
l

imI

   NV

E

i

E

i
l
I

d

cl

d

S}1

cl
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vvcl

 cl

sh

vvd
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eontain nioye calkali elements tltan others, bu# tlieiz' potassi.um. eontents cee'e

Iowez' than 'tkose o'f previousl>r' repo]rted eryptome]ai}es. I]. H. De}anoiL') stated

' tkat the contents of potassiuin and sodi.tnn in cryptotnelane we}'e ikot always

eonstan't, and som.e varie'ties often con'tailted snkall amoun'ts of thein.

     [[]ke speeimens fro]n IXGaru}io and .I<awai .wkich skow 'the charagte3'istic

patterns of cr>rptome]ane, such a$ 7.0A, 4.9A sho\ild belong to {:he cr>rpte-
xxielaiie nienibers.

     I."he degree of cx'ystallization of 'these speeinieiis .seems to be very poor

sinee 'their difTraction patteriis are 'intense}y di'ffused and. depTived of some
of the weak iiikes reported by li"leiscliey':i) an(l IX4'clN(iu]'(lie.i")

     (IV) i-phase

     De}ta A(InO,. is considered to be a poorly cer>rsta]lized ine]nber of crypto-

]nie]ane, s2milar to tli.e vcrannMa phckse "tliiOs dei'ived Åíroni ranisdellite, as was

designated b>r ]NtlclX([urdie. 'I"his phase is be]ieved to be the same as the
niateria} ca}led " ainorphous " b>r Gruneeri5) .ftnd " ma}iganou$ nianganl'te " by

ireitknecht and Atai'ti.i") Reliabie knowledge about its cr>rstal strueture i$

alinost enliirel>r ]aeking.

                     [rable .5. X-ray di{'{'ractgon pattern$ of a-phase
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     The sannp}e froin rl"acliiki belonocrs to this modi'fic`ation havizig a few
                                             ee                                                             odiffased lines. So'nie di'ffraction lines, 4.9 A, 3.l A, I.83A are derived from

e]' >Tptome!ane and others ocrenerall>r coincide with those of delta "({nO,} as

determined by geleMu'rdie and.Coie. It seenis to be the eharacteristico'Åítl}e

de}ta phase, that a line 2.39A appears very inten$el>r notwitltstanding the
weakness of the otker 'lines be}ongi}ig Lo cryptome]ane.
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    The speeimen of [rackl.ki contft,ins a ]an'ge amotznt of water, and various

thermo-ex'perime]]t'.s show the peculiar behavioL}rs.

    (V) l)v(Ii: ture of ramsdellite sei'ies ]ninei'al and cr>rptomelane

    'I]he results of powder photog]'aph olt s'pecimens frein Kawai and Tsttj`i-

naka show the numerous diffraction patterns corre$ponding to rainsdel}ite
reported b>r IN'I. FLeisehe-y and W. E. IItickmondi') besides the severa'i lines

belonging to ci'ypton]elaRe.

[t"able 6. X-ray diffraction pattern$ ef mixecl ore, rarnsdellite series mineral and cryptomelane•
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    ']]hese samples Cliffer s}ightl.y in their er>rsLallizatiolt degree, buÅí show

aii intimate similarit>r to each other. About half of tlte inei:ntbers of the
diffraction patterns of Kawai, cori'espond to those of ranisdelli'te nieniber and
                                         eeotliers to er>rptomelane. rl'"ro ljnes 2.76A, 2.49A o'Åí Kawai A aiid B may
be corre]ated to the strongest liikes of hausmaniiite a}id tliey perliaps contain

hausniannite in s]nall quaLktit>'.

    Rama.delHte is considered 'to be 'the seeond well-c}'ysta}lized member after
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pyrolusite, but the differaetion patterRs mentioned above diffase ver>r intense}>r.

Tl}is faet sug.gests that ramsdeilite is 'tlie most cr>rstal]ized member of r-phase

altd tliat 'there aro xTarious otker intexxnedia'te m.e]nbers.

