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ABSTRACT: In this study, the changes in the microstructures and mechanical 
properties in the fusion zone and heat-affected zone (HAZ) of the welds 
between 316 stainless steel and low-carbon steel were investigated. The 
formation of the morphology of δ – Ferrite including the columnar dendritic 
and the equiaxed dendritic in either the single-pass welding or multi-pass 
welding was analyzed through SEM. The recrystallization phenomenon 
in two regions such as HAZ-1 with grain-refining and HAZ-2 with partial 
grain-refining was considered as the main cause leading to differences in the 
microstructure and mechanical properties of the above-mentioned welds. As a 
result, the hardness, tensile strength and elastic strength of multi-pass welding 
were higher than those of single-pass welding. The lower elongation of multi-
pass welding compared to single-pass welding was also observed.

KEYWORDS: Dissimilar Metal Weld; HAZ; Multi-Pass Welding; 316 Stainless 
Steel; Low-Carbon Steel

1.0 INTRODUCTION

Arc welding is the process of heating a metal at the welding position 
to a melting state, after that the solidification process occurs to form a 
welding bond. The physical and chemical processes occurring in the 
weld are similar to the metallurgical process, however, because of the 
small area of the puddle, the solidification time is very short [1-3]. The 
temperature of the welding is very high (up to 3000ᵒC for arc welding), 
thus, the metal at the welding is locally heated, and heat generated 
from the welding is transferred to the surrounding environment [4-6]. 
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The temperature and cooling rates at each location in the weld metal 
zone and the heat-affected zone are different, leading to differences in 
microstructure and mechanical properties. Metal welds are illustrated 
in Figure 1, and divided into the following areas:

i.  Melting zone: The metal zone is heated to a complete liquid state 
with a similar microstructure to the casting after being solidified.

ii.  Thermal zone: It is the zone from the border of the melting to the 
positions with the temperature of 500ᵒC.

iii.  Base metal: The areas with the temperature are less than 500ᵒC. 

These areas have the structures which are the same as the structures of 
the base metals but the residual stress still exists due to the influence 
of temperatures. 
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structures which are the same as the structures of the base metals but the residual 
stress still exists due to the influence of temperatures.  

 
Figure 1: Microstructure of welding [7] 

 
In fact, the joining of engineering components and the fabrication of mechanical parts 
are usually based on dissimilar metal welds (DMW) between austenite-based stainless 
steel and carbon steel. Nonetheless, it is difficult to control microstructures of metals in 
the weld as well as their properties. Particularly, the control of heat – affected zone 
(HAZ) is considered as a challenge for weld engineers. According to literature, 
differences between the weld metals and base metals related to physiomechanical and 
metallurgical properties exist [8-12]. For example, the coefficient of thermal expansion 
of the weld metals is different from base metals, leading to locally-high stresses which 
promote the service failures because of the thermal cycles from low-temperature zones 
to high-temperature zones. Besides, differences in composition and microstructure may 
be the main cause resulting in the local variations of the corrosion resistance in either 
the weld metal or the transition region [13]. Normally, DMW components are 
conducted to weld the plates using multi-pass welding methods, aiming at ensuring 
the strength and the homogeneity of the microstructure between weld metals and base 
metals [14]. Generally, the single-pass weld characteristics are not so complex as those 
of multi-pass weld due to the effects of the thermal cycles of subsequent passes which 
impact strongly the mechanical properties (such as hardness, tensile strength, elastic 
strength, and elongation), the microstructure, and the residual stresses after heat 
treating or cooling to ambient temperature [15-16]. Thus, the use of the results from 
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In fact, the joining of engineering components and the fabrication of 
mechanical parts are usually based on dissimilar metal welds (DMW) 
between austenite-based stainless steel and carbon steel. Nonetheless, 
it is difficult to control microstructures of metals in the weld as well 
as their properties. Particularly, the control of heat – affected zone 
(HAZ) is considered as a challenge for weld engineers. According 
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to literature, differences between the weld metals and base metals 
related to physiomechanical and metallurgical properties exist [8-12]. 
For example, the coefficient of thermal expansion of the weld metals 
is different from base metals, leading to locally-high stresses which 
promote the service failures because of the thermal cycles from low-
temperature zones to high-temperature zones. Besides, differences in 
composition and microstructure may be the main cause resulting in the 
local variations of the corrosion resistance in either the weld metal or 
the transition region [13]. Normally, DMW components are conducted 
to weld the plates using multi-pass welding methods, aiming at 
ensuring the strength and the homogeneity of the microstructure 
between weld metals and base metals [14]. Generally, the single-pass 
weld characteristics are not so complex as those of multi-pass weld due 
to the effects of the thermal cycles of subsequent passes which impact 
strongly the mechanical properties (such as hardness, tensile strength, 
elastic strength, and elongation), the microstructure, and the residual 
stresses after heat treating or cooling to ambient temperature [15-16]. 
Thus, the use of the results from studies related to the thermal or heat 
treatment process, and distributions of the residual stress at the welding 
zones may be considered as an effective method to understand clearly 
the transformation of the phases, and physicochemical properties of 
the metals at/in the various zones of welds [17].

