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Application of Self-powered Systems in
Environmental and Biological Disinfection
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"Disinfection" is crucial in our daily life, especially during this pandemic time. In addition to
frequent hand washing to maintain personal hygiene, environmental cleanliness is also extremely
important. However, traditional disinfection methods have drawbacks such as toxicity, low
biocompatibility, energy consumption, and low efficiency. Therefore, there is an urgent need to
develop low-toxicity, environmentally-friendly and effective disinfection technologies. Our team
utilizes thermoelectric materials, optical/piezoelectric materials, and triboelectric nanogenerators to
fabricate different types of disinfection devices. These three devices achieve the disinfection effect
by respectively converting temperature, light, and mechanical energy from the environment to
produce electroporation or generate reactive oxygen species.
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AT BRI A ES - BEd R 2 R B I A Vs IR e 2 B A KA TE
01 EAREMEH BT RN B TLAEY FlEETEESYE (reactive oxygen species,
ROS) * FI41 H,0,*? - (YK RS LI - HIL T ERER SBLVE S R % B
HETREE - 2 PRATEEINIHLIEE - HAITZDUK » AER—EBIBRER LA
ZEEE - NIRRT EIRERREEREEAS - 40 BVESDEEMRPTREE
FEERESZ TEE ) (B1) 50 Tt REETTRIIGERE)  ZREPIRER Al " A
) EENR o IR ASEREIRERR R SIS E PR 2 BERE - DUERIH BHEE SR B EFEE) -
KEFKEZSEHZERE - B TIREERFE PN - R HEMEERI R A 8 - 91
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TEVEEYIE (reactive oxygen species, ROS) % &2 I F HA BR 5 Bl fidt FE i 2R Q3 - TE T4
Y'E & A YRR EROFRRE IR SR - iR R e - R B AR R S AR A B
PEASSUIE - (R E N E AR AR OB - EN BB TIEE - ik
T RANEMEEYE B % LS (hydrogen peroxide, H,0,) » KR HiRE EAHR EMEEEE
- MERER A - MEE WA - @i EESEALER TR E B (anthraquinone
method) * RIMLTEFEERLIRS] - OEEEEEEE - EVIREIEVELIH - DIk4E
FESEFEFEE K BAEREES Y BT uRILARE - B LR IR A BUE M E e DU E
{LEE S BOEAET SAERINZ BN ER Y « ST R BHE AT 1 S £ p 2R e (b ik
(phtocatalysis) EdJFE JJfE{Li: (piezocatalysis) » FI FH YEHE R BEPEE B FE (L pE ERHOEAE LI
B e L (F A - (E 15~ E e Bl E A 3% (electron-hole pairs) 43BfE » HEATRI R
BACERE - EMAEREEEDE - R > $DEEERERR - KRR EEE
WOEHE T - (FE LR EEE ROS HIRER R Z 722 - 1ol » SRERREER R
M T IRt AR H B S TR 2 2R A1) - SH— 51 - B1E H ARk 2 T
AGREA R B EN R B R S R R EE - AR ia R LR R B A UE A ERYZ RIS -
It BETHAERCERIEE B E AL ROS HIE(L T R EEAEATHT -
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REERETREENKRIELZ — MEBEXPEFERBRREFTNE —E - BEYE
(thermoelectric material) FYFEFL » Ryl SEER R R 2L Rl 22— FI FHBATR T #TEES - 2L
BB AR R R 2R S T A B E AR D) o BRI ER B - — RIS
AR S EE MR E &R B - BRI R ARG N DURI Y « BRI
EEFAERBENHRSESRAEMRLEEEREEEMENE "' - AAETHL
JS JE I BAEE A HEL M ZAEE (L 5] (thermocatalyst) » ZME(LEI BG4 (BE: » B » HERE
Hh—EEREFE - B r] RN BTt AR IS R e - AN B R R YRR
SIEEB G T LIRS B R I RS & A T RER E SRS TR E Y E R - AERER
—IEF fire B RV LB E A EEEYE 1,0, S HAREGRETHR - HFREREE =
T REVEMEL - =ML 8 (Bi,Tey) » =hfi{b Z## (Sb,Te;) M {LE5 (PbTe) EARE H 2 20
PR T E AR R L ERIRERED LR — S ALEE (TiO,) HYLLEE (B 2) -

