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Preparation and characterization of bisphenol fluorene
based benzoxazine and its composites

Abstract

1. Bisphenol fluorene has been synthesized from phenol and 9-fluorenone
using 98 % sulfuric acid and B-mercaptopropionic as catalysts. The structure and
thermal properties were verified by FT-IR, NMR, and DSC. The results showed that
the product was target compound and its melting point was 225.8 C.

2. Based on solvent, solventless and triazine methods, bisphenol fluorene
aniline based benzoxazine was synthesized by Mannich reaction derived with
bisphenol fluorene, aniline and formaldehyde (paraformaldehyde) as raw materials.
The structure, curing behavior of the benzoxazine and thermal stability of
polybenzoxazine were confirmed by FT-IR, NMR, DSC and TG. The results
indicated that the product which was completely ring-closing was target compound.
The onset and maximum exothermic peaks of benzoxazine polymerization were
250 ‘C and 260 C. The initial and 5 % weight loss temperatures of
polybenzoxazine were 354 C and 362 C and the char yield at 800 'C was 51 %.
The thermal properties of benzoxazine resin were greatly improved by contrast with
bisphenol A aniline based benzoxazine resin.

3. Two kinds of liner bisphenol fluorene diamine based benzoxazines
consisting repetitive oxazine ring were synthesized from bisphenol fluorene,
paraformaldehyde and aliphatic ethylenediamine (hexamethylenediamine). The
structure, curing behavior of benzoxazines and thermal stability of the
polybenzoxazines were confirmed by FT-IR, NMR, DSC and TG. It was found that
the two kinds of products synthesized are target compounds. The onset and
maximum exothermic peaks of ethylenediamine based benzoxazine polymerization
were 231 Cand 253 C, the initial and 5 % weight loss temperatures of
ethylenediamine based polybenzoxazine were 344 C and 357 'C and the char yield
at 800 C was 51 %. The onset and maximum exothermic peaks of
hexamethylenediamine based benzoxazine polymerization were 203 Cand 248 C,
the initial and 5% weight loss temperatures of hexamethylenediamine based
polybenzoxazine were 319 C and 330 C and the char yield at 800 C was 31 %.
Compared to homogeneous bisphenol A based benzoxazines, the curing and
cured-produced decompositing temperature and char yield at 800 'C of bisphenol

fluorene diamine based benzoxazines were improved.



4. Benzoxazine/SiO, composite, woodceramic and wood/SiO; ceramic were
prepared with bisphenol fluorene aniline based benzoxazine as matrix. TG
indicated that the introduced SiO; can decrease decomposition rate of composite.
The char yield at 1000 'C was 60 % when the weight ratio of SiO; was 30 %. The
structure and morphology of woodceramic and wood/SiO; ceramic was
characterized by FT-IR, XRD and SEM. It was shown that increasing resin content
in woodceramic influenced little on the degree of graphitization. After sintering,
benzoxazine was converted into glassy carbon and bridged with carbonized wood
powder, which made the ceramic more compact. The B-SiC appeared and its content

in Wood/SiO, ceramic increased with the increase of SiO,.

Key words: bisphenol fluorene; benzoxazine; liner bisphenol diamine based

benzoxazine; composites; ceramic
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HA Mtk b
1.2.1.3 BIAKGWE

Agag BT R KA M5 KMBINEY A AT WA &R R EIFER
(%8 : B-ala; XK} A: P-ala) . DSC i 8 § /K B-ala RH — /MR B BHAE,
4T 145 C, 7E 265 CIRBIR K, K v 4 V4 55 RIS B 2R 75 I Al 8 rp 4T
BAOKFAEWHTRE. T P-ala i) DSC fh4: R H WA BUAE, 5 —A AR
T 145 C, WME LA 207 °C, $ANBMREHT 225 C, 7 260 CAHE
6, BmitmAS| KA AIBN §ijG # DSC ¥ EI X B, A HEBMCHRET MK
AR ER MR, FELAE— PR T RS R FTRGRNEER




BEWE B i PP-ala 1 PB-ala, Tg A HI4EE T 150 CTHI 170 C, #KRE S %H
BEDORET 20~40 C. FHEDBPLERTEMERME LT EXNEBRER
EEABENEW, HUUFEIBEAERERERFER ARG, K
A%, RMAMERM, BRFIRESRE, XHERABAEBR, HREXN
B PR AL L B AR ZE AN S RIALER, 00 1 om0 6 A ] 4 B I 9 FE 3
1.2.1.4 FIARG#

BREIIAGREMEIAL, BRESTEHPIIAT =R, Q1 %0
DB EEMAMBEER TR HAHBEEOREE. WAEREY, BEM
RARMNEEE 250 CUL L, PFRBHEIFERES FRAHH ALK IFEE

Brunovska ZP" IS T HERAMER (WX_HFEER) WEFER, KA
HREMHREEE, 800 CHMERRKERE 80 %, 5 %M 10 %A KRELREE
544 CHI596 C. HEXEMEMI A, MHZT, §F - MHENEFE
BAARENEREE, Y58FX-_FHENEEREE, R 30 mol%H i
ME_HBEEFEELRRERLBNT 77 %, Tg WEAEZHIEEHERE
BT 114°C, X3 T294C, EEMRBBEE, RREMBREEKET BN
MEHMI.
1.2.1.5 FIAEE

BEMIALRESREATHER AN —FHEHATE. aoB%gD
DI EEPRERMIEA T HAEBENRIFEE, 178 BENRIFEER
AR B RAE, AR TR, B EE, i#iE%h 221.9 T. Ran %0
DXMBEEREADE, ERAKESRT HHBENEFER, HRU44-
CEECEPEANNE, EMARBAROEFEERTTHEESNA. GR
£, FRBOLEEYAFRENELRE. RENTZHRAAEEE,
12.1.6 SIANHELEHA

StEFERER S, BT IIAULER RMAEEBASS, BTG
IS k0 B R R K 5 B LYY, SR PSS Sk ALY, FE HEU
POl wh K M G R B I T —E K&

1.2.2 A HLSENUM BT IR Sk
1.2.2.1 HEW e :

Andreu ZVIDI X KR BEEFBRUKER . HEAEEHRE T WA E
USRS, FEFESFREAMENFAETFAREE R RN, RAEAR
SIEH . BT R E i O N AT LR Kt & Ishida FAMY, KE
BASHBIN KRB T W IR B, AR UAKRNERT,
H MK ERAMAEW IR MBAE, N7, NAFHURGRRE 4R K8



B. Tg MAEXUEY A B IFUERER R 141 THMEE 30 %AERE 156 T,
TEXREM IS EILE 50 %it, Tg FHEE 135 C, X& AU GH R IT 4R
EXBHIMBEGIRAEMBEITHES.

