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Effects of Substituent Groups on Curing Reaction and Thermal Stability of
Nitrile Functional Benzoxazine Resins

WEN Wei!, FANG Xiong', CHEN Guiyong!, YAN Ning!, ZHOU Yixue?, MENG Fansheng?, RAN Qichao?
(1. AVIC Chengdu Aircraft Industrial (Group) Co. LTD, Chengdu 610092, China; 2. State Key Laboratory of Polymer
Materials Engineering, College of Polymer Science and Engineering, Sichuan University, Chengdu 610065, China)

Abstract: Three nitrile functional benzoxazine monomers (PH-bn, mPH-bn, aPH-bn) were synthesized based on phenols
containing different substituents and m-aminobenzonitrile, and their cured products (poly(PH-bn). poly(mPH-bn). poly(aPH-
bn)) were obtained. The structures and compositions of benzoxazine monomers were characterized by Fourier Transform
Infrared spectroscopy (FT-IR) , Nuclear Magnetic Resonance spectroscopy ('H-NMR) and Gel Permeation Chromatography
(GPC). The effect of the substituents on curing behaviors was compared by differential scanning calorimetry (DSC), and the
curing reaction mechanism was further discussed. In addition, thermogravimetric analysis (TGA) and TGA-FTIR were used

to compare the thermal stability and pyrolysis mechanism of the three cured products. The results showed that the
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crosslinking reactions of the oxazine rings and a part of nitrile groups occurred simultaneously during the curing process. Due
to the presence of the electric-donating methyl group, the peak temperature of the curing reaction increased and the thermal
stability decreased. However, the electric-absorbing aldehyde group made the curing peak temperature decrease. Moreover,
the thermal stability significantly increased because of the crosslinking reaction of the aldehyde groups. The 5% mass loss
temperature of poly(aPH-bn) was 380 °C, and its char yield was as high as 67.3% in N, atmosphere at 800 °C.

Key words: benzoxazine; nitrile group; thermal stability; curing reaction; resin
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1.2 WX 5RE

ol FE AR 48 27 # S 3% (FT-IR ) : Nicolet Magna 560 75U {# B i AR 30 21 /B4, KBr & B il B, 49 e Bl oA
4000~400 con!, /3R N 4 em™! ., B RGHEIRE S 3% ("TH-NMR ) : Bruker Avance 400 'H-NMR #% 4 45 4%, P4 B 3
fiESE (TMS) i AR, AR H LB (DMSO) i 1, FE 0 29°8 9 mg. &E IS B % (1 (GPC) : Waters 1515-
2414, DU PRIBAELEML ] . 222 HIEH(DSC): TA Q-20 2 /s i UYL, 55 2R FH 4 8 4l (In) #EA TR IE, T
T R 10 °C/min, K 6L Y R R 40~350 °C, AW 50 mL/min, £ &8 3~4 mg. K E B
(TGA) : TA Instruments High Resolution 2950 % #4 2& 5 43 #14%, &4, i3 8 100 mL/min, T i 2 2R
10 °C/min, W335 B35 Bl o 40~ 800 °C. A HE 43 #7 A4 A1 Ot 3% 1 H ( TGA-FTIR) : TA-Q600 #4543 A1 4%
Nicolet380 %Y i BL iy 21 Ap S 338 P 3K 4, D0 3K 3k B2 3 1 28 50~ 800 °C, JH i 3 %8 &y 20 °C/min, &< Ui 3N
60 mL/min, ¥/ % 20 mg.
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FIARHES R e, JT oK Uk 28 vk, e 28 BRI, A 2R B @) 5T, 10 PH-bn. R [RIAE 99 o2 ) 1 15C bE S G
BT, LA B BE 2R W B 5 R 193 15 1) mPH-bn, LAXT R SE28 H AR 2K 93 159 8] aPH-bn, 1 U R FFREE (1A

B AN 1 s o

OH NH, :

O/\N
<j + 2HCHO + @\ B —
CN
CN

R

R

R =H (PH-bn), =CH; (mPH-bn), ~CHO (aPH-bn)

