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Microstructure and mechanical properties of composite
welded joints of high nitrogen steel

XIN Xiucheng, HUANG Genzhe, ZHANG Jinjie, ZHANG Hong ,WANG Jingang
(College of Mechanical and Electric Engineering, Changchun University of Science and Technology, Changchun 130022, China)

Abstract: In order to study the microstructure and mechanical properties of welded joints of high nitrogen steel, high
nitrogen steel plate with 8mm thickness was used as test material and Nd: YAG solid state laser with the rated power of 4kW was
used to do laser-arc composite welding. The microstructure and fracture morphology of the welded joint were photographed and
analyzed by a metallographic microscope and a scanning electron microscope. The microstructures of the base material, the heat
affected zone and the welded zone were further analyzed in terms of element composition, content and phase composition by
energy a spectrum analyzer and a X-ray diffractometer. The results show that the microstructure of the welded zone is typical
dendrite and a small amount of equiaxial morphology. Both the base material and the heat affected zone are austenitic tissues. The
welded zone is accompanied by a small amount of delta ferrite in addition to austenite tissues. The second phase particles in weld
seam are mainly produced by metallurgical reaction in the form of TiO,, spinel ( MnAl,O,) and silicate. It has obvious
refinement to the grain and can increase the strength of weld seam. Tensile fracture occurs in the welded zone. Fracture
morphology is typical of dimple fracture. The morphology of the cavity and the second phase particles can be found at the
fracture. It is indicated that weld defects may lead to weak mechanical properties. The study lays a foundation for the application
of laser-arc composite welding in the field of high nitrogen steel welding.
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Fig. 1 Microstructure of welding samples
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Table 1

The main chemical compositions of high nitrogen steel and wire

('mass fraction)

C Cr Ni Mn N Si

high nitrogen

0.0015 0.2200 0.0047 0.1600 0.0075 0.0049

steel

wire 0.01 0.20 0.10 0.07 0 —

Fig.2 RUMPF HIA006D YAG laser and KUKA 5-axis linkage welding ro-
bot
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Table 2 Process parameters of composite welding

laser welding arc welding wire

defocused
voltage current

power speed spacing

—2mm

2.6kW
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Fig.3 Shape and size of stretch specimen
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Fig.4 Microstructure of welded joints

a—microstructure of high nitrogen steel matrix b—overall microstructure of
welded joints c—peripheral microstructure of welded joint d—coarse aus-
tenite grains of heat affected zone ~e—microstructure of weld seam with low

magnification f—microstructure of weld center with high magnification
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Fig.5 SEM images of weld seam

a—spectrum 1 of the strip  b—spectrum 2 of the base
Table 3 The results of energy spectrum analysis in different areas in weld

seam ( mass fraction)

area Cr Mn Fe Ni
spectrum 1 0.2544 0.1062 0.6093 0.0301
spectrum 2 0.2048 0.1533 0.5958 0.0461
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Fig. 6 Microscopic image of the second phase particle in weld seam
a—the second phase of the weld spectrum 1 b—the second phase of the

weld spectrum 2
Table 4 Energy spectrum analysis of the second phase particle with different

particles in weld seam( mass fraction)

area Cr Mn Fe Ti Al Mg Si 0
spectrum 1 0.1223 0.3179 0.1398 0.1424 0.0220 0.000 0.000 0.2556
spectrum 2 0.1793 0.2300 0.3768 0.0142 0.1670 0.0207 0.0120 0.000
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Fig.7 X-ray diffraction analysis of welded joints
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Fig. 8 SEM morphologies of tensile fracture of welded joints of high nitro-
gen steel
a—SEM morphology of tensile fracture with voids ~b—dimple to-
pography of tensile fracture c¢—the enlarged morphology similar to
the shape of a snake hole ~d—morphology of tensile fracture with

impurity particles
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