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Fig. 1-1 Image of ‘Carbon-neutral industry’ by decarbonization society.
Ministry of Economy, Trade and Industry of Japanese government.
https://www.meti.go.jp/press/2020/12/20201225012/20201225012.html
(October 26%.2021)
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Fig. 1-2 The role of hydrogen in the Net zero Emissions by 2050 Scenario.
Global Hydrogen Review 2021, International Energy Agency (IEA).

https://www.iea.org/reports/global-hydrogen-review-2021.
(October 26%,2021)
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Fig. 1-3 Multi-layered structure of the gas permselective porous ceramic

membranes.
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Fig. 1-4 Schematic of crystal growth model applied to the OSDA method 3°.
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Fig. 1-5 Factors of porous microstructure on the properties of porous ceramics.
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Fig. 1-6 Comparison of pore forming method on porous alumina.
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Fig. 2-1 XRD patterns of the products from dried gel obtained by direct heat
treatment at 165 °C.
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Fig. 2-2 Normalized intensity calculated from XRD patterns of zeolite beta

synthesized from dried gel.
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Fig. 2-3 XRD patterns of the products synthesized by (a) direct heating method (Gel
composition: Si/Al = 100) and (b) hydrothermal synthesis (Gel

composition: Si/Al = 17.5).

Fig. 2-4 Dark-field TEM image showing initial crystallization for sample following

direct heating for 4 h. (inset) Selected-area electron diffraction pattern.
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Fig. 2-5 XRD patterns showing effect of H,O content of gel precursor obtained by
direct heating at 165 °C for 4 h (H,O content: (a) 75.7 %, (b) 66.7 %, (c)
58.4 %, (d) 41.9 %, (e) 26.7 %, (f) 75.9 %, (g) 66.1 %, and (h) 58.4 %).
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Fig. 2-6 Dependence of normalized XRD peak intensity for zeolite beta on the

H,0 content of the gel precursor.
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Table 2-1 Values of three constants constituting the Avrami exponent, n.

B+ &
n= =
S
B : Nucleation rate 1 A : Dimensions of growth S : Rate-determining step
Constant : 1 One dimensional : 1 _
Reaction control : 1
Instantaneous : 0 Two dimensional : 2 o
Diffusion control : 2
Deceleratory : 0~1 Three dimensional : 3

PEHTED LW IHRERNH D, 72720, FHEHM 1 ORI P TRWE
AITEAPRETH D 2, H—T T4 vT a0 7ETEH, X Q1) ofF2
RO X DITER L,
[ In(1 — a)]/n = kt — kt, (2-4)

FIn(I-a)]" & t DFERMEAE I EFIERnfEHIZH LT Ty 452 LICX
D, BIEERERbLEWT ey N5 250 L kOEERHAT D n L ki nE
ZEETITNBEER ¢ SERCE a PO EERETE D70, 2O FEITH
FERRAI /N T A — 2 —DFITICIR S EH ST D 22 0 KT A ZLOEHEN
BERTOR—FZHL AT A MEREOIEH L= VX —1T, GRIREEE
fLEWT L EOHERMITZ2HHT L2 CHEEHT Z N TE, AR
JE T & BOGHREEE k ORRIIRATREN D,

k= A, exp(_EaC/RT) (2-5)

Z T, A THER A Ea IIFERALDOTEME LT R — 3 KO R ITREE
BTH D, HHALTENX—FEeld. n(h) BEORT'O7L=02F 0y hD
HENPHHEXHT N TED D),

KA OFERALE X, RIETAN-FP |2 X 5 XRD /X% —> DY — h~UL K
fEtr o O ERRICRHE S 4172 2, = F YA T A R, BEA & BEB D2 0
DL THERL S HL, MamfEEE T L &R IREOREEZ S L7z 29,
BEMICNERERERE 27 & LT a— 7 /37 (TM-DAR : KR T35
Z 10mass%im™MM L, U — FUL MEEMITIC L YV _X—FBILFZF 4 FD 2D

