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Sonoprocessing of Inorganic Materials
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Abstract: Application of power ultrasound to ceramic materials synthesis is reviewed. Here 1 classify the
ultrasonic effects on ceramic processing into three groups; (A) a process which is specifically induced by
ultrasound, (B) a process which is greatly enhanced by ultrasound, and (C) a process which alter the
morphology of the product. The group (A) involves unique syntheses of carbon nanomaterials and amorphous
iron where non-equilibrium may have been achieved in cavitation bubbles. The other “specific” sonoprocesses
are mentioned. The groups (B) and (C) are important in practice because the outcomes of using sonoprocess
are clear and definite. The importance of understanding the elemental processes included in the system is a bit
emphasized.
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Size distribution of crystals are wide when precipitated by
mechanical stirring only.....

If ultrasound is
applied during
precipiation .....

Fig. 4 Alum crystals precipiated from supersaturated solution on the same cooling history and the different ultrasonication
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Fig. 5 Mesoporous structure of titania prepared by anodic oxidation of titanium substrate.
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Ultrasound in Analytical Chemistry

Jiye Jin (Department of Chemistry, Faculty of Science, Shinshu University, Asahi 3-1-1, Matsumoto,
Nagano, 390-8621, Japan)
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Abstract: Ultrasound is an energy source that has the potential for enhancing many stages in analytical
chemistry. There are two types of effects mediated by ultrasound: chemical and physical. Irradiation of
ultrasonic waves in the solution induces cavitation in a solution, which generates a short-lived localized
hot-spot. On the other hand, a variety of physical effects, shock wave, the acoustic streaming or the
acoustic radiation force can be produced in the ultrasonic standing wave fields. This review will attempt
to provide the recent research challenges by using of ultrasound in ultratrace analytical applications,
including ultrasound assisted microextraction techniques and sonoelectrochemistry.
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IEE R R 5 L EERCEERS ) (F) 2E, RxRIEAINEZ 6N, BERITIKE
TIE SN THEATE & T Lo CTEETESL DR S DD, EER OF 8 I NG 23
FHET DL, FEOEMNSEIZINND Fa 2% 5, B2 F, OB & THTESEEK O
HEF VLT RY, WHEEOERTHL EEZBND T,

EHEDITT LY a AL EFEELESIEHTE D 2 2D LT, Fig2 lomnd £ 5 elFEL
B L= N zE (UAME) Z24BR L, 20t ek "Ik 0 kP oBMET VI =0 Aq 4
v AP OERISH L, FEORBREZ 20 mL OREHEIEZ AL, Z21210mM D 8-% 7 U
—/L(8-HQ)Z & e 500 uL D 7 v 11 AR )L AR 2 RN L 7=, 28 kHz D /=)L A& 2 -V TRk %
TNy a AL ERETE, EVAERE 24MHz) OBEKREZRNTHZ LI2KD, Z7raRLA

0 min 5 min 10 min

Phase
Emulsification separation
Aqueons | | ——p —_—
sample Low frequency High frequency
ultrasound ultrasound
irradiation / irradiation @
Organic drop o / w emulsion Orgam{dmp

Fig. 2 Schematic diagram of ultrasound assisted microextraction (UAME) based on frequency alternating
technique



D O/W ==L g AL LM OFEEZ BB TR T T, AT OME AP DIF & AL % i
HICHIH X B 2 L mo7 V) ZHiTm <Ly 3 ALOBRICE W BRSNS DS )
Uy b A O & o7z & B, fiHICs T 29 EmENE LREIND Z EnE
Z BN Y, GERBHRICHANT,OT v /by a3 VHEHO K & WV ELFREEIC L 5 g RIIR Sk
&= QFWIEEER D7 (17, 0.5 ml) ; @ BRI % one-step TrRRBICHIHTE 5 ; @

P & BRI T TR CASROTTIT O 72, MEIC K D12 R/PRICIA 5 Z LS TE,

ENHIAEE AT SR EORBEAT 5,

3. BE B Z AV 5 ERALFEHA (Sonoelectrochemistry)

3.1 BEEMNTEAALZ A Y —

AE O E 2L FHRITERFOF vy T —
a VEBIRICERT S, ¥y ET—Ta il koM
EE~ A 7 a Yoy M BE m/s) 1, RS
—%Th D EBRAFERIEOWERBE K BRI E)
ICREREBEL5 252 LIXMEN Y, b
DIENZ & » T, ERAmE TOMEBE O/,
TR ] OTE AL EBSONR I 2 B 215070 &
DR BIFTE D, BUE, EHFROFHITES
o XD AT LD, BREGRSOERLTFH
J OV 72 & OFEIZ B W TR A 2RI &
F 0, BEEKEXILY (Sonoelectrochemistry) D —
DEELTERELODOTHD,

A ERILFIEIC L Vb T 5 B
t V% Fig3 \ORd, BERORE R — 3 —KH
(ZAEREMRO EEICED F1F b, BRAEERE
X8R - VRSB EM & A xR A & T = ER
TIT> TV 5, WP OBZICFEISE, B
BKTH 2 M & R TR E 2WEBE) & E
W Z ) R —RORESTH D, RALH
VAN U — 3N E R AE BRI D D BAL A
ML CEMLE TG &L Z S, BsEmIcki
LEBER L OWEEENC T S EmAE Eii—
BEMMSE RLZE7 T L) L LTREST S HE
Thby, EBmEEbD LW ITEREETCED LD 72
FOGHEE Z > TW DA EBRIZHETE 5720
A5 B S ORI AR 2 T E LTHWS
nTn5s,

WEBBOREITBE BRI FOR b EE
FWHERE L THIFF SN TS, Figd (LAY 7 A
LTEEMETT 1 mM ~FH 7 831 BRA A
¥ Fe(CN)e " DRIV E TS T MEm L, BB
+0.2 Vvs. Ag/AgCl L 0 IEGMICEIMEE7z & X2
Fe(CN) M IZEBME R ICMIL S NG, ZDLEDE

EERE®F—
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N
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fFREE

ERERE BH& X EE

O
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O\)%iﬂ"'é‘

Fig.3 Sonoelectrochemical cell in which the tip
of a sonic horn is located at a distance from the
surface of an electrode.

1 mM Fe(CN)64' + 0.1 MKCI
Scan rate: 20 mV/s

Stationary

‘|78UA

Ultrasound (20 kHz, 30 W)

[ | | | | | |
08 06 04 02 0 -0.2  -04

Potential / V vs. Ag/AgCI

Fig.4 Cyclic voltammograms for the oxidation
of 1 mM. [Fe(CN)¢]* in 0.1 M KCI supporting
electrolyte at a 1 mm Pt disk electrode.



iR BN 13RO TRV DT, BRLEBIIISOCYE O EMB~OYEEGEE BT 57 0 v 7 DF
—EANC X0, SEBOREE BT R85 Fe(CN)s™ DI HR(6CIox)IZ Heffl LB EIZR () TE 2 5
hs o,

i= nFAD(a—Cj €))
ox x=0

n LB G T 2E T F X7 7 77 — 8, A IXTEMOERE, D 1T OIERUEE, C I
HEHFe(CN)6]" DI E 2 £, x ITBMBEHENSOEHETH 5,

)30 WO E K A2 BRI ICHEF T2 &, fFiETERT + A7 EmE D bEFLIHARL
ToRICER BN S, 03 V X0 IEMOEAFEEIZ BV T, ERfE I EMIKAAE T, ERIREE
BHBFOND, Z OB RRIEEER i &, KA THZ 5.,

iy, =nFDC/O ?)

S ITEFRILHIE DR X 2R T, EHEIOWEBIEENFIC L > T3 IFTMEE THD b, #EiR
ELTREVWRAERLZBRTE S,

RVEET T NTHE SN D EMRERIT, MEBIKET 57 7 77 —&EmROIEMNT, B
ZHEEOFHE RGOS AR & OEMOREEFRIZEAR LI BRI EENLTWD, %
TFEAER L BT TV DN, 80 HIIRS 2590 DB & 725 19, Peterson 13, i
T L DMEBIMEES R E2FH L <, 7OV ABERZ AW CEMITEEIZH 2 WE OB EhHEE
ZJEEIRCET L, EEEAFA L Z A kY —(Pulsed ultrasonic modulation voltammetry, PUMV)
IR, PUMV TiE, WEBENCRE L7-Eil L WEBBICER LA VWREBRORIE
G WA ST 5 T LA L 2o TV D, BRI TR DI AR, o
74 A7 BEE Y DREVTZD, RS LA N Y —OHFRREEIL S 5 ITH LT 2 FTREMEDS R
ST, EFHITLEOK, PUMV THIE L7 ER ) & Wavelet ZH#Z K0 gt L, AR~
ET T AHORZREN & BB DA T o7, £ LT, ZRhm e HnTa~F o7/
PR(ID BE [Fe(CN)o] A A > 7213l b/kFE L 1| uM OEREFIRTHOWT 5 2 encaiz 2,

