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Rheoforming processing of Al alloys with slurry preparation system
and component shaping system apart
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Abstract: Using the reversible multilevel-speed electromagnetic stirrer, the slurry transfer tool and its coater, the thin
plate sample with five steps and the rheocasting mould, all of which are independently developed, a new rheoforming
processing of Al alloy with slurry preparation systems and component shaping systems apart was exploited. The results
show that the semi-solid A356 alloy slurry with shape factor of about 0.85 and particle size of 70—80 pm (in air-cooling
state) could be prepared in 20—25 s to fully meet the production rate of high pressure die casting. The slurry could be
smoothly transferred from the slurry preparation equipment to the rheocasting shot chamber when the temperature of
slurry is decreased by 3 ‘C or less, the tensile strength and elongation of the rheocasting samples can be increased
respectively by 11.6%—18.2% and 42.5%—50% compared with the traditional liquid die casting ones. The rheoforming
processing has close affinity with the traditional hot working processes.
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Fig.1 Temperature-solid fraction curve of A356 alloy

12 XWRE

WA < (R A b PR R AE 2 S R B R 3R 4T
FLR A5 P I P XL I0) 22 R0 rEL AR e U T rh AT
A PRUEZRRE S I & 3 72, AESORL s A& 7
FIRBIAN KR, 6 BEREAT — 5 LA AL B,
FFEHHRRIRE A S “RERRED T YE+K BE+K”

Rk

VPN S G SR BT, Bk SRR
KKK 6 mm. 5Smm. 4 mm. 3 mm fl1 2 mm, %A
100 mm (W FT B REE(E 2). J1 2% PR RE A RE %
ASTM B557M-02a tr#fE % & B FAI . AR Hs 55 1%
TE A IE ] Bl R BEHLS 77 J1116 RUEN VA = s
Bl

Parting face | & —

20/20]20]20

45

|
|
Stub bar |

- w _/
2 RS ERAR SR

Fig.2 Rheocasting sample of semi-solid alloy (mm)

Ingate

1.3 KIgiiE

EE R udaED o2 %N S NS AR ST RN % 76 2 SN RN B
Pl IR AR A F ) FLRER R 7 I AR A - ) H
WEBEFE” 55 5 Bkl 715, WRSRAG R B4t
DA G 0d B OB R 2 7 %8 Horh, A AR BT
AR T2 E RS, W 720~750 C
I 0.025%Ti(Al-5Ti-B #L I #F)F10.03%Sr(Al-10Sr
IEAT), BEREAIR 220 Hz, Hil s U=200 V, B+
L RITGT AR )=720 °C, XU HLREHEFE A
K IE — RG] e B e 07 2, B e 1) A=5
So

ARG AL IR IR AR B0 ) RS SRR %
Jr%, WA IEAZ S AN, Pla(ADAH I TEAR R -1 F AN
M EAD NI FEAR, FTALSTI-BR AL . A
BN, EREN AL 4 DT ESHBTLL(4Y
IEAS S, LASRAG R AL-STi-BR 4k A BEAT Sk i
A R B FE T 2 Ch PR UE - [ 2 A 4 ORI 2% 5256 T 3
PHAE GG Z A G v LeE, R % &
FIRFERORIT A R JC I R AIE B AR Y AP 412
2 B [F) A R, AR SO A SRR 38 SR A R
V2o For, FURETEPE R R AT AR SRR i T A,



ERVES R

Bk, S B U G SR AR OB B 241

R IE — R TRlaO b FEAA=30 Hz. Hith
JRU=220 V. A HFER R A=S s« BEFERRIT=67 s.

SR RARARAEBE T2 )5, 00 H fe s Ak Ak
T 2 A B 1R B 5 R 7% 28 0 1) LR 6
A B ) TiE R I TR] (1~5 s)~ HLJEATI (20~30 Hz).
eI JE(640~615 C) R I [A] S545 - 2 Hdk A7 5
B MTCHAREA R & iR % T 2R, &8k
BB R AT AT L, A SO T B R )
SERRFEAE], 4 607 C (BN 5 %l A Z % SR,
AR BRI ) o 525 3R AT 2% R 38w ) F
] 25 B S 2R % T 200

VIR T 2R MG 8k, SR HIHR
HIIKs & SRR IR 2 RS LR 5 I 556 49 B 14
FEIE D) B RESE 2 500 O8] 7 Y e ) A4
D5 PEREREA o

PR RE . B R RO I L R, S
P(ECHRN iE BE AR LB R TSA B2k 1) AC-1058 %8s
KA R AEE R AR A

V14 o AVAIITESUR FI IR R L F AR,
F.=4nS/P*, R0 KN K M & 542 Do &ow,
D, =2JS/m . Hth, S, Py a(ADAH SR KA AR
ALK FAENT 0~1 200, F AT 1, &
o AT R Bk [5] E

2 HERESH

MERR BT R, EREIZRA356 5 S RHI R
it FE Ao AN 2 R A AR (B 3) T e AEAN ) B

L]

Shearing rate: 141 s7!

