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ABSTRACT 

A program with the goal of qualifying a material for a 300 
year lifetime as a nuclear waste canister is underway at Sandia 
Laboratories. The corrosion and stress corrosirn cracking be
havior of the leading candidate, TiCcde-12, is contrasted to 
that of a commonly used engineering alloy, 30U stainless steel. 
Experimental evidence is presented which shows the inadequacy of 
30U stainless steel in simulated repository environments and shows 
that TiCode-12 may survive the desired 300 years. Further work 
required to qualify TiCode-12 is outlined. 

INTRODUCTION 

A program, based on the premise that a corrosion resistant 
nuclear waste canister can make an important contribution to the 
long term containment of nuclear waste is underway at Sandia Lab
oratories. The objective of the program is to qualify a canister 
alloy which will survive more than 300 years in the repository 
environment. 

There are essentially four different barrier lifetimes which 
could be required for a nuclear waste isolation canister. They are 
as follows: 
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0 Year Lifetime: This type of canister would be required to sur
vive the transportation and emplacement stages of a disposal 
program. Material with a low corrosion resistance could be used 
for this category of canister and a corrosion evaluation is un
necessary. 
~25 Year Lifetime: If retrievabillty of wastes is legislated cr 
if the possibility of unanticipated conditions in the repository 
make it prudent to retain the option of easy retrievability, then 
a canister which will survive a repository environment for ~25 years 
will be required. A moderately corrosion resistant material would 
be expected to survive this length of tiae and materials will be 
identified by Sandia's program as a by-product of qualifying a 
material which will last ~10 times this long. 
~300 Year Lifetime: This is the option primarily being addressed 
by Sandia's program. This type of canister would survive the 
thermal period of the waste which would eliminate potential hydro-
thermal waste interactions. Several investigations1-3 have shown 
that the chemical durability of nuclear waste forms is low in 
bydrothermal conditions. For example, the initial leach rate of 
Cs from borosilicate glass in water increases by over when the 
temperature is increased from 100 to 250°C.3»^ Containing the heat 
producing fission products ™ S r and 13 7Cs would also limit the inter
action of heat and radiation with the geologic formation to the 
near field. 

~>10 Year Lifetime: This type of option considers the canister to 
be an ultimate barrier which would last until the radioactivity of 
the waste decayed to near background levels. Presently, this is 
not required in any waste disposal program nor is it likely to be 
because of the extreme difficulty of qualifying a material for such 
an extended lifetime with present day techniques. 

The 300 year option was selected for this program because this 
should be obtainable with present day technology at a reasonable 
cost. Furthermore, the benefit of a 300 year can to a total waste 
program is very significant. The materials for this type of can
ister would cost -43000 (based on 1979 prises for a TiCode-12 can
ister surrounding an inner 30%-L canister.' If manufacturing costs 
are included, the total cost of a canister would be expected to be 
almost insignificant compared to the total cost of a waste isola
tion program. The only important impact would occur if an alloy 
was selected which contained large quantities of strategic materials. 
This has been considered in the selection of candidate materials 
for this program. 

Experiments to qualify canister lifetimes must be conducted 
in realistic environments. Therefore, a knowledge of the reposi
tory environment is necessary to define laboratory environments 
for simulation experiments. This includes information on how the 



environment will change with time due to the perturbations of heat 
and radiation. Ultiaately, confirmatory tasting must be done in-
situ. 

Presently, alloys are being evaluated in simulated environments 
which might be encountered in bedded salt (Waste Isolation Pilot 
Plant) including both dry and wet interactions, and lr. seawater and sat
urated North Pacific sediments (Seabed Disposal). The effects of 
high temperatures on corrosion rates have been extensively evalu
ated; however, the effects of radiation and brine radiolysis have 
only recently been studied. The results of radiation exposure have 
shown that the alteration of the environment caused by radiation^ 
may be the most important factor in evaluating the lifetigg,. """ 
waste canister. 

Limited literature information,_As~Sva,ilable concerning the 
effects of radiation on conceRtfated CI" solutions such as those 
utilized in this investigation. A discussion of radiation effects 
is available-elsewhere.° Suffice it to say that exposure of CI" 
containing aqueous solutions to gamma irradiation results in a 
solution with an Increased oxidation potential. 

This publication will present the results of tests conducted 
on the leading candidate for a 300 year canister, TiCode-lJ (Ti-
0.8J Ni-0.3$ Mo) and on a very common "corrosion resistant" mate
rial, 30k stainless steel (Fe-18% Cr-8< Ni). Results for both 
general and localized corrosion (including stress corrosion crack
ing/hydrogen esabrittlement) behavior in simulated high temperature 
environments will be presented. Also included will be the results 
of experiments convicted in a high intensity o^Co gamma source 
(10 7 rads/hr). From these data it will be concluded that 30l* 
stainless steel does not have sufficient corrosion resistance to 
serve as anything other than a transportation and emplacement can
ister and that TiCode-12 has a high probability of surviving 300 
years and warrants furt er study. 

