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Abstract: Mechanical and electrometrical behavior of dissimilar welds between low Carbone steel (X70) and Carbone steel (42CrMo4), 

were studied using a combination of optical and electron microscopy. Thus, the influence of weld parameters on fusion zone and heat 
affected zone was investigated using two filler metals and two weld currents. The results of our work show that alternative TIG welding 
presents the butter combination between metallurgical and Mechanical comportment, also it was established in this study, that nickel alloy 
filler has the best electromecanical behavior for these types of welds.  
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1. Introduction  
Dissimilar welds have been widely used in industrial 

applications and singing in their form of sheet metal, pipe or 
modified structures. They have found a wide range of applications 
especially in fusion welding processes thanks to their characteristics 
which can be adapted after heat treatments [1, 2]. Heterogeneous 
welds Stainless steel / steel, stainless steel / stainless steel, 
aluminum / steel and steel / steel are often obtained for different 
requirements [3,4], among which is a welding between a tempered 
steel tempering (42CrMo4) with a low steel on carbon (X70) which 
seems to be very interesting for the realization of a GMA crane in 
our center. 

The main problem of heterogeneous welds is the formation of 
the metallic precipitations in the bonding zone between the two 
basic materials due to the difference between the tenants of the 
additive elements that exist in the two materials. that magnification 
of grain in the area thermally affect by thermal welding cycles [5,6]. 

Heterogeneous welding is the subject of several studies, 
Azizieh has evaluated the weldability between a quenching steel 
tempered (CK60) a low carbon steel (ST37) by a friction welding 
process[6]. It obtained very hard interfaces and mechanical and 
electromechanical properties that could be questioned through the 
microstructures presented and the welding method [7]. 

Our work is based on improving the physicochemical 
properties of heterogeneous welds by modifying filler metals and 
welding mode. 

 
2. Materials AND METHODS  

In this work, the base materials utilized are Carbone steel 
(42CrMo4) and low Carbone alloy steels (X70) (Table 1). Two 

filler metals were used to elaborate welded joints. It represents 
respectively Nickel alloy filler Ok60 and low Carbon E6010. 
The chemical composition of filler metals is given in Table 2. 
The base materials are welded using automatic tungsten arc 
welding (TIG) based on ASTM standard [8] (Table 3), 
According to moved table in order to set welding parameters. 
Sheet metal dimensions were fixed at 100x60x4mm (Fig. 1) 
(Fig. 2) with filler wire diameter of 1.5 mm.  Standard 
polishing procedures were used for microstructural 
observations, Glycerine reactif was used with the conditions 
(20ml of nitric acid, 30 ml HCl acid and 30ml of glycerol) for 
3min. The microstructure was characterized by optical 
microscopy. Hardness test was conducted using Vickers scale 
with a load of 0.2Kg (Hv0.2). Hv0.2 test was performed on the 
middle of weld joint, perpendicular to welding direction. 
Image J program was used to compute fractions and gain sizes.  
To perform electrochemical tests, measurements have been 
done, these measurements comprise: 
A EGC Princeton 263 Potentiometer / Galvanostat measures 
the potential difference between the working electrode (Et) and 
the reference of a three-electrode cell, passing a current Ic in 
the cell via the against electrode (Ec) and measure the current 
using the chemical drop across the resistor Rm. An 
electrochemical cell contains cylindrical thermostatic shape; it 
is formed by glass and double wall with a capacity of 250 ml. 
It is equipped with a conventional three-electrode mounting: 
Work (or sample), reference (a saturated calomel electrode 
(ECS) whose end is placed near the working electrode) and 
against electrode (or auxiliary electrode) which is a platinum 
grid (to ensure the passage of current). 

