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Figure 1.1 Development and collapse of cavitation bubbles.
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Figure 1.2 Collapse of cavitation bubble. (a) Symmetrical collapse of a cavitation bubble in

bulk solution. (b) Asymmetrical collapse of a cavitation bubble in a liquid-solid interface.
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Figure 1.3 Illustration of the emulsification process by ultrasonication.
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Figure 2.1 Photographic observations of the emulsification procedure using acoustically
emulsified solution. Emulsification conditions were (A) 20 kHz, (B) 20 kHz — 500 kHz, (C)
20 kHz — 500 kHz — 1.6 MHz, and (D) 20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz.

T LARBZBITHEEL TV D RICK LT 1.6 MHzX°2.4 MHz 72 £ O & & I O
B A HE-CHRE LA IS BMREHE /T oo~y a v al(5 LN TER
WELH I R R AT 23 v BT — v a VERESBEBR LT D LD EB D
N5, HUWNIREORENS ZJBI0EE L T D RICk L, BEEILEITo 2o~
V3 v OEEFEREIZE L CIEanR L7z X 912 Fogler 512 X » TREMICHRF ST

559 DU Gl Y BT — v 3 VORAENMBERA R THDHM., F ¥ BT —

-

oa LV DREIITFDIAELMELE L TRy EF— v a VL VD RT A — 2 —

23



ELTEY, BAEENEL RDEEF Y ET =Y a UARAE LIS KRB Z Enfbh
TW5 7, Z2Od, HWICAREOWRED ZJEIZ50HE L TV DRIk LT RE o
FHAHE-CRE LGS TR Bz a5~ a v afis T ENTE
RNEBZOND, ZOZ LD, REEBOBE SR D & IR O I & BRI
I (Z o7 2 ERIAAL) 252 L CMMARR A AT o~y a URTHRITE D
PRV AR B D &I & BRI L TS I AL AT 5 BROMEME & 135872 2 Wkl C i
ToHHLDEZEZDBND,

EEEBOBERIZIF Yy BT — 2 a UBRAE LIZ W T B LR E =1L
F—Z2FHL THEEBNOMRE R STEMEEZIMESEDL 2 LN TE L2 05
NTW5 7, =<l a K L CEBRBOBEE 2 BK LicGaiio~ Ly a vk
T 2R SINE S NS Z & &b, 2L &, =</Lya rORIT 2 FHEDOWART
RS IVTWD, 202 FEORERIES FIIENENE LR E®mEFF>T0DH 720, (A
EONEZTFCHRRDEBMEZRTZ IR D, £ ~—IEH L KO T, KOFH
L mEmE CEE | ) v — @RS Z OB X ITONTNI ) LT DL HICE Z BT
HINd, ZORER, £/ ~—IKEITKOEZITRIGT D720, B - 2R L, &R
IKDOENZICFAWITELOREITLRETLHHDEBEZIBILD,

INbEEFATEZAD L, 2T BERIMGIECE D22~y g OFRRITIE
3EBEDOBEMEIC Ko TR IR A BT 2=~y a UisdiflshTnd B2 bh
Do ETHEMCIE, MOBEL QO AK-RAEICF Y T ) —EREAEL, 05
Wi ) A3 S R ) & 2 D & AR S OB BEAMEMT LR AN R D, 5 2 BeRE I, AR

RENTZR AT ¥ BT — v a ORI L 0SS TRk d %, £ LT 3 &

24



BECIE, @R OB ERIZ LY B2 D INEE T 3L X —|2 X 0 IRENETE - 5%
T5Z L THHMET 5,

75 3 BRPEOIBFEICEE L TR TH W | IR ZRFIE23 2 STV N To O TR DI
ZHIZRVD R & U CRJER R & @ R OB I & B R A RS 2 R Tk, St
EEMERIFEAFAE T COxZ~ /by a » OIRIFREZ I RENIHAME S 5 ETERZFE

