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ḱ פּ

ḱ פּ ṕ2025 121 504 Ṗ

ṥ Ḳ ḭ ḭ Ṧ

ẁẁẁ

ẁẁẁ

T-1

ףּ ︡ לּ
ḭ ḭ ףּ

ךּ

ḱּש

ḱ

ṇ

ḱV

ḱ

ḱ

ḱ

ẋ30 mm ú 30אל  ͫm

SiC

שּ

ḲSiC :Al 2O3

פּ ḭ
Ḯ Ḯ

V ṕ 10 ͫm)

Si3N4

1.5 mm



ḱ ḱ ṇ נּ
ḱ ףּ
ḱ ṇ ףּ ḱ ṇ
ḱ ףּ ḭ

ṥ Ḳ ḭ ḭ Ṧ

ṇ

T-2

0.5Ṍ20 L
ṇ ṇ ḭ

   ṇ
ṇ

   

צּ
ḭN2 צּ

ṇ

ṇ ṇ ṕCIPṖ

ṕ 500 ṹṖ
ḭArḭN2 ṇ
ṕ Ḳ 1000 L/ hrṖ

ḭ ḭArḭN2

 

ṕ 0.9 MPaṖ

ArḭN2 צּ
2200 ṹ

צּ
10  t צּ

ṕArḭN2Ṗ
צּ

ḱ Ḳ186 MPa
ḱ Ḳ1800 ṹ

Ḳͽ100 mm ú200 mmH

ṕHIPṖ

150 MPa

צּ

ṕ ḱ ḭ Ṗ



ṥ Ḳ Ṧ

ẑ ךּ
CFRP פּ צּ

ḱ ṇ ךּ ḱ
צּ

ṕ Ṗ
ḱCFRP

ẑ אל ḭ ︡ פּ צּ

Ễể

ṕ Ṗ

16 h 136 h
ṕ200 h ӷּק ︡Ṗ

קּ ︡ קּ טּ

Al2O3

ḱͽ120úH120 mm
ḱCIP Ḳ100 MPa

ḱ700 ṹú1 h

ḱ1540 ṹú2 h

T-3

300Ṍ700 ṹ

250x 300x250 mm ṕ
אל ḭ Ṗ

700ἃ500ἃ500 mm

AirḭN2ḭO2

3Ṍ10 kg/h ṕ 5 kg/h Ṗ

400Ṍ900 ṹ

200x200x400 mm ṕ
אל Ṗ

ͽ300ἃ600 mm

ẑ ӷAirӷN2ӷN2-4% H2

ẑ AirḭN2ḭN2-4% H2

0.9 kg/h

ẑ ,



Ṋ

צּ
Ễ פּ

ṥ Ḳ Ṧ

T-4

פּ ︡ḭ ḱ

פּ
ẖ
ṕ Ṗ

ẖ

ḱ צּ
ḱ צּ Ḯ
ḱ צּ

Ḯ

SOFC

︡ SOFC
ṕ ṕ Ṗ Ṗ

ḱ

ḱ ṇ

ḱ

ḱ



ḱ ḱ Ḳ ṇ ḱ ṇ
ḱ    Ḳ ḭ ḭ ṇ
ḱ Ḳ ḭ ḭ

Ṋ

ṇ PVD ḭ
ṇ צּ

ṇ PVD
ṇ T-5

ṇ PVD
ṇ

ḱ אל כֿ
ḭ

טּ
צּ

ṇ

1 ͫm
ṇ

Ӹ 150 kW
Ӹ 2 ṕͽ63 2 Ṗ
Ӹ  ͽ100 ú100 L

 5 kg
Ӹ 1100 ṹ  
Ӹ   0Ṍ30 rpm
Ӹ   Ṍ10 -4 Pa

Ӹ 100 kW1
           ṧ 30 kW1

Ӹ 2 ṕͽ40 2 Ṗ
Ӹ  ẋ50 
Ӹ 1300 ṹ

Ӹ  0Ṍ30 rpm
Ӹ  Ṍ10 -4 Pa

ṇ PVD ṇ PVD

ṇ

3000 ṹ

ṕ ḱ ḱ 
ṇṖ

ṇ

10 ͫm 10 ͫm 2 ͫm

ṇ PVD Yb2SiO5

95% 90% 71%

>1100 ṹ >1100 ṹ >1000 ṹ

ḱ פּ ḭ ḭ
צּ

ḱ ḭ ḭ צּ
ḱ צּ

ṥ Ḳ Ṧ

227 215

ṇ PVD ︡
Yb ṇ

Yb2Si2O7 (227)

Yb2SiO5 (215)

20 ͫm

227 -215

צּ שּקּ
ḭ

צּ
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T-6

AD

ḱ

ḱ

ḱ ḱ

0

2

4

6

8

10

12

0.01 0.1 1

/ ͫm

/ 
%

1 ͫm

Raאל ὐ 0.03 ͫm

0.5 ͫm

︡
0.08Ṍ2 ͫm

ṕ0001Ṗ

ṕ0001Ṗ
25 % ṕÜ15 Ṗ

ḱ ḭ ḱ

ḱ



︡ḭ Ӹ ︣
ḭ

ṥ Ḳ ḭ Ṧ

ḱ ︣

T-7

ẁGHP

0.00

0.20

0.80

90.00

0.9

ḭ ṕSiO2Ṗ 3צּ ṇ
︡ ḭ 95% צּ פּ

 50Ṍ60 nm

SiO2 2Ṍ3 nm

100  nm

ḱ ךּ ṕ85Ṍ88% Ẃ10 mm ḭ Ḳ550 nm Ṗ
ḱ ךּ ṕ Ṗ
ḱ ḭ ṕ0.04Ṍ0.20 g/cm 3Ṗ
ḱ ṕ 20 ỲW/(m ӸK) Ṗ

