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The invention relates to a process for production 
of manganese dioxide, particularly for u•• aa ·• cathode active 
material in electrochemical cells. 

Manganese dioxide ia c0111Donly employ•cl as a cathOde 
active 'material in OODarcial batteries. such manganese clioxide 
has been derived f~om naturally. ocou2~in9 manganese c:Uoxide 
(NMD) and synthetically produced manganese dioxide which 
includes electrolytic unqan••• cliox~.cl• (BMD) and chemical 
manqaneae diox_icle (CMD). ifMD ha• a high impu~ity content and 

;1nnot ~· 11ploy14 in alkaline or lithium cells. 

EMD is typically manufactured by ctiract electroly11is of 
· manganese sulfate and sulfuric acid. It's high purity ancl high 

density make gamma 11an;anese dioxide desirable for ua11 aa . a 
cathode active material in alkaline and lithium cells. 

. . 
The tea~ures of the product of the invention will be. better 

appreciated with r~terence to the fOll~ing figures: 

Fi;. lA 1-s an electron photomicroqraph sbowinq th•a Mn02 
particles from-the proces..-oi-the-il1Vent1on carried out at slow 
rate of heating of reactants. 

FiCJ. 1B is an electron photomicrograph of the partial.es in 
Fig. lA enlarged to show the filament-like •urfaoe protruuions. 

Fig. 2A ia an'electron photomicroqraph •howiq aaaller'aized 
._ .... 

. Hn02 pa~.iclea tr~m. the process of the invention carried out at 
. '. _fast rate. Of beatiftlj Of the reactanta • 
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Fi;. ~B i~ an electron photomicrograph ot the particles in 

Fi;. 21 enl•J9•4 ~ lhow the filuent-11te aurface protJ."'1laion1. 

Fig. 3A 11 an electron photomlcrO;raph ot DD particla11 (prior 

art). 

Fig. 38 ia an electron photomicrograph of the !MD.particles 

in Fig. 3A 1nlarqad to 1hov tilt aharaet1ri1tietlly iti.re;ular 

particle shape and smooth surface atructure. 

Fig. 4A ia an electron pbotoaicroc,Jraph of BMD particles 

coated with Mn02 pro4uced by th• proc••• of the invention 

(P•CMD)• 

Fig. 4 B is an electron photo11icrogr1lph of coated mm 
particles in Fig. 4A enlarged to ahow tb• filament-like surface 
protrusions. 

Fig. SA is an electron photC?J1icr09rapb of prior art 
chemical manganese dio~id• (CMD) partic,lea. 

Fig. SB is an electron photomicrograph of the particles in 
Fig. SA enlarged to show surface featuJ:-ea. 

Fig. 6A is a 9raphical plot of the voltage profile (voltage 
ver~~.!' service hours) in an ·alkaline AA cell- .at-3. 9--ohm conatant.--­
load, comparing performance of the P•CMD with conventional BMD. 

Fig. 68 is a graphical plot of the voltage profile (voltage 

v·eraus milli amp-hour per 9ram. Mn02) in a flooded alkaline cell 

at 0.3 milli-amp/cm2 current drain rate, comparing performance 
of the P-CMD with conventional BMD. 

--·----------------
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,1,. 7A i• a graphical plot of tbe voltage profile (volta9e 
ver1u• ailli amp-hour per gram lln01) in a litbiwa cell at 0.11 
ailli-ap/ca1 current drain rate coaparing performance of P-CID 

' 
with conventional lllD. 

Fig. 7B i• a tr•phical plot ot th• voltage profile (Voltage 
versus milli amp-hour per ;ram. Jln01) ln a li thiwa cell at 1. o 
milli-amp/cm2 currant drain rate, comparint performance of P•CllD 
with conventional IMD. 

Pig. IA ·1. a 9rapbica1 plot of th• voltage profile (voltage 
versus milli amp-hoUr per gram 11no1) in a lithium cell at 0.17 
mil11-amp/cm1 current drain rate, C011P•2~in; performance of P-CKD 
with conventional CllD (WSLi). 

Fig. BB is a graphical plot ot the volta9e profile ('voltage 
versus milli amp-hour per gram Kn01) in a lithima cell at i.o 

· milli•amp/cm1 current drain rate, compa~ing performance of the 
Mn02 product of the invention (P•CllD) with conventional CKD 
(WSLi). 

The present invention involves a pr1:»ceaa for p~uction of 
battery grade cheaical •anganeae dioxide (CKD). •-am wben used 
in electrochemicai cells, particulariy alkaline and lii:hia 
cell•, proV'ides the•• cell• with bigher capacity and energy 

_ . N---- __ 4,n•_ttyu pe_r_qram. than_ar.e __obtainable from the ••• cell• 
employing electrolytic manganese dioxide (BMD). 'l'ba process of 
the invention allows tor greater control of properties such aa 
density, surface area and·partiala •ize than i• possible with 
present procesaea for the manufacture or conventional forms·· of 
EMD or CMD. ~he process ot the invention therefore allow• for 
production of high purity am which can be made to have 
properties more nearly optimal for a 1iven elect:r:ochemical cell 
type. _ The hiqh density of our Kn02 product ia comparable to -------------- . 

n1iii1101r- 3 

TfU~ SHEET HAS BEEN 
···REPLACED 



., 

--------·--·-·····-···· ··-······· ......•.•...•.•.....•..• -----

449 6934 
~-11-es 17:09 ;DURACELL 

. ( ~ 
..... ~., 

449 8934;# 7/32 
n.....+"o l't: 

1•,•' . .. 
·~ .... 

