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1.1 5B K OEER 2 AW B ARG O R E S HTIE DOREST

Development of sensitive and accurate analytical systems for analysis of biomaterials
utilizing the specificity of enzymes and antibodies

AR RE - IEE IERY - P 287 - EiF B
TEEBE R TR IS AL R
*HORERIR EEE RS EFTA AIRIE T r Y = 7k
R e BRYYEY o F — IALETIARBEAVEE

Yasutada Imamura, Masao Kawakita*, Kyoko Hiramatsu*and Kei-ichi Takahashi**
Department of Applied Chemistry, Faculty of Engineering, Kogakuin University
*Tumor Therapy Project, Tokyo Metropolitan Institute of Medical Sciences
**Department of Surgery, Tokyo Metropolitan Komagome Hospital

NI,NIZ-Diacetylspermine (DiAcSpm) is a minor component of urinary polyamines. It was originally
identified in human urine through HPLC analysis and was found to be elevated frequently in patients with
various types of cancers. We developed an ELISA procedure using highly specific antibodies against
DiAcSpm for more convenient measurement of DiAcSpm, and showed that it is highly sensitive in
detecting early stage colorectal cancer. To establish urinary DiAcSpm test as an item for clinical
diagnostic test a reagent kit for urinary DiAcSpm determination utilizing aggregation of colloidal gold
nanoparticles coated by anti-DiAcSpm antibody was developed. The reagent kit, “Auto DiAcSpm” is
adapted for use in an automatic biochemical analyzer, and the quality of the reagent meets the requirement
for a reagent to be used in clinical examination. We also attempted to construct an immunochromatography
strip to detect urinary DiAcSpm for personal monitoring purpose, and developed a system which gives a
visible change in response to a change in DiAcSpm.
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TRy, BERY L ARV IV AN I VR EEHROT I ) EE LT LRI
TIVERITIVERHT S, IR OITHREEME X OZ Ol EE &R 2 R-TmE O
—OTH Y, FERICHET MBS RICE TN, 22085 SR CERICR# SN S Y,
ZO—EIET B FARL L CTRFICHE SN D720, NAMBE D X 5 72055 2 #3223 4
WIZHD &, RN 7 I ORPEYEMEEIZIEMNT 5, 1971 T Russell BZOFEICEB L, RF
R T IVPREE~—— & LTRIATE D MREMN H 5 2 L2 HE 2L Tk, < OfFER
T TE T, 1980 I, —HORY 7 I o pFEE2XKE, TRPBRRITI ) &L
TERT DEERBEEI AN S, EAESBRFE IS, IRFBRY 7 I @38A
BETHLEF LRWBREENRZ N —F @EETH EFT26BMEE LE < NA DK HIRE,
BDAFRREONTNOENS RCHEE~——& L TCUIMERR+40TH Y . ERMICITHE H
WRHIETERVEEZBND L5 ICRo7= Y, L LExiE, 1990 4E4%i2, HPLC 12 L 2 R
R T IV OIS BOEEZEE L, R T I VBT B FIALBEZBLORY 7 I @
CBER A EEN LTI-BER Y 77 X —52HWERY 7 I UERNRBREREEZERTHZLICL- T,
E RORFICHROBMERY 7 I Ul NN TEF L2~ 3 (DiAcSpm) BEET HH
ExFR LY, Z O DiAcSpm DR LA, BEROKR Y 7 I U4 & IERAR D . e OB
FEEICR W THREORSEE LRI L7281 & 2742 L5 Y, 3ok 13 DiAcSpm 2 PHRIEE ~ —
H—& LCHMTH D mReME 2 FaH L= ¥,

DiAcSpm MR % B KR EHEH O—>& L THENL L, BATRROBER IS SEE~— T — &
L CEREZR 2 o2, BEEEEOZEE X OFMiEg oIR8 22128\ T, DiAcSpm A3
NAMHREEZ R L, BREBETONABFORBICEA L CHRAREREZRMET I ENEETH
HT LIV ETHRVN, RREOBERD VT —ROBEBRERRICBWN T, B2 25ME
KT, BRIOIMEBMPRELZTo TOHOEZICR—OERNEOND X 57, BHEHEOE D, L
DG, R EEEFHNT A E L ELT L LTEETH S, HPLC 12X % EiElE
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DiAcSpm R EMBHIAEZ H =% 'g&g‘s’i"ﬁ‘ed \r Anti-DiAcSpm antibody
TEREROE R R B LB e | Enaymerable
}:) & i%‘ ;%_ 'C}”szli@ Eﬁ%ﬁ m D ;fE_%L P anti-lgG antibody

RANCEFT DEBUORY 7 I
Ry (72 & ZIEN- T F L z2~01 Fig. 1 An ELISA system for determination of

IVY) EORERIEHENE L L DiAcSpm using antibodies highly specific
[V EPERED DiAcSpm 4 BT for DiAcSpm

HREERL, &bl2, ZoHiEx

MW BER R EE (ELISA #) 12K 5 DiAcSpm O @& I E R DBHZIC P L= (Fig. 1)
9, ELISA {EDBIRIC L - T, la&t0ﬁ+@¢®ﬂm%ﬁ5;kﬁﬂ% Ic72 Y . HPLCIZ k%
H7E & ek L < DiAcSpm DI E iﬁ%<L*ﬂ:éi’bto UL, BIEICIHEARE L THRAZ NE
BN HY, BOERLEZERT I i{ﬁﬂmd)@ﬁbﬂ:%%@%‘é%%ﬁ%é&%‘x%
nto_miotﬁﬁkﬁﬁéxiz\Kﬁ%m%wfm\ﬂﬁA&%ﬂmbfﬁ%v—w k
LTCORMEZFELIRHF L, DABREICBITABERHEBERZHLNICT 5 —F, B OERE
T, MEZE DR Z LE LT, BRRERZR OB % EKICBT 5 ERICH 2 % DiAcSpm HIEH
FRBETHZEEENME LCHFREEZITo T,

FREON A OB X OLER O BE ORBBIZEE L L CHEMA SN TV g~
—H—=DOREMIMFEFOMETHY . RbP~v—m—L LTERICEEINTVEHDEFRY, L
L., RITREORBUZER 2 bz, BESCEKED D ITRE AW THIE T 2 EE~

—WZRTOIREREHR DD, ZOLD BFFLHFELERICAFRIZBOTIE, RP
DiAcSpm D ERLIZHENT CTEHT 5~ FRORPEEESEEESNE OBRZEZITV., ZOHIE
EORFE., BLOEMEEOFRELE OEIZOWTOMEEELETITY 2 EIZ L,

[#F 28 Ak &1
1. fEE~—7F—& L To DiAcSpm DOFFER L O iR % V7= DiAcSpm @I E 1k D B %
ELISA {EIZ X ABERZFIA L T DN ABE DRF DiAcSpm L)L RIE L, 2kt
B, BLORBEEPICE

T ARBZKOEEL LT 100
DOBLE D, DiAcSpm D fE 2 stage 0 (n=20)
Be—Hh—& L TORMEE 80| _Efstagel (n=40)

LM LE D EEXTHF
SR DT, HSLEIASRRT
THEMEZ T - RES AR
#F 248 B oW TR

7] stage Il (n=60)
stage Il (n=107)
stage IV (n=21)

(=23
o

Proportion of Positives ( %)

DiAcSpm fEZBIEL . A v 40

M A 7 fE % 0.25umol/g i

creatinine (f&# & 53 412D 20

WTOFEH+2SD.) & LT

B2 A LI L 25, o

DiAcSpm. CEA 0B 1% DiAcSpm CEA CA19-9

% I £ 7L stage 0; 62%, (75.8 %) (39.5 %) (14.1 %)

9.5%: stage I, 60%, 10%: Fig. 2 Sensitivity of tumor markers for colon cancers at various
stage II; 70%, 42%: stage III; clinical stages



Swﬁw%m@ﬂvw%ﬁ9uiﬂ)wfﬂ®f@ IZBWTH DiAcSpm 1 CEA LV & & VO Btk
Zm L7 (Fig.2), FFIZ. stage 0 33 L ¥ stage I O 22 % L T DiAcSpm I% CEA @ 6 D #H
@E%Tbt(%mmm7)ﬁf BRI < O~ —h — 23T TICRH S T 528,
Z D% <X CEA LAER, BHINAICBOTIHIZEE AL EF L2V, ITEOBABREOESIC L
DL FRCRED ANTBE LT stage 0 38 L U8 stage 1 DBEFE TR R S 7= B HI2 A2 LCIE 100%
WCEWSFEAFERFOND LHICRo> TS, LEER-T, BHIBARKRRO OO FE 2 24t
?6:&m\ﬁh%%ﬁﬂ%@ﬁx’wzéhfﬁgtﬁﬁ%#é LiZhed, bRz, ZZ
T b7 DiAcSpm DB ITBE KIS AMZIZHI A STV A @ R A ORRE & 1FIFPT
W HDETHY, ERMREEOHFAICE > TRZOBE LR LS, WO ERE M ¢
LRI TVWD,

Z DX 5T DiAcSpm DRIAB A~ —H—& L TOMRENRHLNIRY . RABRZ~DEA b
BRI AN EABBEIND LD ICRo7=720, Frexld, kD ELISA LV S 5105058,
EREORERE LT, v NE#EEEZ - DiAcSpm IER DR EIT -7, &avA( K
DREIZH DiAcSpm FLiEEZ WA S, 7V MIET V7 22 (BSA) IZ£H D DiAcSpm 43F &1t
FEMIC & o THEA S 87 BSA-DiAcSpm EAKEMZ DL, oA FRFPEE L. AN
IRIEED BIREICENT D, ZORISRPICRIEZRNT 5 & BIEF D DiAcSpm 23HLIEICHE A
L. RE{RFFAYIC BSA-DiAcSpm HAKDES 2 IE L Ce&au A FRTOBELZT. GO
bz 5, #oT, ZOBFHELORE SISO T, DiAcSpm BEZHET 52 L MNT
&5 (Fig. 3)e BxETNT7 L yY 77 —<tb L HETZOHFEIZ L BREREOBRR D,
2008 F IR IR R A O Y CEBBICHEA SN TV A AL ZEH BT ISR T2 RED X v b
LIz H L, Z DX v b % [Auto DiAcSpm) &g L, AFFEMRE L UTRE L, HIED R
FHME (CV=11-25%), BZEFIM (CV=1.1-53%) . HMENRBRORE (FEINE 94-115%)
FWTF bR T NEMRETRTRECHY, - DlAcSpm DRI 5.4nM 1, AR i
RIEDOWE % T TODBEDOHERFT D DiAcSpm HIEIC b FITHIETE 2KEDE D TH
%550, ZOREE AV TRA ALY B B4 478 TRIE L7- DiAcSpm {1, ELISA i & 2 HIE
fiEl, BL O, ESI-TOF Ms JEIC X 2 BIEM LMD TH < —8T 25 2 L BRI TS 19 —oR
FEERWIIZ I HREEZ 1 OSHCTOUET L ZENTELZD, /ERLY b EBICKREOHREKEZ IR
E [ZALBR U, IEREZeBEM 2 R CE 5 Z E BN FERIC R o T2, BRRRER L OB ARZIRO E M

CBWTIEASNS LI ICRDE T, @k ERERMERERRER (JBBR) 2R CEA@E T L
TW%%mﬁkbfwiL% HFEZITV, AREBLIZENMLELRFHRE L LTESATVS

%%éntﬁ%mﬁ X, 9Tl +%%mﬂmiémﬁmébfwéo:®£5KLT\ﬁ

\@E%% B HEEE, B E M ORIENFTEROBITE Lz Z &1k, RBFFEDOK & 72K
5'%67)—0'6‘53 HEEZLR
Al

ELISA /f ‘: J: 5 j(ﬂ% 75§ N Antigen .
A B DR DiAcSpm D S::::Spm- ‘D'Acs”m) BS:\;IIJ':I;I(:;pm
ENDWE PRzl B nanoparicie ol ce oF o Bsa
. ZH~—H—LLTO < ° oo

DiAcSpm D i K DRI,
BHID AU ERE DS @ 2

EThHhDH, TORBERK
FRICIER L. JBHE a2 &
WIS A DEREIZ T 5 B
FEREROM ECoRTF 57
WIZiE, — AN E E B
DODHBT, BETHATS
TENTELME - BER
EELZHEEL, R#Z20

BeZ T ZENEET
Hb, DL REE
DiAcSpm & HivE & LT,

w ¥

. Aggregation

No aggregation cglgr cghange

No color change (grey)
(wine-red)

Competition between DiAcSpm
and BSA-DiAcSpm complex
(intermediate color)

Fig. 3 Measurement of DiAcSpm utilizing aggregation of
colloidal gold nanoparticles coated with anti-DiAcSpm
antibody



?‘Z s &i N /l’ VA / 7 =258 ]‘ {f D Bﬁ% (Antibody-Gold nanoparticle)

= . L&
%—ﬁ%&g_ é(F:;g 4/)1) - £ mmmg:l.{m:;:mﬁia’ﬁdy trapplng Anubody)

%AMM%m@%W%;FH?
/1/\:7 — A7 4 )& — I (Test line)
WEERL, fiikE#Eean A R

EEMERRICLVRESED &, R - - Y
FURBHKRUSIC L D . mmd K —
M7 4 L% — LD BSA-DiAcSpm L1 4
%E/Ez\ﬁ:c:?ﬁiﬁéh\ %éTéo ﬁl: (. negative Positive
KE#HEaa A FRARF O
mmwmeﬁﬁbt% T 4K

WiEE L-Ealcix, BiiEn Fig. 4 Detection of DiAcSpm on immuno-
Dmﬁmlf@ﬁbfwétw . chromatography strips

RiE#R G a4 PRLTIE 7 4V
% — k@ BSA-DiAcSpm HEEKIC
BAETHZENTET, BATA
I HE L2V, BSA-DiAcSpm
BRI L & 1072 0o T HURER
k4 211 A FRLT1Z Control line 8
SICEEAL U 7o HURE & S x4
% Bi{k (Antibody trapping antibody)
Lo THIESNTEARE 5 X
%o Z DOEAHRIT DiAcSpm D F
Wb THEBETH2DOT, Th
L AT L OBHEHEGICHIH T 5,
ZOFEZEINE, A=
rA B ‘y7°0)—%(Fig.40)X k
Uy 7T @%4{%ﬁ6 Fig. 5 Measurement of DiAcSpm by immuno-

T TR 10 BT BRIC chromatography

ST, VT EFNALI /75x—

EREUTTHDIN, ULTHEINEHETDHZ LN TE D,

RO HHNICIEA &7 7 v~ MEIZ X DRERGFEZHESLT DITITEL RV -T2, M D
et FERBEORE. BELOFRM EDOIEERFZITV., Fig. SIZrRd LY, RPO@EEE
LU Z Y 95 0.1uM Rij#4 O DiAcSpm #2330 T Test line D & N FHNT BT 2 &% R
WIEFT 2 ERTE T, A% I DICHEMARSFERTTZED, BEREELMTET 5 kL L THEL
LiznweEEZ TIN5

AREICBO T, 2 2% T, BEBIOFEROREMEZF]IH L2 DiAcSpm D43 ﬁ&&%@
WREPMIFERREERRTE S, Zh B2 OSFERERE~ — 7 —& L TOBKNER
%HT%%T&D@TE%%%O%®?%6Oit\4b/7D7F%®%%K%@LTtKﬁ
NSz, BENTENTZER AR L LLIENT O, FichBIEENEREND
¥&%9@<&mo;®i5&ﬁﬁ#6&ﬁi Lk o4y ﬁ&%@%b A ILFBFEE & O
HEoh T fxONRALDBRE LIS L LZRY DiAcSpm ORIE & IIT L TIT-> CTE T, T DRER,
FRH DiAcSpm O _bEFITFOREEEIC K E <KAF L72VWMEM 2 S D . DiAcSpm (XILH O RHI Ak
m7~ﬁ~kbf\ﬁh@@%iﬁ<@ﬁf%57%&ﬁﬁéﬂfwéo;@ IR AR
wrﬁfm—%%%#u&@”\%mﬁ CELTOREZ DT & 2RBT RN ESNDOD
H5H ",

ZDEORBEEN T —H— & LTOFIAMIE ) TR <. DiAcSpm 134 ABE OREEEIER
OBRRICBIT DRBHEORE L LTHERHEE LD, 77200, KIBERAFHE 6 » HD

0 001 01 10
[DiAcSpm] (uM)



WS B W TRH DiAcSpm ERH v A 7ED 3EEZBA TWEBEDOTRIZIZDD TRAET
bHDH—F. By A TERBTHT-BEOKBIIEMEMIREICH D Z EBRHLNT R T,
INOORERIZ, COREBEOERZHDZ LX), BAICKIDEEROE T, BAHEED QOL
(quality of life) DA EIZKE K FETEHAREENRH D EE2/RL TS, RFEICBW T
AT B B M IS AR FTRE 72 DiAcSpm IERIKOBFICHKIZI L= Z L%, JR¥ DiAcSpm B
DOFEREIZATTERE2AETHY . DABEOEDOR EIZHIT TRELS HFETIHRETH D,

2. JRH 3-hydroxyproline (3Hyp)¥ & O 3Hyp & A X7 F K Dfikr

SR OFHLOEMEREEBEYE & LT, 3Hyp BT F FORIEEDORIEZ1T 72, 3Hyp
FEER = T — 7 NS S FET D, DABRELD AAGICHE S Rk O C IR D 4> fiF
NEEE, BEE2 T — 7 U mR s RPICKET 2 L EZA BN TWD, EEIZRT D
3Hyp &AX7F NAIEZBE AB LI OBABEICK L TTo2E 2 A, 96%DRREL 44%D
REEART 2 ERBEINTNE D, F#RTIIRTORTF REBRINAKS % HPLC I X 57 2
/@“ﬁ& EVEEEIT> T\, ROFIHITEEZWE CEZROMELED D Z LHESH T

miﬁﬁf%éﬂ FNETICL 0 fEifE, BERPENERI LD, £ 2T, DiAcSpm BRE

A & Rk #W%Wﬁbﬁmmaﬁm7%P®ﬁﬁk@m&@%%%ﬁtmﬁ5:&Kbko

TUUV®kaﬁmmﬂ%%%%®-oﬁ%éo3?—5VTM\3$Bﬁhﬁﬁ®7i
J BRECHIHIZIX Y & v (Gly) 3 DO EICEILD O T(Gly-Xxx—Yyy)h 72 & &L Rt SN b, Yyy D
MEOT 1Y NI 3ARLEAFKORNIAKEBELE 252 ERE<, BAOKBLEERDOIERIC
& Y 4-hydroxyproline(4Hyp) & 725, 712 U > D 3PLOKERL % i3~ A EER 1T 5 1T CICHTICE
GFRRERLINIIEN Y CREEFEOBEMII 70 TIERWD, Yyy o7 vl UKt
4Hyp (272 > T2 HATD Xxx fLD 71 Y VS 3Hyp 12725 Z EBNMEINTWD, £Z T, fiDE
?w&f%P&LTqmmwmwmm%%éﬁu:m,ﬂ#éfJ7n~%wﬁ%%¢ﬁbt
PR ETNVARTF FA~DFEOFKEEBRFORTF FICL W BAMICHES D Z L 2FAL T,
A9 ELISA BIZ X B IRF OHURRTF RDE &%%%Lto;ﬂ%ﬁwf {12248
FONABRE D2 LORTHFELSAERIE LE D, 2ORRIZT 2/ BOWMEC LD EEORKE

LIFEL TR, BEETLANEL ., DABETELS Rot, BFREATIE, BABERF
w&f%ﬁ~ﬁﬁﬁﬁ&7%P%éBK%HmL\mwewﬁﬁ@%%%éﬁk&%széo
EEICE) o7 a7 —BOREAERFICENT S L. FURORIEEOHEKREZNH TE 2, »
FTHICLTH, JRFO 3Hyp AT F NOKRBIINABE L@EEEANTIIRRD Z LRI
7 EIEETH D, %I, UROREMEORF LR TF FORELZED D,

EMEREE CIE, B LB Lo BT, FEOMBECHE. S OB 5T
DlfEa2 8 E T, TORBIZENOILFIZK S, BDA~—T—I2iF, BDADBRSHAL, D
UVMTEMFERZF DB POBERN H HTRERM I NS, RH DiAcSpm BEIZIZ . 3Hyp &
ﬁ«f%kﬁﬁﬁﬂ%f%éib WhRhE, HEBFEORR D v — T — 2B EDENDL, &b

WCHEE DE WS AAL DB AIREIC 72 5 EHIF LTV 5D,

(&% 0]

Tabor CW, Tabor H. Polyamines. Ann Rev Biochem 1984; 53: 749-90.

