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OBJECT

To study the feasibility of making the standard salt spray test more
quantitative through the use of radiotracer techniques.

SUMMARY

Salt spray testing is a general qualitative technique used to evaluate
metal surface protective coatings. The conclusions drawn from such testing
are at present arbitrary since comparisons are made with standards which
are sometimes not well defined and which depend upon individual judgment
for determiutag conformity with specifications.

Since salt spray testing simulates the effects of several types of cor-
roston, it was felt that a wedding of the techniques used in measuring such
corrosion with radioisotopic techniques might prove fruitful in making the
salt spray test more quantitative. This report deals with the uses of radio-

1sowopes to study corrosion mechanisms, corrosion rates, surface phe-
nomena, etc., and can provide a point of departure for launching an iaves-
tigation into quantitative salt spray testing.




INTRODUCTION

Faboratory Repore $9-TM1-222 demonstrated the usefulness of isotopic
methods 1o checking government specifications. ! It showed that interpre-
tattons bascd on visual evidence alone, unsupported by quantitative infor-
mutton, can lead to erroncous conclusions. Thus, a visual specification
test designed to provide a means of selecting grease barrier materials did
not indicate the ability of the test grease to penetrate the material but
tndicated instead the penetrating ability of a dye used with the gre ase.
The soundness of judgments of barrier materials based on test results ob-
tatned by this method need not be discussed further.

The determination by salt spray testing of the durability of surface coat-
tnps (organic or metallic) and of whether or not multiple-componen: devices
will coatinue to function after such testing appears to be another case where
the interpretation of the information obtained is usually considered less
important than the manner 1n which the test 1s conducted. To determine
how ttems will withstaad corrosive atmosphere, specimens are carefully
placed in special brine atmospheres where considerable attention is given |
to salt concentration, specimen location, angle of suspension, temperature,
cte. Alter the test has been run for a specified time, or when failure of the
coating or multiple-component occurs before the specified time, the test is
stopped and the visible results are recorded. When the specified time is
related to the go or no-go mechanical operation of a multiple-component de-
_vice, no criticism can be made of this type of salt spray testing. But, in
instances involving an evaluation of the behavior of surface coatings, the
current practice of awatting visible evidence of coating failure due to
corrosive action can stand close scrutiny in relation to a more particular
meaning of 'failure.” It is with this distinction in mind that this report is
wricten, since it 1s iniended to show that a means is available for making
salt spray testing more quantitative and more sensitive.

DISCUSSION
The interaction of elemental metal with most environments generally ex-

plains why fcw metals are found in a pure state. Beacuse of the extensive
use of metals in modern technology, it is important to consider how this

r(: White and R. Graybush, *""The Use of a Cl4-Labeled Test Reagent To Determine
Grease Proofness of Barrier Macerials,*” Picatinny Arsenal, 1959.




reactivity and the environment combine to affect the usefulness of the metal.
Where 1t is known that the effect of the environment is adverse, protective

v casures are taken by using special surface coatings (metallic or organic)
which are known to be inert to the environment. If the coating is not inert
then it must be capable of reacting with the environment to produce an inert
barrier. The corrosive salt spray test is the standard means of measuring
the durability of the coating by observing the elapsed time before failure.
However, this general laboratory test is of only limited value in making
qualitative judgments since the experimental conditions may not be dup-
licated by the field conditions. The conclusions drawn from the test are
based on gross evidence, but they have been widely accepted because of

a lack of impetus for applying more sensitive methods to obtain more precise
informatica. '

Standard salt spray tesding procedure calls for the immersion of coated
(organic or metallic) specimens in an atmosphere of salt spray vapor where
«alt concentration, temperature, and humidity are specified. The specimen
1s allowed to remain in the vapor atmosphere until there is visible evidence
cither that the surface has failed or that the surface is still intact on
completion of some preselected time period. This procedure may take many
hours to complete and the time required for the test may exceed the time in
which microscopic surface failure occurs. This holds true i~r evaluating
both surface failure and surface intactness. However, the appearance of

the base metal is the only criterion that is used at present to determine
whether the surface has or has not reacted with the corrosive environment.

It can be expected that any technique which would make possible the
detection of base material in advance of visual indications of surface re-
action would represent an advance in salt spray testing technique. Com-
pletion of the test would take less time and the duta would give a truer in-
dication of the actual condition of the surface coating.

