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Lithium plating (Li plating) is considered one of the most detrimental phenomenon in lithium 

ion batteries (LIB) [1–3]. The effects of Li plating can lead to an increase of lithium 

consumption within the electrode-electrolyte interface due to side reactions [3,4], loss of active 

material and may also cause safety deterioration [1,5,6]. In addition, Li plating is considered 

one of the most complex phenomena to analyze in LIBs. Due to its importance, recent studies 

[3,7–10] have focused on the topic of Li plating on LIBs, aiming to further elucidate its effects 

and, most importantly, to detect it. However, to our best knowledge, an advanced, in situ and 

cost-effective technique to detect and quantify Li plating still remains lacking.  

 

In this study, we will show an analysis to estimate Li plating via in situ techniques on a 

commercial high power LiFePO4 cell under stressful, long-term testing conditions. Fig. 1a 

shows the evolution with cycle of the incremental capacity (IC) curves at C/25 for the tested 

cell. The use of IC curves allowed us to identify the presence of Li plating, as Peak ⓿ emerged 

after cycle 600. In combination with the IC peak area (PA) analysis [11], we were also able to 

quantify the amount of capacity underneath Peak ⓿. To further quantify the effects of Li 

plating, we carried out computer simulations using ‘Alawa battery diagnosis and prognosis 

toolbox [12]. Additional analyses and computer iterations allowed us to estimate the effects of 

Li plating during operation (i.e. online). The outcomes of these analyses are shown in Fig. 1b, 

which reveals the effects that the degradation modes caused on each individual electrode 

throughout cycling. We observed that Li plating abruptly reduces the capacity retention by a 

factor of three. The results provided in this work could enhance the knowledge regarding in situ 

detection of Li plating, and its possible application for engineering control systems (i.e. battery 

management systems, BMS). 

 

 
Fig. 1. Results from the GIC‖LFP tested cell showing (a) experimental incremental capacity evolution 

at C/25 and (b) the simulated schematic representation of the evolution with cycling of the individual 

electrodes 

 

 

-20

-16

-12

-8

-4

0

3.15 3.2 3.25 3.3 3.35 3.4 3.45

In
c
re

m
e
n
ta

l 
c
a
p
a
c
it
y 

(A
h
/V

)

Voltage (V)

BOC

Cycle 300

Cycle 600

Cycle 900

Cycle 1200

Cycle 1500

EOC C/25

❺

❸ ❹

❷
❶

⓿

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 1 2 3 4

C
e
ll 

v
o
lt
a
g
e
 (

V
)

Capacity (Ah)

LFP - PE

GIC - NE

Full cell

Liplating rev. = Peak ∫⓿

QPE final = QPE initial = 2.65 Ah

LAMdeNELLI + Li plating irrev.
QNE final = 0.56*QNE initial

QNE initial = 2.52 Ah

QFC final = 0.68*QFC initial

Li plating rev.



 

 

References 

 

[1] J. Vetter, P. Novák, M.R. Wagner, C. Veit, K.-C. Möller, J.O. Besenhard, M. Winter, 

M. Wohlfahrt-Mehrens, C. Vogler, A. Hammouche, J. Power Sources 147 (2005) 269. 

[2] M. Broussely, P. Biensan, F. Bonhomme, P. Blanchard, S. Herreyre, K. Nechev, R.J. 

Staniewicz, J. Power Sources 146 (2005) 90. 

[3] M. Petzl, M.A. Danzer, J. Power Sources 254 (2014) 80. 

[4] P. Arora, R. White, M. Doyle, J. Electrochem. Soc. 145 (1998) 3647. 

[5] M.C. Smart, B.V. Ratnakumar, J. Electrochem. Soc. 158 (2011) A379. 

[6] N. Legrand, B. Knosp, P. Desprez, F. Lapicque, S. Raël, J. Power Sources 245 (2014) 

208. 

[7] T. Waldmann, M. Kasper, M. Wohlfahrt-Mehrens, Electrochim. Acta 178 (2015) 525. 

[8] M. Petzl, M. Kasper, M.A. Danzer, J. Power Sources 275 (2015) 799. 

[9] J.C. Burns, D. a. Stevens, J.R. Dahn, J. Electrochem. Soc. 162 (2015) A959. 

[10] C. Uhlmann, J. Illig, M. Ender, R. Schuster, E. Ivers-Tiffée, J. Power Sources 279 

(2015) 428. 

[11] M. Dubarry, C. Truchot, B.Y. Liaw, J. Power Sources 258 (2014) 408. 

[12] M. Dubarry, C. Truchot, B.Y. Liaw, J. Power Sources 219 (2012) 204.  

 

 

 

 


