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Abstract

Organic bases (the long-chain carbon primary amine, decylamine) were adopted
to catalyze the sol-gel reaction for the preparation of UV-curable nano-composite
resins containing epoxy resins as polymeric matrix and SiO, particles as inorganic
fillers. The samples were prepared by mixing the precursors, tetraethyl silicate (TEOS)
and epoxy resins together and then added various amounts of water and organic base
to form SiO, particles in epoxy. The photo-initiator was subsequently added to form
the UV-curable nano-composite resin samples. The analysis of samples using Fourier
Transform Infrared spectroscopy (FTIR) showed no side reactions; the nuclear
magnetic resonance (NMR) and Raman spectroscopy analyses revealed that the SiO,
particles in network structure indeed formed and the transmission electron microscopy
(TEM) clearly observed the aggregation of SiO, particles. The thermogravimetric
analysis (TGA) in nitrogen ambient showed that the thermal decomposition
temperatures (Tq) of hybrid samples were related to the quantities of precursors and
water. The sample with the constitution TEOS:Epoxy = 15 : 100 and H,O/TEOS = 14
exhibited the highest T4 improvement about 10°C. The thermomechanical analysis
(TMA) showed that the coefficient of thermal expansion (CTE) of samples could be

as low as 65 ppm/°C in the temperature range of 40 to 60°C.
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HI= fl# TEOS T Afiefisk s fl- ﬁﬁlﬁ-ﬁg% o [P S ERS TiER PO PO 1EF
PR TR TRy SRR ISR R BRI E R aL
RI=pyoi i % EJ[J??TE{? Bﬁ%ﬁﬁaf}ﬂﬁmﬁzf DITEEL T Bb -

(2) ﬁffl
OCoHs ?CZHS Alcohol condensation ?C2H5 ?CZHS
HsC,0—$i—OH + HsC;0—Si—OCsHs =~ H,C,0—Si—0—Si—O0C,Hs + C;H;OH
OC,Hs OC,H; Alcoholysis OC,Hs OC,Hs
OC,Hs OCHs  Water condensation OC,Hs ?CZHS
HsC,0—Si—OH + HO—Si—0C,H; Hs;C,0—Si—O0—Si—O0C,H5 + H,0
OC,H;s OC,H; Hydrolysis OC,Hs OC,Hs
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i R ST SRR BT SRR > Al (SRR SR A
B PN EERLAN ) 5 bl BRI o ARSI PSR SRR - [N IR
O ORI L — o U SIS e @ETMBIﬁ@W§u¢
P3SN A SiOy (U R IR B IS R S

SRR TR G e e



OCHs
H5C2O_|Si_OC2H5 + 2H,0 —> SiO, + 4 C,HsOH
OC,Hs

2.3.3 “EIpVEYEF

*’J‘fﬁ?’%ﬁﬁ* -EEIB R VYA MR [l (R = H,O/TEOS Molar Ratio ) ~5%7]

(1) (77 (R =12 2): Brinker[27)5" * 52 TEOS 1 RIL AT 2 R=1
FOTFIR S AR > AR5 EY SiOp J9 80 5 A< 2 pUGkaa gl = KL et
P » DY £ - o ﬁaﬁm;.%( Steoro Hindrance ) I
TEOS HHE= F 0y = SR bL-Io7 » SRRV SR M 1RSI 5 po =
FLPA-feie o [y R =28 » [O3R T REE] il TBOS 52 ~fof o PAI 53 (55
R - SO o POH 1 O RERE L -

(2) g AE (R=4210): Aclion[28]1FI R = 4 '] FHf » I+l =I5 L5
TEOS 5 2 i - K] Si0, l0nb-R (ol SO o (e 4 ! iz o
Si0, LY [k Ak 4~ e ROEE A RERE DI TR (]
T A5 s i R