Motivated by a desire to place the interpretation of salt spray testing
on a sounder foundation, the Nucleonics Research Section of FRL, orig-
inally under the auspices of QAD, undertook an investigation of the use of
isotope techniques to achieve greater sensitivity in salt spray testing. The
use of such techniques would, without altering the general conduct of the
salt spray test, make possible the achievement of the detection sensitivities
characteristic of isotopic techni jues (Table 1). The specific technique ”
might be implemented either through neutron activation or by the use of
radioisotopes available from standard commercial sources. Thus, the use




of nuclear detection equipment to show the presence of radioactive metal
could provide more quantitative data on the fate of the protective plating
and the base material.

TABLE 1
Delection sensitivities of several isotopes

Upper Limit of

Element Half-life Sensitivity (jig)
™t 27.84d 5 x 107°
Fe* 47 d 1~ 1072
Co* 5.3y 4 ~ iO"
it 2.6 h 9~ 10~
o 125 h ¢ x 107
Z0% 52 m 1~ 1077
& L 43 d 2~ 167
Sn*?! 27.5h | 7 % 107

Techniques involving neutror activation wuld require that metal speci-
mens be placed in a reactor where the interaction of thermal neutrons and
the nuclei of metallic species would produce radioactive isotopes. The
radioactivity of the isotopes produced would be an integral part of the
specimen and could be used to indicate the presence of metals in very
small concentrations. The use of commercially available isotopes as a
substitute for neutron activation is possible, though incorporating them
into any given material involves more handling. Depending upon the objec-
tive involved, it is conceivable that both sources of radioactivity might be
used in a single experiment. The correlation of radioactivity with amount
of metal might make possible the use of nuclear detection equipment to
indicate the presence of radioactivz metal and provide quanritative infor-
mation concerning the fate of tie protective plating as well as the base
material. Koch lists detection limits obtainable for elements that are
commonly used as protective plates.' The values listed in the last column

YKoch, Activation Aralys:s Handbook, Academic Press, 1960,




represent the weight of element which will yield 1000 dpm after irradiation
tn a flux of 10" n/cm/sec after saturation, or after a 30-day period if the
kalf-life is more than 30 days long. It should be realized that large samples
(50- 100 g) could not be irradiated to the extent indicated by Koch’s Table 1
since the radiation produced would present great handling problems. How-
ever, activity data for the small amounts of materials that can be measured
by this technique indicates that, even after only partial activation by neu-
rroas, it may be possible to detect corrosion products in smaller concen-
trations than kave been measured up to the present.

The successful conclusion of an investigation yielding a definite tech- -
nique could make possible more cogent interpretation of quantitative data
and beteer prediction of surface coating behavior in order to provide for
extended protection of metallic surfaces.

A literature scarch, conducted as a necessary preliminary to a plaanned
investigation of salt spray corrosion, revealed that isotopes have not been
used extensively in corrosion research. A review of the literature from
1946 to the present produced only 18 references dealing with radioisotopic
studies of corrosion, and none of these references deal with salt spray
corrosion. Because the reaction rates are slow and the amounts of materials
involved are small, corrosion phenomena can readily be studied by radio-
isotopic techniques. The use of such techniques to study salt spray cor-
rosion seems to be indicated by the results of studies of corrosion in general.
Such studies indicate that principles derived from the investigations of
other phases of the corrosion problem may be applicable to salt spray test-
ing.

Most of the isotopic tracer studies of corrosion have been concerned with
mechanisms (Refs 2, 4, S, 7, 9, 10, 12, 14, 15, and 17). Such studies char-
acterize the types of corrosion occurring in a system, explain how material
is removed from metallic surfaces as a result of specific reactions, and
relate the external influences connected with the reactions to a corrosion
process. Principles derived from such studies may be used as a basis for
conjecture as to why corrosion occurs in salt spray testing. Thus, princi-
ples are cited to account for the lack of reproducibility of laboratory tests
and field tests as well as to explain why the surface should be active |
towards the brine, ctc.?

