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Table 1 Chemical compositions of 5A02 aluminum alloy

(mass fraction, %)

Cu Fe Mg Mn Si Ti Al
0.01 0.16 227 0.23 026  0.02 Bal.

Bl HAHE R (HCCM)/K I % 5 i IR ]
Fig. 1 Schematic diagram of horizontal continuous casting of
tube billets by HCCM: (a) Process schematics; (b) Schematic
diagram of heat-cooling combined mould (HCCM) structure;
1—Melting crucible; 2, 7, 12—Thermocouple; 3—Stopper;
4—Melted copper; 5S—Holding crucible; 6—Melted metal duct;
8—Crystallizer; 9—Secondary cooling water; 10—Drawing
device; 11—Aluminum alloy pipe; 13, 14—Graphite casting
mold; 15 — Induction heating device; 1 — Heating-mold

section; Il —Cooling-mold section
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Table 2  Experimental processing parameters of HCCM

horizontal continuous casting for fabricating 5SA02 aluminum

alloy tube billets
. . Heating- .
Casting Cooling catng Casting
Process mold
No temperature/  water flow/ temperature/ speed/
’ C (Lh™h p°C (mm-'min ")
a 750 400 680 20
b 750 600 740 20
c 750 600 740 60

1.3 AL5MEEN

RS d 70 mm X 6 mm A& SA02 A& &
W, Wkl 2R, KLU EIE A 7 M P)E
15 mm X 8 mm X 6 mm({& X 55 X E)FI B RAE, U0
2(b)FT7R o KA it AT T IR A T LA B 4 22 JE R
Jea S RAEREAT FEAR AL, BT VA S mL HBF,+ 200
mL H,0, ZEMRHELE 20 V. HEIR 0.15~0.2 AL B [E] 50~
60 s. 78 M55 IR T A ARG 8% Sk () Axio Imager
A2m B2 B T 2. R Phenom BY$3
LT S A B U S 5 (e 5 — AT
i B TCE 3T « K F TECNAIG220 7455 5 B 88 5 B i
HEAT AR LT, I E R 200 KV B HHAE S
ViR A VIBUREE N 0.5 mm (K5 A, FERR 48T
BEEIEREL) 50 pum, FMRENURE TR E S d 3
mm [ F, 7E MTP—1 A B UUE FE A el s 436
HEAT BT R BT R AR R BC EE A V(CH,OH):
V(HNO3)=7:3, R H, LUK RS0 IR B 45 il /£ -30~
=35 °C, HFHEFTN 50~60 mA. &I E S brdE GB/T
16865—2013, YJHUAEEEEY] 50 mm & brEE U AR
HEIRRE K FL 73 RE R ARG ATL I3 = U 4 (e M R
AW AT EERE SN ANR T, KBRS RITEME:
PR DA FETE Phenom B34 BT B A04R L g2
e
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Observation
B2 HCCM /KFi#ER 5A02 8EEE I R ik R ER

Fig. 2 HCCM horizontal continuous casting SA02 aluminum

alloy pipe(a) and schematic diagram(b) of cutting samples from

tube billets
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Table 3 Average composition of secondary intermetallics

B3 SA02 44 HCCM % M 4 A0 4141
Fig. 3 Microstructure of longitudinal section of 5SA02 Alloy
tube billets fabricated by HCCM: (a) Process a; (b) Process b;

(c) Process ¢

22 FIHESH
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B B 4 T, =R RIS R I A SR
FE A28 2540, AERL RSl 2043 . R RIAR IR d 2
SR K AR 5 2H 2R (A0 ot X 4% 5 B A A B B 22
T BEAE A SRR BE MR/, Hde 48 2 FE Bl 2
AR, AR AR R RT B2 080N o A s 1] 43 A7 TR R
KAHATHR RS EDS 2047, AGMHEESSE Al
Fe. Mn &, £ & (FeMn)Als; BEMEESH Al
Mg. Si TT&, EER Mg,Si, 1% 3 Fizn. (FeMn)Alg.
Mg,Si SHE ARG MY L — et fh (a(AD)+Mg, S =
TCHE b (a(AD+Mg,Si+(FeMn)Aly), & 5 i,

