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Effects of P Addition and Fading Time on the Primary Si
Microstructure Changes of Hypereutectic Al-Si Alloy

Joo-Yul Park, Eok-Soo Kim* and Kwang-Hak Lee'

Abstract

Mechanical property of hypereutectic Al-Si alloy is changed according to size and distribution of primary Si. Consequently,
the study on the refinement for primary Si is progressed for a long time. But, such effect of refinement comes out fading phenom-
ena with the lapse of time. Therefore, this study investigated the optimum condition of primary Si refinement for hypereutectic
Al-Si alloy. And we observed various primary Si size with P's fading phenomena. The experiment results were as follows. For
experiment of primary Si refinement, we made hypereutectic Al-Si alloy with various amounts of P addition. As a result of exper-
iment, we obtained the fine microstructure at 0.01wt.%P. And the optimum condition of P addition, for preventing from growth of
primary Si by P fading, is estimated 0.1wt.%P.
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Fig. 2. Variations of primary Si size with P addition in
hypereutectic Al-Si alloys.
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Fig. 3. Microstructure of specimens obtained with various fading time at 0.001wt.%P addition.
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Fig. 4. Microstructure of specimens obtained with various fading time at 0.005wt.%P addition.
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Fig. 6. Microstructure of specimens obtained with various fading time at 0.05wt.%P addition.
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Fig. 9. Variations of primary Si size with P addition.
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Fig. 10. Variations of hardness with P addition and holding time.

o] Si ol WEE A HAW 2A Si¢]
plA s 2 S B Heksk ) gl

ZA Sio] nM|E= F ol SRS vlAlEl 12
TIAMA Y JAEAS AT AR o]
A SlT12].

A Fig. 119l fadingel| &8k =4 Sig} =7|¥H3}
o] mZ IATIES] WEkE el P A7lefe]
Aoz gy oo} oA}EE oF 30 kgf/mm’%-L
™, frR|A Zke] Aol whel oF 23 kef/mm?7}A] Q14
ZAE7} AstEle g geldh 4= it a9 P A
71efFol 0.1wt.% ol 7% °F 30 kgf/imm?$] QA
Z4EE A3 100~ 7kl AA fading Alzbel] A
Slo| A fAl=E AE o 4+ A

. A=
83

M9, Fig. 1285 4182 HEE vehd e Zo]

(31)

0.10
P addition({wt.%)

0.15 0.20

Fig. 11. Variations of tensile strength with P addition and
holding time.

1 ' 1 ! 1 ' 1 M 1
—a— () hour
6 - -~o— 10 hour
—a— 20 hour |
~w— 50 hour
—e— 100 hour
ey
S’
.
:g 4 J
& lw.?
5 P
Ty /
| ]
’g/z/
2 F 3/ i
1 " [ i M I 1 1
0.00 0.05 0.10 .15 .20
P addition(wt.%)

Fig. 12. Variations of elongation with P addition and holding
time.

ot #He2 = P AHrlaolMe] dAE of
4701, 24 Si®] Zd 3 ot of 297HA] 3]
A& st 4= gl

3.3.3 v}RA3

A AlSi e rlEA|gle] @ER= Rl @
o] HEX. o|2gt HFA e vlEEA ] dist
A2 34 VR EEc shies v EAS 4
Aok o] A4 Si9] MO Sio] AA gfake]
2= A, & Sie ®ol §3 $2USF inirAlo]
R Zleln, = & dhits vnlRAdd 783
A T o] FASIY vM el Aold}79].

A B |l AR F24 3l ADC12¢9) A
A sl A= A-15wt.%Si FFA ] vimel

=3
F



—92

H34 AlLSiTES A Si v|M AW}l vj2)= PV fadingA|ZH) - T - A - o]FF}

< vl Fig. 139 Jeligie. Si Arieke) 71
o) wle} mpmeko] o 65%7HR] Frasled WjmpEAdo]
A AL 4 4 e olEdt A3 ALSI I
ol A Sig vHEE] A8 PE UK 9 pe| A
7iegoll whel vinkrAde] AEE A& Fig. 1394
gld o g)em, B3] HAY nMFERLE U
s19E P Arlgko] 0.01wt.% oY 7% n)A| el
£ 3 dke ATHEY oF 60%8 % viREo] FAa
g Ae 4+ Uik

a2 Fig. 14= P9| fadingell uhS wlmake] wis}
E Yehd gEole}. P2 fadingel] whE mlREke]
271 A3 5 9Jon] P AUIske] 0.1wt.% oAk
734 fading A7kl 33E 4 = AE & 5 Ao

) v L ' I v 1 v 1 ' ¥

]
10 | " ~m— Al-11Wt.% Si(ADC 12) .
.,l- ~o Al-15Wt.% Si(0 Wt.% P)
& —a— Al-15wt.% S5i{0.001 wt.% P)
8} | —v-- Al-15wt.% Si{0.005 wt.% P) |
o - ~o— Al-15wt.% Si{0.01 wt.% P)
E —a— Al-15wt.% Si{0.05 wt.% P}
5 6L —b— Al-15wt.% Si{0.1 wt.% P) |
8 ] w0 Al-15W.% Si(0.2 wt.% P)
E
g 4r .J._._—c 0————"""': r
- -‘_‘__—_.__._p-—'
5 A y ¥ v v
Ay '../V-‘"“""”'—’f 4 -
o
1 ¥
ok ko -
1 A 1 i | 5 1 N 1 4 1
0 1000 2000 3000 4000 5000

Number of rotations

Fig. 13. Variations of wear resistance property with Si content
and P addition.

