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Abstract: The conductive anisotropic polymer composites (ACPC) have important applications like field emission
devices and electronic sensors. Conventional ACPC are difficult to obtain large conductive anisotropy coefficients
and present limited mechanical properties. In this paper, novel technology integrated carbon fiber (CF) spread, sur-
face modification with stacking thermoplastic film was used to prepare CF reinforced polyetheretherketone
(CF/PEEK) composite unidirectional tape with thicknesses of 0.04 mm and 0.1 mm. CF/PEEK composite unidirec-
tional woven cloth was prepared with PEEK fiber was used as a binder weft, and CF/PEEK composite unidirectional
laminate was prepared by thermoforming process. The in-plane and the thickness directional resistivities of uni-
directional laminate were measured by digital multimeter and in-plane electron mobility was tested by Hall effect
system. The fiber arrangement within in-planes along the fiber direction and the thickness direction of CF/PEEK

composite unidirectional laminate were observed with an ultra-depth microscope. The results show that the in-
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plane (fiber direction to transverse direction) conductivity ratio of ultra-thin CF/PEEK composite unidirectional

laminate reaches to 377, while conductive ratio in the transverse direction to the thickness direction is close to 1, in-

dicating that thin CF/PEEK composite unidirectional laminate presents transverse isotropic electric performance.

The results of electron migration also indicate in-plane huge anisotropic conductivity. The results are important for

CF/PEEK composite to be used in field emission devices and electronic sensors.

Keywords: carbon fiber; polyetheretherketone; ultra-thin unidirectional tape; conductive anisotropy; thick-

ness effect
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Fig.1 Schematic diagram of carbon fiber reinforcedpolyetheretherketone (CF/PEEK) composite unidirectional

prepreg tape and sheet preparation process
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Fig.2 CF/PEEK composite unidirectional fabric
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Fig.3 Schematic diagram of resistivity test method ((a) Thickness

direction resistance test; (b) Fiber direction and

transverse resistance test))
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Fig.5 Schematic diagram of electron mobility test sample

((a) Schematic diagram of Hall rod sample; (b)Measured sample))
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Fig. 6 Conductivity of CF/PEEK compositealong three directions
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(al) Thickness of 0.04 mm

(a2) Thickness of 0.1 mm

(a) In-plane morphology of CF/PEEK composite

(b1) Thickness of 0.04 mm

(b2) Thickness of 0.1 mm

(b) Morphology in thickness direction
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Fig.8 Micro-morphology of CF/PEEK composites

Gk, JEJE 4 0.04 mm [ CE/PEEK & & # K E 28 2
R CEHESNZBb, AbF AT 25 (8] 47 B 1
Ui FyRe R R A/, CF HEF MR 45 F 5¢
SRR, PR R SR AR SO RN, R
J7 10 5 HL 28 55 5 B4 14 i 22 Y5 BB/, nE] 6(a)
FE7s o 1 JE S 0.1 mm (1) CF/PEEK & & #1 k| £F
Ak HEF) (1) 2 K02 5 ¥ M 0.04 mm ) CF/PEEK & 4
POBH 3~4 45, 25 423 [a) HE 51 25 44 fig i R AR 3K .
MBI IAVERTT, AT T2 HES A 8 1 2F 4t 45
Sy B R B, DT AE 26 A RE N 3 S 3K
AL (A 8(a2) JTHEFRIC X IK), &AMk
BRBERE N, (U R R O 1 SRR TR, B
TS A S P R, H S e 3 i 25 A P
o, aniE e(b) Frss . WiFh CF/PEEK & & # kL £F

o 23 (] HE P RSN 5] 9 FT 7 o

3 &g

(1) B i) 732 45 B R 0.04 mm Y B £ 2 14
54 2R ik ik 1 (CF/PEEK) & & M BE R 4 1 S v PR g
22 A RO A% ) [ M5 T PR B2 A 0.1 mm Y CF/
PEEK & 5 b4} B[] 5037 1 R b4 H 1k 1 T 3 3
1EAE 45 ) S

(2) FE£F A R B oy BOM TR 9 25 14, R
0.04 mm ) CF/PEEK & & ¥ BL 5[] T2 4 Fr 44 1
N5 L R R R R A ) S M LU R TR R
0.1 mm [ CF/PEEK &M R #f . JEEEA 0.04mm
f) CF/PEEK & & BRI 27 4 07 16 L T T B R 5
RSP RO Y, 7E R Y R U AL R i
T BAT BRI R P g .



