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AP 5L TU X RO STLUDY OF
ELECTROCHEM CAL CELLS 5 . BACKROUND OF THE

| RVENTI ON The present invention relates to an apparatus and
nmet hod 1 r.honitoring structural changes of an el ec |
rechargegg? ery, and, nore particularly, to an appa%QQQQMb&ﬁg and

met hod utilizing an in situ x-ray el ectrocheni cal cell havi ng
rechargeabl e battery structure and orientation which el i m nat es

corrosi on of the beryl APBARBIVS AR METHOD, FOR, N SITU1X-R&Yen nore
particularly, the inventio a battery
&grlﬁﬁjaéff%@étﬁe JCRERCAE: Ehﬁns

structure for use in an in ectrochem ca cel |

The present invéntion relates to an apparatus and method
10 for monitoring structural changes of an electrode in a
rechargeable battery, and, more particularly, to an apparatus
and method utilizing an in situ x-ray electrochemical cell
having rechargeable battery structure and orientation which
eliminates corrosion of the beryllium window of the x-ray cell.
15 Even more particularly, the invention relates to a rechargeable
battery structure for use in an in situ x-ray electrochemical

cell.

The battery-monitoring apparatus of the present invention

20 Qenerally includes an electrolytic cell comprising polymeric
film composition electrodes and separator membranes. In
particular, the apparatus includes a rechargeable battery cell
comprising an intermediate separator element containing an
electrolyte solution through which ions from a source electrode

25 material move between cell electrodes during the charge/
discharge cycles of the cell. The invention is particularly
useful for studying the-qperation of such cells in which one or
both of the electrodes comprisgs'a material capable of
intercalating mobile ions, e.g., of sodium, potassium, and -

30 particularly lithium, and the sepafator membrane comprises a

polymeric matrix made ionically conductive by the incorporation



The battery-nonitoring apparatus of the present invention 20 generally

I ncl udes an--el ectrol ytic celd--conprising polyneric ~filmconposition

el ectrodes and separator nmenbranes. In particul ar, the apparatus

I mcl udes a rechargeabl e battery cell conprising an internediate
separator el engg ,&qgﬁﬂrnng an el ectrolyte solution thr |

lons froma sour%e el'ectrode 25 material nove between cell el ectrodes
during the charge/ di scharge cycles of the cell. The invention is
particularly useful for stud the operatiopon of such eI s in i ch
one or bot h aPhQrSFEEFr%ﬂﬁg 5 igsagtzhies Hﬁ oprovides lon
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. The rechargeable battery industry is rapidly promoting

10 the use of rechargeable Li-ion technology. In the Li-ion cell,
the positive and negative electrodes comprise lithium
intercalation compounds which can be viewed as host structures .
able to reversibly accept guest lithium ions. The structure of
the host compound normally includes vacant sites which

15 determine the number of lithium ions that the material can
reversibly accept. The more such vacant sites, the greater the
capacity (ampere/gram) of a battery cell using such an
intercalation electrode. Thus, it is important for researchers
working in the rechargeable battery field toc have means for

20 determining the factors limiting the number of .lithium ions in
an intercalation compound, for instance, the structural changes
in the host material induced by intercalation or

deintercalation of lithium during charge/discharge cycling.

25 With a technique that provides this information, one may
monitor structural changes of intercalation materials as a
function of voltage or electrode composition. Additionally, one
may directly monitor the self-discharge mechanism within a
battery cell, e.g., a LiMn,0,/electrolyte/C Li-ion cell, caused

30 by the intercalation of lithium ions into the pure A-MnO, phase.
Such a technique may also be used to adjust the ratio of

positive to negative electrode materials to ensure the optimum



appl ication, ‘The rechargeabl e battery industry is rapidly

promoting 10 ___the use of rechargeable Li-ion technology. In the Li-ion
cell, the positive and negative el ectrodes conprise lithium

i it ercal ati on conpounds which can be viewed as host structures able to
reversi bly accept guest lithiumions. The structure of gﬁ$ﬁgﬁ t
conpound I ncl udes. vacant sites which 15 det er B %ﬁnber of
lithiumions that the material can reversi bly accept. The nore such
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10 performing such studies have been described, for example, by
Dahn et al., "In situ X-ray diffraction experiments on lithium
intercalation compounds®, Can. J. Phys., 60 (1982), 307-313. A
variation of in situ electrochemical x~-ray study apparatus has
also been described by Térascon et al., "Electrochemical,

15 Structural, and Physical Properties of the Sodium Chevrel
Phases NaMogX, ,I,(X = S, Seand y = 0 to 2)", J. Solid State
Chem., 66 (1987), 204-224. In these prior procedures, where it
is desired to study the effect of ion intercalation intc an
electrode material, the electrode layer is preferably disposed

20 as directly as possible in the path. of incident x-radiation in
order to obtain strong data responses and avoid diffraction
data contamination by extraneous cell components. This end was
readily accomplished in these earlier systems by placing the

= electrode layer upon or directly in contact with a beryllium

25 film serving the dual role of x-ray diffraction cell window and

electrochemical cell current collector by means of which

continuous cell cycling could be studied.

As the search for higher capacity and optimization of
30 electrode materials continues, intercalation compounds with

high-voltage regions above about 4.3 volts are becoming more
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conposi tion and efficient operation of a Li-ion system s|TeE SHEET HAS BEEN
continuously nonitoring the lattice cell paraneters of thg REPP EEEIVG
arid negative el ectrode permts one to know at any tine
vol tage the population of lithiumions in each 5 electrode. As a result,
one can adj ust WRASRAMYht ratio of the el ectrodes in order forPEHESHBWSE e
el ectrode to be conpletely delithiated when the negative is fully

| it hi at ed. An in situ x-ray diffraction apparatus and
technique for ldmppetantni aincechiox wainys layeyeiebntercalatiah maherials, up
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A vari at i Ore@fiohnabbtreé €hixtd.aC hmmm&hr)eshaydstmdﬂoﬂpmﬁm hewever,
al so been described b arascon et al ectrochenic |, 15 Struyctural,
and Physical Prob8et FEud¥s and Anglreis éﬁéﬁk@? Fﬁggéﬁe cessary tor

Na[err] Mo[errg] | [ 0p2h b
Chem 66, (1957) LB o e B et oot ol h Sntlable wirh an

desired to studyiPhé’léPf«‘SC?abfelQ#Fq%}@“E&P&t £ehli nbomaier PIObJG"Bcﬁsode
material, the el 88%[59 gﬁg‘f d;.i SetP Tl era'fihys%apﬂsfgy 8Pffr£éc1%{ &fid ¥ as

possi ble in the pa x-radi ation
. electrochemlcal studies of Lib*Nioz“. Solid State Ionics, 67

(1993), 123~130,.arises from the fact that, particularly when a
10 positive cell electrode layer under study is placed in contact

with the diffraction cell window, the beryllium film suffers

extreme corrosion at cycling potentials in excess of about 4.3

volts, thus severely limiting the utility of the apparatus.

15 Due to this limitation, the structural variations in
these potentially useful intercalation materials could only be
determined in isolation by delithiating a different sample at
each voltage level in an operating cell cycle. Useful test
results could only be obtained with great difficulty in this

20 manner and could seldom be correlated with any degree of
reliability. The continuous, high-voltage method and apparatus
of the present invention, however, have cbviated these
limitations and have enabled effective study and development of
high capacity electrochemical cell electrode materials.

25

30 The invention comprises an enclosed in situ x-ray

electrochemical cell having an x-ray transmission window,

—_—
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order to obtain strong data responses and avoid diffraction data

conLanLnaLhen-byuexLLaneous_ceLL_cnnpnnenIs__Ith_and_mas;Hﬂﬁ4yﬁ§gawhggggm_____
acconplished in these earlier systens by placing the ERGE ayer

upgon or directly in contact with a beryllium 25 films ru'nﬂ Re—eHart
role of x-ray diffraction cell w ndow and el ectroc |1
current coP by means of which conti nuous cel ' "Cycling could be
st udi ed. As the search for higher capacity and optim zation
of 30 electrode materials continues, intercalation conpounds wth

hi gh- vol t ag¥efegrbiY abdervidmm.,aad peans for JavsHing #8relectrolytic
- 3-

within the enclosuﬁe 1n the pa@h of ih8PQEhEk-radiiSior O
many Iayereg |nterca atio materi o forty-five percent of the

t heor et i catraapmitted| bpsthe window wh:lrleeg mvsnbmgt tontact hetwear rl‘é%ol d.
Unf or t unat el, howeve st udy nd y eld
necessary piipidow Fﬂér%vﬁ‘ﬁ%hc‘é%grﬁQi/ zﬁfg: %rke\é/*‘%ugieégg%%%%ff e with

an 5in situ x-ray electrochem cal cell. A major problen1 as
described by Li et al., "Ip situ X-ra diffractlgn and
The invention also comprises an electrolytic cell

strﬁcture in which a current collector element associated with
an electrode, typically the higher voltage positive electrode,

. is situated away from the outer surface of the electrolytic

10 cell, preferably being embedded at the electrode/separator
interface in order to ensure that the electrode is disposed as
an outermost element of the cell where it may receive
unobstructed exposure to the incident x-radiation. The curfent
collector element preferably extends beyond the perimeter of

15 the overlying electrode to provide electrical continuity to an
x-ray cell body terminal and permit the electrode to be
separated from the beryllium window which could otherwise

suffer destructive electrolytic corrosion.

20 A preferred in situ x-ray electrochemical cell of the
present invention comprises a cell bottom member and a cell top
member which has a beryllium window and is operatively attached
to, yet electrically insulated from, the bottom member to form
an enclosure within the cell. The invention further includes,

25 operatively situated in the enclosure between the cell bottom
and top members, a polymeric rechargeable battery structure
comprising an electrolyte/separator element disposed between
positive and negative electrodes having electrical connection
to terminals associated with the x-ray cell members. In order to

30 reteive direct exposure to incident x-radiation, the battery is

situated such that the electrode to be examined is facing the x-
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el ectrochem cal studies of Li[err]NNdJerr]", Solid State lonics, 67

(1993), 123-130, arises fromi-he fact that, particularly wWar 8utfr HAS %EEN‘
positive cell. el ectrode | ayer under study is placed in coftact REPLACED!
tHe diffraction cell w ndow, the berylliumfilmsuffers extienhe
corrosion at c | otentials in excess of about 4.3 %

severely Iinit*ﬁ%&¥ﬁ§BUtility of the apparatus. 15 BhéﬁF%&@ﬁgg
limtation, the structural variations in t hese potentially useful
intercal ation materials could oq&g be determned in isalation by
delithiating a cFa¥ @edd; windpveand. when thak olechErde SAASHituLRSOPRE RigRFT
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difficulty inthis manner coul d sel dom be corfrelated wth any
degree of réistande ttheréffizowohyi inbexposed)ispaginggmeanshod and

appar at us of the present invention, however, have obvi ated these
limtations and have enabl ed effective study and devel opnent of hi gh

capacity el eEtrochem aile eekchagheabledsatiéry istiructdre normally also
SUMVMARY OF THE | NVENTI ON According to the invent.ion there i s provigded an
apparatus for- i FSHR}Ses af gﬁﬁﬂ§ © TRt o4l © E?FnﬁhiE¥P1°éily
conprises an el gilgpREAIetweel thé 05PEi €1V é1ek@TiodeVand the - separator

element, through which electrical circuit is maintained between
the electrode and the cell top member terminal. The current

10 collector is preferably formed of an electrically-conductive
open-mesh grid in order to ensure ion mobility between the
electrode and the electrolyte/separator element. The negative
battery electrode is electrically connected to the cell bottom
member terminal either directly, such as by contact with a

15 conductive bottom member, or through a second battery current

collector element.

In another embodiment, the x-ray cell also includes a

beryllium window in the cell bottom member. The negative

20 electrode is situated to face this second window and, depending
upon its electrical potential in the battery, either contacts
or is spaced a distance from the window. In the latter
arrangement, a second current collector formed of electrically-
conductive open-mesh grid disposed between the negative

25 electrode and the separator element maintains electrical

circuit with the cell bottom member terminal.

