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F& TR - 2 A A I Ak S — v 2 o A A AR T
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S8R S A TR A A A AR T AL BE AB56 FR A 4, JERT
WUEEEAT W10 4 Hr, NI HE 25055 A356 454 4 1 RE K
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SEIG AR R Tk 4liR (4l =>99.70%), 4k (4l
i >99.00%) . FMIEREN KBF, (4li)¥ =>98.00%). & 4l
TR G+ L A356 454 4x (7.02%Si, 0.30%Mg, 0.17%Fe,
R AD, AI-10Sr &4, ARG ST HE SN
BRAT . AR

B, % AI-5Ti-1B-1RE Wi ja] & & il FREL Tis
KBF, ¥ & 4liE & f LA Tolkaids, w2 TE%M0
N, RFAAERBURLYE, 754 SR SG2-7.5-12 B HF
FOHH 5 F BEL A N B AL-STi-1B-1RE Ha] & 4, 246
FACE B R 1 TR .

Hk, RA®EMNLIEX A356 A& & T2
i, BIKG 254 — 2 i B A356 5 A & A SR IR BN I
SR E YA, FHRZE 750 C. BE5 48 FMARE,
EHRM EMANEAETHESN, FraeBis,
K ia & e PE R 0.80% K fi i) AI-5Ti -1B-1RE (A&
ST RN SREEN, MAREE&WF, I
K H 30-1 K5 %38 J7 B B P RS 34T SR ) B HE 1 min. £R
5 miny Kk, BRA. IUE, BRESGSIBEREEN
0.30%[%) Al-10Sr A& & BRI IR & S|+, 5®
TR RIE. K. BRA. B E, BFIEE 730 C,
PUEs. ME . DU, R

WRIG, FRIBRIBA R A356 454 4 AT 1L 28 i
AbER, BARTTRUWE: THERRE 2 4 4 431 A356 G
&, BLHICHNAEB, FREMIN AB=11; E24H
LA C 5D, RER LN C:D=1:2, # & T 1 BH
N BB AP AR 750 CHEtbIG . [ER 141 A KRk
Fh 26 5 43 S I R 5 1) 1.60% ) AI-5Ti-1B-1RE Fll
0.60%F1) Al-10Sr Ha] &4 (B8 2 155 M 4n1L A8 i 1T
ZIANED, 1 B WA AT IEAT AL AR s W2
2 W C AT E I AR 2= 1.60%(1)
Al-5Ti-1B-1RE #1 0.60%/f] Al-10Sr H ] &4 ($°4 2 %
WAL T IMANE), D WA J 5 i s 7k i
19 0.40%[1) Al-5Ti-1B-1RE A1 0.15%F] Al-10Sr H ] &
4 (3524 0.5 fEH AN R T2 IMANED, Z58mIE

# 1 AI5Ti-1B-1RE FEIGEMHER S
Table 1 Composition of Al-5Ti-1B-1RE master alloy (/%)
Ti B RE Fe Si Cu Ni Al
506 093 1.09 014 012 0.04 0.05 Bal.
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Ja, I B AR A A A L B AL AT TR . A
(L P 73 A3 B VR T PN, R SH 3 I FE BELA P 4
IF RO A S R AR TR A IR AR BN B
BRI AL AZ RN B fEfArh, C MBEEAZ] D
IR BEAT IR A, IXIE Y AB CD, 32 It
RIS RPRR A 730 °C, RBWRE, HEE AR .