ṕÜ0.002 Ṗ

Ẃͪ:532 nm

10mm

ṕ%Ṗ @ ͪ:550 nm

*

(mW /(m ӸK)) ṕg/cm 3Ṗ

SP-10 1.010 85Ṍ86 23.1 0.04Ṍ0.05

SP-15 1.015 85Ṍ87 17.9 0.05Ṍ0.06

SP-30 1.030 85Ṍ88 12.4 0.12Ṍ0.13

SP-50 1.050 85 13.9 0.19Ṍ0.20

20  mm

Ḳ110ú110ú10  mm

ḱ ḭ ḭ  ẓ ḭ

ḱ ḭ ḭ  ẓ ḭ

 



︡
ṕ ףּ Ṗ

T-8

(mm)

בֿ 3ḭ4 בֿ Ṍ1500 ṹḭ ḭ ḭ 3x4x40

ḭ Ṃ ẋ5ṕͽ5Ṗx12.5

Ṃ 3x14x120 Ṍ

SEPBḭIF  ḭ ḭ ḭ 3x4x40

ṕ ḭ Ṗ
ṕ ḭבֿ Ṗ

Ṍ1200 ṹḭ
100x20x2

15x15x15

ṇ ḭ ẋ15x5

ḭבֿ Ṍ1400 ṹḭ 3x4x40

ṇ ḭבֿ Ṃ 2x4x40

ṕ Ṗ Ṍ1200  ṹḭ Ṃ

אל ḭ ḭ ṇ

ṕ ṇ Ṗ 3x5x10

ḱ ḭ ḭ

ḱ וֹףּ

ṥ Ḳ ḭ ḭ Ṧ

︣

 https://www.jfcc.or.jp/exam/exam1 -1.html

ṕ ṇṖ
Ḳ1 ͫNṌ1000  mN

AD אל
Al2O3 ṕ1 ͫmṖ

וֹףּ ḱאל

Ḳ15.2אל  GPa
Ḳ313  GPa

/ nm

/ 
˃
b



ḱ

ḱ אל ṇ

ṥ Ḳ ḭ ḭ Ṧ

וֹףּ
T-9

 Ṍ 1500 ṹ

ḭ ṕ Ṗ

12 

3ú4ú40 mm ṕJIS R1604 Ṗ

12

ḱ ṇ 12 קּ ḭ ṇ
 ṕ ḭ Ṗ 12 צּ ︣ ︣ כֿ צּ
ẓ 

ḱ נּ כֿ ḭ בֿ ￼
︣ כֿ צּ

בֿ

בֿ Ệ בֿ

1500 ṹ ḭJIS ṕR1604 Ṗ ︢
בֿ

99.7

90

70

50

30

20

10

5

1

 
/
 
%

200

בֿ MPa / אל

250 300 400 600

Alumina

Temp.Ḳ400 ṹ

Ave. : 377 MPa

Std.Dev. : 27 MPa

m = 14.9

s = 389 MPa

500

Weibull plot



Ṋ

JIS ṕR1669 Ṗ

ḱJIS R1669 ︢

ḱ צּ ṇ

צּ ףּ
טּ צּ

ṥ Ḳ Ṧ

Ẉ ṕKI , IFRṖ

ṕIFṖ

T-10

בֿ אל

ṇ אל

Ẉ ṕKI , IFRṖ

ḱ Ṯ ṇ ṯ

9.8Ṍ490 N

ẋ15ú5 mm

ẑ ḲJIS R1669 Niihara

קּ אל

aṖ צּ ︡ ךּ Ḯ

bṖּק צּ פּ ︡ ךּ Ḯ

cṖ ︣ 2 קּ אל צּ

קּ אל 10 %

aṖ bṖ cṖ

2a1

2
a

2

2
c

2

2c1

2a1 2a2 2aṕ Ṗ 2c1 2c2 2cṕ Ṗ

Si3N4 287 490 262 261 261 688 674 681 8.2

,K I,IFR

(MPaḱm
1/2

)

,E

ṕGPaṖ

,P

ṕNṖ

כֿ ṕͫmṖאל קּ ṕͫmṖאל

Ḳ



וֹ שּ ךּ Ṅ
︡ צּ

ṥ Ḳ ḭ ḭ Ṧ

T-11

Ṅ

אל  (1) ṕ Ṗ

(2)  ṕ Ṗ

(3)  ṕ Ṗ

Ẅ mm 1אל

Ẅ Ṍ

ḱ פּ

Ṭּאלפ ú ú

ṕ Ṗ

ẑ ךּ  T-13 ֿפ שּ Ḯךּאל

ṕ Ṗ

אל  

Ẅ ךּ ṕ אל 10Ṍ 100 ͫmṖ צּ

ḱ ḭ
ḱ ṇ ḭ ḭ
ḱ

ḱGHP ṕ Ṗ

  Ḳ0.001 Ṍ0.1 W/( mӸK)

