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Effect of Ca content on the Particle Size of Primary Si
in B.390 Aluminum alloys.

Kim, Eung- Jin

Department of Metallurgical Engineering,

Graduate School of Industry, Pukvong National University

Abstract

Refinement of primary silicon particles of hypercutectic Al-5i alloy, B.390 alloy, was
examined. Various processes have been devised to refine the particles, such as rapid
cooling, pressure casting, ultrasonic vibration, addition of refining agent, etc. Among
those, addition of refining agent was known as an effective and became popular method.

This work focused on the modtfication processes of B.390 alloy for the refinement of
primary silicon particles.

In the present investigation, a very effective and new method, that 1s, a control of
calcium content in the melt was developed. Primary Si particle size has been refined as
calsium content of the melts decreased and cooling rate increased. A control of calcium
content by addition of CuCl: to the melt was the most efficient in the refinement of
primary silicon particles. The minimum size of primary silicon particles obtained in this
study was 124 when a residual content of calcium element in the alloy was Sppm.
Application of this method gave a satisfactory result to refine the particles; the
microstructure composed of very fine 12.4pm primary silicon particles as compared to
that of 21pm primary silicon particles by AlCuP method which is known as the most
effective method at present.

Primary Si particle size was refined as primary S crystallization temperature

mcreased, which was attributed to the decrcase of Ca content in the melts.
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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.
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Fig. 3 The cooling curve of hypereutectic Al-Si alloys.
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3. 1. A RAE
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Fa A V] (Spark emission analyzer) iz F 4% et 2 A4S Table 294 2}

gl a2 4 SALTIYE AR Helavle {72 g ony, JuE
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At

Table 2 Chemical composition of B.390 alloys.

17

(Wt.2%)
, ol Cu Mg 7nm Mn Fe AL
G0 17.0 A5 0.55 <15 <05 <13 Rem.
B30 18.7 40 0.56 0.68 0.13 1.0 Rem
Fig. 4= ¢ d#AE 9t W75 443 Hgdselv. 899 Cagd
e Savg WRE 2Aels] gl WS FHeAY. FUa AF2 4
4wl Aus FhAa FHY(Shell mold pouring cup) ¥ SKDwE 7 48 7o)
498 F9)ah WASE Aold Wi WtE a4 S 45k
Meltina Pourina Data Loqaqing Cooling Curve
b Recorder
Shell fmold

Fig. 4 Schematic illustration of apparatus construction for measuring cooling

curve.
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Table 3 Description of Modification procedurc.
Treatment Modlflcatlon proc(,dure Remark

( hange u[ Prlmary
5i size

Refining of Primary
Si

l)oublc reﬁmng of
Primary Si

Continuous refining
of Primary 51 and

Addluon of Al-Ca masu,r alloy

I and/or 4 times of modification

treatment by Ti;Cls / CuCl: agents

4 tlmes of modlflcatlon treatment

by Ti:Cls / CuCl agents followed
by addition of AICuP
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by Ti:Cls / CuCly agents followed

Incrcasmg Ca content
in melts

Reducing Ca content
in melts

Reducing Ca content
followed by P addition
in melts

Reducing Ca content
followed by Sr addition

Eutectic Si by addition of Al-Sr master alloy in melts
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Ingot charge
4
Fluxing

\ 2
Melting to 800T

4
Degassing
2
Modification procedure for refining primary Si particles by
controlling Ca content at 800T
| |
Addition of Al-Ca Addition of degassing agent

2

Melt holding for 30min at 750TC
2

Pouring

! 4

Microstructure analysis

Fig. 5 Flow chart of melting and modification procedure.
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Fig. 6 Schematic drawing of pouring cup.

