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Development of Analytical Method for Diffraction Intensity Data
Measured with a High-Resolution Synchrotron X-ray Powder Diffractometer

with Multiple-Detector System

Takashi IDA and Hisashi HIBINO

Ceramics Research Laboraory, Nagoya Institute of Technology
Asahigaoka 10-6-29, Tajimi 507-0071 Japan

A new analytical method to obtain a series of aberration-free diffraction intensity data from the segmented intensity data collected
with a high-resolution synchrotron X-ray powder diffractometer with a multiple-detector system has been developed. The method
includes (i) adjustment of variation in peak profiles measured with different detectors, (ii) deconvolution of axial-divergence
aberration, and (iii) removal of asymmetry introduced by the aberration of the beamline optics. The method has been applied to
analyze the diffraction intensity data of a ZnO powder sample (NIST SRM674) measured with a multiple-detector diffractometer
(MDS) on the beamline 4B, at the Photon Factory, KEK in Tsukuba.

separately evaluated by analyzing the diffraction intensity data of Si powder (NIST SRM640b).

The characteristics of the beamline aberration had been
It has been confirmed that the
observed asymmetry caused by the aberrations of the beamline-optics and the diffractometer can certainly be removed by the method.

As a result, the integrated diffraction intensity can easily be evaluated by profile fitting method based on application of a simple

symmetric model profile function.
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FRFCINE S LD, & OEFTFHIEATHO & O H0E B
HEFIHT DL & BT, BEHTE— LD D7 DI FR
BT I 49 (Ge £721% Si) #fAT A2 Lick
D, O THMENRENEWVI BB EH DL, & AN,
ZOBEWSIREED 2T, AT v T ARy UIETHREMED
BOVREBORPARET Y — 7 WET — X 2R XS
WE DT BRI, EAT v T2 VE (R

[Received February 10, Accepted February 22, 2005]

AIZIE 0.004° F721F 0.005° ) ICTHMERHD, AT
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T HH 25 2 TR B o AR REUE SO DE I RIBIT RS K 0 JUTE S 7 Bldfr 7 — & OfEHTiE D BA

FF—FZ Do — 7 BROFNIL, BARSBHEDORE
BRI O DT NIRBENCHEKT D ERRTZENTE S,
ZZ ThivbnFEEEE T a R a—va v /a2
VARV a—va T MBI RESRICE > TRRD
Btk 2 MIE4 5 )77 (Ida & Hibino, 2005) % BR¥E L 7=,

%72, KEK-PF-BL4B,-MDS [ XV HIE S h-EmHE
— 7 ARITIE, TR R ORI EEZBRE L% T
H D ONTIERFRME DR D Z & BRI A LTV,
Z DIER BTG B — LR EE 0 43 43 A R0 T B AT
itk pEEZBN5, BLAB, B — AT A ¥ TIE{R Ak
FIZE D BAEISNT S EEFIH LTV BB, K
KA LRI ALY —AREMTE /70 A —F THA
fEL7-%ICHER @Rl haA X)) I T2 L8k
THHFEHMEENE DN TWD, Lo T, Hfafk
ENTo v — LR D5y Mo A & FEHOA AT MR\ B
R, X7 —OBMREO0E, FTE R ICERE S
NIEAFAY v MTH O A AREBEICHIKGFT D2 &
BFMEND, EERIC, SHERETREFRE LS
G0, AUy MNEEEEH LA, EloY—7F
RO T BT D2 ENERMICLIER I TV,
B ErdH O AR R Y v MOV TIE, HESSRLE RS
B D A ZRWED BT ko TRE AL EITH,
PBICEFESNDZLOTHLOICEBEBRADOERE L
T D T ERTE R,

ZIT, EHITE SIS XBRORME A EBRAICFER
U CHUNCHIET 2 B2 85 L < B% L7= (Ida, 2006).
T, EHEME ORI Y — 2 FR & I AT L CIE
KR RTR DM ZHA LT L, S5IC3&HTar
R a—va ok, BT —2»HEEICH
KT HIERREERET D HETH D, ZO—HOFHE
T IFIE EBMICEIT SN, EROFEICEB O TAHX
ROWP R 2 BIET 2 T2 D147 o TO T ARHERCEHANE & kb
LT, REtARAQENPMZ LD TERNY,

INOOFEX, HDHERTIIRHE S EER ) fF
REBLIE B R BT R O & RiffE & L TR E L T
DHEGH LA, BEE LT, AENS IEEEZE
FeBHEFHANT A, LA E S THEHALLZb DT
Hb, LizdoT, ZOFHEOHGNRITR & iR
M2 &R EEH LT 2 2 EoEER TSV E
EZBND, AT —HOFEICOWTIEAN R
BE& & HEABERICBI LT, Bfe C BRI 2GRk & 3Rt
LI EEERBNETDHLOTHD,

2. TABWOAEE

2.1 BMAELLOME

KEK-PF BL4B, O¥EEHFF (MDS) Tl F L —
arhvraRXEmtas LTHne R TWnS, —
BEZ T L—va o XOB2EE LIZOWNT
I, YrFL—ZORIERKMICER Lz#Emn snd 2

ENZNR, EEOBIS AT ATV FL—4F, JtE
WHEE (74 b)), BilE¥EIESR () 70 7), LA
AN g (PHA 7S A) HDEWIET I F v X
NTFFA4Y (SCA), #A AU ZRENLREK SN
TNL2HDTHY, BEDORHIMROEZE & LFFIEIX
UFL—H ORIERBOARTHIATE D X 5 2 HHAR
O T2, HAR T KEK-PF-BL4B,-MDS (2B W C it
MHBROK 2% E LoOFMEIZT LAEIC PHA == |k
FOBREEOBEHIC IV IRESTWDHEEXILND,

PbITRIT, E/ (mica) 003 S O X BREIHr & —
7 AR EICF » 7~ > Chipman DOFEfEAEEE A L,
B e LR BRI T 5 FEEZER LT (1da
& Iwata, 2005), Z DHFIEIZLUE, T=4 A —F OENME
W IR BN R VB TYH, E—2 Y7 MEMIEL
THEZEA WL LIz ZRTE D, E—IEDD
PR hE, ER OB E— 7 mET — Z MO A
BAfi#ic e — 1 Y Lorentz BIEAM R & D v — 7 Ik
EFLVEEEZH IO L EICL Vs, ZoE
WCHESWTEREICHIES LD,

FTo, APFRICB W TIEZE & LoOF & #iEICH
MPEBRIERERT T 7V (Ida & Iwata, 2005) % FV 7z,
Z DT IVIIIERER] dead-time ¢ & FOYERE p B/8T
A—=HELTER, FMOFEE n LEOFHEE r ©
BIUCLL FORMER RN T 5 2 &L 2 RET D,

f{i[em(—w w)-en(2r )] (0]

2.1

r' [z‘2 = O]
r= 1+rrt1 2-2)
= 1—3—;2 (2.3)
1 =J%T 2.4)

R OB A & LRI FEBRAYICIRE S 7=t
r LEDILRE p KV REST LN, UTORITLY
FrEZiET 2 2 LN TE 2,

7

= 2.5
g 1-r'y 23)
1 i 1+4/1-4nt, [t O]
' ——In *
r= tz 2 2 (2.6)

n [tZ:O]
ZORIWEEBOMAEDOEDHTRIEINTEY,
B HA%E LMIEME) L LTRMTZ LT
5D,

B AETIE, E—2ELAEE LS THIES N
BRI &, B L TR WS THIE S -8
HRERITE & 2 i 223, BRI NEHE T T Hh
WA E LORBITZT TVWDIEETTHDH, Lichs
TEBRIICE A L UL T 581003, A%kl
LMIEDREFEN BB SN T IRLERD D,
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TR~ THRRIEERSER LT T vic) BT, THx
& UNIERIS owWiBasE LCERS NS Hake
UMIEBIS DB O S bETREND Z L1
EHIIIRTZBU EICRERIRELD D,

2. 2 HWERREOKRE

H TN ZE SR Y — T
FEET T AT OB T AL T T 7 Bragg £, H
EREORFFAOATRED EEZ DN, Y—TF—R
v NG T T T A PRI L AW IR Y BIHTEHIEAS O
FtECThsrEEZHND (daetal, 2001),

TR T T 74V RREIREI N TS Z &
EAGE LT, TR TOMRBIRCIBOMPBEBINEET IV
FRHWS, BEICEFTF I VRERDOIAT I A
(e ;of [ JanEr e el 235 ¥V 3 b= (el e s VARV
THROHDLZEHLbho>TVEN, ZOFTHIE®RIETS
FEIZ X o TR T — % 8k 3 2 BRI BEIRICHE &
N5,

BTE R YE R R BT R D WD Tl R BN 22 0 e
UL TR TEREND (Ida & Hibino, 2006),

ESE

Pa -1 LIA% 4
0, (A20)= Vg|[v A20 ] B 27
0 [elsewhere]
1) 2
ﬂgzjy@m26+Mn®A) (2.8)

2T @Y —F =RV v MZEUHIR 7zl HL
E—ADAESHOBMEEETH Y, Ox X7 F T 4 Vi
D77y 7 THD (Idaetal,2001), Z DIEEREO
ERITT_TomEPFrA 20 I LTHEATE 528, [\
i 20,=1/2+0, \TMLETDRRERADFIEL, ZORFR
SN B T O SR N T ¢ 7 v 2 Dirac DTV
2§ Bt —%3 5,

2T, BREYTEERICE LT, [EEEINGEDFE
NEHZAFZE LTRIND] &) BRIE, RFTWIZo
BERALT BT RBUR T LR N E W ) HEZRHA L
TRE7W, 2F 0, KWEIYTAFFEIZ 7 5 EPriRE
T = HNZOWTU, [HET — % 07— ) w48 % 4 5 B
Bo7—) BB TE > CH T BT D] L)
RT3 R 2 —3 a9 v O FETITEBRINEL R
BT D ENFEBEMICARARETH D,

L2xL, HEfcEdra 20 oRb v IC@g e 2 r—iu
FRHWIIE, 2R F = NIR L TCRIFFICT 2R 22—
Vg AR E N L TR BN EDOR B A RET H LN
f%é‘t@ﬂ(ﬁ)ﬁf%éhéﬂ%%@@ﬁA b
B R — VIR DT
() 0<29<2®S&:iw\1

GA(20)= (205in®A ~c0s0 , Infsin 20tan® , +cos ZGD

—2 Uy hOIELRE,

2cos®A
02
(i) 20,<20<m Z

(2.9)
Thv, BNT
G1(20)=—(205in®© , — cosO , Infsin 20tan® , +cos26))

200s®A
o2

(2.10)

LD,

BHEW y=G,(20) AV (), (i) oWTFho
BAICBWLTY

Ay 1 2

A_M:m:®2|cot20+tan®A|
DOBBEBENSLT 5, 2F 0, SRBINEREUL, 20 ©
RbVIZ y=G,(20) TEFRIND y ZHHENIC LT
—EORIR D, A= VEBRBEE G,20) b
20,=m/2+0, ITBWTHREMEZ TN, ZOREMEL
EO L ITMET NI DN O W TERE Tirk 4 5,

LB OEE ¢ 2 L - - EEER ORI

(2.11)

(i) 0<20<20, ICBNT
1
——-1 [-l<Ax<0]
wa(Ax)= A-Ay (2.12)
0 [elsewhere]
THY, (i) 20,<20<n IZBNT
1
—-1 [0<Ag<l]
WA(A,’{): Ay (2.13)

0 [elsewhere]
Lind, EEBEK wy(y) 07—V =R W,E) K
XNTERIND,
Wa(6)= TwA(x)GXp(%iix)dz
(i) 0<20<20, I[ZBWT W, (&) 1TELF O A FFo,

C(ZW )OS(zW ) 1-exeriz)

(2.14)

2miZ (2.15)
=770, _ODK’C%'EH Clx #>0 IZxET25H0T
HY, Cx) & Sx) IFUTOXTEREINDI 7 L XRIL

Fresnel B33 CH 5,

C(x)= I cos—2 dt

(2.16)

S(x)= Tsm—dt 2.17)
(m2®<w<n®%é Wy (&) DffIE

(2\/_)tzS(2\/_) 1-exp(-2mi&) 2.18)

2nié

7

L%, Zho Fourier BHDFENTIEAZ FVIVET =2
RV a—va NECX DB RN EDREITIAES THY
FEICEE T — Y =4 (fast Fourier transform; FFT) 7
NI RLERNDZENTE D,

ZORHEE, AR XBROE— 7R B X O



T HH 25 2 TR B o AR REUE SO DE I RIBIT RS K 0 JUTE S 7 Bldfr 7 — & OfEHTiE D BA

PEOWEE B E LT Si ERB ORI E—27 220
THEEZIT o AR LT, SEERHEZH
W BRI AN Z = HEDOFRERICH L TH, £o7< A
RRIZEAT o nTE D,

LR TIE, X BARAYIZ FFT 7420 XA ZFIH L
TR BRI ZE R E DO 2D DOFHE O FIEE LR 5,

BT — %, BRET —X, =T — X BENTIE
Fl 20}, (L}, {B} [j=0,..,M-1] IZfFESh TN &
T 5,

FPHEO R — V2 ET 570, A (29 £
T (2.10) ZHWT, EARLE 20} b EHRE DR
KRNLE {y %FHT D,

2;,=GA(20))
Fiz, THICHIE L THREO R r— Vb BT 5, n—
LY RS e EOBMERFRIERLERHIE, ok
SWCHEZME L Th <, BEMERTZ2 f20) &F
L, BB OHEMOME () LiRE (g} 1T

<D2|cot2®_, +tan®A|

[j=0,...M—1] (2.19)

n, = ; xf@@be (2.20)
®2|cot 20 ; +tan®
g = | ; A| x /(20 )<E; (2.21)
[j=0,..M—1]
L%,

BB B Y& DT ARHEAA 0 B E O FER TR S
ETIE, v— LY RTEBERRYEOREMER T,
FET TR O B8 BEAR IE K 1 & & o 72 S 224 15 TR 7 3

1 sin®;
20)=sin20 xsin@ x —| 1 +—————
f(20)=sin26 xsin XZ{ sin(ZH—G)JJ

(2.22)
LWIHrERTEEIND,
FFT $HE 1T 9 72DI21%, 77— X OER SN EBE T,

FORBIL 2 ORXFETRITNIERER N, 22T, A
r—VEBOBIIMEIC LV ERBOREARRE LRk
T, o, AT —NVEBEOEASHE (ya-x) [Jj=
0,...M—-2]1 D5 BiR/NDIE Ay ZERRL, B LUWVEE
KEERRIE Agmn ZBARVMEE T 5, 51T, HERM
BOWEOBIEREDOFIHICHZ-> T, ENEeDT —4
ERROT XTI b, Tk TE2aiEd]
zero-padding & FEQY, 77—V T{EIC K DT OBRICEL
WSO T =2 NEBELE ) e E2YSIEELEET D,
FEJR, LT —H LR uEEOT — ¥ OLFOESIERE DK
N2 ORFF ICRDLICTIHILERD D,

T riEo@AOEE we & LT, LLFO—HDRIC
WoT, HLWERROEARSR {x} PRETED (Z
CCIEEBB DA —)L ECEBRAKOEL? 1 IZEWN
DT, 72L21F W =5 ETUE L),

Xp=g0+i(AY)  [j=0,...n-1] (2.23)
+ —
Ax = Wzero ZMl—l Xo (224)
n—

1 = pceiliog: v) (2.25)

= Waero Zj{(:: —Xo
7272 U ceil(x)id x U LOR/NOEKREERT D, £z,
T L XTI OEARRFEANICAE S 2EMRT — 2 0
TE 0%

LW
m=n-—Ce€l1

|
TEIND,

B S 2 Y T T L R 2 R 5 = L T
X3, ZOMICUFORICHE T, BALKEAELE
FTBILILD (BT OBE] DIEELH b7 L
LTE<L,

1/2
- Ay,
) G

(2.26)

(2.27)

(2.28)
X1=Xo [j: O]
Ay;= KX ;Z‘H [1 <j SM—Z] (2.29)
Xm-1 —Am-2 [j:M_l]

SRV, TOBET—F (g} ORDYVICQ228) A TE
HEND (&) &k, ZOF—5 O L0 SR

AT 5F8ET — 5 (e} L, Tk, A
ARNCT —Z ZHRTUEIC LY, AROKE L ITEY
RIZABITORER EN->TLES DEMET ST
bbb, THHENELS RDBGEIZ, FRITELTT —
AT HREEZEPCL TR I EE2EBEKR LTV,

AEMBRT—2 {2} () {6} [j=0..M~-1]

WZxT 5 3IRAT T A UMK Y, BRRT —% {x},
o), {ey [j=0,...m—1] 2{ELT D, = LEwE
O OFFHOELF TN DOV T,

Y= Ym1= =Yy 1=0,

em=€pi1=...=¢€,.1=0
LT %,

T —# Ol 7 — ) 2B FOXTREND,

ol 2mikj n n
Y, =2y, exp[ 7, k=28

Jj=0 n
EEEOHBEITIT MR FFT 354 75V 2F 4
HZENTED, —F, HEBAKDOT—V = EHOREK
TEix

W= WA(§k)

k n n

fk—m, {k——E@,EJ
WZEWEEEIND,

UTFToORIC LV EBINGELRE LZBET —¥ {2}

BRODBND,
exp[_ Znikj]
n

(2.30)

(2.31)

(2.32)

n/2
Lol Y
In /4

k=—n/2 "k

(2.33)
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ZOFHEICY FFT #E 747 7 VAR TE 2,
RAET —HIZED X D % fi R & IO
THDHN, [EOT—FNEREREOHED 2D 7 —
sl b [EEEEO 7 — ) Ao T — ) =&
WD 2FDT7— ) 2 BWOBEFRIE] OFoOH 77— =
BHOWE OV FR] 2niErarR)a—a 4%
DREDEENELND EFE X2 BLD (Ida & Toraya,
2002), 2 F Y, L TFTO—EORIZ L7 - 20 % fii+
7 a AR 2 —va VBB ORRERIE (s} 28R
bHHd,

" ) 12
5, :{i > D, (WZ* )k exp(— ZTZ]OCJI (2.34)

Ly
(=] 2mikx
Dy =Y exp = (2.35)
j=0€; n
n—1 .
(WZ* )k = ZWf exp[— 2mike (2.36)
=0 n
1 2mikx
wy=— 2, Wexp— (2.37)
Ly n

ZO®IZ, HEOHEEDZOICEA SN IZEMET —Z
BEELT, mOT —XHRBICET 72 ORI E T,
TarR) a—va CEOERRIEARS, WE, Rz
T4 {xi}, {ze), {50} (j=0,...m—1) nb, 3IRATZ
A AENC X0 REMRRIEAS {4 (j=0,...M-1) T

DIRE LEEONIE (G}, {0} EHAL, BET—F

ZUFOXTEET S,

-1/2
Ay . ,
o, _[ ij] o; (2.38)

SHICUToORICE Y it/ 47—V o 703 2 i,

I'. = 2 X !
/ ¢ﬂkm2®j+mn®A| /@9))

x¢; (2.39)

E = 2 L (2.40)

’_qﬁkm2®j+mn®A|Xf@®j) g

(j=0,.,M-1)
TAVTHER BN 2 O ENREEBRE Lo L RO
T—% (U}, {E)} B¥EbN5, REITIE, &oMieiuE
B EmREIFTFHZ L 0 RE SN EPEET — 2 M D
BHR BN 2 2 R B9 D BRI L B f B O AL 2> T
=3 Ui aPN

2. 3 WREBNEBBOHELOLE

BN AR 0,(A20) X () 0<20<20, DHEH
Bi|<A20<0 DFFETOLE R TRWMEE LD, (i)
20,<20<m DFAITIL 0<A20<|B,| OHIPHTOHEY
RTARWVEEZ LD 5D, Ui o TIEEME o,(A20)

DI R OMEIE
o2
|ﬁA|:7|cot29+tan®A| (2.41)

ThdEA2ED, EORXIZHONT 20=20, %H .0
7 A 7 — Taylor BB IE
’|20-20 |

|ﬂA|N 2c0s?0,
EVH RS E LN D,

L AT, —ICEEBEBOEN T — ¥ OMRIC A~
TTFob/hSVHFERCEFay R a—vareTrarR
Va—va VEEENCML L2NOLFRILZ ETH S,
EEEBNEREZES LW TH, BO T2 ThIE,
BRAOMNITTIRRERLRVWDOLERLTTHING, Z0
fHETIELLAME LA THRWEEZDHZENTE
B, £IZT, B 20 BEERA 20, ITH2IEL,
T BU ZER B OEARERT >~ 7D 1/10 L H bk
P CIE T a R Y a— g VAEIEITH T, ETOME
WToATar R a—vaEfiT I 0T 5,88,
(2.42) RXOELIE & 2 1F THEE B AR K IE 2 E A 7
v 7D 110 BLFIC72 28880 O EIIES Th D,

ZOHFEDEZ FEK 11277,

(2.42)

Initial data

ﬂse gmentation

ﬂ N ﬂdeconvolution

combination
Final data A4

| | | >
205- A205 20 205+ A20;

M1 &2 —r7FaryR)a—va RICBIT 55 EBEK
R B AU EE DB D J5 ik, HEBROERMEAT v 7
D 110 LV /NESWER EZOEA, EANOERICT
— X% 30ET 5, PREBEICETa A a—va v
WUPR A S 7o\, BRRLUGEEES B LT AR, EAE
WMOF =2 ZENETNRLZICTa Ly RY 2— 3 VAL
HaT 20, 20L& X RO PREEE S —iT
HERTHEERD,

BASHICE 72 0 fEIRIZ W CIMERI E A Z D 72 P %
EoTHBLTRKT —2 LT 5, ExE, {yie oo
Vinid & Y205 or Youu} KR LTEUTOL S REAHDOE
W& LT R,

_ /2 L a2
Y=Y, coszm+y2jsm2 1 (2.43)
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2. 4 ASE—LAICHXT HIERHEDFTE

< ¥ KEK-PF BL-4B, (2B CHEY%E Si HRK (NIST
SRM640b) DEHT v — 27 ZJE L, 2.2 HiDHETHIZE
BNZEODRERETD &, 111 KR CRAORTTE
— 7 RICB O CTHEE R IEHREIL[O 5D 88, fER
L LTARToEE— 27 2o TREE R IES IR 037
5T ENHER SN (daetal,2003), £72, T OIS
PEIFEN I 7 — DB HlESCR Y v NotE, KERFED
DTN TFNEOENZ L - TEMT DHEMBFED b,
ZOZ L, WREIGERERICE I LB — 2 B
WOIERFED, B — LT A4 O NENIERD DR
BEE D AS XM — L E D4 I 8 D VI FE A
EEMEICHERT 2O THD Z L E2RET 5,

T, ZOIRMRE—TBRE LA R T
— 27 b pseudo-Voigt BE%L & 7o A7 It B 7o 48 5oy A B B
BEDODBRARIZEIVET LT D L 2RART,
Pseudo-Voigt BEHUL, FEIEOE L WH v AR & m
— LV OERMIEOME LTERSH, ®RAT
#zEho,

/4 w
fPV(x; w, 77): (1_ U)fGau[X;fﬁ]+ UfLor(X;nT]
(2.44)
1 xc?
JfGau (x;B)zEexp[—?] (2.45)
1 nlx? B
fLor(x;B)T[l 5 J (2.46)

Z 2T W X pseudo-Voigt B D v — 7 D - {HAIE
FWHM ThY, g idn— Lo YRS 0RE42ET,
WNIA=F p IHRENT A —=FHDNTIRART A —
Z L BTN, REREIZE TR 72 RICKHET 5,

—J7, FHENER E BT D L0 R
P TFToXTRIND,

1 ( A20 j [AZ@ }
—expl——-1| |—>-1
0 (A20,a)= |a| a a (2.47)

0 [elsewhere]
IIT a BFEINHEERTRTA—FTHY, a>0
DL EFHEMHEEEIE, a<0 O L X ITEANHEE 5]
STBRICHIET D, FERBYENRT A—% a IZLLTO[E
PR EEE2 2 L UET 5,

o =aysecld+aytand (2.48)
TIT, ax & oy HMEBORT AL LTHWLN
D, ZORPFAEGEEILY 4 VT AV v« A—JL
(Williamson & Hall, 1953) D [REIIFBRBMENT OBV 5
NHZOERUBRTH D, BRIITIE aylay<-1 O
TR RMEE R TIPS, ERICEgERT AL 51
ax=0 &z 5, BRE—VREFa R Y a—a v
BEEEAT OB LER Ay — VER Gy(20) &,

2=Gp(20) I[C LV EH I NI % OB we(Ay), =
fe D7 — U BB W) 1L, (a>0 DL

GE(za):ailn (2.49)
Y

o .
—X 4sind)
Ay

B exp(—A;(—l) [A;(>—1]
we(87)= { 0 [elsewhere] (2.50)
. i
1 @)= [y - ) e
ThY, ()a<0 DL X
Gp(20)=—2 10" tsing (2.52)
ay |%y
Jexp(ay-1)  [Aax<i]
we(87)= { 0 [elsewhere] (2.53)
. omi
%i@szm&k”@dz=%%%g§2 (2.54)

L%,
EHE Si MRRBOD—T 7 4 v T4 TITH BN
H e =27 RET VBT T OB,
p(26:5,5,260,,W,m,0)=b+Sx fryup (20— 20 W, n.22)
(2.55)

Sovee (W, n.a)= Tfpv(x—y; W, nywr (v;a )y (2.56)

X (2.56) OERXOF I, WU 72 2852 % i L 72121
BEESEETITNIEDERLLFETES (1da &
Kimura, 1999),

RO — 7 ARFENT 5 BFE S DAL IERT X Z
A—% o OBRYPTHEGEZEN L2 K 2 1[ZRT,
X (248) OEFTAKGHEERELC T v T 4 T %
L7 S, secd THOMRI ax ITIAZEDOHB T 0 L72»o
7o OF VD, 1FIE tand [ZHFIT D EIFT AR R -
TW%, 77 v 7 Bragg OIEH|

A=2dsin0
NH

AL A20

7: 2tané

DERRH Y, A XBRO G HIRE A DOFER 20 %
il & T2 REHTHEICEB W TIE tand [ZHHIT 5 2
CIFBEDITEIND, Lo o T OIEFRMED KERSY
DIAS XA O IERIFR A2 3 HIRE DA L D L B2 L TH
FIRLEWHERE > TW D,
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000 1 I 1 I 1 I 1

-0.01 —

-0.02 —

o (deg.)

