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PREFACE

The objJect of this monograph 1s to describe researches Into the effect
of surface-active media on deformation processes in metals. Most of the
work described was carrled out over the past ten to fifteen years at the
Department of Disperse Systems in the Institut Fizicheskol Khimil, Akademll
Nauk SSSR (SSSR Academy of Sclences Institute of Physical Chemlstry).

These researches led to the discovery of a number of new effects, which
form the result of the Interaction ~ chiefly by adsorption - between a
deformed metal and the surrounding medium contalning a surface-active
agent. They Include a lowering of the yleld point of metal single crystals,
pecullar modifications In the surface structure of metal, an Increase In
creep rate, a reductlion of fatlgue strength, and a deformation-assisting
electrocaplillary effect,

The part dealing with the effect of a medium on the fatigue strength 1s
based on researches by G. V. Karpenko's group carried out at the Institut
Stroitel'nol Mekhanikl Kiev (Constructional Mechanlcs Institute), and
later on also at the Institut Mashinovedeniya 1 Avtomatlki, Lvov, (Insti~
tute of Mechanical Engineering and Automation), under the Ukralnian SSR
Academy of Sclences In close collaboration with the SSSR Academy of
Sclences Institute of Physical Chemistry.

This collaboration between the Institutes of the All-Union and of the
Ukrainian Academles proved exceedingly fruitful. It produced valuable
results, which not only pointed to new directions for the further develop-—
ment of this new scientific field but also showed the possibility of
various industrial applications.

The development of the new branch of physico-chemical research 1n this
country aroused a growing Interest In related problems abroad, Andrade's
group In Cambridge, whilst experimentally confirming an Increase of creep
rate due to adsorption, Interpreted 1t In terms of a disruption of the
oxlde layer normally present on a metal surface by the surface-active
agent. This Interpretation was refuted by our own researches, which proved
that the principal effects are attributable to the Interaction between the
metal and 1ts surrounding medium through adsorption. Simultaneously,
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durlng 1951-1953 extensive experimental investlgatlions by the noted
German metal physlclst Masing and co-workers (Goettiigen) lead to conclu-
sions confirming those reached by ourselves, and refiting Andradets,

This new fleld of research which 1s concerned wita the effect of the
external medium on deformation- and rupture phenomeni, and with certaln
structural changes In sollds, 1s of considerable Intsrest, as 1t polnts to
new methods of controlling the microstructure and fuidamental propertles
of metals and alloys. Such phenomena are, naturally, of practical impor-
tance durlng metal working operatlions and In actual service condltions.
The new fleld of research may be described as bordering on solid state
physics, metallurgy and the physlcal chemlstry of surface phenomena. Its
many ramifications and interests obviously call for lts further extensive
development.
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INTRODUCTION

The effect of the surrounding media on the mechanical properties of
so0lids in particular metals has, hitherto, been malinly discussed in terms
of chemical (corrosive) actlon, such as electrochemical corrosion or
dissolution processes.

Soviet physical chemists, however, have found that the effect of a
surrounding medium 1s not limited to chemical interaction with the metal“l
Adsorption (even reversible) of typical surface-active components from
this medium often accelerates deformation and destruction of solids much
more effectively than any chemical reaction.

This effect of adsorption In accelerating deformation or reducing the
strength of metals can be attributed largely to a lowering of the surface
energy of the metal; this assists In the generation of plastlc shears and
the development of various defects at lower stresses. All subsequent
effects are Initiated by thls primary adsorption action(n.

