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ABSTRACT

Component parts of two different types (M 660 and V 83) of spent lithium
ion batteries were examined to determine the amount and nature of metal
values contained. The outer casing of these batteries was found to be of
auminum aloy. Lithium and cobalt in the form of LiCoO, was the most
prominent phase in the material pasted on a thin foil of Aluminium that
formed the cathode while graphite pasted on athin foil of copper formed
the anode of the spent lithium ion batteries. In the paste of cathode
electrode, lithiumand cobalt constituted 7.09 and 60.25 percent respectively.
I rrespective of the brandsinvestigated, the average content of metal val ues,
aluminum, lithium, copper and cobalt was 45.99 percent of thetotal weight
of the spent batteries. The remainder was electrolyte solvent, adhesive and
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other impurity elements.

INTRODUCTION

Lithiumionbetteriesarewiddy usedin mobiletde-
phones, laptops, video cameras, and other modernlife
gppliances. Dueto their characteristicsof light weight,
high energy and good performancethese batteriesare
increasingly substituting for other batteries®3. Thelife-
gpan of aLIB is1-3years. Thetremendousgrowthin
theuseof LIBshasresultedin thegeneration of alarge
amount of wastesin theform of spent LIBs. Improper
disposal of these batteriesmay cause serious environ-
menta problems.

A LIB comprisesacathode, an anode, organic eec-
trolyteand aseparator. ThecathodeisathinAluminium
foil coated with amixture of active cathode material,
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electric conductor, binder and adhesives. Most lithium
sysemsuseamaterid likeLiXMA, athepositiveelec-
trode. Some materials used at the cathode include
LiCoQO,, LiNiO, and LiMn,O, and theelectrolyteisan
organicliquid with dissolved substanceslikeLiClO,,
LiBF, and LiPF >3, The anodeis athin copper foil
coated with amixture of carbon graphite, conductor,
binder and adhesives. The heavy metds, organic chemi-
cals and plastics are in the proportions of 5—20%
cobalt, 5—10% nickel, 5 — 7% lithium, 15% organic
chemicalsand 7% plastics, the composition varying
slightly with different manufacturerd®. In 2000, the
worldwide production of LIBsreached about 500 mil-
lion cell and fromthisLIB wasteisestimated at 200to
500 M T, withametal content of 5to 15wt.% Coand
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2t0 7wt.% L. Spent lithium batteriesthusrepresent
avaluable sourcefor themetal s present (Co, Li, Mn
and Ni) or their compounds. Recycling of spent batter-
iesmay resultineconomic benefits®9. Atthesametime,
development of asuitable method for the recovery of
values from spent L1Bs can decrease the amount of
wastes to be disposed and thus reduce the disposal
and treatment problems.

A lot of research has been done on the devel op-
ment of recycling technologiesof LIBs. Most of the
proposed processes are based on hydrometal lurgical
chemistry!1 and recovery of lithium and cobdtisone
of the primary objectivesin therecycling of LIBg*2%3,

Detailed information on the exact natureand con-
tent of metal values and other component parts of a
lithiumion battery isuseful for the development of a
suitable processfor recovery of metal valuesfromthe
spent L1Bs. Thisstudy focuses on the determination of
the natureand amount of different metalscontainedin
two commercia type LIBs. It was expected that the
resultsobtained will beuseful for the subsequent deve -
opment of asuitable processfor extraction of themetal
vaues contained is such batteries.

EXPERIMENTAL

Samplesof spent lithiumion batteries of two com-
mercialy availabletypes (M 660 and V 83) were col-
lected from various sources. The potentia voltageof all
thebatteriesused inthisstudy was 3.7V. The collected
batterieswere dismantled manualy. The plastic cover
of the batterieswas removed by using asharp cutting
edge. Itwasthenfixedinaviceand themetdlic outsde
shell of the battery wasremoved mechanicdly. Thedif-
ferent component partswere carefully separated and
grouped on the basi s of appearance and information
availableinthepublished literature. Theweightsof the
different components (casing. chips, el ectrodeetc) of
fiverandomly selected sampleswere measured and the
averageweightswerecal cul ated. Theweight propor-
tions of the different component partsreportedinthis
presentation arethe average of thevaluesdetermined
onfivesamples. Thecomposition of theexterna casing
inthe spent batterieswas determined by optica emis-
sion spectroscopy (Shimadzu PDA 7000). The com-
pogition of theAluminiumfoil of thecathodewas deter-
mined by atomic absorption spectroscopy (VarianAA

240), whilethe amount of copper in the copper con-
ductor was determined by wet chemica analysis. The
phases present in the cathode and anode wereidenti-
fied by x-ray diffraction analysis. X-ray diffraction pat-
ternswererecorded in aBruker X-Pert diffractometer
usingaCuK  (A=1.54056 A°) radiation source.

