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Fabrications of artificial plastron devices and measurements of their oxygen
permeability

Hirai, Yuji
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Oxygen is an essential resource for action of humans or autonomous underwater
vehicles in water. However, it is limited in the present situation because of a capacity of 02 cylinders.
In nature, there are some insects, which utilize superhydrophobic hair structures as physical gills,
semipermanently living in water. We focused on this physical gill of the plastron and attempted to
prepare artificial plastrons by using self-organized honeycomb-patterned films. In this report, we showed
the preparation of artificial plastron and measurements of 02 permeability in water. As a result, durable
honeycomb films made from poly(Bisphenol-A-carbonate), which resists water pressure, were obtained. The
polystyrene bottles with 3.5 mm diameter holes were covered by honeycomb films, and 02 absorber was
inserted into the bottles. By measuring inside 02 concentration, it was suggested that 02 was transferred
from water to bottle inside via the films, and the film acted as artificial plastrons.



# XL C—19, F—-19, z—19 (@)

1. WFERHMA YW DO R
WEE BRSO v FERCBN 12 13K TP C R IR TR
B A7 DICBENLETH D, ITETIIEE
FRARBREOT I T T TORRBIZLY,
KETOBHBRIEEHNAREL 2> TETW
HH. FOEIKERNIERE R o _NOBEIK
7L, BRI OB BEZ2ITENIHIR STV 5D,
F o, TFTIHEECTRINC BT DA o6z
BHEREPHRNTEY | BBFEAR O[T
HRIIRBIC R T A EERBREL 2> T
Do
—HBEARRICHEZMIT CTHDLE, KFTIE
IR CX R2WVIE T OAEM N KF TE K DR
MAEFREZ L TWD, Bl iZHTERTHD
T YVELUVIE, WMERTH DI DL T,
ZFO—HAEDIFEALEERAKFTERILTND,
INHLOEBRORHEIL, 77X ha v LT
D EBEEKMEDEORLS &2 EHICFE-> TW
HZETHDH I, ZOBEKEETRT ST
ok, KPP -7- L & ZFZORMAITZER
DE® NT7 v T TH, v VELUVILIEDER
DBIZEENTWIHREZFMHTHZ & T,
KPP THIEREAAREIC R > TS, &HICZ
DT T A0 TR RERTER N EED,
KGN E 2D AT HEREZ A LT D,
TTA P A ELTWDESEIT KL
TIZHE L TWA 2O TH - —ER{hir$E
VL 2K AT & AR, ZERE DIRFF T/
S B, LMD ZOZERE TR K
PEDETEZONTWAL-OENLDL Z &N
T&ET, — TP ORGFEEFE BRI EIC
ko egEiclEEt L << A(X 1), Z0HE
FRHATAI LT, v VELAVREIFIATT
EREMBREZELABDIZENTEDHVARAT L%
HEALOWFE THEE L TW5D, Z OWFRME L
NS 7T 2 b OER X OWERE 4 1
g2 2 LT, AP TOMBMGHEIELZ AT
DT NAZADRFENAIREE 725,

o R (524 IR
IVELY
#*R
. O; co,
Po: Peo: 18
L *’mj *’mﬁ
(752 +0v) 'T %) (TER3)
0, co,
K

H1~YELVOERLE ST A o rOEFRMERL.
B L OEEENOBEHGHEOX

2. Mo HMN

ARHFFO BWIE, KT TOBRIEMGT A
A& BT DI B RO OB KM
T A MvrOEEE N - FRL, Z0OmE
it ZNET S22 L Th D,

— BRI ST S KA B
Fe BN E AL L ORI E@mIL 2 ER 9 % =
CRRETHY, £ by T E T BRI

TR EN TS Z ENEL ., 5% ORgA]
RS OBELEEZLD LR LT —1IC
bRERMEL D, £IT, LVEARY
DR E TR kBT T 5 A EkL 5
OFMA%EHB 7=, Frlc, A AR bR S
LTS BRI ZEIL ORI LTz =D
DR AEFCEH Lz 20 ~N=h 2REIL
B, Y IR A A - SR B BRI RS
BIEDH LT, KA L L CEREIC
AT HERE L CER-T LN T
X5, ZOEAIIEREMHFICLY BEBSED
TENHRETH V. BUKHM B SERIES
BT DZEHLNER~DKDRAITRETH D |
Bl =T VTSI AF T EE
to, Bkx RBUKMER T DERT 5 2 &R
ARETHDH, £ T, HOMR b= 20
LB AZFH L TT T A b o T
A A&AERL ZOBEERMEONE E1T - 72,