Ẅ ︡

ṕ Ṗ



Ṋ

ḱ ṇ ḭ

ḱ

ḭ ףּ ṇ
אל ṇ צּ

ṥ Ḳ Ṧ

ṇ T-12

ṕ Ṗ

ṕTC Ṗ

ṕ Ṗ
ṕBC Ṗ

Ṯ ṯ

Ḳ ṕ Ṗ

  Ḳ NETZSCH  LFA457ḭLFA467

 LFA-501ḭLFA-502

Ḳ Ṍ1000 ṹ

ḭ ḭּאלפ ḭ פּ

ẑTC Ḳ ṇ ḭ BC Ḳ ṇ

Ṍ ךּףּ ḭ
צּ שּ

ṇ

TC ḭTC

Ḳ ṇ ḭ ṇּצ פּ וֹ ︡ ṇ
︡ טּ Ḯ

0.0

0.5

1.0

1.5

2.0

0 200 400 600 800 1000

/ 
W

/(
m
ӸK

)

 / ṹ

TC ṕ Ṗ

TC ṕN  Ṗ

TC ṕ Ṗ

TC ṕN  Ṗ

2

2

Ṯ ṯ

TC Ḳ 

BC Ḳ CoNiCrAlY

Ḳ X

Ṯ ṯ

TC Ḳ

ẑTC ḭBC



Ṋ

ḱ ṕ ḭ ḭ Ṗ

ṕ ︡ḭ Ṗ

ḭ DSC ḭ DSC
ךּ פּ צּ

ṥ Ḳ ḭ ḭ Ṧ

Ṍ פּ Ṍ T-13

DSC DSC

ͽ10ú1Ṍ3 mm
 

TC-9000

ṕ Ṗ
 

-50Ṍ300 ṹ

ͽ6ú1 mm
 
ṇ ṇ

DSC 8000

ךּףּ

-50 ṹ צּ

200Ṍ1200 ṹ

ͽ6ú1 mm
 
NETZSCH
DSC 404  C

צּ 
ṕ 1500  ṹ

Ṗ 

0.2

0.5

0.8

1.1

1.4

-100 100 300 500 700

 / ṹ

/ 
kJ

/(
kg
ḱ

K
)

Ẏẇ

Ẏẇ

DSC

Ẏẇ
DSC



ḱ  ẓ ḭ ṇ

ḱ  ẓ ḭ 

FTIR וֹ כֿ
צּ

ṥ Ḳ ḭ Ṧ

ךּ

T-14

JIS R 1693 -2 :2012

Ẋ

Ẋ ḭ

ͽ=16 mm

ṇ

ṇ אל
r= 38 mm

ͽ=24 mm

Viewing Port

ẑ ￼

 Ṭ 1 Ṩ פּ Ḯ

ṕ Ṍ1000 ṹṖ ṇ

 ︣ Ḯ

ṕ500  ṹṖ וֹףּ

0

20

40

60

80

100

0 5 10 15 20 25

 /
 %

/  mͫ

0

1000

2000

3000

4000

0 5 10 15 20 25

 /
 
W

 m
-2
/
ͫ
m

 / mͫ

ṇ

  Ṭ 77.4 %



ḭ ︣ טּצּ צּ
כֿלּ צּ

ṥ Ḳ Ṧ

X ךּ

T-15

Ṋ

ḱ
ḱ ︣
ḱ ṇ ḭ

X Ḳ45  kVḭ40  mA

ḲR.T.Ṍ1200  ṹ

Ḳ

ṇ ṇ ḲWṕ Ṗ

ḲPt 10 % RhPt

Ḳ +0.1  MPa

Ḳ0Ṍ164Ûṕ2 Ṗͧ

ḲAl2O3 ṕ Ṗ

ḲAl2O3

Ḳ ṕ ḭ ͽ16ú2 mm Ṗ

Ḳ ṕ10 -2 PaṖḭ ḭ ṕN2ḭArṖ

ḲSi

HKT1200N ṕAnton  Paar Ṗ

LaAlO3

Si ṇ ḭLaAlO3ךּ

ṇ פּ ︣ Ḯ
פּ LaAlO3 ṕ Ṗ͡ ḭ

ṡ ὀ͡3 Ṣ͠ ṕ Ṗ͠ ︣ Ḯ

0.5

0.7

0.9

1.1

1.3

1.5

100 200 300 400 500 600 700 800 900 1000

:ṕ͠͡/3Ṗ
:ṕ͠a-axisṖ
:ṕ͠c-axisṖ

 / ṹ

︣ ḭ צּ
ṕ g Ṗ טּ
ḭ ︡
︣ כֿ צּ

ṹ-1(ú10 -6)

