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Alloys from homogeneily ranges of solid solution LiZn Al {x = 0-1) and ternary compound
Liys15Zngs 550 was investigated as anode materials of lithium batteries. All lested phases
crystallized in the Zintl phase NaTl structure (space group Fd3m). Current sources with these anodes
in dependence of cathode materials and composition of anode matenial characlerized by vollage 1.5-
3.12 V and energy density 60-240 W h/kg.
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Lithium ion rechargeable batteries are used as the power supply of cellular phones
and several other portable electrical devices at present. and demand appears to increase
exponentially. The concermn about energy sources in the near future, either for electric
vehicles or for large-scale batteries for electricity power storage. has made lithium ion
rechargeable battery development into a growth area. which has gained high momentum for
its research activities. There are three directions of curreat research of materials for lithium
batteries: anode materials, electrolytes. and cathede matertals |1}

In old models of lithium batteries pure lithium was used as anode material:
Li-SOCH,, Li-MnQs,. Li-TiS; and other systems {2, 2. Carbon matrix with distributed inside
lithium is used as the anode-active material in modern lithium ion batteries. In both this
case problem of chemical activity of pure lithium exist. This problem can be solving by
using lithium alloys which having better technical and energetic parameters.

The main objective of presented investigations is to design of advanced lithium
alloys that are attractive construction materials for anodes in both disposable (primary) and
rechargeable (secondary) batteries due to its high electrochemical potential combined with
a low equivalent mass. The great roles among such alloys play NaTl-type Zintl phases, for
example LiAl Zintl phase that was the first commercial product as an anode material |4].
The search of new materials is impossible without the investigation of the phase diagrams.
crystal structure of the compounds and their properties.
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Alloys for the anode materials was prepared from the pure metals (content of main
element not less than 99.99 at. % except lithium, content of lithium — 99.8 at. %).
Preparation of alloys was carried out in arc furnace in argon atmosphere at pressure
1.01-10° Pa. Alloys was kept in purified indifferent oil after melting.

For the testing of alloys powder patierns was used. X-ray diffraction patterns were
collected on a STOE STADI P powder diffractometer (MoK, radiation, 0.02° step of
scanning, 8 sec/step for the 26 range 8-50°) or DRON-2.0 powder diffractometer (FeK,,
radiation, 2°/min speed of scanning for the 2@ range 20-90°). The unit cell parameters were
refined using the program LATCON [5). The sofiware package Fullprof was used for
Rietveld refinements [6].

Electrochemical investigations was carmied out in the real button-types current
sources with electrode square 1.65 sm” and volume 0.66 sm’. Lithium contained alloys was
processed for obtaining form of anode place in current sources or powdered with next
pressing in the mold. Cathode materials (metal oxides: MnO.. Ag,0, V.0, MoO;. PbO..
CuO; sulfides: TiS,, FeS., FeS and corducting polymer polyacetylene (PAC)) were
powdered also. Inorganic salt LiClO; 1 M dissolved in the organic liquid solvent y-
butyrolactone (BL) was used as electrolyte.

For anode materials in the real button types current sources was used lithium alloys
with composition from homogeneity range of continuous solid solution LiZn Al (x =0-1)
and ternary compound Liys;sZngs.sSn. Both this phases crystallized in Zintl phase

LiZn Al (x = 0-1) and ternary compound Li; 5.1 sZnys.; 5Sn are presented in the Table .

Table 1
Lattice parameters and composition of the alloys homogeneity ranges of solid solutions LiZn,Al, ,
and ternary compound Lis 5.y <Zngs.q sSn

[ LiznAl,, | Liss;<ZngssSn |
Composition | a. A [ Reference | Composition Ja A | Reference
1iZn 6.221 (8] Li: <Zn,<Sn 6.307(3) [11]
LiZngoAly, 6.2240(1 9 Li-ZnSa 6.376(%) [11]
LiZnygAlg - 6.2470(1 {91 Li <Zn <Sn 6.449(5) [t
LiZng-Aly 6.2592(1) 9]

IliZnn 6A104 62697(ﬁ ) [(;I
LiZngsAlgs 6.2819(1) 9]
LiZng4Alye 6.298711) [9:
LiZng Aly, 6.3102(1 97
LiZny Alg g 6.3347(1) 97
LiAl 6.360 (o3

Results of testing of alloy Li-ZnAl by crystal structure refinement was presented as
an example on Fig. 1.



