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Fig.1 Schematic illustration of various nanostructures realized in the ceramic-based
nanocomposites.
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Fig.1.1. Schematic representation of the indentation hysteresis loops registered by Page
at al. [42], being typical for nano-indentation experiments on plane (0001) of
sapphire crystals. The curves show the entire elastic response of the crystal (a),
and multiple pop-ins due to plastic deformation in the loading cycle (b).
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¥ — DK % Table.1.1IZ/R T,
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3
H() oo 1/5 max; [Ti(p0)] (1.2)
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&), EROpu NG A-F — (HIb, ETERACHERBEEOMETHY ., FTF LN
DEMAMEZRT) DAETOERL LTHWARY FIZARTEE 25,

£ ZCARMSE CTIIEFREPHERICRIZTH (F) 2EEHVCHENT 2 FETRALL
520 COBA. HEIFE— VEFREOBNERE (duxdyg) CEBICHESE~NRIZTH
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ELTEE (dy 0. d¢g—0) TES D, T T XH/ERSSEFIL[44] % KRIZ
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BIGHIZ L o THEEFICHEFEN B TRY BV IENORERELZEHT AW DE., AL
EF % EHRGICEALZETAVNERBETREL 25,

Table 1.1 Symbols used in the ERSS model for sharp diamond indenter [44].

Symbol . Description
i angle determining the orientation of the indenter facet on the surface of the crystal
Ti(w) parameter estimating the probability of activating the ith slip system under the
indenter facet oriented to angle u
TCRI critical shear stress for the ith slip system
F vector of the force acting under the indenter-perpendicular to the indenter facet
nj unit vector normal to the ith slip plane
gi unit vector determining the slip direction of the ith slip system
Ai angle between the vector Fand the direction n;
Pi angle between the vectors F and gj
G unit vector along the projection of the pyramidal axis of the symmetry onto the
indenter facet
wj angle between the intersection of the plane determined by the vectors nj, gj with the
plane of indenter facet and vector -G
i angle determined by the vectors -G and g
H calculated hardness value

= TREEEREFERVLHEFVER—NVEFEROIZ I KEFTN EDEWVIT,
HID, NI A=F—2,, ¢+ o RS IFHIC BT T g0 : 2D ftoTT;
=Tiu,¢) LV ETH 5,

DEoZens, RADBUTORTEHRHTE 5,

H oc 1 /[ ] max;[Tj(p, ¢)dudg (1.3)
]

CIT, BAEMIZ< y S2n, 0S¢ = o TH Y. o ZEHNFTELTEF EAE SO BRI
R"BoOND ¢ DRKME (max) KHEL, BOFRIIKDONDS (Fgl.3) o R(1.3)IXA]D
L, VX =T EEARETFEATRONAZETORBRICHT 2 HMOEN L S FE5D°
BN EERLTWS, L2 LB2IHEBHICEFEALSA ., FORE 34 S HIC K
FLTRELBZEE 2%, AREMA T, a DEH Ggmx) £ V. TH()RTHDEFE
AWE (L) SV IRES () ZEWHES S 25T E 2, CTHIEABE TR - EEE
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COsS A ; cos ¢ ;
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rCRi/mmj T CRj

Dbzl bl, BRAMODFIIBIERE duxdy) KELLEEPICBVT, &
Exsl &R ITOORNERAL Twb, EFREBTOII) LEERZIE) 20
2. FOAERS u RO g BEREHVAE I ENULETH b, TbbINICL Y. SHIG
NOBHELEN FHLAARS) ORIEKET L0, TOEFIVITHICBMERICHRE S
NA3LDTHBH7:0, KETFTVIIHERF LAAFETOTY /NERFERILEINS 2
EEWETS (a« —EBOERM) I )T, FFMLAAMELIEML 2L %, Bl
LIETPERICEASRIZEE, EORR/ TRV RVEELZ T2 2#lT 5 (a
EEBELREEES) LI WiRE ko7,

N

Fig.1.2 A geometric relationship between a spherical indenter and ith slip system denoted by
normal to the slip plane (n; ) and slip direction (g; ). F is the force perpendicular to the
selected grid (du dy ), G determines the intersection line between the plane of
symmetry of an indenter and the plane tangent to a grid (du dy ). The angular
coordinates u and ¥ denote the position of the grid (and hence the vector F).
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Fig.1.3 The geometry of the elastic-plastic indentation contact of a spherical rigid indenter of
radius r loaded by the force L. The contact area is a function of its radius a , the angle
Vmax. indentation depth & and the total indentation depth d , which is affected by a
surface deflection.
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TV FRIEFICHE SR 272OINO B/ TE L, $/2, 774 THHEROKR Y
mIINETECHRESINTVZNZD, AOEHHII 2V THRESNLZETHS
K=18.7GPaf U'n=0.12[54] > 720 2B, 7 7 4 TOEEIZE N EFNOFEREIZDOWT
E0001)=465 GPat U'E(1010)=430 GPa & il\v>, v & L C0.22% A L 72[12],

Table 1.2 The values of ymax-angle, maximum indentation load L, and related radius of
indentation contact area a (see Fig.1.3), calculated according to (1) Meyers low-
eqn. [53] and (2) Adler's formula-eqn. 1.5, for indentatiation contact between
rigid spherical indenter (radius of 5 mm) and the surface of sapphire crystal.

Maximum load Radius a of the Maximum load
Ymax = ¢ L(eqn.5) contact area L (eqn.6) Mean pressure

[deg] [mN] [nm] [mN] [GPa]

1 0.3 90 0.1 39
5 7.7 436 7.0 11.7
10 33 878 32 13.2
15 71 1290 75 14.3
20 139 1720 137 147
25 218 2110 214 15.3
30 311 2500 307 15.6
35 416 2870 411 15.9
39 506 3146 501 16.1

Table 1.3 Twinning and slip systems concidered in the model calculations. The indices are
referred to the structural unit cell (c/a=2.73)

Symbol Twinning/slip Description Critical shear Reference
system stress [GPa]
1 nl(Oil 1) K;{0112}  Rhombohedral twinning 0.111 24, 26-28, 36,37, 58
2 m(1100) K,(0001) Basal twinning 0.148 24, 35, 37-38
3 (2110) {0112} Rhombohedral slip 3 35,37
4 (2110) (0001) Basal slip 17 19, 35, 37-38
5 {1010) {1210} Prismatic slip 1.2 18, 20-23
6 (1011) {1101} Pyramidal slip 18 18, 35, 37

(1011) {1012}
(1011) {1123}

DLEDfEE W TEE & N7z g max e & DfH % Table.1.212 7R T o HIZEFAES p mORE VR —
VHEFZYH T 74 7IZ500mNTHALZHED gmaxid39° RO, ZHITIEFICH L
DL FHERTH o720 TOBIILUEDT D/ B DOIFHALHEL O BEEHE OFRITH »
b7z Ti(p, $)DFEEIY 7747 HERHTEBTRZ T XTOTY) HEARIZD
WTATb NIz, THROEDHFDLDROBRIRE R ARIS) ORE (Table 1.3) 13, BEHRD
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Fig.1.4 T -parameter for various directions (u) around the spherical indentation on the
(1010) plane of sapphire, calculated for selected values of y-angle (see eqn.
1.1). The numbers of the respective curves define the slip twinning systems
according to the convention introduced in Table 1.3. The right-hand scale refers
to the T -parameter calculated according to eq. 1.4.
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Fig.1.5. T -parameter for all possible directions () around the spherical indentation on
the (0001) plane of sapphire, calculated for selected values of y-angle (see eqn.
1.1). The numbers of the respective curves define the slip twinning systems
according to the convention introduced in Table 1.3. The right-hand scale refers

to T -parameter calculated according to equation 1.4.
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Fig.1.6 T -parameter for various directions (l) calculated for the indentation on the
(1010) plane (a) and on the (0001) plane (b) of sapphire, when y = 25deg.
The critical shear stress values are assumed to be unit. The numbers of the

respective curves define the slip/twinning systems according to the convention
introduced in Table 1.3. '
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Table 1.4 Dislocation density of o-Al,O3 (sapphire) single crystal used in this experiment.

plane dislocation density
(1/cm?®)
(0001) Basal (C) plane 1.8X10*
(1010) prism (M) plane 3.9%X10 *
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Fig.1.7  Schematic diagram of the ultra-micro indentation system (UMIS-2000)
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Fig.1.8  Typical indentation load-depth hysteresis loops for ball indentation of the
(1010) plane of sapphire obtained under the maximum load Py = 100 mN
(@) , Pmax = 200 mN (b), and Ppax = 500 mN (c).
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Fig.1.9 Typical indentation load-depth hysteresis loops for ball indentation of the
(0001) plane of sapphire obtained under the maximum load Pmax = 500 mN.
The curve s denoted by numbers 1, 2 and 3 show perfectly elastic, elastic-plastic
and transition-type deformation of sapphire, respectively (a). The combination
of perfectly elastic and perfectly plastic responses exhibits hysteresis (b).
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Fig.1.10 Typical FE-SEM micrographs of the indentation impressions on plane (1010) of
sapphire obtained under the maximum load Ppax= 500 mN (a). The details of
surface features near the twinned area are shown in micrographs (b) and (c).
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OO

Fig.1.11 The FE-SEM micrograph of the indentation impression on the (1010) plane of
sapphire obtained under the maximum load Pp,x = 200 mN.
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Fig.1.12 Typical FE-SEM micrograph of the spherical indentation impression on the
(0001) plane of sapphire obtained under the load of Ppax = 500 mN (a). The
details of surface deformation in the region of the impression are shown in the
micrograph (b).
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Fig.1.13 Relationship between the step-in force and the location of the first twin lamellae
produced under spherical indenter acting on the (1010) plane.
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Fig.2.1 Variation of X-ray diffraction patterns with starting materials and sinteﬁng
temperature for Al,O3/5v0l%W composites (a: y-Al,O3, 1400°C. b: ¥-Al,0;,
1500°C. c: a-Al, 04, 1500°C.)
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Fig.2.2  Variation of relative densities with sintering temperature and crystalline phase of
Al,O5 starting powder (y-Al,O3 and a-Al,O3) for Al,O3/W composites.
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Fig.2.3  Fracture surfaces for Al,05/10vol%W composite hot-pressed at 1600°C using Y-
Al, 05 as a starting powder.
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Fig.2.4 TEM micrograph of Al;03/5vol%W composites fabricated using o-Al,05 as a
starting powder. Hot-pressing temperatures were a) 1400°C and b) 1600°C.
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Fig.2.5 Particle size distribution of the Win the Al,03/5v0l.%W nanocomposites
fabricated by hot-pressing o-Al,O; and W powder mixture at 1400°C.
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Table 2.1.Fraction and average particle size of the intra- and intergranular W particles in
the Al,O3/5vol%W composite sintered at 1400°C.

W particle dispersion Al O3
Intragranular Intergranular matrix
Fraction in 16.6 83 4 L
number (%)
Average particle 137 340 960
size (nm) 306"

* averaged particle size for all W dispersion in the composites.
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Fig.2.6  Variation of the Vickers hardness with the W content for the Al,O3/W
composites. The dashed and solid lines show the theoretical values calculated by
assuming a linear relation of the hardness between Al,O3 and W.
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Fig.2.7 The dependence of Young's modulus on W content for the Al,O3/W composite.
The solid and dashed lines indicate the theoretical values calculated using the
rule of mixture.
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Fig.2.8  Variation of the fracture strength with the hot-pressing temperature and W
volume fraction for the Al,03;/W composites.

Fig.2.9  SEM micrographs of the fracture surfaces for the Al,0;/10vol%W composite
hot-pressed at 1400°C (a) and 1600°C (b).
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Fig.2.10 The dependence of fracture toughness on the W content and the hot-pressing
temperature for the Al,O3/W composites.
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Fig.2.11 SEM micrograph of the indentation crack on the surface of the Al,O53/10vol%W
composite hot-pressed at 1500°C.
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Fig.2.12 Variation of averaged matrix grain size with the sintering temperature for
Al,03/5v0l%W composites.
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Fig.2.13 Schematic drawing of the locarized stress developtment by the Selsing model.
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Fig.2.14 X-ray photoemission spectra of W(4f) for WO; powder (a), Al,0;/10vol%W
composites hot-pressed at 1400°C (b and c), at 1500°C (d) and at 1600°C (e).
The spectra (b) was obtained from as-polished surface and (c), (d) and (e) were
measured for the sputter-cleaned surfaces by Ar’-ion bombardment for 1 hr.
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Fig.3.2 Diagram of the reduction and sintering schedule used in this experiments.
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Fig.3.3 Variation of particle size distribution with the milling time for ball-milled WO;.

Fig.3.4 TEM micrograph of Al,03/WO3 mixture after wet- and dry-ball milling.
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Fig.3.5 Hygrometry analyses for the Al,03/WO5 mixtures heated at 10°C/min (A) and
20°C/min up to 900°C (B).

