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1. Introduction 
 
This work is a response to question how the corrosion processes of very different objects could be stopped or slowed by 
using a method that would be completely harmless to the object. 
The use of inert gases, specifically nitrogen, is a common practice for extermination processes of insects and preventive 
treatments against biodeterioration of organic materials [1]. Our question was whether this same treatment was also useful 
in slowing corrosion processes in susceptible materials in works of art [2]. This makes a long term project which will 
study the validity of the modified atmosphere treatment with nitrogen on metallic objects, support documents and textile. 
For the first tests, metals were chosen because they are the most rapidly corrode and the evaluation of the process is 
easier. 
 
2. Experimental 
 
The tests are put into practice a methodology similar to anoxia treatments in barrier films bags. For the first tests we chose 
copper as the metal because it is one of the major components of ancient archaeological alloys and the results obtained are 
directly applicable. 
 
The creation of a nitrogen atmosphere around the object by removing the oxygen, in our case a copper test plate, clearly 
should reduce corrosion due to oxygen. Therefore, the question is whether enriching the atmosphere with nitrogen also 
slows the corrosion caused by other elements, and commonly found in archaeological metal parts. One of the most 
common corrosion products is copper chloride so we chose the chloride ions as a corrosive agent [3-4-5]. From a chemical 
standpoint, oxygen and humidity are also necessary to generate this type of corrosion, as can be seen the following 
chemical reactions 
 
4HCl + 4Cu +O2 --> 2Cu2Cl2 (Nantokite) + 2H2O 
2Cu2Cl2 + 2H2O --> 2Cu2O + 4HCl 
 
First, the hydrochloric acid in the presence of copper and oxygen generates nantokite and water. The nantokite is an 
unstable mineral (cuprous chloride) in acid environment and it solubilizes to form cuprite, O2, water and HCl again that 
strikes again metallic copper: 
 
2Cu + HCl + H2O + O2 --> Cu2 (OH)3Cl (Copper hydroxy chloride, green atacamite and paratacamite)  
 
Subsequently, there is a secondary reaction in which atacamite and paratacamite are generated from metallic copper in the 
presence of hydrochloric acid, oxygen and water, according to the reaction 
 
A set of samples of high purity copper plates mirror polished, were prepared. Each sample was placed in a barrier film bag 
with 6 ml of 1% hydrochloric acid. The bag was hermetically sealed and filled with nitrogen from a nitrogen generator, 
and humidity. 
The test parameters are the percentage of nitrogen and the relative humidity inside the bag. We have tested with nitrogen 
rates at 99%, 90%, 85%, and air relative humidity at 50% and 10%. When the atmosphere inside the bags was prepared, 
were introduced in an accelerated aging chamber for establishing a corrosive atmosphere. 
 
Initially, we considered aging parameters set by the metal corrosion norms: 60°C for four hours and 40°C for three hours 
cycles repeating the procedure 12 times. Initial tests showed that it generated some condensation in the second cycle of 
40°C providing a non-uniform corrosion pattern. The following tests were performed by fixing the conditions of 60°C for 
72 hours which allowed evaporate all the hydrochloric solution without condensation and obtain a uniform corrosion 
pattern. 
 
We used stereoscopic microscopy and scanning electron microscopy to quantify the effectiveness of the process and 
evaluate the condition of the surface copper test plates. To quantify the degree of corrosion, we used a weighting method. 



The copper test-plate was weighed before and after the aging process so the weight difference gives us an idea of how 
much it slowed down the process of creating copper chloride on the surface of the plate. 
 
3. Results and discusión 
 
The first tests resulted that the corrosion on the samples decreased with increasing purity nitrogen inside the bags. 
Samples in nitrogen-saturated generates a very thin layer of corrosion that gives a very dark tone on the surface. As the 
concentration of nitrogen reduces, typical green colour corrosion was generated by copper chlorides. The binocular 
microscope images obtained of this first test we can see this effect. Figure 1 shows as the sample in an atmosphere at 99% 
of nitrogen has created a dark layer on the surface of the plate, whereas in Figure 2, with a nitrogen atmosphere at 90%, 
there is a more intense corrosion process. 
 

 
Figure 1: Sample after the accelerated aging process in a nitrogen atmosphere at 99% 
 

 
Figure 2: Sample after the accelerated aging process in a nitrogen atmosphere at 90% 

 
The surface observation by scanning electron microscopy has revealed different degrees of corrosion according to the 
percentage of nitrogen inside the bag, and the appearance of different crystal structures according to the degree of 
corrosion. 
 



 
Figure 3: Electron microscopy imaging from the surface of the sample after the accelerated aging process in a nitrogen atmosphere at 99% 
 
The quantification of the results with the weighting method shows some promising data. For example, corrosion in the C 
series samples with in nitrogen atmosphere at 99% and relative humidity at 50% increases only 0.8 micrograms, and 30.6 
mg when the sample is in ambient atmospheric conditions. This represents a significant reduction in the degradation 
process for a hypothetical work of art. Similarly there was an increase of corrosion on D series test plates, in which 
nitrogen concentration is similar to the above but with a relative humidity inside the bag between 10 and 17 %. 
 
4. Conclusion 
 
The results obtained so far, although limited, are quite promising. This encourages us to continue research with other 
metals of interest in heritage and other corrosive agents. In addition, there are good prospects for other materials such as 
documents and textiles. The fact is that modified atmospheres can slow the corrosion process in a harmless way for the 
object together with the fact that new nitrogen generators is a reasonable price, give a new way for heritage conservation. 
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