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The Gomparison of The Paddy-rice Cultivars for Bread Use Rice Flour Materials

and Flour Milling with The Dry Process Small Size Mill
Yasufumi KUDOH and Nami MIMAKI
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" 22 | 89+1.9 | 23.7+5.0 | 86+27 23817 | 134+12 | 3.040.4 | 2.940.5 | 254+ 86
30 | 7.841.3 | 17.7+3.9 | 103+27 | 241+17 | 137+16 | 3.3+0.1 | 2.6+0.5 | 384+ 67
S B | 9.2+1.7 | 18.9+6.0 | 83+31 249418 | 145%+13 | 3.020.3 | 3.1+0.3 | 250+ 81
JK | 7.5+1.1 | 225+4.3 | 107+18 | 230+ 6 | 126+ 6 | 3.3+0.2 | 2.3+0.3 | 389+ 62
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g || BEE | ote | ks | v | mes [ | [
BeEe | E® | ® | &umw | ERVD) | 2RV
40 6.7 15.6 13.0 114 304 176 94.0 -0.1 6.5
Hr | 43 10.1 26.7 10.8 64 315 183 94.8 0.0 5.8
46 7.5 28.7 12.1 93 308 189 95.0 -0.1 5.6
40 1.7 4.2 23.0 135 369 201 95.7 -0.3 3.8
43 1.9 7.7 22.1 127 373 218 95.7 -0.4 4.2
1wz | 46 9.9 13.4 16.5 68 373 212 96.5 0.0 4.0
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46 3.0 3.1 73.5 0.5 16.2
40 3.8 2.7 73.3 0.3 14.1
43 3.7 2.3 72.9 0.3 14.3
= | 46 3.4 1.9 70.8 0.4 13.9
49 3.4 1.9 71.4 0.4 13.6
52 3.2 2.1 71.6 0.5 14.1

METH D, D7D, %< OKEESTED KKy
PERHE SN TNDS T 22T, AWFFETIE,
REARRELEM I v ¥ —CHREE Sz fEt £
WAL E B R MM ENT . FER ST 2%
e A O TR 2T L KRNk
1 7R KRR AL R A R AT L7z,

K EANICHET DK OEE S LT, KHo
BEBHEOZVBIER STV D, ALY 1,
HEEBR R 1. 9% ~22. 0% O K TR % Sk
L. HBEEH D IRVIE E R DR
RKEL, RXUDOELHRPREFTHDLZ EAERML
TWb, £, W59 13, ZINGEETHD I X
RT T FIIENRDIFS BB EAF T, 8P
EL KN L TWA Z R HE L TWD,
AHIFZE THERR U 7 KRR S FR O FR (G R =8 D i [ 1
7.5~9.2% T, X AFRFHT7139. 1% L L 7=
RO TIL, HEFEICFEPoT,

LNLENS, SARTFHT THES TR D

HEARFEIES. Tml /g, 3 U 72 SRR R O Cldix
B WIS ERBRICRSUO MR RN LR
DoiTc, ZDXHiT, BERKENRZWIZH D
PHOLPHEBNRENST-HBIIRHTH S
2. WHS BT L= I XRFH T K OB
&4 2% EEDETERDLE, SAKRTH T34
~9% & U D TRV PH OB IR SRk 9 5
PNUMEDEWATRREL W) ZENTE S EED
ns,

ARICEAS N AKT, FPHEERHCGEA S
AUTHE I, Z OB I DIV TRR S 1L
%o HEIZRTIX, A7V 2—0EEE LN 5K
W RV IAS, FORIZAZ ) 2a—b v
U U A =D E N BRI N D, B
e CliE, PR/ HHECRER L, mOICk -
TSRS N AKIT YA 7 v iz L v s
S, FUTICEDBND, LR -> T, A
BN S AT B K I EI SR K OO ik o0 2 5> ¢
MDA ML RAEZT, HEIRRTIEF CHEERO



REA R PESE T2 v & —

Ak LS CHEIZROME) D237 A—H—
N, B TIEM (BT —42 —0JEE) o3
TA—=Z =MD, ZOZDDINT XA —H—%
ILEBETHXZEB LIZEZ A, RNTA—F—|T
LV KB ORER O ENRES AR L
D OMNE T olz, RBFRORERI G AR A
AL TERVHOKRGZDRLS DT 27200
NG A= —%RDDH L, M=40, F=30, S=
JRTH o7,

Kix, NEBITHATHE S < BT 2 48
B D32 < 72 0 BN RS U RE O AEFEME D
KFF2LEabnT052 Y, Z20in, HilO
XU R IR, BER OREEIET 57012,
FK &2 ok S8 Cib 3 28 cily s v T
W5, L Lans, B Tlk, k2SR
AT 572 DITHRCTIRICZ RO R F—0
BNV ETHYVEIANTHDHZ L, WKL
FUKIE D B 2N 38 Lo S i BN B L
W EREND | TR & o/ N 8
TIXEANEE L, AT, ol U780k 2 Bk
BT 2 OB CTH D08, Bk U7 AHE
OFEEDN WK ST AR ZFEEHIAWTH, N
BT HARR K D T D A T S
oo FTo. WL TR 23 S b
Wc, M3 TRA LRI L - CTHad
HZEMNTHEENTE, T2 T, WAKkSE-AXE
JEUBHZ FIV TM O 2 40 ~52 D#PH T2 L S8 T
BMLZEZA WO THLE T2 &0
T&E/Z, UL, M2V40~46 DIKJE KR E i, [
REORHEA B — RREWZD, KB oKD
16.5~23.0% L m <, KERRIRET H-OD
K THDHIB%LLTITIE R B7ehoTz, M49LL
kiz7e s LGB RITEAEMIT I E L R o T
M. K DOIKTIXIS%RREIC /2 D Ky /X D
ORI ETho722 L b, MA49LL E
ICRRET A Z LIk Rz WOl il 2
ITOTENTEDLZ RO E2S T2, T2,
FRZTK - P2 2 L0k FRICER LT
WD HEZR EAELYD BRGSO B3 (NFR)
NAL R, BN MEI N, B, AL
XA RTIGHE & U CHERT 5720121, JRE Ok
EEATHOMBRROLE R S HICHBT 248N
»H 5,

5. B

AW 2 ERT DIHT720 . Kby DEERi A %

WFFE@EE  No. 50.

2012

BIE L TN 720 2 [N KRR NBEAR K1 B
MRRRERSEA e v & — (Bl ESZ L ¥R SR
AR DRSO HKIZ, iV T LEEE
W TR W REAR B IE | o & — R R SR
FrEIRT 22 58 S L £,

SE XK

1) FAREH, KHoOFA L E S ~OF T, &%
& HAfE, 11, pp. 1-9, 2008
2) TLNIFNEE, Ky o OB%E, RMOKERRIEY v
—J b, 26(10). pp. 11-16, 2003
3) AW, KBHOFFIHBEEOBIREBYE, Afl7—
KA X HL, 12, pp. 23-26, 2008
4) BURZZ— 6, KBFAOBMRERE — K i
DT —, AAREHEETHAEE, 55(10), pp.
444-454, 2008
5) Hi=Z", BAPEZ MW= OMULE OHIE, F5
e > 2 —, Wby - BHEUREE 2B,
pp. 190-191, 1986
WHES, R - kAR EZARICRIATE S
ZUUKFRET TR [ XWF I T 1, NP SERT S
o — AR ), 2008
) BRED, SKOSRERRES KR S B RIE T
B OIAREMEIFETLYREE 56875, pp. 394-402,
2009
FARMF S, BT 7 B LB ORI B D
BLSUPRICR BT B, T EIUE P EEEN e 4
—HFFERC RS H, 2006

6)

8)



[Fa3C] #ust2 3B o= OWEB FIFICAE 1E A KRS A7 AOKEE « Jh B4 2 BFZeR %

Ml R ZIED 1=
HEE -

T4 e -

2E BT EH B
“HOTYE (B HIEARES). " L0TYE, U L0 YE @

D WEB | CAE FRAXXEV AT LD
WRICEEY 2 ERMF

NiFt gE= e AT
R=E)

Development of WEB Based Remote CAE Analysis Support System

Masanor i TSUCHIMURA *, Shuhei KURODA *,

Ryuji MICHINO *, Kohji KAWAMURA **

and Takao KAWAKITA =

WA, R TR

BT 270 & B R LIRS THETH 5 Computer Aided Engineering (CAE) %

D IR Bl %

AT AR LT E 728, Mo T/ M 36 23S B2 IR G O BT B BB e E ORI O T2 24 b i

W DEA K O ZNE DA TV,
* ZCARMZETTIE, Hidkic

WEB #%H1 C CAE fif AT #lE & AT AE RS IR E | X8

1. [FC®HIC

WHAEDREGE 72 3 Vo — X IO ITEN, A
ETav ADOMEIBINa R N 2ZHE L
T. K212V CTldComputer Aided Design (CAD) /
Computer Aided Manufacturing (CAM)/ Computer
Aided Engineering (CAE) %% o1 41 & FM A0 (2
A U R A ESR N E LW REZH T T p1™,
LU, BERIRNO RO/ IMEREDBIE T
. IR DA KOS AN IS4k 2+ B2 E R
RIBEREDT=8, 3RITCAD/CAM/CAEY 7 k7 = T 74
EDRBIEFES AT LAOBANRYRFINDIZEEA
Tw&m@ﬁﬁ%fﬁé

Z 2T, REARRPEEHIN T X — Tk, HOG
B 215 H U 72 AR R O AR E A X 5 72 8
BN OH/NMEZE, R =TI (3D) T LT L D
BN T 20 L+ 5T RS LT, K1
\ZR SN D FE~ T~ IE~EE (0T - HE)
~FHIE TORABW T U X NVAEFE Y AT b i
LR L7,

ﬂlliiﬁ

X 1 3DETILTF— &%m_i5$?4% D2

BT % CAE FIHOWE RAJERIZ X DEFEEMEALE K D720, JUN - lim, Mo 9 BN
BEMT 25 TN ESILFRFIE] TOMFERIEOTE Ok AR Eop iz &
IZFIHCTE 5 ICAETERKERY AT &) RS LT,