- 786 -

EaMB=ER

(b) Unstable alignment of CFs
K9 CF zs [ HEs s

Fig.9 Models of CF alignments

(3) #i/IN CF/PEEK & 45 B4} 302 6} 1) J&2 J32 1] LA
PR 2 m AR, E AR E X TR
P14 AN )5 W i 5557 T PR A I T IR e v 2 [ AR
R RN IR, OB S G 2, XU R
et G JEE B 5 o F S LR RE I T

S Z ik

[1] WANJY, SONG]J W, YANG Z, et al. Highly anisotropic con-
ductors[J]. Advanced Materials, 2017, 29(41): 1703331-
1703339.

[2] TAWFICK S, VOLDER M D, COPIC D, et al. Engineering of
micro- and nanostructured surfaces with anisotropic geo-
metries and properties[J]. Advanced Materials, 2012,
24(13): 1628-1674.

[3] TAIXY, WUGZ, TOMINGAGAY, etal. An approach to one-
dimensional conductive polymer composites[J]. Journal
of Polymer Science Part B: Polymer Physics, 2005, 43(2):
184-189.

[4] GAOTJF, YAN D X, YUAN B, et al. Large-scale fabrication
and electrical properties of an anisotropic conductive poly-
mer composite utilizing preferable location of carbon nan-
otubes in a polymer blend[J]. Composites Science and
Technology, 2010, 70(13): 1973-1979.

[5] KIMURA T, AGO H, TOBITA M, et al. Polymer composites

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

of carbon nanotubes aligned by a magnetic field[J]. Ad-
vanced Materials, 2002, 14(19): 1380-1383.

MAO C, HUANG J R, ZHU Y T, et al. Tailored parallel
graphene stripes in plastic film with conductive anisotropy
by shear-induced self-assembly[J]. The Journal of Physi-
cal Chemistry Letters, 2013, 4(1): 43-47.

GAOJF, HUANG H D, YAN D X, et al. Resistivity relaxation
of anisotropic conductive polymer composites[J]. Journal
of Macromolecular Science Part B: Physics, 2013, 52(6):
788-796.

LIX H, CAIJ, SHIYY, et al. Remarkable conductive aniso-
tropy of metallic microcoil/PDMS composites made by elec-
tric field induced alignment[J]. ACS Applied Materials &
Interfaces, 2017, 9(2): 1593-1601.

WANG HW, CHEN M L, ZHU M G, et al. Gate tunable giant
anisotropic resistance in ultra-thin GaTe[J]. Nature com-
munications, 2019, 10: 2302.

GUO YL, JIAYX, XUY Z, et al. Enhanced lightning strike
protection of carbon fiber composites using expanded foils
with anisotropic electrical conductivity[J]. Composites
Part A: Applied Science and Manufacturing, 2019, 117:
211-218.

JHEEEE, WO, AR, S5 25 ) S = 2 T AR AT
SEHER(]]. 3R T, 2012, 40(5): 22-25, 56.

QU YY, ZHAO S G, DAIK, et al. Research progresson aniso-
tropic conductive polymer composites[J]. China Plastics
Industry, 2012, 40(5): 22-25, 56(in Chinese).

IR, PRAEAT, hiEE. BER S  T R S ARRE L B (T
ek (], TRk, 2009, 37(2): 76-79.

ZHANG C, CHEN M Q, MA C A. Research progress of redu-
cing the percolation threshold for conductive compo-
sites[J]. Engineering Plastics Application, 2009, 37(2):
76-79(in Chinese).

CAOMS, SONG WL, HOU Z L, et al. The effects of tempera-
ture and frequency on the dielectric properties, electro-
magnetic interference shielding and microwave absorp-
tion of short carbon fiber/silica composites[J]. Carbon,
2010, 48(3): 788-796.

BEEE, SR, XK. 18056/ RE WS MR (7]
HEMEAR, 2013, 30(1): 14-21.

