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Figure 1 (Color online) Fundamental features of solidification process for Al-4.5%Cu alloy: (a) location of alloy composition; (b) microstructures of
master alloy; (c) positive temperature gradient during directional solidification; (d) negative temperature gradient during rapid solidification.
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Figure 2 (Color online) Constitutional supercooling profiles of Al-4.5%Cu alloy under positive temperature gradient: (a) distribution of
constitutional supercooling; (b) maximum constitutional supercooling; (c) length of constitutional supercooling zone; (d) location of maximum

constitutional supercooling.
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Figure 3 Evolution process of interface morphology for directionally solidifying Al-4.5%Cu alloy versus temperature gradient and growth velocity:
(a)—(a3) G=110 K-em™; (b))—(b3) G;=150 K-em™; (¢)—(c5) G;=200 K-em™; (d})—(ds) G;=230 K-cm ™
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Figure 4 (Color online) Evolution process of interface morphology versus growth velocity for directionally solidifying Al-4.5%Cu alloy under fixed
temperature gradient: (a) V=0.1 um‘sfl; (b) V=2.5 pm-sfl; (c) =10 umsfl; (d) V=50 pm~s71; (e) structure selection map of “planar—cellalar” and
“cellular—dendritic” transitons.
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Figure 5 (Color online) Dendritic growth parameters of directionally
solidifying Al-4.5%Cu alloy versus temperature gradient and growth
velocity: (a) dendrite tip radius; (b) interfacial liquid concentration;
(c) interfacial solid concentration.
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Figure 6 (Color online) Structural characteristics of directionally
growing o-Al dendrites versus temperature and growth velocity:
(a) mushy zone length; (b) primary dendrite spacing; (c¢) secondary
arm spacing.
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Figure 7 (Color online) Heat transfer characteristics of rapidly
solidifying Al-4.5%Cu alloy droplets versus their diameters: (a) cooling
rate; (b) droplet supercooling; (c) four partial supercoolings.
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Figure 8 Directionally growing structures of a-Al phase within rapidly solidified Al-4.5%Cu alloy droplets: (a) D=945 um; (b) D=407 pum; (c) D

=174 pm.
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Figure 9 Equiaxed structures growth in supercooled Al-4.5%Cu alloy droplets: (a) D=868 um; (b) D=580 pum; (c) D=158 pum.
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Figure 10 (Color online) Characteristic sizes for a-Al phase within two types of rapid solidification structures versus alloy droplet diameter:
(a) primary dendrite length; (b) secondary arm spacing.

10?
(b) A Rapid equiaxial growth
QO Directional growth
10'f recionsie v=13m-s"
N\
10%F
1
% [ 1
Lof A
> 4 \ o o e Iy
102f " B 2
X X AN 1
218 [ 1
103k o 1 1
o 1 1
I |
1 1 10-4 1 Ql 1 : (| : 1 :
0 100 200 300 0 50 100 150 200
AT/K AT/K
9
() - G, =-810K-cm™ A Rapid equiaxial growth 10 (d) PP —
- X -
0 Q Directional growth r a= &

1
1
1 1
" -5 1 [
,_E, b G, = - 1.28x10°K-cm™’'
D X MM X X 11
¥ |eeg e g X
o [ R D 11
~-10F [ 11
= [ T B ?fl |$f
(Q) [ N | 1 ol I+
[ I B T
“A5F 0 o 1 I
Lo ! 1 [ 1
[ T B 11 1
o ! 1 11 1
-20 111 la | P11 1 | 101 1 L 1 1
50 100 150 200 0 50 100 150 200
ATIK AT/K

B (RZROR DA R A FE2 A T B o- AU BGRAE KB RHIES B () BodimfAe; (o) ARKERE; (RERE;
(d) [T TE

Figure 11 (Color online) Dendritic growth parameters of a-Al phase versus liquid alloy supercooling: (a) dendrite tip radius; (b) dendrite growth
velocity; (c) interfacial temperature gradient; (d) interfacial cooling rate.

485



EWr & IR AR A T Al-4.5%Cu s SRR

HAUVEARMLHXT LEBTFE

ST AN [ A FE TR G BB FE s Ak . i
A RO, IR B RR ) A E A W 8 OK
13 K<AT<170 KL AWREN, G 4axE M
810 Krem™ 14 K Z1.28x10° K-em™". A% [y 5 T Ak
AR T R TR YE R =|G | VT HAS . BETR L
FERIHE K, R 1783 Kes™ FhiEi1.5x107 Kos ™', fnf& 11
(B, ST L7 (a) o B B AR A 3, BT RI{ED
<1308 pmiR i ELASTE BBl P, [ T A 3 R TV
BARA . MD=1308 umif, PHEFEMEE A
783 Kos™. X T-D>1308 um K, kA EE T
[i] 050 3 T ¥4 K.
Al-4.5%Cuf 4 1 TR IH e ] T2 i 1) 1 e 4] A -
AV RAEKER, /2B IR E S 5r) AL RE AT
PE. 55— s S A IR e o AR A% A TV R T
Mz, WA a-AVHEAMRI N ALK, SER AR ER R G,
BA @ RHE, o7 mdE AR R A A, (HE,
LM P [T 3 THT Ab 10° K5~ B 119 v T AT 100 K BA L1
AR SR AR K B T IR R A,
T B AR KR R R4, RAE R — PR S
MR AR, 38 M2 RUBAZ I R & 57 P Sa AL T
TSR, TR R AT A% s ok vt B TS bR A 3 B
T R AR B Sl d. B VB0 ELAR R sk /),
FUEA L F)1.5%10" Kes™', RIS ¥4 B K 52170 K.
SR, R 5 T R R OK B e O A R (R B R A A,
il 7SR R OK. [RIRS, FEA W ) O R R,
TERBIBES RIS KA AL, BATE RO E NS