The phenomenon primarily affects the surface defects. These ultramicro-
scoplc defects or weak spots, originating during the growth of every solld,
are as fundamental as the ordered structure of its lattice. During the
elastic and plastic deformation of the metal, exlsting structure defects
not only continue to develop but new defects originate in large numbers in
consequence of plastic shears along the glide planes. During deformation a
real solid behaves as a heterogeneous material consisting of two phases
with different elastic-plastic propertlies; the one an *ideal* medium com-
pletely free from defects, the other consisting of defects only. The
character of these defects, thelr topography and distribution in the volume
and over the surface of the solld 1s, as yet, not fully understood.
Schematlcally, the defects may be consldered as microscopic or ultra-
microscoplc cracks of wedge shaped cross-section; the mouths or openings of
these microwedges are characterized by a fully developed surface with a



normal value of the gpecific free surface energy, 0(1'2). The free surface
energy of the microcracks 1s determined by their width 4,

oy, = F(h)

and increases from zero at the tip to the maximum normal o value at the
open end. It 1s known that the presence of such defects In the structure
of sollds has an important bearing on thelr mechanlcal propertles; a case
in point 1s the low observed value of the strength campared with the
theoretical value calculated from crystal lattice theory.

For example, a rigorous calculation of the tenslle strength of rocksalt
crystals leads to values in the reglon of 400 kg/mm?2, while in actual
practlce the strength 1s more llke 0.5 kg/mm2?, Simllarly, the theoretically
estimated strength of metals 1s of the order of 10°-10+4 kg/mm?2, although
their real strength does not exceed a few hundred kg/mm?2.,

The discrepancy can be explalned 1n thls way: at the Instant of fracture,
deformation energy which was previously distributed over the total volume
ol the deformed solid, 1s concentrated near the defectlive reglon, 1.e.
around the microcrack, The stress concentration factor at the tip of thls
crack may ralse the extermally appllied stress close to the theoretical
rupture stress,

This 1s effectively 1llustrated by the well-known experiments of
A. F. Ioffe on the tensile fallure in water of rocksalt. The surface layer
contalning the microcracks was dissolved away, producing in some Instances
a tenslle stremgth as hlgh as 180 kg/mm?, whilch 1s close to the theoretical
strength.

The part played by structural defects 1s also apparent In the so-called
size effect, that 1s, 1in the relationship between the strength and size of
test pleces of a given material. Thus, the strength of a 16y glass fibre 1s
107 kg/mm?, that of an 8u fibre 207 kg/rm?, and the strength of a fibre
2.54 thick 1s 580 kg/mm? (3)

Both the structure defectsi.e. the "microcracks® present Initlally in
the solld, and those origlnating during its plastic deformation, reduce 1ts
strength and facilitate deformation and fallure. They also play an Import-
ant part in the Interaction between the deformed solld and the surrounding
medium, providing the path for penetration of surface-active agents into
the solid, thus enabling them to Influence the kinetlcs and dynamics of its
deformatlion.



During the progressive development of surface-microcracks, actlve
molecules from the surrounding medium enter by so-called two-dlmensional
migration - the mobility of adsorbed molecules along the adsorbing surface.
The surface-actlive molecules tend to cover those newly formed Internal sur-
faces to which they have access, by a uniform adsorbed layer. In addition,
the outward face of the adsorbed film may be strongly lyophlllic, that ls,
i1t may show molecular affinity to the surrounding liquid, and lyophilize
the freshly developed internal surfaces. .

The high solld-1iquid wetting energy will produce molecular forces
which bind not only the adsorbed film but alsg the transient solvate
layers in the llquld, Although the adsorbed fllms are usually monomole-
cular, the thickness of the sclvate layers, according to B. V. Deryagin(4)
1s equivalent to some hundreds or even a thousand molecules, and may
even be 0.1 . In such disperse transition layers the molecular bond with
the solld surface becomes progressively weaker and the orientation of
the molecules less marked as the distance from the surface increases.