2. Russell DH. Increased polyamine concentrations in the urine of human cancer patients.

Nature New Biol 1971; 233: 144-5.

Bachrach U. Polyamines as markers of malignancy. Prog Drug Res 1992:39: 9-33.

4. Hiramatsu K, Sugimoto M, Kamei S, Hoshino M, Kinoshita K, Iwasaki K et al.
Determination of amounts of polyamines excreted in urine: demonstration of
N1,N8-diacetylspermidine and N1,N!2-diacetylspermine as components commonly
occurring in normal human urine. J Biochem 1995; 117: 107-12.

)_l

w



5. Sugimoto M, Hiramatsu K, Kamei S, Kinoshita K, Hoshino M, Iwasaki K et al.
Significance of wurinary NI N8-diacetylspermidine and N!,N!2-diacetylspermine as
indicators of neoplastic diseases. J Cancer Res Clin Oncol 1995; 121: 317-9.

6. Hiramatsu K, Miura H, Kamei S, Iwasaki K, Kawakita M. Development of a sensitive and
accurate enzyme-linked immunosorbent assay (ELISA) system that can replace HPLC
analysis for the determination of N!,N12-diacetylspermine in human urine. J Biochem
1998; 124: 231-6.

7 Hiramatsu K, Takahashi K, Yamaguchi T, Matsumoto H, Miyamoto H, Tanaka S, Tanaka
C, Tamamori Y, Imajo M, Kawaguchi M, Toi M, Mori T and Kawakita M. (2005)
N1 )N12-Diacetylspermine as a Sensitive and Specific Novel Marker for Early- and
Late-Stage Colorectal and Breast Cancers. Clin Cancer Res, 11, 2986-2990

IR ER, BRSNS, NCEEF, EARER, PR T. SEE—. JIIEHESR (2008) 4=
oA FEEEZRERB LTRGBS TEF LRI VREORKE. BASFIEE~—
—hFJEEE, 28, 44-45

JJNERER, ERIET, BEE— IaERE, RS NCEET, BEB T, FR4 (2008)
SR~ — 5 —NLN1Z- 27 £ F A ZAUL S L DR & 2 ORE. B ABRHRRE B B L2a
36, 83, 141-144

10. Keijiro Samejima, Kyoko Hiramatsu, Keiichi Takahashi, Masao Kawakita, Masaki Kobayashi,
Hiroki Tsumoto and Kohfuku Kohda. Identification and determination of urinary acetylpolyamines
in cancer patients by ESI-TOF MS, Anal. Biochem., in press.

LD, SRS, KRR Efnr, #his BESE, /e @0, Bl &7, 7 UL, &
fBE—, AH BE, AB HE, BH B, JIEHER, BERACBTLRT VTS
WAL R CIGYER O, B ARG FIER~ — U — TR, 24, 33-34(2009)

12. Okazaki I, Matsuyama S, Suzuki F, Maruyama K, Kubochi K, Yoshino K, Kobayashi Y, Abe
O and Tsuchiya M. (1992) Endogenous urinary 3-hydroxyproline has 96% specificity and
44%sensitivity for cancer screening. J Lab Clin Med 120, 908-920

13. Saito J, Imamura Y, Itoh J, Matsuyama S, Maruta A, Hayashi T, Sato A, Wada N, Kashiwazaki K,
Inagaki Y, Watanabe T, Kitagawa Y and Okazaki I. ELISA Measurement for Urinary
3-Hydroxyproline-containing Peptides and its Preliminary Application to Healthy Persons and
Cancer Patients. Anticancer Research, in press

oo

©



1.3 A FOERBERZHOSER AT T SA OB

Development of new biodevices using electrostatic layer-by-layer
adsorption of biomaterials

BTSRRI « /NEFIER
TobeRy T SRR

Katsuya Abe and Hirokuni Ono
Department of Applied Chemistry, Faculty of Engineering
Kogakuin University

A biofuel cell based on the biocatalyzed hydrolysis and/or oxidation of polysaccharide is described.
The bioelectrodes were fabricated using the enzyme multilayer films by means of alternate electrostatic
layer-by-layer (LBL) assembly. The bioanode consisted of polyion complex where glucoamylase, glucose
oxidase (GOD), and ferrocene-modified polyethylenimine as an electron mediator were immobilized on the
ITO electrode. When a polyion-wrapped GOD was prepared by the LBL method with another
oppositely-charged polyion, the electrochemical activity was found to be higher than that of the
conventionally assembled films. On the other hand, both dye-sensitized photoelectrochemical solar cells
and biofuel cells are promising candidates for production of renewable energy. The photoanode consists
of an ITO electrode coated with organic sensitizer dye and enzymes was fabricated by the LBL method.
Key to the operation of the cell is the coupling of the oxidation of fuels such as alcohols by NADH/ NAD"
and FADH,/FAD" carriers in the enzyme multilayer films. The hybrid cell has several potential
advantages over either the photoelectrochemical cell or the biofuel cell operating individually.

Keywords: Biodeveice, Biofuel cell, Photoanode, Layer-by-layer
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Fig. 3 Schematic diagram of bio-solar fuel cell using layer-by-layer deposited

multilayer films containing enzymes.
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Structural Modification of Functional Protein and Sugar, and its Application to Production of
Useful Materials
HIRER - ROBE
T PR TS LR

Yasusato Sugahara and Masayoshi Sakaguchi
Department of Applied Chemistry, Kogakuin University

Chitin oligosaccharides have been paid much attention owing to their bioactivities including anti-tumor
activity, bactericidal and fungicidal activity, eliciting chitinase, and regulating plant growth, and to
suitability for diagnostic determination of lysozyme activity.

We have studied about the economical hydrolysis of chitin to obtain chitin oligosaccharides. The
preparation of chitin oligosaccharides was carried out with hydrolyzing chitin in concentrated hydrochloric
acid at 40°C. The chitin hydrolysate was precipitated in large amount of acetone and then washed with
acetone until acid free. The precipitate was extracted by acetone water solution changing their ratios. Chitin
oligosaccharides were effectively fractionated by solution composition. The increase of water recovered the
longer chained oligosaccharides. The mixture of chitin oligosaccharides can be separated by fractional
dissolution. Especially, hexamer of chitin oligosaccharide was obtained easily.

Keywords: Chitin, Hydrolysis, Fractional dissolution, Chitin oligosaccharides, Chitin hexamer

1. W5

XF UL N-TEFAITNV T IVN B-14 FEA LESHET, h=, “ERFORBME, 7
Ay, avaXRloRBE, HEEBEOMBEEORERES & LTEE TV,

T, TN XTF oKy (F 4V I8 L2 OABEEEZRTZ LT, RS
N3 X oicizol, o, ¥F v 6 ERIIHUESREMN 2 6 N EBEEBMEIREE T2 L, K
AT DG ES R A BT HZ LR REINTWS, 2, T4 THETEMWMIET T
o W LT AEEN AR L IRERICKTT B4 0 B ChERE S OIEER X, 6. 7
BATRLEL R ENHFEINL TS,

FF oA THEETART DR, BEEREE RO SERINAKS R L X FF—B 2V D BRI R
END D, BERSRIETXTF VNI OBRBEICAREDTZD, KISNARE—I1Z2bZ &, £, 2
BAROERNMEILAETHDZ D, LEMITIIMMAKSRIEZLVAEINL TS, —F,
BRI RIE S, XF 0 2 RERBR TSR L., TRk, RISREEERKD Z JRESE, =
& ) — )V T, DWW, KRS RE ., PR, SEEOREZ A 4 RBEEREITEE
TITRH R, BENEMETHDZ L, i, VA XORRDXT 4 ) THENIREL THIR S
N, B—0H A XL IR LIC WD A Y, BESELL,

ARFZEIE. PREOEMERBEORREEZ BN E LT, SF U2 RERR CIASMR L%, X
FoA Y TREOEINE T & P TIT Y ik, BLO, $F4U IEREDN D, KD EA
R WZHET 55, EOFRTH, FICABEEEORWESbILS, ¥F 2 6 EEDIHEIZD
WTRKREF L7,

2. FEBr

2.1 XF L DRI R

WEALRR TR F 2 27 4 U — )L T 60mesh |Z¥ ik L7255 (431 &: 320,000, it 7 & F /L
{LEE: 3.2%) 0.2 g \ZHEHERE 8 mL &N %, 40°C CRTERRIMKDREEAT o 7o, RIS, MK R
X7 F 200 mL HUZHERA LT, 4°C T 24 BEEIFRE U7z, TREMIIWE LT-BEBRET D720
(2, A, 7 MRS AR IR LTS BERE), KRS OFREIL, BE., RROEBMETIIK
SIREAT-C, AV TFEE A L 72 BB,



22 XF AV IO RIAR

T b -H0 WIRERENII A, B %
KRBT, TR F v I AZ—F—THREBELENG
20°C C 1 A& Liztk, mOLoBic k> T EiEE
B3 T 1=, TEBIE T & b v-H,0 OFEIE %24k
., DREREREVE L, WThb, B5h
724 Y THEIX GPC & 7 A(GS220HQ, Shodex) T4y
L, EELT,

3. REREBE

3.1 XF 2 OIKSI RIS

311 FBBEIMAS# T2 R RER TG
R 22 2. MAKRDIREATO, AR EZOT &
bk EE L T N TR B K U T2 DR
AR KT INAKARRERH O BRI DOV CTiREt &
1T o 72 MK ARESRT 30 23 & Tld, ELERINEIE
100% TH - 7223, 30 pEFiET 25 &, BEHENIC
B Uiz, A OBERES 7 b hEE &
RIFRIZ 30 mEZRBETH WD LT, TRV

n s .
5.0 75 10.0

12.5 (mi)

Fig. 2-11  GPC analysis of oligosaccharide in solble part by UV detector.

Column : GS-220HQ, 60°C, Eluent : H,0,
Flow : 0.5mifmin., Detector : UV 210nm.
Sample : 20l injection.
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Design of Novel Polymers Bearing Saccharic Moieties and Their Function
on the Enzymatic Surface

A Tz, R st
TR RF TS AR

Kazuhiko Hashimoto and Haruki Okawa
Department of Applied Chemistry, Faculty of Engineering, Kogakuin University

Abstract: New styryl-type glycopolymers having D,L-xylaric, L-tartaric, and D-manaric pendants were
synthesized by the copolymerization of the glycomonomers with acrylamide. The resulting glycopolymers
were found to inhibit the B-glucuronidase activity much more effectively than not only the corresponding
saccharic acids but also the glycomonomers. Therefore they can be candidates of polymeric devices for
effective excretion of xenobiotics. The behavior of B-glucuronidase on the surface of the glycopolymeric LB
membrane containing the saccharic pendant was investigated by AFM. The inhibition mechanism of the
glycopolymers was found to depend upon the structure of their saccharic units. In addition, the inhibition
ability of the glycomonomers was inferred to be enhanced by the n-n stacking interaction between their styrene
part and the Trp587 of B-glucuronidase from the fluorescence spectrophotometry. On the other hand, the
chitosan derivatives bearing D-glucaric pendants and polystyrene-type microspheres with saccharic units on the
surface were also prepared and their inhibition was estimated by the hydrolysis .

Keywords: glycopolymer, 3-glucuronidase, inhibitor, saccharic acid, cluster effect, competitive inhibition
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Table 1 Synthesis of P(VB-D-ManaH-co-AAM) ((4)

Expt. VB-D-ManaH AAm Mlo AIBN Time Copolymer - M, M,,
No. mg(mmol) mg(mmol) mMol/L  Moi% h mg Molszr;::tlon x10% My
1 195(06) 170(24) 15 100 24 184 0.34 14 19
2 195(0.6) 170(24) 30 025 24 168 0.34 31 35
3 292 (09) 362(31) 30 005 36 208 0.30 64 2.0
@ Mole fraction of My in feed, 2.0; Solvent, Me,SO; Temp., 60°C.
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Development of a novel method for the fabrication of organic thin film
and its application for light-emitting devices
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THBRERFTFMER S AT L TLER
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Tetsuo Sakamoto and Masanori Owari"
D*epartment of Electrical Engineering, Kogakuin University
Environmental Science Center, The University of Tokyo

A novel fabrication technique for organic thin films has been developed by using
electospray phenomena. This method, named electrospray deposition (ESD) was utilized for
the fabrication of polymer thin films aiming at organic light-emitting diode (OLED). It was
found that a mixed solvent consisting of o-dichlorobenzene and acetone is the best solution
to obtain flat and smooth surface. Finally an OLED device worked successfully.

Keywords: OLED, electrospray, thin film, polymer
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Fig.8 Photograph of the OLED during light emission
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Fig.10 Surface profiles of MEH-PPV films.

Tablel Surface roughness

(b) ESD (c) ESD (d) ESD
0.01 wth 0.02wt% 0.04wt%
Max 40 95 90 300
Mean 10 12 21 28

(a) Spin Coat
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Multi-Functionalization of Biodegradable Resin by Formation
of Nano Thin Film Consisting of Amorphous Carbon with Ion Beam

Ry g - WE —H* - ek B
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Takayoshi Yagasaki, Ichiro Takano* ' and Toshio Sato™* 2

Department of Environmental and Energy Chemistry, Kogakuin University
*1Department of Electrical Engineering, Kogakuin University
* 2Headquarters of System Design, Kyouritsu Industry Co.

For a product made in environmental burden reduction material, authors tried to give amorphous carbon
nano thin film to surfaces of various biodegradability plastic by film forming method used ion beam. In this study,
we performed amorphous carbon nano film formation by film forming methods, the formation of the
sedimentary film by the ion beam assist method. Through functional tests of the various biodegradability plastic
plate which stuck in amorphous carbon nano film, it became clear thin film formation by the ion beam assist
method was possible, and to have effective electric resistance value. Furthermore, it became clear that optimum
conditions of amorphous carbon nano film formation were different by number of carbon of hydrocarbon gases.

Keywords: Ion Beam, Biodegradable Polymeric Resins, Nano Thin Films, Amorphous Carbon
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Fig.1 Molecule chain of biodegradable resins.
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Table1l  Thin film formation conditions
Ton beam
Ion beam assist modification
Ton species He' He'
Pressure (Torr) 6.0x10° 6.0x10™
Toluene gas pressure (Torr) 2.0x10" —_
Accelerating voltage  (kV) 1 1
Current density (pA/cm?) 20 or 40 20 or 40
Trradiation time (s) 0 ~ 7200 0 ~ 7200

Table 2 Formed conditions of amorphous carbon nano films with ion beam assist method

Source gas Toluene Naphthalene Dodecane
CHy CyoH CrH
Ton species He' He' He'
Base pressure (Torr.) 6.0x10° 6.0x10” 6.0x10°
Gas pressure (Torr) 2.0x10™ 2.0x10™ 2.0x10™
Accelerative voltage (keV) 1 1 1
Current density (uA/cm?) 40 40 40
Deposition time (s) 3600 3600 3600
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(a) Ion beam modification method (b) Ion beam assist method

Fig.3 General idea of thin film forming method
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Figure 4 Results of measured surface resistivity of thin films (20pA/cm?)
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Fig.5 Raman spectrum of amorphous carbon thin film formed in different conditions.
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Fig.6 Surface resistance value of amorphous carbon thin film formed in different conditions.
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Formation of Surface Nano-morphology Controlled by Ion Beam Irradiation
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Ichiro Takano and Michiko Sasaki*
Department of Electrical Engineering, Kogakuin University
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The surface properties can be changed by controlling with nano-level even the surface on the material
consisting of the single element. For example the leaves of some kinds have the roughness of nano-level.
The roughness plays the role of repelling water. It's possible to produce the excellent properties such as the
water repellant to the material surface by artificial fabrication. In this study, PTFE of two kinds (N-PTFE
and 3M-PTFE) were irradiated by ion beams of He, N, or Ar gas. The surface morphology of PTFEs was
changed by the effects of sputtering and heating of ion beams. The surface morphology changed by the ion
beams produced the high water repellent or hydrophilic property to each PTFE surface. On the repellent
property of 3M-PTFE the super repellent surface with 150 degree in a contact angle was obtained.
Keywords: Ion beam, surface morphology, PTFE
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Fabrication of novel nano-devices based on thin solid films with porous structure

INEFEF, FIESEE, RIFFH
TEBRRF LRI EFR
LR RFR A FEET

Sachiko ONO, Hidetaka ASOH and Yukiko YASUKAWA'
Department of Applied Chemistry, Kogakuin University
Res. Inst. Sci. Tchnol., Kogakuin University

Nanostructured materials not only have potential technological applications in various fields but are
also of fundamental interest in that the properties and functions of a material can change with the transition
between the bulk and atomic/molecular scales. We have studied mainly on four themes for the fabrication
of several types of nanomaterial based on the principles of electrochemistry:

(1) Control of structure of porous oxide films formed on various valve metals by anodizing,

(2) Dielectric properties of barrier-type anodic oxide films,

(3) Nano-/micro-fabrication of semiconductors based on a relatively easy chemical treatment,

(4) Biocompatibility of Ti and Mg substrates coated with hydroxyapatite.

In particular, we focus on our attempts to fabricate various porous structures, as described below.

Keywords: Self-organization, Anodizing, Oxide film, Nanoporous structure, Colloidal spheres
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Development of Nanostructure and Nanocomposite Coatings
with Supersonic Free-Jet PVD
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Compositional graduation is produced by depositing nanoparticles with supersonic free-jet PVD
(SFJ-PVD). The SFI-PVD has been developed as a new coating method in which a coating film is formed
by depositing nanoparticles with very high velocity onto a substrate. The high velocity of nanoparticles is
produced by the supersonic gas flow of inert gas. Graded AVAITi films, graded Ti/TiAl films and graded
AVAI-Si films are produced by depositing nanoparticles of Al, Ti or Si formed in different evaporation
chambers with controlling evaporation rate. A smooth, compact and defect-free microstructure is formed
both at the interface between substrates and coating films and inside the coating films. It is confirmed from
nano-indentation hardness testing that the hardness of the graded coatings corresponds to the compositional
graduation.

Keywords: nano-particle, graded coating, nano-indentation hardness, supersonic gas flow
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Fig. 1 SEM image of TiAl coating film on Ti substrate and the corresponding X-ray mappings of Ti and Al
elements.
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Fig. 2. Schematic diagram of a supersonic free-jet PVD apparatus.
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Fig. 3. SEM image and EDX analysis of cross-sections of a) and b) the graded AVAITi film on the A1050
substrate, ¢) and d) the graded Ti/TiAl film on the Ti substrate.
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Development of Transparent Thin-Film Solar-Cell
Responsive to Visible Light

RS - kL - ZATH
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*LEBER PR TR LA ERHE S R 2 IR

Mitsunobu Sato, Hiroki Nagai~ and Chihiro Mochizuki
\ Department of Chemistry, Fundamental Education Division, Kogakuin University
Graduate School of Applied Chemistry and Chemical Engineering, Kogakuin University

The relationship between photoluminescence and photoreactivity of phase-oriented rutile thin films
fabricated by molecular precursor method was examined. The visible-light-responsive rutile thin film with
high photoreactivity was post- annealed in air. The original rutile thin film did not show any emission band,
although the emission bands of the post-annealed films were observed at 800 nm. The photoreactivity of
the post-annealed thin films was lower than that before annealing. Thus, the correlation between
photoluminescence and photoreactivity of phase-oriented rutile thin films were clarified and discussed in
relation with the presence of O-defect sites. In addition, copper oxide thin films were fabricated on a
Na-free glass substrate by heat-treating of the spin-coated precursor films, which involves EDTA complex
of Cu(ll) in air or in Ar gas flow. The crystal and electronic structures, optical and electrical properties of
copper oxide thin films were examined with XRD, XPS, UV-vis and Hall-effect measurement. Hall-effect
measurements indicated that the single-phase Cu,O film is the p-type semiconductor with the carrier
concentration of 4.385 x 10" ¢cm™. Thin film formation of p-type Cu,O was thus attained by molecular
precursor method which is one of wet processes. The fabrication and characterization of both n-type and
p-type oxide thin films were attained for the thin-film solar-cell responsive to visible light on the basis of
new concept.