33




DEKE a—T IV I T OREEEERDTZ, UV — FUL MNEZ RV %
B 2-7 2R LTc, TXTORITICE T DREI/ T A =2 —DFiPHIL. Ry =
2.97-8.40, Re=2.63-294 B LS =1.13-3.01 TH-o7=, FEMEEIZBNT
U— FL MEFTIZE DB O TEN—2 AT A MEGRbEh#RZ X 2-8 (2
AT, TRTOMBILIY 7EA FIBIRTHY | fiddfb A T =X LB F_TD
BECRUTHDLZEEREBL TS, 2L Y Avrami-Erofe'ev A FH L
R RIFENT 2 21T L. Avrami F68 n EROGHEETER k #5HE L=, 165
°C & 175°C TIIFFHEM L bR D FFHTHNVENTH D720, BT
W ) ZEHT D EIENEETH -T2, K29 1, RUSHEEER k£ LA RE
ETO7Vv=ATay NaeprLic, X—FBEAT7 14 MNIEBT SiE58bD
R OIEEAL= 2L —1X 31 kI /mol EEFRE SN, XR—=ZBELF T 1 FD
IREAA IR DS SR R T B 7z 4554 kI / mol V&Y KL< Ze o7z, EHEM
BETIIAKRBAEIE LD bR EOTEHIE R L T =R &b BfE
mibO—RThHDHZ ENRRINT, N—FBREFT A FORERE T A XD
B RRFIC & 22 b & MIFERIICHEE T 57212, 1 2-10 12T K 512, XRD
— 2O [302] K —27 OEE (FWHM) 2 —2 O —77 47 4~
Z 2 WTHEE U-, B8 S 72 FWHM Buor 13 Buor=Bmar/ B 1T & > THE
L7z &2 TBIIHARHEMTD FWHM T&H Y | Bunax 155 b il SALEE DS 9>
STA RS 175°C, 240 43 CTO FWHM CTh 5, fEfh A X & A RREEE o
BAfRIZ. X 2-8 DG LEIKR & RO TH > 7=, fEd VA XL, 73T
DEBIREIZIB WD TEHRRRH] & & HIZHEI L, FFiT, 145°C & 155°C OERK
TR CIIRE S LR EE 3B & M 2 b Lz, X 2-11 1%, Bk b S 7= FWHM &
EmbEDOBBREZRLTEY ., T XTOARIBEICBWUIITHRIE & e v i
e R IR bR L EBITEITL TS Z e R s, [F Uk ERE T
DEG 21T 5 & 145°C & 155°C THOLNIH M1 XX 165°C & 175°C
THRLNIE/RE VA XL H/NED572,145°CB L V55°COERKTIE
X0 EWFHEHR P ZEOBERAFE L, Hx OSSR O A XHR/hS
7ol Z LRI,

34



24000
22000
20000

18000
16000
14000
12000
10000
8000
6000
4000

Intensity

2000

X-ray data S ]

Step interval = 0.04° (26) salllulichiy
o R TRRT IR PRI (PO & TN £ T T 1 P R 111 ol 1 W A o 0 B
| | Rwp = 3.537
. | Re= 2.669 , . ]
-1 $=1.3255 { J
L | ]
: ’\ . M " :

! |

: %\\ 1 I :
10 20 = 30 i

Fig. 2-7 Quantitative evaluation of zeolite beta crystallization by Rietveld method.
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Fig. 2-8 Experimental results for zeolite beta crystallization and fitting results
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Fig. 2-10 Relative full width at half maximum (fwhm) of the [302] peak of the
products synthesized with synthesis time (normalized by the fwhm

at 175 °C for 240 min).
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progress of crystallization.
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Fig. 2-12 Segmentation for the a - t curve for zeolite beta obtained from dried
gel with the composition of Si / Al = 100, H,0 content 26.7 % by

direct heat treatment.
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Table 2-2 Kinetic parameters derived from Avrami-Erofe’ev’s kinetic

investigation for crystallization curves in regions | and II.

