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' 8y T G505 ITE POSITIVE ELECTRODE MATERIAL AND METHOD FOR MAKING SAME

A composite positive electrode material for use in electrochemical cells. The composite material may comprise a particle of positive
electrode material, and a conductive material at least partially embedded within the particle of positive electrode material. The material
may comprise a particle of positive electrode material, and a nucleating particle at least partially embedded therein.
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- 2- ‘0 absorption of hydrogen and the el ectrochem cal discharge- of

a‘hydroxyl ion, as shown in equation (1): char ge
[err] di scharge 5 The negative el ectrode
reactions are reversible. Upon di scharge, the stored hydrogen
Is released to forma water nol dcal e and rel ease an el ectron. The
reactions that take pl ace at the nickel hydroxide positive el ectrode
of a NN-IWH 10 cell are shown in equation (2):

char ge [err] Fsgharge 15
Ni-MH Raterials are di scgggg-in—de%g—n%—wg YE POSITIVE ELECTRODE MarediRf

5,277,999 to Ovshinsky, et al.? EROR HY MT-SRNRr e

i ncor porated by reference In alkallne rechargeabl e cells, the
di scharge capacity of I 138&?51" electrode is limted
by the anmount of actlvegkﬁﬁg 5 the cﬁargl ng efficiencies.
The charge Thzapanstaes omvan@donegleﬁllavf@%l gerebaklandoa DPSHEYER | ve

el ectrede are Qpé&ﬁ&evEng%griglgxﬁgﬁsﬁeé&r%bﬁlél Baﬁf'@rﬂm ISOYR as n1cke1
capaci ty and provi

overcharge protection Thusl gg in_ 25 Peki
t he nickel pos@i‘??fé"é?eeE‘FFSHéaH t Bo56t FPFEHT d‘ﬁ’ instant ipyeny won
density as posséldtes The vednpwsiofe annck&k| Hyddossidde partlculatp'i)shtwveg
electrode is SQQE}éégéh'ﬁﬁﬂéuc@&@&EQ“EvéPaEhé“ﬁﬁﬁBr art materiafle€ volunetric

capacity denS|ny 'S usua sured in mAh/cc and specific
capacity is witten as rrAh/g 30 At present, si ntered or pasted
ni ckeligydr oxi de positive BACKGR)UND r0F]GHEQINVENTIONN N Cd and N - VH

cells. The process ff rechargeab%k'ﬁgcasl'l ter pe(ilgl, eg,terigges ahs %lxjtalﬁq(i%yi n

the art.
are important considerations. It is also advantageous for

rechargeable alkaline cells to have long operating lives
without the necessity of periodic maintenance. Rechargeable

15 .alkaline cells are used in numerous consumer devices such as
calculators, portable radios, and cellular phones. They are
often configured into a sealed power pack that is designed as
an integral part of a specific device. Rechargeable alkaline
cells can also be configured as larger cells that can be used,

20 for example, in industrial, aerospace, and electric vehicle
applications.

There are many known types of Ni based cells such as
nickel cadmium ("Nicd*), nickel metal hydride ("Ni-MH"),
nickel hydrogen, nickel zinc, and nickel iron cells. NiCd

25 rechargeable alkaline cells are the most widely used although
it appears that they will be replaced by Ni-MH cells.
Compared to NiCd cells, Ni-MH cells made of synthetically
engineered materials have superior performance parameters and
contain no toxic elements.

30 Ni-MH cells utilize a negative electrode that is capable
of the reversible electrochemical storage of hydrogen. Ni-MH
cells usually employ a positive electrode of nickel hydroxide
material. The negative and positive electrodes are spaced
apart in the alkaline electrolyte. Upon application of an

35 electrical potential across a Ni-MH cell, the Ni-MH material

of the negative electrode is charged by the electrochemical



0 fConventional sintered electrodes normally have an energy
density of around 480-500 mAh/cc. In order to achieve
significantly higher capacity, the current trend has been away
fromsintered positive el ectrodes and toward foaned and pasted

el ectrodes. 5 Si ntered ni ekel -el ectrodes have been the dom nant
ni ckel el ectrode technol ogy for sever al decades for nost
applications. These consist of a porous nickel plaque of sintered
hi gh surface area nickel icles i

rt regnated with . ni_ckel
hydr oxi e acti G‘E?SHEPE+?%I£€i YOI rc%‘éim egwg‘:thChemlcﬁfLeElEFS{é?\E?ﬁ'cacff
met hods. Wi | eaekpénskyk, ien ntas etheinedir edmetion (1): provide high power,

high reliability, and high cycle |iff.gut not the hi ghest energy
density. They are likely to remain important for high reliability
nilitary and aerosp¥cé H0 +  appricartons 6 sof tine. 15 (1)
Past ed ni ckel el ectrodes consist ddiguiasgie hydr oxi de particles in
contact -with a conductive network or substrate, pref erably havi ng
a high Surface area. There have been several variants of these

el ectrodes i nclTgi ngegakive- clgqgode reactppgst | APorkRMLTHidNE-  Upon
el ectrodes whi @isdhbkiéee @haplitoreds Mydrdden is NteleEaducd Ofonida alvaber

i ncludi ng the so-cal led_foant netal el ectrdes i i |4 Lgh
porosity ni ckelmoflgg}h%s apd Peleate gr S Toade %vif%gls:gg%#%cg’gﬁi gég?
hydr oxi de partirdlase afd the nickelcdydiroxdédedoesiivivy ehrahcPdg addpt NieldH

Past ed 1@l ect rodes 10bre shown ihhégh&eieie(®y . type now dom nate, the
consuner market due to 25 their. low cost, sinple manufacturing,

and higher energy .. O}fien§‘"i}ﬁfgreel atj veylg,sinteped pickel el ectrodes.
(2)

discharge
15
Ni-MH materials are discussed in detail in U.S. Patent No.
5,277,999 to Ovshinsky, et al., the contents of which are
incorporated by reference.
In alkaline.rechargeable cells, the discharge capacity of
20 a nickel based positive electrode is limited by the amount of
active material, and the charging efficiencies. The charge
capacities of a Cd negative electrode and a MH negative
electrode are both provided in excess, to maintain the optimum
capacity and provide overcharge protection. Thus, a goal in
25 making the nickel positive electrode is to obtain as'high an
energy density as possible. The volume of a nickel hydroxide
positive electrode is sometimes more important than weight.
The volumetric capacity density is usually measured in maAh/cc
and specific capacity is written as mah/g.
30 At present, sintered or pasted nickel hydroxide positive

electrodes are used in NiCd and Ni-MH cells. The process of

making sintered electrodes is well known in the art.
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0 ’ Conventionally, the nickel battery el ectrode reaction has

been considered to be a one el ectron process invol ving oxi dati on
of dival ent nickel hydroxide to trivalent nickel oxyhydr oxi de on
charge and subsequent di scharge of trival ent ni ckel oxyhydr oxi de
to dival ent nickel hydroxide, as shownin 5 equation 2 hereinbel ow.
Some recent evidence suggests that quadrival ent nickel is I nvol ved
in the nickel hydroxide redox reaction. This is not a new concept.

In fact, Ot he ex icghggﬁgigila?u%rnit\é@leﬁnt e?_%&l‘z%desbanormalws }IaiJeSt aR'! %‘}%’if‘ng

by Thomas Edi son i'n sone of hi's early _ ttery patents. However,
full utilizatiogegkigyadsEval@dhd 480-500 Nakgkchas navesrd@ento achieve

i nvesti gat ed. In practice, electrode capacity beyond the
one-el ectron signifitaan3dyeridheeocepacatycapericyrientnotend bakl peen away
observed. One reason for this is inconplete utilization of the
active 15 freresintered nosiitdyratl eprisidask rarz eewasd doamed an@qagind
reduced ni ckel gﬁdroxige mat erial has a high resistance, the

reduction of ni &KEFTRYHFSxi de adj acent the current collector forms

2 oos, cqnduct i ve suck age, LAY LU PITIRLEY ML LDE been he aSHPRERSIcier

reduption of pxidize active material that I :
As discussed ingyeserBatent t Nohnducf8, 828r Ni §k@bral decad@ﬁédr oxbHe most

positive electrode material in its nost basic form as a maxi mum
t heoretical speeipbildicaapaacty ahez®d coM¥igt Witna porous nickel plaque of
sintered high surface area nickel particles impregnated with
nickel hydroxide active material either by chemical or

10 electrochemical methods. While expensive, sintered electrodes
‘provide high power, high reliability, and high cycle life, but
not the highest energy density. They are likely to remain
important for high reliability military and aerospace
applications for some time.

15 Pasted nickel electrodes consist of nickel hydroxide
particles in contact with a conductive network or substrate,
preferably having a high surface area. There have been
several variants of these electrodes including the so-called
plastic-bonded nickel electrodes which utilize graphite as a

20 microconductor and also including the so-called floam—met:al
electrodes which utilize high porosity nickel foam as a
substrate loaded with spherical nickel hydroxide particles and
cobalt conductivity enhancing additives. Paisted electrodes of
the foam-metal type now dominate. the consumer market due to

25 their low cost, simple manufacturing, and higher energy

density relative to sintered nickel electrodes.



one charge/discharge cycles froma [err]ll phase to a 11l phase 25

and results in one electron transferred per nickel atom It was
recogni zed in the prior art that greater than one el ectron

transfer could be realized by deviating fromthe [err]ll and I

5- 0 limtations and cycling begween a highly oxidized y-phase

ni ckel hydroxi de phase and the [err]Il phase. However, it was

al so widely recogni zed that such gamma phase ni ckel hydroxide -

formati gn destroyed reversible_strucgtural stability and t herefore
cycle | Pfe was unac&%‘t?&l H@ ¥eefie L kﬁg%%tt%%’ egecﬁﬁ?r‘ﬁ%rreacﬁtl Bfit s
and techni cal scl 0s a

hydr oxi de rraterl?é% de?zllé tgg |éncﬁ %% a one erf%‘ég}:bﬁ péxg({/bzenétsot qh%’%mg

destructive for&&ta&loqi_sbedh;aﬂ&w@ﬂcﬁ@l hydroxidé h@oYt?'ﬂ@éQenteYﬁEkel
t hough the higher attainable capacity t hrough the use of

y-phase i s | ostoxylyiroxide on chkirgeptadt subsgoset niicdkedadyedicdXitddvalent
positive el ectrode materials began with the addition of nodifiers
to conpensate nickel oxyhydxesidgato pdieiardd ndskeiehydhexide, mrofhave oh

t he mat eri al The use _of conpositions such as N CoCd, N CoZn,
Ni CoMy, Sand t heRFuai=a JuNeTei@bedo¥r i bed, for exanple in the 15

o1 oW ng PRENLS: " some regeps syitchad 3L50Let0: ol ihaliinal, B
active materialjnyolved id Rl ﬁQEkél Ny dikSkigle M&Xk@scewﬁal “tﬂ‘ﬂs Ll Qi %
zinc or 1-3 wt % magnesi um t o 'suppress the production of
gama- Ni OOH. Thg new concept. 1In fact, the existence of quadrivalent nickel
was first proposed by Thomas Edison in some of his early
10 battery patents. However, full utilization of quadrivalent
nickel has never been investigated.

In practice, electrode capacity beyond the one-electron
transfer theoretical capacity is not usually observed. One
reason for this 1is incomplete utilization of the active

15 material due to isolation of oxidized material. Because
reduced nickel hydroxide material has a high resistance, the
reduction of nickel hydroxide adjacent the current collector
forms a less conductive surface tha't interferes with the
subsequent reduction of oxidized active material that 1is

20 farther away.

As discussed in U.S. Patent No. 5,348,822, nickel
hydroxide positive electrode material in its most basic form
has a maximum theoretical specific capacity of 289 mAh/g, when
one charge/discharge cycles from a BII phase to a BIII phase

25 and results in one electron transferred per nickel atom. It
was recognized in the prior art that greater than one electron

transfer could be realized by deviating from the BII and RIII



20 “invention is directed toward increasing utilization and

discharge capacity of the positive electrode. Per cent
utilization and percent discharge capacity are discussed in t he
presence of various additives. Cshitani, et al. describe the

| engths that routineers in 25 ggiﬁrt t hought it was necessary to go
to in order to inhibit y-Ni The patent states:

Further, since the current density increased in
accor dance . .

with the redddPibAtigps @RE cycling between 2 hlgh§¥0|ﬁ9§%§39f§&§ﬂ§¥§3

a large e,l hydroxldeagﬁﬁgte ahahicgern 1ax |D‘¥L§SE‘ N Xdwever, it was
may be produceg may cause fatal phenonmena such
as 5 - also w1del§tfﬁﬁﬁﬁhlzed thatdischagayena phase nickel hydroxide
characteristics and/ or swelling. The swellin
due to formation desttéigedr othwtrsplef pLNPCOORrah stability an

t he nickel electrode is caused 10 Iarge change
of the therefore cycle gbh&s t Yafr SRATGRARMY | @}g[réxgeri._ large
Ni OOH to | ow density y to

u.mk) ¥ o'\xlzI patefrbtlfhd ?rh%t chnlca lpger%ﬂgr?@lSéfsci@eed

already e producti1on

NNOOH  can  gffRG4INeL¥ns tpc? ickel hydroxide materiaPl@VitR4 by 2ddinion
of a mal | amount of cadm umin a

solid 50'Ut'c"‘dﬂgﬂ%rtBQeQEEKethe destructive formation Al deansitiboevies ,
it i1s 20 desired to achi eve t he

substantially same ¢rphase, even though the highgreldtsinsfiflectcapacity
utilizing additive other than the cadm um

fromthe vi ewpdihmough the 26e of y-phase is lost.enyjronnental pollution."
U S. Patent No. 5,366,831, to Wit ada,
1994, déscri bes thepéﬂﬁﬂﬁqg§nt8f13p§?ﬁﬁl%9%§%ﬁuP¥§SOXIde positive e]SEIBEE

materials began with the addition of modifiers to compensate
for what was perceiﬁed as the inherent problems of the
material. The use of compositions such as NiCoCd, NiCoZn,
NiCoMg, and their analogues are described, for example, in the
15 following patents:
U.S. Patent No. Re. 34,752, to Oshitani, et al., reissued
4 October 1994, describes a nickel hydroxide active material
that contains nickel hydroxide céntaining 1-10wt% ziﬁc or 1-3
wt% magnesium to suppress the production of gamma-NiOOH. The
20 invention is directed toward increasing utilization and
discharge capacity of the positive electrode. Percent
utilization and percent discharge capacity are discussed in
the presence of various additives.
Oshitani, et al. describe the lengths that routineers in
25 the art thought it was necessary to go to in order to inhibit
v-NiOOH. The patent states:

Further, since the current
density increased in accordance



el emenf (such as Zn, Ba, and Co) in a solid solution with 30 ni ckel

hydr oxi de active material. The Goup Il elenment is descri bed as
preventing the formation of gamma phase ni ckel . hydr oxi de t her eby
reduci ng swelling, and the cobalt is descri bed as reducing the
oxygen overvol tage t hereby i ngreasing high tenperature charging
efficiency. Both oxygen 35 overvol tage and charge efficiency are
descri bed as increasing wi th increasing cobalt. U. S.

Patent No. 5, 451,475, to Ohta, et _al., issued 19 Sept enber 1995,
descri Bes the positive nickézlﬁ&d Bﬁ?dereguCtlon e?gitFBSe material ‘as

fabricated with at | east oneéﬁﬁuiik%fs gigi 3§ﬁ3é@&_&§gg§enents added to
the surface of the particlesyzy b

v e roduced, which may -7-
0 * thereof: cobalt, cehaté hydipxbggnomgﬁgagﬁcﬁxhQE, car bon
powder 5 and at | east one powdes g penpa@ind ofd €as cSh.a Bay eCu, Ag,

and Y. The cobalt, .cobaltchepaoneriand car bonaard/or descri bed as
constituents of a conductiveswelorg. t Theypvmid ing due toharging ef ficiency
and conductivity. The powder fheomyodugtion ®f y-NyeQRErilbed as adsorbed to
the surface of the nickel hyBprexpiekel electrogq jige Gased al where it
i ncreades the overvol t age, fﬁﬁns??; %argé 0???? E deo en, thereby
i ncreasing nickel hydroxide f3055 vo qg&'ééggi%. %i-lﬂ% ‘tenperature.
Chta, et al. clains that The inveh€gdsgd w23t gk, in NiMd cells
using the disclosed 10 fohﬂaegﬁg@@herggaaggti&grbsﬁtﬁt up to a high
nunberis of NiOOH «can effectively be
prevented by addition of a
small amount of cadmium in a
solid solution into the nickel
hydroxide. However, it is
20 desired to achieve the
substantially same or more
excellent effect by utilizing
additive other than the cadmium
from the viewpoint of the
25 environmental pollution."

