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Abstract. The paper presents the results of a research directed on the creating the method of assessing the impact
of surfactants on the fatigue of aluminum alloys. The possibility of the Rebinder effect investigation by the deformation
relief of the surface, emerging and developing as a result of cyclic loading, is shown. Anti-corrosion and lubricating
materials, widely used in aviation, are selected as surfactants. The effect of surfactants on the incubation stage of

fatigue is established.
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1. Introduction

Influence of surface-active agents (surfactants) on
the strength of the metal was first discovered in 1928
by Rebinder (Rebinder 1978) and later confirmed by
numerous investigators. It was found that the effect
of environment on the mechanical properties of
metals at their deformation is observed not only in
the form of conventional chemical corrosion.
Adsorption of typical surface-active substances from
the environment also affects the deformation and
fracture of metals, and sometimes to a greater extent
than in the case of a direct chemical transformation.

Effect of adsorption deformation facilitation or
adsorption decrease in strength is primarily due to
the fact that the surface-active agents, lowering the
surface energy of the metal, contribute to the
emergence of plastic shear.

Despite decades of research of Rebinder effect,
the conclusions based on fatigue tests of various
structure materials on the influence of surfactants,
are contradictory. For example, in the work
(Karpenko 1955) it was shown that lubricants and
other surface-active mediums cause steel endurance
adsorption reducing on 7-26 % relative to their
endurance in the air. This is due to the adsorption of
surface-active agents (surfactants) that are contained
in lubricating oils and in connection with it due to
the lowering of the surface energy, and respectively
due to the relief of deformation and fracture of
cyclically loaded details.

At the same time, in the works (Chaevsky,
Shatinsky 1970; Nikols 1969; Romanov 1969;
Vedenkin 1955) it was shown that the decrease in
longevity may be due to other causes. A various
surfactants in the form of organic acids, alcohols,
resinous substances, asphalt, and so on are formed in

the lubricants during manufacture. The synthetic
additives added to oils and improved one or more of
their properties at the same time, also contain
various surfactants. However, the lubricating oil,
even after short storage in the free access of air,
enters a small amount of water. It was noted that the
oil is markedly reduces the endurance of steel, and it
was conjectured about the negative role of small
amount of water in it (Stepurenko 1974).

Consequently, the fatigue resistance of steel in
lubricating oil can be affected by both the adsorption
and corrosion factors.

Many elements of aircraft structures operate in a
medium of surfactants. Surfactants include the anti-
corrosion materials, lubricants, special fluids. The
surfactants also include the film-forming inhibited
petroleum compounds.

The film-forming inhibited  petroleum
compounds are the means of a temporary corrosion
protection on the basis of high-molecular film-
forming petroleum products with additives of
corrosion inhibitors and solvents. After coating on
the metal and solvent evaporation the film-forming
inhibited petroleum products form a films on the
metal that act as protective materials.

Due to the high demands on the fatigue strength
of aircraft structures it is obvious a necessity of
assessment of the impact of film-forming inhibited
petroleum products and other surfactants used
in aviation, on the accumulation of fatigue
damage.

In recent years in National Aviation University,
the studies of the damage accumulation in the
surface layer are conducted (Karuskevich et al.
2012). As an indicator of fatigue the deformation
relief of a surface is considered.
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It was proposed and tested in numerous
experiments a new parameter of damage, which is
calculated as the ratio of surface area with
deformation relief features S, to the total surface
area which is controlled Siy:

oS

tot
The aim of the paper is to prove the possibility to
reveal Rebinder effect by the analysis of the
deformation relief on the surface of the metals
covered by the anticorrosion surfactants.

2. Experiments

Two types of cyclic loading have been carried out:
a) axial tensile loading with a frequency 11 Hz and
b) cantilever bending with a frequency of 25 Hz. In
both cases, tests were conducted with the asymmetry
coefficient R=0.

Specimens for fatigue tests were made of sheet
alclad alloy D16AT (Fig. 1).
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Fig. 1. Specimens for fatigue tests:
a — specimens for axial tension tests;
b — specimens for bending tests

Cyclic axial tensile tests were performed on a
standard hydropulsation machine. Tests of compact
samples for cyclic cantilever bending were
performed on a machine developed at National
Aviation University.

During the investigation of the effect of
surfactants on the fatigue of structural aluminum
alloys the next surfactants were used: Anti-corrosion
film-forming compound DINITROL AV-25;
Lubricant Ciatim-201; Aviation oil MS-20; 3%
oleic acid dissolved in Vaseline; Olive oil.

DINITROL AV-25 is water displacing anti-
corrosion material with a high penetrating ability,
which allows filling cracks and gaps of structural
elements, forming a soft, waxy film. It is used to
protect all applicable in the aviation industry metals
and alloys. The material complies with technical
requirements of the leading manufacturers of aircraft
and standards: Airbus Industry TN 007 10138, Type
I, Grade 2; AMS 3066; Boeing Material
Specification BMS 3-226, Type I; I.P.T.N. NMS 3-
26; McDonnel Douglas DMS 2150 and 2414; MBL-
C-16 173 D; SAANN Aircraft STD 161454,

Ciatim-201 is low-viscosity petroleum oil,
thickened by lithium stearate; it contains antioxidant
additive.