Agag ZYWNA N, FKIFEWERERAEMIEHILRD D, KIFEEITHRER
STHBHMBEESKEMERE, ARKRRETSZHTBEA, REMNILERY
(93T 6% FE . Kimura 218 50 %K HEEM IR T 50 %N M A RAE W IR E1T
IR, FIKABNMELRYE 150 CTAEREMAG e, AAEHRIES
FER G AR ORMERE. RAZER, BRKATKE. Kuo FYRX
A SEFBABAEKRAERT A LHEESRMNEHEEWIE(VB-a), I
e REN G477 Sdt. DMA Rl TGA MR R KW, BE VB-a T EM
i, HE5EREREERD ARG RISE.
1.2.2.2 BERHHE

B I o R A I N A I B K — R RO . I RE R AR
KR THEER, REREANEERE. BRROTIATIRBHRZHIE
HRHRWY, — BRI RN FZRFENER, —ERERKAT
JAI R A 0 0 1 LR 38 K. Jang S5 VSV B RGO B T G AR B (ATBN) AT R i A
THE B (CTBN)X K FEm s et T tE. 4 RRW, BRAETRYAME
ATBN Xt % R bt s R G 4 A B K B0, MORR AR F R~ 8L K9 CTBN W3¢
HOHEGREW, WURKR TR REERERES s HBEEEERILE
KRN EFHRE.

1223 EEMEKHE

BT S E A B R R S T AR, Ishida Z TR RBR
Bdt AT . RLRBRRMEM A SN ALUEM L FIHR G, X2
B 2Hy B S VB W 41 G o £ 30 R T DL SR B M B B AT RO, (R BEE R
BRRELL B, SHBAESE.

1224 Ee-oWERKH

B - AS (PCL) A BIKM Tg(-55 C), B EK AR wHMILILERK
Tg MERASYEHIRE, XMHH PCL L5 5 4 8 I - I A0 3 58 B vk I 25
MR R AT R, A, BEIFEEM P MRES PCL BT R
N, HETRSMBAEE,

1225 REARKE

REARAERFHE B, R mE. CENAHREFMHAEULR
7 (T N T ¥ . Chiang SN0 0 BAF UGG W e P (MR AL 5 R AR
B Y 2 —NCO AT R, % Wi & AR MA S . Takeichi %@
¥ RERAEY AR LGS iEw FNaA%mMS, B8 TR (48-
FpEeE) B, FESRNRE TH#T TR,




1.2.2.6 %1 A& B £ FREE L (POSS) B

Wu 291 POSS 58 H L E MM K FEREET RN, H&T KR5S
HEAAERAMEAME. POSS MIAERXETEMBNREEHEDR
KR, FHAMAXEMKMERERRENRTE. POSS HIMARR A
FHgHEERIETY LXK, Zhang ZPIHRT — M EF R IFERER KN
POSS(BZ-POSS) 5 XU A K% R KA KE & H . BZ-POSS 2 tH/\ %Ki
ERELREGEHBETMALEFRRNAS, FHETENHINEH-
ENMKESHE . SR, EAMBNREEHE. THRE NS R
U A RIE SRR R TR .
1227 HAH R LN B AT RS

X2 FE R R S AT M AR E, B U AT HLEU R AL R AT St
b, AT BB R SN, 52 OO T U Ak i 2,
B 4F 4 o 1OV B 4 o i O %

1.3 AMEE

AMBAXNABRRHMEZ — B—H U UBARARNRR S THHE.
AW E R X BBEALAEEET S 1990 FH ERH, ERBRH AR
FHEMMERZESRAEROSAREMR, KRR BE E KK,
MR A R, AWERE SN, HEMBE. B%. N¥EK
BEE S R AR R, TTRERRERA R, . REBE. ERM
Bl M. WEmMES. ABER-HFRENAERFEEME, BN
PRAGEENAEEXNHL2EL, ETUEHAHEBAMUEREHRDE
WA AR .

AMEFESH CICAWE. BUDABWER SIC ABE=KX.
1.3.1 C/ICKHE

C/C AW & 1 L3 B HE I R R B R R A M sl I AR R RE, 2T 5 Bk,
BTFRPESATHITEEGUBEETR. BARE. B, 5% 5 ki
Fl 4R 10,

BEREGINBAAMAMBREAERFENEAMBL2REZRER
ZHIET CICAMWE. 2HARY, KHAREZRIMITN=4MNBEH,
25 i 45 9 P T S T K ¢ JBURE 8 YA AR LB % TR PO I 0 I T A A I BB
%, MERMBEOISE, AMBERARERBOAFERE, o0 s
AN, BALAR I Rk, fiLREEK. TSI ZRERXREHE
A#, 2ELBEAME, BLEHEEHET —HHRN C/CABE. XM
ABEEZHLAGH, LABEHE, PERERA.



132 EUWAHE

YW R R MR B KA R B EAMSARY, EHEAEN
TREREEEYRR, URHAMEDULLEHNEANDZABE. IBAL
MAKGERAEER. SENIALEH, TUENTE. BB EUR LB MR
Bk, FHGEHAAUYE SRR, SORERSWEL— KR EH
H 1681,

Sieber 211 B y G- R 1, LABRSE MR KG B AL D KA IR BLAA KU
RERBE LR, KETHREAMEME ALOs. TiO: ZI0 AUWZ LK
., 2RgNEREARBARME, 2BEEE, UER-HER-KAHFES
%4 TEOS MIA LB AKBBBBMAEZARILES, SISHAFAFMKE
Mg aME, BEREFSTHREALH, H&HT Sioo M Zro, £ AKE.

133 SiCAHZE

SiC A& & UL b A M AR FFIN T RE R — S0 RE, &8 T K SiC
AW, SiC AMEHERERNENE, RATHAETERENREEE, A
MEEED, WEWERE, RESTZMNA.

RERSMIPBAAR. BEWIENKE, SRR RCEKLN SRR
PR NS H % T 27 SiC ABE. Vogli ZPIRALL Si BAMMAKHET
SiC KM%, BIRT SiC ABWBHILEWR N 2R, FNTASRAERE
A SiC L3 N%.

1.4 RICEBRE. FIRAMAEX

AXHHMANEKRETER AR FEESDLEY IR & %-FE (55
84 ME B 7(50973024) X7 I LR B & 4 F /KM B & W& # R R
57(50773017).

MM EHBRIMBE, RESERGHURGAEH, XRETHAA
T et eEst. FHEet—REHAMERE, RAERTE
EH. A AREAERSRABOER, BERZBAMNBKELHENR.

AXHRAEMATEMIER E&RT B, I UhERERT X8 %
% M B 5 e e DL R Y A L G R . R C RGBT K W R
Wi, ZETHRENARIE, FXWENEH. 41, BT HIRER
SAT T AWTR . H U S KRR K G ek Bk, BT RAEIIE
BB S/Si0 H A M. KB BFM IR/ AR Sio FiE. HifE—LITF RN Y
FHREIFEEWIROE SRR T R AMSE R, A4k IT R AR KB
RIMERAE T A,



BoE WM RERIE

21 5|8
RM%ﬁ?ﬁﬁﬁ¢ﬁﬁmﬁﬁ&m%ﬁ—ﬁ§,Eﬁﬂuﬁﬁﬂ%%%

*ﬁ%%i&@%&%ﬁ?%,@ﬁﬂﬁ%%%%m,ﬁu%%WMAﬂ%MW

Be, T BUE S, MY EEN A RFRAAME. Rk, R
SRR B R SRR A, 18 0 BRI A R R Db MR RIS
FENREES. FH. AT, KERRTEFEE.

LREMEARRMA R B AKX R ERAEXMHEAK, BbT
ER RGBS, RARE, BRASRHRENS, P RECRREMRE
. E, BRI MR AR, &R0 RIEE MY,
Fert LA MHAT T RIE, KR AETHAES.

