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Preparation and mechanical properties analysis of porous
biological ceramics and PVA hydrogel composite material

LIU Jin-long, ZHANG De-kun, GE Shi-rong( School of Materials Science and Engineering, China U-
niversity of Mining and Technology, Xuzhou 221116, China)

Abstract; Objective To cross-link the porous biological ceramics and PVA hydrogel to form a double layer con-
struction between the artificial cartilage and hard joint, and to analyze its morphologies and mechanical proper-
ties. Methods With hydroxyl apatite (HA) as the substrate, the porous hydroxyl apatite biological ceramics with
different porosities were prepared by using NH,HCO, crystal grains as the pore-formed material. The poly vinyl al-
cohol (PVA) and epoxypropane were used as the primary material and cross-linking agent, respectively. The
PVA hydrogel with double layer construction was cross-linked and prepared on the porous biological ceramics sur-
face. The fracture appearances of the test specimen section were characterized. The performances of anti-tensile
strength and anti-shear strength for PVA hydrogel were analyzed. Results The cross-linked PVA hydrogel could
permeate in the biological ceramics substrate, and the union between ceramic substrate and PVA hydrogel per-
formed well. With the porosity of the porous biological ceramics increasing, the tension load and shear load of the
PVA hydrogel samples both increased, and with the average porosity of 70% , the samples’ biggest tension load
and shear load were 153. 61 N and 64. 46 N, respectively. But the corresponding tensile strength and shear
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strength both decreased and with the average porsity of 70% , the samples’ biggest tensile strength and shear
strength were 2. 12 MPa and 1. 13 MPa, respectively. The failure mode of both tension and shear tests for PVA
hydrogel samples was due to the crack propagation, and the fracture morphologies showed that obvious cracks
and internal defects appeared on the fracture surface, while the source of the crack and the direction of the crack
propagation could be observed. Conclusions Considering the compression strength of porous biological ceram-
ics, the permeation effect on the porous biological ceramic substrate with the average porosity of 50% is moder-
ate to be used, which ensures the appropriate shear and tensile strength of PVA hydrogel samples and the com-

pression strength of porous biological ceramic.

Key words ; Porous biological ceramics; PVA hydrogel; Tensile strength; Shear strength; Mechanical Properties;

Crack propagation; Porosity
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Fig.1 Schematic diagram of tension test for cross-linked PVA hy-
drogel sample
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Fig.3 Macroscopic morphologies of sample section of cross-
linked PVA hydrogel (a) Union interface of PVA hydrogel, (b)
Inside of ceramic substrate
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Fig.4 SEM photos of sample section of cross-linked PVA hydro-
genl (a) Union interface of PVA hydrogel, (b) Inside of ceramic

substrate
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Fig.5 Schematic diagram of tension and fracture for cross-linked PVA hydrogel sample (a) No stretch, (b) Stretch at h,, (c¢) Stretch

at h,, (d) Stretch at h,
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Fig.6 Curves of tension test of cross-linked PVA hydrogel sam-

ple (a) Tensile curves, (b) Tensile deformation at each stage
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Tab.3 Tension test data of cross-linked PVA hydrogel sample
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Tab.4 Shear test data of curves of cross-linked PVA hydrogel
sample
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Fig.10 Load and shear strength of cross-linked PVA hydrogel
sample
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Fig.11 Complex line shear model of cross-linked PVA hydrogel
sample (a) No shear, (b) After shear deformation
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