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Past. work on the modificationz of mangenes: dioxide of interezt in d}y-ne]l manufacturs
ia reviewed, New X-ray data, st both room and elevated temperaturss, combined with
differential heating curves lead to the conclugion that five typee of manganese dioxide ouist;
{1} well-tryatallized pyrolusite; (2} gamma manganese dioxide, a poorly crystallized prrolu-
site; (3) remsdellite; {4} cryptomelans, & form contalning essentisl potassium or sodium;
and (5 delta manganese dioxide, believed to be a poorly cryatallized cryptomelsne. The
high-temperatura X-ray diffraction data indicated the phase changes that cause the heating-
curve effects. A new orystal form of maonganosic oxdde (Mng0,), steble above 1,1707 O, waa

found to be cubde of Bpinel structum,

Fireness detarmoinstions by both the niteopen adaorp-

tion and the X-tay line broadening methods were made on selected zamples.

1. Introduction

During the years 194046 there was increased
research on dry cella. This was stimulated by
increased demand for the cells as well as new uses
for thern, combined with certain shortages of raw
materigls. This work disclosed among other
things that manganese dioxide is not a aslmple
compound with constant properties, and that its
value as a depolarizer depends on properties other
then merely purity. At that time a paper was
written at thiz Burean [1]! giving some preiim-
infry findings. Since then, additional work has
besn done both hers and elsewhere [2] on man-
ganese dioxide. The present paper is an attempt
to evalupte the work done here and that reported
by others. The work has not been confined to
dey—cell technology, bub was aitmed foward a
better general understanding of the oxide, its
various fortns, transformations, and means of
identification. This information, it is hopad, will
be of interest in mineralogy and crystallography
as well as in electrochemistry.

II. Apparatus and Methods

In the present study, X-ray patterns were made
on the North American Philips Geiger Counter
X-ray Spectrometar by using unfiltered FeK radi-
ation. The patterns were automsatically recorded
with a counter movement of 17 §/min. With

1 Flgtires o brackess Midloade (he Heterators refarsnces at the end of this
e,
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this equipment a flat epecimen iz vsed, and no
special techniques were employed to prevent pre-
ferred orientation, Tt iz realized thalb in a few
ceses this may have resulted in relative intensities
that differ from those in other reportz, This
equipment in its commercial form is not cepable
of recording the diffraction effects at angles greater
then 45° #; thus, the back reflection lines are
migssed. Some conclusions are based in part on
previous studies with the vee of photographic
methods.

The X-ray diffraction patterns at elevated tem-
peraturea were made in the apparatus described
by Van Valkenburg and Mchdurdie [3l. With
this, patterns could be obtained at various ele-
vabted temperatures with no intermediate cooling.
In many measurements at high tempersture, only
the scction of the'pattern corrosponding to angles
less than 25° # was scanned, as this was found to
he sufficient to identify the phase present. '

Differential heating curves on MoQ: were made
on 2¢ samples by the method outlined by Speil
and othera [4].  AlLQs {corundum) waa used as an
ineri body. The temperature of the MnOw, and

“the difference in temperaturs between the MnOg

and the inert body were automatically recorded
as tho tompersture was raiscd ab s rate of about
8° C/min. 'The equipment used was described hy
Newman and Wells [5].

Electronmicrographs were made with the RCA
model EMU microscope.
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IIl. The Crystal Modifications of MnO,

Although there ia more peneral agreament on the -

forme of MnQ; now than existed scveral years ago,
there atill iz a certain amount of dissgraement on
the relations between the various forms., For ex-
ample, ell agree that gamma MnO, iz a peorly
crystallized material, but Cole and his coworkers
[2] dlaim that it is closely related to ramsdellite,
whereas McMurdie [1] has considered it related to
pyrolusite. As a first step toward settling these
questions, it must be agrecd as to what lines in
the X-ray diffraction pattern are sssential to de-
lineate o particular modificaticn.