A method .in accordance with the present invention
comprises the steps of providing an in situ x-ray electro-
30 chemical cell having at least one beryllium window in a cell

enclosure member; mounting within the x-ray cell a rechargeable
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el ectrode, a negative electrode, and an interposed separator elenment in

(640)

S—means enclosin Tt
conprising first and second opposed el ectrically-conducti qe 'ﬁg’ r?é_ ¢ NAS BEEN
elFectrically isolated fromone another and respectively priavidj g Lp‘\?ﬁ)t ive

and negative electrical termnals, which neans includes ne w ndow
el ement OPEHR i ssion of x-radiation to incidence upo elT; and
means nounting the el ectrochem cal cell in the path of incident x-radiation

and conprising nmeans for electrically connecti ngét he positive el ectrode to

the first bahteryicempeising Al kassthege: puEwardtyrdirpesed Rl

canduct i Ve, gpag re%fggx('i)?f%&%ﬂsz%ﬁﬁntchébllectoraél €| eaid Wit Hde cel |

conprises a cur C ctor

enent I1n contact wth the first of the

el ect r odesfaaniingi towaxd andpefingnseharated rfxmm thecbetrylhiun| windaw end

Che' out or - BRECE DIRS Gt Pigpd i nBLRTa i) SHERAr AR B el gbrit

Saant

el ement; agdrminal 6n thHe *FpEY icellTediTecolingi Resadbstitord wnt@ithedi ni ng
the cell surface gpaced from and qut ,of contact with the w ndow el enent. _

Pr ef er abl yelefbrede | R (XRLlach R IncideRrss ERrousR  the i windewy

interface Eﬁé&féé%tﬂ%' FEl LR HR3R1BEDBhIEHJobeak ITktd A o HaRGl.
the first elect

bet ween, rode and the separator el enent.

Pref er abl yFhe eethod e alsesnativebypinclude providingcan| §n ovhal®-rey
P o AL vion o BSELES st Uuiitlcla PLBIRL 1) P it o

circuit w one o he "‘oppose con
Pr ef enabl yoftdacdll tope hndt botitom néniseyo pliaiciagethet owrieaxdl vl

| ectrochen cal [l . . . .
electroc gg%gftiééabattery electrode in spaced facing relationship

sposed
with

one window; placing the outwardly-disposed negative battery

electrode in spaced facing relationship with the other window,

the negat'ive electrode maintaining electrical circuit with an

15

20

25

30

electrical terminal on the x-ray cell by direct contact with the
other window or through a contiguous current collector element;
and selectively situating one or the other window in incident x-
radiation to obtain diffraction data from one or the other of

the electrodes.

A method in accordance with the present invention. for
preparing a battery structure to be used in the in situ x-ray
cell comprises the steps of arranging, in seguence, a positive
electrode element, an electrically-conductive open-mesh grid
positive current collector element, a separator element, and a
negative electrode element, and bonding the electrode and
separator elements to adjacent such elements and to the
contiguous collector by the application of heat and pressure to
form a unitary flexible laminate structure. Alternatively, the
positive electrode element and collector element may be so

bonded prior to ari:'anging and bonding the balance of the

- .
———— e
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6 . Preferably, the enclosing neans includes a second w ndow_el enent
situated to transmt x-radiation to incidence upon the nuLefH‘?,Lgﬁgquﬁﬁ BEEN
ot her el ectrode. Preferably, the el ectrochem cal ce UREPEACED
cdnprises a second current collector elenent in contact w Lh-the—ethet

el ectrode andn'g&rs%{zgé%nri cal circuit with the respective one O}F}Wsed
conductive ne I nal s. Preferably, the second collector

el enent is an electrically-conductive open-nesh grid di sposed substantially

at the interface between the other el ectrode and the separator el «iggmt.
According to a EEEBﬁB‘”é%p%WQﬁt%'hémenWﬁPPanPﬁE?%ri%mg?%ﬁ“-‘tfedn& tRgqan

for monitoring sbhUEbiGb:EARTrBIGHECLA e NESA LRbSsfbarfat el WcHRAR! o

battery during operation w onpriSes providing an in situ x-r ] _
el ectrocheni cal form| amagtiyeeleesrelyhic Rattenyumin adevetexras djment)

encl osure nenbe | LY y I r&gﬁgl b ery
conprising at |§%§FR%§%6%8?%§%%§5§%§§ ggg%‘e?:? %ﬁ{%o e P%gi %éht oward
t he wi ndow, 5di r sepangtar relbnsritorasoial dlekkébiab) self edupmpardag,n fidl efti ve
i nci dence through,the w ndow, ai&?’i i nterce ti.ng reflected x-radiation to

obt ai n di f f r act PBRYMEFLC FONBASLHYOR. FOPRTAFAPY B CHNIHRLG STIBMCed so as

to situate the pyfberéi®éecidnile stsedefibNtaChotidiny | Heplatday ateleabt a
t hereby preventing electrolytic corrosion of the w ndow el ement
portion of the plasticizer with a solution of ion-conductive

electrolyte.
10
An advantage of the present invention is its simplicity,
which ensures that the beryllium window does not experience the
corrosion problems of the related art. Another advantage is
that the apparatus and method for monitoring structural changes
15 in a rechargeable battery may be used to analyze both the

positive and negative electrodes.

20
The present invention will be described with reference to
the accompanying drawing of which:
25 FIG. 1 is a perspective view, in partial section, of a

typical laminated Li-ion battery cell structure;

FIG. 2 is an exploded perspective view of an apparatus in
accordance with a preferred embodiment of the present invention

30 for monitoring structural changes in a battery;
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ot herwi se occurring at the electrical potential of the el ectrode.

Pr sf-erablmmt-ho—iBi-hod compri ses_interposi ng-a-spacer_elegpat het veen the

subj ect. el ectrode and the wi ndow el enent to so situate the el ectrode.
Preferably, the nethod wherein the battery conprises a positive el ectrode,
a negativ& ??lgé rode, and an interposed separator el errenLP#%Wt W th
the el ect "X and wherein the cell enclosure conprisestirst and second
opposed el ectrically-conductive nenbers electrically isolated from one
anot her and respectively providLn% positive and ne%gtive el ectrical,,
term nal s FIG. 3 is a partial cross-sectional View taken along line

characteriged bf #1@! 2 showling tHe @1t eebl cshbates! Cdfdibdtidqsi tioned in
contact with tﬁe sﬁ%j ects ecl’ ectgraode and is gl’tu%t e?j away fromthe outer

surface of the el ectrode; and b) the collector elenent is connected in
el ectrical

Circuigdwt h, .t I ' - L eri nal ef erably,
the positive bat %%?3/ %P’ésg%ﬁao%éwlfs&%segl g%%égggglﬁﬁe‘p]éu jéefcta éTaetctter de and the
col | ecsor eteaevihre sin arwntdehden withcohe eimbbdimentposf tthee inventian;

10

15

20

25

30

FIG.
embodiment
embodiment

FIG.
embodiment

FIG.
embodiment

FIG.
embodiment

FIG.
embodiment

FIG.

accordance

5 is an exploded perspective view of .another
of a battery structure in accordance with one

of the invention;

6 is an exploded perspective view of yet another

of a battery structure;

7 is an exploded perspective view of a further

of a battery structure;

8 is an exploded perspective view of another

of a battery structure;

9 is an exploded perspective view of yet a further

of a battery structure;

10 is an exploded perspective view of an apparatus in

with another preferred embodiment of the present

invention for monitoring structural changes in a battery;

FIG.

from using

FIG.

11 is a graph showing experimental results derived

one embodiment of the present invention;

12 is a graph showing additional experimental

results derived from using one embodiment of the present



According to a third aspect of the invention there is provided an apparatus
for in situ x-ray study of—electrochem cal cells which conprises an
el ectrochem cal cell conprising a positive electrode, a negative el ectrode,
and an interposed el ectrol yte/ separator elenent in contact with the

el ectrodes, ne nounting the electrochemcal cell in th Ekﬁmﬁﬁu

I nci dent x-radiat1off, the nounting nmeans conprising nmeans enclosing the
el ectrochem cal cell which includes at | east one w ndow el ement for
transmi ssion of ;the x:radiation to incidence upon the cell, the enclosing

nmeans conpri si ngR¥EREIORLI second opposed el ectrical | y-conductive nenbers

el.ectrically isolated fromone another and respectively providing positive
and negative electrical termnals characterized in that the nounting neans
further conprises FIG. g3 is megiyaphopheving rfegihsr @smexdmengalhgesults

positive electr : tr}}ec [ ugt4 ‘qg‘g@ mg& at:| .
el ectrode to thggg%%%% céﬁd&%%ﬁﬁgﬂﬁig er?lan ot éa%%éghgg?gﬁon'
mai nt ai ni ng5t he cell spaced from and out of contact with the w ndow

el enent . Pr r Y., . the electrochem cal_cell is disposed in th
nmount i ng rreans to prelg%ﬁ't a{b*ésoﬁ &2 rfés‘él’aii %\Ta’f%aﬁarmggf Fﬁgermentgl
el ectrodes to Xxrésgled i derived) FHom adihy bhie embsimeitcdfithe present
Preferably, the_ el ectrochenmi cal cell further conprises a current collector
el enent in cont XeYeRFIFaAR%i t uated away fromthe outer surface of the at
| east one el ectrode.

1 7 JUL 1993 TA
10 FIG. 15 is a graph showing c-axis parameter experimental

results derived from using one embodiment of the present

invention.

15 DESCRIPTION OF THE INVENTION

FIG. 1 illustrates a laminated rechargeable battery cell

structure of the type currently under development in the

20 industry. This typical Li~ion cell structure comprises a
negative current collector 11 of copper foil or grid upon which
is laid a negative electrode membrane 13 comprising an
intercalatable material, such as carbon or graphite, or a low-
voltage lithium insertion compound, such as WO,, Mo0O,, or Al,

25 dispersed in a plasticized polymeric binder matrix. An
electrolyte/separator membrane 15, e.g., a plasti;ized Vdf:HFP
copolymer film, is positioned upon electrode element 15 and is

. covered with a positive electrode membrane 17 comprising a

composition of a finely-divided lithium intercalation compound,

30 such as LiMn,0,, LiCo0,, or LiNiO,, in a similar polymeric binder

matrix. An positive current collector 28 of aluminum foil or

- 10 -



Preferably, the collector elenment is disposed substantially at the

I Nt-etaree—iaetweeimugigetncl-udes Heaks—pr oviding.lon-conductive cont Act

bet ween, the at | east one el ectrode and the separ ator el enent.

Prefer abI y, the collector element conprises an electrically-conductive
open- rresh“q; 23 Preferably, the collector elene ectrical
comuni cation circuit with one of the opposed conductive nmenber termnals.
Preferably, the at | east one electrode is the positive el ectrode of the

el ectrocheni cal cell Preferably, the enclosing neans includes a

second wi ndFw e omketas the.assemblynswhich 18 JFhan FY9RFEHRSFYEER upon
the outer sgidegss s {n&@%t%ﬁr upllekNRelt C4hd Q9ESssure to sofitedf 8ha@Pb¥ndt he

el ectrochem cal further conprises a second current collector el enent
in contact the pehsmenie canpenensseanddlaninate  the pembhyanenlayersnansdt h

t he respect fe &% o] o] al £

Pref erably, é%ﬁlégés%%xgnc} co rﬁq%([:)t %?qoﬁegngu‘gg eﬁ%cﬁ%bsﬁqarﬁﬁgﬁ ?da{')yt he

i nterfaBe bemmr,:.mdw riclasdl:ea peansoproﬁlthnglminimﬁmmmh aont act

bet ween, the ﬁt e.r eI e eé‘?‘&g éfr;e el egt r te/ tore el egent

Pref er abl y, S¢HeF EReRP ¢

el ectrical I:ye;cxmhﬂ‘g iﬁtfé plasticizer with a solut:l.on of lithium salt
electrolyte, or simply by displacing the portion of plasticizer
by contact with the electrolyte solution. Useful electrolyte

10 solution compositions include those described in the

incorporated patent disclosures, particularly such compositions
as LiPFg and mixtures with LiBF, dissolved in mixtures of

ethylene carbonate and dimethyl carbonate.

15 Separator membrane element 15 is generally prepared from
a composition comprising a flexible polymer, e.g., a copolymer
of 75 to 92% vinylidene fluoride:8 to 25% hexafluoropropylene
(available commercially from Atochem North America as Kynar
FLEX), and a compatible organic plasticizer. Such a polymeric

20 composition is also preferred for the preparation of the
electrode membrane elements, since subseguent laminate
interface compatibility is ensured. The plasticizer may be one
of the various organic compounds commonly used as solvents for
electrolyte salts, e.g., propylene carbonate or ethylene

25 carbonate, as well as mixtures of these compounds. Higher-
boiling plasticizer compounds, such as dibutyl phthalate,
dimethyl phthalate, diethyl phtﬁalate. and tris butoxyethyl
phosphate are particularly suitable. '

30 Inorganic filler adjuncts, such as fumed alumina or

silanized fumed silica, may be used to enhance the physical
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open-nmesh grid. Preferably, the el ectrochem cal cell conprises a
rechargeabl e battery strueture wherein: .- a) each of the

el ectrodes and el ectrol yte/ separator el ement conprises a flexible,

sel f-supporting, polyneric matri x conposition film and

7B b) Wiehadas! M is bonded to contiguous films at its pepaRsédebsse
interface to forma unirtary flexible |am nate structure.

