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Fig. 1 Sliding velocity dependence of frictional stress for
PVA hydrogels with different PVA concentrations sliding
against the glass surface in pure water under steady shear

mode at 25 C and P =3. 18 kPa
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Fig. 2 SEM photos of PVA hydrogels prepared in H,O0 (a) and

mixed solvent (w(DMSO):w(H,0) =2:1) (b) respectively
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Fig. 3 Sliding velocity dependence of the frictional stress
for PVA hydrogels prepared in different solvents sliding
against the glass surface in pure water under steady shear

mode at 25 C and P =3. 18 kPa
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Fig. 4 SEM photos of PVA hydrogels obtained after 1 (a)

and 5 (b) freeze-thaw circles respectively



54 TR TS - 4 2 B00F 2R 5 Tt 7K U5 5 - 5 0 R AR B 2 47 S 1A 2 Tl 711

kPa 3 & 3 R B}y 276.8 kPa,5 ¥R B} A9 375.90
kPa. [8] 5 25 T V& VAR fifk VR YRR 7K B8 S PE 45647 1
5. 5 83 AL, ¥ R TR 3.5 WA AR,
PR AL B 35K I K B S A AR v T B AT A B
WAR(ER:

10*

—+ Freeze-thaw 1 time
—— Freeze-thaw 3 times
—O— Freeze-thaw 5 times

—_
(=
@
T

—_
(==
&)
T

Frictional stress (Pa)

lOl 1l 1l 1l 1 il il
10°° 10° 10" 107 102 100 10° 10"
Sliding velocity (m/s)

Fig. 5 Sliding velocity dependence of the frictional stress
for PVA hydrogels after 1, 3 and 5 freeze-thaw circles
respectively sliding against the glass surface in pure water

under steady shear mode at 25 C and P =3. 18 kPa
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Fig. 6 SEM photos of PVA hydrogels with a PEO concentration of 0 (a), ¢ (b) and ¢, (c), respectively
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Fig. 7 Sliding velocity dependence of the frictional stress
for PVA hydrogels with various PEO contents sliding against
the glass surface in pure water under steady shear mode at

25 C and P = 3.18 kPa
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Fig. 8 Schematic diagram of water film formation mechanism for (a) soft and (b) stiff hydrogels during sliding
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Influence of Preparation Parameters on the Frictional Behavior of
PVA Hydrogel Against Glass Substrate

1 . 1,2 . 1,25
Peng-peng Xu , Miao Du """, Qiang Zheng
(' Department of Polymer Science and Engineering ,> MOE Key Laboratory of Macromolecular Synthesis and Functionalization ,

Zhejiang University, Hangzhou 310027)

Abstract Poly(vinyl alcohol) (PVA) hydrogels were prepared under different conditions such as the various
concentrations, solvents, the times of freeze-thaw circles and the introduction of polyethylene oxide ( PEO).
Effect of these preparation parameters on the frictional behavior of PVA hydrogels sliding on a glass surface was
investigated in detail. The results show that mixed solvent of water and dimethyl sulfoxide facilitates the
formation of a more uniform gel network and thus increases the strength of hydrogels. Moreover, the strength of
hydrogels can also be increased by increasing freeze-thaw circle times and adding ultrahigh molecular weight
PEO due to the formation of a dense and uniform network. On the other hand, stiff hydrogels with high modulus
show a higher frictional stress at a low sliding velocity compared with soft hydrogels; however,it is fast to get
into the hydrodynamic lubrication and exhibits a lower frictional stress at a high sliding velocity. The velocity
(107" ~10°m/s) is approximately the cartilage sliding velocity of the knee when people are walking. In
addition ,PEO molecular brush can reduce the frictional stress of PVA sliding against glass at high sliding
velocities to some extent, however, at low sliding velocities, the reducing of frictional stress depends on the
concentration of the added PEO. It suggests that increasing the modulus of hydrogels is more effective in
reducing the friction at high sliding velocity region than that of introducing PEO with ultrahigh molecular
weight.

Keywords Polyvinyl alcohol hydrogel, Polyethylene oxide, Modulus, Frictional behavior
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