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Synthesis and properties of bridged alkoxysilane with hexadiyne moieties. (' Guraduate School
of Science and Technology, Tokyo University of Science) O Hayate Yamahide,! Kazuki
Yamamoto,' Takahiro Gunji'

Reverse osmosis (RO) membranes prepared from alkoxysilanes have excellent heat and
chemical resistances. However, their water permeance is lower than that of aromatic
polyamides. Organic bridged polysilsesquioxane membranes have been reported to exhibit
improved permeability due to pore enlargement influenced by the structure of the bridging
groups. In this study, a bridged alkoxysilane containing a hexadiene moiety (BTiPS-H3) was
synthesized to enhance water permeability. Hydrolysis and condensation of BTiPS-H3 were
carried out using the sol-gel method, and the properties of the resulting polymer were evaluated.
When the hydrolysis time of BTiPS-H3 was set to 2 hours, condensation had not sufficiently
progressed. On the other hand, with a hydrolysis time of 24 hours, gelation was observed to
proceed. Furthermore, thermogravimetric and differential thermal analyses (TG-DTA) revealed
that the BTiPS-H3 gel started decomposing at 300°C and transformed into SiO».

Keywords : Reverse osmosis membrane; bridged alkoxysilane; Polysilsesquioxane; Sol-Gel
method
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1) K. Yamamoto, J. Ohshita, Polym. J, 51, 1103-1116 (2019).
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Synthesis and characterization of copolymers of QsPMS and alkandiols having long chain (Tokyo

University of Science) (OSota Onozato,' Kazuki Yamamoto,' Takahiro Gunji'

QsPMS and long-chain alkanediols are dehydrogenated and condensed using EtoNOH as a catalyst
for the synthesis of low expansion materials. A cross-linked polymer was synthesized by adding
0.01 mmol of Et;NOH against 1 mmol of QsPMS and 1,12-dodecanediol (DDD) in 10 mL of
dehydrated THF as reaction solvent, with DDD as a linker. Experiments were carried out under an
argon atmosphere: when four equivalents of 1,12-dodecanediol were added to QsPMS, the molecular
weight was larger than that of two equivalents, yielding higher molecular weights with Mw > 20000.
The progress of the dehydrogenative condensation was confirmed by NMR.

Keyword: organic-inorganic hybrid, element block, octasilicate, dehydrogenation condensation
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Novel Strategy for Synthesis of Alkoxy-substituted Polyhedral Oligosiloxanes (!National
Institute of Advanced Industrial Science and Technology) O Hisayasu Ishibashi,! Takeshi
Nozawa,! Toshiki Nishitoba,! Tomohiro Matsumoto,! Fujio Yagihashi,! Junichi Sato,'
Kazuhiko Sato,! Koutaro Makino,! Misako Morota,'! Shinji Tanaka,' Masayasu Igarashi'

\"

>

Recently, we have established a simple and mass synthesis method for the cubic octamer of
orthosilicic acid [SigO12][OH]s (QsHs). However, QgHs is insoluble in common hydrocarbon
solvents such as toluene and ether due to its high polarity. We herein report the synthesis of
cubic octamer of tetramethyl orthosilicate [SisO12][OMe]s (QsMes) from QsHs, induced by
alkyl triflate in the presence of amine. The reaction system was also tolerant to the hexagonal
prismatic dodecamer of orthosilicic acid [Sii2015][OH]i2 (Qi2Hi2). We demonstrate a
fabrication of QsMes thin film as a preliminary step toward atomic layer deposition.
Keywords : Alkoxy-substituted polyhedral oligosiloxanes, Silanol; Functional group
transformation; Deposition
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1) Nozawa, T.; Matsumoto, T.; Yagihashi, F.; Beppu, T.; Sato, K.; Igarashi, M. Chem. Lett. 2018, 47,
1530.
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Synthesis of silatranes from rice straw ash and their properties as flame retardants of wood
("Faculty of Science and Technology, Tokyo University of science) O Shogo Hashimoto,'
Takahiro Gunji,' Kazuki Yamamoto!

The synthesis of silatrane glycolate from rice straw ash (RSA) and its properties as a flame
retardant were investigated. 5 wt% citric acid solution was added to RSA, stirred, and then
calcined at 500°C. The resultant was filtered. Triethanolamine (TEAH3) and ethylene glycol
(EG) were then added and refluxed at 200°C for 15 h. The resultant was filtered. The
evaporation of the solvent under reduced pressure, the resultant was washed with ethanol and
then filtered to give the desired SG in 14.2% yield; ESI-MS suggested that the product was
present as a dimer. The resulting reaction mixture was applied to wood and its flame-retardant
performance was confirmed by TG-DTA measurement.

