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UVO Radiation Effects on Carbon Nanotube/PMMA composites and

Their Neutron Reflectivity Measurements
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& Sl itk

Abstract

Carbon nanotube(CNT)-Poly(methyl methacrylate)(PMMA) nanocomposite thin films
have been studied. By irradiation of short wavelength ultraviolet(UV) light with
ozone, the surface modification and stripping effects on their CNT/PMMA thin films
was studied as a function of weight % of CNT in PMMA matrices. The
experimental evidence indicates that the presence of CNT in PMMA matrix lowers
significantly the stripping rate of the composites. In addition, changes of the
rheological properties (i.e. diffusion coefficient) of PMMA molecules due to the
presence of CNTs were also studied, in order to determine the microscopic interaction
between CNTs and PMMA molecules. Neutron reflectivity results showed that the
difference between diffusion coefficients of PMMA with and without CNTs was
minimal.
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(methyl methacrylate) &3#1& A7l &, g2oA 253.7me UV 184.9nmyH4ol
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AA A (neutron  reflectivity)E 83t tracer diffusion coefficient® 3 =A3}¢]ow,
CNT7} PMMAS] &4 <d(mobility)oll = WEE FX XS Ay o]#s A4&=
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Low pressure Hg
fussed UV lamp

CNT/PMMA thin films
Cu grid mask

Silicon substrate

a9 1 Apparatus  for  UV/ozone stripping
experiments
A& Poly(methylmethacrylate)= MW:64,OOO9} 104,000¢]  F7}% 7}  Polymer
Source Co. EH-H 4= o] AMEHom F 1FAe] EA& ¥+ Mw/Mn < 1.05
o] At} AW 59E 93] PMMAYE 727 20-25 mg/mle] T EZ toluene, 3



nn,dimethyl formamide®] &siA#H o™, 2500rpmell o)8iA FBEAHS o °oF 80 - 90
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2% 2 Schematics of CNT/PMMA composites for diffusion coefficient

measurements by neutron reflectivity
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Stripped surface v
CHNT/PMMA structure

o3 3 005wt CNT7F 8" PMMAE (3, o)10min® (b, d)

30min &9t UVOd =3A71 AFM A}23} imaging ellipsometry® 2

A T AR,
WA ko] thE wit%e] CNTE 2bitgli= PMMA ®Hehg whE & oF 150 °CollA] of 2
A17H-S  annealing Al A A 2 &R spin coating®l 93] AZ straing Tgo] ol A
relaxationA] 71 &, UVOel Alzkel] we} =FA171$ 7Aoo AFMS} [EZ 772 Wele}
HTHO FRE FHAHIAUL 2% 3 a9t b= CNT7F 0.05wt% 23 PMMAe®] of
UV lampE5FH 10mm B3 % 10min ¥ 30min &<t Z}72} =FA)715, AFMel 2] 3}
Cu gridol ¢l3le] H T E A & F-E2] stripping patternoll A F72] =fo]E HoF31
Atk ®E3F imaging ellipsometryol] &8 AA A F7A9 profiles A3 THTZ
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93} stripping rated Rl &=th

E I8 3¢9 19 3dol A wmEar vk Z®™®lcee} dollA] HEo] Cu gridys W
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0.056wt2%9] CNT Ht=re] A 9= 2.17nm/minl. = 183 0.1wt% 3%+ 1.73nm/minl. =
ol o] A¥i= H Harmon et al©] B3t gamma irradiation® vl = 4= )
t}. Harmon et al.©] X.a1gk wlol| 2ot [3], 3% PMMA® Hl&lA X -2 ionic
conductivityE B3 FAlo] LF-A] ZALE =& energyel® Ao B XA
EESHA 2450 lon, 0.26%7F H7FEAN-S W Tg 7} °F 18 °C o|¥ &d7t= %
ARE HoFa e AR vud ¢ vt olgd 435S PMMAS 22 aL#xe}
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o1 Izt 3#9 Glass transition temperature (Tg) ©]%FolA] &7 o|=
diffusion coefficientel] 2]dte] =L matrixthol ¢ mobility’} S=AHE = <
CNTE X &3l o5 urubs wEolA, &= T4 Ao &3t contrast?)
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mobilityi= W3IA] 7] X FOoHA T contrastE F-4 = o, 10%29] TFAS
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of ¢]&te] v}&3 78 Gaussian profiling & = AAME 4= glon,
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Reflectivity
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Qz[A1]
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sl Aoltt, ol#]d ARV)= 2x(t)o wWE tracer diffusion coefficient(Dt)e} # 2