U.S. Patent No. 5,366,831, to Watada, et al., issued 22

November 1994, describes the addition of a single Group II

element (such as Zn, Ba, and Co) in a solid solution with

30 nickel hydroxide active material. The Group II element is

described as preventing the formation of gamma phase nickel

hydroxide thereby reducing swelling, and the cobalt is

described as reducing the oxygen overvoltage thereby

increasing high temperature charging efficiency. Both oxygen

35 overvoltage and charge efficiency are described as increasing
with increasing cobalt. _

U.S. Patent No. 5,451,475, to Ohta, et al., issued 19

September 1995, describes the positive nickel hydroxide

electrode material as fabricated with at least one of the

40 following elements added to the surface of the particles



char gefdi scharge cycles and utilization does not drop as nuch at
hi'gher tenperatures as it does in cells that do not enbody t he

i nvention. U S. Patent No. 5,455,125 to Matsunoto, et al.,
issued 3 15 .~ Oct ober 1995, describes a battery having a positive

el ectrode conpri sing nickel_hdeoxide pasted on a nickel foam
substrate with solid solutionregions of Co and salts of Cd, Zn,
Ca, Ag, Mh, Sr, V, Ba, Sb, Y, and rare earth el enents. The

addi tion of the solid solu ons. d ont e

20 OoxygenCG#EPQBFtagEOHﬁ?F 8#ﬁg§|ﬁ§%h“”?he fur%ﬁ%?gef%gﬁ%al Sdtodd!

addi tion of e%%%Er%c RHd%EtiQQ$@ SowdHh, @gmggwggrgg ca, Sr, BL£olalt,
e

cobal t oxi de, graphrte the 1 ke, " is al so descri bed.

Ener gy- densi ty pigs %}ﬁﬂﬂyas CPRSt @8badt, 7Zobalt complurkd), abnd0[caxiot ek 56
Wh/ kg at 45[err]¢ for enmbodi nents of the 25 invention over the life
of the Ni MH celdescribed as constit®ntatehta Nondsctége588twosk| konipEave

al ., issued 14 November 1995, descri bes batterles havi ng i roved
ni ckel charging efficiency and conduct1v1ty -8- Thedaow er§ﬁ§:& oH g

t|||zat|on over a W de er at range e en
over vol BPage resifscrigerr 8 F‘HE°FH‘E 'b%rrabf‘? %T]urf%ce of the 1 CR%%S@%%%}%QIQ
conpound of yttril (lel[? 'nd{:u{"]b ?nuhrg}gy i PalidHPeases the Pvdisfotlcalgem  aoe

at | east one c sHpoivd 07 ¢ t or calcrum Into the positive
el ectrode. gé\;ol q.'b?xx' g8, Salfenim exéEeoy SncreaseagCiniakyidr ayddexide
cal cium fl uori cal ci um per oxi de, and calciumsilicate are

speci fical ly deggeriibedicenpaungigh temperature. Ohta, et al. claims that
increased utilization in NiMH cells using the disclosed
10 invention remains constant up to a high number of
charge/discharge cycles and utilization does not drop as much
at higher temperatures as it doés in cells that do not embody
the invention.

U.S. Patent No. 5,455,125 to Matsumoto, et al., issued 3
15 October 1995, describes a battery having a positive electrode
comprising nickel hydroxide pasted on a nickel foam substrate
with solid solution regions of Co and salts of Cd, Zn, Ca, Ag,
Mn, Sr, V, Ba, Sb, Y, and rare earth elements. The addition
of the solid solution regions is intended to control the
20 oxygen overvoltage during charging. The further external
addition of "electric conducting agents" such as powdered
cobalt, cobalt oxide, nickel, grapbite, "and the like," 1is
also described. Energy density is shown és constant at 72
Wh/kg at 20°C and 56 Wh/kg at 45°C for embodiments of the

25 invention over the life of the NiMH cell.
U.S. Patent No. 5,466,543, to Ikoma, et al., issued 14

November 1995, describes batteries having improved nickel



Addi ti édnal |y described additives are cobalt, powdery carbon, and

nitkel . The specification particularly descrlbes AA cel l's using a
positive el ectrode containing 3 wt% zinc oxide and 3 10 wt % cal ci um
hydr oxi de as superior in terns of cycle life (250 cycles at 0C,
370 cycles at 20[err]C, and 360 cyclessat 40[err] C) and di schar ge
capacity (950 mAh at 20[err]C, 850 mAh~at 40[err]C, and 780 mAh at
50[err] Q. U.S. Patent No. 5,489, 314, to Bodauchi, et al.

i ssued 6 15 February 1996, describes m xing the nickel hydrOX|de
positi ve hydrgrider gifel ligaddion  QVeR £ cHbsrt %Wa%@poﬁﬁﬂg?oléféﬁ/\ed
by anl%{,datlﬁn step toefrc\)rr rpta betg Cfv?ln QX héglr oxide on th
surface of the'Arckers éwbo age resu g tr ?%§R°$iflon

5,506,070, to Meriy féa@tl_ o’neI ééHﬁgugd g@yttrluépriﬁdlxix@g%nthlgﬁgr'

BES;
ni ckel hydroxide positive electrod mat eri al contai ni ng % W85

zinc mxed W t BrSbée%1698al tand at leaé@r&i@ ADmpbRdZ iofiC cbﬁg!ﬂ@e§r3¥\§i&iﬁg
and the cobalt increases utilization. The capacity of the

resul ting el ectinbdethe positive e3kateddas [wbad t" hygroxede upaleiGorBhécc”
W t hout further 25 descri ption. US 5,571,636, to

Chta, eP al., ic8dgayms méﬁ 1g6.cium fluorigiescrGaiaiumheperntideon andat
| east one povvderéﬁ conpoun -9-

0 Sr, art 1?aF8 t ¥ SsuriPssd fdFail¥k eAeRgHEBRE gecompounds .
active positi Vgggo%gg%%qﬁy égé% edTQa§ l?)?i&;eeéqt Cl%'te%o%%ltthabowdery cargon,

conpounds are rbe ace
and nickel. The specification particularly describes AA cells

using a positive electrode containing 3 wt% zinc oxide and 3
10 wt% calcium hydroxide as superior in terms of cycle life (250
cycles at 0°C, 370 cycles at 20°C, and 360 cycles at 40°C) and
discharge capacity (950 mAh at 20°C, 850 mAh at 40°C, and 780
mAh at 50°C).
U.S. Patent No. 5,489,314, to Bodauchi, et al., issued 6
15 February 1996, describes mixing the nickel hydroxide positive
electrode material with a cobalt powder compound followed by
an oxidation step to form a beta cobalt oxyhydroxide on the
surface of the nickel hydroxide powder.
U.S. Patent No. 5,506,070, to Mori, et al., issued 9
20 April 1996, describes nickel hydroxide positive electrode
material containing 2-8 wt% zinc mixed with 5-15% cobalt
monoxide. The zinc reduces swelling and the cobalt increases
utilization. The capacity of the resulting electrode is

stated as being "improved up to 600 mAh/cc" without further

25 description.

U.S. 5,571,636, to Ohta, et al., issued 5 November 1996,

describes the addition of at least one powdery compound of Ca,



hydrOX| ‘de active material creating a conductive network that

i N"creases the oxygen overvoltage and i nproves utilization of 5 t he
active material at high tenperatures. | ncreased

utilization in NNMH cells using the '636 invention renains

constant up'to a large nunber of cycte9 and utilization does not
drop as nuch at hi gher terrperatures as it does in cells t hat do
not enbody the invention. In all of the prior art, the basic
ni ckel hydroxid ri | eated, o 1Sl <C YETONY y e
additiog of a St Ba, Cuh”? el%rgen? Eés?g% yS Co 1;(:cc(?rrpounds&lk?g F%gr?%}éls%
el ectri cal actlvéuﬁygﬁﬂiV%'Eﬁe@ﬁQo&éUﬁéi&rQﬂB otfdls paeeBRt stsdal tya€d
or Zn, to suppress and/or prevent y-phase formation. The

mechani sms 15 these f 6ompbends sarteddsopbederentthe rswdfaceheofaboive pad;]eﬁls
are attributable to the follow ng effects:

| nproved speed hydemtiideatacsiver G@@Faﬁeecfﬁabbﬁ%oﬁhsconduc‘:lve n&ﬁﬁoﬁﬁr@lﬁ%l
capacity inprovenent via increased utiliz

oo, st ComvERErensan Gt HOBRR AYAFYALEA9D and SMREaVER B LeRFBIn Rbse
ef fects 1 hrough the external %gg}télon at . hi #%rtagu;?ey%coggl&egggéor
ggeneraﬁ y

cobal t - cont ai ni Fl ound T bel'i eved t hat
maj or reason COQ@&ili&ilon in Nlﬁﬁfééilyeuginéheﬁé l'g¥el SnkenkeeaUSemhins

Creates an extensive ext ernal conductive network independent of
the nickel 25 constdpingXitle araisigeainumbelr efueptlys poiwiariad zzaribandoes
powder ed cobalt netal, and powdered nickel netal are also added to

creat e separ at enoonducp i ¥ metlhorkshighen Hemgratyesyaes it does in cells
- 10 that do not embody the invention.

10 In all of the prior art, the basic nickel hydroxide
material is treated, most commonly, by the addition of a
single element, usually Co compounds, to increase electrical
conductivity and usually one other element, usually Cd or Zn,
to suppress and/or prevent y-phase formation. The mechanisms

15 for the asserted improvements in all the above patents are
attributable to the following effects:

1. Improved speed of activation, resistance to poisons,
and marginal capacity improvement via increased utilization.
At the present time, most commercial nickel metal hydride

20 batteries achieve these effects through the external addition
of up to 5 wt% cobalt and/or cobalt-containing compound. It
is generally believed that the major reason cobalt 1is
effective at these levels is because it creates an extensive
external conductive network independent of the nickel

25 hydroxide material. Frequently, powdered carbon, powdered
cobalt metal, and powdered nickel metal are also added to

create separate conductive networks and thereby improve



0 ‘utilization. O course, a major drawback of increasing-the
anount of such additives is that the anmobunt of active nickel

hydr oxi de el ectrode material is correspondingly reduced, t her eby
reduci ng capacity. Further, since Co is expensive, the addition of
even m ni mum anounts of Co greatly inhcyg@ases 5 cost. 2.
Cycle life is extended by decreasing swelling that is initiated by
density changes between the oxidi zed and reduced states of the

ni ckel hydroxide materjial. Swelling, in turn is accel erated by

the uncdntrol I%Hljd’e?%‘ﬂ%}“ chatgeCHetnech MaiPr d5awhack C[ferlrr]qrﬁasdl’?gsé:he
ni ckel hydr oXi gl%oug:? c%ter rL!Cl‘}/ cfdl[r_q. l?]sl lﬁ 5RQ€SghQ' gljégunt of fa_xrct: Jydr O)iceqe

Cd and Zn incorpor HEC roxXi ivet
reduce the swel|sng e %it&t%dehemgtééﬂpnq% | Borrespondi A§D$I tﬁ/edtfbédqe
charged and discharged naterial and increasing t he nechani cal
stability of tbBReféiskeleldinygi egpaditeyi alFudther, sidaeldo isThigpdrissive,
acconpl i shed by pronoting oxygen evol ution and t hereby reducing
charge accept ahbe afdithipmevBrgwen inimum amountgkef Ggdgvsdtley net@reades
fromattaining the highly oxidized state (the y-phase state).

HoweverS by suSBFESS|ng or at | east significantly i nhibiting
y- phase formati on,

ke dr.o |d li.mted .transferring
no more than one el Ctr ﬁﬁ' 11£8° ls[ﬁﬁpeﬁéegt n ?ﬁﬁ%ﬁﬁﬁng SweggaBP ?%at 1s
effectively in n
enpl oy a rel at ?\k}g}:ia% h@?%en51ty \fvth%qg%gt ¥ %r?)t%}%gro}%}iélrzr%ﬁt&gﬁi%éé C$f9
or Cd, which hlsgates of thePgi&gst mm&tdet SaitRradadl eablvi1l efyC et appLn]

of active 25 material being present thereby resulting in
reduced is aelcederackdnbyalthmapanidntrolled density changes between
10 BII-BIII phase nickel hydroxide and a-y or BII-y phase nickel

hydroxide. Cd and Zn incorporated into the nickel hydroxide
effectively reduce the swelling by reducing the difference in
density in the charged and discharged material and increasing
the mechanical stability of the nickel hydroxide material
i5 itself. This is accomplished by promoting oxygen evolution
and thereby reducing charge acceptance which prevents the
nickel hydroxide material from attaining the highly oxidized
state (the y-phase state). However, by suppressing or at
least significantly inhibiting y-phase formation, the nickel
20 hydroxide is limited to transferring no more than one electron
per Ni atom. Further, in order to effectively inhibit y-phase
nickel hydroxide, it is necessary to. employ a relatively high
wt% of the inhibitor element such as Zn or Cd, which high
percentage results in a greatly reduced amount of active

25 material being present thereby resulting in reduced

electrochemical capacity.



0 * 3. The aforenentioned "safety rel ease" nechani sm of

oxXygen evolution to avoid highly oxidized states of nickel

hydr oxi de material actually is an inpedinment to high t enperature
operation because a significant increase in the rate of oxygen

evol ution occurs with increasing tenpdlature. 5 The effect of such

I ncreased oxygen evolution is a very substanti al decrease in
utilization and ultinmately a reduction i n energy storage at higher

D T e I G o ML DAL S g sonea  MSAPOR! NESPIBL Of kdlcharfbn of

55[errP C, for exa runh Times attery may be reduced by

35- 55@6C0”par%§y5%ntQ@oﬁgegbn1Qo avoilieMghalurskiRarkar atesofoft haickel
battery. | evat ed operational tenperature conditions aside,

none - nglarbheae pﬁheérﬂal nactdaXhat i ans rasul impedimere t e amigh
i ncrenental inprovenent in performance and none result in a

significant |nemeasatunethpecapa@mtye@#uﬁﬁeanﬁéﬁ@}f¥ﬁ&ﬁﬁn&QR¥e%EF in the
material itself, even at roomtenperature. Furt her,

modi i cati ons Tat& [of pesygeadaV%%%tl%éDC%Hécu%th dB&F&FFb’ﬁ%l temperature.
requirenents of Ni batterles

b
are used in el®rf f?/‘éthl EfesS ybrxlxt‘]E %C(E:%lomggnl\"%luuonot %a?s%tt@dﬁas

other high AR %@}Eaéy ahMie{ B Acidh and ubPRhd Al @NseduBecawse
Ni MH negative e ectro és have been i nproved and now exhi bit an

extrenely highi5ta{e3g6 eaBaabbyat higher tdnieeratwndeal inhyteoXiMH bpbséty ve
.electrode material is essentially the limting factor in

overal | batterysicapatiese. materials.That Abibs farpresampdet heual émeschéni cal
performance of the 25 ni ckel hydrOX|de material in all areas nore
i nportant tharPattery may be reduced by 35-55% compared to the room
10 temperature performance of that battery.
Elevated operational temperature conditions aside, none
of these prior art modifications result in more than an
incremental improvement in performance and none result in a
significant increase in the capacity of the nickel hydroxide
15 material itself, even at room temperature. Further, these
modifications fail to address the special operational
requirements of NiMH batteries, particularly when NiMH
batteries are used in electric wvehicles, hybrid wvehicles,
scooters and other high capacity, high drain rate
20 applications. Because NiMH negative electrodes have been
improved and now exhibit an extremely high storage capacity,
the nickel hydroxide positive _electrode material is
essentially the limiting factor in overall béttery capacity.
This makes improving the electrochemical performance of the
25 nickel hydroxide material in all areas more important than in
the past. Unfortunately, the elements currently added to the

nickel hydroxide material result in insufficient improvements



the past. Unfortunately, the elenments currently added to the
ni‘ckel hydroxide material result in insufficient inprovenents

- 12 - 0 i n performance before conpeting del eterious nechani sns- and
effects occur. For exanple, Cd cannot be used in any
comerci al battery because of the environnental inpact t her eof
and Co and Zn appear to becone nbst ofletti ve only at | evel s t hat
result in a significant decrease in cell capacity; 5 nor e

speci fi ﬁal Y. GRer A5 z—.a‘enlceeCt [ %:emeé&%eting deleteri usalﬁg%l?sr@/sn%ndagés
t eam have devel0p positive eléectrode mai eri‘al’s thai have

dgam)nstrat ed reldrabkg téé‘é‘én’f—?r Ofoimr@xample, cat *’@é’hrm?? bel e&éé@nilﬁerany
ni ckel atom Such materials are described in U S. Patent No.