60



Lk E TR HLIZR A L 72AL 0/ WO B K (I OHT) T, 600°C KR U750 CHF Iz
TCRIEDHEATIZME ) HyORAE D 2RO ¥ — 7 SRR SN D, — . AR THWE
K= I NVIREDALO/WO K (KH@FN) Tid, Fk% 2 KDETTE — 7 ML D
OD, HIZTaO—=FIZEYDHDF—N=F T LbDERot, T, FOY—-27HIR
bAKESHRICHEL TUEEMC 7 P LTED, 21IE20CT/minTHIRE LSS

(Fig.3.5B) X DPEFETH o 72, T2, WTFNOFRHBIZB VT H800~820C TR ILKILIE
BT T LTWBE Z tdbhro iz, LEDRRSY L, WO I3AL,0, K & RE SN/
BWTHEAWIZ 2B TRILINAZEPHERINTZ, K-V I VHERTERILIL DK
mTHIEENPDF —N—=F v TL20E, BETRLLZL)IZF= VI VIZL QWO 2°
250nmAFEH VIZF LTI E S e 20, BB O#ITVESZ 2D, L VRT
BILDHAIGE N EEZ LT,

Intensity (a.u.)

(a)

| Pbdd Ll ST T I LD

20.0 25.0 30.0 35.0 40.0 45.0 50.0
Cukoa 26 (°)

Fig.3.6  Variation of the X-ray diffraction profiles corresponding sequences of the
fabrication process for Al,O3/W nanocomposite by reduction and hot-pressing
method; (a) mixture of a-Al,O5 and WOj5 before reduction, (b) after reduction
in Hy at 600°C, for 2 hr, (c) after reduction at 900°C.
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Fig.3.7 TEM micrograph of reduced Al,05/WO; mixture by H, gas at 600°C (a) and its
high magnification image (b), and TEM micrograph of the mixture reduced by
H, gas at 900°C for 2hr (c).

63



Fig.3.7 continued. (c; Al;03/WO; mixture reduced at 900°C)
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Fig.3.8  XRD patterns of Al,O,/WO; mixture before sintering (a) and Al,Oz/W
composite obtained by reduction and hot-press sintering (b).
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Fig.3.9  Variation of relative density for Al,O3/W composites as a function of metal
content.
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Fig.3.10 SEM images of the polished surfaces of Al,O3/W composites fabricated by
reduction and sintering method. Tungsten contents of photos (a), (b) and (c) are
2.5, 5 and 10 vol%, respectively.
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Fig.3.11 Typical microstructures of the A1203/5vol%W composites fabricated by the
reduction and hot-pressing technique: .
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Fig.3.12 Particle size distribution of dispersed W in the Al,O3/5vol.%W nanocomposites
fabricated by reducting and hot-pressing of a-Al,03 and WO5; powder mixture.
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Table 3.1 Fraction and average particle size of the intra/intergranular metal particles in the
Al,03/5v0l%W nanocomposite fabricated using different starting materials.

Dispersed W in composites Al, O3
Starting Intragranular Intergranular Total average Grain size
mixture fraction(%)/size(nm) fraction(%)/size(nm) size(nm) (um)
Al,03/WO, 65.3 /41 34.7 /107 64 1.2
AL O3/ W 16.6 /137 83.4 /340 306 0.96

Note ; fraction of the metal dispersion is calculated by the particle number.
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Fig.3.13 Variation of the Vickers hardness with the W content for the Al,O3/W
composites. The solid lines shows the theoretical value calculated by assuming a
linear relationship of the hardness between Al,O3 (19.0GPa, hot-pressed at 1400°
Cin H, atmosphere) and W (4.9 GPa). ’
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Fig.3.14 The dependence of fracture toughness on the Wcontent for the Al,O3/W
composites.
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Fig.3.15 SEM micrographs of the indentation crack on the surface of the AlyO3/5vol%W
composite prepared by the reduction and hot-pressing method.
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Fig.3.16 Variation of the fracture strength with W volume fraction for the Al,03/W
composite fabricated by the reduction and hot-pressing method.

Fig.3.17 SEM micrographs of the fracture surfaces for the Al,03/5vol%W (a) and
Al,03/10v0l%W (b) composites fabricated by reduction and hot-pressing
technique.
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Fig.3.18 Schematic diagram of the preparation process of Al,O3/W nanocomposites fom
chemically derieved mixed powders.
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Fig.3.19 XRD patterns of the mixed powder before calcination (a), calcined in air (b) and
in Ar (c), and sintered composite (d).
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Fig.3.20 TEM micrograph of the calcined mixture and EDS spectra correspondmg to the
analytical point A and B.
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Fig.3.21 Variation of relative density for Al,O3/W composites fabricated by reduction
and hot-pressing of chemically prrepared mixture.
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Fig.3.22 TEM picture for the Al,053/5v0l%W composite prepared using chemically
derived Al,03/WO3 powder mixture (a) and its high magnification image (b).
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Fig.3.23 The dependences of the Young's modulus and the Vickers hardness on W
content for the Al,O3/W composite. The solid lines are the theoretical values
calculated by assuming the rule of mixture (Voigt model) of Al,03and W.
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Fig.3.24 Variation of the fracture toughness with W fraction for the Al,O3/W composites.
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Fig.3.25 Variation of the fracture strength with W volume fraction for the Al,O3/W
composite fabricated using chemically prepared Al,03/WO; mixtures.
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7oo AR 7O LA %BET S,

22 B - BEESHEC & B RE MR

Rk 2HBEOFECHONZBEREKEEZHNVT, KEBTL LKy b 7L AD 2 BgE
BENTASNC &L W EAMHZAER L (Fg3.288) ., BICIREIZ700C, 1R L L#+0
#%1050°CIC T — 8 NE30MPa % I 2 72, 1450 CCIRMO &G TRy LV ABERIT-
720 BERERORAREREIZI20C/minE LT o %o % BRARHEEIEERIRE (1450C) 12E):E
L7z, BHAT AR KEPL TAT ALY E 2 TUBROBERIT o7, B0 R
7230 x 40 x SmmDBERE RIIATE £ T L FABROTFNE TYIWr, WFH) - SE AL U< AR
HKERF (3X4X38mm) %1577,

2-3  BHOHIALRREREE & MM R I O BT M

BAREROZ 70 £ A TORAMEKR OB ARSI X BB HECHE L, BAIREE
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R Ml AL IZ TEM  (H-8100, HITACHI) & UFSEM (S-5000. HITACHI) THEIZ L7, ¥

7z, BEBME P ONIDF EIIFE-TEM (H-600FE. HITACHI) % fl\Ww/2<4 ru7uo— 7%

TEDX547 (Micro-X 7000, Kevexth) 12 & Y 47 - 72, ¥ 72, HygrometrysM4F (AREE 2 i2-

D 12X BEBKFONODBITLIREEIZ DOV THA, BICHLEIC L VSR - E e

DELWEE PV 7 IV F AFAPET, ¥ ¥ FRITHITHRIEE CHE L, ik
WX FIRT 3 AAHHEREE (W7 © 30mm, /8y AL =} 1 0.5mm/min) T. 7. @

IR Y o s~ ATEEE (W 4N, [REGEER C 15BD) TATo oo WESESY MO (LR
(BFE : 49N) TAT - 72,

PR S-A p—— PROCESS-B ———
(—OL-AIZO3 + Nioj Ni(N03)2:6H20 dissolve into n-BuOH
(stirring)

o-Al208 powder

Wet Ball Milling
(24 hrs)

Drying
(in Vacuum)

Calcination
(450°C, 2hrs in Air)
]

\

Wet and DryI Ball Milling
(24 hrs)

Reduction and Hot-press Sintering
700°C, 1 hr reduction in H2, and
1450°C, 30 MPa, 1 hr sintering in Ar

Al203/Ni Nanocomposite
(Ni content ; 5 - 20 vo0l.%)

Fig.3.26 Schematic diagram of th powder preraration of Al,03/NiO mixtures and their
reduction and sintering processes for Al,O3/Ni nanocomposites.

3. WERLEE
31 {BA KR USBILH R OB U

ABFRD, FiZ 70 2 ABE VB FE TR RO ABSEE 2 &EE 50 5,
Fg3.2712 70 ABIZ L 5 By RIRE D LB I BT AXRDEIYT /S ¥ — % ;R_$, IBERT O
BRETIE, «-ALO; ENi(NO3),nH,0(n=4 or ) DAND Y — 7 HELEE N7z d%, 450C T D%
AHRBEIZE ) R =y 7 VIZELRITHHE L. NiOk o -ALO; DA DY — 7 DD BB

(Fig.3.27a,b) o FABETIINIAL Oy A A V7 EDERIIEED LT, TOREET
HEDALO,NIOREMEKI G 6D Z LASRENTZ, —F, THEAATHERL 254,
FR & UTHW o -ALO; E NIOD A DSHER S iz,
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Fig.3.27 X-ray diffraction profiles for the starting mixtures prepared by the different
processing; (a) mixture of o-Al,O3 and Ni(NO3),-nH,O before calcination, (b)
after calcination in air at 450°C, for 2 hr and (c) after hydrogen reduction at 700°C.
The profile (d) represents the Al,03/5vol%Ni composite hot-pressed at 1450°C, 30
MPa for 1 hr (process B).

BREH KPP TONODETCIREL /L 2DI12, 7O AALBRUFSACRAL -3
HD a -ALOy/NIORE K DHygrometry 547 % EBE DR IC & F—4F (ZkFEFiH 5120 °C/min,
700°C TR RFFE, BU20CmMinT1050°C E THIHA) TITo R R % Fig.3.28//R” 7,

FLERTBUFBIZIRE L 72K I3, 360CHHITICSVIRILO Y — 7 DR E N7z, WO DA
ERLZINODERTLIT—ERETHITL 720 NIOLALO KR E R — VI VRELLHERTLF
RISV —EREORTE =7 5RO LNz H5, FUKR AR E LB L C40 CREKER TR
TEPEATL TV, ZHRF— VI VRS L D IER IR Shzz o, KRBT X

DNBEZICETTPHRIE SN D EEZ b, — ., WEBE= Y ¥ VERWTGHEE L7
CABTIEINL E RE B2 BEMMBEEL G 2. R0CHELSBRILHVFIHL., T0OE—
7 1340CHIEIZH S Tu— FRB#E 52 e TOBKIIWE= v 7 VEER - TH &%
723 DR L THETV 5720, XRDAIHT 2 5 13 F OB ISR AT R S
Zrol: (Fig3.27b) 25, T4 I8 S o 2 BERES IME 1Ko 12 20, NiO%
AU HRIHBE LTI NEVWETREPLE L oL bDEEZONT, L LD
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Fig.3.28 Hygrometry analysis for the Al,03/NiO mixtures prepared by the different
processes (heating at 20°C/min upto 700°C).

KBTI, NOE AL, Oy DI T CORTRIGIT £ 2NOAR AEEE L 5 b, 22
T ZORIEDHI I L RIEZAT - 720
NiO & Nio> EHF KU
2 Ni + Oy =2 NiO a6

DB HEEM L D, BE T=90-1400K (627-1127°C) O#iPH TON/NiOHF D7
O DOFEHEETIE (Py) 1 ZRKNTREN B9,

P, = exp{(-56,330 £130) / T + 20.42} (atm) (3.7)
Bis., ZHATOBESEXGHRL TIZ%E 5 &4 TNODETTASHEITT 5, 700C (973
K) TOFEBESER. Po=53x10"amE 5t I b, L L., AEFEOEBOEMT
AL RDNIOL HAF LTV B, T DHE,

2 Ni + 03 +2 Al303 =2 NiAl,O4 | (3.8)
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DAERNVHOKIE S EEL 21Uk 5 7%\[7,9,10], Hib, KIEG.8) DTN % 28
L7256, FOFPEBEESEI

Pg, = exp{(-58,240 +480) / T +17.94} (atm) - (3.9)

LERRASNL, AHEANXLY700C TidPo,=6.3x 10" atm & 2, Ni-NOF-fifet &
D SEIRFESTES, BIL L YV BITEMILETH LI LHIRENS,

ARHFETIE, BB -BMEREEZHEH L CEIUEEB I 2oTnh, ZOBA,
FHADER-15C L Y BABRRES1.2x10%amé KD S N5 728, 2H,+0,=2H,00 - i
F & D 700C TOBHET PG A 107 am& RO bN b, T DT &Id, ARFFETH VKBS
B3 6 R UB IR EN 2 RIS DFE LM L ) b+ IR VEEES T & 5-2 . HE-> TNIO
IEILY B EHICAE RN 2 EORISHOER Z EHIT 5 DICHS BTt THH I &
DIREN 2o FEBIZ, 700C TEITTIEEAT - 7288 OXRDEIHI 2 513 o -ALO; X NI B D
HHRER S L, NIODFERHE PNIAL Oy A ¥RV DER 2 EI3RD b e d o 72 (Fig.3.27¢) o

