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Abstract. The article conducts research and
generalization of storage efficiency of combine harvesters.
The most efficient storage of machines is provided indoors
by agro-industrial enterprises. However, about 60% of the
combine harvester fleet is stored in open areas. Due to
limited economic opportunities in many organizations
there are cases of non-compliance with the rules of storage
of machines and low quality of work on corrosion
protection. Due to corrosion during storage of machines
and equipment, their durability is reduced, the complexity
of maintenance and repair operations is increased. The
most susceptible to corrosion are gear teeth and bush-roller
chains, threaded connections, working parts of tillage
machines: plowshares, cultivator legs and others. Due to
corrosion, the cost of maintaining the fleet increases. Costs
for maintenance and repair of working tools of tillage
implements in organizations range from 32 to 78% of the
cost of machines. In recent years, there has been a tendency
to reduce the cost of corrosion protection in the use of
waste preservatives. However, there are no specific
recommendations in the literature for the preparation of
such preservatives and the results of their tests for combine
harvesters.

Key words: durability, efficiency, storage, corrosion,
nanopowder, mineral oils, resource-saving compositions.

Introduction

Based on the analysis of the results of monitoring the
storage conditions [1] and corrosion damage of combine
harvesters [2], it is necessary to monitor the storage
conditions and corrosion damage of combine harvesters
[3]. To analyze modern domestic and world trends in the
creation of conservation warehouses to protect combine
harvesters from corrosion during storage [4].

To date, no theoretical prerequisites have been
developed for the selection of rational conservation
compositions for corrosion protection of combine
harvesters during storage in different natural and climatic
conditions [5].

To do this, many researchers suggest using the
corrosion rate of the machine surface after applying the
composition [6].

Formulation of problem

The optimal conservation composition is the one that
will provide the minimum cost to ensure the maximum
possible protection of the machine from corrosion [7].
However, when choosing preservatives [8], keep in mind
that when the machine is put into operation after storage,
preservatives are removed [9]. Therefore, we proposed a
technical and economic criterion for the effectiveness of
conservation warehouses [10], according to which the
optimal composition is considered to provide sufficient
durability (rational protective capacity, taking into account
the corrosive environment of the region where harvesters
will be stored) at minimum cost [11].

Cys/Kq = min 1)
where C,, — specific cost of conservation composition,
UAH/Kg;

K, — rational protective ability, which provides the
necessary durability of the conservation composition.

Analysis of recent research results

For storage of combine harvesters are exposed to a
large number of external and internal factors [12], but the
rate of atmospheric corrosion is mainly determined by
temperature and humidity [13]. The section summarizes
mathematical models developed by various scientists to
determine the protective ability of conservation
compositions by the rate of atmospheric corrosion [14].
Their analysis allowed us to choose a regression equation
that describes the corrosion rate of steel parts depending on
the parameters of the environment [15]. It is obtained on
the basis of statistical processing of long-term observations
and corrosion tests:

V=078-RH+122-T+0.173-Cl+0.3-S—52.68
)
where RH — average annual relative humidity
T — average annual temperature, °C;
Cl — average annual concentration of chlorides,
mg/m?;
S — the average annual concentration of sulfur
dioxide, mg/(m? per day).
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Analysis of the state of air pollution by harmful
emissions in the regions [16], taking into account the
maximum allowable concentration in Ukraine (sulfur
dioxide 0.05 mg/m?, chlorides 0.1 mg/(m? per day) and our
comparative calculations of atmospheric corrosion showed
that the impact of harmful emissions absorbed in
0.3...0.5%. Therefore [17], to determine the rate of
atmospheric corrosion of combine harvesters, you can use
the equation of influence of meteorological factors only:

V=0.78-RH +1.22-T — 52.68 3)

Based on the obtained formula, it is proposed to
compile maps of atmospheric corrosion of machines in
different regions [18]. Based on the corrosion maps,
different preservatives with different corrosion resistance
can be recommended [19], depending on the corrosion rate
in the region. It is proposed to take into account the
corrosion aggressiveness of the region by the correction
factor Corrosion aggressiveness of the region [20]. It is
defined as the ratio of the corrosion rate in the i-region to
the corrosion rate in the base region [21]. For the base
region, data on the protective effectiveness of conservation
formulations are obtained experimentally [22].