Keywords : Rice straw ash; silatrane; flame retardants
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1) C.R. Bickmore, R. M. Laine, J. Am. Chem. Soc., 19, 2865-2877 (1996)
2) J, Umeda, K, Kondoh, Ind. Crops Prod., 32, 539-544, (2010)
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Synthesis polyborosiloxane and its properties of a flame retardant for wood (' Graduate School
of Engineering, Tokyo University of Science,) OKazuki Mori,! Kazuki Yamamoto,' Takahiro
Gunji !

Most flame retardants that inhibit wood combustion have a high environmental impact due to
the complicated pressurized injection process. In this study, we focused on borosiloxane bonds,
which have high heat resistance, as a new coating-type fire retardant that does not require a
pressurized injection process. Polyborosiloxane (PBS) was synthesized by the
polycondensation reaction of boric acid and alkoxysilane. The IR and NMR spectra showed
that PBS is a clear colorless viscous liquid composed of borosiloxane and siloxane bonds, and
has flowability of about 1 month. PBS was diluted with an organic solvent and applied to wood
samples by coating process and evaluated for flame resistance using a cone calorimeter. The
results showed that PBS reduced the main peak of the heat generation rate by up to 53% and
the total heat generation for 20 minutes by 14% compared to the untreated wood chips.

Keywords : fire retardant, coating,; Borosiloxane; sol-gel
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1) Y. Zhang, C. Zang, Q. Jiao, Y. She-li, J. Mater. Sci., 2020 , 55:14264—14279.
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Synthesis of silatrane and its properties on a Flame Retardants for Wood (' Tokyo University of
Science) OYuka Teramoto,' Kazuki Yamamoto,' Takahiro Gunji'

As efforts to achieve carbon neutrality bring attention to wooden architecture, the high
flammability of wood remains a significant challenge. Silicon-based flame retardants are clean
but expensive. In this study, we focused on silatrane derivatives, which have lower viscosity
and can be directly synthesized from SiO.. Silatrane glycolato (SAG) was synthesized with a
crude yield of 52% by reacting SiO: with triethanolamine in ethylene glycol. The ESI-MS
spectrum suggested the oligomerization of SAG such as dimer or tetramer. After impregnating
wood with an aqueous solution of SAG and measuring the heat release rate, it was suggested
that the formation of SiO: layer suppressed thermal decomposition and delayed the rate at
which heat transferred to the reverse side of the wood.

Keywords : Silatrane, Flame retardant, Silica, Triethanolamine, Impregnation
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2) Synthesis of Oxynitride Powders via Fluidized-Bed Ammonolysis, Part I: Large, Porous,
Silica Particles, C. R. Bickmore, R. M. Laine, J. Am. Chem. Soc., 1996, 79, 2865-2877.
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Synthesis of Polyphosphasiloxane and Evaluation Thereof as Flame Retardant (7okyo
University of Science') OMabhiro lijima !, Kazuki Yamamoto !, Takahiro Gunji !

Wooden buildings have a high risk of fire, making risk reduction an important issue. We report
on the performance of this material as a flame retardant. In this study, polyphosphasiloxane
(PPS) was synthesized by hydrolysis and polycondensation of alkoxysilane and phosphoric
acid. An appropriate amount of MTES and phosphoric acid was added to an ethanol solvent
and stirred at room temperature for 6 hours to synthesize the material. When applying for
certification, the synthesized PPS is concentrated by evaporation and dissolved in IPA, which
is then sprayed onto the surface. When the thermal properties of the wood chips coated with
PPS were evaluated using TG-DTA, it was found that the heat generation peak was suppressed
and delayed. When the wood chips were burned alone, the heat generation behavior showed a
first peak at around 330°C and a second peak at around 460°C, but the wood chips coated with
PPS suppressed the first peak and showed a second peak at around 520°C. Furthermore, the
weight loss rate for the wood chips alone was reduced by 100%, but the wood chips coated
with PPS lost about 70% of their weight. These findings suggest flame retardancy.

Keywords: flame retardant, polyphosphasiloxane, alkoxysilane, phosphoric acid, hydrolysis
condensation
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