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Status report for the Anoxic corrosion of Copper 

Studsvik has performed three Cu-corrosion tests, two using Cu-foil and one 
using a Pt-foil, which functions as a reference experiment. 
 
For all three experiments, the temperature has been 60°C for the lower 
chamber and 63°C on a heater around the Pd foil. All three tests were run 
for approx. two weeks. The upper chamber was then evacuated for about 
30 seconds and the test was run for another week. The pressures in both 
chambers were monitored continuously throughout this experiment. 
 
Before each experiment, the pressure was monitored in the upper chamber 
for several days to make sure that a minimum pressure change occurred 
before the experiment was initiated. Between each experiment, the upper 
chamber was evacuated in series for several days to remove any hydrogen 
gas that might have accumulated inside the Pd foil. Figure 1 below shows a 
summary of the pressure date for the three runs. At  
time = 0 hours, the temperature in the lower chamber heater was increased 
to 60°C. 
 

 
Figure 1 
Pressure data for the upper chamber during Cu run-1 (red), Cu run-2 
(green) and Pt-ref (orange). Linear fits to the graphs before and after 
evacuations have been included together with their equations. 
 
Table 1 below shows the maximum pressure levels achieved just before 
the evacuations (about two weeks), as well as at the end of the exposure 
(about three weeks total). The data in table 1 indicates that the pressure 
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has increased by a factor of 25-30 when using Cu compared to the 
reference Pt experiment. 
 
Table 1 
Absolute pressure values reached just before the evacuation as well as at 
the end of the exposure for the two Cu experiments and the Pt reference 
experiment.  

 Time (h) Pjust before evac. (μbar) Time (h) Pend of exp. (μbar) 

Cu run-1 ~310 72 ~436 90 

Cu run-2 ~340 54 ~526 68 

Pt-ref ~338 2.3 ~500 3.1 

 
Mass spectrometry was performed on the gas in the upper chamber after 
the end of the full exposures for the Cu run-1 and Cu run-2 experiments. 
For run-1, two analyzes was performed with a short time delay between the 
two. These results differ as lighter elements typically get higher values early 
in an analysis while heavier elements get higher values after a time into the 
analysis due to the fact that lighter elements easier penetrates into the 
mass spectrometer. The analysis also revealed large values of O2 and N2 in 
the gas together with large amounts of water, and this is probably a result 
from that the evacuation process of the sample-grab flask was not 
performed to perfection, so moist air was undoubtedly still present in the 
flask. Another possibility could also be a leak in one of the nine connectors 
that is used between the chamber and the pump, with the sample-grab 
flask positioned in a T-junction in the middle of this set-up. Table 2 below 
shows the results from the mass spectrometry analyzes on the gas in the 
upper chamber after Cu run-1 and Cu run-2. The helium in our results 
probably comes from the mass spectrometry equipment, which is flushed 
with helium between analyzes to remove any remaining gas before the new 
is introduced. Table 2 also gives the chemical composition of air for 
comparison. 
 
Table 2 
Mass spectrometry results (all data in at%). Water has been excluded from 
the results. The composition of air has been included for comparison. 

 H2 He N2 O2 Ar 

Cu run-1 analysis 1 24.1 ±0.06 3.9 ±0.05 45.7 ±0.07 24.6 ±0.09 1.6 ±0.02 

Cu run-1 analysis 2 12.3 ±0.18 4.4 ±0.10 53.4 ±0.29 28.0 ±0.27 1.9 ±0.07 

Cu run-2 analysis 1 1.28 ±0.05 0 71.4 ±0.11 25.6 ±0.15 1.8 ±0.04 

      

Air 0.00006 0.0005 78.1 21.0 0.93 

 
 
Chemical composition analyzes using ICP-MS analyzes has been 
performed on the water in the lower chamber after the full three week 
exposure. Both the water after the Cu-experiments as well as after the Pt-
experiment was analyzed. Additionally, two blank samples of the water was 
analyzed, one on the water before exposure and one on a sample where 
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concentrated nitric acid was used to macerate the glass beaker from inside 
the lower chamber after the last exposure to analyze what chemicals that 
might have gotten absorbed into the glass during the previous exposures. 
Table 3 below shows the result from the ICP-MS analyzes of the blank 
reference sample, the Cu run-1, Cu run-2, the Pt reference and the 
macerated beaker. 
 
Table 3 
Selected results (all data in ppb) from the ICP-MS results for the blank 
reference sample, the Cu run-1, Cu run-2, the Pt reference and the 
macerated beaker (compensated for the content of the acid before the 
maceration). All data is in ppb. 

 

Pure water 
Reference 

After Cu 
run-1 

After Cu 
run-2 

After Pt 
reference 

After macerated 
beaker 

B 6 750 518 182 107 

Na 1.6 500 358 185 110 

Al 0.2 67 92 10 433 

Si < 5 1133 1331 365 33 

Ca < 1 200 444 264 < 35 

Mg 0.2 33 11 12 0 

Cr < 0.35 < 0.5 0.48 < 0.4 4 

Mn < 0.4 42 19 7.8 7 

Fe < 0.02 186 110 8 < 333 

Co 0.01 53 27 12 25 

Ni 0.1 135 67 32 203 

Cu 0.067 90 69 221 4265 

Zn 0.34 5.6 34 27 169 

Pt < 0.001 < 0.001 < 0.001 0.028 2 

Pd < 0.001 0.003 0.001 3.6 3900 

 
The data in table 3 is illustrated as bar graphs for B, Na, Al, Si and Ca (i.e. 
the elements which are assumed to come from the glass) in figure 2, and 
for the remaining elements in figure 3.  
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Figure 2 
ICP-MS data (ppb) from table 3 as bar graphs for the glass elements. Note 
that the value for Ca is only given as < 35 ppb. The bar graph is therefor 
given at this value even though that the actual level probably is lower. 
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Figure 3 
ICP-MS data (ppb) from table 3 as bar graphs for the remaining elements. 
Note that the value for Fe is only given as < 333 ppb. The bar graph is 
therefor given at this value even though that the actual level probably is 
lower. 
 
We are currently in the process of analyzing the Cu-foil and see if we can 
detect trace amounts of Fe, Ni and Zn in this, to verify if these elements in 
the ICP-MS analyzes could come from the Cu-foil. We are investigating 
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laser-ablation or ICP-MS for this. In the ICP-MS analyzes a small piece of 
the Cu-foil will be dissolved in nitric acid and ICP-MS analyzes are 
performed on the nitric acid before and after the addition of the Cu-foil. We 
will tell you more about this as we have some results. 
 
With best wishes 
 
Richard Becker 
Hans-Peter Hermansson 
 
STUDSVIK NUCLEAR AB 
NMK 
 




