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Abstract: in this study, the hard facing with  Fe-Cr-C base welded wire and  Fe-Cr-Nb-C cored welding wire by using submerged-arc 
welding method in single-pass, two-pass and three pass over the pieces of carbon steel (St37 )was done. Cored welding wire Fe-Cr-Nb-C by 
an approximate ratio of 5.41 Cr to C ratio, was containing 5.6 to 7% of the niobium element.  scanning electron microscopy, optical 
microscopy, X-ray diffraction and point analysis, indicates the presence of carbides (Fe, Cr) 7C3 and Nb2C in hardened samples with Fe-Cr-
Nb-C welding wire. The results showed that with increasing number of hardened passes, the percentage of carbon, chromium and niobium 
concentrations increased and as a result the dilution percent was decreased that cause to increasing hardness and better performance. test 
results indicate higher hardness of hardened samples with Fe-Cr-Nb-C welding wire compared to samples hardened with Fe-Cr-C welded 
base wire. With increasing number of of hard passes, hardness was increased, so that the highest and lowest hardness is related to three 
pass samples that was hardened with metal cored wire Fe-Cr-Nb-C.The reason of increased hardness in three-pass  samples  hardened with 
Fe-Cr-Nb-C metal cored wire was to with increasing in the number of hardened passes , dilution rate was reduced by the base metal and this 
cause to coarse and more uniform distribution of carbides . 
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1.Introduction                                                                                                                                                                                                      
In this study, we tried to examine the effect of adding 5.6 to 7% 
niobium element to  chromium alloy welding wire with an 
approximate ratio of 5.41 Cr to C ratio. here, adding complex 
carbide either chromium carbide and niobium carbide by  
morphology and different distribution was created in the 
microstructure that by the shape, phases distribution and review of 
complex carbides on wear properties of new welded wire and 
precise linking of microstructure by metallurgical and mechanical 
properties is the goal of this research. 
Materials and methods 
In this study, plain carbon steel (St37) was used as the base metal 
with dimensions of 10 × 100 × 150 mm. In Table 1 was shown the 
chemical analysis of welding base wire Fe-Cr-Nb-C and Fe-Cr-C. 
Samples numbers and pass numbers for each test was shown in 
Table 2. 

Table 1 chemical composition of cored wires wt% 

Niobium Chromium Manganese Silicon Carbon 

Type  
of 

cored 
wires 

Flux 
Core

d 
wire 
Nam

es 

- 26-29 0.3 1.3 4.3-4.8 Fe-Cr-
C 

KJTU
BO-
455 

6.5-7 19-22 0.3-0.4 1-1.2 4.8-5.4 Fe-Cr-
Nb-C 

KJTU
BO-
460 

 
 

Table 2. Samples numbers and pass numbers of welding for each 
test 

Sample 
Numbe

r 
1 2 3 4 5 6 

Type of 
cored 
wires 

Fe-Cr-
C 

Fe-
Cr-C 

Fe-Cr-
C 

Fe-Cr-
Nb-C 

Fe-Cr-
Nb-C 

Fe-Cr-
Nb-C 

number 
of pass 

One  
pass 

Two 
pass 

Three 
pass 

One  
pass 

Two 
pass 

Three 
pass 

 
Surface hardening by submerged arc welding method was 
performed according to presented parameter in Table 3. 

 
 

Table 3. Welding parameters 

Polarity 
Welding 
Speed  

)cm/min( 

Current 
)A(  Voltage  Process 

DCEP 70-80 380-
480 27-29 

Submerged-
arc 

welding 
-Open arc 

  
Optical microscopy, Scanning electron microscope, XRD test, 
hardness and chemical composition analysis were carried out on 
welded samples. 
 
The chemical composition and microstructure 
The chemical composition of surface and percentage of dilution in 
layers was shown in Table 5. As can be seen by increasing the 
number of hardened layers, carbon, chromium and niobium were 
increase and the rate of dilution has decreased. 
In Figure 1 corner diagram of iron with the ternary structure Fe-Cr-
C was shown. Location of samples 1, 2 and 3 in Figure 1 was 
shown in Table 4. 

