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ABSTRACT 

C95800 aluminum bronze alloy is a high-strength, corrosion-resistant, and long-lasting material, widely 

used in engineering applications requiring high durability. Components made from this alloy are often 

produced by casting, due to the ease of forming complex shapes and their cost-effectiveness. However, a 

major challenge in casting is that of porosity, which directly affects the mechanical properties of the 

finished product. Porosity, caused by gas entrapment or shrinkage during cooling, leads to structural 

discontinuities, ultimately reducing strength. Therefore, efforts have been made to minimize gas-related 

defects in C95800 aluminum bronze castings for higher quality. In this study, patterns and molds were 

prepared according to JIS-H 5120. Six CO2 sand molds were used to support the molten metal during 

casting. A gas venting technique was applied to these molds, and a degassing agent was subsequently 

introduced to the molten metal, which was melted in an induction furnace with a silicon carbide crucible at 

approximately 1,200-1,250°C under an oxidizing atmosphere. The degassed molten metal was then rapidly 

poured into the sand molds and cooled during solidification. This research aims to investigate the effect of 

the degassing technique, in conjunction with gas venting, on the mechanical properties of C95800 

aluminum bronze castings. The tensile strength, impact strength, and hardness were compared between 

castings produced with and without degassing to evaluate the effectiveness of these techniques in 

improving the casting quality. The results indicate that the combined application of gas venting and 

degassing significantly enhances the quality and mechanical performance of the castings. 
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I. INTRODUCTION  

C95800 aluminum bronze is a high-performance alloy 
known for its excellent strength, corrosion resistance, and long 
service life. It is widely used in demanding engineering 
applications, such as marine components, seawater systems, 
and petrochemical industries. Due to its superior properties, 
casting is a common manufacturing method for producing 
C95800 parts, especially when complex shapes are required 
and economic efficiency is a priority. The chemical 
composition of C95800 is shown in Table I [1-3, 5-7]. 
However, the melting of copper and copper alloys presents a 
major challenge—porosity—which directly affects the 
mechanical properties of the final workpiece. This porosity 
typically occurs due to the ability of molten copper to dissolve 
both oxygen and hydrogen gases. During solidification, these 

gases react to form steam, resulting in pore formation within 
the casting [2-6,10].  

TABLE I.  CHEMICAL COMPOSITION OF ALUMINUM 
BRONZE ALLOYS (ASTM B148-97 [8]) AND CASTING 

EXAMPLES 

Copper 

alloy UNS 

No. 

Nominal compositions (wt. %) 

Cu Ni Fe Al Si Mn 

C95800 
79.0 

(min) 
4.0-5.0 3.5-4.5 8.5-9.5 

0.1 

(max) 
0.8-1.5 

Specimen 76.57 4.16 3.81 8.85 0.09 0.52 

 

If the vapor pressure exceeds the combined pressure of the 
metal head height and atmospheric pressure, steam escapes 
through the sprue or riser in a process known as purging, 
mushrooming, or blowing. This phenomenon causes the top 
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surface of the casting to bulge, as the gas separates from the 
melt and pushes semi-solid metal outward through overflow 
holes, which then solidifies in a visible form [4, 10, 15-19], , as 
illustrated in Figure 1. When machining such castings, defects 
caused by porosity become evident, as shown in Figure 2. 
During melting under an oxidizing atmosphere, a certain 
amount of oxide forms within the melt. It is, therefore, 
necessary to remove oxygen before pouring the metal. It is 
generally easier to prevent gas from dissolving into the metal 
during melting than to remove it afterward. Thus, an effective 
gas control during the melting process is critical for ensuring 
the desired mechanical properties of the solidified metal ingot 
[3, 13-17, 20]. 

 

Fig. 1.  Inflated upper surface due to gas. 

Fig. 2.  Damage of the workpiece due to porosity. 

To control the quality of the melt by limiting the amount of 
dissolved gas, various types of test rods must be produced to 
evaluate the material properties and confirm that the melting 
process meets the required standards. Typically, rods for 
mechanical testing are poured into cylindrical molds with 
diameters ranging from 25 mm to 50 mm, as displayed in 
Figure 3. These test rods can be cast prior to the actual 
workpiece to assess the shrinkage tendencies, which helps 
predict the shrinkage behavior of the final casting. If the top 
surface of the rod appears bulging, as depicted in Figure 3, it 
indicates a high concentration of dissolved gases. 

Conversely, if shrinkage cavities appear in the form of 
piping, this indicates very low gas content. Proper melting 
should yield metal with high tensile strength, good ductility, 
and minimal porosity [2, 4, 10]. 