D MO RGEBE 6

ZORER, Y& o X —IZ81F HCAD/CAM/CARIZ BE
L 72 AR~ D TRNE  F (CCAESRAT I Z B L 7= By
P8 R ORI AR T s sy L 72,

L2 L. Efli72CAES 27 L& ARA L TR W
DEATE D, CAEZFI T 25 EIT1E, BRI RT 0
YR T — 2 OISR OELEDOHRTEH, Y7 by =
7 OFARRERIGITE TF — % AJ) - (EEICH<
VERD D, Fio, BHRRELG3D-CADE T /L Off
Moo X 9 72 KEFFEM (Finite Element Method: AR
BISRVE) MRHNTICIE, WHIALER 72 & oD s e G SRR
RN R ER D, ZDDERITHIGT 5
AT AR HBREE &2 /eI BV TER T 512X
HEROREBROERE, b i/XTA@ﬂW%#&
CEAT A R EDRT, D TAENKE IR
RTHD,

ELICMEE D0, Loz RLE Lz
FRER S 7R AN S KBS EFIRIE T 5 Z & ~%t
JISTH D, mEIRR L R A FF oA E DN e &
720 EORLGESS ) DR EA L CLE
I ERTRIE I, ZhE CRBHITE ORBRICHE
o C&E I BLGEBIS COm R mk & Btg ) MR
B0 HAD A X L ~DIBEE DT A BT
M cHAECTE (LY V)T — a«~x®m
FSBE 2 i 2 7-CAE S 2 T 1 D B TR~ DA 72
FNERPHfFS LTS,

Z 2 CARMIETIL, HIBE ORISR Bl S i
A RS HELE I (SCOPE) (12 351) 5 [ HISE ICTHR BLAUAF 4
BAFE | OBARZ 21T, g2 35 1F % CAERIH O K& ik
KICEBDEFHEEEAER D L LIz, TFEAEIZHE
N4~ % M A 3> & OCAER HERIZ kT 5 729
PR B R ) D OEATERES FTRE, 22 DBE
TFOFENTRE R OB FIHE & 72 5 TCAETE 3 HE v A

_7_



REA R PESE T2 v & —

T L) BREE - BHR LT, £ RVATAIE A
BRgERS 5 FA (PKT) 12 & 2 380G - B S LBt 2 FI 3
HZ LT, LVERIIA X —Fy MEHATARI X
TLAOFNEMAEAREE LT 5,

2. APRTHELEVATA

2.1 AELEVATLBEELEFRAA—D
SRV~ 224 I AMFZE THEEE L T2 & A 7 LR TE
RHE & AMBLE L OV AT NSRS » b U — 7 5t
M2, FE7-V AT LRV 7 M7 = TR & o —H
MR AT LEFMT D4 A=V % KBITRT,
CAE fRATRHERH 2 T A F VAT A

(77—~ OBIE : H21 BAFMHE)
PC8 15 8Core X 8 =64 317 7 A %

Web #— %, DB #—_Y 27 A
(77—~ @RI : H22 B0
PC3 # Webx2# DBx1

L7 R 7 R EIRRE & S8

(a) HHEH

CAEZER a1—¥

X =gl .
PZSIEN WE mi| B
: %£j§-@
o i
| | |

' a—1UPRYNI—4
B—ALIPRYRI—5

(b) ¥ AT LPNHEEFR v b U — 7 fiE
B2 ABFZE THEEE L7 3 AT SRR ER DU ZE

AT THEZE L7e [CAETER AR A7 ) 1, F

Ao —RHEANT—% % A L CAEGHRE 21T 5
[CAEZ[RfRNT S AT L) & CAEFIHD 7 Uy 0
BEAFAAT A5 R A 4Rt D [CAE T L v O F — H _—
AZ(DB) VAT L] D2ODV AT AINOIER SN,
FRZ, Ly UDB~DOEHT R ERIZBI LTI, RE
ARKFT EORERBNOKRFZ T TR, UMl - L
MWD ARIC L 2 i FadtFEafsr s LTl =
R JGCAD/CAMM ORCAE Z ¥ F U 72 AR PE LR D = BEALAC
B3 2 AfF5E) ZH22~H24 CEiti L, CAEMEMTHEAE X Y
T Ly UDBEREICEEL TS,

WHIEEE & No. 50.

2012

C D mrvesars D #ALtvnomr <> ADF—SRUHTHR

+ Ly DB
(PDFHTML)
1%

FE Analysis System

ANSYS,MATLAB,
COMSOLAE

ETHEER
Webt—/

|_CADEEHE
3 V7 Ny = THEE VAT LFIHA A=Y

FLIIDI4—F %D

FIARV AT 2RI RE T, TMEEORG -
fRNT RN & R FHEEE 2 BE L T D, R
R RGE © BRSE TREICR W TRREFE 1T, B LWL,
DALEE < TR OPLEIT B 72 0 2 DR FHHRBRCMETF
B R & 235 ZCAD i A& VERR T % o IRICHRHT H I
F, T OCADIKIEZ F5D & SR 72 CAERAT 217 9
ZOWE, RO EH AT I NETRBR L L
IR WTAR DM 2 323 2354 121X, L VDB
(2R Gk S VT FRAT R R O SR AR O B M, i
WM FRESE2BBT 52 LT, LB R DIt
WRTE EAERFHMO FIEEZRD D Z ENTE D,

22 A—HA4 8- —REFATO—

AT CTHZE LT [CAETE SR Y AT A 2KD
FIR 7 v— L HEARA 25— T = — AW ] 2 X412
KT,

WEBZFIH Li=A v X —7 = — AREHE & FIlf == —
PEPRIL, FHEE P IWER/DBY— N T —#5 L TALER
LTCWb, KUAT AT 7 A LIEBRGRFHT—
FiX, LDAPIZ K B FBRENKE T L= DB, [CAEE[RMAR
Hro AT 5] 12 K DCAREATRRSEIT TCAET L >
VDBV AT A T K D ESURER T ORI RO
ST Ly VDB~DEEE - HIBRE 21T H 2 LA
T 5, £70, CAEATHENK T LTV a R Dk
B - ECRFMEEEOSA 1T, B OB
R & R EFRONFR IR L 0 A STV B IRNT
F L UDBOfFENTRE R A S L, B0 E
WO RIS O BARI e Gt 2172 2 & b AfRg & /e
2

2.3 BREE - BEBAbIC&k B X)) T 0 HaE
BEEE N R SWEBRH TA S 2T A EFI
T AA  CADT — & 3 A WIRITHE 70 & DRI



Ml A3 SR D 7= O OWEB FIFHCAE JEHXER T AT L OREEE - S HIZ B3 2 WFFEhH 58

CAE EfF
B RTLA CAEBEST 515 #18
e

avwE | | - - ooz -

FIAL—YA~ RIEE
T A—JLIEE #5% DB

— v

| o=t
7] I 44
—> (S RE B[ | CAE ﬁ**ﬁ'ﬁﬂﬁﬂ
FoEREE Db ﬁW
| DB Z8%-Hl&
DB &8
o
L, (E= |
CAE FL v
DB > XTA4

X 4

VAT AORIEFM R EEBIETHMERSH D, &
ITCARVAT AT, A ¥ —2y baLTEE
WZFIHA4 25728, PKI(Public Key Infrastructure:
INBRERRS B 5 & W2 R8GEE & B R R S L 2T
oy RVAT AD2—HF X, Yt ¥ —TiHEM
T 57T A4 N— ~FEEF (Private Certificate
Authority) T % 17 9" % X.509 2~ BA # Gk B &
(attribute: userCertificate) Z%479 5, LDAPY
— N Z—Y 4 (attribute: uid) K& OX. 50923BA%#
ZFAAE (attribute: userCertificate) Z& &k .
REICFIHT 5 2 & T, 5RIE 72 RRGE & B E R Sk A
FHL WD,

Fo. R AT LTI, FIHAT 2888 GEIRfET >~
AT A, T Ly VDBV AT L) T LT, Z ORI AR
FiPH A = — P REROPRICEHENRET S, £,
F Ly VDBY AT AlE, 22—V OMRTET L v
T —F OXF eI BRI A R E T & b, [ B
(SR A R 2T D72 2 — P OFT B O,
EEDO T N—T7 (NFk, B, RSB E) 2RE
TELLIIR-5TVD, Zivh D —FHERRE
IZE D CAEFT Ly VONERSLHEEEIZS U TART
Ha—HHICHECX 27 V—TE2EL, AHE
72 Ny OF R ST 5 X 2 U T 1 fefRiE
RE & AR A AT,

2.4 HHFHEIZESITHHEETERAT LA
[CAESEFBARNT S AT L) 1TIX, WEBY— "% L
Ta—PNHR~A L RDITESR (X 2 7)1k LT,

)
“
FLvDB BRFER RS PDF)

CAEVEMI =R AT DR ORM 7 v — L AR A Z—7 = — X

BHEONTY 7 ST =7 7 A &2 R OB DT
7 TAZENRELEINYTHZ EnERINT,

ZOERERBT HI-O, KA T LTIK, T
BHY—_TERT VT NT=2T T4 R, R
Mo o 22 ORMEERE L, FJMERBENKRE, 77
AR FAT P — NKAET D 2 & TR B WIRENTE D
YTEEBT D IO ICHRE, FEL, —#HOFHA

FHOT7 0 —%X5lRT,
A

A

-Wﬁiﬁ LK
e

AT — AR

4Rk Ry
S AR

TR LE
F#ITID,
<
< cluster s
REEZEE
R — BN FERARH

X5 CAEmNEMRNT S AT MZEIT 5 EEism

fEMNTE Y — X, AV, V7 b T T4 %
VAL R T AR BER L R EAT Y — IR
WHEHE 24TV, AT RS T D@ 252 1T Bl D , WEBH—
NEBL Ta—Pnb ¥ 27 (RATER) 25 1T 5
L. ARV EIRF 2 —lZo X 2 —T 5, RIS
Y — RO R E e A B DR E AT U = 7 b
X, R 2 —DRFHO X A7 TS C T, 948y

_9_



REA R PESE T2 v & —

ARy TI T NT2T T4 RE, 7 TAXE
BT —7 NV CTHRATE %7 7 A &2 TR
b, EDW%, ATICHERT A AORERL IO
AT 7 T A B DR TE AR, 7 7 AL
Y — NITHT 2 KIHT 5, T4 B AOESSG, i
Mro 2 AZDOMRDO ELLN—FFTHRLIESGE
X, —ERR%, BETA B A0S, #irs T
AZ DR D, 7 T AXEEYS — 0B 7N
SETDOBEHMEZRD &, R 2= X AT 2T
Fa—L., T2 —NOKRDX AT % F(T7T 5,
T, 7T AZFATY— T, TR B — N0
DT A T D & T2 E177 5, i
FATTHEBNS, TA o REEY — TR Y 7
N =7 A4 ADRERZITO D, TIUIRT A
TLERH LW Y 7 b= T ORAHEEEL
TS0 Th D, REITIHITNE T T 5 &, fif
Mroe THRERZDBITASAN T2 & & b, T B —
NIZBET B,
AMFRIZBNTIL, TERY— "B X7 7 &
B FATH— DI T Ruby &2 FHV TN 5, RubyZ
WD Z LT, 7Rtk TEBERERES T A
77V ERATE HEOWHIMTHRR B TE .

