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ABSTRACT 

The corrosion rate of surface-conditioned 301 and 304 stainless steels (SS) was determined by salt spray test in a 

controlled accelerated corrosive medium (9.5 L of pure distilled water + 500 g NaCl). Surface conditioning via 

mechanical attrition treatment was firstly carried out before the salt spray test. The corrosion rate was determined by 

weight loss method before and after the salt spray test. Compared to the untreated 301 SS sample with a weight loss of 

0.15 g, the surface-conditioned 301 SS samples treated for 300 s and 1200 s experienced a lower weight loss of 0.04 

and 0.02 g, respectively. A similar reduction in weight loss was achieved for 304 SS sample when treated for 300, 600, 

and 1200 s. 
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1. INTRODUCTION 

AISI 304 and 301 stainless steels (SS) are widely used engineering materials in most manufacturing and 

production industries due to their good corrosion behaviour and excellent high hardness-strength 

combination. Despite their good corrosion properties, there is still a high tendency of material failure due 

to usage and exposure to corrosive environment over time [1-4]. Hence, there is a need to determine their 

actual corrosion rate in a monitored accelerated corrosive medium to predict their behaviour in a real-life 

application. Over the years, various corrosion testing methods have been adopted to determine the 

resistance of materials to corrosion which includes polarization tests and salt spray test [5-7]. 

As a form of corrosion testing method, salt spray test determines the rate of corrosion of engineering 

materials over a long period of time in a controlled corrosive environment. It is a promising method for 

identifying the time when the first sign of corrosion is evident after subjecting the material to a long 

corrosion test. In the past, salt spray test method has been successfully used to evaluate the corrosion 

behaviour of different material systems including stainless steel [5, 8-9], Al2O3–ZrO2 [10], Al2O3 [11-12], 

ZrO2 [12-13], alumina coating [14-15],  Mg-Al alloy [16], and galvanized steel [17-18]. 

Stainless steel types 301 and 304 are presently attracting considerable attention due to their good 

mechanical and corrosion properties and they find applications in most manufacturing and production 

industries. However, further study is still needed on their corrosion resistance especially when they are 

subjected to surface treatment. Hence, the corrosion resistance of treated SS in a monitored accelerated 

corrosive medium will be a good subject of investigation. 

In the present study, 301 and 304 SS samples were first subjected to surface conditioning through 

mechanical attrition treatment. Thereafter, the corrosion behaviour of the untreated and treated samples 

was investigated through salt spray test using 5% concentration salt solution. The weight of the samples 

before and after salt spray test were determined and the corrosion rate was therein determined through 

weight loss method. 

2. EXPERIMENTAL DETAILS 

2.1 Material preparation 

A typical commercial 304 and 301 stainless steels (SS) samples of dimension 70 x 60 x 1 mm
3 

were used in 

this study, with a chemical composition in Table 1. All samples were cut using electrical discharge 

machining (Model: ALN400G, Thailand) and properly cleaned using acetone before the corrosion test. The 

https://doi.org/10.14232/analecta.2021.2.9-19


Vol. 15, No. 2 2021 

 

DOI: https://doi.org/10.14232/analecta.2021.2.9-19 

 

10 

 

samples were then surface conditioned via mechanical attrition treatment for 300, 600, and 1200 s. The 

mechanical attrition procedure has been previously described in the literature [19-20].  

Table 1. Elemental composition of untreated 304 and 301 stainless steels. 

Elements Conc. (wt. %) 

 304 SS 301  

C  0.04 0.15  

Si  0.52 1.00  

Mn  1.18 2.00  

Cr  17.59 18.00  

Ni  8.03 10.00  

S  0.03 0.03  

P  0.04 0.05  

Fe  Bal Bal  
 

2.2 Salt spray test 

The corrosion rate of the untreated and treated samples was determined by subjecting the samples to 

salt spray test using a salt spray tester (Model: SH-90, China) with a chamber volume of 270 liters, salt 

solution tank size of 25 liters and spray rate of 1-2 ml/80 cm
2
/hour. The apparatus and the setup are shown 

in Figure 1.  

 

Figure 1. Salt spray tester and the specimens after the salt spray test. 

The chamber and standard air tank temperatures are 35°C and 47°C, respectively. The tester operated at the 

air compressor of 0.32 MPa, pressure adjuster of 1 kg/cm
2
 and the pressure reducer was in the range 2 – 3 

kg/cm
2
. The testing time was 240 h and the sample tilt angle is 10°. According to ASTM B117 standard 

(ASTM B117-16 2016) [21], the salt solution used for the test comprised the mixture of 9.5 liters of pure 

distilled water and 500 g NaCl salt (5 % concentration). The test determines the relative corrosion 

resistance of the untreated and treated samples for 300, 600, and 1200 s. To ensure uniform exposure to the 

salt spray mist, all the steel samples were frequently rotated in the test chamber. During the test, the rate of 

corrosion was determined by noting the time until the first sign of rust is evident on the samples. Weight 

loss was measured for each sample at every 24 h intervals and the mean weight loss was calculated.  
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The condensate collection was carried out twice a day and it was analyzed for both pH and concentration 

throughout the salt spray test. The pH and concentration of the collected condensate were within the range 

of 6.5 – 7.2 and 4 - 6 %, respectively. To replenish the salt solution inside the test chamber, fresh solution 

(5 % concentration) was prepared every 24 h of the test.  