  

Fig. 3.  Pouring of the test rods before the actual pouring. 

A degassing approach was studied by adding degassing 
agents to the C95800 aluminum bronze alloy casting melt prior 
to the pouring process to reduce the amount of dissolved gases 
[2-3, 10, 13-14, 30-31]. Several parameters were evaluated to 
investigate the effects of the degassing agents. It was found that 
a higher cooling rate suppressed the dendrite growth and 
improved the mechanical properties. Furthermore, increasing 
the amount of degassing agent resulted in finer dendritic 
structures, which enhanced the mechanical strength, as 
confirmed by tensile and hardness tests [15]. Gas venting is, 
thus, considered an effective method for reducing porosity in 
castings, as it allows trapped gases within the mold to escape 
before the metal solidifies. This technique is expected to 
improve the casting quality and enhance the mechanical 
performance [15-18]. The objective of the current research is to 
examine the effect of gas venting on the mechanical properties 
of C95800 aluminum bronze castings by comparing the tensile 
strength, compressive strength, and hardness of vented and 
unvented samples, thereby evaluating the effectiveness of this 
approach in enhancing the overall casting quality [20-22]. 

II. EXPERIMENTAL PROCEDURE 

In this research, an experiment was conducted by 
modifying the shape and size of the workpiece according to the 
JIS-H 5102 standard [5-6, 9], as illustrated in Figure 4. The 
workpiece was produced using the CO2 sand casting process. In 
this process, a gas venting technique was applied by 
incorporating four horizontal vent holes, each with a diameter 
of 2 mm and a depth of approximately 3-5 mm, depending on 
the shape of the workpiece [20-24]. The materials used for 
testing included C95800 aluminum bronze casting scrap, along 
with degassing agents, such as Flux, Logas 50, and a 
deoxidizing tube E, as shown in Figure 5. The metal to be 
melted was required to be clean and free from oil and moisture. 

A. Melting Process 

The ingredients were weighed according to the calculated 
amount for each charge, with a melting rate of 30 kg per 
charge. An induction type furnace was used for melting, and 
the container was a silicon carbide crucible. The casting mold 
was made from CO₂ sand casting, as mentioned in [13-14]. The 
steps involved in the melting process followed the standard 
procedures, as outlined in [15-16, 19, 23-37, 44]. 
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Fig. 4.  Experimental assembly: (a) pattern, (b) CO2 sand casting, (c) vent 

holes, (d) assembled CO2 sand casting. 

 
Fig. 5.  Materials used for testing: (a) nickel aluminum bronze (AlBC3) 

scraps, (b) flux compound fluorides, (c) Logas 50 (degassing agent), (d) 

deoxidizing tube E. 

1. The furnace was preheated to a temperature of 600 -700°C 

until it reached a red-hot state. Simultaneously, the nickel-

aluminum bronze materials, including metal scraps, were 

placed on the furnace to undergo a preheating process. This 

step was crucial to remove any residual moisture, 

preventing unwanted reactions, such as hydrogen 

absorption, which could lead to gas-related defects in the 

final casting. 

2. Once preheating was completed, nickel-aluminum bronze 

scraps were carefully loaded into silicon carbide crucibles 

to ensure efficient melting. The choice of silicon carbide 

crucibles was based on their high thermal conductivity and 

resistance to chemical reactions, which helped maintain the 

purity of the molten metal throughout the process. 

3. When the nickel-aluminum bronze reached a melting 

temperature of 1,200°C, Logas 50 Press Submersible, a 

degassing agent, was introduced into the molten metal to 

reduce the presence of dissolved gases, particularly 

hydrogen and oxygen, which are known to cause porosity. 

After an interval of 5–10 min, Deoxidizing Tube E was 

added to further refine the molten metal by minimizing 

oxidation and ensuring an improved metal quality. 

4. The temperature must be measured before pouring the 

melt, which should be about 1,250 ± 10°C. Regarding the 

flux material, 0.25-0.5% the total metal weight was applied 

evenly over the surface, and subsequently, the test samples 

were poured to assess the surface of the test specimens. 

5. The chemical composition of the sample was analyzed 

using an Optical Emission Spectrometer. The results 

confirmed that the sample was a commercial aluminum-

bronze alloy, grade AlBC3. The specified composition 

included 3.5-4.5% iron, 8.5-9.5% alumina, 4.0-5.0% 

nickel, 0.8-1.5% manganese, and 0.1% silica, with copper 

being the primary constituent. 

