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1. Triboelectric effect

W7l getdoz Mz CHE 229l YHTUOM ZUSHA =0, 2M 4= oAM=
TH OfL|2t AQf oA ZF AN &= Zh HMet ZIN ZtoME oot FEY| Y
of A0 ot 7[F2 1o dg|Aof "okt HAvt =8E FH|o| OrEd) TS
HAAZ A0 A=, ol2gt 7| dd2 Aei =228 BOl Fa5te f2l 4
2 FHOA gits] Ty 2 F8 ofL2} At dY0AME BOol & &+ UA=H I HEH
ol ol FEO st HIH H=2ledd O|Ch SHX|TH o|2fst FH7| e dd d=olH
U AZON FoHY 242 K7 0|F AXSte gLz A7 UAHE Y ALk
217F Loz o tiE=M F2l0l= A7 ddotA &l of §HAS 2= =

227t 29 7|2t 2hls A2 UTE AMOM EMZ E= WEEH0A A2



I AYol Qs AN WE MF7F =8 LiEfLE HAO|CH 0|t 22 O|RE ¢
&l triboelectrico 2 ZAMEl XS

L} 7|&XQ 28200 AZE|O{QCE 12fLf, 2012 Z=X|oF ZLHe| Zhong Lin

—_

L 2K e 2Ol F0HE LIEpACHS nfstE o

=

I

Wang &0 A= triboelectrice] EMZ 0|23t0 [itAQl "oz AXE X ZESHY

triboelectrice 2 Mot MSIE 0| &%t triboelectric nanogeneratorE E 11 S QUL

2. Triboelectric mechanism
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2.2. Triboelectric series
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Polyformaldehyde 1.3-1.4 (continued)

Etylcellulose Polyester (Dacron)

Polyamide 11 Polyisobutylene

Positive | Polyamide 6-6 Polyuretane flexible sponge

Melanime formol Polyethylene Terephthalate

Wool, knitted Polyvinyl butyral

Silk, woven Polychlorobutadiene

Aluminum Natural rubber

paper Polyacrilonitrile

Cotton, woven Acrylonitrile-vinyl chloride

Steel Polybisphenol carbonate

Wood Polychloroether

Hard rubber Polyvinylidine chloride (Saran)

Nickel, copper Polystyrene

Sulfur Polyethylene

Brass, silver Polypropylene

Acetate, Ra Polyimide (Kapt

, Rayon ‘ Oylml e ( ap on) Negative

Polymethyl methacrylate (Lucite) | Polyvinyl Chloride (PVC)

Polyvinyl alcohol Polydimethylsiloxane (PDMS)

(continued) Polytetrafluoroethylene (Teflon)

2l 2. Triboelectric series
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Polyurethane foam +60  +N  All materials are good insulators (>1000 T ohm c¢m) unless noted.
Sorbothane +58  -W  Slightly conductive. (120 G ohm cm).
Box sealing tape (BOPP) +55  +W Non-sticky side. Becomes more negative if sanded down to the BOPP film.
Hair, oily skin +45  +N  Skin is conductive. Cannot be charged by metal rubbing.
Solid polyurethane, filled +40  +N  Slightly conductive. (8 T ohm cm).
Magnesium fluoride (MgF2) +35  +N  Anti-reflective optical coating.
Nylon, dry skin +30  +N  Skin is conductive. Cannot be charged by metal rubbing.

Machine oil +29  +N
Nylatron (nylon filled with MoS>) +28  +N

Glass (soda) +25  +N  Slightly conductive. (Depends on humidity).

Paper (uncoated copy) +10  -W  Most papers & cardboard have similar affinity. Slightly conductive.
Woed (pine) +7 -W
GE brand Silicone Il (hardens in air) +6 +N  More positive than the other silicone chemistry (see below).

Cotton +5 +N  Slightly conductive. (Depends on humidity).
Nitrile rubber +3 W
Wool 0 W
Polycarbonate -5 W

ABS -5 -N
Acrylic (polymethyl methacrylate) and adhesive side 10 N Several clear tape adhesives are have an affinity almost identical to acrylic,
of clear carton-sealing and office tape even though various compositions are listed.
Epoxy (circuit board) -32 N
Styrene-butadiene rubber (SBR, Buna S)-35  -N  Sometimes inaccurately called “neoprene” (see below).
Solvent-based spray paints -38 N May vary

PET (mylar) cloth -40 W
PET (mylar) solid -40  +W

EVA rubber for gaskets, filled -55

Slightly conductive. (10 T chm ¢m). Filled rubber will usually conduct.

Gum rubber 60

Barely conductive. (500 T ohm cm).

Hot melt glue -62

Polystyrene -70

Polyimide -70

Silicones (air harden & thermoset, but not GE) -72

Vinyl: flexible (clear tubing) -75

Carton-sealing tape (BOPP), sanded down -85

Raw surface is very + (see above), but close to PP when sanded

Olefins (alkenes): LDPE, HDPE, PP -S0

UHMWPE is below. Against metals, PP is more neg than PE.

Cellulose nitrate -93

Office tape backing (vinyl copolymer ?) -95

UHMWPE -95

Neoprene (polychloroprene, not SBR) -98

Slightly conductive if filled (1.5 T ohm cm).

PVC (rigid vinyl) -100

Latex (natural) rubber -105

Viton, filled -117

Slightly conductive. (40 T chm cm).

Epichlorohydrin rubber, filled -113

Slightly conductive. (250 G ohm c¢m).

Santoprene rubber -120

Hypalon rubber, filled -130

Slightly conductive. (30 T chm cm).

Butyl rubber, filled -135

Conductive. (900 M ohm cm). Test was done fast.

EDPM rubber, filled -140

Slightly conductive. (40 T chm cm)

Teflon -190

z|lz|lz|lz|z|z|z|z|z|z|2|2|2Z|2|2|2Z2|2|2|2|2|2|2=

Surface is fluorine atoms-- very electronegative

2l 3. Quantized Triboelectric series,

Col 1: Insulator Name, Col 2: Charge affinity (nC/J), Col 3: Charge acquired if rubbed with metal

(W=weak, N=normal, or consistent with the affinity), Col 4: Notes.
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2 4. Schematic illustration of the structure and working principle of the triboelectric
generator. (a) The structure of an integrated generator in bending and releasing process
and related electrical measurement tests. Photographic images of a flexible TEG and
mechanical bending equipment. (b) Proposed mechanism of a TEG: charges are
generated by fractioning two polymer films, which results in the creation of a
triboelectric potential layer at the interfacial region (indicated by dashed lines); a
mechanical compression results in a change in the distance between the two electrodes
(from D to d), thus, under the driving of the triboelectric potential, a change in system

capacitance leads to the flow of current in the external load which drives the flow of the

free electrons across the electrodes to minimize the total energy of the system.
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