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Microstructure and Microhardness of 4045 Aluminum Alloy
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Abstract Thin plate— like 4045 aluminum alloy sample is fabricated by laser melting deposition (LMD).
Microstructure and microhardness of the laser melting deposition 4045 aluminum alloy before and after heat
treatment are analyzed. Results indicate that a hypoeutectic microstructure comprising about 42.7% (volume
fraction) of directionally solidified Al dendrites with the primary dendrite arm spacing of approximately
22.3 pm and the secondary dendrite arm spacing of approximately 7.5 pm is developed during LMD process.
The transition from columnar Al dendrites to equiaxed Al dendrites takes place at the top of the as—deposited
sample. Coral-like Si develops at the bottom of the depositing layer and changes to flake —like Si at the top of
the depositing layer due to the decrease of the cooling rate. Flake—like Si should be sufficiently remelted out
during the subsequent layer deposition to obtain well modified coral-like Si. Coarse equiaxed Si develops at
the overheated zone just below fusion line due to the spheroidizing and coarsening of coral-like Si, and the
microhardness of the overheated zone is lower than that of the inner zone. Coral- like Si can be totally
spheroidized after 540 C isothermal heat treatment for 20 min, and Si coarsens and grows up leading to the
decrease of the microhardness as the holding time extends.

Key words laser technique; laser melting deposition; Al-Si alloys; microstructure; microhardness

OCIS codes 140.3390; 350.3850; 160.3900

Yrfs B HA: 2014-08-27; W 2 & 20 F5 B #A: 2014-10-21

BE£WA: bR R R 8 (D141100004114001)

1B B A BRI (1990—), B, B0 5% A, 22 SO R I T 1 77 1 A9 B 98 . E-mail; sanchc@126.com

SR E A EAEB(1962—), B, Wi 082, W1 A S0, 32 28 A 4 J 5 44 1 O B A O T A AR .
E-mail: wanghm@buaa.edu.cn(GB 5 B &R A)

0303008-1



S I S

1 51 5

AI=Si A 4 FLAT ¥ 7 P BLIE 0 P OO T 5 0 725 26 0 8, 0 FCAE A 2 TR 9 26 4 AR5 392 1
B P o AL-Si 4 4 0 J1 2 PE R AR 2 3 B b T AL = Yk 5 B 1 /I SRR AT 25 5 o/t 5 2 B
G TR WAL A WO A /NS DR 2T e DR 2 A R Bk T 04 20 T DA Y G R B T A
P B B SURL 7 B MG S AL-Si A 4 10 7 2 T R ME LR 5 L T L DALk 58 I R B
AR HERE AL-Si & 4 IBFFC . BT, AL-Si & 42 10 BUs 356 [ P 9 3 45 v 7 s P 55 flo vk 12 ok 6 1
T (L )y 7 7 A L 43 o 2 A TR S S B

O K Al LA B AR (LMD S AL 58 10 06 A A 46 T AR 5 60 ) e R AR 45 4 10 e i
25 PE R 4 TR ML W H R L TT 4 A O AN R Y H AT PR O S LA DR O I 2 A P
G B MR B R B B FRT L SOCK AL TUR R B ek A 4 R IS 4 B B B4 7 T 3
150 75 R L O A G R IF 98 07 T A T BRI, T AR A 4 FLA R OB R R IR CR AR B R 5
S A 5 A LR M T B — 7 1 TR L 5 B SO B R AL-Si & & B Se i b, H R B AR e
M I X O L DRI >, T 56 T [ 25 M O AL TR AL-Si & 4 BF 9 B804 4R . SR SO AL 15
BUEAR % T 4045 514 4 1B BOIR S0RE | 9120 0 00 BI04 20 J 5 B8 B, DB 0 5 4 O A-Si 4 0 1 O 800
e Al R 4 1 5 0 OB o S LT

2 STk

WOCIE AL DT 4045 57 A 4 W BE HOIR IRE 5230 2 A8 A AT IR G O R 3 R LT 2R R R
G ET RO 2 OBURRT A6 0 2% L 3 B IO OB ALK (17 72 2000 mm*900 mmx600 mm) & 5 ¥ R 48 VR AR YA
SUEACTURRAR A B o T F R R B 55 1k 4045 586 G 8 K, B R 43 (BT 4 43 %8, %) 4 Si:10.8, Fe:0.121, Al:
Bal, RU5F 24200 pum o T A9 B 44 o 9548 Z1L105 , 52 50 117 56 X0 Fbh 2 187 247 I 38, FAD AXHL A AT 1, s 79 T
THVE OB BT PR R 2 A5 A8 100 CHET 6 ho BUE T2 ZH0h Ot TI % 6000 W, GHE H AR 4~5 mm, 47
53 1 500 mm/min, YT HEEE AR TE ]RSF 29 61 mmx7 mmx40 mm (& 1),

i
P 1 SO AL LA 4045 534 4 WERE IR i RE
Fig.1 Thin plate sample of 4045 aluminum alloy fabricated by laser melting deposition
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Fig.2 Microstructure of LMD 4045 aluminum alloy in X0Z section. (a) OM image; (b) SEM image
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Fig.3 OM images of top layer of LMD 4045 aluminum alloy in XOZ section. (a) Bottom section of top layer; (b) top section of top layer
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Fig.4 XRD results of LMD 4045 aluminum alloy and atomized powder 4045 aluminum alloy
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Fig.5 Microstructure of Si in top layer of LMD 4045 aluminum alloy. (a) OM image of top layer; (b), (¢) SEM images of position A
in Fig.(a); (d), (¢) SEM images of position in B Fig.(a); (f), () SEM images of position C in Fig.(a)
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Fig.6 Microstructure of adjacent layers of LMD 4045 aluminum alloy
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Fig.7 SEM images of deep etched Si. (a) Overheated zone just below fusion line; (b) inner—layer zone far away from fusion line
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Fig.8 SEM images of LMD 4045 aluminum alloy after 540 “C isothermal heat treatment at different holding time.
(a) 5 min; (b) 20 min; (¢) 60 min
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Fig.9 Microhardness of LMD 4045 aluminum alloy after 540 °C isothermal heat treatment for different time
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