Long Term Indoor Atmospheric Corrosion Test by New Cyclic Corrosion Test Device
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We have developed a new atmospheric corrosion test device to simulate the real environment. Long term indoor tests were carried out on low alloy steels to clarify the effect of deposition rate of seasalt on corrosion. Test specimens used were 1%Cr steel, 1%Ni steel, 3%Cr steel, 3%Ni steel, SMA490 steel, SMA400 steel, and pure iron. Seasalt particles were produced by bubbling the artificial sea water with different type of airstones or by the ultrasonic mist generation system. Wet/dry process is performed by controlling the temperature of specimen surface. Atmospheric corrosion tests was done under 2.5h wet / 1.5h dry condition with deposition rate of seasalt particles between 0.02 and 50 mdd. The corrosion behavior of steels at 0.2 mdd is similar to that at 10 mdd, thus accelerating test can be done by using this test device.
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1. Introduction

Many types of cyclic corrosion test devices have been developed for simulating the atmospheric corrosion near seashore environment and most of test methods are using dry/wet process after spraying NaCl solution or artificial seawater. In real environment, it has been observed that the corrosion rate is the highest at the part where sea salt particles continuously attached on the surface of the metal and no cleaning process occurred by rainfall. In order to simulate this environment, we have developed a new atmospheric corrosion test device and long term indoor tests were done on low alloy steels to clarify the effect of seasalt deposition rate on corrosion.

2. Experimental method

Test specimens used were 1%Cr steel, 3%Cr steel, 1%Ni steel, 3%Ni steel, SMA490 steel, SMA400 steel and pure iron (99.9%), and were polished mechanically up to #600. SMA490 steel and SMA400 steel were weathering steel with different yield strength. The size of test specimen was 15 mm X 15 mm X 1 mm.  Backsides of specimens were covered by vinyl tape to prevent corrosion. Long-term indoor atmospheric corrosion tests were done by using the new cyclic corrosion test device [1] shown in Fig. 1. In this test device, wet/dry process was done by controlling the temperature of the specimen. The relative humidity on the specimen surface, RHs, was given as equation (1);

RHs = RHc x VPs / VPc              (1)

Where RHc is relative humidity in the test cell, which is 80% from the result of measurement, VPs is saturated vapor pressure at test temperature and VPc  is saturated vapor pressure at seawater temperature.  Calculating from the table of saturated vapor pressure [2], dew wet starts below 293K. Seasalt particles were produced by bubbling the artificial seawater with different type of airstones when the deposition rate of seasalt particles is less than 2mdd or by the ultrasonic mist generation system when the deposition rate of seasalt particles is more than 2 mdd. The deposition rate of seasalt particles was controlled by changing the flow rate of both air containing seasalt particles  and air without seasalt particles. A programmable timer was used for ultrasonic mist generation system to prevent the system from overheating. The deposition rate of seasalt particles monitored by QCM [3] was 0.2mdd to 50mdd. Gold-coated quartz resonators of resonant frequency from 1MHz to 30MHz were used for QCM measurement. Cyclic corrosion test was done with repeating at 313K, 32%RH for 1.5h and at 291K, 100%RH for 2.5h. The weight increase was measured by a microbalance of 100ng in accuracy at the end of drying process.
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Fig. 1 New cyclic corrosion test device
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  Fig. 2 Corrosion behavior of steels at 0.02mdd.    Fig. 3 Corrosion behavior of steels at 0.2mdd.  
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Fig. 4 Corrosion behavior of steels at 1mdd.       Fig. 5 Corrosion behavior of steels at 10mdd.  

