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Relationship between primary dendrite arm spacing of Al-4.5%Cu
alloy and withdrawal rate during unidirectional solidification

WU Qiang, SI Nai-chao, GUO Yi, LI Da-yun

(School of Materials Science and Engineering, Jiangsu University, Zhenjiang 212013, China)

Abstract: The relationship between primary arm spacing of Al-4.5%Cu alloy and withdrawal rate during unidirectional
solidification was investigated when the withdrawal rate is in the range of 20—220 pm/s. The result shows that the
primary arm spacing decreases along with increasing withdraw rate. The primary arm spacing decreases sharply with
withdrawal rate below 100 pm/s, and decreases more gently with a withdrawal rate beyond 100 pum/s. Through the
comprehensive consideration of the difference between withdrawal rate and interface growing rate, temperature gradient
and etc, the function between primary arm spacing and withdrawal rate is founded, which could predict the variation of
primary arm spacing exactly when the withdrawal rate is in the range of 100—220 pm/s. It is hoped that the function can
be helpful to obtain a good match of experimental parameters during unidirectional solidification.
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Fig.1  Microstructures of CuAl, phase: (a) u =60 pm/s;
(b) u=180 um/s
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Fig.2  Microstructures of Al-4.5%Cu alloy by different
withdrawal rates during unidirectional solidification: (a) u=

20 pm/s; (b) u=100 pm/s; (c) u=200 um/s
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Table 1 Experimental values of primary dendrite spacing

Sample Withdrawal Experimental value of primary
No. rate/(um-s ") arm spacing/pm
1 20 234.9
2 40 198.3
3 60 158.6
4 80 135.9
5 100 119.1
6 120 104.7
7 140 97.6
8 160 85.6
9 180 78.1
10 200 75.8
11 220 73.8

F 2 Al4.5%Cu NI S5
Table 2 Thermophysical parameters of Al-4.5%Cu alloys

used for experiment

Parameter Value
Liquidus slope, m 273K
Partition coefficient, k 0.14
Solute diffusivity in liquid, D 3%10° um?/s
Gibbs-Thomson coefficient, I” 0.241 K-pm
Content of Cu, ¢, 45%
Temperature gradient in liquid, G, 6.8x10° K/um
Thermal conductivity in solid, 168 W/(m'K)
Thermal diffusivity in solid, as 68.2x10° m%/s
Sample radius, 0.005 m

Thermal conductivity between 361 W/(mK)

sample and environment, /4
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Fig.3 Sketch map of unidirectional solidification

K A B It s 3 AE [ W S E B, IO AR B G AR
mrdx, IR AT R RE 2SR, RS ) [
MBI (BT 5 R A

d’r dr
o, [?J(Cspsnrzdx) + ua(cspsnrzdx) -

W(T = Ty )(2mrdx) =0 2)

Ak HEAHI T IREL WImK)s o 0 [ AR A
PR, m¥s; ps NEMEE, kgm’;s c, EATELHA
7%, WkgK):  r NRFEEAR, m.

IS A x=—coltf, T=T;J x=x; I, T=T,, fi#

2
u 2h u
(xx"{ (mj ks 2a, } ®)
B TERAE x=0 AT, I ] e 5 ] v A
A B R~

&

=exp

kG! -k G| = p Hv @)
A HABEE
b BRI B AR BE S5

-k
dv+dy =Gl =—(T,~T,)-
k. :

2
H
u 2h o u | py )
2a kr 2a ky

15 S AR S B (W ke ks p )3T R &
PTG 24 F et PSP R I, ] AH (R IR Gy A
PR —toE . fE—MEEMRGET, G &
XTSI LR E R, BEENE AN, T LUK
TRORFIIERL P52 A58 J52 A0 Ay 0 F TR R A A DG 5 B

M u=0 I, v=0; HAEAGHEE ML, u 76 pm/s
) mm/s TH, M o 46 em¥s B, MM /2a)* <

2hAkg)s  veu, /\%Mﬁ)\ﬁ(S)'nfﬁ‘ﬁ% d. dy, LT
VISR ST ¥ /S iE Ay & SIS
-2a, 2a ] (6)

18 B 5 1) k[ N (0 205)* < 20/ k), M TR

2
K ( - j + 2 CIURFPIFBGES, AR (6)75:
2a ker

u? k.

s 7
4a, \ 2k @

ﬁ‘:qj’ as:ks/ps Cs o
RYELL AT, 256 ORI (T), 153050 L
e 2 — IR it [P PR OC R [ E R A

A = 2.83[m(k - 1)DF]0‘25 025 .

) .
u kgr -0.5
w—— G 8
{ 4x10°a, ZhJ - ®

AP W B, umPs; AR
(AR, pm.

32 —RBRMEREXMESTHEENSH
R ZHARN(®), A2 AT S50 4 1F PR 1)
5 ] ol 3 4 g — R i TR B G AR Y PR AR .

21=320.79 (u—125.03x10"u%) % ©)

NS/ AN 7 S R NCTE (i E AT S
MEIRES T3 3.

POEERR 1A 3 AL, R AR,
FEBRANK, U 1) B At 3 3 PR 184 K /)

YA i ) B



ERYEZ XL SR, S R Al-4.5%Cu A e A LS iR R 1 OC R 1105

F 3 B R ES AN

Table 3 Calculation values of primary dendrite spacing

Sample Withdrawal Calculation value of primary
No. rate/(um-s ") arm spacing/pm
1 20 151.8
2 40 127.7
3 60 115.5
4 80 107.5
5 100 101.8
6 120 97.3
7 140 93.7
8 160 90.7
9 180 88.1
10 200 85.8
11 220 83.9

AR R s P AR A I, — OB A FE B
BRI MR EL N BEAE RIh R R R, P =
PRECREROR, 2B AE KRR B — R IR,
AN P BEAh R e (1 G OISO, I B — OB i TR R A
bt g R AR, (H L TCERIE R S8, AT
TR T 5 ) e 4 A, R BRI ] o ) L S50 0
4Gy B 7ou o R WIS P 8 (£ B et e R 1 G
AR IR TR [F], At ) B AP e 4 o i o
BRI, HAIg /Mg RS LR . k25 FUACR 3 #r 3
WAH SR, o LUE HADE A 7E 100~220 pm/s
I, TR S SCEM) SR R 3R 2
BUNCNT 100 pm/s)INF, P E A ZEROR, Wl 4 .
& 4 075, SPDEREAE 100~220 pm/s B, SRR
FEAE 3.9%~14.5%.

250
Experimented

E 200 ———-Caculated
)

=

=]

g

E

o

o

[

=

(=W 50 L

020 60 I(I][} I¢I10 lé{) 220
Withdrawal rate/(um-s™")

B4 — R )R Sl (00 R

Fig.4  Relationships between primary arm spacing and

withdrawal rate
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