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Analysis of Al,Cu Aggregation Behavior Characteristics in 2219 Aluminum
Alloy Friction Stir Welding Seam

LI Chao' ZHAO Yingjie' SUN Zhuanping' JI Wenxue' LI Xiaoguang
(1 Tianjin Long March Launch Vehicle Manufacturing Co. Ltd, Tianjin  300462)
(2 Capital Space Machinery Co. Ltd, Beijing  100076)

Abstract  The friction stir welding test was performed on the 2219C10S aluminum alloy. It was found that there was
abnormal aggregation of aggregates in the weld. The aggregated phase was shown as bright white aggregates on X-ray
inspection. The main forms were divided into clumps, lines and fingers, and the mechanical properties of the welds in the
aggregate phase were basically the same as those of the welds without the aggregate phase. The distribution position of each
form of aggregated phase is different depending on the area affected by the welding of the mixing head. The agglomerate
aggregate phase mainly existed at the center of the weld or the upper surface of the weld , and the linear and finger—like
aggregates mainly existed in the weld center or the position of the weld root. The energy spectrum analysis of the abnormal
aggregate phase shows that the main constituent elements of the aggregate phase are Al and Cu, and the atomic percentage
is approximately 2: 1. It is determined that the main component of the aggregate phase is Al,Cu. Analyzing the causes of
the aggregate phase, the generation of aggregate phase is mainly affected by the welding heat input and the mechanical
agitation of the mixing head. During the welding process, Al,Cu in the plastic softened metal shows aggregation behavior
in the process of filling the cavity behind the stirring needle, solidification with metal , aggregation behavior begins to slow
down and ends.

Key words 2219 Aluminum alloy, Friction stir welding, Al,Cu aggregate phase, Mixing head
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Tab.1 Main chemical composition of 2219 aluminum alloy

%(RETH)
Cu Mn Ti Zr Si Fe Al

6.38 0.32 0.064 0.18 0.084 0.18 -
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Tab.2 Mechanical properties of 2219 aluminum alloy
Ja IR HE R, /MPa W5 i 2 A/%
455 372 11
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Fig. 1 Morphology of mixing head
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Tab.3 2219 aluminum alloy welding test parameters
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Tab.4 Mechanical properties of welded joints without

aggregate phase
JRAe R Prhin i R /MPa e R A/ %
TCRAEARAL R 4% 333.7 6.7
AL AR 5E 329 6.3

2.2 REEM TG4 A

T o X6 AR A R A AR A R A T G A I 43 )5
L RIEMBIEE FZ 0 0 BIHOR (R AR =
b, 12 R RAEA Y X GBS

i i

(c) %‘ﬁ |

(a) HIHCLR

(b) 2otk
2 REMXOUEIIEH
Fig. 2 X-ray view of the aggregate phase
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Fig3 Aggregated phase ultrasonic phased array
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Fig. 4 Microstructure of base material
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Fig. 5 SEM image of base material
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Tab.5 Aggregate phase elements and content percentage

% (RF5rH)
0 Cu Al Fe B
9.89 25.03 63.87 1.22 100.00
Al
Cu
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Fig. 6 Energy spectrum analysis of aggregate phase of base material
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Tab. 6 Typical aggregate phase size
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Fig. 7 Agglomerated aggregate phase
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