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Summary. The sharp deterioration of the ecological state of the environment is associated not only with
the activities of various plants, but also with the lack of high-quality recycling of industrial waste and reliable,
safe anticorrosive protection of equipment. In this regard, over the past decade, increased attention has been paid
to the search for eco-friendly corrosion protection agents, in particular, through the use of waste from the
woodworking, food and other industries: extracts of wood chips, natural resins, and the breakdown products of
vegetable fats (technical glycerin). Therefore, the creation of so-called «Greeny inhibitors is an urgent and
promising task.

Gravimetric and electrochemical studies, we found that technical glycerin (TG) has an anticorrosive
effect on steel and aluminium in a 0.1% NaCl solution. Its effectiveness in the concentration range of 1.0-2.5 g/l
is practically unchanged, the degree of protection Z is 57-67%. The inhibitory properties of TG due to its
adsorption on the surface of these metals with a predominance of the energy (double-layer) component of the
protective effect. The inhibitor retard both electrode reactions on steel 20 and aluminium, while reducing
corrosion currents by 2—4 times.

An increase in the anticorrosive properties of TG without an increase of its concentration is achieved
through the use of synergistic reagents. Triethanolamine in the composition with TG did not exert an inhibitory
effect, while the extract of oak chips (EO) with the ratio of TG: EO components = 3:12 increased the degree of
protection of steel 20 and aluminium to 80-82%.

The protective mechanism of the created composition is somewhat different from the mechanism of the
main component. The compromise potential of both metals shifts to a more negative side, the nature of the cathode
and anode curves changes, in particular, the portion of the limiting diffusion current disappears. Corrosion
currents decrease by ~ 8 times.

Key words: extract of oak chips, corrosion rate, compromise corrosion potential, corrosion current,
limiting diffusion current, Tafel constants.
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Problem statement. The catastrophic ecological state of the environment is the result
not only of the production activities of the chemical, energy, oil and gas-producing and
processing industries, but also of the lack of high-quality disposal of wastes from food, wood-
harvesting and woodworking industries [1]. In addition, this problem is further complicated by
the negative effects of metals fund corrosion products and the use of insufficiently safe anti-
corrosion protection agents.

Recently, increased attention has been focused on the use of waste processing plant raw
materials as corrosion inhibitors [2-5]. This particularly applies to products of plant fats
(technical glycerine) [6], wood chips extracts [7], rapeseed shot pellents [8], natural resins, etc.

[9].
Analysis of known research results. Inhibitors derived from natural materials can

satisfactorily protect steel, aluminum, copper, etc., from corrosion in both neutral and acidic
media [10-12]. However, their degree of protection even at sufficiently high concentrations
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Influence of technical glycerine and composition on his base on 20 steel and aluminium corrosion durability in
0,1% NaCl

does not exceed 60-70%. Enhancement of their effectiveness is achieved by creating
synergistic compositions. Thus, the protective effect of oak chip extracts in the composition
consisting of organic and inorganic synergists increases to 90-95% [13]. Therefore, the search
and study of the anti-corrosion properties of inexpensive organic environmental safety
substances will allow to create new so-called «Greeny inhibitory synergistic compositions with
a wide range of action.

The goal of the work. Evaluate anticorrosion properties and mechanism of action of
technical glycerine and its compositions with triethanolamine and oak chips extract relative to
steel 20 and aluminium in neutral environment.

Materials and research methods. Corrosion tests were carried out by gravimetric
method on 20 steel in the state of supply (disc samples of 20 mm diameter) and on aluminium
(rectangular samples of 20x30 mm). As the environment used 0.1% NaCl solution. Inhibitors —
technical glycerine (TG), triethanolamine (TEA), oak chips extract (EO) [10] and synergetic
compositions based on them were introduced into corrosive medium at concentrations of 1.0
and 2.0 g/l. Corrosion rate and protective effects of inhibitors were calculated according to
known formulas [14]. Electrochemical studies were carried out by IPC-Pro potentiostat in a
potentiodynamic mode with 1 mV/s potential scanning on 1 cm? samples with an isolated side
surface. Reference electrode — saturated silver chloride. Corrosion currents and Tafel constants
were determined by graphoanalytic method [15]. The adsorption potential shift was A4¥:
calculated by the formula:

AP 1= AE / [1 — bc ba/ (bc+ba) bO],

Where AE — displacement of corrosion potential in the presence of inhibitor, bc ba—
Tafel constants, bo = 2.3 R T/F = 0.059.

