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The article investigates the effect of the specific magnetic susceptibility χ0 of 

06ХН28МДТ alloy (similar to AISI 904L steel) on its corrosion behaviour in 

recycled water of enterprises, which most often has a pH of 4–8 and a chlo-
ride concentration of up to 600 mg/l. Under such conditions, heat exchangers 

made of this alloy melt can be subject to pitting. Their resistance to pitting 

corrosion is estimated by means of the critical temperatures (CPT) in model-
recycled water with the following parameters. In particular, it has been 

found that the chlorides’ concentration within them has a more intense effect 

on the alloy CPT than their pH, since it increases up to 8°C with an increase in 

pH from 4 up to 8 and up to 11°C with a decrease in chlorides’ concentration 

from 600 down to 350 mg/l. It is found that, in the model recycled water with 

pH 4 and chlorides’ concentration of 350 mg/l, the CPT of the alloy decreases 

from 53°C down to 46°C, and with chlorides’ concentration of 600 mg/l from 
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42°C down to 38°C with an increase in its parameter χ0 from 2.86  m3/kg up to 

3.09 m3/kg. However, its further increase up to 3.38 m3/kg contributes to 

the elevation of the CPT up to 49°C in media with pH 4 and 350 mg/l and up 

to 40°C with pH 4 and 600 mg/l. This corrosion behaviour of the alloy is due 

to the synergistic effect of the alloy high χ0, the maximum content of titani-
um nitrides and sulphides, and the characteristic features of the selective 

dissolution of ∆Cr, ∆Ni and ∆Fe from pits. In particular, under such condi-
tions, they are stable and develop steadfastly, since the coefficients of selec-
tive dissolution of Cr ZCr < 1 and Ni ZNі > 1. 

Key words: resistance of 06ХН28МДТ alloy to pitting, specific magnetic sus-
ceptibility of 06ХН28МДТ alloy, selective dissolution of base metals from 

pits, chloride-containing recycled water. 

У статті досліджено вплив питомої магнетної сприйнятливости χ0 стопу 

06ХН28МДТ (аналог криці AISI 904L) на його корозійну поведінку в обо-
ротніх водах підприємств, які найчастіше мають рН 4–8 і концентрацію 

хлоридів до 600 мг/л. За таких умов теплообмінники з цього стопу мо-
жуть піддаватися піттінґуванню (точковій корозії). Їхній опір піттінґу-
ванню оцінено за критичними температурами (КТП) в модельних оборот-
ніх водах з такими параметрами. Зокрема, встановлено, що концентрація 

хлоридів у них інтенсивніше впливає на КТП стопу, ніж їхній показник 

рН, оскільки КТП зростає до 8°C зі збільшенням рН від 4 до 8 та до 11°C з 

пониженням концентрації хлоридів від 600 до 350 мг/л. З’ясовано, що в 

модельних оборотніх водах із рН 4 та концентрацією хлоридів у 350 мг/л 

КТП стопу понижується від 53°C до 46°C, а з 600 мг/л — від 42°C до 38°C 

зі збільшенням його параметра χ0 від 2,86 м3/кг до 3,09 м3/кг. Але пода-
льше його зростання до 3,38 м3/кг сприяє росту КТП до 49°C у середовищі 
з рН 4 і 350 мг/л та до 40°C — з рН 4 і 600 мг/л. Таку корозійну поведінку 

стопу зумовлено синергетичним впливом високого значення параметра χ0 

стопу, максимальним вмістом у ньому нітридів і сульфідів Титану та ха-
рактерними особливостями селективного розчинення ∆Cr, ∆Ni і ∆Fe із 

піттінґів (раковин на виливку). Зокрема, за таких умов вони є стабільни-
ми та розвиваються стабільно, оскільки коефіцієнти селективного розчи-
нення Cr ZCr < 1, а Ni — ZNi > 1. 

Ключові слова: опір стопу 06ХН28МДТ піттінґуванню, парамагнетна 

сприйнятливість стопу 06ХН28МДТ, селективне розчинення основних 

металів із піттінґів, хлоридовмісні оборотні води. 

(Received 15 November, 2023; in final version, 11 April, 2024) 
  

1. INTRODUCTION 

Alloy 06ХН28МДТ (similar to AISI 904L steel) has high corrosion re-
sistance in many aggressive media, in particular at temperatures up to 