(3) g RN (R=25 I =) Ff TEOS fj=5 = < » (LR 15 7 ™ ks
SRR D SO T 3R (™ I 2 > U REBRETD BP0

VRO P E R > 2 S M T 2EVRUR] S [ R <2 PRV

] e s RN BV BHET % > TEOS it = - BRI & TRy i

SR -

iy
_!'l

=+

234 (% pH IERH-EE S TR
Aclion 37 * [1828] (TRt SETA-HETE ™ O RYA% S IOIPRL I [ AT AT

R » H T RUEE  TRETBN - ir LEHE ROEIfI -
TH-EETIR 1 ISR B TRLIFIFE o - NIk T (R pH e
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[ AR Y e e I 25158 22 e S RIE(EE S - e
IE St A et ﬁ} I <k RS R ] SR IR > R R
(e e E R AR P for*i*f”ﬁiﬁjﬁlin[ﬁﬂ%?ffﬁf Bk 4’%&@
SR O R T T PR N A Sl S gl PR R
I R T AT S SR A AT EED R G

MONOMER
DIMER
TRIMER

TETRAMER
CYCLIC

pH < 7 OR pH 7-10 PARTICLE
WITH SALTS
PRESENT

nm pH 7-10 WITH
SALTS ABSENT

100nm
THREE-DIMENSIOMAL
GEL NETWORKS SOLS

q?ﬁ' 21, T\ W pH I:EP[EJJ: SiO, fF 3" 1Y 2. ﬁLQﬁI[ZS]

T T " T
CONOENSATION ——
- =l
~— HYDROLYSIS
L —~—— A oissoLuTion _{ wi
- E
ui HaLCA E'
8 2
S T &
e - MCA -1
RIPEMNING
AGGREGATION
[_ 1 | 1 i
o 2 4 G a 1 12
pH

[Al 2-2. T [l pHL I Aoy 7 o™ s TRI[30] -
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SURCHIN Sy NS B2 3 e (WA IR LA f“‘?ﬁ-‘ﬁ%ﬁ%@ TERGHER ] =T [N
T Tk f“‘i?{—‘@ﬁi@@ T = ARV AR (S D I ESPRIE T
e B LS o TR0 I B [ E PRISFORRTR (HCL) - i (HaS0s) %)
[k (HNOs) I'J ¥ fgftpyagi s (=] (NaOH) =47~ (NH,OH) &> & iéﬁﬁ,{%ﬁ%
R IR o

1995 & - Tilgner[31]%"* %] HCI - NHJF ') NaOH ¥4 TEOS 3£ 714-
EEIR S TR [ AR N 3R HCL Y NHAF {# [~ TEOS Frifl Vi P85 t) %
14 Si0, » [UF] NaOH {8 [~~~ Rl 0V g Poipd — s EURE 55 "’r?ﬁ'%‘ £h 50 = 80

nm e

30
Acid catalyzed sol

€ 201

£

8

@

[}

-g Base catalyzed sol
a 10 4

0 L} Ly
0 50 100 150

Aging time (hour)

[l 2-3. I'] HNO; {Y NH4OH [ iﬁﬁﬁ@ el A (2 [32] -

1997 & > Chu = * [32]55 f[I#]]*'] HNOs %> NH,OH {#{ 1&@@3@’9 T S
PRIEZBUR™ (1) HNO; [ =~ i) 2 58 1 SiOp 4= /[ i i385 (') NH4OH
(B (=~ g) RS Vo= (LR > R IR > TURE 288 (8 e [ = D
2-3 i o BEEFURT > HNOs [ [V-RERES Tl S10, 4T i Pt NHLOH [ {5
et ] (R TR+ HNO, (i [V 15 % + I NHLOH [~ s
R TR ey 7] S