3.2 BEHAMNI VL THRNVEZ LAY —
B OF X EMNEEZ M LT DIIIKEICEN TV AT, BIEES T OEKIZE
WTHRVBELERETND 2, ARy BV SRS A MY X AR ERERT S 2 &
WX > TEREM EICRMESE-0b, Bl O EFEHN S8 5O EEM RO EE
T2 HETHD, BILBIHSE L5627 /) —T A v 7 AN o B TRV Z A Y —
(Anodic stripping voltammetry, ASV) {5 & W\, < O EEEA A OERICHEH IN TV 5D,
Madigan & 1%, BEROEBOBEEDREZFHL, AN v BV ITRLE AR —
(sonochemical stripping voltammetry) & U9 # LUWWTHANZIRR LTz, 2 OFIERNERD A K
Uy B ZiEEIXRRY, ARMEERME T, BEROZEIC K > TE e fiide @Mk & /£ 1 Bk
Kl BICIRfE S 0B, ZOEMZ B OEMRON > 7&K L CHEE 23R
AN BT RVE | T T LA T D, ZOFIEE, BRASEEORWER I TRETR
REDARE—RIZBNTHRBOSHNTE L2OBFRT, E—F—F A0, M~ Y
v 7 ZADREZR~DIGHP G SN D, RESITOSEIZENT, @i Z2sHS 2 Hv 72 <
ThH, T MEOHEBBA A4 & @mWEE & SBREL FFOBELXIITEORBE PR LEND X
I TETWD, ASV OSHIREZ S 512m B4 5 2 & 25 - T, Matysik 5 2|3 Nafion
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A A SREE A TR 2 - BB D I B 2 w7 I(CAP)D ASV O ZEBR (T &3 L=,
ATRAR B CREMER N ICHEREZRN T2 L E LB LIEA N vy = RO,

30 B ORTEMRFER T CAAD DMLY 3X 107" M 2R L, FHAHMEAERET 1.2% (B 1 oM
CAIDDFBHIKF LT 9 [EHIE) Thoto, EE LIXZO%, BEKANRMZ AW S
V—=F 4w AN BT RLE AR — (CSV) ZBIFEL, #E~2 T M OSHTIC
W Uz, 2 ORRBEIRERD 20 (5 E THER L, ¥ 7 ppb L~ULdD Mn* D E &4 AHEIC L7 2,
KL% T 1 ppb @ Mn® % 358 10 BIRIE L7-#6 8, FEERZEIT 1% UNTh-o7-, Zh
TR IRIC & B OV L IEM LRI Lo THIEOHHRMEN R ETE 2L EZ LN,

4. BbYiZ

AR TIE, BEDHTOBLEN SBEE O SIHMLF~OIERA ZfiFil Lz, BEKT~/Ly a3y
BT R EIETEA 72 & OFHALAZ AV D 0B N e B OB CRER T~ VY 3 ML
L2 EMNIRKRIEFSE LTEBY, X0 TPARE R E G2 DD 5T, BEICYH
LW 7o—F L LTHERBSRATWS, £72, BFROBREZHETS Z L2k 5o
Ty a Ak BRHED AR N2 9 2T, ZOHS AR LIRS R O R H
ERAIT Lz, BEWMOEMERS 2 FIH U AR 05 E - itk e &, 5% b otk ~Dls
MEPHZ T 2 Z WAl L B2 T\ 5, BEEESMMTIEL, 22 2 0FFEFITIERIZR - T
XS HDO—oOTHY, BERFYyET—a 0%, BRKISEHWEST, FavRe
RBG A EEBIEEITZENAME SN, TN OMICHEOREIR &8 LWEBRSZE E T
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BERERAWUFOLAF V _REMAKREBHMHDOERK

MEAXEXFRIFZERERER X E—

1. [ZC®IT
INETCORZPRFEITHH SN TOVHRITIE, E0FICHITL2Y /77 IA M) —OREMEB K
IR ENTEY, O T, BHSBHORSISLCHESAZFE#KRLZ, AT, VFu L
A A ZIREMAERM B~ Y ) I A ) —OFHIZOWTRALIEWY, UVF T AL A E
ik, BB TT XX —FEENR WD, S — XY a AT — N T R EDR—H
TR C S, A ROESEEEE R Z TV D, 1980 FITA v 7 AT 5 — RKFED
Goodenough & DRFFET — LNBUED Y F 7 IA F v ZIREMD 15 & 72 2 B E LiCoO, &%
KL Dy ZO%, ZOMEIRY F U ALK ZREMATERME L L C8ES L2 Tl
<. ZOM, Bx REINERE STV P, RTH 1997 4E Padhi S L - THA ShoR
U7 =4 AWM TH B A B LA LiFePO I ZFEM AN < (3.5 V). A A E(170 mAhg ) TH v |
ZEMELELS, SOIKEFHEELRIHEHAL WD Z EnLERIIICEE CRMME W - IR x
AL, %< OG0 T LEABICHT -0 60T ST 5 Y, Fig.1 124V £ A LiFePO,
DJRE « FEEITHE D I E D 277 LT=, LiFePOy4 1% FeOg \ AR & PO, VU AN TH S A %
LIzEERALTEBY, VF VAL FTURBIFEAL THZOEKITEDLRW, /2, PIXO &
HEHAZLTHY, MIMELZISMNT D0, TOWERNEZ S TORE, B et
WE, BARREPEZVEHENE WO FIRERT S, RE - WEITEBMED U F T LA F
DA THZ L TAREL 7220, ZOOIITE LI LERNHD, TD2H, VUTF U LA
FrBIPEFOBEXOT I, EMOREE LA T H2EERERTH S, LiFePO, DE FmE
X 10% Seem™ A—%—TH Y LiCoO, D 107

Sem!' A—F—LHWTHE KI5 X EBE <+—TFeOq
GEEMENZ L3NS Y BTk, B W+ Li

OFRABUVIZINZ . BERKELEEN TV S, 2 «—PO,

DT LB, LiFePO;, DIEE RO K ﬁﬁﬁg
EALATH D, © OMED EARMATFEL,

WAL 12 £ 5 U F 0 MEREEREOR e
RO =7 (/I SRR 4o

D ECH B, WAL, FRESCER b

FPEL 2 A LB BT & 1o ik Delithiated phase

b O, BFHCHARL FIREE TR O DB
Fig.1 Crystal structures of olivine LiFePOs.

Synthesis and improvement of LiFePQ, cathode material for lithium ion battery using
sonochemistry

Hirokazu Okawa (Graduate School of Engineering and Resource Science, Akita University, 1-1
Tegata-Gakuenmachi, Akita, 010-0852, Japan)

Tel: +81-18-889-2385, E-mail: okawa@mine.akita-u.ac.jp

Key Word: lithium ion battery/cathode/nanoparticle/ LiFePO4

Abstract: Lithium ion phosphate (LiFePO,) with an ordered olivine structure is especially attractive
because it has high performance characteristics such as high discharge voltage ( >3.4 V), large theoretical
capacity (170 mAhg™), and good thermal stability. However, the drawback of LiFePO, is low electrical
conductivity (10 Sem™). It is necessary to overcome this disadvantage to use it as a commercial cathode
material in a lithium ion battery. Thus, two improvement approaches have been in progress: one is the
minimization of the particle size and the other is the introduction of conductive additives into LiFePO,.
These improvement approaches of LiFePO,4 using sonochemistry are introduced in this manuscript.
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Wik (kiR TPRKBERE 'O R ERREShTWS, EEEMEO 2 —T 4 VT IEA
BEEFS U < IIIEE I ERILAEW ZIRA LI2RICHER T2 2 & ¢, IEMIEWEERE %2 —HR
THEY HENTERTH D 9,

ZRTIE, BEWE (V27X AN =) EEBMEIOARE L OSETHEH ST D EWN
2L Y I IA RN —=THBRLIEOOME &9 Z A MUiEWL RS D, BEKR%E
FAN 7= SRR - R IE A B DA R DB I & FIWN = — R o L B 0 = R Yy b R
EBRFEENTND 0 ZnomIXDELIE, BEROERICO VW TR LR bh T
WS, EICHER SN TV D BT 28 kHz~100 kHz TH 5 Z &b, FEECHRER (R /%
EBilk) 72 EORIAE- 7= L Bbivd, E7Mizid, V,05 & HiPO, FI 2 HFIEEFE L, 600 W
28 kHz D7 — & W Tl 2 PR 5 2 & CIEIRIEE %2 70°C £ C EHF S, VOPO,2H,0
AT D HES, A VR AEE TH D EMAE LiMn, sNigsO4 (CEE~ 7 %2 7 AB LT L=
—VEIRA L TBERBHEZITY 2L TMgO BNMBIEE 28BS 2 L2 PRHEShTng D,
2O X ITIEBMEI O AR L OUGEEICHS W T, BEKRZFIHT 2 Z &L 2MEHT 28 E 3 2
TWD KT 5,

EH T, SR IERBE OB E A AT :ﬂifﬁ@ﬁhf%@ WEER (BifR, o, ¥
= v M) ORI b ALEER 8L - Er) ZFRALTE2 2P, AT, SRIEmME
DT LiFePO4 (ZOW T, _hif%%aﬁﬁbmhf%tA&ﬁ&%iU R EdGE (8
EIEME OMER) [ZHOWTHITT D,