3. BELEVATLFHEE HIBE~DREEREER

3.1 Y RTF LDOEMNMETE
KGR THEE L= 27 ML, /MBI 5
LS Y BEHEIFM EEBR L 0 THY, BE
FOWNHY 7 v 2T VAT L2 EBRHLIEZAZ R
Tra—2 PC VAT ALHE L TCTFROREEE-
TWb,
(1) SEBEOFHFERER - BH SRR A
ZHETOCAE fi#MT Y 7 ho = THIFICIE, 4
XD AT AR ARG FT~OBE O 2
MR B o T2, WEB i TLe2RT 2T AFH
WE Y 22— OBEEMNARE L 2D, T2, 7
FEEY— NICEEIRNT Y a TOAS v 7 0% =
—EH, BB B AL OA — K DR
TR R mASRE A AT Z & T, TA A
ZhERAICRI A L7c BRI C. 20t L7 CAE
AT H B EH AN ATRE & 72 o 72,
(2) VAT LHEEE - REN T —PHICARE
B A FEAUTE CAE il omfli 7o gty 7 N %
A L TWRWH/NMEZENS TYH, EFEEE CAE
7 NU =T BRI U RN R R S TR ReR I A3
"R L R oTz, I, BEFMITRERS T Ly v
BRI EDWEB 7 7 U O THREEIZR BT,
CAE & 721 T, RENORFHEHEIC X
HIFNTAE R OB G LA S & 72 o 7=,
(3) HART AT KR O ~D I
AWFFEC BT 52 AT LRI, BEFO &l 72

W FE i

No. 50. 2012

CAE Y7 "N =7 534y ZAGREGNFITL
TED—RAEFEICBNT Y, Atk & EH O TR *
> NU— 7 BERIZ X B CAE fifATE B Ly D%
gk - 2R EVEIZS CTERIANFTRE T E 2 B,
(4) ¥ AT LBERE O BRI FHRI kIS AT HE
WEB/DB/LDAP H— XD ITHEN S DT 7 & A
FEHLTRBY, =Nt T AX 2=y MED
BER ORI TLEIC Y AT AME AT E T X
5, LoT, =—VPHNIHERELK R ELTOAM
M, VAT NSERMME S RISV AT L OYE
JESPHEREIR BN ATRE & 72 B,

3.2 BEALEAOHEREER

AWFFE TR - HEEE L= AT o &, #ililioo o)
ECADFALTHLS S Z L& B, BAH
IMEZEDO TS 238 & Uiz, CAE Hiffit X
—ZBRE L= (X 6 2H),

4 6 RPN RGN 01 CAE T FIAFFE FEREAR L

Z OHHETIL, CAE 72 ¥ O ICT il 2 A%z
FIRT 2720 OREEER G - SRRALKRY 7 by =
THRIHEE . X 51213 SCOPE HETHER D 2T
ISR AN A 4 BIBAME L. BT 117
LD H > T,

(D) ffry I ab—yartIf—
(H21.7.8~10: 3 HIE) & 194

(2) B DO OB FHRAEH R R I T —
(H21.11.19~20 : 2 H[E) ¥ 23 4

(3) MATLAB Simulink {KBEt X — in REA
(H22.7.22 : 1 HR) Zh&E 124

4) TUANZY=T ) T EERE Y S

—(H22.10.7 : 1 H[E) &% 63 4
- WFFEHAM Iz 381 D CAE Hiffit I F—hnd

AR 11T4 GR4 1)

INHORHERE R A LT, Rk 23 4 4 H O ICAE
EHXRYV AT 5 O—RABRIZEEL, Mg X
T LR HA~OBATIRED IR L LT D,



Ml A3 SR D 7= O OWEB FIFHCAE JEHXER T AT L OREEE - S HIZ B3 2 WFFEhH 58

SIBELEIVRATLEEFR L AMLEEE

ZIZTIE, KT EM8ITART K D ITANFZE TR
L7 TCAEJEF Y AT L) AT LA, WEB #&H
TEEIZHATE DR A £ LT, JUNESRARK
RO EIC X 2 EEH S OFFHTC DB Bék- MR
L. EBEOF/NMZECBI DRHAE EEE LIV A
T LAERE &R EMEIC BT 2 KRR A EhE L T\ D, A
2T, [Al—® CAE fif i a2 875 Y 7 b =7 IZ
B DRATAER 72 & HU/MEEOHEINFIC L -
T CAE fRtr ORI &7 0 235 L 72 Dt ik o
L ¥ DB ~DOEMEHEEL T D,

WA, 1EFR. ERI. | T=$5ECAD/ICAMIS X UCAER 5 L o 2B TR BRE( i B3 B A%
SHR, AR, KSR, GUNEHCAERSS  FRo2E~TR24F(BAER)
MR, ERBR, AR

#EA =

RBRSCOPEE R THIZEMSH(H21-H22)
)u» [CAERBH B R 7 Ls)

REARKE,
AMTIEIL
IVO=TILTHRE

EHIDBG B T
CAE[:J:%:' § waonx Sumcrenns
$ﬂ0)§ﬁ Z7LOWE
= FROTEHit 54—
ITRIEFRIZDLY
TOBRE
. ' = i il
HRAiTiEE, 3 FHRRT—EER
?ﬂgfim = StEmE 8 l R TR ORE

EROBLEH- - -HithRL, FHRIFSA
itk Ketc.

7 JuNEFESILEIIE T OARMFIERR O H]

R ﬁ

- | RSP AMAPED | R

k= —httlkl‘
[TTTTIG::= < —. . ] e
OOmT it s— | /@

Jﬁ@iiﬁfg—tﬁ— F/r//j/\ > b

|L MR R(THR)

15-4ohdy
BEITHE

HOIYITHAM
0 o EWEHE
ot o o @3 PN LI
AU TIURE
tBEHTESR FEETOMhE

M8 BAYE Lo AT L7p 8N K 5 JRIE0E AR

4. BbhHYIc

AHFGETIX, BEOKF RGBS 72 SR o
DOCAEfRMTFAT & F L v PDBE M AT BEZ: [CAETE
RV AT L) ORFEEIToTZ, RAT LEFIH
95 Z & T AABICAEFRMT Y 7 F DA A b —ILIER
ey, PR 72280 X BEHERE M B
NHEETH D720, Efli7es AT L%&FH L7 T
& LA R OMENTEH R & AlRE & Lo, F72,
WEBKSRE 2+ 5 2 L2k 7 5 AXZY A hOHE
J, CAEY 7 N0 =7 OB, 7 7 AXPCOEHIEM

WX BRHERE M B Bl b RIS T 5 2 &
T& 5, KR THE LY AT L2 BNeE0R
RS CIEHT 5 Z & T, 2 E CRBEINE O
BRIZHH - C & 7= BIEBIS C o @ FE 2k et Gl /)
DHEFF S, A CTHUBCOMMk CAF T o Ly
TDBHERE & I SR R RE I A BT DV AT A
ORI 7278 I X 0 . Hlsd 3R Ic B0 5 EE 4
FOH#ER IR BB S NS,

Fo. RUAT LAOFIERIC X0 #H 0 FERS
KFE,ABREKROCAEY 7 N =T A—D—7e L LD
JRHEPR 72 CAEEE TS AR B3~ 2 Ju sk o> 175 77 - i
BRI & BB Ry U= BNIER>TWD, Zh
HOEEER Yy NU— 7 5% B AMMIIER LT
eIl RUAT AEREEOK E LT, 4%
BB AR PE S H AT o 2 — 2 Tk AN TCARTE ¢
B AT L) OEHLEBUBEZET D TETH D,

# O

ARFGEIT, Rk 21 0 B ERR 22 4RO 2 AERITHE
578 ORI 1A% i 15 BT 2 BR 76 HEE ) £ (SCOPE) 12
B2 T ICT IRBAFIERH S | OEIR &2 1T %
i L7z, SCOPE DZEFEMITIC IS R TH 5,

F 72, KFECAE fiFATICBE 50 L UGk LR
17~ 5 D FEFFRER ik, [JuNEEE CAE #F5E2 ) O
N -EEBL L BT, FOFEEFNIZENTE LD
LN FEREAEHA LTS, ZOMESIE, B
1B, R, RopR, Rk, FEER, BRI, =
IRPb . REVEES IR, MR, PR BRI R OV ER
WL DA WL AGR IR ST BE A SN L. A HERII T8 A
SENT-EHRNT S AT LT, HEfTRES 2 o 2
2 b—3 g v LRI OWTH A - fidEd 5
EEAZIT-> T\ 5,

S5

1) /MERBATE, N7 ], IREFEVE : CAD, CAEZfE > 7= % L
TV UBARERE, AR SEE, Voll04, No. 992,
pp. 10-14 (2001).

2) FBRIEIE, IAARZHE: S ORI Z X 2 5 %
T &R, B ARB RS, Voll04, No. 992,
pp. 15-19 (2001)

3) HHE HENHE A — I —DITLOBLK & 5 1%, NIKKET
DEGITAL ENGINEERING, October (2002).

4) FHA—  ITRIAIZ X 28O &BRE, B AR
£x3K, Vol. 105, No. 1000, pp.64-65 (2002).

5) TAMRHEL, mAESER  BARR T Mt v 4 —2kiT 2
CAD/CAM/CAE @ 3 F g5 51, U H74fF, Vol. 19, No. 10,
pp. 78-79 (2004).



[Hnd] REAIRPERER N o 2 — WFIEEEE No.50. 2012

AEIERBSHOESME B3H) '
AR EFEMFEEL /- 3 BEOFTEEBEX

TS, KB B LR B JIGRRC
TLHERA 5, LB Lk

Sound Insulation of Wooden Three-layered Material II1.7
Sound transmission loss of asymmetrically bound three-layered walls*!