                Thermal investigation of MnO,,iS, 'fi)
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   a) Differerytial therinal

         ana].ysis

    [l]he atttliors applied 'tlie

dLfferentia} thez']nal analysls

to identify 'the 2iiodi'ffeation

of manganese dioi ide. Each
specimen (2.0 gr.) grotmd 'to

'
fi.i.ine 'POXi,der was used. The

rate oÅí lieati]]ocr was regaiated

at 60C. pey ]niniite.

    In ever>r expe]'iinen't,
th]ree reinarkable endo'theerm.'ic

hreaks were found, oÅí these,

' the 'Åí,rst peak, at slitocrht}>r

lower temperature than 200SC.

corresponds 'to 'tlie dehydratlon

of absorbed wa'ter. rl"he second

peal<, oceLirring at 500'-700Åé.

is due to ]oss of oxygen b>r
the transformation to bixbyite

(A'l'n203), and the 'third peak

at 9500-iOOO'C. is (lue to a
furtheer joss in,oi >rocren b>r

the forma'tio/lt of hausitia/nniÅíe

("'l'n3QD. By comparing the
dlfYez"ential. heatiltg eurves in

detail., 'tlh.e authors eoLild

.leentify eacli modification
accordinocr to 'tkeir distinct
char,ftcteiris't'i.c beh.ftvioui's.

Fig. 2. D, T, A. curve of "(-phase
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    (I) I?yrolasit.e

    Tlie iminerals belongiti.cr to this type abrttptl>r deoxidize at 6500-680eC.

transformi.ng into Mn,.03, and are accompaniedbyadouble•endotheyinic peak
at 720'-760''C l?ukau]'a A, B and l"irlka correspond to this group as slio"rn
in Fig. ]..

    (II) ?'-phase

    [ he remarkable appeavence of the dehydrat:ion peal< ma>r be due 'to the
absorbed xsrater and fi'ee sulphtiric aeLd occluded dttring the prepayatlon. The

deo.x'idation reaetion l/o bixbylte occurs instantly as it; is iii the case of pyro-

lusi.te, but its teniperatLu'e is as relative'ly low as 568pt'C;.

    (III) Cryptomelane and 0-phase

    [l."he de].iydration peak of cryptome.}ane ls not niarked and eoiitinues 'to

near}>r 300'C. On t}ie other hand, de}ta phase of rliacltiki containi'ng aboRt
i8.70 g6 H' :0 (Å}') shoxNrs a most rema]'kable dehydra{iion peak and thi$ break

reappeai's after the li.eat treatment at i20'C. fbr severa} hours. This fact
suggest$ that a part of this tota} water niust be held in its cr>rstal strueture,

forn3ing Off' radical co}nbined xsri#h A'ln ion.

    rt"he second l)e.Rk of ,o, fbo eoo !eco
deoxidatioii gradually ap- empc
pears aL 560C'-570Åé. begin- 
iihig at aboRt 350Åé. rl"he
'thlrd peak is alwa>rs aceoni-

panied by a small peak at
about 900-'C. The 'theri}ial

bekaviours mentioned. above,

are the inost interesting
character'Lstics of t'his groiip.

    rl"he teniperaLure of the

second peak of riiachiki (0-

phtftse) is 620""C. rrhe doub}e

peak at 608Åé, of Kawal C
niav be a'ttributed to 'the
   J
].i'ttle contain.ina'tion of 'the

ramsd(,illite member.
Fiv"' 3. ]]), T. A. c.urve of cryptomelane.
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     (IV) }6ixture o/f ranis-

   delli'te series ]3.iineral. a/nd

   cryptomelane

     The eaek specknen
'Åíroin. I<awai and U"sujiiial<a

shows a principal deo)cida-
'tion peak at 6000-615Åé.
beside a double pea]c at
560"C. rrke Åío/rnaez' ]na'v
                            J
be o'Åí ramsdellite ane 'the