RCglOIl I Heating temperature Avrami exponent Rate constant
(°C) n k (hh)
175 1.26 0.5272
165 2.27 0.5424
155 1.34 0.2580
145 0.89 0.0777
Region II
) Length of .
Heating temperature induction period Avrami exponent Rate constant
) to (min) & e ()
175 119 1.50 1.1333
165 149 1.27 1.0057
155 192 1.27 1.1183
145 277 1.18 1.0187
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Fig.2-13 Schematic diagram of the heat-treatment condition for
investigate crystallization mechanism in region III (X = 145, 155

and 175 °C).
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BRIRED A X D bDZE b ZR 2-3 ITRLTEY, FARIREICE
T ARERALEN ER Lz, 202 & BREIRITNIC I\ CTRE Sl 2 A3 < 72
LB E LT, KV EROEKTHRAET RO &H 5 TEAOH DEiF
T2 <, 175 °C LA N CHKMEA IS Hfl &dv, B4 T A4 NEEOAN
TN EEIT L D R L TV 5D,

Table 2-3 Change in crystallization caused by increase in synthesis temperature

in region II.
Synthesis Constant ZOQ °C

temperature at region III
175 °C 82% 92%
155°C 66% 79%
145 °C 65% 80%
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3-2 S BERE TV X T L ALR O BRI F L OV AR B P R AT
3-2-1 FEBIGiE

FMHERMER L OMER Uiz 7 v 2 T 24U T A X% 2 3-1 1R T,
Fy 7 U— (B BIROZIMAEK (CS) 122\ TIE, Kojima 5V 12k -T
WEINTELOEMH Lz, 7272 LERIZIR & YA XS EVEEE M0 2 Ol
OREFPEFEMICE L T o 7272, 22 TIEMERME 7 n e 2 2k » T
Ny BB (PS) #HE L7z, CS ERRO FIEICTER— ST ER 7Y —
K2 L. B RE 60 A v 2 D5H NI LIz, B 20 £7213 50
mm O MR D Z A ZfEH L T—HfilififE (0.4 MPa) T L AL, ZhbD
AR 7 & SRy BEREEEIC L 0 1423 (PS14) . 1523 (PS15). B X 101623
(PS16) K DI T 30 /3 MRKHIC TEHERS L7z, BERIREA A X HZ 21T X
DTN FEZIEDOKILE LG Lo, R UM RAZMH L, 1423 K Tht
LIy —RME7 et R (SS) ICX- TRRLZXKAIAROT VI F LK%
ERLL 7=,

Table 3-1. Experimental conditions and specimen sizes in the measured properties.

) Sample - Specimen . .
Property name Method Temperature (K) shape Specimen size (mm)
ree-poi i 2.8x2.5
cs Three-point bending RT., 873.1023 Cappillry §x2.5%40
(Lower span 30 mm) (outer x mner X length)
Fracture strength T  beodi R -
S hree-point bending RT. ectangu 2x10
(Lower span 8 mm) Bar
SEVNB Rectangular 2x2x10
Fracture t 3 PS RT. ©
racture toughness (Lower span 8 mm) Bar (Notch length 1.0)
Young's moduls S C01‘11111p1‘e§51011 test RT Rectangular 5%5x10
with strain-gage Bar
Thenn'a! PS Laser flash R.T., 473, 673 Disk 61041
conductivity 873,1023
Thermal expansion Differntial thermal R.T.. 473, 673 Rectangular
. PS . 5x5x10
coefficient expansion meter 873.1023 Bar
3 240 (2r ) >
Them{lal shock PS. SS Infrared radiation heating . .R'T‘ Disk 937-40 2r ) 1.1 (H)
resistance = (Initial temp.) (c=2.0)
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ZIZT, A4 m?) 1IEmEE, p! (Pa) & p? (Pa) X, ZNENH ALK
FOEBADIET)TH 5,
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T, As XZAEFOBEMEE S OBYRESR . A TS (ER) O
REFE PIIRILETH S, T2, BRI B 72 5 ZLIRIZ DOV TIX, Effective
medium percolation theory (EMPT)2Y |ZHADWTZLL FOXBR BRI N TN D,

