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FOREWORD

Dur ing an electrochemica l study of atmospheric corrosion phenomena

funded by the Office of naval Research, (Contract No. N000l4-75-C-0788)

a num ber of publ i cations related to basic aspects of atmospheric cor-

ros ion have been col lected . The more important papers are enclosed

in this bibliography in a chronological manner. If an abstract was

provided by the authors , it is included .

This collection of papers on atmospheric corrosion is by no means

complete. Many publications related to organic coatings , exposure

tests , etc. have not been included since they did not contain in-

forma ti on of basic nature .

~ .

•Th is bibliography is part of the Final Report (SC5030.7FR) prepared

by F. Mansfeld , principal investigator , for the Office of Naval Research.
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total corrosion occurred during the hours when the rainfal l was
suff icient to register on the gauge. A further 35—40% was due to the
effects of humidity , and the balance is presumed to have occurred during
periods of drizzl e and when the specimens remained wet after recordable
ra infal l had ceased . Measur ements were made of the corrosion rate of
previously rusted specimens under various humidities , and a marked
increase in the rate was observed when the relative humidity was over
80%. A quan titative estimate of the corrosion due to rainfal l and to
var ious ranges of humidity has been attempted . Observations were made on
the effects of the weather prevailing at the start of exposure , the
annual shedding of rust , the expansion when this cannot occur , and the
sul phur content of rust formed under various conditions.

1949

“Effect of Weather on the Initial Corrosion Rate of Sheet Zinc ”
0. B. Ell is
Proc. ASIM 49 , 152 (1949)

The we ight losses of 26 samp les of sheet zinc exposed for periods of 28
days in a mild industrial a tmosphere have been studied with relation to
weat her variations during the periods of exposure. There were five
specimens in each sampl e. A multip l e correlation analysis of the data
has shown that the 28 day weight losses can be correlated with the number
of hours of rainfall and the number of hours the relative hunidity was at
or near 100 per cent during the first five day s of exposure. Rainfall

• 1 an d humidity after the first five days were much less effective in

• determining the corrosion rate than that during the early part of the
exposure. The effect of the initial attack carries through to at least
one yea r. Samples that had hi gh ini tial corrosion rates showed higher
corrosion rates after twel ve months ’ exposure than the sam ples that
corroded initially at low rates. The weather conditions that resul ted in
great variations in the initial rate of attack on sheet zinc did not have
a similar effect on the initial rate of corrosion of l ow—copper iron.

1950

“A tmospheric Factors Affecting the Corrosion of Steel ”
P. J. Sereda
In d. Eng. Chem ., 52 (2) ,  157 ( 1950 )

Measur em ent of temperature , su lfur d iox ide , and surface moisture has
resulted in systematic evaluation of the a tmospheric corrosio n of steel
and should provide a basis for the rating of inland exposure sites.
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1951

“Adsorption of water vapour on solid surfaces”
F. P. Bowden , and W. R. Throssell
Proc. Roy . Soc.A.,-209, 297 (1951)

An experimental study has been made of the adsorption of water vapour on
solid surfaces. Two methods are used , the first a direct weigh i ng of the
adsorbed film on a mi crobalance and the second an examination of

• polarized light reflected from the surface. Both methods agree and show
that , for the surfaces examined , the adsorption of water at vapour
pressures near saturation corresponds only to about two molecular
l ayers. The experiments suggest that the heavy adsorption , which has

• been previously observed and wh i ch has been quoted as evidence for long—
range surface effects, is due to contamination.

“Adsorp tion of Water Va pour on Solid Surfaces ”
F. P. Bowden , W. R. Throssel l
Nature , 167, 601 (1951)

1953

“The Effect on Climate and Atmospheric Pollution on Corrosion ”
1. C. Hudson and J. F. Stanners
J. App i. Chem., ~~ 86 (1953)

The results of routine observations on the corrosion of the small
reference specimens of i ngot iron and of zinc exposed at the a tmospheric
testing stations of the Corrosion Committee all over the world are
presented and discussed. The data , which relate to more than 20 sites
and to up to 20 separate annual tests at each , provide a good indication
of the effect of clim atic differences on a tmospheric corrosion. In great
Britain , where for most of the year the climate is sufficiently humid to
promote corrosion , the determining factor for its severity is the sulphur
pollution of the air. Tests made in collaboration with the Fuel Research
Station at 16 sites where the a tmospheric pollution is measured have
shown an almost perfect correlation between the amount of sulphur dioxide
taken up from the a tmosphere by lead peroxide pollution gauges and the
rate of corrosion , both for steel and zinc. In the absence of sulphur
pollution , corrosion at the sites overseas is generally sl i ght; in dry
climates it is neg li gible. For exampl e, tests at Delhi indicate that the
resistance of the Delhi pillar to corrosion is to be attributed to the
mildness of the corrosive conditions there rather than to any superiority
of the iron itsel f . Corrosion on surf beaches in the tropics may ,
however , be exceptionally severe. ~t Lighthouse Beach , Lagos , Nigeria
and at Kure Beach , N.C., U.S.A. , the rates of corrosion for steel are
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abou t five times greater than those in the most corrosive i ndustri al
atmospheres in Great Britain. The severe corrosion at these places is
associated with the salt spray from the sea, and the rate of corrosion
falls off rap idly with increasing distance from the surf line.
Prel iminary tests on specimens exposed at different heights on the Sutton
Coldfield tel evision mast suggest that the effect of distance from the
ground is secondary to the natural variations in rates of corrosion from
one year to another. Some details of experimental technique are

H discussed . Work , in which American investigators have collaborated , has
confirmed that at low copper contents variations of a few hundredths of
one per cent in copper content have a ma rked effect on the corrosion—
resistance of i ngot iron. Because of the increasing difficulty in
controlling the copper content of different batches of ingot i ron, the
small reference specimens used in the Corrosion Committee ’s most recent
tests have been made of copper—steel instead of ingot i ron. The copper-
steel now in use contains about 0.3% of copper; minor deviations from
this figure should not affect the corrosion rate within the experimental
error. It has also been found that , although it is advisable to stir the
inhibited hydrochl oric acid solution (Clarke ’s solution) used for
derusting iro n or steel specimens after exposure , failure to do so does
not impair the accuracy of the results , at least for ingot i ron or
copper—steel.

“The Problem of Atmospheric Corrosion of Metals at Relative Humidities Below
1 Af lW~~ivu ,,

V. V. Skorche l letti and S. E. Tukachinsky
J. App i . Chem. USSR , 26, 27 (1953)

“Corrosion Resistance of High—Stren gt h Low—Alloy Steel s As Influenced by
Composition and Enviro nment”
C. P. Larrabee
Corrosion , 9, 259 (1953)

The corrosion resistances of several high— strength low—alloy steels in
various atmospheres , in natural waters and in soil are compared with
those of struc tural coppe r steel and structural carbon steel in the same
environments. The effects of the many variables that influence the
corrosion of these steels in the different media are ful ly discussed.
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• 1954

“Rel ative Humidity—Temperature Relationships of Some Saturated Salt Solutions
in the Temperature Range 0 to 500 C”
A. Eexler and S. Hasegawa
J. of Res. of the Natl . Bur. of Stds. 53 (1), 19 (1954)

The relative humidity—temperature relationships have been determined in
air in equilibri um with saturated salt solutions of lithium chl oride ,
LiC 1 H2O; magnesium chloride , MgC17.6H20; sodium dichromate ,
Na2CrZ 02H 20; magnesium nitrate , Mg(N03)2 6H20; sodium chloride , NaC1;
animonium suTfate , (NH4)2S04; potassium nitrate , KNO 3~ and potassium
sulfate , K2S04, over a temperature range of 0

0 to 5O’~ C , using the
dewpoint method. The relative humidity is a continuou s function of
temperature , and , except for sodium chloride , is monotonic. The curve
for sodium chloride increases from 74.9 percent relative hunidity at 0°C
to a maximum ot 75.6 percent at 30 °C and then gradually decreases to
74.7 percent. The maximum change in relative humidity with temperature ,
about 15—percent relative humidity as the temperature increases form 00
to 50°C, occurs with saturated salt solutions of sodium dichrornate and
magnesium nitrate.

1955

“Co rros i on As pec ts of A i r Pollu ti on ”
L. Greenburg and M. B. Jacobs
Amer. Paint Journal , 39, 64, (1955)

“Atmospheri c Galvanic Cou pl e Corrosion ”
K. G. Compton , A. Mendizza and W. W. Bradley
Corrosion , 35,383t (1955)

Tests designed to provide fundamental info rmation explaining the behavior
of gal vanic cou ples in the atmosphere are reported. The purpose is to
permit prediction of their probable relative behavior. Measurements of
weight losses of cou ples in a marine , an industrial and a severe tropical
atmosphere are reported. Tests involving thin sheet electrode material
separated by filter paper saturated with electrolyte are reported .
riateria ls tested include alumi num , magnesium , stainless steel , copper ,
cadmi um , z i nc , nickel , tin , chromi um , lead electrop late , silver , low
carbon steel and others. Potential measurements and weight loss data are
given. Specimens exposed to the a tmospheres show several apparent weight
loss anomalies. Measurements of corrosion currents described provide a
quick means for determining probable relative corrosion behavior of
couples. Differences between coupl es “exposed ” and “sheltered ” are
noted. Quantitativ e data provided are intended to be useful to the
design engineer.
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1956

“The Atmospheric Corrosion of Rolled Zinc ”
E. A. Anderson
ASTM STP 175, 126 (1956)

The corrosion of zinc in the atmosphere is control l ed by three pr i ncipal
factors: (1) the frequency of rain and dewfall , (2) the acidity of the
moisture , and (3) the rate of drying. The corrosion rate is a maximum in
i ndustrial locations which combine acidic atmospheric contamination with
prevalance of heavy mi sts and dew. The composition of zi nc has only a
minor bearing on the corrosion rate. Corollary data are presented which
explain the findings in exposure tests conducted by Subcommittee VI on
Atmospheric Corrosion of Committee B— 3 on Corrosion of Non—Ferrous Metal s
and Alloys.

“Sulfur Dioxide in New York City Atmosphere ”
L. Greenburg and M. B. Jacobs
m d .  & Engrg. Chem . 48 (9), 1517 (1956)

This two—year study shows that hi ghest concentrations of sulfur dioxide
occur during temperature i nversion periods. In all such instances
weather conditions extend i ng far beyond the area are the controlling
factor.

“Atmospheric Corrosion by Nuclei”
R. St. J. Preston and B. Sanyal
J. Appl . Chem ., 6, 26 (1956)

Bare and varnished steel contaminated by nuclei produce, in humid
atmospheres , the type of corrosion characterised by filamental
configuration and known as filif orm . With some nuclei , corrosion takes
pl ace at relative humidities bel ow 60%. Filifo rm corrosion is
characteristic of, and the primary phase in , electrolytic corrosion in
atmospheric conditions , but the rate of attack varies from one
electrolyte to another and with the degree of humidity . In several
c ases , corrosion attack has been found to be greater at 70% relative
humidity than at 99% relative humidity . The presence of highly
hygroscopic salts in the atmosphere can initiate corrosion , even at low
relative humidities. Nuclei on the outisd e of a varnish film will
generally start corrosion earlier than those beneath the film , especial ly
if water is present on the surface.
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1957

“Massna~v~en zur Verhinderung der Korrosion durch Au fbereitung der Atmosphare ”
A. Kutzelni gg
Werkstoffe und Korrosion , 4, 492 (1957)

“Uber die durch hygroskopi sche feste Korper verursachten Metailkorrosionen ”
A. Bukowieck i
Schweizer Archiv —A nna les Suisses , 23 (4) ,  97 (1957)

1958

“Role of Conden sation in the Corrosion of Steel by Moisture & Sulphur Dioxide ”
B. Sanyal , 0. V. Bhadwa r
J. Sci. Industr. Res., 178, 287 (1958)

“A Polarograph ic Study of the Corrosion of Iron and Some Ferrous Alloys by
Sulfur Dioxide ”
F. J. Bowen and A. H. Grop p
Corrosion , 14, 50 (1958)

A study was made of the manner in which sulfur dioxide attack s iron and
ferrous alloys. A polarographic method was used to follow the changes in
the sulfur dioxide concentration. Tests were made on one pure iron and
seven low alloy steels exposed to sulfur dioxide over 12 hour periods.
Etensive data are repo rted on the rate of consumption of sulfur dioxide
by the various test samples. A corrosion mechanism involving the
reduction of sulfurous acid by i ron to give the sulfide is discussed .

“Measurement of Surface Moist ure ”
P. J. Sereda
ASIM Bulletin 228 (Feb), 53 (1958)

At its meeting in 1956 the Task Group on Measurement of Atmosph eric
Factors of ASTM Committee 8—3 on Corrosion of Non—Ferrous Metals and
Alloy s decided to study surface moisture as one of the important factors
in corrosion of metals. At the fleeting the author volunteered to
undertake to develop instrumentation to record the time—of—wetness on
exposed metal samples. This paper reports the work carried out by the
Division of Building Research of the National Research Council of Canada
and some of the preliminary results.
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• 1959

“The Corrosion of Metals in Synthetic Atmospheres Containing Sulphur Dioxide ”
B. Sanyal & 0. V. Bhadwa r
J. Sci. rndustr. Res. 18P1, 69 (1959)

The mechanism of atmospheric corrosion of metals has been investigated by
measuring the rates of corrosion of aluminium , copper , nickel , zinc and
mild steel in humid synthetic atmospheres containing sul phur dioxide.
The effects of varyi ng humidity , temperature , sul phur dioxide
concentration , duration of exposure of the metals , single or in
combinations , on the rates of corrosion have also been i nvestigated . It
has been observed that each metal requires a minimum humidity for the
initiation of corrosion. Aluminium exhibits a critical humidity (80 per
cent R.H.) at which the rate of corrosion is accelerated ; mi ld steel
exhibits critical humidities of 60 and 75 per cent R.H., and copper and
zinc do not exhibit any. The rates of corrosion of the metal s depend on
the temperature of the atmosphere , the thickness of the moisture film on
the metal surface, the nature of the corrosion products and the
permeability of the films of these products to moisture and acid. Rise
in temperature increases the rate of corrosion as a resul t of

• acceleration of the chemical reaction between the metal and the acid , up
to a point , beyond which it falls due to lower solubi lity of sulphur
dioxide in water vapour which does not get condensed on the metal

• surface.

“Design and Interpretation of Atmospheric Corrosion Tests”
H. R. Copson
Corrosion , 15 533t (1959)

Princ i ples under which atmospheric corrosion tests are made are much the
same as those applicabl e to other types of testing. Considered , among
other things are uses of accel erated tests, specimen size , location of
te_t sites , differences in atmospheres , differences in metals and
influence of alloying constituents. Mounting procedures, shape of
specimens , drainage , infl uence of rainfall , infl uence of climatic
variations , uses of shelters , reproducibility , test duration , evaluation
of results.