22 SRV
221 RAELBRNE
#2.1 BEH
Table 2.1 Starting materials
Fe 3 % 7
1 9-%iMd Grifrel % [H Alfa Aesar A
2 BREANR ik % Alfa Aesar A )
3 KB Rk S AT DA AL R AR BT BR A 1
4  KER M, 9598%  ERREAFAFMHRA A
5 EAKHME e LR RA T
6 CiP S LR FEPRETEAR
7 RNM 3 B 4 ik R AT R A
#2.2 EHRNB
Table 2.2 Fquipment
Fe5 X 7 i
1 JB50-D KB WEhBEAHL UHAEENERERLRNE
2 GF-9140A KSR TR A LREEERERARAA
3 SHZ-D() MFEHAKXHER WX TR
222 AHIZ

ERAR Y, BHERAHERRELH 250 mL SOBEYP, WEBRE 6:1
mAKﬁﬂm%m,#MA~%§%%%wm&ﬁ£W&,ﬁﬂﬁﬁE,T%

10




B FIT A28 W L7 95-98 %Ik B, MMmsc B EFHE R 45 C, R 3.5
h GLERBTREMR, BRLEEERAREREZRNERMANGRR, RN
HE g, HEFRAAKYEE 2-3 K, TRAINAGURIMAm, X 95%.

Pk A S MY Be, 2R E-BFABESHRNESABIHAHRE
. REREAE 2-1:

) OH HO OH
N 49e
(T 1) e (L

B 2-1 B S
Fig. 2-1 Synthesis of BHPF

2.2.3 &R

(1) L4k (FT-IRD

Nicolet 6700 18 B 40 5h 34X, KBr [EJ, 4000 cm™~400 cm™.

(2) Bt REE(H-NMR). BRIt #%(°C-NMR)

%t Bruker AVANCE AV 400 R BB 3E4% 1L, CDCl; A¥ /|, TMS A H#R.

(3) ZxRBMHEHR (DSC)

%+ METTLER 821e/400 ZRE#HEHRMN, BSAMH, M 80 mL/min,
JHEE#% 10 C/min, F#HAH 25~280 C.

23 GiR5i
2.3.1 FT-IR 447
B 2-2 F 9-%j M AU HI A UM 45 19 FT-IR X M 1 .

3061cm”—=

3437cu'——»

e T A 7]
TR BT
8 \ = i
2 \/’ I§ ”
\ “a B \ “‘ f
1 g - ETgTI-,- —.'-.-\
' Jgiiis

1 1 1 A 1 ' 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenuzber (co’’)

W 2-2 9-% MR ) FT-IR X Mk b
Fig. 2-2 FT-IR spectrum of fluorenone and BHPF

1



A 2-2 AT LI B, 76 9-F MiF AL F 1716 cm”! Ak (1 5% S TR 50 0 E XLI9) %
Hiar ShE o BB Ak, TIZE MY Zi AL sh R R, AT 3377 cm™ LR R
S R R S IR, B -SRI B A R M A . 9
% FT-IR 4 3036 cm™ &b XM 5 & 54 L C—H 8 (¥ 1 45 4% ) R U 1, 1612,
1500 F1 1446 cm’™ &b H1 Kr e 2 5K b B C—C A1 C = C B 2R 4R3) B, 1220
11175 em™ KLU AR E T C—O M%) Rt 823 cm™ J B %
A R 35 5 BR B o B BURTR W, 748 em! &b 6 TR W i R 5 2 B A8 A7 BUARTR
Wis, RATMBINGER, H— DR S RA B (.74,

2.3.2 DSC 4#r
& 2-3 % K515 WY 57 G 4k ) DSC % . i T BAE TR AR A

g 2258 C, HXmagA—E BRE-MERRBNRAY, i 9
S BT A BB R 5 R B A

Heat Flow(W/g)

Exo
B e E—

I

BRI m225.8 C

“—

1 i 1 1
180 180 200 220 240 260 280
Temperature/C

W 2-3 S G AR I % DSC R
Fig. 2-3 DSC curve of BHPF

2.3.3 'H-NMR 447

B 2-4 % XX 57 A R ) 5 B G Bl 3t e S0 ) v 5=04k i g Y F 3
Bk (TMS) RIS . AT 6=4.63 CH)A WM Y LMBE AR Ta
B2 B P T 6=6.70 (2H)H!15=6.68 QHYNELT XA EMBREBLAIR T
W28 AL F8=7.10 (2H)H5=7.08 CH)HN AR TN EME: MALT
§=7.26~7.40 4 M1£ T K HdQH). fQH)RgQH)MLZEMLE, AR
GitA IR AE6=7.28 biliie, SO ERBES; §7.76 =778 AhQHYE R
T, 5B MERRTE.

12



I
[V N upﬂJH\__.__./: _—
JU h 78 74 72 70 &3 &8
L
1 A 1 " N e
4 2 [\]
8 (ppm)

W 2-4 RS G R B R S T
Fig. 2-4 "H-NMR spectrum of BHPF

® |
-]

2.3.4 ">C-NMR 4}#7

Bl 2-5 J Y55 G ARG G B RS R ak i o T . B AL T 6=154.18 K a
ML F AL 6=151.72 h f LM H: §=139.94 & d ML FALH: §=138.34
H ok MALEA; 6=129.38 & ¢ MWEAH;: §=127.69 A g MUELE;
§=127.36 K j ML¥0iB; 6=125.99 K h MM 6=120.14 b i KL%
Ri%;6=114.98 b HLEAIH.0=64.13 KT AP ERET e b2 Bl",
TEFENMBG G, RAESEER—8F, EdhREFRENI, #—PIEXT
NG RAREMAE.

HO c OH
C p e O
h
0
N
| c
hj ] g h |
Ll
okl po” ia vis v v
‘I P }1 e & (ppm) ‘
‘ J

"
VYT T R " W m
8 (ppw)

B 2-5 OB BT I i e ok % i
Fig. 2-5 *C-NMR spectrum of BHPF

24 ARG .

(1) LAWKR MG sh & BON MY 55, HATR &7 % (95 %).

(2) ERETEMN=MMMAERBERKEW. &K~ mERoKkte, LT
K-SRV RE S A VT 45 AT LLAR 75 Al AR IR U 4 7

13




31

g
He — H.

5lE
S MBS AR LR Bk, B—EFHNBMERE, RE
RPRasEvEsr. Rk, iEE. R, RENNRERAANFHESAS
R AU, AR ZHAMNMER. RELAH Cardo H 45 H KM% 1E hH)
W, 5%k, BB (SRR B =HAR Y 52 Mannich 4 & R NS B
T AR S YRR 57 K BB ek, Pt H. B R

DHREAT HHAT T RIS

32 SR

O 7 2 I K K 4 G [ 5 5 R AE

32.1 R GLRAE
#3.1 &AM
Table 3.1 Starting materials

B il TR 7

1 NEH 4 (W2.2)

2 XK 43 b 46 FRRAA T HERELT

3 EKLE S Hr 4k PR TEAR

4 HE K4, 37-40 % Ry 7 WAL 2 R R R AT A
5 “EWk S M4k ERPRAUTEAA

6 HEMAW 5 by 4k EwETRELEAR

#32 ETRMNE
Table 3.2 Equipment

iy A 7= il

1 JB50-D FUI# Ayl h g AL ILHHREENTERERERRE

2 GF-9140A FYus# il &R TR M FEGHEEREAENTRAA

3 RE52CS-1 RUBE¥: &KX %32 LA E- I

4 31-19-1 BRI HAE LEEAME TR

5 GSL-1600X R ILERELH HRHBHEBEATEA A
322 ARIZ

3.22.1 WRE

ZETLAT A BT . BB B R R 9 0 310 250 mL S OARMCF . K EMHT
He BRI WAL IO T oK Z B0 RSV o, DR SR W & T B K ZRE I %
BeWR, WIS E B R M S K Z R, THR R R Y
6 b5 LR MU, 5 8 E BT e R ICERE R, BRSROHHK



%O&Mﬁﬂgsl

+ @ @rqu,

B 310U 5 K T TR AR R ) 5 I

Fig. 3-1 Synthesis of bisphenol fluorene aniline based benzoxazine

3222 EEMET

ERAAES, Bim 250 mL = QEHHP, %—EBEREIMAIM S .
¥R BEFRBAGHETHS, FREFBERE, ACHAEHEEIEH
kB AE, HERM 20min FERKRM. RN EE 3-1.

