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Influences to Additive Type on Carbon Nanotube metal composite

Dea-Hea Kim', XI-Ru Zheng’, Myin-Su Kim~, Chan-Woo Park

ABSTRACT

The coating of metal surface with carbon nanotubes(CNTs) has been studied for the heat transfer
enhancement of the boiling and condensation of refrigerant. The multiwalled carbon nanotube / copper
oxide(CuO) composite powder, which has been surface modified by dispersant and polyvinyl alcohol solution,
was ultrasonically sprayed and sintered on a copper wafer. In this paper, experiments were performed to assess
the characterization and comparison of the carbon nanotube before and after sinterning and the morphology
changes of the CNT/CuO-coated surface by using different dispersants. The dispersants used are THF
(Tetrahydrofuran), SDBS(Dodecylbenzenesulfonic acid sodium salt), SDS(Sodium dodecy sulfate). The samples
were examined by scanning electron microscopy(SEM), thermogravimetric analysis(TGA), differential scanning
calorimeter(DSC) and Raman spectroscopy.
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Fig. 2 Schematic of the process of experiments.

@ b
Fig. 3 FESEM images of the CNT/CuO coated surface by using different additives before sinteming. (2) THF, (b) SDBS, (c) SDS, (d) Pristine.



H25% 5 5 %f 2012. 10

A7 Z7o] WE BayeEE FEHEIYR 24T JFF 161

2.2 MHEM=
Fig. 2= 2 Ao 3H& EA%oR HojZeh B 43
oM 4% AHE ARSA
1) aA]H-& THFEMHo| CNT/CuO powderE Y-
1AIZE B4 A2|sk & 150C oA AxAl7|3L
ool FT 2SR LEAZ AT 7Y g
B} AL sprayI BRI 02 =G
2) b, ¢ A|HLE PVALHo| CNT/CuO powdere} HAH4| SDBS,
SDSE 1%E W ¥ 23T 154K Aefat 19 gobg
A28k, spray IEHMPHO R maalgch,
3) dA|HL PVAEHo] CNT/CuO powderE 292 3 %
1547k Hejsto] e gole A|25}91L, spray 3
o7 =33t

mE @S Qi A7|RoAH 150Co4 1208 A= 7
ZAZTh 1 ol% PVAZ s As] 9lstol &
A7) =l 13 How 350Te| LmEol4 108 et 7%
gtk 7 olF CNTICUO B3l 442 a7 gistel 4
10%E-55 A7l 900C 247 B Bl 47
Ary. HEHow CNT/Cu B4 42F HF e o
st

)

3. 2% 9 1%

3.1 ol offt EtL-RHEo| 5}

[
Fig. 3& £2317] Aol ¥4 %7

%o THF, SDS %7}

FESEM Apdlofeh. 7ol Hi- upe} 2o
o EWPRE BARL ol FE B4 Hol 2 Fole)}
Rloll A VAT & olth. Fig. 4 £AT Fo| BA
F5 weh wporEwe] FESEM Apdolch Tgeld mi- v
o} o] FEjupulERe] CNTSo] Bl 2 & & 4 9lrk.
T3 47 B4 % CNT Edo] 729 2REs] 40|
ZYEHA)EA H= AL DAY 5 Uk E, Az £FF

3 Al

o

Fig. 5= 24s17] Ao #AHA &7 o&
spectroscopy Zi}o|t} Fig. 6& 443 Fo BAA 27 o
2} ko] Raman spectroscopy ZAxfoltk. CNT HzHA|
Uel= 342l g3 2= ~1350cm oA el Disorder
mode(D-mode)7} 1o, ~1580cm tof4] U}Ef= Tangential
mode(G-mode)7} Uth. CNT 7R & LrlA o2 ldlg ratio
7} S7¥stA "ok Fig. 53 Fig. 6 S5l Table 13} o] &2

Fig. 4 FESEM images of the CNT/Cu coated surface by using different
additives after sinteming. (a) THF, (b) SDBS, (c) SDS, (d) Pristine.
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Fig. 5 Raman spectroscopy results of the CNT/CuO coated surface by
using different additives before sinteming.
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Fig. 6 Raman spectroscopy results of the CNT/CuO coated surface by
using different additives after sinteming.