“Reaktionsmechanismus der atmospharischen Korrosion der Metalle in feuchter
und nit Schwefeldioxyd verunreinigter Luft ”
K. Ba rton und E. Beranek
Werkstoffe und Korrosion ,10, 377 (1959)

8
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“Repo rt of Subgrou p of Subcommittee VI I , on Corrosiveness of Variou s
Atmospheric Test Sites as Measured by Specimens of Steel and Zinc ” Proc.
A STM , 59 , 183 (1959)

1960

“Some Observations on the Atmospheric Corrosion Product of Steel”
J. B. Harrison and 1. C. K. Tickl e
Chemistry and Indu ’ try, 1383 (1960)

“Atmospheric Factors Affecting the Corrosion of Steel ”
P. J. Sereda
m d .  Eng. Chem . 52 (2), 157 (1960)

Measurement of temperature , sulfur dioxide , and surface mo i sture has
resulted in systematic evaluation of the atmospheric corrosion of steel
and should provide a basis for the rating of inland exposure sites.

1961

“Die Aq uiva lenz der atmospharischen Korrosion von Zink und Nickel mit den aus
der Luft aufgenommenen Schwefeldioxyd”
G. Schikorr
Metal l , 15 (10) , 981 (1961)

“Atmospheric Corrosion Testing of Metals in Canada ”
E. V. Gibbons
Corros i on , 17, 318t (1961)

The atmospheric corrosion resistance of metals is evaluated after
exposure in a number of differing Canadian enviro nments. Test sites
included rural , i ndustrial marin e—industrial , marine , far northern and
semi—industrial. Metals exposed include three aluminum alloy s, alum inum
coupl ed metals , carbon steel , copper—bearing low carbon steel , low alloy
copper -nickel—beari ng steel , low alloy copper— nickel —bearing steel , three
stainless steels , two magnesium alloys, and rolled zinc. Test exposure
periods varied from one to ten years.

“Atmospheric Corrosion of Metals ”
I. L. Rosenfeld
1st m t. Congr. Metallic Corrosi on , London (1961), Butterwo rth , P. 243

The paper describes the electrochemical methods of investigation that
have been developed for stdying atmospheric corrosion in thin electrolyte

9
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l ayers. Some theoretical aspects of atmospher ic corrosion , resul t ing
from the data obtained with the ai d of the methods mentioned , are
considered and some new views on atmospheric corrosion nechanis m s are
sugges ted. The rate of oxygen depolarization in thin electrolyte l ayers
beginning with h = 3 10~~cm increases according to the hyperboli c
law. The dependence of the oxygen reduction rate on the thickne ss Df the
diffusion l ayer is determined by the equation iö = O~190 x 10-5 Acm 

1
case of ma ny industrial metals (iron , steel , z i nc , magnesium) the anodic
reaction of metal ionization proceeds very sl~~ily in thin l ayers. The
oxygen depolar ization rate increases markedly in the course of
elect rol yte evaporation from the metal surface.

“The Atmospheric Corro sion of Steels as Influenced by changes in Cher~icalComposition ”
C. P. Larrabee and S. K. Coburn
1s t Intl. Congr. Metalli c Corrosion , London , (1961), But terworth , p. 276

The method used for testing steels in the atmosphere is described and the
types and relative corrosivity of different a tmospheres compared . The
results of l ong—t ime—expos ure tests are pl otted to show the shapes of
time—co rrosion curves of steels with varying corrosion resistances. The
effect on corrosion resistance of steel s having variations in chromium ,
copper , n i ckel , phos phoru s and silcon is given for each el ement and when
present in certain combin ations. Data are taken from individual 15—year
tests in industrial , semi—rural and marine atmospheres. Two hundred and
seventy steels with three variations of chrom i um content , f i ve of cop per,
two of n i ckel , three of phospho ru s and three of silicon were tested .

“Atmospheric Corrosion by Electrolyte Nuclei”
B. Sanyal and D. V. Bhadwar
J. Sci. Industr. Res. , 21D , 243 (1962)

The atmospheric corrosion of mild steel , aluminiu m , copper , zinc , brass ,
tinpiate , galvanized iron and lead , representing common engineering
metals , by nuclei of selected electrolytes representing the corrosive
const ituents of metal treatment materials likely to be left as residues
on metal surfaces has been investigated under controlled conditions. A
ne’~i techn i que has been devel oped for inoculating the metal surfaces with
the electrolyte nuclei which consists in depositing a definite quantity
of the electrolyte on the metal surface by immersing metal spec imens i n
aqueous solutions of the electrolytes for a few seconds and drying in
vacuu m and at 100°C. The corros ion rates of the different metals have
been , i n general , found to be in the followi ng descending order: m i l d

• s teel , galvanized iron , z i nc , copper , brass , tinplate , l ea d , alum iiiun ;

10
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of these metals , only the first four undergo appreciable corrosion. The
chlorides are more corrosive than the sulphates. Corrosion rates
increase with increase in humidity , temperature , period of exposure and
concentration of electrolyte onn the metal surface. Corrosion is also
infl uenced by the pH of the solution used for i noculating the metal
surfaces. In the case of mixtures of electrolytes , the corrosive effec t
of one electro lyte is not infl uenced by the presence of other
electrolytes and the total effect is additive. Corrosion under immersed
cond itio , s is muc h lower than that due to atmospheric corrosion by nuclei
of electrolytes , but aeration of the electrolyte solution under immersed
condition causes rapid increase in the rate of corrosion , which finally
approaches that under atmospheric exposure.

“Corros ion of Steel”
J. H. Greenblatt and R. Pearlma n
Chemistry in Canada , 21 (1962)

The effects of some possible atmospheric contaminants on the corrosion of
steel at three different humidities and temperatures were investigated in
a series of simpl e laboratory tests. The trends observed confirm trends
observed by different workers in outdoor exposures at different sites and
indicate that there is a comp lex interpl ay between the effects of
contaminants , humidity and temperature.

“Alum inium Alloy s Corrosion Behaviour in an Industrial Enviromi ent ,”
F. F. Booth and K. G. Lati’ner
Corrosion Techno logy , 315 (1962)

I n  1948, as part of a comprehensive long—te rm invest igat ion of the
corrosion resistance of aluminium alloys , a tmospheric exposure tests were
undertaken by Aluminium Laboratories Ltd. , Banbury , at a number of
corrosion sites. This paper deals with the examination of Strips cut at
variou s ti m es from sheet panels that were exposed in an industrial area
at Stratford , London. The panels included most of the standard
production alumi n ium alloys , mild steel , galvanized steel and 18/8

• stainless steel.

“Effects of Air Pollution on the Atmospheric Corrosion Behavior of Some Metals
and Al loy s”
E. A. lice
J.of the Air Poll. Control Assn .,12 (12),553 (1962)

11
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1963

“A Rapid Me thod f o r  1)e te rm in r rig the Cor ros lv i  ty of the  At riros phere at any
Loc a on ”
P. . Doy l C .i~k1 H. P. Godard
‘~at ure , 200, 1167 (1963)

~~~~~~~~~ stee l struc t ures — a new concept ”
S. K. Coburn , G. W. G i l l i la nd , J. C. Poh i mna n
El e ct  r. En gr., hbb (1963)

Cer ta in  h ig h—strength low—al ioy steels fo rm a se l f—pro tec t i ng  oxide f i l m
• th at  permits their exposure to the a tmosphere in the hare or uncoated

condit ion. These s teel s are finding appl i ca t ion s  ranging from
• transmission towers to di stribution transfo rm ers on electric power

systems. A detailed dis cussion is presented of how one of these steels
can be used to advantag e for outs ide structures , part i cularly in those
areas where maintenance costs of galvanized and pa inted struLtures are
hi gh.

“Gem I van ic Corro s io n Behavior of Al um i nuni in the Atmosphere”
• 

~ ~ Godard
~lj ~er i al s Protect i on , 2 ( 6 ) ,  38 ( 1°b3)

U~i re— on—bolt test assem blies were used to deter’ni tie gal van Ic corros ion
behavior of al uni numn in contact with eight other ’ metals when exposed o
var iou s atmospheres . Test procedure arid e r mv i  ror~nents at  s i t e s  are

• g iven. Describes net hod of dete m u  n i rug corrosio n 1 os s due to gal van i c
corros ion. Tabular data sum mari zes tes t  resul ts .  Resu l ts  a lso  are given
on crev ic e corrosion behavior of a lu mn i numn in the a tmosphere.

“Uher den Mechan I sinus des at mnospha r i sc hen Roste ns des Ci se ns ”
G. Sch iko rr
~j~~ r ’k s t o f f e  urid Lorros ion , 14 (2 )  , H ( 19 t~3)

“A Rap 1(1 Met hod for Pete miii iii rig the Corros iv i ty of the A t r~mos phere at any
• Locat io n ”

U) . P. floy l e and Hugh P. Godard
• Na t ure , 200 , 1 1&~ 7 ( 1°~3
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1964

“E influss der Korrosionsprodukte auf den lanyzeitig en Verlauf der
atnosphari schen Korrosion ”
K. Barton and 0. Cermakova
Werkstoffe und Korrosion , 15 , 374 (1964)

“Einige Betrachtungen uber die Wi rkung des Kl fma s auf die atmospharische
Korrosion der Meta l le ”
J. C. Hudson
Werkstoffe und Korros ion ,15,363 ( 1964 )

“Die Bedeutung des Schwefe ldioxyds fur die a tmospharische Korrosion der
Metal le”

• G. Schikorr
Werk stoffe und Korros ion , 15 , 457 (1964)

“El ektrochemi sche Merkma le der a tmosphari schen Korrosion ”
H. Kaesche
Werk stoffe un d Korros i on , 15, 379 (1964)

“Atmospharische Korro s ion einiger wicht i ger System ne aus Grund meta llen und
• 

• iruetal lischen Uberzugen ”
K. Muller
‘4erkstoffe und Korrosion , 15,533 (1964)

1965

“Die Abw itterungsgeschwindigk eit unlegiert er Stahl e in Land— , Meeres— un d
In dustrie luft ”
E. Brauns und U. Ka l la
Sta hl ‘i . E i s e n 85 , 406 (1965)

Corros i on rate of plain carbon steels in land , sea and industr ial
atmospheres. Determination of the corrosion rate of pla in carbon
shipbuilding steels by field tests in land , sea and i ndustrial
atmospheres over a test period of seven years. Effect of the node of
killing the steel and of treating the samples by brushing and by p ickling
oith addition of inhibit ors after weathering on the test results.
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“Studies on Atm ospher ic Corr osion of Steels Related w ith M eteorological
Factors in Japan. Multipl e Correlation of Meteorological Factors and
At mos pheric Po l lu t ion  Substances o n Co rros i on o f S teel
K. Ona , 1. Sugano and V . Kirai
Boshoku Gijutsu , 14, 16 (1965)

“A spects of the Atmospheri c Corrosion Cl i mnate ”
S. Oden - •

I /A : s  Korrosionsna mnd , Bull.  No. 45 , Stockholm ( 1965)

“Ve rg leich der Ergebnisse elektroche ni scher Messungen an niedr ig leg ie r ten
Stahi en mit ihren Verhal ten beim Rosten ”
G. Becker
Ar c hiv fur das Eisenhutten wesen , 3 6 ,  489 (1965)

C ornpari son of the results of e lect ro—che m ical  measure ments on low al loy
steels with their behaviour in rusting. The measuring of electro—
chemical parameters of low alloy steels to determine a relationship with
the results obtained from natural rusting tests. Relation between the
degree of rust and st eady and activation potential.

“Uritersuchungen uber die Wi rkung des El sen ( 1 1 ) — s u l f a t e s  beim a tnosphari schen
Rosten und beimn Unterrosten von An strichen , Te il I”
H. Schwa rz

• Werkstoffe und Korrosion , 16 ,93 (1965)

I
“Die theoretische Deutung der Elsen ~~1)—su lfat -N ester in atm ospha rischen
Rost , Teil  II”
H . Schwa rz
Werkstoffe und Korrisi on , 16 , 208 (1965)

• 
- “Electroche nical Mechanis m af Atmospheric Rust ing ”

U. P. Eva ns
Nature , 206 , 980 , (1965)

i~66

“Add~ tives prevent low carbon steel corrosion in sulfurou s acid
• ~~. ~c~eo(1 and ~

‘ . R. Rogers
• Ma~ . Prot . 5. 29 ( 1966)

‘~il I steel  in contact w i th  an aqueous so lu t ion  o~ sul furou s acid C d f l  ‘~
:rorected fro m corrosion by the use of an in h ib i to r  consistin g af

14
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amnoniun oxa l a te  and hexarilne. The experime ntal resul ts lead ing to t h i s
di scovery are described in this article.

“The Infl uence of Salts in Rusts on the Corrosion of the Underl y ing Steel”
K. A. Chan dle r
Bri t. Corros. J.,1 , 264 (1966)

A series of synthetic rusts was prepa red with a range of sul phate and
chloride contents. The samples were placed on steel specimens and a f ter
a test period of 30 day s at different relative hum idities , the corrosion
of the underlying steel was measured. The presence of salts caused
increased corro sion of thesteel and this increased w i th  the amount of

• salt in the rust. Corrosion was inappreciable below a relative hum idity
of abou t 40%.

“Sulfurous A cid Corrosion of Low Carbon Steel at Ordinary Tenperatures — l . Its
Nature ”
U. ‘IcLeo d and R. R. Rogers

• Corros ion ,22 , 143 (1966)

Corros i on ra te da ta are presen ted for low carbon steel in (1) a
combination of sulfur dioxide , water vapo r and air , and (2) aqueou s
sol uti ons of s u lfurou s ac id i n th e a bsence of a i r, a t or di nary
temperature. Info rm ation as to the nature of the corrosion products is
presented and it is shown that this depends on the place in which the
corrosion takes place to an important extent.

• 
• “Th e Seasonal Distribution of Ferrous Sulphate Formed During the Atm ospheric

• Rusting of Mild Steel”
T. K. Ross and 13. G. Callaghan
Corrosion Science , 6 , 337 ( 1966 )

Electron probe mi c ro—analys is  was appl ied to specimens of rust  for~ed t~v
the a tmospheric corrosion of :m i l d steel sheets exposed during Februar .’
1q64 in Manchester , Eng land. The slight corrosion experienced during the
succeeding four months was found to result in only a ligh t fixation of

• sulphur. Continued exposure during the next eight months coincided w ith
f a marked increase in sul phur —co ntaining fo rma ti ons , predom inantly in the

form of bands at the metal—rust  interface. Further exposure for four
months permitted the su lphu r— cont ain in~ bands found previousl y to move
outwards through the rust to form ‘nests’. Specimens exposed
independently at London and Cambridge also revealed sul rhu r— cont ain in q
inc ludi on s at the interface between steel and rust.

15
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“Uber das Korrosi onsverhalten von Salzpul vern gegenuber verschiedenen
Meta llen ”
A. Bukowiecke und B. G. Josh i
Schweizer Arch ly , 32 , 42 (1966)

Role of Am monia in the Atm ospheric Corrosion of Mi ld Steel ”
T. . Ross and t~. G. Callagnan
Nature , 211 , 25 (1966)

“Atmosph eric Corrosion Studies in Two Metropolitan Areas ”
Panes B. Uphan
J. of A ir Pollution Cont. Assn. 17, 398 (1967)

Atmospheric corrosi on studies using established air m onitoring net~~rksites were conducted in metropolitan St. Louis and Chicag o to obtain
info rmation on the quan tit at ive rela ti on between mean pollution l evels
and corrosion losses. The studies are described and data are presented
showi ng the good correlat ion found betwe en corrosion losses and su lfur-
related pollutants and the insi gnificant effect of dustfa ll and suspended
par t icu la te  matter.

“Study of the Infl uence of Different Atmospheric Factors on the Variati ons in
the Rate of Corrosion of Mild Steel at Balasore by Regression Analysis
° . K. Tripathi , U. S. Agnihotri and G. K. Singha n ia
La bd ev J. Sc. Tech., 5,114 (1967)

The regression of the rate of corrosion on different a tmospheric factors
has been stud ied. The regression analys is  reveals that maxi mum
temperature and salinity accounts for 30% and 76% of the total variation
observed in the rates of corrosion on the panels at 90° and 45 0

rEspectively at Balasore.

‘Mech~ri isnus der Fe— , Zn— un d Cu—Korrosion in Feuchter HCI -Damp fe Enthal tender
A t ;osphare ”
K. Barton und S. Bartonova
Cof l ec t ion  C zecho s lov.  Chen . Commun. , 32 , 2431 ( 1967)

16

- —~~-•___—-----• ~___
‘----k- • • --_-• ----~~-_- • —- •