The force Inducing the adsorbed films into the microcracks 1s the

decrease of surface energy caused by their penetration, which 1s equivalent
to a two~dimenslonal pressure

o3 (0) = o (6) = P,

It 1s expressed by the force per unit length of linear boundary of the
adsorbed film In dyne/cm-erg/cm”. In the expression for P, 03(G) 1s the
specific surface energy at an Internal surface covered with adsorbed film
of saturation G, and oh(o) 1s the specific surface-free energy of the
metal In a vacuum (or pure solvent). In the reglons of cracks accessible
to adsorbing molecules, virtually all O} Vvalues are close to o. On the
basls of Gibb's thermodynamic equation for dilute solutions,

by C
G=— x —
ac  RT

where C 1s the equilibrium concentration of the adsorbing material in the
external medium. Dilute adsorbed layers corresponding to the two~
dimensional gaseous state

P. = RIG
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that 1s, the expresslon for the two-dlmenslonal pressure 1s analogous to
that for the pressure of 1 mol of dilute gas approximating to an ideal

gas:
P = RIC

When the liquld reaches the mouth of the microcrack, the molecules
which are most readlly adsorbed, rush forward along both surfaces almost
to its tip where further progress 1s arrested by the sterlic obstruction
because of thelr own slze. The critical gap width 1s equal to one or two
diameters of the adsorbing molecules. It 1s in particular at these
regions in the crack that the two-dimensional pressure of the adsorption
film 1s applied to each unit length

P = 0(0) ~ o(G)

acting In the directlon of further propagatlon of the crack, analogous to
the two dimensional pressure of a monomolecular layer of organlic surface-
actlve materlials at the surface of clean water. Thls pressure by the
absorbed layer, or the reduction of free surface energy due to adsorptlion
in conjunction with other factors, 1s the most important effect contribut-
Ing towards deformation and fallure of the sollid.

The mechanism by which adsorbed solvate layers penetrate from the
external medium into a growing microcrack 1s obviously not based on the
induction of a liquild of given viscosity into a system of caplllarles
according to the laws of hydrodynamlics. Rather 1t 1s a two-dimensional
migration of separate surface active molecules along both crack surfaces
under the effect of a two-dimensional pressure. Thls ensures, 1In accord-
ance with experiment, rapid filling of the mlcrocrack Dy adsorbed layers,
and, by contrast with the induction of a viscous fluld, 1s Independent of
the width of the microcrack 1f the adsorbed molecules are smaller than the
gap between the crack walls. Moreover, the spreading of the adsorbed
molecules during the two-dimensional migration 1s independent of the con-
dition of wetting of the solld surface by the surrounding liquid. On the
other hand, the adsorption of a l1quld medium 1s determined by wetting
when incomplete, and characterized by a definite contact angle 6.

For complete wetting, the caplllary pressure 1s a maximum defined

20
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Complete wetting corresponds to the unlimited spreading of a l1lguid
over a solld surface, Such spreading ls a spontaneous 1sothermal process,
l.e. 1s always assoclated wlth a decrease of free energy for each following
cm? of wetted surface. The decrease
- dFldS = (o0 -0 ) -0
32 31

12
must, consequently, be positive
-dF/dS>O,(082-a Yy > 0o

31 12°

where 0'32, cr:31 and 012 are the values for the surface free energy at the
following Interfaces: solld 3 - medlum 2 (usually air), solld 3 - liquld 1,
and 1liquid 1 - medlum 2. If the condition of total spreading 1s not ful-
fllled, 1.e. If

~-dF/dS = (¢ -0 }y-0o <o

32 31 12

or

then the liquid 1 forms wlth the solld surface % a finite contact angle
which 1s determlned by

