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Study on Structure and Composition of Residual Compounds From Air

Environment Thermolysis of Phenolic/Siloxane Modified Epoxy Blends
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(1 School of Materials Science and Engineering, Wuhan University of Technology, Wuhan 430070)
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Abstract  The epoxy—polysiloxane copolymer (ES) was synthesized by condensation reaction of hydroxy—terminated
polydimethylsiloxane (HTPDMS) and bisphenol A epoxy resin (CYD-128) , and then blended with phenolic resin to modify
and obtain polysiloxane modified epoxy/phenolic blend (ES/PF). Thermal properties of ES/PF blend and the chemical
structure and composition of pyrolysis residues at different temperatures were investigated by thermogravimetry—differential
scanning calorimetry (TGA-DSC) , fourier transform infrared spectroscopy (FTIR), scanning electron microscopy with
energy dispersive spectrometer (SEM-EDS) , and X-ray photoelectron spectroscopy (XPS). The results show that,
compared with pure phenolic resin, the residual yield of ES/PF blend increases by 438% at 800 °C in air atmosphere,

and the maximum heat release rate decreases from 21. 98 W/g to 14. 93 W/g. However, under N, atmosphere, the residual
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yield decreases slightly by 14. 3%. In addition, the hybrid structure rich in Si=O, in the pyrolysis condensed phase of ES/
PF blend system within 430-600 “C plays a key role in the stable formation of carbon layer, effectively delaying and
inhibiting the further degradation of resin, and thus improving the carbon residue rate. When the temperature exceeds
430 °C, the existing form of silicon element in the residue changes significantly , from SiO, (accounting for more than 80% )
at 430 “C to hydrated silica (Si0,-nH,0) at 600 ‘C. These results fully indicate that the silicon element can significantly
improve the carbon residue and thermal stability of phenolic resin under thermal oxygen condition, but its influence is
suppressed to a certain extent under N, conditions, which may be attributed to the oxygen absorption mechanism of siloxane

groups during pyrolysis process. In addition, the structure and composition of pyrolysis residues of ES/PF blend system

have a positive effect on improving the thermal residual strength and ablation resistance of the material.
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Fig. 1 Infrared spectra of CYD-128, HTPDMS and ES resins
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Tab.1 Mechanical properties of cured PF and ES/PF blends

Tensile strength  Flexural strength  Impact strength

Sampl

ample /MPa /MPa /(kJ+m™)
P70 PF 31.86x1.54 38.01+1.07 8.76+0.67
ES/PF 50.47+2.02 65.14+1.99 16.30+0.73
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Fig. 3 DSC curves of ES/PF blends under air and N, atmospheres
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Tab.2 Thermogravimetric analysis data of ES/PF blends

under air and N, atmospheres"’

JEiRY) T.|5/°C TAIU/OC Tmaxl’T ..... AZ/DC Ry/% TJC  Q,J(Wig)
P70 PF
.. 25850 385.50 627 1.51 647 21.98
(Air)
ES/PF
.. 27750 358 410.50,632  8.13  631.50 14.93
(Air)
P70 PF
244.80 388.50 533.60 60.69 - 0.36
(N,)
ES/PF
256 373 415.20,540.10 52 - 0.38

(N,)

¥ :1)T,is the decomposition temperature at 5% mass loss; T, ' and

ma x
T“m2 are the maximum decomposition temperature in the first and second
stage; Ry, is the residual rate at 800 ‘C; T, is the peak temperature; Qs

the maximum heat release rate.
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Fig. 4 Infrared spectra of ES/PF blends at different temperatures
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R3 AERIBETENER ES/PF LB XPSiTIEM SR
Tab.3 Peak fit results of the XPS spectra of ES/PF blends by oxyegen thermolysis under different temperatures

t/°’C Area fraction/%
c—C C(—0OH C—0—C/C(—0—R C=0 m@—u* (C—CO, COOR Si—C Si—0—C Si—O0—Si Si0,  Si0,-nH,0
25 69.04 21.26 8.04 1.67 4.63 69.37 26
250 68.83 21.52 7.87 1.78 4.35 68.51 27.14
350 68.22 19.78 8.56 3.43 4.73 60.87 344
430 69.01 12.47 7.97 10.55 - 3.68 6.35 89.97
600 72.01 9.88 7.57 3.28 7.26 - 1.69 2.76 95.56

2.5 MU S/EMEBLEMREXREUHIEERER
B ot
[l 6 Sk PF } ES/PF IR W) 22 A [6) i B #hoah R 5

@

R BR W %) 1 PR B B R, R R AR AR A R TR OT K 4]
WA T4,

(a) PF25 C (h) PF 250 °C () PF 350 C (d) PF 430 C (e) PF 600 °C

(f)

(f) ES/PF 25 C () ES/PF 250 C

%*4 PFRES/PFHEEYHERBYEAETERFHH

Tab. 4 Surface scanning elemental atomic fractions of
thermolysis residues of PF and ES/PF blends

ES/PF PF

t/°C

C/% 0/% Si/% C/% 0/%
25 80.56 18.71 0.48 79.09 20.91
250 79.29 20.10 0.39 74.53 25.47
350 69.54 23.25 1.89 76.19 23.81
430 50.84 33.72 10.10 74.64 25.36
600 46.38 36.56 12.62 75.11 24.89

I8 6 R0, 76 % L 2= 250 °CIA] , PF & ES/PF #
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Py B T, R T AR AR 4
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WA D R 2 43 i AR B T 28 B, R A
LR . ES/PF T RECR I E 5, TEEE R IE

— 122 —

(h) ES/PF 350 °C (i) ES/PF 430 C
K6 RIEEEET PF A ES/PF LRI HR 5% 5 P 31 1 B BT
Fig. 6 SEM photos of the thermolysis residue of PF and ES/PF blends at different temperatures
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Fig. 7 The distribution of silicon element on the surface of thermolysis residues of ES/PF blends
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Fig. 8 SEM photos of the carbon layer of thermolysis residues of PF and ES/PF blends
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