There is general agreement on the well-crystal-
lized tetragonul form of MnQ,, pyrolusite. This
was made artificially hy Ferrari [6] and the erystal
structure worked out. It was found to be of rutile
structure with a=4.44 A and ¢=286 A. The
lines for angles less than 40° 8, which are present
in an X-ray pattern, using Fe radiation, are given
in table 1. It will ke scen ihat some of the lines
reported by Fleizcher and Richmond [7] are
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misaing. These extra lines are not compatible
with the structure given hy Ferrari and are not
found here in the purcst samples. They are
doubtless due to impurities. In figure 1, &,° the
pattern of pyrolueite ohtained from a sample
of natural ore from Egypt 16 represented. The
110 and the 220 lines are possibly unduly strong
becanse of preferred orientation in the flat holder.
Figure 2, u, shows the patiern obtained from arti-
ficial materiel made by heating Mn(WNOy)s. This
pattern is sitailar to that of the one in figure 1, a,
except for the increascd broadness of the lines due

- to smaller crystal size.

The mineral name “polianite” was used for
many years to indicate the well-erystallized form,
85 distinet from massive material called “pyrolu-
gite". It has been shown beyond question [13] by
X.roy diffraction that the two are identical and
the name polianite 1 now discarded. It was a

% The & (theta) ralues indlegted on (hese Apuresare the angles of dfrotion
und are velated to the @ values shown in Lbhe tables by the Bragg cauntion
d=h/? ki d, Where ho wavelogth of Fok adwdiatio (163 A),
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comntnon belie! years apo that the minersl that
was without external crystal faces {then called
prrolusitc) was superior for dry cells, because it
was hydrated. There is at present no evidence of
a hydrated form of Mn(}, no other essential
clements being present.

Wad iz a name that has been used to designate
& massive or earthy mixture that is lergaly MnO.,
but it often contains large percentagaz of HaO and
BaD. It has no definite mineralogical meaning
and aectually consiste of pyrolusite, psilomelane,
cryptomelane, and other mimerals [16].

A second well-crystallized form, which was
reported first hy Fleischer and Richmond [7] is
ramsdellite. This ia said to be orthorhombic, bul
the unit eell dimecnsions have not been given.
Cole and coworkera [2] reporied a patitern for this
miaterial that can be derived from that of Fleischer
and Richmond by subtrecting the lines of pyro-
lusite from the latter. -Of the various samples
of ramsdellite studied here, wll have contained
pyrolusite in varying deprees. It is beliaved,
therefore, that the best pattern of ramadellite is
thut reported by Cole. 'This is reprintad in table
1. The pattcro of the purest ratmzdellite obtained
here iz shown graphieally in figure 1, b. Rams-
dellite is noi known o have been made artificially.

The modification of the greatest interest in
battery technology, and about which the most
confusion has arisen is gamma (v)* MnQy, This
waa first named by Glomser [8] and hes heen
noted by meny worlters |9, 1]. It 1 found in
natural ores and in artificial products and is
genarally considered a desirable form for battery

V'Toe terma madtma and delfs nesd here In connectlan with types of Mnb

e hol consbdered to orber to distined mineral forma, bot vether 1o et
Hupclifcmelat of feobibdoal ntersat
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vse. The patterns repertcd for it vary, some
workers eataloging several warielies [2], The
patiern reported by McMurdie [2] has been eriti-
cized az not including a line at a spacing of about
4 A (ahout 14°¢). Although it is true that in
any cases, such as shown in figure 2, b, and fgure
2, d, such a line doea vecur with a pattern that is
otherwise mainly that of gemma, in other casea
it is much wenker or absent. This would seem
to indicata that it 18 not caused by the same phnse
82 pridduces the gamma pattern and i3 not es-
gential to it. The pattern ehown in figure 1, ¢, is
of an oxide made by pouring concentrsted
Mn(NGs); solution dropwise onto u hot plate near
400° C. This, excapt for the Jack of the 4-A line,
is approximately what is accepted as a gamma
pattern.  When thie iz compared with the pyro-
lusite pattern, it 13 seen that it 15 similar and
varies in having broader linez {indicating smaller
crysta! sizo} and the absance of the 200, 210, and
220 lines, This would indicate n substanca very
poorly developed perpendicular to the ¢ axis, and
of very amall eryaial size. The cause of the line
gt 4 A, which oceurs in some cases, is not known;
it imay be rcleted to remsdellite or groutite
{HMn,} reported by Gruner [11]. Both of thess
phases give strong lines at about 4 A and may be
present in poorly crystallized form with the poorly
formed pyrolusite (gamma). 'The fact that vari-
ous differences in the gamma MpQ: pattern oecur
is not surprising, as the degree of erystallization
and pcreentage of a second phase mey vary over
wide limits, thus giving a considerable range of
patietna.

