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ABSTRACT – This study aims to elucidate how the 

difference in surface roughness of JIS SUS304 influences 

the amount of adsorbed water as a function of relative 

humidity rate (RH). The time-dependent change in the 

weight of adsorbed water and its saturated value were 

determined by weighing method. It was found that time 

necessary for water adsorption to complete on a smooth 

surface was shorter than a rough surface. Another finding 

in this study is that the amount of adsorbed water 

increased continuously with the increment of RH 

regardless of its surface roughness. These findings show 

that the different adsorptive capability and the phases of 

adsorption isotherm at different RH can be attributed to 

the surface topography.  

 

1. INTRODUCTION 

The interaction between water vapor and a metallic 

surface is referred to as water adsorption. The 

information about the effect of surface roughness on 

water adsorption is important because it can indicate the 

adsorption phenomena that occur on the metallic 

surfaces. However, only a limited number of studies have 

been reported to understand the influence of surface 

roughness on the amount of water adsorption. Novel 

studies [1-2] revealed that weighing is a suitable method 

to detect the changes of the adsorbed water at different 

RH environment. The changes in the weight elucidate the 

changes in the thickness of adsorbed water. The author’s 

previous works which used the same method clarified 

that the required time for adsorbed water to be stabilized 

was around 1,800 s and the thickness of the adsorbed 

water layer was significantly larger when RH is high [3]. 

In order to evaluate the influence of surface roughness on 

adsorbed water at different RH level, four surfaces with 

different roughness were prepared by abrasive polishing 

process.  

 

2. METHODOLOGY 

Four samples are prepared as 100 x 100 x 0.2 mm 

austenitic stainless steel JIS SUS304 sheets. One of the 

samples was used as purchased and the other three were 

used after finishing surface using sand paper with grain 

sizes of #1000, #240, and #120, resulting in average 

surface roughness (Ra) of 58.3 nm, 72.5 nm, 92.4 nm and 

180 nm, respectively. Ra values were obtained using an 

atomic force microscope (AFM). After polishing, the 

sample was ultrasonically cleaned in the mixed solution 

at 50:50 of acetone and hexane for 600 s, and then dried 

in the air naturally and located in a chamber affixed to an 

electrical balance with resolution of 1 mg as shown in 

Figure 1. The RH was adjusted between 3 % to 95 % with 

an air flow rate of 2 L/min. The procedure to weigh the 

samples is as following. The sample was unloaded from 

the weighing pan and exposed to the air flow with each 

RH as Figure 1(a). The electrical balance was calibrated 

and the reading was set to zero. Then, the sample was 

placed on the weighing pan to evaluate its weight as 

shown in Figure 1(b). Every time measurement was done 

thrice to ensure its repeatability. 

The first experiment was carried out to know the 

necessary time for adsorbed water to get stabilized on the 

sample surface. The measurement of weight started with 

the wetting process of the sample. The RH was changed 

from RH 3 % to 95 % and kept until the weight of the 

sample stabilized. After confirming necessary time t for 

the stabilization, the drying process was started and RH 

was changed from 95 % to 3 % to confirm necessary time 

t’ for the weight of the sample to got stabilized. The 

measurement of each weight was done every 300 s 

interval until the weight of sample get stabilized. 

In the second series of experiments, the amount of 

adsorbed water at each RH was evaluated for the four 

types of samples. Adsorbed water measurement was 

carried out at RH 3 %, 15 %, 35 %, 50 %, 65 %, 75 % 

and 95 %, respectively. The samples of Ra 58.3 nm, 72.5 

nm, 92.4 nm and 180 nm were exposed to the air flow 

with each RH for a period of 1,800 s, 4,500 s, 4,680 s, 

and 8,400s, respectively for adsorbed water to be 

stabilized. 

 

 
Figure 1 Schematic illustration of the measurement  

              device. 

 

3. RESULTS AND DISCUSSION 

The changes of the sample weight and reading of a 

humidity meter as functions of time are shown in Figure 

2. When RH was changed, RH reading changed rapidly 
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but with some delay. The delay of reading was caused by 

a time constant due to the volume of the chamber and 

sensor response which is employed in this study. Time t’ 

required for drying is significantly longer than time t 

required for the wetting. Figure 3 shows t and t’ for 

different surface finishing of samples. The results of this 

study indicate that rougher surface spent longer time for 

both wetting (8,400 s) and drying (12,000 s). In this 

study, time-dependent change of water adsorption is 

important to get the confirmation of the stabilization in 

the weight of a sample and also to determine the amount 

of water to be adsorbed. 

 

 
Figure 2 Changes of weight of sample (Ra 180 nm) in  

              which wetting and drying process. 

 

 
Figure 3 Time necessary for the wetting and drying       

                 of samples with different surface roughness. 

 

Figure 4 shows adsorbed water amount on four 

types of samples at various RH. The curves of the 

adsorption show a characteristic behavior that can be 

divided into three different phases of adsorption 

isotherm, i.e. phases I, II, and III regardless of the 

samples. The thickness of adsorbed water at 3 % RH was 

assumed to be negligible and can be regarded as zero. 

After 75 % RH, the adsorbed water increases slowly and 

reaching the saturation state at 95 % RH because the 

adsorbed water layer is in equilibrium between the liquid 

like water on sample surface and gas phase. Figure 5 

shows that the relationship between the surface 

roughness of the samples and the weight of adsorbed 

water. The thickness of the adsorbed water layer was 

estimated by calculation for each sample with Ra of 58.3 

nm, 72.5 nm, 92.4 nm, and 180 nm as 19.5 nm, 25 nm, 

37 nm, and 61 nm, respectively. According to this result, 

we can expect that rougher surface tends to exhibit more 

water adsorption capabilities. This result suggests the 

common sense conclusion that rougher surface 

dominates water adsorption and the thickness of the 

adsorbed water layer is  thicker in the higher of RH. 

 
Figure 4 Adsorbed water weight between surface 

roughness as a function of RH. 

 

 
Figure 5 Relationship between water adsorption and RH  

           for samples with different surface roughness. 

 

4. CONCLUSION 

This study shows that different surface finishing 

exhibits different adsorptive capabilities of water. The 

adsorption of water layer can be divided into three 

different phases of the adsorption isotherm. The 

thickness of adsorbed water layer increases rapidly at low 

RH, then slowly after 75 % RH. It is clarified that surface 

properties can influence the time scale and the weight of 

water adsorption significantly. It is confirmed that the 

change of surface roughness and water adsorption with 

regards to RH have a good correlation which can be 

expressed by a relation with the weight of adsorbed water 

on metallic sample. 
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