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Effect of heat history on thermal properties of diaminodiphenyl methane type benzoxazines
HE Dongxin,ZHANG Zhen, LIU Chengjie, LI Haoyu, LI Zhongwei, GAO Sheng
[School of Materials Science and Engineering, Qilu University of Technology (Shandong Academy of Sciences),Jinan 250353, China]

Abstract : Benzoxazines resins are phenolic-like thermosetting materials with a unique chemical structure and excellent prop-
erties, which have enormous development and application potential in different special scenarios. According to the different heat
history obtained from each of three heat treatment processes in different setting modes of temperature and time, the 4,4’ -diaminodi-
phenyl methane type benzoxazines (MDA-BZ) mixed 1 wt% curing agent and curing agent-free references of MDA-BZ were heated
in the same batch by a high-temperature oven. The thermal properties of the curing samples were individually compared from the
perspective of combination of either different curing type with the same heat history or the same curing type with different heat histo-
ries. An approach was achieved to optimize the curing parameters of MDA-BZ matrix for composites. The thermal properties were
tested under the same conditions utilizing simultaneous thermal analyzer. The results show that, the heat history characteristics of
temperature increase and time extension shift curing exothermic peak to a higher temperature for curing agent-free samples. In addi-
tion, thermogravimetric mass loss ratios at 600 °C of polybenzoxazine increase, and thermal stabilities of polybenzoxazine worsen.
Temperature increase and time extension have different effects on 1 wt% curing agent-mixed samples. Among them, 1 wt% curing
agent promotes ring-opening reaction in the two stage curing parameters of 185 °C (1 h) and 205 °C (1 h), increases an initial degra-
dation temperature, reduces thermogravimetric mass loss ratio at 600 °C, and raises the thermal stability. It is elucidated that 1 wt%
curing agent generates different effects on thermal degradation mechanism compared with the curing agent-free samples. When
MDA-BZ resin is selected as composite matrix, a preferred curing strategy is obtained by combining 1 wt% curing agent with two
stage curing parameters of 185 °C (1 h) and 205 °C (1 h).

Keywords : benzoxazine ; heat history ; curing agent ; 4,4'-diaminodiphenyl methane ; thermal property
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Tab.1 Raw materials and treatment conditions of samples with

different codes

S::;I; lse Raw materials Treatment conditions

MDA-0 10 g MDA-BZ Untreated

MDA-1 10 g MDA-BZ 185°C (1 h)

MDA-2 10 g MDA-BZ 185 °C (1 h)+205 °C (1 h)
185 °C (1 h)+205 °C (1 h)+

MDA-3 10 g MDA-BZ (225)°C @h) (1 by

MDA-4 10 g MDA-BZ+0.1 g CA 185°C (1 h)

MDA-5 10 gMDA-BZ+0.1 gCA 185 °C (1 h)+205 °C (1 h)

185 °C (1 h)+205 °C (1 h)+

MDA-6
225°C (2 h)

10 g MDA-BZ+0.1 g CA

Note: CA is hexamethylenetetramine curing agent.
1.4 MX5 kA

AHIERR S5 HE3 G O i A GE A T iR 1Y
ZRF I R(DSO) MR E (TG) A A2, 3K
FE T i 0 5~7 mg, HE WA bE B ALO,, TR 3%
10 °C/min, 38 IR FE 4 60~600 °C , &< i A 20
ml./min,
2 #RE5ITR

AN TR 5 T 1A 7510 R 55 o 2 43400 1% [E1 4k 7R
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Fig. 1 Comprehensive thermograms of curing agent-free MDA-BZ

samples with different heat histories
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Fig.2 Comprehensive thermograms of 1 wt% curing agent-mixed

MDA-BZ samples with different heat histories
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DSC /&M 5E BZ [0S0 i F 20775 . MDA-0
() DSC [k 78 75 202~286 °CA TN 42, Wy
230.8 °C, # ] MDA-BZ H ¥ ¥l 55 v 1) 2 e 2
AT IT, K AE A SO o W T 2 17 2R 156 B ik FA
G 24 50.35 J/g. ST ETE, HEIE 1a Fl[E] 2a
JJi7R DSC e iR E L R A B A T3 2.

£2 R MDA-BZiXH K DSC ELH 15 8
Tab.2 Information from DSC curing curves of different MDA-BZ samples

Codes Initial curing temperature/°C Peak curing temperature/°C ~ Final curing temperature/°C Heat release/(J-g ")
MDA-0 202.8 230.8 269.8 50.35
MDA-1 192.8 243.8 272.8 7.94
MDA-2 199.8 259.8 309.8 2.30
MDA-3 - - -

MDA-4 192.9 239.8 279.8 15.16
MDA-5 - - -
MDA-6 -

MDA-BZ ()4 WU B A0 & 3 B, PSR A
I e IS B A W O BRAR 25 K 1] 4 I, BZ AE T
WRA TG 158 5 W P2 R A 2SR I 245 2544

ARl 387 5 TG [ Ak 790 A [ Ak R AN T 1a
7R o MDA-17E 192~273 °Cy™= A= e , WA F s 4
4 W) & 243.8 °C #17.94 J/g, #H It T MDA-0,

2 @—OH + HZN—QCHEQNH;4 HCHO
: d) el O ﬁ\()@
CH, N

K13 MDA-BZ 6 iU I
Fig. 3  Synthesis reaction of MDA-BZ




AT AT, 55 T shoxeh — Uk T ORI e R R AL RE A S 89

OH

ot

dDN‘QCH@N/:b A cn,

<> OH
\E/N\/@ﬂ/
K14 MDA-BZ B IR G KIS SR A Y AR S5 H

Fig. 4 Ring-opening polymerization of MDA-BZ and

their final ideal structure
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Tab.3 TG parameters data of different MDA-BZ samples

Codes Initial temperature of weight loss/°C Final temperature of weight loss/°C Mass residual ratio at 600 °C/%
MDA-0 387 527 53.77
MDA-1 372 533 59.51
MDA-2 369 533 48.36
MDA-3 372 532 46.72
MDA-4 370 534 46.72
MDA-5 404 525 52.84
MDA-6 373 531 48.37
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