MS-20 oil is aviation oil of selective treatment.
Itis made of paraffin and without paraffin oils
with  low sulfur content. Oleic acid
CH;(CH,);CH=CH(CH,);COOH (cis-9-octadecenoic
acid) is monoun-saturated fatty acids. It is a
colorless viscous liquid with melting point
tmeir=13,4°C for the unstable beta version and
tmer=16,3°C for a stable alpha-modification, and
boiling point ty,;=286°C.

Oleic acid is a traditional surfactant in the study
of the Rebinder effect (Lichtman 1954).

Vaseline is used as a solvent of oleic acid.
Vaseline is a mixture of mineral oil and solid
paraffin hydrocarbons.

Olive oil is selected from the fact that it contains
oleic acid. As for fatty acid composition it is a
mixture of triglycerides of fatty acids with very high
content of oleic acid esters.

The development of deformation relief was
controlled by computerized optical method that
allows quantifying the intensity of the relief by
identifying previously proposed damage parameter
D (Karuskevich et al. 2012). A typical image of the
deformation relief at the stress concentrator — hole is
shown in Fig. 2.

3. Experiment results

In the first stage the damage assessment was
performed in conditions of axial cyclic tension. The
experiments showed that the cracks can form in any
of the rows of holes, which indicates a homogeneous
state of stress along the length of the sample.
Determination of damage parameter D performed
after 245,000 cycles of loading. At the same time a
number of holes had fatigue cracks with length from
0.2 to 1.2 mm. For each of the tested samples the
average value of parameter D for the plots treated
with surfactant and not treated with was determined.
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Fig. 2. Deformation relief of the surface
of clad aluminum alloy D16AT:

a: Y50 (optical microscopy);

b: Y350 (optical microscopy);

¢: Y5000 (scanning microscopy)

A number of cracks by this time have been
formed, thus the observed values of the damage
parameter are the ultimate.

Taking into account that the considered cyclic
operating time corresponds to the saturation stage of
deformation relief and the formation of cracks at
individual concentrators, the obtained values of the
parameter D can be considered as ultimate for all
monitored sites (Fig. 3).
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Fig. 3. Effect of surfactants on the value of damage
parameter corresponding to the saturation stage:

1, 3 — treatment by composition DINITROL AV-25;

2, 4, 6 — without treatment;

5 — treatment by Ciatim-201;

7 — treatment by a 3 % solution of oleic acid in Vaseline;

8 — treatment by Vaseline

As it is seen from the presented diagrams the
effect of surfactants is appeared in reaching the stage
of saturation at lesser values of damage parameter.
Taking into account that the saturation stage is
completed by fatigue crack formation, we can draw
conclusion about the effect of surfactants on the

formation of fatigue cracks: a crack in the presence
of surfactant is formed at a lower saturation of the
deformation relief.

However, it should be noted that the difference of
damage values between treated and not treated sites
does not exceed 12.7% at this stage. This
determines the need for experiments in which the
individual deterministic state would not be
considered, but the accumulation of damage in its
evolution would be.

The second phase of the study was aimed at
establishing of the influence of surfactant on the
evolution of the deformation relief and the
corresponding damage. Compact specimens were
studied under conditions of cyclic cantilevered
bending. Samples were processed by the following
surfactants: DINITROL AV-25, Ciatim-201, MC-20
oil, solutions containing oleic acid.

Fig. 4 compares the results of monitoring the
deformation relief of samples surface coated with
food olive oil in the area of stress concentrators and
samples without surfactant.
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Fig. 4. Evolution of damage parameter D in the process
of cyclic loading by the bending (c = 235,0 MPa):

1 — without surfactant treatment;

2 — treatment with olive oil

As it is seen from Fig. 4 at a loading cycle
maximum stress of 235,0 MPa the presence of olive
oil has almost no effect on the development process
of deformation relief.

Earlier studies by other authors have shown that
the effect of surfactants on the deformation
processes is determined by numerous factors:
concentration of surfactant, properties of the
material processed by surfactants, mode of loading.

In the present study the search of the most
significant factors was carried out.

In this regard, let’s consider the evolution of the
deformation relief of the D16AT alloy samples
surfaces treated with olive oil, at a somewhat lower
level of cyclic stresses.

Fig. 5, a shows the evolution of relief at a
maximum stress of the cycle 196,0 MPa.
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Fig. 5. Evolution of damage parameter D in the process of cyclic loading by bending (¢ = 196,0 MPa):

1 (a) — treatment with olive oil;

1 (b) — treatment by DINITROL AV-25;
1 (c) — treatment MC-20;

1 (d) — treatment by Ciatim-201;

2 — without surfactant treatment

Presented data in Fig. 5, b indicate the presence
of the influence of olive oil on the initial period of
damage accumulation process, which appears in
accelerating the development of deformation relief
at the initial stage and the absence of such an effect
when the state of saturation is reached.

