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Oxidation Rates of Crofer22 as an Interconnect for Solid Oxide Fuel Cells

Abstract


This experiment tested the oxidation rates of Crofer22, a Chromium and Iron alloy, at a temperature of 800 degrees C in moist air, dry air, and a combination, for up to 456 hours, to see if pre-oxidation would significantly help the metal’s ability to resist degradation if used as an interconnect in a SOFC stack.  Results showed that the specific mass change for the samples has a linear pattern as time increases, with a minimum R squared value of 0.9255.  Results also showed that after pre-oxidation in dry air, oxidation in moist air progresses less rapidly than samples without dry air oxidation.  Atomic percent compositions of the samples showed that the percent of major elements present, O, Ti, Cr, Mn, and Fe, are similar for all the samples tested.  These results show that pre-oxidation in moist air is comparable to pre-oxidation in dry air, and that mass change will continue to change in a linear pattern as time progresses, but that the atomic percent composition will not be greatly effected by longer time.  
Introduction


Does pre-oxidation at high temperatures affect the metal’s ability to resist oxidation?  A study was conducted last semester to see if pre-oxidation in wet or dry air affected Crofer22’s ability to resist oxidation.  The results showed that the temperatures used did not significantly change the oxidation rate.  With this follow up experiment, we will test a lower temperature pre-oxidation and determine its effects on oxidation rate.  


Crofer22 is an alloy composed mainly of Chromium and Iron.  It is being tested for use as an interconnect in a SOFC (Solid Oxide Fuel Cell).  Metals used as interconnects need to match the thermal expansion coefficient of the ceramic materials, and they also need to resist oxidation at high temperatures.  The metal also needs to be highly conductive, and the crust created by the oxidation needs to be conductive as well—that is, it needs to be contain chromium, rather than aluminum.  


A SOFC is a voltaic machine that converts hydrocarbons to electricity.  They are generally put in stacks, since one fuel cell does not supply that much power on its own.  Interconnects are used to link stacks together and transfer electricity, which is why they need to be highly conductive.  Fuel cells are highly efficient up to 80%, as apposed to internal combustion engines, which run at 30% efficiency.  SOFCs run at high temperatures, around 800-1000 degrees C, and they produce water vapor as a byproduct.  


We felt that our experiment would show that pre-oxidation would allow Crofer22 to be more conductive and long lasting.  We also felt that pre-oxidation in moist and dry air would create different results, although we are unsure of what the differences would  be.  We also felt that the greatest oxide formation would occur soon after the samples were put in the furnace, and peter off as times went on, essentially creating a logarithmic specific mass change curve.

 
The results of this experiment will be more conclusive than the previous experiment, due to the fact that the samples of Crofer22 used in the previous experiment were from an early batch of the material.  The samples were not homogenous, and thus the results gathered in the experiment were suspect. 
Materials

Crofer22 (4 samples)


Calipers


Ethyl Alcohol


Quartz Stand


Digital Scale


Furnace that heats to 800° C 


Push Rod


Heat Resistant Gloves


Face Shield


Safety Glasses


Electron Microscope (SEM)


X ray machine

Methods and Procedures
1. Measure and record the dimensions of two of the Crofer22 samples (samples A and B) with calipers; include in these measurements the diameter of the hole.

2. Sterilize the samples with ethyl alcohol.  From this point on, handle only with sterile tweezers.

3. Weigh and record mass of samples.

4. Place samples on quartz stand; be certain to know which sample is which.

5. Heat furnace to 800 degrees Celsius.

6. Place the rack in the furnace with a push rod.  Seal the furnace.

7. Remove samples from oven in approximately 100 hours.

8. Record masses and elapsed time, making sure not to confuse the samples.

9. Return samples to furnace.

10. Repeat step 8 after 200 hours.

11. Remove the sample A.  Keep in an uncontaminated environment.

12. Repeat steps 1-4 for the second two samples (samples C and D)

13. Place quartz stand with samples B, C and D in the furnace, set moisture in furnace to 3% ambient humidity.

14. In 300 hours, (100 hours since last check) remove samples and record mass change.

15. In 400 hours, remove the samples from the furnace, and record mass change.  Turn the furnace off.

16. Examine the surface of the samples using an electron microscope.  Make sure to examine the surface of a polished sample (un-oxidized) to compare with.

17. Section the samples and use x-rays to examine the crystal structure.

Results

	Sample (in)
	Crofer A
	Crofer B
	Crofer C
	Crofer D

	Thickness (in)
	0.019
	0.02
	0.02
	0.02

	width (in)
	0.497
	0.498
	0.536
	0.496

	length (in)
	0.992
	0.991
	0.991
	0.993

	Hole dia (in)
	0.125
	0.125
	0.129
	0.125

	Surface area (in2)
	1.02554759
	1.029906289
	1.105397687
	1.027926289

	Surface area (cm2)
	6.616422831
	6.644543414
	7.13158372
	6.631769246


Dimensions (of samples), Figure 1

	
	
	Dry Air
	
	

	time out
	time in 
	duration  (hr)
	Crofer A
	Crofer B

	
	3/30/05 14:30
	0
	1.1598
	1.10938

	4/4/05 14:15
	4/4/05 14:30
	120
	1.161
	1.1108

	4/8/05 14:20
	
	216
	1.16149
	1.11114


Mass change, Figure 2

	
	