80°C in sulphuric acid of various concentrations, but it is subject to 

intercrystalline corrosion in 55% acetic and phosphoric acid. It is used 

to make castings of mining and metallurgical equipment parts, welded 
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construction of boilers, heat exchangers, pipelines, tanks, equipment 

for the production of complex mineral fertilisers, coils of tubular fur-
naces for ammonia, hydrogen, ethylene, carbon disulfide production 

plants, etc. [1, 2]. This alloy and its similars AISI 904L (USA), 
Z1NCDU 31-27-03 (France), SCS23 (Japan) are often used in the pro-
duction of heat exchange elements for plate-like heat exchangers made 

of cold-rolled metal with a thickness of 0.3 to 1.0 mm, which are used 

in the production of sulphuric, hydrofluoric, orthophosphoric acid, 
etc. At the same time, recirculating systems with water are used to cool 
the process product in these industries. It is known [3–5] that, under 

such conditions of acid production, heat exchanger plates on the side of 

recycled water can be subjected to pitting and crevice corrosion under 

the influence of chloride ions present in it. Many scientific studies the 

evaluation and prediction of pitting corrosion resistance of heat ex-
changers made of AISI 321, 12Х18Н10Т [6], AISI 304, 08Х18Н10 [7], 
AISI 316 [8], AISI904L, 06ХН28МДТ have been devoted [9, 10]. They 

found that it mainly depends on the parameters of the chloride-
containing media (pH, chloride concentration) and, to a lesser extent, 
on their structural heterogeneity and Cr content. At the same time, 
paper [11] established a correlation between the corrosion losses of 

AISI 304, AISI 321 steels and 06ХН28МДТ alloy and their specific 

magnetic susceptibility, where the possibility of using this indicator to 

assess the pitting corrosion resistance of these construction materials 

in chloride-containing media has been considered. Therefore, the rela-
tionship between the critical pitting temperatures (CPT), corrosion 

losses of metals ∆Cr, ∆Fe, ∆Ni from pits on the surface of 06ХН28МДТ 

alloy in model recycled water and its specific magnetic susceptibility 

has been investigated. 

2. EXPERIMENTAL/THEORETICAL DETAILS 

Five industrial melts of 06ХН28МДТ alloy have been studied. Their 

CPT, chemical composition (Table 1), and structural heterogeneity in [5, 
9, 10] have been investigated. 
 The value of the specific magnetic susceptibility χ0 in the saturation 

field has been determined experimentally using automated magneto-
metric equipment such as Faraday scales [11]. The values of χ0 for five 

melts of 06ХН28МДТ alloy obtained earlier in [12] are given in Table 2. 
 The critical pitting temperatures of the 06ХН28МДТ alloy in mod-
el-recycled water with a pH of 4–8 and a chloride concentration from 

350 mg/l up to 600 mg/l have been determined [9]. Such water parame-
ters of recycling systems of enterprises are most often encountered 

during the operation of heat exchangers [4]. The corrosion losses of the 

main metals from stable pitting ∆Cr, ∆Ni, ∆Fe using the methods of 

[13–15] in model recycled water with a pH of 4–8 and a chloride con-
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centration 300 mg/l and 600 mg/l have been determined. 

3. RESULTS AND DISCUSSION 

The analysis of the dependencies between the CPT of 06ХН28МДТ alloy 

and the pH of model recycled water showed that they increase with an 

increase in this indicator regardless of the chloride content (Fig. 1). In 

particular, it has been found that in model recycled waters with a chlo-
ride concentration of 600 mg/l, the CPT of melts Nos. 2 and 4 increases 

by 6°C with an increase in the pH of model-recycled waters from 4 up to 

8. At the same time, the CPT of melts No. 6 in model recycled waters 

with pH 7, 8 and No. 2 with pH 4, 5 were the same (44°C and 42°C, re-
spectively). This is most likely due to a decrease in the hydrogen ionisa-
tion overvoltage on Mo and Ti carbides in melt No. 2 in low acidic chlo-
ride-containing solutions and the ‘inhibition’ of the alloy’s CTP increase 

with increasing pH, since it has a higher Mo and C content than No. 4 

(Table 1). 
 And in melt No. 4, the probability of precipitation of Mo and Ti car-
bides from the austenite solid solution is very low, since it contains on-
ly 0.048% wt. of carbon (Table 1), which is less than its maximum sol-
ubility (0.05% wt. at room temperature [15]). At the same time, mo-
lybdenum and titanium carbides are characterised by a very low hy-
drogen overvoltage, which, under conditions of hydrogen depolarisa-
tion corrosion, accelerates cathodic reactions and shifts the corrosion 

potential of steel or alloy in the positive direction, increasing the speed 

TABLE 1. Chemical composition of 06ХН28МДТ alloy (similar to AISI 904L 

steel). 

Melt 

number 
Content of alloying elements, % wt. 

C Si Mn Cr Ni Mo Cu Ti S P 

1 0.050 0.60 0.32 24.31 27.39 2.90 2.75 0.79 0.006 0.029 

2 0.067 0.57 0.46 22.68 27.65 2.78 2.68 0.59 0.005 0.027 

3 0.068 0.55 0.54 21.84 27.45 2.55 2.60 0.55 0.004 0.038 

4 0.048 0.62 0.57 22.67 27.73 2.56 2.53 0.67 0.006 0.028 

5 0.050 0.57 0.31 23.46 27.51 2.51 2.78 0.89 0.004 0.032 

TABLE 2. Specific magnetic susceptibility of 06ХН28МДТ alloy. 

