
7th World Tribology Congress, WTC 2022 
   July 10-15, 2022, Lyon, France 

 

Relationship between friction property and hydration layer 

of contact lens before and after friction 

Ayaka Nakajima1), Kaisei Sato1) , Seiya Watanabe2) , Shinya Sasaki2) * 

 
1) Graduate School of Tokyo University of Science, 6-3-1 Niijyuku, Katsushika-ku, Tokyo, Japan 

2) Tokyo University of Science, 6-3-1 Niijyuku, Katsushika-ku, Tokyo, Japan 

*Corresponding author: s.sasaki@rs.tus.ac.jp 

 

Friction between a contact lens (CL) and an eyelid filled with tears is closely related to wearing comfort. It is 
known that the hydration structure formed by tears on a SCL, which is called tear film, plays an essential role 
in friction reduction between a SCL and eyelid. Hence, in order to achieve further improvement of wearing 
comfort, it is crucial to understand the detail of the tear film structure. In this study, we utilized Frequency 
Modulation Atomic Force Microscope (FM-AFM) to analyze the hydration layer formed on SCL surfaces, and 
investigated its relationship with frictional property. 
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1. Introduction 

Friction between a contact lens (CL) and an upper eyelid 
is one of the factors that cause discomfort and eye 
damage by blinking [1]. Therefore, to achieve further 
improvement of the safety and wearing comfort of CL, it 
is important to understand the friction mechanism at CL 
surface. However, a detailed study on the relationship 
between friction and the hydration layer of CL has not 
been done because accurate measurement of such 
hydration layer requires quite high detection sensitivity. 
In this study, to investigate the effect of hydration layer 
of CL on friction property, we observed CL surface 
structure before and after the friction test by using 
frequency-modulated atomic force microscopy (FM-
AFM) which enables a direct observation of  
hydration/solvation structure at a solid-liquid interface 
with high resolution. 

2. Materials and Methods 

2.1. Materials and Friction tests 

The contact lenses were used as commercially available 
soft CLs (ACUVUE OASYS, Johnson & Johnson, USA). 
The experiments were conducted after immersing the 
CLs in saline solution for 10 min to eliminate the effects 
of the package and storage solutions. The friction test was 
conducted using a low-load reciprocating friction tester 
(NTR2, Anton Paar, Austria) in a physiological saline 
solution. A 3 mm diameter sapphire ball was used as the 
mating material, and the CL was mounted in an attached 
CL holder. The friction tests were performed at a vertical 
load of 0.1 mN, a sliding speed of 0.1 mm/s, and an 
amplitude of 1.0 mm. 

2.2. FM-AFM measurement  
FM-AFM (SPM-8100FM, Shimadzu Corporation, 
Japan), which enables visualization of hydration layer by 
obtaining the area distribution of repulsion force in Z-X 
plane, was used to observe the hydration layer of the CL 
surface in physiological saline solution. FM-AFM 
measurements were performed on the CL before and after 
the friction test. A pyramidal silicon cantilever (PPP-
NCHAuD NanoWorld AG, Switzerland) used has a 
nominal spring constant of 39 N/m and a resonance 
frequency of 301-306 kHz. 

3. Results and Discussion 

The friction coefficient of the CL surface gradually 
increased with the number of sliding cycles, and the 
average friction coefficient was 0.040 at the beginning 
(0-50 cycles) and 0.080 at the end (950-1000 cycles). 
Figure 1 shows the results of FM-AFM observations 
before and after the friction test. These results showed 
that the thickness of the hydration layer on the CL was 70 
nm before the friction test. On the other hand, after the 
friction test, it decreased to 12 nm. Furthermore, we 
confirmed that the thickness of the hydration layer on the 
CL recovered with time by immersion in physiological 
saline solution up to 25 nm. In addition, we performed a 
friction test on the CL with recovered hydration layer, 
and found that the frictional property also recovered to 
that before the initial friction test. This result suggests 
that the thickness of the hydration layer is a key to 
reducing friction on the CL surface. 

 
Figure 1: Z-X cross-sectional image of the soft contact 
lens surface before and after the friction test 
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