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Welding Characteristics of Aluminized Steel Sheet by Nd:YAG Laser(Il)

- Bebavior of Al element in the weld -
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Abstract

Aluminized steel sheet is a material with excellent heat resistance, thermal reflection and corrosion
resistance. It has wide applications, owing to its low cost and excellent performance, in the petrochemical
industry, electric power and other energy conversion systems, etc and has attracted the attention of many
investigators. But the welding of aluminized steel sheet has a problem of decreasing tensile-shear strength,
caused by mixed Al in the weld. This study investigated behavior of Al and its structural properties to
resolve this problem. Several analysis equipment(SEM, EDX, EPMA) were used to investigate Al element
in the weld. Also microhardness tester and TEM equipment were used to find the intermetallic compound.
As a result of this study, Al-rich zones existed in the weld and Fe-Al intermetallic compounds were found
in these zones. At the same time, the weldability of aluminized stainless steel sheet was investigated and
compared with that of aluminized steel sheet. Although there is a difference between the base metal of the
low carbon steel and stainless steel, it is interpreted that a behavior of Al element in the weld is similar.
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Table 1 Chemical compositions of aluminized steel

—
Thick | Coating Chemical compositions(wt%)
-ness | weight L
(mm) | (g/m2) C Si Mn P S Fe
. 80 0.002 0 011 [00013| 0005 | bal
0.
120 0003 | 001 008 | 0012 | 0008 | hal
80 100024 | 0001 { 009 | 0I2 | 0007 | bal
06 120 } 0.002 0 009 ( 0015 { 0.007 bal.
160 %.OOIG 0002 | 008 | 0012 | 0005 | bal
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Table 2 Chemical compositions of aluminized STS310S

Thick | Coating Chemical compositions(wt%)

-ness | weight

(mm) [@m)| C | Si (Mn| P | S| N | Cr |Fe
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Table 3 Laser welding conditions

Welding parameters Conditions
Laser power, P(kW) 1.5~2
Welding speed, v{m/min) 2.7~6
Gap of lap joint, G(mm) 0
Defocused distance, fi{mm) 0
Type of shield gas Ar
Flow rate of shield gas. @(#/min) 15

Welding direction

Sampling position

Fig. 1 Sampling of specimen in lap welding

411



74 AEx-ol g A
dZojFo] L4582 EQQEWHA FAYEE AN Y] Specimen conditions: 0.4mm, 80g/m"
@ - BT Welding conditions: P=1.5kW, v=4m/min, fi=0mm, Ar(15¢/min)
3 Aydn o nE Cross— s *
section N B
31 898 U L=2oiEe HS Nl -
2] | cap
Fig. 2v /¥ di49 £44% did ZAARS Results of EDX analyses
Uehd Aoz &HFE dole BEAQ Ha A8 & Fe
52 Zaly ¢FulEod oAEE gdo] Tt )
AARE AWE B3l devwhe 34S 3328 § 3 ® 8%
o} ool d4L F4 - F9 delA £3FH 7] a
JgTn ARHE, EYY FT0E] $HR W] of
9 JY=2 EAkeAE 8Usl H@l SEM, EDX -
2 EPMA ¥4& AAlsistt
Fig. 3& 8% Wl g¥vlgos dise 292 .
EDXZ 4@ Zdoltt AMd AURLS 571 0.4mm, s
EFFAY 80g/m 22 A9 AXSIS Eid SEM i
olmir] 49 @, ®, © 3XE 39w, 3T 2040 6D 80 100 120 140 160 160 200 Kev
L2o)EEsle dass 99e Ha - BN 17
3 Ay 8HFQ @IdoMe Ferl 95.81wt%, Al o
o] 3.49Wt%E Fe 7|X¢] EFZo 28y U9 ¢ © 3
2ojgo] AR B¥w UL BAT + Uk w T
R, ® AFIME Alo] 35.10wt%E T A2HRY A
on £2%d 7k © 9RANE 58.22wt%E 7 Eﬁm o Al 3
2agth =& Si 9A Alo] T AEZHE ®, © 9 |oosition
AM Axrt w9t ol =E2Y ¥EF A4S @ 95.81 3.49 0.70
gAe7] 8l FRE U= St EAlAE EFA ® 60.51 35.19 4.30
© 31.28 58.22 10.49

Thickness
()
— 0.4 0.6

Coating
weight (/i)

80

120

160

Fig. 2 Cross-section of weld as coating weight
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Fig. 3 Results of EDX analyses(Unit: wt%)
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Specimen conditions: 0.6mm, 160g/m*
Welding conditions: P=1.5kW, v=2.7m/min, f=0mm, Ar(15¢/min)
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Fig. 4 EPMA analysis results showing Al concentrated
region at weld
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Welding conditions: P=1.5kW, v=2.7m/min, £i=0mm, Ar(15¢/min)
Coating -
welght Measurement positions and values
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Fig. 5 Micro-hardness results of weld and Al-
rich zone

Specimen conditions: 0.6mm, 80g/m”
Welding conditions: P=1.5kW, v=2.7m/min, f;=0mm, Ar(15¢/min)

(b) EPMA (Al element)

Heightimm)

Distance(mm}

(c) Hardness distribution | (d) Image of color distribution

Fig. 6 Micro-hardness profile of weld
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Fig. 7 Measuring positions of weld by TEM
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Fig. 8 TEM image(a), electron diffraction pattern(b)
and its key diagram(c) of aluminized steel
weld
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Table 4 Microhardness of intermetallic compounds
in the Fe-Al system

Hardness Al content (wt5%) Micro
Phase choss dingram | amelysis | Perdness(HY)
FesAl 13.87 14.04 350
FeAl 32.57 33.64 640
FeAlp 49.13 49.32 1,030
FesAls 54.71 54.92 820
FeAls 59.18 59.40 990
FegAly 62.93 63.32 1,080
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Welding conditions: P=1.5kW, £i=0, Ar(15¢/min)
Tree Aluminized steel (0.6mm, 160g/m?)
osition EPMA analysis
Welding — i Mi hot -
speed (m/min) Cross-section 1610 photo Fe element ; Al element
3.2
3.7
4.2
Type Stainless-aluminized steel (0.75mm, 120g/m?)
osition EPMA analysis
Weldi —secti i
sze(;?i/ i Cross-section Micro photo Fo oloment Al olement
3.2
3.7
4.2

Fig. 9 Comparison of the weld defects caused by Al component with aluminized steel and
stainless—aluminized steel
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Welding conditions: P=1.5kW, £,=0, Ar(15¢/min)

Type
Photo

Aluminized steel Stainless-aluminized steel

Macro

Micro

W Aluminized steel
EZE Stainless—aluminized steel
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BM Weld
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Fig. 10 Results of micro hardness test with aluminized
steel and stainless-aluminized steel
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