_18_



Shopul4rdier ey ol A Eula gal2e WatE U F5S YA FHF
o =9l Cuol SO R ¥ 3 drl Cae 2323 AL-SiA oA Sio A

of W ALSIAL FEel 9ol Ca®l I, 53 2AST YAzl oje Fgel
FEatol, 89 ) Catbd Aol % ) BT RASI 47 vAe 98 =
et

B390% kel Table 43} #e] #H Camol 717 thE A2E5g ABS 797

(Shell mold pouring cup)ell F3% Al#H 2] =4S YAZ227]E Table 5ol 2be} o}

chu Aok,

Table 4 Result of composition analysis according to different Modification treatment

conditions.

Retained content

Modification treatment

_ I o P Ca_ e
~ Addition of Al-Ca alloy  NAx 190 ppm

Addition of Al-Ca alloy NA* 140 ppm
Addition of Al-Ca alloy NA=* 45 ppm
As received from ingol 11 ppm 34 ppm

1 times of modification by Ti:Cls agents 8 ppm 26 ppm

4 times of modification by Ti;Cls agents 7.7 ppm 16 ppm

| times of modification by CuCl; agents 6 ppm 16 ppm

4 times of modification by CuCly agents 0 ppm 5 ppm
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Table b Result of primary Si size according to different Modification treatment

conditions in shell mold cast B.390 alloys.

Modification {reatment Primary Si size(mm) Ca centent(ppm)

#3 Ca addition 850 190
#2 Ca addilion 7556 140
#1 Ca addition 56.5 45
No treatment 49.5 31

I times TixCle modification 47 26

I times CuCly modification 44 16

41 times CuCl, modification 11 5
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A& Fig, 7o) vpepodol ARl @5 Cads ICPEAG Axe 2w Fx %
Aol Al -Cafters #H7bstel 45 Cadol ©&542 24Si gA7 28y
FgSis vMAEkA 7] 9l & Caxzler Alme] =4S AAA7Ieh HinE] w
WA Cadbet 24481 gty whelAde] g gs] vehdvl B390E ol e
Ca®las= 248G A8 2ddA) 71282, 24SE 92 9432 fea 88 Cadt
e ol © CaxElrt dassinh sy Cadg #aA717] 9% & Carlgs
Bubel Sauo] @i Caddzel 3ol & g5 s £93 e 7 s
3} v

Fig. 7o14 ARID), (Crx= AE= Yol FHE F23 A 29 & Cargd Aln

o Al HEUdd, 2 Cad drbAE e d AlSiA Frie 899 &

e

A5 Azl Caglael AFZol & AEQ TCLs CuCl 3353 473
o, HEDHES WYAA Cad e ARG
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oo ARE 248 QA E g w7 A BgEae &
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(A) Ca added specimens
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(B) Non treated specimen
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(C) Ca removed specimen

Fig. 7 Effect of retained Ca content on primary Si size in shell mold cast B.390 alloys.
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Fig. 8 Iiffect of Ca content on primary Si size in shell mold cast B.390 alloys.
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Fig. 9 Varnation of Primary Si size with the changes of mold materials and Ca in

B.390 alloys.
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(A) Ca added specimens
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{(B) Non treated specimen
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(C) Ca removed specimen

Fig. 10 Effect of retained Ca content on primary Si size in metal mold cast
B.390 alloys.
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Table 6 Result of cooling rate on primary Si size of the B.39() alloy with 5 ppm Ca.