~~~~~~~ ~~~~~~~~~~~~~~~ —



--~~~~~-----~~~~—--- - -
~~~~~

-
~
-
~~

-
~~: ~~~~~

---

~

•—- -.  .—•
~.-~~~~

.------• ---•,-- - - -

F ____~_ _ ~~~ — -—S •- ‘__ ~ .-~~-~~~~~~ • _ - -~~- • - • - 
•, 

— • —

Rockwell International
Science Center

1968

“Effects of Atmospheric Factors on the Corrosion of Rolled Zinc ”
Herbert Gut trna n
ASThI SIP 435 , 223 (1968 )

A l ong tern exposure progr~n has been carried out at Birc hbank , B .C.,
wherein rolled zinc corrosion data and certain atmospheric factor data

• were developed. Zinc is sensitive to variations in c lim a t i c  and
a tmospheric pollution conditions , and as a result panels exposed on
different dates for a specific period of time can corrode at different
rates. An empirical equation has been devel oped for Birchbank w h i c h
relates corros ion of zinc to the time of wetness of exposed panels and
the average atmospheric sulfur dioxide content during the tine panels are
wet. The equation accounts for most of the observed variation in
corrosion losses and is val id for exposure periods of up to 256-week s ’
duration. This paper also presents info rmation concerning the re lat ive
corrosion rates of the skyward and groundward surfaces of zinc panels ,
the relationship between time of panel wetness and relativ e humid ity , and
the relationship between a tmospheric sulfur dioxide as measured by a
Thoma s au tometer and by the lead peroxide me thod.

“Corrosion of Metals by Aqueou s Solutions of the Atmospheric Pollutant
Sulfurou s Acid”
W . McLeod and R. R. Rogers
Elec trocheiiical Technology , 6, 231 (1968)

It has been found here that the corrosion rate of a metal in an acid suc h
as H2S0~, HNO 3, H2S04 or HC1 , having a normality between N/i and
N/10,000, is related to the concentration of the acid in accordance with
the equation Corrosion rate = ax (Ac id  No mmality ) b , where a and b are
constant for each combination of acid and metal and wher e the ~tem perature
is 25°C. Having determined the values of a and b for a considerable
nminber of these acid—metal combinations , it was poss i b le  1 - to compare
the corrosion rates of the variou s metals in sulfurous acid wi th t hose o f
the same metals in the well — known nitric , sulfuric , and hyd rochl oric
acids , and 2 — to determine the corrosion rates of the metals in
sul furou s ac id of different nomii alities.

“Gasvolumetrische Messung der a tnospharischen Korrosion ”
K. Bohnenkamp
Werk stoffe und Korros ion , 19 , 792 (1963)

17
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“Survey of Corrosion and Atmospheric Poll ution in and Around Sheffield ”
K. A. Chandler and M. B. Kilcullen
Brit. Corros. .3., 3, 80 (1968)

The nature and extent of the relationshi ps between the corrosion of two
mild steels of different copper content , and atmospheric pollution were
investigated at 22 selected sites in the Sheffield area. This was part
of a general i nvesti gation into atmospheric corrosion of ferrous
metals. The results confirmed that there was an important relationship
between the corrosion of steel and the a tmospheric pollution by smoke and
sul phur dioxide. However , only about 50% of the variations in corrosion

• rates at different sites could be attributed to sulphur dioxide , measured
in this investigation by the Volumetric Method. Smoke intensity had an
influence on the corrosion rate of steel similar to that of sulphur
dioxide but the correlation between sulphur dioxide and smoke was hi gh ,
so that thei r effect on the corros i on rate could not be considered as
independent. Their combined effect was only slightl y greater than the i r
individual effects. The corrosion rate could not be accurately predicted
from a knowl edge of the quantity of these two types of atmospheric
pollution present in the atmosphere.

“The Na ture of Ferrous Sulphate in Rust ”
D. Fyfe, C.E.A. Shanahan and L. L. Shreir
Co rros i on Sc i ence, 8, 349 (1968)

The presence of FeSO4. 4 H~0 in rust formed on steel exposed to SO7—
containing a tmospheres is unusual , since the tetrahydrate would only be

• expected to crystalli ze from acidic solutions and at 60 °C. Grav ime tr ic
studies of FeSO4 . 7 H20 cycl ed between 0 and 86%.r.h. at 25°C indicates
that during rusting FeSO4 . 7 H~0 crystall ize s from solution and is
rapidly converted into FeSO4 .4 H20 during periods of low hum idity . This
provides a simpl e mechanism to explain the presence of FeSO4 . 4 H,0 in
rust without postulating that acid conditions are essential.

“Rostungsgeschwi ndigkeit unlegierter und niedriglegierter Baustah l e”
W . Schwenk und H. Ternes

f Stahl u. Eisen 33, 318 (1968)

Ra te of corrosion of pla in carbon and l ow— alloy structural steels.
Corros ion tests in i ndustrial air carried out on three steels contai n in g
about 0.12~C an d 0.10, 0.13 or 0.27~ Cu as well as on a steel resisting
to weathering with 0.09%C , 0.13%P , 0.85%Cr , 0.34%Cu and 0.32% N i.
Comprehension of the test results by mathematical equations.

•

L _ _ _
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‘A Statistical Evaluation of Atmospheric , In-Service , and Accelerated
Co rros ion o f Sta i n l ess Steel Automotive Trim Material”
N . L. Black and L. W. Lherbier
ASTM STP 435. 3 (1968)

Stainless steel panels with various surface finishes were exposed
to winter salt and ash conditions on trucks and automobiles ,
salt atmosphere , industrial atmosphere , and rura l atmosphere for
periods of one to four years . They were also evaluated by six
accelerated tests either presently used by, or proposed by, the
automobile industry .

Comparisons of the average results of the multiple specimens were
made in an attempt to determine the relativ e superiority among the
grades of stainless and among the surface finishes in each ex-
posure environment. Statistical correlation coefficients were
calculated to determi ne the degree of corrosion resistance corre-
lation among the sites and to determi ne the correlation between
“in-service ” corrosion and the accelerated tests.

No clear superiority of any grade in all environments could be de-
termined . With the exception of chromi um flash plating, no surface
finish tested was si gnificantly superior to any other. The automo-
bile and truck exposures showed tha t the varying weather conditions
from one winter to another could cause unpredictable , conflicting
results. The correlation between corrosion resistance and tempera-
ture , snow-fall , and de-icing agents was not clear. The statistical
correlation analysis conducted showed that very limited or no
correlation exists between in-service corrosion and accelerated
tests . Even among the tests , the correlation was poor or not ex-
istent. This study indicates that none of the accelerated tests
evaluated can be expected to predict stain l€ • s steel corrosion per-
formance in service.

“Resistance of Titanium-Base Alloys to Atmospheric Corrosion ”
M. L. Greenlee and L. F. Plock
ASTM SIP 435, 33 (1968)

Eight titanium alloys were included in the 1957 ASTM Committee
G-1 (formerly B-3) program to determine the atmospheric corrosion
behavior of nonferrous metals and alloys . Representative alloys
of the alpha , alpha-beta , and beta type were evaluated. Based upon
results of weight change measurements and tension tests , two- and
seven- year exposures at four prominent ASIM test sites resulted in
no significant corrosion. Slight staining was observed , but there
was no appreciable weight change.
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“The Effect of Initial Weather conditions on the Atmospheric Corrosion
of Aluminum and Its Alloys ”
V. E. Carter and H. S. Campbell
ASTM STP 435, 39 (1968)

Weight losses for specimens of aluminum alloys exposed for one
year to moderately severe industrial and marine atmospheres
were similar for groups of specimens put out initially in winter
or summer. The depth of pitting on those put out in the winter
was, however , from 1½ to 2½ times as great as on those put out in
the the summer. The difference is explained by the specimens ex-
posed in winter remaining covered wi th a film of moisture for a
greater proportion of the time during their first few weeks or
months on test. It is recommended that, when comparing the atmos-
pheric corrosion resistance of aluminum alloy s , tests should be
started both in sumer and in winter.

“Computerized Long-Term Corrosion Data”
0. 0. Spatig and W. H. Ailor , Jr.
ASTM STP 435, 43 (1968)

A program has been devised which permits computer handling of
all data derived from 20-year atmospheric and marine programs .
This program makes feasible the routine handling of thousands
of test specimens and calculations in an accurate but rapid
method. Tape records from punched cards include exposure
location , duration of test, mechanical properties , density ,
alloy type, and panel dimensions for both control and exposed
specimens. These tape records are processed on an IBM 1410
computer to calculate the effects of aging and exposure . The
final machine -printed report gives the corrosion rate in mdd
(milligrams per square decimeter per day) and mpy (mils per
year), along with per cent changes in tensile , yield , and
elongation values due to corrosion for individual specimens ,
and also calculates average values of these properties by alloy
and exposure site.

“A tmospheric Stress Corrosion Testing of Aluminum Allo y s”
H. B. Romans and H. L. Craig, Jr.
ASTM STP 435, 61 (1968)

Results are given for stress corrosion studies carried out on
a number of aluminum alloys . Testing was done at Aruba , Nether-
lands Antilles , Kure Beach , N. C., and Richmond , Va. These si tes
provided environments that ranged from tropical marine to mild
industrial. Failure times are compared wi th laboratory and service
results . One aim was to study the effect of prolonged aging at
ambient temperatures. In alumi num-magnesium alloys this aging may
produce a metallur gical structure which makes these alloys subject
to stress corrosion crack ing. Specimens aged at higher temperatures
do show this response in laboratory and atmospheric tests. From
these accelera ted data , Arrhenius plots predict these alloys should
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become susceptible wi thin two to five years if aged at ambient
temperatures. However , test results do not bear this out. It
is possible to draw erroneous conclusions from only one type of
test. For at least one alloy , the rate of failure is much more
rapid in the atmosphere than in an accelerated laboratory test.
This has been attributed to an interaction between specimens
tested in a communal solution. In conclusion , either a labora-
tory or an atmospheric test is , in itself , insufficient to
characterize the stress corrosion behavior of an engineering
material. These two tests give data that are complimentary in-
stead of supplementary . Both types are necessary to evaluate
the potential hazards of a material having some degree of stress
corrosion susceptibility .

“Corrosion Rates of Mild Steel in Coastal , Industrial , and Inland
Areas of Northern California ”
H. E. Thomas and H. N. Alderson
ASTM SIP 435, 83 (1968)

The corrosion rate of mild steel specimens was determined at
15 sites in Northern California. Weight loss with time was
measured. These sites included coastal , marine, bay , and steam-
geyser areas. The methods of specimen preparation , corrosion
product remova l , and exposure location details are covered. The
repeatability of the tests was checked and found to be good at
two locations , and the agreement with ASTh results at the Point
Reyes exposure test site was reasonably good.

‘Atmospheric Exposure of Light Metals ”
S. M. Brandt and L. H. Adam
ASTM STP 435, 95 (1968)

This paper summarizes a ten-year atmospheric corrosion test pro-
gram for aluminum and magnes i um base alloys sponsored by the
American Society for Testing and Materials under the direction of
committee B-7 on Light Metals and Alloys Subcommittee VIII on
Atmospheric Exposure Tests .

The program included fourteen cast , nine wrought, and three clad
alumi num alloy s and fi ve cast and four wrought magnesium alloys.
The specimens , exposed at five outdoor exposure sites in the
United States , were tested after exposure periods of six months ,
one , three , five , and ten years .

The tensile strength of the exposed specimen was compared to that
of the contro l specimen which was stored in a sealed container.
The per cent changes in tensile strength for the exposed specimens
compared to the control specimens are included in the data pre-
sented.
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“Atmospheric Corrosion of Copper Alloys ”
D. H. Thompson
ASTM SIP 435, 129 (1968)

Specimens of 18 copper metals were exposed outdoors in four
locations for periods of two and seven years . Corrosion
damage was assessed by measurement of loss in weight , loss in
mechanical properties , and depth of pitting . Weight loss is
shown to be the best measure of uniform corrosion. The mean
corrosion rate was on the order of 0.05 mils per year (mpy)
(1.3 mm/year). Greates t corrosion occurred at the industrial
site followed by east coast marine , west coast marine , and the
rura l site. Nickel improved the atmospheric corrosion resistance
of the copper alloys tested . Results are comparable to those
obtained in other similar tests.

“Atmospheric Exposure of Nonferrous Metals and Al l oys--Aluminum :
Seven-Year Data ”
F. L. McGeary , T. J. Sumerson and W. H. Ailor , Jr.
ASTM SIP 435, 141 ( 1968 )

This report describes the results of weathering tests on 34
wrought aluminum alloy s exposed seven years at four ASTM sites
in the United States . Also included , for comparison , are data
on three additiona l aluminum alloy s exposed six years at fi ve
sites in England.

The British indu strial atmosphere exposures at Sheffield and =
London were found to produce the most corrosion , particularly
on the sheltered sides of these panels which were exposed at an
angle of 30 deg from the horizontal. The self -limiting corrosion
characteristics were observed on weather surfaces at all test
sites in both countries .

The test will be continued and again reported after twenty years ,
as was the case in a previous ASTM B-3 test (ASIM SIP 175) on
older aluminum alloys.

“Atmospheric Corrosion Behavior of Some Nickel Alloy s”
0. van Rooyen and H. R. Copson
ASTM STP 435 , 175 (1968 )

Nickel , nickel-copper , and nickel-c hromi um-iron alloys were
included in an atmospheric corrosion test series in industrial ,
marine , and rura l sites. Pit depths , losses in weight , and losses
in mechanica l properties were extremely small after a seven-year
period of exposure. The nickel -iron-chromium materials had the
l owest corrosion rates , about 0.01 milligrams per square decimeter
per day (about 0.002 mils per year). The corrosion rates of the
nickel -iron-chromi um alloy s appear to have decreased substan-
tially with exposure time , while the nickel and nicke l-copper alloy
specimens follow approximately linear rates . Long time durab ility
data have also been obta i ned for a number of nickel -copper-iron
alloys. These were boldly exposed at Bayonne , N. 3. for almost
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40 years. Data led to the construction of isograms connecting
compositions of equa l durability on the nickel -iron— copper ter-
nary diagram. Effects of exposure under shelter are also dis-
cussed .

“Copper and Copper Alloys ”
E. Nlattsson and R. Hoim
ASTM STP 435, 187 (1968)

In 1958 exposure tests were started in Sweden to gain knowledge
of the natural patination and the corrosion behavior of copper
and copper alloys when used outdoors . The investigation covered
36 alloy s in sheet or rod form: 5 coppers , 20 brasses , 5 phosphor
bronzes , 1 silicon bronze , 1 al umi num bronze, 1 cadmi um bronze ,
2 nickel -silvers , and 1 free—cutting phosphor bronze. Specimens
were exposed in rural , marine , and urban atmospheres . After two-
and seven-years ’ exposure , specimens were exami ned.

During the first years of atmospheri c exposure the copper and
copper alloys acquired a dark surface coati ng consisting mainly
of copper oxide (Cu20). In urban and marine a tmospheres , signs
of green patina appeared on copper after about six to seven
years ; the basic copper salt causing the green color being sul-
fate in the urban , chloride and sulfate in the marine atmosphere .
The average penetration as calculated from the weight loss during
7-years ’ exposure was: in rural atmosphere 0.2 to 0.6 ~zm per year ,in marine atmosphere 0.6 to 1.1 ~m per year , in urban atmosphere0.9 to 2.2 i~m per year. The corrosion rate decreased with the time
of exposure . The losses in mechanical properties were in most cases
of negligible importance.

The dezincification of brass was of significant degree only in i3-
brass and in certa i n (a + P)-brasses when exposed to the urban or
the marine atmosphere . Oezincification was observe d also in a-
brass, even with as high copper content as 92 per cent , although
the depth of attack was not very great. It should also be mentioned
that arsenic was consistently effective as a dezincification in-
hibitor for a-brass only in the marine atmosphere. This indicates
that the mechanism of dezincification is different in the presence
and in the absence of chloride.

The tests described here are continued and further examinations will
be carried out after 20 years of exposure .

“Corrosion Test Results on Fifteen Ferrous Metals After Seven-Years
Atmospheric Exposure”
G. B. Mannweiler
ASIM SIP 435, 211 (1968)

This is a progress report covering findings on the removal of
ferrous corrosion specimens that had been exposed for seven
years to the atmospheres of five different test sites , whi ch in-
cluded rura l , marine , and industrial environments . The materials