]atter ]nay provab}ly be of

er>rptomelane.

                 b) T]ie ].o$s

Shin'iehi NismMuRA andTakashi IViAYEDA

         Fi.tr. 4•. D.

of weiglit I)y the

ovez'
i}i Ili

Åé

 l_ _
                1                 1
                 v

                          l
                        x

                        v

Fi.cr. 5. D. '1". tlL. eu]:ve of mixe{l of ramsclell}te

      naernl'}er all{.l cryptoinelane

700tC. 'IE"his /niet.lhod showed i'ts cliai`acl/eristi.c

ig. 6.

                         1
                         1'

T. A. curve of a-pliase

tlie'r/mobalaRce

        Te iiivestigate the
  actual sta'Le of the ina]iganese

   ox'ide whieli oecurred in th.e

   differential heatino(r cui've,

   tlie loss of weight wag
   guantitative!>r iii!e.ftsui'ed

   witli a sensitive 'thernioba}-

   anee. rrhe apparatus used
   'to iMeasure lhe iess of weight

   is the Oshi/ma-l?ul<uda's
   t.liernaobala].ice.

        (I"he te]irLpercftture 'cNfas

   ste?wiseiy Sncreased cftt
   inte•rvals of 30"-50"'C. At

   eac'h teni'perativre interval,

   tlie xsreight of the saniple

   ]]ad been kept constant tbr
   2-3 hottrs. I,"or tkis i'easo}i,

   30-4•0 h.ours we]'e reguired

   to i'aise die 'te]Mpe]'ature 'to

      ]oss cu]'ve as is depict.ed



r

(l)

rl'he

    25
  R.
  .Eao
  P  sc   cr'   -• 15   o   )
  y   o19
   m   m   o   J

       A'tineraiogical Stndy

}">ri-oluske

lo,gs of weight up to

i

on et{'anganese

580'Cl. is

   ./e---

bioxicle

e{';`ected

S--pha

Mineral 215

 bY the dela.xdration alone,

se (-ra.ch lKD'

k)fte<Marup",)

 ( FukaurA.)
 seriesmmeral
iane(Ka.walC)

                 SOO ' TemprC
           Fisr. 6. ciirve ef weight ioss, yneasured by the therrnobaltmce

and i$ suddenl>r incveased at 600"Ca., a]tiouRting to app]'oxinaatel:}r 6.5 g'b.

    The secondew'y }oss of about l.5 g-6 ilt weigltt observed at 700"C. nia>r

be dvte to tke deoxidation, aRd deRiotkst]'ate tke oj'igin ofdoubie I)eak' Nxihich

appeared on the difl"ere].itiai keatintncr curve.

    (II) r-phase

    rE'he deoxidation of elecLrolysed n]antoff.ftnese dioxide suddenl>f occ;urs at

500"C., and it was fbund by volumetric ana}>rsis that the gradual. deci"ease

of weiglit which continued to that tenipe]'atuye was de.t'ived froin the water
and sulpliuric aci(l occlude{i dui'iiig the preparation.

    (IID Cr>rptoinelane and 0-phase

    "I"he specimens froni "ifarulto and r.l.iachiki (iehydrate }nost of tlieir N•va#er

up 'to• 300"C., and show ttie inost slusrgtsh loss of ixreigkt rangiltg from -350"C.

to 700"C. in the case of 'L]aehiki speeimen, atid to 6003C. for the IX'l'aruno.