Evidently, there is a close relationship between the changes in 
microstructures and mechanical properties of the weld metals in the 
welding zones. The microstructures with the large residual stress may 
affect the mechanical properties of weld metal negatively especially in 
the fusion zone and HAZ. Therefore, the aim of this work was to study 
the changes in microstructures in the above-mentioned fusion zone 
and HAZ and the influences of those changes on the hardness, tensile 
strength, elastic strength, and elongation values of the single – pass and 
the multi-pass welds between 316 stainless steel and low-carbon steel.                 

2.0 MATERIAL AND EXPERIMENTAL SETUP

2.1 Material

In this experimental method, the as-used base metals were 316 stainless 
steel with 4mm of thickness and low-carbon steel with 20mm of 
thickness. The chemical composition of the 316 stainless steel and low-
carbon steel along with the chemical composition of filler are illustrated 
in Table 1.
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Table 1: The chemical composition
Alloys C, % Mn, % Si, % S, % P, % Cr, % Ni, % Mo, % V, %
316 stainless 
steel

0.08 2.00 1.00 <0.03 0.045 18.5 10.2 1.95 0.02

Low-carbon 
steel

0.1 0.62 0.02 0.04 0.05 0.02 0.08 0.005 0.01

Filler 0.08 0.7 0.8 <0.005 <0.003 19.7 11.8 0.1 0.09

2.2 Experimental Setup

The preparation of welding shown in Figure 2 was based on the 
method of GTAW (Gas Tungsten Arc Welding) which was used for 
the root pass, the method of SMAW (shielded metal arc) was used for 
the following multi-pass welding, and the single-pass welding. The 
welding parameters of multi-pass welding and the single-pass welding 
are listed in Table 2.  

Table 2: The welding parameters of the multi-pass welding 
WELDING Pass No. Current   

(A)
Voltage 

(V)
Travel 
speed 

(mm/min)

Preheat/Inter-
pass temperature 

(oC)

Shielding 
gas flow 

rate (l/min)

MULTI-PASS 
WELDING

1 93 50 16.8 61 12
2 120 54 71 64 12

3.1 99 22 45 57 -
4.1 99 24 42 73 -
4.2 111 24 56 54 -
5.1 113 25 57 57 -
5.2 115 25 48 64 -
6.1 116 24 57 80 -
6.2 113 24 62 89 -
6.3 114 25 41 61 -
7.1 116 24 55 73 -
7.2 114 25 58 87 -
7.3 110 24 55 89 -
7.4 113 25 43 98 -
7.5 110 25 43 106 -

