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MECHANISM OF THE OXIDATIVE AND SALT PASSIVATORS
COACTIONWITHIN BINARY INHIBITIVE MIXTURES
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The regularities of joint action of the additivésit are characterized by a different inhibi-
tion mechanism for the protection of mild steehgueous saline media have been investi-
gated. Total 14 inhibitive mixtures have been stddat different concentration ratio and
the obtained results on the protective efficienagt aroduced morphological and structu-
ral changes of the metal surface have been intexbie regard to a coaction of individual
inhibitive factors. Different kinds of interactiohégt may result in synergistic and antago-
nistic effects have been discussed. The schengtiesentation of the inhibitor mecha-
nism aliasing effects has been presented and #wdtical model that reflects the joint
action of individual additives within multicomponeimhibitive systems has been further
extended and refined.

Keywords: corrosion, mild steel, inhibitive mixtures, metal protection, isomolar series,
coaction, mechanism aliasing effects.

JlocnikeHo 3aKOHOMIPHOCTI CIUIBHOT Jii JOAATKIB, SKi XapaKTEepU3YIOThCS PI3HUM MeXa-
HI3MOM IHTiOyBaJIbHOI JIii, /UIs 3aXUCTY CTalli Y BOJHO-COJIBOBUX CEPEIOBHUIAX. BUBUEHO
14 inriGiTopHUX cyMillel 3a pi3HUX CHIBBIIHOLIEHb KOHUEHTpaliil. OTpuMaHi pe3ynbTa-
TH 3aXHUCHOT €)EKTUBHOCTI Ta CHIPUYMHEHUX MOP(OJIOTIUHHUX 1 CTPYKTYPHHUX 3MiH MOBEPX-
Hi MeTally IHTEpIPETOBaHO 3 TOUKU 30pYy B3aeMOJIl OKpeMHUX iHriOyBalbHUX YHMHHUKIB.
Po3rnsiHyTO pi3Hi BUAM iX B3a€MOJIil, SKi MOXKYTh CIPUYMHITH CHHEPreTHYHI Ta aHTaro-
HicTHyHi edextH. HaBeneHo cxemarnuyHe nmofaHHs e(eKTiB B3aEMHOTO HaKJaJaHHs iHTi-
OyBaJIbHUX MexaHi3MiB. TeopeTHyHa MOJeNb, sSKa BimoOpa)xkae CHiJbHY Jil0 OKPEMHUX JI0-
JIATKIB y 0araTOKOMIIOHEHTHUX IHriOITOpHUX CHUCTEeMaX, J0JAaTKOBO PO3IIMpPEHa Ta BAO-
CKOHAJICHA.

KiwouoBi ciioBa: kopo3zis, cmanv, iHeiOY8anbHi Cymiwi, 3aXucm Memanis, i30MONSAPHI
cepii, e¢hekmu HAKNAOAHHS MEXAHIZMIG.

Introduction. Oxidative and salt passivators are commonly usedhie protec-
tion of steel in neutral agueous saline media. biitikie mixtures that may exhibit
synergistic effects within their components to pdevimproved protective perfor-
mance and overcome or minimize the shortcomingbefindividual inhibitors are of
specific interest. Despite extensive studies ofitigbitive action of individual addi-
tives the mechanism of their combined effect i wtiderstood incompletely [1-7].

It is shown [8-10] that the binary mixtures of sunhibitors, characterized by
a different mechanism of action under certain cion$ — pH range, metal potential,
concentration and concentration ratio — may delieecellent protective efficiency
within a synergistic extrema. At the same time, tfog binary mixtures with certain
combination of inhibitive mechanisms the negatiliasing effects may be observed
that result in reduction of efficiency at specimncentration ratios. Furthermore, nega-
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tive aliasing effects may be exhibited by the samidure depending on the concentra-
tion ratio of the components [3].

Thus, the development of the theoretical repretientaf the mechanism of joint
action should take into account the structure efatiditives and possible interaction of
the mixture components that is crucial for purpokdesign of efficient multicompo-
nent inhibitors.

Materials and methods. Corrosion tests and determination of the inhibet-
ciency were performed gravimetrically accordinghe standard procedure. Tests were
performed on steel 08 kp in the aqueous salindisnkiwith the composition: 0.3 g/l
NaCl, 0.3 g/l NgSO, and 0.3 g/l NaHCg) exposure time at 28 was 72 h.

