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Low-temperature Sintering and Mechanical Properties of Lithium Nibate
Toughening Carbon Nano-tubes/Hydroxyapatite Biocomposites
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Abstract: Carbon nano-tubes (CNTs)/hydroxyapatite (HAP) biocomposites reinforced by lithium nibate
(LiNbO;) were successfully prepared by hot pressing at low temperature. The phase composition and micro-
structure of the composites were characterized by X-ray diffraction (XRD), Scanning electron microscope (SEM)
and Energy dispersive X-ray spectroscope (EDS). Based on in-depth analysis of mechanical properties, the
toughening mechanism was discussed in detail. The results indicate that LiNbO; addition has a great influence
on mechanical properties and microstructure of the CNTs/HAp composites. The composites can be prepared at
low temperature by the incorporation of LiNbOs, and LiNbOj; partially reacts with HAp to form CaNb,O4. With
the rise of sintering temperature, the strength and density are improved obviously. Especially, the composite with
addition of 48.5wt% LiNbO; hot pressed at 900°C shows excellent flexural strength and fracture toughness, of
about 135 MPa and 1.71 MPa-m"?, respectively. In comparison with CNTs/HAp composite, the flexural strength
and fracture toughness are increased 55% and 109%, respectively. Piezoelectric energy dissipation toughening
and the improvement of density are the main contributions to the increase in the mechanical properties. These
new composites may be promising bone substitute materials.
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Fig. 1 XRD patterns of HAp powders (a) calcined at 900°C;
and (b) before calcination
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Fig.2 TEM image of HAp powder after calcined at 900°C

= LiNbO, e CaNb,0,
{a) 800°C I A - v HAP v Caa{PO.L
(b)850C | *
(c) 900°C ‘

() 900, I:x;}.'& b9 red

b4

A
10 20 30 40 50 60 70
260/(°)

K3 ANIRREL BERE 45 (K 5 5 44 R XRD 1%

Fig. 3 XRD patterns of the composites sintered at different
temperatures

(a,b,c) CLH composites sintered at 800°C (a), 850°C (b), 900°C (c);
CH composite sintered at 900C (d)
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Table 1 Quantitative phase analysis (wt%) of CLH com-
posites sintered at different temperatures

RIR 800C 850°C 900°C
LiNbO; 8.48 21.31 14.88 8.53
CaNb,0O4 6.60 41.44 45.85 50.06

HAp 1.06 37.25 39.27 41.41
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Fig. 4 SEM images of CH composites sintered at different temperatures
(a) 800°C; (b) 850°C; () 900°C
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Fig. 5 SEM images of CLH composites sintered at different
temperatures

(a)(b)800°C; (c)(d)850°C; (e)(£)900°C
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Table 2 EDS analysis results of the area marked in Fig.5/at%

Element 1 2 3 4 5
CK 7.51 11.56 14.21 6.00 3.40
OK 68.57 62.63 69.24  58.32 71.45
PK - 11.29 - 14.03 -
CaK 6.83 14.52 - 21.65 6.50
Nb L 17.09 - 16.55 - 18.65

Totals 100.00  100.00 100.00 100.00 100.00
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Table 3 Physical parameters and mechanical properties of HAp based composites
Sample Sintering Bulk density Apparent po- Water Flexural strength Fracture toughness
P temperature/ C /(g:em™) rosity/% absorption/% /MPa /(MPa'm'?)
CH 800 1.71+0.03 41.65+1.57 24.35+0.45 27+1 0.38+0.05
CH 850 2.06+0.01 31.23+0.49 15.15+0.27 54+5 0.63+0.06
CH 900 2.51+0.27 22.74+£3.98 9.01+0.58 87+21 0.82+0.09
CLH 800 3.05+0.04 13.66+0.30 4.48+0.13 86+11 1.28+0.05
CLH 850 3.41+£0.04 4.06+0.33 1.19+0.11 128+14 1.67+0.15
CLH 900 3.49+0.03 0.98+0.48 0.28+0.14 13548 1.71+0.15
HA T EEMREUE B L i m. W Reghi
¥, CLH SRS s s g oty c - 3 45
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