[ﬁJEF » Silva == Airoldi[33]7 N-B-aminoethyl-y-aminopropyltrimethoxysilane
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(AEAPTS) [[1I'} HCI fi> NH,OH {#[™ TEOS JE/ 7 5-K2fE ™ Il » G5 E #5225
?Eﬁﬁilﬁ[ »Ad N AR HCL [ ™~ TRV Siopfb ="~ £ 0.91 pm A:JF[ g
I'} NH4OH (8 [~ #5955 0.6 pm = f l%??ﬁ\@?_"ﬁfﬂﬁﬁﬁ“{’ I YRR
PR SaRLN L AEAPTS Fﬁ%ﬂ HCl1 ’EF [l 1# R T R RS R
Si0; ©
2000 ¥ » Karmakar "~ [34]fj ™ | 278 % B = X ASTRIFH [~ TEOS 1£ S 1K-E-
B o E IR E EIJ 1+ 8% (Formic) ~ Jifif% ( Acetic) ~ 1 [ ( Propanoic )
5% (Pentanoic ) o SR CIJ N HCl HNO; ~ H2$O4E"ﬂ7&?ﬁtﬁ (H3PO4) >
AR N SR CH > BEIRI ] Pfiﬂﬁé'f?ﬁ\ fﬁ > ([HER~ s pH f@@ﬁjﬂ'& Apil T > J)
5% 1 Si0, AR > ISR « 15 i 10 2] 60 pm » ey
FD 2.10 = 2.16 g/em’ fUR[EIZE" o
2005 *F > Huang = * [35]7 Poly (2-hydroxyethylmethacrylate) (PHEMA )
FI1I] HCL 2 TEOS 22 iK™ I » SLH SiOp =~ %52 % 40 nm >

P IRE=5) ) 150 = 600 nm » ET%?FL[% B TR TIPS I ok 4

2.35 HLRYFH-REE S TV

RV T SRR T T Sl S R Ty
P02 ELRL e ol {58 e = I VIR SRR i
R e ORGSR Z By 8 0 2 Ry
Ao BhES IS T L) -

24 BEHT
24.1 BB
gl (Oxirane Group) RLFFRY ffthe/i= "=~ 3R ARy = F1opUL
o SUEIERERL [ A PPEERRR [ 447 (Epoxy 5 Epoxide) » f8 IR
[ PR SRR 10 (PR PIP B PT F A B
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FEBUS e P LR PP » SR ORI ~ B o) Ay

[T 5 Ay b4 TRV H’?‘*Mm T PR PRI D 322 S HIBUR 7 136] - g
OB BTTRLE~ 1453 11 g ] OBl e e
Y SRR R T HER I H I
(AIMFR (™ o P PR R (00 - P - T BRI P PR
%EE‘/EWFEEFF@F sz“ni‘
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CH,—CH—R—

[l 2-4. ZBUERRLEVS EIRULIGEA -

1930 £ > 4 Pierre Castan 15! Greenlee [17% 5510 /5 Bty >
= [fr™'] Epoxy Resin IV £/ 1933 = » il Schlack F1€]] 2 [115377 A(Bisphenol A>
BPA) (455 FULETf 5 1936 > B! Castan 5155 I’S’i@‘.‘%ﬁ’m%m A BT
1939 & » X [ Greenlee FIRIE ST A SRt e[| 5% (5 Il o = B POBEA AT g
1940 E;ﬁ.jj Gastan 5t 7% FFI’TF_{II'L'EN TS 1946 = » a[a&«!ﬁqu:zﬁkﬁ.
b ARBURGAT S TR GRS R - B R SRR PR
WU T B RLR R > BN ORISR PP SRR I 3
SHFPRIV - e [1,36-38]
BT S |5 2 IRE POPCE R TSI SIS PRV PR EET
AR 2 > BRI AT
(1) YEREppl] - U R IR A P o SO S 3 BT 7]
B s TEREPREOT 9HE AR IR ~ FHFEOThE Zf:fﬂ EHi1Y
(= 1R
(2) FRCRRATR] - SBUEMT  PARCRT R - 7 €7 S ek Vg B N
w1 BRI ~ RS - ISR RSSO PR R L

—
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AT

(3) FUEREATR SR SRR RS IR R e R e ET
FORLAES - BRIBEH - RS 3 ST S TR

(4) 7~ FEPRRE] BV IVRTRBEEEES §E S A IS LRSI AR IR S
FIE P RIS RIS AR

(5 HH: BEBIRHIGRHIHR L ELE  FALEERE RS -
VR M

(6) HIAFHRIRLE -

BUMB= S (R | R R > 2 RORLPNTBLAT S R PR -
BURBTIR S R0 PR 2 Iy SR LT R (S VR ]
PRI 5 2 EFEEL (—OH) PRI (0 ) » Bff i 5 Ut )
B YRR (AR B9 TR - T R
R S

