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Abstract

 College of Materials Science and Engineering, Taiyuan University of Technology, Taiyuwan , Shanxi 030024, China

Nd: YAG pulse laser is used to weld 0.1 mm—+0.8 mm-+0.1 mm double-sided ultra-thin stainless steel
clad plate with high chromium-nickel alloy powders as filling materials. The microstructure, tensile strength, micro
hardness of welded joints, and corrosion resistance of welding surface are studied. The results show that it has good

welding appearance, little deformation, non-defect, and the connecting among weld metal, stainless steel layer and
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the base are fine; weld center is small equiaxed of the grain orientation without regularity, and other regional is

columnar crystal, barely seeing the heat affected zone (HAZ), and weld microstructure is austenite+a little ferritic+a
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resistance

little martensite; tensile strength of welded joint has reached 92% of the base metal, and elongation is 25% of base
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corrosion of the weld surface is similar to the composite layer of the base metal.
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metal; the micro hardness of weld zone has been significantly improved than the base metal; electrochemical
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Table 1 Chemical compositions of base metal and welding materials (mass fraction, %)

Base metal /Welding

| C Si Mn P S Cr Ni Fe
materials
Stainless steel 304 . .
for cladding <0.07 <1.00 <2.00 <20. 035 <C0.030 17.00~19.00 8.00~11.00 Bal.
Carbon steel Q235 o _ ;
for basement layer <C0.22 0.12~0.30 <C0.70 <C0. 045 <20. 045 Bal.
Cr, Ni metal powders <C0.03 <0.70 <1.40 <C0. 025 <0.022 36.00~37.00 16.00~17.00 Bal.
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Fig. 1 Cross-sectional of molten pool by

single-sided welding
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Fig. 2 Schematic diagram of butt welding of test plate
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Fig. 3 Diagram of calculation of filling materials
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Fig. 4 Schaeffler diagram of welded metal
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Table 2 Cr and Ni equivalent of base metal and

welded metal

Chromium Nickel Area / Point

Materials equivalent /% equivalent /% mm® field

Carbon steel for

0.5 5.5 0.100 H
basement layer
Stainless steel _
for cladding 18.5 11 0.065 J
Filling 36.5 16.5  0.100 P
materials
Welded 18,5 1 0265 ]
metal
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Fig. 5 Schematic diagram of welded joint
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Table 3 Welding methods and welding parameters

. Pulse Pulse Pulse Peak Welding
Welding dthz /1 dv/
method energy width ¢ / requency power spee v

E /] ms f/Hz P /W (mm=+s ")
Laser = 560 4.5 30 12444 5.0
welding

fif F O B B B WL BT VIR SE Y B R L &
FHIBCRE B 3 AR 4% 42 8 L R RO BC 10 mm X
10 mm > 1 mm ¥ 48 1 T B T 21 1500 2 . KR
% S B 43 B0k 4 V0 TR & T G ol ik 2 B 4
SR E K i BT R BN AR 2 4141

4 IR
1.1 BENENRHEEMER

WO AR R P B G R 2R G I T
IV AELS  FERE 5T . BB A TR AR L A R B2
£ eI L HE G 1 S 1 f R ACIR L B 6 BT

Mag=44X 2 mm
EHT=20.00 kV

Detector=SE1L
Date: 6 Jan 2011

P 6 XU 8 AN B A S RO R IE . (DR MBS . (b d X AR5

Fig. 6 Laser butt welding of double ultra-thin stainless steel clad plate. (a) macroscopic appearance, (b) the weld zone of d
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Fig. 7 Weld cross-section of laser butt welding of

double-sided ultra-thin stainless steel cladding plate
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Fig. 8 Weld cross-section microstructures of the various regions. (a)~ (h) are regions from I to VIII, respectively
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Fig. 9 Hardness curves of the joint tested along

a and b lines in Fig. 5
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Table 4 Tensile strength of welded joints

.. Average
Tensile . .
Specimen  strength tensile Elongation Broken
P ) /MPa strength & /% position
o o,/ MPa
Base metal 1 400 103 44,4 Parallel length
Base metal 2 406 44,8 Parallel length
Welded joint 1 375 71 10.5 Welding
Welded joint 2 367 10.0 Welding
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Fig. 10 Cyclic polarization curves of base metal and
welding metal in 3. 5% (mass fraction)
NaCl aqueous solution
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Table 5 Electrochemical kinetics parameters

. . Free corrosion
Free corrosion

Specimen . current e/
potential E /mV (mA/em?)
Base metal a —337.6 0.0067
Welded metal —452.7 0.0098
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