 

 

Fig. 6.  Casting process of nickel-aluminum bronze. 

6. Once the specified temperature was achieved, a flux 

material amounting to 0.25-0.5% of the total metal weight 

was carefully added to the surface of the molten metal. 
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This flux helped to purify the melt by promoting the 

separation of impurities and reducing oxidation. After 

allowing sufficient time for the flux to react, the slag 

formed on the surface was thoroughly removed to ensure a 

clean pour. The purified molten metal was then poured 

rapidly and continuously into the CO2 sand mold to 

prevent premature solidification and minimize the risk of 

defects, such as porosity or incomplete filling. 

7. When the molten metal had been poured into the casting 

mold, the workpiece was left to cool inside the mold. 

Afterwards, the CO2 sand casting mold was dismantled, 

and the testing specimens were removed. A visual 

inspection was performed, and the casting was cleaned by 

sandblasting, as shown in Figure 6. 

The workpiece was subsequently cut and machined to the 
specified dimensions, as illustrated in Figure 7. This 
preparation was carried out to facilitate the evaluation and 
analysis of its mechanical properties through standardized 
testing methods [11-12]. 

 

   

Fig. 7.  Casting and machining of pieces. 

III. RESULTS 

The tensile strength test (ASTM E8) was performed to 
determine the Ultimate Tensile Strength (UTS), yield strength, 
and elongation of the material. The specimens were subjected 
to uniaxial tensile loading until fracture to assess their 
mechanical integrity and ductility. 

The Rockwell Hardness Test (HRB) was conducted using 
the Rockwell Hardness Scale B (HRB) to evaluate the 
material’s resistance to deformation. This test provides insights 
into the alloy’s strength and wear resistance, which are critical 
for industrial applications. The Charpy Impact Test (ASTM 
E23) was conducted to measure the impact toughness of the 
material using a notched specimen. This test measures the 
energy absorbed by the sample when subjected to a sudden 
impact load, providing valuable information on its fracture 
resistance and brittleness. As displayed in Figure 8, each test 

was conducted using three specimens to ensure the 
repeatability and reliability of the results. The obtained data 
were analyzed to compare the mechanical performance of the 
nickel-aluminum bronze cast samples with standard industrial 
benchmarks [29, 33-36, 43]. 

 

 
(a) 

 
(b) 

 
(c) 

Fig. 8.  Testing setup: (a) tensile strength test, (b) HRB, (c) Charpy Impact 

Test.  

TABLE II.  MECHANICAL PROPERTY COMPARISON OF VENTED VERSUS NON-VENTED C95800 ALUMINUM BRONZE CASTINGS 

Materials 
Tensile strength 

(N/mm2) 

Impact testing 

(J) 

Hardness testing 

(HRB) 

Elongation 

(%) 

Without gas venting. 588 10 71 15 

Gas venting Specimen1 589 12 77 18 

Gas venting Specimen 2 582 12 72 15 

Gas venting Specimen 3 599 15 75 13 

Average Specimens 1-3 590 13 74 15.3 



Engineering, Technology & Applied Science Research Vol. 15, No. 4, 2025, 25068-25075 25072  
 

www.etasr.com Thongyothee & Chareonvilisiri: The Effect of Gas Venting on the Mechanical Properties of C95800 … 

 

 

Fig. 9.  Results of tensile strength testing. 

 

Fig. 10.  Results of impact testing. 

 

Fig. 11.  Results of hardness testing. 

 

Fig. 12.  Results of elongation test. 

Table II and Figures 9-12 show the results from the 
mechanical property tests, including the tensile, hardness, and 
impact tests. The results showed that the average values 
obtained were higher than those of C95800 aluminum bronze 
castings without gas venting. 

TABLE III.  DESCRIPTIVE ANALYSIS OF MECHANICAL 
PROPERTIES WITH AND WITHOUT GAS VENTING 

Mechanical properties Min Max Mean Std. dev. 

Tensile strength (MPa) 582 599 589.5 7.05 

Impact testing (J) 10 15 12.25 2.06 

Hardness (HRB) 71 77 73.75 2.75 

Elongation (%) 13 18 15.25 2.06 

 

Table III presents the mechanical properties of four material 
groups, one without gas venting and three specimens with gas 
venting. The summary of these tests is as follows: 

 Tensile strength test: The average tensile strength was 589.5 
MPa, with the highest value of 599 MPa observed in gas 
venting Specimen 3 and the lowest at 582 MPa in Specimen 
2. 

