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Abstract. The comparative experimental study of the effect of various types of heat treatment on 

the formation of the structure and magnetic properties of welded joints 36NHTYU and 

12Cr18Ni10Ti alloys was conducted. It is shown that heat treatment 36NiCrTiAl and 

12Cr18Ni10Ti welded joints changes the structural and magnetic properties. 

Introduction 

Extensive automation and targeted improved efficiency of production processes steadily lead to 

an increase in technical requirements to machine parts, instrumentation, and various designs, which 

in the process of operation are subjected to static, cyclical and shock loads at low and high 

temperatures in various media (liquid, gas, ionized, radiation) [1,2] .Such conditions have a 

negative effect on the mechanical properties of metals and alloys adversely affecting their 

functionality. In order to withstand the working environment, the material must possess certain 

mechanical and physico-chemical properties. In some cases, the requirements to electrical, 

magnetic, and thermal properties and to the stability of part dimensions for high-precision 

measuring instruments are of a particular importance [3,4]. The growing requirements to various 

machine parts, and, above all, to their metrological characteristics and reliability make it urgent to 

improve the quality of welded joints of steels and alloys with special properties [5,6]. 

The aim of our work is to study the influence of welding process on the structure and distribution 

of components in the area of  36NiCrTiAl and 12Cr18Ni10Ti welded joints. 

Materials and methods 

We chose 36NiCrTiAl alloys and 12Cr18Ni10Ti steel as the main objects of our study. The 

chemical composition of the alloys is shown in Tables 1 and 2 in accordance with GOST. 

 

Table 1. Chemical composition in percentage of 36NiCrTiAl material (GOST 10994 - 744) [7] 

Fe C Si Mn Ni S P Cr Ti Al 

43.61 - 

48.8 

up to   

0.05 

0.3 - 

0.7 

0.8 - 

1.2 

35 - 37 up to   

0.02 

up to   

0.02 

11.5 - 

13 

2.7 - 

3.2 

0.9 - 

1.2 

 

Table 2. Chemical composition in percentage of 12Cr18Ni10Ti material (GOST 5632 - 72) [8] 

C Si Mn Ni S P Cr Cu - 

up to 

0.12 

up to 

0.8 

up to 2 9 - 11 up to 

0.02 

up to 

0.035 

17 - 19 up to 

0.3 

(5 C - 0.8) Ti, 

the balance  Fe 
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High temperature thermal treatment (1200 °C and above) was carried out in BaC12 melt a salt 

bath. The temperature was maintained with an accuracy of - 5 °C. All other heat treatments were 

performed in a laboratory tubular SUOL-type electrical resistance oven. Using a thyristor controller 

enabled us to maintain the desired temperature with an accuracy of - 1 °C. 

Cold-rolling plastic deformation was carried out on a laboratory mill. The sheet feeding speed 

was 0.018 m / s. The degree of cold plastic deformation by rolling the material to be hardened to a 

solid solution was kept constant at 50% in order to ensure consistency of the grain size and prevent 

anomalous grain growth during recrystallization. 

Samples for the experiment were produced as follows: a  0.10 ... 0.50 mm thick 36NiCrTiAl strip 

and a  0.5 ... 1 mm thick 12Cr18Ni10Ti steel strip were quenched in water from the temperatures 

970 °C ... 1280 °C followed by tempering at a temperature of 750 °C and cut into 100x100 mm 

square pieces[9].  

The surface of the parts where they are in contact with each other and with the electrodes was 

cleaned from oxides and other contaminants. When not cleaned properly, the contaminated surface 

compromises the quality of connections and increases wear of the electrodes. In resistance spot 

welding technology, sandblasting, emery wheels and wire brushes, as well as special etching 

solutions are used for that purpose. 

The welding cycle was performed with the use of resistance welding plants. 

The type of installation and the exposure modes are shown in Table 3 according to GOST 297-

80. Samples were selected to meet the requirement of a complete fusion with the formation of a 

reverse roller. 

Table 3. Type of installation and exposure modes 

Spot welding apparatus model ATP-5 Type 

Power 5[kWA] 

Primary current 13 [V] 

Short-circuit current 35 [A] 

Weld material dimensions 1+1 [mm] 

 

Experimental studies were performed using analytical and testing equipment for collective use at 

the Material Science Center of the Siberian Federal University and LV Kirensky Institute of 

Physics, SB RAS (Krasnoyarsk). Thin sections for experimental research were prepared by grinding 

and polishing with diamond pastes as well as etching in nitric acid solution. The microhardness of 

welded joints was measured by the Vickers method using Lomo PMT-3M (GOST 9450-76). 

The effect of heat treatment on the strength properties of the welded joint is shown in Tables 4.5. 

