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Supplementary Table 1. Assignment of FT-IR characteristic peaks 1 

  2 
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Supplementary Fig. 1. Physical changes of Parafilm at the temperature around 90 °C. 2 
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Supplementary Fig. 2. Reduction and oxidation stability of binder in Li|binder film cells 2 

tested by linear sweep voltammetry(LSV) at a scan rate of 1mV s–1.  3 
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Supplementary Table 2. Volume and mass ratios according to binder. 1 

  2 
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Supplementary Fig. 3. Parafilm mixed powder at various volume ratios. a Variation in volume 2 

ratio with different mass fractions of various binders. SEM images of active material particle 3 

surfaces with b 1 wt% and c 2 wt% Parafilm binder addition. The scale bar represents 5 μm.  4 



7 

 

Supplementary Table 3. Comparison of adhesion strength using peel-off test of the 1 

electrode between this work and other references. 2 

  3 
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Supplementary Fig. 4. Representative force/depth profiles measured by SAICAS. 2 

Analysis of adhesion properties of Parafilm-based electrode. 3 

4 
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Supplementary Table 4. Comparison of adhesion strength using SAICAS of the electrode 1 

between this work and other references. 2 

3 
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Supplementary Table 5. Comparison of physical properties according to coating method. 1 

20.51 ° 17.76 °

  2 
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Supplementary Fig. 5. 3D FIB-SEM reconstructions of the Parafilm-based electrode. a 2 

Reconstructed 3D volume of the electrode. Sliced 2D images at b 20, c 30, d 40, and e 50 μm 3 

through thickness direction.  4 



12 

 

cba

fed

 1 

Supplementary Fig. 6. SEM image of the surface morphology of electrode. The inserted 2 

picture is a photograph of the electrode surface. On the surface of the electrode use each a 3 

PTFE, b PVDF, and c Parafilm binders before scorching test. d PTFE, e PVDF, and f Parafilm 4 

binders after scorching test. The scale bars represents 10 μm.  5 
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Supplementary Fig. 7. TGA curves of Parafilm binder.  2 

 3 
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Rohmic : ohmic resistance

Rcontact : contact resistance

Qcontact : contact constant phase element

Ma : modified restricted diffusion  1 

Supplementary Fig. 8. Equivalent circuit model for fitting impedance spectra. 2 
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Supplementary Fig. 9. SEM image of the surface morphology of electrodes. On the surface 2 

of the electrode use each a PTFE, b PVDF, and c Parafilm binders before the formation cycle. 3 

The scale bars are 10 μm. d Zoom in on the powder mixed with the parafilm binder (Scale bar: 4 

2 μm).  5 
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Supplementary Table 6. The parameters for ionic tortuosity calculation. 1 

  2 
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Supplementary Fig. 10. GITT profiles of each binder and corresponding diffusion 2 

coefficient. a GITT cycle data for voltage as a function of areal capacity. Calculated diffusion 3 

coefficient (𝑫𝑳𝒊+) of the half cell using b PTFE, c PVDF, and d Parafilm from the GITT for 4 

charge/discharge. 5 
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Supplementary Fig. 11. Rate performance of half cell using different binders in the 2 

voltage range of 3.0-4.3V. Charge/discharge at rates of C/10, C/5, C/2, 1C, 2C, and the back 3 

to C/10.  4 
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Supplementary Fig. 12. Twin-screw-based continuous dry mixing process with Parafilm 2 

binder. Photographs of a continuous twin-screw mixer, and the dry mixed powder with the 3 

iteration of b first, c second, and d third. The left-bottom insets show the hand-clumped dry 4 

mixed powder, and the right-bottom ones show the fabricated dry electrodes. The 5 

microstructure with dry mixing iterations of e second and f third. g The initial electrochemical 6 

profiles of the second and third mixed dry electrode powder.  7 
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Supplementary Fig. 13. The gravimetric energy density and volumetric energy density of 2 

coin cells with different binders.3 
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Supplementary Table 7. Initial charge/discharge capacities and columbic efficiencies for 1 

NCM811 with each binder half coin cells (40 mg cm–2, 0.1C) and NCM811/graphite full 2 

coin cells (40 mg cm–2, 0.3C). 3 

–
–

–
–
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Supplementary Table 8. The mass loading, density, and capacity loading of NCM811 1 

electrode using Parafilm binder and graphite electrode. 2 

–
–3

–

  3 



23 

 

54%

86%
81%

46%

14%
19%

58%

87%
81%

42%

13%
19%

56%

87%
81%

44%

13%
19%

51%

87%
80%

49%

13%
20%

33%

87%
77%

67%

13%
23%

0

20

40

60

80

100

C
C

 &
 C

V
 c

a
p
a
c
it
y
 r

a
ti
o

 (
%

)

 PTFE  PVDF  Parafilm (filled: CC, blank: CV)

10th 20th

Cycle

30th 50th 100th

 1 

Supplementary Fig. 14. Comparison of CC and CV mode charge capacities with each 2 

binder after the 10th, 20th, 30th, 50th, and 100th cycles.  3 
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Supplementary Fig. 15. XPS analysis of the CEI layers on the formation cycled NCM811 2 

cathode surface. C 1s, F 1s, and O 1s XPS spectra of the a-c PTFE, d-f PVDF, and g-i Parafilm.  3 
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Supplementary Fig. 16. Formation voltage profile. At areal mass loading 30, 40, 50, and 2 

60mg cm–2 for a PTFE, b PVDF, and c parafilm half cell in the voltage range of 3.0-4.3V at 3 

0.1C.   4 
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Supplementary Fig. 17. Cycle data for thermal stability verification. a Voltage profile of 2 

Parafilm-based cell at 70°C above Tg for 10 cycles. b Cycle voltage profiles of the electrodes 3 

after scorching test.  4 
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Supplementary Fig. 18. Coin cell architecture. a NCM811|Li half coin cell b 2 

NCM811|NCM811 Symmetric cell c NCM811|Graphite full coin cell. 3 