Keywords: Solar Cell, Thin film fabrication, Titania, Cuprous oxide, Molecular Precursor Method
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Table 1 O/Ti ratios, optical properties and mechanical strength of the rutile (R) and the anatase (A)

thin films.
Films O/Ti Refractive index Optical Band edge Scratch test”
V) (GPa)
R 1.78 22 3.1 1.75
A 1.93 2.5 3.6 0.69

a) Scratch test was examined by using a load of 0.50 kg with a scanning rate of 10.5 N min”".
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Fig.1 XRD patterns of the thin film R,

and those of R-PAn (n =15, 30, 60). The thin film R
was fabricated by heat treating the precursor film at
700°C in an Ar gas flow and the thin films R-PAn
were obtained by post-annealing the thin film R at
700°C in an air for 15, 30, 60 min, respectively. The
peaks assignable to the rutile phase are shown by the
indicator V.
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800

The photoluminescence emission

spectra of the thin films,R and R-PAn (n = 15, 30, 60).
The spectra were examined in the wavelength range

190-850 nm at room temperature.

—RRIZ., REREERLTFILOBRE DFKIIT 450 nm

BRSNS D, RIS THELL TWARNWZ EB801n5, —F, R-PAn L, HEEGHEDO10)HED
B LA T 800 nm IZHEH/N Y REIR L[6], € DR IREIIR R b7 =— VIR 2 &< 35 L1
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Table 2 The v [nmol L™' min™] of decoloration rate of 0.01 mol L™
MB solution by the photoreaction with each thin film under UV or vis
light irradiation. The decoloration rate was measured by the decrease
of absorption value at 664 nm of each test solution. Those obtained
from the data measured under dark are also indicated. Calculated

Film

v?/nmol L™ min™!

uv vis Dark

R 25(1) 17(1) 3(1)
R-PA15 20(1) 15(1) 3(1)
R-PA30 21(1) 16(1) 3(1)
R-PA60 20(1) 15(1) 3(1)

a) The estimated standard deviations are presented in parentheses.
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Fig. 2 Plausible structure of the (110) plane-orientated O-deficient R thin film.
Cell parameters were refined by a least square method.
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Fig. 3 The XRD patterns of the thin Fig. 4 The absorption spectra of the thin

films fabricated on a Na-free glass; (a) in films fabricated on a Na-free glass; (a) in

air and (b) under Ar gas flow. air and (b) under Ar gas flow.
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Table 3 Film thicknesses and the results of Hall effect measurement on the thin films.

. Thickness Concentration Mobility Resistivity
Film 3 2x7-1
nm cm cm” Vs Qcm
CuO 90 — — —
Cu,0 180 4.385%10™ 4.298% 10" 3.312 X 10?

ZDEIHIZ, Cu()® EDTA §K%E 7L h—Y—&35BAEIC LT, HIFIRAERE~DD
R W) - B AR D FZ R % R L T2,
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Development of Biomimetic Robots with Nano-Functional Surfaces

WAREE], MEIEH, =R
TEABERE LA AR S A T L T
* Lo R R

Kenji Suzuki, Hideaki Takanobu and Hirofumi Miura ’
Department of Mec}lanical Systems Engineering, Kogakuin University
Adviser, Kogakuin University

Two kinds of insect-inspired miniatrue robots with micro- and nano- functional surfaces have been
studied. One is a wall-climbing robot based on adhesive mechanism of ants. Adhesive pads made of glass
and PDMS were fabricated using MEMS processes and adhesive properties were investigated. Then, a
hexapod robot with glass and PDMS pads was developed. The robot successfully walked on vertical and
inverted glass surfaces. The other robot water strider robot that is able to stay and move on the surface of
water using surface tension force. Various kinds of supporting legs with hydrophobic microstructures were
developed utilizing MEMS techniques. The lift, pull-off and thrust forces of these legs on the surface of
water were investigated experimentally. Then, two kinds of autonomous water strider robots with
hydrophobic legs were developed. Actuation utilizing resonant vibration and “origami structure” that is
assembled by folding a flat plate were proposed. The robots successfully moved forward and also made
left/right turns on the surface of water.

Keywords: Biomimetics, Insect-inspired Robot, Surface Tension Force, MEMS, Microstructured
Surface

1. $S AR, EYoREORE SHEEEZR#EE LT, 7/ - M7 OMIEmRICX
DEEHEEZERTSZEICKD, EEFKROBEEZRED/NIORY NEHETLSZEZ2HW
L3z, BHRACSOBNSEYTIE, A7r—IVOFBEICLD, EHREICHNTERBOMEE
FORENFEEICHN D20, FEOMAEZBEMAICFIHL TITEIZ{T>Tnwd. ZOXDBRE
FiAEZ TAMICARIAL, AOR Y MOSHATS 2 &ICk> T, ERIERWHLWwWORY b
DEEHEHNELND EEZOEND. AHETIE, FHEBERTHDIT A VROKEBEIE, 7
D OBEEHFFICER L. 7 AR, HWEBHOLEOEOREESE, BKEDT v 7 2D
FUEHEBBKETEZEICEST, KALEZBETHIENTES V. £z, 7V, HO
SN B D TERIATE /Ny RE, FINOAWINDHAEEZFH L CRERSRHEIHEL T
WBZENMENTNS 2V, 2SN TNHREROMEERAZFIHLZDDT, M/NIER
WCEEDRENTHD, AT —IVOREENLEBERETHDEEZS5NS. TIN5 O
W LR A /NRIO R Y MM S LKEPEETOBEI2ERT5 2 L1k, ORy hOIEEHE
BN KB AR S NS O RIREMEDNE DN B 2V Tldie <, BRHOEEHERED A 71 =X L OfFAIC
HORMNDZENHRFEIN5.

9. PURBHMELAEAENSY ROBYE  TUOAE/Ny REHBEL T, ORy hDOREICH
#ETDM35/5y B & MEMS Biffiz N TEWEL 7z, 7 U ER7RBER 2 4173 D BT, Fig. 1
ISR LD ICHIAEED 2 ADMOEN S arolium EMFIEN S FfRafFE/8y RZ&2H U TRERNC & A
x4, ISICAE/Y RDSHWEESWLTHBO, WIKORIIRCRMES, /Sy ROEERR
EERFIALTHELTVEEEZSNTWVNDS 3. RIAKTIE, BAMMEITAZ AN X OFA
DEBTEL I ANy RE, RWTEN & DOEEMENE S, REBERIDVYHFTES PDMS
(Polydimethylsiloxane) /X RO 2 fEMEZBWEL /2. A= AR AN LI, 2 FHEFICO T 7RuA
DEET DL, ZEEHENOERTH HOZETHO, FHEABKEOH GRS, #K
HOBRIFNERS.

1358y RIZTBICATTEYEL 2. 1 BEOMBERICIIHN Z A £721d PDMS 2 W, #ikZE
HHT 27D OEE 0.15mm D7 Z 6 EEk L. 2EEICIEPDMS ZHWTHRIKZTYT 29




Tube PDMS HelFrrRetil
(8x8mm)
\ PDMS pad

Flow channel

Adhesive surface
(Glass or PDMS)

Fig.1 Adhesive pad of ant Fig.2 Adhesive pad fabricated with MEMS process

DB ERR LU, >V T x—NEIJBEZ7 LI A (SUS) 28 - B L THZD
<V, PDMS 2 LAAATIRZEE Lz, 2 DDEEZESLE L, RKICTFa—T28iT5 2 &I
X0, Fa—ThoMBELIZRIKERIONMNSHESXDIT L.

MBSy ROMNEREFME  SUWELZ 2EHEOAME/\Y REHWT, HIATz—NKET
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FL, hERDE. Ny R z—N\EE» SN SBE O HZ2BEELROME L. Xz,
M3y REH T AT 2 — N\ UM RS TRNCE] 28RS & & ORE S, HERGRO N ET
NZEN2-ooRITRZEANTHEEL, /Sy RBTXROB LR O (ERIEEET) ZEHRR M
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Fig. 3 Normal adhesive force of PDMS pad Fig. 4 Tangential adhesive force of PDMS pad
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Fig. 3 13, PDMS /S v ROBEFHOFEHOBERREZRL TS, Ny Rk, #HLATT
ORI EBIEWMEHSML TWS Z ENbns. %z, Figd 1ZMHEHE 35mm’ O PDMS /Sy
R OB AR O IEER S, BEEAZRLEZDOTHS. WINHHUATHITZEHFA L T
AL TWD., £z, EBIEEBOTEBEBAICARTERICRELS, #IIEEREREIIN
4.6, BIEEBRENIR 0.6 x0Tz, LLEORERE D PDMS OFED EREIE, BEEEMEIZHST
EHFROBIHEEZ 5N, MUATICEK > T PDMS WK L HEHZAMEAMNIEMNT 5 Z LTk
DAEAHEINT 5 EZZ5N5. BEFFOAMENTEARERAROMNES FLER) 28
KEVNDOVRBTHS.

Fig.5 1349 A8y RICHHET 2KOBREFEEHROMNEOBRZRLTNS. AT ANy R
T, KEELUEWESIFEE AEMBENIBNZND, KE 02u 525 ERERAMAENNFE
L, KOBEBIMXE2 EMAENIRDTS. T2, AEHIHLATHIKEEST, Sy R
ERECIEF G LTI 5. Fig6 13, /8y Rk 36mm’, KO&E 0.2u1 OHE DI LAHT S
T A EBAHROMNENERLEDDTHS. I ADEE, LR CBEENOAITIE
EEEL, BEBREEIIH U AT ) 60mN £ TH 025 EIEEIT/NSWEZRLZ. PAEORERXK
N, HIAWKEHEBLEZEZOMNBENEIAZ AN ANNERREEZ 50, HULMTHIZIEE
53, KOENENTEREHEICKERMABENNESND. EBERSRONMNE INIEE A
ICHART/NENODREMTH 5.

4, BEESHSFORy ROBRE  #iEioEIicLnEoNz 2 MEOMENN Y FORMEEENL
T, BEEBIOKHAEESITT S 6 METORy NEEWEL . RGO ANEDIZDITEHO
32 PDMS /Sy REFE L, BEAMOAMNEBEDZOIEEHICH 2y R& L #EHLZ. T
5 2%y RIZIZ 0.3ul DKZSERD 5 HHG U, HRIAVNS W I & 2RI U T T I B HE EIT
X REEFTREEEEDICUE. HOBEIZIE Fig7 057U > 7#EEHY, DC £—
FTrS O ERESES LTI DHOERNEA=ZARIGEVHEZH< L OICLE. X
7=, BEHOSTERREIC, MAD3IEOMERKIC LTS IRE=ZMST] 2I7OE5XDICHK
OB OMHERZRELE. SHEZEAZAROEOFMIICH > TRIVIC LTS 2 LITELD,
OB X LUICKRERNENSSTEHIENTES., HEML TS 3 D0 PDMS /Ny RO
HOBEBATORY hEXHTESL91C, ORy NOERIZE—Y 230 T95g &Lk, BE
EEE T, EHICLVEENSHENE D ETHBRMEDVDE—A L MBI 7280, HI ANy
REFHICERBEL, AEHCEBUHMEDE—A> MEREIRE. —F, KHEZBRTTDHH
213, BHEMENEHOEDESED, HI ANy ROMEEZBELMIBICERE L. HIAN
v Rich o Uilikz 0.8ul £, ORy h2H T AHEIAHES BREN S FEER, KM
TOBRTEREITF-. TORE, EHEHD0HEICBVWTHRAZMICIDBITITRII L. BT
DT % Fig.8 ITRT.

PDMS pad

Orbit of the pad
‘/adhesive pad Fig.8 Photographs of hexapod robot walking

Fig. 7 Mechanism of the robot on vertical and inverted glass surfaces
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2R D BKENERDEND ZEDNHSNTNS.

7 AL ROMOERS, ZROETEDLNTND ZETERAMENRIEENTNS V. 2T, MEMS
Bz AWT, REICMMEEEZFFDOLITO 4 FEOBKME R ZFHREL 2.

OB DB Z DFICK BMEOMT [Fig.1(a)]

YAV INEIERT 3 hL DAL SU-8 THAIZER L, PDMS(Polydimethylsiloxane) % ifi
UABMEI OME ZBUET 5. Z3% $0.5mm O FHHFRITE E (KA FS-1010 2895 Z
EIZEoT, TAVHRDEDOXLD BHEENESNDS.

@sSU-8 A L7zMf@E QMY [Fig.1(b) ]

SU-8 ZEHEICE D ¢ 1.0mm OEIAFRITEAM L, MFEmEZ 5 EIZHTTELEL, BHEIT2IET
MYE28ET 2. YA /)8F — I3ERE 100 um OHET, &I 50 um TH 5.
QEBIAVYOLYF > ZICEBMMINT [Fig.1(c) (d)]
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(a) PDMS (b) SU-8 (c) Aluminum (d) Brass
Fig.10 Supporting legs with microfabricated structured surfaces.

(e) PTFE powder

7. %8, WEAQHE BRI VOIyF I ZICL0MNZEMTLAZES 30mm D3KHM
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Fig. 1213, PTFE ki 72 2O EKA 2 %A L7z &S 50mm OXFMH (Fig.10 (e)) %, /KmHiCkt
UTKEZENLZEZDKDK S CEHEES) ORERRETHS. HOBESIE 1~5mm, BEHHE
1L 50~400 mmy/s DI & U7z, K ETOHEGEINNIKERFZ D REL BB I ENRINE. F
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SME U S IXHEE NI ENE NI EWMT 2 2 ENMREI N, iz, HOEENENTE
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HICEHREIL, TR OVIE T LU TKOENZBS T ENAZITH 5.
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Fig. 11 Lift and pull-off forces (Length: 30mm)
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Fig.12 Thrust force (Length: 50mm)
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Mo ZRAL TBHTSHOTHS. Ohy hOSEZ Fig. 13 1R, BT, BERT AV
OLyF UL OMMNMTZBLEZHDERWE. 77 FaT—7 IdmUVERZ R DRIE
— % % H\), PWM (Pulse Width Modulation) HlfIiC & 0 IREEZHIHI L 7=, IREFE— 5 DEERICK
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Tablel ICRT LD ICHKEMO RS NRZ>THBY, REHFICK > THIRT HHAE

LU, 109Hz TEE, 115Hz THEME, 132Hz TERRINAETHS. UF U LRI Y —EmE
F—%, HIHEREEHL, EB13785g THS. HOEIDOEFI Im THO, K 20gf DX
BANELND LRI NTVNS., BATKEBIIERZITOER, TOJILIHST
AV IR 2 bS8, Kl L THEE, AR, LREEZIEXITOES ZEITRLE. B
B2 E DY 70mm/s, SEEIAY 50mm/s TdHh - 7.

Weight 7.85|g]

Table 1 Roles and resonant frequencies of the legs

Resonant Duty
Leg No. Role Length frequency | factor
L-1,6, )
R-16 Support 85mm . .
L-34, o
R-3.4 Forward 90mm 109Hz 32%
R-2,5 Left turn 80mm 115Hz 34%
L-2,5 Right turn | 70mm 132Hz 39%

Fig. 13

Water strider robot with a vibration motor
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3 > #H8L: Bio Metal Fiber) 12k D ¥sHERE 21757z, BMFIIEBEZEIMLU M, BHITSILET
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52 LI E DR Z EYE L2 (Fig. 15). 20 THO#EE) 13, —DOFHEEM» 53%
NG SN, A[ERBISAEIOBEE R ZFH TS 2 LRV EBORWVEFNERTES.
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5 EINTE.
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100[ 4 m]

Fig. 14 Hexapod waterstrider robot Fig. 15 "Origami structure"
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Development of SOFCs Working at Lower Temperatures

by Controlling Interfacial Nano-Structures

RAG « RANE—HR*
THFER T TR BR AL TR
*HOR RS R BT s Al R A TR

Hidetoshi Nagamoto and Junichiro Otomo’
Department of Environmental Chemical Engineering, Kogakuin University

"Department of Environment Systems, The University of Tokyo

To propose next future fuel cell technologies, we have developed new electrolyte and electrode
materials. Lowering operation temperature can guarantee the construction of reliable Solid Oxide Fuel Cell
(SOFC) systems. At the same time, however, we have to satisfy higher efficiency of the systems. To solve
the contradictory requirements (i.e,, higher efficiency and low temperature operation (or reliability) ), high
ionic conductors and/or high efficient electrode materials should be developed. We report new approaches
to enhancing cathode reactions in terms of controlling microstructures of electrode materials. [(ZrO)oo
(Y203)0.1]1x(Ce0,), electrolytes exhibited the ionic conductivity higher at the temperatures under 650°C than
YSZ and its electronic conductivity could be controlled practically. The addition of Ag particles increased

the amount of the oxygen atoms adsorbed and the amount of oxide ion over the electrode surface.

Keywords: SOFC, Low working temperature, Interfacial nano-structure
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EOh Y — RMEOBR%) %#1T- 7,
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RBADERENTREINDS, BEEREORETIE, Y T ROEME L L T(CeO2)y[(Zr02) 1«
(YeOa)sliy 280 EiF, £V 7 REME ORI TH D EBEESE TOBETEBEEBOME & &
A A EEREERT D ENAME 228, EMEOERE-OREEIENC X 2 P E R
DHFFETHE A TN D A5, —T5 T EMBOBIEERHIORIRRORIOIZE B U7 AR BT iy 72 < |
KRN B2 52 D RICHRBROA SN TITRY, FICEFE (BKKEE) Tk, MEEDOD Y
— FMEtORF A EREER L, —DIXMERBEM B TH D LagySryCo05.5(LSC) &

Lag7Sro sMnO; s(LSM)IZE B U, BUEERORIRHIE 21T 5 2 12K 0 ZBRWRD L 7 NSy Lo
T DN G 2 DB O TRE LTz, o, REHIEEZITHS Z LIk v, SOFC DIKIE
fb~DIE#HZH/L L2 BN E Lz, b9 —2lk, EFEEEO&ENI L - 7254 MRS
BT R A MIER LY, ZAUCHRI T 2RI 5 2 L IC X BARIC OV THRE Lz, = 2T,
Lag 7St 3sMnO;3_5(LSM)F L T Lag oSty 1Co05.5( LSO s 22 5k D 8 KETM, (CeO2)y[(ZrO2) 1«
(Y2O2)sl1y REME OEELM, BLOREM = Vb - 72T 4 bR T 2B A NEBD
EERFEIC OV TIERD,

2. EBRFE
2.1, B HRZe &M (La,.,Sr,Co0s.5, La;Sr,MnO; ;)

BRI & U CHERIRALER C7 L ARE L7z CegoGdo 055(GDO)FEMR (LS 10 mm, B 1~
1.2 mm)%& 7z, %O EIZZERMmEENCH % Lag oSty 1Co0s. (LSO & Lag 7Sre sMnOs_5 (LSM)¥y
K% RF v 7% br o ARy Z3EE % IV CHEBGRE 400 ‘CCRUE L7, AUEf% ., 2550 C 600 C
F 72131000 COBMERIZ X DRIEHIEH AT 5 2 & T, MR OEREFEE2E (LI, ABOx v
F 7 A= 3 i XBEPT (XRD) & AR E T BEME (SEM)Z HWTITo 7,

BERALFIE ITITERER L ORFiA v = v A EE AW CEGHEClEZT1T- 72, 1EH
RRIZ I3 28 SRR & plc e U 72 3Bt 2 W e, HRRICIZ Pt~ — & b2 Ve, S RBICITERE O
MIEIZ Pt R A B & O THEM Lz, BIEEE T 400~600 °C, HI7E R F % 10 mHz~10 MHz,
E%lm FZEEH E 21 0.1~100 %0, & L7z,

2.2. (CeO2)yl(ZrO2)1x (Y203)xl1y REME

D (Ce02)x[(Zr0209(Y203)0.1l1-x. @ F—%> b Otk % & 2 725k, @ (Zr02)«[(CeO2)os
(Y203)02l1x iICBVWTOE@IZx =0, 0.1, 0.2, 0.4, 0.6,0.8,09 £ 725 L 52, @QiTOE@LSD
AT, QD x = 08 ZHEIZ 3T D O B—DODSZEEIET, 2D 2 DOEENEDLD L

(2. EEEEHE 2 - bR CRERL L. 1050°C TG &7t D% 1550°CTHERL L, ¥
Kbkt U7z, 1050°C CHEMBIE SE 2K % 2.5 tlem? T 1 min ], 7'v v ZRITIERSSEL L |
1050°C TR BER ., 1550°C THERS S 72, BERE 7 0 v 712 Pt X—Z MZ LY, Pt#REZEMmME LT
B 17726 02 RERREE Lz,

AR % XRD JIEIC TSR 21772\, MR a2 FE LK FEREZREH L, BT e
v 7 DMERZ USRI XL - T, 600~900C T, BEILEHR HMEERFHL T (Poz = 1~
1026 atm) CHIE L7z,

2.3. SREMi SV R« T2 T A PR T AT A ER
WERETE A F U Sr1xCexCo0s- 5 (SCC ¥yK) 1k (x = 0~0.2)i2, LSCF ¥k (% LaoeSro.4CoosFeo203
DY, CZY BARE I RI1F(Ce02)0.81(Zr02)0.09(Y203)0.10 DAL SDC ¥ K 1Z(Sm2035)0.20(Ce02)0.50