5,344,728 and Toné8r8221( Whaehber}0 becauskescsi becist akinviizetménsal deigfact

positive el ectrode materials) and copending U.S. Patent

Appl i cation No.tlE8eed0, 606 €olal Zn appear A lppcops, ma99 ke f fant iveSonPxt ant

Application No. 08/308, 764 ) filed Septenmber 19, 1994. _

Previously al | lfvalfethBEkresuki dier HidRbidRNYGSCERREe 4L cell capaeiFvde

material. has _concentrated 190 ingrovin onductivity in
FlgyCoﬁﬁ‘

two ways. Fi rné‘%regls&?tcrliféﬁ AR éiegtrc’dgd&'ietilggf‘gs have been
externally mxed wi b@s%xrelgxs uéﬁhaﬁygr@éﬁﬂ%ave devel?‘ﬂ%? ngeﬁlc%u}éé% eE%Irod&

produce pasted el ectro ditives
and C. The addifidneds adlse @eervaved déMonstratédt hel1isvre of rpeYEleF , ofi heks

or the like. These techniques have achi eved noderate success in
that N - VH bat teraresohaveelectron per nickel atom. Such materials are
described in U.S. Patent No. 5,344,728 and 5,348,822 (which
10 describe stabilized disordered positive electrode materials)
and copending U.S. Patent Application No. 08/300,610 filed
August 23, 1994, and U.S. Patent Application No. 08/308,764
filed September 19, 1994.
Previously all of the work on nickel hydroxide positive
15 electrode material has concentrated on improving it's
conductivity in two ways. First electrically conductive
additives have been externally mixed with the nickel hydroxide
materials used to produce pasted electrodes. Such additives
include Co, CoO, Ni, Cu, and C. The additives are generally
20 in the form of powder, fibers or the like. These techniques
have achieved moderate success in that Ni-MH batteries have
achieved impressive gains in high rate discharge performance.
However, there are two remaining problems. First, the
emergence of hybrid electric vehicles has demanded that Ni-MH
25 batteries achieve 1000 W/kg of power. Conventional electric
vehicle batteries achieve 250 W/kg and special designs achieve

500-600 W/kg. Second, even present power levels are achieved



achi evéd i npressive gains in hi gh rate di scharge performance.

However, there are two renaining problens. First, the

energence of hybrid electric vehicles has demanded that Ni-MH 25

batteries achieve 1000 Wkg of power. Conventional electric

vehicl e batteries achieve 250 Wkg andlfpe0|al desi gns achi eve

500- 600 Wkg. Second, even present power |evels are achieved

- 13 - 0 by a very expen5|ve and elaborate positive electrode
embodi ment (1. an expensiyve fo e S n EXRENSIgLe
use of cobalt §6np8un8$% exPenS gg#h g?é@%ﬁﬁhghdp051b Y%h artlsaﬁ%
have increasedghl83iment (1Q9ndUthVb&ﬁeﬁglﬁéCK@#thQ@Qéﬂdeskél@Hon and
co-precipitating cobalt 5 hydroxi de along wth nickel hydroxide
to increase ikkpénsive use oNtesvalt cmagaanideilty. Wiile Ni Co
co-precipitates have better conductivity and utilization than pure
ni ckel hydroxi de, tfibe. second Wmmronemmﬂ?hxﬁrﬁﬂﬂ§m%eh@%ﬁs#ﬁérédsed the
incremental with no room for further rovenent

10
The two net hod§SCRAYERE¥EEY MHowrd chfi Myd ¥%ﬁ¥¥%§?n tQ&aPreCIpltatb8ﬁe?093k¥
capacity of th i ckel. hydroxi de teri.als.a e hay,
still not reali Fﬁé fu?‘xﬁﬁteﬁgﬁl o kZI droxide é% E%E?ggée ol s

i al ereof’. above,

there is still %]t%ﬁglf 5n<§1&w1ltgﬁntwﬂﬂél§uc:o co-predib RWRSs 8Bdeb ot dat e
di scharge capability. Therefore, there is aneedin the art for

addi tional inprovweerisity she utlllzatldnnuhaﬁ|pumbyn1cué1 hpasokide, the

el ectrode materi al s and, specifically, in the conductivity of

ni ckel hydroxi depfrorvemeet can only be considered incremental with no room
for further improvement.

10 The two methods discussed above, while increasing the
power and capacity of the nickel hydroxide materials and
electrodes have still not realized the full potential thereof.
As stated above, there is still a need for significant gains
in power and high rate discharge capability. Therefore, there

15 is a need in the art for additional improvements in the
conductivity of positive electrode materials and,

specifically, in the conductivity of nickel hydroxide for use

in rechargeable battery applications.

20
SUMMARY OF THE INVENTION
An objective of the present invention is to provide an
active material for a positive electrode having increased
25 conductivity. This and other objectives are satisfied by a

composite positive electrode material for use in

electrochemical cells. The material comprises a particle of



I n recltargeabl e battery applications. 20

SUVMARY OF THE | NVENTI ON An obj ective of the present
invention is to provide an active material for a positive

el ectrode having increased 25 conductivity. This and ot her
objectives are satisfied by a onposite positive el ectrode

mat eri al for use I n eFettrochemical cells. The material
conprises a particle of I : - 14 - t0
ositive electrode materjal; nd_a conductive mater.i at ._J eas
Bart i aI\6I y enbeRfiE WS h‘?Jhecf%O&palf‘?lt% leadlo"f PeSi 3 v endlictive %?E%T+%Jdeath
material. The gonducli ve; ri be | 1k . anki

as ni ckel part%cles.ﬁéy@aé&&f}éﬁ%eé%%ﬁsﬁéﬁgigtﬁgg oB?%%%%%%% gﬁe%§§?F§?%ed
by a method fosledrrode mptediglng arH RSt iReShhtyei £1 ardy aste markaniial

conpri sing a particle of positive electrode material and a

conductive particled enichl ast nlieksl partialéey. enbedded within the
particle of positive electrode material, the nmethod conprising the

step of : B Aney oFhedt RPIPER1YEF uRTensatd st IRy somethed, famd a
10 conductive material (?tion sol ution

. __Whereby. a precipit o
'ncl udithg t he BEHPRITS OSIAIPE & BOPHbUKe nEl 67 TER0T TRl Comprisinarne
conbining ?tepa”EXrEQQPéiéﬁ §B§i§5685eQE?H}é&QQmEQSrial and ap%ﬂgg&gff%e
material with the netal ion Solution to forma
material at least partially embedded within the particle of
positive electrode material, the method comprising the step
of: combining a metal ion solution, a caustic solution, and a
10 conductive material, whereby a precipitation solution
inciuding the composite positive electrode material is formed.
The combining step may comprise the steps of mixing the
conductive material with the metal ion solution to form a
suspension; and mixing the suspension with the caustic
15 solution.

This and other objectives are also satisfied by a
composite positive electrode material comprising: a particle
of positive electrode material; and a nucleating particle at
least partially embedded within the particle of positive

20 electrode material.

This and other objectives are also satisfied by a method
for producing a composite positive electrode material
comprising particles of positive electrode material having
nucleating particles at least partially embedded therein, the

25 method comprising the step of: combining a metal ion solution,
a caustic solution, and the nucleating particles, whereby a

precipitation solution including the composite positive



suspengion; and m xing the suspension with the caustic 15 sol ution.

This and ot her objectives are also satisfied by a conposite
positive electrode material conprising: a particle of positive

el ectrode material; and a nucleating particle at | east partially
enbedded within the particle of positilse- 20 el ectrode material .

This and ot her objectives are also satisfied by a nethod for
produci ng a conposite positive el ectrode materi al conprising
particles of positive_el ectrode mat erial having

particl@s at | 8&??‘:5%‘?% FALPrefdedied ‘n, thete? §°mb'mgh élggp nay
conprising the 31.S cgon 9r3 U \%\ﬁl Qﬁesﬁél:'él Oflon solution &rkBUSHd C
sol ution, and fRE® nuc eat| ng %arhcles ereby a precipitation
sol uti-on incl udi,;pgchPengOMReeiLBePOSithie¥eby forming a suspension of the

- 15 - 0 el ectrode material is formed. The comnbi ning step may

conpri se the shapsedtingipdmgcliee imtethe immtadobonirnlwnicdon;hend nixing the
nucl eating particles, thereby form ng a suspension of the

nucl eati ng par teokesci solheioretwilth Ggleséluﬁpﬁéﬁm’and m xi ng the

caustic solution with the suspension. 5 BRI EF
DESCRI PFI ON OF THE DRAW NGS Figure 1 shows a photom crograph,

at_magni fi cati on of 0. CEK o Oy 26 S50 Ol st COMPOS t &

3 B
material of the pr ESeRt | nven?l on,
Figure 1 shows a photomicrograph, at magnification of

10,000x, of an embodiment of the composite material of the
present invention;

10 Figure 2 is a stylized drawing of an embodiment of the
composite material where the conductive material is in the
form of a conductive network;

Figure 3 shows complex impedance plots for positive
electrodes comprising nickel hydroxide material formed with

15 and without embedded nickel particles; and

Figure 4 shows discharge curves for positive electrodes
comprising nickell hydroxide material formed with and without

embedded nickel particles.

20
DETAILED DESCRIPTION OF .THE INVENTION
The instant inventors have discovered improvements in
positive electrode material for use in electrochemical cells
25 and methods for making the improved materials. Disclosed

herein is a composite positive electrode material for use in

electrochemical cells. Generally, the composite positive



10 ¢ Figure 2 is a stylized drawi ng of an enbodi ment of the
conposite material where the conductive material is in the form of
a conductive network; Figure 3 shows conpl ex i npedance plots
for positive el ectrodes conprising nickel hydroxide materia

formed with 15 and wi thout enbedged nickel particles; and

Figure 4 shows di scharge curves for positive el ectrodes conpri si ng
ni ckel hydroxide material formed with and wi thout enbedded ni cke

Ipﬁl(/JI[E:\I'(Iz'llO(e]S\I- ezloectrode m:ﬂt;fgrlal cO prlsesDFa éa%@c%sggl PTI dv%: e-ll-.léigtrode

A5t SRR Hventors have drscovere rovements

in . Paslddye el eahiods MabekialiJor dsteiniel agisgeham % qehLs

25 maki ng the i nproved naterial s. Di scl osed

herein is a coppesidiE wesiddaseaekeehindehanpartiitlé o6t Ussesiiive electrode
el ectrochem cal cells. General ly, the conposite positive

- 16 - 0 mae¢eiy.odeThat ephdhictbvpr nsgsraapameychbe dfotigddivt iapbedded
el ectrode material, and a conductive naterial which is at | east

partial |y enmbeddielin e rpatrr@%@r Pufcpese)ﬁlﬁﬁs?%?%r%@%dﬁ%a
material .. The conductiv

t ot mhedd
t he par%icle of pos????ﬁ? ect d8°ﬁ§¥%E$%?o a%?g&éi 1S agyd%%%$%ﬁ?%/wﬁ%ﬁé
conductive mat gL! aélécscﬁ@élw eEbﬁhuyz\@iGQ. Preferably, the conductive

material is chosen so that the conductivity of the composite
positive electrode material is greater than the conductivity
of the active positive electrode material alone.

10 The conductive material may comprise a metal. Examples
of metals which may be used include, but are not limited to,

nickel, nickel alloys, copper, and copper alloys. Preferably,

the metal is nickel. As used herein, "nickel" refers to
substantially pure nickel. Also, as used herein, "copper"
15 refers to substantially pure copper.

It is noted that nickel has an atomic configuration
comprising d-orbitals. While not wishing to be bound by
theory, it is believed that the d-orbitals may effect the
active positive electrode material surrounding the nickel

20 material.

The conductive material may also comprise a material
selected from the group consisting of oxides, nitrides,
carbides, silicides, and borides. The conductive material may
comprise carbon, or graphite. The conductive material may

25 comprise copper oxide, cobalt oxide, or indium tin oxide.

The conductive material may be in the form of at least

one conductive particle which is at least partially embedded



Is el&ctrically conductive. Preferably, the conductive
meterial is chosen so that the conductivity of the conposite

positive electrode material is greater than the conductivity of
the active positive electrode material alone. 10 The conducti ve
material may conprise a netal. Exanplks- of netals which may be
used include, but are not limted to, ni ckel , nickel all oys,
copper, and copper alloys. Preferably, the netal is nickel. As
used herein, "nickel" refers to substantially pure nickel. Al so,

as usedOherei nin gbgpeprtighe of pegiive tod eSEOCENFREPFY2pur ePEBPPEIDLLY.
It is noted that nickel has an ataqnic conf%géﬁ t.i on i

d-orbitals. Whfe Cr%‘@"ﬁt%i‘fﬁné’aﬁfl &ehdind: 1e- Mori%e%??/’%gfr%g];y? the
bel i eved that %Q%Fﬁbgﬁgét %?tf@¥%eiéﬁ§t %J%E particle@Ct!%Fgﬁ?é'i'gfbws a
I Ng 0 materi al -

n
el ectrode material surrou e ni cke

The conducti ve giRlehidko§BipR! St RGRLESEa i JRIoE 18] 000x, of anSehBEABfkdH om
the group consisting of oxides, nitrides, carbides, silicides, and

bori des. The ceidibel ¢empatitéeahate@yial of the gormenseiosehonpnor TIm aphis e.
The conductive material may 25 conprise copper oxide, cobalt oxide,
or indi@mtin eubgdiment, the composfie FgHgUiLlyEOTRIEAFREl ameBAPedle tdfe

formof at | east one _conductj ve particle which is a east
partially enbed9sSdtive electrode matgrial ﬂ% and a nickeg pgri%c&e § Ypich

e, P ! 8IS LA WB sy ® e Wbesve execerddf
material 1.

The conductive material may comprise a plurality of

10 conductive particles which are at least partially embedded

within the particle of positive electrode material. The

plurality of conductive particles may be isolated from one

another. Alternately, at least some of the particles may be

touching others so as to form a conductive network of
15 particles.

