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æ^B����d�Eâ��
�»� 200 nm�$�Ýà¯L (LDPE) B��
�, ¿|^B¦-1ð1{

ÿþ
 20—80◦C � LDPE B��
��9�Ç. ÿþ��¿§� LDPE B��
��9�Ç� 2.2 W/mK,��'

ÙNá��9�Çp 1 �êþ?, ¿�B��
��9�Ç�§Ý�,pÑkO\. �ÑB���m�(fÑ�,

����¿§eü� LDPE B���9�Çpu 5 W/mK. �©�� LDPE B��9�Ç�JpgÙ©fó½�

ÝO\���$��9�A�Or, B���©fó½�ÝÉó²L§¥6N}�!�Ä!©fó[£$Ä!B

���å�A«Ï��nÜK�.

'�c: àÜÔB��, 9�Ç, $��9, ��Ed{

PACS: 65.80.−g, 66.70.−f, 44.10.+i, 72.20.−i

1 Ú ó

C
càÜÔB�(�duÙÕA�5U

3Å�!>f!)Ô��Ú�B6Nì��+�

Úå
2�'5, Ø�Æö}Á|^àÜÔB�(

�����9õU.¡á�5Jp� - �.¡��

95U [1−3]. �´, Ï~àÜÔá��9�Çé$,

���k 0.1—1 W/mK,�B�(�á��9�

Ç~du>.(fÑ����?�Úü$ [4−6],

¤±ykEâE,Ã{÷v�B�ì�¥��p

�Ý�Ñ9�¦. 3àÜÔ¥W¿%B�+Ú�$

L�$�p�9á� [7−10] ´�«~��O\àÜ

Ô�95U��{, du.¡��>9{�p±9

V\ÔÉ±��¸K�9�Çü$, àÜÔB�

EÜá��9�ÇE,��$unØýÏ� [11].

Ïd, ½�I�O\àÜÔB�(����9�Ç.

�C�©fÄåÆ�[ïÄL²9þ÷Xà

¯L¥�ü�p©fóÌ�´±��Ñ$�ªD

Â�, àÜÔ¥ü©fó½Ó�©fóå��95

��U�~Ð, Ù9�Ç���� 350 W/mK,$�

ü©fó�9�Ç�¬�©fó�Ý�O\Ø

äO� [12,13], �C�¢�ïÄ�y¢
àÜÔ©

fó¥9U���Ñ$Ån [14]. Ï~�¹e, �¬

�àÜÔá�¥�p©fó��Å��¿�Ùm

��^éf, ù��~�
àÜÔá�¥(f�²

þgd§, ±�Ù9�Çé$, XJÏL�j [15] ½

.� [16−18] ó²Jp©fó�½�Ý, 9þ���

Ñ$B¬��Or¿¦T���9�Ç��wÍ

Jp.

Shen�<�Cæ^�p�.�Eâ (.�'

� 160—410)��
�»� 130—200 nm�à¯

L (PE) B�n�, ÿþuyÙ9�Ç�p��

� 104 W/mK[19], ù�´Ï�.��p©fó²

L�l�Å��ª�un��ü¬n�, Jp
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àÜÔB�n�¥p©fó�½�Ý. I��

Ñ, �p�.�Eâ��àÜÔB����»ÚÅ

�5UØþ!, Ùó²�ØU·A�5����

�¦. �©ÄuB����EdEâ��
�»

� 200 nm�$�Ýà¯L (LDPE) B��
�, Ï

L|^-1ð1{éÙ9�Ç?1
ÿþ, uy�

��àÜÔB��
�äk�p�9�Ç, ��'

$�Ýà¯LNá��9�Çp��þ?.

2 à¯LB��
����

��àÜÔB��
��õ���Ed�{

�Ð´d Steinhart�<JÑ� [20], ·�ÏL�\

pª6N�ÄéT�{?1
U?±OràÜ

Ô6N�B��¥�'ß�Ý, �[[!��©

z [21]. õ��4�z¾ (PAA) ��l Whatman

Inc. úi	ï, ´�»� 13 mm ��¡, ¤k�

B��Ñ´Ï�, ���»� 200 nm. $�Ýà

¯L��´à°�zúi)��û��¬, ��

þÝ�� 300µm!�Ý� 0.905 g/cm3
!LK�ê

� 2.1—2.9 g/10 min.Äkò LDPE ���3 PAA

��þ¡, ¿(�üö�±ûÐ��>, ò LDPE�

�Ú��Á���u\9¬¥¿,§� 160◦C(p

u LDPE �L: 105◦C), LDPELz¿'ß� PAA

���B��¥. 3'ßL§¥, �\dØ>��

ìÚØ>�Uì�)��� 10 kHz ��Ä, ±O

\àÜÔ6N'\��B����Ý, d	�Ä�

��}�ÇCzUJp©fó�½�Ý [22]. T'

