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A study on the adhesion effect of structures and
environments in octopus suction cup adhesive

patches and its application to healthcare devices
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~— Types and characteristics of healthcare devices =

~ ()

Breathability

Stretchability

Conductivity

Biocompatibility

\  Advanced Science, Volume: 8, Issue: 2, First published: 04 December 2020, DOI: (10.1002/advs.202001938) J

s Characteristics of human skin

_Image credit: adobe stoc_l%

Adv. Mater. 2011, 23, 3949-3953

Humanskin High roughness

Extraordinary stretchable ~ Sweat & hairs
k Image credit: Guinness World Records Image credit Pimonpim w/Shutterstock J




7~ Traditional adhesive patch ————
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Acrylic based adhesives Methyl cyanoacrylate

@ Skin damage
@ Residue
@ Not repeatable

@ Not moist / Flat surface

<
 —

Adv. Mater. 2011, 23, 39493953

o S
s Biocompatible patch ~
@ Dry adhesive patch @ Vander Waals force

/
Mlmlcklng ( /
Adv. Funct. Mater. 2011, 21, 3606-3616
Mimicking
& Adv. Funct. Mater. 2011, 21, 3606-3616 J




e Biocompatible patch
@ Wet adhesive patch @ Suction effect

Orifice

Protuberance Acetabulum
doi:10.1038/nature22382

e Previous research ~
A. Sci. 2018, 5, 1800100 16 Adv. Sci. 2018, 5, 1800100
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= 9F0ME FEs=EQ poly(urethane acrylate)(PUA)2}
poly(dimethyl siloxane)(PDMS) 5 7tX| =&Z ALE3I0 20

infundibulum= 2ot &4 A MXE MEstz LES HASHAX
O

0

glAJen 3O Z A2 PDMS negative moldOff PUAE S22 F 22 XET
ZHSIH, PUARL PDMS2| EA2 HAO| o8l 57|17t ZEEH B 2822 &0|&
Tt A

™S £ QCh 7|7 ZEE & pUAE QA7 HOLHEH 20f ot
(PUAE 22 = U2, HE27I 222 Sl =0 &It ™E 14X (PDMS)E ¢
ULCH A= 20 W ™A Xl ZHo=

=1
— =
SEoM= HEO| Jtset YHEO[ ULt o AFMM= HMEE 20 wE YA
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2.1 A 9 T2

243tE  polyurethane acrylate (PUA)E O|FEtEIS] 311RM2 AtEsign
Polydimethylsiloxane2 Dow corningAt2| sylgard 1845 AHESIRILCE Trichloro(1H,
1H, 2H, 2H-perfluorooctyl)silane, 3-(trimethoxysilyl)propyl acrylate= Sigma-Aldrich
AtOA - FtOfSte] o FHMard 8l0| AtESIRLE Absolute ethanol Fisher
Scientific AMO[A  FOfSH HZo|l FX1HE 80| AESIRALE Acetone SK
chemical AtOA FO4SHO] Eo| FH|IE Bi0| ALESIRCE 52 AF.Lab Al B-
Roupl5& ARESI0] MZE 1Xt SFFE ALESIRILE spacer= polyimide EH|O|=
(thickness 50 pmE AtESIGICt ZEZ|AT2im ME0| AFRSH HH|= inverted
optical microscopy (Nikon, Eclipse Ti2-E), digital micromirror devices (DMD, Andor,

Mosaic 3) O|H, &2 PriorAt2| Lumen 2002 AH2SHSICE.