Modlﬁcatlon tredl,menl, 'ippm Ca

- Primary S! EIZ(‘.‘([AII) - Loolmg Fate(’C/sec) B
she%lS g.om a 0.28
metal mold 15 7.71
me%;(i)lo %mld 205 6.65
mctéz(i)lo%lOId 22.2 6.01
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Fig. 11 Effect of cooling rate on primary Si size of the B.300 alloy with 5 ppm Ca.
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Table 7 Elfect of Ca content on crystallization temperature of primary Si and
Si eutectic temperature of 13.390 alloys.
Spectmens
Crystallization .
N Retained Ca (,ontent( ppm )
Femperature
5 ] 6 26 34 45 140 190
Primary Si Metal Mold ~ 681.7 671.7 666.3 662.4 658.4 655.5 491
() Shell Mold 660.1 658.9 65h7.2 656.7 651.3 650.6 648.6
Butectic Si Mectal Mold  566.0 564.8 5685 561.0 558.9 5635 559.3
&) Shell Mold  564.8 564.7 564.0 562.5 553.9 556.2 563.5
ojg} #2 AR FASo] AAdE Wl AP} 7FE MLafbd SHAAA seedRREE
AAEGAE Catdiyb o] seed?| Z7|oF Fxo] AFS nAE ez AT
vt
Zutol Cardtol =& uf, Ca9h PAFo] vtgdlo] CaP:® dAlsle] Angow

Tl

23 AP @4

o fas Py

ko] 26l Yo 7

g o] B Cadels P AR ARE AL dwsle] f83% AP BEE FUA
A EASIE v A F A7) = Al 2 gl o)
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(B) Ca removed specimens

Fig. 12 Effect of Ca content on crystallization temperature of Primary Si in
shell mold cast B.390 alloys.
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Fig. 13 Effect of Double refining treatment on crystallization temperature of

Primary Si in  shell mold cast B.390 alloys.
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(A) Double refining Lrealed spccimen
(4 times Ti:Cls modification | AICuP)

(B) Single refining Lreated specimen
{4 times Ti:Cls modification)

Fig. 14 Effect of Double refining treatment on primary Si size in shell mold cast
B.390 alloys.
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olaf Aol PEES raxgh SUFE vhehwyy, CadbeFo) 25w ok FabEel 2
SioSial vl slg ol B Ao shykriv)

Table 8 Result of composition analysis according to Double relining treatment

Refining treatment Retained content Remark
P Ca
7.7ppm  16ppm

Condition of Before Double

Single refining treated
refining treatment

{1 times Ti.Cls modification)
Double refining treated 10ppm 43ppm Condition of after Double

(4 times TiCls modification refiming treatment

+_AlCuP}
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AnbH oz FA AI-SIA SFolA iz e FA Siel dAsEW dAxge] A
b1 & Na, Sr, Sb, Ca & #Hrlslel =S wxsts= Az Ade
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Fig. 15 Effect of Continuous refining treatment on cooling curve in shell mold cast
B.390 alloys.
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IFig. 16 Effect of Continuous refining treatment on microstructure in shell mold

B.390 alloys.

{A) Continuous refining treated specimen

{4 times Ti>Cls modification + Al-Sr alloy)

(B) Single rcfining treated specimen !
(4 times Ti.Cls modification)
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Table 9ol el 20 gro]l B3k vlAskx e} Al el A& Avjel] o)shd, P2
P 80 ppm, W57 Cawk 53 ppmet WAl sl & Cadels A A A
sekal SeoZlEEskAlE JokskA e 43 TRCls vlAlEbA el Aliae] Pel gk
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O\

NASHE ol R Ao yheech,

Table 9 Result of composition analysis according to Continuous refining treatment

. Relalned content
Reflining treatment —— e Remark
Ca Na P

Single refining treated Condition of before Continuous
(4 times Ti,Clg modification) 16ppm 1.0wt% 7.7ppm ~°" refining treatment

Continuous refining treated

{4 times Ti:Cls modification 53ppm 1.0wt% 8.0ppm Condition of after Continuous

t Al-Sr alloy) refining treatment
S0, WEE =0 ABE FRATM @FHs PRSI Sr A
d7bel wpata Gabsfeel olFolA A shekh FASI whgol hehbis Wb

54 AN 572% vheh e

v Bl CaxleE]lZ FAstA AAsta SroEE AT Hobs A 24 43 TiCl
Al e A RelM 21T Sl g FA A 1032 vEblSdYh Sro7f gt
g A7kl oe] FASIE Hd flo] AEHW FAST FAMEFLAE HERRA @
At
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