. , .. 
< 
"·:·· 

that obtainecl froa •l•otrolyt.ic an9~··~ dioxide (DD), yet the 
surface area of each llnOz particle ia vr•ater than that ~tainad 
frcm conventional lllD. and CllD prooa••••. 'l'he high u••ful 
surface area of each particle allow• for better performance, 
particulai-ly in lithiwa cells _containing Hn02• By 11uaeful" 
surface area we refer to th• aurface area which 11 acceaaible to 
the electrolyte. 

The pr0ceaa ~f th• invention tor production of ~attery 9rade 
manganese dioxide i• carried out principally by react:ing · an 
aqueoua •olution of manganese sulfate with sodium 
peroxodiaulfate. 

The reaction may be represented as follows: 
Mnso, + NaaS2o1 + 21ao • xno2 + Ha1so, + 2yo4 CI) 

When an aqueous solution of manganese sulfate (MnS04) is reacted 
vit.h 16dium peroxo4iau11ate (Na2SzOa>, a 9aaa crystal at2:ucture 

· or MnOi is d·irectly obtainable as a reaction product in the fora 
of a precipitate. The MnOz precipitate tends to form apt1erioal 
particles havin9 filament-like protrusions aanatini out:ward).y 
from each partic~e surface and are substantially uniformly 
distribute!! over the particle surface. The term "filament.-lile•" 
as used herein shall be construed as including thin, elo.,19ated, 
protruding structures such •• but not li~ited to filaenta, 
hairs, needles and fibers. Th• ."filammit-liJce• protrusions are 
characterized. by a lenqth to wi«th _ntio_ betweeD-abo.Ut-2.:Lan4-- ~ -
20:1, typically between about 3:1 and ~0:1, wherein the·widtb 
and len;tb refer to those portion• ot the protrusions which are 
visible from the particle surface. 'l'ha average length or the 
~filament•like" protruaiona i• t11icallf l:>etween o.~ to 1 micron 
and the average width i• typically between 0.1 to 0.3 aicron. 
Th••• dimenaion• are measural>l•· at a ma9nitication ot about 
40,000 ti•s actual size. The "filaant:-like" protrusiona 
resu~~-___!~-----~!i~ ·~~tqf! ___ area of the ~Oz particle. Th• Mno, 
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P.rticl•• of tbe invention •• above deacr~ may be ref erred 
.to in th• specification drawing• anc! clai.. aa P•CllD. 

Unlike th• well known Sadaa p~oc•••• •• · disclo••d in u. s 
patent 2,956,860, the preaant. invention penit• the avara9e 
part·icle size and density of the llnOz pretduct to be al terecl by 

regulating ·th• rate of th• Uo\re reaction (I). 'l'hia can be 

. accomplished by •iJlply controlling the amount or rate of heat 
supplied to the reaction. Unlike the Bed- process the preaent 
reaction. doea not require a ·e&talytio KJa02 aubetrate tor 
receiving the xno2 product. In fact no catalyst ia r•;uired and 
the Mn02 product fom into denae, discrete particles without the 
need of a substrata material. However, it ha• been discovered 
that the reaction aixture can be •••adec! with almollt any 
nonreactive •olid material including aetal• and such material. 
will act as a aubatrate for tbe P-C11D. That is, the Mn02 
reaction product will precipitate direot~y on the solid 
material. 

It has been diacovered that the above reaction mix.ture can be 
seeded with particle• ot electrolytic ..n,anaaa dioxide (EKD) 
and the MnOz reaction product will depo.sit directly on tbe mm. 
'l'his results in a very high density hybrid. gamma MnOz Whose outer 

. ' 
surface comprises a P•CKD coatin9 having filuent-like 
protrusions and high aurface area, wbilt tbl overall particle 

__ __..shape and_ interior structure i• that characteristic o~ END. , __ _ 
This hybrid form of Mn02 can aclvanta9eoualy be used aa oathocle 
active material in·electrocbemical oell11, particularly alkaline 
or lithium calla. It i• especially attractiv• for uae in 
lithium cells, since the exposure of th• !MD particle• to HzS04 
during the reactio~ of t.he invention, leach•• out small an.ounta 
of aodiua that i• trapped within tb• mm par1:iclea. l'h:l.• 
reduces the amount of aod.iwa impurity in tbe P-CKD product, . 
whi~h is particularly adv~ta;e0\18 if it i•· to be used •• 

5 

THIS SHEET HAS BEEN 
REPLACED 

_:.,: .. ' •• =:; .. : • . :::.·,., .• ,:~. ·. ~ .... ~.-.. :;· .. ",;..::·.~ ... · -~ ·.' .. ···:·. - .• 



------ --·--·-- --·-·· 

4-ll-96 17:09 ;DURACELL 

t(:'i::: \ '• . 
449 6934;# 9/32 

449 6934 

·-
ca~od• active •terial in lithiua e1tlla. It ha1 also been 
discovered that the reaction aixt:un can advanta9eot1Sly be 
seeded with vraphite o~ car!)on black particl••· In such ca1e 
the Mn02 reaction product will dep0•1t directly onto th• surface 
of th••• partial•• to tora a h)'brid.partioulate material which 
may alao be used as oat.bod• act:ive material in eleotrocbeaical 
cell•. 

'l'he above reaction (I) may typical.ly be carried out in a 
temperature ran9e Htween Gout 30 and :1.00• c, preferably :between 

70 and 90° c. !be reaction (I) ia prttKUlY Qln'il4 OUt in I 
temperature range between uout 701 c ancl ao• c when tba intenctad 
use of the P-CllD i• aa a cathode active aatarial in an alkaline 
cell, · and between about 80 and 901 c when the intencled use ia aa 
a . cathode active material in a li1:hiua call. (For end 
application of the P•CllD in alkaline ocalla it is prefer•able to 
keep the final temperature. below 85° c. im order to obtain fl , ... 

