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Non-reversible charge-discharge behavior in ruthenium nitride thin films used
as negative electrode in Li-ion batteries
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Binary nitrides are of interest for replacing metallic lithium in thin-film Li-ion

microbatteries as negative electrodes. Binary nitrides have been investigated as

electrode materials, such as Co

3

N, Fe

3

N and Ni

3

N with specific capacities in the range

300–400 mAh g

-1

. More recently, higher capacity values of the order of 1000 mAh g

-1

have been found with another group of transition metal nitrides due to the high

valence (+III) of the metallic atoms in chromium, cobalt or vanadium nitrides.

Therefore it is of interest to examine new binary metal nitrides for their

electrochemical reactivity towards lithium.

Due to the low reactivity of ruthenium atoms with nitrogen ones, the synthesis of RuN

using reactive magnetron sputtering requires the use of high nitrogen pressure and a

low sputtered flux of Ru atoms. As-deposited films crystallize in a NaCl-like structure

with a lattice constant of 0.451 nm. RuN films grow with a preferred orientation in the

[111] direction and exhibit a columnar microstructure. Electrochemical studies of RuN

films deposited on steel substrate were carried out in a two-electrode cell. A

systematic study using XRD and TEM has been performed to explain the decrease of

the capacitance with the cycling of the electrode. During the first lithiation of RuN,

XRD show the progressive decrease of the intensity of RuN diffraction peaks while

low intensity peaks appear at position corresponding to metallic ruthenium. TEM

analyses show that the monocrystalline RuN colums are progressively changed into

metallic nanograins. On the other hand, the delithiation induces the formation of RuN.

However, the grain size of the nitride phase is kept at the nanoscale range. Although

the RuN phase is formed, metallic grains are still observed by TEM. The

non-reversible conversion mechanism induces a progressive decrease of the

capacitance as a function of cycling. For instance, this parameter decrease from

approx. 1000 to 650 mAh g

-1

 after 5 cycles.
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