(͡/3) a-axis c-axis

R.T.Ṍ
100ṹ

0.83 0.69 1.12

R.T.Ṍ
200ṹ

0.88 0.74 1.17

R.T.Ṍ
300ṹ

0.92 0.78 1.19

400ṹ

400ṹṌ
500ṹ

1.08 1.08 -

400ṹṌ
600ṹ

1.11 1.11 -

400ṹṌ
700ṹ

1.14 1.14 -

400ṹṌ
800ṹ

1.17 1.16 -

400ṹṌ
900ṹ

1.18 1.18 -

400ṹṌ
1000ṹ

1.19 1.19 -

 /
 
ṹ

-1
 ṕ
ú

1
0

-6
Ṗ



Ṋ

ḱ ḭ ףּ

ṕ ḭ Ṗ

1200 ṹ ḭ צּ

2 פּ

ṥ Ḳ Ṧ

T-16

3 4

ẇ 3 ẇ 4

ḱ

3 10 6Ṍ10 17 ͘cm 2͕0 mm ḭt=1 Ṍ3 mm
Ṍ1200 ṹ

AirḭN2ḭAr

JIS C2141 ḭC2319
JEC 6148

ASTM D257

4 10 6Ṍ10 -6 ͘cm
3ú4ú25Ṍ40 mm
ṕ Ṗ

Ṍ1200 ṹ
AirḭN2ḭArḭH2

JIS R1661
ASTM D991



ḱSOEC SOFC

ḱ ṇ

ṥ Ḳ ḭ Ṧ

וֹףּ

Ṉ

Ḳ400Ṍ800 ṹ
ḲAirḭArḭH2ḭ

H2

YSZ/Ni

1/3
1/200

︡

Ṋ

Ḳ ṇ ḭ ṇḱ ṕNEDOṖּפ ṡ
Ṋ Ṋ

Ṣṕ2018 Ṍ2022 Ṗ טּ Ḯ

Air
YSZ/GDC

ḱ Ṅ ṇ

ḱ ︣
ẓ 

︡ ךּ
ẓ 

טּ

T-17

SOECṊSOFC
︣ ךּ︡



ṕSOFCṖ Ṅ
צּ

ṥ Ḳ ḭ Ṧ

ḱ

T-18

0.00

90.00

0.9

0.4

Ṋ

4

ṇSOFC

ͽ11Ṍ18 mmṕ ͽ6 mmṖ 400Ṍ1000 ṹ H2ḭO2ḭAirḭArḭễ~8ṾH2O

ͽ31Ṍ38 mmṕ ͽ16 mmṖ 400Ṍ1000 ṹ H2ḭO2ḭAirḭArḭễ~8ṾH2O

Ẅ 3 mmú4 mmú36 mm 200Ṍ1000 ṹ HỄḭAirḭAr

* Kawahara et al ., Solid State Ionics, 180 (2009), 136.