3. Results and discussion

3.1. Airstone experiment
Fig. 2 shows the corrosion behavior of steels under wet/dry test at 0.02mdd. The seasalt deposition rate of  0.02mdd simulated that of a rural area such as Tsukuba in Japan. The corrosion rate of both 3%Cr steel and 1%Cr increased rapidly after 300h and decreased after 1000h. The rust of 3%Cr steel was very fragile, so the weight decrease occurred at 2000h by peeling rust. The corrosion rate of all tested alloys became constant after 2000h. The order of corrosion rate was 1%Cr > 1%Ni  = SMA490  > Fe > 3%Ni.  Fig. 3 shows the corrosion behavior of steels under wet/dry test at 0.2mdd. In all steels, the corrosion rate was accelerated after 200h when the half surface was covered by rust. The corrosion rates of both 1%Cr steel and 3%Cr steel did not decrease after whole surface was covered by rust. While the corrosion rates of other low alloy steels decreased after whole surface was covered by rust. The order of corrosion rate was 3%Cr > 1%Cr >  SMA400 = SMA490 =1%Ni > 3%Ni. Fig. 4 shows the corrosion behavior of steels under wet/dry test at 1mdd. . In all steels, the corrosion rate was accelerated after 100h when the half surface was covered by rust. As well as in the case of 0.2mdd, the corrosion rates of both 1%Cr steel and 3%Cr steel did not decrease after whole surface was covered by rust. While the corrosion rates of other low alloy steels decreased after whole surface was covered by rust. The corrosion rate became constant after 400h. The order of corrosion rate was 3%Cr > 1%Cr > Fe > SMA400 = SMA490 =1%Ni > 3%Ni. 
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Fig. 6 Corrosion behavior of steels at 20mdd.       Fig. 7 Corrosion behavior of steels at 30mdd.  
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Fig. 8 Corrosion behavior of steels at 50mdd.      Fig. 9 Comparison of corrosion behavior among                                        
                                                                         0.2mdd, 1mdd and 10mdd.
3.2. Ultrasonic mist generation experiment
Fig. 5 shows the corrosion behavior of steels under wet/dry test at 10mdd. The corrosion rate became constant after 150h. As well as in the case of 1mdd, the order of corrosion rate was 3%Cr > 1%Cr > Fe > SMA400 = SMA490 =1%Ni > 3%Ni. Fig. 6 shows the corrosion behavior of steels under wet/dry test at 20mdd. The difference in corrosion behavior between at 10mdd and 20mdd was due to the corrosion rate of Fe and 3%Ni steel. That is, the corrosion rate of Fe decreased and the corrosion rate of 3%Ni steel increased. The order of corrosion rate was 3%Cr > 1%Cr > SMA490 > Fe = 1%Ni = 3%Ni. Fig. 7 shows the corrosion behavior of steels under wet/dry test at 30mdd. The corrosion behavior of both 3%Cr steel and 1%Cr steel was different from that at 20mdd. The corrosion rate of both 3%Cr steel and 1%Cr steel decreased and the corrosion rate of 3%Cr steel became the lowest. . The order of corrosion rate was 1%Cr > SMA490 >1%Ni  >3%Ni > Fe > 3%Cr. Fig.8 shows the corrosion behavior of steels under wet/dry test at 50mdd. The corrosion rate of SMA490 steel increased comparing with that at 30mdd. The order of corrosion rate was SMA490 > 1%Cr =1%Ni  =3%Ni  > Fe > 3%Cr. Thus the order of corrosion rate changed above the seasalt deposition rate of 20mdd.

3.3. Comparison of corrosion behavior
Fig. 9 and Fig. 10 show the comparison of corrosion behavior at among 0.2mdd, 1mdd and 10mdd where the order of corrosion rate was the same. It is clear from the figures that the corrosion behaviors of these alloys were very similar to each other. This means that we can predict the corrosion behavior of alloys at 0.2mdd by using the corrosion behavior of alloys at 10mdd. In this case, corrosion test at 0.2mdd was accelerated more than 7 times by using that at 10mdd. Fig. 11 shows the relation between the corrosion rate of low alloy steels (1%Cr, 3%Cr, 1%Ni, 3%Ni) at exposure test [4] and that at indoor test. The seasalt deposition rate of exposure test and indoor test was 1.3mdd and 1mdd respectively. In real environment, the deposition rate of seasalt changes every day. However, the indoor test results showed that the corrosion behavior was similar to each other at the deposition rate of seasalt from 0.2mdd to 10mdd. This is the reason why there was a very good relationship between the corrosion rate of low alloy at exposure test and that at indoor test.
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Fig. 10 Comparison of corrosion behavior among     Fig. 11 Relation between corrosion rate at
            0.2mdd, 1mdd and 10mdd.                                          outdoor test and that at indoor test.
4. Conclusion

Atmospheric corrosion tests were done under 2.5h wet / 1.5h dry condition with deposition rate of seasalt particles between 0.02 and 50 mdd. The corrosion behavior of steels at 0.2 mdd is similar to that at 10 mdd and there was a very good relationship between the corrosion rate of low alloy at exposure test and that at indoor test, thus accelerating test can be done by using this test device.
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