The inhibition efficiency was determined by the atipn Z =[(K,, - K)) / K] X
x100%, the inhibition coefficient — by the equatigr= K, / K, , whereKy, K' is the
corrosion rate of metal in solutions without andwnhibitor (K, = Am/(S[X), where

Amis the loss of the sample weight,3js the sample area,’nt is exposure time, h).

The morphological characteristics and elementalpmsition of the surface pro-
tective films of the inhibitive compositions wemvestigated by the scanning electron
microscope (EVO-50, Zeiss, Germany) equipped with énergy-dispersive detector
(INCA PENTA FETx3, Oxford Instruments,. Co., UK)dmsing Auger microprobe
JAMP-9500F in the scanning electron microscopy mddes energy of the electron
beam was 3 keV and the current was0A5 During profiling, the surface of the samp-
les was bombarded with argon ions (ion etchinghwlie energy of 4 keV. The pick-
ling rate was 40 A/min.

Results and discussion. Investigation of the mechanism aliasing effects dad
termination of the coaction regularities on theibas total 14 binary inhibitive mixtu-
res with components of different mechanism of actieere studied at various concen-
tration ratio using the isomolar series method .(E)g

Fig. 1. Schematic representation of studied bisgsgems.

Synergistic effects are observed within all systdrased on NO, and :ClO5

(Fig. Zf) that may be attributed to the presence of aaleetron pair on the hybrid
sp’- andsp’-orbitals, respectively, of the acidifying aniohys it is considered as coor-
dinately unsaturated.

Synergistic maximum for NaNSN&SiO; system at 99.9% is observed at con-
centration ratio 1:2 that may be considered aspidtection (Fig. 2). Despite NaN@
and NaSiOs individually demonstrate high inhibitive efficiep@n terms of weight loss
performance the presence of surface defects amigrien to provoke local corrosion
damage (Fig. @ d) is limiting their application. In contrast, NaN@nd NaSiO;
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within a binary mixture at optimal concentratiotiogprovide efficient pitting control
and ensure uniform surface morphology (Fiy. 3

Inhibitive efficiency of KCIQ is poor and barely reaches the value of 20%, while
within a mixture it may significantly improve itseformance in terms of protection
efficiency and surface morphology. Inhibitive misguKCIO;—N&SiO; demonstrates
high protective efficiency within a wide range @ihcentration ratio 2:1-1:1 reaching a
peak value that may be considered as full protedtdy. ). The surface morphology
is also significantly improved compared to bothiwdlal components that are found
to be in line with the gravimetric results.
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Fig. 2. Inhibitive efficiency vs concentration atf the binary mixture components.
a: 1- NgVO, + NaSiO;; 2 — NaCrO, + NaSiO;;
b: 1- NaVvO, + NaPQy; 2— NaCrO, + NaPOy;
¢: 1 - NgSiO; + NaNQ; 2 — NgPQ, + NaNQ;
d: 1 - NaVvO, + NaNQ; 2 — NaCrQ, + NaNQ;
e 1-NaNQ + TEA; 2 - NaVO, + TEA; 3— NgCrO, + TEA;
f: 1 — NagSiO; + KCIO;; 2 — NaPQ, + KCIO;; 3— TEA + KCIG;.
Key: 1 — NaVOy; 2 — NaCrQ,; 3 — NaNQ; 4 — NaSiOs; 5 — NaPQy; 6 — KCIO;; 7 — TEA.

The elemental composition analysis of the protediivns formed in the presence
of NaNO—N&SiO; and KCIQ—N&SiO; synergistic mixtures using the Auger spectro-
scopy method shows that the nitrogen and halogansatrespectively, are not inclu-
ded into the protective film. The obtained resalts found to be in a good agreement

with theoretical expectations that imply reductain: NO, and:ClO; ions that faci-

litate formation of the protective film of hydratéen (Ill) oxides with inclusion of
slightly soluble salts originating from the saltspevator components of the mixture
[9, 10]. The inhibitive mixtures based on NajN@® KCIO; that also exhibit synergistic
behavior (Fig. 2-f) and tend to improve finishing of the metal suefagre studied.