BIGICHI &SRy TV ABEII TV TV REH1450C T o720 L LEDS, B
SR DT A A RUFEEHMET A VBRI TERL T 5 220, FWNOIEMH %C0,-CO-0,
FEEHERABMO LI LN TER V., 208, AMERLACOLEMLBESEFHRTE
T BAEPEHROBITEG LT WEL TV EPETFHTE Loz, K22 T, 5
N7 EEHROXRDEIHT (Fig.3.27d) 2 S5iZHM O 2 DN ORISHZ & I3RS Wiz dh o
2o o T, EREOBERKEMHIZ. NG9 THE SN 51450 CTD A ¥R IV LR OV kSR
S, 107amPLFTHH D EEZ SNz,

THEAATHL MBS HERKOTEMEE ¥ Fig3.2912, ¥/ 70 ABTHEEIN 2K
BERT. RBER K U700 C TORILEDHERE DEE % Fig.3.3010/RT o A=)V I VETIERL
72 ALO;NIORE 8K (Fig.3.29) Tit. BI00nmONiOK FH 3 E L TW5B I L0 5b,
CHRERE L THWZHRP B0y mTH Y . K-V I NI L MR BIGELTWSE T
EEIRLTWwA,

—7. 7O ABTHLAER OREB K TIL, o -ALO;D—KI T-OJHBH % AR O W R
THRWEROAREEBHFI Y BATYS Z 2527 (Fg.3.300) o I DHDEDXS ¥
DFER. NICMA EBREIREBENLZ 00, BRICIVTBLEWMEE=- Yy XV THE S
EWTI 0720 TDRE MK EZ450C TRBET % & FEF 1T M 72 20nmAZ BE D LT H5AL, 05 5
HIZHH L TWS 2 EP MR IR (Fig3.30b) . EH5ICIhEBILLEBATH., 20F
KA ARG EAIRREANT & A LB, 20~400mD T/ K A5 —IZ AL O, Kl % # &
TAHEIIIHHML TS Z LS, Fgl3 31 oBo s oz, EDXOHICL ) S0
JRFICIENDTEETNR TS ZEIRENLIEL S, BLERLINESE TH L 2 &8
G077,

D EDEFHBSRBIERHER L XRDIZL 5 MROMEEO#HEREEHLE T, 7TUEABOE
BRTOBRRIREOEN TR LD, T, BB v X LOTVI — VRS
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AL O DR AR % 8l L 72 BEBS TALO, T IS IEA — IS L, S haiREE+S 5 -
LI &) BI0mDNIOF / MLFHI7 W I F—RMFRE IATHT 5. & 5I12700CHD AT R
LT, CONTORERUFAXRIELA ERMTHI L2 EBNICRT SN, ALO,
WRE “@BF/ vy VHTF L0 “BAMEK EBRTAI LWL R o7,
CDE) 7O AALBIZL 2 REMKDHEOKE 2B VIL, BEEDELT L BRI
BOND FEREEOBMMMOEZREEEL S LEZO N, TDZ LI AKROBME I 2
bRESHEBTHIDLEZONS, TNOLDFFMICE L TIZBE T L EET 5,

Fig.3.29 TEM micrograph of the ball milled o:-Al,03 and NiO mixture (process A).
Arrows indicate NiO particles.
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200nm

Fig.3.30 TEM images of the mixtures corresponding to a sequence of the powder
preparation for process B. a-Al,05 and Ni(NO3), nH,0O mixture before (a) and
after (b) calcining at 450°C for 1hr in Air. :
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Fig.3.31 TEM image of the powder mixture rduced by hydrogen at 700°C, and EDS
spectra corresponding to the analytical points of (A) and (B) .

Calcination

Al,O3 particles
Ni(NO3),-nH,0

* Reduction
NiO

~100 nm
Ni

Fig.3.32 Schematic diagram of formation of “ nanometer-sized composite powder” for
Al,O4/Ni in process B.
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32 BEREAROEEEAL

AN BEEONIRMERFEE 72t AALBE B L TRg.3.3312/R" ¥, NiO% i EE &
LTHWESE, WMINEOH K & HITHTFEEIZET L, 20v0l%NiDHA1396% & % -
7oo ETAD, MR AW 70 ABTIER L 28813, BINEN15v0l% T THXZE
H399% LA b & BEALSER S N7,

CODZEIF, ATERLABETIE, 7O ABOREL ) b B KX NS Sk
R BRMEI TICOWBBILISHEINLERTH S EEZ LN, BF OKNFIEGR
I Iy 7 ABEEMETIZ, F2HSBASHMILT 2R EREEFEEO LA I IO N
5, I bEFILDVHEENR LI EBMONT VS, L2 LEds, KRTZH L-%EE) &
B OFRKREZELDOZ, BERENSHHETH ANSBEORE (1453C) RO TEL,
ZORERPZDET LT VA0, BIERE VERE L COEE) 2 /R &3 I2BEEBK DS
WHBARWICHEIT L TWwA 2D Th b EEL LN,

Relative Density (%)

95
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Fig.3.33 Variation of relative density for Al,O3/Ni composites as a function of nickel
content.

33 NiOSEAREE 4 ZICRIZTER T A0FE

HEER LB =y 7y VR OHEE=y X V& LT, B 5701 A TERL2A,0;/NiO
RABE 2 VTR - BeE TR L 42 ALOy/5vol%Ni A H L DR EN 2 TEMMH BB
I L TRE3.34I8 T, 7ULAATERLAZEA, 5L N D) £100nmEL T DO
PRL D=2 M) v 7 AR A TN TV2205, 1 miEEONHIIA FITHFFEL T
W7z (Fig.3.34a) o
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Fig.3.34

Typical microstructures of the Al,05/5vol%Ni composites fabricated by the
reduction and hot-pressing technique: Al,04/NiO powder mixtures used were
prepared by process A (a), and process B (b), respectively. The sintering was
performed under the same condition (1450°C, 30 MPa for 1 hr) for both
composites.
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=05 MR O TIER L2 M CRNINTF 0% 4 I3 — T, #2048
A0 M)y 7 ADKIR K ZE RIS E LT v (Fig3.34b) o 72, TR U 22
ALO;DRAE D [l — DRSS TR L ML L FR2 Y . Tuk ABORETIZAICK
BL T s T,

DL EOTEMBIZ T L7 fi R b BERS AR5 25 2 N B4 % BRI 4712 X
) RO THB L 72 RER A g 335108 T o AR, KA UK RS AFAE L 72Nk T34 % B0
BEIR L. 72, SREIVEBLNLPEHRBELHN N COFLAESGE L DT
Table.3.21Z/R Yo 77Ut ABTER LB EMEICIZ. AT ANOAIE S IR, &K
THA00nmEE T H o 7o RMETONIDFHRARIZ%nmTH - 720 T2, AWK TIIE
CONG BT (BEEEE TR82%) I~ M) v 7 AR RIZHFLEL TV B I E2b

“RIRF AR 191CTHH T LML o7y —JF, NOZ IR ERE LR L 7
ME (FEE2RA) Tid, 500nm% B8R BN T & HER S 1L, §XTONKLT-OF IR
1900 TH o720 MA T, MERIED, SR L 2B E R0 #1308 FA5H A IZH
DahEh, ZOFHRZEIZI000mIEE TH > 72 (Table3.2) o
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Fig.3.35 Particle size distribution of Ni in the Al,03/5vol%Ni composites fabricated from
Al,O5/NiO mixtures: (a) prepared by process A and (b) from process B .
Approximately 200 particles were counted for each specimen.
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Table 3.2 The particle size and the intra/intergranular dispersion ratio of Ni-metal in the
Al;03/5v0l%Ni composites.

Starting Intragranular-Ni Intergranular-Ni Average size of

material fraction(%)/size(nm) fraction(%)/size(nm) Ni particle(nm)
Al,O3/NiO 33.7 /101 66.3 /224 185
Al,O3/Ni(NO3), 17.9 /49 82.1 /130 96

Note; The fraction of the Ni dispersion is in number.

Table 3.3 The average and maximum grain size of matrix in the Al,O3/5vol%Ni

composites.
Starting Average grain size* Maximum grain size*
material (um) (um)
Al,O3/NiO 0.96 ~2.3
Al,O3/Ni(NO3), 0.64 ~0.9
monolithic Al,O3 1.2 ~3.4

* The average grain size was estimated by the linear intercept method from the etched
surfaces (1400°C for 1 hr under a vacuum ~3x10” Pa), and the maximum values were
estimated from the largest grains presented in the pictures.

Table 3.3 1ZAl,03/8v01%Ni T/ HEME D= b J v 7 AR ZRT, B OHH N A
SEL72 7O ABTHERE NEEG RS R DMP VT b Y v 7 APBRZEE S 2 20kt
L. NiOZ A7 b D31l pm, BHALO, T2 mE ko072, TDT L IIMEHTHIE
SN M) v 7 ADRKNFAZ LML 72BEbEHTE, BETHRZ D OFFORAHEE
PROMPNZ EFHO L B ol

ZDRRIT, AlO; ENIODRA MK HF —~DRIC - BRI VERLAZICIEDLS
T, M BRORBII R o Tz, THIZHV 2 ALOYNIOR AR KEDREDE VIZE 5
bDEEZ LN,

AR L7z &9 12, BEEE 2 W CTERL 72358, REER 1218 5 N7z B T3 10nmD
NOW FHE—IZ A0, — KM FREZE - ZREBICH Y, TOH A X LEEEIZT00C DR
WMBHRTOHRFEIN Tz (Fg3.30~3.33) ., Bt ZOBROEFBEEICBVWINK T#
DODHBRBEL 72 LT, FHONY A XDVNE VAT, M T 3 TR
ENBLLDLEZLNL, AT, H—HHEFE (Svl%) ONIRMETH o Th, Bk
ITRIONKLFH A XAV E V7o (Fig.3.31) 7 O ABORE U TEAE T % BT AR Y
ZHONKMFBUTT UL ZAADENR L D BE L, o THREBETOT MY v 7 ZALO0D
A TREEZ L YHELZADIZ, < ) v 2 ARBOEIE LD DLHERENS,

—JF. NOZ K=l IV LTHZREBETI, ZDIRET ONOKED S HlRAIE < |
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HIPERILIZALOWTIF O N & ) RBEARD» SR I NAED LM EIZIZE A EHERE
NT, I5voleNiBZMERE FTEAMICL D FRI RS FIREICIZIZ—H L (MPE
M) o LA L., 15v0l%lh LONiEINIETIE, AR OMGHME L » ET L, 20vol %Nz i
T, Hv=127 (70t AA) KRU13.5GP (F U+t AB) . E=345.6 GPa (72t AA) KU
342.6 GPa (7Tt ZAB) & %o/, ZThid, HIINIBINEDS W HEB T BEILITHE &
n, FHWNBEMET LA THEEEL LIS,
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Fig.3.36 The effect of volume fraction of Ni dispersion on the Vickers hardness and
Young's modulus for Al,O3/Ni composites fabricated by using NiO and nickel
nitrate as raw materials. The straigh lines indicate the theoretical values
calculated by assuming the rule of mixture.

99



PE, ZATESHU EOREE ESED Shled o 200E, AL,ONIRBEEKTIZ
ALOyWIEEME EHIZ M ) v 7 ADBBEIRBEI B TH AN L H /& L, o T,
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R oM, 20vl%BNiR T VT NOREE & LT00MPARREDMEMT TR T L. LA L%
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Fig.3.37 The effect of volume fraction of Ni dispersion on the fracture strength for
Al,O3/Ni nanocomposites fabricated using NiO and nickel nitrate as raw
materials. The error bars covered the extremes in the obtained values.

AMAETIE, 7O AALBOWTN DS TH SvildeD N INE CTHEBENRAKE 2o
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Kic

q=_l_ (3.10)
Y c”?

I TK o BRUYRBIESN, WHARO120ES | RUBIEIBIK TR T 5 58412210
BCH 2o ZRMBETIIEHAERNBEIL FEMEZER 5D TEL, b, Aidt
T3y I AOMBRBEL/NETH L CHIERER U R CELHARL TV, A%
THEB & N7 Ay Oy/NiT~ / AR R TIZBRI 2 Ni A3 12408 L 72465, 7T ZABTH 2
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L) BBONLLDLEX LI EHNTED, R30Ik, 2 DOF RO kb
AT @15, AUBRETYZHOHE) | BESMEINHIZA—% 518, Z0REOR
RO CHREENE Z L2 RLTV S,

= ( )** (3.11)

AT T 5 N7 AL Oy /5val NI KA AR U HUAH AL Oy OB SE 8 1 1213 123.5 MPam & 7]
CTHr I ennb (k) . COMBZIYIBAHFTEL, BlL, Table33 TR ENS T b
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DEDZERL, BHALFETEBORRZ RN 225413, SRl 2Nkl 7 2 583 %
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Fig.3.38 The dependence of fracture toughness on Ni content for the Al,O3/Ni
composites.
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Fig.3.39 Crack propagation on the surface of Al,05/15v0l%Ni composites prepared
using (a) NiO and (b) Ni(NO;), as initial materials. The cracks were introduced
by the Vickers indentation under the load of 49 N.