employed were ten malleable and pearl itic malleab le irons , two

23
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ducti le irons , and three rolled steels. Previous removals of
comp an ion sets  of specimens had been made after one- and three-
years ’ exposure. A fina l set is scheduled for removal in 1970
after twel ve-years ’ exposure . The appearance of the corroded
plates and weight losses were evaluated.

‘Hard-Rolled Aluminum Alloys ”
E . Mattsson and S. Lindgren
ASIM STP 435, 240 (1968)

In 1955 exposure tests were started with the following archi-
tectura l aluminum alloys in hard-rolled condit ion: high -purity
aluminum , commercial purity aluminum (with and without 0.14

• per cent copper) , A 1Mn1.2 (with and without 0.14 per cent copper),
AlMgO .65 , AlMg2.5, Alclad (with core of A1Mn 1 .2 and cladding of
AlZn l). Panels of the alloys were exposed on five sites in Sweden
with rura l , mar ine, urban-marine , and industrial atmospheres .

• A fter one- , three- , six- , and ten-years ’ exposure , specimens were
taken in and examined with respect to pitting , layer corrosion ,
and change in mechanical properties .

From the results it may be concluded that the hard -rolled A 1My
alloys are well suited for architectura l purposes. There is no
risk of blistering , and the pitting corrosion resistance is as
good as for unalloyed aluminum. With hard-rolled , unalloyed
aluminum of commercial purity and AlMnl .2 both without copper ,
the risk of blistering cannot be disregarded , at least not in a
marine atmosphere. Here l ayer corrosion blisters were formed
on the alloys mentioned in most cases already during the first
year of exposure . After the initial period , however , they gener-
all y developed very slowly. One way to overcome the susceptibility
to blistering apparently is to add about 0.1 to 0.2 per cent copper.
Another remedy might be to use alloys in half-hard condition , which
is common practice. The alc lad surface developed a rather rough
appearance.

It may be concluded that all the alloys tested will last for several
decades in outdoor use , as far as the mechanical properties are
concerned. Corrosion, however , may affect the appearance by pittin g ,
blistering, roughening , and discoloration . Often , however , suc h
“aging phenomena ’ may be regarded as an attractive patina.

“Atmospheric Corrosion of Aluminum and Its Alloys : Results of Six-Year
Exposure Tests”
V. E. Carter

• ASTM SIP 435, 257 (1968)

Results of atmospheric corros i on tests on four aluminum alloys at
five Sites in Great Britain showed that corrosion , in the form of
pitting , increased with atmospheric pollut ion. Corrosion/time
curves became parallel to the time axis within two years at mild
sites but at polluted industrial sites had not done so in six years .
A l umi num a l loys were more heav i ly attacked than high-pu rity aluminum ,
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and a pure aluminum cla dding gave considerable protection to an
aluminum-copper -magnes i um alloy .

• “Atmospheric Corrosion of Carbon and Low Alloy Cast Steels
C. W. Briggs
ASTM STP 435, 271 (1968)

Nine carbon and low alloy cast steels cast in panel form , some
machined and others unmachined , were exposed in marine and in-
dustrial atmospheres for periods of one- , three- , seven- , and
12-years and recorded as to weight loss information. Tue weight
loss was converted to corrosion rate in terms of inches penetra-
tion per year (ipy ) and milligrams lost per square decimeter
per day (mdd). Comparisons were made and cast steels containing *

nickel , copper , or chromium as alloy i ng elements have corrosion
resistance superior to carbon cast steels or those containing
manganese when exposed to atrnospehric environments . Increasing
the nickel and the copper contents of cast steel increases the
corrosion resistance in all three atmospheric environments . Un-
machined cast steel surfaces , with the casting “skin ” intact , had
no significant effect on the corrosion resistance of cast steels
when compared to machined surfaces regardless of the atmospheric
environment.

“Performance of Aluminum Alloys at Other lest Sites ”
W . H. Ailor , Jr.
ASTM SIP 435, 285 (1968)

The well documented pattern of corrosi on behavior for aluminum
alloys is confirmed for the seven—year exposures at Corpus Christi
Tex ., ; Richmond , Va.; McCook , Ill.; and the Kure Beach , N. C., 800-
ft. site . A decrease in the corrosion rate , as determined by
weight loss, was evident for all sheet alloy s after about the second
exposure year. Likewise , the depth of pitting decreased with time :
very slight increases in depth were noted between the second and
seventh years in most cases .

Results indicate that the McCook site is the most severe , with the
Richmond location , the Corpus Christi exposure , and Kure Beach
800-ft site in order of decreasing severity .

The value of cladding basic alloys such as 3003 and 6061 was de-
monstrated again. The claddings effectively protected the core
alloy s from pitting and general corrosion and the clad alloy s
showed negligible changes in mechanical properties at all sites
after seven years .

Other than the 2024 aluminum-copper alloy which showed inter-
granular corrosion for some hard tempers at the most severe
sites , all alloy s showed pittin g corrosion to some extent.
~1aximum pit depths included 14.7 mils for the 2024-T36 alloy ,
10.0 mils for the 5154-H34 aluminum -magnesium alloy , 5.2 mils
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for the aluminum -magnesium su icide alloy 6O61-T6 , and 6.3 m ,ls
for the high -purity aluminum sheet. With the exception of the
2024 metal, these deepest pits occurred at the McCook site .
The deepest pit found on the Kure Beach 800-ft site panels

• • measured 6.1 m is, and the deepest pit for most Corpus Christi
panels was 5.4 m i s  (2024 alloy panels having some intergranular
attack had measured pits as deep as 14.7 mils).

A corrosion rate of 0.175 millig rams per square decimeter per day
(mdd ) for 2024-136 alloy at McCook was the highest found . if
we exclude the 2024 alloys , no corrosion rate greater than the

• 6061-T6 rate of 0.125 mdd was found . High purity aluminum showed
rates from a low of 0.004 mdd at Kure Beach to 0.004 mdd at McCook.

“Effect of One Per Cent Copper Addition on the Atmospheric Corrosion
of Rolled Zinc ”
S. R. Dun bar

• ASTM SIP 435, 308 (1968)

Atmospheric corrosion characteristic s of a commercial rolled zinc
alloy containing 1 per cent copper and one unalloyed grade were
evaluate d after two- and seven-year exposures under the Committee
B-3 1957 test program on atmospheric corrosion of nonferrous metals.
Comparisons were made with the behavior of three unalloyed grades
inc luded i i a 20-year Committee B-3 program init iated in 1931. The

• usefulness of tension tests for determining corrosion rates was
explored in both programs .

We ight loss determination appears to be the most reliable means of
assessing corrosion rates for zinc . Good agreement among zinc cor-
rosi on rates in the two programs was obtained. Zinc composition

• was found not to significantly influence corros ion rat~’s.

Pitting occurred in the copper bearing alloy most probabl y as a re-
• sult of local galvan ic action. The pit depth-total penetration

• ratio decreases as total penetration increases . Tensile pro-
perties of zinc were not signif icant ly affected after seven-year
exposure. Therefore , pitting is not believed to be of practica l
i :importance.

Tension tests are not usefu l for eva l uating corrosion damage in zinc
unless a means of compensating for aging effects can be found.

‘ Measurement of Atmospheric Factors Affecting the Corrosion of Metals ”
Herbert Guttman and P. J. Sereda
ASIM STP 435, 326 (1968)

Atmospheric factors , namely, time of wetness of corroding metal
• panels, panel temperature , and atmospheric sulfur dioxide and

atmospheric chloride content, were measured at four inland and
three coastal North Amer ican test sites while corrosion data for

E steel , copper , and zinc were being developed. Corrosion losses
• experienced by panels of these metals which were exposed at
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• di fferent t imne s o t the year for s im ilar pen ods of tim e showe d
considerable v a riation at all sit e s .

Statistical anal yses show conclusivel y that th~ atmospheric
factors measur ed completely control t h e  rates of corros ion at
a ll sites for at least the initial month . For lonqer periods

• of time contro l of the corrosion process remains with the atmoc—
pheri c factors i ri some cases , and in others it is ti r a dmial ly
transf e rred to factors re lated to the chan i inq surface condi t ions
resul t log f rom accumulat in g of corrosion products and fore i an
agents.

A t the sites where the a tmospheric factors con trol corrosion
the em nperic a l euq at ions developed enable one to predict  the

• corrosion losses of stee l , copper , and zinc from a knowled ge
of the atmosp heric factors. They also now make it poss ible to
acc ount for variations in observed co rrosion losses exper ienced
by panels exposed at different times of the year .

“Corrosiveness of Var ious Atmospheric Test Si tes as Measured by Sp e c mmon ~
• of Steel and inc ’

A ST M STP 435 , 360 ( 1968)

[luring the period 1 O.~~ to 1955 , specimens if ca rbon steel and z i nc
were used to cal i b’~i te the cooros I vi tv of the a t~nosphere of same
10 s i t e s  in the Un i ted States  arid Canada. In the period of 1 0tm ~
t i  1 ~1~~~1 the s t udv was expanded to include some 4f si tec a round the
world.

As in the earlier study , the results at State Co l le q e , Pa., were
considered as u n i  tv , and the corrosi vi tv of t he e the r locations
were ranked in terms of the c o r r os i v i t v  of the a tmosph ere at St at e
College. Pifferences in co rrosiv ity between the two ex pos ure
per iods we re noted in some in stan ces , while in ethers the a t m o coh er e
appeared to re m ai n constant in i t s  ac t  ion on the two test ne t al s

In a number of in stances the co rros I vi tv a the at mo sphere toward
• s teel was greater than i t s  effect towards zinc . f ri othe r ins tances
• the reverse situation previ al ad . In a substantial numbe r of

locations the at rrr osp here was equal lv aqares H ye towards stee l as
i t  w as towards z inc .

When the ratio of the two — y ear  loss e s  between st ee l and zinc ~ere
s tud i ed , it was evident that in charact en i st  i cal lv  induc t  Hal
l oca t i ons  the r a t i o  was .~0 or less whe rca s in a p re torri i nan t 1 v
marine l oca t ions  it exceed ed 20 and ro nied as hi ah as 1h4 .

In cal i b rat ion test I nvo lv i no the cor ros r v i  t y  o t a marine si t a

~t e le v a t i o n s  of tSP ft , ~0 t , and around level , there ~~as  i i
discri m in a ti o n between e l e v a t i o n s  by the z inc  specimen s . hut
t h e ’ c ’ was substantial d iscrimination [iv the H ‘el spec l ens .
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The current work c lear ly demonstrated , whi le corroborating theearl i er work , that the corrosivity of an atmosphere varies withthe meta l in question , and tha t tests must be conducted with the
metals of interest . Consecutive two-year exposure tests aremore des i rable than one-year tests .
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•\a swert. u r ~ dre I ~iahr I ~ r a tm lros ;thari scher korro~ i an sve rs tic tie ii t ~ i son , I~u p  fer
und C i  irk auf t schechosl owak i ~chen Pru ~t4 t  ‘‘~ i i~~’i ”
K . Barton nod 7. Bartonova

• terkst offe unO Korrusi on , C~ , Si (t969~

i r if luss dci’ cheni scheri 2’usar ~ri~rensetziirig auf c i e  Kin et i k den’ a tmosp hari schen
Kor rosi on von Stohie n ”
P. Purda
derk S tof fe mind Korros ion , 20 ¶190 (1 °t’O

“~1echani sn of Rust ing ”
1 . R . Evans

C o rros i on Sc i ence, ‘1 , 813 ( l9t’9)

The lii str I hut ion of NaC1 on Fe Purl ny Atmospheric Co rros ion ”
J. F.  Henr ik sen
Corrosion Sc i ence , ‘I , 573 (I0t. i1)

The distribut i on of ~a and Cl arm iron p 1 at es during atmospheric CorroSion
has been <lete rmii nied by m r~ ans of autorad I ograp hy , us i ng the rail i oact i y e

i sot o pes Nj — 2 4  and <71 —3 o . It is s hown that  Na and Cl are concentrat ed at
• the patches of corros ion products. WIthin the patches Na is located at

t he catho (l Ic r im n and Cl at the anod i c cent re.

r
“flher den beschl eun i’j enden Ei ii f l uss von Sc hwe f e l d i  ox id and ~asser auf di e
at mosp hanisc he Korros ion von verrostet o n H sen ”
K .  Barton and Z. Bartonova
W or k S~ if fe und Karros ion , .70 , C i~ (I Ot i O )

‘‘Atin ospheri c ~orro s ion at ~1ct al s Part V T— Corrosion ~~t ~~ta  Is a t  Codh p 4 r ’
~‘1. L. P r aj a p a t  , G. K. Si ogh on ia arid B. Sany o I

• Labdev C. Sc i . Tech., ‘—A , 34 1*”

Cannes 1 ) 1 1 rat as o f ri 1 1  s t e e l  ant i nonferi’oiis net ol s h a v e h~ en ~1et ar~ni mied
a ’ ~

1adhpur rt’presen og sem i—arid or s iihtrop i ca l  ‘‘ pe if c 1 1 m a t a. 1
observed tnat mu i s~ eel spec imn en s c~\posi?d dur 1 1 0  1 O ? 1  a’i iresc l ie  ~,‘ ml ’ ~c
s tm lOW iWt~P’ yea r ly  corros i o n ra t e s  than spec imens c ’x p , i c e j  ‘ 11 • l O ” i ’

•i i mr es ;i’i e ~,inths . Stat istical analysis show s hat :em ’t ’ i ’ l o r l  ro tc ’
d op e m m ic upo n wi ott vel ec i t  v a n t  number of r’a I ny days . The vt a is c id ‘c
i n t rio a t rr’s ’her liz corid ’ ti ori s of Ccrd hpur co m u l 1 he arrmr i ie 1 I n  he
o i l  ow i n~ order mc ne’ ‘ ~s t heir proneness t o  conro’5 r on - r i  l i  5 t  t ’e 1 z i  ‘ l,

ri iv an i :ed iron ~ • br as s  ii iim’i i nurn .
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“The Kinet ics of Corros ion of Iron arid Zinc in a Moist Enviro r~nen t,”
A. M. Zinevich , E. I. Sergeeva , Yu. N. Mikha i lovsk i i , and V. B. Serafimovich ,
Protection of Metal s , 6 , 310 ( 1970 )

“Elec trochemical Kinetics of Zinc and Iron Self—Dissolution Under Thin Films
of Electrolytes ,”
Vu. P. Gladkikh , Vu. N. Mikha il ovsk ii , L. A. Shuvakh ina , an d R. I. Nazarova ,
~rotection of Metals , 6 , 1456 (1970)

A study has been made of the corrosion kinetics of zinc and i ron under
thin films , of electrolytes (30—500,~m in thickness) containing variou s
concen trations of chloride _ ions , an d of the effect of a periodic
mo istening of the metal on i ts  se l f —disso lu t ion  rate.

“Effects of Atmospheric Sulfur Dioxide on the Corrosion of Zinc ,”
F. H. Hayn ie and 3. B. Uphan ,
‘laterials Protection , 9 (8),35 (1970)

The amount of sulfur dioxide in t he a ir  is the major factor in
determining the rate of corrosion of zinc. Because littl e, if any , zi nc
corros ion would occur in a nonmarine environment if SO 2 ~~re not present ,
the reduced life of galvanized products can be directly attributed to air
pollution.

“Der Begriff “kritisehe Feuchti gkeit bein Atmospharischen Rosten von Stahl ”
K. Barton and Z. Bartonova ,
Werkstoffe a rid Korrosion , 21 , 85 (1970)

“Penetration of Sulfur Dioxide into an Alkyd Paint Film ,”
• M. Svo boda, G. Kl ichova , and 8. Knapek ,

Protecti on of ~1eta1s , 6, 586 (1970)

This a r t i c le  presents a survey of the annual accounts of the Inst i tu te of
the SVUOM , published articles , an d report s, supp l emented by new ref i ned
data on the rate of penetration of sul fur d iox ide into an alkyd paint
f ii ‘1.

“Envirornental Protection in the City of New York ,”
M. Eisenbud ,
Science , 170 (13), 706 (1970)

“Eigenschaften von Elektro lyt—Fi lme n bei der atonspharischen Korro sion ,”
0. Kno tkova—Ce rriakova und 3. Vlckova ,
We rkstof f e and Ko rros lon , 2 1, 16 (1970 )
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“Une Methode Electrochimique Rapide de Pr~de
’termination de la Corrosion

Atmosphériqu e”
M. Pourbaix
Z. Phys. Chem. 244, (1970)

On décrit une m~thode originale de prédéterminati on d comportement
de métaux ou alliages a la corrosion atmosph~rique , caractériséepar le fait que des échantillons de ces métaux ou alliages
sont soumis a des actions alternées d’hum idification et de sechage
avec mesure de l ’ evolution de leur potentiel d’électrode lors
des humidifications. Une patine parfaitement protectrice est
obtenue lorsque le potentiel d’électrode s ’est stabilisé a des
valeurs élevées .

• • Cette méthode perrnet une étude scientifique rapide de l’influence
de nombreux facteurs que interviennent en corrosion atmosphérique ,
ainse que dans d’autres cas de corrosion lors d’humidifications
et séchages alternés. On mentionne quelques exemples d’ appli-
cation de cette méthode ~des études relatives a des aciers pati-
nables : discrimination entre aciers patinables et aciers non pa-
tina bles ; formation accélérée de patines protectrices , etc.

197 1

“Effects of Atmospheric Pollutants on Corrosion Behavior of Steels ”
F. H. Haynie and 3. B. Upham
Materials Protection and Performance, 10 (11), 18 (1971)

~ The follow ing discussion is a companion article to “Effects of
Atmospheric Sulfur Dioxide on the Corrosion of Zinc ’ published
in the August , 1970 issue of Materials Protection and Perfor-
mance . The corrosion behavior of three types of steels exposed
to air pol ’ution at urban and rural sites was measured by weight
loss and found to be nonlinear wi th time and a function of both
sulfur dioxide and photoch~mical oxidant concentrations .

31
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1971

“Method for Investigating the Effect of Cl imatic Parameters on the ‘RaLe of
• A tmospheric Corrosion of Metals ,”

Vu. N. Mikhailovskii , L. A. Shuvalk hina , H. B. Kl ark , an d V. V. Agafonov ,
Protecti on of Metals , 7 , 125 (1971)

The authors propose a method for the continuous recording of the rate pf
atmospheric corrosion of metals. It is based on the measurement of the