A=A (3-4)

1 :iQ@@p—D+%42—MU+“@BP—1}h%@—3HF+8'%'%F>

(3-5)
Fo. X (B-5) 2LERTLHE, LLTFORX 3-6) LV L ILIKD BRI EE
AW TEMES DB OBYRER 15 ZHETE D,
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Fig. 3-1 Schematic diagram of disk specimens in infrared radiation heating

method.
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Fig. 3-2 Schematic diagram of thermal shock test by infrared radiation

heating method.
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Fig.3-3 Porosity and mean pore sizes of tested porous alumina.

Fig. 3-4 SEM image of the as-sintered surface of porous alumina sample, PS14.
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Fig.3-5 Temperature dependence of fracture strength in CS.
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Fig.3-6 Porosity dependence of fracture strength in PS, and comparison with CS.
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Fig.3-7 Porosity dependence of Elastic modulus in PS.

2.5
" [
o
g i A PS
a 20 [ ——- Eq. (3-5)
= 9
~~ _\
9 [ \~§
x i N
<15 .
(7] - N
g | ~
£l
%o 1.0 | h N
o) I AN
- | N
(O] \\
Sos | o~
N
gl R
& i o~
0.0 1 L 1 1 1 1 L 1 1 1 1 1 1 1 1 1
20 30 40 50 60

Porosity, p/ %

Fig.3-8 Porosity dependence of fracture toughness in PS.
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Fig.3-9 Temperature dependence of thermal conductivity in PS.
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Fig. 3-11 Photograph of fractured specimen after thermal shock strength test.
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Fig. 3-12 AE signal of thermal shock test.
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Fig.3-13 Comparison of experimental and calculated thermal shock strength in PS.
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Fig.3-15 Porosity dependence of thermal shock strength in PS,

and comparison with SS and predicted values of CS.

s00 | ——PS16 (P=25 %)
H'E i — ——PS15 (P=40 %)
= 1 —..—PS14 (P=55 %)
Z 600 |
~ [
S
m\ :
©
S 400 |
+— |
© [
= [
0
=200 |
O
0 1 1 1 1 1 1 1 L

200 400 600 800 1000 1200

Temperature, T/ K

Fig.3-16 Temperature dependences of thermal shock strength in PS.
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2 TlX 43 % (P43), 45 % (P45) TH D, MmBEAEIEIC IV IERS TR,
BB IR O BRI B L OEREIRE 2L 2 D Z LI L 0 KL & AL
SR HIE LT 5, PR ALERE X ORILER T, LR O Mo 13,
SEMIZ Lo TR L, FifHhA XEhifxryF 7 A X%, TAITE4L
(ROBEE R O SEM BEMEE G E 7 bRIE LT, RBP4 Z1Z8 B L - TEE
fliL., W2NF ORI > ¥ ZWimfE S 1L, FREEREETT LIZL-T
HeE L7, ZhUE SEM BEEE G B L EBHE SN/ 7 VI FTRIRAES L %
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FLEY > 7 AT HONTE 100 FEATIZOWTIT o 72, 3£ 3-2 1[CRRBR 71 & iR
FOY A XeR Uiz, AWM 3-2 8T Uiz IS TR L 7=,

Table 3-2. Testing methods and specimen sizes for property measurements.