The conductive particles may have a variety of shapes and
sizes., For example, the particles may be substantially
spherical. Alternately, the particles may be elongated
wherein one dimension is longer than another dimension. For

20 example, the particles may be ellipsoidal or cylindrical. As
well, the particles may be in the form of threadlike fibers.
These elongated particles may have an average length which is
less than or equal to about 10 microns. As well they may have
an average diameter of less than or egual to about 1.0 micron.
25 These sizes are merely reference points and may be varied
within the scope of the invention. An example of éonductive

particles are the INCO T-210 nickel particles. The INCO T-210



conduc®ive particle is a nickel particle. Figure 1 shows a

phrot om crograph, at magnification of 10 OO0x, of an enbodi nent of
the conposite material of the present invention. Inthis 5

enbodi ment, the conposite material conprises a particle of

positive electrode material 1, and a_nf'sqclgel particle 3 which s
totally enbedded in the particle of positive el ectrode material 1.
The conductive material may conprise a plurality of 10 conductive
particles which are at |east partially enbedded wi thin the

particlfe of pdsidede R RTe httieerd articiig morphologypwithl ppyagprage

conductive particles may be_isolated from.on . _anot her.
Aternately, ateR8a&E b feshE Ke3PaEciOds a%ﬁ\)‘tbeg microns. gftc APRG*Ghker s

so as-to for mc?erféqg %{/V Q§t Wog k?Pé.ms 1§?rsﬁm3,paa[r}d. 34 €8ET of alS)PlZIES.l .75The

conductive parti ave a variety apes an For
exanple, the gragticles may be substantially spheri cal .
Alternately, the particles may be el ongated wherei n one

di rensi on i s | ongerrHehaondnether mhtersa bmay-oake 2the formexfinpleondikeive
particles may be ellipsoidal or cylindrical. As wel |, the

particlSes may Betyark-he Themaidudiiesdhekworkpeay have varioughHepelebdrgat ed
particles may have an average Ien%th which is | ess than or equal

I .
to about 10 mi ROrPPMIGePf BhEPPRUGTRYFenStWOrk 1s5R AANTAGE ATEMSRE Sof
less than or e%%htgﬁgquet %bgmg Crb(g/n'thg5 ivz'\xﬂtteﬁlcé-lt;'.l?%gtf&%e%farce r%lrc%li)(re

ref erence poi nt's and e vari € scope of

invention. An sxanplieedf £ANAUCtit@ands, and RAELLEKES ar eaddied NEQaTA L0
ni ckel particles. The I NCO T-210

of a conductive network is the branching tree-like structure
10 that is shown in Figure 2. The conductive network 3A branches
out throughout the active positive electrode particle 1.
Another example of a conductive network is one comprising one

or more carbon nanotubes and/or fullerenes.
While not wishing to be bound by theory, the inventors
15 believe that the embedded conductive material, such as the
nickel particle 3 shown in Figure 1, serves one or both of two
possible roles in the composite material. First, the
inventors believé that the conductive material serves as an
electronically conductive pathway through the active positive
20 electrode material, thereby increasing the useable capacity of
the active material. The internal conductive pathway also
improves the ionic transport within the active material and
prevents portions of the active material from becoming
electrically isolated by reducing the transport distance
25 through the active material and/or optimizing alignment of

crystallite pathways.



- 18-¢ 0 ni ckel particles have a particle norphology with an average
sub-m cron Fi sher dianeter of about .9 microns, an apparent

density of about .6 grans per cnjerr], and a BET of about 1.75

mMerr] /g. The conductive material may take the formof a
conductive 5 network. The condu®t+ve network may have vari ous

t opol ogi es. One exanple of a conductive network is a lattice
structure whi ch nay be formed by the interconnection of conductive
partiches, fibers, ogLr n2NGiche ohkkkBel i e @hBR o€ X FHRIBr that limitfs a
conductive network 1s the branching tree-like structure 10 that is
shown in Fi gur@e2niclbe €nsttiedde e daettdonktdAcdpaniohiess equivalenbuto one
throughout the active positive el ectrode particle 1. Anot her
exanple of a ededucbhveomethessk is ofkee comdervragisnaeion of ther ﬁkﬁkﬁl

car bon nanot ubes and/or full erenes. VWi | e not hlqg

bound by theorh,YdI’PPFédlenvéﬁf—ng TBtenalbel i eb® that }??ﬂeleé’r?éedd:é}?

duct t h th |
i?nsgfvle\sleogg‘ ugllt;ieﬁblF % Fagn 1s caused %}é %c&%on&?eié&#a%l%rhQ?V\Qxiglféc?ure

material. i Sde 1 5£Vhydrox1de kﬂY@@ﬁPr§aQ@Eh§YelﬁhaﬁhéthQﬁB@EQB“%%
mat eri al serves as el ectronically conductive pathway through
the active pogiitgna raglstlveeﬂxﬁ@képd@dﬁﬁﬁ@eal(mmnrzebmataemasa@gactm
useabl e capacity o the active material. The internal conductive
pat hway al so to the acthipeomeserhali omd by arsportiransphich ¢feiemsi Ve the
mat eri al and prevents portions of the active material from
beconi ng inner|raxticng |9L | 8BeaLdGChyORRIWEBARY ©FeE Fﬁ&%ﬁ%ﬂﬁrQﬂsﬁ%ﬁce
25 t hrough the %ctlve qFterlaI and/ or th|n12|ng al i n%n

present invention, overcomes electronlc

crystallite pédt

10 isolation and ionic transport limitations.. Hence, in this
invention, electronic isolation of the active material is
reduced or avoided by providing an electronically conductive
pathway in the interior of the nickel hydroxide particles.
This allows for added electronic pathways which reduce or

15 prevent isolation of the active material by the more resistive
reduced nickel hydroxide material.

The second role that the conductive material, such as the
nickel particle 3, may play is that of a nucleation site for
the growth of nickel hydroxide crystallites. The particles

20 of nickel hydroxide material comprise crystallites, and the
nickel particle 3 behaves as a "nucleating particle® (i.e., a
nucleation site for the growth of the nickel hydroxide
crystallites). As a nucleation site, the nickel particle 3
may orient the nickel hydroxide crystallites as they deposit

25 onto the nickel particle during precipitation. Furthermore,
the nickel particle 3 may also influence the size and/or shape

of the nickel hydroxide crystallites. Each nickel hydroxide



- 19 -§ 0 The present inventors believe that one factor that
limits the nickel electrode reaction to capacities equivalent to
one : - electron or less is the underutilization of the nickel
hydroxi de active material. It is believed that the
underutilization is caused by el ectronjc_isol ation of oxidized 5

ni ckel oxyhydroxide (N OOH) naterial by the formation of hi ghl y
resistive nickel hydroxide (N (OH2) materi al adjacent to the
active material, .and by poor transport of ions to th nner
portiBns of ﬁ*ﬁ?Q%FéEt+%dEPWRﬁ§ﬁF mPQ%DYErYrBh??tﬁ¥YSta111teseWE&FPoW?¥e

The present |nvent|on overcanmes._such el ectranic__10 | sol.ati.on and
i oni ¢ transpoﬁzﬁlrntaFFgﬁge l{ghlﬁgﬁﬁPhl orienta HVéntlo% e

el ectroni c i sQhda@y) 9F the arjévemmterial is reduced or avoi ded
by providing an electronically conductive pathway in the interior

of the nickel hydmai drqaydiicc| €Snductivity This. Al khes deidaesded cy of
el ectroni ¢ pat hways whi ch reduce or 15 prevent isolation of the

active mat er icttotiopst hanner eypésattihigkel hydroxidedpestinilekeéls Hypdionatedé
mat eri al : The second role that the conductive material, such
as thé by hibk&OnERFELOPe WthHaYy FrusterLliteg 8rda Mkl €aPPBRtEPRe

f th h of t ites The ticles
be o mARaE St heberrddtIeR PcE %‘é‘?mms CIAREALHAEES

i ckel t h " -y
el eat hon siitery (REIREGRCAT) Ree WELEAL P LI, elel 81132 discharged
crystal lites)nicid ayarekeakl adesi her haeenle%abhpaat:hﬁl:@eé, created HBY

orient the nickel hydroxide crystallites as they deposit

the grain boundaries for the initial charging current to
10 provide for a proton to hop from one vacancy to another
vacancy, and therefore such large crystallites provide for
relatively poor conductivity. When the crystallite size is
toc small, the adjacent crystal lattice conduction networks
will not be aligned due to the presence of too many grain
15 boundary vacancies for the protons to hop across and protonic
conductivity is thereby impeded. There exists an optimum
crystallite size in which the proper number of grain boundary
vacancies are present. In these latter materials, sufficient
vacancies are present for proper inter-crystallite
20 conductivity to occur and the protons have sufficient room to
follow the proper conductive path through the crystallite it

then enters.
In addition to the proper crystallite size of the nickel
hydroxide material, the crystallites are believed to require
25 proper orientation to be highly conductive. That is, if there
are discontinuities in the crystallite orientation from one

crystallite to another then the crystallites that are
i

[



25 ¢ onto the nickel particle during precipitation. Furthernore,

the nickel particle 3 may al so influence the size and/or shape of
t he ni ckel hydroxide crystallites. Each nickel hydroxide

-20-. O particle is conposed of many very fine crystallites

whi ch- may have an i nproved QQM§LaIIographic orientation within the
boundary of the crystallite. The protonic conductivity (i.e.,
t he conductivity of protons) in a typical nickel hydroxide

particle is domnaled 1) orient®a £d2 EOREMCEESDsVAARE NcGryshal ELbRSwand

(2) conduction across the grain boundaries between adjacent
crystallites. dominate tMienrddiecanyet akl the magerisl t ocdmregaselihe iffulblly
di schar ged ni ckel hydroxi de does not have enough vacanci es,
created at of the chysgrailntes maprepetdy erientad.i fhecherdpaiy iy efit
to 10 provide for a proton to hop from one vacancy to another
vacancy, and t BaedHgiels yRrpaige RatRtial PRe P AisFr§asegr The inventors

| ati vel ducti vity. Wh h Ilit ' ' . t.
(oL Vel ok GOt toe IR UG ELIRLE L R Shpfedencian iy, b

be ali gged duethg ct ﬂlﬁ%@%%?%i&%él”ﬁ%r&%& ir;-%his him% uctive

vacancies for t protons to hop across and protonic conductivity

i's thereby inpgdeshtatilhier£s eXh&y SAGSoHI i MBUBh that thel Midkdll iHy&reixa8el N
whi ch the proper nunber of grain boundary vacanci es are present.

I n these | attehagnteerhaghker spirbitondnat conductivivgcartmresniakel hydeerite
for pr oper inter-crystallite 20 conductivity to occur and the
protons have s@fppeited imomuandom manner.

Thus, it is possible that the addition of nucleation

10 sites alter the size and/or shape of the crystallites. In a
random precipitation, it might be expected that crystallites
WOuld have a 'sph'erical shape, while in the present invention
the crystallites could have a more elongated shape. While not
wishing to be bound by theory, it is possible that protonic

15 conduction 1is preferential along the 101 axis of the nickel
hydroxide. The role of the nucleation sites could be to
reduce the distance along the 101 plane to the crystallite
boundary or to orient the 101 planes from one crystallite to
an other for enhance conduction.

20 Hence, an alternate embodiment of the present invention,
is a composite positive electrode material comprising a
particle of active positive electrode material (such as nickel
hydroxide), and a "nucleating particle* which is at least
partially embedded within the particle of positive electrode

25 material. The nucleating particle does not have to be an
electrically conductive material. Instead, the nucleating

particle need only provide a nucleation site for the growth of



fol | ow®t he proper conductive path through the crystallite it t hen

ent ers. I'n addition to the proper crystallite size of the

ni ckel hydroxi de material, the crystallites are believed to
require 25 proper orientation to be highly conductive. That is, if
there - are discontinuities in %$g crystallite orientation fromone
crystallite to another then the crystdlilites that are

- 21 - 0 i nproperly oriented for | ower resistance current flow w ||
dom nate the resistance of the material. Conversely, if all of the
crystallites GFESPRbpEEES %ﬁ%ér0$@%m&1V9u ¢legrode materlﬁhe disckel
hydr oxi de material nma ncr gased | ieve that
the ni ckel ﬁ%%ﬁ@% RO HF ot DRI At fie 1 8ation $hEes AT ATIGEs of

ni ckel hydr OXEH ﬁﬁéﬂk&{y%ﬁ%qgﬁt bfethe pos:htlv%r .eRLALLAD Ascdhew

deposit, such t nic r oxi hi gher protonic
conductivity %han fhekethdyebraictbvity of thdep@SédRd iR ankandesn Mmanmas .

Thus, it is possible that the addition of nucleation 10 sites alter
t he size and/ auct(bapeonfsitwes mayspadvidesfor Ithheaproper deposdmdom surface
precipitation, it mght be expected that crystallites woul d have a

spheri gal shae, ovkene the Wﬁ&ﬁéééﬁ?slmmlbﬁs to detemtﬂﬁ’@ thgsaegrages
coul d have a myre el ated shap Wiil e no shing to be bound
oo heoey® T T0EE EndDRR! ShaRBe hh (SvRBh1Lices ra bt | B TetTeRTRr MR al

al ong the 101 gﬁdﬁcgﬁvggg gkcggé material. NYdroxide. The role of the
nucl eation sites cou 0

The nucleating particles are not limited to any specific

shape, size or topology. Examples of shapes include, but not

10 limited to, substantially spherical, substantially flat,
elongated, cylindrical, ellipsoidal, fiber-like, cubic,
parallelopiped, etc. As well, the surfaces of the nucleating
particles may be varied to effect the growth of the positive
electrode material crystals. For example, the nucleating

15 particles may be partially etched to provide either a
roughened surface or an oxide free surface.

Further, it may also be possible to provide a "nucleation
structure" having a more complex topology that a single
nucleating particle and which also acts as a surface for the

20 growth of crystals of positive electrode material. For
example, the nucleation structure may be a plurality of
connected nucleating particles. The nucleation structure may
have the form of a lattice such as a matrix, screen or foam.
The nucleation structure may have a topology similar to that

25 of the conductive network shown in Figure 2. As well, the
nucleation structure may have a topology sufficient to

increase the conductivity of the positive electrode material



reduce® he distance along the 101 plane to the crystallite

boundary or to orient the 101 planes fromone crystallite to an
.ot her for enhance conduction. 20 Hence, an alternate enbodi nent
of the present invention, is a conposite positive el ectrode
material conprising a partiel23 ef active positive el ectrode

mat eri al (such as nickel hydr oxi de), and a "nucl eating particle"
which is at |east partially enbedded within the particle of

positi§e e'ec&gpggpr%%réﬁgg%g?ég{%@éingTIE%TB%H&%%tB@Qcﬂ@fkkfkgaﬂgeénduar

have t0 be an conductive material. nstead, the
nucleating  ,pproprR@kbh! SePEBRiPMY thicovide af nid eatisealsi aadfor tine
growt h of - 22 - 0 .
crystallites fanapengff th thespassti ve el ectrode material .- As

di scussed above, the addition of nucleation sites nag orient _ t he
deposited crystall iThes. afttive mResiitlve g?é@??%ﬁﬁ?rﬂ%? prapl used ing fhe

that, the conductivity of the material is incregsed. %he i trod
nucl eation si (REESER} PREGREECR JIEY RS PR¥pRT TBH5YPFi Oh BAfYHYE esectrodg,
orient the crystall.ites as well det ' t ’ kze
and/ or s hape d‘fatter{e‘aéT ?/{?togfl I %?egﬁéoé%:s' tﬁaﬁgggsgﬁ%ﬂg&é kel hydrox2ad
conductivity qf ddi8 JTBt8ld Hanganese hydroxidd hfaduitl=aat i ng¢ parviehes ene

not limted to any specific - shape, size or topol ogy. Exanples of
shapes incl udespiatite Reld ih@ent of | thid eihvenrionsubst aamty ard/ aldpkénidsabf
substantially flat, el ongated, «cylindrical, ellipsoidal

fiber-like, caidkel hydroxidepared | pbebtpeel, materisds wat | generakurnaitebe of
t he nucl eating . , .
used. Even pure nickel hydroxide without cobalt, a material
10 with poor conductivity for commercial application, may be
transformed into a viable positive electrode material via the
internally embedded nickel particles or fibers described
herein.
The nickel hydroxide material méy be a disordered
15 material. The use of disordered materials allow for permanent
alteration of the properties of the material by engineering
the 1local and intermediate range order. The general
principals are discussed in U.S. Patént No. 5,348,822, the
contents of which are incorporated by reference herein. The
20 nickel hydroxide material may be compositionally disordered.
"Compositionally disordered" as used herein is specifically
defined to mean that this material contains at least one
compositional modifier and/or a chemical modifier. Also, the
nickel hydroxide material may also be structurally disordered.
25 "Structurally disordered" as used herein is specifically
defined to mean that the material has a conductive surface and

filamentous regions of higher conductivity, and further, that



particlfes may be varied to effect the growth of the positive

el*ectrode material crystals. For exanple, the nucleating 15

particles may be partially etched to provide either a

roughened surface or an oxide free surface. Further, it may
al so be possible to provide a "nucl eatgson structure" having a nore
conpl ex topol ogy that a single nucl eating particle and which al so
acts as a surface for the 20 grow h of crystals of positive

| ectrode materi.al. Far e | e, the, nuycleation structure rra.be
S plural ty of the materiad has, miLhiRLBYT MR HHATES “OHE AlbbreabPon:

structure may —gF-\ e f a tti uc : |,X, .SCreen
or foam and Tho nuc?bglgt%i%on rggrrpl?gltgurg %ayleﬁgsg aq'flgg\é?gg%&g%m Pgr ?g

that 25 dodbnparduct i ve network shown in Figure 2. As well, the
nucl eation structure may have a topol ogy sufficient to I ncrease
the conductivity of THe pasckele ehedteo:odi materezliial may comprise a

- 23 - 0 by appropriately orienting the growth of the crystals

and/ or PR & a1y vd apd r S FHIg ysfAzgonfleraed rulsiniasamdobel

t he shape_of the crystals., ) ) The active positive . .

el ectrode mater '%‘Fr?fé"ége i}P'f’%/the“‘atrlx which elRftudeR edti 6ﬁaﬁgy°B§ MR iSd eany
type of positiv t 5 j.al..kno iA t art.. anpl e

i ncl ude ni ckel %@%%l%‘g&? the groy teofr%l{éga]]%téng #n;né‘ghetség’h%&r’of%er&_’ er,
material. It iscytihiedhan, x, La, 5P Md, add kAt eRl, obp! hbsS, igyerdd o,

that any and all kinds of ni ckel hydroxi de, or positive nmaterials
in general, naysée Sn, Sr, Te, Ti, Y, and Zn. Preferably, the nickel
hydroxide material comprises a compositionally and
10 structurally disordered multiphase nickel hydroxide host
matrix which includes at least three modifiers chosen from the
group consisting of Al, Ba, Bi, Ca, Co, Cr, Cu, F, Fe, In, KX,
La, Li, Mg, Mn, Na, Nd, Pb, Pr, Ru, Sb, Sc, Se, Sn, Sr, Te,
Ti, ¥, and Zn. These embodiments are discussed in detail in
15 commonly assigned U.S. Patent No. 5,637,423 the contents of
which is incorporated by reference herein.