103



4. T &
ALOYNIICBET A AR TE LN EDTICE L0 2,

1) He DJHETHEL 22 ALO; ENNODBEAMRE M T, THIZETT - &y b 7L A
BERE e B 5 2 & TRIE R ALOyNI T/ BAEMB AT 2 2 LTI L7z,

C2) BARSTHAETH B NiR 2 EHORE T ALO MR LIRE LIRBET 5 M b Tk %
JEH U CHRR L 72 AL Oy /NIOKI K Tl 20 ~40nmDNIOF / & Fh A5 AlL Oy — Jchi ¥~ T 12—
AT LB ETERBOMKEBRTESL I LR L1z,

3) ERFETER L ZEAME TR, 7/ A= —F A4 XONEBHALO & KIET 5
KB GRLIHERE AT AT/ HEMESEREN Tz, §H 7 MBSO R
10002 BEDONKLF 0%, FEIZALO03~ MY v 7 ZRESRL FUCHERE L bR T/ 3 A R4
WMERTZEEHL I LI,

4) KB TR Y 7 M ENEBZ SHEETVAICE b ST, HEMELL. 1GPak
WORMT VIFEIIv s ACHBLTHLEEDLETRETHL ZEIRENT, T
3F /) A== A XTH 5T EEH T L T, ME OMERE ICRBT 528 2k
HE ORI & MO B SRS N R THLbDEE R bRz,

5) 15vol%Lh ECiE, NiOTMEIHE - THEESHT E L, Z O%FEITIFIINOT B %
FRE LTERLZEBTHETD o 72 BB EIC2 5y 7 CHEE LN B
MEDHBEERIZEA D TH o, LL., SENKF2°F /4 XEflhvE4, #
DEBHERIZ L 5UANDFGIITFHICREAL TW w35 h o 72,

6) LLEDFRD S, AR OB 702 2 2 T 2 2 & CTALOyNAME TF

BELTRRZZ LWL Lo, BB, VI M 2EBESHME L THWZEEICY
FT/BRGTHEILTET Iy 7 ADBMB L% E LW ETESL I L ER LT,

104



JCHR

th B W N

10
i1
12
13
14
15
16
17

18

19
20

R. A. Roy and R. Roy, Mat. Res. Bull., 19, 169-177(1984)

E. Breval, G. Dodds, and C. G. Pantano, Mat.Res.Bull., 20[10], 1191-1205(1985).

R. Roy, Science, 238, 1664-1669(1987)

E. Breval and C.G. Pantano, J. Mater. Sci., 27, 5463-5469(1992).

E. Ustiindag, R. Subramanian, R. Dieckmann and S. L. Sass, Acta Metall. Mater. 43[1],
383-389(1995)

E. Ustiindag, P. Ret, R. Subramanian, R. Dieckmann and S. L. Sass, Mater. Sci. Eng. A,
A195, 39-59(1995)

D. Rodeghiero, O.K. Tse, J. Chisaki and E.P. Giannelis, Mater. Sci. Eng. A, A195,
151-161(1995)

R. Subramanian, E. Ustiindag, S. L. Sass and R. Dieckmann, Solid State Ionics, 75,
241-255(1995)

F. A. Elrefaie and W. W. Smeltzer, J. Electrochem. Soc., 128[10], 2237-2242(1981)

K. P. Trumble and M. Riihle, Acta Metall. Mater., 39[8], 1915-1924(1991)

C. Wan and M. Dupeux, J. Mater. Sci., 28,5079-5087(1993).

W H. Tuan, and R.J. Brook, J. Eur. Ceram. Soc., 6, 31-37(1990)

W.H. Tuan, and R.J. Brook, J. Eur. Ceram. Soc., 10, 95-100(1992)

E. Breval, Z. Deng, S. Chiou and C.G. Pantano, J. Mater. Sci., 27, 1464-1468(1992).

T. Ekstrém, J. Euro. Ceram. Soc., 11,487-496(1993)

W.H. Tuan, H.H. Wu and T.J. Yang, J. Mater. Sci., 30, 855-859(1995)

T. Sekino, A. Nakahira, M. Nawa and K. Niihara, ; pp.745-750 in Proc.of the Int. Ceram.
Conf. Australia 1992 (Edited by M.J. Bannister. CSIRO, Melbourne, Australia, 1992).
K. Niihara, T. Sekino, A. Nakahira, New Functionality Materials, Vol.C, (Elsevier Science,
Tokyo, 1993), pp.751-756

K. Niihara, J. Ceram. Soc. of Jpn., 99[10], 974-982(1991).

P.L. Swanson, C.J. Fairbanks, B.R. Lawn, Y.W. Mai and B.J. Hockey, J. Am. Ceram. Soc.,
70[41, 279-289(1987).

105



O

KRETIE, ALOER T/ HAMEOREME2 L VBT 572010, BEDICWE NS B
T /RFEZO (In-Sitw) FHSELIEEFEZRE L. 08 RES M- RO &
7Ok X & OME. RUBBIIFEICOWTORL 7,

1) €SBBAWE TVIFOREEZHEELF-VINVFEICIVESTSLI LT, vt
EBEBE T VIS ERE. BRPRET 52 L TALOMILWHESHELZRHBL, Thi
HEILGHR T THRET A LICE s THNBILWOAE B TLEBZT VI F LTI vy
AHIZ “FOH - SEERL I ENTRTH - 72,

2) AT L D BUOnmATFE & FEH IS 2 @IBWE AlLOy T M v 7 A NI ST M
SEL LRI LTze B 5IT, BHALEI AL & ARIEE ML AE DR TALO/NGRE A HEL
DYEFUZISA L 723546, 20~40nmD NiOF / ¥ @A ALO; — KM F-FKH 239 —12 [#E] +
B &) AT LA RRAER SN, 2OFR, BEAEATIZ100nmPE & ONi 48 57A1,0,
ERUET % 2 &7 KB LMD F AR OISR L 72,

3) PREBEMEERT O AL RET LI LT, ALOYWARTIE TRNAE] o,
ALONIRTIE TRAE] F/ HEE AR T 2 Tk e ML L7,

4) BAAREDSHIBE S NARER, AMETIRY 7 2 WRNSB 2 SHEETn5bicd
b o3, HEMENLIGPa MEOHME7 VI F T3 v 7 A B L THL6eiE L B
ZEWLURNLVETHETRTHA ZLIPRENL, ThiE, VIV RE&BTH S/ A —
=X A XTH—IIHHREE LT LT, MHOUEREICEET 52 Lk CREEDEH
EHRRDOYEAER S N TELZDOTHAEEZ LN,

BPEo#ERL Y, BLRSZICH Lot/ EE6TFEE 1T I v 2 2/ EBEAHH R
~NEHT A L DERMEERL 72,

106



w4 2
I Iv IR SEET ) EEME O
R BAE & FmfE &

FLIH Lo

RIEE TIZ, 7/ FAXDOW N EDEBEA,0ET Iy 7 A7 M) v 7 ADKFH
HBHVITHFRIIH TRz, AL/ &IE T/ BEAEMEL AL OIER 710+ A % v TS
HEETHEI WYL kol T2 INH6E T IV I R/ SRBRESHEOEETD
B E I ZALOHAMEHC L L CYBE LB I LR L. MAT, CDL53 2t
IV 7 AKEAME O IZE ORI KE AKFET B2 LARE NS, B 21T,
Al Oy FZEI0nmDWHS5BL L 72 Al, O3/ WF 7 BEAMELC i, BREESRIE AT HATAL 051t~ T
BEICEE SN, 72, EELHMEEIRINE I LTIERENICETE, 202k
3. T Iy 7 AREEMR OBE, WM S L TR GEICEE TH B
ZERRLTV D, Lo THBOBERAELFEMICHBIT T2 LT, B LTET L
WIHIHMIER O FENE T A~ FNy 2§ 5 2P0 TH L EEL LN,

LL2d o, 273y 7 ARVCZOEESMBOMBIEE A =X LIZETHINE T
DRFFE TIE, BHEWIHEONTRERO MR EZEET 5, HAVRIOERE Iy Ea—
§vIab—va VEREFHERHETADATH o72[13]e AT KD &5 %29/
BEME TIZE OB OIIFICEETH LD 0D, FOMMIPR A D =X A 2L T
HERDPLRIBEEN TV SHHEERE H W EZBASI TNV EDOARTH Y, EHBED
EENZBRILE ALV, TR, 53 v 7 ARMEORBITER X WA EREIE
B~TEEELIEFIIEVD, ZOBKE P EEHASTILPNETH 72720 TH b,

EIAHDERE, BTHEMEZHVTISOTCULEDERT TREICINBIRELE Y . BiE
TAHEFEPRBEN6,7]. FICHAZ EEETHEMSET CMATE 520, EREEN
AT Tt I I v 7 AR EOREBRERKICO B EE., Lrda oML N
TATH T EASURRIC 2 o 72,

—F, AFRTHRIFEIMBRTIEEBL I I v 7 AP IHBERETBY., B4R
ERBEINLDOHARRNIIELEL>TBY, FORBIHBEBE<I) vy 7 ATV 3
TOREHEEIFRLZREBIIDLLEZONS, TNEITEDO LTIV I ALERBDES
WL Tk, NV SRR OBA I L A RERKE O EOFREI[8.91%. HEE
MR N DEE OREBILIT LD REA S IREE D EERI K OHEER WAFFE[10,111 2 £ 25k & h
TWh, IO OMRBIEFERI M TERE WM 2 2E8R T TH ), BTl E
TVRTOMETHS, L Leh o, RFFEO L ) ITHFEEIC & o TR & L5 i

107



PS5 BERTOBE. B4 THRENHNOMAEDE R ZF LD BiER R
BER L EOMBEHMEOEBPAEL S L FHEEND B, L O 2 FEEE R R FW 2
BRRIZ L D B REILEINT VBRI OWTIZIABEZ A% v,

INE TR INTALO/EIE T/ BEM B OBMPEE DM 5, TR SESHET
BIERERRICAERIND 7 Ty 7k M) v 2 AL & BT L ORE* BITTH 7 — 2R
BV, TOKIZ, ¥ T3 v /EBFRT/aVEY Y FTIE, EHSHEBR T <
M)y 7 AL DR EEIFEFICERTH ), BFHLOMIZBEVCHBEBERED 5, BIb,
T/ B EAE OREMIO M R AR % B HCREN S B L AR . F oMLk aR % %
WL, ENEVBE I N 2 BAEFREBETH O PICT A2 LD, 5/ LN VOME R
DHBEAM LT A L TEETH S L E X B[12,13]0

ARETIE, HFRE2ET LM EO A BIUHEETER LTI v A /&8
T/ BEEMEOMBILEER & DO E M T 5 2010, % 1 HCIIE FHmEnE &
INZREE 2 TGH L 72 AL, 03/ WF / A M OMBIEBAE O F DB RO R 2R L, H2 5

BRO N T/ EEME T ORM A OME L B IIEEE OMBIcowTEREL
72

LR

P.W. Tasker, and A.M. Stoneham, Proc. Br. Ceram. Soc.(GB), No.34, 1(1984).

J. Zheng, and P.E. Johnson, J. Am. Ceram. Soc., 76[11], 2760(1993).

G.Q. Lu, J. Mater. Process. Technol., 59{4], 297(1996)

A. Nakahira and K. Niihara, J. Ceram. Soc. Japan., 100[4], 448(1992).

M. Inoue, A. Nakahira and K. Niihara, J. Jpn. Powd. and Powd. Metal., 39[6], 484(1992).
T. Kamino, J. of Electron Microscopy, 43, 104(1994).

EERE . EABABER, Vol28,202(1994).

