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Resear ch progress on piezoelectric ener gy collector
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Abstract: The piezoelectric energy collector for human energy harvesting has attracted wide attention due
to its sustainability, portability, environmental protection and economy. The latest research progress on
piezoelectric energy harvesters and their use in the field of human energy harvesting were summarized,
including the design of piezoelectric energy collectors for human energy harvesting, the selection of
piezoelectric materials more suitable for wearable or implantable applications, and the improvement on the
performance of human piezoelectric energy harvesters by new processes. Nowadays, as traditional energy
sources are becoming increasingly scarce, people have higher requirements for environmentally friendly
energy harvesters and self-powered wearable devices, and future piezoelectric energy harvesters for the
human body will face more opportunities and challenges. The development and progress of new materials,
new technologies, and new processes should be focused on promoting the development of piezoelectric
energy harvesters, so as to make them better adapted to different applications and to improve the energy
harvesting efficiency from the human body.
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Schematic diagram of PZT PEHs manufacturing process (a)l’”’; Output voltages of nanohybrids with different PZT
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Fig. 6 Image (a) and manufacturing process (b) of V-shaped piezoelectric-friction electrical components

S =N [ W=N

VB 5% R - T R YR 5 S L R R AR AR N MR B
W £ U 9 P 3 2 — 2 T LA A FH AL 3 A
FEEOR AW, SESMERBEEIESRMIL, &
HodR s 1 o AR Ak, RS BTHA AR il

[43]

JE R B SF PRGN SR R, R e RE ML A AL
ARFEENE o IRA BT AT RE AR SR B T
R M, W RET AR L AR
e MBS TR o [, BRSO - TR IR G TR i e

He B



© 2328 ¢

A% 4m 4 T FINE CHEMICALS

41 4%

SRAR AR B A 2 — T TR A ML ] 23 Bt N T Y
SHEAS X B WU v LAY, DA R R A ) A7
FIATEEYE; S34h, SHALRERIUE RGN, FEE
R - T R YR S R B AR SO AR 45 T BE A 2 A Ak
RIS, 3 FH P 4 e A oA 15 vl RE 2 Bk
] 38 g A B e WA A A LT R A EE SR AL Y
B, AN .l S P AR R s T R A DT
3, R R - T L IR A T R RE R AR A e A RE
SO T P A PERE AT I o 3 O A TR R AR R
ST A B BB, AT v EE 5 A - TR LR 5 T L i
HORARATHYBR AL, O AR L R R AR AR TT IS BT Y
PLE .

DAL a5 B4 41 7 LIS T s s AR A R EAT
TE N L RE S AR s p N, e 78 i F AR
ML b, BERIEAS A ml S M
SCHE RSO, XA R U ki EROR,
TR SN/ iE oL, BRI T AR
TENMRISE AT, /N RS A Bl Bt B % S Y
A&, MEMS R 59K 450 1 TR i 4 6 5 L 58
HUBPRAH L, 30 T 3 Ml A B R R
FHLAEREAY AR 5 EEE R - T L YR S AR A RE D WALAE O
%, RXHMES IR R USSR B A b e,
XA RE R AR BEAXTAT . 2355 M AT X AR 4% Tl
18 3 R R HUMRESEA TR, S IIOE & B0 A A%
W MBI RS, AR AR BE IO S
HAT T ] (4 0L T35t

3 EHREEWNSFIHETLZ

31 fAMT

SR T 7 34 A gl R 4546 1
iR o F L s S T DAGE A A i T AR il 3
ezl MZIFTIR iz BRI LR
B RHHEE, U PZT s Ak (45N AIN),
FA 2 sk Z0K FL VR U R TEARTY, SR )5
o7 FH G S5 k2 e SE BRSO RRAE JEAF b o kel
0 T3k R RS 425 ) B AR 2% 1 JLARD TR R A
fie, JFn]H TR E ZR M = gL f e,