2. BEE%E AW LiFePO, DA AL

LiFePOy DA I HE I 2 FIH L7 #5139 TITAAE L, Jugovic HITEHEZHEHL T4 Y v
U LiFePO, & 1 —R DAy ROy hESH LTS 2, m%ﬁﬂkbffjtﬁw7w:~
v (B—ARUPE) . LisPO4. FeSO4 7H,0 % FV> 20 kHz OMEF I 28 e R R (75% Ar,25% H,) |
T 1 MRS U CrbE (AIBRIA) 245725 L. 120°C THEZEER S, TORICETHEHAR T
(95% Ar, 5% H,) 27T 1.5 IK¢fH] 600°C THERKT 2 Z LI LY, H—FHDA Y v M LiFePOy &
BTWD, BEFEREZFHA L% & LT, 200-300 nm OFH7L LiFePO, 235 H 7= 2 & 23 &
ﬂfkb\%m%mmﬁ®%%\U%?A%4h®4%(w@ﬁﬁ%ﬁymﬁéﬁbofwéz
&ﬂ%@f%ohomﬁﬁﬂi’ﬁﬁbtw RUBIESwt% THY, ZORE, BEXEEX
10°S-em™ & B —R U D ERRVEAA0® S-em™) & il L Tk i b, FEMEREIL C/3
L— hG R CHER EOREZFTE D L ILHE TE 2 EIM)IC TR ES &5 94.1 mAh/g
Thole, T A 7 NVEBENRDHICONEDOMEREITIEM L, 50 1 7 /LT 99.5mAh/g Z~d Z &
DHRE I TV,

F# 1 Jugovic B & [RIFEHIZ, LiOH'H,0, FeSO,7H,0, (NH4),HPO, ® 3 DD HFEFEEL (E/vkk
3:1:1) ZHWT, BEIIC X D LiFePO, D AR & Wit L1z ), LiFePO, 1% 0.03 mol AT % Z &
ZHBIC, HEFERB I OT 8 — L& 50 ml ORLAUKICERME S, BFI200 kHz, 200 W)
Z 3 RFE RS L TH372, Jugovic HIE, HERMURNERHE RS A L Tnens, Fxix, #
BRI 7 0 ) — VB FIESE 52 LT, BbH (OH 7 Uhv, Eg{bkE) DAk
FOME 2T 2L L b2, HIVHALAKT P (CGH,0 - ) OARRZFRIH LT, & (2
i) OO 2R Uiz, FEHRINE ., WiRIEEREA®E L, RERM E & bicangiL, 2
Refi]22 5 3 R CH Rl B (b Lz, £ 2 CHREZEIL L, Alnlik, 7020 T AFREX
IZHB T 700°C T 3 RERIIIEN L 72, ¥yoR X #REHTRIE 21T o 7 fE 5. H—fH D LiFePO,
(JCPD40-1499) D8 C& 7z, ik e L CTHERAZHEHE T A Y — T —IC L DI L > THK
kBt y . ZOREHTI Fe,0; ORI — 7 BNHGR ST, ik, HEFEEOSN 2 i
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O 3fli~E kL & 75:%‘% LTEY., £z AT 2B CTRIENEZ s 72 E 2 b
b TIHROLBHERBEIZE VG szhf:iﬁfz%&i LiFePO, DHIEMATH > 7= DTkt L, T
SO IR +53 f&mb%ﬁmh (o T=D TR EHERI LTV 5, Fig2 (b2 & I FRET 14
700°C, 3 KEIINZA L TH372 LiFePO, ® SEM BEZ/RT, AX —T7 —I|Z X DL TIER L72ik
*J(Figz(a))&ttﬁibf NS, BIBENREASTND Z ENMERTE 2, REEREX, AR
BHZ, BEBHE LTT®EF L7 T v 7 fi&AlE LT PTFE # W THEHEL 70:25:5 TRAL
b (XL y MR) ZIEME L, AICERY 77 A AR 7 e e L o —Rx— K (PC)
L 12—V A MFv=H 2 (DME) % 1:1 OFELTERA LIEIRICEMRE & LT LiClO41 mol
dm 2R LT b D2 ANWTH A NR= 7BV ERLL THIE L7, B L — F % 0.2 C(5
THE LORELZHREDS LAIMETE H&EM) & L, 2.5—3.9 V OFEHFE CRBEZITR
otk 5. TOREIT 7 mAhg! BoR Uiz, £z, VA 2 VKRES BAFT, 10 A 7 15 [F
MERFL7o, ZHUBMEIT Jugovie B &, FEFITIHNVWHDTHo7e, LnLAaRs, Gkl
LiFePO4 DRIEF L OIRIZR Y | FHODER L2 S OME<l pm OBCIRTH > 7=DIckt LT,
Jugovic O IFHGHIRL 7-23EEEE L7 200 nm F2E D 2 ki OBIXAE—) Thotz, Ziud, JER
BIZ X WEEHORE S OEWD, b L ATHRBFEEHCIEIR OEVIC L2 b DL, bbb
WS, EEE I ORI IR A B KOk OGRIC >N s b0 B2 D, iz,
Br T ABERRRC I —R T ) T 7 A NRN—=ZRWIN LT 2 A ZORIITR v RIREZR ST,
B EL O G BIZ B W CHEE R 2 M L7, MRk 7 LiclikZh LT D 6 OB LA, HE
TEAHI#S 2 £ TITIEE > TV, BHEEARIZHIT 2IROHENIL, 4% ORETH 5,

Fig.2 SEM images of samples: (a) LiFePO4/C synthesized using stirring, (b)
LiFePO,/C synthesized using ultrasound (F25 7 7/, 3-4 101 (2009), %5
7RIV 5IH)

3. BEWERAWEY F U LS AV ZREMAEBMEIRE~DERT /KT DERK

LiFePOy DIRFE ARG OUGE FIEO FIL, 2 E TR TE f:?%ﬁt’fﬂi*i%f b & K-~ D&
BHS—ReDa—F 47 ThDd O I—RULUSOEBEMFICIE, SARR L, BEN
FIINE N AR I B W TR ZE (A L7220, ﬁ&ftfﬁﬁx’ﬂﬁﬂ”ﬁ%f@b\) 72 54 B OFI A3
BEtENT& 72, BlxIF, LiFePO, i FDREICEZKAE L, BHEIEL ) LS D58 20038,
HENTWD, ZOFHETIE, 478 LiFePO, K578 ) 72, B &N m L+ 207208, &
TR OIEME R & BAREAICBT D) T U LA A OIEHEREICATE L TWO DR

II- 15



FOWER—R L a—T 47 X0 HEM
FENE D Z EnfiESnTnsd, —hH. &

Ko b TERBSEE IR b L C B EARIE 1 s

P S ECEmE R LT 2 ) v 3 L L

RS A RY —ECHIE LI L 25 F g LiFePO /C- Au
W bIET DT L AEESRTY 8 1 ‘

5 T s Lne. BrAEmL s S IR B T TN T e
RAeEHHT O &L, 2 X ME D EH LiFePO, (PDEF: 01-070-6684)
(LANEE L, TERBAT LS R I (3 ||h e o
TEAULLRO, Y F O LA FARROE o S S e
FWETE OB RERETED D ZEN 26 [deg.]

TEDLHOTERINEEZTZ, Y /T I AR
J— G Tlo. 2O A LT, Fig.3 XRD patterns of samples
A A REE OD/\%D/\7 AN NS YA D)
T RT ORGP EES TS P, Zo
JFEE el 722 BNl (Fmis Al 53 )
IS LEEE Lign T kﬂ%@f%éq% LiFePO,
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Sonochemical reduction of MnQ, and synthesis of MnO, nanoparticles in aqueous solutions

Kenji Okitsu (Graduate School of Humanities and Sustainable System Sciences, Osaka Prefecture
University, Gakuen-cho 1-1, Naka-ku, Sakai, Osaka 599-8531, Japan)

Tel&Fax: +81-72-252-9506, E-mail: okitsu@mtr.osakafu-u.ac.jp

Key Word: ultrasonic cavitation / reduction / MnO, / MnO, / nanoparticle / H,O,

Abstract: MnO, nanoparticles are useful materials for its application to electrochemical capacitors,
catalysts, sensors, and adsorbents. In this paper, we report how to control the rate of the sonochemical
reduction of MnO, and MnO, in water or aqueous alcohol solution under argon and report the
characteristics of the sonochemically synthesized MnO, nanoparticles. The role of H,O, and various radicals
formed from the sonolysis of water or aqueous alcohol solution is also reported to propose the reduction
mechanism of MnO,4 and MnO,.
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Figure 1 Absorption spectra of MnO, aqueous

solution after 0, 2, 4, 6, 8, 10, 12, 14 and 16 min
ultrasonic irradiation under Ar atmoshpere. Initial
concentration of MnO, : 0.1 mM. Reprinted with
permission from [19]. Copyright 2009 Elsevier.
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Figure 2 Changes in the pH values during

ultrasonic irradiation of Ar saturated pure water
(O) and MnO; aqueous solution ([I). Initial
concentration of MnO, : 0.1 mM. Reprinted with
permission from [19]. Copyright 2009 Elsevier.
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Figure 3 Changes in absorbance at 400 nm during
ultrasound irradiation at different pH solutions under
Ar atmosphere. (m) pH 2.2, (o) pH 6.0 and (A ) pH 9.3.
Reprinted with permission from [26]. Copyright 2014
Elsevier.