K. P. Trumble and M. Riihle, Acta Metall. Mater., 39[8], 1915(1991).

C. Wan and M. Dupeux, J. Mater. Sci., 28, 5079(1993).

F. S. Ohuchi and M. kohyama, J. Am. Ceram. Soc., 74[6], 1163(1991).

R. Brydson, J. Bruley, H. Mullejans, C. Scheu, and M. Riihle, Ultramicroscopy, 59,
81(1995).

K. Niihara, et. al., New Functionality Materials, Vol.C : Synthetic Process and Control of
Functionality Materials, (London, 1993), pp.751-756

HIEEA, TR RE OMAT & 3ET] (bFLEY VY RIY YAV — X2 (ﬂ:%I
#43.1994) ,pp.50-60

— e \O 00 N1 N N R W N e

—
[\ -

—
W

108



w28 7/ EELEBERBREORIRZ OBBIR

1. ¥®S

AlyO31ZSiC% 53 B L 72 AL, O4/SIC F / B AME OM4 . FHIHE T ALO, & KU L 72 VSiC D
T/ A= = A ZRFH, ALO; DB I ) AR EBRE TR ATNE 212X o
T XMy 7 ANRNGTET /RFAPTBEENDE ZEARENTVB[12]e —F. A0k
FIVIZAINERY DHEE, TN v 7 A2 HBERTHEKES ¥BAIC R 2= b
Vv 7 AREMNICHFAET B ZLATREN, ZOBHE S ALO; DR ERV IZ B R EC
Lo THYAEFNAEFTHBHEINTWS[3,4],

INE TIER I N2 ALOy/WHE AL Oy/NiT / AWM B O MBI OB E» S, £
IV I RSERE T EEMROBEITS | A (B, R YY) I3 B AR
WRE RSB D507z R, T/ A= —H A XADKFD= Y v o Az
FRLTEER. < M)y 7 ARNFOMMIESH b EhsZ b ickoT, £, F /%
A ZDEBILF 25 AL O BAE SR T ONEICHBT 5 S LItk o TEM SR E CHE SN B
CEAIRENTz FRICALOyWT ) EEMBO YA, WO, 2 &BH L L TV, ZhE &7
ETERT 5 Z L1 X o THRI0~ 100nm DOWAL T-75%) — 12 F 12 AL, O k5 skl PUCHFAE S 5 F
JREENFEBRTEIL P o7z, COFHETFEFICHMAL LB Y — 10T E5 1
O, MBHIHOBANOER S LHENLFULETHE, LELEFSL, AVRTw2Wo 8 XK
DORAEINROMMBEE TH A L2 ER L, ZORIZLVHIPVEBR T~ M) v 2 Ak
RIZGET 5055, BIEICE ) AR LWH T SEICKKEBE T AThs L%
ZABDEIAEHRTHY, ¥II v 7 A/ EBRT/ BEMHOBE, 20+ /@D ME
BICOWTIEHHTBHINTWA LIS L\,

AAFETIE, CORBRMIEDTEE A 7 = X L& BT 572012, ALO/WF / HAME %
MRELTWT /BN TOERBE L BERROBETFHEBET TOFOBBEL1T -
2o MPBLOMARIZ X B2 LR BEE BB BT A0 0FERE LT, BFHEMEBEZH
“FOBBE BPENTHD LRI VEREN, s hTwid, 20O HETILH
R, 2T IV 7 AR EOMBOMBIC X ATERE - B EEILR B BR T BANICZ D5
BIRTHZ Lo REE b, TNFTTH BETHEMET COMBMIC L AR - HEEEALICH
TAMBIIZED o725, MBI ABOZ ) 7 MR\ & MBER & OMEEN
REDLDBUT, FFITET I v 7 ADBERESHERT 51000CHU EOER T TREICHERT
)T ERES TR d o7,

Lol mERFERZ e — 5 — 2B W BRI E FHEMET TOF OB LI LE 5
BN & o THZIHEINZ, COTETIR, R ZHEEMESR L XY T 5
CEREDVERE TRECBREBBTE 5, 2OBSICHVS A Ik e -5 —ICH
BRETALEPOBREABICEORN, 72, FREIETHNRET T L - OBHER
(TEM ; ~10°Pa, SEM ; ~10"Pa) & FTTirbh b, LA L., FHUHESE CRSH X

109



FHSR TRIY 2 % EORFIE TR RLE YO E B EEB,91 R SIC% & D BEkE BAL[10] O
EHEBELURE oTwb, T, ZOTEKIIn-LensBl D &40 fe AR % T B S5 12
LICHE I, ZOEMBATRENTVE[11], ZHITEBTIE FRME L Bx ) o pkE
AL ENFEHEGE LTEONE, RIb, BT LAV COREEM AT RE 4TEM & AR
DM 7 BIERHSTT R %2 SEMOTE 2 JF 8 TR TE OHBIT A2 LIk ), BEFSHME S
TOMBOERE - HEEEE BB - BT 2 TRELEIJETSL OTH 5,
AKRETIE, BILHAE L TR T 5 2 L CEBME EARBR B I NEET I v 7 X
S EE T EEMB OB R BRE BTS20, bk LBV (TEMED
SEM) I TOBEZIMAIL X B - WO ZOYBISEZIBH LT, ALOyWT / 85
B OMMIL . 2T/ A4 XGRS HH OB EBREIC DWW TR RIZ OV TH N
b

2. EERFE
2-1 EEOHRK

I IV I AR EDORFEBERLRBIR T COME - MBELEHE TS 2012, LB 5
(67102 & - THZE S N E-FREBSEHEEIRE MRV ¥ — %, NEEE200kvO A E
BRIE FHEMECHERTE 2L ) ICHB LAV —% Fviz, F 2 EEE B i 2
TV OEAN % Ag 41108 T ARAT —Vid, BEOBETHMEHZEAF— Y0
b I, BEEMAL -5 —2RETEL L) ITBRENR TS, EENBRHEOL — ¥ —
FAB A 7 — VI, Figd 2lR L2820 ~30 y mD ¥ ¥ 7 A F VBB I E % o
AWIRIZLUTH W,

MEERRL, BIEROBEKEE ZOI A VIR — & — ICEBEAE L TIT o 720 Bk
BRIk —F—IZ6VOERBEREZERL, CHICL AV —VEE HWTFio 72, A,
&L - R ITEENA SNE L L2k, R, SOt EREFHEME (4
YV AR) EHVTHABEROEEBRUIT o205, ZOAOERESEMEKL T —
FABRDOTEMH L IZIZEBFEOFER & 72 > T b, ~

A - —OFHL LT =9 =24 VIRICZ o TWA I 2L, 1) 5
XD BMOBEIRMEN D720, IWBICHERFY 7 s 38 % (A RELBESTRETD
5, 2) BERIELIEBRICLLETROGELAID v, 3) BEEEZICE VML T
WAZH, BRESIRESFISOCTLL L F T RE, 4) MBAERS 25 OB F A5 7%
WV, ZEREPBITONL6-11], T2 —F —ODPIEEIZNEVWI L5 EIrOERT
(SR TR AR (W N

110
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G
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Heating coil ; W or Pt

Temp. ; ~1500°C
heating rate ; 10 ~ 100 °C/min
Vacuum level ; 2x10°3 ~ 10"7 Pa

Fig.4.1  Schematic illustration of direct-heating TEM stage used in this experiment.

pBBRB1S 20.0kV

Fig.4.2  Coil type heating elemrnt for high temperature in-situ electron microscopy.
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Fig.4.3  Relationship between observed temperature and applied DC current for the
direct heating TEM holder. The W coil-heater was used.(Ry = 2.6 Q, length =
5.5 mm)
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Fig.4.4 Morphological change for Y-Al, O3 powder by direct heating in TEM. The
temperature of (a) and (b) are approximately 700°C and 1300°C, respectively.

Fig.4.5 Variation of powder morphology and W precipitates on Al,Oj particles during
direct heating in TEM. y-A1203 was used. (a); the powder before heatlng, (b);
heating up to 800°C, (c); approximately 1300°C.
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Fig.4.5 Cont. (heated up to approximately 1300°C ).
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Fig.4.6 W precipitation on a--Al,O5 particles observed for the same position before (a)

and after (b) heating up to approx.900°C, and high magnification image of W
precipitation (c).
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Fig.4.6 Cont. (heating up to approxzmately 900°C)
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Fig.4.7  Continuous images of in-situ heating in TEM showing migration of preciputated
W particles on Al,O5 particles.
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Fig.4.8 Progressed sintering of Al,O3/MW during in-situ heating experiment in TEM.

Fig.4.9  High magnification image of Al,0;/W interface showing facet plane (a), and
neck growth between Al,Oj3 particles and W nanocrystal (b) during in-situ
heating experiment in TEM (at about 1300°C).
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Fig.4.10 Intragranular-W particle embedded in Al,O5 grain and electron diffraction
pattern.

Fig.4.11 HR-TEM images of the A1203/1ntragranu1ar—W interfaces correspondmg to
circled regions a to e in Fig.4.10.
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Fig.4.12 HR-TEM image of Al,O3/intragranular-W particle and corresponding SA

difraction patern.
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Fig.4.13 HR-TEM image and SA difraction pattern for Al,Os/intragranular-W particles.

Fig.4.14 HR-TEM images of the Al,O/intragranular-W interfaces.
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Fig.4.15 Intragranular-Ni particle embedded in Al,O; grain and corresponding SA
electron diffraction pattern.
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Fig.4.16 HR-TEM images of the Al,O,/intragranular-Ni interfaces corresponding to
circled regions in Fig.4.15.
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Fig.4.17 Schematic illustration of Woulff structue of Al,O3 ceramics.
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Fig.4.18 High resolution TEM image of Al,Os/intergranular large-W iinterface in

Al O5/5vol%W composite fabricated by powder metallurgical method.
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Fig.4.19 High resolution TEM image of interface between Al,O; and intergranular large-
Ni dispersion in Al,03/5vol%Ni composite.
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Fig.5.1  High temperature fracture strength for the monolithic Al,O5 and
Al,O3/15vol%W composite fabricated by hot-pressing Al,O3/W mixture.
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Fig.5.2  Applied stress versus cross head displacement of high temperature fracture test
obtained for the Al,O3/W composite at various test temperatures.

143



Zim, 1000~1300C T SRMITHRERTH S N2 i 2 Fg.5.21375R 3. 1100°C
T T, F O EEMEBR MM BEFE OBMERICHR A Y A b a7 1 v 7 REER
RTHolz, UL, HERREL12007C Tid, #260MPatZEED & EARAE £ 5 W2
BERLL, ThHDFRIT, 1100CEL FI2B WTALO/SICRRR,S5,6] & AR 7RI 8 L
TAHWHLFH3A1L,0,% D) v 7 ADMWER # TR 5 & afmﬁﬁﬁmmifﬁ%éh%
bDOEEZ LN,

—fRIZ AL O, BLAHBERE A TIE . BIR T CR RIS BV ICE o THFYEF—2 3
CYUFET B THHREER &L o THEMET T2 ZLPMORTW5E, KiFETIZE
BRFPGEENTZICOEHLL T, BiRCTOWFERED K THEE Clde o 7-0l3, &
B L2 FAS, MR TO TR RF v ¥F— 3 V4 HET 2 WEBE 2805+ 5 =
ETHIBROER ZIR L2720 ThHH EEZ NI,

—77. ABRRELAT1300°C DAL, fif T E 2R EE A%0. Smm/min & FEH 12 BV TE AR
TITON IO ED LT, 4OMPaFEE CTRARAE L, REALETEORIZBWT bR %
BT E TICRESTIC, MBICERE LR BUOT AR 72, HET VI FTIERE
LW EREE LD L ICHBMIT ICELDIC L T, HAME T2 L 22 &
NholeDid, MBI LI EIcE), Sy EF—Ya vodfz2EbrvwiEl
B RBEPE O TIwhr e EL LN,

32 BEARO R ImAEEE

BREEHTFE TR L 24 OSBRINE 2 H2AL O, WA O B 22 th T 0 & 15
EORbLz, BMA0DFNE LB L TRgS53IKRT, K25 WL LI,
AL O,/ W E M DFIRAEE 3. WTNOSERINE 2B T $1000°CLL LD REHEIET
AL O BUREA BHT B L T S, WE R TG IRE Y 200CH L L7, REBRORES
AERETH 21350 CIBVTIRHEAM R ICIB L TBOBEL R L7z, T2, WO %
MWTET - BEAEETIE R L 72A1,052.5v01%W T/ EAEME b T L A D2 L2 R L%
(Fig.5.30) o

CORZE AR, TR LEENS wﬁwyxﬁzr/tmr%mC)T%éf
ﬁ%ﬁﬁfﬁ%%?éuk&<ﬁﬁféé L, BB THoTHHMIIADE 124
LTWaBELDIZ, AyO,D &R TOBEWERRKNRTOTYI, T S5EHICE - T
3N ThHrLEZONE,

=7, HBRERESTHKS 2B THHNi % Svl%H i L7z, AlL,OyNilE&H # DB 2
PO SRR RE O R Rg5.410R T . AMBRTIE, WICHEBLTE VK52 &
BAENESB LZICOED LS, NOZREE & LTHW 54, BAHALO THZE S
1000 CLL ECOMBEETIED FOEBZ TR S %2h o7, 1200C Tl A ROMEEIL5.4
+0.2 GPat HAHOME ((3.2+£0.2GPa)) ICHELTKRE LA EL 2,

144



—
(=)

[

—— Monolithic-AIzO3
- ®--- ALOJ7.5v0l % W
+A1203/10vol%w
P PO P SO S RV SN EPR B PR P

Vickers hardness (GPa)

0

200 400 600 800 1000 1200 1400 1600

Test temperature (°C)

High temperature Vickers hardness for the monolithic Al,O3 and Al,O3/W

composites. (a) : Al,03/2.5 and 5vol% W composites, and (b) : Al,03/7.5 and
10vol% W composites fabricated from Al,O5/W mixture (powder metallurgical
method), and (c) : Al,03/2.5v0l%W by reduction and sintering method.

| - ALOJSvol%Ni (frem NiO)

OJ/SVOI%Ni {from Ni(NOS)z)
PN VO AP WP P |

|

L] T T T H T LA | T T T T T 1 LI
—_—
)
A
o 10 i
S’
w
w
-5
£
~
Sy
<
=
£ 1F E
2 —o— Monolithic-AL0,
] @ ALOJ2.5vol % W
> [ —5— A1,0/5.0v0l %W
| SR U Y PR YN R B TP SN RPN UErI G SN SR
0 200 400 600 800 1000 1200 1400 1600
Test temperature (°C)
rrrT
~
)
[
Q10 E
A
wr
&N
@
=
<)
i
&
=
g1 ;
)
- £
§ [ —e— Monolithic-AlL0O,
F ----0--~A]203/2.5vol%w {from WOS)
P I NP WU SUCT INUN I S SV RSN NI BN BT SV NU s
0 200 400 600 800 1000 1200 1400 1600
Test temperature (°C)
Fig.5.3
LI
~
)
[-»
O 10
S’
2
@&
£
=
S
s
=
£y
] [ —e— Monolithic-AlL O
[>] L 273
> | —8—al
1 1 ] I 1 1
0 200 400 600
Fig.5.4

800 1000 1200 1400 1600
Test temperature (°C)

High temperature Vickers hardness for the monolithic Al,O3 and

Al,03/5vol%Ni composite fabricated using NiO and Ni-nitrate as starting

materials.