RS R = EAEM RS T E 4 H,0, T HEP SRR ENR Bi,Te,  IEELY
#rFEHE R H,0, AR EREVEM FIHYZE B 5 (R %L (Seebeck coefficient) H 2 H]HIRE
R - BEGABMARNE - BEMETEEA R Z TEANENZ - BR W REZEEER
o AREALRZE MY EELREERS - R 1 R =EEEA AYZE R0 fRE - Btk
ARy Bi,Te; WY H safRBLZABEHE R = » 1E 20 IR N HEAREN Z R e ] DUEE
&%) H,0, » Kt Bi,Te; fEELHIFE R E & #URy AL H0, HIRE(LHT o Sk ErIptseE Ll
Bi, Te, 05 FERERCRIIRET AR - WI7EEIBBER IR BiyTe, BiATEL Bi,Te, KK T 7L
TEMEEYERIRER - E 3 P @ FIfIRZE N A E BiyTey ZOKKL T HYBRGRELT 2 AR 15 1%
EWVE H,0, HIREREE R BiyTe, Bitf -
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KRE B SE T A BREM R E LT RV E IR E T - BREE (pizeoelectric
effect) Wb /2 & VI#E 2 SN T8 AL T B M E A BN L BE PRV 38 A 200 -SSR EREE TR ¥ (electrical
hole pairs) 73BfE AL (polarization) FA 5 A B A=Y - RERE MR EA B
HE (mechanical energy) HEHARKERERVFFIE - HIEAIEE EZ - (S EHZ « ARiRkE
a o AEIEFRATRE S T E R B A R A R BR EE U - A AR VE MR R E AR H I R A & -

P 5 A A R EE A Ry —Hii{bSH (molybdenum disulfide, MoS,) * MoS, HIEEIERE
BB LT RO LTS & MoS, 1ERIE T (LIRS - ISR Al e B e
(vortex) #& TIMNBRIBE M E ENE B (B 5) » MIFREHELAEIR - REAEERTEE
PR - BT DUE 2 3R] HOEIEST - & B 2857 (conduct band) KM ERI S5 K E T &
TS -

Irradiation

@ Vos, s Bacteria @ H,0 @ o1 @0, @0,

5.MoS, AAFEMEMEZTER °

H B E A B IRE EDEIE RN EE MoS, Ml EBIZKIEN » HE TR E I - IRE)
EDEIE & MoS, WENE FEE IR 578 - (LK RBENL £ 5 ROS » HEMZE R REE R
Ry THETT MoS, HIRIRE » REXRLIUKEGE S AR MoS, - & 6 HABEKETERL
MoS, Z5 KR F1EZ BT T2 (transmission electron microscope, TEM) HY4NER DLz #H{
Tt o MoS, Z5KKF1E TEM | 2 ZARIGIR (8 6(a)) » R EIRBOR » AT DUBZE 2 # g ak,
ZJgitE (B 6(b)) » SERKAIFEIEFIE MoS, Z3 KA T Al L FERY A N - MEEHATEAL -
MR RAL R » EVIE LR I BB 200 - BRI RS NG RS - BB
Rt N » FLSRIETE (specific surface area) ¥EA - (EY)E ST BAE MEIERETT - AL P BLE
MoS, FAKNF RIS BE BE BV BRI R RE -

7 #HA MoS, S BRI R « 128 SNBIREIRIAE A » SRR ERUR A
BE RIS  fERARI =15 BN T REEAY 100 (SRIFHE R - #8753 88 A A A HB
VAR ilEsE +d N

7E FSlERE] MoS, B T Al E(FRE ST LBERZREE oL LAl - # TR 8 MoS, TEETF
AL RIRL R &AL SRS MoS, * MoS, & IRIOEHIEER @ A EHIRER
KIA MoS, HIRERS R G (BB T HB R G - HSEFIPRET () HER (W) ¥ » SLET
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6. FF % B % B T4 R Z MoS, & k# T 8) (a) TEM ##% &
(b) & ks -