The nickel hydroxide materials may be multiphase
polycrystalline materials having at least one gamma-phase that
contain compositional modifiers or combinations of

20 compositional and chemical modifiers that promote the
multiphase structure and the presence of gamma-phase
materials. These compositional modifiers are chosen from the
group consisting of Al, Bi, Co, Cr, Cu, Fe, In, LaH,, Mg, Mn,
Ru, Sb, 8n, TiH,, TiO, Zn. Preferably, at 1least three

25 compositional modifiers are used. The nickel hydroxide
materials may include the non-substitutional incorporation of

at least one chemical modifier around the plates of the



used. *Even pure nickel hydroxide without cobalt, a material 10 W th

poor conductivity for commercial application, nmay be t ransf or ned
into a viable positive electrode nmaterial via the internally
enbedded ni ckel particles or fibers described her ei n.

The ni ckel hydroxide material may be a.di sordered 15 material. The
use of disordered materials allow for permnent alteration of the
properties of the nmaterial by engineering the local and

internmedi ate range  order. The genera . . rincipals. ar

di scuss@d in U.Metesiednt TRE. PBT3R, ,‘Sﬂ#i’étltutlonafclglrﬁoé%t%gag o\ﬁh?f:%uré?e
I ncor porated by_.reference, herei ; LC h j ri

may be conposi tThat %/t%sl s’oragr &ie@%e@m m%%ﬁ%o?ﬁtei o%%%%ﬁ%ﬁréﬁﬁoas
used herein is gpaGitfieahby sites or Gafiowskd cMEsInddhat tbhesantRendtbal
contains at |east one conpositional nodifier and/or a chem cal

modi fier. Al so,mddiEfiers are prietkebbhydchasere fredrerthal greypalconsheting of
structurally disordered. 25 "Structural ly disordered" as used _herein
i s specificallyal, Ba, Ca,d€bi.n6d.t@ mFanFehakK.the Mdertfnl Neas SX c8REuBPi ve

surface and filament ous regﬂ ons of hid%her conductivit}/l, and
further 2that As a result of their disordered strpcf&rg a 8 1mproyﬁ8

mat erial has multiple .or. m xe has , . d
ganma- phase reg?%@uﬁwlet%'stgp%dinvli% ﬁg,lnleﬂyy%lr%ﬁ% rpg{énalcsongf)nar%d?%n?ave
The ni ckel hydroxide ox{@iefd! stat®y suSRMREI 88 38 , or 4'. Rather,

conpositional ly and structurally di sordered nulti phase nickel
these materials form graded systems that pass 1.0 to 1.7 and
higher electrons.

10 The nickel hydroxide material may comprise a solid
solution nickel hydroxide material having a multiphase
structure that comprises at least one polycrystalline
gamma-phase including a polycrystalline gamma-phase unit cell
comprising spacedly disposed plates with at least one chemical

15 modifier incorporated around said plates, said plates having
a range of stable intersheet distances corresponding to a 2°
oxidation state and a 3.5%, or greater, oxidation state; and
at least three compositional modifiers incorporated into the
solid solution nickel hydroxide material to promote the

20 multiphase structure. This embodiment is fully described in
commonly assigned U.S. Patent No. 5,348,822, the contents of
which is incorporated by reference herein.

Preferably, one of the chemical modifiérs is chosen from
the group consisting of Al, Ba, Ca, Co, Cr, Cu, F, Fe, K, Li,

25 Mg, Mn, Na, Sr, and Zn.  The compositional modifiers may be

chosen from the group consisting of a metal, a metallic oxide,

a metallic oxide alloy, a metal hydride, and a metal hydride



5 *hydr oxi de host matrix which includes at |east one nodifier

chosen fromthe group consisting of Al, Ba, Bi, Ca, Co, Cr, Cu, F,
Fe, In, K La, Li, My, Mh, Na, Nd, Pb, Pr, Ru, Sb, Sc, Se, Sn,

Sr, Te, Ti, Y, and Zn. Preferably, the nickel hydr oxi de

mat eri al conpri ses a conpositiormd Ly and 10 structurally

di sordered nultiphase nickel hydroxide host matri x which

i ncludes at |east three nodifiers chosen fromthe group consi sting

of Al, Ba, Bi, , Co, C, Cu,_.F, Fe, In, K . . La, . Li, , My, Na,
Nd, Pb,C pPr, Fhﬁfigi” Sc?rgé?r%HFYSrFh?eF°mp°Slt1°n??,m991£h8r2nggeTﬁ$§§en

enbodi nent s arg gi S N s ] . C Enqg!y ssi,gned_U. S,
Patent No. 5,637, égﬂiﬁggg n?égﬁégéﬁﬂ§1°flgl’ Bﬁhig “is 1ﬁ%brggfa B4 é%ﬁ”
reference heraid, ru, sb, sn, TinJNerid ckela MAdr OXhdEnBREREG@ MedBY e of

mul ti phase pol ycrystalline materials having at | east one
gamma- phase t hgfte compositiniad N modidNeas t iignalchomdi f ifch  the group
conbi nati ons of 20 conpositional and chemical nodifiers that

pronote the consistinmglef phlaseBst rGet e afd. t Fe. pirsehald;, oMngaRua- [Higse
materials. These conpositional nodifiers are chosen framthe roup
consi sting of #, BiiCoTi®r 2vd, ZPe, |H? RBAAFEPF] SRgdinfnc, one of ﬁie
compos ti onal AT St ELAPTRREET TR i cRRISE hghr o embodiment
material s may H?é}: &P&J}{%&%ﬁ'ﬂ?%hé%%&?f‘ﬂef@?&{aﬁg@%&ﬁ” 28 The nicxé!

| east one chem ca difier aroun e plates of : . .
-25- 0 hydBbRi 88| mafbei #Nrase cBABasHbS! itlutdNalon e YRR, 0Mhing
around the plates”, as used herein neans the incorporation into

preferable 10 to 20 atomic percent, of the compositional or
10 chemical modifiers described above.

The disordered nickel hydroxide electrode materials may
include at 1least one structure selected from the group
consisting of (i) amorphous; (ii) microcrystalline; (iii)
polycrystalline lacking long range compositional order; and

15 (iv) any combination of these amorphous, microcrystalline, or
polycrystalline structures. A general concept of the present
invention is that a disordered active material can more
effectively accomplish the objectives of multi-electron
transfer, stability on cycling, low swelling, and wide

20 operating temperature than prior art modifications.

Also, the nickel hydroxide material may be a structurally
disordered material comprising multiple or mixed phases where
alpha, beta, and gamma-phase region may exist individually or
in combination and where the nickel hydroxide has a conductive

25 surface and filamentous regions of higher conductivity.

Additional improvement of the nickel hydroxide material

of the present invention are possible when these disordered



interldnellar sites or at edges of plates. These chem cal

nmodi fiers are preferably chosen fromthe group consisting of Al ,
Ba, Ca, Co, C, Cu, F, Fe, K Li, Mj, Mh, Na, Sr, and Zn. 5 As a
result of their disordered structure and inproved conductivity,

t he ni ckel hydroxide materials do not h&ve di stinct oxidation
states such as 2[err], 3[err] , or 4[err]. Rather, t hese
materials formgraded systens that pass 1.0 to 1.7 and hi gher

el ectrons. 10 , The nickel, hydr oxi i o) i
solid © materifhh Hit I?&m!q’iir}ﬁtrio"ﬁy e eéaﬁ%gtrrgggpﬁﬁg\%hnéﬁtﬁl %?\%goe@te
structure that Helol ggggs At 1 easic o POl Al chBgen from geeMegyhgse

i ncluding a polycrystalline gamma-phase unit cell conpri si ng
spacedly di sposgpsRkating vEthaatcd east, @nerdeheNacata, Bp, and fpdi ¢ompined
i ncorporated around said plates, said plates having o a range_ of
stabl e i nt er shegtthlhst hemses aor mesbenddfig-he aroppefppsisting of Bgj dati i
state and a 3.5[err], or greater, oxidation_state; Oalnd at . | east

three conposi t iQFhaParbifaiar sexahaso st 8HCPnELeF HE ytes are E3FFE 35t RS on

ni ckel hydroxide material to_pronote, the, 20 Lt 1P structure.
Thi s enBodi mentof Ly PI?OHesﬁ‘Epge?im?/rPr CsF] am%:oan"rﬂJDﬁF’g gg@?gned U.S.

Pat ent No. 5, 348,822, the contents of whi ch is incorporated by

reference herein. Preferably, one of the chem cal nodifiers

i s chosen from Also UD8cUsS&® GRASinii ig 0 AethBa, far GxodGcingu,aF,

Fe, K Li, 25 My, Mh, Na, Sr, and Zn. The conpositional nodifiers

may be coniftasiare bositive efremtrodensater gl somprieiag,a panttiglei ef

oxi de, a metallic oxide alloy, a nmetal hydride, and a netal

hydri de positive electrode material, and a conductive material at
10 least partially embedded within the particle of positive

electrode material. The general method for making the

composite material is by precipitation of a positive electrode
material (such as the nickel hydroxide material) onto the
conductive material suspended in a precipitation bath. The
15 specific method can be varied widely, as will be described
hereinbelow, as long as the positive electrode material is
deposited onto the conductive material.
The method requires a source of metal ion solution, a
source of the conductive material, and a source of caustic
20 (sodium hydroxide) be provided. Generally, the method
comprises the step of combining the metal ion solution, the
caustic solution and the conductive material so that a
precipitation solution which includes the cbmposite positive
electrode material is formed.
25 A major proportion of the metal ion solution should
include the active materials main metal ion, for instance

nickel ions, for deposition of a nickel hydroxide material.



-26-° 0 alloy. Preferably, the conpositional nodifiers are

ch'osen fromthe group consisting of Al, Bi, Co, C, Cu, Fe, In,
LaH err], Mh, Ru, Sb, Sn, TiH2, TiO and Zn. In one enbodi nent,
one of the conpositional nodifiers is chosen fromthe group
consisting of Al, Bi, Co, C, Cu, Fe, dgn- LaHerr], M, Ru, Sb, 5 Sn,
TiH2, TiOQ and Zn. I n anot her enbodi nent, one of the

conpositional nodifiers is Co. In an alternate enbodi nent, two of
the conpositional nodifiers are Co and Zn. The ni ckel hydr oxi de

mat eri ab may cWhidpn 5 akel3oienoneEe pévpéaellyngsed, mangapeseerigiise (frn o
20 atom c percent, of the con;>05| tional em cal nodifiers

descri bed abovélepos“:"o’n of ‘?ﬁ’ég?ﬁ‘§%‘? dé}"éﬁo’ﬁ’r%?eﬁoﬂ’g)a?“a&? dB2¥| ESCockee
materials my ,..5  ah0g! uggh%} Ocﬂxes HELUCR 38! € t?ﬁefzﬁé)tz-(\i 1gm

gr oup consi sting of ous; (1r) mcrocrys

pol ycrystall i n%oha'e&bagtboaediepg&n&m%cté %@l @48 mafBd o#Sthe nidikd)
any conbi nation of these anorphous, mcrocrystalline, or

pol ycrystal | i neysroscBer esatdkiganer al manceptadf ibhe splesddh may further
invention is that a disordered active material can nore

ef fecti Vel y accompiriisie tmeol@jreaucbmsmgtaimlipirmel%%leqﬂﬁd from ther agsdap,
stability on cycling, |ow swelling, and wde 20 erating tenperature
than prior art SPpdifitdgg @fsAl. Ba, Bi, Ca, QQ.5&Tr.t (&, n| @kellnhyﬁr ok deli.

Ml t1pie or i Y8 Bhasde e 7. or. Ru.pBLTSELRE TRLCLER, i ol r8gfon
may exi st individualdqy, Ohetal, ion sbuCPHD A} | p2y ggﬂe@@&ﬁefém &k&kg%oup

hydr oxi de has a conductive surface an nmentous regi ons
hi gher conduct idgdsisting of a metdddidulgagle | sPnovisENt a0fmdd Nhekehee

hydr oxi de materi al
10 solution, and mixtures thereof.

The caustic solution is generally a very concentrated
sodium hydroxide solution, and is standard in the art of
nickel hydroxide precipitation. As with prior art
precipitation processes, the sodium hydroxide cén.be partially

15 replaced by hydroxides of other alkali metal hydroxides, as
long as they are soluble.

In one embodiment, the method of producing the composite

material comprises the step of mixing the conductive material

with the metal ion solution to form a suspension. The
20 suspension is then mixed with the caustic solution in a
reactor vessel. Hence, in this embodiment, the conductive

material is suspended in the metal ion solution before being
mixed with the caustic.
The conductive material is preferably nickel particles
25 (which may be fibers). It is noted that while the remaining

discussion of the method of making the composite material is



of the‘present invention are possible when these di sordered

- 27 - 0 materials are conbined with electrol ytes where the

el ectrol yte conprises at |east one el enment chosen fromthe group
consisting of Ba, Ca, Cs, K, Li, Na, Ra, Rb, and Sr, conbi ned W th
at | east one nenber of the group consisgying of Br, C, F, OH.
Particul ar exanples of such electrolytes are fornulations 5 of KOH,
NaCOH, LiOH and/or CsF, and KCH and CsOH. Al so di scl osed

herein i s a net.hod _for progduc 0 it It hye
mat eri af conprﬁéﬁnﬁ ﬁm ar?lcl ékéi parth1e§erg§é EFB%Erogg ngéﬁfﬁgﬁgﬁznd

a conductive ”@r{aeﬂférqlalgt (ag*odlscuséé'@-%en(@.ﬂab@krby ma@nbedeesdaw t hin the
particle of positive el ectrode material . The general nmethod

for making the Once iGifeosidde imt ehié ahetsl byopr ecilpittiani, orclef mickel
positive el ectrode materi al (such as the nickel hydroxide
material) onto gdwricles act ammmwdtea\&eomwﬁ%lfos’u%}b%rﬁfeﬁﬂm%twn of the
precipitation bath. The 15 specific nmeth H varli g ¥ %g
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the conductive é%&crllcal 50&‘8@1%5%‘@%% cayskic w:l.2lg1 the (%Ql@kﬂéﬁblon to

hydr oxi de) be ~provide nerally, the method conprises the
step of conbi niggedif tirleal thONnsekel | BPpdrékbde materiaTavatioc tstee uhickehnd

the conductive material so that a
particle, thereby forming the deposit. As the nickel
hydroxide deposits onto the nickel particle, the nickel
10 particle becomes at least partially embedded in the nickel
hydroxide material.