Melt number 1 2 3 4 5 

χ0, m3/kg 2.95 2.86 3.38 3.09 2.96 
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of anodic processes [17]. 
 With a decrease in the chloride concentration in the model recycled 

water to 350 mg/l, a significant increase in the CPT of the 

06ХН28МДТ alloy has been found (Fig. 1). This is consistent with the 

data of papers [6, 7, 9, 10, 18–23]. It has been found that the CPT of 

melt No. 2 increased by 5°C and No. 4 by 8°C with an increase in the pH 

of the model recycled water from 4 up to 8. At the same time, it should 

be noted that, in the model-recycled water with pH 4, the CPT of melt 

No. 4 increased by 8°C, and with pH 8 by 10°C with a decrease in its 

chloride concentration from 600 mg/l down to 350 mg/l (Fig. 1). The 

same tendency for melt No. 2 has been observed, in particular, in the 

model-recycled water with pH 4, its CPT increased by 11°C, and with 

pH 8 up to 10°C with a decrease in the chloride concentration in the 

media from 600 mg/l down to 350 mg/l (Fig. 1). 
 Summarising the above-mentioned ones, it can be noted that, in the 

studied model-recycled waters with pH 4–8 and chloride concentra-
tions of 350 mg/l and 600 mg/l, the influence of the last parameter on 

the CTP of 06ХН28МДТ alloy is more significant than that character-
ising its acidity. In addition, it is higher in melt No. 2 in model recy-
cled water with pH 4, and No. 4 with pH 8. This is most likely due to 

the higher content of Mo and Cr in melt No. 2 than in No. 4 (Table 1), 
since Mo together with Cr form mixed oxides in the passive film that 

are more corrosion-resistant than chromium oxides [22]. The im-

 

Fig. 1. Dependence of the CPT of 06ХН28МДТ alloy (curves 1, 3 are melt 2, 
curves 2, 4 are melt 4) on the pH of model recycled water with a chloride con-
centration of 350 mg/l (curves 1 and 2) and 600 mg/l (curves 3 and 4). 
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provement of the protective properties of oxide films under conditions 

of alloy alloying with Mo is due to the adsorption of (MoO4)−2
 ions on its 

surface, formed as a result of oxidative dissolution of Mo from the al-
loy and the squeezing out of chloride ions from its surface [22, 23]. In 

addition, such an effect of Mo on the pitting corrosion resistance of 

stainless steels and alloys is mainly observed in low acidic and close to 

neutral chloride-containing media, since these processes are associated 

with the adsorption of chlorine ions and (MoO4)−2
 on the surface of steels 

and alloys [22]. 
 Analysis of the data from paper [9] showed that the volume of tita-
nium nitrides and sulphides does not affect the CPT of the 

06ХН28МДТ alloy in model recycled waters with pH 4–8 and chloride 

concentration from 350 mg/l up to 600 mg/l, since they are 0.1427 and 

0.0036% vol., respectively, and in the melt No. 4 and 5—0.1692, 

0.003% vol. and 0.0931, 0.0036% vol., respectively. It is obvious that 

the atomic-electronic state of austenite may have a greater influence 

on the activation of metals in the vicinity of these inclusions by chlo-
ride ions in model recycled water than the imperfections of the struc-
ture in these places. The specific magnetic susceptibility characterises 

the atomic-electronic state of the austenitic matrix of steels and alloys 

[12], so we further investigated the correlation between the CPT of the 

06ХН28МДТ alloy and its specific magnetic susceptibility (Fig. 2). 
 According to the results of the analysis (Fig. 2), it has been found 

 

Fig. 2. Relationship between the CPT of 06ХН28МДТ alloy and its specific 

magnetic susceptibility in model-recycled water with pH 4 and chloride con-
centration of 350 mg/l (curve 1) and 600 mg/l (curve 2). 
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that in the model recycled water with pH 4 and chloride concentration 

of 350 mg/l, the CPT of the 06ХН28МДТ alloy intensively decreased 

from 53°C melt No. 2 down to 46°C melt No. 4 with an increase in their 

χ0 from 2.86 m3/kg melt No. 2 up to 3.09 m3/kg melt No. 4 (Table 2), 
but then its rapid growth up to 49°C melt No. 3 with an increase in its 

