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EFFECT OF REVERSIBILITY ON EXOEMISSION
AND CORROSION OF STEEL

V. D. Yevdokimov and V. I. Ryaboshapchenko
(Cdessa)

It has been shown experimentally that in a reverse treatment
of a surface the intensity of exoemission rises and there is an
increase in the rate of steel corrosion. This pattern is alsc
observed in heating specimens, where we see the characteristic
inflections of the corrosion and exoemission curves, explained by
tne transition of electrochemical corrosion into gas corrosion.
Tha intensification in the processes during reverse treatment is
exrlain=d bty the increased defectiveness of the surface layers.

Ir the 2bove works [i-3] it was shcwn that the intensity of
zoclectron emission {rom the surface of metals under friction
depsnds on the raversibility of slip. The observed increase in
sxcemission during reverse friction was explained by going back to

[{}

the déislocation concepts on the deformed structure of working
surfzces ané was studlied with consideration cof the prevailing
cnemisorption of oxygen in local concantrztions of defects. Here,
the surface which was mcre developed from the defect standpoint
shiould after reverse friction be more intensely oxidized than a
metal surface after unidirectional friction [2, 3].
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Table 1. Oxidizibility of steel in :
air at 20°C.
(1} Toamnma 33caxt 113 {1} Temnua n3euny (1)
) Brexs |(2) 00 TPuuEN Bpuen [{2] FFRTPONR
crucae- cKacIe-
NER MR | (330070~ | Fewen- || RUMNEN } ayeicro- | pemep-
Funew | ciemox ponaex | cusmeit
(31— (%) {3 (1) J—-
3 2 3 “ S0 9 1
10 $ | 4 “ 0w |0 | B
2 - 7 10 4 S0 H 15

KEY: (1) Time of oxidatior, min; (2)

[ ]
Film thickness (A); (3) unidireec-
tionai; (4) reverse.
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Presented in this report are experimental data by--Ghe--authcrs
on the effect of reverse abrasive friction on the initial oxidation
stage of steel and on exoelectron emission. The study on exo-
emission with specimens in the form of rinss:measuring 60 x 50 x

x 15 mm of steel 25 was performed on the unit described ir [1, 3];
* the change in the thickness of the oxide film was measured by the
optical polarization method! [4] using a goniometer. The steel
! surface was first cleansed with sandpaper to a class 6 finish
under identical [1] unilateral and reverse friction. Here the
initial surface properties of the steel remained identical, since
7 the specimens were produced from a single rod and together under-
went mechanical and thermal processing with metallegraphic moni-
toring and microhardness mecasuring.

7 A Y Yl s | S T AT B Bk SR I <

Table 1 shows experimental data on the cxidation of steel 25
in air at 20°C. Reverse treatment of the stesl surface increases
its ability to resist corrosion. It was interesting at the same
time to study the effect of the heating temperature of the speci-
mens on exoemission and corrosion. Measurements for exoemission
and thickness of the oxlde film were taken under continuous heating

FPRpPr VSRS 4

Y. Ye. Tolkachev. Study of atmospheric corrosion of several
metals and alloys using the optical polarization method. Doctoral
dissertation. Odessa Techniological Institute, 1965.
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of the circular specimens in a specially designed apparatus. The
results obtained are shown in the figure, where curves 1 and 2
correspond to steel corrosion in the case of unidirectional and
reverse friction, respectively, while curves 3 and 4 refer analo-

-~

3
H
H

gously to emission.
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mt .. Effect of heating temperature
’ : of specimens cn exoemission
and corrosion.

Designation: wmMn/cex = imp/s.
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The experimental data of curves 1l-4 were processed statistically
| for the purpose of establishing a meaningful difference [5]. The
| results of calculations for averaging the curves are reduced in
Table 2, where the following designations are used: Sg ~ dispersion

s ek b

associated with the random factor in the observations; Si — overall
sampling dispersion of all observations associated with the influ-
ence of factor T°C and with the random factor in the observations;
F = Si/sg — the Fisher distribution criterion with degrees cf
freedom fl = k - 1 and £, = k(n - 1); n — a number of parallel
observations (n = 5); k — levels of temperature change (11 pointsj;
P — reliability of average curve at different ievels of temperature

- ey .y & &

change.

