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A Study on the Microstructures and Mechanical Properties of Squeeze
Cast High Strength Yellow Brass, Al Bronze and Sn Bronze Alloys

Yo-Sub Han and Ho-In Lee

Abstract

The microstructures and mechanical properties of high strength yellow brass, Al bronze and Sn bronze alloys fabricated by
gravity die casting and squeeze casting were investigated. A rapid cooling of casting was enhanced by pressure applied during
solidification of Cu alloys, the cooling rate of casting was more great for high strength yellow brass alloy than other Cu alloy.
Grain size and phases of the squeeze cast products become refined to 1/2 level compared to gravity die castings. Squeeze cast Al
bronze and high strength yellow brass has about 10-20% higher yield and tensile strength and slighter decreased or nearly same
elongation, compared to gravity die cast ones. Sn bronze has nearly same strength and hardness, but shows increased in elonga-
tion, compared to gravity die cast ones. (Received November 1, 1999)
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Fig. 1. Schematic of squeeze casting die of Cu alloys for
measurement of cooling of die and casting during
solidification (mm).
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Table 1. Chemical compositions of expeimental Cu alloys(wt%)

specimen alloy Zn Al Fe Pb Sn Ni Mn P Cu

High Strength yellow analysized 35.2 1.25 0.51 - - - 0.03 - remainder
brass 1(HBsC1) addition 39 1 1 - - - 1 - "
High Strength yellow analysized 26.6 3.83 1.20 - - - 0.47 - "
brass 3(HBsC3) addition 24 4 3 0.5 - - 3 - "
analysized - 11.7 0.85 - - 4.34 - - "

Al bronze(AIBrC3) L
addition . 10 4 0.5 - 4 - _ "
lysized - - - - 11.4 - - : "
Sn bronze(PBC2B) | YR 0.27

addition - - - - 10 - - 0.3 "
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Table 2. Expeimental conditions of squeeze casting of Cu
alloys

high strength yellow brass 1 and 3, Al
bronze , Sn bronze

atmosphere and 100 MPa
melting tempertures + 50

cu alloy

applied pressure

pouring temperature

die temperature 200 - 250
lubricant colloidal graphite emulsion brushed
pressing speed 20 mm/sec
pressure appling time within 10 sec after pouring
pressure holding time 60 sec
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Table 3. Thermal charcteristics of gravity die cast Cu alloys during solidificatio n
total solidification mush zone mush zone mush zone casting
time(sec) solidification time(sec) cooling rate (k/sec) temperature ( C) temperature ( [0}
H.S.Yellow brass 1 6.2 35 3.3 880-862 910
H.S.Yellow brass 3 8.6 8.6 4.1 923-885 960
Al bronze 254 15.0 1.04 1055-1040 1160
Sn bronze 13.8 9.5 13.6 1000-843 1010

Table 4. Heat transfer characteristics of Die during gravity die casting and squeeze casting of Cu alloys

Temperature differnce between  Time to reach max. temperature :
L. : o Heating rate(k/sec)
initial and maximum ( °C ) (sec)
gravity squeeze gravity squeeze gravity squeeze
H.S.Yellow brass i 122 132 34 21 54 8.0
H.S.Yellow brass 3 131 207 36 29 6.0 12.8
Al bronze 162 248 39 30 8.3 10.6
Sn bronze 207 207 29 27 11.0 11.7
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Fig. 2. Cooling curves of die and casting of high strength
yellow brass 1 alloy
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Fig. 3. Cooling curves of die and casting of high strength
yellow brass 3 alloy
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Fig. 4. Cooling curves of die and casting of Al bronze alloy.
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Fig. 5. Cooling curves of die and casting of Sn bronze alloy
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Fig. 6. Macrostructure of gravity die cast and squeeze cast high
strength yellow brass 1 alloy

Fig. 7. Macrostructure of gravity die cast and squeeze cast high
strength yellow brass 3 alloy
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Fig. 8. Macrostructure of gravity die cast and squeeze cast Al
bronze alloy

Fig. 9. Macrostructure of gravity die cast and squeeze cast Sn
bronze alloy
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Table 5. Zn equivalant of Cu alloying elements
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Fig. 11. Microstructure of gravity die cast and squeeze cast high strength yellow brass 3 alloy
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Fig. 13. Microstructure of gravity die cast and squeeze cast Sn bronze alloy

A ] FAsels] FFDIE F 13 e S
szl ek o] ¥F FEEL $F Y40l o
58e] He Suol A7hEle] 2ot s -% &7}
w2 afAPEAleld] 28 Aape] AHFHe] pA
o] AR Aoz TR,