] Specimen . .
Property Method shape Specimen size (1)
Gas permeance Differential pressure Disk $10x1
Fracture strength Four-pomt bending Rects:gtﬂar 3 x4 x40
Load-displacement Rectangular
Y dul . . N 3 x4 x40
oung's modulus (three-pomt bending) bar xax
Them}ﬂ Laser flash Disk ®10x1
conductivity
Thermal expansion Differential thermal Tubular 6x4x10
coefficient expansion meter (outer x imner X length)
Tllenl-nl shock Infrared radiation heating Disk ) $40 X?
resistance N (diameter x thickness)
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Fig. 3-17 Pore size distributions for PA-1 and PA-2 measured by mercury porosimeter.
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f) PA2-P43 g) PA2-P45
Fig. 3-18 SEM micrographs of the polished surface in PA-1 and PA-2.
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Fig. 3-19 Grain size and grain necking size for PA-1 and PA-2 evaluated from SEM

micrographs for (a) average grain size, (b) average grain boundary

length, and (c) grain necking cross-sectional area.
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Fig. 3-20 Porosity dependence of nitrogen gas permeance for

PA-1 and PA-2 under different pressures.
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Fig. 3-21 Porosity dependence of four-point flexural strength for PA-1 and PA-2.
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Fig. 3-22 Porosity dependence of elastic modulus for PA-1 and PA-2.
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Fig. 3-23 Porosity dependence of thermal conductivity at room temperature

for PA-1 and PA-2.
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Fig. 3-26  Porosity dependence of interfacial thermal resistance

for PA-1 and PA-2.
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Fig. 3-27 Porosity dependence of thermal expansion coefficient for

PA-1 and PA-2.
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Fig. 3-28 Porosity dependence of thermal shock strength for

PA-1, PA-2 and comparison with the previous data.

1200 || o PA-1 “
P23 o
§ 1000 || ©PA-2
S~ /,’
S 800 | % o
o
© P43 ,~~ P32
£ 600 | K
] Pas 8
€ Q.o
‘= 400 | Pa2 O .
(] R’
w20 g
" P45
0 . ! | ! ! !

0 200 400 600 800 1000 1200

CalculatedR;./ Wm™

Fig.3-29 Relationship between experimental and
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4-2-1. FEERFIE

R IERE & 22 B0k 7 L 2 k- & LTl SERATHO, SERATH®),
SERATH® (M &ttd oA ~7 v 7 8) o 3FHB LAl (B ARE)R
RS AR L7z, X 4-1 12 4 ORI X OBERE O SEM #l53kE
RBEBLOZOFEEFR 4-1 (TR LTz, K 42 12137 V2 T2 AUE DO m L=
ED T DITHCRKLF- 3 K OBERIE A L T — o 2AMEEE BT 5 72
HOT v AOEEK EZ R Lz, £9.0 BIRT VI FTRAISH LT 0~30
mass % DFEREE % 40~60 mass% DZEE K EIRE L. 800 rpm [BI#E D gk 14 %
AWT, Hmm 75 1em VA XOEKDIRERL TR EERL L 7=, IREHR T
R % FITE ORI T, 60°C T 1 HMEZEE L T 1400 £ 721 1500 °C T2
IRFFE] R SHBERL L 7V X 2 AR 2 157, SRk miE 7 v 2 T2 LR DB
SALE, KJALRB L UBMRERZHE LT,

Table. 4-1 Chemical composition and properties of the four types of platelets.

SERATHO) __ SERATH® __ SERATH® All
ALO, 98.9 99.1 99.7 99.6
Chemical Si0, 0.08 0.12 0.17 0.02
Composition Na,0 0.25 0.05 0.06 0.34
(%) Fe,0; 0.02 0.03 0.04 0.01
LOI 0 0 0 0.01
Average grain size (um) 10 2 0.06 55"
Aspect ratio 25-30 45-55 5-15 3.6