 
Fig 1. Corner diagram of iron with the ternary structure Fe-Cr-C 

[1] 
According to the chart, hardened samples with Fe-Cr-C welding 
base metal have been included M7C3 phase. Nucleation and growth 
of M7C3 carbides at 1350 ° C was started and by over time from 
onset of freezing, melt carbon was reduced and eutectic 
transformation occurred. Also according to the percentage of carbon 
element, the resulting structure of the sample number 1was hypo 
eutectic and examples 2 and 3 has been the hyper-eutectic. 
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In Figure 2 hyper-eutectic freezing diagrams from samples 4, 5 and 
6 on the basis of chemical composition was indicated in Table 
4.considering The percentage of chromium and carbon, the resulting 
structure in the samples 4, 5 and 6 was of the hyper-eutectic. 
According to Figure 2, at a temperature of 1500 ° C, M2C carbide  

Table 3 Concentration of elements in different pass number of 
samples %wt and percent of dilution in each pass layer 

 
was formed and then reaching to 1300 °, M7C3carbide was formed. 
Then, reaching a temperature of about 1170 ° C, austenite was 
formed, and finally reducing the temperature to about 850 ° C and 
frozen, ferrite phase was formed. 

 
Fig 2.  Hyper-eutectic freezing diagrams of system [2] 

3.2. X-ray diffraction results 
 
In Figure 3, X-ray diffraction results show that the phase Cr7C3, 
Fe3C, austenite-ferrite in three single-pass mode, two pass and three 
pass mode. Reason for the formation of Cr7C3 carbide, forming the 
chromium carbide element has been desire. In Figure 3 X-ray 
diffraction pattern of samples hardened with flux cored wire Fe-Cr-
Nb-C was shown. X-ray diffraction results show that phases Nb2C, 
(Fe,Cr)7 C3, Cr3C2, Cr2Nb, Fe3C, austenite-ferrite has been working 
on hard surfaces. 

 

 
Fig 3. X-ray Diffraction patterns of A: Fe- Cr-C  B: Fe- Cr- C -Nb 

deposits 

With the addition of element niobium (Nb) to the wire base Fe-Cr-
C, carbide was created on the cover due to the combination of lower 
free energy of formation of carbide NbC, as well as a greater 
willingness of niobium to iron in the carbide formation [3]. 
 
3.3. Grained microstructure 
3.3.1. Optical microscopy (OM) 
In Figure 4 images related to optical metallography of samples 
hardened with base welded wire Fe-Cr-C in single-pass mode, two 
pass and three pass was shown. As is shown, microstructure, 
consisting of tiny chrome carbide in the austenitic and ferritic field 
and distributed in accordance with the results of X-ray diffraction 
(Fig. 3). Increasing the number of hardened passes, due to reduced 
dilution of the base metal as it shown in Table 5, percent of 
chromium and  carbon was increased and carbide size is larger, so 
that the sample 3 compared to the numbers 1 and 2 have been larger 
carbides. In Figure5 an optical microscope image of the hardened 
sample with flux cored wire Fe-Cr-Nb-C was shown. Comparing 
Pictures 4 and 5 show that by adding 5.6 to 7 of  weight percent of 
the element niobium to wire welding base Fe-Cr-C, carbides  
containing niobium and  iron and chromium was shaped, which are 
in accordance with the results of X-ray diffraction (Figure 3) and 
this carbide was uniformly distributed in austenitic and ferritic field. 
The reason for this is that the element niobium is stronger carbide 
former element than chromium. As can be seen, with increasing 
number hardened passes, the sample size of  carbides  become 
greater such that ,sample number 6 (sample three assists hardened 
welding with Fe-Cr-Nb-C) compared to the 4 and 5 with carbide 
has been greater. 

 
  

 

 
Fig 4. Optical microscopy of  Fe -Cr -C layers A: one pass B: two 

pass C: three pass 

Sample 
Number Fe C Si Mn S Cr Nb 

Percent 
of 

dilutio
n 

1 76.8 3.67 1.23 0.42 0.013 17.6 0.0018 40 
2 68.2 4.25 1.42 0.41 0.027 21.5 0.0021 26 
3 63.3 4.85 1.43 0.37 0.087 23.8 0.0034 18 
4 73 4.65 2.26 0.38 0.031 16.1 6.35 27 
5 71.3 4.97 2.71 0.36 0.045 18.7 6.6 15 
6 69.3 5.65 2.78 0.33 0.048 19.6 6.8 11 
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Fig 5. Optical microscopy of Fe –Cr- C- Nb layers A: one pass B: 