SINGLE-PASS 
WELDING 1 100 25 12.0 25 -
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7.2 114 25 58 87 - 
7.3 110 24 55 89 - 
7.4 113 25 43 98 - 
7.5 110 25 43 106 - 

SINGLE-PASS 
WELDING 

1 100 25 12.0 25 - 

 

 
(a)  

 
(b)  

Figure 2: Welding preparation: (a) Multi-pass welding and (b) Single-pass welding 
 

After welding under the as-used conditions, microstructures of weld metal zones and 
their characteristics were evaluated and determined using modern devices which 
include a WEW1000B machine for the test of transverse tensile, OMLEICA MDS4000M 
and FE-SEM (JSM7600F) for the test of microstructures and ARK600 machine for 
hardness value test. However, before testing, samples were mechanically polished and 
enchanted by a solution containing 3% of HNO3 for low-carbon steel. The above-
mentioned mechanical polishing way used for 316 stainless steel and weld metal was a 
solution containing 5g of FeCl3, 15cm3 of HCl, which was diluted by 100cm3 of H2O, 
hydrochloric acid, and alcohol.   

3.0 RESULTS AND DISCUSSION 
 

3.1 Multi-Pass Welding Macrostructure 
 

The findings yielded that the as-used base metals were austenite-based 316 stainless 
steel and low-carbon steel. Thus, small regions of Pearlite and Ferrite can be observed 
as shown in Figure 3a, and be considered as the typical microstructure of low-carbon 
steel whereas microstructures of 316 stainless steel showed the austenite-based phases 
as illustrated in Figure 3b.  
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Figure 2: Welding preparation: (a) Multi-pass welding and (b) Single-
pass welding

After welding under the as-used conditions, microstructures of weld 
metal zones and their characteristics were evaluated and determined 
using modern devices which include a WEW1000B machine for the test 
of transverse tensile, OMLEICA MDS4000M and FE-SEM (JSM7600F) 
for the test of microstructures and ARK600 machine for hardness value 
test. However, before testing, samples were mechanically polished and 
enchanted by a solution containing 3% of HNO₃ for low-carbon steel. 
The above-mentioned mechanical polishing way used for 316 stainless 
steel and weld metal was a solution containing 5g of FeCl₃, 15cm³ of 
HCl, which was diluted by 100cm³ of H₂O, hydrochloric acid, and 
alcohol.  

3.0 RESULTS AND DISCUSSION

3.1 Multi-Pass Welding Macrostructure

The findings yielded that the as-used base metals were austenite-based 
316 stainless steel and low-carbon steel. Thus, small regions of Pearlite 
and Ferrite can be observed as shown in Figure 3a, and be considered as 
the typical microstructure of low-carbon steel whereas microstructures 
of 316 stainless steel showed the austenite-based phases as illustrated 
in Figure 3b. 



ISSN: 1985-3157        Vol. 12     No. 2   July - December 2018

Journal of Advanced Manufacturing Technology (JAMT)

30

Journal of Advanced Manufacturing Technology (JAMT) 
 
 

 
(a) 

 
(b) 

Figure 3: Microstructure of the base metals: (a) Low-carbon steel and (b) Austenite-based 316 
stainless steel 

 
After the DMW process was conducted, the microstructure of the welding zone 
showed a significant change in three different regions such as the HAZ, weld zone, and 
base-metal zone. The welding macrostructure based on multi-pass layers can be clearly 
seen in Figure 4. After the solidification process, δ–Ferrite-based phases were formed in 
the zones of the weld metal, and its morphology presented the fine cellular to continue 
the columnar dendritic transition. In the multi-pass welding, the HAZ recrystallization 
of low-carbon steel was classified, including HAZ-1, HAZ-2. However, no changes in 
the phase morphology in HAZ for austenite-based 316 stainless steel was seen.     