Technical glycerine (propane-1, 2, 3 triol) — the product of hydrolytic splitting of
carbohydrates (starch, wood flour, sugar) is formed in the production of biodiesel and is a
colorless, hygroscopic liquid, well mixed with water and aqueous solutions of salts.

Results and discussion. Gravimetric tests of the protective effect of technical glycerine
showed that this reagent has moderate protective properties in 0.1% solution NaCl: steel 20
protects by 58%, aluminium by 67%, slowing the corrosion rate of steel by 2.4 times, and
aluminium — by 3 times. Increasing the concentration of TG from 1 to 2.5 g/l has practically no
effect on its anti-corrosion activity on either steel 20 or aluminium (Table 1).

Table 1

Influence of technical glycerine (TG) and composition on his base on 20 steel and
aluminium corrosion durability in 0,1% NaCl

: : Concent. | Ku10°, 1, % 0
Material Medium inhib., o/l | g/em?h | mm/year | time 2, %

1 2 3 4 5 6 7
0,1% NacCl - 7,3 0,08 - -
20 Steel o 1,0 3,1 0,03 2,4 58
0,1% NaCHTT 25 31 0,03 24 58
0,1% NaCl - 0,3 0,009 - -
Aluminum o 1,0 0,1 0,003 3,0 67
0,1% NaCl+TT 25 0L | 00038 | 30 67

0,1% NaCl+
20 Steel TI4+TEA (3:1) 1,0 4,6 0,05 1,6 37

. 0,1% NaCl+
Aluminum TI4TEA (3:1) 1,0 0,1 0,003 3,0 67
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(to be continued)

1 2 3 4 5 6 7
0,1% NaCl+
20 Steel TIHE]L (3:2) 1,0 1,3 0,014 5,6 82
. 0,1% NaCl+
Aluminum TOHE] (3:2) 1,0 0,06 0,067 5,0 80
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Figure 1. Compromise potential determining on 20 steel in 0,1% NacCl (1) and
with additions: 2-1 g/l TG; 3-2,5 ¢/l TG; 4-1 g/l TG+ EO
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Figure 2. Polarization curves of 20 steel in 0,1% NaCl (1) and with additions:
2-1g/1TG; 3-2,5 9/l TG; 4-1 g/l TG+ EO

It is known that triethanolamine (TEA), as part of the inhibitory compositions based on
SFA (synthetic fatty acids), intensify their protective properties against medium carbon steels
in 3% NaCl solution [16]. However, in our case (TEA) in the TG composition (at a 1:3 ratio),
in contrast, reduces the protective properties of TG (the antagonist) relating to 20 steel and does
not alter its efficiency relating to aluminum. Perhaps by partially adsorbing on steel, TEA
reduces the surface area with adsorbed TG, which is manifested in the reduction of the
inhibitory action of the composition. On the aluminum oxidic film, the adsorption of TEA is
negligible or absent, thereby maintaining the efficiency of TG protection.

The extract of oak chips, in contrast, enhances the protective properties of TG, showing
a synergistic effect on both steel and aluminum in a medium of 0.1% NaCl. The degree of
protection increases to 82% (steel) and 80% (aluminum), and the corrosion inhibition index y
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15 5.6...5.0 times against 2.4...3.0 (Table 1). The mutual amplification of the protective action
may be the result of both the additional adsorption of the EO and the possible interaction of the
extract components with the TG.

