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AVATAR360 BILLAMEIEAYL - 5& [ Nicole 24 ®], #F 5 2k FH ik KBr B, 3 Hl 400em ' ~
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fit, UM 3. 30g(110. Ommol) 2 B FHEE A 5. 20g(55. 0mmol) ZK 1 /6. 85g(55. 0mmol) Xf I 48 4
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Figure 1  Synthetic route of FBZ and PFBZ
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Figure 2 FT-IR spectrums of FBZ-1(A) and FBZ-2(B)
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Figure 3 'H NMR of FBZ-1
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Figure 4 " C NMR of FBZ-1
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Figure 5 'H NMR of FBZ-2
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Figure 6 "*C NMR of FBZ-2
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Figure 7 Comparison of FT-IR spectra of PFBZ-1 and FBZ-1
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Figure 8 Comparison of FT-IR spectra of PFBZ-2 and FBZ-2
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Figure 9 DSC curves of FBZ-1 at different heating rates
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Figure 10 DSC curves of FBZ-2 at different heating rates
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M DSC %4575 %) FBZ-1 #1 FBZ-2 Ry AL AEIR B an 28 1 Frow . B AL i B4R 1R T, W IR 2
T, FIZ I EIRE T,

% 1 FBZ-1 # FBZ-2 By E L 45 E iR &
Table 1 Curing characteristic temperatures of FBZ-1 and FBZ-2

T.CC)H T,(C) T,CC)
BCC/min)

FBZ-1 FBZ-2 FBZ-1 FBZ-2 FBZ-1 FBZ-2
2 212.2 207.1 215.2 213.1 217.7 219. 2
5 227.7 221.8 231.2 228.7 234.1 235.7
10 239.5 233.0 243. 8 240.9 248. 6 248. 8
15 244.2 240.1 253.8 248.5 259.4 257.7
20 251.6 244.2 256. 7 253.3 265. 1 263.9

A Kissinger 288", 5 Crane 7" 18 FBZ-1,FBZ-2 &4k 5207 A4 26 W% AL BE L F5 HiT A 1~
SR, S RN 2 iR,

%®2 FBZ-1 1 FBZ-2 MEILZI hESH
Table 2 Curing kinetic parameters of FBZ-1 and FBZ-2

[BRERLNEA WALfE E/(kJ » mol ™) /AT A 0 L n
FBZ-1 107. 60 4.02X 10" 0.9216
FBZ-2 112. 90 3.95X10" 0.9322

RS PBZ W BE 00 B4R B AL IR R 3 6 T-p /8 HE v ok 1 5 7 o R R At i AR R R L R/ 11
FE 12 4350 K W AR & FBZ-1 1 FBZ-2 1) T-p A H& S BACREE IR B, Bl FBZ-1 8 5 19 [ 4k
A0 Bl R B AR EARIR R 215°C s EFEMLIREE 217°C 5 J5 BEMLIREE 219°C . FBZ-2 B A9 & 4645 B
BORE BEE N AR FEAL IR BE 209°C 5 LR T 215°C ; J5 BALIRE 221°C . SZbr b, Gtk /s (0 6 4k 3
%%Eﬁﬁﬂmﬁmﬂéﬂﬁﬁl{tm BOSUIFANK H I, 78 S B i [ 4k i #2 v FBZ-1 A FBZ-2 (1) s FE [ b

R LI E N 220°C,

270

260 |

250 |- =

240 |-

o)

230 |-
T=1.9468 + 215
T)=2.4008 + 217
TF2.6938 + 219

220 |-

210 |-

°
L]
1
2

B(‘C/min)
Kl 11 FBZ-1 Bfbik R T-g L& HE&
Figure 11 T-p relationship diagram of FBZ-1
2.3 FBZ-1.FBZ-2 REE &4 PFBZ-1 fl PFBZ-2 Ry M &k
HLR FBZ-1 ) TG-DSC i £ @i & 13 frsn, DSC #h £k 160°C Ab (1% W #4 06 hy FF 5 1 25 il e, ¢ B
FBZ-1 1 848 160°C 247, N FBZ-1 43 T 458 L& . 25 B 51 i 43 W PR 38 i, P Bk 1 o A e 38 o 1
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Figure 12 T-p relationship diagram of FBZ-2
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Figure 13  TG-DSC curve of FBZ-1

& 14 R ik FBZ-2 1) TG-DSC £ &l . DSC g 147°C &b ity W HR 06 Sy S04 g 425 il 0 156 B B R
WS RAE 147°C A A A i SR TR AR B, W] A R W AR S A 3 i 4l B . 220°C ~ 260°C [H] 19 58 5 R 06 Oy FBZ-2
ARG, N TG ik L&, 2k N 145°C FF IR 28 1% 2 5 L 4 i B2 ik 31 230°C B 2% 3 i), 2 B
BT HRES 5 DSC h 4 BT s e 5B i 725 il RF 3R B A B LAY & L 6] FBZ-2 IR R & 40 46
WBETE 220°C 247, 230°CJ5 . FBZ-2 — HARFF IRV B, /R T FBZ-2 ARG LB AR N B
(4 7N G3 - B, SXAR FT RE 2 20 1 25 40 v i) S A TR T 3B a0 B 8 A 1IN T, Xk
B PFBZ-2 & 53 o 1 R % R I