It iz thought very unlikely that the differences,
such as noted by Cole and coworkers [2], are caused

‘by reai differences in structure; they are probably

different in degree of crystallization and of im-
prurities. The pattern, as shown in figure 1, ¢, is
believad to show the minimum nember of lines
that delineate this modification of MnO,,
Cryptomelane occurs a3 a natural mingral, has
bacn prepared (zyothetically), and found to be
isostructural with hollandite and coronadite [12,
13]. Itis the alpha Mo of Du Bois [18).  These
minerals heve been given the genern] formula
R Mp 0. R is K or Na in eryptomelans, Pb in
coronadite, and Ba in hollandite. The neme
crypiomelane was proposed for the alkali-bearing
componnd by BRichmond and Fleischor [14)], it
being the commenest of the minerals of this type.
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The unit cell as determined by Ramsdell [15] was
found to be body-centered tetragonal with g=1.82
A and ¢=2.86 A. The pattern given in table Z
and shown in figure 1, d, agrees with this cell.

Taprie 2. X-rey poteder data

Cryptomelane (No, ) Cryptomelsne (No, &)
hkl ;| RJ bl d "I
A A
o h.8r o Ha P | 0
1] 4 Bl i} 301 Pl b
o) 34T N 1L 1, Bth 0
130 w11 1o il 0] 1. 83 Hr
00 & 20 nEL 158 1t

10 2 4 L]

Psilomelane is & name that has been used in
eonnection with mangsnese dioxide minerals, and
various formulae have been proposed for it. The
most recent usage restricts peilomelans to
hydrous barium compound {(BaMnMn O, (OH})
[16] identical with romanechite. This mineral
does not appear to be common among oxides
proposed for battery use. Its X-ray pattern,
however, is siilar te that of cryptomelane and
gmall emounts of psilomelane in mixtures are
ensily mistaken for eryptomelune.

Delta Mo} i a modification, similar to gamma
MnO, in that it is poorly crystallized and that
therc is conflicting data on the essential lines,
This modification was so designated by MeMurdie
[1] and js believed to be the same as the material
called amorphous by Gruner [12] and manganous
manganite by Feitnecht and Marti [17].  Cole and
eoworkers [2] prepared & sample giving the two
lines reported by McMurdic (at 2.41 and 1.42 A)
and also s type with more lines, particularly one
at 7.13 A. These samples in many cases could be
changed to cryptomelane by boiling or heating.
With the (3eiger-counter equipment in use here at
the moment, the patterns of various samples have
been repeated. This apparatus does not indicate
the lines with as small interplanar spacings as was
observed by the film method formerly vsed, but
does give better delineation of lines at greater
spacings. The fewast lines found on & sample in
the & range covered are shown in figure 1, e
Another pattern js shown of a similar sample with
additional lines in figure 2, c. One sample of
delta MnO; waa found occurring naturally and iz
shown in figure 3, d. The evidence is that delta
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benrs to eryptomelane & gimilar relation as that of
gamma o pyrolusitc in being very fingly crystal-
line; and since varioue deprees of eryatallinity can
exiat, the pattern will vary.

Consideration has been pivén to the posaibilicy
of a hydrated form of Mn(k. Such a compound
has not been found, Weiser [20] made MnOy
samples by various wet methods, and although no
X-ray data are given, from samples prepared by
gimilar methods by others, it is known that the
samples must heve included delta and gemma
specimens. These were dried st various tempera-
tures, snd he atates that no evidence was fonnd
that hydrates 2xizt and that tha water of the finely
divided forms is adsorhed.

IV. Occurrence of the Maodifications

Patterns have been made here on samples, both
artificial and natural, that have been proposed for
or used for battery depolarizers. The principal
MnQ; modification, as determined by X-ray dif-
fraction, and the zource of the sampla are given
in table 3. The method of manufacture and of
treatment of some commeteinl ores is not known.

Fl1augrs 3.
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Although it would sdd te the value of this report
if these duta were known, it would also ba of value
to have exact comparative data on the behavior of
thesc ores in cells. In many cases, however, data
ure available by which ores can be roughly clas-
sified. In column 5 of table 3, ratings are given on
these for which some information was available.
The rating from A to I} in descending order of
valua or capacity iz admittedly rough, but is
believed to ba of some interest. The number
assigned to. an ore is that used throughout the
report,

Tapre 3. Semples of manganess dinride
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In thiz work no attempt haz been made to
prepara maferial in various ways, but from the
finding? repotted here and in previous papers cer-
tain conclugiona cen be drawn.