 
 

Table 1. Chemical composition and mechanical properties of base materials 
Elément C Si Mn P S Al Cu Cr Mo V Nb Ti Ni 

X70 (%) 0.08 0.7 2.39 0.01 0.001 0.06 0.01 0.04 0.1 0.05 0.4 0.09 0.02 

42CrMo4 
(%) 

0.45 0.4 0.90 0.35 0.0.35 - - 1.20 0.3 - - - - 

Table 2. Chemical composition of filler metals 
Elément Fe Ni C Si Mn 

Ok 60 (%) 0.40 0.60 - - - 
E6010 (%) Rest. - 0.10 0.20 0.50 

Table 3. Welding parameters 
 
 
 
 
 
 
 
 
 
 
 

 

Current Electrode 
Argon flowrate 

(L/min) 

Medium voltage  
(V) 

Average intensity  
(A) 

Weld speed 
(mm/min) 

CC Ok60 (1) 6 10.65 100 35.24 

E6010 (2) 6 11.65 100 36.70 
CA Ok60 (3) 6 11.84 100 37.72 

E6010 (4) 6 12.4 100 37 
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3. Results And Discussion 
 

 
Figure1. Optical microstructure of the base materials X70 (right)  

 
The micrograph of the two basic materials shows that: X70 microstructure is composed of ferrite and perlite, the latter consisting of 
ferrite and cementite, while 42CrMo4 steel is characterized by martensitic lattes in ferritic matrix with a small proportion of Cabrides 
(Figure1). 

 
 

Figure2. Microhardness profile 
 

Figure2  Shows the variation of the Vickers microhardness 
measured through fusion zone, both HAZ and the two basic 
materials. The four curves represent four samples, two samples (E3) 
and (E4) undergo alternating TIG welding  and continuous TIG 
welding is applied to (E1) and (E2). When the microhardness curve 
stabilizes, it indicate the  microhardness of steel, 175 Hv (X70) and 
362 Hv for (42CD4). 

From these graphs of microhardness profiles we can draw the 
following conclusions: 
The welded samples undergo a large increase in microhardness 
in heat affected Zone (HAZ) compared to the two base 
materials, where there is a creation of relatively fragile 
structures rich in metal carbides (Widmanstatten, martensite 
....) When from the welding operation, this wealth becomes 
huge in the 42CrMo4 side. 
The variation of the microhardness is also related in a first 
degree by the carbon content,  and second degree,  by the 
effect of alloying  elements which presents in each basic 

material. The role of the gamma elements (Mn, Ni) reduces 
significantly transformation temperatures of  phases and moves 
the diagrams in continuous cooling to slow speeds. Manganese 
in particular has a important role on start temperature of 
martensitic transformations. The primary effect of the 
carburigenic elements (Cr, Mo) is to increase the 
quenchability, and more particularly for molybdenum,  to 
increase the stability of the bainitic microstructure, by delaying 
germination of ferrite phase. In addition, these elements form 
carbides dispersed with iron in the course of the reciprocating 
cycles, whereas in the (CC) it forms dispersed carbides which 
are concentrated in the HAZ, which poses a risk of a sudden 
fracture. 
In the case of AC current there, there is a decrease in the 
microhardness compared to the DC current, this reduction is 
due to the effect of thermal welding cycle which causes a rapid 
variation in the heating rate, 
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X70 42CrMo4 

  Figure 4. Impedance of base materials 

  
E1 E2 

 
 

E3 E4 
  Figure 5.  Impedance of weld joints 
 

Figure 5 and Figure 4 show impedance diagrams of  Nyquist Z 
plane at different welds joints in frequency range: 50 Hz - 100 
mHz. the representation in the Nyquist plane was used here to 
determine Load Transfer Resistance and Sample Capacity. The 
interpretation of the diagrams makes it possible to determine 
the various processes that take place at the electrode and the 
charge transfer resistance. 
From the impedance curves we can see that: 
The impedance evolution in the Nyquist Z plane as a function 
of the welding parameters, the good electrochemical behavior 
results in an increase in the considerable resistance of charge 
transfer together with a decrease in the capacity of the sample. 
Electrochemical tests showed a good efficiency which 

observed in E3, as well as a good load transfer resistance 
observed in sample E1. 
The polarization tests clearly show that the characteristics of 
the electrochemical behavior of the welds are generally found 
between the base material terminals except for the Ok.60 
welded samples. 
Corrosion rates significantly lower than the heterogeneous 
weld compared to carbon steel (42CD4). Thus the speeds in 
the welds (E1, E3) significantly lower compared to other 
samples. In addition, it is found that the weld (3) has a 
potential and a corrosion voltage lower than that of the sample 
(01). Compared to the other samples, the sample (E3) is 
passive and its polarization curve shows slight passivation 
levels, its corrosion current remains low. It is around 
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0.0022648 A and its corrosion potential is (-00.37561). From 
the linear polarization curves (Lp) we obtained the following 

results: 