3223 =k
(1) ZBEF k& K™
ERAERHEEMBERRN 250mL ZORES, BHEER 15C, &E
REHRMAFBREBRRNLKZE, REXRBREKER 24 %NEEH, EHH
T, g@mn—EnEK, BmeE, RERELERN 21, RNEGHE,
BRNEENGEEBKOERS, B 0S5h SHERHIAGHERK,
ZHAETREEM10g FEI5%. RMALAE 3-2.

Q.0

3 + 3CH0 ———» L N) + 3H,0

>

W32 ZRE ARG K
Fig. 3-2 Synthesis of triazine

(2) =Weik

WA BT, HOORYST . =0l AR £ S RS 4 R R L AR IO 43
SEREANSETRT 250 mL M=OEKES, #AF4TWMRE 120 Cl
RN 1h, BESHREHBEBE. RNEALE 3-3,

HO OH Q + 6CH,0 —— 3 @N O O N_O
’ * 2 \Q 2
Wl 3-3 MDY 4 A R R T R

Fig. 3-3 Synthesis of bisphenol fluorene aniline based benzoxazine by triazine

15




323 FEmEaE

¥ERFAINSHOHABRERT &0 3 F5kt, A 1 mol/L H
NaOH %530 F1 2 3 F K & YL = IR CABR 22 74 B A0 oK I 1 9 XU 2 A T S5 )
B, THRAEFSAETEE. BREE>H 474g 7F 81 % LHEMEF™
$393g, FFER6T%: ZHHEATHT8 g FEAM % HREBTEARNE
— KA, B ERFIBANEFEELZBESRIETE, AIKRE
BA.

3.2.4 HHWK
(1) 45k (FT-IR)
Nicolet 6700 {8 B 141 4F i A 474X, KBr JEH, 4000 cm™~400 cm™ .
(2) BRI RE i (H-NMR). BB (PC-NMR)
%1 Bruker AVANCE AV 400 & ¥ 3L 3R {0, CDCl3 A% ], TMS A 47
(3) ExRAMEHR (DSC)
%+ METTLER 821¢/400 R EHRMN, EAKMH, HE 80 mL/min,
FHEEZ 10 C/min, THTEH 25~280 C.
(4) BKRE (TG) '
H 4 & ¥ Shimadzu DTG-60H # R B, BAAMH, FHEEE 10 C/min,
i H 25~800 C.

33 ZR51®
3.3.1 FT-IR 447
Bl 3-4 HWUEY BB EHEEL ZBEL RGN FT-IR %A .

. H D= 7
A ' ) | v‘
: \ /v J 4
Q ! A l
E \\/ ] 1{ |i> | Iﬁ “ r
) \ ! [Tl
11 !
2 - I 5
£ 0 | "-‘1_.
< 8 11 ‘& ®i's
- 3 e 8 3
2 o —.-/ o | < o
lg 2] =] ‘g — ©
[ 3] -
8 s Bl
) S 7 o 87
| § =38
L7 S %
< N -
N 1 . 1 1T handi B
4000 3500 3000 2500 2000 1500 1000 500

Wavenumbers {cm ')

W 3-4 U5 KRR K IR REE R FT-IR 3% 1

Fig. 3-4 FT-IR spectrum of bisphenol fluorene aniline based benzoxazine
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B 3035 cm™ &b 2 WM M % b C—H B MM 4R 5%, 1600 cm
AR ER BRI BUE, 1496 cm” R EF L1, 2, 4-=BARMREE R
i, 1234 cm™ 4t & C—O0—C AR AR 45 IR 245 4E ¢, 1120 cm™ & & C—N—C
R B o 45 4 0 5 A e, 943 o Atk J2 B 6 R 11 4 I e, 821,747 A1 694 om”!
WEF E=C-H M2 t4%3) L igUe™, W i AT LAl Z 8K 6 5 AL
F 3425 cm™ ARV IR R TR i B AW 2k, A 3425 cm™! A A Y4 bR R R
PREE-RANZBAZSRTYPRENREE, 2RABUXER. LRER
EREREDAEE~D.

B13-5 % =W Rl K MFT-IRHE & . B AL F3200-3250 cm™ &b B2 BAH R
WO A7 7E, Tl AN—HM G BRI F AN X, HAEKPRHEED
AL ERR, 1599, 1499, 752 1 690 cm™ HUH AR F 2R () B 42 4 5) B Wi 4,
1334, 1203%11163 cm™' HC—N—CHITZ B, 3037 cm™ Ky Z 36 L C—HM 4 ¢
AR i, 2847 om™ by Y B X R 4 3% B0 4 A R e e 17778,

W

1
—_—

3037cm’
2847cm™

Absorbance

| 1599cm™
- \

1 ) .
4000 3500 3000 2500 2000

Wavenumber (cm )

l3-5 =WEPmAEM FT-IR R
Fig. 3-5 FT-IR spectrum of triazine

33.2 'H-NMR 287

B 3-6 %W AR R A S RS R A A B P T R
b R AR B AL, o O—CH,—N L& a ML #EM B 5=5.14
(4H), Ar—CH,—N L4 c ML ¥ B H §=4.29 (4H), XFMEIESL T HEBR 5
MFEde, BERASHEARL a: b A 100 %, #HYLRAE CIRENR I LMEE
se A IR SRR Y, §=6.50—7.70 (24H) M &S L& d Mk B,
Tt # CDCl; R MM B N §=7.25, BITHREXER LA RN B XK
M.

17



‘M S

8 (ppm)

B 3-6 U5 K B RK IFEEME ) "H-NMR i i
Fig. 3-6 'H-NMR spectrum of bisphenol fluorene aniline based benzoxazine

333 PC-NMR 4#7
Bl 3-7 h XY B 4 Fig 7Y K e G 11 A Tt e i X R

b b 8
, '@:fn@
B
(G
T b s

ko"'P “l,.ﬂ c
N L
! c w ) 19

fn $

§ (ppm)

B 3-7 USRI PC-NMR i &
Fig. 3-7 ®*C-NMR spectrum of bisphenol fluorene aniline based benzoxazine

B 3-7 H §=153.32 K f L ZAI B 6=151.70 A n R AL 5=148.47
K od MILERE: §=140.09 K i MWEMH; §=138.52 & s MILFEMB;
6=129.39 A b KL ¥ A% 6=128.20 A k ML B: 6=127.96 K o Mk
2%, 6=127.64 N rLEMH; §=126.27 K h FERHE; §=126.03 K
p AL H:8=121.30 K q MHEAH;58=120.60 K j MHFAHE;5=120.35
A g MLERB; 8=117.99 h a MUFAE; 5=117 K c WA §=79.11

18




&I SR N—CHo—O Bk e ML 5=64.51 AAH AHEHET m
LR 5=50.60 9MEEESR o N—CHp—Ar 15K 1 AL FEALH, 251279
2R B TE 5=68 M4, RTTHARAKSI, BUIH & BRI 5
T K R AT TR R A, 8=77 &N AUREA CDCLs BRI AL F 4L
g [43,74,80] .