• electric resistance of a thin metal l ayer (a vacuum condensate or a thin
foil ) dur i ng the corrosion process.

“Calcul ation of the Atmospheric Corrosion Rate for Zinc and Cadmi um in Various
Cl imatic Regions ,”
Vu. N. Mikhai l ovskii , G. B. Klark , L. A. Shuv akhina , A. P. San ’ko ,
Vu ~~. Gla dk i kh , an d V. V. A gafonov ,
rotecti on of Metals , 7, 466 (1971)

The authors developed a method for determining the atmospher ic corrosion
ra te of metals from climatic data for various regions , taking into
accoun t the corrosion processes caused by the formation of adsorption and
phase moisture film s on metal surfaces.

“The Spread i ng of Sulphate Nests on Steel in Atmospher ic Corrosion ,”
K. Barton , P. Kuch ynka , Z. Bartonova , an d E. Beranek ,
Corros ion Science , ii , 937 (1971)

Ra dioche mical and nicroscop ial investigations of the behaviour of
sulphate nests in the course of a tmospheric corrosion as well as
dissolution characteristics of sulphate from nests containing rusted
steel lead to a description of the spreading of sulphate nests as a
discontinuous process. Periodical cracking of a membrane surroundin g the
nest causes concentrated FeSO4 solut ion or solid crystal to be expelled
and resul ts in the formation of new corrosion centres. The mechan i sm of
this process is explained with the assumption of anion permeability of
the membrane.

j
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“Use of a Quartz Resonator to Study Atmospheric Corrosion Processes,”
P. V. Strekalov and Vu. N. M ikh ail ovskii ,
Protec tion of ~1etals , 7, 120 (1971)

A unit has been developed for using a quartz resonator to study corrosion
processes in metals beneath adsorbed films of electrolytes. A quartz
resonator can be used to evaluate the thickness of adsorbed l ayers of
moisture , arising on the surface of the metal bei ng i nvestigated . It has
been established that the true surface of ground quartz , upon wh ich there
has been deposited a film of aluminum with a thickness on the order of
tens of Angstrom units , i s approx ima tely 30 time s greater than the
visible geometric surface. In a pure moist atmosphere(93% relative
humidity ) the thickness of the oxide f i lm formed on magnesiu m during the
course of the first hour is about 5— 7 A. From th i s poi nt on , the growth
of the thickness of the film is strongly inhibited .

“On the Protective Nature of Atmospheric Rust on Low—Alloy Steel ”
I. Matsushima and 1. Ueno
Corros ion  Science , 11 , 129 (1971)

The essential nature of protective rust f i lms fo rmed on low—alloy ,
weathering steels by a tmospheric expos ure has been clarified as to (1)
the elect rochen i cal behav i or , (2) catalytic ability to form sul phate from
SO 2 in the atmosphere , and (3 ) distribution of act ive corrosion si tes on
rusted steel surfaces. Autoradiogr ap hs show that active corrosion sites
are less on a more corrosion resistant steel and decrease with exposure
time. The mo re continuous nature of the rust coating on suc h a steel is
also obviou s from greater anodic polar ization. Furthermore , a more
resistan t steel forms less suphate in pol luted atomspheres due to the
favourable nature of the rust.

“The Mechanism of Atmospheric Rusting and the Effect of Cu and P on the Rust
Fo rmation of Low A lloy Steels ”
T. Mi sawa , 1. Kyuno , W. Suetaka and S Shimodaira
Corros ion Science , 11 , 35 (1971)

The oxidation processes of Fe (II) hyd roxo— c ompl exes to a , ~3, ‘y , and 5
—FeOOH and Fe3O4~ which are important atmospheric products of steels , and
the effect of Cu’~

’, P04
3 ion on the oxidation of the Fe(II) hyd roxo-

compl exes in aqueous solutions have been i nvestigated . The mechanism o~
atmospheric rusting deduced fran the results obtained in the present
invest igation has been used to explain the difference in behaviour
between ordinary mild steels and low alloy steels during atonospheric
exposure. It is concluded that Fe(II) compl exes are transfo rmed to
amorphous 6-FeOOH by the catal ytic effect of Cu and P present in
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steels. The amorphou s &—Fe OOH forms a compact rust l ayer that enhances
corrosion resistance of the steel .

“The Nature of the Electrolytes on Surfaces in Atmospheric Corrosion ”
0. Knotkova—Chernakova and Va. Vlchkova
Protection of Metals 7, 323 (1971)

Results are given of a study of the composition of the electrolytes in
the film of moisture formed on metal surfaces exposed under different
atmospheric conditions.

“Use of Infrared Spectroscopy to Investigate the Corrosion Products of Copper ”
I. A. Efimov , B. N. Rybakov , L. A. Knizhenk o , G. V. Maslova , and
Vu. Va Kharitonov
Pro tection of Metals , 7, 382 (1971)

197 2

“Composition of the Atmospheric Corrosion Products of Aluminum ”
I. A. Efinov , B. N. Rybakov , L. A. Kn izhenko , G. V. Mas lova , and
Vu. Va. Khar itonov
Protection of Metals , 8, 524 (1972)

“A Microscopic Study of Steel Surfaces Exposed to a Humid S02-Co ntaining
Atmosphere ”
B He im ler and N . -G. Vannerberq
Corros ion Science , 12 , 579 (19~2)

Electropolished and etched steel samples have been exposed to a humid ,
sul phur dioxide—containing a tmosphere under controlled conditions. The
surface struc ture of the samples and the di stributionn of the points of
attack after exposure have been stud i ed with a scanning electron
iii croscope.

“Mechan i sm of Atmos pher i c Rust i ng ”
Ii. R. Evans and C. A. 3. Taylor
Corrosion Science , 12, 227 (1972)

The present pa per describes a research on Atnospheric Rusting , which has
been in progress for 5 y in the Department of Metallurgy at Canbridge
inivers ity . The discussion is desi gned to present the connection between
the electroche mical mechanism of atmospheric corrosion with that of
corros ion under immersed conditions.

34
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“Mechan ism of Rusting under Ditferent Conditions
U. R. Evans
Bri t .  Corros. 3. , 7 , 10 (1972)

“Beitrage zur Erforschung des Mechanis mus ’ der atmospharischen Korrosion
A. Bukowieck i ,
Oberflache—Surface, 13 ,219 (1972)

“The Infl uence of the Relat ive Humidity and Corrosion Products on the
Adso rption of Sulfur Dioxide on Metal Surfaces ”
1. Sydberger and N.-G. Vannerberg
Corrosion Science , 12 , 775 (1972)

The adsorption of sulfur dioxide on metal surfaces has been followed
using an S-35 i sotope. Experiments have been performed with 1.0 . 1o~per cent SO2 (0.10 ppm) at r.h. between 50 and 98 per cent. The
adsorption properties of polished iron , zinc , copper and aluminium
sam ples have been compared with those of pre—exposed samples of these
metals. Measurements have shown a pronounced dependence of the
adsorption rate on the humidity . Almost quantitative adsorption of
sulfur dioxide has been obtained on pre—exposed iron samples at r.h. ? SO
per cent. Remarkably low adsorption capacities at hunidite s<90 per cent
have been found for the corrosion product s of copper and aluminium.
Chan ges in the adsorption rate with time have been used to study the
corrosion initiation on polished iron surfaces.

“Effect of Weathering on the Electroche nical Behaviour of Steels ”
R. Bruno , G. Agbio and G. Bombara
Br i t. Corros. J. ,7, 122 (1972)

The potentiodyn anic anodic behaviour of some l ow—a lloy steels was
investigated in 0.1 M Na2SO4 in relation to weather ing. The set of
ma terials tested included an ordinary carbon steel , a Cu—bearin g steel , a
Cu— P steel and a Corten—ty pe steel . The ~~athering was affected byshort-duration exposures either in an i ndustrial atmosphere or in a
sulphate spray , and also by anodic dissolution through repeated potent ial
sweeps. In every case the potentiody n anic anodic behavior clearly
differentiated the steels , giving satisfactory correlation with the type
and conten t of alloying elements , and was cons istent wi th the weight-loss
behaviour in extended atmospheric tests.
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“Les relations entre la p ollution de l ’ environ enent et la corrosion du zinc et
de l’ acier galvanise ”
N. Dreulle , P. Oreul le
Corrosion, Traitenents,
Protection , Finition , 114 (1972).

“Chem ical Attack and Economi c As sess ment of Air Pol lutants on Exterior Paints ”
3. W. Spence , F. H.
T. Paint Tech., 44 , 70 (1972)

This prel iminary repo rt investi gates the deterioration of exterior paints
by sulfur dioxide and particulate matter , and the associated potential
economic loss to manufacturers and consumers. Crucial dose—response data
are lacking in the published studies surveyed for these pollutants. The
potential cost to the consumer due to pollutant attack of four classes of
exterior pa ints is estimated at $700 million annually , and pollu tan t
daiage to household paints represents over 75% of that total. A new
study invol ving fiel d and l aboratory exposures has been initiated to
determine dose—response data from which the economi c loss for certain
paint classes nay be better formulated .

“Phase Com position and Thermal Stability of Products from Atmospheric
Corrosion of Lead”
I. A. Efimov , B. N. Rybakov , G. V. Ma sl ova , and Vu. Va. Kharitonov
Protection of Meta ls , 8, 644 ( 1972 )

“Effect of Temperature on the Adsorption of Moisture and the Corrosion Rate of
Zinc Under Atmosp heric Condit ions ”
P. V. Strekalov , V. V. Aga fonov , and Vu. N. Mikhailovskii
Protection of Metals , 8, 521 (1972)

“Prediction of the Severity of Atmospheric Corrosion by Discriminant Analysis
of Local leterological Factors”
R. K. Tri path i , U. S. Agn ihotri and 3. N. Nanda
Brit. Corros , 3., 7 , 212 (1972)

Di sc riminant function analysis has been used to enab le the corrosiveness
of an enviro nment to be classified into one of several broad categori es ,
knowing the values of specified atmospheric factors. Of variou s
combinations of meteorolog i cal factors tha t were tr i ed , the fol lo~,’ing
combination proved to be the most discriminating: average of daily
maximum temperature in 0C, average daily maximum relative humidity ,
num ber of rainy day s in a month , total ra infall in nn in a month , and
average po l lut ion (SO 2 + NaCl in mg/c m2 per day over a month ). These
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cri teria were used to classify stations at Delhi , Bombay an d Tezpur ,
g iv ing  results that agreed wel l with those obtained in exposure t r ia ls .

“Mechanism of Rusting under Different Conditions ”
U. R. Evans
Br it. Corros. 3., 7 , 10 (1972)

Rus t formed from iron immersed in a salt solution is a secondary product
prec ipated where the soluble anodic and cathodic products meet ; being
main ly produced at a distance from the metal l ic surface , it cannot
protect , and the corrosion proceeds at a nearly unifo rm rate; only if
either anodic or cathodic produ ct is sparingly soluble will corrosion be
slowed down—the two cases being known as anodic and cathodic
inhy i bition. The currents passing between anodic and cathodic areas have
been measured and are found to correspond to the corrosion—rate in the
sense of Faraday ’ s law . During corrosion by drops of salt solution
placed on a horizontal surface , the current passing between the central
anode and the peripheral cathode has been shown up by a magnetic method
due to Blaha. In these cases the electrochemical mechanism is not in
doubt. Atmospheric corrosion set up by saline dust—particles can be
expla ined by a mechanism like that of drop—corrosion. That set up by
moist air containing sul phur dio xide is found to be connected wi th the
fo rmation of ferrous su lphate; when once this has been produced , the
presence of sul p hur dioxide in the gas phase is not needed for the
cont inuat ion of rusting. Here again there is evideqce of an electra—
chemical mechanism . The anodic reaction is Fe = Fe~ + 2e, whilst the
cathodic reaction is the reduction of FeOOH to Fe.~O4, which is then
ox idised by air to give a larger quantity of FeOOR than previously
existed. Since the fresh rust is formed at a sensible distance from the
site of anodic attach , the rust , although adherent , is not protective.
This action will continue only if an electrochemical conducting l imb
(FeSO 4 solution) and an electronical ly conducting limb (Fe3 04) are
provided. If the humidity is so low that the FeSO4 solution dries up,
rust— fo rmat ion by this mechanism will cease—explaining the principl e of
cr i t ical  humidity , as deve loped by Vernon and Buckowiecki. If the metal
does not form an electronical ly conduct ing interme diate oxide , a
mechan ism providing rapid atmospheric attach will be impossible; this
explains why zinc , which un der immersed conditions is corroded more
qu ickly than iron , suffers atmospher ic attack more slowly; i ndeed a zi nc
coatin g is commonly used to protect iron under atmospheric condit ions.

“Kinet ic Study of the Uptake of Sul phur Dioxide by Alu m inium ”
0. J. Spedding
Br it. Corros. 3., 7, 281 (1972)

The sorption by aluminium of sulp hur dioxide at atmospheric
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concen trations has been envesti gated using sul phur—35 sul phur dioxide.
For the su lphur dioxide dosages used the uptake was always linear and
strongly dependent on humidity . The humidity dependence was probab ly
rela ted to the equilibrium between ga s—phase water and aluminium surface
wa ter. The fraction of sorbed sul phur dioxide desorbed when the partial
pressure of sulphur dioxide was reduced was found to increase with
decreas i ng hum idity . The results are discussed in relation to a proposed
mechanism for the corrosion of aluminium by sulphur dioxide.

1973

“Predicting the Atmospheric Corrosion Behavior of Steel in an Industrial
Enviro nment”
R. A. Legaul t, S. Mon and H. P. Leckie
Corrosion , 29 , 169 (1973)

A ra pid and rel i able laborato ry method of predicting the industrial
atmospheric corrosion behavior of steel has long been sought. The
determination of this behavior in an actual atmospheric exposure can
require several years. A met hod has been devi sed which allo w s
predictions of suc h behavior to be made from laborato ry rneasurenents
wh ich can be obtained in a few days.

“Accelera ted Testing of Zinc and Cadmi um for Atmospheric Corrosion in Climati c
• Chambers ”

Vu. N. Mik hai lo vskii , L. A. Shuvakh ina , an d Ch i n T’ch i Hong Wan g
Protection of Metals , 9, 135 (1973)

T his ar t ic le describes a method of determ ining corrosion constants by
testing the metals in a r t i f i c ia l—c l ima te  chambers; resul ts of a forecast
of the corrosion of zinc and cadmi um in variou s climatic regions are
presented.

“The Effect of Rela tive Humidity on Adsorption of Sulphur Dioxide on to Netal
Surfaces ”
3. R. Duncan and D. 3. Spedding
Corrosion Science , 13 , 993 (1973)

Prev ious studies of the infl uence of relative humidi ty on 35 SO 2ads o rpt io n
on to iron and zinc surfaces are suppl emented by using a continuous fl om
exposure me thod. This gives results which agree closely with those from
the previously reported interrupted—fl ow method for most areas studies.
It is found that sampl e preparation before exposure has a considerab le
effect on the results achieved . A desorption process from the zinc—z inc

• oxi de—SO2 surface system has been found , with a pseud o—first order half —
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l ife of the reaction of approx 7.2 ks. Desorption from some iron sampl es
was also observed , bu t could not be quantified .

“Calcula tion of Atmosphe ric Corrosion Rate of Aluminum and its Alloy s ~nVarious Cl imat ic Zones Accord ing t~ Meteorological Parameters ”
Vu. N. Mikhai lovski i , G. B. Klark , L. A. Shuvakhin a , V. V. A gafonov , and
N. I Zhurav leva
Pro tec ti on of Metals , 9, 240 (1973)

The purpose of the work was to investigate the effect of meteorological
factors (humidity and air temperature , wetting time of metal surface by
p hase layers of moisture , chem ical composition of atmosphere) on the
corros ion rate of aluminum and its alloy s under natural conditions and to
devel op engineering me t hods for ca lculat ing the corrosion ef fects
expected on these materials in any cl imatic zone.

“Behav iour of Rust and Rusted Steel Surfaces ”
G. K. Singhania and B. Sanyal
Br it. Corros. 3., 8, 224 (1973)

The effect of the presence of rust on steel on i~ s fur ther co rros i on
durin g outdoor and l aboratory exposure to SO2 has been exam ined . More
aggressive initial conditions favour the formation of non—protective ,
loose rust wh i ch flakes off from the metal surfac e and i ncreases the
subsequent yearly corrosion values. The initial rust present increases
the rate of attack during the first 2—3 months , but there is then a
general falling off of the corrosion rate with time. S00—contain inated
rust is able to promote corrosion on clean (rust-free) steel , but the
amoun t of corrosion is not dependent on the amount of SO0 adsorbed by the
rust. The order of severity of attack on steel by diffe~ent electrolytes
differs from that caused by rust produced by the same electrolytes. Rust
contaminated with FeSO4 or Fe 01 3 enhances the rusting of steel , whereas
rust conve rters (suc h as phosphates) have beneficial effects. In the
further rusting in SO2 of pre— rusted steel specimens it was found that
the duration of the pre— rusting period determines the subsequent rate of
rusting , but the ‘ age ’ of the rust , rather than its thickness , determi nes
its protective effect. In interrupted SO2 ex posure , in which the ore-
rusted spec imens were first exposed to 

~~ 
an d then .o humid SO9—fr~e

air , it was found that a temperature (18°C) and humidity (5O~ RH.) wh ich
are too low to in i t iate the fo rmation of incipient reaction product
(FeSO4•4H20) on clean metal , allow suff ic ient  fo rmat ion of these :~roJu cts