Preferably, at |east the electrol yte/ separator conprises an electrolyte
prooviding ion nobility, Preferably, a current collector elenment is
di sposed subst anFFﬁF}‘étﬁta‘f‘%g‘q]‘ﬁt BLPSRRL BE Qb BnSeRAER T F'l?H§§aH§aﬂ§§' in some
provi di ng i on- copdmpbsyLi6nd acd hfirR@e theesiBseduiett cladY &ie elketikbeyte
el ectrol yte/ separator elenent. Preferably, the collector elenent
conpri ses an el eEPANEAPR yakspRRIcianc QSR PEFANLF| Bolymexs and copolymers may

be used for the battery electrode and/or the separator. These
5 may be selected from polymers and copolymers such as vinyl
chloride, acrylonitrile, vinyl chloride and vinylidene
chloride, vinyl chloride and acrylonitrile, vinylidene
fluoride, vinylidene fluoride with hexafluoropropylene, and
vinylidene fluoride with hexafluoropropylene and an additional
10 component selected from vinyl fluoride, tetrafluoroethylene,

and trifluoroethylene.

Any common procedure for casting or forming films or

membranes of polymer compositions may be employed in the

15 preparation of these membrane materials. Where casting or
coating of a fluid composition is used, e.g., with meter bar or
doctor blade apparatus, the viscosity of the composition will .
normally be reduced by the addition of a readily evaporated
casting solvent, such as tetrahydrofuran (THF), acetone, or the

20 like. Such coatings are normally air-dried at moderate
temperature to yield self-supporting films of homogeneous,
‘plasticized polymer compositions. A membrane material,
particularly for use as a separator element, may also be formed
by allowing the polymer in commercial form, i.e., bead or

25 powder, to swell in a proportionate amount of plasticizer and
then pressing the swollen mass between heated (e.g., about

130°C) plates or rollers, or extruding the mixture.
The aluminum grid on the positive electrode, or cathode,

30 of the above-described battery cell structure could be used as

the positive current collector of an in situ x-ray

- 12 -



Preferabl.y, the positive electrode conprises a lithiumintercalation

C OFposhd—henpgeneously—dist ri buted dn.a matrix having the polyoeric
conposition of the separator. Preferably, the intercalation
conpound has a nomi nal fornula selected fromLiWn[err](Jerr], LiCoJerr],

and Li Ni%err!. Preferably, the negative electr ﬁﬁ" L ses a
carbon i MR I on conpound honobgeneously distributed ? a matrix having
t he pol yneric composition of the separator. According to a fourth aspect
of the invention there is provided an agparat us conprisi

! ! ! .na: . _.4)
an in sit@lectzpshemigyl fekl (gt PdACLPI CEre W&é‘-%%?&ﬂ"nﬁﬂ”cany
1), ac hal.de t d ind) so, l | der top
operati veF’lflegt ?ggh‘e:ggtgob?ﬁ%o%é]ot tl-(l)orfv]vever, in doing)so Ené% ?éh]}g top having a
beryl | i umsmatgewingndue to aluminum prevesitsr geudefubaarraygement structure

g;’ mpr i Zi 2%&5&“&8 &PS Cm;%la ° I)%I?reen%&%%et iw\ﬁleggcﬁgaggnewn@ﬂé 'aluminum
8 5 grid. The aluninehefdusdsy (Braieppeaksr ial ehenpowdépasarhpet ween t he
posi.t ve %Q%fggg%gaggmevlvgféﬂ Qv?c?u-le&egrn%na:[ts.l.;y %ggcure the desired data of
" the electrode material under examination. Thus, such use of the
usual rechargeable battery cell structure does -not solve the
problem of beryllium window corrosion within an in situ x-ray
10 electrochemical cell. In order to ensure that a beryllium
window of an x-ray cell does not experience corrosion causing
potentials, the present invention provides an air gap between
the window and the cathode layer of a battery cell structure and
provides the necessary current collector within the battery

15 itself.

An exemplary embodiment of an in situ x-ray cell useful in
the present invention is similar to that described in the above-
referenced paper by Tarascon et al. and is shown here in FIG. 2.

20 The cell 30 comprises a cell bottom member 32 and a cell top
member 34, generally of metal, operatively connected by means
of screws 40 to form an enclosure to accommodate an electrolytic
battery element 43, such as described later with respect to
FIG. 4. Cell top member 34 has a beryllium window 36 to permit

25 x-rays, indicated by arrows A, to enter and exit the x-ray cell
30. A polyethylene gasket 38 electrically separates top mémber
34 from bottom member 32, and plastic sleeves_ﬁz maintain the

. €lectrical insulation when conductive screws 40 are used. The
cell members 32, 34 have respective electrical terminals 52, 54
30 to provide electrical access to battery electrodes, as later

described.
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4). a current coll'ector el enent disposed between the positive el ectrode
el enrent and the el ectrolytelseparator elenent, the current collector

el enent being formed of an electrically-conductive open-nesh grid, the
positive el ectrode el ement facing toward and spaced fromthe beryllium

wi ndow t he negative el ectrode el enent electrically contacting
and the current%’5 B or el ement electrically contacting the QN%H&H“

Preferably, the apparatus further conprises a conductive spacer contacting
the cell holder top and the current collector el ement _and providing a %ép
bet ween the beryl | i umdvbafserand3t i placed \in dha ensdesurengftx-ray cell 30

BRI EF DESCRI PTI ERBé¥g hempr i t4 1l e he 'fggb
with reference tc%é eee-ggglconpan';%lb 3}r'a\'/rvlgngﬁo e\%@ﬁ: bé’&ﬁ!%& t#él gggﬁ%é ¢
perspective vi evcerminsdr ifabasteryodd and &heybervlliumiwindew Bi6-i anspaterrdf

"1 accor dance wY PoABPerrel PERB AEAEN: Jhr e et 9N ZRBrapa e 46
moni toring s§rucigiptefelabigsmade HAR0VE6Y 430 stainless steel. A copper block
48 may be used to electrically connect the cell bottom 32 to the
battery 43. Where necessary, springs 50 may be included to apply
pressure to the electrochemical x-ray cell elements. X~ray cell
30 further incluaes an off-axis adjustment screw 56 and cell
10 aligner pins 58 associated with a nylon holder attachment 60
typically provided with the basic x-ray equipment, e.g, a

Rigaku Miniflex diffractometer.

FIG. 3 shows a partial cross-section of FIG. 2 taken along
15 line 3-3 and better illustrates a gap 62 between the beryllium-
window 36 and the battery 43 created by a spacer 46 and cell top
member 34. It is this gap between the battery 43 and the
beryllium window 36 which ensures that there is no contact
between the positive battery electrode and beryllium window 36
20 at a potential which causes corrosion. The elimination of such
contact with the beryllium window permits the continuous
monitoring of the battery electrodes at various stages of

charge and discharge.

25 FIGs. 4-7 show various embodiments of the rechargeable
battery for use in an in situ x-ray electrochemical cell in
accordance with the present invention. Each of the depicted
battery structures include a positive electrode 64, a negative
electrode 66, and an electrolyte/separator element 68 disposed
30 between the positive and negative electrodes 64, 66.

Electrolytic cell electrode and separator elements illustrated

- 14 -
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Fl G——8—i-t—imsipfrinimimttl——it-08-5-SeCll-0naldow t aken along line 23 of FIG

2 showing the cell top, spacer, and battery; FIG 4 is an
expl oded perspective view of a battery 5 structure in accordance with

one enbodi nent of the invention; FIG 5is
per spect i WON2BR of anot her enbodi nent of a battery%ﬁé@%@g%di n

accordance with one enbodi nent of the invention; 10 FIG 6
iI's an expl oded perspective view of yet another enbodi_ ment of a battery
structure;in FIGs. 4-7 pygferaplys ugilizgl palvmeric matenials SOmPrigingr ¢ her

15 empdé@&heﬁé%é’i&?t#@éﬁ} r(($ihViSdene fluoride) ddgdlyhdrS mdtrd¥P! oded
per spective view of anothe
and a compatible organic plasticizer which maintains a
homogeneous composition in the form of a flexible, self-

5 supporting £ilm.

FIG. 4 depicts a positive current collector element 70
formed of an electrically-conductive open-mesh grid disposed
between positive electrode 64 and separator element 68. Current

10 collector element 70 is preferably made of aluminum and has a
perimeter larger than that of positive electrode 64 so as to
come into contact with the spacer 46. A second, negative current
collector 72, preferably of an electrically conductive copper
foil or grid, is placed beneath negative electrode 66 so as to

- 15 ensure effective electrical contact with copper block 48 of the

in situ x-ray electrochemical cell depicted in FIG. 2.

In the'embodiment of FIG. 4, the rechargeable'battery
structure 43 is configured according to the invention by means -
20 of the lamination of electrode and electrolyte/separator cell
elements which are individually prepared, by coating,
extrusion, or otherwise, from compositions comprising the noted
PVAF copolymer materials. For example, in the construction of a
lithium-ion battery, a negative electrode membrane 66 formed as
25 . a layer of a powdered carbon dispersion in the polymeric matrix
is overlaid upon a copper current collector foil 72. An
electrolyte/separator membrane 68 formed as a layer of a
composition comprising the described VAF:HFP copolymer and a
) compatible plasticizer is then overlaid upon negative electrode
30 66. A positive current collector 70 of open-mesh aluminum grid

is overlaid upon separator 68 and the pos;tive electrode
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enbodi nrent of a battery structure; 20 FIG 9 is an expl oded

perspective view of yet a—further . .. enbodinent of a battery structure;
FIG 10 is an expl oded perspective view of an apparatus in accordance
with another preferred enbodi nent of the present 25 i nvention for
nonitoring str hanges in a battery; FI G ' aph
show ng experiﬁ@h esults derived from usi ng one enbod#%gggm@gg%he
present invention; 30 FIG 12 is a graph show ng additiona

experi nment al results derived from usi ng one enbodi nent gf tge gresent
-O- nggkyane, ©4; separately prepared as a layer of a dispersion of

PCT/U596/00054 intercalation electrode composition, e.g., a LiMn,0, powder in
the copolymer matrix, is overlaid upon collector 70 to complete
the cell assembly. This assembly is then heated under pressure

5 to bond the plasticized copolymer matrix components and the
‘collector grids to thereby effect the lamination of the cell .
elements into a ﬁnitary flexible battery cell structure. The
grid structure of positive current collector 70 allows
effective ion-conducting, bondéd contact between positive

10 electrode layer 64 and electrolyte/separator membrane 68, the
collector grid 70 being thereby, in effect, embedded in the
laminate structure at the interface of layers 64, 68. Battery 43
is thereafter activated with electrolyte solution prior to
mounted in cell 30.

15

As shown generally in FIG. 5, an alternative battery

structure 53 for an x-ray cell is depicted without the negative
current collector 72 of FIG. 4. In use, the negative electrode
66 electrically contacts the cell bottom 32 (FIG. 2) either

20 airectly or indirectly, such as through the copper block 48. A
preferred use for the battery of FIG. 5 will be diséussed below

with reference to FIG. 10.

FIG. 6 illustrates a battery cell 63 adapted for
25 examination of negative electrode materials. A negative open-
mesh current collector grid 72, typically of copper, is
disposed between negatiﬁe electrode 66 and separator element 68
with electrode 66 facing and spaced from the window of the x-ray
cell of FIG. 2. This configurafion allows a researcher to study
30 the negative electrode 66 and maintain a gap between the

beryllium window 36 and the negative electrode 66 so as to
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i nvention; FIG 13 is a graph show ng further experinental
I € SbHi-sm ——h@iuiebaolfr am 11si ng one enbodi nent _of the present ipvention; 5

FIG 14 is a graph show ng a-axis paraneter experinental results
derived fromusi ng one enbodi nent of the present i nvention; and 10

FIG 15 is_a graph show ng c-axis paraneter experlnental I'ts
derived ﬂ?ﬁﬁ?ﬂ@?ﬁ one enbodi nent of the present ggﬁpggﬂ&ﬁa 15
DESCRI PTI ON OF THE | NVENTI ON FIG 1 iIIustrates a | am nat ed

réchargeabl e battery cell structure of the type currently under
devel opnerereventhamo conremion pf theswindew whigh imjahte mesydyframe

COMDY 1 S€S yoegsi P WS4 BBteRRLLEC Pie orflaloiRic A8l of eflkl 4-uPon

whi ch a negative Iectro rane 13 conprising a
i ntercal atnab;nlr eceielt avaudld preflerablyabeofashignexpif d2®bora 4I3@wsta:.nlessl t age

| thi um i ngert] QL GQURRUNG,rSMEdh 3% YASHL: AL polleMa erectroae

5 64.

"FIG. 7 depicts a battery structure 73 having two open-
mesh current collectors, the first of aluminuﬁ 70 disposed
between the posiﬁive electrode 64 and separator 68, and the

10 other of copper 72 disposed between the negative electrode §5
and separator 68. As shown, the perimeter of separator 68
extends sufficiently beyond those of collectors 70, 72 to
provide effective electrical insulation of the two. This
configuration is utilized in an in situ x-ray cell as shown in

15 FIG. 10 which allows for the analysis of both the positive and
negative electrodes through a beryllium window located in each
of cell members 32, 34.