-0.03 —

-0.04 —

'0.05 1 I 1 I 1 I 1
0 40 80 120
20 (deg.)

160

RN T 2 —% o OEPFTAKEEORES, ~—
E 19 ROEPE— 7 ZERNC RS+ 56 2 LI
0 RAEL SR ERME, ERIT tan @ (ZHFIT S AR
BRT,

2. 5 FRAMEOKRE

ATER O 7 15 CREBRAIZ SR B LI FER BRI 2.2 B &
FED FEICEST, TarRla— g il X VkE
THIENTED, ZOBRICERTXE2EEOERIX
2.4 Bi TR~z

LosL, +aeitBERELNRWIES, 207 =
VIR a— g VAR L% OT — XTI e A
BCE AW S bAMFAINZ LD D, £, T
AV IEESMREKIIH ETHLRBNRET L TH
v, BEOE—7 RO E KRBT 5 72 DI il
RETINVERETE D X5 B e BT AFTE L e vy,
TIZT, R ET 2R a—a LT E W RE
T 5 LRI, FREDOIEEZ Fo o EAMHEY— 7
W E BIA L TT — X 2 FibT 5,

e 2ITE 2Ly v LB Kox) 2 HVWTEL

TOHXTESE S D KRB
1
wS(A;():;KO(]A;gD (2.56)

D7 — 1 T
1

W@@):_TTZ;?f

TESN, WE)=E)] OMERDHD, - oltEE

(2.57)

HAARIEEOT a R 2 —3 g ORI R E 2~
AteZ 2T, IERBREOABREIND —FT
KRR ARG ORI R EREFERZMZ SN TITHE T,

2. 6 ZEET—IDES

W22 E IR K B PTFE MDS CT&BH & —
FRETHENCIE 20 T 5° 5 10° TWEDOHIPH %
BEV SO M TERTRAET 2 L5 ICAF v U HiA%
BET D, ZOERATHESREZT—FE2FALT, X
COICHREERIZ LIV RSB S Lo — 7 (L EDT 7 K

ERNY I 7T, BREOEEMIEL, &5ICHRHEG
RITL DEEBEBOENI LD R — 7 BROE
EEET SO 7 —) 2 EEFIA LT — % 0k %
179

26.1 ©—27 7 hOMIE

HFROPFEOEIIIBEMEIRT —HITHE S TW
DRERMT T T AV OME (©,) bREESNDH, 2%
MOHFICEREE XS 2520 T F 7 A FEREHERE ORI
1L 20 HHOEREIEIZ S EL W, 22 TTF 94 A
EERRE LIRS, MELEZAA L7 hE—2 LT
20 AX ¥ VT OMEREEAHEL, =7 AMAEND
BMHBZ D=0y 7 F (BIEA) Z2kdD, L
L, ZOMIEET-TYH, EBBICEZEE (F—1V7T —25)
HEEIT-12HAIC, R Z LI — 7 (LB IEA
DHEDLTNCERS>TVWDHZLEZEETIENTER
WIZlkHE, ZITEHZEEAMTEOREELHNTE—
INLEDOT T N EIET B HEIZ OV TR S,

1% A OB H& TEAK {2010,....2011 - 1} IZBIT
LWET — &%, 2FH OKMEHE TIHEEARS
{2020,...,202 N - 1} BT HRET —F BRI TE
0, ZoOM R THEICHIE STV A HEIKIT 2020 <
20<20 1.1 THDET 5,20 AERTa—FITX
DIE STV DIEEIZ 2HOT — % OIEA FALE D —
BT 2EERLR0VD, BEREOME 3RAT T A Al
M4 ix, BIEARAT v 7 A20 1TxthG L 7= % file 72 3w
DEERR X} = {Xoy ooos Xt} DEDND, BARINTITLL
TORIZE o THEAREZRETIIERD,

X; =Xyt jxA20, (2.58)
X = ceil(20,,/A20)x A20, (2.59)
X, =floor(20, ,, , /A20)x A20), (2.60)

Z T floor(x) 13 x Z#AMRWIRKDOEREZEKT 2,
R PR EEAR R OEL

xOJH

m= round(x”“l—_
A20

ThHEz2bN5b, 22T round(x) 1 x O/INEUSLLIT &0
BEANLUTERMICAD D Z E2E®RT 5, BAR {x)

2.61)

NRESTZD, 2O00RHIBITI D IE I NTBET —
Eb, BIRAT T4 UHEICLY 2/ OMET —4

Wit} = Y105 s Yiu1}
Dt = Y200 -+ You1}
Lk, £, TRENDT —FZ B> TN 5
7& ey}, {eyt ZFBRDFETRIS 5,
BERYVT—XOITICEL Y E—r v 7 bERD DT,
() FEMBEZAWD HiEE (i) /b R EEZHND )
EEREZLND,
(i) HEMEZHNTE =277 FhERDDHZDHITIT,
HHEFHBIBE Corr(o) D% -7 < o<z OFPH THEKIZ
T2 o OfEZROINITRV, 22T 37 FOFFE



T HH 25 2 TR B o AR REUE SO DE I RIBIT RS K 0 JUTE S 7 Bldfr 7 — & OfEHTiE D BA

#ilH tolerance AR L, EHFFHNPIELSFHEINL TV
3017 BELNORESEEXLTRY,

BEROZATIE, Aj=ceil(r/A20) L LT, -r<g;<7 (T
KEIES 92 FH A B

n—1-Aj
(Corr)j = ZYIky2k+j

k=tj

Z 0,;=jxA20 2R LTy b9 5, MHAEMMOR
2RI

[/=-4i.8.4A/] (2.62)

n—1-Aj

/2
(aCorr), = kZAl_j SRz +yfke%,€+,»)}] (2.63)
=N
Thzbha,

FEAREMBRICH LT, ez — LY REHE
HWleh—T 7 4o T 0 VT EITHT, IkRKERDIE
ERONZV 7 FEPRESND, I—T 74974
JEMMTHZ LIk, MERAT Y7 A20 L0 bl
DB TY 7 NEERDD ZENARETH 5,

—F, BN TREICEVE— T R ERDLEDIC
1, BERAZR (o)) OENENLOMEICK L TLL TN D%
IR
oy (Ylk _a_bYQJc+j)2

(6Q),= X

k=Aj

e, (2.64)
E/MET D, R/AMEBROERZE TR E {0} XL T
Ty NLTAH—T 74T 4TI EL VRN D0
A ROIVE, HAMEEHWZFIEL R, {o) O
MR L VA WEECTY Y hEERDLND,

UEDORBUZBNT, WTHDFEZONTHRD S
5 o DEIZ2FBORBHZTUNESNTZT—F %1
FHOT —HICELETEETAEDICMA &7
FOEIZKHIETHHDTHD,

2% B OMHI CHE I NIZMET — X &ficblo
TE—27 V7 bEMIET D01, U TFOFIEEHW
AT L AR {2020,....202 §- 1} BT BIRET —
B 3WATTA VEEICEIVEBL, HEME o 0%
PP LI EMEEAN (X- 6,...,%,1 - o} TOMSE
ZXRO, {yo,...yn-1} £T 5, T TOFEMBELRSD
EO I (2.58), (2.59), (2.60) LREEETH Y, FPHO A
EINF b DIl 5, BN RE L TICRT,

X, =X +jxA20), (2.65)
2
xozca{fgﬁligij2®, (2.66)
A20
20 +
xnl_ﬂom{——lﬁi—iz]xA2®, (2.67)
A20

FEIC L VRO ENDEAS (X0- 6%, - 0 TOIR
EF— &%, RN (X.. X} (ST ERET—4F L
Az R, TR Z 370 LESRRT — 4 1 B Eoh
5, 2B, ZOv7 MLEHZOT —Z OEEIE

n= round(xn’l —Xo J+ 1
A20

(2.68)

s,

2,62 MHEBEEL Ny 7 7T T ROMIE
HifficRLIZLDIC, =27 hofiEEa s B
— X &AW BEIEE TEEBLT 5 70 DI TR0 B 2R L
HALELE IS, —HT, =277 MEMELHE
T, MHABRILDREL NNy 7 7T 7 ROBEBWITE
MEFICL VBB IBEETE S, 2 20RHIBBTERT
HIE S 73 /A RIS B ) T No. 1 BiHi 88 THIE &
IZTRET — 2D {y10,...y1n-1}, No. 2 25 THIE S
IR T — 2D {y20,...y2-1} THDETDHE, o
&b AT ET LTI

yij=a+ by (2.69)
LEREND, 22T LI TZHoDHREBSBOREEDHE] I
KIEL, a X INw 7 7I3 00 ROEND H B TREEI
I LI oRE S]] 2RT,

2,63 77— U TIEIC X D REE B IE
TOORHEBOIEEBEBENEN wi(x), wmkx) TH
5&T 5, £z, BEOREEZ T DHHMOLRORET
—20 y=f(x) LEIhDLT D,
el 2 HDOBRITLL TR TER N D,
& (¥)=7(x)*wi(x)
& (x)=f(x)* wy(x) [ x5 Sx<xpp]
ZIT fx)*w(x) FREE f(x) & w(x) DITeH TR
EERTObOLL, UTOXTEREND,

16 ()= ] 1=y

CHFHOMMBEITME LT — & b3 E B
wyx) OREEZTaL R a—va TRV BRELR
%Iz, LEBE w(x) 2EPATRE L T, [EAR
M 1 & H Ot THIE LeHE ORI EdhRR ) 23
BonsirFThs,

LEBE wi(x), wy(x) DEERIERDPHRTSY,
A R —27 ADJTHE (Stokes, 1948) L RFEDHEIC LY T
aviRYa—var,/arRl a— g VOEEFETT
HTENTEDL, bHbAAERTCTHEHIEL - HEEK
Xy Sx<xyy DOWEPIEE O~ THoIZAN
WERDH D,

ZoOTFarR)a—va Bl aryRY) a—vg v
PR % B D T B %, ARAYIC TEIERBISL gintx) DB
Firr) LRFEE BT ENTED,

ZOBEIERE gin@) XM 2 o0BHE TRE ST
— X D7 — ) R OO T — ) =EHE L CER
Eh, UTOo—#HOXTRIIND,

[x, <x<xpp]

22()= | Gy (@) exp(-2mice)de 2.70)
_Gi(©)
Guﬂf%—Gxg) (2.71)
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G,(€)= | & (x)exp(mice )

XL

Go()= | & (v)exp(@ricn)x

XL

BEIERR gipk) IXFERTHE SN2 E kDT — % D H
NORBLONDDOT, BT — Y = EfmEHOW5E
WZiE, TOMBER2EFB OBRHBCTRHELZET —4 D
TV 2 ZEHBMOMBE LY LIELS 2D GEOT—F ORI
FELWOT, 7— U BHROFEFIEE L),

FFT ZFH T 5 729121%, ERCTHIE S 7= Eilk O i
ETF—4% {y}[j=0,..n—1] ODEXR¥ n LELVNE
NELEDET, 2 OREFTRIND LIBREKDOH L

(2.72)

(2.73)

pi=2%0n) Lge sy 2 15 2k
¥ o &R, B {y} ORITE w0 KIEICEET S,
SR SN RSB I XY o ET S, SE D,

e =Y1n1=0,y20= . =y -1 =0 ET D
BER 7 — Y =AM OB TITELERE (G 1

T/PNOE, 2FY

Yin=

Gijoy = 2’; , Lk——'; ® ,EJ (2.74)
Yy = Zyu eXPEZMkJJ (2.75)
y;k_.Ejyz,exp(z ’J] (2.76)
ERIND, I (Y}, (Yu), {Gros) DT b EFEK

BHTd D038, FEF BB TR I 5
DT, Wavemetrics Igor Pro (25135 FFT #8774 77
VT k20 OFT (k=0,...0°2) OHZEEL (n°/2+1)
WIEDEREES & L THbiLd, £, BF 0 & I’
Fow2 ORSIERITOTGER (BERAER) (T
72 % DT, “Numerical Recipes” (Press et al., 1986) D7 A
77V 0E91Z, EAETLAEIEHNTLDICTHh
%%ikbf(M@&m@@$ﬁMﬂ%éwi %
w WILDFEHEFNE L TR EA L H DD THEENL

BHThHD,
T £ BT ABERER (&) EIRT koI
k n' n'
@:ZZ;S P:”EQHEJ 2.77)
OBBENH 5,

No.2 MR THE INTZLT —H {yy), (j=0,..,N-
1) WXL THIRERIS, 2 OREFETRINDIEHD S

LT N UEORAOK N=2200Y)  2oke  E

{yy} & N WITIZIRR L, JEIR S 7Bl S R I r
FEOETL, ZOT—XIEERKEERATICIE, &
ERAEO 7 — U B HIZONTOREREB {Gioxt [ k
=-N/2,..N2] BRLEIZRD,

JRHEAYIIE, EERE O 7 — U 25 E TE 2 0 FE
DRET—Z D7 — ) ZEBOLICE LI RDIETTH
v, HHUICE X WEERMICE N T —2 D7 —) =

EHROLENTFEL TRONIT I WIEZTTH S,

LnL, ERT—2 07— 88T, FuarbEEn
DI ERHEHMREHOEBEL BRI Z T2 b0ILRY, FE
BiEO 77—V 2 EHOEZOF EMH D L NMHEOT —
AL 2 ODBIEDEREDKBENELE INTZLDIZR-T
LEI. X 3 ICERED 7 — U WD o ERJIF % 7R
I, JFARAHTE T Z 0T 1 icimuvwag, FUErbEn 5
LB R EDR B AZ T T 1 MOoTNEIRD
ZEDBbnb,

SEE B O T aMERIE, T— ) 2B HBIZB WD TIER
FAPBEDO#BTIZIFRED DT, BEOEBLBT -
WITIE, HHICHIFEIT O 20 Tida<, RIS EEE
WMEZFZE ZHIFRVWESZ I BN,

264 77—V EERKOET VAL
ERIIKRD BN T — ) T — % (Gou} D
Fmibsn7— U EERBREET IV Giud BEL =
WIZ, EDZEREHTIIHDLZ LIZHOWVTHRF LT,
ZORRZ, WYIRERESITIEHHAEORENE L
<EEEND Z &% R L7 (Ida & Hibino, 2005),
B2 7 — ) OGS HIZLL FOXTEREEIN S,
ZITRE(X) X OFEEEERT S,

o= <|G1/2,k _<G1/2}{>|2>

7 — U D Sy BATHN O F A T A2 AL T LU o
EREAR TS0,

o bl
|@AL |@H
NOWIHE T 4 T 4T DERELTHNSLZ
Lok, JFEesr <f@é@%ﬁ<ﬁﬁ#éﬁU@ﬁw
Bonsd (K 3), ZOZHEAXT 4 v T 4 7ITBNT,

3_
2_

Re[G, ]

2_
14

Im[G, ]
S

-1
2

100

40 60 80
& (1/deg.)
H3N01@m%&Ph2@m%fimfﬂﬁént?~ﬁ
D7 =V Aokl (ko FHE, TR
e BRITENENERNIMBLEZHNT v T 107
DR % 7~ d,



R=WAN

AR M

FFBE B T Y R [FIHTEHC & 0 JIE S 7z Bl 7 — ¥ OfffT ik OB %8

# 1 ZnO OEIE/NT A —4, KEK-PF BL4B2 @y fFREMHIER S @M i3t CRIE SN 7e T — 20 b RS bk
L, MEOWEIC L B L & T 5,
This work Bg:;f?;n(ligggg) Albertsson & Abrahams (1989)
Specimen (;(;‘;lﬁ iry) ( ﬂatlf;);;g?;len) Single crystal Single crystal
Source Synchrotron X-ray MoKa Neutron CuKa
Wavelength (A) 1.306581(19) 1.306143(7) 0.70926 0.833 1.540598
No. of reflections 42/45 42/45 141/374 301/39%4
a(A) 3.25005(5) 3.249957(19) 3.249871(6) 3.24992(5)
c(A) 5.20695(8) 5.20669(3) 5.206625(2) 5.20658(8)
z(0) 0.3851(7) 0.3847(14) 0.3825(14) 0.3819(1)
U(Zn) 0.0080(3)
U(0) 0.0086(9)
U (Zn) 0.0052(2) 0.0071(4) 0.0073(4)
Us3(Zn) 0.0054(3) 0.0070(7) 0.0094(4)
U,,(0) 0.0051(9) 0.0063(16) 0.0056(4)
Us(0) 0.0059(16) 0.0081(30) 0.0064(4)
R (%) 0.60 1.45 3.78 2.31
Rw (%) 1.01 2.08 5.12 3.67

EHEE 10 ROMBIEL, EIX 9 RO ArBI%k A v
Tna,

3. fEHH

3. 1 =B

¥ EEEAE Si By RFUEE (NIST SRM640b) & 78 i
E#e ZnO ¥y RFE (NIST SRM674) OHEIE %17\, ZnO
AREHZOWTCEIITREST — & 2t L, fET A —4
kT 5HE AT o7z, MERRETT —# % KEK-PF
BL4B, MDS (Toraya et al., 1996) % A\ CULEE L7, ¥
v7 UEEE AW EERECE D HE L, ERERES L
FICFI SN TR DO IR STEC X 2 EEATV,
R A LT,

3. 2 EAZXAE

Oy e 58 Sy AR REA A R & L CHERE ST By R 6.1
mg ZEE 05mmd DHITAXFYETVICHRE L, £
WO E S OFEBME 30.6 mm 2> 585 KO EHEEIX
1.01 gem™, FEHHEE 44 % & AFEH Hiz, Si111-533 X
o 11 ROEYrosE iR » S BB EEREL, I
BT T 7 ANETADT 4 T 4 I RBEL D
NTZIER B R T A —4 a IZxF LT a= ay tan @ O[a]
PREGEEZRET D L, ay=-0016809)° & RiEL 5
Nie T OIERFRIEIZAS X RO IEHESIC L D
DERRTENTED, ZOFEAHMEET LR 2
—valEIC I VBREL, EAMHE Voigt B4k % A

- 10 -

WIET 4y T 4 IR D AR — I EE R DT,
E—2Z 7 bDETILELT

205 = 20,5 + A20) + A20 cos (20 20, )
ODEREANC T4 T A v T EIToT2, ZORE, ©
— 7 WE 1 = 1306581(19) A, FEMEHEE A20, =
0.0086(18)° , f/LiRZEHRIE A20,=0.0118(6)" , fW/:iR
ZEIRKRMLE 20, = 114(7)° L RBEL N, 7L, Z
Z CHEYE Si B NIST SRM640b 0D ¥ - i $5 1% FiFAE
5430940 Az Tn 5,

BREHEYE ZnO ByRD 4.0 mg ZEAE 0.5 mmd DO F v
I VICHRBE L OERBEEEE Lz, BEHOR X
31.7 mm 2 B ROFEFEEEIL 0.64 gem™, FEHEZE 12 %
ERFEL b, Zn BRI OMRIRE o &R
L R OFEOMEIE uR=0436 & RFED b, Zn0 B
ROBEHTHMEZ 6 DO LV AE Lz, WiE 20
A7 v 7% 0.005° L L, &AT v T HD OFHEFR
% 3s & L7, BEFREREOM, ¥+ 7 VIdE)1
[Al#E O X Clallis < ¥/,

BRRHAR D DR RBET — X 2Bk L T b
LB NE —inn, TarRY a—va EIckY
RN ZE & 43 JETREE A3 AT I kT 2 v — 2 TRk D FE kT
EZBRE LTz, E— 2 BREMMELIZT —% 2 Hn
THEE DR ELEIT T2,

T 7 A~ Wultzite & FF> ZnO 22\, [H
re—2 BREIEFBERFEICH D 100216 KD 5 5,
BT E— 27 28R TE o 72 301, 303, 305 K& 3
AEERL 42 ROEHTE—7 OB BREEZRD =, By
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TREFEM O 72 9 121%, Voigt BIEE W @hl 7 e 7 7
ANT 4T 4 THEEHWE,

PR ERHZ B3 2 W IE 2 i L C, fe/h 23RBS
L OMENRT A= BB LT, ZOREFR 1 1R
T, BB b SNTAEE T A — X ITHAERIEIC L VS
fbahzmiciz<, FHEERSIX R = 0.60 %, Rw =
1.01 % & TRNSWVMEIZ R o 7o, JRTFENLNT A—H
IFEHT Zn & O RFICHEERELTHLFE LR
WHERIZ 2o TRBY, ZOHRTHLLEoEL 5 LNERE
o TWN5D,

