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ABSTRACT 

Polymer composites directed to single Wall carbon nano 
tubes (SWNT) dispersed Within poly(methyl methacrylate) 
(PMMA) and their methods of synthesis. Composites of the 
present invention are also formulated as ?lms and spun coat 

onto desired substrates. Advantageously, both the compos 
ites and ?lms of the present invention exhibit resistance to 
radiation. 
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CARBON NANOTUBE/POLYMER COMPOSITES 
RESISTANT TO IONIZING RADIATION 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a continuation of US. applica 
tion Ser. No. 10/305,532, ?led Nov. 27, 2002, Which claims 
the bene?t of US. Provisional Application Ser. No. 60/334, 
158, ?led Nov. 29, 2001, Which are hereby incorporated in 
their entirety by reference. 

FIELD OF INVENTION 

[0002] The subject invention pertains to the ?eld of poly 
mer composites, more particularly to the use of carbon 
nanotubes therein. 

BACKGROUND OF THE INVENTION 

[0003] Since the discovery of carbon nanotubes in 1991, 
interest has focused on exploiting their novel electronic and 
mechanical properties on a macroscopic scale in polymer 
composites (Iijima, S., Nature (1991)). For example, non 
linear optical (NLO) properties of nanotube composites have 
applications in optical sensor technology (Jin, Z. et al., 
Chem. Phys. Lettrs. (2000)). Nanotubes are also of great 
interest in electromagnetic (EMI) shielding applications and 
in the design and development of nanoscale electronic 
devices (see Grimes, C. A. et al., Chem. Phys. Lettrs. (2000); 
and Star, A. et al.,Agnew. Chem. Int. Ed. (2001)). Their high 
aspect ratio, mechanical strength and high modulus have 
prompted scientists to design and characteriZe novel com 
posites of carbon nanotubes embedded in a series of host 
polymers (see Shadler, L. S. et al., Apply. Phys. Lettrs. 
(1998); Qian, D. et al.,Apply. Phys. Lettrs. (2000); BoWer, 
C. et al., Apply. Phys. Lettrs. (1999); Jin, L. et al., Apply. 
Phys. Lettrs. (1998); and Lourie, O. and H. D. Wagner, 
Apply. Phys. Lettrs. (1998)). Such ultra-strong, loW-density, 
carbon nanotube composites demonstrate extraordinary 
potential for structural design in the building and automotive 
industry. 
[0004] The chemical modi?cation of nanotubes further 
broadens their uses in polymeric composites. Experimental 
results indicate that certain free-radical initiators open at 
bonds in carbon nanotubes. Indeed, When present during the 
addition polymeriZation of methyl methacrylate to create 
poly-methylmethacrylate (PMMA), carbon nanotubes have 
been shoWn to participate in the polymeriZation process (J ia, 
Z. et al., Mater Sci. and Eng. (1999)). Several studies shoW 
that electron and ion beam irradiation of nanotubes gives 
rise to amorphiZation and dimensional changes. In some 
instances, irradiation appears to be responsible for “solder 
ing” nanotubes to form mechanicaljunctions (see Banhart, 
F., Nana Lettrs. (2001); Krasheninnikov, A. V. et al., Phys. 
Rev. (2001); Kiang, K. H. et al., J. Phys. Chem. (1996); 
McCarthy, B. et al., J. Mater. Sci. Letter. (2000); and 
HWang, G. L. and K. C. HWang, Nano Lett. (2001)). 
Untrasoni?cation has been used to induce the sonochemical 
reactions of single Wall carbon nanotubes (SWNTs) and 
organic materials (Koshio, A. et al., Nana Lettrs. (2001)). 
Further intensive investigations document the functionaliZ 
ing of nanotubes to render them soluble in various polymeric 
and liquid media (see Niyogi, S. et al., J. Amer. Chem. Soc. 
(2001); Hamon, M. A. et al.,Aa'v. Mater. (1999); Sun, Y. et 
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al., J. Amer Chem. Soc. (2001); and Satishkumar, B. C. et 
al., J. Phys. B. At. Mol. Opt. Phys. (1996)). 

[0005] These previous studies prompted an investigation 
of the effects of gamma radiation on PMMA/SWNT nano 
composites. This study subjected irradiated samples of 
PMMA/SWNT composites to thermal and mechanical test 
ing. Scanning electron microscopy (SEM) Was employed in 
order to document radiation-induced effects on the nano 
composite structure. 