 
 
 
 
 
 
 
 
 

 
 

 
 

Figure 4: Macrostructure of the multi-pass welding 
 

3.2 The Morphologies of Delta-Ferrite in the Fusion Zone 
 

The difference of δ-Ferrite morphology was clearly seen in the fusion zone. While 
Figure 5a illustrates the single-pass welding, Figure 6 illustrates δ-Ferrite morphology 
for multi-pass welding. In the single-pass welding, the transformation of the δ-Ferrite 
phases from fine cellular into the equiaxed dendritic and columnar dendritic was 
observed in the middle of weld metal and along the fusion line. 

 

Fusion zone 
HAZ-1 

HAZ-2 Base metal 
Base metal 

Fusion line Fusion line 

    Austenitic 
stainless steel Weld metal Carbon steel 

δ-Ferrite along the 
fusion line 

Figure 3: Microstructure of the base metals: (a) Low-carbon steel and 
(b) Austenite-based 316 stainless steel

After the DMW process was conducted, the microstructure of the 
welding zone showed a significant change in three different regions 
such as the HAZ, weld zone, and base-metal zone. The welding 
macrostructure based on multi-pass layers can be clearly seen in 
Figure 4. After the solidification process, δ–Ferrite-based phases were 
formed in the zones of the weld metal, and its morphology presented 
the fine cellular to continue the columnar dendritic transition. In the 
multi-pass welding, the HAZ recrystallization of low-carbon steel was 
classified, including HAZ-1, HAZ-2. However, no changes in the phase 
morphology in HAZ for austenite-based 316 stainless steel was seen.
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Figure 4: Macrostructure of the multi-pass welding

3.2 The Morphologies of Delta-Ferrite in the Fusion Zone

The difference of δ-Ferrite morphology was clearly seen in the fusion 
zone. While Figure 5a illustrates the single-pass welding, Figure 
6 illustrates δ-Ferrite morphology for multi-pass welding. In the 
single-pass welding, the transformation of the δ-Ferrite phases from 
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fine cellular into the equiaxed dendritic and columnar dendritic was 
observed in the middle of weld metal and along the fusion line.

At the melting border of stainless steels (Figure 5b), the liquid metal 
began to crystallize from stainless steel. Because the structure of 
the liquid metal was the same as the structure of the base metal, the 
solid phase at the boundary was melted when parasitic nucleus were 
favorable for the crystallization. Liquid crystals are crystallined in the 
FA model, hence, the ferrite is released from the liquid phase.

The morphology of δ-Ferrite formed the thin strands growing up in 
a direction perpendicular to the melting border. However, due to the 
high cooling rate, the Widmanstatten austenite phases occurred along 
the melting front side of the stainless steel. Next, the morphology 
of the ferrite which was fish-shaped, was developed in a direction 
perpendicular to the melting border. In contrast, the morphology of 
δ-Ferrite formed on the melting carbon steel boundary was distinct 
(Figure 5c). Owing to the molten metal composition at the border 
carbon steel, the crystalline structure was Austenite (long white phase 
running along the melting border). The δ-Ferrite phase was released 
in the form of Anthracene on the Austenite base. Into the interior, due 
to the competitive development between δ - Ferrite and Austenite, δ- 
Ferrite had a branch shape in the direction of perpendicular direction 
of heat transfer. The morphology of δ - Ferrite on the Austenitic base in 
the center of the weld metal depended on the changes in temperatures. 
In the area close to the melted boundary, the superheat extended to 
form δ - the longitudinal spherical Ferrite that tended to direct in the 
center of the weld, and was perpendicular to the molten boundary 
(Figure 6a). In the center of the weld, the coolant decreased, and the 
temperature was uniform in all directions. The δ - Ferrite was a result 
of the spherical shape formation (Figure 6b).
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Figure 5: Microstructure in the fusion zone of single-pass welding: (a) Microstructure in the 
fusion zone, (b) Position A with the columnar dendritic δ-Ferrite and (c) Position B with the 

equiaxed dendritic δ – Ferrite 

Figure 5: Microstructure in the fusion zone of single-pass welding: (a) 
Microstructure in the fusion zone, (b) Position A with the columnar 

dendritic δ-Ferrite and (c) Position B with the equiaxed dendritic δ–Ferrite
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Figure 6: Structure of δ – Ferrit: (a) The columnar dendritic and (b) The equiaxed dendritic 
 