RESULTS AND DISCUSSION 
General Corrosion 

The uniform corrosion rates of TiCode-12 and 3C4 stainless 
steel (30USS) in 250°C deoxygenated brines are shown in Table I. 
Brine A is a saturated Na/K/Mg chloride brine which is representa
tive of brine inclusions found in bedded salt. One should not 
conclude from these data that both materials would survive for 300 
years as a waste canister. The reason this should not be done can 
be explained by referring to Fig. 1. In this figure are shown the 
electrochemical polarization responses for TiCode-13 and 30*tSS in 
250°C seawater. The most striking observation to be Dade frcm 
these curves is the difference between the potential which separates 



Table I. Corrosion rates in 250°C deoxygenated k 
solutions after 28 days of exposure 

Brine A Seawater 
Alloy (wa/yr) (we/yr) 
30teS 18 6 
TiCode-12 3 1 

the respective anodic and cathodic branches for TiCode-12 and 30l*SS. 
This anodic-cathodic potential spread is an indicator of corrosion 
resistance because to cause appreciable corrosion, the potential of 
the metal nust be driven to the very positive voltages corresponding 
to anodic dissolution. For example, the addition of 500 ppm of dis
solved oxygen at 250°C increased the corrosion potential of TiCode-12 
by 0.6 volts and of 30l»SS by 0.3 volts. As can be seen from rig. 1, 
increases such as these will not significantly affect TiCode-12 dis
solution but will be extremely detrimental to 30^SS corrosion be
havior. The other point to be made from these plot? is that a 
hysteresis in the anodic curve, such as that shora for 30l*SS, in
dicates a susceptibility for passive film breakdown and rapid pitting. 
This same problem exists for TiCode-12, but the potentials and cur
rents which must be applied are much higher than those shown (>2.5 
volts and 25 mA/cm 2). Additionally, both of these metals have been 
shown to support an oxygen current. Localized differential aeration 
cells can result from this which can lead to crevice corrosion. A 
differential aeration cell cannot be totally responsible for crevice 
corrosion in TiCode-12 for reasons pointed out in reference 7. 
However, because of its quasi-susceptibility, this problem was in
vestigated by subjecting TiCode-12 crevices to 250°C and 300°C 
oxygenated seawatp? environments. Crevice corrosion was not evident. 
It should be pointed out that similar tests conducted with commercial 
purity titanium produced crevice corrosion and led to its dismissal 
as u candidate alloy. These observations have been substantiated 
in practice, i.e., 30!*SS does undergo significant pitting and crevice 
corrosion in environments such as the ones used in this study and 
TiCode-12 does not.^»" Penetration rates of the metal due to these 
forms of localized attack are unpredictable, but certainly are 
several times faster than by uniform corrosion of the metal. 

The quantity of electrolyte present at the canister interface 
as a function of time is critical to lifetime assessments for can
ister materials. For example, it has been shown in both laboratory 
and in-situ experiments that both yASS and mild steel will last in
definitely if bedded salt remains absolutely dry. As the water 
contant of the environment is increased up to sat*iration, the cor
rosion rates of 30USS and TiCode-12 also increase to thore shown 
previously in Table I. Another important issue deals with the 
effect of gamma radiation on corrosion processes. As mentioned 
previously, a number of corrosion experiments were conducted with 
simultaneous intense gamma irradiation. The following observations 



were made: (1) the production of brine radiolysis products results 
in an increase in the concentration of solution oxidants. This in 
turn.can significantly increase the uniform corrosion rates along 
vith the susceptibility to stress corrosion and localized atteek 
of many alloys including mild steel and 30l*SS, (2) the effect of 
radiation is a function of the solute concentration, dose rate, and 
total dose, and finally (3) the corrosion rates of TiCode-12 are 
only slightly increased by simultaneous exposure to brines and 
gamma radiation. 
Stress Corrosion Cracking 

Slow strain rate stress corrosion cracking tests were con
ducted in environments representative of proposed repositories. 
These environments included dry salt, saturated brine,and seawater. 
It has been shown that Brine A is more corrosive than seawater;5 
therefore, this environment was used extensively and only confirm
atory tests were conducted in seawater. 

In a slow strain rate test the reduction of ductility of a 
material caused by the environment is considered to be related to 
the susceptibility of the material to stress corrosion cracking or 
hydrogen embrittlement. Ductility data show that 3(ASS is not em
brittled by dry salt at 250°C (0.216 H2O), but is embrittled by 
saturated brine at 250°C. The data also suggest that the optimal 
strain rate for further evaluation of the cracking phenomena is at 
1 x lC-6/Sec or slower. The data for TiCode-12 show that it is not 
embrittled by either dry salt or brine at 250°C. 