RESULTSAND DISCUSSION

| dentification of thestructural components

A dismantled lithiumion battery withitsdifferent
component partsisshowninFigurel. TABLE 1 lists
the materialsused in the construction of the different
component partsof the batteries. Thisidentification of
the material swas based on the appearance and infor-
mation availableinthe published literature.

TABLE 1: Materialsused in theconstruction of thediffer-
ent component parts(M 660 and V83).

No. Component Parts M aterials
1 Externa Case Aluminum Alloy, Paper
2 Cathode LiCoO,
3 Anode Graphite conductor
4 Electrolyte* LiCIO,, LiPFg
5 Electrolyte Solvent* PC, DMCor DMC
6 Seaaorst Elof/t:etcﬁ ﬁgg?lalé)%l ypropylene (PP),
7 Current Collector Aluminum & Copper Foil
8 Current Joining* Gold Plated Pad

9 Printed drcuit board(PCB) Component etc
*|dentified on the basis of information available.

Weight percentageanalysis

TABLES?2 and 3 givetheweight and therelative
proportions of the different component partsin spent
lithium ion batteries of thetypesM 660 and V83 re-
spectively. TABLE 4 showsacomparison of weights
of the different components parts of the two types of
batteries. Variationsin theweight proportions of the
different component partsof thetwo types of batteries
were noted. Theweightsof the different component
partsof thesametype of spent batterieswerea sofound
to vary. Thesevariationsin theweight of thewhol e bat-
tery and intheweight proportionsof thedifferent com-
ponent parts of the spent batteries could be attributed
tothedifferenceinthe physical condition of the battery
when collected and mechani cal lossand contamination
duringthemanud dismantling of thebatteries.
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Figurel: Adismantled spent lithiumion battery.

TABLE 2: Percentageweight analysisof different partsin M 660 type spent lithium ion battery.

SL.NO Potential Weight Lev_el for Ext. Casing _Chi_p of Plgstic Cathode Al-Foil Anode Cu-Fail
Voltage (gm) Branding (gm) (gm) Circuit (gm) Material (gm) (gm) (gm)  (gm) (gm)
1 3.7V 29.599 0.504 4.821 0.399 3.574 10551 1107 7.284 0.869
2 3.7V 30.341 0.507 4.823 0.401 3.643 10.735 1213 7.714 0.988
3 3.V 30.807 0.497 5.063 0.387 3.663 10953 1.113 7.936 1.092
4 3.V 30.891 0.493 4,912 0.391 3.625 10961 1.019 8023 1.126
5 3.7V 31.065 0.529 4.826 0.397 3.630 11.354 1158 8.163 1.195
Av.Wt - 30.540 0.506 4.889 0.395 3.627 10910 1122 7.824 1.054
Wit% -0.75 100 1.66 16.01 1.29 11.88 35.73 364 2560 345

TABLE 3: Percentageweight analysisof different partsin V 83 typespent lithiumion battery.

SL.NO Potential  Weight Branding Exlternal .Chi.p of PIqstic Cathode Al-Foil Anode Cu-Fail
Voltage (gm) L evel(gm) Casing(gm) Circuit(gm)  Material(gm)  (gm) (gm) (gm) (gm)
1 3.V 23.787 0.499 3.206 0.379 3.174 7.899 0.967 5785 0.869
2 3.7V 24.507 0.507 3.523 0.401 3.263 853 0983 5812 0.918
3 3.7V 24.610 0.493 3.363 0.385 3.463 8853 0967 5.892 0.927
4 3.7V 23.852 0.495 3.512 0.391 3.319 8354 0965 5.797 0.895
5 3.7V 24.879 0.519 3.626 0.397 3.256 8836 1.053 5906 0.956
Av. Wt 24.327 0.503 3.446 0.391 3.295 8495 0987 5.838 0.913
Wt (%) -1.89 100 2.06 14.17 1.61 13.54 34.92 4.06 24 3.75

TABLE 4 : Comparison of weightsof thedifferent compo-
nentspartsof thetwo typesof batteries.

Components M 660 V 83
Whole battery 30.540gram  24.327 gram
Level for Branding 0.506 0.503
External Casing 4.887 3.446
Chip of Circuit 0.395 0.391
Plastic Material 3.627 3.295
Cathode Electrode 10.910 8.495
Aluminum Foil (25um) 1.122 0.987
Anode Electrode 7.824 5.838
Copper Fail (25um) 1.04 0.913
Loss 0.215 0.458

Composition of theouter casing

Thechemicd compostionsof externd casingof the
two typesof spent lithium ion batteriesselected for this
investigation were determined by optica emission pec-
troscopy and were essentially the same (TABLE5).
Thematerial may be classified ascommercially pure
Aluminiumwiththeusud impurity e ements.

TABLE 5: Optical emission spectroscopic analysis of the
casing of spent lithiumion battery.