(%) +
\ &

(]

—

Apparent viscosity/(Pas)

=]

2 3 4 s
Isothermal shearing time/ks
B3 SHURBIDLI R RS A356 e MR A A AH
TSI AL L
Fig.3 Relationship  between apparent viscosity and
morphology of a(Al) phase and isothermal shearing time for

A356 alloy
VIBTBL PR & SRR PERER DL ANH] 324k

B AETFURBI VI BL(0~200 s), BlFE B VIR GEK:,
o AN FH IR GH Hh K 15 5 i 2B e (P v () Ay A otk (1
H(b)), TR 2 SRR B IA B AR BT DI B
JE(EIE200 s, BT (e)LAE),  FOUKS FE Rl BY D) IN [H]
SEK T BRI RS, A 8D R 2 08 K 11
Foo BlL, TEPMESESREH &R T, R A—
WRHIIE SR ARKE i 2 S I o3 [ BeAY, IR A REUE 45
PRIAI A T3, AT T e R I 0] P PRSI 46 H AR
MRS . AL LRSS G SRR, 2R
TEBAR I HR £ 2K

21 FESESRBPHRE EEA

B4 450 TR SRR B ] BB RE . XU
HLRAEHE A A AL B PR o) PRGSO 7 “ I AR AL B+
WU HLRERERE” 45 5 RO I3RA5 1) A356 & &3kl
ZUE RIS R . BRI g, FEAHRIA EI4&4E T,
a(ADEERL /N 24(110~130 pm), 11 B3 2 AR K
WS AR A EE T 200 a( ADAHFEARIR AR, BIJEA
o B IR B J7 A s 0 A A 38+ B0 1) #EL 0 95
7 TR 1 (0)-AL TEAR R 7 d Ko JEJE R
Al-5Ti-B & ST R A B R BRI T S R 1
JIEAZ T s (TiAL A TiBy BURL) R JETEAZ, 1 Gy AR UE
i A% B R DU 9 AR Ak T (] A A F il 82 66 82
R TR SRR, I L)) ) 25 4 A P b e 2%
JESAR LR 25, Db A b 2 R An AL Sk, T
oA WO SR o A5 B A F B T 2,

10— mmF, D, 140
1120

0.8
4100

0.6 i

o 80 g

0.4F 160 &
140

0.2 ] 120

0 =0

(a) (b) (c) (d) (e)
Preparation method
4 AR TTET a(ADFHTESL BT 4
Fig.4 Quantitative analysis of a(Al) phase obtained by the
different preparation methods: (a) Melt treatment; (b)
Unilateral  electromagnetic ~ stirring;  (¢)  Reversible
electromagnetic  stirring; (d) Combining (a) and (b); (e)

Combining (a) and (c)
ARG AT A L s U L, HE AR AL T[]



242 PR R AR

2007 42 A

— W B NI RS IR EEAN AR S IR AT
%, AR TR BAR S LU R 3-AT IR, an SR R )
VR, HEPESs R A m OV BEANE), it —
HB Sy iR 7E FLRE P45 R UL S A TE A% M i IR IR A
J7 G, BTG AR RIS i A 1R e [ A 4
o TE UMb FRRLIBCRE” AT, IR EAY
S AE 45 AT K 2 1 ROE B A% O (TIAL+L—~
a(Al), 665 C), JF{Ekf o 1 HLME B HEAE R ok i A
THAEAE R, DRI AE RN I VA BE R i n] 58 s 14
MRERTERZ, FELUGE AR KRR, B2 2AHAR A% R
KBTI M, AN AT BE(EAR ) TE ORI R i, M
A2 AER A . o iR FERT, B
VAR NAZ 3, 35 IR 2= A B, T8 ) LR
FIF A A IR 2 BB o A AR O 11 3 1 22 RVt P s
fEGEREARAE AN S, DRI, AR AL B+ 00 1r) H Rt
B SE T 2RI RDEAR I 75K

