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Translated from Dok. Akad. Nauk, G3 {1948}, 8, 119-128,

EMISSION OF PHOTOGRAPHICALLY ACTIVE PARTICLES
IN THE ATMOSPHERIC CORROSIOR OF METALS

by
I.L.ROIKE

(Presented by A.N.TERENIN, Member of the Academy,
September 9, 1948)

1) As early as 1896, Colson |1} stated that the
freshly cieaned surfaces of the metals zinc, magnesium and
cadmium would produce a latent photographic image. Colson
ascribed this effect to metallic vapors. Then a paper by
Russel appeared {2], in which he concluded that the blacken-
ing of the photographic plate was due to hydrogen peroxide
liberated, as he thought, from the metals. Russel was unable
to produce any direct experimental evidence in support of
this hypothesis, and for this reason he took his departure
from indirect theorizings, based on the fact that a number of
photographically active organic substances related to tne
terpenes, when oxidized, liberated hydrogen peroxide capable
of causing the blackening of photographic plates.

Further researches cast no 1ight on this question,
and to this day there are no data on which to judge the make-
up of the photographically active particles given off by the
metals, We think it relevant to remark that the observed
effect is due to particles, and not to light. This fact was
plain even from the older researches, and from a whole series
of experiments which we carried out before we heard of the
previous work. Conclusions of a different nature, at which
A.A.Ul'yanov has arrived {3}, are not based on reliable experi-
mental evidence.

Charged particles of positive sign do also make
their appearance over the metallic surfaces. Cur experiments
did not show any photographic activity in these particles,

Besides the emission of photographically active
partlicles of unknown constitution, and of the said charged
particles, the metals emit ultra-violet rays of extremely low
intensity, so weak that one can not record them photo-~
graphically through a quertz filter 0.2 mm in thickness, even
with exposures of several weeks' duration. 8o far, the only
meihod which has peruitted us to establish the existence of
this rediation and to study it is mitogenesis. We were adble
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to show, on the basis of extensive experimental data, that
thc metals emit ultra~violet rays. By the same mitogenetic
method we obtained the emission spectrum of this radiation.

Our theory is that all three phenomena, (1) ths

emissien ef photographicaill etive partieies; (B the forma-
tion of charged pgrtgeiea, 15? the egissian of él ra-violet

rays, must be viewed in mutual relationship. There 18 reason
to believe that the said three phenomena are an accompaniment
of the process of atmospheric corrosion,

2) 1In the present paper, we are setting forth the
results of an experimental research on the kinetics of the
enission of photographically active particles in the corrosion
of magnesium, aluminum and zinc. First we should mention
that these particles are emitted only after the removal of
the protective film of oxide. If this film is present, it 1is
impossibhle to obtain any photographic effect with the metals,

This faet in itself indiocates that the partiele emission is
connected with the process of atmospheric corrosion. The

kirctics of the emission testify to the same thing.

In making photographic tests with the metals, one
encounters a real difficulty, namely that by no means every
photographic material is usable for the purpose. Moreover, we
found that a preliminary heating would consideradly sensitize
ihe trotcgrephic plate to this effect. The process, however,
ToTZSI SUT D T »eTearsitier sfa» sare UDe, Wl sEnsIITILY
isarzeared, A similar effect is brought about by heating
the plate after the exposure, but in this case the sensitiz-
ing action is weaker, The experiments described below were

performed with plates which did not require sensitization.

3) Our kinetic experiments consisted in moving the
metal samples to successive positions underneath the photo-
graphic plate, to make a series of exposures across the plate.
Exposure times were 2, 4 and 24 hours. Here we are giving
only the curves for the 24-hour exposures; the curves for the
o“her exposure-times are similar. The time-rate of oxidation
of the surface varies; thus as the metal is moved across the
plate, images of different optical density are formed. In
moving the samples, the distance between the plate and the
metal was kept unchanged.
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Trhe experiments were carried out with fresh metal
filings , which because of the larger active surface give a
strong photographic effect. The distance between the metal
filings and the plate was 1 mm. The sensitivity of the plates
was 70 according to the Hunter and Driffield method. The

number of imaged whieh eould be oBjaifitd en uns piate was
limited by the size of the latter (length 40 om). The tem-

perature in the laboratory was 25°C, humidity 65%.