DB LR TE TR LU 72, CZY By K % ¢ 10mm O SEAIFRAIEHT T 2t/em?2 TEMiATH . 1450°C,
2h THERE SE - b O & WIEREME & L, 2258k LSCF, SCC #ZnFE &t 7:3 T CZY
BMELBRBAEL, Zhaef v F—(a-TILEXRF—/L  2F b rn—2=F& 41DE 111 0K
BHIZRDELORE L, N7 4 —T7 L— NEIC XV EMERED 0.15em2 (2725 X 512 CZY B
Nl b EICER Lz, ZhEZERH 1150°C, 2h THERR L. 0%, EMi LiC AgNOs Kk
(20wt%) % &A5 L, 400°CE iR, 800°CT 3h Mipk LEMAZ G-, T Dk, EAM, ik, R
MZNZENI Pt 8% Pt ~X— 2 h TS, 800°C, 1h THERL L. HIEH O¥E 2 /Ef L7z,
FREMERE, ERREO SEM 882417 -7-, EMMEFEIX. Current Interruption ¥5%
VN, ZERH, 600~850°C(50°CHIA) TITV, HEMRIE T & Bt Ty L CREMIKH 25 H L
Too BHSNEBETIZY L=2Y 7 ny M LML= L X —Fa #HH LT,

3. ERFHRBIUVUEL
3.1. LSIM BLULSC F#EEOX Yy 7 7 2 Y EB—a v

B ONT-HIEORIEZ1T - TR, ARG LSC i & BANL O LSM IR AR LT\ 5
MR ST, F£7o. SEM BB X U EERATER SN TR Y, BRIEN 1 pm THDHZ &
EHER LT, =7 —30& SEM [Hf§ K 0 R Z RO T fER. 600 C TEMEEZ 1T - 7o 3BTl 10
~16 nm TH Y, 1000 CTEIIRL AT - 725806 Tl 300~1000 nm F2E CTd> - 7=, AR 2R K
SEM BEE (LSC) # Fig.1 [Z/~9, BV L o THREROHIENAIRETH D,

Fig. 1. LSC ™% SEM BE (7 =—/ VR : /£ 600°C. £ 1000°C)

BHA v E—F 2 ZRNED B B 72 Cole-Cole 712 v MIEBWT 3 DO MBI X/, &
ﬁ;ﬁmﬁb\ﬂ@ﬁ# BIEIZ Ryy Ry R, & LT, ENOOENOREEER, oy oy 0, K
Dz, B Y — FiCRIT D EMEN 2 ZAL SETHAIE oy oy DIEIXEMELIKT Lo Tz,
—%. o 031@@%@%& IR DIRTEMEDSHERR STz, 6o CL o IIMRFREISLSICH KT S Z
EDRR S, LA 0 \ZE B L TIRIT 21T o 72,

HIEIRE 600 CTHEMHEIZEL VEIE LR 1V REMREE Fig2 |7 d, £/2, RimEEER g, O
TREERTEME A Fig3 (R T, Fig. 2,3 OfER X0, LSC HIE (BVLELEFE 600 °C) TIIfki Liz
Lo TREEBEBROWEE 2 FAVPHER SN, HROFFIZLIHbDOTHDLZ ENFRBINT, —

J7. LSM BT, KiFOREZWIE ) Nie LARIEEREN EATHR/ENE LN,
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Fig. 2. Bttt GllERE 600 °C) Fig. 3. S8 o IR EKTEME

REEERD O pEERFEOERFER LY . LSM BIEOBAIZIE oy 1E Po, D 0.03 (=0 R)IC
BT L, ZORERNG op (TEMERSUCH T 5 &5 27, FFRIZ, 0y 13 Po,? 0.08~0.13 K (=1/8
)TV BN TOBEY A 4 AERRRICHERT 5 B2, £72, 0, 1L Po,® 0.26 R(=1/4
R) T ) WAEMROEMREILBICHKT D EE X7, —F, LSC HEIZBWTD 0, »EK T
MWEFNTZE A, FOSERBRITEKITFT 5 o TR DIKFMEEZ RT 2 & D3R S 7, Z4uid LSC #
BT BN TUTER R ZEFL(V o IR EE DS EVME E R Opg DIV A SUSREE DG 72, RLF
D Vo BENALIOZNLY bEWZ LI s TREBMEES N EEZOND, SHIT,
{22 T, CPE(Constant Phase Element)Q; D5, O, = Y (jw)" DEABXEZHWNT, 7 I X~
A Y, D%l LTz, Fig. 4 12 Y, DEOEZBESEICTLTT ey F Lk, ZORREID | LSC

(BMLERREE 600 °C) @ Y, DEAASEIRIE Lz T X COBERDEOTHER T, REWEEZRTZ L
NhhoT,
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“15 | A :LSM 600 CRMLE | (o L .. pynreeaenaa,
A :LSM 1000 CEMLEE | e,
= k}‘.”
|E -2 X, ﬂ
(3]
=
Z 25 !
2 ® ® ® A
& 7 >
-3 R 2
-3.5
-5 -4 -3 -2 -1 0

log(Po, [atm])

Fig. 4 7 R v % v ADERE S TEARFNE

T, YOEPHRF ¥y Z A COEEZRML TS LW 5 & (RIFEICBW T n=
0.6~0.8), Vo IRENLUTOXMNS C LE#EST BV,
2 o
2F [ZT 1AL M
- T, LSC (BMVLEIRE 600 °C) @ Vo IREDMOREHILLARE W LAVRR ENT, T O
BIE. LSC TIIMRIFALICEED Vo lBED ERIC X » T, B Y — FRIGHHED I L35 argett %
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RIEL TN D,
3.2. (CeO2)y[(ZrO2)1x (Y203)sl1y T DY ER

B y=0 OEPTRZ— 0% YSZ O FHER L, CeOr F—78IC L W EHfE~ER LT,
Q1 DEOE—Z7 X F—7EHME & BITERAERIZS 7 b LT, EHROETERD c/alk
MG T2 EZZXBNHD, 20mol% R—7"TRIZIET L, 60 mol%i b F&- L=, #1638
il L ORDIRERE & Bph | B—fHThH o7,

T00COEERDOFERD—H 4% Fig. 5 1077, BEFRDED 1020 atm LA FIZB W T, 10 mol% K
— 7 TCIREEENA A EEEE RS20, 20 mol% a2 5 L Y, EFUERNKEL -
xR LTz, T00°C, Poz=1atm THIE L7=A 4 EELRE Fig. 6 12”7, 20 mol% £ TiHiF
WNEBEDLLIRMNSTeR, ENUED R—7"TIRT Lz, 4 A EEROEME(L %L ¥ —T, YSZ
?® 140 kJ/mol 75 10~20 mol%® 134 kd/mol The/IMEZ Y . TN LI EORETHM L=, LL
EDEHEB. 10~20 mol% D K—,3 k CeO2 L MEIRALIIT AR TH D Z E oo Tz,

T T T

e  Omol%
A 10mol%
B 20mol%
v 40mol%
-3 ! : . : 4 P R R R
20 -10 0 0 20 40 60 80
log Pop CeO, concentration [mol%)
Fig. 5 700CIZ8BIT 2 EEROMKLE Fig.6 CeOz R—7 & L A A EEROKER

33MEMaANNVDE - T2 TA MR T AL A NERK

AR EHZ B R BRE S Ag ZIRINT 5L EHETIA REEB T HIEN RSN TNZDT, 22T
1< LSCF 8L SCC #EMmA £, CZY 3L SDC (Sm-doped Ceria) ZEMRE L LIZHAIZOWNT
FMEtL7-, Fig. 712 LSCF, LSCF-CZY-Ag, LSCF- SDC-Ag O MR/ b 5 H L 7= Skt
DfERZ TS, WTROIRETH, LSCF-SDC-Ag DEMILHTIL. LSCF-CZY-Ag X v H/h &<,
KT 5% DIEh R4 R L=, F7-. Fig. 8 {Z SCC, SCC-CZY-Ag, SCC-SDC-Ag D EARE
BENSEH L ERERORE R L2571, D FROEEICB VTS LSCF & FfIC,SCC-SDC-Ag
DERHES UL, SCC-CZY-Ag LV &/ WMEE 22D | KT 83% DB R % 7R LTz,

CZY X 0B\ A A B D@ SDC & AR EHI IS 5 Z & T, CZY & g L X v
A F v EEMEOFV LSCF-SDC &M<, SCC-SDC & i % & ik N i1 12 %L\Tﬂéﬁi L.
Air/cathode/Ag FLHIXCEME [ CER T DB LM A A OB COILH - 1235 % —J@IH (L
THLENTE D EZ2 N, Sk, ZOmmA ﬁ‘/@@@]%*ﬁ%%éﬁ?‘é &R
BETHAH,
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4. #5

1) B Y — FEEB(LSM, LSCO)DIRFT 21T o 72, FFETNERIR & LT, LSC HIEIZIB W\ T, 600 C
~400 COFREIR CHEEZHIHT L2 Lick v, RROFLHELBEX OGN REEELRD LF
DHER STz, BRI EE D Vo IRED BN Y — FEUGFEEO M RIC 8% KIE Uiz AlRE
PEAD Y | PSS SOFC DIRIRMEELICHEN R FBRTH D Z L3RR ST,

2) Y203 10 mol%® YSZ IZ CeOz % R—7 L7=& 2 A, 10~20 mol%® F—7IZ LV &R TD
A A VEELR RO EE, BETEERORBELHIEH CE /o, FHEROEME IRV —%
YSZ L0 /NESL ST ENTE, RIBFENCHET D Z L3 mholz,

3) LSCF, SCC Zex#iic CZY EE., Ag # IR 5 2 & CEMEHA RIFITARR L, Kk
MHARER 2 L DR STz, ETRA T D EMEME 2 L0 B A A L FEEDEV SDCIZT S
Z LT, FEICEARHIMER L, ERMOEmRIITERE. Ag IR OEMERDOA A48
EHENEETHD I EPRINT,
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Influence of Filler on Kinetic Crystallization Behavior of Nanocomposites
Dept. of Mech. Eng., Faculty of Engineering
Sadao Sato, Yosuke Nishitani

1. #% 8

TIAFy I MEEE OREEZB LRI TREE., HENEEOM EER S FiEIXD
NETERERRFEPCI-TRAEZLN TS, IR 27— FHEL LTI
47— DEEMGDLVIETIEBEFRYI v~ —FEFI=TAM—LDT VU R, T4
DLbRYw—TuaAfThHd, 50, BRINLSBBFME, HEBIXITEZICIBVWTR
BNARICHB/MEESNEEBREETF T NNA AL ZOBNELMECYHEOMETHS.
ENHDOERIZIEZD —2DHEL LTHEINERY v — BEOREREGFE AT
AR, RO, BRLEE)Da L ha— VL EBES ) 74— % RELET /=
VRTYy MERHB.

AHFZE D RTH(2005-2007) TiZAR Y 7 v £ L (Polypropylene : PP) & A4y f@MEE 4y
+ (Polylactic Acid : PLA) IZF /A4 X7 4 F7—DFyFYajtqFh

(Momtmorillonite : MMT), v~ 7 a¥$% A4 X7 47 —DER (Mica: Mi) ZZNTHh
5wi%7FeiE PP & U MMT 3wt% 838 PLA 7/ 2 VR Yy b OBERIE b BERICE S
FCORBRIEBICRIETHREMOEBIZOWT/NBERERICES ESRBLILES
&1 % CCD (Charge Coupled Device) 77 A 72 & 5 FiREHTIE DO BT % | 14 ¥ (2007-2009)
TiE, WEMSFHRFEM ., FCHEBNEFTAARDIZNVEAA NV VAN TART
UTAOREEZBERLTHMADE VT A 22 66 (Polyamide66 : PA66) . Y 7F L v
7 L7 % L — b (Poly Butylene Terephalate : PBT) % X— 2R Y ~v—¢ T HKMEE
F 7 J1— ik (Vapor-Grown -nanoCarbon-Fiber : VGCF) . LA @ kK i (Carbon
Fibber : CF) Fi PBT R U'PA66 ./ a v ATy bEHLE LEHRFEM OBEXEE
L& L TERMICHRET LT,

2. £ B
21 A B

R FEBHOERICHLAZABIT. BHICHXEREEFR)OKRY oL PP

(J-900GP, M, =35X10% T,=164°C. p =0.901X10°kg/m®), =FHALZEHR)D 4 5 itk
A Y<—PLA (LACEA H-100) %, ZREMIZIIFA—Y 2 E)DOBMER Snm OF
BEMELEY 2F 4 b MMT (S-BEM NX, Size:0.3~15um) % 3~5wt%FELZDH
DL ILAEFED)D AER Mi(A-11, d=03~15um, p =1.92~220X10’kg/m’) 5wt%



F54H L 7= PP/MMT, PP/Mi B X T'PLAIMMT F/ a v R Yy hTh 5.

—FH. BFTNAA, AANVVAMTART U TLORFKELE B LN B
HOBWELVER)ORY 7F LT L7 % L— bk PBT(Torecon 1100P) K& ONF# S pE
(BR)DAR Y 7 X K 66 (Ube Nylon P2020) THh 5. EFEM L L TiX. BAEIME)
DEAEET /I — AR i VGCF(L=10 2 m, d=0.10 x m and 0.15 z m), LA CF Ik
T F v 7 A(K) © PAN-CF(HTA-C6-NR L=6mm,d=7 z m) & KR T At Z () D
Pitch-CF (SG-244 L=700 p m,d=13 pm) ZZ N ¥ 1~10vol% FE1& L 7%= PBT or
PA66/VGCF, PBT or PA66/PAN-CF or Pitch 7/ 22> R Yy MBI THh 5. Table 1 (24
HAETHWER—ZARYv—¢ 7 4 7—KRO%ZD SEM &% Fig.1 IZ7-7,

Table 1 Matrix and Filler used in the present experiment

Matrix Filler content Note
MMT Idemitsu Kosan Co., Ltd (J -900GP)
PP 5 wt%
Mi Hojun Co., Ltd (S-BEN-NX)
PLA MMT 3 wt% Idemitsu Kosan Co., Ltd (J -900GP)
PBT VGCF Showa Denko Co., Ltd)
PA6 PAN-CF 1~10vol.% | Toho Tenax Co., Ltd (HTA-C6-NR)
PA66 | Pitch-CF Osaka Gas Chemicals Co., Ltd (SG-244)

f) Mica

85,888  ivw KD1S

Fig.1 SEM images of various filler used in this study
22 EREE
2.2.1 Hd L EB OB EEE L AT
R EHOBEBICAVWEEBRIEELMMBICT LY LELD T, Fig2 iR L
AV R (BR) ORFRIEHEKE (BXS0), V¥ XA TSI (BK) DT 40 A
REREHINE - AHRE = br— LB (LK-600PH,L-600 A) & CCD U A 7 THAL
EhTW5s. (FEMIZOVWTIIHEREY A b No.lor 72 H)



CCD cameta

Analyzing plate
Sample

Thermo couple Objective lens

Water
L-Nitrogen
Nitrogen gas
Fig.3 Spherulite images of neat PP observed
Stage D
Heating & codling lble - '}mzmg e by CCD camera at temperature T.

Xr1, X127 - X1, are individual a spherulite areas.
Fig.2 Heating and cooling device for film specimen

INBERICE S KRILZEE O FEMiX., fE3k. DSC (Differential scanning calorimeter)
X BB E ATV, LaL, EF 513 Fig3 Z7T X 5 RFTEOREHR
ETFTCTCCD WAZHhbBONLEEME XoBRPICEHED DGR A O TR

X=X, 2R, MAHERLE R=Xr/XoZRHOOKX (1) TRALTHHT LI,

X: )| 1
log[— ln(l - ZH = nlog(qs] +logx(T) (1)

ZZT, niZRe-o MROBEEX CHERBOMREEZFRT. ¢ XMEAERE. K ITHAEHE
ECTRECEHETHS.
222 FIA Ru U—H

N AR e OO RIEIX JIS K7218-A IRIZHE L Figd IZRT (a) XR—nA v T
2y FY T v 7 (EFM-TI-E) (BR)D (b)) v 7 A 7L — MR Y BEE/EEFE
REREBICL o7, (FEMICOVWTIIHZERREY R F No.26, 27, 28 B R)

1)

Load

Counterpart
(Ball: ¢ 3mm)

_ Counterpart

Sliding surface

Test piece

Test piece ~ Sliding surface

a) Ball-on disc type b) Ring-on-plate type
Fig.4 Schematic drawing of sliding friction/wear testing machine

EEBRITAFAIC S45C (B E R RFEH) 2 A\, 1BV HE 0.3m/s, FELE 150N,



(EJE : %9 0.75Mpa) DM T T, |V FEBE 350~1500miZB1) 5 EHEESRE L &
OLLEFER Vs 2HIE L.

3. BRLEE

3.1 CCD I # 7 & DSC LT & B HENE RALEE & &5 L B i dr

3.2.1 HHXHRE S AL EE

CCD # & DSCHEIZ & » TROIFMFERILE Re TR OMAHE ITKFEL THE S
FEBRITEBEMICS 7 PL S FH#BRE. Rc=0.5 OREh L O RITHERILIBE Tc i
YT 2HDT, MFOM S FHBRE A T Figs 1277, RS PP/MMTS B4
Mo S FHBRIIDSCIZED bV EBMAICT 7 ML, HaLIEE (Re=0.5 15
EDORROFTHR)) X 3~5%REERVIRERICENS.

1

100 110 120 130 140

Fig.5 Relationship between relative crystallization degree and temperature
For PP /MMT5composites obtained by DSC and CCD camera.

3.2.2 KERLEB OEAT

Fig.6 IXIFHIR T IR T 2 E0MIERSYF PLA OFERILESH 2/ NEERIC L VM@
Mrltz. (GEMITAFZEERRY R b No,l )
RSO BELIRICE S £ TORIBEICK T 5 xR RILE Re=X1/X. & mEAHEE
o6& (1) KRALABHRE T 2/87 A —# T R.— ¢ OBEFRREZR L. Zhn
LEFOBRIIERCTRIN, EROMEE niZ/MEREE (Avrami FEHICEL D) LT
Eh2bD0Tn=1~45 BEOETKREDHEELZIADT. T72bHL, nDEN 1, 2,
3, EREL 2B TP - THRIRE, RS, BRFEZTRTLINTVER, 22 TRn=
25~4BEDEET L. iz, 1/¢=0 (or ¢ =1) [ZIT 2Hthh L EREDRKID
FRIINTA—FORBHRE T IR A RRLEEZTT.
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Fig.6 Relationship between relative crystallinity and cooling rate

for PLA/MMT composite at various temperature.
3.3 RFMME CF Fo38 PBT & PAG6 HAMEID F T A A u U —kik & ERAOMHE
331 b A Ku U— |
PBT/VGCF EAM DB E Vs 2PV I E 10T LR v~ —DOHPEBRHEE 2
Rt & fET S5 A b~ —TPE (Elastomer) 20wt% %N L7z, (GEMIIAFZE AR R No.28 2 R)
VWi % PBT/VGCF/TPE @ 3 ST REAM DLLEFER Vs % Fig.7 IR . LEFEE Vs
1Z TPE DN & » TEFEMO b DI TR L, F1Z SEEPS-OH WM D b D 3%

TOZLITTHEEEICENMETHHEILETRBLTVS, &6

IZ Fig.8 1318V BB % /X5 X — # T PA66/VGCF A DR R PV HIZRIET FRIEEK
A RT, RR»LHLNRE I PVHEIXBVEENKRES RDLMFHM L OE
BEICBWTRICHESHER UBBREN/NEL 25 L RKICHEMEDE PA66 1T
VGCF 5vol.% T 5 Z &L THRRIZR 5.

Specific wear rate, LogV, (X 10~ mm3/Nm)
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Fig. 7 Volume fraction dependence of TPE on
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Fig.8 Volume fraction dependence of VGCF

specific wear rate for PBT/VGCF composites on limiting PV value for PA66 composites.



4. %%
FTIHARXROIA 7Y A DT 47— RELELBEEMOKERILES L HE
DTFTAT—HTRMORY ~—T oA {LBEMDOMBAMT ANV LVAFHR N4 R~T
U7Nn, vA47a<vy—r ROVEFHHFEBM ORREZ BRI ERIICKRET LR,
ROKD 2R E"/T-.

T

1) DSCIZ X BRERDERLEBOMITIEICRDBMENTIEL LTCCD I A TIT L BHE
P L BB OB - R ENTIEE R L.