Thus, it was shown that a decrease in the level
of cyclic stress leads to the appearance of the
Rebinder effect on the incubation stage of fatigue.

Fig. 5, b shows the effect of widely used in
aviation anticorrosive coating DINITROL AV-25 on
the development of the surface deformation relief.
The maximum stress of cycle o = 196,0 MPa. In this
case, there is an acceleration of the damage process
in comparison with the damage for the sample
without surfactant. When the saturation stage is
reached as well as in the above case, the processes of
accumulation of damage do not reveal any visible
differences.

As it is seen from Fig. 5, ¢, d the treatment by
MC-20 and Ciatim-201 also influences the fatigue
incubation period of aluminum alloy D16AT
(o =196,0 MPa). At an early stage this effect is
particularly expressive.

It can be assumed that the weakening of
surfactant influence on the formation of deformation
relief with further loading is due to the simultaneous
action of different mechanisms of damage: the
continuing growth of saturation and development of
clusters of deformation relief, the appearance of
cracks, and the stress relaxation on the shores of
cracks.

4. Conclusions

It was established experimentally:

1. The presence of surfactant may contribute to
the formation of fatigue cracks in the background of
less-developed deformation relief.

2. Effective mean of investigation of the effect of
surfactants on the fatigue of metals is to monitor
the deformation relief, forming at the stress
concentrators in the incubation stage of fatigue.

3. The approach provides the foundation of a new
method of analysis and certification of surface-
active substances used in the aviation industry
by their effect on the accumulation of fatigue
damage.
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HageneHo pe3ynpTaTé TOCTiKEHHS METOAY OLIHKH BIUIMBY IOBEPXHEBO-aKTUBHHUX PEYOBHH HA BTOMY aJFOMiHIEBHX
cruaBiB. [loka3zaHO MOXJIMBICTE KOHTponio edekty Pebingepa mo nedopmaniiHOMy penbedy TOBEpXHi, SKHA
(dopMyeThCs Ta PO3BUBAETHCS B INPOIECI HMKIIYHOTO HaBaHTaXKYBaHHA. SIK NOBEPXHEBO-aKTUBHI PEYOBHHH OOpaHO
AQHTHUKOPO3ilHI Ta MacTWJIbHI Marepiaiy, sKi ITMPOKO BUKOPHCTOBYIOTH B aBialii. YCTaHOBJIEHO BIUIMB MOBEPXHEBO-
aKTMBHUX pEYOBHH Ha IiHKyOauiiiHy cranito BToMH. [loka3aHO, IO OCOOJMBICTIO HAKONHYEHHS BTOMHOTO
TIOIIKO/DKEHHSI B CEPEIOBUIL TOBEPXHEBO-aKTUBHUX PEYOBHH € CYTTEBA UYTIIHMBICTH IPOLECY /0 MTApaMeTPiB PEXKUMIB
HaBaHTAXKYBaHHS.

Kirouosi ciioBa: BTOMa MeTaniB, edekt Pebingepa, moBepXxHEBO-aKTHBHI PEYOBUHH.
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[IpuBeneHsl pe3yapTaThl MCCIEAOBAHUN METONA OLEHKU BIIUSHUS IIOBEPXHOCTHO-aKTUBHBIX BEILECTB Ha YCTaJIOCTb
AITIOMHHUEBBIX CIUIaBOB. [loka3aHa BO3MOXXHOCTH KOHTpois 3ddekxra PeOunnepa no nedopmaunonHomy penbedy
MMOBEPXHOCTH, KOTOPBIM (opMUpyeTcs H pa3BHBACTCS B Ipollecce NUKIMYECKOro HarpyxeHus. B kagectse
[IOBEPXHOCTHO-AKTUBHBIX BELIECTB HCIOJb30BaHbl aHTHUKOPPO3HOHHBIE M CMa30uHble MaTepuaibl, IIMPOKO
IpUMEHSEMbIE B aBUAIMM. YCTAHOBJICHO BIIUSHHE NOBEPXHOCTHO-aKTUBHBIX BEILECTB Ha MHKYOAllMOHHYIO CTaJUIO
ycranocTd. IlokazaHo, YTO 0COOEHHOCTBIO HAKOIUICHUS YCTAJIOCTHOTO TIOBPEX/ICHHUS B CpeJie TIOBEPXHOCTHO-aKTUBHBIX
BELLECTB SIBIISIETCA CYILECTBEHHAs! YyBCTBUTENBHOCTh MPOLIECCA K NTapaMeTpaM pPEKUMOB HArpyKEHHUSL.
KaioueBble ci10Ba: MOBEpXHOCTHO-aKTHBHBIE BEIIECTBA, YCTAIOCTh METAILIOB, 3G dekT PeOunaepa.
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