*

ṇ
ẄSOFC

B

A

ṇ *

BḲ טּ

Ḳ8YSZ

*



Ṋ

ṕ ṇ ṇ Ṗ

ḱ ṇ ṇḭ ṕETCṖḭ
ṕITSṖ

︣ ṇ ṇ ךּ
ṕ ḭ Ṗ

ṥ Ḳ ḭ Ṧ

וֹ

T-19

ṇ ṕ ṕ Ṗ ṕ ṖṖ

N5291A PNA
ṕ ṇ ḱ ṇṖ

ẑ1 5.6Ṍ110 GHz

ẑ2 50ú50ú1Ṍ200ú200ú10 mm

ẑ3 ףּ   0Ṍ45Û

 40 dB ּק Ü1 dB 

ṇ ṇ

ẑ1 CṌWṕ 7 Ṗ
ẑ2 ṕ Ṗ Ḯ
ẑ3 ṕ Ṗ

ṕ Ṗ ṕ Ṗ

ṕ90ÛṖ

πṕ0Ṍ45ÛṖ

צּ
ḭ
צּ ︢ Ḯ

75GHz ︡ E
ךּ כֿ ḭ
ṇ ṇ ︡

צּ
Ḯ



ṥ Ḳ ḭ Ṧ

Ḳ5.6Ṍ110 GHz

Ḳ Ṍ1000 ṹ

Ḳẋ50Ṍẋ200 mm

 ṌệG ḭ Ṍ T-20

Ḳּף 10Ṍ100 GHz

Ḳ

Ḳͽ50ú0.5 mm Ễ

ḭ Ḳν 1.1Ṍ10  Ü1Ṍ5%

ǕǂǏμ10 -2Ṍ10 -4 Ü10Ṍ30%

ṕ Ṗ
-20 dB

Sample

Cu

Cu

Cu

וֹ ףּ

ệG ṇ ḭ ṇ ṇ ḭ
LANṊPAN ḭ ḭ

ḭ

ṇ

ṇ ḱ



Ṋ

ḱ ḱ ṕ ḲECUḭ Ṗ

ḱ ṕ ḭ Ṗ

ṥ Ḳ ḭ Ṧ

וֹףּ

T-21

אל וֹ וֹףּ

N5291A PNA
ṕ ṇ ḱ ṇṖ

ẑ1 5.6 GHz Ṍ 110 GHz

ẑ2 ẋ150 mm ú tṕ1 Ṍ 10Ṗmm

ẑ3  Ṍ 1000 ṹ

 40 dB ּק Ü1 dB 

ẑ1 CṌWṕ 7 Ṗ
ẑ2 ṕ Ṗ טּ Ḯ
ẑ3 

ṕẋ150ú2 mm Ṗ

S ṇ

S ṇ

ṇ ṇ ṕ Ṗ



Ṋ

ḱ ṕ5G/6G ḭ ṇ ṇ Ṗ וֹ

ḱ ṇ

ṥ Ḳ ḭ ḭ Ṧ

Ễ

T-22

￼אל ḭ
︣ כֿ פּ צּ

ể
ṕ ṇ Ṗ

CIP
ṕ Ṗ

20mmͽú2mmt

ḲE4990A ṇ ḱ

ṕ ṇ ḱ ṇ Ṗ

Ḳ16451B 

ṕ ṇ ḱ ṇ Ṗ

Ḳ ṕ ḱ ṇ ︡Ṗ

Ṯ ṯ
ḱ ḲAKP-30
ḱ ḲTZ-3YS

ü CIP ︡ḭ צּ ễ

Ṯ ṯ
Ḳ ṕ 300אל  nmṖ

ḭ Ḳ ḭ
Ḳ500  mV
Ḳ100  kHzṌ1 MHz

Ṯ ṯ
ךּףּ ḭ ךּ

︡ Ḯ
ḭ ףּ

צּךּ ︡ ךּ צּ אל Ḯ

ü ṇ ךּ ḭ
ṇ ︣ Ḯ



ḱ

ḱ

︣ כֿ ḭ
ḱ ḱ ṇ

ṥ Ḳ Ṧ

T-23

Ḳ1 MHzṌ3 GHz
ḲÜ0.65%

Ḳ-30 ṹṌ80 ṹ
Ṋ

Ḳ5.6Ṍ110 GHz
Ḳ40 dB Ü1 dBקּ

ṕẂ 60 dBṖ
Ḳ Ṍ1000 ṹ

Ṋ

 2Ḳ

 1ḲPTFE

20 ṹ PTFE
צּ Ḯ

ẓ700 ṹẓ
︡ אל ḭצּ

צּ Ḯךּ

ṇ ḱ
E4991B

PNA ṇ ḱ
N5227A

Ẇ
ḱ ṇ ṇ
ḱ LANṊPAN
ḱ
ḱ
ḱ
ḱ

Ẇ
ḱ
ḱ ṇ



ṇ ךּ כֿ ḭ ṕ Ṗ
ףּ

ṥ Ḳ Ṧ

וֹףּ

T-24

Ṋ ẑ ḭ ḭ Ḯ

ṇ

500 MHzṌ50 GHz

-40Ṍ200 ṹ

5 mm
ṇ mm 1אל

 < 100 ḭ > 0.05

ṕ Ṗ
‐ ‐ πȢπυ‐ᶻ

‐ ‐ πȢπυ‐ᶻ

/ 2Ṍ4

PNA ṇ ḱ  N5227A
Ecal ṇ N4694A

 N1500A

ṇ טּ Ḯ
ṇ קּ ṇ

︣
︣ Ḯ ṕS11Ṗ

︡ ḭ ︣ כֿ צּ קּ Ḯ

ṇ
Ecal

ṇ ḱ

ṇ

(S11)

ṇ

ṕ וֹףּ ṕ Ṗ ṕ ṖṖ

ḱ ḭ ḭ

ḱ ךּ ṕ ḭ Ṗ

ɫ9.5mm



ḱ ḭ ḭ ḭ ḭ ṇḭ

ḱ ḱ ךּ

ṥ Ḳ ḭ Ṧ

ףּ
T-25

ṕ )

נּ
0.003 Ṍ360 ͫm

ͽ50 ͫm

10 ͫmṌ ḭ

ṕ ṇ ṇ Ṗ

0.02Ṍ2000 ͫm ṕ Ṗ

ḭ

וֹפּ ṕ Ṗ

VCELL VEXP

P

וֹפּ ṕẓ Ṗ  



Ṋ

ṥ Ḳ ḭ Ṧ

Ӹ  : 
Ӹ  : 0.5Ṍ12 nm

ṕ Ṗ
Ӹ  : ṇ ḭ

Ӹ : ḭ
ṇ

Ӹ : 0.015 Ṍ300 ßm 
ṕGalwickḭH2O Ṗ

Ӹ    : ṇ ḭ

Ӹ    : ṕ ḭ Ṗ
Ӹ : 0.26 Ṍ0.55 nm
ṕHeḭH2ḭCO2ḭArḭN2ḭSF6 Ṗ
Ӹ    : Ṍṕ150 ṹṖṌ600 ṹ
Ӹ    : ṇ ḭ

ṇ ṇ ṇ ṇ ṇ ṇ

1) T. Nagano et al., J. Ceram. Soc. Jpn. 117 (7) (2009), 832 -835.
2) T. Nagano et al., J. Am. Ceram. Soc. 91 (1) (2008 ), 71 -76.

Ni
͢ 1)

T-26

ḭ וֹ

ṕ Ṗ

ṕ ṇ Ṗ

Ṍ ṇ ṇ

2)