Tetsuo NAKAMURA*25, Takashi YANO*2, Kiyoshi MURAKAMI*?,
Keiji KawAr*2, Tomehisa EToH*3 and Ryosei KITAHARA *4

In the present study, the sound insulation of three-layered walls composed of cedar timber and ply-
wood were measured and evaluated in accordance with JIS A 1416 and JIS A 1419-1, and they were
compared with those of conventionally constructed walls. Two types of three-layered walls were in-
vestigated : symmetrically bound walls, whose front and back layers are composed of plies of equal
thickness, and asymmetrically bound walls, whose front and back layers are composed of plies of un-
equal thickness. The following results were obtained. Asymmetrically bound three-layered walls pro-
vide better sound insulation in low and middle frequency ranges than symmetrically bound three-lay-
ered walls. The coincidence effect in three-layered walls in the range of 2000-3000 Hz is less than that
in two-layered walls. Three-layered walls are good sound insulators, and the insertion of glass wool
has little effect on their sound insulation and The insertion of an air layer has little effect on the sound
insulation of three-layered walls whose layers have the same surface density and same material compo-
sition.

Keywords : sound insulation, asymmetrical composition, three-layered walls, cedar plywood, air lay-
er.
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2, NER - $BRETOREEDMEEHREZ ) E X
27012, MULKEORmE ZIEWEICAER—
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1L, B ICBVT, AEREOE 2
BHLIEEAMELT, ESDRR L AFHEEN
G A FIMA, O, FEEAMICHWT, KRt e
HEMOESZFEL (BLF, oHECE) (LT, 2
RBEREEZ T 3 EEEOREM 2 EL, b
EBUERRR STV 5 THETIES N BER & 0 F
REHB L 720 TR, 3 @GRk Tk
BEIZHA, EREEGTI RS ke Z R L7z,
512, 2000 Hz % 54000 Hz w2225 T a A
VYT VARSI L, ZEREICBLWTEESS
NBI Yty PRI X B 225 350 W fE O,
BIRERRD ST, HLLE O 2255 Wk S 25 RE
T&7/, T/, —#%IZ, RCEER ALCEER TH & 5
WIETHEIC GL R FE W2 EdH 5\ IL=ERE
IZBWTIE, 200 Hz 2 5400 Hz 73802 3L 18 % 8 12
X 2FH LSRR ET L0, SRR LA 3
JEREEREST RTC, RIBEMEIC X B K 2 KR
TOLEIEPROONLZ LR EIZTOWTHE L7,
AL, SEFVEREA L D v 3 AL EE O B S &
HIELC, millosRERcI L 7z Kb & i o
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Table 1.

EIERE (55 3 #)

JE&2FE LT E LXFRRREIN LT, Fimbr& 3m
OB S %228 2 CIHMICHIE L 2B o R, M
BEORE, HOMOERDR) R EI2DWTHGES
L72bDTHhb, 20720, KL TIEHH 07—
y 2 —iHVT W5,

2. ® B

2.1 BAIFERAMRSIVEHF

HEARIE Table 1 1Z7R3 70K TikRE & 3 JE b e
Thbo ERITPEREIIOmm OEREEHEL, N
IS0 mm OFRY AFL 7+ —L &AL, 125
mm®»D7TTAY—F—=F&Imm DT T ¥HEWTHE
WENS, 3JEHEEREL Table 1 1ZRE#T 5 54T
Fig. 1 IZ/R T CTRLA . T7zo No. 1 IXFER L
X% 2 EETH S, No. 2~No. 4 DXFRECE D 3
FEREERETH Y, AFEWROBEZ12mm, 24
mm, 12mm, B X PF12mm, 2mm, 12mm & L
TWbo No.5~No.8 234l 72 123 ME L 72 I Fr
BLED 3EERETH), AFEWROBE X2
mm, 12mm, 24mm B & Fl12mm, 24 mm, 24
mm & L7z, 73, Table 1 12753 No. 1~4 13 A #”
DTF—F 2wz,
2.2 BEMOEREERMERERER

E TR LR UL, RBARKFORBEIC

Plywood Glass wool

\ A 910 |
e N ‘
i 105 /\
219
:24 i ¥
‘ p / X
— 2 r

30 410 30 410 30
Unit : mm I ‘ ‘ ‘ ‘ ‘

Fig. 1. Cross-section of three-layered wall.

Conditions of wall materials.

No. Surface material Uplt)}fiiliillqre_lszisyer Center material Lov:ﬁilél?;re—lsasyer Back material - Outlet ?12?12%3

mm (mm mm mm hole (kg/m’)
1 125 Plaster-board (50 t Polyslt(s)ri)* ene form) 9 ply wood No 20.7
2 12 Cedar-plywood 105(GW*) 24 Cedar-plywood 66 12 Cedar-plywood No 335
3 12 Cedar-plywood 66 (GW) 12 Cedar-plywood 66 12 Cedar-plywood No 237
4 12 Cedar-plywood 66(GW) 24 Cedar-plywood 66 12 Cedar-plywood No 31.7
5 12 Cedar-plywood 105(GW) 12 Cedar-plywood 66 24 Cedar-plywood No 335
6 12 Cedar-plywood 105(GW) 24 Cedar-plywood 66 24 Cedar-plywood No 395
7 12 Cedar-plywood 105(No GW) 24 Cedar-plywood 66 24 Cedar-plywood No 377
8 12 Cedar-plywood 66 (GW) 12 Cedar-plywood 66 24 Cedar-plywood No 31.7

Note: GW™:

Glass wool insulation, 32 K, 50 t
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BT, JIS A 141612#HL L T o 720

EWIBLEOWE T FIHH LRALTHY, M
B3 (v~ ot 8 MS-400) THA S &7
RATA M)A X% Fig 2 IRT4 2BBRCHAE
L, BIARESLE2RBRKICHREL-ZNENS
<4 70k TEL, £F % ¥RVl
%% (V) F v #4:# SIGNAL ANALYZER SA-01)
EHWCTL1/34 27 % —=TREBGN %7572, F 72,
PRk D 22 R G E R B 1 JIS A 1419-112 % Y,
225 TV BB 0 S5 AR 2 T CRRA L 7z

3. BRRUEE

3.1 HBERMOEEDHER

Z Z T A 258 28105 mm, 66 mm DA,
ZNZENHUL & EHM 2 AN 272 No. 2 & No.
5, No.4 & No. 8 IZ2WTHET %, &b, No.2&
No.5, No.4 & No.8 Iz ZNEN[F UHEETH 5,

M\

Reverberation room 1
Z Z

Reverberation room 1 7
V=179 m?
Test material
— T
Reverberation room 2 &
V=98 m*

Fig. 2. Plan and cross-sections of reverberation room.

Wrzes 2 No.50. 2012

COWEOEALD EHFEEBEL LT R,), B
EMAHLEMH (LUT R) B X U100 Hz~25 kHz @
P EEEBRBROEMNTY (LT Ruws) %
Table 2 12777

Table 2 75, K MIZ25%)E %105 mm & L7z No. 2
ENo.DDR. & Ry R UMEER LD, RE
MR ORE S %22 2 72IF X FRELE O No. 5 @
R, 1ZNo.2 X1 2dB 225 & ERERE DS 22 o 720
¥ 72, R 22X EH%6 mm @ No.4 & No.8 Df
TI, Table 205, R IR UAEZR L7228, K
& B OE S %% 2 72X R E O No. 8 @
Ry & Ry EXFRELE D No. 4 L ) EhZENh 2dB
& 1dB 225 m EWEREAS 20 o 720

No.2 & No.5 O 225 E M W P ae o Ji P Bk &
Sk (FEMRR) o PBIFR % Fig. 312, No.4 & No.
8 D72 MWk e O R e BURRTE & S5 (SR )
DR % Fig. 4 12787, Fig. 3121%, AWrgE T#lE
L 7cBER & MG § 5720, a3y ha—ure L
THEBIHE L STV 2 B CTHIME L 7275k kR
B No.1 % & TN ALC LEEREO SR b ¢ TRl
WY 5o
311 RREBTIR T ORR

Fig.3 6 Al 2258 #105mm & L7z No.2 &
No.5, BIXUOHERLED No. 1 IZDOWTHET 5 &,
No. 1 Tix100 Hz %5160 Hz {223 F TILG&E# 12 &
LEFRENH SN,

%P, 2EEEM T B 1K TiEED No. 1 ORE I
THE X 2 LI E M IE I (DT fine) 1KY TR
D720

frmd =1/2n X «/(Wll + mz) / (Wllmz) X (ﬂcz/dl) (1)
2T, omy, myt REM TN ZNOHEEE (kg/
m®), d, : PEBOES (m), p @ ZROEE (1025
kg/m®), ¢: ZZ5hoE#E (344 m/s)

A (D) A 58 72 Lg% 8 H B #3115 Hz Td
S 72, SRIOBREETIXI25 Hz THILL, (31T

Table 2. Sound insulation indices of (conventionally
structured wall), No. 2, No. 3, No. 4, No. 5,
No. 6, No. 7, No. 8 and ALC150.

Sample No. R R: Ruas
No.1 38 30 34
No. 2 41 35 38
No. 3 41 35 37
No. 4 41 35 37
No.5 43 35 38
No. 6 42 35 38
No.7 41 35 37
No. 8 43 35 38

ALC150 40 30 38
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Fig. 3. Effect of the placement of component materials
of three-layered wall with 105 mm and 66 mm
air-layers.

HEfti & iz /R L7z, 7%+ 3, Table 3 IZ Table
112779 No.2~No.8 ZhEh o, Kt & bt
DAL DY, 75 ITHUI & ETA O A D
FIZoWT, (DKL D frns T

Fig. 3 7 & KM & EHIM O S %28 2 72 Fi
Bt i o No. 5 13K & B % W CE S & L7zxt
FRBCIE O No. 2 X 1) $125 Hz W& MigJdk &
Vo [HERIC Fig. 4 2 & FE FREL & O No. 8 (3R FRAL
BE® No.4 X1 125 Hz Wil O ZmiBI I K E v,

Table 3 2*5 No.2, No.4, No.5, No.8 DI+t
O O A G DR, S NI & EEiA O
HMAGbEENENORIGREROIEZFHT S
&, No. 2 Tl3102/81 =1.26, No. 4 Tix102/102=1.0,
No.5 T13102/94=1.09, No.8 TIi%102/118=0.86&
%%, Figd 2613, FEWNHTIETH S No.8 DIt
SR OB S 2 212X - TIREY2SE
gl waerfEshsd, LarL, Fig3llbw
TRAHHITETH S No.2 2 No.5 £ ) LA KR E
(o TWBIZH2HDb 5T, NobOlEERED
BENRTEY, No2 & NosizowTiz()Xicks
IR W E O —FNED S PO v,

70 R-60
R-55
60 R.-50
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8
&30
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Fig. 4. Effect of the placement of component materials
of three-layered wall with two 66 mm air-lay-
ers.

