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May phat dién ma sat nano: Mot gidi phap niing lwong tiém ning
Triboelectric nanogenerator: A prominent energy solution
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Cudc cach mang cong nghiép lan tht tu va su phd bién rong
rdi clia cac hé thong két néi van vat IOT, nhu cau vé nhiing thiét bi
c6 dg linh dong cao va tu cap nguon duoc cuc ky luu tdim. Vao ndm
2012, mot cong nghé chuyén d6i ning lugng méi co tén May phat
dién ma sat nano (TENG) da duoc phat minh ra boi nhém cua
Wang (duoc trich dan trong Fan, Tian, & Wang, 2012). May phat
dién ma sat nano 1a thiét bi c6 thé chuyén d6i mot cach hiéu qua
cac ngudn nang luong co hoc lang phi quanh con ngudi thanh dién
nang. Dya trén su hop tac cta hién tugng nhiém dién do co sat va
cam Ung tinh dién, cac nha nghién ctru da phat trién bon ciu hinh
co ban cua TENG la: cu hinh tiép xtc doc, ciu hinh truot, ciu
hinh don dién cuc va cdu hinh dién cuc treo. Trong bai béo nay,
cac kién thuc co ban, vat liéu va ung dung cua TENG duogc thao
luan co ban. Ngoai ra, mé hinh tiép xtc doc co ban ctia may phat
dién ma sat nano duoc ap dung dé lap rap thir nghiém may phat
dién ma sat nano st dung mang sgoi nano PVC va nhom thuong
pham. Tin hiéu dau ra cho két qua kha quan véi hiéu dién thé 31.7V
va dong dién 6.2puA ¢ ngoai luc 10N.

ABSTRACT

The depletion of classic energy and high demand of human
require the invention of novel energy source. Therefore, many of
artificial energy sources had been developed. Moreover, in the era
of fouth industrial revolution and speration of 10T systems, the need
for high mobility and self-powered devices are strongly focused. In
2012, a new energy convertion technology named triboelectric
nanogenerator (TENG) which possess the prominent potential
energy solution had been invented by Wang group (duoc trich dan
trong Fan, Tian, & Wang, 2012). This nanogenerator can effectively
convert wasted mechanical energy into electricity. By the
cooperation of contact electrification and electrostatic induction,
researcher developed four popular concepts: verticale contact mode,
sliding mode, single electrode mode and freestanding mode. In this
paper, a shot fundamential theory, material and application are
reviewed in detail. In addition, the wvertical contact mode
triboelectric generator using commercial PVC and aluminum
nanofiber films was investigated. The output signal gives positive
results with a voltage of 31.7V and a current of 6.2A at an external
force of 10N.
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1. M& dau

Céac ngudn nang lwong nhan tao déng vai tro rat quan trong trong cudc sdng loai ngudi.
Trong vai thap ky gan day, nhleu cong nghe chuyén d6i/thu ‘nang luong da dugc phat minh va ap
dung vao cudc séng nhung van chua thé dap tng duoc nhu ciu ngdy cang ting cta con ngudi. Vay
nén, viéc tim ra nhitng cdng ngh¢ nang lugng nhan tao maéi ludn 1a nhitng thach thue to 16n. Vao
nam 2012, Wang va cdng su da nghién ctru va ché tao thanh cong may phat dién nano dua vao hi¢u
{rmg ma sat dién (Triboelectric Nanogenerator - TENG) ddu tién (duoc trich dan trong Fan & ctg.,
2012). Pay la thiét bi c6 kha ning chuyén dbi cac niang luong co hoc xung quanh thanh dién ning
v6i nguyén 1y dua trén hiéu tmg ma sat dién va cam tng tinh dién. Véi cac vu diém nhu chi phi
thap, hiéu néng cao, ché tao don gian, da dang vat li¢u, ... TENG duoc dmh huong phat trién nghién
ctru va thé hién tiém nang 16n trong chuyén doi ning luong tir cac ngudn chuyén dong cua con
nguoi (He & ctg., 2017; Niu va cong su, 2014; Yan, Lu, Song, & Xiao, 2018), gi6 (Chen, Yang, &
Wang, 2018; Phan & ctg., 2017), song nude (Yong, Chung, Choi, Jung, & Lee, 2016) am thanh
(Mi & ctg., 2018) Ngoai ra, TENG con thé hién dugc sy wu viét trong viéc ché tao ngudn dién tich
hop trong céc thiét bi ty cAp ngudn, cac cam bién chii dong va nhiéu hon thé nita (Guo, Pu, & Wang,
2018). TENG duong nhu 1a mt tng vién nang ky cho cong nghé nang lugng trong thoi dai str dung
cho hé két ndi van vat (I0T) va cac thiét bi di dong tich hop da ning.

