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Radiation in the Space Environment

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding

Satellites in low Earth 
orbit (LEO) and 
geosynchronous orbit 
(GEO)

Radiation damages 
electronics in satellites
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Radiation Damage Mechanisms for Space Electronics

“Passive Space Radiation Shielding: Mass and Volume Optimization of Tungsten-Doped PolyPhenolic and 

Polyethylene Resins” NASA Ames SSC15-IV-3

Three common radiation damage mechanisms for space electronics:

• Total ionizing dose (TID)

• Displacement damage dose (DDD, non-ionizing dose)

• Single event effects (SEEs)

TID and DDD accumulate overtime while SEEs are associated with single particle 

strikes, usually in critical areas.

NASA – Technological Effects of Space Radiation Events

Relevant particle-matter interactions:

• Elastic scattering: include gamma rays + electron radiation

Causes TID, DDD                    attenuation  Z2/A -> high Z material

• Inelastic scattering: include heavy ion + high energy proton + electron radiation

Causes SEEs, TID, DDD         attenuation  Z/A -> low Z material

Z: atomic number

A: atomic mass

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding
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Comparing Materials for Radiation Shielding for 
Satellites in Earth Orbit

Z: atomic number

A: atomic mass

TungstenCopperTitaniumAluminum
Boron 
Nitride

High-Density 
Polyethylene 

(HDPE)

Liquid 
Hydrogen

Material

0.40.450.460.480.4830.831Z/A

29.7913.2310.116.262.911.671Z2/A

Lower density

Better at attenuating inelastic scattering

e.g., proton and heavy ion radiation

Higher density

Better at attenuating elastic scattering

e.g., gamma radiation  

A layered structure consisting of low Z materials such as Boron Nitride Nanotube (BNNT) – HDPE nanocomposites and high Z materials 

including metals like aluminum, copper, and titanium can offer shielding for a wide range of radiation types while saving on mass (areal density).

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding

State of the Art (SOTA): 6.25 mm (¼”) thick Aluminum
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Boron Nitride Nanotubes for Radiation Shielding

Boron
Nitrogen

Carbon

Venn modified from: Michael Jakubinek et al, Polymer Nanocomposites 
Incorporating BNNTs, Nanotech 2015 Conf.

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding

b σ Cross 
Section

Atomic 
mass

Atomic 
number

Element

0.3326a N1Hydrogen
0.33261

0.0005192
03

767.8N 5Boron
3835.910
0.005511
0.0035N6Carbon
0.0035312
0.0013713

1.9N7Nitrogen
1.9114

0.00002415
0.00019N8Oxygen
0.000116
0.23617
0.231N13Aluminum

a N = natural abundance
b σ = cross-section, measured in barns, 1 barn = 100 fm2,
c E = 25.30 MeV, k = 3.494 𝐴̇ିଵ,  I = 7:798 𝐴̇

Absorption cross section for 2200 m/s neutronsc for selected elements with the 
cross-section highlighted for hydrogen and Boron-10. [Sears et al. 1992]

• BNNTs shield 
from secondary 
neutrons better 
than hydrogen-
rich materials

• Boron-10 has a 
cross-section 
much higher than 
hydrogen

• BNNTs can 
improve 
mechanical 
properties

Boron Nitride Nanotubes Carbon Nanotubes
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1-mm tall Vertically Aligned (VA) BNNT Synthesis at MIT necstlab

Modified from: R. Xiang et al, One-dimensional van der Waals heterostructures, Science, 
2020, 537-542

VA-CNTs

Precursor: 
NH3BH3

Heating   
belt

Furnace Quartz 
tube

Ar/3%H2

BNNT Furnace @ MIT necstlab

Acauan, (Wardle) et al., ACSNano, 2023.

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding
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Bulk Nanocomposite Laminating Process Eliminates 
vol% Limitations in Manufacturing Nanocomposites

• Limitations in 
nanocomposite 
manufacturing keep the 
SOTA to 1-10 vol% 
nanotubes hence limiting 
mechanical properties

• BNL process demonstrates 
up to 50 vol% of CNTs or 
BNNTs

• Multifunctionality (e.g. 
thermal conductivity and 
radiation protection)

Vertically-aligned 
BNNTs

Horizontally-aligned (HA)

Boron nitride nanotube (BNNT) arrays

Thermoplastic sheets 
introduced to stacked HA-

BNNTs
Pressure &
Temperature

Horizontally-aligned and 
densified BNNTs/CNTs

Bulk Nanocomposite Laminating (BNL)  process for thermoplastics

BNNT array middle cross 
section

0.5 mm

cm

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding
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Manufacturing of BNNT-HDPE Samples

