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Figure S1. (a) and (b) SEM images of pencil-trace electrode on a copper current collector 

surface with different magnification before cycling. (c) SEM image of pencil-trace electrode 

after 100 cycles. 
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Figure S2. (a) and (b) cross-section SEM images of pencil-trace electrode on a copper current 

collector surface with different magnification before cycling. 
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Figure S3. (a) TEM image, (b) TGA-DTA in air, (c) energy dispersive X-ray (EDX), and (d) 

XPS spectra study for 4B grade pencil-trace electrode. 
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Figure S4. Particle size distribution histogram of clay particles intercalated into pencil lead. 

 

 

 

 

 

 

 

 

 

 



S6 

 

 

Figure S5. Long-term cycling stability of pencil-trace electrode under 100 mA g
-1
. 
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Table S1 Elemental composition in atomic % of the 4B grade pencil from XPS and EDX. 

Sample XPS (At. %) EDX (At. %) 

C1s O1s Si2p Al2p Total C1s O1s Si2p Al2p Total 

Pencil 84.2 11.5 2.2 2.1 100 78.9 16 2.6 2.5 100 
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Table S2 Kinetic parameters derived from the Nyquist plots for the fresh cells made from pure 

graphite with binder and binder-free pencil-trace. 

Sample RS (Ω) RCT (Ω) ZW (Ω) 

Commercial graphite with binder 6.82 85.6 79.1 

Binder-free pencil-trace 6.58 68.3 37.2 

 


