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Preparation and properties of benzoxazine with dihydrazide bond and its carbon fiber composite
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Abstract : Benzoxazine, as a new type of thermosetting resin, has been widely used in aerospace and electronic packaging
materials due to its excellent thermal stability and mechanical properties. However, the highly cross-linked structure of benzoxazine
prevents it from reshaping after use, resulting in serious resource waste. In order to solve the above problems, a strategy of introduc-
ing rigid conjugated dynamic dihydrazide bonds into benzoxazine monomers was adopted. Bisphenol monomers containing dihydra-
zide bonds were synthesized from vanillin and hydrazine hydrate, and then reacted with aniline and polyformaldehyde to design a
benzoxazine resin (HBP-a) containing dynamic dihydrazide bonds. Due to the instability of the dynamic dihydrazide bond under
specific conditions, benzoxazine has the ability to degrade. It can be completely degraded in a mixed solution of tetrahydrofuran
(THF) and water (The volume ratio of THF to H,O is 8 : 2) and at 25 °C in just 4 hours. In addition, polybenzoxazine also has a high
residual carbon rate (¥, =57.5%) and excellent flame retardant properties with heat release capacity of 64.7 J/(g*K), and total heat
release of 15.9 kJ/g. Due to the introduction of rigid dihydrazide bonds, the thermal stability of polybenzoxazine[P(HBP-a)] is
improved with temperature at 5% quality loss 270 °C, temperature at 10% quality loss 297 °C. The tensile strength and elongation at
break of the recovered carbon fiber after resin degradation from composite which is prepared from benzoxazine with carbon fiber are
comparable to the initial carbon fiber, and the surface of the recovered carbon fiber has no cracks or pores. This scheme can not only
achieve the degradation of benzoxazine to alleviate environmental problems, but also achieve non-destructive recovery of high-value
carbon fibers in composites.

Keywords : dynamic dihydrazone bond ; benzoxazine ; thermal stability ; degradability ; efficient recycling of carbon fiber
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Tab.1 DSC data of BA-a and HBP-a

Sample T, ./°C T/°C AH/(J-g ™"
BP-a 256.7 262.7 355.40
HBP-a 222.0 230.0 45.27
Notes: T, ., is initial curing temperature; 7, is peak curing tempera-

ture; AH is enthalpy.
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Fig. 6 DSC curves of HBP-a at different curing stages
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Tab.2 TG and MCC test data
Sample T,/°C Y/% HRC/(J-g"-K™") THR/(KI-g™")
P(BA-a) 230 29.5 64.7 15.9
P(HBP-a) 270 57.5 66.5 5.3

Notes: T, is temperature at 5% mass loss ; Y, is char yields ; HRC

is heat release capacity ; THR is total heat release.
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11 243 3 Kissinger A1 Ozawa /7T H A E, .
WA PR, % In@/TH5 VT, ATl 4 vl LA
WA RS E, M 144.25 kl/mol, #E— %) Ing 5
VT AT i R E, 2 145.10 k)Y

Item

mol. 8l 712451 UE ] HBP-a SRR TT 24/ 1 BE it
REHEITRG

-13.5
92 L /
: y=-17.35x+24.32
-94 < E=144.25 kJ/mol
96| 130
— -9.8 -
=100 | y=-18.36x+38.77 125 =
3 E =145.10 kJ/mol -
= -10.2 :
-10.4 | 120
-10.6 -
-10.8 - 1.5

-11.0 I I I I I
1.92 1.94 1.96 1.98 2.00 2.02

1.000/T /(K™")
11 i3 Kissinger Fl Ozawa Jy &1L E,

Fig. 11  E_ calculated by Kissinger and Ozawa methods

2.5 P(HBP-a)# fit s 7] M b Ao 1 ARPE AL AT
S 7 PCHBP-a) B i A8 TR 925 70 M e, Rk B
(AR B R R YL 7 5 T A BILI R RN TR &
W (A LI VRN ZE TR K AR B LE R 82 2) B R Bl
FI TR TR 24 h, ARV R 0 €0 1 A8 T ke ) W FC T
FIERE , V5 790 21 (0 A5 fh b R 1 I T 9785 70 12 B e 2%
ARSI K FH B9 #5554 MeOH . EtOH ,AC .DMSO ,
THF. 1 mol/L HCI. 1 mol/L NaOH. ¥ #5153 114
REREHFHR (LY 50 mg)iz il fE iR 24 h, SR J5 0

K12 P(HBP-a)7EA Rl i & 24 b BRTJE0F LE I
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