FIG. 8 depicts a battery structure 83 consisting
20 essentially of positive electrode 64, negative electrode 66,
and separator 68 disposed between the two electrodes. This is an
extreme design for a rechargeable battery member of an x-ray
cell, however, in which positive electrode 64 would be spaced
from the beryllium window and contact the spacer 46 or cell top
25 34 to serve as both the electrode and current collector,
although the electrical condnctivity would be less than that

achieved with an aluminum current collector grig.
FIG. 9 depicts a battery variant 93 in which separator 68

30 is disposed between positive electrode 64 and negative

electrode 66 and a'negative current collector 72 contacts
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25 dispersed in a plasticized polyneric binder matrix. An

el ectrol yte/ separator nenbrane 15, e.g., a plasticized VdF. HFP

copolymer film is positioned upon electrode elenment 15 and is covered
wi‘th a positive el ectrode nenbrane 17 conprising a conposition of a

finely-divided |ithi I ntercal ati on conpound, 30 such as Li I\%‘?ﬁ ,kg')g[r-] ,
LiCo(Jerr], or Pﬂf'aggrr], in a simlar polyneric binder marélx. n
positive current collector 28 of alum numfoil or

- 10 - WD 96/ 22523 , .
PCT/ US96/ 00054 negatiye; eleckrnda £6 o theseRBPFiteFide irahdbas 8dsed
bet ween plagggﬁrgggi égown) under heat and pressure to soften and bond

t he pol yneric conmponents and | am nate the nenbrane | ayers and
coll ector elenents. Prior to use, the battery is activated by 5

oot 10 heahor BRFLLE Blpddt BEPSh GUEET < 4P, Aocerodblithl Eely 3
with a sol utison whitht bsusimildr to that shown in FIG. 2, except that the cell
bottom member 32 provides a segond beryllium window 37 to allow
for the alternate monitoring of both the positive electrode 64
and the negative electrode 66 of a battery member. X-rays beams
are thus permitted, upon rotation of the cell, to enter and exit '
10 i:he respective window exposing the positive or negative
electrode. For use in x-ray cell 33, the preferred Li-ion
battery may be as simply depicted in FIG. 5, since the negative
electrode 66 which remains below about 3 wvolts in a Li-ion cell
can be placed directly onto béryllium window 37 which can serve
15 as current collector without risk of corrosion. Determining the
voltage of a particular electrode allows one to determine when
to use a battery member with an electrode, separator, and grid
configuration that provides for maintaining a gap between the
beryllium window and the electrode, and when one may simply

20 place the electrode directly upon the beryllium window itself.

An x-ray cell 30 of FIG. 2, or 33 of FIG. 10, is
preferably assembled with an activated rechargeable battery in
a helium-filled dry box, then pléced in an x-ray diffractometer
25 to perform the analysis experiment. In the diffractometer, the
x-ray cell is aligned by means of a screw 56 which moves back
and forth along the cell aligner pins 58. In addition, the x~ray
cell 33 of FIG. 10 can be rotated 180° using the diffractometer
Phi to expose one and the other of the electrodes of the battery -
30 to incident x-radiation at any time during charge/discharge

cycling.
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el ectrolyte, or sinply by displacing the portion of plasticizer by
contact withtba-aloaciralyte solution lseful elecirolyte 10 __solution

conpositions include those described in the i ncor porat ed pat ent

disscl osures, particularly such conpositions as LiPF6 and m xtures with
Li BF4 di ssol ved in m xtures of et hyl ene carbonate a W

car bonat e WO 9623523 Separ at or menbrane el enent 15 isrg%ﬂ‘é V' prepar ed
from a conposition conprising a flexible polynmer, e.g., a copolyner

of- 75 to 92%vinylidene fluoride:8 to 25% hexaf | uoropropyl ene .
(avai | abl e commelei ghpyxrer thent eack mesnaatixecelegtyedryhdr 66 is | EX), and

a conpati bl g . nj I, G . I ' CORROSEiuSah e al SO
preferred orlg?’%g %?‘e'%é‘??f*?ﬁ “:toﬁelé(&lg'c’ial 8%%&:%%&& (r%erargr'aﬁg %Il'}’eﬂrlrent s?e
si nce subsemtenif-canteat eotation Meniswb Simeeti bnl FIG.i S Soxuexamplhe

pl asticizer_nmay be o f he vari .0 ' ogpounds |y, used
as sol vent §“F5%nlg C°TSFEE?’F o'%t’es s%ﬁ\'lkfesd,&? d'% g%?’%%ﬁe%g %‘gr b%f\tg%‘ye

et hyl ene 2%olieetbenakenobsinelided, rihd batterly wh2iconbyppbenalstewi gher -
boi li ng pl astici zer ,conpounds, such as di byt di.nmet hyl

I I t hal at e, .
pht hal at e, R#REERG MARFARPRERS Eharkr i% Dut ) éﬁﬁgl Hm. &'B‘H%sp’rﬁt‘g‘eare
particul ar hue3eitabbfectrdfe 64 is id HUrdweCxiphbfie atignnéss, seHd as
fumed al umna or silani zed funed silica, nmay be used to enhance_the
physi cal negative electrode 66 will only be a few hundred um off in the
alignment after x-ray cell 33 is rotated. This will have .
10 moderate effect on the peak data intensities, but the shift in
these spacings can easily be corrected by an off-axis
adjustment. For instance, if the battery is 300 pum thick and the
positive electrode is in perfect alignment, rotation would
result in a 300 um off-axis for the negative electrode. Thus,
15 the positive electrode is adjusted to be 150 pum cff-axis in
order that rotation results in the negative electrode being

likewise only 150 pm off-axis.

The assembled x-ray cell may be mounted on any suitable
20 diffractometer, e.g, a system commercially available from
Rigaku or Scintag. The positive and negative teminéls 52, 54
which are maintained in electrical continuity with battery
electrodes 64, 66 are connected to a battery cycler that is
driven by a computer for controlled charge and discharge of the
25 battery. Measurement data of the x-ray diffraction patterns are
collected within the range of 10 < 28 < 90 while the cell is
charged and discharged at a constant current. Usually a current
of 140 pA is used and x-ray diffraction data are automatically
collected when x in LiMn,0, chaﬁges by about 0.02. Therefore,
30 more than 50 x-ray powder diffractoérams may be collected for a

single charge cycle. The same may be done during discharge. The

- 19 =



WO 96/ 22523 PCT/ US96/ 00054

strength and nelt viscosi-ty—of a separator nenbrane and, in sone
conpositions, to increase the subsequent |evel of electrolyte sol ution
absorption. Qher organic polynmers and copol yners may be used for the
battery el ectro r the separator. These 5 nmay be sel ec $c00054
pol ynmers and cd%@l@ﬁgéi such as vi nyl chl ori de, acrylonit??ﬁg? VI ny
chl oride and vinylidene chloride, vinyl chloride and acrylonitrile,

vinyl i dene fluoride, vinylidene fluoride wth hexafluoro Qpy! ene, and
vi nyl i dene fl uor FEETeRE s S FRiSSRaRFReteY Y SFASKIFS Me 8 nearly

conmponent SeleCtEguiifﬁﬁiﬁﬂneoﬂaﬂﬂyangean&eéééééﬂC%ﬁ&%ﬂ“éﬁyﬁ%tural chafiges.
trifluoroethyl ene. Any conmon procedure for casting or forn1ng
films or nenbranes of polymer conpositions may be enployed in the 15
preparation of these Wﬁﬂ?rﬂﬂﬁ [ erd . ' oa.l a
fluid conposition is used, 1% %f %E%%ége%g%f%ﬁﬂ&gﬂ%ggfgfngl gg{erEﬂtP&n
appar atus, tbe vaseoislmsuﬁadd&mmsg'ﬁaipmm of| FIGs. 1lnASnaltyméy beedoted in

by the addltlon of a readi vapqr at ed cast] sql.vent . ,.such. as
t et r ahydr of ur an Fhﬁﬁ’r%é%qé ga%ernﬂ%g Halgcsnolc"ﬁg‘% ﬁ&?g F’Q
normal |y air-drigegr@étus@@befinal dIRMiatibs poduct d ASHhb; suRPahELagnced

films of honbgeneous, pl astici zed pol yper conp05|t|ons A menbr ane
mat eri al , paw%tﬂ%ﬁmgﬁx dw the manpexciR whifh Wr% Li¥R204c
formed aﬁéé@!fﬁhtJHElgyd9ﬂ@élh@dcogn§rC'ﬁﬂeéﬂ&fnddrfig,aQEQHnQ&lgﬁg
powder, to smell I'n a proportionate amunt of plasticizer and

10 operation it was low cooled or guenched, as indicated in FIGs.

11 and 12, respectively.

The effective performance of the in situ x-ray cell ﬁith

other electrode materials can be seen in the diffraction

15 patterns of various Co0, compounds, as depicted in FIG. 13.
Utilizing the present x-ray cell, voltages were raised up to 5
volts to achieve, without difficulty, compound phases, e.g., of
Co0,, which had previously been unattained. FIGs. 14-15 show
graphically the results of accumulated test data from which are

20 determined the variations of the crystallographic a- and c-axis
parameters as a function of the amount of intercalated lithium
in a hexagonal LiCoO, positive electrode. material. While the
preferred embodiments of the battery structure have cenfered on
rechargeable Li-ion batteries, it is also well within the scope

25 of the present invention to implement this design with other

rechargeable batteries, as well, including agueous systems.

With the increasing importance of the rechargeable Li-ion
technology, it is anticipated that any battery manufacturers or
30 research labs searching for new intercalation electrodes will

find this type of research tool to be invaluable. The use of an
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then pressing the swol |l en mass between heated (e.g., about 130[err]C)
pl a-t-es—e-hhdd-e-p-s-,—e-r—ex-t.um_ng_i.h.a_m#ure & ook 0

on the positive electrode, or cathode, 30 of the aboy

cell structure could be used as the positive curré 3

In situ x-ra -12- WO
06/ 22523 WO ¥oi22823 PCT/ US96/ od’&'ﬁ“s’“““““

el ectrochem cal cell in place of the berylliumw ndow typically used
for this purpose. However, in doing so, the x-ray scattering due to

al uni num piBvehty ¥-xawfelectmoshemisal, 0311 with A ssresiahioh Qﬁswdcat hode

w ll be hi BhRJ9 peaks
in the pomgggﬁapgeﬂ}fe %A%Ewna&%crtg% Wouﬁ!%n gr eat obscure the
desi red daberpilium wimlmelmt raambagrmtherathmglsr axxaexaw]tllem: réseaxcbhuch
use of the usu rechar geabl e batt cel | ruct ure does .not sol ve
t he pFB8t feBto re?’;’?’t’f%%%ﬁ %&5\% Eﬁﬁlf’%gfbnaﬂ\?‘%ﬁ o5 POIYRETAS 1 ay

5 component materials. Additionally, research generated from such

tests provides ways to characterize final materials used in

commercial rechargeable batteries.

While there has been illustrated and described what is at

10 éresent: considered to be a preferred embodiment of the present
invention, it will understood by those skilled in the art that
various changes and modifications may be made, and equivalents

may be substituted without departing from the true scope of the
invention. Therefore, it is intended that this invention not be

15 limited to the particular embodiment disclosed herein, but that
the invention include all embodiments falling within the scope

of the appended claims.

20

25

30

This Sheet Has Been Repl

L i
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10 electrochemcal cell. In order to ensure that a beryllium w ndow

of an x-ray cell does not. .experience corrosion causing potentials, the
present invention provides an air gap between t he wi ndow and t he

cat hode | ayer of a battery cell structure and provi des the necessary
current collecg%?a#zggin the battery 15 itsel f. rctiu | ary
enbodi nent of an tu x-ray cell useful in the present 1T nvention is
simlar to that described in the above- ref erenced paper by Tarascon

et al. and is shown here_in FI.G 2. 20 The cell 30_conprises a cell

bott om nenber 3Xhafd i cdpiwedpis:  nenmber 34, generally of netal,

y
operatively connected by neans of screws 40 to fjmu'mmumm,' .0
accommobdat e an el ectrol ytic battery el enent 43, , umr

| ater with respect to FIG 4. Cell top nmenber 34 has ‘a berYI 15 um

wi ndow 36 to perymt +L.ay I agdi I s Skl
the x-ray cell 1. i%g:.arét%%l ;gfhgﬂe%giggé%ﬁfgg%ﬁeéﬁ %gag?%/gézépar at es?'lt op
menber 84 foald lbtichncompbises2an aglteqiimsthemicidevedl4€omprigima) & he

clectrica) iUl e¥l e se0cuet o, stel, S te ot lund e sncedilion,
el ectrical’ accesfegaratai! el¥meheCish Osestacts Widlielsaid elleetrbles; means .
- 13- enclosing said electrochemical cell comprising first and second
" opposed electrically-conductive members electrically isolated
10 from one another and respectively providing positive and
negative electrical terminals, which means includes at least
one window element for transmission of x-radiation to incidence
upon said cell; and means mounting said electrochemical cell in
the path of incident x-radiation and comprising means for
15 electrically connecting said positive electrode to said first
conductive member and said negative electrode to said second
conductive member
characterized in that
_ a) said electrochemical cell comprises a current collector
20 element in contact with the first of said electrodes and
situated away from the outer surface of said electrode;

b) said electrochemical cell is disposed in said mounting
means to present said outer electrode surface to x-radiation
transmitted by said window element; and

25 , c)} said mounting means comprises means for maintaining said
cell surface spaced from and out of contact with said window

element.