Before the test, the samples were arranged in the salt test chamber in such a way that they were not in 

contact with any metallic material or with each other and placed parallel to the direction of the fog flow. 

After the salt sprat testing, the treated samples were examined according to ASTM D1645-02 method, 

which provides a means of comparing and evaluating the common corrosion performance of the samples. 

To remove salt deposits from the treated sample surface after the salt spray test, the samples were carefully 

removed from the holder and gently washed in clean warm running water at about 38°C, and then 

immediately dried naturally in air. Thereafter, the weight of the treated samples after test were taken and 

the weight loss was subsequently determined.  

3. RESULTS AND DISCUSSION 

3.1 Corrosion rate for 304 steel samples 

Figure 2 shows the cumulative weight losses of the untreated and treated 304 SS samples after the salt 

spray test for 240 h while the comparison of weights of untreated and treated 304 SS samples before and 

after salt spray test, at the end of 240 h is shown in Figure 3. A stain of red corrosion was evident after 24 h 

for the untreated sample whereas it first appeared after 240 h for the treated samples. It should be noted 

that the dimension of test samples obviously would affect the corrosion area and consequently change the 

weight loss results. The weight of the untreated sample before salt spray test was 43.06 g and the sample 

were kept inside the salt spray chamber. After the salt spray test, the weight of the sample was reduced to 

40.91 g. The weight loss was 2.15 g, showing the effect of corrosion. For sample treated for 1200 s, the 

initial weight before salt spray test was 52.16 g and the final weight after salt spray test for 240 h was 51.92 

g (Figure 3). As evident in Figure 2, the weight loss for the treated sample is 0.24 g. It is important to note 

that the corrosion resistance of a material is related to the weight loss. The lower the weight loss after salt 

spray test, the better the corrosion resistance. The treated 304 SS samples experienced lower weight loss 

after salt spray test. Table 2 shows the summary of the salt spray test for untreated and treated 304 SS 

samples after different times of exposure. After 240 h of treatment, compared with the treated samples with 

no change in colour and sign of red dust, a stain of red dust was observed along the edge of the untreated 

sample.  

Table 2. Results of salt spray test for untreated and treated 304 SS samples after different times of exposure. 

Treatment 

Time (min) 

Time (h) 

24 48 52 96 120 168 240 

0 Stains Stains Stains Stains Stains Stains Stains 

5 No change No change No 

change 

No 

change 

No 

change 

No 

change 

Stains 

10 No change No change No 

change 

No 

change 

No 

change 

No 

change 

Stains 

20 No change No change No 

change 

No 

change 

No 

change 

No 

change 

Stains 
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Figure 2. The cumulative weight losses for untreated and those 304 stainless steel samples treated for 5, 10, and 20 mins, after salt 

spray test for 240 h. 
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Figure 3. Comparison of weights of untreated and treated 304 SS samples, before and after salt spray test, at the end of 240 h. 
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3.2 Corrosion rate for 301 SS samples 

Figure 4 shows the cumulative weight losses for untreated and treated 301 SS samples after salt spray test 

while Figure 5 shows the comparison of weights of untreated and treated 301 SS samples before and after 

the salt spray test at the end of 240 h. The first sign of red rust on the untreated sample was evident after 24 

h.  

The weight before salt spray test was 43.51 g and the sample were kept inside the salt spray chamber. After 

the salt spray test, the weight of the untreated sample has reduced to 43.32 g, indicating a weight loss of 

0.19 g and shows the effect of corrosion. As shown in Figure 5, for 301 SS sample treated for 300 s, the 

initial weight before salt spray test was 43.23 g and the final weight after salt spray test for 240 h was 43.19 

g, with a weight loss of 0.04 g while the weight loss for the treated 301 SS sample for 1200 s was 0.02 g 

(Figure 4)..  
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Figure 4. Salt spray test results showing the cumulative weight losses for untreated and treated 301 SS samples, at the end of 240 

h. 

 

The treated samples experienced a lower weight loss compared to the untreated one, denoting a lower 

corrosion rate.  
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Figure 5. Comparison of weights of untreated and treated 301 SS samples before and after salt spray test, at the end of 240 h. 

 

Table 3 summarizes the results of salt spray test results for untreated and treated 301 SS samples after 

different times of exposure. The salt spray test was performed for 240 h at 24 h interval. At 96 h, for the 

untreated sample, a point of red corrosion along the edge was spotted and abundant red corrosion was 

observed after 168 h up to 240 h of testing. For samples treated for 5 mins, points of red corrosion along 

the edge were observed after 96 h and red corrosion after 240 h of testing. Similar results were obtained 

when the samples are treated for 1200 s.  

