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Abstract: The influence of corrosion action of Mediterranean, Black and Aegean sea waters on 1.4541 stainless steel structure and magnetic 

properties is studied. Samples of investigated stainless steel was exposed by marine corrosion action at 25ºC . Crystal structure before and 
after corrosive action of all sea waters types was characterized by X-ray diffraction (XRD) in CuKα-radiation at room temperature. 

Temperature dependences of the specific magnetization were studied by the ponderomotive method in the temperature range of 77 - 1100 K 
in the magnetic field of 0.86 Tesla. It revealed, that crystal structure and specific magnetic characteristics of 1.4541 alloy are resistant to 

corrosion action of Mediterranean, Black and Aegean sea waters. 
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1. Introduction 

Number of industries has no alternative to use a corrosion-

resistant steels and alloys based on nickel. Most of metal ware is 
operating in natural environments. Application field of stainless 

steels and alloys is very wide: from the heavy engineering industry 
and power engineering to mechanics and electronics. A problem of 

corrosion resistance of such materials is still actual. Therefore, a 

clear data of marine corrosion resistance, mechanical and physical 
properties of stainless steels, stability properties, the temperature 

ranges of usage and knowledge of their processing and exploitation 
is a key to significant economy. 

Stainless steel containing 13% chromium and additionally 

alloyed with nickel, as well as a small amount of silicon and 
manganese, shows high anti-corrosion properties [1, 2]. Corrosion 

resistance is the main and most important property of high 

chromium stainless steels, as corrosion losses can be enormous. The 
chromium content in steel over 12% provides high resistance to 

oxidation and heat resistance [3, 4]. It was found that varying the 
carbon content in the range of 0.08-0.25% affects the quality 

characteristics and changes the properties. The published results are 
ambiguous, which allows us to continue and expand the study of 

this issue. 

The problem of corrosion resistance of stainless steels and 

alloys based on chromium and nickel, like nickel-based alloy 
1.4541, is still relevant. Therefore, leading research centers carry 

out comprehensive studies of such materials [5-7]. The research 
results presented in the scientific references do not allow explaining 

and predicting the corrosion resistance during operation under 
conditions of exposure to sea water.  

The aim of this work is to study the effect of the corrosive 

effects of sea waters with different salt content on the structure and 

magnetic properties of functional nickel-based alloy 1.4541. The 
relevance of the goal and objectives is that, to ensure long service 

life in an aggressive marine environment, it is necessary to use 
corrosion-resistant materials with specific features of the crystal 

structure, capable of ensuring the resistance of the material to 
external factors, in particular to the effects of sea waters. 

2. Experimental part 

Chemical composition of investigated 1.4541 samples was:  
C-0.08%, Si-1%, Mn-2%, P-0.045%, S-0.03%, Cr-18%, Ni-11%, 

Fe-68%,Ti-0.15%. Corrosion tests of functional 1.4541 alloy were 
carried out at a temperature 25ºС in the waters of the Aegean, Black 

and Mediterranean seas.  
X-ray analysis of the investigated alloy before and after 

corrosion action of sea waters was carried out on the modified and 
automatized apparatus "DRON-2" in CuKα – radiation in the 20° ≤ 

2θ ≤ 100° angle range at room temperature. X-ray patterns are 

received with automatic recording of the reflexes intens ities with a 
0.03° scaning step and the exposure time of 2-3 s. For the purpose 

the crystal cell parameters determining were scanned the separate 
reflexes with a step of 0.01° with the exposure to 10 seconds. The 

processing of X-ray patterns is carried out using the FullProf Suite 

program, which is based on the Rietveld method to clarify the 
parameters of the crystal cell. The lattice parameter determination 

error was ± 0.0003 nm. The average crystallite size is calculated by 
the Debye-Scherrer formula. 

The temperature dependences of the specific magnetization 

were studied before and after corrosion action of sea waters in the 

77 – 1100 K temperature range by the ponderomotive method in a 
magnetic field of 0.86 T. The relative error in determining of the 

specific magnetization value is about 4%. We also studied the field 
dependences of magnetization on a vibration magnetometer of the 

universal measuring system “Liquid Helium Free High Field 
Measurement System” from “Cryogenic Ltd” at 77 and 300 K in 

fields up to 14 T. 

