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Figure S1. Measurement of surface roughness of the pristine PTFE film. (a) Photo of the

surface profiler and the pristine PTFE film. (b) Typical surface profile of the pristine PTFE

film.

Table S1. Surface roughness of the pristine PTFE film (thickness of 0.2 mm).

No. Ra (um)
1 0.194
2 0.181
3 0.190
4 0.193
5 0.208
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Figure S2. Photograph of the customized testing platform containing a ball-on-flat
reciprocating sliding tribometer which could simultaneously measure the friction coefficient,
short-circuit current, and open-circuit voltage of the PTFE films under dry friction and liquid

lubrication conditions.
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Table S2. Main properties of different liquid lubricants.

Dynamic )
. L. . . Relative .
Lubricants Description viscosity at 25 °C o Suppliers
permittivity
(mPa-s)
Shanghai
Hexadecane 99% 3.039[1] 2.02[2] .
Aichun
2,6,10,15,19,23- Shanghai
Squalane 28.257[3] 1.92/2.09[4] )
Hexamethyltetracosane Aichun
Chevron
Poly Alpha Olefin, o
PAO6 45.79[5] 2.1[6] Phillips
SpectraSyn 6 )
Chemical
1-Butyl-3- )
o . Shanghai
BMIMPF6 methylimidazolium 272.86[7] 14.0£0.7[8] )
Aichun
hexafluorophosphate
Silicone oil Polydimethylsiloxane 47.5[9] 2.72[9] Dow Corning
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Figure S3. Schematic diagram of the working mechanism of the reciprocating sliding-mode

TENG based on PTFE film and the metallic ball. (a) When the steel ball and PTFE film come

into contact with each other, the steel ball is positively charged and the PTFE film is negatively

charged. The net charge is zero due to the equivalent accumulation of positive and negative

charges on the contact surface. (b) When the steel ball slides forward (from right to left), free

electrons flow from the bottom Cu electrode to the metallic ball. (c) The metallic ball

approaches the maximum displacement. (d) When the steel ball slides outward (from left to

right), electrons flow back from the metallic ball to the bottom Cu electrode. The output short-

circuit current exhibits a bipolar peak shape with alternating positive and negative, as shown

in Figure S4c and d.
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Figure S4. Typical triboelectrical performances of the PTFE film sliding against copper ball
under (a, ¢, e) dry friction and (b, d, f) silicone oil lubrication conditions with a load of 5 N and

a sliding speed of 200 mm/s in one cycle at steady stage (i.e., 2300 s). (a-b) Friction curve. (c-
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d) Output short-circuit current. (e-f) Output open-circuit voltage.
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Figure S5. Friction curves of the PTFE film sliding against copper ball under dry friction
condition with the load of 1 N and 5 N.
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Table S3. Summary of the studies on low friction electrification mechanism of the TENGs.

. . . . Friction Current & .
No. Tribopairs Lubricants Contact form  Environment . Mechanisms Ref.
coefficient Voltage
(i) Formation of boundary lubrication film;
PTFE/ o 15 pA g
1 Nvi Hexadecane Face to face Ambient air 0.04 60V (i1) Hexadecane film enhanced the surface [10]
on
Y charge density
Steel/ . ) ) 6 nA (i) Formation of stable lubricating oil film;
2 PAO 4 Ball-on-disc Ambient air 0.06 . . . [11]
PVDF 0.15V (i1) Lubricant suppressed the air breakdown
(1) “Micro-bearing” effects; (ii) Reducing the
Steel/ Hexadecane & ) ) 400 nA ]
Face to face Ambient air 0.048 generation of PTFE transfer film and [12]
PTFE OLC 40V
enhanced contact area
) AFM tip controls (1) Incommensurate crystalline contact; (ii)
Graphite/ o , ) 3.41nA e .
4 Si None graphite sliding Ambient air 0.0039 013V Non-equilibrium electric field caused [13]
n-Si .
on n-Si electronic drift
Steel/ . .
) (i) Low energy barrier of the hydrogen-
Hydrogen . Nitrogen 16 nA ] . . ]
5 - None Ball-on-disc 0.006 terminated surfaces; (ii) The tribovoltaic of [14]
containing atmosphere 1.6V o
the rubbing interface
DLC film
Silicone oil & ) ) . )
Steel/ . . . 9.24 nA (i) Formation of graphene-rich transfer film; This
graphene Ball-on-disc Ambient air 0.008 N
PTFE heet 095V (i1) Channel effect of the graphene nanosheets ~ work
nanosheets
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Video S1 Video of measuring the output open-circuit voltage of the PTFE film sliding against

steel ball under graphene doped silicone oil lubrication condition.
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