10l @

iAT=170K

AT/K

20
(b) AT=55K
Cl =17 wt%
15}
® 10F
2 cL
G 5f JCT4Swt%
Cs
AT=100K
ar C. =45wt%
-5 1 1 "
0 100 200 300

100 200 300

.

ETFHM12)20F H 1 AL-4.5%Cud 4 00 )R
R, AT DA B F I A 2 T W SERRIS R 4
e 2 %k, B

_ k+a0V/DL

k= T5a,77D, (14)

X Hag WY BURFEK . WE12) 7 F 1, ¥IE
o- AVETEGRIE A 26 A1 T LAAEP i st 1] 1 7 AR,
PO R 7 il R ALl A 1 v P I K i . R e 4
IR AT>1T K,k EUE P79 01 70 i R HU=
0.17, % &b A K IT G2 8 25 # F FEDIRES . W14
oi- ALK [ ¥ 7 1 Ak 35 57 G 36 Cu iy B B I V4 FE A8 Ak
i, TLIE12(b). B vA B RO K, 6] AR VA oA P O
P e K5 TR iR E S, R EAT
=100 KN ik B8 KAE4.5 wt.%, JREIE 4GRS C,.
X R 100 K2 AL-4.5%Cud & 528 T A v [ 111
GV WBUAE T VA TR FEE G U 2 B S 18 i ik Py
., FEAT=55 KB iA 2 5 KAE17 wt.%.

3.4 LS FERE T BEFEDLE R IR

ET LA ESEIR MBI TSR, B IR TR R
FEAAT T Al-4.5%Cu s it [ IR P v AR 3
o RN AR A B2 48 2 B ) 2 R AR AN A Rk,
a-AUH AL 5 4 KALBIAAE B & 2207 R IR IX P
Fob 2% T ok [ AL Al 32 A 0T B3 A

AT/K

B 12 (M RORE B ) D st [ Al-4.5%Cu B 4 V8 5 20 A B v FE S ALRFE: (a) WA EC R (b) B AR AR A4
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(b) interfacial solid and liquid concentrations.
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Dendrite growth mechanism comparison of Al-4.5%Cu alloy under
positive and negative temperature gradients

WANG Xin, WANG JianYuan & ZHAI Wei

School of Physical Science and Technology, Northwestern Polytechnical University, Xi'an 710072, China

The dendritic growth kinetics and microstructural evolution mechanisms of Al-4.5%Cu alloy under positive and negative temperature
gradients were explored by constrained directional solidification and free rapid solidification techniques. In the case of the positive
temperature gradient, the cooling rate at the solid/liquid interface was only 1.1x10 °~2.3 K/s, while the constitutional supercooling
played a dominant role but was below the theoretical freezing temperature interval of 78 K. In the situation of a negative temperature
gradient, the cooling rate of alloy droplets increased rapidly with the reduction of their diameters and was elevated by six orders of
magnitude if compared with a positive temperature gradient condition. Meanwhile, droplet supercooling also rose remarkably to
attain a maximum of 170 K. If a positive temperature gradient was kept constantly the continuous increase of growth velocity resulted
in the successive “planar—cellular—dendritic” interface transitions. The growth velocity thresholds for these two structural
transitions increased with temperature gradient rise, which was accompanied by the obvious reduction of both primary and secondary
dendrite arm spacings of a-Al phase. But the corresponding dendrite tip radius showed a slowly increasing tendency, and the
interfacial solid concentration was below the initial alloy composition. Under the influences of the negative temperature gradient, the
a-Al phase exhibited a kind of directionally growing dendrite structure originating from the single nucleation site plus the ordinary
equiaxed dendrites formed from multiple nucleation sites. Similar to the directional solidification process, the sufficient increase of
growth velocity and liquid supercooling within tiny alloy droplets induced the successive “dendrites—cellular dendrites—cells”
structure transitions after single-site nucleation. On the other hand, an abrupt grain refinement effect from equiaxed dendrites into
spheroid crystals was initiated in multiply nucleated alloy droplets. Once droplet supercooling exceeded 100 K, microsegregationless
dendrite growth was realized for a-Al phase during rapid solidification.
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