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A study on adhesion improvement of adhesive

patches in dry and wet environments by

manipulating octopus suction cup
structures and elastic moduli
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— Types and characteristics of healthcare devices =

—

Breathability

-

Conductivity ‘Biocompatibility

- Advanced Science, Volume: 8, Issue: 2, First published: 04 December 2020, DOI: (10.1002!advs.202001938u

s Characteristics of human skin ~

Image credit: be stock
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Adv. Mater. 2011, 23, 3949-3953

Human skin High roughness
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Extraordinary stretchable Sweat & hairs
k Image credit: Guinness World Records Image credit Pimonpim w/Shutterstock J




~ Traditional adhesive patch =
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N
Acrylic based adhesives Methyl cyanoacrylate
@ Skin damage

@ Residue

@ Not repeatable

@ Not moist / Flat surface

Adv. Mater. 2011, 23, 39493953

N S
7~ Biocompatible patch ~
@ Dry adhesive patch @ Vander Waals force

~ Spatula Hd
\ 10 pum Adv. Funct. Mater. 2011, 21, 3606-3616 J




~ Biocompatible patch D
@ Wet adhesive patch @ Suction effect

Orifice

Protuberance Acetabulum
doi-10.1038/nature22382
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2. 1. Mo S A=
243 polyurethane acrylate (PUA)E O|FEHEO| 311RMS AR
Polydimethylsiloxane= Dow corningAt2| sylgard 1845 AHESHRIL. Trichloro(1H, 1H, 2H,
2H-perfluorooctyl)silane, 3-(trimethoxysilyl)propyl acrylate= Sigma-Aldrich AFO|A] FLOHS}
of Heol A 0| AFRSIALCE Absolute ethanol2 Fisher Scientific AFO| Al -0} &}0
H O] HA Y Q10| AL2EHFCE Acetone SK chemical AFO|A] FFO4SHO] & & o A1t
 QlO| AHESIRALC 22 AFlab AFS| B-Roup155 AtESI0 HZEE 1kt ZF 45 AFEd)
UL} spacer= polyimide H|O| Z(thickness 50 um)E AtESHYULCH ZEZ|A2m| HEHO| A
825t ZHH| = inverted optical microscopy (Nikon, Eclipse Ti2-E), digital micromirror devices
(DMD, Andor, Mosaic 3) 0|0, &2l PriorAte| Lumen 2002 AF2SI LT
HsC HsC_  CHs CHs

o~ O AN

Poly(dimethyl siloxane) (PDMS)
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Urethane block ~ R - Urethane block
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Poly(urethane acylate) (PUA)
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2. 2. 2. Negative mold H|Z}S 2|2t ZE 2|2 2| o]

acylate silane XM2|=l E2t0|E 2 A0 PUAE 28 5| 7|Z7t MI[X| &A fluoroalkyl
silane M2|E HH ZEAE FOIFRJALCE FH = spacerE Sdlf ZHSIRALCE S0 T S
20f &-&(Lumen 200, Prior)2 &3l L= UV 20| digital micromirror devices (DMD, Andor,
Mosaic3)E &l #ot= Bl Hoz BhAtE| L, 0|5 PUAO| =ZAIZICE == AlZtel =H
2 &0l cylinderE TH=A 20, hexagonal HIES H|&5t?7| s 42| & fluoroalkyl silane
Nelg HY 228 S0l MaE Sad M AO|2] IS ZULE fluoroalkyl silane
Xe|=l ZefAet spacergE M7t | O|EHS PUASE 1t 29| ethanol2 &3l MAHSHRILCE
OLS0| 7l XM= fluoroalkyl silane MEZ|S Tt OM, 80| Bt F| AZEZ|AzY
ool M E27t 24 7|”E 0|88 L= 20 PDMS prepolymer 2t curing agentS 10:1

(w/w) HIEE 42 2252 &1 80°COIAM 2A|7tE 2 B2EA|7 negative EEE X Z5HRA
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2.2.5. 82

20| Wt ppMS TA I X| Q] 7£& £4-2 scanning electron microscopy (SEM, JEOL-7610F)
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PDMS

/ Spin coating

. J - /

Glass
200g
PDMS mold Pressure
n‘n‘m—r\7 ‘ k|
\ Hydrophobic glass

Hot plate

Scheme 1. Schematic diagram of the PDMS mold inking process.