[0006] All references cited herein are incorporated by 
reference in their entirety, to the extent not inconsistent With 
the explicit teachings set forth herein. 

BRIEF SUMMARY OF THE INVENTION 

[0007] This invention relates to polymer nanotube com 
posites and describes radiation induced chemistry at the 
interface of the host polymer and the nanotube structures. In 
one aspect, the present invention provides single Wall carbon 
nanotube and poly(methyl methacrylate) composites that 
demonstrate radiation resistance. Further, the present inven 
tion provides a method for preparing such composites. 

[0008] The discoveries and teachings set forth herein 
impart insight into the nature of radiation-induced events in 
nanotubes and nanocomposites. As it Will be apparent to 
those skilled in the art, these radiation resistant polymers can 
be advantageously used in the manufacture of biomedical 
devices, scintillators, and structures used in space environ 
ments. These items, previously constructed from inferior 
and undesirable materials, can be prone to many types of 
radiation exposure. Accordingly, it is an object of the present 
invention to provide an improved polymer composite resis 
tant to ioniZing radiation. 

[0009] It is a further object of the present invention to 
provide methods for improving polymer resistance to ion 
iZing radiation. 

[0010] It is a still further object of the present invention to 
provide a polymer composite containing carbon nanotubes 
that are resistant to ioniZing radiation. 

[0011] Further objects and advantages of the present 
invention Will become apparent by reference to the folloW 
ing detailed disclosure of the invention and appended draW 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a graphical depiction of the Loss Modu 
lus versus Temperature at 10 HZ for the neat PMMA and 
composite samples before and after irradiation. 

[0013] FIG. 2 is a graphical depiction of the Permitivity 
versus Temperature at 10,000 HZ for the neat PMMA and 
composite samples before and after irradiation. 

[0014] FIG. 3 is a graphical depiction of the Loss Factor 
versus Temperature at 10,000 HZ for the neat PMMA and 
composite samples before and after irradiation. 

[0015] FIG. 4 is a graphical depiction of the Ionic Con 
ductivity versus Temperature at 10,000 HZ for the neat 
PMMA and composite samples before and after irradiation. 

[0016] FIG. 5a is a SEM micrograph of single Wall 
nanotube paper before radiation. 
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[0017] FIG. 5b is a SEM micrograph of single Wall 
nanotube paper after 5 .9 Mrad of gamma radiation. 

[0018] FIG. 6a is a SEM micrograph of spun coat ?lms of 
1% SWNT in PMMA before radiation. 

[0019] FIG. 6b is a SEM micrograph of spun coat ?lms of 
1% SWNT in PMMA after 5.9 Mrad of gamma radiation. 

DETAILED DISCLOSURE OF THE INVENTION 

[0020] Following are examples Which illustrate proce 
dures for practicing the invention. To test the radiation 
resistance characteristics of the carbon nanotube/polymer 
composite according to the present invention, PMMA/ 
SWNT composites Were fabricated and exposed to ioniZing 
radiation With a C060 source at a dose rate of 128x106 
rad/hour in an air environment for a total dose of 5.9 Mrads. 
Neat nanotube paper (PMMA/SWNT composite) and pure 
PMMA Were also exposed. Spun coat ?lms of PMMA/ 
SWNT Were exposed to ioniZing radiation With Ce157 at a 
dose rate of 4.46><103 rad/hr for a total dose of 3.86 Mrads. 
Both irradiated and non-irradiated samples Were compared. 
Glass transition temperatures Were characteriZed by differ 
ential scanning calorimetry. Dynamic mechanical analysis 
and dielectric analysis evidenced changes in relaxations 
induced by irradiation. Irradiated composites exhibited 
radiation induced chemistry distinct from degradation 
effects noted in the pure polymer. Microhardness measure 
ments Were performed using a LEICA VMHT microhard 
ness tester (W. Nuhsbaum, Inc., McHenry, Ill.) With a 
VICKERS indenter (Micro Photonics, Inc., AllentoWn, Pa.). 
For each indentation made, the load Was 500 g and the dWell 
time Was 20 seconds. Scanning electron microscopy pro 
vided images of the SWNTs and PMMA/SWNT interface 
before and after irradiation. 

[0021] The examples provided herein should not be con 
strued as limiting. All percentages are by Weight and all 
solvent mixture proportions are by volume unless otherWise 
noted. 

