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Effect of Pulling Rates on Microstructure and Properties of Cerium Modified

7Z1.114A Aluminum Alloy via Directional Solidification Process
Zeng Yangfan, Lu Gang, Chen Yisi, Zhu Weiming, Mao Pu, Tu Zhixing, Yan Qingsong
(National Defense Key Disciplines Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University)

Abstract : In order to clarify the microstructure evolution characteristics of ZIL114A alloy under directional solidifi-
cation(DS) conditions, the Bridgman method was utilized to fabricate ZI.L114A base alloy and Ce-modified direc-
tional solidification casting specimens. The effect of pulling rates(R) on the size and morphology of primary «-Al,
eutectic silicon and Fe impurity in the alloy was systematically investigated, and the crystallization behavior as
well as strengthening mechanism of the alloy under high temperature gradient were revealed. The results indicate
that the size of ¢-Al phase is varied with R value, and the size of eutectic silicon and g-Fe(Al; FeSi) phase are
changed accordingly. The primary phase and eutectic silicon in modified ZLL114A are refined significantly, and in-
troduction of Ce into Al;; Ce; phase can effectively hinder the spiculate growth of g-Fe(Al;FeSi). Therefore, the
minimum value of secondary dendrite spacing (SDAS) is 23.33 pm at 200 um/s, where the eutectic silicon is
transformed from acicular to fibrous, and the §-Fe phase is clearly refined instead of converting to a-Fe phase.
The maximum microhardness of the as-cast alloy reaches up to 88.78 HV at 150 pm/s due to the microstructure
refinement, the precipitation of cerium-rich phase and the morphology transformation of impurity Fe phase, and
the maximum tensile strength and elongation of ZIL114A alloy by Ce solution strengthening after T6 heat treat-
ment are 346.5 MPa and 7.8% , respectively.

Key Words: ZL.114A Alloy, Directional Solidification, Cerium Modified, Microstructure, Mechanical Properties

AlST R G A RIFMHEETERE . IF WA IS MorEhr e 1k L A K AR RIS o R R R R

WrfE B :2022-08-01; & A 2 B 1 : 2022-08-31

EeWH :HEXAARFREEFTITH (51861027) s 4 4 LR 5 BOR H By T 502 B 9050 % P BB i 58 5 4 % W) 51 B (EG202103418) 5 7 & fiit

25 R I8 A BB % J0U%E 42 ¢ B30 H (YC2021-020)

F—IEFE GBI T 1998 4F A B LB FE 4 . 1 B (330063) . E-mail : 1019523038@ qq.com

BASVEE TN I, 1982 4R A L I 2R L B (330063) , E-mail :aimulalg@163.com

SRR WL, R R SO, A Ce B BT 5 42 5] 3 0 ) BE R ZL114A & AR SR Rt i5 1 XA (5 4, 2023,43(5) :682-689.
ZENG Y F, LU G, CHEN Y S, et al. Effects of pulling rates on microstructure and properties of cerium modified ZLL114A aluminum alloy
via directional solidification process[J]. Special Casting & Nonferrous Alloys, 2023, 43(5):682-689.

682



Ce 22 Jot 5 4% 5| X € M BEE ZL114A 5 1S5 VERER R 0

BHW

B S R S R AR R A, B
ARSI G BB S HAMTER A o AL IS SiM
M EH L, e A Z 8 Fe MY . BG4I S
AHAN Fe A #L R 0 E1AR 28 5 J A2 0y B s AT 51
i ALS G4 S ERE T RS, LR p-Fe(Al FeSi)
R B SN BN Sy (RS S I 27
T bR DL BOE AP T A [R) R, W] SR B it 7
ok B398 L RAH TR . B A 1) B RO PR
R LA S BB 2R i A DE oA 2 E i
SE [ 5 [ AR BB s R A g TR K R T
TESE 7R A PR 4R o S v AR A e MR I s R