ThHEERD,

2212 =Yg VIETERONE

FNENOBEWRAIREAETFICBIT <Ly a3 CEENDHE ) ~— RO
B K ORI P 0 A & TR EHGELIE  (DLS) 12X 0 4T L7e,

20 kHz B OB EF R BH O, =<3y 3 » OFHEHIL 220 nm Tho7-, 2
BPEIRSS (20 kHz — 500 kHz) D6 TlE, ==Ly a o OV, 112 nm T
o lo, S DITHRI e BE R AAFE 2§ & 3 BERE OB 4t (20 kHz — 500 kHz —
1.6 MHz) (&> THR LN~/ 3 RIE CTIOERRTERE D 51 nm & 720 | 4 B
DORBE WS (20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz) Tl 72 2 ¥ O AL
WALV, FEEERIZ 23 0m L 7e o7, ZNHORERID, MMA £/ ~—& Kb
AR D ZFIGRICHR L CH 7 MBERACIEEZ WD Z 210 L0 | Bl o E g RS T
355 2 LD TERD ST nm A —F — DN ST o~y g VERRTE

LT EBHBMNERST,

25



30
n
(A ,'
1\
@20 i e (R (a) I - \-
S \ g .,
< —m ®) Ca ™
NI RN
- | i :
e R S O R
E I \ i
! \ \
" " MR R 1 .-ulu M .\.h#:. |.\|-=| 11
01 10 100 1000

Size / nm

Figure 2.2 Size distributions of MMA droplets in acoustically emulsified aqueous solutions.

Emulsification conditions were (a) 20 kHz, (b) 20 kHz — 500 kHz, (¢) 20 kHz — 500 kHz

— 1.6 MHz, and (d) 20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz.

Table 2.1 Mean size of MMA droplets determined by dynamic light scattering measurement

Emulsification condition MMA droplet size / nm
20 kHz 220
20 kHz — 500 kHz 112
20 kHz — 500 kHz — 1.6 MHz 51
20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz 23
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Scheme 2.1 Polymerization of methylmethacrylate.
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Figure 2.3 Size distributions of PMMA particles prepared from acoustically emulsified
solution. Emulsification conditions were (a) 20 kHz, (b) 20 kHz — 500 kHz, (c) 20 kHz —

500 kHz — 1.6 MHz, and (d) 20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz.
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Table 2.2 Mean size of PMMA particles determined by dynamic light scattering measurement

Emulsification condition PMMA particle size / nm
20 kHz 241
20 kHz — 500 kHz 191
20 kHz — 500 kHz — 1.6 MHz 164
20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz 129

2-2.3 SEM #1%

VERL U 7200 Wil e 7 7 A BT T U CHAR S B 7%, AGA Ry ZIE L2 b 0%
Ble2 L7, Figure 2.4 ® SEM BEN 6005 X 9 IZEIRD PMMA 80K 1- 2 7895 =
EMTE, IHIT, 20 kHz HMBH TR ONIc~w Ly a Vin b ERILTEAR Y v —
ok 1 & 4 Bt & v 7 M E I FLALIE (20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz)
DTNy a rNHERLTEAR Y ~—fhi -4 SEM GEIZEB W T+ 5L R~
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Figure 2.4 Scanning electron microscopy (SEM) photographs of PMMA particles
polymerized in acoustically emulsified solution. Emulsifying conditions were (A) 20 kHz, and

(B)20kHz — 500 kHz — 1.6 MHz — 2.4 MHz.
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(Figure 3.1),
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Figure 3.1 Self-assembly mechanism of colloidal particles by capillary force.
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Figure 3.2 Schematic diagrams of the experimental setup for preparation of colloidal crystals
using convective self-assembly by (A) evaporation of the solvent and (B) lifting up substrate
plate. (C) Sketch of the particle and water fluxes in the vicinity of particle arrays growing on a

substrate plate that is being withdrawn from a suspension.
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Figure 3.3 Photograph of the fluidic cell used to fabricate colloidal crystal films.
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Figure 3.4 Photograph of colloidal crystal films composed of size-controlled PMMA
nanoparticles by tandem acoustic emulsification. Emulsification conditions were (A) 20 kHz,
(B) 20 kHz — 500 kHz, (C) 20 kHz — 500 kHz — 1.6 MHz, and (D) 20 kHz — 500 kHz

— 1.6 MHz — 2.4 MHz.
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Figure 3.5 Transmission spectra for colloidal crystal films composed of size-controlled

PMMA nanoparticles using tandem acoustic emulsification. Emulsification conditions were (A)