The results of tests conducted on both materials in several 
pertinent environments are shown in Fig. 2. The data show that 
30l:SS is very susceptible to stress corrosion cracking in dry sBlt 
when a few percent of water is added. The data also show that if 
Og is removed from the system the material fails in a ductile manner. 
The importance of oxygen t> 30l*SS cracking is also illustrated by an 
experiment where O2 was added to saturated brine and the R.A.* dropped 
from 27 to 2%. The TiCode-12 alloy did not exhibit any significant 
reduction in R.A. in any of the environments tested indicating this 
material has a higher resistance to stress corrosion cracking than 
3C4SS. However, fractographic analysis of a TiCode-12 specimen 
which failed in 250°C oxygenated brine, showed that the environment 
caused some degradation in the near surface regions. The extent of 
the interaction is such that TiCode-12 should not be precluded from 
consideration as a canister material. Tests are underway to further 
quantify the magnitude of the interaction. 

Slow strain rate tests were also conducted on TiCode-12 speci-
mens vhlch has been exposed to high intensity v radiation for 31 
*The reduction-in-area, R.A. is a direct measurement of specimen 
ductility. 



>«-: 
.: f] 

I 7 K * I ! i , / I ^JJ y 
Li f Cfifraion potential: 

3WSS: -0.5V 

-!•-< ' • ' " H ' r " ' • I ' " ' I ' . . , . , , . , . . . . , . II 1 V 

PdertUI <wtts w SHE) 

Figure 1. Polarization Response of TiCode-12 and 30U stainless 
steel in 245°C deoxygenated seavater. (Scan rate -
120 mV/min). Anodic currents are positive and cathodic 
currents are negative. 
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Figure 2. The reduction in area for 30k stainless and IiCode-12 
slow strain rate specimens erpoaed to selected environ
ments at 250°C. 30U stainless steel tests (open bars) 
conducted at lxlO-6/sec,TiCode-12 test (hatched bars) 
conducted at 1x10-5/sec. 
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days (total dose = 8x10? rads) while partially iamersed in a satur
ated brine solution. The estimated temperature during exposure was 
90OC. The test results, obtained at room temperature at strain rates 
of lxlO"5 and lxlO~°/see, shoved that specimen ductility is not sig
nificantly affected by exposure to the radiation source. Fracto-
graphic analysis of the specimen, however did show that the material 
interacts with the environment. A narrow, £lCu,band of material along 
the surface failed in a brittle manner, indicative of stress corro
sion cracking. A test is underway at a very slow strain rate.lxlO"7/ 
sec, to determine if this effect will become more pronounced at 
slower strain rates. If H 2 redistribution is the rate controlling 
process this would be expected to be the case. 

30USS corrosion specimens cracked due to residual stresses 
when exposed to irradiated conditions which were similar to thos? 
discussed for the TiCode-12 experiments. Therefore, slow strain 
rate stress corrosion cracking tests were not conducted on 30^SS 
specimens exposed to irradiated environments. 

CONCLUSIONS 

1. 30^ stainless steel is susceptible to both localized corrosion 
and stress corrosion cracking in CI" containing environments 
and should only be considered for use as a transportation or 
emplacement canister because of the ubiquitous nature of CI" in 
geologic environments. 

2. TiCode-12 is very corrosion resistent material in bedded salt 
and seabed environments. No pitting or crevice corrosion prob
lems have been observed for temperatures s=300°C and uniform 
corrosion rates are typically l-10um/yr. This alloy may well 
survive the desired 300 years. However, further study is still 
necessary to qualify the material for such an extended lifetime. 

3. High dose, high intensity gamma irradiation increases corrosivity 
of CI" containing environments. This effect is being quantified. 

k. TiCode-12 is embrittled in highly oxidizing environments but the 
extent of embrittlement does not preclude its use for canisters. 

FUTURE STUDY 

Although the initial results of TiCode-12 exposures to iso
lation environments appear encouraging, further extensive investi
gation is needed in several areas before this alloy can be quslified 
for a 300 year lifetime. The effect of radiation on repository 
environments probably represent the largest unknown at the present 
time and a program is underway to both define how the environment 
is altered and how the altered environment affects the performance 



of canister materials. The extent of embrittlement in simulated 8 
environments must be quantified and the rate controlling process(es) 
must be determined. 

Very accurate and sensitive corrosion monitoring techniques 
which will enable general corrosion mechanisms to be determined /or 
highly corrosion resistant alloys need to be perfected. This is 
necessary for confidence in the extrapolation of rates to very long 
times. 

The titanium alloy family, and especially TiCode-12, are rel
atively new and therefore no long term environmental degradation 
data ara yet available. A set of experiments is being implemented 
which will be continued indefinitely in order to provide this data 
at some later date. Finally, after the alloy has been qualified 
based on laboratory tests confirmatory tests will be conducted in-
situ. 
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