Table 3. Resonance frequency for the combination of
front and middle boards and that of middle
and back boards for No. 2, No. 3, No. 4, No. 5,
No. 6, No. 7 and No. 8.

frmd of ﬁmd of
Sample No.  front and middle middle and
boards back boards
No. 2 81 102
No. 3 118 118
No. 4 102 102
No.5 ezt 102
No. 6 81 84
No.7 81 84
No. 8 118 102

RC #EEHICBWT, RCEBER ALC BEA GL K~
M2k D5 E%E 728 T, H—EADT TR ¥ —
A= F2RHH 50, WHICHE) Ebez2EDH
B\ d 3 B G BE O PEREY o ALC BEIC 2248
Zd /- THHICAEMZ L) &be7: 3@ ERE D
EEVERED bIMEIR TV S, W 3200 Hz~
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400 Hz 38002 220 CTIL B & 812 X 2 8 K IEA A
LAELTWED, 10mmBEDZEREOYET
HY, SEOREATIZZEEE2%66 mm, 105 mm
EREL, HRBBEIIARICHN S,

WA & OENICE S L (m) 0K EE BV TS
N7=R=X W% EOBMECTIEIRDORIPELZ L - Tk
W R A AL 5P, Table 4 12 Table 1 127
No. 2~ No.8 ZNZFNDOH.LH 2RI & g L T,
FEA & O, e S ONTHULH & T A A
b GO IR B ORI M Z R, B, 3
PR TR 72,

f=1/2nx14x10/mL+K/m (Hz) (2)
CCTC, om: RMMHEMEMED 20 0HE (kg/
m?), L:[EEL OMOERE (m), K: WO
(kg/m?s?)

Table 4 % 5 IR L, FOMREREOE
AICBARRZ: <, KM, EREMWTFRIZBWTHE
MM 212mm O ¥ &141 Hz & L < 12142 Hz, 24
mm D100 Hz Th - 72,

(1) @QRXoVTFHICE X, WHREEOA I
D IR P L ATITNTEE L\ 72012125 Hz 47381
WHRIEPEL2bDEEZOND,

3.1.2 WIS T OR)E

Fig. 3 #* 5250 Hz ~630 Hz O J& % B 812 5 »
T, A28 #105mm & L7 No.2 &£ No.5®
EWIRLE T 5 &, R T R AL E O
No.2 X 1 b B FRBCE D No. 5 0 28 5 35 U i ) 5
MPEN TV B, [[AEEIC Fig. 4 20 5250 Hz ~800 Hz
O FHWER I B VT, F 258266 mm & L
72No.4 &£ No.8 TdH, MHfEED No.4 L b bIE
XHFRACHE @ No. 8 D 2R EEM A R SEN T 5,
HEEATIIC BT, JERTFRRLE O 3 Rk RE o
EVEREDSHFRELE & 1 b v 2 &I BRI R AT
B 5133 TH LS, HlsIRBE TIPS
ONT, SHOMEHELE Lizv,

Table 4. Resonance frequency of front and back
boards of No. 2, No. 3, No. 4, No. 5, No. 6, No. 7

and No. 8.
Resonance Resonance
Sample No. frequency of frequency of
front boad back board
No. 2 141 142
No. 3 142 142
No. 4 142 142
No.5 141 100
No. 6 141 100
No. 7 141 100
No. 8 142 100

WFFE8REE  No.50. 2012

3.1.3 EEEEIETORIR

A6 3K TUERE 2SR A TRl S LB 8P A 513§
N AH%, 2000 Hz %> 54000 Hz I2F TR & Z2BED
HHEERETHEOKT (24 v o7y 258 258
DOHNB720, EEIINT BRIV,
B, KBV IERoa s 37 v ARR
WS IRRY TH 2 5N 5B,

fi=c/2nh x12p.(1-6") /E (Hz) (3)
S R MBOEE (m), p, HEO®E (kg/
m’), E:MEoYr7E N/m’), o MEoR
TV, et EHE (m/s)e
KXBIWCEY, 9mm 57 Y EROYEEX, ME
DEFE p,=650kg/m?, ¥ v 7R E=63%x10°, K
TV rH=0164% LT2323Hz Tho720 E72,
FHW72 A FEHIZOVTIE, HR ) BEOEN
DT, 2mm AFEROYE, MHOHEp,=
650 kg/m® Th o720 YV R E=5%x10°, K7V
Y =0164% LT1956 Hz, 24 mm A FEWOBE,
ME DR p,, =650 kg/m®, ¥ ¥ 7T E=5x10°,
A7V rH=0164% L TI78Hz, 125mm 7 F A
7 —R— FOH, MEO®EE p, =900 kg/m’, ¥
VIR E=20X10°, K7V v =0164% L T3493
Hz & % %, Fig.3 Tl No.1 122500 Hz % Hr.0s 12
2000 Hz %» 54000 Hz |2 %1 T 284 7 M 35 M ik o 1
TR s, BIFFHEMEEEVRHERERL TV 5,
LIAT, 7I9RT—K=FRI7 A% HE
HDHVIIRE L7 2 HEEOEBIESICET 5 AL
Z<L/HN5H, Wi i1$2000 Hz 2 54000 Hz (2
PFTOIAL VYT AR EETH S,
SIS L, 3JEREIEREIZAER THED No. 12tk
N, ORFREE 7 5 NS IR R T 2000 Hz DLRE
DOJIWFAETICHE R a4 ¥ ¥ F v AREIHNC
(L roTwb, L2LAAS, Fig 3 TIx1000
Hz VL b o J& 3 0 38 ¢ o il 22508 2 105 mm & L
7o X FRBCTE @ No. 2 25IEx FRELiE @ No.5 & b & 2
[AEERTEREAENR TV A, —7J7, Fig 4 TIE&ERE
P TR FRELIE O No. 4 & JERPFRECE o 351 fik
WZEN RV, CORRLEDEZARHTHY, F
FEOFLBIZ & LD,
32 TIRAI—IVEEHDR

TR MZEAEZ106mm & L, REMZ12
mm, FUOA B X OV % 24 mm O JE FREC E A
L LREM No.7 & Z ISy I Ay — VT L
72 No.6 & DZR T EW R R 2 LT 5, 2D
it D225 8 IEWT PR RE O R D B R & Sk (Al
) OBFR%E Fig. 5 12m7,

Fig 5 75 279 A — )LV % FHH L 72 No. 6 D&

e I
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Fig. 5. Effect of glass wool on sound insulation.
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Fig. 6. Effect of surface density on sound insulation.
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Table 4 X 1, XFAELE TH % No.2 & No.4 DIt
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Fig. 7. Effect of upper air-layer thickness on sound in-
sulation.
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Abstract
Various types of cationized polymer materials spherical microbeads consisted from polymer alone were
prepared as chemical polishing soft-materials for transparent conductive layer (TCO). The surface-
cationic polymer spherical microbeads were prepared by aminolysis of poly(methyl acrylate) (PMA)
spherical microbeads using ethylene diamine. The surface roughness of TCO polished using obtained
cationic polymer microbeads was similar to that polished using inorganic materials abrasive. However,
the thickness of TCO layer polished using cationized polymer microbeads showed little decease,
compared with the case of inorganic materials abrasive polishing, and remained that of original TCO
layer. Therefore, the sheet resistance of TCO layer polished using cationized polymer microbeads was
much smaller than that polished using inorganic materials abrasive. It was considered that the
planarization of TCO layer depended on cationic property and softness of cationized polymer microbeads.

Keywords: Transparent conductive oxide / Abrasive / Cationic polymer / Surface roughness / Sheet
resistance / Film thickness / Solar cell

1. INTRODUCTION

The transparent conductive oxide (TCO) is widely used as electrolyte of organic electronics, i.e. liquid
crystal device, solar cell and organic light emitting diodes (OLEDs). Generally, the formation of TCO,
such as ITO, ZnO, AZO and FTO, is carried out on the substrate using the sputtering technique. As a
result, tens of nanometer irregularity causes on the surface of the substrate, because of conductive oxide
crystalline growing up. In OLEDs, the leak current flows to tall projection part on the surface of TCO
layer. Since the short circuit between anode and cathode causes, OLEDs do not emit light, i.e. occurrence
of dark spot [1]. Therefore, planarization of the surface of TCO layer is extremely important for the
fabrication of OLEDs device.

On the other hand, in the case of solar cell, Hayase et al. reported that planarization of the surface of
transparent conductive layer not only prevent to crash a barrier layer of solar cell, but also that could raise
the conversion efficiency of the dye-sensitized solar cell by optimization of surface [2, 3]. There are some
reports that a junction exists between a TCO layer and TiO, layer [4].

2. EXPERIMENTAL

Preparation of chemical polishing soft materials. Various types of surface-cationized polymer materials
spherical microbeads consisted from polymer alone were prepared as chemical polishing soft-materials
for TCO. The cationized polymer spherical microbeads were prepared by aminolysis of poly(methyl
acrylate) (PMA) spherical microbeads using ethylene diamine.

Polishing experiments. As a TCO layer, indium tin oxide (ITO) (thickness: 329 nm) was adopted. The
planarization procedure of TCO was carried out with the polishing machine using rotation plates
(rotation: 60 rpm), polishing materials and polishing urethane pad with stressing to TCO layer.
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3. RESULTS AND DISCUSSION

The aminolysis of PMA was confirmed by the fact that the adsorption at 1730 cm™ corresponded to
ve—o(ester) decreased, whereas an adsorption at 1650 cm™ corresponded to ve—o(amide) and an adsorption
at 3400 cm corresponded to vy increased, from the determination of FT-IR spectra. The amounts of
amino groups introduced to polymer microbeads could be adjusted to be 1.63, 3.84, 4.58 and 5.89 meqg™
at 24, 48, 96 and 192 h, respectively by changing the aminolysis time. They were estimated by the
titration method. The aminated polymer microbeads were abbreviated to PMA-24, -48, -96 and -192.