3.3.4 DSC 2T

B 3-8 O XUR) 5 %R 2 SE R Lk iy DSC k. M 3-8 FTRLEH,
ST 57 200 e B0 5 3 V60 o B 9 M 7 G B S A B K L e, R AT T 250~
2074 CK A — W B MR, R th X 2 3K R 72K I VR o VB g 51 JT A R
AELFEIRN, LB 3-9. FRKERER 250 C, BEREE 260 T, H
WA EEEE Y 274 C, BOMEN 19520 Vg, ML A RREEIHER, X
BALEGEEIRET 27°C, WHERERSET 11 CHL

Heat Flow(W/g)

Exo

1 i 1 1 A 1 i 1 " 1 1
50 400 150 200 250 300 350 400
Temperature/C

K] 3-8 OUEYH 4B R A ) RERE I DSC %I

Fig. 3-8 DSC curve of BHPF bisphenol fluorene aniline based benzoxazine

gine OEQ_L ne OH><
- OFED O

K 3-9 LR AR K I WEE I T SRR A

Fig. 3-9 Ring opening of bisphenol fluorene aniline based benzoxazine

33.5 TG ##r
3-10 %ﬁlm%ﬂﬂfﬁfﬂﬁf#%%%m&ﬂﬁ@%Eﬂ?ﬁ%%#%%ﬂﬂ‘é
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) TG K. MEAREEFEAREP Pl RRRATHERFA
100 ‘C(1 h)—>150 T(2 h)—180 'C(2 h)—220 C(2 h)—250 T4 h). MKl 3-10 F
TUEH, BREFEEHIENOBEHERER 354C, SRRERKEHN 362TC,
BAAMRERE N 403 °C, 800 CHRIMIERKEN 51 %, HILLXUMY A KiL B RA 5
BERE RS, 5 %Ak EREEET 51 C, 800 CHMRERMERSTE
20 %27, BMET BAE B, XUBMBHSIN, 18 R 265K G R 6 S e 2
AKEH .

Residual weight (%)

s 1 e 1 i 1 2 1 . 1 .

1 "
100 200 300 400 500 600 700 800

Temperature ('C)

B 3-10 R 2K R0 B 0T M A A K o

Fig. 3-10 TGA curve of bisphenol fluorene aniline based polybenzoxazine

34 KFEPG

(1) BRI EHBES ZRRLE, TTLRE B2 AR R R — K IERR
.

(2) B 3K B WUR) 7 2 i B0 2 o Ve o pk L R SRR 250 °C, & {H
ELREAE 260 °C, FALZIEEE R 274 C, BHREH 19520 /g, HILLFIRIE A
A B R, UMY 4K BT N B B A N SR AR R

(3) ZHANREFRBEEFEERBENREMHREA 3547C, SRRER
BE% 362 C, BAKAMEEEN 403 C, 800 CHINEKEN 51%, MELNH A
KRR R R, WA RIRKRA,

(4) SR Ji i cardo PR 45 #y R £ A SR (K 51 N b A B3R m & IR M R s 169
HEfe.
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BIE LRI 5 DU R g [ IR R AE

41 5lIF

FEER, HIERELREMRAREZIANHER. B, AIH
PR SEBRAFROE TS, HAAFTKEEMREERERL, RAT
HRJEN . Takeichi T Z®A1 Chernykh Z LI/ A AME, WHAXNK
Bi. ZoBRE TSR AREAR T SHEERER, REKRAHKE
FEEEEE, FEXTH AW R AT T RIEDHT

A PR 5 BB A FEAMIVE, 52 A 2 2 ROX P A R R X R
LRTAEEHERK. BHEREHNEFEERE, RN EMNEHN
BHREHRT T AV MR,

4.2 KBRFS
42.1 RHHERME
# 4.1 R
Table 4.1 Starting materials
B WAl % 7= i
1 &% (W 2.2)
2 LK R EHTREATRAAGTRAF
3 BIK 53 K 4l M 25 4 AL 7R M AT R 2 i)
4 ZETE fb. 27 4l H £ AL RRATRAH
5 CZHEWHK g PR LERAH
6 LKERE 4 By 4l M 244 A A7 R AT R A A
#42 ZRME
Table 4.2 Equipment
P 7= i
1 JB50-D TS BE AL UHEEENTEREFRERNR
2 GF-9140A R iHR SR THRHA EHGREREFTRAA
5  GSL-1600X B ELZEALLP A ARG R AR AT B A

422 AHILE

EERAABE. BiiMm 250 mL ZOEEP, MA—EBMN=E W HE
WA, SETHERUMAZERBNZ K (22K, BHEE, MA—EE
MR, FETEREERNS hEERRMN, BREGHREABEALE
ARG, fHEAHARKHATS, BEHZTH 240 B56, £ 87% (2
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TR BES, FFES3%). RMNARLKE 4-1.

1 0 >
CHCI
+ 4CH,0 +H2N—€CH2+NH2—FI—]—£—>
.O m i

" O O O?“ (CHz)Fn"NrO O O 01‘ (CHy)m NH,
qgag AN

B 4-1 00 % 0BG R A R I 45 7

Fig. 4-1 Synthesis of bisphenol fluorene diamine based benzoxazines

4.2.3  FEaER

(1) &5k (FT-IRD

Nicolet 6700 8 HLiH 40 4F i 4 H74X, KBrIEJi, 4000 cm™~400 cm™.

(2) BRIt HRAE(H-NMR). B3t (*C-NMR)

5+ Bruker AVANCE AV 400 ! BRE3E 1L, CDCl3 A# A, TMS AW #5.

(3) Ex-H#EEHR (DSC)

%+ METTLER 821e/400 ERFAMBHAN, HARME, HE 80 mL/min,
FEHEEK 10 C/min, FRTEHE 25~280 C.

(4) BEERBHEAE (GPC)

%[ Waters 1515 &kt Jie 18 1 (B 11X, Styragel HR column, Wyatt optilab rex
TERN R, HAEE 35°C, #s M THF, #iE 1 mL/min, %54 PS AE .

(5) HRE (TG)

F A 538 Shimadzu DTG-60H # A EAX, EAHAME, FHEE# 10 C/min,
FH§ i E 25~800 C.

