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Effect of Carbon Nanotubes on the Mechanical Properties
of Carbon Nanotubes/Hydroxyapatite Composites
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Abstract: In order to overcome the brittleness of hydroxyapatite (HA) bioceramics, it is suggested to be an
efficient approach to fabricate carbon nanotubes (CNTs)/HA composites by compounding CNTs with HA for the
clinic applications in bone tissue engineering. CNTs/HA composites had been fabricated by three different
methods, that was CNTs dispersing into HA with the addition of surfactant, CNTs coprecipitating with HA via an
acid-base reaction, and HA growing on CNTs by a mineralization approach. The results showed that CNTs/HA
composites exhibited a certain plastic deformation under the compress load condition and the compressive
mechanical properties had been increased owing to the existence of CNTs in these composites. For the uniform
distribution and network array of CNTs with slightly damaged structure in HA matrix and good interfacial
bonding between CNTs and HA, CNTs/HA composites prepared by CNTs dispersing into HA with the addition of
surfactant have the best compressive mechanical properties. However, CNTs/HA composites prepared by CNTs
coprecipitating with HA via an acid-base reaction have the worst compressive mechanical properties for the

uneven distribution and aggregating array of CNTs with greatly damaged structure in HA matrix.
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Fig.1  Flowchart of preparation of CNTs / HA composites
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Fig.6  Cross-section SEM images of CNTs/HA composites scaffolds
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] A AR A R BR B W AW HA AT CNTs Z 18] )
YER 18585, & BB ULE T8 7 R A b4 1
FHBA 855 DL 4B, 3 Bl £ O ¥ % 2 A b R
CNTs 4519 1) S8 B PEAR BT — 8 IR, F 2R
FEXT CNTs P4 RE RIS K L AREIR 456 SEM W%
ZER AT K X A MR CNTs 78 % 45 44 1) il
WS/, T C R G AR CNTs 588 4549 1)
ER MR, IE & H T K L2 & M CNTs
SERZEMM R e/, B KH-792 B 4T (A i
YER {15 CNTs 76 HA 383450, — 38 1Y S i A
BAEAE = F i, A R BOLYUE )4 e R
4,

3 & it

(1) a3 FAS R0 & 7, B Y il 4
CNTs/HA & G H# kL

(2) 3 F A [\ il #5772 T 19 CNTs/HA £ fL %
M T CNTs BIFEAE R4 N 1 R — 5 1
IAPEVERE , HPUE J1 2 PE R ¥ T4 HA 2L 48
T J12E e

(3) AR il 28 77 %) CNTs/HA 2L 22 1 dt
JE I E R n sz AN TE] , Herh KO il 45 0 5 3
BRPUE S 2 PR RE SRR | T C IR T A R A S e
OENAIE L il e

(@) AR 28T IR A2 0 CNTs/HA 258
RHAY AR AL, E R A 2 A R X
CNTs B8t S50 S8 86 DL S5 HA 19 LI AE 25
PR, Hoh R A K il & 1 CNTs/HA &
BB CNTs BEFE HA T34 %5) 431, CNTs 583 45
PR A /N, HAS HA B R 1E A 2 P4

SE K

[1] Yuan H, Li Y, De Bruijn J D, et al. Biomaterials, 2000,21
(12):1283-1290

[2] Chang B S, Hong K S, Youn H J, et al. Biomaterials, 2000,
21(12):1291-1298

[3] Sous M, Bareille R, Rouais F, et al. Biomaterials, 1998,19
(23):2147-2153

[4] LIU Cui-Lian(¥ %2 %), TANG Rui-Kang(F % /). Chinese |J.
Inorg. Chem.(FALAL 5 5 3R), 2014,30(1):1-9

[5] Ruys A J, Wei M, Sorrell C C, et al. Biomaterials, 1995,16
(5):409-415

[6] Wang J, Shaw L L. Biomaterials, 2009,30(34):6565-6572

[7] Silva V V, Domingues R Z, Lameiras F S. Compos. Sci.
Technol., 2001,61(2):301-310