The mechanisms of influence of TG and its composition with EO on partial electrode
reactions on 20 steels and aluminum were evaluated on the basis of polarization studies. It was
found that the compromise potential on 20 steel in 0.1% NaCl solution under the influence of
TG shifts towards less negative values: at a concentration of 1 g/l at 14 mV, and at 2.5 g/l -
40 mV (Fig. 1). A 0.8 g/l EO composition, on the contrary, shifts the compromise potential
toward more negative values by up at 168 mV. Corrosion currents of 20 steel in the presence
of TG are reduced by 2—4 times, and under the influence of the composition — by 8 times. TG
almost does not change the nature of the cathodic curve, it only slightly reduces the limit
diffusion currents, while the composition practically levels the area of the limit diffusion current
(Fig. 2, Table 2). Such a change in the cathode curve may be result from the participation of the
EO in the depolarization process. An increase in Tafel constants indicates the cathodic and
anodic electrode reactions being impeded and confirms mixed character of protective action of
both TG and its composition with EO.
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Figure 3. Compromise potential determining on aluminium in 0,1% NaCl (1)
and with additions: 2-1 g/l TG; 3-2,5 ¢/l TG; 4-1 g/l TG+ EO
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Figure 4. Polarization curves of aluminium in 0,1% NaCl (1) and with additions:
2-19/1TG; 3-250/ TG; 4-1 g/l TG+ EO

Calculated values of the adsorption potential shift on 20 steel under the influence of TG
indicate the prevalence of the energy effect over the blocking effect, which is significantly
enhanced by the addition of EO.
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Table 2

Influence of technical glycerine (TG) with EO composition
on 20 steel and aluminium electrochemical characteristics in 0,1% NaCl

Tafel
) —Ecor, | lcor10°, id, constants AP,
Metal Medium mV | mA/cm? | mA/cm? | b, ba, mV
mV mV

0,1% NaCl 425 40 0,5 43 45 -

20 Steel | 0,1% NaCI+TI™ 411 20 0,3 50 52 24
0,1% NaCI+TIr™ 385 10 0,4 50 52 93

0,1% NaCl 625 10 0,03 43 29 -
Al 0,1% NaCI+Tr™ 688 3 0,01 61 57 126
0,1% NaCI+TIr™ 825 3 0,003 58 59 392
20 Steel | 0,1% NaC1+TI +E[] 583 2 - 63 75 376
Al 0,1% NaCI+TF*+EI[ 756 2 0,002 12 60 294

Note: TG concentration* — 1 g/l; TG** — 2 g/l TG**.

On aluminium the compromise potential under the influence of TG and its composition
with EO is significantly shifted towards more negative values (Fig. 3, Table 2): by 63 mV for
the inhibitor concentration 1 g/l and 200 mV — for 2.5 g/l. In contrast to steel, the EO in the TG
composition reduces the amount of compromise potential shift on aluminum to the negative
side (131 mV). Under the influence of TG for both concentrations corrosion currents decrease
by 3.3 times, and limit diffusion — by 3-10 times. The composition reduces the corrosion current
to 2-10° mA/cm?. As with steel, the composition changes the characteristics of the cathode and
anode curves (Fig. 4). The Tafel constants, compared to the non-inhibiting medium are
growing, particularly noticeable in the presence of the TG+EO composition. The value of shift
of the aluminium adsorption potential is significantly greater than steel, indicate on
amplification of the energy component of the inhibitory effect.

Conclusions. It is shown that technical glycerine (TG) exhibit anticorrosion properties
relating to 20 steel and aluminium in 0.1% NaCl. The protective effect is due to its adsorption
on the surfaces of these metals with the double layer effect prevailing and consists in braking
both electrode reactions. The effectiveness of TG as a corrosion inhibitor has been found to be
higher on aluminium than on steel and enhanced in combination with oak chip extract.
Triethanolamine in the TG composition does not affect its protective properties against
aluminium and impairs their ratio of 20 steel.
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BILIMB TEXHIYHOI'O TJIIHEPUHY TA KOT'O KOMIIO3UIIIA HA
KOPO3IMHY TPUBKICTbh CTAJII 20 I ATIOMIHIIO
¥ 0,1% PO3YHHI NaCl

