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Abstract: Mechanoluminescence (ML) is a phenomenon where the application of mechanical force to ML materials generates

an electric field and produces light, holding significant promise as an eco-friendly technology. However, challenges in

commercializing ML technology has arisen due to its low brightness and short luminous lifetime. To address this, in this work,

we enhance ML efficiency by mixing carbon nanotubes (CNTs) into a ZnS: Cu embedded in a polydimethylsiloxane composite

ML device. The inclusion of CNTs boosts ML intensity by 98% compared to devices without CNTs, as the increasing CNT

fraction elevates conductivity, thereby amplifying ML intensity. However, this increase in CNT fraction also leads to enhanced

light absorption within the device. Consequently, we observe a trend where ML intensity rises initially but declines beyond a

CNT fraction of 0.0015 wt%. Based on these findings, we anticipate that our research will make valuable contributions to the

advancement of electrical powerless mechanoluminescent technology.
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Fig. 1. (a) Schematic diagram of mechano-electro-optical conversion
process and (b) triboelectricity of phosphor embedded in matrix.
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Fig. 2. (a) The production process of ZnS:Cu-PDMS-CNT ML
composite films and (b) photographic images of ZnS:Cu-PDMS-CNT
films with different CNT wt% ranging from 0 to 0.01 wt%.
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Fig. 3. (a) Photographic image of ZnS:Cu-PDMS-CNT ML
composite film and SEM images of the cross-sectional ZnS:Cu-
PDMS-CNT ML composite magnified by (b) x 100, (c) x 500, and
(d) x 5,000.
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Fig. 4. (a) Normalized absorbance, (b) photoluminescence spectra of
ZnS:Cu-PDMS-CNT ML composite films with different CNT wt%,
and (c) absorbance and normalized PL intensity of composite films as
a function of CNT wt% [Insets of (b) shows the PL images of ZnS:Cu-
PDMS composite film].
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Fig. 5. Generated voltages of ZnS:Cu-PDMS-CNT ML composite films at varying weight percentages of CNTs: (a) 0 wt%, (b) 0.001 wt%, (c)
0.002 wt%, (d) 0.003 wt%, (e) 0.005 wt%, and (f) 0.01 wt%. (g) Relationship between generated voltages and CNT fraction when the finger

is bent 90°.

ollM g ML S0 - = 55}

d 5(a-f)& CNT &332 0 wt%oll 4] 0.01 wt% =2
ZnS:Cu-PDMS-CNT 2317 4=
APA17 £71eko] Yt gol oJsh B31A] 1
1.9 017}51% S wff W Alsh= JorS ;\]
UHERU it 71l RAtstol
F 575 golstA 517] sl B3|
&+ PtiH, Agpaste =i, Cu Ho] =5 BA}5}0] %
A AMAE AL} [18]. 273 5(a)= CNT &gl
ZnS:Cu-PDMS E3H#] &2 Q& 4l QF

1 =230
ES o T hid
ol T2 Aol g HARY S4e =, giRidy
0
ot
=}

rulo oA

zQ, HJL

> >|E > ulm b dlr ot 32 oz N orfr >kl J|m

AL 0.1V ofate] uhe Fgto] wAlshe o] 2
C}. SPA19E CNT g0l 7Fetoll mepa] 2ag

7¥st0] 0.01 wt%o]| o] 2212 o ZnS:Cu-PDMS-CN
SHA| WE0] gAA Qe Rt 0.39 Vet Hi 0.29 VE
AE|Qict 13 5(g)= ZnS:Cu-PDMS-CNT 23] =
o] CNT % o] whet QA W UE-S2o] et LAy
P UER 2ot o] B8] e o] ol
O*iﬁ—/\lﬁ% o WA Sh= A w2 CNT o] 5714
22 218 4 9T} 53], 0.003 wih7HA| =

[ =N
L
O
=

A35] Z7tstal 0.003 wt%ol| Al 0.01 wt%7HA| = 571
o] 225 @42 UYL o] CNT-PDMS Ato]of
A Y= opE 7o) o5l e MYl 27 B3
2 WA|S, CNT #efo] 370l whe} PDMS Ujo] CNT
of FAF LLO| FAL 7] W] MY MY 37}
e g slos Baad

—~
Q
~

212 R
2 B =
1.0 9 2 -
) g
-t °
os Te
0.6 ° W W W e TR W
g / s Wavelength (nm)
0.44
N CJ
fol e | pm
5.0 I
=

0.0000 0.0015 0.0030 0.0045 0.0060

b) SWCNT weight ratio (wt%)
2101 9
7]
[
Qos
=
- 06
=
g o °\
N
®o2]
£ \
z° 0.0 )

008 012 016 020 024
Voltage (V)
Fig. 6. Normalized ML intensities of ZnS:Cu-PDMS-CNT composite
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