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summary 

A dozen CuO samples prepared under various conditions and from dd- 
ferent startmg materials were evaluated as cathode matenals for a pnmary 
Li/CuO cell. The “thm electrode” method was used for rapid evaluation of 
the samples. Both coulomblc efficiency and d=charge voltage depend con- 
siderably on the method of synthesis. No correlation was found between the 
specific surface area and the reslstlvlty of the samples on the one hand and 
the cathode performance on the other. Best results were obtamed from CuO 
prepared by the oxidation of Cu,O under controlled temperature and time 
of oxidation. 

Introduction 

With its high specific capacity per unit weight and volume and its dls- 
charge voltage close to that of the Leclanche cell, the Ll/CuO cell is one of 
the nonaqueous power sources which has asserted itself m the market place 
[l, 21. It is known that m commercial Ll/CuO cells the copper oxide used 
for the cathode 1s obtamed “by the controlled oxidation of a special copper 
powder to provide optunum purity together with correct partrcle s;ze and 
shape” [ 21. 

There are practically no pubhshed data on the performance of CuO 
cathodes produced by other methods. By contrast, numerous methods for 
the preparation of CuO are known. Neither are there any data available on 
the effect some of the relevant physical and electrical properties of the CuO 
powders have on then performance as cathodes m Li/CuO cells. The present 
paper is a prehmmary attempt to evaluate the electrochemical performances 
of CuO cathodes made from CuO prepared by several methods, and to find 
a correlation between cathodic efficiency and discharge voltage on the 
one hand and the specific surface area and reslstlvrty on the other. 
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Experimental 

Ma terlals 
All reagents used for the synthes= of CuO were of reagent grade 

(Lachema, Czechoslovakia) The cell electrolyte was 1M LlC104 (Merck) m 
propylene carbonate (Merck) contammg less than 50 ppm of water. The con- 
ducting additive was Teflomzed acetylene black, P 1042 (Stlckstoffwerk, 
Plestentz, GDR) [ 31 

Methods of synthesis 
The following methods were used for the preparation of the CuO 

powders. 
(1) Thermal decomposltlon of copper hydroxycarbonate, obtamed by 

preclpltatlon from a copper sulphate solution with a solution of Na&03 
The precipitate, CuC03~Cu(OH)2~1/2Hz0 was washed, dned, and heated 
for 15 h at 530 “C to obtam CuO 

(n) CuO was precipitated by the slow addition of 1M CuS04 to bollmg 
1M Na&!03 The preclpltate was washed and dned at 105 “C 

(111) Thermal decompoatlon of CUCO~~CU(OH)~~~/~H~O at 300 “C for 
6 h, obtamed by preclpltatmg from a Cu(NO& solution with NH&COJ. 

(iv) Thermal decomposltlon of Cu(NO&. After drying to remove the 
water of crystalhzatlon, the salt was heated for 10 h at 320 “C m air. 

(v) A solution of CuS04 was reacted with NaHPOz to obtam copper 
hydnde [ 41. The latter was washed, dned, oxidized m air at 100 “C for 1 h, 
and finally oxidized at 360 “C for 20 h m an oxygen atmosphere 

(VI) Copper powder, prepared by cementation of a CuSO1, solution with 
Zn, was washed, dned, and oxidized m air for 1 h at 400 “C 

(vu) The sample obtamed by the gradual heatmg of copper (method 
(~1)) under controlled au atmosphere m the range 200 - 400 “C for 3 h was 
addltlonally oxidized for 0.5 h at 400 “C m a pure oxygen atmosphere. 

(vm) Thermal oxldatlon m an of metallic copper powder (Merck) for 
10 h at 400 “C. 

(lx) Oxldatlon of Cu,O (POCH, Poland) m air at 400 “C for 0.5 h 
(x) The sample obtamed by the precedmg method was addltlonally 

oxidized m air at 400 “C for 16 h 
(XI) The sample obtamed by method (1x) was futher oxidized m oxygen 

at 400 “C for 0.5 h. 
(XII) Commercial CuO (Lachema, Czechoslovakia). 

Physxal properties and chemical analysis 
The specific surface area of all the samples was determmed by the BET 

method The d.c. reslstlvlty was measured usmg powder samples pressed at 
1 ton/cm* between two Al disc electrodes (1 cm*). The CuO content was 
determmed by chemical analysis [ 51. The data are presented m Table 1. 
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TABLE 1 

Charactenstlcs of CuO samples 

No 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

cue BET P 
(%) (m’k) (ohm cm) 

97 0 66 1 7 x 105 
98 16 2 1 6 x lo4 

100 15 2 2SX105 
96 0 69 39x103 

100 139 2 9 x 104 
85 142 11x103 
89 I 87 5 4 x 103 
87 0.61 2 5 x 103 
70 2 52 4 5 x 104 
93 114 3 9 x 104 
94 1 24 4 6 x lo4 
70 1 26 97x103 

Cathode prepara tzon 
Thm test electrodes, described earlier [6, 71, were used for rapid elec- 

trochemical evaluation. About 20 mg per cm* of the cathode mm (50 wt.% 
CuO, 33 wt.% acetylene black, 17 wt.% Teflon) was spread by rollmg onto 
a N1 gauze (1.5 cm* one side). A fourcompartment glass cell housed the test 
electrode, two large L1 counter electrodes, and a L1 reference electrode. The 
test cathodes were discharged galvanostatlcally at a 10 h rate. 