(M 15 min 30 min B 60 min|
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(w/o vibration) (w/ vibration) (w/ vibration)

7. MoS, 34t 1 & KA+ 04 £ 5| (w/ vibration & A #h
IR EY Rk 5 w/o vibration kT EMERIRB A% 5 C AR
BB A BN AR 5 Cy LA M IRE) -

B ER | RE B R A Y B S T AR TE IR E VB KGR - B 8(a) ZVRHEIRAES MosS, M= ayhi
AL b AT ERE) MoS, HSCREHERF (008 Sy Bl A B T KRS - R e 2% H
TEEEWE LR - 18 8(b) BERFER IERIA MoS, FYEE(LAE - fEHE 30 LT -
MoS, AIFZIEREIT 100% HIMHE o F 1 EHZE (Aw) KA FRUTEDL T » RESEEI 5 R
IR BRI RCR:

8(c) A MoS,- A KR T [FIIRF 52 ZHRE) SOE IR BYHIEL - BVRTAERGRERY 15 73
A R IR AGHH B R R R AT 10000 £+ #7 H PL B — TR AS SRA 3 RAFHURREIRCR » KIE
FeAMT ] DUR IR IR fe 2 BREE UM BHER R B BIFRIRLRE -

Fr T BV LB D AL - AT SR R 59— (EF 72 R IR OK S BE A% (triboelectric
nanogenerator, TENG) o BEEfE#RIKAEF N ATE IS TEEEE) - 2 JLER © fiEESEE - ZFKIR
KB o EEREELEEAUE S BEARALEE (contact electrification) PR HH—FE - EAYEE WIEA[H
MG E R - HREG AT BRI SR - EEARE B AR & EE R EUE

(triboelectric effect * BYf# triboelectric charging) M EFEE 75 (electrostatic induction) °
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AR AR AR B A TR SR —HLIRPS A BRI © B
HR I S R R TS L AR C T, » (AT EL T TR -
BERHE A AR AT RS RS L (clectroporation) K HE AN EHIZE L
a3,

SR — AT EL ) GRS AAE - SLEAIER - AT RV I o B
TR » AL ELA A ) R B 2 A M R R P AE - PR S T T
Witk B SRR L AR B O IR R « AR R
BB S A PRI TR - WRTR TR RIET TR ILAOTERT (B 9(b) 3% - i
FPEHYRERS + BERTBCHE AT + b SR B RO - I BRIPA I
TR - IR ER RIS - DIPH A (8 9©) - Bk R AT - ]
THAE (8 9) - EFESIBFRIEEN - WEEMERHTA RS T - WL —
R i VTR 72 - RESTESISEAR - A1 9(e) % (b) °
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9. B R EREERIE -

B2 WA E RS - % il S FE R B S M A A LI - SR ER ZRFLANE
(& 10(a)) - 3t HLA$ll e <2 2= PR BRI BT R S ME B BE 1 BB BE (SEM) MR (] 10(b) —
(e)) » FAMTRTARHEARYE F] - 1= R R R Ml i SN A BRI FLIF R BB R R E A - It
AR Fom R R FE B FLAR BT U

10. EFILEME (a) TEE 5 (b)—(e) b EFILREANEZSEME - &% & H
HREZE (b) EFILEIEA (c) EFILREE ; RKIFGFHALF (d) TFILREA () EFILK
1% -

A5 m] DI R Aok S Bt n B HH R E A HL0, « — BRI B B /KBRS -
R AV M A PR M RGO RCR (] 11)

Fo TEFIFFEPIR R - BT EEE oK S BRI A R eI R BB RE - itk
HAMmeat T — (B B AT R FerE R AR (8] 12(a)) » A53 B SRR R 5% PR AR B i B
HEHE B N RER B ([E] 12(b)) » EILRMAEERORFEERE e F IR R RE - TR FHRE
BRAREEERE » vk H B TR H,0, UEL: - HE 12(c) RS - FEERE
B EE R B (times) HUEETN > H,O, BRI tHERE SN - T e Y i A A I B -
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