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AEC1E. [Synthetic mechanism and properties of organic-silica nanocomposites provided from
perhydropolysilazane by ring opening polymerization | &#HL . FIBREATICKBREZHRAETIHRIRE / ~—L& ¢
—E FERY > IHFV(PHPS) A — > U 7/ HAEKREARK L., ZOAKA =X LHEIA L KIGA 7 =
ALHBYEICRIETHEEZWO P ICT 52 L2 HNL L DTHY, LUTDO 6 ETHKEINL T3,

Chapter 1 @ [Introduction| Ti¥., —MkN R HEK - FEESEICOWTHFIL, SEOMEIC X 2 24 25l
ICOWTHR_7z, HHE— > VA F HEKRD S ) A LTV 5 Tw 23 MMT, TEOS, POSS o [ i % %
. PHPS OREHEICOWTHIL 72, ¥ bic, PHPS F7E T, KV = —2EAKRO GO B 7z K O REE R %
R~ BEICHEMHHECBRIRE ) v~ — 2 AV CHBREA ZT > BRKEIC OV CR L 72,

Chapter 2 @ [Synthesis and formation mechanism of polybenzoxazine-silica nanocomposites | Tlt, —fEfHO
RV Xy YFF¥ 2 (PB-a & PB-hda)Z v, KIGIRE L PHPS EZRATL L, ZNZNDavERYy b OfH
KR Z DEEA S = A LICDOWTE L T b, RIGEBRESEFENTH 5 PB-a R TR, K =—5 5 DKEHED
FeAHE, PHPS @& ) A ~DlRfL#lJE, K Y ~— & PHPS O JRIGHEE DB AINICHEIT L a7z, Hi L 5
DAL A ZIL L w2 L BB 2 e o7, —Ji. PB-hda £ Tit. 200°CLL LD KIS TIE A Y v — DK
BHEDOHIC X b, RIGPBEICEZ 2720, K ~—0/KEH L PHPS o SiH £ offic Si-O-C #H& 2
T2 LeBHL»IC LT,

Chapter 3 ® [ Transparency and water vapor barrier properties of polybenzoxazine-silica nanocomposites | Tl
PB-hda % DF4IG A /1 = X LSEMECKET ) THICRIETRBIC O W T L 72, 240°Co BT
PHPS %% % C LI X o TEWEIAME & KZEKANY THAA L L2, Z4id Mannich BEDERIC K 2 24 L
7MKL FA I X Y\ PHPS & ARG D Si-O-CHEERER I NG Z Lic Xk o TY U H O4EES
A EL72Z L FREATHD 2L 2P L,IC L, BT, YU AERIKF A4 YORY KR EhF ) ~—HOE
SM)OFEITLY . v )7 Iwt%TERM: LAKFELAY THESRSIA ELEZ L 2SI L 72,

Chapter 4 ® [Synthesis and formation mechanism of polyhydroxyurethane-silica nanocomposites ] <%, PHPS
ETIVOFETCERRA—F A —FORRESICIVF I e Fedo L2y —v ) AEEGKE B CAK
L. ZOEMA N =X L%EH L7, PHPS f77E F. PHPS LIGEF, KV Fufv v L x v BT 5 &
YT ET7IVIRTREALT IV THY, PHPS ORI VIKEEE O RESE T ¥ 5 KX, PHPS &
TRELyA—FRA—bOMHEERICE2 2L THE I LEPLDIC Lz, BRI —F % — b OBHBREAKIE,
PHPS @+ V) 1 ~DUR LG, BABREA IC X o T L 7Kgk & PHPS @ SiH B0 3 2 S 3541 1 HEAT
T8, BIU, RIGHTHAITABE-EER O Si-O-C #ia ORI IIKEER O R A ICTRiL X 15 23, UG
F Y 7 ORALAER L Y| Si-O-CREAIFHML w2 & 2P I L,

Chapter 5 @ [Transparency and water vapor barrier properties of polyhydroxyurethane-silica nanocomposites |
Tk, AV ebrbedovLay-2 ) AEHAKRDERA 7 = X LB RITTHECOCTRE TS, ¥ h
MMk 28 ) v—FROFEICLIV RV e FeXor L X v oIS RELAEZ L 2HL T L, 51T,
L END 2 Y 7 FAA Y OHHINTHE S IKZEL XA DIEINC X Y HERDKESNY TR E52 2 &2
2T L7z,

Chapter 6 @ [Conclusions| TRAWFLOERZBIE L., SHROBLEICO TR,

INEET 20, K FABRES TIOKIEE 2 LT 2 BkE 7 ~— & PHPS 2w CHK-> ) 7 7 6
HEARM I ZDRICA 1 = X L% RIA L, ERECKESASY) THEZR L2 2 8T, LEMRIEGT D ST
RS LR ZH S DI L e,

%« FRSCEE BRI, FI3L 2000 72 & 9532 300 354 1 M9 ORI 57, b L<ITITEL 800 5% 1 FRE L T 723wy,
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In this study, | aimed to synthesize the organic-silica nanocomposites provided from perhydropolysilazane,
PHPS, by ring opening polymerization, and to clarify the competitive reaction mechanisms of the
nanocomposites and the effect of the nanocomposite mechanism on transparency and water vapor barrier

property.

Polybenzoxazine- and polyhydroxyurethane-silica nanocomposites were synthesized with PHPS by ring
opening polymerization in one step, and the formation mechanism of the nanocomposites was investigated
by using monofunctional monomers. Moreover, the effect of the competitive reactions of the
nanocomposites on transparency and water vapor barrier property was investigated.

In the case of polybenzoxazine-silica nanocomposites, it was found that the amount of the formation of
Si-O-C bond was controlled by curing temperature of the nanocomposites. Both transparency and water
vapor barrier properties of the nanocomposites cured at high curing temperature were improved due to the
Si-O-C bond formed by the competitive reactions of the nanocomposites. Especially, 1 wt% of silica
nanocomposites showed the highest improvement of these properties owing to the thickness of combined
polymer layer around spherical silica domain rather than by the silica content.

In the case of polyhydroxyurethane-silica nanocomposites, it was important to select an appropriate amine,
which does not decompose PHPS, to form both urethane and Si-O-C bonds in the nanocomposites. The
more Si-O-C bonds were formed at high PHPS content because of the reduced hydroxy group formation of
cyclic carbonate, which is attributed to the interaction between cyclic carbonate and PHPS. The water
vapor barrier property of nanocomposites was controlled by the formation of the Si-O-C bond, not by the
effect of pass length of water vapor. The transparency of composites was improved by the dilution of
polymer with silica.
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