FAN W, ZHANG C, LIU T X. Research progress of graphene/
polymer composites[J]. Acta Materiae Compositae Sinica,
2013, 30(1): 14-21(in Chinese).

PARK] B, HWANG T K, KIM H G. Experimental and numeri-
cal study of the electrical anisotropy in unidirectional car-
bon-fiber-reinforced polymer composites[J]. Smart Ma-
terials and Structures, 2007, 16(1): 57-66.

FZABNL, R PR, B4R, % CHLBLTE & B A AR I 5T
JEDT]. K%, 2017(11): 60-63.


https://doi.org/10.1002/adma.201703331
https://doi.org/10.1002/adma.201103796
https://doi.org/10.1002/polb.20305
https://doi.org/10.1002/polb.20305
https://doi.org/10.1016/j.compscitech.2010.07.019
https://doi.org/10.1016/j.compscitech.2010.07.019
https://doi.org/10.1002/1521-4095(20021002)14:19&lt;1380::AID-ADMA1380&gt;3.0.CO;2-V
https://doi.org/10.1002/1521-4095(20021002)14:19&lt;1380::AID-ADMA1380&gt;3.0.CO;2-V
https://doi.org/10.1021/jz301811b
https://doi.org/10.1021/jz301811b
https://doi.org/10.1021/jz301811b
https://doi.org/10.1080/00222348.2012.730356
https://doi.org/10.1080/00222348.2012.730356
https://doi.org/10.1016/j.compositesa.2018.11.022
https://doi.org/10.1016/j.compositesa.2018.11.022
https://doi.org/10.3969/j.issn.1001-3539.2009.02.020
https://doi.org/10.3969/j.issn.1001-3539.2009.02.020
https://doi.org/10.1016/j.carbon.2009.10.028
https://doi.org/10.13801/j.cnki.fhclxb.2013.01.020
https://doi.org/10.13801/j.cnki.fhclxb.2013.01.020
https://doi.org/10.1088/0964-1726/16/1/006
https://doi.org/10.1088/0964-1726/16/1/006
https://doi.org/10.1088/0964-1726/16/1/006
https://doi.org/10.3969/j.issn.1001-5922.2017.11.011
https://doi.org/10.1002/adma.201703331
https://doi.org/10.1002/adma.201103796
https://doi.org/10.1002/polb.20305
https://doi.org/10.1002/polb.20305
https://doi.org/10.1016/j.compscitech.2010.07.019
https://doi.org/10.1016/j.compscitech.2010.07.019
https://doi.org/10.1002/1521-4095(20021002)14:19&lt;1380::AID-ADMA1380&gt;3.0.CO;2-V
https://doi.org/10.1002/1521-4095(20021002)14:19&lt;1380::AID-ADMA1380&gt;3.0.CO;2-V
https://doi.org/10.1021/jz301811b
https://doi.org/10.1021/jz301811b
https://doi.org/10.1021/jz301811b
https://doi.org/10.1080/00222348.2012.730356
https://doi.org/10.1080/00222348.2012.730356
https://doi.org/10.1016/j.compositesa.2018.11.022
https://doi.org/10.1016/j.compositesa.2018.11.022
https://doi.org/10.3969/j.issn.1001-3539.2009.02.020
https://doi.org/10.3969/j.issn.1001-3539.2009.02.020
https://doi.org/10.1016/j.carbon.2009.10.028
https://doi.org/10.13801/j.cnki.fhclxb.2013.01.020
https://doi.org/10.13801/j.cnki.fhclxb.2013.01.020
https://doi.org/10.1088/0964-1726/16/1/006
https://doi.org/10.1088/0964-1726/16/1/006
https://doi.org/10.1088/0964-1726/16/1/006
https://doi.org/10.3969/j.issn.1001-5922.2017.11.011

AN AE T 2 /SR Bk I R B 1) A 2 1 S S HL AT A A ROBE SR

- 787 -

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

JIANG K'Y, ZHANG W D, QIU H, et al. Research progress of
anti-lightning composite materials for aircraft[J]. Adhe-
sion, 2017(11): 60-63(in Chinese).

IVET, Whee e, VFPEHE, AF. AEROR TR IR AN BEAE T R BRET
ST ARSI AR (7] P22 58 R 244R, 2016, 50(6):
130-135.