2.4.2 BSHHAOTR
BEBTIRR A R A S R Y Y0 R P IR e L -

TR A = o1 o3 RS2 P o Bl B Ry~ 0 o =i R =
ogﬂ%@#ﬁﬂ@@%’ﬁﬁw%@rﬁﬁﬁw#ﬁﬁ’ﬁﬁﬂﬁﬂﬁ%ﬁ@
AP 13 ERERELIE ~ PRI IS 5 FINEE ] LBV EL ( —NHy) -~ fl gl
(—SH) @kl (sl —H) 25 BRI R (7 g gL
TRyl (Complex Ton) o IJIEHTE 7R E M HER] T

YEIBSFE ﬁ’y@l’“‘fif?‘JE@E'}’Ef‘;”fiEl[’“‘fV'ﬁfﬁiﬁF T SRR SRR R
i3 ERIR B IR ] o AELA R B [ (Lewis Acid) [ HA @
(Lewis Base ) [19{™ 747 « [l 2-5 = 2-8 EVRI[ TGN ~ (8102~ A -
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Aﬁqtﬁ%ﬁif — HoN(CH),NH(CH),NH,  HpN(CH»),NH(CH,),NH(CH;),NH,

CH,NH,
R —— @
HN—{: :}—CH—<: :}—NH
CH,NH, z 2

— B
(CH,);CONH(CH,),NH,
(CH,);CONH(CH,),NH,

CHzCH: CH(CH2)4CH3

L

(CHy)sCH3

FrFops] —
(0] (0]
Ty O
N o N o

e
A

OH OH OH

L

iy

—polymercaptan — HS—(C;H40CH,0C,Hs—SS),—C,H40CH,0C,Hy—SH

— %
AES I F L HsC CH;
FEHI%:{*J |1;‘~154 qJ 3 \/N_I(I:_N\CH
TR HC g ’
[HEE E BF;3+C,HsNH,
B! 2-5. RS R A[36-38] -
@
CHz\_/CH~ + H2N(CH2)IINH2 —>H2N(CH2)HII\IH2 —>H2N(CH2)HII\IH
0 CH2—$H ~ CH2—|CH ~
oo OH
(l)H (l)H
~HC— H2C\ CH,—CH ~
N—(CHy)n—N
(CH) “CHy—CH~

HN(CHoNH +3 CHy—CH ~ —— )
CHy—CH ~ 0 ~HE—HC Ly
- OH
[fi! 2-6. ZZEM PRI Tt
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R3N + CHz\ CH~ —>» R3N—CH,— ?H ~
d oe

@ @
R;N—CH,— (le ~ + CH2 CH ~ —» R3N—CH,—CH ~

0o d O—CHZ—(liH ~
0o
®
R'OH + RsN—CH,—CH ~ — > RN + RO—CHZ—CH~
O—3i—CH,—CH 0——CH CH
% 2 | _g 2
0o

[l 2-7. BB RRAEE R [ TR -

|
BFyRNH, + CHz\—/CH~ ‘—|E3B ITI @®CH,— CH~
O

®
~CH—CH2 + CHy—CH~ —>~CH—CH2—O—$H~

=

T

OH d OH ®CH,
|
ROH -+ |FsB—N ~(|:H—0—§—CH2 CH~ ———>BFsRNH, + ~ICH—0—§ CH—CH
H| ®CH, OH CH,—OR' OH

[l 2-8. S RIIRLREE S 1 [ b -

E%LE?\EL%}'_I—:' —4;'\%7_@ #Iﬁgﬁg%%/ﬁ y b PJ;{LE[Ij{JE‘xFL}
( Photo-polymerization ) fiu =\ ?ﬂ%’sﬁﬁﬂ\??ﬁﬁ e ﬁf‘]‘ﬁﬁp U fﬁfif"[ i~ ’I,Eﬁr:;iﬁ fLp
Elﬁllﬁlf}éf",? f}?éf’—‘, ( Cationic Polymerization ) 471 » 1% f%uf':}[?]’ \7{@%’;@1
1 SRR A R I R R S
El[ﬁlﬁy]}ﬁgm rlfjrﬁﬁéi?/’?&/wif[[fkﬁ[ ) }%%Eﬁuﬁg Iﬁl_l (g;réf/‘lﬂﬁﬂ o [E UEI IJt
1> ﬁf‘%ﬁ ’:’ﬁ%ﬁﬁ%@ﬁfiff 3 OB i) F 5 = P« SR WF[E SR EES A H%F’\[ >
e (Cationic Photo-polymerization) = Il ﬁF[Iﬁiﬁ%&ﬁﬂF[“j ’TEII'"‘?’J%L
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I LSRR oA R T » [ T - 2 e
FRPIS 2R - 4 SRR P | SRR A RSB ET,  R RE A

