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It has been well-known that nanoporous materials show extremely low thermal conductivity, how-
ever, they do not retain stiffness enough to be processed into arbitrary shapes. Therefore, it is crucial to
realize high thermal insulations as well as high strength. To cope with the problem, we have developed a
high performance thermal insulation, which has enough strength to be processed into arbitrary shapes.
First, nanoporous composites are prepared by direct bonding of ceramic fibers and nanoparticles. Then, the
nanoporous materials are formed simply by dry pressing of the nanoporous composites with SiC particles.
In this study, we evaluated the strength and thermal conductivity of the nanoporous materials in detail, and
proposed the estimation equation for the thermal conductivity.

The nanoporous material had the bending strength over 0.8 MPa. The thermal conductivity was from
about 0.023 to 0.04 W/ (m*K) in the temperature range from 400 to 600°C. Furthermore, the thermal con-
ductivity obtained by the proposed estimation equation agreed with the measurement result within an error
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of =15%.

Keywords : Bending strength, Nanoporous composite, Thermal conductivity, Thermal insulation

1. ¥

[l

JTAE, HUBRIEBE (LAt R 75 MRS O I e L
REE b FEAREOHE, “BILREOPHREEZIA 2
LD D A EREMINTITD KD > TE /e, Hr
I, TEEFPHEA, T35, v, KED S DR
Bk (LD A 72 597, EHx 2V F —DffIc bBHE
L, FFicEHEhTWwWE, 22T, Tho0BEE
WiEhd 2L\ S T EDRGEERFEDO—DLID,
Wi O & 575 2 HEREm BB EIRF S TE TV 5,

a=F7 AW TR
(F431-2103 #EAMTE]EXHr#R1-8-1) TEL 053-428-6653
Hamamatsu Research Laboratory, NICHIAS Corp.
(1-8-1, Shin-Miyakoda, Kita—ku, Hamamatsu, Shizuoka
431-2103, Japan)

b KERY: AR EFieT
(F567-0047 ZKATHERE » F:11-1) TEL 06-6879-8660
Joining and Welding Research Institute, Osaka University
(11-1, Mihogaoka, Ibaraki, Osaka 567-0047, Japan)

Vol. 46 No. 6 (2009)

(97)

19804EAX 2> 5, Aerogel 9 75 B HMR T-IRMEK >
VA A& S WM SEH STV B, ZoMEHE,
F 7RI & O NEICZE O H TR L © &/ &
BZERAEESR T 5 129, KURIC X 2 BEIHIT 5
EMTE, FEFIERVALEREZEITE 5, FIA
I, Fricke"” |3, HEBZEMELE LT Aerogel % (-
M EM DIZE A = X sz H>VWTHE L TED, +
ICETDEEDY — 5 — v 27 ANDIGHEZRF L TO
%, F71z, Nilsson® 53, BIAKTBR ZEBIFE L, 21K
DA 7 ADEICERA TERLEZRS LTV S, 7272
L, IhoDMBMOEHEREERIERL N VTHD,
F 7o, BREENGG A T RITERG &\ 5 IR LEET
b5, ARk, 100°C LI Lo EiRE T b Bk IR
K A AF - I WEW DSBS n, BRICTEG I HE -
TV bDbH 20, EEEENLESE T HEERIKO
IMTHIC I AR E 2 S DN,

T ITHEHEER, 100°C L EoBEEE AR E LT,

461



Table 1 Chemical composition

. Compounding ratio .
Material (mass%) Average diameter
Nanoporf)us 70 13nm
composite
SiC particle 20 2.5um
Ceramic fiber 10 11 um

1akuy 18 um

Fig. 1 SEM image of ceramic fibers
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Fig. 3 SEM image of SiC
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Fig. 4 Relation between three-point bending strength
and molding pressure of the fibrous fumed
silica compacts
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Fig. 5 Relation between three-point bending strength
and porosity of the fibrous fumed silica compacts
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Fig. 6 Relation between third power of absolute
temperature and thermal conductivity of
the fibrous fumed silica compacts
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Fig. 7 Intercepts of each line in Fig. 6 vs. bulk density
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Fig. 9 Comparison of thermal conductivities between
experimental and estimated results
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Nomenclature

A : coefficient (W-m*/ (kg-K)) T : absolute temperature (K)
B : coefficient (W-kg/(m*-K") w : width of specimen (m)
d :thickness of specimen (m) € :porosity (=)
P : breaking load QW) A :thermal conductivity (W/ (m*K))
b :pressure (Pa) A¢ : thermal conductivity of still air (W/ (m*K))
s :distance between loading points in bending test 0 :bulk density (kg/m®

apparatus (mm) o :three-point bending strength (MPa)
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