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Kk, Cu-Sc Hal&& MKk, HIXKE LU
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TR ATIN 1) %t & 42 0 Cu-Sc 4 4 ¥k [ 20 23 1) 5% 1 R
o ARBFFUKIZE BRI, 5% Cu-Sc A 4
NEEA Al-Zr & & ST N, N Cu-Sc HE&
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1 5K I

K FH 4 35 LV ) 25 ML Y Cu-20%Se A &
&, HEaE 1. RH 99.9%E 4 Al, Al-5%Zr +
&4, Wil Zr BIMAER 0.12%, Sc MMAEN
0.2%. IR A AR I (8] W3R 2.

2 kg i AlUER AE AT S T S A 3 e IR IR R
IINZEHI 3~5 mm BB AR Al-5%Zr Hrii) & 4, B
Ja, FHEBITOE R EE, PRI 20 min, JIA Cu-Sc
a4 4. T Cu-Sc HiE&4RNE, Frblé Kb
Cu-Sc & &4l G ik 2~4 mm [FERL, SR JE B K
H 51 Cu-Sc & & BINHEW A+, HASEEREE, I
A 0.5%/RNALFEH A, THESTUE RIREE, (R E
A, Y, BRVES] @100 mm><100 mm kR,

A HG, BEREET R TIT. B ERELE
YIFFI Y 4 A 3R 0B 5 B 20 mm>20 mm>30 mm
WEE, TEMOLE, RARMERS KRS B R

#F1 CuScHEEEHLERS

Table 1 Chemical composition of Cu-Sc master alloy (/%)

Cu Sc Al Fe Si

79.3 19.8 0.8 <0.01 <0.01

%2 RInCu-Sc HEEEH Al-Zr & € RIRIRE AT E
Table 2 Temperature and holding time of Al-Zr alloy after

adding Cu-Sc master alloy

Temperature/'C Holding time/min

700 1 5 10 20 40 60
725 1 5 10 20 40 60
750 1 5 10 20 40 60

(HBF4H,O 4 1:20) W HLfRW, HWE 20 V EBE, &
Olympus BX53F Jt# i T ME &4 H, KA+
FAE SN S B B T 38 R R ST

I E A 4 M85 V) F R FE L 5, g HuR
FEBE NI 3 34N X4k, B A R 35 2% 2 3% 8 15 A X 3,
K IXA-8530F A5 37 K I B TR EF L 5% AlyZr Al
Sc s, RABEME s Image-Pro Plus6.0 il 2
AlZr F1 Sc it s T3 RF AT AR 73 3. (ETBOR £
#74 5000 fix T, W5E A HTH AT o-Al ZEARFTE) Zr,
Sc A1 Cu [E ¥ & . K TECNAI? G20 3% i it 1 & i
WS EEE G 520 CHIAMKEKREEEFH
Aly(Zr,Sc), TAEH A 200 kV.

2 HREHMH

2.1 Cu-Sc FEIEERIBMRITA

R HRI W 9T 45 SRR . Cu-Sc A4 e A
NAFEE S Sc 2R A0, EZIRA LR 27 Sc H
Cu MIIZIRA L. P RET ST g R RS
ZR R 40 41 h 79.70at%~79.89at% ff) Cu, 20.1l1at%~
20.30at%ft] Sc, K iE Al (0.1at%~0.2at%) f1 0. £
X B PIIN Cu-Sc HhiE & 4 1 A oA 2
Cu,Sc.

F* 3 W Cu-Sc &M Al-Zr & & 754 [FlIR
BT [A] (R I #E [ 5 A I )46 2% B4y, BT L Se 5 Wi iR
In&: (0.2%) 2 <5%, Zr 5T I (0.12%) %<4%.

