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Engineering components during service are exposed to destructive phenomena such as wear which may 
lead to their destruction. For their protection and reduction of costs to replace these defective 
components and also increasing productivity, attention is given to welding processes for depositing a 
wear-resistant layer on the components. In this research, the effect of welding current on last layer weld 
quality deposited on carbon steel by shielded metal arc welding process using Fe-based hardfacing 
electrodes is investigated. The chemical composition of the weld deposit layers was studied by 
quantometery. Optical and scanning electron microscopes, energy dispersive X-ray fluorescence and X-
ray diffraction were used for microstructural studies. Microhardness and pin on disk wear tests were 
also employed for microhardness and wear resistance evaluations. The metallography and X-ray 
diffraction results show presence of martensite and retained austenite in the microstructure of the last 
deposited weld layer. The results of chemical analysis and microhardness and wear-resistant tests show 
that increasing the current increases weld dilution which leads to reduction of alloying elements 
affecting hardness and wear resistance of the weld deposit and hence these properties decrease slightly. 
Evaluation of the worn surfaces shows that the wear mechanism on the last deposited layer is of 
abrasive wear type. 

Keywords:
Hardfacing 
Welding 
Microstructure 
Microhardness 
Wear Resistance

  

1 -   
    

 

 ]12[ .
  

 ]34[ . 

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
94

.1
5.

12
.3

4.
2 

] 
 [

 D
ow

nl
oa

de
d 

fr
om

 m
m

e.
m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

19
 ]

 

                               1 / 6

https://dorl.net/dor/20.1001.1.10275940.1394.15.12.34.2
https://mme.modares.ac.ir/article-15-7055-fa.html


    

     

  

184  13941512  

 1 4 %  .85 
90 % 

  ]5[ . 
  

  
  . 

  :  ) 
    .

  
 

  ]6-8[. 
 

  . 
  -

 

 ...  
 ]910[.   

  
  .

  . 
     .

    
– 

  . 

 
  ]69[.  

 .   ]1[ 
 Mo 

    Mo 4 %
 

 Mo 
 .  ]3[ 

 TiFe-Cr-C 
 Ti TiC 

 
 . 

 .Ti 

 ]4[ 

Nb, W, Mo V   
Cr  

   Cr 
  .

Nb Mo NbC 
   (Fe,Mo,Cr)7C3  

  .
 

 
 

  

2 -  
A516 –Grade 70 

1  
 4 cm 11×cm11×cm1 

   
        

 )1 ( 0.41       
1 °C 150    

 ]1011[.      
   C°25±150   

 
AMA1600V DIN855 2 

mm3.2  ]12.[ 
 

 
  .  

2 C°250  . 

)1(  

Ceq = %C +
% Mn

6 +
(%Cr + %Mo + %V)

5
+

( %Cu + % Ni)
15  

  100120 140 
 . 

 

1  
Table 1 Chemical composition of the base metal 

Fe P S V Ti Mo Cr Ni Mn Si C  
 0.001 0.002 0.002 0.011 0.002 0.066 0.067 1.120 0.270 0.204    
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Fig. 1 Calculation of preheat temperature based on carbon 
equivalent [11] 

1  ]11[  
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Table 2 Chemical composition of hardfacing electrode[12] 
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 (  B) 

  
 C) 

Fig. 2 SEM of the welded layers deposited with A) 100A, 
B)120A, C)140A  

2  
100  (120  (140   

  
Fig. 3 Microstructure of the base metal A516 

3 A516 

  
  ( A) 

  
  ( B) 

Fig. 4 EDS analysis of points A and B in welded layer with 
100A A) point A, B) point B  

4 EDS A B 100   (
A  (B  

  
Fig. 5 XRD pattern of weld layer with 100A 

5 X 100  

3    
Table Chemical composition of the three sample layers deposited with different welding currents  

Fe Ti W V Mo Ni Cr Si Mn C  /  

91.19 0.099 0.022 0.725 0.414 0.065 5.404 0.856 0.563 0.527 100  

92.42 0.067 0.014 0.599 0.377 0.068 4.980 0.705 0.571 0.489 120  

93.65 0.057 0.010 0.469 0.285 0.063 3.843 0.532 0.619 0.394 140  
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4   
Table 4 Percent dilution of last weld layer 

 %  
20.65  100 
29.88  120 
47.75  140 
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5  
Table 5 Microhardness test results  

  
696 100  
681 120  
655 140  
152   

6  
Table 6 Decrease of weight in wear test  

gr  
0.0019 100  
0.0085 120 
0.0112 140  
0.1889  

  
  ( A) 

  
  ( B) 

Fig. 6 Worn surfaces in wear test A)raw sample, B)last layer of 
welded sample with 100A 
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7  
Table 7 The volume percent of formed phases   
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