Figure 4 SEM (left) and TEM (right) images of sonochemically synthesized MnO, at (a) pH 2.2,
(b) pH 6.0 and (c) pH 9.3. Reprinted with permission from [26]. Copyright 2014 Elsevier.
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AV R T v B TANCHWT, T3 — VKR OB E RSN SAER S LD « H OFIZOWN
THRTWH32], o OWEIZL D & - HAAMHTH S H-POBN O 7 FIVBREXT L a—/L
BEOHEME LW Uiz, ZoORRIZ, 7/va—ui OH 7 VU VOfftal s L TERT 20
ERIER, cH 7V NVOIAIE L THERT A2 E 2 RB LT D, T/ba—/L?® O-H X C-H #&
BNREGGELTH 7 VIV RER SIS Z & HER X415 23, Makino & OFER[32]I23E5< &
TNa—=ANE0 - HOERITERTELSHVWNIWNWZ &2 D, Tvdz, REBRRD Cuey
PFIZBWTiE, 7 a—WREREGL DI o50 T, BEBLFMNICARIND - H ORI
VPIDLHDOEEZLND, 7212 L 202 ik, Biittner HOHE (XX ) — VKRR OEE W 57 i)
[33]EITFE L TWD0E LivZely, &EWVH D Biittner © O TiX, A ¥ — VIR 10 vol%
FTIHZORENEL DICONT, EARENd  ENHZ 52 EZ2HELTCWEINLTH D,
Hy i3 * HOFREARISIZ LD ARSI D EET D &, Makino H DfER & Biittner © DG HI13 5
JBELTWD, ZORIZOWVWTIIAERALNZTOIMNERHAS I,

IZ MnOy DIETCITHT D » Ry & HoOy DRIEVEIZDOWTE R L H, 7T/ a— REEZE(E
HIZHRED HyO0p AERE A T L7 RICEAS &L AR SIS Ry DEIET LT —/LIREED Cuantey
FTHINT 5 E TIIRAITHINL, Coatey £V bEIRETII—EMERD 2 ENHERITE S, K5
D Coatey £ 0 HBIENT /L I — VIR FETIE, 7L 3 — LIRFERHINT 51227 C MnO, 38 5 23
BT 252 &M BIROBERDRLY ST,

krav[ * Rap][IMnOy4 ] < kipoo[H2O,][MnOy4 | + kyl © H][MnOy ] (13)
T TEDT T Rep (XKD MnOy T |, £321% TH0, 12 &% MnOy B CHE | & [ - H
£ MnOy iBICHE ] OFTHY | kravs kmozs kn (ZZILEIL, MnOy & - Ry, & DS OHEEE
. MnO; & H,0, & DSUSOEEER, MnO,

\z

. . 2c Apparent rate of MNO,~ reduction

& HEDRIEDHEERTH D, EE: g

IC + Ry &+ Ry ORGSOV THR 5, B3 g
5O Cutey £ 9 bEHWT AT MBRETIE, T g s
S VORI T Mno, B S\ S VA &
M BH, ERESND « Ry DRIT-ETHDEE 22 |N\/
BEZbD, ZDOZEMDB c Ry DFM Ry & %% Pid
0t MO, DB KT 55 EEBHN T Ln S F | Ligmmmmmreeenmnnaaas L —
S WDBIRDIAY AL, Concentration of alcohol / mM

krpy[ * Rpy][MNOy4 1> krap[ * Rap][MnOy4- 14
Ry * Rpy]IMnOs J> ke[ * Rap][MnOs ] (14) Figure 6 Contribution ratios of reducing species
T ZThppy (FMnOy & « Ry & DRUSOHETEE  (H,0,, H, Ry, and Ryy) to MnO,~ reduction as a
<D, SIbIT Coatey £ 9 b (VN T L o — L function of alcohol concentration. At concentrations

lower than Ci,iey, contribution ratios are “H,0, and 'H”
TliEL. MnO4 DIETITHRT S T« Ry, & - Rpyl @ >“R,”>“R,”. At concentrations higher than Cyyjiey,
sy T . e contribution ratios are “R,» > “Ry,”. Reprinted with
WEHEN THO, & - Hl OFGHLY B, permission from [29]. Copyright 2016 Elsevier.
RO BRDFL Y S,
ki202[H202][MnOy4 |+ ku[ * H][MnOy | > krpyl * Rpy][MnOy ] > krap[ * Rap][MnOy ] (15)

ULDOBEFRERAK TELOL L6 DX DITRD,
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4. ERENT= N0, DEBEFKZETT

1K 3 THLND L DIZ, BEKRBHIZEY MnOy 238 IE X4 T MnO, 23R S 415 23,
ESITBEWRH 26T 5 & MnO, BT S M BER SN D, ZOREE LT, BB
WXV AERESNDEICHED MnO, 2RI T 5720 ThHh D, L7eh > T, MnO, T/ R+ % & WU
THEDT2OIZITRARHZ ZNZENORIGRIZIS U TEMEICa Y ha— L3 50BN 5,

T2 1-7 % 7 — V& ETe 0.1 mM MnO, /KR E RS U 72 REo ISR IS E 5 360 nm
DO DIEAR[29]1% R LTV D, Z 2T 360 nm DOWESEEE T MnO, DAEREOIRIE L LTHE 25
TLEMTES, MLV, WINEND 1-7% ) —LOENED S L MnO, DARZEER MnO, 726

Mn® ~DBETHEENE L BT 5, iz, )

UHIEDRKAMIL, 1-7 5 ) —ABEMERT A

WARNE X 80 4, 1-T X —AoREs S 081 e T T

0.50 mM O & X L4547 1.0 mM D & X L2553, ﬁ 06| **” ‘,r'i ;,‘ - ]

3.0mMOLE(X 1655, 50 BE 10mMDE g Wy mr———v ]

X13104). 20mM DL X(180%. somM e 8 04 ; W\J o Toam

X12604y, 75 BET 100 mM D & X1 4.0 %y g 02 ﬁﬂ g «L AR J

Ligolz, 0# R S . L
MnO, OERZEENE MnO, OEILHEE) L 131 0 0 A 30 40 %0 60

=BT AN, BRI I THEATREZ LI, I

TH )= )VEERINT D & MnO, 7> 5 Mn* ~0DiE 1 : : : ;

ARSI G 2L ThD, BS L6 THIL £

LT VA= ABEREORHE, * Ry, &+ 3

Ry WEZEREE LCRAT B0, Cnbomei 8 %0 r)/

% MO, DEFECIEL A LHETEROILR § oal]) ' 2|

b 1-7 5 ) A EELAEIT M0, 0l 8 0 s

TRMH SN A EE L LT, 1-7% /=L < ‘fi’ Lm. ‘ —— B

0 . . . ! .

whmc ¢S J A il
IRHNC £ > C H,0, OERAIME STz Tzt b R T B
BEZOND, ZOZENH MnO IZXLThH, - Time / min

. = raE . N
Ry &+ Ray QIEIEHER H,0, - H L0 B0 2 Figure 7 Changes in absorbance at 360 nm during
bbb, ULEOR LD, MnO, OBEIE  ultrasonic irradiation at various 1-butanol concentrations
AL Lo L7 " 1 under Ar. a) 0, 0.50, 1.0, 3.0, and 5.0 mM, and b) 0, 10,
TR TIET V3 —Lie & OFRM &I S 20, 50, 75, and 100 mM. Reprinted with permission
HZ &S T HO, R AT 5D Z EZhE from [29]. Copyright 2016 Elsevier.