    (IV) iX(lixture of ranksdellite series n)ineral and cryptomelane

    I'he pi'iiicipa} loss of weight oN•ving to 'Åíhe deoxidation. of }amsdel'Lite

was {bLflid at 600"-615eC., but it was attended by a gradual decrease of cr>r-

pton}elaBe at lower 'temperature.

              c) The voluinetric analysis of fi'ee ox.ygen

    I'he loss of N•veibcrht deterinined. b>r tlie therinobaiance ls frecluentl>r in-

tluenced to large extent b>f otlier factors as weli as the deo).(idation Pheiio-
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             MP•Åé                   Fi.ff. 7. Voltuneti:ic analysis of free oxygen.

niena, thus tlie volttmetric ana}>rsis of 'free oxygeii i3iust be performed, in

order to investigate t!ie deoxida#ion n]eckanisnG. rll"he aut.hors eetei'nAned the

i'elative vokn3ie of free ox>rbcreii b>r measu]'ing the gas pre•ssuT-e in a capi!lar>r

Åíube {i}led xs;ith free ox,v'gen. Be'lbre heating the speginien, th.e capillai'>r tube

' was cotiditiolted to a vacauni state, ln o]'der to iiitroduce. t,he fi'ee oxygen.

By this means, wre could distinocruish the oxygen froin a deh.ydrated water.
    rlihe results of the various n]odificatioiis are showLi in I?ig. 7.

    rl"he>r can easil>f Linde]'stand the deoxidatloik behaviou]'s ()f varioas nnan-

ganese• dioxides, tliat is, pyroiLisite deoxidizes at about 600"Cl., cz">;{)tomelane

and 6' -phase, graduail>r begi}i at about 35e'C., and r-phase at abottt 450'C.

a}id intensel>r at about 500"C.

                    The vo!ume of aetive oxygeit -

    rlihe volunie of ac{'ivei 'l'ree o.y>rgeR detern]ilted froin the above e).cperi.imeLits

xvas eon}pared ivith the ealculated velunie. rl"he observed voiun]e was liiocrhey

ilt soine cases than the calculated volzin]e, bL}t the auL}kors cou]d distingaisli

Lhe various modifications by these data.

    (I) P>iroiLisite

    rihe observed volume of oxyocre]i isolated at 750"C. 'was nearl>r eguai to

the ealcu]ated value. In sonke speciniens tlte obsei've{i volumes exceeded the

calculated va'lr}e, but tke diffe}'ence 'was a].ways neglisibly snialL The heated

products wei'e found ahnost to be a.-bi).(byite,fie) but the existenee of tl}e dif-
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fraction patte}'ns 2.76A, 2.<19A coi'respo}iding to hausmannite wi}l show a

-iittie contamk}at'ioi". o'f l".a'a.sinar,rxitc. ".l"lie isolated oxygen vc'ltt'tmts of IC50"C,.

was reniaykably less than the ca}culated valtie, and tke X-vay inve•stLgation

a}so verified 'the reinnaBLs of a-bixb>rite. Tkevefore, ]]iore prolonged hecfttintocr

oi higl}er 'teniperature iiiay be reguired to conveyt it into hausniannite

cempletely.

      (I}) r-phase

     'l'his inodi.fication could be altered ahno3t comp[etel.y to (z-bixb>fite at

750L'C., and to harismannite at i050'C. ahnost completel.v' , as X-ra>r investi-

gations confirnied these t',acts.

      (I!.}) Crypto}iielaRe

     rl."1ie eryptonie}ane expelLe•d oi}1>r about two-tkii'd$ of its ealculated oxygeii

at 7500C., the remaining ox'>rsreii bei.ng completely expelled untill !050CC.,

with the .deoxidatien at higher teniperature. rl."his ehara(;te,i`istic b.",haviour

ma>r be.related to the do'uble peal< at 900'C. in its difi`erentiai heat,ing cturve.

rMrLe IL><1-ray f)atterns showe(] tlte existence of tz-bixbyite, and no haub'maiknite

pattern at all. It i$ a chavaeteristitc that this n]lneral does ltot connpletel>r

tralt$fortn to bixb>rite•, iiotwit.hstandinsr the graduai dissociation {'ro}n low

tellnnpel'clt'u]re.