43 ZR5i#
431 FT-IR 41

42 4 R A A I ) B 20— B B K JF B R I FT-IR i . 8+ 928 em™!
Kb 5 24 VRE T o I 18 A R AEE TR U o 7 T 3430 e Atk B 0 HE TR A0 Ay SR 2
kS5 RN BRI, 3013 cm™! 2 A LB S R 5 TR O%, 2939 A0
2851 cm™' —CH,— %5 45 3 R W , 1612 cm Ak 2 4 5K A B 48 35 5 TR Wi i, 1495
em b RERE 1, 2, 4-ZHUREIR K, 1320 cm™ 4R EERESE L CH, MR 12
R, 1231 em™ 402 C—O—C AR KM% AL, 1118 cm™ A2
C—N—C Axf B4 w34 F e, 818 cm™ i BHPF P EAMPEMNEALE K
MG 1, 2, 4 SHURER LG C—H T4 3R e, 737 cm™” A%
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2K PR AR BB R i i B3, SR BT B = H AR &

uguu ﬁ
3 8 2% <
< 3 o922 il
o ™ &S AaNN 1
B s
o g-ra_
? N '8
= 228
ot
t-
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@
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oy
- i 7
'8 g8 g
o -
& 8 o
-+ - ~
b
R U VAP (PR SR WU R |

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm )

K42 NEHZ B EIFEE R FT-IR %K

Fig. 4-2 FT-IR spectrum of ethylenediamine based benzoxazine

- B 4-3 RN O T ReR K RSN FT-IR %K. 5 42 HHLEATLUFE
HEE RTE 3000 cm™ A0 TE BB IR (X 4. S5 XU 2 2 i YK R VB R A
b, MTFTREMBME, 2933, 2856 cm™ 4t f—CH,— M 45 3% 3l T e i 35 FiE WA

&R .
. l MV\
Q
=3 T
o E
= ¢ ’
2 8 A -
= 's 5|8
3] @© o
g =8
< ) : @©
« 8
13
b T
S4B g
‘s T X 5
3 v/ 8 °g
g 8§ 8 =
- —
" 1 " 1 A 1 " 1 Pandii | L i i A
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cn™)

Kl 4-3 W O BT K T RERE R FT-IR i B

Fig. 4-3 FT-IR spectrum of hexamethylenediamine based benzoxazine

432 'H-NMR 2#7

W 4-4 HXEY 2 R KRR GRS R A . B AT 6=2.82
(4H)} N—CH,—CH,—N b5 a [k A B0 B rp B0 T e ER b i Fb 4 FH
B S MEER, b O—CH,—N E& b MHEMB A §=4.75 (4H),
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BITELE, BEBATBL bich 84 %; 6=3.48 A — T HEMH L,
kR R AR o B A PR (o R P . 6=6.02—7.70 (14H) A AKX EE d ik
28, §=7.25 HHH CDCL FIRMLENE .

Ar—CH,—N E& ¢ LA 84 6=3.79 (4H), XHMENFLE G TV H
|
\
|

W 4-4  NEY Z R A IFEGE M 'H-NMR &
Fig. 4-4 "H-NMR spectrum of ethylenediamine based benzoxazine

g ':@ CHz—da"z—bl‘g)‘CHz—CHz"NHz
P D
L___.Y_—I
] d
—A+
b a
|
|
| 8 ; 4l ; — ppfl
| 8 (ppw)
|
i

B 4-5 Z AU 7 O A 3K 6 s 1) % B St 4 A 1 1« 5=1.31, 1.51 (8H)
# CH;—CH,—CH; b5 a ¥ % §=2.68 (4H)A N—CH,—CH, L& b i1y
WM ®, 5=4.80 (4H)H O—CH,—N L& c M¥MB, 5=3.82 4H)AH
Ar—CH,—N L& d B, XHEANEMEERD TEEANFE, WE
BB c:d B 87 %; 6=3.3—3.5 Z A —BRMERENHIGILHE, A
KR B WA R T Rl P R, §=6.65—7.76 (14H) AR B X L& e

MR B,
i
G ooy

1 s 1 1
10 8 ) 4 2 0

§ (ppm)
Wl 4-5 W OB R K O RERE A TH-NMR i

Fig. 4-5 'H-NMR spectrum of hexamethylenediamine based benzoxazine
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433 "*C-NMR 27
B 4-6 SR B Z, = Wi B 68 3 VG505 0 e L 4 Bk 1 0 TR L B b 6=152.82 Ay
c LA B 6=151.62 H k FIAL2E 0% 6=139.90 K f ML A8 6=138.04
K oq MR, 6=127.91 A h KIWZEAHE, §=127.69 A | MALFLB;
6=127.35 i p ML AL B 6=126.56 Hh e MW EN B, §=126.07 b m M{L¥
RiFg: §=120.11 X o MLEMH; 6=119.40 h g MWFEMHE,; 5=116.20 K d
B2 B B s 5=82.54 K b MIALEAI B 6=64.29 AT A HERIRT j MFA
%, 6=50.53 N a WA H; 6=49.57 hiML%ME, 2TFHE i HFEAN
BN 6=68 LA, RMMARAEEHI, HRIFE&RMNMY Z 1%
HEEE B AT PR S, 8=77 A RARF CDCL H Bk B4k 2 AL 178,

HO, 0 b0 ¢ o
J O l{:ﬂ,—(‘:u, LY h i ‘ . CHa—CH—NHZ
Sa’ Eoasly
e
[
f 0 pm . o
9 nile
c [ J
d R U VI
K 128 124 120 116
q i i
b a
d 1 . |
1 1 " 1 1 T 1 " 1 1. ﬁ
180 160 140 120 100 80 60 40 20 oppm
§ (ppm)

W 4-6 WM Z R K IR PC-NMR %
Fig. 4-6 BC-NMR spectrum of ethylenediamine based benzoxazine

B 4-7 Sy UMY O M TR VB R (1 S e i

"N %y a b |c d°y >0y
O O u<cu,—cu,—cn,—cu,—cn,- cn,—uu cu,-}.—'m,
gas (D M
~—
g9 9
—A— b
c a
f
u d
Uk LL s
1 I 1 1 1 1 1 1
160 140 120 100 80 60 40 20 0
& (ppm)

B 4-7 B E R IR RENE ) PC-NMR i I
Fig. 4-7 >C-NMR spectrum of hexamethylenediamine based benzoxazine
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B §=115.18—129.36 A MM % X F LR FLE,; 5=8220 K
N—C—O0 # C 0% 6=64.37 AXBH AP FRIRT O FELME;
$=51.37 } C—C—N B ML AL ; 5=50.51 K N—C—Ar PERMLF LB
$=27.94 K a LBEFHHFAEE; 6=27.06 A b LBKIEFHRHEME.

434 HFERIE

SR R R K p s R R 450, Ao FREK, GHXNMY 4 ]
REFBEENHTREIETTRE, HEKBERE (GPC) % EME 4-8 FiiR.
WAL BIH ST RN 4690, PDI K 2.93, S4BT IJENM WAL R K 80444
FR&—BAT 1000, HELLZTF, UMHZ BB EHEERNS FER TRARE
Bio BEAT BN ) p Ak i, S ILRRRE, 50U 5 0 A B () R 4R 4 F B 4R
Ho WTEBEEEKMAER, Bk RN E R S .