on rusted spec imens to enable rusting to continue in moist S00—free
air. Increase in the duration of outdoor exposure of steel p~oduces a
more positive final potential and increased anodic po larisa ti on ,
corresponding to the improvement in the protective property of the rust

~uring exposure.
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“Unter suchungen zur Ausbildun g von Deckschichten a’if niedrig legierten Stahl en
und Baustah l mi t  einem Wechse ltauchverfahren ”
W. Forker. G. Reinhard and E. Dix
Neue Hutte , 13, 235 (1973)

“Macrosc opic Structure of the Rust Layer forned in the Atmospheric Corrosion
of Steel”
3. Honzak
Brit. Corros , 3. , 8 , 162 (1973)

The pa per dea ls w it I~ the structure of the rust laye r fo rmed on steel
under various conditions of a tmospheric corrosion. The variou s stages of
the corrosion process proceed at different rates depending on the total
effect of a variety of climatic factors. These factors also affect the
na ture of the corrosion products in the variou s l ayers. At certain
subcr itical rates of corrosion the amount of rust i n  the l ayer next to
an d bonded to the me tal rema i ns app roxima tely constant. But if this
critical vel ocity is exceeded a cylical disturbance with restructuring of
the l ayer will take pl ace. The final structure of the rust l ayer depends
on the strengt h of the mechanical bonds between the various l ayers , these
bonds differing accord i ng to the conditions under which the rust l ayers
are fo rmed.

“Invest igations of the Atmospheric Corrosion of Plain Carbon and Low—Alloy
Steels i n In dustry , Country , an d See Air ”
K. Bonnenkamp , G. Bur gnann and W. Schwenk
Stahl un d Ei sen , 93 ,1054 (1973)

Invest iga tions of natural corrosion of three steels with 0.10, 0.13 and
0.27°~Cu in industry air , of a high—st rengt h and a weather -resistant steel
and variou s unalloyed and l ow— alloy steels in sea air , country air , and
i ndustry air on the test stands of the Vere in Deutscher
E i senhuttenleute. Mathematical evaluation of the results by neuns of
regression analysis. Di scussion of the infl uences of the investigational
procedure and the corro sion processes.

“A pp ara tus for Study i ng A tmospher i c Degradation of Materi als ”
K. E. Johnso n and A. F. Bromley
Ant i—Corro s ion , 17 ,(1973)

A simple , fl exible test facility has been devised which is suitabl e for
exam ining the effects of trace gases on the degradation of m aterials
~rider Londitions approximating to those of free atmospheric expos~re.

“ nY’a 1 
~‘i ct ior1 s of 5(1-. After Adsorptio n on to M etals ”
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H 3. R. Duncan and 0. 3. Spedding
Corros i on Sc i ence , 13 , 881 (1973)

An el ectrophore tic method for separation of labelled corrosion products

from metals exposed to a tmospheres containing natural concentrations of
has been deve loped. Using t h is me t hod , it was found that on iron

and zinc such products are exclusively sul phur (IV) species and
sul phate. The conversion of S (IV)-~ S(VI) on both iron and zinc was found
to have a half—life of approx . 24 h. The implications of these results
are discussed with respect to a different chemistry of surface
elec trolyte l ayers from that of bulk solutions.

“Die Beziehung zwi schen Unwe l tverschmutzun g und Korrosion von ink und
feuerverzinktem Stahl”
N. Dreulle und P. Dreulle
Weta l l , 27 ,626 (1973)

“The infl uence of carbon particles on the corrosion of iron in a hum id ,
sulphur dioxide—containing a tmosp here”
R. Ericsson , B. He imler and N.- G. V a nnerbery
Werk st. und Korrosion , 24, 207 (1973)

Iron samples covered wi th a thin l ayer of activated carbon have been
exposed to humid a tmospheres containing sulphur dioxide under controlled
conditions. The increase in weight has been determined as a function jf
the time of exposure. An increased rate of corrosion of samples covered
with a thin l ayer of activated carbon has been observed compared w ith
sam ples wit hou t car bon , at low relative humidities only.

“Kr ista ll ine und amorphe Pri inarbi ldungen beim Rosten von ueta ll isch em O lsen in
SO2 hal tiger Atmosphare bei verschiedenen Feuchti gkeitsgr aden ”
E. 0. Franz
Werkstoffe und Korrosion , 24, 598 (1973)

“Aspects scientifi ques des relations entre Ia pollution et la corrosion
metal 1 ique ”
Jean Tal bot
Corrosion , Irai tements . Protect i on , 21 , 97 (1973)

1974

“Corros i )n Agg ressivi ty of Model ~egions of Czechosl ovaL i a”
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1. Knotkova -Cernakova , B. Bosek , and 3. V lckova
ASIM STP 558, 52 (1974)

A com prehensive research program was started in Czechosl ovakia five years
ago for a systematic investigation of the corrosion aggressivity of
selec ted i ndustrial regions. The corrosion tests were perfo rmed on 19
corros ion stations in the North — Bohe m ian model region. Principal
techn ical metals were tested. The characteristics of climate and air
pollution and also the combined index of the corrosion aggressivity were
sug gested and numerical ly expressed. The hyperbolic function has most
closely approximated the law of the time—dependent course of the
corros ion process of metals. The regression anal ys is was performed with
the use of various forms of the climate characteristics , an d the most
favora ble function was expressed. The cybernetic model of the
atmospheric corrosion process was suggested .

“Electroch emical Technique for Determination of the Instantaneous Rate  of
• A tmospheric Corrosion ”

V. Kucera and E. Mattsson
ASThI SIP 558, 239 (1974)

The a im of this i nves ti ga tion was to develop a techni que and equi~ aent
for the measurement of the instantaneou s rate of a tmospheric corrosion of• metals. An el ectrochenical method was chosen for this purpose and a
techn i q ue was d evelo ped for con ti nuou s measuremen t an d recordi ng of th e
curren ts generated in models of the electrochenical corrosion cells which
occur on the metal surface when ex posed to the atmosphere. Two types of

• cells were used , galvanic cells consisting of steel and copper electrodes
and electrolytic cells consisting of only one type of electrode , name l~’,steel , zinc or copper. In t he latter type of cel l an ex~~rnal enf via s
appl ied. The cell current was found to vary between 1O~~ an d 1O 3A in
accordance with changes in climatic conditions the changes being at least
in qualitative agreement with change s in the rate of a tmospheric
corros ion as earlier repo rted in the literature. An inexpensive
elec tronic integrator was devel oped for estimation of the accunulated

• quantity of cel l current over a certain period of time. This device
integrates separately on two counters the arount of current during
periods with low current and during periods with high current. A tine

• coun ter also records the exposure tine during which the current exceedfs
a chosen value. This time counter can be used to measure the tine of
surface ,~metness , that is , that part of the period of exposure when the
corrosion current is of pract ica l importance. Effo rts are now being nad~
to find the quantitative relation between the cell current and the
atmospheric corrosion rate. It is believed that the technique will prove
to be a useful tool for the investigation of atmospheric corrosion in the
laboratory as well as on test sites out of doors and in industrial
applications.
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“Weathering resistance of iron and steels ”
J. A. Vaccar i
Ma terials Engineering 4, 60 (1974)

“Korros ion durch die Atnosphare ”
H. Laub

• Galvano technik , 65 , 209 (1974)

“The Corrosivity of the Atmosphere
J. B. Mohl er
Plating , 61,62 (1974)

“The Econom ics of Clean Air in Perspective ”
F. H. Haynie
Mater ials Protection ,13 (4),33 (1974)

• Th is paper places the economics of providing cleaner air in perspective
by emphasizing some of the tangible benefits to be received . The
Materials Branch , National Environmental Research Center , Research

• Triangle Park , N.C., has determined damage functions for air pollution
effects on ma terials and estimated the resulting economic loss to the
nat ion.

• “B im etallic Corrosion Effects on Mild Steel in Natural Envirorinents ”
K. E. Johnson an d J. S. Abbott
Br it. Corros. 3. 9, 171 (1974)

• “The Rust Preventing Mechanism of Zinc Dust Paint s”
F. The iler
Corros i on Sc i ence , 14 , 405 (1974)

~ In atmospheric weathering the rust preventing mechanis m of zinc dust
pa ints is dominated by the sealing action of the zinc corrosion products
on the pa int surface. Under immersed condi tions the time of cathodic
protection of bare steel is dependent on the zinc content of the
paints. An optimum zinc content has been found for all of the tested

• bi nders : polystyrene , v inyl copolymne r and chlorin ated rubber.
• Differences in the opti mn un zinc content arise m ainl y due to the d~~ffom’en t

wetting of the pigment by the binders.
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“Corrosion atmospherique de l ’ acier doux. xposition de ~~~~~~~ 
well International

intenperies ” Science Center
K. BohnenLam p, G. Burgmann arid W. Schwenk
Curros ion—Anticorrosion , 43 , 587 (19 74)

“Procede electrochinique rapide pour la mesure de la resistance contre la
corrosion atrnospheri que des metaux ”
E. Erdos
Galvano—Org a no ,43, 382 ( 1974)

“Analyses of Some Suggested Mechanism s for Atmospheric Corrosion of Iron in
Presence of S02’
3. R. Duncan
W erkstoffe und Korros ion 25 , 420 ( 1974 )

“Die Kinetik des Rostens von Eisen in der Atmosphare ”
K. Barton , S. Bartonova und E. Beranek
Werkstoffe und Korrosion 25, 659 (1974)

“Effect of Sodium Chloride on the Adsorption of Waver Vapo r and the Kinetics
of the Atmos pheric Corrosion of Zinc ”

• P. V. Strekalov , Vu. N. Mik h ai lo v s kii , and T. S. Balandina
Protection of Metals , 10, 264 (1974)

197S

“D ie Korrosionsbestandi gkeit der nichtrostende n Stahi e an der Atmn osp hare
.
~~ Auswertung von Versuchen bis zu lOjahriger Ausl agerung- ”

R. Ergang und N. B. Rockel
Werkstoffe und Korros ion 26, 36 (1975)

“Neues Model l zum Nechanismus der Oxydation des Eisens
C. G. Nestl er
Techn i k , 30 , 456 (1975)

“Red de estaciones de ensayos de corrosion atmosferica del CENIM en spana ”
‘1. Morcillo
Rev. Metal. CENIM , 11 , 82 (1975)

“Suninator of the Action of the Temperature-Moisture Complex on Metals
with Tests Under ATM Atmospheric Conditions ”
Vu. N . Mi khailovskii and V. A. San ’ko
Zashchita Metallov , U (5), 644 (1975)
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“A Study Concern ing the Properties of Rust on Weatherproof Steel After Life
Tests an d Accelera ted Tests”
A. M. Shlyafirner , G. P. Yakubova , A. I. Go lubev , and N. I. Sotskov
Protection of Metals , 11 (2) 200 (1975)

“Corrosion of Coated Metals ”
3. B. Mohier
Metal Finishing, 33 (1975)

“E ine un iverse lle Einrichtung fur die Prufung der atmospharisc hen Korrosion
von Metallen und Schutzuberzugen ”
0. Knotkova—Cermakova , 3. Kosobud , 3. Vlckova and J. Honzak
Werkstoffe und Korrosion 26, 118 (1975)

1976

“Electroch enical Monitoring of Atmospheric Corrosion Phenomena ”
F. Mansfeld and J. V. Kenkel
Corrosion Science , 16, 111 (1976)

An atmospheric corrosion monitor (ACM) which consists of Cu/Zn or
Cu/steel couples , has been used to study various aspects of atmospheric
corrosion. Calibration of ACM ’s is carried out under 1 ml of distilled

• water. Measurements under ir 5-io 1 
~ KCI show that the conductivity of

the electrolyte is not an important pa rameter in determining the amount
of current flow. A detailed study was related to the effect of salt
particles on atmospheric corrosion. While no current flow and no
corrosi on occurred on clean surfaces up to ~~~~~~~ large increases ofgalvanic current were observed when salt particles were placed on the

• ACM surface provided that-the relative humidity in the test cell was
• higher than the r. h. value of a saturated solution of the salt particle

applied. The ACM has also been used to monito r changes in the
composition of aaseous atmospheres (air , N2, N2 plus SO?). Outdoor
exposure of the Cu/Zn and Cu/steel ACM suggests that th~s instrument canbe used not only to monitor time-of-wetness , but also the corrosivity of
a test environment.

“Auti~uted Apparatus fur Investi gating the Corrosion Effects and the
• Adsorption of Moisture During Atmo spheric Corrosion of Metals ”

P. V. Strekalov , N. V. Dan ilova , and Vu. N. M i kh ai lo v s kii
Protecti on of Metals , 12 , 226 (1976)

45



r~ ___J JTi
~~~ -

~~~ _ _

Rockwell International
Science Center

“Beitra g zur quantit ativen Rontgenp hasenanalyse an Rosten
H. Baum
Neue Hutte 2l , 568 (1976)

“M6glichk eiten der Bestimrnung des Zustandes der Betauung und Befeuchtung der
j Oberfl ache ”

I. Jirovsky , I. Kokoska und 3. Prusek
Werkstoffe und Korrosion 27, 16 (1976)

“Corrosion of Carbon Steel Through a Thin Film of Solution ”
Z. Takehara , A. Saito and S. Yoshizawa
Corrosion Science , 16, 91 (1976)

The corrosion phenomena of carbon steel covered with a thin film of
solut ion were exami ned by using a vertical rotating disk el ectrode dipped
partially in the corroding solution. The diffusion rate of oxygen
through the thin film of solution , obtained from the cathod ic
polarization curve , was the rate— determining step of the corrosion
process. This rate was much larger than that through the bulk
solution. The effect of carbon content in the steel on the corrosion is
di scussed and the corrosion of the steel containing copper is also
discussed.

“Studying the Atmospheric Corrosion of Metals by the Polarization —Resistance
Method”
V. A. Kuzn etsov , S. G. Polyakov , Yu. S. Gerasimenko , and Vu. G. Kotl ov
Protection of Metals , 12 , 109 (1976)

“Electroch~~ical Method for Investigation of Protective Properties of• Operational/Preservative Oils and Greases Under Conditions of Cyclic Dew
Format ion ”
L. N. Shelchkova , S. S. Savel ’ev , A. G. Mokhov , V. S. Lunev a, and N. R. Gileva
Protection of Metals , 12, 109 (1976)

“Behav ior of Metallic and Oxide Coatings During Development of Mi crobiological
Corrosion in the Atmosphere ”
A. A. Gerasimenko
Protec tion of Metals , 12, 96 (1976)
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“Electrolytes for Study i ng Electrode Processes in Thin Films with Atnospheric
Corrosion Tests”
G. Kh. Dzhincharadze , V. S. Kemk hadze , S. N. Mandzhgaladze , and E. V. ~lo nt i
Protection of TMetals , 12 , 112 (1976)

“Screening Properties of Packaging in Protecting Metal Articles From
Atmospheric Corrosion ”
B. G. Balashov and E. I. Kozlova
Protection of Metals , 12 , 114 (1976)

“Acid Precipitation ”
G. E. Likens
Chem . Eng. News ,54 , 29 (1976)

“Corrosion Resistance of Al uminum Alloy s in the Atmosphere of Industrial
Plan ts”
T. G. Kravchenko and I. A. Efimov
Protection of Metals , 12, 373 (1976)

“Corrosion of High—Alloy Aluminum Grades Under Atmospheric Conditions ”
• V. 0. Ka linin , G. M. i3udov , and V. S. Sinyavskii

Protec ti on of Metals , 12, 501 (1976)

• “Initial Stages During Atmospheric Corrosion of Metals at 3e1~~—Ze ro and
Above—Zero Temperatures in Hum id Air ”
Yu . N. Mikhailovski i , P. V. Streka lov , an d I. S. Bal an dina
Protection of Metals , 12 , 451 (1976)

“Effects of Sulfur Dioxide and Acid Precipitation on Metals and Anti—Rust
sa i nted Steel ”
V. Kucera
Ambio , 5, 243 (1976)

The corrosion rate of several metals and of painted surfaces is
significantly higher in pol l uted urban a tmospheres than i n rural
atmospheres. This is ascribed chiefl y to the high concentrations of
airborne sulfur pollutants in urbanized areas. The increased corrosion
rate causes substantial economi c losses.

“Kennwerte zur Klass ifi zi erun g der Aggre ssiv it~ t der Atmosph are
Von Wolfgang K~hler and Wilfried HeiderKorrosion , 7 (4), 3 (1976)
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1977

“Electroch emical Measurements of Time—of—Wet ness and Atmospheric Corrosion
Rates”
F. Mansfeld and J. V. Kenkel
Corrosion , 33, 13 (1977)

An atmospheric corrosion monitor has been developed which allow s
monitoring of time—of—wetness and corrosion behavior in outdoor
exposure. This device is being used in exposure studies in Southern
California and has also been appl i ed to l aboratory studies of atmospheric
corrosion , in which the effects of salt part icles , gaseou s pollutants ,
imp urities in rust , temperature , and relative humidity are evaluated .

“Saturated Vapo r Pressures of Volatile Corrosion Inhibitors ”
0. I. Golyanitskii
Protection of Metals 13 , 451 (1977)

“Behav i our of a Galvanic Cell Simulating the Atmospheric Corrosion Conditions
of Gold Plated Bronzes”
B. Mazza , P. Pedeferri , G. Re and D. Sinigag lia
Corrosion Science , 17 , 535 (1977)

“Short—Term Atmospheric Corrosion of Mild Steel at Two Weather and Pollution
Moni tored Si tes”
3. 3. Johnso n, P. Elliott , M. A. Winterbottom and 8. C. Wood
Corrosion Science, 17, 691 (1977)

Results are recorded of topographical details , weight loss and corrosion
product analysis for short-term atmospheric exposure of mild steel , in
relation to weather and pollutant factors. Various structured corrosion
features, e.g. doughnut -like , were noted. The major corrosion product
found was 7-Fe20 3H20, with some a-Fe20 . 3H~O and a -FeOOH. Wet initial
conditions of exposure and subsequent high levels of humidity were found
to have the dominant overriding effect in promoting corrosion losses.
Smoke was shown to be capable of exerting a very strong i nfl uence upon
the effective corrosivity of atmospheric sulphur dioxide .

“Air Quality Reference Data for Corrosion Assessment ”
T. E. Graedel and N. Schwartz
Material s Protection , 16 (8), 17 (1977)
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Gra phical summaries of the concentrations of atmosp ic 

