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Mechanical Properties and Morphology Features of Intermetallic Compounds in
Aluminum /Steel Continuous Drive Friction Welded Joints

ZHANG Changging™ WANG Weijie LIU Xiongbo JIN Xin QIN Zhuo RONG Chen

State Key Laboratory of Advanced Processing and Recycling of Nonferrous Metal Lanzhou University of Technology Lanzhou 730050

050 industrial pure aluminum and Q235 low carbon steel were welded by continuous drive friction welding. The tensile properties of the joints

room temperature impact strength and bending tests were analyzed and demonstrated. The morphology features and composition of IMCs
were analyzed by SEM EDS and XRD. The differences in heating power between different regions of the welding interface during welding led to
the differences in the diffusion behavior of Fe and Al at the interface which led to the differences in the morphology features of IMCs at the inter—
face. The IMCs in central region of the interface are small-needle-shaped Fe;Al. The IMCs at a distance of 1/2R from the center are rod-shaped
FeAl. The IMCs at a distance of 2/3R from the center are square-stick-shaped FeAl;. Fe; Al and FeAl in the interface have better ductility than oth—

er Al«ich IMCs.
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1 :('a) 1050
Fig. 1 The appearance of the experimental materials: (a) 1050 pure alumi-
num; (a) Q235 low carbon steel

(b) Q235

Weld interface
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Fig?Z T/he appearance of aluminum/steel continuous drive friction welded
2 o 2 joint
1 ( /%)
Table 1 Chemical composition ( wt%) of the base materials
Sample C Mn Si P S Cu Mg Al
1050 pure aluminum — 0.05 0.25 — — 0.05 0.05 0. 40 Bal.
Q235 low carbon steel 0.18 1.4 0.3 0. 045 0. 045 — — Bal. —
2
Table 2  Processing parameters in the experiment
Rotation speed Friction pressure Friction shortening Forging pressure Compress time
r* min”! MPa mm MPa s
1 500 30 5 60 5
R Oxford
(EDS) FEG450 ( SEM)
Fe. Al 2.1
; 2000#
500 pm
1 mol/L. NaOH
SEM .
EDS ; D8 Advance X ( Sample 3) .
1/2R ( Sample 2) 2/3R
5 (°) /mine ( Sample 1)
3
Table 3 Tensile test results
Rotation speed/( r/min) Other parameters  Forging pressure/MPa  Sample 1/MPa  Sample 2/MPa  Sample 3/MPa  Integral/MPa
800 94 93.7 83.7 90.6
1 500 60 82.3 90 84.3 93.8
2 500 Friction pressure 69.6 62.5 70.1 67.2
30 MPa friction
<hortening 5 mm 80 9.5 89.3 89.5 94.1
1 500 100 89.2 89.2 91.4 93.5
120 89.7 96 90.8 89.7
o 3 o 3
3
4
01 o
i1
i1 2 3
80 MPa 3 EDS o
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Fig.3 Macroscopic morphology of the fracture after tensile test under different rotation speeds
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Fig.4 Macroscopic morphology of the fracture after tensile test under diffe—

rent forging pressures
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Fig. 6 (a) Morphology of the samples after bending test under different ro—
tation speeds; (b) morphology of the samples after bending test under diffe—
rent forging pressures; ( ¢) macroscopic morphology of the sample after ben—
ding test

2.4
IMCs
12 R
1050 Q235 Fe Al
0. 02%
Fe-Al o 4 Fe-Al
FeAl, Fe-Al
Al
Al N o
7 Fe Al
Fe
Al
Fe Al o
Al 1.78 pm Fe
1. 06 pm; 1/2R Al
2.38 um Fe 1.80 pm;
2/3R Al
5.78 pm Fe 3.78 pm
4 Fe-Al ?

Table 4 Characteristics of familiar Fe-Al intermetallic compounds >
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Fig.7 Diffusion behavior of Fe and Al atoms in different regions of joint in—

terface and morphology features of intermetallic compounds: ( a) diffusion be—
havior near the center; ( b) diffusion behavior at a distance of 1/2R from the
center; ( ¢) diffusion behavior at a distance of 2/3R from the center; ( d)
morphology features of intermetallic compounds near the center; ( €) morpho—
logy features of intermetallic compounds at a distance of 1/2R from the cen—
ter; ( f) morphology features of intermetallic compounds at a distance of 2/3R
from the center
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Phase Stability range/( Al at%) Crystal structure Vickers hardness Density/( g/cm?)
Fe; Al 23—34 Ordered BCC 330—368 6.67

FeAl 23—55 470—667 5.37
FeAl, 66—66. 9 Triclinic 1 058—1 070 4.36
Fe, Al 70—73 BCC orthorhombic 1 000—1 158 4.11
FeAl, 74.5—76.5 Highly complex monoclinic BCC 772—1 017 3.95
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