ßL§��I� 1 h �m, \ó� LDPE B��


�þ�� 50µm. ��, �¬�e%��¸§Ý, ,

�3 NaOHYM�¥W� AAO ��, 2^�lf

YÚ¯UW*�, 3 30 ◦C ��¸¥?1ý�ZH.

d×£>fw�º�� LDPE B��
��

�¡ãÚº¡ÀãXã 1 ¤«. du PAA ��B�

��AÛ/G9Ùþ!5éÐ, ¤±��� LDPE

B��
��äk�Ð��þ. ��B��
�

�¬´d5�ØÓ�ü���|¤: ��´��

	õ{� LDPE LN�z/¤�Ä.�¶,	�

�´ LDPE B��
�. ÏL SEM ã�, �±�

���B��
��¬�þÝ L0 = 313 µm!

Ä.�þÝ Ls = 171 µm ±9B��
��þ

Ý Lnw = 42 µm, ¿�k L0 = Ls + Lnw. éuæ^

��Ed{���B��
��¬, Ä.�ÚB�

�
��mvk�>9{, ù¦�·��±ÏLÿ

þ���¬�9�Ç5O�¼�B��
��9

�Ç.

ã 1 �� LDPEB��
� (a) �¡ã; (b) º¡Àã

3 ÿþXÚÚ©Û�{

�©æ^B¦-1ð1{5ÿþ LDPE B�

�
��9�Ç, ÿþXÚXã 2 ¤«. -1ð1

{äkØ¬N\�>9{Ú9����`:, ®²

2�A^uÿþàÜÔ [16,17]
!%B�+
� [23]

ÚB�EÜá� [24] ���9�Ç. B��
��

¬��3��ý�n¥, SÜØå�� 0.1 Pa,±~

�9��. ¦^ Q-switched Nd:YAG-1ì�)ó

À°Ý� 6 ns!Å�� 1064 nm�B¦-1óÀì

�Ä.��L¡. Ä.�L¡�g�È
 2 µm þ

� Au Ú 2 µm þ��$, ±�yÙØß²5ÚéË

�9þ�áÂ. 3-1�ì�e, �¡ (=B��


��L¡) �§Ýò¬,p, Ó���TL¡ù	

Ë��Cz, ù«Czd��ù	&ÿì?1ÿþ.

nØþ, B��
�L¡�§,5Æ� [23,24]

T (t) =
Q

ρ0cp0L0

[

1 + 2

∞
∑

1

(−1)n

× exp
(

−n2π2

L2
0

α0t
)]

, (1)

Ù¥Q´ü ¡ÈáÂ�Uþ, α0 ´B��
��

¬�o9*ÑÇ, ρ0 ´o�Ý, cp0 ´o'9, L0 ´
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ã 2 B¦-1ð1{ÿþXÚ«¿ã

oþÝ, I�5¿�TV����¬�9Ôn

ë ê ´ Ø þ ! �. þ ª Ø ± � � § , Tmax =

Q/(ρ0cp0L0) ��Ãþj§,�

θ(t) = 1 + 2

∞
∑

1

(−1)n exp
(

−n2π2

L2
0

α0t
)

, (2)

§�´�¬o9*ÑÇÚþÝ�¼ê. ÏLÿþ�

�Ãþj§Ý,p, �±�����¬�o9*Ñ

Ç, lB��
��9�Ç��±O�Ñ5.
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实验测试
方程（2）

ã 3 B��
�L¡Ãþj§,��m�Cz

¢�ÿþ��� LDPE B��
�L¡Ãþ

j§,�Xã 3 ¤«, Tÿþ(JÚ (2) ª�n

Øýÿ��, ÿþ&Ò�ÅÄØ�3 ±5% ±S. é

u9Ô5ëêØÓ�V���, ��o9Ô5ëê

��T�½Â, V����o9*ÑÇÚ9�ÇÒ

�±ÏL-1ð1{��O(ÿþ [25]. ©z [25]