· Mno2 product with higher running voltaqc1 and capacity tha1l mm.) 
After the reaction is complet~, the Mn02 precipitate is col.lacted 
and rinsed with distilled watar until lt haa a pH of 7. :ct uy 

· then be dried at room tamp_arature if ita intended u.• ia ·aa a 
cathode active material in an· alkaline •=•11. Altemativ11ly, .it 
may be dried at elevated temperature for more thorough drying, 
if its intended use is as cathode active material in a lithium 
cell. Th• resulting dry 9amma Hno2 ha11 a hiCJh purity and low 
sodium cont~n~----~f 1~-~~-~an . about 500 ppm. __ Th• dry P-CMD 
contains at least 95t gamma Mno1 in part:lculate form. (Ho other 
crystalline forms of Kn02 have been detected in the dry P•CMD 
of the invention, but 95t is the limit of resolution of the x­
ray diffraction analysis employed tor MnD2.) !very Mn02 particle 
made by the process of the invention, when· ob•erved betwaian 200 
and 2000 times actual size, appeara to have filuant-lik• 
protrusions radiating outwardly from the particle surfacse and 
these protrusions appear to 1MI uniformly distributed arowicl the 
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partial• 1urface. The P-CllD ao produced may aub1equently be 
heat treated in conventional manner to convert it to ·a 9a11JDa­
beta variety, if de11rec1. Thia ~at.ent 11 prefer.red if the 
end u•• of tb• lln02 1• a1 cathode •ctiva .. tarial in lith1\1JI 
calla. n.e heat treatment ia wall known, a suitable heat 
treatment procaaa bein9 di•cioHd in u.s. patent 4,921,689. 

it b11 been d1t1rminad that variowm pro)ertie• of tbe M:no2 
product can be altered and controlled by controllinq th• rate 
at whibh tb• reaction mixture i• heatad. In general a denser 
P·CKD ia obtained if the reaction 11 ~ied out at a •lower 
rate, •·CJ•, if the reaction temperature i• increased at a alower 
rate. In a slower reaction individual particle• of xno1 have 
time to grow to fora lar;er, more compact particles. Xn a 
faster :reaction, ••I• produced 1'y f.aatar ~crease of the 
reaction temperature, the individual particles of the P.·CHD do 
not have sutf icient time to ;row to form larger paz1:1clea. 

· 'l'herafor• the individual particles are aallar and leas ocnapact. 
They have a fluffier appearance and lower average denait~y than . 
particles obtained from a alowa~ rate of heating. 

A suf f iciantly slow reaction rate to provide a P-CMD product 
bulk density of about 15 to 32 9/in1 (0.9 and 2 ;/c141) SAD (Scott . . 
Apparent Density) ia obtained if tbe aqueous reaction mixt.ure of 
Mnso, and K•zSzOa 1• maintained at an initial temperature o:r about 

______ 5_0• c tor about- -18 hours and then slowly increased. at-H nurly 
constant rate for between about 5 and 10 hours until a final 
temperature of J)etween eout 70 to 90° c i• obtained. The 
reaction mix may then be left to 1t1nd for about 1 hour.at thi1 
final rea<?tion temperature, to obtain a maximum yield, typically 
about 70t ot t:be stoichiometric amount of MnS04 converted to P­
am. In this UMer battery qracle P-CMD can be obtained !1avin9 
densities comparable to or even hi;her than the density of 
electrolytic .man9anasa dioxide (DD) which typically ia at · a 
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level ot uout 25 to 28 9/1n1 (1.5 to 1. 7 9/aa1) SAD (Scott 
Apparent Den1ity). In 9eneral a Wlk denaity ot tb11 P•C'JID 
between about 15 and 32 9/in1 (O.t and 2 9/m1) can J:te achieved 
by beating the a~aou•. •olution ot JlnS04 and HazlzOa froll an 
initial teaperatura l>etwaen about 40° C and 70° C tor a period 
during reaction at an average rate of l••• than about 7° c par 
hour tor at lea at 5 hours, typically between about 1° c per hour 
and 7° c per bour tor at leaat 5 hours. 

A su~f iciently ra1t reaction rate to achieve a P•CKD 
product bulk density of between about 8 to 15 g/m1 (O.S to 0.9 
g/r:m3) (Scot~ Apparent Den~ity) is obtained if the aqueous 
reaction mixture ot MnS04 and Na2S101 11 heated at about conatan~ 
rate from room temperature 80 that a final temperature of 
between 70 and to• c 1• achieved in about one to two hour•• ·The 
reaction mixture may be left to stand for about one hour· at this 
final temperature, to obtain a aaxi•wa yield, typically &))out 

. 10' ot the stoichiometric aao~t of an;anea• in MnS04 converted 

to Mn02 • In qeneral a bulk d1n1i ty of i:be Mn02 product blatween. 
about 8 q/ in1 and· 15 9/ in1 ( o. 5 and o. 9 9/aa1) can })e achieved by 
heating the aqueous solution of MnS04 and Na2s2o1 ·from an initial 
temperature between about 30° e and 100° c tor a period durin; 
reaction at an average rate greater than 7° c per hour for less 
than about 5 hours,· typically between 'about 7° C and 20° c per 
hour for less than about 5 houri. 