145



COMZE EO—-KELT, RBTICAY ANV EBEHOERTEZONSE, LA
L. B3BEFEAHTRLAIKUB SN LEHEI NS L HIZ, 1200CTHON-NiOK U Ni-
NiAlL,Oy-AL O3 37 DR F /3 1E131.8 x 10° K V4.2 x 10 atm& FHE S 7z, SIRMEEE D
ERIIBITIMESFEX FHICEEDL A Z L IIBETENETH - 7255, RERHR.6 x 10°
amEE DB BEELENTITbRTwaA Z & & 1200°C TORERE O FHEH OXRDIEITT Hl5E A
5. NiO# L < IINIALODERIRRBD O N eh o722 eh o, LD AE X IVAERFIZ L
HEmmEDO FRIZEH L) AR L. ARBROEM (1200C) INiDO# (1453
CT) ITEL, THESLENDEHALT A2 & THAMBOBELETT 2b0EE2Z6N1S
BB DHLLT, BRTOMENOKTFNZ 5, BMI ) dmEL 2. IHiE, NiosHM
(ALY — 12 L 72720 ALOSDR R TO TR IR L7220 THHEEXLDL
iz,

T EIIHIT, WERE T H W TER L 72ALOyNi T/ AR Tl s iRAREE O 13380
Loz, WHAKRBISROME., ZOME TIZL L ONKLT- PR FUZ F /4 X ThH
HLTWED, MY v 7 AALONAZED0.6, miEE & IEFICHAMEINT VS, —RIZH
M SR TIRERTOEEN LV RGICEL., S48k F/ /F /7 BEESHE BT
PEET LI EPREENRTVAET] KARTOLRED X HIZF/ H 4 ZADONHH— 125K
L7z R, = b)) v 7 ANESFRICEMEINTBY), 2ok, BiR cHEUERIC
BT ) EBESTEEL L 272012, BEO LAVHEET P07 bDEEZ LN,

146



4. F& O
W UNiGT# AL O3 A A0 L O iR BE R O EEBIE DA R, LT OB »H S iz,

1) AlLOy/15vol%WHEAH KL O B iRsREE 13, HIARIZ LB L T1000CHRE T TH VL NI
ZRo Tz, L2L, #NLULEOEEICE 2 EMHUEEOE 554 U . 1300 °CTILatH
W nd, RELBUELIFER - 72,

2) LEMEROSEEE HAL,OET I v 7 AT L TEIRTYE SN, Al EE
BT Z2RTIREIRG200CHE L. —H. V7 MeNiZORE 56T RFEOK
%iﬁgﬂ&b 6 tho

3) TNOEAMKB T COGEMIEBETHAIIELLTI ) LER CONFER L
PYHOUBELSRO LMD, SBRSBRT 2 TH 272012, Ao, Y v Y
AMF DEBCTOERRLHR TOT) 2 H L 2HETHE EEZLNSE, L2L, <
MUY 7 AKEPYTI 70y Ml e, FTRESOERENKREVEDIIF /¥4
A BARING & 5 BRI RIE I E L W E 2350 o 72, ‘

4) LEOZ o, < M) v 7 AHBLTY 7 VadBa F/ LNV TS s
Ba., BROBEEIEEINSITHLY T3k, SiREMIEEE DRI K ETETH 2
T EAIRENTz, FAz, BRI ICKTE U CEiBEE TR W LT RS B iR AE
t)hff.o

SCHK

1 K .Niihara, T.Hirano, A.Nakahira, K.Ojima, K. Izaki, and T.Kawakami, in Proc.of MRS Int'l.
Mtg. on Adv.Mater., (Plenum,Tokyo,1988) p107.

2 T. Ohji, A. Nakahira, T. Hirano and K. Niihara, J. Am. Ceram. Soc., 77[12] ,

3259-3262(1994).

M. Ishitsuka and M. Tamai, J. Jpn Soc. of Powd. and Powd. Metal., 39, 1109 (1992).

K. Niihara, R. Morena, and D.P.H. Hasselman, J. Mater. Sci. Lett. 1, (1982) 13.

A. Nakahira and K. Niihara, J. Ceram. Soc. Japn., 100, 448(1992).

A .Nakahira and K.Niihara, Fracture Mechanics of Ceramics, Vol.9 (1992), pp.165.

F. Wakai, Y. Kodama, S. Sakaguchi, N. Murayama, K. Izaki and K. Niihara, Nature, 344,

421(1990)

~N N B W

147



% 3E  ALOyNIT / HEME OBEAFHE

1. #E

=T VEBRDFR ) —RE (T) 3S8COMMBMATH LI LR MSGN TS, &
ZAHT, A F O A XHEHI/NEL ko I2BE. FOMTF O BREEPZHBEX D 5
HBXANEET 2D, ZOMBORBHIBZE LM ETSIE P HMEINTNVS
[13]c T72, WITHKRTIHA AWML T B LT, BEANY T LEELSHEEEREEED
TG VEREL R T BERSEIBH T2 EIHAINTVEBS]. & DREIC
WA T OBA, TOHFUBINSV I2OFNRE RBKRELE L L0, BFHLEE»S S
DML R EN, 7229 LB EAEL L THRA ZIBHPZERT WA,

REFFETHRE L TV B AL0NiT / EHAM L, NittEBORETHHL TWbE 70,
BEMEEDD DLV MERERT S THREND, T72. KBHIEF/ X — P ~A
ADEBEEEMR T 25T I v 7 ADFRKEFRARPKRFICIMZSHBL Twb E v, FHLWM
WILEDYF Iy 7 A/ EREAMETH L, 20B, CITRIETATH 2D MBS
NIVINIDENLIEERL o TWAHIEEESIETEZ bbb, A THERNIIZIIEES
BEAPEZVAD Y)Yy Va2 v53I v 7 2A—2BRHATENSHELE LTV S, ZOKL
T S - RBO -0, B FR7 9A5 — L ETTFHENIBAERL L
BYHEAOMEOT A AHRLET3RE L, HHET 2H OB L 38 B2 8% 5.
R720, MYy 7 AL USSR L OMEER B2 IDEHREMHEERZ ) [ch®kT
BB BRESFEIH T ARSI I N B,

I IV ALERERAN LM BOBRWEEO AL LT, A0 F /) X —
Y = A XADOFe R RIML 2B D5, ZDOROEE, BomOWr EFeb 7 E@mICIE, HT
VARV TEFHEEIEILL Bl GET AL DIESHE L LToRErEmss s L
BEHEINTVAE[67], SO LT, 5 v I X/ BT/ EEME BT bR
ZARRICHR T 2 HE BN RBEOTRERMEZRLTWSLEEL LN,

—Ji\ AlyOy/Nit / AR SR TIZ. EENDALO; DR NN & 0 A HE5RE 7
EORMMBEIYUEINLIL 2HET TIRLTE L, IhbDZ bz %
EORETERD L, YT I VI ANDERDT /HEALIC X o> T, BB ZE I
AT, Fleiies LTOMANBEEZNE L2253 v 7 ARESHBBINEB TX 3
T HEMEATE V.

ARFF TR, B4 HERELE S Nz ALOy 12 F / 4 XDONi & 58 L 72 EEME O
SEE (ko) —RE. SRS, REHEE) oV THN, MM E B
DEEBIRIZ DOV TEER AT, MY & HSAEME %R L 2Rl 53 v »
A/ wB T BEMBEROTEEMRICOWTRE L7z,

148



2. EEFHE
21 RO

AMFFETIEABRIE 2 FOR & L CH W THEBL L 72 AL O5/5v0l%Ni T/ A HEHT D W TRER
BHOFEMZAT 2720 2 OBECI FEARR 1000mDONi L T-H5AL, O3 11T 5+ L 7 il
TR LI, BRICE 3 FESE 45 Th 7 (Table 3.2) o R LENE (FHERE) OWEIE
TR RIS KA (BAFE T4, MODEL BHV-5%!) TEIRTIi% o 2o 30K 2 ERHD
ASERV T —1ZRFE L. BZEEIEAR % £0.4 MA/m (£5.03k0e) D&IFTEILS¥ T,
TOBALZMEL 2. REORERZBCBEMONDKEERE (0 (15T)=54.4emu/g

(0.608T) ) *HAWVTIF- 72,

22 RHL OB

FBOBAL ([T) (BB ERMET— A Y M, o Jemufg]) OREKFMIZAL YA
BARF (BEEIEFE, MB-11R) THlE L7z, 3B 2 GBS VICMHEF L, &
ZePER R He % £10Torr 763 L 72 F PSR T TH i 5400C $ CHIINAER0.8MA/m (10kQe) T
WEZATo T BB, MATEEEHEICREL 7227 0 AB~OBEINAIIC L VITV, P
Pt/10%RhELF XS TIREE 2 W e L /oo LML IX5C/mink L, 20 CHECHAL DR E % 475
720 HKEDBILIIHEACHARORNE & AR ICNIEEHE B % vz,

3. RERELEE
3-1 WfeEM:

Fig.5.512, AHBRIE % MFBEHE & LT A CRITHERS B T L 72 AL, 04/5v0l%Ni F / 4
B OBACDENIMBE ST RAT Y (RALEAR, [—HER) %R¥. K25 S WL X 512,
SERRE R OBEINIAE VR SN L . 2O IZEB O WEBRM TRAL 72, 7. B
FENMARMOPERIZED) € A7) 2 A b MR SN, WIS ORI R L7,

EDINY % S0 550, 12 MA/mPL_EBV: 13-0.12 MA/mBL T Tid, 3B DR L 2sI3 1280 L
TWa 9, IR EOSHEEMTIIENCER TAMEAIZ/R L, IR SR CIIEYE
HEROROMART . EOMBIHN L0 THA L HBHINTVER], ORI
7 A A0y FREFEREHCCHBI W, SR THE ShBbo % ©) 13HL
HEIT B MO NTV S, £ZTERTORMBOERERL () 218572012, 55
NALIMEZ P HA TR L (Fay b7EY V) HE=OI/HMNET 52 & TERTOL )

149



ROFER, 593 emu/g (0.663T) Lz oize TOMEIE, Fil TONi DID 4.4 emu/g
(0.608T) IZHA_THIKELREE o720 TOMEDERE LT, NihOARM Y L ~L
DEZERLTNVIZT L, BWVIZETRICH W KEDOEEL Y E2 5N 505, ARFRO
FTIIZNSDFESICHET 2 ML M E S o 72,

0.8 T T T T T T I j
0 6 e ocpoooo [o] [0} o]
A & E
p—
~ 04 [ $ ]
A : o(b .
c [
6o 0.2F[ o
l; : 00 :
(] % .
g 0 r %%3 -0.02 0 002 ]
et - T L
.02 S 02 o]
o - g i i
‘“ 0 4 - g) L 4 * s
- M~ 0 . > *
E i d(? LN M I
-0_6 L Go IS .. ¢ i
B 0 oo © O @ 02 1Y
-0.8 _I 1 1 ' I 1 3 1 1 l L 1 L L l 1 H 1 1 I I 1 ‘ 1 L 1 i l 1 L 1 I—

-m4-@é“bz -0.1 0 m1'd2 0.3 0.4
Applied magnetic field (MA/m)

Fig.5.5 Room temperature magnetization versus applied magnetic field curve for the
Al,03/5vol%Ni composites. The specimen was reduced and hot-press sintered
for the powder mixture obtained by process B at 1450°C. Magnetization was
measured with an applied magnetic field up to £0.4 MA/m at room temperature.
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Fig.5.6 ~ Temperature dependence of magneization of Al,03/5vol%Ni nanocomposites
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Fig.5.7 Variation of magnetic coercive force depending on the particle size of Ni dispersion
and sintering temperature for Al,O3/5v0l% nanocomposites. Specimens were
sintered by different hot-presing temperatures (1400 to 1800°C).
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Fig.5.8 TEM image of Al,03/5vol%Ni composite hot-pressed at 1800°C.
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Fig.6.1 TEM image for the alchol absorped y -Al,O3 powder before heating in TEM
equiptment.
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Fig.6.2 TEM image for the carbon ball (arrowed in the figure) observed in-situ during
direct-heating of raw material in the TEM instrument. This photograph was
taken after cooling to room temperature.
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Fig.6.3 TEM image of W-doped Y-Al,O3 powder before heating in TEM.
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Fig.6.4 XRD diffraction patterns for y-Al,03/WO; powders after calcination at 900°C,
hydrogen reduction at 700°C (b), 800°C (c) and 900°C (d). Calcined powder

(a) contains Al,(WQy)3 and y-Al,O5. The powder (b) was used for the in-situ
TEM heating experiment.

