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Welded joints of structure steels have lower corrosion resistance in comparison to base metal. To increase cor-
rosion resistance of welded joints and heat-affected zone they use longtime and energy-consuming methods of ther-
mal and mechanic processing.  

The article covers the possibility of using the superplasticity deformation (SD) effect for processing of welded 
joints. The effect of SD is that metals and alloys with a small grain size (of the order of 10 μm) under conditions of 
isothermal deformation at a certain temperature acquire the ability for unusually large plastic deformations while re-
ducing the deformation resistance. Grain-boundary sliding during superplasticity provides a high degree of structural 
homogeneity. If the metal does not have the small grain size, then during isothermal deformation at appropriate tem-
perature the SD effect will not be fully manifested but will cause relaxation of residual micro and macro strains, re-
crystallization, which can be used during processing of welded joints to ensure their full strength. 

There have been carried out the investigation of processing methods impact - SD, thermal cycling and influ-
ence of post-welding treatment on corrosion rate and microstructure of steels 20 and 30KhGSA. It is shown that after 
deformation in superplasticity mode there is low corrosion rate and more favorable microstructure in the studied 
samples of steel. Post-welding processing of welded joints in SD mode provides low tool loads and low energy costs.  
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Introduction. Welded joints of structural steels have less corrosion resistance than the base 
metal. The issues of ensuring full strength of welded joints with welded structural steels are covered 
in many scientific studies, and their results find practical application [6, 8-11]. To improve the cor-
rosion resistance of the welded seam and heat-affected zone, thermomechanical processing methods 
[1, 12, 13, 15, 16] are used, which are longtime and energy-intensive. In this regard the application 
of plastic deformation method in the super-plasticity mode is of immediate interest. 

Superplastic deformation (SD) of metals was discovered and investigated by A.A. Bochvar et 
al. [14]. Extensive experimental studies and practical introduction of their results were carried out at 
the Institute for Metals Superplasticity Problems of Russian Academy of Sciences [14]. The effect 
of SD is that metals and alloys with a small grain size (of the order of 10 μm) under conditions of 
isothermal deformation at a certain temperature acquire the ability for unusually large plastic de-
formations (of the order of 102-103 %) while reducing the deformation resistance. 

When deformed at optimal temperature and velocity conditions of superplasticity, the shape of 
the grains, despite the elongation or compression, does not change significantly, they remain equi-
axed [7]. It is established that the effect of superplasticity is manifested in carbon steels with the 
structure of granular perlite [14]. With deformation in the superplasticity mode of steel 45, the dis-
persity of the structure increases: both ferritic and perlite grains are reduced in size, the thickness of 
cementitious plates decreases and distance between them decreases, and secondary carbides and 
carbonitrides are significantly ground and redistributed. 

The deformation in the temperature and velocity conditions of superplasticity has long been used 
to improve the quality of welded joints, to obtain a more uniform structural state in the heat-affected 
zone, and to reduce residual stresses [2]. If the metal does not have such a small grain size, then under 
an isothermal deformation at the appropriate temperature, the SD effect will not be fully manifested in 
it, however, as the authors suggest, it will cause relaxation of residual micro- and macrostresses, re-
crystallization, which can be used to affect welded joints to ensure their full strength. 

The corrosion rates and microstructure parameters for steel samples 20 and 30KhGSA were 
compared after application of this method and thermomechanical processing, annealing and in the 
absence of post-welding processing.  
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Experimental technique. Isothermal cogging with heated rolls of samples of welded joints 
was carried out with deformation rates of 10, 20 and 40 % at a temperature of 730 ± 5 °C, which is 
the optimum temperature of SD for structural steels with a constant strain rate of 0.003 s–1. Cogging 
was carried out on a laboratory six-roll mill LIS-6/200 of the Institute for Metal Superplasticity 
Problems of Russian Academy of Sciences, the isothermal conditions of deformation were provided 
by heating working rolls and their temperature regulation.  

For comparison, the method of thermal cycling treatment (TCT) of welded joints was chosen. 
Samples were heated to a temperature of 880 °C and held at an upper heating stage temperature for 5 
minutes. Then they were transferred to a furnace pre-heated to a temperature of 730 °C and exposed 
there for 5 minutes. The number of cycles was from 2 to 15, after that the samples were cooled in air. 
For comparative studies of the effect of thermal cycling and deformation in the SD mode, we used 
samples after two processing cycles, since they have commensurate time for post-welding treatment 
as compared to deformation treatment. 

