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Associated with Deposit Type, Size and Composition

!Anthony Cook'Stuart Lyon,'Tat-Suen LuengBin Gu,
Nicholas StevengRoger NewmaniMatt Gunther,
3Gordon McFiggans antiDirk Engelberg

Corrosion and Protection Centre, School of Matsrial
The University of Manchester, Manchester M13 9PL UK

’Department of Chemical Engineering and Applied
Chemistry, University of Toronto, Toronto M5S 3E5
Canada

3School of Earth, Atmospheric & Environmental
Sciences, The University of Manchester,
Manchester, M13 9PL UK

The UK'’s Intermediate Level radioactive Waste (ILW)
likely to be held for many decades in interim sgori
containers fabricated from types 304L and 316L
austenitic stainless steels [1]. Containers locatedr
marine environments will be subject to the depositf
chlorides from sea-salt aerosol and, as such,sét of
developing localized corrosion (pitting and/or éoev
attack). Consequently, in areas of tensile stress a
transition from sites of localized attack to whatsh
become known as Atmospheric Chloride-Induced Stress
Corrosion Cracking (AISCC) may occur [2]. Assessing
the risk to container integrity from such degraoiati
phenomena during interim storage will clearly requa
means of predicting long-term corrosion behavioeroa
wide range of different environmental scenarios.
Knowledge of the effects of changes in material and
environmental variables on mechanistic and kinetic
guantities such as the induction time (time to kirag)

and crack growth rate will be crucial to developing
accelerated testing methods and/or models to gredic
damage evolution in the storage condition over danh
timescales.

Investigations pertaining to the occurrence of
localized corrosion or AISCC in ILW container maaés
are often performed using a single salt, such a€Ipg
rather than sea-salt. This practice may not begetter
appropriate given that the thin layer electrolydenfed in
the vicinity of chloride-containing deposits undealistic
service conditions is likely to be of a far moremgex
chemistry which will depend strongly on the
environmental Relative humidity (RH) and temperatur
As sea-water becomes more concentrated solid phases
will precipitate as their solubility is exceedecdheTlleast
soluble species will precipitate first, usually tb@cium
containing salts (CaCQCaMg(CQ),, CaSQ.2H,0 and
CaSQ), followed by halite (NaCl) then the potassium and
magnesium containing salts such as carnallite
(KMgCl3.6H,0) and finally bischofite (MgGI6H,0). At
25°C halite wets to form a saturated solution aund
75% RH, carnallite at 59% RH and bischofite at 3R¢
[3], hence sea-salt deposits will remain wet to som
degree over a large RH range. For example, at 26/C
above 33% RH the associated electrolyte will be
composed of a rather complex mixture of solution
species. Other environmental variables will also be
important in terms of the development of localized
corrosion phenomena, for instance the size and
distribution of deposits and their organic contdntthis
work, we have sought to obtain kinetic data undeious

environmental conditions to aid in the developmeft
future experimental protocols or models for pradittof
AISCC damage. In all the experiments describedihere
U-bend specimens fabricated from both 304L and 316L
stainless steels were used to supply a tensilessaad
deposits of either sea-salt or MgClo produce an
electrolyte under the chosen environmental conaitio

To investigate the effect of electrolyte
composition, specimens laden with 3 mm diameter
circular salt deposits (applied from a 5 pl aliqodtan
artificial sea-water solution or 10.9 g dmMgCl,
solution) were exposed to RH values of 33, 50 &% at
70°C. At 33% RH both sea-salt and Mg@keposits were
found to produce a similar number of cracks with an
induction time of around seven days. However, @650
RH sea-salt appeared to be the more aggressiveespat
least in terms of crack numbers; induction times erack
growth rates were similar. This RH value is closdhe
deliquescence point of carnallite and suggestsait be of
importance in promoting AISCC under such conditions

A parallel set of experiments was conducted at
80°C and 30% RH, to study the effects of deposi sin
induction time and crack growth rates. In these
experiments salt deposits were produced using ayspr
deposition technique. For specimens with sea-salt
deposits both parameters correlated with changehen
average deposit size prior to environmental exposur
Induction times increased, and average crack groatds
decreased, with decreasing deposit size. M@@posits
produced via the spray application technique wesmhd
the resolution of the optical microscope employdth
guantities were, however, seen to correlate wita th
nominal MgC} deposition density, i.e. induction times
were seen to increase and the extent of cracking to
decrease with decreasing deposition density. ltishbe
noted that the temperatures employed in the exeeitsn
were significantly higher, as are the deposit sizhan
those likely to be encountered by ILW containers in
practice. There is, however, no reason to assurae th
similar trends will not be observed at lower tenaperes
or as the deposit size is progressively decreased.

To investigate the effect of organic matter on
induction times and crack growth rates, experimemés
currently in progress with 304L U-bend specimens
contacted with organically enriched sea-salt, sdtaer
MgCIl, deposits stored in an environmental chamber at a
temperature of 5C and RH of 30%. Results obtained to
date indicate that organically-enriched seawatértisms
delay the onset of cracking relative to sea-wated a
MgCIl, solutions, yet lead to cracks of greater average
length.
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