χ0 up to 3.38 m3/kg has been observed (Table 2). It should be noted that 

in the model recycled water with pH 4 and a chloride concentration of 

600 mg/l, the same dependence between the CPT of the 06ХН28МДТ 

alloy and its χ0 has been found (Fig. 2). At the same time, the intensity 

of the decrease and increase in its CPT with an increase in the value of 

χ0 was somewhat lower (Fig. 2). This may indicate the presence of a 

correlation between the chlorides’ concentration in the model-recycled 

water and the ability to absorb the chloride ions on the surface of the 

alloy, depending on the atomic and electronic state of its austenitic 

matrix. 
 It should be noted that in the model recycled water with pH 4 and 

chloride concentration of 600 mg/l, melts No. 5 and No. 3 have the 

same CPT (40°C), but different values of the χ0 parameter (2.96 m3/kg 

and 3.38 m3/kg, respectively (Table 2)). At the same time, melt No. 5 

contains more Cr, Ni, Cu, and Ti than No. 3 (Table 1) with almost the 

same Mo content (2.51% wt. and 2.55% wt., respectively). However, 

the volume of titanium nitrides (0.1918% wt.) and sulphides 

(0.0043% wt.) in melt No. 3 is higher than in No. 5 (0.0931% wt. and 

0.0036% wt., respectively). It turns out that these inclusions in the 

06ХН28МДТ alloy compensate for the lower content of Cr [6, 7, 12, 
24, 25], Ni [26, 27], Mo [28–30], Cu [29] and Ti [31] in the melt No. 3 in 

terms of its resistance to pitting corrosion in chloride-containing me-
dia, since it is known [24–31] that these alloying elements in steels and 

alloys increase their pitting corrosion resistance. This is consistent 

with the data of papers [5, 9] and [24], which mention the positive ef-
fect of carbides in stainless steels on their pitting resistance in chlo-
ride-containing media due to an increase in hydrogen ionisation over-
voltage on them in acidic and low acidic solutions. 
 The synergistic effect of the parameter χ0 of the 06ХН28МДТ alloy 

and the volume of inclusions in it on its CPT in model recycled waters 

has been established above, so the characteristic features of the selec-
tive dissolution of ∆Cr, ∆Ni and ∆Fe from pitting in the vicinity of 

these inclusions (Fig. 3), depending on this integral alloy characteris-
tic (χ0), are of scientific and technical interest. 
 The analysis of the relationship between ∆Fe of the 06ХН28МДТ 

alloy from pitting and its χ0 showed that ∆Fe intensively increases 

from 783⋅10−6
 mg melt No. 2 up to 3138⋅10−6

 mg melt No. 1 with an in-
crease in the χ0 parameter from 2.86 m3/kg melt No. 2 up to 2.95 m3/kg 

melt No. 1 (Fig. 4). This is most likely due to the higher content of Cr 

(24.31% wt.), Mo (2.9% wt.), Cu (2.75% wt.), Ti (0.79% wt.) (Table 
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1), the volume of nitrides (0.1711% wt.) and sulphides (0.0091% wt.) 
of titanium [9] in the melt No. 1 than in No. 2 (22.68, 2.71, 2.68, 
0.59% wt. (Table 1), 0.1427 and 0.0036% vol. [9], respectively). Fur-
ther, a rapid drop in ∆Fe from 3138⋅10−6

 mg in the melt No. 1 down to 

111⋅10−6
 mg in the melt No. 5 with an increase in χ0 of the alloy from 

2.95 m3/kg in the melt No. 1 up to 2.96 m3/kg in the melt No. 5 has 

been recorded (Fig. 4). Obviously, this is due, first of all, to a decrease 

in the volume of titanium nitrides and sulphides in the melt No. 5 

down to 0.0931% vol. and 0.0036% vol., respectively [9], and Cr and 

Mo down to 23.4% wt. and 2.51% wt. (Table 1), respectively (Fig. 4). 
 After that, it has been found that the ∆Fe of the alloy from pitting 

rapidly increased from 112⋅10−6
 mg melt No. 5 up to 4651⋅10−6

 mg melt 

No. 4 and 5155⋅10−6
 mg melt No. 3 with an increase in their χ0 parame-

ter from 2.96 m3/kg melt No. 5 up to 3.09 m3/kg melt No. 4 and 

3.38 m3/kg melt No. 3 (Table 2). Most likely, this trend is due to the 

lowest content of Cr, Mo, Cu in these melts (Table 1) and the largest 

volume of inclusions, in particular in melts 3 and 4 of nitrides 

0.1918% vol. and 0.1692% vol. and sulphides 0.0043% vol. of titani-
um [9]. 
 Summarising the above, it turns out that the lower the pitting re-
passivation ability provided by Cr and Mo, more intense the metal ioni-
sation in them, which is ‘inhibited’ by Cu, shifting the pitting poten-
tial of the alloy to the positive side, and the more imperfect the austen-
ite structure in the vicinity of the inclusions, the more intense the se-
lective dissolution of iron atoms from the pits on the surface of the 