Table 4. Hardness test results for alloys after spot welding and quenching 

Mean value Microhardness, [MPa] 

Welding zone 1896 

36NiCrTiAl 2676 

12X18H10T 2360 

Table 5. Hardness test results for alloys after spot welding and quenching + tempering 

Mean value Microhardness, [MPa] 

Welding zone 1360 

36NiCrTiAl 2435 

12X18H10T 2360 

 

Measurements taken after heat treatment revealed a significant drop in the hardness of the welded 

joints zone (Fig. 1). 
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a b  
 

Fig.1. Microhardness Graph: a) after hardening b) after hardening + tempering 

Samples for metallographic examination were polished in an electrolyte consisting of 26 ml of 

perchloric acid and 500 ml of glacial acetic acid at 0 ... 5 °C, a voltage of 60V and current density I 

A / cm2. The microstructure was revealed by electrical etching in 20% oxalic acid aqueous solution. 

A NEOPHOT -21 optical microscopes was used to view and take pictures of the structures. The 

images of thinned foils were obtained with an EM-200 transmission electron microscope. 

Results and Discussion 

Figure 2 shows the structure of the cast alloy zone and thermally treated zone of 36NiCrTiAl 

after resistance welding. When subjected to the high-impact loads, the deformed metal exhibits 

inevitable loss of strength in the heat affected zone. At the borders of fusion there occurred 

recrystallization and structure refinement. The deeper into the base metal, the less consistent is the 

grain size.   

 
Fig. 2. Microstructure of the thermally affected zone 

 

Due to the difference in linear expansion coefficients of the materials there is an additional 

thermal strain at the fusion border which is not removed completely but rather redistributed during 

subsequent aging. Most of the strain remains in stainless steel units (Fig. 3a) [10]. 

Key Engineering Materials Vol. 743 33



There exists a critical bend radius of the atomic planes of crystal lattice, at which a strain 

exceeding the ultimate strength of the material may occur in the area of strain localization [11]. 

 

a b  
 

Fig. 3. Transmission electron microscope image of a thin foil cut from the welded joint: 

 a) 12Cr18Ni10Ti steel side, b) 36NiCrTiAl alloy side. The arrows show the poles of the bend 

profiles of the crystal lattice 

 

One can see an extinction contour pattern visualized as a pair of lines originating from the 

centers (poles) and spreading as a series of black dots. It is in these centers where the highest strain 

is built up provoking formation of cracks as shown in Fig. 3a. The internal strain may be as high as 

1335 MPa[12]. The volume share of interrupted decay around the fusion site is very small, which 

accounts for the although inhomogeneous and yet well-oriented structure (Fig. 3b). The 36NiCrTiAl 

alloy is a ferromagnetic material with its magnetic saturation and coercive force strongly dependent 

on structural in homogeneity [13,14]. Inhomogeneous and nonequilibrium structure is formed when 

the temperature gradients, may significantly increase the permeability of nickel-based alloys and 

iron [15] 

A comparative analysis of materials of different composition obtained under different 

experimental conditions is possible based on the uniform magnetization rotation model [16]. 

Typical hysteresis loops for thin permalloy materials are shown in Fig.4. 

When the direction of magnetization is changed along EMA (Fig.4a), the M vector rotates in the 

coercive force Hc field being much weaker than the HK –field of magnetic anisotropy of the sample. 

The emergence of this field indicates that the material changes its magnetization due to movement 

of boundaries rather than magnetization rotation. The process of boundary movement takes longer 

time but in a less strong field compared to the process of M vector rotation. Upon reversal of 

magnetization along HMA (Fig. 4b) the hysteresis loop opens up, which is associated with the 

movement of boundaries occurring in the general process of magnetization.  The features of 

hysteresis loops of real samples depend on various kinds of inhomogeneities. The latters are 

associated with micro- and macrostrain, crystallographic anisotropy, and local inhomogeneities of 

the chemical composition [16].  
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a b  

 

Fig. 4. The hysteresis loops for various magnetically homogeneous materials: a-magnetization 

reversal along the easy magnetization axis; b- magnetization reversal along the hard magnetization 

axis. [16] 

 

a b  

 

Fig. 5. The hysteresis loops for different types of heat treatment: a - the sample after quenching;  

b- the hardened and tempered sample 

 

Fig. 4 and 5 show that the material is magnetically uniform after quenching and tempering. In Fig. 5 

(a, b), different magnetic phases can be seen. 

The hardened sample reverses its magnetization under displacement of the domain boundaries 

(similar to Fig.4b). 

The quenched and tempered sample reverses its magnetization partially due to displacement of 

boundaries and, in part, due to magnetization rotation (the loop shape has a vertical component as in 

Fig. 4a).  The magnetostriction constant abruptly grows from 0 to 2 * 10-5 [6] as nickel is 

redistributed throughout the sample. This may affect the shape of the hysteresis loop and the value 

of Hc [16]. 

Conclusions 

Experimental studies have been conducted on the effect of various treatments on the structure and 

properties of 36NiCrTiAl and 12Cr18Ni10Ti welded joints 

1. A significant drop in the hardness of the welded joint area has been found. 
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2. It is shown that heat treatment of the 36NiCrTiAl and 12Cr18Ni10Ti welded joints  does not help 

resolve the problem of structural and magnetic in homogeneity  and thus improve the metrological 

characteristics of the material. 
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