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ABSTRACT The poly (vinyl alcohol) and hydroxylapatite were blended in a certain proportion. The
Poly (vinyl alcohol)/Hydroxylapatite (PVA/HA) composite hydrogel was prepared by reiterative freezing–
thawing method. The microstructures of PVA/HA composite hydrogels were observed, and the crystal
structures were characterized. The sliding wear tests between the PVA/HA composite hydrogel and bovine
knee articular cartilage were performed in the diluted bovine serum solution. The results showed that the
effects of the hydrogen bonds, the cross–linking points in the tangled construction and the crystallization
of the PVA/HA composite hydrogel increase with the increasing of freezing–thawing cycles. Its network
structures tend to perfect conditions, so the compression rigidity improves. The coefficient of friction,
the contact deformation and the wear depth between the PVA/HA composite hydrogel and bovine knee
articular cartilage are inversely proportional to the freezing–thawing cycles, so the friction–reducing and
anti–wear properties improve.
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1 ��?@
1 15%(<DC6, 6>)  $ �� (PVA, ?

D� 20–99, @6 ≥95%, $$6 2000±50, �E6

99.9%) :$;FA�8, 2@6� 90 A HHS–7S

?E@�BA8F< 4–6 h,4*B0=6 PVA�

:%. 2 PVA �:%8F> 1.0%  BC1021
+ (?GHI R ≤20 nm) *�2$:%, � JJ ?B

CJD@0*JD, E:$GCGÆD2 CJ–1D ?

FK�!C8LDDA, �G1�G>M)80-*
?. 2@6� –20 A DW–FL90 ?7@0-HIA

80- 6–12 h EG, 2B@6*. 2–4 h, CJ0-
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� Nexus870 ?JTF=KLGMHHRI
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$��%D*HU, F</�*.4*>6, �IJ
/CJIE, FQM6� 32, CSV� 4 cm−1. 1

PVA/HA 2$��%IE2B@ (25 A) 6I�H
G 3–4 h G, � D/Max–3B ? X JKLJHWM;
N(!CJ. KOPN: Cu T, +XQ;UL@. X

JKOBR 35 kV, BY 30 mA. ZSFQ, FQMV

3◦/min, ,E7P 0.02◦. 2 UMT–28;?8IO5
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2942.9 # 1095.1 cm−1  UCKS —OH, —CH2—

# —CO— 0^VWTC'U, ]$ 1668.2 cm−1  
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Fig.1 SEM pictures of PVA/HA composite hydro-

gel with various freezing–thawing cycles: (a)

3 cycles, (×1800), (b) 5 cycles, (×1000), (c) 7

cycles, (×1000)
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1 PVA # HA  LGMH& PVA/HA 2$�
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cbhd
Fig.2 FTIR spectra of (a) pure PVA, HA particles

and PVA/HA samples, (b) PVA/HA samples

obtained from 3, 5 and 7 cycles of freezing–

thawing
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 9Q4=h\"\\`, ja2$��% (;<

6fL-*<BM6 "F>3".

X@$ ����%LBC1021+Sj'c
PVA/HA 2$��% X JKLJZH (Z 3a) 9

'[",@ HA LJZH (I)2 2θ� 25.82◦, 31.80◦,

32.86◦ # 39.82◦ P \U. HA  &^U [13,14]; B

@HG @ PVA��%IE LJZH (II)2 2θ�

18.84◦ # 39.48◦ P LJU. PVA  &^U [6,10].

2 PVA/HA2$��%IEkB@HGG LJZ
H (III) N, PVA # HA /C &^Ui%A_, 4

S$ HAdD?7, Z8 HA/C LJU06a7
b$@ HA  LJU.

X5>-*M6 PVA/HA2$��% LJ
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Fig.3 XRD patterns of (a) pure PVA, HA particles

and PVA/HA samples, (b) PVA/HA samples

obtained from 3, 5 and 7 cycles of freezing–

thawing
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Fig.4 Variations of friction coefficients and normal

contact displacement of PVA/HA composite

hydrogel against bovine knee articular carti-

lages. (a) Friction coefficients, (b) normal con-

tact displacements
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