HTHA 9,

5. &HYIC

MnO, OHERIRICEAT D L k% RIGIRSCH A X572 5 MnO, T/ KL -07 / ik % Ak
TAHZENTE D, MnO, & MnO, DBEFIZETCIZ DOV TR, MnOy, OBEIIETCIHE X
WINSNDT NV a— LORECREICE > TRES AT HZ LRI o7, [MnOy DEILH
B 72 TSNS AR OBBTT 1y b UTERE, Coney FIE LT, ZORERIZ. Zh
EFTCORRBBA T U RERBHA AL DETLEH_RTRRLIBEILEIH THoT2, 2D Chney DIF
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fEL T/ a—/L0 - OH FliHRE & A BB LT 2 Z L IZ K - T, MnOy 1T % * Raps * Ryys * Ho
H,0, DIRTEA~DHFHHRIZOWTikim LTz, TORER, MnOy OEICIZH TS [+ Ry & * Ryl D
TEHRN, TH0, &+ HI OFGRID GRS, EHIT Ry DD+ Ry £V b MnOy DIRILITKE
THHRGERNP/RKENZ EB¥bhoT, £/, MnO, ORBFIREITLA L TIEAEMHM OILT LTk
TR R 2 EREICHIE T 2 0ERH DD, T a— e EOGHEW NI L TWD R TIEE
DLERIRNZ E R DhoTo, BEBIREICSOEDOHET & IR D pH BEMT D720, ARk S
N2 IR ST D SUSHER IR D pH Z2Ab & FITEAL T 2 Z L AVRR SN D, IO pH WL T 255
BOBRICSIEA T = A L Z A O T HDITIE I L RDIFERBMLETH A D,
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BERMARSBEOIOA RS L SDGs
EMRT BEH K

1. [XLC&HIZ

HFIL 25 R, KR 4 EAEORRENRICE W TSR & HaV, BUE GBS ZTEH LA
FTEIT>TWVD, EBITIL, YUK, av A RBCRO 3w A MR AR EIZFETEER 72 £ O
ﬁﬁ%%bfwﬁw“@®ﬂm4Fﬁ%”%W@ﬁé*k%ﬁ%ktfﬁﬁﬁ%ﬁﬁféii’
oty BIZIE. HEAKNRAELIZaaA K, DF0, =</ g 03, — &I, HEKDES
LW, ﬁﬁ@%ﬁﬁk@%kﬁﬂﬁ%éﬂ Eﬁﬂm¢_AﬁLtﬂm¢Eﬁﬂ(WW)
T by a vy KPS L7 OKEER (W/0) =~ by g Uil an g, st
LC, EFIITIROBE e 2 ATl L K72 2RA LT RmiatAl 7 & oFALFI D F
ELRVWOW T~/ ay WOxZvwiLyay (A7) —xo~rvay, =777 X b
TV —xzwvarEms) EREL T, FO0MEEESCEM OB ELHEM, KPIZoEL
TWD “BROME", I/ HL TV D “BROKIE OREIREEZR SIZOWTHRET L TE 72 119,
ik\%mﬂ79%ivwva/%ﬂ%bk$)?wﬁ%®é&_wa%ﬁﬂbtmmoé%

. SETEMEA R & ORER DN BIE T R REICERAE LTV “BRoweE T ki oK
T®Aﬁ EVER “BROEET b+ OREIREBEZHRFT 52 L2 BH0E LT, ®ERETIE
R L. “BRowld T ki7" OKFEE (FEEEERETE 2B L 229, 2o
W&Eiﬁg*%%ﬂﬁﬁék\WME%ﬁi_kﬁ<m$ffuv—ﬁ%m HHEHR 20, &J8

CIEMER 2D Rl B2 “BoeR T 2R AHRTEL LD E L (RENREE A
E%/m%ﬁ%&h HIZ, BEEATEA L CREMD > ZFERTOWE Y VA 4> OB -
EIUZ DWW T BT L7 29, A Cik, BERZTEH Lo b (FULAl 7 ) — < vy g ») 9]
IKFTO “BOEET 2 Ri1" OERK 220, KFPTORY ~v—hi ¥ E~D “BRO&ET /K17
FHEF D KRG CTOWRMEY VA A2 OER(L « [ 292 SN TR 5,

Naked Colloid Science and SDGs Generated by Ultrasound

Toshio Sakai (Department of Materials Chemistry, Faculty of Engineering, Shinshu University, 4-17-1
Wakasato, Nagano,380-8553, Japan)

Tel: +81-26-269-5405, Fax: +81-26-269-5424, E-mail: tsakai@shinshu-u.ac.jp

Key Word: Emulsifier-free emulsion/ Naked metal nanoparticle/ Naked metal nanoparticles deposition/
Oxidation of hypophosphite ions

Abstract: In general, the colloidal particles are dispersed in liquid media with the aid of stabilizing agents
such as surfactants. Namely, the colloidal particles dispersed in liquid media are covered by stabilizing
agents such as surfactants. On the other hand, naked colloidal particles which is in the absence of any
stabilizing agents such as surfactants adsorbed on the surface of colloidal particles were prepared in liquid
media by ultrasonication to evaluate the surface properties of naked colloidal particles and colloidal
stabilization mechanism of naked colloidal particles in liquid media. For example, the naked oil droplets
dispersed in water (named as emulsifier-free or surfactant-free oil-in-water emulsions) were colloidally
stabilized by oils blending and tandem irradiation of ultrasound with different frequencies. The
emulsifier-free water-in-oil emulsions were also colloidally stabilized with the addition of electrolytes to
water. The emulsifier-free oil-in-water emulsions were applied to fabricate the naked polymer particles.
Furthermore, the naked metal nanoparticles were produced through the reduction of metal ions by
sonolysis of water generated with high-frequency ultrasound. The high-frequency ultrasound-mediated
fabrication of naked metal nanoparticles led to the deposition of naked nanoparticles on polymer particles
and plates. The hypophosphite ions in aqueous media were oxidized by sonolysis of water generated with
high-frequency ultrasound. These findings should generate the new science (e.g., naked colloid science
and non-catalytic chemistry) and new technology (e.g., green processing) for next generation. This should
also contribute to the achievement of SDGs (e.g., Goal 9: Industry, Innovation and Infrastructure).
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2. BEREAMRALLALER ) -T2 3 o OHRH

AR L7z &k 9ic, BEREFA L CHAA 7V —x~ v a U adifl U2 B L, KPicss
L T2 “UROHHE" OEREIRESS “BROMTE N8 L2 O/W =~ /Ly 3 v O ENE % 7T
i L7z l2n b Th 5, B, MOMPEE O/W =< L a v D4 ENE & OFBINEZ I &2
LT, OW =~ ya U OBEENNORE LT 52 L2 B E L TFIEZ T T&E T,
ZORER, RO (40kHz, 125 W) 2 HOW R S L= bAl 7 U —0/W =~ L
a U OBEEMRIE, WORE (W) Ik Beb
ENIA S E Tp o T Bl ZE L BIFRAL KSR (|
FIRTh, KT, T RNITT Y ~FYT
) EOEBEE LA 7 Y —O/W vt v
DA FAFRILAKRFE D RILKFREHNE L 72D & FALHA] =

7 U—0/W =<)L a OB ETEENEL D, D 40 kHz ultrasonication
for 8 min

FO HHENAXY U< FIEZ LTS RTFEH -
<ThITHor<~"FHTHUOIEICHAK 7 U — 10

O/W =<)Ly a v OiREENE L 25 2 ERL (@) f 0.6

MmETpof= 110, Fi- BEMAZRETH L. LA~ = 60 2 o2

IO =Ry a L DB EE SR LS LT © O ol

—_ ?6 Bﬂ S Ll 5)0 WJ%“@“ A/ﬁy%%%{g & 200 kHz l@sonication
L7=HALAN 7 UV —0O/W =<)L g 3R 5% 1 R for 8 min

B LT bt g VIRIE AR5 2 LS TE AR (A a

8% 1 BFRIRREE CARUE IR E BT D), 2o - Al ¢ oo

RN RDOANF TN 2R LT 7 Y — .o o

OW T~ /Ly g v EHRET 5 &, ALAT U —0/W = o %o, [NV W,
~va s 1 EREREL T Ly g KB Droplet iameter (vm)

HEFELCUV2 2, IBRAT 2 HOMERA A Bk Figl Droplet size distribution of
BZLICEY . HALAIT U —O/W T~ g ke — emulsifier-free  oleic  acid-in-water
/\_Hﬂeﬂ . 2 - x ’ emulsion  prepared by  tandem
ST E B 29, SHI, HULHI 7 U —O0/W =~ ¢mulsification (200 kHz ultrasonication
a r OFFUCAEN LT & ol s o & | KE for 8 min after 40 kHz ultrasonication
:\12)
Wi (40 KHz) 76 R (200 kH2) | @I (1000kH,) 070 ™
IR ZALH 7 ) —O/W T~ b 3 » AEMIS IR ENT 5 - L 2% R L= (Figure 1) 12, 374
T, WAL TOSD WO ORERES “BOAN" B LE WO =~ ey
DOBEERC ST L TH Y, KIS BOBMTE RN L TIHAH 7 ) —W/0 =~ /L =
CEPET S L FUEAIT U —W/I0 =Ly a OB EMEN A BT A Z LA LN E LT
% 19

3. BERZAMALE “ROEFT/HF" DKREM

WRAZ . [EABORE 53 HGR O [E AR - F 0 SR R PEA 72 & ORGERI DN AE L Thany “Bo
[E AR AR L T, BRI BCR O BCZ ENERS “BROERBRL 7" OREIREEIZ S
WTHRF LTz, FC, &R T /RFICERZH T, “BRo&gT / hi+" O EKTTOSEZE
EVEIZOWTHR LTz, —MRIZ, KPP TRBET /RTFPNERSNL5E, FEEOGRE & TER S
Nic@gm T/ KiA-OY A X - J2IR « o BEMEZFIES 5 72D ORGEA] GRS 7T v 7 >
FA—NIRE) PR LTKEIR L KT DBIEA A 2Rt T D720 OETAl (U FRKFET
FU DL KT 207 l) KESHBNRES S, KTPTE&EA A NETsh, & ) /15
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R S5 2940, Zhicxt LC, &EHiT, 73y (Ar) N7 U 7 L4 BRI 58
A5 (950 kHz) % 8 ZyIARERE 2 & 8Kl (R U RIAKFET NI UL KT VU7 Y)
KRR REIEHAICT VI FA— N ) 2—UERT25Z L7 “BosET /Rt
MERTEDZLEWAONE Lz (EEEBEIETE 2,

