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Abstract: SAE 430B is a Cu-based alloy, which, due to good properties qualify the alloy in special bronzes category. In this 

paper, the influence of the casting parameters on the properties of the SAE 430B cast in two types of moulds: (i) temporary 

(based on quartos sand) and (ii) permanent (metallic mould). Samples in as-cast condition were cut and prepared for chemical 

and microstructural analysis. The chemical composition was determined via spectroscopic analysis, the structural 

characterization was carried out by optical and electronic microscopy. EDS chemical analysis was used to identify the 

compositions of phases and compounds in the material. The corrosion behaviour was analysed in seawater by a linear 

potentiodynamic polarization test. The microstructure of as-cast samples presents a β phase structure with intermetallic 

precipitates with various morphologies. With the increase in cooling rate, corrosion potential values become more negative 

and current density increases. 
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1. INTRODUCTION  
  

SAE 430B is a Cu-based alloy obtained from CuZn25 brass by adding Al, Fe and Mn. The structure and properties 

acquired because of alloying, positions the SAE 430B alloy in the special bronzes category due to good 

mechanical, chemical and technological properties. It contains Cu (60–66%), Zn (22-28%), Al (3.0–7%), Fe (2,0–

4,0%), Mn (2,5–5%) and a small amount of Sn, Pb, P and Sb, in accordance with SR EN 1982:2008 Copper and 

copper alloys - Ingots and castings standard [1]. The addition of more than 3.5% aluminum leads to an increase 

in both strength and fluidity [2]. Iron improves toughness, splinterability and causes a finer structure. Manganese 

improves the yield strength, tensile strength, relative elongation and corrosion resistance in seawater. The layer 

of protective oxides ensures the corrosion resistance of these alloys [3]. Alloying with 5 up to 7% Al lowers phase 

transformation point of α to β, from 800 °C to temperatures below 700 °C. Additional alloying with Fe and Mn, 

which have the same influence on the structure, can lower this point even below 600°C [4]. 

Good mechanical strength, superior wear resistance, high thermal and electrical conductivity, as well as high 

corrosion resistance in various aggressive environments, including seawater, makes this alloy recommended for 

components in the transport industry. Applications include propellers for marine applications, bushings, bearings, 

gears, parts for hydraulic cylinders, butterfly valves [5, 6] and also cams, nuts, bridge pins, valve rods, bolts for 

road transport vehicles, parts of aircraft landing gear, pipe fittings and pipelines for the oil and gas industry [2]. 

Since this alloy exhibits poor weldability and deformability, is difficult to solder and cannot be heat treated [7]. 

Often, most parts are obtained by casting, mostly in temporary moulds [8] according to the recommendations 

provided in ASTM B148-18, which in term causes large variations in the microstructure of the alloy. The purpose 

of this paper is to analyze the relationship between the casting conditions and the chemical and structural 

properties of the obtained SAE 430B samples.  
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2. MATERIALS AND METHODS 

  

For this study, two types of samples were analyzed: one cast in temporary (quartos sand mixture) and the second 

in permanent (metallic) mould. The cooling of the material in contact with the moulding sand ensures a slow heat 

transfer while the cooling of the material in contact with the metallic mould ensures a high cooling rate and rapid 

solidification, which determines a high thermal gradient. The chemical composition of the samples was 

determined by spectrometric analysis on the Foundry Master spectral analyzer and the results are shown in Table 

1. 
 

Table 1. Chemical composition of SAE 430B 

Chemical element Cu Zn Al Fe Mn Si Others 

Concentrations, at% 63.0 22.5 5.21 4.14 2.6 0.5 rest 

 