· ~-It has be~n determined that tba stoichiometric yield of 11no
1 

can be dramatically ·1ncreased to about 95t bf 1low1y adding a 
suitable alkaline base slowly to the reaCJtion aixture. All the 
reaction proceed• the baae reacts with the H2so4 aa it fc•m•, 
thereby improving the reacti~n kinetics and ultimate yield of 
Mno,. A preferred baae ia Li2CC>i. Al tomati ve ba••• can be 
employed to react with the HzS04 to produce ·the •am• increa•·• in 
yield of Mn02• Such compounds include Ha2co,, LiOH, NaOH and Mgo. 
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ror ·ultiJlate uaa of tl_l• KnOa product J.n lithium calla it would 
be preferred to add coapounda •uch a1 Li,CO, and LiOB to the 
reaction aixtur• to in~reue yield. ror ultiute ue of the xno2 

I 

product in alkaline cell• it would ~ preferred to add •azCO. or 
NaOH to ·the reaction mixture. If auch coapounda are aclctecl, they 
should be added slowl~_to the reaction ainur• tg prevent the pl 
of the mixture from abruptly increasing to a pH great1ar than 
about 3. 

IJ'h• Hno2 reaction product of tbe inv·ention taku the fon of 
discrete particle• havinf a spherical ahape and 9ama 
crystalline atructure. 'l'he particle ai1e of the P-CHD c11n also 
be controlled ~Y varying the rate at which th• reaction nixture 
is heated. It th• reaction aixture ia heated to produce a 
constant rate of increase in temperature than t.h• xno2 particle 
size distribution· will be uniform, that ia, there will not be 

much variance in the diameter ·of individual Mno2 particle11. If 
· the reaction mixture ia slowly heated at con•t.ant rate, e.9., of 

.between about l 0 c and 7° c for at least !S hour•, the 11no2 p•roduct 
will take the fora ot relatively large uniform spherical 
particles as above mentioned, If tlll reaction mixture is 
rapidly heated at a fast constant rate, e.g., between about 7° 
c per hour and 20° c per hour tor leas than uout 5 hour•, the 
P-OfD ·product will tend to take the fc•ra of relatively Sllall 
spherical particles. If the reaction mixture ia initially 
heated at a slow constant rate o.f __ .!_&JQ~Atura increase and later 
at a fast constant rate of temperature increase, the reaction 
product will contain a distribution ot both large and small xno2 
particles. 

'l'be following examples illustrate th•~ method of prepaz·ation 
of battery grade KnOz by the the procea• of the invention. All 
parts are parts by wei9ht unl••• apecif ied otherwise. 

-------------------: 
B n Replaced 
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Bi9h . denaity pmma llnOz 11 prepared by th• proa••• of the 
invention •• followas 

120 9 of KnS04 a,o i• ·diaaolved ift 18Ct0 111 of distilled water. 
Then, atoiohioaetric uount of JJa,s1o1 (169 t) 1• added to the 
clear pinki•h . aolution to fora a re1Lctant solution. While 
•tirring, the temperature of tb• aolution is raised over a 
period of about ·2 hours from room temperature (20° C) tc:> so0 c 
and 11 11int1int4 at a temperature of so• c ovemi9bt (about 18 
hrs) while continually stirring •. 'l'hi• enhances th• nucleation 
proc•••· The reaction proceed• accordiirav to reaction (I) above 
referenced. The clear p~sb 1olutior1 •lowly tum• bre1wn and 
then eventually tuma a black color aa ac>re lln02 ia precipitated. 
After the 11 hour period the· solution i• heated from about 
50° c to produce a constant rate of temperature incr•••• of about 
2s0 c par hour for cout 1 hour to a temperature of about: 75° c 
and is maintained at 75° c for about 3 boura. The solution i1 

. · then heated at constant rate of about 10° c per hour for about 
l hour to a temperature of as• c and maintained at 85° c for l 
hour. The solution is again heatac! at a conatant rate 30° c per 
hour tor about · 112 hour to a tuperature of about 1001 c and 
maintained at 100° c for about 1 1/2 boui:a ·at which time tl~e run 
is· ended. The pH of the solution at tho end of the run 111 lesa 
than o. s. The solution is then cooled ·to room temperatm·e ( 20° 
C) in about one hour. The •olution ia filtered ·and the aolid 
Mno2 is continually rin••CS.. with distilled water until the 
filtrate •.treu haa a neutral pH of about 7. The rea1.1lting 
black powder 11 dried at 100° c to drive oft avtace water. Th• 
overall yield of P-am i• 41 9 or 67'. of theoretical yial1:!. 

The resulting product i• battery grade Mn02 at _least 95t of 
. which is verified by x-ray diffractio1'1 to be of the gamma 
crystalline structure. (No other type Jln01 crystalline structure 
was detected, the 95t threshold being the limit of reaolution of 
the x•ray diffraction analy~is.) Tb• P-CllD product baa a high 

----------- ----------
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bulk den•ity ot a))out · 23 9/in1 (1.4 9/oa1) SAD (Scott Apparent 
Den1ity). An electron photoaicrograpltl repreaentativ• of tbi• 
MnOz product· i• llhown in r:Lga. 1A and 11. · ft• uniform apba:rical 
structure of th• P·CHD particle• (e.9. partlol• 10) 1• abown in 
Fig. 1A taken at 199X magnification. Tb.a filaent-lik• <•·9· 
hair-like) protruaion• 15 -natin9 f:roa tb•· surface of each 
spherical particle are clearly visible in ri;. 11, whic.b shows 
an individual·particle at 2,030X magnificat~on. By comparison 
the electro~ photcmior09l'aph8 Of tbe COJIDl9rcial battert 91'ade 
CMD (WSLi) particle• are shown in Figa. 5A ancl 58, which are 
taken at 202x and 20GOX ma911:1fication, respectively. (Th• WSLi . 
brand of CMD is available from Se4ema, a division of sadacaa, 
s.A., Terte, Belgium.) It 11 clear from riv•· SA and SB that 
representative particles 70 do not exhiJ:>it filament-like 
protrusions characteriatic of th• Kn02 product of th• invention 
(Figs 1A and 18). 