Ӹ

ḱ ḭ ṇ Ḳ ḭ

ḱ Ḳ



ḱSOFC

ḱ

שּ

ṥ Ḳ ḭ Ṧ

T-27

ṇ וֹףּ
פּ

( ) ( ) ö
ö
÷

õ
æ
æ
ç

å

+D-

D
+

öö
÷

õ
ææ
ç

å
Ö-=ö

ö
÷

õ
æ
æ
ç

å

+D-

D

000

0

2

100

ln

ln

2
ln

PPP

P
t

R

R

dK

V

RT

PPP

P p

KḲ ḭ P̈́Ḳ ḭ P̈́0Ḳ ḭtḲ ḭ
dḲ ḭR1Ḳ ḭR2Ḳ
VḲ ṇ ḭTḲ ḭRḲ

ṕ Ṗ
ṕ Ṗ ︡

ṇ

ẑJIS R1761Ḳṡ Ṣ
2016 7 20

 K
(mol  m s-1 m -2 Pa-1Ṗ

NiO-YSZṕ Ṗ 1.34ú10 -9

NiṨYSZṕ Ṗ 3.42ú10 -9

קּ ḭ

Ṅ

 K
(mol  m s-1 m -2 Pa-1Ṗ

1.63ú10 -9

3.16ú10 -9

La 1.91ú10 -8

SOFC



Ṋ

פּ צּ
ṇ

ṥ Ḳ ḭ Ṧ

SiC

T-28

< >
KOH+Na 2O2 ךּ

5519305

 < >
SiC ףּ ḭ ḭ

ךּ ךּ X ṇ
︡ ḭ פּ

< >
p -n++ SiC Ӹ Si

8
SiC C ףּ GaNḭAlNḭGa2O3ḭ ךּ

ṕaṖ ṇ ṇ  
ṕbṖ

Y. Yao et al., 
Jpn. J. Appl. Phys. 
50 ( 2011), 075502.

ḱ
ḱ פּ ṕ Ṗ

ḱSiC ḲSiC ḭ ḭ

  ḭ

Y. Ishikawa et al., Mat. Sci. 
Forum. Vols. 717 -720 (2011).

SiC

5 cm

ṕ 8 Ṗ



ḱ ḱ ךּ
︡ḭ ḭ

ṥ Ḳ ḭ Ṧ

Ӹ

T-29

 
ṕRaman Spectroscopy Ṗ

X ḲXPS
ṕX- ray Photoelectron Spectroscopy Ṗ

      Ḳ355ḭ488ḭ532ḭ785 nm
   Ḳ2400ḭ1800ḭ600ḭ150 /mm

      Ḳ CCD
Ḳ50Ṍ18,000 cm -1

   Ḳ ḭ 0ḭ90Û
Ḳ0.4 cm -1

Ḳ1 ßm
   Ḳ ḭ3 ḭ

אל

X ḲMgḭAlḭAl-K͠
ṕMaxḲ15 kVḭ600 W Ṗ

Ḳ0.5 eV
אל ḲAr

Ḳ

Ṋ

XPSḲ

SiC ḱ

Ḳ Ӹ

￼
a)

b)

c)

8000

6000

4000

2000

0

In
te

n
s
it
y
 (

a
rb

. 
u

n
it
)

1101081061041021009896

Binding energy (eV)

Si2p

 Unprocessed

 N
2
 600

o
C

 N
2
 600

o
C Air 400

o
C

Si SiC SiO2

30x10
3

20

10

0

In
te

n
s
it
y
 (

a
rb

. 
u

n
it
)

290288286284282280

Binding energy (eV)

C1s
SiC COC

Organic C

50x10
3

40

30

20

10

0

In
te

n
s
it
y
 (

a
rb

. 
u

n
it
)

540538536534532530528526

Binding energy (eV)

O1s
SiO2COIn2O3︣

Y. Ishikawa et al., Jpn. J. Appl. Phys. 51(2012), 1AK02.

ḱ Ḳ ḭ ṕSiCḭ

ḭGaNṖḭ ṇ ṕ ḭ

ṇ Ṗ

Binding energy  / eV

Binding energy  / eV

in
te

n
si

ty
  

/ 
a

.u
.

in
te

n
si

ty
  

/ 
a

.u
.

Raman Shift / cm-1

X / um

Y
 /

 u
m

Y
 /

 u
m

Y
 /

 u
m

X / um

X / um



500 ͫm

Ẁ

ṇ

Ṋ

ḱ ḭ ḭ ḭ CFRP

ḱ ṕ Ṗ ḭ ḭ ḭ

ṥ ṕ ṖṦJFCC 3 X
ṥ Ṧ ︡

ṥ Ḳ Ṧ

X CT

3D IC

X

Ẁ

ṇ

ṕ Ṗ

X

ṕ Ṗ

︡

נּ
ṕ Ṗ

X CT X CT

T-30

1024 1024 pixels 1920 1920 pixels



X ︡ḭ Ṅ כֿ
︣ ︣ כֿ צּ

ṥ Ḳ Ṧ

X ḱ
T-31

ףּ

ḱ ḭ

ḱ ףּ ḭ

ḱ

ḱ

︡ Ḯךּ X

︡ Ḯךּ
X

out -of-plane

︡ Ḯךּ
X

ḱ Ḳ100 ͫm

︡ Ḯךּ
X

ḱ Ḳ / /N 2/ Ar
ḱ ḲRTṌ1200  ṹ

︡ Ḯךּ ( ḭ )

︡ Ḯךּ

אל ︡ Ḯךּ X

אלקּ ḭ ︡ Ḯךּ

︡ Ḯךּ
Ḳ0.01Û

︡ Ḯךּ X ṇ

︡ Ḯךּ

ךּ Ḯךּ
PDF
ḱ X ḲAg



ṥ Ḳ Ṧ

X
In -situ ḱ T-32

ḱ וֹףּ

ḱ ḭ
ḱ ףּ ḭ

Ṋ

LaAlO3 X

כֿ LaAlO3 פּ

X Ḳ45  kVḭ40  mA

ḲR.T.Ṍ1200  ṹ

Ḳ

ṇ ṇ ḲWṕ Ṗ

ḲPt 10% RhPt

Ḳ +0.1  MPa

ḲAl2O3 ṕ Ṗ

ḲAl2O3

Ḳ ṕ ḭ ͽ16ú2 mm Ṗ

Ḳ ṕ10 -2 PaṖḭ ḭ ṕN2ḭArṖ

HKT1200N ṕAnton  Paar Ṗ

-ͧ2 Ḳͧ20-100Û ḲAirḭ  Ḳ5 ṹ/min  ṇ Ḳ30  min

Position [Û2Theta] (  (Cu))

