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oReport summary (English)

Principal investigator: Associate Professor Kazuki Nakanishi (Kyoto University)
R & D title: Development of aerogel-based thermal insulators with high mechanical
strength and flexibility

1. Purpose of R & D

Through the development of high-performance thermal insulating materials, involved as an essential
technology in the framework of thermal management, it is possible to reduce the use of fuel energy
as a heat source and emission of greenhouse gases represented by carbon dioxide. Polymer foams
and glass wools, commonly and traditionally used insulating materials in the sectors of
houses/buildings, transportation, power generation and industrial production facilities, have the
thermal conductivity range of 3040 mW m ! K™!.  If the thermal conductivity can be reduced to
half, for example, it will be possible to double the insulation performance with the same thickness of
insulating layer, or keep the insulation performance while reducing the thickness of the insulating
layer to half. Having such high-performance insulating materials, it will be possible to increase the
insulation performance in various applications and increase the available space in houses/building
and transportations. In addition, if such high-performance insulating materials can be imparted
with high water/weather resistance and thermal stability, it will be possible to replace insulating
materials that have been used because there was no other choice in harsh environments such as high
temperature/humidity, with the new materials. The replacement frequency will also be reduced by
using such materials with higher stabilities. From these reasons, huge contributions to the
reduction of greenhouse gases are expected by developing above-mentioned insulation materials.

2. Outline of R & D

(1) Contents: Kyoto University team (KU) developed new aerogels based on organic-inorganic
hybrid networks for thermal superinsulation. A wide range of chemical structure of the
alkoxysilane precursor has been investigated in newly designed sol-gel systems. Tiem factory team
(Tiem) developed scale-up production processes for monolithic and granulate aerogels developed by
KU. Panasonic Eco Solutions Company (PanaES) prepared aerogel-based composite insulators
with polymer binders and unwoven fabric sheets, and confirmed high insulation performances.

(2) Achievements: In polymethylsilsesquioxane (PMSQ) system, of which chemical composition
being analogous to methylated silica gel, aerogels with high visible-light transparency have been
obtained. These aerogels show excellent mechanical properties such as high strength and flexibility
against compression, which makes possible to prepare aerogels with low enough thermal
conductivity (ca. 13 mW m™! K™!) not by using high-pressure supercritical drying but ambient
pressure drying. Tiem developed the scale-up process for monolithic and granulate aerogels, and
obtained a clear forecast in the production of monolithic tiles larger than 300 x 300 mm? and
granules with a full plant scale. PanaES developed composite aerogels that show high insulation
ability even under pressurized installation conditions.

(3) Future developments: Tiem will receive financial supports from venture capitals that invest in the
production facilities to increase the manufacturing capacity, and make the foundation for transferring
the developed technology into extended implementation in society, through providing samples and
demonstration and verification in various forms of application. PanaES will also provide sample
products of thermal insulators with high added values by making advantage of their materials
forming technologies, and develop the consensus for the balance between performance and
competitive price for practical applications. In the fields expected with high demands, extended
demonstration will be performed to accumulate the examples of on-site verifications to promote
recognition and adoption for possible users. KU, Tiem and PanaES will continue their
collaborations to broaden the marketing channels by sharing information on production ability and
market size. The whole field of thermal insulation materials based on organic-inorganic hybrids



will be further activated by making new academic findings openly available after patent filing, and
allowing R&D in other interested companies through forming license agreements in the long-term
vision.



