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Some scientific considerations on the article:
‘Scientific basis for corrosion of copper in
water and implications for canister lifetimes’
published by F. King and C. Lilja

T. Åkermark*

There has for the past 30 years been a debate regarding whether corrosion of copper can occur

in anoxic water. In short the debate has been between experiments showing that corrosion of

copper can occur and theory that predicts that it will not occur. The thermodynamics of copper

corrosion, particularly, that copper cannot corrode in anoxic water, is a fundamental prerequisite

for the Swedish repository concept for spent nuclear fuel developed by the Swedish Nuclear Fuel

and Waste Management Company (SKB). Thus, in 1986 and subsequently Hultquist and co-

workers experimentally confirmed that corrosion of copper can occur in some conditions.

However, this research is generally assumed to be incorrect, most recently by a paper by King

and Lilja in this journal. In this article I will develop the argument that Hultquist’s work should not

be so disregarded.
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Introduction

; In the Swedish repository concept (KBS-3) the spent
nuclear fuel will be deposited 500 m down in the bedrock
and placed in copper canisters that are embedded in
bentonite clay. The water at a depth of 500 m is anoxic so
the critical question is: ‘does corrosion of copper occur in
water without dissolved oxygen?’ The likelihood for the
corrosion of copper under such repository conditions was
the subject of a scientific evaluation published in 1978.1

The report is signed by nine of the members, but one of
the members Professor Wranglen of the Royal Institute
of Technology submitted a dissenting report where he
argued regarding the canister material that: ‘Allowance
must be made, for example, for the existence of heretofore
unknown processes of ageing and material destruction’.
In 1986, Hultquist claim he found such a ‘heretofore
unknown process’ and published experimental results of
hydrogen evolution from de-aerated water in the presence
of pure copper.2 In the following few years, a number of
researchers attempted to repeat Hultquist’s results, in
particular Simpson et al.3 and Erikson et al.;4,5 however,
they were unsuccessful. At this stage most experimental
and thermodynamic evidence supported the view that
copper is immune to corrosion in anoxic water. Of course
if copper was found to corrode in anoxic water, it would
alter the basis for selection of a suitable canister material
for unprocessed nuclear waste over geological timescales.

Hultquist and co-workers have during the latest years
repeated the original study under much more care-
fully controlled conditions and repeatedly observed
hydrogen evolution.6–8 Importantly, in 2010–2011, the
Swedish Radiation Safety Authority commissioned
additional experimental research that successfully re-
plicated Hultquist’s later results9 and theoretical work
that provided a possible thermodynamic explanation
for the observed phenomenon.10 However, and unfor-
tunately, the article ‘Scientific basis for corrosion of
copper in water and implications for canister lifetimes’
published in ‘Corrosion Engineering, Science and Tech-
nology’ 2011 by King and Lilja11 has not fully cons-
idered the possibility of copper corrosion in anoxic
water. Since this would significantly impact upon the
overall findings and implications of their paper I will
here develop the argument that anoxic copper corro-
sion should not be so disregarded in these studies.

Commentary
The most serious problems with King and Lilja’s paper
are that they: ignore known flaws in the papers that they
select to rebut the argument concerning copper corro-
sion in pure water, and ignore SKB’s own commissioned
studies on copper corrosion in the underground Aspö
laboratory that report unusually high corrosion rates.
Thus, Eriksen’s4,5 attempt to repeat Hultquist’s work
was clearly compromised by the presence of air (i.e.
oxygen and nitrogen) in the Gas Chromatograph
spectrum, and indeed this was pointed out by Chuah12

at a seminar also attended by King and Lilja who
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therefore should have been aware of this. The study of
Simpson et al.3 used flowing N2 gas with a ppm level of
oxygen, which is not an appropriate approach when
trying to detect hydrogen evolution from a slow
corrosion process such as anoxic copper corrosion.2,6

More importantly, perhaps none of the results from the
prototype studies in the underground repository, such as
the Minican and LOT projects13,14 were mentioned in
their paper which is strange, because the measured
corrosion rate greatly exceeded (by at least 1000 times)
the claimed corrosion rate of 1 nm/year. Although it
might be argued that the experimental protocols in the
underground test were in error, the measured corrosion
rates, from 1?5 cm/year (Ref. 15) to a few micrometres
per year (three orders of magnitude higher than the
value quoted in King and Lilja’s paper), deserve
consideration. Another troublesome result in the
Minican study was that anoxic conditions were con-
firmed (Table 6-1 in Ref. 13) and still, corrosion rates of
mm per year were measured (Fig. 6–33 in Ref. 13). The
Swedish Radiation Safety Authority (SSM) evaluated
the scientific quality of these prototype studies com-
menting that SKB tended to either neglect undesirable
results that went counter to their arguments (Minican
study) or delayed the reporting of such results (LOT
study).15

