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SUMMARY

Currently, carbon nanotubes play a pivotal role in nanoscience and
nanotechnology since their discovery in 1991. Their enforced mechanical,
thermal, electrical, and optical properties have attracted material industry and
academic soclety. owing to their great possibilities, carbon nanotubes are

expected to substitute a variety of classical materials in future.

However, strong van der Waals force among carbon nanotubes and huge
aspect ratio often resulted in self-agglomeration. These genuine properties
have interrupted a fine dispersion of carbon nanotubes to matrix materials.
To over come such obstacles, a number of research has dealt with surface

modification of carbon nanotubes to improve their wettability and adhesion.

In this study, for the dispersion of multi-walled carbon nanotubes, two
dispersion methods were used. One method is dispersing of carbon nanotubes
with dispersants of polyvinyl pyrrolidone and Sodium Dodecyl Sulfate, SDS,
and Polyvinylpyrrolidone, PVP, and the other one is dispersing of carbon
nanotubes via a direct oxidization treatment with strong acid. SDS or PVP
was added in pure water. And then, MWCNT of 0.0005, 0.001, 0.002, 0.003,
0.004, 0.005, 0.01, and 0.02 vol% was dispersed respectively. The thermal
conductivity and the viscosity were measured with a transient hot-wire

instrument built for this study and the DV II+ Pro viscometer.

The results showed that PVP had good thermal conductivity at 300 wt26
and this was better than that of SDS 100 wt2%. also, Oxidation MWCNT is
showed best thermal conductivity than other nanofluids. The viscosity of

nanofluids added SDS, PVP are higher increaing than nanofluid without



additive. also, Oxidaion nanofluid’'s wviscosity was similar that nanofluid
without additive. Therefore, many industrial sectors and the working fluids

heat exchanger to be used nanofluids that chemical meodification methods used

to produce nanofluids.
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Table 1. Property of Carbon Nanotube

Property SWCNT MWCNT
Diameter(nm) 05 ~ 3.0 5 ~ 100
Length(zm) 5 A 10 ~ 20

Tensile strength(Gpa) ~ 100 < 50
Young's Modulus(Tpa) 5.5 04 ~ 37
Bulk density(g/cc) 0. Qg 9°03 0.1
Tlue density(g/cc) 1.33% W4 14 ~ 26
Resistivity (Q-cm) 10 x10° |51 x10° ~ 58
Current density(A/cn®) ~ 10’ -
Field emission, Turn-on Voltage(V/um) 07 ~ 2 1 ~5
Thermal conductivity(W/m-K) Max. 6000 Max. 3000
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Table 2. Properties of MWCNT(CM-95)

[ *]: Hanwhananotech;http://www.hanwhanonotech.co.kr].

Properties MWCNT (Value) Test Method
Diameter(nm) 10 ~ 15 HR-TEM
Length(zm) 10 ~ 20 SEM
Purity (wt.%) 95 TGA, SEM, HR-TEM
Bulk Density(g/cm®) 0.1 Tapping Method
True Density(g/cm®) 1.8
Surface Area(m®/g) 200 BET
Thermal conductivity(W/m-K) Max. 3000
15
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(a)Microphoto of MWCNT(x40,000)
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(b)Microphoto of MWCNT(x200,000)
Figure. 2. SEM microphoto of MWCNT.
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3l th.[Shim et al, 2006.]
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Figure. 5. The experimental apparatus of produce oxidation MWCNT.
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Figure. 6. Diagram of Wheatstone Bridge.
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Figure. 7. Diagram of wheatstone bridge experimental apparatus.
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Figure. 9. Photograph of Pt wire.
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Figure. 14. Photograph of viscometer(DV II+pro).

Figure. 15. The measurement experimental apparatus of viscosity.
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f’*%ﬁ ‘ i i | icato | oridation MwCNT
Without additive | With B0 Wid) With PvP(100 wt%) P - dispesiom

[ —

(a) photograph of after sonicator dispersion.

Sonicaton Sonicaton Sonicaton Sonicator Oxidation MWCNT
g\’n’ithl!lt.ltadd(i\'a | With SDS(100 wid6) With PvP{100 wt®) || With PvP{200 wi%) ] ¥ dispersion

(b) photograph of 2 hour elapsed time.

Figure. 17. Various nanofluids sedimentation by elapsed time.
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AR A BT EA v Ae & 5 Uk
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Particle Volume Fraction(%)

Figure. 18. Thermal conductivity of MWNT as a PVP fraction.

Figure. 182 PVP9 AA FAEES dolnr] 984 H7ld Eaxvyei
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Figure. 20. The thermal conductivity as a particle volume fraction.
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Figure. 22. The viscosity as a dispersion particle volume fraction.
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