" Secondary grain *2 Primary grain
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Fig. 4-1 SEM micrographs of the four types of alumina platelet particles and

yeast fungi as a pore former.
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Fig. 4-2 Schematic diagram of the process used for the formation of
the card house-like structure using platelets and yeast fungi to

increase the porosity of the porous alumina after heating.
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Fig. 4-3 Porosity of the porous alumina clinker bodies obtained with

various alumina platelets, amounts of yeast fungi, and heating.
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Fig. 4-4 SEM micrographs of (a) the porous alumina body derived
from A11 with 10 mass% of yeast fungi after heating at 1500 °C
for 2 h and (b) the porous body derived from SERATHD with
20 mass% after heating at 1400 °C for 2 h.
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Fig. 4-5 Relationship between the pore volume and pore diameter of
the porous alumina samples derived from SERATH (D after
heating 1400 °C for 2 h and from A11 after heating at 1500 °C
for 2 h.
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Fig. 4-6 Thermal conductivities at room temperature to 300 °C for porous
alumina bodies derived from A1l and SERATH (D with various
porosities due to the different amounts of yeast fungi after heating

at 1500 °C for 2 h and 1400 °C for 2 h, respectively.
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Fig. 4-7 Difference in the path length for conduction heat transfer in

porous alumina derived from A11 and SERATH(D.
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Table 4-2 Aspect and chemical composition of the starting a-alumina platelets.

Average daimeter 4.6 um

Aspectratio 5-10
Composition %
Al,O, 99.2
Sio, 0.06
Na,O 0.23
Fe,O, 0.02

X2, 888 18um 0888 23 38 S

Fig.4-8 SEM micrograph of the a-alumina platelets.
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IMPa T—Hii 7" L 2 L T 20x20x10 mm® DB Z /ERL L | 1200~1500°C T 1
BRI R G e T2 Z Lk W TR FE ARk a7, Bk oT VT4
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Fig.4-9 Changes in porosity and compressive strength of the fabricated

porous alumina bodies after heating at 1200-1500°C for 1 h.
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Fig.4-10 Change in porosity and compressive strength of the porous

alumina body with TEOS treating time.
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Fig.4-11 SEM photographs of the porous alumina before (a) and after three
times of TEOS treatment (b).
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Fig.4-12 Changes of XRD patterns (a) and content of SiO; (cristobalite)

in the porous alumina with the time of TEOS treating (b).
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Fig.4-13 Schematic diagram of the strengthen mechanism of porous

alumina by the TEOS treatment.
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Table 5-1 Properties and chemical composition of the alumina platelets.

Average Grain size 4.6 um
Average aspect ratio 15-20
Composition mass %
AL O; 99.2
Na,O 0.23
Si10, 0.06
Fe,0; 0.02

18pm BBB86

1. 8806

Fig.5-1 SEM micrograph of the alumina platelets.
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Fig.5-2 Relative density of platelet-derived alumina bodies vs. heating temperature.
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Fig.5-3 SEM microphotographs of the surfaces and cross-sections of

porous alumina bodies after heating at 1300 and 1600 °C.
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Fig.5-4 X-ray diffraction pattern obtained when X-rays irradiated the top or

bottom circular surface of a disk alumina body sample heated at 1650 °C

and schematic images of the strongly detected crystal planes.
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Fig.5-5 X-ray diffraction patterns obtained when X-rays irradiated the
top or bottom circular surface of disk alumina bodies heated at
1300 to 1650 °C and their Lotgering factor.
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Fig.5-6 Three-point bending strength of the highly textured porous
alumina bodies parallel and perpendicular to the pressing

direction vs. heating temperature.

111



SEATH 61T 440 MPa, TE[H 5 [6]1E 255 MPa (22 L 7=, 1400 2>5 1650 °C £ T
ZRWTIE, TFREIX AT IO EES IS L HE VM LT,
HFIFEE U CREH SRR IR, b &b & bR BB A & < BEks SO
RN BLFHITOR Y F o ZEENHIR S v, BERIRE DO LF-OHRT
ISR EE N L 2o T b D EB 2 BND, BIRT VI R FIz k-
TR S B2 AR O I R 1T, BUERT VT OgE P E RIS
Bif-Bm Fmicxt L TR 2MEME R Lc, Z OBBIREED Z ORI
IZOWTIEREGEDE 7 v a v TEET 5,

