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Hot-cracking susceptibility of (Sc, Zr, Er)-microalloyed
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Abstract: The influence of Sc, Zr and Er additions on the welding hot-cracking susceptibility of Al-5.6Mg-1.0Zn-0.6Mn

alloys was investigated by fishbone specimen hot-cracking test, SEM and DSC. The results show that Sc, Zr and Er

including Ti participate from the melts in the Al;(Sc, X) nucleus, and Er (Ti) subsequently generates Er-riched phases at

the grain boundaries. This significantly affects the grain size and phase enrichment state at the grain boundaries of the

specimen molten pools. Optimized composition match of Sc, Zr and Er gives excellent grain-refining effect and

suppresses the worsening effects of Er-bearing phases on the grain boundary binding, which endues the alloy with high

hot-cracking resistance. The mechanism of lowering hot-cracking susceptibility is reduction of solute segregation, rise of

finishing temperature, rotation and intergranular movement of refined grains and stress dispersion effect of large amounts

of grains.
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Table 1 Chemical composition of experimental alloys (mass

fraction, %)

Alloy
Mg Mn Zn Ti Zr Sc Er Al
No.
[1,8]
1 560 0.60 1.0 0.05 0.15 020 Bal.

2 560 0.60 1.0 0.05 0.15 0.20 0.20 Bal

3 5.60 0.60 1.0 0.15 0.34 0.40 Bal.
ER5356 5.50 0.15 0.08 0.10 Bal.
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Fig.1 Schematic diagram of fishbone specimen (mm)
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Table 2 Welding parameters of hot-cracking test for fishbone

specimen
Working Tungsten Tungsten Tungsten
current/A  diameters/mm height/mm length/mm 2.2
130-135 2.5 2.0 3.0 3 ER5356 3
Electrode Ar flow Arc travel
angle/(") rate/(L-min ") speed/(m'min ")
90 15.0 0.18
3 ER5356
30 mm ( 3(a)
2 ) 3%
2.1 6
2 ER5356 37
2 ER5356 3
Q)
Se¢  Zr Er K 4
3#
[16-17]
ER5356

3#

3
Fig.3 Optical morphologies of fishbone specimens:
(a) ER5356; (b) Alloy 3

3
Table 3 Hot-cracking length of fishbone specimens
L/mm
Alloy No.
1 2 3 4 5 6  Average
1 - 12,0 95 14.0 185 28.0 16.4
2 235 - 195 285 22,0 275 24.2
2 ER5356 3* 3 35 70 20 0 75 75 4.6

Fig.2 Macrostructures of ingots: (a) ER5356; (b) Alloy 3 ER5356  19.5 17.0 23.5 21.5 25.0 18.0 20.8
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Fig.4 Hot-cracking susceptibility coefficient K; for fishbone
specimens of ER5356, alloy 1, alloy 2 and alloy 3 (K| of alloy

2 exhibits abnormal value)
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Fig.5 SEM images of hot-cracking surface for fishbone specimens: (a) ER5356; (b) Alloy 1; (c) Alloy 2; (d) Alloy 3 (Locating

positions of arrows indicate upper side of welded-bead and their directions display moving directions of welding arc during

hot-cracking test)
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6 SEM
Fig.6 SEM images of hot-cracking surfaces of fishbone specimens: (a) ER5356; (b) Alloy 1; (c) Alloy 2; (d) Alloy 3

a(Al) 1.04% [18] a(Al)
a(Al) Aly(Sc  X)
Er
3" 3
Aly(Sc X) 3"
[16] 1# 2#
52
pm 43 pm 3
Al(Sc  X)
(X=Zr Ti Er)
5356 3.2
ALTi DOy a(Al)
4.3% 100 pm 4 EDS 7
Aly(Sc  X) 7(b)
Mg
METZ [0 Zn Mn  Er Ti Sc¢ Zr
4 Mg 5.9%
Mg 12%
3" Als(Sc
X)