2 GRS

2.1 AI-5Ti-1B-1RE # Al-10Sr 8] & & BB LA

AR XRD £

xf E #f AI-5Ti-1B-1RE #1444 XRD 5+
B KRR T, SR WK la. 2a fiok. H4H
A B AR T EEJE ALSTiL TiBo. TipAly,RE AH
& BREAMMPOR, HHERMAKRZ ALTi, W
Bl 2a 7 A HiskPrdE; ROPMR. ROk A M2
Ti,AL,oRE #H, Bl Ti,Al,Ce. Ti,Alyla #H, #1& 2a
H B Fi Sk Brde s RO/ i) BRI TiB,, 43 i
TE ALTi FIFG b AH J B Bl s 4k, an &l 2a vh C ik
FT46 - Al-10Sr (Al & 44 XRD 514 HL B8 e g 1 4y
B, R wE 1b. 2b fix, KEH KRR A RS
Wik AlLST #, W 2b D sk e Bk KM
Y /N R SR A5 9 3 R (AL+ALSTE), T 2b B &7
Frig .
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Fig.1 X-ray diffraction patterns of Al- 5Ti-1B-1RE master
alloy (a) and Al-10Sr master alloy (b)
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2 AI-5Ti-1B-1RE H[]& G A Al-10Sr ] & <5
EMAZ SEM &
Fig.2 SEM images of Al-5Ti-1B-1RE master alloy (a) and
Al-10Sr master alloy (b)
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FH P 3 AN [ 44 AR 7 T 2 Ab # 5 A356 45 & 4 4L
LIESR AT, 24K A AI-5Ti-1B-1RE 5 AI-10Sr /] &
Xt A356 A ST 5 G A AL B AL RS, AR
B AR T T2, 3 R R B VR A 40 7 o Ak 3
T, WA T — M RAR, HiEHE EHE
FRTE. RN A356 444, WK 3a. 3e
Fias, a-Al MM R BIECIR &, L s EEE S A A K
B R IR, TR 2 R EOR RSP R Z4E 20 pm
DA b, fESRFEAR A G 7 e, AR, 1%
WH BRI M, MER A RS, BRI,
JIEENEREEUA, 28 b vk o A X 30 0 3K JH o 5 8 A A
i, 4355 177.56 MPa, 1.17%. 4% % 4012
JRLZ, HA AR B R 3by 3f frn. a-Al Al
ARERTY BLAC BRI, i B 8O, S A
R NFRDIR B IR, RSFRZAE 10 pm BUR, 4040
A7 RS LL R R, FEE RS b, X —ER
BRI AR TR, 1 Re I R, PR s A
EMFZE, 2350 245.49 MPa, 6.12%. 43K AB #ifk
REMLAR T2, Hafb B R i 3c. 3g Fr
No AB ARG AL B RCR 518 3d. 3h Frsi) CD
VA PRI A AL AR TSR A 2, oAl FHAS A 5 g /s Bk
& HACERIEMT, SRR A T RENEL, JLTEAE
BT AR URE AN 1) SRR BURL, 38 5] A A AE R AL .

ERE BRI S T ER, AL N . &P
LA B R IEH ALV bR . 1M RE & bn e B if
WRIGIMK, AB IR TR A B [E 5 HAPTHi o B, 2E 45
LA AR BT A356 F5A 44 il R 6.89%, 18.15%.
2.3 LT RIBS T

2 Al-5Ti-1B-1RE H[a] & 40467 I A 2| A356
BAEETR, RS MK AT, TiB, Al
Ti,AloRE, H T2t & Lk Ti/B=5:1, @ik T TiB,
HTi R B 2 b 2.2:1, B 2 BT & 1) Ti 5 B JE Ak TiB,
G, EHFRE Ti G IE MR A6 6B AT,
2 TiB, RAEME. AN HFEBETH TiB, 5
AL, Ti A B e, TiB, kg #dh B-B 4
JIT TR 52 ) 5 S A B B 5 T B 1) ~F- 1T D AL T AE H 3R THI
TR FTRE, W Ti KRG AE TiB, B0k & [ ¥ A
—ETi R, 5 A B ALTI 8%FE, B Ti+3A1
= ALgTie fEEEEIS RS, KEW ALTI HEMEM
TiB, ¥A1E N o-Al FIH MM ZEIR, R, £
a-Al Gk a0, RN 55 AR T Ti,AlRE HH A iR
TR 1 RE G R AE AL Ti R R — 2R 2,
Bl Ti,Al,0RE= 14Al+2A1;Ti+RE, 1EWIE 2a fiw,
BOR 1) ALTi B BB S M A, § ALTI HES
JER R REAEE IR (0], R4 T1E TiB, Wik BB
T ALsTio J34b, FlA IR — &8 23 Wi b o6 2% 8 ik ] it
s TR L, BTHRECRNETFEREN
0.174~0.204 nm, KTHEJE1% 0.143 nm, HAEH
HH [ FERRAR AT BIRR R T R a-Al KR SRS
W A%, Xf dm A A AT FUAE AL A AN BE AR 2R KK
ER T M RLIER s 5 — W T R A R AE
REMERTH LA mIREAR A, PRAR T RTHAE, 9N T
S A TR AR (R 1, SR B P bR S ot e 4 e A R
FFPIRBORDR, A2 T AR 2 2

ALSr LAY R St RE AR AR Sr )5,
A % ¥ AR AR P, BE T Sr AR R LI — <245
ek ZEHEHALE” NIT Cimpurity-induced twinning
mechanism) 1) 58 F 70 45 B R W08, BB & Sr
W Bt I S AEAE Si AR AT ATV, BHAE T SE A Si %
FoR T AR I = A28, LS Si AR
R EANEAR L2 T H, 2R R R RS
L fh Si AR KRR 5 e 0 & 1) S PR e A R % 1) [ 42
TR, el Si B BT B A IR EH RO R AR
B AR N KB A B A b AR 4R A KA, &St
Si M KRS58 TR eAE . Bk, FHAR 5 kR
FEH AL-10Sr H[E] A 4 e BB B B A4S Sr R
B WORBER Y E . AR AL ST AHBURLAH /N
RMEEER, DT HEHIFEAS S afHES 5B,
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K3 AFLZAEE A356 & SRR

Fig.3 Microstructures of A356 aluminum alloy after different processing: (a, €) as cast alloy; (b, f) conventional treatment;;