3. WD IE

H ORI~ = 2R 2 FLE B 2 Wl
LHEMRDELT, 2 V=T VT TTAT
v 27 T& 5 Poly (Bisphenol A carbonate) (¥
2(a)PC) Z M BB EM TH 5 Cap (X
2(b)Cap) & {A&FEEL 10 1 1 TRA L. 4. 4 mg/ml
D7 7w ARV WEEHR % TREE B % 20X 10 em
DA T AFERIC 17 ml BREBA L, 38 C,
1 90% DT 285 % 51 L/min K& 1T % 2

2 N=h DRSIEBICHIA Lz &S+ ok
R, (a) Poly(Bisphenol-A-Carbonate) & (b) Cap

(a) MABET
BB KB vtk

WA F a1 —)L

7u—=5-)
AFa—NE
PR
x E37S
b—y— [ TTVT¥aY SERRUN
(b) (©) lSmTOQQHJ
00000 wx
00 o[dlet—
00000
00000
0ROOO0
3.5 mmOD%AL NEH BIREAEIRDZ%EAL

B 3 et 2 Rl 3 25 72 9 0 BRI
(@) &EDOA A—=VH, (b) AF r—VEDIKRA A
=M, (o) AF v —V@REOIERA A=V,



LT MRS HERAER LT, FRIL
o= DARZ LB 2 H T A AR D 5 H]
AL LY, B3 bmm DNREEEH T - AF
7 — /L OMIE ISR TlRAT, 77 X K
1R T NA A ER LT, ZokE A
F o — VEMEICIZESE 3.5mm & 36 {# (BF
346 mm®) . 80 f& (+ 770 mm?) . 144 {& (3 1385
mm®) Z81F 7= & D & VER LT,

INZ T IR U B O ik 35 3% i VE A BT
THOIC, M3ITRT LD RERREZHE
L7, AFa— VENIBOBREE % X
OO MILIRFRIE S EHIE D701,
W35 2 WX U R 1 A 2 e 4 (——
VR GE XA T) AN, AFa—LE
W DOEEFR & bR FE ORE O HER % 1
ETDHRDATF e — LVEOEICBIERES
E LR FBIREF ZT T2, ERRAT
1 — /LB & KFENICIRIE S ®, Kikide —#
—Z AT 26 Cic L7z, F7=. KENOE
FELZBELTIC LV, HDOWVITEREAT
Vo ik BRELEZ28Y o FETHE
1T o7z,

4. WFFERRLF

KEBRTHWIZ A= T LT 4V ADNF
PSS %X 4(a) 12", FLBR 5.8 pm DZE
LA N= 1 ZRITELS L T B 41 23N 5%
T&E 5, F72ZOFRMDKIFE OB %2 1 E
Lizd& 2 A, 117 B L BRI TRk
AN TS Z b= (K 40)),
TBIEHLEATF e — LV EDFE YK 5 25
T, NI RS AVERII R ERGELS 5 7
DHBLTCRL, AT e — VEMEZ 5B
BoTWHZ NN (K50)), ZDOAF
0— LVEZ KICRESEZE 2 A, K-ZEK
RETRONDEXFNBETE, N=D A
WEILEBRITZEONTICZERE N T v 7L

TWAZLERBHLMNE -7 (®5()), 7z,

AKICRESETHNEITABRA LR -
22 emb, N AREBILEREOME L L
T PC 2D Z ETHoRMALELHE LT
WA Z LRI N,

FeE B MO EIIZ A= LR EILE
ez QA7 LR STED AT o — L E DO
12, g s L T/ROZENTWRNAF 1—)b
BHER LTz, AT e — VENTORRRRE
A ZWE LR A2 X 6 1ORd, BRAERE
WL KENORGFIESR 2 fafl X722 T
1, AT v — VA OBIEIZZE T 72 X OR EFE
DRENHDIFEBBREDIKRTLES . &
BN —EDE 72> 7= (K 6(a)), ZDZ &
LWREDAOEFETA T b EREIC, A
Fu— LERNBII A= LR E LB D 22
LEAMLTKRTFLLBENEGE S TND
ZEMTRBRE NI, — 5 CKRMNO TR
BEFBATYV L VBRELEZRTIE, B
FRBEORDEEICENAONT, AT a—
JVEWER OB FR IR TR AEPIIZIZIE 0% 72
>72 (X 6(b)), KIENOEGFIERZOHMEIZ X
DHERROBENDD, N=h DR FLUE