Trong nghién ctru ndy, ching t6i nghién ctru vé cac khai niém co ban cua may phat dién
dira trén hiéu tng ma sat dién. Pong thoi, lip dat thir nghiém mday phat dién ma sat nano sir dung
cap vat liéu nhdm va mang PVC cAu thanh tir cac sgi nano PVC. Thiét bi thir nghiém nay san sinh
hiéu dién thé 5.7V va cudng d6 dong dién 0.4pA. Két qua nay cho thiy tiém ning ciia cong nghé
ma sat dién, hira hen mé ra nhiing ky vong va thach thirc méi dé tién toi phét trién nhiing tmg dung
thyc té trong tuong lai.

2. Hiéu wrng ma sat dién va may phat dién ma sat nano
2.1. Hiéu vrng ma sdt dién

Khi nhic dién hiéu tmg ma sat dién (Triboelectric effect) 1 nhic dén mét hiéu ang vat ly
b dién ma mdi ching ta déu duoc hoc & nhitng bai giang vat Iy dau tién. Hién tuong dé dugc mo
ta don gian 1a hién twong vat lidu tra nén nhiém dién khi n6 co sat vai mot vat liéu khac. Hiéu ing
nay duoc biét dén hang ngan nam. Mac du day 1a mét trong nhaing trai nghiém thuong gap nhét
cac hiéu ing ma mdi ngudi chling ta chic chan s& thay mdi ngay, co ché dang sau hién twong ma
sat dién van dang duoc nghién ctiru. Nguoi ta cho rang hai vat liéu khac nhau tiép xdc véi nhau,
lien két hda hoc duoc hinh thanh giita mot sé phan cua hai bé mit, dwgc goi 1a do bdm dinh, va
dién tich di chuyén tir vat liéu nay sang vat liéu khac dé can bang héa dién cua chung. Cac dién tir
dugc chuyén co thé la cac electron hoac co thé Ia cac ion/phan tir. Khi tach ra, mot s nguyén tir
c¢6 khuynh huéng gitr thém cac electron, va mot sé xu hudng cho chung di, c6 thé tao ra cac dién
tir triboelectric trén bé mat.