Pyrolusite (well erystallized} cceurs commonly
in neture and can be prepared actificially by
henting Mn (NO;);; by hydrolysis of Mn(Y, [2],
and by heating certain cryptomelsne or delis
samples [2]. Gamma samples become better
crystallized and form pyrolusite on hesting [2, &].
It hea been shown by several investigators [2, 7]
that ramsdellite changes to pyrolusite on heating
near 500° C.

Garnma menganese dioxide {poorly erystallized
pyrolusite) occurs to some eéxtent in noture. The
wall-kmown Gold Coast ore is largely of this form,
and other oceurrences are [isted in table 3. The
gamms msnganese dioxide was prepared here by
heatimg & saturated solution of Mo (NO..
quickly and is of common gecurrence in electro-
Irtically prepared samples. Cole [2] prepared
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gamima chemically by various means but was
mnable to forctell when gamma and when cryp-
tomelanc would result. The patterns of samples
('3 and C4, table 3, indicate that the “treatment”
nsed formed gemma from well-crystallized pyro-
lugite. The treatment was done by 4 commercial
hattery company and is not known to us. From
discharge data availsble, it is evident that the
reduction of erystal size {and thus increased
surface) resulting from the process improved the
ore for battery use,

Cryptomelane has been made by Cole [2] and in
thiz laboratory by precipitation of Mn(, from
KMnO, solution. In some cases, the poorly
crystallized delta MnQ; resulted, and cryptomelane
was made from this by henting. Cole [2] found
that clectrolysis of solutions containing K or Pb
gave a material with a eryptomelane pattern.
{The .pattern of coronaditc is similar to that of
cryptomelsne and may be the form resulting in
the case of Pb). Sample C5,' with presumably
the same treatment as samples C3 and {4, gave a
cryptomelane pattern, just as did the untreated
material. Cryptomelane, of an extremely fibrous
nature, was found to result from autoclaving
certain samples of delts and gamma MnO, [1).
In naturs cryptomelnne is very abundant [7].

Delta MnQ,, believed to be poorly crystallized
cryptomelane is found rarely in nature, only one
such sample being available here (sample 39, fig.
3, d), hut it iz formed from EMn(), solution by
precipitation with HCl. It is found as a major
constituent in many chemically produced ozides.

Ramsdellite is known to occur with certeinty
only at Lake Valley, N. Mex. Here it ig inti-
mately related to the pyrolusite. It is not known
to have bean made artificially.

V. Particle Size and Shape

Because the action of Mn(; in dry cells 13
largely a surface action, the degres of fineneas is
important. The guwmma and delta Mu(), are
finely divided, a2 shown by the line broadening in
the diffraction patterme. This fine crystal siza
and high surface aren are alzo shown by the
alectron microscope. Sample 13, figure 4, a,
consiste of fuzzy clumps of short fibers or plates,
which is typical of gamma samples. Figure 4, b
ghows the fine fraction of C1 {delta). These
particles are very thin plates. Sample C4 {fig. 5,

4 Bample numbers refer G Jaf of zamplkes in tabls 5
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a) indicates the fibrous nature of this avtificia
gamma Mn(y made from the well-erystallizec
pyrolusite (samplo 12) shown in figure 5, b

‘Figure 6, & and b, chows a cryptomealane before

and after treatment {samples 11 and C5) showing
very well crystallized particles in hoth cases
Figure 7, a and b, shoss the extreme acicula
crystals of cryptomelatie formmed by autoclaving.

Measurament of the speeific surface of several
samples wasa made by the nitrogen adsorption
method [21].2 The samples wers evacuated at
room temperature overnight. Nitrogen gas was
adsorbed on the smiace i liquid nitrogen tem-
perature (—195° ). The aurface areas of the
samples were calevlated according to the Brunauer,
Emmett, and Teller equation [28] and assoming
an area of 16.2 A? as the area of & nitrogen mole-

cule. The resolts are given in table 4,
TasrLe 4. Fireness or MoOh somples by nidlrogen adsorntion
wethod
Hatople Aurfoce mees Hating
=i
Lo R -1 B
L S .- 4.1 A
i N 1 - I
L a5 4 A
LT 1E.5 A
| T 75 A

As n further meazure of particle size, the average
eryatallits size of several samples of pamma and
delta oxides wero calculated by the method of
X-ray line broadening [26, 27). This method
gives the average crystal size rather than the size
of particlea, which may be made up of many small
single erystals. The breadths of the peaks on the
recorded patiern are measured at one-half inten-
pity and compared with the width of similar
peaks of well-crystallized samples (crystals over
0.1 g). This increased width iz caused by the
smell cryztal size and 18 uzed in the caleulation asz
follows:

_ .59
T Beeos #’
where
L=avarage crystallite diametor, A
6=DBragg angle
d=wavelength of X-ray beam
Be=incransed pesk width at one-half in-
tensity, radians.

