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Annomauyun. B oannoti cmamve ObLla uUCciedo8ana 3¢oexmusHocms aHMUKOPO33ZUOHBIX
0obasok. Kopposusi onpedensiemcss Kaxk paspyuumenpHoe U HenpeoHameperHoe paspyulenue
Mamepuana (8 HacmHoOCmu, MEmMaiio8 u CHIA608), 8bI36AHHOE B030eUCMBUeM OKpYcaluell cpeobi.
K coorcanenuro, ons memannos noumu 6éce cpedvbl MOZYm 6 MOU UNU UHOU CMENeHU Gbl3bleanlb
KOpPpO3ut0, NOCKOIbKY KOPPOOUPOBAHHOE COCMOsIHUE A8asemcs bonee cmabunvhvim. Kopposuonnas
CMOUKOCMb - 9MO CEOUCMEO MEMAld Ull, 8 YelOM, MAMePUuald npomusoCmosims 6030etCmeuio
KOppoO3uu 8 ONpeoeleHHOl cpede Npu ONPeOeleHHbIX YCIA0USX OKCHIyamayuu, OdeleHul,
memnepamype u ckopocmu mekyuetl cpeovl. OObIYHO YCMOUYUBOCMb K KOPPO3ULU BbIPANCACHICIL 6
NOKA3amMensix CKOpoCmu KOpposuu. Ycmouuusocmes Memainia K Kopposuu mMoxcem Ovlmb nosbluleHd
C NOMOWbBIO MEMOO08 Npedomepaujenuss Kopposuu. [ 3auumosl om KOpPpO3UU UCHOTb3VIOM
cneyuanbHvle CpeoCcmaa, Komopwvle ee 3amednsiom — unHeuoumopsl. OHU UBMEHAIOM COCMOsAHUE
NOBEPXHOCMU Memania — o6pasyrom mpyoOHOPACmeopuUMble COeOUHEHUs. C KAMUOHAMU MEeMAd.

Lenvro ynpascnenusi 6vli0 onpedenumsv GaUsSHUE UHSUOUMOPA HA CKOPOCHb 8000POOHO20
OXPYNUUBAHUS C NOMOWBIO MeCma HA NPOYHOCMb, A UMEHHO UCNbIMAHUA HA U32ud U onpeoenums
aghghexmueHocmsb UCNOIL3YEMO20 UHSUOUMOPA.

Ohpexmusnocmv  Oelicmeusi  UHSUOUMOPO — KOPPO3UU MOJCHO — OYEHUMb No  08YM
noxazamensaim: cmenenu 3awumol (Z, %) u Koagduyuenmy mopmoxcenuss Koppo3uu y (3auyumuulil
agpgpexm uneubumopa). Ippexmusnocmv mapouona 89,8%, noo Odeiicmeuem uHeUOUMOpPA
CKOpPOCMb KOppo3uu ymeHvuiaemes 6 9,85 paza cpasnusas ¢ 600HbIM pacmeopoM CepHOU KUCIONbL
(VI). Onupasice na mabauunvie OaHHbIE MONCHO O0AMb  OYEHKY «OMAUYHOY» UHSUOUDYIOUIeMY
cpeocmay.