SUNJR, YAO XL, XU W], et al. Dynamic characteristics of
carbon fiber composites under nondestructive lightning
current A component[J]. Journal of Xi’an Jiaotong Uni-
versity, 2016, 50(6): 130-135(in Chinese).

EL-SAWI I, OLIVIER P A, DEMONT P, BOUGHERARA H.
Processing and electrical characterization of a unidirec-
tional CFRP composite filled with double walled carbon
nanotubes[J]. Composites Science and Technology, 2012,
73: 19-26.

KIM KW, HAN W, KIM B §, et al. A study on EMI shielding
enhancement behaviors of Ni-plated CFs-reinforced poly-
mer matrix composites by post heat treatment[J]. Applied
Surface Science, 2017, 415: 55-60.

SUY C, ZHOU B Y, LIU L F, et al. Electromagnetic shiel-
ding and corrosion resistance of electroless Ni-P and Ni-P-
Cu coatings on polymer/carbon fiber composites[]J]. Poly-
mer Composites, 2015, 36(5): 923-930.

REHBEIN J, WIERACH P, GRIES T, et al. Improved electri-
cal conductivity of NCF-reinforced CFRP for higher da-
mage resistance to lightning strike[J]. Composites Part A:
Applied Science and Manufacturing, 2017, 100: 352-
360.

CHAUHAN A K, GUPTA S K, TAGUCHI D, et al. Enhance-
ment of the carrier mobility of conducting polymers by
formation of their graphene composites[J]. RSC Advances,
2017, 7(20): 11913-11920.

FUHRER M S, DURKOP T, GETTY S A, et al. Extraordinary
mobility in semiconducting carbon nanotubes[J]. Nano
letters, 2004, 4(1): 35-39.

X5 FE, XA, 257 LA 4 It 77 s A
K, 2009(4): 9, 32.

Z500]. WP T4

[25]

[26]

[27]

[28]

[29]

(30]

[31]

(32]

LIU Q S, LIU X P. The summary on methods of carrier mo-

bility measuring[J]. Shanxi Electronic

2009(4): 9, 32(in Chinese).

Technology,

CAO M S, FANG XY, YU XX, et al. Temperature- and thick-
ness-dependent electrical conductivity of few-layer gra-
phene and graphene nanosheets[J]. Physics Letters A,
2015, 379(37): 2245-2251.

BALCI O, POLAT E O, KAKENOV N, et al. Graphene-
enabled electrically switchable radar-absorbing sur-
faces[J]. Nature communications, 2015, 6: 6628.
AR, TRIE, 3022, S5 B BIRR R Bk AT 4k / SR MR 5
R R PERE RS [T]. 25 R4, 2020, 37(3): 539-
545.

LIS C, ZHANG Z, BA W L, et al. Effect of ultra-thin prepreg
on conductive properties of carbon fiber/epoxy compo-
sites[J]. Acta Materiae Compositae Sinica, 2020, 37(3):
539-545(in Chinese).

ZHAO K, LI S S, HUANG M, et al. Remarkably anisotropic
conductive MWCNTs/polypropylene nanocomposites with
alternating microlayers[J]. Chemical Engineering Journal,
2019, 358: 924-935.

XUBBY, RFTH, BEE, B U A (M), SRR AL
ALl H AL, 2011,

LIUE K, ZHU B S, LUO J S, et al. The physics of semicon-
ductors[M]. 7th Edition, Beijing: Publishing House of Elec-
tronics Industry, 2011(in Chinese).

YU H, HEIDER D, ADVANI S. A 3D microstructurebased
resistor network model for the electrical resistivity of uni-
directional carbon composites[J]. Composite Structures,
2015, 134: 740-749.