      (IV) 0-phase

     Tlie xiol.unie of ex'pelted ox>rg,en at 750'C. is alnio:o't eqaal to the calcu-

lated volxinie, but die heated preciuc;t is niissing t.he chai'acteristic patte.i'ns

         ueat 2.71 fX, 3.85 A of a--bi.xb>rite and crorresponds to ?'-bix'byite:'i) or hausmannite.

"I."lie difrrac:tioR pattei'ns of r--bix. b>rite, is so siniiiar to those of hausn}ai}nlte,

't.hat it is di{Iicult to iGentif' y tkess-)• minevals f'rom X-ray data alone•. rl"hi6

product ma.y be ?-bixb.yLte froni the chemical staltdpoi.nt.

      (V) IXilixture of rams(leliite se]'ies ]nineral .ar}d cryptomelane

      It resenables to the e•haracteristic o'f cr>rptonielane tlaat the a}nount of

active oxygen of this ]nixture expe}Ie(l at 7500C. is also insufficient, and the

rexxiaining oxygen is f'ully expell.ed. unti]l ].050"C.

     Indicat'iozi o/f 'the ex'iste•nee o'iVhausma.nnite was observed in the heated

product at 750"C. of Tsujinaka from the excamlnation of the X-ra>r patterns.
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Some characteristies of

 dry ee!ls maitufactured

    from various
  manganese dioxides

   lt js a well-known
fact, that the performance
of a dry cell depeiid$ on
the variety of manganese
dLoxide ]nodi5cations.
rl"herefore, dtirintnff the

nianufacLu}'e o'f d'r'y eells

for heavy dut>r service, it

has been eusÅíomary to add

a proper amount of' active
iN([nO: to Åí'he ]N([n02 o}'e. To

'

i'  nves'tigate the suitabi}ity of

MnO,, in a dry celi, nu-
merous UIN([-1 T>rpe experi-

nkental dry ce}ls were made

aceording to J. I. S. speci-

fications. The discharge
' tinie reguired untit 'the
cireuit potential dropped 'to

0.75 volt, was m.easured
iinder var>ring conditions,
st'tch as a con'tinuotts dis-

cliarge L}iroug'h. a 5-elim,

10-ok'm res'is'tance, and
interniitteiit discharge fbr

l hour per day through a
5-ohni xesisÅíance.

    r!"lie experi.inenta} re-

sults are represented ilt 'Llte

followin.cr tab!e ;
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the active oxygen caletdicted froni the ab3olute contents and Lhe specific
gravities of maRocranese dioxides.

     'I"he co]-rected values !'o]r eauh specimemi were caLculated b>r applying the

fbllowinbcr formula, and as is aLso skown iii above table.

       t (cale.) = ti kxv -4•4•) Å~ -iiSbi b-

       t :discharge time (obs.)
       vgT : total weight in gr.

       4•.4• : weight of earbon eleetrode in gy.

       a : "GnO,] `i"of

    rlilie above table demonstrates t.1iat cryl)t.onie]ane and ?'-phase have an

excellenl: guatity l'br continuous discharbcre, and e]'ypto]ne]ane is also superior for

intermittent dischai'ge foljowed successive]y by pyro].usite and ?'-p!iase 2n
that order. fl]he]'e ai'e a f'ew ex'ceptiens, rl"sujinaka, Ktiwai C wkicl} pre-

cipitated fronk tke reso;ved solutioii.

    ]lowever the conclusions drawti from the. above described experiments
shou]d be asce)'tained on tnore specknens, practical expe'riences that the electro-

lysed "il.nOa is supei'ior for coni',inuotis di$ckai'ge, btit in'ferior for inter]nittent

discharge, atid that the nialtganese dioi ide fvom. the northeastei'n I)art o{'

Japan which is maiikly composed of p>ri'olusite is generally infe]'ior 'Åíor dry

ceU use, showed. a ocrood agreenient to the ahove experimental results. [l'ke

sequence of ch"eLiit voltage in eaclt specinien is also represented in the pre-
viotts table.