The microstructure of the multi-pass weld was divided into individual beads (Figure 
7a). A small zone along the fusion line showed the cellular morphologies of δ-Ferrite 
(Figure 7b); meanwhile, the columnar dendritic shape was considered as features 
extended from the fusion line of a weld pass toward the subsequent passes (Figure 7c). 
This can be explained due to the heat flow direction toward the surface of each bead. 

 
(a) 

 
(b) 

 
(c) 

Figure 7: Microstructure in the fusion line of multi-pass welding: (a) Division the bead weld in 
the multi-pass welding, (b) Fine cellular δ-Ferrite along the fusion line and (c) Columnar 

dendritic δ-Ferrite in each bead weld 

δ – the equiaxed 
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Figure 6: Structure of δ – Ferrit: (a) The columnar dendritic and (b) The 
equiaxed dendritic

The microstructure of the multi-pass weld was divided into individual 
beads (Figure 7a). A small zone along the fusion line showed the 
cellular morphologies of δ-Ferrite (Figure 7b); meanwhile, the columnar 
dendritic shape was considered as features extended from the fusion 
line of a weld pass toward the subsequent passes (Figure 7c). This can 
be explained due to the heat flow direction toward the surface of each 
bead.
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Figure 7: Microstructure in the fusion line of multi-pass welding: (a) Division the bead weld in 
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dendritic δ-Ferrite in each bead weld 
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Figure 7: Microstructure in the fusion line of multi-pass welding: (a) 
Division the bead weld in the multi-pass welding, (b) Fine cellular 

δ-Ferrite along the fusion line and (c) Columnar dendritic δ-Ferrite in 
each bead weld

The scanning electron microscope showed clearly the shape of the 
columnar dendritic (Figure 8a) and the fine cellular with fine particles 
(Figure 8b). In fact, the formation of columnar dendritic and the fine 
cellular may be explained that the 1st pass weld is directly contacted 
with the base metal, thus, the grain has a small size with the very high 
cool rate. For the 2nd pass weld, the heat transfer rate decreases, leading 
to an increase in the grain size.
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Figure 8: Structure of δ – Ferrit: (a) The columnar dendritic and (b) The equiaxed dendritic  

 
3.3 The Recrystallization of the HAZ of Low-Carbon Steel Side 

 
In terms of the single-pass welding, the HAZ in the low-carbon steel might correspond 
to the Fe-C phase diagram which is shown in Figure 9a. From Figure 9a, it can be seen 
that the gradual change in the grain size occurred from the fusion line to the base 
metal. Next fusion line, the average grain size was the largest (position D), and this 
grain size decreased at the base metal zone (position A). Widmanstatten Ferrite phases 
were thought to be formed along grain boundaries. Moreover, due to the variations of 
peak temperature, as well as the cooling rate, the Austenite phases were transformed to 
Martensite phases or Bainite phases. The differences in the HAZ of low-carbon steel 
zones are presented in Figure 9b, Figure 9c, and Figure 9d.   
 
Based on the results of the microstructure analysis, Figure 9d (position D) shows that a 
direct contact with the fusion zone was very large. According to Figure 9a, at position 
D, the temperature was quite high (near the melting point). The optical microscope 
showed that the microstructure was the Ferrite and Martensite form with large size. 
This state affected the mechanical properties of the weld strongly. However, with 
position B (Figure 9b) and position C (Figure 9c), the particle sizes decreased. This is 
explained that position C and position B are far from the fusion zone, thus, the 
temperatures decrease, resulting in the small fine particle size due to recrystallization. 
 