TV R R DT X OBRiE, T ARY a—v
a k= BROMLERTZ LIcko T, &
GICELWEIHREZ RS 2 2 LN TEDH T &2 FF
ToHRREL o7z,

RSz O JR 7O & I TR 2037
A—=21%, BEEOHELOPBEVEI ML LR >TND
2, BEICAWTWAREAE—TIERVWD T, 207
HWITHREHZHRKT 2L O TH D AREERH D,

3. 3 REHRAIE

Si #EYERRE ZnO FEHIW TN HEE 30 mmd D
SRR LA ISR LT, e RETIE O, 3EHT
HERRIT R 2 & U CER 2 [BlEz o3 & Tz S w7,
AHBEEHEIE 80 L L, AR E—AIEFE 10mm, & 1
mm (ZHIBR L7,

Si @ 11 KOS (111, 220, 311, 400, 422, 440, 533,
711/551, 642, 731/553, 800 S<4F) OEYT & — 27 R4
6, oy =-0.018(10)° , 1= 1.306143(7)A, FEFEKKRAE
A20, = 0.0060(12)° , fRLFAZERIE A20, = 0.0120(5)° ,
RLERERRAE 20,=106(5)° & REDL LT,

ZnO 3K O Bl HT 50 B 1T 28 2 i H 28 & IV CHIE L
72. HIE 20 AT v 71X 0.005° L L, HEAT v T Hiz
D OFHEERMIT 45 & Lz,

MEREREAE 3. 28 & £ o7 D HE TN L=,
72720, T TIRIEMMKA OMEMELE L, &/
TRIEICEVEEAAINTE T A - 2R 1 IR
T, [EHEERFIL R=145%, Rw=2.08% &L72o7-,

KEHEICE VHIE ST — X OfFTIC L v B 5T
i/ N7 A —H I REREOR R E —8T 20, JFT
BT A =R IITEEORBEEZBA - ThARD L
L, TOZ &L, AL UIESCIRIA E e & 2N Bk
THAERETHDLIZLEZRRLTEY, S%ORELE L
TRtT & CThbsr L Bbhs,

- 11 -

4. BhYIc

O TR RV — N AR FE AR B i R
Jeliik KEK-PF OFyREHTE— AT A 2 BL4B, (Tik
B & T 2 R s 2 s 2R R o i o) iR 8 B oK [ 4
MDS % MW\ TIUE SN KR 2R BIHTRE T — 2 0 b,
DR S N 1 RO EIYTRE T — 2 %135 71k,
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Growth of Gd, In and Ti substituted Magnetic Garnet Single Crystal Film

with Temperature Stabilized Magnetic Properties

Ceramics Research Laboratory, Nagoya I nstitute of Technology
10-6-29 Asahigaoka, Tgjimi, gifu 507-0071,

The Gadolinium Indium and Titanium substituted garnet films were synthesized in order to investigate the
magnetostatic wave devices with the temperature stabilized magnetic and microwave properties. The single crystal
films were grown by the liquid phase epitaxy technique. In the saturation magnetization v.s. temperature curve between
the magnetic compensation temperature and the Curie temperature, the flat area appears where magnetization does not
change. The optimized substitution of Gd ions for Y ions and In orTi ions for Fe ions realized the flat area around the
room temperature. In addition, the In and Ti substitution show the tendency of decreasing the line width of the

ferromagnetic resonance spectrum

1. Introduction

Rare earth magnetic garnet have been attracting materials
as microwave and magneto-optica applications. Since the
internet communication was wide spread in 1990's, the
communication system including the optical and the
wireless system has been rapidly improved. At the
present stage, the ubiquitous network system requires
more capacity and quick response of the information
transportation. The optical isolator utilizing
non-reciprocal property of Faraday effect is an essential
device for the optical communication system and the rare
earth magnetic garnet materials have been practicaly
used as the optical isolators because they have large
Faraday effects between visible and infrared light region.
3 The recent wireless communication technology
requests higher microwave frequency from MHz to GHz
band. The rare earth magnetic garnets are also attractive
for the microwave device by using magnetostatic wave
(MSW) because the MSW is well effective up to Q band
(30 GH2) region. 9 The yttrium iron garnet (YIG) isa
most famous garnet material due to extremely sharp
ferromagnetic resonance absorption at microwave region.
 In addition, the recent developments of the thin film
technology enabled to synthesize homogeneous and good
quality single crystal without defects. However, the

-13-

[Received February 10, Accepted February 22,2005]

saturation magnetization (4pMs) of Y1G strongly depends
on temperature, ® which leads the instability of
microwave properties of the YIG film around room
temperature. In order to realize the temperature stability
of the magnetic and microwave properties of the garnet,
one of the ideas is proposed to utilize the magnetic
compensation point (Temp) and Curie temperature (T¢) of
rare earth garnet materials. " In the saturation
magnetization v.s. temperature curve, aflat area appears
between the Ty, and the Te. According to the
ferromagnetic resonance theory, the resonance frequency
depends on the change of the 4pM.. ® Thus for the
stabilized microwave properties of the garnet films, it is
necessary to realize the stabilized magnetic properties.
Such attempts were studied in the form of polycrystalline
bulk materials at the beginning of the research for the
magnetic garnet in 1960's. ' Thin film technology of
the magnetic garnet was developed during the study for
the magnetic bubble memory in 1970's and 1980’s. It is
obvious that single crystal with good homogeneous and
quality has a great advantage for the practical application.
We have reported the synthesis of the single crystal films
of the Ys,GdiFes Al O:, garnet with temperature
stability of the magnetic properties. % In this paper, the
optimized composition ratio of the Gd and Al
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substitutions for the magnetization stability around room
temperature was reported, however, the ferromagnetic
resonance line width increased with increasing the Al
substitution. According to the report by Tanno et.al, **
the line width of the ferromagnetic resonance extremely
increased when the value of the 4pM becomes less than
500 gauss. The Al substitution induce the reduction of
the saturation magnetization. In order to disturb the
decrease of the saturation magnetization, Ti or In
substitution are effective because the In or Ti ions are
considered to be preferentially substituted with octahedral
Feions. ™ The net magnetization of the iron garnet
come from the magnetic moment of the tetrahedral Fe
ions which are not cancelled out by the octahedral Fe ions.
In addition, there is a report that the In substitution
decreased the resonance line width. *? In this paper, we
report the Gd-1n and Gd-Ti substituted garnet films for
the temperature stabilized magnetic properties.

Fe203
0 Rz 3
a R0, M,0, B,O
R Fe,0,+ M0, +§ R:O,

4 Fe,0; +M,0; +§ R,0, + PO +B,0,+ Bi,0,
R o RO o POO_

° é RZO3 Bi 203
R:lonof thec cite(Y, Lu,Bi, Pr,Nd,Sn Eu,Gd, etc)
M :lonof thea,d cite(Ga Al,Ge, etc.)

R;°

2. Experimental
The Y3,GdFes.,InyO; and Ys.,.,Gd,CaFes  TiyO1,

garnet films were prepared by liquid phase epitaxy (LPE)
technique. PbO-B,0Os; was used as flux melt in Pt crucible.
The C&* ion was used for the electric charge
compensation of the Ti** ions in the Gd-Ti substituted
garnet system. The single crystal (111) GdsGasO,, wafers
(GGG: the lattice constant a=12.37 A) were used for the
substrates. The melt composition was calculated by using
R parameters *¥ which are the composition molar ratios
of the raw materials given by

where the Ry, R Rs, Ry and Rs were fixed to be 14, 15.6,
0.1 and 2.33, respectively. The value of the R, was varied
from 60(50) to 19(3) for the In (Ti) substituted film. The
films were prepared by horizontal dipping mode at 100
rpm rotation speed. The growth temperature was kept at
the temperature between 910 and 950 . Thelattice
mismatch between the film and substrate was measured

by the X-ray diffractometer with Cu and the compositions
of the film were determined by EDX analysis. The
magnetization of the films were measured by the
vibrating sample magnetometer (TOElI VSM-5) in the
temperature range from —193 to 300 . In the
temperature range between -250 and -193 |, we
measured the magnetization by SQUID magnetometer
(Quantum Desgn MPMS-7). Ferromagnetic resonance
(FMR) measurements were performed in X-band (9 GHz)
region by conventional ESR magnetometer (JEOL
FE1XG) at room temperature.

3. Results and Discussion
31 Y3_dexF Q’,_yl nyolz
The lattice mismatch Da was calculated using the

following relations™”;

Aa=a,- asz-;—;A a,fa =-co0, AD a
where, ar and as are the lattice parameter of the film and
the substrate, respectively. The mis the Poisson constant
of the film ( In this case, we use the value of 0.29.
TheDg is gs g and the gs and g are the (888)
diffraction angle from the substrate and the film,
respectively.

With increasing the amount of the In substitution, the
lattice parameter of the film increased and the lattice
mismatch Da between the film and the substrate exceed
0.04 A, which was reatively large for the film prepared
by the LPE growth. The characterization of the
Y3.GoFesInyOy, films are shown in Table I. The Gd
ions aso show a dlight increase with the increasing the In
ions. The 4pMs v.s. temperature curves of the
Y3GokFesInyOy, films are shown in Fig. 1. The
magnetization of the film was calculated by subtracting
the paramagnetic magnetization of the substrate from the
total magnetization of the film and the substrate. The
paramagnetic magnetization of the substrate was
approximated by a straight line. The magnetization data
of the film below —-250 are not shown in Fig. 1

Table |. The characterization of the Y;,,Gd,Fes.,In,Oq, films.

Sample Gd(x In(y d DaA) To( ) Tg
ffu)  Mfu)  (nm) ()
GYI-I 182 0 9.41 0.026 950 913
GYI-11 1.86 0.18 8.34 0.029 980 938
GYI-111 186 039 9.14 0.036 976 931
GYI-1V 1.87 057 7.87 0.040 970 929

Da: a-a ,d: thickness, Ts, Ty and OX are the saturation
temperature of the melt, growth temperature
and supercooling temperature, respectively.

-14-
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because of the difficulty to estimate the accurate
magnetization value of the film. The paramagnetic
moment of the GGG substrate was extremely enhanced
below —-250 and the magnetization curve deviate
from the linear approximation. This makes difficulty to
characterization of the film itsef. With increasing the
amount of the In ions, the maximum value of the
saturation magnetization between Tem, and the T, (we
call 4oMs max in this paper.) increased. The Temp and the
T, dightly decrease with increasing the amount of Inions.
The value of the 4Ms yax of the film with y=0.39 is 1.4
times as large as that of the film without In substitution.
The magnetization of the Gd substituted Y1G comes from
the magnetic moments of the tetragonal Fe ions, the
octahedral Fe ions Gd ions. Above Temp, the increments
of the Gd ions should affect the decreasing of the
ApMg yax value.” The reason of the increased
4pMs max IS considered to be the preferentia In
substitution with the octahedral Fe sites. However, the
4pM; max Of the film with y=0.57 becomes smaller than
the value of the film with y=0.39. This might suggest that
the In ions begin to be substituted with the tetragonal Fe
ions.

The ferromagnetic resonance (FMR) linewidth decreases
with increasing the amount of the Inions. Fig.2 shows the
FMR spectra of the Y;.,GdiFesyInyO;, films in the
magnetic field perpendicular to the film a room
temperature. The value of the half width of the resonance
line DH of the film without In ions is 170 Oe, however,
the vaue of DH of the film with y=057 is 58 Oe,
athough the lattice mismatch between the film and the
substrate  becomes larger with increasing the In

H  Film Plane
=0
S
]
~~
z y=0.12
S
y=0.41
1
4000 5000 6000
H/Oe
Fig.2. Ferromagnetic resonance spectra of the

Y3xGdxFes.yInyO, a X band (9 GHz) region in the
magnetic field perpendicular to the film plane. The
measurements were performed at room temperature.

Tablell. The characterization of Y3.,.,GdxCayFes.y TiyOr, films.

Sample Gd(x Ti(y d DaAd) T ) Ty
fu)  fu) () ()
GYT-l 1.05 0 9,02 0.027 1000 932
GYT-II 0.96 0.03 323 0011 962 950
GYT-II 0.89 0.08 422 0025 958 933

0025 94 924
0033 951 924

GYT-IV 087 012 360
GYT-IV 080 041 382

Da : aas , d : thickness, Ts, Ty and DI are the saturation

temperature of the melt, growth temperature
and supercooling temperature, respectively.

substitution. This tendency is qualitatively consistent with
the past report . 2

3.2. Y3, GdCaFes, TiyO:,

The Ti ions are aso substituted with the octahedra Fe
ions. The characterization of the grown films are shown
in Table Il. The content of the Gd ions of the films
decreases with the increasing the Ti ions although we
designed the constant value of the Gd content in the film.
The saturation temperature of the melt changed from
1000 to 950 with increasing Ti substitution,
which may induce the difficulty to control the segregation
factor of al elements simultaneously. In order to redlize

-15-
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Fig.3. Temperature dependence of the saturation
magneti zation 4pMs of the Y3.,.,GdyCa,Fes.y TiyOy» films.

the designed composition, the growth conditions should
be optimized carefully. The magnetization curves of the
Y3y GoCaFes, TiyO;, ae shown in Fig3. The
increments of the 4Ms yax are similarly observed with
increasing the amount of the Ti ions with the case of the
In substituted film. In this case, the increments of the
4pMs vax can be considered to come from both the
decreasing the amount of Gd ions and the preferentia Ti
substitution with the octahedral Fe sites. The Teomp and T
also decrease with increasing the Ti substitutions. The
decreasing of the T, is caused by the dilution of the Fe
ions. The increment of the net magnetization needs
larger magnetic moments of the Gd ions in order to
compensate the magnetic moments of Fe ions. This is the
reason of the Temp Shift to lower temperature. The
magnetization of the film with y=0.33 near —270

does not decrease to zero, which confuses the position of
the Teomp. According to the report by F. C. Rossol, ¥ the
bad quality of the crystalinity of the specimen induces
such behavior of the magnetization. This might suggest
the inhomogeneity of crystallinity of the film. The FMR
spectra of the Ys..,Gd«CaFes., TiyO1, are shown in Fig.4.
The DH of the resonance absorption near 5 kOe of the
Y3xyGOCaFes TiyOr, film is smaller than that of the
film without Ti ions. The resonance fields depends on the
specimens due to the different magnetic anisotropy filed
in the film and the specimens with y=0.03 and y=0.41
shows the severa ‘branched’ resonance peaks except for

H  Film Plane
y=0
S
]
'cI:: y=0.12
S
y=0.41
1
4000 5000 6000
H/Oe
Fig.4. Ferromagnetic resonance spectra of the

Y3y CdxCayFesy TiyOrp @t X band (9 GHz) region in the
magnetic field perpendicular to the film plane. The
measurements were performed at room temperature.

the ‘man’ resonance peak. Such resonance peaks were
considered to be magneto-static mode which were often

reported for the case of YIG film™*® The appearance
of the many magneto-static mode seems to be related

with the single crystalinity of the film, however, the
detail of this case is not clear at the present stage. The

film with y=0.03 shows the smallest value of 20 Oe. This
is a different tendency with the case of the
Y3.GoFes InyOy, films where the DH decrease with
increasing the amount of In ions. The value of DH is also
very sengitive to the crystallinity and the stress between
the film and the substrate. At the present stage, it is
difficult to conclude the reason, however, the substitution
of In or Ti ions disturbs the decreasing of the saturation
magnetization and it is effective for the small value of DH.
As far as the lattice mismatch is concerned, the In and Ti

substitution induce the large mismatch between the film
and the substrate for the case of the GGG substrate. In

order to clear the effect of the In and Ti substitution, the
substrate with larger lattice parameters should be chosen.

4.Conclusion
The Gd-In (Ti) subgtituted garnet films have been
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synthesized for the temperature stability of the magnetic
properties around room temperature The substitution of
the In and Ti ions increase the saturation magnetization
between Tmand T, of the film, which might be due to
the preferential replacements of the octahedral Fe ions.
The FMR spectra show the tendency of the decreasing of
the DH with substitution of the In or Ti ions.

Acknowledgement
We gratefully thank to the staff members of the Research

Center for Molecular-scale Nanoscience, Institute
Molecular Sciences for the SQUID and FMR
measurements.
REFERENCES

(1) H. Takeuchi: Jpn. J. Appl. Phys. 14 (1975) 1903.

(2) S. Wittekoek, T.J.A. Popma, J.M. Robertson and P.F.
Bongers: Phys. Rev. B12 (1975) 2777.

(3) H. Umezawa, T. Tokumatsu, Nippon Oyo Jiki
Gakkaishi 24 (2000) 1035-1042.

(4) J. A. Duncan, B. E. Storey, A. O. Tooke, A. P.
Cracknell, J. Phys. C. Solid State Phys. 13 (1980)

2079-2095.

(5) F. C. Rossol, J. Appl. Phys. 31 (1960) 2273.

(6) M. A. Gilleo, S. Geller, Phys. Rev. 110 (1958) 73.

(7) R. Gordon, L. R. Harrison, L. R. Hodges.Jr., J. Appl.
Phys. 33 (1962) 1375.

(8) E.E. Anderson, J. R. Cunningham, Jr. G. E. Mcduffie,
Phys. Rev. 116 (1959) 624.

(9) N. Adachi, U. Hayakawa, T. Okuda, M. Gomi, Trans.
Mater. Res. Soc. Jpn 29 (2004) 1441.

(10) M. Tanno, T. T. Ryuo, M. Nakazawa, Oyo Butsuri
65 (1996) 500.

(11) R. D. Shannonn, Acta Cryst. A32 (1976) 751

(12) T. Shinohara, Funtai & Funmatsuyakin 43 (1996)
1379.

(13) S. L. Blank, J. W. Nielsen, Journal of Crystal
Growth 17 (1972) 302.

(14) P. Hansen, K. Witter, W. Tolksdorf, Phys. Rev. B27
(1983) 4375

(15) S. Bhagat, H. Lessoff, C. Vittoria, C. Guenzer, Phys.
Sat. Sol. (a) 20 (1973) 731.

(16) J. Barak, R. Ruppin, J. Appl. Phys. 67 (1990) 2549

-17-



T3 s AT L ¥ — 4 Vol5  (2005) 19-24 i 3

TREA N/ ONha=TEBEBREMEET 4 V2 —DER

/NEEIEFR - ) 1BEE 52
LB TIERYET I v 7 AR T 7 —

T507-0071

Iz B IR 2206 AT 2+ 2 10-6-29

Fabrication of apatite/zirconia layer composite filter

Masakuni Ozawa, Satoshi Kawagoe

Ceramics Research Laboratory, Nagoya Institute of Technology, 10-6-29, Asahigaoka, Tajimi 507-0071, Japan

The solid state reaction and sintering in the composite, which was formed by powder mixture, dry-pressing
compaction and tape cast process, were examined for the purpose of producing a layered hydroxyapatite/zirconia
ceramic filter. The solid state reaction between hydroxyapatite and zirconia occurred in a limited region at
interface in a layered composite body. After sintering of the layer composites from powder pressing and slip
casting, the significant deformation of composite bodies was observed, depending on sintering temperatures. By
selecting a sintering temperature, we formed a layer ceramic composite of hydroxyapatite/zirconia exhibiting flat
film shape. The tape cast process was useful for making a porous sintered composite of hydroxyapatite and
zirconia. The porous composite showed the removal property of aqueous lead from wastewater without

deformation and dissolution in a ceramic..
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& 1300 COBERE IR TIRJE R L ofE AR/ & <
< EE LT 2o 72, L L 1200°C D BERSE A I3 L
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Development of Bioceramics

Kazuo Kondo

Ceramics Research Laboratory, Nagoya Institute of Technology, 10-6-29, Asahigaoka, Tajimi 507-0071, Japan

Implantation of Synthetic bone substitutes, or bone from another part of a person’s body
(autograft) or from another human patient (allograft) is one of medical treatment for
regeneration of lost or damaged bone in a living body. Ceramics are very useful material
to the application of repair as the synthetic bone substitute, because they are more stable
than polymer and metal in a living body and have excellent biocompatibility. Recently. the
ceramics, what is called “bioceramics”, have been put to practical use as an artificial bone,
teeth and joint, as shown in figure 1. In this report, the kinds, the present state, the
problem and the future view of “bioceramics” (bioactive-ceramics)  were discussed.

I LHIC HEZ Iy 7 20fEIFR LITRTm<, EARE
Pipr 7 I v 7 AL ARREER2ET I v I A
ERTEIC BN T, AMERERe ST K VAT W TE D,
2B KABEOFREE L, AFREREE R Y ARIEERE T I v 7 AL LTRY VBB AL
DEBHECE 7 2 v 7 250 N THEOME M U LRMBEN R LOT, FEE LINA R
1IThhTna, ¥lz, BT I v 7 AT&BCEm S X T NREA N, V=TT T AT
FIZ E%WT ETHY., ERHFRE DB TI7ARERDD, —J, EERREERET I Y
D K<L EROEMEIENITE A ERD B JAELTIRENRLDIZIZT VIS, V=
2V, 0O, B1LIRTmSEENTE, A =T RBHDH, T TITEREERET I v 7 RIZ
TR, AT E L THWSGI, "M FET Iy DNTIRD,
JALHEN TR LS TWD, 22Tk, A
T/, NLBEf, AL#EE L THEHW LA TWY
DEBHETIIVIA (N FETFTI VI R) D
G, RFRICAERIEE /a2 7 2 o 7 AR, BLIR,
ALESCREYEIC W TR,

3. BE

() EEFEEREI IV IR

VBRI T LFRNAFTET I v 7 AOH
- - FROBEHRITELZHLL, 197 1HITKED
2. EWAET Iy I ALE Hench 528V TCaO—Nas0—P205—S i O
(1) FEsE R T ANE EEEMET D L 2R TR

R L, 2ZOHTAENRAF T T AEHDTT,

NAFETIvIZ A EERHEIZ IV I R) © U FE 7 BT OO 2 1 T VRSN Y
NAFIE, EMOBR T, A F~TF U T, A Vg =J v I (Tri-calcium  Phosphate LA
AFT 7/ arv—FHEOETIv I ALV E TTCPEMET) ODANTEHE~OHHANRE z LT
W5, £ 72 v 7 ATEEMEIOREEAR,  ©IX1 9 7 14 R4 Y ® Bhaskar 52k 5, 2
T A, AR EOMEI ZERT 5, EOEK ZDOT CPIEIZIURDBHFENIAT L, B OMIEM
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7R E e D B, BEMEIZO N THER I
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Fig. 4 Relation between average bending strength of sin-
" tered compositions and frit compositions

Fig, 2 X-ray peak intensity of sintered compositions vs sinte-
ring temperature.
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Fig. -5 SEM Photographs of the surface

Fig. -3 Maximum grain sizes (observed by SEM) of sintered of sintered bodies at 1350C

compositions vs sintering temperature.
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Iable 3 Crystalline phases of sintered samples
Composition Crystalline phase
No HAP frit sintered
(mass¥) (mass%)Ca/P Ca/P  1100°CX1h 1300°CXih 1500CX1h
1 100 0 - 1.68 H H H. o
2 95 5 0.6 163 H. 8 H. B. @ H. «
Present3 95 5 0.45 1.62 H, B H, B. « H, «
4 95 5 0.3 1.61 H. 8 H. o, 8 H, o
5 90 10 0.6 1.57 B, H a. H, 8 @, H
6 90 10 0.45 1.66 8. H 8. H. ¢ e, H
T80 10 0.3 1 54 B B. a B. a
Jarcho 8 100 0 — 169 H e —
(1976) 9 100 g = 1.68 H, ¢ = %=
10 100 g = 157 8. H o e
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Fig. 6 Relation b ge bending h of sintered com-
positions and sintering temp * indi that samples were iso-
statically pressed.