’—‘E/TE

—v—l

PR B HTIREIR (PO pl - FERLR I 7 E tiocil gy - 1) ik
BRI G AR o 1o R RO R S R R

G PR PR BV AR R T RS PR BRI SR
F BT B » SEEHIV53 7 2 OIS KT 55  Curing Shrinkage)
TR 55 el I 38 R (P | Bk E AR R T gl - 7
1] fllst (Cooling Shrinkage ) = [RI= > RIS T AT 1R l'“‘E?j’%'?ElT’?%’??
TP R o 0 A R O BIAPRLR R % 70 (Internal
Stress) -+ PR UATRI T 2 ol BT RiAR 0 b - xﬁ%fﬂcﬁﬁﬁiﬁ%&@%
PG B - AR

2.4.3 BRI PIETRVpIsh
WU (PRI R 2 Bt g
(1) BURBPRFRY T 56  BERBPRAVERIE % BT e o=
FR I TSR ST P RISRE - LIS AT

e HHﬂ: 2 Llﬂ: [EE - gF@W[ﬂ?
f—%
(6}
=t Bttt e

(2) JRPIRRRTEL - AR AT PR 15 = AR T
N [T R L RS RS 5 [ R e
o AR TP LT o BT PR R PPV 3 = H R LR
PSRRIV - SR T[36] -
=t - FRRIPERT ~ R (I R R f G BRI [ PO e -
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TH-RETETE KL~ FEREHIVIRAR (507 T - [ PRI~ pI R R
SN SRS S Pl PR SRR TRV [IUNE S R 2 AR ET
[FIZIRRFY o $0 o F2EPEAR31-35]7 %5 R P e i 1 BURL ™ PO -8
(ERE L e b e A i T e B gl e
(B (G o I PRAER 2T SE L S R -

RS TS U 2 R A (F (OLEDs) VPR - fifh
ALY - AR = AP ARSI E -
BHL CPPR] > Bl PR A > SEARCE L [ VRS < (1) FIP A
TRV SR R e Fh e ORI i) S ™ X R

fEE" (. CIEr) [ %‘%{[WEM A LR S £ 7 2 A |
SRR o YRR [ L Y o 2-9 T A R Y NMR
0 210 K555V SiOp HikE S B4 ( Transmission Electron
Microscopy * TEM ) it » #F #5455 6 = 25 nm Fre H A 'j]s]m?i/ S
FHHU SR - TR R IR Y T I pORE 5T
P L SRV T [ S P SiO, IR S R S FIpVET
SERLEL A BERRY U RS > S SRR A SR e [l R VR
FIFIR A DA A PIRETSEE D (RS RTE A TRLIA-RE R ™~ TP ]
FEPERRVETGE 5 h TrRRE IR E R =EU - R ™ TR [ - == i
FeE AT o T WS T OLED HEMET I B PR =R Tk
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—(Si0)Si(OEt)(OH),
r'g

—(Si0)Si(OEt),(OH)

=3

=

@, —(Si0),Si(OH),

g W

B

S | —(Si0),Si(OEt)(OH)

- 4

B . .

= —(Si0),Si(OFEt), /N ﬁ

I T I L} T T
-110 -100 -90 -80 -70

Chemical shift (ppm)
[ﬁl 2-9. ;EJ{TL[ pr £ [ .—dfk -EEAR R T 1V Z8H NMR [ﬁl% [39]

S50 nm

[ 2-10. IJES oA (R wig SRR ER RSV Si0, MRV TEM By (3
[39]
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3= ﬁ’[

R

3.1 kS,
311 ﬁ%&iﬁﬁﬁ : 3,4-Epoxycyclohexylmethyl 3,4-epoxycyclohexanecarboxylate - f{f