Thus, taking into account the proposed criterion, the
rational composition in the i-region will be a composition
that will satisfy the requirement:

Cisi/ (Kap - Kap) — min, (4)
where Cy; — specific cost of the i-composition of the
conservation composition, g kg;

Ky, — rational protective capacity of the
conservation composition for the base region;

Kq, — he coefficient of corrosion aggressiveness of
the i-region, which is defined as the ratio of the corrosion
rate in the region to the corrosion rate in the base region
(determined taking into account the developed maps of
corrosion regions).

The analysis of the obtained model shows that in order
to increase the efficiency of corrosion protection of
combine harvesters, low-cost warehouses are required
[23], which provide the necessary durability. To reduce the
cost of conservation compositions [24], it is advisable to
use as their components waste vegetable oils [25] and
waste mineral oils [26]. However, the proposed approaches
require experimental and production testing.

Purpose of research

The purpose of research is to create resource-saving
conservation warehouses for corrosion protection of
combine harvesters during long-term storage.

Research results

The comparative tests of anticorrosive properties of
compositions with addition of nanopowders are carried out
in the article. A laboratory stirrer with an electric motor
was used to make the preservative compositions. The
viscosity of the compositions was determined according to
DSTU 8420 "Methods for determining the conditional
viscosity" to obtain corrosion inhibitors as a raw material
used waste rapeseed oil, and as a solvent spent motor and

transformer oils. Based on this technology, a new corrosion
inhibitor and preservative composition have been
developed. When performing research used samples of
steel Article 3 coated with preservatives. The samples were
rectangular plates measuring 50x50 mm and 3.0 mm thick.
The samples were degreased with acetone and dried in the
open air. To apply preservative compositions, the samples
were immersed for 30... 40 s in the preservative material
at room temperature. Then the samples were removed and
kept in air in a suspended state for 24 hours. The diameter
of the spreading drop of the preservative composition
applied to the steel surface was taken as the wetting
characteristic. The hydrophobicity of the preservative
compositions was evaluated by the wetting angle of a drop
of water on a coated metal surface using an installation
whose main components are a catheter and a cuvette
measuring cell, using software.

The adhesion strength of preservatives to the metal
surface was measured on a PosiTest AT adhesiometer. The
comparative resistance of preservative coatings to washing
away was determined by irrigating them at the same
intensity in the shower in a certain sequence. The criterion
for resistance of coatings to washing was the difference in
the weight of the samples before and after irrigation. BP-
310S scales of the second class of accuracy were used for
weighing of samples. For comparative corrosion tests of
preservative compositions as a thermal-moisture chamber
used air sterilizer HS62A. The duration of the tests was set
before the appearance of traces of corrosion on the
samples. Electrochemical studies using the IPC-ProMF
potentiostat were performed to study the mechanism of
corrosion inhibition by preservative compositions.

Field tests of conservation compositions were
performed on samples in Cherkasy, Kyiv and Khmelnytsky
regions. Plates with applied preservatives were hung in a
vertical position on the rods with nylon thread. The
distance between the plates was at least 150 mm. The tests
were conducted outdoors, as well as under a canopy and
indoors (metal garage). The total duration of the tests was
12 months. During the tests, the plates were inspected to
determine the time of appearance of the first corrosion
center.

Corrosion destruction was considered corrosion cells
on the surface of metal plates in the form of individual
points, spots, threads, ulcers. The ratio of the area of
corrosion foci to the area of the tested plate in percent was
used to assess the protective ability of preservative
materials.

