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Table 1 Spectral analysis of lead-free silicon brass
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Mass fraction/%

Sample No. Phase
Cu Si Al Zn Zinc equivalent

1 60.8 0.69 0.50 38.01 44.1 o+
2 59.4 0.78 0.69 39.13 46.2 o+
3 59.5 0.85 0.90 38.75 47.0 p
4 59.5 0.95 0.18 39.37 45.6 otp
5 59.8 1.10 0.68 38.42 472 s
6 58.4 1.11 1.00 39.49 49.2 By
7 59.0 1.33 0.31 39.36 48.0 By
8 58.8 1.27 0.66 39.27 48.7 Bty
9 58.5 1.33 0.94 39.23 49.9 By
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Fig. 1 XRD patterns of lead-free silicon brass with different
Zn contents: (a) 44.1%; (b) 46.2%; (c) 47.0%; (d) 45.6%;
(e) 47.2%; (f) 49.2%; (g) 48.0%; (h) 48.7%; (1) 49.9%

46.2%

Fig. 2 SEM images of lead-free silicon brass with different Zn contents: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4;

(e) Sample 5; (f) Sample 6; (g) Sample 7; (h) Samples 8; (i) Sample 9
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Fig. 3 Morphologies of dezincification layers for lead-free silicon brass with different Zn contents: (a) Sample 1; (b) Sample 2;
(c) Sample 3; (d) Sample 4; (e) Sample 5; (f) Sample 6; (g) Sample 7; (h) Samples §; (i) Sample 9
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Fig. 4 Morphologies and EDS results of dezincification layer of sample 1
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Fig. 5 Line EDS results of dezincification layer of sample 1
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Fig. 6 Morphologies of dezincification layer of sample 4
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Fig. 7 Morphologies of dezincification layer of sample 3
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Table 2 EDS results of different regions in dezincification

layer of sample 4
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Fig. 8 Morphologies of dezincification layer of sample 8
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Table 3 EDS results of different regions in dezincification

layer of sample 3

IEES

Mass fraction/% Mass fraction/%
Element Element
Area A Area B Area C Area A Area B Area C

(0] 19.64 6.46 5.75 (0] - 19.98 -
Al 2.15 - - Al - 3.16 -

Si 12.33 - 2.64 Si - 14.84 -
Cl 8.36 8.13 2.06 Cl - 3.44 0.63
Cu 54.02 85.41 77.70 Cu 100 55.19 99.37
Zn 3.50 - 11.85 Zn - 3.39 -
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Table 4 EDS results of different regions in dezincification

layer of sample 8

Element Mass fraction/%
Area 4 Area B
(0] 9.23 -
Al 1.22 -
Si 3.24 -
Cl 1.80 -
Cu 81.26 100
Zn 3.27 -
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Fig. 9 XPS analysis of surface oxide film of sample 3
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Corrosion resistance of lead-free environment-friendly silicon brass

YANG Chao', TAO Qing-chi', LU Hai-zhou', YANG Yu-chuan', DING Zhi', DING Yan-fei’,
ZHANG Wei-wen', ZHU Quan-li'

(1. National Engineering Research Center of Near-net-shape Forming for Metallic Materials,
South China University of Technology, Guangzhou 510640, China;
2. Guangdong Huayi Plumbing Fittings Industry Co., Ltd., Jiangmen 529321, China)

Abstract: By adding Si and Al instead of Pb in HPb59-1 lead brass, the phase composition of lead-free environment-
friendly silicon brass was controlled by zinc equivalent rule. The effects of alloying elements and phase composition on
the corrosion resistance of the controlled alloys were analyzed by XRD, SEM and XPS methods. The results show that,
with the increase of zinc equivalent, the phase composition of the controlled silicon brasses transforms from a+f and f
into f+y. Based on the thickness of dezincification layer, the anti-dezincification ability decreases successively as
following of S, a+f, f+y. During the corrosion process of a+f and f+y brasses, the potential negative S phase is
preferentially corroded as an anode, and then is a phase or y phase. After adding Si, Al, B and RE, the thickness of the
dezincification layer of all controlled alloys is below 200 um. Especially, the corresponding thickness value for the alloy
with the zinc equivalent of 46.2% is only 92.4 pm, which indicates that the corrosion resistance is improved significantly
compared with HPb59-1 lead brass. The surface oxide film of the prepared silicon brass following dezincification
corrosion is mainly composed of Cu,O, CuO, SiO, and Al,Os, and additions of Al and Si elements improve the
dezincification resistance of lead-free silicon brass.

Key words: lead-free silicon brass; zinc equivalent; phase composition; corrosion resistance
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