3. Results and discussion 

X-ray phase analysis of the alloy 1.4541 (Fig. 1) showed that 

the alloy contains two phases – γ-phase of iron sp. gr. Fm3̅m and 
α’-phase sp. gr. Im3̅m. The unit cell parameter was 0,3595 nm for 

γ-phase and 0,2877 nm for α’-phase of iron with phase ratio 6/1. 
The average crystallite size is 16,86 nm, and the dislocation density 

3,52·10-3 nm-2. 

 

 

Fig. 2 shows the temperature dependence of the specific 

magnetization of the 1.4541 alloy before corrosive action. At liquid 
nitrogen temperature, the specific magnetization is 12,4 A∙m2∙kg-1. 

Curie temperature determined from dependence σ2 = f(T), equals 

890 К. It should be noted that the σ = f(T) dependence at cooling is 
completely different from σ = f(T) at heating, that is, the heating of 

the 1.4541 alloy to 1060 K is irreversible. The specific 
magnetization value at nitrogen temperature decrease in 5,5 times, 

 

Fig. 1 X-ray patterns of 1.4541 before and after high temperature 

annealing . 
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and to be 2,25 A∙m2∙kg-1. For understanding this fact, it was carried 
out X-ray study of 1.4541 samples after high temperature annealing 

during specific magnetization measurements, results of which are 
presented as comparison on fig.1. X-ray phase analysis showed that 

such treatment causes phase α’–γ transformation, on the X-ray there 
are only reflexes from austenitic γ-phase. Slow cooling of the alloy 

leads to recrystallization of the alloy, the average grain size 

increases to 41,71 nm, and the dislocation density increases to 5,75· 
10-3 nm-2. Magnetic hysteresis loops at 77 K and 300 K (Fig. 3) also 

confirm the presence of only austenitic γ-phase. As a result of 
heating the sample to 1100 K, the martensitic-phase of iron 

disappears, and the alloy becomes completely austenitic. 

 

 

Figure 4 shows the diffraction patterns of the 1.4541 alloy 

before the corrosion action of different sea waters. The analysis of 
the diffraction patterns showed that crystal structure of 1.4541 in 

case of longtime exposure in seawater has good corrosion 
resistance, the structure of the alloy was preserved. Table 1 shows 

the crystal cell parameters of the α’ and γ-phases of 1.4541 alloy, as 

well as the average grain size and dislocation density. Formation of 
iron oxides and hydroxides on the surface of the samples is not 

observed. 

4. Summary 

It was found that 1.4541 alloy has two crystalline phases – 

austenic γ-phase Fm 3̅m sp. gr. and ferritic α’-phase Im 3̅m sp. gr. 
The cell parameter a before corrosion action is 0.3595 nm for the γ-

phase and 0.2877 nm for the α’-phase with a phase ratio of 6/1. X-
ray patterns analysis after different seawaters action showed that in 

all cases 1.4541 alloy structure was preserved. The formation of 
iron oxides and hydroxides on the surface of the samples is not 

observed. 

 

Table 1: Crystal cell parameters of the α 'and γ-phases of the 1.4541 alloy, 

the average grain size and the density of dislocations. 

Corrosion 

media 

γ-phase 

a, nm 

α’-phase 

a, nm 

average 

crystallite 

size d, nm 

dislocation 

density  

δ · 10-3, nm-

2 

Before 
corrosion 

0,3598 0,2879 16,86 3,52 

Mediterranean 
Sea 

0,3596 0,2874 16,08 3,86 

Black sea 0,3589 0,2870 16,61 3,62 

Aegean sea 0,3597 0,2879 16,15 3,83 
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Fig. 2 Temperature dependences of the specific magnetization of the 

1.4541 alloy before the corrosive effect of sea waters 

 

Fig. 3 Magnetic hysteresis loops of the 1.4541 alloy before and after 

high-temperature annealing at 77 K (1 and 2) and 300 K (3 and 4) 

 

Fig. 4 X-ray patterns of 1.4541 before and after corrosion action of 

seawaters . 
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