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Effect of Primary Si Particle size and Residual stress on

the Mecchanical Properties of B.390 alloy

Park, Jeong Wook

Department of Metallurgical Engineering,

Graduate School of Industry, Pukyong National University

Abstract

In the present investigation the effect of the primary Si particle size and residual stress on the
mechanical properties of B.390 alloys was studied. The following results were obtained.

I. Control of Ca content was effective method to refine primary Si of B.390 allov. The size of
primary Si particle was 54.7um when the residual Ca content was 190ppm and the size of primary

Si particle was 12.4um when the residual Ca content was Sppm.

2. Elongation increased as primary Si refined. Owing to the refinement of primary Si, 2% increase
in elongation for 12.4mm primary Si size was appeared compared with that of 18.7um primary Si

size.

3. Tensile strength improved as the residual stress in the matrix was increased by heat treatment.
Owing to the increase of residual stress in the matrix, 82MPa increase in tensile strength for LN
heat treated specimen was obtained compared with T6 heat treated specimen, when the size of

primary Si particle was 12.4um.

4. Impact energy increased as primary Si refined. Owing to the refinement of primary Si, 27%

increase in impact energy for specimen of 14.5um primary Si size was shown compared with
specimen of 54.7um primary Si size.
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Fig. 1 Equilibrium phase diagram for the binary Al-Si diagram.



Twin planes

Fig. 2 Schematic representation of the growth of an acicular silicon crystal from the melt.
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Table 1 Crystallographic property of nucleation catalysts.

Structure Lattice constant Melting point
Si Diamond Cubic 54173A 1430
AlCuP Cubic 542A >1000T
AlP Cubic 5.45~547A app. 2500

Po] a3E Agalny, 2ASIYAE polvhedrald el 22 M3 A A Axp2AdE H} HFA&A

v oMt A 25 Ge, Ga, Se, Be, Te, Li, Cd, Zn, Mn, V, Bi, Mo, Hf, S} o] 9450
A%d Fusol olvh tLejuh & Wolx B mEH Aow woln) AMY AT o

AA iz Ti, Be] A= AAEchs Pop g vl s gutE 2N E FEdae g

IA, IAF 2 S EF T4 Al-SistEY 34327 MFa aed Apgso] ge d77 &
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ol A globulariz YENIE fiberdr FE = #W3EA 9 AAZE cellloA] ME AR 9
Row wa ekl 15, 26-27]. 2 7FA 994 (Sr, Sb, Na, Li §)7F #4725 W3
Aom28], 7 EHAd P4 Naz g4 ok e, Poll o9& v s A9} Nao
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sk 9lch[19, 291.
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3. A3y

3.1 ARARE

woAgof AlEE AR E Aluminum Association(AA) B390§m e ¥ HED O SAEA7)
(Spark emission analyzer)= %4 % 3}8tz4 & Table 29 2t}
el 4> A9 SARTIE ARESE AefsiyE duieA dstion, JILE &o] Ao
iz Z2xdA FHAE LXxEA 800THA S8 &, vAst Helg st 50Tl A 302
B G A WS AA8 AR e £9E Fdssith B30#w e &2
7F750T ~ 800C AL AgiAom mol &7t As g 7|Fo] Wol HAE= HAEFE 1}

bl $8S 100CR od3d Y-Block &4 8 9 % 700mmHg 2t #9971 %

Table 2 Chemical composition of B.390 alloys.

(Wt.%)
Si Cu Mg Zn Mn Fe Al
e 17.0 45 055 <15 <05 <13 Rem.
B.390 ) N
8390 16.7 49 052 033 025 04 Rem.
£8o] Cagtabol e Fuuolyd 2AS AELE HIE ZAE7] 9éte] WM S

FAsE FYs AR A A2 FEAE T3 (Shell mold pouring cup)¥ SKD#

g7 AR ol FFS FUSE YAEE Aol hE WAZAE YA Fig. 32 ¢

Melting Pour ing Data Logging Cooling Curve

I =

o R o

- 11O

1 O

kol | — =} ol

)
Furnace Recorder

Fig. 3 Schematic illustration of apparatus construction for measuring cooling curve.
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3. 2. At A2l R 2ASi A= W3t
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o] ¥ s wlawstel =4S JAtvAlste] g Caol d2E EASH G
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Ingot charge

2
Fluxing

4
Melting at 800TC

4
Degassing
$

Modification procedure for refining primary Si

particles by controlling Ca content at 800 T

I |
Addition of Al-Ca Addition of degassing agent

4
Melt holding for 30min at 750 T

4

Pouring

4

Microstructure analysis

Fig. 4 Flow chart of melting and modification procedure.
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( Unit: mm )

51

70 4 72

- 430 - Thermocouple

(A) Shell Mold Pouring Cup

6.5 (unit : mm!

(B) Metal Mold Pouring Cup

Fig. 5 Schematic drawing of pouring cup.
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Table 3 Description of Modification procedure.

Treatment Modification procedure Remark
Change of Primary Si  Addition of Al-Ca master alloy Increasing Ca content
size in melts
1 and/or 4 times of modification
Refining of Primary Si treatment by Ti:Cls / CuCls Reducing Ca content
agents in melts

A& ekl A Aol ofs FakAlel chgh VA wEe] p&HHe] FaiE o] A
TUlA7E dAe] WS AEsked B39

i
1o
N
~

1

u\
N
-
4
A%
‘o
A1
]
N
A
o
1Ly
9
=
Lo
2
Ht
olo
JI_h
o

dFlE AAeE Fiel dvHoR Hess SA% el R AFAR AAYHYom,

ol A} }\] oz ] KR

.