Iable 4 Frit compositions
Frit Composition (mol%)
No. 205 CaO BaO 41,03 MO/P:0s
A 45.5 54.5 1.20
B 47 49 3 1 1.11
C 46 20 32 2 1.13
Table & Crystalline phases of sintered samples

Composition

Crystalline phase

1250C

NO. Ca/P

1 1.68 H

2 1.65 H» 8

3 164 H>»B

4 1.64 H»B)>a

1300°C

H
H»B>e
H>»B>a
H>a>8

1350C
H
H>e>B
H»eae>8
HXea>8

H=Cas (POs) s (OH) , B=pB-Cas (PO 2

a=@-Cas (PO4) :

1 e
w1
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N -7
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g 30 |-
(] - L)
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S 10 ;/ >
L /?/9‘/
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VT e : ] 7 :
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Fig 7 Maximum grain sizes (observed by scanning electron micros-
copy) of sintered compositions vs sintering temperature; * mdx:n!cs
that samples were isostatically pressed.

-31-



ERRAET I v 7 AOB%R

O Sample NO.1 i
200 || X SampleNo.2
A Sample NO.3
A Sample NO.3%
. A
3
W Sample NO4}
— A bl
)
o 150 A
Z
i a
g ok
i X m
100 |- )
vy X
o
o}
o
50 -
1 1 } il |

. 280 290 300 310 320
BULK DENSITY (9/m’)

Fig 10 Sample strength vs fired bulk density

Fig. 8 g electron hs of
fracture surfaces of products sintered for 1 h
at 1250°C. (A) Composition 1, 100% hydroxy-
apatite (bending strength 68 6 MPa); (B) com-
position 2, 95% hydroxyapatite+5% frit A
(bending strength 117.8 MPa); (C) composi-
tion3, 95% hydroxyapatite+5% frit B
(bending strength 107.8 MPa)

Fig. 9g

electron }s
fracture surfaces of products sintered for 1
at 1250°C. (A) Composition 3 sintered withc
isostatic pressing (bending strength 107.8 MP:
(B) composition 3 sintered with isostatic pres
ing (bending strength 147.8 MPa), and (C) cor
position 4 sintcred with isostatic pressing (ben
ing strength 205.8 MPa)
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Forming and Application of Porous Ceramics by Gelcasting

Hiroaki Takegami, Masayoshi Fuji and Minoru Takahashi
Ceramics Research Laboratory, Nagoya Institute of Technology, 10-6-29, Asahigaoka, Tajimi 507-0071, Japan

The fabrication of complex-shaped ceramic parts in large quantities has been limited to the conventional ceramic
conventional forming processes, such as injection molding, slip casting. Gelcasting is a novel forming method for
making complex-shaped ceramic bodies. In this process, a ceramic powder slurry is prepared with a water-based
monomer solution and then polymerized in situ after casting into a mold, producing a macromolecular network to hold
the ceramic particles. The dried body in the presence of a cross-linked polymer network is rather strong and can be
machined so as to obtain more complex shaped products. Porous ceramics, which have high potential for applications
related to the environmental and energetic, are also fabricated by gelcasting. Foams can be produced by mechanical
frothing in an N, controlling system. The incorporation of porosity in ceramic microstructures with tailored pore size
and its attribute controlled in many possible ways. In this paper, a principle of gelcasting process and applications of

porous ceramics fabricated by gelcasting are introduced.
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Fig. 1 General gelcasting process flowchart
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Fig. 3 Gelcasting flowchart for porous ceramic
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Initiator : 0.25g

K-204 : 0.5 ml Catalyst : 0.2 ml

Temperature : 35°C

A-80:0.5ml Initiator : 0.02g

Catalyst : 0.1 ml

Temperature : 6.5°C

Fig. 4 Double layered porous alumina ( ¢ 70mm, d
20mm) produced via the different routes, where
the development of the pores was controlled by
changes of (A) the surfactants, (B) the gelation
agents, and (C) the slurry temperature
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for fabrication of porous ceramics

HZEEFML, [ALOREEZHIET S Z &b A
Thb, BlziE, B EHDO AT Y —h TIIKILDOR
R, A X AXABROHMEAT, BTEHOARZ
U —TIXENC X DWHERE N L D ERICE VR
HBEOWADZHET D, PR 2R L b0
HEAWUNAELSHEDL LT, F—HBERNTR
AR PMERANZZENT D ZAUEOIERR AR TH D,
BIOFIEE LT, Bl 2EORAT ) — %53
THZ LWLV KA EEZELZEDFELH D
27 RETEERIC 7 A LB IR 2 2 b S¥ 5 2 &
ICE D RASEN R D 2T ) —% 2 FEHE L.
BN LIAATE— D AT ) —D BT D AT Y
—HWM LA Z IRV ERIT S, AT U —HRE
DEIZERLEMBL, B2 2 MHOKAMESEZ
B LIERIBAERNERT 5, ZOHEE, [IARERR
LEEZMTL L TR SED I ERAETH LD,

IV EEOKILINEEZ R T-E 5 Z ENARETH 5,

Fig.4 12, ZOFETER L, B XK ALBED
LAEDOH 277, Figd (A) (T REEMEAIFEREO
2k, Fig.dBIL7 MALFIEn&EO %21k, Figd (C)

-36 -



(SCIN 7N NS

IZA T U —{EDOEIC L KA E 2B S E -
ZHALTH D, 2 TOZFLM Tl TS 2
o TWBHZ ENDID, Figh 2, 2FED AT Y
—HEGHOME AR T, FEREO LT TIEox 0 &
RAFEN R > THY, 2 BIZHBELTWAHZ &
Db, E£lo, #HEEFEICENBORMMGET R
Aohd, BRICEALTEY, Z0HECEIIR
HAESEE B L RO NARETH D Z LN bnd,
Zhang 5 O T, Fig.6 (-4 3E@ 2 v,

HFICAT U — 2R SETND 20, ZOHFIET
TERL L 7= 2 FLR1T, ERIECTIERL L 722 4LIK L0
BISIEB I OEKAERREL AR, KR
DA BIREIAL 7o > TWD, TOFER, HiEEN

EHL, BMREEREKTLTWA,

5. FILF v RTAVTICKYERLT
ZAEDE AR

FNXx AT 4 ZICK0ERLL 72241kt T 2
v 7 ADIGRABIRN onEREINTWD, 22T
I, T X X AT 0 7 X0 fERL L 7B RENE S AL
RIZBI LT, EELMTo CE IR Z PO
[R5 b N

51 74V E—

I I v I AZHAEBEFIH L7 4 VZ =T, &
BT CHEMANARETH Y, THEMIC SIS HEFER
WV, ZOREAEFIMAL T, BEBIEOHERAT AT 11
2= ETOISHPRRF S TWD, 74 14—
LCoMEREm L2 B E LA, BiRRICERT
HVEND DL, TNAFY AT 4 TIZKOERILT
ZAURIE, BRILEZHIET 2 2 L IC LV FRED
M EEXDZENRFRETH D, S HIT, [flEEE
BloxgprZbicky, 7o 0x—L LTOMRE
mESEDLZELBRRIEN TS, flz X, /iET
AL 2 EEOKALEREL AT 5L LKL, 7+
NE—E LTOIRHAEEZ TELN TS, Moy
KALEFFORBITEEE N 7 4 VX —HNIZA D AT D
ZRIET 2R RH Y | KRE LKL FFOBILERE
FEPRRELRY, ENETEBIET 5, 2 b 0%)
RICK Y EERIITEN, DORBNMET LIZL
W7 4 A —L LTHRIHTE %,

Fig.7 {23 0l%, RILRIZZEE D>\ % H
WTIER L7z, 2—TFT 4 =714 bOF LR X T ¢
VIR TH D %, REICL DRSNS NI

B
Fig. 7 Mold assembly and porous cordierite body
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Fig. 8 Porous ceramic tile fabricated by using natural gel
polymer and waste resources
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The technique to synthesize silicon from silicon tetrachloride by reduction reaction with zinc at high temperatures was
re-examined for the purpose of providing high-purity silicon materials for silicon solar-cell industries. The new findings
which should be added to our previous paper (Annual Report of the Ceramics Research Laboratory, Vol. 4, p37-42,
2005) are as follows: 1) Single-crystal silicon fibers can be best grown at 1200 °C or lower temperatures. 2) The Zn and

SiCl, vapors would be better reacted in the temperature range 1200-1250 °C.

method of SiCly tends to cause an abrupt backward-flow

3) The present intermittent injection
of air from the exhaust gas outlet into the reaction furnace due

to a large difference in the vapor pressure of species and their volumetric change in the reduction reaction, and should
be replaced with a method allowing a continuous injection.
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Fig. 1. Illustration of the system.
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Fig. 2. View of the system. Zn gas is supplied from
the left and SiCl, from the right to the reactor in the
centre with an Al,O; exhaust pipe on the top.
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Fig. 3 Three designs of exhaust gas outlets
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using the extension tubes made by quartz
glass.
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Fig. 4. Combustion of Zn gas at the top of
exhaust pipe occurring when the Al,04

extension tube is removed.
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Fig. 5. X-ray Diffractogram of Si fibre. Existence of
Zn0 and Zn,Si0,4 was revealed. Operational
Conditions: Rigaku-RINT2000P/C, Cu Ko, 40k V-
150mA.
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Table 1. Vapor pressure (mmHg ) vs. temperature (°C).

Zn" | ZnCL"V SiCl,?
1000 °C | 1,290 3,000 856,200
1100 °C | 1,860 3,840 1,005,800
1200 °C | 2,430 4,680 1,155,200
1300 °C | 2,960 5,510 1,3034,00

1) Estimated from the vapor pressure curves up to the
boiling point.

2) Estimated from the Antoine Equation; A=6.86267,
B=1144.0 and C=230.0.
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Fig. 6. Inside of reactor after the 1200 °C

experiment.

Fig. 7.
(bottom) exhaust pipes after the 1250 °C experiment.

Inside of reactor with short (top) and long

Inside of reactor after the 1350 °C

experiment.

Fig. 8.

1200 C (Fig. 6) Tl L7=Rpd 0 AAETIC R
o, MEHER D > U 2 v OAERDER® BTz, 1350 C
(Fig. 8) CIEH AIEHE T A 7 AN ERIZTEH L
2725 THEY, BIZEHBITE A EHMHMENRE LT

- 44 -



VeEFsdt, BwF.s . iRk

WV, ZAUSKF LT 1250 ‘C(Fig. 7)ClE, 4 A fik
FRERAITIEE ALV a UAHED A RRIT R S
B, FOEET, MHOENTIREDIRNERDICE <
DOREHER ) 2 DAERIRO B 5,

PLEMNS, SiCly & Zn & DO JSIREE D@53
BN E DN, TOROFMEEETELDL L
EEIZDTDIEWTREY, B85 < fEHOHE
7RI 1200 C. HAWIFR LV IRWEE TR
EHDOTHAD, WHERT ) a v 2L BIZEMT D
IZ1E 1200 CH D WIEZNLL T O LT D
EHEE ST,

3-3 PEHABY H LALEBORE

PEAT AERITIE R 2 B Y A1) CHED ALLiE 2 21k
SHCIEOET Zi~7= (Fig. 3),

1) HHI BT TOTJFENY ARG ER 7 L 0 &
UMLIED B T APER T D56 1%, 0 2 E O JE
Y BFFTICY U 3 AR O AR FE D b7z,
HEH 2B DFh oY arOERITHE Y BHETIX
einote, LLEETAEOREINEWZD, D
FREDREDOMHMIIR S ) a N A& S Roh A~k
HTLESmREMEL H D,

2) IEREEZ LBV, HEEH2 5 100 mm 1T EF
DOLEDBHEH A AT > T2 3A1%, 0 A& F i~
O OAEFRKITELSBO DR -T2, —F, BE
TAERNIZBNT, HAERED LV, Flice—
A L IRE ORIy TR D v ) =
VORRENRBO b, T ABEAD OTOTY 2
UHEHEDERIIR b niehoic, ZDZENHTY
2 U EHE DRI TN O EE oA L B R A b
SEE LN,

PEAT A ORI & B DB E Z T WE D
SMALE TIE T Y a3 HED ERRICER AR bz,
TOZEIE, —HAR LYY a o Lk
DY aRBEI L, ARRICHE U 72 TRUR
L7ZmletE 2R LT 5, ERTIIZov ) ar
NPT A EZHAEICELEDLZERH Y, PEH R
3% D WIS ERROW RN LI > T, 70k,
PET AR L TV i i ch 72, 2
DAL SHTITEZHBR TV R W, ZD0ERENND
KT L=y arvezagbtBbns, 856,
S AR U272 o U o U 322 R O WGA
L -THRIL LT b D EEZOND, 7B IO
FIRCEND EE & THORETHY . b —F N &
W2 OIZIRE DRWER Y TH - 7=,

3) IEREAE LBV, G5 200 mm FIZHE
T AZAT S T2 G2, P 28 O N 50 mm F2 %

MMEEEHTH o 72, T ONEIISGE TE0HHE
MEERIZIT< . IR 1300 CREF TEFLTW
e LIERoT, vV arzted 580 AN
RS OFTHN D IR 12k 9 Th D, RBZDHE
BRO Ix, SiCly DRtAG 2l AR o 7 TiT o7z, 207
OPET AEND DZERDBZIARTIZFE AL,
ZOERTIIRLE LT EIENA K, L, o
EEBR ORI S, P OBERE THSN T A DA
REE L2772 ) I OAERMER L Tl &
TLEol, ThROLEVUINEALEZVY )
IR ZEITEM LT, 72, TONEE THET X
BT & RUSAR OBITHEI L, IERICEER
THEOTHD, —hH., TAEFELOT VI TE
ZIXTT eV aroiERA L OB, TOX
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L OBfET D700 EREED T, L L 17TEED
FEBRTIL, 16 FEICHBIAES BNV Y a v
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3) HAHFDOL Y 23 A ME 1200 ‘CLLT £ Tild
ExTIFDZ LIl THRE L, MRSV 24
bl & 2 WITEHIRAS LT 72 5,

4) SUOSEENIZE T D80 ADRY H LA E 2K
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DFEBEOEL LIZ [ aroflh LWERIEEICET 5
oEax) (R - AEHIR) L7 %k
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EOWEAZBFIACHH L TWET, FEHETZENENOARZRLET,

WcsE EH. B, BAEIEEL. BE

NEAGER B4, BERE . BREWE. BREA BB IO

HEBEAIBLIRPY - BREEHM 21—

<F

"Development of innovative three-way catalysts
containing ceria-zirconia solid solutions with high
oxygen storage/release capacity”". (U7 /N2
=7 Bz A 5 R R BT BE = o D
BH%&) , M.Sugiura, M.Ozawa, A.Suda, Akihiko,
T.Suzuki, T.Kanazawa, Bulletin of the Chemical
Society of Japan 78(5) (2005) 752-767
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BARBASEIEHE L TP < HE D ThH D,

M.Ozawa,"Thermal stabilization of catalytic
compositions for exhaust treatment through rare
(7
NI TFFRT I RAIT XD HET A NE R BR E M
fitft) J.Alloy.Compds. in press (2006)
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Kz, MmO F ) 7R ~D
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earth modification of alumina nanoparticles"
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“Ultrasonic vibration potential and zero charge
point of some rare earth oxides in water", K+ T
DHTEECBEBELYWOBE KRR EN)
M.Ozawa,M.Hattori, J.Alloy.Compds.
(2006)
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in press

"Formation and decomposition of some rare earth
(RE=La, Ce,
homogeneous precipitation", (33— ILBIEIZ X DA
THERBBILY & KBRILY DA L 5 fR)
M.Ozawa,R.Onoe, J.Alloy.Compods.
(2006)
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EE b= L —ZE L, SRtk 7%
BT D FIEERE L,

"Internal Friction and Oxygen
Nd,YxBa,CuOy (x = 0.0-1.0) Superconductors at
Low Frequencies" ( Nd,Y.Ba,CuO, (x =
0.0-1.0) 8 1= & & o Py &R BE 82 & R 3K PR H0)
M.Inagaki, M.Ozawa, J.Alloy. Compods. in press
(2006)
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“Catalytic nanoparticle rare earth ceramics and its
thermal stabilization for automototive exhaust
Ozawa 1% Internal

treatment”, Masakuni

Symposium of Ecotopia Science 2006.8.8-9 Nagoya

“Sintering behavior of nanometer-size powders”
Masakuni Ozawa 1% Internal Symposium of

Ecotopia Science 2006.8.8-9 Nagoya

Oxygen defect and dynamic modulus relaxation of
Y,0; doped ZrO, ceramics', M.Ozawa, 6™ Pacific
Rim conference on ceramic and glass technology

2005.9.11-16 Maui
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TIVH U B CsHSO, DESEEM: JHAEL -
INBEFR BAEAETIv 7 ABEKFTL URY
7Ah ERL1749 H 2729 H KBk
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" Liquid phase epitaxial growth of (Bi, Lu)3(Fe,

Ga)5012 films with in-plane anisotropy for
magneto-optical imaging ", Kazumasa Ida, Norio
Kawamae, Saburo Hoshi, Takato Machi, Takeshi
Kono, Junko Yoshioka-Kato, Noriko Chikumoto,
Naoki Koshizuka, Nobuyasu Adachi, Takashi Okuda,
Japanese Journal of Applied Physics, Part 1: Regular
Papers, Short Notes & Review Papers (2005),

44(4A), 1734-1739

WRNTFA T 4 & — 2 — O mENBER R 5%
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v & % o —IETIERT 2 720 O EE R fRE
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< OEERFE -
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Xy MNEBER] ERXE, Z2ER. RAR
. KHEfE, THRA. BERED
AAET Iy 7 ABSHBIE  F 31 BEREE
FET7 IR MEFER 2005 EEHEIF—
200546 A KRl

EERZEBLE=T/NEA FSAEDESR],
KBEEH & HEIGH
BAES I v/ ABERBXA F 31 OREGE
Ft5I X MBER 2000 FEHEIF—
200646 A XL

A 7 aET A AT —Fy FEEIZBT
LR DRERFM] . ERKE, \AREX
BB, REER, KHEE, BliH, BEEL
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ZEWTET,

" Low-temperature processing of PZT-PMN thin
film by sol-gel casting", Tomoya Ohno, Hisao Suzuki,
Masayoshi Fuji, Toshitaka Ota, Minoru Takahashi,
Funtai Kogaku Kaishi (2005), 42(6), 396-400.
WKL 23 0 i 2 BB IR IR &2 S < D720 DY
NTNTaty v T OREILOEARR =
BTN EMRE LT, 1 X7 0 DRELOEHEER
PMN-PZT # ¥V aryxn—RZ 1 [EDa—7
A V7 EARIRT = VILERIC 10 FERR L Tz, I
NI BRI & FF O MR & T RAF 72 785k B & R
L7z,
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RATEEF 1ET RAVA S - TR T4 7 A
moEs

20059 A AHE

"Temperature Stability of High Frequency
Microwave Properties on Ferrimagnetic Garnet
Film", N. Adachi, S. Yagi, T. Ota

The American Ceramic Society

th . . .
6 Pacific Rim conference on ceramic and glass

technology 2005.9.11-16 Maui

""Magnetic Properties of NdFeB films with Mo, Ta,
Nb, W, Ti, Cu, SiO, or Si substrates", Y. Isa , M.
Sakamura, , N. Adachi, T. Ota, A. Sugimura, K.
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Nomura, T. Okuda, K. Sakamoto, A. Nakanishi
The American Ceramic Society
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6 Pacific Rim conference on ceramic and glass

technology 2005.9.11-16 Maui

"Preparation of Porous Hydroxyapatite Ceramics
Derived from Wood", T.Eitsuka , H.Yoshida,
M.Sakamura , N.Adachi , T.Ota
The American Ceramic Society
6™ Pacific Rim conference on ceramic and glass

technology 2005.9.11-16 Maui
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"AlTi,O13, 2 new phase in the Al,O;-TiO, system"
Stefan T. Norberg, Stefan Hoffmann, Masahiro
Yoshimura and Nobuo Ishizawa

Acta Crystallographica Section C, C61[3] 135-38
(2005.4).