COWERML7ZALO KK (T00CEITTALERER) %, RIEMOK K & FEEOSEMH:TT50
CETMALZZSENTEMEE % Fg.6.512R T M BV F 2B EREICH—ICHFHB L
TnI Db ZORTIE, B3I EL2HZATRLAWONH ML AROBERTH -
T LLAASH, A FZEICEEECTBEET L., Thos Bl Fi3dEEICEY
H—RKVBIZEAEINTWE I Db b, CORMIWELEL I —Ky+ 2 K-V D
FHIERTEMBE EZFg.6.61I7R 3o COIWRLABAR T /  #REBEL Koy K-z
SRBEIN, L ERTEECHE L. INSI3FRg6204 —Kr+ /K= VL
FRIZ, Z CIIBRETH Y, FOKRE 339 5mmTho 72, 72, NEICTEMI Y + 5
A M DBVEFEN2~8mD T 7 by MHAE AT AEHEOWENELT LI E Bhds,
CONBIYWELLET AT/ BEMBR - VEBR T AR RBII1~2B2bh -
TBD, I—FKVF /K- VHE—HEL bRP2R2EVBTH -7,

NERICEINIPWEIIESTHESEE TR T RIHBICEEINS (Fg6.6) Tt ib,
10nmEA T EFEFICHHMTD ) 2o BEROBWYETH B I L0 5, ZTOHEBKIX
0.2nme RO LN, ¥ VAT VEBDAINED0.238nmE FEFHIZEV—KERLE, X5
W2, EDXTHT DFER. TOEFITIIFRg6.TIIRT EBOIWHEE TN T WA I LRI R
7o MEDZ e, H—KVyF /K- VIZEINTVEF /) HERIIWEE THB 2 E78
HOoPI ol T/, SOWAEN RV F /K- VREBRTTOLEIIHFELEL, 256
2. AR TRICZRE CHEILTEATIZES LABTOLEICBETE 2,

166



Fig.6.5 TEM image of W-doped Al,03 powder in-situ heated up to 750°C in TEM.

Fig.6.6  High resolution TEM images of the W nanocrystal encapsulated within the
carbon ball taken after cooling to room temperature. -
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Fig.6.7 Energy dispersion X-ray spectra of W nanocrystal encapsulated within the
carbon ball analyzed after cooling to room temperature. This experiment was
done by using platinum heater to avoid the signals from the heater.
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Fig.6.8 In-situ image of the W encapsulated carbon ball during heating at 750°C (A)
and its 15 seconds after (B). The photographs (A) and (B) were taken directly
from video images and processed with a computer. (C) is schematic illustration
of obtained pphotograph.
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Fig.6.8(Continued)  In-situ image of integration of the W encapsulated carbon ball
during heating at 750°C. The time from photograph (D) to (F) wa about 40
seconds. These were taken directly from video images and processed with a
computer.
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EDWD B0 7289]0 E72. TOMEHIENIEMMME E RTO AL S T, KE &
NG HIERE & R TIR AR AIEIM B TH AL IS IZ L7 (BI3BRUES5 =) |
BEDZ &1, AyO3IZSiICENIZ M BFICA S €72 5A . X0 BR - B s X O i
FHEEATILUREERAE LTV A IZEbhs,

& ZH T, SICENBICEBELEWOAERE L) BUBIHEIET 5 Z EWREERT
WA[10-13] SICENIDIL FHRE OWFFE T, BARMFIZE VNSSI 2 B RO RGP rE
WY B ENHESNTE Y, TOERSEM, ERPEELESSMFOMBIZOWTY #
LAFARLNTWAB[I0-12]0 COFER, ¥ Mfb=v 7 (v X VY Y4 F) Lh—FK
YISEBITEHAEITFATICRBIRICHFET A Z EXRWEENTWAE, —F., NiESICOBE
WETOROSTIZER LAY UTA K, A—-FY 125 YA LBIKCHEET 5 & Hi
SNTWB[13],

CNHEVTHRDOBEFIIBNTD, NNiLSICORBERBIIA—-FR v r Vs K
THY, O EIFA0ENIB L USICO 3 TR BOBREATIX, B BRIIB VTR
MUZN & SICOS % DY UG L THRMEMICIZALO, =y 5y V¥ U4 K/ 7 —K Y 0fe
BHERONZW ML RRL T 5, I OMR BB OB Tk, BE 2A,0t
IV 7 RV 7 PTRRE RO D 5 RkE Lk 4 BN 2R &8 LAY & 2SRRI 5
BLTWwh, 2070, &< HFHLMBPHEIRET 20 E2 515,

Bill, 7/ A= —HF A X2 HIOREOELFILVIBREOME, #—F>¥ F /K-8
WA =R F I/ Fa—THPRRAINFEEINTVWA[14], ThbiE, FEOILEWRESRE
AL ZET, F/IRREAN—K U F I K- VRS ) Fa—T L LTOHZED
BB ENI[15-17]0 LaCyF /MR EAE L — K/ K— iz, BLT ¥ & ¥ %R
LIZREZEBE L TODCT — 7 ETERE N TWA[15,16], —F. AR TIIREL Y
YT RAT VERMUZAL,OM R % BHH CEENAT AFET, BT/ A - VO&ES
VIAT Y RAE LA R F ) R WhSZ OYGEAR &, F O 2 ik B 85
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HTOEBZ SIZOVTRAIEH TH LB, COREMBIRIRRELBDOT / X —
§—AT—VOF LWIERE - HEDEEMETH ), ZOWEIC kS 55 72 ke 45
WAl ENG, T2, W—FRVF /Fa—TUNERBICINS H—FKYF /K- Lz
HICRETHY , o THBIIARELLEWRERBE F/ A~ —HF 4 DKL LT
RENRFETE D Z L HF I TV 515,161,

Bz 2826, ALO; £SICB L UNIZ A BFICHE: S8 5 2 LT, RELEBI VIS
JBHAE &M &A% “in-situ” AR L, £ & AR L 2R # LAY O ARG AL O,
II VI ARIITBRLZEBRELHEEOL T I v 7 ZBEARPME O B ZESHFBE N
%o AT INT TOHFIC L V155 N7 ALO,SICE & U ALOy NI/ A MEN O
HEEICHLT, RELEE (BREERAEY) Lo RO 224, 0,348 S48
DZ DL FOSERE TR T 5 Z LI H L7z AlLOyNiSIC 3 TRES B R OB HICE
BEUCIC L 155 N7ALEM OABB R & Z OBMIHIC DWT, BFEME *HVC
M BIEE L 7R RIC DOV TR B,

2. EERHE
2-1 B OfEH

RFFETIE y -ALO; (JBALEHE) | pSiIC (M EFVHE) BLXUMB=y 7L
(Ni(NO3),.nH O, FUSGHIZE T EALE) & HBFRHTH V2o BE= v 7 VIZALOy/NiF /
BEMBOFER L LTHWLRTEB Y, HwiliREZEE UTERL 2R KT WS
TURREE THESER R LB A, R ICHMLZEBNZARTEL I LMo NTWVDS
8.9l HEE= Y S VB O LOT S/ —VIZHER L, ThzA,0HkKE RBREL TR
K=V INEATo T2 WHOK, 22RH450CT 2RBNEL Ty -ALO & BRL= v 7L
(NiO) DEEMEKE B, DWTSICHEKRE TR ICML . BUREBOEBR B L %R
R=NVINETo72. B, AFETHER LB ONS L USICOFEMEIT. FOusT4e L
HEULBWERELLBAET, #NEFNSBEIP3vol% e 25 L H12H%E L7,

AR DOBEREICIZ, EIBECTRLALETLE R Y M T L AD 2 BRFEBEAE %25 L 728 9]
BT A AKELZRAWMRIZIZ T HI12600°C T2HEH Bk ERATBF BT V. Bl
&t 2 1600°C TIOMPa DEJI T 2 WM Dk v b7 L ABERE %47 > THEMmm ¢ 5 & Smm D
PR Z 1572, LBEHS T AP NIRED1600CICEE L - S CARET A S 7N T
YHANEEEE R,

2-2 AR UM SR AT

RONTBHEEZ YAXYEY Ay 5 —CTOWOR%, BFE - SEAFENT LT, 8B&w
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CAMEREERE (3X4X28mm) %157 (B2 EH 2H2-18K) , HAMBOBENZEIE b
WY RN72T VFXFTAEICTHE Uiz, HEHEOFE XX #E 7 (XDS-2000,
SCINTAG, CuK a #) 12T4T- 72,

BEAG A DR I B OMORE AR OB 1L, A RIE 5SS (S-5000. HITACHID) % fiw
TATV, ORI DR M 2 BASL BB RIE - 5% %E (TEM, H-8100. HITACHI) 2% ¥
11070 BRSSP O OTLESHIITEMIZEE O L3 )V F— 5808 XBowkE (EDX,
PV9800 > A7 &, HEEY A ¥ PRI IER, EDAX, USA) % B THT o 70 Ml 72 5
/ &k DITFEATIZIIFE-TEM (H-600FE, HITACHI) %/ T+ / 7 1 — 7EDX 5 ¥

(Micro-X 7000, Kevex) 12 TH7- 7,

3. MEREER
3-1 HEECH

FRE LTHOWZMBR= Y 7 VIEREBREHTTT ¥/ — Vi ICESIEm LY (663
HEAH) o BRAEDOE 7T AT 5 XRDEFF O R 2 Fig.6.910757 3. Z5H450C
DEITCIZE YWEEE= v 7 MITZEEITB L EANOL 2B 2 L D5@) L WV b b, 7. 2O
BETIISICOBRILIZ & BSI0, DERR ¥ -ALO; ENIOL DRIL L A L TH ST, BILHERERT O
REBROMEEIIZ y -ALO;. NIOK U B-SICOATH B T & H R E iz,

T DK E600C TAELZIMHEAMIES 5 L NOXTRTNSB~ L BTSN, Hkhli
NGB, BHESICRUy -AYODATH 57z, A TIDRETOHBEAMHMORKIEIZ T - 72
CROL N H o7z (Fig6.9b) o DI &IENI-AFO= TEH T S [18,19]7° & KD &
N, B3 EEAHOFITERINLCBNENLZHELS DENTO ATV B, ARFZET
ITo2RICENH CTREMEARIER SNTH Y., BLEEO0CHEESD EaEEESEIT
2x10%atmTH 5o T Nid, NiO-Ni TV OBEFE 2E (4x10%atm, R3.6%073.7) K UALO,
ENIDRIMT £ BNiAl Oy 2 ¥ ANV OFEEFE ST (6x10Patm, 3.8%03.9) X )%
SV, o TARSMIZ, NOEBTLLEDAY RV OERAMMEI LDICHKSTH S 2 & A
BB o

—Ji Slikerman®5[11]1Z, SiICHAERB~NiZ#EE L N E 2L L 72858 0OBRMRIGICD
WTHN, 5B3CTRBEILAW TH HNDSIVAERT A &2 HWEL TS, Ko 7o
TATIE, 00CHETLEIZL o TNIAFERT 2DDOD, SICEDBIZZ ) LA 4
LW LERRL7zE) ThHb, I, O IIBMESICICEENZRA L 2388 2 H
WTW L DI LT, KIRTEBROBEWEHERN LTV AED, SiCEN D #Hfifix
Slikermanb D — AL R VM TH B, 29 LARBIREDEWIC L) KIS O#ATIZE S
72729, REFETO00CH BITHNLIE TEN & SICOFIEREL o 2b DL X 5
. ALOy/NISICIREMEZ B DIIKTLREHTHLZ Ehbh o7z,
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B Ni0O V7Y-AkO3
O Ni Qo-ALOs
¥ Ni3Si pB-SiC

Intensity (arb. unit)

20 30 40 50 60 70 80
CuKo 20 (°)

Fig.6.9 XRD patterns of the calcined mixture (a), reduced powder (b), and sintered
composite (c).