B SRR A5 U

Fig. 1 Synthesis route of nitrile functional benzoxazines
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180 °C, 2 h; 200 °C, 2 h; 240 °C, 6 ho 15| AE 53 9iC 4 poly(PH-bn). poly(mPH-bn). poly(aPH-bn).
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Fig.2 FT-IR spectra of benzoxazine monomers
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Shy 2y F A 1 R L (R B I SRR R R A 2 B N, SO R AL AN T RN, 4T aPH-bn,
TEARZE AL 9.83 Ath Y B 1 i v %) B - 0, AT R A SRy I v - R AT, ol I 02 B v SR R0 1 L i 5 B2 AR, £k
AL RS AR B0, MR W43 S BRAE 5.67 A1 4.86. 41 4h5 % W FAE 45 S R W 3 A3k i AL 75 I g o
(ENED) IRy A

fii ] GPC X P= W4l AT T /04T, 5 AR 4 Fis . T LIS A 2, 3X 3 oI RIEmR AR 7r 45 H ik
rh H B 1 ARBIONFRIE, H 250 Hde 20 (My/M,) Y4238 1, KWK 3 FEp AR ny 4 s —, B R 4
Hrpr, PH-bn 40 30 7E 16.3 min &b, %F T mPH-bn #1 aPH-bn, PR 75 1 %3 A B KL, 0 1 g A 38 K, 15 5 i
[B] 0 A1 43 5 B A 2 16.1 min 1 15.7 min,

163
3-324.74 PH-bn, M,/M, = 1.016 /\
PH-bn J |
LAA A 16.1
220
mPH-bn 5474 68 mPH-bn, M,/M, = 1.012 /\
TSy} J J A 15.7 ’
aPH-bn aPH-bn, M,/M, = 1.006
9.83 5.674.86 \/—
10 12 14 16 18

11 10 9 8 7 6 5 4 3 2 1 Retention time/min
° P4 PRI GPC 2k
3 ZRIFIEGR AR 'H-NMR 5 & Fig. 4 GPC curves of benzoxazine monomers

Fig.3 'H-NMR spectra of benzoxazine monomers
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22.1 BAATH A I DSC A R A I o - oy O;} .
R AT AT T FSE, 8553 4n1E 5 F7R . PH-bn, —V

mPH-bn, aPH-bn 435I 7E 24 60 °C . 80 °C il 130 C -

T 9 Al R0 AR A AL R rp 2 B L — mPH-bn /N5 Kimol
S B A , 42 W RIS B (1) FF 58 45 J 0T 5 4 5 Y

1T S S RV 2 2 £, 3 T Sl T R — ol
T ERIE A LA 2 SR AR I AR — 2 0 1 g1 Rl —
/o PH-bn 15 265 °C i B fl BRI, #kd Dy 5'0 160 150 260 230 360 330
95.3 kJ/mol, X} mPH-bn, X3 i 45 He, T3 — CH; 7/°C

BT REREA P AR TR T B, i C—0 K5 AIFEEE LRI DSC gk
%@&ﬁ%&ﬁ% 7] Xﬁ , @i {ﬁ mPH-bn E’g [&] ﬂg}i@{ﬂ%‘lﬁ #H Fig. 5 DSC curves of benzoxazine monomers

X A vy, HL [ Ak W (I B 3G B 281.9 G [RIA, Fy

F mPH-bn "1 A% 1 1) — CH; i 48 T 3840 38 HE A7 A5, AHEL T PH-bn A R BERAIR, I L PH-bn AR R
A K5 (75.6 kKI/mol) o T aPH-bn H 3 X 457 kW FL F- 36 Al — CHO, {15 C— O Hi o 5y Wi 24, 5 SO [ 1b 1 (i T
JE ¢ PH-bn FEAR 2 239.1 °Co AL, BEHEAE AR T REEE vh o] LUER7r 2 5 B S8 5K S o, B4 A2 BK LA aPH-bn
IR R A,

