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Cardanol-based benzoxazine toughen diamine benzoxazine and

properties of copolymer resins
SUN Haoran, JIN Ziyi, HU Xinyue, WEN Xiaodong . FU Feiya, LIU Xiangdong
(School of Materials Science &. Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, China)

Abstract: In this work, we used cardanol and aniline as raw materials to synthesized cardanol-aniline
benzoxazine(C-A), and then copolymerized with diamine-type benzoxazine-4, 4-diaminodiphenylmethane-
type benzoxazine (PH-DDM) , which take advantage of C-A in term of its self-plasticizing effect that driven
by the long aliphatic chain at meta-position to improve the toughness of copolymer resin, thus overcoming
the shortcomings of the brittleness of traditional polybenzoxazines. The copolymerized resins were
characterized using differential scanning calorimetry (DSC),dynamic thermomechanical analysis (DMA),
thermogravimetric analysis(TGA), and tensile text to investigate their dynamic mechanical properties,
thermal stabilitiesand mechanical properties. Experimental results revealed that the resin prepared at PH-
DDM/C-A molar ratio of 2.5 : 1 gives best toughening effect, polybenzoxazine' s glass transition
temperature (T,) is higher than 175 “C, the 800 °C char yield above 39% ., thermal stability remain stable;
The tensile stress at break reached to 57 MPa, and the corresponding elongation at break below 3.38%,
which is 20% higher than that of the bulk cured PH-DDM resin. Our work demonstrated the toughening
effectiveness of the cardanol-based benzoxazines with the traditional benzoxazines, showing a positive
significance for expanding applications of benzoxazine.
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b BB A IASHY To 3z BE B B 1009 S P30C10
r s g T T/(K.  E'/(MPa, 3HESE/ S P20C10
A el 430K) T, 430K)  (molem ) 80 - ~+-P15C10
~PI10C10
C-A 69.2  373.2 0.9 96. 74 -+ P5C10
P5C10  130.6  433.6 13.4 1. 22X10° § 60 1 A
P10C10  155.9  458.9 16. 4 1.43X10° S
PI5C10  168.3  471.3 16.6 1. 41X 10° & 40
P20C10  171.5  474.5 16.9 1. 43X 10°
P25C10  175.4  478.4 17. 4 1. 46X 10° 20 r
P30C10  182.3  485.3 17.7 1. 46X 10°
PH-DDM 208.3  511.3 41.9 3. 29X 10° 100 200300 200 500 600 700 800
HwE/C
E’ B 9 C-A.PH-DDM 5ELEAE L5
V= (D . -
3RT RARBER TGA ik
Hop .V ARECBRH I  mol/m* s EfRE T, +30 K %4 C-A.PH-DDM 5EHERE
JITXE R B At e it MPas R S SUREHGT I T+ L B3R SR AE ) TGA 3R
30 K po4a X e . K, 2 R Ts54/C Ty /C 800 CEEIRE/ %
W TR R 3 R Ak C-A C-A 317 361 13.59
TR 1 S B 2 PEARAI o A3 B %) PH-DDM [ 4L ) Paclo 390 o 1695
HOSE I B 3 3000 mol/m®, R A ISR S8l PLoc1o 363 390 27.59
e A P15C10 371 407 30. 37
i . ji IR 2258 Tk 15 P20C10 366 390 36. 41
1400 mol/m" Ja A AR, P25C10 367 395 39.70
9 AR EL TR A B g [ Ak )5 ) TGA i P30C10 378 406 44. 99
Mk &, 4 4 o TGA MK T, T, A1 800 °Co% PH-DDM 365 401 45. 46

IRFEAAE . oAk C-A BRI T, T, M
800 °C % 7% %4y Wil &y 317,361 “C Fl 13. 6% ; Bifk
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FA5. 500, WS 1 K AN T A e R 5 o 1 2%
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FEPELL BRI A C-A Fr 3 hnm TR

2.4 BEXHBEROTESH

P10 7R 1 AR BIr A1 & WS 37 A 1 -5 1B
L AR ] B0 1 O 2 B B R R R A AR
PH-DDM 5 6] iy < e k. AUIAL 10 Ca) ] LUE
H . fE 2.5 mm/min FIHERT, [F{L PH-DDM f)

FIAFIETRLN 18 82 MPa, Wi 24 2% 2. 98 )4, Tii [
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