éæ^-1ð1{ÿþV����9*ÑÇÚ9

�Ç?1
�[�ïÄ, JÑV����¬�o�

ÝÚo'9A©O½Â�

ρ0 =
ρ[Ls + Lnwϕ]

L0
, (3a)

cp0 =
cp[Ls + Lnwϕ]

L0
. (3b)

Ù ¥ ρ = 905 kg/m3 ´ LDPE � � Ý, cp =

1800 J/kgK ´ LDPE �'9, Ls ´Ä.��þÝ,

Lnw ´B��
��þÝ, ϕ ´ PAA ����Y

Ç, = PAA ���B��NÈ���oNÈ�'

�. �»� 200 nm� PAA ����YÇ� 0.424.

n��¹e, ��
��¬�o*ÑÇ�±deª

O�:

α0 =
0.138L2

0

t1/2
, (4)

Ù¥ t1/2 ´§,���������¤^��m.

,XJ�39���{, æ^þªO����

9�Ç¬ p�
. �Ä9���K�, �©æ

^ DeiovanniJÑ�úªO�B��
��¬�o

9*ÑÇ [26]

α0 =
L2

0

t5/6

[

0.8498− 1.8451
t1/3

t5/6
+ 1.0315

(t1/3

t5/6

)2]

,

(5)

Ù¥ t1/3 Ú t5/6 ©OL«§,������ 1/3

Ú 5/6 �¤^�m. Ï�o9*ÑÇÚo9�Ç�
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'X� λ0 = α0ρ0cp0, B��
��9�ÇK�

λnw =
Lnwλsλ0

L0λs − Lsλ0
. (6)

Ä.��9�Ç λs ´ÏLÿþ�� 300 µm þ

� LDPE �����, λs ��� 0.1 W/mK,�Ä8

c�ÿÁ§Ý«m3 20—80◦C, λs é§ÝCz¿

Ø¯a. �©æ^�B¦-1ð1{æ^�z�§

ÝCz5¼�9�Ç, ØI���ÿþ~5�{¥

J±ÿþ�96ÚL¡§Ý, �;�
�>9{Ú

9���K�, ÿÁXÚ�ÿþØ�Ì�gù	

&ÿì���5ÚP¹&ÒÞá, �ªÿþ9�Ç

�¢�Ø��O3 5%±S.

4 (J�?Ø

ÿþ� LDPE B��
��9�Ç3 1 W/mK

�þ?, Xã 4 ¤«. �»� 200 nm� LDPE B�

�
�3¿§e�9�Ç� 2.2 W/mK, ù��´

�ANá� (� 0.1 W/mK)� 20 �. û��97�

�9�Ç�� 2 W/mK, �Ä��á�ÚEd��

Eâ�kU?�{/, æ^��Ed{���B�

�
�3mup�9.¡á�+�äkd3�A

^cµ. �X§Ýl¿§,p� 80 ◦C, LDPEB�

�
��9�ÇJp� 3.8 W/mK, L²9�Ç�

X§Ý,päk�ÌÝ�O\, ùÚ©z¥àÜ

Ô���¢�(J�ÎÜ [15−17], `²àÜÔá�

¥�(f²þgd§Cq�~ê. AT5¿���

�B��
��9�Ç'Ná��9�Ç�pé

õ, ù¿�X·����B��¥�p©fók�

Ð�½�5. B��9�Ç��Jp�y��DÚ

�d>.(fÑ�Úå�º��A�� [4−6], ´

�$�B�(� [27,28] �9Ñ$Ån���, ùL

²¤���àÜÔB��¥ÓÌ�/ �´��

9Ñ$�*Ñ�ª.