20 kHz, (B) 20 kHz — 500 kHz, (C) 20 kHz — 500 kHz — 1.6 MHz, and (D) 20 kHz —

500 kHz — 1.6 MHz — 2.4 MHz.
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b5 & Table3.1 DL D27 D, 2D & & 4 B (20kHz — 500kHz — 1.6 MHz —
24 MHz) O% 7 LABEHEFIAGEIC XLV ERIS N =R U ~ — 3kl 7y 8k 2 v iz o
1A REEREITER A7 Ve — 7 PERPHI & 720 dyeq WA TH o 721,

KRB D HEHENDEEMEITRD D Z R TE o7z,

Table 3.1 PMMA particles size determined by dynamic light scattering measurement and

calculated by equation

Emulsification condition Calculated particle size /nm  Measured particle size / nm
20 kHz 233 241
20 kHz — 500 kHz 215 191
20 kHz — 500 kHz — 1.6 MHz 176 164
20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz - 129
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Figure 3.6 Transmission spectra of colloidal crystal films composed of PMMA particles

swelled by the addition of (a) methanol and (b) 2-propanol.
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(a) (b)

Figure 3.7 Photographic images of colloidal crystal films composed of PMMA particles

swelled by the addition of (a) methanol and (b) 2-propanol.
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Figure 3.8 SEM photographs of colloidal crystal films composed of size-controlled PMMA
nanoparticles using tandem acoustic emulsification. Emulsification conditions were (A) 20 kHz,

(B)20kHz — 500 kHz — 1.6 MHz — 2.4 MHz.
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Figure 3.9 Schematic drawing of the fluidic cell used to fabricate colloidal crystal films.
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Figure 4.1 Size distributions of MMA droplets in acoustically emulsified aqueous solutions.
Emulsification conditions were (a) 20 kHz, (b) 20 kHz — 500 kHz, (c) 20 kHz — 500 kHz

— 1.6 MHz and (d) 20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz.

Table 4.1 Mean size of MMA droplets determined by dynamic light scattering measurement

Emulsification condition Droplet size / nm
20 kHz 103
20 kHz — 500 kHz 87
20 kHz — 500 kHz — 1.6 MHz 61
20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz 42
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9. APS Z ANTHAITIL 20 kHz BAMOBEE R IC L > T bilco~ b v a
VNCEENDEOE — X EBALIX-33.5mV &g oTz, 2 BERERRE (20 kHz — 500 kHz)
DY TIE26TmV L7po7z, & 61T 3 EEOBERRE (20kHz — 500 kHz — 1.6
MHz) TiE-13.8 mV & 720 (4 BB E RIS (20 kHz — 500kHz — 1.6 MHz — 2.4

MHz) TiE-16.6 mV 7272, F7=, pH RBR#KZ HWTE— X BNLHIEREDO pH % H|
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ELTZE A, WTROBRALE /) v—Tv Ll arDhDL XL LEDLLT, P—FE
ALRERFD pH X 7 RRE DO HFHETH o 72,

RIZ. AAPH & ANL7-355601213 20 kHz o E RN IC L > T oo~y
NCEENDWEOE — X BALIFTH17.5 mV & 72> 72, 2 B & (20 kHz — 500 kHz)
BE TIlEH41mY Lol S 61T 3 BEOBE RIS (20kHz — 500kHz — 1.6
MHz) TIE-0.5mV &72 0 | 4 BEOBERKS (20kHz — 500 kHz — 1.6 MHz — 2.4
MHz) Ti¥-223 mV &72o7-, F72, pH B AE W CE— X BALAIERED pH %
ELIZE ZAAPS FRICWTNOHAELE /v —T </l a b DhDEX EEDLT,
— X2 EBNHERFO pH X T REDHFMETH -T2,

KX — X BAREDOFERDO—E % Table 4.2 (8T, WTHOBMGAIZBA LT

HP—ZEMOMEIZHRNCS 7 T 52 DR bhoT-,

Table 4.2 Zeta potential of MMA droplets determined by laser doppler velocimetry

Emulsification condition no initiator / mV ~APS/mV AAPH/mV
20 kHz -59.7 -33.5 17.5
20 kHz — 500 kHz -42.5 -26.7 14.1
20 kHz — 500 kHz — 1.6 MHz -32.8 -13.8 -0.513
20 kHz — 500 kHz — 1.6 MHz — 2.4MHz -34.3 -16.6 -22.3