TRy ¢ Aldrich » g fL=] -

0 o)
3.1.2 Fjiig¥¥s : Tetraethyl Silicate (TEOS) » { /sy : SHOWA - 547 : 99.96% >
AT R
(|DC2H5

H5C20_|Si_OC2H5
OCyHs

3.1.3 (& : Decylamine - i 2 TCI - A AT 95% » LA [~ [EF ™) -
CH3(CH2)sCH2NH>

3.14 UV L &R ] : IRGACURE 250 > fH sy « iR i g™ | -
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3.2 YRR

(B [ s

A

Epoxy {5

A

oy

Epoxy + TEOS

| g

e A EE s

VEFE 30 5348

j‘ FA, RS T

A

U E SR

feEE 48 1 T

i 3-1. WERVAH -
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1Y 48 oL
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B+ e Beih + TP
RS LT l S
A W 15 S5
E.FDMF‘E[I* Wz 7
B 5 B
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B [~ TR R~ | TS (7 B Asikée TEOS if Vi’ 7 Decylamine |45k i

l'“‘*téi?*"%f?iﬁ-‘@@?@ T [ % SIO A SAE 7 o R KL K] TEOS
= g%’ﬁﬁ,’ PO R > TAZIEN T Decylamine BE AR o HORRSEA ] -
%T‘ZEH%‘%E}E GIERIOE RS s WS AV TR R
( N,N-dimethyl-n-decylamine ) I'] » 3, F[F_ A Ey = AR KT (N-butylaniline
N-benzylaniline + N-benzyl-N-ethylaniline ) =" > ﬁljﬁdj‘”ﬁ%ﬁﬁ[ﬁ%gfjﬁfﬁﬁ  BEA R
- AR e R S PN SRR G VB Epoxy BUR [ RE S ’%ﬁ/“\ﬁ?’ﬁﬁ
S Frsv““ g Y Decylamine mﬁ%ﬁﬁ o A
(B8 A et B [ = e

el EHEREY S B E ST RS ER B

3,4-epoxycyclohexylmethyl  3,4-epoxycyclohexanecarboxylate - & Z¢ &
4-vinyl-1-cyclohexene Diepoxide || & Bisphenol A Diglycidyl Ether (DGEBA ) » &
i [* 4-Vinyl-1-cyclohexene Diepoxide 75—+ &l {5 DGEBA Zﬁ@ i\ﬁ,lj ’ ﬁnJE}%’ﬁF{
Eﬁiﬁi,%i;?nﬁﬁﬂﬁ 3,4-epoxycyclohexylmethyl 3,4-epoxycyclohexanecarboxylate -
fEde o A Bpoxy FERHY i o S FS BGRLIVE) - T 5 MRS
T’?ﬁ%ﬁgﬁ ]"ej\ [ﬁj%ﬁkﬁ[fjﬁfﬁ[}l o % 3-1 BR[| L E %ﬁ:ﬁ,p Jf[“g » 3 lp JFﬁJtug\*l
B« BERAZIE PR 1 (RITO R E Rl (S X SRR SR
(= piF=s) ',[E{%‘FF‘F'HI Epoxy == F | £k i [PV Sl 125+ 1 -
AR i e BT S S s 4 drip M S [ PR3 SR T s
frosk EEA < KRG | Epoxy I 3.5 WtoeE I ¢ Sk Bl - i fy 38
F R TERLEY IR 3 T4 BT UV IBRURS (CU-1000 0 T )
[ UV S 5 5388 SIS = UV 0B i 1515 365 nm > i

Jifl JH:E'[ 5;1@ £, 80 W o
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* 3-1 Bt 2 o

s | TEOS:Epoxy | H,O/TEOS* | B | TEOS: Epoxy | HO/TEOS
1A 5: 100 0 1E 5: 100 10
2A 10 : 100 0 2E 10 : 100 10
3A 15 : 100 0 3E 15 : 100 10
1B 5:100 2 1F 5:100 14
2B 10 : 100 2 2F 10 : 100 14
3B 15 : 100 2 3F 15 : 100 14
1C 5:100 4 1G 5:100 18
2C 10 : 100 4 2G 10 : 100 18
3C 15 : 100 4 3G 15 : 100 18
1D 5:100 8
2D 10 : 100 8
3D 15 : 100 8
R R