H,C HsC CH;  CHs

H2Ca ™. ~ _.CH
3 \/Si i Si\/ 3
O~ O
H3C n CH3

Poly(dimethyl siloxane) (PDMS)
@ Hydrophobic

Urethane block ~ R4~ Urethane block
I |
ITJH ITIH
O=C O=C
O O
S S
R> R>
3 3
O=C O=C
L— B l—

Poly(urethane acylate) (PUA)
@ UV curing prepolymer

-11 -



M
Hy
Mo
mjo
=
N
rot
4n
o[A
o 1
3>
Hu
=
it
_g_l-
|
=
it
n
>
u
o
Ini
mp
!
[>
rir
Q
][
u
¥
=
=t

2| (Harrick Plasma PDC-32G-2, 30X)E Soll EHO| F£AMI|E YA T FH, 3-
(trimethoxysilyl)propyl acrylate?t ethanolOfl 5 % (v/v) B|AEl EHO| TH10] 24|t
S0t HESA|ZICH BH80| B ZfAE ethanolE AFESIY MAHSH T, 80 °C @£
OlAM 3027t EME|etCt 02 E2t=0r ME2|E o HH 2= TS HIAIAOIH |
30 weQ| trichloro(1H, 1H, 2H, 2H-perfluorooctyl)silane@t 20| P TIZAEHOA 2

AZtSeh BHSAIZICE &8t M2l 2 A= ethanol2 A& ohot 3!

2. 2. 2. Negative mold HZ2 2Iet ZE 2|22l n]

Scheme. 10fA E & HIQL ZH0| acylate silane X2|=l £2t0|E Z2{A0 PUAES
22l § 7|Z7t MI|X] LA fluoroalkyl silane M2|El HH ZeAZ FHO{F AL
FHe= spacerE Soff ZHESIRILCE THES0{T ZE| A0 &R (Lumen 200, Prior)2 &
S L= Uv H0| digital micromirror devices (DMD, Andor, Mosaic3)E ol dste=

2ol 8loz HiAED, Ol PUAY L=SAIZALE =F AlZtel =E& Sl

i

cylinderg =20, hexagonal HIES MZSH7| @8 02 ™ fluoroalkyl silane
HMelgl AY ZAE Eo MAE I FERM ALl ZHdE ERCH
fluoroalkyl silane M2|= Z2HAQ} spacerE HMAHTH T 0O|8HS PUAE St &
ethanol2 &dll MASHECE BHE0{T LZ2HM|= fluoroalkyl silane M2|E TSRS

Of, 2SO0l 2t F 2ZEL[2TETe| 27t =€ IS 0l8d =
5

-

9|

PDMS prepolymer 2} curing agentE 10:1 (w/w) HIE2E M2 2=2 &1 80°CO

M 2A|Z2tE 2 B3IA|F] negative EEE H|ESIHRILE,
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2. 2. 3. HIZHE Negative moldE O|8%F 20 Wt 71X ¥

Scheme.10| M H|ZFEl negative moldE £1S HIA[AIO[E{O 30 peQ| trichloro(1H, 1H,
2H, 2H-perfluorooctyl)silane@t Z0| 11 TISHEJOA 2A[ZtSOH BESA|ZICH
Fluoroalkyl silane X2| = O|Et=2S 0|83 MAH = 80°C &0 152 &

scheme. 22t Z0| Fluoroalkyl silane X 2|8t negative mold%| PUAGB1IRM)E =¢El
| 2ot Zefcz E=C0h XM MEE 2HEset7|E AME5He st o F

=

_>¢
@

il

PUAS| =0|& Z=HSIY 7|ZE ZESIRULE> Y 1 2 PUAE UV(E65nm)d| 2&
CEANA 7= ZHE 2LES DFSIRULCE Negative moldE ZHAZHRH
peel-offA|7{ 20| ot DQFo| HE S oD AT F3E s 20 YL 2

=
0| ddE PUA-ZHAE UVO| 1027 O FSHAZCE 2bdE 20 #E 29

ot

r

PUA HIZS BlE2I7t 29 7|82 0|83 PDMS prepolymer @} curing agentE
101 (w/w) HIEZ M2 SEESS K1 80°CHA 2A[ZtSe FotAI Z0f T 2

2| PDMS EA XIS M ZSRALY.