AR SRR BA 23kSe] 34 -
12 A% s} H9T 22Ee] YL <4
4 EE AEAT )E TP e

3.3 StiaFee] JIANLT et SHtE 54
£ 6 TAEFET ATAEAT P QAR
d AT SRATAe LU AS %
98 AR Aol AESYAAS B A
2 guRze s A5 2. ARl

FFoFHE] S 2T DA BE} ARFIA
= o 2R Aok FRAAINE DFERF

o] HB2002ZE. v& 5352l HB 100-1405%9
Blle] FASHA $A Jeldol oeia Seidze] o
3 A= dAR 10%-20% FA=7)F 2 78743kt

(51)

Table 6. Mechanical properties of Cu alloys fabricated by
gravity die casting and squeeze casting,

UTS o

(MPa) El (%) HB
H.S.Yellow | Gravity casting 490 19.2 105
brass 1 | Squeeze casting | 520 12.6 120
H.S.Yellow | Gravity casting | 567 13.0 148
brass3 | Squeeze casting | 615 8.8 158
Gravity casting | 582 1.9 207

Al bronze ,
Squeeze casting | 736 0.4 240
Gravity casting | 352 13.5 101

Sn bronze ,
Squeeze casting | 372 15.1 108

2] 73le] JF Axe] ol 7Sl Bet Al 9

5 45 U BEF FERAS A 59 Ve
Tk u)7EE FEME A= TR 24 dich
QA7IEE M 79 vt Ao vepial
Aok, TAEHE 139 A5 FHF2 vl gud
Z9] QAEE oft FI A4l dAlEe| 3as)
Qo). T 3FL 1E23) v|EldA] QA e o)



- 492- IS B, BFUE AT D QUTUF £99E 243 S A B AT - 224 - o3
& ZIT QS-S asiin. BRuE 5 A ,4 Qg E STT] W YT St
$ FoFzo] ws) AT} 20% FRIIT QA EE PPENT TAEREG IROFREE )
&2 Tt Hold A4 SR P Helw A A

o) E20] 7-¢ FEF-Fo|| vl& AAIEE ot Z7)
3kl JAEE o Fvlskeict. ueia fEitizo)
A% ¥ T=2 A3 dFEEEEel 27% A=
B 7M1 b2 FiES FEHTE vIE 6-12

% 5717F HAvt GileHdAME S5 Tke] Y o
ool Setxg 10%7} Yol H9ly ks BHE
o} dFu|EH T FrAsic)

4.4 B

1. I3=8E 1 59 3 F, &Fr
Eoﬂ YA 100MPa®] BEAFA|IZ]
A},

S dEAHS B3l fEdx
oIt 4= Qslct. AAFIES 4=

JR—

o] SAHAH.

3. §8EA rEEAT SEAY A5l wet
SIFFEES AR 22PFE] vMA RS} 2}
o|7} wirt.

4. §eictzdl 23 $¥F FEES A= Tt
R 2E7FERY 24 73] e /‘a‘—‘%’~°l UE &7
nlE gl Ho 8371 QX JATE A=
712l gt

5. SRR o5 = *"-‘*7]—‘= &FulEH gl
7 33 27 goht ol A5 o Sl

(52)

& 0 & 8
[1] J.N. Lee, T. S. Yun : Studies on the Soundness of Cu-Alloy
Castings for leak tightness, Journal of the Korean Institute
of Metals and Materials, Vol. 13, No. 3 (1975), p.297
[2] O. Y. Kwun and C. S. Kang : Effect of Si on Microstruc-
tures and Mechanical Properties of cu-al alloys, Journal of
the Korean Institute of Metals and Materials, Vol. 16, No. 3
(1978) p.179
[31 H.Y.Raand D. H. Lee : The Influences of Vibration on the
Structures of Cu-Pb Alloys, Journal of the Korean Institute
of Metals and Materials, Vol. 18, No. 4 (1980) p.320
[4] T. Y. Chung and C. S. Kang : Effect of Mold Ratios on the
Casting Structures and Mechanical Properties in Cu-Al-Si
Alloys, Journal of the Korean Institute of Metals and Mate-
rials, Vol. 18, No. 5 (1980), p.416
[5] R. F. Lynch, R. P. Olley, P. C. J. Gallagher : AFS Trans.,
Vol.75 (1976) p561
[6] S. Oya, Y. Matsuura, S. Suzuki and A. kamio : J. Japan
Foundrymen's Society, Vol. 41 No. 1 (1969) p29
{71 M. Mohri, M. Yamaguchi, N. Kubota and K. Kitami
Japan Foundrymen's Society, Vol. 60 No. 4 (1988) p252
[8] K.T.Kimand W.J. Jung : Journal of The Korean Foundry-
men's Society, Vol.18, No.6, (1998) 528
[91 ASM Metals Handbook Vol. 2. 10th edition, Properties and
Selection ; Nonferrous Alloys and Special-Purpose
Materials (1990)
[10] M. H. Kim : Journal of The Korean Foundrymen's Society,
Vol.18, No.1, (1998), 91
[11} S. Oya : Nonferrous Metals Casting, Nikan Industry News,
(1968), 74

A