2L CKPOEFREND AT n— L
NESICIEFE 2 MG L TV D Z RN
Y BRFMAGT NA ADIERITE I LT,
LEORRN G, A b =0 2ik%
LEBEZ 7 A b a AR & L TR
T2 & T KT ORFREFE & IRFTHEBAL~
BRYIATe Z EARETH Y . BRFEMIAAT /A
ZLLTISHARETHD Z &R,
SR HFEMAERE S OFHE & RO L &
TV, KT TEHEH &S 2 B A KR
(AUV) (ZHEHE S 4L T 2 BB i~ oD i 5
el &L LToISH 2G5,

4 (=0 RS FLVEEO L EHFENE & ()R
T D £ 0 T2 Al SR

K5 (@REZETCWiRNWATFa—ALEDEE, (b)

E£E 3.5 mm DR EZEIF %, N=h NIREZFEE

BT ATF o=V EDOFE () AKHIZEIT 5 A
Fo— 5O DER

(a) FUAATAIRS T CORERIRIEMN
ﬁ = A BIRZALTIR (1385 mm)
e N BARZALEUE (770 mm?)
~ 3 — = BARZ LTI (346 mm?)
N —7T
g 12
£ 10
s
6
4
2
0 0 2 4 6 8 10 12 l:t 16 18
LMY (h)
(b) AR R D37 VIR T TORER IR NE
20 NZA BIRSFLEIBE (1385 mm?) |
18 — NI DR LR (770 mm?) |
1617 — NP DRSS FUETE (346 mm?) |
g M — 75y ‘
TE;(’ 12
!g 10
S s
6
4
2
0

0 2 4 6 8 10 12 14 16 18
FEMINEIHI(h)
B 6 AT — LENEOBERRERERLR, (@) b
RAERIC L v KT o ERRRE LR, (b) ERNT
U > 70 &0 AR OWEAEREFR A3 22 R



<5 3R>

(D M. R. Flynn and J. W. M. Bush, J. Fluid
Mech., 608, 2008, 275

® H. Yabu, Y. Hirai, M. shimomura,
Langmuir, 22 (23), 2006, 9760-9764

5. EREHLE

GEsEamsc) G 1 1)
(DYuji Hirai, Naoki Yanagi, and Masatsugu

Shimomura, Preparations of the
Artificial Plastron Device by
Self-Organized Honeycomb—-Patterned

Films, e—-J. Surf. Sci. Nanotech., 13,
2015, 90-92 (EHHY)
DOU: 10.1380/ejssnt. 2015. 90

(F3E] G 4 1)

O M B, FH &S, TR B, Ao
ﬁm&ﬂmLTW%LtAI77XFD
Y OWEFFZWIERE, F 64 [FES 7
@ﬁkA\%w¢6ﬂ29H\ﬂ%:/ﬁ
v ia vk v X — AeHEE AL )

@ M BRI &S, TR B, ZAE
%ﬁ%%wtkl772%m/@&ﬁ@

WPERE, 49th B4y R biEE A
Z=F, 2015 4F 1 ﬂ 26 El AEHEE K TF
R i E (LB AL )

@ M BRI &S, TR B, ZAE
%%%%wtk177x%m/@¢@\
2014 A LMEE oy A B SRS 2014
ESHwH\EM&t;%TWM%ﬁE
FLIR )

@ Naoki Yanagi, Yuji Hirai, Masatsugu
Shimomura, Fabrication of artificial
plastrons by using self-organization
processes, 1bth Chitose International
Forum, 2014 4 10 A 2 A, THERHHAA
7 (A Tk i)

6. WFIEAfK

(D) wrFe

T f&F (Hirai Yuji)
TR AT R - ARG RES - BT
fil

W% 5 : 30598272

(2)

A YIE:S

THA B (Shimomura Masatsugu)
TIRPHAEAMT R « #E IR - Bifk
W2e %S - 10136525