4-2.1.4 FIRIC L D O G — BB O RRGEE

AKEDHE THIEAN X D IC BEEHIOE / ~—iKiHEE L BEERONR Y <~ —fki 748
WAL CTLE DB & LT, HERHCBIT 2 FRBIEIC LD 77 U U EEA 2 b Y
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v RRRDTEFAL D RIR Td 2 FRetE R’ B A bivd, 77 U E#)T Einstein D77 ¥

VR O (4.1)

= (2Dt)1/? 4.1

& Einstein-Stokes D 7(4.2)
- 42
~ 6mna 4.2)

M A A KTV REEIT Kelvin-Ostwald D 3(4.3)

RTInZE = 241 (1 1) 43
%{‘Vmﬁ = 4.3)

IHENEIA L 72 X D ITIREICHHI L CIERIET 5720 TH D 7, 2 Z TriZrE]
tCxtif 7~ < BEEE DY) DIk T OILEAREL, mIXME SR, g E ORE, alt
BL2B28, kIEA Y < S, TITHHRE . RIZFEAKEER. o, oldZzhzhy:
Bery, ry ORI DOV . yIXEER, BRI ORERT) . VplHRIKDOE BRI TH S,

INOOFEENS, FiRESNEL Ly, HIRTESGT2EAELZ MWD Z LT, kL
TROWKZEBECE 2 LHR LT,

Z T EBICABBO Y T AEERAMBIC L s TE/ v —2 v vy a Va2 FR
L. EABGHZ ANTIC, FIROBEIT> CThiz, ZORE, FRATE 7% T DLS
X VBREEITo 7oL 2 A FRATO DLS MIE Tl 41 nm 725 72D IZx L, 15 43 75°C
THAR L721% D DLS JlEDFERIL 42 nm Th o7z, ZOMFEC LY, FRICK L TH-

ROHTIXIEERITIR L2 EBRH b ot

R, EEFIEH ZHBEA L, FIRETITHRIEO B 21T - 258 IR Z (LS /LD
NDPGREEAT o1z, 4 BRBEOZ 07 AEBEERAMEC L TE/ v—2v b a %

Rl EABMGAIE LTAPS &AL THHEOARE 15 5T T2, £ DOHER. APS
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PEANTHETEHB% TDLS HIEE{T-o7-& 2 A, APS OF2ARTD DLS HIE T 49 nm
7Pol-Dlckt U, Hi#E% O DLS HIE TIiE 146 nm £ TRE L 2o T2, ZOREEIZ &
D, BEAFIOT /) v —KHEEBAEZORY) v~ MR NPT L CLE 2 B RITES

PRGGANC & D Z L AR LTz,

422 KEHICL DRV ~—Hhi+ ol

4221 /) ~—xT< /)L a s DNEE

1 BEBEN S 4 B & TOBBIRBGHZ Lo TR ENE O~ /L g EE
AR H & LT 2,2'-Azobis(2-methylpropionamidine) Dihydrochloride (AAPH) % il 2. C UV

BRI LD HEEEIToT,

A e n
O\ >
n H,0, r.t., 30 min. 0 @)

O |
methylmethacrylate (MMA) polymethylmethacrylate (PMMA)

Scheme 4.1 Polymerization of methylmethacrylate.

ARECTHEH LIEEARGH AAPH 13KEMEOREAGHICTH L7290, HAE DK
BEIIE 220D EAEEEZ OND, AAPH 2R AL~/ 3 2 UV 77T

UV % 30 spFME L, BEA LR, EICEW B Lo A U~ — ok -4 Bk 2 45
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B BT,

4-222 KR~ —Hki 8 DOWNE

DAY ~ — kL -4y WO & F 4L 2 kL 1 DRI 7B E % DLSIZ L D AT o 72,

20 kHz HIHRRH D555 . PMMA S0 O SEEIRLF-F81 101 nm T o7z, 2 B
(20 kHz — 500 kHz) DA TliL, PMMA B8R 7- O R 7-81%, 76 nm Toh o7z,
S DICHERAY R 2 i & 3 B OB ST (20 kHz — 500 kHz — 1.6
MHz) IZ L > TR b~ /b g s BAFR S 7 3 B TIREAA R 72875 64 nm &
Y. AEEO X VT NS FALYE (20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz)
IR o TR I NI~ LY a3 Uh BAER S IO 723 B it PMMA 0k O 3
72 DRI B DA, PRI O IR AT 42 nm & 7R o 7,