2.2. May phat dién nano dwa trén hi¢u wng ma sat dién

May phat dién ma sat nano, ¢é nhiéu vu diém, chang han nhu cong suét dau ra én, chi phi
thap, san xuat don gian va hiéu suat chuyén doi cao. Wang va cac ddng nghiép da phat trién nhiéu
TENG khéc nhau, co ban dwa trén su két hop gitra hiéu ung triboelectric va cam ung tinh dién
(duoc trich dan trong He & ctg., 2017). Cac nha nghién ciru da thiét ké mot s6 TENG noi bat, noi
mat d6 ndng lugng ciia khu vuc cd thé dat toi 500W/m? va higu sut tong chuyén doi twong tng
khoang 85% (He & ctg., 2017). V&i nhu cau ngay cang tang d6i véi céc thiét bi dién tur linh hoat,
Chang han nhu thiét bi dién tir deo dwoc, man hinh uén cong va da dién tir, TENG I|nh hoat khi
ngu0n dién da duwoc nghién ciu rong rai. Vat liéu phu hop va cAu tric tdi wu 1a hai yeu t5 chinh,
c6 thé anh hudng dén hiéu suat dau ra va do 6n dinh co hoc cia TENG linh hoat.
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Mo hinh co ban dau tién cia may phat dién ma sat nano duoc trinh bay trong Hinh 1. Dua
trén hi€u ing ma sat di€n, TENG duoc thiét ké co ban st dung hai loai vat li€u khac nhau la
PMMA va Kapton duoc sip xép ddi dién nhau. O mat con lai cia ching 14 hai 16p dong c6 vai tro
1a dién cuc duoc ndi v6i nhau boi mot mach kin. O trang thai ban dau (I), chua c6 dién tich & bé
mit cta hai 16p polyme. Khi c6 mot luc ngoai tic dong lam cho Kapton va PMMA tién dén tiép
xtic v6i nhau, lic d6, bé mat kapton s& nhiém dién am trong khi bé miat PMMA sé& nhiém dién
dwong (ID). Tiép theo, khi ngoai luc bién mat, hai 16p vt lidu c¢6 xu huéng tach roi nhau vé trang
thai ban dau. Luc nay, dién tich trén hai bé mat co sat s& hinh thanh mot hiéu dién thé gitra chung.
Vi vdy, dé can bang duoc hiéu dién thé nay, mot dong dién c6 hudng tir dién cuc bén dudi hudng
Ién dién cuc phia trén nhu trong trang thai (III). Khi Kapton va PMMA di trd vé vi tri ban déu,
dong electron tir dudi 1én trén da dich chuyén xong va thiét 1ap trang thai can bang dién thé trong
mach kin, vi thé, dong dién trong mach da bién mét (IV). Quy trinh lam viéc cia may phat dién
nano tiép tuc khi ngoai luc xuat hién tré lai lam cho Kapton va PMMA c¢6 xu hudng tién sét lai
nhau. Khi chung bat dau dich chuyén (V), hiéu dién thé giira hai bé mit co sat thay ddi theo chiéu
hudng nguoc lai dan t6i mot dong dién c6 chiéu tir dién cuc bén trén hudng vé dién cuc bén dudi.
Dong dién nay sé bién mat khi trang thai can bang dién thé trong mach dugc thiét 1ap tro lai 1a lac
Kapton va PMMA tiép xUc hoan toan trd lai vai nhau. Véi vong lap tuan hoan nhu vay, dong dién
s& duoc san sinh lién tuc dudi dang xung xoay chiéu cho téi khi ngoai luc nging tac dung 1én thiét bi.
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Hinh 1. Ciu tric co ban ctia may phat dién ma sat nano
Ngudn: Két qua phén tich dir liéu ctia nhom nghién ctru
May phat dién ma sat nano co tat ca 04 co ché hoat dong duoc trinh bay trong Hinh 2 nhu sau:

- Ché d6 tiép xuc doc: Khi hai vat liéu c6 tinh chit ma sat dién khac nhau dwgc co Sat s&
xuat hién dién tich trai diu & bé mat tiép xic cua ching. Khi hai lép vat liéu nay bét dau tach xa
nhau s& xuat hién hiéu dién thé hai bé mat d6. Khi d6 mot dong dién s& xuat hién giira hai dién cuc
dé nham can bang hiéu dién thé trong mach kin.

- Ché d9 truot: Ciing 12 hai vat liéu ma sat dién khac nhau nhung ¢ day 1 ching truot 1én
nhau. Khi d6, su phan cuc dién tich sé san sinh do su thay doi ve dién tich tiép xtc va cling dong
thoi sinh ra sy sai khac vé hiéu dién thé cuc da dugc noi qua mach ngoai va sinh ra dong dién.

