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Application Progress of Carbon Nanotubes in Thermal Management
LIU Fen-fen, YIN Ben-hao

(Southwest China Research Institute of Elecironic Equipment, Chengdu 610000, China)

Abstract: Carbon nanotubes (CNTs) , with high thermal conductivity, large specific surface area, low coeffi-
cient of thermal expansion (CTE) and low density, become one of the research hotspots in the thermal man-
agement field. Application progress of carbon nanotubes in the thermal interface material, the thermal pipe,
heat radiation in the microchannel and the base with high thermal conductivity et al is researched according to
the thermal management technology types in this paper. The results show that CNTs can improve the thermal
properties to some degree. However, due to complexity of process and conduction mechanism, many experi-
mental results are worse than theory analysis. While process and conduction mechanism get more mature,
CNTs will present better thermal properties in thermal management and it won’t be long to apply them to mili-
tary and commercial products.
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B IR R B PERETE bR . A T R ASIETE
FRSES e g 238 R B Ak s 4 TIM 9 4 B 5 40 22 %
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VACNTSs/Si 158
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SRR XA R IR UE B R He AR 00 2 B A )
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Pob, BRI S E AR, HRTATsT 22
FEIZE CNTs/ Al Fil CNTs/ Cu Bifh & G0 RHETF,

SCHR[ 37 BF5E T CNTs/Cu Z-A AR S fE
B — R B R R A B AR CNTs 45 Hiis 44
FIE A A B IS SR PR 55 B T e 4 1k ) 4 i TR
MEREE R F W], CNTs/Cu B AR R e S IR ECH
328 W/ (m « K) , S4fifi bk, SHCRG T TR, g
P B AR DU, (ELAR B A SC SCHRHEM , R K
AR, SCHRIA R, CNTs/Cu B A A RS HOR T Y JR
BT BEJ& CNTs Al Cu Z [8] /) A FABH A, fH B fiE
Wt ZAEARAE T HETHE A W-Cu A1 SiC/Cu 5
GPRL, T R Ak R R R T, AT LA B R
PR ME SR,
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SCHR[ 39 1R & B A WAL= AT T 22 7E CNTs
RINEET W A8 )2, IR 5 KRG 1P R 5 2
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], CNTs/ Al By fe i AU 161.3 W/ (m - K) it
T4 A FRS S 230 W/ (m - K) |, 3% 5 Jij 1 P 4
WFFERIEE RS, R R ATt fa] | W-CNTs/ Al 534
FAET CNTs/ Al T H A 35 175 W/ (m - K) . 32
T CNTs 5 Al Z [A1EIRE5S , PO # A AL H B0 T 2448 5t
W, FUSS S5 T W AL AL AR, o 4%
FLBRBREE , SR T 2E A R4, [, W-CNTs/Al A2
K R AR T CNTs/AL, HH AT L, CNTs 43 J&@ 4 )2 %F

TEAGMERDIRe A E R

DL ERFSE R4 | ONTs 542 8 R & b i 3k
WAL AL G U B T ' SRR S B g
25, EXTULIE, SEETRIT T 2 T AW,
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Tt R m P, T EL T A& A 4 S RS HICEAR e A A =2
AL, S BRI A T 8 R, vl T
XA 0

TE0S 28 5T, 5 IS T 7E “ Ceatec JAPAN
20107 J@ WG /R T R FH CNTs A9 B K 22 2
A MATHE P BRI I R 22N CNT SR AR
M SRR DAEIRE S B O R R B RE , FILH
CNT ™y g5, A] DAAE S0 0% B2 10 R B EA T 1A, 4
J& ST b 4T S I B CNT B A 285 14 - 44
kLY R HE,

3 4RiIE

ARSCRES T BRARAE AL Z PP B AR P A AT ST
BN FERAR . d T e i AR g AR A | Lo
<11 -



LA (N L

2016 4F 12 H

JE B B AF AR AL, B KA 8 0 U LF- 4205 it
i A ESUR, TOIS SR I RIBRL AR B
R Fr s S A (o T IR s S R AR Y AT IS
YRE WL BB BERS , B A T DITEAR AT A BT S 2%
AT, BRZ T 2R, HATErEm 8K 733
GBS SOR A HRE T B R AR R KA
AL BET MBS AW, BEEHC T A S
A B SRIE ST | T 25 RS R i A UAS R AR, B A
PN A RN ANV iSE AR IDING

2 % X

[1] KIM P, SHI M L, MCEUEN. Thermal transport measure-
ments of individual multiwalled nanotubes[ J]. Physics Re-
view Letter, 2001, 87, 215502-215504.