BODAGHI M, CATALANOTTI G, CORREIA N. On the sta-
tistics of transverse permeability of randomly distributed
fibers[J]. Composite Structures, 2016, 158: 323-332.
HOLM R. The electric tunnel effect across thin insulator
films in contacts[J]. Journal of Applied Physics, 1951,
22(5): 569-574.


https://doi.org/10.3969/j.issn.1001-5922.2017.11.011
https://doi.org/10.3969/j.issn.1001-5922.2017.11.011
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.1016/j.compscitech.2012.08.016
https://doi.org/10.1016/j.apsusc.2017.01.108
https://doi.org/10.1016/j.apsusc.2017.01.108
https://doi.org/10.1002/pc.23012
https://doi.org/10.1002/pc.23012
https://doi.org/10.1016/j.compositesa.2017.05.014
https://doi.org/10.1016/j.compositesa.2017.05.014
https://doi.org/10.1039/C6RA26195G
https://doi.org/10.1021/nl034841q
https://doi.org/10.1021/nl034841q
https://doi.org/10.1016/j.physleta.2015.06.063
https://doi.org/10.1016/j.cej.2019.02.185
https://doi.org/10.1016/j.compstruct.2015.08.131
https://doi.org/10.1016/j.compstruct.2016.09.045
https://doi.org/10.1063/1.1700008
https://doi.org/10.3969/j.issn.1001-5922.2017.11.011
https://doi.org/10.3969/j.issn.1001-5922.2017.11.011
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.1016/j.compscitech.2012.08.016
https://doi.org/10.1016/j.apsusc.2017.01.108
https://doi.org/10.1016/j.apsusc.2017.01.108
https://doi.org/10.1002/pc.23012
https://doi.org/10.1002/pc.23012
https://doi.org/10.1016/j.compositesa.2017.05.014
https://doi.org/10.1016/j.compositesa.2017.05.014
https://doi.org/10.1039/C6RA26195G
https://doi.org/10.1021/nl034841q
https://doi.org/10.1021/nl034841q
https://doi.org/10.1016/j.physleta.2015.06.063
https://doi.org/10.1016/j.cej.2019.02.185
https://doi.org/10.1016/j.compstruct.2015.08.131
https://doi.org/10.1016/j.compstruct.2016.09.045
https://doi.org/10.1063/1.1700008
https://doi.org/10.3969/j.issn.1001-5922.2017.11.011
https://doi.org/10.3969/j.issn.1001-5922.2017.11.011
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.1016/j.compscitech.2012.08.016
https://doi.org/10.1016/j.apsusc.2017.01.108
https://doi.org/10.1016/j.apsusc.2017.01.108
https://doi.org/10.1002/pc.23012
https://doi.org/10.1002/pc.23012
https://doi.org/10.1016/j.compositesa.2017.05.014
https://doi.org/10.1016/j.compositesa.2017.05.014
https://doi.org/10.1039/C6RA26195G
https://doi.org/10.1021/nl034841q
https://doi.org/10.1021/nl034841q
https://doi.org/10.3969/j.issn.1001-5922.2017.11.011
https://doi.org/10.3969/j.issn.1001-5922.2017.11.011
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.7652/xjtuxb201606020
https://doi.org/10.1016/j.compscitech.2012.08.016
https://doi.org/10.1016/j.apsusc.2017.01.108
https://doi.org/10.1016/j.apsusc.2017.01.108
https://doi.org/10.1002/pc.23012
https://doi.org/10.1002/pc.23012
https://doi.org/10.1016/j.compositesa.2017.05.014
https://doi.org/10.1016/j.compositesa.2017.05.014
https://doi.org/10.1039/C6RA26195G
https://doi.org/10.1021/nl034841q
https://doi.org/10.1021/nl034841q
https://doi.org/10.1016/j.physleta.2015.06.063
https://doi.org/10.1016/j.cej.2019.02.185
https://doi.org/10.1016/j.compstruct.2015.08.131
https://doi.org/10.1016/j.compstruct.2016.09.045
https://doi.org/10.1063/1.1700008
https://doi.org/10.1016/j.physleta.2015.06.063
https://doi.org/10.1016/j.cej.2019.02.185
https://doi.org/10.1016/j.compstruct.2015.08.131
https://doi.org/10.1016/j.compstruct.2016.09.045
https://doi.org/10.1063/1.1700008

	1 实验材料及方法
	1.1 原材料
	1.2 复合材料制备
	1.3 测试与表征
	1.3.1 电阻测试及其导电率计算
	1.3.2 各向异性电子迁移率测试
	1.3.3 微观形貌


	2 结果与讨论
	2.1 CF/PEEK复合材料的导电率
	2.2 CF/PEEK复合材料的各向异性电子迁移率
	2.3 CF/PEEK复合材料的微观形貌

	3 结 论