The optical density of the images was determined by
means of a photometer (set up in the laboratory) with a selenium
photo-element. From comparison of the optical densities pro-
duced on the negative by the same metal sample in its successive
exposures, we may derive a curve for the variation of the
blackening effect with time, and this variation, in our
opinion, is connected with the process of oxidation and forma-
tion of the protective film.

If we know the optical densities, it 1s possible to
calculate figures representing more closely the number of parti-
cles falling upon the photographing plate. Obviously the num-
ber of particles will have a most direct relationship to the
accretion of ths oxide film, and graphs constructed £o as to
take this factor into account would be a closer representation
of the processes under consideration. However, because of the
small values of the optical density, the course of the curves
shows only insignificant variations, and therefore we may,
without prejudicing the result, take it that the figures
plotted as abscissae correspond to numbers of particles falling
upon thc photographic plate.

4) Fig.l shows the curve for aluminum, as obtained
from the successive shifts of *the aluminum filings at 24-hour
intervals, Time in hours 1s plotted as the abscissa, optical
density as the ordinate. Each circlet shows the density
which builds up in the corresponding period.

rig.2 is the kinetic curve for magnesium, showing
the variation in the amount of blackening for each 24 hours.

For zinc, this curve turns out to be of quite a
different character. Fig.3 18 the kinetic curve for this
metal, as obtained under identical conditions., We see from
the graph that here there is no monotonic decline. The pro-
cess has a pulsating decrement.

Here we cannot suppose that a straight line could
be drawn through the experimental points and the ‘geatter

-3 -




- e o - en e i e . o i o <

e — e e —r—.

ascribed to the error of measurement; this would be incorrect,
because (1) the hinetics of aluminum and magnesium were inves-
tigated under precisely the same conditions (tests with dif-
ferent metals were made ou & wingle phutographic plate) and
showed no scatter; ‘hus there is no basis for ascribing the
scatter to measuremeni-error with sinc alone; (2) the ourves
for zinc, made with different exposure times, are of exactly
the same character,

Our curves of the emission kinetics of the photo-
graphically active particles might very properly be compared
with curves obtained by weighing the metallic samples at cor-
responding intervals of time. Agreement between these curves
would provide direct confirmation of an immediate relation-
ship between the kinetics of particle emission and the cor-
rosion process, However, because of circumstances over which
we have no control, we were unable to carry out measurements
of this kind, and therefore have had re~ourse to data avail-
able in the literature.

¢

5) Vernon [4] studied the kinetics of the atmos-
pheric corrosion of aluminum by weighing sheets of the metal
at fixed time-intervals., The results obtained were graphed
with time as abscissa and increase of weight at ordinate. The
curve which he obtained shows how the weight increases with
time, and thus gives us information on the speed of accretion
of the oxide film.

Let our point of departure be that the change in
film thickness, dL, in ti.~» dt, conforms to the following
equation:

&le
L]
~

i

where k is some constant.

Since the increase 1n thickness of the film mmst de
proportional to its weight, the above equation may de
expressed in the following form:

aL 1
dt = W

where W is the weight of oxide.

If in adopting Vernon's curve we introduce, not the
weight-increase W but its reciprocal, we shall obtain a curve
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showing how the thickness of the film increases with time,
Fig.4 is such a curve as obtained by us: 1/W is plotted as
ordinate, and time in hours as abscissa. The same scale is
chosen for the abscissae as that which we used for the kinw
etic curves of the photographically active particle emission.

Let us now compare the graphs of Figs. 4 and 1. Ve
cannot expect complete agreement here, since ?1) our measnre-
ments and Vernon's measurements were zarried out under 4if-
ferent conditions; (2) the measurements were made for different
factors, namely weight of oxide and blackening of the photo-
graphic plate; (3) we very likely used aluminum of different
qualities, Nevertheless the variations of Vermon's curve for
aluminum scheets and of our curve for aluminum filings resemble
each other quite closely.