~~~~~~~~~~~~presented for over 3700 sites at which one or more of the con~anina~1!s
are monitored . Al so in cl ud el are data on amb ient humidit ies and
temperatures. The data pro iide a comparison base for design and test
resul ts cal ibration. Atnos~heric upper u n it v al ies (the maximum average
values sustaine d over field ~~pos ures of 10 to 30 years) are defined for
the follow ing: temperature , humidity , aldehydes , ammonia , ammoniu n ion ,
benzene — soluble organics , c~1oride ion , gaseous chlorine , fl uoride ion ,
hyd rogen sulfide , nitrate ion , nitric oxide , nitrogen dioxide , nori~ethane
hydrocarbons , ozone, sulfate ion , sulfur diox ide , and total particu late
matter. Indoor and outd oor concentrations as a functio n of time and site
are also di scussed .

“Simu lating Metal Atmosphe ric Corrosion ii Artificial Climate Chambers and
Accel erating it by Raisi ng the Tem :~perature”
L. A. Shuvakhin a , Vu. N. Mikh ailovski i , N. F. Sharonova , an d V . S. Sedova
Protection of Metals , 13 , 130 (1977)

This paper gives the results of studying the effect of temperature upon
corrosion speed in i ron , zinc , cadm i um , and copper in a pure moist

~tmnosphere and in the presence of thin phase l ayer of water on the
metal. The coefficients of corrosion acceleration with increased
ti-mperature were defined . The extent to which the corrosion process in
the metals studied can be accelerated relative to actua l conditions by
conducting the tests in artificial climate chambers at 40—60° was
shown.

The Application of Potentiostatic Polarization Techniques to Corrosion Under
Thin Condensed Moisture Layers”
S. 8. Fishman and C. R. Crowe
Corrosion Sci ence , 17 , 27 (1977)

An electrochernical cell was constructed with which potentiostatic corrosion
techniques were applied to the thin film of electrolyte . The resultant
corrosion rates are consistent with those reported from long time weight loss
mea~u ement~.

“X—Ray—Electronic Investi gation ~f Inh ib~tors of ~t:~ospheric Corrosion at
:~ tal l ic Surfaces”
• ‘~. ‘4. Novit skii , Va. V. Salyn ’ , and V. I. ‘~efedov
Protection of Metals , 13 , 174 (1977)

“Untcrsuchur~gen zur atmospharischen Korrosion mi t einer elektrochemischenzelle
W . Friehe and W. Schwenk
Stahl mn d Eisen , 97, 685 (1977)
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“A Compariso n of the Mass and Resistance Change Techni ques for Investigating
Thin Fil m Corrosion Kinetics ”
Wen—Vaung Lee , H. C. Siegmann , and 3. M. Eldridge
3. Electrochem. Soc. 124, 1744 (1977)

In situ quartz oscillator microba lance (QCM) and electrical
resistance change (RC) measurements were carried out simul taneous ly on
identical ly prepared Permalloy films in order to establish the
sensitivity and reproducibilit y of each technique for investigating
a tmospheric corrosion. Both techniques were found to be highly sensitive
to thickness change s (better than lA) resultin g from corrosion in a high
humidity atmosphere containing trace quantities of acid— fa nni ng , gaseou s
pollutants. However , the QCM results were found to be an order of
magn itud e more reproducible than the RC data. Moreover , it was
established from the QCM findings that the average mass increase due to
corros ion was quite closely proportional to the square root of exposure
time in the test chamber. Thus compl ex thin film corrosion kinetics can
be determined wi th considerable accuracy provided reasonable exper imental
procedures are empl oyed. The results of both measurements were compared

• also in an isochronal pl ot where it was found that the resistance change
was proportional to the ssquare of the mass increase arising from the
formation of corrosion products. The origin of this relationship was
i nvestigated by carry i ng out simulated corrosion studies involving
punching out holes in an aluminized Mylar structure while dete rn ini n g the
effects of material loss on el ectrica l resistance.