Bl 1 2% Cu-Sc &4 J5 Al-0.12%Zr & & I &
Sc i s 1R S0 B ORI T (8] 34 0 (9 A2 4k o AT WLAR R 1 min
W, I BRI E Se s, BEAR IR R IE K, &
Sc i SR T AR, B DRIEET (E3E 0, & Sc iR AR
WG TR, RPN CRIBIER R, X &
PR W . A Image-pro Plus 6.0 48 it& 405 571y
FOF A ARy By a5 R W 2 FIIE 3. M 2 AT RL

#3 KM Cu-ScEEH ALZr WERHS
Chemical composition of Al-Zr added with Cu-Sc
alloy (w/%)

Table 3

Holding time/min

Temperature/'C Element — 5 10 20 40 60

Sc 0.193 0.198 0.201 0.192 0.199 0.198
Cu 0.804 0.772 0.805 0.801 0.802 0.793

700 Zr 0421 0.118 0.117 0.122 0.121 0.118
Sc  0.201 0.195 0.202 0.197 0.198 0.200
205 Cu 0801 0.792 0.805 0.801 0.807 0.803
Zr 0119 0.122 0.118 0.123 0.121 0.120
Sc  0.198 0.192 0.203 0.196 0.193 0.205
750 Cu 0796 0.792 0.807 0.801 0.802 0.791

Zr 0.117 0.121 0.122 0.119 0.116 0.119
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EH, W Cu-Sc &4 Al-0.12%2Zr 14 Sc Jii s R
~ ORI T[] 3G I SR/, PRI 20 min J5 B DR I I
B 48 i R~ AR 46 28 . E 700 C AR5 1 min, 7 Sc i
RPN 22 pm, £RER 20 min, 980 E] 3 pm, £
60 min, Jk/NE] 0.2 pm. 7F 725 CARHE 1 min, &
Sc i 5P RSE N 18 pm, £ 20 min, Jk/N# 1.5 pm,
{5 60 min, J/NF] 0.1 um. 7E 750 ‘CARIE, £FiF 1 min,
& Sc AP HRSFZ8 7.5 pm, f£7E 20 min, ¥/~
F]0.31 pm, {RiF 60 min, J/NF] 0.02 pm.

Kl 3 72 Al-0.12%Zr &4 % Sc AH I F34r H bt fr
TS A AR 4k AR b 35 5 ] 2 /R 175 Sc AR s~

ST B OR T I [A] E K A8 A AH ] o fRiR 20 min /T, &
Sc Ji A5 THURR 43 £ B ORI B ) ZE K 2RI BRI, PRIE 20
min J&, PRI EI3E D0, R 7 2038 422 . £E 700 °C
fRif 1 min, & Sc AHEFR 42 4.3%, fRilE 20 min,
9 /NE] 0.5%, FRiE 60 min, J/NF] 0.05%. 7E 725 C
PRI 1 min, 7 Sc S AR 70 2OCH 3.6%, fRiE 20 min,
B Sc Ji s T R s /N E] 0.1%, FRiE 60 min, 7 Sc
J5 A TH AR 4 B /N Bl 0.008% . #E 750 CARIE 1 min,
& Sc ST HN 1.8%, {RiE 20 min, & Sc i
TR 2> Bk /31 0.01%, /iR 60 min, & Sc i &
53 B8 /N E] 0.001%.

-
T
20im

1 Al-0.12%Zr &4\ Cu-Sc & 4 #t

)5 &5 Sc i s T3 Bl fr Ui I (A1 2248

Fig.1 Morphology change of particles bearing Sc at temperature of 700 ‘C (a~f), 725 C (g~I), 750 C (m-~r) for holding time of
1 min (a,g,m), 5 min (b,h,n), 10 min (c,i,0), 20 min (d,j,p), 40 min (e, k,q), 60 min (f, I,r) in Al-0.12%Zr alloy after adding

Cu-Sc alloy
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B2 0 Cu-Sc &4 Al-0.12%Zr &4 & Sc i S FHIR
~F I R e T A 4L