30
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A batt-aiymdg—img=ae-ed—-n—t he . hetueen
menbers 32, 34. To ensure a et ween the[\\gﬁh voI tage term nal of

battery 43 and the berylllun1mg r 46 nay be inserted
]

bet ween m 4 and battery made of
420 or 4 | ess st eel pper block 48 nay be use 0
el ectrically connect the cell bottom 32 to the battery 43. \Were

necessary, springs 50 nmay be_included to ap pressure to the
eIectroch8n1céPPRr?§950%$¢°¥§%ﬂﬁﬁﬁ%;clﬂlﬂa} y@pre;n saisd $QF1eRKCN ncl udes an

of f-axis ?ﬁ“r ! acﬁgﬁ&é@ s%&&ﬁhkaigy at i 8t #acelhetwdeh Athth Wi t h

a nyl on ho typic provided with the basic x- ray
equi pment inglydea means Fpmdmw:a‘qnexoadmctaveomact between, said-|G 3

et tor i | FAEPPaPReSiRoat iR bl Aekiarae R ReRelE) 1 0L 37 N0 e

battemsy 43 created by a spacer 46 and cell top menber 34. It is this
gap between the battery 43 and the beryl |l ium w ndow 36 whi ch ensures
that there is no contact bet ween the positive battery el ectrode and
beryl Ii-unswi ngighasftdd accdrddiPtddlalimRi Ghegaisesaf@¢SFlédtorlhe

el imnation of such contact with the berylliumw ndow permts the
cont i nuouslement ngemprises an eleactricedly-epadurbiee epermesh gridhges of
charge and di scharge.

10
4. Apparatus according to claim 2 wherein said collector
element is in electrical circuit with one of said opposed
conductive member terminals.

15

5. Apparatus according to claim 2 wherein said first electrode

is the positive electrode of said electrochemical cell.

20 6. Apparatus according to claim 1
characterized in that
said enclosing means includes a second window element situated
to transmit x-radiation to incidence upon the outer surface of
the other electrode.
25

7. Apparatus according to claim 6 whérein said electrochemical
cell further comprises a second current collector element in
contact with said other electrode and in electrical circuit

30 with the respective one of said opposed conductive member

terminals.
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25, FI Gs. 4-7 show various enbodi ments of the r echar geabl e
battery for use in an i n—s+tda-X-ray el ectrochemcal cell in accordance

with the present invention. Each of tH “ﬂmm n battery structures

i nclude a positive el ectrode 64, a ne “I I ﬂ mlllumrode 66, and an

el ectrol yte/ se | ement 68 di sposed® 30 "befwetn the pos 5‘%}’9{
negative electﬁgégégé%? Electrolytic cell electrode i"L'cii.separa or
elements illustrated - 14 -

WO 96/ 22523 USQG/OO in
FI Gs. 4-7 prefer®bl PRRAGIALEE BSF?F@H‘% Rehain J Hgf;ﬁf*?‘gl ﬁﬁl se?f’nd

conposi tion of r&&médfdd}ybn@ﬂaﬁtfiy%d@iem@ﬂmcmaﬁeﬁwe opéklresh grid
conpati bl e organic plasticizer which maintains a honbgeneous

conmposi tion in tdsHaned 6ﬂb§tﬁn§xﬁbllé atcthe intexfpssr PrRYesn| $aid other
FIG 4 depicts 30Q3lJdte 10U EME SGbAARY St 70

S

9. A method for monitoring structural changes in electrode
materials of a rechargeable battery during operation which
comprises providing an in situ x-ray electrochemical cell
10 having at least one beryllium window element in a cell enclosure
member, mounting within the x-ray cell a rechargeable battery
comprising at least one outwardly-disposed subject electrode
-facing toward the window, directing x-radiation onto the
subject electrode in reflective incidence through the window,
15 and intercepting reflected x-radiation to -obtain diffraction
data
characterized in that
said battery is mounted so as to situate said subject electrode
out of contact with said window element, thereby preventing '
20 electrolytic corrosion of said window element otherwise

occurring at the electrical potential of said electrode.

10. A method according to claim 9 which comprises interposing a
25 spacer element between said subject electrode and said window

element to so situate said electrode.

11. A method according to claim 9 wherein said battery
30 comprises a positive electrode, a negative electrode, and an

interposed separator element in contact with said electrodes,

~ 24 -



formed of an electrically-conductive open-mesh grid disposed bet ween

P O SHit-r-e-=eteetate—td-ahd—Separa ) uce g

el enent 70 is preferably nade of I Um num and_has per i

than that of positive el ectrode 64 sﬂ“mmmull MB!H i Nt d—cont-3
spacer 46, A nd, negative curren { 72,e§éﬁ%§ﬁ®§#y of an
electricxﬂ“ uctive copper fdilor grid, is pla h
negative el ectrode 66 so as to 15 ensure effective electrical contact
wtth copper block 48 of the in situ x-ray el ectrochen cal cel

depi cted | A0 wheyein said cell englaswrecgeBRFiEns Eirst @nd seqand

rechar geabl e IC oS L.qu '

i nvention g%p%ggﬁsé¥8¢:trjé$éﬂfe&f%{rﬁﬁ ﬁﬁdgnmg@ﬂé#gcéfgﬁgfg%dﬁ fQ.stéiattQﬁ

el ect r ol yt Erowponeat anothér and respewmivelyhproviding rodsd tisee [andor epar ed,
by coating .. extrusjon r. ot herwi se, from conpositions conprising the
not ed hﬁ?&ﬁlg pSi?ﬁt 1?&é2§?€ﬂiﬁa or exanple, in the construction of a
lithiumion battery, 6 Wegatiae & &ty ddg eedbr apen66 t dined as 25 a |ayer

of a powdered carbon dispersion in th olyneric nptrix . Is overlaid.
upon a copper BdrPefitT %‘F‘F Keqtay ei?g‘eﬂﬁ 1s pogtetenedt it/ SEFACEt or
menbrane 6g; kA SR fld aguly dcty @1elltrdde and CAEMGTaited AQED £SoMEHd Suter

descri bed VdF: HFP copolynmer and a conpati bl e plasticizer is then
overl ai d upynfacgapfveatd ceteeirod®y ands. A positive current collector 70

of open-nmesh aLynL g @i fecror drenht’ id' dolRO0:SEPAS aéfé_c%c_%&d the

positive el ectrode
10 circuit with one of said electrical terminals.

12. A method according to claim 11 wherein said positive
battery electrode is selected as said subject electrode and
15 said collector element is connected in circuit with said

positive terminal.

20

25

30
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nenhr ane Gdesapakatoly prepared as.a.layer ofa-dispersion of

intercal ati on el ectrode conposition, e.g., a LiMf[err](err] powder in

t-he copol yner matrix, is overlaid upon collector 70 to conplete t he
cell assenbly. This assenbly is then heated under press yusdehodspond the
plastici?ga | ymer matrix conponents and the collector grids to
thereby effect the | am nation of the cell el enents into a unitary
flexible battery cell structure. The grid structure of positive
current collector 70 all ows effecd?ﬁk | on- conducti ng, bonded cont act
bet ween positive 10 el ectrode | ayer 64 and el ectrol yte/ separator nenbrane
68, the collector grid 70 being thereby, in effect, enbedded in the

| am nate structure at the interface of |layers 64, 68. Battery 43 s
thereafter activated with electrghyta Somtion prior to mounted in
cell 30. 15 As sho generdl ly Y n FIG 5, an alternative battery
structure 53 for an x-ray cell depi\ct ed\w t hout the negative

current collector 72 of FIG se hq negati ve el ectrode 66 :
el ectrically contacts the cell t on §2 G 2) either 20 directly or
indirectly,. such as through t coppgr Pl gch 48. A preferred use for
the battery of FIG 5 will be @gscyssed\be o with reference to FIG

10. -+-
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FIG 6 illustrates a battery cell 63 adapted for 25 exam nation of
N € Gt Gt eh BBttt S AN B Gl O

grid 72, typically of copper, is di sposed between negative el ectrode 66
and separator el enent 68 with electrode 66 facing and spaced fromthe
wi ndow of _the x-ray cell of FIG 2. This configurati ShEIRs
researche?vqgtfn?t’ady 30 the negative el ectrode 66 and maintain a gap

bet ween t he beryl |l i um wi ndow 36 and the negative el ectrode 66 so as to
-. 16 - WD 96/ 22523

PCT/ US96/ 00054 prevent any corrosPd8 of the wi ndow which might result
from excessive electrical potential. The contact block 48 of the x-

ray cell would preferably be fashioned of 420 or 430 stainless steel to

avoi d corrosion of a copper block by positive electrode 5 64.

30 TT 40
ol u® -

FIG. 2




FIG 7 depicts a battery structure 73 having two open- nmesh current

collectorsthe first of

el ectrode 64 and separator 68, and the 10

bet ween the negative el ectrode 66
peri et er,

e positive

ot her of copper 72 disposed
and separator 68. As shown, the

85ﬁagg§rator 68 extends sufficiently beyoggnﬁgﬁﬁﬁwa
col | ect or'g ) to provide effective electrical insulation of the
two. This configuration is utilized in an in situ x-ray cell as shown

in 15 FIG 10 which allows for the anal
negative el ectrodes through a berylliuf

menbers 32, 34.

sis of both the positive and
ndow | ocated in each of cel
FIG 8 depicts a battery structure 83

consi sti.ng 20 essentially of positive electrode 64, negative el ectrode
66, and separator 68 di sposed between the two el ectrodes. This is an

extrenme design for a rechargeable battery ne
however, in which positive el ectrgde 64 woul d
t he sypacer 46

o

beryl |l iumw

both the el
conductivity would be |ess_thap
collector grid. 46 “Fic

separator 68 30 i s disposed b

el ectrode 66 and a ne atiye current col

G. 3

of an x-ray cell,
e spaced fromthe

TP VPP o o -
:IM//’/M“%VL’J’ = a - .7 .
AS AN\ N ety A A A NN N .
pRRErTw PR R [ i th an AlwRlQuIg CUr T ent

-

cell t 25 BE7XRA7ERRAN e as
,.rr!!;":’/l('/////(ém

ttery variant 93 i ich
ctrode 64 and negative
72 cantacts

43

66

FIG. 8

64 68
70

..’
—RRITIF IR

—
72

64 68

g6 72
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- 17 - WD 96/ 22523

PCLLLSC6/.00054 negative elecirode 66 opn-the—opposite side fromthat
of separator 68. . FIG 10 depicts an in situ x-ray

el ectrochemical cell 33 5 whichis simlar to that showm in FIG 2,
except tha{)a&%g cell bott om nmenber 32 provides a Se?ﬂﬂssﬁﬁﬁo%k' I um

wi ndow 377 ow for the alternate nonitoring of both the positive
el ectrode 64 and the negative electrode 66 of a battery nenber. X-rays
heans “are thus permtted, upon rotation of the cell, to enter and exit
10 the respective wi ndow exposi ng t Bosi tive or negative

el ectrode. For use in x-ray cell 33, the preferred Li-ion battery may
be as sinply depicted in FIG 5, since the negative el ectrode 66 which
remai ns bel ow about 3 volts in a Li-ion cell can be placed directly
onto berylliumw ndow 37 which can serve_15 as cugent coll ector w thout

risk of corrog8qn. Determning the | tage of partié@ar el ectrode
allows one to dew when to usgia tery nbes with an

el ectrode, . separator ,®and grid confliggu ion t provi des for

mai ntai ning a gap between the 42

~ | 8

36 ?\_/’

FIG. 10



beryllium w ndow and the el ectrode, and when one may sinply 20 pl ace the

electrodediractly ypnon the beryl liwmww ndowitself An x-ray
cell 30 of FIG 2, or 33 of FIG 10, is preferably assenbled with an
activated rechargeabl e battery in a heliumfilled dry box t hen pl aced
In an Xx- ‘ﬁégi g[actorreter 25 to performthe -analysis . In the
diffracto x-ray cell is aligned by neans of a screw 56 which
noves back and forth along the cell aligner pins 58. In addition, the
X-ray cell 33 of FIG 10 can be rot% 180[err] using the

di ffractoneter Phi to expose one an e other of the el ectrodes of
the battery 30 to incident x-radiation at any tinme during

char ge/ di schar ge cycling. - 18 -

ned

gryl 1i qnB34 ndow

best

21 in situ x-ray electrochem cal cell with a specially desi

rechargeabl e batt gy g4tructDrggvhi ch 2@8 not FoBRode t i,

is, anong ot her_thi'ngs. an exlcgl Lent résearch t

cat hode, anode, {or p erials.f Additionally, resgarch
gener at ed gom such Ma%m@ char acf B@ze final
c .
S 41 32V - 80
e |-
g 4 - 60
=
e .
T a) - 40
2
G + 20
o]
L ed
=

20 30 40 50 60 70

i 1 1 ] i
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5 1| 50V - 80
> |
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=
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materials used in comrercial rechargeable batteries. VWil e there
ha s at_present considered to _be a

preferred enbodi nent of the present invention, it will understood by those
skilled in the art that various changes and rmdifi cations may be made, and
equi val enwﬁge substl tuted without departing fromt hq,élidégﬁﬁ&pe of the
i nvention erefore, is intended that this invention™no elimted to
the particul ar enbodi rrent di scl osed herein, but that the invention include
al | enbodinents falling within the scope of t he appended cl ai ns.