2) PP/MMT A D CCD 7 A 72 X 2 B DKL S H @ O Bl MR s db AL I
DSCIZL B HDITIZFIE—H L., M LBREIX3I~5%DREHBET—HKT 5.

3) MEERICE S IEZRBERCEHMATICIT 2 PLA/MMT EE M ORs A L#EE
KIZBRENBELS RBIZONTEAT 5.

4) PP, PLA RO Zh b EAM ORERILEBITIW T, MEAEEIX K&V A X %
XEL., 74 7—RBEREEROEM E LTERT 2O TREDOHK 2 XET
5. ¥, REOBRBEFEEIXZ7 A T—OREL > THKT 3.

5) VGCF 71 PBT/VGCF ¥ & O TPE #s/0 PBT/VGCF/TPE R# A 411X Svol. %2 E D
HEFIEIZ L > THEREITX TPE ORMMESEFIZR O 14~28%WA L.
SEEPS-OH =5 R &< —HMD b D Tix 48% WP T 5. Thbb, MEFEMENRRA
FLESHELELEMBHIZHKE SN,

6) VGCF5vol.% 7t 18 @ PA66/VGCF E A #11X 0.8MPa-m/ s OE WO RF PVELZ T .

7) THEMHEDEV PBT & PA66 #X—ARY~v—L 35 /)74 7—KRURE=TF A+~
— L D3 EREAMITBEEREEED S EMERAELRAPVEZRNLIES.



3.14 aR Y ~—7 7 kAW T B SEEREE RO AR
Creation of thin films with nano-structure by intermolecular
phase-separation of copolymer brush.

NFEBE, SFRIERE. CHikrE=
THBRERFTERICALFER

Tadatomo KAWAI, Shinya TERAMACHI, Yuzo ITOH
Department of Applied Chemistry, Kogakuin University

Hetero-arm cylindrical copolymer brushes were synthesized by free radical copolymerization of two
kinds of macromonomers. Utilized macromonomers were polydimethylsiloxane, polystyrene, poly(methyl
methacrylate) and poly(ethylene oxide) macromonomer. These macromonomers were copolymerized in the
benzene solution. In the much combination system, there was the phase separation. The copolymer
brushes were analyzed by dual detection size-exclusion chromatography, eluent gradient HPLC and FT-IR.

Keywords: molecular brushes, macromonomer copolymerization,
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AT, BaD~v 7 aE ) v —DMABEDOREIEDHEERZITV AR v —T 7V EEK
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BREFCIZRY PAF LT aXH L (PDMS). R Y AF L A(PS). R Y A X 7 YNLEEAF/V(PMMA),
RYZFLLAFY REPEO)D< 7 BE ) v —BOFMALE LRI OVWTHERZITV., ELEEMH
IZOWTHRE L TE B RESOMAEOEIT, BERY v—, BB ERICFA OWR-HRAR 5B
ERL, K2 OHPCTEEASNRIDILEXALMNE Rote, ARETIX, ZOFELRERA
BZEETB,
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. I I o
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g CHs CHs/n
21 AE ) Polydimethylsiloxane macromonomer
AHRETERY VAFALYRIY v TaE ) v Q ¢Hs

7 a%® ) <—(PS-m, MW 6,000, EEARLIRH), K
AZ T YNEERAFN-<7 aFE ) <—(PMMA-m, MW 5,000,
HEAHARG) RV =FL ot Xy Rvsnt /) v— oH o on
(PEO-m, MW 2,080 & MW 1,100, &7~ T7/V KY w54 Hfgwfmmwﬂfwﬁw@&&&z

(PDMS-m, MW 5,000, v Y ##ZfHt), NI AF L= Hsc4~<cHzCH—)CHzCHzo—c'i—&=CH3

Polystyrene macromonomer

EYA2ERA Lz, RERIGEIZ, WThbAFZ 7 Ui c=0 ) OH
Thbd, RERLESDFRIN I TETH S, OCH, [,

Poly(methyl methacrylate) macromonomer

. = O CHs

22 EEARTOMRBOHERE . CHs{O-CHz CHz)}0—~E-C=ChHa
~suE®)v—0N)/~r/aE/)v—Q),/ XrEr% n

OFRRER . BUNRE & R L 60°CTHER L.

Poly(ethylene oxide) macromonomer

Fig.-1. Sample of macromonomers
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Ba D~ 7aE ) ~v—DHEARMMABRIZIBWT, BEIZE 2, BRAENIZ AIBN ZHVy, 60C
WCTPHNEEEIToT-, LEA%. BRI 2 BSERRERRD DRI, ThEho
HEOBR LAY ~—RoZEIR L,

2.3 O FHEERAT

aR Y v —DAERMHERIZIL, SEC Z AV -, FEEIZ. 'H NMRICX WRdz, £i-, B
W75 b HPLC IZ & Y #RHAA DN 2, FI-IR I & D BREEDREIT 2, ThETh il A
7=

3. MRLBE

3.1 Macromonomer 1,/ Macromonomer 2,/ Benzene & DFHIKHE

FRBEDREFRIZ, Fig-1 IR LTz~ vE ) v — %5 AE0EITo 70, B REAE bR D%
=4y B % Fig.-2 ISR T,

Fig.-2(a){Zi%. PDMS-mPS-m Benzene ROFEM %R L1z, WA 80% (T I HAS B dh#R 2338
BB, IEVHARREF CHOBET D Z N bhrotz, & DITMAARMBRIZ )0 & T BRI
SEEERFREZ L, OB Lz TR OMEOMBEBIEREICRY . BT TRICLERELIAF LY
SRBE- T, FEOFERIZ. PDMS-m/PMMA-m,Benzene 2. PDMS-m,PEO-m, Benzene
R. THHELNT,

Fig.-2(b)iZiX. PS-m,/PMMA-m,Benzene DK %7 Uiz, WEEEAK 50%4H3T I HE 53 B R 53
BOLN, ETEEREINDH 2 HOOERMICHOMEEZ L, %7, PS-m/PEO-mBenzene
RITBWTHIEEA S0%TICAESBERNGRD D, ZORTIE, BEROLMESBIEX
TREGHAE LMAOBERETH T,

Fig.-2(c) (ZiZ. PEO-m,/PMMA-m/Benzene ZNDHER %R L7z, ZOFRTIL, 60°CITIBWTIA
WHR B T — R E 2D Z B RH I,
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VAR VAR \ N
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08 - 02 28 02 o8 - 02
/ 3 N AN, / /N
/\/ g A N/ \ /\/\/v \/\ / \ \VAV \A
N/ SN SN SN/
. \/ \/ \/ . \ . . N \ / .
02 04 08 02 £ 08 1 N 02 04 06 08 1
PMMA-m  PEO-m PMMA-m

(a) PDMS-m,/PS-m/Benzene (b) PS-m,/PMMA-mBenzene (c) PEO-m/PMMA-m~Benzene

Fig2 Cloud points curves of Macromonomer 1,”Macromonomer 2,/ Benzene at 60°C

32 aRY=—T T OER LBV
aRy<w—75 DAL, Fig-l IZRLEZ~v7 8% ) v—DEAEDETITo, EDOH
PS-m,/PDMS-m. PS-m,/PMMA-m, PS-m,/PEO-m {ZDVNT/RT,

3.2.1 PS-m,/PDMS-m,/Benzene %

PS-m,/PDMS-m,/ Benzene Rit. H—RTiI~ 7 0 €/ v —EBENMEND, AOBERTI Y
INKEEEEIToT,

FPHBEAICELD., B 75% CORRISOMABE /3 L Z OB ERE L, HOBELIZZ
NENOHOMBITIEFIZRY . EABIZTHICLERE LS AF LV UERBEN T,

£EHIL, A DO 0E /) v — (MR T, B 75%. BRAANC AIBN % fiV> 60°CT 48 B
M Tz, HEABLERMIC 2 AOBERESHERS A TWEDT, ZZE0oMEZ oL, R



Table 1.  Preparation of Poly(PS-co-PDMS) by radical copolymerization in benzene at 60°Cfor 48h.
Feed(g) Styrene Content ( wt.% )

Ségg)ele PS-m PDMS-m Benzene AIBN phase C;I:;)ezstiigzlggstge (P:‘(r);cotli;?:(%)
PSPDMSS28 0.6876  2.6730  8.6881  0.0504 Eg‘{’;‘; 72:23 73:(2)‘3)
PSPDMSS46 1.3316 20195 56994  0.0494 fﬁ%ﬁi 9383 sgﬁg
PSPDMSS64 20191 14158 87458  0.0508 ILJ(I)’VI;Z; 82:‘;‘; 8—;’:?,3
PSPDMSS82 27406 07020 89234  0.0511 ‘nggg Sggg I

1) Determined by 'H NMR; JEOL EX270, CDCl,

2) Fractionated by SEC
Uw—maZEIR Lz, TRENOMENLELNZaRY v —fkix. EFHIZIAF L UFEBK
. THRIEAFLVUVEEREL ., BRRRISRDZNENOMHDMMICKIEL TS Z AL
helpol,

TOZRTIE. KRG~z uat/)v—taRYv—RNSECIZX W DBEFIRETH o772, aRr Y
< —%NRL, SEARIRHERUV)— ~EEFRHIFER) ZERH SEC IZX Y R TOLFEIZ
R HRARRE R, ZEHMBRM SEC X, RIHBI LY aRY =—0, UVRHEBFICL Y AF L
vazy hOFENFNOEEEZ REL 2 HET, HRAERY v —RBWTIBKRT TOHFY
A XN FEZRELDZENAHET, ZHRH SECICK VR FEICHTHAF L=y b
DB ERDBZLENTESD, aRY~>—T 7V TR, DFVAABEOETERFE~EHBLTE
RV, aRYw—lREIGEYZ BE ) v—DORINITEHTH S, ZEHRM SEC DFERH 2R
Y= DAF VU ERBREIEOFRIIIIE L TV, ZORICBWTIE, TR ENDOMET
HEENBIY, RESHEBORZRZaRY v—DBERTHZ LB, ALNLRoT,

FMERERAEEAVWS T U FHPLC I & B0 DT 212, 777 = F HPLC
X, BHEORL S 2 BOBBHEOMBEEZBREILIEEZLICEVHBEORLRIRY v~—F %
DT B HET, HetaR ) <=—7 T 7 baR ) <v—0MBOHAOREICEAINTEZ, K
BrEaRY v—75 OO DEATICER LT 2R, Lo, Bkl 55585 M
ORI L1 5T, R~ vE /) v—LaR) v—0OHARLRFEERBFONT, -,
RIS U EHMEB L IZR R ABHIED 7 a< 7T AR VMM ERALNNCTHZ LIXT
Xlehot, KETOMRTREREZ2DIX, aRY v—T7 7 &0 RS FHEICHET S
NI,

PAE X Y. PS-m/PDMS-m, Benzene & Ti&, ¥J—R DA AEBOMBEDO 2R Y = —
TI3VEBRTAZENBERETHAZ L, b aR)w—T 7 VDo FREMITICEDS L TIC
Z ORI BA LN E 20T,

3.2.2 PS-m/PMMA-m,/Benzene &
PS-m,/PMMA-m, Benzene & Tix. BH—REHDBRCTHESZIT o1
FPHBESICELD., B 50% TORKIGEDTAEZ DB LZ ORRERE LTz, &HHOMRMIE

Table 2. Preparation of Poly(PS-co-PMMA) by radical copolymerization in benzene at 60°Cfor 48h.
Sample Feed(g) Styrene Content ( wt.% ) *

Composition in the Fractionated

Code PS-m PMMA-m Benzene AIBN phase respective phase Copolymer 2)
PSPMMA731 1.0507 04520  2.8198 0.0067 57.0
PSPMMAS51 0.7750  0.7506  2.8100 0.0066 413
PSPMMA371 0.4497  1.0501 2.8306 0.0066 21.7
Upper 70.2 65.8
PSPMMA732 1.0575  0.4610 1.5252  0.0045 Lower 44.9 44.0
Upper 55.6 45.9
PSPMMASS52 0.7540  0.7590 1.5179  0.0045 Lower 318 216
Upper 24.1 28.9
PSPMMA372 0.4532  1.0640 1.5096  0.0047 Lower 237 216

1) Determined by '"H NMR; JEOL ECX400, CDCl,
2) Fractionated by SEC
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T 1 IGEVVETH D L FREND, LL, BRFEERTIIAFLUVERRTRLZ &M
5, aRY=—7FVOMBEENT~ I vE ) v —DOIEAKINIZIIT B RIS T Tid/
. BRAULIOBESFEIOWEEAMI Z R TREN, £z, B 2R Y ~—o HPLC IZ
X BRSO O A RBN, Fx ONBESETORIZ L b b9, RIS LA E
LIZERABHOZu< NS ARELN, £, T LA~ORERENEIEZ Y, EER
MR EALNITBZ LI TE ok, aRYv—0DH T LA~DBNEREIZ, aRY) v—
75T WD BB S FREEICHET A Z E BRI I,

ThbaRy=—7 7 VOV TEREEDHENT %, FI-R ICTRAT, XUEVREROY S
FADYT kN EBELBARBD LN, AFVCERRB TR L 1493cm” X ¥ VB ERIREH
IREERIZY 7 P L, X5I2756 cm™ & 699 cm'C-H BAEARBIOC— 7 @EL LIET L,
IRLDEE. w7 aE ) v—RREADELLOTIHRBERINT., aRfY~—T7 7 0EE
WCEET A Z AR AN, 2B, PMMA B3ROV 7 F IR RBO b 2o, Th
BIZOWNWT, T X BT 2TV EREEDFEMZ RS LT\ 5,

A5z, BFRABEMEICLY aR) ~—T 7 VOWBEREERL, BROSFHENBIES
Nz, Lal, REBELENELZRVWEIRTWRWED, I ORLZBFIEZIToTWD,

PLE X V. PS-m/PMMA-m,/ Benzene % Tlid. REGDHAR L HMIEESE OIS L U052
RY<r/aE)w—0EHERIZTHEVELL TN N, MOBELES 4 DHETOES
Kisit. BAOETICHE BREOBTOMEBHNIS I VR LRV EZZ TR, RHY—RIZ
BOWTHHALMBRERINT A2 LICL Y HIBREEEOHRO AR v —T 7V 2EMTHZ
LITFRETH B LEEZOND, BB, JVELSFEEROaRY v—7 7 U TITHEBREILIED
I i, BREWZ L THAB,

3.2.3 PS-m,/PEO-m,/Benzene %

PS-m, PEO-m, Benzene 3% TiX. PS-m & PEO-m DALARARRIZ, 3:7. 5:5. 73 & L., B 65%
DF L VI 55% CTHRE OEITIHEVFEDBET 2 AT etED H 5% & T, BRZAANIC AIBN Z AV 60°C
T 24 BT o7z, HEABERIZ. H—HTH L REAOEITICHEVIEROREMS EF- L.
FTRTORECHBNRD bR, v 7 aRRSBRIR bR olz, £l B 55%& L
RB DL TNV EE LT, FREHT, RIS XV EIR L,

EUR L7 EAEROMARIT. 'H NMR (2 & VR, kNI, VOVl 2 S ATRETH
E L7,

TDRTIE, KRG~ aE ) v—LraRy<v—iL, SEC HICHBERARFRETH -T2, &
MHC & 0 R PEO-m % FEEHHIEIC X W RS PS-m DREERL T2, RRIE~70E /) < —
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Table 3. Preparation of Poly(PS-co-PEO) by radical copolymerization."

~— DB BNZHZ T D HPLC Feed (g) Styrene Content
Sample (Wt%)?
%ﬁgb \ﬁﬁflo L2 l/\ '/:I‘\@@a*sl' Code ition 1
. PS-m PEO-m Benzene AIBN  Compositionin the
X, FIVERD DIFFEIZ & 0 Z OfiFtT respective phase
WTC&fpdote, 703 PEO-m ¥ PSPEOQ)731 1401 _0.600 3710 _0.014 71.0
s 4 PSPEO(2)551 1.001 1.006 _ 3.720 0.014 493
BMEGHAT, PSPEO(2)371 0.600 1.400 _ 3.727 _0.014 275
TNDERERBLIZZ &b, PSPEO(2)732 1.400 0.600  2.452  0.007 69.3
PEO-m FIZ 2’ ERetE® /<~ —MB7E  PSPEO(2)552 1.352 1350  3.308  0.008 50.7
UBEHE 7L % AR U T- FTBEMEAS S, . DSPEO()3T2 0.600 1399  2.462  0.007 30.0

'HNMR (Z & % #RERABAT 2> 5 b AT HE

AR XN T,
IhpbaRy=—T7FUNIDNT

BIRIEE DN %, FT-IR [T TRA

1) PEO macromonomer molecular weight: 2080, Solvent: benzene,
Temp.: 60°C Reaction Time; 24h.
2) Determined by '"H NMR; JEOL ECX400, CDCl,

Table 4. Preparation of Poly(PS-co-PEO) by radical copolymerization."

. 0 Styrene Content
o MEEAGLBENBROIRY gy Feed (g) Nt
~—77 V%Ltf&‘a‘é L. PEO # Code PS.m  PEO.m Benzene AIBN  ComPposition in the
CHAHRD Y 7 FADY T | L3R respective phase
Dl —
72% PMMA H13€ C=0 ¥ 7" F/VITIX  pspEO(1371 0303 0.700 _ 1.859  0.007 30.5
TR NN &, R PSPEO(1)732 0701 0299 1237 0.004 73.1
S PEO-M B snn- bicky  PSPEO(1)S52 0497 0500 1242 0.003 66.4

PSPEO(1)372_ 0302 0.703 _ 1.227 _ 0.003 715

aRY <w—7F v ORIGEEENRE
L. %8 & LT PEO &fskny 7
FTABERRBD N Bbhs,
IhHDOER, EDL D REKRE

1) PEO macromonomer molecular weight: 1100, Solvent: benzene,
Temp.: 60°C Reaction Time; 24h.
2) Determined by 'H NMR; JEOL ECX400, CDCl,

EERLTNDOME, SHE LR BETINLETHD,

325 FofioFk

PDMS-m,” PEO-m, Benzene & & PDMS-m,/PMMA-m,”Benzene R B—R Tlx~v 7€/ <v—

BESMENEZD, HHOBRTTI OINEERZITo, ZRLORITH—HEREOLHTHEL,
D ORI R T aRY v—T 5V NERENT-, PMMA-m,/PEO-m,Benzene #i. JAV A
REFETE— L Rollod, BrD~vr7u® /) ~—RECBITHEASEZRT L, BR. &
PEO-m RHRIZ I\ TH AL Z  Z'EREME PEO-m DREL O, ZOFRTH, FLIRIZX
D E KSR 2R T, BIETOMELBITT TH S,

4. ¥

UELY, (&7 oE/ ~—BEEETIE. SERBRESBRIEN-OEEENEZY
12V, EANBIZDICIX. REEBES 5, $hbbvsut /) v—RER2 LT54
ERbD, ZDD, w7 8F ) v—DHAEDRICL > THOBELZRERDD, H—HRE
OO THRVVESBER CTRITNE., HABEITIaR)~~—T 7 VOMREEEICHET5Z L MB7A
BETHBZ LA, PS-m/PMMA-m, Benzene RICL VALNE RS T2,

hbaRy<w—7F IO T, FIHIR K CERBEDN 21To72, PS BRDOALRLTH
BEOEICEBWNTYH., RUPVBHRRDOY SFADYT N EBELREILRIRD b, BE,
M B REERIT 2 ED TR Y BIEREEE L OB LRF LTV 5,

ABiC, BFEAEMEICLY aRY ~—T 7 VOBEBREZRAAL, BROSTFHEENBES
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Control of Nucleation and Size Distribution of Crystals from Solution

REHMLFETER g FR
REMLZETERN RAM
RECFTFER RE
REAFTEN B
RRAEXRE FER R

Department of Environmental Chemical Engineering Naotake Katoh
Department of Environmental Chemical Engineering  Tsutomu Nakata
Waseda University [zumi Hirasawa

In order to generate nano-size crystals, we attempted to irradiate ultrasonic wave into a batch cooling
crystallizer. In case of usual batch cooling operation, nucleation did not occurred at saturation
concentration and occurred at supersaturation condition. Conversely, in case of batch cooling operation
with ultrasonic wave,nucleation occurred at undersaturation concentration. Experimental results showed
that KNOs crystal size of order 1 micrometer was obtained at undersaturation concentration by use of
ultrasonic wave. Furthermore,we attempted to irradiate ultrasonic wave into a batch reactive crystallizer.
Experimental results showed that by use of ultrasonic wave reaction and nucleation process were strongly
influenced whereas crystal growth process was not influenced and CaCOj; crystal size of order of 3
micrometer was obtained.