Bifi 5 % AT 2 R A S & T R B T, il
A AR P R L AT 3 A 3 2 /N B A2 3l i
SRR T R MBS AT EM . W ER
i ACSE #4838 (0 FH S R s 4R A 10 IR S5 4 1Y
JEHARL, (BAEFERIf i PR R 2% . it FE R MESE
[0, ALGIERIT 21T % T 1 e T2 M SR It 0 i
B, B WA AR AIN S T R U B 2
T 1o AT BRI AR B B b T AR, S B ) i 5
FEARAE R JR E R A = T R L), AT SRR A
KRB WEAR I TT R B I . xR T H

TG BB BEW M (PT) JEJE AR L AIN R,
T ALAR K T2, Ffamad fai s AR BAS (14 fs 4t o
THARMIITEZE R FEFAE LK AIN G2
HA RAFMIES Mg rert, HHRSE R 6.35 nm,
BAAHRECHE, R, S5 A5 % Fh i e e I gE
¥ di3 N(4.93£0.09) pC/N ., Z2PE AIN BRI 7E
WIS R Al 4E 2 1.4 V% 04 (8 F A ik
1.6 uA FYIE(E R, R AIHLR B N 2.1 pAlem?,
P S A L BH G R AT 4R 1.57 oW RYBRAS TR it
Ah, AIN REIICER 258 HAT & st R ML 5 1 1)
Pisio LiRZEIREN, XA AIN GERICERRFER] 5
A AL B RN BE S S A 2 B T g o X
T AT SRR R, ARG ff e T R e R s R S AR A
SEFAPE | BB AR BRER, IR ARz B
e Y R H R S SO A ) R R B T A

RS RS, R EYE SRS
W, WRERRR LA LA, B, Kbk
HLREJRAIF I+ b B BILIRY o7 FH A0 5 00 . 1 74 A=
Y R 2 A IR T8 e e R o £ R R AR
PRSI fE R I E S . ALEKSANDROVA 251752 1
SRR S AR, FEVURTE 2R LR L iR A
R LIEWEREL (PEDOT:PSS ) FAE KB T
(Ga) MIESLEE (GZO) FEHMRL, 9kesFfbi
GZO e[ 2 B AR E 4, PR EAA TR He
TR, DT 7= A O Y PR L R o SRS i L
KEEHIIEE GZO AT L 398 mV, T4
JEEL R 231 mV., JEZ5HMEIN GZO
B TR Ky 2.05 pW, MZEHIbE) GZO
3.34 pW, [HIt, 258101 GZO T A JoHT H L RE
HIE S B B R 54 J1 . PEDOT:PSS/GZO
JEHL R GRS T P ENLRE, IF R
DRt . AR, B R ES LR A
YWHA R EBMERE, fEEIT . Fk & 5O
BENRWR WS . WS A AR RRL 22 FAE )
P22 T A4 AR AL T B AR ST 7 1o BN AT BEME, M EE
I7 FIVGE B 1R A% R 1 R ke & St R TR I B2 M . B
GRG0 kR, AT B 40 K 540 10 2R
B YTEAR BB TN ANz HuU H

J HEL R B WA SR N T B AR A AR G v
AL S AL FE RE IS i 1 B2 A2 MRS B 1) 2549, B &
FERY AT A M. A Ty ik Sk T R E R
ARSI T L R R SR AR PR AL T AR B BLA,
TN T J7 534 BEKe T M L 5 oo (4 RN A% SR 2
AT R — &, MmiflE R 4% . Thg
R Y RE R AR SR Ty vk T v 2
PERNR] 2 A0 R B e g i, A UG AR & AR TE
PR, R A Sk T T A AN . (ER AN T



W11 xOH, & RENK

FA-E=N

He B

Y HE BB S AT 9 © 2329«

AT AR G, BRI T e & IRk T A7
AN, A N T kT S PR B R AR AR Y
U PR RIAT P, X2 N 7R 75 4 i Ry i
B AT 2R 28 R T B R R, T ARk e IR
SR BB R R L R B MR RE A B 22 3
BT RSO AR IR 2 o 38 3 X 3 e Bk 5 AT &
BRI ITSE, FTLLSE i R R e U AR N T
 WSCER I TP A R RN RT R
3.2 3D #TED