“Application de L’électrochimie en Couche Mince ~ L’é ude de laCorrosion Atmosphérique ”
C. Fiaud and F. Tirbonod
Metaux-Corrosion-Industrie 51, 388 (1977)

“Physicomathematical Simulation of Steel Corrosion Under Atmospheric
Conditions ”
Vu. N. Mikhai lovski i , V. V. Agafonov and V. A. San ’ko
Prot. Metals 13 (5) 429 (1977)
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“Corrosion of Decorative Pl a ti q Systems in Various Localit ies in the USA”
R. L. Saur
Plating and Surface Finishing , 65, 48 (1978)

Decoratively plated specimens were exposed in several widely separated
localities in the U.S.A. to obtain data on the var iation in effect of
geographic , enviro nmental and cl imatic infl uences on corrosion. Of all
these infl uences, exposure to sunlight appeared to be most effective and
tended to reduce the amount of corrosion.

“An Instrumental Gravimetric Method for Indexing Materials , Contaminants , and
Corrosion Products Accord i ng to Their Hygroscop icity ”
3. D. Sinclair
3. El ectrochem . Soc., 125, 734 (1978)

The moisture pickup characteristics of selected dusts , contamin ants ,
corrosion products , and aged insul ation and substrate materials have
beenn determined in a dynamic humid enviro nment by instrumental
gravimetric analysis. These are compared wi th pure salts and other
standard materials to categorize their relative hygro scopicities during
the initial adsorption stage and subsequent stages of moistu re pickup.
In addi tion , the minimum relat ive hum idities at which some pure salts and

• a variety of other substances will pick up moisture are reported .

“An Instrumental Gravimetri c Method for Indexing Materials , Contaminants ,
and Corrosion Products According to THeir Hygroscopicity ”
J . 0. Sinclair
Jour. of the Electrochemical Society , 125 (5), 734 (1978)

The moisture pickup characteristics of selected dusts , contaminants ,
corrosion products , and aged insulation and substrate materials
have been determined in a dynami c humid environment by instrumenta l

- • gravimetric analysis. These are compared with pure salts and other
standard materials to categorize their relative hygroscopicities
during the initial adsorption stage and subsequent stages of moisture
pickup . In addition , the minimum relative humidities at which
some pure salts and a variety of other substances will pick up mois-
ture are reported.

“Determination of the Instantaneous Rate of Atmospheric Corrosion ”
3. A. Gonzalez
Werkstoffe and Korrosion , 29, 456 (1978)

An attempt has been made to determine the applicability of
Stern ’s (or polarisation resistance) method for obtaining
a reliable evaluation of the instantaneous rate of atmos-
pheri c corrosion.

The tests carried out so far have revealed a good agreement
between electrochemically obta i ned information on the in-
fluence of various corrosion factors and their real effect
on the attack of metals when exposed to the atmosphere.
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“Investigation of Atmospheric Exposure Factors that Determine Time-of-
Wetness of Outdoor Structures”
P. R. Grossman
ASTM STP 646, 5 (1978)

Wetness of outdoor structures is caused partly by condensation
of water form the atmosphere , which we recognize as dew. Rain
is the source of part of the wetness. The condensation process
means that heat must be removed fromair at the surface where
condensation occurs . This heat exchange process by radiation from
the exposed surface to the cold sky is examined in detail. Tem-
perature differences between an insulated black surface , facing
skyward , and ambient air conditions were observed to be as high
as 8°C (15°F). Effects of wind velocity , orientation , and sur-
face characteristics are given. Time-of-wetness measurements for
test panels exposed at Miami , Florida are reported , including the
“black box” exposure method used for coated panels. Comparisons
of time-of-wetness investigations reported by Guttman and Sereda
are given.

“Final Report on the ASTM Study : Atmospheric Galvanic Corrosion of
Magnesium Coupled to Other Metals ”
Robert Baboian
ASIM SIP 646, 17 (1978)

In 1949 a study was initiated by H. 0. Teeple sponsored by Sub-
committee V III on Galvanic and Electrolytic Corrosion of the
American Society for Testing and Materials (ASTM ) Committee 8-3
on Corrosion of Nonferrous Metals and Al loys. This study covered
the atmospheric galvanic corrosion of magnesium coupled to a
number of dissimilar metals and alloys . Previously, results were
reported for two and one half years exposure at State College
and Kure Beach. This report , sponsored by Subcommitee VII on
Gal vanic Corrosion of ASTM Committee G-1 on Corrosion of Metals,
presents the fina l data from this study after an approximate 22-
year exposure at these test sites .

“Effects of Air Pollutants on Weathering Steel and Ga l vanized Steel :
A Chamber Study ”
F. H. Haynie , J. W. Spence and 3. B. Upham
ASTM STP 646, 30 (1978)

A statistically designed laboratory study of the effects of gaseous
air pollutants on materials was completed . Weathering steel and
galvanized steel were among materials exposed in controlled environ-
ment chambers . The direct and synergistic effects of relative
humidity , sulfur dioxide , nitrogen dioxide , and ozone in a programmed
dew/light cycle were studied . For weathering steel , sulfur dioxide ,
relative humi dity , and interaction between the two were the imDor tant
corrosion rate factors . For galvanized steel , only the direct
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“Behavior of Zinc-Coated Steel in Highway Environments ”
G. German
ASTM STP 646, 74 (1978)

Results of 3 to 7-year exposure periods of galvanized steel
specimens in Ontario and Quebec highway environments are

H ~eported. Continuous hot-dip, batch hot-dip, and electrogal-
vanized materials were used . Results indicated that a coating
life of five years per rnil of coating can be expected in urban
environments , and 10 to 20 percent longer protection in rural

H environments. The method of zinc application appeared to have
no significant infl uence.

“Ki netics of the Atmospheric Corrosion of Galvanized Steel”
R. A. Legault and V. P. Pearson
ASTM STP 646, 83 (1978)

Atmospheric corrosion behavior was evaluated separately on sky-
ward and groundward surfaces of galvanized steel test panels
exposed in both i ndustrial and marine environments . The behavio r
in every case can be accurately described by the same general
kinetic relationship, ~W = ktN , where the empirically deter-
mined coefficients , K and N , can be used to separate the tendency
for a corrosion product to form from the effect of that corrosion
product on the subsequent reaction . The specific kinetic equa-
tions which apply in each case can be used to reliably predict
long-term atmospheric corrosion behavior.

“Corrosion Prevention with Termal-Sprayed Zinc and Aluminum Coatings ”
F. N. Longo and G. 3. Durmann
ASTM STP 646, 97 (1978)

This paper presents the results of 19 years ’ testing , undertaken
by the Ameri can Welding Society , to evaluate the flame-sprayed
zinc and aluminum coatings , seal ed and unsealed , applied to low-
carbon steel .

Panels were exposed to seawater at mean tide and below low tide
levels at two different locations. Panels were also exposed to
atmospheric conditions at six different locations inc l uding
rural , industrial , salt air , and salt spray environments.

The results indicate that l ow—carbon steel can be protected from
the corrosive effects of these environments for 19 years or more
by the application of flame-sprayed zinc or aluminum coatings .
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“Atmospheric Corrosion of Electrop late d Zi nc Allo y Di e Cas ti ngs ”
3. H. Payer and W. H. Safranek
ASTM STP 646, 115 (1978)

The effect of electroplating variables on atmospheric corrosion
of copper , nickel , and chromium electrop lates on zinc alloy die
castings was investigated at mobile and stationary test sites.
Most than 3000 electroplated die castings were exposed on Detriot ,
Michigan , trucks; Youngstown , Ohi o, trucks; New York City tug-
boats; Detrio t, Michigan , roof tops; and Kure Beach , Nor th Caro-
line , 245-rn (800—ft ) lot , for periods of up to 10 years . Ex-
posure to mobile test sites provided a valuable supplement to the
more conventional stationary test site. The application of mi-
crodiscontinuous chromium proved to be the most influential fac-
tor for improved corrosion resistance.

“ASTM Atmospheric Corrosion Testing: 1906 to 1976”
W. H. Ailor
ASTM SIP 646 , 129 (1978)

In the early fall of 1976 ASTM Committee G-l on Corrosion Metals
exposed more than 40 ferrous and nonferrous sheet materials at
five test locations. These exposures are a part of the third 20—
year atmospheric test program generated by ASTM corrosion groups
since 1932. Metals include new alloys , tempers , and coatings dev-
eloped since the initiation of the last program.

Exposures have tri plica te exposed panels for removal periods of 2,
5, 10 , and 20 years at test sites at Kure Beach , North Carolina ,
24-m(80-ft) lot; Newark-Kearny , New Jersey; Point Reyes , Cal i for-
n i a ; State College , Pennsylvania; and Panama Canal Zone.

Ten metal suppli ers are participating in this new long—te rm test
p rogram . Amon g the metals exposed are aluminum , copper , lead ,
magnes i um , nickel , stainless steel , titanium , an d zinc alloys.
Aluminize d and galvanized coated steels are also being tested.

Evaluation of these mate ri als i nclu des wei ght loss (corrosi on
rates), pitting depth , and chan ges i n mechan i cal properti es.

One task group is monitoring weather conditions at the sites and
another group is calibrating the site corrosivities through per-
iodical short—term (1 and 2 year) exposures of steel and zinc
panels during the course of the 20-year tests.

“Protection of Copper Metals from Atm ospheric Corrosion ”
L . 0. Fitzgerald
ASTM STP 646, 152 (1978)

The develo pment of a synthetic patina process for copper metals
is described. The chemistry of the process essentially parallels
the natural atmospheric corrosion of copper. Various stages of
the patination system are illustrated via scanning electron mi-
croscopy (SEM) photographs.
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The development of organix resin—based coating systems are de-
scribed , including passivation systems , solvent selection and
resin screening techniques. An accelerated weathering test pro-
gram for evaluation of clear coatings is detailed. Field eval-
uation at various test sites are correlated with coating prop-
erties. The illustrate the effect of atmospheric contaminants ,
sea spray contamination , and high ultraviolet intensity exposure
effects as they pertain to coating life .

Field tests of the inorganic patina and of both an organic lac-
quer and a shop—applied film coating system are described indicat-
ing the potential durability of the system.

“Behavior of Zinc-Coated Steel in Highway Environments ”
G. German
ASTM SIP 646, 74 (1978)

Results of 3 to 7—year exposure periods of galvanized steel
specimens in Ontario and Quebec highway environments are
reported. Continuous hot-dip, batch hot -dip, and electrogal-
vanized materials were used . Results indicated that a coating
life of five years per mil of coating can be expected in urban
environments , and 10 to 20 percent longer protection in rural
environments. The method of zinc app lication appeared to have
no significant infl uence .

“Kinetics of the Atmosp heric Corrosion of Galvaniz -e d Steel”
R. A . Legault and V. P. Pearson
ASTM STP 646, 83 (1978)

A tmospheric corrosion behavior was evaluated separatel y on sky-
ward and groundward surfaces of galvanized steel test panels
exposed in both industrial and marine environments. The behavior
in every case can be accurate~y described by the same general
kinetic relationship, ~W kt , where the empiricall y deter-
mined coefficients ,~K and N , can be used to separate the tendency
for a corrosion product to form from the effect of that corrosion
product on the subsequent reaction . The specific kinetic equa-
tions which apply in each case can be used to reliably predict
long-term atmospheric corrosion behavior.

-

~~~ 

“Corrosion Prevention with Termal-Sprayed Zinc and Aluminum Coatings ”
F. N. Longo and G. J. Durmann
ASTM SIP 646, 97 (1978 )

This paper presents the results of 19 years ’ testing , undertaken
by the American Welding Society , to evaluate the flame-sprayed
zinc and aluminum coatings , sealed and unsealed , applied to l ow-
carbon steel. 
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Panels were exposed to seawater at mean tide and bEdj~~wRtjc*wefj International
levels at two different locations. Panels were als~~~ p sed to
atmospheric conditions at six diffe rent locations in clud in~~~~~

e Center
rural , industrial , salt air , and salt spray environments.

The results indicate that l ow—carbon steel can be protected from
the corrosive effects of these environments for 19 years or more
by the application of fl ame-sprayed zinc or aluminum coatings.

“An Accelerated Atmospheric Corrosion Test (AACT)”
R. D. Smith
ASTM SIP 646, 160 (1978)

A laboratory test method for accelerated atmospheric corrosion
testing has been developed. Copper alloys were the main subject
of testing, and the principal atmospheri c simulation was urban—
industrial . The test method has been very useful in ranking ex-
perimental copper alloys relative to commercial alloys and is
believed to be adaptable to other alloy systems and environments.
Representative reproducible oxide films can be generated for film
study work and kinetics of film formation can be followed easil y.

“A tmospheric Corrosion Behavior of Aluminum -Zinc Alloy Coated Steel”
J. C. Zoccola , H. E. Townsend , .4. R. Borzil lo , and J. B. Horton
ASTM STP 646, 165 (1978)

The influence of the aluminum content of hot-dip aluminum zinc
allo y coatings on their corrosion behavior was studied by means
of salt-s pray and atmospheric corrosion tests. The objecti ve

4 was to develop an improved aluminum -zinc alloy coating on steel
that would be more durable than galvanized coatings and that
woul d be more protective to cut edges and areas of mechanical
damage than hot-dip aluminum coatings. The optimum alloy was
found to be 55 weight percent aluminum -zinc. This new alloy
coating is two to four times as corrosion -resistant as a gal-
vanize d coating of similar thickness. Furthermore , for the
galvanic protection of cut edges of sheet in some environments ,
this coating proved to be superior to aluminum coatings.

“Atmospheric Corrosion of Laminar Composites Consisting of Copper on
Stai nless Steel ”
Robert Baboi an , Gardner Haynes and Peter Sexton
ASTM SIP 646, 185 (1978)

Atmospheric corrosion of laminar composites consisting of copper
-
~~ on stainless steels has been studied through direct exposure of

copper—c lad ferritic and austenitic stainless steels to provide
informat ion on galvanic effects at cut edges and pores in the
copper cladding. Qualitative and quantitative results after ex-
posure for 7.5 years are oresented and environmental effects are
cons idered. Application of electrochem ical techniques for pre-
dictina galvanicall y induced localized corrosion are discussed
and related to environmental conditions and alloy composition .
Mechanisms for galvanic pitting and crevice corrosion are corre-
la ted with service performance of the copper -stainless steel
coup les .
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“Corrosion Map of the British Isles ”
I. R. Shaw
ASTM SIP 646, 204 (1978)

This paper describes a simple and reliabl e methodology by which
the effects of atmospheric corrosion can be measured , and devel-
oped into a corrosion map. The use to which such information can
be appli ed to provide savings in design , materi als , selecti on of
protective finishing s , and maintenance expenditures of such1 finishings is discussed.
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