'F. L. Laque, Interpretations of Tests and Correlation With Service, ASTM 320 National
Metals Congress and Exposition, Chicago, 1960.
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Very tittle work ix reporied dealing specifically with corrosion rates (Refs
I, 2, 3). Usually such studies are concerned with solubilities of metals in
electrolyres and the rates at which such solubilities cause metals to be
removed from the surface. This type of study can be applied to incipicnt .
salt spray corrusion to determire what is happening to the surface before
any change 1s visible. Roicrences 1. 2 and 3 deal specificatly with sol-
ubtlity tests, and there is no reason why the approaches indicated in these
studies cannot be applied to salt spray corrosion. The exposure of base
metal has a microscopic beginning. resulting from surface solubility, and
isotopic techniques could suppiy the sensitivity necessary for determining
the minute quantities ~f materials dissolved from the surface as well as
escaping through the pores and pinholes resulting from corrosive action.
A base metal made radioactive by neutron irradiation or plated with a layer
ot "hot"’ base metal could he used to check for microscopic corrosion by
wonttoring the salt spray wash for activity. Combining a radioactive pro-
tective coating and a radioactive base metal would make it possible to
concunecutly determine corrosion rates and the appearance of pinholes re-
sulting from salt spray testing. Moreover, the detection of base metal would
.adicate the presence of pinholes in surfaces that, upon visual examination,
had been declared intact, and would give some insight into discrepancies
between laboiatory test results and field test results. It can be reasoned
that a test could proceed to a point where microscopic surface damage
existed hir was undetected because of the gross nature of the standard test. .

The influeace of radiation on corrosion (Refs 6, 12) arises wherever high
acuavities are encountered. Aithough it might be anticipated that the acti-
vities needad to enhance detection efficiency in an incipient cotrosion in-
vestigation could exhibit such effects, this phenomenon is not expected
to be signtficant. Admittedly. the activity produced by neutron irradiation
and required in such a study may be higher than is normally encountered
in most laboratory work, but it would be below the levels which contribute
to any deviations from normal behavior. Should doubt arise about the exist-
ence of radiation effects in a corrosion study, verification can be made by
warking with samples originating from .adioactive material and by activating
samples obtained from working with stable materials afrer the completion
of experiments. By comparing the results obtained from the radioactive and
non-radioactive materials, the influence of radiation can be determined.

Corrosion is, in gencral, a selective process occurring within localized
areas of the surface. It can be ascribed to concentration effects and cath-

odic or anodic conditions produced by electrolyte and dissimilar metals. .




Localized phenomena cun account for surface solubility resulting in the
breaching of a protective surface. This phase of corrosion can be con-
sidered as being concerned with the adsorption of ions and the active sur-
face for such ions on plated surfaces. The areas involved in such adsorp-
tion are considered to be sites for specific reactions which result in sur-
face so ubility (Refs 8, 10, 11, 13. and 16). The amounts of adsorbed mate-
rials are small, assuming monolayer adsorption, and could be studied by
using radiotsotopic techniques. This approach could be expanded to include
a study of salt spray corrosion as a function of surface trteatment to deter-
mine how this factor is related to the failure of surface coatings.

All of the phases ot corrosion mentioned above can be related direcily
to salt spray corrosion. In order to make corrosion testing more quantitative,
it 15 intended to employ the tracer techniques previously established to
study solubility rates and surface effects. The successful use of radio-
isotopes for similar studies indicates that this objective can be success-
fullv pursued. The fact that special equipment may be needed in addition
to the conventional equipment need not adversely affect the thought of
undertaking such testing. The added cost of such equipment wouid be out-
weighed by the advantages to be gained from making the test more precise.
Such cquipment, though specialized, need not be too expensive.

The literature search was originally undertaken to determir.e to what ex-
tent radioisotones had been employed in salt spray corrosion study. The
sources searched disclosed no references specifically on the subject and
there are relatively few references on corrosion and raidoisotopic techniques
generally.

However, it is telt that this general review will give the reader some
idea of the scope of the field and serve also as a source of basic infor-
mation on experimental techniques. This review has suggested to the authors
that it may be possible to use the techniques in a general field to study
phenomena in a particular field. It is hoped thereby that it may provide
information for converting a purely qualitative test to a quantitative test
which will be of greater value.

SOURCES

The following sources of information were examined:

Chemical Abstracts, 1946 to present
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Revieu of Metal Literature, 1950 to present

Metal Finishing

Nuciea. Science Abstracts, 1958 to present
Metallurgical Abstracts, 1958 to present

Journal of Electrochemical Society, 1957 to present

Chemical Engineering News, 1955 to present

Corrosion, 1958 to present

A 5. T.M. Standards, 1954 to present

Proceedings U.N. International Conference on Peaceful Uses of Atomic
Energy, 1958
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