R EY) PFBZ-1 fl PFBZ-2 Wk fgdE & TG Ml , 5 TG & ni&l 15, 8 TG thZ&nl A, 2 #R &9
FEUGE I M 1 R B 7R 250°C DAL, 32 R T SR R IR R 1) 58 B 45 4 e M s T B, 1A B A R R )
B o 3 ) T o A B R L A R B — R S R TR g . th TG 215 2] 00 A BE B
T R T o AR FEIRLBE AN 850°C Y BRI R Y 50 91 T 3R 3, 5AE G 1Y R IFRER R AR (1 PPA B 5% Ik 34
28. 6% ") M . PFBZ-1 Al PFBZ-2 K55 KA e 5 T PPA, HH UL AT UL 25 56 (0 51 A 3% H g o 1 %
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Figure 15 The TG curve of polymers

% 3 PFBZ-1 #1 PFBZ-2 B3 1% B £ 48

Table 3 Thermal performance of polymers

BOY Ty, CC) T 1oy (T Y 50 (V0) LOI(%)
PFBZ-1 290 319 40.9 33. 86
PFBZ-2 299 328 36.9 32. 26

2.4 &% PFBZ-1 #1 PFBZ-2 HFE 8R4

AW 00 BLIA P BE— g mT AR PR AR 0 (LOD Sk R, HZAR AN LOT=17. 5-+0. 4Y, " 1545 5
PFBZ-1 Il PEBZ-2 4% FR % 45 5000 5 4 33. 86 %0 1 32. 26 % (WL3 3) , W4 PFBZ-1 F1 PFBZ-2 (Y #% R
EARBONTE T 27 BB R PERE Y L R TAHRIER R A YR A RRAE T AR
F A e NI PEAR 5 1 2 B g4 b 8 s e, — Oy 4R T 7R B9 o IR R s O — Oy L AR TE R T
T4 5 S AR W JF 3R 77 A R 35, (R R NO, WN, WNH, . CO,  H, O %5 AR ATER A, S 3] [ AR 7T R 4y 2% 1
T BE S B SR L B AR R B . RV, RUCRE AT 2 v B 1 P 2 93 SR G W i A S R 8 L DTG 32k 1) BHLJA
(IR . M PFBZ-1 Ml PFBZ-2 ({ R LE M) K F , FBZ-2 M4 T FBZ-1, BB 3R | £ 17 — A 403, 1E 4
T A B T A3 AT IR R L 230°C J5 - FBZ-2 PR R A X R i 0k 3, R B FBZ-2 E PR &b ferh, oy 7
S Ak v ) SRR TE = TR R 23 R AR IR A I 2 BRI B 2 19/ o . 30 PFBZ-2 R (850°C) 43 i I 1Y Bk
HF(36.9%0) [ PFBZ-1 (5% B¢ 28 (40. 9 Yo Ik, FH 8% o 28 11 5545 2] (9 W PR 4045 %0 PFBZ-2 ZEHE K T
PEBZ-1, BB BHRAE I —H WA B2 7., 8 RAFAYFLAMERE . 245 T 50K 73+ b By BE 12 36
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(2)il 3 DSC &5 bz 71715 3] 2 425 B A TJFREER (FBZ-1, FBZ-2) WG L HE , 73 4]y 107. 60k] -
mol ',112. 90k] « mol ', W %53 R 0. 9216.0. 9322, i ] T-8 Sk 3115 H 4 [k IR B
FBZ-1 Fl FBZ-2 () 55 AL A LB 3T % 2 R 220°C 5

(3)i# it DSC Fl TGA X Hfk LH R G Wy RPERe#E1T T 0F5E . 45 R R W, FBZ-1 Ml FBZ-2 2
B P A [ AL RRAE G TR BE (5°C « min ' A FHRE O 43518 231, 2°C,228. T°Cs KR A PP
T P U B VAR TR 5 90) 3K 290°C ,299°C 5850°C I AR % ¢ R 3k 3 40. 9 % 1 36. 9 %  k FR 48 45 % 33. 86,
32.26., SEGMIRIFHEGEAE LY . 25 B 2R IR WE R A i (PFBZ) 3% B HY B8 4 9 FA R P e R BHLR M g
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Synthesis, Curing Kinetics and Thermal Properties of
Fluorene-Based Benzoxazines

ZHANG Su-meng', WANG Meng', LIU Jia-heng', LIU Ying-xuan'?", HU Wei-bing'
(1. School of Chemical and Environmental Engineering s HuBei MinZu University s Enshi 445000, China ;
2. School of Chemistry and Chemical Engineering » Huazhong University of Science and Technology -
Wuhan 430074, China)

Abstract: Two new fluorene-based benzoxazine monomers ( 3-fluorenyl-3, 4-dihydro-1, 3-benzoxazine (FBZ-1) and 3-
fluorenyl-6-methoxyl-3,4-dihydro-1,3-benzoxazine (FBZ-2) ) were synthesized through the reaction of phenol/para methyl
phenol with formaldehyde and 2-anlinofluorene. 2-anlinofluorene was from the nitrification and reduction of fluorene. The
chemical structures were confirmed through FTIR, 'H NMR and " C NMR analyses. The polymerization reactions of the
precursors were monitored with Differential Scanning Calorimetry (DSC) and FT-IR. The curing kinetics were
investigated, activation energy and optimum curing temperature were obtained. The thermal properties of cured polymers
were evaluated through DSC and Thermo Gravimetric Analysis (TGA). The two {luorene-based benzoxazines show that the
typical curing characteristic of the oxazine ring-opening centred at 231. 2°C for FBZ-1 and 228. 7°C for FBZ-2. The thermal
decomposition temperature (5% weight loss) and the char yield (Yc) of fluorene-based polybenzoxazine at 850°C is 290°C
and 40. 9% for FBZ-1, 299°C and 36. 9% for FBZ-2. Limit oxygen index(LOI) is 33. 86, 32. 26, respectively.

Key words: Benzoxazine; Fluorene; Curing kinetics; Thermal properties
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