[2] ALTMAN D. Improving thermal performance of DoD systems
[J]. Technology Today, 2012(1): 18-19.

(3] gROCHE. W T RAREHARLR(E) [J]. BT IR
T#, 2008, 24(1): 1-10.

[4] ZEH, EwE, FEHE. KIE LED B AR AR
TR EHIFSEERE ], ~E SO0, 2011, 32(6) : 749-
755.

[5] iV, Hak, 250 FUmEm i SHmprR gt )], 1k
T2#4, 2012, 63(2) : 335-349.

(6] BREW, AR, 229 3. gy AKE BES N T 4 A
FORHOBEFEHERELT]. #PRLAR, 2010, 24(6) : 1-6.

[7] BIERCUK M J, LLAGUNO M C, RADOSACLJEVIC M, et
al. Carbon nanotube composites for thermal management
[J]. Applied Physics Letters, 2002, 80(15) ; 2767-2769.

[8] LIUC H, HUANG H, WU Y, et al. Thermal conductivity
improvement of silicone elastomer with carbon nanotube load-
ing[ J]. Applied Physics Letters, 2004, 84 (21) . 4248 -
4250.

[9] SAMPLE J L, REBELLO K J. Osiander carbon nanotube
coatings for thermal control[ C]// 2004 Intersociety Confer-
ence on Thermal Phenomenon. Lasvegas, USA, 2004 . 297
-301.

[10] HUANG H, LIU H, WU Y, et al. Aligned carbon nano-
tube composites films for thermal management [ J]. Ad-
vanced Materials, 2005,17(13) : 1652-1656.

[11] ZHU L B, DENNIS W, WONG C P. Assembling carbon
nanotube films as thermal interface materials[ C]// 57th
Electronic Components and Technology Conference. Re-
no, Nevada, USA, 2007 2006-2010.

[12] COLA B A, XU X F, FISHER T S. Increased real contact
in thermal interface :a carbon nanotube /foil material[ J].
Applied Physics Letters, 2007, 90(9) . 093513/1-3.

[13] JUN X, FISHER T S. Enhancement of thermal interface

- 12 -

[14]

[15]

[16]

[17]

(18]

[20]

[21]

[22]

(23]

[24]

materials with carbon nanotube arrays [ J]. International
Journal of Heat and Mass Transfer, 2006, 49(9) . 1658 -
1666.

JUN X, FISHER T S. Enhanced thermal contact using car-
bon nanotube arrays[ C]// 9th Intersociety Conference on
Thermal and Thermomechanical Phenomena in Electronic
Systems.
USA, 2004, 29(2) : 549-555.

ZHANG K, YUEN M M F, WANG N, et al. Thermal in-

Mirage Hotel & Casino Las Vegas, Nevada,

terface material with aligned CNT and its application in HB-
LED packaging [ C ]//56th Electronic Components and
Technology Conference. California, USA,

2006.
NGO Q, GURDEN B A, CASSELL A M, et al. Thermal

San Diego,

conductivity of carbon nanotube composite films[J]. Material
Research Society, 2004, 812, 181-186.

KA. HL TR B L R A AL VR R Y (D] FE
A AL TR, 2013.

ZHANG K, XIAO G W, WONG C K Y, et al. Study on
thermal interface material with carbon nanotubes and carbon
black in high-brightness LED packing with flip-clip[ C]//
55th Electronic Components and Technology Conference.
Lake Buena Vista, Florida, USA, 2005, 60-65.

ZHANG K, CHALI Y, YUEN M M F, et al. Carbon nano-
tube thermal interface material for high-bright light-emit-
ting-diode cooling [ J ]. Nanotechnology, 2008,19 (21) :
215706-1-215706-8.

TUCKERMAN D B, PEASE R F W. High-performance
heat sinking for VLSI[J].
1981(2) : 126-129.
ZHIMIN M, ANDERSON J, LIU J. Integrating nanocarbon

IEEE Electron Device Letter,

tubes with microchannel cooler[ J]. Proceedings of HDP,
2004 (5) : 373-376.

ZHIMIN M, MORJAN R, ANDERSON ], et al. Integrated
nanotube microcooler for microelectronics applications
[ C]// 55th Electronic Components and Technology Confer-
ence. Lake Buena Vista, Florida, USA, 2005. 51-54.
KA, BESEAR, XA, BT aRANKEHOR M ol E v
HAHRAR A DT [ C L/ B R a2 die
SCEE. WRURER: s gy, 2011 1-6.

FAN Y, ZHONG X L, LIU J, et al. A study of effects of
coolants on heat transfer capability of on-chip cooling with
CNT micro-fin architectures by using CFD simulation[ C]//
International Symposium on High Density Packaging Microsys-
tem Integration, 2007 1-6.