Fig.2 Dependence of average size of particles bearing Sc in
Al-0.12%Zr alloy on holding time at different

temperatures
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Fig.3 Dependence of areal fraction of particles bearing Sc in
Al-0.12%Zr alloy on holding time at different

temperatures



%5 W

LA Cu-Sc PHE RIS Al-Zr & IR

« 1727 -

Bl o4 2 FHRERNKREMN Cu-Sc &4 )G
Al-0.12%Zr &4 8 Sc [8¥ 2 BE ORI N A28 4k . AT
UL, Al-0.12%2Zr H1 1) Sc & ¥ 5 75 A [ ORI I AN [R]
ML, [ RS, B ORI ARG 00, fE ORI
20 min A, MBI, FWIE Cu-Sc & B IEMEELIR,
{35 20 min J51nZg 18 . 700 ‘C{#i& 1 min, Sc f[#
EE N 0.005%, f#i%%] 20 min, Hh0%] 0.068%, 1#
IRE) 60 min, 4 1% 0.088%, iA | Bt N (0.20%)
f] 44%. 725 ‘CARiF 1 min, Sc [ &% &4 0.008%, f#
J5.%) 20 min, N3 0.078%, {#iRF 60 min, 0%
0.105%, 1A F| &I INE ) 52.5%. 750 Cfri#E 1 min,
Sc [ &% &4 0.015%, £r i 2] 20 min, 3 0% 0.091%,
fRIEE] 60 min, EINF 0.112%, &3 & AN

(0.2%) ff] 56.0%.

Eb 3 A & AT BAE 7000 5E (1) 28 Al H i\ % & Cu-Sc
&4 JE M F IR 41T Sc 78 Al 44 o iy [ v 12124,
ATLLE H, 2 FE L Sc [V B TR B AR 1) AR A A
A, {H 2445 N Cu-Sc & 45 Sc 78 Al JEik iy
] 5 B g T R SR 2 1 R AE ALLZr A 4 1 [ A &
N Zr A1 Sc A HAFFE, n zr &4, #B4> Sc
JEF W B Ze i b, B T A R T

5 & BT IREH R AR I Cu-Sc & 41
Al-Zr G4 ) Cu B & ORIEE A48 40 . AT L,
Al-0.12%2Zr H1(#) Cu [H¥ B AEA R ORI I AN FE, J6
FEbkm, [EvE B, BEAE ORI 3G i, 7EORIE 20
min #7, AR, REE& Cu-Sc &E&EmEtt, &
6 20 min JE ¥ NZEE . 700 ‘C{RIE 1 min, Cu f & %
BN 0.028%, fRIEF] 20 min, 0% 0.36%, {#iE
60 min, M40 0.62%. 725 ‘C{R#iF 1 min, Cu [[E %

0.12

0.10
0.08 -
0.06 |-
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Sc Concentration, /%

0.02 |

0.00 |

1 1

0 10 20 30 40 50 60
Holding Time/min

B4 ¥I0 Cu-Sc A4 Al-0.12%Zr &4 1 Sc [V 2 b ¢
it i )42 Ak
Fig.4 Dependence of solubility of Sc in Al-0.12%Zr alloy after
adding Cu-Sc alloy on holding time

N 0.075%, {RIEF] 20 min, 0% 0.465%, {RiE
F] 60 min, HN% 0.66%. 750 C{#iF 1 min, Cu i
[ 7% 88 0.117%, fRIEE] 20 min, Cu f & A &34 N
F1 0.59%, i F] 60 min, Cu [1[E ¥ 244 N %) 0.68%.
EB| B AR I E (R 3 FFIME 0.8%) 14 85%.

F 3/ 2 R A E 70002 I 2l B8 R s 28 & Cu-Sc
A4 S5 Cu e Al Fatk b i [ i BP9, WTLUE W, 2 Fl
THOLT , Cu 78 A4 Hh i [ 2 2 Bl DR Ui T[] 1) AR AL i 34
IR, AifahRing & Cu-Sc &4 )5 Cu 7E Al Fikrh
(1 [ 5 B 5 R 2 2 N AE AlLZr B &P I A A .
KRN Cu-Sc &4 )5 Cu kB 5 Sc F1 Zr [, B
Sc A1 Zr Xt Cu W [E ¥ 2 WA 2 .

