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ABSTRACT Aluminum alloys have the advantages of light weight and high strength, and they are im-
portant structural materials in aerospace field. The additive manufacturing technology of aluminum alloys
has a potential application prospect in the field of on-orbit manufacturing in the future, and the technology
of electron beam fuse deposition is the best process selection due to its unique technical advantages. In
the present study, 2319 aluminum alloy wires with diameter of 2 mm were used for additive manufactur-
ing (AM) by electron beam freeform fabrication (EBF®), with a sample of 150 mmx=35 mmx52 mm being
printed. The microstructure and mechanical properties of the printed sample in three directions were in-
vestigated. The results showed that bulk materials of the 2319 alloy can be printed without macroscopic
defects under selective EBF® parameters, with a relative density of 99.3% compared to the initial wires.
The average grain size of the printed sample was less than 10 um, containing primary Al,Cu phases, fine
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particles, and coarse impurity phases. There are some tiny voids in the printed sample, and the sizes of

the voids are 5~15 um. The ultimate tensile strengths of the printed sample were 161, 174 and 167 MPa
in the length, width and height directions. After a T6 treatment, the coarse phase were basically dissolved
and some finer phases were re-precipitated. Due to the dominant effect of dispersion strengthening, the

mechanical properties of the sample were significantly improved, and the ultimate tensile strengths of the
sample in three directions were increased to 423, 495, and 421 MPa, respectively.
KEY WORDS Al alloy, additive manufacturing (AM), electron beam freeform fabrication (EBF),

microstructure, mechanical property
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Fig.1 Macromorphology of 2319Al samples printed
by electron beam freeform fabrication with di-
mension 150 mmx35 mmx52 mm (X: length;
Y: width; Z: height)
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Fig.2 OM images of as-printed (a, b) and T6 treated (c, d) 2319Al samples at X (a, ¢) and Z (b, d) directions
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Fig.3 XRD spectra of as-printed and T6 treated
2319Al samples
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E4 T 23194 A £ M TEM R
Fig.4 TEM images of as-printed 2319Al samples
(a) subgrain boundaries formed by dislocations (b) straight grain boundaries
(c) morphology of dispersed phases (d) coarse impurity phases (Inset shows the EDS)

5 T6 4 23194 & &M TEM A
Fig.5 TEM images of T6 treated 2319Al samples
(a) triple grain boundary junction and grain morphology  (b) distribution of precipitated 8" (Al.Cu)
(c) coarse impurity phases in grains (Inset shows the EDS) (d) coarse impurity phases on grain boundaries
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Fig.6 Distributions of pores in as-printed (a, b) and T6 treated (c, d) 2319Al samples at X (a, ¢) and Z (b, d)
directions (Inset in Fig.6a shows typical morphology of pores)
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Table 1 Densities and relative densities of raw 2319 wire, as-printed and T6 treated bulk samples

Sample Density / (g-cm™) Relative density / %
Wire 2.814 100.0
As-printed 2.794 99.3
T6 treated 2.776 98.6

T2 fTEHIA 5 T6 A 231948 & S AR J7 In) B h A 1t g

Table 2 Tensile properties of as-printed and T6 treated 2319Al samples at different directions

Sample Direction Ultimate tensile strength / MPa Elongation / %
As-printed X 161+7 1.0£0.17
Y 17448 2.5+0.26
z 167+8 1.0+0.09
T6 heat-treated X 423+21 2.7+0.55
Y 495+10 4.9+0.11
Z 421+20 2.7+0.18
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Fig.7 Low (a, ¢, e, g) and high (b, d, f, h) magnified SEM fracture surfaces images of as-printed and T6

treated 2319Al samples at different directions
(a, b) as-print, Y direction
(e, ) as-print, Z direction

(c, d) T6 treated, Y direction
(g, h) T6 treated, Z direction
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Taminger 25 ({1 504 (£ 420 MPa) 5 FIT#2 i , {H 48 i 5
AR K ZERR (2 11%) 22, 5 phit o5 25 A
TEAALEE 2219-T852 1 S4B AN 17 B 1) v 1] 11
% JF 409~422 MPa. 407~428 MPa. 401~415 MPa #f
EE, S A B2 AH 24 5 (H -5 G m) A ) | 5 [ (1) A e 3
10.1%~11.4% . 6.6%~7.7% . 6.9%~8.9% AH Lt #H 2 45
Ko XK, —J5 10 H T I 22 PO PRI BT 11
2319 PRI BER A R AF SR EE, v] Ok 3 H 28 T
AT A5 53— J7 T, T EAARE ) ZE A 2 A IS, A
FITHTRENH, &4 5 7 EMoen)m 8. @it
—HIAATEN T2, 4G EEn e b T2,
b i 25 TR Rl iulens NG ) ) IS NTITE
HAL RO 22 JURR PR ST B e s 9 il 86 KR ST
BIUTIE B AL AL & S A B TAT I T2 B 4

4 &5

(1) 383k FHARAC ) Z 380, R L RO 22 DT
7 321 4% R SE D 150 mmx35 mmx52 mm 6
FOGRPERIAT BN . 4T B FE i TR A AE D E U
FLIA, RSP 5~15 um, M EHBUR £ £ 99.3% . 42 T6
AT S5 AL B g 0, pRHECE B DR 98.6% .

(2) FT ENAS SO A 25 T B 5 1) 52 L 3 oA R 1
2t MR 5 16 B8 2% A7 R 2H 43 2 B pl — SR KA AL
R XFH AR B A EE R b, TR SRR
KT BT B A mAT BT BT . R R AH KR 2
SIAGIE SN, D BIE ST, & T6 M H 55 59 &
SEATAR -

(3) 4T EP A& 2319 F5 & & 1 1 35 dm ki R~) /T
10 pm, F5 A & ALCuU A 6 FH AT/ B R K 2% R
FHo 22 T6 HALER 5, FL 5 ALCu 5 3543 2% i A [ %
BT HY @R, BRI A A A R ST AR S g,
EATS A 30 3 R 2% SR AR AE

(4) FTERASFE S TE K B« 31 34N J7 1) ) s A ik
43 5141 4 161,174 F1 167 MPa, 22 T6 4bF J5 23 5
Al ik %) 423,495 F11 421 MPa. [FlI, K56 = 37
] {4 {1 6 43 1) F ) 1.0% < 2.5% « 1.0% 2 = £ 4
2.7%.4.9%.2.7%.
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