06ХН28МДТ alloy.  
 The analysis (Figs. 4, 5) showed that the corrosion losses ∆Cr from 

pitting of melts Nos. 2, 1, 5 of 06ХН28МДТ alloy and their index χ0 

have the same relationship as between ∆Fe and χ0. Thus, it can be as-
sumed that the mechanisms of influence of alloy alloying elements and 

 

Fig. 3. Pitting nucleation in the vicinity of an inclusion (×600). 
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its structure components on ∆Cr from pitting are the same as those on 

∆Fe mentioned above. However, with an increase in the χ0 of the stud-
ied alloy from 2.96 m3/kg melt No. 5 up to 3.09 m3/kg melt No. 4 and 

3.38 m3/kg No. 3 (Table 2), a slow decrease in ∆Cr from 1109⋅10−6
 mg of 

No. 5 down to 900⋅10−6
 mg of No. 4 and 796⋅10−6

 mg of No. 3 has been 

observed (Fig. 5). This feature of the selective dissolution of ∆Cr and 

∆Fe from the pittings of melts Nos. 3 and 4 of 06ХН28МДТ alloy is in-
herent in the selective dissolution of atoms of these metals from stable 

pittings. Under such conditions, iron atoms diffuse in the nanovolumes 

of the alloy austenite solid solution to their surface, and Cr atoms—in 

the opposite direction, which contributes to the reorganization of metal 
nanovolumes in their vicinity with the emergence of nonequilibrium va-
cancies that diffuse into its volume, where they coagulate and form 

pores [32–34]. 
 At the same time, according to [35], the less thermodynamically sta-
ble alloy components Cr and Mn than Fe dissolve selectively and accel-
erate its dissolution. At the same time, Cu, which is more thermody-
namically stable than Fe, accumulates on the alloy surface and slows 

down the dissolution of Fe [36]. This is consistent with the results of 

these studies, in particular, in the melts Nos. 1, 2, 5 of the 

06ХН28МДТ alloy, the largest amount of Cu (2.75, 2.68, and 2.78% 

wt., respectively) and they susceptible to pitting corrosion with the 

formation of metastable pits on their surface, since their coefficients 

of selective dissolution of Cr from pittings ZCr > 1 (1.26, 3.75, and 

17.5, respectively; see Fig. 6). This shows that under such conditions, 

 

Fig. 4. Dependence between corrosion losses ∆Fe from pitting on the surface 

of 06ХН28МДТ (numbers near the dots are the melts numbers) alloy and its 

specific magnetic susceptibility χ0 of austenite in model recycled water with 

pH 4 and chloride concentration of 600 mg/l. 
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chromium dissolves more intensively from pittings. This trend, as 

mentioned above, is associated with the accumulation of copper on 

their surface. 
 Analysis of the data (Fig. 6, Tables 1, 2) and the volume of inclu-
sions in the melts Nos. 1–5 of 06ХН28МДТ alloy [9] showed that meta-
stable pittings on their surface is formed in a chloride-containing me-

 

Fig. 5. Dependence of corrosion losses ∆Cr from pitting on the 06ХН28МДТ 

(numbers near the dots are the melts numbers) alloy surface on its specific 

magnetic susceptibility χ0 of austenite in model-recycled water with pH 4 and 

chloride concentration of 600 mg/l. 

 

Fig. 6. Dependence of the coefficient of chromium selective dissolution from 

pitting (ZCr) on the 06ХН28МДТ (numbers near the dots are the melts num-
bers) alloy surface of and its specific magnetic susceptibility χ0 of austenite. 
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dia with a pH of 4 and a chloride concentration of 600 mg/l, which can 

be formed on the surface of melt exchangers from recycled water 

sludge, at volumes of titanium nitride and sulphide up to 0.1692% vol. 
and 0.0043% vol., respectively, the value of χ0 from 2.86 m3/kg up to 

3.09 m3/kg, Cr content up to 22.67% wt., Cu more than 2.6% wt. Oth-
er alloy parameters mentioned above contribute to the formation of 

stable pittings on its surface under the same test conditions. 
 The data analysis (Fig. 7) showed that the dependence of ∆Ni of the 

06ХН28МДТ alloy from pittings on its χ0 parameter is the same as that 

of ∆Cr (χ0) (Fig. 5). Thus, the mechanisms of influence of the parame-
ter χ0 on ∆Ni from pits are similar to its influence on ∆Cr, which were 

mentioned above. 
 At the same time, it should be noted that under such test conditions, 
∆Ni of the alloy from pittings varied from 3748⋅10−6

 mg melt No. 3 up 

to 8406⋅10−6
 mg of melt No. 5 (Fig. 7), and ∆Fe from 112⋅10−6

 mg melt 

No. 5 up to 5155⋅10−6
 mg of melt No. 3 (Fig. 5). Because of this, the co-

efficients of selective chromium dissolution from pittings ZCr of melts 

Nos. 3 and 5 were 0.31 and 17.5, respectively (Fig. 6), and ZNi is 1.16 

and 75.3, respectively (Fig. 8). It turns out that melt No. 3 of the 

06ХН28МДТ alloy susceptible to pitting corrosion with the formation 

of stable pits, and No. 5—metastable pittings. In addition, in melt 

No. 3, the intensity of metal dissolution from pitting increased in the 

following range: ∆Cr, ∆Fe, and ∆Ni. As a result, stable pittings grew 

slowly, since the main component of the alloy, iron, dissolved more 

slowly than nickel, which contributed to a decrease in the number of 

 