Elements Na S PSCI Al Cr Mn Fe Ni Cu V Ti
Wit% (M 660) - 0.20 - - - 98.3 0.02 0.72 0.54 0.08 0.06 0.01 0.04
Wit% (V83 - 021 - - - 984 0.03 0.70 0.49 0.04 0.07 0.01 0.03
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Thethicknessof theAluminiumfoil inboththetypes
of batteriesunder investigation was 25 um. The amount
of aluminuminthe aluminum foil was determined by
AtomicAbsorption Spectroscopy (AAS). Theamount
of duminuminthefoil of M660 typebattery wasfound
to be98.90% whiletheamount of Aluminiuminthefail
of V 83 type battery wasfound to beand 98.66%. Alu-
minum foil used as current collector isexpected to be
100 percent pure. The presenceof impuritiesintheAlu-
miniumfoil of thespent batteriesmay beaitributed tothe
physicd contamination duringthemanud dismantlingpro-
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cess. Aluminum could aso have been contaminated by
oxidation whenthecoating materia wasremoved.

Estimation of copper in copper fail

Thethickness of copper foil in both the types of
batterieswas 25um. The amount of copper in copper
foil wasdetermined by wet chemical analysis. IntheM
660 type battery the amount of copper was found to
be 99.06% whiletheamount of copper intheV 83 type
battery was found to be 98.86%. In good agreement
withtheresultsof wet chemica andysis, the X-ray dif-
fraction patterns of the copper foilsdid not indicatethe
presenceof impurities (Figure2).
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Figure2: X-ray diffraction analysisof copper fail of lithiumion battery.

Characterization of thecathode

The composition of the paste on the cathode could
not be determined by thex-ray fluorescenceandysisas
lithium was present ascompound. Thex-ray diffraction
andysis, performedtoidentify the phasespresent inthe
paste, showed the presenceof Li and Cointheform of
LiCoO, asthe major constituent (Figure 3 and Figure
4). Theintensity (counts) of theintensediffractionlinesin
the pattern of M 660 battery was much higher than those
intheV 83 battery. Themost intense pegksin thediffrac-
tion patternsof both the batteries occurred at dmost the
sameangle, at near 19° and at 46°. These peakscorre-
spondto LiCoO,. The patternsaso contained somedif-
fraction linesthat could not beidentified. Thesediffrac-
tionlinesaso occurred & the sameanglesinthe cathodic

pasteof boththe batteries. Inthefigures, theselineshave
been marked as““U”” and might be due to the binders or
additivesmixedwiththeactivecathodemateria tofacili-
tateitsadhesiontotheduminumfoail. It wasthusinferred
that Li and Cowaspresentinthecathodesof lithiumion
batteriesintheform of lithium cobdt oxide.

Char acterization of theanode

Themostintense peaksinthex-ray diffraction pat-
terns recorded the material pasted on an anode of a
spent lithium ion battery (Figure 5) occurred at near
31.24%°and at 51.56°. Theselines correspond to graph-
ite. Thediffractionlinesthat could not beidentified has
been marked as“U” and might be related to the addi-
tivesor bindersthat were used to facilitate pasting of
theactivemateria ontothecopper foil.
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Figure3: X-ray diffraction analysisof cathodeelectrodeof M 660 lithiumion battery.
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Figure4: X-ray diffraction analysisof cathodeeectrode of V 83 lithiumion battery.
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Figure5: X-ray diffraction analysisof anode electrodeof lithiumion battery.
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TABLE 6: Averagemetal proportionsin thespent M 660 & V 83lithiumion batteries*.

Spent Lithium ion Battery

Total value metals

TYPes ™ Total Weight Al casng AlFol Amountof CuFoll AmountofLiin  Amount of Coin Total Total Total Total
(gm) (gm) (gm) Al (gm) (gm) Cathode(gm) Cathode(gm) Al% Li% Cu% Co%
M 660 30.540 4.804 1.09 5.786 104 0.774 6.57 1929 253 341 2151
V 83 24.327 3.390 0.97 4,282 0.90 0.602 5.12 17.92 247 369 21.05
Weighted Average 1864 251 353 2131

Total valuemetal percentage REFERENCES

Theaverageva uesof themetad contentsof thewhole
battery in lithiumion spent typesaregivenin TABLEG.
Lithiumwasfoundto bearound 2.5 percent and cobat
around 21.3 percent of thetotal weight of thebattery in
spent types. LIBsconstituted a uminum around 18.64
percent and copper around 3.53 percent of the total
weight. Theremaining part isoccupied by the carbon,
PCB, plastics, adhesiveand other minor € ements.

CONCLUSIONS

Thisstudy on the characterization of spent lithium
ion batteriesyielded thefollowing results:

1. Pureauminumand copper intheformof thinfoils
act ascurrent collector in cathode and anodere-
Spectively.

2. LiCoO,wasfound to betheprominent component
of theactivemateria of the cathodeof lithiumion
batteries, whilegraphitewasthe activematerid of
theanode.

3. Lithiumand cobalt content was 23.82 percent of
thetota weight of the battery. Aluminum and cop-
per constituted about 18.64 percent and 3.53 per-
cent of thetotal weight of the battery.
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