Knrwoueegwte cnosa: xoppo3us, memanns, 3auuma om KOppo3uU, UHSUOUMOp, Cmaib, Mapouo.,
800HbIU pacmeop cepHoti kuciomul(VI), npomuoxopposuonnvle ceolicmaa.
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Annomauyun. byn maxanaoa kopposusea kapubl apaiauimManapoviin 3¢ggdekmusoyynyey
usundeneen. Kopposusa atinana-ueuponyn maacupunern —yiam — Mamepuaniovii  (aupulkua
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Memannioapobly  JHcaHa Spummenepout) Koltipamyyuy oicana oatkadbai Oy3yayuly Kamapbvl
anvikmanam. Tunekke Kapuivl, Memaiidap Y4yH OIPAUK OApObIK YOUPOnop KaHOAuowvlp Oup
0enerdnioe dam bacvlubl MYMKYH, aHmkeHu oam oackan aban mypykmyy. Kopposusea mypyumyk
Oepyy-0y1 Memaniovik Jice HCAANbICLIHAH MAMEPUANObIH Oel2ulyy Oup uwmee wapmmapsliod,
OACLIMbIHOA, MEeMNEPAmMypAacbIHOA HCAHA CYIOKMYKMYH blA0AMObICLIHOA OeNeunyy oup 4etpeoe
Kopposusea mypywmyk Oepyy kacuemu. Adamma, Kopposusea mypywmyk bepyy oam 6acyy
bLI0AMObICHIHOA Kepcomyaom. Memaniovin Koppo3usiea mypykmyyiyeyH KOppo3usubvl 601mypo0oo
bIKMAIApbl MeHeH dcocopyramyyea 6onom.Koppo3uadan Kopeoo yuyH anbvl dHCAulamyyyy amatibli
Kapasicammap — uHeUOUMopaop KOAOOHYAam. Anap memaniovbii OemutHun abaibli 0326pmyuen-
Memaini KamuoHOOpy MeHeH OHOU dpubeli mypean bupukmenepou my3yuomn.

Konyeyynyn maxcamol unHeubumopoyH cyymekmun MOPMmyK blI0AMObICLIHA MULLUZ2EH
Maacupur Ky4 cblHOOCy MeHeH AHbIKMOOo, MAKMan aumkanod, UULYY CbIHOOCY HCAHA KOJIOOHYI2aH
UHSUOUMOPOYH I hexmUBOYYyeyH AHbIKMOO DOICOH.

Kopposus uneubumopnopynyn uwi-apakemuHun HamuluxicanyyiyeyH 9Ku KopcomKyy 60H4a
baanoozo 6onrom: kopeoo dapadicacvl (HMka, %) oscana Koppo3usHvl uHeUOUPIOO KOIDhuyueHmu
(uneubumopoyn kopeoouy maacupu). Tapouonoyn s¢ghghexkmugoyynyey 89,8%, uneubumopoym
maacupu acmvlHoa KOppo3us blidamowviebl KyKypm KoiukvliviHolH (OXK) cyyoaevl spummecu meHeH
canvuumuipeanoa 9,85 sce memonodeum. Tabauyanvik maarvimammapea masuwin, "3y conyn”
uHeubumop azenmmu 6aa10020 6OIOM.

O30Kmyy co300p: KOppo3Us, MEMALOAp, KOPPO3UALA Kapulbl, UHSUOUMOP, 6010mM, MApOUOI,
KyKypm Kuciomacwiuwin cyy spummecu (VI), kopposusiea kapuivl Kacuemmepu.
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Abstract. In this article was investigated the effectiveness of anti-corrosion additives. Corrosion
is defined as the destructive and unintentional destruction of material (particularly metals and alloys)
caused by the environment. Unfortunately, for metals, almost all media can cause some degree of
corrosion because the corroded state is more stable. Corrosion resistance is the property of the metal
or, in general, of the material to withstand the effects of corrosion in a certain medium under certain
operating conditions, pressure, temperature and fluid rate. Corrosion resistance is usually expressed
in corrosion rates. Metal corrosion resistance can be improved by corrosion prevention methods. To
protect against corrosion use special means that slow it - inhibitors. They change the state of the
metal surface - they form difficult soluble compounds with metal cations.

The aim of the exercise was to determine the effect of an inhibitor on the rate of hydrogen
embrittlement using a strength test (bending) and to determine the effectiveness of the inhibitor used.
The effectiveness of corrosion inhibitors can be assessed by two indicators: the degree of protection
(2%) and the coefficient of corrosion inhibition y (inhibitor protective effect).

The tardiol efficiency of 89.8%, under the action of an inhibitor, the corrosion rate decreases by
9.85 times compared with an aqueous solution of sulfuric acid (VI). Based on the tabular data it is
possible to estimate «excellenty inhibiting agent.