174 G. Dmytriv, V. Pavlyuk, I. Tarasiuk et al.

LiS0Zn25A1258

7700 T : T v — v . -
F .
6800 - zn25.pre: 3
C Fobs ]
‘;ﬁ 5900 ; —  Ycalc E
é n —— Yobs-Ycalc ]
55000 :" ! Bragg_posr:.lml—:
4100 i‘ “E
M 3200 F b
t =
2300 F 3
1400 F i 1
500 F ) O TR I T I O I R R
400 [ o =
= F— o Lo T A - -
a yr N v E

_1300 deb . i PR SPRT S DU T S WU T S VT U WO T B FRE Y S SR S T U § PR T N B TV TR VY T S S W ¥
7 12 17 22 27 32 37 42 47 52 57

Fig. I. Observed and calculated X-ray powder diftraction patterns of Li,ZnAl
together with their difference curve

Electrochemical characteristics of batteries with LiZn,Al; , anode and different

cathodes with organic electrolyte liquids (LiCIO_ T M dissolved in the y-butyrolactione
(BL)) are presented in the Table 2.

Table 2
Voltage and erergy densaty forthe g
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System Energy density (W) [W h/kg|
LiZn Al =3n0- 180-110
LiZn. Al ~ToS- 130-100
LiZnAl, ~Ag-0O 34221 160-100
LiZnAl;_~FeS- 240-1.70 110-90
LiZn,Al,. ~PAC) 312242 240180
LiZn Al —V.0s 2.8D-2.20 190-140
LiZn Al_,—Mo00Oa 2.50-1.80 140-110
Lis 5.1 5Z0g 5., sSn —PbO, 2.82-205 105--80
Liy < sZngsy sSn—FeS 1.75-1.50 90-60

Lil__ ‘521105,]‘551“—(?110 2.10-1.80 110-90

Discharge curves for some investigated electrochemical systems presented on the
Figs. 2-5.
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Fig. 4. Discharge curve for the LiZn Al ~PAC system
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Nominal voltage of current sources on the base of the LiZn Al (x = 0-1) phases

increasing with increasing of Al content independently of cathode materials. Therefore
energy density 1s close to the classic LiAl anode and in some case is higher. It’s can be
explained by higher stability of the Zn-contained ternary phases in organic liquid
electrolyte and lower ability to dendrite formation. Current sources with Liss j s<ZngssSn
anode material characterized by lower energy density but stability of these anode materials
also is good.
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CILTABH ®A3 UHUHTIA CUCTEM Li-Zn-{Al, Sn}
A1 AHONHUX MATEPIANIB JUTIEBUX BATAPEH
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Cirasn 3 ofracti rovorerHocti teepiaoro posamny LiZn Al (x=0-1) ra tepraproi
crionyku Liys.sZngs.sSn nocaiukyBaiy sx ano i matepiany airiceux 6artapeil. Yei tecropani
hasm kpucranizytothes 3i crpykmypoio da3 1luatas, erpyxryprauit tunnr NaTl (mpoctopopa rpyna
Fd3m). Ximiuni Kepena cTpyMy 3 BKajaHMMM AHOIHMMM MATepialaMM  XapaKkTepHIyIOThCH
Hanpyroto 1.5-3,12 B ta nutomoio enepricio 60-240 BT roj/xr 3aekHO Bil MaTepiany Katony Ta
CKITav Marepiany anomy.

Kaovoei croea: dazn LipnTas, anoxai marepianm. aiticsi Garapei.

Crartra wagiiinma xo peaxonerii 02.10.2006
fpwitnsTa g0 apyky 21.11.2006