(c, g) AB melt mixing treatment; (d, h) CD melt mixing treatment

43 AL,Sr AHJE [ BT & Sr &R TREAC, 5T I M
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e
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. RT
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F g [ AT B AR RS2 KoCo» 15 7] 465 T IS 380 4% VAR
ORI, Bisr ColKer T, NS TT 4h el
() [ 4R 7€ R 2> b 1 AR R CC"O/K'? =Ki02 . LA
Ko Wl /NI K BRI, Ko<l B, FAE#R/N, TRy
P B 77
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p (T) = 145, (T)

. RT

M (7)) wTEn, fE— R TN, BV s T
IIC R E Ko E BEHCR TV BAER . [ 9 A o i b
WAL BT pl (T) B pg (T) R S0 AR 8 R
W H A, EZTEZMAGH usT) & W T) A

1 (5)

Jir A KO:—i:%eXp[ 1 (6)

c
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- exp[ ]
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A AEAR SR, FIT LA Ko# Lo paf (T) < 15 (T) BiF, Ko<1 B Cs<Cy s
WE I, WV TRV T AE T AR A S A bR AR D
BAR, BAE p-(T) Jopg (T) M5 CRERD, HAIKR
55 M RL A ST YRR R IR B, A Ko 36K, R/ AR
ST fE— I T, MRAE MM R T2
I, H T 8 0 AR VR R IR BE, BT L Ko A2,
D) 200 e A I 51 R PR B AR 1 43 AR AT M DA DR A B
B, SEILA AR B LA AR S A AR R 2,
Kl 3b. 3f Fiom. TS0 RIR & 4l i A356 R 6 4
I, R IR B A A AL BT 5R) Al-5Ti-1B-1RE 1 Al-10Sr
HH ] 4 TR A A N 31 8 I AR R A 0 7 o 7R 1 A
W, IR 2H B ORI AE VRO R IR, A Ko 3
K, RIIRCER BT ok L R AT, g T B S A AR TR
ROE, Wi 3c, 3g, 3d, 3hFin. BEARMK KA ICE
WO RS, P B3 Ko, (HARIE AR & 4402 5T
AbERRT, o4 A BT A AR R R AR AR T
HICAEBA P IR B s, I8 2] 3 % & UL w4k
R T ZIMN G, T A28 5 R B AR T
KT Al B G AR A 40028 i b 3 T 200,
BRI T AT ORR, #ES, BRXQ)TH, W%
BB REGTIE, AR AT, B AA AR VR A S AR A K
(A RIEOT, JEH MIE % 3 5 & UL BFPUE &SI
=N, BT EMIIN, BlSaTRr M
TioAlyRE & A2 2560 0 e 20, 78 0 o e I 3ot o v 8
AN RE 5, RE JEFIREER K, ZP 3 KEH
(RORG B, A0 78 5T 751 HH 1) 3 AR T S AN BB K AT
NFRET, SRR £5# 15, MRS M0 a0 A8 i 7 ik
FE 2 f5 K UAR AN AR R T2 IR 3T A
IR A BERE, PR Ko, DA BIH BR LG B m AT,
AR o R B AR TR A R R, 5G4
RA G .

3 & B

1) %% Al-5Ti-1B-1RE 5 AI-10Sr Ha] & 4%t
A356 FiE & T E A MR AL BER, FE ARTR A A
7 T Ak B R AR TR AR AR, Kb s
FE, R 2R H R A AR BT T2 4 i R 6.89%
18.15%.

2) MRAE ML AR T T2, 5 AR T %
JEHKT Al Jtk, 55 RAERESR L EMIT, 55485
R e B, RS 3E I i 77 0 R A Ak 3 A DL 5 4
3

3) K H AR G AL AR AR BRI, A A
B, SHBEBY 8. S REE RS, FEE
PRI IR B 7= AR MR T N, 51k ] A ANV AH (AR XS 32 3

YA AR BRI B RN, WA Ko, A RO L
E BT, R HGE AT AT O, AT TR A AL AR I
R

&E Ak
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Effect of Melt Mixing Refining and Modification Treatment
on Microstructure of A356 Aluminum Alloy

Wang Zhengjun, Si Naichao, Wang Hongjian, Ding Ran, Wan Hao, Liu Guanglei
(Jiangsu University, Zhenjiang 212013, China)

Abstract: In order to improve the refining and modification effect of A356 aluminum alloy and to reduce the cost, the melt mixing
refining and modification on A356 aluminum alloy was carried out and it was also compared with a traditional technique. The results show
that the melt mixing refining and modification treatment has a better effect. The mutual melt mixing can fully exchange the particles and
energy, and the second phase particles move spontaneously from higher chemical potential phase into the lower chemical potential phase;
as a result, the total free energy of system declines and the system achieves balance. The change of the solute concentration in the liquid
phase changes the solute equilibrium distribution coefficient Ko and its crystallization precipitation, and reduces the enrichment of
segregation of second phase particles, thus significantly improving the refining and modification effect.

Key words: melt mixing refining and modification treatment; chemical potential; the solute distribution coefficient
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