B ZETEZ VT ALO;-TIO, ZDFHLE Y

AlgTi,Op3 & WL U 2 OAfIE 2 B X B ETE
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"Tonization potentials of transparent conductive
indium tin oxide films covered with a single layer
of fluorine-doped tin oxide nanoparticles grown by
spray pyrolysis deposition"

Tatsuo Fukano, Tomoyoshi Motohiro, Takashi Ida and
Hiroo Hashizume,

J. Appl. Phys., 97, 084314 (2005.4).

BT AR EOBRLA P 5 A X (ITO) fEIZ
AT L —BGRIEIZ LY 7 v FE R—TBILAX
(FTO) OF 7 A — b A Zhi 1 & R S 72,
ITO & FTO OA A MbRT v Y AR ENE
L ~4.76, ~4.64 eV THLDOIZX LT, 7 nm D
FTO i 7 CHE L7 ITO L 5.01 eV DA A
NERT v v ERT, ZORITA#E=L 2 b
PSRy ARFREDRRENFE T DEN
BB ELE LTHETH D,

"Correction for counting losses in X-ray
diffractometry"

Takashi Ida and Yoshihiro Iwata

J. Appl. Cryst., 38, 426-432 (2005.6)

AHBIEICB T 2B AL LOET L E LT, K
IRIERF I E 7 /v L HRIRIERE ] E 7L,
Wrae#E 7 /b, MR OIERERH & SR O RaR A
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P TEWF R b REDHEHAN TEA O X
% & LEERHI I,
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"Redetermination of B-Al,TiOs obtained by melt
casting"

Norberg, S.T., Ishizawa, N., Hoffmann, S., Hoffmann,

S. & Yoshimura, M.

Acta Crystallographica Section E, E61[8], 1160-1162
(2005.9)
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INEWNEIRIG Z U e Z L Db o Tz,

"Connection of segmented intensity data measured
with a multiple-detector system for powder
diffractometry"
Takashi Ida
J. Appl. Cryst., 38, 795-803 (2005.10)
R #R Z AL O 27 M Lo THIE SN X
SYRIRTRIE T — F Z e T D T2 O D LWk
ZBA% LTz, Z O EIL Fourier AHEICL DT =
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P MNEEET D ENTED, ZOHEEZSL
B B iR KEK-PF By REHTE— LT 1
Bbﬁz_m%éﬂt#M%ﬁ ARy R el et
WXV SN EHRET — 2 ICEH L, 64
DREGTHIRIRET — 2 16, WHNIHERi ST
L ROEHRET — 2R3 G615 2 & B3R
iz,

"A compact furnace for synchrotron powder
diffraction measurements up to 1807 K"
Masahiko

Masatomo Yashima, Tanaka,

Oh-uchi and Takashi Ida

Kenjiro
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Z 4~ BL-4B, O &4y fiRaeks H#s 22 @ Ae Rk R
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"K-site splitting in KTiOPO;, at room
temperature",
Norberg, S.T., & Ishizawa, N.
Acta Crystallographica Section C, C61[10], 199-1102
(2005.11)
S AR D— 2T d HKTIOPOHE il D H IR O
e FCH G HLRE R XARETIEIC L 0 KB b LTz, &
o (X Z2 fHEPna2 I B9 %, KIZIZKIB L UK2E
W RSS2, T O DERH D, TS
EENE N E Il 7 M iC0.287(13) B L O
0.255(13) ABEN AL ISHEEHIC oA LT 5,
KTP & [ARIH#1% % & % RbTiOAsO4,°CsTiOAsO, 72
ETIEZD XS 7T v VT OFEFH A0 03
R CREICHER STz, L L, KTiOPO4IZ
BWTHEIRCHEEOARBAMERRD b0
IEARWZEDR RO T ToD D,

"Growth of Na,Ta 0, Crystals from a Na,Mo,0;
Flux"

Katsuya Teshima, Daiki Tomomatsu, Takaomi Suzuki,
Nobuo Ishizawa, and Shuji Oishi

Crystal Growth and Design, 6 [1] 18-19 (2006.1)
Na,Mo0,07 % 7 7 v 7 A & LT NapTasOy i éita 234
HDTEHEWR SNz, FdIEANTRK, &KX T
3.3x3.3x0.5mm FEEORKE I ZH B, {0001},
{01-12}, {10-14} HIZFHEN TV D, GIFHOA
A OCEWAT, 7 A MY —ETHE LR
FE1Z 7.70(2)g/em’ TH - 72, NaMo,0; I8HE T2
(F % NapTa,On ORI 2 R E LT,

""A noncentrosymmetric polymorph of Gd;RuO;"

N. Ishizawa, Keishi Hiraga, Douglas du BOulay,

Hisashi Hibino, Takashi Ida & Shuji Oishi
Acta Crystallographica Section E, E62, i13-i16
(2006.1)

Gd;RuO; DT LWEIEZ L LTz, Z ORiibiEE
(TRFRL & b 72 2O 22 IRE P2inb (Z)E L, BERN
DXFRHL A b OREE(ZE MRE Cmem) D EEAEE T
B 2% o RuOg FLAL N AL TH R & 347 L C— ROt
ZIER L, Gd & OJRF76725~ MY v 7 A
(Z ¢ B SPATIZA A TV 20 RuOg Bz N HE A1 1T
2HEDH Y, —OIF—HE, tho—2 X ZHEO
R AT 2% b2, Gdix 7D O JiFIZPHE
NTW3B, RBFIZRE T, Cmem & & P2inb
Ml & IR OB TRIZN TS EERD
. ZOMESIZIE Gd JRA- O b BT [~ DZEAL
LTS Gd BTN EOEl, BEIW
RuOg BLAL/\ R DR} S 2T L DAL HET
B L T D,

""Symmetrization of diffraction peak profiles
measured with a  high-resolution synchrotron
X-ray powder diffractometer"

Takashi Ida and Hisashi Hibino

J. Appl. Cryst., 39, 90-100 (2006.2)
THTaAVARY a—Ta qRIc kY, @il
BRI KRB E CINE S N2 T — 21T/ D
NLEE—7 RO ZRET D2 &
(ZRP LTz, ZOHETIE, 13U DICEDERE
Prit O BFE UL 2 H kT % FERIFRME 2 SE BRAY
REERET WZHESWTEREL, S HICERNIC
A S A D A XM 53 I EE 3 AT IS R %
IEXFRR Yy bR ET D, B — 2 ORI ML % fitg
IS 2 B & L7 Rietveld 150 72
ENEG LB TR, AEHEAOARER 2
Bl e — 7 R A 32 2 & b AMREIC 2 D, D
AXHIE U MY KEK-PF (238 THRIE S 4
72 ZnO FEUERARFEL D 42 S O [al T8 % f
MTaT77ANT 4T 472XV L, &
INZFIEIZEY O JFO z JEERE L KR DI
MR A BN RT A—F & hliilb LIoRiR, B
FEEEIC RV BB LS NI E T A— 5 &

B8
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ZZDHFMHAT &L, [FHERFIL R=0.85%,R, =
157 % &l ole, KT ERITL a
0.3249847(18) nm, ¢ = 0.520650(3) nm & FiEH 5
N, Z#h Bond EIZL > THIESNIME a
0.324990(4) nm, ¢ = 0.520660(6) nm [Albertsson &
Abrahams, 1989] & #AZAEOHIPH T—H L7z,

"Electron microscopic study on SrGdMnO,"
Hiromi Nakano, Nobuo Ishizawa, Naoki Kamegashira,
Zulhadjri and Toetsu Shishido

Proceedings of Rare Earths 2004 in Nara, Journal of
Alloys and Compounds, Vol 408-412C pp 593-597
(2006.3).

Ta—T g4Iy —ECEV ARSI
StGAMnO,iE i IFKNIF A I 2 & 2 73, PRARRY
RIEGHROEE P S DT NCEATND Z L
ZRM U7e, RERRI3RT % Ta~b=0.532(4)nm,
c=1271(6)nmTdH %, mIRTEMBIZZ ORGSR, W&
FERE N T018KAHTICBI S vtz ZOREL b
THAARMIEICRDbDLEZDBND,

"The effect of Fourier series truncation errors on
the electron density distribution of LiMn,0,

- Examination using the molecular dynamics

Nagoya Institute of Technology

Vol. 4, 29-36 (2005.3)

LiMn 04t i FUZ I 1T DB HE S MICE 2 D7
— U SR BT D SR E OB Z 558 )
2 b=y U BRET LT, TEERVEE 2 X
[T R S5 D L B EE MmOk AEY —
713, T OIS PR E - o AL s Sk
W 2720 Tidze < FdOMBEDOABAMEC S
ERTLbOL LTARICHRETEDS Z L2
ST LTz, (20044 FE AR ES7)

"KIGEMAEME D Y 2 O LOBEEE"
R AN SR LIPS

Annual Report of the Ceramics Research Laboratory,
Nagoya Institute of Technology

Vol. 4 37-42 (2004.3)

VMg L EESR 2 High TEILT 5 Z LIk » TKES
EHROBME S Y a2 ERERART, ERS
e TRTDHILICLD . AETITHE DLV
MR DRz b SR ) 2 VR ERTE D
ZEDBPhoTe, TOMHERY Y 2 &ikH LT
VY UEEMT ALK ERREEE Sh
T& o, WHELEESR B KRIGEmM U = &
fn R 72 U B B AR~ OB e 15 7 1 2 2 O]

simulation and the synchrotron X-ray data "- REMEDNM T 72, (2004 AR 47)
Kenji Tateishi, Douglas du Boulay and Nobuo
Ishizawa
Annual Report of the Ceramics Research Laboratory,
<® B B>

"Topotaxial Hydrothermal Anion Exchange in the
Apatite Structure"

J.C. Rendon-Angeles, K. Yanagisawa, N. Ishizawa &
S. Oishi

Phosphorous Research Bulletin Vol 17 (2005.1)
37-44.

KOH/K i H1C500°C, 120 R K BMLELS 5 Z &
L VLT a T R F A R EE S E KRR T X

A FEGESICERTE L LR AL, 20
NRZ T 4w IR v ERIL S T AL —
AT IC LD & B2 bbb, I HIZ, KF
IR T500°C TRBVLEE G5 Z LI kv, M1k
Ja LT oNE A NEFERB X OKET NZ A b

Hihidha 7 v BT N F A FPHRFRICERTE D
AL, QO04FERHESY)
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"Phase transition in KTiPO,"

Stefan NORBERG

Annual Report of the Ceramics Research Laboratory,
Nagoya Institute of Technology

Vol. 4 15-20 (2005.3)

KTiOPO, (KTP, &% =)LV V& U 7 L) 1TEX

ZRM L2 ERFHH L — PR R~ OIS
THEA SN TWD, ERIELFMEE LT
KTP it O F EEE NGB S TECHETZ D03, 2
DOWE DM E—HFHEHEBEOEDZIZON
TWL DO EERMERD & > T DT D>V
DZELThHbd, ZO/MRITZNLDERITONT

WFHE TR N TR TR ENESSHASN DTS, (2004 FEERBESY)
DELHMBNTZMETHY | B ClEH AR
<@ X>

"Symmetrisation of synchrotron X-ray powder
diffraction peak profiles"

Takashi IDA and Hisashi HIBINO

Photon Factory Activity Report 2004 #22 Part B, 261
(2005.11)

THEHTaAVARY a—vaqRIc kY, @ iREeL
BRSO REIE CTE SN T =212/ S

NAHEFTE— 7 BROIEMNTHMELRET D52 L
B L7z, ZoJ5ikE, 13 UoIicE o figtem
BT OB BN A2 kT 2 FE R FRME & e Ry 72
HERET VICHESWTEREL, S HICEBRIIZET
fili & 402 AH X BRO 73 HFREE /3 A I k3 5 9
S ERET DD TH D,

<HOEEHEE - RAX—FREK>

FIRTEM%Z W=t~ A4 M oEEM
BB D DIRBIE

REFRE, BIEEER. ARMR

B ARBEMEEES 20053 ©<1X

7 — U TREFT HE) Y FBELLiMn,0,D BT
BRI E 2 B8

SNAETE - AIRMER
FIEBAE T I v 7 ABRFE I RTEETF
7 IR MEESEHE IS — 20056 KL

BB SrRuO; D7 T v 7 BT &L B HRE
fa A& % D FET

VAL - ARMER

FIE AL T I v 7 AHRFE I RTEETF
7 IR MBEAEHE IS — 20056 KL

SrGdMnO, D Gt

WWEHR - AR - PEHHRE
EIINEAAET I v 7 A BEAREIRHEELT
7 IR MBESEH ¥ IF— 2005.6 KL

Symmetrisation of Powder Diffraction Peak
Profiles by a Fourier Method

Takashi Ida

XX Congress of the International Union of

Crystallography, 2005.8 Florence

LiMn,O,DEFBEFMICE 25 7 — V) =ik
fTOREDRE

ARHR - SLAEF

AAYT I v 7 ABFR2004FEKFES VR D T A
2005.9 3}

BIR_uTAHA N~ BB DY—
F 5 —OFHICEE L - EEL D F D58s
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HE ME - AR R - AEE B
BARYET I v 7 ZBE2004EKFL VRY T A
2005.9

IN-SITU OBSERVATION
TRANSITION IN
MANGANITES BY TEM
Nobuo

OF STRUCTURAL
RARE EARTH
Hiromi Nakano, Ishizawa,Naoki
Kamegashira

6th Pacific Rim Conference on Ceramic and Glass

Technology, 2005.9 Hawaii

KNbsO\HERD T T v 7 AFRK

EHEFK - FIRBEETR - 8ARFE - AIRMER - K
RIER

%5 0 RALK&EIMNRS 200511 AHE

B SR E BB DRI

FEAR - BRFEZ
FEEMEN RS — Y — ¥ TEENN RS
2005.11 F#B

EONEFA LM EROBENMY 2T LD
%

HHME - BRHER - HHLEE

At 7 I v 7 ABRESR AR AR
2005.12 452

Gd;RuO; DX FRA L 2 R 7o I g

B - ALEE - FrHE - AEHR - KA
&R

AARERERES 200512 EE

BaLn,Mn,0,(Ln=Gd,Eu) B & D EMRAT
WAHH - BELEPE - HHEME - ARMK - PEHR
ES

A AR ESES  2005.12 E
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BMREIHE— 7 R D7D DA T 7 7
A NVEEB DR
FHH R
BARSERES  2005.12 MEE

BRI FROHEE % b DG RuO, B S DAk & X
MRAR S AEAT

SWEBESE - AIEFE - HHME - AEBHL - KA
(230

BARYT I v ABSERBRENGRS
=&

2006.1

BaLn,Mn,07(Ln=Gd,Eu)® Mn-O-Mn${ D5

FEMNRT A—F DR RN

WG - HELEE - HEKE - ARMEK - HES
ES

At T I v 7 ABSERBENRS 20061
st

y -7 NI T ORBAEEDET VL

BH —%-HH K- BLE &

At T I v 7 ABERRENGRS 20061
sl

Phase behavior of layered manganites
BaLn,Mn,0; (Ln = rare earth)

Hiromi Nakano, Hirohisa Satoh, Naoki

Kamegashira, Nobuo Ishizawa
15th International Conference on  Ternary and

Multinary Compounds, 2006.3 Kyoto

Diffusion of Li atoms in the lithium manganite
with a disordered spinel structure.

Nobuo Ishizawa

Keynote lecture of the plenary session, ICDD
spring meeting, 2006.3, Philadelphia, USA
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“Effect of flow rate and CO, content on the phase
and morphology of CaCOj; prepared by bubbling
method”

Yong Sheng Han, Gunawan Hadiko, Masayoshi Fuji,
Minoru Takahashi

Journal of Crystal Growth, 276, 541-548 (2005)
REETI V2T DRLF1T, Bk, T T AF
v 7 BEHR EOECRIA S ENTE D |
EFTEITERIN TS, KX TIE, CaCl, &
AT CON, DIREH A& WS Z &Ik Y
CaCO; K& G LTz, HAMES CO, BN
CaCO; KL FEKIZ RIF 958 % SEM I LT XRD
ZHWTHAE Lz, ZORR, T AFER CO, i
EREMSEDZLICi g s ~0%dk
WIS AL, ST T A4 SOWESHEINT 5 2 &2
Dinole, £l HAFREOZALIZE D pH K
JE IR D ZEAL R T RRAL BR 38 D TR g D 5278 & i A
L7z,

“Effect of Mesoporous Silica Buffer Layer on the
Orientation of MFI Zeolite Membranes”

Fa-Zhi ZHANG, Masayoshi FUJI, Minoru
TAKAHASHI

Journal of American Ceramic Society,88,8,2307-2309
(2005)

AVR=F A YT ra—rxigLz
L7z, B LLIFIEEZLTCVWRNWER—T A2 a-
TSN EIC MFI P4 74 FEREZRE S
T2t Dix, 2O BIEIC X > TiThivl,
b-Bl L TV D MFLEIEA Y AR—F AU 112
FoTCa—T 407238 SN EREIVE
7o RGN T X N7RERIA), [hOR]BEIR C &> 2 I
Ta—7 4 7%FEZ LT Rna-T VT
B L0157, BEROALF BRI SR O BL R D
P Lo TRELSEBEEZZIT L LRI
77

“Factors affecting the phase and morphology of
CaCOj;prepared by a bubbling method”

Yong Sheng HAN, Gunawan HADIKO, Masayoshi
FUIJI, Minoru TAKAHASHI

Journal of the European Ceramic Society, 26, 843-847
(2005)

CaCLIAIR T~ COYNLIREH A% NT Y 7
HZ LK DRI IV T BDERK(PCC)ZFT -
720 KLF- B AR DN A BORL T2 R AE 3528 % XRD
R0 SEM (Z L 0§ L, CaCl, DFIHAMEE, # A
ORERRE SEET D Z b olz, CaCl
DR E RN G BT ARENKRE WIGE
WZIFERRD AT T A PSR SN <. £LL
SRS TR G R SR S ATz, IREEILT
AT A MERIZEEL, #ROT T T A R
60C T LTz, £7z. N7 U v ZHF# & fiiHE

LRIV T DR OIRREIZH E D B L7

WZ ERbhoT,

“Development of a simple method for the
preparation of a silica gel based controlled delivery
system with a high drug content”

Kotoe Machida OHTA, Masayoshi FUJI, Takashi
TAKEI, Masatoshi CHIKAZAWA

European Journal of Pharmaceutical Science, 26,
87-96 (2005)

VAT NE TR LT, B S E
A EIEY) &k 5 7o Ot Gy s ik 2 AT,
T NEN U T W il IRk > ) A r v &
RIESED Z LKV EY LRI LTz, Y
7'w1 & AL HPLC, SEM, DSC, PXRD, ZEHW AL
(&0 L, Wi, Eit 264 5720
(WY 0 SOV A KRIE T B e A
FLkLa—A (HPMC) & KIZHH S Eiz=F
LB — X (Aquacoat)lZ K Y #5E L 7=, Ml
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HOHELT 2 TR ERERIC X 0 o L7-RER. 7
H o RAZ20iR$TZ LXK D7 An
450 mg/g F TCOLEDIY ZWATEDHI END
Moz, HMFTET v ADSHHERNG . EY
FHE T v A Y 7 VHILN T Y O T H
NELZ D Z L & TN I IEM) D IR T
SRARIFT D2 ERHPI LTz, —J7, WRRERD
5EY TR T U B SV B &y s
THZELICEVHIEHTELZ EnNbhho T,
HPMC (2 X 5>V A7V OWEL, i L
U BT NOREEE DI L Aquacoat #7E ~7
SV A OB ERLZ FIRRICT D L [RIERIS, ZhERM
(IR A T 5, E AR, wiE
U T ISR ET DB b R b7,

“Preparation of b-oriented MFI zeolite membranes
on porous c« -alumina substrates precoated with
mesoporous silica sublayer”
F.Z.ZHANG, M.FUJI, M.TAKAHASHI
Journal of Materials Science, 40,2729-2732 (2005)
AVR—=F AV A@TCa—T 17 L%
LH o -7 v 7 RIC, HEkeRY7e b Bda MET iz
RESE, a—7 4 7 EITo TRV a TV
IR LTI, T U ARLO WFL D 035
biic, YU BEEmE YT I 7 v ik
PRI OREOFESIL, ML a—T 1
7 UT=v U B JEFRE TO b B MFT OIS K
BT LHLEZEZALND

“Synthesis of hollow calcium carbonate particles
by the bubble templating method”

Gunawan Hadiko, Yong Sheng Han, Masayoshi Fuji,
Minoru Takahashi
Materials Letters, 59, 2519-2522 (2005)

REE T V2 7 A(CaCOs) ik, T AF v, 2
Lo L ROSERIBLESE DRk & 70 T35 CHIH
MR CTE D, AmCTIR, HBRY O 2
ZERIE T V> D DRI DERKIEE LT, Wik o
iz ki IR O T v T L —hETHRT
NT T L— MEZOWTOHRBTH D, NT L

T 7 b— MEX KERT OREET AR % T
YT — N ETDHHREREIIN T DDA KE
T D, R2T°COEAL I Vo 7 DRI R R ST
AT Yo TIFEHT IR, RZEREED L
VULANERARETH D Z L AR LT, TZEREE
AN L KT EAHIEL, RSSO E
1T o7 K- OWERRRHEIL SEM & OV XRD %4
AL TR &7z,

“SNEFN X2 A MEIZELAPZT—PMNE

FEDIRIBF AR

KiEF B, AR AB, #E OEE, KE i
#*, &t %

MR T5225E, 42,6,16-20 (2005)

K LTI, BrLWY LTI - v A M iEEE
F LTz, ZhUE, ABRAEIR IS S TE R IR
EOMSERAT IV —Z2FRL, Zhazxy A b
U LG AORIR. TRERL 9~ 2 HTIETH 5, AWFFETIL,
BN T A — & D A2 B3 2 AR 72 PR
R Lic, —J@dH 72 0 IR 1 u m DO FREEEM: PMN
—PZT 7 4 V1% Si 5 BICER Sz, NT
A—F DI L U PMN-PZT JEEAERTC
X BV EERMEE R OIEF BT IREEE AR
Boii,

“Fabrication of cordierite filter for high
temperature  dust  collection by  in-situ
solidification”

Masayoshi FUJIL, Yoshihiro Shiroki, Minoru Takahashi,
Seiji [zuhara, Hisao Suzuki, Toyokazu Yokoyama
Advanced Gas Cleaning Technology, 65-71 (2005)
BEAN = AL R oK BT COT TAT
¥ abRjE, £727 4 —EBLHEO DPF %, [itEVE,
BEPEICEBNDEEMN 7 4 V¥ —OBRRENE
NCW5, ZOHEEIIv I RZLDT7 41 H
—NHEETHY, TTIC—HEAMESN TS,
L L7 b, BHIROM T L=, i
RRFPESGE DS N, SEERRMENIRE S D, RiE
AR RENR EOREEZBZ TV D O FENRE
Tho, I TABETIE, EHROIERAF]
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RE7e, T OHEMLRIREZ IS LAHTIIRD =2 —
VI MET 4N Z—EERL, TORIREX
R 1 = O HE BE R 2 R AT L 7

“Stability of dispersions of colloidal alumina
particles in aqueous suspensions”

Bimal P. Singh , Ruben Menchavez , Chika Takai,
Masayoshi Fuji , Minoru Takahashi

Journal of Colloid & Interface Science., 291, 181-186
(2005)

TNAIF AT Y —DanA FEERTCIT.
KLEES3AT . VERRREE | REEE IS K OV — & FEALN
WHNTE o, B—FBAORENENS, 7V
RIS A 7 DG A I pHAI3~T.8, 4y
B 2 FI O 7= 3560 (CpHB.S LA E C i 72 43 HOIR e
LR TR T, TV TR OREEN
BT =A o MmaERE RU VR RT v
EF=U LM, APC) ITH D RESEfLL, Bk 725y
BERMEO T CHEEBERDPBRIEANIEAT LT, pHE 2
BANAPC) N EMm I AT L O R A I RIS
WEBIRDO2OTHDLZ EXbhotz, (1) pH
DELLMMNETH, FEAIZESITON TR
BN D, (2) UARLERpHIZT VI T D
HDHEAPHI. 1, APCE W= A pH6.8 T - 72,
INBIFENENDOFEEMFITIT, EHBIX,
RIS XD R EEER OWAEEH OB X
THEBETNVEMWT, BT L Bl OF AR
M BB F—%23RD, 7.501kcal/mol & #572,
MEERTZ X —, B—Z BN, ERERE, H
FEWEIZLY AT U —Danm A REZEMDF A
MARETH DH Z L nbhoT,

“Gelcasting fabrication of porous ceramics using a
continuous process”
Fa-Zhi ZAHNG, Takeaki KATO, Masayoshi FUJI,
Minoru TAKAHASHI
Journal of the European Ceramic Society, 26, 667-67
(2006)
TNVXX AT 4 v TRV AEET Iy
7 ADERG 7R BOERICB L Tl 5, 2o

i a e AORMIT, AT Y — & BN EIETER
ELBHICEBESET Ne 0K %E 2 Y —TRA
THZ LD, ZOTaERCLVERLES
AMEETZ I v 7 2D 7 aiiEE, (RO
PR IR CIERL L 7= LR & bl LT, BT LWTFIE
TER LIS T 2 v 7 1306 RIETIER L
P22 LRI~ IR, SV BXILER. B0 H
DRI R LT, S50, WEREB LV
WrEREE BT 2 21T o 7o, Wkt 7 BB AT
ERL L 72 AL, WMERBERRELS D, BR
LRI B EEERNGELNDZ AR L
Teo E7o. [AEEITIZ ALK ET I v 7 2DEYR
BRICEEEZRITL, E@i 7 m AT Lo TlE
ENTERILFRZIRIBEERNET 5 2
Embmoiz,

“Factors affecting the phase and morphology of
CaCQOj; prepared by a bubbling method”

Yong Sheng HAN, Gunawan HADIKO, Masayoshi
FUIJI, Minoru TAKAHASHI

Journal of the European Ceramic Society, 26, 843-847

(2006)

CaCle i~ CO/N IBEA T A% NNT Y T
T5HZ LIk DRI N T ADOEPCC) EFT
o7 BRLAE MR AR I RIETREL
XRD X SEM (X Vi L, CaCle DI,
HAGE, WENRKRE T L EnbhoT,
CaCle DR MR G AN AFLENARKE W
R ES: S NOYAVA X Bl Wil | 7543 (et BAGNIE
NUSN DKM TR TR F SR S e, IR
I7 AT A MERICEE L, $HROT LT A
F3 60 C T LT, 72, ATV VI &3
FREIIRIE A V> T DR OREBIZH £ 0
LW Z ERbhoic,