The invention conprises an enclosed in si OUBx- ray el ectrochem cal cell
having an x-ray transm ssion wi ndow, preferably of beryllium and neans for
mounting an electrolytic cell within the enclosure in the path of incident
x-radiation transmtted by the wi ndow while preventing contact between the

wi ndow and a hi gh-44fage epeg@ode o DB eledqt D ytic $+Hl 1.34
The invention alsq (tmmrl ses hn elect rd v'rLr cel structurle _in v@_ﬁ%a

current col ] ect th an el ecfrode, typically the

hi gher vol §£ge OSI t| %3@4@5% i tuated awpfB@romthe outer $urface
of the el e€rol ytifc cq% referably being embeddpd at the 0'
el ect rode/ $®parqt gr t8rTace in order to ensure jhat the el ectrode i@

di sposed ag»an uterm)st el enent of the cell wherg it -may receive
unobstruct @l expoqure to the incident x-radiationj The current coll ¢ct

el enent pr& | W ext ends beyond the peringeter of the overlying el pCt e
to provi de.QI ecfrijcal continuity td an x-rqy cell{|body term nal and permt
t he el ect rmie t e separated fromfthe beryl!lium g ndow which coul d
otherwi se auffeq destructive electrfol ytic §orrosifpn. + 40

- 20

20 30 40 50 60 70

=2 A Mn,0O, Quench Be

i 1 50V ‘P - 80
g A - 60
£

©

- 40

- 20

Intensi
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Angle, 20 - degrees
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21A A preferred in situ x-ray electrochenical cell of the present

i Nwentioncolpiises.a-cell bottomuenher and.a cell top nmeoher which has a
berylliumw ndow and is operatively attached to, yet electrically insulated
feom the bottom nenber to forman enclosure within the cell. The invention
further I%%ﬁ% operatively situated in the enclosure LobkRedhobsie ce!l
bott om an nbers, a polyneric rechargeable battery structure
conprising an el ectrol yte/ separator el ement di sposed between positive and
negative el ectrodes having electrical co tion to term nals associ ated
with the x-ray cell nmenbers. In order to ei ve direct exposure to

i ncident x-radiation, the battery is situated such that the el ectrode to be
exanmned is facing the x-ray cell w ndow and, when that el ectrode
constitutes the higher voltage positive elenment of the battery, is
mai ntai ned at a di£;44ce thQ,Qﬁo’m by2.28r posdd82aci nglubds. 1.34
The rechar geabl e—hatli-s Sttt St~ B R -5-a- e Sea-8 east—tone
current collectdr lele Ei,CSypi | 1y di sposed between the positive

el ectrode and tHe sepﬁ Q gl'ewag h which electrical circuit is
mai nt ai ned betvwger} the ‘el ectrode and the cell top nenber terminal. e
current collectdr jis preferably formed of an electrically-. conducti\e
open-nesh grid ijn jorder to ensure ion nobility between the electrodj and
the el ectrol yte/lsgparator el ement. The negative battery electrode ig. .
electrically corfjngcted to the cell bottom nmgnber termnal either dinectly,
such as by.contgctf with a conductive bottomjnenber, or through a sedond
battery current {cq | ector el enent. I n anot her enbodi nent | the
x-ray cell alsojincludes a berylliumw ndowgin the cell bottomenberf. The
negative electrqdgl is situated to fage thisjfsecond w ndow and, [dependi ng
upon its electrifcdl potential in the}jbattery, eitler contacts qr is}spaced
a distance fromthe window. In the Iftter rangee a gecond| ¢ur fent

col | ector ﬁ@rnec d |
W S 1.,‘1_

7 Lig 5C005 : Monoclinic

- arbitrary un

Intensi

Co0, : New Hexagonal

i e =

20 30 40 50 60 70
Angle, 26 - degrees

FIG. 13



el ectrically-conductive open-nmesh grid di sposed between the negative

eIechde-&nMp&;a.Lg.r_eJemm_.m_malns_eJ_ecLu_cal circuitaith the

cell bottom nenber term nal. A method in accordance with the

present invention conprises the steps of providing an in situ x-ray

el ect roch&WeI | having at |east one beryllium w ndoyd B?"&Ed‘

encl osure , mounting within the x-ray cell a rechargea attery

conpri si ng 21B at | east

one outwardly-di sposed el ectrode havi ng&gonti guous current collector

el ement, the el ectrode facing toward an ing separated fromthe beryllium

w ndow and the collector maintaining electrical circuit wwth an electrical

termnal on the x-ray cell; directing x-radiation onto the electrode in

refl ective incidence thr ough the w ndo& Banameierept. ng reflected

x-radi ation to obtain diff~eet+eor—date——Hre—ret ||U\,r‘||ay atermratnvel Yy

i nclude providing an in siftu x-ray cell having two berylliumw rjdows

si tuat ed respectnvelggq,éach of a cell top and bottom penber; ql acing the

out war dl y- di spofed positi (e battery el ectrode in spaced facing rlel ati onship

Wi th one w ndOV\Q pl 6@82 the outwardl y-di sposed negativ ttery el ectrode

in spaced faci relationghi @ wlk h t & ati e el ectrode

mai ntai ni ng el e rlczsg cui t wi 9® a Iectrlcal term'nal on the x-ray

cell by direct n)nt act - w {h the other %&bﬁ?&l rough a conti quous

current col |l ects e!?nzgt and sel ecth t™ng one or the |ot her

W ndow i n inci dmt d{ation to obtain diffraction data fromjone or the

other of the eI ﬁ 6 A nethod in a¢yg onal thytfhe present

i nvention for % afbattery hexadonal 2
1 ] I

1
0 02 04 06 08 1.0
x in LiyCoO»

FIG. 14
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, | o | REPLACRMENT SHERT
structure to be used in the in situ x-ray cell conprises the $tgeps—of -
arrangi ng, in sequence, a positive electrode elenent, an
"€l ectrical ly-conductive open-mesh grid positive current collettpr bf efin1998
a separator elenent, and a negative el ect dode el enent, and bopdlng.the
el ectrode andimpgmetaho; eipoent Soromadjatapersdchineeeralbtianimateirtials, up
conti guous col |l ect or bg%the appl i cation_of heat angaﬁressur to—forf&

) € .
BesPRAERDEe OLALhEr KREPFELY CanEARISAEYY & 185 dRy She

unitary flexi®®eEPERYR
| d : b | Ofy angi
el ement an Qg%éfﬁﬁoﬁ?g%ﬁngﬂisnﬁ¥3 Gol@ Qﬂ?@%ﬂo@ﬁlOﬁnkegghﬁéﬁggg? 8Rtever

bonding the b nce o e structure elenents. The neth conprisés
i ncl udi ng an tles-sondwcaéndeanhdgkisl pife thesat matastalse neepssairyr felrenent

to forman active electrolytic battery. In a preferred enbodinent, the ,
met hod ¢ohpr | WBREPYARG nGABAERLY! DENE BPECPFYACUSTY DESR: AVai Lapdseit ths 28

flexible, selfs Syfezglr;cifsy_ E1LEL2bcRARIERY €e99TPASHRLAR EoXRlH, NGs

conpati bl e organic asticizer, an subsequent to bondi ng, replacing at

| east a port.idesefibéé pyabii eczedl.w t'InasicuuX-orayofifdractidnc gnde

el ectrol yte. An, adyant age of the.present invention is its |,

Simpl i city, vPheRCEACRPBLCA] AP thRE BePf Fiurmlt drdow WIS A Bt iGite Ghe
corrosion propi§§§%9f1§%51§§la&fgséétfréﬁoﬁﬂ@rfaéE that, particularly when a
21C advantage 1's that the apparatus and nethod for nonitoring structura
changes 10 a peshtigeabédlbelestyodey loyersundey atadysdsbplacede iposonitact
and negative sigﬁtéggeéiffraction cell window, the beryllium film suffers
extreme corrosion at cycling potentials in excess of about 4.3

volts, thus severely limiting the utility of the apparatus.

15 Due to this limitation, the structural variations in
these potentially gseful intercalation materials could only be
determined in isolation by delithiating a different sample at
each voltage level in an operating cell cycle. Useful test
results could only be obtained with great difficulty in this

20 manner and could seldqm be correlated with any degree of
reliability. The continuous, high-voltage method and apparatus
of the present invention; hoﬁever, have obviated these
limitations and have enabled effective study and development of
high capacity electrochemical cell eléctrode materials.

25



25: and wherein said cell enclosure conprises first and secc;ﬁej"gﬁap@
el ectrically- conductive nenbers electrically isolated from§6f e Ao
respectively providing positive and negative electrical terni nal oy
characterized in that a) a current collector elengnt} i 27 JUL 1993
positioned in contact with said subject g ectrode and is sitjud

the outer surface of said el ectrode; and b) said dol | ector

el enent is connected in el ectSUMMARY OETHEINWVENTIONf sai d tetectricat
term nal s. 12.. A method,accordjng tqQ ¢laim1l erein said positi.ve
battery el ebeqosdingte themvention thereis; Ri°§‘§5‘¥é’étapﬁﬁr@%‘§m&%@ ST g“‘@%l"lfé‘& or
el ement is ' i PN h Ge1P@chd REIM RBHorisingl 8- positi
Appar at us f%‘?%%ﬁéﬁﬁ%ﬂi g?l(rfa‘%/ﬁgi? uc(?\;l/ﬂpté?esz#elg?lr ocﬁ%érﬁi%g{ cells p\ﬂgllng h c%oﬁi)rvieses
an el ect r océledtiods) a aegdtive @lgvtiode, hdaarpintdrposed separator elémentiimeaydadt weith the

el ectrode, and an interposed el ectrol yte/separator el enent in contact wth
sai d el ect rdedrodesiunenns eaelosing thei glestroshemigalell compaising Airstapd se¢and;0pRoses: h

SRR e Sisaiatiag St . St ;
cai ool cct e Ao Rhe e i el SRR Tk P dndBE I RepRT Y,
- transm ssi ﬁ@oofdiﬁgab@kiﬂvé Al Abgative leRecirital CRMERIS) MHiCH BlethCilcludes i tbast one

encl osi ng ans conprising first and second opposed el ectrjcally-conductive
nmenber s el ewindowatlementsfor dtapsimissiom efreradiationde ineidence Iipertthe el andomesnsng

ositive and negative electrical ter.mpal h i . .0t hat | d.
Pmﬁlnt : \r/]g ne’&lﬁgmﬂtﬁ I{l}\tl;efle pl%n cell 'in 'the. ;!gl’chcof51 l#%g(#gl{ :xgﬁ%glgtlgx& taBlacc&%Fﬂﬁmg
connecting gahfl RPNdIRNG! BhhéBHE the pSdtive blet®dde to the first conductive member

and the negative electrode to the second conductive member

characterized in that

a) the electrochemical cell comprises a current collector element in contact with the
first of the electrodes and situated away from the outer surface of the electrode;

b) the electrochemical cell is disposed in the mounting means to present the outer
électrode surface to x-radiation transmitted by the window element; and

¢) the mounting means comprises means for maintaining the cell surface spaced

from and out of contact with the window element.

Preferably, the collector element is disposed substantially at the interface between,
and includes means providing ion-conductive contact between, the first electrode and the

separator element.

Preferably, the collector element comprises an electrically-conductive open-mesh

grid.

Preferably, the collector element is in electrical circuit with one of the opposed

conductive member terminals.