- Ché d6 don dién cuc: day la thiét ké khi mot trong hai loai vat liéu ma sat dién c6 tinh di
dong cao va khong thé két ndi dugc véi dién cuc. Khi mot vat thé 1am bai vat lidu c6 tinh chit ma
sat dién khéc co sat vai 16p vat liéu ¢d pha dién cuc dugc ndi dat hoic véi diéc cuc tham chiéu thi
s& xuat hién sy tai phan b dién tir o trén dién cuc hién tai dan toi su trao doi dién tur gitta n6 véi
dién cuc tham chiéu hodc dat. Su trao d6i dién tir 6 1a nguyén nhéan dan t6i sy san sinh dong dién.

- Ché dd dién cuc treo: day la ché do ma hai dién tré kim loai khac nhau dé gan nhau &
phia bén dwoi mot 16p cach dién va c6 kich thudc bang vai kich ¢& caa phan vat liéu tao tuong tac
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ma sat dién bén trén. Khi 16p cach dién co sat vai phan vat liéu ma sat dién sé tao ra sy phan cuc
dién the bat doi xirng. Biéu nay dan téi phai c6 dong dién dich chuyén gitra hai dién cuc nham cén
bang sy phan bo dién tir dia phuong.

Ché @ tiép xic doc Ché d§ truot

T

Ché do don dién cuc Ché d9 dién curc treo

Hinh 2. Bon cau trac co ban cua may phat dién ma sat nano

Ngudn: Tac gia thiét ké

2.3. Vat ligu ma sat dién

Tt ca cac loai vat liéu ma con nguoi biét dén déu co tinh chat ma sat dién bao gdm tir kim
loai cho dén polymer, cac loai vai soi, gé, .. Vi vay, mdi loai vat liéu d6 déu co thé la nhitng ddi
tugng vat liéu phu hop cho cac nghién ctiru vé TENG trong cac truong hop cu thé va ciing khang
dinh dugc su lya chon vat liéu cho Uing dung may phat dién ma sat nano la vo cung phong phu.
Hinh 4 13 danh sach cac loai vét liéu ma sat dién phd bién. Trong d6, c6 rat nhidu loai vat liéu
chiing ta dé dang gip thuong ngay nhu PVC, nhom, dong, cao su. Qua d6 cho thiy su thuan loi
khi phat trién cac nghién ctru vé cong nghé may phat dién ma sat nano.

Aniline-formol resin
Polyformaldehyde 1.3-1.4
Etylcellulose

Polyvinyl alcohol
Polyester (Dacron) (PET)
Polyisobutylene

Polyuretaneflexible sponge
Polyethylene terephthalate
Polyvinyl butyral
Formo-phenolique, hardened

Polyamide 11
Polyamide 6-6
Melanime formol
l Wool, knitted

Positive

Silk, woven Polychlorobutadiene I
Polyethylene glycol succinate Butadiene-acrylonitrile copolymer
Cellulose Natural rubber

Polyacrilonitrile

Acrylonitrile-vinyl chloride

Polybisphenol carbonate l
Polychloroether
Polyvinylidine chloride (Saran)
Poly(2,6-dimethyl polyphenyleneoxide)
Polystyrene

Polyethylene

Polypropylene

Polydiphenyl propane carbonate
Polyimide (Kapton)

Polyethylene terephtalate

Polyvinyl chloride (PVC)
Polytrifluorochloroethylene
Polytetrafluoroethylene (Teflon)

Polyethylene glycol adipate
Polydiallyl phthalate

Cellulose (regenerated) sponge
Cotton, woven

Polyurethane elastomer
Styrene-acrylonitrile copolymer
Styrene-butadiene copolymer
Wood

Hard rubber

Acetate, Rayon

Polymethyl methacrylate (Lucite)
Polyvinyl alcohol

(continuted) ¥

I Cellulose acetate

Negative

Hinh 3. Cac loai vat liéu ma sat dién

Ngudn: Fan va cong su (2012)
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2.4. Cdc phwong phdp gia ting hiéu sudt

