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Abstract: The grain refinement effect and mechanism by addition of trace Cr, Mn, Tiand Zr in 7A55 cast alloy

were studied by optical microscopy, scanning electron microscopy and energy dispersive spectrum( EDS). The re-

sults show that adding 0.04% T1i and 0. 17% Zr can refine the grain to a certain degree. Joint addition of 0.20% Cr,

0.20% Mn and 0.03% T1i has strong grain refinement effect. The refinement mechanism is that atom clusters contai-

ning minor Cr and Mn act as substrate of A3 Ti particle, which nucleate & Al. With joint addition of 0. 04% Cr,

0.04% Mn, 0.03%Ti and 0. 18% Zr, a remarkable grain refinement and a fine equiaxed grains are obtained. The refine-

ment mechanism is that atom clusters containing trace Cr and M n nucleate A3 Ti particles which nucleates Als(Ti.Zri-.),

then nucleates & Al. With increasing content of Cr and Mn in the alloy, the grains become coarse and dendritic.
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Bl 1 BT ok SEB A 455 AR 48 F Al O B AR
BTG S, LR E 1(a) # 1(b) 7] 41,
TAS55 &R mAT R M E, BEMREK. &
S EAVNIN0.04%Ti F1 0. 17% % J5 ki b 7] 25 B
BN, SRS AT 180~ 300 Bm /) £ 80~
130 Um( L& 1(a), 1(b)) . &I 0. 20% Cr+
0.20% Mn+ 0. 04% Ti, % %€t I 2 10 5 40 i
ML, P3Gk R T 9/ 2 45~ 80 Bm ( WL 1
(¢)) . B 1(d) F 1(e) FToR BN E AEIN 0. 04% Cr
+ 0.04%Mn+ 0. 03% Ti+ 0. 18% Zr F1 0. 20% Cr+
0.20% Mn+ 0. 03% Ti+ 0. 17% Zr 414k 5 )5 I 4H 21,
EHE AT IL, P AL ORARIE, YIS | 4/
2, B AT LTk, PR RS A
10~ 20 Bm, RFEHRMBER Cr \Mn . Ti Zr &
AR SRR AE ], (H4kEEHE N Cr AT Mn (5
HARLCER . B 1) i I E A3 0. 30% Cr+
0.30%Mn+ 0.03% Ti+ 0. 18% Zr, %&5EH LB
WL, SR ALk, PR RS IA B 45~
80 Mm , ] ML, 7E7AS55 &4, EEWINTi . Zr BE7E
—ERRE LA REAL . AWM Cr  Mn L Ti
HIL B RERRAR, AR+ EE . &R
Pk Cr Mn Ti . Zr PAAERRCA SR Z ) ok 404k
ROR, FREAR S AN AR . BEE Cr
“Mn &5 0.04% EF-310.20%, HEEH LR
A AN AERR AR, AR IEARINEE . 2 Cr
Mn & 0.20% T30, 30% B, B55E 4 E=H L
KoL, SR A LA, RIS .

®1 aarEin

Table 1 Chemical composition of alloys(mass fraction, %)

Alloy Zn Mg Cu Cr Mn Ti Zr Al
1 8.22 2.11 2.35 0 0 0 0 Bal.
2 8.23 2.14 2.30 0 0 0.04 0.17 Bal.
3 8.24 2.13 2.31 0.20 0.20 0.04 0 Bal.
4 8.19 2.21 2.28 0.25 0.25 0. 04 0 Bal.
5 8.21 2.15 2.37 0.04 0. 04 0.03 0.18 Bal.
6 8.17 2.19 9, 99 0.06 0.06 0. 04 0.17 Bal.
Vi 8.27 219 2.36 0.20 0.20 0.03 0.17 Bal.
8 8.23 2.13 2.33 0.30 0.30 0.03 0.18 Bal.
9 8.20 2.17 2.29 0.36 0.35 0.03 0.18 Bal.
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Fig.1 Microstructures of 7A55 cast alloys
(a) —AFZn-MgCu; (b) —AFZorMg Cur0.04T10. 17Zr;
(¢) —AFZn-M g Cu-0.20Cr0. 20Mr0. 04Ti; (d) —AFZn-Mg Cur 0. 04Cr-0. 04Mn-0. 03T 0. 18Zr;
(e) —AFZn-Mg Cu-0.20Cr0.20M 0. 03T 0. 17Zr; (f) —AFZrMg Cu0.30Cr0.30Mn-0. 03T 0. 18Zr
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Fig. 2 Microstructures of 7A55 cast alloys corroded by Kellers
(a) —AFZn-M g Cu0.04T10. 18Zr; (b) —AFZn-M g Cu0.25Cr-0. 25M 0. 04T j;
(¢) —AFZn-M g Cu-0.06Cr-0. 06M 0. 04Tt 0. 17Zr; (d) —AFZmrMg Cu0.36Cr-0.35Mn-0. 03T 0. 18Zr
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Table 2 Chemical composition of particles( mole fraction, %)