3Benomupa Cinodoasn; Jlrogmuina Marnarok; Poma Kynosuy;
IHerpo Cumop

Dizuxo-mexaniunuu incmumym imeni 1. B. Kapnenuxa HAH Ykpainu,
JIvsis, Ykpaina

Pestome. Pizke nocipuienns eKo102iUHO20 CIMAHY HAGKOIUWHBLO20 Cepedosuwya No6'a3aHo He MilbKu 3
OUSLIbHICMIO PI3HUX NIONPUEMCMS, ajile U 3 GIOCYMHICMIO SAKICHOT ymunizayii supoOdHuuux 8i0xodis, HAIUHO20,
be3neyno2o0 nPOMUKOPO3iliHo20 3axucmy o01aoHauHa. Y 36'A3Ky 3 Yyum 8 OCMAHHE OecAMUNIMMA NoCcuIena yeaza
NpUOIIAEMbCA NOWYKY eKobe3neyHux 3acodie 3axucmy 8i0 Kopo3ii, 30Kpemda WiliAXoM 8UKOPUCMAHHA 8i0X00i6
0epegoobpoOHOI, Xapuo8oi ma iHWUX 2any3ell NPOMUCTIOBOCMI: eKCMPAKMI6 CIMPYICKU Oepesutu, NPUpOOHUX
CMOI, NPOOYKMIG PO3UWeNACHHS POCTUHHUX JHCUPIE (MexHiynutl eniyepun). Tomy cmeopenHs Ha OCHOGI OMPUMAHUX
DEeuOBUH M. 36. «3€NleHUXy IH2I0IMopie € aKmyaibHum i nepcnekmusHuM 3as0anHAM. I pasimempuunumu i
eNeKMPOXIMIYHUMU OOCTIONCEHHAMU 86CMAHOBIEHO, o mexHiunull eniyepun (T1) susasisic npomukopo3sitiny Oiro
na cmano ma amominiti 6 0,1% posuuni NaCl. Hozo epexmusnicmo y dianasomi xonyenmpayiii 1,0-2,5 g/l
NPAKMUYHO He 3SMIHIOEMbCA, CMYNIHL 3axucmy Z cmanosums 57—67%. Ineioyioui enacmusocmi Tl 3ymoeneni tioeo
aocopoyicio Ha NOBEPXHI YUX MEMAi6 i3 NePe8aNCAHHAM eHepeemudnoi (N00GIUHO-UAPOBOL) CKIA0080I 3aXUCHO20
eghexmy. Ineioimop eanvmye 06u06i enekmpooui peaxyii na cmani 20 ma antoMinii, SHUNCYIOUU NPU YbOMY CIMPYMU
Kopo3ii y 2—4 pazu. Ilioguwenns npomukxopositinux enracmugocmetl TI' 6e3 30inbuienHs npu ybomy U020
KOHYeHmpayii 00C2a€mMbCsl WAXOM GUKOPUCMANHS peacenmig-cunepeicmis. Tpuemanonamin y komnozuyii 3 TI'
He 8UsABUE NOCULeHHs [H2IOY6anbHOI Oii, 6 moil uac, koau ekcmpakm 0yoosoi cmpyacku (E[]) 3a cniggionowenns
komnonenmig TI:EJ] = 3:2 30inowuse cmynins 3axucmy cmani 20 ma anominito 0o 80-82%. Mexanizm 3axucnoi
0ii cmeopenoi komnosuyii Oewo GIOPIZHAEMbCA 6i0 MEXAHIZMY OCHOB8HO20 Komnonewma. Komnpomichuil
nomeHyian Ha 060X Memanax 3Miuyemspcs 8 Heeamugnuil OIK, Xapakmep KamoOHOI ma aHOOHOI KpUGUX 3a3HAE
3MIH, 30Kpema 3HUKAE OLISIHKA 2PAHUiH020 Ouysitinoco cmpymy. Cmpymu KOpo3ii npu ybomy 3MeHULYIOMbC ~ )
8 pasis.

Kniouogi cnosa: excmpaxm 0y6060i cmpyaicku, weuoOKicms KOpo3ii, KOMNPOMICHUL NOMEHYIan KOPOo3ii,
cmpym Kopo3ii, epanudnuil ougysiunuii cmpym, koncmanwmu Tagens.
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