ZEZAOOZ gdet 2 7| =Y {F, Z2E PUA 20 BE FZH L
=0| 2912 optical microscopy (Nikon, LVI0OND)S AME3st0] Ztolsiin, 20
o PDMS H& TfX|Q| #+& A2 scanning electron microscopy (SEM, JEOL-7610F)
E M85 =QISHRALCE Scheme. 32t Z0| ZO T HA IHX|ol HEHEZ
motion controller’t U= force gauge (Mar

k- S
HATE dry?b wetdt HEHOIM 22} 33| HEoE = XSS AESHILL Force

gaugeZ LHZ 7IP = pressing time 10X2 1Y RALCE,
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UV exposure

Hydrophobic-coated glass

Projection lens
Mask alignment

PUA resin

Spacer Acrylate coated glass 365nm

DMD

upper glass
and spacers
—

Wash out
uncured PUA

Pouring &
Curing PDMS

Scheme 1. Schematic diagram of the negative PDMS mold fabrication process.

UV Light

f Pressure
' ~—— ’ Air

External pressure

change

: -
PUA resin rapping Air pressure
PDMS mold

Capillarity force

uv
exposure

Scheme 2. Schematic diagram of the octopus suction cup adhesive mold fabrication

process.
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| = Motion controller

~ % Force gauge 7,
- »Force gauge <« o

Acrylic adhesives

lI
|
I
; |
-‘:." :
Glass substrate : —“—OSuctlon cup PDMS mold
% ] l P
s |
| |
1

r | W Glass substrate

o

Scheme 3. Normal adhesive force measurement using force gauge
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External pressure

Pressure w
. change exposure
. = t =
trapping Airpressure}  Peghoff 4%
PDMS mold

Capillarity force

Increase
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@ LmE e

Maximum pressure (kPa)

Neat PDMS 30pm SOopm 80pm 100pm

(d)
0] (i) (i)

External pressure

l 1 l Remove pressure

Attachment Attachment
Air/water Nacuum

Glass substrate Glass substrate

Glass substrate

SOV El () “ 070
) g© 0 ,¢ \ b O 0 0 O
) O O (Attachment O Attachment O O C
,g@@@@< O OOOOC
) O O /j ey 'l A -

N H .-O =

”

Figure 1. (a) Mechanism for trapping air according to external pressure and controlling the height

@)
0.
©)

@OO

of the end of the tip, (b) SEM image of the suction cup mold and different heights depending on
the external pressure (c) Adhesion force (2.5N) in dry and wet environments depending on
different heights of the tip, (d) Mechanism of suction cup adhesive patches for dry and wet

adhesion and OM images.
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Maximum pressure (kPa)

100pm 250um 500pm

(b)

External pressure

AR

External pressure

Vi

e Y

Figure 2. (a) Adhesion force (2.5N) in dry and wet environments depending on different diameter
of the tips (100, 250, 500pm) (b) Mechanism for thickness of liquid film with different diameters

Glass

Thickness of liquid film

of the tip.
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(a) Dry substrate
Pull-off

y o o

Detachment

Air

" Vacuum

Wet substrate
Pull-off

. o o I

=

Detachment

f
[

’/‘ ’f"/ Vacuum p /{' / Vacuum '

(b) 60
55] | —— Wet
) +Dry
© 50 -
& )
F
2w
” P
S 35-
E 9%.
E
s 25-
s )
20
15 4
T T T T T T v T v I
0 2 4 6 8 10

Initial pressure (N)

Figure 3. (a) Mechanism for pull-off system of suction cup adhesive patches with dry and wet
conditions, (b) Maximum adhesion under initial pressure in dry and wet environments (100pm

suction cup mold).
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Figure 4. (a) SEM image of suction cup mold with different density of tips, (b) Adhesion force
according to initial pressure in dry and wet environments depending on different density of the
tips, (c) OM image of attachment process with different density of tips in dry and wet conditions,

(d) OM image and mechanism of 150um suction cup patch in dry and wet conditions.
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(b)

Figure 5. (a) Octopus suction cup adhesive pathces for adhesion in dry and wet environments, (b)

SEM image of octopus suction cup with increased contact area through inking process
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