20 30 40 50 60 70 80 90

Counts

0

5000

10000

15000

0

10000

20000

0

10000

20000

 1LaAlO3_powder[10-100]_25ÛC_1

 1LaAlO3_powder[10-100]_300ÛC

 1LaAlO3_powder[10-100]_450ÛC

Position [Û2Theta] (  (Cu))

88 89 90 91

Counts

0

2000

4000

6000

8000

0

5000

10000

0

5000

10000

15000

 1LaAlO3_powder[88-92]_25ÛC_1

 1LaAlO3_powder[88-92]_300ÛC

 1LaAlO3_powder[88-92]_450ÛC

300  ṹ

450 ṹ

Trigonal ṕẹṖ
aḲ5.364
bḲ5.364
cḲ13.109

Trigonal ṕẹṖ
aḲ5.376
bḲ5.376
cḲ13.152

CubicṕẹṖ
aḲ3.795
bḲ3.795
cḲ3.795



︣
Ṋ

ṥ Ḳ Ṧ

וֹףּ

T-33

Ṋ

ḱ ḱ ṇ
ḱ
ḱ

Mo AD ︡ Al2O3

X Ḳ45  kVḭ40  mA

ḲR.TṌ1200  ṹ

Ḳ

ṇ ṇ ḲWṕ Ṗ

ḲPt 10%RhPt

Ḳ +0.1  MPa

Ḳ Al2O3

Ḳ ͽ16ú2 mm

Ḳ ṕ10 -2 PaṖḭ ḭ ṕN2ḭArṖ

A-B ︣

X

X

2ͧ

A B

ṕ Ṗ

ḲAl2O3ṕ1 0 -1 10Ṗ ṇ ṕ2ͧ=76.84ÛṖ
ḲR.T.ḭ400 ṹḭ800 ṹḭ1000 ṹ

sin2͗ R.T. 400 ṹ800 ṹ1000 ṹ

0 76.7002 76.5941 76.2861 76.0416

0.1 76.7182 76.6488 76.2846 76.0484

0.2 76.7968 76.6803 76.292 76.0546

0.3 76.8283 76.652 76.3172 76.0623

0.4629 0.2052 0.1007 0.0683

ṕMPaṖ
-1265.36 -437.53 -101.83 2.24

צּ אל AD-
Al2O3 1000  ṹ ︣ כֿ

צּ ︣

y = 0.4629x + 76.691

y = 0.2052x + 76.613

y = 0.1007x + 76.28

y = 0.0683x + 76.041

y = 0.06 9x + 76. 794

76

76.2

76.4

76.6

76.8

77

0 0.1 0.2 0.3
sin2͗

2
 ͧ/

 d
e
g

ẇḲ
ẇḲas coat
ẇḲ400 ṹ
ẇḲ800 ṹ
ẇḲ1000 ṹ

-1400

-1200

-1000

-800

-600

-400

-200

0

0 200 400 600 800 1000

 /
 M

P
a

 /  ṹ



Ṋ

ṥ Ḳ Ṧ

p Mg2Si

וֹףּ ṇ

T-34

ḱ ḭ

ṕDFTṖ ︣ ḭ
︡ ṇ ￼ךּ ḱ
ṇ ṇ ḭקּ

ḭ ḭ ḭ
Ḯ ︢ נּ ךּ ṇ

ḲVASPḭCASTEPḭQuantum ESPRESSO
ḱ ṇ ḲMedeAḭMaterials Studio

ḲLAMMPSḭNanoLaboḭpydecs

ḱ ṇ ṕ ḭ ḭ Ṗ
ḱ ṕ ḭ ḭ ḭ Ṗ
ḱ ḱ ṕCO2 ḭ ḭ Ṗ
ḱ ḱ ṕ ḭ ḭ ḱ Ṗ
ḱ ḱ ṕ ḭ ḭ Ṗ

ṇ

ṇ

ṇ

1) T. Ogawa et al., npj Comput. Mater. 8 (2022), 79.
2) S. Gao et al., Nat. Commun . 12 (2021), 201.