From the above comparison, we may draw the conclusion
that between the optical density due to any given quantity of
photographically active particles emitted by a metal, and on
the other hand the thickness of the oxide film, there is a
definite relationship. With the passage of time, there is a
decrease both in the rate of blackening and in the rate of
thickening of the oxide film. Thus the kinetic curve of
emission of the photographically active particles will alao
serve to characterize the progress of atmospheric corrosion.

Received July 6, 1948,
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crunslatcd from Dok. Akad. Nauk, 63 (1948), 2, 119=122,

EMISCION OF PHOTOGRAPHTCALLY ACTIVE PARTICLES
IN THE ATMOSPHERIC CORROGION OF METALS

by

I.L.HOIKH

(Presented by ALN.TERENTH, M mber of the Academy,
September ‘1, 194R)

1) As early as 1876, Colson {1} stated that the
freshly clecuned surfaces Y the metnls zinc, magnesium and
cuiizimm would produce a latent photopraphic image., Colson
2scribed this effect to metallic vapors, Then a paper by
Russel appeared [2], in which he concluded that the blacken-
ing of the photographic plate wus due to hydrogen peroxide
liberated, as he thought, from thc metals., Russel was unable
to produce any direct experimental evidence in support of
this hypothesis, and for this reason he took his departure
from indirect theorizings, bauscd on the fact that a number of
photographically active organic culstances related to the
terrenes, when oxidized, liberiited hydrogen peroxide capabl-
of cuusing *he blackening of pho‘o. raphic plates.

Further researches cist no lipght on this question,
and to this day there are no data on which to Jjudge the muke-
wp of the photograpnically active particles given off by the
ntulse  VWic think it relevant to remirk that the observed
¢ffect 45 due to particles, und not to 1ight. This fact was
plain even from the older reuc:rche3d, and from a whole neries
of ecxperiments which ‘e carrici out before we heard of the
prcvious work. Conclusions of a different nature, at which

A.A.Ul'yanov has arrived {3}, rirc not based on relinsblc cxper! -

mental evidence.

Charged particles ¢! nositive slgn de also make
their appearance over the metnllic surfucesg., Qur experiments
did not chow any photographic :ctivity in these particles.

Besides the emission of photorrapaically active
particles of unknown constitutior, and of the sald charged
particles, the metals emit ultra-violct rays of extremely low
intensity, so weak that one cun not record them photo-
graphically through a quartz filter 0.2 mm in thickness, even
with exposures of several wecks' duration. 8o far, the only
method which has permitted us to establish the existence of
this radiation and to study it is mitogenesis. We were able
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Translated from Dok. Akad. Nauk, 72, (1960), 8, 3356-338.

TEMPERATURE DEPENDENCE OF THE EMISSION OF PHOTOGRAPHICALLY
AOTIVE PARTIOLHE IN THE ATMOSPRBRIO QORROSION
OF MAGNESIUM AND ZINC

I.L.ROIKH and P.Ye.MAZAYEV

(Presented by A.N.TERENIN, Member of the Academy,
Pebruary 21, 1950.)

A number of metals, when their surfaces have been
freshly cleaned, possess the ability to act on a photographic
plate in the same way as light {1}. This effect may be
ascribed to active particles of unimown composition, which
are emitted from the metals in the process of atmospheric
oxidation. On this question the opinions of differunt writers
are highly contradictory. Some ascribe the action to the
vapors of the metals 111, others to hydrogen peroxide {2};
still others, to light {3}. The avallable experimental data
force us to the conclusion that the effect is due to the
emission of particies, but we do not have sufficient basis
for believing them to be hydrogen peroxide.

Although the problem is fifty years old, the numbenr
of papers dealing with it is insignificant, and moreover the
treaiment is only of a qualitative nature. One of the authors
of the present paper has stiudied the kinetics of the emission
of the photographically active particles by metals, and has
come to the conclusion that it is similar to the kinetics
of atmospheric corrosion, of which measurements were mads bdy
gravimetric means. From this we draw the canclusion that the
emission-kinetics of these photographically active particles
can serve as & characteristic descriptive of the corrosion
process,

The present work is devoted to the question of the
effect of temperature on the emission of photographically
active particles by magnesiumn and zinc in atmospheric cor-
rosion. The authors have undertaken to establish the mechaniam
and relationships iavolved.

=xperimental Procedure.

