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Experimental Study on Thermal Conductivity

of Carbon Nanotube Sponges
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Abstract: In order to achieve the sustainable development of resources, the use of thermal insulation materials has become
an important means of energy conservation in contemporary society. Due to the three-dimensional (3D ) porous network
structure , carbon nanotube sponges ( CNT sponges) have excellent thermal insulation performance and thermal stability. Ob-
viously, the experimental study on thermal conductivity of CNT sponges will provide a favorable database for the application
of this new thermal insulation material, which is of great significance to meet the needs of social production. Therefore, this
paper reports on a thermal diffusivity of CNT sponges at room temperature using the transient electro-thermal ( TET) meas-
urement technology, and this measurement method is specially aimed at the thermal characterization of micro-nano scale ma-
terials. By Schuetz’s thermal conductivity model, the skeletal thermal conductivity of CNT sponges is determined at 45 ~
51 Wem™' -K™", and the real thermal conductivity reached 0. 15 W +m™'-K™'. Finally, the thermal transport mechanism of
CNT sponges was explained from the perspective of micro-scale heat transfer, and the SEM images proved that the structure
defect of CNT sponges would bring about the influence of phonon scattering on the sample surface and the increase of contact
resistance, thus resulting in the low thermal conductivity of CNT sponges.

Key words; transient electro-thermal ( TET) measurement technology; thermal transport; carbon nanotube sponges;
thermal insulation material; thermal conductivity
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Fig. 1 Image of carbon nanotube sponge sample
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Fig. 2 SEM images of carbon nanotube sponge sample
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Fig. 3 Schematic diagram of TET technique

S B E it 15 4 B P A b 0 e X A i A
— R AL R R A, AR A A TR A
TE—A/NRETE, SECURFESCE, B A R RS,
FEIEAN ARG R v, B R A ity 2 A B ] 5 3 28 %)

PR, FIREF (B B ] 2R 10 ) FE B 5 =4l
RIS RIS BIRE S Y BOR A, B TR s A S 59
HRAL T PR ILZS (0. 3~0. 4 Pa) AP, K I AT Z 0K 3
Xk SE g R 25 R A e, AT Ve S EE
PN PR B X SC e 25 SR fE A, 8 TET 3 52 56
e, RS SR AR VL FIRE T 4 TR AR A AT
LR ()R (2) .
4q,L’

4

Vsumple = IRO + 17]

L-exp[-(2m-1) 7 a,/lL]
(2m - 1)*

@
: 2
m=1

(1)

Horb, DOATERRI; R, AR RLEE; LONEEM R &

HREGL IR o WARE TR EG g0 I AOLAREY

Ik, EREA SR R O RE(E s m D RR R R BHLIRL

AR o Mitra], BE EARGRIE PR T T (1) AR
BAH(2)

. 96— » | —exp[— (2m - 1)’ 7 at/L*]
) Vi (2m - 1)*

(2)

FeS2 b, SR B I T RN LU R e, DRt
i AR AR I — AR TR R T, = (V= V) /
(V,=Vy), v V0 5 A 9 i 1) 7] e P A
KfadSHE, R, RIS T MELAE T 3
TTEARAN G, B 30k HUAUL 5 SR A 45 SR A iR i 3
PP BURE N TRACI R 2% | e U,
B O RRLRE A iR AT 2 R I R O i, B A
B AN BIE A 12 00 8RR S 1 S5 AT BT R B
NI
2.3 PMESHTMAER

16 TET HGRAE LI, BRGNS W 4R i A9 1 58 L
BEAR, T LAE it 8 2R T8 S80I 2 5% i B IR B
BRE, I TAEIRE M ARG R, W AR
vl 2 THI () AR5 5 5 o 2E AT S R AR A AR R B
o= (1=f) a, W, o, JFEEL I SEAYT R AL
f=-16g,0T. L'/Dmk, , JHE i 2 0 58 5 82 i 2 5
(&,, kuyas T, LF1D 535200 K A 1 43 FE 5 04 2L
KR e =0.857 | FESESCFHR | EEnGE R
FEYEE | MK EREE, 0=5.67x10° W -m~-K™
ISR 252 ) o R BT, AR S AT D i
AN A it 11 0 45 SRS (UL R i e T L TR
PEE R M, JEmfS R AL E, BIRE S A B ST
MR a,,.
2.4 LBNIFEMSE

AR S AR 0 04 S 56 AR O i 't i A B (S



559 1

LS : BRAKE G4 S AR SR 725

DM2700P, fEE Leica RS A BRAR]) . BT IR I 2%
(B15 DSO-X3052A, 3 [H Agilent BIHEARA R . 87
T (HS 15B+, [ Fluke A7) . AR IR (55
KEITHLEY 6221, Z£[E KEITHLEY {Y#8/\)) %5,

B IT R R B w40 oK A8 4 s — A% A Uk
WA R K AOIRBE S CNTST, CNTS2, 453, ¥k hh &
TR WIANE S R ARE B 2 0], R e R L &
BEE RS [, DAPRIERE i AaE fi i 2 (8] 2 R Y
SR T L P AR R BT R R R A LG 4
AR P40 F A Bl A i T IR E LS AR IR, A T
AR I IC R RS, R TR AR I g R I R
W b AR AAS R /N R, [ B 7S 30 4 A
BRI T B R B N, B ZAARAS B R -] ) R
BOB . Z 5 VI 63 280 it JF- e At i I K B, Itk
AR —HAREERE S 1 S 1, X TRE AL CNTST, SEEnkE
TR LT 8 MBS TIIK, W54 3k CNTS1-1,
CNTS1-2---CNTS1-8, HAHESRSFNnER 1 s,

%1 HE CNTS1 #0 CNTS2 IR~ 5%
Table 1 Size parameters of samples CNTS1 and CNTS2
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experiment

Sample — Aoy

numier R/ [7mA J7He (107 m? - s7")
1-1 62.45 10.0 0.13 3.10
1-2 58.77 11.0 0.13 2.64
1-3 52.04 11.4 0.17 2.20
1-4 48.25 12.4 0.20 2.17
1-5 42.58 14.2 0.21 1.78
1-6 37.59 16.2 0.35 1.47
1-7 31.26 21.0 0.44 1.41
1-8 22.59 38.2 1.00 1.04
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Table 3  Thermal characterization results of carbon nanotube
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Fig. 6 Heat transfer model of carbon sponge skeleton structure
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