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ABSTRACT –To improve hydrophobicity and 

tribology performance of hydroxylpropyl 

methylcellulose (HPMC) films, coating is used to 

produce stearic acid//HPMC composite films in this 

research. Contact angle test was use to characterize the 

hydrophobicity of the surfaces; pin-on-disk 3D profiler 

and SEM images of worn surface of samples were used 

for tribological performance analysis. By this research, 

applications of HPMC films as packaging and coating 

materials have been strengthened, and the mechanisms 

of stearic acid improving hydrophobicity and 

tribological performance were decrypted as well, which 

provides a valuable reference for the design of similar 

cellulose derivatives/fatty acids composites. 

 

1. INTRODUCTION 

Hydroxypropyl methylcellulose (HPMC) is a 

cellulose derivative with non-toxicity and good film 

formability. Films formulated by HPMC aqueous 

solutions are characterized by their good gas barrier 

ability and mechanical property, which makes them 

become green alternatives of plastics for packaging and 

coating potentially. 

However, due to their hydrophilicity in nature, 

HPMC films are easily influenced by moisture in 

environment, result in deterioration of mechanical and 

tribological properties [1]. Thus, to prevent the 

deterioration and further improve their performance, 

stearic acid, which is characterized by its 

hydrophobicity and lubricity were used as additive to 

produce HPMC composites films for this research as 

previous study [2]. 

 

2. METHODOLOGY 

Pure HPMC solutions were prepared by dissolving 

3g HPMC powder into 100 ml deionized water, while 

2.1-42.2 mM pure stearic acid (SA) solutions were 

prepared by dissolving 0.075-1.2 g SA powder into 100 

ml ethanol. 

Coating films were formulated by smearing 100 µl 

pure SA solutions onto pure HPMC films and keeping 

them in same environment condition for 1 hour. All of 

the samples were preserved in a drybox for 2-3 days 

before the experiments. 

3D profiler, stylus profilemeter and SEM were 

used to characterize the surface geometry and 

morphology of samples; ATR-FTIR were used for 

materials analysis [3]. Resistance against water was 

tested by contact angle test [4], while the tribology 

performance was tested by pin-on-disk tribometer [5]. 
 

3. RESULTS AND DISCUSSION 

Figure 1 is the ATR-FTIR analysis result of 

SA/HPMC composites. As SA content increases, 

characteristic peaks of coating films get stronger. 

 

 
Figure 1 FTIR analysis results of pure HPMC, SA and 

HPMC/SA composite films. 

 

From the SEM images of the composite films 

shown in Figure 2, it interprets that the SA crystals 

formed petal-like structure on the top surface of coating 

films. 

 

 
Figure 2 SEM images of SA/HPMC coating films with 

5000x magnification (a) C-2.1 mM (b) C-5.3 mM  

(c) C-10.5 mM (d)C-21.1 mM (e)C-42.2 mM. 
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Figure 3 shows that surface roughness for coating 

films tends to be larger with more SA content. 

 

 
Figure 3 Surface roughness of SA/HPMC films. 

 

Figure 4 shows the water contact angle (WCA) test 

results/ WCA of coating films increases as SA content 

raises [3]. 

 

 
!igure 4 WCA of SA/HPMC composite films. 

 

Coefficient of friction (COF) comparison for 

coating films, wear scar depth at 1m, 11m and 30m and 

wear depth per distance of the coating films are shown 

in Figure 5, Figure 6(a) and Figure 6(b) respectively. 

 

 
Figure 5 COF of coating films at 30m under 2N. 

By the comparison of these results with Fig.7, 

wear scar morphology of C-21.1mM films, it can be 

inferred that SA third bodies with appropriate size and 

shape can retain in contact area and continuously 

provide lubrication and anti-wear ability, result in the 

reduction of friction and wear of the composite films. 

 

 
Figure 6 Comparison of (a) wear depth of coating films 

at 1m, 11m and 30m (b)wear depth/distance at 11m and 

30m of coating 5.3 mM, 10.5 mM, 21.1 mM and 

42.2mM films. 

 

 
Figure 7 Wear scar morphology of coating 21.1 mM 

films at (a) 1m 100x (b) 3000x (c) 11m 300x (d) 3000x 

(e) 30 300x (f) 3000x under 2N. 

 

4. CONCLUSIONS  

Stearic acid crystals present petal-like structure on 

the top of coating films, causing the surface roughness 

increases as the SA content raises. 

WCA of coating films increase as SA content 

raises due to the hydrophobicity and surface geometry 

effect of petal-like SA crystals. 

COF and wear duration of coating films reduce as 

SA content raises, interpret that SA as additives can 

improve the tribology performance of HPMC 

effectively. 

Third bodies with appropriate size and shape 

produced by SA crystals during wear processes can 

retain in contact area and provide more velocity 

accommodation modes, consequently improve the 

tribology performance and play a critical role in the 

dominant wear mechanism of SA/HPMC composites. 
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