WU, DI&Hm &ty b7 L ABEK L CHLEE O XRDEIFF/S ¥ — >~ % Fig.6.90)ic
Yo 1600CTORRR TIZAL0, REEIT « BINEMEB L TVE, ZOLRMATIZHML
ZZSICIEFRED LT, FUBNC L o TER L2 EX bNDNLSiE, BREDEBNIV R SR
2o 72, 200926 fED Y —2 (Fig.6.9cDEE]) 13 RIFEA%0.34nmiEEICH S L., 7T
774 POOODETHSDbDEEZ SNz, FEMIZOVWTIZIRIZERS,

DEDHRDPS, AO3ZBMIC L TSICENIOR TS E, ChEBTLLTNEERSE
1600CTHERET 5 2 & T, TOFRGIC L h EBEULEWHFSER L, Thbd 2AL,0,F 125
BMIELT LD HETH L I EDRHRTE L,

CCTHRYEDONEEOHMT L) WHIZT A2 2012, XRDAIFTE— 225 FDH BED
R EATo 72, 26 2544° MEICHEETANAIDED ¥ — 27 2 AL 72 % Fg.6. 102N #
RELBLTRT . SO S WML X512, BRATTONAIDEF BIZEH A~
ZMLTBY, COEBBESHBELZNICERTIEELTWAEZ L E2RL TWS, Ni-Si Tt
RIEEWOMBETIE, VI3V Eoy Y IVIEEKI10at%BETA 2 EAHEINTWVES
[20,21]o NIlZXHT B RFECDEBFIZITE A CEHBRL 22720, BE SALNAIDEHF
WMDY 7 MIEDPLSIOBEFEICEA20D0TH Y, NZHRSIDFEFEEDS/NENLDITHRT
PYPHEL THAMANE Y7 L DEEZ BN, ThLD I L5 AL,0;H TSICEN
ERIG S TR LBE, RIDEBRYTHL v r VI VYA R, Y3 vy ErIicE
BLIEZY TVEERUER LT 774 FSEENALO BRI EREh L 2 L
PRIz,
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Fig.6.10 XRD peak shift of the Ni(111) for the Ni powder and the composite.

32 BAALRE

1600°C THERS L 72 5RHTE OSEME B % Fig.6.11127R o ANEREKDIEVEE FHIEE
TIRIEE) 25 FHENDL LI, REAEKIZEELORILVELETLE) CRO R
%o AlO; 7 M) v 7 AiZ1600 COBEREDHICE R L, #4~8uymBETH o7z, /2. B
EPRBEICIRZZGBH LA M) v 7 X EOREIZHBETIZZ CMMOB L VELI
bDTHol,

Ni & SICHME BN AL O T T B S N 7236, BEMOEGFE < M) v 7 A -5 HHRE
PR ENBT9Z L2 6, AL PORICHIABELEALD< ) vy 2L G HHRE IO
HETBHbDEEXLND, 2T L) AN BRSBTS 5 -0 ICTEMIC & 5 B %
170720 Fig.6.12121600°C T L 2B OTEMEE % 7R T o B8 K UK OR T IR E %
A O, My 7 ABICHIET 5 T D35, EDXFORER, KRB F2° 513N R USi
PRESNZDICHL (Fg6.124) . BERFH»S5 3 EIINEELLSPREB ST

(Fig.6.12B) o XRDEIHIDRR L ADLEL L, IREBN FOREIZIFOBRIGTAER L
NizSiTdH H, —HRERFIISIPEELZNITHL DL EL LN,
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Fig.6.11 SEM images of fractured surface for the composite sintered at 1600°C.

3 *
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Fig.6.12 TEM images of the composite sintered at 1600°C, and EDS spectra for the

corresponding dispersed phases A and B in the photograph. Arrows indicate
carbon agglomerates.
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Fig.6.13 TEM image of nickel silicide agglomerate in the composite sintered at 1600°C.

NigSiOFEIR B 2 KT HUREL TS~y mBEOAE X2 H o700 THE, Li
L2A 5 ZD—RMEIFERICH2 <. HI00mml FTHo7 (Fe.6.13) o 1450CLL ET
AN-STRISHA 2 FD Z L A5 5 T 520,210 BEEEIREEDT1600C LBV L2 6. &
DERFETHN-SFRIARI LR L, B T Nig SR - RET 5 b0 L #X N5,
o TZDHIMBITIZ RS N2/ (ALO RN THE) TEL 270, B4 ORE IS

SNBMI BN ST & L TSR L THRL b LB T,

=73+ 2000mBhF O B 2 NikL T 13— EBAL O FI ICE D A M TVb, D Lk
MUY 7 AR ABBO T 7 EEEIN L SICOREAE L BRIICHR SN TWA 2 L % Rl L
Twa,

BT, Fg.6 12 REICRY EIBE URg.6.141CR L7z & ) 10, 7 — K> 25k L -85
bEBHER ENIe CNLRINESICORIBICE VER L DTHY . 75774 K
ERVEEEREL D o THABSICRELTVE DLELL NS, CRbI—KY D
BREDARERIZIET 7 A= 5 =% 4 ZOMMRTF HSBAHLTVE 2L bHEL N,
DR FRB OB REE % Fig.6.13b IR T o BED ;R IR 2R F IR TS
BRCRBOONL L PLERERTH LI LIIHETHE, B0 F / £E0BERICIE =
NEWYAG L) KA —RUPEEEEBRLTEBY ., BECRLLELEI % [H—K2 F
JAR=NV] U517 THE ZEPHRENTz, THHF— VIRD — KDk E S IZEELS0
~100mmTH Y, NEDOHEIF20~400mTH - 77,
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Fig.6.14 TEM image of the carbon aggromerate (a), carbon nanoball encapsulating Ni;Si
(b) and EDS spectrum of the nanocrystal encapsulated within the ball.

F/7 70— TEEEDX ST OFEFR. CONT ENLRERICENESIPEFNT WS, Bk
DFEY ., NiHFIZSildH10a.%F CEBET A ZEFAONT VA, ZOF /7 ESIsiEE
ST NVELRZ v TNV YA FTHELEZLNS, LA LEDL, EDXICL 2EE
SIIFHEECRHETH) ., KB OBEERLMEORERFELRTRTHS, 22T
AHEmOBT R ETFHEMEBRELTo. TOMBERG6.15I07R T, A& ShTWnaiE
el AL T RS RICHERTEXR I LI EERTHAZ LYWL, 22T
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HER I NBETROBMBEIZ0.263nmE KD SN0 NS & O IZH Y 3 5 & 5 ASE
DITxt L, NizSid (200)E M FE120.261 nm & kKD SN BB E B —BKT %, Btz
XRDDFERD 6, TDH =K ¥ F 7 K= VIE ENBAERITFBIC & 0 &R L 7:NiySi T H
A5bDLEERLI.

BABE AR LW JERBLEN — K F ) K-V OBLAFAK. BEO H—FK
BROERFEIZ0.350nmE 757 7 4 FOOR)ENF N BB LIETHo720 L L
VBORMEDOHE, REO A —KR 3772y Vo -SEHEETH L, NI TID
A—RAARICIRBALZHEE (Fig.6.14) dHEBI e TR —K Y K- VhsEiE Rk
DRFRE V) FBECRONLEBTERTAI LM, p—KY (F5774 1) &
ALO; DERBBEICER L KELRBIENPBET LI L TH— KUV BO—EIZEA DS
BELILERTHELEIZLNS,

NERICE TN BNSIE, A — RUBTIBIINIBE L7 72y 2O LEKTH - 72,
C DR #IEIR, DCT — 7 TR E N LaCy[15,16]1 L A TH oo TDZ L idH— K
YREWORREYFRFICER L2 L ERLT VD, T, SOH—K VB LN, Sk &
BZALF8 7% BUS DRIFZED Sz o7z (Fg6.15) o LA Lehs, RELEINS
EROMICENAESN LI VEATEET A TRENEZ b,

Fig.6.15 High resolution TEM image of the Ni;Si nanocrystal encapsulated within carbon
cage.
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33 UL & B BB AR

BUmELL EIZB VT, NiESiICIREIG L= v ALy Y%A Py avEE=y 7L,
BOA =RV BERL. ENODAL0HFIZSHT 5, ZORIGIZANTRENS,

3Ni+SiC=Ni3Si+C (6.1)

CORIBDEITEHETH/2DICIEIBOBEHIAVE LI W HET BLEN D
o LOLZHAONSSIOF 7AHHI AT —IHEINTE ST, AN HEELV, #
ZCHERICNIESICH S % B ADRIBIZDOWT, #OETONERHET LI L LT,

Ni + SiC=NiSi + C (6.2)
2 Ni+SiC=Ni,Si+C (6.3)

CCT, BNFE—EH (AG=AH-TAS) #EEL 4. #hFhosnLIy b o
Y- (AS) WA EWLOEHTESL LEZXONB[11, AL, KIiEke 2K U56.30 & b4
WORERERT VI V- 2ORBDI Yy V-2t kDD E | FREFRDFEIZD
W, -5.4 keal/mol J UF-18. kcal/mol & 3K S M7z, T D I LT FUR6.28 196313+ 40 12 4T
WHETHY, COTLPLEET L L, NiySi LCOEE L (6.1) dbFTMEITT 0L
Ezonl,

—H. RAE=y 7v (NisC) DEBROEX SIS, L Lgd S, Ni;COER LY § )L
E—I3IEE 25 T EFME SN T VAR, MATNORILICET 2505 b, ZHpss
AFHNAER L W EHHE SN TH Y [24]. R TLXRD % £H 5 NiyCOFEAEIX D
bNTHELT, EEMITRIL=y F VIR L TWiEWEHETX 5,

Ni-Si 2 BITRICHFAET 5L L DL AWiE. Ni (1453C) X h RV EEEELTEBY .
L7282 TALOs DBEREAEATT AR (1300C) BLE BV TREMPERTAbD L%
AbNb, MAT, FFRTHRA LN E SICOBRMNE (FRPFRSRPvd%) DB
SiASi+NIILIZ0.24 & % U | CDRFITIINIEBE R ENSSIAHEET 5 Z & PR SR S h
%[20],

BEDZ DL, RRTIIBEMBBICIBOTHHRL Y — K HER L, KN TEEHE
B CONisSiESIZEE LN L. ZROHA,0,7 b)) v 7 2R FICERT 20 L%
oMb, COBBIZBWTHET B AR VITE ), —HON SRS RAbT 5 2 & 7%
CBYHINBZ L CTEBERILEW T/ HRAEI - R E—UDERTHODEEL S
Mlzo MRAT, —FAEBRLLZZOB LRI —KrF )R- VIRIREL D (KREE 2H)
. BERR T RO Z OB L EEE R o L T FAL0MICHBL b DEEL LN,
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4. T L

1) E#E LTALO0;. SICRUNOZEALHEKEBICK IRy P 7L 2D 2 B Tin-
SitufEAE 3% Z & Ty Niv NigSi o7 — K VA58 L 2 AL O, AR A 152 & & 2R &
niz,

2) HBMIREL LTA0,0T MY v 7 ZR UL 7245, —E8ON IR ICEL Y 3A
INTF /AR T RO Z L AUR & Tz,

3) XMEHOKE, thoDBTERETEBENAER L., FOBSICERIET A2 T
e DERMPIERSE Z EHFHOPICENT, T2, NICHSIVERT S22 &£ T2 DR
RIRE DRI 2 NUC LB L TR LT B 2 AR & vz,

4) BAEMBIE LRk O SUSE B I S8BT 5 b DTH - 7245, NigSiT / & s
A=RYBIZYBENT, EBEACEW S — K> F 7 K= UpEm L, #EIcaE L
TWb ZEDPD THER I NIz,

5) SO =KV K= VIFHEEH0~100nmTH Y . A ML — 3 2 EOL Bl
THAHI EHVHERENTZ, T2, WEICIEIET B#5541320 ~40nmTH Y . 7 —F Vicx
L7227 7%y MEAREOHERTH o TOMICH — KU B VBT TVL720
BAOmD AL EW B LRI ALy O3 BERE R ORI HEAET B T E 0T REE 2 ), T DDA E
BT/ HRmELTIVIATI) vy ARHIIREICHREE DI EDTRIC T o 72 & &
Abhb, MAT, NELENIEBE RECEFHBICESHE WM EsR, =
I LR YT I v 7 A CEBHMR A TEMSE L b,
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AXCTH—KRyF ) R=VARBIZHLRAD YT I v I R IREEBF ) EEMBDE
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