Keywords:batch cooling crystallization,nucleation,ultrasonic wave
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: _ @ @ @ Online Crystal Size Analyzer
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Fig.1 Schematic diagram of experimental apparatus

3.2 EBRFIE
3.2.1 {AEEAT

EBRFIEOWM % Fig.2 IR T, Hik 200 [mL]1ZEFE 500 [mLID Y ¥ & v Mt@EHEQIZ AL, HBHK
¥y ML, #ik% 35 [CCIREEICT 5, IRIZHEERS U 7 A(KNOs) % 75.68[glfikicA L, B&
MY, 2D 75.68 [glix, #ik 25 [°Cl. 200 [mLICOREERD U ¥ ADOEREICH T 5. IREZ HIER
R 28 [ClE T TFiF. FBRMOIZ & 5834 S OWEREREORIEZE L., 7077 AN ZOCGRRE
FLESHAE PCC-7000)1Z & - T 40 [minl 223 T 20[°C1 % THEI L7, BE A EBEQ(= A = L7 — UH-50)
1AW 20 [kHzl. HA 50 WICHIERIEE & HICRE L., BIERTE TRE LETZ, sk LzX i
AEBROERIT. EGESEITICET 2HEREEOHETN FBRMOIL LY, AV 74 TRIETESHZ L,
LMo T, BEROBRL, BRRE~DOEEBLANAMBZ LN TESLILTHD, £/, FBRM X 05
pmS 1000y mETORREZRETH I LHTE D,

BERICE Y GTENICRIANRREET S Z LI H0Bx b5, TI T, MEaOFE, MR FHEME

(AY 28, BX51) ICK-oTHHIELE, 20L&, U TNORELEZRBIZIFRCICRD XL DI
LCH o PP ORESRDOAERSLCER 2R Tzdic, IRE#FHE 200CHh5H 28CL L,

Adjustment of KNO ;3 solution === 35[C]

A 4
— KNO 3 undersaturated solution ===« 28[C]

Ultrasonic
wave

A\ 4

KNO ; saturated solution === 25[C]

v
KNO ; supersaturated solution ===+ 20 [C]

v
KNO ;3 crystal

Fig.2 Experimental scheme

3.2.2 RS eBAT
ERRIERITITT Fig.l L AETH S, 300mL OFEATRIZHELA VT T LKEEK 100mL ZHA, KRIZHR
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WKFR->ThH, BRI h T, 10 JIEEEN T, M 233 CTRADPERBBDOND, £ L TEITE
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Fig.4 CSD and temperature transients(with irradiation)
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Fig.5 Experimental results(without irradiation) ~ Fig.6 Experimental results(with irradiation)

Fig.5 TIXEERBAMEEN 7 5 TODMBIFREMES (v v MO BB L. @D 10~30p m DRE2HE

EEHENS EEboTW5, CaztAf A iBEIX 30 HEITITITIE 0% HE S TW5, AR ERIED
WERLTWS, Fig6 Tk, QLQDEEOHEHRSIIRZ HF. Ca¥A( A IREIT 30 FETH 50%L
DEE STV, ZHTBEFRRIICE > T, OOMMRESFERT 2BHENEE TNWDH B2
LIZEVBATE S,

Fig.5,Fig.6 1% L CAR LTIEROBEMESTE 2 ThEh Fig.7Fig8 (I~ 7, BEREZRHE L2
Fig.7 Tit. CaCOs#ERDTHRIEIIF 15 m, FMBORITINVETH S Z L13bA 5, BEKREZR
5 L7 Fig.8 Tit. FROFEHIRRIIN S pm Lo TRY ., BEHEMFIC L ARFERPHHE L TV 5
T ENbnB, ERIRIIEICR>TEY IRLBERSRICEZbDLEERZ OGNS, ThbL, BEER
Bizk v, BE - ERABRORE, ERRRBROMENPEE TWDZ &R bh5,

b. #E

KNOs # AW =B HETRIEICE
Bz BT 2EREITVROMRZR
7o

(1) REFEHRT1 ~4 pm O

HRBERLTWEZ L%
FBRM, Xt ZB5EE Cread L 7=,

(2) BERIIWANCL 2EHREIC
‘ : X EALEE LW ERD

R ‘L i N holz,

Fig.7 Crystal picture(t=30min)  Fig.8 Crystal picture(t=30min)
(without irradiation) (with irradiation)

CaClz & NaCOs »>5 CaCOs & AR $ 5 RS ST ERAEICB S 2 i 2 EREITWVIROMREZ/T,
(3) Khs - ERABR CIIRAZRET 2, BRI LY USEMEIT 28R 2R L,
(4) MRRERERETITEFRIRIBDONLR1oT,
BIFSCHR 1) 1CFE  TEMML  ARRH D ORSRER p95, SRR (2002)  2) /R, BA. R EFTFERE 39 EK
FRE (2007)
WEEE 1. BAE . Mg MR, TR R EFETHERE 2EFES, B (2007) 2. % #E—. e s
TR R ALFETHAE 40 EHREKRRQ007) 3. BEAE 1 TH¥BRKHELRC (2007) 4. % HE—: THFRX
FEEHIL (2008) 5. {FHE % THERAFELIHRI(2009)



3. 2. 2 FREMECKLDHEEMEDBESEERED
(TR 72 1T

Reduction in platinum use or substitution of platinum
by nano surface control for platinum-based catalyst

FtE B - RE %
TEFRERZFETERIGHAEER

Akira Igarashi and Hajime Iida
Department of Applied Chemistry, Faculty of Engineering, Kogakuin University

In order to reduce in the amount of Pt use in Pt-based catalysts for water gas shift reaction at
low-temperature (LT-WGS), the effects of supports, Re addition, Pt precursors, and the drying conditions in
the catalyst preparation on the catalytic properties and activities of Pt-based catalysts were examined. The
Pt-Re/TiO; (R: Rutile) had superior catalytic activity for LT-WGS among the prepared Pt-based catalysts.
In addition, the sub-critical drying (SubCD) with Pt (CsH;0,), precursor was an effective preparation
method for the reduction of the amount of Pt use by the increase in the Pt dispersion and catalytic activity
of Pt-Re/TiO; (R).

Keywords: Water gas shift reaction, Pt-Re/TiO; catalyst, Sub-critical drying

1. 2 ALEMET. A EETEICBIT2EE T 7VOHERA VT 4 v DOKRFELEZIED
L LT, HEEOHEN RSB EAEBILED(VOC)D 3R & D, & F & F il RS fE
AEhTW5, @, Beiiix, BE L JiTh 2Bk ERRLZ b OBEMERCEMER LY 2 L
DOFRE LICEBEHBE - HELEME L LTERENS, BRI, BHRECHNRHV &
HTHHITH2Nb LT, KL TIIRERESME L L CORARBELTEY, Zhbofiio
B & B DR D 5 VI ASERARBMEE OB RTLEIN TV A,

T, BEEES FRENE (PEFC)D7=® DRILARDAERK[KEIZ L2 AR ET v X T
IX. PEFC DOREMBEZ HEFHT D CO DIEKBDO -0, WEITRICHEW TRIBAMET X7 +
(LT-WGS)F Gt {Tebivd, #H. LT-WGS KNV H L5 Cu-Zn RAEIIIKIR T <hziE
HEFTEOD, BEEEKT COMAEICRIEND D Z b, ALKEMEZ2E AT 2R 508
Hb, LrL., BEEMBEIY Cu-Zn +ﬁ$&§&tb«ﬂf&rﬂ/ﬁr¢w&w ENG, RS ER D /N
bB LB EEFEREDERBD = DI, T N-MEEEZ2 R T HEFASRMEDORRE N SLE L
EhTwna,

Z 2 CAFR T, BEEDORNTYH LIEWGS SIS <V fliiE M 2 R4 85 Pt filgt Voo
EiEm ERB X O PtEREBOERBOZOIC, HEEOFEE. Re HN, 3 XU Pt HIEFE OFELED Pt
Ly B BE O TEMEIC B 2 D REBIZOWVWTRFIEMA D Z iz Lz, &6, HEE~D PtOES
RO 7= 512, SR FHRNEIC O W TR Z X, B Pt o—BoEMEEkic X % PtiEHE
DIEBERDZ L 2HRBE LT,

2. EBR  HEFPARET, AREEE, %ﬂﬁﬂa@ﬁz (TD), FiRBEEAFEIE (HTSCD), X OV
Be R (SubCD)IZ & - TFHAM L7z, Table 112, HEEDOHRFERIZR Lz, Zh b HREEER
2. BERRALER (500 °C, 1 h FiR, FHEEE, 1 hf%i% ZERRMF)E L CTHEEE Lz, Pt DHER
BHZIE Table 2 127 L7- 5 BEO Pt %, Re DZENICITBL =V AT VEF=U L E2HEHL
7. RBEEBEEIC L AT CIX, HFEFE2E 2 C3EEOMBE LM L-, T Re #1HEF
LTH 5 Pt 248 U7~ (Re—Pt), 2 Pt ZHFF L TH 6 Re ZHE L72filfit (Pt—Re), B &
U'Pt & Re ZFFIZER L CRREL L7l (Pt Re)TH 5,

HTSCD 33 & 1% SubCD fifiiZ, L FOFRIETHB Lz, £3°, Berk (500 °C, 1h FiR, 1 h fREF, 22
K[ETH) L7 TIO, K (it 2 AR JRC-TIO-6, MFLATE 0.5 ml/g)c, WL =7 AT
FoWw ALY ) — VAR E Re AR E 0.67wt% & 725 L 9 IZEE L, R%M: TR L T Re/TiO,
R)Y%EBT-, OFIZ, EATEFATE M FEE (P(CsH;,0,),) % 7213 B &BE S K



Table 1 Support source

Support Support source Manufacturer
710, Zr0O,*xH,0 Mitsuwa chemicals
AL O; JRC-ALO-6
TiO, (A: Anatase) JRC-TIO-1 Reference catalyst of the catalysis society of
TiO, (R: Rutile) RCGTIO3 fopan
JRC-TIO-6

Table 2 Pt precursor

Precursor Purity (%) Manufacturer Solvent
H,PtCl¢* 6H,O min. 98.5 Nacalai Tesque Inc. Water
Pt(CsH;05), 97 Aldrich Chem. Co. Ltd. Ethanol
[Pt(NH;)4]Cl, min. 98 Tanaka Kikinzoku Kougyo K. K. Water
[Pt(NH;)4]J(NOs), 98 Aldrich Chem. Co. Ltd. Water
cis-[Pt(NO2)(NHs),] min. 98 Tanaka Kikinzoku Kougyo K. K. Water

(H,PtCls * 6H,0) MV VAR % PHHSABZ B 1.0 wi% & 725 K O ICER (BEMAAMREL =23, =
5 24 h HE)LIZH, n-X0 ¥y (BBRIBE: 1968 C, ERRES: 3.32 MPa)Z BERIAIE L LT
SubCD (150 °C, 3.0, 15.0, 20.0 MPa, 0.5 h), = 7zi% HTSCD (300 °C, 20.0 MPa, 0.5 h) 1772\, [F%&H
TBERK LT SubCD filitfit & HTSCD fitfil % 57-, F£7-, Bz (TDMEIL, FRICER L1,
TD (100 °C, 0.1 MPa, 12 h)Z Jiti L TFARL L 7=, 2233, sl & L CTHifR® Cu-ZnO it (C18-7, X
— R I —flid 2 A L7,

g RERBR X, BEEEKRMEXGEBZER Lz, £9. Ml 0.5ml 2 3A Ly R
H 5 ABO KRS I TR L, iR TR (500 °C, 1 h HiE, FHREE, 1 h f/EF, H, RIEH) %5 L
7ro OEIZ, Ny BEEK T T175 CE THRIRL7Z%. HO. BT A DIETHAGZ B L=,
H ZIZ1E CO (99.95 %) D\ MTHELIZE A (CO: 10 %, COy: 15 %, Hy: 75 %) 2R L7z, RUGIR
EEIE 175 Ch5 275 °C. ZEREEEIL 9,500 h™' (CO E:¥E) % 7213 40,000 h™' (total) T&H 5,

R4 it > TEM 81221213, JEM-2010F JEOL)Z i fH L7, CO{LFHREBOBEIEIZIX, ER
g B ELERE (ASAP2010C ; Micromeritics) & AV 2, £ DEE, AT T DBRALE (200 C,
8 h, EZHER) & MNBVLER (300 °C,0.5h, He [t & i L. 35 CTREFRBRE B, 2B, Pt
ISEBEEIL, CO AT _RTPt EIZPt/CO = 1 ORI TEE L7 LIKEL T, COLEREEDND
BHLUE, 72, F—rF—"—HE (TOF), TRLLEMEY A FTH D Pt BHREHELZY D
EHE, UTOXSICEE L,

TOF = FCOX Xco / (VCOXM/O.0224) (l)
Z 2T, Feo lAHE#E L7= CO ENAGRE (mol s™'). Xco IX CO BE{LHE (1), Veold CO (LFRAER
(m*-STP/g-cat), & LT M i3fiffi & () Th 5,

3. R LEE . HEAOREENER Pt OMBIEMES Pt 2BEICE 2 2B OVWTR
=t N % 7=, Table 3 (22 Pt il D fREIE M & it % 7R L7225, PUTIO, (R)X° PU/TIO; (A: Anatase)
13, PY/ZrO, =2 P/ALO; & ¥ & BET REFESC CO (LFRBEEIN/NIWICH30b 6§, fEEEMED
BN LMD, ZhUE, PLRIFOMIMEIC X ATEHEADOEME Y b Pt L HEOHEEIERICX
B S OB (L RO EICKRESHELTWD Z L ZRRL TW5D, 72, PYTIO,
(R)IX PUTIO, (A)& ¥ b BET REFEMEVIT b Ab b FBHEMER B VA, 24T PYTIO; (R)
D Pt SYEEEN PUTIO, (A)DEFN LY b REWZDTH DL EZHIND, Ptlg YoV OfETENEZ
k45 & . PUTIO; (R)DZ Ui PYALO; DI 20 £ TH YV . TiO, (R) DA 23 KHE 22 f &t D 7]
L PtERBEOEBICHEND D Z & ARSI,

ST, BAEBOBMIOWTRNZ M 7z, HRFERMEICE_SBRERMLI _t&R
il DT L LT, TV RERALV =T 4 — I U TR B D, PYALO; il ~D Re ¥
A P F O E b5 L, fERE LT/T 7 4 v OKRF(L2EE G LT, FEERREK
KE IR LTDEAZ Z LAY YV LV OREOH L2 6T EBRESNA TS Y, 22



Table 3 Effect of support on the catalytic properties and activities of supported Pt catalysts

Catalytic activity per

BET surf: ; a2 : )
Catalyst” sur2 ace area Pt particle size © Pt dispersion CO. . unit mass of Pt
(m“/g) (nm) (%) conversion® -1 -1
(mol h™ gp )
Pt/AL,O3 180 22 50.5 1.7 0.30
Pt/ZrO, 75 24 47.6 16.9 1.76
Pt/TiO, (A) 74 4.0 28.1 33.0 3.82
Pt/TiO, (R) 44 2.9 38.6 52.3 6.05

1) Pt 3 wt%, Pt precursor: H,PtCls-6H,0.
2) After LT-WGS.

3) Feed gas: CO(99.95%), Reaction temperature: 250°C, H,0/CO = 1.5, S.V. (on the basis of CO) = 9,500 h .

T, PUTIO, R)IZXFT % Re Aol iyE Iz

B2 DRI DOWTHAT, Fig. 1 13, Pt & 100 Equilibrgh =~ - . __

Re DEFFLLR L BRIEFZE X CRAMLL | g
BOMMIENETH D, KA 5, PtHEFFEN 3.0 80 |

wt%, Re HHFFEB 20 %D & FIT, bo b o

ETEMAE N L8 bh B, —F, HiFE =

B 2 TR U i o fiEvE 2 el 560 |

BE, PBEEMEICE X HHEII Pt L Re D §

BRI ERESROA, bo L bEVEEE By | - None

TEPEZIR L72DIL Pt & Re ZRAFFICHERFLEZ 3 ®: Re 1.0 wi% (Re—PY)
it cH v . HIRD Cu-ZnO X 5k O A: Re2.0 wt% (Re—Pt)
BEME TR L bbb, ok, Coffg 20§ 5 oo
b 250 CULETHMED A # > ORIERRD b B Pt-Re (20 wi%)
7223, COy BIRFEIT 99 %LL T o7z, Table 0 , , <: Commercial Cu-ZnO

41z, PYTiO, (R) & Pt-Re/TiO, (R)?® TEM 7>
HELNTE Pt I FOFHR (AT U E)E
CO #x(bE, ZNH2OHEM L7z TOF, Pt 1g
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Temperature (°C)
Fig. 1 Effect of Re addition to Pt/TiO, (R)on catalytic

%’l T: D o)ﬁﬂﬂ%ﬁ:\‘ l/ f:o %z}) % N Pt/TiOZ (R) activity_

~® Re TN Pt L F+OWALE 726 L, Pt content : 3.0 wt%, Pt precursor : H,PtClg* 6H,0,
FRRfEEEOR FIcEE L TWAZ N Feed gas: Quasi reformed gas (CO (10 %) - CO,
PhB, T, Prig %ich OMPEEHED, Re (13 %) - Hy(75%), SV:: 4000007, H,0/CO

DI L > TR 2 fZIZHEM L, Re DEIHR
PtEAEDIEBEZ L6 TZ ENTRRINT,

Table 4 Catalytic activities and properties of Pt and Pt-Re catalysts
CO

Catalytic activity per

S 1,2) 102
Pt particle size TOF ”“'x10 .
P (nm) conversion" 1 unit mafs OfP:
(%) ) (mol h™ g.pi™)
PY/TiO2 (R) 32 33.0 16.9 111
Pt-Re/TiO2 (R)” 2.1 65.0 216 2.18

1) Reaction temperature: 225 °C.
2) TOF was calculated from the Pt particle size on TEM micrograph.
3) Pt: 3.0 wt%, Re : 2.0 wt%, Impregnation procedure : Re—Pt.

E 512, Pt OHBFRRHI DWW TR Z I 72, EESROSBURRIL, HEORERCHEEE



BOBEFE, BLOEBOHBFEEHIKRE KFET D, i, EESRREOfEHEAIC
DRERFECHIRIBE, HHNIITNHIC
HET 25 R DIRE 72 L OFk 4 7R BRI 100
EHEEBOSBREBICEELEX DD T
Hb, £ T, fExDPtHEREZHANT %0
Pt-Re/TiO, R)ZFAM L, MEMEICE R D
BEBIZOWTHREZIMA 7, Fig.213, £h
b D OIEN TH D, 2B, Pt HEF
13 1.0 wt%. Re HEFE130.67 wt% TH 5,
IS D FEFIIZ, Pt(CsH70,), > HyPtClg *
6H,0 > [Pt(NH3),]Cl, > [Pt(NH;3)4J(NO3), >
cis- [Pt(NOz)z(NH3)2] Tbh-o 7z

Table 5 |2, Fi4 0D Pt HHFeEUEA & 70 L 20
7= Pt-Re/T102 (R DRI TR & Mtk & £
Lz, ¥, PY(CsH,0.), ORI L7 0 . . ' l
it D Pt EEN b o E b EW I & 175 200 225 250 275 300
b, LTehh»oT, FfE D3 i f 5 TS Temperature (°C)
PEIE, PUCsH, 0, DFERIC L 2 Pt DB O: HyPtClee6H,0, @: PYCsH;0,),, A: [Pt(NH;),]CL,
{LICEBRT S EExDbND, £/, PtlgH O: [Pt(NH3),J(NO3),, M: cis-[Pt(NO,),(NH;),],
72 0 OfREIEME Y. RO HyPtClg « 6H,0 <: Commercial Cu-ZnO
MSTRL LUt DZNDOK 13 £ Toho  Fig. 2 Catalytic activities and properties of Pt-Re/TiO, (R)
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7o S BIT, RMEEOMETEMEIT, RIGE catalysts prepared from various Pt precursors.

EE 250 C THER®D Cu-ZnO it 2 #8 2 TV Pt content: 1.0 wt%, Re content: 0.67 wt%,

B Ehb, PY(CsH,0,), DERIZ L - T Pt Impregnation plrocedure: Pt*Re,Feed gas : CO(99.95 %),
EHES 1.0 % FITERTE 52 &2 8.V.=9,500h™", H,0/CO =1.5.

