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Abstract: Reversible and convenient bonding underwater between hydrogel lubrication film and substrate is one of the
challenges in the field of tribology. In this study, the lubrication film was combined with the silicone rubber to prepare
hydrogel-lubricated silicone rubber with reversible wet adhesion. Polydimethylsiloxane (PDMS) with low degree of

crosslink was used as an underwater adhesion material, and the initiator benzophenone was buried on its
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surface/subsurface, then the hydrogel lubricating film Poly (acrylic acid-co-acrylamide) [P(AA-co-AAm)] was grown on
the surface through surface photopolymerization. The interface structure of obtained hydrogel-lubricated silicone rubber
was explored by field emission scanning electron microscope (FESEM). The effects of ratio of hydrogel monomers,
concentration of crosslinking agent, and polymerization time on performance of films were explored. The ratio of curing
agent in PDMS was adjusted to explore its effects on adhesion and tribological properties of films. The results showed
that a densely connected structure formed between the interface of hydrogel and PDMS. As the content of acrylic acid
increased, the friction coefficient showed a trend of first decrease and then increase. When the content of acrylamide was
further reduced, the acrylic acid segment absorbed water easily and swelled, leading to the reduction of mechanical
strength and increase of friction coefficient. When the molar ratio of acrylic acid to acrylamide was 1:1, the hydrogel
exhibited excellent tribological properties and mechanical strength. When the content of the crosslinking agent
increased, the mechanical properties of hydrogel was optimized, and it exhibited better lubrication property. In addition,
the modulus of PDMS increased as the content of curing agent, while the friction coefficient showed the opposite trend.;
when the mass ratio of PDMS silane prepolymer to curing agent was 30:1, PDMS had favorable mechanical properties,
adhesion performance and low friction coefficient. The prepared hydrogel-lubricated silicone rubber made the hydrogel
adhesive underwater and endowed the silicone rubber with excellent lubrication and anti-wear properties. PDMS
substrate was worn severely in the sliding direction after the friction test, its surface was damaged and there were
obvious pits. In contrast, the hydrogel film only produced very slight scratches. The wear scar of the hydrogel was
investigated, and the results showed that after nearly 3 000 cycles, the surface layer of the hydrogel film did not change
much, which proved that the hydrogel film had excellent resistance to abrasiveness compared to PDMS. After repeated
adhesion tests, the hydrogel film still had excellent adhesion properties. In addition, the hydrogel-lubricated silicone
rubber had different adhesion on two sides. PDMS side showed good adhesion to titanium alloy, PTFE, and ceramics
underwater while the hydrophilic hydrogel layer had no adhesion to titanium alloys, ceramics, etc. underwater, and

directly falls off the surface of the materials.
Key words: hydrogel; lubrication; in-situ growth; adhesive; surface modification
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Fig. 1 Schematic illustration of hydrogel-lubricated silicone rubber preparation procedures
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Fig.2 Characterization of the surface of lubricated silicone rubber: (a) FT-IR; (b) XPS; (c) Si 2p
spectrum of PDMS material; (d) N 1s spectrum of hydrogel material
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Fig. 3 SEM micrographs of hydrogel lubricated silicone rubber morphology: (a) section structure; (b) hydrogel
surface; (c¢) PDMS; EDS analysis of cross-section structure: (d) Si; (¢) O; (f) N

Bl 3 KB IE R AR R TR 30 (I SEMBE Fr - (a) Wi T 45445 (b)/KBEIR R HI; (c) PDMSZH;
Wr I 45 /4 FIEDS 43472 (d) Sis (e) Os (H N

{15 & T 35 £1]0.31 MPa, T 25 544 B8 /R EE A7) T B 22 s JF HE 415 B10.058 MPalf 58 20.1 MPa, 414
L:5I, A 9 T [ 22.0.06 MPa. 5 i1 5if B2 45 AH W TR 55 DA 0 G Ji 1) B BE R BRI DA 101 3:1A0 5: 1
ALy 7K B IE FD s 4 2 B2 B PR A TR B9 Y KA B T+ Fi A B AR BN S(0)]. AACS & 15 2RI 1 BE B,



352 BE ¥

S 1

43 %

15 7K B 2 (40 5 B2 438 0 s AAmZR A 75 B AR 2 1 1 B8
B, 345K BRI E R ™, P(AAc-co-AAm) KBt
() 28 Bk 2 5 5 AACH DN B2 B IE L™, B AACLE i
AR K, 7RI 0 98 2 1 K[ 5 (d)]. 7 0 TR 5 A 4 i
W2 18] 5 o AR, MR ks 2, TR iU 2
B>, SR IEAT BT RR AR, A L gk B R BB
W AN S(d) s, BEAE IR & B EER, BRI R R

1 day in water

It VR PNE B RSP S E | S R N
HEXE T P IR, PO R 5 7K 73 1 2 Tl AR 0 B o,
B0 7K A A S B T B K A 2 B D7 A A
TR IR, JF B ARl T I RE 45 71, AT 7E P A4S 5
TE A L Vi B B 78 436 G 1 L BRI RURE B A, AL
11 B AR BE 45 05 2 MR IO Ml 35 ot — 20 AR, I
FF) TR 5 R e R E R 2% 1 W 5 WROK T TR, 2

PDMS oo

3 days in water

5 days in water

7 days in water

9 days in water
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Fig. 5 Effect of monomer molar ratio on hydrogel properties: (a) tensile properties; (b) compressive strength; (c) compression
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