B 6 B N=F4LZUE TEM #1835 F IROW 45 1)
Anige XATHHAERE . B 6(a) (b)Y AT L, 7E a(ADFEAA L
A IUHCKR RN EE A, & X T ATST IERER BN
(FeMn)Als fl Mg,Si #H, 1EAZ S50 (1) (FeMn)Alg I & i
ZHN a=0.643 nm. 5=0.746 nm Fll ¢=0.878 nm; . /7
ZERII) Mg,Si ks 08 @=0.635 nm. 5=0.635 nm

Molar fraction/%
Phase
Al Mg Si Fe Mn
White 78.48+0.82 0.13+0.12 4.42+0.41 15.25+0.58 1.78+0.12
Black 3.48+3.18 63.05+£2.65 33.91+1.43 0.06+0.05 0.02+0.02
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B4 5A02 &4 HCCM i ’% %Klﬁl%ﬁ&éﬂm Gl &%TEE?@%
Fig. 4 Backscattered electron images of SA02 alloy tube billets fabricated by HCCM with different structures: (a) Equiaxed crystal

structure; (b) Coarse columnar crystal structure; (c) Slender columnar crystal structure

Temary eutetic

e w
»5  Temary eutetic

Bl 5 5A02 &4 HCCM M AN R 35 A U 28 MBS H BUN 7 R
Fig. 5 Backscattered electron images of second phase morphologies of 5A02 alloy tube billets fabricated by HCCM with different

structures: (a) Equiaxed crystal structure; (b) Coarse columnar crystal structure; (c¢) Slender columnar crystal structure

(FeMn)Al

6 5A02 < HCCM HE#E A RIS H T ) TEM ﬁﬁuﬁ XA 5 @%(SADP)
Fig. 6 TEM images of 5A02 aluminum alloy tube billets fabricated by HCCM and selected area diffraction patterns (SADP) of

different structures: (a), (b) Equiaxed crystal structure; (c) Coarse columnar crystal structure; (d) Slender columnar crystal structure
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Process No.
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Fig. 7 Area fraction of second phase in different structures:
a—Equiaxed crystal structure; b—Coarse columnar crystal

structure; c—Slender columnar crystal structure
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HAUNKL R R A U, A IR brh dm
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Fig. 8 Tensile properties of SA02 aluminum alloy tube billets
fabricated by HCCM with different microstructures: a —
Equiaxed crystal structure; b — Coarse columnar crystal

structure; c—Slender columnar crystal structure

24 WROMESRS R
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Fig. 9 Tensile fracture morphologies of SA02 aluminum alloy tube billets fabricated by HCCM with different microstructures:

(a) Coarse equiaxed crystal structure; (b) Coarse columnar crystal structure; (¢) Slender columnar crystal structure
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Fig. 10 Back-scatter electron images and Mg element distribution diagrams of specimens with different structures: (a), (d) Coarse

equiaxed crystal structure; (b), (e) Coarse columnar crystal structure; (c), (f) Elongate columnar crystal structure
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Microstructure and mechanical properties of SA02 aluminum alloy
tube billet fabricated by HCCM continuously casting

FU Shuai-wen', LIU Xin-hua', TIAN Yu-xing?

(1. Key Laboratory for Advanced Materials Processing(MOE), Institute for Advanced Materials and Technology,
University of Science and Technology Beijing. Beijing 100083, China;
2. Chinalco Materials Application Research Institute Co., Beijing 102209, China)

Abstract: Heating-cooling combined mold (HCCM) horizontal continuous casting was a new compact process
technology for preparing tube billets with high precision. In this work, 5A02 aluminum alloy tube billets with 70 mm in
diameter and 6 mm in wall thickness were fabricated by HCCM horizontal continuous casting, and the effect of
microstructure on mechanical properties was investigated. The results show that the different HCCM processes result in
three different microstructures, respectively coarse equiaxed grains, coarse columnar grains and slender columnar grains.
The slender columnar grain introduced by the higher casting speed and temperature gradient presents the more excellent
mechanical properties, including ultimate strength of 198MPa and elongation of 26.3%. The grain size, second phase size
and the distribution of Mg element are main factors for mechanical properties. For the slender columnar grain, diffusion
of fine second phase and the uniform distribution of Mg element in a(Al) matrix improve the mechanical properties of
HCCM casted tube billets.

Key word: 5A02 aluminum alloy; horizontal continuous casting; microstructure, mechanical properties; second phase
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