Fig. 1 showed AFM images of surface of TCO before and after polishing using cationic polymer
microbeads (size: 15 um) and commercial colloidal silica (size: 20 nm). The surface roughness is much
smaller than non-polishing surface of TCO (non-polish). After polishing for 8 min using cationic polymer
microbeads (TCOPMA-48), the surface roughness Ra changed from3.89 nm to 1.86 nm, and also Rmax
decreased from 45.7 nm to 18.8 nm. Similarly, the surface roughness Ra changed from 3.89 nm to 1.82
nm and also Rmax decreased from 45.7 nm to 18.2 nm, in the case of colloidal silica abrasive
(TCOSIl20). However, as shown in Table 1, the change of sheet resistance of TCOPMA-48 is much
smaller than that of TCOSil20. This is attributed to the fact that the layer thickness (309.6 nm) of
TCOSIi120 became smaller than that of TCOPMA-48 (322.6 nm). Since the polishing rate of TCOSil20 is
much higher than that of TCOPMA-48, the control of layer thickness is difficult. This indicates that the
colloidal silica is too hard for hardness of surface of TCO. In addition, we tried to fabricate more efficient
dye-sensitized solar cell by changing the TCO surface using chemical polishing soft-materials. In this
report, the effect of TCO polishing on solar cell performances was also reported.

a) TCO (non polish) b) TCOPMA-48 ¢) TCOSIil20

Fig. 1 AFM images of surface of TCO (a), TCOPMA-48 (b), and TCOSil20 (c).

Table 1 Surface property of TCO polished using polymer spherical microbeads and colloidal silica

TCO Ra (nm) Rmax (nm) Sheet resistance (£2/square) Film thickness (nm)”
TCO (non polish) 3.89 45.7 4.65 3203
TCOPMA-48 1.86 18.8 4.95 322.6
TCOSIil20 1.82 184 523 309.7

*Determination: spectroscopic elipsometer
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We synthesized new dispersive chitosan particles at circumneutral pH. Particles composed of a chitosan-
borate complex were synthesized by a method consisting of two simple steps: mixture and dialysis. As
this method does not employ reagents such as organic solvents or surface-active agents and does not
require heat treatment, it has a minimal negative impact on the environment. Crosslinking of the reaction

of glucose and boric acid at ordinary temperature and pressure led to the formation of composite parti-

Keywords:

Chitosan particles
Chitosan-borate complex
High thermal stability
Antimicrobial property

cles. Stereoscopic microscopy and investigation of the particle size distribution by dynamic light scatter-
ing (DLS) revealed that particles ranging in size from submicrons to several microns with high
dispersibility in water were obtained. Even after heat treatment at 80 °C for 12 h, the particles maintained
their composite formation, indicating that they have high thermal stability. Chitosan powders demon-
strated inadequate antimicrobial properties at circumneutral pH, but the particles of the chitosan-borate

complex had antimicrobial properties against the gram-negative bacterium, Escherichia coli, and the
gram-positive bacterium, Staphylococcus aureus, as well as the fungi Aspergillus niger and Fusarium solani.
These results indicated that the particles of the chitosan-borate complex had a broad antimicrobial spec-

trum at circumneutral pH.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

Chitosan is a cationic biopolymer obtained by N-deacetylation of
chitin, a B-(1—-4)-linked polymer of N-acetyl-p-glucosamine re-
sides.! Chitosan is nontoxic, biocompatible, and biodegradable,
which enables its use in a wide range of applications.”™* Chitosan
and its derivatives are polysaccharides that are useful for the bio-
medical field. In particular, these microparticles are used as chroma-
tography packings,>® support media for enzyme immobilization,”®
protein affinity adsorbents,® endotoxin adsorbents,'® and drug carri-
ers.'"1? Furthermore, chitosan is often utilized for agricultural
purposes and as a plantelicitor,'® a general food additive, an antibac-
terial material, a flocculant for drainage,'® and a clinical biomedical
material.!>!® Recently, the organic-friendly antimicrobial activity of
chitosan has begun to attract attention. However, these activities are
generally limited to the acid domain. Furthermore, chitosan starts
losing its cationic nature at pH 6.5 or higher'’-2° and generates a
strong hydrogen bond at circumneutral pH, which leads to poor
solubility. Consequently, the moldability of chitosan is poor and it
has limited uses.

* Corresponding authors.
E-mail address: nagaoka@kmt-iri.go.jp (S. Nagaoka).

On the other hand, it was reported that spherical microparticles
using chitosan acid solution were synthesized by either suspension
evaporation methods® or suspension crosslinking techniques.®?!
These methods were required to utilize organic solvents or sur-
face-active agents. There is another particle formation technology
that employs a spray dry method,>>?* but this method has some
disadvantages. For example, it is difficult to control the particle size,
especially particles with sizes of 10 um or less. Furthermore, the
heating process results in increased cost. Recently, a rapid method
to synthesize submicron particles by rapid supercritical fluid tech-
nology?* was developed. This method can rapidly synthesize parti-
cles owing to the use of supercritical CO,, but it is difficult to control
the particle size, form, and composition using this method.?®

This study focused on the formation of a complex of boric acid
with a sugar chain,?® and investigated a method of preparing chito-
san submicron particles with boric acid by crosslinking, as shown
in Scheme 1. This method can be used to prepare chitosan submi-
cron particles with high dispersibility from a chitosan-lactic acid
solution using boric acid without heat treatment, as well as a sur-
face-active agent or organic solvent. Although chitosan generally
demonstrates antibacterial properties only under acid conditions,
the obtained chitosan particles showed superior antimicrobial
activity against bacteria and fungi at circumneutral pH 6.5.26-2
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Scheme 1. Structure of chitosan-borate complex.
2. Experimental
2.1. Materials
Chitosan materials (M,,: 70-100 kDa, Hokkaido Soda Co. Ltd,
Japan) with a degree of deacetylation of 85 mol % were used for

preparing chitosan particles. Lactic acid was supplied by Wako
Pure Chemical Industries, Ltd (Japan). Escherichia coli NBRC 3972,
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Staphylococcus aureus NBRC 12732, Fusarium solani NBRC 5232,
and Aspergillus niger NBRC 9455 were provided by the National
Institute of Technology and Evaluation Biological Resource Center
(NBRC) (Japan). Muller-Hinton broth was supplied by Difco
(USA), and PDA was supplied by Nissui (Japan). p-(+)-Glucose
was obtained from Nacalai Tesque, Inc. (Japan). Polypeptone was
acquired from Nihon Pharmaceutical Co., Ltd (Japan). Yeast extract
was provided by Difco (USA).

2.2. Measurement and characterization

The optical transmittance of the chitosan-borate complex aque-
ous dispersions was measured with a V-560 UV/VIS spectrometer
(Jasco Inc., Japan). X-ray powder diffraction patterns of the parti-
cles were obtained using a Smart Lab (Rigaku Corp., Japan). The
X-ray source was Cu Ko radiation (45 kV, 200 mA). Samples were
scanned at a rate of 4°/min. The particles were observed using a
field emission scanning electron microscope (S-4000, Hitachi Co.
Ltd, Japan) and stereomicroscope (KH-7700S, Hirox Co. Ltd, Japan).
The particle size distribution and the zeta potential of the particles
were measured with a Zetasizer Nano ZS (Sysmex Corp., Japan).
Differential scanning calorimetry (DSC) thermograms of the chito-
san-borate complex were carried out using an EXSTAR 6000 (Seiko
Instruments Inc., Japan). Antimicrobial activity was assayed using a
microcalorimeter (Nippon Medical & Chemical Instruments Co. Ltd,
Japan). The thermal stability of the chitosan particles was evalu-
ated based on the apparent turbidity and transmittance spectra
of the aqueous dispersions of the particles at pH 6.5 after heat
treatment at 80 °C for 12 h.

b 100
NaBO,
s ]
80 |
=
S
< 60} CB-0.5
8
8
€ 40}
w
o
s
&
20}
CB-1.0
5 ———CB-2.0

300 400 500 600 700 800
Wavelength (hm)

Figure 1. Optical transmittance of CB-X aqueous dispersion and NaBO,. (a) Before and (b) after dialysis. Boric acid addition: 0.5, 1.0, and 2.0 equiv (X) per unit of glucosamine

in the chitosan.
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Figure 2. Optical transmittance of chitosan-borate complex (CB-X) aqueous dispersion before and after heat treatment (heating temperature: 80 °C). (a) Before and (b) after
heat treatment. Boric acid addition: 0.5, 1.0, and 2.0 equiv (X) per unit of glucosamine in the chitosan. Chitosan-Na,SO, particle (CS) of Na,SO,4 addition: 1.0 equiv per unit of

glucosamine in the chitosan.
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Figure 3. Thermal stability of the chitosan-borate complex aqueous dispersion. (a) Before and (b) after heat treatment at 80 °C. Boric acid addition of CB-0.5: 0.5 equiv per
unit of glucosamine in the chitosan. Na,SO,4 addition of Chitosan-Na,SO, particle (CS-1.0): 1.0 equiv per unit of glucosamine in the chitosan.

2.3. Assays for antimicrobial activity

Assays for microbial activity were performed using E. coli as a
representative gram-negative bacterium, S. aureus as a representa-

30000 . L . . :
tive gram-positive bacterium and A. niger and F. solani as represen-
tative fungi. Muller-Hinton broth was used as the medium for
250001 E. coli and S. aureus. PDA was used as the medium for A. niger.

Liquid medium that contained 0.025 wt % b-(+)-glucose, 0.5 wt %
polypeptone and 0.125 wt % yeast extract was used for F. solani.