FE [17] 95 ] 2 76 545 T80 v ST A ) 43 A T RE R B 5
AR A N ) AR A R R B R R S R L S P E 1) B [
WAL BB H (LMO) J5 ik, v LR 15 EA 40 & 45 14 Fn
BB EERE S & ERIHEE (RO XHEA LM
2 ZUPE BB Y 52 T ATL ) R A R e [ YR T T Tk
JER sz B, HE T &M §F 58 7 L2 2 Bxt
ZLITAA & m G E A M ) 2= Re w2, 45 5%
FH, 24 R 2 150 pm/s B, FoRLARAL S bR RS2 0.34
mm , FL0RL R B A G R S R R . S SC AR
WHoE 7 RS M Sr A2 i AL7Si A 4 E ] &E [T Y 3
mnAE K AT R R BAE RS T AL7SE & A b, 3 RO ] A=
KT B TRE 306 AT AS TR i 4t i St Az KR 4 s
ML ZE 00 R AT DARCAR 36 5 ST AITE S . 8 1l 8 [ 5 R
BRAE— BRI EAAL 1 dokn R B XS St i SR Fe
AR W AN o 732 J3 70 X 0 48 19 52 Wi L ) 2 e 2o 185
VRS ) S A% B R SEBLAY UL TR AR R A
MnH'#13) Sctt el Er Smt YIS CelttY &K FE
ALS # A A A Ce, o] DLk A48 3 5 St 3R . 411k
I o AL JEGE B-Fe AR/ MU 42 5 45 4 1 07 2 1
BBV AERFEENBESE T Ce BRI (0~0.13%) %
ZLIMMA &AM, 58RI A 0.07% 1)
Ce A A7 %MK 6 & St MK BT IR 45 #4 5% 742 Ay 41 Rk i
R . NIU G %Y R85 & B, IR 0.3% 1 Ce
Ji A356 & 4 RIPTHL R B AR R BRI N Ce B9 5390
WINT 3.7% 1 32.7% ., NORDIN N A £ fJf 55 &
W], 75 20Mg, Si/ AL JEA & G MR s Ce 2485 -
Fe M MITE IR EE I S B R g 45 i 401k .

KTHE ALSE & & i3t St Fe A4 A
TEAAH AR E A 2 ABE XS 8 1) 8 [ ALSI & 4 iy 3k
an St A% BT Fe MR SOE SR MGE B> . WF9E T A TH R
{EFT Ce 2B XF ZL114A 5 43 7 ] B 5 W 5% H 2O 3 1)
SR B AR TR — Bl S A T Bk Al Ak o AL R
Si LK igi /N Fe AHA R m, Hf i/ ZL114A & 4
0 712 VERE .

I X7k

B ZL114A G4 5 Ce R B ZL114A & & 15
Bridgman FL28 J i AT 1 2 ] Bk S0 . 181 1 @ )
e [0 22 40 D PR R L A 4 BORE AR A R R . Ce 7B
FiJE ZL1IAA G a2 oy W3k 1. X5 845
A AR OB RN ZL114A 545 Ce &R
ZL1A S4B TR 69 mm X120 mm BHER @
eI TR BB $10 mm X 160 mm {4 N £ %, b
Je ¥ Ho % A Bridgman §1 5 Q¥ & 4 [ B8 7E FL25 0 h
TN I BRI EE 800 C , B3 IR L 5 4 1k . AR IR 30
min 5] {0 BE ; @HF 051k 1 4 & ORI £ 5 17 T LA
Ve HIIX R {H 435124 100,150 F1 200 pm /s o 45 8l 145 45
WAEVR HA LT 647 R ) B [

120

_ - = ym
d
(b) Btttz E
R\_S 2 L5
“ 7 E

10, ‘3 20 10

(o) 4afh XA

O = am

() &1 # B RaE
Bl Z@#th A%RE G2 EMAFTER

Fig.1 Shematic diagram of directional solidification system,

ZLL114A alloy sampling, and tensile speciment
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Fig.2 Microstructure of as-cast ZIL114 A alloy at different pulling rates before modification
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Fig.3 Microstructure of as-cast ZLL114 A alloy at different pulling rates under Ce modification
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Fig.7 SEM and EDS images of ZLL114A alloy at different pulling rates before modification
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