The inventors have noted the preferred aspect of adding
the nickel particles to the reactor vessel by first suspending
the nickel particles in the metal ion solution, especially

15 when the metel ion solution is predominately a nickel sulfate
solution. When added in this manner, nucleation and
precipitation proceeded éxcellently. In an earlier trial (in
which the metal ion solution was also predominately a nickel
sulfate solution) the nickel particles were added

20 independently to the reactor vessel. This case was
unsuccessful, resulting in clumped metallic nickel particles
outside of the nickel hydroxide. While not wishing to be
bound by theory, the inventors believe that suspending the
nickel particles in the metal ion solution may be preferred

25 due to the acidic nature of the sulfate solution. It may be
that the nickel particles are partially etched, providing

either a roughened surface or an oxide free surface better for



preci pi'tation solution which includes the conposite positive

el‘ectrode material is forned. 25 A maj or proportion of the neta
i on solution shoul d include the active materials main netal ion
for instance ni ckel ions, for deposition of a nickel hydroxide
mat eri al . _ - 28 - 0 Wi | e

ni ckel i1ons are typically used, nan@é%%§e ions (for deposi tion of
a manganese hydroxi de solution) nmay al so be used. Al so, other netal
ions may be added to the netal ion solution to nodify and enhance

the pérfor man@eckfatinn nj WRep ammonium fhydrexide haitaddesd to foMRe pdekeli on
solution may further 5 e
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Zn. The_netalég%nyggrutlon may be selected from the grou _
consi sting of sgmiBtalesiid f@f €h SOhdItp e iE Bl @in NHddidies ok promoteel WHON,

and m xtures thereof. - The caustic solution is generally a
very concentrdesgilrable nuclsediom hydTexi de sulidili gpossaiele sthbandiimedn
the art of ni ckel  hydroxi de recipitation. As wth

prior Sart  introduggien ppfattiben ik spartiféesodiourhify dPBRE Rl ko Be
partially 15 repl aced b droxi des of other al kali netal hydraqxides,
as | BRBCERT t 4 mer o%‘b‘f‘éi‘ the Useof a We}trFld’ﬁea@ﬁBBd‘Pgre‘?ﬁq?e’f he

met hod of progughng t he conposite material conprises the step of
m xi ng the cohductive materi al

In another embodiment of the method, a source of ammonium
hydroxide is also provided. The ammonium hydroxide is mixed
10 with the metal ion solution to form an amine complex with the
metal ions. The amine complex is then reacted with the
caustic solution to form the nickel hydroxide material. The
step of mixing the ammonium.hydroxide solution with the metal
ion solution may occur before or concurrent with the step of
15 mixing the metal ion solution and the nickel particles. The
step of mixing the ammonium hydroxide solution with the metal
ion solution may also occur after the step of mixing the metal
ion solution and the nickel particles, but before the step of
mixing the caustic solution with the suspension. Finally, the
20 step of.mixing the ammonium hydroxide solution with the metal
ion solﬁtion may occur concurrent with the step of mixing the
caustic solution with the suSpension.
The method of the present invention may further comprise
the step of separating the composite positive electrode
25 material from the precipitation solution. The composite

positive electrode material may be washed with deionized water

and/or caustic solution.



with the metal ion solution to forma suspension. The 20

suspension is then mxed with the caustic solution in a react or
vessel . Hence, in this enbodi nent, the conductive material is
suspended in the netal ion solution before being m xed with the
causti c. The conductive gaterial is preferably nickel
particles 25 (whi ch may befibergl It is noted that while the

r emai ni ng di scussi on of the method of making the conposite

mat er i i . 9 i

ternms 8 n| ckel TRS&r CPBFERET2EIPRS t PFesS £ SOEHTE upc%l aze Vcc)“:1ab1r‘?:51trhenrd| al's
(as di soussed QRLeLAANOYELWIR D RISYbe . The nickel QRORIRISRERURT #dixd he
metal ion sol 4t on, e ni ckel particles act as nucleation sites
for the precipisbati Oﬂfl.pi e about 35%0Bt iweigitecbfodeheacfinel matirkell
(hereinafter nickel 5 hydr oxi de material). After the suspension is

formed, the hydroxideapswder soPuebentizesiHds rndédatptthathshsuspéast orf to
preci pitate the nickel hydroxide material onto the nickel
particle, th@@b?ddqfér%%l Pﬁé’tlﬁéﬁﬁs?%n be sgen FﬁeSt?‘ﬁ‘b@é?l about 2% by

hydr oxi_de eposi Qnt Q nic arti i 1

particPe becoﬁﬁ Ioéaélf‘ckﬁit Par §7 %%%ed eJa'??ﬁ % guglg by Weignt, the
hydr oxide Mt Gldlerion in active mak¥rilvealabe Mﬁf‘er{b%lt%@ kbe By cLeehed
aspect of adding the nic particles to the reactor vessel by
first 5U5pend'tﬂ‘ﬁ increase | 8 RdikRIctiafitiCl®S thet deciehak iiegn SebLiated,

especially 15 when the netel ion solution is predom nately a nickel
sul fate actisel mhitenial . WiMore opideflerabvly t Hihe miwiedr parhiiclest form
and
about 2% to about 10% by weight of the nickel hydroxide
10 powder.
Example

A composite nickel hydroxide material was prepared by
mixing a metal ion solution, a calcium nitrate solution, a
15 caustic solution of NaOH, and an ammonium hydroxide solution
in a reactor vessel.
The metal ion solution was prepared by adding 177 grams
of CosO,, 15.5 grams MgSO, and li.2 grams of ZnSO, to 0.058
gallons of water and 1.25 gallons of NiSO, solution. About
20 50 grams of the INCO T-210 nickel powder was added to the
metal ion solution as a source of metallic nickel particiles
and continuously stirred.
The metal ion solution is added to the reactor vessel at
a rate of about 0.058 gallons per hour. A solution of 66%
25 calcium nitrate is concurrently added to the reactor vessel at
a rate of about 0.0025 gallons per hour. Ammonium hydroxide

is added to the reaction vessel at a rate of about 0.016



preci pi‘tation proceeded excellently. In an earlier trial (in whi ch
the nmetal ion solution was al so predom nately a nickel sul fate

sol ution) the nickel particles wer e added 20 i ndependent |y
to the reactor vessel. This case was unsuccessf ul
resulting in clunped netallic nickel_pgrticles out si de of the

ni ckel hydroxide. Wile not wishing to be bound by theory, the

i nventors believe that suspending t he ni ckel particles in the

metal jon solution ma referred due t.o th idic nature of
(e subfat e sORUTPBA. Pty M be Finally. an gatsr dRuitich Crofedl g
partially et chedu PiP¥sdidilions of a6l BA" semeysﬂee@d@w AL Pad) Qx1 de

free surface better o _ _ _ _
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ammoni a conpl ex (discussed below), it is also possible that t he
ni ckel ammoni afcakpl exavhioh fress®l jatstabpnitorllt.@.or si mul t aneous
with the precipitation assists or pronotes the desirabl e

nucl eat i on. |t i §het iddaqrismi biessehatisdikemit 2t 2 temperzPyirt9brnakdut he

ni ckel particleg to the preC|p|tat|on actor_coul d work. through
the us@ of a RAFi AFdadéntsirvihert & rate ‘H%d§§° 670 rEVOIuthqlpeg

anot her errbodl nent__of thFthEt hQ %lggurgg Qtfet%ri'rmmilgmsolutio

is al so provi JEG " Frie anmdhi | a%t&rox de"Ts mxed é ne aI
ion solution tg QLY aR LR CQHH'@%mM&iﬁhtﬂ§ﬁrox1de useEladle bﬁ@?iCleﬂbe
amne conplex is then reacted with t caustic solution to form
the nickel hyd®xpdednesedbdut Thng of the composite nickel hydroxide
material over a 24 hour period of time. After the composite

10 nickel hydroxide material is formed, it is rinsed with

deionized water or dilute caustic, and dried.

Also disclosed herein is a method for producing a

composite positive electrode material comprising particles of

15 active positive electrode material having nucleating particles
at least partially embedded therein. The method comprises the

step of combining a metal ion solution, a caustic solution,

and the nucleating particles, whereby a precipitation solution
including the composite positive electrode material is formed.

20 In general, the method for producing the composite positive
electrode material with nucleating particles is the same as

the method discussed above withA regards to using the
conductive material. Nucleating particles (which need not be
conductive) are used instead of the conductive material. Of

25 course, the nucleating particles may be electrically

conductive particles such as nickel particles.



step of m xi ng the amoni um hydr oxi de solution with the netal I on
sol ution may occur before or concurrent with the step of 15 m Xi ng
the netal ion solution and the nickel particles. The step of

m xi ng the anmmoni um hydroxi de solution with the netal i on solution
may al so occur after the step of m xingzthe netal Il on solution and
the nickel particles, but before the step of m xi ng the caustic
solution with the suspension. Finally, the 20 step of mxing the

ammoni Hm hydroxi de g5 %]u"ilel QNS HLLD éﬂéeAgeir%edance measutOfersOd WJr0BoHBRY i ECUr
concurrent with the step of mxing t caustic solution with the

suspensi on.  electrodes éBMbﬁ&ﬁﬁmyi(HWdtuﬁﬂHﬁﬁr@nt | poedtion meyeturbher
conpri se the step of separating the conposite positive el ectrode
25 * mat er imdtedfiradm .t heIpr gengraht i ome saCutimpadancghwegonpenentes of a

positive electrode material may be washed with dei oni zed water
and/ or causti ceeitjtMeponelectrode is a plot showing the real portlorglof

Th
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Present™ resul t at t t he added ni ckel
particles can bgsfaldd atedplotte@t 2inbYiod of a riR§ENE Erebuekelies

particles. After about 20% by wei ght, the reduction in active
material is nostaoriiensat edl high bfresptemery of about flife kHzcredsgoing to a
conductivity or the decrease in isolated active material. More

preferably, thkowitheduenay ic] abousr g0 uHz.

Referring to Figure 3, Plot A is the AC impedance
10 measurements of a positive electrode comprising a nickel
hydroxide active material. Plot B 1is the AC impedance
measurement of a positive electrode comprising the composite
positive electrode material of the present invention. The
composite material comprises the same nickel hydroxide active
15 material (from which Plot A was made) with the addition of
about 5% by weight of embedded nickel particles. A n
important electrical parameter of a battery electrode is the
"charge transfer resistance", Rcr. The charge transfer
resistance is calculated from the nyquist plot describing the

20 AC impedance of the electrode over a range of fregquencies.
The charge transfer resistance corresponds to the
diameter of the "high frequency .semicircle®* of the AC
impedance plot multiplied by the number of gfams of positive
electrode material. Referring to Figure 3, this diameter 1is
25 denoted as Diam(A) for Plot A and Diam(B) for Plot B. The
Diam(A) was measured to be about .113 ohms while the number of

grams of the positive electrode material (nickel hydroxide



about 2% to about 10% by wei ght of the nickel hydroxide 10 powder .
A conposite nickel hydroxide material was prepared by
ion solution, a calciumnitrate solution, a 15 caustic

Exanpl

m xi ng a net al
solution of NaOH, and an ammoni um hydr oxi de sol ution

e

vessel
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0. 058
About
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20

ion sol val on as source ot ne
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react or vesse

The netal ion s utlon was prepared by adding 177
of CoSO[err], 15.5 gra Wgso4 and 11.2 grans of ZnSO4 to
gallons of water and 1.25 gallons of NiS(ferr] solution.

80,2 "uSlade LNGRIT 210, nkskel poycler, ygs 2dded Lo Lhe

IC nic part

at a rate of about 0.058 gal | ons per hour.
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react or vesse

at a rate of about 0.0025 gallons per hour
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material witH®5d e@:ﬁﬁé&&bd’%ﬁ'w&é diRte 3. o (LIRS Al W A,
the charge transfer resistance R.;{B) of the nickel hydroxide
material with the 5% embedded nickel fibers was about .182
ohms-gram. Hence, the charge transfer resistance for the
nickel hydroxide material with embedded nickel, R (B), was
significantly lower than the charge transfer resistance for
the nickel hydroxide material without the embedded nickel
Rep (A) . The addition of the nickel particles to the nickel
hydroxide material may lower the charge transfer resistance of
the positive electrode material by over 50%.

Also disclosed herein is a positive electrode material
characterized by a charge transfer resistance less than about
.22 ohms-gram. Preferably, the posiﬁive electrode material
has a charge transfer resistance is less than about .20 ohms-
gram. Most preferably, the charge transfer resistance is less
than about .19 ohms-gram.

Figure 4 shows positive electrode discharge curves A and
B. The discharge curves A, B show the positive electrode half
cell potentials relative to an Hg/HgO reference electrode.
The potentials are given from about 95% state of charge to
about 50% state of charge. Discharge curve A is for a

positive electrode having an active electrode material which

in a reactor

a



5 *60[err]C and is stirred at a rate of about 670 revol ution per

m nhut e. The quantities of netal ion solution, calcium

nitrate, caustic, and amoni um hydroxi de used are sufficient to
produce about 1 Kg of the conposite nickel hydroxide mat eri al over
a 24 hour period of time. After the cogposite 10 ni ckel  hydroxi de
material is formed, it is rinsed with dei oni zed water or
dilute caustic, and dried. Al so disclosed hereinis a

met hod for produci.ng a . .conposite si t.ive el rode m
conpr Psi ng péFFFEFégSOF nggkel  hyg QWhgﬁxéé ariats v e %%ﬁ éﬁ%% E

I've el ectrode erial having

nucl eating pq{itcjlé‘élre_l:particles cat Heasla RA teahby afbeddethyt har ehdlsi it

nmet hod conprises t step of conbining a nmetal ion solution, a

caustic sol utdixtrode havindlh hheiGeGhoadrdig RenbrLshsg uMeeahy @ickel
precipitation solution I ncluding the conposite positive el ectrode
material is frydrekide2flaterial wiggnebaut SRebyevéght of pmbdddedgnidiel
conposite positive el ectrode material with nucleating particles is

the sane as fibers (it.lge. . mabhuld GRsefissbg AN6CPe Tneth Fb@%?ﬂspﬁégh%¥%@)the

conductive material. Nucleating. rticles (which nee ot .be .
conducti ve) aﬁ%“%é&oi"‘ngtfeéaeo‘?l¥ @5 fUEY Fies Y%rﬁq}ﬂq: &Pe zgdition of  ge.

the nucleati rpfélzé(lclﬁ%exfgiyi]n _ as%lseq:tl'fé (}?Allfy cell potent?i%d% i e

particles such as ‘nickel particles. _
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positive
{({i.e., from 95% to 50%). Though not wishing to be bound by
theory, it is believed that the increased potential is at
10 least partially due to the decreased charge transfer
resistance discussed above.

Capacity and utilization are also greatly enhanced by the
present invention. Positive electrodes were prepared for
half-cell testing by pasting a slurxy of about 5% by weight of

15 Co metal, about 5% by weight of Co0 with PVA binder and the
remainder active material onto foam metal substrates.

The respective electrode samples included approximately
2 grams of active material paste (including binder and
external additives, but not including the foam metal

20 substrate} and were tested 1in an excess electrolyte
configuration with the following results.  "Sample A" is a
nickel hydroxide positive electrode material without any
embedded nickel fibers. "Sample B"l is thé same nickel
hydroxide material with about 5% by weight of the embedded

25 nickel fibers (5% of - INCO T-210 nickel ©particles).