_________
20 mm

Vertically aligned BNNTs
Height ~1 mm

Horizontally aligned 
BNNTs

2 ply 40 vol% BNNT-HDPE
thickness ~60 µm

_________
20 mm

_________
20 mm

HDPE sheets

+
Knock-down Hot press

VA-BNNTs

Silicon Wafer

GNPT Film

Rounded 
Blade

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding



9

BudgetScheduleSafetyConOpsTechnical SpecsProject Overview

Experimental Testing at the Proton Radiation Beamline Setup 
at UMass Lowell

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding
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BNNT-HDPE and Aluminum Comparison Under Radiation

Aluminum
25-micron thickness

BNNT-HDPE 
(40 vol% BNNT)

60-micron thickness

____
10 mm

Tantalum collimated sample to 
keep the area of proton 

radiation the same

Samples with the same areal density ~6 mg/cm2

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding
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Proton Beam Simulation Results Compares BNNT-
HDPE with SOTA Aluminum

Simulations run on Stopping and Range of 
Ions in Matter (SRIM)

• Simulations show that lower areal 
density of HDPE-BNNT is required to 
stop the same energy of protons

• SOTA is 6.25 mm (¼”) thick Aluminum

• Calculations show ~ 25% mass savings 
with using BNNT-HDPE to shield the 
same proton radiation as SOTA 
Aluminum
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Experimental: Proton Energy and Number of Protons 
Detected After Shielding

• Reduction in the energy of protons 
that pass through shielding material

• Widening of the histogram curve that 
counts the number of protons at 
different energies – indicates energy 
straggling and potential for more 
protons to be stopped at lower areal 

densities

ResultsTestingManufacturingIntro to NanocompositesIntro to Radiation Shielding
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Experimental: Proton Energy Reduces Due to Shielding
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BNNT-HDPE
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Experimental: Histogram Width Shows Energy Straggling
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Conclusion and Future Work

• BNNT-HDPE nanocomposite manufactured 
with ~40 vol% aligned BNNTs

• At low proton energies (2.5 MeV), a 
significant mass savings of ~ 25% is shown 
by using BNNT-HDPE

• For space representative proton energies (10 
keV-100 MeV), thicker nanocomposites, 
including layered materials (Al, Ti, Cu, etc.) 
need to be explored
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Future Work: BNNT BNL for Radiation Shielding

Synthesizing 50 vol% 
10BNNT Nanocomposite 

Radiation Testing (Protons, 
Thermalized Neutrons, 

Galactic Cosmic Rays, Low 
Earth Orbit)

Nanocomposite in 
Spacesuits and 

Habitats

Brookhaven National Lab – NASA Space Radiation Lab

Materials International Space Station Experiments

NASA
Lunar Spacesuit

Sierra Space 
Lunar Habitat

NASA Langley 
Research Center



17

BudgetScheduleSafetyConOpsTechnical SpecsProject Overview

Acknowledgements

• This material is based upon work supported by the Air Force Research Laboratory/AFWERX under Contract No FA864924P0940 

awarded to Metis Design Corporation under STTR solicitation AFX24D-TPCSO2

• Dr. Andrew Rogers at the University of Massachusetts at Lowell’s Van de Graff Proton Beam Facility 

• Airbus, ANSYS, Boeing, Embraer, Lockheed Martin, Saab AB, and Teijin Carbon America through MIT’s Nano-Engineered 

Composite aerospace STructures (NECST) Consortium.

• This material used facilities supported in part by the U. S. Army Research Office through the Institute for Soldier Nanotechnologies at 

MIT, under Cooperative Agreement Number W911NF-18-2-0048 and carried out in part through the use of MIT.nano’s facilities. 

• Micro-computed tomography instrumentation support by the Office of Naval Research (ONR) under grant number 

ONR.N000141712068 through the Defense University Research Instrumentation Program (DURIP) 

• Funding for the first author, Palak B. Patel, is provided through the NASA Space Technology Graduate Research 

Opportunities Fellowship (NSTGRO) under grant number 80NSSC23K1193. 

• ACerS Engineering Ceramics Division – Young Professional’s Grant



18

BudgetScheduleSafetyConOpsTechnical SpecsProject Overview

necstlab



Thank you!
Questions?

Palak Patel
palak@mit.edu

palak.b.patel@nasa.gov