KA~OBEEFERINC IV AKTICF Yy BT ¢ — (Z5HR) BEESH. Z2O0OF v BT ¢ — (Z5[)
FETE - BHEKETH Y 49 AL FEOGE I EE T ENMBILTND 449, fHil x X, KiZ
A A B9 D L. KYFRT O HIVREE L CTKFEZ VDL (H) EKEILTZVHL (-OH )
ZEKT D (G 1) 4999,

H:0 — H-+-0OH (1)

IKA~ORBEWE I L0 A S 2D HAESC/EA. -OH IEBbERE2H 72 Z &b, EIclEA
EHTDHHIIEEAA U ERET LT, &E T R E2AERTH I ENTE S 2540 Filz1E, Ar
N7 Yo7 LI b4l (HAuCL) 7KIEHRIC & 8B & 2 FST9 5 & K olifbda A 4
([AuCL]) N HACEVEBTLINTET SRR IND (K& 2-6) 223450,

2[Au"'CL] + H* — 2[Au"CLl:] + Cl- + HCl 2)
2[AUCL;] — [Au"'Cly] + [Au!CL] 3)
[Au'CL] + H- — Au® + HCI + CI 4
nAu® — (Au’), (5)
QAU Au,) — (Aul, Auys) (6)

L X T4 B 1E 40~50 nm BROERIRKL 7- & = A, NATROHIRKL - TH Y | LRFHEHD
BENTOVRNTE 00 6T KF TREHCIREEZ HiRF L Tz (Figure 2) 22, £7-, HAuCly
KEERITHEALT R U UL (NaCl) 23N L TRl sk 2 45 &0 &7 2 R OBCRAK
EMEEESNHZ EbHLNE RS2, S
DIZKFEA A (Hy) 237V > 7 LTz HAuCly
KRR E R 2 RN 2 &0 LK
HCY— bl FRE D& T RTINS LD
ZEBHLMNELRED, TNET, @RS/
kOl LR TTIE T, @R A 4 2R
LT H7eODiEICH (R FEMAKFET Y U

Right after preparation

LRE RT DU E) R LIRS/ hL
F- DY A X« TRARMELURAR T Do HL E
LD 7= DITRFEA] FRETEMERICT VI o F
F— L EYBME L E Z S TUNT= 8 2940
e JENREE SR OTE . FEARE ORI AT A D

30 days after preparation

Fig.2 (Left-hand-side images) Dispersion state and
(Right-hand-side image) transmission electron
micrograph (TEM) of gold nanoparticles formed
through sonochemical reduction of [AuCls4]" in
water?% 23

BAZXY | AP ZRE TR RGEA T 5 Z &7 <0 AKRPIZB W TR T /RO A X -
TEARTAE, D EALDATRE TH D Z E BB N L 2o Tz,

4. BERNEAHTFEELK

Fix, WBEOHFIEEEFNZIB TR, K~OEEFRBEIZ L VAN T OB ViEEE (ROi1) L TAE
RENDHHAL, [AuCL] ZIZE A EETT LWV EHE SN TWND®, Zo7-H, WEkiX. HAuCly
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KR TPIETTRER (T ra—7e ) ZEmL., BE RSN X 0 ETEERN T ¥ B ViR
Ht (RH+-OH (H) >R +H,0 (Hy) LTARESNDL AT P Hv (R) ZiELHEE LT [AuCly
BTSN, & JRFNIERENEW, LivL, EEDOERTIL, ArX7 Y 7 L7ZHAuCL
IKESHRIZ RSy Al JE e il (950kHz) A M3 25 & [AuCL] D ERITEIC I 4L, T/ b7
R END, ZD=H, Arr3T U > 7 L IZHAuCL/KER IR~ 15 J& 18 S PR K D [AuCL] D
JC. & KF DOIERIEL, AKA~Om EREE RGN L0 A L72H-2Y [AuCly] OiE el (KOG
2~6) ThHhHLEEZTNED, —FHT, EFHITANT Y o 7 LI=HAUCLK TR~ O i JE e 18 5 I
FRET X 0 H-DIAL D& SeRENERR L, % D& e AuCly] 238t L Cae T /R Z2/Ek L T\ bl
REPEIZ DWW T HRET L7229, RIS, IK~OBEERBFHICE VAR END 7 VI NVFEO R G WE
(BET~19) 4959 DEFEAZ DWW TR L7z,

H-+-OH — H20 (7

2H — Ho €))

20H-— H202 9)

20H- — O- + H20 (10)
20" — O2 (11)
1/20- + 2H- — H20 (12)
O- + H20 — H202 (13)
N2 — 2N- (14)
02 — 20 (15)
N-+ 0 — NO (16)
NO + O+ - NO2 17
OH: + NO — HNO2 (18)
OH: + NO; — HNO3 (19)

Ar 7Y 7 LT BRI @ R I 2 8 IR LT (BAT, EE IR | 20o#EE
WK IC HAUCH KSR ARG 5 & B BE M IRAE KON REBICE L. 2, £,
[AUCIL] I SR DWRIL 2227 kb (e KRNI 213 nm) OWSLENRD . &7 /B FORE T T X
T UIRIBICH KT DN AT Ry (BRI & 540 nm) OWLSERERHER L= (Figure 3) 29,
FRTE IS (TEM) BB 0T, 940 nm BOERKKL L =M. ANAEOBIRL 1
DHER SN, TNHEDZ LD,

25 1 PR A oG [AUCH] A58 5T 51? 3

S, TR R S LT g 0:81 g 0.3F

LI EDBHBLMMERST, ZDZ 2 0 ™, 2 .l

Lirb. A AT YT LM o ] o] L S,
KicrRBEEFR LT s & ] g B
AKAUZ[AUCL] ZiE LT 5 2 &8 2 0.0k o | = - 1 . 1 1
TE AN ER SN TN D 0 40 80 120 0 30 60 90 120
R fcﬁf)flo X EW—\ Time (min) Time (min)

5 ~ Fig.3 (Left-hand-side images) Absorbance at ~213 nm originatin

=7 b B bk - g g g g
4 I '“:ff_j{ i ﬁ Ty é from [AuCls]” and (Right-hand-side image) absorbance at ~540
[AUCI,] 035 JTAE O B & M 1 nm originating from surface plasma resonance of gold
WGBS RS 3 B % E CRER nanoparticles recorded as a function of time after addition of

. . . 24)
SHUm. BRI, K~ORE aqueous HAuCly solution with sonicated water
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REHZ Lo THERSND 7 VU NVFEO R EWE Ch 2Kz (H02)  (BUG 13) DKIEK
ZAERLL . HAUCl KIEKEZ T 5 &, [AUCLWIEIE TR T SN 58, BE R K O&ETiEE
WZIT&IE v, HiAEEE (HNO2)  (Bis 18) | fill2 (HNOs) ()i 19) D/KEHRIZ HAUCK /K
RN L72358121E [AUCKLIEE e S, BIED L 2 A, ArNT U 7 L BRI = E
PRI 2 B LT DAL 7 B S I BRI K IS AFTE T A [AUCH] O33R SLRE TR E T & TUNVRUNAS,
BE NS TRERO R SG DR Z A RERNTEIZ R 25D EHIFRFL TV 5D,

5. BEREFMALLR)I—HFL~AD “BOEF/ HF" B

ZHIVET, FmEiEEA EORGEARINRE LT\ e “Roan A FRI7 ORmIRIES “H
DamA FRA" OWRET TORBZE MR E 2+ 2 2 & 2 BRI Z1T> TE T,
2O “BRoavA N7 ZMEE LTHOTHD L. 2L OFERH D, BIZIE, &EEE
BEEZFA L CERENT “BROET 2R+ ZEFT /S 2 ORHIECHRC R Ms s M B
AIOEEMRFIEA T2 Z & 2B ATSE, “ROoeT R+ (IREIHREA WS LT
RN D RER ZRET DMEN R mWERIEEEZBEHT LD L HIfFIh D ¥,
T, EZT AR Lo mEEE R A L “Roet ki OFRAEEZFIFL T,
BEIAIIRGEA 2 — T TR ~— (FT7RAF v 7)) Epf b~ “BosT) /ki+7 24HE
ERRAR s I ) b0 e R & o A R
BoT 7 Y NkiF% 0.1 mM HAuCly /K o
WP L T A & 8 47T
FRH9 5 & 10~20 nm BROBROET /
K87 7 U VR R W — Ik
SNDEDBHLEMNE ST,

Z O A EE AT LR E o it O MRl
TlX, HAuCls KIIEDOIRED S <725 Fig4 Scanning electron micrograph  (SEM)  of
LT YR FICHEBESNA ST ) (Left-hand-side image) pristine acrylic particle and
K70 A X KE< 2% (Figure 4). (Right-hand-side image) gold nanoparticles-deposited

acrylic particle prepared through reduction of 0.5 mM
F7-. T 7 VAR FOBIKIZERBIZ  [AuCly] aqueous solution by 950 kHz ultrasonication