EXAMPLE 1 

[0022] Polymethylmethacrylate is synthesiZed via addi 
tion polymeriZation. The viscosity average molecular Weight 
(MV) is obtained via dilute solution viscometry folloWing 
previously established procedures (Collins, E. et al., Experi 
ments in Polymer Chemistry (1973)). Mv Was determined to 
be 234K using the Mark HouWink parameters, K=3.4><103 
and a=0.83. 

PMMA/SWNT Composite Synthesis 

[0023] The folloWing is a general procedure for preparing 
a composite containing 0.26 Wt % SWNT in PMMA. The 
single Wall carbon nanotubes are dispersed in dimethyl 
formamide DMF for tWo hours using a Branson Soni?er 
450. The PMMA is then added to the solution. This hetero 
geneous mixture is then sonicated for an additional tWo 
hours. The PMMA/SWNT mixture is then precipitated out 
of the solution With methanol. The PMMA/SWNT compos 
ite is then dried in an oven at 110° C. for tWo days. To ensure 
that the composite is thoroughly mixed, the product is folded 
and fractured. The pieces are stacked betWeen tWo polished 
metal plates and hot pressed at 275° F. and 3000 lbs of 
pressure for thirty minutes. This melt mixing procedure is 
repeated ?ve times to produce a uniform composite. Pure 
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PMMA is also dissolved in DMF and ?lms are prepared in 
the above manner in an effort to provide uniform compari 
son. Samples are compression molded at 275° F. in a Carver 
Press. 

[0024] To prepare spun coat ?lms containing 1 Wt % 
SWNT in PMMA, the SWNT are ?rst dispersed in DMF 
using a sonicator. The PMMA is then added to the solution 
and sonicated further. The resulting 4 Wt % solution is spun 
coat onto silicon Wafers using a Chemat Tech Spin-Coater 
KW 4-A at 1,000 rpm for sixty seconds. 

Thermal and Mechanical Testing and Image Analysis of 
PMMA/SWNT Composite 

[0025] The molded samples of pure PMMA (control) and 
neat nanatube paper (PMMA/SWNT composite) are 
exposed to 5.9 Mrad doses of radiation by a cobalt 60 (C060) 
source at a dose rate of 1.28><10° rad/hour in an air envi 
ronment. Spun coat ?lms of PMMA/SWNT are exposed to 
ioniZing radiation With a cesium 157 (Ce157) source at a dose 
rate of 4.46><103 rad/hr for a total dose of 3.86 Mrads. 

[0026] Glass transition temperatures are determined on a 
TA Instruments 2920 Differential Scanning Calorimeter 
(DSC). Samples, Weighing more than 5 mg and less than 10 
mg, are heated using the heat/cool/heat method at a rate of 
5° C./min over a temperature range of 20° C. to 200° C. 
under a nitrogen purge. To erase annealing effects, glass 
transition temperatures are taken from the in?ection of the 
second heat curve. 

[0027] Dynamic Mechanical data is obtained using a TA 
Instruments 2980 Dynamic Mechanical AnalyZer (DMA) at 
a rate of 4° C./min over a temperature range of —125° C. to 
150° C. using TA Instrument’s gas cooling accessory 
(GCA). Thin ?lm tension mode is used With an amplitude of 
5 microns and a frequency range of 1 to 100 HZ. 

[0028] Dielectric measurements are conducted on a TA 
Instruments Dielectric AnalyZer (DEA) 2970. Under a nitro 
gen purge of 500 mL/min, ceramic parallel-plate sensors 
screen printed With gold are used to measure dielectric 
properties. A 1.2 mm thick and 25 mm diameter sample is 
subjected to an applied voltage producing a permitivity and 
loss factor as a function of temperature and frequency. A 
frequency sWeep over a range of 0.1 to 300,000 HZ from 
—85° C. to 200° C. is conducted at a heating rate of 2° 
C./min. For each sample the ram applies a maximum force 
of 250 N for a minimum spacing of 1.0 mm. 

[0029] Images of the single Walled nanotube paper are 
taken before and after irradiation With a Hitachi S-800 Field 
Emission Scanning Electron Microsope. Micrographs are 
also used to study the effects of gamma radiation on spun 
coat ?lms of 1% SWNT in PMMA. 