Exampie 2: 
r..ower density gamma xno2 is prepared by the proceaa of the 

invention as follows: 
The P·CMD is made in a similar manner aa deacribed ·in eaxuple 

l, except that rate of heat~ng i• faster leading to smaller aize 
and less dense particle•. sP.c:if icall.y, th• •ama metlllod of 
preparati.on and conditions as in exampl.e l are employed except 
the reactant solution ia heated from 50° c to 100• c at z·ate of 
about about 17.!.__c-pe--hour-for a period of leaa -~an 5 ho~rs; 
namely about 3 hours. Figures 2A and 28 are electron 
photomicroqraphs of the reaultin9 MnOz product. · 'l'he pro4uot 
sa~ple represented in Fi9a. 2A and 28 had a bulk density ot · 
about a.7 g/in1 (0.53 9/c:m3) (Scott Apparent Density) and is at 
least 95t 9am lln02 • 

Th• filament-like (e.g. hair-like) sw~face protrusions 20 and 
25 of the individual particle• may ba seen in Figa. 2A and za, 
respectively. The P-CMD particles as. deacribad in this example 

----- --------·------
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aay be uaed as cathode active material in elaotrochaicaJ. cells, 
particularly alkaline an4 11thiwa 011111. If intendacl for u•• in 
lithium cell• th• gaaa xno1 •Y be heated at a taperature 
between about.300-400° ·c, typically for about 6 bour• at 350° c 
or 32 hours at 300• c to convert tlia ,_. xno2 to 9amma-beta 
cry•tallin• atnoture and to evaporat:• any resiclual moisture 
entrapped within tbe ~O. particles. 

Example 31 
P-CllD is produced in a manner aimllar to that described in 

Example 1 except that LizCOs is added to th• reaction mixture in 
orc5er to incna•• ~. yie14 of xno2• 51'3 CJ of KnS04 HzO 1• fint 
dissolved in 8 liter of distilled wa1:er in a 12 li tar round 
bottom flask. Then stoi~ioutric amount of HazS201 (82=t 9) is 
added.to the slightly pinkish •olution. The eolution is heated 
at a con~tant slow rate for 6 bours froa room temperature (20° 
C) to 55 •c. Then 23 9 of Li2CO, i• tban •lowly aclded and the 

· solution is maintained at a temperature of about 55° c for 18 
hours while continually mixin;. An additional 69 g o~ Li.1CO, is 
added after. the 18 hour period and the solution is heated at a 
constant rate of about 6° C par hour fer about 2.5 houri u~ to 
a temperature ot 70° c. Another 36 CJ of LlzCO, 11 then addled and 
the solution is heated at a constant rate of &!)out 5° c pe1r hour 
tor 2 hou~s up to a temperature of about. ao0 c. Th• solution i• 
then hea~ed at a re4uced constant rate of about 3.3° C per hour 
for 3 a~re hour• up to a temperature of · 90° c. _---The aolution­
temperature is held for about 18 hours and then cooled in al:»out 
1 hour to room temperature (20° C). P•CKO is recovered and dried 
in the manner described in example 1. ~l'h• yield of Mno2 ia 270 
g or 90' of the theoretical yield. At least 95t of the Mno2 
product is verified by x-ray diffraction to be gamma Mno2• The 
bulk density ot the P-CMD ia :measured as 20 9/in3 (1.2 9/C111) 

(Scott Apparent Density). Thia P-CllD procluct oan be heat 
treated as in Example 1 whereupon it becomes ·partiC\tlarly 

--------------------

12 

THIS SHEET HAS BEEN 
REPLACED 



449 6934 
4-11-96 17:09 ;DURACELL 449 6934;#16/32 ........ ,. .. .., "" 

• ~-(. ! 
' . 1:• 

suitable for use •• a cathode active uterial in lithiu oella. 

lgaplt 41 

Thi• example daonatratea tbe ' uae of END particle1a as a 
&ubatrate tor the precipitation Of KnOa Ude in accordance With 

the invention. 
120 9 of xnso4 BzO is dissolved 11'l 1.6 liter of di.stilled 

water in a 2 liter 1'eaker by atirrin;. 120 9 of HazS201 and 

20 q of DID (from larr·ICCI•) ate t:bon added to the a,1iptly 
pinkiah clear solution. 

The heating regimen is •• follows. 'Bl• Whole mixture i.1 fir1t 
heated from room t:8perature (20° C) t:o 151 c in al)out: 2 boura 
and held at th11 temperature ·for 18 houn while continually 
mixing. The whole mixture is then !uaated slowly at constant 
rate for about 5.5 hours to a t:aperatU;N ot 781 c. 'l'l:lan t:be 
whole mixture is heated tor another bour at conatant rate to a 
temperature of 100° c. ~ereupon the 11.ixture is cooled ·to room 

• temperature (20° .C) in aJseut 1 heur. 
The hybrid Mn02 product is rinsed wi·th. diatilled water until 

neutral. Then it is filterecl and dr:Led at 100° c to remove 
surface water. The total yield of hybz~id Mn02 product ~L• 60 9 
and its bulk density ia 24 g/in1 (1.5 g/m1) (Scott A1,parent 
Density) • 'l'he hybrid lln02 prc;M!uct cont:.•in• Gout 67 wtt of the 
deposited gamma Mrl02 and 33 wtt mm. . 