o’ =4Dt

olef gt Aol oA L7 59 Azt mE AW FXE FAHA WANE A= A
k% Gaussian ZEeol 93t fitting 3tk 1 A3} ¥hEre] CNTE ¢F 0.1%% 4lo)F
LA £33 nanocompositeE 150 °Coll A Al 7ol whe} A8 Y. % 7] smoothdt AW
< deuteration® % whure]l pxo] oA UER large frequencyol A 1 EF
diffusion®l] ¢J3}o] W3ItH frequencye W27} vepar, of 105min5°}1‘4 anneaing °l|
o)Ele] A3 B2 frequencyE WS BHALES HolFa Qv # 12 L Ay wpE
diffusion coefficientE vl 3k Ao = CNT7F §l&74-+(5.5x10 18crr12/sec) o} vl sle] o
9 2 W5k4.5x10 em”/sec)whol 21 Ah[6] CNT7F PMMASH Bl A 743
FEAgo] EASkE AL 99 UVOAHA H5o] FAsiy 7‘*7“4 CNT7F PMMA
of 9J3lo] kAt LEIAE P A, CNT Z3eA && v PMMARAES
CNT9 PMMAZF &3d 7149 networkE Ald w =4 ds ‘?:LX] Ri= AoE o
=Ran=3

o]# &  preliminary Z23%= ntg oz CNT2 PMMA7Y} o]F& dlute t}lE ionic
conductivity®} 72 electrical propertyt} macroscopic $F mechanical £/ ¢] W 3lol W]
sto] #AE B AR W v ofeittE AE & F vk FFE CNT9 PMMAE
et o w2 7F3A A A A nanocompositeE: == A$E Ex7He] A5EES AH
Aoz WA AN o & dere] B4 WHEE A5 Sk yolrl AR 7S]
A R E = FAAE AR AA UVH A agE o8 ol 23t whg& dov]l+ "Me
=9 YA proton (H) WS %3l nanocomposite®] ionic conductivityS Z tf] 3k
AN 7 AFE AgA oz CNT-ILEAS] Y application®] 7F5AS Hola
oh 2 A o] sk AT thekst arEAbe] e 2AME o, AV|E =84 83
= = o] &3l AAHY AEA EWS characterizationdlo] A28 HWHAT 7]E&S
AIA A, aEA} AFAHdA bombardmento] 93 e AEM F Al electrical
conductivity &) FFA1 7] WFo = Al A7 HeE Aol

ol i&

¥ 1 PMMA o]% HtEle| A @] tracer diffusion

coefficients
samples D; [em*/sec]
No CNTs 55 x 10

0.1wt% CNTs 45 x 1078
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v ge] MR UnFH 9 Poly (methyl methacrylate) E3HAE HAAZIZ AF2o A
UVe ozone (UVO)2] &AM EAE9 &alHE 9 7y o}
Attt olul 0.05 wt%e] = w] e CNT9 <%o|%= UVOe] 3l stripping rate] +
Al ZFaske], CNT/PMMA E3A7F €5 UVOsH 28 =39 SAoAE ¢ Z
mechanical 548 Btk CNT$ PMMAS] #2559 AJoz8-S g213l7] ¢35k
AR hARE FA A (neutron reflectivity) & #8319 tracer diffusion coefficientE 5 g
=43 90 olu CNT7F PMMAY] diffusiondl = W35 F4 255 FAsA. oy
gt A3E nlgro 2 YHEo{ 7 nanocomposite pattern®l| electrical 22 ionic conductivity &
CNTel oJefA] ml-% FolAs Ao=Z FAHEY At 9l conductivityE Folv 2HY
o] #A Pz olrh
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