Fragments were cut by electroerosion with a Mo wire (ϕ0.18 mm) on a DEM 320 machine and prepared for 

microstructural and chemical analysis. Microstructural analysis was performed using optical microscopy (OM) 

and electron microscopy (SEM). In addition, the chemical composition of the samples was determined by EDS 

analysis and the corrosion properties were evaluated by linear potentiodynamic polarization. For OM, the samples 

were prepared manually by grinding, polishing and etching. Grinding was performed on metallographic paper 

with grits of 600, 800, 1000, 1200, 1500 and 2000. Polishing was carried out on a polishing cloth using two Al2O3 

solutions of with diameters of 0.3 and 0.05μm. The etching with chemical reagent was carried out with a solution 

of FeCl3 + HCl + distilled water. The optical microstructures were obtained using an OPTIKA XDS-3 MET 

optical microscope, equipped with an OPTIKAM 4083.B5 digital camera and OPTIKAM B5 software. In order 

to identify the nature of the existing phases and the compounds formed, as well as for microstructural analysis at 

a higher magnification power, SEM analyses were performed on an electron scanning microscope equipment 

model Vega Tescan LMH II equipped with an EDAX detector for qualitative and quantitative analysis. 

Considering the applications of this alloy in the shipping industry, the analysis of corrosion resistance by linear 

polarization was performed in seawater from the Black Sea, with a pH value of 8.37. The corrosion resistance of 

the two samples was determined by a linear potentiodynamic polarization test (LPDP). The equipment used is an 

OrigaFlex OGF+01A potentiostat (France) with a three-electrode electrochemical cell, composed of a platinum 

auxiliary electrode, a calomel reference electrode and a working electrode. The working electrode exposed surface 

was 0.502cm2. The potentiodynamic curves were recorded for a scan rate of 0.5mV/s and a scan voltage range of 

±500mV. These curves were recorded after 30 minutes immersion in the solution. All the tests were repeated three 

times. 

 
3. RESULTS AND DISCUSSION 
  
Figure 1 shows the microstructure of SAE 430 B alloy cast in temporary and permanent mould. In the case of the 

solidified sample in contact with the temporary form (Figure 1, a) the structure consists of solid solution β and 

numerous precipitates (mainly in globular form). This phase is rich in copper, has a body-centered cubic structure 

(BCC) and is specific to Cu-based alloys [9]. The grains are large with irregular shape, uneven in size, oriented 

in the direction of the thermal gradient of solidification. In the structure, numerous pores (gas bubbles) appear due 

to the difference in gas solubility in molten and solidified metal. The solidified sample in contact with the 

permanent mould has a β structure and numerous precipitates distributed mainly in the grains boundaries (Figure 

1, b). At higher magnification, it can be seen that gray precipitates have rosette shapes, are fine globular or coarse. 

Rosette-shaped precipitates have large dimensions (5 – 10)µm and those of globular shape are smaller. A similar 

structure has been reported in the case of bronzes with Ni [2] where the precipitates formed were in the form of 

numerous, small, fine particles of globular shape but also with lamellar and rosettes morphology. 
The SEM microstructure of the solidified sample in contact with the temporary mould in Figure 2(a) confirms the 
aspects observed on optical microscopy. The structure has large columnar grains compared to those obtained in 
the solidified sample in contact with the permanent mould, Figure 2(b). Slow cooling allows the obtainment of 
grains oriented in the direction of the thermal gradient; their length being twice their width. In both of samples 
structure, several ellipsoidal cavities are observed due to solidification in the temporary mould.  
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Fig. 1. OM micrographs: general aspects illustrating the grain size and detail of precipitates of as-cast SAE 430B alloy cast 

in: (a) temporary mould and (b) permanent mould  

 

Fig. 2 SEM micrographs of as-cast SAE 430B alloy cast in: (a) temporary mould and (b) permanent mould  

 
At higher magnification, the sample solidified in the temporary mould (Figure 3a) contains precipitates mainly of 
globular shape, preferentially formed on the grain limit. The sample solidified in metallic mould (Figure 3, b) 
exibites, at the intersection of grains, the existence of another phase. Hashemi M. called this phase α when the 
microstructure of the alloy SAE 430B (C86300) contains dark dendrites of α phase in a matrix of β equiaxed 
grains [10, 11]. 