Particle Al Zn Cu Ti Zr
A 93.14 3.1 3.00 0 0.17 0.09
B 60. 45 12. 14 13.96 9 3.29 1.16
c 27.02 22.19 32.78 18.01 0 0

Mg . Cu 4 MOCRAR( WK 3(d)), ZkbTH—K
i B S TAH . AR SR IR s 4E 17 7S A s,
2 BEN Dow-Pos/ mme, AW E o H(5. 16~ 5.
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WIS B« TR A O AR S A
G EAH, WRBCR T B2, TS ARIK &
ANET AR R 45 AU ARAT HATTE A% .

B 4 s B A9 0. 20% Cr+ 0.20% M n+
0.04% Ti & &HSWMWHLR, &AFEE TR
MgZno, &NAFRAE EEHT HAH, BE3E 2 A R IL( W
K 4(b)): HfaAHE AL Ti.Cr.Mn.Zn JCE4
B, AR MR AR LRI A R (L
K d(c)), HE&HE &M Cr.Mn, ZHHNo Al

SRR Tis ALK T .

Kl 5 Fias A E AN 0. 20% Cr+ 0. 25% Mn+
0.04% Ti+ 0. 17% Zr &SR . &N A7
ERREHH AT, B 5(a) ITUAE W, %A 2R
BEEM KRBT R INZAHE Al Zn (Ti f
Zr A FPOe R A (B 5(b)), #E—B R H LA
BRI 5(c)), BRIEAN Ti. Zr A B &2
e, H2HH T &S Ze A%« Ze 00 T R AR
i, RUZMAZER S0, mHEAS TR
FHH OB AL A T, % AH I 450 4 BN 1%k DL
ALTi NIEEAZLD, SNEEE—)Z AlLZr, ALZr /)
SR A ALTIR R, IKIREHE BEREZEEAYS
AL (Ti, Zr) . AR P8 R BoRTi ZefE
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B3 AFZn-MgCuw0.04T+0. 15Zr &4 5 AR F R0 5T $
Fig. 3 Second phases and EDS pattern of AFZn-M g-Cu-0. 04T 0. 15Zr cast alloys
(a), (b), (c¢), (d) —SEM photographs of cast alloy; (e) —EDS patterns of particle B

j Element w(% xI%
i . MgK 6.57 8.88 (b
1 / AIK 60.57 73,77()

: N TiK 3.69 2.53

/ X Particles containing Crk 0.07 0.05

Cr. Mn. Ti MnK 0.06 0.04

: &5 ] Cuk 9.74 5.04

ZnK

Cr Mo |
08 a6 2.4 — =300 N0~ 48 5i6- 76402 8.0 8.8
Energy/keV

Kl 4 %4 AFZn-MgCu-0.20Cr-0. 20M 0. 03T i & 4= 55 —AH (334 B B 5 R0 Rg 1%
Fig. 4 SEM images of second phases and EDS pattern of

AFZo-M g Cu-0. 20Cr-0. 20M n-0. 03T'i cast alloys
(a) —SEM photograph of cast alloy; (b) —Chemical compositions of second phase

(¢) —Linear scanning curves of elements; (d) —EDS pattern of second phase
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K5 #4& AFZn-Mg Cur0.20Cr0. 20M 0. 03T +0. 17Zr #4255 — A (1451 i e B3R R 1%
Fig. 5 SEM images of second phases and EDS pattern of

AFZo-M g Cur0. 20Cr-0. 20M - 0. 03T £ 0. 17Zr cast alloys
(a) —SEM photograph of cast alloy; (b) —Chemical compositions of second phase

(¢) —Linear scanning curves of elements; (d) —EDS pattern of second phase
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Fig. 6 Model of A Ti nucleation
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Fig. 7 Model of AL TiZr nucleation
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