Figure 8: Structure of δ – Ferrit: (a) The columnar dendritic and (b) The 
equiaxed dendritic 
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3.3 The Recrystallization of the HAZ of Low-Carbon Steel Side

In terms of the single-pass welding, the HAZ in the low-carbon steel 
might correspond to the Fe-C phase diagram which is shown in Figure 
9a. From Figure 9a, it can be seen that the gradual change in the grain 
size occurred from the fusion line to the base metal. Next fusion line, 
the average grain size was the largest (position D), and this grain size 
decreased at the base metal zone (position A). Widmanstatten Ferrite 
phases were thought to be formed along grain boundaries. Moreover, 
due to the variations of peak temperature, as well as the cooling rate, 
the Austenite phases were transformed to Martensite phases or Bainite 
phases. The differences in the HAZ of low-carbon steel zones are 
presented in Figure 9b, Figure 9c, and Figure 9d.  

Based on the results of the microstructure analysis, Figure 9d (position 
D) shows that a direct contact with the fusion zone was very large. 
According to Figure 9a, at position D, the temperature was quite high 
(near the melting point). The optical microscope showed that the 
microstructure was the Ferrite and Martensite form with large size. This 
state affected the mechanical properties of the weld strongly. However, 
with position B (Figure 9b) and position C (Figure 9c), the particle sizes 
decreased. This is explained that position C and position B are far from 
the fusion zone, thus, the temperatures decrease, resulting in the small 
fine particle size due to recrystallization.Journal of Advanced Manufacturing Technology (JAMT) 
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Figure 9: Carbon steel weld HAZ and the change in microstructure in the HAZ of single-pass 
welding: (a) Phase diagram [6], (b) Position B, (c) Position C and (d) Position D 

 

 
(a) 

 
(b) 

 
(c) 

Figure 10: Microstructure in the HAZ: (a) The multi-pass welding; (b) HAZ-1 (x200) and (c) 
HAZ-2 (x200) 
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In addition, it can be seen from Figure 10a that there was a recrystallization 
in HAZ after conducting the second pass welding. For this reason, 
the multi-pass welding-based recrystallization was divided into two 
zones, including HAZ-1 and HAZ-2 (Figure 10b and Figure 10c). From 
Figure 10b, the formed grain-refining sizes, which were much finer 
than those of single-pass welding, could be clearly seen. This region is 
found to be a well-heated one with a high effectiveness because the heat 
treatment is conducted at the temperature over the critical temperature 
of ending-transformation of Austenite. This temperature allows the 
Austenite phase to be fully formed. Therefore, the decomposition 
and conversion of Austenite phase into the Martensite phase, Bainite 
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phase, or Pearlite phase, or Ferrite phase under the suitable cooling 
process can be indicated. Nonetheless, the peak temperature of this 
region is still higher than that of the critical temperature, and the 
gradual reduction of the temperature for the following pass results in 
the formation of Austenite grains with finer and finer nucleate. As a 
result, the above-mentioned Austenite grains decompose into smaller 
Pearlite phase and Ferrite phase without the Martensite phase and 
Bainite phase. Furthermore, from Figure 10c, the partial grain-refining 
zone subjected to a peak temperature was just higher than the effective 
critical temperature of beginning-transformation for Austenite, Pearlite 
and Ferrite grains with the extremely fine could be observed in HAZ-
2. The occurrence of crystalline regions is due to the influence of 
temperature on different welding times. In the second welding layer, 
the HAZ region temperature of the first welding layer is again heated 
and then cooled. In the second heating times, the temperature decreases 
in comparison to the first one, the Austenite particles formed during 
the heating process are fine grains combined with the decrease of the 
cooling rate (due to the preheated welding plate), thus, the grain has a 
small size.