Keywords: corrosion, metals, corrosion protection, inhibitor, steel, tardiol, aqueous solution of
sulfuric acid(VI), anticorrosion properties.
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Introduction. The problem of corrosion is much more serious than it is often given
importance. Its relevance is especially manifested in enterprises that use metal structures,
equipment, machinery, tools and vehicles with significant wear and tear of their service life.
Corrosion processes have a different nature of their occurrence, but they all have one thing in
common - they appear as a result of contact and interaction of metals with the environment
(physico-chemical and chemical). It mainly flows in liquid and gaseous media.

The problem of corrosion control has recently become increasingly important. This is
due to the following reasons: an increase in economic losses from corrosion, which in
developed countries are commensurate with capital investments in certain sectors of the
economy, and a decrease in the durability and reliability of building structures, products,
machinery and equipment.

The relevance of the topic and the formulation of tasks. Protection of the material
part of industrial enterprises from rust and other corrosive processes is an urgent issue today
in terms of ensuring industrial safety. The fight against corrosion of building materials is a
struggle for their reliability and durability. Despite the fact that it is not possible to influence
the thermodynamic stability of metal and concrete, nevertheless, by revealing the basic laws
of the corrosion process, it is possible to have a significant impact on the corrosion rate and
slow it down.

Steel is a metal that is an alloy of iron and carbon with the addition of other
components. The share of the latter is up to 2.14%, with the exception of special types of
alloys with a high carbon concentration (up to 3.14%). Thanks to him, the metal becomes
durable, malleable, durable - its quality improves, which expands the scope of
destination. However, the level of its plasticity and viscosity decreases. In construction, steel
is used for the manufacture of structures, reinforcement of reinforced concrete structures,
roofing, scaffolding, fences, forms of reinforced concrete products, etc.

Experimental procedure

Material: 30 steel samples

Environment: 0,5M H2SO4

Inhibitor: Tardiol

The aim of the exercise was to determine the effect of an inhibitor on the rate of
hydrogen embrittlement using a strength test (bending) and to determine the effectiveness of
the inhibitor used. For testing, we prepared steel wires of uniform dimensions, cleaned them
thoroughly, rinsed them with water, and degreased them. After drying, determined the
bending strength of at least three specimens, noted the number of bends needed to completely
break the specimen. We placed 12 specimens (cleaned and degreased) in an aqueous solution
of sulphuric acid(VI), the same amount immersed in a solution of sulphuric acid (VI) with
inhibitor (tardiol). After 15, 30, 45 and 60 minutes ,we removed an appropriate number of
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samples from each solution. Test their bending strength by determining the number of bends
required to completely break the samples after exposure to sulfuric acid (Zn) and the samples
after exposure in sulphuric acid with inhibitor (Z;). We have recorded the results into Table
6.1. Wire samples from Part A), were intended to be exposed for 60 minutes before being
placed in the corrosive solutions, are additionally weighed on an analytical balance and their
surface area determined. After the 60-minute exposure in the sulphuric acid solution and in
the sulphuric acid solution with inhibotor,we removed the samples, cleaned with a brush,
dried and weighed. We have recorded the results in Table 2. The bidirectional wire bending
test involves repeatedly bending the specimen clamped in the jaws of the gauge and moving
through the hole in the guide. From the vertical starting position, the specimen is bent by a
lever 90° to the right to the bumper and back to the starting position, counting this bend as
the first bend. Second and subsequent bends alternately left and right, each to the bumper and
back to the starting position, are performed until the specimen breaks. The test shall be carried
out until the number of hinges specified in the standards concerned has been reached or a
crack is visible without the use of magnifying devices. Hogging, during which the specimen
breaks, should not be counted in the number of hoggings. The hinge should be carried out at
a constant speed not exceeding one hinge per second. If necessary, the hogging speed should
be reduced so that the heating of the specimen does not affect the result of the test. The test
shall be carried out at an ambient temperature between 10°C and 30°C. Tests under controlled
conditions should be carried out at a temperature of 23 + 5°C.

Object and methodology

Inhibition is a method in which the rate of corrosion decreases if compounds are
introduced into an aggressive environment that significantly slow down the corrosion process.
One of the inhibition mechanisms is the adsorption of the inhibitor on the surface of the
protected product. Inhibited papers and films are used for long-term storage.

