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Epoxy resins are a kind of thermosetting polymers that have been widely applied in various 

industries and technologies due to their low cost, easy processability, good thermal, mechanical and 

electrical properties, etc. In addition, epoxy resins have been increasingly employed in extremely low 

temperature environments as impregnating materials, adhesives and matrices for advanced composites 

with the rapid development of aerospace engineering, superconducting cable technology and other 

large cryogenic engineering industry [1, 2]. However, pure epoxy resins are usually brittle at room 

temperature and may generate roughness degradation which leads to structural damages in form of 

microcracks or delamination at very low temperatures such as liquid nitrogen (77K) or liquid helium 

temperature (4K), which makes them unsuitable for cryogenic engineering applications [3, 4]. 

Therefore, it is of great significance to enhance the cryogenic mechanical properties of epoxy resins by 

reinforcements such as carbon fibers, glass fibers, carbon nanotubes and graphene etc. so that epoxy 

resins can be successfully applied in cryogenic engineering technologies.  

Carbon nanotubes (CNTs) and graphene, as the representatives of nano-carbon materials, have 

attracted much attention over decades due to their unique mechanical, electrical and thermal properties. 

They have been incorporated into epoxy resin to enhance the mechanical properties of composites due 

to their high mechanical strength and excellent Young’s modulus. This paper gives a brief review 

about recent advances on enhanced mechanical properties at cryogenic temperatures such as 77 K etc. 

of epoxy composites by CNTs, graphene, carbon and glass fibers. 

 
Figure 1: Effect of the graphene content on the tensile strength and Young’s modulus of the 

graphene/epoxy composites at RT and 77 K. Cited from [6]. 

Kim et al. [5] fabricated 3-phase carbon fiber/CNT/epoxy unidirectional prepregs via a hot-

melting process with the addition of CNTs into the epoxy resin formulation. It was found that the 

tensile strength and modulus were both increased with the addition of moderate CNTs compared with 

traditional carbon fiber/epoxy composite, attributed to the good interfacial bonding quality. Shen et al. 

[6] investigated the reinforcing effect of graphene in enhancing the cryogenic tensile properties of 

epoxy composites at a weight fraction of 0.05–0.50%. As shown in Figure 1, the tensile strength was 
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enhanced at the low graphene content of 0.1 wt% because of the uniform dispersion of graphene 

nanosheets. However, the composite strength at both room temperature (RT) and 77K was decreased 

by the introduction of graphene nanosheets when the graphene content was increased over 0.1 wt% 

due to the aggregation of graphene. When it came to Young’s modulus, graphene contributed to an 

almost linearly increase due to the high modulus of graphene.  

  
Figure 2: Effect of the GO content on the interlaminar shear strength of GF/epoxy composites at 

RT and 77 K. Cited from [7]. 

 

 
Figure 3: SEM images of the interlaminar shear fracture surfaces of the GF/epoxy composites with 0.3 

wt% GO relative to epoxy after testing at (a) RT and (b) 77 K. Cited from [7]. 

The cryogenic ILSS at 77K of glass fabric/epoxy composite was investigated in [7]. In Figure 2, 

the ILSS increased initially with the increase of the GO content and reached the maximum at the GO 

content of 0.3 wt%. In addition, the ILSS of the composite at 77K was much higher than that at RT 

due to the relatively strong interfacial GF/epoxy adhesion at 77K compared to the RT case. As shown 

in Figure 3, the bonding between fiber and GO-modified epoxy at a higher GO content became better 

shown by more amount of the attached matrix when more GO was introduced, leading to higher ILSS. 

Yang et al. [8] investigated the effect of CNTs on the cryogenic fracture toughness of 

poly(ethersulfone) (PES) modified epoxy. The fracture toughness (KIC) at 77K was improved by about 

13.5% compared to that of the PES modified epoxy matrix when the 0.5 wt% CNTs content was 

introduced. In addition, Liu et al. [9] studied the effect of CNTs on the mode II interlaminar fracture 

toughness (GIIc) at cryogenic temperature of glass fiber/epoxy composites. It was demonstrated that 

the epoxy modification by multiwalled CNTs can lead to great improvements GIIc in both RT and 77K. 

In conclusion, it is shown that the introduction of carbon nanotubes and graphene at proper 

contents into epoxy resins can effectively enhance the cryogenic mechanical properties of the 

composites. Furthermore, the epoxy nanocomposites as matrices are beneficial for further improving 

the mechanical properties of multi-scale fiber reinforced composites.  



21st International Conference on Composite Materials 

Xi’an, 20-25th August 2017 

REFERENCES 

[1] Ju J, Pickle BD, Morgan RJ, Reddy JN. An Initial and Progressive Failure Analysis for Cryogenic 

Composite Fuel Tank Design. Journal of Composite Materials. 2007;42:569-92. 

[2] Shindo Y, Takano S, Horiguchi K, Sato T. Cryogenic fatigue behavior of plain weave glass/epoxy 

composite laminates under tension–tension cycling. Cryogenics. 2006;46:794-8. 

[3] Bechel VT, Camping JD, Ran YK. Cryogenic/elevated temperature cycling induced leakage paths 

in PMCs. Composites Part B Engineering. 2005;36:171-82. 

[4] Whitley K, Gates T. Thermal/Mechanical Response and Damage Growth in Polymeric Composites 

at Cryogenic Temperatures. 2002. 

[5] Kim MG, Moon JB, Kim CG. Effect of CNT functionalization on crack resistance of a 

carbon/epoxy composite at a cryogenic temperature. Composites Part A. 2012;43:1620-7. 

[6] Shen XJ, Liu Y, Xiao HM, Feng QP, Yu ZZ, Fu SY. The reinforcing effect of graphene nanosheets 

on the cryogenic mechanical properties of epoxy resins. Composites Science & Technology. 

2012;72:1581-7. 

[7] Shen XJ, Meng LX, Yan ZY, Sun CJ, Ji YH, Xiao HM, et al. Improved cryogenic interlaminar 

shear strength of glass fabric/epoxy composites by graphene oxide. Composites Part B: Engineering. 

2015;73:126-31. 

[8] Yang J-P, Chen Z-K, Feng Q-P, Deng Y-H, Liu Y, Ni Q-Q, et al. Cryogenic mechanical behaviors 

of carbon nanotube reinforced composites based on modified epoxy by poly(ethersulfone). Composites 

Part B: Engineering. 2012;43:22-6. 

[9] Liu Y, Qu CB, Feng QP, Xiao HM, Fu SY. Enhancement in Mode II Interlaminar Fracture 

Toughness at Cryogenic Temperature of Glass Fiber/Epoxy Composites through Matrix Modification 

by Carbon Nanotubes and n-Butyl Glycidyl Ether. Journal of Nanomaterials. 2015;2015:1-6. 
 