3.4 The Mechanical Properties of the HAZ of Low-Carbon Steel 
Side

In this part, mechanical properties of the HAZ of low-carbon steel 
including hardness, tensile strength, elastic strength, and elongation 
were tested. The hardness values of multi-pass welding in the various 
zones are shown in Figure 11 where the distribution of hardness profile 
for the single-pass welding was lower than that of multi-pass welding.
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From Figure 11, it can be seen in the HAZ that the Vickel hardness (HV) 
values of low-carbon steel, fusion zone, and 316 stainless steel were 
insignificantly changed, these hardness values fluctuated from 196HV 
to 212 HV for multi-pass welding, and from 155 HV to 183 HV for single-
pass welding. However, for multi-pass welding, the hardness value for 
both cases in the fusion line of low-carbon steel side reached the highest 
value, corresponding to 350 HV. The hardness value of single-pass 
welding is lower than that of multi-pass welding because the released 
heat of the following pass in the multi-pass welding process is thought 
to provide more energy to the previous pass. Thus, the crystallization 
process takes place more slowly compared to the crystallization process 
of the single-pass welding where no heat is supplied subsequently. In 
addition, the formation of carbide phases contributes to the increase in 
the material hardness. Besides, the alloy element with high content, as 
well as the carbides which form more in the HAZ of low-carbon steel 
and fusion zone may be the main cause leading to the highest hardness. 
Nonetheless, more carbides in this region are also likely to damage the 
weld, and the heat treatment method may be used to overcome the 
above-mentioned damage and further investigation is needed.

After conducting the measurement of the tensile strength values, elastic 
strength, and elongation for single-pass welds and multi-pass welds, 
their values of mechanical properties are given in Table 3. 

Table 3: The results of strength
Welding sample Tensile strength (MPa) Elastic Strength (MPa) Elongation
Carbon steel > 418 242 30
Single-pass welds 445 190 21
Multi-pass welds 529 221 15

The results of this study showed that the tensile strength of multi-pass 
welding was higher than that of single-pass welding and low-carbon 
steel. However, the elastic limit of the multi-pass welding was smaller 
than that of low-carbon steel. The elongation for multi-pass welding 
was also the lowest. This is perfectly consistent with above-studied 
results on microstructure. Moreover, with the single-pass welding, 
the recrystallization does not occur in the microstructure, thus, the 
mechanical properties decrease. In terms of elongation, for low-carbon 
steel, there is a maximum elongation because the microstructure is 
homogeneous, and it is not affected by the HAZ. Based on the test 
results of strength and the observed geometry of the test specimen, 
both samples were destroyed in the HAZ. This is due to the changes in 
microstructure in the HAZ, resulting in the accumulation of residual 
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stresses which cause the as-presented destruction. The analysis result 
for the microstructure in the destruction zone shows a break in the 
bonding between the metal particles which is considered the main 
cause of the material destruction in the HAZ.  

4.0 CONCLUSION

In this study, the welds between 316 stainless steel and low-carbon steel 
were investigated on the basis of the microstructure and mechanical 
properties of the HAZ and fusion zone. Some findings are indicated as 
follows:

i. There are differences in the microstructure between the multi-
pass welding and the single-pass welding, where the bead welds 
with the columnar dendritic shape are extended from the fusion 
line of a weld pass toward the subsequent passes. Furthermore, 
the recrystallization occurring in the HAZ of low-carbon steel side 
is the main cause of the grain–refining/partial grain-refining zone 
formation.

ii. The multi-pass welding shows the higher hardness value compared 
to the single-pass welding. The highest hardness value in the HAZ 
is 350 HV. However, the HAZ of carbon steel is found as the weakest 
zone, equal to 445 MPa of tensile strength for single-pass welding 
and 529 MPa of tensile strength for multi-pass welding. Meanwhile, 
the elastic strength and elongation of single-pass welding are 190 
MPa and 21 MPa, the elastic strength and elongation of multi-pass 
welding are 221 MPa and 15 MPa, respectively.  
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