Cac nghién ciru thuc nghiém va ly thuyét vé TENG da chi ra rang mat do dién tich ma sét
dién 1a yéu t6 chinh anh huong truc tiép dén hiéu suat cia TENG. Dé gia ting dugc mat do dién
tich ma sat dién, cac phuong thirc thuong dugc sur dung la: xu ly thanh phén vat li¢u, tang dién
tich tiép xuc dia phuong va thay ddi diéu kién méi trudng.

Xir ly thanh phan vat liéu:

Xt Iy nhdm chirc hda hoc bé mat 1a phuong thirc ma & d6 thay d6i cac nhém chuc pha trén
bé mat ma sat nham tang cuong kha nang bat gitr dién tich cia bé mat vat liéu xuyén suot qua trinh
ma sat dién (Wang, Zi, Zhou, & Wang, 2016).

Phuong phép tang dién tich tiép xdc bang bién tinh bé mat:

Dién tich tiép xuc dia phuong gitra hai 16p vat liéu co thé tang 1én dang ké khi xu ly bién
tinh bé mat bang cach tao céc cau tric mlcro nano trén bé mat chung. Khi d6, hai 16p vat liéu c6
thé tiép xuc sau hon, co sat nhiéu hon do cAu tric bé mat cho phép mie do tiép xtic cao hon nhu
vy Ccéc cau tric bé mit da duoc khai thac phai ké dén nhu nanowires, cau trdc bé mat hinh khéi,
hinh kim ty thap, soi nano. Cac c¢éng nghé xir ly cau tric bé mat duoc sir dung dén nhu dn mon
hoa hoc (Yang, Chan, Wang, & Daoud, 2018), an mon plasma - tia dién tir (Myeong & ctg., 2015;
Zhang & ctg., 2016), laser (Phan, Phan, Ho, Pham, & Nguyen, 2020; Phan, Phan, Ho, & Pham,
2021), ... Tat ca cac phuong phap ké dén déu gia tang dang ké higu suat cia TENG tir 1.5 toi
21 lan.

Phuong phép thay ddi diéu kién mai truong:

Phuong phép nay dé cap t6i cac yéu td anh hudng trong méi trudng hoat dong cia TENG
nhu nhiét @6 hay ap suat, @6 am (Chen & ctg., 2018; Yang & ctg., 2018).

3. Ché tao thir nghiém may phat di¢n ma sat nano sir dung vit liéu s¢i nano Polyvinyl
chloride va nhom cong nghiép

3.1. Ché tao mang sgi nano PVC bing electrospinning

Nham gia tang dién tich tiép xdc dia phuong gitra PVC va nhém, mang PVC cau thanh boi
c4c soi nano dugc ché tao bang cong nghé electrospinning dé lang dong vat liéu PVC c6 cau triic
dang soi nano Ién bé mat 14 nhém. Dung dich PVC dugc chuan bi bang cach hoa tan bot PVC
(15wt%, My = 80,000, Aldrich) trong hon hop Tetrahydrofuran va N, N-dimethuyformamide theo
ti 18 khdi luong 3:7. Hon hop duogc tron & nhiét d6 40°C trong vong 6h bang céng cu khudy tir.
Qua trinh tao mang PVC bing electrospinning duoc tién hanh & didu kién do 4m xap xi 65%, toc
d6 dung dich 0.5 mL.h"%, hiéu dién thé 13kV va khoang cach dau xi lanh t6i 14 nhom 1a 15cm.
Mang PVC sau khi duoc tao thanh s& duoc say khé ¢ nhiét ¢ 45°C trong 30 phdit.