“Crystallization and transformation of vaterite at
controlled pH”

Yong Sheng Han, Gunawan Hadiko, Masayoshi
Fuji and Minoru Takahashi

Jounal of Crystal Grouth, 289, 1, 269-274 (2006)
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TR IR FE L EROIRBA T AL T
LIRRICH T Z Ik > TR LY T L%l
L, KL TIET7T =7 MCEY pH %
HIE L, T T4 FOERK, fimk, Bl
WCHIRTe, XTI A4 MBI A F~DEsR
HIERWEIANT T A MEORE L ERZE
HESH L7202, @mBfFEIRICT v E=T ZifR
N UG 2 A ST, pH 2325 2 &
THIUPLIR ST T A4 RVER LT,

“Fabrication of Conductive Alumina by
Gelcasting and Reduction Sintering”
Minoru  Takahashi, Koichiro Adachi, Ruben

Menchavez, Masayoshi Fuji
Key Engineering Materials, Vol.317-318, 657-660
(20006)

AW TIT T N F v AT 1 7k L EITBER

<%

“Advanced Gas Cleaning Technology”

Masayoshi FUJI, Yoshihiro Shiroki, Minoru Takahashi,
Seiji Izuhara, Hisao Suzuki, Toyokazu Yokoyama
Jugei Shobo, 65-71 (2005)
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EOEE, & %

TE2,357-370 (2005)
W - B OB~ — 2k OMEREITRI D

WXV EEEET Iy 7 ZOERT 5B FIE
ZIEET D, ATETITIERO T VX ¥ 2T 1
M AZ, AZ V=T 5F ) ~—iRINEx
2.8, 5.5, and 8.0 wt.% & b&¥7z, FHEL
A7 Y —i% 25°C, 3 R T/ kx5 T L,
Wit SRR L ERIFMX T, 1100C,
1300°C, 1550°C D72 IR CTHERL L 7o, PREFIRE
M1 1100°C, 1300°CIE 2 B, 1550°CIX 2. 4. 6
B L L=, BN T7 0TI oW TEREE.
FEMEE, AEIE ORI ZAT o 7, BERLSRIFE L £/
~—RINENBLREMEICREE 525 2 LV
MLz, B/ ~—RMNE 8.0wt. % . BESM
1550°C, 2 FEMDFEIT 3.6X10° Qem DOIKWE
KLz~ LT,

z>

=

SERREICRE S EAEND, LIzid>TC, kit
SECRORFHIE DO CTHEERFENTH D, —F
TR RN - AR BT 5/ TRhiTh
T2 6720, T BITNHEE &L O & 7
B0, WMMWEEOE L, MoK OB T
BoackEsr RMICOR VRS EBRHLEITA
Lo TNUHDOERTED—DL L ThiOER K
BEWN D5, 2 ZTlE, broEmdE iz
AW T - Bl OB~ — 2 N kL 0%
T A FHE O B & 2 OIS BN DWW TR LT,

YL T EE”
iR
FLFE, 416-418,538-539 (2005)
KB LORmEICET 267 LFHT 7 =%
N — DT ONWTEEZ MY LT,

“Kilm - RMETERR L& EBERE
BEOEE, I F
T ) AT N, 59-67 (2005)

-60-



BEE T 2 v 7 A, ERCFERIBREEE LoD
DIXIEHBE AN, 2 - BiRpIsEE o b
DIFE = F X —H T o 2 WL BRI,
Z L ClitatE & A RE A2 A0 Lz b 01EN
AFET I v I RAfEONTND, ZHbRERD
TIIVvIABIN T 7 A 0TI v T RICE
T 5, EoREOEELRELITBE X EEH K
Kifi, B7 Iy 7MEtORE, ©7 I v 7 AR
DRELID =2DZH D, Z I TIEINDDHA
NHET Iy 7 AREIT OV TR L7,

“RE - RELFERKRE T&
R F, B EE

T )V AT A, 15-517 (2005)
RENRET I v 7 ATEBRILMTH D, L
ML E, ZHDORE CTIXPEAREMB G
LERFEFHSE N B Z 0, 47 L bR L)
OTHEIND LI EEELE R TR, o & &
IEERMEKBRIEN AR LTV, HicZhbo b
IC KRR T ARG BN ELRC R E L TR & 7> T
WD ERBEBV, b OREEE KA
EBENLII LT,

W& FIR”

<H
BRI - 2T 57
# EE, mif £
AAME RSN BEAREIT—

20046 H HER

“EAREIZIVvIZIRT ) —OFMEZOHFE
BB & B 33>

HR ¥, # EF, &F =
BARYZ I v 7 AHRHEE 5 31 BIREE
FEIIXMEES 20086 H Rl

“Fabrication of Semi-Conductive Ceramics by
Inert Sintering of Gelcast Dried Body”
R.L. Menchavez, M. Takahashi, M. Fuji

“Powder Technology Handbook Third Edition”
Masayoshi FUJI (4yfH3$#4&)

Taylor & Francis, 67-93 (2006)

WEO N B Y o TIZE T D R IR 7R
DOHEIZBSKGFET DL DI D, LIed-T,
KL FREOME Z MY 23 hr—/LTE
L0, MEBREDL A TORHEOXF—T 7 /1
D=L, ARTIE, WIEMEEZERT S O %
CHERN FREMEICET IE#E LD
FEATG 7 RIS TR L 7=,

“Powder Technology Handbook Third Edition”
Minoru Takahashi (53 #H#%)
Taylor & Francis, 615-619 (2006)

MR &) FEEIL, mRE IR &R 2 IR

D&, D WITHRIERZ AV TRk 2 2 dL Bt
THZ & &, Bl NES) #F L BRI XA X
AT LT ULIIEH S,
TR ~NCHT DB, HEM 13@E . MYk
BrrtRElAGbETHNWOND Z L3S
VN, AFRTCIRIRBREERE & MR 7 e R iz on
Tk~

BH ¥ £>

BAYT I v/ A BRI F 31 BIRESE
FEI7IRXRMEFES 2005846 H KU

“Frv7 ) —BRKBEFALEFHATY
— T DRESL”

HH OERE B ER B £

B 40 EIEATRERS 20054E6 A

“HIRICEBTET 2 RFIHERZ AW 2L E®
T Iy AOEHME ZDIA”

BOER

2005 EERE T o v A SRS ARV VRY T A
200546 A dbifpE (REEGER)

“REENT 7a—FIckamtB 07 m

-61-



¥ RFRE

EOEER
EEEREMET IR ¥ —H#ES 2005
£T1H AHE (BRHEE
“BREBVWEEENZAE LTI v 7 ADME
g7

mEE Y, B PR, BF F£

BiEI¥s BSHEFHRESEFRRE 2005
£8H WMABT

NTNT o7 L— MEERWEZ CaCO; HZ2kL
FOIER”
4 =2, Gunawan Hadiko, Han Yong-Sheng,
B OEE, B #
BT BSETRRESEFLES 2005
F£8H WA

“Synthesis of hollow CaCO; particles by bubble
templating”
Yoshie Tarutani, Yong-Sheng Han, Masayoshi Fuji,
Minoru Takahashi
The 6th Pacific Rim Conference on Ceramic and
Glass Technology (PacRimé6), Sept 11-16, 2005,

Maui,Hawaii

“ Synthesis of Inorganic Hollow Particles by
Bubble Templating”
Yong Sheng HAN, Gunawan HADIKO, Masayoshi
FUJIL, Minoru TAKAHASHI
The 6th Pacific Rim Conference on Ceramic and
Glass Technology (PacRimé6), Sept 11-16, 2005,

Maui,Hawaii

“Surface design of nanosize silica particle to
disperse into polymer”
Chika Takai, Masayoshi Fuji, Minoru Takahashi
The 6th Pacific Rim Conference on Ceramic and
Glass Technology (PacRimé6), Sept 11-16, 2005,

Maui,Hawaii

“Characterization and Processing if Nanosize
Powders and Particles”
Masayoshi Fuji
The 6th Pacific Rim Conference on Ceramic and
Glass Technology (PacRimé6), Sept 11-16, 2005,
Maui,Hawaii (FB5F55EE)

“Fr 7V —BRIEKBZAHALELRAT ) —5
& Z2oRA”
HH Eit B EE &% *E
AAYT7 Iy Atha B 18 BKFEI VRV Y
L 200549 H KR

“WNRTINTF T Uv— MEERWEHRZET Y B
FDER”
HAES%, Gunawan Hadiko, &
B, af £ BN 2h
AARET Iy 7 AHe
L 200549 H KR

K&, # IE

18 EMEY URY Y

‘BEMEREE LEZHAEET I v 7 XDFE
B2 7 DR EE >

mE Y, O EE, BF E£
HAEIIv 7 2Hha & 18 BEFEI VRV Y
L2009 H KBk

“ Fabrication of Cordierite filter for high

temperature  dust  collection by  in-situ
solidification”
Masayoshi FUJI, Yoshihiro Shiroki, Minoru

Takahashi, Seiji Izuhara, Hisao Suzuki, Toyokazu
Yokoyama

Proceedings of the 6™ International Symposium on
Gas Cleaning at High Temperatures, Oct 20-22,
2005, Osaka

“CST ZAWEREBEEI I v I 2TV —0DFF
'ﬁﬂi”

AT ¥, Bimal
 IEE, &iF £

P.Singh, Ruben Menchavez,

-62-



kT %S
10 A KB

2005 FERKHIF AR RS 2005 47

“Frv 7 ) —BERRBEREFA LIHBEF
BeF L DL
HH E#, B PR, & E

MR T He 2005 FEKEIFIARERS 2005 F
10 A KBk

“NeE)SRYVDP~ FHEORTFUI¥IL?
B OEE

I R EES Y VR T L 200611 %
BR

“Semi-electrical Conductivity of Gelcast Alumina
Sintered under Nitrogen Atmosphere”

R. L. Menchavez, M. Fuji and M. Takahashi.

Asian International Conference on Advanced

materials (AICAM2005), Nov 3-5, Beijing, China

“Synthesis of Hollow Silica Particle by Bubble
Templating Method”
Y.S.Han, Y.Tarutani, M.Fuji, M.Takahashi
Asian International Conference on Advanced
Materials (AICAM2005), Nov 3-5, 2005, Beijing,

China

“Influence of Inorganic Particle on the Synthesis
of Hollow Calcium Carbonate”
Gunawan Hadiko, Yong Sheng Han, Masayoshi
Fuji, Minoru Takahashi
Asian International Conference on Advanced
Materials (AICAM2005), Nov 3-5, 2005, Beijing,

China

“Characterization of heterocoagulation by direct
observation technique”
Chika Takai, Masayoshi Fuji, Minoru Takahashi
Asian International Conference on Advanced

Materials (AICAM2005), Nov 3-5,2005, Beijing,

China

“RNRTINTF TV —MNEERWIERERAT T
A MRLFDERR”

¢ 1EEY, Gunawan Hadiko, Han Yong-Sheng,
e E=R AR OE
BE~T UV TVER

F£1 A R

55 111 B4 38 S 2005

“BNRXAT 4 TEEH W Fe 8 o
-ALO; D ERL”

B E—E, B OEE, A #
BHAYT I v 7 RABREIE  FINFRRER
& 2005%E12H &ERE
“CEDGEIEIZLDHEKRKFETIIVIRT]
— R BOR R D BB 52

BHAY %, &F T B EE mF E
BHAYT I v 7 ABEREIE  FINFRRER
& 20054 12H &ERE
“UhHhEFIRTFOREBIFYTIXYE—
D2

sk T, ®mHF T, e
[ S
BHAYT I v 7 RABERBIE  FINFRRER
& 2005 12H &ER

Ty

Ve

EX, B EE,

BT E ST ~DKRDEHR”

HOER

11 EWREML - P aky SR Y Y
A 2005124 Bl (BEHERE)

“EIIvI AR uk vy U SORBELE
"

[ S
E1EEIIvI VT Z—FARKL VR T L
2006 22 A WX (RFHER)

“PCNEXYRT A TICEBSHAEET I v

-63-



R D WM
e ¥ #E EE BF =
ABARET I v7 AHE 2006 4
A R

“DBEILEE FV T Fe 43 8-AL,0; DIERL”
RE N, B EE B £
ABARET I v7 AHE 2006 4
A R

2006 ££ 3

2006 ££ 3

“GHAOBYREICET DR
Bl HE, B L &8 =
ABARET I v7 AHE 2006 4
A R

2006 ££ 3

“FOBRBEIBERICLZIEAZETI VI RR
Z U — DR EMET”

AT ¥, ®HF T, B EE a8 £
BARET I v 7 AHBE 2006 EELS 2006 £E 3

H B

“REBRFZEBEL Lt T I v 7 ABERIT
HOER
AR EERINF AT E B &7 —
200643 A WP (FBFEER)

“Ceramics processing designed by interface and
particle science”
Masayoshi Fuji
The First International Workshop on Forming and
Related Processing for Advanced Ceramics Mar

29-30, 2006, Nagoya (FBF5i1H)

-64-



®I Iy AEBTENE R

[AZE]
VTREFNF12005 4F 4 H 1 BT & B 8dRICEA
B OKAE12005 4E 4 H 1 B AT IR EhRFgE B IS ER A
PEREE 22005 4 7 A 1 AT HAfiife Blc A
B AR HAL:2005 45 7 H 16 BAH ESHE R IR A
Ty E5LEZ:20056 429 H 1 BART7 oy o) MFZEB) FICERH
ERER 12005 42 9 A 1 BAHTHRITE B CER A
B #2005 45 10 A 1 BHF7 0y o) MFSERICER A
SAGER2005 4F 11 H 1 B AT 65 Ehekinic 5
BORHE2006 45 1 A 1 BAHT IR BB I B
NORBERG STEFAN TOMMY

22006 4F 2 A 1 B {HF IEH Ehaibii B

[5)iEENKIR]
() e B FIERBR S I B

(04.4.1~)
() etz B WL 5 BR 26 P 5] P 2 B i ) ) A 7 A
ZER Z£E - HMHAER

(05.10~06.3)

HIERE Ladmir M e BaiHE 2 FRAn

(02.10~)
Wi 7t R <7 U TS
EEEEEZES RIsER

(05.6~06.3)
(M) ARV UBMET AR ®RE RS
(00.6.16~06.3.31)
() B PE EE IR B R B X B
(04.3.9~06.3.8)
() B R e mnEE T eS8

(04.6~06.3)
F 6 bRy AGUEESE RREAR
(04.4~06.10)

ENLRFEANT AR T RT: TEEREAIRD D OFF
WEMERSORL - DRl - fETIE ) (TE3 3 D WFIEHH
REBRFER

(05.12~06.3)
() iR e 2 —R g ek R~
T U T RS EEEE ZE SRS R

(05.6~06.3)
() BRZ 74287 v 7 A TpREZE

Bl ZE% - HPREER

—==a—2Z (200544 A1 H~200643 H 31 H)

(05.4~06.3)
() NGKHEFAEEGRELR

(05.6~06.7)
() SrAsff B

(05.4~07.3)
fEHRTEHINE v ¥ — VK 17 FEREMER

(05.5~06.3)

() B2t 2 —F i f~=t = L
—varvary—v 7 AER
(05.9~06.3)
55 6 [l s T A R E RS E AR E R
(04.4~06.10)
() B ASE ZEHE s B 2 [T B I [RI B 2 S
BHYE (FrsraBERLRfraaEE 8
(05.1~05.7)
(W) Rty v 2 — Wi T ak A~
7T U T AR EE S ZERER
(05.6~06.3)
B R BRI R ERN Y —F ' & —FF
BIEZE B

(05.6~06.3)

FERRICBITI®RE, £A]
AAY T I v 7 A AR A S nE

(06.~)
P F# R —— X7 —7 [HEREPr R
(03.4~)
AAR R TS 1THER
(04.4.1~)
A FE7 I A MEGES EEZESZER
(05.2.~)
N NIRE AT =)
(05.3~07.3)
MR TFEREREE S BINRER
(05.4~07.3)
MR T amEZEE
(96.3~)

-65-



IR LR B GATE 7 v— 7 2 {HEEA
(98.4~)
MR TSR RS HTlE 7 v — 7 RE
JLETN

(02.11~)

MR TERER
(05.4~07.3)
FEER R T ¥ERES
(01.4~)

R SR
(03.4~)

MR T ERINHRERERR

(Ft) B A R i i =

() RAEZ I v 7 A=

e

HE

i

R FE 7 I A MREES

\

=g

(02.5~)

i

<!
il

(fh) A B L B e A s

\

=%

(03.5~)
KEFFER FaRbmEEA
(99.4~)
Regional co-chair of International Centre for
Diffraction Data
(01.4.1~)
Co-editor of Acta Crystallographica Section
(02.1.1~)
ZEk

(98.4.1 ~)

HAKMRES 7 — 2 HEMEAS

ARG Y2 WiEEA

\Hﬂﬂ

(03.6~)

[JEH EhzRkEm]
FERE RGPS

)

05.4.1~06.3.31

[ BRFEEE]
CTMBENLOT T X v 7 ADOH & FE
GEAT S SEEUR - AR IR - KEBEFEH
SN
TRIE AR -
Btz -
LEER B - ML (KREHR) - &
L, (2 S3E0R & B A e BT Hp ot =t 41—
AL TREAR) - RiEFE (B HEK
FHEE)
W : 0541 0H6H~05412H15H

W EBhESR - i EEE)

AR B

18 :

00~20:00

RE 1 8 - EABIHEE T E
“BLOSKVOREHELE 2T I v 7 ADRE
Boafs & s
MR : 0641 0HA5H~06412H14H

101

miAARE 18:00~20:00 it
1 0[A
[EE - MXBERKN]
2003.4.1~ | 2004.4.1~ |2005.4.1~
2004.3.31 | 2005.3.31 | 2006.3.31
x & 0 3 6
L
w3 40 48 30
i
[E2FHERKA]
2003.4.1~ | 2004.4.1~ | 2005.4.1~
2004.3.31 | 2005.3.31 | 2006.3.31
37 75 62
B!
24 24 17
B
[BiEHEIE - IRBIAE]
OFER17EE2 11 £ COE FOF S LA
BRI 7 2 v 7 AREO MRS
=i ¥ 900 TH
KH - #EE 900 M
3 BB 300 FH
g ER 300 TH
Uy (1 3 4F) 200 T-H
T (L 2 ) 200 T-H
R. L. Menchavez (f#i+ 1 4F) 200 TH
OFER1 7 EERENREWMBE
s 3E (GUEB)
“ZTOGEEEFA LR EZ 2 v 7 AWK
ERFEAE O S LA 3 i A1
1,900 FH

KE B (H)
v =y I AOBMIC K Do T I v
A DA

N IER (GREC)
P AHALEREZ AT DB A ML DA &
RG] O FE”

-66-

1,300 T-H

1,200 M




wiE R (FHEC)
CRER E~ORNEERAARICE D~ A 2
DGR T 23 A DB
600TH
OXHMHEEAHERMIERRARE
i R “EROC TR ORS A SRR E IR D
BR%E”
4,000TH
OhiEFHEa > Y — 7 LHRFARESE
BOEE
“TF ) dgehi A O T2 B AR EE SRR e O
Bh R DO BFZEER %
4, 060, 350 [4
Oz TEFEEERESER
KHBEZE, @ £, AiEpR, /NEER, HH
Me, ik BB, EGER
Lt T v 7 AL LRSI
44, 292TH
OREBERARVFvy—RIHHEESE
s K T kiR AT D R DT
NT T L— MEZKDEBET o 2D
53, 300TH
OLBMFEEXEEEETEXEWNE
HELDIKYRETODZH +

R OER “RIRAGH - BRI S OS5 W ETE
X hU—27 (FHHPE L@ & OlfEF3)
18, 005T-H

X RELABIIE B Lm0 R

SFATT,
OFEm 1 7EEREMREEHILRE
/NEEOIERS “BEVEHET A bt T 2
7 A DY A

2,000 FH
OFm1 7TEEE2ZRHBERE
KH EE “HugodiER TA-S5< ) v s 7 A
DOFATHIFENE”

500 FH
ORZHFMHE

KHE #F (W=7 - v—- ) 2,500 T-H

B OIEE ((M) BRI R B )

950 T
g % (O TERHNE AR 500 T
JHH E (CEEREEAr gt )

1,000 T-H
KH 8 (VA ) 500 T
HHE K (Y H7) 500 T-H
wiE R (M) KREME) 100 FH
BEOER () KaE) 200 FH
EOEE (577 81T 1,500

B2 (W) R0V KR TR B )
1,200 T4

L

IR (BIZEZEW)
K #BF W7 - v—- )

1,000 T-H
800 T

G % () SR TR A )
5,000 T-H
KHE #BF (BEARTA ) 1, 000 T

[#RBFE]
KW (REEREKE)
WA ) N—a AHEHETRE T 2 b
I, EBREEY T X v 7 ZOIGHAE”

500 T-H
e IR (H AR TZERR)
“IE TR K ORI B B D W ~D 7 Z
AT 7 KA 57 BITIEDO RS

1,500 T
i E (FEAKRKRE A MK
PR3 B v = AR
500 TH

i R (GE—FEHE)
‘RS ) 3 O LWERLE S TE DR

420 T-H
A R (BRI EEEET)
DAV EER DR TIC L 2 mtiE v U o v filidE
DR

420 TH
e IEE (HERRFIR)
“NRAFaPhnt Ty 7 ALAARDHFFER
P

500 FH
KH #FE (77 7
“IREALT Z U RBERE R DMMELSGE & T

920 FH
KHE #FE (WBFET I v 7 2 A VT ER)
“arvox 7 ARG LZAEEY T I v X
A VDRI

1,000 FH
/NEEIEH (A TERR)
“BREEMIEA~ D~ A 7 w M OIS

1, 420 FH
A R (FEREXRTER)
“Litmy Y a L ORGEFIE

1,000 FH

NEOIEFS (h 32 B EhERR)
“BEVHEOREEREAMEHZEE T 2 T3
12, 500 T-H

FikG F (IR PEFEE1ELD)
“MitEiRt 7 X v 7 AL AARERIC B3 2 iF5e”
1,200 T-H

-67-



[ZEEFR]

KH 3 ((F) LRETRBHZ)

“HIRIR 2R LA K A M OBR”
2,625 M

[ 5 B
A R

[EIBS AL fh A E PR

(A % U7 05.8.23-8. 31)
[E] B i e A [E R A
(A& VU 7T 05.8.27-9. 1)

H-H [ -

KH 3 . IMF11 K& O PacRim6

(7T, ~NTA 05.9.4-9. 16)
i E St ART = PXch

(FF[E 05.9.8-9. 12)
/NS IEFD : PacRim6

(/NU A 05.9.12-9.17)
J FE : PacRim6

(/NT A 05.9.11-9. 18)
7 {34 : PacRim6

(/NT A 05.9.10-9. 18)
i E C0E ¥ R Y 7 Lt

(FF[E 05.11. 3-11. 8)
KH 2 : COE > v iR

(FF[E 05. 11. 3-11. 10)
B2 IEE : COE v o RY w7 At

(FF[E 05. 11. 3-11. 8)
B KA COE & AR A,

(FF[E 05.11. 3-11. 11)
iR Rk I0DD HOES

(7 A Y % 06.3.20-3. 25)

MEE - HAHRE - HATES]

34F 1
KRBT Z AR | 24 1
(B THHEI) 14 2
RFEFELRTGRE | 24 10
(W T5HY) 14 10
=2 O LSRR 44 4
FEL (MR TAERD 44 7
B OSHEFR) | 548 2
LFEIFIEE 4
SLE A FERIAFTE B
(AR IR ILLS) 1

F it

ONEABAN

NORBERG, Stefan Tommy 2003.10.1 ~
2006.9.30

(A AR R IEB)

Oz aa#
8

Ofhf - RPF

2005.12.14

iz B T3 i S B P P8R 1 AR IR L A
%

33

OHE%E

%2005. 5. 20-22

AR FERRE 7+ 27 ) 7272005
i

%*2005.9.30-10.2
HLOSKVIERT 7 ) 7272005 HE

% 2005.10.15-10.17
—a—kIFIv 7 =TIHER 2005 HE
%*2006.1.27

£ T RAINE 1 0 O JH4ERR A PES
A in HEHE
%*2005.10.6-10.7
ABERMEIS VR L2 00 5in 72 U fkie

BHEHET F—T

O Mt

*2005.12.7

4 2 AR L Gt
HATIERmEBITD W LET,
RIS RE AR SN E L,

% 2005.5.20

ZIERER LS THTROS (JFE
1 04SN

% 2005.8.3

B OER)

Y IA—T xR TEHBIN
Mt ERAED I K JUICHFFE RS % B LT

TmEEE LT,
%*2005.10.25
B S SR~ HIERE CREEEE)

-68-



/NI
1. FEEEOL R
N BESOE® T I v 7 AOH &
2. O
e NN, BEiTR A B 0w T7 I v
AT b A D LT A e, RERFT, XU F
v EEFMAERELE LT, BT I v ADFEH L
Hifi &R T 5,
3. T, HERERLS LD (GEEE)
4. ZEE R K OSEE N
(1) x5 RN - HilE
(2) HENE  S5048N
B HIMSE (HFR)
(1) #IF P17 10H6H (k) ~
Vg1 78124150 (k)
(2) B 1 80 043~2 00 0%y
6. FRBHER H 2K OB % R 5k
(1) B¥# 10 HH
(2) ERRI%k 20 WM
7. FEETORE « K4 KO- 45 2R 5K
7y s BT E X —  HdR - EEE.
¥z - AIERR, BR - KEBCEE, #B% - NEE

5.