WANG T, JONSSON M, NYSTROM E, et al. Develop-

ment and characterization of microcoolers using carbon

nanotubes[ C]//2006 Electronics System integration Tech-



532 555 6 1

XIZ535, & BRAORAGTE G BRGS0 I 5 3 e

R EHE -

[26]

(27]

[28]

[29]

[30]

(31]

(32]

[33]

[34]

[35]

nology Conference. Dresden, Saxony, Germany, 2006:
881-885.

KORDAS K, TOTH G, MOILANEN P, et al. Chip cooling
with integrated carbon nanotube microfin architectures[ J ].
Applied Phsyics Letters, 2007, 90 (12); 123105.
P, Mm%, T/NEr, A5, BEBRYNOKAE I 7 o
ER AR HAERE SRR ITE [ )], AR IR, 2013,
26(9) . 1198-1201.

KHANIKAR V, MUDARWAR I, FISHER T S. Flow boil-
ing in a micro-channel coated with carbon nanotubes[ J].
IEEE Transactions on Components, Packaging and Manu-
facturing Technology, 2009, 32(3) : 639-649.

UJEREH S, FISHER T, MUDAWAR I. Effects of carbon

nanotube arrays on nucleate pool boiling[ J]. International

Journal of Heat and Mass Transfer, 2007, 50. 4023 -
4038.

HUANG Z L., GAO M, PAN T S, et al. Microstructure de-
pendence of heat sink constructed by carbon nanotubes for
chip cooling[ J]. Journal of Applied Physics, 2015, 117
(2) . 024901.

TULLIUS J, VAJTAI R, BAYAZITOGLU Y. A review of
cooling in microchannels[ J]. Heat Transfer Engineering,
2011, 32 (7-8) . 527-541.

REM, WLAE, YkE. BFREREITRAPEAR
[M]. dbat: dbatinzs it K R “# i ilet, 2008 222 -
248.

VADAKKAN U, CHRYSLER G M, MAVEETY J. A novel
carbon nanotube based wick structure for heat pipes/vapor
chambers[ C]// Twenty-third Annual IEEE Semiconductor
Thermal Measurement and Management Symposium. San
Jose, California, USA, 2007 . 102-104.

ALTMAN D H, WEIBEL J A, NORTH M. Thermal ground
plane vapor chamber heat spreaders for high power and
packaging density electronic systems[ EB/OL]. (2012-18-
01). [2016-09-12]. http://electronics-cooling. com.

[36]

[38]

[40]

[41]

[42]

[43]

[44]

characterization of capillary-fed carbon nanotube vapor
chamber wicks [ J]. Journal of Heat Transfer, 2013, 135
(2):021501-1-021501-7.

WEIBEL J, GARIMELLA S, MURTHY J, et al. Design of
integrated nanostructured wicks for high performance vapor
chambers[ J].
ging and Manufacturing Technology, 2011, 1(6): 859 -
867.

CHU K, GUO H. Thermal properties of carbon nanotube-

IEEE Transactions on Components, Packa-

copper composites for thermal management applications
[J]. Nanoscale Research Letters, 2010, 5. 868-879.
KRR, BRAME, XRS5 WL L RN AR A
RS GARBIGE [ T]. Wi K%M, BRI,
2009, 36(12) : 59-63.

RWE, B, VN, S BB LU Bk 4 oK
/R GMRH S SR EREIT T [ T]. BRI &
HAR, 2014, 32(5) ; 372-377.

2k, R, JEME, . mECAVE SRR
AMRF st R (1], R E MR, 2013, 32(7):
431-440.

TR, BRI, B, 55 SRR TE T Jb K
PR [J]. FREE AR, 2014, 59(28-29): 2840
2850.

SHAIKH S, LAFDI K. A carbon nanotube-based compos-
ites for the thermal control of heat loads [ J].
2012, 50(2) ;: 542-550.

MR CHRRE, Wk, S BROUKE BURIAH AR AR
ATTIERERRZIA [ )], WL R4k . LA, 2014,
48(10) ; 1732-1738.

[ERR R R B SR SR YN T TN
[EB/OL]. [2016-10-15]. http:// china. nikkeibp.
com. cn/news/semi/53535-201010 12. html.

Carbon,

3535 (1986-) , &, TA2IF, £ BN F b Tk 4

WEIBEL J A, KIM S S, FISHER TS, et al. Experimental 3% 3+ T4k
PP R e ST e S I S R
PR Y K N :
E-mail . dzjxgc@ 126. com == & . (025)51821078
3
Rk . http . //www. dzjxge. en

- 13 .