	Moist Air
	
	
	

	time out
	time in
	duration
	Crofer B
	Crofer C
	Crofer D

	
	4/8/05 14:30
	0
	1.11114
	1.2959
	1.16862

	4/9/05 9:00
	4/9/2005 9:30
	18.5
	1.1112
	1.29616
	1.16903

	4/10/05 10:00
	4/10/05 10:30
	43
	1.11124
	1.29648
	1.1692

	4/11/05 14:00
	4/11/05 14:30
	72
	1.11127
	1.29665
	1.1694

	4/15/05 12:00
	4/15/05 12:30
	166.5
	1.1114
	1.29729
	1.17004

	4/17/05 6:30
	4/17/05 7:00
	208.5
	1.11148
	1.29755
	1.1703

	4/27/05 15:30
	
	456
	1.1117
	1.29881
	


Mass change, Figure 3

	
	Dry Air
	

	Duration (hr)
	Crofer A
	Crofer B

	0
	0
	0

	120
	0.00018137
	0.000213709

	216
	0.00025543
	0.000264879


Specific mass change Figure 4

	
	Moist Air
	
	
	

	Duration (hr)
	Crofer B Total
	Crofer B
	Crofer C
	Crofer D

	0
	0.00026488
	0
	0
	0

	18.5
	0.00027391
	9.02997E-06
	3.64575E-05
	6.18236E-05

	43
	0.00027993
	1.50499E-05
	8.13284E-05
	8.74578E-05

	72
	0.00028444
	1.95649E-05
	0.000105166
	0.000117616

	166.5
	0.00030401
	3.91299E-05
	0.000194908
	0.000214121

	208.5
	0.00031605
	5.11698E-05
	0.000231365
	0.000253326

	456
	0.00034916
	8.42797E-05
	0.000408044
	


Specific mass change, Figure 5

	
	O
	Ti
	Cr
	Mn
	Fe

	sample a
	63.1625
	0.285
	20.815
	14.475
	1.26

	sample b
	59.72
	0.2925
	25.46
	14.31
	0.2175

	 sample c
	61.06
	0.1975
	28.8925
	8.2825
	1.5725

	sample d
	62.25667
	0.13
	25.21667
	8.336667
	4.063333

	polished
	0
	0
	23.835
	0
	76.165


Percent composition of sample (average of spectrums)

Figure 6

Discussion


Results showed that pre-oxidation does have a significant impact on oxidation rates and degradation.  Pre-oxidation creates an oxide crust that is still highly conductive and durable.  As seen in figure 6, the polished sample, or the un-oxidized sample, has high levels of Chromium and Iron.  All the pre-oxidized samples maintained those high levels of Chromium, while the Iron levels are greatly diminished.  This is ideal since Chromium is highly conductive and durable, whereas Iron is susceptible to corrosion.  Also, the samples have a high level of Oxygen, which means they were all successful in creating an oxide (Chromium Oxide) crust.  


As seen in figures 2 and 3, all the samples gained mass as the experiment went on; this means the samples were continuing to gain an oxide crust as time went on.  However, because the samples were all different in dimensions and mass (figure 1), it was necessary to look instead at specific mass change, rather than a simple mass change.  To determine specific mass change, the difference of the masses is divided by the original mass of the sample, thereby normalizing all the data.  The specific mass changes for dry air and moist air are shown in figures 4 and 5 respectively.  Upon examination of the graphs (attached), there seems to be a linear pattern to mass gain and time.  This suggests that the longer the sample is pre-oxidized for, the more oxide it will develop.  This is contrary to the hypothesis, which states that a majority of the mass change will occur in the beginning, and slow as time goes on.  


Also contrary to the hypothesis, results show that pre-oxidation in dry air is comparable to pre-oxidation in moist air.  Also, seen more clearly on the graph for specific mass change in moist air, it can be seen that after oxidation in dry air, the oxidation of sample B in moist air progressed much slower than the oxidation of the other samples, that is, the specific mass change trend line had a much smaller slope than the trend lines for samples C and D, which were not oxidized in dry air.  This shows that a combination of the two does not significantly affect the sample.  One thing that was not tested that could be examined in a future experiment, is how a sample is affected when it is first oxidized in moist air, then in dry.   


Crofer22 is being studied because it is promising for use as a SOFC interconnect, however, it is being looked at without pre-oxidation.  Pre-oxidation is being experimented with to determine if such a process will help the alloy resist degradation when it is applied to a SOFC stack.  However, it would be beneficial to see how the pre-oxidized alloy performs when compared to an un-oxidized sample.  As figure 6 shows, the pre-oxidized alloy contains different elements than the un-oxidized (polished) sample does.  This may affect the metal’s ability to match thermal expansion coefficients.  It would also be beneficial to see if the pre-oxidized metal does perform better, or if there are circumstances present that cause the pre-oxidized metal to oxidize and corrode as fast as un-oxidized samples; it would be an important final experiment to run before pre-oxidized Crofer22 is put into application.  


Overall, Crofer22 is a promising alloy to use in SOFC stacks, and with further resting, it may prove to be an important ingredient in making durable, long lasting fuel cells for use in the world.    
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