6 'l Li l T [ L l ¥ 1

— i~ hour
—e— 10 hour
—4a— 20 hour
-y~ 50 hour
—&— 100 hour

E-9

*

i .
Ny

0.00 0.05 0.10 0.15 0.20
P addition(wt.%)

Wear loss(mg)

7/

L8]

Fig. 14. Variations of wear resistance property with P addition.

olg|gt ZAIE u|Fo] E o Si¢] AA fFe] =)
TEA FA oJsks u|A7)e AT 2 2719
Si gHrElAM A Sig] JA=E7)7) e WiRkRA
o] g2 v|Rve AE FE = K.

44 =

34 Al-15wt.%Si 352 vlAE3] Wl vz
P A7)} fading AlZH] o33l w3t 432 33 F
o Z2AS #HE A3 A3 AL AESE dd

1) FFA Al-15wt.%Si EaolA 23 AEsh=
zA SiZ vHER7] 3 PE AHIsE 23 pY] A}
gro] oF 0.01wt.%Y o =A Si®] =717F 9F 20 um
Axe]l EAAAR] v ERAE 42 7 AU

2) £82] fR| 7o) W 2A Sio] 23S WA
a7 gk ™2 P HlES dold 23 P AU
o] 0.1wt.%d = 100~|7He] fading A7kl °Fak2-
A Al A Sie] =|7F dRE A & e
o, oA Arhe FEg wiME mae] Fubh

= A I

3) P2 fadingel| o 73] WH3IE AHE A,
Pe] fading A|7ke] ZFrlell wiel 4 Sio] =d e}
HM 02 qlsle] HEo A3} Flo] e} 1
gl P 3ol 0.1wt.% o] Z-Fol P fading
o] &g Fx2] Al “EhR| Wit

4) Z1AA AdAle] w3LE dolH ] ¢8| ARAIF L
AN A 001wt% 7L AL QAR Es} o
30 kgf/mm?, SA1&0) & 4% s JepdA
P7} fading® el ote} QA= oF 23 kgf/mm?, 4l
Bo] oF 2971 webret. 18y 0.1wt.% o)A A7)
¥ 735 fadingA|Zbell 93d3FS A otot.

5) 24 Si9 {4AF =717} viukEAded v]R|= oJekE
dolr 7] 93| mlEAIRS AXlen, 1 A3 2
73 Sie] vlA s Bl 2f3) wpEeko| o 60% A= FF
A3k AS #Fold 4 9l o] ulEERE fadingdl)
wE 24 Si9 23R Qs FTEkR|RE P Ao
0.1wt.% ©)|AY 73-% fading A|7¢el] =A| <335 %]
U o T U

s 7|

w A7 dFE 2003 ARSI a7



A24W A2E (2004. 4)

g7zt

- 03 —

Aol &gt Aolm, olol] ZHARERI,

028

[1] S.-B. Hahn, J.-H. Kim, B.-S. You, W.-W. Park and B.-J. Ye :
J. Kor. Foundrymen's Soc., “Effect of Cooling Rate and the
Amount of P Addition on the Refinement of Primary Si in
Hypereutectic Al-Si Alloy”, 17 (1997) 347-355.

[2] K.-M. Kim, S.-W. Goh and E.-P. Yoon : Korean Journal of
Materials Research, “A Study on the Effects of Addition
Elements on the refinement of Primary si Particles in
Hypereutectic Al-Si Alloys”, §, (1995) 412-419.

[3] J. L. Jorstad and E. V. Balackman : AFS Trans., 79 (1971)
85-92.

[4] S. Das, A. H. Yegneswaran and P. K. Rohatgi : J. Mat. Sci.,
22 (1987) 3173-3180.

[5] Adachi, M. :J. Ipn. Inst. Light Met., 34 (1984) 430-435,

[6] G.K. Sigworth : AFS Trans., 82 (1987) 303-308.

(33)

[7] D.-H. Joo and M.-H. Kim : J. Kor. Foundrymen's Soc.,
“Refinement of Hypereutectic Al-Si Alloys by Phospho-
rous”, 15 (1995) 449-458.

[8] J.-H. Yoon : Thesis for a doctorate, Untversity of Ulsan, “A
Study on the Microstructure Changes and Mechanical
Characteristics with Modification in Al-Si Alloy System for
Application of Cast-Forging Process”, (2002).

[9] S.-B. Hahn, J.-H. Kim and B.-J. Ye : J. Kor. Foundrymen's
Soc., “Technical Lectures : Solidification of Al Alloys(3)-
Characteristics of Modification in the Hypereutectic Al-Si
Alloys”, 18 (1998) 498-505.

[10] W.J.Jung, K. T. Kim and S. H. Kim : J. Kor. Foundrymen's
Soc., “Hypereutectic Aluminum Silicon Casting Alloys”,
13 (1993) 17-24.

[11] H. Yamata, T. Tanaka and E. Okomu : J. Jpn. Inst. Light
Met, 37 (1987) 83-88.

[12] P. A. Tondel and L.. Ambery : The 3rd International Confer-
ence on Aluminium Alloys, 1 (1992) 129-135.