An

a 1 A i 1 i i 1 "
10 15 20 25 30 s 40
Ve/mL

i 4-8 A% 2 R AR IR GPC i K

Fig. 4-8 GPC trace of hexamethylenediamine based benzoxazine

43.5 DSC #¥r

Bl 4-9 R R NR ) Z R RO Y 5 & R R R FF WS ¥ DSC 4%
HETAE W, £ 231~272 CH—WE BRI, HNHY L X
FEIREE h (SR R T A RS RRM, B AEERE 231 °C, BHEEE 253 C,
SR ENRER 272 °C, HARE K 146.80 J/g. UM i © = i B 2K 3 W6 M F) T84
Bl 7E 200~300 CRX—BRMK N, HELBIGRER 203 C, EHER
P RS A T XUMY 4 2 R B A VR, h 248 C, RME R A 300 C, &
HE N 126.58 Vg, ML A Z R AR FFEEERNA A & 2R R IR
ARG ES BIRET S0 CHI20 °C, WA AR &T 36 CH 4 CBY,
RAHAESRERAEWEARRRE.
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Heart Flow(W/g)

Exo

1. i 1 i 1 i 1
50 100 150 200 250 300 350
Temperature/C

K 4-9 BB} B ARG Y K B E 4 DSC i A
(a: ZZB&, b: BB

Fig. 4-9 DSC curves of bisphenol fluorene diamine based benzoxazine

43.6 BLF=YH FT-IR 24T
BB Z B EFEEFTMATARE (REALHE 4100, £
BEFEBENE, MAFFEH 150 CTA h)—230 'C(2 h)—250 T(2 h)—280 C(

h).
W(r‘>~= o

%thgmmi g
g

Bl 4-10  DUED 0 R K I RE R A TT R R

Fig. 4-10 Ring-opening polymerization of diamine based benzoxazine

BARATWM FT-IR &M ME 4-11 Fim. Hd 1225 em™ b C—N 21
4 P 3 R S e 5 928 em™ Ak £V G R 4 TR K AT 1495 em”! AR 1, 2,
4-ZHRR I B2 AWK, fT 3425 cm” R ILEMRE; & 1479 cm™ &
W T — AN R e, IR TR R A G BT AR R R IS AR
2K () 45 10 1% i e 1831, uiﬁiﬁﬂuiﬁmlﬁ%%B%%éi&ﬁ?ﬁ%%ﬁ&ﬁ}zo
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928ch ™ ——— &

Absorbance
1225cmt—=

3425ca t—— o

1479cm’

3 A 1 A 1 i 1 2 1 1 1

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

B 4-11  RAIMEMEH K FT-IR 3 &
Fig. 4-11 FT-IR spectrum of polybenzoxazine

437 TG 4#r
B 4-12 RREENMY 2 R EHEE TR R A G T R R & g
WEEEASBRP THREEME.

100 fe. \S}A‘C

90 |-

70

Residual weight (%)

60 -

...... [} 1 1 1
100 200 300 400 500 600 700 800
Temperature ('C)

W 4-12 NBH R R KOS TG %

Fig. 4-12 TGA curve of ethylenediamine based benzoxazine

HE AT UE M, WY L R BRI EGEM R 344 CITH 2, KE
5 %I (LA 357 'C, 7 390 CHMEE AR, 76 800 CHHIRKEA
51 %, MILLSUAY A Z SRR R A FUEmE i IR0, R & S%m B E#R AT 75 C,
BARBERET 20 %, WUINM T 2 kR KRR L B4 G i B R e
W i LA B I AR E A .
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B 4-13 RRMENMY O KB RFIFERIT ARG G REHFE
AR RSRP THRKREMRL.

100

3

Residual weight (%)
3

o
o

i i A 1 1 1 " 1 1 i 1 "
100 200 300 400 500 600 700 800
Temperature('C)

K 4-13 B OB EEIFEERRN TG &K

Fig. 4-13 TGA curve of hexamethylenediamine based benzoxazine

HETTLE Y, BEAWN 319 CIFHME, RES %M HEE K 330 C,
£ 347~420 CZ BRI E IR B iR, 7€ 800 CHIIIRBKE N 31 %, MHX
M ACTHAEREFEEWIEEILE S it MEERET 29 C, RERKE
BET 3 %, TEHEFELERTIRE AN =R BRI B s
HAEREFMHBES. B5NMY 2 - RBREFEER ML, AERH
TR, XEERAATFEEBREBNAY, ZZRPEFERD, BHX,
SREWE, MO-KPEPENE, BETHALRE.

4.4 AFNG;

(1) BRINEIE T %A 5 Wt % 35 1%HE, 2 "H-NMR A1 "C-NMR i
AERHAFHRHAERENARE,

(2)GPC 3 UMY 5j 2, =R B % F+ GG e () 3038 4 F & 4 4690, PDI K 2.93,
AAESE. SENMMELARML, 2TEEFTERRES. RN E G50,
SN TRIER, FHAREAZ.

(3) XU Ji7 X frie Y 55 6 s i e 10 4 8 0 0L 008 P U 88 0 ) 9= 231 °C,
253 C (Z R HMeds) 1203 °C, 248 C (S REARLIR) . AR LE R K M)
A SR R 3w S A B 0 AR B .

(4) TG W13 SR 7 SR 70 58 A4 H: W8 s 4k I () 4 43 R 4L B &% 800 °C I 1) di
BIRREN UK 344 °C, 51% (ZZRCARGE) M 319°C, 31% (B ZRHA I
3 ). A G L UMY A XU Y 58 2K Ve 16 % I 15 4 8 K48 i » 50 A 0L 40 B cardo
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IR R R % 1 K R RE A U R 0 Y B AR

(5) RN RZWRIENRER. MY 2 KRR FERPHER
HETUMH D oREFFERIHEFE, REENEFENEX, 7HE
S, TR 20 B B3R K G v 4 T A TR L B 4 IR A
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WHE Y KRR 2K U b I 2 52 &5 0B 1 28 R LR AE

51 5l&

AMBERFHIREEISENZERILGEH, 5582 FHH. THH
HAEBMBSEASRLHAMEERULAMIRK. TREMBERTR, A
HARMESMBE-FHGEARRME, RE RHTSHRAREFRNEFN
BRI ARES . AT AU B A R R A R E R O R, 2V IR —BE IR (sol-gel)
W& T R IEEE/SIO, EAME: CLRNMY 25 5k B K B R R AZ AR K,
HETABE. BEE/ARR/SIO HEHE.

52 LBHEH
52.1 RAA L8 NE
#5.1 ®’A
Table 5.1 Starting materials
F5 R TR i Hh
1 A i 7Y 2 g % (W 3.2)
2 EAR 60-100 H BlAMm LT
3 IFEEMZM 43 by 4l TN BREL T RMGTHEAA
4  JUERRE ST Ak EBEPFRUETESAA
5  ZHLERK 200 H {11
%52 LRUE
Table 5.2 Equipment
AT .
1 BRAEE (NS 60mL MENMZENFIE) (1%
2 GF-9140A R ia il SR T 54 LB ERERARAA
3 SHZ-D{I HMHEHRKAHT R W R F R

522 MEMHE
5221 FEHFEE/SIO,BEAMERH &
955 S0 ) B 3 o T 2K IR o F K Z RV R T R B 5 B 20 %A%
Woa: WIFEHMZE. TAZBAALKE/RE 1: 4: 6 BAIHM 1 mol/L
HC %A pHE T 4, FHEE 70 CHIH 3 h B by IOE R ¥ 2 MW {
bR HRHNS, BRHNEHETHE 2dFE2 80 CTRATEX,
$5 7 3R T A 4 Y PO A 18 K SE R /Si0, A MH . Y BB AR PR
% 100 ‘C(2 h)—140 'C(2 h)—180 C(2 h)—200 C(2 h)—240 C(2 h).
5.2.2.2 KEERWHE/ARISIO, H: MR I &
FRI — 5 R B 1) 26 i 00 5 B8 v T DU S0k o, 0 1GR90 300 30 %
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HIM IS Y, R —E R 60-100 BAMMAZE LIREH, ¥ERE 24h
B, EEBTERBATREBEINERAREEME.