I DORERNG | H 2 B L AR E IR AR O BRI OB L L
arviPOERLIZbDIEE | RY v — b FORFRENB LD /NS 2o TNDH T LR
bmole, L, H2ELEERY | AER SN PMMA kL 3=~ /v 3 > O
BREFEFRICEREZATHZENHLMNE o7, - T, HEAIZL D PMMA fhi 7
DAERUT =~ L a SRR 2 OB L 7ok 7 O ERUC B W TRBRO THZI TH 5 Z &

DR STz,
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Figure 4.2 Size distributions of PMMA particles prepared from acoustically emulsified
solution. Emulsification conditions were (a) 20 kHz, (b) 20 kHz — 500 kHz, (c) 20 kHz —

500 kHz — 1.6 MHz, and (d) 20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz.

Table 4.3 Mean size of PMMA particles determined by dynamic light scattering measurement

Emulsification condition Particle size / nm
20 kHz 101
20 kHz — 500 kHz 76
20 kHz — 500 kHz — 1.6 MHz 64
20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz 42
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4-23  FE-SEM %2

VERL U 7203 Wi 2 7 7 A BRI T U CHa S H 7t Ay B LTt D %248
%217, Figure 4.3 @ FE-SEM G-E 15005 K 9 IZERIRD PMMA ki % Wes8 3% =
EMNTE, 20kHz BIBH CE LN~y 2 U BIERI L7 R Y ~— ki & 4
Bt & 7 A E R FLIE (20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz) O~ )L
va VinBAER LR Y ~ 80k 7% FE-SEM G EICB W Tl 25 & R U~ —fhi
FRHALNIHIMEL TWD Z R0 d, 612, FALEMEED 1 BEO L D26 4

BEDH D E TR LB THMLSN TS Z L bR TE D,

Figure 4.3 Field emission - Scanning electron microscopy (FE-SEM) photographs of PMMA
particles polymerized in acoustically emulsified solution. Emulsifying conditions were (A) 20
kHz, (B) 20 kHz — 500 kHz, (C) 20 kHz — 500 kHz — 1.6 MHz, and (D) 20 kHz — 500
kHz — 1.6 MHz — 2.4 MHz.
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4-3 it

RETHE, ¥ 0T 2EERAMEZFHALTMMA £/ ~v—T~/Lya UEFHRL,
HEAIZE D PMMA SR - OERAITH Z L To< /by 3 UIZE £ D MMA TR
L EHEHRD PMMA Mk % —B S5 2 L ki,

FTVEHAROE ) v —IKHEEEEEBORY ~— ki AP TEHE L T Lk H>BH &
LT, EARICRBT 2 FIREEIC L 57 7 7 Vi B4 R R UL RRGROTERAL YR A
ThHHAREENEZOGND Z b, FERIZ4BEEOZ 7 AEERAEIC L > TE
Jw—xwbva rEGRE L, ARG EZ ANTIZ, RIROREITS> THTL, £ Ok
R FRATTIE 4l nm 725720kt L, FiRL72% Tld42nm & 700, FARICK L TH-
ROBTITIEFHRITER LW LRGN E RS T,

7o, BERBAIZRAL, FRETITHIEO L EZIT - 2 G A ITIRIEBRICE(E A RS
NDDREEE AT 72 & 2 A APS O#ARTD DLS JI7E T 49 nm 72> 7= DK L, %
@ DLS l7E TiE 146 nm £ TR EL 2o T, ZOMGEIZE Y, EERIOE /) v —iK
FWRLEEGHRORY ~— MR F AT L T L E S RIRITEABBHICH D Z L 23K
L7,

WIZ, HEABMAITH S AAPH </ a VITHERAL, FIETONRESZ{T-
72

ZORER, IR CONESIZ L > THEARTD MMA #&iH & 1ZIX[F U % > PMMA
ORI 7 DRI HR ) L7,

UEbDZ &Nt 707 MEERAMEZFA L TR LIz~ by a U6 EIET
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DHERIZL > TR Y ~— R -2 ERT 2 2 & T €/ ~—IREEOHIH O 7 TR Y
~ =R PR A I C & DT A FIE ARSI T 2 2 LTI Lo, RFEII R mETE A
DNz —BIEE L LR 30F /) ~ — RO DO TUE L3 5% b Ok
TEAERTEDZ LD, BEAMOBBICORNIFALTIETH L L L bIic, JHME

R LB L LR WA ZRRERIEN G THD &5 R D,
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4-41 I

