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Bio-Piezoelectric Generator with Silk Fibroin Films Prepared by Dip-Coating Method
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Abstract: Piezoelectric generators use direct piezoelectric effects that convert mechanical energy into electrical energy. Many
studies were attempted to fabricate piezoelectric generators using piezoelectrics such as ZnO, PZT, PVDFE. However, these
various inorganic/organic piezoelectric materials are not suitable for bio-implantable devices due to problems such as brittleness,
toxicity, bio-incompatibility, bio-degradation. Thus, in this paper, piezoelectric generators were prepared using a silk fibroin
film which is bio-compatible by dip-coating method. The silk fibroin films are a mixed state of silk I and silk II having stable f3-
sheet type structures and shows the d33 value of 8~10 pC/N. There was a difference in output voltages according to the thickness.
The silk fibroin generators, coated 10 times and 20 times, revealed the power density of 16.07 uW/cm? and 35.31 uW/cm? using
pushing tester, respectively. The silk fibroin generators are sensitive to various pressure levels, which may arise from body
motions such as finger tapping, foot pressing, wrist shaking, etc. The silk fibroin piezoelectric generators with bio-compatibility
shows the applicability as a low-power implantable piezoelectric generator, healthcare monitoring service, and biotherapy
devices.

Keywords: Natural driven bio piezoelectric, Biocompatibility, Silk fibroin, Dip coating, Energy harvesting
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Fig. 1. Schematic diagram showing fabrication process of the silk fibroin piezoelectric generator.
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Fig. 3. FE-SEM cross section images of silk fibroin coated with (a)
10 times and (b) 20 times, and (c) EDX data of coated silk fibroin.

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 6, pp. 487-494, November 2021: Kim and Park

2 4= XRDQ} FT-IR, Raman &34 7S o] &35t A3
mjy 2ol afe] 74 Avtolct. 1Y 4(a)e HAIHEE &
HofIA HAY(degumming) 7ot vlaeh T
m s 291 uto] XRD i {l-S UERH Zojch & A H 9.7

9 21°0| 4 A&EA QI silk I T 37} 24.7°0| A silk [ 1] 2
7t BEEHE=E o5 m3s 43 o] ¥ E B-sheetd
o) ZHTAR o] oi g oulaitt [18]. 39| 5
gjo] Ry ZoF u|H& Aol u|AJA oy N-, C- &
o Jolo] 2abe JovA A w37} et Flole}

a Silk Il —— Thin Film
( ) —— Textile
3
o
S Silk Il
7]
s
8
£
10 20 30 40 50 60 70
Degree(20)
3
«
3
g Amide A
£ -
E Amide Ill
1]
c
g
=
/
Amidell  'S<Amidel
500 1000 1500 2000 2500 3000 3500 4000
Wavenumber(cm™)
(©
Trp, Phe, Tyr
El
&
2
2 Tyr
§ 1 Silkil  Amide lll
= tAla

800 1000 1200 1400

Raman Shiftcm™)

1600 1800

Fig. 4. (a) XRD patterns, (b) FT-IR spectrum in the region of
400~4,000 cm™', and (c) Raman spectrum in the region of 800~1,800
cm! for silk fibroin film.



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 6, pp. 487-494, November 2021: Kim and Park 491

g up Qlek (23], B3 Rl Blsh, mEzQ]
=L StEE HoleHl, ol &5 F U2
o |
pE L

o). 2Ret=s} 571 ujste o) @

> o

o}
L= 4

3

oLk

B ol &+ o
4(b)= FT-IR A®EZHIY 3,277 cm™t, 1,640
em™t, 1,517 em™, 1,237 cm™9] o}50f|A] o] 27} LEL
U=t o] = ZtZF amide A, amide I, amide II, amide III
dicolct. Silk 119] B-sheeto] 9= amide I, amide II,
amide II19]] Q)= B-sheetQ] W] 3= 77t 1,625~1,640,
1,515~1,525 and 1,265 cm ™ol A e}, silk 19] a-
A Lxojds 242 1,650~1,658, 1,545, and 1,240
cm ol YEhtE Zlo 2 B ugct [24]. mhebd B
ofjAq] Ala= A3 mjd 29] okl gjlk [V silk I &7 &
A e = wEEn

23 4(c)x= Raman 37| & o]&sto] £Ag fE 2
o] ato] A E & O 2 gmide [, amide III B 2} alanine
(Ala) %, silk I T3 52 Bl AlHO[A UEhd o
IS5 & 10| B5 7]=stlct. 2fgh ZYAE o] 83 &
2> o 3oA AYPAQ silk 11 E450] eI Alalt
Phe (phenylalanine)?} silk [ ¥j& ©j]3& S5 A3 L
Z 91 Ala-Gly (glycine) Jt& 2 sFolst 2~ 9lr}, Silk [of A]
silk [[29] ¥ ol= Ala-Gly F-20f] Jsf| dojyt], a-ot
04t & shel Alad] st &5 = Q18] B-sheetE0] +
dEITE. 2peb FgAI0lA Trp

o

(tryptophan), Tyr

(tyrosine)& =& 4 Qlof, 439 Z=2Hll vl 29
EAES AL 4 AT [25]. o5 FoHA AlxE 23 2

AN
7t2BA], sl2Rds), ofoleito e PyEof 98

Table 1. Assignment of Raman shift.