ARINT,
Table 5 Catalytic activities and properties of Pt-Re/TiO; (R) catalysts prepared from various Pt precursors

CO . . 2) Catalytic activity per
Precursor conversion” Pt dispersion TOF (s 1) unit mass of Pt

(%) (%) mol h™'gr")
PY(CsH702)2 59.7 52,5 22 214
H2PtCls - 6H20 48.6 38.5 23 16.6
[Pt(NH3)4]Ch 464 27.6 32 163
[Pt(NH3 ) J(NO3)2 36.8 245 29 13.0
cis-[Pt(NO2)2(NH3)2] 26.9 11.0 4.8 9.7

1) Reaction temperature: 225 °C, 2) A fter reaction.

B2, Pt OESEHEEO - DI EERIEIC OV TRFT E M 2 72, BHFRETIT. HEEER
R (HTSCD) NEMERBOESRILIC X 2SR OEERELICENTHL I L2 A
WS LTWS D LAt HTSCD 3 5 WX RAE O SR EE LT D& TRol S 2 R A
ME (SubCD) 12Xk 0 208 U, FARSEDS Pt oy HUE AR EIC B 2 D EIC DV TRREY
Nz 7-, Table 6 \[ZEETIED PtHEBEL Pt OBEILEX DR EEZ R L, £7. P(CH,0.),
B> B FABL U 7~ |2 DV Tl HTSCD fifiiEod Pt BEFEIT 0.8Wt% T 5 DIZKF LT, SubCD filif
L TD filit D Z ik, HABRETHD IWM%TH DI ERbnd, DO Lhb, HTSCD TidH
WSERRICEBIT S Pt OWENEIEL 25 Z E BB LN L 2257, 72, SubCD gD Pt 23 BB I
TD filifitR> HTSCD D7 & ¥ bE\, —J7. HyPtCls » 6H0 7> bR L 7o il ls >V T,
SubCD i3 TD itk v ¢ Pt HEFE, Pt BUE L bi Jﬁib\: LMD, ZTOZEND,
Pt(CsH;0,), % Fi\ 7= SubCD 7% Pt %@fx 5 e, gt FICESBBREIE S HFEL LTES
ThHHIENHALNE o7, Fig. 3 12, Pt(CsH,02), %Fﬁb\fﬁﬁ DEIRHEI X0 GRS L 7= il
D Pt Sy BREE & AiEE M D BIfR 2 7R 1,710 ﬁik;su@ﬂ%f@ Pt DFREAFR D S 7= HTSCD filtlit 2 R



T, Pt EREE & CO BRLRDMICIZEMR OB bz, TiUd, BB L 5P HiEdE (&

YA N ThHD Pt OBHREEDH 2V OIEM) B—ETH Y | IS Pt OB EIEEL T

5 LERLTND, FAMLIAMEDRNT, B Pt 5BEZ B D SubCD filfiiid, TD il
Table 6  Effect of drying method on catalytic properties of Pt—Re/TiO, (R)

Drying Amount of CO Pt
Drying temperature Pt content i D gi ion®
method Pt precursor P chemisorbed dispersion
(°C) (%) (cm’ sTp/gcar) (%)
Pt(CsH70,), 100 1.0 0.51 46.8
TD
H,PtCls 6H,O 100 1.0 0.46 38.1
350 0.8 0.37 42.5
PUCsHA0): 0.8 0.43 463
HT-SCD” ————— 300 i ' )
H,PtCls 6H,0 0.8 0.07 7.8
200 1.0 4 .
e
” 150 ' ' '
SubCD™ 1 piCls 6H:0 0.7 0.09 10.9
1) 20 MPa, S/P ratio = 2.3.
80
o: SubCD
e: TD
o: HT-SCD
. 60
S
o
.S
4]
S 40 r
a
5]
Q
o
U ,/
20 e
//
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//
//,
0 - 1 1 !
0.0 0.2 0.4 0.6 0.8

Amount of CO chemisorbed  (cm’_s7p/g.car)
Fig. 3 Relation between the amount of CO chemisorbed
and the CO conversion.
Feed gas: Quasi reformed gas (CO(10%)-CO,(15%)-H,(75%)),
Reaction temperature: 250 °C H,O/CO = 5.0,
S.V.(Total) =40,000h".

HTSCD filift X v &3 /- filifiiE 2R LT\ 5, BAED Z &h b | PYCsH,0,), & AV 72 SubCD
23 Pt-Re/TiO,(R)DIEMEM LB L O Pt EABEDEBICEN TH D Z RSN,

4. B LT-WGS RS ¥ - fllitiE i % =31 5F Pt filfif OfEHE R B X O Pt EHE DK
WDT-olz, HEOEE,. Re I, IV Pt HEFEOREECMEFEIEZ DWW TR Z M
72 & = A, PH(CsH;0,), & FAVNT SubCD (2 & Y F8 L 7= Pt-Re/TiO,(R)fAE A Pt HEEF & 1wt% THifR
D Cu/Zn filiE A2 B % HAEES A R T2 L2 RWIZLT,

51 FSCHk
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3. 2.3 MEEMEERTLEBRET VIR -DEREIEH

Synthesis of Novel Transition-Metal Nano-Clusters
and Their Application to Organic Synthesis

B2, Pt
TTRRRY T hEE
PR TR A LR

Hiroyuki Kawano' and Shinji Nagumojt
'General Education, Faculty of Engineering, Kogakuin University
'Department of Applied Chemistry, Faculty of Engineering, Kogakuin University

A dihydridoruthenium complex RuH,(CO)(PPh;); is a good starting material for generating a zerovalent
ruthenium atom. The generation of the zerovalent ruthenium atom proceeds under very mild conditions.
The zerovalent ruthenium atom combines with each other to form a novel ruthenium-metal particle with
diameters less than 1000 nm. On the other hand, the active zerovalent ruthenium atom reacts with another
metal complex to form Ru/Rh-, Ru/Pt-, Ru/Pd-mixed metal nano-sized particles. These processes to the
nano-sized particle are totally chemical. During the formation of the Ru/Rh-mixed metal particle, a
Ru/Rh-mixed dinuclear complex is generated as an intermediary species in the reaction mixture. Trials to
isolate the intermediary Ru/Rh-mixed dinuclear complex, however, have resulted in failure because of its
unstability. The Ru/Rh-mixed metal nano-sized particle shows a moderate activity depending on the
particle size in catalytic hydrogenation and oxidation in which neither the mononuclear ruthenium complex
nor the rhodium complex has the similar catalytic activity.

Keywords: Inorganic and organometallic chemistry, Ruthenium-containing nano-sized particles, Chemical
process for nano-particles, Catalytic activity of nano-particles.
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Scheme 1. The "physical" process vs. the "chemical" process for the metal-containing nano particles.
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Scheme 2. A possible route to the nano-sized ruthenium-containing particles.
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Scheme 3. Formation of the Ru/Rh(1:1)-mixed metal particles.
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RINT, FREMTO PP ZRMLZEZATINTE ROBRILNEZ D, BREOHFEIIHND
537V B 6 MAERR L7z, PPhy DRI, T /R FDYA X UEHEREE T S &5
Z5N5DT, RwRh BE®ET /R FII. RiFHA1 Xk o TRABRDKNEMEET S, JEFIC
BrRIZERZRT I EMHSMNIRo T,

Table 1. Catalytic activity of the Ru/Rh-mixed metal nano particle.

Entry Catalyst Solvent  Additive Gas Time Product
1 RhCI(PPh3); CH.Cl, - Ar 20 h 2 (quant.)
2 RuH,(CO)(PPh3)s CH.Cl, - Ar 6 days 3 (22%)
3 RuH,(CO)(PPh3)3 CH.Cl, - H, 10 days 3 (47%)
4 RwRh F / ki ¥ CHCl, - Ar 38 days 3 (3%), 4 (6%)
5 RuwRh F ./ ki1 CH.Cl, - H, 8 days 5 (39%)
6 RuwRh F / ki ¥ CH.Cl, PPhs Ar 5 days 6 (26%)
7 RwRh F / K+ CH,Cl, PPh; (o)) 11 days 6 (29%)
i i
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Development and Characterization of
Nano-porous Ceramics and High-dispersive Ceramic Nano-particles

KRB FS - PR 38 - )IIE) e,
THBERFLFER~T U 7 VRER
@Zar 74777 /v o—HAatt

Toshinori Okura, Hideki Monma and Hiroshi Kawazoe
Department of Materials Science and Technology, Kogakuin University
*Kawazoe Frontier Technology Co. Ltd.

Firstly, a low crystalline silicoaluminophosphate with the chabazite-type nano-pore-containing structure
was clarified to be easily subject to change from crystalline into amorphous by evacuation at 200°C. Such a
structural change seemed to correspond to the loss of structural OH and H,O. A similar change was
observed around 1055°C on furnace heating, and also by mechanical grinding. Secondly, magnesium
phosphate (MP) glasses with a nano-order network structure were demonstrated to be superior for the
immobilization of Simulated High Level Nuclear Wastes (SHLW), compared to currently used borosilicate
(BS) glasses. The introducible amount of SHLW was much more in MP glasses than in BS glasses. The
water-leachmg rate of a MP glass with 50 mass% SHLW was in the order of 10°° g/cm*day at 90°C, which
is lower than that of BS glasses. These propertles could be discussed from the standpoint of isolated ions
such as dimeric (P,07)*” and monomeric (PO4)*". Thirdly, NasYSi,O1.-type glass-ceramic Na" -superlomc
conductors (NasYXSi) were prepared by crystallization of glasses. Polycrystalline NasYXSi glass-ceramics
have been obtained with X = B, Al, Ti, Te, Ge, P, V and Mo. The effects of X elements on the
crystallization of the phase and the microstructural effects on the conduction properties of the
glass-ceramics were discussed, and the crystallization kinetics of the glasses was examined by DTA
analysis. The conductivity of the glass-ceramic NasYBSi with the Na; 7Y 5B 1512909 composition was
4.31 x 1072 S/cm at 300°C, and the activation energy of the specimen was 17.0 kJ/mol.

Keywords: SAPO-CHA, SHLW, Phosphate glasses, Glass-ceramics, Na'-superionic conductors

1. XU
BERLBIONAARTFRME LTOHREY v BINLVY UL (ACP) aanA NRF, B&X
VBRI - XNV X —BEEREM L LTOTAIFTRFT /) ARATETIv 7 2 (NPC) #HE&EER, %
NENDOAIBL L AARL - #i1E - AT 4 v V—HlHEZEBRT S, 6 nm O—KKLFEEH D ACP
WL Tk, MEBRERTITEERTL LTIELTLEN, *‘ﬁﬁikﬁﬁm&ﬁ%&r%f
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2. Chabazite #F~ / R—F A SAPO DAk & T ENT 7 AMLBi%
(Synthesis of Chabazite-type Nano-porous SAPO and its Change from Crystalline into Amorphous)
<HtREOEZ L BHI>
Silicoaluminophosphate (SAPO) 1%, Si. Al X UV'P DIREEMIHR Yy NV —IHEELFDL, Z
h%@ﬁﬁwmib‘T/ﬁ~ﬁ—@ﬁ%@k%%Luﬁﬁbtﬁﬂ%ﬁ%ﬁﬁ?%5ﬁﬁﬁ%
o B LEOBREMRZMHET D OICHILNCHA A rBnaBasnd, £k, a7V ) -7
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ZENRbhot, FT-IR A7 kv
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‘ the cryatallographic data
.._.LL_.__.L._..A_L_‘. \\

o ™ }
SAFO-CHA ] \_/ /\ /. \\a\_
E h 1000"c-0min [ 5 s | \ ~ '\\/
g WM ]
— _4: @ |
m“ “ 10557°C- 30min g I \ % /—\ \/\
e ’ " = o N \/
. s ] AN !;'“‘\
ls_ 1200°C- Dmin | @ 4 LV
1 i —‘1. 1 L -_1). H.O 0-Al-O
5 10 15 20 25 X 35 4 OH z
20¢° (CuKa) 0-Si-0 / P'O-PO Si0
IIl,lIII,I||||IIIl,IllIll?‘?’l\ lxll!llol|(|)
X3 #HE%OREID XRD /NF— 3500 2750 2000 1750 1500 1250 1000 750 500

Wavenumber / cm™!

O SAPO-CHA ® 1000°C-30min
® 1055°C-30min @ 1100°C-30min

X4 BOEZOREO FTIR A7 fL

3. UVEREN T AT X AR L-IVEURMEBEFEY (SHLW) DEIEL

(Immobilization of Simulated High Level Nuclear Wastes with Phosphate Glasses)
<HrEOEZL B>

RFNFEEF»ORET HHEHEZREOFLETET, &L -UVEHERKR (HLW) 234

BEh3, ZOEVVBRMERIZ, T7ALBETCENL, Fy=RF—] LIFEINDE AT
VIABIORBIZEA LD E, BRLTED D (F T AE{LEK), BIE, BILT 7 RIZiZF s
AT T ABPERINTEY, HLW 868 &IIK KT 25mass% & 72> T3, LinL, ZOH7Z
AT P,0s DIEESHEMT B EHFLTLE D Z EBRMESNTWS, HLW B O FIZIZ o HEE
ME—BEAKTEEOREV T T U REDRRBHFET D, ARFFETIE. HLW BELT T 2 D~—
2ZAHFG AL LT, BAMEL, LVEL KL RBEOTREZIVIADIEEEROY VBETZ
ZCEB LIz, PTH, VB~ IR U ATT RiX, A FHEK (BT MgO/P,05=1) LT
KRR - MERTIC Y CBRRE IR L M B IR Z R L. anomalous ¥ A FIZHEIN TV S,
Z DY UBREN T AIEIREBELZETHZENMOENTWEN, YUVB~ IRV U LTT AT
MBRIZE Y —o0 24 7O EEER LB X DN, — DX MgO/P,0s<1 DELETT hFAZ Y
E&*%L%afmm 9 —DI MgOP0s>1 DEETERY VBB EZEL LD TH D, ZDH

EEKRERZZFERILTNE EEXOND, KFRETIE, VB IRV ILTT A%
FAWT, g HLW Z B S 8720 7 ZABEULEICOWT, BWIREMECTAMEDOF AN, REHA A~
7 M ERWEEEELORM 2TV, LIy REBFE IEE L EOREBIZOWVTHRET L,
<EBRFE>
W Z A EE D ER

AN T R & L= MgO-P,0s (M-P) RAH T RAB LU CaO-P,05 (C-P) RH T ARix, MgO:P,0s
=40:60, 47:53, 50:50, 55:45 3 & 1% CaO:P,05=40:60, 50:50, 55:45 (E/Vth) IK72B X5 ICHE - IR
A L. 600°CT 3 BB, & 5I21250°CT 1 AR L, B L T8, 8 HLW Bk 7
2Z MPHTFTZAHDB WX CP AT RAEHFEL, £ 1 IR LR HLW 26 25 25 8LV 45
mass %2725 X I ICFENENIRA L. 1250°C T 2 Frfisalt:. 2/ L THB e, Bohk 7RI
SWTC, BEHIE. DTA (&5 [HT7 2AEBR (Tg) —EREBAEE (To)) ZEEE Ly
52 (BEUbE) LEM. 500°CT 2 BNz L - REt oS b A &, it HLW S/ EOHEMNIC
X BH 5 ZAD FT-IR B X O Laser Raman 7> 6 A7z &R/, B DKH 90°CTD 20 A itk
BROEERORNSHTKPEHME (MCC ¥5). ZFHME L7z, M T, H 7 RAELEIBA R
PEICBHEENDREEZE X, v B (Co-60, 2R 10 uR) ZRBH L=V 7 AEEITOWTD
g - L RET LT,
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<HERLEZE> Table 1 Composition of simulated nuclear wastes.
BONTHT7 ABLIRIZHR TR ERBREEK 2 I

Y. MP 37 ATITBEREH BIHIN LT bi— PRI R mash
1807 ZARBORBENER T 5 Z LB TEIZDITH Na NaNO;  64.8
L. C-P T ACHEENESHIES LTTOM St S10 2.9
ﬁ‘z&:j%‘l \T%EBE'{E LTCO La L3203 16.1
Te 5L To IXBERMEH BARINT 5 LIETF5 Mo T
BRI o7, T ADLEVEI BT & BAHI Fe Fe,0. 66
% LK L7223, MgO:P,0s=40:60 LIS+ D M-P 5 5 Te TeO, 0.9

Z & Ca0:P,0s=50:50 O C-P HT A%, BEMESHE
WCHEVEELZITI RN EBbMroTz, M-P HFRAIZBWTIL, v ul UGS %< STl
FROIE D BDEEMITEL RB2DOTIR RV hEEZONS,

Kz 2BHRROBENS, MPBIORCPITFTADELLDOBEAYL., HEEEEYMEYE S
ROVBEITENZ EEICELIZ <, WA S EVD, HEEEYSHESHENT 5220, it
AMITEL Rotz, 2FEMICEEBR LT, MPHTZADIEINCP TR LY LB LB HEEN
BWERIZZR o272, M-P H T RZBWTIE, MgO:P,0s=47:53 THIEREYSHED 45mass%D
BEUL AT 5 2 DBHFRIZ 10%/cm? day A—F— ¢ 20, BEFERENTWAR XA BET T 2
bik (BEEWS AR 25 mass%) DRHIE 2.5x10°g/em® day & LR THR D IRVMEL 2572, ZD
EEND, SEIOERICBWTIX, ZOMEBEITZ7 AL LTHELTWSEEXbNS, C-P
H T 2BV TiL, Ca0:P,05=50:50 THEEEFEEY ZH B 45mass%D BV T T A Dig HBH LLER
BV MEZ R L7223, 6.85x10°g/cm®-day & AR U 7 A BRIET T ZABILE L D b EVME S 2o 72,

HZ AEEED FT-IR A7 hLv%K 5 LK 62, FT-IR #]E R & O Laser Raman HIE DRER %
$3LF4ITFE LD TRT, Laser Raman HIEDFER NS MM PB XU CP H T ADEL HIZEBW
Th, BROSROBESNEIEEEY TR IC L > TU SN A 72HI2, PO PO R D —
7 O¥WEMMABE SN, LA L, FLIR 227 MUIZEBWTIX, M-P 75 X TiX PO; R PO, D
RE—7 13 LT, 2k, EEREEDEAENENT 2 L ERREBEESCHREE XN &
. PO;=° PO OHREHEALITHEMNT 543, IERFHROLEEEESE M-O-P (M=BEEWTHK) OHEN
WM Lz720, BT ERIRE—27 38 LizboeEX b5, Z0O XD REENRENT 5 &
HIZAFXy NO—=IHDIaR « Yo r—VOBENRBEBMLIZZ LIZRY, Z0Z LREILTZ
ZDMKEEZM ESEZbDEEZ NS, LML, C-PHTFARTE VT, PO PO b HIM
LWk, H5AXy hI—rdDraR « JVor—VOBENMAMICKRE S BET LD
TRV NEZEZBNS,

YRREBHNTHZLIZE - T, BHBIX—HHEEL 2257283, FI-IR, Laser Raman &6 6D R
R7 ML BHITMRICEERRAON T, KRELRHEENENITRE RNV LRG0T,

Waste content Waste content
'

(P-0-P),,
.

Transmittance —
Transmittance =~ —>

R WS WV SN h P FAPITIT PSS NI Lt P B L
3500 2750 2000 1750 1500 1250 1000 750 500 3500 2750 2000 1750 1500 1250 1000 750 500
Wavenumber/cm™

sa b Lo b by by by waa | PN VAR

Wavenumber/cm™

Fig. 5 FT-IR spectra of M-P glass waste forms. Fig. 6 FT-IR spectra of C-P glass waste forms.
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Table2 Properties of obtained glass waste forms.