In carrying out studies of annealing effect and determining the role of superplastic deformation 
on structure and mechanical properties of welded joints, the samples were placed in a tubular elec-
tric resistance furnace, which was heated to a temperature of 730 °C. Thermoelectric thermometers 
were used to monitor the temperature regime. The samples were held at a predetermined tempera-
ture for 30; 60; 180; 300 and 600 min followed by air cooling. 

Discussion of results. Evaluation of welded joint samples resistance and base metal against 
continuous corrosion in the medium (5 % sodium chloride NaCl + 0.5 % acetic acid CH3COOH) 
saturated with gaseous hydrogen sulfide to a concentration of 2.8 g/l, pH 3.15, was carried out by 
gravimetric method [4]. The results of welded samples corrosion rate changes in relation to expo-
sure time are shown in Fig.1-4. 

Annealing, thermal cycling treatment and deformation in the superplasticity mode of welded 
joints of steel 20 can equally reduce the rate of continuous corrosion of welded joints in the hydro-
gen sulfide medium to the level of the base metal (Fig.1, 2). 

The corrosion rate of welded steel samples of 30KhGSA unprocessed welded joints exceeds the 
corrosion rate of the base metal by 17 % (Fig.3, 4). Further processing of welded joints allows to re-
duce the rate of corrosion to the level of the base metal, with the best results observed when annealing 
and cogging by rollers in the SD mode. The difference between the corrosion rate relative to the base 
metal reaches 3-6 %. Thermocycling does not significantly affect the reduction in corrosion rate, 

which is explained by the increase of 
hardness in the heat-affected region. 

Metallographic studies of the mi-
crostructure of the welded joint of steel 
20 [3] were carried out. The welded joint 
metal of steel 20 in the initial state 
(without post-welding processing) con-
sists of ferrite and perlite, its microstruc-
ture is characterized by a dendritic struc-
ture of grains oriented along the direc-
tion of heat dissipation from the weld 
pool upon cooling. 

The average grain size in the welded 
joint metal in the initial state is 12 μm, in 
the thermal impact zone the average grain 
size varies from 6 μm for the fine grains 
to 9 μm in the superheating section 
(Fig. 5). In this case, coarse grains up to 
48 μm in size appear. 
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Fig.1. Dependence of corrosion rate of welded joints of steel 20 from  
holding time in corrosive environment  

1 – initial welded joint; 2 – TCT; 3 – deformation in SD mode – 20 %;  
4 – annealing  
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Fig.2. Changes of corrosion rate of welded joints of steel 20 as a result of post-welding processing:  
а – holding time 96 h; b – 200 h; c – 400 h; d – 720 h  

1 – annealing; 2 – TCT; 3 – deformation in SD mode – 20 %; 4 – base metal; 5 – initial welded joint  
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Fig.3. Dependence of corrosion rate of welded joints  
of steel 30 KhGSA from holding time in corrosive  

environment  
1 – initial welded joint; 2 – TCT;  

3 – deformation in SD mode – 20 %; 4 – annealing 

Fig. 4. Change of corrosion rate of welded joints of steel 30KhGSA as a result of post-welding processing:  
а – holding time 96 h; b – 200 h; c – 400 h; d – 720 h  

1 – annealing; 2 – TCT; 3 – deformation in SD mode – 20 %; 4 – base metal; 5 – initial welded joint  
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Fig.5. Microstructure of welded joint sample of steel 20 before processing: 
а – a section of welded joint; b – coarse grain TIZ; c – fine grain TIZ; d – base metal  
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Fig.6. Microstructure of welded joint sample of steel 20 after deformation in SD mode:  
а – a section of welded joint; b – coarse grain TIZ; c – fine grain TIZ; d – base metal  
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After cogging by heated rolls in the SD mode, the average grain size decreases both in the base 
metal and in the heat-affected zone (Fig.6). As a result, the average grain size in these zones of the 
welded joint after cogging in the SD mode is from 7 to 8 μm. 

Conclusions. The use of hot plastic deformation for processing of welded joints in the tem-
perature-velocity modes of superplasticity allows to ensure their structural homogeneity, as well as 
a combination of high strength and plasticity. Processing of welded joints in the superplastic defor-
mation mode (SD) provides low energy costs and high production efficiency. 

Energy-saving modes of welded joints processing allow to reduce the heterogeneity of me-
chanical properties and increase the reliability of welded joints of pipelines, parts and structures of 
petrochemical equipment. 
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