& The spesfic surfas> measnrement was made by B, F. Blains of the Borues
labaratory of thiz Hubeau.
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The rasults were ng follows:
1 Average
. Sample dismeter
A
13 207
34 176
1 117
[ 173
o8 240
47 220, b

V1. Heating Curves and High-Temperature
X-Ray Dithraction

Differentinl heating corves have long been used
to investigate clays and other inorganic solids
[22 to 24]. SBuch methods indicate the tempers-
ture, direction, and intensity of thermal changes
that take place when a sample is heated {or cooled)
at & constant rate. These changes may be the
result of decompasition, reduction, oxidation, in-
wversion, melting, or other change in phase. Any
particular compounsd will undergo certain changes,
resulting in peaks on the heating curves that are
typical, just as are the lines of & diffraction
pattern.” Buch curves can then be uged empirical-
ly as n means of identification and analysis; but if
the phase change causing the thermal effect can be
determined, much more ean be learned about the
properties and nature of the material. In this
stady, heating curves of a number of Mn(),
samples were made and with some samples X-ray
patterns were made &t a scries of temperatures,
making it possible to determine the phase change
involved in the heating curve. Thiz was done
with the equipinent described above. The pat-
terns, in most cases, were made at 100° Clintervals
op to sbout 1,300% O. At each temperature,
about 15 min wae required to obtain the pattern
and 20 to 20 min taken between patterns to obtain
the next higher temperature. Thirty-seven heat-
ing curves were made; figures 8 and 9 give typical
data from different swmples of MoQ., and table
& shows the phases present at various tempera-
turrs on certain aamples.

On pyrelusite of high purity, such as semple 45
{fig. 8, b}, the heating curve is quite simple. There
are endothermic breaks at about 670° C, 950°, and
1,170 C. SBample C15 (fig. 8, a) pave gimilar
results, except that the first break was at a slightly
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w, Mo, &2 ramedallite phua pyodoske; B, Mo 43 orFpemslane, o, Ko, 44
eryptomselane: d, No. 34 eypiomelane; 8, M. Cl4 gamma MOy [ No.
OF gamma Mooy g, Ne. 0F puoms Mo b, Ne. C13 delts Mnis.

lower temperature. ‘The X-ray data clearly show
that the 600° to 700° C thermal effect is due to
loss of oxygen and the formstion of bixhyite
{Mny%), and that the bresk at about 950° C
ip further loss of oxygen and tha formation of
havsmannite (Mo}

The thermal change st 1,170° C is more complex.
It was known from previous studiea that even after
prolonged heating to 1,300° C, diffraction patterns
muode at Toom temperature were of hausmannite,

597



TagLe 5.

Resulis of hiph-temperature X-pgy diffraction siudies of mongoences diceide

Tom- Major phess present for samTHe—
Dt
tore C
.
5 .| Gamma,
L1}
00
00
500 .| Crypt.
g B PN - TR I Crypl & THEs.
T Crypt & Bix, Do,
L] Dia.
Lkt Rix
1, {40 Haua.
1,100 .
1m0 Bolnel.
1, 300 .

therafore no further, reduction wes to he expectad.
It was found that if after reaching 1,200° C, the
furnaee was cooled, an exothermic break took plsce
near 1,100° C with samples of high purity. The
X-ray study indicated that at 1,170° (7 there was
a rapid and readily reversible inversion from haus-
mannite (Mn,0 to a cubic substance with a
upit cell of 87 A, This indicates that MMngD,
(MoO.Mn);) forms a spinel siructure, isostrue-
tural with MgQ. AL, above 1,170° C.  The spinel
dtrueture iz one in which there are meny substi-
tutions and which cecurs under very diverse con-
ditions [25]. Hausmannite structurs in itself is
definitely tetragonal but iz a distorted apinel struc-
ture; thus the inversion at 1,170 C 1= a simple
one, occurs quickly, and is reversible and therefore
of the a-8 quariz inversion type. The data from
the pattern made at 1,200° ! are given in table 6,
along with the room temperature data for bizbyite
and bansmannite,