where
t12cos82-1

In this case the caplllary pressure, which plays the part of the inducting

force, 1s always smaller than 1ts maximum value Pm = 2712//1, and 1s

P=2712/h xcosB=mecosﬁ

The caplllary pressure 1s inversely proportional to the gap width and can
therefore attain very high values which may reach some hundreds or even
thousands of atmospheres for the narrowest mlcrocracks. At the same time,
because of the high viscous resistance, the Induction rates are so small
that, 1n practlice, the llquld does not fill such narrow microcracks.
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The free surface energy per c¢m? of a system consisting of a falrly
thick (h 2 h;) interlayer (film) of a liquid 1 between two flat surfaces
of a given so0lid 3 which i1t completely wets, is F = 35, as the film has
two sides. B. V. Deryagin(s) showed experimentally thag when two surfaces
are brought together slowly (reversible 1sothermal approach), the inter-
vening film thickness decreases with the free escape of the liquid into
the surrounding medium. Once the film attailns a thickness hm equal to double
the thickness of the transitional 1liquid layer at the solid interface, the
system free energy will increase continuously due to the energy assoclated
with the decreasing film thickness.

For each ¢m? of film of thickness A < h_, there 1s an excess free

m'
energy
Fsa + £(h),
81
for h 2 h_, E(h) = 0. The excess energy of a thin strong film which

mi
rapidly increases with a decreasing film thickness h, can be visualized as
the result of some normal "cleavage pressure”

P(h) = —-dE(hk) /dh,

always resisting further decrease of film thickness and balancing the
external forces. During penetration of liquid into a narrow wedge shaped
gap, the excess energy resulting from the cleavage pressure of the wetting
film grows at the expense of the wetting energy, which represents the
maximum energy. During wetting of a free surface of a solid, the whole
wetting energy 1s liberated as heat; slmultaneously, the whole wetted sur-
face 1s covered by a falrly thick liquid layer. Penetration of a microcrack
by liquid in the form of a thin wetting film results in transformation of
the *volume 1iquid® into an unbalanced thin film. The wetting energy of
the internal surfaces is not liberated in form of heat, but partly stored
as the excess energy of a thin film - the cleavage pressure.

When adsorbed layers fomming in microcracks increase the physico-
chemical affinity of the solid and liquid, 1l.e. the wetting energy, then
elther the cleavage pressure wlll Increase for the same thickness of
wetting film, or the film thickness will increase for the same cCleavage
pressure.

As was shown earlier, the internal surfaces of the microcracks may
become more lyophilous, 1.e. the thicknesses of the 1liquid solvate layers
bound to the surface by molecular forces, may increase. Because of the
very small rate of caplllary penetration, however, the cleavage pressure



of such thick layers can hardly intervene to an Important extent in the
deformation, as the liquld solvate layers cannot penetrate to any appre-
clable depth during the perlod of deformatlon.

The importance of the solvate layers increases however, when the load
1s removed from the deformed solld, 1.e. during the closing up of micro-
cracks under the actlion of molecular forces, In thls case, since cleavage
energy 1s accumulated because of the work done by external forces, 1ts
value 1s only limited by the thermodynamic strength of very thin 1l1lquid
fllms, and may attaln 102-103 kg/cm2.

The cleavage pressure of solvate fillms, especlally in the presence of
adsorbed layers, may conslderably slow down the closing of microcracks and
may even completely prevent 1t when the molecular forces acting In the
narrowest parts of the microcrack are Insufficlent to squeeze out the
limiting thin solvate and adsorbed layers.

Thils fact assumes speclal slgnificance in all elastic-kinetic phenomena
accompanying the deformation of sollds, above all in elastic after-effects
and in hysteresis. The solvate layers play a speclally important part in
cycllic processes, such as fatigue.

In physlcal mechanics and molecular physics, and even more so 1in the
different departments of mechanlcal technology, the mechanlical properties
of sollds and their behaviour under dlfferent conditions of deformation
and fallure have hitherto been studied without paying sufficlent attention
to physico-chemical factors arising from the presence of an external
medium. It has been assumed generally that as far as solld bodles of normal
dimensions were concerned the mechanical properties at a glven temperature
and stress are determined solely by the internal nature of the solid.

As W11l be shown later on, systematic studles of the effect of external
medla on deformation processes in sollds have not only led to the discovery
of Important new effects and laws, but also to a new appreclation of the
mechanism underlying deformation in a number of general cases.