Fig 3. SEM micrographs: Detail of precipitates of as-cast SAE 430B alloy cast in: (a) temporary mould and (b) permanent 

mould  

 
The quantitative determination of the chemical elements was performed by applying the POINT analysis mode, 
in three points marked on the three micrographs of SAE 430B alloy as shown in Figure 4. Their quantity in atomic 
percentage can be found in Table 2.  
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Fig. 4. Chemical analysis in POINT mode in case of SAE 430B alloy analysis 

 
Table 2. Amount of chemical elements identified by EDS analysis 

Point 
Chemical elements, at% 

Cu Zn Al Mn Fe Si Pb 

1 61.24 21.3 13.9 3.13 - - 0.43 

2 69.8 19,12 8.76 2.32 - - - 

3 3.34 1.21 3.22 15.65 55.15 21.43 - 

 
EDS analyses and values in Table 2 support the above statements, the presence of β (point 1) and α (point 2) 
phases rich in Cu (61.24 and 69.8 % Cu, respectively) as well as Zn, Al and Mn. Point 3 corresponds to a 
precipitate that is rich in Fe and is characterized by precipitation within β phase. In alloyed brass these precipitates 
have the formula (Fe, Mn)5 Si3 and have a variable composition: their interior is enriched in iron, and the outer 
surface is enriched in manganese [9].  
The potentodynamic curves of the tested samples are shown in Figure 5. In addition, corrosion potential values 
(Ecor), current density (Icor), polarization resistance (Rp) and corrosion rate (CR) are resented in Table 3. 
 

 
Fig. 5. Potentiodynamic polarization curves of SAE 430B alloy solidified in contact with temporary form and 

permanent form 
 
As can be seen from Table 3, the corrosion potential values are in the negative domain. The closest value to the 
positive range is that of the sample solidified in contact with the temporary mould. 
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Table 3. Electrochemical corrosion parameters determined for SAE 430B samples cast in metallic and temporary mould in 

seawater corrosive media 

Sample 
Ecor 

(mv) 

Icor 

(µA/cm2) 

Rp 

(kΩ·cm2) 

CR 

(µm/an) 

Metallic mould -180.20 5.98 3.28 69.32 

Temporary mould -153.90 1.34 9.85 15.53 

 
Observing both, the value of the corrosion potentials and current density, it can be seen that the samples solidified 
into metallic mould show a higher corrosion tendency compared to the sample cast in a temporary mould. These 
trends are also confirmed by the polarization resistance value which is approximately 3 times lower, 3.28 kΩ·cm2 
in comparison to the value 9.85 kΩ·cm2. The corrosion speed is approximately 4 times lower for the sample slowly 
solidified compared to the sample solidified at a higher speed. It is possible that this decrease in corrosion rate is 
due to grain boundaries areas that are much lower in the case of the sample solidified in contact with the temporary 
mould, which has a larger grain size compared to the solidified sample in contact with the metallic mould. 
Analyzing the literature, no values of corrosion process parameters were found for the alloy SAE 430B but it can 
be seen that, regardless of the type of structure of CuZn-based alloys, the corrosion resistance obtained in the case 
of the studied material is higher than the values obtained for classical alloys when the same corrosion medium 
was used: seawater [12]. In addition, the studies showed that the corrosion rate for classical brass in natural 
seatwater is 110 µm/an [13], much higher compared to that of alloy SAE 430B analyzed.  
 
4. CONCLUSIONS 
  
• In the case of temporary mould solidified samples, their structure consists of β phase grains and precipitates 
which are less numerous than metallic mould solidified samples. With increasing cooling rate, the decrease in 
grain size and the appearance of precipitates is favored. Casting in permanent moulds favors the appearance of α 
phase at the grain boundaries of β phase.  
• EDS characterization shows the chemical composition of Cu-rich β and α phases as well as precipitates (Fe and 
Mn-rich) found in the β phase. The sample cast in metallic mould has Pb in composition, but this element is not 
identified in the temporary mould cast sample. 
• The temporary form cast sample shows a corrosion rate of approximately 4 times lower and a corrosion 
resistance 3 times higher then the metallic mould cast samples. Therefore, obtaining samples by casting in 
permanent mould causes a higher corrosion tendency compared to casting in temporary mould. 
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