% 800 CHARMENA R X IFEEWKEHARKEZNE SiO, AT Si
MIEE/RE R 11 A 12 8, B LERFTRBNEFER/AREEMEPMA—
EHBI S0 A, SRHEABEESIN=TEEMH.

BBEFEE/AREEMHRETE Si HZCEEMEMAZHEKR

(500x100x80 mm) H, A2 100 CTHE 2h, REHTHBE, Bk
F2/F 5 150 'C(2 h)—180 'C(2 h)—200 C(2 h)—230 ‘C(2 h), 7R FK I} EEm M
6 1A K B A H B B/ AR K /S10, HE M B4 .

BT RAMELAE N EP T, BL10 C/min FEZ 1500 THARE 2h, R
FELL10 C/min EEHETE 300 C, BRFMPARANTZEH, BABEM
B R g/ A8 /Si0, REFE B KL

5.2.3  FEah s

(1) ¢4k (FT-IR)

Nicolet 6700 M40 4F 634X, KBr[E)y, 4000~400 cm™.

(2) X-$F &5t 4487 (XRD)

AA®E %A A D/max-rB12 B X HEMHN. Cu 8, HKKH 1.5406 A,
IE 40 kV, &I 100 mA, HETEHE 10~80°,

(3) HRHAHBES T (FESEM)

¥ SIRION 200 Rk atsimsE. HFmEMRIEN SkV, 7 10kV N
HEHETREAMSLE 1 min.

(4) HKRE (TG)

H A % Shimadzu DTG-60H # K EAY, MM, AEEZE 10 C/min,
H#iveH 25~800 C.

53 ZR5itw
5.3.1 FT-IR 447
5.3.1.1 K FIEER/SI0, HEMEH FT-IR 4+ ¥7

Bl 5-1 S XU 27 2 i Y 2% e & 3 Si0, 5 A A4 878 18 4 i 5 ) FT-IR %
B, B b B R K HERE/SIO, EAME R L LR sk, MBI
A LLE AT 1076 cm™ 4b KW Wi 1 B 9B %, A7 460 cm™ LI T —A
TR, XB AR Si—0—Si BRI MRS R, ¥ TEOS
DKM R INE AR, BN R—TS, RAH&T SiBA
¥,

c M4k K % HERE/Si0, H &M E 2 M B A B F LR LM E -, BBt
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R4, 100 T(1 h)—150 C(2 h)—180 C(2 h)—220 C(2 hy—250 ‘C(4 h),
DE®H, EPMT 944 cm” HEGEAFHERBBELELEELHEER, HHE
EMBPHEELMLTEE.

Absorbance
——
3
——

(’f
__.\
460cm™

4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™’)

W 5-1 %K IFEEE/Sio, A MBI FT-IR % A

a: KU b HOMBRAT o KEMEFLG)
Fig. 5-1 FT-IR spectrum of polybenzoxazine benzoxazine/SiO, composite

53.1.2 EABH FT-IR 24T
HHELARBR RS HAR, BT TANMR, Wl 52 Fir.

Absorbance

0
=]
Q

@«

(=}

—

| " Il P | " 1 . ! i 1 " 1
4000 3500 3000 2500 2000 1500 1000 500

Wavenumber (cm ')

K52 EZARMFTIR &K
Fig. 5-2 FT-IR spectrum of wood powder

33



B b fr T 3360 cm &b 3 T T8 1K) TR0 b A R S B R —OH B 1) 1 47 i B TR
Wk, REAEBRELEY: 2904 cm™ bk C—H B 445 3% 3 Wocig, R i
fF 1427 #1373 om™ SERIRBOE AR P S ERENEY: £ 1737 cm™ it
fO B0 BETR O I AR A . BB AW: 1630 cm” 4K C=C B
FH R, WHAR S EERLLEY; 1108 om™ Ab KRB 3B K, Bk
RIS WP C—O BINFELE; 896 cm™ &b & C—O—C 4 1 1 45 43 5 1% Wt i

53.1.3 WR/AR/SIO, FEFFE M FT-IR 247

B 5-3 IR/ AR/SIO EMBEMER FT-IR B . NEPATLLEH, N
) 7 25 e 0 3 VRS G R A ) B A LA 1 R b e 2 K 5K, ELAE 1650 em™ &b
BT C=C M, BUARMMKIECLEHILTESE. 7 3420 cm™ LEEM
T W kb i . AR R S0, AR B 4 A FR 5K 1A I 4 e B I i . 1090, 790
460 cm’ 4K SiO; ' Si—O0—Si LUK Si—OH & i 47 3 30 R bl e 84, A it
PIRZE |, 76 820 cm™ AbF — Si—C B, FBEE Sio, LBl i, &
MR R K, X R TFHBAARPHELEN C 5 Si #THRAE IR K N4 K
SiC T8, HEBHBERS, WH4ERKN sic BHPL

Absorbance

"0

1650cm

1600cm

|

E

(3]
wn
o
-
=
5

3420cm™ —»

1

1 i i i ] L | 1 1 2
4000 3500 3000 2500 2000 00 1000 500

Wavenumber (cm')

W 5-3 AX/SiO &M FT-IR &I
Fig. 5-3 FT-IR spectrum of wood/SiO; ceramic

5.3.2 XRD 2H#7
53.2.1 AKK§E M XRD 44t

B 5-4 WWIEEARERFRELKN ABERN XRD #E. AEHTATLE
Hy, ZHEEMEABRAMBERRATHENLEROABATHE, 2HET
20=24° A1 44° WiE, BDH (002) WA (100) ¥, HEILARHM T, RN
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ERNE RN ERFIRL, ARUSEARE, BILEGH, ARBNEER
B. KWENBEHRBHRILE, KAHETHTERHKEK, TMEEZIEEA
R, XERHMRENENEARNEAREERT L. [, ERPHFRY
KA EH BNR BALWE, R RN TR B,

ME 5-4 RETTUUEH, BEERIFEGRIEREAHmM, {5 R0LEN
WEEARARE, YR IFEGR KR AR R 2

FEHADE.

Intensity(a.u.)

30 wt%j\‘m

40 wthA ¥
Lo SRR,

50 wik B

60 wt% A ¥
70 wik A ¥

1 A )] i 1 a 1 i 1 i 1

10 20 30 40 50 60 70 80
20 (°)

il 5-4 AMEHMEK XRD &M
Fig. 544 XRD patterns of wood ceramics

5.3.22 MER/AKM/SIO, KM XRD 447
B 5-5 R s/ AR /SiO, KEHE £ # B XRD A .

Intensity(a.u.)

i Qi=9.
oGS s

| I | n J - |

A 1 2. 1 L
10 20 30 40 50 60 70 80
28/(°)

Wl 5-5 BHET/AR/SIO MK XRD %K
Fig. 5-5 XRD patterns of resin/wood/SiO; ceramic
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