 

Table 3. Results of salt spray test for 301 SS after different times of exposure. 

Treatment 

Time (min) 

Time (h) 

24 48 52 96 120 168 240 

0 Subtle 

staining 

Evident 

staining 

No change Point of red 

corrosion 

along the 

edge 

Red 

corrosion 

Abundant 

red 

corrosion 

Abundant 

red 

corrosion 

5 No 

change 

Point of red 

corrosion 

along the 

edge 

Points of red 

corrosion in 

the lower 

regions 

Points of red 

corrosion in 

along the 

edge 

Red 

corrosion 

Red 

corrosion 

Red 

corrosion 

20 No 

change 

Point of red 

corrosion 

along the 

edge 

Points of red 

corrosion in 

the lower 

regions 

Points of red 

corrosion  

Red 

corrosion 

Red 

corrosion 

Red 

corrosion  
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Figure 6 shows the surface condition of untreated and treated 304 SS samples before and after exposure to 

the salt spray test for 240 h. Compared to the untreated sample (Figure 6a), the treated samples (Figures 

6b-d) experienced more corrosion attack.  

The surface condition of untreated and treated 301 SS samples before and after exposure to the salt spray 

test for 240 h is shown in Figure 7. Compared to the treated samples, the untreated sample experienced 

more corrosion attack.  

Several factors could influence the corrosion rate and consequently the weight loss after salt spray test 

including the extent of deformation, degree of exposure to heat treatment or corrosive environment [22-

24].  

 

  

  

Figure 6. Surface condition of 301 stainless steel samples after exposure to the salt spray test for 240 h; (a) untreated sample 

without salt test, (b) untreated sample with salt test, (c) treated sample for 5min with salt test, (d) treated sample for 20min with salt 

test. 

 
As obvious in Figure 7, the corrosion of test samples seems to be severer in the edges, which may indicate 

that the processing quality of sample edges has a significant effect on corrosion and might affect the weight 

loss result.  

In addition, the dimension of test samples obviously would affect the corrosion area and consequently 

influence the weight loss results. 
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Figure 7. Surface condition of 304 stainless steel samples after exposure to the salt spray test for 240 h; (a) Untreated sample 

without salt test (b) Untreated sample with salt test (c) treated sample for 5min with salt test, (d) treated sample for 20min with salt 

test. 

In the present study, an enhanced corrosion resistance of treated 301 and 304 stainless steels using salt 

spray corrosion test (5% concentration) was achieved (Figure 2, Figure 3, Figure 4, Figure 5, Table 2, 

Table 3). Similar improvement in the corrosion resistance was achieved when ceramic coatings (zirconia 

ceria powder and yttria-stabilized zirconia) were deposited on 304 steel. The samples with ceria powder 

coating exhibited more corrosion resistance than the yttria zirconia coating. If properly deposited in right 

proportions, coatings have the tendency of improving the fracture and corrosion resistance of materials [25-

26]. In addition, Esfahani et al. [17] reported an increase in corrosion resistance of normal steel panel as 

compared with galvanized steel. In another study [16], the corrosion resistance of both AZ91D and AM50 

alloys decreased with an increase in chloride concentration. After coatings/electrodeposition [27] and 

surface modifications by rolling [28], machining and moulding, mechanical treatment [29], an 

improvement in the electrochemical properties of 316 steel [30-33], 301 steel [4], 17-4PH steel [34], 304 

steel [35], and mild steel was also reported. This was attributed to the passivation ability of the coating and 

nanostructured layers generated on the sample surfaces which protect the sample outer surface from 

corrosion especially in aggressive conditions. The surface-conditioned 301 and 304 SS with improved 

corrosion resistance will find applications in many manufacturing, aerospace and petroleum industries 

where excellent corrosion resistance over time is needed. 
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4. CONCLUSION 

The effect of mechanical attrition treatment on corrosion resistance of 301 and 304 stainless steels (SS) 

was investigated in this work under salt spraying test in a controlled corrosive medium using 5 % 

concentration salt solution. The salt spray test and the corrosion rate of untreated and treated 301 and 304 

stainless steel samples was determined by the weight loss after the salt spray test. The treatment method 

decreased the weight loss of 301 and 304 SS from 0.19 g to 0.02 g and from 0.15 g to 0.01 g after salt 

spraying test, respectively. In addition, the treated 304 SS samples showed the best result on exposure to 

salt spray, where the first spot of corrosion along the edge occurred at 240 h. Meanwhile, the untreated 

sample showed changes after 24 h of exposure. In addition, the first spot of red corrosion on the surface 

was noticed at 24 h and abundant red corrosion after 240 h for the untreated 301 SS sample.  

Compared with the untreated 301 and 304 SS samples, the treated samples exhibited a lower weight 

loss, which denotes a low corrosion rate, hence an improved corrosion resistance.  
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