CONCLUSIONS*

It 1s evident from the material presented on the preceding pages that
the study of the dlvers aspects of the physlico-chemical effects of the
surrounding medium on deformation and mechanlcal fallure in metals now
forms a new fleld of sclentiflc research touching molecular physics,
physics of sollds, and physical and colloid chemistry. Opened up and
developed malnly by Sovliet sclentists, 1t may be considered broadly as a
department of mechanics, relating the mechanical properties of sollds, the
chemical constlitution and structure, on the one hand, and the propertles
of the surrounding medium in which the deformation and fallure processes
take place on the other.

During the past few years the scope of these researches has been con-
slderably extended. For example, M. S. Aslanova(gl) showed that durlng
prolonged loading in a surface active medium silicate glasses (glass
threads between 3 and 60 u 1n dlameter) which are 1deally elastic at room
temperature display a distinct elastic after-effect and even creep-type
flow, in addition to a considerable loss of strength. These effects were
speclally evident In aqueous solutlons of surface active materlals not
Interacting chemically with the glass surface, and were found to lncrease
with decreasing thread diameter, yet were virtually absent on glass fibres
less than 32 w.across. The obvlious reason would seem to be that the thin
threads contaln a much smaller concentration of actlve defects, such as
fracture nuclel, in the surface layer which, as 1s well known, also accounts
for the Increased strength of thin threads.

A considerable reduction of fatlgue strength was also found by Orowan
for large dlameter glass speclimens in an actlve medium (water) which can
only be Interpreted by an adsorption-asslisted avalanche~11ke development of
surface fracture nuclel 1f the stress 1s malntalined for a sufficlently long
time. Under these condltlions the fatlgue strength can be halved due to the
effect of the medium. This means that a tensile stress half the value of
that leading to fallure 1s sufficient to cause fallure if applled for a
sufficlently long period (several hours or days). The strength of large

(92)

* The author's headine "Conclusion® 1s rather misleading. (Translator).
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glass specimens under rapld loading 1s virtually independent of the
presence of an active medium; for sufficiently thin threads some reduction
is observed, though this 1s much smaller than in experiments of long
duration.

G. I. Logglnov, in the Instltut Fizicheskol Khimil AN SSSR, (Institute
of Physical Chemistry) showed(gz)(gz) that mica crystals (folls) when
subjected to long-time loading in vacuum or in dry air, behave as virtually
elastic solids. Yet in water, especially water containing surface active
agents, a slowly Increasing (some days) conslderable deformation due to
elastic after-effect 1s observed which disappears Just as slowly after
unloading. It was also shown that under the effect of reversible adsorption
of water and electrolytes, elastic gypsum speclmens, both 1n polycrystalline
and monocrystalline form, exhibit typlcal creep even under small loads,
leading eventually to fallure. Thls also explalns another well-Kknown
phenomenon, the development of dangerous creep of gypsum constructional
components 1n a damp atmosphere.

It may be appropriate at this point to note that the existence of con-
siderable adsorption effects In conditions of creep and fatigue strength
(with gradual breaking up of the solid structure along the weakest spots
progressing from the surface) alone confirms the decisive importance of
the penetratlon of the adsorbed materlals Into the surface defects.