[0030] Microhardness measurements Were performed 

using a LEICA VHMT MOT microhardness tester Nuhsbaum, Inc., McHenry, Ill.), equipped With a VICKERS 

indenter (Micro Photonics, Inc., AllentoWn, Pa.). For each 
indentation made, the load Was 500 g and the dWell time Was 
20 seconds. The VICKERS hardness number is based on the 
average diagonal length of the imprint made from the 
indenter. Four indentations Were made for each sample, and 
both diagonals Were measures for each indentation. The 
VICKERS hardness number reported an average of the eight 
measurements. 
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[0031] Table 1 lists the glass transition temperatures Tg for 
samples before and after exposure to 5.9 Mrads. The glass 
transition temperature of the neat PMMA sample prior to 
irradiation is 98° C. as compared to 112° C. for the com 
posite. A concentration of 0.26% by Weight of nanotubes 
results in a signi?cant increase in Tg. After irradiation, the 
glass transition temperature of the neat PMMA decreases by 
4° C., While that of the composite remains constant. PMMA 
is knoWn to undergo radiation induced scission reactions 
(Garrett, R. G. et al., Radiation E?rects in Polymers (1991)). 
LoW molecular Weight fragments produced by the scission 
reactions decrease the glass transition temperature of the 
polymer matrix. It is signi?cant to note that this effect is not 
noted in the composite. 

[0032] There are three scenarios to describe the fact that 
the PMMA/SWNT does not exhibit a decrease in Tg after 
gamma radiation. The ?rst scenario is the nanotube netWork 
decreases sensitivity to motion associated With loWer 
molecular Weight polymer. The second scenario is the nano 
tubes undergo radiation induced reactions causing them to 
bind together or to bind to the PMMA. This tighter netWork 
resists ?oW. Finally the third scenario is the at system in the 
nanotube netWork acts as a radiation sink and impedes 
degradation. Previous studies have shoWn that conjugated 
phenyl-ring systems are knoWn to act as radiation sinks 
(Guillot, J ., Polymer Photophysics and Photochemistry 
(1985)). Radiation induced excitation in the systems local 
iZes radiation energy, impeding it from migration to more 
sensitive parts of the system Which are prone to degradation. 
In one study, six different aromatic ring structures Were 
shoWn to reduce the chain scission yield in PMMA (Clough, 
R. L. et al., Irradiation E?rects on Polymers (1991)). 

TABLE 1 

Glass Transition Temperatures found from DSC. 

Glass Transition 
Sample Temperature (° C.) 

PMMA 98 
PMMA irradiated 5.9 Mrad 94 
PMMA With 0.26% SWNT 112 
PMMA With 0.26% SWNT 112 
Irradiated 5.9 Mrad 

[0033] Dynamic Mechanical Analysis is used to determine 
a materials elastic component, storage modulus, and a 
materials viscous component, loss modulus. DMA results on 
the samples essentially recon?rmed the results found via 
DSC. The storage modulus, E‘, of both the PMMA and the 
PMMA/SWNT composites before and after irradiation is 
shoWn in Table 2 at 10 HZ for four different temperatures. 

TABLE 2 

Storage Modulus (MPa) at 10 HZ for the neat PMMA 
and composite samples before and after irradiation 

at four different temperatures. 

Temperatures 

Samples —52° C. 0° C. 23° C. 75° C. 

PMMA 10826 7730 5836 3098 
PMMA, 10144 6799 4935 2094 
5.9 Mrad 
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TABLE 2-continued 

Storage Modulus (MPa) at 10 HZ for the neat PMMA 
and composite samples before and after irradiation 

at four different temperatures. 

Temperatures 

Samples —52° C. 0° C. 23° C. 75° C. 

PMMA With 11503 8184 6131 3154 
SWNT 
PMMA With 11128 7841 5967 2986 

SWNT, 
5.9 Mrad 

E‘ for PMMA decreases signi?cantly after exposure to 
gamma radiation. This is in keeping With the fact that 
scission reactions reduce the number of load bearing chains 
per unit volume of material; E‘ is proportional to the density 
and, hence, to the number of load bearing chains per unit 
volume (see Gao, H. and J. P. Harmon, T hermochimiciaActa 
(1996); Rao, R., J. Chem. Phys. (1941); and Van Krevelan, 
D. W. and P. J. HoftyZer, Properties of Polymers (1970)). 
The storage modulus increases When SWNTs are added to 
the PMMA matrix. When the PMMA/SWNT composite is 
exposed to gamma radiation the storage modulus decreases 
slightly. After exposure to gamma radiation the storage 
modulus of PMMA at room temperature decreases by 15% 
Whereas the storage modulus for the composite decreases by 
only 3%. The slight decrease in storage modulus is further 
evidence that the SWNTs produce a more radiation resistant 
composite. 

