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Evolution of lubricating adsorption films with protein aqueous
solution under impact loads

MA Long-hua, LIU Hai-chao, GUO Feng, JIANG Pei-gang( School of Mechanical Engineering,
Qingdao University of Technology, Qingdao 266520, China)

Abstract: Objective To study the dynamic growth of adsorption filims on solid surfaces in point contacts with
aqueous protein aqueous solutions and investigate the dominating factors. Methods The formation of the ad-
sorption films within a ball-on-disc contact was measured using optical interference technique. The effects of im-
pact loads, impact times and surface properties of the materials on the adsorption of BSA aqueous solution were
also studied. Results Under dynamic conditions, the thickness of the adsorption film was much higher than that
under static condition. The adsorption film was growing with increasing impact times and finally the stable thick-
ness could be achieved. Small loads and hydrophobic materials were favorable for the growth of the adsorption
film. The BSA adsorption film was easy to grow on the steel surface, but on the ceramic surface the adsorption
film thickness was low. Conclusions The research about adsorbed lubricating films evolution of protein aqueous
solution under impact loads is of clinical significance for treating and preventing of artificial prosthesis.
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Fig.1  Schematic diagram of the ball-on-disk setup with impact

loads
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Fig.2 Illustration of the periodic impact load
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Tab.1 Properties of solutions used in the experiment

a0 i 2 B/ (mPa - s)
20 mg/mL BSA 1.34 1.16
30 mg/mL BSA 1.36 1.26
40 mg/mL BSA 1.37 1.50
H 1 1.37 1.38
il 2 1.37 2.46

3.1 ZhERESST LA

P 3 45 th S s 2 0 T 12 ok DX 7 mb O A8 T iy I
WFEE FIBTRSEJRE () X HE g 3R, # il v, 4k
TETCEAT TG mily 5 1F MR IEAE BSA P 6 min,
SRJEIMARZ 2 N 1 i DX 1 R R RS . 3h2S
WEH, ERLL 2 N IR 2R o i B E 4% 6 min, Ji] 1Y)
2.8 s N 4 Ak DX TR S RIS o Bl 2 bl A4
L EE TR R EZAEAF] 70 nm, T TERS T
(410 nmo PR, 22708 25 b o 11 ] 2 fie 2E 3 9 5
B2 RIS 1 A A, ELAN ) 19 TR 9 e 2 X 0 e 5
RISEMAAR e NP 3 F il 2RI st n] DU 5 aS
MRZ B %) P T S 42 flh DX ) A1 A S 182, i gy 2
et R A A N R 2]

200 "
v — &, 20mgmL [
W B, 40mgmL )
150 \\\. -- 2N, 20 mg/mL ,,!
A = 2N,40mg/mL ! [;
g " 1/
\C 100 \ L ) i/,\ . "
50F
0

X/um

3 ESHENTEIN RS TAREIRE BSA 7K iR U MRS L
Fig.3 BSA film formation at different concentrations under static

and dynamic cyclic impacts
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Fig. 4 Comparison of adsorption film thickness for glycerol

solutions and BSA solutions
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Fig.5 Adsorption of BSA film thickness with different materials

and surfaces
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Fig.6 Influence of impact loads on absorption film thickness

(a) Adsorption film thickness under different impact loads,

(b) Interferograms of the growing BSA films
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