Table 4. Polarization results 
Samples ba (v/dec) bc (V/dec) E corr (V) I corr (A) Vitesse mm/an 

X70 0.73402 0.21418 -0.37431 0.0025587 29.732 
42CrMo4 1.1318 0.50853 -0.40282 0.0037302 43.345 

01 0.47959 0.20530 -0.396 0.0018713 21.744 
02 1.0276 0.46995 -0.40969 0.0032702 38 
03 0.55053 0.19139 -00.37561 0.0022648 26.317 
04 1.2367 0.42045 -0.39137 0.0035365 41.094 

 
The polarization tests clearly show that the characteristics of the electrochemical behavior of the welds are generally found between the base 
material terminals except for the Ok.60 welded patterns (Table 4). 
Corrosion rates significantly lower than the heterogeneous weld compared to carbon steel (42CD4). Thus the speeds in the welds (E1, E3) 
significantly lower compared to other enchantillons. In addition, it is found that the weld (3) has a potential and a corrosion voltage lower 
than that of the sample (01). Compared to the other samples, the sample (E3) is passive and its polarization curve (Figure III.8) shows slight 
passivation levels, its corrosion current remains low. It is around 0.0022648 A and its corrosion potential is (-00.37561). 

 
Figure 6. Micrographics of corroded base materials:  (42CrMo4) and b (X70). 

 
 
 
 

E1 
FZ-HAZ  (X70) FZ (OK60) (CC) HAZ  (42CD4)-ZF 

   
E2 

FZ-HAZ (X70) FZ (6010) (CC) HAZ  (42CD4)-ZF 

   
E3 

HAZ (X70) FZ (OK) (CA) HAZ  (42CrMo4)-ZF 

b a 
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E4 

FZ -ZAT(X70) FZ (6010) (CA) ZF-ZAT (42CrMo4) 

   
Figure 7. Micrographics of corroded welds 

 
The figures (Figure 6, Figure 7) show the results of the optical 
observations of corrosion surfaces for magnifications (X100). These 
micrographs show a strongly etched structure in the 42CrMo4, with 
a high density of dissolution. On the other hand, the micrographs of 
the welds have strongly burned aspects in the welds (E4, E1). Also, 
the fusion zone of welds with Ok60 is the least to alter by the 
electrochemical tests. We also observe the presence of bites 
distributed randomly on the surfaces obtained, the number of these 
defects were too small in the samples welded by the Ok.60. 
4. CONCLUSION  
This work is only a modest contribution to understanding the 
different physico-chemical phenomena encountered related to the 
reliability of heterogeneous metal structures. In the ZATs of the 
carbon steel (42CD4) sides, the morphology of martensite became a 
dominant phase with an increase of the bainitic phase in the AC 
welded sample. This phase is favorable for the mechanical 
behavior. In addition, the ZATs of X70 steel have undergone a 
magnification of ferritic grains; this magnification becomes light in 
E3. 

• Welding with E6010 low-alloy steel (E2, E4) allows to 
obtain melted zones with fine structures consisting of 
rough zones of solidification such as: proeutectoid and 
acicular ferrite, lamellar constituent of bainite and 
martensite. 

• Nickel-based alloy welding induces melted zones 
consisting of columnar austenitic grains surrounded by 
ferritic precipitations; it is also observed that in the case 
of (CA) the austenitic grains undergo a grain coarsening. 

• The use of the alternating current causes a decrease of the 
microhardness with respect to the direct current, this 
reduction is due to the effect of the welding thermal cycle 
which causes a fast variation in the rate of heating. 

• The use of filler metal E6010 increases the microhardness 
compared to OK60 this is due to the effects of the 
additive elements. 
• Polarization tests clearly show that the characteristics 

of  electrochemical behavior of Ok.60 welded joints 
has the better comportment. 
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