The heating eurve for the sample (42 in fig.
3. a) containing the highest percentage of rams-
dellite was wvery similar to that of pyrolusite.
There was a section below the first break at 670° C
where leat wasz being abeorbed and where the
X-ray patterns indicated a change to pyrolusite.
This change from ramsdellite to pyrolusite doss
not appear to cecur sharply or to be accompanied
by a large energy eoffect and is not reversible.
After the change to pyrolusite, the results were
the sarne as with pure pyrolusite,

Samples of gamma oxides of natural origin such
a5 48 (fig. 8, h) gave heating corves similar to

L

Taere 6. X-ray patferns of the lower opidet of manganeds
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« Bazed on cubic with o=8.7 A,

well-crystallized pyrolusite, except that the firat
break waa slightly lower in temperature. The
date in table 5 indicate & chenge to pyrolusiie,
but. apparently this was not accompanied by a
large heat effact. After 670° €, the results were
the same as with pure pyrolusite. Sample C8
{Hg. B, g} was a very lightweight artificzal oxide,
which changed from gamma to crypiomelane on
heating and then changed over & leng range of
temperature to bixbyite. It contained .a large
amount, of water, which pave the peak near 150° C,

Samples C14 and €2 (fig. 9, ¢ and I}, both of
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gamma ore of electrolytic origin, gave potierns
with a large exothermie break near 700° . This
is thought to result from oxidation of the carbon
present. But for thie effect, the curve would be
similar to other orea.

Crypiomelanc and deltn satuples gave o variety
of t¥pes of heating eurves. It ia understandabla
that this woeuld be true when one considers tha
range of composition of samples with cryplome-
lane-type patierns and the fact that these samples
are not pure, The first main temperature effect
ranges from 550° O in sample 43 (fig. 9, b) to
760° O in sample 36 (fig. 9, d}, and as 5 whale the
braak is not ag pronounced az with pyrolusite.
From 700° to 1,100° C, the curves vary greatly.
It becomes evident why this is 80 when the X-ray
data is examined. Some cryptomelane samples,
such as 43 and 36, go directly from cryptomelane
to havsmannite with no intermediate stage of
kixbyite. Others change gradually to bixbyrite (as
1 and 48). Thiz iz probably duc to the effect of
certain impurities on the transformation. In one
case (gample 28}, a =sample of pyrolusite gave a
doabla break (fig. &, f} between 600° and 700°
and showed formation of hauemanmite with only
a partial fomation of bixbyite, Somc of the exira
thermal effects at high temperaturea were unex-
plained. Sample 43, for example, gave an un-
identified phase abowa 1,200° (. Fuzion causes
some of the extra brenks at high temperature ia
cages of certain samples.

4

VII. Conclusions

1. Thera are five msajor types of manganese
diexide of importance to battery technology: (n)
Pyrolusite; (b} gemma MnO;, & form of pyrolusite
of fine crystal size, (¢} ramsdellite, (d} crypto-
melane, a compound of variable composition with
essential K or Na, (e} delta Mn(Q,, apparently a
finely oryatalline form of eryptemelane,

2. The heating curves of the various types fall
into two general groups, one cottaining pyrolusite,
ramedellite and gamma, the other, cryptomelans
and delia.

3. The latter group gives a greater variety of
heating curves, partly because of a greater range
of composition.

4. Impurities, which may or may not affect the
oxides for batfery u=e, have a strong influence on
the heating curves, which makes it doubtful if this

Modifications of Manguatiese Dioxdde

test can be of definite value, used alons, to evaluata
oxides,

5. Gammea samples break down to bixbyile at
a lower temperature than well-crystallized pyro-
lusite.

&. The shape of the fine fractions as seen in the

" electron misroscope iz distinctive,

7. The specific surface of commercial samples
varies widely, heing highest on artificial oxides. -

The authers thank the U. S, Geological Survey
and the commersial battery manafacturers for
furnishing samples of manganese dioxide. They
arc also grateful to K, 5, Newman of this Bureau
for help in obtaining the heating curves, and to
G. W. Vinal for many helpinl suggestions.
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