3D TEIE —FhE Ml ER , HBEARSEZE
DURBURE L LA — A = ZE 454 o i H i B e 4 2 T
DL R WS SR T B | 22 I 4T B B3 A9 Je Mo 4 4 T BN A5 1
ARFEATFTENES T 3D FTEDAY o A1 R a] DL 3R
GYEEMB S S EATIRA R ER AR R
30 5 S AR K B4 JE R R AT BN i B AR A
A 52 52 A W LD AR N R &5 44, 37 0T FH Ak
T AR SR AR AR SR, FTED Y 2 R IR B AR
R D) || TS 2 B w7 S B TR D i 20 [ S 8
SRFTED ok B R AE AR PR BE T RERLAIR, {HJ2 3D 47
Bk BT B AT 1 e B R E AT 5 R B 5T AT A 2%
ﬂ:ﬂ[SO]O

ALK K ALY T AR R H fig e B 7 4%
BN EZ. CAVIRABNERT 3D FTEIH
ATPLR BRI OK R HLAL, H AR SEI 54 3D 4TED
B AT P A R AR A AL, XO& T H AT s = T HT
E[AY AT 7 e R B8 K DL R R PR AR R S Ak 15
o ZHOU %P5 it & b -R AW E SR,
FIH 3D FTERF A 25 T hofft i = v 4 oK & HL AL,
PLSEEL A HE B AL AR N . B B
15% Bk TR M 44 K ki ( BaTiO; NPs ) 5% [ 4Lk 5
VI E NG W TG TR TR (BAA ) DL KR i ik 3R 2 Bk
“INMIREE (AUD) RA, Hl&ThiEmE &M
B BRI, MHETFCARE (DLP) 240617 3D 4T
B[, il & AT P Ad R K & B L. 3T SEM AL
78, FTERY BaTiO; NPs/EAA/AUD & &4k F 1 &
PR RE A, G0 T O . XHTER R E A AR
FE S AT RN, HoAs RPN AR Sl 434%, #1K
N 0.83 MPa, fEHH7 A REMIA I — AN T
HAMEH T EZ MEIEAR . SR BT RE
AT A B S AN BE T AR WG A B2 R, TEMRCEE N
R E A [FIRS, W REPR AL RER T IE . IR B
AR IRBEE N 57 aW/em?, A, SRR R
HLYN K & LA REUE R 59.8 mV/N, FFHESERT I
WA S, AR AT PP E AT 22 8B R A
A At H B IE S B0 AR R o

PVDF K HALRY G Fhn T, B3 A TR MR K
Fae IS L, b T P4k PVDF 9 LM RE

PR g A A R ARFIE O . AU, =
TR AR A AN 70 % 3 45 Jr vk T {2 iF PVDF b g MY IE
B, VAR PVDF @AY RHLPERE . TU %0258 it
3D FTERH AR 4 T 15 B A PVDF, I Bl ) b il i
TR FR KR = 2 R BE AR AR 3D FTE A
$£%5 7 PVDF 1Y B AHS &, #HE T 7 #5:1& 1) PVDF
R, pARSRIEE T 200%A . ERRIE BT 45 B
PVDF i i oL 22 50 ds3 VRIVRE i) HRL RS ) R 580 s, )
I35 H—6.42 1 1.95 pC/N., il i J& B J [a] () Fi
FEBLARTT ) 72 A A e K I B ml 3k 717 pW/em?;
T J5E B T 1) WO BE A0 4 RS SE 4R E 3 min Y
YR 32.2 ) e AR AA T, 27, 3D
FTEREARSEHE T 1 A H Tl & HA = p A PVDF