222 BEMCE B ST SR FT-IR XF 2R I WEEE Y [ 40 S i AL AT 1 05T, &1 6 o 3 iR T gR [ AL i
JA B FT-IR 3518, AT UL, =& 454 v YRR PRERE I8 (940, 952, 938 e ) 7E [l AL 5 Y FE AT 2%, HAE 3400 cm™!
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B 3 L 3T S P T R AR 0, R 3 R R IR R BT SE I A5 N EARS S5 R Th I EIE IR iR AR T
FFRRE N o IR, =& 454 (U 3L (2228 em 1) 58 B S FEAR, HLZE 1362 cm™! A2 47 B T py 43
SR A I = W VR AIE I S 06, ¢ BH AU 1 28 166 i ot 7 R B A T, 3% 5 DSC 45 R —3 . ARl Z, poly(PH-
bn) A% U I 5 B AR A 2 A48 T poly(mPH-bn) F1 poly(aPH-bn) 5 Kk, 2B poly(PH-bn) H i) 50 A 32 B
JCR 5 F KA. AR, 3T poly(aPH-bn), Bt 17 VR B F1U 5 (4 W 068 1 ik [ I A1, 7F 1680 em ! Ab % 3 )
W S0 LR R 55, RIS 2 5 T AN o AR STk [21-23] 8, R IR RE0E o (9 i 56 T 5 AR S4B 00 &
A SR, DT = AR A AN S A 5 o 3 il SRR T WE R A i 11 S B 25 4 DL &) 7

940
2228
PH-bn
poly (PH-bn) 1362
1
952
mPH-bn 2229
poly (mPH-bn) 1 3459
938
aPH-bn 2226
poly (aPH-bn) 1 ;»65
1 L 1 | | :
3500 3000 2 500 2 000 1500 1000 500

Wave number/cm”!

6 PH-bn, mPH-bn, aPH-bn FE{LR{JF#Y FT-IR %A
Fig. 6 FT-IR spectra of PH-bn, mPH-bn, aPH-bn and their cured products

RRE M SN N LN
:

poly(PH-bn) poly(mPH -bn) poly(aPH -bn)

Bl 7 poly(PH-bn). poly(mPH-bn) il poly(aPH-bn) AY3ZEkEE )
Fig. 7 Crosslinked structures of poly(PH-bn), poly(mPH-bn) and poly(aPH-bn)
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231 #ARZ MM R TGA X AR IFWEGE [E LY IR Pt AT T 3R1E, 45 2R WLIEl 8 F1 1. poly(PH-bn)
[ Tas R 320 °C, BT R0IE SN TR B = 8 485 44 {1 L 800 °C FE%%%%%ﬁ@J 58.9%, i TAEGEARTFIER RS .
1Ml poly(mPH-bn) Y Tus F 5% 5% 43 51 24 297 °C Fl 42.6%, F %L poly(PH-bn) ¥ 4 — 5 T BE (0 FEAK . [WI 0, A

=—poly(PH-bn) 15 21 ZRIFIEER RN TGA 45

100+ .—poly(mPH-bn) é‘:{ ZIK}IF %WHE E’J =]

90 v—poly(aPH-bn) . Table I TGA results of benzoxazine resins
& jg | Sample Tys/C Tyo/C Char yield/%
E 60 - poly(PH-bn) 320 367 58.9
° 50t
= poly(mPH-bn) 297 327 426
S 40}
&"3 30t poly(aPH-bn) 380 425 67.3

20

10}

0

100 200 300 400 500 600 700 800
7/C

B8 AITREERIIRM TGA Mk

Fig. 8 TGA curves of benzoxazine resins
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(c) poly (aPH-bn)
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N
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9 (a) poly(PH-bn) . (b) poly(mPH-bn)Fll (c) poly(aPH-bn) f) TGA-FTIR %]
Fig. 9 TGA-FTIR spectra of (a) poly(PH-bn), (b) poly(mPH-bn) and (c) poly(aPH-bn)

poly(mPH-bn) i [ fi# HLEE 5 poly(PH-bn) B i AN [] . poly(mPH-bn) 7£ 350 °C JF 4 i B 05 e fb &5 91, 1E
400 C H BLHR 55 Y NH; FF AR08, HLAE B A~ B ik o 72 b 05 B2 29 K, 3R W] poly(mPH-bn) 1Y [ fiff 4K S8 J2& A
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