[8] Lijima S. Nature, 1991,354(6348):56-58

[9] Odom T W, Huang J L, Kim P, et al. Nature, 1998,391(6662):
62-64

[10]Inoue S, Ichikuni N, Suzuki T, et al. J. Phys. Chem. B,
1998.102(24):4689-4692

[11]Che R, Peng L. M, Duan X F, et al. Adv. Mater., 2004,16(5):
401-405

[12]XU Hua-Ming (% £ #]), LI Dan(Z H4), LIANG Ji(3 #).
Chinese J. Inorg. Chem.(RAUAL % 3 4R), 2005,21(9):1353-
1356

[13]Jiang Q, Qu M Z, Zhou G M, et al. Mater. Leit., 2002,57(4):
988-991

[14]Chiu H Y, Hung P, Postma H W C, et al. Nano Lett., 2008,
8(12):4342-4346

[15]LI Hao-Peng(Z 5 ), ZHANG Xiao-Yan(5K £ H), CUI Xiao
-Li(fEEFT). Chinese J. Inorg. Chem.(FAUAL % 5 3), 2009,
25(11):1935-1938

[16]Yakobson B, Avouris P. Mechanical Properties of Carbon



120 Jd Hl fk

#o% 4R

%31 4%

Nanotubes. Berlin: Springer Berlin Heidelberg, 2001:287-
327

[17]Curtin W A, Sheldon B W. Mater. Today, 2004,7 (11):44-
49

[18]SUN Kang-Ning(#h 5 7°), LI Ai-Min (% % &), YIN Yan-
Sheng(F* 17 1), et al. Chinese J. Biomed. Eng.(‘F B £ 4 E
F A2 FIR), 2004,23(6):573-578

[19]LU Zhi-Hua ()5 & %), SUN Kang-Ning (#) FE 7°), ZHAO
Zhong-Fan(& 11 W), J. Chinese Ceram. Soc.(# B 3 5 1),
2007,35(2):212-217

[20]PU Hui (7 #), LI Jun (%% %), LI Xiao-Li(% B #1), et al.
J. Clin. Rehabil. Tissue Eng. Research(¥ B 2822 T A2 52
5l R EA), 2011,15(38):7109-7112

[21]0sorio A G, dos Santos L. A, Bergmann C P. Rev. Adv.
Mater. Sci., 2011,27:58-63

[22]Wang J, Kou H, Liu X J. Ceram. Int., 2007,33(5):719-722

[23]JAn J W, You D H, Lim D S. Wear, 2003,255(1):677-681

[24]Hamon M A, Hu H, Bhowmik P, et al. Chem. Phys. Lett.,
2001,347(1):8-12

[25]Rosca I D, Watari F, Uo M, et al. Carbon, 200543 (15):
3124-3131

[26]LU Xiao-Ying(/7 € 3%). Thesis for the Masterate of Sichuan
University(v9 )1l X 5 A1 + 3 ). 2003.

[27]ZHAO Bao-Lin(# % k), LUO Min(% &), MA Hong-Shun
(EBE). Beijing Biomed. Eng. (6 7% £ 40 E 5 T42), 2004,
23(2):143-146

[28]Jenkins R, Snyder R L. Introduction to X-ray Powder Diffra-
ctomeiry. New York: John Wiley & Sons, 1996:47-94

[29]MU Bai-Chun(%& H %). Strength of Ceramic Materials(" %

A 49 3% 31 42). Beijing: Metallurgical Industry Press, 2002:
35-48

[30]Datsyuk V, Kalyva M, Papagelis K, et al. Carbon, 2008,46
(6):833-840

[31]Meng Y H, Tang C Y, Tsui C P. J. Mater. Sci. Mater. Med.,
2008,19(1):75-81

[32]QIU Tian(E %), HUANG Jing-Jing(¥% # ), ZHANG Miao
(5K 1), et al. L Inorg. Mater.(R AL #F 5 ), 2012,28(1):
91-96