The experiments were made on plates of magnesium
and zinc. The zinc plates were cut out of a single sheet,
produced from a melt >f the commercially available chemically
pure granulated meta.. The magnecium samples had the follow-
ing composition: Mg 99.825%, 381 0.,014%, Pe 0.040%, Al 0.013K.
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The metal plate of 4 x 2 x 0.5 cm® 8ize was processed
to give it a flat surface, in order to ensure the best possible
contact with the surface of the photographic plate. For pur-
posesof bringing the metal and photographic plate tc the par-
ticular temperature required for the experiment, they were
placed in a thermostat for five minutes. Before this was dune,
the surface was polished with emery cloth to remove the oxide
layer, so that the final cleaning, immediately before the
exposure, would take the least time and not permit any per-
ceptible corrosion of the metal. After the preliminery heas$ing
to the required temperature, the surface of the sample was
again cleaned for 30 seconds to get rid of the oxide layer
which can form even during a 5-minute heating, and then the
metal was imrediately placed on a mica diaphragm, with a
1 x 1.5 co¥ window, laid directly on the photographic emulsion.
The thickness of the diaphragm, and therefore the distance
between the metal and the photographic plate, was 0,06 mu,
llica was chosen as the material for the diaphragm, because it
does not let the photographically active particles tnrough.

The exposure time was 10 minutes for each of the temperatures
used. The specified conditions were strictly maintained in
all the tests carried out.

The results of our measurements are influenced by
two processes, between which a clear distincticn should be
made: 1) the effect of temperature on the particle emiscion

rom the metal: 2) the effect of temperature on the sensi-
tivity of the photographic emulsion. It is the first process
with whicn the present paper is concerned. As for the second
process, it occurs because the photograprhic plate is placed
in the thermostat along with the metal.

We shall start from the assumption that the
temperature-dependence of the emulsion sensitivity is the same
for any of our sources, This assumption is our reason for
using light /for purposes of standardization’; in contrast to
the metal effect, light intensity does not depend on the tem-
perature of the tnermostat. The luminous intensity of ths
incandescent lamps (fed by an accuuulator) was determiuned by
exposing a photographic plate for i1/25 seccad at the same
temperatures and under the same conditions as with the metal.

Each series of tests was made on different areas of
8 single photographic plate. All the plates obtained in the
series were develioped and otherwls. processed simultaneously.
The duration of the development was 8 minutes at 18°C. The
negatives obtained were photometrically measured with a
photometer using a silver su .fide valve photo-element (pro-
duced by the Institute of Physics, Academy of Sciences of the
USSR). The measured area was 2 x 2 mxPf.,
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Results of measurements.

The measureisenis were made in the temperature interval
~139 to +100°C. The temperature-variation in any exposure did

not exceed +2°9C. Teo start with, & few series were run for pur-
pcses of ed%abliehing the optimum conditions, and then two

series of tests were run for ths effects of 1light and of the
metal respectively. Eacu point of the curves was taken as the
mean c¢f the measurements for three areas of the blackened sur-
face and of the fogging. Fig.l shows the results of the measure-
ments for magnesiuvm. FHere D is the optical density of blacken-
ing. The upper curve represenis the integrated effect (1) of

the particles cmitted trom the metal surface, and (ii) of the
temperature effect on “ha plate. The lower curve shows the
temperature-variation in the sensitivity to light of the photo-
graphic plates employed.

Similar deta for zinc were obtained by the same
method. They are shown in Fig.Z2.

It is curious that the effect is present at minus 13°C.
By no means every phctographic plate will show the effect at
such a temperature., In the interval from -13° to + 179G, the
effect oY femperature on the light-sensitivity of the photo-
graphic emulsion is barely perceptible,

To obtaln a more graphic presentation of the
temperature~dependence of the metal photographic effect, the
dats For the metals and for light were processed as follows.
Froum the ordinates of the magnesium and zinc curves, we cal-
culated the corresponding values of the curve for 1light. The
differences obtuined were then plotted as ordinates, against
the reciprocals c¢f the corresponding absolute temperatures as
ebscissae. Thus the curves of Fig.3 were obtained, showing the
relation between the blackenlng cof the photographic plate and
the reciprocal of the abscluts temperature of the magnesium
and zinc, with due allowance for the effect of temperature on
the sensitivity ¢f the emulsion layer.

