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 
Abstract—Space Radiation has become one of the major factors 

in successful long duration space exploration. Exposure to space 
radiation not only can affect the health of astronauts but also can 
disrupt or damage materials and electronics. Hazards to materials 
include degradation of properties, such as, modulus, strength, or glass 
transition temperature. Electronics may experience single event 
effects, gate rupture, burnout of field effect transistors and noise. 
Presently aluminum is the major component in most of the space 
structures due to its lightweight and good structural properties. 
However, aluminum is ineffective at blocking space radiation. 
Therefore, most of the past research involved studying at polymers 
which contain large amounts of hydrogen. Again, these materials are 
not structural materials and would require large amounts of material 
to achieve the structural properties needed. One of the materials to 
alleviate this problem is polymeric composite materials, which has 
good structural properties and use polymers that contained large 
amounts of hydrogen. This paper presents steps involved in 
fabrication of multi-functional hybrid sandwich panels that can 
provide beneficial radiation shielding as well as structural strength. 
Multifunctional hybrid sandwich panels were manufactured using 
vacuum assisted resin transfer molding process and were subjected to 
radiation treatment. Study indicates that various nanoparticles 
including Boron Nano powder, Boron Carbide and Gadolinium 
nanoparticles can be successfully used to block the space radiation 
without sacrificing the structural integrity.  

 
Keywords—Multi-functional, polymer composites, radiation 

shielding, sandwich composites. 

І. INTRODUCTION 

PACE missions continue to increase in duration, a need to 
mitigate the exposure to space radiation has become more 

imperative. The space radiation consists mainly of electrons 
and protons, solar energetic particles (SEP), and galactic 
cosmic radiation (GCR) [1]-[4]. 

The most common component of space structures is 
aluminum. As aluminum is not effective at blocking space 
radiation heavy parasitic shielding is added to satisfy 
radiation, which result the current space craft to be relatively 
heavy and costly to transport into orbit. Therefore, 
development of a multifunctional radiation shielding light 
weight and high strength material is very important for the 
design of future space crafts.  
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It has been known that hydrogen can provide the best 
shielding as it is effective at fragmenting heavy ions such as 
those found in GCR and stopping protons as seen in SEP [5]-
[7]. Typically, polymers have high hydrogen content which 
make them good candidate for radiation shielding application. 
Zhong et al. reported the radiation shielding performance of 
nano-epoxy composite reinforced with ultra-high molecular 
weight polyethylene (UHMWPE) fibers. Their study indicated 
that UHMWPE/fiber nano-epoxy composite can be effectively 
used as the structural material for the future space applications 
[8]. 

Incorporation of nanotechnology offers unique solutions to 
a variety of technological problems. Particularly, material 
science has begun to incorporate and capitalize on the benefits 
of nanotechnology, improving or altering the properties of 
composites. Among several different available nanometers, 
10B-containing materials are known as excellent radiation 
(especially neutron and for thermal neutrons are around 4000 
barns) absorbers and the composite filled with 10B have the 
advantage of convenient and safety in construction, operation 
and reintegration [9]-[11]. Moreover, commercially available 
elemental gadolinium has the highest thermal neutron cross 
section of any known element (49,000 barns). N. M. 
Chikhradze et al. developed a multifunctional composite 
material system based on gadolinium, boron, and tungsten, 
which showed enhanced radiation absorption and also 
corrosion resistance [12]. The Diglycidyl Ether of Bisphenol F 
(EPON 862) and curing agent Diethyl Methyl 
Benzenediamine (DETDA “W”) resin system has been 
thoroughly studied and is useful in many industries, such as, 
marine, automotive and aerospace. Recently, there have been 
studies to infuse this resin system with nanofillers, such as, 
CNTs and Tetraethyl orthosilicate (TEOS) nanofibers [13]. 
There have been no studies infusing this resin system with 
Boron nanopowder, Boron carbide and Gadolinium. 
Therefore, in this research light weight hybrid sandwich 
panels incorporating three different particles (Boron 
nanopowder, Boron carbide and Gadolinium) were 
manufactured using Heat-Vacuum Assisted Resin Transfer 
Molding method (H-VARTM), which is a cost effective 
method for high volume production of sandwich structures. 
The proposed sandwich panels use a light weight core 
composed of epoxy resin and selective nanoparticles in 
conjunction with strong plain weave face sheets made out of 
UHMWPE fibers. UHMWPE has advanced mechanical 
properties and excellent physical properties, which are 
valuable for deep space missions.  

The manufactured sandwich structures can be used as 
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