Of the studied compositions, the best wetting of the
steel surface are compositions containing mineral oils.
Increasing the content of corrosion inhibitor in the
preservative composition increases the hydrophobicity of
the surface of the coated sample (Fig. 1).

Corrosion inhibitor Telaz-L, obtained from rapeseed
oil, has the best adhesive strength and resistance to
washing. The effect of the content of corrosion inhibitor in
the spent engine oil on the adhesive strength of the
preservative composition is shown in Fig. 2.

The effect of the content of corrosion inhibitor in the
spent engine oil on the corrosion resistance of the
preservative composition is shown in Fig. 3.
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Fig. 1. The effect of the content of corrosion inhibitor in the preservative composition on the edge angle of wetting
the surface of the coated sample.
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Fig. 2. Influence of corrosion inhibitor content in spent motor oil on the adhesive strength of the preservative
composition.
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Fig. 3. Influence of corrosion inhibitor content in spent engine oil on corrosion resistance of preservative composition
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Studies show that the greatest corrosion resistance of According to the results of electrochemical studies, it
samples is observed in the content in the conservation can be concluded that the addition of bemit nanopowder to
composition of 20...40% corrosion inhibitor. waste oils reduces the corrosion rate (Table 1).

The effect of boehmite nanopowder content in spent
mineral oils (motor and transformer) on corrosion
resistance is shown in Fig. 4.
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Fig. 4. Influence of boehmite nanopowder content in waste oil on corrosion resistance of preservative composition:
1 — motor oil; 2 — transformer oil
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Fig. 5. Dependence of the area of corrosion damage on the content of corrosion inhibitor in spent engine oil
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Table 1. The results of electrochemical measurements on steel 3 in 0.5 M NaCl solution

The studied composition Corrosiqn current density| Corrosion rate Protective
(ikor), A/M? Ker, g/(m? hour) | effect Z,%
Used transformer oil 0.0631 0.0658 -
Spent transformer oil + boron nanopowder (5%) 0.0316 0.0328 50.15
Corrosion inhibitor (20%) + waste engine oil (80%) 0.0002 0.0002 99.69

After 12 months of indoor testing, no traces of
corrosion were found on the samples covered with oil
production waste. The addition of boehmite nanopowder to
waste engine oil also eliminates the appearance of
corrosion foci during the year. When stored under a
canopy, preservatives based on oil production waste are
completely protected from corrosion for 3 months. After
12 months of testing, all samples covered with oil
production waste showed minor traces of corrosion. When
tested in the open atmosphere, uncoated samples begin to
corrode during the first month, after 3 months the area of
corrosion foci reaches 20%, and by the end of the year -
95%. Waste motor oil and vegetable oil waste also cannot
provide reliable protection of steel surfaces during outdoor
storage. After 12 months of testing, the area of corrosion
damage is at least 50%, and in some cases reaches 90%.
The results of corrosion tests of samples in the open field
show that the optimal conservation composition contains
25% corrosion inhibitor "Telaz-L" and 75% spent engine
oil. In this case, the area of corrosion damage after 12
months of testing is 5% (Fig. 5).

To determine the protective effectiveness of the
developed compositions, tests were performed in
production conditions. No traces of corrosion were
detected on the surfaces treated with preservatives during
storage of the machines.

Conclusions

1. The greatest corrosion resistance of samples is
observed for the content in the conservation composition
of 20...40% corrosion inhibitor. When bemite nanopowder
is added to waste mineral oils, their corrosion resistance
increases slightly. The corrosion resistance of the
preservative composition is most intensively increased by
changing the concentration of boehmite nanopowder in
waste oil in the range from 4 to 8%, then its growth slows
down. The results of electrochemical studies show that the
addition of boehmite nanopowder to waste oils reduces the
corrosion rate.

2. The results of tests of corrosion resistance of
samples in open areas show that the optimal conservation
composition contains 25% corrosion inhibitor "Telaz-L"
and 75% spent engine oil. In this case, the area of corrosion
damage after 12 months of testing is 5%. With a further
increase in the content of corrosion inhibitor in the IMO,
the protective ability of the preservative composition
deteriorates.