Fig. 7. Dependence of corrosion losses ∆Ni from pitting on the 06ХН28МДТ 

(numbers near the dots are the melts numbers) alloy surface and its specific 

magnetic susceptibility χ0 of austenite in model recycled water with pH 4 and 

chloride concentration of 600 mg/l. 
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nonequilibrium vacancies and corrosion pores in the vicinity of the pit-
tings, as mentioned in [31–33]. However, the intensity of metal disso-
lution from pittings in the following range increased in the melt No. 5: 
∆Fe, ∆Cr, and ∆Ni. This contributed to the solid-phase diffusion of 

chromium atoms to their surface and the repassivation of metastable 

pittings due to the formation of dense chromium containing oxide film 

on their surface formed in the process of counter-diffusion of chromi-
um and oxygen atoms. 
 Summarising the above-mentioned ones, it can be noted that in the 

studied model recycled waters, the effect of chloride concentration on 

the CPT of 06ХН28МДТ alloy is greater than their pH. This tendency 

is most pronounced in a low acidic media, which is due to the formation 

of dense Cr and Mo containing oxide films on their surface, which ef-
fectively counteract the formation of pittings. At the same time, the 

CPT of an alloy decreases with an increase in its specific magnetic sus-
ceptibility, and, at a high values of χ0 and the volume of titanium ni-
trides and sulphides in the alloy, its CPT can increase that is most like-
ly due to an increase in the hydrogen ionisation overvoltage on inclu-
sions, in the vicinity of which pittings are formed in low acidic model-
recycled water and a change in the characteristics of selective dissolu-
tion of ∆Cr, ∆Ni and ∆Fe from pittings. In particular, pitting with the 

formation of metastable pitings on their surface at low values of χ0 is 

characteristic of melts Nos. 1, 2, 5, and stable pitting with a maximum 

value of χ0 is inherent in melts Nos. 3, 4. At the same time, the coeffi-
cients ZCr and ZNi decrease with an increase in the parameter χ0 that 

may indicate an intensive growth of stable pitting. 

 

Fig. 8. Dependence between the nickel selective dissolution coefficient from 

pitting ZNi on the 06ХН28МДТ (numbers near the dots are the melts numbers) 
alloy surface and its specific magnetic susceptibility χ0 of austenite. 
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4. CONCLUSION 

According to the results of the study, it has been found that in model-
recycled waters with a chloride concentration of 350 mg/l and 

600 mg/l, the CPT of the 06ХН28МДТ alloy increases by 5–8°C with 

an increase in their pH from 4 up to 8. At the same time, they increase 

by 10–11°C with a decrease in the chloride content in the media from 

600 mg/l down to 350 mg/l, regardless of their pH in the studied in-
terval. It has been found that in model recycled waters with pH 4 and a 

chloride concentration of 350 mg/l, the CPT of the alloy decreases from 

53°C down to 46°C, and with 600 mg/l from 42°C down to 38°C with an 

increase in its specific magnetic susceptibility χ0 of austenite from 

2.86 m3/kg up to 3.09 m3/kg. A further increase in the alloy χ0 parame-
ter up to 3.38 m3/kg contributes to an increase in its CPT up to 49°C in a 

media with pH 4 and 350 mg/l and up to 40°C with pH 4 and 600 mg/l. 
This tendency is due to the synergistic effect of the alloy χ0 parameter, 
the high content of titanium nitrides and sulphides in it, and the charac-
teristic features of the selective dissolution of ∆Cr, ∆Ni, and ∆Fe from 

pitting. In particular, it is shown that the highest content of these inclu-
sions in the alloy and the highest value of the parameter χ0 (3.09 m3/kg, 
3.38 m3/kg) is inherent in its pitting with the formation of stable pit-
ting, so the coefficients of selective dissolution of chromium from them 

are less than one, and ZNi > 1, which is characteristic of their slow 

growth. 

