
Title Quantifying the effect of electronic conductivity on the rate-
performance of nanocomposite battery electrodes

Authors Tian, Ruiyuan;Alcala, Nolito;O'Neill, Steven;Horvath,
Dominik;Coelho, João;Griffin, Aideen;Zhang, Yan;Nicolosi,
Valeria;O'Dwyer, Colm;Coleman, Jonathan

Publication date 2020-01-30

Original Citation Tian, R., Alcala, N., O'Neill, S., Horvath, D., Coelho, J., Griffin,
A., Zhang, Y., Nicolosi, V., O'Dwyer, C. and Coleman, J. (2020)
'Quantifying the effect of electronic conductivity on the rate-
performance of nanocomposite battery electrodes', ACS
Applied Energy Materials, 3(3), pp. 2966-2974. doi: 10.1021/
acsaem.0c00034

Type of publication Article (peer-reviewed)

Link to publisher's
version

https://pubs.acs.org/doi/abs/10.1021/acsaem.0c00034 - 10.1021/
acsaem.0c00034

Rights © 2020, American Chemical Society. This document is the
Accepted Manuscript version of a Published Work that appeared
in final form in ACS Applied Energy Materials after technical
editing by the publisher. To access the final edited and published
work see https://pubs.acs.org/doi/abs/10.1021/acsaem.0c00034

Download date 2024-04-30 08:30:59

Item downloaded
from

https://hdl.handle.net/10468/9787

https://hdl.handle.net/10468/9787


S1

Supporting Information for

Quantifying the effect of electronic conductivity on the rate-performance of 

nanocomposite battery electrodes 

Ruiyuan Tian,1,2 Nolito Alcala,3 Stephen JK O'Neill,1,2 Dominik Horvath,1,2 João Coelho,2,4 

Aideen Griffin,1,2 Yan Zhang,5 Valeria Nicolosi,2,4 Colm O’Dwyer,2,5 Jonathan N Coleman1,2*

1School of Physics, Trinity College Dublin, Dublin 2, Ireland

2AMBER Research Center, Trinity College Dublin, Dublin 2, Ireland

3School of Physics, Technological University Dublin, City Campus, Kevin Street, D08 NF82, 

Ireland

4School of Chemistry, Trinity College Dublin, Dublin 2, Ireland

5School of Chemistry, University College Cork, Tyndall National Institute, and Environmental 

Research Institute, Cork T12 YN60, Ireland

*colemaj@tcd.ie (Jonathan N. Coleman); Tel: +353 (0) 1 8963859.

Electrode density

 

0.1 1 10

1.5

1.6

1.7

1.8

1.9

2.0

2.1

2.2  CB
 CNT
 Gra

El
ec

tro
de

 d
en

si
ty

 (g
/c

m
3 )

Filler Mf (%)

Figure S1: Electrode density versus filler content.



S2

Galvanostatic charge discharge curves
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Figure S2: Second cycle charge-discharge curves for electrodes of NMC811 filled with 

different loadings of A) graphene, B) carbon nanotubes and C) carbon black. All measurements 

were performed at I/A=17 mA/g.

Calculating the curve in figure 5B

We can plot equation 6a on figure 5B as follows.

Equation 6a can be written as:
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When plotted as  vs.  the expected slope is 14 F/mAh while the intercept is 2/ EL /V OOPQ 
the set of terms in the square brackets. The intercept can be found when 1/OOP=0 or when 
OOP.

For illustrative purposes, we plot   vs. OOP below. The intercept in figure 5B is the 2/ EL

constant value of   when OOP becomes large. To plot this, we need to estimate the 2/ EL
relevant parameters:

=2.1×108 mAh/m3 Found using  and averaging over all samples.VQ V E MQ Q

BL=0.5 S/m Typical for LIB electrolytes1

DBL=3×10-10 m2/s Middle of the range for common battery electrolytes2-3

PE=0.6 Estimated from mean electrode density

PS=0.4 Typical for commercial separators4

LS=16 m Celgard 2032 separator

=97 m Measured mean thicknessEL

LAM=r/3~2m Proposed relationship between LAM and particle radius5  

DAM=5×10-14 m2/s Diffusivity of Li ions in NMC1116

tc=25s Roughly middle of the range reported by5

Using these parameters yields the following graph which clearly shows the limiting value to 

be 3.5×1010 s/m2.
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Figure S3: Calculating  versus OOP conductivity.2/ EL
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Figure S4: Critical (out-of-plane) electrode conductivity, OOP,min, plotted as a function of 

electrode thickness (LE) and low rate volumetric capacity (QV). The critical conductivity is that 

required to reduce the contribution to  associated with the electrode resistance (first term in 

equation (6a)) below 10% of the sum of the other contributions to  (i.e. the other six terms in 

equation (6a)). Here we calculate OOP,min using the following parameters: =2.1×108 VQ

mAh/m3, BL=0.5 S/m, DBL=3×10-10 m2/s, PE=0.6, PS=0.4, LS=16 m, =97 m. In A and EL
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B, this calculation is performed for electrode materials with long (A, SSD+tc=104s) and short 

(B, SSD+tc=1s) combinations of solid-state diffusion and reaction times.

References in SI for publication

(1) Logan, E. R.; Tonita, E. M.; Gering, K. L.; Li, J.; Ma, X.; Beaulieu, L. Y.; Dahn, J. R. A Study of 
the Physical Properties of Li-Ion Battery Electrolytes Containing Esters. J. Electrochem. Soc. 2018, 
165 (2), A21-A30.
(2) Ehrl, A.; Landesfeind, J.; Wall, W. A.; Gasteiger, H. A. Determination of Transport Parameters in 
Liquid Binary Lithium Ion Battery Electrolytes I. Diffusion Coefficient. J. Electrochem. Soc. 2017, 
164 (4), A826-A836.
(3) Ong, M. T.; Verners, O.; Draeger, E. W.; van Duin, A. C. T.; Lordi, V.; Pask, J. E. Lithium Ion 
Solvation and Diffusion in Bulk Organic Electrolytes from First-Principles and Classical Reactive 
Molecular Dynamics. J. Phys. Chem. B 2015, 119 (4), 1535-1545.
(4) Zhang, S. S. A review on the separators of liquid electrolyte Li-ion batteries. J. Power Sources 
2007, 164 (1), 351-364.
(5) Jiang, F. M.; Peng, P. Elucidating the Performance Limitations of Lithium-ion Batteries due to 
Species and Charge Transport through Five Characteristic Parameters. Sci. Rep. 2016, 6, 32639.
(6) Cabanero, M. A.; Boaretto, N.; Roder, M.; Muller, J.; Kallo, J.; Latz, A. Direct Determination of 
Diffusion Coefficients in Commercial Li-Ion Batteries. J. Electrochem. Soc. 2018, 165 (5), A847-
A855.