HE R EE BEMERE BE XRD fE R H T 2DEREM Bz
(mol H) (mass%) (g/em®) BRI NEE (Tg-Tc/ °C) (g/em?- day)
0 2.454 o o 235 4.69x10™
MgO:P,05=40:60 25 2.670 o ) 166 2.06x10™
45 2.913 o o 119 1.11x10°
0 2.247 o o 244 5.90x107
MgO:P,05=47:53 25 2.725 ) x 129 1.44x10™
45 2.890 ) x 132 6.85x10°°
0 2.465 o o 151 6.26x10™
MgO:P,05=50:50 25 2.734 o x 110 2.18x10™
45 2.946 o x 108 3.81x10°°
0 2.507 o o 136 4.08x10™
MgO:P,05=55:45 25 2.750 x x 109 2.01x10"*
45 3.017 o x 106 3.24x10°°
0 2.671 o x 170 1.42x10°
Ca0:P,0s=40:60 25 2.856 ) x 170 9.18x10™
45 2.992 x x 9] 2.99x10*
0 2.755 ) x 83 1.23x107
CaO:P,05=50:50 25 2.936 x x 106 4.07x10™
45 3.044 x x 98 6.85x107
0 2.911 o x 77 1.01x107
CaO:P,05s=55:45 25 2.963 x x 140 5.00x10"
45 3.141 x x 105 2.73x10™
o: HREE x: FERE
Table 3 Results of FT-IR measurements.
B R REDEEEOWMMCT 2 HE
(em™) M-P H 5 R CPHF R
1300 (P=0) (stretching) B B
1200 (PO2)asym Q2 (stretching) o ¥
1100 (P-Oy i AL
1050 (POs) Ql B i
980 (PO,)*~ Q0 (stretching) B b2
920 (P-O-Paym (stretching) ‘Mz 7 R el
720-790 (P-O-P)gym (stretching) B Bzl
480-570 (PO,)* Q0  (deformation) BmEEAZT 7 b ‘mEHAZ 7 b
Table 4 Results of Laser Raman measurements.
B RE BEDSAREOWMIZINT 2 HE
(em™) M-P 55 R CPHF R
1300 (P=0) (stretching) B B
1200 (PO2)asym (stretching)  (P.O7)* B B
1050 (PO)sym (stretching)  (PO,)* #m Wi
950 (PO4)*~ #hn o
760 (P-O-P)eym (stretching) (PO,)* #n o
700 (P-O-P)gym (stretching) (P.07)* B B

4. NasYSis01, T Na" HEMRERLN 7 A DR L Si BIRASHR

(Synthesis and Effects of Si Substitution on Various Properties of NasYSi,O;o-type Glass-ceramic
Na'-Superionic Conductors)
<WHFEOEZRL B>

Na,0-R;0:-Si0, (R:fiy HFILHK) RLEWIL, ARRRHE L BAIERIR 12 & > T\ NasRSi;0p (N3
7). NasRSiz01; (N5 %), NagRSisO13 (N9 ) D =-oD#E&FEEZRFD, 72, TH N5 B Si0, M
EED 12 BEREEL R THAE L3 RED b RAEEEZRD Nat 2 X v U 7T — L LIERET
BOAAVEENEE DD, TRNETREY &L, SiO—E%Z A 428 X OMBEOR RS TR
TEHR LR T 2 2R L BERHFHEZ1T> T&E e, Zh b0{bA%id 300°C T 107 S/om
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BEORWEEEZRLE, AFAETIEREZY L L, Sio—&% B, P, V. Mo, Ti. Te T—&B
%}ﬁ L -/,‘:—)‘SQI%EE‘ZEE [Na3+3x+yY1_xBySi3_y09 (NaYB81) ] N [Na3+3xY1_x (Tl, Te) ySi3.y09 (NaYTISI,
NaYTeSl) ] ~ [Na3+3x.le-x (P, V) ySi3.y09 (NaYP81, NaYVSl) ] N [N33+3x-2yY1.xM0ySi3_y09 (NaYM081) ]
25725 NS BUBE—FDRERET 7 A 2B L, Si 2 BT HROE VI L SiEdRLoFEH
TRANF—DRE., BFEROE., BEEERLIOEBEOFEM LRV F—DE, SEMIZLS
BED LWHEEDENZ T,
<ER>

7 A DERIIIEEAmEE AV, HEREE LT Na,COs, Y,0;. SiO R KU Si ZEH
?6%%& LT H3BO3\ NH4H2PO4‘ V205\ MOO3\ Ti02\ T602 %—ﬁ{i%ﬂﬁiﬁngdl]\T%h%h
DELELTHEYIRY . B RE L, 1350CT | BFfER L7, Bz AERO7 77 74 MUK
WLAAR, B, T=—Y 7%, H7ARABEH/. ThODT 7 ADfEREEBZRHD T
DT, FRFEE o #E 2T DTA PIELITV., U7 RAEBIRE T,. #RALBFMERE .. ko
R — 7 IRE To % KD7=, DTA DT —F % b LITELE Kissinger DX (1) ZAV TR (F
RRRRR) OFEM LTV ¥— (E) ZHEH L,

ln{

3" mE
;—-‘] = - :_;-: + COMnst. (1)

ry
=
-

BN T AL, XRD Ik » CTEREZRIE L., BFEEEZEH L, SEM %A
WCHEEDBIE R T o1, Fo. KRR MTFIEICLAERT FI v ¥ U RARENLEEE LK
W, TL=ox27ay hOEENLBEOFEMH Lz XL —2HE N LT,
<(ERBIOEZE>

Si OD—EEMDTETERLIZBAETHLENE LN BE—ERE LN, ol & B TE
FEIZBWTSi D—HE2 BT EITEDOA TV EEPKEL 2BIZON, BT ER a & AT
FIREL oo, cEITIE Si 2 —HBH T HTROA A FRIKLT M E RS 2ol

AEHT 3 RTEREEARE L, (1) RSB\ Tm=3, n=4 ZAWTHEZEIToT, Si D—HF
BT DBTRDOA A EENPKREL 2BIo0, kOB I AT =R L, L
L. P T—EBHBLEBAIIINICY TITE LT, BRLOBEH b= R F—13A 4 B0 &
HANESWB LV b/ ESREETR L, T A BIEY T R P #EINT 5 Z L CTEdLIREDS
BFT2EVNIHERDHD . AREHZBWTSH PEZHBMLEZ L THRAMEBENMETL, Z0¥
BCRERLDEMILT RN X —H /NS ot bD B X ONS,

Na; 7Y0sBo1Si2000 AR DFER LT T ZADBERT FIv X VAR EK 712, TVv=UX7ay
MR 8 IZFNFNTRT, 150°CTIF DOl EH#E ., 200CLA ETII—o 0l 2#<ERT
RIv& U AEBBBESh, HERENEFETIICOoN., RIRAOBEENKIBIZEF Lz
DIZ, AT E—2o0EIC ol E X bb, NassYesBoiSiz0e KR DFERLAT 7 2 DEE
BE1Z 300°C T 4.31x1072 S/em,  {&EMEALT R VX —iX 17.0 kI/mol DEZ 57,

0.5 2.5
oG
350C oGs
0.4 300°C 2T
N A Total
03 R
N 02 %’ 1
&b
2
0.1 05
0 0 1 1
0 0.1 0.2 03 04 05 1.4 1.8 2.2 2.6
G(S) 1000/T (K1)
Fig. 7 Complex admittance diagrams Fig. 8 Arrhenius plots of conductivities of

of Nas 7Y sBo 1512909 glass-ceramics. Nas 7Y 0.8Bo.1S12900 glass-ceramics.
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4.1
FFT A BRI IROBA 1 7 /AR

Evaluation of Solder Joint Reliability of Electronic Package System under Thermal Loading

VB OB - REE SR DAIR O HRKE*
TEBER S TR T

Gotoh Yoshiki, Tateno Msayoshi and Kokubo Kunio
Department of Mechanical Engineering, Kogakuin University

This research project aims to develop micro-materials evaluation systems and technologies. Mechanical
behaviors such as deformation, fracture in micro scale structures are not well understood. When a size of a
structure approaches the micro scale, mechanical behavior can change dramatically. The project studies
how mechanical behavior changes at the micro-scale for structural materials such as electronic package
system, and small devices.

This study appears the relationship between singularity stress near edge of the interface and the
mechanical reliability of bonded dissimilar materials. It also provides Young’s Modulus £ of small lead free
solder by means of load-unload-reloading curve under room temperature. The fatigue and strength
evaluation testers for micro-sized materials are designed and developed in this project. Fatigue and strength
properties of aluminum fine wire are evaluated by the developed testers. These results are to contribute to
establish the optimum structural design for micron sized machines.

Keywords : Micro-sized materials, Interface, Solder joint, Tensile test, Stress singularity

1. #®8

AR TITBF T /A AABEA T O ) FHFHH 21TV, A B LU A ERICK T 5
EEMEIMEFEEZRITAIZ L Z2ENET5. bbb Ty A 7 r XU/ REDOERIEFMTL
WM EES D.

Bk - BFE RO~ A 7 2 {LIX S BN 22 D ONCHMBERERIC LV RASh TS, 4
%HEBFT A AL L OREESESL, fERETHVL LR TWRWEEZF T S5
FEATAAREELIER I TS, B OMMILICHE, R, TN EY, ~1( 708
RA R, REBNELOFEOFENFEEZICRY, ThE THEA S TE LM BRI CET
F N A DIEEMEER BB IO ER~OBAN R 2D Z L b FRIND. SRIkL 2
PEESTITBT 2 ENOBMEAEERTH0IE, b OMBEZRRTOILERDS.

AHFRRETIY, BF T/ AR BERMERCRETM LORBEL MY 21T, BEFT /(A
MR E D H FAMEBRMRIMZ 1T o7z, ERBVBEAAFITREOLBY THS.

(1) BFT /A AEBAME (ZATEEER) OBIRAVRHERF
WA TR R T B A E OEBEMME 1T O . FHETRAME Th 51X A EEDORER
M2 R .
(2) BF 7 A AMMEESEIC T D EERET
BRI AT AR EZELETT M ABROEEHOISS - OT R 2TV, ~A 7 nfE
BEDSFHEB IR TS, B2 AMENC X 288 REmEFITISHET AL C 5 I L
T, W2 EREMRE ORI FEEZRINTS.
(3) MR RHT I51T B SR HERT AR BRI D BAFE & LI 23 < J) 2 A0RHif
0. 1 u mDEENREEE % B 7T HE 22 SR EE T AARBRAE (5| RTRBERBRIE & 12 95 FABRER) DBAZE & 1T
5. FERKRLE, REMINESOFEORENTEC2RDMNIENZBT 5 1 FHFEZ S
PCT D, BBIFR RESHEEC L IRESR)

ARETIX, ERT—~vOfwmE P OICHRETD.
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2. [FARAEO NS
2. 1 [FLBHIZ

BFT A ZAD/NEUY, « BB EEEITEOITA TSI N RENEE I 2 5. 1T
NTEBERGRER 72 D ONTIIATE B S BN BT 2IREBILOM Y R LI L BB 7 VARCREIC
KD IFER L ERE AR T A2 ENEERREE 2207, 87V —ZAEEEOHME, ¥
M. 7Y =T 8 SRR RO DI DICHE L R BMBRBRIIZBIKIC O W B ROB & LE
T3 0XAEEEME 2 EDBETT A ADOFERHRIT 104~10mEE OM AR L 722 508
T DOEREL 72 BIZATEAED FREE M T 2B ERRA L 10m ORE I THS. fEdbhL
B, REMUNELOFBOEEPTE I/ DM/ B O HZF R/ NUL L7 ToRE
EAMBETHBEEEZOND. FREFAEASIT—RIITEMAOMETH B0, ShH—0HT
MBSO ERDBZENEHETHS. LA-T, BHEERAILRT S HEE L TEMERE
ARRB L OEERT2 Z LI 0B LN 2 BEER) O MR E2 RO 5 = L 24T

AT, /MEBRRBRIZRDIZIATLEAEE NG E L TIALEEED FREE 5 RRER
B2 W8-S HRICESEEH L. & SITBHMUNE LiALRE SREBRE L 0BTk
BRI X 2 MR EGIAGAE B & bLl U, BT - BT - PR 7T R T 2D < BRI RP I R oD PTREME % #R
L.

2. 2 #HEMBLIURERAZ

HER I A APEHE TR O Sn-Ag-Cu RIFA T (SR v Ay & 35 )
(BB PF-305) TH v . (LD (mass%) B ENEh Sni96.5 5 17
wt%, Ag:3.0 wt%, Cu: 0.5 wt% (@ :217C) THB. 7
FHFE 21T 5 ATICITATE A SR % 120°CIC T 120 fme,. =
BRI TIREF L. ZOHRMBYENTHRE L. «~ &
BIIRRBRICAWZIZATEEEORBR AR E Figl (TR”7. Z
DORBRAEATHOBEEZ 2meé —EWX LEFERBRAESY 1, 2,
3mm & & X, MERMHICRITTRBRA TIEORELHA O ITT
5. EFEANEC & 2 BHERERHEIC AW R A IZE X 8mm X 18 22mm X E X 3mm &
L7z, £RBRAITIZATLAEKROE 22mm X & & 300mm X8mm)H S U A ¥ —7 v g EMN T
AW ZRITEEINTIC L 81 B L.

BRI AERBRA 28 & Lo RN I BEBEFT RO R, EZ-L Test 2% Ay

Fig.1 Configuration of tensile test specimen

7.

KRR A AT OO THABE T OTAY —VEFEBEBEFED® KFG-1N-120-C1-11L1IM2R) % A
Wie. B— REANLH A S REZRB A B/MEE TR LZEE) L 0T RS — Vb0
EHEME & & R & CTHE L 2 BR-FRAT - B RIS B D S LR E R D 5.

AERCIIEEARHC BT 3RS % AMPa & —EIZ L= &4 T, BRHBAIE H % 3 K #E(40
MPa, 30 MPa, 20MPa : B&RIGH 5 55 REE F CHRER)ICEE L TEREITo . IS0
FTHEBRIZI T AFEMICH LTI/ e 2T UV AAL—TB #5808, ERERNLES
LOTHDOEMRITITREMENRD 5D, ZOFEBRICKIT 2510 FHBEEN OB/ LN ERD
EE 2R/ N _FRIEICTRYD, RERICBIT2HMERKEEER L.

FEFEANETITT Y A =7 ARGBHU/ME SFREBRE ENT-1100a B 1 vE v FRIUAKEET
(Ey B —AEF)ERY DT T, REFRRH 1s,RBRFE 24.5~196mN D&M THMAREK O] %
Totz. ARBRORBRFREITT A Y —#E(~#2500) THFEE L7-%, BRMEIC X > CEELLE
e, ERUANAOHFHEETMICB W CiIXE R EARRRECGEE AR (R &,
MSC-10/500 B & VY, 1ZATEEEO3RBE ICRITTHERMRE L OB I5REEDOKEEZ A S H
iZL7=.

2. 3. EBRRLIUEE

FIRTRERBRERIC KT THBRATARIKFAEL T L 72, 513RIRE o ORBRF WL L U5
R DR E Fig.2 IR Y. KINARITERSFEM TICHIT 5 Sn-Ag-Cu RIFA LS EIRHER
R EZxR L LTHELOFIRBERKR (BI5REE lmm/min) 277,
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T OFERN H/NBIGREERER L 0 875 R IR UE
RE A XV B8 REER R L MR REZRL, 51
MEIIMEEIC L O PIE—E L 5. NUIALTEEE
R CHEBRIIEERRF CHLONIBR L ITIZE
FHRZ2MEMZRT. 7272 LBIREE o 1IRTE(OT ) H
BEIKFTS.

BESIERTERDE, EZ-L Test B % W TH- 8-
F-BEAICBIT 267 0 —OT A ¢ #i#% Fig.3 (IR
T XA AEERBRA IS IRWERZ AT LEMER 2 5
BRI IE, BOSIRWELARGEEM Y522
ZEIZEVBERTHS. BRITRI & FE R TR
ENBERT Y VAN—T 0D, [EHEOTHE OB
IR RD b 5. Z ORTF—FER A 71
BT DEBOMEE %5/ ZFIEIZ L - TRD, BRI
LEZELE.

Bon-EMER E LRRBLAIG S o & DEB%R% Fig4
IR, B BERAIS 1% 30MPa LA EICRRETH Z ¢ T
MR FEE—E L 2D, EL, BREBMESE
20MPa LK< BRET D &, RATRRER & HEfF &K L TH
REINDBN—TDHARRET —ZEB3 D72 < 700 HkE
IREEMB RNT BB L 22 5. R EJIET 5 BRICI3E
Y72 T BRLAIS B X OB &I/ D&M RIRThHh
13, R —FERYA 2 MBI B E-O0F 2B D
MR A FEIT A Z ERFREE 2D, T b DM
RET, EFEAEBICLVEONEHRLIZERAETH
B EBHALNCRSTZ.

2. A R

- R B BRI RS < BMMERHEER XL OVE
FIEANEC & D ZRREEZ21To 7. ZO/RE, #ir-
R FEmHRICE S MMERRIEERICIV /LN
AT Y VANL—TIIREEE LR, S bIC, ZOHE
BAZ BT BIES-OF R EBIR N 515 5 R R EFIE
ANEIC L VB LN D EMIRE L LB 5 2 LT, Bk
DEVFEREZBDZ LN TE S, SBAMTE TR B
REWCESE, 7V —T R E RS 2 L AR
5.

3. BFT/NARAWMESHICE T S EHRE
3. 1 [FL®IC
YA RHhib b TRERZRE - BiET DRI,

Tensile strength, o [MPa]

Fig.2

70

10mm/min

60 J |
50 | /4-—-—.*
0 é;.....i_.._-\‘_5‘.TJ§:!EI. .....
: 1mm/min |

30 | :
0 2 4 6 8

Sectional area, 4 [mm?]

Relationship between tensile strength and cross

sectional area each cross-head speed condition.

Tensile strength, ¢ [MPa]

Fig.3

Young’s Modulus, £ [GPa]

Fig.4

50 |

8 8 &

—
(=]

0 0001 0002 0.003 0.004
Strain, &

Load-unload-reloading curve of solder

[-a)
S

50 |
40 |

30

10 20 30 40 50
Stress relief, ors

Effects of reduction of stress on
Young’Modulus of solder

BEARMMCAECHISHEFZBENHEL, ZhbZ2+DIEBSE I LENRH O O,

FEMICIS RS B EIRK L 72 5B NE L 5720, REROIR S IXIEMIBREN D
BONIEROIEHETHETE 2. BN EERZRE - BOET 2 BINZHEL T O 72D
i3, BEREMRICESWEANFHN AT A—ZOENE D LEBEOEESE L OBE & 255

SET, MEMEZITOLERDHS.

ARFFERRRETIE, ERICHEAREMRE BIE LT SisNJ/Ni S-S A D5 RIRERR & S mints
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BENRTGA—F LR ER. ZORRICESR,
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Fatigue Properties of Micro-sized Materials

RIBETTR - BB &Y
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Gotoh Yoshiki and Tateno Masayoshi
Department of Mechanical Engineering, Kogakuin University

The evaluation of mechanical properties including static and fatigue behavior is essential issue for
developing a reliable micro-sized machine in service operation. But there has been an absence of the
standard test procedure for micro-sized materials. Therefore, the evaluation of mechanical properties
including reliability and durability has not been performed.

In the present study, we have designed and manufactured the fatigue tester for micro-sized materials.
Fatigue tests have been performed for aluminum fine wire with 25pm diameter and the S-N diagram has
been obtained. It was investigated that the number of cycles to failure showed wide distribution on each
cyclic stress level. Also, the SEM observation showed that the necking was observed at the failure part of
specimen, and the morphology of fracture specimen was similar to that of tensile test.

Keywords : Micro-sized materials, Fatigue Properties, Fatigue test, Aluminum bonding wire
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Abstract

We have interest and are studding on lasing operation from infra-red to deep ultra-violet spectral region by

semiconductor lasers.

BAIGaN or AlGaN semiconductor has high potential on the lasing operation in the

Ultra-Violet of 350nm down to Deep Ultra-Violet of about 220nm spectral region. In this report, current status and
recent prospect of the AlGaN Deep-UV semiconductor laser and crystal quality of AIGaN compound semiconductore

are discussed.
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Formation of Substrate Surface Exhibiting Bi-stable Alignment Properties for Liquid Crystals

i R/ i
TEH#FERF T EREE TFH

Taiju Takahashi and Susumu Saito
Department of Information and Communication Engineering, Kogakuin University

Novel five methods are proposed to adapt bi-stable anchoring properties on the substrate surface for
liquid crystal cells. In the first method, a mixed solution of PVCi and PI in same weight was used as
an alignment material and a conventional unidirectional rubbing was conducted on the
alignment film. In the second method, aluminum film was evaporated in vacuum on substrate
surfaces was etched in a stripe pattern using the photolithography techniques,and the stripes
of aluminum were anodized. In the third method, the periodical groove structure was formed on the
substrate surface by copying the structure on the grating film on the market to the photo curable resin coated
on the substrate surface, and the substrate surface with groove structure was rubbed along the direction
perpendicular to the grooves. In the fourth method, a mixed solution of two kinds of photo-alignment
materials was used as the alignment material. Those two materials makes LC molecules align parallel or
perpendicular to the polarization direction of UV light according as the expose energy of UV light. Using
the two step irradiation method of a polarized UV light through the micro stripe photo mask, the patterns
with a period of 5 um were formed by stripes of alternating parallel and orthogonal alignments to the
polarization direction of UV light. The fifth method utilized the exposed UV light energy dependence of the
alignment direction for LC director on a photo alignment material.

In this report, experimental results on alignment properties are presented for sample cells prepared by
those methods.
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