Preferably, the first electrode is the positive electrode of the electrochemical cell.



conductive nmenber and said negative electrode to said second RFM&?‘MEE SHEET

menbe][; and b) means for maintaining said cell spa¢efl from and
out of contact with said w ndow el ement. 14. Appar at us agc Drd17|g;U|_o
claim 13 characterized in that said el ectrochenical cell is gigposed i nw{}3
said nmounting neans to present the outer gurface of at |east|onfe of sard

el ectrodes to x-radiation transmtted by said w ndow el enent

25A 15. Appar Brefesatiyc thedenvjosing odeansmiricludes s aemndivziadow releent sitwated to

el ectrochem cal .cell further rlse a cur cto elenent in
contact wi t Kansgt Xradiattondo @"DF 8“?9&?'19'? 19?%5 QSFQSHP -at | east one

el ectrode. 16. Appar at us accordl ng to claim15 wherein said collector
el ement is disposed substantially at the interface between, and includes
nmeans provi di ngmemamypwélbctmchaﬁioabbelbﬁﬂmmpmjsek atsetomdsturrene colletdrr ode
and said separator el enent. Apparatus_according to claim 16 wherein

sai d col | ec¢lement @ﬁ@h@cbmﬁheéébefﬁc@@%m @QIQ@%MQW]&%SW%%W%W d.
18. Appargftﬁeopﬁos%ﬁ%&ﬂmﬁ%ﬁmﬁfbg}tjeﬁnmre' n said collector elenent is in

el ectri cal

Preferably, the second collector element is an electrically-conductive open-mesh
grid disposed substantially at the interface between the other electrode and the separator

clement.

According to a second aspect of the invention there is provided a method for monitoring
 structural changes in electrode materials of a rechargeable battery during operation which
comprises providing an in situ x-ray electrochemical cell having at least one beryllium
window element in a cell enclosure member, mounting within the x-ray cell a
rechargeable battery comprising at least one outwardly-disposed subject electrode facing
toward the window, directing x-radiation onto the subject electrode in reflective incidence
through the window, and intercepting reflected x-radiation to obtain diffraction data
characterized in that
the battery is mounted so as to situate the subject electrode out of contact with the
window element, thereby preventing electrolytic corrosion of the window element

otherwise occurring at the electrical potential of the electrode.

Preferably, the method comprises interposing a spacer element between the subject

electrode and the window element to so situate the electrode.

Preferably, the method wherein the battery comprises a positive electrode, a
negative electrode, and an interposed separator element in contact with the electrodes, and
wherein the cell enclosure comprises first and second opposed electrically-conductive
members electrically isolated from one another and respectively providing positive and

negative electrical terminals



conmmunication circuit wth one of said opposed conductive ngHPE
19. Apparatus according to claim15 wherein said at Ieas{nf HEd At@ gﬁi‘ET
is the positive electrode of said el ectrochenical cell. 20. Appar at us

according to claim 14 characterized in that said encl osing ansq nalugesy a
second wi ndow el enent situated to transm+ x-radiation to ifcjdence upon
the outer surface of the other of said el ectrodes. 21. aratrus
accordi ng tischhmbinﬂﬁ@liwlthatei n said el ectrochem cal cell furf{her conprises a
second current ol | ector in,contfact wth said of her.ele tég&ie %nd

| ement |
'n el ectrical <t pollssiarieloment s posuioned i ontprl wirh the ibics
conductive rding to cI al m 21
wher.ein sal @%é%gﬁﬁwgfctﬁgputefél%aﬁ?@?% ?éggé%‘ggﬁgubst gnt ially at the
interface betwepntheaolledtocelenient isRansecpsdoivi sléongcal oireuit withLomiei of ¢he elettrical
between, said other electrode and said el ectrolyte/separator elenent.
25B 23. A?ﬂ‘m Sus according to claim22 wherein said second coll ector
el enent conprises an el ectrically-conductive open-nmesh grid.

Preferably, the positive battery electrode is selected as the subject electrode and the

collector element is connected in circuit with the positive terminal.

Accprding to a third aspect of the invention there is provided an apparatus for in situ x-ray
study of electrochemical cells which comprises an electrochemical cell comprising a
positive electrode, a negative electrode, and an interposed electrolyte/separator element in
contact with the electrodes, meaﬁs for mounting the electrochemical cell in the path of
incident x-radiation, the mounting means comprising means enclosing the electrochemical
cell which includes at least one window element for transmission of the x-radiation to
incidence upon the cell, the enclosing means comprising first and second opposed
electrically-conductive members electrically isolated from one another and respectively
providing positive and negative electrical terminals characterized in that the mounting
means further comprises

a) means for electrically connecting the positive electrode to the first
conductive member and the negative electrode to the second conductive member; and

b) means for maintaining the cell spaced from and out of contact with the

window element.

Preferably, the electrochemical cell is disposed in the mounting means to present
the outer surface of at least one of the electrodes to x-radiation transmitted by the window

element.

Preferably, the electrochemical cell further comprises a current collector element

in contact with and situated away from the outer surface of the at least one electrode.




24 ., Apparatus according to claim 13 characterized in that sai At S

el ectrochem cal cell conprises a rechargeable battery structufejwherein:
a) each of said electrodes and el ectrol yte/ separator el ement|cohPrdliesss
flexible, self-supporting, polyneric matrix conposition film|apd b)

each said filmis bonded to contiguous fiHhns at its respectivp interface to
forma unitary flexible |am nate structure. 25. Appar at uslaccarding to
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cl ai m 24 wher ei nPrferhlsigsthe sallattar| ebemend isydisposedsubatantiallyoatithé Brafage between,

el ectrolyte providing ion nopilify. 26, ratus gccording to clajm 24
wherein a c#id mgludesmeans RrPvidingniohrcopduciive ﬁ%%%ﬁ%ﬁﬁ af lpast gi‘e F]Fi%trgd _

I nterface bﬁ{(ﬁ/@ggmﬁﬁ&aﬁgg@des means provi di ng ion-conductive contact

bet ween, sal Ive e rode and sai d el ectrol yte/separator el enent.
27. Appar atus according to claim26 wherein said collector elenent

conprises an electrically-conductive open-nesh grid., . 28. Appar at us
according to cl anﬂfgﬁblﬁhé\eé‘Pﬂe@% element; qomprisey at elepigicallrondugtive apanrmeshm

i ntercal ati gn,conmpound honogeneously distributed in a matri x having the
pol ymeri c cgﬂ%osition of said separator. 29. Appar atus according to
claim 28 wherein said intercal ati on conpound has a nom nal fornula sel ected
fromLiM[err]Jerr], LiCoJerr], and Li N Qerr]l. o

Preferably, the collector element is in electrical communication circuit with one of

the opposed conductive member terminals.

Preferably, the at least one electrode is the positive electrode of the

electrochemical cell.

Preferably, the enclosing means includes a second window element situated to

transmit x-radiation to incidence upon the outer surface of the other of the electrodes.

Preferably, the electrochemical cell further compﬁses a second current collector
element in contact with the other electrode and in electrical communication with the

respective one of the opposed conductive member terminals.

Preferably, the second collector element is disposed substantially at the interface
between, and includes means providing ion-conductive contact between, the other

electrode and the electrolyte/separator element.

Preferably, the second collector element comprises an electrically-conductive

open-mesh grid.

Preferably, the electrochemical cell comprises a rechargeable battery structure

wherein:
a) each of the electrodes and electrolyte/separator element comprises a

flexible, self-supporting, polymeric matrix composition film; and
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30.. Appar atus according to claim24 wherein said negative e lj%ﬂﬁﬁﬁh?‘%ﬁEﬁT
conprises a carbon intercal ati on conpound honogeneously distrfiuted in a
mat ri x havi ng the pol yneric conposition of said separator. 17 JUL 1993
25C 31. An appar atus conpri sing: a) an in situ x-frgys study
el ectrochem cal cell holder conprising: 7B 1) a cetrt—hofder
bottom and 2) a cell holder top operativelly attached to

said bottom b) each film is bonded te goutiguops films atdtsacdpectyve interdacd tocdlown aand

b) a rechargegble hattery cell structure conpri sing: 1)
a positive WM 357& legF@H@Ff%/s,tmcme' 2) a negative el ectrode
3)

el enent ; an el ectrol yte/ separator el enent disposed

bet ween said positive.and negative el ectrode el enents; and

4) a current Preifdralslyoat ledsetherlectoBtesepdrator icomprisesainctlgphniytte povading fanode
el ement and sai d el ectrol yte/ separator element, said current collector

el enent beiW@bﬂﬁﬁned of an electrically-conductive open-nesh grid, said
positive el ectrode el enent facing toward and spaced from said beryllium

wi ndow sai d negative el ectrode elenent electrically contacting said bottom

and sai d current Prfirhbig] 8rcuglestgvllecdt @dnidne & disposedtsabitaminllyaatcthe dnterface32.
The apparatus of claim 31 which further conprises a conductive spacer .

contact i ng betweemednd inshudles mesps awevidimgdionnopduntive ontast etweerniier pesifive
providing ael%caﬁ')ocféeaglﬁ%ﬁenelgc%oqyte/separator element.

Preferably, the collector element comprises an electrically-conductive open-mesh

- grid.

Preferably, the positive electrode comprises a lithium intercalation compound

homogeneously distributed in a matrix having the polymeric composition of the separator.

Preferably, the intercalation compound has a nominal formula selected from
LiMn,0,, LiCoO,, and LiNiO,.

Preferably, the negative electrode comprises a carbon intercalation compound

homogeneously distributed in a matrix having the polymeric composition of the separator.

According to a fourth aspect of the invention there is provided an apparatus comprising:
a) an in situ x-rays study ele'ctréchemical cell holder comprising:
1) a cell holder bottom; and
2) a cell holder top operatively attached to the bottom,
the top having a beryllium window; and
b) a rechargeable battery cell structure comprising:
1) a positive electrode element;

2) a negative electrode element;



. . . o DED] ACTLATING QUTE
beryl i um w ndow and said positive el ectrode el enent. REPLACEMENT SUEET
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PCT/ US96/ 00054 - in situ x-ray electrochem cal cell wthja|spegifll 16353
desi gned rechargeabl e battery structure which does not ceprfode the
beryllium w ndow i s, anobng other things, @n excellent researgh Toorfor

obt ai ni ng the best cathode, anode, or polyneric 5 conponent{nmaterials.

Addi tional Iy, resear cB) genan aleetiolitefseparaioh element dispdssd betywecn dhe pasjtivet and
characterize final, materials usedq in commerci al rechargeabl e
batteries. Degative electrode ejgments;@dr ¢ has been illustrated and described what

o, e AL O S AT .

invention, it will un in the art tha vari ous

changes andelem@nf irdathé elRGtrolie/deparatod @lenfent] the)tiinat esllestor elemenb peing formed
substituted w thout departing fromthe true scope of the i nvention.
Ther ef ore, bfan destricallydeonduetive open-gnash geid: the posiive electnode elament fasing towarle

BT enbod et SPHAR) T B e G Clofipy "t heiBfive slooublE ORHER, yBigtaty v °

contacting the bottom, and the current collector element electrically contacting the top.

Preferably, the apparatus further comprises a conductive spacer contacting the cell
holder top and the current collector element and providing a gap between the beryllium

window and the positive electrode element.

The present invention will be described with reference to the accompanying drawing of

which:

FIG. 1 is a perspective view, in partial section, of a typical laminated Li-ion battery cell

structure;

FIG. 2 is an exploded perspective view of an apparatus in accordance with a preferred

embodiment of the present invention for monitoring structural changes in a battery,;
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in situ x-ray electrochemical cell with a specially designed rechargeable battery structure

which does not corrode the beryllium window is, among other things, an excellent
research tool for obtaining the best cathode, anode, or polymeric component materials.
Additionally, research generated from such tests provides ways to characterize final

materials used in commercial rechargeable batteries.

While there has been illustrated and described what is at present considered to be
a preferred embodiment of the present invention, it will understood by those skilled in the
art that various changes and modifications may be made, and equivalents may be
substituted without departing from the true scope of the invention. Therefore, it is
intended that this invention not be limited to the particular embodiment disclosed herein,
but that the invention include all embodiments falling within the scope of the appended

claims.

The invention comprises an enclosed in situ x-ray electrochemical cell having an
x-ray transmission window, preferably of beryllium, and means for mounting an
electrolytic cell within the enclosure in the path of incident x-radiation transmitted by the
window while preventing contact between the wipdow and a high-voltage electrode of the

electrolytic cell.