ﬁ“j} %Fﬁ[!,%ééE'JJ‘ 71 BE SIO; ML N S5 =Ry I Z RSk~ i% Feﬁb a?n"’ﬁ"/,“l
PV NI 7y - e ;Hsygl[ glJﬁFF[!,fF[' ‘S‘%urﬁl,f > p ™ BT ﬂﬁfl&[ 1%
TR AT 10 534 FUREES T BEL R (EBA2L - Hettich) [ 5]
BE> ﬁlazﬁ ”EW*T‘@%&PBH’S AN FHEEHEI = 5% ﬁ,”)ﬁ}ﬁg@u Fhﬁ’vl
HERFIF > 1) 85°C Mtk 1) [ M E] SOk H (SIF 10 538 |\ R AE
B v SRS SO R SIRLIR) » F BRI IR, < R AROT BE D B B
“‘F‘ HIEHJ:%L il [I[_'*”K“‘ il Fﬁiﬁ FUARLE %E:'TFI’%%H 001g- = Eﬁ%i‘”ﬁn"“‘

HEFEE]]] - E‘IJ Eai i ﬁ%ﬁj%%&*%é

3.3 BRI
3.3.1 fFREHF=E (Nuclear Magnetic Resonance » NMR )

NMR BLH [ e SE(™ F,?JFUJH S o R TR SR R e
NMR > B]IFE%:;#?’{”,EIEI ] BRUKER DSX 400MHz Solid State NMR > ‘erz’%ff%ifﬁ#[ﬂﬂﬁ

Varian Unitylnova 500 NMR -

24



332 [T 1A FB (FTIR)
FTIR 53 B 6 [ (5 PSR A0 It 05T O 3L« 4 0B
ORI RS (KB [0 b U FTIR (153 gt i

FTIR fUE[9fE% Nicolet Protégé 460 -

3.3.3 ﬁi}rﬂ%% ( Raman Spectroscopy )
Raman W%J’ﬂwﬁﬁ ANSES ek 5 ECL U e b’fﬁlﬁl’FFHMF* RN
RS ST RNEE o AN Eﬁi}{jﬁfﬁp% | ri’ff‘lfﬁllm o AR CERHPES T

3.3.4 BENFHHMNE (TEM)

TEM BEE|I 53 Fr=py VSt fgfz\[ FREER 3 [0 | H ] ] e iR
iz e ST0 R4 W APl o St DRI i) J 1 IRl i B 10 S5 8
FUR AT Jﬂﬁﬁﬁ?fﬁﬂ EERES R AR %ﬁ%ﬂqﬁf} [/ I'] 85°C Htaizg
AJp HE] TEM 34 - TEM &%f‘[fﬂ”ﬁ?&“ Philips TECNAI F20- ﬁé[‘ﬁ HabT, 200 kV -

3.3.5 2 (Thermal Analysis)

1 W] TGA (Q500 > TA Instruments ) [ 55 ﬁﬁﬁ#ﬁﬂ—i 5 wt.%;‘?ﬁ}ﬁﬂm
EGIAEE (Tg) < K75 5 2 10 mg 1 {= O i 2 53U~ - ') 20°C/min fi9
F IEERE F[E = 800°C> %ﬂ—“@%ﬁpﬁlﬁﬁ% Ta> TMA(TA 2940 Du Pont Instruments )
HITRLH T RME R IR (CTE ) < AR5 5 mmx25 mm v = {5
WL BT Epoxy i (PE) PRERRSEARISH - b e
% TMA U A ¥ O 2 o ISR PE BRI 53 47 -
L] TMA A S I BB 1) 5°Cmin o] i ik £V 40 % 150°C
AR FEE o
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Ej‘j‘p y E’I

4.1 TR (T
Eaes Iiﬁ%&%qﬁ&% Decylamine rﬂg “ﬁ@%im Z{# [ TEOS [i|%Y
SiO " [l 4-1 (A% E=f3% TEOS : HzO : Decylamine =8:16:1 2Si NMR
5?%%\% PSR BRI AR PP R TR NMR S5 534 -
(AP A [18] e - SR TEOS 1 Si ST | Si(OH)(OCoHs),(0Si). 27 »
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