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Synthesis and properties of ablation resistant phenolic resin for RTM
YUAN Wenjie, WEI Huazhen, LI Dayong, REN Xin, YU Guang, YU Qiubing, SHAO Meng, LIU Wenbo, XU Guofen, MA Shengqi
(Shandong Institute of Non-Metallic Materials, Jinan 250031, China)

Abstract : Phenolic resin with high carbon residue, low viscosity and long application period for the resin transfer molding
(RTM) process was prepared by introducing phenols with low chemical reactivity and fewer active sites in the synthesis process. The
effects of phenolic types (o-cresol, naphthol, polycyclic phenol) and the polycyclic phenol additive amounts on the viscosity of the
resins and the thermal stability of the cured resins were studied by rotating viscometer and thermogravimetric (TG) analysis, and the
curing properties of the resins were studied by differential scanning calorimetry. The results show that, with the introduction of
appropriate polycyclic phenol, the resin has lower initial viscosity, longer application period, higher carbon residue rate (70.15%),
and moderate curing temperature, which can meet the requirements of RTM process. In addition, the pyrolysis behavior of the resin
was studied by TG analysis at different heating rates, Raman spectroscopy and X-ray diffraction. It is found that, due to polycyclic
phenol with the polycyclic structure owning the excellent thermal stability, not only the graphite layer spacing of the resin carbide is
effectively reduced, but also the pyrolysis activation energy of the cured phenolic resin, the diameter of the graphite microcrystalline
plane and the graphitization degree of phenolic resin carbide are obviously improved. Thus, the resin with the addition of polycyclic
phenol has better thermal stability in high temperature than normal phenolic resin. According to the results of oxy-acetylene flame
ablation test, the ablative resistances of the modified phenolic resin based composites are also improved, and the ablation resistant
phenolic resin based composites with excellent properties for RTM are obtained.

Keywords : phenolic resin ; low viscosity ; resin transfer molding process ; thermal stability ; ablative resistance
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Tab.1 Naming of RTM phenolic resins and amounts of substance
of raw materials
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Samples Phenol Formaldehyde cres-ol Naphthol PO;{;?]ZIIIC
LPR 1 1.6 0.2
NPR 1 1.6 0.2
LNPR 1 1.6 0.1 0.1
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BPR 1 1.6 0.2
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BPR-3 1 1.6 0.3
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Fig. 1 Viscosity-time curves of different RTM phenolic resins at 80 °C
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Tab.2 TG data of different cured RTM phenolic resins

Sample
BPR  NPR LBPR LNPR LPR
5% mass loss temperature/°C  396.33 370.29 339.79 346.79 265.83

Mass residual rate at
800 °C/%

Items

70.15 67.29 6539 63.59 61.77
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Fig. 3 Viscosity-time curves of RTM phenolic resin with different
additive amounts of polycyclic phenol at 80 °C
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Tab.3 Thermogravimetric data of RTM phenolic resins with

different additive amounts of polycyclic phenol

Sample
BPR-1 BPR-3 BPR
5% mass loss temperature/°C 372.07 366.58 396.33
Mass residual rate at 800 °C/% 65.57 64.42 70.15
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Tab.4 Characteristic temperature of curing peak of BPR resin

with different heating rates

Heating rate/ Initial tempera-  Peak tempera-  End tempera-

(°C+min™") ture/°C ture/°C ture/°C

5 120.84 151.80 172.54

10 131.82 165.07 189.31

15 139.10 173.86 202.16

20 146.24 180.43 211.59
Extrapolation to 0 113.63 144.12 161.40
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Tab.5 Ablation results of different BPR resin based composites

Ablation rate Result
BPR/quartz textile composite ~ Mass ablation rate/(g*s™)  0.079
(RTM) Line ablation rate/(mm-s™")  0.143
BPR/carbon fabric composite ~ Mass ablation rate/(g-s™") 0.043
(RTM) Line ablation rate/(mm-s™")  0.079

Mass ablation rate/(g+s™')  0.071
Line ablation rate/(mm-s™") ~ 0.072
Mass ablation rate/(g+s™")  0.090
Line ablation rate/(mm-s™)  0.081
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