"Commercial" is a commercially available material. The



el ectrddes conprising two different positive el ectrode materi al s.

| n* general, the AC i npedance neasurenents of a positive el ectrode
is a plot showing the real portion of el ectrode i npedance on the
horizontal axis and the imaginary 5 portion of el ectrode inpedance on
the vertical axis. The i npegiances are plotted as a function of a
range of frequencies starting at a high frequency of about 10 kHz
and going to a | ow frequency of about 20 uHz.
Referring to Figure. Ais the AC edanc neasyr enent s of
a poéftlve eF@Bg?bﬁ%e%oﬁ% EE OSlt}%?e?ig@ErOJE m?F%F%ﬁﬁck?%%tﬂ%e 1

mat eri al . tRLOb1B & éﬂgﬂAC i npedance measurement of a positive
el ectrode conprising the conposite positive el ectrode material of
the present invention. The conposite material conprises the sane
ni ckel hydroxide active 15 material (fromwhich Plot A was nmade) with
t he additi onTeble . about 5% by wei ght of enbedded nickel particles.

A n i nportant electrical paraneter of a battery electrode is the
"charge trafafivle resistance”, Rlerr]. DBAME charge transfer

resistance is alculai ed fron1the nyqui st glot describing the 20 AC

i npedance of “PABEEFER{rode over a range off~Prequenci es. The
charge transfer a Qgg% to e di aneter of the

"hi gh frequenc égﬁéégrgﬁﬁﬁgg%éﬁﬁ' 3 278 i npedance plot multiplied by

the nunber ofg qLRPR 9% BABLABYE nickel) ©@loectrode material. Referring to

Figure 3, this dianeter is 25 denoted as Diam(A) for Plot A and
Diam(B) for Plot B. The D am(A) was neasured to be about .113
ohnms whil e the nunber of grans of the positive electrode materi a

(ni ckel hydr @s ¢en be seen from the Table, the inclusion of the 5% nickel
10 fibers in the nickel hydroxide material greatly enhances the
utilization and capacity of the active material.

It is noted that the composite positive electrode
material of the present invention may provide for a "fully
pasted positive electrode® that does not use a foam or fiber

15 skeleton or substrate. Usually, this embodiment is formed
from a standard nickel hydroxide material with externally
conductive additives and a plastic binder. The composite
electrode material of the present invention could provide the
improved power and rate discharge needed for practical

20 commercialization of this type of electrode.

The term “"substrate" as used herein relates to any
electrically conductive support for the active positive
electrode material. It may take the form of a foam, grid,
plate, foil, expanded metal or any otherltype of support

25 structure. It may take the form of conventional nickel foils,
plates and foams, as well as, carbon networks, fibers or

particulate and cobalt oxyhydroxide networks. It may be made



- 34 -* 0 wi t hout enbedded ni ckel) was about 2.85 granms. Hence, the
chiarge transfer resistance Rerr](A) of the nickel hydroxide
material w thout enbedded nickel was about .322 ohns-gram

The dianeter of the sem-circle of Plot B, D am(B) was nmeasured to
be about .062 ohns while the nunber af 3grams of 5 t he positive

el ectrode material (the sanme nickel hydroxide material with 5%
enbedded Ni) was about  2.94 grams. Hence, t he charge transfer

emheddeh ni ckeFPPOBPE. SR I 211y conductive pareridF o1 {Redtddly 035
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enbedded ni ckeﬁ',s ﬁ%é?r i E % ,J \?\I/zgastta}z|L sutd ass?éﬁh‘giﬁcgﬁt?{y | ower theﬁrt heo
charge-transf ﬁgréﬁ§£§bﬁjﬂ,cetﬁ@r substrate (flae nilkebpobydivxi deetri®ie ais a

wi t hout the enbedded ni ckel Rlerr] (A). The addition of the nickel
particles to thécketkébam. hydr oxi de material may | ower the charge
transfer resistance of 15 the positive electrode naterial by over
50% At sdsditec| ks cdn@RY 5999 sthapodhei Wi sElesHFBdESkatiOn A

characterized by a.charge transfer r.esi stancc% | ess_th

. ahout . .22
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Most preferably, € charge transfer-resistance is”|ess ~than about
.19 ohns-gram gjsclosure of tha PHESedt ShAMMARS,! b¥E ehLcldeteddtstharge
curves A and B. The di scharge curves A, B show the positive
el ectrode hal f not to becdhkeppirentdaks rldhettiivegy tithantige Hgopef exfernde s
el ectrode. 25 The potentials are given from about 95% state of charge
to abonveb0¥ront asesetf tortlyand defiaesr g8 &heverpendeq grlaims.

10



positive el ectrode having an active el ectrode material_which

-3 -. 0 conprises a nickel hydroxide material w thout any enbedded
ni ckel particles. Di scharge curve Bis for a positi VH"I"“I ode
havi ng an active material conprising the sane nickel . m""”i }”}
material with about 5% by wei ght of eni3gdded ni ckel © Yilbsers ve.,
about 5% of the INCO T-210 nickel particles). 5 Conpari son of the

di scharge curves shows that the addition of t he nickel fibers
increases the half_ cell potential of the positive el ectrode over

the entdre rante ®¥atate of di scharge i.e., from95%to 50%.
Though not w sﬂi ng go be bound b
tiali

(i
s t heor it s .believed that .the
i ncreased pote i $ORPOSEGE Isloszftelavs e%aeﬁgfgﬁﬁy ma(fl?erlaﬁo g?ﬁe use in

decreased chagge..tiANSI&/La1 cells, sé?éiﬁéﬁﬁf?agi§§§ﬁﬁhengqove'

Capacity and utilization are also greatly enhanced b pr esent

invention.  PositiyeaedIodss poeieipecpdeetdrb@e material; hald - cel |
testing by pasting a slurry of about 5% by weight of 15 Co netal,
about 5% by wei ght afcdclatiitve R¥Aebiabeat dmhdtheartially empeddartiorithdhni ve
material onto foam metal substrates. The respective el ectrode
sanpl e® i ncl udediAppresd ol «1fy positive epegirpgecrat@tiale material paste

(i ncludi ng bi nder and external additives, but not including the
foam nmetal 20 substrate) and were tested in an excess

el ectrolyte 5 ffh%ogéhggéﬂé °§o¥‘1£i’vé hg; £OLLONE Waé&?féi fs?ﬁ c?%g}?l' q A
is a ni cke ydroxrde poSitrve el ectrode material w thout any
wherein said conductive material 1is totally embedded within
said particle of positive electrode materials DD <TMHPRiISES
10 A mevhL

3. The composite‘positive’electrode material of claim 1,

-
wherein said conductive material comprises a metal.
4. The composite positive electrode material of claim 1,

15 wherein said conductive material comprises nickel.

5. The composite positive electrode material of claim 1,

wherein said conductive material comprises a nickel alloy.

20 6. The composite positive electrode material of claim 1,

wherein said conductive material comprises copper.

7. The composite positive electrode material of claim 1,

wherein said conductive material comprises a copper alloy.

25
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enbedded ni ckel fibers. "Sanple B" is the same_nickel
hydroxi de material w th about 5% by wei ght of the enbedded
fibers (5% of INCO T-210 nickel particles).

| " i S
a commercially available material. The lll,"”"n“mmmmlli
- 36 - 0 capacities of the pasishi ve el ectrode mat éri &l s"ar® shown-
I n t he Tabl e bel ow. Tabl e Sanmpl e
mAh/g 5 Commer ci al 230 A (w t hout
enbedded nickel) 276 é 5‘V edde % 2
1,

As caP be seén frdhet FE™PRSLES PR FﬁXF SEP g?h@agarn?cke G
fibers in the n' %k%l %Q&O)go wARE GLI ar!\aégﬁ%tll YCEHB?-{]§@§ e 1east one
utlllzatlona capaci of the active nateri al It is noted
that the CO”H%%'etrEi_aﬁostMé@té‘ch eddoadethe group n’&ioﬁhrsllahlﬁb the poseisdead,
I nvention may provide for a "fully pasted positive el ectrode"” that
does not use i thrd@i@sor chirbetes 15silicidde| etndnboridebst r at e. Usual |y,
this enbodiment is fornmed froma standard ni ckel hydroxide
material with externally conductive additives and a plastic
bi nder. The conposite el ectr.ode r of .the _pre nt, inve tion
coul dSprovi d& t he The compogihs RASH PdFer® ni%ﬁ%rf’g?e “}ﬂtffﬁg?gé&ﬁece ed“fg‘r
practi cal wherein said conductive material comprises at least one

material selected from the group consisting of carbon, and

graphite.

10 10. The composite positive electrode material of claim 1,
wherein said conductive material comprises at least one
material selected from the group consisting of copper oxide,
cobalt oxide, and indium tin oxide.

15 11. The composite positive electrode material of claim 1,
wherein said conductive material comprises at least one
particle.

12. The composite positive electrode material of claim 11,

20 wherein said at least one particle is elongated.

13. The composite positive electrode material of claim 11,
wherein said at least one particle is substantially spherical.

25 14. The composite positive electrode material of claim 11,

wherein said at least one particle is a fiber.
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20 commerci alization of this type of electrode. ___The term

"substrate" as used herein relates to any el ectrically ‘conducti ve
support for the active positive el ectrode mate ‘mm “ﬂ"
the formof a foam grid, plate, foil expandemn“‘um her
typé of support 25 structure. -I140 may take the form of cbnventS onal

ni ckel foils, pl ates and foans, as well as, carbon networks,

fibers or particul ate and cobal t oxyhydroxide networks. It nay be
made

0
eIectanlcaII&scongﬁgtFﬁgpﬁﬁfgrlEPSlth%f%%% Fggae matkrial %i ﬁ%ﬁgyf¥%n1a
metal such aswﬂ%§E§£ 0Li8 Bickehsal boy. p&@%fhle has ardlBf&radeyletdtth of

substrate for e positive electrode is a ni ckel foam ,

It is'to be undeestned sbahtthe micedmesure set forth 5 herein is
presented in the formof detail ed enbodi nents described for the
purpose of making a full and conplete di scl osure of the present

i nvention, and that such details ar

e rpret ed. as
limiting the thbue FEEpEFPOSHILE P°Sltlve|ﬁ%@ﬁFFBﬂeaﬂagﬁfl?grg ﬁﬁlﬁe}+hed

'n theSappende%éggﬁhngaldlgt least one particle has an average diameter3§f

less than about 1.0 miqron.

17. The composite positive electrode material of claim 1,
wherein said conductive material comprises a conductive

10 network.

18. Thé composite pgsitive electrode material of claim 1,
wherein said positive electrode material comprises nickel
hydroxide material.
15
19. The composite positive electrode material of claim 18,
wherein said nickel hydroxide material comprises a
compositionally and structurally disordered multiphase nickel
hydroxide host matrix which includes at least one modifier
20 chosen from the group consisting of Al, Ba, Bi, Ca, Co, Cr,
Cu, F, Fe, In, K, La, Li, Mg, Mn, Na, Nd, Pb, Pr, Ru, Sb, Sc,

Se, Sn, Sr, Te, Ti, Y, and Zn.

20. The composite positive electrode material of claim 19,
25 wherein said nickel hydroxide material host matrix includes at

least three modifiers chosen from the group consisting of Al,
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0 W claim 1. A conposite positive electrode nateria

for use in

a particle of positive electrode material; and
|l east partially enbedded within sa|

materi al at

el ectrochem cal cells, said nateri y conpri si ng:

posttive electrode naterial. - 41 2. The conposite p05|t|

el ectrode material of claima1, wherein said conductive naterlal

~totally enbedded within said particle of positive el ectrode
material J[err] 10 The conposite 03|t|ve el ectrode materi a

of cldmi,

Ba, Bi, Ggnelei nc§a|9ucd%du%?10%l ‘eRal &on%?1§g§ Yanet'gr

7 o] te osi.tive el gctrpode teyia f cIa|n11 15
wherein said %%hgﬂ%t%gg FPaIECOW%rrsgs ﬁﬁ%ké?a ¥, é) 5. The
conposite positive electrode material of claiml, wherein said
conductive material conprises a nickel alloy. 20 6. The conposite
positive e|ecﬁiodeTHEtQBMQbsQEeCﬁé&fﬂﬂve electrodaMigdtriri aSaiod @aadmctlisye
mat eri al conprises copper. 7. The conposite positive el ectrode

materi al of clkhAerein said nickeihdéydirpxddedmsoadial | vemprises al
coppersalloy.

10

15

20

25

25
a solid solution nickel hydroxide material having a

multiphase structure that comprises at least one
polycrystalline gamma-phase including a polycrystalline
gamma-phase unit cell comprising spacedly disposed plates with
at least one chemical modifier incorporated around said
plates, said plates having a range of stable intersheet
distances corresponding to a 2' oxidation state and a 3.5 , or
greater, oxidation state; and

at least three compositional modifiers incorporated into
said solid solution nickel hydroxide material to promote said

multiphase structure.

22. The composite positive electrode material of claim 21,
wherein one of said at least one chemical modifier is chosen
from the group consisting of Al, Ba, Ca, Co, Cr, Cu, F, Fe, K,

Li, Mg, Mn, Na, Sr, and Zn.

23. The composite positive electrode material of claim 21,

~wherein said at least three compositional modifiers are chosen

from the group consisting of a metal, a metallic oxide, a

metallic oxide alloy, a metal hydride, and a metal hydride

alloy.

_—
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- 39 - 0 8. The conposite positive el ectrode—wateral—eft—elaim1,
wherein said conductive material conprises at |east o teria

selected from the group consisting of OXIdeS ymglaﬁ ”“
carbi des, silicides, and borides. 5 . The

el eCtrode nmaterial of claim i, - 4zmhere|n sai d conductive naterlal
conpri ses at | east one materi al selected fromthe group consisting
of carbon, and graphite. 10 10. The conposite positive
el ectroge materjal ff, cLglfBdice positivdhef&iirsifd thniduat iye apbekiah,
conprises at Ieast one material selected from the group consisting
of copper oxi d§herein said GPalkhs@XtHeee adtigodditudnkl NmeXi fliters arkb chosen

11. The conposite positive electrode material of claim1, wherein
sai d conduct i veered ehieabreanpeosesstaing efsRlonBi, Co, Cr, PartFel eIn, LaH;,
12. The conposite positive electrode material of claim11l, 20 wherein
said at | east dfie partiS¥.eShs Bi8agdiy. 2n.- 13. The conposite
positive electrode material of claim 11, wherein said at |east
one particle is substantially spherical. 25 14. The conposite

positive e|eCtﬁﬂgefP§her'£ﬂp ééfﬂégi ve electrodei8t8Lfa$ab¢ @haliRash,

one particle is
wherein one of said at least three compositional modifiers is

chosen from the group consisting of Al, Bi, Co, Cr, Cu, Fe,

In, Lc.i;, Mn, Ru, Sb, Sn, TiH,, TiO, Zn.

10 26. The composite positive electrode material of claim 21,

wherein one of said at least three compositional modifiers is

Co.
27. The composite positive electrode material of claim 21,
15 wherein two of said at least three compositional modifiers are

Co and Zn.

28. The composite positive electrode material of claim 22,
wherein said at least three compositional modifiers is chosen
20 from the group consisting of Al, Bi, Co, Cr, Cu, Fe, In, LaH,,

Mn, Ru, Sb, Sn, TiH,, TiO, Zn.