. BhEUR - BRIEE. BhEUR - WM. BhEdE -
RiEETR, KRR - TEMRIZ. & 120 50
Fo

8. Ehusr

T Iy 7 BT 2 — 2 iR
FTEHLT 507-0071 57 B B 2236 L i il 10-6-29
EBHEO572—27—6811

9. FEJESENELAE O N4

BTy y TR v X — - EdRNBIER
10. St

F1E 10H6 H IR tRImI7=E7 < v 7 A8l e
¥ fldgth,  GEERAEIMIBTTRTE 24— AR
AREGA R TSR EITREREeED)

w2l 10 A13H  AEEEET o7 ARl SR
EiE R GHRTERRET R v AT 24—
% EFR

%3m0 H20 B (EAHOA A OfE— 7 /55
—| A% R GEETERRET I v AR TR
2R

FARIOH2TH 273 o7 AOEE—20F R
K HEE iR TERFET I v AT A —
% v AR

FSENHI0HE Ty AR O EZ O
PR GiER TR T R vy AT 7))

# O

4 (2005 )

242
FomINL A17H TR XHHRETA C L A R
HH M GHRTEERFET I o7 AT 21—
i)
FIENLA24 0 IRl E P
IHE R B TERFYT X v/ AT A —
B

#8E12H1H DINVTVRTE MR M 7 » e
TIv7) 458 FfE GlERY—a e TR/
~7 V7GR )

#9m12 A8 H EEFAEATET X > 7 AR LBl
g FER bR TERFE T X v AT A —
®EHR)

F0EN2 A 150 BEAWEDOZAEAT ) —a— M)
NEOER BHEBETEREET I v 7 A BT
WFget v % —#Hd2)

1 1. FEhufsH & i

SINE 27 44 %45 C LRcEHEbE 320 L7, AEHT
L L FBRINNEZE WG, ¥, £
L. BINEOE S TSR W 12272 X 560 L
T2 LIEHT A LIENWTH D, 2NE TREDRH,
TIIv I ADREDOHT A NLASESED I KEE
WEE | YR, RETL=— RFETH
o7z, [HICHRFPA EEE T CREM & h - 7o A B
JEEITTE, ENMELAE ORF TIIAGEE D L5 72
25 AR T A RHABRGEE & 1 B oK TiThh
LABRREIE LR TN TH Y | EEARIC L L
TWDLDRFERFTH D, 5FIFE ITFNFIDOH
BOZ RN %HBTENTH 72, BB/
DoV FE D 57, A H TOEM (K
AR . 77— FO ZERE WX BRR 72
==X, MELTHMERER ESEZ o1, B
M OEREOEE IS5, S5z, By ¥ —
DAHGEDH ) R L T, Sk b&h
HDZ A2 BT 5,

-69-



I I AEBTENREr ¥ — AMHEE2006EN

FERR 18 ARFEAL R TERTEABRRIE & LT O 2H
THfETETT,

WETHLOSVOREMLERD T I v 7 20ilE
ety & 5]

(2] 7 v 7 X EHHMEL. &RMEIOES
(AL kg s G SN TIR ENIE T S5 g 57pY %y S 1785 5= b A
BT LTI L Y . MBS BFICBW TR —4—
U AL HEA TWETH, LIRS L 72 WFSEH 5%
ZF. BMEIBRREA~D T L — T AL —T DN B A
RMEEZZGATHET,

BT Iy AT & —d, Hisx B
FRLIK, 26 2T o TRFABAGEIE 2 i L T8
D, 7 I v 7 AOHEMBLICHICET 2R EZHE
LC& 7, REOE T2 ABEE T, 4Eo
W (LD DEMERDET I vy ADME
Feblr LIS X, fEE AEINE . HEi R A E
REOET I v AFEIRICIE Do T A, Rk
AT R F v —BEFMEXNGLE LT L3 D)
DEMTEEME L FPHAERT 2D TT, & AD
BELT A0, T RFOERICHEBITBNT,
EREOICHEI AR L ET, ERO#MRICEALOH
LA, 2 TEBHIANWEZEWTHRER T, GE
L<id, Yoy —HYEFE CEHEBHWAEDEL
7ZEW,)

Flo, METLHHIIE, ZomEMEFIC, B
& — RO IMEN bEE L ET, (RL, fEEN
DI OGEITEMm L A)

WEEEE ORI, FNEORRE - HS Y
THDOHRLET . WT I hEFEECRE 1 Y«
7 MIFEMAICSINL T, 88 2R TEMFER R & 7
STWET, ZOBEIISMTHLI2ED, &
FANL DL 5B D Irde ST RMOSFEICE L
TOHRERD, MEB ORI OEREGFD Z
ENTEET, ZOBIZ, ABGEEIZSIL T,
Hiffi ¢ FHAEROOND Z L2 BED LET,

(B #]
FRE184E10 HS H (OR) ~12 H 14 H (OR)
AHEH  18:00~20:00, 7t 10 [Al3# {5 B
(€SB

YT v AT X — R E

[FEkH] 8,200 [

[HFR, G4, AN
(BEEINDHZENRDHY 3, FRINEE HERITH
HEAMCBMSELET,)
¥1E 10H 5 H
[TREA MR —FAET I v 7 AOR
Fr— W DPDOUFGEEH] ] /NE B (4
HRIFERFE ©7 vy AT A —
#4%)
2M 10 4 12 H
(R LT e —Fick 5873 v
7 ZBGERAT) E EE GhRITERE
T AT 2B
%3M 10 H 19 H
[ERF DA A DB —3I 7 all/l-
Ba—) A Rk (BHEERE 'R
v AFBET e 21— B4 —R)
%4l 10 H 26 H
e KT I v ZARRIEDE S
TR EiE R GHRIERE T Iy R
ETE G 2 —28%, BIEER)
b5l 11 H2H
DBy R X BREIPTIC X 2 s s Hm
Ve (LRI |0 AT
AR
¥elm 11 H9H
AU ST T R v 7 A5 Y | KH
B (AR IZERY BT vy A TR
wor—HR Rz AR
w7l 11 H 16 H
(EZRAAERY T I v 7 2RISR LIS
) SERE fnde (R TEZERE'T IR
TR A 2 — 5B
%8l 11 H30H
[7 AR NFEEY OWEE & T DOHITE
A BAR 2 (RIS S iEsdE
)
#ol 12H7H
[N B 8E 2 R U 7= Brb T BHA R~ D
) MAR 8 (BHETLERSE ek
Bh#%)
#1010\ 12 H 14 H
[ TR A & Ay TR IR A DY
BEIGH) ZiE ER R IEERYET
v AR AT AR
JE T R

-70-



TRITHEELT Iy 2 Rk - FREEERREERR
(A TRET Iy 7 AEB T2 V7 —5F 3 EERRRES

T

S AR N s B Wbk 2 B 58 B

He M AR ERE RS i =
BB IT¥ERTET Iy 7 AT PR & —
R FEFH] T HEHEEAS i =

i
W
e I
HIEE

OF—F=rr/EzrvE=—

B AWEIEREER HAEAT
+ o WOk BARLRK
W TR NI B b5
PHZE B 5 = JEHERIAn
SRE R
AEARERRIRIUR R B

O mMARARERSR (REH=E3F)

14 : 20~

(PNFx 2T 4 o TN HL0nET Iy
7 2% KDY |

bkt (BERIERYE T I v 7 AR TR
et 2 —)

14 : 35~
“Synthesis of hollow particles bu bubble
template method”

W KE BHBRLERYET I v 7 AT
et v 2 —)

14 : 50~

(7T X< LM OB RT3 1T 245 65H &
DI

MAER GHBRILERTET I v 7 AETF
WFget v % —)

15 : 05~

VAN (G e (RN N Y

IEE 7 (Zia RiliFakgas 2 A ZEpT)

LB TERFET IV )4 ) RX—=varkrF—
Bk - RO VEFERY NU—7

7 b7tk
PRk 1843 A2 H (k) 13: 45~

15 : 25~
(=T =y 7 MERCEZoa®TI v %
5 DB

PR R (s 7 7 PR g ek o)

15 : 40~

[P TR R gs Ififi = AR > b OWFFEEE % )
RS (I Rt T X v 7 ZAEAFIERT)

15 : 55~

[ —R Y Fi&kA O FBI% )

FEILAGE (KRRt T X v 7 ZAEARIERT)

16 : 10~

(v 3 v 7 2k & - B R VE PR RG f5 Lh oo
B %

PG A I WA RVl e ey

O HFil#EESs (KREB=3F)

16 : 30~17 : 30

T LWE DR ZAETILZAINET S |

B)IHEZ (BB)IHEZ it s T £ @ IRE
i L= sekl =)

O RRE—kvI g (E1L1 2,3&88=23F)
17 : 30~18 : 00
O =®e UhKR—1L2F)

-71-



SAE CKEHBIEHITH#H%) Environmental Excellence in Transport runner-up

Award (Material) 2% E

KIE A B EEN S NHE L T L RO A
LR E HAT 2 X RACE R e BB R~ O B ik
ZETDHE 2 THZ, NEBEHERN, Fa¥H
hEE, B WP RBFSEET O HA AR IR R D & I FZE
L7c, [RBEIXET. B, BB EEEOR S
THES 2FOHTNRES N RS SN, £
FLIE2 0 0 5FEDOMESEF COZE, EEHIX

/INEIE F B T?

KEBEFZRTHAE 2 A L 724 A LB fil 8t o> B
I DTI v g VRN E K& YBG I ~D
Bk, AV VoD v g AN,
T U7 UM a =T R FEITEGEM B O Sl &
STERINTETEY, ZOREMRENE L
TOEBRE DG & iz,

%17 E(2005 ) 1 PREEIE B EEBhHFE

(ZE A OHHE)

SHEHBFIXZNE TITHENEDL 5 R mE 7o
TEL DEBLZET WD, ThHDEREES
oL, (1) BEMEAOREXYZ7 72U E
—a T A%, (2) RKifRfE I R
T HM%E, (3) EEEMIKOBN o EEICET 5
WEgE, (4) FREAE % 7= B IR O RERE(L
BT DRI D, 2D OO, B
RERH DO LIV TOHRENL~ 7 vt
RHLEZHHALIZ DO TH D, HlziE, v~/
=)L TOfmIIEE, RIEKBIEO X A 7, Kif

KERFE D3 AiAREE, WEL & K ORETE D> & B & 7
ELTWD, EfERMNEE, K rMAKEREAS.
F ) A=A F—H—TOHRET 7% ADR T
H~DOFHEBLOKSFOREREN S LN
LTWb, INHIEET, ZEEOMAINL T A
T TN K DM RE T O R ESL R I FHEIC X
STHRLZETONEZMRETH D, BHARED SR
HRFEE, MR T2 E AR T2 OBREg T
FTEEMENE L TE TV, THEIZU LD X
INCZDHBFICBWCEHEREREZFT TR,
LStk IR CE 5,

RREEMETRERE B IEEEE

(CGEfE M 2

2002 4, 2004 FOHRFIKTERIZEIT D458
FAZUARAE, 2004 FFEOH AR TERICK T 5%
FPEHEERE, OB LEEFEREER LD
Bl E O#BE R L OEFEFREE L 21T 72, &
7o, BEOTEE £ & O MEEE R L7,

5 23 [1]

Pt 7 Xy 7 ZADERICET 2 UFFERE B ICHRLY

(= F )

FREOEBEE ICHED Y | EFEOEE L I
o THETMEIC, AARBRETEEINGRB IV
JBREBMNE L RFEFHFHRE L DOHNETSE
< OILFEWFZED R STz, ZNDHDIHIIT LY
R AR L¥REZZH LTV,

KHFHE T EEEER

LIPS BB W TE R REZ B SO
oo TOWREIZL VW AKEZZE L TWD,

-72-



SERR 1T EEA v 2 — vy TEBAEZA

O ZHERARTESERA VX — vy TZTF AN
SEELLRATEERET I v 7 B0 244
24M2H 7T~9 HETD 3 H, Uik ¥ —
~A B =y TELE LT NVE LT,

DI GBI v 7 A% BT
BRI R Y

#1HE

<HHAEREIT >

I Ny A7 77 tHt (Dr. NORBERG, Stefan T.) (GEw #hiEAh)

JIIL_ T F A —F U FE O Chalmers
University of Technology O MER(l Rl L3RR
Z 1998 FEifET LE L=, =Dk, 2003 4 10
H7»5 2005 42 9 A £ T, HAFIFRIS(JISPS)
SENEERIAFEE S LTRA L, 4B TEKR
He v T Iy s AT Y v H — - fRATRR
FHBFZEERRY - fEAT S AT LS 2 L — 712 T KTP
EIRIEN D R L. F % 71 U 7 I(KTIOPO,) 72
E OB RGOV THIEE{T> C& %
L7z, £Dtk, —HIFEL, 4, 2006 4 2 A »
53HD 2y AMOTETCHUM TR LERFIC
RoTET, MIN—FTH5EaEDD = LTk
0 E Lz, AEOHTERKIZKO RS RICEINT
fiE e 2R =4 7B h U 7 AR E IR S O

ORI it GEW bR

RiFwmEOmEICH 2HLE VWS BHETEENR
72 INFIR 1T O N~Flof LS ETHEA
TW5. BHALEORIZEERITGRERED & X (1996
4, FEE) BEARTBE2 =& A v FELEFZEE O
HEHEBRECBM LT ENTDEEV Z o7,
Z oL & RS U7 NEDO #%err (JlLp i) % /T
WPk L, 1999 0984 & U CIREEIITIEEE I
B U=, 2000 B BIRRRRICAY, 2003
FEEESE2 6 5o, 5T —~ 13 EEME
DEEFUERETH Y, ZDO/MOBIZEIC b Bk Z b
STHRVIAATE 2. WEKIEEIITIROED X 9
RENSZEL, BARATOREZEAEENR L Hk,
G L TWD. Babikgielo X5 itk

A ER L (L L LoD v) GEF EEEED)

SRR 17411 A 1 BRI THEELE LT, BRIEESR
MrZE 7 v — 712 L £,

FAEHEF 51 4B, RIGRICEENE Lz, @K
FTHIL TR I L, ERAEZICHAE)IREET
DHMFERF~LET, [FRFEFEHE TR, FX

H2 AHICPICL DIk oHFE o, £
— R

%3 B ¢ TSR TR O ST &
e

UEDAT Y 2= CHFRE L ¥ —DttF %
KBRLTH o7z,

T T, 77 v 7 AFK
ENT-FEREITT T v AR
BEREDT-DDOLAIIZ LY
fE L. BREIOHD U 7 AD—
N ER SV ET, SRR
| = S &5 o S O N e o
= HONHLFEHET D & -
9 TY, ZOREEITH I O K O TesR VR 2
AL, B KR&ELS, MEMITOH L WE T
T, REEREWVEEZ R LETOT, Hiko
LAWEH Y 3, MEITEYOTTR, 07
ES LW REZRETF WL e BT E
T, (LHE: AE)

W7D DOMWETHD. ST
INBSEAED L T A TR &

WML 727 v 2 J T K

BT D E A 1T > TV D,
ZHICBE LTI H F Y ik

ZHi o TORWDPBFZEE D 5
HAIEDELL #H T '
TWLDOTHELMMEELT

STWD. HEAHAT R ARTHY, AKR—Y
WCBELTIEEARLOTHHEERDD. 41, &
THELIANOFE (ParTy, eVay, ¥
avxy) EERLWFEREESTND.

PRI P TER ) B A R R AT (B
FEL) T, 5 FERANICEBRANIIZDEL
2o TH b TIEMEMIERFBREWE IR
AR ERIIIAE L, LiHchH Y TR
P SRR B L5 RS2 AT IS THFSE AT &2



K0 PR 17 9 BICFE L GascEE NE
WAL T T X< B2 AW E A N — X ERICBT
B AR O IR - L Ok OFFZE ) DL
BE LT, BT T A~iirl 75 X~
TY, TNETOMEARFE LTIE, B5HHA LA
DRERME 7T XA~ 2B 580 7T X~ &%t
Gl Lic, 77 A~ -MEOERFEIRIZ BT 577
A< DG EIT->» CE £ Lz, Bk 7 X~
EMEIOBERERICEL D~ TR T 4 v T
= ADHGEFRIZOW T OSE, 77 X~ L
BroOMAEAEHIC L v & S MBHR 0~
7 A< N TORFIERE - BRIz >V oW
PIToTEXF Lm, ey L—F—NeliBEEIc X
HIKFEAAF VEHIR=I vy T e —TIC L

Yrb 3L (B OAHX)
WECITHFE9I A LHEY, @iy 77 ey
FOWFZEE L LTSN, ATV V= b
v ARETEIN—T DB LY ELE, =
WETIE, A HERFRFRE T E0 R CEEIT
Pl WO BROESICET DM ATV, Rk 15
EIHICHEREGE LE L, TDOH’]STOY
LR F ¥y —FHEOHER R L L U CEETEE
BT DI E & fe i CT& £ Lz, AFSENAELE LT
W BEIEBICB T 2AEH A LR E AW
TR /NT A= O, =Yy Fa
—T 47T RO R EEIToTEEL
77

7y AT 2 — Tk, &l
)77 uvel hoT—~ [HLnvkETI v
AL HARBGERAN ) \CBET A AT VET, &
NH XY AT 4 U TEICLDZHNERET I v T R
RS RN B LT, &KALERE & BPRHERME O BIfR AR
B8 LWBREM I 21T\ i EB 2 TnET,
INEFTHH-TEE &R Lol Tn
< T&'I7Iv 7R TEMELE LTREIHEEN

LGS T T A~ OEIREF R O
boTExFE LT,

AFETIETH LV RV —JREIED &\ 9 Bl
BT T ADOFEIZE Y £ L2, BUko AR
BAESED, AT &0 S LR BB R D 5y B
WZH LRI HBBRN S D | AWFsEt v & —TOf
TRIZHEDLDND ZLE L BT £, (L%
TG, JSHOE TIXRARE ZANR S~ H
HEBNWETR, INFTHEATEEZZELEN
LoD, XVWwoZ sy sichhsA, LT
HEWHERERGEOND LI LTEND
W EBWETOT, ko g, JHiEY B
AV L B £,

13317

(Favx=2 FBHF)

HigoTRY, FXH 2
EHLZNWTT A, HLw
ANV ERH KXW
<7, -
MEHIEZ 0 33, =

(DS LA “

NG EE ST a RPaR N A
EHWEST, TNEToO
MIRAFETHEICLDEZSLHENI Z L2 E
L TCEE Lz, BUETIHE., RERERENOHM
FHZ T2 ER L DO @EmEIC > TWET
D, TNHITRHE LTk E 7 2 v 7 A& B%
L7cneEZX TWET,
FLEELERRAROE S HZNTTD, Tk
2 DR A T > CTE -2 Lk, L LR
BT AORBICHLENED EELTNET,
SRS E VI BB TOMREREBRE, BT 2
v J AW EE S, AT o TN E TN
EZTWET,

-74-



20055 (Eg174) TA16B  HAHHE

PAAOVIND L
Mimamcmhaﬁﬁ
mwwnazxﬁﬁe
WREQHMHE -
BEAHTEH (R
]« BRIZHOTNVO
BT D LD =0\ | WY

DONHIHHEK O
MWEHORAHD” R
LRENEWRS” Ei
EIrRdtERER
BHUSE SRR
BEEOL=m°

B WS
HETROTE AO0H
M REEOV RIS
RELBHCTEHLOS
RTBNOVY FE
OHIFHIEAN® KX
Bl RS 5o g Ao
e RELICTh—2Y
~NOQER
LSVRDOI° FE

L BERETEHBOR
H-<IORE® BRI
PBRIN DS S0°
HEgEOY TrE
DEIANEKS i
MAKHZEHHERYN
/-2 VK

Eﬁ;wm&ﬁé%ﬂt

SEpwn
PR
QEENKS
HOVESD
MERE
SEEHIS
TRV
RIN0°
QB
REETY G
( cEEmS
L QEEDHRD
| SUPERP

RO HfpiRETS
BEZUNBON
517 L (898
BT )QHHIA) R
ae (7S B [N TN
RRVEN HEQHE
R1ELUBOVLON
S ABFOW°

(RE HRY)

20054 (ER174) TRA16H IREHE

TR - IRMEIETE R D S T S D — 0

TR RkEH < 3

~5

o

Aﬁ%gﬁﬁmmﬁﬂﬁﬁﬁ

OB H KA
AAXERHERND
R— (MERPEN)”
RO IECHmH
EHEEEREKE L0
Hhy TRk - B
ANV O
DR R BHEY
NUHHKIE QKPS TV

QEHNDANH ALK
KD TRV
AR C®IHVER
MM ARS O HAD
13 ERKEEHIRRE
REXDVRS" D
- RIRYME bk ©
BRIVEIEOR®
ExDLD—AE" R/

FHOHAMIREE ON<
XD LD RPN
HkQRIWE N VIV
QN & — QR
mEAOMIN° LS
R PEDHKVEOS
HEFLOHETR N K
R KRV BERTS
ERESEOEY° ER
ORI A R
<HmRE®

me?” EREC
EHER Mg
RERIESARNH-O)
IRERIEOER” #Q
TWOLRPWGETION
£ N ANNMIAREN
HIRERVER D X2
LD R4
KRR — ¢ —IX
QY £—J¢-NVE
RN NKIN-IRK
BB JRHANQ°