The Mn02 product conaiats of gamma llnOz depoaited unJ.formly 
____ o_v_er_th_ e surface of the. 1n.~ivid.Ual __ mllD J>&ri:iclea-tO--fora- a-­

hybrid Mn02 product. Each particle of the hybrid Mno
2 

product 
retains the overall irregular shape of. the mm particle, but 
exhibits a surface formed of uniformly distributed filament-like 
protrusions characteristic of the gamma Mn02 made in acoorclanca 
with the proceaa of the invention. :Repruentative electron 
photomicrocarapha of the hybrid Kn02 particles are shown in Fi9a. 
4A and 48. By way of compariaon Pi9s. 3A and 38 are electron 
photomicroqrapha ___ o!__~• DID particles. 1'beae figures clearly 

----- - -- ---
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ahow the irregular shape ancl aoot.b nrtaoe of each IND 
particle. Pig. 4A llhow1 the overall ahape of each hybrid 
particle, e.9.,. particle so (at a aagnitioatlon of 450 tiaea 
actual), a1 raaabling the ahape' ot the IMD particlu, ••CJ• 
particle 50 (Fi9 3A) • However 1 a1 uy be aeen from PiCJ • 41, the 
surface features of eaob h)'br1« Kn02 p11rti;l1 exhibit. tiluant• 
like protruaiona, e.g. protrusion• 15, aanatin9 from and 
uniformly coverinCJ the aurfaae of each hyl:trid particle. 'l'hi• ia 
the result of the dapo1ition of th• fillDll. xno1 of th• praaent 
process onto the ~ particles. .Aft advanta9e ot thi• hy~rid ia 
that it has higher surface area.than am, but yet alao haa hi9h 
bulk density. It· is al•o c:haaper to manufacture t.ban an 
equivalent weight of gamma Kn02 produced by the proaeaa ot th• 
invention. 'l'he hybrid. xno1 so produced can be \ISecl as oatbode 
active material in elect:rochaaical cell•. . If heat t~reated 

before application, e.g. •• in lxample 1, it can be employed •• 
cathode active material in lithium calla • 

Example 5& 
This example demonstrates the preparation of high denaity P• 
~ specifically for use as cathode active ~t~ial in alkaline 
cells. 

583 9 of xnso, H20 are diaaolved. in aooo al of ctiatilled water 
contained in a · 12 liter round 'bottom flask. Then, 
stoichiometric amount of Ha2s2o1 (822 g) is added to tbe 
clear pinkish solution. The solutio1\ is heated from room----·-· 
temperature (20° C) to 50° c in eout 2 hours. Tb• solut:Lon is 
then slowly b11t1d from 50° C to 65° C over a period ot eight 
hours and maintained at a temperature of 651 c for 18 boura while 
continually atirrin9. The reaction proceecla accordinq to 
reaction (I) above referancect. Th• clear pinkiah aolution 
slowly tuma to • brown and than eventua.lly black color a11 more 
Mn02 is deposited. Pollowing ~· 18 hour period t:be aolutJ.on ia 
then tinally heated slowly at about a cc,natant rate from 651 c 

-------· -------- il 
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to ao• c over a period of eight houri. Tb.a aolution i• cooled 

to room temperature (20° C) ift aJ:>out 1 ·hour. !be guma 11no1 

proc!uct 1• recovered ~ filtering the final aolution an4 
continually rinsing with di•tilleclwater until the filtrate haa 
a neutral pH of about 7. The reau1tin; black powder ia dried as 
in the preoeecllnv exaapl••. to drive off surface water. The 
resulting product J.a battery grade KnOa which is -verified by x­
ray diffraction to be ot the 9aaa cryatalline structure. The 
Mn02 product ha• a hi9h bulk den1ity of about 28 ;/in3 (1. 7 9/m1

) 

SAD (S9ott Apparent oensity). c1or ua9• in an alkalin• cell, 

the Mn02 product; of th• inventi~n pre~~era1>1y lhO\lld exllibit I 

high SAD, preferably ot at least 25 f/in1 (1.5 9/cm1) wbich in 
turn has been found to result in a high load voltage and 

capacity.) 
9r:pr;pg1 Tl•ta: 

. ·1xample .§: 

The P-CMD product of the invention (P-CllD) ia evaluated for 
· its elect;rochaical performance in an AJ~ cell. Th• parfonace 

of the P-CMD as cathode active material in an alkaline IA cell 
is shown in figure &A and compared to c1onventional IMO .cathode 

active material (from Kerr-McGee corp.) for the same type cell. 
It is clear that P-CJID exbibi ta a •lightly higher running 
voltage and a greater capacity (amp•hra) than obtainable i·or the 
sa•e cell usinq EMD as cathode material. The P•CllD procl111ct i• 
believed to be th• tirat am that exhibit• l>etter performance 
in alkaline calla than EJU) • 

.,.. ____ -------~-- . . 

Exampla 7: 

P-CMD is evaluated for its performance in a flooded alkaline 
cell. Thia cell utilizes conventional zinc anode and JCOH 
electrolyte and paper separator aa •:mployed in co1111tarcial 
alkaline cell•. The flooded call is in i:be abape of a disk of 
same diameter •• that of a Duracell AA cell. The flooded cell 

11 cathode lillited, thus exc••• electrolyte (1.5 9) and 11xceaa 
zinc (5.6 9) are used in order to •valuate the intrinaic 

------·--

15 
.-- ·:.~:-11s SHEET HAS BEEN ~· 

REPLACED t 



4-ll-96 17: 09 

..................... ·············-"" .......... -····--····-·----

449 6934 
;DURACELL 

r-:"· 
~- .. · . .,..,: 

449 6934;#19/32 ....... .., ... -.. 

performance of t:b• 11no2 product (0.17 t) · •• cathode active 

material. 'l'h• flood.ad call ia fabricated by fir•t pouring a 
mixture ot KnOz powder, graphite and l'.OB (SO vtt Mn01, 34.5 wtt 
graphite and 5.5 wtt _ioH) into the J:>ottoa of an empty AA •i•• 
nickel coated •tainl••• steel can which i• open at one and and 
closed at the other. . The Kn02 powder 1• then compacted into a 

disk-like ~hape. A paper 1eparator 11 than placed on top ol 
the Mn02 disk. The separator: i• then ·filled with the ICOH 
electrolyte and the raaining volume of t:b• can then tilled with 

a zin9 •1.urry. The open encl of the can i• covered with a 

stainless steel cap. !he cap ia in electrical contact with the 
zinc slurry through a nail penetrating from the cap into the 
slurry. 