3. The stored indoors after 12 months of testing on
samples covered with waste vegetable oil, no signs of
corrosion. The area of corrosion foci of samples coated
with waste engine oil after 12 months was 5%. The
addition of boehmite nanopowder to waste engine oil
eliminates the appearance of corrosion foci during the year.

4. During storage under a canopy After 12 months of
testing, all samples covered with vegetable oil production
waste showed minor traces of corrosion. The area of
corrosion foci of samples coated with waste engine oil after
12 months was 8%. When booze nanopowder was added
to the spent engine oil, the area of corrosion damage
decreased to 5%. When using a composition containing
25% corrosion inhibitor "Telaz-L" and 75% spent engine
oil, the area of corrosion damage after 12 months of testing
is 2%.
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AJITOPUTMIYHICTb BUSHAUYEHHSA
E®EKTUBHOCTI 3BEPITTAHHA
3EPHO3BUPAJIBHUX KOMBAHIB
I M. Kyzvmuu

AHoTamisg. B craTTti mpoBeneHO JOCHIDKSHHS Ta
y3arajabHEHHs e(eKTHBHOCTI 30epiraHus
3epHO30MpanbHUX KoMOalHiB. Haiibinpm edexTuBHE
30epiraHHs  MamMH  3a0e3MeYyeThCsl Yy  3aKPUTHX
MPUMIIIEHHSIX AarpONpPOMHUCIOBUX MigmpueMcTB. IIpote
omm3pko  60% mapky 3epHO30HMpANIbHUX KOMOAiHIB

30epiraeTeCsi Ha BIAKPUTHX MaigaHuukax. Yepes
oOMEeXeHI eKOHOMIYHI MOXIHMBOCTI y  Oaratbox
OpraHizalisfix € BUIAAKKH HEJOTPUMAHHS  MpPaBUI

30epiraHHs MalluH Ta HU3bKOI SIKOCTI BUKOHAHHS POOIT 13
NPOTUKOPO3iHHOr0 3axucTy. BHacmigok koposii mnpwu
30epiraHHi MamIMH Ta OOJIQJHAHHS 3HIDKYETBCS IX
JIOBTOBIYHICTD, MiABHINYETHCS TPYIOMICTKICT OMeEparii
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TEXHIYHOTO OOCJIYyrOByBaHHS Ta peMOHTYy. Haibimbir
CXWJIBbHI JIO KOpO3ii 3yOu ImecTepeHsb 1 BTYIIKOBO-POITUKOBI
JAHIOIOTH, pi3b0OBI  3’e¢mHaHHA, poOOYl  OpraHu
IPYHTOOOpPOOHMX  MAamIWH: JIEMIXH IUTyTiB, JIalH
KynbTHBaTOpiB Ta iHmI. Yepe3 KOpO3il0 3pOCTArOTH
BUTpPaTH HAa YTPUMaHHA MapKy MamuH. Burpatm Ha
TEXHIYHE OOCIIyroBYBaHHS Ta PEMOHT POOOYMX OpraHiB
I'PYHTOOOPOOHMX 3HAPsIIb B OpraHi3alisiXx CTAHOBIATD BiJ
32 no 78% Baprocti MammH. OCTaHHIMH pPOKaMu
3HW)KEHHST  BHTpaT Ha  INPOTHKOPO3IMHUHA  3aXHCT

CHOCTEpIraeThes TEHJICHIIis BUKOPHCTAHHS
KOHCEepBalIHHUX CKJIadiB 3 BimxoxiB. [IpoTe KOHKpeTHi
peKoMeHaril 10110 MIPUTOTYBaHHS TaKHX

KOHCEpBAIlIfHAX CKJIAiB Ta pe3yibTaTH iX BUIPOOYBAaHB
CTOCOBHO 3€pHO30MpaNbHMX KOMOAiHIB y JIiTepaTypi
BIZICYTHI.