2.2 AlZr HEYBRRITA

Kl 6 2N Cu-Sc &40 5 Al-0.12%Zr &4 i)
AlaZr J5t R 30 B ORI TR 3G N A8 4k . 8N Cu-Sc
&40, WK 6a, 6g, 6m, AlZr M S BIE, A4
Bi5], BEAECRER BN, AlZr BIRHEH, BARAE
B, ReFAR/N. ORISR S, XS E. H
Image-pro Plus 6.0 Ztit i AlsZr AH 5 A5 R <§ AT AL 43 %0
B R N () A5 A 45 R UL Pl 7 R P 8. i Sc i, AlZr Ji
FRSFECR, I Se AR 1 min J5 RAFARLAR K, ARG &
g/, AR 20 min J5 RSFAEF2E . 7R 700 °C £RIE,
i Cu-Sc &40, AlZr Fis F¥RA 28 um, {RiE
20 min, J/NE] 8 um, RiE 60 min, JE/NEI5 um, 5
B Cu-Sc &&aiAHEL IR/ T 82%. £ 725 CLri, N
Cu-Sc &4 fl, PRy 26 um, £RiE 20 min, /N
#1276 um, {RIE 60 min, /M) 4 pm, 5 Cu-Sc &
SRTFIELIR D T 84%. 7£ 750 C {435, N Cu-Sc &4 Hi,
SERIRSE N 22 pm, 3R 20 min, J#/8E) 3 um, {4 60
min, J/NE] 2 um, 5 Cu-Sc &4 HIAH LR/ T 90%.

0.7}
0.6
0.5}
0.4}
0.3
0.2}
0.1}
0.0F

Cu Concentration, o/%

1 1

1 1 1

0 10 20 30 40 50 60

Holding Time/min

Bl 5 N Cu-Sc &4 Al-0.12%Zr & 4 ) Cu [ ¥4 & e R
T i T A2 Ak

Fig.5 Dependence of solubility of Cu in Al-0.12%Zr alloy after
adding Cu-Sc alloy on holding time
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Bl 6  ¥shn Cu-Sc H iR & 4 AN 7] Dr i il B2 0 I [R) Bk B 5 1 AL-Zr & 4 AlsZr AH
Fig.6 AlsZr particles in Al-Zr alloys after adding Cu-Sc master alloy at temperature of 700 ‘C (a~f), 725 C (g~I), 750°C (m-~r) for
holding time of 1 min (a, g, m), 5 min (b, h, n), 10 min (c, i, 0), 20 min (d, j, p), 40 min (e, k, g), 60 min (f, I, r)

30

25+

20+

15+

10+

Average Size of Al,Zr Particles/um

() . . . . . .
0 10 20 30 40 50 60
Holding Time/min

Bl 7 ¥IN Cu-Sc &4 Al-0.12%Zr & & AlsZr Ji £UR H
PRI IR 1) 38 4k
Fig.7 Dependence of size of AlsZr particles in Al-0.12%Zr alloy

on holding time at different temperatures

hn Sc A, AlZr it SRR 73 B, i Se PRI 1
min J5 ROFBA KR, RJE SRS, PRI 20 min f5
AR B 22, WL 8. #E 700 C i, Jin Cu-Sc
AT AlZr Jit s TH AL £ 9.6%, R 20 min, K
/NE] 6.7%, FRIE 60 min, Jk/NE] 5.3%, N Cu-Sc
HA AT LA T 45%. 7E 725 CHRIE, N Cu-Sc &
SHT AlZr AT N 9.2%, fRIE 20 min, /N F
5.6%, fRilh 60 min, J%/N%E] 4.6%, 5l Cu-Sc & 4 i
LI T 41%. LB 7 A8 RTAT, AlsZr Ji R
~I R U T[] 354 st/ (e B L b AleZr AH TR 43 4
I LR P[] 398 2> P Sl B R, 3K 2 BT D R Ui T )
BN, AlsZr J57 R AR I R B, DR BRI R R /S
TR, RSHSE N, R TR 5 H B AR AR X /N