20000r Each medium and glass vial was autoclaved for 15 min at 121 °C.
%‘ The chitosan particles were then put into sterile glass vials, after
S 15000r which 5mL of the medium containing the bacteria were added
IS and the samples were adjusted to pH 6.5 with 0.1 M NaOH or
10000} 0.1 M HCI. Test microorganisms were inoculated in the vials to give
a concentration of 1.0 x 10° cfu (spores)/mL. Thermacogenesis
examinations were carried out while E. coli and S. aureus were
5000 F incubated at 37 °C for 24 h. A. niger and F. solani were incubated
at 30 °C for 72 h during the thermacogenesis examinations.
0 10 20 30 40 50 60 70 80 90 2.4. Preparation of particles of chitosan-borate complex
Theta-2Theta (de
(deg) Chitosan flakes (M,: 70-100kDa, deacetylation degree:
Figure 4. X-ray powder diffraction patterns of chitosan and CB-0.5. 85 mol %, Hokkaido Soda Co. Ltd, Japan) were adopted as the
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Figure 5. Microscopic images of chitosan-borate complex (CB-X) aqueous dispersion before and after desalination. (a) Before and (b) after dialysis. Boric acid addition: 0.5,
1.0, and 2.0 equiv (X) per unit of glucosamine in the chitosan.
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Figure 6. Size distribution of chitosan-borate complex (CB-X) aqueous dispersion before and after desalination. Particle size was determined by DLS. (a) Before and (b) after
dialysis. Boric acid addition: 0.5, 1.0, and 2.0 equiv (X) per unit of glucosamine in the chitosan.

starting material. A total of 1.5 g of chitosan (8.95 mmol: unit of
glucosamine) was added to 98.5 g of aqueous solution containing
lactic acid (0.78 g, 8.95 mmol). Next, 40 mL, 20 mL, or 10 mL of
the chitosan-lactic acid solution were added dropwise into
100 mL of a sodium metaborate tetrahydrate aqueous solution
(246 mg, 1.79 mmol) as the crosslinking medium at a rate of
0.2 mL/min using a proportioning pump (805 Manometric Module,
Gilson Inc.). The amount of chitosan added corresponded to 0.5,
1.0, and 2.0 equiv per unit of boric acid in sodium metaborate tet-
rahydrate aqueous solution; accordingly, the particles obtained
were abbreviated as CB-0.5, CB-1.0, and CB-2.0, respectively. The
chitosan particles aqueous dispersion was prepared by desalina-
tion and deacidification with dialysis membranes for 4 days to
eliminate excessive boric acid and lactic acid. Thus, a turbid
solution was obtained.

3. Result and discussion
3.1. Preparation of chitosan-borate complex

Chitosan-lactic acid solution with a concentration of 1.5 wt%
was added to sodium metaborate solution at a rate of 0.2 mL/min
to make the quantity of glucosamine in the chitosan per unit of
boric acid equivalent to 0.5, 1.0, and 2.0 (CB-0.5, CB-1.0, and CB-
2.0). The turbidity was investigated by ultraviolet and visible spec-
trophotometry to observe the particle formation conditions.

Particle generation from the chitosan solution was traced once
the turbid solution was obtained by the addition of chitosan. Figure
1 shows an UV-vis spectrum 1 h after the addition of chitosan.
Higher levels of sodium metaborate in the solution resulted in
greater reductions in permeability (e.g., elevated turbidity). Figure
1b indicates that low permeability was maintained owing to par-
ticulation after excessive lactic acid and sodium metaborate were
eliminated by dialysis. The size distribution of the generated parti-
cles is discussed later.

Polyhydroxylate typically forms borate ester in reaction to boric
acid,?>?% which leads to the formation of a stable crosslinking
structure.
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Figure 7. Zeta potential of aqueous chitosan-borate complex (CB-X) dispersions.
Zeta potentials were determined by the laser Doppler method. Boric acid addition:
0.5, 1.0, and 2.0 equiv (X) per unit of glucosamine in the chitosan.
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Figure 8. SEM images of chitosan-borate complex (CB-X) after freeze-drying. Boric acid addition: (a) 0.5, (b) 1.0, and (c) 2.0 equiv (X) per unit of glucosamine in the chitosan.

The thermal stability of the chitosan-borate complex obtained
from the above method was investigated. As shown in Figures 2
and 3, both the apparent turbidity and the permeability barely
changed before and after heat treatment at 80°C for 12 h in
CB-0.5, CB-1.0, and CB-2.0. This thermal stability suggests that
particulation of the chitosan is stabilized through covalent binding.
On the other hand, for the purpose of comparison, we prepared
chitosan-Na,S0O, particles (CS-1.0) by ionic crosslinking with mul-
tivalent anions without covalent binding. We then carried out the
same heat treatment and confirmed that the pK, of the amino
group shifted in the chitosan particles and that the particles dis-
solved in water.

The X-ray diffraction pattern of chitosan powder as raw mate-
rial and freeze dried chitosan-borate complex (CB-0.5) was evalu-
ated (Fig. 4). For the raw material, a typical X-ray diffraction
pattern was observed and high crystallinity as a result of intramo-
lecular and intermolecular hydrogen bonding was confirmed.
Additionally, the peak of the CB-0.5 observed in the chitosan
powder was reduced. These findings indicate that the degree of
crystallization of chitosan decreased owing to the formation of
the crosslinkable structure of the chitosan molecule with boric
acid.

On the other hand, structures of the moiety of borate have been
proposed, most of which are di-diol models in which the coordina-
tion number of the boron is four. Surprisingly, the detailed confor-
mation and the role of boric acid in diol models are not yet
completely understood. In a recent study by Ando et al., analyses
of the solid-state NMR spectra strongly suggested the possibility
of the presence of a boric acid with a coordination number of three
as a crosslinker in diol models.2® The borate structure was consid-
ered to confirm threefold coordination as a crosslinker in a chito-
san molecule while forming a intermolecular hydrogen bond
because the pK, value of boric acid was 9.23 (Scheme 1).

Figure 5 shows an image of the chitosan-borate complex
viewed through a stereoscopic microscope. For CB-0.5, which had
the lowest turbidity, the particles were fully dispersed regardless
of dialysis manipulation, and the mean diameter ranged from a
few hundred nm to around 1 pm. On the other hand, for CB-1.0,
aggregation among the particles was observed before dialysis,
but dispersion was stimulated by dialysis. The mean particle size

Melting point of water (0°C)

Chitosan powder

Endothermic

| |
-40 -20 0 20 40
Temperature ("C)

Figure 9. DSC thermograms of water in chitosan powder and chitosan-borate
complex (CB-X) after freeze-drying. Boric acid addition: 0.5, 1.0, and 2.0 equiv (X)
per unit of glucosamine in the chitosan.

after dialysis was around 1 pm. Similar to CB-1.0, the dispersibility
tended to improve in response to dialysis for CB-2.0, and the mean
particle size after dialysis was around 1 pm. These findings demon-
strated that a greater amount of boric acid in the solution was
associated with a larger particle diameter. Therefore, we evaluated
the particle size by dynamic light scattering (DLS) before and after
dialysis. In addition, we investigated the dispersibility in terms of
the zeta potential.
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Figure 10. Antimicrobial activity of chitosan-borate complex (CB-X) and chitosan powder aqueous dispersion. (a) Escherichia coli, (b) Staphylococcus aureus, (c) Aspergillus
niger, (d) Fusarium solani. (purple lines): 0 mg mL~! for media, (green lines): 5.0 mg mL~! for media (red lines): 10.0 mg mL~! for media. (For interpretation of the references

to color in this figure legend, the reader is referred to the web version of this article.)

Figure 6 indicates the particle size distribution for CB-0.5, CB-
1.0, and CB-2.0 as determined by DLS. The mean diameter of all
particles decreased slightly in response to dialysis. The mean
particle diameter after dialysis was 0.7 pm, 2.6 um, and 1.9 um
in CB-0.5, CB-1.0, and CB-2.0, respectively. However, the actual
particle diameter is likely smaller because CB-1.0 and CB-2.0 have
a tendency to be aggregated.

Figure 7 shows the zeta potential of the chitosan particles after
dialysis. The zeta potential increased in the order of CB-2.0 < CB-
1.0 < CB-0.5, as indicated by the shifting of the zeta potential to
the positive side according to the reduced amount of boric acid
added. As shown in Figure 5, stereoscopic microscopy revealed that
the dispersibility of CB-0.5 was higher than that of CB-2.0 and CB-
1.0. However, considering the results of the zeta potential, CB-0.5
likely had the most free amino groups, which promote hydration

with water and simulate electrostatic repulsion among particles,
thereby increasing the dispersibility. In addition, the quantity of
boric acid in the chitosan particles was confirmed by absorptiom-
etry using Azomethine H.?” The results revealed that the content of
boric acid increased in the order of CB-0.5 (0.15 wt %)< CB-1.0
(0.30 wt %) < CB-2.0 (0.38 wt %) according to the preparation ratio.

Figure 8 shows SEM images of solid material obtained from
freeze dried chitosan particle dispersion after dialysis. CB-0.5 was
observed as a spherical particle of 300-600 nm. This particle size
was slightly smaller than the value determined by DLS; however,
because the particles may have contracted in response to drying,
they were of a suitable size.

In contrast, stereoscopic microscopy revealed that the particle
status for CB-1.0 and CB-2.0 disappeared, and only a fibrillary
assembly was generated. These findings indicated that CB-0.5
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had many free amino groups that maintained good dispersibility.
However, CB-1.0 and CB-2.0 were reconstructed clearly by fusion
among the particles. In other words, these findings indicate that
CB-0.5 synthesized by adding chitosan in an amount equivalent
to 0.5 of boric acid was the best in terms of dispersibility and
stability.

Figure 9 presents the results of the moisture retention evalua-
tion of solid chitosan particles obtained from freeze dried chitosan
particle dispersion after dialysis and the results of DSC. For distilled
water, the endothermic peak of the melting point was observed at
0 °C. The endothermic peak of the melting point of water in the
chitosan particles shifted to a lower temperature than the peak
of the melting point of water in chitosan powder, and shifted to
—4.3 to —6.9 °C, by the order of CB-2.0 > CB-1.0 > CB-0.5. These
findings indicated that the chitosan particle had a higher affinity
to water than chitosan powder, and a form that makes it easy to
bind water molecules in the chitosan molecule.

Based on the results of the zeta potential in Figure 7, there were
many free amino groups that carried a positive electrical charge.
The order of the electrical charge was CB-0.5 > CB-1.0 > CB-2.0,
and the interval among molecular chains expanded in response
to electrostatic repulsion, allowing water molecules to easily pen-
etrate the particles. These factors resulted in the melting point
being shifted to a lower temperature in the order CB-2.0 > CB-
1.0 > CB-0.5.

3.2. Antimicrobial activity

We examined the antibiotic action of chitosan particles against
the gram-negative bacterium, E. coli, the gram-positive bacterium,
S. aureus, and the filamentous fungi A. niger and F. solani. Commer-
cial chitosan powder was used for comparison.