TWo flooded cell• are made •• above described, but with one 
containing P•CMD aa cathode material and the ~•r containing· 
conventional battery g-racS• BMD (from Kerr-McGee co.) as cathode 

material. The performance of 't;h• two oell• are compared at a 
. curreni; clrain rate of o.3 llilli-up/cm2 and the reault• •llown in 

Figure 6B. It •r be •••n frn the volt1;1 profil11 re1~ortac! 
in Figure 61 that the parformance of tb• flooded alkaline call 

utilizinq P-CMD is superior to that em.ploying tbe EMD. 
Example 8: 

'l'he ·P-CMD product obtained by the process described in 
example 3 is h~ated at about 350° c · for about six ho\1r• to 
convert the gamma xno2 to a 9amma-beta 51thaae. 
A coin shaped cell is fabric~t~~-- utilizing_ a catbode---act-ive- - -

material prepared by mixing 1"102, 9raphita and 
polytetrafluoroethylene binder in a weight ratio of 6:3:1. The 

cathode mixture is compactecl by pr•·•• molding it onto a 
atainl••• steel aeah and •pot weldinq it onto a steal case.which 
forms the positive electrode. The positive electrode containin; 
the cathode material is imeraecl in a COl\Ventional lithim1 salt 
electrolyte cOm»oaed ot lithiWD hexaflu~rophosphate (LiPF6) 

dissolved in propylene carbonate and di11athoxyetbane organic 
---··----·--·--·-~-------------

16 
[' THIS SHEET HAS BEEN 

REPLACED· 
··~·····.~-----~ 



·~ ----·-·-·--·------· -----· -- --------------~---

449 6934 
449 6934;#20/3~. 

4-11-96 17:09 ;DURACELL ,r ..... 
(-'- -~·· .. 
":·~ . 

aolvents. other conventional lithium •alt electrolyte• •uch •• 
lithium perchlorate and ozvanic aol.venta such •• propylene 
carbonate, ethylene carbonate, tilaethoxyathane and iaixturea 
thereof can alao be ua8d. Bxca•• aount of lithium i• aployed 
tor the negative electrode. '1'he ne1at:lve electrode 1• formed by 
praaa moldinf a lithiua f oi1 onto a •tainl••• •t••l ae11h which 
in turn is spot welded to a a teal case. A •aparator composed ot 
a non-woven cloth i• applied over tbe lithium. foil. The 
positive electrocla 11 assembled over the ne1ative alectrc>da with 
the ••parator t:here))etween. Th• usably i• pertoraed in an 
argon filled dry chamber.· Th• entire asaeably 11 filled ·with 
the li.quid electrolyte and· tben aealed by crimpinc; th• ed9• 
of the cell. 

Two lithium coin-ilbaped. cell• ~d• in the a1'~e man.ner are 
discharged down to 1.2 volts with current drain 
rates of 0.17 and 1 aill1amp/om2, reapaotively. 'l'be ra1ultin9 
voltage profiles for then calla u•ing P-CMD are shown in 

. figures 7A and 78 for drain rates at 0.17 and 1 milliamp/cm2, 
respectively. Bach figure also ahon comparative ,,olt·a;e 
profiles obtained for a like cell at same current drain rates, 
but instead uain9 conventional DID cathcMle active :material (fro:m 
Kerr-McGee corp.) which ia beat t:reatecl and press :molded for use 
in the lithium cell. Aa may be aeen from· the figures, P•CMD 
exhibits .a qreater capacity (m.illiuap.;t1r/9) than the mm. Tbe 
capacity improvement of the P-CMD over that ot IND at ou:rrent 
drain rates of 0~17 and 1 m:l.lli~p/ca2 are about 2ot and 211, . 
-·respectively. The P-om, thua; ahows perform~nce imprcrvemant 
over EMD in lithium. cells, particularly at the higher current . 
rates. 

lxompla 9: 

The aue tasta are performed aa in example 8 uaing the coin­
shaped lithium cells assembled, as above c!escr.ibect, except that 
the performance of the P•CKD is compare:d to that ot am. The 

-----~-----
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CllD·choaen.i• a coaercially available CKD from S•cl- intended 
for apeoific uae in litbiwa calla. 

'l'vO coin-sbapecl iit:hlUll Cella are pnapared 88 in example 8 J:»\lt 
with one cell containint s~aa CllD ancl th• other .. containing th• 
P-CllD a1 cathode active Mtarial. !he voltage profile• for 
th~•• two c:1111 ire given 1t currant dr1ain rat•• of o .1, and 1. o 
millinp/cm1 as illutrated in tipres 81 ancl 81, rupectively. 
As can l:MI seen :froa tbeae fiqurea, tbe P•CHD hu sig'ilit.i~ntly 
9raat•J:" capacity (•illiuap•hr/f). tban the Sedema CllD at the 
current drain rate• tasted. 

Although ·the present invention bu bean deacribacl with 
reference to specific embodiments, it a.'bould 1'e recognizocl that 
variations are poaa1bl• within the scope of th• inv11ntion. 
Therefore, the invention ia not intend•d to be limi 1:ed to 
specific amboc:limenta, but rather ia defined »y the claim• and 

.. equivalents thereot. 