אל

וֹףּ
Li /Na

X Mg2Si
ṕXḲAgḭNaḭLiṖ

Si

Mg

Xi

400

300

200

100

0

-100
0 0.2 0.4 0.6 0.8 1.0

1.0

0.8

0.6

0.4

0.2

0.0
10 -4 10 -3 10 -2 10 -1

ṇ
 /

m
e

V



ḱ ṕ Ḳ ḭ Ṗ

ḱ

ṇ
וֹףּ ︡ḭ ḱ

JFCC ︡ ṇ  SinterPro
ver.2 ṕ Ṗ

 Ẍ ṇ צּ נּ ḭ פּ Ḯ

 Ẍ ṇ ︡ḭ ︡

       ẓ ḱ

MC

ḱ ṇ

Ẋ צּ כֿ

Ẋ ḭ וֹ וֹ
אל︣ ︣ כֿ

ṇ SinterPro
- ṇ - T-35

ṇ SinterPro פֿ

ṇ ṇ
SinterPro

ṇ
ṇ ḭ

JFCC
JFCC ṇ

ṇ

FEM

︣ ṇ

Ẋ ︡

Ẋ ￼ צּ ẓ

ṥ Ḳ ḭ ḭ Ṧ

-1.7E -02 5.0E -03

ḭ
︡ ךּ︣

ḭ
צּ ︢
צּ ךּ

צּ כֿ︢ ṕ Ṗ Ḳ 40 mm ḭ1 mm 6אל ḭ ḭ

￼
￼

אלקּ

Ḳ

SinterPro ︡ḭ
ṇ ṇ ︡

81.8%65.8%



SEM
פּ

ṥ Ḳ Ṧ

SEM ךּ ḱ
T-36

Ṋ

ḱ ḱ ḱ
ḱ
ḱ
ḱ ףּ

SEM

100  nm100  nm

:500  V :100  V

ṇ אל
ḲṌ10  nm

ṇ אל
ḲṌ2 nm

 ẇ Ḳ nm

   Ẍ ṇḲ לּ Ḯ Ṍ nm

פּ אל פּ אל

ṇPlus FE-SEM

JSM-7800F  PRIMEṕ Ṗ

ḱ Ḳ ṇ Plus FE

ḱ Ḳ0.01Ṍ30  kV

ḱ ḲṌ5 kV

ḱ Ḳ10Ṍ300  Pa

ḱ ṇ

ḱ ḲEDSṕ ṖḭEBSDṕ Ṗ

ṇ  FE-SEM SU8000ṕ Ṗ

ḱ Ḳ ṇ  FE

ḱ Ḳ0.1Ṍ30  kV

ḱ ḲṌ2 kV

ḱ ḲEDSṕ Ṗ

ṡ ḱ ḱ Ṣ ḱ

Ḳ
אל nm ︡

לּ ṇ

Ḳךּ
צּ ︡ḭ

לּ nm ṇ צּ
צּ ︡ ךּ ︣ טּ



︣
וֹ שּ

ṥ Ḳ Ṧ

SEM

T-37

Ṋ

Ar-
(CP)

Ẇ Ẉ ẍ ẍ

ẍ ẍ Ẇ Ẉ

EDS( ) ú ú ẍ Ẉ

EBSD( ) ú ú ẍ Ẉ

Ṇ Ṇ Ẉ ẍ

GFRP SEM

ḱ ṕ Ḳ ḭ Ṗ

ḱ ṕ Ṗ

ḱAr ṕCPṖ ṕ ḭ ḭ ḭ Ṗ

ḱ SEM ḱ
ḱ SEM ḱ
ḱ ṕEBSDṖ
ḱ ṇ X ṕEDSṖ

Aỷ ṕCPṖ
GFּף צּ

Ḯ ḭ
GF ךּ
צּ

100  ͫm

25  ͫm

GFṕ Ṗ

GFṕ Ṗ
100  ͫm

25  ͫm

GFṕ Ṗ

GFṕ Ṗ



ṕEBSDṖ Ḳ אל צּ ︡ḭ אל
  ︡ פּ אל Ḯ ︢
  ṇ ךּ
  ︣ Ḯ

EBSD-KAM Ḳ  EBSD ḭ
ךּ ḭ1

︡ḭ ︣ Ḯ
HR-EBSD Ḳ טּ EBSD ṇ
ṕẑHRḲHigh  angular  resolution Ṗ   ּךḭ ︣ Ḯ

15  ͫm

+0.5%0%-0.5%

EBSD ךּ

T-38

EBSD-KAM צּ אל

︣ כֿ צּ

Ṋ

ףּ

· ṇ ṕ#1000 Ṗ GaNḭAlN

HR-EBSD EBSD-KAM
טּ

ḱ JSM-7800F  Primeṕ Ṗ

ḱ Digiview  V EBSD SystemṕTSL ṇ Ṗ

ḱFast CrossCourt4  

+0.5%0%-0.5%

Ḳ Ḳ20ú50  ͫm Ḳ0.1  ͫm Ḳ30  kV

ṥ Ḳ Ṧ

ḱ ḱ
ḱ ḱ
ḱ

5 ͫm

GaN AlN

8 ͫm

+0.5%0%-0.5%

16  ͫm

+0.5%0%-0.5%

0001

10 -10

0001

10 -10

ṕͤ11Ṗ ṕͤ22Ṗ ṕͤ11Ṗ ṕͤ22Ṗ

23  ͫm

+0.5%0%-0.5%



Ẍ:Ni  
Ẍ:Cu  
Ẍ:Ni -Cu

Ẍ:Ni  
Ẍ:Cu  
Ẍ:Ni -Cu

EBSD-EDS
ףּ T-39

EBSD צּ ︡ ḭ
EDS כֿ צּ

/

ḱ JSM-7800F  Primeṕ Ṗ
ḱ Digiview  V EBSD SystemṕTSL ṇ Ṗ
ḱ ṇ X  JED-2300ṕ Ṗ

Ni/ NiCu /Cu/ NiCu /Ni ṇ
EDS ףּ ḭ

EBSD

Cu

Ni

NiCu

EDS ︡ EBSD

EDS

Ẍ:Ni  
Ẍ:Cu  

ÅNi Cuּף NiCu ṕcubicṖּף (Fm -3m)ּצ ḭ
ṇ צּ אל Ḯ

ẑ Ḳ

Cu

ḱ
ḱ ḱ
ḱ ḱ

ṥ Ḳ ḭ Ṧ

EBSD ︣  

1. EBSD

2. EBSD -EDS

EBSD-EDS כֿלּ
5 ͫm