[0034] Referring noW to FIG. 1, the loss modulus versus 
temperature at 10 HZ is shoWn. Three transitions are evident: 
an 0t transition associated With large scale segmental motion, 
a secondary [3 transition associated With hinder motion of the 
ester groups about the carbon-carbon bond Which links the 
side group to the main chain; and a y transition associated 
With local molecular motion of the methyl group in the side 
chain (Bertolucci, P. R. H. and J. P. Harmon, Photonic and 
Optoelectronic Polymers (1997). The 0t transition is 
obscured by sample ?oW at high temperatures. The 0t and [3 
transitions merge in PMMA due to the Well documented 
cooperative motion betWeen the 0t and [3 events. The extent 
of merging increases With the oscillation frequency (see 
Bertolucci, P. R. H. et al., Polymer Engineering and Science 
(2001); Emran, S. K. et al., Journal of Polymer of Science 
(2001); and Calves, M. S. and J. P. Harmon, Optical Poly 
mers Fibers and Waveguides (1999)). 

[0035] Table 3 lists the activation energies and the Width 
at half-height for the beta transition. Gamma radiation 
induced an increase in activation energy and a decrease in 
the Width at half-height in both the neat polymer and the 
composite. The activation energies Were higher and the 
Width at half-height Was narroWer for the neat polymers as 
compared to the composites. The narroWer half Widths 
indicate a decrease in the relaxation time spectra for the neat 
polymer. The nanotubes perturb the uniform polymer matrix 
and give rise to an increase in the relaxation time spectra. 
Again, the proximity betWeen the 0t and [3 transitions indi 
cates that the beta transition data is probably in?uenced by 
cooperative motion associated With the glass transition. It is 
also interesting to note, that the y relaxation is more pro 
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nounced in irradiated samples; the reason for this phenom 
enon is not apparent. 

TABLE 3 

Activation Energies and E’ loss peak half-height 
Width at 10 HZ from the Beta Transition 

AEa (kcal/mol) ATl/z (0 0) 

PMMA 2O 92 
PMMA, 5.9 Mrad 24 77 
PMMA With SWNT 19 98 
PMMA With SWNT, 20 94 
5.9 Mrad 

[0036] Dielectric Analysis measures both permitivity (e‘) 
and loss factor (6“) as a function of termperature. Both the 
permitivity and loss-factor are controlled by dielectric polar 
iZation Which is a measure of the density of the number of 
dipole moments per unit volume. One third of carbon 
nanotubes are metallic and the remaining tWo thirds are 
conducting (Grimes, C. A. et al., Chem. Phys. Lettrs. 
(2000)). The semiconducting nanotubes in the composite 
increase the permitivity of the polymer binder. Referring 
noW to FIG. 2, the e‘ versus temperature at 10,000 HZ is 
shoWn. The PMMA/SWNT composite eXhibits the highest 
permitivity. Radiation decreases the permitivity in the com 
posite more so than the neat polymer. Densi?cation of the 
matriX or reactions betWeen the nanotubes and matrix are 
responsible for the decrease in effectiveness of dipole align 
ment in irradiated samples. 

[0037] The imaginary permitivity or loss factor, shoWn in 
FIG. 3, exhibits the same trend. High temperature effects are 
obscured by conductivity at loWer temperatures and higher 
frequencies. 

[0038] The ionic conductivity, 0, is calculated using the 
folloWing equation (see Emran, S. K. et al., Journal of 
Polymer Science (1999)) 

Where no is the angular frequency (2J'cf) and so is the absolute 
permitivity of free space (8.5><10_12 F/m). FIG. 4 shoWs the 
ionic conductivities. Ionic conductivities again folloW the 
same trend as the imaginary and real permitivities indicating 
a contribution from metallic or conducting fraction of nano 
tubes. These results indicate that these dielectric heterostruc 
tures have useful application in the electronics industry. 

[0039] Referring noW to FIGS. 5a and 5b, the morphology 
of neat nanotube paper and composite coatings Was charac 
teriZed With scanning electron microscope (SEM) before and 
after radiation. These ?gures indicate that radiation alters the 
structure of the nanotubes. The SWNTs shoW a more 
smoothed out and dense structure after radiation. 