REFERENCES 

1. G. Ya. Vorob’eva, Korrozionnaya Stoykost’ Materialov v Agressivnykh Sredakh 

Khimicheskikh Proizvodstv [Corrosion Resistance of Materials in Aggressive 

Environments of Chemical Industries] (Moskva: Khimiya: 1985) (in Russian). 
2. C. E. Torres, T. E. dos Santos, and V. F. C. Lins, RevistaMatéria (Rio de Janei-

ro), 25, No. 2: e-12620 (2020).  
3. O. E. Narivs’kyi, Mater. Sci., 41: 122 (2005).  
4. O. E. Narivs’kyi, Mater. Sci., 43: 124 (2007).  
5. A. Narivskiy, R. Atchibayev, A. Muradov, K. Mukashev, and Y. Yar-Mukhamedov, 

Int. Multidisciplinary Sci. GeoConference Surveying Geology and Mining Ecology 

Management SGEM 2018 (July 2–8, 2018, Albena), p. 267. 
6. O. E. Narivskyi, S. B. Belikov, S. A. Subbotin, and T. V. Pulina Mater. Sci., 57: 

291 (2021).  
7. O. E. Narivskyi, S. A. Subbotin, T. V. Pulina, and M. S. Khoma, Mater. Sci., 58: 

41 (2022).  
8. L. T. Roto and C. A. Loto, Mater. Research Express, 6: 086516 (2019).  
9. O. E. Narivs’kyi and S. B. Belikov, Mater. Sci., 44: 573 (2008).  
10. A. Dzhus, S. Subbotin, T. Pulina, S. Leoshchenko, and G. Sniznoi, Proc. 23rd

 

International Multidisciplinary Scientific GeoConference SGEM 2023 (July 3–
9, 2023, Albena), p. 25.  

https://doi.org/10.1590/S1517-707620200002.1020
https://doi.org/10.1590/S1517-707620200002.1020
https://doi.org/10.1007/S11003-005-0140-8
https://doi.org/10.1007/s11003-007-0014-3
https://www.scopus.com/authid/detail.uri?authorId=22035375800
https://www.scopus.com/authid/detail.uri?authorId=22035375800
https://www.scopus.com/authid/detail.uri?authorId=57202802182
https://www.scopus.com/authid/detail.uri?authorId=8270630100
https://www.scopus.com/authid/detail.uri?authorId=10640069200
https://www.scopus.com/authid/detail.uri?authorId=10640069200
https://www.scopus.com/authid/detail.uri?authorId=57188924745
https://www.scopus.com/authid/detail.uri?authorId=57188924745
https://www.scopus.com/authid/detail.uri?authorId=57188924745
https://www.scopus.com/authid/detail.uri?authorId=57188924745
https://www.scopus.com/authid/detail.uri?authorId=57188924745
https://doi.org/10.1007/s11003-021-00544-z
https://doi.org/10.1007/s11003-021-00544-z
https://doi.org/10.1007/s11003-022-00628-4
https://doi.org/10.1007/s11003-022-00628-4
https://doi.org/10.1088/2053-1591/ab1a11
https://doi.org/10.1007/s11003-009-9107-5
https://doi.org/10.5593/sgem2023/6.1/s24.03
https://doi.org/10.5593/sgem2023/6.1/s24.03
https://doi.org/10.5593/sgem2023/6.1/s24.03


752 A. V. DZHUS , O. E. NARIVSKYI, G. V. SNIZHNOI et al. 

11. H. V. Snizhnoi and Ye. L. Zhavzharov, Visnyk NTUU ‘KPI’. Seriya Radio-
tekhnika. Radioaparatobuduvannya, No. 49: 136 (2012) (in Ukrainian). 

12. G. V. Snizhnoi, Mater. Sci., 49: 341 (2013).  
13. MVV No. 081/12-0114-03 Poverkhnevi, Pidzemni ta Zvorotni Vody. Metodyka 

Vykonannya Vymiryuvan’ Masovoyi Kontsentratsiyi Khromu Zahal’noho, 
Khromu (IV) ta Khromu (III) Ehkstraktsiyno-Fotokolorometrychnym z Dyf-
enilkarbazydom [MIM No. 081/12-0114-03 Surface Groundwater and Return 

Water. Methodology for Measuring the Mass Concentration of Total Chromi-
um, Chromium (IV) and Chromium (III) by Extraction-Photocolometric Method 

with Diphenylcarbazide] (Kyiv: Ministry of Environmental Protection of 

Ukraine: 2004) (in Ukrainian). 
14. MVV No. 081/12-0178-05 Poverkhnevi, Pidzemni ta Zvorotni Vody. Metodyka 

Vykonannya Vymiryuvan’ Masovoyi Kontsentratsiyi Nikelyu Fotokoloryme-
trychnym Metodom [MIM No. 081/12 - 0178-05 Surface Groundwater and Re-
turn Water. Methodology for Measuring the Mass Concentration of Nickel by 

Photocolorimetric Method] (Kyiv: Ministry of Environmental Protection of 

Ukraine: 2005) (in Ukrainian). 
15. KND 2011.1.4.034-95 Metrolohichne Zabezpechennya. Metodyka Fotokolome-

trychnoho Vyznachennya Zahal’noho Zaliza z Ortofenantrolinom v Poverkh-
nevykh i Stichnykh Vodakh [GRD 2011.1.4.034-95 Metrological Support. 
Methodology for Photocolometric Determination of Total Iron with Orthophe-
nanthroline in Surface and Waste Water] (Kyiv: Ministry of Environmental 
Protection of Ukraine: 1995) (in Ukrainian). 