Summary
Since 1986 there has been an extensive discussion
regarding whether corrosion of copper in anoxic water
is possible. There are theoretical arguments that support
both sides of the discussion; however, the experimental
evidence increasingly supports the fact that copper will,
under some circumstances, corrode in pure, oxygen free,
water. So the question of whether copper is a suitable
canister material for spent nuclear fuel should have been
settled by prototype studies in the underground Aspö
laboratory where SKB has in their Minican study
measured a corrosion rate of the order of micrometres
in anoxic water. These results should have put doubt
into the discussion of the overall immunity of copper
canisters in such an environment. It is important for full
public confidence in the Swedish nuclear waste reposi-
tory (and indeed all others of a similar nature) that all
possible mechanisms for corrosion of the primary
biological barrier (copper in this case) are taken into
account. Unfortunately, the article by King and Lilja

disregards all contradictory evidence of this nature
throwing doubt on the robustness of the entire system.

References
1. E. Mattsson, L. Ekbom, R. Carlsson, G. Eklund, I. Grenthe,

R. Hallberg, S. Henrikson, N.-G. Vannerberg and G. Wranglén:

‘Copper as a canister material for unreprocessed nuclear waste:

evaluation with respect to corrosion’, KBS TR-90, Swedish

Nuclear Fuel and Waste Management Company, Stockholm,

Sweden, 1978. <
2. G. Hultquist: ‘Hydrogen evolution in corrosion of copper in pure

water’; Corros. Sci., 1986, 26, (2), 173–177.

3. J. P. Simpson and R. Schenk: ‘Hydrogen evolution from corrosion

of pure copper’, Corros. Sci., 1987, 27, (12), 1365–1370.

4. T. E. Eriksen, P. Ndalamba and I. Grenthe: ‘On the corrosion of

copper in pure water’, SKB TR-88-17, Swedish Nuclear Fuel and

Waste Management Company, Stockholm, Sweden, 1988.

5. T. E. Eriksen, P. Ndalamba and I. Grenthe; ‘On the corrosion

of copper in pure Water’, Corros. Sci., 1989, 29, (10), 1241–

1250.

6. P. Szakálos, G. Hultquist and G. Wikmark; ‘Corrosion of copper

by water’, Electrochem. Solid-State Lett., 2007, 10, (11), C63–C67.

7. G. Hultquist, P. Szakalos, M. J. Graham, A. B. Belonoshko, G. I.
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A. Rosengren and L. Gråsjö: ‘Hydrogen gas production during

corrosion of copper by water’, Corros. Sci., 2011, 53, 310–319.

9. R. Becker and H.-P. Hermansson: ‘Evolution of hydrogen by

copper in ultrapure water without dissolved oxygen’, Report

no. 2011:34, SSM, Stockholm, Sweden, 2011, www.stralsakerhets

myndigheten.se =
10. D. MacDonald and S. Sharifi: ‘Is Copper immune to corrosion

when in contact with water and aqueous solutions?’ Report

no. 2011:09, SSM, Stockholm, Sweden, 2011, www.stralsakerhets

myndigheten.se

11. F. King and C. Lilja; Scientific basis for corrosion of copper in

water and implications for canister lifetimes’, Corros. Eng. Sci.

Technol., 2011, 46, (2), 153–158.

12. G. K. Chuah: ‘Corrosion properties of copper in pure water’,

Swedish National Council for Nuclear Waste’s scientific workshop,

16 November 2009, http://www.karnavfallsradet.se/sites/default/

files/dokument/seminarier/472.pdf

13. N. R. Smart and A. P. Rance: ‘Miniature canister corrosion

experiment – results of operations to May 2008’, SKB TR-09-20,

Swedish Nuclear Fuel and Waste Management Company,

Stockholm, Sweden, 2009, http://www.skb.se/upload/publications/

pdf/TR-09-20webb.pdf

14. B. Rosborg and L. Werme: ‘The Swedish nuclear waste program

and the long-term corrosion behaviour of copper’, J. Nucl. Mater.,

2008, 379, 142–153.

15. T. D. Baldwin and T. W. Hicks: ‘Quality assurance review of

SKB’s copper corrosion experiments’, Report no. 2010:17, SSM,

Stockholm, Sweden, 2010, www.stralsakerhetsmyndigheten.se

Rapid Communication

2 Corrosion Engineering, Science and Technology 2013 VOL 000 NO 000



Authors Queries

Journal: Corrosion Engineering, Science and Technology
Paper: 1213
Title: Some scientific considerations on the article: ‘Scientific basis for corrosion of copper in water and
implications for canister lifetimes’ published by F. King and C. Lilja

Dear Author

During the preparation of your manuscript for publication, the questions listed below have arisen. Please attend to
these matters and return this form with your proof. Many thanks for your assistance

Query
Reference

Query Remarks

1 Please provide the city.

2 Please confirm the additional
info. for refs.1, 4 and 13.

3 Please confirm the additional
info. for refs. 9, 10 and 15.