Raman shift Assignment
1,726 Amide 1
1,614 Trp, Phe, Tyr
1,460 Ocn,
1,414 8¢, H,
1,289 ) ) )
1278 Amide I1I Silk I configuration
1,184 Vee
1,115 Ala
1,094 Silk II
997 Trp, Phe
857 Tyr

794 Tyr

24 5+ 5 Al@7I(pushing tester)& o]&5to] &
559 RU0A EHE = VA Eoloh. A3 mE g
Q12 10219} 208] 742t & shof AAE LA 7] AlHof 3
mm, 5 mm, 7 mme] "7} YYo= T 553 75t

HA7F 7o) Tt &= AlHoA &8s = g A

AN

Y= A4rst A¥U == 6 pW/em?, 11.43 yw/
cm?, 16.07 yW/cm?E B¢t} 73 5(c) ¥ (d)9] 2038] =
g AlE-2 108] ZRAIHO Yol &3 3] 5715 Hol+=
o] ZF ©9™ oF 3,15V, 3.95V, 6.3 Vo] At} 2.95 pA,
4.15 pA, 4.4 pA°9] AR/E Ystdoy, Agdes 1
o 5(e)oll Bl AAMH ZZb 11.84 uyW/cm?, 20.88
uW/cm?, 35.31 yW/cm?& UER It Khatua &0
A Aul&(spider silk)Z A-&5t U HA7]o H2 &
e wouh we ARa Qs 27} 3.23 pw/em?e] A
AU S HolH [14], 7]E} vlo] @ A& A-&-5F F-5-0
M= dost 545 2ot [12,13]. ®3F 109] 289
Al vlsl 202] 28 AlHe] 4 AU AR7L
7hg Bol=H o= FA9] 7t o5t Atz Hue
ATH I 5(f)= A mBE 20l oA EAT dys 3t
2 0.25 N9] Q17tsksat, 110 Hzo] ot 2704 8~10
pC/N& B9t} Fukada [26], Yucel [27] 0] HQl
1~1.5 pC/N¥t} 2 grolct. 4A Alee 574 Al Q7tst
%, kg o gef gEA dERE 4 Qo
Aol AR A3 mB 29l 9to] x| EAL ~9.49 pC/N
[28]0|U A E =29~ ~6.4 pC/N [29]1} 22 vlo] @ A
ALt AE gist gfolet & 4

23 62 A1) AU A LASH= S

A=e)

|
=AY vl 2ottt O1 6(a)e YA 27
= I

lo 4> ol

of T

o)

oo

:OIL_I‘

S

>

£l

o

A

N

2

lo

fu

ra <

w25

rg N
)

A= o

o |4
N
(@]

o my rp-
L ]
oL oL 18
o 2 N
to o
2 8 < ool

40 4
0w
o
o
N
3@
fjo
=)

i

18

2}

1A°2

rlo

N

N
)

w

.ﬂ .

< |

S

o~

< (o]
o fu 1
Nd

N2

>
e
ro
P
2
re ot J
il
lu
=)
|z
hu
ro
(o)
o -
2|
uz
(RAR)

N
N
iy

N
Y

oL

2 oo B rpe
_Cl'l_“
Q.
mo RU >
ol
_O'E‘
£l
2oy 2

40 39
=
&
2
tjo

ox P
o X >

uu |
Ry )
FH>

—_Qoﬂ_\nl

Jm
oX
o,

N
—_

ol
—_

=2



492 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 34, No. 6, pp. 487-494, November 2021: Kim and Park

(EI) ——3mm (b) |— 3r|1m-
———5mm —— 5mm
—?H‘II'I"I 2+ ————7mm
2+ | i
= < 7
s 3
-2 -
AF
-4 i i i i L I 2 1 1 L I 1 1 1
] 5 10 15 20 25 30 -30 -25 -20 -15 -10 5 0
Time(s) Time(s)
4r(d)
3+
2F
—_ = 1}
2 :
& c 0
£ g
> a r
2t
3l
-4 1 N L . L N L N 1 N 1 1 -4 Il L L L i I |
-30 .25 -20 15 10 5 0 =30 -25 -20 -15 -10 -5 1]
Time(s) Time(s)
35 (e)
30+
E
L 254
E ——10 Times|
2 20 |——20 Times|
2
A 151
% ! /
o
5k
3 5 7

Displacement{mm)
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