Trans. Korean Soc. Mech. Eng. B, Vol. 37, No. 6, pp. 615~620, 2013 615

<sSt==2- DOI http://dx.doi.org/10.3795/KSME-B.2013.37.6.615 ISSN 1226-4881

Urgr/sstdae £% 72 AAHE 45 2T )43
A7) oA A4
z @ 7. 0102 AEILT
* ot etal 7] Al S+ MIT 3}8t-s- 3t}

Thermopower Wave in Core-Shell Structures of Carbon Nanotube
Chemical Fuels

Wonjoon Choi ' and Michael S. Strano™

* School of Mechanical Engineering, Korea Univ.,
** Department of Chemical Engineering, Massachusetts Institute of Technology, USA

(Received January 10, 2013 ; Revised March 11, 2013 ; Accepted March 18, 2013)

Key Words: Nanotube(t}=7¥H), Carbon nanotube(¥tA U= H), Thermoelectric(&d % 7]), Thermopower
Wave(¥ 52 3}%), Chemical Fuels(3}28 ¢15)

Pold Ayl fEle dwrzet SR §5 TS A ol AP S w, 5UF
Fowh= A spe whgo] ks n, ok Sl F& HEH S VA= S CluAE 2
les TRstglon, ofed dde ded AR wHsit 2 dyelMe 4 ek #Y
2249 @& Amgl oy @k Umyae] o i Ageel wel wkg A ;
Al A AE7E oARA IEpA =], SLEfan ofgh g Alel WS A7) Aeehs ofw Ak A
S A ATskdnh EE ojgHor 2 Wt uet
g Aol o 9 nHAYE W ded = Ao &

Abstract: There is considerable interest in developing energy sources capable of larger power densities. In our previous
works, we proved that by coupling an exothermic chemical reaction with 1D nanostructures, a self-propagating reactive
wave can be driven along its length with a concomitant electrical pulse of high specific power, which we identified as a
thermopower wave. Herein, we discuss details about many different aspects of a thermopower wave. Different
alignment degree in vertically aligned CNT films is evaluated in the reactive wave speed and correlated with its thermal
reaction that affects the change in the magnitude of energy generation. The effects of the temperature-dependent
properties of chemical fuels and CNTs are evaluated. Furthermore, we explore the convection and radiation portions in
this thermal wave as well as the synchronization between the thermal reaction transfer and the oscillation of the
electrical signal.
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Top View

Side View Side View

Fig. 1 Scanning electron microscope images of vertically
aligned carbon nanotubes without (a) (13 nm-
diameter MWNT) or with water-assisted method.
(b) (22 nm-diameter MWNT). Scale bars (1 um)

Fig. 2 Scanning electron microscopic images of bulk
TNA-MWNT after synthesis (a) and extended
TNA-MWNT aligned structures (b)
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Fig. 3 Reaction front velocity(RFV) using temperature-
dependent thermal properties for TNA and CNT
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Fig. 4 Reaction front velocity(RFV) using temperature-
dependent thermal properties for TNA and CNT,
as well as convection and radiation
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Fig. 5 Illustration of heat transfer of TNA-MWNT array.
Heat dissipation blocked among TNA-MWNTs.
Heat convection, or radiation from center TNA-
MWNT is absorbed by surrounding arrays, and it
is canceled each other in the array
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Fig. 6 Themopower voltage signal in reaction zone and
cooling zone (a). Thermopower voltage signal is
divided into two regions (b). Oscillation zone
indicates reaction time, and smooth zone reflects
cooling time (Temperature gradient).
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