Kao4oBi cjioBa: OBroBiUHICTB, €(QEKTHBHICTB,
30epiranHs, KOpo3is, HAHOMOPOIIOK, MiHEpAIbHI OJIMBH,
pecypco30epirarodi cKiaaau.

AJITOPUTMUYHOCTD OITPEJEJIEHU A
SOPEKTUBHOCTU XPAHEHU A 3EPHOCBOPHBIX
KOMBAIHOB
U M. Kyzemuu

AHHOTanusl. B craTbe mpoBeneHbI HCCIENOBAHUS U
0000meHne 3h(HEeKTUBHOCTH XpaHSHHUS 3epHOYOOPOUHBIX
koMmbOaitHoB. HambGonee >¢¢exkTnBHOE XpaHSHHWE MAIIHH
obecrieunBaeTcs B 3aKPBITHIX TTOMETIEHUAX
arpoIpoOMBIIIICHHBIX Hpeanpuatuil. OqHaxko oxoio 60%
napka 3epHOYyOOpOYHBIX KOMOAaWHOB XpaHHUTCS Ha
OTKPBITHIX IUIOIIaIKax. Uz-3a OrpaHHYEeHHBIX
HKOHOMHUYECKHX BO3MOKHOCTEH BO MHOTHX OpTraHH3aLUsIX
€CTh CJIy4au HECOOJIOJICHHs TPaBUJI XpaHEHHs MalluH U
HHU3KOI'0 Ka4yecTBa BBITIOJIHEHHS pabor o
IIPOTUBOKOPPO3MOHHON 3amuTe. B pesynprate Koppo3un
NP XPaHCHWW MallMH U OOOPYIOBAaHUS CHIKAECTCS MX
JIOJITOBEYHOCTD, TIOBBIMIAETCS TPYIOEMKOCTh OIEparui
TEXHHMYECKOTO OOCIy)XMBaHMs M peMoHTa. Hambonee
TIOJIBEP’KEHBI KOPPO3MM 3yObsl IIECTEPEH M BTYJIOYHO-
POJIMKOBBIE IIE€NH, pPe3bOOBBIE COEAMHEHHUs, paboune
OpraHbl IOYBOOOPA0ATHIBAIONIMX MALIHH: JIEMEXH ILUTYTOB,
Jlanel KyJlbTHBAaTOPOB M Jpyrue. M3-3a koppo3uu pactyr
pacxoabl Ha colepKaHHe Mapka MaiuH. Pacxonusl Ha
TEXHUUECKOe 00CITy)KMBaHHE U PEMOHT pabO4YMX OPraHOB
MOYBOOOpaOATHIBAIOIIMX ~ OPYAWH B OpraHM3aLUAX
coctaBisTIoT oT 32% no 78% cromMocTd MamuH. B
TIOCIIEHUE TO/IBI CHIDKEHHE 3arpar Ha
MIPOTUBOKOPPO3HOHHYIO 3aIUTY HaOJII0AaeTCs TEHICHIINS
UCTIONIb30BAaHMS KOHCEPBAILIMOHHBIX COCTABOB M3 OTXO/IOB.
OnHaKo KOHKPETHBIE PEKOMEHJAllMH MO IPUTOTOBJIEHHIO
TAaKUX KOHCEPBAlIMOHHBIX COCTABOB M PE3YJIbTATHl HX
HCTIBITAHAH TI0  3epHOYyOOpPOYHBIX  KOMOaiHOB B
JIUTEPAType OTCYTCTBYIOT.

KoueBblie cjoBa: JIOJITOBEYHOCTb,
3¢ (EeKTHBHOCTD, XpaHEHHWE, KOPPO3Hs, HAHOIIOPOIIOK,
MUHEpaJIbHBIE Maciia, pecypcocOeperaromye COCTaBh.
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