=
o

©
T

[oe]
T

Areal Fraction of Al,Zr Particles/%

1

0 10 20 30 40 50 60

Holding Time/min

8 RN Cu-Sc & 41 Al-0.12%Zr & 4 AlsZr i 1 Y
3 B DR T I 1 A8 1k

Fig.8 Dependence of areal fraction of AlsZr particles in
Al-0.12%Zr alloy on holding time at different

temperatures

9 & HL T EREMAS I 2] ¥ I Cu-Sc & 4 Rl 5
Al-0.12%Zr &4 Zr [V 5 W AR5 i e A8 4k . AT
WL, KR¥sID Cu-Sc & 4H, Al-0.12%2Zr H1f] Zr & &
TEA ORI FEA A, s, WS Ess, ME
(RIS R B b, ZE4R3E 20 min ®T, BEnEcbR, 9
AlsZr Jii AR ECH, ARIE 20 min 534 NZE18 . 700 C
{Ri%, N Cu-Sc &410, Zr KIFE AR 0.029%, f#iE
F| 20 min, #¥N%] 0.033%, {#i%%] 60 min, 3%
0.035%, S5/ Cu-Sc &4 ajAHEL, M 19%, &3|%
THNINE ) 27.5%. 725 ‘CR¥E, n Cu-Sc & & Hl,
Zr [P [l ¥ &4 0.031%, {23 21 20 min, 34 /i1 %] 0.036%,
{55 60 min, BhNF 0.037%, 50 Cu-Sc & & i
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© 0030} —=—700°C

N —e—725°C
0.027 + —4— 750 C

0 10 20 30 40 50 60
Holding Time/min
9 ¥shN Cu-Sc &4 Al-Zr & & ) Zr [ ¥ 2 B DR i B A)
A1y
Fig.9 Dependence of solubility of Zr in Al-Zr alloy after adding

Cu-Sc alloy on holding time

Eb, B0 18%, & B IHAIIE R 0.8%. 750 C{RIG,
B Cu-Sc A4, Zr B 0.034%, fRIEFE] 20
min, 3% N%| 0.039%, frif %] 60 min, H450%] 0.041%,
5 Cu-Sc A& ik, #n20%, &3 EHRnE
(0.12%) [¥) 34.1%.

XTHEE] 8, ¥sin Sc LAJS Zr [B]3% & bl D il i 8] 1E
K 1R 18 ok b TR o B R e . X R Zr
JRSE RS, RZRSHRAN, /NT 0.01 pm, $REFA
GiRH BT CATHTAR 73 B BB R
2.3 Zr. Sc X EEH

B Zr A Sc (ARG SAEE A IS, BT H A a2

t ™
-

AlSc AR Zr S et M rd H AR, it i m
I [ AR A 1 S T iR B S T 2r, Sc ik
Bk, JERC AlSc s, RJE Zr B, BB 2] AlSc
FHRI, RS 451 AALE Al-Zr &4 F A Cu-Sc
G4, Zr A Sc WHER, X2 7RSO )

B 10 /& Cu-Sc A4 )5 700 CfRiE 5 min Al-Zr
HE&F MRS A, AL Cu-Sc A &R, Cu i HiEl
FpR . B Zr 16 AlLZr MR ITF IR R, 4 RIS 7 Sc
RS AR SRR B, AlsZr FHER TH % W Sc.

Kl 11 4 Cu-Sc & 4 J5 725 C AR 10 min Al-Zr
GRS, A RSTBUNMY AlsZr A5 A
T X, DLW T Sc.

Kl 12 /& ln Cu-Sc A4 )5 750 ‘C R 60 min Al-Zr
P ITERD A, AT WAL AlsZr BT AU T X,
CLE W B T K& Sc.Sc nl REE ¥ 2 AlsZr #5254

1 & 10~12 AT LLE Y, Cu-Sc & &k A\ Al-0.12%2Zr
GEWPIE, SITHREM, B Sc bRl EA .
B 55 f L I TR B A R IER FE B . & Sc i AR
Frif i) Sc TR ITF IR HL B R BN AlZr BT sl 3K T
Xk, R FEFRIE N, CRIER REZELK, § Sc MKER
filt, H5r ScRF IR AlZr Jii i R0 X3 E 4, Bt G
043 [E 5 2 AlsZr AHH

Sc & HEE Al,Zr R G, 5[ MR &
[ R S AlySc R & 4 Zr BS54 M AR A . X AT AE
52 AlZr Je IR, SR JE N Cu-Sc Al &4, Sc AW
fift, VAR Sc TEME AR BE] AlsZr T

¥ .
L .