1M [EIEENIR
ST Hifk
KIS [EERE
B 5 R BN
R° R RELWR IR
BEHUE EROERS
KA )R
HEWERELAQHE OV
SRS | AR

tJe
S

-75-



20054 (ERL174F) TA16B hEpEFHE

!
i

|
,'i

Wy
1=
b iy
izt i
==
mnﬂ; Q]

il
7
‘Hihtmi |
! ‘|““<m”

”Hte:‘ Ju

il

I
|

e .
Bare PN
SR W | 22 HEARHOM K R | E-HOHERISIA S | 2 S0 0
BROUK OB R ABIULIOR | D LIREILEKT | HEHRERILS L1 (RE 58

FERWIMBRT O H A\ | R0V ORESI0RN | §.07070°

£+ (B - SRR | HECHES | B V0| R MUK+
PONWOBEHIND L | 1 > NKMHERIERQ | H° 1 QDO
D—0 O | BH# | BEIRVEELEHN | HECEC HKIDE
R DT EHRR | 24— E Ol |1 EKO S0
LRE+REECENY | MEROMK HEOK | 0% [HONVOLNE
QEVRC LS ERHC | HRBILY RS | e UKEN | AN
EHRORIIT< 26| DVOWmEZPR® WO | 2100 FEECHEW
B BEOBENMD HOLHTEEHAR | OB KO LA Gtk

i

-
2

FRI7TER M1E #s - BRS

E
)
b
R
L3
g
&

BLOICURRREyrT=2

D
L
o >
gt
N
b
o (1
B
)
V
1%,
e
1+
{3
1
o

—oDPEE

20054 (FERL174) 8H27TA +BH#E

By PT VWSS TORDE NBE URURD B RSN ABBVIE I -0 R HEURIGIIHK
4 =2 - |8 SOER R | R [KE -2 DTELSUPER ORI | Hhor D2 RS
oo SEEUSOUBKCOR| 2 LuMo | BOM MEEHTHUID SWEH0PE” 12N | By - BHEK
% = R 2 O REEnE 4 ~RERNC ) VBRI BROCERSH HoLveNd S hAN | EREE BRIRes
S saraes IONEE | BoBY REWEC DERG SV ERENERUN  VEVERMS 1S
R SRRt THEEE | EOHY _raﬂ..!*@,{i.w = ATy . o { V=
B m m M N (miieiey) VB KOS THE | YA NDMSUEERE ROV ks
Ha men a0 Wb | FEQREUBICG
E Py S & TR | BUEC VLS BEOHRUENE
" m nw Y EOSERDVOS | BEKNE D 04!
g Do S5 EOF0Q) VHDIS EOCEIEEI0
"<
2 8 g
Al e ) W=
% o 5.
oy o
yE
& Ly £ -4
NNV eoF
® o B
Do _
S el
n—-EEI G D I8 D0 (@ PV
L) BISDVREHRON o P LD | RE

B QREEEEALD | B0 BRI
[WiEn] ﬁm%ﬁﬁm WV [EHEE - RREE | NEHRKNOEEED
RRPRIC FERONMODETVOENDN N~ R HEDT WhmE

-76-



20054 (FRE174) 108138 S &pEAEHERE

AP IR IR S IR X

O MG 7 O A (T B
PNV I D~

ROMBHEY

(M) M- | D~k SEREE | NNREE= VR #0 S

G RO HIK KA | IO b EE JE D | 427

Mipver D KHRIHANES | 2HR O SRRV
FERNN-(WERER) | #RAUMEERV G
TR HIEEOW | BEGER TR | K -
S0 TR - AR | iKY R
RSNVl > ) m fmeStnh=

20054 (FRL174) 8A27H +B#HHE

NG Y
PP
R R

BT R PR
RO ORI
WM NONH
L [ YRS - B
DN VORIIN N £
D) O | @i
B! KD RERE
+RESCEMIENL
RO ERHCUKR

ORNII<RHE Bk
CRERIHDAL
SRR RETULIOK

LRV I
HECTES | B PN
AANHHREE N

BRI R VEEQRHY
2 — KL O
KR UK HEOK
HRBE Y EI0
OvORmER®. NI
HOLI BRI
1B H4URE VOIS
KREKY KEWEN
FHEEN IS0
R (R4
b RPN\ g
HEQCECRKAIIR
A1 g SNy
POLHENA0R [HRT
VOLIBEHN JAN
B0 URSN0° RiE
IECRIENMORT G
KM ERIT-HOE R

VB NRSE
WK (RE SR

XIS ORI
KETR0 ik
PR |8
ROREfRINNIH+<%
e =0k ok

RS USRS

@D\ %m. /.Ph/“7®EA

WO S 0 VR
HAGIE T E N | S IRV 1L

SO HER R e >

RIS IEETR O TN

QNHIHHIERY AR [ A N 2I0EH0 fi7H
—WRISUNDT [ IERs” .

g

BIMRE130AS S LI E—

e

(MRIEHRIER
$®) 7 OE
¥ iR
Ko+ RI3E
RR RS
IREEEADL
P SIXERE
S AEERT i
KENAIP AP
T i

J

STIBHBAE R

N

EES

DN DA
e IHCHIFRK
ARSI YT o R
O ZVRkO°
[EfHK S ARG
ISR S EOOH:
QIS O R K
L RIKERR ROR)
oL BgOM
2O < ¢ D
LN N
- A0 R 0f
- RERE BERAE
BNV BMEEN
W N N T
)% BN OTH-H
REHNENE OV S
\0°

o Bz PR
HTHDZRE

I rapenyv
su ¥ cunimy
&%”vhuhvla
V2 s :
#0) D spcRs
B oty DOHE
: 2 I’
o> MTHESREQ TN
e NIVRESIR 04
S BETEBYINM
— HURBHE D B
Y womegrmop
I ST
B WK PN D DX
= AHIER N - (B
¥ gERome) oxiom
S P
BHO TR D
SUKAKI BIDH
QORI H-< 2T
£2° OORIIANE 1)
ISP R R
AR R BN
U2 BN

~1J)0

N

B S BE#HHE

(0§ )

-77-



B42884E (=R}

1&8

2005% w1 7116128

2.l

T

wEEERsRD | 0F
W b i <E #5403 | |
A 'A-V > = AT RO Re, | W
\ | igg = 1 ; %_;ﬁ,m:wmo_ E
g ~ ! % govrec pd| B
- Evgod s 35
g .ﬁm@ﬁ...m.\u&vf LR
Lo ESRURESRRNEC BE _ © RECEEECHGSRE AL wmwmmmmm_ =
23 sneEEr Nran-iu & ._-.6.,_ T SUUBRORERY misEe 0L |
BB Eoce mRganweoxr S .r._l 6*” P e s ERE
] ~ T i )J
| SRE BTN HORIFNLT~2OES &\ 8 NRKY,
SEERRMFOR’ WRMOEL  gaeamnur> ax PR KB, A i) - BLER wi } 7 32yt
SORSIIY HOZQON M WES o VEHROEUN L D8 EXSOHEREAECR FRedRy

Lk

BRARMOATL
MRt 2—TH%%

O 28T ERL B O M-ANYINER VERRINE Uy B R BRY EREE QL BREEER L
EREQEE () NT BONEPY REUGY RDERVEVGETLE SSKNRTEENES DI RHTSUEE KERXRMER AS
2R—MEQHE” Wik ITHBNRRUNDIAD B SERCOEHE Shane| A EOMARHLIHIER ) e LS EEN
CEEIEOT Y 1100 —RKIL0.) B SONTh-FUOUERY SRR -QEEHIN VR BUSIERE I BERERebME

ERED JURMIDERTEY U BRTUERQERS
M RNQ MRS MEE Kb BRIRRY
O SECHECEIIERMG SREHS SR &
R Ut R T ERENRRD

NS0 BLEGNQESRS HPEVEOSG” BCY | FROR 2R —R—Q EEHEE FEVEE Ee4° WARNKERRES 21 USROMITAHER Emd USSR K

B0 PRUPNRREERE e utoes =it SOy CHESESE: £ 0 MULLRENN  EERE [ HRCHM e A0 2ERMX HENENZIERCMI RENTHENRY ERE

: i o NANE B OMEED SEMROR HEEY D OO — | OB SEEHOTN F—JRi SUQETLER MO 0° FOREVL-LINREE

v %wﬁﬁm%v%t% LOLDEERIUAY wRoEL MR JUVERE

i A B2k sgnpe , _; " , w e : — HEVRREEELNG

HXFTUSESLEENERY mspanpuov & W - L B A —s 7 g ¢7 V = 35 mgm. A RV RQEEE
R (HEED s aKOHRERDE QEEFREM e

-78-



g
]
=3
H
g
&

wse

188

20055 wm1 7 118198

Yypis~ =

(13 AKEEEA

T

188

98

20055 @1 71 1B1

“ah
3

e e

Z

S
A

v

]

y

BHEES- R

VPSS SRE
BEWEDLWRKC SSK
BEL BXPND-XAL
MROURRE-2 510

SRRV VR
PUARBRONREME

RECHIEHIVEDY KaVAE | 06k USOUOHEIND
e A S OCEHIOVIORH
0" | GRS DA \ANNERORD 105 VLMD KA 111 —OR” (KEE)
SO IRMIUPEH MUREURRRISH )  EROIREMWOUDN T=ZRY <OROHI
ERCO BB €D CORRRINGNE )N B THO<O |8 HPIBUSKGURRIS
gy & R <R 0O 10" BRNPIIRED v

1l ¢ @ PUNKECGENOY GUBRERE v
Wiy RRLS0" GERTY ©ERBEROKHRE
52 SKE A [ R IRUOMES SURERUNEY
e WIKEHUPLE DS  REBHAND-Z2
SURS’ KGOS T E MUOERNV<OR VLGSR0 1
LR USVERT N P BBV

R 1 ROUNTN BUSSIRBHCKN( VORIV
BUBRPT00RUEK 1| DVAr SRUNKERRI | DRIEIRICEDKRE
WREMAGSNOORE [y SOPEODIIC BER SEMMOENC 6
V0" BHICEPIN SECHIHPRECRIAE 110D ORI
DUREEAY WNIMK 177 BTV BRINY Eh0ORKC" KENER
[fey 0 il
BUSVIORRENE BRL0" e

5° PORENLPRRIS WORQUIRINS VST
BOUEDIN BRLD Piok w05
CEDDOMGONE?  —SRCHEVRRRK - HIHSHEDER
s o v
VRS SKOEE SR REROUS KD
WEHODOSYL B BEVECHIN DRSNS MENS
SHICY MRS \IUNKLOUIEY  PEGQUHENIRED U
" BRAD NRRO CHUKECE MR UKERLKY.
CUHCHOE & BRUHCEELN QERESUEHHRIOR

O UOLKE BRE BIUMERIR O 1 Bl RSD
BRSOPKDLD-AD DB DD B KEPUVEDRR

AR EERK—

Hk

—HRCRE U
NIVEFOMMOZ

e REIRCRES O

L V-0
HRALBOIRP L

PREBOTREHHE
1° GATEWRNNN-

CERRFELC VIO
H00°

SERHOUOSEALD
MRRRSEEEERIT
LEEL HEIELASHE
RING - WD

ER

— R

NS
NDVOGH( HRETRANR) (&
| R0 RAIREHRERCEHIGELS |
AL WERHEDKRNBERCHE |
BEUBCY HEHURICUREPE |
HNCRIORDHRRME b BRIV |

SINRYNRIOZAUSN ORRORUEDLOME —RREHEW S0
KOS EAROY P AKE BERORME

.xz\mwmm IEWII:O EEHER0S

—RHCRIERA I
PSR NRYNE
AR BECITE  NIKS® I RIS
e 157 A4S

RN ESURAGD p

1)

VOREEMTILS'  HRUJMSRWEAD K7 ) INORKEN X
B BICKLORO PINQRII-KNR MEmOHROLY Ba
POHMECPLI0 M Y KBRS0 BENNY ALK O
<RAMMIVHDKSE K GRRIREV) AR 57 URKENYOE
HEAUOVHOSIL MRUBROERNOL  URBLI LVERVD
B GHICRRAOURS S0° BEEEUQORE OF DWLHERAD
U SRS MRCIEP  QREBMEMMERIY 107 USOQREOSEY
V m BOCMIEROEY Ih MIVEYN4ZI S BOHRPIHSIIN0N
Frye —HREUUEKIGHNL 10" SRIOERONDEK &°
GNUEDRO” OUOD REOLBOPCUENS  —HROPIN” R
Fh—hN" BEI 4 GHOTVOSKAYEY RE0° SUIALAS /IO HIOLUE & EShOPKHAH MISERNOBKEE
IRXGHURIEISIR Db’ URSRIVEERD CRIONKIE" UMIND HIKNO KR Kilde® KOMEDSAGRED IAMF A

<BOEBUSN" 2 MIR" BEECHHER AREMOVER((S MBS REER(ON & WWWNVIORAT  |IE RERENGH
HUARTCACRRS SERUGBRACISO bv) EPRORRIR0. SEULVHEL th <RI <MEVO) SBRO0GURIELS
B SRWOTEH0" & M) MR—NAR UREC <MROELI 145° BRRKSEOREN
HIHERURS o g ¥ B OMNNTVOREY XOMRECHRVES.
FLIRIEAOSELH ROBRUN BFHG GHIREIONODL GRECHOLIN) NU0" RSBRANN L
T D S UL BB ATRIE BOUSSH  —KICHMENGRN WO BEIE | RS
SEEIUEREESEY 4 RSN DONIHNCT KOJWM CRIN| BUROR ERGEEDS | EE EpRRELER:
8OV GERTHIS ARLOPZI0° &
2 REEREIELC I~ ey
PBRUMRORRPIS e % H.sg(j AUPHERL IS
10° REEKHOREDE L HHIRIVIRD0 I

BEROMERTHICD TN KWK
SRR ) BINHEUSRIRR | &
VPRI QN U0 LRHERESNN

VO NN L—E
HEmg—RERIIER
O<E Pl
oy

<DVSHIREKED
RS BRCER(CRY
DUKHERIP | NOR
1 HENED

LHEREHON b~
ERB O LR RIHP
WERENARIVE O
5107 USEHWSIALS
RRIRRRS0"

|
VHBRCHACKOR  AKABUDNYA-D TUSOEDH NN
LRI ¥ UORROUARE W< CRRRSR
OGS KR EOMIRIBIIVII MREOVIOR” R
PIKERDORL” B % ﬂ#«\wew:u HOREKNS ISR

PISTHENEARNCLQ thoeke ASORUKACHH IR
Kﬁvﬂ" Kﬂm m}l,vw\“ Eﬂ_)L ARV SI0*

(\AMPIIP.-\@&I'I
NHECHRAY I
LB PIISORY”
RHEEBERINRIN

me‘tw 44 BTNV ﬂi‘l&mﬁ WERDpE
IIUPBRIEHUSN USNREC NG V' SIKERVEIN)
HEEBOSEYOR) PN 9000~ LSS UBN<AEY
LEBNBOUURKIN- INCRRIERIUN < VIe*

S
SIUREH T
Epe U Lt

R
OB

QAT HEK I
DANHEHIHERE

M—=Th ¥ %—&—)

H R
o |

KSRV BVAEL

HE
i
W
<
4w
=
i
mmtwmmyj
=
fir
X
e
K
(11
1
i

SR NS, MR8

1
N
)
%
B
3
i
I3
£
H
g
v
|

I
w
v
2
N
Iy
£
g
K4
v
N
N
¥
<

[—v—num BT % —— B FERE

R4 Q%

£OPVIE” OBV
VRN 1A |

ARER AN SiuRa
Ko @) vErbs
PR’ TEDS) Upan
PSR URIIOSIKE

ERVEROVSIOURS <KSRTHORL
)

BOKUHCERIMIIT

(E 1m %o t:? “Y\n\»M"-}@‘K(\

% e % ~ WE” NMNQQ

LRSS

WI<RHRCH D1 OREIGMESN KNSV WRRPIMVS HUKCERIRAIVY B<XEERC MALE
SNBSS £VSI0° RUISKE< Vw‘—\igﬂp_’.w‘ BB WE@F byt

VHRCHEES" BRCEE" | ERPLS g v
MEERUSNE R ERVE SN BEUNICRON BRSNS BK X R0NSL SIERY
i o ReRRR s YERCHERKAOL

0
0 BHEMRR § o

HSOREBRRWHEIO

EAITINE =t
DARRNE VS M08

—REREET R
Y <REMGHEDT

WEIRVI0R G 8 <

(SR g
REPHOLEN0
SERISREIIVIP
B EMORIRR S
EREMCRELURI0
KA N-LUH0I0
o

Bl POMNEISL

AR UPRERRRE P

PIoeA0n” Ho-X
RURUIMOCIORRE
SORHOEEINR"
WOSHFNE Horpri?
<R HIE P UE"
HEERBCIIE
DU IHICHI SR
e {hy—Twve
Y] 210°



BOREH

(%

FEHE T

Al

]
Al

(FRL18%F) 2A15H

T 2006&37

L

R

P

NEREBUEUEECEER  Torsenos
i S M RRANEESY
y 3 ELRE e BIE 1

i b 3 4t h b RO WP \
WIS ¢ KB Tes| )

S

P it f@tiom
, BT oPOEER-NE e |/
DREERGEERIE - BRI N PR NS ERY w

CCRERERKE) MURE AAXEEFNERY - B Hoompmgmn | ()

BB ORI W O EERER-N & MR /

K (HIBEER) ARG R BE( SRy TR x

/

ORETBAOMERNL.  EERMP SHNEMNE B e 1
BRI MACLRRY & REZCAPUEREY ¥ L-DOERERRIS0 f
BUERSERMIAME BRI — cHRLTsExmvee |
REKEROOOO LS /DN OEHIND N

NP HEQIED o o PORRIFRRRIEIMD

HRROPRER—WER  HRIGHEIIS VIR )
i QA RIEERH" -
RELBENCOERR # BisbeBone
TREEMNVIAK | 3 - FEne sl

o >

HA
plgEN

W BRI G
Copaeee
| EHRUELQMYME
SR RRTNAED
HHZTYT BRORIHEL
o T B UKo
DIORKREEUSNAL
ne -
EERELOERNEA
| ARESEES RGN - 1
T RRENR Nt (R)
B DS KB
. BEROM NBUREES
FAABEN LN LR
 BORRLAN SRS
HEILVBE M) Al
W RIS BEOL S
B R=R=LIHIRIE ¢
abie e

—
X7}
)

(DR » SRl

e
Feiili

i

6
/;

il

\
e

5

fi}
THIH

i,T’

N7
B TR

hang RZ0H—UNKEL

LB QSO SI
REENR-hD -k~

20064 (Fpri184F) 2H28H

Ce e SN

FTOGTHINE:
- <k

-80-




20064 (FRL184F) 3A9R HHEHE =T

BRSO S N D K EEREGEBLROTY Bl CEOHEPD KUK LNVIMNLOWRAY HBMIH(10 (R
CLRREABIECE 0L VR oS ERRNC MY SOHTMIT I IR SERCRE IR 11N BB

; -~ P g QKR RO L ERUEQOURE QUL R0MIRMS
mma_ %%mmuamr@ﬂ %M_Mw@wmmummwv NIRRT SRR EECE RERERMASKES 1o AROVIL

EVAUDIZUERID *
il DMHM e BRECHEIEY &n\ ,
%,:,__RQ%.Z..T .C%_A@a_mun %@%c;ortn— -
bk ey -
AT | RRRIING ER (AN W | eS8 EDOR L 5
AN ° BEMOEE NEDY R VEBIL | Repine > axests= "I
HOME BEPLEN BISESIMISH | CHFECIHK OK
# BHEUORENS | $VBKINEH0% | HESUBQCH 08
0" MEREEHEBMY CEHLRIRMMOIC" B | VSR -RIRESHE
BERESTRKIMI DN DEIE O 1 )2 v EERRUIERED
NIHREHMER Y N — ;
(RITIE) QI - i
BEN2-N ¥
(@) HEMNN (H
BHIE) RHEER "
MARNRIENY B
WE ISR
ROl AL A || PRI
O KRR T
ROV ERI< 0
EKOEINES |4
B KRREK VN
SR O RENIEQC 1)
QUAKV” KXHME
FHSVOPHREQ D
Mo
HEBEK+IES
BHERHB APV
| ITROWE” <+ER
SAYT2WNHVBR
| e S
HEWOVD PRVE
ECRBUEOEY°
OB I INEE D

g F7048 )
Yol dae| (o to (FFR)

-81-



B

2o0GEIR22OM/D D # M

| eEmEEe | SLHHEEE Bl
e Sy e g ERHEV U]
SR o (HTHERIEERE
R scrEy 5 b BEN Lo
gy am ) L TR T,
e g e SETEL SR
i R T <4 (7
e ﬁazimwmemzﬂmﬁm
H2N DED e b mey)

Tk 1 TEE SkH FERR S RS RAREES 15H

=R H.&.w"_.. Z__pu AT (Y

TR Tl

I o

LGEE (HIGHA

BTG bR 1130

ks |

7 = -

=

B | gy, EE RS

| roassmes tmoumees
ﬁf L SRR S

D SREEED  pwengee mgam

5 | N0H) RETHEE YA EOEE
S EE AR X SR

R BRI 0 O CEECHNAT T
o | ETEEEUREY ORFEmEOe

T EFaeoraed  [STOHEN] Do
V| EUNEERS S HHPHIE
G e R T
0 | PR SR D
o | T meeEE CEHRSE S

S

el e L
ShiEEE MR
Tarbi S -
ol LR

R p R

bR HE TR
FL O

I G e A

[ EEn] SHES
PRI RS
STEE THEFSHH

- W ECHEROSD

BT
3-hgd

200 65 3A 2880 RERITE

HEM o & FefR b e02E 2
Fhed 0 bl g I
Tl e e e e |-

B GHOBEREEEH 17 @B

L= LR | 22 2rDP g
B 2 O RE o
HERRCHAEENE | AP0

SRS | 1 BB |
S— TR

IR, (RIFRE [
|5 102 R R
- 2
T R |
e e
g’ JHEEET;

nmﬁmmwmmau_
[ —r ] o — e
By di— T Ui
E Tt 8 NS 4=
FRUET AP HERE
AR | S B St T
A s et =] |
ety ot of [T
i

[EBfEETEE] [
s el s
g Fa e,
MYE 4G DB <
L IRE =y s

F AR - i B
B CEERREEE R
e, L ] RN
IR E RS

JIE S S 18R

ET- ) Sasaell ||
R - iR
e e EAE O

S e 12 A
Tt

ERN EER Ao T o

_82_



mEZE (ORAZTOmMEFTTE)
O % #E {5 &

VERRE K I

X H O F

AN IE

w32

Hom &

BOE R

200643 31 H

® 7w AR LERY
BIIv I AR T e 2 —
T507-0071 Z{H AL HiE, F:10-6-29
EaE (0572)27-6811
B FAX (0572) 27-6812
REBTE ATRTERFEEII /AR TE
et 42— REFER

ORI PP RS R T
T462-0844 4 iy BHiAL X% K5-22-5
Eah (052)914-8971




MiNee AR K HEHPERM N —EH 20010 coon SEHIHIRKAE DN A B HIPER N N a—