In further expenments, we used “practical” 0.6 - 0.7 mm-thick test 
CuO cathodes with 0.1 g per cm* of the cathode m1x (80 wt.% CuO + 
13 wt % acetylene black + 7 wt % Teflon) pressed onto an expanded N1 grid 
(1 cm*). The galvanostatlc discharge was performed m laboratory glass cells 
with the cathode sandwiched between two L1 foil electrodes and two layers 
of non-woven polypropylene separator (Kendal, USA) In this case the 
discharge was at the 100 h rate 

Results and discussion 

(I) Thzn test electrodes 
All discharge curves (Figs 1 - 5) start at a voltage exceedmg 2.24 V 

(a reversible potential of a L1/CuO cell [2]). It 1s known that CuO powders 
contam adsorbed oxygen and water [8] and oxygen 1s also dissolved m the 
electrolyte. It was found [9] that this oxygen and water were responsible 
for the initial high discharge voltage between 2.5 and 3 V (Theoretical, 
reversible potentials of Lr0, and L1-H20 systems are close to this value.) 
Expenments to mvestlgate this mfluence further are m progress. The pre- 
11mmat-y results show a decrease 1n m1t1al voltage 1f dry argon gas 1s bubbled 
through the cell to remove oxygen, 
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Fig 1 Discharge curves of samples 1, 2 and 3. Thm test electrodes, C/10 rate 
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Fig 2 Dmharge curves of samples 4, 5 and 12 Thm test electrodes, C/10 rate 

The discharge curves for test cathodes from samples 1, 2, and 3 are 
presented m Fig. 1. (The faradalc charge as a percentage of theoretical 
capacity 1s denoted as 77 ) The coulomblc efflclencles are satlsfactory, but the 
persistence of a higher cell voltage, above 1.5 V, well mto discharge, makes 
these samples mappropnate for 1.5 V cells. 

It was found by X-ray diffraction analysis that samples 1 and 2 con- 
tamed Cy(OH)6-S04 as an unpunty, which could not be removed by 
washmg. Neither chemical nor X-ray analysis revealed the presence of other 
compounds m sample 3. On the other hand, oxldes 1, 2, and 3 all pass 
through the hydroxycarbonate mtermed1at.e. A number of factors contribute 



273 

and it 1s therefore difficult, from the available mformatlon, to assess which 
one 1s responsible for the mltlal high voltage portion of the discharge curve 

The discharge curves for test cathodes prepared from samples 4,5 and 
12 are shown m Fig 2. All these have lower coulomblc efficiencies and lower 
discharge voltages In the case of sample 12 this could be assigned to the 
reduced content of CuO (70% CuO, 30% CuzO, see Table 1) Samples 4 and 
5 were prepared under long-term (several hours) heating condltlons. A better 
electrochemical performance was obtamed with sample 6 (short-term oxlda- 
tlon of copper powder) (Fig. 3) Long-term oxldatlon causes a drop m the 
electrochemical performance (samples 7,8), but the mfluence of the starting 
matenal 1s also detectable 

The deletenous effect of prolonged heatmg on the electrochemical 
activity 1s also apparent from Fig 4, the discharge curve of sample 11 shows 
an appreciably higher capacity than that of sample 10. The very low capacity 
of sample 9 may be attributed to mcomplete oxldatlon of CuzO after 0.5 h 
heating m air The changes m electrochemical actlvlty caused by thermal 
treatment of the electrode material cannot be related to the surface areas 
which are practically identical for most of the samples. The different elec- 
trochemical actlvltles might be explamed by different solid-phase reaction 
kmetlcs caused by changes m the crystallographic structure, and non- 
stolchlometry durmg thermal treatment. 

Reslstlvlty has no obvious relation to the electrochemical parameters of 
the tested samples (Table 1) 

The optnnum oxldatlon temperature (see samples 5 - 11) lies m the 
range 300 - 500 “C! since heatmg of our samples to 600 “C leads to a decrease 
m the capacity and voltage of the cells. 
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Fig 3 Discharge curves of samples 6, 7 and 8 Thm test electrodes, C/10 rate 
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Fig 4 Discharge curves of samples 9, 10 and 11 Thm test electrodes, C/10 rate 
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Fig 5 Discharge curves of samples 5, 6 and 11 Practical test electrodes, C/10 rate 

(n) Practacal test electrodes 
A survey of the results obtamed with the thm test electrodes reveals 

that the best performance 1s achieved with samples 5,6, and 11. These were 
used for the preparation of practical test electrodes, and their discharge 
curves are shown m Fig 5 The curves correlate very well with those ob- 
tamed with the thm test electrodes, lllustratmg the sultablhty of thm elec- 
trodes for rapld evaluation of sohd cathode matenals. 
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Conclusion 

The method of preparation of CuO has a considerable impact on Its 
performance as a cathode for LI cells Of the startmg matenals, Cu,O seems 
to be the most promlsmg Nerther the CuO content, the specific surface area 
nor the reslstlvlty can serve as guldelmes m selectmg the best materml More 
expenmental work 1s necessary to correlate physical, structural and/or com- 
positional features with the electrochemical performance Prolonged heating 
of the CuO samples has, m all cases, a negative effect on then electro- 
chemical actlvlty 
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