N === Motion controller

Force gauge _’/
! Force gauge
-t [
ey |
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F. I »Suction cup PDMS mold
1 F‘" : Glass substrate : P
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|
|
|
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--------------------------------------------

Scheme 2. Normal adhesive force measurement using force gauge
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60 50_ 40 30 3 1
= Thickness (um)

Figure 1. (a) Octopus suction cup adhesive patch with inking process, (b) SEM image of the suction
cup mold with different inking thickness, (c) Adhesion force (2.5N) in dry and wet environments
depending on different different inking thicknesses,
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3.5

Maximum adhesion (N/c
©O 0= = NN W
i M P L

50 100 200 300 400 500
Weight (g)

Figure 2. (a) SEM image of the suction cup mold with different inking weight, (b) Adhesion force (2.5N)

in dry and wet environments depending on different inking weight
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3. 3. 20 Wk X9 inkingAl PDMS/curing agent2| & ratio0f| [I}E % §

ox

Fig3. (a)0l Al PDMS®} curing agent & H|Z} 5:1, 10:1, 20:1, 30:177kX| suction cups®| Ho
0| Zt 119.4pm, 1184pm, 118.8um, 119.5,um=Z S7t6l= AS 2ot EHAO| 50{t A
HOt inkingO| & EASS & = UACE SHXIEF 40:1, 50:12] A2 ZH 101um, 102umE curing

agent 20| HEF X0 inking0| & E|X| = AS & & ULt Fig3. (b)0ll41 PDMS/curing

agent 20| 510 M FH 30:17HX[= S7tot= As & = UKD, inkingO] ZIX| B2 40:1,
50:101 M= 7|&ELQ| 20 BT HA mhX|2| HAFH 0t ot WA HS EOECLL Fig3. (o) 0lAM
=

PDMS/curing agent & 2FH| 7} 5:1, 10:1, 20:1, 30:1€ [ 20 H&F TYX| 9| cyclic test 21t

i
fo
o
_(3_|-

=holgh = AAD MALEA HE HHEO0| Haoks s X, washing 20= K&

HAEY X Hxot ¢ 2 2|50| &= XS EoF +X13 MALEO0| 7tsd Aoz Holnt
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(b)

Maximum adhesion (N/cm2)
e, T P

511 10:1 20:1 30:1 40:1 50:1

(c)
5:1 10 : 1

5.0 5.0
< = 7\?vryt < e
5 45 .- e S 45
Z £
S 401 S 40
[73 73
[ Q
= £ .
B 3.5 B 3.5 5! s V08
£ washing £ LT -
5 5 - =3
£ 30 \ | N £30 -
3 *teedrsecedese AR T %
= b D e =
25 ===y 2.5+ T T T T T T
0 5 10 ¥15 20 25 30 0 5 10 15 20 25 30
Cycle numbers Cycle numbers
5.0 5.0
<« - Dryl - ‘ = Dry
5 45 * Wet NE 4.5 i * Wet
Z L
= = may e
.g 4.0 5 4.04
H ey res.. 2
© [ . E
g 351 eeuililensggggececcessitroses S 3.54
5 £
.% 3.0 £ 3.0
=
=
2.5+ v T g 254— T T T T T T
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Cycle numbers Cycle numbers

Figure 3. (a) SEM image of the suction cup molds with different ratio of PDMS/curing agent, (b)

Adhesion force (2.5N) in dry and wet environments depending on ratio with PDMS/curing agent, (c)
cyclic test with different ratio with PDMS/curing agent
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TOME 7|E9 20 Wik IfX| X ZH0)| inking processS| = Sl A0 Bl &

HY S W3l FAS W, PDMS/curing agent& &S B0 =AS I HEHX| = YE 42
24 SHRICE. InkingAl spin coating= 0|8 FH 2t 27 &S 0| 8510 AL WS =

QISHRACL FH2l B2 3um, FA2 BF 400g0A HEZHO| 7hE =%31, PDMS/curing
agent 20| 42 30:101M 71 =UCE Fig. 5(@)2 20| MZAHEl 20 "I IjX|= HExT

—

£(509)8 2R H7/|= AO| 7tsotl, =0 £20]| 7HS3tCt.
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