We also carried out msasurements by another method,
which showed directly the relationship between the metal photo-
graphic effect and temperature.

To accomplish this, the photographic plate, placed
underneath the sample (with the emmlsion side up, toward the
metal), was maintained at a constant temperature by means of a
stream or water continuously pathing the gluss of the plate
during the whole time of exposure (about 10 minutes). The tem-
perature of the stream was 18°9C, The steadiness of the tem-
perature in the emulsion layer was checked by means of a
thernocouple connected to a mirror galvanometer. The zinec,
held st 8 distance of 1.2 mm above the phetogrsphic plate, was
*ixed to the bottom of & epeclal bath, which was maintained at
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the desired temperature by means of an slectric heating coil,
Before each exposure at each successive temperature, the zins
plate was cleaned with emery cloth to remove ths c<ide film,

For each different temperature, different areas of
the photographic plate wera moved under the test metal. The
blackening thus produced was then measured photometrically.
This direct method gave us the same relationship between
blackening of the plate and temperature of the active zinc
surface as that given by the method described above, but the
scatter of the plotted points wes a little greater.

Consideration of the Results.

The straight lines in Fig.3 do not directly represent
the number of active particles emitted from the metals; what
is shown here is only the variation of the optical density..

The relationship between the photographically active
particles emitted by the metal and the temperature may be
obtained in quantitative form by the same means as employed in
a paper by one of the authors {5}, in investigating the vertical
distribution of the photographically active partisles.

The experimental curvea of Fig.3 correspond to the

equation:
D 1
= + =1 (1)
D° 1 To

where D, is the maximum value of the cptical demsity; 1/T, is
the maximum value of the reciprocal absolute temperature of
the metal, the value at which the optiscal density becomes zero;
D is the optical density corresponding to reciprocal tempera-
ture 1/T.

The equation of the linear portion of the charac-
teristic curve of the emulsion .layer for the metal effect may
be written as follows:

D=v(ln nt - 1n niti) (2)

where n is the number of particles falling upon unit area of
the photographic plate in unit time; ny is the corresponding
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number of particles for the point of intersection of the linear
part of the emulsion curve with the axis of the ebscissae (in

paper {5} the tcrm 1n n,t, was not taken into account);

t and t1 are the corresponding exposure tlmes. 8Schwarzschild's
constant p is taken as equal to unity.

From equation (2) we obtain:
n=nt ° exp [D/'r:] (3)

Substituting in equation (3) the value of D from
equation (1) we find:

n.t, « exp{D /v] DT
A 4 expl:-—2 =2 (4)
t ¥y T
ngt, - exp{D /v]
Let A stand for the coefficient T ; then equation
(4) takes the form:
D T
n=A-+ exp [f =2 .2 (6)
y T

From the fact that the optical density is directly
proportional to the contrast coefficient y it follows that the
ratio D,/y 18 a constant and does not depend on the photographiec
materiag. Hence if we take as our point of departure that the
number of particles falling upon the photographic plate 1is
“Hlways & certain definite fraction of- the particles emitted by
the metal, we arrive at the conclusion tha* the number of par-
ticles issuing from the metal in the process of atmospheric
corrosion 18 an exponential function of the temperature. This
relationship brings to mind the well-known formula:

N = NOG-Q/RT (6)

where N, represents total number of collisions, N the number
of effective collisions, and q the energy of activation per
gram-molecule. Comparison of equations (5) and (6) indicates
the possibility of determining the activation energy of the
photographically active particles.

We should mention that T.N.Krylova {6} of the
Laboratory of the State Optical Institute has studied the
relationship between oxide film thickness and temperature in
aluminum, chrome,nickel, iron and copper, using a polarimetric
method. Our investigations were made in the interval from
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some tens of degrees to 500 degrees Centigrade; mainly 1n the
hundreds range. Comparison of our findings with Krylova's
results confirms that the emission of the photographically
active particles is due to the corrosion of the metals, and

teates th 13} h ae st tivi of
tﬁg gho ogragh ) %%ﬁ%&'o?ﬂdtagygngvgglo rrol on, w
Received January 21, 1950.
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