TE LI 2 S8 T LA E » A356 a2 [ AR
28T %k I ARKEER XU H P R AR

T I 3 B AL-STi-BASAH Ky A RIAR T & 4 1A 4 4 Ak
HACRMA G, FEM IR R, R A& AL-STI-B
ML J5 A3 2 ) ERESRA ST I TR A 4. Wit
L6(44)IEAS SEE AT AL-STi-BRY AR E . IO IR
BEL FRE RS 4 AT ESH0ET R, %18
Al-STi-BE 45 A-10Sr 6 4 2 (M A HAE T, 1)
BT TR I TR R R R e T S R A
HEATSZH M, 345 “ AL-STi-By A K A4 Ab BE -+ 1) Hy,
RGeS A BRI FE3E M 1R B CREUK SR FH e »
0% K HACH , BB AORLBE <100 pm: 665 °C
100~200 um: 680 ‘C; 200~250 um: 700~720 C,
250~500 um: 720 ‘C) N, #EAI-10Sr& 4P 4AERE 10 min
I Ti0.15%~0.20% I THCK 2 AL-5Ti-B4 8 R,
I3% FH IE - S TG R BOR ) B« SR g I 1R 3 s
HL IR g 27~30 Hz SRR E A 615~620 “C 1 HLRE
PidE T2 RAXA T2, WI{E 20~25 sy il 4% tHEAR
KT8 085 Zifi, @RI 70~80 um(7F¥4 R
IA356 5 &Y AR

=

o> ¥ Ho

22 FEFESERBIMERK

[0 2 R A 25 B A A U e
R rh EOREIE R R P ORHELRE T FRiE FEANEL I K
AT HAREN FBL BTG R DL KRB D) TR IR B

IR .

Xt A356 A4S AH R RS R R k(K DIET
KRG, AT A3 A 6 BELE AR A 2 dfy/dr (B5), 1)
UEH, MEE&REHIEEAE 590 CLL R, df/dr~
—0.011 C", BIEERE R4 1 °C, [ ARZA8EIN 1.1 %.
ARSI [ AR ORI £ 25 GRS 607 °C, A4 H B
165 s WIEHA SR BN R G2 RPN % M
¥, SIARSXIRARTERE . SR F I & T AR
D12 VERE S A2 W 0 R

0
-0.02F
O -0.04F
k=)
= -0.06f
-0.08F
0107556 580 590 600 610
#'C

Bl 5 A356 il A il & 1 A2 R
Fig.5 Relationship between change rate of solid fraction and

temperature of A356 alloy

N SEBURHK PRSP AS ARSI R - i 2%
B AR b RS, XMOERA IR 34
Pt 1) AEEEREHHIR IR, 5 SR 1]
M ARG BEATT A T ik TR SRR R
JE 2L AT eI R AR A ARG I AR P58 F
s 2) SRR HIH I TR, SRR 5 BriR A2 1)
R IR A, F 7 B AN AT St BN TR, Al
H 255 KA > T RO S kR e
fl K, B> T IREESZ BTG BBl s 3) Wb T
BT REIREHN TR

BWESE e, FEES SRR,
DL R R B R . AEZ IRSEIR I JERE |, AL
PR I — b “RERR BN LT 4R R /K B (i &) +
IR VRBHIC TS, AT APRAE S [ 25 Fr < LR iy A
Wl O TARREHS IR S R, A S
I RHR R R AL I R TP IR AN R R, X
TREEREAT S IONURRAC B, R RRE e B ke b7
(g “HEME” RO, VR “ETHL” AEHTINEE L.



ERVES R

Bk, S B U G SR AR OB B 243

SEIGUEW], SR IXFAE AN T A “ R AR 2T
YEHKBIEK” Tkl WL A356 a0k
Mt e BN EEHURE, TSI HIR RS e
RG0S, AR RRR L TR 3 C.

23 RLEHIZ

A UE X 2% — BB 4 88 3R O B 1) ]
1T, T 2 BRI BRI o R A e B A
F B P, I 8 W A A SR B i
R AR PR AP, B RS HER R AT R
o, AR R T DAL T E PR, DABRAE Tl
Hy Ik P v B 4 SRR TR I AR A e R L e %
o, JREREE LB IR, Bk P AR AR
PEREEL (K 6). BEEFPRIE S 4CrSMoSiVI(HI3)YE .
CIRETEE M (HBR . FRH, TIA2)EFT10ADL 45
B, FEUEAT R AL .

Eiéé '
v

6‘_‘_‘_‘_'_'_‘“ —1

S5—— |

4—%2—
e

/.,gr_ RS o
%)
6 HI SRR

Fig.6 Schematic diagram of rheocasting mould: 1 Moving

mould half; 2 Pouring sleeve; 3 Insert section; 4 Sample; 5
Hole for heating coils; 6 Fixed mould half; 7 Ejector pin; 8
Fixed backing block; 9 Moving backing block
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Fig.7 Influences of boost pressures on filling capability of sem-solid slurry and mechanical properties of rheocasting samples at
mould temperature 200 ‘C(Tensile samples used in (d) are cut from the 4-mm step.) (a) 100 MPa; (b) 140 MPa; (¢) 180 MPa; (d)
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Fig.8 Influences of temperatures of mould on filling capability of sem-solid slurry and mechanical properties of rheocasting
samples at boost pressure 180 MPa (Tensile samples used in (d) are cut from 4-mm steps) (a) 160 C; (b) 200 C; (c) 220 C; (d)
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