 Impact test: The mean impact energy was 12.25 J, with the 
highest value of 15 J also recorded in Specimen 3, while the 
non-vented sample exhibited the lowest impact strength at 
10 J. 

 Hardness test: The mean hardness was 73.75 HRB, with the 
highest (77 HRB) found in Specimen 1 and the lowest (71 
HRB) in the non-vented sample. 

 Elongation: The average elongation was 15.25%, ranging 
from a minimum of 13% in Specimen 3 to a maximum of 
18% in Specimen 1. 

 

 

Fig. 13.  Mechanical properties of material by type. 

Figure 13 illustrates a comparative bar chart representing 
four mechanical properties, tensile strength, impact test, 
hardness, and elongation measured across four different 
material conditions: one specimen without gas venting, and 
three specimens with gas venting (Specimens 1-3). Each 
colored bar corresponds to a specific mechanical property, 
allowing for a direct visual comparison among the material 
groups. The following trends were observed: 

 The gas venting specimens consistently exhibited superior 
mechanical performance compared to the non-vented 
sample. 
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 Specimen 3 recorded the highest tensile strength (599 MPa) 
and impact energy (15J).  

 Specimen 1 demonstrated the highest values in hardness (77 
HRB) and elongation (18%). 

 The non-vented specimen exhibited the lowest values in 
most categories, particularly in impact energy (10 J) and 
hardness (71 HRB). 

A. Fracture Surface Characteristics 

The fracture characteristics of the specimens following the 
tensile test are presented in Figure 14.  

 

(a) (b) (c) 

Fig. 14.  Mechanical test results: (a) tensile test, (b) hardness test, (c) impact 

test. 

  

Fig. 15.  Fracture characteristics visible to the naked eye. 

  

Fig. 16.  Fracture morphologies of samples under SME. 

The fracture surface appears linear, opaque, and dull, with 
visible cleavage steps and river marking-features indicative of 
brittle fracture. [38-42]. Surface cracking is clearly visible to 
the naked eye, as portrayed in Figure 15. However, the 
Scanning Electron Microscope (SEM) examination, as shown 

in Figure 16, reveals a smooth fracture surface with distinct 
facets. [44, 45]. Although these features confirm fracture on a 
macroscopic scale, the presence of localized plastic 
deformation is suggested, consistent with the observed 
percentage elongation of the specimen after the tensile test. 

IV. CONCLUSIONS 

The casting results indicate a minimal porosity in machined 
C95800 aluminum bronze alloy parts, significantly reducing 
gas retention issues. Gas porosity is a significant defect 
negatively impacting mechanical properties, such as tensile 
strength, ductility, and impact toughness. Eliminating porosity 
through optimized melting and casting yields superior 
mechanical performance in this specific alloy. 

The study results show that proper gas venting and 
degassing significantly improve the tensile strength, impact 
toughness, and hardness of C95800 aluminum bronze castings. 
Gas venting yields higher tensile strength and increased 
toughness, indicating resistance to brittle fracture. The reduced 
porosity also improves hardness, indicating resistance to 
deformation. The optimized treatments result in harder, more 
durable castings due to the elimination of gas-related defects, 
thus optimizing casting for high-quality products with superior 
mechanical properties. Reduced porosity and improved 
mechanical properties make these castings more suitable for 
high-performance applications where durability and reliability 
are paramount. 

The descriptive analysis reveals a consistent improvement 
in the mechanical properties for specimens produced using gas 
venting techniques. Gas venting significantly enhanced impact 
resistance, which is likely attributable to the reduction of 
internal porosity and the improvement in structural integrity 
during the solidification process. Additionally, the tensile 
strength and hardness exhibited noticeable increases in the 
vented specimens, suggesting that more uniform metallurgical 
bonding and fewer casting defects occurred as a result of the 
venting mechanism. Although elongation improved in certain 
cases, most notably in Specimen 1, it showed a slight decline in 
others, implying that ductility may also be influenced by 
additional factors, such as the cooling rate, alloy composition, 
or localized microstructural variations. These observed trends 
collectively underscore the importance of minimizing gas 
entrapment during casting in order to optimize the overall 
mechanical integrity and reliability of the final product. 

This research provides valuable insights into the 
relationship between casting optimization and the mechanical 
properties of C95800 aluminum bronze casting. Controlling the 
gas content through degassing agents, the flux, and mold 
design can significantly improve the casting mechanical 
performance, with practical applications in the C95800 
aluminum bronze casting industry, where high-strength, 
durable materials are essential. 
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