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Abstract: Taking Al-4% Cu hypoeutectic alloy as the research object, the microstructure, changes of solute concentration in
solid solution, solute distribution and influencing factors of the directionally solidified single crystal Al-4%Cu alloy with
different sample sizes, initial deformation and crystal orientation were studied. The results show that with the increase of
the sample diameter, the volume fraction of non-equilibrium eutectic phase in Al-4%Cu alloy increases, the composition
curve of Cu solute becomes more gentle, the distribution of Cu solute in a-Al solid solution solute becomes more uniform,
and the ingrain segregation decreases, which is mainly due to the more sufficient natural convection in the melt of the large
sample, promoting the diffusion of solute in the liquid phase. The solute enrichment at solid-liquid interface was reduced.
After a certain plastic deformation, the dislocation density in the sample increases. The vacancy defects formed during
dislocation proliferation and movement can accommodate more solute atoms. As a result, the Cu composition curve
increases and solute concentration increases in «-Al solid solution at the initial solidification stage. For samples with
different orientations, as the angle of crystal orientation deviating from [001] direction increases, the microscopic
segregation first decreases and then increases, while the solute concentration in the solid solution first increases and then
decreases.This is because of the anisotropy of the solute atom at the solid-liquid interface. The difficulty of solute atom
entering the solid-liquid interface is related to the crystal orientation, and the adsorption capacity of atoms on different
crystal planes is inconsistent, which leads to the solute enrichment at the front of the solid-liquid interface and the
difference of solute concentration in the solid solution.
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Fig.1 For directionally solidified Al-4%Cu alloys with different diameters at a pulling speed of 10 wm-s” and temperature a gradient
of 86 K-cm, the morphology of solid/liquid interface
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Fig.2 For directionally solidified Al-4%Cu alloys with different diameters at a pulling speed of 10 wm-s" and a temperature
gradient of 86 K-cm”, the BSE images in the transverse sections
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Fig.3 Contour maps of Cu concentration in the transverse sections of the directional solidified Al-4%Cu alloys with different diameters
at a pulling rate of 10 pm-s™ and a temperature gradient of 86 K-cm™
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Fig.4 Distribution curves of Solute Cu atoms inside the dendrite and solute concentration of Cu atom in «-Al solid solution of
directional solidified Al-4%Cu alloys with different diameters at a pulling rate of 10 pm-s™ and a temperature gradient of 86 K-cm'
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Fig.5 Morphologies in the longitudinal sections of quick quenched Al-4%Cu alloys with different initial deformation degree at a
pulling rate of 15 000 wm-s' and a temperature gradient of 86 K-cm!
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Fig.6 Contour maps of Cu concentration in microstructure of directional solidified Al-4%Cu alloys with different initial deformation
degree at a pulling rate of 15 000 wm-s' and a temperature gradient of 86 K-cm'
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Fig.7 Solute concentration of Cu atom in a-Al solid solution of
directional solidified Al-4%Cu alloys with different initial
deformation degree
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Fig.8 Two different edge dislocations annihilated to form a row of vacancies; Two arbitrary dislocations which distributed on adjacent
slip planes annihilated to form vacancies
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Fig.9 Morphologies near the solid/liquid interface in the directional solidified Al-4%Cu alloys with crystal orientation deviated from
[001] plane at different angles, at a pulling rate of 10 pm-s™ and a temperature gradient of 86 K-cm

P10 JREERE Y 86 K-cm™ (FLH N 10 wm-s™ B, PRI fiid 25 [00 1777 1) AN 6] £ BE A2 18] BE [F] AL-4%Cu & 4 [ AR DX P A #Y
BSE [
Fig.10 BSE images in the transverse sections of the directional solidified Al-4%Cu alloys with crystal orientation deviated from [001]
direction at different angles, at a pulling rate of 10 pm-s” and a temperature gradient of 86 K -cm™

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

http://www.cnki.net



(EEEF AR N06/2022

FOH,E.EEEEA-4%Cu S ERRAEALAMBRKEZMEEZRR

.453.

T R S AT I T v T [ 4% ) 5 B ok 8 e 1 K
JaUN R B 11(d) T 7 19 R A i 2R L A 25 A
JE 5 30° I 1Y 2H 23 v [ 9 A 05 0T Mk RE e, RO
P Bt e /0N 5 M B AR EE R 60° 1) 21 20 i i 1R
JoT W B e A, SO i BT B R 5 T T A AR BT Ry
(001177 I (1% 2H 20 H [8] 975 44 335 o Wk B2 s v 200U Al
Br oy 4

[Fi) A XoF e 8 1T Y — SR RUBE A BT Cu Jii
Sy AT ZRAE L B 12(a) A 5 3o A T s 14D 5 ST v
Pt o TR BEAS T8 L b R B ) i B3 (001 7 1l £ 2 4
a5 3 43 A 249 e DA S48 05 [ AR R AE L B

L s Ay 2 Il 25 0 B 1) 398 R S PR AT S 3 K i
B RE RGO DA e U Jo R R S 3 RS R AR
WK 12(b), X AFRATHIE ST A 45 R 2 — B0 .

s 25 A1 BE AN [R) 3 ok B AN [) AT g 2 A Sl AN [
£ B T T B R R — R B, BT
[F5] /90 57 TE R A% 0L S PEARAE I 0T R A [/ B
THT 4 3 7 2 355 R B 1] AR DG B2 AL b AN [) s T
Ji 19 W RS i 1 2 A A 00 2 ol ) /e 7 e e
WHAERTREWRAZMN, TS RRN MR
B o) Al 7 AS [R) AR BE R T AR R -AL AR Y Cu 3
TR B2 2 B

P11 R RS 86 K-om! FL 10 wm-s™ W b PR IR fii 125 [00 175 16] A [ £ B2 ) BE [ Al-4%Cu & 5 B A Cullst %5 5

Fig.11 Contour maps of Cu concentration in microstructure of directional solidified Al-4%Cu alloys with crystal orientation deviated
from [001] direction at different angles, at a pulling rate of 10 wm-s™ and a temperature gradient of 86 K-cm
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Fig.12 Distribution curves of solute Cu atoms inside the dendrite and solute concentration of Cu atom in a-Al solid solution of
directional solidified Al-4%Cu alloys with crystal orientation deviated from [001] direction at different angles, at a pulling rate of
10 pm-s™ and a temperature gradient of 86 K-cm!
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