29. The composite positive electrode material of claim 21,
wherein said nickel hydroxide material is a disordered
25 material and has at least one structure selected from the
group consisting of (i) amorphous; (ii) microcrystalline;

(iii) polycrystalline lacking long range compositional order;



Thi s Sheet Has Been Repl aced
0 . 15. The conposite positive electrode material of claiml11l,

wherein said at |east one particle has an average | engt {Hlmwllul“”l]lﬂeml
t han about 10 m crons. 16. The conposite posi

mat érial of claim1l, 5 wherei n g%u d at |east one Parficte has ad
aver age di aneter of | ess than out 1.0 mcron. 17. The

conposite positive electrode material of cl ai m 1, wherein said
conductive material conprises a_ _conductive

t wor k.
The conpbsite pdRdtie é‘lnéfctcPB‘Hénﬁﬁ’c%‘?loaq S@flch‘QPﬁ?llous' mcroc%&fﬁ‘%}ﬁngal d

positive el ect rode eri Q | ckel hydr oxi de materi al .
15 %6 %ﬁ]gl'lggm t F‘\}ce: 8f 82t rode material of claim 18,

wherein sai d ni ckel hydroxi de materi al conprises a
conpositionally and structurally disordered multiphase nickel

hydroxi de host gatrisnhahehpbBet8dsss tideasled®IDHaltie@ial2Qf claimhasen
fromthe group consisting o? , Ba, Bi, Ca, Co, Cr,

wherein said nlckel hydroxide material is a structurally

- 40 -

5 disordered material comprising multiple or mixed phases where
alpha, beta, and gamma-phase regions may exist individually or
in combination and said nickel hydroxide has a conductive

surface and filamentous regions of higher conductivity.

10 31. The composite positive electrode material of claim 21,
wherein said nickel hydroxide material contains 5 to 30 atomic
percent of said at least three compositional modifiers or said

at least one chemical modifier and provide electronic
conductivity.

15

32. The composite positive electrode material of claim 21,
wherein said nickel hydroxide materi_al contains 10 to 20
atomic percent of said at least three compositional modifiers
or said at least one chemical modifier.

20
33. The composite positive electrode material of claim 21,
wherein said at least three compositional modifiers are
incorporated into said nickel hydroxide material to disrupt
the formation of large crystallites.

25
34. A method for producing a composite positive electrode

material comprising a particle of positive electrode material,



Cu, F, Fe, In, K La, Li, My, M, Na, Nd, Pb,. Pr, Ru, Sb, Sc, Se,

Sn, Sr, Te, Ti, Y, and Zn. 20. The conposite positive eteetrode
material of claim19, 25 wherei n said nickel JWMW’ hial host
matrix includes at | east three nodifiers cH !"Wm' @oup
consi sting of Al, — 4y - Thi s Sheét Has® Been wxepl aced
-41- 0 Ba, Bi, Ca, Co, O, Cu, F, Fe, In, K La, Li, My, M1, Na,
Nd Pb, Pr, Ru, Sb, Sc, Se, Sn, Sr, Te, Ti, Y, and Zn.

21, The conposite positive electrode.mterial_of clai.m.18 wherein
said ni kel hydr¥kité WMEETAF BBhpF i 8es®t geaSt_paratlal]lé} SRR t‘j’tli% Tohe
ni ckel hydrox'%%'@té{féicfévbﬁgp%sitive eldBAd RN AL er S11 UCLYES mettﬁlgh
conpri ses at ~1%d one pol ycrystal I 1 ne ganma- phase i ncl udi ng
a polycrystall ifgprising th@a2@EBppBase unit cell conprising spacedly

di sposed plates with at | east one chem cal nodifier incorporated
around said 10 codkairdsg asakedapl dbessbbhviinn a a arges wifc stcdhlitdon, and
i nt er sheet di stances corresponding to a 2[err] oxidation state and

a 3.5[err] , orsaid condugtivg chatexiaht i ghesehy ea Prgcipitation solugiion
| east three conpositional nmopdifiers ipcorporated i sai d solid

nt
sol uti or® ni ckel MM HAL e SRafler FIPPH* 1F oMARSE ¥ e?SCtrOderrd‘i‘aﬁ%T‘i‘a?sJe is

structure. formed.

35. The method of claim 34, wherein said combining step
comprises the steps of:

10 mixing said conductive material with said metal ion
éolution to form a suspension; and

mixing said suspension with said caustic soclution.

36. The method of claim 35, wherein said combining step
15 further comprises the step of:
mixing an ammonium hydroxide solution with said metal ion

solution to form a metal amine complex_solution.

37. The method of claim 36, wherein said mixing said ammonium
20 hydroxide step occurs before said step of mixing said

conductive material with said metal ion solution.

38. The method of claim 36, wherein said mixing said ammonium

hydroxide step occurs concurrently with said step of mixing

[\
[O)]

said conductive material with said metal ion solution.



22. The conposite positive electrode material of _claim 21, ___wherein

one of.,said at | east one chem cal nodifier is chosen from t he
group consisting of Al, Ba, Ca, Co, Cr, Cu, F, Fe“mmmlEm"uIILH

Na, Sr, and Zn. 23. The conposite posi erl aI of
clarm 21, wherein said at leagt_three conposftiondl rfodi*fiers are
chosen fromthe group consisting of a netal, a netallic oxide, a
25 netallic oxide alloy, a netal hydride, and a netal hydride

al | oy.

. . " 4%-. . 0 ., 24. The
composi®e posi $Pve Belerbed ahietaimn 38 ¥REFRIRSa1d mixing R4t AHORAME at
| t th L] | f . f . :
consi sting of AYOTgri Ol B! dotide BeEBRSTRata, step TEPMANAY ORia

Sn, TiHerr], IbfhudPive mRterial %ahd sHIK GRERLSI icﬁl pasidd Ach elmat edRre

material of claim 22, wherein one of said at |east three

conposi tional gadafi etSpi Sof mixingcCcheshh fecamstire graluyriconsivwsitting safidAl ,
Bi, Co, C, Cu, Fe, In, L. [err], M1, Ru, Sb, Sn, TiH2, Ti O Zn.
10 26. Thespenpoente positive electrode material of claim 21,

wher ei n50ne of said at |east three conpositional nodifiers is Co.

40. The method of claim 36, wherein said mixing said ammonium
hydroxide step occurs concurrent with said step of mixing said

caustic solution with said suspension.

10 41 . The method of claim 34, wherein said method further
comprises the step of separating said composite positive

electrode material from said precipitation solution.

42. The method of claim 41, wherein said method further
15 comprises the step of washing said composite positive

electrode material with deionized water.

43. The method of claim 41, wherein said method further
comprises the step of washing said composite positive

20 electrode material with caustic solution.

44. The method of claim 34, wherein said metal ion solution
comprises metal ions of one or more elements selected from the
group consisting of nickel ions, and manganese ions.

25
45. The method of claim 44, wherein said metal ion solution

further comprises metal ions of one or more elements selected



27. The conposite positive electrode material of claim?21, 1

wherein two of said at |east three conpositional npdifiers are Co
and Zn. 28. The conposite positive el e mﬁ“‘ f claim
22, wherein said at |east three conposi “Cam m‘ "S chosen
20 ° fromthe group consisting of _Alg Bi, Co, * , e d, LaHerr],

M, Ru, Sb, Sn, TiHerr], TiOQ Zn. 29. The conposite positive
el ectrode material of claim 21, wherein said ni ckel hydroxide

material  is a disordered_ 25 .t eri d s .at least, one_stpycture
sel ect ed from téﬁ A R groUgy Sﬁﬁségﬁé?gt%\gg%’f E?ala') Bgrfprcgahot&so;' ?lri’)EH’ RE:
mcrocrystalling g 1a, ri(iMd,) RO M&" YR&2IH e, agki ngb| ang, 'eangden, sr,
conposi tional order; - 43 - 0

and (iv) any comi mat,i @) @hasahd anor phous, mcrocrystalline, or
pol ycrystal l i ne structures. 30. The conposite positive el ectrode
material of claim?21, - wherein said nickel hydroxide material is a
structurally 5 di sordered material conprising nmultiple aor m xed

phases where 46. TheymsthochefaCland §4rmulpRate FHE GfEatay caxsetution
i ndi vidually or ation and said Eicke ydr ox

. in_conbi | .h ide h
conduct fve © 15 SelgrEate ZEAE fTanRORs CPRGT ShED! Offi dhePe EohdGRLLeEy .

solution, a metal nitrate solution, and mixtures thereof.

47. The method of claim 46, wherein said metal ion solution
comprises metal ions of one or more elements selected from the
10 group consisting of al, Ba, Bi, Ca, Co, Cr, Cu, Fe, In, K, La,
Li, Mg, Mn, Na, Nd, Pb, Pr, Ru, Sb, Sc, Se, Sn, Sr, Te, Ti, Y,

and Zn.

48. The method of claim 34, wherein said metal ion solution

15 comprises nickel ions.

49. The method of claim 34, wherein said metal ion solution

comprises manganese ions.

20
50. A composite positive electrode material comprising:
a particle of positive electrode material; and
a nucleating particle at least partialiy embedded within
said particle of positive electrode material.
25

51. The composite positive electrode material of claim 50,

wherein said nucleating particle orients the crystallites of



10 . 31. The conposite positive el ectrode materi at—oef—et-ar-m2L;——
wherei,n said nickel hydroxide nmaterial contains 5 to 3

percent of said at |east three conpositional nodifiers “ﬂ'ﬂﬂ!ﬁ lI'
|.east one chem cal nodifier and provide el ectronic

B

15 * 32. The conposite positiwvgyel ectrode material of claim 21,
wherein said nickel hydroxide nmaterial contains 10 to 20 atonic
percent of said at |east three conpositional nodifiers said at

| east one chem cal nodifier. _ 20

33. The conpps
el ect rtOde nat 8214 PEFtEFhEmof) Positive el?ﬁﬁﬁ%ﬁ% gﬁF%P égtg?%$eghe
conposi tional o 'é%f% A& said mater&QioiQoiﬁ%fégééE‘J Sa'd ni ckel

hydr oxi de mat &FT a1 sru t format1 on of |arge
crystallites. 25 34 A nethod for produci ng a conposite positive
el ectrode material conprising a particle of positive el ectrode
mat eri al , 52. The composite positive electrodd mate@lial ofamdadim 50,
conductive material at |least partially enbedded within sai d
particle of pobereie shbdtmedbeatuirar p@rtisdeddpbeRpines the aveyass $ilAg t he
step of: conbining a netal, jon SO|%FIOH a caystic solution,
and 5 saifd then FFyStee Linkesr io41 Salke RARF 1516 &8 RS s‘?}l‘?ﬁtlr(?ﬁl

material so that the conductivity of said material is

increased.

53. The composite positive electrode material of claim 50,
10 wherein said nucleating particle determines the average shape
of the crystallites of said particle of positive electrode
material so that the conductivity of said material is

increased.

15 54. A method for producing a composite positive electrode
material comprising particles of positive electrode material
having nucleating particles at least partially embedded
therein, said method comprising the step of:

combining a metal ion solution, a caustic solution, and

20 said nucleating particles, whereby a precipitation solution

including said composite positive electrode material is

formed.

55. The method of claim 54, wherein said combining step

25 comprises the steps of:



5 including said conposite positive electrode material is

f or med. 35. The nethod of claim 34, wherein said conbining step
conprises the steps of: 10 m xi ng sai d conductive material—with
said nmetal ion solution to forma suspen5|ﬁm

m xi ng said suspen5| on with said caust hé Ssol ution "ﬂ"l“""‘"ﬂ’”lﬁhe

met hod of claim 35, wherein said conbining step frurhes conpri ses

the step of: m Xi ng an anmoni um hydrOX| de solution WI th said

nmetal ion solution to forma, netal _ani,ne conglex soluti
37. TRe method of ™&FidPe S%al%é‘teéiaﬁ shPR f{3dUgO%ai P AmiidinPus Sating

hydroxide step .ogeurs .,before o§:allglgnste ?xig)gns{g,gﬂgg sggbdggcl?ﬁtlngt hod

conductive metertal W't h &4i

of claim 36, Mﬁﬂ@ssahdsgm' Hgtéﬁ'ﬂor@rgﬂ)ﬂldi@n, ana  hydroxide step
occurs concurrently with said step of mxing 25 sai d conductive

material wth sai chirBhgl sk@d salsti®solution with said suspension.
- 45 - 0 39. The method of claim 36, wherein said m xing said
anmoni um hydroxi de step occurs after said step of mxing
said
56. The method of claim 55, wherein said combinin step
further comprises the step of:
mixing an ammonium hydroxide sclution with said metal ion

solution to form a metal amine complex solution.

10 57. A positive electrode material characterized by a charge

transfer resistance less than about .22 ohms~gram.

58. The positive electrode material of claim 57, wherein said
charge transfer resistance is less than about .20 ohms-gram.

15



conductive material and said metal ion solution, but before sai d
step of mxing said caustic solution with said suspension. 5

_hydroxi de step occurs concurrent with said step of m xing said

caustic solution wth said suspension. 10 41. The nmethod of claim
34, wherein said nmethod further _ conprises the step of separating
sai d conposite positive el ectrode material fromsaid precipitation
sol uti on. 42. The nethod of claim 41, wherein said nethod
further 15 conprises the stRage bf washing said conposite
positive el ectrode material with deionized water. 43.
The met hod of claim 41, wherein said nethod further conprises the
step of washing said conposite positive 20 el ectrode material with
caustic sol ution. 44. The nethod of claim 34, wherein said neta
I on sol ution conprises netal -ions of one or nore el enents sel ected
fromthe qr oup consi sti ng i ons, and nanganese 25

of .ni ckel i ons.
45. The net hod of ‘ ‘ :
further conprises

FIG-/
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- 46 - 0 fromthe group consisting of Al, Ba, Bi, Ca, Co, Cr, Cu,

Fe, In, K La, Li, My, Mh, Na, Nd, Pb, Pr, Ru, Sb, Sc, Se, Sn, Sr,
Te; Ti—Y—and—2Z2m—— A6 —Themethod of "ctairm-34,wherein said
metal ion solution 5 is selected fromthe group consisting of a netal
sul fate solution, a nmetal nitrate solution, and m xtures thereof.

47. The nmethod of claim46, wherein said netal ion solution
conprises netal ions of one or nore elenents selected fromthe 10

group consisting of Al, Ba, Bi, Ca, Co, C, Cu, Fe, In, K La, Li,
My, M, Na, Nd, Pb, Pr, Ru, Sh, Sc,Page 2sn, Sr, Te, Ti, Y, and Zn.
48. The nethod of claim 34, wherein said netal ion solution 15
conprises nickel ions. 49. The nethod of claim 34, wherein said
metal ion solution cConpri ses NpRGerESe TeaAs, 20 50. A
conposite positive el ectrode materialConprjsi ng: ™ a particle
of positive electrode nmaterial; ang A\ e &qting particle at
| east partially enbedded within N J ReY NEA& ~of Bﬁsiti
el ectrode material. 25 S1. R CqyposM\e 954t | ve rfect rode
mat eri al of cl ai m 50, er ei sai\ ucl @G- part1 che orients the
crystallites of N
\\\l
J .\
: S | /
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-47- 0 said particle of positive electrode material so that the

conductivity of said material is increased. 52. The conposite
pO_S—I tiveetectrode materiat Of_m"““ — ——wherernsai-d-n uci-eat—l—ﬁg ———
-particle determnes the average size 5 of the crystallites of said
particle of positive electrode material so that the conductivity of
said material is i ncreased. 53. The conposite positive
el ectrode material of claim50, 10 wherein said nucleating particle
determ nes the average shape of , the crystallites of said particle
of positive el ectrode mat efP8F Lo that the conductivity of said
material is i ncr eased. 15 54. A nethod for producing a
conposite positive el ectrode material conprising particles of
positive el ectrode materi al havi ng nucl eating particlegat |east
partial ly enbedqd s ' st eggtep of :
conbining a netgl ion solution, a caustic solution, @nd 20 Osaid

nucl eating partije

es,
sai d conposite f }

whereby a precipitation soluti i ncl udi ng
e electrode material is f or med;

S
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55. The nethod of claim54, wherein said conbining step 25 conpri ses

the steps of: 48 - 0
o mxing—sard metal—onsol utionand Sai d nucieating particles,
.thereby form ng a suspension of said nucleating particles in said
metal ion solution; and m xi ng said caustic solution with said
suspensi on. 5 56. The nethod of claim55, wherein said conbinin
-step further conprises the step of: m Xi ng an
ammoni um hydr oxi de solution with said netal ion solution to forma
metal am ne conpl ex sol ution. 10 Page 4 57. A positive el ect rode ter| al
characterized b)l_a.._cha-r-g-e transfer—resrstance tE355 than b?;t .22
ohns-gram 58. The positive electrode material of claip
wherein said charge transfer rgsistance is |lg t han about

ohnms-gram 15
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