16. M. I. Freyman, I. I. Reformatskaya, and T. P. Markova, Zashchita Metallov, 
27, No. 4: 617 (1991) (in Russian).  

17. I. I. Reformatskaya and A. N. Sul’zhenko, Zashchita Metallov, 34, No. 5: 503 

(1998) (in Russian). 
18. G. T. Burstein and J. J. Moloney, Electrochem. Commun., 6: 1037 (2004).  
19. H. P. Leckie and H. H. Uhlig, J. Electrochem. Soc., 113: 1262 (1966).  
20. E. A. Abd El Meguid, N. A. Mahmoud, and S. S. Abd El Rehim, Mater. Chem. 

Phys., 63, Iss. 14: 67 (2000).  
21. E. A. Abd El Meguid and A. A. Abd El Latif, Corrosion Sci., 49, Iss. 2: 263 

(2007).  
22. Ya. M. Kolotyrkin, L. I. Freyman, I. I. Reformatskaya, and E. A. Pan’shin, 

Zashchita Metallov, 30, No. 5: 453 (1994) (in Russian). 
23. M. Kaneko and H. S. Isaacs, Corrosion Sci., 44, Iss. 8: 1825 (2002).  
24. Ya. M. Kolotyrkin, Metall i Korroziya [Metal and Corrosion] (Moskva: Metal-

lurgiya: 1985) (in Russian). 
25. J. Sedriks, Corrosion of Stainless Steels (New York: John Wiley and Sons: 1996). 
26. Duplex Stainless Steels: Microstructure, Properties and Applications (Ed. 

R. N. Gunn) (Cambridge: Woodhead Publishing LTD: 1997). 
27. N. A. Langer, L. N. Yagupol’skaya, N. I. Kakhovskiy, K. A. Yushchenko et al., 

Metallovedenie i Termicheskaya Obrabotka Metallov, No. 2: 29 (1966) (in Rus-
sian). 

28. R. S. Dutta, P. K. De, and H. S. Gadiyar, Corrosion Sci., 34, Iss. 1: 51 (1993).  
29. A. Belfrouh, C. Masson, D. Vouagner, A. M. de Becdelievre, N. S. Prakash, and 

J. P. Audouard, Corrosion Sci., 38, Iss. 10: 1639 (1996).  
30. C.-O. A. Olson, Corrosion Sci., 37, Iss. 3: 467 (1995).  
31. P. E. Manning, D. Duquette, and W. F. Savage, Mater. Sci., 59: 260 (1980). 

https://doi.org/10.1007/s11003-013-9620-4
https://doi.org/10.1007/s11003-013-9620-4
https://doi.org/10.1007/BF01245288
https://doi.org/10.1007/BF01245288
https://doi.org/10.1016/j.elecom.2004.08.006
https://doi.org/10.1149/1.2423801
https://doi.org/10.1016/S0254-0584(99)00206-0
https://doi.org/10.1016/S0254-0584(99)00206-0
https://doi.org/10.1016/j.corsci.2006.06.011
https://doi.org/10.1016/j.corsci.2006.06.011
https://doi.org/10.1016/S0010-938X(02)00003-3
https://doi.org/10.1016/0010-938X(93)90258-I
https://doi.org/10.1016/S0010-938X(96)00033-9
https://doi.org/10.1016/0010-938X(94)00148-Y


 THE EFFECT OF THE SPECIFIC MAGNETIC SUSCEPTIBILITY 753 

32. J. D. Fritz and H. W. Peckerin, Electrochem. Soc., 11: 3309 (1991). 
33. I. D. Zartsyn, A. E. Shugurov, and I. K. Marshakov, Zashchita Metallov, No. 5: 

453 (1997) (in Russian). 
34. A. V. Plaskaev and V. M. Knyazheva, 12 Perm Conf. (Perm: 1990), p. 7 (in Rus-

sian). 
35. Yu. Jagodzinski, P. Aaltonen, S. Smuk, O. Tarasenko, and H. Hänninen, J. Al-

loys Compd., 310, Iss. 1–2: 256 (2000).  
36. M. Pourbaix and N. De Zoubov, Atlas of Electrochemical Equilibrium in Aque-

ous Solutions (Oxford: Pergamon Press: 1966). 

https://doi.org/10.1016/S0925-8388(00)01026-4
https://doi.org/10.1016/S0925-8388(00)01026-4