. ··---· __ .. _____ . 
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WHAT IS CJ:A?KID Ill 

.1. A prooe•• for •nufacture ot ,_ un9an••• dioxide 

compriain9 the atepa of a 
a) reacting MnS04 and Ha,S.p1 in a aolution to produce a 

reaction procluct •ixture ooapriain9 a pli:ieaipii:ate of 9amu · Kn021 
b) raoving -t;he gma llnOa precipi1:ate from said r•taction 

product mixture; and 
c) drying said precipitate. 

2. 'l'h• proce•• of claia 1 Wherein ~ie gaaa xno2 precipitate 
ia comprised of particles ab~cteriaad by f il .. ent•11k• 
protruaiona· radiating outwardly froa th• aurface of aaid 
pa~icles. 

3. The process ot claim 2 Wherein tile filament-like 
protrusions are visible at a magnitioatlon between about 200 anc:I 

· 2, ooo times a.ctual .size. 

4 • 'l'be process of claim 1 wb11rein th• solution i• 
characterized by an aC)laeoua solution and said aqueous solution 
during step -a) i• heated to a temperature between about 3oc• c ancl 
100° c. 

5, Thi ~~oceaa of c1aim 4 and fu1t'ther characterized by 

brin;in; the temperature of said a;ueoua__eolution to between 40 
and 70° ~ and then raiainq tha temperature thereof dw:·in9 a 
period of at leaat 5 hours at an average rate of 1••• than 7° c 
per.hour, whereby the bulk density of the resultin; gamma Mn0

2 
will be between 15 an4 32 g/in3 (0.9 and 2 g/ca1). 

11 
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s. 'l'be proceaa of claia .c and furtber characterized by 
bringing the teaperature of •aid a;ueoua aolution ~o between 30 

and 1001 c and then raiaint the temperature thereof during a 
, 

period of 1••• than 5 hours at an aver~9e rate of greater than 
1° c per hour, whereby th• l:nllk density of the resulting 9amma 
Mn02 will be between I and 15 9/in1 (0.5 and o.9 9/aa1

). 

1. The process of claim 1 further com.prising addin; a 
compound reactive with HzS04 to •aid solution during or prior to 
step a) to increase the yiel~ of .xno2, wherein said compound i• 
selected from the group eonaiatin; of X.11CO,, Nazco1, LiOH, NaOH 

and-MgO. 

s. 'l'he prooe•• of clai~·1 further compriain; adding carbon 
particles to said solution during or pi:.-ior to step a), 11rharein 
the carbon particles are aelacted from the group consist:in; of 
graphite and carbon black ancl wherein th• xno2 precipitate 

. deposits on the surface of the carbon partial••· 

9. The process of claim 1 furt..her compri•ing adding 
electro_lytic ·Mno2 (DD) . particles ~o r.ai\1 IGlUtiOD clur:lng or 
prior to atep a), ·wherein tbe Mn02 precipitate deposits on th• 

surface of the EMD particl••·· 

io. A hybrid MnOz material comprising g~a Jln02 deposit•d on 
the surface of electrol~ic . manganese dioxide (IMD) , wl1erein 
said·9amma Mno2 material has filament-like protrusions radiating 
outwardly from its surface, said protrusions being vi1ibl11 at a 
magnification between about 200 and 2,000 ti••• actual size • 

. 

-,~itiii 
1r 
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11. A hybrid 11no1 material coaprilling gamma MnOz depoeited 
on th• aurface of carbon material Hleoted froa tb• group 
consiatin; of vraphite and carbon black, wherein aaid 9uaaa MnOa 

materiai ha• f ilaaent•lfke protru•iona radiatin9 outwardly from 
it• 1urfaae, aaid protrusion~ beint vi1ibl1 at a aagn!tiaation 
between about 200 and 2,000 tia .. actual •i••· 

12. A hybrid xno1 material coapri•int 91U111a Mn01 deposited 
on the ~urface ot another uterial 1fherein •aid 9umaa Kn01 
material baa t11aaent•11ke protru•iona radiating outwardl.y from 
its surface, said prot:ruaion• bainf vi1sil»l• at a magnifj,cation 
between about 200 and 2,000 times actual aize. 

13. An electrocbaical 0111 having Hn02 cathode active 
material in said cell, characterized in that at least t5t of 
said xno2 material comprises gmama 11no1 particles wherein said 
qa:mma Mn02 particle• have filame_nt-liJaa protrusions radiating 

· outwardly from the surface of said partic=lea, •aid tiluent-liJce 
protrusions being visible at a ma911ification of between 200 and 
2,000 times actual size. 

14. An electrocbemical cell havir.19 llnOz cathode active· 
material in said cell, characterized i:,.y aaid electroch•mical 
cell having an anode comprising ' lithium~ and f\trtber 
characterized by said Mn02 material comprising gamma Mn02 
particles hav~ng f ilaaant-like protrusions radiating-ou.twarcliy 
from the surface of said particles, .•aid filament-like 
protrusions· being visible at a 11&9ftificat!on ot between al>out 
200 and 2,000 times actual size. 

15. T~e electrochemical call of claim 14 wherein 'the gamma 
.Mno2 particle• compriae at least tst of •aid Mn02 material. 

---------· .----- ----- - ---
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·11. Th• eleotrocmeaioal cell of olaia 14 abaraotarized ~Y 
the .filaent•lik• protruai~na ))eing 11ubatantially .unitoraly 
di•trlbuted over th• aurfaca of aaid partial•• and tbe tilaent­
like protruaiona having a length to width ratio between about 
2c1 and 2011. 

----·---···-·-···---··-··-·-------------
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