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Effect of Al-Cu alloys diameter on
thermal gradient and primary dendrite arm spacing
during directional solidification

QU Min, LIU Lin, TANG Feng-tao, FU Heng-zhi

(State Key Laboratory of Solidification Processing,
Northwestern Polytechnical University, Xi’an 710072, China)

Abstract: Directional solidification experiment was carried out on Al-4%Cu(mass fraction) alloy with sample diameters
of 4 mm and 7 mm. The results show that the sample with small diameter gets higher thermal gradient, the variation
range of temperature gradient is not direct proportional to the ratio of diameters. Thin samples correspond to the smaller
cellular and dendrite arm spacing. The variation of primary dendrite arm spacing for 4 mm and 7 mm sample in diameter
with growth velocity and the relationship of primary dendrite arm spacing with growing velocity and temperature
gradient are obtained. Both relationships agree with the theoretical model. The experimental result fit well with TRIVEDI
model.

Key words: Al-Cu alloy; directional solidification; sample diameter; primary dendrite arm spacing; theoretical model;

thermal gradient

YN TR B ) v [ S T o AT AT A
AL S R RR B S W EE S AR
AR DL R RN B ] 2 A OGR4
LS HERR A T AN . O A KR R ST o T
TSRS 2 8(cor G, v)H A ZEKR,
[ IS B 37 A 22 A S B AL SR AE S B S AR
1 HUNTH K—F¥  TRIVEDI® \HUNT-LU" 1 W—LP!

£EWE: HEARREEERIIUHE(10377012)
ks BHA: 2007-07-29; 1&iTHHA: 2007-11-20

B2 DL LRSI 38 K 2 RE AR R AR — R
TIEE A RE R, TTTRRE ELAR AR IR A 2H U 1
WA Rk, AEANRRARE BAR S SO
B P55 AR A i ) R i S YRR A 1) S B R — Y
BRI

K AR AR T AR T o I A, 1A
KAG B EM . CHEN %5 R HI RN [A) A% AR 43 i %t

BIREE: 8L WA Hik: 029-88493942-8009; E-mail: qm_021@yahoo.com.cn



ERE R

Ji B S BRE RS AL-Cu 15 i B [l R LT VRS ] B 52 283

Pb-2.2%Sb A4 Ml Al-2%Cu & 4TI, AN RFE
U 77 1) 7 A PR e Wt BT A B X6 I8 PR A A T
(. TRIVEDI 25 [ B AR R (1 [ 9 5 1 04 7
GC, A3 BN SIS AR 32 B (R AR T 5 R
JTLIRIARE 1) A AT ) o TR FH AR AR T 05— A
()RR Ay ORI, HATEAR WARIE . KA A BRI
WIF 5 — YR RO )28 Ak, T A S v b s e A 1)
B A Rk, SRS T BT A B fe
B A I U S NG S, AR S A ke ]
R p e . Bk, A SR SR AN 1) A%
Al-4%Cu iRFE, WFFT Al-4%Cu A 4 5E ) A i T 74
B Ah TR R AR A3, IR SER s RS A m)
PR EAT LLIR, B 7045 th AN [A) B AR R BB A
— R A IR EE R s R, AN T4 215 S5 AH A
(R

1 XIe

SEEE ] Al-4%Cu —JtH 4, KA Al-Cu R &
4(Cu [RJRE BN 51.87%)F1 99.99% 4l A fE 4%
SN b T R, A S RN IE A d 60 mm X 180
mm FER T, ARG E % d 4 mm X 150 mm 1 d 7 mm
X150 mm [REAKE, KRB, HNENEYE,
DL SR

SEaG SR A B H BR N4 Bridgman 5 7] 5 ] 2%
B, Ham WK 1. REAMWm AR, SEh3EE TR
P SEB IR EE R 1000 C R FERH d 0.25 mm (1)

I I-'I——-—-l
— |e I——2
3 - H
H B
" 5
'-':'—l!m o
11 a —llB
——— -

1 Bridgman j [ &k i1 25 & 7R 2

Fig.1 Sketch of Bridgman directional solidification device:
1—Water outlet; 2—Water cooling jacket; 3—Aluminum tube,
4—Sample; 5S—Thermocouple; 6—Resistance wire; 7—Water

input; 8—Pneumatic
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Fig.2 Primary dendrite spacing A measurement
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Fig.3 Effects of withdrawal velocity on temperature gradient
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Fig.4 Microstructures of longitudinal sections of samples with different diameters under various withdrawal velocities: (a)—(d)

Samples with diameter of 4 mm; (e)—(h) Samples with diameter of 7 mm; (a), (e) 15 pm/s, (b), (f) 100 pm/s (c), (g) 300 pum/s (d), (h)

600 pm/s
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Fig.6 Comparison of experimental data and theoretical modes for primary dendrite spacing 1; varying with growth rates: (a) d = 4

mm; (b) d =7 mm
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Fig.7 Comparison of experimental data and theoretical modes for primary dendrite spacing 4, varying with v ***G *: (a) d = 4 mm;
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Table 1 Variation of primary dendrite arm spacing 4; with v

for different metallic and organic materials

Composition Primary dendrite arm spacing Ref.
Al-2%Cu A=k 0% [11]
Al-4.5%Cu A=k 0 [12]
Al-(2%-20%)Cu Ay = gy C027040) [13]
Pb-(5%-95%)Sn Ay = hegy 00347099 [13]
Pb-8%Au A= ksy [14]
SCN-2.5%ETH A= key 0¥ [15]

PR ARG E 4= bGP IER, IFHAER®T)
8, bla=2. % 2 1 Al-(9.5%-28.1%)Fe &4 (11—
Uk i TR 4y SAR KR v AR ERLE G 754 bla =
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A3, 1M Al-4.4%Cu 1 Al-10.1%Cu & 411 bla /T
1~2 2 1) . Al-2.4%Cu. Al-4.5%Cu. Al-11%Mg 1 Ni &
it A 4 (IN738LC) & 41 a, b {HIAHE, bla=1,
HR 5 FR W — IRB b BRI bla =2, [RIRIX LS
5 SR I 25, A SIS 4 F R &
Bt PR, ESEARSCSEE 2 R R, Ak —
AUt B TRIVEDI B 55 5186 25 J B s &
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Table 2 Variation of primary dendrite arm spacing 4; with

temperature gradient G and velocity v for different alloys

Composition Primary dendrite arm spacing ~ Ref.
Al-2.4%Cu M=k GO0 [16]
Al-4.4%Cu Jy=kgG 030703 [16]

Al-10.1%Cu M= koGO0 O® [16]
Al-4.5%Cu M= kio(Gv) [17]
Al-11%Mg 2=l (Gv) ¥ [18]

Al-(9.5%-28.1%)Fe Iy = kG 0B [19]
Ni-based alloy i = kis(Gv) ! [20]
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