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Fig. 1. (color online) The schematic of the steady-state electro-Raman-thermal technique for characterizing

thermal conductivity of carbon nanotubes fiber.
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Fig. 2. (a) The scanning electron microscope images
of carbon nanotubes fiber; (b) the image of carbon

nanotubes fiber adhered on stages.
A3 Al B = o6 1 {2 HORIBA
Jobin Yvon A #] 4 7= ) LabRam HR A6 HE4X,
S 0.65 e~ WA R EOGER O T)

N4 mW, BEERE] Y 1 min, #9858 50x. A
SEIG ISR R B AP AN B 1) F 2 (E SRS R
MRS AZ SRR 2) BRGNS 41 2 T4 1 = S

TERAZ S IIE FE H, FE BR AR 41 ¢ e I R e
FHAE N 3R, 75 RG 45 2B [ 5 4 H A ST R
IR IR BRI RLRE , R B AR R (1 h ok 4a
TR R (R TR RE, M S B 9 K A 41 4 1) R
FERE . EDMNR S0 FE SRR A 4k e sl
T AR Ok A5 AE BE B 2.53 mm BORE S G 4R B b,
B2 (b) Frow. X RE it LATE 58 RN, rei s i
MEFFEEE] 13 mA Ak, Frvt BN R 2
35.94 mW. HFUMAFRE G, RE =R 4
OB EIE. i 3 (a) FIoR, BRAVKE L1 4E 1+
OIS 3ANRHIE I, 4352 1350 cm ! )
WALIRHL F (D 1%). 1590 em ™~ FIPI ARSI (G
I5). 2700 ecm ™! () ZF L (2D 0§). H G g 2D 1§
5 5 2 LU T T A A LA i R L) BE S5 ) TR B AN
KRR, A D EFRR T RS R EREE, ik
A S 1 D W AE 5 15 U5 IR i PN AR B 4 oK
B C—C SMAETER R M BRBAE .

4 SR ST
4.1 BIZZRERSTTHL

P2 T 1SR E (W) AT () AN 04 58
#5U5 B H 9%, Balandin 25 119) ) I A7 88044 12 2 470
RHRERXR, BxNG T 8E 086205
SRABIIRFE. Yue 25 US) R H 57 2 Hull &5 AR
MR T AMEA KA SIS AH BRACEE 2 18] (1 B2 #4
BH. Li &5 M X Bak e G ISR IR B R BT
ThRsE, KILT00 K LA G IR 8 AR AR 2
A A VELRPE, R4 LI R T SRR AR E 10 5

AN [R] B B A RHE AN 8] (0 0% IR T i iz 2
55 B R E A B AN IR, DR A 1R R )
S FH A ] 3 6 TR I S 56 75 2 R A 8 IR R
RAE ARSCHE S BL 2 G AL BE IR AR A1)
iR WE 3 (b) s, WE RN -0.02 cm™ /K
+0.005 em~1/K. F 14 H 7 H Bk ook G g
AR B R B, Y6 FE —0.015 em T /K #E
—0.026 e~ /K Z [], 5 A SCRE s Bl 45 S A0 —
B R AR ZE R OR B TR S BRRE L 5T DL A
AN [ S 56 26 A (WO S ) 52,

126501-3


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 64, No. 12 (2015) 126501

600

(a) GUE
2]
=
£ 400}
=
)
—
[
~
i
= 200 -
0 L L L L
1200 1600 2000 2400 2800
PN /cm 1
1580.0 T
(b)
1579.5
T 1579.0F
=]
O
~
g 1578.5F
E
%" 1578.0F Slope= —0.02 cm /K
1577.5F "
1577.0 . . . . . . . .
10 20 30 40 50 60 70 80 90 100
W /°C

B3 (a) RS BRI (b) BRANKE 4 G VERTE R
GRS

Fig. 3. (a) A typical Raman spectrum of carbon nan-
otube fiber; (b) the linear fitting of the temperature

coefficient of G peak position.
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Thermal characterization of carbon nanotube fibers
based on steady-state electro-Raman-thermal technique®
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Abstract

Carbon nanotube (CNT) fiber is a promising material due to its extensive potential in micro/nanoelectronics,
where the thermal performance is of great importance. In this work, a well-developed steady-state electro-Raman-
thermal technique is employed and extended to the ambient environment for measuring thermal conductivity of the
CNTs fiber. In this technique, two ends of the CNT fiber are attached to heat sinks and a steady electrical current flows
in a sample to induce Joule heating. The heat dissipates to the ambient air and goes through the sample to the heat
sinks. With combined effects of natural heat convection and heat conduction, a steady temperature profile along the
sample can be established. The middle point temperature of the fiber is probed by measuring the local Raman spectrum.
It is because the Raman scattering (such as G peak) of CNT fiber is temperature dependent and thus it can be used as a
temperature indicator for thermal property measurement. In calibration experiment, the temperature coefficient of the
G peak of CNT fiber is first obtained. A modified one-dimensional heat conduction solution involving free convection

effect is derived as

I’R eVhS/(kAd)e 4 o —\/hS/(kAc)e
()= L5 (1 T VRS AOL2 | e—\/mLﬂ) °
It can be found that the relationship between middle point temperature (T) and applied Joule heating power (IR)
can be used to extract the thermal conductivity of the material (k) as long as the convection coefficient (h) is available.
In this work, the convection coefficient is calculated by the model established by Peirs et al. The thermal conductivity
of CNT fiber synthesized from floating catalyst method is measured to be 66.93 W/(m-K) 4 11.49 W/(m-K). This value
is a little bit larger than that of other CNT fibers synthesized by the acid spun method or the dry-spinning method,
which can be explained by the different sample structures induced from different synthesize method. This value is two
orders of magnitude smaller than that of individual carbon nanotube, and two orders of magnitude larger than that of
CNTs packed bed, showing that heat conduction in CNT based bulk material is determined mainly by a large number

of thermal interfaces between CNTs contacts rather than the intrinsic thermal property of CNT.
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