The significance analysis which was conducted gives us the
right to switch toAE comparison of curves 1, 2 and 3, 4 (the
figure) using the Student criterion to establish the effect of
friction reversibility on the magnitude of change in exoelectron .
emission and the degree of oxidation of the steel surface. For

FTD-HT-23-1411-72 3
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Tzble 2. Results of statistical calculation of
curves (figures)}. -
%
> s1S|e |as ’:-»linf- slelelals lo-
ot T Is -3 l.‘-l‘“ yl b 4 . zl -..
] 1
1 | ls] as m‘ !seg I:fzzslxzm 53 m!alss
2 |70 170 24 110 4¢3 | 95 4 1350116839 30114 11 } &

KEY: (1) No. of curves.

tnis we found the mean value of curve deviations for unidirecticnal
and reverse friction for all levels of factor T°C from formula

v=VNan (=1..%
Y

here Ai is the difference between deviations in the values cof
exoemission and the tnickness of the oxide layer for reversz and
unidirectional friction, respectively, at each level; k — the
rumber of temperature levels at which measurements were taken of
exoemission and thickness of the oxide film. After the average

deviation value of the curves was found the dispersion of quantity
i was determined

8; — MYk (k — 1)

Y

[ ]

Based on the Student ceriterion t [5] the significance cf
deviation M was found as t = M/m forr the number of degrees of
© eedom fl = k-1, As a result it was learned that for exoemission
t = 4.8, while for oxidation t = 11. At these values of the
Student criterion the reliability of the effect of reverse friction
in relation to unidirectional friction on the magnitude of change
in exoemission is equal tc 99.0%, to 99.9% for oxidation.

Now let us turn to the data shown in the figure. When reverse
treated specimens are heated we observe an increase in the intensity
of exoemission (curve 4) and corrosion (curve 2) as compared to
unidirectional treatment (curves 3 and 1), which is explaired by

FTD~HT-23-1411-72 i
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the yreatsr defsctiveness of the surface =z{tepr the reverss irizsilicn s
[£Y with fts increased lattice energy and z:tsred worx function. :
Tn int at a temisraziurs

£se curves have a characteristic infiscticn do
h

on th2 ordspr of 105°C. Ur to this temparaturs the ogtlezl methzd
»as used nct only to measure the thickness of the cxide film, which
has 2 corpiex structure consisting of mzgnetize F
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carmedizte oxidation product — iron Lycéroxide Te

e30u and thne
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determine along with it the thicsness of =is zdsortzed water film.

Starting a2t 50°C the water is intensel; = zzorated, andé this

crocess is extreme at a drying temperaturs on the order of 1635°7,
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105°C ihe scresning effect of the oxids fiim tecomes mors noticezble

witn an increase in thickness, the ezuszliezircns begin to te

zdscried by 1it, and the intensity of emission decrszases.

In ezclaining the obtzined data we shczuld consziger n
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chanse in the total thickness of the 5:18s z1d watsr film and
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izs screening role, dut also the physiscochsmizal effects on the
interface with <the metal. Actually, ths =lsctiron sxchange during

tae zrocess of chemical adsorstion, in =hich the moiscules of water
vazror from the air or directly from the oxygen atom oOn the metal,
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When, however, the moisture is evaporated from the surface of
the metal gas corrosion begins to develop. Here we observe a transi- ‘
tion of electrons from the metal to the oxygen with the formation
of a double electric layer, whose negative surface is directed :
toward the atmosphere. As a result of this adsorpticn of oxygen b
the work function of the electrons from the metal increases and,
consequently, the intensity of exoemission after 105°C decreases,
as seen in curves 3 and 4 of the figure.
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The explanation given for the inflecticn of exoemission curves
during heating of specimens based on a change in the work function
of tre electrons is confirmed experimentally. Curve 5, showing the
contact difference in potentials (HPM) [CDF] during the heating of
steel specimens in an air medium following reverse friction,
obtained by the vibrating electrode method, shows a sign change
in CDP at a temperature of 100-105°C. Values A¢ in the figure zre
arranged (despite the reverse compensation sign of the potentiometer
after 106°C) on one side, and reflect the nature of change in the
worx functiocn. Actually, during heating (curve 5) the work function
of electrons from the surface of the steel specimen at first
decreases, then after the evaporation of the water and as a result
of the develcpment of gas corrosion, it rises. The zero value of
A¢ before the sign change corresponds to the work function of
electrons from a vibrating nickel reference.

va. ) ) . , v
A I o D st A o eSS b s N S i

Thus, the data above bring us to the conclusion that, due to
the increased defectiveness of the structure [6], reverse treatment
of the surface intensifies to a greater extent than unilateral
treatment the corrosion processes and increases the intensity of
exoemission. When steel specimens are heated this pattern is main-
tained, and we obs:zrve a definite correiation between exoelectron
emission and corrosion.

C sean
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The vresence of inflections on the exocemission and oxidation
curves with an increase in temperature can be explained by the

[FovarevEpaE
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cempetition of physicochemical processes which occur on the metal
under electrochemical and gas corrosion. Here we consider the

. screening properties of the film of oxide and moisture depending
on theii thickness.

Submitted 24 February 1969
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