[0040] Referring noW to FIGS. 6a and 6b, the morphology 
of spun coat ?lm of 1% SWNT in PMMA before and after 
radiation is demonstrated. The effect of radiation on mor 
phology is less pronounced in the composites than in the 
neat nanotube samples. Irradiated nanotube composites 
appear less densely agglomerated and more intersecting. 

[0041] Table 4 lists the VICKERS hardness number for 
samples before and after eXposure to 5.9 Mrads. The addi 
tion of 0.26% Wt SWNTs increases the VICKERS hardness 
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number from 19.3 to 21.1 in non-irradiated samples. After 
irradiation, the hardness number of the neat PMMA 
decreases to 17.6. HoWever, eXposure to gamma radiation 
hardly affects the hardness value of the composite. The 
microhardness measurements con?rm both the DSC and 
DMA data that the composite has an improved radiation 
resistance. 

TABLE 4 

VICKERS hardness numbers from LEICA VMHT MOT 

VICKERS 
Sample Hardness Number 

PMMA 19.3 r 0.09 

PMMA, 5.9 Mrad 17.6 r 0.14 
PMMA/SWNT 21.7 r 0.17 

PMMA/SWNT, 5.9 Mrad 21.1 r 0.14 

[0042] This is the ?rst record of ioniZing radiation effects 
on carbon nanotube composites. PMMA/SWNT composites 
are fabricated and eXposed to gamma radiation. A concen 
tration of only 0.26% carbon nanotubes increases the glass 
transition temperature and modulus of the matriX; these 
effects survive eXposure to ioniZing radiation. Carbon nano 
tubes increase the dielectric permitivity and ionic conduc 
tance of the composites. Dielectric properties are more labile 
to radiation effects than mechanical properties. These results 
prove that nanotechnology is useful for manufacturing radia 
tion resistant materials. 

[0043] Inasmuch as the preceding disclosure presents the 
best mode devised by the inventor for practicing the inven 
tion and is intended to make one skilled in the pertinent art 
to carry it out, it is apparent that methods incorporating 
modi?cations and variations Will be obvious to those skilled 
in the art. As such, it should not be construed to be limited 
thereby, but should include such aforementioned obvious 
variations and be limited only by the spirit and purvieW of 
this application. 
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We claim: 
1. A method for the production of a nanotube/polymer 

composite resistant to ioniZing radiation comprising: 

a) sonicating single Wall carbon nanotubes; 

b) introducing polymethylmethacrylate into the sonicated 
single Wall carbon nanotubes to form a PMMA/SWNT 
mixture; and 

c) sonicating the PMMA/SWNT mixture. 
2. The method according to claim 1, further comprising: 

d) precipitating the PMMA/SWNT mixture; and 

e) drying the PMMA/SWNT mixture precipitate. 
3. The method according to claim 2, Wherein the PMMA/ 

SWNT mixture is dried in an oven at 110° C. for tWo days. 
4. The method according to claim 2, further comprising: 

f) folding the dried PMMA/SWNT mixture; 

g) fracturing the dried PMMA/SWNT mixture; 

h) stacking the fractured PMMA/SWNT betWeen tWo 
polished plates; and 

i) hot pressing the plates together. 
5. The method according to claim 4, Wherein the plates are 

hot pressed together at 275° F. and 3,000 lbs for thirty 
minutes. 

6. The method according to claim 1, Wherein the sonicated 
PMMA/SWNT mixture is spun coat onto silicon Wafers. 

7. A method for providing a device With improved resis 
tance to ioniZing radiation comprising the steps of: 

a) providing a device that is subjected to ioniZing radia 
tion When in use, the device comprising a single Wall 
carbon nanotube/polymer composite at least at its sur 
face; and 

b) exposing the device to ioniZing radiation, Whereby the 
device exhibits improved resistance to ioniZing radia 
tion. 

8. The method according to claim 7, Wherein the polymer 
is poly(methyl)methacrylate. 

9. The method according to claim 7, Wherein the device 
is molded of the single Wall carbon nanotube/polymer 
composite. 

10. The method according to claim 7, Wherein the device 
is coated With the single Wall carbon nanotube/polymer 
composite. 

11. The method according to claim 7, Wherein the device 
is a biomedical plastic, a scintillator, or a structure used in 
a space environment. 