K10 #%in Cu-Sc &4 700 C LR 5 min Al-Zr & 4 70 % 4 #i
Fig.10 Alloying element distribution in Al-Zr alloy after adding Cu-Sc alloy holding for 5 min at 700 ‘C: (a) SEl, (b) COMPO, (c) Cu,

(d) Zr, (e) Al, and (f) Sc
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11 ¥ Cu-Sc &4 725 CHRiE 10 min Al-Zr & &0 E 51
Fig.11 Alloying element distribution in Al-Zr alloy after adding Cu-Sc alloy holding for 10 min at 725 °C: (a) SEI, (b) COMPO, (c) Zr,

(d) Al, and (e) Sc

K12 ¥ Cu-Sc &< 750 “C LR 60 min Al-Zr & 61070 &K 43 i
Fig.12 Alloying element distribution in Al-Zr alloy after adding Cu-Sc alloy holding for 60 min at 750 C: (a) SEI, (b) COMPO, (c) Zr,
(d) Al, and (e) Sc

2.4 Al-Zr EE£MA Cu-Sc & & HEFE AL

K] 13 2 Al-Zr & 40\ Cu-Sc & &= AN A fr i i ]
(5 [ 2L 2, T 14 2 AR 4R T S ol 00 2 2R 4 1 17 o b R
SRR A 5 R . 54l Al J AN Cu-Sc &4k 241
iU EE, WTLLE H: Zr M Sc E AT BLE 40
b Al &aH 8. 48 Al H 300 Cu-Sc &4, 700 CIi
15 min, “F¥ER SR 285 um,  fRIE F] 60 min,
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Fig.13 Microstructures of Al-Zr alloy after adding Cu-Sc alloy at temperature of 700 C (a~e), 725 C (f~j), 750 ‘C (k~o) for holding
time of 1 min (a, f, k), 5 min (b, g, I), 10 min (c, h, m), 20 min (d, i, n), 60 min (e, j, 0)
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Fig.14 Dependence of grain size of solidified Al-Zr after adding

Cu-Sc alloy on holding time at different temperatures
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Fig.15 TEM showing Als(Sc,Zr) precipitates in homogenized Al-0.12%Zr alloy added by Cu-Sc master alloy at 725 ‘Cfor different
holding time after solidification: (a) 20 min, (b) 40 min, (c) 60 min; (d) SAED pattern
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Dissolution of Cu-Sc Master Alloy in Liquid Al-Zr Alloy

Cui Jianzhong', Wang Zhao®, Wang Chunxin?, Wang Fuyue', Wang Xiangjie®
(1. Key Laboratory of Electromagnetic Processing of Materials, Ministry of Education, Northeastern University, Shenyang 110819, China)
(2. School of Metallurgy, Northeastern University, Shenyang 110819, China)

Abstract: Dissolution behaviors of Cu-20wt%Sc master alloy in liquid Al-0.12wt%Zr alloy was studied in this paper. It is found that both
size and areal fraction of particles bearing Sc and AlsZr particles decrease, the solubility of Sc, Cu and Zr in a-Al increases with the
increase in holding time and temperature. Part of Sc atoms is adsorbed on the surface of AlsZr particles so that AlsZr particles rich in Sc on
surface are formed. The microstructure of the alloy with Sc and Zr after solidification is fine observably. Average grain size of the alloy
increases slightly with the increase in holding time and temperature. Fine microstructure of the alloy with Zr and Sc is resulted from the a
lot of stable nuclei of Als(Sc,Zr) particles rich in Sc on surface. Same as adding Al-Sc-Zr master alloy, Als(Sc,Zr) precipitates in the Al-Zr
alloy added by Cu-Sc master alloy after homogenization.
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