FWTT L AFRICEATE L ORE 2B 7 L 2 T2 FLIR DKL & 2L
HROPEMRREZH 5-7 RLTZ, TRTOKRALFIZE W CTEE S W OEYRE
RITHATHME Y b@mholz, &F 4 WIITBWT, BIRT VI TR0 B/EL
T BLAPE D 72N T NV L T LA E R 2 MET L T Y . EMPT (IZH2D0
THEE LE-BMRER L L &+ 52 L A& RLE, 22 ThHEERICK (3-5)
WCEVFHEEIToT & ZAMMDO X 512720 | [IALREFHEOH X 12O T

w
<

(]
n

(]
=

Thermal conductivity/ W-m 1K ™!
[y
0

10 | 11.6 Wm' LK
5
0 10 20 30 40
Porosity/ %

Fig.5-7 Changes in thermal conductivity of the textured porous alumina bodies

parallel and perpendicular to the pressing direction vs. porosity.
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Fig.5-8 Schematic of micromorphology of a highly textured porous alumina
body made from platelets and its expression of anisotropic mechanical

and thermal properties.
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F9, 52 i & RO FIEIS TR T v X R 12 AW TR A 2 & D RkIE
RZ{ER L PECS 12 & W 24621572, PECSICDOWTCTIL 52 fi& e n | X
D ESRALR R ZAEROERZ HIE L T, BEREIREEZ 1450°C T 10 oM & —&E
LT, BERE A A ASAND IR RS X OBER RO —#ihi T ) 2 332
TEICEVEILEREHBE L, BEEAAADORTFOREEFADES LY
HHELTHI LT, BERRFOBEELIZ L O 2 D —E DR S ITIGHE L7
BIX, BIMRICINEDREINS N 25 LI TR L, BT 7o
SE (ER20 mm, EE 20 mm) & RALREZHIEHT 7201, B—Ro A
[ZE AT 2 IR OIS & WIEIINE (10~70 MPa) Z### L7, LLF. Zh
2 UIESHENE) RO, 5-2 BiCIT o 72 E /13— E CHRERBIREIZ L 0 &
LRZ ST D EE TEEMIBERIEE ) L, BEfES LR, —Ene

Table 5-2. Direction of characterizations and specimen sizes in the property

measurements of the highly textured porous alumina.

Property Specimen size Parallel Perpendicular

Nitrogen Gas or heat flow Gas or heat flow
permeance

$10x 1 mm

Thermal
conductivity

Fracture

strength 2 x2x10mm

Elastic 1 x4 x10mm

modulus
Coefficient of

thermal 1 X4 x10mm

expansion

Thermal shock | ¢ 20x 0.8 mm
strength

Carbon coated area

@ $7.5mm
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Fig.5-9 SEM micrographs of the fabricated porous alumina body with porosity
30 % observed from the (a) parallel and (b) perpendicular directions

along the uniaxial pressure.
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Fig.5-10 Nitrogen permeanace of highly textured porous alumina

measured for the different two directions.
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Fig.5-11 Three-point bending strength of highly textured porous alumina

measured for the different two directions.
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Fig.5-12 Elastic modulus of highly textured porous alumina measured for

the different two directions.
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Fig.5-13 Coefficient of thermal expansion of highly textured porous

alumina measured for the different two directions.
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Fig.5-14 Thermal conductivity of highly textured porous alumina measured
for the different two directions.
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Fig.5-15 Estimated grain thermal conductivity in highly textured porous alumina.
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Fig.5-16 Fractured disk specimen after thermal shock test (perpendicular)
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Fig.5-17 Thermal shock strength of highly textured porous alumina

measured from two directions.
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Fig.5-18 Analysis of temperature and thermal stress distributions during

IRH test in same heating conditions.
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Fig.5-19 Analysis of thermal stress distributions during IRH test in real

thermal shock fractured conditions.
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