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Technology for Producing Semi-solid Metal by Shearing and Cooling Roll Method
Tsukasa Suinoe, Hivoshi Murakami, Kazutoshi Hironaka, Mitsuo Ucuimura, Masazumi Hirar and Akihiko Nansa

Synopsis : Semi-solid processing is believed to be effective at improving the quality of various properties of the materials that are

processed, i. e., reduction of segregation, surface crack, porosity, etc.

To realize these improvements, it will be

necessary to produce semi-solid metal slurry with a high fraction solid and fine primary particles. A basic study was
carried out in order to produce semi-solid metal having high fraction solid at high cooling rate. The study used shearing
and cooling roll method to examine the controllability of the discharge velocity of semi-solid metal, the fraction solid,

the solidified structure, and the quality of the semi-solid metal slurry.

following points.

The results of the study have clarified the

1) The discharge velocity of semi-solid metal slurry can be controlled by changing the clearance of the discharge port
and the number of revolutions of the roll, thereby making it possible to produce slurry with a desired fraction solid.
2) Slurry with a high fraction solid (greater than 0.3) and very fine primary particles can be produced.
3) The conditions necessary for producing fluid slurry with a high fraction solid have been clarified.

Key words : segregation ; semi-solid metal ; cooling ; shearing ; fraction solid ; solidified structure ; fine primary particles ; semi-solid

processing.
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Fig. 1. High melting point semi-solid metal produc-
ing device (Shearing/cooling roll method).
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Table 1. Experimental conditions.

Composition Cu-8mass% Sn

Molten metal Weight 100~500kg
Pouring temperature 1343K

Rotational veloctiy 0.53~5s7!

Roll Gap of sliding gate 1~30mm

Gap of scraper 0.7~3.0mm

Gap of side plate 0.1~0.2mm
Back plate |Preheating temperature 1423K
Side plate |Preheating temperature 1423K
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Fig. 2. Relationship between rotational velocity of
roll and discharging velocity of semi-solid
metal (Cu-8 mass% Sn).
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Fig. 3. Change of discharging velocity, fraction solid and gap between roll and sliding gate

(Cu-8 mass?% Sn).
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Fig. 4. Frozen microstructure of slurry produced by
shearing/cooling roll method (Cu-8 mass%
Sn).
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Fig. 5. Relationship between shear rate and
modified particle diameter (Cu-8 mass% Su).
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Fig. 6. Relationship between cooling rate and
modified particle diameter (Cu-8 mass% Sn).

% 3 12Cu-8mass%SnT i, HMIEHETI280um, EREE
HIETI00umTH 2 DIxt L, RFRTE20umBBETH 5,
3712, 2.5%CETIX, Z2NZFN60um, 80umT H 5 DI
KU, AHFRTIZ18m b IEF HH 2 A1 RELY R 6 L1z,
STHIRMERL Y BRI LRIMEEIFBONEIODTH S,
4.4 HiHRAS ) —nRE

WA v — v KPS E SR BEE T, v — VR
T ARG 2 TR 2 v —S—T Bl S, 20
PRSI NBE AT Y —hII A EEIERET A LA D
) —DHERCBREYRIETLELLNS,

e A 5 Y — DRI r — v RECAERT 5 > 2 v O
PR SSCHET S LELONIND ZOXEREREFH 2
L s u— vEEEROBE IS - THE L. Cu-8mass%
SnASERIEOYEH 2 7 Y —OHEIR £ v — v RIEREK & HEH
25 ) —DEEEOBUE ¥ Fig. 7 (2R T . H 5 BAHFEL
RBEERAS V=@ 7v—2RICk B, v—nEEREKEF Lk
HaeaZ LTHENEDD 5 (LITFHRAKE V) LY EE
FMEORAS Y —OBIEHTREL It b, 4.2s7 1T IREARZR0. 4
REOTRMEKD R TV —»1F 6 ke,

Zr—2KHp D 2 2 v O EF (Cu-8mass%
Sn) #Fig. 8 2R T, 7 v — 27K > A v OMREIL & = v
K CHEREL T3, SO RF7vEMLLTHR
MR R B O EF L OB oY, RO 2
) —RBRETIVEPD L,

25 ) —DERPFHEERD B CE 7 v—2KRC e B
A=A LD THRE LIz, SEMARORZ ) — G
T AEAE, KEMHEORS ) —28ETHRFL Y bSG%
BCTHEE b NTOBRSOHERHELHELT LD, v
2 DEBEEMET LEAD > = VRE~DRAIRDT 5,
ZORR, v zda— v/ Az v—3—FRLECREL,
2R 2 v——THILN TR T Y —H I AEE IR
LTzv—2RKERstHFErLLNLS,

—F, —EDOEMEOR ) — %8BT YA, KEE
EOFVEEEREL D b n— DN IEHICEM T 2SR

BT E v — iR & B ERERE SR BE B

~

\'/ 06 T T T T T T T T T T T T

) F Cu- 8 mass% Sn @ : Flake 1
'E :' o : Fluid e
0w o .
2 05 ° H 5
B ( ® b
ir o 2 ;
B 04 P4 oo _
o] - 08 i
B [ ]
3 o © ]
S 0.3:— 8 __
g L ]

2 7]
46 - .
S o2 T I N B R S S
= 30 4.0 5.0

Rotational velocity of roll (s71)

Fig. 7. Relationship between rotational velocity of
roll and fraction solid of discharging slurry
(Cu-8 mass%% Sn).

| —
200 »m

(Cu-8

of flaky

Fig. 8. Microstructure
mass% Sn).

sample

S ARD Y VBEELRTLE, £2O12Y, =z v
pua—nw/227v——fREL ECRET AL, Z0R 2
L—ot—THI G THE S 3 X 7 ) —HIC RSB RF
LTk 7rv—2RCks EELLNS,

22T, FitoMEA S =N L2 ERLT 2109, §EE
FEENT & Yo —v/ A2 v ——RRL BT 5 >

= VIEA B EE LI RBENTE T OB X 2 Fig. 9 ﬁlﬁi

T, Cu-8massBSna&ERIED v — v/ R 2 v —r$—FRH
AN BEAD Y 2 VRERD v v /IEEE OBMRER
Bh2(4)~(T)RTKRDIZ, kI, a— /A2 —r¥—
PN T 2> 2 vBAK 2, 1.5mméE L7,

1

q:ATwXWXCpX§ .................................... (4)
H:Tb_g'fa_ ................................................... (5)
% h% i_iJristh ....................................... (6)
h,=0.023(% X:/’W)”( ok )“(I;_;v) ............ (7)

547



I 548 % & $@Vol. 82(1996)No. 6

NS

_

U

N
-~

Ta

hw
Cooling water

SUS 403 Shell

Fig. 9. Schmatic diagram of heat transfer from
molten metal to cooling water.
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