two pass C: three pass 
 

Scanning Electron Microscope (SEM) 
In Figure 6, Scanning electron microscope images of hardened 
samples with welded wire base Fe-Cr-C, was shown in three single-
pass mode, two pass and three pass modes. According to Figure 6 
(a), we can see that the structure of single pass mode composed of 
very fine carbides and whatever the number of hardened passes 
increased, carbides size gets bigger. The results of X-ray diffraction 
and optical microscopes images (Figures 3 and 4) the structure of 
hardened samples with Fe-Cr-C welding wire base was formed of 
chromium carbides in austenite and ferrite field. In Figure 7 SEM 
images of the samples 4, 5 and 6 have been hardened  with flux 
cored wire Fe-Cr-Nb-C, was shown in three single-pass, two-pass 
and three-pass mode. As determined, and  according to the results 
of X-ray diffraction and images of  optical metallography (Figures 4 
and 7) of the samples hardened with welded wire Fe-Cr-Nb-C,a 
microstructure with carbides containing niobium, iron and 
chromium in the austenitic and ferritic field was observed. By 
Comparing scanning electron microscopy (Figures 6 and 7) was 
shown  that the number of hardened passes, the percentage of 
dilution is reduced, resulting in increased concentrations of niobium 
and carbide size become larger. 
 

 

                   
 

 
Fig 6. SEM images of Fe -Cr -C layers A: one pass B: two pass C: 

three pass 
 

3.4. Element Analysis Test (EDS) 
In Figure 8, the result of elemental analysis of the three-passes 
hardened by base welded wire Fe-Cr-C was shown. This analysis 
from the point A hardened sample with Fe-Cr-C Welding wire was 
shown in Figure 8. In this case, the maximum amount of iron, 
chromium and carbon is formed. By comparing the elemental 
analysis and X-ray diffraction results (Figure 3), determined that in 
the above example, chromium carbide is formed. In Figure 9 the 
results of the elemental analysis from point B on the hardened 
three-pass example by welding wire Fe-Cr-Nb-C was shown. Most 
of the elements in this carbide were niobium and carbon and so at 
point A, was formed carbide that containing (Nb2C).  

 

 
Fig 7. SEM images of Fe- Cr -C Nb layers A: two pass B: three 

pass 
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Fig 8.  EDS analysis of Chromium carbide in Fe-Cr -C three pass 

layer 

 

 
Fig 9.  EDS Analysis of complex carbides in Fe -Cr –C- Nb three 

pass layer 
4.4. Hardness results 
In Table 6, test results of hardened layer were shown. Hardness of  
samples that hardened with metal cored wire Fe-Cr-Nb-C were 
higher than hardness of samples hardened with welded wire base 
Fe-Cr-C. The highest hardness is related to three-pass samples 

hardened by wire Fe-Cr -Nb-C with 63.8 Rockwell hardness. As 
shown in Figures 4 to 7, with increasing the number of hardened 
passes, due to reduced dilution, increased value and hardness of the 
carbide elements. 

 
Table 4. Hardness in HRC for different tests 

 

 
4. Conclusion 
In this study, the effects of adding the element niobium on 
metallurgical properties hard weld base Fe-Cr-C were studied, the 
most important findings of the research include: 

1. Hardening the surface with welded wire base Fe-Cr-C 
on plain carbon steel result in the formation of 
chromium carbide in austenitic and ferritic field . 

2. By adding the element niobium to alloy system Fe-Cr-
C, alloy of niobium carbides and carbide complex is 
formed in austenitic and ferritic. 

3. With a reduction in dilution effect of increasing the 
number of hardened layers, the percentage of alloying 
element such as carbon, chromium and niobium which 
causes coarse carbides is increased. 

4. The  highest  hardness is related to three-pass samples 
with flux cored wire Fe-Cr-Nb-C with a Rockwell C 
hardness of 8/63, but also the lowest hardness is related 
samples harden with to single pass welding with base 
Fe-Cr-C with hardness 56.5 Rockwell . 
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6 5 4 3 2 1 Sample 
Number 

0.4± 63.8 0.5±
62.5 

0.5±
58.5 0.4± 60.1 

0.8
±
 

59
.5 

0.4±
56.5 Hardness 
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