3.2. Ldp dat thir nghiém thiét b

Mang Al va PVC sau khi tiéu hinh héa bé mit duoc si dung dé ldp rap TENG ¢ cau hinh
co ban. Cac dién cuc noi véi day dan dién bang keo dan dién, sau d6 ching dugc dinh chat 1én céac
mieng Arcrylic sao cho c&c mat dugc tiéu hinh hoa hudng vao nhau. Sau @6 04 16 xo dugc dinh &
04 gbc dé tao ra cau triic dan hoi véi khoang céch gitra hai 16p vat liéu xap xi 5mm.

3.3. Do dac va khdo sat

CAu trac bé mit vat lidu dugc khao sat bang kinh hién vi dién tir quét (Scanning
Electroscope Microscopy - SEM) Jeol 6490 JED 2300; kinh hién vi MLB 2000T. Tin hiéu dau ra
gdm c6 hiéu dién thé, cuong d6 dong dién dugc khao sat lan luot boi giao dong ky va may khuéch
dai dong SR 570.
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15.0kV11. 7mm %800 SE(V)

Hinh 4. B& mit mang PVC tao bol soi nano PVC bang phuong phap electrospinning:
(a) dudi kinh hién vi khi dang ldng dong va (b) anh SEM sau khi da say khd

Ngudn: Data cua tac gia

) Hinh 4 cho thafly cac soi PVC duoc tao tha‘lnh,cc') do d(‘Sng déu cao. Cac hat dung dich khong
xuat hién dam bao diéu nay. Cac sgi PVC sau khi say kho c6 kich ¢& tir 200nn - 600nn

Céu trac may phat dién nano don gian sir dung PVC va nhom duoc thé hién trong Hinh 5a.
Do thi 5b va 5¢ biéu hién hiéu dién thé va cuong d6 dong dién sinh ra béi thiét bi ma sat nano Al:
PVC/Al duéi lyc tac dong 1a 2N véi tan s6 khao sat 1a 0.7Hz. Tir d6 thi ndy ta c6 thé thy rang,
trong qua trinh thuc nghiém khi dugc kich hoat boi mot ngoai lyc va tan s6 xac dinh, may phat sé
tao ra duge mot hiéu dién thé véi gia tri trung binh xép xi 5.7V. O diéu kién khéo sat nay, cuong
dong dong dién tirc thoi sinh ra xap xi dat 0.4puA (Hinh 5). Két qua nay phan anh phu hop véi
nghién ctru ctia Mi va cong su (2018). Trong nghién ctru ndy, Mi va cong sy (2018) da ché tao
mang soi PVDF bang cong nghé quay dién-electrospinning dé thiét ké may phat dién ma sat nano
dat hiéu dién thé 15i ra ~ 20V.

: (b)

Hiéu dién thé (V)

Thei gian (s)
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Cudong do dong dién (pA)
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I -4 &2 0 2 4 6

Thoi gian (s)

Hinh 5. (a) Céu triic may phat dién ma sat nano da lap rap, (b) hiéu dién thé sinh ra boi thiét bi
ma sat nano dudi lyc tac dong la 2N, va (c) cuong do dong dién sinh ra bai thict bi ma sat nano
dudi lyc tac dong 1a 2N

Ngudn: Data ciia tac gia

40 : , : , : , : , : 8
35 4 L7
30 4 i L6
25 |5
| |
S 20 L4
5’ =
15 L3
| |
10 L2
| |
5 = " L1
| |
0 | . , . | . | . | 0
2 4 6 8 10
F (N)

Hinh 6. Tin hiéu dau ra dudi ngoai luc tac dong khac nhau
Ngudn: Data cia tac gia