4 Mg Zn Mn



20 4 S¢ Zr Er Al-5Mg 625
4
283 Er 1.0
3% 2% 3"
Ti Sc Zr FEr Aly(Sc  X) 2
Er %
ALEr %—j
Al(Er) 5
ALEr T
2.0 Alloy 1 5356";_‘:.
=25 1 1 1 1
300 400 500 600 700 800
#C
8 DSC
Fig.8 DSC analysis of samples taken from welding

EDS
Fig.7 SEM image (a) and EDS pattern (b) of hot-cracking

7 SEM

surfaces for alloys

8 4 DSC 8
1#
0.15Zr+0.2Sc
Er
ERS5356 591
Ti
Al(Mg)
(Al Zn),Mgs,
1" 2" 0.2%Er

centre-line of ER5356, alloy 1, alloy 2 and alloy 3 (Melting

temperatures of different matrix materials are all near 635 )

3%Er
525 3" 0.4%Er
568 2%Er
SEM ( 9) 2 3
5 pm EDS Er
2" (Al
Mg),oTi,Er ALEr 3*
Ti ALEr
2" (Al Mg)yTi,Er  ALEr
27.0%
U 71201
Si Al,Cu
AlSiCu
WANG ™ Zn  Mg-9Al
Zn Al
Mg-9Al-xZn 3"
0.4%Er
3" Aly(Sc X) (X=Zr Er)



626 2010 4
4
1) Sc  Zr Er(Ti)
Al-5.6Mg-1.0Zn-0.6Mn
Sc Zr Er( Ti) Al;(Sc X)
a(Al) Er
a(Al)
Er Al(Er)
A13E1' (Al Mg)onizEr ( Ti
)
2) 3" 0.15%Zr+0.34%Sc+0.40%Er
Er
Er
REFERENCES
I [ : (2 ML
,2001.
l Er Chinese Welding Society. Welding Handbook (Vol.2)[M].
Zn 1 T o
! 2 B\ Koot 1 1 Beijing: China Machine Press, 2001.
2 4 6 8 10 12 14
Energy/keV [2] NORMAN AF, BIRLEY S S, PRANGNELL P B. Development
of new high strength Al-Sc filler wires for fusion welding 7000
9 2¢ 3 SEM 3 series aluminium aerospace alloys[J]. Sci Technol Weld Join,
EDS 2003, 8 (4): 235-245.

Fig.9 SEM images of hot-cracking surfaces of alloy 2 (a) and
alloy 3 (b) and EDS pattern (c) of alloy 3 with Er-riched

intergranular particles

[23-24]
ALEr Al(Er)
3" Er 2"
Er
Ti Er (Al
Mg)onizEI' A13EI'

(3] , , ) )
1. )

2006, 16 (5): 835-840.
CHEN Su-li, JIANG Feng, YIN Zhi-min, LEI Xue-feng, NIE Bo.
Microstructure and properties of Al-Mg-Sc alloy weld joints
filled with Al-Mg-Zr and Al-Mg-Zr-Sc weld wires[J]. The
Chinese Journal of Nonferrous Metals, 2006, 16(5): 835—840.

[4] KOTESWARA RAO S R, KAMSALA DEVI B, SREENIVASA
RAO K, PRASAD RAO K. Thermo-mechanical treatments of
Sc- and Mg-modified Al-Cu alloy welds[J]. Int J] Adv Manuf
Technol, 2009, 45: 1624

[5] MURTY B S, KORI S A, CHAKRABORTY M. Grain
refinement of aluminium and its alloys by heterogeneous
nucleation and alloying[J]. Int Mater Rev, 2002, 47(1): 3—29.

[6] NORMAN A F, HYDE K, COSTELLO F, THOMPSON S,



20

4 Sc Zr Er

Al-5Mg

627

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

BIRLEY S, PRANGNELL P B. Examination of the effect of Sc
on 2000 and 7000 series aluminium alloy castings: for
improvements in fusion welding[J]. Mat Sci Eng A, 2003,
354(1/2): 188—198.

ESKIN D G, SUYITNO, KATGERMAN L. Mechanical
properties in the semi-solid state and hot tearing of aluminium
alloys[J]. Prog Mater Sci, 2004, 49: 629-711.

[J]. ,2000(2): 48—50.