HAUCLs KA 2 BN L C e 8 8 5

ST H EL 1020 nm RO “BROEF ki7" BT 7 VI VR EICHEE SIS, SHIiT, 2
DO JEIR BT R AT 7 i HRERETR ST VR ICRESN S b O TR L, “BRORT VT AT
JRIA” BT 7 UNRLA BT D N TED 20, Fo, A ELTT 2 UK 20, Rk
FH M0, GRS 20, TEMER 2D Bt BT SR, BORT U AT R AR
THZENTED,

After ultrasonication
[AuCl ] = 0.5 mM

1.0 um

6. BEREMALLRE) VA4 DL - [N

IK~ORBE PRI LV IKGF23T PNl LT H-&-OH ZAEKT 5 4959, ZHE T, H-
DOETIEHEZFIH L CEBA A 2Bt L TeBE T /2 E L C& /2 22350, 22 C, -OH
DOEBALER ZFIH L CEEMR = > 7 Lo ZFRP ORE ) VA 4 (HPOy) AL - 1Y
THZEEMF LI 28, MEM= > 7r VO XFERT ORI Y A 4 (HPOy) DB,
HoPOy Z Rt L CHLY VA A (HPOs>) 0V VA A4 (HPOL») ZARK Litk, KEE(LI IV
UL (Ca(OH),) ZIRMLCHY gLy & (CaHPOs) °V Vg1V 7 & (CaHPOs) %
Y BES 2 T IEN— R TH 5 60 60 HPOy DFRLICIZ T = > b U ISR ENHAV S, @R
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fbkFE L8k (o) LAEPDIREIZL VY AER SN SH-0H 7 HPOy Rk L T, HPO:*X> HPOL> 134
REND 2O, BERHAKNLOH ZEKTHZENTEDLZ ENE, K~OBERBEIZED
AT %-0H & HoPOry L TE 5 O L HIFFS LD, £ 2 C kil Y g7 R U & A (NaH2PO,)
KR (28 kHz, 200 kHz, 950 kHz) A R4t LT, HoPOy DFEE{KIZ L W ARk S5 HPOs>
& HPOZ DIRFEZFHAI LTz, £ DOfER. NaHPO, KIEHRICHEE I % 30 2HRH T 5 &, »wWTinhvo
JEWE DB E W ZHEH L7256 T HPOrIEEE L 4, HPO* DAL S 4170, Z D HoPOy DER{L,
HPOs> DA RITH E W DJEEE D m W IE ERESND Z LB 60 E e o7 (left-hand-side panel
of Figure 5) . HPOs> DA FGHREE 1T KIEIZ KV HIE ST T P HVAEREE &6 fia L TnD Z &
5. *OH 23 HoPOy R b L T D Z & D XFFE 41D (right-hand-side panel of Figure 5), — 7 C,
WD B ORI % B LT HoPOy OERLIZ L 0 AR E 105 HoPOsHIZ & A ERIb S
T, HPOZIHIF & A EAER S |

. o 1.0 -~ 14
WZ Do 7 (left-hand-side & e Ll .
panel of Figure 5), 8% PR EF § R el *‘; Pk
M&ZR< LTh, HPOsIAERMS g osf c o
NBM, HPOMHIZLALERS 573 osf s
nabot, R, BEREEE £ el
L7z NaH PO, KISHRIZ KRS 8 8 i § 2"_,
L7 A (Ca(OH)) AL T £ 0% 200 400 600 800 1000 -~ %0 200 400 600 800 1000

16 CaHPO3\ CaHPO4 ci*ﬁ-tﬁv@:j—\ Ultrasound frequency (kHz) Ultrasound frequency (kHz)

EUT 5 LixT&EAlho7-, =  Fig5 Formation rate of (Left-hand-side panel) (8) HPO3;* and (o)
! ) 5 . I o N o
= C. NaH,PO, 7K F ik |z ik 2% HPO4* from HzPOZ and (nght hgnd side panel) I from I' in
) - R aqueous solutions by ultrasonication plotted as a function of
(02) HAZ/NTY 27 LT950  ultrasound frequency

kHz 85 2 B 5 2 & 2 /G

L7720 NaHoPO2 AKISIEFIEAN LTz Oa T U HNVREEL T, O T PHNAFERERKAT L2 LD
KV AERIIND 102, 0y "OOHY 3 4 NFFRWER(L ) 2 F T D720, HoPOy . HoPOs DL HMiE
HEINDHBOEWREIND, L, EEEIZIEK, NaHPO, KIEHEF ~D 0y T ADEFANTEIT Tl
HoPOy DFRLITAEEE S U, HoPOs DAEREITHI KT 223, HPOZ 1XIF & A EAR S 202 L35
Dolz, —F T, NaHPO, KIEHKIZEEE{LKFE (H,0,) KEJRA LT 950 kHz #H I A 32
& HPOy HoPOs DL MIEHE S 4L, HPOLZ N AR SIS Z E R B & 725 72, ZLid, NaHPO,
KR D HyOp EEF W IRHIC L W Z OB i (H 0, — 2-OH) % 1L T-OH %4k L T,
HoPO; » oPOs Zfb L7 DB Hid, EHIT, H0: % H e NaHPO, AKIEIE ~ 950 kHz
T AR L2 Ca(OH, 2T 25 &, U UBERKFEL L T AT KFY (CaHPO42H,0) &
A RaX T NZA L (Cain(POs)s(OH)) ZEH MR ZEINT 5 Z LN TE T,

5. 8HYIC

AEW AR TS 2 8icky “Boana PR 2ERL T, “BoanA R+ OFi
WRESERFTO “Boam A N7 ONBLEEEREZFML T/, TOME, ZhE Thig
X VBN TR Ao Tzaa A PRI FORMRESCOBLZENMOREN AL TEZ, &
HIZ, BREANC LV BDIL TV “Boam A NRT7 OMELE L CoRMREMECH BHLE
2EA~OEAO RS WA TE 7z, R T, MERIRICB I 23 LA 7 U — & 7 LE
{EDOFRPERHRE ST TWD 8, Fiz, SESIFICBWTHHAAI T U —2v b g D
BLREE > TND D), &5, BFRITK» ORI, BLELZ AT LN TE 720,
il 2 B L2AAWME RS 2 RBT 5 2 N TE D, 0D, BEHLS, #oaoA( K
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Preparation of functional polymer materials using acoustic emulsification

Koji Nakabayashi, Mahito Atobe (Department of Environment and System Sciences, Yokohama National
University, Yokohama 240-8501, Japan)

Tel: (+81) 45-339-4214, Fax: (+81) 45-339-4214, E-mail: atobe@ynu.ac.jp

Key Word: Tandem acoustic emulsification/ Conducting polymer/ Structural color material

Abstract: Recently, a number of technologies that allow for the preparation of clear and transparent
emulsions, micro- and nanoemulsions, and surfactant-free emulsions have been developed.

Ultrasonic irradiation provides stable emulsions without the need for surfactants, simply by the use of
mechanical forces generated from acoustic cavitation at the liquid/liquid phase boundaries. This has been
termed as acoustic emulsification and is regarded as one of a powerful method for the rapid production of
green emulsions. Emulsion droplets prepared with general-use ultrasonic devices having frequencies ranging
from 20 kHz to 1.0 MHz are typically between 100 and 1000 nm in diameter. Hence, they are most commonly
milky white compositions, due to the scattering of visible light. Thus, it has proven difficult to prepare clear
and transparent emulsions by acoustic emulsification, although the clear and transparent appearance of
emulsions has become an important feature in their various uses, such as for cosmetics, pharmaceuticals,
coatings, and display materials.

In this work, we have successfully prepared a highly clear and transparent emulsified aqueous solution
containing immiscible droplets (3,4-ethylenedioxythiophene, EDOT) with diameters of a few tens of
nanometers using 20 kHz — 1.6 MHz — 2.4 MHz sequential processing with ultrasonic waves (tandem
acoustic emulsification). The nanoemulsion prepared by this method was highly stable, even in the absence of
surfactants. In addition, highly conductive transparent poly(3,4-ethylenedioxythiophene) (PEDOT) films and
highly aligned arrays of PEDOT nanowires were also successfully prepared by electrochemical polymerization
of a clear and transparent emulsified solution containing EDOT nanodroplets.