Sy phu thugc cua tin hiéu dau ra theo ngoai luc tac dong ciing dwoc khao sat. Hinh 6 biéu
thi hiéu dién thé twong tng vai lyc tac dong xap xi lan luot 12 2N, 3N, 5N, 10N. Qua d6 thi ta c6
thé thay rang, véi luc tac dong 2N, hiéu dién thé trung binh sinh ra xap xi 5.7V; véi luc tac dong
3N, hiéu dién thé trung binh sinh ra xap xi 6.1V; véi luc tac dong 5N, hiéu dién thé trung binh sinh
ra xap xi 12.8V; va véi lyc tac dong 10N, hiéu dién thé trung binh sinh ra xap xi 31.7V. Nhu vay,
cuing tan s6 0.7Hz véi lyc tac dong cang manh thi may phat dién s& sinh ra hiéu dién thé cang lon.
Tuong tu nhu thé, dong trung binh sinh ra xap xi 0.4pA; 1.8pA, 4.5pA, 6.2pA tuong Gng VGi Cac
gi& tri ngoai luc nhu trén. Piéu ndy cd thé giai thich 1 vi khi chung ta tic dong luc cang manh, dién
tich tiép xdc cua bé mit dia phuong PVC va Al s& cang lon, luc d6 cac dién tich trai du s& sinh ra
trén bé mat mang cang nhiéu dan t6i viéc hinh thanh dién thé I6n khi hai bé mit tach xa nhau.
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5. Két luan

V6i nghién ctru ndy, nhom nghién ctru da nghién ctru cac kién thirc co ban vé may phat
dién ma sat nano. Déng thoi tién hanh lép rap tht nghiém thiét bi st dung cdp vat li¢u sgi nano
PVC va nhom. Trong d6, mang PVC duogc ché tao bang cong nghé electrospinning. Khao sat tin
hiéu dAu ra cta thiét bi cho két qua 4n tugng voi hi¢u dién thé 5.7V cung dong di¢n 0.4pA & ngoai
luc 2N. Luc tac dong cang cao thi tin hi¢u dién dau ra cang lon, cu thé, thiét bi cho tin hiéu dau ra
1a31.7V va 6.2uA & diéu kién ngoai luc 10N.

Boi vi tinh chit m&i va tiém ning tmg dung 16n ciia may phat dién ma sat nano, chu dé
nay da thu hat dugc su dau tu nghién ctru cua khoa hoc thé gioi. Phat trién duoc céc thiét bi tiéu
thu dién ning thap nhung c6 nhimg tinh chat co hoc tot nhu linh hoat, da dang, do bén cao, tudi
tho dai, c6 thé hoat dong dugc & nhitng diéu kién mdi trudng dic thu. Theo cac nghién ciru, cac
huéng tng dung chinh cia TENGs c6 thé chia ra lam bén linh vuc khac nhau bao gdm: ngudn
ning lugng quy md micro-nano cho hé thong cac thiét bi tu cap ngudn; cam bién chu dong cho
cac ung dung y- s1nh tam soan ngum - may, tuong tac nguoi - may, hé thong thiét bj thu ning
luong co hoc tan sb thip; va ngudn dién cho cac tmg dung cao thé.

LOT CAM ON
Cong trinh nay dugc tai tro mot phan tir dé tai KHCN cidp PHQG-HN, Mai s6 dé tai:
QG.19.21.

Tai liéu tham khao

Chen, B., Yang, Y., & Wang, Z. L. (2018). Scavenging wind energy by triboelectric
nanogenerators. Advanced Energy Materials, 8(10), Article 1702649.

Chen, X., Jiang, T., Yao, Y., Xu, L., Zhao, Z., & Wang, Z. L. (2016). Stimulating acrylic elastomers
by a triboelectric nanogenerator - Toward self-powered electronic skin and artificial muscle.
Advanced Function Materials, 26(27), 4906-4913. doi:10.1002/adfm.201600624

Fan, F. R., Tian, Z. Q., & Wang, Z. L. (2012). Flexible triboelectric generator. Nano Energy, 1(2),
328-334.