                                R6sum6

     (l) Fro'm the X-}"ay it].vestiocrati.oRs conducted, the specimelts 'fronk
.Piri]<a and Fukatira liave nunierous dSst.incli patteriis ctorre$pondinocr Lo Lhose•

of p>rrolusite as determined by "'leA'I'erdie aiid I;'leischer. On the other hand,

' tlte electro].ysed mangaltese dioxide prepared by the Mitstii Indttstria} Cllieniical

Coinpan>r shows a few difr'used !ines that coi'respond to the r-?h.ftse, whick

is believedL to be a poorly crysta]L'ized. ram$dellite. rl"hose of iNtlarLino and

Kawai C aye corre]ated to cy>rptoine!ane and that of rl"achiki to a o'-phase,

a poorly c{'>rstal!ized crypto}nelane. The speciRiens of Kawai A, B, and
I"sujixxaka are coiisisted of a inixture of poorl>r cr>rstallized rainsdel}ite series

inineral and e]'yptonie].ane.

    (2) rlilie diff'erent.iaL thernia]. etu've of each ]nodification has thyee

essential endot!iermic brecftks; of these, tlie fu'st peak which appears at a

sliglitly lower temperature than 200Åé. eoirresponds to t.he dehydration of
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absorbed water, and tlie second peak at 500"-700'C. is due to the transformation

to bix'byite (iVhi:03). Tlie thi}'d peak. at 900;-l,OOO"C. is due to the second

transfomnation to hausmaltnite (A'ln:sO.t). Some of these essentia} peaks often
appecar' as double 'peaks. NX"e cot"d distinctl>r identify each mod.ification by

coniparing tlie diCt'erential thernia} c.urves in det'ai!.

    (3) 1"o investigate the actual state of tlie manganese o'xlde which
occurred during tlie 1}eating pi'ocess, the lo$s of weight b>r Lhermobalance and

the volLnnetrie chaRge of isolated oxygen, i•ve]'e quametitatively determilled.

I?roni these tliei'inal experl}nents, sotne vaiuable facts to identif>r the vai'ious

modifications were found. A smalL part of w.ftte.r occludecl in o}'e 'is often

heid unti} relativeL>r higher temperalure in its crystaL strticture. Some
members begiR to deoxidize at low teni.perature as 350"C.

    (4•) The volame of active free ox'.vgen determined froni the above ex-
perin)ents was coinpaired witk tiie c'aicu!ated volume. Sotne me•mbers are
almost complete-}>r tratksforined to rz-bixb.vite at 750'"C. and to hatisnianiiite

at ].0500C., buÅí tlie others e'xpell. onLy aboat two-thi]'ds of their calctAated

oxygeii at 750'C., tlie remcaininsr ox>rgeti being compLetely expe!ied untill
].050tC. rl"kus th.e de.oxidation phenonaena of vavious znaJiganese dioxides aye

cha'raeteristic of tlte•ir piodi'ftcations.

    (5) rlJhe suitabi}it>r of ]i]angaltese dio.yide 'for dry ce}1 use depends
niostl>r on the chca]'acterlstie behaviotirs of various ]nodiftcations. 'l."o insresti-

gate tliese i'e}atLonships betw'een the eapaeity of a dyy Åëell and n}ineraioocrical

characLei'istics o'f various modif/cations, numerous experimenta]. celis were inade

accordinbcr 'Lo J. I. S. specifications. IEihe capaeigy ol' the dry celi was i)ieasured

under ei{'YereRt conditions, suck as contlntious eischa}'ge ane interniit'tent
discharge. Cr>rptomeLane aiid r-pliase, aTe exceilent fo]' continuous discharge,

and ci'yptome].ane i$ al$o superior for intei'mittetit dlscharge sticcessively
'fo}lowed by pyroiusite and r-pkase.
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