The invention also comprises an electrolytic cell structure in which a current
collector element associated with an electrode, typically the higher voltage positive
electrode, is situated away from the outer surface of the electrolytic cell, preferably being
embedded at the 'electrode/separator interface in order to ensure that the electrode is
disposed as an outermost element of the cell where it may receive unobstructed exposure
to the incident x-radiation. The current collector element preferably extends beyond the
perimeter of the overlying electrode to provide electrical continuity to an x-ray cell body
terminal and permit the electrode to be separated from the beryllium window which could

otherwise suffer destructive electrolytic corrosion.
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Is clained is: 1. Apparatus for in situ x-ray studyjof an i
el ectrochemcal 5 cel I which conprises an el ectrochenical [cell4 7 JUL 1998
conprising a positive el ectrode, a negative el ectrode, angl an

| nt er posed separator elenent in comigct with said el ectfodes—mearTs

encl osing said el ectrochem cal cell conprising first and sec
opposed el ect ri call prefeond dre sitw s-raelpesrachemisal e¢lbof thy presentdn
anot her and respectivel rovi.din ositiye and eqalive electrical
Lorminal s, SR Pofiom, Biofber i celt fap member Whigh.hag o betytivnd wppdoyigad i3
transm ssi ogndtivel éﬁ!&xf& bl 96, YR ARFARS Ghsulated FORY e Bborh Ghémbé@d ORA
nount i ng sa?% etr ec}{roc em c’a}f ce‘{él [ np at he path of incident x-radirhzlt i on
and conpri sendosuen mdthimthel Sell. The dnvention | furtherninelnties) gpopematistelyosiiuatedein the

el ectrode to said first nductive nmenber and sai d .negative el ectrode

to said sec sure betwser the F@ggm&m top members, a polymgrig, r geable bafiery ;|

edi nt h . S?’IE&ED ' 0 j e lr rant
col | ector Zg?u&uerFecr?emrﬁnslmﬁa )ca%n ac %@@%ﬁaﬁé&eﬁe@h gﬁé%@d%ggfiﬁl@ an

si tuat ed awaegativesletticdes liheing electrizakcophectivhdo edrmidalatsociated with)thsiray cell

el ectrochem cal cell is disposed in said nounti ng . .heans to present

sai d out er Bembersolneorder; tpaeceiveqdirect exposire ¢ incident x-ragdiation; the baficryds sinaigdndow

el ement ; anguch that the electrode to be examined is facing the x-ray cell window and, when that

electrode constitutes the higher voltage positive element of the battery, is maintained at a

distance therefrom by interposed spacing means.

The rechargeable battery structure normally also comprises at least one current
collector element, typically disposed between the positive electrode and the separator
element, through which electrical circuit is maintained between the electrode and the cell
top member terminal. The current collector is preferably formed of an electrically-
conductive open-mesh grid in order to ensure ion mobility between the electrode and the
electrolyte/separator element. The negative battery electrode is electrically connected to
the cell bottom member terminal either directly, such as by contact with a conductive

bottom member, or through a second battery current collector element.

In another embodiment, the x-ray cell also includes a beryllium window in the
cell bottommember. The negative electrode is situated to face this second window and,
depending upon its electrical potential in the battery, either contacts or is spaced a
distance from the window. In the latter arrangement, a second current collector formed of
electricaily—conductive open-mesh grid disposed between the negative electrode and the

separator element maintains electrical circuit with the cell bottom member terminal.

A method in accordance with the present invention comprises the steps of
providing an in situ x-ray electro-chemical cell having at least one beryllium window in a

cell enclosure member; mounting within the x-ray cell a rechargeable battery comprising
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cell surface spaced fromand out of contact with said w ndow el enent .

30 -2 | VD op2asi2dos
PCT/ US96/ 00054 2. Apparatus according to claim1 whereinjsaid

col | ector el ement is disposed substapfgally at the inter{aCe& DETWeETT,

and i ncl udes means providing ion-conductive contact between, said

first el ectaiogestond oytwatdiyedispased electrastechaving & contiguous current coliector element,

the electrode facing toward and being separated from the beryllium window and the
collector maintaining electrical circuit with an electrical terminal on the x-ray cell;
directing x-radiation onto the electrode in reflective incidence through the window; and
intercepting reflected x-radiation to obtain diffraction data. The method may alternatively
include providing an in situ x-ray cell having two berylium windows situated
respectively in each of a cell top and bottom member; placing the outwardly-disposed
positive battery electrode in spaced facing relationship with one window; placing the
outwardly-disposed negative battery electrode in spaced facing relationship with the other
window, the negative electrode maintaining electrical circuit with an electrical terminal
on the x-ray cell by direct contact with the other window or through a contiguous current
collector element; and selectively situating one or the other window in incident x-

radiation to obtain diffraction data from one or the other of the electrodes.

A method in accordance with the present invention for preparing a battery
structure to be used in the in situ x-ray cell comprises the steps of arranging, in sequence,
a positive electrode element, an electrically-conductive open-mesh grid positive current
collector element, a separator element, and a negative electrode element, and bonding the
electrode and separator elements to adjacent such elements and to the contiguous collector
by the application of heat and pressure to form a unitary flexible laminate structure.
Alternatively, the positive electrode element and collector element maylbe so bonded
prior to arranging and bonding the balance of the structure elements. The method further
comprises including an ion-conductive electrolyte in at least the separator element to form
an active electrolytic battery. In a preferred embodiment, the method comprises forming
each of the electrodes and separator element as a flexible, self-supporting, film of
polymeric composition comprising a compatible organic plasticizer, and, subsequent to
bonding, replacing at least a portion of the plasticizer with a solution of ion-conductive

electrolyte.

An advantage of the present invention is its simplicity, which ensures that the

beryllium window does not experience the corrosion problems of the related art. Another
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3. .Apparatus according to claim2 wherein said collector M ie%ﬁ“i HEEF
conprises an el ectrically-conductive gpen-nmesh grid. 10 4. Apparatus
according to claim2 wherein said collector element is n eI1e‘pUU|_c1;;I93
circuit with one of said opposed conductive nenber ternjnpls.
5. Apparatus according to claim2 whereigicsaid first el ectrope I s tne
positive el ectrode of said el ectrochem cal cell. 20 6. | __Appar at us

accordi ng tadventagenis that the apparatus and gngthed rforanpmtogng si:rug changest ima; t
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el ectrode. 25 7. Apparatus according to claim®6 wher ein said
el ectrochem cal cell further conprises a second current collector
el ement in contact with said other electrode and in electrical circuit

30 with the respective one of said opposed conductive nenber
term nal s.
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second collector elenent is an electrically-conductive @

di sposed substantially at the interface between said other el ectrode
~and said separator elenent. 5 9. A nethod for nonitorjirg $o QL Yyees

changes in el ectrode materials of a rechargeable battery during

operation which conprises providing an in situ x-ray el gctrochem cal

cell 10 having at | east one beryllium w23dow el enment in a cell_enclosure

menber, rmunt thip the x-ray cel] a rechargeabl e battery
conpri sing é’t‘ P ﬁrﬁn%‘ﬁg

Hre\compeisessiirgt andiseeand qwes.qdreé@@cally- f aci ng
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x-radi at i onpbsitivdami wegdiive ﬂeaﬂcal erminals

characterized in that

a) a current collector element is positioned in contact with said subject
electrode and is situated away from the outer surface of said electrode; and

b) said collector element is connected in electrical circuit with one of said

electrical terminals.

12. A method according to claim 11 wherein said positive battery electrode is selected
as said subject electrode and said collector element is connected in circuit with said

positive terminal.

13.  Apparatus for in situ x-ray study of electrochemical cells which comprises an
electrochemical cell comprising a positive electrode, a negative electrode, and an
interposed electrolyte/separator element in contact with said electrodes, means for
mounting said electrochemical cell in the path of incident x-radiation, | said mounting
means comprising means enclosing said electrochemical cell which includes at least one
window element for transmission of said x-radiation to incidence upon said cell, said
enclosing means comprising first and second opposed electrically-conductive members
electrically isolated from one another and respectively providing positive and negative
electrical terminals characterized in that said mounting means further comprises

a) means for electrically connecting\said positive electrode to said first
conductive member and said negative electrode to said second conductive member; and

b) means for maintaining said cell spaced from and out of contact with said

window element.

14.  Apparatus accordiﬁg to claim 13 characterized in that said electrochemical cell is
disposed in said mounting means to present the outer surface of at least one of said

electrodes to x-radiation fransmitted by said window element.
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battery is nounted so as to situate said subject electrode out of
contact with said wi ndow el enment, thereby preventing 20 el gctrof ytJisL 1993
corrosion of said wi ndow el ement ot herw se occurring at jthe electrical
potential of said electrode. 1GsaA et hod accordingjto clarm?9

whi ch conprises interposing a 25 spacer el enent between saild subject

el ectrode ar8] saAppashtnslascording teetlgimeid chavactarizsil inithatsaidéldctaichemicabiesll

11. A method according to claim9 wherein_ said battery 30 co i ses, a
positive el Bthergemprisesna guirens solectoriclepent inepntach wi and F‘r‘i‘ﬂaé?%%%})dé%ﬁﬁﬁdat or

element in GoOf a¢hcdh Rifa 16hsCoRCUERITE!
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16.  Apparatus according to claim 15 wherein said collector element is disposed
substantially at the interface between, and includes means providing ion-conductive

contact between, said at least one electrode and said separator element.

17.  Apparatus according to claim 16 wherein said collector element comprises an

electrically-conductive open-mesh grid.

18.  Apparatus according to claim 15 wherein said collector element is in electrical

communication circuit with one of said opposed conductive member terminals.

-19.  Apparatus according to claim 15 wherein said at least one electrode is the positive

electrode of said eleg:trochemical cell.

20.  Apparatus according to claim 14 characterized in that said enclosing means
includes a second window element situated to transmit x-radiation to incidence upon the

outer surface of the other of said electrodes.

21.  Apparatus according to claim 20 wherein said electrochemical cell further
comprises a second current collector element in contact with said other electrode and in
electrical communication with the respective one of said opposed conductive member

terminals.

22.  Apparatus according to claim 21 wherein said second collector element is
disposed substantially at the interface between, and includes means providing ion-
conductive contact between, said other electrode and said electrolyte/separator element.
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wherein said cell enclosure conprises first and second oppoked :
el ectrically-conductive nmenbers electrically isolated f rom ond AgoLhens

and respectively providing positive and negative electrical| termnals

5 characteri zedgsin t hat a) a
current collector elenent is positioned in contact w th isal.d subj ect

e: ect rode aZiﬁ i sSApparatus ectording tof ¢claim mehmmald secondsenllector elementgomnptises

el ectr ode; aid col or element is connected in

el ectri cal qe"&"?%@l“'t°“ﬂ‘%t’r¥ed’ﬂ?ﬁn8?es &' el ectrical termnals. 12.

A nethod according to claim 1l wherein said positive battery el ectrode

is selected as said subject electrode and 15 said collector element is
connect ed i M.ci r Appdratus hdvosdinglto claim pdeharacterized imthatsaid electrochemical cell

comprises a rechargeable battery structure wherein:

a) each of said electrodes and electrolyte/separator element comprises a
flexible, self-supporting, polymeric matrix composition film; and

b) each said film is bonded to contiguous films at its respective interface to

form a unitary flexible lJaminate structure.

25.  Apparatus according to claim 24 wherein at least said electrolyte/separator

comprises an electrolyte providing ion mobility.

26.  Apparatus according to claim 24 wherein a current collector element is disposed
substantially at the interface between, and includes means providing ion-conductive

contact between, said positive electrode and said electrolyte/separator element.

27.  Apparatus according to claim 26 wherein said collector element comprises an

electrically-conductive open-mesh grid.

28.  Apparatus according to claim 24 wherein said positive electrode comprises a
lithium intercalation compound homogeneously distributed in a matrix having the

polymeric composition of said separator.

'29.  Apparatus according to claim 28 wherein said intercalation compound has a
nominal formula selected from LiMn,0,, LiCoO,, and LiNiO,.

30. Apparatus according to claim 24 wherein said negative electrode comprises a
carbon intercalation compound homogeneously distributed in a matrix having the

polymeric composition of said separator.



25,

30 ) )
2> |REPLACEMENT SFEET
17 JUL 1998
25C
31.  An apparatus comprising:

a) an in situ x-rays study electrochemical cell holder comprising:
1) a cell holder bottom; and
2) a cell holder top operatively attached to said bottom,
said top having a beryllium window; and
b) a rechargeable battery cell structure comprising:
1) a positive electrode element;
2) a negative electrode element;
3) an electrolyte/separator element disposed between said positive and
negative electrode elements; and
4) a current collector element disposed between said positive
electrode element and said electrolyte/separator element, said current collector element
being formed of an electrically-conductive open-mesh grid, said positive electrode
element facing toward and spaced from said beryllium window said negative electrode
element electrically contacting said bottom, and said current collector element electrically

contacting said top.

32.  The apparatus of claim 31 which further comprises a conductive spacer contacting
said cell holder top and said current collector element and providing a gap between said

beryllium window and said positive electrode element.
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{57) Abstract

An apparatus and method for monitoring structural changes
of an electrode in a rechargeable battery include an in sine x-ray
electrochemical cell (30) comprising top and bottom cell members
(32, 34) including at least one beryllium window element (36)
for transmission of diffractometer x-radiation. A rechargeadble
battery (43) mounted within the x-ray cell enclosure comprises an
electrolyte/separator clement (68) interposed between positive and
negative electrodes (64, 66). A current collector element (70) formed
of an electrically-conductive grid is disposed between the
positive electrode and the separator to enable jon-conducting contact
of the electrode and separator while maintaining electrical conti
between the electrode and an external x-ray cell tenminal (54). As a
result of this arrangement, the positive electrode need not contact the
window element to establish an electrical battery circuit, but may be
sufficiently spaced from the window to avoid electrolytic corrosion
of the beryllium element. The in situ x-ray electrochemical cell and
battery structure allow for continuous monitoring of the structural
«changes in electrode materials during charge/discharge cycling.