Guo, H., Pu, X., & Wang, Z. L. (2018). A highly sensitive, self-powered triboelectric auditory sensor
for social robotics and hearing aids. Science Robotics. doi:10.1126/scirobotics.aat2516

He, C., Zhu, W., Chen, B., Xu, L., Jiang, T., Han, C. B., ... Wang, Z. L. (2017). Smart floor with
intergrated triboelectric nanogenerator as energy harvester and motion sensor. ACS Applied
Materials & Interfaces, 9(31), 26126-26133.

Mi, H. Y., Jing, X., Zheng, Q., Fang, L., Huang, H. X., Turng, L. S., & Gong, S. (2018). High-
performance flexible triboelectric nanogenerator based on porous aerogels and electrospun
nanofibers for energy harvesting and sensitive self-powered sensing. Nano Energy, 48,
327-336.

Myeong, L. S., Jong, H. W., Seung, B. J., Daewon, K., Sang, J. P., Jae, H., & Yang, K. C. (2015).
Vertically stacked thin trielectric nanogenerator for wind energy harvesting. Nano Energy,
14, 201-208.

Niu, S., Zhou, Y. S., Wang, S., Liu, Y., Lin, L., Bando, Y., & Wang, Z. L. (2014). Simulation
method for optimizing the performance of an integrated triboelectric nanogenerator energy
harvesting system. Nano Energy, 8, 150-156.



Phan Hai va cong su. HCMCOUJS-Ky thudt va Cong nghé, 17(1), 43-51 51

Phan, H., Phan, H. N., Ho, T. A., & Pham, T. D. (2021). Q-switched pulsed laser direct writing
of aluminum surface micro/nanostructure for triboelectric performance enhancement.
Journal of Science: Advanced Materials and Devices, 6(1), 84-91.

Phan, H., Phan, H. N., Ho, T. A., Pham, T. D., & Nguyen, D. H. (2020). Multi-directional
triboelectric nanogenerator based on industrial Q-switched pulsed laser etched Aluminum
film. Extreme Mechanics Letters, 40, Article 100886.

Phan, H., Shin, D. M., Jeon, S. H., Kang, T. Y., Han, P., Kim, G. H., ... Hong, S. W. (2017).
Aerodynamic and aeroelastic flutters driven triboelectric nanogenerators for harvesting
broadband airflow energy. Nano Energy, 33, 476-484.

Wang, S., Zi, Y., Zhou, Y. S., & Wang, Z. L. (2016). Molecular surface functionalization to
enhance the power output of triboelectric nanogenerators. Journal of Materials Chemical A,
10(4), 3728-3734. doi:10.1039/c5ta10239a

Xiao, T. X., Jiang, T., Zhu, J. X, Liang, X., Xu, L., Shao, J. J., ... Wang, Z. L. (2018). Sillicone-
Based triboelectric nanogenerator for water wave energy harvesting. Applied Materials &
Interfaces, 10(4), 3616-3623.

Yan, S., Lu, J., Song, W., & Xiao, R. (2018). Flexible triboelectric nanogenerator based on cost-
effective thermoplastic polymeric nanofiber membranes for body motion energy harvesting
with high humidity-resistance. Nano Energy, 48, 248-255.

Yang, X., Chan, S., Wang, L., & Daoud, W. A. (2018). Water tank trioelectric nanogenerator for
efficient harvesting of water wave energy over a broad frequency range. Nano Energy, 44,
388-398.

Yong, H., Chung, J., Choi, D., Jung, D., & Lee. S. (2016). Highly reliable wind-rolling triboelectric
nanogenerator operating in wide wind speed range. Scientific Report, 6(1), Article 33977.
doi:10.1038/srep33977

Zhang, L. M., Han, C. B., Jiang, T., Zhou, T., Hui, L. X., & Wang, Z. L. (2016). Multilayer wavy-
structured robust triboelectric nanogenerator for harvesting water wave energy. Nano
Energy, 22, 87-94.

[©noIel

Creative Commons Attribution-NonCommercial 4.0 International License.


https://doi.org/10.1039/c5ta10239a