Figure 10 shows the results of the thermacogenesis examina-
tion conducted using a microcalorimeter. When chitosan powder
was added to E. coli, S. aureus, A. niger, and F. solani, the thermaco-
genesis patterns were almost the same as those of the control sam-
ple pattern, indicating that it had almost no antimicrobial activity
(Fig. 10a-d). However, the chitosan particles (chitosan-borate
complex: CB-X) induced obvious changes (delayed, decreased, or
absent thermacogenesis peak) in the thermacogenesis patterns of
the E. coli, S. aureus, A. niger, and F. solani, indicating high antimi-
crobial activity. It is well known that chitosan exerts antimicrobial
activity against gram-negative bacteria that occurs via positively
charged residues in the glucosamine unit attacking the phosphate
moiety in Lipid A in the bacterial cell structure in these organisms.
However, the effects of chitosan against gram-positive bacteria
have not been thoroughly investigated.?>3° Nevertheless, CB-X
chitosan particles exerted antimicrobial activity against both
gram-negative and gram-positive bacteria in this study, as shown
in Figure 10. It was presumed that the positive charge of the amino
group on the surface of the chitosan particle was more likely to
interact with negatively charged residues such as the moiety of tei-
choic acid in gram-positive bacteria because CB-X chitosan parti-
cles have high dispersibility and provide effective adsorption
(porosity) to the bacteria cell wall to drive high antimicrobial activ-
ity. CB-X chitosan particles were also shown to have antimicrobial
activity against the fungi A. niger and F. solani.

4. Conclusion

We successfully prepared chitosan particles ranging from sev-
eral microns to submicrons in size through a mixture of chito-
san-lactic acid solution and sodium metaborate solution. The
mean diameter of particles and their dispersibility in water were
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shown to be dependent on the amount of sodium metaborate.
The antibacterial properties of the obtained composite particles
were evaluated using E. coli and S. aureus, while the antifungal
properties were evaluated using A. niger and F. solani. The most
effective antimicrobial activity properties were observed for the
compound particles that had a comparatively low content of boric
acid. However, this effect was not observed for chitosan powders
prepared simply by crushing. Overall, these results indicate that
chitosan particles have high dispersibility and provide effective
adsorption (porosity) to the bacteria cell wall to drive high antimi-
crobial activity.
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This paper introduces a facile preparation method using
chitosan lactate with borate crosslinking for creation of
dispersible chitosan submicron spheres and its excellent
antimicrobial and antifungal activities.

Chitosan as a cationic biopolymer has been deployed for
various applications due to avirulence, biocompatibility, bio-
degradability, etc.' For example, in biomedicine, items in which
chitosan and its derivatives have been incorporated are micro-
particles and are used as packings for chromatography,? carriers
for enzyme immobilization,® affinity adsorbents,* endotoxin
adsorbents,’ drug carriers,® elicitors for plants and antimicrobial
agents in pesticides or food products.” Among these, an
application that has been attracting particular attention recently
is its use as an antimicrobial agent that is biofriendly, but its
range of use is limited because of the fact that the antimicrobial
activity is restricted to acidic conditions since the electric charge
is lost at a pH of 6.5 or above and the fact that its solubility is
remarkably degraded in the neutral region due to the production
of strong hydrogen bonds.® The use of dispersible chitosan
particles has been considered as a method to solve these kinds of
chitosan problems. For example, the suspension evaporation
method is known for preparation of spherical microparticles,’
but a submicron size particulation, which is thought to be more
highly dispersible, has not been achieved. In addition, a
particulation method using spray drying is also known,’ but
the control of the particle diameter is difficult with this method
and control at 10 um or less is particularly difficult.

In this paper, a new and facile method for the production
of dispersible particles of chitosan from several microns to
submicron size will be introduced. This method is one in which
boric acid forms a complex with a sugar chain and particulation
is done by a crosslinking reaction.!® This method does not
require heating and, moreover, does not use any surfactant or
organic solvent, which are burdens on the environment. In
addition, the chitosan particles that are obtained exhibit superior
antimicrobial activity toward not only bacteria but also fungi
even near neutrality.

The chitosan—boric acid complex particles (CB-X) were
prepared by the addition of an aqueous solution of sodium
metaborate to a lactic acid solution of chitosan.!* The amount of
added boric acid was adjusted such that it became 0.5, 1.0, and
2.0 equivalent (X) per unit of glucosamine in the chitosan, and
three types of complex particles (CB-0.5, CB-1.0, and CB-2.0)
were produced in this study. It was possible to track the
production of the particles from the chitosan solution by the fact
that the solution becomes cloudy together with the addition of
the sodium metaborate. Figure 1 is the UV-visible spectrum one
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Figure 1. Optical transmittance for CB-X aqueous dispersion
and NaBO,. (a) Before and (b) after dialyzing. Boric acid
addition: CB-0.5, 0.5 equiv for glucosamine unit of chitosan;
CB-1.0, 1.0 equiv for glucosamine unit of chitosan; and CB-2.0,
2.0 equiv for glucosamine unit of chitosan. Microscope images:
CB-0.5 and CB-1.0 aqueous dispersion.

hour after the addition, and it shows that the transmittance
becomes lower (the cloudiness increases) the greater the amount
of sodium metaborate added. Figure 1 shows that even after the
lactic acid and metaboric acid that are present in excess have
been removed by dialysis, a low degree of cloudiness is
maintained resulting from the particulation.

The thermal stability of the chitosan—boric acid complexes
for CB-0.5, CB-1.0, and CB-2.0 was investigated. Virtually no
change in both the apparent degree of cloudiness and the
transmittance after heat treatment at 80 °C for 12 h was observed.
On the other hand, for comparison, chitosan particles that were
ionically crosslinked using multivalent anions without covalent
bonds were prepared,!' and it was ascertained that their
suspension became clear and finally dissolved in water by the
same heat treatment. This is a distinct advantage of the borate
crosslinking.
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Figure 2. Zeta potential of aqueous chitosan—boric complex
dispersion. Zeta potential were determined by laser Doppler
method.

Figure 1 includes stereomicroscope photographs of the
chitosan—boric acid complexes. In the case of CB-0.5, for which
the degree of cloudiness is lowest, it is well-dispersed
independent of the dialysis, and the average diameter was
around 100nm to 1um. On the other hand, in the case of the
CB-1.0, agglutination between particles was seen prior to the
dialysis, and the fact that dispersion is promoted by the dialysis
was concluded. The average particle diameter after dialysis was
around 1 um. From the above, it was ascertained that the greater
the amount of boric acid added, the greater the particle diameter
and, in addition, the more likely agglutination becomes.

The particle diameter distribution of CB-0.5, CB-1.0, and
CB-2.0 was evaluated using dynamic light scattering (DLS).'*
The tendency of the average particle diameter of all of the
particles to be somewhat smaller with the dialysis was observed.
It was found that the average particle diameter after dialysis is
around 0.7 um for CB-0.5, 2.6 um for CB-1.0, and 1.9 um for
CB-2.0. However, it should be noted that because there is a
tendency for CB-1.0 and CB-2.0 to agglutinate, it is presumed
that the actual particle diameters are smaller.

Figure 2 shows the zeta potential of the chitosan particles
after dialysis. The zeta potential increases in the order of CB-
2.0 < CB-1.0 < CB-0.5 and it was observed that the zeta
potential tended to shift toward the plus side the smaller the
amount of boric acid added. In the stereomicroscope observa-
tions, the fact that the CB-0.5 dispersibility is higher than that of
CB-2.0 and CB-1.0 was shown, but when inferred together with
the zeta potential results, it is thought that free amino groups
become most prevalent in CB-0.5. Because of this, the electro-
static repulsion between the particles themselves as well as
hydration was promoted and the dispersibility has been increas-
ed. Incidentally, the amount of borate in the chitosan particles
was ascertained by means of optical density employing
azomethine H.'? It was ascertained that the amount of contained
borate increases in the order CB-0.5 (0.15wt%'?) < CB-1.0
(0.30 wt %'*) < CB-2.0 (0.38 wt%"%) in conformance with the
preparation ratio.'4

Using E. coli as a gram-negative bacterium and 4. niger as a
fungi, antimicrobial tests were performed. Commercially avail-
able chitosan powders (M,, = 70-100 kDa, deacetylation degree:
85mol %, Hokkaido SODA Co., Ltd., Japan) were used for
comparison. Figure 3 shows the results of pyrogenicity tests that
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Figure 3. Antimicrobial activity for E. coli and A. niger of
CB-0.5, CB-1.0, and chitosan powder. a) Chitosan powder
(crushed products), b) CB-0.5, and ¢) CB-1.0. (—): 0OmgmL™!
for media, (—): 5.0 mgmL~! for media, and (—): 10.0 mgmL ™!
for media.

employed a microcalorimeter. The calorific value that is released
with the cellular growth is proportional to a number of growing
cellular. The change of calorific value with cellular growth is the
differential form of growth curve and is provided as thermo-
gram. Therefore, the exothermic peak in thermogram does not
appear if the cellular growth is inhibited by antimicrobial
materials. When the chitosan powders were added, there was no
significant change in the pyrogenic pattern for both E. coli and
A. niger: it is ascertained that there were almost no antimicrobial
properties. In contrast to this, with the chitosan particles (CB-0.5
and CB-1.0) prepared in the present study, a distinct pyrogenic
pattern change (a delay, reduction, and disappearance of the
pyrogenic peak), in other words, a high degree of antimicrobial
ability, was ascertained with regard to E. coli and A. niger.

In general, the positive charge of the amino groups of the
chitosan is said to disturb the cell wall structure of the bacteria
and fungi that are negatively charged. In other words, because
the pK, of the chitosan is 6.5, the chitosan has a sufficiently
positive charge, and an acidic environment having a pH of 6 or
less is necessary for ammonium ions to develop.® Since the
results of the antimicrobial tests shown in Figure 3 are from
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those carried out under conditions of a near neutral pH of 6.5, it
is thought that antimicrobial activity was not obtained with the
chitosan powders because of an insufficient amount of ammo-
nium ions. In contrast to this, with the CB-X particles, more
effective antimicrobial ability was exhibited despite the fact that
the antimicrobial tests were under the same conditions. This
difference is conjectured to be related to the fact that while on
the one hand it is thought that perhaps the chitosan powders are
almost nonporous and that the specific area for contact with the
microbes is deficient, in the case of the CB-X particles, a
reticular structure in which the specific area is large is formed
(CB-0.5:16.43m?g~!, CB-1.0: 8.52m?g~!, CB-2.0: 10.6 m?> g~
and chitosan powder: 0.65 m? g~!). In other words, it is thought
that because the sites for adsorption of the microbe cell walls
become most prevalent, this leads to a high degree of
antimicrobial activity.

In conclusion, we succeeded in the production of dispersible
chitosan particles from several microns to submicron size by the
making of a complex using an aqueous solution of chitosan
lactate with an aqueous solution of sodium metaborate. The
antibacterial and antifungal activities of the obtained complex
particles were evaluated and compared with that of commer-
cially available chitosan powders. As a result, it was ascertained
that highly efficient antibacterial and antifungal activities at a
neutral pH solution were exhibited only by our dispersible
complex particles.
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