On the other hand, size-controlled polymethylmethacrylate (PMMA) particles were successfully prepared by
chemical polymerization using methylmethacrylate (MMA) nanoemulsion treated with tandem acoustic
emulsification method.
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Fig. 1 Ilustration of the emulsification process by ultrasonication.
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Fig. 2 Photographs of the tandem acoustic emulsification treatment of EDOT in 1.0 M

LiClO4 aqueous solution.
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Fig. 3 SEM photographs of PEDOT films electropolymerized from (a) acetonitrile solution (0.02 M
EDOT monomer, 1.0 M BuyNCIO4) and (b, c) acoustically emulsified solutions (0.02 M EDOT
monomer, 1.0 M LiClOy4). Emulsification conditions were (b) 20 kHz, 5 min and (c) 20 kHz, 5 min —
1.6 MHz, 5 min — 2.4 MHz, 5 min.
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Fig. 4 Photographic observations of tandem acoustic emulsification of MMA in aqueous solution.
Photograph (a) represents the original MMA in aqueous solution mixture. Emulsification conditions
were (b) 20 kHz; (c¢) 20 kHz — 500 kH; (d) 20 kHz — 500 kHz — 1.6 MHz; and (e) 20 kHz — 500
kHz — 1.6 MHz — 2.4 MHz.
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BePE OB E I RS (20 kHz — 500 kHz — 1.6 MHz) (2 X » THE LN~ /by 3 Vg Tl
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Fig. 5 Size distributions of MMA droplets in acoustically emulsified aqueous solutions. Emulsification
conditions used were (a) 20 kHz (average droplet size: 220 nm); (b) 20 kHz — 500 kHz (average
droplet size: 112 nm); (c¢) 20 kHz — 500 kHz — 1.6 MHz (average droplet size: 51 nm); and (d) 20
kHz — 500 kHz — 1.6 MHz — 2.4 MHz (average droplet size: 23 nm).
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Fig. 6 Size distributions of PMMA droplets in acoustically emulsified aqueous solutions.
Emulsification conditions used were (a) 20 kHz (average droplet size: 220 nm); (b) 20 kHz — 500
kHz (average droplet size: 112 nm); (c) 20 kHz — 500 kHz — 1.6 MHz (average droplet size: 51
nm); and (d) 20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz (average droplet size: 23 nm).
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Fig. 7 Photograph of the fluidic cell used to fabricate colloidal crystal films.
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Fig. 8 Photographic images of colloidal crystal films composed of size-controlled PMMA particles.
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Fig. 9 Transmission spectra of colloidal crystal films composed of size-controlled PMMA nanoparticles

Fig. 10 SEM micrographs of colloidal crystal films. Emulsification conditions were (a) 20 kHz and (b)
20 kHz — 500 kHz — 1.6 MHz — 2.4 MHz.
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Abstract: It is obvious that ultrasound induces various effects on synthetic organic reactions, especially
in heterogeneous reaction systems taking advantage of the mechanical effects of cavitation. In this text,
epoch-making researches in the field of ultrasonic organic synthesis are briefly reviewed. Then, possible
applications of ultrasonic advanced oxidation processes to organic synthesis are described.
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(Eq.2)
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NO, NH,
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))), CH30H |
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#FA (Eqb) 12k, ZBAARRY B4 =F Lo IAXx L F 47 =) PEDODE G TS Z &N
TE5, BERBEERICLE > TR ~—0OWEE a2 her— /L TEH T ENRINTZHITHH,

¢ 0 )) (20 kHz)

Z—§ Emulsion
s H,0 (EDOT droplet size: Ave. 351 nm)
EDOT l))) (1.6 MHz + 2.4 MHz) 0 0 0 o] o] 0
Emulsion electropolymerization o / \ S / \ S / \ (Eq.5)
> S .
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(e} 0 o e}
_/ \/
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\— 3
- -
))), 0-10°C o N\ (Eq.7)
' HO SnR3
X OOH OH
J\ R3SnH/Air/Toluene J\ RySnH )\
R R )).-9-9°C T R CR? R NR2
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Q / Q lonic Reaction
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/ \ 45°C, Ar,3h
H \
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4. 5% DREH
4-1. One-Pot Multi-Component Reactions
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(Eq.8)

TE L EMFFENS,
° Ph
o M f H 0 NC
CH, CH,(CN),
Ph - = / —
—H,0 Ph Ph 7 o
H
Aldol condenzation Michael addltlon (Eq.9)
CHiCOONH, j\/K/L
TTho

Cycllzatlon Alr OX|dat|0n

4-2. Ultrasonic Advanced Oxidation Processes
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AT % Ho i & o THRAGIC —BRILIR B DKL Z 5 A ST 5,

HCOOH i» CO, + H,
CO, + H, * CO + H,0 (Eq.12)

CO+3H, —22 s CH,+ H,0

fL U KICCLa T 480 kHz, 2.6 W DFFWEHE AT 25 &, 7~ A 7 a1 XKD
—Rr~7 U7 CSs BEMT S (Fig.1), Z#Hd CSs iXmHdE#: (1400 rpm) DA TIEE -
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1RHED 72D DI R 545 5 I IXIR BT I DN Y 725 B NS, ARSI E T S A3
WEARZ b HD I LEEBEXICANTEE W,

-
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Fig. 1 a) SEM image of CSs and size distribution. Reaction conditions: toluene (0.1 mL),
water (10 mL), sonication (480 kHz, 2.5 W insonated. 8 h). 20 °C. b) Size distribution was
based on SEM image. Average size was 287 nm.
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Kinetics of Polymer Synthesis by Radical Polymerization using Ultrasonic Irradiation

Masaki Kubo (Department of Chemical Engineering, Tohoku University, Aoba 6-6-07, Aramaki,
Aoba-ku, Sendai 980-8579, Japan)
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Abstract: Poly (2-hydroxyethyl methacrylate) (PHEMA) was synthesized using ultrasonic irradiation
without chemical initiator in the mixed solvent of water and ethanol. The effect of the ultrasound
intensity on the time course of the conversion to polymer, the number average molecular weight, and the
polydispersity were investigated in order to synthesize a polymer with a low polydispersity (i.e., narrow
molecular weight distribution). The conversion to polymer increased with time. The number average
molecular weight increased during the early stage of the reaction and then gradually decreased with time.
A higher ultrasonic intensity resulted in a faster polymerization rate and polymer degradation rate. The
polydispersity decreased with time. This was because the degradation rate of a polymer with a higher
molecular weight was faster than that with a lower molecular weight. When the ultrasonic irradiation was
halted, the reactions stopped and the number average molecular weight and polydispersity did not
change. According to the experimental results, a kinetic model for polymer synthesis under ultrasonic
irradiation was constructed with considering both polymerization and polymer degradation. The kinetic
model was in good agreement with the experimental results for the time courses of the conversion to
polymer, the number average molecular weight, and the polydispersity for various conditions.
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Ultrasound Exposure Effect in Polysaccharide Hydrogels: Controlling Polymer Hydrogen Bonds and
Application to Ultrasound Triggered Drug Release Medicines

Takaomi Kobayashi (Department of Science and Technology Innovation, Nagaoka University of
Technology, 1603-1 Kamitomioka, Nagaoka 940-2188, Japan), Sarara Noguchi (Department of Energy and
Environmental course at Nagaoka University of Technology)

Tel:+81-258-47-9326, Fax:+81-258-47-9300, E-mail:takaomi@nagaokaut.ac.jp

Key words: Polysaccharide hydrogels/Ultrasound triggered response/Drug release/ Hydrogen bond
deformation

Abstract: This review describes action of a low power of ultrasound (US) on hydrogen bonding of
polysaccharides in water medium, especially for biomass hydrogels, which constitute a group of
polysaccharides having capability of holding large amounts of water in their three-dimensional networks.
US acts as so-called stimulation material recovering with the de-formation of hydrogen bonds in water
medium for polysaccarides when US was transduced in the medium. The US effects changes in the
viscosity and the viscoelasticity of the hydrogels composed of konjac, agar and jelly. This US behavior is
described in the point of views for application of a development in medical care materials by US triggered
regenerative medicine by cellulosic or chitin hydrogel.
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Fig.1 Schematic drawing of chemical structures of water soluble polymers responded to US and effect of
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Utilization of ultrasound for intensification of phase transfer catalytic reaction process

Hideyuki Mastumoto (Department of Chemical Science and Engineering, School of Materials and
Chemical Technology, Tokyo Institute of Technology, 2-12-1 Ookayama, Meguro-ku, Tokyo 152-8550,
Japan)

Tel: +81-3-5734-2117, Fax: +81-3-5734-2117, E-mail:matsumoto.h.ae@m.titech.ac.jp

Key Word: ultrasound/ phase transfer catalysis/ process intensification

Abstract. In order to enhance the reaction performance for phase transfer catalytic reaction process,
the author has investigated use of the triphase catalysis and utilization of alternative energy source and
form as a method for enhancing the reactivity by changing the internal structure of the third phase. In the
present paper, a method for use of ultrasound energy and effects on the behavior of the entire phase
transfer catalysis process are mentioned. First, for synthesis of 4-benzyloxy-vanillin by using
tetrabutylammonium bromide (TBAB) as the phase transfer catalyst, effects of shape of vessel for
ultrasonic irradiation on the improvement of reactivity of the third phase are described. Next, it is
mentioned that the timing of addition of a substance related to emulsion formation before and after
ultrasonic irradiation influences the reactivity. Hence, it is demonstrated that spatiotemporal and
intensive input of ultrasound energy by considering characteristics of the substance and reaction is
significant to maximize the effect of ultrasonic irradiation in the catalytic reaction process using
emulsion.
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