WANG Ye-shuang, WANG Qu-dong, DING Wen-jiang, LU
Chen. Research development of hot tear mechanism for cast
alloys[J]. Special Casting and Nonferrous Alloy, 2000(2): 48—50.
KIM H T, NAM S W, HANG S H. Study on the solidification
cracking behaviour of high strength aluminum alloy welds:
Effects of alloying elements and solidification behaviours[J]. J

Mater Sci, 1996, 31(11): 2859-2864.

JANAKI R G D, MITRA T K, SHANKAR V, SUNDARESAN S.

Microstructural refinement through inoculation of type 7020
Al-Zn-Mg alloy welds and its effect on hot cracking and tensile
properties[J]. ] Mater Process Technol, 2003, 142(1): 174—181.

R R R R . Al-4.5Cu

[3]. ,2003, 26(1): 44—47.

DONG Cheng-quan, ZHOU lJing-en, YAN Wen, LIANG
Yan-feng, YANG Tong. Research of hot tearing tendency of
Al-4.5Cu alloy[J]. Ordnance Mater Sci Eng, 2003, 26(1): 44—47.
ESKIN D G, KATGERMAN L. Effect of structure on hot tearing
properties of aluminum alloys[C]. Mater Sci Forum, 2007,
561/65(2): 995-998.
DEV S, MURTY B S, RAO K P. Effects of base and filler
chemistry and weld techniques on equiaxed zone formation in
Al-Zn-Mg alloy welds[J]. Sci Technol Weld Join, 2008, 13(7):
598-606.
DING H, FU H Z. Effect of grain boundary's state on the hot
cracking tendency of directionally solidified Al-Cu and Rene 125
alloys[J]. Rare Metal Mat Eng, 2000, 29(4): 228-230.
MOUSAVI M G, CROSS C E, GRONG O. The effect of

[16]

[17]

[18]

[19]

(20]

[21]

[22]

[23]

[24]

high-temperature eutectic-forming impurities  on aluminum
7108 weldability[J]. Welding Journal, 2009, 88(S5): 104—110.
LIU E K, YANG F B, XU J, SHI L K. Effects of microalloying
on grain refinement behaviors and hardness properties of
wedge-shaped Al-Mg-Mn castings[J]. Trans Nonferrous Met Soc
China, 2007, 17(S1): 308—313.

. Er Al-Mg-Mn-Zn-

1 ;

Sc-Zr-(Ti)
2008, 44: 911-916.
YANG Fu-bao, LIU En-ke, XU Jun, SHI Li-kai. Effects of Er on
the microstructures and mechanical properties of as-cast
Al-Mg-Mn-Zn-Sc-Zr-(Ti) filler metals[J]. Acta Metall Sin, 2008,
44:911-916.
HARADA Y, DUNAND D C. Microstructure of Al;Sc with
ternary transition-metal additions[J]. Mat Sci Eng A, 2002, 329:
686—695.
METZ S A, FLEMINGS M C. Hot tearing in cast metals[J]. AFS
Trans, 1969, 77: 329-334.
METZ S A, FLEMINGS M C. A fundamental study of hot
tearing[J]. AFS Trans, 1970, 78: 453—460.
. ZL201

,2005(1): 27-29.

[J1.
QIU Wu, LUO lJi-rong, LI Dong-nan. Analysis on crack causes
of ZL201 Al alloy castings[J]. China Foundry Machinery &
Technology, 2005(1): 27-29.
WANG Y S, WANG Q D, WU G H, ZHU Y P, DING W J.
Hot-tearing susceptibility of Mg-9Al-xZn alloy[J]. Mater Lett,
2002, 57(4): 929-934.
DVORNAK M J, FROST R H, OLSON D L. The weldability
and grain-refinement of Al-2.2Li-2.7Cu[J]. Weld J, 1989, 68(s8):
327-335.
LIN S, ALIRAVCI C, PEKGULERYUZ N I O. Hot-tear
susceptibility of aluminum wrought alloys and the effect of grain

refining[J]. Metall Mater Trans A, 2007, 38(5): 1056—1068.

( )