Results

Table 1. Results of bending strength by determining the number of bends required to
completely break the samples after exposure to sulfuric acid (Zw ) and the samples after
exposure in sulphuric acid with inhibitor (Z,) .

Time of Solution of H2SO4 SK | Solution of

exposure of the H2SOa4+Inhibitor SK

corrosive Number of bends Number of bends

environmentto | Results of Results of

the material individual Average individual Average
measurements measurements




0 (wire leftin 11113 |11 | Zo=11,7 | ---

the air)

15 7 6 |6 |Znu=6,3 [461 |9 10 |7 Z1=8,66 | 26

30 6 4 |6 |53 54,7 |10 |11 |10 10,3 12

45 5 4 |4 143 63,2 |11 |8 9 9,33 20
5

60 5 4 3 4 658 |12 |11 |12 11,67 25
1

Table 2. Results of mass of samples before and after exposure, exposure time, sample

surface area, average corrosion rate, effectiveness of the inhibitor.

Environment | Mass of samples Mass Sample | Exposure | Average Effectiveness
[mg] loss surface | timet[h] | corrosion | of the
Before | After Am [mg] | area, S rate, V inhibitor
exposure | exposure [cm?] [mg/cm?h]

H2SO04 7150 7133 17 12,217 |1 Vo=1,28 Z=89,8

H2SO4 6993 6980 13 12,217 |1

H2SO04 6918 6901 17 12,217 |1 v =9,85

H2SO04+ 7114 7112 2 12,217 |1 Vi=0,13

inhibitor

H2SO04+ 7077 7076 1 12,217 |1

inhibitor

H2SO4+ 7060 7058 2 12,217 |1

inhibitor

Discussion of the results

We carried out calculations and determined the quantitative index of hydrogen
embrittlement, mass loss and the effectiveness of the inhibitor. | calculated the degree of
hydrogen embrittlement (SK) for each exposure time in the corrosion solution that contains
and does not contain the inhibitor, corrosion rate (V), corrosion inhibition capacity of the
inhibitor (Z) and protection factor.



The number of bends of the samples with the inhibitor was 1.5-2 times greater, which
indicates the effectiveness of the inhibitor. Then, after the elapsed time, we measured the mass
and, using the data, calculated the mass loss and determined the average corrosion rate.

The effectiveness of corrosion inhibitors can be assessed by two indicators: the degree
of protection (Z, %) and the corrosion inhibition coefficient y (protective effect of the
inhibitor).

The formula for determining the degree of protection

Z = [(Vo— V1)/V1]°100% (1)
where Vo, Vi, is the rate of corrosion (dissolution) of metal in an environment without
an inhibitor and with it [g/(m2¢h)];

The Z value is 100% when the metal is completely protected, the corrosion rate is
reduced to 0.

The protective effect of the inhibitor is calculated by the formula:

Y=Vo/V (2)

The braking capacity coefficient shows how many times the corrosion rate decreases
under the action of the inhibitor. There is a relationship between the braking coefficient and
the degree of protection, determined by the formula:

Z=(1-1/y)-100. 3)

The effectiveness of tardiol 89.8% under the action of an inhibitor, the corrosion rate
decreases by 9.85 times compared with an aqueous solution of sulfuric acid (V1).

Table 3. System of criteria for evaluating the effectiveness of corrosion inhibitors

The degree of protection Z, % (laboratory | Industrial grade of the inhibitor
condition)

Z>90 Excellent

75<Z<90 Good

50<Z<74 Medium

Z<50 Weakly

Conclusion. This new Polish-made product has really proved and justified its
anticorrosive properties. The tardiol efficiency of 89.8%, under the action of an inhibitor, the
corrosion rate decreases by 9.85 times compared with an aqueous solution of sulfuric acid
(VI). Based on the table 3, it is possible to give an "excellent" rating to the inhibitory agent.
Also from calculations we can notice that mass loss of steel with additions of solution of
H2SO4 + Inhibitor is less than only with solution. So, we can say that this inhibitor have a



good anti-corrosion properties for using in building industry. The use of inhibitors reduces
repair costs and improves the durability of the building.
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