AREIZBW TN L LU IRT,

c AX 7 YNEEAT IV (MMA) A bR T3

cAULE XY THREET =7 A (APS) bRk T3

+ 2,2'-Azobis(2-methylpropionamidine) Dihydrochloride (AAPH)  HUR({bjk T3

SEVET VX 90, HEELVE, JEMEEE T Merck

Fo, W AWK I, Smart 2 pure 3 UV (Thermo Fisher Scientific Inc.) % FV>

THRMLEZbD2FER LT,
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4-42  FEEREEE

AREIZBWTHWEEZBRILE L OO E 2 LT ISR,

B 8RR . SONIFIER-250D (20 kHz)  Branson Ultrasonics CO.

AR IR EEE (500 kHz) A% E RSt

AR IREEE (1.6 MHz) A% E US4t

AT R IREEE (2.4 MHz) A% E US4

UV 7 7 : UVF-205S SAN-EI

AFva—H— B—3 =Aa—

B YL L EEFH(DLS) : Zetasizer Nano ZS ZEN3600  Malvern Instruments Ltd.

BRI E B 1 TS SE(FE-SEM) : JSM-7001F  JEOL
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4-43  EBRFIA

¢ Sk

MMA OHIZE E b EAZEEIEA] (6-tert-butyl-2,4-xylenol) % EL VY Bi < 7= DT H HAE
T FICH LT 2[R L, S HIC, %I MMA HIci > T LE o ik T
N FERYERLS 7202, vV Y7 (VX —(Whatman, Puradisc 13(GF/B 1.0 um)) (Z

Ko CTHERERE L7,

- FALHAE
A) 20 kHz B FREHC K 2 FLABAL B

Moz, a¥y b7 —1U 7 &M MMA(0.01 mol, 1.07 mL) & 1 7 > 48#7K (20 mL)
& T,

FeuNT 20 kHz OBERBIZATO 72012, vy 7 —U 7R AT v 7R
— AR (13 mm g) ZHA LT, TOE A— 2 %mE 3 mm 2NEIRICIR DA0EIC
L, HEE A A LT,

B) ¥ 7 AE I FACLER
20 kHz OBE RN L > TEON=~< /Ly 3 U (A) & VT 500 kHz, 1.6 MHz,

2.4 MHz DJEIZZEIRPNEBE R AL 2 i L =~ /vy a v 57,

C AU

Apkix. BB Z i LS SNzt~ by 3 2% LT AAPH(0.01 mmol, 0.0027 g)
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IMzZAT -7z, UV 7271285 UV BB 30 43R, Bl 250 rpm CTREHE L. EA MG

DT, BUSE. UV B Z2451E9 5 2 &L T S ZiFlk S Ei,

FEIRQSONI R TWDH <Ly arm, T 7 U —k/L [DTSI060] IZFE L,

DLS 12 X > T MMA &3 £ O PMMA ki - DSk 22 2 E LT,

- FE-SEM #1532

PMMA 0k 713 SEM B4 KL W KL FIRIRBIR 24T o 7o, AR T TEE) - D
S-1226 (76 X26 X1 mm)D A7 A R 7 A% FE-SEM B IZINE HRE T H L
Btk & U7z, F5tR BIZ PMMA 0B F o0 Bt 22 /N A — b By R TIF L, EARIZT
BT 5 Z & CHRGREA T o 72,

A A a—F =W ERI L= ERICE ARy X a—TF ¢ > 7 %fE L, FE-SEM I &

D ZNOBEEITH T,
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AR TITY T 2BEF W AACEZ R LR Y ~ — 3k ORIARHI B A Al & &
DIGHEF L LT, AR SNIZMR 72 MW - 20 A RiEEIEL R L, S aoR
ZEENZOWTHE L.

BE I FAE T A TSR 72 £ O LA 2 —OI WD 2 L =v vy a U ETERK
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ZOREF, MMA £/ v — & KD 2 FRIRICE RN BER R 2175 2 Lic kb, =<
IV a3 R RIE SO S AL, AT O BEELAY 4 < Ao iid TEIAMEO En T =
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FHEAIT L D PMMA i+ OERZ{TH 2 L T~y g VIZEEN 5 MMA kiR E
EEABDO PMMA b 188 % — B EE5 2 L aRlkAlz, 9. EAROT / ~—iEiH
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