RIU BRSO T Tk, HAT LTS 201k
il 3 fR7 B FR A AP, e AR RE R D7 1

W HATA T AR

AT AR H R i AR AR S B A 0 AR AR A
P, PR AR — B 2R EAENGERE, S
BCE | ST RUE AN TH AR . PET R 1
gEA AN (™) Ak« #l (FFF) 3D
FIENEAR , T4 st ge i 2k vl ¢ ik fa 6§ PVDF
IR BE RIS . Wit ™M R, B3 T BaTiO;
AR U R A3 HICE AR T AR A, B TR R
AR I TR RE A FE AR B AL FFF 3D 4TER4
AR B RE R SR AE BaTiOs R38N 30%HY
SN R B R R, DR R R R R R R
11.5V, G 220 nA, 2 LIRS 9 N4k LED
IEH TAE. X PR A Al i AR5 B 1T LR A
BAET Wi Lo @ mh s, BRI AT ik 40
nA, XFRUIEHEEEWEESTE T R FiS T
MNAREHE R, Ak, ETZERGET 1 A4
AEEE R R AE S, AR s SRR, &
R AT ER M s R IRIR Sk . XIS
R Z AR 28 T UM Z5F ) 3D FTER SR S FR 1L
Tk, FEREME. TR, AUt ryLE ii'g
ARy — 20 N 28 e T &

B UL R AR A AR IR R T B 241 4
O, Ch TR PR LIS AR SR, AN
T 1R L B B W AR A M) 8T, TAO 2B ] Z 6 kHe
A2z s R, FF& 1 FATFTERRY . i PERe et
JEHYKRE MR, HFIHZZLEIE 3D KA
KEAE, W 7a Wis o iz ksl /e o/ iR
WA KR E 2R 3D ITENRMEEmYkE S
BERC, TEPRUER AR BRES T ] LA™ A 0 01 F e 24
20V, SRR E S5 R I R LK B A A5 R Y
HLR R, DA i LR A REICRE 4R
SR TZ 7 EAE AR BE S W EE N TR 9 ) o X

oy =

He B



© 2330 ¢

M 4m 4 T FINE CHEMICALS

41 4%

IFE A it A i 52 1 R H e T A RE R W AR
BLFTERE T BB Az

UTAER, B s PR AR M AR el T
F A AR 38 32 T o AP 4R R MR b i L
Hoe 2 A YR ARG Y, oA R
SR, ETHE R AR SEBRI T H 32 5 A R,
o) A S B = Ak Sk 2 R 1) S % T T A R A
T 2T 44 28 290 K 5 1 DA LU 2 K 2T 25 K bR i
i B AR P 2 K A P AL I 7 T B R

Recirculation| § &
channel *

b ; :

Material extrusion of
cellulose nanocrystals

Moves in Z

SR, XSy ARG B AN T8 98 A —
R PR . SAHA ZEPSDR 4 3D JTENFA, it
JEil g T HA G AN T AR YOK ) &
3D FTEIIR YK &AL (Py-PNG ), WAl 7b B
N, AT ZFBe s R B AL, e T R
HL K & B ALE AP RN T . R4 3D 4TE)
FAR, 9k & LR 1 B RE Y5 P R AN
RUE, I 200 MR I 15 £ T 7 HL s o 418 R U
48 17 (5 A5 9 A ARG DN T AR T P

, Piezoelectric filament

High voltage power supply
, Conductive filament N\

Poling pole
Ay
Silicone oil bath

3D multi-material structure
/ Hot platc

Printer
control
board

K7 ZRPR =T ED R R R GOK B S AR RS O S R B (1) TRHAPRE SRR 2 il i # [ ek
FFIBPER NG (TPU ), HORCARESBRIRET (PZT ) 9OKRURL ); (2) ZAPR =4EFTEI R (S @240 IF LRy H4
IBVEREBR/PZT RO SR 2228 MRE 224 i B P SR A /i R AR B S AR 248 ) (3) il
FHZE TR AL AL AR (a) BY; ST HOR MM BT R 3D TENRIRAER A (b) B

Fig. 7 Schematic diagrams of fabrication process of multi-material 3D printed flexible piezoelectric nanocomposite lattice:
(1) Fabrication process of piezoelectric nanocomposite filaments (matrix: thermoplastic polyurethane, filler: PZT
nanoparticles); (2) Multi-material 3D printing process (yellow filament: developed TPU/PZT piezoelectric

nanocomposite filament; black filament: commercially available TPU/carbon black conductive nanocomposite
filament); (3) Polarization process using a custom polarization station (a)’>¥; Schematic diagram of 3D printing and

characterization of CNC-based ink development (b
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