Table 1 The Raman spectroscopy results by using different additives
before sinteming and after sinteming

Table 2 Oxidizing Temperature of the CNT/CuO coated surface by using
different additives before sinteming

oxidizing I
Temperature(C) THF SDBS SDS Prinstine

PVA 204 199 189 194

CNT 370 379 355 387

Table 3 Decompostion Temperature of the CNT/CuO coated surface by
using different additives before sintering

Decompostion THE SDBS SDS

Before sintering After sinterning

Coatings
ly Iy 1a/1g Iy lg 14/1g

THF 0.0028  0.0016 1.64 0.0041  0.0021 1.96
SDBS 0.0046  0.0032 1.45 0.0116  0.0068 1.71
SDS 0.0064  0.0047 1.35 0.0066  0.0044 151

Prinstine  0.0075  0.0058  1.29  0.00897 0.0061  1.47
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Fig. 7 DSC diagrams of the CNT/CuO coated surface by using different
additives before sinteming.
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Fig. 8 TGA diagrams of the CNT/CuO coated surface by using different
additives before sintering.

£ Aol AT Aol 943 CNTS| E42 ol



5254 # 5 W% 2012. 10 A7 250 W2 gagrEr ZE&EIE AZAFAE JTF 163

pp. 368-382.

staxh, Qg #HQ copper wafero] AAE £HX& 9
= 2) Pipes, R.B., and Hubert, P., “Helical carbon nanotube arraye:

3t
sG] Slald BatheRHICIOE &
of

& 9k CNTEARS ¢8le] AH7iE A7HA £F mechanical properties,” Composites Science and Technology,
weh, &Z4sb7] A%l uatnwe] #skE B A1 ohs Vol. 62, No. 3, 2002, pp.419-428.
I e 2SS A 3) Delmotee, J.S., and Rubio, A., “Mechanical properties of

carbon nanotubes: a fiber digest for beginners,” Carbon,

1) &ZA3% $of CNT FejahiEdo] Ty o] QS o Vol. 40, No. 10, 2002, pp. 1729-1734.
4> k. CNT 3EHol| copper YA A2 4AF FHo 1 4) Kweon, H.S., Estili, M., Takagi, K., Miyazaki, T., and
HAo| ZU (AN 181 o2 B2 yU)A e Kawasaki, A., “Combination of hot extrusion and spark
AL Tdsk 4 9l plasma sintering for producing carbon nanotube reinforced
2) A% 473t Zof THF, SDS H7lst A I} BAMA A7} aluminum matrix composites,” Carbon, Vol. 47, No. 3,

shA] gke AL 22 gojz] Arle As WEE 4 Stk 2009, pp. 570-577.
I8y SDBS AH71eE AL 47A & CNT7F ZUsH] 2= 5) Kim, P., Shi, L., Majumdar, A., and McEuen, P.L., “Thermal
3t AL WA 4tk o]AL ol AHTAA Transport Measurements of Individual Multiwalled Nanotubes,”
SDBS7} 318t Gtz aromatic groupd} 71 #E] RELS 7} Physical Review Letters, Vol. 87, No. 21, 2001, pp.1-4.
A1 Q7] wjRo|gtn wohE 6) Ujereh, S., Fisher, T., and Mudawar, I., “Effects on carbon
3) SDBS #7135t AL AZA] dotgAlo]l Ald £& AL nanotube arrays on nucleate pool boiling,” International
aeksk 4~ 9lth Journal of Heat and Mass Transfer, Vol. 50, No.
19-20, 2007, pp. 4023-4038.

7) Khanikar, V., Mudawar, 1., and Fisher, T., “Effects of carbon
_‘0;‘_ 7] nanotube coating on flow boiling in a micro-channel,”

International Journal of Heat and Mass Transfer, Vol.

o] =2 20129 AR (usHs|aR)e] HYUoR gt 52, No. 15-16, 2009, pp.3805-3817.
A~

AAche] 2] S whol 4=afE A+l th(No. 2012015020) 8) Kwon, S.H., Park, D.Y., and Lee, D.Y., “A Study on the
Microstructure and Physical Properties of Cold Sprayed

Cu/CNT Composite Coating,” Journal of Korean Institute

ZaE3 of Metals and Materials, Vol. 46, No. 3, 2008, pp. 182-188.

9) Kim. M.S., Fabrication of Transparent Conductive Films

1) Zhang, X.F., Zhang, X.B., Tendeloo, G.V., Amelinckx, S.,
Beeck, M., and Landuyt, J.V., “Carbon nano-tubes; their
formation process and observation by electron microscopy,”
Journal of Crystal Growth, Vol. 130, No. 3-4, 1993,

from Single-Walled Carbon Nanotubes Dispersed in Aqueous
Solutions with Various Surfactants and Characterization
of Their Properties, Mater Thesis, Sejong University,
Korea, 2010.