�ÑB���m�(fÑ�, �±^ÿþ�B

��
��9�ÇØ±���YÇ��Ñü�B

���9�Ç, ½Xã 4 ¤«. ��, du�Ñ
B

���m�(fÑ�, ù����Ñ�(J==´

ü�B��9�Ç�e�ýÿ. 3¿§e, 200 nm

�»�ü� LDPE B���9�Ç� 5.2 W/mK¶

3 80◦C �, ����� 9.0 W/mK,ùA�' LDPE

Ná��9�Çpü�þ?. � Shen�< [19] æ^

�p.�Eâ��� PEB���', ·���B

���p©fó½�Ý�.�'� 30—50�½�

Ý��. du�©���àÜÔ©fóÓ�5��,

�ÿþÚ��(J�¹
B���m(fÑ�

�K�, �©��� LDPE B���9�Çvk©

z [19] ¥���9�Çp. ¦+Xd, ��EdE

â3ó²ëêN�þ�?�ÚUõ, ��B��


��9�ÇJpE,�3é���m. ���´,

du�©��� PEB��
�ó²{ü!�þ�

p (~X�»Ú�Ýþ!)!·Ü�5����A

:, 3A^+��äkuÐcµ.
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T/�
λ
/
W

/
m

K

ã 4 LDPEB��
�Ú��ü�B���9�Ç

éu��Ed{��� LDPE B��
�©

fóp½�5�ÔnÅn, 8c�vk©z��Ú

ïÄ, e¡A�Ï��Uå�
��^. Äk, �

àÜÔLN'ß6\����B��¥�, àÜÔ

6NÉ�}�Ç�K�, ©fó3�Ý}����

½�5��Jp, �÷X}����9D���

���rz [29,30]. ,	, 8c���ó²¥du�

Ä¬�)±Ï5�}�ÇCz, ù�kÏup©f

ókS5�Jp [22]. 1�, ©z [31] ¥��, ��

©fóÏLB���¬Ñy[£�A, �©fóò

¬.�¿÷$Ä��kSüÙ. 1n, �àÜÔL

NEdõ��z¾��/¤àÜÔB���, B�

�m�å —– p©fóÚäkpL¡U��z¾

�L¡m��p�^ —– �U4�/Jp÷¶�

���àÜÔ¬N��. �C, Garcia-Gutierrez�

< [32] Ú Mhanandia�< [33] Ñ3¢�¥*	�


ù«B��åÅnéàÜÔB��½�ÝÚ(¬

Ý�K�. o�5`, 8c�vk'u��Ed{

���àÜÔB��©fóp½�5�ÔnÅn

��[ïÄ��, ¦+�ØU(½´ÄkÙ¦Ôn

Ån�3, B����EdEâ�� PEB��¥

}�Ç!�Ä!©fó[£ÚB��m�å�n
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Ü�A�U´B��äkp½�5�Ì��Ï.

5 ( Ø

�©æ^B����d�Eâ��
�»

� 200 nm�$�Ýà¯LB��
�, |^B¦

-1ð1{ÿþ
Ù9�Ç, (JL²T�{��

�àÜÔB��
�äkp9�Ç. ÿþ��¿§

� LDPE B��
��9�Ç� 2.2 W/mK, 'Ù

Ná��9�Çp 1 �êþ?, ¿�B��
��

9�Ç�§Ý�,pÑkO�. ����¿§eü

� LDPE B���9�Çpu 5 W/mK, L²�©

\ó�B���.�'� 30—50�à¯LB��

kÓ��p©fó½�Ý. �©�� LDPE B��

9�Ç�JpgÙ©fó½�ÝO\���$

��9�A, B���©fó�p½�ÝÉó²L

§¥6N}�!�Ä!©fó[£$Ä!B��

�å�A«Ï��nÜK�. �©�ïÄéÄu$

��ArzàÜÔB�(���95�äk�

�¿Â.
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Abstract

We fabricate low-density polyethylene (LDPE) nanowire array with a diameter of 200 nm by using a nanoporous template wetting

technique, and the thermal conductivity at 20—80◦C is experimentally studied by a nanosecond laser flash method. The measured

thermal conductivity of the fabricated nanowire array is about 2.2 W/mK at room temperature, which is about one order of magnitude

higher than its bulk counterpart. The thermal conductivityis found to increase slightly with the increase of temperature. The estimated

thermal conductivity of a single LDPE nanowire is as high as 5W/mK at room temperature. The high orientation of chain of the

LDPE nanowire may arise from the integrative effects of shear rate, vibrational perturbation, translocation, nanoconfinement and

crystallization. Findings in this study provide a useful strategy for enhancing the intrinsic thermal properties of polymer nanostructures.

Keywords: polymer nanowire, thermal conductivity, low-dimensionalheat conduction, nanoporous template wet-
ting
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