FEe 5 S00CoIA dhrEeh §A5 Held 20T AN dhrEel QF A wehis

it
N

T6H 2] (T6 aging treatment), 500°C ol A 4hrE<¢t & A13l 223 & water quenching3t &1 3
2] (Water quenching treatmemt @ WQ) 2 500ColA 4hr FAAIZ ABE A3 2 Ao
quenchingdh+= LN# 2] (Liquid nitrogen treatment)3 s}l ole]dt dxg] Z=HAE Table 4

off vhebu 2l
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Table 4 Heat treatment conditions for variation of compressive residual stress

Treatment

T6 aging(T6)

Treatment condition

Water quenching(WQ)

Liquid nitrogen
quenching (LN)

500 T 4hr solution treatment — 250T 4hr holding

500C 4hr solution treatment -> Water quenching

500C 4hr solution treatment — Liquid nitrogen quenching

B.390% e

el =4S §

F717k 4gH e

$ee WEAA AR Sl
R SHe 57

b wskshe 9203018

B Alstel A g

=] 1= o] e
— P w2 5_:}_@;

bl $lsked 71

O

140
L& s Tt

20w AVIARENS BReHE &

A A o) Ao A o] WireAdE Ao

| a2y
Ad/de) WEE HAsed 2E TG
Fig. 5ol UPebdl el o] ARW WA Nok AR WA Nabole] zhyol dia 347tk
20)9) WskE Zqetel 209 sinfyel ¥R E Hasyel o8 &7 E Fan oe
R R LI
0=~ FTrvy 05 délzneio """""" v

°17]14 E : Young®& ( 7.03x10°kg/mn )
v : Poisson®]( 0.345 )

© : ¥+ Bragg

7t

C AIB3DH ] 3]d7t e 14878 48 )
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Table 5 Experimental condition for X ray stress measurement.

Method

Characteristic X ray
Diffraction plane

Size of irradiation mask
Determination mask

X ray incident beam (w)
Filter

Tube voltage

Tube current

Divergent angle
Scanning speed

Time constant

26 -sin’y method
Co-Ka

Al3 3 1)

S5mm * 3mm
Half -value width method
0, 15, 30, 45 deg
Fe

40KV

30mA

1 deg

1 deg/min

20 sec

Divergence slit : DS

Target : Co
Fiter :Fe

DS . 2mm
RS 0.6 mm
S8 c2mm

Receiving slit :RS

Scatter slit ;: SS

Fig. 5 Principle of residual stress measurement.
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3.5. 9L H

B390gH & Caddid Aol ofgh =24si §fzb nlAsh aatel tjso] dAe 7hsdt e
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Table 6 Result of composition analysis according to different Modification treatment conditions.

Retained content

Modification treatment =0 —————

P Ca
Addition of Al-Ca alloy NA=* 190 ppm
Addition of Al-Ca alloy NA=* 140 ppm
Addition of Al-Ca alloy NA#* 45 ppm
As received from ingot 11 ppm 34 ppm
1 time of modification by Ti:Cls agents 8 ppm 26 ppm
4 times of modification by Ti:Cls agents 7.7 ppm 16 ppm
1 time of modification by CuCl: agents 6 ppm 16 ppm
A times of modification by CuCl; agents 5 ppm 5 ppm

NA® : No Application
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Table 7 Result of primary Si size according to different Modification treatment
conditions in shell mold cast B.390 alloys.

Modification treatment Primary Si size(sm) Ca content(ppm)
#3 Ca addition 85.0 190
#2 Ca addition 755 140
#1 Ca addition 56.5 45
No treatment 495 34
1 time Ti:Cls modification 47 26
1 time CuClz modification 44 16
4 times CuClz modification 41 5
Table 8 Result of primary Si size according to different Modification treatment

conditions in metal mold cast B.390 alloys.

Modification treatment Primary Si size(zm) Ca content(ppm)
#3 Ca addition 54.7 190
#2 Ca addition 43 140
#1 Ca addition 36.0 15
No treatment 30.0 34
1 time Ti:Cls modification 18.7 26
1 time CuCl: modification 145 16
4 times CuCl: modification 12.4 5
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Table 9 Effect of Ca content on crystallization temperature of primary Si of B.390 alloys.

Specimens

Crystallizatio
s ron Retained Ca Content( ppm )

Temperature
5 16 26 34 45 140 190

Primary Si Metal Mold 6817 6717 6663 6624 6584 6555  649.1
(T)  Shell Mold  660.1 6589 6572 6567 6513 6506 6486
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Fig. 10 Variation of Primary Si size with the changes of mold materials and Ca in B.390 alloys.
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Fig. 11 Effect of retained Ca content on primary Si size in metal mold cast B.390 alloys.
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Fig. 12 SEM fractographs of the tensile specimens with different primary Si size.
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(a) 54.7m primary Si

(b) 145 primary Si

Fig. 18 SEM fractography of the Charpy specimens with different primary Si size.
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