In contrast, binary inhibitive mixtures composedading to a similar schema as
oxidative passivators (NdO,4, NaCrO,) but with coordinately saturated acidizing
anions with addition of salt inhibitors (B&8iOs;, NasPO,) demonstrate negative mecha-
nism aliasing that results in noticeable antaganeffects both in terms of protection
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efficiency and the amount of surface corrosion dgng@rig. 2, b, €). Such behavior
may be attributed to a concurrence among the iddaliinhibitive action factors that
take place between the mixture components duertictstal similarities that reduce
efficiency at specific concentration ratio.

Fig. 3. SEM images of carbon steel after exposuagtieous saline solution in the presence
of inhibitors (total concentration 30 mmol/l):— without exposurdy — background aqueous
saline solutiong — NaNG (30 mmol/l);d — NaSiO; (30 mmol/l);e — KCIG; (30 mmol/l);

f — 210 mmol/ NaN@+ 20 mmol/l NaSiOs; g — 10 mmol/l KCIQ + 20 mmol/l NaSiOs.
Exposure time 168 h.

At the same time, triethanolamine (TEA) surfactdat is characterized by the
presence of inactive electron pair virtually does affect the corrosion rate at low
concentrations (Fig.e2f), showing a noticeable improvement in the mixturased on
NaNQO, and KCIQ. Analysis of the TEA behavior within four studiedxtures indi-

cates that: NO, and :CIlO; ions facilitate establishing of favorable condisofor
TEA, that also results in suppression of local @sion damage typically caused by
NaNQ,, while in the case oCrOﬁ_ and VO?( some decrease in protective efficiency
may be observed that may be attributed to concoyrefiects.
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Fig. 4. The inhibitive coaction diagram within stedisystems.
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Comprehensive analysis of the obtained experimergslilts enables further
refining of the theoretical model that represemsilined action of inhibitors within
binary inhibitive mixtures (Fig. 4). The analyticabproach implies splitting the inhi-
bitive action of the additives into individual facs that have to be weighted in terms of
possible aliasing effects with other componentshef mixture for a target pH range,
metal potentials and other conditions that contelia the final protective properties of
the mixture. Various types of positive and negatwechanism aliasing effects are
observed among studied systems including casesvgpecific inhibitive factor of one
component does not affect the corrosion rate iddadly but significantly improves
the performance of the second component due téothwation of favorable conditions
that constitute a tandem inhibitive system.

Thus, the enhanced efficiency of the binary inhibitmixtures may be attributed
to a supplementary, complementary or tandem acfaheir components depending
on the nature and magnitude of inter-mixture meidmaraliasing effects that should be
taken into account when developing multicompongneggistic mixtures.

CONCLUSIONS

Total 14 binary inhibitive mixtures for the protect of mild steel in neutral
aqueous saline media were investigated at varioosentration ratios for determina-
tion of the mechanism and regularities of the jamhibitive action of individual addi-
tives within a multicomponent system. It was shatvat multiple type of interaction
might occur within the inhibitive mixture componsrihat might result in synergistic
and antagonistic effects in respect to a mixtumgative efficiency and resulting sur-
face morphology depending on the nature of the am@ism aliasing effects. Synergis-

tic effects were observed within all studied systdrased onNO, and:CIlO; owing

to the presence of active electron pair on a hygmidandsp*-orbitals of the acidifying
anion, respectively, thus they were consideredoasdinately unsaturated. In contrast,
binary inhibitive mixtures that also included oxiga passivators (N&O,4, NaCrOy)
but with coordinately saturated acidizing aniongheiddition of salt inhibitors (N&iOs,
NagPO,) demonstrated negative aliasing mechanism thatteglsin noticeable antago-
nistic effects. Synergistic effects tend to apgaasuch cases when individual inhibi-
tive action factors of one component facilitatethblshing of the favorable conditions
for the counterpart component while the antaganisfiects were attributed to shifting
from the optimal conditions and a mechanism comnoe. The extended and refined
theoretical model that represents the mechanisrmtiomaand the inter-mixture inter-
actions plays a key role in the determination amalydical prediction of preconditions
for obtaining reliable synergistic effects in theltitomponent systems.
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