As shown In IV the English physicist Andrade, based on our results and
his own, experimentally observed adsorption-assisted Increase in the creep
rate of cadmium single crystals (natural acid-etched surface), attempted
to attribute all adsorption effects to the assisted breakdown of oxlde
f11ms in a surface active medium during deformation, having previously
shown that metallic flow 1s slowed down by the presence of oxlide fllms.
Further work by Vi F, Rozhanskll, Chalr of Colloldal Chemistry, Mgy (4%,
and V. S. Ovstrovskil In the Institute of Physical Chemistry(94’95)
explained the true influence of oxide films on the value of the adsorptlon
effect. Rozhanskil showed that in the initial stages of extension of a
metal single crystal circular ruptures appear In the thinnest oxide films
at reglons where conslderable overstresses develop, l.e. stress concentra-
tions 1n the surface layer forming a brittle shell. The presence of a thin
oxlde film sets up a state of stress in the surface layer of the deformed
single crystal favourable for the adsorption effect. He showed further that
the creep rate in a vacuum is conslderably Increased by adsorption of
surface active vapour on tin single crystals from which the oxide film had
been removed completely by reduction in a glow dlscharge (under very low
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hydrogen pressure). Under these condltions, as shown In IV, the adsorption
effect Increases with decreasing specimen length and becomes conslderable
for falrly short specimens, corresponding to a non-uniform stress state,
The presence of thin oxide films at the specimen surface, by produclng
overstresses In the described manner intensifles the adsorption effects

in longer specimens. Ostrovskll showed that this actlon is only obtalned
in the presence of very thin oxide films: when extending single crystals
at a glven constant rate specimens with surface oxidation display the
effect even at small rates of extenslon, whilst unoxidized single crystals
show the effects only when extended at a rate approximating to the optimum
value. With increasing oxide film thickness the adsorption effects become
weaker and willl in practice cease completely since the screening action

of the film prevents access of the surface active agents to the metal
surface. Electrocapillary effects on cadmium single crystals and the
relationshlp between fatigue strength and the potential difference at the
metal-electrolyte boundary are completely analogous to conventional
electrocapillary curves for the surface tension of a molten metal, such

as mercury or gallium; thils justifles the conclusion that the adsorption
effects facilitate the deformation of the metal 1tself and are a particular
characteristic of clean metal surfaces, This view 1s confirmed by Masing
and co—workers(41'43 who obtalned similar results on mono- and polycrystal-
line lead, tin, zinc, cadmium, silver, gold, and platinum In an agueous
electrolyte solution with electrocaplllary effect, and In non-polar liquld
hydrocarbons contalning surface active agents,

Bowden and Tabor(ge) establlished a reduction In the coefficient of
friction along the electrocapillary curve under conditions of boundary
lubrication between metalllic surface (platinum in an aqueous electrolyte
solution ).This effect 1s obviously related to the cleavage pressure of the
electrlc double layer which prevents direct contact between the two solld
surfaces. It 1s also obviously connected with the adsorption assisted
deformation and, in partlecular, the deformatlion or reductlon of strength
of metals due to the electrocaplllary effect studled by E. K. Venstrem in
this laboratory, similarly as the reduced friction due to the lubricating
actlon of adsorbed layers between solld surfaces 1s, to some degree, com-
parable to the reduction of strength by the adsorption effect. As observed
earller on, the electrecaplllary hardness reduction curve was studied by
Venstrem during plastic deformation of metals, graphite and some sulphldes
by the pendulum method(zs).
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These researches(97h carried out 1n close collaboration with Academlclan

A, F, Frumkin and co-workers, led to a new method of determining the "zero
polnt® potentlal 1.e. of the points of zero charge at the metal surface,
an important electro-chemlcal characteristic.

Bockrlss and Parry—Jones(gs) attempted similar measurements on copper,
nickel, cadmium and lead, and also arrived at a relationship analogous to
the electrocaplllary curve,

Since 1n Bockrissts experimental conditions the pendulum osclllations
were damped by frictlion between solid surfaces rather than by deformation,
1.e. at falrly small stresses 1n the surface layer of the metal, the elec-
trocaplllary effects must be attributed to the effect of the medium on
sliding friction rather than on deformation or breakup of solld surfaces.
The pendulum characterlistic 1s then the relative rate of decrease in the
damping of the pendulum amplitude X a%, which 1s the reclprocal of our
"pendulum hardnesst:

1
1 yda
o dt
Obviously with higher pendulum loadlings, or when using a sharper knilfe-edge
bearing with smaller contact surface such as the rough glass sphere used by
Venstrem, the damping will be mainly due to surface deformation or destruc-
tion of the metal. In thils case the hardness H and 1ts decrease under the
effect of adsorption or of surface charging-up with formation of a double
lon layer, will be the declsive factor. Attentlon should be drawn here to
the fact that one cannot, by analogy, directly deduce from the reduction
0of the surface strength of metals due to adsorption that there will be an
increase of wear durlng friction In the presence of surface active medla
(lubricants) 1n conditions of high local pressures, 1l.e. when the tangential
stresses set up in the surface layer are considerable(gg). Such an Increase
of wear 1s not harmful but 1s, in practice, found beneficial and 1s used to
speed up running~in (surface finish of machine parts and mechanisms) and
for the rapid elimination of local damage on rubbing surfaces producing high
local pressures, When the damage 1s worn away and the surface 1s smooth once
agaln, the actual contact area Increases rapidly; this 1s assoclated with a
decrease of the normal and tangential stresses in the surface layers. Under
such conditions the effect of surface actlive medla on rubbing surfaces
consists 1n a normal friction- and wear-reduclng lubricating action.

As pointed out repeatedly by L. A. Shreiner, other things belng equal,
the value of the adsorption effect 1s determlined solely by the character
and Intensity of the stresses acting In the surface layer of the solid(24).
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Fallure to take this lmportant fact into account has often led to misunder-
standings(ioo). Some investigators attempted to detect an adsorptlon-induced
reduction of hardness by the normal methods lmpressing a ball-, cone- or
pyramid-indentor into the metal surface. In these conditlons conslderable
compressive stresses are set up 1n the surface preventing the development of
weak spots (microcracks) and, consequently, of adsorption effects., The effect
0of the medium on deformation processes decreases and ceases completely in
condltions of hydrostatlic compresslion. The adsorption effect 1s greatest in
the case of falrly large tenslle stresses set up In the surface layers.

Adsorption, by assisting deformatlion, accelerates metalllc flow-in the
surface layers assurlng their smoothness, l.e. a high quality surface finisk;
In other words development of a Bellby layer. Thils 1s of considerable import-
ance when working metals by pressure and by cutting, underlining the necessity
of using surface active lubricants. On the other hand, as recently shown by
G, I. Epiranov(lol), the effect of the active medium during metal cutting 1is
not attrioutable to adsorption assisted metallic flow in the surface layers
of the work plece and chip, but rather is expressed in a marked lowering of
the speclific cutting energy for the metal in the given fluld. This reduction
of cutting energy, by a factor 2-5, 1s, over a falrly wilde range of energles,
Independent of the depth 0f cutting and not subject to the simple relations
between adsorptlon and the concentration of surface active material: the
maximum effect 1s not found for small concentratlons, corresponding to forma-
tlon of monomolecular adsorption layers on the newly formed metal surfaces,
but to the surface active material in the l1lquld state. The most probable
Interpretation 1s that the molecules of the adsorbing materlal penetrate by
two-directlonal migration along the surfaces developing in the cutting zone;
they then, due to the catalytic action of the hlghly activated clean metal
surface, break up, and the resulting atoms or groups of atoms penetrate into
the metal lattice, Thls penetration 1s assqclated with considerable hardening
and increased brittleness, 1n other words, withremoval of a conslderable part
of the plastic deformation preceding fracture, and with a considerable reduc-
tlon of the necessary cutting power. Chemical interaction, between surface
actlive materlals and newly formed metal surfaces free from oxlide films, can be
conslderably asslsted by limited deformation of the metal, as proved by the
experiments of G, I. Epifanov and N. A, Pletenova. Thils agrees with the pub-
lished data about the development of metal-organic compounds under similar
conditions.

Thls brief survey shows that extension of research in the fileld of surface
active medla to Include deformation processes 1n metals, has led to a number
of important conclusions, not only in physical chemistry and the physlcs of
sollds, but also in numerous practical filelds.
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